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Workflow for Bridge Load Ratings with Improvement Options

Start

{

Initial Assessment
Have an expectation of the outcome based on:

(Material & type, year built, design method & load,
load path, continuity, redundancy, condition,

defect...)

No

)

AASHTOWare BrR

Yes

Level 1 Refinements:

Condition factor

Provide ADTT

Improved IM

Optimize load distribution (example provided)
Utilize striped lanes for improved I.LDFs

*  Better distribute parapet load (evenly or tributary area)

\

Level 2 Refinements:

Service III for PSC structure

Service II for steel structure (example)

Improve overly conservative nominal capacities
from AASHTO design spec. (example)

More refined member section to include integral
sidewalk, median, parapet...; Consider
construction sequence.

-

Level 3 Refinement: FEA

Level 4 Refinement: Load Test
Calibrated FEA




Initial Evaluation - Steel multi-girder
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Initial Evaluation — Prediction of Outcome
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Initial Evaluation — Prediction of Outcome
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Workflow for Bridge Load Ratings with Improvement Options

Start

\

Initial Assessment
Prediction of a range of RF, controlling member &
location using load rater’s experience and the
following:

(Material & type, year built, design method & load,
load path, continuity, redundancy, condition,

defect...)

No
w [
2y
AASHTOWare BrR
Yes

Level 1 Refinements:

Condition factor

Provide ADTT (< 5000)

Improved IM (per AASHTO MBE)
Optimize load distribution

Utilize striped lanes for improved I.LDFs
*  Better distribute parapet load

\

Level 2 Refinements:

Service III for PSC structure

Service 11 for steel structure

Improve overly conservative nominal capacities
from AASHTO design spec.

More refined member section to include integral
sidewalk, median, parapet...; Consider
construction sequence.

-

Level 3 Refinement: FEA

- - - —

Level 4 Refinement: Load Test
Calibrated FEA




Level 1 Refinements:

= Provide ADTT (< 5000)

| Description 1 Description (cont'd) ] Alternatives ] Global reference point ] Traffic -"l

Truck PCT: %%
ADT:
Directional PCT: %%

Recent ADTT: [ 1280

= Improved IM (per AASHTO MBE)

LRFD dynamic load allowance
Fatigue and fracture limit states: | 15.0 -

Al ather limit states: | 200 %

» Condition factor (verified defect)

Member alternative: | G1

Description . Specs . Factors 3 Engine . Import . Control
I

LRFR

Condition factar: | Fair b

Field measured section properties

" Optimize load distribution
* Ulilize striped lanes for improved LI DFs
* Better distribute parapet load (tributary area)

300"
32'-6
280"
33 . 24'-0" N | 33
I | [
. Sidewalk Thickness 7" Sidewalk Thickness 7" |
|
| ‘;—DBCK Thickness 8" ) 4" Bituminous Wearing Surface—, 1
/ f Striped Travelway 1
f" Travelway 1
G1 L] G5
17" Beam for 26’ clear span 2 3 4 17" Beam for 26" clear span
1'-6" 8'-1/2" 5'-51/2" 5-5 1/2" 8-1/2" 1'-6"
™ "

Stage 2 dead load distribution | Definion | Analysis | Specs | Engine

Structural slab thickness

) Uniformly to all girders

Consider structural slab thickness for rating
':!,' B}." trl bl_lt,a r:'l' area Consider structural slab thickness for design

_) By transverse simple-beam analysis Wearing surface
Consider wearing surface for rating

_ By transverse continuous-beam analysi ) _ )
Consider wearing surface for design

et B}r percentage Consider striped lanes for rating



Workflow for Bridge Load Ratings with Improvement Options

Start

\

Initial Assessment
Prediction of a range of RF, controlling member &
location using load rater’s experience and the
following:

(Material & type, year built, design method & load,
load path, continuity, redundancy, condition,

defect...)

No

)

AASHTOWare BrR

Yes

Level 1 Refinements:

Condition factor

Provide ADTT (< 5000)

Improved IM (per AASHTO MBE)
Optimize load distribution

Utilize striped lanes for improved ILDFs
*  Better distribute parapet load

¥

Level 2 Refinements:

Service III for PSC structure

Service 11 for steel structure

Identify overly conservative nominal capacities
from AASHTO design spec.

More refined member section to include integral
sidewalk, median, parapet...; Consider
construction sequence.

-

Level 3 Refinement: FEA

Level 4 Refinement: Load Test
Calibrated FEA




Level 2 Refinement: Overly Conservative Capacity

bending of the slab— defosination
\ ~ € .
— /-of the connection

Lateral Torsional
_ e
BUCkllng (TBL) Negative moment

Fr:' Lh - Lp —|
See Art. D6.4.1 FLB resistance; LTB EH. = C,, - 1-— R;:R;,E-,- < RBRJIE'r'
orD6.4.2 resistance in uniform bending - RF.)NL-L, | ' '
Fncor Mnc | Anchor Point 1 \ __ _ LTB resistance under (6.10.8.2.3-2)
moment gradient
Fmax OF Mmax - T TN
N C» = moment gradient modifier, In lien of an
alternative rational analysis, C may be calculated
Anchor Point 2 as follows:
Rberor
Rbeerc o ¢  For unbraced cantilevers and for members where
compact noncompact = C
¢ e > 2 Jniah=lorfa=0
(inelastic buckling) 2 28 i}
T 9 c = C =10 (6.10.8.2.3-6)
o < — ‘J;
E o =
nonslender slender 2 2 = é.,” ¢ Forall other cases:
g > = o D
(elastic buckling) |2 & | < y .
=) o C, = 1.?5—1.05(% ]+ 0.3[? J <23 (6.10.8.2.3-7)
g2 J32

Lo or Apf L or A L b or bre/2t5c



Moment [kip-ft]

Level 2 Refinement: Overly Conservative Capacity

—_———

leLicr puer
dxie e
= | I/4_>: | %'

-Ii—_——-._.‘_.._.__I— AIL—__ e - B— | E—
LC"—‘Q"’- Jlz-2= 1 L O x e o M IELL e
Mersg TiZie g™ ! | =t ! % Itn ;'g';:

100 200 300 400 500 600 700 800

Distance [ft]



Level 2 Refinement: Overly Conservative Capacity
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T Load Left Mid Bight Concawve - f ‘

Comb Stress Stress Stress Moment fmid f f1 Eq. Chb

STR-I 1, LegalB~ .54 -T7.02 -14.25 NHo 7.02 14,25 -0.2% & 1.0000
STR-I 1, LegalB~ -5.09 -18.64 -24.02 Ho 18.68 24,02 13.33 g+ 0a0d
SER-II 1, LegalR~ 2.13 -5.28 -11.23 Ho 3.28 11.23 -0.a67 a% 1.0000
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Level 2 Refinement: Overly Conservative Capacity

G BELTL, ‘
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Level 2 Refinement: Overly Conservative Capacity

¢  Forunbraced cantilevers and for members where

T =1orf=0
¢, =10 (6.10.8.2.3-6)
“ fr DL LL RF

o  For all other cases:

A

. AT |
Co=1.75-1.05 = +03 =L | =213 d0.8.2.3-.7
p=1o-1 E(r I [_;;]{ (6.10.8.2.3-7) LRFR 191 15.8 9.07 0.37

h

LFD/LFR
C, = 1.75 + 1.05 My +(ﬂ)2
b . . M2 M2
C, = 1.75 (end span)

LFR 25.6 15.8 9.07 1.08

AIS AISC 25.1 15.8 9.07 1.02

, - 12.5M 0

2.5Myp gy + 3M, + &My + 3M,

¢-



Level 2 Refinement: Yura & Helwig Approach

* Restrain against twist at support

Yura & Helwig Equation:
» Restrain against lateral displacement along the
length at top flange Co_30 - 2(M ) _8 My
’ 3\ M, 3 (M, +M,)
X Lateral Brace
( R )
) L, ’ fr DL LL RF
Mcr Yura &
el E Helwig 440 158 9.07 3.1
M, | M,




Workflow for Bridge Load Ratings with Improvement Options

Start

\

Initial Assessment
Prediction of a range of RF, controlling member &
location using load rater’s experience and the
following:

(Material & type, year built, design method & load,
load path, continuity, redundancy, condition,

defect...)

No

)

AASHTOWare BrR

Yes

Level 1 Refinements:

Condition factor (verified defect)

Provide ADTT (< 5000)

Improved IM (per AASHTO MBE)

Optimize load distribution (example provided)
Utilize striped lanes for improved I.LDFs

*  Better distribute parapet load (tributary area)

¥

Level 2 Refinements:

Service III for PSC structure

Service II for steel structure (example)

Improve overly conservative nominal capacities
from AASHTO design spec. (example)

More refined member section to include integral
sidewalk, median, parapet...; Consider
construction sequence.

-

Level 3 Refinement: FEA

Level 4 Refinement: Load Test
Calibrated FEA




Service Il / Web Proportion/Web Bend-Buckling

Service Ill—Load combination intended to control yielding of steel structures and slip
of slip-critical connections due to vehicular live load. [3.4.1]

For the top steel flange of composite sections: 6.10.2—Cross-Section Proportion Limits
f; <0.95R,F, (6.10.4.2.2-1) 6.10.2.1—Web Proportions
For the bottom steel flange of composite sections: 6.10.2. 1. 1—Webs without Longitudinal Stiffeners
f, + % <0.95K,F, (6.10.4.2.2-2) Webs shall be proportioned such that:
[ F<F. J (6.10.4.2.2-4) ?5150 (6.10.2.1.1-1)




Web Bend-Buckling Resistance

6.10.1.9—Web Bend-Buckling Resistance  ASCE (1968) recommends that web bend-buckling does not need to be
considered in hybrid sections with Fyc up to 100 ksi as long as the web

6.10.1.9. 1—Webs without Longitudinal Stiffeners slenderness does not exceed 5.87VE/Fyc. [C6.10.1.9.1]

The nominal bend-buckling resistance shall be taken as: » The flexural resistance equations of these Specifications give somewhat

conservative predictions for the strengths of hybrid members without
r 09k (6.10.1.9.1-1) longitudinal stiffeners tested by Lew and Toprac (1968) that had D/tw
DYV T and 2Dc/tw values as high as 305 and Fyw/Fyc = 0.32. Therefore, no
‘ additional requirements are necessary at the strength limit state for all
potential values of Fyw/Fyc associated with the steels specified in
Article 6.4.1. [C6.10.1.9.1]

* In many experimental tests, noticeable web plate bending deformations
and associated transverse displacements occur from the onset of load
application due to initial web out-of-flatness. Because of the stable
postbuckling behavior of the web, there is no significant change in the
rate of increase of the web transverse displacements as a function of the

| applied loads as the theoretical web bend-buckling stress is exceeded
| (Basler et al., 1960). [C6.10.1.9.1]

» Due to unavoidable geometric imperfections, the web bend-buckling
behavior is a load-deflection rather than a bifurcation problem. The
theoretical web-buckling load is used in these Specifications as a simple
index for controlling the web plate bending strains and transverse
displacements. [C6.10.1.9.1]

I:~. f“

Unstiffened Web Stiffened Web

¢-



Web Bend Bucking in Service II

LOUdOn County’ :)_i_lil' General Q R

Tellico pkWy

G2
@

@ <+ 2017 Bridge
1975 Bridge @ ——

Tellico Dam
Reservation BoattRamp.

Q(i:ar al Branch
Parking & Trailhead

J B's-Country S'.cw:—@

2017 Bridge

D 105in
—=———=186 > 150

v (zg)m

Slender web without longitudinal stiffener
ferw controlled limiting stress resulted a RF of ZERO.

Field weld a longitudinal stiffener

o Preheating and welding at compression side of the web

o Curbed surface
o Interference with vertical stiffener
Can an engineering judgement be made?



Did You Know?

“In general, bridge capacities has increased by more than

9% from 2009 to 2019.”

Reference: https://www.thwa.dot.gov/bridge/Irfd /webinar.cfm

¢-



Summary

Have an Expectation: Begin with a well-defined expectation.
Refine Expectation: Utilize inspection reports to enhance and adjust initial expectations.
Results Validation: Use modeling results for validations.

Adaptive Approach: Maintain an open mindset to incorporate refinements.

Questions?

Yun.Lin@greshamsmith.com Yanling.Leng@imegcorp.com
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