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Please scroll down to see the full erratum.
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Then, please replace the existing pages with the corrected pages to ensure that your edition is both
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Erin Grady
Publications Director
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Summary of Errata Changes for LRFD-8, May 2018

Page Existing Text Corrected Text
2-6 C2.3.34 C2.3.34
(Editor-
ial) ...The provisions of the individual railroads and ...The provisions of the individual railroads and the
the AREMA Manual should be used to determine: AREMA Manual should be used to determine:
e clearances, e clearances,
e loadings, e Jloadings,
e  pier protection, e  pier protection,
e waterproofing, and e  waterproofing, and
blast protection. e Dblast protection.
4-10 4.3 4.3
ni = load modifier relating to duectility, | n; = load modifier relating to ductility,
redundancy, and operational importance redundancy, and operational importance as
as specified in Article 1.3.2.1 specified in Article 1.3.2.1 €4267FH
(C4.2.6.7.1) (C4.6.2.7.1)
5-37 Eq. 5.6.3.1.2-1 There was an error in this equation wherein the subscripts
Cd =) to ¢ did not appear as intended in the hard copy version
— n | “p ™ | .
f,-.;-: = fj,_,:. 900 -~ < frﬂ only. This has been restored.
o e
5-37 Eq. 5.6.3.1.2-2 There was an error in this equation wherein the subscripts
27 N to ¢/ did not appear as intended_in the hard copy version
£ P = - :'_ . only. This has been restored.
\2+N, )
5-114 | Eq.5.8.4.5.2-1 There was an error in this equation wherein pieces of the
06E°w denominators and subscripts to ¢ did not appear as
f:g = Fi - o intended in the hard copy version only. This has been
e, | 1 1 | - restored.
Ay | £ l——— 1]
| “1h, t]]
h o AL
5-149 | Eq. 5.9.5.4.4b-5 There was an error in this equation wherein the X did not
=~ appear as intended in_the hard copy version only. This
a 5. pp
d,=d + it | L ST has been restored.
Ll -y
5-165 Precast concrete box culverts Precast concrete box culverts
(Editor- e Top slabs used as a driving 2.5 e Top slabs used as a 2.5
ial) surface driving surface
e Top slabs with less than 2.0 ft 2.0 e Top slabs with less than 2.0
of fill not used as a driving 1.0 2.0 ft of fill not used as a
surface driving surface
e All other members e All other members 1.0
5-186 | Eq.5.10.8.4.2a-1 There was an error in this equation wherein pieces of the

:‘_'-"i:pj}.'.-'r £ 5
kif’f uE

max

subscripts did not appear as intended in_the hard copy
version only. These have been restored.
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Summary of Errata Changes for LRFD-8, May 2018

Page Existing Text Corrected Text
5-230 | Eq.5.12.5.3.8d-3 There was an error in this equation wherein pieces of the
kP denominator did not appear as intended in the hard copy
= "O‘Tf version only. These have been restored.
5-280 | Eq.BS5.2-5 Eq. B5.2-5
Pl o5 405y v ) L] o5n, 0.5y, -1 |coto- 4
—_‘-—0.‘_\__*03']_—I;|C0te—.i;_.j;; | 7+ * u+ : u_ ]7|CO - p.yf;;o
g \ C('._ b 8){ — v
: 2|E.A+EA + E_‘,.-l____. | 2(ECAC, +E A +E, 4, )
A, in this equation should be 4,
6-80 Table 6.8.2.2-1 (excerpted) There were errors wherein pieces of the equations in the
“Shear Lag Factor, U’ column did not appear as intended
Case Shear Lag Factor, U in the hard copy version only. These have been restored.
1 U=10
2 X
U=1-2
L
3 U=1.0
and
A = area of the directly connected
elements
4 L>2w..U=1.0
2w>L>15w...U =0.87
1.Sw>L2w...U =0.75
5 L>13D..U =10
D<L<13D..U =1—%
_ D
X=—
s
3 =
L>H..U=1->
L
_ B’+2BH
X =
4(B+H)
L>H..U=1 _x
L
i
4(B+H)
7
by>=d..U =090
by<=d..U =085
U=0.70
8 U =0.80
U =0.60
6-132 | Eq.6.10.3.2.1-1 There was an error in this equation wherein pieces of the

eru + f; < ¢thFivc’

variables did not appear as intended in_the hard copy
version only. These have been restored.
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Summary of Errata Changes for LRFD-8, May 2018

Page Existing Text Corrected Text
6-132 | Eq. 6.10.3.2.1-2 There was an error in this equation wherein pieces of the
1 <o F variables did not appear as intended in the hard copy
o +§f/ <O,F,, version only. These have been restored.
6-140 | Eq. 6.10.4.2.2-2 There was an error in this equation wherein pieces of the
1o S <0.95R,F, variatbles did not appear as intended in_the hard copy
Iy ¥ version only. These have been restored.
6-140 | Eq. 6.10.4.2.2-3 There was an error in this equation wherein pieces of the
. variables did not appear as intended in the hard copy
S +—<0.80R,F, .
1 o version only. These have been restored.
6-153 | Eq. 6.10.7.2.1-2 There was an error in this equation wherein pieces of the
1 variables did not appear as intended in the hard copy
Joi ¥ gf/ <¢ Fo version only. These have been restored.
6-258 6.13.6.1.3¢ (excerpted) 6.13.6.1.3c (excerpted)

Should the moment resistance provided by the
flange splices, determined as specified in Article
6.13.6.1.3b, not be sufficient to resist the factored
moment at the strength limit state at the point of
splice, the web splice plates and their connections
shall instead be designed for a design web force taken
equal to the vector sum of the smaller factored shear
resistance and a horizontal force located at the mid-
depth of the web that provides the necessary moment
resistance in conjunction with the flange splices.

The horizontal force in the web shall be computed
as the portion of the factored moment at the strength
limit state at the point of splice that exceeds the
moment resistance provided by the flange splices
divided by the appropriate moment arm to the mid-
depth of the web. For composite sections subject to
positive flexure, the moment arm shall be taken as the
vertical distance from the mid-depth of the web to the
mid-thickness of the concrete deck including the
concrete haunch. For composite sections subject to
negative flexure and noncomposite sections subject to
positive or negative flexure, the moment arm shall be
taken as the vertical distance from the mid-depth of
the web to the mid-thickness of the top or bottom
flange, whichever flange has the larger design yield
resistance, Pj.

Should the moment resistance provided by the flange
splices, determined as specified in Article 6.13.6.1.3b, not
be sufficient to resist the factored moment at the strength
limit state at the point of splice, the web splice plates and
their connections shall instead be designed for a design
web force taken equal to the vector sum of the smaller
factored shear resistance and a horizontal force leeated-at
the-mid-depth-of-in the web that provides the necessary
moment resistance in conjunction with the flange splices.

The horizontal force in the web shall be computed as
the portion of the factored moment at the strength limit
state at the point of splice that exceeds the moment
resistance provided by the flange splices divided by the
appropriate moment arm-te-the-mid-depth-of the-web. For
composite sections subject to positive flexure, the moment
arm shall be taken as the vertical distance from the mid-
depth of the web to the mid-thickness of the concrete deck
including the concrete haunch. For composite sections
subject to negative flexure and noncomposite sections
subject to positive or negative flexure, the moment arm
shall be taken as one-quarter of the web depth.the-vertieal

. whi
hel osi i.” . ,g,Eﬁ,T &
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Summary of Errata Changes for LRFD-8, May 2018

Page Existing Text Corrected Text
6-258 | 6.13.6.1.3c—Web Splices 6.13.6.1.3c—Web Splices

As a minimum, web splice plates and their As a minimum, web splice plates and their connections
connections shall be designed at the strength limit | shall be designed at the strength limit state for a design
state for a design web force taken equal to the smaller | web force taken equal to the smaller factored shear
factored shear resistance of the web at the point of | resistance of the web at the point of splice determined
splice determined according to the provisions of | according to the provisions of Article 6.10.9 or 6.11.9, as
Article 6.10.9 or 6.11.9, as applicable. applicable.

Should the moment resistance provided by the Should the moment resistance provided by the flange
flange splices, determined as specified in Article | splices, determined as specified in Article 6.13.6.1.3b, not
6.13.6.1.3b, not be sufficient to resist the factored | be sufficient to resist the factored moment at the strength
moment at the strength limit state at the point of | limit state at the point of splice, the web splice plates and
splice, the web splice plates and their connections | their connections shall instead be designed for a design
shall instead be designed for a design web force taken | web force taken equal to the vector sum of the smaller
equal to the vector sum of the smaller factored shear | factored shear resistance and a horizontal force loeated-at
resistance and a horizontal force located at the mid- | the-mid-depth-efin the web that provides thet necessary
depth of the web that provides the necessary moment | moment resistance in conjunction with the flange splices.
resistance in conjunction with the flange splices. The horizontal force in the web shall be computed as

The horizontal force in the web shall be computed | the portion of the factored moment at the strength limit
as the portion of the factored moment at the strength | state at the point of splice that exceeds the moment
limit state at the point of splice that exceeds the | resistance provided by the flange splices divided by the
moment resistance provided by the flange splices | appropriate moment arm-te-the-mid-depth-efthe-web. For
divided by the appropriate moment arm to the mid- | composite sections subject to positive flexure, the moment
depth of the web. For composite sections subject to | arm shall be taken as the vertical distance from the mid-
positive flexure, the moment arm shall be taken as the | depth of the web to the mid-thickness of the concrete deck
vertical distance from the mid-depth of the web to the | including the concrete haunch. For composite sections
mid-thickness of the concrete deck including the | subject to negative flexure and noncomposite sections
concrete haunch. For composite sections subject to | subject to positive or negative flexure, the moment arm
negative flexure and noncomposite sections subject to | shall be taken as one-quarter of the web depth.the-vertical
positive or negative flexure, the moment arm shall be | distance—from—the—mid-depth—ofthe—web—to—the—mid-
taken as the vertical distance from the mid-depth of | thickness-ofthetop-orbettomlange, whicheverflangehas
the web to the mid-thickness of the top or bottom | thelargerdesign-yieldresistanee; Py~
flange, whichever flange has the larger design yield
resistance, Pj.

6-258 | C6.13.6.1.3¢ C6.13.6.1.3¢

Figure C6.13.6.1.3c-1 illustrates the computation
of the horizontal force in the web, H,,, where necessary
for composite sections subject to positive flexure taken
as the portion of the factored moment at the strength
limit state that exceeds the moment resistance provided
by the flange splices divided by the moment arm, 4,

Figure C6.13.6.1.3c-1 illustrates the computation of the
horizontal force in the web, H,, where necessary for
composite sections subject to positive flexure. The web
moment is taken as the portion of the factored moment at
the strength limit state that exceeds the moment resistance
provided by the flange splices. H, is then taken as the web
moment divided by the moment arm, 4., taken from the
mid-depth of the web to the mid-thickness of the concrete
deck including the concrete haunch.
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Page Existing Text Corrected Text
6-259 | Figure C6.13.6.1.3c-1 Figure C6.13.6.1.3c-1

r'Y

D t
4, = ? * Uhaunch + ??
‘ > H,
—» Py =F, 4,
Web Moment = H ,A,,
H, = Web Moment
AW

6-259 | C6.13.6.1.3¢ C6.13.6.1.3¢

Figure C6.13.6.1.3¢c-2 illustrates the computation
of the horizontal force in the web, H,,, where necessary
for composite sections subject to negative flexure and
noncomposite sections, taken as the portion of the
factored moment at the strength limit state that exceeds
the moment resistance provided by the flange splices
divided by the moment arm, 4, to the mid-thickness of
the top or bottom flange, whichever flange has the
larger value of Py

Figure C6.13.6.1.3c-2 illustrates the computation of the
horizontal force in the web, H,, where necessary for
composite sections subject to negative flexure and
noncomposite sections;. The web moment is again taken as
the portion of the factored moment at the strength limit state
that exceeds the moment resistance provided by the flange
splices._In this case, however, H, is taken as the web
moment divided by D/4, as shown in Figure C6.13.6.1.3c-

2 .the-moment-arm; -4, to-the-mid-thickness—of the-top-or
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Corrected Text
Figure C6.13.6.1.3¢c-2

Page Existing Text
6-259 | Figure C6.13.6.1.3¢-2

—
Y >
D iy
A4, =—+-—=
o202
A Largest flange /
force Py = Fyd. Largest
/ force Py = Fy.

Slie]

%N\bﬁ
=
=

Web Moment = & 2
2 (2

_ Web Moment

H
v D/4
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Page Existing Text Corrected Text
6-259 | C6.13.6.1.3¢ C6.13.6.1.3¢
Because the resultant web force in cases where H,, The required moment resistance in the web for the case
is computed is divided equally to all of the bolts in this | shown in Figure C6.13.6.1.3c-1 is provided by a horizontal
approach, the traditional vector analysis for bolt groups | tensile force, H,. assumed acting at the mid-depth of the
subject to a concentric shear and a centroidal moment | web that is equilibrated by an equal and opposite horizontal
is not applied. compressive force in the concrete deck. The required
moment resistance in the web for the case shown in Figure
C6.13.6.1.3c-2 is provided by two equal and opposite
horizontal tensile and compressive forces, H,/2, assumed
acting at a distance D/4 above and below the mid-height of
the web. In each case, there is no net horizontal force acting
on the section.

Because the resultant web force in cases where H,, is
computed is divided equally to all of the bolts in this
approach, the traditional vector analysis for bolt groups
subject to a concentric shear and a centroidal moment is
not applied.

8-8 Table 8.4.1.1.4-1 Table 8.4.1.1.4-1
(Editor-
ial) Douglas Fir-larch Douglas Fir-Larch
10-76 | Eq. C10.6.3.1.2e-5 Eq. C10.6.3.1.2¢-5
B B
Bm = B m =
4H 4H 52
10-77 | Eq. C10.6.3.1.2e-6 Eq. C10.6.3.1.2¢-6
B = B 8 B
" 2H m =,
2H s2
10-78 | Eq. 10.6.3.1.2f-1 Eq. 10.6.3.1.21-1
1, . 214 B |k tan i 2L 1, , 1Y, ’ 214 2) [k tan gy Pz 1Y, '
q, :|:q2 +(chl cotd)]}e [ [Lﬂ (Bj—[K)c] cot ¢, qn:{q2+[1{]qcot¢l}e{ [Lﬂ [ B]—(ch, cot ¢,
(Note: in the new version, the [%] term in the
exponent has been changed to [%] )
10-78 | Eq. C10.6.3.1.21-1 Eq. C10.6.3.1.2f-1

oo 2l

Iy = 42¢

BYH,
0.67|:1+(7j};2
L)l B

q, =4q,e

(Note: in the new version, the [%] term in the

exponent has been changed to [%] J)
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Page Existing Text Corrected Text
10-120 | €10.7.3.13.2 C10.7.3.13.2
...Article C5.6.4.1 notes that compression ... Artiele-C5-:6-41+ netes—that Compression members
members are usually prestressed only where they are | are usually prestressed only where they are subjected to
subjected to high levels of flexure. Therefore, a | high levels of flexure. Therefore, a method of determining
method of determining nominal axial compression | nominal axial compression resistance is not given.
resistance is not given.
11-3 11.3.1—General 11.3.1—General
(Editor-
ial) hq distance between the base of the wall, or | /4 = distance between the base of the wall, or the
the mudline in front of the wall, and the mudline in front of the wall, and the resultant
resultant active seismic earth pressure active seismic earth pressure force (ft)
force (ft) (A11.3.1) (A11.3.1)
11-48 | C11.9.5.1 C11.9.5.1

...A number of suitable methods for the
determination of anchor loads are in common use.
Sabatini et al. (1999) provides two methods which can
be used: the Tributary Area Method, and the Hinge
Method. These methods are illustrated in Figures
C11.5.9.1-1 and C11.5.9.1-2. These figures assume
that the soil below the base of the excavation has
sufficient strength to resist the reaction force R. If the
soil providing passive resistance below the base of the
excavation is weak and is inadequate to carry the
reaction force R, the lowest anchor should be designed
to carry both the anchor load as shown in the figures
as well as the reaction force. See Article 11.8.4.1 for
evaluation of passive resistance. Alternatively, soil-
structure interaction analyses, e.g., beam on elastic
foundation, can be used to design continuous beams
with small toe reactions, as it may be overly
conservative to assume that all of the load is carried
by the lowest anchor.

...A number of suitable methods for the determination
of anchor loads are in common use. Sabatini et al. (1999)
provides two methods which can be used: the Tributary
Area Method, and the Hinge Method. These methods are
illustrated in Figures €H-5944+ C11.9.5.1-1 and
EH-591-2 C11.9.5.1-2. These figures assume that the
soil below the base of the excavation has sufficient
strength to resist the reaction force R. If the soil providing
passive resistance below the base of the excavation is weak
and is inadequate to carry the reaction force R, the lowest
anchor should be designed to carry both the anchor load as
shown in the figures as well as the reaction force. See
Article 11.8.4.1 for evaluation of passive resistance.
Alternatively, soil-structure interaction analyses, e.g.,
beam on elastic foundation, can be used to design
continuous beams with small toe reactions, as it may be
overly conservative to assume that all of the load is carried
by the lowest anchor.
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Page Existing Text Corrected Text
11-49 | Figure C11.9.5.1-2— Calculation of Anchor Loads | Figure C11.9.5.1-2— Calculation of Anchor Loads for
for Multilevel Wall after Sabatini et al. (1999) Multilevel Wall after Sabatini et al. (1999)
3
T, T,
H T, H T,
T, T,
x R X R A » 4E=
Tributary Area Method Hinge Method
TributaryAreaMethod Hinge Method

T1 = Load over length H| + H2/2

Ty = Load over length Ay + H/2 T Calculated from Mc =0

T Calculated from ZMc =0
T> = Load over length H2/2 + Hy,/2

T2 = Load over length H2/2 + Hp/2 Ty, = Total earth pressure (ABCGF) — T}

T»u = Total earth pressure (ABCGF) — T

T = Load over length H/2 + Hy+1/2

Ty = Load over length H,/2 + Hy+1/2 T = Calculated from ZMp =0

T>1 = Calculated from XMp =10
R =Load over length H,+1/2

R = Load over length Hy+1/2 Ty = Total earth pressure (CDIH) — T»1,

Twu = Total earth pressure (CDIH) — T,

Ty = Calculated from ZMg =0
Ty = Calculated from ZMEg =0

R = Total earth pressure — 7'1 — T» — Ty,
R = Total earth pressure — 7 — T> — T,

Tr=PFou=T2r T = Tou+ T2
Ty=Tw=T

Tn=Tnu+ TnL
Tn=Tau+ TnL
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Page Existing Text Corrected Text
11-79 | 11.10.6.4.2b 11.10.6.4.2b
3) Polymer Requirements: Polymers which are 3y—Polymer Requirements: Polymers which are
likely to have good resistance to long-term | likely to have good resistance to long-term chemical
chemical degradation shall be used if a single | degradation shall be used if a single default reduction
default reduction factor is to be used, to minimize | factor is to be used, to minimize the risk of the occurrence
the risk of the occurrence of significant long-term | of significant long-term degradation. The polymer
degradation. The polymer material requirements | material requirements provided in Table 11.10.6.4.2b-1
provided in Table 11.10.6.4.2b-1 shall, therefore, | shall, therefore, be met if detailed product specific data as
be met if detailed product specific data as | described in AASHTO R 69 and Elias, et al. (2009) is not
described in AASHTO R 69 and Elias, et al. | obtained. Polymer materials not meeting the requirements
(2009) is not obtained. Polymer materials not | in Table 11.10.6.4.2b-1 may be used if this detailed
meeting the requirements in Table 11.10.6.4.2b-1 | product specific data extrapolated to the design life
may be used if this detailed product specific data | intended for the structure are obtained.
extrapolated to the design life intended for the
structure are obtained.
11-123 | Eq. A11.5.2-3 Eq. A11.5.2-3
k, k,
logd = —1.51—0.74log[ i J+3.27 log[l g J—O.S g = ~1.31-04log{ - 327l 1- - |-
ko 10 0.80log(k,)+1.591og(PGV)
The k, term in the first parenthesis should be &,
11-123 | Eq. A11.5.2-4 Eq. A11.5.2-4
k, k,
logd = —1.31-0.93 log( K j+4.szlog[1—k—V)— “’gd=‘1'3“0'93{1"’550J”'”“’{“%J_
kno ho 0.46l0g(k, ) +1.121og(PGV')
0.46 log(kh0 )+1.1210g(PGV)
The k, term in the first parenthesis should be &,
12-2 12.3—NOTATION 12.3—NOTATION

A = tension reinforcement area on cross-
section width, b (in.%/ft) (C12.10.4.2.4a)

(C12.11.4) (C12.11.5)

As = tension reinforcement area on cross-section

width, b (in.¥/ft) (€12.10.4.2.42) (C12.11.4)
(€12.11.5)
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Page

Existing Text

Corrected Text

12-29

12.8.3.1.1—Cross-Section

...Table Al2-3 shall apply. Minimum
requirements for section properties shall be taken as
specified in Table 12.8.3.1.1-1. Covers that are less
than that shown in Table 12.8.3.1-1 and that
correspond to the minimum plate thickness for a given
radius may be used if ribs are used to stiffen the plate.
If ribs are used, the plate thickness may not be reduced
below the minimum shown for that radius, and the
moment of inertia of the rib and plate section shall not
be less than that of the thicker unstiffened plate
corresponding to the fill height. Use of soil cover less
than the minimum values shown for a given radius
shall require a special design.

12.8.3.1. 1—Cross-Section

... Table A12-3 shall apply. Minimum requirements for
section properties shall be taken as specified in
Table 12.8.3.1.1-1. Covers that are less than that shown in
Fable12-8-3-1-1 Table 12.8.3.1.1-1 and that correspond to
the minimum plate thickness for a given radius may be
used if ribs are used to stiffen the plate. If ribs are used, the
plate thickness may not be reduced below the minimum
shown for that radius, and the moment of inertia of the rib
and plate section shall not be less than that of the thicker
unstiffened plate corresponding to the fill height. Use of
soil cover less than the minimum values shown for a given
radius shall require a special design.

14-24
(Editor-
ial)

C14.5.6.9.2

The designer should consider showing the total
estimated transverse and vertical movement in each
direction, as well as the rotation in each direction
about the three principal axes on the contract plans.
Vertical movement due to vertical grade, with
horizontal bearings, and vertical movement due to
girder and rotation may also be considered.

Cl4.5.6.9.2

__ The designer should consider showing the total
estimated transverse and vertical movement in each
direction, as well as the rotation in each direction about the
three principal axes on the contract plans. Vertical
movement due to vertical grade, with horizontal bearings,
and vertical movement due to girder and rotation may also
be considered.
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SECTION 2: GENERAL DESIGN AND LOCATION FEATURES

2.3.2.2.2—Protection of Users

Railings shall be provided along the edges of
structures conforming to the requirements of Section 13.

All protective structures shall have adequate surface
features and transitions to safely redirect errant traffic.

In the case of movable bridges, warning signs, lights,
signal bells, gates, barriers, and other safety devices shall
be provided for the protection of pedestrian, cyclists, and
vehicular traffic. These shall be designed to operate before
the opening of the movable span and to remain operational
until the span has been completely closed. The devices
shall conform to the requirements for “Traffic Control at
Movable Bridges,” in the Manual on Uniform Traffic
Control Devices (MUTCD) or as shown on plans.

Where specified by the Owner, sidewalks shall be
protected by barriers.

2.3.2.2.3—Geometric Standards

Requirements of the AASHTO publication 4 Policy on
Geometric Design of Highways and Streets shall either be
satisfied or exceptions thereto shall be justified and
documented. Width of shoulders and geometry of traffic
barriers shall meet the specifications of the Owner.

2.3.2.2.4—Road Surfaces

Road surfaces on a bridge shall be given antiskid
characteristics, crown, drainage, and superelevation in
accordance with A4 Policy on Geometric Design of
Highways and Streets or local requirements.

2.3.2.2.5—Vessel Collisions

Bridge structures shall either be protected against
vessel collision forces by fenders, dikes, or dolphins as
specified in Article 3.14.15, or shall be designed to
withstand collision force effects as specified in
Article 3.14.14.

2.3.3—Clearances
2.3.3.1—Navigational

Permits for construction of a bridge over navigable
waterways shall be obtained from the U.S. Coast Guard
and/or other agencies having jurisdiction. Navigational
clearances, both vertical and horizontal, shall be
established in cooperation with the U.S. Coast Guard.

C2.3.2.22

Protective structures include those that provide a safe
and controlled separation of traffic on multimodal facilities
using the same right-of-way.

Special conditions, such as curved alignment, impeded
visibility, etc., may justify barrier protection, even with low
design velocities.

C2.3.2.25

The need for dolphin and fender systems can be
eliminated at some bridges by judicious placement of bridge
piers. Guidance on use of dolphin and fender systems is
included in the AASHTO Highway Drainage Guidelines,
Volume 7: Hydraulic Analyses for the Location and Design of
Bridges.

C2.3.3.1

Where bridge permits are required, early coordination
should be initiated with the U.S. Coast Guard to evaluate the
needs of navigation and the corresponding location and
design requirements for the bridge.

Procedures for addressing navigational requirements for
bridges, including coordination with the Coast Guard, are
set forth in the Code of Federal Regulations, 23 CFR,
Part 650, Subpart H, “Navigational Clearances for Bridges,”
and 33 U.S.C. 401, 491, 511, et seq.
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2.3.3.2—Highway Vertical

The vertical clearance of highway structures shall be in
conformance with the AASHTO publication 4 Policy on
Geometric Design of Highways and Streets for the
Functional Classification of the Highway or exceptions
thereto shall be justified. Possible reduction of vertical
clearance, due to settlement of an overpass structure, shall
be investigated. If the expected settlement exceeds 1.0 in.,
it shall be added to the specified clearance.

The vertical clearance to sign supports and pedestrian
overpasses should be 1.0 ft. greater than the highway
structure clearance, and the vertical clearance from the
roadway to the overhead cross bracing of through-truss
structures should not be less than 17.5 ft.

2.3.3.3—Highway Horizontal

The bridge width shall not be less than that of the
approach roadway section, including shoulders or curbs,
gutters, and sidewalks.

Horizontal clearance under a bridge should meet the
requirements of Article 2.3.2.2.1.

No object on or under a bridge, other than a barrier,
should be located closer than 4.0 ft. to the edge of a
designated traffic lane. The inside face of a barrier should
not be closer than 2.0 ft. to either the face of the object or
the edge of a designated traffic lane.

2.3.3.4—Railroad Overpass

Structures designed to pass over a railroad shall be in
accordance with standards established and used by the
affected railroad in its normal practice. These overpass
structures shall comply with applicable federal, state,
county, and municipal laws.

Regulations, codes, and standards should, as a
minimum, meet the specifications and design standards of
the American Railway Engineering and Maintenance of
Way Association (AREMA), the Association of American
Railroads, and AASHTO.

C2.3.3.2

The specified minimum clearance should include 6.0 in.
for possible future overlays. If overlays are not
contemplated by the Owner, this requirement may be
nullified.

Sign supports, pedestrian bridges, and overhead cross
bracings require the higher clearance because of their lesser
resistance to impact.

C2.3.33

The usable width of the shoulders should generally be
taken as the paved width.

The specified minimum distances between the edge of
the traffic lane and fixed object are intended to prevent
collision with slightly errant vehicles and those carrying
wide loads.

C2.3.3.4

Attention is particularly called to the following chapters
in the Manual for Railway Engineering (AREMA, 2003):

e  Chapter 7—Timber Structures,

e  Chapter 8—Concrete Structures and Foundations,
e  Chapter 9—Highway-railroad Crossings,

e  Chapter 15—Steel Structures, and

e  Chapter 18—Clearances.

The provisions of the individual railroads and the
AREMA Manual should be used to determine:

e clearances,

e loadings,

e  pier protection,

e waterproofing, and
e blast protection.

LRFD-8-E1: May 2018 Errata to

AASHTO LRFD Bridge Design Specifications, 8th Edition
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Hef

to
ts
Vip

Vic
Viv
vs(x)

Vs, MAX

minimum number of intermediate cross-frames or diaphragms within the individual spans of the bridge
or bridge unit at the stage of construction being evaluated (4.6.3.3.2)

axle load (kip) (4.6.2.1.3)

design horizontal wind pressure (ksf) (C4.6.2.7.1)

Euler buckling load (kip) (4.5.3.2.2b)

factored axial load (kip) (4.5.3.2.2b) (4.7.4.5)

lateral wind force applied to the brace point (kips) (C4.6.2.7.1)

tire pressure (ksi) (4.6.2.1.8)

equivalent uniform static seismic loading per unit length of bridge that is applied to represent the
primary mode of vibration (kip/ft) (C4.7.4.3.2¢)

the intensity of the equivalent static seismic loading that is applied to represent the primary mode of
vibration (kip/ft) (C4.7.4.3.2b)

a uniform load arbitrarily set equal to 1.0 (kip/ft) (C4.7.4.3.2b)

girder radius (ft); load distribution to exterior beam in terms of lanes; minimum radius of curvature at the
centerline of the bridge cross-section throughout the length of the bridge or bridge unit at the
construction stage and/or loading condition being evaluated (ft); radius of curvature; R-Factor for
calculation of seismic design forces due to inelastic action (C4.6.1.2.4b) (C4.6.2.2.2d) (4.6.3.3.2)
(C4.6.6) (4.7.4.5)

R4-factor for calculation of seismic displacements due to inelastic action (4.7.4.5)

reduction factor for longitudinal force effect in skewed bridges (4.6.2.3)

spacing of supporting components (ft); spacing of beams or webs (ft); clear span (ft); skew of support
measured from line normal to span (degrees) (4.6.2.1.3) (4.6.2.2.1) (4.6.2.10.2) (4.7.4.4)

spacing of grid bars (in.) (4.6.2.1.3)

single-mode elastic method (4.7.4.3.1)

length of a side element (in.) (C4.6.2.2.1)

period of fundamental mode of vibration (sec.) (4.7.4.5)

temperature gradient (A°F) (C4.6.6)

time history method (4.7.4.3.1)

period of mth mode of vibration (sec.) (C4.7.4.3.2b)

reference period used to define shape of seismic response spectrum (sec.) (4.7.4.5)

uniform specified temperature (°F) (C4.6.6)

temperature averaged across the cross-section (°F) (C4.6.6)

thickness of plate-like element (in.); thickness of flange plate in orthotropic steel deck (in.) (C4.6.2.2.1)
(4.6.2.6.4)

depth of steel grid or corrugated steel plank including integral concrete overlay or structural concrete
component, less a provision for grinding, grooving, or wear (in.) (4.6.2.2.1)

depth of structural overlay (in.) (4.6.2.2.1)

depth of concrete slab (in.) (4.6.2.2.1)

maximum vertical shear at 3d or L/4 due to wheel loads distributed laterally as specified herein (kips)
(4.6.2.2.2a)

distributed live load vertical shear (kips) (4.6.2.2.2a)

maximum vertical shear at 3d or L/4 due to undistributed wheel loads (kips) (4.6.2.2.2a)

deformation corresponding to p, (ft) (C4.7.4.3.2b)

maximum value of vs(x) (ft) (C4.7.4.3.2¢)

edge-to-edge width of bridge (ft); factored wind force per unit length (kip/ft); total weight of cable (kip);
total weight of bridge (kip) (4.6.2.2.1) (C4.6.2.7.1) (4.6.3.7) (C4.7.4.3.2¢)

half the web spacing, plus the total overhang (ft) (4.6.2.2.1)

modified edge-to-edge width of bridge taken to be equal to the lesser of the actual width or 60.0 for
multilane loading, or 30.0 for single-lane loading (ft) (4.6.2.3)

width of clear roadway (ft); width of element in cross-section (in.) (4.6.2.2.2b) (C4.6.6)

nominal, unfactored dead load of the bridge superstructure and tributary substructure (kip/ft)
(C4.7.4.3.2) (4.7.4.3.2¢)

plank width (in.) (4.6.2.1.3)

maximum width between the girders on the outside of the bridge cross-section at the completion of the
construction or at an intermediate stage of the steel erection (ft) (4.6.3.3.2)

distance from load to point of support (ft) (4.6.2.1.3)

horizontal distance from the center of gravity of the pattern of girders to the exterior girder (ft) (C4.6.2.2.2d)
horizontal distance from the center of gravity of the pattern of girders to each girder (ft) (C4.6.2.2.2d)
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Z = a factor taken as 1.20 where the lever rule was not utilized, and 1.0 where the lever rule was used for a
single lane live load distribution factor (4.6.2.2.4)

z = vertical distance from center of gravity of cross-section (in.) (C4.6.6)

o = angle between cable and horizontal (degrees); coefficient of thermal expansion (in./in./°F); generalized
flexibility (4.6.3.7) (C4.6.6) (C4.7.4.3.2b)

B = generalized participation (C4.7.4.3.2b)

Y = load factor; generalized mass (C4.6.2.7.1) (C4.7.4.3.2b)

A = displacement of point of contraflexure in column or pier relative to point of fixity for the foundation (in.)
(4.7.4.5)

A, = displacement calculated from elastic seismic analysis (in.) (4.7.4.5)

Aw = overhang width extension (in.) (C4.6.2.6.1)

dp = moment or stress magnifier for braced mode deflection (4.5.3.2.2b)

s = moment or stress magnifier for unbraced mode deflection (4.5.3.2.2b)

€y = uniform axial strain due to axial thermal expansion (in./in.) (C4.6.6)

ni = load modifier relating to ductility, redundancy, and operational importance as specified in Article 1.3.2.1
€42:671H (C4.6.2.7.1)

0 = skew angle (degrees); maximum skew angle of the bearing lines at the end of a given span, measured
from a line taken perpendicular to the span centerline (degrees) (4.6.2.2.1) (4.6.3.3.2)

il = Poisson’s ratio (4.6.2.2.1)

or = internal stress due to thermal effects (ksi) (C4.6.6)

[0} = rotation per unit length; flexural resistance factor (C4.6.6) (4.7.4.5)

Ok = stiffness reduction factor = 0.75 for concrete members and 1.0 for steel and aluminum members

(4.5.3.2.2b)

4.4—ACCEPTABLE METHODS OF
STRUCTURAL ANALYSIS

Any method of analysis that satisfies the
requirements of equilibrium and compatibility and
utilizes stress-strain relationships for the proposed
materials may be used, including, but not limited to:

classical force and displacement methods,
finite difference method,

finite element method,

folded plate method,

finite strip method,

grid analogy method,

series or other harmonic methods,

methods based on the formation of plastic
hinges, and

e yield line method.

The Designer shall be responsible for the
implementation of computer programs used to facilitate
structural analysis and for the interpretation and use of
results.

The name, version, and release date of software
used should be indicated in the contract documents.

C4.4

Many computer programs are available for bridge
analysis. Various methods of analysis, ranging from
simple formulae to detailed finite element procedures,
are implemented in such programs. Many computer
programs have specific engineering assumptions
embedded in their code, which may or may not be
applicable to each specific case.

When using a computer program, the Designer
should clearly understand the basic assumptions of the
program and the methodology that is implemented.

A computer program is only a tool, and the user is
responsible for the generated results. Accordingly, all
output should be verified to the extent possible.

Computer programs should be verified against the
results of:

e universally accepted closed-form solutions,

e other previously verified computer
programs, or

e physical testing.

The purpose of identifying software is to establish
code compliance and to provide a means of locating
bridges designed with software that may later be found
deficient.

LRFD-8-E1: May 2018 Errata to

AASHTO LRFD Bridge Design Specifications, 8th Edition
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AL AL A o [ (b b,

(5.6.3.1.1-3)
o, fBb, + kA4, S
dp
for rectangular section behavior:
+ oy
c= A S A, ?ﬁ (5.6.3.1.1-4)
o fBh+kd, "
p
where:
Ay = area of prestressing steel (in.?)
fou = specified tensile strength of prestressing steel
(ksi)
foy = yield strength of prestressing steel (ksi)
As; = area of nonprestressed tension reinforcement
(in%)
A's = area of compression reinforcement (in.?)
fi = stress in the nonprestressed tension
reinforcement at nominal flexural resistance
(ksi), as specified in Article 5.6.2.1
f's = stress in the nonprestressed compression
reinforcement at nominal flexural resistance
(ksi), as specified in Article 5.6.2.1
b = width of the compression face of the member;
for a flange section in compression, the
effective width of the flange as specified in
Article 4.6.2.6 (in.)
b, = web width or diameter of a circular section (in.)
hy = compression flange depth (in.)
d, = distance from extreme compression fiber to the
centroid of the prestressing force (in.)
¢ = distance from the extreme compression fiber to
the neutral axis (in.)
ap = stress block factor specified in Article 5.6.2.2
Bi = stress block factor specified in Article 5.6.2.2

5.6.3.1.2—Components with Unbonded Tendons

For rectangular or flanged sections subjected to
flexure about one axis and for biaxial flexure with axial
load as specified in Article 5.6.4.5, where the
approximate  stress  distribution  specified in
Article 5.6.2.2 is used, the average stress in unbonded
prestressing steel may be taken as:

d —c
.ﬁs=f;+900{’} :]315 (5.6.3.1.2-1)
in which:
27,
él—(2+&j (5.6.3.1.2-2)

Table C5.6.3.1.1-1—Values of £

Type of Tendon Jovlfou Value of &
Low relaxation strand 0.90 0.28
Type 1 high-strength bar 0.85 0.38
Type 2 high-strength bar 0.80 0.48

C5.6.3.1.2

A first estimate of the average stress in unbonded
prestressing steel may be made as:

S = e ¥15.0 (ksi) (C5.6.3.1.2-1)

In order to solve for the value of f, in
Eq. 5.6.3.1.2-1, the equation of force equilibrium at
ultimate is needed. Thus, two equations with two
unknowns (f,s and ¢) need to be solved simultaneously
to achieve a closed-form solution.

LRFD-8-E1: May 2018 Errata to Hard Copy of

AASHTO LRFD Bridge Design Specifications, 8th Edition

© 2018 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.



5-38 AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS, EIGHTH EDITION, 2017

for T-section behavior:

c = Aps fps +As f; _ASI Jrs’_(x‘lf;‘,(b_bw)hf

aljfc’BIbW
(5.6.3.1.2-3)
for rectangular section behavior:

c = ApSp * AL =4 S, (5.6.3.1.2-4)

a’]f;" B 1 b

where:

¢ = distance from extreme compression fiber to the
neutral axis assuming the tendon prestressing
steel has yielded, given by Egs. 5.6.3.1.2-3 and
5.6.3.12-4 for T-section behavior and
rectangular section behavior, respectively (in.)

L. = effective tendon length (in.)

L; = length of tendon between anchorages (in.)

N; = number of plastic hinges at supports in an
assumed failure mechanism crossed by the
tendon between anchorages or discretely
bonded points assumed as:

e Forsimplespans...................ceoeenene. 0

e  End spans of continuous units............. |

e Interior spans of continuous units..........2
for = yield strength of prestressing steel (ksi)

fre = effective stress in prestressing steel after losses
(ksi)

5.6.3.1.3—Components with Both Bonded and
Unbonded Tendons

5.6.3.1.3a—Detailed Analysis

Except as specified in Article 5.6.3.1.3b, for
components with both bonded and unbonded tendons, the
stress in the prestressing steel shall be computed by
detailed analysis. This analysis shall take into account the
strain compatibility between the section and the bonded
prestressing steel. The stress in the unbonded prestressing
steel shall take into account the global displacement
compatibility between bonded sections of tendons located
within the span. Bonded sections of unbonded tendons
may be anchorage points and any bonded section, such as
deviators. Consideration of the possible slip at deviators
shall be taken into consideration. The nominal flexural
strength should be computed directly from the stresses
resulting from this analysis.
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5.8.4.5—General Zone of Post-Tensioning
Anchorages

5.8.4.5.1—Limitations of Application

Concrete compressive stresses ahead of the
anchorage device, location and magnitude of the
bursting force, and edge tension forces may be estimated
using Egs. 5.8.4.5.2-1 through 5.8.4.5.3-2, provided that:

e the member has a rectangular cross-section and its
longitudinal extent is not less than the larger
transverse dimension of the cross-section;

e the member has no discontinuities within or ahead
of the anchorage zone;

e the minimum edge distance of the anchorage in the
main plane of the member is not less than 1.5 times
the corresponding lateral dimension, a, of the
anchorage device;

e only one anchorage device or one group of closely
spaced anchorage devices is located in the
anchorage zone; and

e the angle of inclination of the tendon, as specified in
Eqgs. 5.8.4.5.3-1 and 5.8.4.5.3-2, is between —5.0
degrees and +20.0 degrees.

C5.84.5.1

The equations specified herein are based on the
analysis of members with rectangular cross-sections and
on an anchorage zone at least as long as the largest
dimension of that cross-section. For cross-sections that
deviate significantly from a rectangular shape, for
example I-girders with wide flanges, the approximate
equations should not be used.

Discontinuities, such as web openings, disturb the
flow of forces and may cause higher compressive
stresses, bursting forces, or edge tension forces in the
anchorage zone. Figure C5.8.4.5.1-1 compares the
bursting forces for a member with a continuous
rectangular cross-section and for a member with a
noncontinuous rectangular  cross-section. The
approximate equations may be applied to standard
I-girders with end blocks if the longitudinal extension of
the end block is at least one girder height and if the
transition from the end block to the I-section is gradual.

Anchorage devices may be treated as closely spaced if
their center-to-center spacing does not exceed 1.5 times the
width of the anchorage devices in the direction considered.

b/2
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Figure C5.8.4.5.1-1—Effect of Discontinuity in
Anchorage Zone

The approximate equations for concrete
compressive stresses are based on the assumption that
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5.8.4.5.2—Compressive Stresses

The concrete compressive stress ahead of the
anchorage devices,  fea, calculated using
Eq. 5.8.4.5.2-1, shall not exceed the limit specified in
Article 5.9.5.6.5a:

0.6P

Jo = oL (5.8.4.5.2-1)
A [H& (l_l]J
btf/f t
in which:
ifa, <s<2a,,then:
k=1+]2-"" (0.3 + i) (5.8.4.5.2-2)
Aeff 15

if s =2 24,y then:
k=1 (5.8.4.5.2-3)

the anchor force spreads in all directions. The
minimum edge distance requirement satisfies this
assumption and is illustrated in Figure C5.8.4.5.1-2.
The approximate equations for bursting forces are
based on finite element analyses for a single anchor
acting on a rectangular cross-section. Eq. 5.8.4.5.3-1
gives conservative results for the bursting
reinforcement, even if the anchors are not closely
spaced, but the resultant of the bursting force is
located closer to the anchor than indicated by
Eq. 5.8.4.5.3-2.

Figure C5.8.4.5.1-2—Edge Distances and Notation

C5.84.5.2

This check of concrete compressive stresses is not
required for basic anchorage devices satisfying
Article 5.8.4.4.2.

Egs. 5.8.4.5.2-1 and 5.8.4.5.2-2 are based on a strut-
and-tie model for a single anchor with the concrete
stresses determined as indicated in Figure C5.8.4.5.2-1
(Burdet, 1990), with the anchor plate width, b, and
member thickness, ¢, being equal. Eq. 5.8.4.5.2-1 was
modified to include cases with values of b <.

LRFD-8-E1: May 2018 Errata to Hard Copy of
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5.9.5.4.4b—Shear Resistance to Pull-Out

The shear resistance per unit length of the concrete
cover against pull-out by deviation forces, V,, shall be
taken as:

V. =6¢V, (5.9.5.4.4b-1)

in which:

V,=0.15d 50/ fo; (5.9.5.4.4b-2)

where:

V, = nominal shear resistance of two shear planes
per unit length (kips/in.)

¢ = resistance factor for shear, 0.75

dey = one-half the effective length of the failure plane
in shear and tension for a curved element (in.)

f'ec = design concrete compressive strength at time of
application of tendon force (ksi)

A = concrete density modification factor as

specified in Article 5.4.2.8

For single duct stack or for Sauc < duucr, de; shown in
Detail (a) in Figure 5.9.5.4.4b-1, shall be taken as:

d

dy =d, + =2 (5.9.5.4.4b-3)

For Sauet = dauer, de shall be taken as the lesser of the
following based on Paths 1 and 2 shown in Detail (b) in
Figure 5.9.5.4.4b-1:

d, =t — —du (5.9.5.4.4b-4)
eff w 2
Jood g e DS (5.9.5.4.4b-5)
eff c
4 2
where:
Sauet =  clear distance between tendon ducts in vertical

direction (in.)
due= outside diameter of post-tensioning duct (in.)

d. = minimum concrete cover over the tendon
duct (in.)
tw = web thickness (in.)

C5.9.5.4.4b

The two shear planes for which Eq. 5.9.5.4.4b-2
gives V, are as indicated in Figure 5.9.5.4.4b-1 for
single and multiple tendons.

Where a staggered or side-by-side group of ducts is
located side by side in a single web, all possible shear
and tension failure planes should be considered in
determining dy.

LRFD-8-E1: May 2018 Errata to Hard Copy of
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Figure 5.9.5.4.4b-1—Definition of dey

If the factored in-plane deviation force exceeds the
factored shear resistance of the concrete cover, as
specified in Eq. 5.9.5.4.4b-1, fully anchored stirrups and
duct ties to resist the in-plane deviation forces shall be
provided in the form of either nonprestressed or
prestressed reinforcement. The duct ties shall be
anchored beyond the ducts either by in-plane 90 degree
hooks or by hooking around the vertical bar.

5.9.5.4.4c—Cracking of Cover Concrete

When the clear distance between ducts oriented in a
vertical column is less than 1.5 in., the ducts shall be
considered stacked. Resistance to cracking shall be
investigated at the ends and at midheight of the
unreinforced cover concrete.

The applied local moment per unit length at the
ends of the cover shall be taken as:

2F . 2
(*m, )t
=l &7 (5.9.5.4.4¢-1)

end 1 2

Additional information on deviation forces can be
found in Nutt, et al. (2008) and Van Landuyt (1991).

Common practice is to limit the stress in the duct
ties to 36.0 ksi at the maximum unfactored tensile
force.

A generic stirrup and duct tie detail is shown in
Figure C5.9.5.4.4b-1. Small diameter reinforcing bars
should be used for better anchorage of these bars. There
have been no reported web failures where this detail has
been used.
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Figure C5.9.5.4.4b-1—Generic Duct Tie Detail

C5.9.5.4.4c

Figure C5.9.5.4.4c-1 illustrates the concept of an
unreinforced cover concrete beam to be investigated for
cracking. Experience has shown that a vertical stack of
more than three ducts can result in cracking of the cover
concrete. When more than three ducts are required, it is
recommended that at least 1.5 in. spacing be provided
between the upper and lower ducts of the two stacks.

The resistance factor is based on successful
performance of curved post-tensioned box girder
bridges in California.
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exposed to noncorrosive soil, where the minimum cover
shall be 3.0 in.

Cover to epoxy-coated steel may be as shown for
interior exposure in Table 5.10.1-1.

Table 5.10.1-1—Cover for Unprotected Main Reinforcing
Steel (in.)

Situation Cover (in.)
Direct exposure to salt water 4.0
Cast against earth 3.0
Coastal 3.0
Exposure to deicing salts 2.5
Deck surfaces subject to tire stud 2.5
or chain wear
Exterior other than above 2.0
Interior other than above
e UptoNo. 11 bar 1.5
e No. 14 and No. 18 bars 2.0
Bottom of cast-in-place slabs
e UptoNo. 11 bar 1.0
e No. 14 and No. 18 bars 2.0
Precast soffit form panels 0.8
Precast reinforced piles
e  Noncorrosive environments 2.0
e  Corrosive environments 3.0
Precast prestressed piles 2.0
Cast-in-place piles
e Noncorrosive environments 2.0
e  Corrosive environments
o General 3.0
o Protected 3.0
e Shells 2.0
e  Auger-cast, tremie concrete, 3.0
or slurry construction
Precast concrete box culverts
e Top slabs used as a driving 2.5
surface
e Top slabs with less than 2.0 ft 2.0
of fill not used as a driving
surface
e  All other members 1.0

5.10.2—Hooks and Bends
5.10.2.1—Standard Hooks

For the purpose of these Specifications, the term
“standard hook” shall mean one of the following:

e For longitudinal reinforcement:

(a) 180-degree bend, plus a 4.0d, extension, but
not less than 2.5 in. at the free end of the bar, or

(b) 90-degree bend, plus a 12.0d), extension at the
free end of the bar.

"Corrosive" water or soil contains greater than or
equal to 500 parts per million (ppm) of chlorides. Sites
that are considered corrosive due solely to sulfate
content greater than or equal to 2,000 ppm, a pH of less
than or equal to 5.5, or both shall be considered
noncorrosive in determining minimum cover.

C5.10.2.1

These requirements are similar to the requirements
of ACI 318-14 and CRSI's Manual of Standard
Practice.

Tests by Shahrooz et al. (2011) showed that
standard hooks are adequate for reinforcement with
specified minimum yield strengths between 75.0 and
100 ksi if transverse, confining reinforcement as
specified in Article 5.10.8.2.4 is provided.

LRFD-8-E1: May 2018 Errata to
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e For transverse reinforcement:

(a) No. 5 bar and smaller—90-degree bend, plus a
6.0d}, extension at the free end of the bar;

(b) No. 6, No. 7 and No. 8 bars—90-degree bend,
plus a 12.0d;, extension at the free end of the
bar; and

(c) No. 8 bar and smaller—135-degree bend, plus a
6.0 dj extension at the free end of the bar.

where:
d, = nominal diameter of reinforcing bar (in.)

Standard hooks may be used with reinforcing steel
having a specified minimum yield strength between 75.0
and 100 ksi for elements and connections specified in
Article 5.4.3.3 only if ties specified in Article 5.10.8.2.4
are provided.

5.10.2.2—Seismic Hooks
Seismic hooks meeting the requirements of Article
5.11.4.1.4 shall be used for transverse reinforcement in

regions of expected plastic hinges and elsewhere as
indicated in the contract documents.

5.10.2.3—Minimum Bend Diameters

The diameter of a bar bend, measured on the inside
of the bar, shall not be less than that specified in Table
5.10.2.3-1.

Table 5.10.2.3-1—Minimum Diameters of Bend

Minimum

Bar Size and Use Diameter
No. 3 through No. 5—General 6.0d,
No. 3 through No. 5—Stirrups and Ties 4.0d,
No. 6 through No. 8—General 6.0d
No. 9, No. 10, and No. 11 8.0d,
No. 14 and No. 18 10.0d,

The inside diameter of bend for stirrups and ties in
plain or deformed welded wire reinforcement shall not
be less than 4.0d;, for deformed wire larger than D6 and
2.0d, for all other wire sizes. Bends with inside
diameters of less than 8.0d, shall not be located less
than 4.0d,, from the nearest welded intersection.
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For each end of a single-leg stirrup of welded plain
or deformed wire reinforcement, two longitudinal wires
at a minimum spacing of 2.0 in. and with the inner wire
at not less than d/4 or 2.0 in. from middepth of member
shall be provided. The outer longitudinal wire at tension
face shall not be farther from the face than the portion
of primary flexural reinforcement closest to the face.

5.10.8.2.6d—Closed Stirrups

Pairs of U-stirrups or ties that are placed to form a
closed unit shall be considered properly anchored and
spliced where length of laps are not less than 1.3 g4
where {; in this case is the development length for bars
in tension.

In members not less than 18.0 in. deep, closed
stirrup splices in stirrup legs extending the full available
depth of the member, and with the tension force
resulting from factored loads, 4,f;, not exceeding 9.0
kips per leg, may be considered adequate.

Transverse torsion reinforcement shall be made
fully continuous and shall be anchored by 135-degree
standard hooks around longitudinal reinforcement.

5.10.8.3—Development by Mechanical
Anchorages

Any mechanical device capable of developing the
strength of reinforcement without damage to concrete
may be used as an anchorage. Performance of
mechanical anchorages shall be verified by laboratory
tests.

Development of reinforcement may consist of a
combination of mechanical anchorage and the
additional embedment length of reinforcement between
the point of maximum bar stress and the mechanical
anchorage.

If mechanical anchorages are to be used, complete
details shall be shown in the contract documents.

5.10.8.4—Splices of Bar Reinforcement

Reinforcement with specified minimum yield
strengths up to 100 ksi may be used in elements and
connections specified in Article 5.4.3.3. For spliced bars
having a specified minimum yield strength greater than
75.0 ksi, transverse reinforcement satisfying the

2 horizonlal wires
[ top 8 bottom

T i —r
1 2" min.

smooth or detormed

oth or . greater of d/4 or2"
vertical wires as required:

mid -depth of member-f

greater of d/4 or 2"
(=d/2)

g

primary
reinforcement——"|

2"min.

l\‘f‘,‘_‘_ 4
uter wire not above lowest

primary reinforcament

Figure C5.10.8.2.6c-1—Anchorage of Single-Leg Welded
Wire Reinforcement Shear Reinforcement, ACI 318-14

C5.10.8.3

Standard details for such devices have not been
developed.

C5.10.84

Confining reinforcement is not required in slabs or
decks.

Research by Shahrooz et al. (2011) verified the use
of these provisions for tensile splices for reinforcement
with specified minimum yield strengths up to 100 ksi in
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requirements of Article 5.7.2.5 for beams and Article
5.10.4.3 for columns shall be provided over the required
splice length.

5.10.8.4.1—Detailing

Permissible locations, types, and dimensions of
splices, including staggers, for reinforcing bars shall be
shown in the contract documents.

5.10.8.4.2—General Requirements

5.10.8.4.2a—Lap Splices

This provision of this Article shall apply only to the
grades of reinforcement noted.

The lengths of lap for lap splices of individual bars
shall be as specified in Articles 5.10.8.4.3a and 5.10.8.4.5a.

Lap splices within bundles shall be as specified in
Article 5.10.8.2.3. Individual bar splices within a
bundle shall not overlap. Entire bundles shall not be lap
spliced.

For reinforcement in tension, lap splices shall not
be used for bars larger than No. 11.

Bars spliced by noncontact lap splices in flexural
members shall not be spaced farther apart transversely
than the lesser of the following:

e one-fifth the required lap splice length; or
e 6.0inw

For columns with longitudinal reinforcement that
anchors into oversized shafts, where bars are spliced by
noncontact lap splices, and longitudinal column and
shaft reinforcement are spaced farther apart transversely
than the greater of the following:

e  one-fifth the required lap splice length; or
e 6.0in.,

the spacing of the shaft transverse reinforcement in the
splice zone shall meet the requirements of the following
equation:

_ 2nAspfytr£s

S (5.10.8.4.2a-1)
max kAéf;l[

where:

Smax= spacing of transverse shaft reinforcement (in.)

Ay = area of shaft spiral or transverse reinforcement
(in.2)

fir = specified minimum yield strength of shaft
transverse reinforcement (ksi)

s = required tension lap splice length of the
column longitudinal reinforcement (in.)

A¢ = area of longitudinal column reinforcement

(in.?)

applications in Seismic Zone 1. See Article C5.4.3.3 for
further information.

C5.10.8.4.2a

This ratio, &, could be determined from the column
moment-curvature analysis using appropriate computer
programs. For simplification, £ = 0.5 could safely be
used in most applications.

The development length of column longitudinal
reinforcement in drilled shafts is from WSDOT-TRac
Report WA-RD 417.1 titled Noncontact Lap Splices in
Bridge Column-Shaft Connections. Eq. 5.10.8.4.2a-1 is
based upon a strut-and-tie analogy of the noncontact
splice with an assumed strut angle of 45 degrees.

LRFD-8-E1: May 2018 Errata to Hard Copy of
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applied shear, introduces compression into the support
region of the member and no concentrated load occurs
within a distance, /, from the face of the support.

The nominal shear resistance, V,, shall be
determined as the lesser of the following:

V.=V +V, (5.12.5.3.8¢-1)

V,=0.3790/f bd (5.12.5.3.8¢-2)

in which:

V. = 0.0632KMf] bd (5.12.5.3.8¢-3)

Afd
Vo= ALl (5.12.5.3.8c-4)
N
K= fe—Tr <2 (5.12.5.3.8¢-5)
0.0632/ £,

Where the effects of torsion are required to be
considered by Article 5.7.2.1, the cross-sectional
dimensions shall be such that:

4 T,
| = < 04740
(bvd] (2AObL’J \/78

where:

(5.12.5.3.8¢-6)

b, = effective web width taken as the total minimum
width of all webs within the depth d adjusted
for the effect of openings or ducts as specified
in Article 5.7.2.8.

0.87 or the distance from the extreme
compression fiber to the centroid of the
prestressing  reinforcement, whichever is
greater (in.)

compressive strength of concrete for use in
design (ksi)

unfactored compressive stress in concrete after
prestress losses have occurred either at the
centroid of the cross-section resisting transient
loads or at the junction of the web and flange
where the centroid lies in the flange (ksi)
spacing of stirrups (in.)

total area of transverse reinforcing in all webs
in the cross-section within a distance s (in.?)
factored design shear including any normal
component from the primary prestressing force
(kip)

applied factored torsional moment (kip-in.)
area enclosed by shear flow path, including any
area of holes therein (in.?)

Eq. 5.12.5.3.8c-4 is based on an assumed 45-degree
truss model.

Eqgs. 5.12.5.3.8¢c-3 and 5.12.5.3.8c-6 are only used
to establish appropriate concrete section dimensions.
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b. = the effective thickness of the shear flow path of
the elements making up the space truss model
resisting torsion calculated in accordance with
Article 5.7.2.1 (in.)
resistance factor for
Article 5.5.4.2

= concrete density modification

specified in Article 5.4.2.8

shear specified in

factor as

5.12.5.3.8d—Torsional Reinforcement

Where consideration of torsional effects is required
by Article 5.7.2.1 torsion reinforcement shall be
provided, as specified herein. This reinforcement shall
be in addition to the reinforcement required to resist the
factored shear, as specified in Article 5.12.5.3.8c,
flexure and axial forces that may act concurrently with
the torsion.

The longitudinal and transverse reinforcement
required for torsion shall satisfy:
T <¢T (5.12.5.3.8d-1)

The nominal torsional resistance from transverse
reinforcement shall be based on a truss model with
45-degree diagonals and shall be computed as:

, _24AL

n

(5.12.5.3.8d-2)
S

The minimum additional longitudinal reinforcement
for torsion, A4¢, shall satisfy:

4 2 tupn (5.12.5.3.8d-3)
204, f,

where:

A, = total area of transverse torsion reinforcing in
the exterior web and flange (in.?)

Ay = total area of longitudinal torsion reinforcement
in a box girder (in.?)

T. = applied factored torsional moment (kip-in.)

pr» = perimeter of the polygon defined by the
centroids of the longitudinal chords of the
space truss resisting torsion. p; may be taken as
the perimeter of the centerline of the outermost
closed stirrups (in.)

A, = area enclosed by shear flow path, including
any area of holes therein (in.?)

f, = yield strength of additional longitudinal
reinforcement (ksi)

¢ = resistance factor for shear specified in

Article 5.5.4.2

A\ shall be distributed around the outer-most webs
and top and bottom slabs of the box girder in accordance

C5.12.5.3.8d

Use of reinforcement with f, greater than 75.0 ksi
has not been verified by tests.

In determining the required amount of longitudinal
reinforcement, the beneficial effect of longitudinal
prestressing is taken into account by considering the
longitudinal prestressing force in excess of that required
for concurrent flexure and shear as an equivalent area of
reinforcement.

The total area of transverse reinforcing, 4,, must be
placed in each exterior web and flange that forms the
closed section.

Unlike solid sections, when designing the webs of
segmental bridges the shear and torsion reinforcing
should be directly added together. Reinforcing for
transverse bending in the webs and other box girder
elements should be accounted for in the total reinforcing
demand.

LRFD-8-E1: May 2018 Errata to Hard Copy of AASHTO
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APPENDIX BS—GENERAL PROCEDURE FOR SHEAR DESIGN WITH TABLES

B5.1—BACKGROUND

The general procedure herein is an acceptable
alternative to the procedure specified in Article 5.7.3.4.2.
The procedure in this Appendix utilizes tabularized values
of B and 6 instead of Egs.5.7.3.4.2-1, 5.7.3.4.2-2, and
5.7.3.4.2-3. Appendix B5 is a complete presentation of
the general procedures in LRFD Design (AASHTO 2007)
without any interim changes.

B5.2—SECTIONAL DESIGN MODEL—
GENERAL PROCEDURE

For sections containing at least the minimum
amount of transverse reinforcement specified in
Article 5.7.2.5, the values of B and 60 shall be as
specified in Table B5.2-1. In using this table, &, shall be
taken as the calculated longitudinal strain at the
middepth of the member when the section is subjected to
M,, Ny, and V, as shown in Figure B5.2-1.

For sections containing less transverse reinforcement
than specified in Article 5.7.2.5, the values of B and 6
shall be as specified in Table B5.2-2. In using this table,
& shall be taken as the largest calculated longitudinal
strain which occurs within the web of the member when
the section is subjected to N,, M,, and V, as shown in
Figure B5.2-2.

Where consideration of torsion is required by the
provisions of Article 5.7.2, V, in Eqgs. B5.2-3 through
B5.2-5 shall be replaced by Vey.

For solid sections:

2
09p,T
V., = V4| e B5.2-1
For hollow sections:
Td
V.=V +2+= B5.2-2
efff u 2A ( )

0

Unless more accurate calculations are made, &, shall
be determined as:

e If the section contains at least the minimum
transverse  reinforcement as  specified in
Article 5.7.2.5:

|M
d—“+0.5Nu +0.5

v

v —Vp|c0t9—ApsfpaJ
e =
: 2AEA+E A)

»Tps

(B5.2-3)

CBS.2

The shear resistance of a member may be
determined by performing a detailed sectional analysis
that satisfies the requirements of Article 5.7.3.1. Such
an analysis (see Figure CB5.2-1) would show that the
shear stresses are not uniform over the depth of the
web and that the direction of the principal compressive
stresses changes over the depth of the beam. The more
direct procedure given herein assumes that the concrete
shear stresses are uniformly distributed over an area b,
wide and d, deep, that the direction of principal
compressive stresses (defined by angle 0) remains
constant over d,, and that the shear strength of the
section can be determined by considering the biaxial
stress conditions at just one location in the web. See
Figure CB5.2-2.

For solid cross-section shapes, such as a rectangle
or an “L” there is the possibility of considerable
redistribution of shear stresses. To make some
allowance for this favorable redistribution it is safe to
use a root-mean-square approach in calculating the
nominal shear stress for these cross-sections, as
indicated in Eq. B5.2-1. The 0.9 p, comes from 90
percent of the perimeter of the spalled concrete section.
This is similar to multiplying 0.9 times the lever arm in
flexural calculations.

For a hollow girder, the shear flow due to torsion is
added to the shear flow due to flexure in one exterior
web, and subtracted from the opposite exterior web. In
the controlling web, the second term in Eq. B5.2-2
comes from integrating the distance from the centroid of
the section, to the center of the shear flow path around
the circumference of the section. The stress is converted
to a force by multiplying by the web height measured
between the shear flow paths in the top and bottom
slabs, which has a value approximately equal that of ds.
If the exterior web is sloped, this distance should be
divided by the sine of the web angle from horizontal.

Members containing at least the minimum
amount of transverse reinforcement have a
considerable capacity to redistribute shear stresses
from the most highly strained portion of the cross-
section to the less highly strained portions. Because
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The initial value of &, should not be taken greater
than 0.001.

e If the section contains less than the minimum
transverse  reinforcement as  specified in
Article 5.7.2.5:

('M‘| +0.5N, +0.5
d

v

V,=V,|coto- Af]
8,C =
E A + EpApS
(B5.2-4)

The initial value of &, should not be taken greater
than 0.002.

o If the value of & from Egs. B5.2-3 or B5.2-4 is
negative, the strain shall be taken as:

‘Ml!
7 +0.5N, +0.5

v

Vu—VpcotG—ApSfpoJ

e =

x

2(E A, +EA +E,A,)
(B5.2-5)

area of concrete on the flexural tension side of
the member as shown in Figure B5.2-1 (in.?)
area of prestressing steel on the flexural tension
side of the member, as shown in Figure B5.2-1
(in.%)

area enclosed by the shear flow path, including
any area of holes therein (in.?)

area of nonprestressed steel on the flexural
tension side of the member at the section under
consideration, as shown in Figure B5.2-1. In
calculating A, 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.?)
distance from extreme compression fiber to the
centroid of the nonprestressed tensile
reinforcement (in.)

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

o =

of this capacity to redistribute, it is appropriate to use
the middepth of the member as the location at which
the biaxial stress conditions are determined. Members
that contain no transverse reinforcement, or contain
less than the minimum amount of transverse
reinforcement, have less capacity for shear stress
redistribution. Hence, for such members, it is
appropriate to perform the biaxial stress calculations
at the location in the web subject to the highest
longitudinal tensile strain; see Figure B5.2-2.

The longitudinal strain at the middepth of the
member, &, can be determined by the procedure
illustrated in Figure CBS5.2-3. The actual section is
represented by an idealized section consisting of a
flexural tension flange, a flexural compression flange,
and a web. The area of the compression flange is taken
as the areca on the flexure compression side of the
member, i.e., the total area minus the area of the tension
flange as defined by A.. After diagonal cracks have
formed in the web, the shear force applied to the web
concrete, V, — V), will primarily be carried by diagonal
compressive stresses in the web concrete. These
diagonal compressive stresses will result in a
longitudinal compressive force in the web concrete of
(Vu—"V,)cotB8. Equilibrium requires that this
longitudinal compressive force in the web needs to be
balanced by tensile forces in the two flanges, with half
the force, that is 0.5(V, — V) cot 6, being taken by each
flange. To avoid a trial and error iteration process, it is a
convenient simplification to take this flange force due to
shear as V, — V). This amounts to taking 0.5 cot 6 = 1.0
in the numerator of Eqs. B5.2-3, B5.2-4, and B5.2-5.
This simplification is not expected to cause a significant
loss of accuracy. After the required axial forces in the
two flanges are calculated, the resulting axial strains, &
and g, can be calculated based on the axial force-axial
strain relationship shown in Figure CB5.2-4.

For members containing at least the minimum
amount of transverse reinforcement, €, can be taken as:

e _8t+8(,
)

(CB5.2-1)

where & and & are positive for tensile strains and
negative for compressive strains. If, for a member
subject to flexure, the strain & is assumed to be
negligibly small, then &, becomes one half of €. This is
the basis for the expression for &, given in Eq. B5.2-3.
For members containing less than the minimum amount
of transverse reinforcement, Eq. B5.2-4 makes the
conservative simplification that &, is equal to &.

In some situations, it will be more appropriate to
determine €, using the more accurate procedure of
Eq. CB5.2-1 rather than the simpler Eqgs. B5.2-3
through B5.2-5. For example, the shear capacity of
sections near the ends of precast, pretensioned simple
beams made continuous for live load will be
estimated in a very conservative manner by
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6.8.2—Tensile Resistance
6.8.2.1—General

The factored tensile resistance, P,, shall be taken as
the lesser of the values given by Egs. 6.8.2.1-1 and
6.8.2.1-2.

P=¢0b, =0FA, (6.8.2.1-1)
£=¢F,=¢0FA4RU (6.8.2.1-2)
where:

P,, = nominal tensile resistance for yielding in gross
section (kip)

F, = specified minimum yield strength (ksi)

A, = gross cross-sectional area of the member (in.?)

F, = tensile strength (ksi)

A, = net area of the member as specified in
Article 6.8.3 (in.?)

R, = reduction factor for holes taken equal to 0.90 for
bolt holes punched full size and 1.0 for bolt holes
drilled full size or subpunched and reamed to size

U = reduction factor to account for shear lag; 1.0 for
components in which force effects are transmitted
to all elements, and as specified in Article 6.8.2.2
for other cases

¢, = resistance factor for yielding of tension members
as specified in Article 6.5.4.2

o, = resistance factor for fracture of tension members

as specified in Article 6.5.4.2

6.8.2.2—Reduction Factor, U

The shear lag reduction factor, U, shall be used when
investigating the tension fracture check specified in
Article 6.8.1 at the strength limit state.

In the absence of more refined analysis or tests, the
reduction factors specified herein may be used to account
for shear lag in connections.

The shear lag reduction factor, U, may be calculated as
specified in Table 6.8.2.2-1. For members composed of
more than one element, the calculated value of U should not
be taken to be less than the ratio of the gross area of the
connected element or elements to the member gross area.

Ce6.8.2.1

The reduction factor, U, does not apply when
checking yielding on the gross section because yielding
tends to equalize the nonuniform tensile stresses caused
over the cross-section by shear lag. The reduction factor,
R,, conservatively accounts for the reduced fracture
resistance in the vicinity of bolt holes that are punched full
size (Brown et al., 2007). No reduction in the net section
fracture resistance is required for holes that are drilled full
size or subpunched and reamed to size. The reduction in
the factored resistance for punched holes was previously
accounted for by increasing the hole size for design by
0.625 in., which penalized drilled and subpunched and
reamed holes and did not provide a uniform reduction for
punched holes since the reduction varied with the hole
size.

Due to strain hardening, a ductile steel loaded in axial
tension can resist a force greater than the product of its
gross area and its yield strength prior to fracture. However,
excessive elongation due to uncontrolled yielding of gross
area not only marks the limit of usefulness but it can
precipitate failure of the structural system of which it is a
part. Depending on the ratio of net area to gross area and
the mechanical properties of the steel, the component
can fracture by failure of the net area at a load smaller than
that required to yield the gross area. General yielding of
the gross area and fracture of the net area both constitute
measures of component strength. The relative values of the
resistance factors for yielding and fracture reflect the
different reliability indices deemed proper for the two
modes.

The part of the component occupied by the net area at
fastener holes generally has a negligible length relative to
the total length of the member. As a result, the strain
hardening is quickly reached and, therefore, yielding of the
net area at fastener holes does not constitute a strength
limit of practical significance, except perhaps for some
builtup members of unusual proportions.

For welded connections, A4, is the gross section less
any access holes in the connection region.

C6.8.2.2

The provisions of Article 6.8.2.2 are adapted from the
2005 AISC Specification Section D3.3, Effective Net Area
for design of tension members. The 2005 AISC provisions
are adapted such that they are consistent with updated draft
2010 AISC provisions. These updated provisions specify
that, for members composed of more than one element, the
calculated value of U should not be taken to be less than
the ratio of the gross area of the connected element or
elements to the member gross area.

Examples of the distances x and L used in the
calculation of the reduction factor U for all types of tension
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members, except plates and Hollow Structural Section

(HSS) members, are illustrated in Figure C6.8.2.2-1.

Table 6.8.2.2-1—Shear Lag Factors for Connections to Tension Members

Case | Description of Element Shear Lag Factor, U Example
1 All tension members where the tension load is U=1.0 —
transmitted directly to each of cross-sectional elements
by fasteners or welds (except as in Cases 3, 4, 5, and 6).
2 All tension members, except plates and HSS, where the X ’ﬁ‘
tension load is transmitted to some but not all of the U=1- I == -}
cross-sectional elements by fasteners or longitudinal !ﬁ '
welds. (Alternatively, for W, M, S, and HP, Case 7 may jllﬂ
be used.) =1 ‘
3 All tension members where the tension load is U=1.0 —
transmitted by transverse welds to some but not all of and
the cross-sectional elements. A = area of the directly
connected elements
4 Plates where the tension load is transmitted by L>22w..U=1.0 g =
longitudinal welds only. IwsL>15w...U =087 I: -
15w>L>w.. .U =075 Sk
5 Round HSS with a single concentric gusset plate. L>13D..U=1.0 ’@\
D<L<13D..U=1-> -
L @r
_ D
==
b1
6 Rectangular HSS with a single concentric X .
gusset plate LzH..U=1-— e
= = |
—_ B*+2BH 1—] ¢
4(B+H)
with 2 side gusset plates IsH U<1-Z% r F—j o
w
Y= B’ - ‘i _Ii
4(B+H)
7 W, M, S, or HP Shapes or | with flange connected 2 —
Tees cut from these | with 3 or more fasteners by 2 gd"’U =0.90
shapes (If U is calculated | per line in direction of 2
per Case 2, the larger | loading bp<—d..U=0385
value is permitted to be -3
used.) with web connected with U=0.70 —
4 or more fasteners in
direction of loading
8 Single angles (If U is | with 4 or more fasteners U =0.80 —
calculated per Case 2, the | per line in direction of
larger value is permitted | loading
to be used.) with 2 or 3 fasteners per U =0.60 —
line in direction of
loading
where:

length of connection (in.)

plate width (in.)

= connection eccentricity (in.)

overall width of rectangular HSS member, measured 90 degrees to the plane of the connection (in.)
overall height of rectangular HSS member, measured in the plane of the connection (in.)

= full nominal depth of section (in.)

= flange width (in.)

TRI® Rz~
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I, = moment of inertia of the compression flange of
the steel section about the vertical axis in the
plane of the web (in.*)

I, = moment of inertia of the tension flange of the

steel section about the vertical axis in the plane
of the web (in.%)

6.10.3—Constructibility
6.10.3.1—General

The provisions of Article 2.5.3 shall apply. In addition
to providing adequate strength, nominal yielding or
reliance on post-buckling resistance shall not be permitted
for main load-carrying members during critical stages of
construction, except for yielding of the web in hybrid
sections. This shall be accomplished by satisfying the
requirements of Articles 6.10.3.2 and 6.10.3.3 at each
critical construction stage. For sections in positive flexure
that are composite in the final condition, but are
noncomposite during construction, the provisions of
Article 6.10.3.4 shall apply. For investigating the
constructibility of flexural members, all loads shall be
factored as specified in Article 3.4.2. For the calculation of
deflections, the load factors shall be taken as 1.0.

Potential uplift at bearings shall be investigated at
each critical construction stage.

Webs without bearing stiffeners at locations subjected
to concentrated loads not transmitted through a deck or deck
system shall satisfy the provisions of Article D6.5.

that the boundary conditions assumed at the web-flange
juncture in the web bend-buckling and compression-flange
local buckling formulations within these Specifications are
sufficiently accurate. The ratio of the web area to the
compression flange area is always less than or equal to 5.45
for members that satisfy Egs. 6.10.2.2-2 and 6.10.2.2-3.
Therefore, the AISC (2016) limit of 10 on this ratio is not
required.

An I-section with a ratio of I/, outside the limits
specified in Eq. 6.10.2.2-4 is more like a tee-section with the
shear center located at the intersection of the larger flange
and the web. The limits of Eq. 6.10.2.2-4 are similar to the
limits specified in previous Specifications, but are easier to
apply
since they are based on the ratio of /. to /,, rather than to /,
of the entire steel section. Eq. 6.10.2.2-4 ensures more
efficient flange proportions and prevents the use of sections
that may be particularly difficult to handle during
construction. Also, Eq. 6.10.2.2-4 ensures the validity
of the equations for C, > | in cases involving moment
gradients. Furthermore, these limits tend to prevent the use
of extremely monosymmetric sections for which the larger
of the yield moments, M,. or M,, may be greater than the
plastic moment, M,. If the flanges are composed of plates of
equal thickness, these limits are equivalent to by > 0.46b,and
bfc <2.15 bﬁ.

The advent of composite design has led to a
significant reduction in the size of compression flanges in
regions of positive flexure. In addition to satisfying the
proportion limits given in this Article, the minimum
compression-flange width in these regions for preliminary
design should also be established based on the L/b.
guideline suggested in Eq. C6.10.3.4.1-1.

C6.10.3.1

If uplift is indicated at any critical stage of
construction, temporary load may be placed to prevent
lift-off. The magnitude and position of any required
temporary load should be provided in the contract
documents.

Factored forces at high-strength bolted joints of load
carrying members are limited to the slip resistance of the
connection during each critical construction state to
ensure that the correct geometry of the structure is
maintained.
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If there are holes in the tension flange at the section
under consideration, the tension flange shall also satisfy
the requirement specified in Article 6.10.1.8.

Load-resisting bolted connections either in or to
flexural members shall be proportioned to prevent slip
under the factored loads at each critical construction
stage. The provisions of Article 6.13.2.8 shall apply for
investigation of connection slip.

6.10.3.2—Flexure

6.10.3.2. 1—Discretely Braced Flanges in
Compression

For critical stages of construction, each of the
following requirements shall be satisfied. For sections
with slender webs, Eq. 6.10.3.2.1-1 shall not be checked
when f; is equal to zero. For sections with compact or
noncompact webs, Eq. 6.10.3.2.1-3 shall not be checked.

Jou S SORE,, (6.10.3.2.1-1)
fbu+§fl <¢,F,, (6.10.3.2.1-2)
and

o $O,F,, (6.10.3.2.1-3)

where:

¢r = resistance factor for flexure specified in
Article 6.5.4.2.

fou = flange stress calculated without consideration of
flange lateral bending determined as specified in
Article 6.10.1.6 (ksi)

fe = flange lateral bending stress determined as
specified in Article 6.10.1.6 (ksi)

F..= nominal bend-buckling resistance for webs
specified in Article 6.10.1.9 (ksi)

F,. = nominal flexural resistance of the flange (ksi).
F, shall be determined as specified in
Article 6.10.8.2. For sections in straight I-girder
bridges with compact or noncompact webs, the
lateral torsional buckling resistance may be
taken as M,. determined as specified in Article
A6.3.3 divided by Sy. In computing F,. for
constructibility, the web load-shedding factor,
Ry, shall be taken as 1.0.

M,. = yield moment with respect to the compression
flange determined as specified in Article D6.2
(kip-in.)

R, = Thybrid factor specified in Article 6.10.1.10.1.

For hybrid sections in which f;, does not exceed
the specified minimum yield strength of the web,
the hybrid factor shall be taken equal to 1.0.

C6.10.3.2.1

A distinction is made between discretely and
continuously braced compression and tension flanges
because for a continuously braced flange, flange lateral
bending need not be considered.

This Article gives constructibility requirements for
discretely braced compression flanges, expressed by
Egs. 6.10.3.2.1-1,6.10.3.2.1-2,and 6.10.3.2.1-3 in terms of
the combined factored vertical and flange lateral bending
stresses during construction. In making these checks, the
stresses fp, and f; must be determined according to the
procedures specified in Article 6.10.1.6.

Eq. 6.10.3.2.1-1 ensures that the maximum combined
stress in the compression flange will not exceed the
specified minimum yield strength of the flange times the
hybrid factor; that is, it is a yielding limit state check.

Eq. 6.10.3.2.1-2 ensures that the member has
sufficient strength with respect to lateral torsional and
flange local buckling based limit states, including the
consideration of flange lateral bending where these effects
are judged to be significant. For horizontally-curved
bridges, flange lateral bending effects due to curvature
must always be considered in discretely braced flanges
during construction.

Eq. 6.10.3.2.1-3 ensures that theoretical web bend-
buckling will not occur during construction.

Eq. 6.10.3.2.1-2 addresses the resistance of the
compression
flange by considering this element as an equivalent beam-
column. This equation is effectively a beam-column
interaction equation, expressed in terms of the flange
stresses computed from elastic analysis (White and
Grubb, 2005). The f;, term is analogous to the axial load
and the f; term is analogous to the bending moment within
the equivalent beam-column member. The factor of 1/3 in
front of the f; term in Eq. 6.10.3.2.1-2 gives an accurate
linear approximation of the equivalent beam-column
resistance within the limits on f; specified in
Article 6.10.1.6 (White and Grubb, 2005).

Eq. 6.10.3.2.1-1 often controls relative to
Eq. 6.10.3.2.1-2, particularly for girders with large f; and
for members with compact or noncompact webs. However,
for members with noncompact flanges or large unsupported
lengths during construction combined with small or zero
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noncomposite moment of inertia about the
vertical centroidal axis of a single girder
within the span under consideration (in.*)
length of the span under consideration (in.)
distance from the centroid of the
noncomposite  steel  section  under
consideration to the centroid of the tension
flange (in.). The distance shall be taken as
positive.

girder spacing for a two-girder system or the
distance between the two exterior girders of
the unit for a three-girder system (in.)

Should the sum of the largest total factored girder
moments across the width of the unit within the span under
consideration exceed 70 percent of Mg, the following
alternatives may be considered:

e The addition of flange level lateral bracing adjacent to
the supports of the span may be considered as
discussed in Article 6.7.5.2;

e The unit may be revised to increase the system
stiffness; or

e  The amplified girder second-order displacements of
the span during the deck placement may be evaluated
to verify that they are within tolerances permitted by
the Owner.

6.10.3.5—Dead Load Deflections

The provisions of Article 6.7.2 shall apply, as
applicable.
6.10.4—Service Limit State

6.10.4.1—Elastic Deformations

The provisions of Article 2.5.2.6 shall apply, as
applicable.

provided in Yura et. al. (2008) be used, as Eq. 6.10.3.4.2-1
becomes more conservative in this case. Yura et al. (2008)
further indicates the adjustments that need to be made to
the more general buckling equation for singly symmetric
girders and/or for three-girder systems.

Large global torsional rotations signified by large
differential vertical deflections between the girders and
also large lateral deflections, as determined from a first-
order analysis, are indicative of the potential for significant
second-order global amplification. Situations exhibiting
potentially significant global second-order amplification
include phased construction involving narrow unsupported
units with only two or three girders and possibly unevenly
applied deck weight. One suggested method of increasing
the global buckling resistance in such cases is to consider
the addition of flange level lateral bracing to the system.
Yura et al. (2008) suggest adjustments to be made when
estimating the elastic global lateral-torsional buckling
resistance of the system where a partial top-flange lateral
bracing system is present at the ends of the span, along
with some associated bracing design recommendations.

The elastic global buckling resistance should only be
used as a general indicator of the susceptibility of
horizontally-curved I-girder systems to second-order
amplification under noncomposite loading conditions.
Narrow horizontally-curved I-girder bridge units that meet
both of the conditions stated in this article in their
noncomposite condition during the deck placement may be
subject to significant second-order amplification and
should instead be analyzed using a global second-order
load-deflection analysis to evaluate the behavior. As an
alternative, the addition of flange level lateral bracing
adjacent to the supports of the span may be considered as
discussed in Article 6.7.5.2, or the unit can be braced to
other structural units or by external bracing within the
span.

C6.10.3.5

If staged construction is specified, the sequence of
load application should be recognized in determining the
camber and stresses.

C6.10.4.1

The provisions of Article 2.5.2.6 contain optional live
load deflection criteria and criteria for span-to-depth ratios.
In the absence of depth restrictions, the span-to-depth
ratios should be used to establish a reasonable minimum
web depth for the design.
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6.10.4.2—Permanent Deformations

6.10.4.2. 1—General

For the purposes of this Article, the Service II load
combination specified in Table 3.4.1-1 shall apply.

The following methods may be used to calculate
stresses in structural steel at the Service II limit state:

e For members with shear connectors provided
throughout their entire length that also satisfy the
provisions of Article 6.10.1.7, flexural stresses in the
structural steel caused by Service II loads applied to the
composite section may be computed using the short-
term or long-term composite section, as appropriate.
The concrete deck may be assumed to be effective for
both positive and negative flexure, provided that the
maximum longitudinal tensile stresses in the concrete
deck at the section under consideration caused by the
Service II loads are smaller than 2f;, where f; is the
modulus of rupture of the concrete specified in
Article 6.10.1.7.

e For sections that are composite for negative flexure
with maximum longitudinal tensile stresses in the
concrete deck greater than or equal to 2f;, the flexural
stresses in the structural steel caused by Service II loads
shall be computed using the section consisting of the
steel section and the longitudinal reinforcement within
the effective width of the concrete deck.

e For sections that are noncomposite for negative
flexure, the properties of the steel section alone shall
be used for calculation of the flexural stresses in the
structural steel.

The longitudinal stresses in the concrete deck shall be
determined as specified in Article 6.10.1.1.1d.

6.10.4.2.2—Flexure

Flanges shall satisfy the following requirements:
e For the top steel flange of composite sections:

f, <0.95R,F, (6.10.4.2.2-1)

e  For the bottom steel flange of composite sections:

7 +f?’ <0.95R,F,

h oy

(6.10.4.2.2-2)

e For both steel flanges of noncomposite sections:

/; +f7' <0.80R,F, (6.10.4.2.2-3)

where:

C6.10.4.2.1

These provisions are intended to apply to the design
live load specified in Article 3.6.1.1. If this criterion were
to be applied to a design permit load, a reduction in the
load factor for live load should be considered.

Article 6.10.1.7 requires that one percent longitudinal
deck reinforcement be placed wherever the tensile stress in
the concrete deck due to either factored construction loads
or due to Load Combination Service Il exceeds the
factored modulus of rupture of the concrete. By controlling
the crack size in regions where adequate shear connection
is also provided, the concrete deck may be considered
effective in tension for computing flexural stresses on the
composite section due to Load Combination Service II.

The cracking behavior and the partial participation of
the physically cracked slab in transferring forces in tension
is very complex. Article 6.10.4.2.1 provides specific
guidance that the concrete slab may be assumed to be
uncracked when the maximum longitudinal concrete
tensile stress is smaller than 2. This limit between the use
of an uncracked or cracked section for calculation of
flexural stresses in the structural steel is similar to a limit
suggested in CEN (2004) beyond which the effects of
concrete cracking should be considered.

C6.10.4.2.2

Egs. 6.10.4.2.2-1 through 6.10.4.2.2-3 are intended to
prevent objectionable permanent deflections due to
expected severe traffic loadings that would impair
rideability. For homogeneous sections with zero flange
lateral bending, they correspond to the overload check in
the 2002 AASHTO Standard Specifications and are based
on successful past practice. Their development is described
in Vincent (1969). A resistance factor is not applied in
these equations because the specified limits are
serviceability criteria for which the resistance factor is 1.0.

Egs. 6.10.4.2.2-1 through 6.10.4.2.2-3 address the
increase in flange stresses caused by early web yielding in
hybrid sections by including the hybrid factor R.

For continuous-span members in which noncomposite
sections are utilized in negative flexure regions only, it is
recommended that Eqs. 6.10.4.2.2-1 and 6.10.4.2.2-2, as
applicable, be applied in those regions.
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6.10.7.2—Noncompact Sections

6.10.7.2.1—General

At the strength limit state, the compression flange
shall satisfy:

f‘bu S(I)fF;w (610721—1)
where:
¢r = resistance factor for flexure specified in

Article 6.5.4.2

fou = flange stress calculated without consideration of
flange lateral bending determined as specified in
Article 6.10.1.6 (ksi)

F,. = nominal flexural resistance of the compression

flange  determined  as
Article 6.10.7.2.2 (ksi)

specified  in

The tension flange shall satisfy:

1
fbu+§f1 <¢,F, (6.10.7.2.1-2)
where:
fc = flange lateral bending stress determined as

specified in Article 6.10.1.6 (ksi)
F, = nominal flexural resistance of the tension flange
determined as specified in Article 6.10.7.2.2 (ksi)

The maximum longitudinal compressive stress in the
concrete deck at the strength limit state, determined as
specified in Article 6.10.1.1.1d, shall not exceed 0.6/".

6.10.7.2.2—Nominal Flexural Resistance

The nominal flexural resistance of the compression
flange shall be taken as:

F..=R,R,F, (6.10.7.2.2-1)
where:
Ry, = webload-shedding factor determined as specified

in Article 6.10.1.10.2

by Eq. 6.10.4.2.2-2 will often govern the design of the
bottom flange of compact composite sections in positive
flexure wherever the nominal flexural resistance at the
strength limit state is based on either Eq. 6.10.7.1.2-1,
6.10.7.1.2-2, or 6.10.7.1.2-3. Thus, it is prudent and
expedient to initially design these types of sections to satisfy
this permanent deflection service limit state criterion
and then to subsequently check the nominal flexural
resistance at the strength limit state according to the
applicable Eq. 6.10.7.1.2-1, 6.10.7.1.2-2, or 6.10.7.1.2-3.

C6.10.7.2.1

For noncompact sections, the compression flange must
satisfy Eq. 6.10.7.2.1-1 and the tension flange must satisfy
Eq. 6.10.7.2.1-2 at the strength limit state. The basis for
Eq. 6.10.7.2.1-2 is explained in Article C6.10.8.1.2. For
composite sections in positive flexure, lateral bending does
not need to be considered in the compression flange at the
strength limit state because the flange is continuously
supported by the concrete deck.

For noncompact sections, the longitudinal stress in the
concrete deck is limited to 0.6/” to ensure linear behavior
of the concrete, which is assumed in the calculation of the
steel flange stresses. This condition is unlikely to govern
except in cases involving: (1) shored construction, or
unshored construction where the noncomposite steel dead
load stresses are low, combined with (2) geometries
causing the neutral axis of the short-term and long-term
composite section to be significantly below the bottom of
the concrete deck.

C6.10.7.2.2

The nominal flexural resistance of noncompact
composite sections in positive flexure is limited to the
moment at first yield. Thus, the nominal flexural resistance
is expressed simply in terms of the flange stress. For
noncompact sections, the elastically computed stress in
each flange due to the factored loads, determined in
accordance with Article 6.10.1.1.1a, is compared with the
yield stress of the flange times the appropriate flange-
strength reduction factors.
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R, =  Thybrid factor determined as

Article 6.10.1.10.1

specified in
The nominal flexural resistance of the tension flange

shall be taken as:

F,=R}F,

nt

(6.10.7.2.2-2)

6.10.7.3—Ductility Requirement

Compact and noncompact sections shall satisfy:

D,<0.42D, (6.10.7.3-1)
where:
D, = distance from the top of the concrete deck to the

neutral axis of the composite section at the plastic
moment (in.)

D, = total depth of the composite section (in.)

6.10.8—Flexural Resistance—Composite Sections in
Negative Flexure and Noncomposite Sections

6.10.8.1—General

6.10.8.1.1—Discretely Braced Flanges in
Compression

At the strength limit state, the following requirement
shall be satisfied:

1
Ju* 3/ <O F (6.10.8.1.1-1)
where:
¢r = resistance factor for flexure specified in

Article 6.5.4.2

fou = flange stress calculated without consideration of
flange lateral bending determined as specified in
Article 6.10.1.6 (ksi)

fo = flange lateral bending stress determined as
specified in Article 6.10.1.6 (ksi)
F.. = nominal flexural resistance of the flange

determined as specified in Article 6.10.8.2 (ksi)

C6.10.7.3

The ductility requirement specified in this Article is
intended to protect the concrete deck from premature
crushing. The limit of D, < 5D' in AASHTO (1998)
corresponds to D,/D; < 0.5 for B = 0.75. The D,/D;ratio
is lowered to 0.42 in Eq. 6.10.7.3-1 to ensure significant
yielding of the bottom flange when the crushing strain is
reached at the top of concrete deck for all potential cases.
In checking this requirement, D, should be computed using
a lower bound estimate of the actual thickness of the
concrete haunch, or may be determined conservatively by
neglecting the thickness of the haunch.

C6.10.8.1.1

Eq. 6.10.8.1.1-1 addresses the resistance of the
compression flange by considering this element as an
equivalent beam-column. This equation is effectively a
beam-column interaction equation, expressed in terms of
the flange stresses computed from elastic analysis (White
and Grubb, 2004). The f;, term is analogous to the axial
load and the f; term is analogous to the bending moment
within the equivalent beam-column member. The factor of
one-third in front of the f; term in Eq. 6.10.8.1.1-1 gives an
accurate linear approximation of the equivalent beam-
column resistance within the limits on f; specified in
Article 6.10.1.6 (White and Grubb, 2005).

Egs. 6.10.8.1.1-1, 6.10.8.1.2-1, and 6.10.8.1.3-1 are
developed specifically for checking of slender-web
noncomposite sections and slender-web composite
sections in negative flexure. These equations may be used as
a simple conservative resistance check for other types of
composite sections in negative flexure and noncomposite
sections. The provisions specified in Appendix A6 may be
used for composite sections in negative flexure and for
noncomposite sections with compact or noncompact
webs in straight bridges for which the specified minimum
yield strengths of the flanges and web do not exceed 70 ksi
and for which the flanges satisfy Eq. 6.10.6.2.3-2.
The Engineer should give consideration to utilizing the
provisions of Appendix A6 for such sections in straight
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moment arm taken as the vertical distance between the
mid-thickness of the top and bottom flanges.

At the strength limit state, the design force in splice
plates subjected to tension shall not exceed the factored
resistance in tension specified in Article 6.13.5.2. The
design force in splice plates subjected to compression
shall not exceed the factored resistance, R,, in
compression taken as:

R = ¢CFyAS (6.13.6.1.3b-3)
where:
¢. = resistance factor for compression as specified in
Article 6.5.4.2
F, = specified minimum yield strength of the splice
plate (ksi)
As = gross area of the splice plate (in.2)

Bolted connections for flange splices shall be
checked for slip under a flange slip force determined as
the factored moment at the point of splice divided by the
appropriate moment arm defined as specified herein. The
factored moment for checking slip shall be taken as the
moment at the point of splice under Load Combination
Service 11, as specified in Table 3.4.1-1, or the moment at
the point of splice due to the deck casting sequence,
whichever governs.

The computed flange slip force shall be divided by
the nominal slip resistance of the bolts, determined as
specified in Article 6.13.2.8, to determine the total
number of flange splice bolts required on one side of the
splice to resist slip. For all single box sections, and for
multiple box sections in bridges not satisfying the
requirements of Article 6.11.2.3, including horizontally-
curved bridges, or with box flanges that are not fully
effective according to the provisions of Article 6.11.1.1,
longitudinal warping stresses due to cross-section
distortion shall be considered when checking bolted
flange splices for slip and for fatigue. Longitudinal
warping stresses may be ignored at the strength limit
state. The vector sum of the St. Venant torsional shear and
the flange slip force or design yield resistance shall be
considered in the design of box-flange bolted splices for
these sections at the corresponding applicable limit state.

i Pﬁ,{[()p) = F)_;J"Ae

A=D+  1F
2 2

F 3

—— Py (bot) = Fy 4,

Figure C6.13.6.1.3b-2—Calculation of the Moment
Resistance Provided by the Flange Splices for Composite
Sections Subject to Negative Flexure and Noncomposite
Sections

Flange splice plates subjected to tension are to be
checked for yielding on the gross section, fracture on the
net section, and block shear rupture at the strength limit
state according to the provisions of Article 6.13.5.2.
Block shear rupture will usually not govern the design of
splice plates of typical proportion. Flange splice plates
subjected to compression at the strength limit state are to
be checked only for yielding on the gross section of the
plates according to Eq. 6.13.6.1.3b-3. Eq. 6.13.6.1.3b-3
assumes an unbraced length of zero for the splice plates.

For a flange splice with inner and outer splice plates,
Py, at the strength limit state may be assumed divided
equally to the inner and outer plates and their connections
when the areas of the inner and outer plates do not differ
by more than ten percent. For this case, the connections
are proportioned assuming double shear. Should the areas
of the inner and outer plates differ by more than ten
percent, the design force in each splice plate and its
connection at the strength limit state should instead be
determined by multiplying Py by the ratio of the area of
the splice plate under consideration to the total area of the
inner and outer splice plates. For this case, the
connections are proportioned for the maximum calculated
splice-plate force acting on a single shear plane. When
checking for slip of the connection for a flange splice with
inner and outer splice plates, the slip resistance should
always be determined by dividing the flange slip force
equally to the two slip planes regardless of the ratio of the
splice plate areas. Slip of the connection cannot occur
unless slip occurs on both planes.

For the box sections cited in this Article, including
sections in horizontally-curved bridges, longitudinal
warping stresses due to cross-section distortion can be
more significant under construction and service
conditions and must therefore be considered when
checking the connections of bolted flange splices for slip
and for fatigue. The warping stresses in these cases can
typically be ignored in checking the top-flange splices
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6.13.6.1.3c—Web Splices

As a minimum, web splice plates and their
connections shall be designed at the strength limit state
for a design web force taken equal to the smaller factored
shear resistance of the web at the point of splice
determined according to the provisions of Article 6.10.9
or 6.11.9, as applicable.

Should the moment resistance provided by the flange
splices, determined as specified in Article 6.13.6.1.3b,
not be sufficient to resist the factored moment at the
strength limit state at the point of splice, the web splice
plates and their connections shall instead be designed for
a design web force taken equal to the vector sum of the
smaller factored shear resistance and a horizontal force
located-at-the-mid-depth—of in the web that provides the
necessary moment resistance in conjunction with the
flange splices.

The horizontal force in the web shall be computed as
the portion of the factored moment at the strength limit
state at the point of splice that exceeds the moment
resistance provided by the flange splices divided by the
appropriate moment arm-te-the-mid-depth-of the-web. For
composite sections subject to positive flexure, the
moment arm shall be taken as the vertical distance from
the mid-depth of the web to the mid-thickness of the
concrete deck including the concrete haunch. For
composite sections subject to negative flexure and
noncomposite sections subject to positive or negative
flexure, the moment arm shall be taken as one-quarter of

the web depth. %hedvemeal—dﬁtaﬁee—ﬁem—t-he-rmd—depﬂwf

once the flange is continuously braced. The warping
stresses can also be ignored when checking splices in both
the top and bottom flanges at the strength limit state. For
these sections, St. Venant torsional shear must also be
considered in the design of box-flange bolted splices at
all limit states. St. Venant torsional shears are typically
neglected in top flanges of tub sections once the flanges
are continuously braced.

For straight girders where flange lateral bending
is deemed significant, and for horizontally-curved
girders, the effects of the lateral bending need not be
considered in the design of the bolted splices for
discretely braced top flanges of tub sections or discretely
braced flanges of I-sections at all limit states. At the
strength limit state, flange splices are to be designed to
develop the full yield resistance of the flange, which
cannot be exceeded in such cases under combined major-
axis and lateral bending at the strength limit state. Flange
lateral bending will increase the flange slip force on one
side of the splice and decrease the slip force on the other
side of the splice; slip cannot occur unless it occurs on
both sides of the splice.

C6.13.6.1.3¢

The factored shear resistance of the bolts should be
based on threads included in the shear planes, unless the
web splice-plate thickness exceeds 0.5 in. As a
minimum, two vertical rows of bolts spaced at the
maximum spacing for sealing bolts specified in Article
6.13.2.6.2 should be provided, with a closer spacing
and/or additional rows provided only as needed.

Since the web splice is being designed to develop the
full factored shear resistance of the web as a minimum at
the strength limit state, the effect of the small moment
introduced by the eccentricity of the web connection may
be ignored at all limit states. Also, for all single box
sections, and for multiple box sections in bridges not
satisfying the requirements of Article 6.11.2.3, including
horizontally-curved bridges, or with box flanges that are
not fully effective according to the provisions of Article
6.11.1.1, the effect of the additional St. Venant torsional
shear in the web may be ignored at the strength limit state.

Figure C6.13.6.1.3c-1 illustrates the computation of
the horizontal force in the web, H,,, where necessary for
composite sections subject to positive flexure. The web
moment is taken as the portion of the factored moment at
the strength limit state that exceeds the moment resistance
provided by the flange splices. H,, is then taken as the web
moment divided by the moment arm, 4,, taken from the
mid-depth of the web to the mid-thickness of the
concrete deck including the concrete haunch.

LRFD-8-E1: May 2018 Errata to
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The computed design web force shall be divided by
the factored shear resistance of the bolts, determined as
specified in Article 6.13.2.2, to determine the total
number of web splice bolts required on one side of the
splice at the strength limit state. The bearing resistance of
the web at bolt holes shall also be checked at the strength
limit state as specified in Article 6.13.2.9.

The design web force at the strength limit state shall
not exceed the lesser of the factored shear resistances of
the web splice plates determined as specified in Articles
6.13.4 and 6.13.5.3.

As a minimum, bolted connections for web splices
shall be checked for slip under a web slip force taken
equal to the factored shear in the web at the point of
splice. Should the nominal slip resistance provided by the
flange bolts not be sufficient to resist the flange slip force
due to the factored moment at the point of splice,
determined as specified in Article 6.13.6.1.3b, the web
splice bolts shall instead be checked for slip under a web
slip force taken equal to the vector sum of the factored
shear and the portion of the flange slip force that exceeds
the nominal slip resistance of the flange bolts. The factored
shear for checking slip shall be taken as the shear in the
web at the point of splice under Load Combination
Service 11, as specified in Table 3.4.1-1, or the shear in
the web at the point of splice due to the deck casting
sequence, whichever governs.

For all single box sections, and for multiple box
sections in bridges not satisfying the requirements of
Article 6.11.2.3, including horizontally-curved bridges,
or with box flanges that are not fully effective according
to the provisions of Article 6.11.1.1, the shear for
checking slip shall be taken as the sum of the factored
flexural and St. Venant torsional shears in the web
subjected to additive shears. For boxes with inclined
webs, the factored shear shall be taken as the component
of the factored vertical shear in the plane of the web.

The computed web slip force shall be divided by the
nominal slip resistance of the bolts, determined as specified
in Article 6.13.2.8, to determine the total number of web
splice bolts required on one side of the splice to resist slip.

Webs shall be spliced symmetrically by plates on
each side. The splice plates shall extend as near as
practical for the full depth between flanges without
impinging on bolt assembly clearances. For bolted web
splices with thickness differences of 0.0625 in. or less,
filler plates should not be provided.
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Figure C6.13.6.1.3c-1—Calculation of the Horizontal Force
in the Web, Hy, for Composite Sections Subject to Positive
Flexure
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Figure C6.13.6.1.3c-2 illustrates the computation of
the horizontal force in the web, H,, where necessary for
composite sections subject to negative flexure and
noncomposite sections;. The web moment is again taken as
the portion of the factored moment at the strength limit
state that exceeds the moment resistance provided by the
flange splices. In this case, however, H,, is taken as the web
moment divided by D/4, as shown in Figure
C6.13.6.1.3¢-2 the-moment-arm—4, —to-themid-thickness

>
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Figure C6.13.6.1.3c-2—Calculation of the Horizontal Force
in the Web, H,, for Composite Sections Subject to Negative
Flexure and Noncomposite Sections

The required moment resistance in the web for the
case shown in Figure C6.13.6.1.3c-1 is provided by a
horizontal tensile force, H,. assumed acting at the mid-
depth of the web that is equilibrated by an equal and
opposite horizontal compressive force in the concrete deck.
The required moment resistance in the web for the case
shown in Figure C6.13.6.1.3¢c-2 is provided by two equal
and opposite horizontal tensile and compressive forces,
H,/2, assumed acting at a distance D/4 above and below
the mid-height of the web. In each case, there is no net
horizontal force acting on the section.

Because the resultant web force in cases where H,, is
computed is divided equally to all of the bolts in this
approach, the traditional vector analysis for bolt groups
subject to a concentric shear and a centroidal moment is
not applied.

Since slip is a serviceability requirement, the effect of
the additional St. Venant torsional shear in the web is to be
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6.13.6.1.4—Fillers

When bolts carrying loads pass through fillers
0.251in. or more in thickness in axially loaded
connections, including girder flange splices, either:

e The fillers shall be extended beyond the gusset or
splice material, and the filler extension shall be
secured by enough additional bolts to distribute the
total stress in the member uniformly over the
combined section of the member and the filler or

e As an alternative, the fillers need not be extended
and developed provided that the factored resistance
of the bolts in shear at the strength limit state,
specified in Article 6.13.2.2, is reduced by the
following factor:

considered for the box sections described above when
checking for slip.

When checking the bearing resistance of the web at
bolt holes for an inclined resultant design web force, the
resistance of an outermost hole, calculated using the clear
edge distance, can conservatively be checked against the
resultant force assumed to be acting on the extreme bolt
in the connection as shown on the left of Figure
C6.13.6.1.3c-3. This check is conservative since the
resultant force acts in the direction of an inclined distance
that is larger than the clear edge distance. Should the
bearing resistance be exceeded, it is recommended that
the edge distance be increased slightly in lieu of
increasing the number of bolts or thickening the web.
Other options would be to calculate the bearing resistance
based on the inclined distance or to resolve the resultant
force in the direction parallel to the edge distance. In
cases where the bearing resistance of the web splice plates
controls, the smaller of the clear edge or end distance on
the splice plates can be used to compute the bearing
resistance of the outermost hole as shown on the right of
Figure C6.13.6.1.3¢-3.
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Web Splice Plates

Figure C6.13.6.1.3c-3—Critical Locations for Checking
Bearing Resistance of Outermost Web Splice Bolt Holes for
an Inclined Resultant Design Web Force

Required bolt assembly clearances are given in AISC
(2011).

C6.13.6.1.4

Fillers are to be secured by means of additional
fasteners so that the fillers are, in effect, an integral part of
a shear-connected component at the strength limit state.
The integral connection results in well-defined shear
planes and no reduction in the factored shear resistance of
the bolts.

In lieu of extending and developing the fillers, the
reduction factor given by Eq. 6.13.6.1.4-1 may instead be
applied to the factored resistance of the bolts in shear.
This factor compensates for the reduction in the nominal
shear resistance of a bolt caused by bending in the bolt
and will typically result in the need to provide additional
bolts in the connection. The reduction factor is only to be
applied on the side of the connection with the fillers. The
factor in Eq. 6.13.6.1.4-1 was developed mathematically
(Sheikh-Ibrahim, 2002), and verified by comparison to
the results from an experimental program on axially
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