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Course Description
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The Florida Department of Transportation currently requires a refined method of analysis for skewed
straight steel I-girder bridges with a skew index, Is, greater than 0.2 and less than or equal to 0.6.
Researchers are improving our understanding of how skewed straight steel I-girders with skew indices up to
and slightly larger than 0.3 behave, and to determine how much line girder analysis (LGA) applies to such
bridges. The research, to be presented in this webinar, includes comparative parametric 3D finite element
analysis and LGA studies of 26 bridges. The results show that routine LGA models using equal distribution
of dead loads to the girders and established AASHTO live load distribution factors provide a fast and
sufficient solution for skewed straight steel I-girder bridges with Is up to 0.45 and skew angle, 6, up to 50
degrees, within certain qualifications. This webinar will also address P
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recommendations to improve design estimates of girder flange lateral £ :
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bending stresses as well as cross-frame and diaphragm forces for designs : Steel
% : eel.

using LGA.
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Learning Objectives

« List key responses relevant to the evaluation of skewed straight steel I-girder bridges.

* Identify three parameters for quantifying the level of agreement (or disagreement) between a line
girder analysis approach and a three-dimensional finite element analysis approach for given bridge.

* For each of the three categories of skewed straight steel I-girder bridges addressed by the presented
research, explain how to determine bearing reactions and girder flange lateral bending stresses in
conjunction with a line girder analysis.

« Describe how to apply a line girder analysis design procedure to a three-span continuous Category 2
skewed straight steel |-girder bridge.
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CREDITS

RESEARCH REPORT:

STRAIGHT STEEL I-GIRDER BRIDGES WITH SKEW INDEX APPROACHING 0.3,
Final Report, FDOT Contract No. BE535, Nov. 2020, Florida Department of
Transportation, Tallahassee, FL

RESEARCH TEAM:
Don White and Ajit Kamath, Georgia Tech
John Heath, Brian Adams and Amrithraj Anand, Heath & Lineback Engineers, Inc.

FDOT Project Manager:
Vickie Young

FDOT Steering Committee:
Christina Freeman, Ben Goldsberry and Dennis Golabek

FOCUS OF FDOT SUPPORTED RESEARCH

Evaluate the extent to which simple Line Girder Analysis (LGA) methods can be applied
for the design of straight steel I-girder bridges having small to moderate skew

OUTLINE/AGENDA

* Background: Behavior of Skewed Steel I-Girder Bridges
* Research Motivation and Objective

* Research Approach

* Research Findings and Recommendations

* COMPREHENSIVE DESIGN EXAMPLE (Dennis)

* Concluding Remarks

SKEWED I-GIRDER BRIDGE BEHAVIOR — TORSION

Top View

Elevation View

* The end cross frames at skewed bearing lines twist the girders due to
compatibility of deformations

* Intermediate cross frames perpendicular to the girders attach to the girders at
different positions along the spans, twisting the girders due to differential
vertical deflections
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SKEWED I-GIRDER BRIDGE BEHAVIOR — LOAD PATH
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Contiguous Cross Frame Layout Discontinuous Cross Frame Layout

* Transverse load path effects: cross frames along the shorter diagonal of the
bridge plan attract greater forces

* These effects can be mitigated by using discontinuous cross frame layouts with
sufficient offsets &/or staggers (NCHRP 725 & NCHRP 20-07/355)

SKEW INDEX I, AND SKEW ANGLE 0

w, tan 6 0

Fascia girder (Typ.)
X ‘N

w, tan6
I, = L

s

We| | /e - -

I5 is taken as the maximum value
determined from each span of a
given bridge UNIT itk il ——

* When /< 0.3, LGA calculates DC1 bending moments and vertical displacements with a
worst-case normalized error £ 12% (NCHRP Report 725)

* Local skew effects near bearing lines such as girder layovers, bearing reactions, and
girder end shear forces are influenced directly by the skew angle, 6

MOTIVATION FOR THIS RESEARCH

* For straight skewed bridges, the FDOT Structures Design Guidelines currently require

> A refined method of analysis (2D grid, satisfying the NCHRP 725 requirements, or
3D FEA) for bridges with 0.2 < /,< 0.6

» 3D FEA for bridges with /, > 0.6

* This implies LGA is sufficient only for /, < 0.2

* Between the years of 2000 and 2014, FDOT built approximately 250 steel I-girder
bridges with /;< 0.3

* The NCHRP 725 findings suggest LGA potentially can be applicable for bridges having
I, up to at least 0.3

* The use of discontinuous cross frame layouts with sufficient offsets and/or staggers
can potentially extend LGA applicability even further

RESEARCH OBIJECTIVE

* Understand more fully the behavior of steel I-girder bridges with skew indices up to
and slightly larger than 0.3

* Determine when LGA can be used in lieu of a refined analysis for these types of
bridges

¢ Develop recommendations for application of LGA to straight-skewed I-girder bridges:

> Direct estimation of girder major-axis bending moments, vertical shear forces,
bearing reactions and vertical displacements (with adjustment where needed)

> “Semi-direct” estimation of girder layovers under total dead load
» Indirect estimation of girder flange lateral bending stresses and cross-frame forces
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RESEARCH APPROACH — COMPARATIVE PARAMETRIC STUDY

3D FEA VS LGA
* 20 existing bridges were selected from the FDOT inventory
¢ Six of the FDOT bridges were redesigned using discontinuous cross frame layouts with
recommended offsets and/or staggers, giving a total of 26 bridges studied
* Bridge characteristics:
» Skew indices from 0.15 to 0.47
» Skew angles from 10.0 to 58.7 degrees
» 21 parallel skew bridges + 5 nonparallel skew bridges
» 16 continuous-span bridges + 10 simple-span bridges
» Cross frame layout: contiguous (16 bridges) + discontinuous (8 bridges) + contiguous with
cross frames parallel to the skew (2 bridges)
» All the bridges used Steel Dead Load Fit (SDLF) detailing of their cross frames

» A complete range of the dead & live load responses was considered, including the study of
staged deck placement for four of the 26 bridges 17

Line Girder Analysis for Skewed Straight Steel I-Girder Bridges

3D FEA VS LGA

PLAN SKETCHES OF BRIDGES STUDIED

Bridge 1 (L, = 208 ft; w, = 82.5 ft;

Bridge 2 (1-ALT) (L, = 208 ft; w, = 82.5 ft;
0=49.4°,49.4°% I,= 0.46; O,,,,/ b, = 4.20)

0=149.4°, 49.4°; I,= 0.46; O,,,,/b; = 4.00)

© a1
G I I
) [ o !

o4 !

R

Bridge 6 (L = 116 ft, 116 ft; w, = 106 ft; © = 20.7°, 20.7°, 20.7°;

Bridge 5 (L, = 144 ft; w, = 108 ft; y ‘
I;=0.35; 0,,,,/b; = 1.73; unequal girder spacing)

0 =29.4°,29.4% I, = 0.42; O,,,,/b; = 1.05)
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CSiBridge
V21.0.2
]
LRFD Simon
VvV 10.3.0.0
PLAN SKETCHES OF BRIDGES STUDIED
} [ } 74
By \ e
/] [
e \
w1 1
Bridge 3 (L, = 185 ft, 185 ft; w, = 91 ft;
0=38.2°, 38.2,38.2° /,= 0.39; 0,,,,,/b; = 0.00)
/2 7 O -
w/T T T T 7T 1T T co
f‘r+747F+7 ==
YT T T I/ 1 T [ ]
7 7 A

(CO: CROSS-FRAMES THAT CONSIST OF ONLY THE TOP & BOTTOM CHORDS )

Bridge 4 (3-ALT) (L, = 185 ft, 185 ft; w, = 91 ft;
0=38.2°,38.2,38.2° /,= 0.39; 0,,,/b, = 4.00) 2
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PLAN SKETCHES OF BRIDGES STUDIED PLAN SKETCHES OF BRIDGES STUDIED
, ,
o G, ‘
o
wl | . ‘\ | B I | ‘\ - 1%
N F T —F % —F - d—F =/ Bridge 8 (L, = 148 ft, 173 ft; w, = 93.3 ft; 5]
A e R W T 1 ] [I ; 0 =23.4°,23.4°, 23.4% I,= 0.27; 0,,,,,/ b= 3.15) .
ar I " I | | = / /
ol L I - Bridge 11 (L, = 188 ft, 186 ft, 185 ft; w, = 61 ft;
0=38.1°, 38.1° 38.1°, 38.1% /, = 0.26; O,,,,/b; = 0.00)
. > g Bridge 9 (L,= 202 ft, 158 ft; w, = 57.5 ft;
P ‘ : 0=57.2°,57.2°, 57.2° I, = 0.47; 0,y,,/b, = 0.00)
o—— = o —
- ~ - S T T T T T N[ [ [ [ [ [ [ [~ [ 7 [ 7 17
= L [ 1 S S S S
< N S S S S 0 S S s
N S S 0 S S S S S I S S A
o T T T T T T — = Bridge 10 (9-ALT) (L, = 202 ft, 158 ft; wg=57.5ft; Bridge 12 (L, = 202 ft, 187 ft, 182 ft; w, =35 ft;
o s —— ‘ 0 =57.2°,57.2°,57.2° I,= 0.47; 0,,,,/b; = 4.00) 0=44.7°, 44.7°, 58.7°, 58.7°; I, = 0.32; O,,,,/b, = 0.00)
s R E— — 1 R —
S N N W
21 22
PLAN SKETCHES OF BRIDGES STUDIED PLAN SKETCHES OF BRIDGES STUDIED
T N A S A A B R | G‘;:7i7ﬁ7 . 77;%
5 G A O G O A GJ“‘\‘I‘\‘I‘\
Bridge 13 (L, = 185 ft, 253 ft, 253 ft, 186 ft; w, = 36 ft; 0 = 0°, 50.1°, 50.1°, 50.1°, 0°; /= 0.23; O,,,,,/b; = 2.40) > o [ ‘ } | } ‘ } | } ‘ } ‘
>
e e e S e e e e e Bridge 19 (L, = 196 ft; w, = 55.5 t0 66.2 ft; Bridge 20 (19-ALT) (L, = 196 ft; w, = 55.5 t0 66.2 ft;
e o I I A A I s | 9:52.23.52.2«;,5:.0.45;0’"’_"/bl=2.30; 0=52.2°,52.2% 1,= 0.45; O,,,,/b; = 2.30;
Bridge 14 (13-ALT) (L, = 185 ft, 253 ft, 253 ft, 186 ft; w, = 36 ft; 6 = 0°, 50.1°, 50.1°, 50.1°, 0°; /,= 0.23; O,,;,/b, = 4.00) unequal girder spacing) unequal girder spacing)
o 7 7 7 T 7 7 7
b o2 f / / f r“ i / r r’
e e e e e 7 e e e e e e e
o T r N N N ) N N N N A A | N N I N N I B | =y i . + |
N N I N ) A | N N N N N N N I I N N N A s [ ] / [ / ‘r / / / /
Bridge 15 (L, = 188 ft, 156 ft, 159 ft, 226 ft; w, = 49.2 ft; 0 = 53.4°, 36.2°, 8°, 45.3°, 45.3% /,= 0.32; 0,,,,,/ b, = 1.45) < == / ' -
c-s,' ! [ 7 " + 7 7 /
S i L A e ‘ |
e e e o e e e B e e B e e e e e e G,“" "‘ c" / s" »" / ﬂ‘ J’ / s’ Bridge 26 (L, = 79.4 ft, 92 ft; w,, = 67.5 ft; 6 = 10°, 10°;
¢ 1,=0.15; 0,,,/b; = L,/b)
Bridge 16 (14-ALT) (L, = 188 ft, 156 ft, 159 ft, 226 ft; w, = 49.2 ft; 0 = 53.4°, 36.2°, 8°, 45.3°, 45.3% I, = 0.32; O,,,,,/b; = 4.00) Bridge 21 (L, = 241 ft; w, = 128 ft; § = 16.2°, 16.2°;
23 1,=0.15; O,m-,,/bf= l.‘,/bf) 2
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PLAN SKETCHES OF BRIDGES STUDIED PLAN SKETCHES OF BRIDGES STUDIED
o | . L 1
‘ 2 O N O . \
o L T T T T T T T T 1
y i S e e e e
yal o L T T T T T T T T 1 S I
o i e, [ T T T T T T T T 1 ST
Bridge 17 (L, = 202 ft; w, = 63 ft; 8 = 41.5°, 41.5°; Bridge 18 (L, = 212 ft; w, = 51.7 ft; 0 = 39.7°, 39.7%
1,2 0.28; 0, /b, = 2.15) 1,=0.20; 0,,,,/b, = 3.23) Bridge 23 (F32) (L, = 252 ft, 252 ft; w, = 84.2 ft; 0 = 50.7°, 50.7°, 50.7° I, = 0.37; O,,,,/b,= 0.00)
oy, I I - -

> == I I
& - 1

)
o /] I

I I Bridge 24 (F42) (L, = 170 ft, 170 ft; w, = 48.3 ft; § = 52.7°,52.7°, 52.7°; /,=0.37; Omi,,/bf =2.31)

Bridge 22 (F27) (L, = 204 ft, 195 ft; w, = 85.5 ft;
6=36.1°,32.1°,28.4° I,= 0.31; O,,,,/b, = 2.63)

25 26
KEY RESPONSES EVALUATED IMPORTANT MODELING CONSIDERATIONS
1. Girder positive and negative major-axis bending moments * 3D FEA in CSiBridge Version 21.0.2
2. Girder vertical shear forces » Bearing lateral constraint effects were assumed negligible
3. Bearing reactions » A stiffness reduction factor of 0.65 was used for single angle cross frame members, flange
. . connected Tees, and channels to account for connection eccentricity effects

4. Vertical dead load displacements

. * LGAin LRFD Simon Version 10.3.0.0
5. Girder end layovers

. X X . » Limited to bridges satisfying the AASHTO LRFD Article 4.6.2 requirements for LGA
6. Girder fatigue live load flexural stress ranges and vertical shear force ranges ) ) . ) . ]

X . . > Concrete dead load, composite dead load including barrier rail and future wearing surface
7. Girder live load deflections load, and cross frame and misc. steel weights were distributed equally (i.e., uniformly) to
8. Live load distribution factors all the girders ... common practice (NHI 2010)
9. Girder flange lateral bending stresses » The AASHTO live load distribution factors (LLDF) were employed, with the exception that

10. Cross frame and diaphragm forces the Article 4.6.2.2.2e reduction in the moment LLDF for skew effects was not used

» The AASHTO skew correction factor for shear was applied to the LLDF obtained from the
AASHTO Tables 4.6.2.2.3b-1 and 4.6.2.2.3a-1 as well as to the results from RCA

» The girder spacing at 2/3 of the span length was used in the LLDF egs. for splayed girders

28
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MEASURES OF DIFFERENCES BETWEEN LGA AND 3D FEA

Measure Mathematical Expression Re;z:::::‘::e‘j
BDFEA,,,
Professional Factor Prax = [LGA] ) 1.05
Findings and Recommendations
Normalized difference (8164 mae = (Asrsa)
for girder vertical Epaxr = e 1 ————rman +0.0005

displacements

O G N A (T I o W
Normalized difference L(8)on oL ]
for girder differential oy =M - ( +0.001
vertical displacements =

PROPOSED CATEGORIZATION OF BRIDGES GIRDER BENDING MOMENTS AND VERTICAL SHEARS

* Bridges in which LGA is permitted:

® Pmax < 1.02 for all girders in all the Category 1 and 2 bridges studied, for both positive
1. Parallel skew bridges satisfying AASHTO LRFD Article 4.6.2, having 6 <20° & /< 0.15,

=T : . 8 and negative bending moments (p,,, < 1.05 for girder shears)... this is due to the
and having intermediate cross frame lines oriented parallel to skew

conservatism associated with the AASHTO LLDF used in the LGA
2. Parallel skew bridges satisfying AASHTO LRFD Article 4.6.2, having 6 < 50° - . . .
= . =1.06 f tive bend t, 0.96 f tive bend t, & 1.16
(cross frames oriented perpendicular to the girders), and having /, < 0.3 Prmax or positive bending moment, ornegative bending moment,

for shear in the fascia girders for one of the Category 3 bridges (Bridge 6)
3. Parallel skew bridges satisfying AASHTO LRFD Article 4.6.2,

having 8 <50° and 0.3 </, < 0.4, or having 8 <30°and 0.4 </, < 0.45 14 o

x e / 7
12 . 3 a8 I /
¢ Bridges for which LGA is not recommended: 10 Ll O af - /
> Parallel skew bridges that do not fall within the three categories listed above g o ) o =

» Bridges having nonparallel skew, i.e., deviation in skew angles between adjacent support 2: Sof ,,"
lines larger than 10° ‘ i

0.0 o s
> Bridges having splayed girders, i.e., girder splay angles larger than 3° or change in the deck 00 ot 02 03 o4 05
idth withi | than 15% Skew Index Bridge 6 (L, = 116 ft, 116 ft; w, = 106 ft; 0 = 20.7%, 20.7°, 20.7°;
wi Within a span larger than ° X 1= 0.35; O,,,/b;= 1.73; unequal girder spacing)
> Brid ith irder havi D/b,>5.0 + LGA Amenable Bridges  x Other Bridges
ridges with any girder having a D/b; > 5. .
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GIRDER BENDING MOMENTS AND VERTICAL SHEARS

* The fascia girders generally have larger p,., values (for moment and shear) compared
to the interior girders

* The girder p,,,, values are smaller in bridges having discontinuous cross frame
arrangements with recommended offsets &/or staggers

* Thereis a clear spike in the p,,,, values for the STR | vertical shear forces in the fascia
girders for the bridges studied that fall outside of Categories 1, 2 and 3

BEARING REACTIONS

* For bridges belonging to Design Categories 2 and 3, multiply the fascia girder bearing
reactions by 1.10 at the obtuse corners at abutments and at the piers in continuous-
span bridges

* Thisis in addition to the application of the AASHTO LRFD Article 4.6.2.2.3c live load
skew correction factor to these reactions

i i 12 x
... bearing reaction p,,,, values o © e es ekt xs e
prior to multiplication by 1.10 _o0s x x X X
5 x
& 06
0.4
0.2
0.0
0.0 0.1 0.2 03 04 0.5
Skew Index

+ LGA Amenable Bridges X Other Bridges

TOTAL DEAD LOAD (TDL) VERTICAL DISPLACEMENTS

* Important for determining girder cambers

* Conservative displacement estimates can be just as difficult of a problem as
unconservative displacement estimates

* The largest relative differences between the 3D FEA and LGA calculations tend to
occur for the TDL vertical displacements
... the TDL displacement estimates do not have the benefit of offsetting conservative
live load estimates, which is the case in evaluating the STR | response quantities

* Bridges that fall outside of Design Categories 1, 2 and 3 may have difficulty in
satisfying the recommended tolerances for vertical displacements

* For the bridges in Categories 1, 2 and 3, the LGA predictions of the TDL (SDLF)
displacements meet, or only slightly exceed, the target requirements

TOTAL DEAD LOAD VERTICAL DISPLACEMENTS

00010 0.0045
0.0009 x 0000 .
0.0008 00ss
0.0007 N - o

3 ngzg: xe . é 0.0025 x

i; 0.0004 x - % 00020 xox X
0.0003 lx . 0.0015 . e
0.0002 Tt P - 0.0010 — : -
0.0001 ¥t 0.0005 R I -
0.0000 0.0000 .

0.0 01 02 03 04 05 00 01 02 03 04
Skew Index Skew Index

+ LGA Amenable Bridges  x Other Bridges. + LGA Amenable Bridges ~ x Other Bridges

0.5
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GIRDER LAYOVER UNDER TOTAL DEAD LOAD ESTIMATION OF LIVE LOAD DISPLACEMENTS
... based on. a simplified c.<?n5|derat|on of compatibility <.)f deforrr.1at|on.s, assur:nmg steel Using AASHTO-Recommended m (N, /) Using AASHTO Moment Distr. Factor
dead load fit (SDLF) detailing of the cross frames, the girder major-axis bending end
rotation under the concrete dead load may be estimated with good accuracy as 25 25
80 M 20 . . 20
ToL, = PRI AR e
£ M X g N
where 3 1,5 is the LGA estimate of the concrete dead load vertical Layover e 0 1 cT et e T e R
displacement at the girder 1/10% point within the span 0% 03
0.0 0.0
Given a and the bearing line skew angle 6, the corresponding 00 ot “Sk o 03 o4 0% 00 ot °‘Zskewlndex°‘3 o4 03
girder twist at the abutments may be estimated as
+ LGA Amenable Bridges  x Other Bridges. + LGA Amenable Bridges  x Other Bridges
d=oatan(0)
Using the web depth, D, the girder layover at the top flange is
Layover =D¢
37 38
INDIRECT RESPONSE ESTIMATES CALCULATION OF UNFACTORED f, (IMPROVEMENT OF AASHTO C6.10.1)
f, (ksi)
. Orientation of Current
* Girder flange lateral bending stresses c:"::ew c"’LzsyZ’:‘t’"e Intermediate  Girder  location  Opu/by<4 Opu/br>4 AASHTO
> Improvement of the AASHTO LRFD Article C6.10.1 rules Cross Frames c6.101
i Contiguous  Parallel to skew Bderior. Al u o 0
* Cross frame forces . Interior 0 0 0
» A table of coefficients (expressed as fractions of girder forces) is recommended for : Atiorhear 8 4 75
c ! Perpendicular to . supports
estimation of upper-bound cross frame forces caused by the skew effects girders O T i the
> These estimated forces are to be added to the other calculated cross frame forces due to 20r3  Contiguous span ° ° 0
wind load, eccentric loads on overhangs during construction, etc. to obtain the required , AEornean 10 5 10
. Perpendicular to . supports
forces for cross frame design . Interior .
girders Within the 0 0 0
» Stability bracing considerations are already addressed in these coefficients ... i.e., there is span
no need to calculate separate stability bracing cross frame forces Atornear 8 4 75
. . e Perpendicular to ; supports '
> In addition, the cross frame members should satisfy the AASHTO LRFD restrictions on girders e OR T — i the
L/r . Discontinuous span 3 2 2
min 20r3  throughout
> Straight skewed bridge cross frame members should be considered as secondary thespan L ndicularto at 0’"?:' 10 5 10
» . ' | i supports
members, but L/r,,;, <120 is preferred . i e the & o @ .
span
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CALCULATION OF FACTORED f, (IMPROVEMENT OF AASHTO (C6.10.1) CROSS FRAME AND DIAPHRAGM FORCES — TABLE OF COEFFICIENTS
Usea WEightEd average load factor of: Cross-Frame Case Load Effect Dl & DC2 bW HL-93 |STRI& | Fatigue
Constr LL SERII LL
¢ 1.6 forSTR1 . . V manicr!V mase 002 | 040 | 003 | 006 | 003 0.06
(1i) fi using ]
e« 1.3 forSTRII offsets and staggers greater than or [ B, icp/(M g/l o) | 0.02 0.20 0.02 0.06 0.03 0.05 Tmaxenior
equalto 4b , throughout the span
Tavenice/ M et )| 002 | 020 | 002 | 005 | 002 0.05 - -
e 1.2forSERII ad £y '
(2i) Contiguous intermediate cross- V maicr !V mae 006 | 120 | 006 [ 020 [ 009 0.14 Vinaxicr
. i frames, or i di fraj ith
1.4 for DC + construction loads mes, or B i Mana/h | 002 | 060 | 004 | 014 | o008 0.12 "
. . ) ) any offsets and staggers less than 4b £ of
e 1.75 for Fatigue | ... smaller estimated value under consideration within the span Tasenicr/Mpasg/h )| 003 | 040 [ 002 | 008 | 004 0.08
* 0.8 for Fatigue Il ... smaller estimated value under consideration (Ib) Bearing line cross-frames where the | V1o pr./V marg 002 | 007 | 002 | 002 | 002 | o0 -
offset of intermediate cross-frames
relative to the bearing line is greater than B axenscr! (M paxgh o) | 0.02 0.04 0.02 0.02 0.02 0.02 Broxenicr
orequalto 4b, Tavenscr/ M paglh d| 002 | 000 | 002 [ 003 | 002 0.04
(2b) Bearing line cross-frames where the V maxscr!V maxg 0.04 0.12 0.06 0.06 0.04 0.06
offset of intermediate cross-frames - -
relative to the bearing line is smaller than B marenscr/ M maxg/h o) | 0.02 0.14 002 0.08 s 0.07
y Taxenscr/Mpag/h )| 002 | 014 | 002 | 003 | 002 005
41 a2

.

SUMMARY OF LGA GUIDELINES — CATEGORY 1 BRIDGES

...AASHTO LRFD Article 4.6.2 requirements satisfied, 6 < 20° & /< 0.15, CFs parallel to bearing lines...

Calculate girder design demands and cambers directly from LGA without any further adjustment
Calculate bearing reactions from LGA without any further adjustment

Calculate girder end layovers under TDL using a simplified compatibility of deformations analysis
Neglect effects of skew on girder flange lateral bending stresses

Determine the cross frame forces due to skew effects using the table of coefficients

Determine live load deflections using LLDF for moment

o F

7 71 1 1 1 1 1 1 1 7 Bridge 21
G i oy e i i i e i L,=241ft, w, =128,
0=16.2°<20°/,=0.15

Copyright © 2020
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SUMMARY OF LGA GUIDELINES — CATEGORY 2 & 3 BRIDGES

® ... AASHTO LRFD Article 4.6.2 requirements satisfied, larger limits on /; and 0 satisfied...
* Calculate girder design demands and cambers directly from LGA without any further adjustment

* Multiply bearing reactions by 1.10 at obtuse corners at abutments & at fascia girders at the piers
in continuous-span bridges, in addition to applying skew correction factors

® Calculate girder end layovers under TDL using a simplified compatibility of deformations analysis

* Estimate the girder flange lateral bending stresses due to skew effects using improvements upon
the AASHTO LRFD Article C6.10.1 recommendations

* Determine the cross frame forces due to skew effects using the table of coefficients
* Determine live load deflections using LLDF for moment

A
(CO: CROSS-FRAMES THAT GONSIST OF ONLY THE TOP & BOTTOM CHORDS )

Bridge 4
L, =185 ft, 185 ft, w, = 91 ft, 0 = 38.2°,
1,=0.39, O,,;,/b;=4.0

by
Bridge 3
L, =185 ft, 185 ft, w, = 91 ft, 0 = 38.2°,
1;=10.39, O,,,/bs = zero

11
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Part 2:
Comprehensive Design Example

Dennis Golabek, PE
Senior Technical Principal
WSP

i Smarter.
2 | Stronger.
: Steel.

AASHTO LRFD BDS Loading Combinations (Strength I, Service I1&II, and Fatigue)

o
=
b1
@
S
o
@
i
T

Truck only

one lane

one or multiple lanes

Strength | 0
* member strength for normal vehicular Dr
use for design life o
. Es [
7 Service ll | E =
* permanent deformation(overload) Combuation | CB | PL
« slip-critical connections T B SR N A B N IR AR A
H. » L]t — 1 — |10 1 ”
- Streagth [T 135 | 100 100 | 050130
s Strength I % | — | 100 100 | — [100]
Fatigue I or Il Seamav | 21135 | too | i [imw oo ost20
— * stress ranges ey wdl 0 i I Tl d D il
« shear (fatigue truck) in girder webs e T ] ] %
(Serwee T | 100 [T 00] 100 | 100 | 100 100]
o 0 | || l‘.'(."
. 1.00 =
Service | eV 100 | — 1w ] 16
* optional live load deflection criteria i =]
* (cambers) et ) = m] == =t= ===
L A& CE
aonly
Constructability A
IMPORTANT o
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Line Girder Analysis for Skewed Straight Steel I-Girder Bridges

Line Girder Analysis for Skewed Straight Steel |-Girder Bridges
(SSSIG)

* AASHTO LRFD BDS Loading Combinations

* AASHTO LRFD BDS Approximate Methods of Analysis
* Requirements
* LLDF

* FDOT BE 535 Recommendations
* Applicability
 Live Load Analysis
« LGA using LRFD Simon V10.3.0.0 (8t Ed. LRFD)

* Design Example
« 3-span continuous, 140’-180’-140’, 8 = 30°, I, = 0.20

a6

AASHTO LRFD BDS Loading Combinations (Strength I, Service 1&II, and Fatigue)

Strength | and Service Il
3.6.1.2.2 Design Truck — axle weights and spacing

3.6.1.3 Design Vehicular Live Loads —truck or tandem and lane; negative
moment

3.6.1.1.2 Multiple Presence of Live Load

4.6.2.2.1 MPF, m, incorporated in the distribution factors

Service |
2.5.2.6.2/3.6.1.3.2 Optional LL deflection - design truck alone or 25% DT +

lane load and equal distribution 0.640 kIf

3.6.1.1.2 Multiple Presence of Live Load

Fatigue l or Il
1.3.2.3 Single truck

3.6.1.1.2 MPF — one lane LLDF, other than the lever rule and statical
method, divided by 1.20

3.6.1.4.1 Fixed 30’ between the 32 kip axle

3.6.1.4.3b LLDF for one lane

a8
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AASHTO LRFD BDS Approximate Methods of Analysis

AASHTO LRFD BDS Approximate Methods of Analysis

4.6.2 Approximate Methods of Analysis

4.6.2.2—Beam-Slab Bridges

Tipe ol Bk
Tovtan place concrete 1iab,
pecast concrete slah, steel
md plued'spiked pazsls
wresmed wood

LLDF per Articles 4.6.2.2.2 and 4.6.2.2.3 — meet the following conditions:

de,
+  Width of deck is constant;
+ Number of beams is not less than four (UNO - is 3 for Type “a”);
+ Beams are parallel and have approximately the same stiffness;
+ de<5.5 for Type “a”
+ Cross-section applicable to Table 4.6.2.2.1-1 (Type “a” for skewed SSIG)

For beam spacing exceeding the range of applicability, the live load on each beam shall be the reaction of the loaded lanes based on the lever rule
unless specified otherwise herein. Bridges not meeting the requirements of this Article shall be analyzed as specified in Article 4.6.3.

Where bridges meet the conditions specified herein, permanent loads of and on the deck may be distributed uniformly among the beams and/or ‘
stringers.

AASHTO LRFD BDS Approximate Methods of Analysis

LLDF for Shears

Interior Beams (4.6.2.2.3a)

hy
036 +——

o] [5=5=180

s sV
oS5 ||

455,512

Noz4
Strength | & Service Il - use greater “g”
Fatigue — use One Lane “g” /1.2

Exterior Beams (4.6.2.2.3b)

Lever Rule Number of Lane
1) EED | | T

d
= Two or more Lanes & = € Gmterior @ =0Lh+—

10

4 . o Rigid Cross- y
2 |52 — (4622241 | [ISSEHSIERENEE e [meio |
e (RCA) [ 3lanes  [m=085 |

Strength | and Service Il — use the greatest “g”
Fatigue — greater of One Lane LR or RCA (m, = 1.0)

Copyright © 2020
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LLDF for Moments

Interior Beams (4.6.2.2.2b)

14 L1204t ) 5) L) oL

WO4, B3/ [T o 08y oy 03 @1 35=8 I("l..}
.}_m.[i}‘[f]’@| TN ES m[.] 155, 20

N

7,000, 000
Fatigue — use One Lane “g” /1.2

10,000 = K,
Strength | & Service |l - use greater “g” ‘

Exterior Beams (4.6.2.2.2d)

Number of Lane | m
1) [YEL Iml T [=12

_ .

2) v Rigid Cross- | Humberoriane, 46,2220 Skewed Bridges
R=sk ; (C4.622.2d-1) section Analysis | - Zlanes When the line supports are e difference
N g (RCA) T between skew angles of two ad upports does
= not exceed 10 degrees, the ba! in the beams
may be reduced in accordance wit:? £.2.2.2e-1.

Strength | and Service Il - use the greatest “g”
Fatigue — greater of One Lane LR or RCA (m, = 1.0)

AASHTO LRFD BDS Approximate Methods of Analysis

Skewed Bridges (4.6.2.2.3c)

Shear in girders shall be adjusted when the line of support is skewed :]

1. Connected and behave as a unit, only the exterior and first interior beam.
2. SCF applied between the obtuse corner support and mid-span, and decreased linearly to 1.0 at mid-span c

Skew Correction Factor (SCF)

Table 4.6.2.2.3c-1 [prespssre—— Mid-span
+ obtuse corner of the span T i
Range of T — =
Courection Factor Applicability e i i
sanrss Y <860 —1 : -
1.o+n.:nl 1200, | 8| 3s5<s<160 I
<8 . |
' 2= L2240 .
Nyz4 f-lz-(w.r,--_‘.w_ 1

Mid-span r ~ | obtuse comer of the span
Figure 43, Wustraiion of Girders 1 to 4 in the presentation of resulis of Bridge 1.

4.6.2.6 Effective Flange Width (Steel I-Girders with CIP concrete slab - Type “a”)

...the effective flange width may be taken as the tributary width perpendicular to the axis of the member...
...the largest skew angle, 6, in the bridge system shall be less than 75 degrees...

52
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AASHTO LRFD BDS Approximate Methods of Analysis FDOT BE 535 Research Recommendations

Longitudinal stiffness parameter, Kg Applicability
= * AASHTO LRFD BDS 4.6.2 requirements for approximate LLDF (LGA)
Ky = nllvheg Wa22i-1) €46.2.21 (3° or 15% in the deck width)
e For beams with variable moment of inertia, Kg may be based on average properties. e
i * Parallel skew (10° allowed) = — =
of ninal g The value of L to be used for positive and negative moment distribution factors will differ - aszn‘,mmﬂﬂﬂﬂwm
= aren ol sioel girder O within spans of continuous girder bridges as will the distribution factors for positive and Girders D/b/< 5 (D/b/ <6-6.10.2.2-2) frame lines oriented parallel to skew e
= distance between i negative flexure. *1,2,0r3 —
cantars of et
crvin dock w Live Load Analysis
* AASHTO LRFD BDS LLDF
" * AASHTO LRFD BDS skew correction factor also applied to Lever Rule
LRFD Simon d RCA
4.6.2.2.1 With the owner’s concurrence, the simplifications provided in For LLDF moments “A weighted average of averages” an
Table 4.6.2.2.1-3 may be used. * Kg isTﬁon;pu;:: aLt ZOthdpfuin;(s a_lorlgkeach spta:- Jongth 1 " * For 2 and 3, increase STR | vertical reactions for the exterior girder at
- . e len, , L, used in Kg is taken as the span lenj for positive :
R g ey flexure, and the average of the two adjacent span lengths for obtuse corners at end bents and piers by 1.10x
Firiiniy 2 negative flexure . R R
L BT « An average value of Kg s then computed for each span Dead Loads Distributed Equally to All Girders
+ A weighted average value of Kg for the girder is computed
TE333ed H H th
The skew correction factor (SCF) for I-girders is computed internally for LGA using LRFD Simon V10.3.0.0 (8 Ed' AASHTO LRFD)
TEITERT each span, and the largest value is applied to the shear distribution factor. * RCA for exterior girder needs to be calculated by User
53 54

Example 3-span continuous, 140’-180’-140’ Example 3-span continuous, 140’-180’-140’

« Concrete deck Use NSBA Continuous-Span-Standards,
* 4500 psi 140-180-140 as a starting point
= srouicen siouom 5 « 8" concrete deck with %” sacrificial surface (total deck
" 4 T a .
| 1 | e 85 (AR, LRED Simon
\ igl [ * Steel Girder
Support « ASTM A709 50W Version 10.3.0.0
(typ) Span 1 - 140’ Span 2 - 180’ Span 3 - 140 m * Shear connectors throughout length of girder -
1 \ \ \ * 1% reinforcing steel in negative moments regions | ° Hornogeneous}glrder |
* Steel dead load fit * Sgirders @ 12
..... —- i —— - | U S | « Traffic Railing (36” single slope) (430 Ib/ft each)
54.67"
* No FWS I v P
X X AY S No utiliti e e
* No utilities , oy
e o U |
- - Post-Processing Where to begin? = =
LRFD Simon inputs S f
« Cross frame configuration * State Standards
% * Geometry « Limit states « Similar structures
* Loadings * Exterior girder reactions * NSBA Continuous-Span-Standards, s eRER
LRFD Simon outputs * Girder dead load layover LRFD Simon Design - o
p Iy r——  AASHTO/NSBA Guidelines, Steel 5 girders @ 12’ =48
. Design Handbook, and others A ——

Copyright © 2020
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Line Girder Analysis for Skewed Straight Steel I-Girder Bridges

FD Simon Inputs - Geomet

I,=w,*tan 8 /L

obtuse comer of
the span (ty,

=48*tan 30 / 140 = 0.20
Support
(typ.)
Exterior (=== = =
l. ______
‘‘‘‘‘‘ T
| N\—— Exterior —+

gzl 1t Interior el
=

Cross-frame

spacing

Observations

Girder design cannot use Appendix A6 (LRFD 6.10.6.2.3)

Skew correction factor (SCF) for shear (and reactions) (LRFD 4.6.2.2.3c)
Cross-frames perpendicular — FLB stresses (LRFD €6.10.1 and FDOT BE 535)
(if you so choose)

FDOT BE 535 Modification factor for exterior girder reaction

LRFD Simon Inputs — Girder

. - -
-

w2 w72 I T
105" = 126" 14 — as’ = 90"

} 5/D=180(12)*0.8/80=22 l

LRFD Simon Inputs - Dead Loads

A [ C B

Dead Loads for SIMON Mode!

Ganeral Paramaters.

[Ka. of Groars

 Girder Spacing
Dack Width

1 _Dack Thicknesa (includes 12 5C)
3 Cancrats Lre Weight

0 P Forms
L _Awg Tep Flangs Wicth
7 w3 Top Fiange Thickness

13 Avg Hauch Buikiup

" | Single Girser Wi (Sieel Span WA curves) |
15 | Girder W1 {Simen)

Loads
[ Deck Concrete firinA}

| 5IP Forms [iribA)

_Dmck Concrete jequal)
uc plar area of form:

cer Spacing

Total ealigar
-15%
1487 Vi
131 0% = Span lengtre arm baved upon e masmim saen dstncn, Whans mon
1 spaen b e span s
Assume bt it bawiect e discrmte
 Shicherd arw vuprunants dack srwa e which 553 of ha sampla Bridgus
wn lecaned.
 Both cunved it ircders ane Inchided v the corvs

[ 98-men singe shopm rasings (dritib_eveoly)  430] b0

All Girders

Copyright © 2020
American Institute of Steel Construction

SRR Soaeme —— Fraal !
somou s e “ - o ﬁ =
I o ey o |
[ " s |
) o e
140 SIROER FLEYTON 180/2=90" [ RS o
INTERIOR GDR INPUT DATA for SPAN 1 INTERIOR GDR INPUT DATA for SPAN 2
Range | Yied | Approx | Length | Thickmess | Width Range| Yield | Approx | Length | Thickness | Width
Component Strength  Weight Component Streagth  Wei
® ) ) @ @ @ ® ) ) @ @ @
web 10500 500 78 105000 05625 7300 web 4500 500 336 45000 05625 7500
web  140.00 500 261 35.000 0.5625  78.00 web  135.00 50.0 6.71  90.000 05625 | 78.00
top flange  105.00 500 214 105.000 0.7500  16.00 web  180.00 50.0 336 45.000 05625 | 78.00
toplamge 12600 500 064 21000 10000 1300 toplamge 1400 500 078 14000 1815 1300
top flange  140.00 500 078 14.000 18125 | 18.00 top flange  45.00 500 119 31.000 1.2500  18.00
botomfange 3000 500 082 30000 10000 1600 topfange 9000 500 092 45000 07500 1600
bottom flange  80.00 500 204 50.000 1.5000 | 16.00 top flange  135.00 50.0 092 45.000 0.7500 | 16.00
‘bottom flange  105.00 500 102 25000 1.5000 | 16.00 top flange  166.00 50.0 119 31.000 1.2500  18.00
botomfange 12600 500 116 21000 16250 2000 toplamge 18000 500 078 14000 18125 1300
‘bottom flange  140.00 500 125 14.000 26250 20.00 bottom flange  14.00 500 125 14.000 26250 20.00
botomfange | 4500 500 165 31000 15625 2000
bottom flange  90.00 50.0 155 45.000 1.1250  18.00
‘bottom flange  135.00 50.0 155 45.000 1.1250  18.00
botomfunge 16600 500 165 31000 15625 20.00 s8
‘bottom flange | 180.00 50.0 125 14.000 26250 20.00
LRFD Simon Inputs s
_ T RN )

ST TINOCN - S0 - 1001 - 140 Spacing 12,00 cb 141 - LD S
Hir e el
b ‘W JSesa @

e

=
Dead Loads e

Dot w31 ik

e e e L i
D't b # 0 1 i

Nanconposepa deadosd, A1 ] b/t
OntancetoendotAllnd [ |

[E——r—— o/
Dutarcetobagming o A2lad ]

P
et
[
[
fiv Aedyer Help Wk [t
- 5 ol -0 Flose ©
MiZmsona0 e
[ iirsirad e [ -
Dwminn g i T tFFDSmon
Pt o
Pt e e r ol Foperis
i Duttutin Factors
Torme i Natea Prperis
nfemiin Losds
e E—r——| St
ot [P — Shear S Propet
ot = I S
e et “ Soon 1
i e ety
[ T Sy 1. Gos Sectin
= S
- T et Soan2
LRFD Simon Program Assumptions: L
i i are not considered at the service, fatigue or strength limit states. Farcstn
2. The optional provisions of di not consi for composite |-sections in negative flexure. b Dot Opmastien
3. The optional moment f Appendix idered Rets

=== 1
i o)

Toplrge oy brced ol
Induze Y
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LRFD Simon Outputs - Interior Girder “0” deg. skew LRFD Simon Outputs - 15 Interior Girder 30 deg. skew

I\ FIRET IERIDR - 1406 - 1500 - 140 Specing 1100 oh 3 4t.de - LFD Siman.
% PRST IITINON - S - 1000 - Dk Spacing 17,00 o8 1 Mt - LAVD Sevan Arabze  Hep
Fir ks el £ ¢
"JSoesA8
s Ml sa @ T P
L W s - - X, i = - Thie Measksns Perfinmance oo for Cyele 1 & 01918 Mn-m?emmmnwl
M”W Liow Load Chmyitution Facsms H 1 i K [y = il |
s - oo i -
[ :«m :::- Lane :;:I.m Formnas Lt Loaed Dismioumon Eamory ew Correction - The Design fr Crele 1 s a e
Tomer et | s 080|108 Skew Comection Factor for Shear o et e Factor il St Pt Vg p Gk = 6647 s
Ten Wt 5 s . Moy 0.3 1 > oy (Excheleng Beanng ot Trassverse Sufesers)
. _ 2250000 5250000 b s s | [y i Uite 0.918/0.84 = 1.093 e . e Fesaen
S 3 ] : : [= 2o ™ omMe 0627 o 1.183/1.082=1.093 bz i This bs the firse sceoptable design
» iy Pararsters i = =" SCF L0687 1072
a in = TF16x3/4 TF18x113/16
P T SECTION at Span 1, 39.7 Percent (55.61 ft) - [no plate change] - BF20x25/8
= Sin 2001 0870 BF16x11/2 SECTION at Span 2, 0.0 Percent (0.00 ft) - [no plate change]
. Cabubatn LLOF wning “Constant Vakin" for - SCF L2 Year | AASHTO Article | Perf Ratio Description Year AASHTO Article Perf Ratio Description
» e o L . - 17 610321 0549 Web bend-bucking (Constructibiity) 17 610321 0381 Compression Flange Nominal Yieking (Constructbiity)
- oy g TR 17 610321 0.430 | Compression Flange Local Bucking (Constructibii) 17 610321 0381 Compression Flange Local Bucking (Consiuctbity)
o G Table 4.6.2.2.3¢-1 17 610321 0.591 | Compression Flange Lateral Torsional Buckling (Constructbiity) 1 610321 0477 Compression Flange Lateral Torsional Buckling (Constructbiity)
L] ane Lane it 17 610322 0.303 | Tension Flange Nominal Yielding (Constructibility) 17 610322 0.508  Tension Flange Nominal Yielding (Constructibilty)
ol L Enge of 17 610422 0354 Top Flange Service Limit State Permanent Deflections, Positive Flexure 17 610422 0456 Limit Deflectic i
] [ aan s Corresiion Facror Ay \:ﬁﬁhﬂl b 17 610422 0.561  Bottc Li Deflections it 17 610422 0541 Bottom Flange Service Limit State Permanent Deflections, Negative Flexure
i3 na om ‘ X g I_'}_ 17 610712 0512 Flexure - Compact, Composite, Positive Flexure i 610422 0.614 | Compression Flange Service Linit State Bend-Buckling, Negative Flexure
3 a1 nass " U7 s s blY 17 61073 0.189 | Flesure - Composite, Positve Flexure, Ductity 17 610822 0723 Hl ocal buckiing, Negative Flexure
" (X0 = ISEF<I60 17 610221 0889 Top flange bi(2*) <= 120 [z 610823 0917 Flex Resist i LT buckling, Negative Flexure |
? Twa o Wiore Lanes P . l(,n'lﬂ'[ﬂ 1}r.| s e L2240 17 6.1022-2 0813 Top flange b >=D/6. 17 610813 0.867  Flexural Resistance: continuously braced flange in tension, Negative Flexure
P L1y “'I v S 17 610223 0825 Top flange t >= 1.1%tw 17 610221 0414 Top flange b/(2*) <= 12.0
= e mei o - Goine Ny 24 17 610221 0444 Bottom flange b/(2%) <= 12.0 17 610222 0722 Top flange b >=D/6.
% ot o [ 0se nas 17 610222 0813 Bottom flange b >=D/6 17 610223 0341 Top flange t >= 1.1%tw
w o um * 0.555 L 17 610223 0413 Bottom flange t>= 1.1%tw 17 610221 0317 Bottom flange b2") <= 12.0
P [0 17 610932 0104 Nominal Shear Resistance of Stiffened Web Interior Panel 17 610222 0650  Bottom flange b >=D/6.
= 17 6612 0447 | Fatigue-I: Bottom Flange Base Metal - Cat B 17 610223 0236 Bottom flange t >= 1.1*tw
- nm o 17 6612 0.437 | Fatigue-1: Bottom Flange/Web Fillst Weld - Cat B i 610932 0421 Nominal Shear Resistance of Stiffened Web Interior Panel
0830 oss? 17 6612 0.555  Fatigue-I: Trans Stiff Weld near Bottom Flange - Cat C' 17 6.1033 0.170 ' Shear (Constructibility)
< |k 6612 0583 Fatigue-I: Conn Pl at Bot Flange (Welded) - Cat C' ] 17 61053 0214 Special Fatigue Requirement for Webs

LRFD Simon Outputs - Exterior Girder 30 deg. skew LRFD Simon Outputs - Exterior Girder 30 deg. skew

P A e e LRFD Simon Program Assumptions: 5 EATRON. V00 41 i T 0 14t LD S
Py . . fir  Seshye  He
‘Computed Dirtsin Foctom The rigid cross-section equation (AASHTO LRFD Eq. AL G RO e
Miterid Prpetes ks . 30 ! q . A . TV (e — e Masmm Porterance Rt Cucle 1 0849
Losds = C4.6.2.2.2d-1) is not considered in the Program Defined [ Tl
Lves Cefrnd D Vehite Frapesaes e apaceg (120 |® L . . . e Pt “The Dieign o Evce L s pecepinh
e ivem Frorten R e Distribution Factors for exterior I-girders for moment or D en Stee Pt Wt o -Cortbr = 88 047 b
e Lo |2 e
Fhfre Loae Tnchading Beanag wel Traseverse Satfomens)
S e shear. i o e s P
Tt T M Tt This i thee first aceeptable design
One Lane Two or One Lane Two or SECTION at Span 1, 39.8 Percent (55.77 ft) - [no plate change) TF16x3/4 SECTION at Span 2, 0.0 Percent (0.00 ft) - [no plate change] TF18x113/16
More Lanes More Lanes BF16x11/2 BF20x25/8
Year AASHTO Article Perf Ratio Description Year AASHTO Article Perf Ratio Description
e*gm, na e*g, a na 0.946 17 610321 0.548 | Web bend-buckling (Constructibiity) 17 610321 0.381  Compression Flange Nominal Yielding (Constructbily)
i 17 610321 0430 Compression Flange Local Buckling (Constructibility) 17 6.103.2.1 0381 Compression Flange Local Buckling (Constructibility)
Lever Rule Lever Rule 17 610321 0591 G Flange Lateca Torsi i) 17 610321 0477 C Flange Lateral Tors wuctbiiy)
17 610322 0303 Tension Flange Nominal Yielding (Constructibility) 17 610322 0508 Tension Flange Nominal Yielding (Constructibility)
17 610422 0375 Top Fi Li Deflections, Posit 17 610422 0479 Top Flange Li Def
RCA 0.66 RCA 0.721 17 610422 0585 Bottom Flange Service Limit State Permanent Deflections, Positive Flexure 17 610422 0558 Bottom Flange Service Limit State Permanent Deflections, Negative Flexure
17 6.10.7.12 0538 Flexure - Compact, Composite, Positive Flexure 17 610422 0.621 Compression Flange Service Limit State Bend-Buckling, Negative Flexure
% EXTERIOR - 140 - 1308 - 180 Spacing 12,04t ah 3 4ft dat - LRFD Sman 7 61073 0302 Fleare - Composie, Posiive Flsure, Ductty 17 610822 0743 FlxRess local buckling, Negatve Flexre
s = 1 610221 0.889 | Top flnge bi2*) <= 12.0 (= 610823 0942 Flex Resi p LT bucklng, Negative Flexure |
dinshyze  Help 17 610222 0813 Top flange b>=D/6 17 6108135 0888 Flowural Resistance: continuously braced flange in tension, Negative Flexure
- 17 6.1022-3 0825 Topflange t >= 1.1%tw 17 6.1022-1 0414 Top flange b/(2*t) <= 12.0
1 B8 = 17 610221 0444 Botom fnge bi2") <= 120 17 610222 0722 Topflangeb>=DI6
[ Sewen ANALYSIS RESULTS (for Unfactored Loads = D and Li1) I 610222 0813 Botiomfageb>=Di6 7 610223 0341 Topfiamget>=11%w
I Wode 17 610223 0413 Bottom flange t >= 1.1%tw 17 6.1022-1 0317 Bottom flange b/(2*) <= 12.0
Gorveral Progenten " " . 17 5532 0.127  Fatigue: Reinforcing Bars 17 6.1022:2 0650 Bottom flange b >=D/6.
Drtrboution Factors. 17 6612 0.733  Fatigue-1: Bottom Flange Base Metal - Cat B 17 6.10.22-3 0236 Bottom flange t >= 1.1*tw
Materal Propertes ‘-d! 3 17 6612 0.717  Fatigue-I: Bottom Flange/Web Fillet Weld - Cat B 17 610932 0378 Nominal Shear Resistance of Stiffened Web Interior Panel
Loods Effect S v‘,‘“. Mukti Lase 17 6612 0909 Fatigue.I: Trans Stff Weld near Bottom Flange - Cat C' 17 61033 0.170  Shear (Constructibilty)
ssr Diroed e Vehacle Moment  0.500 0843 e* 17 6612 0.956_ Fatigue-I: Conn Plat Bot Ve CatC ] 17 61053 0220 Special Fatigue Requirement for Webs
Weer i v LR H5k 6 0 : : “aformational | Mimum User Top Flange Thickaess Eacoustered. [ 6612 0101 Faigue-I Top Flange Base Metal - Cat B
mog il Shear D983V LR 0946 &g, 0.984 RCA SCF But single lane is same 63 17 6612 0.123 Fatigue-L: Bearng Stffencr at Top Flange - Cat C'
s ok Bereian SCE =
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Post-Processing Cross-frame Configuration 1 Post-Processing Cross-frame Configuration 2

) ] . T \

CITTTTTETN e
SR

v X

1%t Interior

(208
3spa @28

1t Interior

P St iy St

1t Interior

e | H

Note: Need to make minor ‘ Number of cross frames ‘ Note: Need to make minor
. X 45424 41+[246+2¥5]+[2*5+2°4] = ] ] L
adjustments to miss BFS and Lk e adjustments to miss BFS and L
plate transitions plate transitions
65 66

Post-Processing FLB Stress wrt Cross-frame Configuration Post-Processing FLB Stress wrt Cross-frame Configuration

TR Bamiom Fange Labwral Baraag S STR | Bosmorm Flange Laseral Barwlng Sirass
_B17GDR1BFSTR 1 " B17GDR3BFSTR 1

f, (ksi)

Cross-frame  Orientation of

NI

— o c::::E Framing  Intermediate  Girder  location  Ope/bi<d Opof/by>4 “::TOD
i i I r——— o ——— B Arrangement  Cross-frames "
Fagere 2. Hride 17 (FI} L, = 20 B A L5, S = B Oy = LS Bridge 17 BFSTR1 BF Service Exterior 0 1] 0
o 31, o 20y 0 L L IR By = L i Il kew — T I —_—
» At Sup. At Sup. 1 Contiguous  Parallel to skew Titarior All A 5 -
e | Al Exterior 11 11/1.6=7 T Atgrnear 8 a 5
erPENMicUarto’ b terior ——SuBpOrs
girders Throughout the 0 a o
R _ w” com oree
Wy BSGDR1BFSTR1 - BEGDR3BFSTR1 Atornsar
R },I Perpendicular to Interior supports H " i
! E——— 1 opufics gl S T
1 '|-' S o [} 0
Fgare 14, Bl B 1AL = L4817 0wy = 000 110 200°, 040 204%; 027; [ I Bridge 8 BFSTR1 BFSTR1 Atornear i P 4%
il = 1151 e T e = 5 e B Intra Span Intra Span Perpendicular to Exterior supports )
- s et . i
Interior 24 24/1.6=15 —_| gacere Thioughaptthe: o 2 2
73 span
SR foman Lataral
a B4GDR3 BFSTR1 | . Atornear 10 5 10
. 2 Perpendicularto——__ supports
g _ girders e hrou s © o
. Bridge 4 BFSTR1 BF Service
. Intra Span Intra Span
- Interior 13 13/1.6=8 —|
67 68
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Post-Processing FLB Stress wrt Cross-frame Configuration

Post-Processing FLB Stress wrt Cross-frame Configuration

bidge Cross-frame  Orientation of f: Us)
e Framing  Intermediate  Girder  location  Ouefby<d Opefbi>d 510
il Arrangement  Cross-frames i
Ator near
Pependirto gty 4 =
girders Throughout the 0 0 0
3 Contiguous Lol
Atornear 5 0
Pemendicufarto supports
X Interior —1
girders Throughout the 0 I
spin
e Configuration 1 - O;,/bs
[ [ oum ]
Girder Back Ahead
Exterior 14.14(12)/16= 11 9 16.14(12)/20=10
1% Interior 14(12)/16=10.5 15(12)/20=9 9
Other Interior n/a n/a n/a 69

\
\d) \ 1% Interior

=
/
2

\s;

7\

@Splice. @Splice
|
- f PR I W—" FR—

\=
LEGEND

Symmetric D 4 ksi FLB Stress (Exterior Girder)
O 5ksiFLB Stress (Interior Girder)

TN N 1

- Coseframe  Orientational i/
ﬂ Faming  Wemedite Gt Lolon  Ofcd 0o
G genent Cossrames L
Atornear
Perpendicularto " B % =
Exterior —
ginders heoughout the 0 0
3 Conigwns S
Aornear 0 5 0
Peendalats | s il
de
giders Trogpoutte o 8 i
spn

Strength, Service and Fatigue

Strength |
Service Il
Fatigue l or Il

Table 12. Recommended weighted average load factors for estimation of girder flange
lateral bending stresses due to skew effects in straight I-girder bridges.

Load Combination ‘Weighted Average Load Factor

Limit State Applied to Article C6.10.1 Coarse
Estimate of f;
|_Strength [ 16 |
Strength 11 13
Strength IIT 13
Strength V 13
Additional load combination for DC + 14
construction loads. Artiele 3.4.2.1
Service I 10
|_Service I 12
Fatigue | 175
Fatigue II 0.8
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@R
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splice asplice Symmetric

Limit State Strength |

EXTERIOR GIRDER

SECTION at Span 1, 90.0 Percent (126.00 ft) - [left side checked
Factored Stresses (ksi) -

DC DW Top Bottom Slab Reinf Flexure
LF LF Flange Flange
STRENGTH_I 125 150 4257 -37.19 100 | 25.53 | negative

Year AASHTO Article Perf Ratio Description
17 610321 0348 Compression Flange Nominal Yielding (Constructibility)
17 610321 0348 Compression Flange Local Buckling (Constructibility)
17 6.103.2.1 0423 Co Fl: Lateral Torsional Buckling (Cc
17 610322 0466 Tension Flange Nominal Yielding (Constructibiity)
7 610422 0421 Top Flange Service Limit State Permanent Deflections, Negative Flexure
17 610422 0.541 | Bottom Flange Service Limit State Permanent Deflections. Negative Flexure
17 6.10422 0.660 Compression ice Limit Bend-Buckling, Negative Flexure
17 610822 0.744 | Flex Resist: dis i local buckling, Negative Flexure
17 610823 0.909  Flex Resist discretely braced flange in comp, LT buckling, Negative Flexure
7 510813 0851 FlenralR E Negate Flemre
Girder BFSTR1 BFSTR1
At Supp. Intra-Span
Exterior 4x1.6=6.4 0
Interior 5x1.6=8 0

72
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Limit State Strength |

EXTERIOR GIRDER
SECTION at Span 1, 90.0 Percent (126.00 ft) - [left side checked

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

Year AASHTO Arficle Perf Ratio Description
1 17 610321 0.348 | Compression Flange Nominal Yiclding (Constructibilty)
fm+—f! S"’IFM (5 10 371,1.1) 17 610321 0.348  Compression Flange Local Buckling (Constructibility)
3 17 610321 0.423 | Compression Flange Lateral Torsional Buckling (Constructibilty)
17 610322 0.466 | Tension Flange Nominal Yielding (Constructibiity)
17 610422 0.421 | Top Flange Service Limit State Permanent Deflections, Negative Flexure
fpu=-37.19 ksi 17 610422 0541 Bottom Flange Service Limit State Permanent Deflections, Negative Flexure
1 610422 0660 C. ion Flan: ervice Limit State Bend-Buckling, Negative Flexure
. . 17 610822 0.744 | Flex Resist: discretely braced flange in comyp, local buckling, Negative Flexure
fi= 8 ksi (conservative) 17 610823 \ 0.909  Flex Resist disc(el:‘yyb[acedﬂan:eincx LTbuck]inggNegi'avm;Tle:qne
7 510813 0851 | Flexural Resistance: contimously braced Hange i tension, Negative Flexure

Revised Factored Stress Factored Stresses (s

. actored Stresses (ks) -
(-37.19 + -8/3) =-39.86 ksi DC DW Top Bottom Shab Reinf Flexure
LF LF Flange
125 150 4257
100 100 2000

00 2553  negative
075 | 479  negative

f,/Foc= 0.909

Fpc= -37.19/0.909 = 40.91 ksi

Girder BFSTR1 BFSTR1
Perf. Ratio = 39.86 / 40.91 = 0.974 \{ At Supp. Intra-Span
Exterior 4x1.636.4 ‘\ 0
Interior 5x1.6=8 " 0 .

Limit State Fatigue

.10 5—Fatigus sad Fracture Limis Stais.

1051 Fasigus CRIBEL
Dty shall b mvestigaed for fatupu a0 pecifisd I borisoatally-carved T-guier buidpes, the b Fatigue Stresses (ksi) -
m duncla 6 6.1 The apghicable Farigne Joad combmation  metal adacent m bum wabds and welded amachments on Top Flange Bottom Flange
speciied = Table 3411 md e Grmgw bvw Jond  ciocowinly braced S wisiect a3 nee sppieed teie TR IR RN R T T LYo
i et b chacki] bt i st g e FATIGUE L 1719 029 116 507 635
e e ! 1
envmeal mamverss canon o fhe fange Exanples of FATIGUE_Il 1719 -0.13 | 0.53 232 290
waldnd sk for which .
e T T imhue dieere affates and gt plives secuvsig o Py e
: i kb ¥ g o 17 5612 0113 Faigwel ComPlaTop Cac ]

e
et e e e D 0 SECTION at Span 2, 7.8 Percent (14.00 ft) - [right side checked]
fange:.

Fatigue Stresses (ksi) -

_ Top Flange Bottom Flange
TiAf) = (AF), (6.6.1.2.2-1) DL LL+|IL Ramge DL IL+ LL Ramge
FATIGUEI 1530 027 095 429 ssi
FATIGUE Il 1530 -012 043 -196 252

*‘.ﬂ\- [~ SECTION at Span 1, 10.7 Percent (15.00 ft) - [left side checked]
.'I". . J \ } L Fatigue Stresses (ks) -
= 7 \ o = Top Flange Bottom Flange
T \ -y DL LL+ LL- Ramge DL LL+ LL- Range
19 mnteriar \ ) \ - FATIGUE I -824 -0.77 013 090 7.77 538 -091 630
FanY 5 I N FATIGUEIL -82¢ -035 006 041 777 246 042 288
| Exterior A= —t .
L - A ““ \4 o Year AASHTO Article Perf Ratio Description
= 438 o 17 6612 0493 Fatigue.I: Trans Stff Weld near Bottom Flange - Cat C"
17 6612 0517 Fatigue-1: Conn Pl at Bot CatC
E 3
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Limit State Service I

EXTERIOR GIRDER
SECTION at Span 1, 90.0 Percent (126.00 ft) - [left side checked

6.00.4.2 2—Flevire

Flanges shall sansfy the following requirements:

Year AASHTO Article Perf Ratio Description

& For the top steel flange of composite sactions
= 17 6.103.2.1 0348 C Flange Nominal Yielding (C

f. <095E.F. (61042217 17 610321 0348 C Flange Local Buckling (C
i : 17 610321 0423 Compression Flange Lateral Torsional Buckling (Constructibiity)
17 610322 0.466 Tension Flange Nominal Yielding (Constructibiity)

«  Forthe botiom sieel flangs of compesite sections

4

i _-F_'a.afﬁ,&.r, (6104222 17 610422 0.660 Compression Flange Service Limit State Bend-Buckling, Negative Flexure
2 . 17 6.10.822 0.744  Flex Resist: discretely braced flange in comp, local buckling, Negative Flexure.
17 610823 0.909  Flex Resist:discretely braced flange in comp, LT buckling, Negative Flexure
17 6.108.13 0.851  Flexural Resistance: continuously braced flange in tension. Negative Flexure
fp=-25.68 ksi Factored Stresses (ksi) -
DC DW Top Bottom Slab Reinf Flexure
f,= 6 ksi (conservative) LF | IF | Flange | Flange

STRENGTH_I 125 150 4257

SERVICE_IT 100 100 2000

37.19 100 2553 negative
075 479 negative

Revised Factored Stress
(-25.68 + -6/2) = -28.68

Girder BFSERI | BF SER Il Intra-
Perf. Ratio = 28.68 / 47.5 = 0.604 ( At Supp. Span

Exterior N 0

Interior sx1.2:6 ¢ 0 s

Limit State Fatigue

IF using FLB stresses and IF using Fatigue |
fe=6.30 ksi [(69.73"-1")/69.73"] = 6.21 ksi

fi=7 ksi

Perf. Ratio = (6.21+7) /12 = 1.10NG ‘

Fatigue Stresses (ksi) - |
Top Flange Bottom Flange
DL LL+ LL Ramge DL LL+ LL- Range

FATIGUEI 824 -077 013 090 777 538 -091
FATIGUE Il -824 -035 006 041 777 246 -0.42

Girder BFFAT | BF FAT | BF FAT 1! BF FAT Il l
AtSupp. | Intra-Span | AtSupp. | Intra-Span

Exterior 4x1.7$7 0 4x0.8=3.2 0
Interior 5x1.75=8.8 0 5x0.8=4 0
Year AASHTO Article Perf Ratio Description

17 6612 0493 Fatue I Trans S Wed near Botom Flange -Cat C'
17 6612 0517 Fatizue-I: Conn Pl at Bot Flange (Welded) Cat C'

Figure C1.1.2.2-1 Bolted Tab Plate
INOT RECOMMENDED) 76
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Limit State Service | Optional Live Load Deflection Exterior Girder Reactions
" e 1R ek L " or Cases 2 and 3, increase vertical reactions for the exterior girder at obtuse corners at end bents and at piers
:‘“:;F“"_:“""”""”““‘*”"* For C: 2and3 STR | vertical tions for the ext der at obt t end bents and at
T Tahle 3.6.1.1.3-1— Mulripl Preseuce Fuctar, m (in continuous bridges) by a multiplicative factor of 1.10 (this increase is in addition to the skew correction factor)
7 o ‘MANDMI 1TVE LOAD DEFLECTION per Span
Ll Live bond = HL£3 Mltiphe Presee 5 EXTERE - 1400 - 1O - DA Spbcing 1100 o 1 4dat - LS Sarvar
peiagyi. sy (Distbution Factor for Equal Girder Loading: 0.520 axdes) .\‘mnllaMLlnaﬂedLm F‘:(:J::_M R
Sroemen 8 4
ey i Mz Locatiosfum | Deflecson 3 o0 N mi e D S8 it AP
U Dirwd G Vewce vt | | oy DiBaction | Lall Endof Span | At Hings 3 RS 3 . Dead Uinkit - Usar ks
T P fin) (eactina) i} 3 065 Gy e
fraraf sl 1 0444 0440 Detunen Fastan Senenri GGiriler_ Other DO Comm TH, - Uity FVS
anif] ] 401 (X T g i 27 1 B6| o0 o0 %
et
Jowr Tofrie: Cotir ol Pty 1 Rl pLiE] ERE ab 00
Trarwvarm Swer Fropeten El 561 2550 30 1 a0
Fww Sl Prywses.
= EXTERIOR - 1400 - 180 - R430 Spacing 1200 ah 3 4N.det - LAFD) Sieman I
Fie  Anakee  Hels [ ==t
sdosm o000 .:w--,u».n_
.Inrz:u- b i 6,51 LIV LEIAD KRACTIINS g = Ll i ks
- NOTEV
e Progeces z - o
Duartuson facxns Live Load Distrbution Factors f:'::: i O e
Ml Progeces Effect  Sangle Lase  Mubti La s e e
Loady v .'. S s At End Bent 1 (Obtuse corner)
Uner Cefred Desgn Veficke Prpetes. | Moment | 0500V Lr 0843 w"gy e [ 1185
Transvere S Froperies Shemw  0983Y LR 0946 4vg, SCF _W o T W Strength |
[ty : A | RXszgy=1.10[1.25 DL + 1.75 (LL+1)]
Live Load Distribution Factors =21 2 o)+ 1. -
Effect Single Lane Multi Lane
. Moment 0900 VIR 0843 ' 8
Shear U,%J{IRS(F 0.946 €8 S

Girder Dead Load Layover Girder Dead Load Layover

2 EXTERTE A0 V0 L i L1 o180 D v
i b
Simplified Method to Determine Layovers at Girder Ends: sMoT® e a0 0
) Layover ool i
L From the line girder analysis, determine the vertical deflections for the concrete deck. -t ke ‘Oofes DT ichadt pertal ook A1 Ead A1
2. Using the vertical dellection, calculate the Girder In-Plane Rotation Angle. Femonibiinid
T g )
W=ty Ly T w - o BIC B
- - Taarmie Ao Signtnn Poini StaslOaly  Otber  Compuits  Total  Toul
. 7 N S T Pt Nowcomp DL DL jns DW) (Ne Sieel) i sieal)
ayover 3. Calculate the Girdor Out-of-Plane Rotation [ =~ T s e a0 awo om0 oo
. [ o1 o[ 9]  ome  oves  onm
w=atanf - - ¥ B et a1 38 142 [T L4 AT
= = ) ol eim i1 [N TS T
4, Caleulate the Layover Tt e ; a1 o [T vid 1m0 1me
" ar| o 1 DT 1me 210
= e o8 o 108 [ T TR ]
WDy ——— (5] e o 0 nEs el
Newt e 0f oo 24m ooy nee 08
Steel dead load fit L I [ 00 0mE 0w
L, = Span Length c/c Bearings. 5] i o 00 00 oo
L= Length froem CL Brg at End Bent 1o paint where Deflection value |s taken 5
& = Total Deflection at | a=tan"!— a = tan"! 0.743/(14x12) a = 0.25 deg.
Steel dead load fit L
@ = Girder in-Plane Rotation Angle
0 = Shew Angle
@ =atanf ¢ = atan30 ¢ = 0.146 deg.
= Girder Out-of-Plane Retation Angle
b= Wab Depth
79 Layover = D tan ¢ Layover = 78tan 0.146 Layover = 0.2 inch 80
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Cross-frame Forces

Cross-frame Forces

W h at a re yO u r State's S u ccessfu | pa st p ra Ct i Ces ? Table 13. Cross-frame shears and chord level connection horizontal forces due to skew

effects.
i Fati
* Standard member sizes Cross-Frame Case Load Effect o pe2 | pw |3 STRIS B
* Minimum Kl/r (1) Intemiediate cross-frames using Vmasscr 1V maxg QR |[@D ]| GO || o9 || ¢ L8
« Wind offsets and staggers greater than or | B coser/(Muacglhe) | 002 | 020 | 002 [ 006 | 003 0.05
. | . f o f| f equal to 45 ¢ throughout the span Tomentce/ Mmmglh) | 002 020 = e — "
.
Stability force (e.g. % flange force) (2i) Contiguous intemediate cross- Vmasscr !V mazg 006 | 120 | o006 | 020 000 | o
frames, or i i i with
.
Overhang bracket loads any offsets and staggess kss fan 4By B uacenserMuacg/he) | 002 0.60 0.04 014 0.08 0.12
e 20 ki p force within the span Tracenicr/(Mumag/hgy| 003 | 040 | 002 | 008 004 0.08
AASHTO Article 6.6.1.3.1 D-I Fatigue, (lb)gcalinrg.line cross-frames \:hﬂcllm Vwaxscr-!Vmaxg 002 0.07 0.02 0.02 0.02 0.02
: offset of liate cr -
welded or bolted connection e ey v sy e, Braxenscr/(Muacglh )| 0.02 0.04 0.02 0.02 0.02 0.02
* Forces derived from a refined analysis or equalto 45, Tuasenace/(Muacglho)| 002 | 010 | 002 | 003 | o002 [ oo
(2b) Bearing line cross-frames where the V mascr! Vmass 0.04 0.12 0.06 0.06 0.04 0.06
* Others? o : s
. offset of cross-fi
o |s fati id d? relative to the bearing line is smaller than Braxenscr/(Mmacg/y)| 002 G O i 005 on
S ratigue consiaered: by Tnacenser/(Muacg/hf)| 002 | 014 | 002 | 003 0.02 0.05
81 82

Cross-frame Forces Cross-frame Forces

DC1& HL93 STRI&| Fatigue
CrossFrame Case LoadBlect b2 | DW !
L& HL93 [STRI& | Fatigue Constr LL SR 11
Cross-Frame Case Load Efect b2 | DW . 7
Constr IL |SRIO| 1o @) Cotiguous itemeditecros- | Vs Vyry | 006 | 120 | 006 | 020 009 | 014
E— frames, or intemediate cross-frames with 3 | 0 7 I o T o
(2) Contiguous intermediate cross- VuouierVuarg | 006 | 120 | 066 | 020 | 09 | 014 any offes and stagges s tan | S reccr Wnagli)| 002 | 0 2
franes, or intermediate cross-franes with - withinthe span Tuaricr(Muaglh) | 003 | 040 | 002 | 008 004 | 008

aay offets mdstagers s v BugeurcsMamglh)| 002 | 060 | 004 | 014 | 008 | 012

within the span Ty

FMuaglhg)| 003 | 040 | 002 | 008 | 004 | 008

Detailed Information -

Ri Rb € Dc My  Mu Vumax Vumin
0 " . : ()  (Qcps-ft) (kips-f) (kips)  (kips)

Vinaxg = Maximum magnitude of the} glrde.r vertical shear force throughout the STRENGTHI  (megatve) 1000 1000 1000 371 1975476 -139947 48110 12624

bridge span or spans under consideration, due to the force effect under

consideration. INTERIOR: SECTION at Span 2, 0.0 Percent (0.00 ft) - [no plate change]

Detailed Information -

Ri Rb  Cb Dc My My Vu,max Vu,min

Vipaxicr = Maximum magnitude of the intermediate cross-frame shear @) | (dpsf) | (psf) | (ps) | (ips)
STRENGTHI  (uegative) | 1000 1000 1000 37.0 1975477 -136175 | 53535 12063

Mo = maximum magnitude of the girder major-axis bending moments
(positive or negative) throughout the bridge span or spans under consideration, :
due to the force effect under consideration. force throughout the bridge span.

= Braenice = Maximum magnitude horizontal force at the level of the

h
o bottom chord throughout the bridge span,

noncomposite condition: the distance between the cross-frame chords.

+ composite condition: the distance between the mid-thickness of the bridge . ) )
aledk el e cartiell) G e cessrame et i) Trnax.cnice = Maximum magnitude horizontal force at the level of the top

chord throughout the bridge span,

Web depth 78”
Negoc = 78-12 = 66 in
h;=78-6+4+8/2=80in

a=tan(66/72)
o =43 deg.

+ where no cross-frame diagonals frame into the connection plates, equal to the
maximum magnitude chord force

where cross-frame diagonals frame into the connection plates, equal to the sum
of the maximum magnitude chord force plus the horizontal component of the
maximum magnitude diagonal axial force

INTERMEDIATE CROSSFRAME
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Thank You

Figure 1. STR T buttos ehurd comnvetion buritantal force ratbe B win M B o
ihe imtermediate crovs frames of the paralled skew bridges for cross frame Cases 10, 2§, amd
Fivervas the skew index.

IT CAN WAIT
Wrap-up

86

Figure 95, STH § shewt $9r0E Totl8 § o scr s [0 St Inbermiseiie cross:Iramies of the i 1o i o i AU
pearadlel vk Beidges Dot crass-(iasme Cines 16 21, aid 30 versis the skew iniles et

CONCLUDING REMARKS grgia

* LGA can be employed to obtain a fast, efficient and effective design solution for a
wide range of straight skewed I-girder bridges with small to moderate skew

* The subject FDOT-supported research has clarified the behavior of this special class of THANK YOU FOR YOUR ATTENTION 1
bridges, and has provided recommendations that can facilitate the design and rating of :
these structures

QUESTIONS?
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PDH Certificates PDH Certificates

* You will receive an email on how to report attendance from: * Reporting site (URL will be provided in the forthcoming email).
registration@aisc.org.

e Username: Same as AISC website username.
* Be on the lookout: Check your spam filter! Check your junk folder!

¢ Password: Same as AISC website password.
* Completely fill out online form. Don’t forget to check the boxes next to each
attendee’s name!

FE,

TR AATIR | Smarter.
’@ i@’-‘ : Stronger.
e oh : Steel.

AT | Smarter.
i@" : Stronger.
: Steel.

AISC | Thank you
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