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BrR API Tools for OSOW Permitting
and Batch Analysis Reporting

Alex Pence, P.E. & Joe Barut, P.E.

Wisconsin DOT

AASHTOWare RADBUG Meeting
Madison, WI
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What’s an API?

Application Programming Interface (API) for Virtis

Barut, Joseph - DOT ) Reply | & ReplyAll | —> Forward | | RS | | ***

Q To © Dietsche, Joshua S - DOT; © Young, Kelly C - DOT; @ Pence, Alex W - DOT; © McDaniel, Travis - DOT I Fri 1/25/2013 2:02 PMI
Cc Becker, Scot - DOT; ' Oliva, William - DOT

@ You forwarded this message on 9/13/2016 10:18 AM.

Hi all,

I am geeked up (not from drugs) from learning that Virtis has an API. API stands for application programming interface, and it's a
way for a software (call it A) to allow another software (call it B) to interact (or interface) with it. Basically Software A is saying to
Software B or any other software: | have these methods/functions that I'm letting you run. You run whichever you find useful, and
it’s up to you what to do with the results.

Depending on what methods it includes, the Virtis API may allow us to automate some of our rating and permitting processes,
especially in batch mode, as well as data exchanges between the Virtis database and other databases/data stores. | hope to get
more information soon. I'll keep you posted.

Thanks,
Joe B.
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Just Use the Dang Picture!
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WisDOT Structures Library of APIs
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Automation Unit & Development Tools

* 3FTE

= 2 FTE with civil engineering and CS
backgrounds

= 1 FTE with CS background

'T; These examples are used to provide examples of the AASHTOWare Bridge API
~{Examples:
| - 1 Basic API Operations

Object retrieve examples

Object CRUD examples

Summary object examples

Retrieving reinforced concrete cross sections
Retrieving prestressed beam spans

C++ Object retrieve example (a subset of Example 1.1) [Not in solution]
Calculating Steel Cross-Sectional Area

Create and save bridge example

Import Utility example

.18 Licensing example

.11 IFC bridge import/export example

[N Iy =< IR o L R W I R W

* Microsoft shop: C#.NET, Visual Studio, SQL
Server DBMS & Management Studio

1
1
1
1
1
- 1.
1
1
1
1
1

- 2 fnalysis Examples
® GltHUb -12.1 Analysis API|
- 2.2 Simplified Analysis API (LFD)

- - s API
-12.4 Rating Tool API
55

- 2.5 Simplified Analysis API (LRFR)

- 3 Engine

3.1 Creating a 3rd-party engine
- 3.2 Creating a 3rd-party engine properties UI window
3.3 Retrieve Engine Properties from Bridge Object
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OSOW Permitting: Background

* WisDOT has history with automated OSOW Analysis

» Structural Evaluation Program (SEP) developed internally (1990s)
= | oad Rating Models for In-House Software (Steel, PS Girders, Slabs)
= Database of Rating Files maintained by Rating Unit
= SEP connected to Routing System + Separate Ul for Rating Engineers
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SEP Input:

SEP Output:

| kelly.tr1 - Notepad
y p

Edit Format WView Help

8

13.25

4.5

12.5

4.5

31.67

4.5

4.5
12.5
4.5
4.5

Mj kelly.bri - Motepad

File Edit Format Wiew Help

B-13-91

B-13-92

B-13-188

B-37-79
File
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B290033 0K

B290035 *** 0K

B290037 R OK

B290047 bl i o T A—

BZE ***OK

90143 *** NOT IN CURRENT DATABASE)

4 * %k OK

B41027 HEE QK

B410029 R OK

B410058 st o] ¢

B410032
B4g8 0K

410028  *** SLOW DOWN TO 5 MPH
A al * k¥ OK

B4TS
B410027

B410031 *E% QK
B410110 **x QK
B410112 % 0K
B410116 6] ¢
B410105 *$¥ 0K
B410089 **% OK
B410011 * 0K
B410012 =+ OK
B280076 £ 0K
B280584 % OK
B280037 *HEOK
B280039 *+* QK
B130163 *x% OK
B130159 *ER0K
B130791 ———
03 *** NOT IN CURRENT DATABASE
30499 *** NOT IN CURRENT DATABASE
B1 *+¥ 0K

B130289

*** SLOW DOWN TO 5 MPH

“NOT IN CURRENT
DATABASE” requires
review by Rating Unit

“SLOW” — OK with
impact factor = 1.0
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OSOW Permitting: Background

* BrR Analysis features to improve WisDOT OSOW Permitting

= Model Accuracy
« Steel Stiffeners, Rebar Development Length, Detailed Calc Reports, Multiple Elements

= Control Options
» Elastic / Plastic for Steel, Include / Ignore Shear for Concrete

= Deterioration / Damage Modeling
= Non-Standard Gauge Analysis

= Future
 LRFR, Additional Bridge Types / Elements
* Potentially phase out old LFR analysis programs
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OSOW Permitting: Needs

* BrR integration with SEP

= Used by WisDOT's OSOW Web App
« Bentley Superload

» Speed and Automation are Priorities
= 2020 OSOW System Upgrade

» Legislative Proposals for Annual Permit Routes
= Michigan Timber Hauling Truck Routes
* Implements of Husbandry

; ‘*\Q,CONSW‘
% e
B AR TA . s E s & Hitémes
OF TR




OSOW Permitting: BrR Integration
* BrR API for Permit Analysis

* Generation of Precomputed Results (via Rating Tool)

» Coordination with Bentley
= [T Coordination (Licensing, Installation, Database File Transfer)
= | egal Coordination
= Testing Environment

; ‘*\Q,CONSW*
%
B AR T o s & s & Hitémes
OF TR




Development _
Testing

Wisconsin
= Dﬂmg on ] Oversize
RQ L Cvaluatiov + .: .
%:Qm - Jgf;;’ Overweight
L;;ﬁ“({f/\’l wic & Permitting &
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Route Check

(;QQ o) 00

er] | wo o 10° wz
W L 50 50 50
18000 20000 20000 20000 20000
(] 100
| ! ! ! ! 1 1 1 1 1 | ! [ ! ]
I'he problem areas are shown on the trip drawn in Reservatibn ¥ L, Friendshi L\ 1A}
s < . Trip
fail lor). ! % _ Betlin
red (or your customized fai ure color) Zogm |r1 to ’n Analysis Failed t (L;::gg; 150.09
see the problem areas and click on the failed items ] e . eld 2
s Failures: 0 Clearance, 0 Load, 1 Restriction, Requires Princeton .
for details. S ) Ripon L ]
Office Review I \,‘
g : Please refer to Analysis Results & Directions for details. SSSEEEE Fond d
Please note that bridge office reviews can take up E o ~ Number of Restrictions impacting the trip - &
to 3 days to process. \e, Weupa, o %
Hillsboro 1 g -
= Wisconsin Dells hol Attribute 1
Use the Restrictions link to view the restrictions that <, *:‘ Nationsl Information 0
AT ¢ S { Wildlite Acceptable 7 4
affect this trip request. Please note that based on ) Refuge
permitting rules, some of the restrictions shown Viala \
< g Baraboo
here may not be included on the permit. | J
N o = 1fS Juneau ***** Failure Restrictions *****
Previous Route Method Used Q Richland 2
Generate a Trip Center //// Route ID : US-18
s < - Restriction Type : ROADWAY RANGE
_4 Reason : POSTED BRIDGE !
— Comment : B120028 AND B120028 AT IALINE |
New Trip Directions K\ PRAIRIE DU CHIEN. IF GREATER THAN ‘
Start on WI-16 WB at MP Columbia 133.23 (In — Oconomi B B LI O WL
3 S y S o NEED TO BE REVIEWED BY STRUCTURES
Fountain Prairie at Cth CD), WI-22 SB, US-51 SB, Ne——— DEPARTMENT.
End on US-51 at MP Dane 65.80 And on WI-113 SB Mf;’:wn s_ronllJ:SU1%1C8R%ng)FR%Rg Counﬁy Lc;g1(1)1.00
. i o:US- ounty Log 1.
at MP Dane 15.02 (In Vienna at Cth V), WI-19 WB, - . X \\ .J:‘ I Scheduled Date - SCHEDULED FROM
US-12 EB, US-14 WB, WI-78 SB, US-18 WB, End on | Stoughton \ Fort"Atkinson 7 3/24/2021 UNTIL FURTHER NOTICE
US-18 at MP Crawford 0.00 te Bord £ ) P, Attribute Restricted Values
S=102EME Cawiord 00 (Siae:Bordec obla) Lancifer Mineral Point \ EWeight : 170000
Edgenoq WWeight : 170000

Detailed Trip Directions
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=2 WOO-PAS5V2.0.2023.07.24 (Wisconsin Oversize Overweight Permitting & Analysis Software System)

File  Window Help
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Permitting with Load Rating Tool API

» BrDR Example 2-4
« SUPERLOAD < - Permitting API Call

° LRT APl RtApiToolResults rtApiToolResults = r“tf-‘;piﬁatiI'IgTE_I;I__]_.__._|_:E|..‘:[_Fl...-_.E_'_t_i.__‘_':g_I;:_E__!.,I__r_'.'_[flg.r_'lr'!:_El.:t.n'i'-.liliE'u’EF‘It]_:

foreach (RtApiBridgeResult result in rtApiToolResults.BridgeResults)

» Generate precomputed data = i« =

PermitResult permitResult = new PermitResult(permit.PermitName, result.Bridgeld)
1

() Run analySiS RtApiBridgeResult = result,

Structureld = result.Bridgeld,
AnalysisEngine = Enums.AnalysisEngine.BRR,

° RtAp|Event g e

switch (result.Code)

* RtApiRatingTool L |

permitResult.Decision = Enums.PermitResultDecision.Deny;

. break;

» RtApiToolResults
permitResult.Decision = Enums.PermitResultDecision.Pass;

break;

case "2":

[ J Process ReSU|tS permitResult.Decision = Enums.PermitResultDecision.PassWithCondition;

permitResult.PassCondition = result.PassConditions;

break;
b
if {analysisEvent.Equals({Enums.AnalysisEvent.Permit))
1
if (result.ControllingImpact == 1)
1
permitResult.OperatingSinglelaneCapacityWithImpact = Convert.ToSingle(result.OperatingRatingFactor * permit.Totalload);
}
else if (result.ControllingImpact == @)
{ I
permitResult.OperatingSinglelLaneCapacityWithoutImpact = Convert.ToSingle(result.OperatingRatingFactor * permit.Totalload);
h
b
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OSOW Permitting: APl Success

* Fewer bridges tagged as “Evaluate Manually” or “Not in Database”
= These require review by rating engineers
= Prestressed Box Girders
= Steel Girders w/ Longitudinal Stiffeners, Plastic Analysis
= Future: more bridge types

» Streamlined routing and applications for carriers

* More Automation - Less Multi-Tasking for WisDOT Staff
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OSOW Permitting: APl Success

» Estimate of over 200 hours per
year saved by WisDOT Staff

* Additional Time Savings by
Carriers

= Self-Routing to Avoid Waiting for
WisDOT Review

= Additional Time and Miles
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Batch Analysis Report: Background

* Wisconsin Bridge Postings

* Emergency Vehicle Evaluations

 Metric 13/14 & Future SNBI Requirements
 QA/QC Backlog

* Anticipated Future Reporting Needs (MBE Changes, Truck Configurations)
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Wisconsin Bridge Postings

[ ] [ ] [ ]
‘15 17 |17
150" 4-0
190"

Type 3 Unit Weight = 50 Kips (25 tons)

01O
*15.5 *1 5.5

11'-0" ! 4'-0"

290"

01O
&15.5‘1 5.5

} 40"

‘12

41'-0"

’- 150"

*12 ‘12
Jeel,

150"
HI_UN

Type 352 Unit Weight = 72 Kips (36 tons)

[0

16

15'-90" j

PUP Unit Weight = 98 Kips (49 tons)

s e E——
Type SU4 Unit Weight = 54 Kips (27 tons)
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» 220" o
Type SUS Unit Weight = 62 Kips (31 tons)

Type 3-3 Unit Weight = 80 Kips (40 tons)

0O
*1?.2‘17.2

| 13!_2\! 4I_2l!| 25I_3l

*17.2*17.2‘1?.2

4I_2l| |4r_2 Il|

50'-11"

i

Semi Unit Weight = 98 Kips (49 tons)

*s *a 17 |17 *a
10I_DI 4!_0" 4!_0"41_0"41_0"
. 26'-0" o
Type SUG Unit Weight = 69.5 Kips (34.75 tons)

100" | 4-0"4'-0"4'-0"4'-0"4'-0"
L 300" )
Type SU7 Unit Weight = 77.5 Kips (38.75 tons)

B ASBRMA - o E e

COUNTY OF LA CROSSE
M —

e

Wisconsin uses
single tonnage

signs

|

TONS
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P>

WEIGHT
LIMIT
M 237
J5y 297
SR 32T

-

SINGLE UNIT VEHICLES

4 AXLES 25T

5 AXLES 27T
6 AXLES 27T
7+ AXLES 28T

WEIGHT LIMIT

L 81
4 AXLES 17T
5 AXLES 18T

6 AXLES 19T
T AXLES 201

BRIDGE WEIGHT
LIMITS - TONS

SINGLE VEHICLE
J OR LESS AXLES 22
4TO 7 AXLES 25
COMBINATIONS
3 OR 4 AXLES 21
5 OR MORE 23

- 291
4AREN 67|

& demmo_ o —n

WEIGHT
LIMIT
N 27T
il 29T
ATEN 36T
W 33T
N 33T

SINGLE UNIT VEHICLES | -
4 AXLES 21T
5 AXLES 31T
6 AXLES 31T
7+ AXLES 31T

Specialized Hauling Vehicles

43in

EWERGENCY VEHICLES | -
| SINGLEREARAXLE 28T J =
TANDEMREARAXLE 43T | =

WEIGHT LIMIT
SINGLE UNIT
2 AXLE 10T
3 AXLE 14T
4 AXLE 18T
5 AKLE 22T
6+AXLE 24T

Emergency Vehicles

W 40T

¢ BUREAU OF
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E%ﬁ?g&w | RRIDGE WEIGH E i s E R e
| LIMIT - ToNs (£ B aNE e et el | " | Max g
B e

| WEIG o

HT LIMITS | e - E
s : WL eI i S| 15 M

o W G PRk Vi

SINGLE AXLE 15T 20R 3
AXLES
TANDEM 20T 4 OR MORE - g?'}-

=) = || COMBINATIONS

3 7

3.
ALL VEHICLES |* | BRIDGE LOAD LIMIT
20 HEAD OF l-(l)gRNED CATTLE
A\ | | 20 HEAD OF HOOI§SES OR MULES
60 HEAD OF HOGS

OVER 8 TONS
MUST STOP
100 HEADOROF SHEEP
PACE NOT T0 EXCEED A WALK

EFORE CROSSING/ g
PENALTY FOR OVERLOAD

BRIDGE
NOT LESS THAN $50
NOT MORE THAN $100

HISTORIC SIGN FRQM GOLDEN CITY
ORDINANCE #28, 1883
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Emergency Vehicles

]

N

L 150

EV2 Unit Weight = 57.5 Kips (28.75 tons) EV3 Unit Weight = 86 Kips (43 tons)

» Signs required on Interstate bridges or within
reasonable access (one mile)
= Completed Sept. 2021
= Qutreach through Firefighter Associations
* All other bridges
= EVs exempt from FBF Limits in ALL of Wisconsin
= Online List: Fall 2023

; "*\QCONSI*‘
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( EMERGENCY
VEHICLE
WEIGHT LIMIT

SINGLE AXLE 16 TONS
TANDEM 28 TONS

]

&)
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Emergency
Vehicles

Beyond Reasonable Access:

Weight Restriction Map
(MnDOT Example)

"*\QCONQ,*

Layers Q=

v Bridges with Emergency Vehicle Restrictions see

O Restricted (507)

@ Severely Restricted (315)

v All Fire Stations .o
® Fire Stetions

14 Interstate Highways eee

V MN Counties soe

D County Boundaries

N AR ML Con @

Emergency Vehicle Restricted Bridges - October 13, 2022

with ArcGiS Web AppBuilder User Guide User Video Presentation

B .
® Lco
° o
() Thund
o ©°4 °
00.0 0.0.0 %
Yougle®. O
(Y Superior ~-or
(<] (¢] AN ational Forest g [¢]
\ ® &’0 _‘\(‘7
~ 0.0 0
1Y)
: b [ S
&& M ApUN'.ﬂf' I&In’nd'.
o ational
Lakeshore

Ottawa

Chequamegon Natlonal Forest

National Forest

\° =k
Co,
W O
W ‘o
atertown 8 . ,’
Plateau Du

Coteau Des
Prairies

Eau Claire

Wisconsin
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Posting Refinement Considerations

 Unknown Construction Details
* Refined Analysis (LLDF Adjustments)
* Lane Striping / Curbs and Sidewalks
 Dynamic Load Allowance Modification
"« Limit State Options R

= Steel Elastic/Plastic, Concrete Shear, Moment Redistribution, Culvert Bottom Slabs
* Single-Lane Loading
’ Live Load Factor Modification for EVs (NCHRP 20-07 / Task 410) y
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@ Analysis Settings

Limit State Options:

Use Preference Settings

General preferences

Preference selection:

-Bridge
~Culvert
~Member
-Substructure
Superstructure

* Rating method: Member Alternative -
Save analysis results
Analysis type: Line Girder v
Lane / Impact loading type: | Detailed by Vehicles v Apply preference setting: | None )
- < ' - — IlNone
Vehicles Qutput | Engine [ Description Steel 1 I
Steel - Plastic & General Preferences
Traffic direction: | Both directions e | Refre] . lvanced
Steel - Elastic
Vehicle selection Vehicle § Concrete - Ignore Shear LFR
5 Vehicles A B Rati Concrete - Include Shear LFR [ ~
=-Standard =i Modemn Engine LFD
~Alternate Military Loading Culvert-Ignore_Shear_Bottom
g; Culvert-Include_Shear_Bottom
vl 15-44 Culvert_lgShear_InclBottom
~H 20-44 Add to =tLegal load rating
-HL-93 (SI) ~Routine
~HL-93 (US) Specialized hauling
~HS 15-44 ~Permit load rating
~HS 20 (Sl) = LfD.‘ASD
~HS 20-44 = Inventory
~Lane-Type Legal Load L-HS 20-44
~LRFD Fatigue Truek (SI) Remove from =-Operating
~LRFD Fatigue Truck (US) m EV2
~NRL EV3
~SU4 HS 20-44
~SU5 PUP
~5U6 Semi
~-SU7 SU4
~Type 3 SU5
~Type 3-3 suUe
~Type 352 su7
= Agency ~Type 3
~EW2 (Single) ~Type 3-3
~EV3 (Single) ~Type 352
~H20-516 - ~Wis-SPV 190 (annual) ~
Reset Clear I Open template l I Save template 0K Cancel
WSCONsy,

*

N SR mMae . @&

Preference setting

Preference setting:

2 Add to =-Member =
setting =-Control Options - Steel Floorbeam
i E-LFD
- -Allow plastic analysis
~Allow plastic analysis of cover plat
Remove -----IgnO{e averload operatmg rating
from setting =-Control Options - Steel Girder
E-LFD
--Allow plastic analysis
~Allow plastic analysis of cover plat
~-|gnore overload operating rating
Add all to =-Control Options - Steel Stringer
setting EL-LFD
> ~Allow plastic analysis
~Allow plastic analysis of cover plat
----- Ignaore overload operating rating
Remaove all
from setting

| Cpen template | | Save template |

| View | | Edit preferences |

| Apply || Cancel |

7y BUREAU OF
*+*SIRUCIURES




- | Multi/Single-Lane Loading:

L Rating method: Member Alternative v 1

v Two Options

Lane / Impact loading t',-pel "As Requested v I Apply preference setting: | None v

Vehicles | Output | Engine | Description M Analysis Settings

Traffic direction: | Both directions A Refresh Temporary vehicles | Advanced
) ) | | . -

Vehicle selection Mol

L vehic] @ \ehicle Properties
= Vehicles ) )
M e Girc LY
=l-Standard Analysis type: Line Girder
Alternal Single Legal : ]
. Tandem | Scale Legal ) . Lane / Impact loading type: | Detailed by Vehicles W
EVZ2 Vehicle trains P— Impact lane a?ir Override | live load ency ’
EV3 | | loaded P factor |
H 15-44 v |EV2 ] I 1.000 0.000 Sil‘lg|E Tr ™ Analysis Results - G2-Interior - O X
H 20-44 ’ ’
HL-93 EV3 1.000 0.000 Single T )
HL-93 ( HS 20-44 _ 1,000 0.000 Single Tr print
HS 15-4 :
HS 20 ( PuP 1.000 v 0.000 Single T
HS 20-4 i ) eport type: Lane/Impact loading type Display Format
L T Semi 1.000 v 0.000 Smgle T Rating Results Summary - As requested (@ Detailed Multiple rating levels per row -
ane-Ty — I )
SU4 1.000 0.000 Single T
~LRED Fa ingle Tr
~LRFD F4 SU4 (single) : 1,000 . v : 0.000 ' Single T e o . — Opeatig Opeaating —
"";"RL sUs _ 1.000 0.000 | Single Tr tve Loac Type RatingMethod | ¢ ting Factor tocaron . Limit State e Lone
~5U4 _
~5U5 SUs (single) 1.000 v 0.000 Sing|e T Su4 Axle Load LFD 4219 20.50 1-(195) Design Shear - Steel With Impact Single Lane
SU6 ) su4 Axle Load LFD 3315 20.50 1-(19.5) | Design Shear - Steel With Impact Multi-Lane
sUe 1.000 0.000  Single T su4 Axle Load LFD 5215 2050 1-(195) Design Shear - Steel Without Impact Single Lane
su7 U6 [5il'ig|E] I 1.000 v 0.000 5II'Ig|E Tr su4 Axle Load LFD 4098 20.50 1-(19.5) Design Shear - Steel Without Impact Multi-Lane
Type 3 SUs Axle Load LFD 3746 2050 1-(19.5) Design Shear - Steel With Impact Single Lane
Type 3- su7 1.000 0.000 ' Single T SUS Axe Load LFD 2043 20.50 1-(19.5) Design Shear - Steel With Impact Multi-Lane
Type 39 2 : sus Axle Load LFD 4631 20.50 1-(195) | Design Shear - Steel Without Impact Single Lane
=l Agency SUT (singiel : it e L SEEL sus Axle Load LFD 3638 20.50 1-(195) | Design Shear - Steel Without Impact Multi-Lane
= sl 0.000 Single T SU6 Asle Load LFD 3.456 20.50 1-(19.5)  Design Shear - Steel With Impact Single Lane
0.5 = esign Shear - Steel With Impact Multi-Lane
Lane/lmpact As Requested o000 Sege W | ) o g Deta|Ied 20 o s Swsl] Wi
1 0.000  Single Tr p 50.0) Design Flexure - Stee e e p— —

Use: Advanced to Include Separate 0000 Single T

. oo w9 Results mclude 4 Ioadmg conditions for each Vehlcle :
| “Multi-Lane” and “Single-Lane” Vehicles

Single- Lane and Multi-Lane, With and Without Impact

™ Close
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Live Load Factor Modifications for EVs
« NCHRP 20-07 / Task 410

* Adjusted BrR-Calculated Rating Factors in Post-Processing (Excel)

A
1

2 BRIDGE ID

12747 P100173

-

.

AR/ AB AC AD AP BW BX
MCHRP 20-07/Task 410 LL Factors
ADT . ADT YEAR . TRAFFIC PATTERN OMN i} FUNCTIOMAL CLASS . ADTT One Directi . EV2LLF . EV3ILLF .
116 2015 TWO WAY TRAFFIC LOCAL-RLIRAL 9,57 1.10 1.10

13 P100173

7 BridgeID - EV2ZALTLLF - EVBALTLLE - Use AItEV LLF v EV3RFORIG - EV3LLFORIG |- EV3RATING FACTOR - ||

1.1 1.1 0.643 1.3 0.76 |

Example:
BrR-Calculated RF = 0.643
Adjusted RF =0.643 *1.3/1.1=0.760
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Wisconsin Bridge Postings

Trend of State Owned Load Posted Bridges Trend of Local Owned Load Posted Bridges

70 850

60 800
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lﬂ =]
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2 30 § 65
E , E

S 20 = &0

= Z-’ E’uu

10 G5

0 50

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2016 2017 2018 2019 2020 2021 2022
Year Year

Wisconsin will have around 450-500 EV Restrictions in addition to ~500 Std.
Weight Limit Postings (approx. 7% of bridge inventory)
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Metric 13/14 &
Future SNBI Compliance

e WisDOT Metric 13 IP & Metric 14 PCA

= Better Documentation
 Load Rating Summary Sheets
* |nternal Ratings = Bridge Mgmt System

= SHV Evaluations
= Culvert Load Ratings

 Future SNBI Requirements
= Report Rating Factors for Each Vehicle

1sCONg,

B deBPTL @& —a

NBIS Oversight Program

HIBS-30

Metrics for the Oversight
of the National Bridge
Inspection Program

NBIPOT

e n

| —

.
[T

B

SUMTESRE > - #

= A‘MFIEEE = J N I

5.1 - LOADS AND LOAD RATING

Example Loads and Load Rating Data for Bridge Number 15558X

The bridge was designed for the HS-20 load using Allowable Stress Design. The bridge was rerated on

February 14, 2016 using the load factor rating method to assess Specialized Hauling Vehicles. The

calculated inventory rating factor was 0.30 and the operating rating factor was 0.50. The controlling

legal load rating factor was 0.44 for the SU7 truck. Routine permit vehicles are not permitted to cross
the bridge.

Table 14. Loads and Load Rating data items in the Primary Data Set for Bridge Number 15558X.

Item ID | Data Item Value
B.LR.01 Design Load HS20
B.LR.02 Design Method ASD
B.LR.03 Load Rating Date 20160214
B.LR.04 Load Rating Method LFR
B.LR.05 Inventory Load Rating Factor 0.30
B.LR.06 Operating Load Rating Factor 0.50
B.LR.07 Controlling Legal Load Rating Factor | 0.44
B.LR.08 Routine Permit Loads C
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Hil - B-56-672

General Inve nrony

Bridge

B-54-672 PF MAPLE ST aver BARAROO RIVER

[ Main ” Abutment ” Fier “ Span “ Geometry ” Approach “ Sufficiency II Hydraulic ” Expansicn Joint “ Appraisal “ ADT I

0&/22/2020

Lol b o i

Primary v|[H

oty

10/02/18  ~||LFR

w |[Primary | I

Rating engineer

Date Inspection Load rating basis
[06/22/2020 (4](10/02/18  ~|[LFR v
Status

[Load Factor strength v] [0.765 |

Rafing force effect

Lidf lewe=l

[Negative Moment

v] [Mulfi

delete | e

[Lood Factor strength ] [0.785 |

Load Factor Strength ] [0.765

Rafing force effect Lidf level Rating force effect

[Positive Moment ~ ] [Mulii

Megative Moment

]

delets | LYd

delete I

Live load factor

Raiing limit stafe

Wis-3PY Rafing - Multi Lane

Vehicle weight (kips)

Load goveming member

[INTERIOR DECK GIRDER v |

Control location

[2- (5.7)

Lidt

[Load Factor Stre

ngthv] [0.765 |

Rafing force effect

Negative Mome

nt hd |

delste | W

[Po@f’g and Legal Vehicles [9)

[Emerger::'y Wehicles (2}

OPEn SUMMany | | set capacity || delete | b4

Rating (HSnn|RFn.nn)

HS23

Live load factor

Rating limit state

Load Factor Strength v |

Raiing enginesr Internal notes I Summary sheet notes I lA| ex Pence ]
[2lex Pence | Reduced EV live load factors used peINCHR3 20-07 / Task 410
Software Software
[BrR72 | [BrE 7.2 ]
Cwearburden depth (in)
00 Overburden depth (in)
P | | )
Sesan 14 N__| Summary sheet notes
— p— ol REAUCEd EV live load factors used per NCHRP 20-07 / Task 410.
Rafing [Hénn |RFn.nn Load goveming member Rafing [Hénn|#Fn.an Load governing member ehicle weight]
[INTERIOR DECK GIRDER w || [H523 | [INTERIOR DECK GIRDER v] | 100 |
Live load factor Control locafion Live load factor Conirol location Live load factor Conirol amiie ' d
[2- (5.7) | 1.3 [2- [50.0) | B 2- (5.7 H
s — — - Operanng
Rating limit stafe Ligf Rating limit state Liaf Rating limit stats Ligf

Load goveming member

INTERIOR DECK GIRDER V|

Control location
2 - (50.0) |
LIdf

0.765

Rating force effect

Lidf level

Positive Moment

v)

Multi

delete

v |
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Wisconsin Department of Transportation
Bridge Load Rating Summary

Traffic Count:

Truck Traffic %:

B Da
Sr;lf:ﬁ:e Id: = Traflc Caunt: Truck Traffic %: 2 92 0
B-56-672 282 0
ganjNT‘( gvel‘:u'drn Degih (in): aezsg n Load Raling: - N N
Nonicoe e T Overburden Depth (in): Design Load Rating:
V- Nnﬂthmedom[EB‘lﬁ‘l} 2-Oet-201
F?Iulﬁ.@?ﬁLE 5T NBI Condition Ratings 0 H 2 0
Fealure Under. I Deck: Superstniciuns: Substruchre: l Culvert: l R
BARARDO RIVER : 2 3 N Inspection Date:
Spans Construction History:
e e 1+ 02-Oct-2018
2 JCONT STEEL DECK GIRDER 48
3 JCONT STEEC DECF. GIRDER
Load Rating Summary NB' condltlon Ratlngs
Value: Load Governing Mamber: Rating Force Efect LLIOF:
II_-uF::ER::Ilr\g Basis: Inventary: 513 GIIRFE)REI;JR DECK Negafive Moment 0765 DeCk: Superstructu re: Substructure: CUIvert:
Opesating [HS23 0 ] [Poslive Moment 0.765
GIRDER 5 5 5 N
Wisconsin Special Pemil Wehicles MW (Kips) Load Goveming Member. Raling Force Effect LLOF
Single lane (wio FWS): 100 EHEEAOR DECK Megative Moment 0.765
Multi lane {wio FWS): a1 IGlE%@ER DECK Megative Moment 0.765 C o nStructi o n H iStO ry :
F\Lu:.an:\i::le Analysls mug\:;l'-;::;r'&R;hr‘g ;‘:.1‘; \Wieight Limil [Tk Lm:.d G-uve i |lg Membel Raling Force Effect LLDF Yea r: Work Perform ed :
¥Pe 3 50.0 1.61 A [Posiive Moment 0985 |
[Tvpe 7= 720 175 WA [Posilive Moment 0985 | 1 940 NEW STRUCTURE
¥Pe 33 B0.0 2.02 A [Posllive Moment 0985 |
Afgs-;lro 18 540 14 WA [Posiive Moment 0085 |
venees e 520 T A Fosve Momen T |
i BEO5 TIE A [Posiive Moment U985 |
o7 TS T1Z A [Posiive Moment U085 |
) o =0 T4 WA Load Posting ANalySiS e requres per wisconsin Bedge Manus, Cragter 45)
hasth e S 580 153 A Posting Vehicle GVW (kips):  Rating Factor: Weight Limit (T): Load Governing Member: Rating Force Effect: LLDF
vz 575 62 A 50.0 INTERIOR DECK Positive Moment 0.985
easr acreva |y S S E— GIRDER
Puasting for Legal’Specalized Pemmil Wehiclkes: Wieight Limits for Emergency Wehicles:
BT B Pence. Additional Remarks:
Rediced EV ive oad factos used per NCHRP 20-07 Task 410. 2-4un-2020 Reduced EV live load factors used per NCHRP 20-07 / Task 410. |
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QA/QC Backlog

* Intern Load Rating Models

{ NAMEHERE : =
: E-1234 &
. YOURCITY in3

* Migration from Old Programs to BrR 1'32% WIS,

FIpgygany

* Discrepancies between Consultant
Ratings & Internal Ratings

* Tabular Output > Compare Results vs.
Prior Data, Identify Outliers
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Anticipated Future Needs for Re-Evaluation

» Platoon Loading
 Annual Permit Configurations
* Inclusion of Additional Elements (e.g. Gusset Plates, Pier Caps)

» MBE Changes (e.g. Shear, Culverts, LRFR)
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BrR Batch Analysis Custom Report

» Batch Analysis + Additional Output

* Analyze and Save Data from Multiple Analysis Settings
= For example, Elastic vs. Plastic or Single vs. Multi Lane Loading

» Tabular Reporting for Post-Processing in Excel

* Potential Integration with Bridge Data Management System
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ProMiles + WisDOT Collaboration
* BrDR Service Unit

* Defined the Scope and Roles

 ProMiles provided sample code

» WisDOT further developed the API code and Ul

* ProMiles assisted with some troubleshooting
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Bridge Workspace Rating

Bridge Explorer Batch

Data Results Results ARC Tool Results
BID
Bridge ID
| |
Desired Report Output e

Date Modified
‘ e

« Some we could get from BWS |~ J p )
Overburden Depth X X X

*S

ome from BE Batch Results S p p p
Inv/Oper Governing Can be derived by drilling down
X Level 2

Some from ARC Tool

Member

to Member Rating Results

Inv/Oper Controlling
Location

Both (ft) and Span-(%)

Member Rating Results -- only
as (ft), not Span-(%)

Member Rating Results -- only
as (ft), not Span-(%)

Inv/Oper Rating Limit

v X v

» Some by clicking through o X X X
individual bridge models f— X X X
Inv/Oper LL Factor Derive from Method Derive from Method X

e x : :
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<8 WOO-PASS V2.0.2023.07.24 (Wisconsin Oversize Overweight Permitting & Analysis Software System)

File  Window Help

=0 ST




Post-Processin

A O P BO BP BR BS CE CF

7 Bridge ID ¥ Preference Setting - INV/OP/MVW - Preference Setting - Posting * |SHV Single/Multi - EV Single/Multi - Use AR EV LLF - Posting Calc (Tons) - INV * INVRF -~
12 B490164 Concrete - Include Shear LFR Concrete - Ignore Shear LFR Multi Multi HS19 0.95

13 P100173 Steel - Elastic Steel - Elastic Multi Multi Y 22 HS09 0.49
26
27
28
29
30
31
32
33
34
35
36
37

an
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Batch Analysis Report: APl Success

Progress completing documentation (Rating Tab Data Upload) for
bridges requiring posting and emergency vehicle evaluation

5000

4000 2494 (57%)
3000 In BrR —
<€
2000 .
1000 /Batch Report API first used
0 \4

4/2022 7/2022 10/2022 1/2023 4/2023 8/2023
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Batch Analysis & Reporting with BrDR Analysis API

if (bIsSessionStarted)

« BrDR Example 2-1 |

« WOO-PASS < - Batch Analysis
API Call

// Create the analysis event and results

DoE tManager doEventManager = BRIDGEWare.GetM

D eResults ager doBridgeResultsManager = BRID
doAnalysisEvent = doEventManager.Create<DoAnaly £ ()3

D sults doBridgeResults = doBridgeResultsManager.Create(doAnalysisEvent);
// Set needed
doAnalysisEvent.StartingPath = SysSecurity.GetUserAnalysisOutputFolder(); ; // Mote:
//doAnalysisEvent.AnalysisEventType.SetValue(ANALEVNT.RATE); // Rating
//doAnalysisEvent.AnalysisMethodType.SetValue (EVNTAMALMET.EVNTLFD); // LFD
doAnalysisEvent.EventTimestamp.SetValue(DateTime.Now.ToUniversalTime()); // Setting
doAnalysisEvent.AnalysisCachePath = r .GetAnalysisCacheFolder();
doAnalysisEvent.ReportXslFolderPath urity.GetReportXslFolder();

if (analysisEventTemplates.Count ==
analysisEventTemplateSelection = null;

foreach (DoA tTemplate doAnalysisEventTemplate in analysisEventTamplates)El I
if (!string.Is L|llDrETpty(pr‘efer‘encETemplatEHame))l:l

D BRI =.BridgeHanager;

entManager>();
.GetManager<Do

values
This is just an example

up timestamp

geManager doBridgeManager =

Yerrrerrerrrerrrrrrrrrrrrer e e re e rerr e rr v e e e v R

Template : string

Preference : string

BID : int

Bridgeld : string

BridgeMame: string
Description : string
DateModified : DateTime
AnalysisDate : DateTime
VehicleMame : string
LiveLoadType : string
RatinglLevel : string
RatingFactor: double
RatinglLevelProperty : string
RatingMethodType : string
DesignMethodType : string
SuperstructureMame : string
SuperstructureDefinition : string
SuperstructureDefinitionType : string
MemberiName : string
WearingSurfaceThickness : double
CulvertComponent : string

doBridge = doBridgeManager.RetrieveByBridgeId(structureld); Capacity : double
. : = -
if (doBridge 1= null) Location : double
. { Span:int
® dback branalysisFeedback = |
na SIS Analy analysisApi = new Analy \p SpanPercent : double
//brAnalysisFeedback.MessageAdded += (o, €) => { Console.WritelLine($"Message Type: {e.MessageType.T: Ts LocationSpanPercent : string
//branalysisFeedback.ProgressUpdated += (o, e) =» { Console.WritelLine($"Progress updated: {e.NewProgr LimitState : string
Y //Debug.WriteLine($"Message Type: {e.MessageType.ToString()} - {e.Message}”"); PositiveNegative : string
string analysisFeedback = ""; LLDF: doubl
brénalysisFeedback.MessageAdded += (o, &) => { analysisFeedback += .Format("Message Type: {@} - {1} ", e.MessageType.To5tr] ! DL_I &
. //brinalysisFeedback.ProgressUpdated += (o, e) => { Debug.Writeline($"Progress updated: {e.NewProgressPercentage}"); }: Lanes : string
// Create anal components to be analy LIFactor: double
. rea e e na ySIS Ve n a n ts analysisApiComponents = AnalysisApiComponents InvRf : double?
{ OprFf : double?
//{ Set the components =
[} . . ElementMame : string
Bridge = doBridge i
esults objects
if (deBridge.StructDeflList != null &2 doBridge.StructDeflList.Count > @) LocationPercentage : double
{ LfdSingleLIFactorMoment : double
[ [ [ - . :
DoStructDef doStructDef = doBridge.StructDefList[@]; LfdSingleLIFactorShear : double
(] e rI eve rI ge JeC an //DoGirdersystemStructDef doGirderSystemStructDef = (DoGirderSystemStructDef)dostructDef; LdSingleLIFactorShearSupp : double
// Analyze the girder system struct def LfdSingleLIFactorDeflection : double
. //analysisApiComponents.SuperstructDef = doGirderSystemStructDef; LfdMultiLIFactorMoment : double
u n na SIS } LfdMultiLIFactorShear : double
analysisApiComponents.AnalysisFeedback = brAnalysisFeedback; LfdMultiLIFactorShearSupp : double
i=Api s i = dok isEvent; X i
a.nalyslsa-\pﬂorr\ponent_,.AnalyslsEvant dofnalysisEvent; LfdMultiLIFactorDeflection : double
// Runm Analysis
(] roceSS eSu S analysisApi.DoAnalysis(doBridge, analysisApiComponents);
doBridgeResults = doAnalysisEvent.BridgeResults; // Unprocessed results
(! lts> processedResults = ProcessAnalysisBridgeResults(doBridgeResults, doBridge, analysisEventTemplateSelection, preferenceTemplateMame, brAnalysi
lts> detailedResults ProcessAnalysisDetailedResults(doBridgeResults);
<string, DoBri ults>, An i s, string, List<WiDetailedResults>>(structureld, doBridge, processedResults, analysi
I
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DIUR AF1 ReSOoUrces

Examples: Solution Explorer
- 1 Basic API Operations Gj‘ nd? Y@ - =l }'E
. . . Search Solution Explorer (Ctrl+;)
- 1.1 Object retrieve examples
> Developer Llcense - 1.2 Object CRUD examples| :[ m Solution 'ApiExamples' (18 of 18 prgjectsj
- 1.3 Summary object examples Solution ltems
- 1.4 Retrieving reinforced concrete cross sections
- 1.5 Retrieving prestressed beam spans Bxample1-1
- 1.6 C++ Object retrieve example (a subset of Example 1.1) [Not in solution] Exarnple1-10
[ BrDR API Guide PDF - 1.7 Calculating Steel Cross-Sectional Area Example'l-ﬂ
- 1.8 Create and save bridge example Examuolel-2
- 1.9 Import Utility example p
- 1.1@ Licensing example Examplel-
- 1.11 IFC bridge import/export example

P

b

b

b

P

P

B Exarmplel-
P Examplel-
b Examplel-
b Examplel-
b

b

b

P

P

b

b

P

P

* API Examples packaged in a Visual Studio solution

=]

Analysis Examples

R R N S

- 2.1 Analysis API Examplel-9
- 2.2 Simplified Analysis API (LFD)
9 9 - 2.3 XML-based Analysis API Exampled-1
 Example Projects Guide PDF © 2.4 Rating Tool APT Example2-2
- 2.5 Simplified Analysis API (LRFR) Example2-3
Example2-4
- 3 Engine Exarmnple2-5
. Exarnple3-1
[ ) API CH M fl Ies - 3.1 Creating a 3rd-party engine Example3-2
- 3.2 Creating a 3rd-party engine properties UI window

Example3-3

.3 Retrieve Engine Properties from Bridge Object

-3
(Gl Windows » Program Files » AASHTOWare » BrDR74 » APl Exarnples
* ProMiles .

Mame

Exarmples
@ AASHTOWare BrDR Analysis and Engine AP| Reference.chm
@ AASHTOWare BrDR API Reference.chm
@ AASHTOWare BrDR Specification Checker AP| Reference.chm
BrDR API Guide.pdf
Exarnple Projects Guide.pdf
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