SECTION 6: STEEL STRUCTURES

CALIFORNIA AMENDMENTS TO AASHTO LRFED BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W/INTERIMS THRU 2006 6-40A

6.6.1.2.5 Fatigue Resistance

Revise Eg. (6.6.1.2.5-1) and (6.6.1.2.5-2) as
follows:

For finite fatigue life (N < Nqy)

1
(AF,) = (ﬁ}s (6.6.1.2.5-1a)

For infinite fatigue life (N > Nry)

(AF,) = (AF )y, (6.6.1.2.5-1b)
in which:
N = (365)(75)n(ADTT)s.  (6.6.1.2.5-2a)
A

Ny = (6.6.1.2.5-2b)
[(AF )y, ]

where:

Ny _= minimum number of stress cycles
corresponding to constant-amplitude
fatigue threshold, (4F)ry

C6.6.1.2.5
Revise the 2" paragraph as follows:

The requirement on higher-traffic-volume
bridges that the maximum stress range experienced
by a detail be less than the constant-amplitude fatigue
threshold provides a theoretically infinite fatigue life.
I.I & maximiin Stress Fange Is-asstimed to-be bwice the
:"’e ,Ieﬁad stress-range duel to-the _passlagelel H ? Iatlgu_e

Revise the 6™ paragraph as follows:

When the maximum design stress range is less
than ene-half—of—the constant-amplitude fatigue
threshold, the detail will theoretically provide infinite
life. When the number of stress cycles induced by
HL-93 fatigue truck exceeds Ny, the details shall be

checked for the infinite life. ExeeptforCategoriesE
E'_for_hi i | , : "

mostoften—begoverned-bythetnfnite e cheek
Table C1 shows the values of Npy_and (ADTT)s.
above which the infinite life check governs, assuming
a 75-year design life and one cycle per truck. It is
obvious that when ADTT is taken as 2500, all details
should be checked for the infinite life.
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SECTION 6: STEEL STRUCTURES

CALIFORNIA AMENDMENTS TO AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W/INTERIMS THRU 2006 6-41A, 42A
Revise Table C6.6.1.2.5-1 as follows:
Table C6.6.1.25-1 Npy__and 75-Year (ADTT)s.
Equivalent to Infinite Life.
Detail Category Ny 75-Year
(Number of (ADTT)g,
Cycles Equivalent to
Equivalent to Infinite Life
Infinite Life) | (Trucks per Day)
A 1,825,000 65
B 2,953,000 110
B’ 3,536,000 130
C 4,383,000 160
(o4 2,546,000 920
D 6,399,000 230
E 12,118,000 440
E' 22,318,000 815
M 164 (A 325) 57,000 2
Bolts in Axial
Tension
M 253 (A 490) 57,000 2
Bolts in Axial
Tension

Revise Table 6.6.1.2.5-2 as follows:

Table 6.6.1.2.5-2 Cycles per Truck Passage, n.

(C6.6.1.2.5, cont.)
Revise the 7" paragraph as follows:

The values in the above table have been computed by
Eq. 2b using the values for A and (AF)ry specified in

Longitudinal Span Length
Members > 40.0 ft. <40.0 ft.
Simple Span 1.0 2.0
Girders
Continuous
Girders

1) Near Fatigue | -1.5 2.0
Interior Fatigue Il - 1.2
Support

2) elsewhere 1.0 2.0
Cantilever 5.0
Girders
Trusses 1.0
Transverse Spacing
Members > 20.0 ft. <20.0 ft.

1.0 2.0

Tables 1 and 3, respectively. The resulting values of Nty
and the 75-year (ADTT)g, differ slightly when using the
values for A and (AF)ry given in the Customary US
Units and SI Units versions of the Specifications. The
values in the above table represent the larger value from
either version of the Specifications rounded up to the
nearest 1,000 cycles and 5 trucks per day.

Add a new last paragraph:

Cycles per design fatigue Permit Truck (Fatigue Il
limit state) passage are evaluated by the rainflow
method. The numbers of cycles induced by the fatique
Permit Truck passage are somewhat similar to the cycles
induced by the HL-93 fatigue truck used for Fatigue |
Limit State, except in the case of near interior support of
bridges that spans greater than 40 feet.
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SECTION 6: STEEL STRUCTURES
CALIFORNIA AMENDMENTS TO AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W/INTERIMS THRU 2006 6-69A

6.10 I-SECTION FLEXURAL MEMBERS
6.10.1 General C6.10.1
Revise Paragraph 1 as follows:

This article addresses general topics that
apply to all types of steel I-sections in either
straight bridges, horizontally curved bridges, or
bridges containing both straight and curved
segments. For the application of the provisions
of Article 6.10, bridges containing both straight
and curved segments are to be treated as
horizontally curved bridges since the effects of
curvature on the support reactions and girder
deflections, as well as the effects of flange
bending, usually extended beyond the curved
segments. Note that kinked (chorded) girders
exhibit the same actions as curved girders,
except that the effect of the noncollinearity of the
flanges is concentrated at the kinks. Continuous
kinked (chorded) girders should be treated as
horizontally curved girders with respect to these
Specifications.  Simply  supported straight
(chorded) girders in horizontally curved bridges
should be treated as straight skewed girders.
Straight bridges are intended to mean bridges
containing only straight girders or segments.
Horizontally curved bridges are intended to
mean bridges containing only horizontally
curved girders or segments.

The five bullet items in this article indicate
the overarching organization of the subsequent
provisions for the design of straight I-section
flexural members. Each of the sub-articles
throughout Article 6.10 are written such that they
are largely self-contained, thus minimizing the
need for reference to multiple articles to address
any one of the essential design considerations.
For the strength limit state, Article 6.10.6 directs
the Engineer to the subsequent Articles 6.10.7
through 6.10.12, and optionally for sections in
straight I-girder only to Appendices A and B, for
the appropriate design requirements based on the
type of I-section. The specific provisions of these
Articles and Appendices are discussed in the
corresponding Articles of the Commentary.

Add a new 3" paragraph as follows:

For horizontally curved bridges, in addition
to the potential sources of flange lateral bending
discussed in the preceding paragraph, flange
lateral bending effects due to curvature must
always be considered at all limit states and also
during construction.
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SECTION 6: STEEL STRUCTURES

CALIFORNIA AMENDMENTS TO AASHTO LRFED BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W/INTERIMS THRU 2006 6-96A, 98A,103A

6.10.5.3 Special Fatigue Requirement for Webs

Revise the 1% paragraph as follows:

For the purposes of this article, the factored
fatigue load shall be—taken—as twice—that
calculated using the Fatigue | Limit State for
infinite fatigue life-lead-combination specified in
Table 3.4.1-1, with the fatigue live load taken as
specified in Article 3.6.1.4.

6.10.6.2.2 Comj)osite Sections in Positive Flexure
Revise the 3™ Paragraph as follows:

Compact-sections-shall-satisfy-the-requirements
of Article 61071 Otherwise, the section shall
be considered non-compact and-shal-satisfy-the

reguirements-of Article 6-10.7.2
6.10.7.1.2 Nominal Flexural Resistance

Revise Equation (6.10.7.1.2-2) as follows:

M, (D, /D, —0.1
M, =|1-|1- M,

" M 0.32

p

(6.10.7.1.2-2)

C6.10.7.1.2

Revise the 2" Paragraph as follows:

Eqg. 2 defines the inelastic moment resistance
as a straight line between the ductility limits D,/D;
= 0.1 and 0.42. It gives approximately the same
results as the comparable equation in previous
Specifications, but is a simpler form that depends
enly on the plastic moment resistance My, the yield
moment resistance M,, and on the ratio D,/Dialse

suggested—in—Yakel-and-Azizinamini—{2004) Both
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SECTION 6: STEEL STRUCTURES

CALIFORNIA AMENDMENTS TO AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W/’06 INTERIMS THRU 2006 6-122A, 126A

6.10.10.2 Fatigue Resistance
Revise Eq. (6.10.10.2-1) as follows:

For finite fatigue life (N_< 5.966(10)°)

Z, =ad? (6.10.10.2-1a)

For infinite fatigue life (N > 5.966(10)%)
Z, =5.5d? (6.10.10.2-1b)

6.10.10.3 Special Requirements for Points of
Permanent Load Contraflexure

Revise definition of f,, as follows:

f¢ = stress range in the longitudinal
reinforcement over the interior support
under the Fatigue | load combination for
infinite fatigue life specified in Table
3.4.1-1with fatigue live load taken as
specified in Article 3.6.1.4 (ksi)

6.10.11.1.1 General

Revise the 2"@and 4™ Paragraphs as follows:

Stiffeners in—straight—girders not used as
connection plates shall be welded to tight-fit-at

the compression flange and fitted tightly to the
tension flange. -but-need-net-be-in-bearing-with
the—tension—flange. Single-sided stiffeners on
horizontally curved girders should be attached to
both flanges.-\Athen-pairs-of-transverse-stiffeners
ale”usedﬁ_ © Il_euzle Hally euﬂueel girders;—they

The distance between the end of the web-to-
stiffener weld and the near edge of the adjacent
web-to-flange or longitudinal stiffener-to-web
weld shall not be less than 4t,,, nor more than the
lesser-of 6t,. In no case shall the distance exceed
and 4.0in.
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SECTION 6: STEEL STRUCTURES

CALIFORNIA AMENDMENTS TO AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W INTERIMS THRU 2006 6-129A, 164A

6.10.11.2 Bearing Stiffeners

6.10.11.2.1 General
Revise the 4™ paragraph as follows:

Each stiffener shall be either finish (mill or

grind) miHed- to bear plus a fillet weld against
the flange through which it receives its load or

attached to that flange by a full penetration
groove weld.

6.13 CONNECTIONS AND SPLICES
6.13.1 General
Revise the 1% paragraph as follows:
Except as specified otherwise, connections

and splices for main members shall be designed
at the strength limit state for not less than the

largerof:

45 100 percent of the factored flexural, shear, or
axial resistance of the member or element.
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SECTION 6: STEEL STRUCTURES

CALIFORNIA AMENDMENTS TO AASHTO LRFED BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W/’06 INTERIMS THRU 2006 6-185A-186A

6.13.6 Splices
6.13.6.1 Bolted Splices
6.13.6.1.4 Flexural Members

6.13.6.1.4b Web Splices
Revise the 1% and 2™ paragraphs as follows:

Web splice plates and their connections shall
be designed for shear, the moment due to the
eccentricity of the shear at the point of splice and
the portion of the flexural moment assumed to be
resisted by the web at the point of splice. For all
single box sections, and for multiple box sections
in bridges not satisfying the requirements of
Avrticle 6.11.2.3 or with box flanges that are not
fully effective according to the provisions of
Article 6.11.1.1, including horizontally curved
bridges, the shear shall be taken as the sum of the
flexural and St. Venant torsional shears in the
web subjected to additive shears. For boxes with
inclined webs, the web splice shall be designed
for the component of the vertical shear in the
plane of the web.

As a minimum, at the strength limit state,
the design shear, V.., shall be taken as folows:
the factored shear resistance of the smaller web
at the point of splice, @V, .

\Vl — (Vu + d)vvn)

. 2 (6.13.6.1.4b-2)
where:
oy = resistance factor for shear specified in

Avrticle 6.5.4.2
V—=—shear-due-to-the-factored-loading-at-the
int of splice (kip:

V, = nominal shear resistance determined as

specified in Articles 6.10.9.2 and 6.10.9.3 for
unstiffened and stiffened webs, respectively (kip)

C6.13.6.1.4b
Delete the 1*" paragraph.
Eqs—l—and—Z—prewd&a#ner&eensﬂeni—des&gn—shea# te

shear—resistance—For—cases—where—V,—is—greater—than—50

pereent-of- VY -the design-shearts-determinedfrom-Eg—2-as
- Y - 3 - -

connections; the-design-shear-is-simply-taken-as-the shear-at
h £ coli ~ombination_Servi

Revise Eqgs C6.13.6.1.4b-1and C6.13.6.1.4b-2 as
follows:

For compact sections:

t D?
t,D
uw 2 h' cf cf ' ncf @643—647%‘%
t,F
= p¢ — 4yw (D2—4y§) C6.13.6.1.4b-1a
Huw =01 (2 twYoFy) C6.13.6.1.4b-24)
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SECTION 6: STEEL STRUCTURES
CALIFORNIA AMENDMENTS TO AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W/INTERIMS THRU 2006 _ 6-186A-187A

For noncompact sections:

2

My = 61— (Fpe + Fyy) (C6.13.6.14b-1b

t,D
12

How =1 %(wa ~F,) (C6.13.6.1.4b-2b

where:
ty = web thickness (in.)
D = webdepth (in.)

Ry = hybrid factor specified in Article
6.10.1.10.1. Fer—hybrid—sections—in




SECTION 6: STEEL STRUCTURES

CALIFORNIA AMENDMENTS TO AASHTO LRFED BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W/INTERIMS THRU 2006 6-187B

Fne nominal flexural resistance of the compression
flange at the point of splice as specified in

Article 6.10.8.2 (ksi)

Eyw = specified minimum yield strength of the web
at the point of splice (ksi)

Vo= distance from the mid-depth of the web to the
plastic neutral axis (in.)

& = _resistance factor for flexure specified in
Artlcle 6.5.4.2

Revise the 4™ paragraph as follows:

In Egs. C1 and C2, it is suggested that M, and
H.w be computed by conservatively using the_flexural
resistance  stresses—at—the—midthickness of the
compression flanges_and specified minimum vield
strength of the web. Byutilizing—thestresses—at—the
midthickness-of-the-flanges-the-same-stress-values-can
be—used-for-the-design—ofboth-the—web-and-flange
Sp%es—wmeh—smkp“ﬂ%—t-he—ea-lem 7 i j ifi j T A‘S_a‘H




SECTION 6: STEEL STRUCTURES

CALIFORNIA AMENDMENTS TO AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W/INTERIMS THRU 2006 6-187C

Revise the 5" and 6" paragraphs as follows:

The stresses in Egs. C1 and C2 are to be taken as
signed quantities. For convenience, absolute value
signs are applied to the resulting difference of the
stresses in Eq. Cl. In actuality, the sign of My,
corresponds to the sign of the flexural moment for the
loading condition under consideration. H, in Eq. C2
is taken as a signed quantity; positive for tension,
negative for compression. For sections where the
neutral axis is located at the middepth of the web,
Hyw will equal zero. For all other sections, My, and
H.w applied together will yield a combined stress
distribution equivalent to the unsymmetrical stress
distribution in the web.

Egs. Clc and C2c can alse be used to compute
values of M,,, and H,, to be used when checking for
slip of the web bolts. However—the following

. Feplaee—Fe;—miéh—the—ma*rmum—ﬂe*u@—sHess—fs
due—to—Load—Combination—Service—H—at—the
dthic) , o idorati

. :
”eeessapy—m—de%”e_a—wl. h hecking. for_oli
: . i _
t,D?
My = |fe = fodl (C6.13.6.1.4b-1c)
12
t, D
Houw =2 (f, + fy) (C6.13.6.1.4b-2¢)

2




SECTION 6: STEEL STRUCTURES

CALIFORNIA AMENDMENTS TO AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W/’05 INTERIMS 6-219B
where:
fi = maximum flexural stress due to Load

Combination Service 1l at the extreme
fiber of the flange under consideration
for the smaller section at the point of
splice (positive for tension and negative
for compression) (ksi)

fos. =  flexural stress due to Load Combination
Service |l at the extreme fiber of the
other flange at the point of splice with f;
in _the flange under consideration
(positive for tension and negative for
compression) (ksi)

In Egs. Clc and C2c, it is suggested that M, and
Hyw_be computed by conservatively using the
stresses at the extreme fiber of the flanges. As an
alternate, however, the stresses at the
midthickness of the flanges or the inner fibers of
the flanges can be used. In either case, the
stresses are to be computed considering the
application of the moments due to the
appropriate factored loadings to the respective
cross-sections supporting those loadings.

R.—=theabsolutevalue of the ratioof Fto
i
the Iaetsled“.leaelsﬂat the-midthick 1655 GIF

fog =  flexural stress due to the factored loads
at  the midthickness  of  the
noncontrolling flange at the point of
splice concurrent with fy; positive for
tension, negative for compression (ksi)



SECTION 6: STEEL STRUCTURES

CALIFORNIA AMENDMENTS TO AASHTO LRFED BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W/INTERIMS THRU 2006

6.13.6.1.4c Flange Splices

Revise as follows:

At the strength limit state, splice plates and
their connections on the-controlting flanges shall
be proportioned to provide a minimum resistance
taken as the design stress, F, times the smaller
effective flange area, A., on either side of the
splice, where F is defined as:

] e, |
= +ad, Fy
F, = sz > 0.7500, F,

cf

Feo =adFy (6.13.6.1.4c-1)
in which:
A. = effective area of the flange (in.%). For

compression flanges, A, shall be taken
as the gross area of the flange. For
tension flanges, A, shall be taken as:

A\e:[M]A\SAg

(6.13.6.1.4¢-2)
o, Fy

where:

fo——=—desigh—maximum—FHexural—stress—due—to—the
| I X

i § nt of soll .

R.—=—hybrid-factor specifiedin-Article6-10-1.10-1For
hyb”d‘see"e“*mp.r o . “‘éee“‘%e*ee‘“‘d“he’
hybrid-factor shat-be-taken-as1-0

a = 1.0, except that a lower value equal to
(Fu/Fy) may be used for flanges where
Fn is less than Fy

o = resistance factor for flexure specified in
Article 6.5.4.2

F, = nominal flexural resistance of the flange
(ksi)

Fy = specified minimum yield strength of the
flange (ksi)

¢, = resistance factor for fracture of tension

members as specified in Article 6.5.4.2

¢, = resistance factor for yielding of tension
members as specified in Article 6.5.4.2
A, = netarea of the tension flange

determined as specified in Article 6.8.3 (in.?)

C6.13.6.1.4c

Delete the 3" paragraph:

must-be-equal-to-or-greaterthan-0-75¢-¢r-F

Delete the 7" paragraph:

. | e bvbrid_ai "
to—+each—F—the—apphiedFlexuralstress—at—the
dthicl : | h 4 .
divided—by the hybridfactor—R,—instead—of
Fedaeing—Fway—Rﬁ.—LH—aetujamy,—yield{ng—in—the

Revise the 10" paragraph as follows:

6-189A-190A



SECTION 6: STEEL STRUCTURES

CALIFORNIA AMENDMENTS TO AASHTO LRFED BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W/INTERIMS THRU 2006

A, = gross area of the tension flange (in.%)

F, = specified minimum tensile strength of
the tension flange determined as
specified in Table 6.4.1-1 (ksi)

Fy« = specified minimum yield strength of the

tension flange (ksi)

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:

(no change to Eq. 4)

For the box sections cited in this article,
longitudinal warping stresses due to cross-
section distortion can be 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 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. The bolts for box-flange
splices may be designed for the effects of the
torsional shear using the traditional elastic vector
method that is typically applied in the design of
web splices. Depending on the limit state under
investigation, the shear on the flange bolt group
is assumed caused by either the flange force due
to the factored loads, or by the appropriate flange
design force, as applicable. The moment on the
bolt group is taken as the moment resulting from
the eccentricity of the St. Venant torsional shear
due to the factored loads, assumed applied at the
centerline of the splice. At the strength limit
state, a design torsional shear due to factored
loads should be used—which-can-be-taken-as-the
torstonal—shear—due—to—the factored—eads

iph —R—from—Eg—3. The
box-flange splice plates in these cases should
also be designed at the strength limit state for the
combined effects of the calculated design shear
and design moment acting on the bolt group.

Revise the 11™ paragraph as follows:

In cases for straight girders where flange
lateral bending is deemed significant, and for
horizontally curved girders, the effects of the
lateral bending must be considered in the design
of the bolted splices for discretely braced top
flanges of tub sections or discretely braced
flanges of I-sections. The traditional elastic
vector method may also be used in these cases to
account for the effects of flange lateral bending
on the design of the splice bolts. The shear on
the flange bolt group is assumed caused by the
flange force, calculated as described in the
preceding

6-190B-192A



SECTION 6: STEEL STRUCTURES
CALIFORNIA AMENDMENTS TO AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS — THIRD EDITION W/INTERIMS THRU 2006 6-191A-192A

Revise Eq. (6.13.6.1.4c-5) as follows: paragraph. The flange force is calculated without
consideration of the flange lateral bending. The

f moment on the bolt group is taken as the flange
lateral bending moment due to the factored

(6.13.6.1.4¢-5) loads. At the strength limit state, a design lateral
bending moment due to the factored loads should

where: be used—which—ean—be—taken—as—the—lateral

bending—moment—due—to—thefactored—loads
fi = maximum flexural stress due to Load multiplied-by-thefactor—R.—from-Eg—3. Splice

Combination Service Il at the extreme plates subject to flange lateral bending should

fiber midthickness of the flange under also be designed at the strength limit state for the

consideration for the smaller section at combined effects of the calculated design shear

the point of splice (ksi) and design moment acting on the bolt group.

Lateral flange bending can be ignored in the

Ry = hybrid factor specified in Article design of top flange splices once the flange is
6.10.1.10.1. For hybrld sections in Continuous|y braced.

which f; in the flange with the larger
stress does not exceed the specified
minimum yield strength of the web, the
hybrid factor shall be taken as 1.0.
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