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APPENDIX A - RESULTS FOR BRIDGE NO. 1

MDOT ID # B06-08052

M-66 bridge over Mud Creek located just southwest of Woodburry,
Michigan.
Simply supported reinforced concrete T-beam structure.

Results for this bridge contain:

o Measured deflections vs calculated lane moment.
» Measured deflections vs analytical deflections.

» Girder distribution of measured deflections.
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Figure A-1 : Deflection vs Lane Moment for Bridge No. 1, Girder 1 and 2.
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Figure A-2 : Deflection vs Lane Moment for Bridge No. 1, Girder 3 and 4.
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Figure A-3 : Deflection vs Lane Moment for Bridge No. 1, Girder 5 and 6.
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Figure A-4 : Experimental and Analytical Deflections for Bridge No. 1,
~ Girder 1 and 2 for Downstream Loading.
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Figure A-5 : Experimental and Analytical Deflections for Bridge No. 1,
Girder 3 and 4 for Downstream Loading.
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Figure A-6 : Experimental and Analytical Deflections for Bridge No. 1,
Girder 5 and 6 for Downstream Loading.
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Figure A-7 : Experimental and Analytical Deflections for Bridge No. 1,
Girder 1 and 2 for Center Loading.
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Figure A-8 : Experimental and Analytical Deflections for Bridge No. 1,
Girder 3 and 4 for Center Loading.
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Figure A-9 : Experimental and Analytical Deflections for Bridge No. 1,
Girder 5 and 6 for Center Loading.
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Figure A-10 : Experimental and Analytical Deflections for Bridge No. 1,
Girder 1 and 2 for Upstream Loading.
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Figure A-11 : Experimental and Analytical Deflections for Bridge No. 1,
Girder 3 and 4 for Upstream Loading.
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Figure A-12 : Experimental and Analytical Deflections for Bridge No. 1,
Girder 5 and 6 for Upstream Loading. <
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Figure A-15 : Girder Distribution of Deflections for Bridge No. 1 due to
Upstream Loading.
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APPENDIX B - RESULTS FOR BRIDGE NO. 2

MDOT 1D # B02-38071

M-50 bridge over Grand River located in Jackson County, Michigan.
Simply supported steel girder bridge,

Results for this bridge contain:

o Measured deflections vs calculated lane moment.
» Measured deflections s analytical deflections.

s Girder distribution of measufed deflections.

e Longitudinal distribution of measured deflections.
° Measured stresses vs calculated lane moment.

e DMeasured stresses vs analytical étresses.

e Girder distribution of measured stresses.

e Longitudinal distribution of measured stresses.
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Figure A-16: Deflection vs Lane Moment for Bridge No. 2, Girder 2 and 3.
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Figure A-17: Deflection vs Lane Moment for Bridge No. 2, Girder 4 and 5.
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Figure A-18: Deflection vs Lane Moment for Bridge No. 2, Girder 6 and 7.
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Figure A-19: Deflection vs Lane Moment for Bridge No. 2, Girder 8 and 9.
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Figure A-20 : Experimental and -Analytical Deflections for Bridge No. 2,
Girder 2 and 3 for Downstream Loading.
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Figure A-21 : Experimental and Analytical Deflections for Bridge No. 2,

Girder 4 and 5 for Downstream Loading.
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Figure A-22 : Experimental and Analytical Deflections for Bridge No. 2,
Girder 6 and 7 for Downstream Loading,.
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Figure A-23 : Experimental and Analytical Deflections for Bridge No. 2,
Girder 8 and 9 for Downstream Loading.
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Figure A-24 : Experimental and Analytical Deflections for Bridge No. 2,
Girder 2 and 3 for Center Loading.
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Figure A-25 : Experimental and Analytical Deflections for Bridge No. 2,
Girder 4 and 5 for Center Loading.
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Figure A-26 : Experimental and Analytical Deflections for Bridge No. 2,
Girder 6 and 7 for Center Loading.
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Figure A-27 : Experimental and Analytical Deflections for Bridge No. 2,
Girder 8 and 9 for Center Loading.
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Figure A-28 : Experimental and Analytical Deflections for Bridge No. 2,

Girder 2 and 3 for Upstream Loading.



-A31-

Bridge 2, Girder 4, MP, Upstream

Deflection (inch)

0.00 0.16 0.31 0.47 0.63
2500 ! T 1843
P~
E2000 1474 o
= o
= <
+=1500 1106 —
c c
) o
£ 5
o 737
21000 <
&
2 - S
@ 500 —-=— Experimental 369 -
- ~m—e— Composite Model
——- Non-composite Model
0

0 4 8 12 160
Defiection {mm)

Bridge 2, Girder 5, MP, Upstream

Deflection (inch)

0.00 0.16 0.31 047 : 0.63
2500 I T T 1843
E2000 1474 =
2 &
w1500 1106 —
: | 5
£ £
21000 if g — T
o | =
c I S ' S
o 500 —s— Experimental 369 -
—— Composite Model
——— Non-composite Model
0 .

0 4 8 12 160
Deflection (mm)

Figure A-29 : Experimental and Analytical Deflections for Bridge No. 2,
-Girder 4 and 5 for Upstream Loading,
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Figure A-30 : Experimental and Analytical Deflections for Bridge No. 2,

Girder 6 and 7 for Upstream Loading.
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Figure A-31 : Experimental and Analytical Deflections for Bridge Nb. 2,
Girder 8 and 9 for Upstream Loading.
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Figure A-32 : Girder Distribution of Deflections for Bridge No. 2 due to
Downstream Loading. :
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Figure A-33 : Girder Distribution of Deflections for Bridge No. 2 due to
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-A35-

Bridge 2, MP, Upstream

5 T E | 0.20
i : —a—— Load Case 1
—o-—— | pad Case 2
—%—load Case 3
4 1 —eo—{oad Case 4 | 0.16
E ' —_
£ 5
3 012 £
c
) 5
° k3]
o 2 ~10.08 ®
) o=
)
a a
1 0.04
0 ’ ‘ — 0.00

2 3 4 5 6 7 8 g
Girder No.

Figure A-34 : Girder Distribution of Deflections for Bridge No. 2 due to
Upstream Loading.
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Figure A-35 : Longitudinal Distribution of Deflections for Bridge No. 2,
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Figure A-36 : Longitudinal Distribution of Deflections for Bridge No. 2,
Girder 5 due to Center Loading.
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Figure A-37 Longitudinal Distribution of Deflections for Bridge No. 2,
‘Girder b due to Upstream Loading.
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Figure A-38 : Stress vs Lane Moment for Bridge No. 2, Girder 2 and 3 at
' Mid Peint. '
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Figure A-39 : Stress vs Lane Moment for Bridge No. 2, Girder 5 and 6 at
Mid Point.
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Figure A-40 : Stress vs Lane Moment for Bridge No. 2, Girder 8 and 9 at
Mid Point.
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Figure A-4] : Experimental and Analytical Stresses for Bridge No. 2,
Girder 2 and 3 for Downstream Loading.
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Figure A-42 : Experimental and Analytical Stresses for Bridge No. 2,
Girder 5 and 6 for Downstream Loading.
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Figure A-44 : Experimental and Analytical Stresses for Bridge No. 2,
' Girder 2 and 3 for Center Loading, -
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Figure A-45 : Experimental and Analytical Stresses for Bridge No. 2,
Girder 5 and 6 for Center Loading.
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Figure A-46 : Experimental and Analytical Stresses for Bridge No. 2,
Girder 8 and 9 for Center Loading,
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Figure A-47 : Experimental and Analytical Stresses for Bridge No. 2,
Girder 2 and 3 for Upstream Loading.
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Figure A-48 : Experimental and Analytical Stresses for Bridge No. 2,
Girder 5 and 6 for Upstream Loading.
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Figure A-49 : Experimental and Analytical Stresses for Bridge No. 2,
Girder 8 and 9 for Upstream Loading.
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Figure A-50 : Girder Distribution of Stresses at Mid Point for Bridge No.
2 due to Downstream Loading.
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Figure A-51

: Girder Distribution of Stresses at Mid Point for Bridge No.
2 due to Center Loading.
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'Figure A-52 : Girder Distribution of Stresses af Mid Point for Bridge No.
2 due to Upstream Loading.
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Figure A-53 : Longitudinal Distribution of Stresses for Bridge No. 2,
Girder 2 due to Downstream Loading.
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Figure A-54 : Longitudinal Distribution of Stresses for Bridge No. 2,
Girder 2 due to Center Loading.
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Figure A-55 : Longitudinal Distribution of Stresses for Bridge No. 2,
Glrder 2 due to Upstream Loading.
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- Figure A-57 : Longitudinal Distribution of Stresses for Bridge No. 2,
_ Girder 9 due to Center Loading.
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Figure A-58 : Longitudinal Distribution of Stresses for Bridge No. 2,
Girder 9 due to Upstream Loading.
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APPENDIX C - RESULTS FOR BRIDGE NO. 3
MDOT 1D # B0O1-78011

M-103 bridge over White Pigeon River located in St. Joseph County,
' Michigan. | .
Simply supported steel girder bridge.

Results for north and south spans contain:

s Measured stresses vs calculated lz_me moment,
» Measured stresses vs analytical siresses.
e Girder distribution of measured stresses.

e Longitudinal distribution of measured stresses.
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Figure A-59: Stress vs Lane Moment for North Span of Bridge No. 3,
Girder 2 and 3 at Mid Point.
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Figure A-60 : Stress vs Lane Moment for North Span of Bridge No. 3,
Girder 4 and 5 at Mid Point.
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Figure A-61 : Stress vs Lane Moment for North Span of Bridge No. 3,
Girder 6 and 7 at Mid Point,
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‘Figure A-62 : Stress vs Lane Moment for North Span of Bridge No. 3,
Girder 8 and 9 at Mid Point.
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Figure A-63 : Experimental and Analytical Stresses for North Span of
Bridge No. 3, Girder 2 and 3 for Downstream Loading.
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Figure A-64 : Experimental and Analytical Strésses for North Span of
Bridge No. 3, Girder 4 and 5 for Downstream Loading.
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Figure A-65 : Experimental and Analytical Stresses for North Span of
Bridge No. 3, Girder 6 and 7 for Downstream Loading.
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Figure A-66 : Experimental and Analytical Stresses for North Span of
Bridge No. 3, Girder 8 and 9 for Downstrearn Loading.
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Figure A-67 : Experimental and Analytical Stresses for North Span of
Bridge No. 3, Girder 2 and 3 for Center Loading,.
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Figure A-68 : Experimental and Analytical Stresses for North Span of
Bridge No. 3, Girder 4 and 5 for Center Loading.
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Figure A-69 : Experimental and Analytical Stresses for North Span of
Bridge No. 3, Girder 6 and 7 for Center Loading.
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Figure A-70 : Experimental and Analytical Stresses for North Span of
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Bridge No. 3, Girder 8 and 9 for Center Loading.
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Figure A-71 : Experimental and Analytical Stresses for North Span of
Bridge No. 3, Girder 2 and 3 for Upstream Loading.
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Figure A-72 : Experimental and Analytical Stresses for North Span of
Bridge No. 3, Girder 4 and 5 for Upstream Loading.
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Figure A-73 : Experimental and Analytical Stresses for North Span of
Bridge No. 3, Girder 6 and 7 for Upstream Loading.
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Figure A-74 : Experimental and Analytical Stresses for North Span of
Bridge No. 3, Girder 8 and 9 for Upstream Loading.
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Figure A-75 : Girder Distribution of Stresses at Mid Point for North Span
: of Bridge No. 3 due to Downstream Loading.
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Figure A-76 : Girder Distribution of Stresses at Mid Point for North Span
of Bridge No. 3 due to Center Loading.
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Figure A-77 : Girder Distribution of Stresses at Mid Point for North Span
of Bridge No. 3 due to Upstream Loading.
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Figure A-78 : Longitudinal Distribution of Stresses for North Span of
Bridge No. 3, Girder 5 due to Downstream Loading.
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Figure A-79 : Longitudinal Distribution of Stresses for North Span of
Bridge No. 3, Girder 5 due to Center Loading.
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Figure A-80 : Longitudinal Distribution of Stresses for North Span of
Bridge No. 3, Girder 5 due to Upstream Loading.
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Figure A-81 : Longitudinal Distribution of Stresses for North Span of
Bridge No. 3, Girder 6 due to Downstream Loading.
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Figure A-82 : Longitudinal Distribution of Stresses for North Span of
Bridge No. 3, Girder 6 due to Center Loading.
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Figure A-83 : Longitudinal Distribution of Stresses for North Span of
Bridge No. 3, Girder 6 due to Upstream Loading.
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Figure A-84 : Stress vs Lane Moment for South Span of Bridge No. 3,
Girder 2 and 3 at Mid Point.
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Figure A-85 : Stress vs Lane Moment for South Span of Bridge No. 3,
Girder 4 and 5 at Mid Point..
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Figure A-86 : Stress vs Lane Moment for South Span of Bridge No. 3,
Girder 6 and 7 at Mid Point.
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Figure A-87 : Stress vs Lane Moment for South Span of Bridge No. 3, '
Girder 8 and 9 at Mid Point.
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Figure A-88 : Experimental and Analytical Stresses for South Span of
Bridge No. 3, Girder 2 and 3 for Downstream Loading.
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Figure A-89 : Experimental and Analytical Stresses for South Span of
Bridge No. 3, Girder 4 and 5 for Downstream Loading.
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Figure A-90 : Experimental and Analytical Stresses for South Span of
Bridge No. 3, Girder 6 and 7 for Downstream Loading.
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Figure A-91 : Experimental and Analytical Stresses for South Span of
Bridge No. 3, Girder 8 and 9 for Downstream Loading.
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Figure A-92 : Experixhental and Analytical Stresses for South Span of
Bridge No. 3, Girder 2 and 3 for Center Loading.
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Figure A-93 : Experimental and Analytical Siresses for South Span of
Bridge No. 3, Girder 4 and 5 for Center Loading.
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Figure A-94 : Experimental and Analytical Stresses for South Span of
Bridge No. 3, Girder 6 and 7 for Center Loading.
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Figure A-95 : Experimental and Analytical Stresses for South Span of
Bridge No. 3, Girder 8 and 9 for Center Loading.
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Figure A-96 : Experimental and Analytical Stresses for South Span of |
- Bridge No. 3, Girder 2 and 3 for Upstream Loading.
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Figure A-97 : Experimental and Analytical Stresses for South Span of
Bridge No. 3, Girder 4 and 5 for Upstream Loading.
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Figure A-98 : Ekperhnental and Analytical Stresses for South Span of
Bridge No. 3, Girder 6 and 7 for Upstream Loading.
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Figure A-99 : Experimental and Analytical Stresses for South Span of
Bridge No. 3, Girder 8 and 9 for Upstream Loading.
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Figure A-100 : Girder Distribution of Stresses at Mid Point for South
Span of Bridge No. 3 due to Downstream Loading.
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Figure A-101 : Girder Distribution of Stresses at Mid Point for South
Span of Bridge No. 3 due to Center Loading.
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Figure A-102 : Girder Distribution of Stresses at Mid Point for South
Span of Bridge No. 3 due to Upstream Loading.
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Figure A—103 Longitudinal Distribution of Stresses for South Span of
Bridge No. 3, Girder 5 due to Downstream Loading. -
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Figure A-104 : Longitudinal Distribution of Stresses for South Span of
Bridge No. 3, Girder 5 due to Center Loading.
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Figure A-105 : Longitudinal Distribution of Stresses for South Span of
Bridge No. 3, Girder 5 due to Upstream Loading.



-A100-

Bridge 3, South Span, Girder 6, Downstream

30 T 4.3

—m—— bLoad Case 2 :
——ao—- Load Case 3
o5l —v— f.oad Case 4 3.6

7 —
7 N\,
/SR

&
Stress (ksi)

Stress (MPa)

T 7\l

Figure A-106 : Longitudinal Distribution of Stresses for South Span of
Bridge No. 3, Girder 6 due to Downstream Loading.
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Figure A-107 : Longitudinal Distribution of Stresses for South Span of
Bridge No. 3, Girder 6 due to Center Loading.
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Figure A-108 : Longitudinal Distribution of Stresses for South Span of
Bridge No. 3, Girder 6 due to Upstream Loading.
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APPENDIX D - RESULTS FOR BRIDGE NO. 4
MDOT ID # B01-19062

M-21 bridge over Little Maple River located in Clinton County, Michigan.
Simply supported steel girder bridge.

Results for this bridge contain:

s Measured deflections vs calculated lane moment.
o Measured deflections vs analytical deflections.

e Girder distribution of measured deflections.

» Longitudinal distribution of measured deflections.
o Measured stresses vs calculated lane moment.

s Measured stresses vs analytical stresses.

e Girder distribution of measured stresses.

» Longitudinal distribution of measured siresses.
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Figure A-109: Deflection vs Lane Moment for Bridge No. 4,Girder 2 and 3.
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Figure A-110: Deflection vs Lane Moment for Bridge No. 4,Girder 4 and 5.
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Figure A-111: Deflection vs Lane Moment for Bridge No. 4,Girder 6 and 7.



-A107-

Bridge 4, Girder 8, MP

Deflection (inch)

0.00 0.04 008 0.12

1500 r 1106
— ¢ / /
£ ' / | =
< | / oS
= 1000 [~ 7 737 X
"t et
G S
E §
) | 2
= 500 369 o
Q ' @
@ & Downstream -
-l —— Center )

—a— Upstream
% BE B 30
Deflection (mm)
Bridge 4, Girder 9, MP
Deflection (inch)

_ 0,00 ' 0.04 0.08 0.12

1500 1106
o= T tP
E T f =
2 ‘ i by
= 1000 [ e 737 £
£ o £
& 5
£ §
2 =
= 500 369 o
2 G
o Downstream -
~l —— Center

—tr— {pstream

% BE 2 30
' Deflection {mm)

Figuré A-112: Deflection vs Lane Moment for Bridge No. 4,Girder 8 and 9.
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Figure A-113 : Experimental and Analytical Deflections for Bridge No. 4,
Girder 3 and 4 for Downstream Loading.
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Figure A-114 : Experimental and Analytical Deflections for Bridge No. 4,
Girder 5 and 6 for Downstream Loading.
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Figure A-115 : Experimental and Analytical Deflections for Bridge No. 4,
Girder 7 and 8 for Downsiream Loading.
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Figure A-116 : Experimental and Analytical Deflections for Bridge No. 4,
Girder 9 for Downstream Loading.
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Figure A-117 : Experimental and Analytical Deflections for Bridge No. 4,
Girder 3 and 4 for Center Loading.
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Figure A-118 : Experimental and Analytical Deflections for Bridge No. 4,
Girder 5 and 6 for Center Loading,
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Figure A-119 : Experimental and Analytical Deflections for Bridge No 4,
Girder 7 and 8 for Center Loading.
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Figure A-120 : Experimental and Analytical Deflections for Bridge No. 4,
9 for Center Loading.
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Figure A-121 : Experimental and Analytical Deflections for Bridge No. 4,
Girder 3 and 4 for Upstream Loading.
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Flgure A-122 : Expenmentai and Analytical Deflections for Bridge No. 4,
Girder 5 and 6 for Upstream Loading.



~-A118-

Bridge 4, Girder 7, MP, Upstream

Deflection (inch)

0.00 0.20 .39 059
1500 - - 1106
—_ i Va '
£ —
1 £
= ; &
. 21000 [} 737 =
b o
o &
£ =
o) Qo
= =
500 369 g
: S :
© —a— Experimental
-l —o— Composite Model
—— Non-composite Model
0

o 5 10 150
Deflection (mm)

Bridge 4, Girder 8, MP, Upstream

Deflection (inch)

0.00 0.20 0.39 0.59
1500 ; ' 1108
- . f
£ =
g Y &
<=1000 [f 737 =
hd et
5 %
= £
° (®)
= =
500 369 o
: 5
ilu & Experimental -
—e— Composite Model
—oa—— Non-composite Model
0

0 5 10 18°
' Deflection (mm)

Figure A-123 : Experimental and Analytical Deflections for Bridge No. 4,
Girder 7 and 8 for Upstream Loading.
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Figure A-124 : Experimental and Analytical Deflections for Bridge No. 4,
Girder 8 and 9 for Upstream Loading,
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Figure A-125 : Girder Distribution of Deflections for Bridge No. 4 due to
Downstream Loading.
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Figure A-126 : Girder Distribution of Deflections for Bridge No. 4 due to
Center Loading.
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Figure A-127 : Girder Distribution of Deflections for Bridge No. 4 due to
Upstream Loading.
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Figure A-128 : Longitudinal Distribution of Deflections for Bridge No 4,
Girder 5 due to Downstream Loading.
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Figure A-129 : Longitudinal Distribution of Deflections for Bndge No. 4,
Girder b due to Center Loadlng
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Figure A-130 Longitudinal Distribution of Deflections for Bridge No. 4,
-Girder 5 due to Upstream Loading.
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Figure A-131 : Stress vs Lane Moment for Bridge No. 4, Girder 2 and 3 at
Mid Point.
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Figure A-133 : Stress vs Lane Moment for Bridge No. 4, Girder 6 and 7 at
Mid Point.
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- Figure A-41: Experimentai and Analytical Stresses for Bridge No. 4,
Girder 2 and 3 for Downstream Loading,
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Figure A-135 : Experimental and Analytical Stresses for Bridge No. 4,
Girder 4 and 5 for Downstream Loading.
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Figure A-136 : Experimental and Analytical Stresses for Bridge No. 4,
Girder 6 and 7 for Downstream Loading.
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Figure A-137 : Experimental and Analytical Stresses for Bridge No. 4,
Girder 8 and 9 for Downstream Loading.
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Figure A-138 : Experimental and Analytical Stresses for Bﬁdge No. 4,
Girder 2 and 3 for Center Loading.
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Figure A-139 : Experimental and Analytical Stresses for Bridge No. 4,
Girder 4 and 5 for Center Loading.
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Figure A-140 : Experimental and Analytical Stresses for Bridge No. 4,
Girder 6 and 7 for Center Loading.
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'Figure A-141: Experimental and Analytical Stresses for Bridge No. 4,
Girder 8 and 9 for Center Loading.
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Fxgure A-142 : Experimental and Analytical Stresses for Bridge No. 4,
Girder 2 and 3 for Upstream Loading.
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Figure A-143 : Experimental and Analytical Stresses for Bndge No. 4
Girder 4 and 5 for Upstream Loading.
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Figure A-144 : Expenmental and Analytical Stresses for Bridge No. 4,
- Girder 6 and 7 for Upstream Loading.



-A139-

Bridge 4, Girder 8, MP, Upstream

Stress (ksi)
0.00 145 290 435 580 725 870

1500 1106
—_ i1
£ jT f =
g 3
- =1000 [ [CIaS
S @
£ =
r o
= =
500 369 g
2 = 8
« 2— Experimental ~
-l —e— Composite Model
| ~——o—- Non-composite Model
% 10 20 30 40 50 60
Stress (MPa)
Bridge 4, Girder 9, MP, Upstream
Stress (ksi)
0.00 1.45 2.80 4.35 5.80 7.25 8.70
1500 1106
—_ T
£ =
Z a
= 1000 737 £
g £
) ©
] E
° O
= =
500 369 o
o c
c : ©
b —=a— Experimental -
=t Gomposite Model
| —— Non-composite Model
0

0 10 20 30 40 50 800
Stress (MPa)

Figure A-145 : Experimental and Analytical Stresses for Bridge No. 4,
Girder 8 and 9 for Upstream Loading.
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Figure A-146 : Girder Distribution of Stresses at Mid Point for Bridge No.
4 due to Downstream Loading.
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Figure A-147 : Girder Distribution of Siresses at Mid Point for Bridge No.
4 due to Center Loading.
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Figure A-148 : Girder Distribution of Stresses at Mid Peint for Bridge No.
4 due to Upsiream Loading.
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Figure A-149 : Longitudinal Distribution of Stresses for Bridge No. 4,
Girder 4 due to Downstream Loading.
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Figure A-150 : Longitudinal Distribution of Stresses for Bridge No. 4,
Girder 4 due to Center Loading.
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Figure A-151 : Longitudinal Distribution of Stresses for Bridge No. 4,
Girder 4 due to Upstream Loading.
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Figure A-152 : Longitudinal Distribution of Stresses for Bridge No. 4,
Girder 5 due to Downsiream Loading.
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Figure A-153 : Longitudinal Distribution of Stresses for Bridge No. 4,
Girder 5 due to Center Loading.
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Flgure A-154: longltudmal Distribution of Stresses for Bridge No. 4,
Girder 5 due to Upstream Loading.
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Figure A-155 : Longitudinal Distribution of Stresses for Bridge No. 4,
Girder 6 due to Downstream Loading.
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- Figure A-156 : Longitudinal Distribution of Stresses for Bridge No. 4,
Girder 6 due to Center Loading,
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Figure A-157 : Longitudinal Distribution of Stresses for Bridge No. 4,
: Girder 6 due to Upstream Loading. ' '
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Figure A-158 : Longitudinal Distribution of Stresses for Bridge No. 4,
Girder 7 due to Downstream Loading.
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Figﬁre A-159 : Longitudinal Distribution of Stresses for Bridge No. 4,
Girder 7 due to Center Loading.
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Figure A-160 : Longitudiha.l Distribution of Stresses for Bridge No. 4,
Girder 7 due to Upstream Loading.
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APPENDIX E - RESULTS FOR BRIDGE NO. 5
MDOT ID # B0O1-82081

M-153 bridge over Fellows Creek located in Clinton County, Michigan.
Simply supported reinforced concrete T-beam structure.

Results for this bridge contain:

» Measured deflections vs calculated lane moment.
» Measured deflections vs analytical deflections.

o Girder distribution of measured deflections., -
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Figure A-161 : Deflection vs Lane Moment for Bridge No. 5, Girder 1 and
2. |
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Figure A-162 : Deflection vs Lane Moment for Bridge No. 5, Girder 3 and
‘ 4.
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Figure A-163 : Deflection vs Lane Moment for Bridge No. 5, Girder 5 and
6.
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Figure A-164 : Deflection vs Lane Moment for Bridge No. 5, Girder 7 and
8.
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Figure A-165 : Deflection vs Lane Moment for Bridge No. 5, Girder S.
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Figure A-166 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 1 and 2 for Lane 1 and 2 Loading.
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Figure A-167 : Expenmental and Analytical Deflections for Bridge No. 5,
Girder 3 and 4 for Lane land 2 Loading.
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Figure A-168 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 5 and 6 for Lane 1 and 2 Loading.
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Figure A-169 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 7 and 8 for Lane 1 and 2 Loading.
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Flgure A-170: Expenmcntal and Analytical Deflections for Bridge No. 5,
Girder @ for Lane 1 and 2 Loading.
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Figure A-171 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 1 and 2 for Lane 2 and 3 Loading.
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Figure A-172 : Experimental and Analytical Deflections for Bndge No. 5,
Girder 3 and 4 for Lane 2 and 3 Loading.
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Figure A-173 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 5 and 6 for Lane 2 and 3 Loading.
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Figure A-174 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 7 and 8 for Lane 2 and 3 Loading.



-A166-

Bridge 5, Girder 9, MP, Lane 2 and 3

Deflection {inch)

0.00 0.02 0.04 0.06 0.08
2000 T T 1.47 10°
£ —_
=>1500 1.11 18
& k=
.= T /’ X
ol g
£ / =
21000 737 2
Vo) o]
= =
s o
g 500 .......... 369 m
© -

-~ — EXperimental
—a- Analytical
% 0.5 | 1 1.5 2°

Deflection (mm)

Figure A-175 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 9 for Lane 2 and 3 Loading.
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- Figure A-176 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 1 and 2 for Lane 3 and 4 Loading.
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Figure A-177 : Expenmentai and Analytical Deflections for Bndge No. 5,
Girder 3 and 4 for Lane 3 and 4 Loading.
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Figure A-178 ; EXperiméntal and Analytical Deflections for Bridge No. 5,
Girder 5 and 6 for Lane 3 and 4 Loading.
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Figure A-179 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 7 and 8 for Lane 3 and 4 Loading.
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Figure A-180 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 9 for Lane 3 and 4 Loading.
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Figure A-181 : Experimental and Analytical Deflections for Bridge No. b5,
Girder 1 and 2 for Lane 4 and 5 Loading.
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Figure A-182 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 3 and 4 for Lane 4 and 5 Loading.
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Figure A-183 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 5 and 6 for Lane 4 and 5 Loading.
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Flgure A-184 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 7 and 8 for Lane 4 and 5 Loading.
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Figure A-185 : Experimental and Analytical Deflections for Bridge No. 5,
Girder 9 for Lane 4 and 5 Loading.
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Figure A-186: Girder Distribution of Deflections for Bridge No. 5 due to
Loading in Lane 1 and 2.
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~ Figure A-187 : Girder Distribution of Deflections for Bridge No. 5 due to
Loading in Lane 2 and 3.



-A178-

Bridge 5, MP, Lane 3 and 4

1 T - T — T 0.04
: -—g— | oad Case 1
—0-— L 0ad Case 2
0.8 w—mv—. Load Case 3 0.03
E : s =
£ o ! e
- 0.6 : ; 0.02 =
o
2 / \ -5
S = ©
o 0.4 Ao i 0.02
— i ;& =
Q / O
@ /%/ \
0.2 g/ 0.01
0 i' 0.00

2 3 4 5 6
Girder No.

| Figure A-188 : Girder Distribution of Deflections for Bridge No. 5 due to
Loading in Lane 3 and 4.
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Figure A-189 : Girder Distribution of Deflections for Bridge No. 5 due to
Loading in Lane 4 and 5. '
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APPENDIX F - Miscellaneous / Hand Calculations
This contain:

o Tank and trailer weight information from the Michigan National
Guard.

s Calculations for height of water tgnk.

o Effect of wider tank tracks.

* Information about SECAN

s Bridge No. 1 - Computer and Hand Calculations
» Bridge No. 2 - Computer and Hand Calculations
s Bridge No. 3 - Computer and Hand Calculations
¢ Bridge No. 4 - Computer and Hand Calculations
¢ 'Bridge No. 5 - Computer and Hand Calculations
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Sheet1

Moment

Girder Tank : 11-Axle
No. Composite Noncomposite | Composite Noncomposite
1 ~ 339.7 388.3 176.1 261.8
2 452.1 659.2 335.8 505.7
3 935.5 1024 710 791.5
4 1538 1401 1143 1053
B 5 1790 1587 1456 1211
6 1780 1587 1456 1211
7 1540 1401 1144 1053
8 836.5 1024 7111 791.6
9 452.7 658.8 336.2 505.3
10 340.2 386.1 176.3 259.9
< 10114.7 10116.4 7644.5 7643.8

Girder Distribution Factors

Girder Tank 11-Axle
No. Composite  [Noncomposite | Composite Noncomposite
1 0.03 0.04 0.02 0.03
- 2 0.04 0.07 0.04 0.07
3 0.09 0.10 0.09 0.10
4 0.15 0.14 0.15 0.14
5 0.18 0.16 0.19 0.16
6 0.18 0.16 0.19 0.16
7 0.15 0.14 0.15 0.14
8 0.09 0.10 0.09 ~0.10
9 0.04 0.07 0.04 0.07
10 0.03 0.04 0.02 0.03

X

1

1

1

1

Page 1
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Abstract:

Over the past several years, Jaeger and Bakht have published extensively on the
various aspects of the semi-continuum method of analysis. For this method, a bridge is
idealized as an assembly of parailei beams interconnected by a transverse continuum. It has
been demonstrated several times that despite the fact that it requires only a fraction of the
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finite shear rigidity of the transverse medium. These programs were written as "research
programs” without particular attention paid to the format of input and output.

All the three programs mentioned above have now been merged into a single multi-
purpose program called SECAN. Despite the general nature of the combined program, the
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input, which has now been made conversational, still remains extremely simple requiring



typically only a few minutes work from the engineer for analyzing a bridge. Unlike the
previous programs, the new program can now handle several load cases at a time.

Graphic facility has been added to the program 1o enable the drawing of the
planform of the bridge showing_the locations of loads. The program can also plot the
distribution profiles of various responses of the bridge at specified transverse sections.

Results of a test on a bridge with steel girders and transverse timber decking are
compared with those given by SECAN. The excellent comparison of the two sets of results
demonstrates the accuracy of this program. The SECAN program is in the public domain
and can be obtained without any charge. ' |
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1/ Introduction

The name of the program, SECAN is an acronym derived from SEmi-Continuum
ANalysis. This program can analyze right, simply supported bridges, transversely shear-weak
simply supported bridges, continuous span bridges and bridges with random intermediate

supports for lateral load distribution by the semi-continuum method. The program can be
run on an IBM personal computer.

SECAN is based upon the semi-continuum method developed by Jaeger and Bakht
(1,2,3,4,5,6 and 7). The method takes into account of nonzero values of torsional rigidities
in both longitudinal and the wansverse directions. Further, it can deal with girders of
unequal flexural and torsional rigidities at unequal spacings.

_ The program can analyse several bridges with many load cases at a time, it can plot
the planform of the bridge showing the locations of loads and the transverse profiles of
longitudinal moments, longitudinal shears and deflections at specified transverse sections. -

, In the following chapters, instructions for data input, description of the output and
instructions to run SECAN are presented. Several examples with input data sheet and
computer output are given in Appendix 1. Description of the variables used in the program
is given in Appendix I, and the listings of the program in FORTRAN V and description of

subroutines in Appendix IIL



2/ Input Data Instructions

The input data required to run the program are described below. All the data, which
are divided into 19 sets as follow, should be stored in SECAN.DAT file. :

1. Number of bridges.--' NB (max.5)

2. Control number (K) = 2 if intermediate resuits are required otherwise 1
Title of problem (52 characters) |

3. Number of harmonics -- N (max. 5)
Number of girders -~ NG(max. 20)
Span Length -- SPAN
Modulus of elasticity of the material of girders - E -
Shear Modulus of the material of girders - G
Number of intermediate supports -- NCOL (max. 10}

4, Girder spacingﬁ -- GS (Starting from the left hand girder)

5. Moment of inertia of all girders -- GMI (Starting from the left hand girder)
(Composite moment of inertia shouid be given if the girders are composite)

6. Torsional inertia of all girders -- GTI (Starung from the left hand girder)

7. Slab thickness - T -
Modulus of elasticity of slab material —~ EC
Shear modulus of slab material - GC
Equivalent shear area /unit length - SA (To be given as 0.0 if shear deformations are
not’  to be considered) '
-
8. (Not required if No. of supports is z&ra) :
Prescribed deflections at intermediate supports ~ DELTA
(To be given in ascending order of support identification numbers)
The same number of entries is required, even if the numbers are zero, as the number of

{e< intermediate supports.. '

9. (Not required if No. of supports is zero)
Flexibilities of intermediate supports ~ FF (length per unit force)
(In the same order as the entries in record 8) '

10. (Not required if No. of supports is 2ero) :
Girder numbers under which each intermediate support is located -- KGIR
(In the same order as entries in record 8)
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11. (Not required if No. of supports is zero)

Distances of intermediate supports from the left-hand abutment --XCOL
(In the same order as entries in records 8 through 10)

12. Number of load cases -- NL“(max. 5)
13. Number of concentrated load in one longitudinal line ~ M (max. 7)

14. Magnitudes of M concentrated loads in one longirudinal line startng from the load
closest 1o the left-hand simple support -~ W '

15. Distances of M concentrated loads in one longitudinal line from the left-hand simple
support -- DLS

16. Number of longirudinal lines of concentrated loads -- NW (max. 10)

17. Transverse distances of NW longitudinal lines of concentrated loads from the outer left-
hand girder - DLG

18. Number of transverse reference sections - NREF (max. 10)
19. Distances of NREF reference sections from the left-hand abutment -- XREF

It is noted that all the input data should be in compatiﬁle set of units. The data input sheet
for SECAN is given in Figure 1 together with the limits of the various variables.

Repeat sets 13-19 NL times for different load cases
Repeat sets 2-19 NB times for different bridges
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3/ Limits of the Program

1. Maximum number of bridges = 3

2. Maximnm number of girders = 20

3, Maximum number of load cases =5 ‘

4. Maximum number of loads in one longitudinal line = 7
5. Maximum number of longitudinal lines of loads = 10

6. Maximum number of transverse reference sections = 10

4/ Output Description

SECAN, besides echo-printing the input data with appropriate labels, provides the
reactions at the intermediate supports and deflections. longitudinal moments, and
longitudinal shears at the specified reference sections. If the control number is set equal 10
2, the program also prints the various vectors -and matrices for the different steps of

a—

calculations.

To run SECAN with graphic facility, the user need to type 0 otherwise 1. When the program
runs, the user need to type O or 2 to display each graphs on screen or on plotter. All the -
results are stored in SECAN.RES. :

5/ How to Run SECAN

SECAN has been developed to run on §ersonnel computers having the following
minimum characteristics: : '

Math coprocessor
DOS
H-Graph software (if graphs are required)

The user can develop a data file using text editor or wordprocesor. Once the data
are saved in SECAN.DAT file, the user can enter at the DOS prompt.

e\ >SECAN

The program will process and the following messages will successively appear on the
screen. ) .
START
READING DATA
FINISHED READING DATA
START COMPUTING
(Note: The program will process for a few seconds depending upon the hardware

;onﬁgurarion)

-
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TYPE -0- IF GRAPHS ARE REQUIRED
TYPE --i-- [F GRAPHS ARE NOT REQUIRED
(Note: Type 0 to run SECAN with graphic facility otherwise 1)

GRAPH]1 : PLANFORM OF THE BRIDGE SHOWING THE LOCATIONS OF LOADS
TYPE --0- TO DISPLAY ON SCREEN

TYPE --2- TO DISPLAY ON PLOTTER

(Note: The graph is displayed on screen or plotter depending on user's option)

GRAPH? : MOMENT DISTRIBUTION PROFILE AT SPECIFIED TRANSVERSE
- SECTIONS

TYPE --0- TO DISPLAY ON SCREEN

TYPE --2-- TO DISPLAY ON PLOTTER

(Note: The graph is displayed on screen or plotter depending on user’s option)

GRAPH3 : SHEAR DISTRIBUTION PROFILE AT SPECIFIED TRANSVERSE
SECTIONS

TYPE --0-- TO DISPLAY ON SCREEN

TYPE —~2-- TO DISPLAY ON PLOTTER

(Note: The graph is displayed on screen or plotter depending on user’s option)

GRAPH4 : DEFLECTION DISTRIBUTION PROFILE AT SPECIFIED TRANSVERSE
SECTIONS

TYPE --0-- TO DISPLAY ON SCREEN

TYPE --2-- TO DISPLAY ON PLOTTER -

(Note: The graph is displayed on screen or plotter depending on user’s option)

COMPUTING FINISHED

When the DOS prompt returns, the user can examine the output file called SECAN.RES.



6/ Example of SECAN analysis of an existing bridge and comparison with test

The Lord’s bridge, loczted in the township of Brighton, is a single span, single lane
bridge comprising a laminated timber decking on eight roiled steel girders. Each girders
has 2 W460X74 section. The timber decking in which the laminates laid transversely, are
nailed together, is 150 mm thick. The timber decking is nailed to timber "nailing strips” of
200X 100 mm section. These strips, running longitudinaily, are bolted to the top flanges of
the steel girders. The cross-section and elevation of the bridge are shown in Figure 2.1. As
shown in this figure, the bridge has a width of 5.32 m and a span of 9.67 m.

A test was performed to evaluate this bridge under the test loads. Results from this
test are used to demonstrate the validity of SECAN. -

Distribution factors (DF), being the ratios of the actual and average girder responses,
provide 2 non-dimensional measure of the load distribution characteristics of a girder bridge.
The transverse distributions of DF for measured girder deflections at the midspan, are
compared in Figure 2.2 and 2.3 for both eccentric and central loads by those obtained by
SECAN. The comparisons given in Figure 2.2 and 2.3 confirm that SECAN, hence the semi-
continuum method of analysis, can predict reliably the Joad distribution characteristics of
a given bridge.The input data are shown in Figure 2.4.

SECAN graphic output, showing the planform -of the bridge and the transverse
distribution profiles of various responses at specified transverse section are given in Figures
2.4 through 2.12. The data points in the distribution profiles are discrete points; they are
connected, however, in these figures by parabolic function to improve the readability. The
output from the program follows the figures.
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i3.

14.

16

17.

No. of
bridges
{max, 5}
H
Control No. | Title max. 52 characters Cantrol No.=2 for diagnostc printing.
‘ Otherwascm |

1 Exampie 1 (Lords Bridge)
Na.of ~ No. of Span E of Gof No. of inter.
harmonics irders length prder grder Supporns
(max. 5) max. 20} materiat matenai (max. i0)

5 ' 8 9.67 Z00ES T7ES ]
Girder spacings, staring from leit )
076 | 076 [o76  Joms |0 | 0.7 | 076

Moment of inertia of girders, starung from lelt

3ES | IIES | 33384 | 33384 | 33E<4 | 313E<

| 3336 | 339E6 [

| Torsionai inertia of girders, starung from feft

587 | s&7 | sE7 | ST | SE7 [se7 [ se7 | se7
Slab Eof Gof Egquivalent
thickness slab slab shear ares
maienial materiai
Q.15 10E4 7ES 9
No. of
load cases
(max. 5)
2
No. of loads in
one fong.-line
{max.
2
Weights of loads in one longitudinal line starting from ieft

Distances of loads in one fongitudinai line from the feft abutment

483 | 666 | |

No, of lines
of loads
(max. 10)

2

Transverse distances of fines of loads from the outer left girder

L77 s | | | 1




18.

19.

13.

14.

16.

17.

18,

19.

No. of ref.
sections
(max 10}

1

Distances of referctice sections from the left-haad abutment

ws | 1 ]

No. of-cads in
one long.-line
{max.

2

Weights of loads in one longitudinai line starting from teft

52 | &2 l l

Distances of loads in one longitudinal line from the left abutment

483 | 666 | |

No, of lines
of loads
{max. 10}

2

Transverse distances of lines of loads from the outer left girder

039 |29 |

No. of ref.
sections
(max. 10}

1

Distances of reference sections from the [eft-hand abutment

4.835

Note: Repeated sets 13-19 twice for two load cases

Figure 24 Input Data Sheet for Exemple 1.
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Experimental and Analytical Data for Bridge No. 1 Page 1 of 3
Experimental and Analytical Data for Bridge No. 1
Analytical vs Experimental Deflections
(in_inch) Girder #1 - - Girder #2 Girder #3
_ Experimental |Analytical Expetimental |Analytical Experimental
Downsiream 1i 0.004238 £.000148 0.009874 0.005572 0.029382
Downstream 2. 0.005574 0.000376 0.016744 0.014160 0.062183
Downstream 3! 0.006336 0.000380 0.017616 0.014320]  0.066455
Center 1 i 0.007504|- 0.001518 0.019035 0.030010 0.050111
Center 2 ‘ 0.009875 0.003858 0.036415] 0.076460 0.112391
Center 3 ; 0.010037 0.003901 0.035955 0.077240 0.1116567
Upstream 1 0.012273 0.006888 0.026671 0.040460 0.046834
Upstream 2 0.020943 0.020290 0.064305 0.120500 0.121229
Upstream 3 0.022573 0.020490 0.066761 0.121400 0.12166}
maximum =0.1779 inch
{in mm) Girder #1 : Girder #2 _ Girder #3
Experimental |Analytical Experimental |Analytical Experimental
Downstream 1, 0.1076452| 0.00375666| 0.2507996! 0.1415288| 0.7463028
Downstream 2| 0.1415796| 0.00955294| 0.4252976 0.359664! 1.5794482
Downstream 3:. 0.1609344! 0.00965708| 0.4474464 0.363728 1.687957
Center 1 | 0.1906016/ 0.0385572 0.483489 0.762254, 1.2728194
Center 2 I 0.250825! 0.0979932 0.924941 1.942084; 2.8547314
Center 3 . 0.2549398] 0.0990854 0.913257 1.961896, 2.8360878
Upstream 1 0.3117342| 0.1749552| 0.6774434 1.027684! 1.1895836
Upstream 2 0.56319522 0.515366 1.633347 3.0607] 3.0792166
Upstream 3 - 0.5733542 0.520446| 1.6957294 3.08356 3.090164
maximum = mm

Page 1
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Experimental and Anaiytical Data for Bridge No. 1
Girder #4 Girder #5: Girder #6
Analytical _ |Experimental |Analytical Experimental - Analytical Experimental
0.023650 0.050017 0.056070 0.032116: 0.046969 0.010213
0.060150 0.10772 0.144000 0.064162' 0.120500 0.014857
0.060800 0.115482 0.145000 0.066851. 0.121402 0.015054
(0.068860 0.055669 0.068860 0.029017:! 0.030010 0.005871
0.176600 0.1276 0.176600 0.070109f 0.076460 0.010604
0.177900 0.128596 0.177900 0.071721! 0.077240 0.010654|
0.048250 0.035922 0.020530 0.012965° 0.004838 0.0042
0.144000 0.079895 0.060150. 0.021158i 0.014160 0.005762
0.145000 0.078709 0.060800 0.021289 0.014320 0.006262
, Girder #4 Girder #5 Girder #6
Analytical Experimental Analytical Experimental :Analytical Experimental
0.60071 1.2704318 1.424178] 0.8157464 1.193| 0.2594102
1.52781 2.736088 3.6576] 1.6297148 3.0607| 0.3773678
1.54432| 2.9332428 3.683] 1.6980154! 3.0836| 0.3823716
1.749044| 1.4139926| = 1.749044] 0.7370318; 0.762254| 0.1491234
4.48564 3.24104| 4.48564] 1.7807686! 1.942084; 0.2693416
4.51866| 3.2663384 4.51866] -1.8217134; 1.961896] 0.2706116]
1.22555! 0.9124188 0.521462 0.329311: 0.1228852 0.10668
3.6576 2.029333 1.527811 0.5374132! 0.359664| 0.1463548
3.683] -1.9992086 1.54432; 0.5407406: 0.363728| 0.1590548

Page 2

Page 2 of 3




Experimental and Analytical Data for Bridge No. 1

Analytical

0.007957

0.020290

0.020490

0.001518

0.003858

0.003901

0.000128

0.000376

0.000380

Analytical

0.2021078

0.615366

0.520446

0.0385572

0.0979932

0.0990854

0.00326136

0.00954786

0.009652

Page 3
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Experimental and Analytical Deflections for Bridge No. 2
LVDT Data for Bridge #2| | |
Analytical Results (Non-composite section) C : Composite Mode!
NC : Non-composite Mo
(in inch} Mid-Span
-Load Cases |Girder 2 Girder 3 Girder 4
Exp. Ana. (C.) iAna. (N.C)) |Exp. Ana. {C.) |Ana. (N.C.) {Exp.
Downstream 1] 0.0192] 0.0120 0.0468( 0.0331| 0.0289 0.1028] 0.0481
Downstream 2| 0.0260/ 0.0174 0.0677; 0.0456; 0.0419 0.1488{ 0.0692
Downsiream 3| 0.0385] 0.0225 0.0877]. 0.0664; 0.0542 0.1827{ 0.0984
Downstream 4} 0.0405]| 0.0240 0.0933 0.0709; 0.0577 0.2050{ 0.1070
Center 1 0.0385| 0.0432 0.1719 0.0563] 0.0790 0.2338 0.0732
Center 2 0.0682| 0.0623 0.2483 0.0881] 0.1150 0.3416 0.1165
Center 3 0.0735| 0.0811 0.3230] 0.1120| 0.1490 0.4420] 0.1490
Center 4 0.0810| 0.0863 0.3438] 0.1243| 0.1587 0.4708] 0.1667
Upstream 1 0.0569| 0.0665 0.2666| 0.0746| 0.1035 0.3013] 0.0836
Upstreamn 2 0.0881| 0.0974 0.3906] 0.1210]| 0.1541 0.4477F 0.1315
Upstream 3 0.1146! 0.1257 0.5040| 0.1563| 0.1879 0.5753] 0.16985
Upstream 4 0.1244; 0.1339 0.5368] 0.1707| 0.2110 0.6132] 0.1849
maximum={ 0.6328
(in_mm) Mid-Span
Load Cases |Girder 2 Girder 3 , Girder 4
Exp. Ana. {C.) |Ana. (N.C.) |Exp. Ana. {C.) |Ana. (N.C.) iExp.
Downstream 1 0.4872| 0.3048 1.1877; .0.8398; (.7343|  2.6111 1.2228
Downstream 21  0.6596| 0,4420 1.7198 1.1574] 1.0643 3.7795] 1.7579
Downstream 3{ 0.9771| 0.5720 2.2268 1.6863; 1.3777| - 4.8946 2.4992
Downstiream 4 1.0287| 0.6088 2.3693 1.8008! 1.4658 5.2070 2.7170
Center 1 - 0.9769| 1.0973 4.3663 1.4303] 2.0058 5.9385| 1.8591
Center 2 1.4773| 1.5824 6.3068 2.2365] 2.9210 8.6766 2.9580
Center 3 1.8656| 2.0597 8.2042] 2.8452 3.7846| 11.2268| 3.7850
Center 4 2.0566| 2.1915 8.7325; 3.1571 4.0310; 11.9583] 4.2346
Upstream 1 1.4442] 1.6886 6.7716] 1.8938| 2.6289 7.6530] 2.1246
Upstream 2 2.2387| 2.4742 9.9212] 3.0745| 3.9141 11.3716 3.3412
Upstream 3 2.9113| 3.19828] 12.8016] 3.9700| 5.0267 14.6126] 4.3047
Upstream 4 3.1600| 3.4011] 13.6347] 4.3353| 5.3594; 15.5753| 4.6961
maximums=| 16.0731
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Hel
Girder 5 Girder 6

Ana. (C.) |Ana. (N.C.) |Exp. Ana. (C.} |Ana. (N.C.) |Exp. Ana. (C.) |Ana. (N.C.)
0.0522 0.1649] 0.0613| 0.0806 0.2288 0.0690| 0.1058] . 0.2823
0.0756] _ 0.2395] 0.0908| 0.1179 0.3355[ 0.1044| 0.1574 0.4200
0.0979 0.3099] 0.1281] 0.1522|. 0.4328] 0.1458] 0.2022 0.5396
0.1042 0.3288] 0.1405/ 0.1621 0.4610{ 0.1609| 0.2155 0.57562
0.1087 0.2817] 0.0781] 0.1210 0.3007¢ 0.0716| 0.1111| 0.2837
0.1614 0.4186] 0.1211] 0.1801 0.4491F 0.1098] 0.1658 0.4235
0.2076 0.5382| 0.1563] 0.2310 0.5758] 0.1425{ 0.2124 0.5428
0.2212 0.5737| 0.1766] 0.2463 0.6139] 0.1610: 0.2264 0.5786
0.1193 0.3095] 0.0799, 0.1107 0.2848] 0.0665, 0.0842 0.2331
0.1772 0.4614] 0.1242| 0.1648 0.4241} 0.0981, 0.1232 0.3422
0.2277 0.5924] 0.1587! 0.2116 0.5447] 0.1252| 0.1591 0.4413
0.2428 0.6316] 0.1724| 0.2256 0.5806] 0.1356| 0.1694 0.4701

Girder 5 Girder 6

Ana. (C.) |[Ana. (N.C.) |Exp. Ana. (C.) |Ana. (N.C)) {Exp. Ana, {C.) |Ana. (N.C))
1.3246 4.1885] 1.5570| 2.0477 5.8115f 1.7529| 2.6873 7.1704
1.9210 6.0833| 2.3068| 2.9947 8.5217{ 2.6523! 3.9980| 10.6680] .
2.4864 7.8715| 3.2525! 3.8659| 10.9931| 3.7033; 5.1359| 13.7058
2.6467 8.3769| 3.5679| 4.1173| 11.7094| 4.0869; 5.4737| 14.6101
2.7610 7.1552] 1.9840| 3.0734 7.6378] 1.8197! 2.8219 7.2060
4.0996| 10.6324| 3.0747| 4.5745| 11.4071| 2.7877| 4.2113;{ 10.7569
5.2730| 13.6703] 3.9693| 5.8674] 14.6253| 3.6190| 5.3950] 183.7871
5.6185| 14.5720] 4.4844| 6.2560! 15.5931| 4.0894! 5.7506| 14.6964
3.0302] . 7.8613f 2.0302] 2.8118 7.2339| 1.6896{ 2.1392 5.9207
4.5009, 11.7196] 3.1554| 4.1858] 10.7721] 2.4922] 3.1293 8.6919
5.7836] 15.0470f 4.0300; 5.3746/ 13.8354] 3.1811] 4.0411| 11.2090
6.1671| 16.0426] 4.3777] 5.7302; 14.7472] 3.4435| 4.3028| 11.9405




Experimental and Analytical Deflections for Bridge No. 2
Girder 7 Girder 8 , Girder 9
EXp. Ana. (C.) |Ana. (N.C.) |Exp. Ana. (C.) |[Ana. (N.C.) | Exp. Ana. (C.)
0.0709| 0.1138 0.3101 0.06629| 0.0983 0.3053| 0.0494| 0.0637
0.1045|_0.1692 (0.4623 0.0918| 0.1467 0.4539 0.0654, 0.0935
0.1444| 0.2174 0.5935{ 0.1252| 0.1883 0.5833| 0.0903. 0.1206
0.1583; 0.2317 0.6328|  0.1373| 0.2008 0.6217 0.0287: 0.1285
0.0626{ 0.0837 0.2363] 0.0444| 0.0520 0.1735| 0.0232] 0.0246
0.0918] 0.1230 0.3480{ 0.0621| 0.0756 0.2530f 0.0354| 0.0358
0.1187| 0.1582 0.4475] 0.0805| 0.0976 0.3263| = 0.0470| 0.0462
0.1334| 0.1685 0.4767] 0.0894| 0.1038 0.3473| 0.0538| 0.0482
0.0552| 0.0539 0.1696] 0.0361 0.0291 0.1069| 0.0238| 0.0117
0.0779; 0.0782 0.2465] 0.0485! 0.0422| - 0.1549] 0.0305 0.0170
0.0987! 0.1012 0.3188] 0.0611] 0.0546 0.2006] 0.0317] 0.0220
0.1062] 0.1077 0.3393] 0.0655| 0.0581 0.2134{ 0.0333| 0.0234
Girder 7 Girder 8 Girder 9
Exp. Ana. {C.) iAna. {N.C.) |Exp. Ana. (C.} |Ana. (N.C.) |Exp. Ana. {C.)
1.8001| 2.8905 7.8765] 1.5984| 2.4966 7.7546] 1.2538| 1.6185
2.6530| 4.2977] 11.7424] 2.3318| 3.7262] 11.5291 1.6608] 2.3752
3.6683| 5.5220{ 15.0749] 3.1801]| 4.7828 14.8158| 2.2935| 3.0632
4.02011 5.8852| 16.0731 3.4882| 5.1003. 15.7912 2.5075| 3.2639
.1.5895| 2.1267 6.0020] 1.1275| 1.3195 4.4069] 0.5898]| 0.6259
2.3312! 3.1242 8.8392{ 1.5777| 1.9210 6.4262] 0.8997| 0.8101
3.0152; 4.0183| 11.3665| 2.0448| 2.4778 8.2880F 1.1949| 1.1740
3.3884, 4.2799| 12.1082} 2.2711! 2.6365 8.8214] 1.3663] 1.2482
1.4031] 1.3691 4.3078 0.9169, 0.7394 2.7163 0.6038] 0.2972
1.9782| 1.9860 6.2611 1.2307, 1.0716 3.9345] 0.7738| 0.4308
2.5072| 2.8705 8.0975] - 1.55614!. 1.3873 5.0952| 0.80401 0.5578
2.6975| 2.7356 8.6182| '1.6639| 1.4762 5.4204] 0.8449 0.5933
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Experimental and Analytical Deflections for Bridge No. 2
Quarter Points
Girder 5
- ' Qt Q2
Ana. (N.C) Exp. _[Ana. (C.)|Ana. (N.C)|Exp.  |Ana. (C.) |Ana. (N.C)
0.2736 0.0347| 0.0520 0.1451{ 0.0523, 0.0636 0.1846
0.4012] 0.0544| 0.0785 0.2208]| 0.0674| 0.0878 0.2524
0.5176 0.0873| 0.1060 0.3008) 0.0896| 0.1098 0.3136
0.5513 0.0963 0.1131 0.3209| 0.0961| 0.1164 0.3323
0.1080 0.0424]| 0.0731 0.1807] 0.0743| 0.1051 0.2654
0.1571 0.070%: 0.1137 0.2814} 0.0972! 0.1396 0.3497
0.2026 0.1062| 0.1595 0.3974]| 0.1167] 0.1699 0.4250
0.2156 0.1226| 0.1704 0.4245{ 0.1284! 0.1796 0.4489
0.0500 0.0462| 0.0677 0.1734]| 0.0794; 0.0958 0.2476
0.0724 0.0750| 0.1046 0.2683] 0.1017{ 0.1272 0.3281
0.0937 0.1108| 0.1465 0.3767{ 0.1211] 0.1556 0.4009
0.0997 0.1219| 0.1564| 0.4023| 0.1295| 0.1645 0.4237
Quarter Points
Girder 5 '
‘ Q1 Q2 .
Ana. (N.C.) Exp.  tAna. (C.) |Ana. (N.C.) | Exp. Ana. (C.) |Ana. {(N.C.)
6.9494 0.8816] 1.3195 3.6855] 1.3286] 1.6149 4.6888
10.1905 1.3814] 1.9947 5.6083| 1.7132] 2.2309 6.4110
13.1470 2.2167] 2.6924 7.6403] 2.2765| 2.7889 7.9654
14.0030 2.4459] 2.8727 8.1509] 2.4411] 2.9566 8.4404
2.7432 1.0769] 1.8562 4.5898] 1.8861| 2.6695 6.7412
3.9903 1.7804| 2.8880 7.1476| 2.4688| 3.5458 §8.8824
5.1460 2.6977| 4.0513| 10.0940| 2.9642| 4.3155{ 10.7950
5.4762 3.1141] 4.3282] 10.7823| 3.2621] 4.5618| 11.4021
1.2697 1.1734| 1.72086 4.4044| 2.0177] 2.4336 6.2890
1.8387 1.9059] 2.6568 6.8148| 2.5826] 3.2309 8.3337
2.3810 2.8027] 3.7211 9.5682) 3.0755| 3.9522; 10.1829
2.5334 3.0958] 3.9726] 10.2184| 3.2881] 4.1783] 10.7620
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Bridge #2 | | | | | |
Experimental and Analytical Stress (using S.S. moments)
multiply moment by (y/El), where factor = 0.001|(Composite Section)
‘ 0.002|(Non-Composite Section)
At Mid-Span ' ‘ [
(in ksi) Girder 2 Girder 3 Girder 4 Girder 5
Load Cases | Exp. [Comp |N-Comi Exp. iComp |N-Comy Exp. [Comp iN-Comi Exp. {Comp
Downstream 1] 0.34| 0.24| 0.53{ 0.56! 0.59| 1.16{0.00/ 1.06! 1.82] 0.96| 1.55
Downstream 2| 0.40; 0.35| 0.75] 0.72. 0.85| 1.65/0.00/ 1.53, 2.68] 1.59| .2.40
Downstream 3| 0.44| 0.46| 0.98| 0.84! 1.10| 2.15/0.00, 1.99] 3.46] 1.89| 3.05
Downstream 4| 0.45, 0.49| 1.04} 0.91; 1.17| 2.28{0.00/ 2.11} 3.68| 2.05 3.26
Center 1 0.45! 0.88| 1.90] 0.69| 1.52] 2.43{0.00{ 1.82| 2.58] 0.97| 2.05
Center 2 0.67] 1.26/ 2.78] 1.39, 2.34] 3.82/0.00] 3.41 4.89| 1.91]| 3.75
Center 3 0.81] 1.64; 3.60{ 1.70;{ 2.99| 4.83|0.00{ 4.15] 5.94| 2.23| 4.55
Center 4 0.88! 1.75| 3.84| 1.98| 3.20! 5.18/0.00] 4.43| 6.34]| 2.53| 4.89
Upstream 1 | 0.54] 1.26] 2.78] 0.84{ 1.70] 2.78/0.00/ 2.01| 2.78] 0.84] 1.83
Upsiream 2 | 0.93! 1.99, 4.38] 2.22; 3.27! 5.22|0.00| 3.68! 5.32] 1.83| 3.49
Upsiream 3 | 1.07| 2.51| 5.53] 2.58| 3.95| 6.35|0.00| 4.48) 6.41| 2.07| 4.23
Upstream 4 | 1.17| 2.69| 5.921 2.81. 4.22| 6.78{0.00| 4.82; 6.89] 2.24| 4.52

" | At Mid-Span :
(in MPa) Girder 2 Girder 3 - |Girder 4 Girder 5
Load Cases | Exp. |Comp |N-Comy Exp. |Comp |N-Comg Exp. |[Comp |N-Comj Exp. [Comp
Downstream 1] 2.37| 1.68| 3.65| 3.86| 4.07| 8.0110.00/ 7.31! 12.58| 6.63! 10.68
Downstream 2/ 2.75| 2.43| 5.20{ 4.96| 5.85| 11.42|0.00! 10.57| 18.50| 10.98! 16.58
Downstream 3| 3.07| 3.15| 6.77] 5.82| 7.59| 14.86/0.00| 13.70| 23.85{ 13.01{ 21.03
Downstream 4| 3.11| 3.35| 7.19] 6.25, 8.07| 15.79| 0.00| 14.57! 25.42| 14.12] 22.52
. Center 1 3.12| 6.07] 13.14| 4.77| 10.50) 16.76! 0.00| 12.52/ 17.78| 6.67| 14.12

Center2 4.63] 8.70/ 19.17] 9.56| 16.17 26.37| 0.00| 23.53 33.74| 13.18} 25.85

Center 3 |5.57| 11.35/ 24.87] 11.70| 20.61| 33.36} 0.00| 28.62| 40.98] 15.35| 31.40

Center 4 :6.09! 12.07| 26.50] 13.34; 22.06| 35.76} 0.00| 30.55 43.75| 17.48! 33.74
Upstream 1 | 3.70) 8.66/19.17{ 5.79| 11.72| 19.17]| 0.00| 13.88] 19.22| 5.83| 12.61
Upstream 2 | 6.42| 13.74| 30.19| 15.82) 22.55| 36.04| 0.00! 25.41| 36.69] 12.65| 24.10
Upstream 3 | 7.38| 17.32| 38.12| 17.80| 27.28| 43.83| 0.00| 30.92| 44.25| 14.25| 29.20
Upstream 4 | 8.10] 18.57| 40.84| 19.37| 29.12| 46.77| 0.00] 33.24| 47.53| 15.43| 31.17
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Girder 6

Girde

r7

Girder 8

Girder 9

N-Comj Exp.

Comp

N-Comj Exp.

Comp

N-Comp Exp.

Comp

N-Comy Exp.

Comp

N-Comj

2.37{ 0.7

1.75

2.57] 0.00

1.90

2.79] 0.93

1.58

2.80] 0.77

1.19

2.83

3.76{ 1.57

3.33

4.91] 0.00

3.562

5.33| 1.79

3.13

5.30] 1.14

1.91

4.50

4.73] 1.54

4.04

5.96| 6.00

4.27

6.43] 2.09

3.76

6.44| 1.42

2.40

5.67

5.07] 1.63

4.31

6.36] 0.00

4.60

6.90f 2.28

4.01

6.87| 1.52

2.58

6.08

2.69 0.40

1.83

2.56] 0.00

1.59

2.41} 0.64

1.05

1.91] 0.33

0.50

1.22

5.18/ 1.20

3.52

4.961 0.00

2.51

3.91] 0.99

1.53

2,83| 0.47

0.72

1.75

8.23| 1.44

4.25

5.98( 0.00

3.16

4.89] 1.25

1.98

3.64| 0.60

0.94

2.26

6.69/ 1.59

4.53

6.39] 0.00

3.39

5.24] 1.43

2.10

3.88| 0.68

1.00

2.41

2.58] 0.46

1.61

2.39| 0.00

1.09

1.87| 0.45

0.60

1.21] 0.16

0.24

0.57

4.97] 0.85

2.52

3.844 0.00

1.58

2.76] 0.85

0.85

1.72] 0.21

0.34

0.81

6.01] 1.03

3.18

4.82{ 0.00

2.05

3.55] 0.79

1.11

2.24] 0.24

0.45

1.06

6.42] 1.11

3.41

5.17|0.00

2.18

3.79] 0.85

1.18

2.38] 0.26

0.47

1.1

Girder 6

Girder 7

Girder

Girder 9

N-Comj Exp.

Comp

N-Comil Exp.

Comp

N-Comj Exp.

Comp

N-Comj Exp.

Comp

N-Comj

16.32] 4.9

12.04

17.74] 0.00

13.11

19.26] 6.4

10.88

19.31] 5.34

8.21

19.54

25.941 10.81

23.01

33.911 0.00

24.30

36.75] 12.32

21.568

36.57| 7.87

13.20

31.06

32.65| 10.65

27.88

41.10]/ 0.00

29.48

44.35| 14.44

25.94

44.41| 9.80

16.57

39.13

35.00] 11.27

29.76

43.86) 0.00

31.71

47.611 15.71

27.70

47.42] 10.49

17.78

41.92

18.55] 2.78

12.61

17,63} 0.00

10.97

16.66] 4.42

7.27

13.19; 2.25

3.48

8.42

35.76| 8.30

24.28

34.25/ 0.00

17.33

26.99{ 6.86

10.58

19.54} 3.22

5.00

12.06

42.99| 9.92

29.31

41,28] 0.00

21.81

33.74] 8.60

13.64

25.08; 4.11

6.47

15.62

[46.17[10.96

31.28

44.08) 0.00

23.36

36.18] 9.86

14.52

26.75| 4.69

6.88

16.60

17.79] 3.18

11.08

16.50| 0.00

7.55

12.90] 3.13

4.11

8.33| 1.10

1.64

3.90

34.28| 5.85

17.36

26.50| 0.00

10.93

19.04| 4.47

5.89

11.89] 1.48

2.37

5.66

|41.47] 7.08

21.96

33.28] 0.00

14.15

24.52| 5.45

7.65

15.46] 1.62

3.07

7.23

44.27| 7.67

23.51

35.68| 0.00

15.07

26.13] 5.89

8.13

16.44] 1.79

3.27

7.68
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At Quarter Points

Qirder 2

Girder

4

Girder 7

Q1

Q2

Q1

a1

Exp.

Comp

N-Comy Exp.

Comp

N-Comj Exp.

Comp

N-Comg Exp.

Comp

0.21

0.15

0.32]0.28

0.19

0.41] 0.28

0.84

1.63]0.19

3.26

0.23

0.23

0.50} 0.27

0.26

0.57| 0.42

1.16

2.141 0.34

3.47

0.26

0.32

0.68] 0.27

0.33

0.70] 0.76

1.43

2.56{0.99

3.74

0.28

0.34

0.72] 0.27

- 0.35

0.75] 0.84

1.52

2.70{1.14

3.86

0.17

0.72

1.66{ 0.52

0.51

1.07] 0.10

2.91

4.20{ 0.10

1.83

0.33

0.98

2.19; 0.54

0.81

1.73] 0.29

3.30

4.79} 0.33

2.17

0.53

1.20

2.85] 0.57

1.12

2.45] 1.04

3.63

5.24] 1.07

2.47

0.61

1.27

2.80| 0.63

1.20

2.63{ 1.37

3.76

5.40] 1.31

2.59

0.14

1.54

3.19| 0.86

0.563

1.38] 0.09

3.35

4.89)0.14

0.88

0.33

1.78

3.74] 0.79

0.97

2.33] 0.39

3.59,

5.241 0.38

1.21

0.73

1.99

4.31}10.78

1.67

3.75] 1.32

3.89

5.68] 0.76

1.49

0.82

2.08

4.51

1.79

4.01] 1.56

4.02

5.86] 0.83

1.57

0.81

At Quarter Points

Girder 2

Girder

4

Girder 7

a1

Q2

Qi

Q1

Exp.

Comp

N-Com

Comp

Exp.

Comp

N-Comj Exp.

Comp

1.45

1.05

2.19] 1.91

1.31

1.9

5.82

11.22{1.33

22.50

1.59

1.617¢

3.45| 1.89

1.83

2.88

8.03

14.80f 2.32

23.94

1.81

2.18

4.66] 1.85

2.27

5.22

9.89

17.63] 6.81

25.82

1.91

2.33

4.98] 1.88

2.41

5.77

10.49

18.60]| 7.87

26.63

1.20

5.00

11.42] 3.60

3.49

0.71

20.06

28.99| 0.66

12.59

2.25

6.75

15.12} 3.76

5.58

2.01

22.80

33.03| 2.29

14.94

3.66

8.25

18.29] 3.96

7.76

7.17

25.08

36.14| 7.39

17.06

4.24

8.74

19.31]4.38

8.30

9.46|

25.91

37.27] 9.01

17.85

0.94

10.63

22.00}{ 5.96

3.64

0.64

23.11

33.71] 0.99

6.10

2.25

12.27

25.83| 5.47

6.72

2.68

24.79

36.14} 2.60

8.36

5.04

13.74

29.74{ 5.36

11.49

9.10

26.87

39.22| 5.22

10.25

5.65

14.32

31.14| 5.57

12.33

10.78

27.74

40.43| 5.75

10.87




Experimental and Analytical Stresses for Bridge No. 2

Girder 9

Q2

Qi

Q2

N-Comj Exp.

Comp

N-Comyj Exp.

Comp

N-Com:

Exp.

Comp

N-Com

4.89

1.7

0.68

1.10

0.18

1.49

3.32

1.10

0.51

1.40

5.24

1.75

1.83

2.04

0.30

1.71

3.88

1.13

0.93

2.36

- 5.69

1.74

2.85

4.32

0.82

1.892

4.45

1.22

1.60

3.85

5.87

1.75

3.08

4.69

0.95

2.00

4.66

1.28

1.72

4.12

3.03

0.84

0.76

1.10

0.09

0.35

0.89

0.32

0.35

0.79

3.47

0.93

1.32

1.94

0.24

0.51

1.28

0.41

0.51

1.20

3.91

0.96

2.13

3.30

0.52

0.66

1.61

0.48

0.66

1.58

4.08

1.06

2.28

3.53

0.62

0.70

1.71

0.56

0.70

1.68

1.70

0.65

0.66

1.01

0.08

0.15

0.34

0.22

0.18

0.43

2.22

0.69

1.03

1.66

0.17

0.23

0.54

0.26

0.26

0.61

2.63

0.72

1.41

2.41

0.26

0.31

0.72

0.29

0.32

0.75

2.78

0.77

1.51

2.568

0.28

0.33

0.77

0.31

0.80

0.34

Girder 9

Q2

Q1

Q2

N-Com

Exp.

Comp

N-Com

Exp.

Comp

N-Comj Exp.

Comp

N-Comp

33.74

11.7

4.70

7.61

1.27

10.29

22.88

7.61

3.55

9.64

36.18

12.07

9.19

14.04

2.05

11.79

26.75

7.80

6.42

16.29

38.29

12.02

19.64

29.82

5.64

13.23

30.72

8.43

11.06

26.55

40.50

12.09

21.26

32.39

6.54

13.79

32.14

8.80

11.86

28.41

20.88

5.77

5.27

7.59

0.82

2.41

6.14

2.19

2.40

5.43

23.93

6.39

9.09

13.37

1.63

3.565

8.84

2.83

3.55

8.28|

126.97

6.64

14.70

22.74

3.61

4.56

11.10

3.31

4.56

10.87

28.14

7.29

15.75

24.37

4.31

4.86

11.81

3.85

4.85

11.61

11.73

4.51)

4,52

6.96

0.56

1.03

2.38

1.51

1.27

2.96

15.31

4.74

7.09

11.46

1.20

1.58

3.72

1.81

1.77

4.18

18.18

4.98

9.74

16.60

1.82

2.13

4.99

1.97

2.21

5.18]

19.17

5.32

10.41

17.78

1.95

5.33

2.13

2.34

5.50

2.27
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Experimental and Analytical Stresses for Bridge No. 3

Bridge No. 3 | ! |
Experimental and Analytical Stresses
| |

North Span

At Mid-Span

_ | Girder 2 Girder 3 Girder 4 __|Girder5

Exp.  |Comp. Ncomp.|Exp. |Comp. iNcomp.|Exp. |Comp. |Ncomp.|Exp. |Comp.
6 barriers 4.15| 4.71| 12.81| 3.64{ 3.80; 9.65| 3.30; 2.68 7.07| 2.42| 2.02
Downstream 1] 4.42| 6.15| 15.96| 4.68| 7.48, 17.34| 6.12: 9.66| 19.88{ 6.33| 13.24
Downstream 2{ 4.37| 6.31| 16.28] 4.76] 7.88| 18.14] 6.46! 10.43| 21.35] 7.08| 14.75
Downstream 3} 4.34! 7.35| 18.60{ 5.12| 10.55| 283.76] 8.27| 15.48] 30.55! 10.64] 22.49
Center 1 7.63| 10.79| 25.77| 9.14/14.97| 28.23| 9.98| 17.41| 28.91]12.53| 19.58

. |Center 2 7.53| 11.45| 27.26] 9.70/ 16.47| 30.90{ 11.31| 20.91| 34.16] 14.96| 23.26

Center 3 7.63| 15.86| 36.54| 12.25 24.18] 43.41]| 15.41| 30.21| 48.07] 20.00| 34.43
Upstream 1 10.39; 16.24| 38.77| 15.04 19.79| 36.48{12.84| 19.49| 32.47} 13.41| 16.42
Upstream 2 11.27] 19.51| 44.57] 16.75| 23.33| 42.46] 14.71| 23.12! 38.24] 14.91] 19.87
Upstream 3 13.91) 26.38, 61.34} 22.78| 33.37. 59.20| 18.08| 33.76| 54.04| 17.75| 28.93
South Span _

At Mid-Span

Girder 2 Girder 3 Girder 4 Girder 5

Exp. |Comp. [Ncomp.|Exp. {Comp. |Ncomp.|Exp. |Comp. iNcomp.|Exp. iComp.
8 barriers 6.38/ 6.28| 17.08f 4.68| 5.07] 12.87] 2.49! 3.57; 9.42| 0.88| 2.70
Downstream 1| 7.91:! 7.72| 20.23] 6.97] 8.75! 20.56] 7.25|10.56| 22.24| 8.88| 13.92
Downstream 2| 7.90| 7.88] 20.56| 7.12| 9.15 21.36| 7.45/ 11.32| 23.71] 9.89| 15.42
Downstream 3| 8.10| 8.92| 22.87] 7.59/11.82 26.98| 9.47 16.37| 32.91| 14.08| 23.16
Center 1 10.21] 12.36! 30.04} 11.78| 16.24; 31.45] 10.80; 18.30| 31.26] 16.12| 20.25
Center 2 9.97113.02! 31.53] 12.81| 17.74| 34.12] 12.94| 21.80] 36.51| 19.92| 23.94
Center 3 10.84| 17.43 40.81| 16.67| 25.45| 46.62| 16.49| 31.10! 50.42} 29.98| 35.10
Upstream 1 1452 17.81| 43.04] 18.73| 21.06| 39.70| 16.60| 20.38] 34.83} 15.80| 17.10
Upstream 2 16.18| 21.08| 48.84] 21.55| 24.60| 45.67} 19.39| 24.01| 40.60| 19.28! 20,55
Upstream 3 19.44) 27.95! 65.61] 27.29| 34.64]| 62.42{ 22.01| 34.66] 56.39| 23.94| 29.61
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Experimenial and Analytical Stresses for Bridge No. 3

Girder 6

Girder 7

Girder 8

Girder 9

Ncomp.

Exp.

Comp.

Ncomp.

Exp.

Comp.

Ncomp.

Exp.

Comp.

Ncomp.

Exp.  |Comp.

5.66

2.12

2.01

5.66

2.49

2.65

7.06

3.08

3.75

9.65

4.76] 4.69

23.83

7.89

16.42

27.38

11.38

19.49

32.47

10.04

18.79

36.48

10.36] 16.24

26.43

9.38

19.87

32.57

13.59

23.12

38.24

12.10

23.33

42.46

12.41] 19.51

38.66

13.64

28.93

46.40

19.43

33.76

54.04

15.29

33.37

59.20

14.52| 26.38

30.42

13.21

19.46

30.42

13.47

17.09

28.91

10.74

14.54

28.23

8.10| 10.51

36.10

15.94

23.14

36.10

16.50

20.56

34.15

11.65

16.00

30.90

8.18| 11.15

51.45

20.32

34,22

51.45

19.87

29.65

48.08

13.61

23.43

43.41

8.57| 15.36

27.38

10.24

13.24

23.83

7.01

9.66

19.88

6.90

7.48

17.34

7.78| 6.15

32.57

10.74

14.75

26.43

7.46

10.43

21.35

7.16

7.88

18.14

7.29| 6.31

46.40

13.02

22.49

38.66

8.42

15.48

30.55

7.60

10.55

23.76

8.03| 7.35

Girder 6

Girder 7

Girder 8

Girder 9

Ncomp.

Exp.

Comp.

Ncomp.

Exp.

Comp.

Ncomp.

Exp.

Comp.

Ncomp.

Exp. [Comp.

7.65

1.32

2.68

7.55

1.74

3.53

9.42

3.15

5.00

12.87

6.84| 6.25

25.72

11.94

17.09

29.27

12.94

20.37

34.83

15.58

21.04

39.70

19.36| 17.80

28.31

14.11

20.54

34.46

15.08

24.00

-40.60

16.86

24.58

45.67

21.37| 21.07

40.54

17.18

29.60

48.29

19.556

34.64

56.39

18.94

34.62

62.42

23.30( 27.94]

32.31

13.88

20.13

32.31

8.46

17.97

31.26

8.61

15.79

31.45

7.95112.07

37.89

17.59

23.81

37.99

10.74

21.44

36.51

9.07

17.25

34.12

7.92112.71

53.33

21.65

34.90

53.33

13.54

30.54

50.44

10.84

24.68

46.62

8.30| 16.92

29.27

8.61

13.91

25.72

3.16

10.54

22.24

5.54

8.73

20.56

8.14, 7.71

34.46

9.01

15.42

28.31

3.33

11.31

23.71

5.54

9.13

21.36

8.22| 7.87{

48.29

10.93

23.16

40.54

3.62

16.36

32.91

5.72

11.80

26.98

8.01 8.91
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Experimental and Analyticai Stresses for Bridge No. 3

At Quarter Points

Girder 5 Girder 5 Girder 6

Q1 Q2 o1
Ncomp. Exp. [Comp. [Ncomp.lExp. |Comp. [Ncomp.iExp. |Comp. |{Ncomp.
12.81 | 297 1.43] 4.02] 2.29 1.43] 4.02] 2.35| 1.43 4.02
38.77 5000 7.37] 13.08] 4.99{11.78] 21.78] 3.75| 7.93! 13.72
44.57 5.30| 8.45| 14.78] 5.28|12.18] 22.11] 4.06| 9.21| 15.77
61.34 8.75( 16.72| 29.26{ 6.18/ 16.09| 28.05] 13.35| 24.69, 39.06
25.76 6.72| 8.85 13.98| 15.62|22.51} 35.31] 7.15| 8.77] 13.98
27.25 7.28{ 10.51| 16.26] 15.73; 22.01| 34.21] 8.2310.43] 16.26
36.53 14.00| 28.64| 43.51| 15.87] 26.69| 40.47] 15.41| 28.49| 43.51
15.96 7.29| 7.93] 13.72| 13.58! 19.34| 31.05| 7.77| 7.37| 13.08
16.29 7.77| 9.21] 15.77]12.55, 18.81| 30.34| 8.25/ 8.45 14.78
18.60 11.00| 24.69! 398.06| 13.04] 23.05| 36.56| 10.23| 16.72| 29.26

At Quarter Points

Girder 5 Girder 5 Girder 6

Q1 Q2 Q1
Ncomp. Exp.  iComp. [INcomp.[Exp. [Comp. [Ncomp.IExp. Comp. |Ncomp.
17.09 2.06] 1.91| 5.36] 0.67{ 1.91| 5.36] 0.04, 1.90; 5.36
43.04 4.30] 7.84 14.42{ 6.38| 12.26| 23.12} 0.82! 8.41; 15.06
48.84 4.26! 8.93| 16.12| 6.43| 12.65{ 23.45} 0.91| 9.69] 17.11
65.61 7.28{ 17.20] 30.60{ 6.98| 16.57| 29.39] 6.72|25.17: 40.40
30.03 3.16] 9.33| 15.32{12.43| 22.99| 36.65| 0.79| 9.25/ 15.32
31.52 3.66 10.98] 17.60| 11.76! 22.49| 35.55| 1.21/10.80] 17.80
40.80 10.36] 29.11| 44.85{ 11.86| 27.17| 41.81| 6.17]|28.87| 44.85
20.23 5.80| 8.41, 15.06] 9.50;19.82] 32.39| 2.11| 7.84| 14.42
20.56 6.64| 9.69 17.11} 8.30/19.28 31.68| 2.13| 8.93] 16.12
22.87 9.33| 25.17| 40.40| 8.28] 23.53{ 37.90] 2.78| 17.20] 30.60
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Experimental and Analytical Stresses for Bridge No. 3

Girder 8

Q2

Exp.

Comp.

Necomp.!-

2.62

1.43

4.02

13.93

19.34

31.05

14.94

18.81

30.34

15.67

23.05

36.56

17.87

22.44

35.31

17.87

21.92

34.21

18.81

26.55

40.46

8.99

11.78

21.78

9.18

12.18

22.11

9.99

16.09

28.05

Girder 6

Q2

Exp.

Comp.

Ncomp.

1.12

1.90

5.36

21.87

19.82

32.39

22.05

19.28

31.68

23.21

23.53

37.80

25.65

22.01

36.65

24.57

22.40

35.55

27.11

27.02

'41.80

10.28

12.26

23.12

10.70

12.65

23.45

11.51

16.57

29.39
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Experimental and Analytical Deflections for Bridge No. 4

Bridge No. 4 | | | ] §
Experimental and Analytical Strains (assuming Simple Supports)
(deflection in mm) ‘
At Mid-Span
Girder 2 Girder 3 Girder 4 Girder 5
- |BExXp. Comp. |INcompiExp. [Comp. (Ncomp{Exp. {Comp. |[NcompiExp. [Comp.
Downstream 1 0.00{ 0.07, 0.29}] 0.05| 0.21] 1.17] 0.11; 0.49| 2.31} 0.37| 0.94
Downstream 2| 0.00/ 0.08| 0.35| 0.10| 0.26{ 1.41] 0.24, 0,59/ 2.79] 0.53| 1.13|
Downstream 3|  0.00{ 0.10| 0.42] ©0.11] 0.31 1.71] 0.18 0.71| 3.38] 0.57| 1.37|
Center 1 =0.01; 0.71f 3.43} 0.72] 1.38 5.13] 1.21: 2.06, 6.65] 1.59] 2.42
Center 2 -0.02| 0.85 4.13| 0.96| 1.67. 6.21} 1.70] 2.52| 8.12] 2.16| 2.95
Center 3 -0.02; 1.03; 5.01] 1.07] 2.02] 7.46] 1.81| 2.99 9.62| 2.30/ 3.51
Upstream 1 -0.04, 1.69| 9.33| 1.34| 2.11| 8.53] 1.32| 2.07] 7.28{ 1.06| 1.54
Upstream 2 -0.05. 2.09/11.39| 1.82] 2.57,10.38| 1.74| 2.54 8.91] 1.34| 1.86
Upstiream 3 -0.05, 2.44|13.52] 1.91 3.06/12.36] 1.78] 2.99] 10.54] 1.41. 2.24
Maximum ={ 13.52|mm
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' Experimental and Analytical Deflections for Bridge No. 4

Girder 6

Girder 7

Girder 8

Girder 9 -

Ncomp

Exp. _

Comp.

Ncomp

Exp.

Comp.

Ncomp

Exp.

Comp.

Ncomp

Exp.

Comp.

Ncomp

3.80

0.86

1.54

5.55

1.29

2.07

7.28

1.40

2.11

8.53

1.09

1.69

9.33

4.58

1.14

1.86

6.74

1.72

2.54

8.91

1.82

2.57

10.39

1.43

2.09

11.39

5.54

1.24

2.24

8.07

1.80

2.99

16.54

1.94

3.06

12.36

1.56

2.44

13.52

7.49

- 1.89

2.40

7.50

1.50

2.00

6.65

0.91

1.28

5.13

0.45

0.62

3.43

9.16

2.22

2.92

9.16

1.94

2.44

8.12

1.10

1.556

6.21

0.57

0.75

4.13

10.85

2.36

3.47

10.85

2.05

2.89

9.63

1.21

1.87

7.46

0.59

0.91

5.00

5.55

0.66

0.94

3.80

0.44

0.49

2.3t

0.19

0.21

1.17

0.04

0.07

0.29

6.74

0.79

1.13

4.58

0.49

0.59

2.79

0.22

0.26

1.41

0.04

0.08

0.35

8.07

0.84

1.37

5.54

0.51

0.71

3.38

0.23;

0.31

1.71

0.05

0.10

0.42
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Experimental and Analyiical Deflections for Bridge No. 4

At Qual

rter Points

Girder

5

Q1

Q2

- |BXp.

Comp.

Ncomp

Exp.

Comp.

Ncomp.

0.37

0.68

2.80

0.29

0.65

2.57

0.46

0.80

3.23

0.43

0.80

3.28

0.49

0.97

3.95

0.47

.96

3.90

1.48

1.90

5.96

0.95

1.54

4.70

1.58

2.05

6.33

1.43

2.05

6.33

1.86

2.57

7.98

1.64

2.48

7.71

0.79

1.17

4.26

0.64

1.01

3.62

0.89

1.31

4.71

0.88

1.31

4.71

0.97

1.62

0.93

1.58

5.70

5.84
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Experimental and Analytical Deflections for Bridge No. 4

Bridge No4 | | i | | |
Experimental and Anaiytical Strains_i(assuming Simple Supporis)
(stresses in MPa) |
Composite Factor =| ####
Non-Composite F]actor =| ####
At Mid-Span
Girder 2 Girder 3 Girder 4 Girder 5
_ |Bxp. [Comp. |Ncomp|Exp. [Comp. iNcomp{Exp. Comp. |Ncomp|Exp. |Comp.
Downstream 1] 0.1 0.59| 1.27] 0.97| 1.91] 5.12| 1.341 4.40| 10.13] 2.06] 8.47
Downstream 2| 0.11} 0.71! 1.52| 1.17| 2.30; 6.12] 1.62; 5.28| 12.11] 2.13; 10.20
Downstream 3| 0.20/ 0.86] 1.86| 1.35] 2.79] 7.50| 1.79| 6.45| 14.86] 2.48] 12.36
Center 1 1.80| 6.39] 15.00f{ 7.08| 12.44) 22.21} 5.76| 18.15; 28.37]| 11.32| 21.39
Center 2 2.27| 7.66i 18.07] 10.13{ 15.39| 28.07] 9.64| 24.78; 38.41] 7.22! 28.53
Center 3 2.54| 9.35) 21.87f 9.58{ 17.85/31.52] 7.68| 24.69] 38.73] 11.66] 29.43
Upstream 1 5.05| 14.65; 39.94] 10.42; 18.74 36.51|] 6.59| 18.09| 31.06] 8.03; 13.76
Upstream 2 7.81: 21.47| 53.48| 15.13| 24.78| 48.88| 10.66] 25.39]| 42.27| 5.86 17.47
Upstream 3 6.48! 19.02| 54.88| 12.84| 25.83/ 50.11] 7.74| 24.18| 42.22] 8.44! 19.45

Page 1 ofﬁ’v\




Experimental and Analytical Deflections for Bridge No. 4

Girder 6

Girder 7

Girder

Girder 9

Ncomp

Exp. _

Comp.

Ncomp

Exp.

Comp.

Ncomp

Exp.

Comp.

Neomp

Exp.

Comp.

Necomp

16.57

5.94

13.76

23.94

7.63

18.09

31.06

7.09

18.74

36.51

6.6

14.65

39.94

20.16

7.62

17.47

31.00

12.70

25.39

42.27

10.94

24.78

48.88

9.33

21.47

53.48

24.01

7.85

19.45

33.55

9.28

24.18

42.22

8.84

25.83

50.11

8.17

19.02

54.88

31.96

10.05

21.18

31.96

7.84

17.55

28.37

5.96

11.54

22.21

2.39

5.60

14.99

43.50

15.87

28.27

43.50

12.19

24.05

38.41

8.08

14.31

28.07

2.89

6.71

18.06

43.45

13.05

29.13

43.48

10.08

23.80

38.76

7.83

16.53

31.52

3.31

8.20

21.85

23.94

4.92

8.47

16.57

2.37

- 4.40

10.18

1.31

1.81

5.12

0.22

0.59

1.27

31.00

6.25

10.20

20.16

2.91

5.28

12.11

1.63

2.30

6.12

0.29

0.71

1.52

33.55

6.26

12.36

24.01

3.00

6.45

14.86

1.64

2.79

7.50

0.29

0.86

1.86
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Experimental and Analytical Deflections for Bridge No. 4

!

Quarter Points |

Girder 4 Girder 5

Q1 Q2 Qi Q2

_|Exp. |[Comp. (Ncomp|Exp. {Comp. |NcompiExp. Comp. |Ncomp|Exp. |Comp.
2.03. 3.10| 7.48}1.8 3.12| 6.81§ 2.06] 6.62| 13.78] 1.6 5.35
211 3.76| 8.68|/2.61| 3.76| 8.68| 2.13| 7.21| 14.01]2.56] 7.21
2.53| 4.52/10.45(2.71| 4.53}10.30| 2.48| 8.88| 17.73| 2.60{ 8.60
11.63| 19.29| 30.07|2.11| 8.03{ 12,54| 11.32| 22.45! 34.81] 0.87{ 9.28
7.84| 13.93| 21.72} 5.27| 13.93| 21.72] 7.22| 16.85; 24.79} 3.83| 16.85
12.27| 22.43| 34.84{ 8.12| 20.17( 31.41] 11.66| 25.85] 39.56] 6.37| 23.10
9.93] 20.51; 33.3110.66| 7.17| 13.56| 8.03] 12.93] 23.09}1.73| 6.95
4.82| 13.39: 23.44/3.78, 13.39| 23.44] 5.86| 11.34|.19.58| 4.59| 11.34
9.70| 23.21| 38.49i 5.18, 20.59{ 34.73; 8.44) 15.60| 27.69] 5.25| 14.29

\«
Page 3 of &




Experimental and Analytical Deflections for Bridge No. 4

Girder 6

Girder 7

Q1

Q2

Q1

Q2

Ncomp

Exp..

Comp.

Ncompi Exp.

‘Comp.

Ncomp

Exp.

Comp.

Ncomp

Exp.

Comp.

Ncomp

9.75

6.92

12.93

23.09

1.69

6.95

11.80

9.14

20.51

33.31

0.07

717

13.56(

14.01

4.33

11.34

19.58

4.52

11.34

19.58

2.72

13.39

23.44

2.45

13.39

23.44

16.85

7.26

15.60

27.69

4.75

14.29

25.17

8.80

23.21

38.49

2.92

20.59

34.73

13.086

10.44

22.31

34.81

1.02

8.14

13.07

13.15

19.29

30.07

1.00

8.03

12.54

24.79

6.30

16.68

24.79

4.22

16.68

24.79

8.39

13.93

21.72

3.41

13.93

21.72

35.03

10.60

25.64

39.56

6.07

22.88

35.03

13.87

22.43

34.84

5.17

20.17

31.41

11.80

2.64

6.62

13.78

1.85

5.35

9.75

- 3.30

3.10|

7.48

1.45

3.12

6.81

19.568

2.74

7.21

14.01

2.89

7.21

14.01

3.50

3.76

8.68

2,10

3.76

8.68

256.17

2.98

8.88

17.73

2.85

8.60

16.85

3.84

4.52

10.45

2.11

4.53

10.30

v
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Experimental and Analytical Deflections for Bridge No. 5

Bridge No. 5| | i 1

Comparison of analytical and measured deflections in mm

GIRDER 1 GIRDER 2 GIRDER3 | . . GIRDER4

- Measured | Analytical | Measured | Analytical | Measured | Analytical | Measured
Lane 1&2 -1 | 0.3581 0.4014 | 0.4035 | 0.5798 | 0.3039 | 0.4014 | 0.1418
Lane 1&2 -2 | 0.4164 | 0.5798 | 0.4743 | 0.6900 | 0.3315 | 0.5798 | 0.1535
Lane 1&2 - 3 | 0.5445 | 0.7400 | 0.7581 | 0.8700 | 0.7415 | 0.7400 | 0.5558
Lane 2&3 -1 | 0.0920 | 0.1020 | 0.1779 | 0.1900 | 0.2962 | 0.3200 | 0.2121
Lane 2&3 -2 | 0.1018 | '0.1198 | 0.2206 | 0.3000 | 0.3778 | 0.5600 | 0.3118
lane 28&3 -3 | 0.1233 | 0.1590 | 0.3338 | 0.4820 | 0.5930 | 0.7000 | 0.7395
Lane 384 -1 | 0.0241 0.002 | 0.0485 | 0.0020 | 0.1283 | 0.0200 | 0.2710
Lane 384 - 2 | 0.0232 0.01 0.0307 | 0.0100 | 0,1487 | 0.0260 | 0.3204
Lane 3&4 -3 | 0.0147 0.04 0.0438 | 0.0900 { 0.1819 | 0.1500 | 0.4056
Lane 4&5 - 1 | 0.0005 | 0.3014 | -0.0079 | 0.1680 | 0.0086 | 0.2014 | 0.0418
Lane 4&5 -2 | 0.0028 | 0.3200 | -0.0084 | 0.1800 | 0.0189 | 0.2180 | 0.0614
Lane 4&5 - 3 | 0.0081 | 0.7400 | 0.0225 | 0.2800 | 0.0432 | 0.3300 | 0.0881
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Experimental and Analytical Deflections for Bridge No. 5

GIRDER 5 GIRDER6 GIRDER 7 GIRDER 8
Analytical | Measured ; Analytical | Measured | Anaiytical | Measured | Analytical | Measured | Analytical
0.3500 | 0.0781 0.3 0.0679 | 0.3000 | 0.0663 | 0.2014 | 0.0418 | 0.1680
0.4600 | 0.0843 0.32 0.0692 | 0.3200 | 0.0639 | 0.2180 | 0.0419 | 0.1800
0.6600 | 0.3057 | 0.4999 | 0.1346 | 0.4300 | 0.0675 | 0.3300 | 0.0360 | 0.2800
0.3200 | 0.0485 | 0.1000 | -0.0441 | 0.0200 | -0.0496 | 0.0200 | -0.0469 | 0.0020
0.4400 | 0.1039 | 0.2800 | -0.0211 | 0.1400 | -0.0423 | 0.0260 | -0.0424 | 0.0100
0.8200 | 0.6176 | 0.7700 | 0.4200 | 0.5300 | 0.1377 | 0.1500 | 0.0184 | 0.09200
0.2000 | 0.3579 | 0.1000 | 0.3571 | 0.3200 | 0.1348 | 0.3200 | 0.0240 | 0.1900
0.3400 | 0.3939 0.2800 0.3543 | 0.4400 | 0.1323 0.5600 | 0.0254 | 0.3000
0.5300 | 0.5804 | 0.7700 | 0.7215 | 0.8200 | 0.6158 | 0.7000 | 0.3983 | 0.4820
0.3000 §{ 0.1133 0.3 0.2576 | 0.3500 1 0.4256 | 0.4014 | 0.3799 | 0.5798
0.3200 | 0.1621 0.32 0.3649 | 0.4600 | 0.5009 | 0.5798 | 0.3889 | 0.6900
0.4300 | 0.2033 | 0.4999 | 0.4653 | 0.6600 | 0.8429 | 0.7400 | 0.9901 | 0.8700
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Experimental and Analytical Deflections fqr Bridge No. 5

GIRDER 9

Measured | Analytical
0.1164 | 0.3014
0.1390 | 0.3200
0.4880 | 0.7400
0.2148 | 0.002
0.2749 0.01
0.5619 0.04
0.1678 | 0.1020
0.2129 | 0.1198
0.2832 | 0.1590
0.0194 | 0.4014
0.0364 | 0.5798
0.0658

0.7400
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