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Lehigh University ATLSS Project: NJDOT PROJECT 2011-14
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Figure 653. WPS for rib-to-deck plate welds
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Figure 692. Macro-etched section R2_156 4

Figure 693. Macro-etched section R2_156 5
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Figure 694. Macro-etched section R2_156 6

Figure 695. Macro-etched section R2_156 7
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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

604



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
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Figure 716. Macro-etched section R3_156_7
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APPENDIX K: WPS FOR RIB-TO-FB WELDS
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WELDING PROCEDURE SPECIFICATION

ORTHOTROPIC DECK SPECIMENS

MATERIAL SPECIFICATION ASTM A709 GRADE 56

WELDING PROCESS PULSED GAS METAL ARC WELDING
MANUAL OR MACHINE SEMIAUTOMATIC

POSITION OF WELDING 2F

FILLER METAL SPECIFICATION_ _________ AWS AS.18
WELD METAL CLASSIFICATION____ ER7@S-6

WIRE /FLUX LINCOLN SUPERARC L-56
WIRE DIAMETER 2.052"

POLARITY . DC+

ROOT TREATMENT. REMOVE ALL MILL SCALE, RUST AND CONTAMINANTS.
PREHEAT TEMPERATURE 50°F MINIMUM

ELECTRICAL STICK-OUT 3/4"

SHIELDING GAS 32% AR / 8% CO2 REVISED: 1272113
GAS FLOW 32-4@ CFH ORIGINAL [SSUE: 6/13/13
PASS WIRE FEED TRAVEL

NO. AMPS SPEED (IPM)| VOLTS |SPEED tIPMy JOINT DETAILS

< s . y - REFER TO LEHIGH UNIVERSITY
ALL | 225-260@ | 275-325" [25.2-26.5] 14-16.5 ATLSS DRAWINGS

USED FOR

RIB TO FLOORBEAM a7
REPATR WELDS
SINGLE-PASS FILLET WELDS

AND TACK WELDS

Figure 717. WPS for rib-to-floor beam welds
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APPENDIX L: REPAIR PROCEDURE FOR BLOW THROUGH
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Project Number: NJ-2011-14
HSSI # 1130820

Piece Mark: deck plate
Date: 11/25/13

REPATR PROCEDURE

The following procedure is to be used to repair areas of blow-through in rib to
deck welds on orthotropic plates:

(1) Using grinding or carbon arc gouging remove the weld metal in the area to
be repaired back to within 1/8t% inch of the back joint face.

(2) All care shall be taken with both gouging and grinding not to remove or
damage base metal unnecessary.

(3) Grind the gouge to bright metal producing a minimum of 10° slope on the
cdges.

(4) MP testing shall be preformed on the repair area after grinding is complete
to insure that the remaining weld material is sound.

(5) The cavity shall be filled using GMAW in conformance with the approved
GMAW welding procedure.

Weld Repair detail

148"

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

Suatie Test Sept 13,2004 Avg | Static Test Sept 20,2014 Avg Static Test Oct Statie Test Oct 15, 2004: Avg Static Test Dot 23,2008 Avg Stalthe Test Moy 11,2004 Avg | Stathe Test Show 17, 2004: Triad 3 | Sawtic TestDec (4, 0004 Triad 3 | Stamhe Test Dee 10,3014 Trial 4
Lojges « ket 1 1] 3, Ao 0. 1 0.1 Kl 0.1 01
Lincalien w8 | channetip Alias w1 1) L4 Avg (0.1 LX) 10.1) LB (X1 0.2 o)
Range Range Rasge Raigs Rarge Range Range Rabge Range
Actuaton Forces (kg)
1 ACT 1 LOAD Sy
= F] ACT_1_DISPL_&wg
Aiboreelieck Artoaton 3 BT 2 DA, Arg
[ BCT_2_DISPL_Bwg
Undlar Do Actuiativs = ACT_3_LOAD g
[ ACT_3_DISPL_&wg
VDT Ditspliscsssents [in]
Ril: 1 ] 7 Rl_DISPL_Rwg 54 .49 [ 0049 45
Batwensn Fils 1 sl R 3 ERTE] B Rl 2 DSPL_Avg [eTi k] oia aF [P ed S
Ribs 2 3104 ] R2_DISPL_Bwy 0030 [T 0035 0023 [
Belwman Fib 3 aeal Rib 4 L6 10 R3_4_DISFL_Awg 0008 .00 0L000 0000 0000
Ril 4 ET 11 R DIEPL_Awg 0,000 0,000 01003 ouboa 0, [
Betwwen Fik & el Ris S 31007 13 RA_5_DISFL_Aw 0,003 L0 000 LuDO? L0003
Bollom of inter mediate FS 13 FE_DiSPL QLHE [TTE] 7 QLHE [T QLS
Suais GaugeMeasurements [kd)
Ligge » St
Dieth Compoenent Leatien GageType | o g, | ChanneliD Alias. Range Range Haigs Rarge Range Range [ Range
Princigal Prisipal Printipal Frinipal Frincipal Frircagal Frincipal Princigal
Aial e Min Buddal  [Mhas Min M Min st Mis [ Asdal  [Mae Min Bufal  [Mbax i Max Min
1 v Reriatie 2110 14 .63 6.4 513 [T
1 Frem Herietin 111 15 355 3.47 FEF] 317
1 eeem: Reoetie 112 16 160 73 294 EEE] B A+ 1.BE 6.75 274 BED 258 BT 174 3| ETS 77 EEL] - 7 E70 173
1w Ll 1113 17 114 118 114 L0}
1 e Liedtnial 2114 15 113 Lo 106 Lo
1 v Aokl 2201 13 518 5.04 476 254
1 erews Rentin 1200 F] 2.93] 2.1 2.7 271
[y r— 2203 T [FET] L] 341 [OEE] B E 3.3 234 317 B34 3.15 BIT 317 [FET] 313 n3z| gas -3.15 &2 315
1204 F¥] L.87 L& L85 L7
1215 3 1.3% L.31 122
2205 4 [XH [ 038
n Ruvatre 207 5 7.3 7.4 554
Rusatie FF) 3 3.06 2.57 254
Runatin 128 i £.31] <300 10067 615 254 1042 279 1011 275 LS 2.83 A1l 276 1002 556| -1 o -2.80 <1011
Uil 2210 I8 253 2. 232
Liefaial 1211 o) 2.54 245 -2.34
1 e Aokt 1212 30 7.3 T 650
1 e Rentte 1213 31 1.0 L.57 LES
1 e Renetie 2314 i 295] 233 1351 285 138 1236 b ] 1167 116 1148 115 A155 2.15 4145 FEF] I EE 1145 216 <1158
1 e Ui 1301 EE] .40 L35 131
i 1 s Ll 1300 34 199 L83 154
1 e Revetie 1308 E 4.84 4.73 441
1 Fren Rerietie 1304 S ¥ 0.3 024 [ 027
I 1 e Rerietin 2305 37 o1s| sm 074 | 558 0.77 am| 533 a7 o 53 a7l 515 074 5.30 0l 534 a7 oan| sa8 .67 523 o]
k| 1 e Lisduanlal 1306 B 156 L&3 154 155 155 LEd
B 1 1307 ) 1.51 L= L41 L4F 1.43 138 1
= 1 1308 &0 5.21 5.07 478 4.8 am 474 AP
¥ 1305 M 3.0 3.0 170 L83 Ll 275 177
H 2310 ] .83 757 418 LE5| 740 418 170 04 387 171 706 3403 1.72| 627 ETE T SEEL 6.5 -3.87 156 &2 1.1 LEE| £96 388
3 2311 ] N 3.3 300 304 3,00 155 19§
k i FETH] 4 247 2.13 -1 FE] 20 L34 L9
1 v Unduanial 1313 45 (L6 (.64 55 061 L1 -5 60
1 e Hervetie 2314 i T84 7.73 T 7.3 7.18 747 7.23
1 o Rervetie 2401 47 175 L.77 LE5 161 155 154 L5
1 e Herietin 2800 ™ FET 043 237| -0E 9.3 18| 06 /T2 21| o7 ET 18| 08 869 DLES BT0 276 B0 26| -nEa 264 -:18] o0 a7
1 v Lisdunial 2803 &5 021 0.33 031} o .30 021 020
L e Lisdaial 2804 0 017 0.15 L6 016 15 016 16
1 Frem: Renvelin 1806 51 T A 579 6.4 625 £.30 .22 631 E.25)
1 v Reria i 1806 53 S [_Awk 158 148 4 .43 2.37 236 .39
L rrew Rentin 2807 53 5 A S oto| 3ma -10.19 nos| 339 2003 noa| 326 041 oio| 330 852 nos| 332 .35 .37 EEL] ERL] 3,39 | an .33 nio|  32s EEL]
1 o Lisdial 2808 =4 WW_FH_25 1 Awa 110 L.07 Lid 103 1.00) Lod Lo
1 Frems Ui 2805 B WW_FH_25 1 _Awg OLED) .45 047 .46 .45 047 A0.47
1 v Linduanial 1314 B FE_BF EB1 Awi 186 1.72 L33 198 LES 153 -L9§
1 e Lindutnial 1401 =7 FE_BF_1_Awg 72 .68 36 0.9 L83 058 099
1 o Lisduial 1500 ] FE_BF_ WEL Awx 1.37 132 L6 163 148 157 -L57
1 e Lisanlal 1803 53 FB_EF_ET1 Ay 315 2.55 150 247 E5 158 .90
T R " 1 v Ll 1804 501 FE_BF_WT1_Awi 1.23 2.14 106 213 203 200 107
Edie- G dhr Commection
LM4" Uedasial 1805 51 FE_BF_EBI_Awi [ 0.37 L6 o [T [T [T] [
14" Undaslal 180 &1 FE_BF_I_Awi [T 0.15 0ol 006 [T LU 006 [T
14" Usianial 1807 &3 FE_BF_WEZ_Aw (X 0.33 [T 0.0 .04 . - 0.0 [
14" Uil 1808 54 FE_EF_ET2_Awg 064 0.1 nE7 071 .65 07 ) 0ET ALET)
1509 5 FE_BF_WTZ_Awg 0,80 0.75 084 0.87 11,80 1188 0.ES [EE] [EH
Bettsrm Flange [Global] 1714 ] B_FB_1_Awg 2.94) 185 1 A2 186 .81 184 181 250 181
1910 57 B_FB_2_Awg 4,54 a4 429 4.4% 434 437 4330 424 430
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Stathe Test Sept 12,2008 S | 5tathe Test Sept 29,2014: Avg Stutic Test Der Stath: Test Oct 15,0008 Avg |  Static Test Ot 23,2004: Avg | Ststic Testow 11 3014: Aug | Statie Test Mo 17,2004 Trial 3 | Static Test Dec 04, 2004 Trisd 3 | State Test Dec 10, 2014: Trial 4
Location Lovgpar + Channel I Allas. 1) 0.1) 92004 A (0.1 a1} f0.1) oty {01 0.1 e
Mo, s Card Mo,
Hange Aange Rustge Range Aaage ange Rangs Aasge Rangs
2512 ) S0.T_Avg E.28 612 577 584 558 573
FEE] & 500 At 758 736 547 700 B.80) BT
2518 70 50_A_Aw 3.00] 783 13 374|784 118 353 718 113 358 71 | 218 345] 706 207 735 Tl 79 | 1m 354] 742 215 716 | 114
2601 7 501 ey BN EXT 20d] 30 299 a7
" Unbaclal 2600 ] 50,2 i 3.6 I YT 357 345 FED]
L2 Usiasial 2503 ] 50.3_fex N 3] o 703 254
L/ Uiasial 2504 7 50 4_Avy 2.48 239 FET 23 233
1 roes A 508 = 35 T A ¥ 034 ¥ a0 [
1 s Acamea 250 7 50 A 374 364 43 FE 34z
1 e R %10 il 5_A_Avd o] e | -mas oa0| 365 3.8 038 345 359 e | am 03| 236 359 a5y | -aso asy | .aam p33| 343 | -ams 145 355
T s Uil T ) 251 ket 347 rED FTE X T
L/ Uriasial 2608 7 3 2 _Amg 350 FET] FET] a1 T
L& Usiasial 2505 B 75 3_fmp EX) 793 a1 2.00) Y]
L4 Uriaaial 2610 Bl 35 4_Avy 261 152 251 2.50] 2
1 e Acciamta 2810 ] BT Mg 11t P 135 10g] )
1 s et 2811 7] 0.D_kwg 7.7 £ 737 736 737
1 moew Rcamta 2310 ) 0_A_ A 57| -aoe | -mss 531 am | &3 00| D04 753 am 7.98 e T a6 | = ops | 77m 52| am | 780 ame | =8
] FLIE] B CERT ] i1 5T ] 357
LA Usiaaial 2605 B 0_T_wx 2.4 FEE] FET] 13 237
L4 Uesiaaial 2606 & 0_3_ 157 T 134 2.43] 238
14 Untastal 2607 B2 0_t_fex 2.5 3 YT FEF]
I mes Reania 2a14 B AL ME_25 T S 147 TS 10en 048
1 e At 2501 0 71_ME_25_0_fum KT FFET: m 073 2078
1 moew Rcamts 50 5 RINEJ5 A fow | 1851 -650 | -1347 WE| 541 | -22m 1708 60¢ | -pims E08 £ | 217 597 | -2158 Em| 5. | a1a 1E35| 595 | 2148 sav | -1vss
1 mo sl 250 0 R1_ME_25 1 Am 3.7 368 351 3.4 34T
L2 Usiasial 2611 ] F1_ME_25 3 _fow G o1 ¥ a0 T
L4 Usiualal 2612 ) RL_ME_25_3_Aux L) 158 17 152 162
1% Ueiasial 2613 % A1 ME_25_4_fax 10 1% 14 iE 127
T 250 % 5.8 e 511 EXT a8
1 e A 2505 a7 1401 HeE 1208 1ia: [FY) [
1 s Aeana 2506 5 106|753 | -1419 66| 347 | -s3ma 118 o7 | aam g1 | 13w 206 | 4330 o8| €09 | 1308 0| 68 | a2 msa| 657 | 4305 704 | a3as
1 e iedactal 2507 ™ iE 2 a7 174 20 2
L4 Uiatal 2614 100 A1_ME_50_2_Aux 1.8 LE L&) 18] LB 174
L% Uniasial 271 T A1_ME_50_3_fax ] a7 ED T on a7
s racats Fioor Bass |1 Deiadal FE] T A1 ME_50_4_fox nos T oo 3 3 hza
1 rew e 2805 T FL_SW_50.T_fwr e 291 17 188 281 276
1 e Acciaita 2806 1 RL oW 50 D Ak 301 173 a7 255 352 YT
1 s Fecaina 2807 T3 A1 EW_50_A Ay nm| 517 175 04| sm 178 ET 156 a7 157 454 174 470 | -1an [ 154 035| 4sa 157 471 151
2 1 eww Usdaal 2808 TS FL_5W._50_1_Awg 187 381 54 38 a5z
L4 Ursialal 2805 T RL_SW_50_1_Awi 306 ) 154 2.5 252
L% Uiasial 2810 108 FL_SW_50_3_dwr 207 10| 14 1o1 1ar
L4 Uesiaalal 2811 T RL_SW_50_4_Avg o 0.68] 05 oE 0
1 e Rcams 2801 110 FL_SW_35_T vt 1.50) L L35 14 135
I men Reania 2800 T RI_OW_35_D_km 330 31 00 239
T o R SThE] T3 Al oW_35_A_Aew F5f| aen | -ame 48| am 478 737 348 | -4s0 i5) 458 143 452 35 | 43 asy | a3 730| 34 | am 156 | 445
1 ewew Undaral 2804 113 FL_5W_32 397 a7 358
2907 T AW 343 YT 337
200E 15 FL_ W, 0 Lod] 19 a7
Undasial 2005 AL SW 118 Lo 11 10a
T P LW .8t 573 Ean BaL
L reem Rl 27 LW (55 0TS nEs o7 070
1 ree At 76 LW ] L T a7 0w | g 345 o8t | -om 0ca0 1673 os0 | anes 338] o005 | -04e ot | anse 34n| 08 | 1049 087 | -1ase
1 s Ubedialal 2706 LW 358 345 331 T 331
LA Uniastal 2004 AW 188 ) 1= &3 174
L4 Usiaalal T RLW_D_3_Aw 208 718 111 FET] T FET FYT]
LA Usiaslal 2006 RLW_0 4 Aw 2.8 Lo [ L a1 iE 1
1 mvew et 3700 RL_NW_I5_T_hw .78 535 .35 &0 530 510
1 soew Reama P FLNW 50 feg | 1005 s 0 118 §T) T
R FL NW_I5_A_ A 208 226 | 1308 g 215 | - 796 e | -1 25 | 1219 76| 2u1 | o 73] 2o | ason Fr] 20 | aim 776] 206 | 1180 208 | 1109
RIS 7AW 15 1 A EN 267 157 T 2.5 251
1% Usiasial 2812 F1_WW_15 2 A 256 &2 T ks 5z
L4 Uniaalal 2813 AL WW 15 3 A FEE; ¥ F¥T FET a7
L% Uil T RL_WW_15 4 A 311 X 09 18 230
1 i Feaina 711 RL_NW_50_T_Avg i a7 B31] 215 a14
1 e Rcamia FETV] FLNW_ 500 vy | 15.7% A 1ee7 g 1248 1857
T 2713 F1NW_50A Avg | -13.56| 648 | 153 32| 53 | - 172 =88 | 1534 56k | 537 se9 | asm 561 | a4ss D] &5 | a4 1246| 56 | as 1257 S67 | -sm
1 swe Undasal T 71_WW_50_1_hva .00 FED 115 193] T 108
2001 FL_WW_50_2 A o 0.00) T 3 oL 000
200 F1_WW_50_3_bwm 10 196 1w L8 151 1a3]
2903 13 R1_WW. 50 4 _bw 3.0 331 134 ERT ST 134
1804 3 ALE 1 e 2.80) 271 159 155 250 161
1805 15 ALE 2 Aew 251 148 a0 134 237 238
Sanctio, at Castvier L o Ll 1806 120 FLW_1_Ave 1240 100 171 1159 iLim 106
Pl 1807 T R N_2_Mvg 12,30 T 1160 1151 iLm TR
FTE] T FLW_INT 1 A 271 Y] 158 237 237 3A1
S 1614 143 AL W_INT_3_fwx ER 366 354 3 338 FET)
Ty A15 INT_1 A ¥ 030 5T [ET] 039 ¥
15 A1_5_INT_2_Awg 106 L 054 Lm a7 nog

619




Stmthe TestSept 13,2004 Avg | StaticTest Sept 29,2014: Avg Static Test Oet Static Test Oct 15,20714: Avg Seatic Test et 23,7004 Avg | Seatic Test Mow 11,2014 Awg | Statle TestMow 17,2004 Trial3 | Static Test Dec 04,5008 Trial 3 | Stasic Tass Dec 10, 2014: Trial 4
Longgid & 5o Channal ID Allas [ 51] 0.1} 9, 0004 Avg [0.1) ek ] (0.1} o)y el fo.2) (LR
Locansn Mo » Card Mo,
Range Range Range Range Range Range Rarge Range
1 em Lledaadal 18032 e RZ_5_1_Avg 3.45 .33 503 Y] B0 515 753 767
. 1813 147 AZ_S 2 A 270 5.20 .15 832 227 73 7.57)
Sectkos af Canlar Line of Load 1814 14 RZ_N_1_Awi 004 004 12 izl (=%} [T
Pad 1902 145 R2_N_2_Avg .07 008 013 013 013 [ET]
1904 150 B8 5 1 Ay 0.7 ET 032 030) 15 08
3 1905 151 4 5 2 Mg [ 0.85 [T i 017 [E5
Rl 4 i "':"r::"""‘"'”‘d 1906 152 TR 2.07] 71 168 157 2.5 154
1907 153 RA_N_1_Aug 3.36 283 i 275 333 304
1608 154 RA_INT Awg .00 00 [ 000 [T 000
1. e Uidahal 110 155 755 1 Ay 072 076 0.76 077 150 L&D
1 peen Uicdalal 1107 158 S 5 2 Ak 06T 0EE 070 05| 172 144
Smction 81 Cantar Line of Lewd [1 men Usdaxial 2108 157 RS_N_1_Aw 05D 050 054 nas) 047 058
e Pat 110 155 RS_N_1_Awx 050 051 [z naz) [ [T
17E 155 R5_N_INT_1_Avi 510 006 [ 00l [T [0
S 1706 150 R5_N_INT_2_Av 00 o.0n [ 000 [T [
1707 151 RE_5_INT 1 Awg .00 o.00 [ 100 [T [
1 rrem Unial 1708 162 FE_S_INT_I_Awg aEs 0D 057 nEs) DES 054
L% Uedaaial e 183 RI_TOP_1_Awx 113 T LiE| T T (] 102 BT
e L4 L 1 154 RI_TOP_2_Avg 051 043 048 040 033 DEE 0Az 085
Lie 1110 15 R1_TOP_3_Avg 523 oo [ [ 000 [T [ 000
L TeT 166 R1_TOP 4_Avg 337 334 3.35) 317 239 00033 L0033 nOEE
Batween Rib 1 and Al 2 14 [TTE 1657 RI_TDP_5_Awg 3.66 533 547 0.3 713 774 535 653
Lie 1113 168 RQ_TOR_1_Awg 448 458 466 458 370 406 340 a2
S 14 Uindiaxial 1113 163 R TOP_2_Awg 5.5 =53 0o 000 [T [ o)
144 Ulsdnaial 120 170 B2_TOP_3_Awg 0.8 073 077 05| 51 a1 08
14 Uinducial 2w 171 R TP _4_Awg 08 078 082 e BBl 051 N
s 1204 172 R4 TOP_L_Awg 563 oo .00 000 [T [ 0.00)
Lie i 1206 173 R4 TOP_3_Awg 297 313 EXT 303 037 171 L99)
Hk & e I 1206 174 R4 TOP_3_Awg 16 719 738 711 389 a0l 213
Lie I 1207 175 R4 TOR_4_Awg o oo oo 381 264 118.74 50.00)
Top of Dack Li¥ i 1208 178 B4 TOP_5_dwg [T 000 0.00] .47 10,20 ATV 718
T ] 1208 177 F5_TOP_L_Awg o 008 0.06 0.10) 114] 08 083
i Le i 1210 175 RS TOP_2_Awg 020 g R 0| L00| 056 077
L4 Undiaskal 121 17 RS TOP_3_Awg 34 10w [ 10| [ [
4™ Unaial 120 LD B5_TOP_4_Avg oz oo 0o 00 [T [
J2= Ddaakal [ 18 RL_TOGP_1_ Rk 387 YT 1AL 13E] 167 14D
Duck Splice - Batwesn Rib 15 Liedaskal 1505 L& R1_TOSP_3_Awg o 10w [ 117] 153 L73
Rils 2 Uieaskal 1510 1E3 R1_TCSP_3_Avg [ fLow [ 107 nE3 038
" Ususkal 1511 14 R1_TDGP 4_Awg L) -Leg) 1.33) n.ap) a7 042
Usisial [3E LS RE_TDGP_1_Awi 3.00 3] 337 237 247 237
edaskal [3E LEE R4_TDSP_3_Awi LS 543 £.20 2153 168 255
Tk T T 514 187 RE_TDSP_3_Awk o0l 00w [T 131 140 237
LEE RE_TDGP_A_Awi [T T ol 161 218 155
S 165 T_FB_L A T, 039 T 079 ) 039
1213 150 T_FE 2 Aw ) 035 053] 052 053 e 053 05D
180 181 RI_BDP 1 Awg 040 041 13§ 037 o) 013 03z 033
171 17 RI_BDP J_Awg 0L 064 TS 0B 70| 041 056 057
il 1 1803 153 R1_BDF 3_Awg 5 581 55 562 253 5 330 FEn
170 14 R1_BDP 4_Awg 197 L57 179 1.87] 117] a7 041 081
173 L RI_BDP 5_Aw 524 7 776, A a3 €43 353 511
18100 1 R3_BDP_1_Awa 5.07 .57 &0 488 3.97] 438 330 -3.90)
= 1805 157 RI_BDP_2_Awg 1.13) LI 119 LIE 00| 07z 071
1 reem L 181 1% %_BLP_3_Aw i ) T a3 aiE 033 EEE]
L& 1 180 15 R2_BDP 4 _Aw ) 010 7] 0iE T 01K 033 031
190 200 R4 _BDP_1_Aw .38 = 53] ) 639 515) 5E7 =7
i 190 201 R _BDP_2_Awi 5.4 5 =53] 551 553 51 434 5.0
1903 202 B4 _BDP 3 A : &7 554 .78 68D 551 534 535
Uniderside of Duck 190 203 R4 _BDP_4_Awvy EXTE am L 410 R 37 336 3,76
104 2 F5_BDP_1 A .51 023 156 057 054 03] 135 133
i am 2 R5_BLP 3 Awi .61 083 086 068 .68 03] ] 11§
1E 206 55_BDP 3 _Aw T [ 0] [T 0.4 0.10] 0.8 008
/4" Uaalal 2108 207 F5_BDP_4_Avg o [ 0o 006 [ 017 [T 008
Lf& Uedaddal 1418 208 Fl_BOSP_L_Awg 452 FET 229 P 143 31| 348 242
Deck Splica - Batwsen Rib 1 & [17 ] 150 206 H1_BDGP_Z_Avi 570 =49 558 541 351 378 57
Rib 2 1iE i 150 210 Fl_BOSP_3_Awg 652 5 88 = 45| 5.36 5.8 371 356 560
L i 150 211 Ri_BDGP_4_Awg 456 FET] 353 37 343 335 15 .83
L& ] 1604 212 R4 _BDSP_L_Awg 3.40 FET) 3.15) 17 168 1563 145 L)
LiE i 1605 213 d_BDGP_3_Awg 472 435 2 11] 347 187 L8 L7
T k- I L/4 Udakal 160 714 74_BOSP_3_Awg 402 358 FET) am 171 123 182
J% Undacdal 1607 215 R4 _BLGP_4_Awg 132 T 154 L& 135 162 162
i Uekaxial 1410 216 Ri_5 5P_Avx 106 Loz 159 057 101 059 Lol
edasial 1411 217 RL_K_SP_Avg [ET 0.15 oo [ 0= 07 008
y - cimsial [TTE 215 R2_5_5P_Awk 07 [T &3 051 73 [ 067
B e I Uedanial 1513 213 RI_N_SP_Avg .09 [ 0om 0.0 010 008 )
i Lieksial 160 22 45 _5P_Awg [T [ 053 053 088 [ 0.90)
1603 I RA_N_SP_hvg L15) 119 113 L7 070 078 77
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Siatic Test Sept 12,2014 Avg

Static Test Sept 25,2014: Avg

Static Test Oct

‘Static Test Oct 15,2014: Avg

Static Test Oct 23,2014: Avg

Static Test Mov 11,2014: Avg

Static Test Now 17,2004: Trial 3

Stafic Test Dwec 04, 2014 Trial 3

Staitic Test Dec 10,2044: Trial &

Location H'-:Bf::::_ T Alins [LE1] [oua) 59,2004 Avg [0.1) (LEA] (1] [01) [oa) (LEN] o)
Rengs Range Range Rangs Renge Range Range Range Range
1 mm Uninxia 222 Rl MW 5F 1 Auws= 3.0 2156 278 224 282 278 237 2.73
s 1 ifa ..'nia..iial 223 Ri_M_SP_2_Awg 2.33 31 223 2.34] 231 227 223 2.23
1 mm Unizos 224 Ri 1 Aap -1.24 -173 -1.76 -1.74 168 -7 -1.E5
sin sealir; — /4 ..'nia..nial 223 R1i 2 AwE -1.E5| -1 E6 -1.EE =184 -1.39 -1E3 -1.E1
1 mm Unizxa 228 R3_M_5F_1_&wg 0.00 0.00 0.00| 0.00 0.00 .00/ 0.00/
sin s ifa ..'nia..ilal 227 RI_M_SP_2_Awg -0.33| -0.38 -0.35 -0.63 -0.59 062 -0.63
1 mm Unizos 22E 1 _sug 0.71] o370 0.68 0.e3 0.78 078 0.73
ifa= 1 225 I AE 0.33] 1 o33 0.37 032 053 063 0.e8
1/4" Uni 230 1 Awg -10.173| -5.56 -5.E69 5.8l -5.13 -538 -3 48 -5.27
Edpge Girder Wed Int=rmediate Floor Beam Uniaxial 231 T _Awg =-B.540 -E.72 -£ 78 5.12 -B.E3 -8 58 -E74 -B.36
iaxial 232 NT_FE_SP_Avp 0.E3| 0.38 o33 0.63 033 053 =K1 0.35
Eage Girger splice 233 5T _F8_SF_Awg 0.53] 0.83 0.54 024 028 0.BE 0.24
Ecige Girder Web Splics Uniaxial 234 ME_FE_IF_ivg -1.02 -0.50 -0.54 -0.2% -0.31 -0.E5 -0.27
Flate 1/4" Uniaxial 233 5E_FB_SP_Awg -1.45| -136 -1.43 =132 -140 -1 36 -1.33
Edge Girder Flange Splice Edge Girder Spiice
Flate 238 8 _FE _SPL Awz -1.EE| -1.38 -1.30 -1.33 -1.44 -131 -145 -1.43
237 E G5 1 -0.44] 0.28 0.47 015 048 0.31
238 W_G5TF_1 -0.23| -0.31 0.47 .64 031 O.BE 0.35
235 E_GSTF_4 1.32] 111 232 2.3 2.07 231 2.40
240 W _GETF 4 1.25] 158 2.30 123 121 2.12
231 E _G5TF 3 -1.41] -0.82 0.33 =073 -0LEE -0.E&
. 1/4" Uini 242 W_GSTF_3 -0.5%5| ~0.33 .32 -0.38 -0.32 -0.37
Edge Girder Stiffener Intermediate Floor Beam - = =
1 mm Unizos 243 G5TF_2 -0.04| 076 0.53 033 0.5¢ 0.85
1 mm Uniaxia 244 1i6 1.3& 0.58 146 134 1.27
1 mm Unisxa 233 27 2.41 1.57 260 243 2.3
1 mm Uninxia 248 1B6 2.22 170 227 211 2.03
1 mm Uniz 1310 247 -1.07 0.67 -0.50 -0.74 -0.BI| -0.78
1 mm Uniaxia 1311 248 .26 0.3 -0.33 -0.24 028 -0.32

Todal Chamnels 31
Gauge Channels rag
Trigger Channels 3
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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

623



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 % 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 720. Comparison of deflection of inner and outer floor beam



Figure 721. 3D view of the first trial FE model
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Figure 722. Sectional elevation of first trial FE model
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Figure 723. 3D view of the second trial FE model
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Figure 724. Sectional elevation of second trial FE model
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Variation of In-Plane Bending Moment
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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
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Figure 728. 3D view of the third trial FE model
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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 732. 3D view of the fourth trial FE model
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Figure 737. 3D view of the fifth trial FE model
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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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