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SYMBOL

fl oz
gal

ft®

yd®

SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS

WHEN YOU KNOW MULTIPLY BY TO FIND
LENGTH
inches 254 millimeters
feet 0.305 meters
vards 0.914 meters
miles 1.61 kilometers
AREA
squareinches 645.2 square millimeters
squarefeet 0.093 square meters
square yard 0.836 square meters
acres 0.405 hectares
square miles 2.59 square kilometers
VOLUME
fluid ounces 29.57 milliliters
gallons 3.785 liters
cubic feet 0.028 cubic meters
cubic yards 0.765 cubic meters

NOTE: volumes greater than 1000 L shall be shown in m®

0z

fc
fl

Ibf
Ibffin?

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply

MASS
ounces 28.35 grams
pounds 0.454 kilograms
short tons (2000 Ib) 0.907 Megagrams

(or "metric ton")
TEMPERATURE (exact degrees)

Fahrenheit 5(F-32)/9 or (F-32)/1.8 Celsius
ILLUMINATION
foot-candles 10.76 lux
foot-Lamberts 3.426 candela/m®
FORCE and PRESSURE or STRESS
poundforce 4.45 newtons
poundforce per square 6.89 kilopascals

with Section 4 of ASTM E380.

SYMBOL

g
kg
Mg (or "t")

°C

cd/m?

N
kPa



SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS FROM SI UNITS

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL
LENGTH

mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi

AREA

mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft?
m* square meters 1.195 square yards yd*
ha hectares 2.47 acres ac

km? square kilometers 0.386 square miles mi*

VOLUME
mL milliliters 0.034 fluid ounces fl oz
liters 0.264 gallons gal
m® cubic meters 35.314 cubic feet ft’
m?® cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or "t")  megagrams (or "metric 1.103 short tons (2000 Ib) | T
TEMPERATURE (exact degrees)
°c Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela/m® 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS

N newtons 0.225 poundforce Ibf

poundforce per

; Ibf/in®
square inch

kPa kilopascals 0.145

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply
with Section 4 of ASTM E380.
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EXECUTIVE SUMMARY

Parapets placed on bridge deck surfaces, commonly known as barriers, are purposely
omitted from the structural analysis model for design or load rating. Barriers should not be
considered primary structural members because they are designed to withstand the impact of a
vehicular collision. After a forceful collision, a barrier may sustain some structural damage and
would no longer support or strengthen the bridge deck. However, when completely intact,
these secondary structural members do, significantly, absorb and distribute any applied load,
thus acting as fully functional structural members. The amount that appurtenances, specifically
parapets, contribute to deck strength is of interest to permitting agencies, such as the Florida
Department of Transportation (FDOT).

For a concrete segmental box girder bridge, load ratings for oversized load permits are
currently determined with a calculation that involves the transverse analysis of the bridge
without factoring in the extra strength of fully intact appurtenances. Moreover, within the
transverse analysis, the maximum moment generated from the live load is typically calculated
from Homberg charts. These generalized influence surfaces were designed based on plate
surface models and are conservative. When added to the standard “error on the side of
caution” design methods, this moment estimation and the lack of consideration for the
appurtenances create a conservative transverse load rating for the bridge.

With 3D finite element bridge models, created using LUSAS, it is shown, qualitatively
and quantitatively, how much of an effect the barrier has on the live load distribution for three
concrete segmental box girder bridges located in the Florida Keys. Data obtained from these
models is directly compared to measurements obtained from FDOT load tests on the actual
bridges and also to predictions made from Homberg influence surfaces. Modifying the current
method of load rating, for structurally sound bridges, with fully functional appurtenances
should interest permitting agencies and would prove beneficial to those transporting oversized
loads.

vii



TABLE OF CONTENTS

ACKNOWLEDGEMENTS. ... iiiiiiiiiiiiiteiiiieteecseetasiestestsessestastostasessssastassasssssssssassassassssssnssns Vi
EXECUTIVE SUMIMARY ....uiiiiiiiiiiciiieiieiiecesetesiasiosioscssstsstostossosssssssstossosssssssssassassasssnssnssansans ViI
LIST OF TABLES ...ttt tisecsessestastassastesssestastassassesssessassassasssssssssassassassasssnnsns X
LIST OF FIGURES ...... oo iiiiicciiieiieieiieceeeteiasiastescssstastastassassssstastossasssssssstassassasssnssnssansans Xl
LIST OF SYIMBOLS.......co i iiiiictectecteteteecseerensantoscascsessassassascasssassassassnssssssassassassnsssnssnssanens Xvi
CHAPTER 1 - INTRODUCTION........ceieicicieireiieioteecneeratostascescsassassassascssssassassassnssssssassassassnssnns 1
1.1 BACKBrOUNd.......ciiiiiiiiiniiiiiiiiiiiieeiiiiiniinresaeessisesiinesassssssesssnnssssssssssssssrsssssssssssssssssssssssssssssssnnnssssssssnns 1
1.2 SCOPE OF WOKK. .. eeeeeeeeiiciiiiiiiieeccieeeeteeenenseeeseseeeennssssssesseeennnsssssssssseesnnnssssssssssesnnnssssssssseesnnnnnsnnssnnes 2
1.3 RepPOrt Organization.......ccceeuiiiieeeiiiiineiiiiiniiiienieiiensseesensessenssesessssssesssssssenssssssnssssssnssssssnnssssssnssssnen 3
CHAPTER 2 - THEORY AND PROCEDURES ......ccccieiiiiiiiieiieeiiieiiieiincieseissciassiessiessiesssessssnsssnnes 4
2.1 Load Ratings and Load Rating FACtOrsS........ccciiiieeemnniiiiiiiitnnnnniiiiiniieennnssissssssnessnsssssssssssssnssssssssssssssnns 4
2.2 Bridge DesSCriPtiONS .....cciiiiiireeeiiiiiiiiiienneiiieiiitrennnnssssesieeennssssssssssssesnssssssssssssssnnssssssssssssnnnnsssssssssssnne 4
2.3 Load Test Summary and DetailS........cccceeiiiiiiiiiinnniiiiniiiinmmmiiiiessssiissssiisssssssseenss 5
R I T Lo =T o T o= [ 13
R3] - 11 T C T - =TS 13
2.6 Barrier BERAVIO.........iiiiiiiiiiiiiiiiiiiicensiinninneesasesses e ssssssssssssssesssasssssssssssesssssssssssssssnssssssssssssenns 13
2.7 EQUAtioNS/CalCUIAtioNS ....ccceeeeeeeeeeriieiiireeeeeeeeeesssnneeeeeeessssssnsseeseessssssssssseessessssssnsssesesssssssssnssasenes 15
2.8 Finite Element Modeling (FEM) .....cccciiiiiiiiiiiiiiiiiiiiiesiisseesssessssessssssssssssssssssssssssssssssssssssssssssssssssssssnns 17
2.9 HOMDEIE CRArtS ...cceeeiiiiiiiiiiiiciiiiititeneeeiees st sseeennessessseesnnssssssssssseesnnsssssssssssesnnssssssssssssnnnnssssssssasens 20
CHAPTER 3 - RESULTS/ANALYSIS ....ciiiiiiiiiiiiiieieineeeeseeeeeeessessssessessssssssssssssssssssssssssssssssssssssssssns 21
200 B 13T 0T [T 4T T 21
B0y 28 I Y- o I 1= 21
3.3 Finite Element Modeling ........cciiiiiiiiimiiiiiiiiiiiiiiiiiiiiniinnsisessssnnnssseesssssssssnesssssssssssssesssssssssssssssens 26
3R o [0 44 o =T - PN 28
3.5 COMPATISON ..uiieeiiiiineiiitneiitienieitensiersenssessenssssrensssssesnssssssnssssssnssssssnssssssnsssssenssssssnnssssssnssssssnsssssnnes 29
CHAPTER 4 - SUMMARY AND CONCLUSIONS. ... cciiiiiiiiiiiiticenctentesiacescesssnssassassesssnssnssanss 37
.1 SUMMAIY .ieuiiieniienirneiirneiieesiasiirssimessirseissssstsssstasssrssstssssssssssssstsssstsssssssstesssssssssssssssssssssssssstsssssnsssans 37
0o Ty Vol [T T o T3PS 37
4.3 FURUIE WOTK.eeuuerueeeneerneeeneeemeeemmeemmeemmeemmmesmeemmmesmmeemmeemeeesmeemeeemmeemmeesmmeemeemmeesmmemmeeemmeemmeemmesmmeemseessesseenn 38



BIBLIOGRAPHY ...ccuuiiiiiiiiiiiiiintniiiiiiiniiiiieessaiiiiiineetemmmssssiissittemmssssssiissstessssssssssssssssssssssssssses 39

APPENDIX A — BRIDGE TEST PHOTOS ......ccottttimmmmmnniiiiiiriinnnnnnniiiiiiiiiiiimmmssmiiiimmssssss 40
APPENDIX B — MOMENTS OF INERTIA ....cciiiiiiimmnniiiiiiniiieinnnniiiiiiinetiinnnssmiiieeemssssss 46
APPENDIX C— HOMBERG CHARTS ....ccuuiiiiiiiiiiinnnnniiiiiiiiiieimnsnsiiiiieiiiimmmsmsiieessssssse 70
APPENDIX D — SEVEN MILE AND NILES CHANNEL TEST DATA.....ccttecciiirtimniirtennniinienaninneenenes 76
APPENDIX E — SEVEN MILE AND NILES CHANNEL FINITE ELEMENT MODEL RESULTS.............. 88

APPENDIX F — CHANNEL FIVE, SEVEN MILE AND NILES CHANNEL FINITE ELEMENT MODEL
STRAINS AT HOMBERG POSITIONS .....ctttuiiiiiiimiiniinniiiiieneiiniineiiniesmiiniesitissssstessssineen 92

APPENDIX G — CHANNEL FIVE, SEVEN MILE AND NILES CHANNEL STRAIN AND MOMENT
COMPARISONS ....cccuiiiiiiuniiritniiitieniintieeeiirteeeiiirteesssiertesnssiettssesistessessestessssssstessssessesssssessens 97

APPENDIX H — SEVEN MILE AND NILES CHANNEL MOMENT COMPARISON PLOTS............... 115



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table 8.

Table 9.

Table 10.

Table 11.

Table 12.

Table 13.

Table 14.

Table 15.

Table 16.

Table 17.

Table 18.

Table 19.

Table 20.

LIST OF TABLES

Various Loads Applied for the Three Bridge TeSES......cocuiiriiiiiiiiieniee ettt 10
FDOT Truck Known Axle Weights from Concrete Block LOadings.........cccocueeeeiiiieeciiiie et e 12
Channel Five Bridge Test Data SUMMAIY ......cccciiiiiieeeeiieeeeeiee e ectee e e rite e e eeaeeeesteeeseataeeeeaseeeesnsaeeeensaeesennens 23
Maximum Homberg Values Summary Obtained for Channel Five Bridge.........ccccceeveveeceeiveevecceseeceeierene - 29
Seven Mile Bridge Test Data, TOP Of DECK ... .coeiiiiiiiiieiieeee ettt 76
Seven Mile Bridge Test Data, BOttom Of DECK.......cccueiiiiiiiiciie et e e 77
Niles Channel BridZe TeSt Data......ccuieecieeeeiiieeeeiieeeeite e etteeeertte e e eetteeesstbeeeesateeeseasaeeesataeeeesssesesnseaeessseaann 78
Channel Five Bridge Load Test Strain, Moment and % Reduction Chart..........ccccceveiiiiieccee s 97

LUSAS Strain, Moment and % Reduction Chart Representing the Channel Five Bridge with
CONTINUOUS BATTIEIS ...eeeiiieiiet et ettt ettt e e e e e ettt e e e e e s a bttt e e e e e s anbebeeeeeeaanbsbeeeeeeeaannbabeeeeeeaannnne saan 98

LUSAS Strain, Moment and % Reduction Chart Representing the Channel Five Bridge with Jointed
2 g =] PRI 99

LUSAS Strain, Moment and % Reduction Chart Representing the Channel Five Bridge with
N oI 2 -1 =T PP PPPPPPPPPPRRIN 100

Seven Mile Bridge Load Test Strain, Moment and % Reduction Chart........ccccccoviiiieiiiiiiieniiciieeeees 101

LUSAS Strain, Moment and % Reduction Chart Representing the Seven Mile Bridge with Continuous
2 =T PP P PR PPRPRE 102

LUSAS Strain, Moment and % Reduction Chart Representing the Seven Mile Bridge with Jointed
2T A T=] SRR 103

LUSAS Strain, Moment and % Reduction Chart Representing the Seven Mile Bridge with No
2 T =T TP OPPPPPPPRN 104

Niles Channel Bridge Load Test Strain, Moment and % Reduction Chart..........ccceccevevcieeeicieeeccieee e, 105

LUSAS Strain, Moment and % Reduction Chart Representing the Niles Channel Bridge with
CONTINUOUS BAITIEIS ..ttt et ettt e ettt et e e ettt e e e e s e aab bt e e e e e saabeeteeeee s e abseeeeaeeesanbsbeeeeeeeaanssnneean 106

LUSAS Strain, Moment and % Reduction Chart Representing the Niles Channel Bridge with
oY C=Te I =T [T OO PP PO PR PP 107

LUSAS Strain, Moment and % Reduction Chart Representing the Niles Channel Bridge with No
2 T =] PSR PPPPPPPPRRRINt 108

Homberg M2,X Strain, Moment and % Reduction Comparison Chart for the Channel Five Bridge........ 109



Table 21.

Table 22.

Table 23.

Table 24.

Table 25.

Homberg M3,X Strain, Moment and % Reduction Comparison Chart for the Channel Five Bridge........ 110
Homberg M2,X Strain, Moment and % Reduction Comparison Chart for the Seven Mile Bridge........... 111
Homberg M3,X Strain, Moment and % Reduction Comparison Chart for the Seven Mile Bridge........... 112
Homberg M2,X Strain, Moment and % Reduction Comparison Chart for the Niles Channel Bridge ...... 113

Homberg M3,X Strain, Moment and % Reduction Comparison Chart for the Niles Channel Bridge ...... 114

xi



Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.

Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.

Figure 25.

LIST OF FIGURES

Channel Five Bridge Gage Layout (SECLION) ...ciiuiiieeiiiie ettt ste e et e e sate e e e snae e e et eeennnaeeesnnees 6
Channel Five Bridge Gage Layout (PIan) ......c.ocuereeiieieeiesieesieee sttt ettt sae et st e st e see e e eneesnaesaeens 7
Niles Channel Bridge Gage Layout (SECTION)......ccciiiiiiiiiiiieesie ettt ettt et e e e ebeesabeesreesans 8
Niles Channel Bridge Gage Layout (PIan).........coccuiiiiiiiie ettt eetre e e rtee e e ta e e e etae e e s baeaeebreeeenns 8
Seven Mile Bridge Gage Layout (SECLION 1) ...cciuiiieeiiiie ettt et et e et e e aea e e e enae e e e sntaeesnneaeeeennnes 9
Seven Mile Bridge Gage LayOuTt (SECLION 2) ...cc.uiiuiiiieieiieiiesieeie ettt ettt ettt et satesee et ebeensesaeens 9
Seven Mile Bridge Gage LayOUL (Plan) .......uee ittt etee ettt eete e e e sttee e e ta e e seata e e e sabeeeeentaeeeeanaeas 9
1o Y= Yo o =L U 10
FDOT TrUCK DiMENSIONS ..cuviiiiieeiteeite ettt et eit e st e st e st e st e e bt e e s it e s bt e s beesabeesabeesabeesabeesaseesaseesaeeesnneenneennns 11
Channel Five Bridge Wheel Load CalCulation ..........c.cooiiiiiiiiiiiniieeeiee e s 12
(2o - a5 (o] g T Lo 11 | AP T T P U RN 14
B or= 1 I = T T 1T o o RPN 15
Tension Cracks Within CONTrol JOINT.......ciiiiiiiiiiieeee et 15
LUSAS Model Gage Layout of Channel FIVE BridZe........cccevcueeruieiiieiiicriieesieesieesteesteesveesveeseeesieeeaee e 18
LUSAS Model Gage Layout of Seven Mile Bride........cccuveeiiuiieeeiiiieeciiee ettt eette e staee et e et e e aaeeas 18
LUSAS Model Gage Layout of Niles Channel BridZe ........ccocveeeeiiiieeciiieeceee e seee e e et 18
Barrier MOdel Variations ..........eoiiiiieiie ittt et st e st e s b e e st e e sareesae e e sneeenneeeane 19
Typical Finite Element Model Bridge IMESN ..........ooiiuiiii ittt ettt e e te e e s tre e e e sareeeenes 19
Channel Five Bridge Test Multi-Load Transverse Moment COMPAariSON .....cccueeeeveeeervieeeecneeerieeeesireesenns 24
Channel Five Bridge Test Multi-Load Longitudinal Moment Comparison at Location L5.........cccceevveennne 24
Channel Five Bridge Test Multi-Load Longitudinal Moment Comparison at Location L6..............cccc....... 25
Channel Five Bridge Test Multi-Load Longitudinal Moment Comparison at Location L7..........cc.ccccueeeen. 25
Channel Five Bridge Test Multi-Load Barrier Strain COmMPariSON .........cceeeeciereriieeesiieeeeseeeeseeeeeesieeeenes 26
LUSAS Transverse Strain Contour Areas of Channel Five Bridge with a Continuous Barrier..................... 27
LUSAS Transverse Strain Contour Areas of Channel Five Bridge with a Jointed Barrier..........c.ccueeeun..... 27

Xii



Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.
Figure 47.
Figure 48.
Figure 49.
Figure 50.

Figure 51.

LUSAS Transverse Strain Contour Areas of Channel Five Bridge without a Barrier......cc.cccooceeveiinienneenne 28
Channel Five Bridge Barrier Strain ComMPariSON.........ciicciiiiiei e et e e e e ettt e e e e e e eecarre e e e e e seeabraeeeeeeeenannnees 32
Channel Five Bridge Transverse Moment Comparison Along Longitudinal Line L6..........ccccceeeeveeeeiiveeenns 33
Channel Five Bridge Transverse Moment Comparison at the Transverse Position for Homberg M3,x ....34

Channel Five Bridge Transverse Moment Comparison at the Transverse Position for Homberg M2,x ....35

Channel Five Bridge Transverse Moment Comparison Along Transverse Line T1........cccccceeevciiiivieeeeeenennns 36
Gage Placement under the Seven Mile Bridge Deck with the SNooper..........ccocieeeiiiiicccie e, 40
Typical Crack on the Seven Mile Bridge DECK ........ccocueiiiiiiie ettt seee e e e ee e 40
Seven Mile Brid8e LOATING......c.veeeiiiiiiete ettt ettt sttt ettt ettt s b e st e st e e sabeesst e e sateesbeeenneesnneenn 41
Channel Five Bridge LOATING.....cccuuiiiieieiiiieeiiie ettt ettt e st e e s sate e s st e e e s bte e s ssaeessnbaeeesnteeesaneaas 41
Longitudinal Barrier Strain GAZES .......ccccueeeeiiiieieieeesteeesiteeeestte e e saeeesstreeeesstaeessnsaeeessseeessnsseeesneeeessseeann 42
Channel Five Bridge Test Load Position 1 at the Barrier JOiNt .........ccevveerieeiiieneiieeee e 42
Channel Five Bridge Test Barrier JOINT ... .ottt e e e e e e tree e e e e e e ra e e e e e e e e nnraeeeas 43
Channel Five Bridge TeSt Strain GagES......cuuiiicieieiiieeeeiieeeecteeeeeteeeesteeeessaeesstbeeessstaeesesseeeessseeeeenssessnnsens 43
Truck Positioning for Channel Five Bridge TEST ......cccceiiiiiieeeiiee et eee e srtee e seeee e s e e e ere e s eea e e e seaeeens 44
Data ACQUISITION SYSTEIM ...eeiiiiiiieiieie ettt s s e s e s e ne e e ssr e e e sne e e s esnreeesnnneesanreeeean 44
(0o YT o T W ALl = T o =SSP 45
Transformed Moment of Inertia Section View for Channel Five and Niles Channel Bridge....................... 46
Cracked Moment of Inertia Section View for Seven Mile Bridge .........cccceeeeieiecciieeciiee e cvee e 46
Homberg Chart M5,X CONTINUOUS DECK ....cueeiuiiiiieiiiieiieeee ettt st sbe e s 70
Homberg Chart M4,X CoONtINUOUS DECK ....ccoouuiiiieiiiie ettt e e eae e e e tre e e e tre e e saraeesnreeean 71
Homberg M3,X CONtINUOUS DECK .......ciicueieeiiiieeeeiis et eee st ste e e e e et e e s eaaae e e sataeeesssaeeenneeeesnnaeeaan 72
Homberg M2,x CONtINUOUS DECK ....c..eiiiuiiiiiiiiie ettt st ettt sbe e st e b e saeee e 73
Homberg Chart IM3,X CantilEVer .......uii ittt s eare e st e e e s bae e s saneeeesabeeeenn 74
Homberg Chart IM2,X CanTilEVET ........occueiee ettt et e e et e e e eate e e s eata e e e s abaeeeenbaeeesasaaeesasreeaan 75
Seven Mile Bridge Test Moments Along Transverse LiNe T4, TOP ...uuvevcieeeecieeeriieeeeiieeeesreeeseveeeesneeesnes 79

Xiii



Figure 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.
Figure 57.
Figure 58.
Figure 59.
Figure 60.
Figure 61.
Figure 62.
Figure 63.
Figure 64.
Figure 65.
Figure 66.
Figure 67.
Figure 68.
Figure 69.
Figure 70.
Figure 71.
Figure 72.
Figure 73.
Figure 74.
Figure 75.
Figure 76.

Figure 77.

Seven Mile Bridge Test Moments Along Transverse Line T4, BOttOM ......ccccccvviiciieeeiiiee e e 79

Seven Mile Bridge Test Moments Along Transverse Line T6, TOP .....eevvveerieerieereeenieeriee st eiee e 80
Seven Mile Bridge Test Moments Along Transverse Line T6, BOttOM ......ccccciiiiiiiiiiiiieiniiiee e 80
Seven Mile Bridge Test Moments Along Longitudinal Line L1, TOP....cccvueeeeciiiieciieeecciee e eeiee et 81
Seven Mile Bridge Test Moments Along Longitudinal Line L1, BOttom.......ccceeveiieiiiiiie e 81
Seven Mile Bridge Test Moments Along Longitudinal Line L2, TOP ..ccccveerrveerieeniieenieeree et 82
Seven Mile Bridge Test Moments Along Longitudinal Line L2, BOttOM .........cccccvoiieiiiciciciciieeeeeeevee 82
Seven Mile Bridge Test Moments Along Longitudinal Line L3, TOP.....ccuveeecieiecciiee e e eee e 83
Seven Mile Bridge Test Moments Along Longitudinal Line L3, BOttOM.......ccocueieiienieinieenieeeeeiee e 83
Seven Mile Bridge Test Moments Along Longitudinal Line L4, TOP.....ccueeieiiiiiriiieieieee et eiee e 84
Seven Mile Bridge Test Moments Along Longitudinal Line L4, BOttOmM.......ccceeeeiiiieeiiiiecciiee e 84
Seven Mile Bridge Test Transverse Moments Along Longitudinal Line L5, TOP ....uevevcvveeeeciererciveeeeiieeens 85
Seven Mile Bridge Test Transverse Moments Along Longitudinal Line L5, Bottom. .......ccccccevveeenieeneenee. 85
Niles Channel Bridge Test Transverse Moments Along Transverse Line T1 .....ccccevvvieiiniieeennieeesnieee e 86
Niles Channel Bridge Test Transverse Moments Along Transverse LiNe T2 .....c.ccccecveeeeiieeeccieeeecieee e 86
Niles Channel Bridge Test Transverse Moments Along Longitudinal Line L1 ........cccccveveieeeiiieeeecinee e, 87
Niles Channel Bridge Test Transverse Moments Along Longitudinal Line L2 ........cccccveviiiieiniiieeenniinee e, 87

LUSAS Model of Channel Five Bridge with a Continuous Barrier Showing Longitudinal Barrier Strains ...88

LUSAS Model of Channel Five Bridge with a Jointed Barrier Showing Longitudinal Barrier Strains.......... 88
LUSAS Model of Seven Mile Bridge with a Continuous Barrier Showing Transverse Strains ...........cc....... 89
LUSAS Model of Seven Mile Bridge with a Jointed Barrier Showing Transverse Strains.........c.ccccceeeune... 89
LUSAS Model of Seven Mile Bridge without a Barrier Showing Transverse Strains ........ccccceecvveeeecvvee e, 90
LUSAS Model of Niles Channel Bridge with a Continuous Barrier Showing Transverse Strains................. 90
LUSAS Model of Niles Channel Bridge with a Jointed Barrier Showing Transverse Strains.........cc.ccceeuuee. 91
LUSAS Model of Niles Channel Bridge without a Barrier Showing Transverse Strains.........ccccecvevveeeveenns 91

LUSAS Model of Channel Five Bridge with a Continuous Barrier Showing Transverse Strains Correlating
to Homberg Positions M2,X @N0 IM3,X ....ceeiuiieieiiiieccieeesiieeeeeteeeseetee e e st e e ssaeaeeesnsaeeesasseesenssasesnsseessnsseenanes 92

Xiv



Figure 78.

Figure 79.

Figure 80.

Figure 81.

Figure 82.

Figure 83.

Figure 84.

Figure 85.

Figure 86.
Figure 87.
Figure 88.
Figure 89.
Figure 90.
Figure 91.
Figure 92.
Figure 93.

Figure 94.

LUSAS Model of Channel Five Bridge with a Jointed Barrier Showing Transverse Strains Correlating to
Homberg Positions M2,X @0 IM3,X....ccicuiiriiiiieeeiiieeeieeessiieesestee s seaaeeesseaeeessaseeesennaeessnseeeessseesssseessnsseeenn 92

LUSAS Model of Channel Five Bridge without a Barrier Showing Transverse Strains Correlating to
Homberg Positions M2,X @nNd M3, X.....cooiiiiiiiee ettt e e ettt e e e e e e ettt e e e e e e s ababeeeaeeesnssbaseaaesesnnnses 93

LUSAS Model of Seven Mile Bridge with a Continuous Barrier Showing Transverse Strains Correlating to
Homberg Positions M2,X @Nd IM3,X....ccccuiieiiiiieeeiieeeeteeesittee s et e e seeeeeseteeessataeessnsaeeesnsaeessnssesesnsneesnsseennn 93

LUSAS Model of Seven Mile Bridge with a Jointed Barrier Showing Transverse Strains Correlating to
Homberg PositionNs M2,X @Nd IM3,X....ccccuiieiiiiieieieeeeiieeessiiee s e setee e seeaeeseseteeessaseeesssneeessnsaeeessseesssseessnsseeenn 94

LUSAS Model of Seven Mile Bridge without a Barrier Showing Transverse Strains Correlating
to Homberg Positions M2,X @N0 IM3,X ....ccoiuiiiiiiiiieciieeeiiee e et e e seiteeeesiteeeeetaeeesasaaeesabseeeenssaeesaseeaesssesennns 94

LUSAS Model of Niles Channel Bridge with a Continuous Barrier Showing Transverse Strains
Correlating to Homberg Positions M2,X @and IM3,X .....ccciciieiriiiiiiiee e ccieeeectee e seree e et e e e seee e ssaaeeeesnsneeenanes 95

LUSAS Model of Niles Channel Bridge with a Jointed Barrier Showing Transverse Strains Correlating
to Homberg Positions IM2,X @nd IM3,X ......uuiieiiiiiiiiiiieee ettt ee e e sttt e e e e e e s taar e e e e eeseataaeeeaeeesnstaseeaeseenannes 95

LUSAS Model of Niles Channel Bridge without a Barrier Showing Transverse Strains Correlating to

Homberg Positions M2,X @Nd IM3,X.....cccuiieiiiiieeeiieecieeesitteeeeite e e snaeeesssteeessstaeessasaeeessseeeesnsseeesnsnessnsseennn 96
Seven Mile Bridge Transverse Moment Comparison Along Transverse Line T4 ......cccoecvevverneeeneenneens 115
Seven Mile Bridge Transverse Moment Comparison Along Transverse Line T4 .......cccccceeeevecvvvieeeeeeeennns 115
Seven Mile Bridge Transverse Moment Comparison Along Longitudinal Line L4 .........cccccevveeeiiveeenneenn. 116
Seven Mile Bridge Transverse Moment Comparison Along Homberg M2,X .......ccccceecveveevieeeccneeeccnnenn, 116
Seven Mile Bridge Transverse Moment Comparison Along Homberg M3,X ......ccooeeiiiieeieeeicciiiieeeeeecnns 117
Niles Channel Bridge Transverse Moment Comparison Along Transverse Line T1 .......ccccceecveeeeciveeenee. 117
Niles Channel Bridge Transverse Moment Comparison Along Longitudinal Line L2 ............cccceeevvereneee. 118
Niles Channel Bridge Transverse Moment Comparison Along Homberg M2,X ........cccceevieineeenneeneennne 118
Niles Channel Bridge Transverse Moment Comparison Along Homberg M3,X......cccccceeevciiieeeeeeeecnnnenen. 119

XV



LIST OF SYMBOLS
R; = strain reading (ue)
Ro = zero strain reading (ueg)
B = batch calibration factor (~0.94)
T1 = temperature reading (°C)
To = zero temperature reading (°C)
CF; = thermal coefficient of expansion of the wire (12.2 microstrain/°C)
€ =strain (in/in)
O = stress (psi)
E = modulus of elasticity (psi)
M = moment (Ib-in)
C =distance from the neutral axis to the strain gage (in)
I = moment of inertia (in*)
S = section modulus (in®)
w = density of concrete (pcf)
f’c = compressive strength of concrete (psi)
b = width of slab (in)
h = thickness of slab (in)
A = area of steel equivalent to concrete (in%)
d = distance from the neutral axis to the centroid of the steel area (in)

y = distance to the neutral axis from the top (in)

XVi



CHAPTER 1 - INTRODUCTION

1.1 Background

In order for a permitting agency (e.g., the Florida Department of Transportation) to
issue a permit to allow a heavy truck to cross a bridge, they must know how much load can be
safely introduced to the bridge. This decision is made using a load rating factor. A higher load
rating would allow for larger and heavier load permits, which in return could shorten travel
routes. It is believed that the current method for analyzing live load moment effects is overly
conservative, and a reduction in this calculated moment could increase bridge load rating
factors.

The analyses that are done for a load rating depend on the type of bridge. For a
concrete segmental box girder bridge, a transverse analysis as well as a longitudinal analysis is
conducted to determine dead load, live load, and prestressing effects (moments or shears) at
various critical locations on the bridge. Influence line type analysis estimates the maximum live
load effects generated by numerous standard trucks; the live load effect is then used as the
denominator in the load rating factor calculation, as explained in Chapter 2. On occasion, the
calculated load rating for moment effects from the transverse analysis, as opposed to the
longitudinal analysis, governs maximum loads allowed on a concrete segmental box girder
bridge. This research project and the following paper focus completely on results for moments
in the transverse direction.

The calculated transverse live load moment is believed to be overly conservative for the
following reasons. The moment due to a truck load is calculated using point loads on an
influence surface such as Homberg charts. A Homberg chart represents the moments at a
specific point due to loads placed anywhere on the surface; it can be used to calculate a
moment due to any combination of loads and load locations. These charts are defined with
generalized bridge deck geometry and are not designed for specific bridge dimensions but
rather general ratios of dimensions. The charts were created using plate theory. These charts
and others like them result in moments that are usually conservative for design.

Also, transverse analysis ignores all effects of the appurtenances such as parapets or
barriers. The addition of barriers essentially provides additional support that is usually
considered in design to be at the vertical webs only. The addition of barriers should cause a
stiffening effect at the free edge of the deck and reduce bending in the longitudinal direction,
more effectively distributing the load. Therefore, in reality, the maximum live load is
substantially smaller than standard estimations.

In the past, the structural effects of parapets and other secondary elements have been
intensively investigated. However, the focus has usually been on concrete slab bridges on steel
girders. Studies such as Smith and Milkelsteins (1988), Mabsout et al. (1997), Conner and Huo
(2006), Eamon and Nowak (2002 & 2004), and more recently Bowman (2008) have reported



findings of significant barrier effects, such as, 40% less deflection, decreases in mid-span
moments, 30% increase in capacity, a reduction of maximum stresses for exterior girders by
36% and for interior girders by 13%, a reduction of distribution factors up to 40% in the elastic
range and up to 20% at ultimate capacity, and a reduction in distribution factors by 30%,
respectively. Until now, the effects on live load distribution due to barriers on segmental
concrete box girder bridges have not been reported in literature. These segmental concrete
bridges and others similar to them are growing in popularity and can be found around the
world and throughout the country.

1.2 Scope of Work

The Florida Department of Transportation (FDOT) performed load tests on two concrete
segmental box girder bridges, Niles Channel and Seven Mile Bridge, in the Florida Keys. These
test results were used, along with the results of a new test on the Channel Five Bridge, also in
the Florida Keys. Analytical models, along with methods used by engineers for design, were
also developed for comparison.

The objectives of this project were (1) to compare field behavior with a finite element
model, (2) to determine the effect of the barrier on live load distribution by using finite element
models, and (3) to compare field results and finite element models with predictions made by
common practice methods (Homberg charts).

The FDOT load tests on the three concrete segmental box girder bridges had fully intact
concrete barriers. Strains were measured and implemented to obtain the correlating moments.
The existing barrier behavior (i.e. acting like segmented barriers with joints, acting as if no
barrier is present, acting as a continuous structure) was assessed by plotting these measured
results in the longitudinal and transverse directions. In addition to the direct analysis of these
plots, matching the graphs of the measured distribution to the graphs of the various model
distributions also demonstrated how the barriers are acting. For each bridge investigated,
LUSAS finite element models were created for the three different barrier scenarios: (1) without
any barriers, (2) with a continuous barrier, and (3) with a joint positioned for the worst case
scenario which was in line with the applied load.

Once it was known how the actual barrier acts, the corresponding LUSAS model was
modified by adjusting the modulus of elasticity so that the model strains matched the
measured bridge strains due to identical loadings. The model’s moment distribution matched
up fairly well with the data obtained from the bridge test. After the model was adjusted and
considered an accurate representation of the real bridge, alterations to the barrier within the
model showed how the moment distribution is affected by these changes. Direct comparisons
of the moment distributions generated by the models to the measured bridge data and to the
moment distributions predicted by Homberg charts showed how conservative the moments
used in load ratings are.



1.3 Report Organization

Some background discussion on load rating will be provided in Chapter 2, along with
details about the load test procedures, finite element models, and common methods that
practicing engineers use for transverse design (typically Homberg charts). In Chapter 3, the test
results, analytical results, and Homberg results are presented and compared. Conclusions are
given in Chapter 4. The Appendices contain load test, finite element, and Homberg results for
the Niles Channel and Seven Mile Bridge.



CHAPTER 2 - THEORY AND PROCEDURES

2.1 Load Ratings and Load Rating Factors

Load ratings are used to determine maximum allowable truck loads on bridges, for
various types of trucks which differ by their axle loads and spacings. The standard truck wheel
load multiplied by the load rating factor is the maximum allowable wheel load for that
particular truck type. The load rating factor, LRF, is found by subtracting the dead load and
prestressing effect (DL + PT) from the capacity and then dividing the resulting difference by the
live load effect (LL):

Capacity—(DL+PT
LRF = P };L( ) Equation 1

Each term in the above equation is multiplied by the appropriate load or resistance
factor. For SERVICE limit states, the capacity term is the allowable stress, and the other terms
are entered as stresses. For STRENGTH limit states, the capacity term is the ultimate moment
(or shear) strength, and the other terms are entered as factored moments (or shears).

It is desirable for the load rating factor to be positive and greater than one. A negative
LRF indicates that the factored dead loads exceed the capacity and therefore no live load
should be allowed on the bridge. An LRF between zero and one indicates that a portion of the
truck load analyzed should be allowed on the bridge. If the theoretical analysis to determine,
for example, the transverse live load moment is too conservative, then some trucks will not be
allowed to cross the bridge. The tests described in the following sections were done to
measure how the live loads are distributed in an actual segmental box girder bridge, so that the
results could be compared to a theoretical analysis such as Homberg or Finite Element. This will
indicate how conservative the load rating, which is usually based on Homberg, would be.

2.2 Bridge Descriptions

The tests and results described in this report were from load tests performed by FDOT
on three bridges: Seven Mile Bridge, Niles Channel Bridge and Channel Five Bridge. These
bridges were designed by Figg and Muller and erected between 1979 and 1983. All three of
these concrete box girder bridges are longitudinally post-tensioned and can be found on US1
connecting islands in the Florida Keys. Their precast segmental superstructures were built using
the span-by-span method of construction. The segments were cast with normal weight
concrete with a minimum 28-day compressive strength of 5,500 psi and have steel
reinforcement longitudinally, transversely, and in the vertical webs. The reinforcement is not
continuous longitudinally through the joints. All three superstructures are supported on
composite neoprene bearing pads. Defining the outer most edge of the six foot shoulders that
are alongside the 12-foot southbound and northbound lanes, the barriers are cast-in-place with
concrete specified to have a minimum 28-day compressive strength of 3,400 psi. The clear
distance between the barriers is 36 feet for all three bridges, therefore having three design
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lanes. Individual box segments are approximately 18 feet long in the longitudinal direction (in
the direction of traffic) and have dry joints (i.e., no epoxy and no reinforcement between the
segments). Vertical shear is transferred from adjacent box segments by shear keys cast into
each match-cast segment.

Niles Channel Bridge has an out-to-out width of 38 feet and 6.5 inches with transverse
0.5 inch diameter low-relaxation, 270 ksi ultimate strength, prestressing strands in the top slab.
The bridge consists of 37 spans, typically 118 feet long with seven or eight spans per unit
(between expansion joints), and has an overall length of approximately 4,557 feet.

Seven Mile Bridge has an out-to-out width of 38 feet and 4.5 inches and has reinforcing
steel instead of prestressing strands for the transverse reinforcement in the top slab. The lack
of prestressing has caused cracking throughout the deck. The bridge consists of 264 spans,
typically 135 feet long with seven spans per unit, and has an overall length of approximately
35,864 feet.

Channel Five Bridge has an out-to-out width of 38 feet and 4.5 inches with transverse
0.5 inch diameter low-relaxation, 270 ksi ultimate strength, prestressing strands in the top slab.
The bridge consists of 37 spans, typically 135 feet long with seven or eight spans per unit, and
has an overall length of approximately 4,924 feet.

2.3 Load Test Summary and Details

In general, for the load tests on the three bridges, strain gages were systematically
attached to the bridge deck surface (Figures 1 — 7), forming a grid. A smooth bridge deck
surface is needed for a proper connection of the strain gage to the deck, so grinding and
sanding were required. An adhesive was applied to the sanded surface to fill in any leftover
voids and to seal the gage to the deck. The strain gages were oriented such that the strain in
the transverse direction was measured, except for the longitudinally-oriented barrier gages.
Loads were applied normal to the deck surface with a hydraulic jack at locations thought to
create the greatest moment demand on the bridge (Figure 8). The hydraulic jack load was
imparted to the bridge deck through a nine inch diameter steel plate. A load cell was attached
to the jack to read the magnitude of the load (Table 1). Before the load was applied, zero
readings were captured for the load cell and the strain gages. The zero readings were
subtracted from the live load response readings. Load test photos can be found in Appendix A.
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Figure 8: Jacking Apparatus

Table 1: Various Loads Applied for the Three Bridge Tests.

Load Applied
Fosition |[Load (kip)

1 22.94

2 22.94
Barner 1 24.05
Barner 2 | 24.05
CL 1 19.83
CcL 2 19.83

1 20.73

2 21.05

3 21.23

4 21.11

iCh. 5 Wheel Load 2682
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The load was applied using an FDOT test truck (Figure 9) loaded with 2,000 pound
concrete blocks. Once positioned, a hydraulic jack attached to a load cell lifted the
corresponding rear wheels off the deck surface. The load cell measured the resulting
concentrated load that the hydraulic jack applied to the deck surface. The opposite rear wheels
were strategically placed over the web to minimize their transverse bending effects on the top
slab. The front axles were over twenty feet away from the applied load, making their load
effects negligible.

The number of concrete blocks used and wheel loads were not documented for the
Seven Mile and Niles Channel Bridge tests; therefore, the concentrated loads at the jacks were
modeled in LUSAS, but the opposite rear wheel loads were not. However, the Channel Five
Bridge test used 16 one-ton concrete blocks, so the opposite rear wheel load was estimated
using simple statics (Table 2, Figure 10). The truck weight and 32 kips of concrete blocks result
in approximately 49 kips at the rear tandem. Subtracting the 21 kip load cell reading yields 28
kips for the load in the two wheels opposite the load cell in the rear tandem. The wheel loads
were applied to 30 nodes in LUSAS, so the assigned load per node was 0.94 kip.

p=]
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_ T o .
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- O| ™
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Figure 9: FDOT Truck Dimensions.
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Table 2: FDOT Truck Known Axle Weights from Concrete Block Loadings.

Pl P2 P3 P4 P5

b

AXLE WEIGHTS OF LOAD TESTING TRUCKS

Front Front Tandem Rear Tandem
Coftonas | p1 [P2|P2 |Pa s
&ips) | P9 | @9 | (Kips) | (<ips)
Empty 11.24 9.39 9.39 8.62 8.62
6 Blocks 11.46 10.65 10.65 13.43 13.43
12 Blocks 11.26 10.87 10.87 19.49 19.49
18 Blocks 11.60 10.03 10.03 26.34 26.34
24 Blocks 11.22 11.09 11.09 31.65 31.65
30 Blocks 11.37 12.07 12.07 36.77 36.77
36 Blocks 11.26 11.79 11.79 43.29 43.29
42 Blocks 11.26 12.83 12.83 48.43 48.43

Wheel Load

32 Kip
{16 concrete blocks at 2,000 Ib each)
T 21 Kp l“"K'P TEFy=O,wheelload=28 kip
(Jack) (truck)
cocooo
2ggesgs 1ftx2h

Modes placed in LUSAS
to representthe wheellocad

000
000
000
000
000

1ftx2ft

28 kip / 30 nodes = 0.94 kip/node

Figure 10: Channel Five Bridge Wheel Load Calculation.
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2.4 Load Test Procedure
Each bridge was tested using the following procedures:

1. Strain gages were strategically attached to a flat smooth surface of the bridge.

2. |Initial readings (zeros) of the strain gages were taken without the test vehicle on the
span.

3. The loaded test truck was then moved into position, the jack and the load cell were
positioned under the outrigger beam and the truck was jacked up until the
corresponding rear tires were raised off the deck.

4. The load cell reading was taken and recorded.

Gage readings were then taken and recorded.

6. The rear truck tires were then lowered and the procedure was repeated until all desired
load positions were complete.

b

2.5 Strain Gages

Strain gages measure strain at the magnitude of microstrain (strain x 10°) in the
direction of their orientation. Two types of strain gages were utilized in the load tests. For the
Niles Channel Bridge test, vibrating wire gages were used. For Channel Five and Seven Mile
Bridge, 120 mm and 60 mm foil gages, respectively, were used. Pictures of Channel Five Bridge
gages and their layouts can be found in Appendix A. The foil gages were quarter-bridge gages
which measure, in a single direction, microstrain.

All foil strain gage configurations are based on the concept of a Wheatstone bridge
circuit. The Wheatstone bridge is a configuration of resistors that, when combined, create two
parallel voltage divider circuits. Any change in temperature or strain will cause a change in
resistance in the sensing elements. This change in resistance will also cause a change in the
system’s voltage. The voltage difference is detected and used to calculate the strain.

For the vibrating wire gages used for the Niles Channel Bridge test, not only does the
zero strain reading have to be subtracted from the strain reading, but an additional adjustment
for temperature must also be considered. The actual microstrain, ue, is calculated using the
following equation:

H€actuar = (R — R,)B + [(Ty — T,)CF;] Equation 2

where Rj=strain reading, R,=zero strain reading, B=batch calibration factor, T;=temperature
reading, To,=zero temperature reading, and CF;=thermal coefficient of expansion of the wire.

2.6 Barrier Behavior

Barriers are not considered primary structural elements because their structural
integrity can become compromised after a collision. For this reason, strengthening properties
of barriers should not be considered when designing bridge decks. However, their structural
contribution, if fully intact, could be accounted for if a temporary over-sized load needed to
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cross the bridge. This research, therefore, tries to establish if the barrier reduces the live load
demand and, if so, whether or not it acts continuously when joints in the barrier are present.

Cast-in-place concrete barriers are typically bound to the decking with rebar and are
mostly continuous, with the exception of a few joints. There are three types of barrier joints on
the tested segmental bridges: 6-inch expansion joints at the unit’s ends; 3-inch expansion
joints at the interior piers; and 1-inch grooves that act as control joints. The largest joint is a 6-
inch wide expansion joint that continues transversely, through the entire box girder section,
and is located only over the pier at the end of each multi-span unit (Figure 11). This joint allows
for span movements and is of no concern in this project, as the load locations were at least half
of a span away. Expansion joints that continue not only through the barrier, but through the
box girder as well, would not allow an even distribution of a load placed to one side of the joint.
Instead, the load would not cross the joint and would be resisted by the box on only one side of
the joint, essentially doubling the effects of the applied load. At all other piers, there is a 3-inch
expansion joint in each barrier; the joint does not continue through the box section. Bridge
behavior above the pier is unique due to the diaphragm, built up reinforcement and the
attraction of the load path. Joints at the piers and load response should be considered as a
separate case from that of mid-span behavior. Joints at piers were not tested and are not
considered in this report.

Figure 11: Expansion Joint.

However, the third joint type, control joints, is of interest in this research project
because there are several of them within a span, namely near midspan where a load test would
be performed (Figure 12). Spaced longitudinally about every 17 feet, these barrier joints are
approximately one-inch grooves that extend around the perimeter of the barrier. The purpose
of the groove is to create a thinner cross section so that it will attract cracks. Any cracking will
occur within the control joint, keeping the cracks hidden and the barriers aesthetically pleasing
(Figure 13). The bridge tests were loaded at and adjacent to these joints located toward mid-
span.
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Figure 12: Typical Barrier Joint.

Figure 13: Tension Cracks within Control Joint.

Comparing the load distribution behavior or percent reduction of moment between the
LUSAS models and the data collected from the load test determines if the barrier is acting as a
structural element, and, if so, whether or not the barrier is acting as a continuous or a
discontinuous element. Data comparison within the load tests will also confirm how the barrier
behaves. Any discontinuity in the barrier should exhibit a corresponding lack of symmetry
when the distribution is longitudinally plotted. Moreover, if strain gage locations, loads and
distances are equal for various load case scenarios, then the graphs of such scenarios should
transpose on one another. If the only varying factor among these scenarios is distance from the
joint in the barrier, then any differences in the moment distribution graphs will indicate an
effect due to the barrier joint.

2.7 Equations/Calculations
Using an assumed linear relationship between stress and strain, the stresses

corresponding to measured strains were found. The moments were then calculated by
multiplying these stresses by the section modulus for each location:
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E = % Equation 3
o= # Equation 4
s=1 Equation 5

where E=modulus of elasticity, o=stress, &=strain, M=moment, c=distance from the neutral axis
to the strain gage, I=moment of inertia, and S=section modulus.

So,

M=F-€-§ Equation 6
The modulus of elasticity, in ksi, was estimated using AASHTO Equation 5.4.2.4-1:

E = 33w [f! Equation 7
where w=density of concrete, and f'.=28-day compressive strength of concrete.

According to the plans, the minimum concrete strength was specified to be 5,500 psi, so
6,000 psi was assigned as LUSAS model box girder concrete strength. 5,500 psi was used in
Equation 7 when converting strains to moments. The plans also specified a minimum of 3,400
psi concrete strength for the barriers, so 4,000 psi was assigned as LUSAS model barrier
concrete strength.

To account for the reinforcement, the transformed moment of inertia, assuming an
uncracked section, was used (Appendix B) for Channel Five and Niles Channel Bridge. The
reinforcing steel and the prestressing strands were assumed to have a modulus of elasticity of
29,000 ksi and 28,000 ksi, respectively. These values were used to transform the steel to
equivalent concrete. The transformed moment of inertia, /;;,, was then calculated using the
parallel-axis theorem:

Iy = %bh3 + Y Ad? Equation 8

where b=width of slab, h=thickness of slab, A=area of steel equivalent to concrete, and
d=distance from the neutral axis to the centroid of the steel area.

The moments of inertia for Seven Mile Bridge sections (Appendix B) were calculated
differently than for the other two bridges. The top slab of the Seven Mile Bridge is reinforced
with reinforcing steel rather than prestressing steel and has visible cracks, therefore it was
assumed that the concrete was cracked from the deck surface that is in tension to the neutral
axis. The section properties were calculated assuming this cracked section and transforming
the reinforcing steel to equivalent concrete. The cracked, transformed moment of inertia, /.,
was calculated using the parallel axis theorem:

I, = %b373 + Y Ad? Equation 9
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where y=distance to the neutral axis from the top of slab.

The reinforcing and prestressing steel details are provided in Appendix B. Niles Channel
top slab reinforcement plans were not available, so it was assumed that it had the same
transverse prestressing steel as the Channel Five Bridge. For all three bridges, the development
length of the reinforcing steel bars was not considered for the section properties calculations.
Full development lengths are needed when the bars are yielding. In these tests, however, the
stresses applied were not that severe. Therefore, if a bar was located within the cross section,
it was accounted for in the moment of inertia calculations whether it would be considered
developed or not.

2.8 Finite Element Modeling (FEM)

With the help from LUSAS finite element modeling (FEM) software, 3D models of a
typical bridge span were created for the Niles Channel Bridge, Seven Mile Bridge, and Channel
Five Bridge (Figures 14-16). All dimensions for each bridge were based directly from their
respective bridge plans. Each bridge was modeled with continuous barriers, without barriers,
and with Joints in the barriers near the loading location (Figure 17). The models were built with
hexahedral and pentahedral solid brick elements. The hexahedral elements are cubes with six
degrees of freedom for each of its eight nodes. The pentahedral elements are 3D triangular
brick elements with six degrees of freedom for each of its six nodes. Around the area of focus
or where the load was applied within the matrix of gages, a denser mesh was created using
cubes with approximately six-inch sides (Figure 18). The analysis performed was linear elastic
with a Poisson’s ratio of 0.2. The supports were simplified by fixing the entire outer most
bottom edge of the box girder in the vertical direction. The loads were applied as concentrated
loads. The magnitudes of the applied loads in the models are consistent with the data
summarized in the load table (Table 1).

The modulus of elasticity was changed in each bridge model so that the strain in the
model would match the measured strain from the bridge test. The point giving the maximum
calculated moment from the field test was chosen as the location where the criterion was met
for LUSAS model modulus of elasticity adjustment. The modulus of elasticity was altered from
4451 ksi to 5623 ksi for the Channel Five Bridge LUSAS models. The modulus of elasticity was
changed from 4451 ksi to 4124 ksi for the Seven Mile Bridge LUSAS models and changed from
4451 ksi to 3920 ksi for the Niles Channel Bridge LUSAS models. Gross concrete section
properties were modeled (i.e., reinforcement was not modeled). It was assumed that the
reinforcement would contribute proportionally to all sections, so that the properties could be
compensated for by adjustment of the modulus of elasticity. The modulus of elasticity modeled
in LUSAS was adjusted to match the model strains to the measured strains; the model was
considered to be valid as long as the strain distribution (relative strains from point to point) was
the same for the model as for the test. This is important because the Niles Channel Bridge and
the Seven Mile Bridge were tested numerous years ago, and all details that are of interest in
this study were not documented; however, the strains were thoroughly documented. Again,
the strain distribution, rather than loads, is of primary interest for calibration of the finite
element model and interpretation of results. However, the applied loads are needed to make
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Figure 18: Typical Finite Element Model Bridge Mesh.

19



Homberg chart moment predictions, which will be compared to the test calculated moments
and the finite element predicted moments.

The LUSAS models were also checked for accuracy by looking for symmetry. Several
loads were applied to the models where the resulting strain contour lines would be expected to
show symmetry, which was achieved.

2.9 Homberg Charts

Homberg charts (Appendix C) are influence surfaces that depict moments at a specific
location due to unit loads positioned on the surface. Homberg design charts and others like
them are based on plate theory for an infinitely long plate in the longitudinal direction.
Numerous Homberg charts are available for various plate geometries, plate thicknesses, and
support conditions. A Homberg chart is specifically designated for the moment at a particular
location (e.g. at the base of a cantilever). To calculate the moment, the value on the chart at
the location of the load is multiplied by the magnitude of the load.

Homberg charts were analyzed and data points were collected for moments in the
transverse direction. The two-inch difference in the out-to-out width between the bridge
designs does not significantly change the Homberg results, so any of the load multiplication
factors obtained from Homberg charts applies to all three bridges. However, the applied loads
differed, so the Homberg moments are not identical for all three bridges. For the transverse
direction, Homberg charts are available for moments at the following locations:

Location 2:  Half-way across the cantilever, approximately 4.25 ft from the outermost
edge of the bridge (Location 1).

Location 3:  The web, approximately 8.5 ft from Location 1.

Location 4:  Four-tenths the distance from the web to the centerline, approximately 13
ft from Location 1.

Location 5: The centerline.

Continuous Homberg charts have a cantilever wing to web-to-web center span length
ratio of 2 to 5. The depth at the outermost edge of the cantilever is 0.75 times the depth at the
centerline, and the depth at the web is 1.5 times the depth at the centerline. Similarly,
cantilever Homberg charts were also used to find moments in the transverse direction where
the fixed end is twice the depth of the free end. The cantilever charts are limited to finding the
moments for Locations 2 and 3 as described above.
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CHAPTER 3 - RESULTS/ANALYSIS

3.1 Introduction

As discussed, three segmental concrete box girder bridges were load tested by FDOT.
The first two, the Niles Channel and Seven Mile Bridge, were tested a few years prior to the
beginning of this study. The load test for the third bridge, the Channel Five Bridge, was planned
and performed specifically with this study in mind. Therefore, the majority of the analysis and
conclusions will be based on the Channel Five Bridge test.

Niles Channel and Seven Mile Bridge data will be used to support the conclusions and
can be found in the appendix. The reason for using this data only for support is that
information of interest in this study, such as load amounts, load jack distance from the truck,
exact loading distances, and gage locations with respect to the barrier joint, was not clearly
documented. Seven Mile Bridge had, in addition to some bad gages, severe cracking which
affected some data; therefore, highly exaggerated strains were not used, and the bottom gage
data (compression strains) were used instead of the top gages (tension strains) for the
cantilever. An approximate location of the barrier joint was determined through pictures of the
Seven Mile Bridge test, but the locations of the barrier joints for the Niles Channel Bridge are
unknown. Niles Channel data was also very noisy, probably due to the usage of vibrating wire
instead of foil gages.

Because the Channel Five Bridge test was done specifically for this study, the strain
gages were put in locations so that the objectives of this study could be best met. For example,
the gages were put at the locations for which the Homberg charts could be used to predict the
moments, for direct comparison with the measured data. Gages were also placed at
incremental distances from the barrier joint, to assess its effect on the strain distribution. The
gage layout allowed for a plot of the transverse strains across the full cantilever and half of the
slab between webs and also allowed for multiple longitudinal plots to determine if the strains
were repeatable when the load was moved. Also, the wheel load opposite the loading point
was able to be measured and could be modeled in LUSAS. Lastly, the test was performed at
night, where steady temperatures did not cause changes in the measurements due to thermal-
induced strains.

3.2 Load Test

Load test strains were converted to moments, as described in Section 2.7, and graphed
versus distance from the applied load. Table 3 summarizes the Channel Five Bridge test data
with the calculated moments used in the following analysis highlighted in yellow. Figures 19
through 23 are plots of the Channel Five Bridge test data which display the moment or strain
distribution response to varying load positions. Load position 1 is in line with the barrier joint
and each sequential load position thereafter moves away from this joint at four foot intervals.
Specifically, Figure 19 represents how the transverse moment distribution changes across the
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bridge in the transverse direction in response to each of the four independent applied load
cases. Figures 20, 21 and 22, display how the transverse moment distribution disperses
longitudinally as it moves away from each of the four independent applied loads. These three
figures each represent a specific longitudinal strip running parallel to each other located within
the critical area of the moment distribution. These longitudinal strips are labeled L5, L6 and L7
which are shown in Figure 2. Figure 23 plots the longitudinal strain distribution at the top of
the barrier in response to each independently applied load.

Within these figures, slight discrepancies in moment magnitudes among the varying
load tests are evident. This can be partially explained by the sequential increase in load as the
tests were performed. Applied load amounts are summarized in Table 1. More importantly,
the distributions of all similar load tests are the same (i.e., graphs align). This indicates that the
barrier is acting as a continuous structural element. Otherwise, with all things being equal, the
load response distribution would vary as the load position distance from the joint changed.

In addition to overlapping distributions, Figures 20 — 23 show symmetry about the
point of load. Joints or any barrier discontinuity would translate on the graphs as a shift toward
that point of discontinuity, thus destroying curve symmetry or causing spikes of increased
moment at the joint location. These trends cannot be seen, again proving the barriers are
acting as a continuous structural element.

So far these multi-load comparison plots suggest that there is no discontinuity in the
load distribution caused from a barrier joint. It is important to note that the joint near the
point of load application was a groove (control joint) rather than being full depth. Nonetheless,
the barrier is acting continuously or, on the other hand, the control joint is not influencing the
distribution of live load. The LUSAS FE models clearly confirm that barriers have a significant
impact on the load response distribution. Showing that the barriers are acting continuous is
important so that the correct LUSAS model barrier scenario can be matched to the bridge test
data. Niles Channel and Seven Mile Bridge plots and graphs can be found in Appendix D.

In the transverse plot (Figure 19), the moment changes sign or direction which was not
expected. The load test was designed so that one of the wheel loads was placed over the web,
which would cause minimal effects on bending in the top slab. In reality, the wheels that
extruded onto the region of the deck between the webs caused a slight moment. The severity
of this extra load is displayed in Figure 19. The Channel Five LUSAS models were modified to
include this wheel load so any comparison will not show this discrepancy.

In addition to the barrier joint having no effect on load response distribution, the box
girder segmental joint also had no effect on the distribution. Load position two was placed in
line with a box girder segmental joint and, again, no interruptions in the load distribution can
be seen. Therefore, joints are not causing discontinuities in the structures. Specifically
referring to these bridges built in the Keys, the segmental joints can act perfectly continuous
due to the pressure of the longitudinal post-tensioning and the interlocking of the key locks.
This was an important observation because these joints are dry, meaning that the segments do
not have epoxy between them.
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Table 3: Channel Five Bridge Test Data Summary.

Longitudinal Section 1] L2 L3 L4 L5 L6 L7 L8 BARRIER

Gage Number 1] 2| 3 [ 4]5/6/7]8 9 10/1]|1/13/14[15/16/17]18 19/20]21] 22 [23]24/25]| 26| 27| 28 | 29

Trans. Dist. from Load (ft) | 18 | 12 9 7 6 5 4 3 N/A | N/A | N/A | N/A

~ |Height(in) 9| 8 | 1 12 14 1 10 9 N/A | N/A | N/A | N/A
Prsoe;;'ﬂoizs Moment of Inertia (in') | 737 | 535 | 1678 1957 2707 1308 1057 741 N/A | N/A | N/A | N/A
Extreme Fiber Dist. (in) 5 4 6 6 7 5 5 5 N/A | N/A | N/A | N/A

Section Modulus (in’) 163 | 132 | 284 314 389 240 209 163 N/A | N/A | N/A | N/A

Long. Dist. from Load (f) | 00 | 0.0 | 00 | 00 4080|120 0.0 |4.0]80|12.0 00 | 4080 /12.0[16.0/200] 0.0 | 40|80 12.0] 0.0 | 4080|120 05 | 40 | 80 | 120

Strain Ave. () 20 | 66 | 51 [165|126] 74|58 298 222]17.0|12.2|37.4 265|196 13.9/11.7| 9.0 | 327 |25,5|21.4/163| 255 |15.1|11.8/13.7|-663| 529 | -313 | -12.7

Pot?t?:n ; [Perostrain Ave. ) 01]-03] 03 [-02]01]-03/01]-05]|-06]-0600[02]02/-05-08/-0.1/04]|-03]03|01)-06 00 |-06/-06/00[-12|-11]-08]-02
True Strain (e) 19 | 63 | 54 |167|125| 76|57 304 |228]17,5/12.2| 37,6 |26.7)20.114.7|11.8| 86 | 33.0|25.2|21.3/16.9] 25.4 |15.7|12.4|13.6-65.2| 51.8|-30.5 | -12.6

Moment (k-ft) 01 ]-03| 06 |20 /15090744 33 26 18]34|24/18/13/11/08|26 20|17 13|16 10 08 0.8]NA|NA| NA NA

Long. Dist. from Load (ft) | 40 | -4.0 | -40 |-40]0.0|40|80|-40]00/40/80[-40/0040)80]120/160/-4000|40/80]-40]00/40/80[-35| 00 | 40 | 80

Strain Ave. () 08 |-134| 34 |140179]111]8.123.7 |297|246(163|31.3 35.0|26.9|18.8|15.6|11.4| 255 |35.6(28.2|20.6| 21.3 |214/106|16.3|-52.9| -77.0 | 529 | -26.2
Poiﬁ?:nZ Zero Strain Ave. (yie) 01]-03] 03 [-02]01]-03/01]-05]|-06/-0600[02]02/-05-08/-0.1/04]|-03]03|01)-06 00 |-06/-06/00[-12|-11]-08]-02
True Strain (e) 07 |-131| 37 [14217.8/114|80(24.2303]25.2|163|315|35.2|27.4/19.5/15,6|11.0) 25.7 |35.3|28.1|21.1) 21.3|22.0|113|16.2|-51.7| -75.9 | -52.1 | -26.0

Moment (k-ft) 00 | -06 | 04 |17 21/13/09]35 44/37/24]28(32/25 1814 /20|20 |28(22/17| 12 12 06 0.9]NA|NA|NA NA

Long. Dist. from Load (ft) | 80 | -80 | -80 | -80|-40|0.0| 40|80 |-40/0.0|40[-80|-40/ 00 40|80 120/ -80 |-40/00 40| -80|-40 00|40 -75|-40| 00 | 40

Strain Ave. () 14 | -114 | -04 | 79 |135|18.2|13.8) 139 |24.6(34.0|2455) 226 28.736.3|27.6/22.0|16.0| 204 |29.0/37.7|28.0| 21.7 |10.0|16.0|27.6|-39.9| 58.0 | -75.9 | 49.7
Pot?t?:n?) Zero Strain Ave. (yie) 01]-03] 03 [-02]01]-03/01]-05]|-06/-0600[02]02/-05-08/-0.1/04]|-03]03|01)-06 00 |-06/-06/00[-12|-11]-08]-02
True Strain (e) 12 | -111 | -01 | 82 |134]185|13.7) 144 |25.2|34,5|24.6) 2.8 |28.9/36.9|28.3|22.1|15.6| 207 |28.7|37.6/28.5| 217 |10.6|16,6|27.5|-38.7| 56.9| -75.1 | -49.6

Moment (k-ft) 04| -06 | 00 |10 /16/22/16] 21 3750 36| 21|26 332620 14|16 22(29/22|12 06 09 L6 NA|NA|NA NA

Long. Dist. from Load (ft) |-12.0| -12.0 | -12.0 |-12.0|-80|-40| 0.0 |-12.0|-80|-40| 00 |-12.0/-8.0|-4.0/ 0.0| 40 8.0 |-12.0|-80|-40 00|-12.0|-80/-40| 00 [-115| -80 | -4.0 | 0.0

Strain Ave. () 16 | 74 | 32 | 11 ]64152(20.2) 53 |156(29.3|33.1) 14.4 19.8/30.0[36.6/31.2|22.0| 144 |21.4/45.537.1| 61.1 | 84 |10.4|20.4|-32.2| 418 | -56.0 | -69.8

Pot?t?:n  [2ero Strain Ave. (e 01]-03] 03 [-02]01]-03/01]-05]|-06/-0600[02]02/-05-08/-0.1/04]|-03]03|01)-06 00 |-06/-06/00[-12|-11]-08]-02
True Strain (e) 15 | 71 | -29 | 14 |63155/20.0] 59 |16.2|29.9|33.1) 14,6 20.0/30.6/374313|21.6| 146 |21.1/45.4/37.7| 6.1 | 9.0 |11.0|20.4|-31.1| -40.6| -55.2 | -69.6

Moment (k-ft) 01]-04 | 03 02 07 18 24/09 2444481318 283428 19|11 16/36/29]35 05 06 12| NA|NA| NA NA
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Figure 19: Channel Five Bridge Test Multi-Load Transverse Moment Comparison.

Figure 20: Channel Five Bridge Test Multi-Load Longitudinal Moment Comparison at Location L5.
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Figure 21: Channel Five Bridge Test Multi-Load Longitudinal Moment Comparison at Location L6.

Figure 22: Channel Five Bridge Test Multi-Load Longitudinal Moment Comparison at Location L7.
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Figure 23: Channel Five Bridge Test Multi-Load Barrier Strain Comparison

3.3 Finite Element Modeling

LUSAS finite element modeling software was employed to model the behavior of the
three bridge designs. Each of these bridges was modeled with a continuous barrier, a barrier
with a joint at the applied load, and no barrier. Figures 24 — 26 show the Channel Five Bridge
strain results with an applied load of 20.73 kip. The results are displayed as contour lines which
gualitatively show the distribution of transverse strains, whereas, quantitative transverse strain
values are given for the specific gage locations of the load test.

The transverse strain contour graphics clearly show the changes in distribution of the
applied load as the barrier is changed. As the models are altered from continuous barrier to a
jointed barrier to no barrier, the strain distribution concentrates in line with the applied load
and thus increases the strain values. Evident in these contour graphics, the presence of barriers
causes a disbursement of the strain distribution longitudinally outward thus reducing the
maximum strain and moment resulting from any applied load.

Finite element model accuracy was tested by placing a load at mid-span and checking
the contour lines for symmetry. Symmetry was obtained. For the Seven Mile Bridge test,
LUSAS models were also created for loads applied near the center line of the bridge to show
barrier effects in the web to web region. However, LUSAS showed no appreciable change in the
maximum strain due to the barrier or lack thereof, so no interior loads were applied at the
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Figure 24: LUSAS Transverse Strain Contour Areas of Channel Five Bridge with a Continuous Barrier.

Figure 25: LUSAS Transverse Strain Contour Areas of Channel Five Bridge with a Jointed Barrier.
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Figure 26: LUSAS Transverse Strain Contour Areas of Channel Five Bridge without a Barrier.

Channel Five Bridge test, and all finite element modeling results are focused only on the
cantilever portion of the bridge. All other LUSAS strain values, including those for Niles Channel
and Seven Mile Bridge, can be found graphically and in tabular form in Appendix E. Note:
LUSAS models for the Seven Mile Bridge display bottom deck strains correlating to the strain
gages in the load test while the contour lines represent the deck surface.

3.4 Homberg

Moments were obtained from Homberg charts at locations two through five as stated
in the theory section. These locations are transversely in line with the applied load. At each of
these locations, transverse moments were obtained at one foot intervals, moving in the
longitudinal direction, starting with the moment that is lined up with the load. Strains
corresponding to these locations were also found in the LUSAS models for all three bridges. All
Channel Five Bridge Homberg values can be found in the comparison charts found within the
comparison section. Niles Channel and Seven Mile Bridge Homberg values can be found in
Appendix G. Transverse moments along longitudinal lines corresponding to Homberg locations,
for all three bridges, calculated by LUSAS, are also shown in Appendix F (Figures 77-85). The
maximum Homberg values obtained for each location for the Channel Five Bridge is
summarized below in Table 4.
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Table 4: Maximum Homberg Values Summary Obtained for Channel Five Bridge

Continuous
Trans. Dist. Max. Moment
Homberg | From Load (ft) (k-ft)
M2x 2.076 3.1
M3x 6.340 6.7
M4x 10.604 -219.8
M5x 17.000 -352.4
Cantilever
Trans. Dist. Max. Moment
Homberg | From Load (ft) (k-ft)
M2x 2.076 3.1
M3x 6.340 104

3.5 Comparison

The Channel Five Bridge was physically tested, modeled with LUSAS finite element
program with a continuous barrier, with a jointed barrier and without a barrier, and was also
analyzed for predicted moments by Homberg charts. When this data is combined, a greater
overall understanding of the behavior of this bridge results. After the modulus of elasticity was
adjusted in the model with the continuous barrier, so that the model strains matched the
magnitudes of the measured strains, the measured data could be plotted against the LUSAS
model data to see how barrier alterations affect the distribution to the load response.

Figure 27 compares the barrier strains for the Channel Five Bridge test with the barrier
strains generated from the LUSAS models. The strain distribution matches fairly well with the
LUSAS continuous barrier, re-emphasizing that the barrier is indeed acting continuous. In
LUSAS, with the introduction of the joint in the barrier, the strain at the top of the barrier
changes from compression to tension. The joint in LUSAS is six inches across (size of one
element), so this joint would represent one of the six inch end-of-unit expansion joints.

Figure 28 directly compares the transverse moments of the load test to that of the
LUSAS models of the Channel Five Bridge. These plots represent the longitudinal line of
transverse gages that contains the maximum strain value obtained in the load test (line L6 in
Figure 2). Again the moment distribution of the LUSAS continuous barrier model matches up
well with the measured data. The comparison directly shows how the transverse moment
distribution changes longitudinally as a result of altering the barrier. When compared to the
continuous barrier, the jointed barrier has a shifted moment distribution increasing the
maximum moment, and this trend is even more evident with the FEM lacking a barrier all
together.

Figures 29 and 30 are also comparisons of transverse moments in a longitudinal line
(lines L4 and L8, respectively in Figure 2). These lines of gages are located where the estimated
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moments for the Homberg M3x and M2x would be found in the design process. These plots
allow for a direct comparison of the Channel Five Bridge test results, the LUSAS models, and the
Homberg estimations. The plot in Figure 29 is located at the web, where a height had to be
assumed for section property calculations, and adjustment of this height would move the actual
load moments as well as the LUSAS moments closer to or farther from the Homberg
estimations. The effective dimensions assigned to the slab at the web closely resembled the
geometry proposed by the Homberg charts. The section depth was created by continuing the
lower portion of the cantilevered wing. The height assigned would have been larger than in
design, making the calculated moment larger. Therefore, adjustment of the assigned height in
the calculations for moment would most likely lower these values effectively increasing the
relative difference between the Homberg analysis from the other plotted moments. Figure 29
shows the portion of the Homberg charts that result in an overly conservative estimation. In
Figure 30 Homberg moment estimations fall between the LUSAS model moment distributions
for the loaded Channel Five Bridge without a barrier and the bridge with a jointed barrier. In
this case Homberg is conservative when compared to the real bridge but underconservative
compared to the no barrier model used for design criteria.

The transverse distribution (along line T1 in Figure 2) of the transverse moments is
provided in Figure 31. The maximum moment predicted in the cantilever Homberg chart is 31.6
percent higher than the estimated LUSAS bridge maximum moment without a barrier, whereas
the continuous Homberg is 15.2 percent lower than the estimated LUSAS bridge maximum
moment without a barrier. Remember Homberg charts are design charts, and the bridge has to
be designed without including the barrier as a structural element. Therefore in actuality, the
cantilever Homberg charts are 31.6 percent overly conservative and the continuous Homberg
charts are 15.2 percent under conservative.

Comparing the Homberg moments to test moments, the maximum moment predicted
by the cantilever Homberg chart is 131 percent higher than the actual maximum moment on
the Channel Five Bridge with fully intact barriers. The continuous Homberg chart predicted a
maximum moment with a 48.9 percent increase over the maximum test moment of the
Channel Five Bridge. The plots in Figure 31 show that the shape of the Homberg distribution is
inaccurate and the values of the moments are exaggerated, with the cantilever Homberg chart
values being worse than the continuous Homberg chart values.

Transversely (Figure 31), in addition, the Homberg distribution is included on these plots
where it is evident that Homberg accuracy is lost toward the webs. Figure 31 supports why such
an extreme difference is found between the Homberg plots and the other moment distribution
plots in Figure 29. Two different Homberg charts are available, as previously discussed: one is
for the cantilever wing with the webs modeled as a fixed end, and the other is for the entire
slab width with the webs modeled as pinned supports. Unfortunately for Homberg’s accuracy,
according to the Homberg analysis these locations are the critical points where the maximum
moments are found. In reality this region does not behave as a fixed end or a simple support
and consequently is not the critical region. The moments calculated at the webs can
significantly vary depending on how the corresponding section is defined. Where the support
or fixed end should be defined in respect to the web is not obvious. The problem with the web
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is that the height or depth that defines the section properties dramatically increases.
Obviously, the entire web depth is not and should not be considered. Specifically for this
location, there are several methods in design where a limit to the deck depth is chosen. When
calculating the moment, the greatest moment results when the greatest height is assigned to
its section properties. Within the calculations, the bottom slope of the wing deck was
continued into the web region and used as the height for the support or fixed section. This
height is greater than the design method, therefore causing a conservatively greater moment.
The moment at this region, as conservative as it may be, is still lower than the moment
estimated at this region by the Homberg analysis method. This trend can specifically be seen
when comparing moment values at a distance of seven feet from the applied load in Figure 31.
In reality, at this point, the moment distribution begins to reduce, whereas, it continues to rise
in the Homberg estimate of the moment distribution. Although the height may vary across the
web, the strain reduces across the web effectively causing a decrease in moment. It is this
portion of the Homberg chart that is inaccurate, unfortunately it is the most important portion.
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Figure 27: Channel Five Bridge Barrier Strain Comparison.




Figure 28: Channel Five Bridge Transverse Moment Comparison Along Longitudinal Line L6.
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Figure 29: Channel Five Bridge Transverse Moment Comparison at the Transverse Position for Homberg M3,X .
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Figure 30: Channel Five Bridge Transverse Moment Comparison at the Transverse Position for Homberg M2,X .

35




Figure 31: Channel Five Bridge Transverse Moment Comparison Along Transverse Line T1.
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CHAPTER 4 - SUMMARY AND CONCLUSIONS

4.1 Summary

The presence of barriers causes an increase in the live load distribution resulting in a
significant decrease in generated moments. By comparing test data with the LUSAS model of
the bridge without a barrier, it is shown that the barriers reduced the maximum moment by 43
percent for the Channel Five Bridge. Or, in other words, the maximum moment increases 75.6
percent if the barrier is removed. From finite element models, open joints in barriers cause an
increase in maximum moment at that joint. However, the continuous portion of the barrier
adjacent to the joint distributes the load so as to reduce the overall maximum moment found
when compared to the same loading without barriers.

Also, this research suggests that the typical design practice using Homberg charts is
conservative. As expected, the cantilever Homberg charts are more conservative than the
continuous Homberg charts. Homberg chart accuracy varies depending on location
transversely as well as longitudinally, and, of course, accuracy will change depending on the
consideration of the barrier in the comparison. When compared to the test results (bridge with
continuous barriers), the Homberg charts were overly conservative. The Homberg charts
predicted maximum moments with an increase in magnitude of 131 percent and 48.9 percent
for the cantilever and continuous charts, respectively. For design purposes, i.e., no barrier, the
cantilever Homberg chart maximum moment prediction was overly conservative by 31.6
percent, and the continuous Homberg chart prediction was 15.2 percent under conservative,
when comparing the Homberg predictions to the LUSAS model without barriers. Homberg
charts are essentially simplified moment prediction models where the accuracy of the results
will vary for each bridge design. The geometries or dimensions of the bridge deck within these
charts are based on ratios and are by no means going to match up with any bridge exactly.
Charts are chosen by which geometry fits best, and they do not consider other factors such as
reinforcement.

4.2 Conclusions

Due to conservative design/analysis methods and the absence of consideration for the
strength or load resistant contribution of appurtenances, bridge load ratings are low and could
be raised if necessary according to these mid-span bridge tests. The necessity arises when
permitting agencies need to find acceptable (quicker and/or shorter) routes for oversized loads.
A system should be in place where the functionality of appurtenances is monitored and the
bridge load rating is assigned accordingly. If the bridge is needed for the transport of an
oversized load, then the barriers should be visually inspected prior to the introduction of the
truck. If the barriers are fully intact, then a temporary higher load rating could be incorporated
to accommodate the oversized load. The load rating should be calculated using the maximum
live load moment found from a finite element model rather than a transverse analysis using
influence surfaces. The barriers or other appurtenances may or may not be incorporated in
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these model calculations depending on the inspection of their functionality. These changes in
policy could save time and money for transportation of oversized loads.

4.3 Future Work

The barriers acted continuous in compression across the mid-span control joint. The
barriers can only be considered a temporary structural element if they are continuous, so
locations where non-continuous expansion joints are found need to be further tested. On
these specific bridges, the expansion joints lie over the piers where it is believed the loads
would be increased due to the load attracting to the bearings and supports. Furthermore,
where a unit ends is an expansion joint that continues not only through the barriers but
through the entire box girder as well. Any load found to either side of the expansion joint
would not distribute to the other side essentially doubling the load effects. An impact factor
would also have to be considered at the end of units. Although not part of this study, these
locations were modeled in LUSAS with the diaphragm included, and an increase in maximum
strain was seen as the load was incrementally moved closer to the piers. With this attraction to
load in addition to the discontinuous barriers, it is indicative that the piers could control on a
transverse load rating. How these locations and expansion joints perform on a load test
depends primarily on implementation of extra reinforcement, assuming extra reinforcement
was utilized. In conclusion, these locations need to be further tested in future research before
any definite inference can be made about temporarily raising the load rating for oversized
loads.
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APPENDIX A — BRIDGE TEST PHOTOS

Figure 32: Gage Placement under the Seven Mile Bridge Deck with the Snooper.

Figure 33: Typical Crack on the Seven Mile Bridge Deck.
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Figure 34: Seven Mile Bridge Loading.

Figure 35: Channel Five Bridge Loading.




Figure 36: Longitudinal Barrier Strain Gages.

Figure 37: Channel Five Bridge Test Load Position 1 at the Barrier Joint.

42



e P ISR e L U e

\ 11 1:02 AM

Figure 38

%]
: Channel Five Bridge Test Barrier Joint.

Figure 39: Channel Five Bridge Test Strain Gages.
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Figure 40: Truck Positioning for Channel Five Bridge Test.

Figure 41: Data Acquisition System.
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Figure 42: Channel Five Bridge.
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APPENDIX B— MOMENTS OF INERTIA

Channel 5 and Niles Channel Typical Section

First Moment of Area Transformed
- [1 Gage [1 Gage
r“i O ftop bar ] O ]
L (O prestress ] O ]
L dbat] O Bottom bar ] O ]
b=12" b=12"

Figure 43: Transformed Moment of Inertia Section View for Channel Five and Niles Channel Bridge

7 Mile Typical Cracked Section

Equilibrium

Compression on Top
T T Cs=Asfs
S F‘ omant
VW
Y
O bar3 a7 T=hAsfs
b=12" [T Gage “H
Tension on Top Equilibrium
O bar 1 T 71T TI=Aste
O bar2 T2=Asfs
[ . S
y
Ce=1abfc
O bar3 =5 Ca=Asfs
b=12" U O o

Figure 44: Cracked Moment of Inertia Section View for Seven Mile Bridge.
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CHANNEL-5S TRANSFORMED MOMENT OF INERTIA:

Concrete and Steel Properties:

Congcrete Density (pcf): wi= 150
Strength of Concrete (psi): f, 1= 5500
Modulus of Elasticity of Steel Reinforcement: E; = 29000ksi
Medulus of Elasticity of Prestress Steel: By = 2R000ksi

Modulus of Elasticity of Concrete:

1.5 .
E.:= 33\1@‘\\' psi

B, = 4.496 I(l3 ks1

Modular Ratio: n:= = n_ o= —

Cracking: None
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Section 1: Homberg 2

Section and Reinforcement Properties:

h:= 9.0425in b:= 12in

Bar Location 1:

Equivalent Concrete Area:

Ag pre= ASJ)re'(“pre - 1)
A, o= 0.96in"
S pre = Y

Centroid of Transformed Section from the Top:

Z-A¥par
Yhar =
bar TA
. Ageet’Y + ¢ JJl'e'd]Jl'E
bar -~
Agect * A¢ - pre
Yoar = 4311

Transformed Moment of Inertia:

1 3 2
L= l_z'h'h + ri"‘s.ect'(:"'bar_ }') + ACJ)[’G-(}.baI'_ dpre)

L= 740.558 in
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Section 2:

Section and Reinforcement Properties:

. . h
h:=10.1225in b:=12in yi= Agegr = beh
Bar Location 1: Bar Location 2 Bar Location 3
. 0625, . . .
dtop:: 2in+ dy o= h - 1.75in - 0.25in dpne- = 3.7675in
5) 1= 22in s 0= 11in 53 '= 10in
.2b .2 b .2 b
- L — 020 — = 01530 —
As_top = 0.31m . As_bm. 0.2:n 5 ASJ}[’G‘ 0.153n 5
Equivalent Concrete Area:
Ag_ top = As_top'(n -D Ac_bot = As_bot‘(-n - D Ag - pre Ag _pre'("pre - 1)
i 2 . 2 2
Ac_lop =0922m Ac_bot = 1.189mn Ac_pre- = 0.96mn

Centroid of Transformed Section from the Top:

Z-AYoar
Ybar = A
_ Agect’¥ + Ac_t(c,op’d'lop» + A-:_bot'dloot + 8¢ predpre
bar =
Asect * A tap * Ac bot T A pre
Ypar = 5-061n

Transformed Moment of Inertia:
1 3 2 2 2 2
Iy = E'b'h + A?.leot'(:"'bar - 3"] * Acﬁtop'(ybar N dtop) * Acibot'(ybar - dbol) * Acyre'[ybar - dpre)

3. ¢
[lr= 1.057 = 107 i1'l_1
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Section 3: Maximum

Section and Reinforcement Properties:

. . h
h:= 10.842in b= 12in yi= 5 Ageep = beh
Bar Location 1: Bar L ocation 2 Bar Location 3: Bar L ocation 4
. ).625 . ) e - . .
dtop = 2.0in + 5 n dpopy =0 5h dbotz 1= 9.0925in - 0.251n dpre = 4.0075in
87 := 22in 8o 1= 11lin 831= 11in s:= 10in
.2 b .2b .2 0b . . 2b
As_top = 2:0.31in ; As_botl = O.11lin ; As_botz = 0.2in % Auxe = 0.153in ;
Equivalent Concrete Area:
A-:_ta:;p = ‘E‘s_tu::-]:r'(n -D ‘E‘c_botl = As_botl n-1) Ac_bot’l = ""‘:;_I:n:)tﬂ'(rl -D Ag - pre = Ag _pre'(npre - 1)
.2 .2 .2 .2
Ac_top = 1.8431n Ac_botl = 0.654m Ac_bot2 = 1.1891in Ac_pne- = 0.96n

Centroid of Transformed Section from the Top:

LAYy
b T A
) Agecty * ":"c_top'dlop + A¢ bot1 botl f"\c:_l.)u:)tZ'dbotZ +Ag _pre'dpre
‘bar =
Asect T ¢ top T N botl T A bot2 T e pre
Vpar = 53990

Transformed Moment of Inertia:
1 3 2 2 2 2 2
Ly = rz‘b'h * ":"sect'(ybar - Y) - Au:_tl:\vp‘(yl:var - dtop) * ‘&‘c_botl'(yba.r - dboll) +Ag _pre'(ybar - dpre) * "s‘c_botﬁ‘(ybar - dbotE)

3.
L= 1.308 x 107 u'f’I

50



Section 4: Web/Cantilever Fixed End

Section and Reinforcement Properties:

h:=13.75m b:= 12in yi= }73 Agect:= beh
Bar Location 1: Bar | ocation 2 Bar Location 3: Bar Location 4
0625 _ . . 0375in ;
dlop = 2.0in + 3 n dppt] = 981250 - 0.25in dpgta = h=1.75in - 5 dpre. = 4.2475m
$1 = 22in s9:= 1lin s3:=11lin 5:= 10m
.2 b .2 b .2 b ...2b
As_top = 40,3110 -g As_botl = 0.20m ;‘ As_botQ =011 -% As_pre = (0.1531mn ';
Equivalent Concrete Area:
A top = As_top'(n— 1) Ag botl = As pot1*(n— 1) Ag bot2 = A5 bot2tn — 1) Ag pre = A5 _pre‘(npre - 1)
.2 L2 .2 .2
A top = 3.6861n AL pot1 = 1.189m Ag pot2 = 0.654in chm = 096

Centroid of Transformed Section from the Top:

E-Aypar
Yoar = T4
sect ¢ top”%top T e botl Chat ¢ bot2 %hot2 T Se prepre
" l_A%-y+A -dion + A bot]Dhat] T Ac bot? dbotz + A -d
o =
Asect T ¢ top T e botl + A¢ bot2 T A¢_pre
Yooy = 681N

Transformed Moment of Inertia:
1

3 ; 2 2 2 ' 2 r 2
Iy = l_Z‘b’h * Asecl'(ybar - y) * Ac_top‘ (-V bar ~ ljtop) * Ac_botl'(ybar - dboll) +Ag _pre'(ybar - dpre) * Ac_}zlol'f_"(yl:var - dbot?)

L= 2707 x ]03'm4
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Section 5: Web/Homberg 3

Section and reinforcement Properties:

h
h:=124din b:=12in y= o
Bar Location 1: Bar Location 2:
s 0.625 d e a5
diop = 2.0in + > n bhot == 105325 — 0.25m
8 = 22mn 8o 1= 11in

2 b
A = 2.031-in"- —

o 0,204 2 b
s top 51 As_hot = 0.20-m - —

52
Equivalent Concrete Area:

Ac—‘ol’ - A“_‘Op'm -D A¢ bot = As_bot'(“ -1

2 . 2
Ag top = 1843in Ag pot = 11891

Centroid of Transformed Section from the Top:

L AYoay
Yoar ™ T A
. Agect’y + Ac_top'dlop * Ac_bot'dbot +Ag JJre'dpre
Ybar =
. Asect + Ac_top T Ac_bot T Ne_pre
Ypar = 6174in

Transformed Moment of Inertia:

1 3

Iyi-

3.
Iy =1957 %10 m4

52

Ag pre

2 2
]2'b'h N Asect‘[ybar - -V) + Ac_lop'(:”bar B dtop) N Ac_bcyl'(_ybar — dpy

Asect ¥

Bar Location 3:

dpre = 4.4875m

5:= 10

. . 2hb
As_pl‘e 1= 0.153in ;

Ag - pre A _pre'(npre - 1)

— 0.96in°

1)2 + Ac_pre'(ybar - d[:pre)2



Section 6: Web/Interior

Section and Reinforcement Properties:

h:=11.78m b:= 12in yi=

Bar Location 1: Bar Location 2: Bar Location 3:

0.625 ,
dpop = 2.0n + in dpot] = 48475in dpota=h  1.75in -~ 0.25in

s1:= 22in sn = 11in s3:= 11in

.2 b
As_botl = 01ln" —

2k
Ag pot2 = 0_201112- 2
52 - =

.2 b
= 2.031m™ —
As_top 83

51

Equivalent Concrete Area:

A

¢ top © As_top'(“ -1 A(:_}:uotl = As_bc»ll (n—1) A¢ bot2™= As_bot?’(" -

.2
AC_bOT.l = 0.6541n

! . 2
Ag top = 1.843in Ag potz = 1-189in

Centroid of Transformed Section from the Top:

z 'A'ybﬂl‘
Yoar T Ty
o Asect’Y + Ac_top'dtop * Ac_bn:rtl"jbcut] * Ac_bot?'dbDIZ + A Jare'd'pre
“bar ™
Agect * Ac_top + Ac_l:)otl + Ac_bolE + A - pre
Yiur = 5-863in

Transformed Moment of Inertia:

1 3 - 2 2 2 - 2 r
Ty = l_z'b'h + Ase-:t'(3"ljen_r - 3") +A¢ top' (y bar ~ dtop) + Ac_botl'(ybar - dboll) +Ag _pre'(}'bar - dpre) + Ac_botZ'(Ybar - dbot’.’)

I,=1678=10°m"

53

Asect = b-h

Bar Location 4.
dpm = 4.8475in
s:= 10m

- 01532
8

Ay pre®

Ag pre = _pre'(npre - 1)

.2
Ag pre = 0.961n

2



Section 7: Homberg 4

Section and Reinforcement Properties:

. . 1
h:= 8m b:= 12m y'=£
Bar Location 1. Bar Location 2. Bar Location 3.
75 ”)
dtop] == 2.0in + O'ioin dlop2 = 2.0in + D'fbs'm dpi = h — 0.25in
51 := 22in s9 1= 22in s5:= 1lin
2 b .2 b 2 b
Asfto]:ﬂ =011-in"-— A5710112 = 031in - — Asihol = 0.20in - —
51 52 53

Equivalent Concrete Area:

A topl = As_topl'(n -D Ac_topZ = As_top?'(" -D Ag bot = A5 bot (1 - )

P .
A 7= 0.922in ACJJDI = 1.18%in

. .2
¢ topl = 0.3271n A

o top

Centroid of Transformed Section from the Top:

E-A¥par
}' . :: —
bar TA
AgectY + Mg tapl dopl + A top2 ttop2 + Ae bot"dbot + Ae predpre
_top P _top. P - _P
Ybar *—
Aseat * Ac topl T Ac top2 T Ac bot T Ac pre
Yoy = 4038

Transformed Moment of Inertia:

1

Aggor = brh

Bar Location 4.

d o= 5.5675in

P

Ac_pre:: ASJJre'(npre - 1)

A = 0.96 in2

¢ pre

3 . 2 " 2 2 2
Ly = 2 beh” + Ase<:l'(3"loar - 3") * AC_IO[JI'(Y}JEII' - dtopl) * Ac_topE'(ybﬂr - dtopE) * A(:_bo:&t'(yr bar ~ dbot) * Ae pre’

I, - 534632’

54

(y bar ~ L'lpre)z



Section 8: Center Line/Homberg 5

Section and Reinforcement Properties:

h:= 9.0in b:=12m yi= ]:: Agect =
Bar Location 1: Bar Location 2:
dtop = 2.0 + in dpre = 7.0in
§1 = 22in s:= 10mn

2 b 2b
A op = 011m o Ay prei= 0153w

Equivalent Concrete Area:
Ag top ™ A5 top - D) A pret™ As_pre'(“pre - 1)
2 .2

Ay top = 0327 mn Ach.e_ = 0.96m

Centroid of Transformed Section from the Top:

T-AVhar
Thar = T A
_ Agect'Y + Ac_lop'dlop + A _pre'dpre
Ybar =

Ase-ct * Ac_top * Ac . pre

Yhar = 45150

Transformed Moment of Inertia:

1
2

.h-h3 + Asect‘(ybar _ y)g + Ac_lop'(ybar

Itr:

—

L~ 736.723in”

-d

Yoy
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NILES CHANNEL TRANSFORMED MOMENT OF INERTIA:

Concrete and Steel Properties:

Concrete Density (pef): w:=150
Strength of Concrete (psi) f, == 5500
Modulus of Elasticity of Steel Reinforcement: E, 1= 29000ksi
Modulus of Elasticity of Prestress Steel: Ep = 28000ksi

Modulus of Elasticity of Concrete:

15 .
E.:= 33-\[?0-\&' psi

E, = 4.496 % 10 ksi

Modular Ratio: n:

1]
|
Fﬂl_UlTl

pre

=]
(=]

Cracking: None
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Section 1: Cantilever

h:=10.1625in

Bar Lecation 1:

0.625

Section and Reinforcement Properties:

b:= 12in

[ SR =-g

Bar Location 2:

Agaor = bh

Bar Location 3

clwpz= 2in + 5 i dpge = h = 1.75m - 0.25in dpre = 3.7675in

s1 == 22in s4:= 11 5 10in
.2 b .2 b .. 2b

A =031m™ — =02m- A = 0.153m"-

5_top . As_bot 59 s_pre s
Equivalent Concrete Area:

Ac_lop = As_top'(n - D A-c_l:»o-t = A\s_ba:d'm -1 Ag _pre Ay _pre'(npre - 1)
42 2 2

Acilop = (0.9221n Acibot = 1.189m chm = 0.96m

Centroid of Transformed Section from the Top:

L-AYpar
Shar A
. Asect’Y * Ac_top'dmp + Ag_ bat'Ihot T B¢ _[Jre'dpre
bar "~
Agect + A _top T ¢ _bot T e _pre
Ypar = 308 in

Transformed Moment of Inertia:
O S N S Uy : 2iA w—d Ve A o—d )
L= o * sect'(’bar' 5] * c_top'(f’bar - dtop) * c_bot'(}bar - bot] S _pre'(yba.r - pre]

3 4

L= 1.07 10" m
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Section 2: Maximum

Section and Reinforcement Properties:

P . h
h:= 10.8825in b= 12in yi= 3 Agaepi= bh
Bar Location 1: Bar Lecation 2: Bar Location 3: Bar Locaticn 4
1 = 20 0.625 i = (5} 1 = 359 751 1 — (7 51
(lop = 2.0m + 5 i dpyop = 05-h Ay = 9.0925m — 0.25mn tPW = 4.0075mn
s1 = 22in 4= 11in s3:= 1lin s:= 10in
.2 b .2b .2 b .2b

= 2-0, - =0, - ~4:=02in" — . =015 -

As_top' 0.31in . As_bc-t] O.11lin o As_bot; in o Ag pre 0.153in X

Equivalent Concrete Area:

Ag top = M5 top— D Ag botl = A5 bot1"(2 — 1) A bot2 = A5 porzrm— 1) Ag pre'= A _pre'(npre - 1)

2 . 2 2 2
- 1.843in Ag bot] = 0654in Ag o2 = 1.189in Ag pre = 0.96in

A, c_pre

c_top

Centroid of Transformed Section from the Top:

_ Z-AYpar
Yoar = o
- Ageet’Y + le‘c:_top’dtop +Ag botldbot] * Ac_botB'dbotB + A _pre'dpre
bar *~
Agect ¥ Ao top T Ac botl T A¢ bot2 * A¢ pre
Ypar = 5-4181in

Transformed Moment of Inertia:
1 3 2 2 2 2 2
Iy = l_Z’b.h * Ase(:l'(yl:lar h Y) " Acilop'(ybar h dtop) " %7mtl'(3'm - dboll) +Ag Jre'(ybar h dpre) * Acﬁbol’-_"(ybar N dbot?)

.4
Ie=1323 100 in
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Section 3: Web/Cantilever Fixed End

Section and Reinforcement Properties:

. . h
h:= 13.845578in b:=12in yi= = Agect = beh
Bar Location 1: Bar Location 2: Bar Location 3: Bar Location 4
. 0625, _ e . 0375 L
dtcup = 2.0m + ——in dppt] = 981250 - 0.25in dpgta = h=1.75in - 5 pre = 4.2475m
81 1= 22in 8q 1= 11in 831= 11in 5:= 10m
= 4.031in> 2 Ay pogt = 0.20in% A g = 011050 A, 01530
As_top : ' 5 “5_botl ©T V= 5 s_bot2 *= - 5 s pre- - s
Equivalent Concrete Area:
Ac_top = As_top'(n -1 ‘E‘c_botl = As_botl -1 Ac_bot’-_’ = “"‘s_botﬂ'(rl -D Ag - pre = Ay _pre’ (npre - 1)
.2 .2 .2 .2
Al top = 3.6861n Al pot = 1189 AL pot2 = 0.654in Ac_pne = 0.96m

Centroid of Transformed Section from the Top:

Z’A'ybal‘
Yoar T T A

Your = Agect Y * Ac_top'dtop * Ac_bot] “dpot] Ac_botE'dbotZ A Jore'dpre
Dar '

Asect * ¢ top T e botl  Ae bot2 T e pre

Voar = 6:847in

Transformed Moment of Inertia:
L= Dbt e A 1A d VA omd VAL e —d YA ( KR
T se-:t'(ybar_ }') * c_lop'(ybar_ top) * c_botl'(’bar_ boll) e _pre'(}bar - pre) * c_botZ'(}'ber_ I:»ot’_’)

.4
I = 276310 in
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Section 4: Homberg 2
Section and Reinforcement Properties:

h:= 0.082in b:=12in

Bar Location 1:

dre = 3.407in

s:=10-mn

o

.
As_pre = 0.153in ;

Equivalent Concrete Area:

‘e*cyre = ASJ)re‘(npre - ])

.2
Aq_pre = 096in

Centroid of Transformed Section from the Top:

L Z-A¥har
Ybar = SA
y AsectY T A¢_prepre
bar =
Agect + A pre
Ypar = 4531 1n

Transformed Moment of Inertia:
1 3 ‘ 2 ‘ 2
L= l_j'b'h + 1ﬁ“se-:t'(ybar - }’) + An:J:pre‘(}'bar - dpre)

L, = 750332 i.114
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Section 5: Web/Homberg 3

Section and reinforcement Properties:

=

h:=124m b:= 12m yi= 5 Ageer = bh
Bar Location 1: Bar Location 2: Bar Location 3:
Y 0‘625' - 51 251 . L Y-
dtop = 2.0 + r djygri= 10.5325mn - 0.25in dpre = 4.4875mn
81 = 22m 851= 11n s = 10in
N .2 b .2 b _ . 2b
A = 2.031.n" - — = 0200 — o= 0153m .-
s top 5 As_lJol 5 Ag . pre S
Equivalent Concrete Area:
Acfmp = Asflop'l.-" - Acfbot = Asibol'm -D Ag pre Ay o e'(np[e - I)
Ay 1o = 1843in” — 1.189in” A, pro = 096in”
Se top = 1AM A-:_bot =1.ls¥m ¢_pre = 7010

Centroid of Transformed Section from the Top:

L AYpar
Toar = T3 A
Agect’Y + A¢_top diop T ¢ bot Ibot T Ac_predpre
Ybar *=
Ageot * B¢ top T Ac bot + A pre
ybﬂr = 6.174in

Transformed Moment of Inertia:
1 3 2 2 ¢ 2 ¢ 2
Iy = 12 bh Asect‘(y bar }') * Ac_lop'(ybar B dtop] N Ac:_}.mol'(_ybar B dbot) +Ag _pre‘(ylmr - dpre)

Iy=1957»10°m"®
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7-MILE CRACKED TRANSFORMED MOMENT OF INERTIA:

Concrete Properties:

Concrete Density (pcf): wi= 150

Strain: By = 195107 6
Strength of Concrete (psi): £, = 5500
Modulus of Elasticity of Steel Reinforcement: E = 29000ksi

Modulus of Elasticity of Concrete:

1.5
33 l’c'w

B — «K81
¢ 1000

3
Ey=4.496 10 ks

Medular Ratio: n:=

Cracked: YES
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Section 1: Cantilever

Section & Reinforcement Properties:

Section: Bar Location 1: Bar Location 2: Bar Location 3:

. . 0.625. 5 . . .
h:= 10.1225m dl =2m+ il cLz = 2m+ 0.25n dc =h—-175m - 025m
b:=12in 31 := 22in 87,°= 22in Sop, 0= 11 83 1= 22mn

Ay = 2031 2 A= 0202 24 2 Ay = 0202 2
! } 22 %2b 53
" cc‘(y-in - dl) ec-(y-in - d:) eode y‘i.n)
gy:= —32.2-10 B = ————— Bgp 1= —————— = —
h — y:in - h— yin h — yin
foi=eo by f1 = €51°5g R REN fio = 50y
. | 5
Cei= E'b'{-h - yin)fy Ty = agfy Tyi= Al Cyi= Al

Centroid of Transformed Section from the Top:

8.08588045929285651 09]

Tyt To=C 1 Cpsolve,y )
12.991767578721 860693

y:= 8.09n

Equivalent Concrete Area;
A‘cl = Asl {n) A'cz = ASE-(n) A'oc = Asc’(n - 1)

Ay = 2181in’ Agp=211lin® A= 0.595in’

Transformed Moment of Inertia:

2

hyi 3t -9 A (- ) Ay o) Ay - 4)

I, = 178392
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Section 2: Maximum/Fixed end

Section & Reinforcement Properties:

Section: Bar Location 1: Bar Location 2; Bar Location 3:
- . 0625, . ..
h:= 10.8425m dy == 2.0m + _om dy = 2m + 0.25in dy:=05h
b:=12in 1= 22m 8o,i= 22in Sopi= 11 831= 11lin
2 b an -2 b L .2 b
Ay =303l — A 020000 — + — Ag = 011in" >
§ $2a S2b 53
s ac-(y-in - dl) cc»(y-in - dg) ec-(y»in - d3]
&= —47.8-10 gqlim —————— 847 1= - Bgyim ———————
h — yin - h — yin h - yin
fo=eg B fy) = e41°Eg fp = 250°Eyg fi3:= 853y
1 S . .
CC = ; -h'(h - y-l]l_)'ic T] = A'Sl .151 Tz = AS-:'tS: T3 = ."’\53'[;,’3

§

Centroid of Transformed Section from the Top:

Ty + Ty =C, + C_ solve,y —>(

y:= 8.4%9n

Equivalent Concrete Area:

A‘cl = Asl () Ac2:= Agyr(n)

2 2
Agj =3.272in Agz=2111in

Transformed Moment of Inertia:

I". =

L] o=

I, = 266.498in"

8.4920059169414346350
14.207417445710347025

Agz= Agzrn)

.2
Agy= 0.774mn

Acc = Asc-(n - 1)

.2
Acc = 0.595mn

‘be(h - }'}3 + Acl‘(y - d1]2 + Acz‘(}' - -:12)2 - Aca-(y - c13)2 - Acc’(y - clc)2
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y := unknown

Bar Location 4.

d_:=h-175m- 0251

841= 22in

sc



Section 3: Web/Interior

Section & Reinforcement Properties:

Section;_ Bar Location 1: Bar Location 2:

. . 0.625. . .
h:=11.78m dl = 2.0m + S d2 = 2m -+ 0.25mn
b:=12in 81 := 22in $0q0= 22in Sop, 1= 11in

... 2Db .2{ b b
Agp = 2031 — A= 0200m | — + —
51 B 22 52b
y colyin - 4) celyin - 4
&= =810 Bglim ——————— Bgn iz ——————
h — y«in < h — yin
foi=eo by f51 = €515 fp = el
1 I - _ . _ P
Coi= bt =y Ty = Ay fy) To = Ayl

Centroid of Transformed Section from the Top:

9.5125461200744345163
14.880101957940322287

Ty + Ty =C, + C_ solve,y —>(

y:=9.51in

Equivalent Concrete Area:

A‘cl = Asl (n) Ac2:= Agyr(n) Aoc = Asc'(“ -1)

2 2
Mgl = 2181m” Agp=2111in" gy — 0595’

Transformed Moment of Inertia:

L =

wim 3o Ay ) (s ) Ay 4
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y := unknown
Bar Location 3.

dc =h—-175m - 025m
83 1= 22in

o an: 2D
Agp = 0200m™ —

5 5
sc‘(dc - y‘i.n)
se h — yin
fo = €sc'Es
Cs= Ayrlse



Section 4: Homberg 4

Section & Reinforcement Properties:

Section: Bar Lecation 1:
h:= 8in dp = 2in + 0.25in
b:= 12m s1 = 1lin
— b
6= 16710 Ayp = 0.20in"
51
Epy-in st-(d] - y-in)
g = £ = —
¢ h-yin sl h — y.in
fo:=eoBe f = es1Eg
R .
Coi= 5 brlyrindfy Ty = Agfy

Centroid of Transformed Section from the Top:

—2.177096558427 3487660]

Ty + T = Cpsolve,y > 7
1.4734502953162863403

y:=1.47in

Equivalent Concrete Area:
1"\01 = A‘;l W(n) Acg:z A’SE'(II)

2 2
Ag = 1.407in" Agy = 2815in"

Transformed Moment of Inertia:
1 3 ; 2 2
L= 5»13-}' + AC]-(y— -:l]) + AcZ'(:'f'_ dz)

Iy = 64241 in"

66

Bar Location 2:

ds:=h - 2.03667in — 0.25in

8q 1= 11in
2 b
Ay = 2:020i - —
2 5
st-(dg - y-in)
827 h - y-in
f =650 Eg
Tr=Apfs

y = unknown



Section 5: Center Line/fHomberg 5

Section & Reinforcement Properties:

Section: Bar Location 1:
h:= Qin dy = 2.0in+ 0.25in
b:= 12m 5= 11lm
5 Ay = 020’
gpi= 1.610 ° el A
Epy-in st-(cll B m)
g = £ =
¢ h-yin sl h - y-in
foi= e f1 = 1By
- l 3 ~
Coi= 5 -bly-m-fy 1= Ag-fy

Centroid of Transformed Section from the Top:

—2.6015366705363464663 ]

Ty + Tq =C_ salve,y —
1772 e 4 [I,FSOG] 60302401 069697

y:=1.78in

Equivalent Concrete Area:
1"\01 = A‘;l W(n) Acg:z A’SE'(II)

2 2
Ag = 1.407in" Agp=3518in"

Transformed Moment of Inertia:
1 3 ; 2 2
L= 5»13-}' + AC]-(y— -:l]) + AcZ'(:'f'_ dz)

Iy = 118736

Bar Location 2:

dy = h— 1.75in — 0.25in

8+ = 22in Sqy, = 11in
r4

9 p
Ag = 0,2o-m‘.(£ + i)]

%20 %2b
om0
f52 = eg2°Eq
Ty= Al
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y = unknown



Section 6: Homberg M2x

Section & Reinforcement Properties:

Section: Bar Location 1:
h:= 9.0425m dl = 2m + 0.25m
b= 12in 815~ 22in syy:= 1lin
2{ b b
Ay = 020-in"{ + ]
la 31b
e g |yin—d
gg1= 32210 ° ggp = C(—l)
h—yin
fo=eE £ =25
. | 5
Cgi= 5 “be(h — yein)- £, Ty = Agy iy

Centroid of Transformed Section from the Top:

7 .4649850232356305560)

Ty +To+ Ty =C, solve,y —)[
- 11.206386862690254799

yi= 7.46in

Equivalent Concrete Area:

Ag1 = Agp(m) Agz = Agpr(m) A= Aggrn)

2 2
Ay = 2111 in” A =0.704 in” Az = 0,?04i112

Transformed Moment of Inertia:

Bar Location 2:
0.625

ds == 2m + in
<

84 := 22in

1 . i
Ly i= 5 b - 97+ Ay - 4 + Ay - )+ Ag(y - 4)

Iy = 91.919in"

68

¥ 1= unknown

Bar Lccation 3

d3 :=h-1.75In- 0.25m
s83:= 22in

2 b

Az = 020in" —
53 s
®3

E:C-(y-i.n - d3]
8535

h - yin
f3 = e53°E
T3 = Agyf3



Section 7: Homberg M3x

Section & Reinforcement Properties: y = unknown
Section: Bar Location 1: Bar Location 2: Bar Location 3:

. . 0625 i . . .
h:=12.4in dy == 2.0+ - dy = 2in + 0.25in dg = 10.5325-in — 0.25-in
b= 12in 5) 1= 22m 89, = 22in Sqp, = 11 83i= 22in

2 b b 2-b 2 b
Agp = 3031n"— A= 0,’-’_01'112'[— + —] A= 020407 —
51 522 S2b 53
s sc-(y-in - dl) ac-(y-in - d:) sc-(dc - 1.'-i.n)
g,1= —47.8.10 g4] 1= ——————— Bgn 15— Bgp 1= —————
: h - y-in = h— y-in ; h — yin
foi=epEg fg1 = €41 By fp = eIy fo = e50Bs
S b(l in).f = £ = f Co= f
Ce= 5 ‘th—yan)d, Ty = Aty Ty= Apefpp Cg 1= Agerlye

Centroid of Transformed Section from the Top:

9 547:302033434379159)

Tyt T =C v Cpsolve,y 7
= 16.501691908678697890

yi=9.55m

Equivalent Concrete Area:

Ay = Agpe(n) A= Agy(n) Age = Agrin=1)

2
Ay = 3272 A= 35180 Ay = 0595’

Transformed Moment of Inertia:
1 ) 3 ; 2 ; 2 2
L= 5»13-([1 -y + Acl‘(}' - d]) + Acz-(y - dg) + Acc'(y - dc)

= 451792
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APPENDIX C - HOMBERG CHARTS
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Figure 45: Homberg Chart M 5,x Continuous Deck.
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Figure 46: Homberg Chart M 4,x Continuous Deck.
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APPENDIX D — SEVEN MILE AND NILES CHANNEL TEST DATA

Table 5: Seven Mile Bridge Test Data, Top of Deck.

Longitudinal Section L1 L2 L3 L4 L5
Gage 1T [ 2T [ 3T | 4T 7T 18T [OT (10T {11T112T| 13T 16T 18T 1 19T 1 20T (21T [ 22T (23T (24T [ 25T | 26T
Strain, Load Position f(ue) | 33 [ 34 [ 40 | 39 08 | 05 | 14 [l 49 [ 112 [ 70 [ 04 203 491 [ 377 | 351 | 218 | 211 |[ 153 | 346 | 856 | 526
Strain, Load Position 2(ue) | 36 | 20 | 02 | 34 09 | 09 [ 08 |16 [ 37 |19 | 125 306 291 | 376 | 577 | 369 | 259 || 108 | 221 | 1803 | 252
Zero, Cantilever Loads () | 04 | 04 | 08 | 05 05 | 06 | 09l 01| 01]00] 03 06 04 | 05 | 04 | 03| 05 03|03]05] 03
Raw Data [Strain. CL Load Positiont(ue)| 203 | 237 [ 382 | 22 97 | 72 [ 75 || 67 [ 131 | 184 | 116 20 33 | 14 | 24 | 21 | 03 [ 29 | 43| 39| 39
Strain, CL Load Position2(pe)| 03 | 39 | 205 | 220 09 [ 102 | 82 || 14 [ 49 | 104 | 22 23 24 | 06 | 45 | 81 | 53 [l 48 | 41 [130 | 68
Zerot, Center Load, (ug) 03 | 03 | 00 [ 02 02 103 [ 10 loof 00 o7 | 02 02 04 102107 o1 {01 flo2|01] 021 01
Zero2, Center Load () 13 | 17 [ 05 | 10 014 | 06 [ 19 |l o4 [ 04 |03 ] 04 04 04 102 |21 |06 |0t flot [or|12] 02
eroAve., Center Load (ue) | 05 07 03 | 04 02 | 05 | 14 Jl 02 [ 02 [ 05 | 03 0.2 00 [ 00 J o7 | o4 [o00Tfot oo | 05 01
Height of Deck Slab (in) 90 8.0 118 108 1041
Section [Moment of Inertia (i) 1187 64.2 271.1 266.5 1784
Fs il Extreme Fiber Distance (in) 18 15 95 85 8.1
Secant Modulus (in3) 867 437 314
Long. Dist. from Load, (ft) -8 -4 0 4 8 -8 -4 -12 0 4 8 12 20 -8
B;‘r’z‘; Trens. Dist. from Load, (f) 17 11 45 45
Position] |True Strain (ue) 37 | 38 | 48 01 | 23 | 50 [ 113 209 495 | 382 | 354 | 21 | 216 || 156
Moment (k-ft) 01 ] 01| 01 0.0 [ 00]f 01 0.1 0.2 06 )04]04]03]03])0.1
Long. Dist. from Load, (ft) -16 -12 -8 -4 0 216 | -12 -20 -8 -4 0 4 12 -16
52 frvans. Dist from Load, (1) 17 11 45 45
Position 2 [True Strain (i) 40 | 24 | 10 15 | 16 || 17 | 38 3.2 205 | 381 | 581 | 372 | 264 || 111
Moment (k-ft) 01 1] 01 [ 00 0.0 | 0.0 0.0 0.0 0.4 03]04]07]04]03])0.1
Long. Dist. from Load, (ft) -8 -4 0 4 8 -8 -4 -12 0 4 8 12 20 -8
Load CL |Trans. Dist. from Load, (ft) -1 5 8 8 11.5 11.5 125 | 125
Positioin 1)7rye Strain (ue) -208 | -244 | -380 68 | 61 [ 65 | 120 | 179 | 113 19 33 | 14 | -31 | 25| 03 || 27 | 13 | 44 | -39
Moment (k-ft) 0.5 [-06 [ -0.9 01 (01f01]01]02]01 0.0 00]00]00])00]00])001]00]00] 00
Long. Dist. from Load, (ft) -16 -12 -8 -4 0 216 -12 -8 0 -20 -8 -4 0 4 12 -16 -8 0 8
Load CL |[Trans. Dist. from Load, (Ft) -1 5 8 8 1.5 1.5 125 | 125
Position 2Jr1ye Sirain (ue) 02 | -46 | -203 97 | 67 | 12 | 47 | 96 | 219 21 24 | -05 | -22 | 77 | 53 || 19 | 14 | -135 | -69
Moment (k-ft) 0.0 | -0.1 [ -05 02 101f00]01]01]02 0.0 00]00]00]01]011)00]00]-01]-01

76




Table 6: Seven Mile Bridge Test Data, Bottom of Deck.

Longitudinal Section |1 13 14 15
Gage 1B 28 | 38 [4B [5B 1136148 15B]168178|18819B| 208 21B| 226238 248|258 268
Siran, Losd Pasiton f{us) | 24 7 | 27 [os | 15 08 | i [ 2o ll473 | s | <83 [ame | o | gzs | e | eo | Gos | 407 | <63
Girain, Load Posltn 2us) | 23 | 42 | 65 | o4 [ 40 55 | s | 40 flo3e azs (7 (s [ ees e | o floms | am [ me | s
72r, Canievsr Loads (us] | 24 | 4o 03 | oz o4 Loz Lot oz |03 (25 [0z |00 |08 ) ot 05 |08 | 22| 08
Fgw D ErAN CL L3l Peoniiug)| 474 | 77 | 89 | e | 55 qz0 | 45 [ 3 42 | o4 [ 98 (12 [ &8s {72 [ o7 T | oE 3 | &2
Sirain, CL Load Poefon2us)| 45 | 7 87 [ 483 | @ 35 | zaz | s |l 54 |43 | oz3 |33 | 3o |ed | o34 |l 7e | sz | ao7 | 43
7ard, Camer Lo, {us) 03 | o4 | o4 [0z [ o3 05 |40 [ o1 fos o1 | 91 | oz [ o4 (o2 [0z fos |02 [ 28 | 03
Zergd, Canler Lo (ps) 0 | 1 | 41 fos [ 4s 02 lo7 [ 42 (oo (o2 [ o4 [ o4 [ os 2 o los |oz | o7 | 40
ZergAve, Comarload (s} | oz | 24 | oz | og 07 | os [ 44 oz |02 | oo (o2 | o2 [ o7 | oF o5 | o2 | 48 | oF
Halght of Deck Siab (i 50 13 1038 101
Sechan Mamam of Inarda [ine) &7 B e WES iTEA
PYOPEREE [ rams Fioer Distaca (i) 73 35 2z 24 20
Jsacan Moduus (i) 2z 2l i
Lang. Dist fram Laad, (M) -4 -4 0 8 12 0 £ [ - 1 [ 12 Bl -2 ] -4 0 4 [ 12 A -5 1] [ 18
3;??1, Trans. Dist. fram Load, (1) 7| i 11 8 | 8 15 15 35 | a5
Pozition 1 [Tue St (us) 235 15 15 05 | 14 7 | 118 [ 107 || 40 -80 | 13 [ 20 | 20 ||-170 [ -331 | -G8 | -2 | -330 | -21 | -199 | 15 | -2 | -205 | -169
Moment (k-t) 00 | 0.0 | 00 | 00 [ 00 (4000002 L4000 [0 )01 || DT A4 -20 AT | A4 | D8 [ 08|06 |41 | DT | DB
Lang. Dést from Load, | -6 | -2 -5 ] 4 -4 -£ 1 -18 - 1 4 i A | -2 [ B -£ 1 4 12 ]| -5 | -8 1] g
E;L?'I; [Trans. Disl. from Laad, (7 17 17 11 1 8 [ &3 &3 35 | 33
Pozition 2 [Tru2 Stran (us) 24 &3 35 01 | 04 a0 | 102 [ 1248 ) 25 04 | -35 [ -23 | -1 || -128 [ -225 | -262 | -443 | 612 | -384 | -263 || 152 | -5 | -354 | -TV3
Moment (k-t) 00 | 0.0 | 00 |00 [ 00 00 | 00 (0004 0O |02 |04 ) 00 (05 |40 |44 |48 )26 |46 | A1 05|07 |42 ] DB
Lang. Dést from Load, | -4 -4 1 8 12 1 £ & - i & 12 Bl -2 | -4 1 4 & 12 A -5 ] g 18
Laad CL [Trans. Cist. fram Load, () -1 -1 g g 8 [ 1.5 1.5 125 | 125
Pl 1 Irye Sran () 71 | 177 | 259 | 153 | 43 -89 | -85 | 07 || A8 5| 127 | B4 [ <10 ) 40 [ 02 | 16 | 15 [ 67 | &5 | 04 | 11 | 05 [ 04 53
Moment (k-t) 04 )04 | 02 |01 (00 44 (00 )00 (04 A4 |06 | D2 LA) 02 |00 )04 04|03 |03[00)00|00]00] 02
Lang. Dést from Load, | -6 | -2 -5 ] 4 -4 -£ 1 -18 - 1 4 i A | -2 [ B -£ 1 4 12 ]| -5 | -8 g
Load CL [Trans. Cist. fram Laad, (F1) -1 -1 g g 8 [ 1.5 1.5 125
PN 2 [1rye Srain () i2 72 | 185 | 161 | &7 24 | <74 [-164) 37 -84 | -382 [-A0[-M1)) 52 [ 46 | 25 |30 [ 284 | 54 | 27 || 67 | 50 38
JMoment {k-f) 0.0 { 00 (01 J01/(04 (0 | 00 (01]02 D4 A5 143 | L6102 102 )01 (01 (04 )02]01]032 02 0.1
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Table 7: Niles Channel Bridge Test Data.

Longitudinal Section L1 L2 L3
Gage Number 1 . 3 4 5 [ 1 3 9 10 11 12 13 14 | 15 16
Height of Deck Slab(in) 138 109 10.2
Section Jioment nf Inerti.a (in¢] —~ 2763.0 1323.0 1070.0
Properties Futreme Fiber DIS.TEITII:E! (in} 5 6.0 5.7
Secant Modulus(irg) 5.8 2185 1876
Trans. Dist. from Load (ft) 5.5 45 3.5
| ong. Dist. from Load (ft) -b 0 9 15 | 12 | -6 -3 0 3 b 9 12 15 21 0 9
irain Ave. (pg) JMT | 30002 | AN | 32650 (| RZ2RT | 3002 | 2743 | BRI | 30797 | M43 | 363 | 3258 | 13M2 [ 24810 || 34058 | 33642
Temp. Ave. (°C) 28 a7 a6 A6 || 288 | 21 a8 | T3 | ®E | 2T 4 | O3 | AY | TN | 7| &3
F'r:lLsciltEilr:ldn 1 irain Ave., Zero () J268.8 | 25205 | 256 | 3260 [ 31843 | 30256 | 21854 | 23199 | 30014 | 28578 | 31138 | 30854 | 12BBE | 2405 || 33265 | 32068
Temp. Ave., Zero("C) 25.8 258 a7 27 || 315 | Wi 05 | 288 | B4 | B4 | BT | BE | A 288 || 32 | HE
True Strain {p) 496 | 480 | 176 | 215 | 211 | 467 | 431 | B26 | 418 | 341 | 203 [ 142 | 113 | 169 || 384 | 233
[Moment (k-ft) 6.9 6.3 24 | 30 [ 1.7 | 37 | 35 | 43 [ 34 [ 28 [ 17 |12 |09 [ 14 | A7 | 16
| ong. Dist. from Load (ft) -15 -9 0 6 21 | <15 | 12 -0 -6 -] 0 3 b 12 -9 0
train Ave. (pg) 33237 | 28655 | 0.0 | 328B.7 || 32404 | J0B3T | 32445 | 28732 | 3066.0 | 300 | 3200.7 | JI67.7 | 33603 | 24910 || 33714 | 3MIT
Temp. Ave. (°C) 74 282 i 265 (| 278 | 280 | 280 | 284 | 272 | 7O | 268 | 265 | 264 | 264 | 2R | 266
PuLS?tEiludnE irain Ave., Zero (pE) 32604 | 25158 | 25284 | 32464 || 31885 | 30274 | 31765 | 28075 | 30003 | 28575 | 3i30.2 | 3075.0 | WTR4 | 24324 || 37T | 32834
Temp. &ve, Zera (°C) 300 256 291 230 05 [ 302 N0 W3 [ A5 | A1 22 | BD | BT | XB6 || W2 | A3
True Strain {pg) 273 | 326 | BO7 | 134 || 146 [ 261 | 260 | 282 | 339 | B02 | 364 | 56T | 308 | 270 | A2 | 563
[oment (k-ft) 38 | 45 1.0 19 | 1.2 | 21 | 22 | 23 [ 28 | 41 [ 30 [ 47 [ 33 [ 23 |15 | 39
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Figure 51: Seven Mile Bridge Test Moments Along Transverse Line T4, Top.

Figure 52: Seven Mile Bridge Test Moments Along Transverse Line T4, Bottom.
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Figure 53: Seven Mile Bridge Test Moments Along Transverse Line T6, Top.

Figure 54: Seven Mile Bridge Test Moments Along Transverse Line T6, Bottom.
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Figure 55: Seven Mile Bridge Test Moments Along Longitudinal Line L1, Top.

Figure 56: Seven Mile Bridge Test Moments Along Longitudinal Line L1, Bottom.
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Figure 57: Seven Mile Bridge Test Moments Along Longitudinal Line L2, Top.

Figure 58: Seven Mile Bridge Test Moments Along Longitudinal Line L2, Bottom.
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Figure 59: Seven Mile Bridge Test Moments Along Longitudinal Line L3, Top.

Figure 60: Seven Mile Bridge Test Moments Along Longitudinal Line L3, Bottom.
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Figure 61: Seven Mile Bridge Test Moments Along Longitudinal Line L4, Top.
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Figure 62: Seven Mile Bridge Test Moments Along Longitudinal Line L4, Bottom.
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Figure 63: Seven Mile Bridge Test Transverse Moments Along Longitudinal Line L5, Top.

Figure 64: Seven Mile Bridge Test Transverse Moments Along Longitudinal Line L5, Bottom.
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+Barrier_Pos1  —Barrier_Pos2

Figure 65: Niles Channel Bridge Test Transverse Moments Along Transverse Line T1.

+ Barrier_Pos1 —Barrier_Pos2

Figure 66: Niles Channel Bridge Test Transverse Moments Along Transverse Line T2.
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+barrier_Pos_1 —+Barrier_Pos_2

Figure 67: Niles Channel Bridge Test Transverse Moments Along Longitudinal Line L1.

+Barrier_Pos1 —Barrier_Pos2

Figure 68: Niles Channel Bridge Test Transverse Moments Along Longitudinal Line L2.
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APPENDIX E — SEVEN MILE AND NILES CHANNEL FINITE ELEMENT MODEL
RESULTS

O
Figure 69: LUSAS Model of Channel Five Bridge with a Continuous Barrier Showing Longitudinal Barrier
Strains.

.y ) >
Figure 70: LUSAS Model of Channel Five Bridge with a Jointed Barrier Showing Longitudinal Barrier
Strains.
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Figure 71: LUSAS Model of Seven Mile Bridge with a Continuous Barrier Showing Transverse Strains.

Figure 72: LUSAS Model of Seven Mile Bridge with a Jointed Barrier Showing Transverse Strains.
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Figure 73: LUSAS Model of Seven Mile Bridge without a Barrier Showing Transverse Strains.

Figure 74: LUSAS Model of Niles Channel Bridge with a Continuous Barrier Showing Transverse Strains.
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Figure 75: LUSAS Model of Niles Channel Bridge with a Jointed Barrier Showing Transverse Strains.

Figure 76: LUSAS Model of Niles Channel Bridge without a Barrier Showing Transverse Strains.
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APPENDIX F — CHANNEL FIVE, SEVEN MILE AND NILES CHANNEL FINITE ELEMENT
MODEL STRAINS AT HOMBERG POSITIONS

Figure 77: LUSAS Model of Channel Five Bridge with a Continuous Barrier Showing Transverse Strains
Correlating to Homberg Positions M2,x and M3,x.

Figure 78: LUSAS Model of Channel Five Bridge with a Jointed Barrier Showing Transverse Strains
Correlating to Homberg Positions M2,x and M3, x.
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Figure 79: LUSAS Model of Channel Five Bridge without a Barrier Showing Transverse Strains Correlating
to Homberg Positions M2,x and M3, x.

Figure 80: LUSAS Model of Seven Mile Bridge with a Continuous Barrier Showing Transverse Strains
Correlating to Homberg Positions M2,x and M3,x.
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Figure 81: LUSAS Model of Seven Mile Bridge with a Jointed Barrier Showing Transverse Strains
Correlating to Homberg Positions M2,x and M3, x.

Figure 82: LUSAS Model of Seven Mile Bridge without a Barrier Showing Transverse Strains Correlating
to Homberg Positions M2,x and M3, x.
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Figure 83: LUSAS Model of Niles Channel Bridge with a Continuous Barrier Showing Transverse Strains
Correlating to Homberg Positions M2,x and M3, x.

Figure 84: LUSAS Model of Niles Channel Bridge with a Jointed Barrier Showing Transverse Strains
Correlating to Homberg Positions M2,x and M3,x.
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Figure 85: LUSAS Model of Niles Channel Bridge without a Barrier Showing Transverse Strains
Correlating to Homberg Positions M2,x and M3, x.
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Table 8: Channel Five Bridge Load Test Strain, Moment and % Reduction Chart.

MOMENT COMPARISONS

APPENDIX G — CHANNEL FIVE, SEVEN MILE AND NILES CHANNEL STRAIN AND

Actual Load Test

Strain (pe)

L1

L2

L3

L4

L5

LG
i
L3
Load

Barrier

L1

L2

L3

L4

L5

LG

L7

L3
Load
Barrier

L1

L2

L3

L4

L5

L6

L7

L&
Load
Barrier

19
5.3
54
16.7 12 5 76 5T
304 2238 174 12 2
76 267 201 147 11.8 a6
330 252 213 16.9
254 16.7 12 4 13.6
Load 1
-65.2 -51.8 -30.5 126
T1 T2 T3 T4 Ta TR
Moment (k-ft)
01
-0.3
0.6
20 15 049 0w
44 33 26 18
34 24 18 13 11 0a
26 20 1.7 13
16 1.0 0a 0a
Load 1
T1 T2 T3 T4 TA TG
% Reduction
97 4
107 1
a7
55 5 GE.8 79.7 a4.9
0.0 249 42 3 59 7
23T 4538 591 702 761 824
4138 56 5 62 4 702
G459 783 828 812
Load 1
0.0 205 531 a0 7
T T2 T3 T4 Ta TG
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Table 9: LUSAS Strain, Moment and % Reduction Chart Representing the Channel Five Bridge
with Continuous Barriers.

LUSAS with Continuous Barriers
Strain (ue)
L1 3.06
L2 -A.26
L3 507
L4 18.3 11.8 7.78 534
L5 anT 229 16.2 11.9
LG 376 28.8 21 15 8 118 874
L7 M4 26 20 154
L3 247 174 16 8 13.3
Load] Load 1
Barrier] 706 50{ 334 233
T T2 T3 T4 Ta TG
Moment (k-ft)
L1 nz
L2 -0.3
L3 04
L4 22 14 0.9 06
L6 45 33 24 1.7
L& 3.4 2.6 1.9 1.4 1.1 0.8
i 27 2.0 1.6 1.2
L3 15 11 1.0 ]
Load] Load 1
Barrier
L1 L2 L3 L4 L5
% Reduction
L1 958
L2 1058
L3 aa.0
L4 515 9.0 794 869
L& 0.0 254 47 2 1.2
LB 244 421 A7 8 3.2 763 a2 4
L7 399 54 B 651 731
L3 GE.2 762 784 81.8
Load] Load 1
Barrier 0.0 292 2T G7.0
T1 T2 T3 T4 Ta TR
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Table 10: LUSAS Strain, Moment and % Reduction Chart Representing the Channel Five Bridge

with Jointed Barriers.

L1

L2

L3

L4

L5

LG

L7

L8
Load
Barrier

L1

L2

L3

L4

L5

LG

L7

L3
Load
Barrier

L1

L2

L3

L4

L5

L6

L7

L&
Load
Barrier

LUSAS with Barrier Joint

Strain (ue)
3.65
-2 2
8.21
269 16.2 876 492
413 5 33 18.6 10.9
G2 1 42 5 245 14 .4 a.36 459
aa.7 386 238 14 6
47 .5 26 19.6 13.5
Load 1
0292 276 767 .69
T1 T2 T3 T4 Ta TR
Moment (k-ft)
0z
0.1
0.9
31 1.9 1.0 06
71 438 27 16
56 38 22 13 0.a 04
416 3.0 1.9 11
29 16 1.2
Load 1
T1 T2 T3 T4 Ta TG
% Reduction
96 8
101.5
a7y
56.9 73.0 a5.4 91.8
0.0 2.0 61.6 77.A
210 459 3.3 81.7 894 94 2
351 573 73T 839
R T7h 830 883
Load 1
0.0 -845 2 -2R26.T -2191.1
T1 T2 T3 T4 T4 Tk
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Table 11: LUSAS Strain, Moment and % Reduction Chart Representing the Channel Five Bridge
with No Barriers.

LUSAS without Barriers
Strain (pe)
L1 3.9
L2 -1.1
L3 9.7
L4 28.3 17.6 8.1 36
LA 840 36.2 16.7 7.5
LG 706 473 219 9.6 4.8 31
i 684 442 211 9.6
L3 59.9 33.0 16.7 8.3
Load] Load 1
Barrier
T1 T2 T3 T4 TA TA
Moment (k-ft)
L1 0.2
L2 -01
L3 1.0
L4 3.3 21 0.9 0.4
L5 7.9 5.3 24 1.1
LG 6.4 4.3 2.0 0.9 0.4 0.3
LT 5.4 35 1.7 0.8
L8 3.7 2.0 1.0 0.5
Load] Load 1
Barrier
T1 T2 T3 T4 T4 Th
% Reduction
L1 97.0
L2 100.7
L3 86.9
L4 BT 737 88.0 94 6
L5 0.0 33.0 69.1 86.1
L6 19.3 46.0 75.0 89.0 94 .5 96.5
L7 321 56.1 79.1 90.5
L8 535 74.4 87.0 93.6
Load] Load 1
Barrier
T1 T2 T3 T4 TA Th
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Table 12: Seven Mile Bridge Load Test Strain, Moment and % Reduction Chart.

19
T8
T7
16
TS
T4
T3
T2
T1

T9
T8
T7
T6
TS
T4
T3
T2
T1

T9
T8
T7
T6
TS
T4
T3
T2
T1

Actual Load Test, Bottom Gages

Strain (pe)

-15.9
0.0 2.0 -16.9
14 2.0 -221
06 10.7 1.3 -33.0 -20.5
11.9 -39.2
16 16.7 -3.0 478 -32.2|Load 1
18 0.0 -33.1
21 4.0 -18.5
17
L1 L2 L3 L4 L5
Moment (k-ft)
-0.3
0.0 0.0 -0.2
0.0 0.0 -0.3
0.0 0.0 0.0 -0.5 0.2
0.0 -0.6
0.0 01 -0.1 0.7 -0.4| Load 1
0.0 0.0 -0.5
0.0 01 -0.2
-0.3
L1 L2 L3 L4 L5
% Reduction
584
100.0 1037 748
101.2 1037 538
100.5 105 .4 102 .4 31.0 694
106.0 18.0
101.3 105 4 853 0.0 51.9] Load1
101.5 100.0 30.8
101.8 107 4 724
64 .4
L1 L2 L3 L4 L5
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Table 13: LUSAS Strain, Moment and % Reduction Chart Representing the Seven Mile Bridge with
Continuous Barriers.

LUSAS with Continuous Barriers
Strain (pe)

T9 9.4
Ta -0.1 15 -12.9
T7 0z 045 -18.6
T6 0a 12 -0.1 -23.9 -21.2
Th 11 -32.2
T4 19 11 -3.5 A7 8 -36.6| Load 1
T3 14 2.0 -32.2
T2 0a -0.3 -211
T -18.5

L1 L2 L3 L4 LS

Moment (k-ft)

T9 0.2
T8 0.0 0.0 0.1
T7 0.0 0.0 0.3
TG 0.0 0.0 0.0 0.4 -0.2
5 0.0 0.5
T4 0.0 0.0 0.0 0.7 -0.4| Load1
T3 0.0 0.0 0.5
T2 0.0 0.0 -0.2
T 0.3

L1 L2 L3 L4 LS

% Reduction

T9 795
T8 99 9 1023 a0 7
T7 1002 101.7 61.1
TG 1007 100.6 99 9 0.0 3.4
5 100.5 326
T4 101.6 100.6 936 0.0 45 4| Load1
T3 101.3 96.3 326
T2 1007 99 4 G35
T1 1.3

L1 L2 L3 L4 L5
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Table 14: LUSAS Strain, Moment and % Reduction Chart Representing the Seven Mile Bridge with
Jointed Barriers.

LUSAS with Jointed Barrier
Strain (pe)

T9 4.8
T8 -0.2 27 9.0
T7 -0.3 20 -16.2
TG 0.0 0z 0z -26.4 -23.6
T5 =11 159
T4 11 -1.6 6.3 -74.8 52.4| Load 1
T3 0.7 3.7 AT 6
T2 0.0 0.2 -24 3
T -16.5

L1 L2 L3 L4 LS

Moment (k-ft)
T9 01

T8 0.0 0.0 -01
T7 0.0 0.0 -0.3
TG 0.0 0.0 0.0 0.5 -0.3
T 0.0 -0.8
T4 0.0 0.0 -01 14 -0.8| Load1
T3 0.0 0.1 -0.8
T2 0.0 0.0 -0.3
T 0.3

L1 L2 L3 L4 LS

% Reduction

T9 936
T8 99 8 103 4 914
T7 99 8 102 4 783
TG 100.0 1001 1002 4T T74|x
5 9495 38.6
T4 100.3 99 3 92 1 0.0 402 Load 1
T3 100.5 95 3 364
T2 100.0 99 8 76T
T 774

L1 L2 L3 L4 LS
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Table 15: LUSAS Strain, Moment and % Reduction Chart Representing the Seven Mile Bridge with No

Barriers.

T9
T8
T7
T6
T5
T4
T3
T2
T1

T9
T8
T7
T6
T5
T4
T3
T2
T1

19
T8
7
6
Ta
T4
T3
T2
T1

LUSAS without Barriers

Strain (ue)

-0.8
-0.2 3T -2 .6
-0.3 3.1 -5.1
01 01 06 -22.2 -19.7
2.2 -55.2
14 -31 -3.8 -92.1 -30.0| Load1
049 -5.00 -55 2
01 03 -19.7
-8.1
L1 L2 L3 L4 L5
Moment (k-ft)
0.0
0.0 01 0.0
0.0 0.0 -01
0.0 0.0 0.0 -0.3 -0.2
0.0 -0.8
0.0 0.0 -0.1 -1.4 -0.9 Load 1
0.0 -01 -0.8
0.0 0.0 -0.2
-01
L1 L2 L3 L4 L5
% Reduction
99.0
999 103.6 980
99.9 103.0 91.2
1001 100.0 100.5 759 847
99 4 401
100.6 99 2 916 0.0 36.0| Load
100.4 952 401
100.0 100.3 847
91.2
L1 2 L3 L4 L5
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Table 16: Niles Channel Bridge Load Test Strain, Moment and % Reduction Chart.

Actual Load Test
Strain (psz)

T10 16.9
T9) 215 11.3
T8 14.2
T7l 1786 203 233
T6 34.1
T5 418
T4 490 52 6 38.4 Load 1
T3 43.1
T2] 496 457
T1 21.1
L1 L2 L3
Moment (k-ft)
T10 1.3
T9 3.0 0.9
T8 1.1
T7 2.4 1.6 1.6
T6 27
TS 3.3
T4] 63 42 27 Load 1
T3 3.4
T2] 69 36
T1 1.7
L1 L2 L3

% Reduction

T10 80.2
T9 56.1 86.7
T8 §3.3
T7] 641 76.2 75.9
T6 60.0
T5 51.0
T4 0.0 38.3 60.3 Load 1
T3 48.5
T2 1.2 46.4
T1 75.3
L1 L2 L3
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Table 17: LUSAS Strain, Moment and % Reduction Chart Representing the Niles Channel Bridge with
Continuous Barriers.

LUSAS, Continuous Barrier
Strain (ps)

T10 10.8
T 135 17.6
T8 2149
T7] 214 270 253
T6 335
Ta 435
T4l 440 52 6 462 Load 1
T3 435
T2] 274 335
T1 218
L1 L2 L3
Moment (k-ft)
T10 0.9
T9 1.9 14
T8 1.7
17 3.0 2.1 1.8
TG 27
Ta 3.5
T4 6.1 4.2 3.2 Load 1
T3 35
T2] 38 27
T 1.7
L1 L2 L3

% Reduction

T10 85.9
T9| 693 77.0
T8 714
T7 514 B4.7 70.8
T6 B6.2
T5 43.2
T4 0.0 3.3 46.7 Load 1
T3 43.2
T2 377 B6.2
T1 71.5
L1 L2 L3
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Table 18: LUSAS Strain, Moment and % Reduction Chart Representing the Niles Channel Bridge with
Jointed Barriers.

LUSAS, Barrier Joint
Strain (p=)

T10 5.4
T9l 11.0 14.3
T8 205
T7] 2238 291 278
T6 417
T5 61.7
T4 636 78.5 71.8 Load 1
T3 63.1
T2| 345 42 8
T1 20.9
L1 LZ L3
Moment (k-ft)
T10 0.5
T4 1.5 1.1
T8 1.6
7] 32 23 2.0
TG 3.3
Ta 49
T4 8.8 6.2 5.0 Load 1
T3 50
T2 4.8 3.4
T 1.7
L1 L2 L3
% Reduction
T10 84 2
T9| 827 87.1
T8 81.5
T7f] B42 737 77.8
T6 62.3
T5 443
T4 00 291 427 Load 1
T3 43.0
T2] 458 61.3
T1 81.1
L1 L2 L3
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Table 19: LUSAS Strain, Moment and % Reduction Chart Representing the Niles Channel Bridge with No
Barriers.

LUSAS, No Barriers
Strain (pe=)

T10 27
T9 5.4 6.6
T8 12.1
T7] 184 23.3 222
T6 440
T5 755
T4 769 97.2 91.5 Load 1
T3 755
T2| 352 44 1
T1 12.2
L1 LZ L3
Moment (k-ft)
T10 0.2
T4 0.7 0.5
T8 1.0
Tl 25 1.9 16
TG 35
Ta 6.0
T4 10.7 7.7 6.4 Load 1
T3 6.0
T2 4.9 3.5
T 1.0
L1 L2 L3
% Reduction
T10 95.0
T9] 930 951
T8 91.0
Tfl 761 82.6 85.4
T6 67.1
T5 436
T4 00 274 39.6 Load 1
T3 436
T2] 542 67.0
T1 90.9
L1 L2 L3
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Table 20: Homberg M2,X Strain, Moment and % Reduction Comparison Chart for the Channel Five Bridge.

Long. Dist.
from Load
(ft) Homberg m2,X LUSAS, No Barriers LUSAS, Barrier Gap
Homberg Moment % Reduction uStrain  Moment % Reduction uStrain  Moment % Reduction
o -0.148 3.1 0.0 39.9 3.7 0.0 47.5 2.9 0.0
1 -0.125 2.6 15.5 55.6 3.4 7.2 432.2 2.6 11.2
2 -0.1 2.1 324 a7 2.9 21.5 34 2.1 284
3 -0.0875 1.8 40.9 39.2 24 34.6 28.7 1.8 39.6
4 -0.075 1.6 49.3 33 2.0 44.9 26 1.6 45.3
3 g -0.066 1.4 354 27.9 1.7 334 24.2 1.5 49.1
& o] -0.055 11 62.8 23.6 1.4 60.6 22.7 1.4 52.2
7 g -0.048 1.0 67.6 19.9 1.2 66.8 21.2 1.3 55.4
8 ] -0.041 0.8 72.3 16.7 1.0 72.1 19.6 1.2 58.7
9 S -0.039 0.8 73.6 14 0.9 76.6 18 1.1 62.1
10 Q -0.034 0.7 770 11.7 0.7 B80.5 16.4 1.0 83.5
11 -0.03 0.6 79.7 9.82 0.6 83.6 14.9 0.9 68.6
12 -0.028 0.6 81.1 8.25 0.5 86.2 13.5 0.8 71.6
13 -0.025 0.5 83.1 6.98 0.4 88.3 12.1 0.7 74.5
14 -0.022 0.5 85.1 5.95 0.4 90.1 10.9 0.7 77.1
15 -0.02 0.4 86.3 212 0.3 915 9.73 0.6 79.5
16 ____-_02];8___94_ _____ 8_?';8 ______ 4.46 0.3 92.6 8.67 0.5 BL.7
Homberg Moment % Reduction 3.94 0.2 93.4 7.7 0.5 83.8
1] -0.151 3.1 0.0 3.52 0.2 94.1 6.82 0.4 85.6
1 -0.149 3.1 1.3 3.2 0.2 94.7 6.02 0.4 87.3
2 -0.125 2.6 17.2 2.94 0.2 95.1 5.29 0.3 88.9
3 -0.1 2.1 33.8
4 -0.0875 1.3 42.1
5 . -0.0755 1.6 50.0
6 g -0.068 1.4 55.0
7 L o0s 12 60.3
3 2 _-00s 10 66.9
9 © -0.042 0.9 72.2
10 o -0.035 0.7 76.8
11 -0.03 0.6 80.1
12 -0.026 0.5 B82.8
13 -0.022 0.5 854
14 -0.018 0.4 88.1
15 -0.015 0.3 90.1
16 -0.0125 0.3 91.7
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Table 21: Homberg M3,X Strain, Moment and % Reduction Comparison Chart for the Channel Five Bridge.

Homberg m3.X LUSAS, No Barriers
Homberg Moment % Reduction uStrain  Moment % Reduction
-0.323 6.7 0.0 28.3 3.3 0.0
-0.325 6.7 0.0 26.1 3.1 7.8
-0.3 b.2 1.7 23.5 2.8 17.0
-0.275 5.7 15.4 20.6 2.4 27.2
-0.24 5.0 26.2 17.6 2.1 37.8
-0.22 4.6 32.3 14.7 1.7 48.1
-0.18 3.7 44.6 12.2 1.4 56.9
-0.155 3.2 52.2 9.92 LA 64.9
-0.135 2.8 58.5 8.06 0.9 715
-0.12 2.5 63.1 6.54 0.8 76.9
-0.1 2.1 09.2 0.6 81.2
-0.09 1.9 72.3 4.35 0.5 B84.6
-0.08 il 75.4 3.59 0.4 87.3
-0.071 1.5 78.2 3 0.4 894
-0.068 1.4 79.1 2.54 0.3 91.0
-0.06 1.2 8l.3 2.19 0.3 92.3
1.33 0.2 93.2
Homberg Moment % Reduction 1.73 0.2 93.9
-0.5 10.4 0.0 1.58 0.2 94.4
-0.475 9.8 5.0 1.48 0.2 94.8
-0.445 9.2 11.0 1.4 0.2 95.1
-0.375 7.8 25.0
-0.323 6.7 35.0
-0.27 5.6 46.0
-0.22 4.6 56.0
-0.17 3.5 66.0
-0.13 2.7 74.0
-0.105 2.2 79.0
-0.08325 17 83.4
-0.0625 1.3 87.5
-0.048 1.0 90.4
-0.038 0.8 924
-0.031 0.6 93.8
-0.025 0.5 95.0
-0.02 0.4 96.0

Continuous

Cantilever
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Table 22: Homberg M2,X Strain, Moment and % Reduction Comparison Chart for the Seven Mile Bridge.

Long. Dist
fron? Load Homberg m2,X LUSAS, No Barriers LUSAS, Barrier with Joint

(ft)

Homberg Moment % Reduction uStrain  Moment % Reduction uStrain -~ Moment % Reduction
i} -0.148 3.6 0.0 49.5 11 0.0 333 0.7 65.7
1 -0.125 3.0 15.5 439 1.0 11.3 26.6 0.6 72.6
2 -0.1 24 324 35.8 0.8 217 18.8 0.4 80.7
3 -0.0875 2.1 40.9 324 0.7 4.5 18.2 0.4 8i3
4 -0.075 1.8 493 29.6 0.6 40.2 19.5 0.4 79.9
5 % -0.066 1.6 554 26.6 0.5 52.3 20.7 0.5 78.7
6 o  -0.05% 1.3 62.3 236 0.4 58.6 211 0.5 78.3
7 E -0.048 1.2 676 20.5 0.4 64.6 208 05 78.6
8 -E -0.01 1.0 72.3 17.5 0.3 701 201 0.4 79.3
9 o _ -0.039 0.9 73.6 14.8 0.3 74.9 19 0.4 80.4
10 QO 00 0.3 77.0 124 0.2 79.0 178 0.4 81.7
11 -0.03 0.7 79.7 104 0.2 82.5 16.5 0.4 83.0
12 -0.028 0.7 81.1 8.68 0.2 85.4 15.2 0.3 84.4
13 -0.025 0.6 83.1 7.25 0.1 8.7 13.9 0.3 85.7
14 -0.022 0.5 85.1 6.07 0.1 39.6 12.7 0.3 86.9
15 -0.02 0.5 86.5 513 0.1 9.2 116 0.3 86.1
B | ___-0018 04 ¢ 8rs 437 0.1 92.4 10.5 02 89.2

Homberg Moment % Reduction 3.76 0.1 934 9.44 0.2 90.3
i} -0.151 36 0.0 3.28 0.1 942 §.48 02 93
1 -0.149 3.6 1.3 2.89 0.1 94.8 7.59 02 922
2 -0.125 3.0 17.2 2.59 0.1 95.3 B.77 0.1 93.0
3 -0.1 24 338 2.35 0.0 100.0 6.01 0.1 938
4 -0.0874 2.1 421
5 5 -0.0755 1.8 50.0
6 =  -0.068 1.6 85.0
7 |2 006 14 60.3
8 | T _-005 1.2 66.9
9 8 0042 10 722
10 -0.035 0.3 76.8
11 -0.03 0.7 0.1
12 -0.026 0.6 82.8
13 -0.022 0.5 854
14 -0.018 0.4 88.1
15 -0.015 0.4 90.1
16 -0.0125 0.3 9.7
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Table 23: Homberg M3,X Strain, Moment and % Reduction Comparison Chart for the Seven Mile Bridge.

from Load Homberg m3,X LUSAS, No Barriers LUSAS, Barrier with Joint LUSAS, Continuous Barrier

(ft) Homberg Moment % Reduction uStrain -~ Moment % Reduction uStrain -~ Moment % Reduction uStrain -~ Moment % Reduction

0 -0.325 1.8 0.0 35.6 21 0.0 .2 1.9 0.0 235 14 0.0

1 -0.325 1.8 0.0 4.6 21 2.4 0.2 1.8 32 2238 14 30

2 -0.3 7.2 7.7 N7 1.9 11.0 277 16 1.2 212 13 9.3

3 0.275 6.6 154 207 1.6 222 243 14 221 18.8 11 20.0

4 -0.24 5.8 26.2 233 14 4.6 208 12 33.3 16.4 1.0 302

g % -0.22 5.3 32.3 19.2 11 461 17.6 1.0 43.6 14.3 0.8 391

6 o  -0.18 4.3 44.6 15.5 0.9 6.5 14.9 0.9 522 12.6 0.7 464

7 E -0.155 3.7 52.3 124 0.7 65.2 12.7 0.3 59.3 11.1 0.7 528

3 -E -0.135 3.2 58.5 9.92 0.6 721 10.9 0.6 5.1 9.95 0.6 75

9 o 012 29 63.1 792 0.5 i7.8 9.47 0.6 69.6 9.01 05 B1.7

10 o -0.1 24 69.2 6.33 0.4 §2.2 §.24 0.5 736 8.17 05 65.2

1 -0.09 2.2 72.3 5.08 0.3 85.7 1.2 04 76.9 743 04 684

12 -0.08 1.9 75.4 411 0.2 88.5 6.31 04 79.8 6.78 04 741

13 0.0M 1.7 78.2 335 0.2 90.6 553 0.3 82.3 6.19 04 737

14 -0.068 1.6 79.1 277 0.2 92.2 4385 0.3 845 565 0.3 76.0

15 -0.06 14 81.5 232 01 93.5 426 0.3 86.3 5.7 03 78.0

16 | ___ - 005 12 ¢ B46 197 01 94.5 3.74 0.2 6.0 473 0.3 79.9
Homberg Moment % Reduction 1.71 0.1 952 3.2 0.2 895 433 0.3 81.6

0 -0.5 12.0 0.0 151 01 95.8 2.68 0.2 90.8 397 0.2 83.1

1 0.475 11.4 5.0 1.36 01 96.2 253 0.2 9.9 364 0.2 84.5

2 -0.445 10.7 11.0 1.25 01 96.5 223 01 929 334 0.2 85.8

3 0.375 9.0 250 (T 01 96.7 197 01 937 3.07 02 86.9

4 0.325 7.8 35.0

g L 027 6.5 46.0

6 o 022 5.3 56.0

7 |3 017 41 86.0

G = 013 31 74.0

9 |5 005 25 790

10 O -0.08325 2.0 834

1 -0.0625 1.5 87.5

12 -0.048 1.2 90.4

13 -0.038 0.9 92.4

14 0.031 0.7 93.8

15 -0.025 0.6 95.0

16 -0.02 0.5 96.0
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Table 24: Homberg M2,X Strain, Moment and % Reduction Comparison Chart for the Niles Channel Bridge.

Homberg m2 X LUSAS, No Barriers
Hormberg Moment % Reduction uStrain ~ Moment % Reduction
-0.148 33 0.0 756 41 0.0
-0.125 28 1556 69 38 8.7
-0.1 23 324 A7.1 31 245
-0.0875 20 409 48 26 36.5
-0.075 1.7 493 411 22 45 6
-0.066 15 554 352 19 534
-0.055 1.2 62 8 30.1 16 60.2
-0.048 11 676 254 14 G6.4
-0.041 049 723 214 12 717
-0.039 0.9 73.6 17.8 1.0 76.5
-0.034 0.8 147 08 80.6
-0.03 07 12.2 07 83.9
-0.028 0.6 10 05 86.8
0.6 ! 8.23 05 89.0
05 b 6.86 04 90.9
05 ! 572 03 92.4
! 4 81 03 936
Hormberg Moment % Reduction 409 02 94 6
-0.151 34 0.0 352 0.2 953
-0.149 34 13 3.08 02 95.9
-0.125 28 17.2 273 0.1 96.4
-0.1 23 338 245 0.1 96.8
-0.0875 2.0 421
-0.075 1.7 50.3
-0.07 1.6 h36
0.0625 14 h8.6
-0.05 11 66.9
-0.042 09 722
-0.035 0.8 76.3
-0.03 07 80.1
-0.026 0.6 82.8
-0.022 05 854
-0.018 04 88.1
-0.015 03 90.1
-0.0125 03 917

Continuous

Cantilever
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Table 25: Homberg M3,X Strain, Moment and % Reduction Comparison Chart for the Niles Channel Bridge.

Long.
Dist
from_ Homberg m3.X LUSAS, No Barriers LUSAS, Barrier Gap
Homberg Moment % Reduction uStrain ~ Moment % Reduction uStrain~ Moment % Reduction
1] -0.325 7.3 0.0 433 47 0.0 36.6 39 0.0
1 -0.325 7.3 0.0 422 46 25 356 38 2.7
2 -0.3 6.8 7.7 39 42 05 33 36 938
3 -0.275 6.2 154 M5 37 203 295 3.2 194
4 o -0.24 54 26.2 294 32 321 258 23 295
5 = -0.22 50 323 24.5 26 434 22.3 24 391
6 o -0.18 41 44 6 20 22 538 19.3 21 473
T E -0.155 35 523 16.2 17 62.6 16.7 1.8 b4 4
3 = 0135 30 5.5 13 14 70.0 145 1.6 604
9 g -0.12 27 63.1 104 1.1 76.0 127 14 653
10 (@) 0.1 23 69.2 8.35 049 807 11.2 1.2 694
11 -0.09 2.0 723 6.72 07 845 983 1.1 731
12 -0.08 1.8 754 544 06 87 4 8.67 0.9 76.3
13 -0.071 16 78.2 4 45 05 89.7 7.65 0.8 791
14 -0.068 15 79.1 368 04 915 676 0.7 815
15 -0.06 14 814 3.08 0.3 92.9 596 0.6 837
I I L0511 646 2.62 0.3 93.9 526 0.6 856
Hormberg Moment % Reduction 227 02 94 8 4 64 05 873
1] -0.5 1.3 0.0 2 02 954 41 04 88.8
1 -0.475 10.7 50 1.8 02 958 362 04 901
2 -0.45 101 10.0 1.65 02 96.2 319 0.3 M3
3 -0.375 85 260 1.56 02 96.4 282 0.3 923
4 -0.325 7.3 350
5 L -0.27 6.1 46.0
6 g 0.22 5.0 56.0
T D 017 38 66.0
8 = 0105 24 79.0
g % 0101 23 79.8
10 O -0.08325 19 834
11 -0.0625 14 87.5
12 -0.043 11 904
13 -0.038 0.9 924
14 -0.031 0.7 938
15 -0.025 0.6 95.0
16 -0.02 05 96.0
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APPENDIX H — SEVEN MILE AND NILES CHANNEL MOMENT COMPARISON PLOTS

Figure 86: Seven Mile Bridge Transverse Moment Comparison Along Transverse Line T4.

Figure 87: Seven Mile Bridge Transverse Moment Comparison Along Transverse Line T4.
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Figure 88: Seven Mile Bridge Transverse Moment Comparison Along Longitudinal Line L4.

Figure 89: Seven Mile Bridge Transverse Moment Comparison Along Homberg M2,X .
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Figure 90: Seven Mile Bridge Transverse Moment Comparison Along Homberg M3,X .

——Load Test x LUSAS, Continuous Barrier
—LUSAS, Barrier Joint -=-LUSAS, No Barrier
—Homberg, Continuous ~-Homberg, Cantilever

Figure 91: Niles Channel Bridge Transverse Moment Comparison Along Transverse Line T1.
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—-Barrier_Pos1 + LUSAS, Continuous Barrier
- USAS, Barrier Joint -=|_usas, No Barrier

Figure 92: Niles Channel Bridge Transverse Moment Comparison Along Longitudinal Line L2.

+ LUSAS, Continuous = | USAS, Barrier with Joint

-+ LUSAS, No Barrier —+-Homberg, Continuous
* Homberg, Cantilever

Figure 93: Niles Channel Bridge Transverse Moment Comparison Along Homberg M2,X .
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+ LUSAS, Continuous -+ USAS, Barrier with Joint
—+LUSAS, No Barrier -+-Homberg, Continuous

= Homberg, Cantilever

Figure 94: Niles Channel Bridge Transverse Moment Comparison Along Homberg M3,X .

119



