
ii 
 

NJ-2016-002-7 
 
 
 
 
 
 Design and Fabrication of Orthotropic Deck Details 
 
 FINAL REPORT 
 Vol. VII  
 February 2016 
 
 Submitted by 
 
 Sougata Roy, Ph.D. 

Former Principal Research Scientist 
ATLSS Center 

Lehigh University 
 

  
 
 
 

 
 

NJDOT Research Project Manager 
Ms. Priscilla Ukpah 

 
 
 
 
 
 In cooperation with 
 
 New Jersey 
 Department of Transportation 
 Bureau of Research  
  
  
  

Soham Mukherjee 
Former Research 

Assistant 
ATLSS Center 

  
 

 



ii 
 

DISCLAIMER  

“The contents of this report reflect the views of the authors who are responsible for the 
facts and the accuracy of the data presented herein. The contents do not necessarily 
reflect the official views or policies of the New Jersey Department of Transportation. 
This report does not constitute a standard, specification, or regulation. “ 

 



 

  TECHNICAL REPORT  
STANDARD TITLE PAGE 

1. Report No. 2.Government Accession No. 3. Recipient’s Catalog No. 
NJ-2016-002-7   

4.  Design and Fabrication of Orthotropic Deck Details 5.  Report Date 

FINAL REPORT 
Vol. VII of VII Volumes 
 

February 2016 
6. Performing Organization Code 
 

7.  Author(s) 8. Performing Organization Report No. 

Roy, Sougata Ph.D. and Soham Mukherjee  

9.  Performing Organization Name and Address 10. Work Unit No. 

Advanced Technology for Large Structural 
Systems (ATLSS) Engineering Research Center, 
Lehigh University 
117 ATLSS Drive 
Bethlehem, PA 18015 

 

11.  Contract or Grant No. 
 

12.  Sponsoring Agency Name and Address 13.  Type of Report and Period Covered 

  

14.  Sponsoring Agency Code 
 

15.  Supplementary Notes 
Volume 7 has 108 pages. All seven volumes total 804 pages. 

16.  Abstract 
The objectives of the research were to verify the design and fabrication of the orthotropic deck 
details proposed for the lift bridge, for infinite fatigue life. Multi-level 3D finite element analyses 
(FEA) of the proposed deck were performed to determine the critical stresses at the connections, 
the corresponding load position, and the deck specimen. To develop cost-effective connection 
details, three variations of rib-to-floor beam and rib-to-deck plate connection details, including the 
influence of different fabrication parameters, were explored in full-scale small size mockups. 
Subsequently, the infinite life fatigue performance of the connection details were evaluated by 
laboratory testing of a full-scale prototype. The fatigue testing was conducted under simulated rear 
tandem axle loading of the AASHTO fatigue truck with adequate boundary condition. The prototype 
testing was runout after 8 million cycles, verifying the infinite life fatigue performance of the deck 
design. 
 
17. Key Words 18. Distribution Statement 

Lift Span, Orthotropic Deck, Rounded Bottom 
Ribs, Infinite Fatigue Life, Full-Scale Prototype, 
Fatigue Testing, AASHTO, Run-Out, Cost-
Effective, Fabrication. 

 

19. Security Classif (of this report) 20. Security Classif. (of this page) 21. No of Pages 22. Price 

Unclassified Unclassified 
108  

Form DOT F 1700.7 (8-69)     

New Jersey Department of Transportation 
PO 600 
Trenton, NJ  08625 



 
 

ii 
 

ACKNOWLEDGEMENTS 

The authors wish to acknowledge the efforts of the New Jersey Department of 
Transportation (NJDOT) including the Project Manager Ms. Priscilla Ukpah and Ms. 
Camille Crichton-Sumners, Manager of the Bureau of Research. The authors thank the 
Research Selection and Implementation Panel members that included the following 
NJDOT employees: Ms. Xiaohua Hannah Cheng, Mr. Eddy Germain, Mr. Fred Lovett, 
Mr. Mahesh Patel, Mr. David Lambert, Mr. Nat Kasbekar, Mr. Eric Kraehenbuehl, Mr. 
Jayant Dalal, Mr. Vijaykumar Thaker, Ms. Kiranben Patel and Mr. Javier Estradal. 
These individuals offered valuable comments and suggestions on the research project 
resulting in an improved product.  

Editing of the final report was performed by Dr. Richard Sause, Director of the ATLSS 
Center. 

The research was performed with the assistance of Mr. Xudong Zhao, Mr. Philipp 
Keller, Mr. Frank Artmont, Mr. Yeun Chul Park and Mr. Juan Tzoc, and the support staff 
of ATLSS Engineering Research Center and Fritz Engineering Laboratory for their help 
with successful execution of the project. 

The authors would also like to specially thank Mr. Ronnie Medlock, Vice President of 
Technical Services of High Steel Structures for valuable input on fabrication of this deck 
and to Dr. John W. Fisher for sharing his vast experience regarding orthotropic decks. 

 



 
 

iii 
 

CONTENTS (VOLUME I) 

     Page 
LIST OF FIGURES......................................................................................................... vi 
LIST OF TABLES .......................................................................................................... xi 
EXECUTIVE SUMMARY ................................................................................................ 1 
INTRODUCTION ............................................................................................................. 4 

Background .............................................................................................................. 4 
Proposed Replacement Orthotropic Deck ............................................................. 4 
Research Rationale .................................................................................................. 5 
Objectives of the Current Study ............................................................................. 6 
Study Approach ....................................................................................................... 7 
Outline ...................................................................................................................... 8 

ANALYTICAL STUDIES ............................................................................................... 14 
Analysis Plan.......................................................................................................... 14 
FEA of GM .............................................................................................................. 14 
FEA of SM ............................................................................................................... 21 

FABRICATION AND TESTING OF SMALL-SIZE MOCK-UPS ................................... 64 
Description of the Mockup Details ....................................................................... 64 
Design of Mockup Specimens .............................................................................. 65 
FEA of Mockup Specimens ................................................................................... 67 
Fabrication of Specimens ..................................................................................... 70 
Non-destructive Inspection using PAUT ............................................................. 71 
Laboratory Testing ................................................................................................ 71 

 
CONTENTS (VOLUME II) 

LIST OF FIGURES......................................................................................................... vi 
LIST OF TABLES ......................................................................................................... xii 
EVALUATION OF MOCKUP TEST RESULTS .......................................................... 121 

Static Test Results ............................................................................................... 121 
Fatigue Test Results ............................................................................................ 128 

POST-TES DESTRUCTIVE EVALUATION OF MOCKUPS ....................................... 188 
Post-mortem Studies ........................................................................................... 188 
Metallographic Studies ........................................................................................ 191 

  
CONTENTS (VOLUME III) 

LIST OF FIGURES......................................................................................................... vi 
LIST OF TABLES .......................................................................................................... ix 
DESIGN OF FULL-SIZE SPECIMEN AND TEST SETUP .......................................... 218 

Determination of Size of the Full-size Specimen .............................................. 218 
Determination of Design Lift-up ......................................................................... 219 
Description of the Full-size Specimen ............................................................... 220 
Analytical Studies of the Specimen Model ........................................................ 221 
Design of the Test Setup ..................................................................................... 226 

FABRICATION OF FULL-SIZE SPECIMEN ............................................................... 253 



 
 

iv 
 

Overview ............................................................................................................... 253 
Development of Welding Procedures ................................................................ 253 
Fabrication of Full-size Specimen ...................................................................... 263 

 
CONTENTS (VOLUME IV) 

LIST OF FIGURES......................................................................................................... vi 
LIST OF TABLES .......................................................................................................... xi 
FULL-SIZE LABORATORY STUDIES ....................................................................... 321 

Test Setup ............................................................................................................ 321 
Test Fixtures......................................................................................................... 322 
Installation of Specimen and Loading Setup..................................................... 325 
Instrumentation .................................................................................................... 328 
Data Acquisition ................................................................................................... 335 
Crawl Tests ........................................................................................................... 336 
Static and Fatigue Tests ...................................................................................... 338 

EVALUATION OF FULL-SIZE TEST RESULTS ........................................................ 379 
Static Test Results ............................................................................................... 379 
Fatigue Test Results ............................................................................................ 385 
Crawl Test Results ............................................................................................... 390 

 
CONTENTS (VOLUME V) 

LIST OF FIGURES......................................................................................................... vi 
LIST OF TABLES ......................................................................................................... vii 
POST-TEST DESTRUCTIVE EVALUATION .............................................................. 432 
CONCLUSIONS AND RECOMMENDATIONS ........................................................... 438 

Conclusions ......................................................................................................... 438 
Recommendations ............................................................................................... 439 

REFERENCES ............................................................................................................ 441 
 

CONTENTS (VOLUME VI) 

LIST OF FIGURES......................................................................................................... vi 
LIST OF TABLES .......................................................................................................... ix 
APPENDICES ............................................................................................................. 442 
APPENDIX A: STATIC TEST RESULTS OF MOCKUP SPECIMENS ....................... 443 
APPENDIX B: MACRO-ETCHED SECTIONS OF RIB-TO-FLOOR BEAM WELDS IN 
MU1, MU2 AND MU3 .................................................................................................. 445 
APPENDIX C: SPECIMEN DRAWINGS FOR FULL-SIZE TEST ............................... 453 
APPENDIX D: MACRO-ETCHED SECTIONS FOR RIB-TO-DECK PLATE WELDS IN 
MU4  459 
APPENDIX E: MACRO-ETCHED SECTIONS FOR RIB-TO-DECK PLATE WELDS 
FOR RIB 1 IN MU5 ..................................................................................................... 510 
APPENDIX F: MACRO-ETCHED SECTIONS FOR RIB-TO-DECK PLATE WELDS 
FOR RIB 2 IN MU5 ..................................................................................................... 527 

 



 
 

v 
 

CONTENTS (VOLUME VII) 

LIST OF FIGURES......................................................................................................... vi 
LIST OF TABLES ........................................................................................................... x 
APPENDIX G: MACRO-ETCHED SECTIONS FOR RIB-TO-DECK PLATE WELDS 
FOR RIB 3 IN MU5 ..................................................................................................... 544 
APPENDIX H: MACRO-ETCHED SECTIONS FOR RIB-TO-DECK PLATE WELDS IN 
MU8  ......................................................................................................................... 561 
APPENDIX I: WPS FOR RIB-TO-DECK PLATE WELDS .......................................... 578 
APPENDIX J: MACRO-ETCHED SECTIONS FOR RIB-TO-FB WELDS IN MU5 ..... 580 
APPENDIX K: WPS FOR RIB-TO-FB WELDS .......................................................... 613 
APPENDIX L: REPAIR PROCEDURE FOR BLOW THROUGH ................................ 615 
APPENDIX M: STATIC TEST RESULTS OF FULL-SIZE SPECIMEN ...................... 617 
APPENDIX N: FINITE ELEMNT TRIALS TO DETERMINE TRANSVERSE EXTENT 
OF PROTOTYPE DECK ............................................................................................. 622 

 



 
 

vi 
 

LIST OF FIGURES (VOLUME VII) 

Page 
Figure 589. Macro-etched section R3_A_6 545 
Figure 590. Macro-etched section R3_B_6 545 
Figure 591. Macro-etched section R3_A_18 546 
Figure 592. Macro-etched section R3_B_18 546 
Figure 593. Macro-etched section R3_A_30 547 
Figure 594. Macro-etched section R3_B_30 547 
Figure 595. Macro-etched section R3_A_42 548 
Figure 596. Macro-etched section R3_B_42 548 
Figure 597. Macro-etched section R3_A_54 549 
Figure 598. Macro-etched section R3_B_54 549 
Figure 599. Macro-etched section R3_A_66 550 
Figure 600. Macro-etched section R3_B_66 550 
Figure 601. Macro-etched section R3_A_78 551 
Figure 602. Macro-etched section R3_B_78 551 
Figure 603. Macro-etched section R3_A_84 552 
Figure 604. Macro-etched section R3_B_84 552 
Figure 605. Macro-etched section R3_A_96 553 
Figure 606. Macro-etched section R3_B_96 553 
Figure 607. Macro-etched section R3_A_108 554 
Figure 608. Macro-etched section R3_B_108 554 
Figure 609. Macro-etched section R3_A_120 555 
Figure 610. Macro-etched section R3_B_120 555 
Figure 611. Macro-etched section R3_A_132 556 
Figure 612. Macro-etched section R3_B_132 556 
Figure 613. Macro-etched section R3_A_144 557 
Figure 614. Macro-etched section R3_B_144 557 
Figure 615. Macro-etched section R3_A_150 558 
Figure 616. Macro-etched section R3_B_150 558 
Figure 617. Macro-etched section R3_A_162 559 
Figure 618. Macro-etched section R3_B_162 559 
Figure 619. Macro-etched section R3_A_174 560 
Figure 620. Macro-etched section R3_B_174 560 
Figure 621. Macro-etched section A_12 562 
Figure 622. Macro-etched section B_12 562 
Figure 623. Macro-etched section A_24 563 
Figure 624. Macro-etched section B_24 563 
Figure 625. Macro-etched section A_36 564 
Figure 626. Macro-etched section B_36 564 
Figure 627. Macro-etched section A_48 565 
Figure 628. Macro-etched section B_48 565 
Figure 629. Macro-etched section A_60 566 
Figure 630. Macro-etched section B_60 566 
Figure 631. Macro-etched section A_72 567 
Figure 632. Macro-etched section B_72 567 



 
 

vii 
 

Figure 633. Macro-etched section A_84 568 
Figure 634. Macro-etched section B_84 568 
Figure 635. Macro-etched section A_96 569 
Figure 636. Macro-etched section B_96 569 
Figure 637. Macro-etched section A_108 570 
Figure 638. Macro-etched section B_108 570 
Figure 639. Macro-etched section A_120 571 
Figure 640. Macro-etched section B_120 571 
Figure 641. Macro-etched section A_132 572 
Figure 642. Macro-etched section B_132 572 
Figure 643. Macro-etched section A_144 573 
Figure 644. Macro-etched section B_144 573 
Figure 645. Macro-etched section A_156 574 
Figure 646. Macro-etched section B_156 574 
Figure 647. Macro-etched section A_168 575 
Figure 648. Macro-etched section B_168 575 
Figure 649. Macro-etched section A_180 576 
Figure 650. Macro-etched section B_180 576 
Figure 651. Macro-etched section A_192 577 
Figure 652. Macro-etched section B_192 577 
Figure 653. WPS for rib-to-deck plate welds 579 
Figure 654. Macro-etched section R1_24_1 581 
Figure 655. Macro-etched section R1_24_2 581 
Figure 656. Macro-etched section R1_24_3 582 
Figure 657. Macro-etched section R1_24_4 582 
Figure 658. Macro-etched section R1_24_5 583 
Figure 659. Macro-etched section R1_24_6 583 
Figure 660. Macro-etched section R1_24_7 584 
Figure 661. Macro-etched section R1_90_1 584 
Figure 662. Macro-etched section R1_90_2 585 
Figure 663. Macro-etched section R1_90_3 585 
Figure 664. Macro-etched section R1_90_4 586 
Figure 665. Macro-etched section R1_90_5 586 
Figure 666. Macro-etched section R1_90_6 587 
Figure 667. Macro-etched section R1_90_7 587 
Figure 668. Macro-etched section R1_156_1 588 
Figure 669. Macro-etched section R1_156_2 588 
Figure 670. Macro-etched section R1_156_3 589 
Figure 671. Macro-etched section R1_156_4 589 
Figure 672. Macro-etched section R1_156_5 590 
Figure 673. Macro-etched section R1_156_6 590 
Figure 674. Macro-etched section R1_156_7 591 
Figure 675. Macro-etched section R2_24_1 591 
Figure 676. Macro-etched section R2_24_2 592 
Figure 677. Macro-etched section R2_24_3 592 
Figure 678. Macro-etched section R2_24_4 593 



 
 

viii 
 

Figure 679. Macro-etched section R2_24_5 593 
Figure 680. Macro-etched section R2_24_6 594 
Figure 681. Macro-etched section R2_24_7 594 
Figure 682. Macro-etched section R2_90_1 595 
Figure 683. Macro-etched section R2_90_2 595 
Figure 684. Macro-etched section R2_90_3 596 
Figure 685. Macro-etched section R2_90_4 596 
Figure 686. Macro-etched section R2_90_5 597 
Figure 687. Macro-etched section R2_90_6 597 
Figure 688. Macro-etched section R2_90_7 598 
Figure 689. Macro-etched section R2_156_1 598 
Figure 690. Macro-etched section R2_156_2 599 
Figure 691. Macro-etched section R2_156_3 599 
Figure 692. Macro-etched section R2_156_4 600 
Figure 693. Macro-etched section R2_156_5 600 
Figure 694. Macro-etched section R2_156_6 601 
Figure 695. Macro-etched section R2_156_7 601 
Figure 696. Macro-etched section R3_24_1 602 
Figure 697. Macro-etched section R3_24_2 602 
Figure 698. Macro-etched section R3_24_3 603 
Figure 699. Macro-etched section R3_24_4 603 
Figure 700. Macro-etched section R3_24_5 604 
Figure 701. Macro-etched section R3_24_6 604 
Figure 702. Macro-etched section R3_24_7 605 
Figure 703. Macro-etched section R3_90_1 605 
Figure 704. Macro-etched section R3_90_2 606 
Figure 705. Macro-etched section R3_90_3 606 
Figure 706. Macro-etched section R3_90_4 607 
Figure 707. Macro-etched section R3_90_5 607 
Figure 708. Macro-etched section R3_90_6 608 
Figure 709. Macro-etched section R3_90_7 608 
Figure 710. Macro-etched section R3_156_1 609 
Figure 711. Macro-etched section R3_156_2 609 
Figure 712. Macro-etched section R3_156_3 610 
Figure 713. Macro-etched section R3_156_4 610 
Figure 714. Macro-etched section R3_156_5 611 
Figure 715. Macro-etched section R3_156_6 611 
Figure 716. Macro-etched section R3_156_7 612 
Figure 717. WPS for rib-to-floor beam welds 614 
Figure 718. Repair procedure for blow through 616 
Figure 719. Variation of in-plane bending moment in floor beams 626 
Figure 720. Comparison of deflection of inner and outer floor beam 626 
Figure 721. 3D view of the first trial FE model 627 
Figure 722. Sectional elevation of first trial FE model 627 
Figure 723. 3D view of the second trial FE model 628 
Figure 724. Sectional elevation of second trial FE model 628 



 
 

ix 
 

Figure 725. Principal stress comparison for first and second trial FE 
models  629 
Figure 726. Comparison of in-plane bending moment of inner FB of 
first and second trial FE analyses with global model 630 
Figure 727. Comparison of shear force in inner FB of first and 
second trial FE analyses with global model 630 
Figure 728. 3D view of the third trial FE model 631 
Figure 729. Sectional elevation of third trial FE model 631 
Figure 730. Principal stress comparison for third trial FE model 632 
Figure 731. Comparison of in-plane bending moment of inner FB of 
third trial FE analysis with global model 633 
Figure 732. 3D view of the fourth trial FE model 633 
Figure 733. Sectional elevation of fourth trial FE model 634 
Figure 734. Principal stress comparison for fourth trial FE model 635 
Figure 735. Comparison of in-plane bending moment of inner FB of 
fourth trial FE analysis with global model 636 
Figure 736. Comparison of shear force in inner FB of fourth trial FE 
analysis with global model 636 
Figure 737. 3D view of the fifth trial FE model 637 
Figure 738. Sectional elevation of fifth trial FE model 637 
Figure 739. Principal stress comparison for fifth trial FE model 638 
Figure 740. Comparison of in-plane bending moment of inner FB of 
fifth trial FE analysis with global model 639 
Figure 741. Comparison of shear in inner FB of fifth trial FE 
analysis with global model 639 
 



 
 

x 
 

LIST OF TABLES (VOLUME VII) 

Page 
Table 46 – Static Test Results of Full-Size Specimen 618 
 



 
 

544 
 

APPENDIX G: MACRO-ETCHED SECTIONS FOR RIB-TO-DECK PLATE WELDS 
FOR RIB 3 IN MU5 



 
 

545 
 

 

Figure 589. Macro-etched section R3_A_6 

 

Figure 590. Macro-etched section R3_B_6 



 
 

546 
 

 

Figure 591. Macro-etched section R3_A_18 

 

Figure 592. Macro-etched section R3_B_18 



 
 

547 
 

 

Figure 593. Macro-etched section R3_A_30 

 

Figure 594. Macro-etched section R3_B_30 



 
 

548 
 

 

Figure 595. Macro-etched section R3_A_42 

 

Figure 596. Macro-etched section R3_B_42 

 



 
 

549 
 

 

Figure 597. Macro-etched section R3_A_54 

 

Figure 598. Macro-etched section R3_B_54 

 



 
 

550 
 

 

Figure 599. Macro-etched section R3_A_66 

 

Figure 600. Macro-etched section R3_B_66 

 



 
 

551 
 

 

Figure 601. Macro-etched section R3_A_78 

 

Figure 602. Macro-etched section R3_B_78 

 



 
 

552 
 

 

Figure 603. Macro-etched section R3_A_84 

 

Figure 604. Macro-etched section R3_B_84 

 



 
 

553 
 

 

Figure 605. Macro-etched section R3_A_96 

 

Figure 606. Macro-etched section R3_B_96 

 



 
 

554 
 

 

Figure 607. Macro-etched section R3_A_108 

 

Figure 608. Macro-etched section R3_B_108 

 



 
 

555 
 

 

Figure 609. Macro-etched section R3_A_120 

 

Figure 610. Macro-etched section R3_B_120 

 



 
 

556 
 

 

Figure 611. Macro-etched section R3_A_132 

 

Figure 612. Macro-etched section R3_B_132 

 



 
 

557 
 

 

Figure 613. Macro-etched section R3_A_144 

 

Figure 614. Macro-etched section R3_B_144 

 



 
 

558 
 

 

Figure 615. Macro-etched section R3_A_150 

 

Figure 616. Macro-etched section R3_B_150 

 



 
 

559 
 

 

Figure 617. Macro-etched section R3_A_162 

 

Figure 618. Macro-etched section R3_B_162 

 



 
 

560 
 

 

Figure 619. Macro-etched section R3_A_174 

 

Figure 620. Macro-etched section R3_B_174 



 
 

561 
 

APPENDIX H: MACRO-ETCHED SECTIONS FOR RIB-TO-DECK PLATE WELDS IN 
MU8 



 
 

562 
 

 

Figure 621. Macro-etched section A_12 

 

Figure 622. Macro-etched section B_12 

 



 
 

563 
 

 

Figure 623. Macro-etched section A_24 

 

Figure 624. Macro-etched section B_24 

 



 
 

564 
 

 

Figure 625. Macro-etched section A_36 

 

Figure 626. Macro-etched section B_36 

 



 
 

565 
 

 

Figure 627. Macro-etched section A_48 

 

Figure 628. Macro-etched section B_48 

 



 
 

566 
 

 

Figure 629. Macro-etched section A_60 

 

Figure 630. Macro-etched section B_60 

 



 
 

567 
 

 

Figure 631. Macro-etched section A_72 

 

Figure 632. Macro-etched section B_72 

 



 
 

568 
 

 

Figure 633. Macro-etched section A_84 

 

Figure 634. Macro-etched section B_84 

 



 
 

569 
 

 

Figure 635. Macro-etched section A_96 

 

Figure 636. Macro-etched section B_96 

 



 
 

570 
 

 

Figure 637. Macro-etched section A_108 

 

Figure 638. Macro-etched section B_108 

 



 
 

571 
 

 

Figure 639. Macro-etched section A_120 

 

Figure 640. Macro-etched section B_120 

 



 
 

572 
 

 

Figure 641. Macro-etched section A_132 

 

Figure 642. Macro-etched section B_132 

 



 
 

573 
 

 

Figure 643. Macro-etched section A_144 

 

Figure 644. Macro-etched section B_144 

 



 
 

574 
 

 

Figure 645. Macro-etched section A_156 

 

Figure 646. Macro-etched section B_156 

 



 
 

575 
 

 

Figure 647. Macro-etched section A_168 

 

Figure 648. Macro-etched section B_168 

 



 
 

576 
 

 

Figure 649. Macro-etched section A_180 

 

Figure 650. Macro-etched section B_180 

 



 
 

577 
 

 

Figure 651. Macro-etched section A_192 

 

Figure 652. Macro-etched section B_192 



 
 

578 
 

APPENDIX I: WPS FOR RIB-TO-DECK PLATE WELDS 



 
 

579 
 

 

Figure 653. WPS for rib-to-deck plate welds 



 
 

580 
 

APPENDIX J: MACRO-ETCHED SECTIONS FOR RIB-TO-FB WELDS IN MU5 



 
 

581 
 

 

Figure 654. Macro-etched section R1_24_1 

 

Figure 655. Macro-etched section R1_24_2 

 



 
 

582 
 

 

Figure 656. Macro-etched section R1_24_3 

 

Figure 657. Macro-etched section R1_24_4 

 



 
 

583 
 

 

Figure 658. Macro-etched section R1_24_5 

 

Figure 659. Macro-etched section R1_24_6 

 



 
 

584 
 

 

Figure 660. Macro-etched section R1_24_7 

 

Figure 661. Macro-etched section R1_90_1 

 



 
 

585 
 

 

Figure 662. Macro-etched section R1_90_2 

 

Figure 663. Macro-etched section R1_90_3 

 



 
 

586 
 

 

Figure 664. Macro-etched section R1_90_4 

 

Figure 665. Macro-etched section R1_90_5 

 



 
 

587 
 

 

Figure 666. Macro-etched section R1_90_6 

 

Figure 667. Macro-etched section R1_90_7 

 



 
 

588 
 

 

Figure 668. Macro-etched section R1_156_1 

 

Figure 669. Macro-etched section R1_156_2 

 



 
 

589 
 

 

Figure 670. Macro-etched section R1_156_3 

 

Figure 671. Macro-etched section R1_156_4 



 
 

590 
 

 

Figure 672. Macro-etched section R1_156_5 

 

Figure 673. Macro-etched section R1_156_6 

 



 
 

591 
 

 

Figure 674. Macro-etched section R1_156_7 

 

Figure 675. Macro-etched section R2_24_1 

 



 
 

592 
 

 

Figure 676. Macro-etched section R2_24_2 

 

Figure 677. Macro-etched section R2_24_3 

 



 
 

593 
 

 

Figure 678. Macro-etched section R2_24_4 

 

Figure 679. Macro-etched section R2_24_5 

 



 
 

594 
 

 

Figure 680. Macro-etched section R2_24_6 

 

Figure 681. Macro-etched section R2_24_7 

 



 
 

595 
 

 

Figure 682. Macro-etched section R2_90_1 

 

Figure 683. Macro-etched section R2_90_2 

 



 
 

596 
 

 

Figure 684. Macro-etched section R2_90_3 

 

Figure 685. Macro-etched section R2_90_4 

 



 
 

597 
 

 

Figure 686. Macro-etched section R2_90_5 

 

Figure 687. Macro-etched section R2_90_6 

 



 
 

598 
 

 

Figure 688. Macro-etched section R2_90_7 

 

Figure 689. Macro-etched section R2_156_1 

 



 
 

599 
 

 

Figure 690. Macro-etched section R2_156_2 

 

Figure 691. Macro-etched section R2_156_3 

 



 
 

600 
 

 

Figure 692. Macro-etched section R2_156_4 

 

Figure 693. Macro-etched section R2_156_5 

 



 
 

601 
 

 

Figure 694. Macro-etched section R2_156_6 

 

Figure 695. Macro-etched section R2_156_7 

 



 
 

602 
 

 

Figure 696. Macro-etched section R3_24_1 

 

Figure 697. Macro-etched section R3_24_2 
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Figure 698. Macro-etched section R3_24_3 

 

Figure 699. Macro-etched section R3_24_4 
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Figure 700. Macro-etched section R3_24_5 

 

Figure 701. Macro-etched section R3_24_6 
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Figure 702. Macro-etched section R3_24_7 

 

Figure 703. Macro-etched section R3_90_1 
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Figure 704. Macro-etched section R3_90_2 

 

Figure 705. Macro-etched section R3_90_3 
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Figure 706. Macro-etched section R3_90_4 

 

Figure 707. Macro-etched section R3_90_5 
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Figure 708. Macro-etched section R3_90_6 

 

Figure 709. Macro-etched section R3_90_7 
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Figure 710. Macro-etched section R3_156_1 

 

Figure 711. Macro-etched section R3_156_2 
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Figure 712. Macro-etched section R3_156_3 

 

Figure 713. Macro-etched section R3_156_4 
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Figure 714. Macro-etched section R3_156_5 

 

Figure 715. Macro-etched section R3_156_6 

 



 
 

612 
 

 

Figure 716. Macro-etched section R3_156_7 
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APPENDIX K: WPS FOR RIB-TO-FB WELDS 
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Figure 717. WPS for rib-to-floor beam welds 
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APPENDIX L: REPAIR PROCEDURE FOR BLOW THROUGH 
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Figure 718. Repair procedure for blow through 
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APPENDIX M: STATIC TEST RESULTS OF FULL-SIZE SPECIMEN 
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Table 46 – Static Test Results of Full-Size Specimen 
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APPENDIX N: FINITE ELEMNT TRIALS TO DETERMINE TRANSVERSE EXTENT 
OF PROTOTYPE DECK 
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Transverse Extent of the Specimen 

Figure 720 shows that the curvature of the inner FB was restricted to few ribs locally 
around the load patches and inclusion of few ribs in the transverse direction was 
sufficient as the prototype deck specimen, provided the stresses in the global model 
could be reproduced in the specimen by appropriate boundary condition. Accordingly, 
the transverse extent of the specimen was determined progressively by trial analyses of 
FE models of the part bridge deck. The in-plane bending moment and the shear in the 
inner FB web was compared with the global model analysis results to have the same 
curvature in the inner FB as the global model and the principal stress contour in the 
inner FB web was compared with the submodel analysis results to have similar stress 
state at the fatigue critical rib-to-floor beam connection.  

First and Second Trials 

Figure 721 shows the 3D view of the first trial FE model. As discussed earlier 3 floor 
beams were included in the longitudinal direction as the longitudinal extent of the FE 
model with 2 ft. overhang on both sides. Figure 722 shows the cross sectional elevation 
of the model at the inner FB section. Five ribs were included in the transverse direction 
to accommodate the wheel loads in the transverse direction and the deck was extended 
beyond the fifth rib. The deck included a 7 ft. 4in. deep box girder web with 1 in. thick 
flange. The transverse width of the specimen was 15 ft. Figure 719 shows that the in-
plane bending moment at the box girder edge (right wall of BG-1) was about zero and 
there was non-zero in-plane moment at 15 ft. from the box girder edge. Accordingly, the 
box girder flange was given pinned boundary condition aligned with the centerline of the 
three floor beams and the end of the floor beams on the other side were given fixed 
boundary conditions to develop moment restraint at that section. Provision of moment 
restraint was avoided in the second trial FE model, where the deck was extended 
beyond the fifth rib such that the transverse width of the specimen was 20 ft. 8 in. 
Figures Figure 723 and Figure 724 shows the 3D view and the sectional elevation of the 
second trial FE model. It can be seen from Figure 719 that the in-plane bending 
moment 20 ft. 8 in. from the box girder edge was about zero. Hence, in the second trial 
FE model the end of the floor beams were given roller boundary condition to develop no 
moment restraint.  

Figure 725 compares the principal stress contour in the inner FB web of the first and 
second trial FE models with the submodel analysis results. The principal stress contour 
of second trial FE model matched well with the submodel analysis results. However, the 
principal stress values in first trial FE model was lower than the submodel analysis. 
Figures 726 and 727 compares the in-plane bending moment and shear in the inner FB 
of the two models with the global model respectively. It can be clearly seen that the 
bending moment in the first trial model was much lower than the global model. 
However, the moment and shear in the second trial model matched well with the global 
model results. Thus, the second trial FE model was the chosen alternative. However, 
the deck specimen was huge for the second model, requiring large volume of steel for 
fabrication and large laboratory space for testing. Accordingly, adjustments were 
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incorporated in the next trial FE models to reduce the size of the specimen but 
simulating the critical stress state at the rib-to-floor beam connection. 

Third Trial 

It was observed for the first trial FE model that the in-plane moment was lower than the 
global model. Keeping the transverse width of the specimen model as 15 ft., it was 
analyzed that an upward displacement of 0.07 in. at the box girder aligned with the 
centerline of the inner FB was creating a similar curvature in the inner FB. The 3D view 
and the sectional elevation of the third trial FE model is shown in Figures 728 and 729 
respectively. The longitudinal and the transverse extents of this model was same as that 
of the first trial model, however, the box girder web was trimmed matching the depth of 
the floor beam. Pinned boundary condition was applied at the box girder flange aligned 
with centerline of the two outer FB and the end of the floor beams on the other side was 
given fixed boundary condition. Figure 730 shows the comparison of the principal stress 
contour in the inner FB web with the submodel analysis. The principal stress contour in 
the inner floor beam web matched well with the submodel analysis results. This can 
also be seen from Figure 731, which shows a good correlation of the in-plane bending 
moment in the inner FB web of the trial model with the global model analysis results.  

Fourth Trial 

The third trial appeared to be better than the second trial as it restricted the transverse 
width of the specimen to 15 ft. However, the deck plate and the floor beams were 
extended beyond the fifth rib for the entire transverse width of 15 ft., which again 
required huge amount of steel for fabrication. Consequently, in the fourth trial FE model 
the deck plate was not extended the full transverse width after the fifth rib. The 3D view 
and the sectional elevation of the fourth trial FE model is shown in Figures 732 and 733 
respectively. The floor beams were continued for the full width of the specimen, but the 
deck plate was cut 1 ft. 6 in. short. A 3 ft. 7 in. deep box girder was used, and similar to 
third trial an upward displacement of 0.07 in. was applied at the box girder flange 
aligned with the centerline of the inner FB. An 8 in. x ¾ in. thick plate was used after the 
fifth rib at a 1 ft. 6 in. from the specimen end, to simulate the stiffening effect of the sixth 
rib. Pinned boundary condition was applied at the box girder flange aligned with 
centerline of the two outer floor beams and the end of the floor beams on the other side 
was given fixed boundary condition. Figure 734 shows principal stress comparison with 
the submodel analysis. The principal stress contour in the inner FB web matched well 
with the submodel analysis results. This can also be seen from Figures 735 and 736, 
which show a good correlation of the in-plane bending moment and shear in the inner 
FB web of the trial model with the global model analysis results. Hence, the fourth trail 
was the best option for the full-size model among all the four trials conducted. 

Fifth Trial 

Fourth trial involved the application of lift-up, and so it was investigated in the fifth trial 
whether this lift-up can be avoided by increasing the transverse width of the specimen. 
Recall that the second trial where the transverse width of the specimen was 20 ft. 8 in. 
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gave a good correlation with the global model and submodel analysis results. The fifth 
trial FE model was a modified version of the second trial model. The 3D view and the 
sectional elevation of the fourth trial FE model is shown in Figures 737 and 738 
respectively. The applied boundary conditions to the FE model was similar to the 
second trial model. The inner floor beam was continued to the full width of the 
specimen, but the outer floor beams and the deck plate were trimmed at 15 ft. from the 
box girder web. Figure 739 shows the principal stress comparison with the submodel 
analysis. The principal stress contour in the inner FB web matched well with the 
submodel analysis results. This can also be seen from Figures 740 and 741 which 
shows a good correlation of the in-plane bending moment and shear in the inner floor 
beam web of the trial model with the global model analysis results. Hence, the fifth trail 
was also an alternative for the full-size specimen. 
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Figure 719. Variation of in-plane bending moment in floor beams 

 

Figure 720. Comparison of deflection of inner and outer floor beam 
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Figure 721. 3D view of the first trial FE model 

 

Figure 722. Sectional elevation of first trial FE model 
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Figure 723. 3D view of the second trial FE model 

 

Figure 724. Sectional elevation of second trial FE model 
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Figure 725. Principal stress comparison for first and second trial FE models
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Figure 726. Comparison of in-plane bending moment of inner FB of first 
and second trial FE analyses with global model 

 

Figure 727. Comparison of shear force in inner FB of first and second trial 
FE analyses with global model 
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Figure 728. 3D view of the third trial FE model 

 

 

Figure 729. Sectional elevation of third trial FE model 
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Figure 730. Principal stress comparison for third trial FE model
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Figure 731. Comparison of in-plane bending moment of inner FB of third 
trial FE analysis with global model 

 

Figure 732. 3D view of the fourth trial FE model 
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Figure 733. Sectional elevation of fourth trial FE model
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Figure 734. Principal stress comparison for fourth trial FE model
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Figure 735. Comparison of in-plane bending moment of inner FB of fourth 
trial FE analysis with global model 

 

Figure 736. Comparison of shear force in inner FB of fourth trial FE 
analysis with global model 
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Figure 737. 3D view of the fifth trial FE model 

 

Figure 738. Sectional elevation of fifth trial FE model 
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Figure 739. Principal stress comparison for fifth trial FE model
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Figure 740. Comparison of in-plane bending moment of inner FB of fifth 
trial FE analysis with global model 

 

 

Figure 741. Comparison of shear in inner FB of fifth trial FE analysis with 
global model 
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