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EXECUTISUMMARY

In March of 2012, Bridge Diagnostics, Inc. (BDI) was contractedHiyuston Engineering
Inc. to perform diagnostic load testiagnd NonDestructive Evaluatioon two bridges inCass
County, North Dakaain order to develop current load ratings for Math Dakota Department
of Transportation (NDOT). Bridge09-12516 was found to be single-spanposttensioned
concretegirder bridgeand was theecondf thetwo bridges tested

During the field teshg phase, the superstrucé was instrumented withcombination of
straintransducergieflection sensors, aridtmeterrotationsensors. Once the structure was
instrumentedgontrolled load tests were performed watB-axle dump truclalong three lateral
positions Data obtained from the load tests was evaluateguality andsubsequentlysed to
verify and calibrate a finitelement model of the structure.

During the structural investigation, all available geometric data wasdext@and compared
with the previously collected data. Additionally, beam details including the location and sizes of
both the stirrupsostTension(PT) ducts, and the deck reinforcement were determined using
GPR techniques. All of the information obtairfeaim this investigation was compiled into the
As-Inspected drawings that have been provided with this report.

Although much of the crucial infr mat i on was detstuctursl ned fr om BD
investigation, it was still necessary to make some educated estioratertain parameters that
were critical in the calculations of thke stru
and the number of PT wires in each diuging design and fabrication information obtained
from structural plans from a simail structurge.g., same bridge type built in the time frame in
the same geographic are)yvas assumed that this bridge was designed {5 tbading and
that the design was based on allowable stéessquired area dPT steel was then baek
calculatedbasel on the required midspan flexural streBlse result was total of 66250 ksi
0 . 2 5 0 terdstreagwlieved PT wires4d2 wires in each of the three pashsioning ducis It
was verified thaR2 wires could fit irthe ducts, which were measuredste It should also be
noted that this area of steehigarthe practical limit that can fit within the duct&his steel
configuration washenused for all subsequent load rating calculations.

Load ratings were performed according to the AASHTO bféthod for the standard rating
vehicles. The strength basexd rating resulta/ere controlled byhe ultimate flexural capacity
of the girders at midspan; while the serviceablifged ratings were controlleg allowable
concretdensionstressat midspanof the girders. The results indicated that the brefggentially
met theHS-20 Inventory criteria for strength but failéd meetserviceability limitsNote that
the only slightly unsatisfactory Inventory level flexural rating of 0.97 was foH®20 loading
under the two lanes loaded conditiofhe following tables provide a summary of load rating
valuesfor both the strength and serviceability limit stafEse strength based load ratings were
significantly greater than the original design lsatingsdue to improved load distribution and
the use o different limit stateind applied load factarServiceability load limitsveresimilar
to the assumed design log@d15) because while the more accurate analysis reducdd ¢ha ms 0
live-load effects, he assumed pigtress lossgsrescribed in AASHTO Standard Specification
weregreater than those used in the original design procedures. Therefore, from a serviceability
perspective the gains from the load test were cancelled by the change inratsggpractices.

BDI considershe strength based load ratings to be the more redirstigeassessment since
they are based on fewer assumptions. Serviceability ratings are heavily influenced by assumed
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pre-stress losses which aaown to be highlysbjective.lt may be more appropriate to base
load postings on strength limits and adjust serviceability limits with information from current
inspection recordsf the bridge owner decides that the strength based ratings are used to
determine the postingquirements, the current load posting on this structure could be removed.
Additionally, sncetheconcrete allowable stress may be an issue fos ther u cektended Ides
future inspections should focus on the detection and growth of flexural creitieséoncrete

beams.

Critical load rating factors & weights for standard rating vehiclesi Strength.

INVENTORY INVENTORY OPERATING OPERATING
\I;Q'EA |-T|||<TE;E LOCACI:;':/CH'T@T'NG RATING RATING RATING RATING
FACTOR WEIGHT, TONS FACTOR WEIGHT, TONS
Hs20 | Midspan of Interior) — o 34.9 1.62 58.3
Beam / Flexure
Midspan of Interior
Type 3 Beam / Elexure 1.29 32.2 2.15 53.8
Midspan of Interior
Type 33 Beam / Elexure 1.47 58.8 2.45 98.1
Midspan of Interior
Type 3S2 Beam / Elexure 1.30 46.8 2.17 78.1

Critical load rating factors & weights for standard rating vehiclesi Serviceability.

Rame | Locationtmme | genel | USRI | Sen | T Lae,
SINGLE LANE TONS MULTI-LANE TONS

Hs-20 | Micspan of fnterior Bean ¢ 75 27.1 0.52 18.6

Type 3 | MiceRan of interior Bean 4 oq 251 0.68 171

This report contains details regarding the instrumentation and load testing procedures, a

gualitative review of the load test data, a brief explanation of the modeling steps, and a summary

of the load rating methodsd resultsThe load test, structural investigation, and load rating
results presented in this report correspond to the structure at the time of tAstyrgjructural
degradation, damage, and/or retrofits must be taken into account in future ratings.
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Submittal Notes:
This submittal includes the following files on CD:

1. Bridge 0912516 Testing_Documentpdf
Thisfile provides pertinent details about the instrumentation plan and testing
scenarios/procedures.

2. Bridge 0912516 As-Inspected_Plangdf
This file provides pertinent details about the instrumentation plan and testing
scenarios/procedures.

3. BDI_Bridge 0912516 Submittal V1.pdf
This is the BDI Homansdetails regarding thiestingf or mat .
proceduresprovidesa qualitative data evaluatiodisplaysresponse histories for each
sensor, andiscussesiny notable observatioasd/orconclusions arising from the
testing process.

IBBID) | FEL TEST ANDLOAD RATING REPORT- BRIDGE 09-125-16 OVER RUSH RIVER: CASS COUNTY, ND V
-



TABLE @ANTENTS

EXECUTIVE SUMMARY .ottt ee ettt e e e sttt e e e e s s aeasst e e e e e s s sstbaeeee e s s sanessstaaeeeessnstbeeaeeesnnsans I
TABLE OF CONTENTS ...iiiieiiiite ittt stt et e e sttee e e sntee e st e e e seansseeesstaeeaasteeeesnteeesmneassaeeesnsaeeeanseeeesnseenannes VI
1. STRUCTURAL TESTING PROCEDURES.......ccutte i eiiite e steesiee e siieeestae e st s snmnesntanaesnsaeessnseeeenssennns 1
2. PRELIMINARY INVESTIG ATION OF TEST RESULT S...cciiiiiiiiie e ctie e steree e see e sitee et e e s sneenseee s 9
3. STRUCTURAL INVESTIGA TION RESULTS ....ciiciiieiiiiee it seentiee e s saee e st eessae s smesssaeeesnnneeeseneees 15
BACKGROUND OFINVESTIGATION METHODS ....eeiuvtvteettreesssteeesseenseesessnseeessssessssssessnmnesssssessssssessnsesesnnes 15
STRUCTURAL INVESTIGATION RESULTS. ..ttt iutiteitteeestieeessmeesseeesssteeessssssesssesemmeesssessssssesssnssssessssensnsesns 16
4. MODELING, ANALYSIS, AND DATA CORRELATION ....outiiiiiiiiiiiiie e eeeeeiiee e sitree e e eeennes 27
M ODELING PROCEDURES .......itttttttttttti e eeeatsa e e s e e e e e aeeeeeetsbatmmmeesesbeba e e e e e e aaaeeeenaaeeeeaaaeeeesssnsbnnnnnses 27
MODEL CALIBRATION RESULTS....ctttttuuiitieeeaeietteeieaeeeaeteaeeeatstata s s e s eeaa e s s e s e eaaaeeeesebsssasmmmeesssnannnn s 29
5. LOAD RATING PROCEDUR ES AND RESULTS......ciiiititiie sttt ettt ettt aenee e s savaenaa s 35
APPROXIMATION OFSTRUCTURAL CAPACITIES - PROCEDURESASSUMPTIONS...cccciiviviieeeesieirneeeeeneeeaeeeans 35
LOAD RATING PROCEDURESASSUMPTIONS.......uuvvtiteeeiiuttrseseesaneessasssesseessnssssssssaannsessasssssessessssssssseeann 37
LOAD RATING RESULTS...cttttutuie s e e e ee et eteeeimeee e s et eeesstetss s e s s e s amaaa s e s e e e eeeeeeeeesstess s ammme e se b e nna e s e eeeeaeeaeeen 39
B. CONCLUSIONS . ... .ctiieitite ettt s et treee e e st e et e e e ettt e e s e entaee s astaeeeasteeeassseeesmnesstaeeessseeesasseeeansssannneesnseeennd 41
APPENDIX A T BRIDGE INVENTORY (05 /2010)......ccccciuieeiiireeiiireceesireeesieeesssneessssensnsessnsneeesnnneessnns 43
APPENDIX B i CAPACITY APPROXIMATI ONS....ccciiii i ctiie e cerstee e etee e siae e stae s smenssaeeessaeeesnaae e 44
APPENDIX C- REFERENGCES.........ccciti ittt st ieee e sttt e e st e e s ve e e sseansea e s ssteeestaeaessseeesmnessseeesssseeesaseneeans 52

BB ID | FEw TEST ANDLOAD RATING REPORT- BRIDGE 09-125-16 OVER RUSHRIVER: CASSCOUNTY,ND VI
-



1. STRUCTARIESTI REOCEDURES

Bridge09-125-16is a posttensioned concreteeamstructure that carrggwo lanesof County
Road 4overRushRiverin Cass County, birth Dakota Theoverall width was approximately
2 D 2660 0 r o a d wang theaveralllergthwas approximatelg 005760 6 c | ear
span). All of theimportant readilyavailablegeometric details were recordddring the field
visit. Additionally, a through nowdestructive evaluation was completed by BDI in order to
determine an approximate capacity of the structbee Section B Non-Destructive Evaluation
for a detailed desgtion of the information gainetthrough this investigation.

The structure was instrumented waB reusable, surfaemount strain transduce(Bigurel.1
throughFigurel.3, 5 cantileveredlisplacement sensofSigure1.3), and6 tiltmeterrotation
sensorgFigurel.1). Thefinal instrumentation plansnduding sensor locations and IDsve
been provided ifrigure 1.5 throughFigurel.8 andare also provideah the drawindile labeled
ACR4_TestingDocuments.pdf .

Once tle instrumentation was installesl series ofliagnostidoad tests wrecompletedwith
the truck traveling at crawl spee8itp 5 mph. During testingdata wagecorded on all channels
atsamplerate 0f40 Hz as the test vehick8-axle dump trucktrossedhe structuren the
eastbound direction along three differdateral positionsreferred to as Paths Y1, Y2, and Y3
(Figurel.9). Thetruclb s | o n gasition was wireléssly tcked so that the response data
could later be viewed dmtha function oftime andvehicle posibn. During theactual liveload
testproceduresio other vehicles were allowed on the bridge.

Information specific to the load tests can be found@lahlel.l. Thetst vehi cl eds grc
weight, axle waghts, andvheel rollait distance (required faracking its positioralong the
structure) are provided ifiable1.2. A vehiclefi f o o t patséshotvroinFigisel.10. The
vehicle weight$ wereobtained from certified scales at a local gravelgntall vehicle
dimensions wereneasuredn thefield at the time of testing.

BDI would like to thankHoustonEngineeringor their help in scheduling, plannirand
organizingthe testing projectBDI would also like to thank th€assCounty Public Works field
team for their excellent field supportdaassistance ibridge access and traffic controlestch
bridge site
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Table 1.1 Structure description & testing info.

ITEM DESCRIPTION
STRUCTURENAME Bridge 09125-16
BDI PROJECTNUMBER 12010XND
TESTINGDATE May 22 2012
CLIENTGs STRUCTUREID # 0910413
LOCATION/ROUTE CountyRoad32 overRushRiver, CassCounty,ND
STRUCTURETYPE PostTensionedConcreteBeamBridge
TOTAL NUMBER OF SPANS 1
SPAN LENGTHS 6 02D
SKEW N/A
STRUCTUREROADWAY WIDTHS Struct-40elf RIB@BwWay: 26
WEARING SURFACE Concrete Deck
SPANSTESTED 1
TESTREFERENCELOCATION Southwest corner of the structuralong the inside edge of
(BOW)  (X=0,Y=0) thecurb
TESTVEHICLE DIRECTION Easbound
TESTBEGINNING POINT Frontaxle 15.3ft west of test reference location (BOW)
LOAD POSITIONS Seeattached testing documents
NUMBER/TYPE OFSENSORS - 28 Strain Transducers

- 5 Deflection Sensors
- 6 Rotation Sensors

SAMPLE RATE 40Hz
NUMBER OFTESTVEHICLES 1
STRUCTUREACCESSTYPE Snooper

STRUCTUREACCESSPROVIDED BY | CassCounty

TRAFFIC CONTROLPROVIDED BY | CassCounty

TOTAL FHELD TESTING TIME 1day
TESTFILE INFORMATION: FILE NAME | LATERALPOSITION FIELD COMMENTS
CR4.1 Vi ot bt resolved.
CR4 2 Y1 Badtest.Nodes dropped
CR4 3 Y1 Good test.
CR4 4 Y2 Good test.
CR4 5 Y2 Good test.
CR4 6 Y3 Good test.
Y3
CR4_HS Y2 Good test. 35 mph.
OTHER TESTCOMMENTS. Weatheli Sunny, ~8°F,Very Windy
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Flgre 1.1 Surface mounted strain transducerand rotation sersor near girder end
(typical).

it

ity AR, | i

ucer on tdp of curb at mid

| »Fig'ure '1.2 .S'tvrain tr'nsd Span (typibal).
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Figure 1.4 Test Reference Locatioi AiBegi nni ng of Worl do (BOW).

IBBID | FEL TEST ANDLOAD RATING REPORT- BRIDGE 09-125-16 OVER RUSHRIVER: CASSCOUNTY,ND 4
-



i

60I_0IT

E -ROTATION

--—p—3'-0" TYP. 320" TYP. —==t—=-
FROM FACE OF BEARING PLATE FROM FACE OF BEARING PLATE
B1014{22)
B1316(23)
1 EeE =
B1313(283 B1 33680247 B121728)
B1326[21) [WOB(3E)
Z B1120(13)
2 2 T Y s
; B131 7030} B1044033 I B1045(25
|
&
— B1327(5) B244118) B1032(11)
OLT-'IQ 3 S - T pd
o TIO1Z(7) [B25618) B2428(15 03143 B1127(10)  T1a1412)
4
=
a B3195(46)
4 B4 T b
=
(D Tho18(8) |B2304(17) E2433(47) S BIZa4s] TI01342)
1'-0" FROM FACE OF PLATE (TYP)
‘ B1308{20) B112 343 TWOE(48) E1384[44)
- TIO14{18) [B1334(19) B1243(33 B1324(43) T101541)
J s 5
B13013E)
B1694(35) - BrEET
- STEAIN
A (10) B (19 A -DISPLACEMENT C (10)

Figure 1.5 Instrumentation Plan T Plan view with sensor locations, sensor IDs, and corresponding chantBk.
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SECTION A-A

5 B1327(5) B1308(34)
B2561(6) B2304(17) [ B1334(19)
P B1317(30) T1012(7) T1018(8) T1014(18)
1 2 3 4 5
GIRDER DESIGNATION

Figure 1.6 Cross-sectional View of Section AA i Including sensor and channel IDs

SECTION B-B
B1014(22) B15036)
B1316(23) _ ~ B1694(35
B1338(24) t jﬁmzo(m EEB%‘&@;{%‘ii j B”25534g
B1326(21) — B1044(39) - B2429(15) B2439(47) B¢243(33)L'
TWO8(38) Il TV\/O7(4O)2‘ Twos(w)g‘ TW1 0(45)1'1 TWO6(48)§
GIRDER DESIGNATION

Figure 1.7 Cross-sectional View of SectiorB-B i Including sensor and channel IDs

Figure 1.8 Cross-sectional View of SectiorC-C i Including sensor and channel IDs
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