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Appendix A

Tables with Bridge Deficiency Data



Table 1A. Deficiencies in bridges with superstructure type of concrete deck on
steel plate girders.

100296

I-275 NB ramp to SR-60 over SR-60, 0.2 miles North of I-275
Environment: Severe

Maximum span: 233.3 ft

Year built: 1976

12 inspections carrted out every other year on the average, with last one
carried out in 1995. Data was compiled from the records for 1977, 1979,
1981, 1983, 1984, 1985, 1987, 1988, 1990, 1992, 1994, 1995.

deterioration of rubberized hot poured sealant at joint #5 expansion
joints E
spall, minor, at joint #1 filled with hot poured sealant (all except #2 & expansion
#10 which are sealed with steel reinforced elastomeric seal) joints
water and small amount of fill material seep through joints between the expansion
approach slab and top of backwall joints
spall, minor, at joint #5 filled with hot poured sealant (all this type, expansion :
except #2 & #10 which are sealed with steel reinforced elastomeric seal) joints |
crack, minor, transverse deck slab top"
paint, external coat is peeling off in patches leaving the primer coat girders f
visible
paint, external coat is peeling off in patches leaving the primer coat diaphragms
visible
paint, external coat is peeling off in patches leaving the primer coat bearings
visible
Corrosion, minor, visible under peeling off paint girders
Corrosion, minor, visible under peeling off paint diaphragms
Corrosion, minor, visible under peeling off paint bearings
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crack, class I, transverse, spaced 3 [ft] to 6 [ft] apart, the length of span 7 deck slab

(typical for long span structure with steel beams and concrete deck) underside

crack, increased deterioration, class II, transverse, the length of span 7 deck slab top

(typical for long span structure with steel beams and concrete deck)

paint, external coat is peeling off in patches 7 diaphragms

paint, external coat is peeling off in patches (especially bottom of beams 7 girders

and connector plates)

crack, class I, longitudinal 16 deck slab top

21* Ave over I-75, 4.4 miles North of Manatee CO

Environment: Moderate

100354 |Maximum span: 223.1 ft

Year built: 1981

10 inspections carried out every other year on the average with last one

carried out in 1996. Data was compiled from the records for 1981, 1983,

1984, 1985, 1987, 1988, 1990, 1992, 1994, 1996.

crack, class I, six, transverse 0 deck slab
underside

crack, class I, transverse with efflorescence, in two spans 2 deck slab
underside

crack, class I, longitudinal, runs both sides through structure length 9" 3 deck slab top

from inside edge of barrier wall

spall, along construction joint 3 deck slab top

crack, class I, transverse, in two spans 4 deck slab top

spall, class II, 2 [ft] long 6 barrier wall

crack, class I, transverse with efflorescence, in deck overhang on both 9 deck slab

sides of structure underside

I-275 NB connector “A” over I-75, 5.3 [km]} North of US-301

Environment: Moderate

130090 |Maximum span: 244.0 ft

Year built: 1981

11 inspections carried out every other year on the average with last one

carried out in 1997. Data was compiled from the records for 1981, 1983,

1983, 1985, 1986, 1988, 1990, 1992, 1994, 1995, 1997.

loose joint seals at both abutments in several places not adhering to the 0 expansion

armor (frequent condition for long continuous span and this joint type — joints

abutment joint with 1.5 inch wide elastomeric compression seal)
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crack, several, class I, longitudinal 0 approach slab
crack, new (5 ft), two, class II, longitudinal, contain spalls 4 approach slab
loose armored joints allowing debris accumulation and leakage on 4 expansion
abutment joints
crack, several, class I, noted in majority of spans including overhangs 4 deck slab
underside
crack, several, class I, transverse, through entire deck width, contain -4 deck slab top
spalls with exposed rebars v
crack, several, class 1, longitudinal, along inside edges of exterior beams 4 deck slab top
crack, class II, transverse, through entire deck width, contains spall 4 approach slab
spall, no exposed bars 7 barrier wall
Corrosion, minor 7 bearings
Corrosion, moderate, bottom flange 9 girders
spall, several spalled areas concentrated over beam #4 14 deck slab top
spall, several spalled areas adjacent to previously patched areas, no 16 deck slab top
exposed steel
1-275 SB over 31* Street South, 4.3 [km] North of SR-682
Environment: Severe
150149 Maximum span: 232.9 ft
Year built: 1980
11 inspections carried out every other year on the average with last one
carried out in 1997. Data was compiled from the records for 1981, 1983,
1984, 1984, 1986, 1988, 1990, 1991, 1993, 1995, 1997.
crack, several, class I, transverse, through entire deck width, in 2 ft to 4 3 deck slab
ft intervals, (typical for deck construction using steel girders) underside
Crack, several, class V 3 approach slab
Crack, several, class I, transverse, through entire deck width, in 2 ftto 4 3 deck slab top
ft intervals, (typical for deck construction using steel girders)
Crack, several, class I, transverse 4 approach slab
Crack, several, class I, diagonal 4 approach slab
Crack, several, class III, diagonal 4 approach slab
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Crack, several, class I, longitudinal 4 approach slab
Loose and clogged with incompressible material 4 expansion
joints
Spall, class II 4 barrier wall
Crack, several, class I, diagonal, in 2 ft to 4 ft intervals 6 deck slab top
Crack, several, class 1, diagonal, in 2 ft to 4 ft intervals 6 deck slab
underside
Corrosion, light 6 bearings
Loose elastomeric compression joints, due to deteriorated expansion 8 expansion
joints material and incompressible material enters joints ’ joints
Corrosion, light to moderate 8 bearings
Corrosion, moderate 10 girders
Corrosion, moderate 10 bearings
Crack, several, class I, transverse, through entire deck width, in 2 ft to 4 11 deck slab top
ft intervals, increasing number
Crack, several, class I, transverse, through entire deck width, in 2 ftto 4 11 deck slab
ft intervals, increasing number underside
Crack, several, class III, transverse 11 approach slab
Deflection, in span 2 due to heavy traffic, noticeable 15 deck slab
Spall, class II, at the construction joint 15 deck slab top
Crack, several, class V, transverse 15 approach slab
Paint, on exterior beams (outside face) faded due to exposure to sun 17 girders
Corrosion, minor 17 bracing sway
Paint, peeling of in isolated areas 17 bracing sway
Paint, peeling of in isolated areas 17 bracing lateral
Corrosion, minor 17 bracing lateral

150186

1-275 SB ramp to SR-682 WB, at intersection of US-19 and SR-682
Environment:  Severe

Maximum span: 229.0 ft

Year built: 1984

7 inspections carried out every other year on the average with last one
carried out in 1996. Data was compiled from the records for 1985, 1987,

1988, 1990, 1992, 1994, 1996.
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Crack, several, class II, transverse, (typical for concrete deck on steel 1 deck slab
girders construction) underside
crack, several, class II, transverse, (typical for concrete deck on steel 1 deck slab top
girders construction)
loose fourth section of expansion joint at abutment 4 expansion
joints
missing, sheared anchor bolts in several places 4 expansion
joints
spall, spalled epoxy grout (2 ft) along loose expansion joint (see photo) 4 expansion
joints
bearings leaning excessively and are in compression at both abutments 4 bearings
(see sketch and photo) ‘
bottom flange of the girder sits incorrectly on bearing pad due to 4 girders
fabrication error or alignment error; (girders in continuous curve), (see
sketch)
misalignment, one bearing has 2 inches transverse misalignment of the 4 bearings
pads (see sketch)
misalignment, two bearing has 2 inches transverse misalignment of the 6 bearings
pads (see sketch)
spall, increase in size (3.5 ft) of spalled epoxy grout along loose 6 expansion
expansion joint (see photo) joints
spall, several, minor, top of barrier 6 barrier wall
paint, peeling off 8 girders
missing nut and loose anchor bolt at one girder 8 girders
spall, further increase in size (6 ft) of spalled epoxy grout along loose 10 expansion
expansion joint (see photo), (previously required repairs not done) joints
spall, further increase in size (7 ft) of spalled epoxy grout along loose 12 expansion
expansion joint (see photo), (previously required repairs not done) joints
loose sections at travel lane 14 expansion
Jjoints
missing, anchor bolts sheared at two places 14 expansion
joints
steel plates exposed due to rubber deterioration, missing rubber cover 14 expansion
over anchor bolt at several places joints
paint, peeling off 14 girders
missing, anchor bolt loose and missing cup 14 bearings
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missing, anchor bolts sheared at several places 14 bearings
SR-682 ramp to I-275 NB, 4.3 [km] North of US-19 and SR-682
Environment:  Severe

150187 Maximum span: 219.0 ft
Year built: 1984
7 inspections carried out every other year on the average with last one
carried out in 1996. Data was compiled from the records for 1985, 1987,
1988, 1990, 1992, 1994, 1996.
crack, several, class I, transverse, (typical for concrete deck on steel 1 deck slab
girders construction) underside
crack, several, class I, transverse, (typical for concrete deck on steel 1 deck slab top
girders construction)
crack, class I, longitudinal 3 approach slab
crack, several, class I, map, (typical for deck construction using steel 3 deck slab top
girders)
crack, class I, longitudinal, increased in size 4 approach slab
paint, peeling off in isolated areas 6 girders
paint, peeling off at several places, alligator cracking throughout 8 girders
structure
loose, compression seal loose in the armor joint at both abutments 12 expansion
allowing enter of incompressible materials, spall of nosing grout of joints
proprietary material causing rough transition to adjacent span
asphalt overlay 14 approach slab
crack, class III, longitudinal 14 approach slab
corrosion, moderate, bottom flange, due to minor impact damage, two 14 girders
places
missing, several anchor nuts backed off, one anchor bolt missing 14 bearings
(sheared off), one anchor bolt loose in cap and can be easily removed
steel plates exposed due to rubber deterioration, missing rubber cover 14 expansion
over anchor bolt at several places joints
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1-275 SB over 1-275 NB / US-19 SB, 0.2 miles North of SR-682
Environment:  Severe
150190 Maximum span: 229.0 ft

Year built: 1987

6 inspections carried out every other year on the average with last one

carried out in 1996. Data was compiled from the records for 1987, 1989,

1991, 1993, 1994, 1996.

crack, several, class II, transverse, (typical for concrete deck on steel deck slab top

girders construction)

crack, several, class II, transverse, (typical for concrete deck on steel deck slab

girders construction) underside

spall, at expansion joint barrier wall

missing 21 inches of compression seal at one abutment expansion
joints

spall, of nosing at intermediate elastomeric expansion dam expansion
joints

missing compression seals at both abutment armor joints expansion
joints

Table 2A. Deficiencies in bridges with superstructure type of concrete deck on
steel box girders.

100491

I-75 NB collector ramp “E” over ramp “G”, 1.7 miles S. of SR-60
Environment: = Moderate

Maximum span: 264.1 ft

Year built: 1985

7 inspections carried out every other year on the average with last one
carried out in 1996. Data was compiled from the records for 1986,
1987, 1988, 1990,1992, 1994, 1996.

paint, new construction defect - paint, thin finish coat girders
crack, several, class I, transverse deck slab
underside
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Misalignment, slipping out of alignments with misalignment between 1 bearings
neoprene pads and steel plates, typical for this structure type, no
movement noted
crack, class I, transverse, through entire deck width 2 deck slab top
crack, several, class II, 9 approach slab
loose armored edge at abutment, loose compression seal at abutment is 11 expansion
coming out in several locations joints
1-75 NB collector ramp “E” over ramp “B”, 1.7 miles S. of SR-60
Environment: = Moderate
100498 ;Maximum span: 283.0 ft
Year built: 1987
5 inspections carried out every other year on the average with last one
carried out in 1996. Data was compiled from the records for 1988,
1990,1992, 1994, 1996.
crack, class II, diagonal 3 approach slab
spall, underside 9 approach slab
US-19 over Ulmerton Road, 7 [km] South of SR-60;
Environment:  Severe
150204 Maximum span: 228.0 ft
Year built: 1990
5 inspections carried out every other year on the average with last one
carried out in 1996. Data was compiled from the records for 1990,
1991, 1993, 1994, 1996.
new construction defect - heavy seepage on the walls, bracing and floor 0 girder inside
inside of box girders, welds and bolts not cleaned and painted properly, :
caulking instead of welds at several places, debris in each girder
crack, several, class III, transverse, through entire deck width, in the 1 deck slab top
mid-span areas
loose armored edges on both abutments 3 expansion
joints
crack, several, class II, diagonal 3 deck slab top
crack, several, class II, transverse, they follow substructure skew and 6 deck slab top
are probably due to superstructure flexure
missing access hole mounting hardware 6 girders
0.5 in rise at approach slab to deck transition 6 roadway
alignment
crack, several, class I, at light pole mounts 6 deck slab
median
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bearing anchor bolts loose bearings

spall, class I, edge of the deck along joint, seal distorted in both joints expansion
joints

crack, several, class II, transverse, they follow substructure skew and deck slab

are probably due to superstructure flexure underside

corrosion, light, in isolated locations girder inside

Table 3A. Deficiencies in prestressed concrete bridges.

Gandy Bridge WB, over Tampa Bay
Environment: Moderate

Year built: 1981

11 inspections carried out every other year on the average with last one
carried out in 1997. Data was compiled from the records for 1981, 1983,
1985, 1985, 1986, 1988, 1990,1992, 1994, 1996, 1997.

100585 Maximum span: 234.3 ft
Year built: 1997
1 inspections was available from 1997.
crack, new construction defect - cracks, four, class I, horizontal, appear girders
on eight beams at two piers (haunched)
crack, new construction defect - cracks, one on each face at each end of girders
beam, class I, diagonal, appear on eight beams at two piers (haunched)
rated 7 in scale from 0 to 9 bearings
rated 7 in scale from O to 9 expansion

joints

Connector “D” over I-75 and 1-275, 1.0 [kin] East of US-41
Environment: Moderate

130112 |Maximum span: 251.0 ft
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loose elastomeric compression seal in all six joints of this type, opening 0 expansion

between armor and silling material varies from 4.5 inch to 0.2 inch joints

loose, new construction defect - six joints armored with elastomeric 0 expansion

compression seal have loose places between seal and armor (appear as joints

typical condition for this type of joints and long continuous spans)

crack, new construction defect - cracks, several, class I, transverse, in all 0 deck slab top

spans, 2 inch to 4 inch each side of joints and 6 ft to10 ft away from

joints

crack, new construction defect - cracks, several, class I, transverse, in all 0 deck slab top

spans, uniformly located over piers in continuous pours

crack, several, class I, longitudinal, in all spans, mostly located over 2 deck slab top

beam flanges (outside edge) and at prestressed deck panel joints

crack, several, class I, transverse, in all spans, mostly located over beam 2 deck slab top

flanges and at prestressed deck panel joints

spall, several, new, with minor areas of exposed steel 16 deck slab top

loose elastomeric compression seal in all joints 16 expansion
joints

crack, several, class I, map, in all spans 16 deck slab top

crack, several, class II, transverse, in all spans 16 deck slab top

spall, respallings of previously repaired spalls, several, no exposed steel 16 deck slab top

crack, several, class II, longitudinal, in all spans, mostly located over i6 deck slab top

beam flanges

corrosion, moderate 16 bearings

crack, several, diagonal, on each end of most beams, at interface of top 16 girders

flange and web

1-275 Skyway Bridge, 5 miles South of Pinellas Bayway;

Environment: Severe

150189 Maximum span: 540.0 ft

Year built: 1986

8 inspections carried out every other year on the average with last one

carried out in 1996. Data was compiled from the records for 1987, 1988,

1990, 1991, 1992, 1994, 1994, 1996.

bulging, excessive, and splitting of pad sides, it con be symptoms of 5 bearings

excessive deformation or deficiencies in manufacturing
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misalignment, several composite neoprene bearing has misalignment of bearings
the pads, condition noted in 1989 increased now substantially

missing compression seal, several expansion
loose compression seal, several expansion

cracks, class I, random, vertical, in walls of segments, condition noted
in1989 appears unchanged

girder outside

cracks, class I, random, longitudinal, underside of segments, condition
noted in1989 appears unchanged

girder outside

cracks, class IV, on deviation blocks, diaphragms, floor struts and girder inside
diagonal struts; condition noted in1989 appears unchanged

cracks, class I, random, longitudinal, throughout segments girder inside
cracks, class I, random, transverse, throughout segments girder inside
corrosion, some bearing pads exhibit exposed edges of the metal with bearings
signs of light corrosion

spall, several, along segment joints deck slab top
Jeaks into the concrete box through match cast joints at small segments girder inside
and though electrical junction boxes and stay cables at large segments;

condition noted in 1989 appears unchanged

cracks, class I, random, diagonal, throughout segments girder inside
crack, class II, several, transverse, along the construction joints deck slab top

150224

4t Street exit ramp from 1-275 SB, 0.5 mile S. of Howard Franklin
Environment:  Moderate

Maximum span: 208.0 ft

Year built: 1995

1 inspection in 1995

crack, new construction defect - cracks, several, class I, transverse -
beginning at access hatches on each end and extending 75 ft to 100 ft
into the structure

girder inside
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Table 4A. Deficient components in the steel bridges with plate girder design type.

deck slab

expansion joints 22 214
approach slab 14 13.6
main girders 13 12.6
bearings 12 11.6
barrier walls 5 49
bracing 4 3.9
diaphragms 3 29
Total 103 100%

Table 5A. Deficient components in the steel bridges with box girder design type.

deck slab 7 35.0
main girders 4 20.0
approach slab 3 15.0
expansion joints 3 15.0
bearings 2 10.0
roadway alignment 1 5.0
Total 20 100%

Table 6A. Deficient components in the prestressed concrete bridges.

S

dec

slab 11 333
main girders 11 333
expansion joints 6 18.2
bearings 5 15.2

Total 33 100%
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Table 7A. Deficiency types in the steel bridges with plate girder design type.

1 aspalt overla approach slab
2 |bearings leaning excessively and are in compression at both abutments (see sketch and bearings
3 gg?tg)rzl flange of the girder sits incorrectly on bearing pad due to fabrication error or girders
alignment error; (girders in continuous curve), (see sketch)
4 |corrosion, light bearings
5 |corrosion, light to moderate bearings
6 |corrosion, minor bearings
7  lcorrosion, minor bracing lateral
8 |corrosion, minor bracing sway
9  icorrosion, minor, visible under peeling off paint girders
10 |corrosion, minor, visible under peeling off paint diaphragms
11 |corrosion, minor, visible under peeling off paint bearings
12 |corrosion, moderate bearings
13 |corrosion, moderate girders
14 |corrosion, moderate, bottom flange girders
15 |[corrosion, moderate, bottom flange, due to minor impact damage, two places girders
16 |crack, class I, longitudinal approach slab
17 |crack, class I, longitudinal deck slab top
18 |crack, class I, longitudinal, increased in size approach slab
19 icrack, class I, longitudinal, runs both sides through structure length 9" from inside edge of |deck slab top
barrier wall
20 |crack, class I, six, transverse deck slab
21 crack, class I, transverse with efflorescence, in deck overhang on both sides of structure deck slab
underside
22 crack, class I, transverse with efflorescence, in two spans deck slab
23 icrack, class I, transverse, in two spans deck slab top
24 crack, class I, transverse, spaced 3 [ft] to 6 [ft] apart, the length of span (typ. for long span |deck slab
structure with steel beams and concrete deck) underside
25 icrack, class II, transverse, through entire deck width, contains spall approach slab
26 crack, class III, longitudinal approach slab
27 icrack, increased deterioration, class II, transverse, the length of span (typ. for long span  |deck slab top
structure with steel beams and concrete deck)
28 |crack, minor, transverse deck slab top
29 crack, new (5 ft), two, class I, longitudinal, contain spalls approach slab
30 |icrack, several, class I, diagonal approach slab
31 crack, several, class I, diagonal, in 2 ft to 4 ft intervals deck slab top
32 |crack, several, class I, diagonal, in 2 ft to 4 ft intervals deck slab
33 icrack, several, class I, longitudinal approach slab
34 crack, several, class I, longitudinal approach slab
35 icrack, several, class I, longitudinal, along inside edges of exterior beams deck slab top
36 icrack, several, class I, map, (typical for deck construction using steel girders) deck slab top
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37 |crack, several, class I, noted in majority of spans including overhangs deck slab
38 icrack, several, class I, transverse approach slab
39  crack, several, class I, transverse, (typical for concrete deck on steel girders construction) |deck slab
underside
40 |crack, several, class I, transverse, (typical for concrete deck on steel girders construction) |deck slab top
41 |crack, several, class I, transverse, through entire deck width, contain spalls with exposed |deck slab top
rebars
42 |crack, several, class I, transverse, through entire deck width, in 2 ft to 4 ft intervals, deck slab top
(typical for deck construction using steel girders)
43 |crack, several, class I, transverse, through entire deck width, in 2 ft to 4 ft intervals, deck slab
(typical for deck construction using steel girders) underside
44 icrack, several, class I, transverse, through entire deck width, in 2 ft to 4 ft intervals, deck slab top
increasing number
45 crack, several, class I, transverse, through entire deck width, in 2 ft to 4 ft intervals, deck slab
increasing number underside
46 |crack, several, class II, transverse, (typical for concrete deck on steel girders construction) |deck slab top
47 lcrack, several, class II, transverse, (typical for concrete deck on steel girders construction) |deck slab top
48 |crack, several, class II, transverse, (typical for concrete deck on steel girders construction) {deck slab
underside
49 |crack, several, class II, transverse, (typical for concrete deck on steel girders construction) jdeck slab
underside
50 |crack, several, class III, diagonal approach slab
51 |icrack, several, class III, transverse approach slab
52 icrack, several, class V approach slab
53 . crack, several, class V, transverse approach slab
54 |deflection, in span 2 due to heavy traffic, noticeable deck slab
55 |deterioration of rubberized hot poured sealant at joint #5 expansion joints
56 iloose and clogged with incompressible material expansion joints
57 !loose armored joints allowing debris accumulation and leakage on abutment expansion joints
58 loose elastomeric compression joints, due to deteriorated expansion joints material and expansion joints
incompressible material enters joints
59 |loose fourth section of expansion joint at abutment expansion joints
60 {loose joint seals at both abutments in several places not adhering to the armor (frequent expansion joints
condition for long continuous span and this joint type - abutment joint with 1.5 inch wide
elastomeric compression seal)
61 |loose sections at travel lane expansion joints
62 (loose, compression seal loose in the armor joint at both abutments allowing enter of expansion joints
incompressible materials, spall of nosing grout of proprietary material causing rough
transition to adjacent span
63 |misalignment, one bearing has 2 inches transverse misalignment of the pads (see sketch) {bearings
64 |misalignment, two bearing has 2 inches transverse misalignment of the pads (see sketch) [bearings
65 |missing 21 inches of compression seal at one abutment expansion joints
66 |missing compression seals at both abutment armor joints expansion joints
67 missing nut and loose anchor bolt at one girder girders
68 |missing, anchor bolt loose and missing cup bearings
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69 missing, anchor bolts sheared at several places bearings

70 |missing, anchor bolts sheared at two places expansion joints

71 |missing, several anchor nuts backed off, one anchor bolt missing (sheared off), one anchor {bearings
bolt loose in cap and can be easily removed

72 missing, sheared anchor bolts in several places expansion joints

73 |paint, external coat is peeling off in patches diaphragms

74 |paint, external coat is peeling off in patches (especially bottom of beams and connector | girders

75 gﬁft?)external coat is peeling off in patches leaving the primer coat visible bearings

76 |paint, external coat is peeling off in patches leaving the primer coat visible girders

77 |paint, external coat is peeling off in patches leaving the primer coat visible diaphragms

78 |paint, on exterior beams (outside face) faded due to exposure to sun girders

79 |paint, peeling of in isolated areas bracing sway

80 [paint, peeling of in isolated areas bracing lateral

81 |paint, peeling off girders

82 ipaint, peeling off girders

83 |paint, peeling off at several places, alligator cracking throughout structure girders

84 |paint, peeling off in isolated areas girders

85 |spall, along construction joint deck slab top

86 |spall, at expansion joint barrier wall

87 |spall, class II barrier wall

88 |spall, class I, 2 [ft] long barrier wall

89 Ispall, class II, at the construction joint deck slab top

90 |spall, further increase in size (6 ft) of spalled epoxy grout along loose expansion joint (see |expansion joints
photo), (previously required repairs not done)

91 ispall, further increase in size (7 ft) of spalled epoxy grout along loose expansion joint (see |expansion joints
photo), (previously required repairs not done)

92 spall, increase in size (3.5 ft) of spalled epoxy grout along loose expansion joint (see expansion joints
photo)

93 Ispall, minor, at joint #1 filled with hot poured sealant (all except #2 & #10 which are expansion joints
sealed with steel reinforced elastomeric seal)

94 ispall, minor, at joint #5 filled with hot poured sealant (all this type, except #2 & #10 which|expansion joints
are sealed with steel reinforced elastomeric seal)

95 spall, no exposed bars barrier wall

96 |spall, of nosing at intermediate elastomeric expansion dam expansion joints

97 |spall, several spalled areas adjacent to previously patched areas, no exposed steel deck slab top

98 spall, several spalled areas concentrated over beam #4 deck slab top

99 ispall, several, minor, top of barrier barrier wall

100 |spall, spalled epoxy grout (2 ft) along loose expansion joint (see photo) expansion joints

101 isteel plates exposed due to rubber deterioration, missing rubber cover over anchor bolt at |expansion joints
several places

102 steel plates exposed due to rubber deterioration, missing rubber cover over anchor bolt at |expansion joints
several places

103 |water and small amount of fill material seep through joints between the approach slab and expansion joints

top of backwall

A5




Table 8A. Deficiency types in the steel bridges with box-girder design type.

1 0.5 [in] rise at approach slab roada
2 |bearing anchor bolts loose bearings
37 [ corrosion, light, in isolated locations girder inside
4 icrack, class I, transverse, through entire deck width deck slab top
5 crack, class II, diagonal approach slab
6 crack, several, class I, transverse deck slab
7 icrack, several, class IL, approach slab
8 |crack, several, class I, diagonal deck slab top
9 lcrack, several, class II, transverse, they Follow substructure skew and are probably due to deck slab top
superstructure flexure
10 |crack, several, class II, transverse, they follow substructure skew and are probably due to |deck slab
superstructure flexure underside
11 icrack, several, class IIL, at light pole mounts deck slab
12 icrack, several, class III, transverse, through entire deck width, in the mid-span areas deck slab top
13~ {Toose armored edge at abutment, loose compression seal at abutment is coming out in expansion joints
several locations
14 loose armored edges on both abutments expansion joints
15 |misalignment, slipping out of alignments with misalignment between neoprene pads and  |{bearings
steel plates, typical for this structure type, no movement noted
16 |missing access hole mounting hardware girders
17 Inew construction defect - heavy seepage on the walls, bracing and floor inside of box girder inside
girders, welds and bolts not cleaned and painted properly, caulking instead of welds at
several places, debris in each girder
18 |paint, new construction defect - paint, thin finish coat girders
19 spall, class I, edge of the deck along joint, seal distorted in both joints expansion joints
20 spall, underside approach slab

“irated 7 in scale from 0 to 9

Table 9A. Deficiency types in the prestressed concrete bridges.

expansion joints

rated 7 in scale from 0 to 9

bearings
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condition noted in 1989 increased now substantially

3 |bulging, excessive, and splitting of pad sides, it can be symptoms of excessive bearings
deformation or deficiencies in manufacturing
4 |corrosion, moderate bearings
5 |corrosion, some bearing pads exhibit exposed edges of the metal with signs of light bearings
corrosion
6 |crack, class II, several, transverse, along the construction joints deck slab top
7 |crack, new construction defect - cracks, four, class I, horizontal, appear on eight beams at |girders
two piers (haunched)
8 |crack, new construction defect - cracks, one on each face at each end of beam, class I, girders
diagonal, appear on eight beams at two piers (haunched)
9 |crack, new construction defect - cracks, several, class I, transverse, in all spans, 2 inch to 4 |deck slab top
inch each side of joints and 6 ft to10 ft away from joints .
10 |crack, new construction defect - cracks, several, class I, transverse, in all spans, uniformly |deck slab top
located over piers in continuous pours
11 {crack, new construction defect - cracks, several, class I, transverse - beginning at access  |girder inside
hatches on each end and extending 75 ft to 100 ft into the structure
12 |crack, several, class I, longitudinal, in all spans, mostly located over beam flanges (outside |deck slab top
edge) and at prestressed deck panel joints
13 crack, several, class I, map, in all spans ' deck slab top
14 |crack, several, class I, transverse, in all spans, mostly located over beam flanges and at deck slab top
prestressed deck panel joints
15 |crack, several, class II, longitudinal, in all spans, mostly located over beam flanges deck slab top
16 |crack, several, class II, transverse, in all spans deck slab top
17 |crack, several, diagonal, on each end of most beams, at interface of top flange and web girders
18 |cracks, class I, random, diagonal, throughout segments girder inside
19 |cracks, class I, random, longitudinal, throughout segments girder inside
20 cracks, class I, random, longitudinal, underside of segments, condition noted in 1989 girder outside
appears unchanged ‘
21 jcracks, class I, random, transverse, throughout segments girder inside
22 cracks, class I, random, vertical, in walls of segments, condition noted in 1989 appears girder outside
unchanged
23 icracks, class IV, on deviation blocks, diaphragms, floor struts and diagonal struts; girder inside
condition noted in1989 appears unchanged
24 |leaks into the concrete box through match cast joints at small segments and though girder inside
electrical junction boxes and stay cables at large segments; condition noted in 1989
appears unchanged .
25 |loose compression seal, several expansion joints
26 {loose elastomeric compression seal in all joints expansion joints
27 |loose elastomeric compression seal in all six joints of this type, opening between armor expansion joints
and silling material varies from 4.5 inch to 0.2 inch
28 !|loose, new constr. defect - six joints armored with elastomeric compression seal have expansion joints
loose places between seal and armor (appear as typical condition for this type of joints and
long continuous spans)
29 misalignment, several composite neoprene bearing has misalignment of the pads, bearings

Al7




30 |missing compression seal, several expansion joints
31 |spall, respalings of previously repaired spalls, several, no exposed steel deck slab top
32 |spall, several, along segment joints deck slab top
33 |spall, several, new, with minor areas of exposed steel deck slab top

A.l8




Appendix B

Pictures and Sketches of Detected Bridge
Deficiencies



Table 1B. FDOT concrete crack width dimension classes.

CRACK WIDTH (CW) DIMENSION RANGES AND CLASSES

CLASS WIDTH RANGE
1. 0<CW < 1/64" (0.4mm)
2. 1/64" (0.4mm) > CW < 1/32" (0.8mm)
3. 1/32" (0.8mm) > CW < 1/16" (1.6mm)
4, 1/16" (1.6mm) > CW < 1/8" (3.2mm)
5. CW > 1/8" (3.2mm)
B.1
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PROGRESING SPALL AT ELASTOMERIC EXPANSION JOINT

Figure 3B. Examples of concrete spalls at expansion joint.
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APPROACH SLABS CRACKING AT BRIDGE #150149

Figure 4B. Approach slab concrete cracking examples.
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LONGITUDINAL CRACK OF BRIDGE #150187 APPROACH SLAB

Figure 5B. Longitudinal crack at the approach slab.

CLASS I CRACKING IN BEAM END - BRIDGE #100585

Figure 6B. Concrete girder cracking example.
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INCORRECT BEARING POSITION AT EACH ABUTMENT

CAUSING NON-UNIFORM COMPRESSION OF THE BEARING
PADS - BRIDGE # 150186

TRANSVERSE MISALIGNMENT OF THE BEARING PADS

Figure 7B. Bearing misalignment example.
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STEEL BRIDGES WITH DOUBLE COMPOSITE ACTION

1.1

1.2

1.3

2.1

2.2

2.3

3.1

32

3.3

DESIGN CRITERIA

GENERAL DESCRIPTION

Span Layout: Investigation to be based on a representative three-span continuous
structure with spans of 65m/100m/65m. The bridge ison a tangent alignment
with supports normal to the bridge centerline.

Typical Section: Investigation based on a 13.4 m wide cross section. The designs
are developed with a four girder cross section for plate girders, and a two girder

system for box girders. Structure depth to be optimized within each alternative.

The designs shall be developed in metric units.

DESIGN CODES AND DESIGN METHOD

Design shall be in general accordance with the AASHTO LRFD Specifications for
Highway Bridges, 1994 version (metric) with interim specifications through 1997.

Design shall be developed in general accordance with the FDOT Structures
Design Guidelines, 01 July 1997 Edition.

Creep and Shrinkage shall be considered in accordance with the CEB/FIP Model
Code for Concrete Structures, 1990 edition.
MATERIALS

"Standard" Structural Steel shall be ASTM A709M Gr. 345 (345 MPa).
"High Strength" Structural Steel shall be ASTM A709 Gr. 485 (485 MPa).

Concrete slabs shall be f'c=28 MPa. Florida limerock aggregate is assumed with a
modulus of elasticity of 22.8 GPa.

Reinforcing Steel shall be ASTM A615M Grade 420.

Cl1



3.4

4.1

4.2

4.3

4.4

Post-Tensioning shall be ASTM A416 15.2 mm diameter Grade 1860 low

relaxation strands conforming to the following:

Apparent modulus of elasticity

Maximum jacking stress at the anchorage

Max. Jacking stress at the anchorage
immediately after anchorage

Max. anchorage stress at internal locations
immediately after anchorage

Anchor set

Friction coefficient (i) for rigid pipe deviators
for external tendons

Wobble Coefficient (k):
External tendons in polyethylene duct
Rigid steel pipe deviators for external tendons

LOADING
Dead Loads

Unit weight of reinforced concrete
Unit weight of structural steel
Allowance for future wearing surface
Allowance for stay-in-place forms
Traffic barriers (each)

Live Loads: HL93

190,000 MPa
0.8fs

0.7fs

0.83 f*y < 0.74 f’s
6 mm

0.25

0.0
0.0007 /m

23.6 kN/m’?
77.0 kKN/m?
1.0 kN/m?
1.0 kN/m?
5.7 kN/m

Fatigue: Fatigue resistance is assumed to be governed by one-half of the constant-

amplitude fatigue threshold.

Creep and Shrinkage: Strains are calculated in accordance with ceb/fip Model
Code for Concrete Structures, 1990 with relative an assumed humidity of 75%.
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S. UNIT COSTS

The various bridge alternatives will be compared on a first-cost basis using the unit costs

shown in Table 1.

Table 1 - Unit Costs

ITEM UNITS | UNIT REMARKS
COST

Structural Steel (Gr. 345) (Plate Girder) kg $2.20 Fabricate and
erect

Structural Steel (Gr. 345) (Box Girder) kg $2.40 Fabricate and
erect

Structural Steel (Gr.485 ) (Plate Girder) kg $2.42 Fabricate and
erect

Structural Steel (Gr.485) (Box Girder) kg $2.64 Fabricate and
erect

Deck Concrete m’ $557

Bottom Siab Concrete m’ $400 Not Screeded

(Plate Girder - formed)

Bottom Slab Concrete m’ $330 Not Screeded

(Box Girder - unformed)

Reinforcing Steel kg $1.00

Post Tensioning Tendons (Longitudinal) kg $2.72

Pot Bearings $0.90

Traffic Railing Barrier m $72.00
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THREE-SPAN, CONTINUOUS PLATE GIRDER BRIDGE

DESIGN OF THE POSITIVE FLEXURE SECTION

1. CONSTANTS AND UNITS:

Acceleration of gravity constant  g= 9.8066* mesec

ft :==12-in

in '=25.4-mm ft =0.3048°m

Ibm :=0.4536-kg

Ib :=0.4536-kg'g b = 4.4483 *newton
kN :=1000-newton kPa :=1000-Pa

I =6894.8733 *Pa I =6.8949 *kPa
in2 : in2

2. GIVEN REQUIREMENTS:

Number of girders:

Number of spans:

Length of middle span:

Length of side span (equal length):
Girder spacing:

Roadway widtH:

Concrete deck thickness (structural):
Concrete deck overhang:

Sidewalk:

Haunch thickness:

D.1

MPa :=1000000-Pa

L, =100.0-m
L,:=65.0m L3:=65m
GS =3.7m
RW :=12.6-m
T.=023m
OH . '=1.15m
NONE

th =3-in th=0.0762'm



13400 mm

400

8300 _mm £ 300 T

3 x 3603 mr = {0800 mm

TRAFFIC LANES

230 mm

—76.2 mm

3700 mm : 3700 mm . 3700 mm

¢ GIRDER { GIRCER
11109 rm

llwm*

¢ SIR0ER

TYPICAL BRIDGE CROSS-SECTION

A

6.7 rr

Z? LRZTZA

PREL [KIN&RY GIRDER SECTION
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3. MATERIALS:

Structural steel: AASHTO M270, Gradve 345 (ASTM A709M, Grade 345):

kN

F,=345MPa ¥, ::7850-k—g3 Y58 =769822"
m m’

E ¢ 1=200000-MPa
Slab reinforcing steel: AASHTO ?, Grade ? (ASTM ?, Grade ?):

fy :=420-MPa

Concrete: standard normal-weight. with weight density v,:

f_:=28MPa Ye =2400.XE Yc'g=23-536'kN
m3 m

E . = 4800 Ja-«/MPa E . =25399"MPa

Stay-in-place forms surface area density (closed-section, metal, including fill-in

concrete):
20.&

2
_ It kg
Ysip = ¥sip =97.6502 -

g m

Future wearing surface, with surface area density Yai.

o
2

e Vs = 101.9716°kgem *
g

Yws

Barrier: Jersey with bottom width b, ., = 400 [nm] and with mass per unit length of

each barrlgr Mpar -

5.7-—kE

L m Lo | -
mbm»—T mbarr=581.2382 kg*m bbarr '=0.4-m
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4. PRELIMINARY GIRDER DIMENSIONS:

a.) Top flange: b.) Bottom flange: c.) Web: d.) Total section:

tyf:=0.035m e =0.055m ty '=0.018m

b :=0.45-m b pg=0.45-m h,, =2.5m

A =birtyf Apf "D tor Aw “twhy Asec “Aft Apft Ay
2 .2 L2 _ L2

A £=0.0158'm A ps=0.0248'm A, =0.045'm A o =0.0855°m

5. DEAD LOADING CALCULATIONS (PER GIRDER):
Non-composite dead load (DC,):

SLAB =T -GSy g SLAB =20.0291 JN
m
o kN
HAUNCH =b (¢t Y '8 HAUNCH = 0.807"
m
kN
SIP = (GS-b ) Vgip' SIP =3.1123—
( tf> Ysip'8 m
GIRDER =A GIRDER =6 582'kN
prel ~HsecVs'8 prel =>=%4 "

DC | =30.5304 JN
m

DC | '=SLAB + HAUNCH + SIP + GIRDER

Long-term composite dead load (DC,):

Mo 82 . .
BARRIER ::—'4__ ( equally distributed to each girde )
kN .
BARRIER =2.85— DC , :=BARRIER
m
DC, =2.85 AN
m
Total DC:
. kN
DC:=DC,+DC DC =33.3804 ~—
1 2 m
D.4



Long-term composite dead load (DW):

Y ws &RW :
FWS :=—4——— ( equally distributed to each girder )
FWS=3_15'kN DW :=FWS
m
DW =3.15 JN
m

Summary of dead loading calculations:

DC, =30.5304'kN DC, =2.85'kN DWW =3.15‘kN
m m m

The overhang span of 1150 [mm] is iess than one half the girder spacing distance ( %§ =1850);n

therefore, the exterior girder would not control.
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6. SECTION PROPERTIES - POSITIVE MOMENT:

Dimensions of the preliminary girder section were changed to the following:

Non-composite section properties (n = «):

a.) Top flange: b.) Bottom flange: c.) Web:

Ly =53 mm Lpf = 73-mm ty = 18-mm

b ;s :=450-mm b pf :=450-mm h , 7= 2500-mm
A =byrtys Apf =bpftpf Ay Ttyhy

A (g = 23850 'mm’ A = 32850 ‘mm” A, = 45000 *mm’

Distance from x axis (bottom of the whole section) to the item center of gravity - y1

yl tfi:tbf+hw+ O.S-ttf yl bf:OStbf ylw::tbf+0'5'hw
yl ¢ =2599.5°mm y1 pf =36.5°mm yl, =1323*mm

3 3 3
L AL [ Pbftef Lotwhw
Iy =5.5829°10° *mm* I gpp = 14588107 *mmn g, =2343810" “mm*
A FA At Ay ZAYLZA oyl gt Appyl pt Agyly
TA ¢ =101700*mm’ TAyl =1.2273°10° *mm’

g =L+ Lopst Low
31, =2.345810" mm’

Distance from bottom of section to the neutral axis (N.A.) of whole section - Yo

TAyl
Y= Y 4, =1206.8053 *mm
sb sb
ZA
Distance from top of steel to the neutral axis (N.A.) of whole section - Y,
Yo = (tygthyttp) =~ Yp Y =1419.1947 *mm

Distance between item center of gravity and N.A. of whole section - y2

Y2y =Yy~ Y Y2 =Y gy = Y pf Y246 = (tpfthy +05tg) = Y
y2 ,, =116.1947 *mm y2pr=1170.3053 mm  y2 ¢ = 1392.6947 ‘mm
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Moment of inertia of whole steel section in respect to N.A. of whole section - |

I =Slgt Agy2 f + Apr¥2 b + A ywy2 o I =1.1532:10" *mm*

Section modulus of steel section at extreme fibers:

S, = s Sy .= s
top v bot T
P Yst Ysb

e 107 emm3 _ o1n? o3

S op = 8:1255°10" *mm S bot =9-5555*10" *mm

Short-term composite section properties (n):
f.=28MPa . E . =25399*MPa E { =200000°MPa
E n =7.8743

Modular ratio: n:=—>
EC

Haunch thickness (top flange of steel not included): tp=76.2* n

Effective flange width b :

b = 450 *mm L 9 = 100000 *mm T c= 230°*mm GS =3700°mm
b b L L
tf . tf 2 2
= — if —>t b = |— if —<I12-T .+
p ) 5 W eff 4 4 ctP
t,, oOtherwise 12T .+ p otherwise
p =225°mm beff'= |befr if begr<GS
GS otherwise

3
b o =2.985°10" *mm

a.) Concrete slabn = 9: b.) Steel girder:
beff : 2
b =— b . =379.0832*mm ‘ ZA (=101700*mm
n
- 4 2 1 4
Alc=T by A, =8.7189°10" *mm I =1.1532°10" °*mm

Y g, = 1206.8053 *mm
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Distance from x axis (bottom of section) to the concrete slab center of gravity - \£

Ylci:tbf+hw+ttf+th+0.5-Tc Y1C=28172‘mm
T TA| A +E b PRI
Ilc'—T- A iEA T 2Ag 17 1sT e _
I,.=3843610° *mm"* A | =188889.147'mm’ 1, = 115710 mm
= ¥ . 8 .
TAYL =AY [+ ZAGY ¢ TAYI =3.6836'10° *mm

Distance from x axis (bottom of section) to the neutral axis (N.A.) of composite section - Y1,

ZAY1
Y1, =22 Y1, =1.9501°10° *mm
ZA |
Distance from top of steel to the neutral axis (N.A.) of composite section - Y1,
Y17 (gt hy+ipg) - Yl Y1, =675.8543'mm

Distance between item center of gravity and N.A. of composite section - y3

steel: concrete slab:
T C
y35::Y1b—YSb y3c::Yll+—‘2'-+lh
y3 § =743.3404 *mm y3 . =867.0543*mm
Composite section moment of inertia in respect to N.A. of composite section - I,
Ii. =S, +3A y3 2+ A .y3 . 1, =23744:10"" *mm*
In "2 TEAGYIs T ALY ¢ In =4 mm

Section modulus of composite section at extreme steel fibers:

I I
In in
S1, =—— S1, , =—=n0
to bot
Pyl Yl
108 erarnd _ 18 o3
S1 gp =35132°10° *mm S1 g =12176"10° *mm
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Long-term composite section properties (3n):

b.) Steel girder:
a.) Concrete slab - 3.n =23.

b _ 2
by = b 5. = 126.3611 *mm ZA = 101700°mm

3n | .
Age =T bog A2C=2'9063.104 omm? IS=1.1532 10 mm

Y, = 1206.8053 *mm

Distance from x axis (bottom of section) to the concrete slab center of gravity - Y,

Y,y =Y, Y 5, =2817.2*mm
3
Izc::b_z.;'_zT_c TAy=Ayt A 1, =1+ 1,
I,,=12812:10° *mm* XA 5 = 130763.049 'mm’ 51, =1.1544'10" *mm’
TAY2:=A Y o + EASY ¢ TAY2 =204608.5216'm *mm’

Distance from x axis (bottom of section) to the neutral axis (N.A.) of composite section - Y2,

ZAY2
Y2 == Y2, =1.5647°10° *mm
ZA,
Distance from top of steel to the neutral axis (N.A.) of composite section - Y2,
Y2, 07 (gt By +tpg) - Y24 Y2, =1061.2726 *mm

Distance between item center of gravity and N.A. of composite section - y4

steel: concrete slab:

. T c
y4S::Y2b—YSb y4C::Y2t+7+(h
y4 ¢ =357.9221 *mm y4 . =1252.4726 *‘mm

Composite section moment of inertia in respect to N.A. of composite section - 1,

Iy =X+ ZAoyd F4 Agcyd I,,=17406'10"" mm’

Section modulus of composite section at extreme steel fibers:

Ion Ion
$2 gp T $2 ot T
top Y2, bot Y2,
52 1gp =1.6401°10° *mm’ $2 poq = 1.1124°10° *mm’
D.9



7. LOAD FACTORS :

Load modification factor for strength limit states - n1.

Ductility factor: nlp:=10

Redundancy factor: nlg =10

Operational importance factor: nly=1.0

Load modification factor: nl=nl pnignlg nl=1

Load modification factor for all other limit states except extreme event limit state - 2.

Ductility factor: n2p =10

Redundancy factor: n2g =10

Operational importance factor: n2;:=10

Load modification factor: N2 =M2pn2gn2y n2=1

Load modification factor for extreme event limit state - n3.

Ductility factor: n3p:=1.0

Redundancy factor: n3g =10

Operational importance factor: n3;:=1.0

L.oad modification factor: n3:=n3pM3xgn3; n3=1
Load factors -+.

Service Il : Y2pc =10 Y2 pw =10 Y2y =130

Fatigue : Y311 =075

Multiple presence factors - m.

One lane loaded: my =12

Two lanes loaded: m, =10

Three lanes loaded: mj = 0.85

four and more lanes loaded: m 4 =0.65
D.10



8. LIVE LOADING CALCULATIONS (PER GIRDER):

Live loads are assumed to be carried in full by the short-term composite section and distributed to
the individual girders according to the approximate methods (AASHTO A4.6.2.2.).

Conditions for approximate methods application.
a.) Width of the deck is constant.

b.) Number of beams is not less than four unless otherwise specified.
c.) Beams are parallel and have approximately the same stiffness.
d.) The roadway part of the overhang (d,) does not exceed 910 [mm)], unless otherwise specified.

e.) The cross-section is consistent with one of the cross-sections shown in Table 4.6.2.2.1-1.

Conditions specified above are met, thus permanent loads of and on the the deck may be uniformly
distributed among the beams and/or stringers. A

f.) 11000omm < GS =37000mm < 4900-mm O.K.
g.) 110mm < T =230-mm < 300-mm O.K.
h.) 6000-mm < L 5 :=100000-mm <  73000-mm N.G.
i.) 6000-mm < L =65000-mm < 73000-mm  O.K.

Live load lateral distribution factors for positive flexure - span 2.

Moment distribution to interior girder:

4

L, =100'm $:=37:m h y, =2500°mm I,=1.1532:10"" *mm

T . =230-mm ty, =76.2*mm e =53°mm LA = 101700 *mm’

h o =2500*mm Ly =73"mm n =7.8743 Y , = 1206.8053 *mm
D.11



Distance between centers of gravity of the basic beam and deck (eg):

T

g

Longitudinal stiffness parameter: K g m (I sHEZAge g2>

One design lane loaded:

Two or more design lane loaded:

::7C+th+ttf+hw+tbf-YSb

e g= 1610.3947 *mm

03 0.1

s \“ /s
DFMI2 | i=0.06 + (———) =
4300-mm L 2

DEMI2 | =0.4431

06 02| K, \%
DFMI2 5 :=0.075+ ——S——> S
2900-mm

Ly} |L,T/

DEMI2 , =0.7298

DFM2 . := |DFMI2 | if DFMI2 | >DFMI2,

DFMI2 2 otherwise

DFM2 ;,, =0.7298

Shear distribution to interior girder:

One design lane loaded:

Two or more design lane loaded:

DFVI2 =036+ (—S——
7600-mm

DFVI2 | =0.8468

DFVI2 =02+ — —( S )2
277 3600mm |\ 10700-mm

DFVI2 = 1.1082

DFV2,, = |DFVI2 | if DFVI2 |>DFVI2,

DFVI2 2 otherwise

DFV2, =1.1082

D.12
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Moment distribution to exterior girder.

One design lane loaded (lever rule method):

| R
_:40C _de=75C ! : 2950 rm I
i |
. i ﬂ P |
""""% < 1800 mm 2050 mm ,‘
; ! i
! jz I 230 mm
) 3., ?
—76-2 nm
p—— | Sa—
!
t |
1150 mm 3700 mm N
¢ GIRDER ? §[RDER
- 2950 _ .
DFME2 | =m |-—— m, =12 (multiple presence factor)
3700
DFME2 | =0.9568
Two design lane loaded (modify interior girder factor by e,,,):
d [
-300 < d. =750 < 1700 €int =077+ 2800 € it = 1.0379
DFME2 5 :=DFM2 ;€ in: DFME2 , =0.7574

DFME2 ,, = |DFME2; if DFME2 | >DFME2,

DFME2 2 otherwise

DFME2 ,,, =0.9568
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Special analysis:

This additional investigation is required because the distribution factor for girders in a multi-girder
cross-section of type considered for this project was determined without diaphragm or cross-frames.

R R R,
! 1600 mm 2 1206 m 2400
| & R IR ~ | p
180C mm : 1800 rw 1800 m
. 230 rm ,l‘ ! j 'I J{
: k] £ %
W s S e
L-76.2 mm
i I 1850 rm !
i ! ; !
i t : [
1150 3700 mm , 3700 mm .
¢ GIRDER ¢ GURDER ¢ GIRoER
‘ i

R - reaction on exterior beam in terms of lanes

N, - number of loaded lines under consideration

e - eccentricity of a lane from the center of gravity of the pattern of girders [mm]

x - horizontal distance from the center of gravity of the pattern of girders to each girder [mm]

Xext - horizontal distance from the center of gravity of the pattern of girders to the exterior girder [mm]

Nb - number of beams or girders

One design lane loaded: N1 =1, Ny =4, X o0y :=3700 + 1851, e := 3600+ 120(, X1 =555 x4 =185

ext’®

N1p X
R1:= + R1=0.6392 my =12 m -R1 =0.767

) Ny 2-<x12+x22)

Two design lane loaded: N2 [ =%, e :=3600+ 120, e, =120( x; 1=555( x5 =185

_N2L+Xext'<el+e2>

R2 = Ny 2-<x12+X22>

R2 =0.9865 m,=1 m »-R2 = 0.9865
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Three design lane loaded: N3 =3, e 1=3600 + 1200, e, = 1200, €3 '=2400, x4 :=5550, x9 =185

_N3L+Xext'[<el+°2>_e3]

R3:= Np 2-<x12+X22>

R3 =1.0419 m4 =0.85

DFM2 = |DFME2 oy if DFME2 oy >m»-R2

m 2~R2 otherwise
DFM2 = 0.9865

Shear distribution to exterior girder.
One design lane loaded (lever rule method):

DFVE2, =DFME2; =~ DFVE2; =09568

Two design lane loaded (modify interior girder factor by egyy):

d
. - €
2300 < d =750 < 1700  oxt 06+ - € ox( =085
DFVE2 2 ‘=DFV2 im-e ext DFVE2 2= 0.942

DFVE2 ., = DFVE2 if DFVE2 1>DFVE2 2
DFVE22 otherwise

DFVE2 ., =0.9568

Special analysis (the same as for bending moments):

One design lane loaded: m ;-R1=0.767
Two design lane loaded: m »-R2 =0.9865
Three design lane loaded: m 3-R3 =0.8856

DFV2 ., ‘= DFVE2 . if DFVE2 . >m 2R2
(m 2-R2> otherwise

DFV2 ., =0.9865

ext
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Summary of live load distribution factors for maximum positive flexure region (span 2).

Moment:
Span 2 strength / service limit states distribution factors: DFM2 ;.. =0.7298 (interior girder)
DFM2 ,, =0.9865 (exterior girder)
Test | = |1 if DFM2 . <DFM2 ;..
0 otherwise
Test 1 =0
Test=1: O.K. -interior load distribution factors govern.
Test=0: N.G. - exterior load distribution factors govern and exterior
girder would have to be design separetly.
Shear:
Span 2 strength / service limit states distribution factors: DFV2,.. =1.1082 (interior girder)

DFV2 . =0.9865 {(exterior girder)

Test = |1 if DFV2, <DFV2,

0 otherwise

Test2=1

Test=1: O.K. -interior load distribution factors govern.

Test=0: N.G. - exterior load distribution factors govern and exterior
girder would have to be design separetly.
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9. LOAD COMBINATIONS.

Distribution factors for interior girder:

Span 2 strength / service limit states distribution factor: DFM2 ;.. =0.7298

DFMI2
Span 2 fatigue limit state distribution factor: DFM2 ¢ = — 1 DFM2 ¢ =0.3693
m
1 -

Moment (from.Qcon):

DC=DC, +DC, maximum positive moment (span 2): MDCp [ax = 16988-kN-m
DC, maximum positive moment (span 2): MDCIp 1,y = 15538-kN-m
DC, maximum positive moment (span 2): MDC2p ... '=1450-kN-m
DW maximum positive moment (span 2): MDWp ... :=1603-kN-m
LL maximum positive moment (span 2): MLLp ;1. -5 12825-kN-m
LL = ( Design Truck x Impact ) + Lane

Impact = 1.33

STRENGTH 1.

Maximum positive moment (span 2) for Strength | Limit State:
NIZYMSTP 1oy =1 poMDCP i + 11 pwMDWp oy + 1 11 -DFM2 4 -MLLp 1o
NIZYiMSTPp 0y =40018.529 *kN'm

SERVICE Il :

Maximum positive moment (span 2) for Service Il Limit State:

NIZUMSEp 1,4 =12 po-MDPCP ax + 12 pwMDWP 1y + 2 11 ' DFM2 - MLLp 5
NIZYMSEp [y, =30758.2787kN-m

EATIGUE :

LL + Impact maximum positive moment (span 2): MLLfp ), 1= 5305-kKN-m
LL = Fatigue Truck x Impact
Impact=1.15

N1ZYiMfp o =¥3 1 -DFM2 ¢ MLLfp . .

N1ZYiMfp ., =1469.1984 *kN-m
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10. STRENGTH I LIMIT STATE - SECTION AT MAX. POSITIVE MOMENT
(SPAN 2).

Location of the plastic neutral axis (PNA).

EAS = 101700'mm2 Fy =345*MPa fc =28"MPa b eff=2985'mm Tc :=230-mm th =76.2°*mm

a.) Top flange: b.) Bottom flange: c.) Web:
tyf=53"mm tpf=73°"mm ty=18"mm
b ¢ =450 *mm b pf =450 *mm h 4, =2500°mm

Plastic forces:

Reinforcement (assuming deck reinforcement area = 1% of deck area)

Top reinforcement: P.= fy-b eff T ¢0.005 P, =1441.755°kN
Bottom reinforcement: Py =f y-b eff T ¢'0-005 P, =1441.755°kN
Reinforced concrete deck slab: P =085f begT P =16339.89°kN
Compression flange: P.:=F y-b L P =8228.25kN
Web: PwI:Fy-h wlw P, =15525kN
Tension flange: P i=Fybprtys P, =11333.25'kN

P +P,+P =35086.5"kN P +P +Py =192234N

P +P+P 2P +P +Py PNA in top flange

Calculation of distance Y, from top of compresion flange to PNA (Y, ,):

h, [P.-P.-P -P_-P —
Wt c S rt rb
Y = — if PT 2
PNA 2 ( P, +1” if P+ P 2P +P+Pp+Pp PNA in web
b PytPi-Pg=Pp-Py . therwi
. P, * otherwise PNA in top flange
PNA in top flange: Y pNna =51.0889 *'mm
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Calculation of plastic moment capacity (Mp)._

ty, =76.2°mm CL, =50mm CL 4 =25-mm DIA f :=15.9-mm DIA p, :=15.9-mm
: DIA
Distance from P to PNA: d =T - |CL+ 5 +tht YpNA d ; =299.3°*mm
DIA 4,

Distance from Py, to PNA: dp "CLp+ +th+ YpNA d . =160.2°mm
T C

Distance from Pg to PNA: dg 2=7 +th+ YpNA . dg=2423*mm
h w

Distance from P, to PNA: dy =t (te~ Ypna) d,, =1251.9°mm

, tbf
Distance from P, to PNA: d, =t hyt (te~ YpNA) d {=2538.4*mm

P
- W 2 2
Mp o4 f'[Y-PNA t+ ([ tf ™ YPNA) ]+ (Ps'd stPrdptPrydp+Pydy+Prd t)
t

M p= 53208.7524 *kN-m

Check if the section qualifies as a compact section.

Ductility requirement: D

—P<s
Dy
Distance from top of concrete deck slab to PNA: D p =T+t T YpNA Dp =357.2889 *mm
theth ,+tee+T +t
B=07 for Fy=345"M2 D =2 W 7? < hg  Dp=273672'mm
hy,+teettpe+T +t
D_=357.2889mm< — 4 o7 ¢T B _39096emm
P 7.5
D P
D, =1.3055 < 5 Ductility requirement satisfied
I N

Nominal fiexural resistance (M) requirement for continuous span with non-compact interior
section:

" — L] — .kN
M py; =MDClp .Y pc M p; = 19422.5 *kN'm Fy = 345000~

_ . m

3 3 3

7 8 . _ 1n8 .
S por =9-5555°10" *mm S1 g =1.2176*10° *mm §2 por = 1.1124°10° *mm
_(Mp1 Mp N M aD

S bot S2 bot S1 bot

F
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M M
F._nl—Dl .- D2
Y S bot 52 pot
ni .
M y =EMp;+tMpy+tMap My - yield moment taken as.a sum of moments due to factored
loads at the strength limit state applied separately to steel,
M y= 36281.7573*kN-m long-term composite and short-term composite sections to
cause first yield in either steel flange.
Rp =1 - flange-stress reduction factor (equal to 1 for homogenous sectidn)
M, =13RyM y M =47166.2845°kN-m M p= 53208.7524*kN-m
M, =M p O.K.
Web sienderness requirement: 2D¢p <376 E_s
tw F y

Depth of the web in compression at the plastic moment - D,

Earlier computations showed that the PNA is in the top flange at plastic moment (M;). Therefore,
since the depth of the web in compression at M, is equal zero (D cp ‘=0 ), the web slenderness

requirement is automatically satisfied.

. . . . I
prop q :
Section proportions requirement 0.1< _iE <09
y
Moment of interia of the steel
section about the vertical axis
\ . t f‘b f3 h -t tf'b 3
in the plane of the web in [mm?*]: o= bf7bf  Twrw 1. =95803°10° *mm?
y 12 12 12 y

Moment of interia of the compression flange of the steel section about the vertical axis in the plane
of the web in [mm?]:

i i 1,.=40247'10° *mm*
yc : 12 yc =4a, min
ch :
0.1 < 1 =04201 < 09 Section proportions requirement satisfied

v
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.

Strength limit state for flexure.
65710 M S0 eM

M, =N1ZHMSTp o,

M =47166.2845°kN-m

M =40018.529 *kN-m < ¢ ¢M  =47166.2845kN-m

Section satisfies the strength | limit state for flexure

11. SERVICE II LIMIT STATE - SECTION AT MAX. POSITIVE MOMENT

(SPAN 2).

Tension flange:

Tension flange flexural stresses due to the unfactored loads:

MDCIp a2
fDCltf::——-é-—————— fDC]tf=162.6076'MPa
bot
MDC2p max
bot
MDWp ..«
bot
MLLp max
fLLtf ::SI—— fLLtf =105.3331*MPa
bot o

fir =2 pcfpcigt 2 pefpcast 2 pwipwe + 2 Lo fLiy

Rb::l Rh=l

f o = 326.9853 *MPa

<

0.95-F

f ¢ = 326.9853 *MPa

y

R Ry, =327.75°MPa

Tension flange satisfies the service I limit state

D.21



DIFFRENCE :=0.95-F y-R bRh— T DIFFRENCE =0.7647 *MPa

_ DIFFRENCE-100

%DIFFRENCE '= 9%DIFFRENCE = 0.2333 %
| 095F R Ry,

Compression flange:

Compression flange flexural stresses due to the unfactored loads:

MDClp .,
fpcief = —5 fpeicf = 191.2255°MPa
top
MDC2p .
FpCoct = _82_—— f pCacs = 88407 *MPa
top
MDWPp ax
fower =57 f we =9-7735°MPa
top
MLLp %
flier = —57 £] |of = 36.5049 *MPa
top
fef =2 pefpcics+ 2 pefpczes 2 pwipwer t 2 LL fLLet f of =257.296 *MPa
R b =1 R h= 1

fof=257.296"MPa < 0.95F y-R p'Rp =327.75*MPa

Compression flange satisfies the service I} limit state
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12. CHANGE IN FLANGE THICKNESS AT POINT "A" (SPAN 2).

SECTION PROPERTIES BETWEEN POINTS "A" AND "B",

Point "B" in interior span is located 18.5 [m] from interior support (pt. 0.185 of span 2).

Non-composite section properties (n = «):

a.) Top flange: b.) Bottom flange: c.) Web:

ty - =45-mm tpf -=56-mm t w = 18-mm

b o = 450-mm b ¢ 1= 450-mm h y, = 2500-mm
Agf =D ftyf Apf =bprtpf Ay Ztyhy

A ¢ = 20250 "mm’ A = 25200 *mm’ A, = 45000 ‘mm’

Distance from x axis (bottom of the whole section) to the item center of gravity - y1

4

yl [f::[bf+hw+0.5'[tf yl bfZZO.S'Ibf ylW::tbf+ OShW
y1 ¢ =2578.5°*mm ¥l pf =28°mm yl , =1306 *mm
. 3 3 3
. _byrtyf . _bpftpf _twhy
of =, Obf =5 Tow ==
I =34172010° *mm* I gps=6.5856"10° *mm* Iy =2.3438°10'" *mm
AZAS::Atf‘l'Abf‘i-AW . . AEAyl ::Atf'yl tf'i'Abfyl bf+AWy1W

ATA ¢ = 90450 ‘mm’ ATAyl =1.1169°10° *mm’

g Lo+ Lot Low
1, =2344810'" *mm’

Distance from bottom of section to the neutral axis (N.A.) of whole section - Y,
A Ayl

AY o == AY ¢, =1234.8284 *mm
AZA -

Distance from top of steel to the neutral axis (N.A.) of whole section - Y

AY 7 (typthy +tyg) - AY AY ¢ =1366.1716 *mm

Distance between item center of gravity and N.A. of whole section - y2

¥2 4 =yl - AY Y2 s =AY =yl ¢ y2tf3:(lbf+hw+0.5-ttf>—AYSb
y2,, =71.1716 ‘mm ¥2 ¢ = 1206.8284 *mm y2 ;¢ = 1343.6716 *mm
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Moment of inertia of whole steel section in respect to N.A. of whole section - |

Al =Elgt A2+ Apry2 b + Ay y2 A =9.693810" *mm’
Section moduius of steel section:
AS A AS o, = Als
top " Ay . bot AY N
AS 1oy =7.0956710 s’ AS por =7.8503°10" *mm’

Short-term composite section properties (n):
f.=28'MPa  E_=25399"MPa E ; =200000*MPa

Eg

Modular ratio: n:=—
E C

n =7.8743

Haunch thickness (top flange of steel not included): ¢ i [(76.2 +55)-mm-— t ¢ ty, =86.2°*'mm
Jd

Effective flange width b :

b ¢ =450 *mm Lé = 100000 *mm T.=230"mm GS =3700°*mm
b b L L
tf . Utf 2 2
== if —>t b opr = |[— if —<12.T |+
Pl P off T 14 T4 P
t, Otherwise 12-T . +p otherwise
p =225°"mm befr'= |Pefr if befr<GS
GS otherwise

» . 3 -
b off=2.98510° *mm

b.) Steel girder:
AZA ( =90450 ‘mm’

a.) Concrete slabn = 9:

b
b T b ;. =379.0832*mm Al =9.693810'" *mm®
n

b L] 4 Ll 2 — -
A =Tgb . A, =87189°10" *mm AY  =1234.8284 *mm
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Distance from x axis (bottom of section) to the concrete slab center of gravity - Y,

Y 1o Stppt hyt Lttt 05T Y | =2802.2*mm
T SA | =A |+ AZA 31, = AL+
L= 12 1 "8t s 1 s hle
1,.=38436'10° *mm* A | =177639.147'mm’ 31, =9.7322:10" *mm*
TAY1 =AY o+ ASA GAY TAY1=3.5601+10° *mm’

Distance from x axis (bottom of section) to the neutral axis (N.A.) of composite section - Y1,

ZAY1
Y}b:=A—Y Y1, =20041°10° *mm
IA,
Distance from top of steel to the neutral axis (N.A.) of composite section - Y1,
Y1 =ty b+ tpg) - Y1, Y1, =596.8716*mm

Distance between item center of gravity and N.A. of composite section - y3

steel: concrete:
TC
y3S::Y1b.—AYSb y3C::Yll_7
y3 ¢ =769.3*'mm y3 . =481.8716 mm

Composite section moment of inertia in respect to N.A. of composite section - I,

. 2 2 11 4
I, =2l +AZA Y3 "+ A y3, 1,,=1711"10" *mm

Section modulus of composite section at extreme steel fibers:

I I
1n In
AS1 = AS1 =
P (tperh oyt tyg) - Yl bot ™ yiy,
108 emm’ - 10’ a3
AS1 top =2.8666°10" *mm AS1},, =85373°10° *mm
D.25



Long-term composite section properties (3n):

b.) Steel girder:
a.) Concrete slab - 3.n =23.

b AZA . = 90450 *mm’
bzcr=?cif " by, =126.3611°mm s
‘n 10 4
- ipd o2 Al _=9.6938"10  °*mm
A =T boe. A, =2.906310" *mm s

AY , =1234.8284 "‘mm

Distance from x axis (bottom of section) to the concrete slab center of gravity - Y,

Yzc::ch Y2C=28022'mm
T A=A+ ATA 31, = AT+ 1
Ipe= 12 2 AT s 2 ~AlsT e
I, =12812:10° *mm’ YA 5 = 119513.049 'mm’ 31, =9.7066'10" *mm*
- em mm?
TAY2 =AY 5o+ ASA SAY g TAY2 =193130.7009'm ‘mm

Distance from x axis (bottom of section) to the neutral axis (N.A.) of composite section - Y2,

ZAY2
Y2, =t Y2, =161610° *mm
b b
A,
Distance from top of steel to the neutral axis (N.A.) of composite section - Y2,
Y2, 0= (typt byt tyg) - Y2y Y2, =985.02*mm

Distance between item center of gravity and N.A. of composite section - y4

steel: concrete slab:
T C
y4S::Y2b~AYSb )’4c::Y2t——2"
y4 ¢ =381.1517 *mm y4 . =870.02*mm
Composite section moment of inertia in respect to N.A. of composite section - |,
o 2 2 anll . 4
Loy =Zly+ AZA oy4 S+ Agyd I,,=13221"10" ‘mm

Section moduius of composite section at extreme steel fibers:

I I
AS2 g = 2n AS2p, =
: tbf'f-hw'f‘ttf—YQ,b Y2b
=13422:10° *mm’ AS2, . =8.1811°10" *mm’
ASZtop-—l.S mm bot = & mm
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Live load lateral distribution factors for positive flexure between point A nad B - span 2.

Moment distribution to interior girder:

L =65m T, =230*mm t b = 56 *mm Al =9.693810"" *mm"
$=37'm h y, =2500°mm ty = 45°mm AZA  =90450 *mm’

t}, =86.2°mm AY  =1234.8284 *mm
Distance between centers of gravity between of the basic beam and deck (eg):

T .
eg1=7c+th+ttf+hw+tbf— AY e g = 1567.3716 ‘mm
Longitudinal stifiness parameter: AK , :=n-(Al+ AZA ce /' AK ;=251310" smm*

. g \04/g\03/ AK o 0.1
One design lane loaded: DFMIA { '=0.06 + (21—3()0—) (L_) . ;
‘mm 2/ \LpT,
DFMIA ;| =0.4366
s \06/s\02( AK, 0.1
Two or more design lane loaded:  DFMIA , :=0.075+ (—) 1
2900-mm L, Lo T c3

DFMIA , =0.7186

DFMA j,, = | DFMIA | if DFMIA | >DFMIA ,

DFMIA 9 otherwise

DFMA ;,, =0.7186
All other distribution factors for regions in negative flexure for the interior girder and for the exterior
girder are independent of the span length and the stiffness of the girder; therefore, they are identical
to the values calculated earlier for regions in maximum positive flexure in span 2.

Shear distribution to interior girder:

DFV2;,. =1.1082

Moment distribution to exterior girder:

DEM2 ,, =0.9865

Shear distribution to exterior girder:

DFV2 ,, = 0.9865
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Point "A" in interior span is located 33.5 [m] from interior support (pt. 0.335 of span 2).

MOMENTS AT POINT "A".

DC=DC, +DC, positive moment:

MDCp ( 3 :=10312-kN-m MDCp (j 4 = 15319°kKN'm
(MDCp 4 - MDCp g 3)-3.5
MDCp 4 = - " : +MDCp 3 MDCp , =12064.45kN-m
DC, positive moment:
(MDC1p g 4~ MDClp 3):35
MDClp p = T : +MDClp ( 3 MDClp 4 =11034.65°kN-m
DC, positive moment:
MDC2p (5 3 '=880.5kN'm MDC2p 5 4 = 1307-kN-m
(MDC2p g 4~ MDC2p g 3)-3.5
MDC2p p = s : +MDC2p 5 3 MDC2p 5 =1029.775°kKN-m
DW positive moment:
MDWp 5 3 :=973.2:-kN-m MDWp 4 = 1445-kN-m
(Mpr 0.4~ MDWp 3)-3.5
MDWp 4 = T : +MDWp q 3 MDWp , =1138.33 *kN-m
L.L positive moment:
LL = ( Design Truck x Impact ) + Lane
impact = 1.33
MLLp ( 3 :=9585-kN-m MLLp () 4 = 12021-KN'm
(MLLp o 4~ MLLp ¢ 3)-3.5
MLLp , ‘= - +MLLp 3 MLLp 5 = 10437.6 *kN-m

10

Positive moment for Strength | Limit State at point 'A":

NIZHMSTp 5 =11 pe"MDCp 4 + Y1 pw-MDWp o + 71 11 -DFMA ;- MLLp

N1ZyiMSTp p =29914.0675°kN-m
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SECTION DESIGN.

Location of the plastic neutral axis PNA).

F y= 345 *MPa f.=28 *MPa b off =2985'mm T =230-mm th= 86.2 *mm
a.) Top flange: b.) Bottom flange: c.) Web:
ttf=45‘mm tbf=56°mm tw=18'mm

b= 450 *mm b= 450 *'mm hy = 2500 *mm

Plastic forces:

Reinforcement (assuming deck reinforcement area = 1% of deck area)

Top reinforcement: P, =1 y-b eff T ¢-0.005 P . =1441.755°kN
Bottom reinforcement: Py =f y-b eff T ¢0.005 P, =1441.755 'kN
Reinforced conérete deck slab: P =0.85f besrTe P =16339.89°kN
Compression flange: P.=F y-b Ui P . =6986.25kN
Web: Pw:=Fy-h wlw P, =15525kN
Tension flange: P,:=F y-b bf t bf P, =8694°kN

P,+P,+P =3120525kN P +P +Py =19223.4%N

P, +P,+P 2P +P, +Py PNAintop flange

Calculation of distance Ypy, from top of top compresion flange to PNA (Ypna)

h, (P,-P,-P.-P_ -P
a wi Pt Fe  Fs™Frt™ Frb ) '
Y pNA = T( p_ +1 } if P+ PPt Pt PPy PNA in web
Y (Pw P Ps PP M
; P + otherwise PNA in top flange
PNA in top flange: YpNA = 38.5889 *mm
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Calculation of plastic moment capaci MQ):_

t, =0.0862'm  CLp:=50mm CLy=25mm  DIA 4 =15.9-mm DIA 4 :=15.9-mm
DIA
Distance from Py to PNA: d =T - |CLy+ +th+ YpNA d  =296.8°'mm
DIA 4,

Distance from Py, to PNA! dp =CL+ +th+ YpNA d 1, =157.7°mm
TC

Distance from Pg to PNA: dg ::—2— +th+ YpNA d ¢ =239.8°mm

. b

Distance from P,, to PNA: dy =+ (tee- Y pNA) d, =1256.4"mm
Lbf

Distance from Py to PNA: dy=thyt (te~ YPNA) d =2534.4*mm

M=y o, Ypna) |+ (Psd o+ Pred i+ Prprd g+ Pyd y + P

P 'ttf' PNA T (ttf— PNA) +( sdgtPrudptPrpdptPwldwt e t)

M p= 46377.4269°kN-m

Check if the section qualifies as a compact section.

D
Ductility requirement: I—DE <5
I
Distance from top of concrete deck slab to PNA: D p =T +tp+ YpNA D p= 354.7889 *mm
tpeth o+t e+ T +t
B:=0.7 forFy=345‘M:’a D= bf T w 7;f ¢ h-B D =272.272 *mm
h, +tettpet+tT +t
D =3547889mm< —¥ 4 BT 7C N _38896emm
p 7.5
D—p =13031 < 5 Ductility requirement satisfied
I
Nominal flexural resistance requirement MEL
For continuous span with non-compact interior support section:
- - . .kN
= . m
=7.8503°10" *mm’ AS1,  =8.537310" *mm’ AS2, . =8.1811°10' *mm’
Asbot“ . mm bot = 8- mm bot =8 11+1 'mm
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Mpy Mpy Myp
= + + nl
AS bot ASZpgy ASI bot
M M
F_-nl D1 - D2
y AS pot AS2 oy
M y = Mp;+Mpy+Map ( My - yield moment taken as a sum of moments due to
factored loads at the strength limit state applied separately to
M y= 28116.2383*kN-m steel, long-term composite and short-term composite sections

to cause first yield in either steel flange )

Ry =1 - Flange-stress reduction factor (equal to 1 for homogenous section)
M, =1L3R h'My M, =36551.1098 *kN-m Mp =46377.4269 *kN-m
M,SM, O.K.
Web slenderness requirement: 2'Dcp <376 E
tw y

Depth of the web in compression at the plastic moment - Dep

Earlier computations in 9.1. showed that the PNA is in the top flange at plastic moment (Mp).
Therefore, since the depth of the web in compression at M, is equal zero ( Dcp =0 ), the web
slenderness requirement is automatically satisfied.

Section proportions requirement: 01 Si <0.9

I)’
Moment of interia of the steel section about the vertical axis in the plane of the web in [mm4]:

3 3 3
Ctpfbpf gty tipbyg
= + +

I.:
y 12 12 12

I, =7.6818°10° *mm’

Moment of interia of the compression flange of the steel section about the vertical axis in the plane
of the web in [mm?]:

3
i Pf . \
yc 12 ch=3.4172°10 ‘mm
ch
01 < 1 =0.4448 < 0.9 Section proportions requirement satisfied
y
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STRENGTH LIMIT STATE FOR FLEXURE:
M=o My
M, =1ZYiMSTp 5
05710
M, =36551.1098 *kN-m
M, =29914.0675kN-m< ¢ M, =36551.1098 kN-m

Section satisfies the strength | limit state for flexure

SERVICE Il LIMIT STATE:

0.95F R, Ry2f¢

Tension flange:

Tension flange flexural stresses due to the unfactored loads:

bot
MDC2p ,
f oo = f iy = 12.5872 *MPa
D2t a5y DC2tf
MDWp 4
fowe S f i = 13.9141 *MPa
Wi g DWif
frpg's F1 ¢ =122.2591°MPa
LLd LLt =
AST por o
fi =72 pcfpenet 2 pofpeast 2 pw i pwir + 2 LLfLLs fyf =326.0011"MPa
R b =1 R h™ 1

fi=3260011'MPa < 095F Ry Ry =327.75"MPa

Tension flange satisfies the service Il limit state
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DIFFRENCE :=095F ;:R Ry~ f ¢ DIFFRENCE = 1.7489 “MPa
%DIFFRENCE '= LI RENCE 100 %DIFFRENCE =0.5336 %
0.95FRp-Ry,

Compression flange:

Compression flange flexural stresses due to the unfactored loads:

fpcief =g f DC1cf = 155.514 *MPa
top
MDC2p 4
fpcact " f heocs = 76725 *MPa
AS2,
MDWp 5
fpwet "o f DWef = 8:4813°MPa
AS2,,
p
MLLp 5
fLier= £ Lef =36.4113 "MPa
ASI
p
fee =2 pefpcieft 2 pefpcaet+ 2 pwipwert 2 LU fLLef f of = 219.0026 *MPa
Ry =1 Ry =1

f.r=219.0026*"MPa < 0.95-F y-R b'R 1, =327.75°MPa

Compression flange satisfies the service 1l limit state
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13. MAXIMUM POSITIVE SECTION AT SPAN 1 AND 3.

SECTION PROPERTIES AT SPAN 1 AND 3.

. Non-composite section properties (n = =):

a.) Top flange: b.) Bottom flange: c.) Web:

tef =25 mm tpf =35 mm ty = 18mm
btf2=350-mm bbeZSOO-mm h , '=2500-mm
A =bptys Apf =bpftpf Ay Ftyhy

A s =8750*mm’ A = 17500 *mm’ A, =45000 *mm’

Distance from x axis (bottom of the whole section) to the item center of gravity - y1

Yl =tprthy+ 05ty ylp =05t e yly, Ftpe+05hy,
yl tf = 2547.5*'mm yl bf = 17.5°*mm yl w= 1285 *'mm

. ; 3
LY o Prtef L twh

otf 12 Obf —12 Ow 5

I =455729.1667 mm” I gps=1.7865°10° *mm* Iy =23438:10'" *mm*
SIZAS ::Atf'f- Abf+ AW ZAyl ::Atf'yl tft Abf'yl bft Aw'yl w
SIZA  =71250 *mm’ TAyl =8.0422°10" *mm’

Zg =L+ Igpet Tow

31 =234410" *mm*

Distance from bottom of section to the neutral axis (N.A.) of whole section - Y

sb
XAyl
S1Y g = s1Y o =1128.7281 *mm
s1XZA s
Distance from-top of steel to the neutral axis (N.A.) of whole section - Y,
SIY g = (Lypt B+ tyyg) = s1Y s1Y o =1431.2719 'mm

Distance between item center of gravity and N.A. of whole section - y2

y2W::y1W_SlYSb y2bfi:leSb—y1 bf y2tfi: <tbf+hw+ O.S'Itf)—81Ysb
y2 ,, = 1562719 *mm y2pe=11112281'mm  y2 ¢ =1418.7719 'mm

Moment of inertia of whole steel section in respect to N.A. of whole section - |

S =2l + A py2 f + Appy2pf + Ay Y2y s11 =6.3761°10" *mm*
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Section modulus of steel section:

s1I sl

S S
siS, = —— ' 1Sy = ——
to bot
Posty s1Y o,
1S, =4.4549°10" *mm’ 1S+ =5.6489°10' *mm’
S tOp_ " mim S bot = °- min

Short-term composite section properties (n):

f,=28"MPa  E=25399'MPa E  =200000"MPa

E

Modular ratio:. n:= n =7.8743

S

Haunch thickness (top flange of steel not included): t := [(76.2 +55)mm-t ¢ ty =0.1062°m
J

Effective flange width b :

L 5 =100000*mm T . =230*mm GS =3700*mm b (¢ =350 *mm
b b L L
1P P _ 2 2 . .
p - ——2— if T>tw beff'— -4— if —4—<12'Tc+p beff‘_ beff if beff<GS
: : GS otherwise
ty otherwise 12-T .+ p otherwise
L] 3 .
p =175*mm b off=2.93510" *mm
a.) Concrete slab n = 9: b.) Steel girder:
b eff SIZA _ =71250 *mm’
b =— b 1. =372.7334*mm 5 .
n
— L] 10 Ll 4
Ao =T b A1c=8.5729’104 emm? sl =6.3761°10"" *mm

s1Y g, =1128.7281 *mm

Distance from x axis (bottom of section) to the concrete slab center of gravity - Y,

YieTtpthwttygtty+ 05T, Y =27812'mm
,_blc'Tc3 IA{ =A 1XA TSI, =51l +1
IlC'_T ] TActsleng 1 TSI+,
2 10 4
= . . 31, =6.4139° .
Ilc=3'7792'108 mm? ZAI 156978.6923 *mm Iy 6.4139°10 mm
= . 8 . 3
ZAY1 =AY (ot s1ZA os1Y TAY1 =3.188510 mm
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Distance from x axis (bottom of section) to the neutral axis (N.A.) of composite section - Y1,

ZAY1
Y1, =200 Y1, =2.031210° *mm
b b
ZA,
Distance from top of steel to the neutral axis (N.A.) of composite section - Y1,
Y1 = (typthy +tpe) - Y1, Y1, =528.8293°mm

Distance between item center of gravity and N.A. of composite section - y3

stee!l: concrete:
T [
Y35 FY1 - s1Y y3C:=Y1[~~2—
y3 § =902.4426 "mm y3 . =413.8293*mm

Composite section moment of inertia in respect to N.A. of composite section - I,

11, =%l +s1ZAy3 2+ A oy3 .2 I;,=1368510"" *mm*

Section modulus of composite section at extreme steel fibers:

I 1
In In
s1S1 = s1S1 N
to bot
Po(tperhytty) - Y1y Y1
108 o3 _ e1n? e 3
slSltop =2.5877°10° *mm slSlbot-6.7373 10" *mm

Long-term composite section properties (3n):

a.) Concrete slab - 3.n =23. b.) Steel girder:

b 2
_Yeff . s1ZA _ =71250*mm
b2c-~— b2c=124.2445 mm 8

. s1I  =6.3761°10". *mm*
Aqg =T by A, =28576'10° *mm

s1Y g =1128.7281 *mm

Distance from x axis (bottom of the whole section) to the item center of gravity - Y,

Yoo =Y, Y 5, =2781.2*mm
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3
I PacTe TA, A 1ZA Tl :=s1l +1
27T 2" 2¢+S $ 2 Tsllgt o
8 4 2 10 4
1,,=1.2597°10° *mm TA 5 =99826.2308*mm 31, =6.3887°10'" *mm

TAY2 =AY oo+ SIZA os1Y TAY2 =159898.088m *mm’

Distance from x axis (bottom of whole section) to the neutral axis (N.A.) of whole
section - Y2,

Y2, =228 Y2, =1.601810° *mm
b b
A,
Distance from top of steel to the neutral axis (N.A.) of whole section - Y2,
Y2, 1= (typt byt tpg) - Y2, Y2, =958.2357 *mm

Distance between item center of gravity and N.A. of whole section - y4

T
— — c
y4s-—Y2b—Sleb y4c-"Y2t——2
y4 s =473.0362 *mm y4 c= 843.2357 *mm

Moment of inertia of whole composite section in respect to N.A. of whole section -

I, =51, +sIZA oy4 2+ Ao yd 1,,=1001510"" *mm’

Section modulus of composite steel section:

Ion 1oy

s1S2., = s1S2 (' T——
top ([bf+hw+ttf>—Y2b bot

Y2

3 3

$182 1, = 1.0451°10° *mm $182 oy =6.2524°10" *mm

top
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Live load lateral distribution factors for positive flexure - span 1.

Moment distribution to interior girder:

4

L, =65m T =230"mm t b =35 mm s11 =6.3761°10"° *mm
$:=37m t}, =106.2*mm tyf=25°mm SIZA ( =71250 ‘mm’
h , =2500°mm s1Y o = 1128.7281 *mm

Distance between centers of gravity between of the basic beam and deck (eg):

T .
eg::—29+th+ttf+hw+tbf—lesb | ¢ g = 16524719 *mm
Longitudinal stiffness parameter: s1K g Tw (slI gts1ZA e g2> s1K g= 2.0341°10"% *mm’
s (%45 |03 sk, 0.1

One design lane loaded: DFMI1 ; :=0.06 + (— =1 -

4300-mm L T 3

1) \LyT,
DFMI1 | =0.498

[ s (%6702 sIK, 0.1
Two or more design lane loaded:  DFMI1 5 :=0.075+ —) =1 -

\2900mm/ \Ly) (L T2

DFMII 5 =0.7921

DFMI1 2 otherwise

DMML1 ;. =0.7921
All other distribution factors for regions in negative fiexure for the interior girder and for the exterior
girder are independent of the span length and the stifiness of the girder; therefore, they are identical
to the values calculated earlier for regions in positive flexure in span 2 (L, = 100 [m] ).

Shear distribution to interior girder:

DFV1 jp; :=DFV2 DFV1 = 1.1082

Moment distribution to exterior girder:

DFMI ., = DEM2 o, DFMI ,, =0.9865

Shear distribution to exterior girder:

DFV1 o, =DFV2 DFV1 , =0.9865
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SECTION DESIGN.

Span 1 strength / service limit states distribution factor:

Moments (from Qcon):

DC=DC, +DC, maximum positive moment (span 1):
DC, maximum positive moment (span 1):

DC, maximum positive moment (span 1):

DW maximum positive moment (span 1):

LL maximum positive moment (span 1):

LL = ( Design Truck x Impact ) + Lane
Impact = 1.33

STRENGTH I:

Maximum positive moment for Strength | Limit State:

DFMI j, =0.7921

MDCp spanl :=7387-kN-m

MDCIp gan1 = 6756-kN'm
MDC2p g1 =630.7-kKN'm
MDWP gpan] =697.1'kN-m

MLLp spanl '=9581-kN-m

MIZYMSTP gpapp =11 DCMDCP gpany +11 pwMDWP gyan1 + 71 1 -DFMI int MLLP gpani

NIZHMSTP oy =23559.9948KN-m

SERVICE Il ;

Maximum positive moment for Service Il Limit State:

N1ZyiMSEp spanl *~ Y2 pc'MDCp spanl T Y2 pw'MDWp gpant + Y2 L' DFMI 5 MLLP gpan)

MIZHMSEP g0 = 17949.6847kN'm

FATIGUE :

Span 1 fatigue limit state distribution factor:

LL + Impact maximum positive moment (span 2):
LL = Fatigue Truck x Impact
Impact = 1.15

MIZYMp gyan1 =13 L1, MPFI ¢ MLLIp o

NIZYiMp g5n; = 1381905 kN-m
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Location of the plastic neutral axis (PNA).

EAS = 101700'mm2 Fy =345 *MPa fc =28*MPa b eff=2935'mm TC :=230-mm th= 106.2 *mm

a.) Top flange: b.) Bottom flange: c.) Web:
ty=25°mm tbf=35'mm ty=18"mm
b = 350 *mm b bf = 500 *mm h w =2500°mm

Plastic forces:

Reinforcement (assuming deck reinforcement area = 1% of deck area)

Top.reinforcement: P =f y-b eff T c-0.005 P, =1417.605 kN
Bottom reinforcement: Prp =fybegr T 0.005 P 4 =1417.605°kN
Reinforced concrete deck slab: P i=085f b o T P =16066.19°kN
Compression flange: P.:=F y-b ar: P =3018.75kN
Web: Py =Fyhyty, P, =15525kN

Tension flange: P,'=F y-b bf L bf P, =6037.5kN

P, +P, +P_ =24581.25°kN P +P +P, =18901.4°kN

P +P,+P. 2P +P +Py PNAintop flange

Calculation of distance Ypnafrom top of top compresion flange to PNA (Y, 4)

2

YpNa T PNA in web

h P-P -P -P_-P
w t c S rt b . :
( b +1” if Pt+PW2PC+PS+Prb+Prt
w

2 P PNA in top flange

t_t_f.<Pw+Pt_Ps_Prt"Prb
c

+ 1” otherwise

PNA in top flange: . Y pna =23.519°*mm

Calculation of plastic moment capacity (Mp)_._

th =0.1062°m CL It '=50omm CL b '=25-mm DIA - 15.9-mm DIA b = 15.9-mm
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DIA
Distance from Py to PNA: d=T.- (CLn+—2r—[ +1h+ YpNA d ;; =301.8*mm
. . ~ DIA 4,
Distance from Prb to PNA: d - CL b + +t h +Y PNA d = 162.7*mm
T C
Distance from Pg to PNA: dg :=7 +tp+ YpNA d ( =244.7°mm
' hy, _
Distance from P,, to PNA: d, :=T + (t - YPNA) d, =1251.5'mm
, ! bf
Distance from P, to PNA: dt:=7+hw+ (tee- YpNa) d,=2519'mm
MW [y 2 214 (P d d P
p = 'ttf-[ PNATH (L~ YpNAY |+ (Ped g+ Prd q+ Prpd i+ Puod  +Pd )
M p= 39400.1145kN-m
Check if the section qualifies as a compact section.
D
Ductility requirement: —P<s
Dy
Distance from top of concrete deck slab to PNA: D p =T+t + YpNA D p= 359.719 *mm
tpeth o +tee+T +t
B=07  forF,=345"M D=2 ¥ 7;f c hg  D;=270312-mm
' hy,+tettpe+T +t
D_=350719'mm < —— G OfT ¢T B _ 356 16emm
P 7.5
D p )
. =13308 < 5 Ductility requirement satisfied
I
Nominal flexural resistance requirement (Mu):
For continuous span with non-compact interior support section:
C— . lkN
i R m

3

10" mm> = 107 _ 107 o3
SIS oy =5.6489°10° *mm s1S1 g, =6.7373°10" *mm 51520, =6.252410" *mm

_(Mp; Mp N Map |

+
Y \s1Spor $182pg  S1S1py

ni
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- e

S Mpr o, Mo
Yo 818y s182

{ My - yield moment taken as a sum of moments due to
factored loads at the strength limit state applied separately to
steel, long-term composite and short-term composite sections
to cause first yield in either steel flange )

My:MD1+MD2+MAD

M y= 21474.4468 *kN-m

Ry =1 - Flange-stress reduction factor (equal to 1 for homogenous section)
M, =13R ‘M y M |, =27916.7808 "kN-m M p= 39400.1145°*kN-m
M M P O.K.

Web slenderness requirement:

2-D E
—CP<396. |5
IW y

Depth of the web in compression at the plastic moment - Dep

Earlier computations in 9.1. showed that the PNA is in the top flange at plastic moment (Mj).
Therefore, since the depth of the web in compression at M, is equal zero ( D cp =0), the web

slenderness requirement is automatically satisfied.

Section proportions requirement:

I
0.1<-2X%<0.9

Moment of interia of the steel section about the vertical axis in the plane of the web in [mm*]:

3 3 3
tyeb h -t t. b
OO ww 1,=45512:10° ‘mm

I
y 12 12 12 y
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Moment of interia of the compression flange of the steel section about the vertical axis in the plane
of the web in [mm*}:

t fb 3
2 Y I, =8932310" *mm*
yc 12 yc
ch .
01 < 1 =0.1963 < 09 Section proportions requirement satisfied

y

STRENGTH LIMIT STATE FOR FLEXURE:

M, =¢¢Mp
M, =NIEHMSTP gpant
¢ f '=1.0
M, = 27916.7808 *kN-m

M, =23559.9948°kN'm < ¢¢M = 27916.7808 *kN-m

Section satisfies the strength | limit state for flexure

SERVICE Il LIMIT STATE:

095F R R pfy

Tension flange:

Tension flange flexural stresses due to the unfactored loads:

MDClp
fpopg s — £ peper = 119-5977*MPa
S1S pot
MDC2p
S — L f Doy = 10.0873 *MPa
s182 bot
MDWp
o pan!
fpwe = —— f pwif = 11.1493 “MPa
DWif 157, DW1f
MLLp
S £ 14 = 142.2076"MPa
s181 bot
fi =2 pcfpeist 2 pefpcadt 2 pwipwe + 2 LLTLLd g =325.7041*"MPa
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Rp=1 Ry =1 f,f=3257041'MPa < 095F RpRy =327.75"MPa

Tension flange satisfies the service 1l limit state

DIFFRENCE =0.95-F 'R p-R , - f 5 DIFFRENCE = 2.0459 *MPa

%DIFFRENCE = 2L RENCE 100 %DIFFRENCE =0.6242 %
095F R, Ry,

Compression flange:

Compression flange flexural stresses due to the unfactored loads:

MDClp
— panl .
fpcief =g f pe1cf = 151.6546*MPa
s1S top
MDC2p
o ? panl .
fpcact "= f DCocf = 6.0346°MPa
$182 0
MDWp :
fpwer =2 f pyef = 6-6699 “MPa
152
MLLp
PP S —— L f1 1 of =37.0247 “MPa
s1S1 o
' p
fer =2 pcfpciett 2 Dot pe2c + 2 W DWer + 12 LL T LLcf fop =212.4912°MPa
Rp = Rp=1 f=2124912°MPa < 095F ;R R}, =327.75"MPa

Compression flange satisfies the service I limit state
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14. CHANGE IN FLANGE THICKNESS AT POINT "E" (SPAN 1 AND 3).

SECTION PROPERTIES BETWEEN POINT "E" AND EXTERIOR SUPPORT.

Point "E" in exterior span is located 13.5 [m] from exterior support (pt. 0.2078 of span 2).

Non-composite section properties (n = o):

a.) Top flange: b.) Bottom flange: c.) Web:
ter=20-mm tpf = 25-mm ty = 18-mm

b -=300-mm b pf = 450-mm h , :=2500-mm
Agf =D yflyf Apf =bpftpf Ay =tyhy

A 4 = 6000 *mm’ A g = 11250 'mm’ A, = 45000 *mm’

Distance from x axis (bottom of the whole section) to the item center of gravity - y1

yl'tf::tbf-’_hw-*- O.S‘Itf yl bfZOStbf ylw::tbf+0.5'hw
y1 ¢ =2535°mm yl pf =12.5°mm yl , =1275°mm
3 3 3
LoDt [ .= Dbftbf [otwhw
Otf 12 Obf 12 Ow 12
I g = 200000 *mm* I g = 585937.5 *mm’ Iy =2.3438°10" *mm’®
EZAS ::Atf‘i- Abf+ AW EZA)’I ::Atf'yl tf+ Abfyl bf+ Awyl w

3

ETA ( = 62250 ‘mm’ EZAyl =7.2726°10" *mm

o =log+ LopstLow
51 =2343810" *mm’

Distance from bottom of section to the neutral axis (N.A.) of whole section - Y,
_EXAyl
BY o =—— EY g =1168.2831 *mm
EXA ¢
Distance from top of steel to the neutral axis (N.A.) of whole section - Y
EY g = (typt h oyt tpf) — EY EY =1376.7169 *mm

Distance between item center of gravity and N.A. of whole section - y2

y2 =yl - EY g 2 bt =EY - ¥l ps ¥24f = (tpgt by + 05 f) — EY
y2 y, = 1067169 *mm y2 pp = 11557831 *mm y2 ¢ = 1366.7169 *mm
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Moment of inertia of whole steel section in respect to N.A. of whole section

— 2 2
EIS —210+Atf'y2tf +Abfy2bf +AW'y2W

Section modulus of steel section:

El EI
ES ., =— ESy o = =——
top EY ot bot EY sb
= «107 *mm3
ES top = 3.6454°10" *mm> ES por =4.2957°10° *mm

Short-term composite section properties {(n):

f.=28*MPa E . =25399 ‘MPa E ¢ =200000*MPa

Eg

Modular ratio: n:=—> n =7.8743
. E,.

S

El=5.0186"10"" *mm’

Haunch thickness (top flange of steel not included): th ::[(76.2 + 55)-mm - L, th= 111.2*mm

Effective flange width b :

b ¢ =300°mm . L 5 =100000*mm T . =230"mm

b b L L

tf .. Utf 2 .. "2
=l— if —>t b = |— if —<12.T .+

Pol P ff 1y T g P

ty otherwise 12.T .+ p otherwise
p =150*mm befr'= |befr if befr<GS

GS othierwise

3
b eff=2.9]'10 ‘mm

a.) Concrete slabn =9:

GS =3700°*mm

b.) Steel girder:

EZA ¢ =62250 ‘mm’

b eff

bt — b 1 =369.5585mm El =5.0186'10'" *mm"*

n

A =Tebye A1, =8499810" *mm’ EY g, =1168.2831 *mm
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Distance from x axis (bottom of section) to the concrete slab center of gravity - Y,

Yo Ftpsthygttgttp+ 05T, Y 1. =2771.2°"mm
aeTe A=A +EIA SI, =Bl +1
I = 12 1781t s 17t e
1,,=3747°10° *mm* TA | = 147248.4649 *mm’ %I, =5.0561°10'" *mm’
TAY1:=A Y +EZAGEY o TAY1'=3.082710° *mm

Distance from x axis (bottom of section) to the neutral axis (N.A.) of composite section - Y1,

yi, = 2AY Y1y, =2.0936*10° *mm
b b
IA
Distance from top of steet to the neutral axis (N.A.) of composite section - Y1,
Y107 (gt hy, +tpg) - Y1y, Y1, =451.4409°*mm

Distance between item center of gravity and N.A. of composite section - y3

steel: concrete:
T Cc
y3S::Y1b_EYSb y3C::Y1t_7
y3 ( =925.276 *mm y3 . =336.4409 *mm
Composite section moment of inertia in respect to N.A. of composite section - |,
1;, =21 +EZA y3 2+ A oy3 1, =1134810"" *mm*
In =1t sY2s tALY ¢ In=1! mm

Section modulus of composite section at extreme steel fibers:

I I
In In
ES1 = ES1 =
to bot
Po (tppthytte)= Yl Y1
. 8 2 3 —-— L) 7 . 3
ES1 top =2.5137*10" *mm ES1 o =5.4203°10° *mm
D.47

3



Long-term composite section properties (3n):

b.) Steel girder:
a.) Concrete slab - 3.n =23.

b EZA _ =62250 *mm’
bzc:=3iff b 5 = 123.1862 'mm s
o 10 4
- it o2 El_=5.0186"10 ° °mm
A =T by Ay, =2.8333°10" *mm s

EY g =1168.2831 ‘mm

Distance from x axis (bottom of section) to the concrete slab center of gravity - Y,

Yo =Y Y 5. =2771.2'mm
I '~—b2°'Tc3 TA ., = TA X1, =B +1
25 Ag FAg tEXA 2 FEIg+1ye
I, =124910° *mm* TA - =90582.8216 *mm’ %1, =50311°10"0 *mm*
2% 2 2
TAY2:=A,.Y .+ EZA GEY TAY2 =151241.5403*m *mm’

Distance from x axis (bottom of section) to the neutral axis (N.A.) of composite section - Y2,

Y2, =2 Y2, =1.6696'10° *mm
A,
Distance from top of steel to the neutral axis (N.A.) of composite section - Y2,
Y2y 7 (gt byt tps) - Y24 Y2 =875.3507*mm

Distance between item center of gravity and N.A. of composite section - y4

steel: concrete slab:

Te

y4S::Y2b_EYSb y4C::Y2[~7

y4 . =501.3661 *mm y4 . =760.3507 *‘mm
N C

Composite section moment of inertia in respect to N.A. of composite section - |,

I, =%, +EEA yd 2+ Ay yd 1, =82339°10"" *mm*

Section modulus of composite section at extreme steel fibers:

I I
ES2 5y = 2n ES2 oy =
lbf+hw+ttf—Y2b Y2b
ES2 5 =94064°10" mm’ ES2 pop =4.9315°10° *mm’®
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Live load lateral distribution factors for positive flexure between point A nad B - span 2.

Moment distribution to interior girder:

4

0
L 1 =65'm Tc =230°*mm tbf=25’mm EIS =5.0186'101 ‘mm
S=37m h w= 2500°*mm L= 20°*mm EZA s = 62250 'mm2
th=111.2'mm EYsb=1168.2831'mm

Distance between centers of gravity between of the basic beam and deck (eg):

T -
egi=-2—c+th+ltf+hw+tbf—EYsb e = 1602.9169 ‘mm
Longitudinal stiffness parameter. EK g =m (EI s+ EZA e g2> EK g= 1.6546*10" *mm®*

s \%4[s\03[ EK, 0.1
One design lane loaded: DFMIE ; :=0.06 + (————) —_1 -
4300-mm L, LT3
2% ¢
DFMIE | =0.4212
s \%6/s\%?[ EK, 0.1
Two or more design lane loaded: =~ DFMIE 5 :=0.075+ (———) =1 -
2900-mm L, L,T c3

DFMIE , =0.6923

DFME ;,, = |DFMIE | if DFMIE | >DFMIE ,

DFMIE 2 otherwise

DFME ;,, =0.6923
All other distribution factors for regions in negative flexure for the interior girder and for the exterior
girder are independent of the span length and the stiffness of the girder; therefore, they are identical
to the values calculated earlier for regions in maximum positive fiexure in span 2.

Shear distribution to interior girder:

_ DFVl, =1.1082

Moment distribution to exterior girder:

DFMI ,,, = 0.9865

Shear distribution to exterior girder:

DFV1 ,, = 0.9865
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Point *E" in interior span is located 13.5 [m] from interior support (pt. 0.2078 of span 1).

MOMENTS AT POINT "E",

DC=DC, +DC, positive moment:

MDCp (3 5 :=6335-kN'm MDCp 3 :=7387-kN'm
MDCp ( - MDCp -0.78
DC, positive moment:
MDClp (5 :=5794-kN-m MDClp (3 :=6756-kN-m
MDClp y 2~ MDClp 4,]-0.78
DC, positive moment:
MDC2p ( 5 :=540.9-kN-m MDC2p 3 :=630.7-kN-m
MDC2p y 1~ MDC2p (5)-0.78
MDC2p g = ( 9.3 o 02) +MDC2p () 5
DW positive moment:
MDWp () 5 :=597.8-kN-m MDWp (3 :=697.1-kN-m
MDWp  — MDWp 4 ,1-0.78
MDWp g = ( 03 m 0'2> +MDWp 5
LL positive moment:
LL = ( Design Truck x Impact ) + Lane
impact = 1.33
MLLp 5 :=6822-kN'm MLLp (3 :=8673-kN-m
MLLp 72— MLLp 441-0.78

10

Positive moment for Strength | Limit State at point 'E":

MDCp g =6417.056 "*kN-m

MDClp g = 5869.036 *kN-m

MDC2p g =547.9044 *kN-m

MDWp g =605.5454 *kN-m

MLLp g =6966.378 *kN-m

N1ZyiMSTp g =17369.1861 *kN-m
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SECTION DESIGN.

Location of the plastic neutral axis (PNA).

Fy=345'MPa f.=28"MPa b ofr =2910°mm T =230-mm th=111.2'mm
a.) Top flange: b.) Bottom fiange: c.) Web:

t[f=20‘mm tbf=25‘mm _tw=18'mm

b ;s =300 °"mm b pf =450 °"mm h , =2500°mm -

Plastic forces:

Reinforcement (assuming deck reinforcement area = 1% of deck area)

Top reinforcement: P =f y-b eff T ¢-0.005 P, =1405.53 kN
Bottom reinforcement: Py =f y-b eff T ¢-0-005 P =1405.53 kN
Reinforced concrete deck slab: P =085f b egT, P =15929.34°kN
Compression flange: P.=F y'b tFLef P . =2070°kN
Web: Py =Fyhy oty P, =15525°kN
Tension flange: P, I:Fy'b bf b bf P, =3881.25°kN

P +P,+P_ =2147625kN P +P+P, =187404°kN

P, +Py +P 2P +P +P PNAintop flange

Calculation of distance Yy, from top of top compresion flange to PNA (Ypy,):

YPNA PNA in web

h_w. Pt'Pc_Ps‘Pn_Prb
2 |

+ 1” if Pt+Pw2Pc+PS+Prb+Prt
w

f

2

Py+P-P-P Py

Pe

+ 1)] otherwise PNA in top flange

PNA in top flange: Y pna =13.2167 ‘mm
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Calculation of plastic moment capacity (Mn)—:—

t =0.1112'm CL;=50mm CL 4, '=25'mm DIA ;;=15.9-mm DIA 4 = 15.9-mm
DIA ,
Distance from P, to PNA: d,=T.- CLrt*T +tp+ YpNA d ;, =296.5°mm
DIA b
Distance from P, to PNA: dp =CLp+ +tht YpNA d ., =157.4°'mm
T,
Distance from Pg to PNA: dg 1=7 +th+ YpNA d ¢ =239.4°'mm
h w
Distance from P, to PNA: dy =+ (te- Ypna) d, =1256.8*mm
Lbf
Distance from P, to PNA: dti=~i—+hw+ (t- Ypna) d,=2519.3*mm
M-—PW 2 Yona) |+ (Ped +P od +Pd  +P_-d_+P.d
p "2,—ttf{Y,PNA + (ti~ YpNa) ] +(Pgdg+Prpd g+ Pryd g+ Pyedy +Prd,)
M p= 33826.8124*kN-m
Check if the section qualifies as a compact section. .
D
Ductility requirement: D—pSS
I
Distance from top of concrete deck slab to PNA: D p =Te+th T YpNA D p= 354.4167 *mm
tpeth  +t e+ T +t
Bi=07 for Fy=345"Ma D= W 7? c hp D =269.3787*mm
hy+te+te+T +1t
D, =3544167'mm< ——1 7'? ¢ M 384.8267mm
D p
D =1.3157 < 5 Ductility requirement satisfied
I
Nominal flexural resistance requirement (M,).
For continuous span with non-compact interior support section:
. ' kN
- . m
7 3 7 3 7 3
ES ot =4:2957°10° *mm ES1 po =5.4203°10° *mm ES2 1 =4.9315°10° *mm
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Mp; Mp; Myp
= + + ni
ESpot ES2pot ESIpgt
M M
Fo_ql—Dl D2
Y ESpy ES2 o
M y =Mp;+Mpy+Map ( My - yield moment taken as a sum of moments due to
factored loads at the strength limit state applied separately to
M y= 16621.5641 *kN-m steel, long-term composite and short-term composite sections
to cause first yield in either steel flange )
Ry =1 - Flange-stress reduction factor (equal to 1 for homogenous section)
M, =13RyM y M =21608.0333 *kN-m M p= 33826.8124*kN-m
M <M p O.K.
; . 2-D E
Web sienderness requirement: .
Web slenderness requirement P <3 76. |3
‘ tw F y

Depth of the web in compression at the plastic moment - D,

Earlier computations in 9.1. showed that the PNA is in the top flange at plastic moment (Mp).
Therefore, since the depth of the web in compression at M, is equal zero ( D cp =0 ), the web

slenderness requirement is automatically satisfied.

Section proportions requirement: o1 Si <0.9
1

y
Moment of interia of the steel section about the vertical axis in the plane of the web in [mm?]:

3 3 3
Cterbof hwty tibyf
= + +
y 12 12 - 12

4

I I,= 2.3606*10° *mm

Moment of interia of the compression flange of the steel section about the vertical axis in the plane
of the web in [mm*]:
toeb
ot ;
= 4
yc 12 ch=4.5‘10 *mm

01 < —X=01906 < 09 Section proportions requirement satisfied
v
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STRENGTH LIMIT STATE FOR FLEXURE:
M, <6 My
M, =nIZyiMSTp g

¢f:10

M, =21608.0333°kN-m

M, =17369.1861*kN-m< ¢ ¢M , =21608.0333*kN-m

Section satisfies the strength | limit state for flexure

SERVICE Il LIMIT STATE:

0.95F ;R p-R ,2f¢

Tension flange:

Tension flange flexural stresses due to the unfactored loads:

o MpCipg . .
Dl —— f pC1er = 136.6246 ‘MPa
ES pot

S a.) f pCgef = 111103 °MPa
D2~ gy D2t =11

e e LB f Dwit = 12:2791 ‘MPa
DWH g DWif =12

) fLLef = 128.5244 'MP
LLt = LLd = 8.5244*MPa

ESI oy
fi =12 pcfpeist ¥ pefpeast 2 pwipwe 2 LLfLLe Fif =327.0956"MPa
R b =1 R h= 1

f¢=327.0956"MPa < 095F R}, Ry =327.75"MPa

Tension flange satisfies the service Il limit state
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DIFFRENCE =095°F ‘R y Ry~ fie DIFFRENCE = 0.6544 *MPa
%DIFFRENCE 1= D RENCE 100 %DIFFRENCE =0.1997 %
0.95FyRpRy,

Compression flange:

Compression flange fiexural stresses due to the unfactored loads:

fpcief * 55— fpCicf = 160.9998 *MPa
top
fpcoct " f DCoc = 5-8248 "MPa
ES2 p
fDWef "5 f pwef = 64376 "MPa
ES2,,
p
MLLp g
FLier= f11cf =27.7141 *MPa
ESI1
p
fer =2 pofpcicsrt 2 pefpeaer + 2 pwipwer + 2 LLf Lief f of = 209.2905 “MPa
R b =1 R h= 1

f.£=209.2905°MPa < 0.95F y-R bRy =327.75°"MPa

Compression flange satisfies the service Il limit state
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THREE-SPAN, CONTINUOUS PLATE GIRDER BRIDGE

DESIGN OF THE NEGATIVE FLEXURE SECTION

1. CONSTANTS AND UNITS:

Acceleration of gravity constant g =9.8066* mesec >
ft :=12-in

in :=25.4-mm ft =0.3048*m

lIbm :=0.4536-kg

Ib '=0.4536-kg-g Ib = 4.4483 *newton
kN :=1000-newton kPa :=1000-Pa

b =6894.8733 *Pa b =6.8949 *kPa
in2 _ in2

2. GIVEN REQUIREMENTS:

Number of girders:
Number of spans:

Length of middie span:

. Length of side span (equal length):

 Girder spacing:

Roadway width:
Concrete deck thickness (structural):

Concrete deck overhang:

. Sidewalk:

Average Daily Truck Traffic (ADTT):

Haunch thickness:

D.56

MPa :=1000000-Pa

Nsp =3
L, :=100.0-m
L,:=65.0m L 3 :=65m
GS =3.7'm
RW =12.6:m
T.:=023m
OH . '=1.15m
NONE

ADTT :=2500

tny = 36.2-mm



1340C mm

400 £360 mm ¢ £300 am ; 400

3 x 3600 mm = 10800 M 200 m

3 TRAFFIC LARES i SHOIDER
—230 mn ; - :

~76.2 mm

A: === ey . e=—ien

I . !
! I

| 3700 mm : 7700 mm o 3700 mm

I

¢ GIRDER ¢ GIRDER A
1150 m 11100 m L usnm

¢ GIRDER ¢ cIRoR

TYPICAL BRIDGE CROSS-SECTION

u.._,. Ramal
30

26,2 m

8

2500 m

T &BOT. !

PREL [KIMARY GIRDE

35 am

R SECTI
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3. MATERIALS:

Structural steel: AASHTO M270, Grade 345 (ASTM A709M, Grade 345):

F y :=345-MPa Yg© 7850-k—g3 Y8 =76.9822 klj E = 200000-MPa
m m

Slab reinforcing steel: AASHTO ?, Grade ? (ASTM ?, Grade ?):
f y :=420-MPa

Concrete: standard normal-weight, with weight density y.:

f =28MPa v, =2400X8  y .g=23536
3 3
m m

E, :=4800- f A/MPa E , =25399 *MPa

Stay-in-place forms surface area density (closed-section, metal, including fill-in

concrete):
2010

2
. ft kg
Ysip =~ ¥sip =97.6502 -

g m

Future wearing surface, with surface area density v,:

1.0-—
2
m

Yyps = 101.9716°%kg*m >
g

Yws:

Barrier: Jersey with bottom width b, .., = 400 [mm] and with mass per unit length of

each barrierm, . :

5
PP —— m oy = 581.2382-kg'm | b parr = 0:4m
g
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4. PRELIMINARY GIRDER DIMENSIONS:

a.) Top flange: b.) Bottom flange: ¢.) Web: d.) Total section:

tn i =0.085-m tn g :=0.095-m tn g, 1=0.018:m

bn ¢4 :=0.60-m bn ¢ := 0.60-m hn, '=2.5m

An (£ '=bn etn ¢ An e =bn petn e An, =tng hng An .. TAN e+ Anpet Any,
An ¢ =0.051'm’ An ¢ =0057m’ An, =0045m’  Ang =0.15%m’

5. DEAD LOADING CALCULATIONS (PER GIRD.ER):
Non-composite dead load (DC,):

SLAB :=T -GS g SLAB =20.0291 <
m
p kN
HAUNCH ‘=bn';gtn Y -8 HAUNCH =0.5112°
m
SIP = (GS - bn ()Y 5iry 8 SIP = 2.9686 -
p m
GIRDER | = Ar G = AN
prel = AN gV '8 IRDER ;| = 117783

m

kN
m

DC ; '=SLAB + HAUNCH + SIP + GIRDER DC ; =35.2872~

prel

Long-term composite dead load (DC,):

m barr'g'2 . .
BARRIER ::—4——— ( equally distributed to each girde )
kN -
BARRIER =2.85*— DC , '=BARRIER
m
DC, =2.85 N
m
Total DC:
DC:=DC;+DC DC=38.1372'—Hi
1 2 m
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Long-term composite dead load (DW):

Yws &RW - .
FWS :=-4— ( equally distributed to each girder )
FWS=3.15°kN DW :=FWS
m
DW =3.15 JN
m

Summary of dead loading calculations:

kN DC2=2.85'kN DW=3.15'kN
m m m

DC ; =35.2872°

The overhang span of 1150 {mm] is less than one half the girder spacing distance

( % =1850 ) ; therefore, the exterior girder would not control.
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6. SECTION PROPERTIES - MAXIMUM NEGATIVE MOMENT:

Dimensions of the preliminary girder section were changed to the following:

Non-composite section properties (n = ):

a.) Top flange: . b.) Bottom flange: c.) Web:

n ¢ '=90-mm tn ¢ = 90-mm tn = 18-mm

bn ¢ :=600-mm bn ¢ 1= 600-mm hn , '=2500-mm
Antfi=bntftntf Anbf=bnbfmbf Anwi=tnw-hnw
An ¢ = 54000 *mm’ An g = 54000 *mm’ An , =45000 *mm’
tny, =(53-mm+ 76.2:mm) - tn ¢ tn}, =39.2°mm

Distance from x axis (bottom of the whole section) to the item center of gravity - yin

ylntfi=mbf+ hnw+ OSmtf ylnbfi=0.5-tn bf ylnwi=mbf+ O.S-hnw
yln ¢ =2635°mm yln pp =45°mm yln,, =1340°"mm

3 3 3
I ‘_bntf-tntf i _bnbftnbf I ‘_tnw-hnw
Dot~ 12 ‘ T Obf -~ 12 ' B ow ~ 12 _
In (y = 36450000 *mm"* In ¢ = 36450000 *mm"* In gy, =23438°10"° *mm"*
ZAn =An s+ Anpet An ZAyln:=An eyln ¢+ Anpeylnge+ An g oylng,
TAn ¢ = 153000 *mm’ TAyln = 205020000 *mm’

ZIn 0 =In Otf'i' In Obf'f‘ In Ow

ZIn ) =2.351°10" *mm*

Distance from bottom of section to the neutral axis (N.A.) of whole section - Yng,
z
Yo =22 Yn o =1340'mm
sb sb
ZAn
Distance from top of steel to the neutral axis (N.A.) of whole section - Yng,
Yn g = (tn et hn g + ) - Yng Yn ¢, =1340"mm

Distance between item center of gravity and N.A. of whole section - y2n

y2nwi=y1nw—Yn sb yanff=Yn sb’ylnbf y2ntfi= (tnbf-l- hnw+ O.S-mtf>—Ynsb
y2n , =0°mm ¥2n pp = 1295 °mm y2n ¢ =1295°mm
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Moment of inertia of whole steel section in respect to N.A. of whole section - Ing

Ing:=ZIng+ Anry2n tfz + Anry2n bf2 + An 4y2n w2 In { =2.0463° 10" mm*

Section modulus of steel section:

In
_ 'S In
Sn e S
P yn Snpot =
st Yn

3 3

Sn 1gp =1:5271°10° *mm Sn oy = 1:5271°10° *mm

Composite section properties ( steel + long reinforcement ):

bn g¢ 1= 3060-mm A =T o'bn ¢6r0.0033 A =T bn o 0.0067

DIA ;¢ :=15.9-mm A =2322.54 "mm’ A =4715.46 "mm’

A FAp Ay Y bp = 25'mm+ 0.5-DIA | Ypt =T o~ 50-mm- 0.5DIA |
A, =7038mm’ Y bp = 32.95°mm Y by = 172.05 'mm

Distance from the bottom of the slab to center of gravity of both reinforcement layers - yc,

A Yhpt ALY
Cp = rb 7 bb rt” bt ye, = 126.147 *mm
Arb+ Art

Assumed reinforcement consists #16 bars ( less than #20 bars) placed within two layers uniformly
distributed across the slab with two-thirds placed at the top layer. The centroid of both reinforcement
layers (ypy) is located yc . = 126.1 from the bottom of the slab (bottom clearance CL;, = 25[mm], top

clearance CL; = 50 [mm], #16 bar diameter DIAyg = 15.9 [mm].

Distance from x axis (bottom of section) to reinforcement center of gravity - yin

yln Stnpe+hng +tne+tnp+yc, yin  =2845.347 *mm

Total section area - XAng,

TAn g =ZAngt A, TAn g = 160038 *mm’
Distance from bottom of steel to the neutral axis (N.A.) of composite section - Yng,
ZAyln g
ZAylng =ZAyln+ A yln, Yo g =—
' ZAn s
ZAylin . =225045552.186 ‘mm’ Yn g = 1406.2007 *mm
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Distance from top of steel to the neutral axis (N.A.) of composite section - Yn,

Yo g = (gt hng +mpe) = Yo Yn g =1273.7993 'mm

Distance between reinforcement center of gravity and N.A. of composite section - y2n

y2n = (mbf+h“w+t"tf+mh+ycr>‘ Yn g,

y2n . =1439.1463 *‘mm

Composite section moment of inertia in respect to N.A. of composite section - Ing

In sro- ZIn ot An tf-y2n tfz + An bfyZn bf2 + An w-y2n w2 + A r-y2n rz

3

8
Sn top = 1.5271°10" *mm
Section modulus of composite section at the extreme fibers:
In
—__ ST In
Sn S — sr
1Pr " yp SN potr To——
st Yn g

Sn topr =16359°10° *mm’ Sn oy = 1.5589°10° *mm’

Short-term composite section properties (n):

f.=28MPa E . =25399°MPa E { =200000*MPa

Es

Modular ratio: n =—
E C

n =7.8743

Haunch thickness (top flange of steel not included): tn

tny = 39.2°*mm

Effective flange width b :

bn (¢ = 600 *mm L 5 =100000*mm T . =230'mm

bn bn L L

tf . tf 2 2
n:= |— if —>tn bn ¢ = |— if —<12.T .+

p ) ) w eff 4 4 ctpn

tn,, otherwise 12.T .+ pn otherwise
pn = 300 *mm bn eff = |bn eff if bn eff<GS

GS otherwise
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I"Sr=2'1921 10 mm

L] 8 [ 2
Sn bot = 1.5271°10° *mm

GS =3700*mm

bn eff = 3060 *mm
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a.) Concrete slabn = 9: b.) Steel girder:
b etr .,
bn ¢ = — bn | = 388.608 ‘mm : TAn ¢ = 153000°mm
n
— . 4 2 11 4
An 1c .—Tc-bn 1c An 1c=8938'10 ‘mm InS =2.0463°10 ‘mm

Yn sb= 1340*mm

Distance from x axis (bottom of section) to the concrete slab center of gravity - Yn,

Yn lc::mbf+ hnw+mtf+ mh+05Tc Yn lc=28342'mm

bn T c3 , ._
In lc-:——lT-— ZAnl ‘=An 1C+2Ans ZInl -—InS+In 1c
In | =394016079.9091 ‘mm® TAn | =242379.8291 *mm’ Tin | =2.0502:10" *mm*

TAnYIn:=An | Yn . +ZAngYng  ZAnYln=458340311.6095°mm’

Distance from x axis (bottom of section) to the neutral axis (N.A.) of composite section - Yin,

ZAnY1
Yiny === Yin, =1.891"10° *mm
ZAn 1 :
Distance from top of steel to the neutral axis (N.A.) of composite section - Yin,
Yin, = (tn e+ hn g+ tnpe) - Ying Yin  =788.9998 ‘mm

Distance between item center of gravity and N.A. of composite section - y3n

steel: . concrete:
T [
y3ng=Ylnp - Yng, y3nCZ:Y1nt+7+mh
y3n ¢ =551.0002 *mm y3n =943.1998 *mm
Composite section moment of inertia in respect to N.A. of composite section - In,,

Iny, =3In |+ ZAn gy3n 2+ Anjoydn . Ingp=3300910" mm'
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Section modulus of composite steel section:

In In
In In
Sin m— Sin =L
top Yin, bot Yin,
oprpr _ w3
Sl"top =419504189.1124 *mm Siny,, = 175033670.4354 *mm

Long-term composite section properties (3n):
b.) Steel girder:
a.) Concrete slab - 3.n =23. -

bn _ .,
bn ¢ = <At bn 5. =129.536 "'mm ZAn ¢ =153000°mm

. In ( =2.0463-10" *mm*
bn o An,.=29793"10" *mm Yn gy = 1340°mm

Distance from x axis (bottom of section) to the item center of gravity - Yn,

Ynoe =Yn . Yn 5 =2834.2*mm
bn T
In2c':T ZAn, =An, .+ ZAng ZIny =Ing+1Iny
Iny. = 131338693.303 'mm* TAn 2 = 182793.2764 *mm? TIn 5 =2.0476° 10“ emm”

ZAnY2n = An 2C~Yn 2t ZAn S-Yn sb ZAnY2n =289460.1039°m *mm

Distance from x axis (bottom of section) to the neutral axis (N.A.) of composite section - Y2n,

TAnY2
Yon, =2 Yong =1583510° *mm
ZAn 2
Distance from top of steel to the neutral axis (N.A.) of composite section - Y2n,
Y2n = (et hny + mpe) = Y2ny, Y2n  =1096.462 *mm

Distance between item center of gravity and N.A. of composite section - y4

steel: concrete:
T C
ydng =Y2np - Yn g, y4nCI=Y2nt+—2——+tnh
y4n ¢ =243.538 *mm ~ y4n_ =1250.662'mm
Composite section moment of inertia in respect to N.A. of composite section - In,,
- 2 2 cinll oo 4
In,, =ZIny + ZAn oydn "+ Angydn In 5, =2.6044°10" *mm
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Section modulus of composite steel section:

In In
2n 2n
S2n ., i=—— Son,. ., =
10p " yoq ¢ bot " yon b
S2n o = 237524242.3462 'mm’ S2n o, = 164464822.2446 *mm’

7. LOAD FACTORS :

Load modification factor for strength limit states - n1.

Ductility factor: =10

Redundancy factor: nlg =10

Operational importance factor: nly:=1.0

Load modification factor: nl:=nlpnl g-nly nl =1

Load modification factor for all other limit states except extreme event limit state - 2.

Ductility factor: n2p:=10

Redundancy factor: n2g =10

Operational importance factor: n21=1.0

Load modification factor: N2 =N2pN2Rg N2 n2=1

Load modification factor for extreme event limit state - n3.

Ductility factor: M3p:=1.0
Redundancy factor: n3g =10
Operational importance factor: n3;1:=1.0
Load modification factor: n3:=n3pn3gn3g ni3=1
Load factors - v.
Strength | : Y1 pc =125 Y1 pw =1.50 Y1 =175
Service ll : YZDC‘—‘IO Y-)'DWZIO YZLL:130
Fatigue : Y3 =075
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Multiple presence factors - m.

One lane loaded: my =12
Two lanes loaded: m, =10
Three lanes loaded: m3 =085
four and more lanes loaded: m 4 '=0.65

8. LIVE LOADING CALCULATIONS (PER GIRDER):

Live loads are assumed to be carried in full by the short-term composite section and distributed to
the individual girders according to the approximate methods (AASHTO A4.6.2.2.).

Conditions for approximate methods application.

a.) Width of the deck is constant.

b.) Number of beams is not less than four uniess otherwise specified.
c.) Beams are parallel and have approximately the same stiffness.
d.) The roadway part of the overhang (d,) does not exceed 910 [mm], unless otherwise specified.

e.) The cross-section is consistent with one of the cross-sections shown in Table 4.6.2.2.1-1.

Conditions specified above are met, thus permanent loads of and on the the deck may be uniformly
distributed among the beams and/or stringers.

L;+L
L ?:—1——2 L =82.5'm
2
f) 1100mm < GS:=3700mm < 4900-mm O.K.
g.) 110mm < T '=230-mm < 300-mm O.K.
h.) 6000-mm < L =82500'mm < 730000omm N.G.
i) 6000mm <  L;:=65000mm < 73000mm O.K.

7.2. Live load lateral distribution factors - positive flexure.

The average of the adjacent span lengths (L1 and L») is used to compute containing Kg term
distribution factor to be used in all regions of negative flexure.
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Moment distribution to interior girder:

L =82.5m $:=3.7m hn y,, =2500*mm Ing=2.046310" *mm*
hn ,, = 2500 *mm tnp, =39.2°mm tn ¢ = 90*mm ZAn ¢ = 153000 'mm’
tn ¢ =90°mm T '=230-mm Yn g, =1340°mm

Distance between centers of gravity between of the basic beam and deck (eg):

T .
eng:=-2—°+mh+mtf+hnw+mbf- Yn g en o = 1494.2*mm
Longitudinal stiffness parameter: Kn g m (In ¢+ ZAn cen g2> Kn g =4.3011°10"? *mm’

g \04/g\03 [Kn \%!
One design lane loaded: DFMII ; '=0.06 + (——-———) <—) . g
4300-mm L LT3

c

DFMII | =0.4892

12900-mm L L-T 3

S 06 /\02 [ Kn g 01
Two or more design lane loaded: DFMI1 2 =0.075+ ( —————) (—) .
C

DFMI1 9 =0.7945
DFM1 int -~ | DFMII 1 if DEMI1 1>DFMI1 2
DFMI1 ) otherwise

DEMI ;, =0.7945

All other distribution factors for regions in negative flexure for the interior girder and for the exterior
girder are independent of the span length and the stiffness of the girder; therefore, they are identical
to the values calculated for regions in positive flexure.

Shear distribution to interior girder: DFV1 ;. '=1.1082

Moment distribution to exterior girder: DFM1 . :=0.9865

Shear distribution to exterior girder: DFV1 .4, :=0.9865
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Summary of live load distribution factors for negative flexure regions.

Moment:

Negative flexure strength / service limit states distribution factors: DFMI ;,, =0.7945 (interior girder)

DFMI ,, =0.9865 (exterior girder)

Test = |1 if DEMI o (<DFMI i,

0 otherwise

Test 1= 0

Test=1: O.K. - interior load distribution factors govern.

Test=0: N.G. - exterior load distribution factors govern and exterior
girder would have to be design separetly.

| Shear:

Negative flexure strength / service limit states distribution factors: DFV1;,, =1.1082 (interior girder)

DFV1,, =0.9865 (exterior girder)

Test5 = |1 if DFVI o <DFV1

0 otherwise

Test2 =1

Test=1: O.K. - interior load distribution factors govern.

Test=0: N.G. - exterior load distribution factors govern and exterior
girder would have to be design separetly.
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9. LOAD COMBINATIONS.

Span 1 strength / service limit states distribution factor:

Moments (from Qcon):

DC=DC, +DC, maximum negative moment (interior support):

DC, maximum negative moment (interior support):

DC, maximum negative moment (interior support):

DW maximum positive moment (interior support):

LL + Impact maximum negative moment (span 1 - interior support):

LL = ( Dual Truck Train x Impact ) + Lane
Impact = 1.33

STRENGTH 1.

Maximum negative moment for Strength | Limit State:

NZWMSTn , =¥1 peMDCh . + Y1 pwMDWn o + 71 1 -DFMI

max max

N1ZYMSTn ,, =53115.7929°kN'm

SERVICE Il :
Maximum negative moment for Service 1l Limit State:

NIZYiMSEn . =12 peMDCh o, + 12 pw'MDWn o + 12 | -DFMI

max max

NIZYiMSEn |, = 40957.5605 kN-m
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int

int

DFMI j =0.7945

MDCn .. i=24736-kN-m
MDCln ,, i=22624-kN-m
MDC2n . =2112:kN'm
MDWn . i=2334-kKN'm

MLLn . = 13446-kN-m

‘MLLn ,,

‘MLLn ...



10. STRENGTH LIMIT STATE - MAXIMUM NEGATIVE MOMENT (INTERIOR

SUPPORT).

Location of the plastic neutral axis (PNA).

ZAn s = 153000’mm2 bn off = 3060 *mm T c= 230 °*mm
F y= 345 *MPa fo= 28 *MPa f y= 420 *MPa
a.) Top flange: b.) Bottom flange:

mrf=90'mm tnbf=90‘mm

bn tf= 600 *mm bn bf = 600 *mm

Plastic forces:

Reinforcement (assuming deck reinforcement area = 1% of deck area)

Top reinforcement: P =f y-bn eff T ¢0-0067
Bottom reinforcement: P =f y-bn eff T '0:0033
Tension flange: Pn,:=F y~bn o M ef
Web: Pn, :=Fy-hn wiw
Compression flange: Pn '=F y~bn bf P bf
Pn , +Pn  =34155°kN Pn +P+ Py =21586 kN
Pn +Pn 2Pn +P +Py

Calculation of distance Ynp,, from bottom of top tension flange to PNA:

hn Pnh.-Pn,-P_-P
Ynppp = f| =2 =T 1| | if Pn g+ Pny2Pn P+ Py
2 Pn g,
ty (Pny+Pn -Pp-Py )
—_— +1 otherwise
2 Pn,
PNA in web: Yn PNA = 1012 *mm
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tnp = 39.2*'mm

€.) Web:
tn , = 18°mm

hn w= 2500°*mm

P, = 1980.4932 kN
Py, =975.4668 kN
Pn , = 18630 kN

Pn ,, = 15525 kN

Pn = 18630°kN

PNA in web

PNA in web

PNA in top flange



Calculation of plastic moment capacity (an)_._

tny =0.0392*m CL,,'=50mm CL 4 =25-mm DIA [, =15.9-mm DIA , '=15.9-mm
DIA

Distance from Pyto PNA:  dn =T .- {CL+ 5 +mp+tngt Ynpya o dnp=1313.3°mm
DIA

Distance from Py, to PNA:  dn 4 '=CL , + +tp+Ynpna dn ) =1084.1 *mm

tn tf ]
Distance from P to PNA:  dn, ::—5— +YnpNa © dn;=1057"mm
hn , :

Distance from P, to PNA:  dn, :=Ynpna - - dn,, =238 ‘mm
tn bf

Distance from P, to PNA:  dn_={hn + e Yn pna dn . =1533*mm

Mn =¥ [yn o 2y (- Y 2

ny, ._2-hn [ npNaA t ( n., - "PNA) ]+ (Pn cdn +Ppdn +Py-dnyp+Pn-dn t)
w

Mn p= 61965.0193 *kN-m

Check if the section qualifies as a compact section.

Web slenderness requirement for compact section: 2.Dn cp
2376

.y, y

Es

Depth of the web in compression at the plastic moment - Dng,

Depth of web in compression at the plastic moment for the section in negative flexure with PNA in
the web:

hn
i w
Dn cp ——‘——‘—— (F y~tn tf-bn tf+ Fyhn W-tn W+ fybn CffT COO] - Fy-tn bfbn bf>
2:hn y-tn F y
Dn cp= 1488 *mm
2Dn g, B,
—— =165.3333 > 3.76- |— =90.5302
tn w y

Reauirement is not satisfied - section non-combact.
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Section proportions requirement: .
0.15-<09
In y

Moment of interia of the steel section about the vertical axis in the plane of the web in [mm4]:

3 3 3
a tn bfbn bf N hn w iy N tn tf—bn tf

In
y 12 12 12

Iny= 32412°10° *mm”

Moment of interia of the compression flange of the steel section about the vertical axis in the plane
of the web in [mm*]:

3
tn,.~bn
N 1270100 et
Tnye = — Iny =162:10" ‘mm
In '
01 <« —X£-04998 < 09
Iny

Web slenderness requirement for non-compact section.

: 2:Dn E

fn, - stress in the compression flange due to factored £6.77- P
tn

loading [MPa]: w e

fncpcy = - fn .pcq = 185.1897°MPa
bot
1191 peMDC2n 1,
fnepca = - fn ey = 16.9355 “MPa
botr
niyl DwMDWn max
fn .pw = S fn pw =22.4588 ‘MPa
1 botr
-~ ni-yl -LLDFMI im~MLLn max
fnepp = S fn ;1 =119.9267"MPa
botr
fn.=fn pcy+fcpeytepwtingp fn . =344.5108*°MPa
Dn, - depth of the web in compression in the elastic range: Dn . =Yng —tpe
Dn . =1316.2007 *mm
2:Dn c E
=146.2445 < 6.77- |— =163.1181
tn, fn c

~Web slenderness requirement satisfied
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Compression flange slenderness requirement for non-compact section.

b
"bf ¢ ag.
2‘“’1 bf
bn
b 33333 < 1.38-
2t

Compression flange slenderness requirement satisfied

Compression flange bracing requirement for non-compact section.

L, - distance between points bracing the compression flange [mm] ( assumed L}, :=6800-mn ):

Fyoi=Fy Fy =345"MPa

r, - minimum radius of gyration of the compression flange of the steel section plus one-third of the

web in compression taken about the vertical axis

bnbf=600'mm tn bf=90'mm : tnw=18‘mm
Dn
bn ¢t ‘“ws“—‘c D
[ mobf b 3 A, =bnpetnpet —c
t & 5 TN prmpet My
1,=16202:10" *mm" A, =61897.2044 mm’

ES
LyS1767 |—
. yc

Dn = 1316.2007 *mm

r, =161.7896°mm '

E
L, =6800'mm < L76r¢ E—S = 6855.9665 *mm

yc

Compression flange slenderness requirement satisfied
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Nominal flexural resistance.

For non-compact sections, a nominal flexural resistance is computed for each flange. Nominal
flexural resistance of each flange in terms of stress Fn

Compression flange:

Ry =1- flange stress-reduction factor (equal to 1 for homogenous sections)

For members with compression flange area equal or greater than the tension flange A, = 5.76.

For members with compression flange area less than the tension flange A, = 4.64.

4.64 otherwise
2:Dn, o Eg
Dy |—
., fn c
2:Dn Eg
=146.2445 < Ay |[— =138.7829 Therefore: Ry, =1
n b f bc
w e

Fpo "RpeRpoF Fc =345'MPa

yc

Tension flange:

Rp, =1 Rp =1 Fyi=Fy Fpe =R prRpeFyy F = 345*MPa

Strength limit state for flexure.

Checking composite non-compacted section for the strength limit state is to compare the sum of the
stresses in each flange due to the factored loads ( Fu ) to the factored flexural resistance of the
flange expressed in terms of stress.

Compression flange:

nZyfc; = fn, - stress in the compression flange due to factored loading [MPa]:
op=1 fn . =344.5108*MPa fn <6 ¢F .

fn_=3445108'MPa < ¢ (F  =345'MPa

Compression flange satisfies the srtength | limit state for flexure

DIFFRENCE '=¢ ¢F .~ fn . DIFFRENCE = 0.4892 *MPa
%DIFFRENCE = DIFFRENCE 100 %DIFFRENCE =0.1418
¢rFnc
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Tension flange:

nZyft = fn, - stress in the tension flange due to factored loading [MPa]:

fn (<6 ¢Fp
ol -MDCl1n
oy e fn pey = 185.1897°MPa
Sn top
N1yl yo-MDC2n B
0 pyy T nar fn oy = 16.1383 “MPa
Sn topr
1191 yyw-MDWn
i oy = fn py = 21.4015 *MPa
S0 topr
N1yl -DFMI ,-MLLn
TS it S—"0 fn g 1 =114.2808 ‘MPa
SN topr
fo =fnpog+ 1 oo+ 1 ow + gL fn , =337.0103 *MPa
fo,=337.0103'MPa < ¢ ¢F  =345"MPa
Tension flange satisfiesthe srtength | limit state for flexure
DIFFRENCE ‘= ¢ ¢F .~ fn, DIFFRENCE =7.9897 *MPa
%DIFFRENCE = DIEERENCE 100 %DIFFRENCE = 2.3158
®¢Fnt
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11. CHANGE OF FLANGES DIMENSIONS AT POINT K (SPAN 1 AND 3):

SECTION PROPERTIES BETWEEN INFLECTION POINT “N" AND POINT "K" LOCATED 6.2[m]
FROM INTERIOR SUPPORT:

Non-composite section properties (n = o):

a.) Top flange: b.) Bottom flange: c.) Web:

tn ¢ :=55-mm tn ¢ = 75-mm tn, = 18-mm

bn ;¢ :=600-mm. bn ¢ 1= 600-mm bn , '=2500-mm
Antfi=bntftntf Anbfi=bnbftnbf Anwi=tnw-hnw
An ¢ = 33000 *mm’ An g = 45000 *mm’ An ,, = 45000 *mm’
tny =(53-mm+ 76.2-mm) - tn ¢ tn, =74.2°*mm

Distance from x axis (bottom of the whole section) to the item center of gravity - yin

ylntfi=tnbf+ hnw+ OSmtf ylnbfi=0.5-mbf ylnwi=tnbf+ O.5-hnw
yIn ¢ =2602.5 *‘mm yIn ¢ =37.5°mm yln, =1325°"mm

3 3 3
I ._bl'l tf-tntf ; mbnbf'tnbf I ._tnw-hnw
"Otf"’T “Obf'_T “Ow'”T‘
In (y = 8318750 *mm* In ¢ = 21093750 *mm* In gy, =23438°10'° *mm*
ZAn g =An e+ Anpet An g, ZAyIln:=An eyln e+ Anpeylnget+ An g ylng,
ZAn = 123000°mm? ZAyln = 147195000 *mm’

ZIn 0 =In 0(f+ In ObfT In ow

ZIn g =2.346710" *mm®

Distance from bottom of section to the neutral axis (N.A.) of whole section - Yng
z
Y, =22y Yn g, = 1196.7073 *mm
sb sb
ZAn
Distance from top of steel to the neutral axis (N.A.) of whole section - Yn
Yn g = (gt hn g, + tnpe) - Yo Yn , = 1433.2927 'mm

Distance between item center of gravity and N.A. of whole section - y2n

y2nwi=ylnw— Yn sb y2nbf2=Yn sb™ ylnbf y2ntfi= <tnbf+.hnw+ O.S'Ith>— Yn sh
y2n w= 128.2927 *'mm y2n bf = 1159.2073 *mm y2n ¢ = 1405.7927 *'mm
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Moment of inertia of whole steel section in respect to N.A. of whole section - In
4

Ing=ZIn g+ Aney2n,+ Anpey2npd+ Any2n > Ing=14989°10" *mm

Section modulus of steel section:

In
_ S In
Sn, =—3 _ Ing
top Yn ot Sn bot --m
S
Sn,. =1.045810° *mm’ Sn, ., =1.252510° *mm’
N gop = 1- mm”~ npo =1 mm

Composite section properties ( steel + long reinforcement ):

bn g = 3060-mm A =T o'bn gr0.0033 A =T obn or0.0067

DIA ;= 15.9-mm A gy, =2322.54 'mm’ A =4715.46 "mm’

A=A +AL Y pb '=25-mm+ 0.5DIA 14 Yt =T ¢~ 50-mm- 0.5DIA {¢
A =7038*mm’ Ypp =3295'mm Y bt = 172.05*mm

Distance from the bottom of the slab to center of gravity of both reinforcement layers - yc,

AL Yint Ay
yo, i=—tpbb_ rt7bt yc ;= 126.147 *mm
Arb+Art

Assumed reinforcement consists #16 bars ( less than #20 bars}) placed within two layers uniformly
distributed across the slab with two-thirds placed at the top layer. The centroid of both reinforcement
layers (yy) is located yc . = 126.1 from the bottom of the slab (bottom clearance CLy, = 25[mm], top

clearance CL, = 50 [mm)], #16 bar diameter DIAgg = 15.9 [mm].

Distance from x axis (bottom of section) to reinforcement center of gravity - y1in

yln =tnpe+hng +inge+tng+ye, yIn  =2830.347 *mm

Total section area - ZAng

o 2
IAn g =FAng + A ZAn o = 130038 *mm
Distance from bottom of steel to the neutral axis (N.A.) of composite section - Yng,

, ZAyln st '
ZAylng =ZAyln+ A yln, Yn g S ——

ZAn s
IAyln g = 167114982.186 "mm’ Yn g =1285.1242 *mm
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Distance from top of steel to the neutral axis (N.A.) of composite section - Yng,

Yn g = (gt hny +mpe) - Yng, Y =1344.8758'mm

Distance between reinforcement center of gravity and N.A. of composite section - y2n

y2n = (tn bf T hny, +tn e+ tny +yc r) - Yng, y2n . =1545.2228 *‘mm
Composite section moment of inertia in respect to N.A. of composite section - Ing
o 2 2 2 2 1, 4
Ing :=ZIn g+ An ry2n "+ An pry2n bf T AN, y2n,“+ A y2n Ing =1667"10" *mm
Sn yop =1.0458°10° *mm’” St oy =1.2525°10° *mm’
Section modulus of composite section at the extreme fibers:
In
._sr In
Sn = ST
topr v Sn botr “=—
otr
st Y0 g
108 omm3 - 2108 omm3
Sn toplr=1.163 10" *mm Sn poir =1.2971°10° *mm

Short-term composite section properties (n):

f.=28MPa  E_=25399-MPa E ; =200000*MPa

Eq

Modular ratio: n .=—>
E C

n =7.8743

Haunch thickness (top flange of steel not included): h

tny, =74.2°*mm
Effective flange width b, :
bn ¢4 = 600 *mm L 5, =100000°mm T . =230°mm GS =3700°mm
bn bn L L
pn = ~2—t—f if —2£—f>mw bn o= ]3 if —743<12-Tc+pn
tn,, otherwise 12T .+ pn otherwise
pn =300 *mm bn eff ‘= 1bn eff if bn eff<GS bn eff = 3060 *mm
GS otherwise
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a.) Concrete slabn =9: b.) Steel girder:
_bnegr 2
bn .= bn | . =388.608 ‘mm ZAn ¢ = 123000 °mm
n
= 4 2 1 4
An . =T bn An ;. =8.93810" *mm Ins=1.4989'10 ‘mm

Yn g, = 1196.7073 *mm
Distance from x axis (bottom of section) to the concrete slab center of gravity - Yn,

Yn 1C1=tnbf+ hnw+tntf+tnh+0.5-Tc Yn 1c=28192'mm

3

. bn ICT c
In lc-—'—lz‘—— EAnl '= An 1c+ZA"s Zlnl -—Ins-t-In 1c
In |, =394016079.9091 *mm*  TAn | =212379.8291 ‘mm’ Tin | =1.5029°10" *mm*

ZAnYIn = An lc'Y" let ZAn S-Yn sb ZAnY1n =399174614.1731 ‘mm’

Distance from x axis (bottom of section) to the neutral axis (N.A.) of composite section - Yin,

ZAnY1
Yin, === Yin, =18795'10" 'mm
ZAn 1
Distance from top of steel to the neutral axis (N.A.) of composite section - Y1in,
Ying = (gt hny, +mpe) - Yiny Yin =750.4683 ‘mm

Distance between item center of gravity and N.A. of composite section - y3n

steel: concrete:
T C
y3ng =YInpy - Yn g . y3nc1=Y1nt+7+mh
y3n ¢ = 682.8243 *mm y3n . =939.6683 *mm
Composite section moment of inertia in respect to N.A. of composite section - Iny,

Inqp '=ZIn y + ZAn ¢ 'y3n 52 + An ;. 'y3n cz Inq,= 2.8656°10'" *mm*
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Section modulus of composite steel section:

In In
In In
S]n = Sln =
top Yin, bot Yin,,
Sin top = 381836419.6837 *mm’ Siny,, = 152461459.6704 ‘mm->

Long-term composite section properties (3n):
b.) Steel girder:
a.) Concrete slab - 3.n =23, -

bn s _ .,

bn gy, = ot bn 5. =129.536 *mm An ¢ =123000*mm
11 4
In s = 1.4989°10 " °*mm

Yn g = 1196.7073 *mm

bn 5, An . =2979310° *mm’

Distance from x axis (bottom of section) to the item center of gravity - Yn,

Yn,.=Yn Yn 5, =2819.2°*mm
bn, T 4
Inzc-:T ZAnz-—An2C+ZAnS ZIn2‘:InS+In20
In 5, = 131338693303 'mm*  TAn , = 152793.2764 *mm” ZIn, =1.5002:10"" *mm’

ZAnY2n=An, Yn, +ZAngYng  ZAnY2n=231188.2047'm *mm’

Distance from x axis (bottom of section) to the neutral axis (N.A.) of composite section - Y2n,

ZAnY2
Yon, =22 yon, =15131°10° *mm
EAH 2
Distance from top of steel to the neutral axis (N.A.) of composite section - Y2n,
Y2n = (tn e+ hn g+ tne) - Y20y Y2n, =1116.9216 *mm

Distance between item center of gravity and N.A. of composite section - y4

steel: concrete:
T [
y4nSIZY2nb—YnSb y4nci:Y2nt+7+mh
y4n  =316.3711 "mm y4n . =1306.1216 *mm
Composite section moment of inertia in respect to N.A. of composite section - Iny,
In, =ZIn,+ ZAn cydn 2+ An o ydn > In, =2.1316'10"" *mm*
Don = n2+ N yan ¢+ Al g yan . Non =2, mm
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Section modulus of composite steel section:

In In

=_2n —_2n

S2t0p “Yon, S2Mbot “ on
S2n 4o, = 190847439.8923 *mm’ $2n o = 140879435.5761 *mm’

LIVE LOAD DISTRIBUTION FACTORS.

The average of the adjacent span lengths (L and Ly) is used to compute containing Kq term
distribution factor to be used in all regions of negative fiexure.

Moment distribution to interior girder:

L=825m $:=37m hn ,, =2500*mm In =14989:10" *mm*
hn, = 2500°*mm tmp = 74.2*mm tn = 55*mm ZAn s = 123000'mm2
mpe= 75 *mm T.= 230-mm Yn o, =1196.7073 *mm

Distance between centers of gravity between of the basic beam and deck (eg):

T .

- C .
e“g"?'*'mh*'mtf‘*'h"w"'mbf_ Yn g eng=l622.4927 mm
Longitudinal stiffness parameter: Kn g =n (In ¢t ZAn gen g2> Kn g= 3.7299+10'% *mm*

g \04/g\03 [ Kn 0.1
One design lane loaded: DFMI1 ¢ :=0.06 + (———-) (—) . &
4300-mm L LT .3
C
DFMI1 | =0.4831 -
s \06 /g\02 [Kn 0.1
Two or more design lane loaded:  DFMI1 5 :=0.075+ (—) (—) |—&
2900-mm L LT c3

DFMII , =0.7843
DFMI ;. := |DFMI1 ; if DFMII {>DFMII »

DFMI1 2 otherwise

DFMI ;,, =0.7843
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All other distribution factors for regions in negative flexure for the interior girder and for the exterior
girder are independent of the span length and the stiffness of the girder; therefore, they are identical
to the values calculated for regions in positive flexure.

Shear distribution to interior girder: DFV1,., '=1.1082
Moment distribution to exterior girder: DFM1 ., '=0.9865
Shear distribution to exterior girder: DFVI ., =0.9865

Summary of live load distribution factors for negative flexure regions
between points N and K.

Moment:

Negative flexure strength / service limit states distribution factors: DFMI ;.. =0.7843 (interior girder)

DFM1 ., =0.9865 (exterior girder)

Testy = |1 if DEMI ., <DEMI j,

0 otherwise

Test 1= 0

Test=1: O.K. -interior load distribution factors govern.

Test=0: N.G. - exterior load distribution factors govern and exterior
girder would have to be design separetly.

Shear:

Negative flexure strength / service limit states distribution factors: DFV1,,, =1.1082 (interior girder)
DFV1 ., =0.9865 (exterior girder)
Test5 = |1 if DFV1 ., ,<DFVI1 .,

0 otherwise
Test 2= 1

Test=1: O.K. - interior load distribution factors govern.

Test=0: N.G. - exterior load distribution factors govern and exterior
girder would have to be design separetly.
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MOMENTS AT POINT K (SPAN 1):

Negative flexure strength / service limit states distribution factor: DFM1 ;,, =0.7843

Point *K" in exterior span is located 16.8 [m] from dead loads point of inflection "N" and 58.8 [m]
from exterior support (pt. 0.9046 of span 1).

Moments (from Qcon):

DC=DC, +DC, negative moment:

MDChn () g :=15916-kN-m MDChn  :=24736-kKN-m
(MDCn { - MDCn ¢ 9)-0.46 :

MDCn g = — +MDCn ¢ g MDCn g =16321.72°kN-m
DC, negative moment:
MDCln gy g := 14557-kN-m MDCln | (j:=22624-KN-m

(MDCln ; g~ MDCln ¢ 9)-0.46
MDCln i := T ' +MDCln ( g MDCln g = 14928.082 *kN-m
DC, negative moment:
MDC2n (j g = 1358-KN-m MDC2n | :=2112-kN-m

(MDC2n ; - MDC2n ( 9)-0.46
MDC2n i := 0 ' +MDC2n ( ¢ MDC2n g = 1392.684 *kN-m
DW negative moment:
MDWn g g := 1502-kN-m MDWn ; 5= 2334-kN-m

(MDWn ; - MDWn ( 9)-0.46
MDWn = - " - +MDWn g9 MDWn g =1540.272°kN-m
LL + Impact negative moment:
LL = ( Dual Truck Train x Impact ) + Lane
impact = 1.33
MLLn ( g :=10795-kN-m MLLn | o:=13446-kN-m

(MLLn | - MLLn ( 9)-0.46
MLLn g = : : +MLLn g MLLn i =10916.946 *kN-m
10 )

STRENGTH L.

Maximum negative moment for Strength | Limit State:

N1ZyiMSTn g =37696.5998 *kN-m
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SECTION DESIGN:

Location of the plastic neutral axis (PNA).

ZAn §= 123000 °mm? b g = 3060 °*mm T . =230"mm tn}, =74.2°*mm
F y= 345 °MPa f.=28"MPa f y= 420*MPa

a.) Top flange: b.) Bottom flange: c.) Web:
mtf=55'rnm tnbf=75'mm tnw=l8‘mm '

bn = 600°mm . bn ¢ = 600 *'mm hn g, = 2500°*mm

Plastic forces:

Reinforcement (assuming deck reinforcement area = 1% of deck area)

Top reinforcement: P =f y-bn eff T ¢-0-0067 P =1980.4932 kN
Bottom reinforcement: P =f y.bn eff T ¢-0.0033 P, =975.4668 kN
Tension flange: Pn, 1=Fy-bn 0 Pn, =11385°kN
Web: Pn ::Fy-hn wilw Pn  =15525°kN
Compression flange: Pn_:=F y-bn bf 1 bf Pn . =15525°kN
Pn, + Pn  =31050°kN Pn +P +P =14341 kN
Pn, +Pn_ 2Pn +P_+Py PNA in web

Calculation of distance Ynp, from bottom of top tension flange to PNA:

hn Pn . -Pn.—-P_-P
w c t it rb
= . i >
Y"PNA 5 ( in +lﬂ if Pnc+PnW Pnt+Prb+Pn PNA in web
tntf in+Pnc_Prt_Prb : 0 ]
o Pn, + 1| otherwise PNA in top flange
PNA in web: Yn pnp =1345.3333 *mm
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Calculation of plastic moment capacity (an)._

tny, =0.0742>m  CL '=50-mm CL 4 :=25-mm DIA [, '=15.9-mm DIA 4, '=15.9-mm
DIA '
Distance from Pto PNA:  dn =T .- |CL + +imp+tmg+ Ynpys  dngy=1646.6°mm
DIA
Distance from Py, to PNA:  dn 4, '=CL 3 + +tny + Ynpna dn , = 1452.5*'mm
tn if
Distance from P, to PNA:  dn, ¢=T +Ynpna » dn, =1372.8°*mm
. hn w
Distance from P, to PNA:  dn, '=Ynpyp - 5 dn , =95.3°*mm
Dist from P,to PNA:  dn_ = lh m—bf Y dn _ =1192.2°*'mm
istance from P, to : n.=hng+ ) npNA n,= .
=W ol (g - Y 2|4 (Pngdn +Ppdn +P y-dn g+ Pnd
an'_Z-hn [ N pPNA +(“w‘ "PNA)]+( ¢t Ppplnpt Prpydnpgytrny "t)
w

Mn = 48575.5556 *kN-m

Check if the section qualifies as a compact section.

Web slenderness requirement for compact section: 2.Dn
—_ ®P<376
., F,

Es

Depth of the web in compression at the plastic moment - Dng

Depth of web in compression at the plastic moment for the section in negative flexure with PNA in
the web:

hn
_ w
Dn o, = ——————(Fytnrbn ¢+ F pohn otn g+ f b o T -0.01- F otnyyebn pe)
2-hn ,itn Fy
Dn o, = 1154.6667 *mm
2:Dn cp Eg
——==1282963 > 3.76- |— =90.5302
tny, Fy

Requirement is not satisfied - section non-compact.
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Section proportions requirement: I
n
0.15s—¥<09
In y

Moment of interia of the steel section about the vertical axis in the plane of the web in [mm?]:

W w

B e bn bf3 hn _-tn 3 tn [fbn tf3
= + +
y 12 12 12

In

In,= 2.3412410° *

N

mim

Moment of interia of the compression flange of the steel section about the vertical axis in the plane

of the web in [mm?]:

3
I I:tn tfbn tf
ye 12
In
01 <« —X$-04229 < 09
Iny

Web sienderness requirement for non-compact section.

. L,
In yc = 990000000 *mm

2:Dn :
fn, - stress in the compression flange due to factored <6.77-
loading [MPal: ny,

fneper = S fn ;pcy = 148.9773°MPa

bot
fneper = - fn pey = 13.4208 "MPa

botr
fncpw = . fn .y = 17.8116°MPa

botr
fngp = . fn 1 =115.5165°MPa

botr

fn=fcpcrtmepeat Mepwt ey fn . =295.7262*MPa
Dn. - depth of the web in compression in the elastic range: Dn_  =Yng, —thye

Dn = 1210.1242 *mm

2:Dn E

=134.4582 < 6.77- |— =176.0592

., fnc

Web slenderness requirement satisfied
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Compression flange slenderness requirement for non-compact section.

2:tn bf

bn
ot _4 < 1.38
2:tn bf

=10.5391

Compression flange slenderness requirement satisfied

Compression flange bracing requirement for non-compact section.
L, - distance between points bracing the compression flange [mm] ( assumed L, := 6800-mn )

F F yc = 345+MPa

ye ~Fy
r, - minimum radius of gyration of the compression flange of the steel section plus one-third of the

web in compression taken about the vertical axis

bn bf=600'mm tn bf=75'mm g, = 18 *mm Dnc =1210.1242 °*'mm
, 3 Phe
bnpf s W 3 Dn .
It .= 2 + 7 Al ‘=bn bftn bf+ tn W'T
I,=13502°10° *mm’ A, =52260.7453 *mm’ r,=160.7351 *mm
ES
LyS17671, |—
F
B yc

E
L, =6800'mm < 1761, |— =6811.28"mm
yc

Compression flange slenderness requirement satisfied
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Nominal flexural resistance.

For non-compact sections, & nominal fiexural resistance is computed for each flange. Nominal
flexural resistance of each flange in terms of stress Fn

Compression flange:

Ry =1 - flange stress-reduction factor (equal to 1 for homogenous sections)

For members with compression flange area equal or greater than the tension flange A, = 5.76.

For members with compression flange area less than the tension flange Ay, = 4.64.

Ay = |5.76 if mpebn pF2tn bn My =5.76
4.64 otherwise
2-dn .-tn
a m——  a,=09537
t b0 b
n. Eg ap 2:Dn E,
—134.4582 > Ay |—— =149.7934 therefore: Ry =1~ : Ay |
m , fn, (1200+ 300-a,) | My fn,

R, = 1.0098 Fo. "RpcRpcFyc F = 348.3953"MPa

Tension flange:
Rp =1 Ry =1 F =F Fm::Rbt'Rht'Fyt Fm=345'MPa

Strength limit state for flexure.

Checking composite non-compacted section for the strength limit state is to compare the sum of the
stresses in each flange due to the factored loads ( Fu ) to the factored flexural resistance of the
flange expressed in terms of stress.

Compression flange:
nyfc, = fng - stressin the compression flange due to factored loading [MPal:
o=l fn . =295.7262°MPa fn <0 ¢F e

fn,=2057262°MPa < ¢ (Fyc=3483953MPa

Compression flange satisfies the srtength | limit state for flexure

DIFFRENCE = ¢F po— fn g DIFFRENCE = 52.6692 *"MPa
g DIFFRENCE 1= De e = FRENCE-100 9%DIFFRENCE = 15.1176
¢¢Fnc ‘ o
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Tension flange:

nIyft = fn, - stress in the tension flange due to factored loading [MPa]:

fn tsq) fF nt
M1yl pc-MDCln g
fn iDC1 = Sn fn tbC1 = 178.4296 *MPa
top
fn tDC2 = S fn tDC2 = 14.9681 *MPa
1 topr
fn (DW = S . fn {DW = 19.8652 *MPa
topr
N1yl -DFMI , -MLLn g
fogg fn g1 =128.8349°MPa
SN topr
fn, =fpej+mpoy+tfpwtngp fn  =342.0979*MPa
fn, =3420979°MPa < ¢ F  =345MPa
Tension flange satisfiesthe srtength | limit state for flexure
DIFFRENCE :=¢ F | .~ fn, DIFFRENCE = 2.9021 *MPa
%DIFFRENCE = DIFFRENCE-100 %DIFFRENCE = 0.8412
®Fnt
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12. CHANGE OF FLANGES DIMENSIONS AT POINT L ( SPAN 2, NEGATIVE
FLEXURE ):

Point “L" in interior span is focated 9.0 [m] from interior support. (pt. 0.09 of span 1).

SECTION PROPERTIES BETWEEN POINTS "L" AND "B":

Non-composite section properties (n = «):

a.) Top flaﬁgeé b.) Bottom flange: ¢.) Web:

tn 4 '=38-mm tn ¢ = 66-mm m, = 18-mm

b ¢ = 450-mm b ¢ = 600-mm hn , = 2500-mm-
An ¢ =bn e An e =bn yetn e An g =tngchn
An ¢ = 17100 "mm’ An pg =39600 *mm’ An , =45000 *mm’
tnj, :=(53-mm+ 76.2-mm) - tn (5 tn, =0.0912°m

Distance from x axis (bottom of the whole section) to the item center of gravity - yin

ying Stpe+hn @+ 0.5 ¢ yin e = 0.5-tn pf ylng ‘=tpe+ 0.5hn .
yln ¢ =2585°mm yln pe=33°mm yln, =1316°"mm

3 3 3
I ._bntf-tntf I ._bnbf-tnbf ‘_tnw-hnw
nof T, Nobf T, Iow ==
In (¢ = 2057700 *mm* In g = 14374800 *mm’* In gy, =23438°10' *mm*
ZAn  =An s+ Anpet Any, ZAyIn:=An ryln e+ Anpeylnget+ An g oyln,
TAn ¢ = 101700*mm’ ZAyln = 104730300 ‘mm’

YIn 0 =In 0tf+ In ObfT In Oow

TIn o =2.3454°10'° *mm®

Distance from bottom of section to the neutral axis (N.A.) of whole section - Yng
YAyl .
ng =" Yn g =1029.7965 ‘mm
ZAn s
Distance from top of steel to the neutral axis (N.A.) of whole section - Yng,
Yn g = (gt hng +tnpe) - Yng Yn ¢, = 1574.2035 *mm

Distance between item center of gravity and N.A. of whole section - y2n

y2n,, =ylng - Yn g Y2n e = Yn g - ylnge y2n ¢ = (tnbf+hnw+ O.S-mtf>—Yn sb
y2n , =286.2035°mm y2n pr = 996.7965 “mm y2n ¢ = 1555.2035 *mm
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Moment of inertia of whole steel section in respect to N.A. of whole section - Ing

In g =2In o+ An py2n . + An pey2n o+ An oy 2 In =1.0785°10" *mm*

Section modulus of steel section:

In

—-_ 8 In
Sn S ——— s
tOp Sn =
Yn st bot Yn sb
L1 3 — L] 8 L2 3
Sn top = 68508124.5586 *mm Sn o =1.0473°10° *mm

Composite section properties ( steel + long reinforcement ):

bn gg¢ = 3060-mm A =T o'bn ¢¢r0.0033 A =T b r0.0067

DIA ;4= 15.9-mm A p =2322.54 "mm’ A L =4715.46 *mm’
A=A tA, Y b = 25'mm + 0.5-DIA | Vb =T o~ 50-mm- 0.5DIA |
A, =7038*mm’ Y bp = 32.95°mm Y b = 172.05 *mm

Distance from the bottom of the slab to center of gravity of both reinforcement layers - yc,
_ A Yobt ArYbt
e
A b +A rt

yc  =126.147 *mm

Assumed reinforcement consists #16 bars ( less than #20 bars) placed within two layers uniformly
distributed across the slab with two-thirds placed at the top layer. The centroid of both reinforcement
layers (ypy) is located yc , = 126.1 from the bottom of the slab (bottom clearance CL;, = 25[mm], top

clearance CL; = 50 [mm)], #16 bar diameter DIAy¢ = 15.9 [mm].

Distance from x axis (bottom of section) to reinforcement center of gravity - y1in

yln =t by + et tnp +ye, yln  =2821.347 "mm

Total section area - ZAng,

- o2
TAn =XAn + A, ZAn = 108738 *'mm
Distance from bottom of steel to the neutral axis (N.A.) of composite section - Yng

ZAylng
ZAylng =ZAyln+ A yln, Yn g S —

ZAn s
ZAyln o = 124586940.186 *mm’ Yn g, = 1145.7535 *mm
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Distance from top of steel to the neutral axis (N.A.) of composite section - Yng

Yn g, = (m -+ hn g+ bf) - Yn gy, Yn g, = 1458.2465 *‘mm

Distance between reinforcement center of gravity and N.A. of composite section - y2n

y2n = (m pf T hny +tn et tny +yc r) - Yng, y2n . =1675.5935 *‘mm
Composite section moment of inertia in respect to N.A. of composite section - Ing
o 2 2 2 2 1
In o '=ZIn o+ An ry2n "+ An pey2n e + An wyny +Apy2ng Ing = 1.2761°10° °*mm

. 3 _ 1nd . 3
Sn (op = 68508124.5586 ‘mm Sn o =1.0473°10° *mm

Section modulus of composite section at the extreme fibers:

In
. 8r In
Sn e . Sr
g oo g
sbr

o3 n eind o3
Sntopr=81060494'5044mm Sn oy = 1.1137°10° *mm

Short-term composite section properties (n):
f.=28"MPa E . =25399*MPa E { =200000°MPa

Eg

— n =7.8743
E C

Modular ratio: n:=

Haunch thickness (top flange of steel not included): tn

mny =91.2*mm

Effective flange width b, :

bn if = 450 *mm L 9 = 100000 *mm T c= 230 *mm GS = 3700*mm
bn bn L L
._ tf . tf N 2 . )
pn = | == if —=>my, bngfy = |—= if —=<12T g+ pn
tny, otherwise 12T .+ pn otherwise
pn =225°mm bn ggy = | bnggr if bn <GS bn o p = 2985 °mm
GS otherwise '
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a.) Concrete slabn = 9: b.) Steel girder:

. bnefr )
bn .= bn |, =379.0832 *mm ZAng = 101700 *mm

n

" 4 2 1 4

An . =T bny. An . =8.7189'10" °*mm In =1.078510" *mm
Yn g, =1029.7965 *mm
Distance from x axis (bottom of section) to the concrete slab center of gravity - Yn,
Yn (o Ftpet hn + g+ tnp +0.5T Yn ;. =2810.2°*mm
bn T c3

In lc-:——-—l2—' EAnl ‘= An 1c+EAnS . ZInl -—IDS+IH 1c
In | =384358823.0486'mm® TAn | =188889.147 ‘mm’ SIn; =1.0823°10" *mm*

ZAnYIn:=An . Ynj . +ZAngYng  ZAnYin= 349749240.9144 *mm’

Distance from x axis (bottom of section) to the neutral axis (N.A.) of composite section - Yin,

ZAnY1
Yiny === Yin, =18516'10° *mm
ZAn 1
Distance from top of steel to the neutral axis (N.A.) of composite section - Yin,
Ying = (m g+ by, + tmpe) - Yiny, Yin =752.3889 'mm

Distance between item center of gravity and N.A. of composite section - y3n

steel: concrete:
T C
y3ngi=Ylny - Yng, y3nci=Ylnt+7+tnh
y3n ( =821.8146°mm y3n . =958.5889 *mm
Composite section moment of inertia in respect to N.A. of composite section - In,,

— 2 2 11 4
Inj,=ZIn+ZAn y3n "+ An g y3n . In [, =2.5703"10" °*mm

D.94



Section moduius of composite steel section:

In In
In 1n
Sin = Sin. ., (= —
P " yin bot “ Yy
SIn o =341623373.6331 ‘mm’ Siny, = 138816209.9443 *mm’

Long-term composite section properties (3n):
b.) Steel girder:
a.) Concrete slab - 3.n =23.

bn _-. L,
bn o = off bn 5. =126.3611*mm | ZAn ( = 101700 mm

In =1078510" *mm*

Yn g, =1029.7965 *mm

bn 5 An o, =2.906310° *mm’

Distance from x axis (bottom of section) to the item center of gravity - Yn,

Yn 2c::Yn 1c “Yn 20=28102'mm
by T
In2c<=———1—2— ZAn, '=An,.+ ZAn ZIny =Ing+Ingy,
In 5, = 128119607.6829'mm* EAn , =130763.049 *mm’ Tin » =1.0797°10" *mm*

ZAnY2n:'=An,. Yn, + ZAn S-Yn sb ZAnY2n =186403.2803*'m *mm

Distance from x axis (bottom of section) to the neutral axis (N.A.) of composite section - Y2n,

Y2n, =1.4255°10° *mm

Distance from top of steel to the neutral axis (N.A.) of composite section - Y2n,

Y2nt = (m T hn wttm bf) - Y2nb . Y2nt =1178.4958 *mm

Distance between item center of gravity and N.A. of composite section - y4

steel: concrete:
T C
y4nSI=Y2nb—Ynsb y4nci=Y2nt+7+mh
y4n ¢ =395.7078 *mm y4n . =1384.6958 *mm

Composite section moment of inertia in respect to N.A. of composite section - Iny,

- 2 2 anll oo 4
In,, =ZIn o+ ZAn gydn "+ Angoydn In,,=1.7962°10" °mm
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Section modulus of composite steel section:

In In
2n 2n
S2n,  =—— SN, . i=—
P yon, SRt yony
L2 3 — . 3
S2n top = 152417592.8824 *mm S2n,, = 126006982.616 *mm

LIVE LOAD DISTRIBUTION FACTORS.

The average of the adjacent span lengths (L1 and L) is used to compute containing Kg term
distribution factor to be used in all regions of negative flexure.

Moment distribution to interior girder:

L=82.5m $:=37'm hn , =2500°mm In =1.078510"" *mm®
hn ,, =2500°mm tn},=91.2'mm tn ;¢ =38 *mm An ( = 101700 *mm*
0 g = 66 "mm T . :=230-mm Yn g, =1029.7965 “mm

Distance between centers of gravity between of the basic beam and deck (eg):

T .
engi=—2—c-+-tnh+tntf+hnw+tnbf— Yn g, eng=1780.4035‘mm
Longitudinal stiffness parameter. Kn g =n (In s+ ZAn cen g2> Kn g= 3.3876°10'> *mm*
g \04 /5103 [Kn, \*!

One design lane loaded: DFMII ; :=0.06 + (— . —) . £

: 4300-mm L L-T c3

DFMI1 | =0.479
s \96 /g\02 [ Kn 0.1
Two or more design lane loaded: ~ DFMI1 , :=0.075+ (—) <~) . £
2900-mm L LT c3

DEMI1 , =0.7775

DFMI ;,, = |DFMI1 ; if DFMI1 {>DFMI1,

DFMI1 2 otherwise

DFMI ;, =0.7775
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All other distribution factors for regions in negative flexure for the interior girder and for the exterior
girder are independent of the span length and the stifiness of the girder; therefore, they are identical
to the values calculated for regions in positive fiexure.

Shear distribution to interior girder: DFVI1,,, = 1.1082
Moment distribution to exterior girder: DFMI ., :=0.9865
Shear distribution to exterior girder: ' DFV1 ., :=0.9865

Summary of live load distribution factors for negative flexure regions
between points L and B.

Moment:

Negative flexure strength / service limit states distribution factors: DFM1 ;;, =0.7775 (interior girder)
DFMI ., =0.9865 (exterior girder)

Test; = |1 if DEMI ¢ (<DFMI ;,

0 otherwise
Test 1 =0

Test=1: O.K. - interior load distribution factors govern.

Test=0: N.G. - exterior load distribution factors govern and exterior
girder would have to be design separetly.

Shear:

Negative flexure strength / service limit states distribution factors: DFV1 int = 1-1082  (interior girder)
DFVI1 ., =0.9865 (exterior girder)
Test = |1 if DFV1 4, <DFV1 ;o '

0 otherwise
Test 5 = 1

Test=1: O.K. -interior load distribution factors govern.

Test=0: N.G. - exterior load distribution factors govern and exterior
girder would have to be design separetly.
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MOMENTS AT POINT L (SPAN 2):

Negative flexure strength / service limit states distribution factor: DFMI y,, =0.7775

Point "L* in interior span is located 9.0 [m] from interrior support (pt. 0.09 of span 2).

Moments (from Qcon):

DC=DC, +DC, negative moment:
(MDCn g o~ MDCn g ;)1

= +MDCn ¢ ; MDCn | =11217.1*kN'm

MDCn L =

DC, negative moment:

MDCln ) :=22624-kN-m MDCln  ; :=8886-kN-m
(MDCln g o~ MDCln ¢ )-1

DC, negative moment:
MDC2n () :=2112-kN-m MDC2n g 1 = 829.5-kN-m
(MDC2n g - MDC2n ¢ 1)-1
MDC2ny = - o . +MDC2n (5 ¢ MDC2n | =957.75*kN-m
DW negative moment:
MDWn o '=2334-kN-m MDWn g 1 :=916.8-kN-m
MDWn = : —~— + MDWn ( MDWn  =1058.52*kN-m

10

LL + Impact negative moment:
LL = ( Dual Truck Train x Impact ) + Lane

impact = 1.33 °
MLLn () o = 13446-kN-m MLLn ) ; =6222-kN-m
(MLLn g g~ MLLn ¢ ;)1
MLLn L = : . + MLLn 0.1 MLLn L= 6944.4*kN-m
10 :
STRENGTH I.

Maximum negative moment for Strength | Limit State:

NIZYMSTn | =1 pMDCny + 1 pyyMDWn | + 71 11 -DFMI j,-MLLn |

N1ZYiMSTn | =25058.1065°kN-m
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SECTION DESIGN:

Location of the plastic neutral axis (PNA).

ZAn § = 101700 *mm? bn o =2985*mm T . =230"mm
F y= 345*MPa f.=28°"MPa f y= 420 *MPa
a.) Top flange: b.) Bottom flange:

tn ¢ =38°mm tn e =66 "mm

bn = 450 *mm bn bf = 600 *mm

Plastic forces:

Reinforcement (assuming deck reinforcement area = 1% of deck area)

Top reinforcement: P =f y-bn eff T ¢0-0067
Bottom reinforcement: Py =1 y-bn eff T o0-0033
Tension flange: Pn, =F y-bn o0
Web: Pn, 1=Fy'hn wilw
Compression flange: Pn =F y-bn bf ! bf

* Pn,+Pn_=29187kN Pn +P+P =8783°kN

in+PncZPnt+Pn+Prb

Calculation of distance Ynp,, from bottom of top tension flange to PNA:

hn, (Pn_ . -Pn.-P_-P ,
Ynppp = || =2 ——L g} if Pn_+Pn 2P+ P +P
2 Pn,
e PnW+PnC_PI’t_Pl‘b )
—_— +1]| otherwise
2 Pn,
PNAinweb: Yn pya = 1642.8333 "mm

D.99

tmy =91.2°*mm

c.) Web:
tn, =18°mm

hn, = 2500 *mm

P, =1931.9517 kN
Py =951.5583 kN
Pn, =5899.5kN
Pn , = 15525 %N

Pn = 13662 kN

PNA in web

PNA in web

PNA in top flange



Calculation of plastic moment capacity (an);_

tmy =0.0912*m CL It =50omm CL = 25-mm DIA ;= 15.9-mm DIA = 15.9-mm

DIA
Distance from Pyto PNA:  dn =T .~ |{CL 4+ 5
DIA

Distance from P,b to PNA:  dn, =CL 4+ rb +tnp+ Ynpya dn ) = 1767 'mm
tn
Distance from P to PNA: - dn, ::——2— +Ynpna dn, =1661.8°mm
hn , .
Distance from P, to PNA:  dn, '=YnpNa - - dn ,, =392.8*mm
. , N bf
Distance from P, to PNA:  dn_:={hn, + el Ynpna dn . =890.2°*mm
WAL ) PO Y 2 P
np = >t [ npNA~ Tt (hn wo— Yn PNA) ] + (Pn cdn +Pedn +Ppedn g+ Pn-dn t)
w

Mn p= 38064.1455 *kN-m

Check if the section qualifies as a compact section.

Web slenderness requirement for compact section: 2.Dn
- P<376
tn

Es

w F Yy
Depth of the web in compression at the plastic moment - Dng,

Depth of web in compression at the plastic moment for the section in negative flexure with PNA in
the web:

hn

,_ w
Dn P (F y-tn tFon e+ F y-hn wihwt fy~bn eff T 001 - Fy-tn pfbn bf)
2:-hn ,tn w'Fy
Dn op= 857.1667 *mm
2:Dn cp E s
=95.2407 >  3.76- |— =90.5302
tny, Fy

Requirement is not satisfied - section non-compact.
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Section proportions requirement: In
0.1s—°<09

Iny

Moment of interia of the steel section about the vertical axis in the plane of the web in [mm?]:

w w
y 12 12 12

- tn bfbn bf3 hn _ tn 3 tn f bn tf3
= + +

In Iny = 1.4778°10° *mm

Moment of interia of the compression flange of the steel section about the vertical axis in the plane

of the web in [mm?]: \
B bn ¢

In yc' 5

. 4
In yc = 288562500 *mm

In

01 < —¥-01953 < 09

Iny

Web slenderness requirement for non-compact section.

fne - stress in the compression flange due to factored €<6.77- f—s
loading [MPa]: M w Te
fn ¢DC1 = fn ¢DC1 = 122.4609 *MPa
Sn por
fn cDC2 = Sn fn chC2 = 10.7494 *MPa
botr
fn cDW = fn cDW = 14.2564 *MPa
S0 potr
ni-yl 1 j -DFMI -MLLn |
fn g = ” fn ;1 =84.8408 *MPa
botr
fn c =fn cDC1 + fn cDC2 + fn ch+ fn cLL fn c= 232.3075 *MPa
Dn, - depth of the web in compression in the elastic range: Dn  =Yn g, —tnys
Dn . =1079.7535 *mm
2-Dn Eg
=119.9726 < 6.77- |— =198.6425
th fn

w C

Web slenderness requirement satisfied
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Compression flange slenderness requirement for non-compact section.

=4.5455 < 1.38- =12.2347

Compression flange slenderness requirement satisfied

Compression flange bracing requirement for non-compact section.

L, - distance between points bracing the compression flange [mm] ( assumed L},

Fyc=F, Fy, =345°MPa

= 6800-mn ):

r, - minimum radius of gyration of the compression flange of the steel section plus one-third of the

web in compression taken about the vertical axis

bn ¢ = 600 *mm tn s = 66°"mm tn,, =18°"mm Dn . =1079.7535 *‘mm
Dn
C
bnyfmpe D Dn
p = b, 3 A =bnpetnpet tny—
1,=1.1882°10° *mm’ A | =46078.5208 *mm’ r,=160.5798'mm
ES
LyS1767, |—
yc

E
L, =6800*mm < 1761, |— =6804.701 ‘mm_

yc

Compression flange slenderness requirement satisfied
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Nominal flexural resistance.

For non-compact sections, a nominal flexural resistance is computed for each flange. Nominal
flexural resistance of each flange in terms of stress Fn

Compression flange:

Ry =1 - flange stress-reduction factor (equal to 1 for homogenous sections)

For members with compression flange area equal or greater than the tension flange A,, = 5.76.

For members with compression flange area less than the tension flange A, = 4.64.

4.64 otherwise
2:Dn E
oy W A
tn J"b fn
w C
2:Dn Eg
=119.9726 < 7‘b' — =169.0075 Therefore: Rye =1
., fn c
F ne =R bc'R hc'F yc F nc = 345 *MPa
Tension flange:
Rhtjzl RthZI Fyt ::Fy Fnt::Rbt'Rht'Fyt Fnt=345'MPa

Strength limit state for flexure.

Checking composite non-compacted section for the strength limit state is to compare the sum of the

stresses in each flange due to the factored loads ( Fu ) to the factored flexural resistance of the
flange expressed in terms of stress.

Compression flange:
nZyfc; = fn, - stress in the compression flange due to factored loading [MPa]:

0= fn , =232.3075*MPa fn <0 ¢Fpe

fn =232.3075'MPa < ¢ ¢F _=345"MPa

Compression flange satisfies the srtength [ limit state for flexure
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Tension flange:

nZ¥ft = fn, - stress in the tension flange due to factored loading [MPa]:

fn SO ¢Fpy
fn tDC1 = Sn fn tDC1 =187.2004 *"MPa
top
fn tDC2 = Sn fn tDC2 =14.7691 *MPa
topr
fn tDW = Sn fn tDW =19.5876 *MPa
topr
fn fLL = o fn tLL= 116.5667 *MPa
topr
fntf=fntDCl+fntDC2+ thDW'f'fntLL fnt=338.1237'MPa
fn, =338.1237°MPa < ¢ ¢F  =345MPa
Tension flange satisfiesthe srtength | limit state for flexure
DIFFRENCE :=¢ ¢F | — fn, DIFFRENCE = 6.8763 *MPa
%DIFFRENCE = DI TRENCE 100 %DIFFRENCE = 1.9931
¢ f F nt
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THREE-SPAN, CONTINUOUS PLATE GIRDER BRIDGE

SUMMARY

1. CONSTANTS AND UNITS:

Acceleration of gravity constant g =9.8066° m*sec 2
ft :=12:in

in'=254-mm ft =0.3048°m
lbm :=0.4536-kg

b :=0.4536-kg'g Ib = 4.4483 *newton
kN :=1000-newton kPa :=1000-Pa

I =6894.8733*Pa b =6.8949 *kPa
in2 in2

2. GIVEN REQUIREMENTS:

Number of girders:

Number of spans:

Length of middle span:

Length of side span (equal length):

Girder spacing: -
Roadway width:

Concrete deck thickness (structural):

Concrete deck overhang:

Sidewalk:

Haunch thickness:

D.105

MPa :=1000000-Pa

Nsp =3

L, =100.0-m

L =650m Ly =65m
GS:=3.7m

RW =12.6:m

T.=023m

OH_ =1.15m

NONE

th =3.n th=00762‘m



3. INTERIOR GIRDER STEEL VOLUME:

Web volume (total):
web hight: h ,, :=2500-mm web thickness: ty, =18:mm

WEB =h -ty (2L +Lp) WEB =10.35'm’

Flanges volume:

Top and bottom flanges between point A and A (max positive flexure - span"2):
FL ax = (53-mm-450-mm + 73-mm-450-mm)-33000-mm
o3
FL ax =1.8711°m

Top and bottom flanges between points A and B (positive flexure - span 2):
FL 4 '=(45-mm-450-mm + 56-mm-450-mm)-2-15000-mm
FL 5 = 1.3635"m’

Top and bottom flanges between points E and N (positive flexure - span 1 and 3):

FL spanl = (25-mm-350-mm + 35-mm-500-mm)-2-28500-mm

o3
FL span] = 14963 °m

Top and bottom flanges (positive flexure between point E and ext. support - span 1 and 3):

FLg = (20-mm-300-mm + 25-mm-450-mm)-2-13500-mm
FL g = 0.4658 m’

Top and bottom flanges between points N and K (negative flexure in span 1 and 3):
FL 31 = (55-mm-600-mm + 75-mm-600-mm)-2-16800-mm
FL y =2.6208m’

Top and bottom flanges between points K and L (negative flexure in span 1, 2 and 3):
FL ¢ = (90-mm-600-mm + 90-mm-600-mm)-2-15200-mm
FLg =3.2832°'m’

Top and bottom flanges between points L and B (negative fiexure in span 2):
FL{ = (38-mm-450-mm + 66-mm-600-mm)-2-9500-mm
FL| =10773'm’

D.106



Top and bottom flanges (total volume):

FL :=FLmax+ FLA+FL
FL = 12.1779 *m’

spanl +FLg+FLy+FLg+FL

Top and bottom flanges weight :

¥ =7850-X8

m

FLW :=FL-y FLW =95596.515kg

Web weight :

WEBW = WEB-y WEBW =81247.5°kg

Total steel weight of one interior girder:

STEEL :=WEBW + FLW STEEL = 176844.015kg
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Appendix E

Double Composite Plate Girder Bridge Design
Calculations



COMPOSITE STEEL GIRDER BRIDGE - USF STUDY

MATERIAL PROPERTIES _

Steel Modulus of Elasticity = 200000 MPa

Concrete Modulus of Elasticity = 30 MPa

Density of Steel = . . 77000 N/m3

Density of Concrete = 23500 N/m3

Short Term Modular Ratio = 8

Long Term Modular Ratio = 24

Top Flange Steel Yield Stress = 345 MPa

Web Steel Yield Stress = 345 MPa

Bottom Web Steel Yield Stress = 345 MPa

Reinforcement Yield Stress = 420 MPa

Concrete Strength = 30 MPa

ADDITIONAL LOADING REQUIREMENTS Additional Loads per Girder

Stay in Place Forms = 1000 N/m2 Stay in Place Forms = 6166 N/m
Future Wearing Surface = 1000 N/m2 Future Wearing Surface = 6166 N/m

Traffic Barries (each) = , 5700 N/m Traffic Barries = 5700 N/m

Design Requirements

b= 0.7
GIRDER INFORMATION
Number of Lanes = 3
- Number of Girders = 2
Spacing Between Girders = 3657.6 mm
Bridge Roadway Width = 12331.2 mm
Top Slab Thickness = 228.6 mm
Bottom Slab Thickness = 177.8 mm
Number of Spans = 3
Span Length 1 = 65'm L1= 41.577
Span Length 2 = 100 m ‘ =
"Span Length3 = 65 m 3= -
Width of OverHang = 1219.2 mm
E.l
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Appendix F

Double Composite Box Girder Bridge Design
Calculations



COMPOSITE STEEL GIRDER BRIDGE - USF STUDY

MATERIAL PROPERTIES

Steel Modulus of Elasticity = 200000 MPa

Concrete Modulus of Elasticity = 30 MPa

Density of Steel = . . 77000 N/m3

Density of Concrete = 23600 N/m3

Short Term Modular Ratio = 8

Long Term Modular Ratio = 24

Top Flange Steel Yield Stress = 345 MPa

Web Steel Yield Stress = 345 MPa

Bottom Web Steel Yield Stress = 345 MPa

Reinforcement Yield Stress = 420 MPa

Concrete Strength = 30 MPa

ADDITIONAL LOADING REQUIREMENTS Additional Loads per Girder

Stay in Place Forms = 1000 N/m2 Stay in Place Forms = 6166 N/m
Future Wearing Surface = 1000 N/m2 Future Wearing Surface = 6166 N/m

Traffic Barries (each) = 5700 N/m Traffic Barries = 5700 N/m

Design Requirements

b= 0.7
GIRDER INFORMATION
Number of Lanes = 3
Number of Girders = 2
Spacing Between Girders = 3657.6 mm
Bridge Roadway Width = 12331.2 mm
Top Slab Thickness = 228.6 mm
Bottom Slab Thickness = 177.8 mm
Number of Spans = 3 .
Span Length 1 = 65'm L1= 41.577
Span Length 2 = 100 m =
Span Length 3 = 65 m L3=
Width of OverHang = 1219.2 mm
F.1
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