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CONTENTS AND INDEX sections.

5 - No change

5 - Section 1.1.9 - Revised

7 - Section 1.1.9 - Continuation of revision on page 6
Section 1.1.10 - No change

8 - Rewritten - No change
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59
103,

Figure 1.1.9 - Revised | PREL. | FENAL
Added ~ New information _Lﬂﬂigﬁ?f;vﬂﬁﬁcAﬁ
Section 1.2. L - Revised FACILihE‘: Enzgifér'quﬁao;\nsiozv
No change
Footnote added OEC 171973

- No change .
Footnote added RS AR
No change [FiLE [ DESIGN
No change

Section 1.2.11(C)(1.) - Revised

. Section 1.2.11(C)(1,) -~ Revislon continued

Rewritten due to previous revision -

Includes top three lines from old page 17

No change except deletion of top three lines which

are now on page 16A. Back side of page 17 is blank.
Section 1.3.1 -~ Footnote added

Item on "Prestressed Concrete Spread Box Beams" added
No change

Section 1.3.56. ~ Footnote added '
Revised 1.4.8(F) - Expansion and Contraction Jyints dokickk
No change

No change - Back of page 59 is blank

104, 10LA -~ Section 1.6.24(A) New, Subparagraphs

(B}, (Cc), (D), {E) and (F) same as old paragraphs

(), (B}, (C), (D) and (E).

Back of page 104A is blank
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Page 109B ~ Subltem (J) deleted

Page 109C - No change

Page 111 - No change

Page 112 - Rewritten - Last two paragraphs added from old page 113

Page 113 - Hewritten to inelude new information added after last

' formula

Pages 114 To 162 inclusive - All section numbers revised including
any referenced sections. (NOTE: Pages 1354 (blank on
back), 157 and 158 are not included.

Page 118 - Section 1.7.13 - Revised

Page 120 ~ Section 1.7.19 - Last paragraph revised

Page 135 - Section 1.7.69 - Added reference to Hybrid Girders

Page 139 - Section 1.7.73 - Added reference to Hybrid Girders

Pages 159 and 160 ~ Section 1.7.110 - Revised

Page 160 -~ Section 1.7.111 - Revised

Page 160A - Continuation of Section 1.7.111. Back of page 160A is
blank

Page 160B - Footnote added

Page 161 - Section 1.7.115 ~ First formula corrected

Page 162 - No change. Back of page 162 is blank

Pages 162-1 to 102-23 - A1l section numbers to and including

PROC - 5 (3/66)

N

Section 1.7.138, revised including any referenced

- gections - No revisions in these pages
Pages 162-23

to 162-26 - Sections 1.7.139 to 1.7.148 (Pertaining to
Orthotropic - Deck - Bridges) New
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DESIGN & (DETAILING) INDEX

ABUTMENTS BEARING
Approach Slabs 24, 58, {27) Bolts 113
Bridge Seats {9) Bronze or Copper Alloy 115,129
Construction Case 55 Masonry 115, 129
Contraction Joint 58, {32) Pile 42
Design 55 Soils 41
Detailing (90} Steel 105B, 110, 111
Drainage 56, (B8A} Stiffeners 133, 139, (109)
Fillets, Use (90}
General 55 BEARINGS
Impact 17 Anchor Bolts (104)
Joints 56, {32} Boisters {104)
Keys 56 Bronze or Copper Alloy 1158, 129
Live t_oad Surcharge 24 Elastomeric 196
Longitudinal Force 18, 55 Expansion 129
Pedestals, Construction (33) Fixed 128
Pedestals, Item {18) Hangers 127
Pedestals, Location {89} Height Correction {104)
Reinforcement, Temp. 55, {88A) Masonry 115, 129
Reinf., Top of High (90) Pedestals & Shoes 130, {104)
Stub, Use of (89) Pins 110, 127, 130
Underdrains 56, (88A} Rockers 110
Wind on 18, 65 Rollers 129
Wing Walls 56 Sole Plates 129, {104)
AESTHETICS BOLTS
Abutments {7,14,15) Design 112
General {3-5) Edge Distance 126, {111}
Miscellaneous (9} Hole Dia. 120, {112}
Piers {6, 10-13} . Minimum 122
Proportions {10-15) Net Section 120
Walls {(7) Pins 127
Sealing Pitch 126, (110}
ANCHOR BOLTS Shear 112
Edge Distance {104) Size 125, {110)
Embedment 129 ’ Spacing 126, (110, 111)
Uplift on 129 Stitch 126
Stress, Allow, 112
ARCHES Type 112
Computation of | 64
Drainage 79, { 88A) BOX GIRDER
Expansion Jts. 79 Composite 154
Notes (71) Concrete 80
Pipe 163 Prestress (99)
Reinforcement 79
Ribbed 147 _ CAMBER
Spandrel Walls 79 Continuous Girder {113-116}
Structurai Plate 171 Prestress (99)
Waterproofing 79 Required on Plans 118, {106}

References to items in the Standard Details for Highway Bridges Manual are shown in parentheses { .
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CLEARANCE
Culvert, Distance to 4
Detailing Requirements (24)
Mavigational &
Stream Bridges {26)
Vehicutar 5

COFFERDAMS
Detailing (85)
Fishing Streams (86)

COLUMNS
Design 73
Reinforcerent, Long. (98)
Tie Spacing 76, (98)

COMPOSITE BOX GIRDERS
Diaphragms 158
Flange Dasign 155, 157
General 154
Web Design 155

COMPOSITE GIRDERS
Deflection 117, 154
Depth Ratio 118
Diaphragms 121
Effective Flange Width 150
Fascia Alignment (27)
General 148
Shear Connectors 149, (104)
Shear, Horizontal 151
Shear, Vertical 154
Stresses 160

CONCRETE DESIGN
Anchorage, Steel, Min. 62, 68, {93)
Assumptions, Design 63
Coefficients 60
Effective Span Length 31, 66
Expansion 65
Notations 60
Span Lengths 65
Strength 60
Stresses, Concrete 61
Stresses, Reinf. 61
T Beams 65

CONNECTIONS
Eccentric 119,
Field Splices 119, {112)
Gusset Plates 143
Splices 119, (112)
Strength 120

CONTINUQUS SPANS
Camber, Sample 113-118
Depth Ratio 116
Impact 18
Shear Connectors 150, (104)
Splices 120, (112

CULVERTS
Apron 52
Design 10
Edge Beam 32
Horizontal Clearance 4
Impact 18
Loading 11
Moment Reduction 24
Notes (71) i
Reinforcement 32
Slab Distribution Reinf. 33
Wheel Load Dist. 30, 35

CURBS
Approach (29)
Granite (27)
Height
Loading 15

CURVED GIRDERS
Camber 118, 162, {106)
Cross Frame 117, 121
General 161
Lateral Bracing 121
Layout {117-118)
Radius, Min. 161

DEFLECTIONS
Computations For 117
Required on Plans 118, (106)

DIAPHRAGMS
Prestressed Girders (99)
Plate Girders 121
Rolled Beams 121
Srnallest Angle 121, 126

DRAINAGE
Bacicfill (88A)
Catch Basin (29}
Design Req. 7-8, (28}
Detailing {28}
Downspouts (8, 30)

DRAWINGS
Layout (24)
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EARTH
Fluid Pressure 24
Load Dist. Thru 35
Weight 10

ELASTOMERIC BEARINGS
Design 196
General 196

ELEVATIONS
Bottom of Slab {108)
Footing (24, 85)
Water, on Plans {25, 26)

ESTIMATES
Breakdown (17)
Companion Bridges (17)
Comparison (17)
Rounding Example {20A-22)
Steel Types (17)
Utitities {17)
Watering Sod {20}

EXISTING BRIDGES
Impact 193
Overload Permit 193
Stress, Allow. 194

FASCIA
Alignment (27)
Stringer Strength 29, {23}

FLOOR SYSTEMS
Connections 131
Cross Frames 130
Floor Beams 30, 130
Joints 131

FOOTINGS
Anchorage 52
Critical Sections 53
Depth 52
Dowels 63, (93)
Elevations, on Plans (24, 85)
Joints, on Piles (34)
Load Transfer to 54
Pressure Dist, 52
Reinforcement 54, (93, 94)
Reinf. on Piles 54
Rock, on 52, (85)
Spread 52
Stepped {89)
Stresses, internal 53
Thickness, Min. 53

HAUNCH

Reinforcement of (81)
Stringer Bridge (81, 107)
Stud Length 105, {104)

HYBRID GIRDERS

Bearing Stiff. 161
General 159, {105)
Stresses, Allow. 160

HYDRAULIC DATA

Requirements on Plans (25)

IMPACT

IRON

Formuia 17

Cast 115
Ductile 114
Wrought 113

JOINTS

Bridge {35)

Construction {31, 67}
Contraction 119, {31)
Expansion 119, {32, 34)
Finger {35)

Footing on Piles (34)
Location & Use (32)
Pedestal, Constr. (33)
Pressure Relief 56
Reinforcement of 56
Retaining Wall 57, {31-34)
Spacing, Exp. & Contr. 57, {32-34)
Superstructure (35)

Wing Wall 56, (31-34)

KEYS

Cdns-truction Jt. (67)
Wing Walls 56

LANES

Future {23)
Loading 11-15

LATERAL BRACING

“L" over “R" Ratio 117
Plate Girders 121

Rolled Beams 121
Thickness, Min. {103}

LAYOUT

Curved Bridges {117, 118)
Drawings, Req. (24}



LIGHTING MEDIAN

Bridge (40) Barrier (24
Navigation (23, 40) Closed (23)
Raised (24)
LOAD FACTOR DESIGN Widths {23}
Assumptions 162-3
Box Girders 162-12 NOTES
Columns 82-9 Culvert (71, 72)
Cotmmentary 82-19 Foundation {43-48)
Daflections 82-14, 82-26 General (49}
Fatigue 82-13, 162-22 Pretensioned Prestress (69, 70
Flexure 82-b Proposal (43-48)
General 82-1 Stone Masonry (73-76)
Girders 162-4, 1629 Substructure (52-67)
Girders, Hybrid 162-16 Superstructure (51-58}
L pads, Design 162-3 )
Material Properties 82-3 " PEDESTALS
Notation 82-1, 162-1 Abutment (9, 33, 89)
Orthotropic 162-23 Height adj. (104)
Shear 82-7 Height, Min. (9)
Shear Connectors 162-15 Height, Stub {B9)
Splices 162-19 Item, Concrete {18)
Jaints, Constr. {33)
L. OADS
Buoyancy 23 PIERS
Centrifugal 24 Caps. Sioped (9)
Culverts, on 10 Footing Depth 52
Pead Loads 9 General 58
Design on Plans (77} impact 17
Dist. to Stringers 28 Nose 57, (BBA)
Earth Pressure 24 Reinf. Temp. (8BA)
Earthquake 24 Reinf. top of Selid {90)
+1 S Table 40 Stream 3, 52, 57
lce 23 Tubular Steel 58
Impact 17
Load Comb. 26 PILES
i_ongit. Force 13 Batter 48
Qverload 11 Bearing Value 42-47
Qverturning 22 Buoyancy 49
Railing 16 Clearance 48, (87)
Required on Plans (Y& C.1.P. 50
Sidewalk 156 Design Loads 48
Stream 23 Edge Dist., Min. 48, (88)
Thermal 22 Embedment, Footing 48, {88}
Truck & Lane 11-14, 40 Friction 44
Uplift 23 General 47
Weights, Unit 10 Group Loading 47
Wind 18 Joint in Footing (34)
t ateral Resistance 48
MASOMNRY L_ength, Shortest a7
Bearing Stresses 115 Limitations of Use 47
Direct Bearing on 129 i Loading, Allow. 46
Notes for Stone (73) Penetration, Min. 47
Stone {36, 37) Point Bearing 44



PILES {continued)

Precast Concrete 49
Reinforcement C.1.P. 50
Spacing, Max. (88)
Spacing, Min. 48, (87}
Splicing 51, (88}

Steei 51, (88)

Subsurface Invest. 45, {25)
Timber 43

Uplift 46

Design 127
Holes For 130
Location 127

PLATE GIRDERS

Angle, Smallest 118, 121, {103)
Bearing Stiffeners 139, {109)
Boits 125, {111, 112)

Box, Composite 154

Bracing, Max. Length 116
Camber 118, 140, (106)
Composite Design 148

Copes {103}

Cross Frames 121

Curved 161

Deflection 117

Depth Ratio 116

Diaphragms 121

Effective Span 116

Fascia Alignment {27)

Fascia Stringer Strength 29, (23)
Flange Plate Thick. 135, {109)
Flange Plate Width 135, {109}
Flange Transition (109}

Flanges 135

General 135

Hybrid Girders 135
intermediate Stiff. 137, (8, 108)
{ ateral Bracing 121

Longit. Stiff. 138, {108)
Masonry Brgs. 129, {104)

Sole Plates 129, (104}

Shear Connectors 148, {104}
Splices 119

Structural Steel Comb. 159, (105}
Tension Zone Designation {105)
Web Plate Thick. 136, 136A

PRESTRESS CONCRETE

Assumptions 85

Box Girders 103, {100)
Camber {20}

Composite Str. 96, (101}
Concrete Stresses 87

Continuity 94
Continuity, Live Load {101)
Design (99}

Detailing Box Width {100)
Diaphragms {99, 100}
End Block 97

Loss of 88

Misceilaneous (101}
Notations 83

Reinf. Cover & Spa. 98
Reinf. Non Press, 93
Shear 95

Slaby ftem {107}

Steel, Max. & Min. 93
Stresses, Allow. 86

RAILINGS
Detailing (27)
General Req. 6
HMeight 6, 7
Loading 8A, 16
Pedestrian 8, 16, 16A

REINFORCEMENT
Anchorage 62, 68, {93)
Bent up Bars 72
Bond 70
Bundled Bars 69
Coiumn Design 73
Column, Nominal (98}
Compressive 70
Cover, Min. 67, {97)
Cover with Piles 54
Designation (96}
Embedment 62, 68, {93)
Embedment, Dowels 63, (93}
Extension 68
Footing 54, (94)

Hodoks 68, (93, 93A)
Layers 66

Length, Max. (95)

Marking on Plans (96, 37)
Pier, Solid 58, (88A, 30)
Pites, C.1.P. 50

Shear 71

Slabs, Bridge 9, 31, (79, 80)
Spacing, Max. 67, (94)
Spacing, Min. 66, {94}
Splicing 67, (95}

Stirrup Anchorage 72
Stirrup Spacing, Max. 72
Stressed, Max. Spacing 67
Stress, Aliow. B1
Temperature, Gen. 63, {88A)



REINFORCEMENT {continued)
Top Solid Piers & Abuts. {90}
Unreinf. Ped. & Piers 75
Web 71
Welded 68

RETAINING WALLS
Aesthetics (7)
Battered {91}
Buttresses 57
Cantilevered (89)
Counterforts 57
Curved (91)
Drainage 57, (8BA)
General 56
Joints 57, (31-34)
Reinf. Temp. 57, {BBA}
Surcharge 24
Waterstops {34)

RIGID FRAMES
Computation of 1 63
Drainage {88A)
Notes (71)

ROCK
Designation (85}
Foaotings on {86)

ROLLED BEAMS
Bearing Stiff. 133, (109)
Camber 118, 140, {108}
Composite Design 148
Copes (103)
Cover Plates 133
Curved 161
Deflection 117
Depth Ratio 116
Diaphragms 121
Effective Span 118
Fascia Alignment (27)
General Req. 133
L aterai Bracing 121
Shear Connectors 149, 151, (104}
Sole Plates 129, (104)
Splices 119, (112)

SHEAR CONNECTORS
Design 149, 151
Length {104}

SHEETING
Designed (86}
Detailing (85)
Temporary (86)

SIDEWALK
Loading 15
Support (27)
Width, Min. {27}

SLABS
Approach 24, 56, (27}
Deck (79)
Design, Concrete 30
Design Table (B0)
Effective Span 31, (79)
Forming System (82, 83)
Joints in (35}
Pouring Sequence @, 118
Prestressed Beams (101}
Reinforcement 30, (78)
Shear Connectors {104}
Weight, Future W.S. 9, 77

SLOPE PROTECTION
Detailing {86)
Highway Separation (86)
Railroad Bridge (87)
Stream Bridge {87)

SOILS
Angles of Repose 42
Bearing Power 41
Rock Lines {85)
Subsurface Profiie {25}

SPECIFICATIONS
Materials, Special (1)
Proprietary (2)
Reference to (2)
Special, Preparation (2)

SPLICES & CONNECTIONS
Design, Field 118, (1 12}
Details 119-A
Fieid {112}

Flange @ Dim. Change (109}
Load Factor Design 162-19
Reinforcement 67

Strength of 120

STANDARD SHEETS
Reference to (3)

STEEL-STRUCTURAL
Angte Size Min. 118, 122, (103}
Bolt Size Min. 125
Cast 114
Combinations 159, (105}
Copes {103}



STEEL-STRUCTURAL {(continued)
Exp. & Contr. 119
Fatigue Stresses 108
Pins & Rockers 110, 127, 128, 130
Stresses Allow. 105
Thickness, Min. 118, (103}
Thick. & Width Ratio 119, {103)
Unsupported Length 116
Weld Metal Stresses 107

STIFFENERS
Bearing 133, 139, (109)
intermediate 137, (8, 108}
Longitudinal 138, {108}

STRINGERS
Fascia, Alignment (27)
Fascia, Strength 29, (33)
Load Dist. to 27

SUBSTRUCTURES
General {85-91)
Notes (43-48, 59-67)
Wind on 18

SUBSURFACE PROFILE
Drawings {25)
Rock Lines (85}

SUPERELEVATION
Maximum 8

SUPERSTRUCTURES
Curved 161, {117, 118)
Notes {61-68)

Slab Reinf. 30, (79, 80}
Windon 18

TIMBER STRUCTURES
Bents 188
Columns 182
Formulas 180
Stresses, Allow. 174
Wheel Load Dist. 36

TRUSSES

Camber 141
Compression Memb, 144
Depth Ratio 116
General 140

“L" over “R"” Ratio 116
Pins 110, 127, 128, 130
Splices 119

UNDERDRAIN
Abutments 56, {88A)
Wing Walls 56, (88A)

UTILITIES
Requirements (38-40)

WASH
Berm (86)

WATER ELEVATIONS
Req. on Plans {25, 28)

WELDING
Bearings (112)
Butt Welds 124
Butt Weid Splices 109
Fatigue Stresses 108
Fiilet Size 123, {112A)
General 122
Intermediate Stiff. (108)
Intermittent 123
Lap Joints 124
Notes (55-58)
Size, Min. & Max. 123, (112A)
Splices 119, 119A
Stresses, Allow. 118

WHEEL LOAD DISTRIBUTICN
Concrete Slabs 30
Earth Fills 36
Steel Grid Floors 38
Stringers 27
Timber Flooring 36
Wood-Concrete Memb. 37

WIND
Substructure 20
Superstructure 19

WING WALLS
Aesthetics (7)
Battered {91}
Cantilevered (89)
Curved {91}
Drainage 57, (88A)
Fill Slope 56
Joints 57, (31-34)
Keys Between Abut. 56
Reinf. Temp. 57, {88BA)
Surcharge 24
Waterstops (34)
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THE WIDTH OF THE SIDEWALK SHALL BE THE CLEAR WIDTHsMEASURED AT
RIGHT ANGLES TO THE LONGITUNINAL CENTER LINE NF THE BRIDGE,FROM THE
EXTREME INSIDE PORTION OF THE HANDRATL TO THE gaTTOM OBF THE CURR OR
GUARD=TIMRER,EXCEPT THAT IF THERE IS5 A TRUSS,GIRDER»OR PARAPET WALL
ADJACENT TO THE ROADWAY CURA»THE WIDTH SHALL RE MEASURED TO ITS EXTREME
WALK SIDE PNRTION,

1e1e7=CLEARANRES
A, NAVIGATTONAL

PERMITS FOR THE CONSTRUCTINN OF CRNSSINGS NYER NAYIGABLE STREAMS,
EXCEPT THOSE STREAMS THAT HAVE RFEN PLACED IN THE "ADVANCFE APPROVAL"™
CATEGORY BY THE COMMANDANT, U,S. CUOAST GAURD, MiIST BE OBTAINED FROM THE
UaSe COAST GAURD AND NTHER APPROPRIATE AGENCIES, REQUESTS rFOR SUCH PER=
MITS FROM THE U,S, COAST GUARD SHOULN BE ADDRESSED TO THE APPROPRIATE
DISTRICT COMMANDER,

Be VEHICULAR #whws

FOR REQUIRED CLEARANCES» REFER TO THE PALICY ON GBOMETRICS oF
STRUCTURES NATED JuULY 1968 WITH CURRENT ADDENDUMS AND MODIFICATIONS

C. OTHER

THE CHANNEL OPENINGS AND CLEARANCE SHALL BE CLEARED WITH OTHER
AGENCICS HAVING JURISDICTION QOVFR SUCH MATTERS, CHANNEL OPENINGS AND
CLEARANCES TN GENERAL SHALL CONFNRM IN WIDTHsHETGHT»AND LOCATION TO LYRN
FEDERALsSTATE AND LOBAL REQUIREMENTS,

1s148=CURBS AND SINEWALKS #awwn

THE FACE OF THE CURR IS NEFINED AS THE VERTICAL OR SLOPING SURFACE ON
THE ROADWAY SIDE OF THE CIIRB, HORIZONTAL MEASUREMENTS OF ROADWAY AND
CURB WIDTH ARE GIVEN FROM THE BNTTOM OF THE FACE»OR»IN THE CASE OF
STEPPED BACKk CURBS,FROM THE BOTTNM OF THE LOWER FACE FOR ROADWAY HIDTH,
WIDTH OF BRIISH CURBS», IF USED, SHALL BE 6 INCHES

WHERE CURR AND GUTTER SECTIONS ARF USED ON THE ROUADwWAY APPROACHSs
AT EITHER Or ROTH ENDS NF THE BRINGE, THE CURR MEIgGHT ON THE BRIDGE
SHALL MATCH THE CURB HFIGHT ON THE RMADWAY APPRNACH. WHERE NO CURBS ARE
USED NN THE RDADWAY APPROACHESs THE HFIGHT OF THE BRIDGE CURB AROVE THF
ROADWAY SHAIL L BE 6 INCHFS,

CURAS SHALL NOT BE USED NN STRUCTURES OVER FFATURES OTHER THAN
HIGHWAYS DR RAILRNADS, UNLFSS THE APPROACH HIGHWAY IS CURBED» THE

STRUCTURE Is A HIGH=LFVFL BRRINGE» THE SHOULNERS ARE LESS THAN FIVE FEET
TN WINTHs OR THEY ARF REQUIRED FNR DRAINAGE.
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1 .1 . 9"'RAIL INGS b

Railing shall be provided at the edge of structures for the
protection of trafflc and for the protection of pedestrians if
pedestrian walkways are provided.

Where pedestrian walkways are provided ad jacent to roadways,
a traffic railing or barrier may be provided hetween the two with
a pedestrlian ralling outside.

A. TRAFFIC BAILING

While the primary purpose of traffic railing is to contaln
the average vehlcle using the gtructure, consideration should
also be given to protection of the occupants of a vehicle in
collision with the railingyto protection of other vehlcles near
the collision, to vehlicles oT pedestrians on roadways belng over-
crosased, and‘%o appearance and freedom of view from passing
vehicles.

Materials for traffic railing shall be concrete, metal,
tipber or a combination, metal materials with less than 10
percent tested elongation shall not be used.

Tpaffic railings should provide a smooth, continuous face
of rail on the traffic side with the postg set back from the
face of rall. Structural continuity in the rall members, in-
cluding anchorage of ends, 13 essential. The ralling gsysten
shall be able to reslst the applied loads at all locations,

Protrusions or depressions at rail joints shall be accep-
table provided thelr thickness or depth is no greater than the
wall thickness of the rall member or 3/8" whichever 1s less.

The helght of traffic ralling shall be no 1ess than 2°'=3"
meagured from the top of the roadway or surb %o the top of the

traffic faces intended to allow vehlcles to ride up them under
1ow angle contacts shall be at jeast 2'~-8" in heights. This
sloping face parapet height may be reduced to 2'-3" provided

a traffic railing is mounted on top of the parapet at a height
not exceeding 3'-3". The lower element of a traffic or com=
bination railing should consist of a parapet at least 18 inches
high or a rall centered between 15 and 20 inches above the road-
way surface or surface of curb or sidewalk extendlng more than
6 inches in front of the traffic face of the railing. The maxi-
mum clear vertical opening below the lower rall or between ‘
gsucceeding rails shall not exceed 15 inches. (See Flgure 1.1.9)
Railings other than those shown in Figure 1.1,9 are permissible
provided the total applied loading is not less than 10 klps.
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~ Careful attention should be given to the treatment of railing
at the bridge ends, exposed rail ends, posts and sharp changes
In the geometry of the ralling should be avoided.

A smooth transition by means of a continuation of the bridge
barrier, guide rail anchored to the bridge ends, or other effec-
tive means shall be provided to prbtect traffic from direct
collision with bridge raill ends.

B. PEDESTRIAN RAILING #*#*##

Rallling oomponents shall be proportioned commensurate with
the type and volume of anticipated pedestrian traffic, taking
dccount of appearance, safety and freedom of view from passing
vehicles.

Materials for pedestrian railing may be concrete, metal,
timber or a combination.

The minimum helght of pedestrian ralling shall be 3'-0"
(a preferred height is 3'-6") measured from the top of the
walkway to the top of the upper rall member.

Rail helghts shown shall be measured from top of curb if
the curb width exceeds gix inches, but from the top of roadway
if the curb width is six inches or less. (See Figure 1.1.9).

1.1.10~-ROADWAY DRAINAGE ##x&#

The transverse drainage of the roadway should be accom-
plished by providing a suiltable crown in the roadway surface
and longltudinal dralnage should be accomplished by camber or
gradiant, water flowing downgrade in a gutter sestion should
be intercepted and not permitted to run onto the bridge. Short,
continuous span bridges, particularly over-passes, may be built
without inlets and the water from the bridge roadway carried
downslope by open or closed chutes near the end of the bridge
structure, longitudinal drainage on long bridges is accomplished
by means of scuppers or inlets which should be of sufficient
slze and number to drain the guttaers adequatelx,downspouts.
where required, should be of rigid corrosion-resistant material
not less than 4 inches in least dimension and should be provided
with cleanouts. The details of deck drains should be such as to
prevent the dlscharge of drainage water against any portion of
the structure and to prevent erosion at the outlet of the down-
spout.



"AGE 8

Deck drainage shall be desgigned in accordance with Bureau of
Public Roads circular memorandum No. 2 on surface drainage, the
deslign being based on the rainfall intensity of the most severe
storm of five minute duratlon likely to occur 1in a ten year period.

Sufficient scuppers shall be provided that the puddle willl not
encroach more than 4 feet into the travelled way.

1.1.11-SUPER ELEVATION %*##¥%

The super elevation of the floor surface of a bridge on a
horizontal curve shall be provided in accordance with the
A.A.53.H.0. policy on geometric deslgn of urban or rural hlghways
using = maximum of .08 feet per foot of roadway width.

1.1.12-FLOOR SURFACES

A1l bridge floors shall have skld-resistant charactercistics.
1.1.13-BLAST PROTECTION (DELETED)
1.1.14=UTILITIES

Where required, provisions ghall be made for trolley wire
supports and poles, pillars for lights, electric conduits, tele-
phone conduits, water pipes, gas pilpes and sanitary sewers.

1.1.15-ROADWAY WIDTHS, CURBS AND CLEARANCES FOR TUNNELS (DELETED)

1.1.16 + 1.1.17-ROADWAY WIDTH, CURBES AND CLEARANCES FOR DEPRESSED
' ROADWAYS AND UNDERPASSES
For required clearances refer to policy on Geometrics of
Stiuctures dated July 1968 with Current Addendums and Modiflcations.



FOVS BAMMOTION FHL No STLON 7379

(‘FOMANIES FONFNTSTN

FHL St TIMNSYTN ST LHDITH TIVY FHL

1O/HM WOAS FOVAINE FHL) 8877 MO SIHIN/

XI8 St HLOIM GH70 FHL Al AvMavoy 40
QL FHL WONS L1NG ‘SIHINI XIS SAITTIXT
HLOIM GH2D THL S G2 SO 0L THL
WOMS QIYASYIN 39 TIVHS SLHOIFH TIVY

&TT FMHMTT A

NOLLYHNOLINCS ANY NI 757

FEAVIV 6 T'T FT0/1MV M (771877 STVINTLYW
A0 NOULYNI/ENOD HO TVIHFLYN ANY ATNO
FNLVHLENRTT Y SETGNIN TV SO SIS VHS FHL

SONIGYOT 1507 FHY DMITIVE 10 LHBLY MO SHNIGYOT
SONIaWDT T TV ONITIVY SO LA77 MO SONIQY 0T

DNITIVY NYTH LSO ONTTIVY  NOTLGNIZ oD
~ | S ¥
4 " . s by & | 1% ® 7
,&%\E S v IS g > (8 AL ® | i&
o=z oamum. O 15 W [3* y N m® 3*
_ /g B R N Le sz Pgl® [
M f iy Ry 22 ) > 21 &\ @ _ L)
5 o o | LR Ly, Ve e | @ |
g || R =+ B\ PR 7 REN T % ¥ &\ [
g Al R\ Rele? YR s 91" Re e
7 * i WY AL |7 ¥ A L O~ .ﬁ.q A= i P7R —L s
M A L A L M M M
DNITIV JI77VIL
i 7y o e
R LA 1 3 _y
, s x ol® Slo
[ = Yo ¥ ®o® 2% o\ bl O
X L G Pl | Byl 6% B%
S Y L,‘MV\!TJ 24 @ @A\% % ®" =% - WW..I -
-t IS BLje 38 Dif ) Lol e%| o ¢
et A Flggiler® ¥ e 07 glpgle” ©x bl
\ 79— ©¥ 0% ® ®% ® % |
%m; M




PAGE 8B

Notes for Fig. l.1l.

1.

4.

Traffic rallings and the traffic railing portions of combina-
tion rallings shall have a minimum height of 2'~3". waen the
height of the top of the top traffic rall exceeds 2'-9", the
total transverse load 1is distributed to the traffic ralls
ghall be equal CP except that the maximum load applied to a
rail need not exceed P.

The lower rall should be centered between 15 and 20 inches
above the reference surface. The maximum clear vertical
opening below the lower rail or between succeeding ralls
ghall not exceed 15 inches.

The traffic faces of all traffic rails must be withln one
tneh of a vertical plane through the traffic face of the rall
olosest the traffic. Rails a greater distance behind this
plane or centered lower than 15 inches above the reference
surface shall not be considered traffic ralls for the purpose
of distributing the transverse loading P or CP. Ralls not
considered traffic ralls may be considered in determing
mexrimum vertical clear opening (see Note 2) provided they are
designed for a transverse loading equal to that applied to an
adjacent traffic rall or P/2, whichever 1s the lesser.

A load equal 1/2 the transverse load on a post shall simul-
taneously be applied longitudinally, dlvided among not more
than four posts in a continuous rail length. BEach traffle
post shall also be deslgned to resist an independently applied
inward load equal to 1/4 the outward transverse load.

The attachment of each rall required in a traffic ralling
shall be designed to resist a vertical load equal o 1/4% the
transverse design load of the rail. The vertical load is to
be applied alternately upward and dowvnward. The attachment
ghall also be designed to resist an inward transverse load
equal to 1/4 the transverse rall design load.

n_- 133
1+ 1 ; but shall not

be 1ess than 1

Nomenclature:
P = 10,000 1bs. C

W

L

post spacing (ft.)
h = height of top of top
50 1bs. per linear foot traffic rail (in.)

W

§-B
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H=Depth in feet of f111 over culvert.
W=Effective weight, per cu. ft., of fill material

(May be taken as 70% or 83% in accordance with above providion)
e=2.7182818 = Base of natural logarithms, abstract number

B. SHEAR IN TOP SLABS

The maximum shear in the top slabs of culvert under embankments
shall be assumed to occur at a distance, "D", out from the wall or
abutment; "D" being equal to the depth from the compression face
of the slab to the centroid of the tension reinforcement.

C. SHEAR IN BOTTOM SLABS

The shear in bottom slabs shall be computed as specified for
footings in Article 1.4.6.

1.2.3=-LIVE LOAD

The 1ive load shall consist of the weight of the applied moving
load of vehlcles, cars and pedestrians.

1.2.4~OVERLOAD PROVISION #*

The following provision for overload shall apply to all lozd-
ings except the H 20 and HS 20 loadings:

Provision for infrequent heavy loads shall be made by applying
in any single lane an H or HS truck as specifled, lncreased 100
per cent, and without concurrent loading of any other lanes, com-
blned dead, live and impact stresses resulting from such loading
shall not be greater than 150 per cent of the allowable stresses
prescribed herein. The overlead shall apply to all parts of the
structure affected, except the deck.

* For orthotropic-deck bridges, the deck consists of the deck
plate and stiffening ribs.

1.2.5-HIGHWAY LOADINGS
A. GENERAT

The highway live loadings on the rosdways of bridges or
incidental structures shall consist of standard trucks or of
lane 1oads which are equivalent to truck trains. Two systems
of loading are provided. The H loadings and the HS loadings.
The corresponding HS loadings being heavier than the H loadings.
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8. H LOADINGS

THE H LNANINGS ARE ILLUSTRATED IN FIGURES 1,2.54 AND 1,2.5Bs THEY
CONSIST OF a4 TWO=AXLE TRUCK OR THE CDRRESPONDING LANE LOADING, THE H
LOADINGS ARE NESIGNATED H FOLLOWFD By A NUMRER TNDICAFING THE GROSS
WE1GHT IN Tnns DF THE STANDARD TRUCK,

¢, HS LODADINGS

THE HS LMNADINGS ARE ILLUSTRATED IN FIGURES 1.2.58 AND 1,2.5C
THEY cONSIST NfF A TRACTOR TRUCK WITH SEMI=TRAILER OR Of THE CORRESPOND=
TNG LANE LDADING. THE HS LNADINGS ARE DESIGNATED BY THE LETTERS HS
rOLLOWED BY A NUMBER INPTCATING THE GROSS WEIGHT IN TONS OF THE
TRACTOR TRUCK, THE VARTABLE AXLE SPACING HAS RFFN INTROBUCED IN ORDER
THAT THE SPACING OF AXLES MAY APPROXIMATE MORE CLOSELY THE TRACTOR
TRAILERS NOw IN USE. THE vARIABLE SPACING ALSO pROYIDES A MORE SATIS=
fACTORY LOARING FOR CONTINUOUS SPANS, IN THAT HEAVY AXLE LOADS MAY BE
2n PLACED ON ADJOTNING SPANS AS Tn PRODUCE MAXIMUM NEGATIVE MOMENT .,

b, CLASSES 0OF LOADING

HIGHWAY ( 0ADINGS SHALL BE OF FIVE CLASSES: M 20, H 15s H 10»
WS 20 AND HS 15, LOADINGS H 15 AND H 10 ARE 75 PER CENT AND 50 PER
CENT, RESPECTIVELY, 0OF LOADING H 20. LOADING HS 15 1S 75 PER CENT OF
LOADING HS 20, IF LOADINGS 0OF WETGHTS OTHER THAN THOSE DESIGNATED ARE
DESIREDs THFY SHALL BE OBTAINED gy PROPORTIONATFLY CHANGING THE WEIGHTS
SHOWN FOR B8NTH THE STANDARD TRUCK ANp THE CORRESPONDING LANE LOADS.

£. DESIGNATIAN OF LOADTRGS
THE POLICY OF AFFIXING THE YFAR T LOADINGS TO IDENTIFY THEM WAS

INSTITUTED WITH THE PURLICATION OF THE 1944 ENITION IN THE FOLLOWING
HANNERS

410 L1ADINGs 1944 EDITION SHALL RE DESIGNATED H10=44
15 - aDING, 1944 EDETINN SHALL RE OESIGNATED H15=a4
430 LOADING, 1984 EDITION SHALL BE DESIGNATED H20=04
H15=512 LOANTMGs 1944 ENITION SHALL BE DESIGNATED HS15=44
Hp0=S16 LDANING» 1984 EDTTTION SHALL RE DESIGNATED HS20=44

THE AFFLy REMAINS UNCHANGED BNTIL SUCH TIME AS THE LOADING SPECIFI=
cATION 1S RFVISED, THE SAMF pALTCY FOR IDENTIFICATION SHALL BE APPLIED,
R FUTURF RFFERENCE, TOD LOABINGS PREVIUUSLY ARNPTED BY THE AMERICAN
ASSOCIATION NF STATE HIGHWAY NFFICTIALS.

Fo MINIMOM |LNADNING #dsks

IN GENERAL HS20 LIVE LODAD SHALL BE USED FOR THE DESIGN OF STRUCTURES ON
ALL HTGHWAYS, :



H20-4% 8,000 LBS.

32,000 L8S.*
H1S-44 6,000 L8S. 24,000.L88.
N10~-44 4,000 LBS. 16,000 L8S.

| 14" 0" _I
; o ]
g Ws TOTAL WEISHT OF TRUCK 'w
AND LOAD G
—{Giw}—- - 04w |

2'0" CLEMRANCE |

£
19 6-0" 3‘{"{ - *

- -

STANDARD M TRUCKS

FIGURE 1.2.5A

*In the design of timber floors and orthotropic steel decks (excluding transverse beams} for H20 [oading, one axle load

of 24.000 pounds or two axle Joads of 16,000 pounds each. spaced 4 feet apart may be used, whichever produces the
greater stress, instead of the 32,000 pound axle shown.

**Tor slab design. the center line of wheels shall be assumed to be | faot from face of cutb. (See Art, 1.3.2(BY)

Page 12-A
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NTRATED LOA 8,000 FoR Ao
CONCE ED LOAD 56000 FOR SHEAR

UNIFORM LOAD 640 LBS. PER LINEAR FOOT OF LOAD LANE

/7 77 700000

H20-44 LOADING
HS 20-44 LOADING

3,500 FOR MOMENT »
CONCENTRATED LOAD 4 g0 FOR SHEAR

{ FUNIFORM _LOAD 480 LES. PER LINEAR FOOT OF LOAD LANE

Z

Hi15—44 LOADING
HS 15-44 LOADING

9,000 FOR MOMENT #

CONCENTRATED LOAD 13000 FOR SHEAR

| ~UNIFORM LOAD 320 LBS. PER LINEAR FOOT OF LOAD LANE

/4

H10 -44 LOADING

H LANE AND HS LANE LOADINGS

FIGURE 1.2.58
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HS 20-~44 8,000 LBS. 32,000 LBS. 32,000LBS "
HS I5-44 6,000 LBS. 24,0(1)0 LBS. 24000 L8S.
| z
(%!' bt @©, 51
&l 14-0 O" \Y; o
—{Qiw] - —l0.4W e 0.4W}H
I 1
_‘____ N | I
~OjW_] - —o.aw - oaw -
i

!
W= COMBINED WEIGHT ON THE FIRST TWO AXLES WHICH IS THE SAME
AS FOR THE CORRESPONDING H TRUCK.
VARIABLE SPACING - 14 FEET TO 30 FEET INCLUSIVE, SFACING TO
BE USED IS THAT WHICH PRODUCES MAXIMUM STRESSES

vV

1]

1250"CLEARANCE

CURB
o~
3¢l 60 _3d]-*

STANDARD HS TRUCKS

FIGURE 2.5¢C

*(n the design of timber floars and orthotropic steet decks 1excluding transverse beams) for HS20 loading, one axle
Joad of 24.000 pounds or (wo axle loads of 16.000 pounds each, spaced 4 feet apart may be used. whichever produces the
greater stress, instead of the 32,000 pound axte shown.

¥ Lo siah design. the center line of wheels shail be assumed to be 1 foat from face of curb. {See Art. 1.3.2(BY}



PAGE t3

IN ADDITION FOR STRUCTURES ON THE MAIN LINE nF TRUNK HIGHWAYS, THE
NATIDNAL SYSTEM OF INTERSTATE HMTGHWAYS AND DTHER DESIGNATED EXPRESSWAYS
A SPECIAL LNANING (F TWD 24,000 PNUND AXLES SPACED & FEET QN CENTERS
SHALL BE USEN IF IT PRONUCES A GRFATER STRESS THAN THE HS20 LIVE LnAD,
THIS SPECIAL {OADING SHALL RE APPLIFD IN ACCORDANCE WITH THE PROVISTONS
OF ARTICLE 1.2.8,

1+42.6=TRAFFTC LANES #%waaw

THE NUMBER OF LANES (NR TRUCKS) SHALL BE EQUAL TO THE NUMBER OF 12 roOOT
LANES WHICH CAN BE PLACED ON THF ROADWAY WIDTH, NG FRACTIONAL LANES WILL
BE USEDs (THAT I8, LESS THAN 36 FEET= 2 LANES, rFROM 36 FEET UP TO LESS
THAN 48 FEET= 3 LANES, ETC,)

THE WIDTH OF EACH TRAFFIC LANF SHALL BE EQUAL TO 12 FEET AND THE LANES
SHALL BE SHTFTED TRANSVERSELY TN PRODUCE MAXIMUM EFFECTS FOR SPECIFIC

ELEMENTS UNDER DESIGN C(LANES NEED NOT BE ADJACENMT BUT CANNOT OVERLAP)Y,

THE VECHTCLE (AS SHOWN IN FIRURE 1.2¢5 ¢} wrLL BE CENTERED INMN ITS
DESIGN LANE,

1¢2,7=STANDARD TRUCKS AND LANE LOADS wwwws

THE WHEFL SPACING, WEIQHT DISTRIRUTION, AND CLEARANCE OF THE STAND=
ARD H AND HS TRUCKS SHALL RE AS SHOWN IN FIGURES 1.2.5A AND 142,5C AND
CORRESPONDING LANE LOANS SHALL RE AS SHOWN IN FIGURE f,2.58»

FACH LANE LOADING SHMALL CONSIST OF A UNIFORM LUOAD PER LINEAR FOQT OF
TRAFFIC LANF COMBINED WITH A SINGLE CONCENTRATED LOAD(OR TWO CONCENTRATED
LOADS IN THF CASE 0OF CONTINUDUS SPANS = SEE ARTICLE 1.,2.8(C))

50 PLACED ON THE SPAN AS Tn PRONUCE MAXIMUM STRESS, THE CONCENTRATED
LOAD AND UNTFNRM LDAD $HALL BE CONSIDERED AS UNIFORMLY DISTRIBUTED OVER A
12 FFET WIDTH ON A LINE NNRMAL TO THE.CENTER LINE OF THE LANE,

FOR THE CNMPUTATIAN OF MOMENTS AND SHEARS, DIFFERENT CONCENTRATED
(0ADS SHALL RE USED AS INNICATER TN FIGURE 1,2,58. THE LIGHTER CONCEN=
TRATED LOADS SHALL BE USEN WHEN THE STRESSES ARF PRIMARILY BENDING
STRESSES ANN HEAVIER CONCENTRATFN LNADS SHALL RAF USED WHEN THE STRESSES
ARE PRIMARI| Y SHEARING STRFSSES.

1.2.8=APPLICATINN OF LNADINGS
As TRAFFIC LANE UNITS #dew+
IN COMPUTING STRESSES» FACH 12 FONT LANE LOADING OR SINGLE STANDARD,

TRUCK SHALL BF CONSIDERED AS A UNIT, AND FRACTINNAL LOAD LANE WIDTHS OR
FRACTIONAL TRIICKS SHALL NAT BE NSED.
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B, NUMBER AND POSITEON, TRAFFIC LANE UNITS

THE NUMBFR AND POSITION OF THE LANE LOADINGS OR TRUCK LOADINGS
SHALL BE AS SPECIFIED IN ARTICLE 1.2.6 AND» WHETHER LANE LDADING OR TRUCK
LOADINGs SHALL BE SUCH AS TN PRODUCE MAXIMUM STRESS» SUBJECT TO THE
REDUCTION SPECIFIED IN ARTICLE 1.2.9,

. LANE LOADINGS=CONTINUOUS SPANS

~ THE LANE LNADINGS SHOWN IN FIGURE 1,2.58 SHALL BE MOODIFIED AS
FOLLOWS FOR THE DESIGN NF CONTINUDUS SPANSt THE LANE LOADINGS SHALL
CONSIST OF THF LOADS SHOWN TN FIGURE 1.2.58 ANp IN ADDIZION THERETD
ANOTHER CONCENTRATED L0OAD OF FQUAL WEIGHT SHALL BE PLACED IN ONE QTHER
§PAN IN THE SERIES IN SUCH POSITION AS TO PRODUCE MAXIMUM NEGATIVE
MOMENT, FDR MaxIMUM POSITIVFE MOMENT» ONLY ONE CONCENTRAIED LOAD

SHALL BRE USFD PER LANE, CNMRINED WITH AS MANY SPANS LOADED UNIFORMLY
AS REQUIRED Tn PRONUCE MAXTMUM MAMENT ,

D. LOADING FNR MAXIMUM STRESS

THE TyYPF nF LOADING» WHETHER LANE LOADING QR TRUCK LOApINGs TO BE
ySED, AND WHETHER THE sSPANS BE SIMPLE OR CONTINUDUSs SHALL BE THE LOADING
WHICH PRODUCES THE MAXTIMUM STRESS, THE MOMENT AND SHEAR TABLES
GIVEN IN APPENDIX A SHOW WHICH LNADING CONTROLS FOR SIMPLE SPANS,

THE AXLE SPACING FOR HS TRUCKS SHALL RE VARIEN RETWEEN IHE SPECIFIED
LIMITS TO PRODUCE MAXTMIM STRESSES.

FOR CONTINyOUS SPANS, THE |ANF LOADING SHALL BE CONTINYOUS OR DIS-
CONTINUOUS», AS MAY BE NECESSARY 710 PRODUCE MAYTMUM STRESSES», AND
THE CNNCENTRATED LDAD 0OR LOADS AS SPECIFIED IN PARAGRAPH () SHALL BE
PLACED IN SucH POSITIONS As 70 PRODUCE MAXIMUM STRESSES.

FOR CONTINUOUS SPANS, NNLY NNE STANDARD W OR HS TRYCK PER LANE
$HALL BE CONSIDERED ON THE STRUCTURE AND PLACFD SO AS TO PRODUCE MAXI=-
MUM PNSITIVF AND NEGATIVE MOMENTS,

1.2.9=REDUCTINN IN LOAD INTENSITY

WHERE MAYIMUM STRESSES ARE PRODUCED IN ANY MEMBER BY LOADING
ANY NIUMBER NF TRAFFIC LANES STMULTANEOUSLY», THE FOLLOWING pERCENTAGES OF
THE RESULTANT LIVE LOAD STRESSES SHALL BE USEN TN VIEW OF IMPROBABLE
COINCINENT MAXIMUM LNADING1

PER CENT
ONE OR TWN | AMES 100
THREE LANES 90
rOUR LANES nR MORE 75

THE REDUCTION IN INTENSTITY OF FLONR BEAM LOADPS SHALL BE DETERMINED AS
IM THF CASE nF MATN TRUSSES NR ATRDERS» USING THE WIDTH OF ROADWAY WHICH
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must be loaded to produce maximum stresses in the floor beam.
1.2.10-ELECTRIC RAILWAY LOADING (DELETED)
1.2.11-SIDEWALK, CURB, SAFETY UURB AND RAILING LOADING

A. SIDEWALX LOADING

Sidewalk floor, stringers and their immediate supperts, shall
be deslgned for a live load of 85 pounds per square foot of side-
walk area, girders, trusses, arches and other members shall be
designed for the following sidewalk live loads per square foot of
sidewalk area:

Spans 0 to 25 ft. in length 85 Lbs.
Spans 26 to 100 ft. in length 60 Lbs.
Spans over 100 ft. in length according to the formula

=(50 + 30001 /55 = w) in which
L 50

live load per square foot (maximum, 60 1bs. per sq. ft.).

loaded length of sldewalk in feet.

p
P
I,
w width of sidewalk in feet,

Pedestrian bridges shall be designed for a live load of 85
nounds per sq. ft. of walkway area.

In calculating stresses in structures which support canti-
levered sidewalks, the sidewalk shall be considered as fully
loaded on only one side of the structure if this condition pro-
duces maximum stress.

B. CURB LOADING

Curbsg shall be designed to resist a lateral forece of not less
than 500 pounds per linear foot of curb, applied at the top of
the curb, or at an elevatlion 10 inches above the floor if the
curb is higher than 10 inches.

Where sidewalk, curb and traffic rall form an integral system,
the traffic ralling locading shall apply and stresses in curbs
computed accordingly.

C. RAILING LOADING
1. TRAFFIC BAILING

Bail members and parapets shall be designed for a transverse
load (P) of 10,000 1bs. or C times P divided between the various
members that are centered 15 inches, or more, above the bridge
floor (or top of curb wider than 6 inches) as shown in
Flgure 1.1.9.
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A1l members that have thils transverse load distributed to
them shall have their roadside faces within 1" of a common
vertical plane. Rail members offset more then 1" back of this
plane or centered less than 15 lnches above the bridge floor
(or top of curb wider than 6 inches) and required because of
the spacing requirements of Article 1.1.9(A) shall be designed
for a transverse load equal to that applied to adjacent traffic
rails, except that this loading need not exceed 5,000 1bs.

The hendrail members of combination railings shall be 2
designed for a moment at center of panel and at posts of 0.1wL™ .
T, 18 the post spacing.

Each attachment of a rall to a post shall be designed for
vertical locads applied upward and downward, but not simul‘tan-
eously, equal to P'/4 applied at the center line of the rail.
Each rail attachment shall also be designed to resist an inward
transverse load equal to 1/4 the transverse rall design load.

Posts shall be designed for the transverse loading indicated
in Figure 1.1.9, plus simultaneous longitudinal loading of 1/2
this amount. * When the tensile strength of the rall members 1is
maintained through a serles of post spaces, the longitudinal
1oading may be divided among as many as four posts in this con-
tinuous length.

Each traffic post shall also be designed to resist an inde~-
pendently applied roadward load equal to 1/4 the outward trans-
verse load.

The transverse force on concrete parapet walls shall be
spread over a longltudilnal length of 5 feet.

Railing loads shall be applled to the gupporting slab in
accordance with Article 1.3.2 (HE) (2). Ralling and wheel loads
are not to be applied simultaneously.

# The designer is alerted to the possibllity of heavy loads
being applled at higher lever arms than normally encountered.
Posts which have raills above the minimum traffic rail height
of 2'-3" may have to be investigated for possible impact by
vehicles with high centers of gravity such as tractor-trailers.

2. PEDESTRIAN RAILING

The minimum design loading for pedestrian railing shall be
w=50 1bs. per lin. ft. acting simultaneocusgly transversely and
vertically on each longitudinal member. BRail members located
more than 5 ft. 0 in. above the walkway are excluded from these
requirements. '
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Posts shall be designed for a transverse load of Wl aeting
at the center of gravity of the upper rail, or for high raills,
at 5 ft. 0 in. maximum above the walkway.

d. DESIGN

Railing shall be designed by the elastic method to the allow-
able stresses for the appropriate material. For aluminum alloys
5154-H38, 6061-T6, 6063-T6, 6005-T5, and 6351-T5. The design
stresses given in Tables 3,3,7, 8, 9 and 10 of the April 1969,
"Specifications For Aluminum Bridge and Other Highway Structures”
published by the Aluminum Assoclation shall be used. For Allo¥
A344-Th, 35% of the values listed in Table 3,3,8, and for Alloys
A3560T61 and 356-T6, T7, 45% of the values listed in Table 3,3,8
shall be used for design. Aluminum railings shall be fabricated
and built in accordance with the provisions of Section 6 of the
above publication for riveted and bolted fabriecation, and in
accordance with Section 10 of the 1968 "Specifications For The
Deslgn And Construction of Structural Supports For Highway Signs"”
for welded fabrication.

The allowable unit stresses for steel shall be as given by
the AASHO "Standard Specifications For Highway Bridges" except
as modified by "Section 6, Unit Stresses” of the AASHO "Specifi-
cations For The Design and Construction of Structural Supports
For Highway Signs.”
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1s2,12=IMPACT

LIVE LOAn STRESSES PRODUCED AY H IR HS LNADINGS SHALL RE INCREASED
FOR ITEMS IN GROUP A Ry AL OWANCF AS STATED HEREIN FOR DYNAMICs VIBRATORY
AND IMPACT FFFECTS. IMPACT SHALL NOT RE APPLIED TO ITEMS IN GROUP B,

Ay GROUP A #ax*k*

(1) SUPERSTRUCTURE, INCLUDINaG STEEL OR CONCRETE SUPPORTING cOL-
UMNS, STEEL TNWwERS, LFGS OF RIGID FRAMES AND GENERALLY THOSE PORTIONS
OF THE STRUCTURE WHICH FXTEND DNWN T0 THE MAIN FOQUNDATION,

(2) THE PORTION ABOYE THE GRNIND LINE OF CONCRETE Or STEEL PILES
WHICH ARE RIGIDLY CONNFCTED Tn THE SUPERSTRUCTURE AS IN RIGID FRAME OR
CONTINUOUS NESIGNS,

: (3) COLUMNS AND CAP BEAMS OF PTERS, ("L"™ SHALL BE TAKEN AS
THE LENGTH nF BNTH SPANS SUPPARTEN BY THE PIER,)

B, GROUP B

(1) ABUTMENTS, RETATNING WALLS», SOLID PIERS AND PILES.
(2) FOUNNATION PRESSURES AND FNOTINGS.
t3) TIMBFR STRUCTURES.

(4) SINDEWALK LOADS.
(5) CULVFRTS AND STRUCTURES HAVING COVER OF 3 FEET OR MORE.

Ce IMPACT FORMULA

THE AMOUNT OF THIS ALLOWANCE NR INCREMENT 15 EXPRESSED AS A FRAC=
TION OF LIVF {0AD STRESS, AND SHALL BE DETERMINED BY THE FORMULAY

1 = 50 IN WHICH
L+ 125

1 = IMPACT FRACTION (MAXIMUM 30 PER CENT)
L = LENGTH IN FEET OF THE pARTION OF THE sPAN WHICH IS LOADED TO
PRANYCE THE MAXIMUM STRFSS IN THE MEMAFR,

FOR UNIFNRMITY NIF APPLICATION THE LOADED LENGTH "L" SHALL BE
ESPECIALLY CONSIDFERED AS FNOLLMNWS?

FOR ROADWAY FLNNRS, 1SFE THF NESIGN SPAN LENGTH.

FOR TRANSVERSF MEMRERS, SUCH AS FLNOR BEAMS, USE THE SPAN
LENGTH OF MFMRER CFNTFR Tn CENTER OF SUPPORTS,
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SECTYAN 3 nISTRIBUTION OF | DADS

1+3.1=DISTRTRNTTION OF WHEFL LNANS TO STRINGERS,
LONGITUPINAL REAMS AND FLNNR RAEAMS ¥

A. PASITIOM NF LOADS £NR SHEAR

IN CALCULATING ENN SHEARS ANP END REACTIONS TN TRANSVERSE FLOOR
BEAMS AND LANGITUNDINAL REAMS ANN STRINGERSs NO ILONGITUDINAL DISTRIRBY=
TION OF THE WHEEL LO0AD SHALL RE ASSUMED FOR THE WHEEL QR AXLE LDAD ADJA=
CENT TO THE £MND AT WHTCH THE STRESS 15 BEING NETERMINED »

LATERAL NISTRIBUTION OF THF WHEEL LOAD SHALL BE THAT PRODUCEDN gy
ASSUMING THF FLOORING TN ACT AS A SIMPLE SPAN RETWEEN STRINGERS OR
BEAMS, FOR LOADS IN DTHER pOSITINNS ON THE SPAN, THE DISTRIBUTION FOR
SHEAR SHALL RE NETERMIMED RY THE METHOD PRESCRIRED FOR MOMENTs EXCEPT
THAT THE CALCULATION OF HORTZONTAL SHEAR IN RECTANGULAR TIMBER REAMS
SHALL BE IN ACCNRDANCE WTTH ARTICLE 1.,10.2,

Be BENDING MAMENT IN STRINGERS AND LONGITUDINAL BEAMS
IN CALCULATING BENNDING MOMENTS IN LONGITUDINAL BEAMS OR STRINGERS,
NO LONGITUDTYNAL DISTRIRUTIQN NF THE WHEEL LOADS SHALL BE ASSUMEN, THE
LATERAL DISTRIBUTION SHALL RE DFTERMINED AS FNLLOKWSS
1. INTERINR STRINGERS AND BEAMS waaww
THE { TVE LOAD BRENDING MOMFNT FNR EACH INTERIOR STRINGER SHA{L

AE NDETERMINFD RY APPLYING TN THF STRINGER THE rFRACTION OF A WHEEL
LOAD (BOTH FRANT AND REARY DETERMINED BY THE FALLOWING TARLE!:

3 Provisions in this article shall not apply to orthotrocic-

deck bridges.




RRINGE DFSIGNED
FOR NNE
TRAFFIC LANF

KIND OF FLONR

TIMBER

PLANK $/4.0
STRIP 4IN, THICK OR MULTIPLE

LAYER FLODRS NVER 5IN, THICK s/4,5
sTRIP 6IN, AR MORE THICK 5/5.0

1F § EXCEEDS 5 FT.
FOLLNW NOTE 2 BELOW

CONCRETE?

ON STEEL NR PRECAST
~ONCRETE STRINGERS §/7.0

IF s EXCEEDS 10 FT.
FOLLOW NOTE 2 BELOwW
ON CONCRETE T=BEAMS 5/6.5

TF & EXCEEDS 6 FT.,
FOLLNW NOTE 2 BELOW
gN TIMBRER STRINGERS §5/6.0
IF § FXCEEDS & FTo
FOLLOW NOTE 2 BELOW

ON STEEL ROY GIRDERS = (SEE ART, 1.7.108)

On Prestressed Concrete Spread Box Beams. .

CONCRETE ROY GIRNERS S/B.0
(SEE NOTE 1 = RELOW)
FOLLNW NOTE 2 BELOW

STEEL GRID:

(LESS THAN 4 IN. THICK)
¢4 IN, OR MNRE)}

5/6,9%
5/6.0
1r S EXCEEDS 6.0 FT,
FOoLLNw NOTE 2 BELOW

S=AVERAGE STRINGER SPACING IN FFET.

NOTE 1 THFE SIDFWALK LIVE LOAD (SEF ARTICLF
FAR INTERIOR AND EXTERINR aNX GIRNFRS DESIGNED

WHEFL LOAR DISTRIARUTION INNTCATFD HEREIN.

NOTE 2

OF THE WHEEI LNADS,
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RRIDGE DESIGNED
FNR TWO OR MORE
TRAFFIC LANES

/840

/8,295
IF § EXCEEDS 6.5 FTe.
FOLLOW NOTE 2 BELOW

/5,5
IF § EXCEEDS 14 fFT.
FOLLOW NOTE 2 BELOW

5/6,0
IF § EXCEEDS 10 FT.
FOLLOw NOTE 2 BELOW

§/5.0
1F § EXCEEDS 10 FT,
FOLLOW NOTE 2 BELOW

. .{See Article 1.6.24(A).

S/7.0

FOLLOW NOTE 2 BELOW

5/4,0

§/5.0
IF S EXCEEDS 10,3 FTe.
FOLLOW NOTE 2 BSELOW

1.2.,11) SHALL BE OMITTED
TN ACCORDANCE WITH THE

TN THIS CASE THE LOAD AN FACH STRINGER SHALL BE THE REACTION
ASSUMING THF FLUNRING BETWFEN THE STRINGERS TO ACT



PAGE

143.5-DISTRTBUTION OF LNADS AND DESIGN OF COMPNSITE
WOOD=CONCRETE MEMRERS

A. DISTRIRNTION OF CONCENTRATED LOADS FNR RENDING MOMENT AND SHEAR

FOR FREELY SUPPORTEN OR CONTIN|QUS SLAB SPANS 0f COMPOSITE wono=

CONCRETE CONSTRUCTION THE WwHEEL LOADS SHALL BF NDISTRIBYTEND QVER A
TRANSVERSE WINTH NF 5 FEET FOR RENDING MOMENT AND A WIDTH OF 4

FEET FOR SHFAR,

FOR COMPNSTTE T=REAMS DF WOON AND CONCRETE THE EFFECTIVE FLANGE
WIDTH SHALL NOT EXCEEN THAT GIVEN IN ARTICLE 1,7.99. SHEAR
CONNECTORS SHALL BE GCAPABLE OF RFSISTING 8OTH VERTICAL AND
HNRIZONTAL MOVEMENT.

Be DISTRIBUTION NF RENNDING MOMFNTS IN CONTINYNUS SPANS

ROTH PNSITIVE AND MNEGATIVE MAMENTS SHALL BF NISTRIBUTED IN ACCORD=

ANCE WITH THE FOLLOWEING TARLE:

MAXIMUM BENNDING MNMENTS~PER CENT 0OF SIMPLE SpaN MOMENT

MAXTMUM UNIFORM DFEAD LNAD MAXIMUM LIVE LBaAD
SPAN MOMENTS MOMENTS
CONCENTRATED UNIFNRM
wanp sUBNECK COMPOSITE SLAR LOAD LOAD
INTERIOR 50 50 55 45 79 25 75 5%
END 70 60 7o 60 85 30 83 63
2=SPAN* 45 70 60 75 85 30 80 75

*CONTINUOUS REAM 0OF 2 FQUAL SPANS,

ITMPACT SHOULD BE CONSINFRED TN COMPUTING STRESSES FOR CONCRETE AND

STEELs BUT NEGLECTED fOR w0nD,

7
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Ce NESIGN

THE COMBINATION IN A STRUCTURAL MEMBER OF TuD FLEMENIS HAVING
DIFFERENT MFCHANICAL pROPERTIES REQUIRES THE FORMULATION OF A DESIGN
PREMISE. SUGH A FORMULATION AS FALLOWS IS BASED ON THE ELASTIC PROPER=
TIES NF THE MATERTALSS

Ec/EW= 1 FOR SLAR IN WHICH THE NET CONCRETE THICKNESS IS LESS THAN
HaLF THE OVERALL NEPTH OF THE COMPOSITE SECTION

Ec/EWs 2 POR SLAB IN WHICH THE NET CONCRETE THICKNESS IS A LEAST HALF
THE OVERALL NEPTH OF THE cOMPOSITE SECTION

Fg/EW= 18,75 (FOR DOUGLAS FIR AND SOUTHERN PINE)

IM WHICH
F£C= MNDULUS OF ELASTICITY OF CONCRETE
EWs MADULUS NF FELASTICTTY OF wand
£5= MNDULUS OF ELASTICITY nfF STEEL

{,3.6-DISTRIAUTION OF WHEFEL LOADS ON STEEL GRID FLOORS *#sa*
A. GENERAL €

THF GRID FLOOR SHALL BE NDESIGNED AS CONTINUDUS, SIMPLE SPAN MD=
MENTS MAY BF 0SED AND REDUCED AS PROVIDED IN ARTICLE 1.3.2,

TWE FORMYLAS FOR DISTRIGUTION AF LOADS PROVINED HEREIN ARE BASED
yPON THERE REING ADEQUATE TRANSFER OF THE LOAD NORMAL TO THE HAIN
FLEMENTS, RFINFORCEMENT FAR THIS PURPNSE SHALL cONSIST OF TRANSVERSE
gARS TR SHAPES WELDED 70 TUE MAIN STEEL. THE STRENGTH AND pETAILS OF
THE {RANSVERSF RETNFORCEMENT SHALL MEET WITH THE APPROVAL DF THE
ENGINEER

A WHEEL LDAD SHALL BRE p1STRIRUTED, NURMAL TO THE Mﬂiﬁ BRARS» DVER A
WIDTH EQUAL Tn 1l=1/8 INCHES PER TAN OF AXLE Lnan PLUS TWICE THE DISTANCE
CENTER TD CENTER 0F MAIN RARS, THE PARTICON OF THE LOAD ASSIGNED TO EACH

MAIN RAR SHaLL BE APPLTED TN THE AAR UNIFORMLY NVER A LENGTH £QuaL 71O
THE REAR TIRE WIDTH (20 INCGHES FNR HM20» 13 INCHES FOR H15).

THE STRENGTH OF THE SECTTOM suall RE DETERMINED BY THE MOMENT OF
INERTIA METHOND, THE ALLNWARLE STRESSES 3HALL RE AS SET EORTH IN ARTICLE

1.741

* provisions in this article shall not apply O orthotrecpic—
deck bridges.
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The vertical or face walls of counterforted and buttressed walls shall be
designed as fixed or continuous beams. The face walls shall be securely
anchored to the supporting counterforts or buttresses by means of adequate
reinforcement.

D. COUNTERFORTS AND BUTTRESSES

Counterforts shall be designed as T-Beams, Buttresses shall be designed
as rectangular beams. In connection with the main tension reinforcement of
counterforts there shall be a system of horizontal and vertical bars or stir-
rups to etffectively anchor the face walls and base slab. These stirrups shall
be anchored as near the outside faces of the face walls, and as near the bot-
tom of the base slab as practicable.

E. REINFORCEMENT FCR TEMPERATURE #¥#**

Exposed faces of abutments and walls, not otherwise reinforced, shall
be reinforced with 2 minimum of number 5 bars at 1 foot horizontally and
number o bars at 2 feet vertically, to resist the formation of temperature
and shrinkage cracks.

F. EXPANSION AND CONTRACTION JOINTS *skk

Vertical contraction joints will be required at thirty-foot intervals in all
retaining walls, and wingwalls more than sixty feet long. These contraction
Joints shall not extend through the footing.

Expansion joints will be required at ninety-foot (90') intervals in all re-
taining walls and wingwalls more than one hundred and eighty feet (180') long.
These expansion joints shall extend through the footing.

G. DRAINAGE *¥*¥%

The filling material behind all retaining walls shall be effectively drained
and weepholes shall be placed at a maximum spacing of 30 fest. In counter-
forted walls there shall be at least one weephole for each pocket formed by the
counterforts.

1. 4. 9-PIERS
A. GENERAL *¥*%%

Plers shall be designed to withstand the dead and live loads superimposed
thereon; wind pressures acting on the pier and superstructure; the forces due

to stream current, floating ice and drift; and longitudinal forcas. Piers shall
be made solid to a point two feet above ordinary high water.
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B. PIER NOSE

In streams carrying ice or drift, the pier nose shall be designed as an
ice breaker. When a steel angle or other metal nosing is used it shall be
etfectively secured to the masonry by means of suitable anchors.

C. REINFORCEMENT FOR TEMPERATURE-SOLID PIERS *###*

Exposed faces of abutments and walls, not otherwise reinforced, shall
be reinforced with a minimum of number b bars at 1 foot horizontally and
number 5 bars at 2 feet vertically, to resist the formation of temperature
and shrinkage cracks.

L. 4.10-TUBULAR STEEL PIERS
A. USE

Preferably, tubular steel piers shail not be used and they shall never be
used in locations where they will be subjected to lateral earth pressure. In
special cases their use may be permitted, in which cases the following require-
ments shall apply:

B. DEPTH

The general requirements governing the depths of foundations as above
set forth shall govern in the case of tubular steel piers except that steel tubes
resting upon gravel foundation without piling shall in no case be carried to a
depth less than 8 feet below the permanent bed of the stream and to such ad-
ditional depth as may be necessary to eliminate all danger of undermining.

. PILING

Piles used in connection with tubular piers shalil extend into the concrete
filling a sufficient distance to thoroughly brace the tubes. In general, these
piles shall extend not less than 6 to 8 feet above the bottom of the concrete.

D. DIMENSIONS OF SHELL ####%

The minimum thickness of the metal in the shells of tubular piers shall
be °/16 inch. This thickness shall be increased where necessary to secure
strength and rigidity for placing the sheil. In all cases the pier shall be de-
signed for safe pile or soil bearing values as specified herein, but when the
diameter required by these values is greater than that required for the super-
structure bearing, the diameter may be reduced at any splice peint. The
minimum diameter of steel cylinders used for piers shall be 30 inches.
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E. SPLICES AND JOINTS

All horizontal joints shall be butt joints. Vertical joints may be
lapped if the corners of the plates are properly scarfed. When field
splicing is necessary the lower section of the tube shall extend at least
2 feet above the water line when in position.

F. BRACING

Adequate bracing connecting the tubes of cylinder piers shall be
provided. In general, this bracing shall consist of a steel or concrete
girder diaphragm effectively secured to the tubes. The depth of this
diaphragm shall be as great as conditions will permit.
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(A) Lateral Distribution of Loads for Bending Moment
(1) Interior Beams

The live load bending moment for each interier beam in a
spread box beam superstructure shall be determined by
applying to the beam the fraction (D.F.) of the wheel
(both front and rear) determined by the following equation:

2N
D.F. = —¥ + k %%

where NL = number of design txaffic lanes (as defined as N
in Art. 1.2.6)

NB = number of beams { 4 <= NB = 10)

5 = beam spacing, in feet (6.75 =< § = LY, 00)
L = span length, in feet
k =0.07w - NL(O.IONL - ofzs) - 0.208; - 0,12

w = roadway width between curbs, in feet {defined as
Wc in Art, 1.2.6) (325 W =% 66)

(2) Exterior Beams

The live load bending moment in the exterior beams shall
be determined by applying to the beams the resction of the
wheel loads obtained by assuming the flooring to act as a
simple span (of length S) between beams, but shall pot be
less than ZNL/NB.



PAGE 104

(R) EFFECTIVF COMPRESSTON FIANGE WIDTH

IN GIRDFR AND FLANRE CONSTRUCTINNS CONSISTING OF A
STEM WITH TOP AND ROTTNM SLARs FFFECTIVE AND ADEQUATE
SOND AND SHEAR RESISTANCE SHALL BRE PROVINEN AT THE
JUNCTURE OF THE GIRDER AND THE SLAB. THE SLAB MAy
THEN BE CONSIDERED AN INTERGRAL PART DF THE GIRDER>»
RUT ITS EFFECTIVE WIDTH AS A GIRDER FLANGE SHALL NOT
EXCEED THE FOLLOWING:

(1) NNE FOURTH NF THE SPAN LENGTH 0OF THE GIRDER

(23 THE DISTANCE CENTER=TO=CENTER 0OF GTRDERS

¢3y TWELVE TIMES THE LEAST THICKNESS OF THE
SLAB PLUS THE WIDTH NF THE GIRDER WEB

FOR GIRDFRS HAVING A FLANGE 0ON ONE SIDE nneYs THE EFFECT=
IVE NVFRHAMGING WINTH SHALL NOT EXCEED THF FOLLOWING?

1y NONE TWELFTH OF THE SPAN LENGTH QF THE GIRDER

(23 NNE HALF nF THE CLEAR DISTANCE Tn THE NEXT
GIRDER

£3) sIX TIMES THE LEAST THICKNESS 0OF THE SLAR

(C) FLANGE THICKNESS

(1) TOP FLANGE

THE MINIMUM FLANGE THICKNESS SHALL BE t1/16 OF THE

CLFAR DISTANCE BETWEEN GIRNERS» OR 6 IN. WHICHEVER

1S GREATERs EXCEPT THE MINTIMUM THICKNESS #MAY BE RE=
PUCEN FOR FACTNRY PRADIJCED PRECAST ELFMENTS 7O S 172 1IN,

(21 BROTTOM FLANGE

THE MAXIMUM THICKNFESS NF TRE BOTTOM FLANGE SHALL BE
DETERMINED BY MAXTMUM ALLOWABLE UNIT STRESSES AS
SPECIFIED IN 1,6.6 BUT IN Nn CASE SHALL BE LESS

THAN 1716 NF THE CLEAR SPAN BETWEEN GIRDERS OR 5 1/2
IN,» WHICHEVER IS THE GREATFRs EXCEPT THE MINIMUM
THTCKNFSS MAY RE REDUCEN FOR FACTORY PRODYCED PRE=
CAST ELEMENTS TN 5 1IN ANEQUATE FILLETS SHALL BE
PROVIDED AT THE INTERSECT9ONS OF ALL SURFACES WITH=
IN THE CFiL OF A RNX GTRNDER EXCEPT AT THE JUNCTINN
NF WEB AND. RATTOM FLANGE WHERE NUNE ARF REQUIRED.,
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(E)

(F)

Page 104A
MINIMUM BAR REINFORCEMENT FQOR CAST-IN-PLACE
POST-TENSIONED BCOX GIRDERS
(1) TOP FLANGE

The minimum top flange reinforcement shall be the
same as for reinforced concrete box girders.

(2) Bottom Flange

The minimum bottom flange reinforcement shall be
the same as for reinforced concrete box girders
except the minimum reinforcement shall be 0. 3
percent of the flange section.

SHEAR

The horizontal shearing unit stress at the junction of
the flange and the monolithic fillet joining it to the
girder web shall not exceed 0. OL5f' c.

Changes in girder stem thickness shall be tapered for a
minimum distance of 12 times the difference in web
thickness.

DIAPHRAGMS ¥k

Diaphragms or spreaders within the precast box beams
shall be placed at midspan for spans up to 50 ft.; at
quarter points for spans over 50 ft.

Diaphragms or spreaders shall be placed between the
girders at intervals not to exceed 80 ft. Diaphragm
spacing for curved girders shall be given special con-
sideration.
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Notes to Table 1.7.3B-

(1) Use the formula:

Fr = 0, F
0. E ]

(2) The usual continuous fillet welded flange-web connections
and similar comnections shall be governed by Category J.

(3) Base Metal adjacent to longitudinal butt welds and the
welds and the weld metal in longitudinal butt welds
shall be governed by Category J.

(4) See Graphs on Figure 1.7.3A.
(5) See Graphs on Figure 1.7.3B.

(6) The Category G, »wWeld Metal™ in Table 1.7.3B does not
apply in this case. Where the shear stress in the
welds excegds 15 ks;, Fr2 > Fb2 " 3sz in which Fb and F,

are the maximum bending and shear stresses in the weld and Fr

is the allowable fatigue stress for Category J, “Base

Metal adjacent to continuous flange-web fillet welds™.

Intermittent fillet welds shall not be permitted.



ASTM DESIGNATION .
WITH GRADE nr CLASS

SIZE LIMITATINNS

MINIMUM YTELD

POINT» PSI

STRESS IN EXTREME

FIBER Nn.80
SHEAR 0.40
BREARING ON PINS NOT
SUBJECT TO RANTATION 0,80
BEARING ON pINS

SUBJECT TO eOTATION 0.40

A=235
CLASS

372500

30,000

15,000

30,000

15,000

A=235
CLASS
G

12 IN, DIA,
OR LESS

50,000

40,000

20,000

an,noo

20,000

PAGE 111

A=2137
CLASS
A

OVER 12 1IN,
DIA,

50,000

40,000

205000

40.000

20,000
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1.7.5=80LTS

IN PROPORTIONING BNLTS, THE NOMINAL DIAMETFR SHALL RE ysSEDs EXCEPT AS
OTHERWISE NATFD.

THE EFFECTTYE REARING AREA OF A AOLT SHALL RF ITS DIAMETER MULTIPLIFD
BY THE THICKNFSS 0OF THE METAL ON WHICH IT BFARS, IN METAL LESS THAN
378 INCH THTCxs CNUNTERSUNK BOLTS, TURNED BOLTS, OR RIBRED ROLTS gHALL
NOT AF ASSUMFD Tn CARRY STrESS. IN METAL 3/8 INCH THICK AND OVER» ONE=
HALF THE DEpTH OF CONUNTERSINK SHALL RE OMITTED TN CALCULATING THF REAR=
iING AREA,

ALLOWARLF UNTT STRESSES IN PNUNDS PER SQUARE INCH FOR gOLTS SHALL
RE AS LISTEn IN THE TARLE RELDW!Y

SHEAR
FRICTINN BEARING
TYPE OF BOLT TENSION REARTNG TYPE TYPE
CONNEC™~ CONNEC™
TION TION

¢CA) LNw CARANN STFEL RALTS

TURNED ROLTS (ASTM A=307)
AND RIBBED ROLTS 13,500%* 20,000 11.000

{RY HIGH STRENGTH ROLTS

HIGH STRENGTH STEFL ROLTS * W PP
tASTM A=325) 365000 405900 135500 205000

---u-—-----------------------n--ﬂ--------'I--u---nn----u------‘----------

» SASEN NN AREA AT THE ROOT NF THREAD,
xx DNES NOT APPLY T0 FRICTTOM TYPE CONNECTINNS,

x++ THE aLUNWABLE SHFAR VALUF 0OF ROLTS FOR RFARING TYPE CONNECTIONS
IN STEEL WITH A YTELD PAINT LFSS THAN 42,000 psT SHALL RE REDUCED BY 20%
WHEN THE ENn aF THF SPLITCF MATERTAL 1S5 MORE THAN 28 INCHES FROM THE END
NF THF CONNFOTED MEMBER, AS MEASIREN ALONG THF GAGE LINE OF THE BOLTS.

Aty ROLTSs FXCEPT HTGH STRENGTH BM{ TS» SHALL HAVE STNGLE SELF=LOCKING
NUTS R DOURLF NHTS.

JNINTS REQUIRED TN qFSTST SHFAR RETWEEN THEIR CONNECTED PARTS ARE
DESIGNATEN as ETTHFR FRICTINN TYPE Np BEARING TvPE CONNECTINNS. SHEAR
CONNECTIONS syBRJECTED TN STRESS PFVERSAL SHALL =F FRICTION TYPE EXCFPT

FNR SFCONNARY MFMRERS,
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Bolts in girder field splices shall be friction type.
ASTM A-307 Bolts shall not be used 1n structural connections.

Bolted bearing type connectlons using high strength bolts shall
be used for connections of secondary members.

In bearing type connections, pull-out shear in a plate should
be investigated between the end of the plate and the end row of
fasteners.

For combined shear and tension in friction type jolnts where
applied forces reduce the total clamping force on the friction
plane, the allowable unit shearing stress, £_ , in (ASTM A325)
high strength bolts shall not exceed the valles obtained from the
following equation:

fv = 13,500 - .22ft

Where ft = tensile stress due to appllied loads

When bearing type connections are subject to both shear and
tension, the combined stress shall not exceed values obtalned
from the following equation:

s? + (0.5557)2 = g2

dhre 8 = the computed unit stresgs in shear
T = the computed unit stress in tension
S = the allowable unit stress in shear

For secondary members, such as cross frames and lateral
bearing enlarged or slotted holes may be used with high strength
bolts proportioned to meet the allowable unit stresses given above
except as herelnafter restricted:

1. Holes 3/16 inch larger than bolts 7/8 inch and less
in dliameter, 1/4% inch larger than bolts 1 inch in
diameter, and 5/16 inch larger than bolts 1-1/8 inch
and greater in diameter may be used in uncoatea
frictlion type shear connections provided a hardened
washer 13 inserted undexr both the head and nut.

2. Slotted holes 1/16 inch wider than the bolt diameter
and of a length more than allowed in subparagraph 1
but not more than 2-1/2 times the bolt dismeter may
be used wilthout regard to direction of loading, in
enclosed parts of friction-type shear connections
if one-third more bolts are provided than needed to
satisfy the design requirements.

3. When enlarged or slotted holes are used, the dilstances
between edges of holes and edges of holes and edges of
@embers shall not be less than that permitted with
conventional size holes.
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L.7.68 =CAST STFEL» DUCTILE [RNIN CASTINGSs MALLEARLE CASTINGS AND CAST IRON
A. CAST STFEL AND DUCTILE TRON

FOR CAST STEEL CONFORMING TO SPECIFICATIONS FOR STEEL CASTINGS FOR
HIGHWAY BRINGESs ASTM A 4R6» MILN=TN=MENTUM=STRENGTH CARBON=STEEL
CASTINGS FOR AENERAL APPLICATIOMs ASTM A 275 AND CORROSION-RESISTANT
IRON=CHROMItM=NTCKEL ALLOY CASTINGS FOR GENFRAL APPLICATINNs ASTM A 2096
AND FDR DUCTILE IRAN CASTINGS, ASTM A 536 THE FALLOWING ALLOWABLE
STRESSES IN pNUNDS PER SQUARE INCH SHALL BE USEN?

_—--------------—---n---------------------¢-----------------‘-“"‘------

A 27
ASTM DESIGNATION A 486 A 4R6 A 296 A 536
70=36
CLASS OR GRADE 70 90 120 CA=15 60=40=18
YTELD POINT, .

MINIMUMe F 362000 60000 95,000 45,000 40,000
AXTAL TENSINN 15,500 22,500 34,000 24,000 16000
TENSINN IN EXTREME

FIRER 18,500 22,500 34,000 24,000 16,000
AXIAL COMPRFSSION,

SHART COLLUMNS 20000 3n,000 45,000 32,000 22,000
COMPRESSINN IN

ExTREME FTRER 202000 In,000 45,000 32,000 22,000
SHEAR 9,000 13,500 21,000 ta,on0 10,000
BFARINGs STFEL PARTS

IN CONTACT InsN0NQ 45,000 48000 48,000 33,000
BFARING 0ON PINS NAOT _

SUBJFCT TN ROTATION 26000 40,000 0,000 43,000 28,000

RFARING ON PINS :
SURJECT TO ROTATION 13,000 20,000 30,000 21,500 14,000
(SUCH AS USED 1IN
ROCKERS AND HINGES)

WHEN IN CONTACT WITH CASTIMGS nR STEEL OR A NnIFFERENT YIELD PNINTs THE
ALLOWABLE UNTT RFARING STRESS OF THF MATERTIAL WYTH THE LOWER YIELD POINT
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SHALL GOVERM™, FD0R AOLTEN CANNECTINNS THE FASTENFR SPECIFICATIONS SHALL
GOVERN

Bs MALLEABLE CASTINRS

FOR MALLFARLE rfASTINGS CONFORMING TO SPECIFTICATINNS FOR MALLEABLE
IRON CASTINGS, ASTM A87, THF FOLINWING ALLOWARLE STRESSES IN POUNDS PER
SQUARE INCH, SHALL RE USED

TENSINN L eeescsvatssaavcssovssesnasnsens 182000
RENNING IN EXTRFMFE FIRFR essvesevncecsae 182000
MOPHLUS NF FELASTICITY .e.eceeverrenes 252000,000

Ce CAST IRNN
FOR CAST IRON CASTINGS cONpPpORMING TO SPECIFICATIONS EQR GRAY IRON
CASTINGS» ASTM A48, THF FOLLOWING ALLNWABLE STRFSSES IN POUNDS PFR
SQUARE INMH. SHAL|. RE (ISEN:
BFNHING IN EXTREMF FIRER I EE R RE NN N NETEE] 3!000
SHEAR LI A B RN B A R N A A R AR N B R N N BN R Y ) 3!000
DTRECT CNMPRESSINN, SHNAT CNLUMNS ,,,.. 125,000
1.7.7 =RRONZF NR CNPPER=ALLNY

BRONZE CASTINGS, ASTHM R 22, ALLOYS A OR B Np COPPER-=ALLOY PLATES:
ASTM A 100, ALLDY NN, 1 SHALL BF SPECTFIED,

THE ALLOWAALE UNIT RFARTNG STRESS IN PUOUYNDS PER SQUARE INCH ON BRONZE
CASTINGS 0OR CNPPER=ALLNY P ATFS SHALL BE 2,000,
1.7.8 =BEARING 0ON MASONRY

THE ALLOwARLE UMIT RFARING STRFESS TN PUOUNDS PER SQUARE INCHs (ON THF
FOLLOWING TYyPES OF MASNMRY, SHAIL BE:

GRANITE LU I I BB Y B R N B R N R N A B B B B B Y R A N 800

SANNSTONE AND LIMESTNNE Peesesretssssssnsas 408
CNNCRETE:

ARIDGE SEATS, 'NNER HINGED RUCKERS AND

ROLSTERS (NpT SURJECTED TO HIGH FNDGE LOADING
BY NEFLECTING REAM, GTRDERs, OR TRUSS) ., 1,000

ARINGE SEATS, NDER REARING PLATES NR N{ON=

HINGED SHOFS C(SURJECTED 7O HIGH FENGE LOAD=
ING By THE NnTRECT BEARING, UPON THE PLATE QIR
SHOF» NF A NEFLECTING REAM QR RIRNER)S

AVFPAGE L A I A A A A A I N A I I N N N Y A N A A Y ] 700
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THE ABOVF RRIDGE SEAT UNIT STRESSES WILL APP|Y ONLY WHERE THE EDGE OF
THE RRIDGE SFEAT PROJECTS AT LEAST 3 INCHES (AVERAGE) BEYNND ENGE OF SHOE
TR PLATE. OTHERWISEs THE UNIT STRFSSES PERMITTEN WILL BE 75 PERCENT OF
THE AROVE AMOUNTS,

DETAILS NF DESIGN

1.7.9 =EFFECTIVE LENGTH OF SPAN

FOR THE RALCULATION OF STRESSFSs SPAN LENGTHS SHALL RE ASSUMED AS THE
DISTANCE RETWEEN CENTERS DF REARINGS NR OTHER pnINTS Of SUPPORT,

1.7. 10 ~DEPTH RATIDS

FOR REAMS NR GIRDFRS THE RATIN OF DEPTH TO LFENGTH OF SPANS PREFERARLY
SHALL NOT BF LESS THAN 1/25.

FOR COMPNSTITE GIRPERS TuF RATIN NF THE OVER=ALL DEPTH 0Of GIRDER (CON=
CRETE SLARs PLUS STEEL GIRDFR) TN THE LENGTH nr SPAN PREFERABLY SHALL
NOT AF LESS THAM 1/25, AND THE RATIN OF DEPTH Or STEEL GIRDER ALONE T0
LENGTH 0OF SPAN SHALL NNT RE LESS THAN 1730,

FOR TRUSSES THE RATIN ffF DEPTH TO LENGTH OF SPAN SHALL NOT BE LESS
THAN 1/10,

FOR CONTTINUOUS SPAN NEPTH RATIN. THE SPAN LENGTH SHALL BE CONSIDERED
AS THE DISTANCE BETWFEN THE DEAD LOAD POINTS nf CONTRAFLECTURE.

1.7. 13 ~LIMITING LENGTHS OF MFMBERS

FOR COMPRESSION MEMRERS, THE RaTIN OF UNSyPpnRTED LENGTH T0D RADIUS
OF GYRATINN SHALL NOT EXCEEDR 120 FOR MATN MEMRFRS» OR THOSE IN WHICH THE
MAJOR STRESSES RESULT fFrOM DEAD AR LIVE LOAD, Or BOTH3 AND SHALL NOT
EXCEED 140 FOR SECONDARY MFMRERS, OR THOSE WHOSF PRIMARY PURPOSE IS5 TH
RRACE THE STRUCTURE AGAINSTY LATERAL OR LONGITUDTNAL FORCES, DR TN BRACE
OR RENUCE TwE UNSUPPARTED ((FNGTH 0OF NTHER MEMRERS, MAIN OR SECONDARY,

IN DETFRMINING THE RAQINS OF GYRATION FOR THE PURPOSE OF APPLYING THE
LIMITATIONS OF THE PRECEDING PARAGRAPHs THE AREA OF ANy PORTION GOF A
MEMRFR MAY RF NEGLECTED PRNVIDEDN THAT THE STRENGTH OF THE MEMBER AS
CALCULATEN WITHNUT USING TuF ARFA THUS NEGLFCTED AND THE STRENGTH OF THE
MEMRER AS CnmMpUTED FNR THE FNTIRF SECTION WITH THE |/r RATIO APPLICARLE
THERETO BNTH FQUAL NR EXCEEN THF cOMPUTED TOTAL STRESS THAT THE MEMRER
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MUST SUSTAIM,

THE RADIWS OF GYRATINN AND THF EFFECTIVE ARFA FOR CARRYING STRESS 0F A
MEMRER CONTATNING PERFORATED COVFR PLATES SHALL RE COMPUTED FOR A
TRANSVERSE SECTINN THROUGH THE MmAxIMUM WIDTH nFp PERFORATION. WHEN
PERFNRATIONS ARE STAGGERED TN popPNSITE COVER PLATES THE CROSS=SECTIONAL
AREA OF THE MFMBER SHALL RE CONSIDERED THE SAME AS FOR A SECTION HAVING
PERFORATIONS IN THE SAMF TRANSVFERSE PLANE.

UNSUPPORTEND LENGTH SHALL RE ASSUMED AS FOLLDWS?

FNR THE TOP CHORDS NF HALF=THRNUGH TRUSSES, THE LENGTH BETWEEN
PANEL POINTS LATERALLY SUPPORTED AS INDICATED INDER ARTICLE 1.7.863 FOR
OTHER MAIN MEMBFRS, THF LENGTH RETWEEN PANEL pOINT INTERSECTIONS OR
CENTERS OF RRACED PDINTS NR CENTERS OF END CONNFCTIONS3 FOR SECONDARY
MEMBERSs THF LENGTH BRETWEFN THE CENTERS OF THE FND CONNECTIONS OF
SUCH MEMBER NR CENTERS NF RRACED POINTS.

FOR TENSTON MEMBERS, EXCEPT RADS» EYEBARS», CABLES AND PLATESs THE
RATIO OF INSUPPNRTEDN LENGTH TO RAPIUS OF GYRATTAN SHALL NOT EXCEED 200
FAR MAIN MEMAFRS» 240 FNR gRACING MEMRERS» AND 140 FOR MAIN MEMRERS SuR=~

JECTEN TO RFYFRSAL (F STRESS.

CRNSS FRAME MEMBERS FOR CURVED STRINGERS SHALL RE CONSIDERED MAIN
MEMRERS AND SHALL HAVE A4 MAXIMUM |, gF 120,

1.7.12 =DEFLFCTION #%wiks

THE TERM "NEFLECTION™ As USEN HEREIN SHALL pF THE BEFLECTINN COMPUTED
IN ACCORDANCE WITH THE ASSUMPTION MADE FOR LNDADING WHEN COMPUTING THE
STRESS IN THE MEMBER,

MEMBERS HAVING SIMPLF OR CONTTNUOUS SPANS SHALL RE DESIGNED SO THAT
THE DEFLECTIAON DUE TN T1VE LOAD PLUS IMPACT SHALL NOT EXCEED 1/800 NfF THE
SPAN, EXCEPT NN BRIDGES IN URRAN AREAS USED IN PART BY PENESTRIANS
WHEREDON THE RATIO PREFERARLY SHALL BE 1s/1000,

THE DEFLECTION NF CANTTLFVER ARMS DUE TO LIYF LOAD pPLUS IMPACT SHALL
RE LIMITED TO 17300 0OF THF CANTTLEVER ARM EXCEPT FOR THE CASE INCLUDING
PEDESTRIAN I1§F, WHERE THE RATT0 PREFERABLY SHA(L| BE 1/375,

WHEN SPANS HAYF CROSS=RRACTING NR DIAPHRAGMS SUFFICTENT IN DEPTH 0OR
STRENGTH TN TNSIIRF LATERAt NISTRTRUTINN OF {0AnSs THE NEFLECTION MAY RE
COMPUTED FOR THF STANDARD H 0OR HS LNANDING» CONSIDERING ALL BEAMS OR
STRINGERS AS ACTING TOGFTHFR AND HAVING EQUAL DEFLECTION.

THE MOMENT OF INERTIA N THE GROSS CROSS=SFCTION AREA SHALL RBRE USED
FNOR CNMPUTIMG THE DEFLECTTIANS OF REAMS AND GIRNFRS, WHEN THE BEAM (R
GIRDFR IS A PART OF A CNMPASITE MFMRFRs THE LIVE LOAD MAY RE CONSIDERED
AS ACTING UpnN THE COMPNSTTE SEFTION,
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The gross area of each truss member shall be used in computing deflec-
tions of trusses. If perforated plates are used, the effective area shall he
the net volume divided by the length from center to center of perforations.

The contract plans shall show design deflections for steel, concrete
slab and dead load applied after slab is cured, and required camber for
dead load and vertical curvature. The effect of pouring sequence on deflec-
tions shall be recognized and where necessary, the pouring sequence shall
be shown in the plans.

1.7.13 - MINIMUM THICKNESS OF METAL

Structural steel (including bracing, cross frames and all types of gusset
plates), except for webs of certain rolled shapes, closed ribs in orthotropic
decks, fillers and in railings, shall be not less than 5/16 in. in thickness.
The web thickness of rolled beams, channels, or structural tees shall not
be less than 0. 23 in. The thickness of closed ribs in orthotropic decks shall
not be less than 3/16 in,

Where the metal will be exposed to marked corrosive influences, it shall
be increased in thickness or specially protected against corrosion.

It should be noted that there are other provision’s in this section pertain-
ing to thickness for fillers, segments of compression members, gusset
plates, etc. As stated above fillers need not be 5/16 in. min.

For stiffners and outstanding legs of angles, etc., refer to article
1.7.15

For stiffners and other plates refer to "Plate Girders. "

For compression members refer to "Trusses. "
1.7.14 - EFFECTIVE AREA OF ANGLES AND TEE SECTIONS IN TENSION

The effective area of a single angle tension member, a tee section tension
member, or each angle of a double angle tension member in which the shapes
are connected back to back on the same side of a gusset plate, shail be assumed

as the net area of the connected leg or flange plus one half of the area of the out-
standing leg.

I a double angle or tee section tension member is connected with the angles
or flanges back to back on opposite sides of a gusset plate, the full net area of
the shapes shall be considered as effective.

1.7.15 - QUTSTANDING LEGS OF ANGLES

The widths of outstanding legs of angles in compression (except
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WHERE REINFNRCED RY PLATES) SHALL NAT EXCEEN THE FOLLOWING?

IN MAIN MEMBERS CARRYING AXIAL STRESS» 12 TIMES THE THICKNESS,
IN BRACING AND DTHER SECDNDARY MEMRERSs 16 TTMES THE THICKNESS,

FOR OTHER LIMITATIONS SEF ARTICLE 1.7.88

1.7.168 =EXPANSTION AND CONTRACTION

THE DESIAN SHALL BE SUCH AS Tn ALLOW FOR TOTAL THERMAL MOVEMENT AT
THE RATE OF 1 1/6 IN, IN {00 FEET. PROVISINNS SHALL RE MADE FOR CHANGES
IN LENGTH OF SPAN RESULTING FROM LIVE LOAD STRESSES. IN SPANS MORE THAN
300 FEET LONG, ALLOWANCE SHALL RF MADE FOR EXPANSION AND CONTRACTION 1IN
THE F1Q0R, THE EXPANSION FEND SHALL BE SECURED AGAINST LATERAL MOVEMENT.

1,7.17 'COMBINED STRESSES

ALL MEMBFRS SUBJECT TO cOMBINED AENDING AND DIRECT STRESSES SHALL AE
PROPORTIONEN FOR THE MAXIMHM UNTT STRESS SPECIFIED IN APPENDIYX C.
WHEN RENDING STRESSES ARE INDUCED BY THE COMPONENT OF EXTERNALLY APPLIED
LOADS ACTING PERPENDICULAR TD THE AXIS OF THE MFMBERs"a™ SHALL BE
ASSUMED EQUAL TO +1.

1.7.18 *ECCENTRIC CONNECTIONS

MEMBERSs INCLUNDING RRACING» PREFERABLY SHALL 3E S0 CONNECTED THAT
THEIR GRAVITY AXES WILL INTERSECT IN A POINT, FCCENTRIC CONNECTIONS SHALL
BF AVOIDEDs TF PRACTICARLE, BUT IF UNAVOIDABLE THE MEMBERS SHALL B8E S50
PROPORTIONEN THAT THE COMRTNEND FIRER STRESSES WILL NOT EXCEED THE ALLOWED
AXITAL STRESS.

1.7.1¢ =FLELD SPLICES AND CONNECTTONS xkkwd

SPLICES MAY BE MADE RY HIGH STRENGTH BOLTS OR BY THE USE OF FUlLL
PENETRATION BUTT WFELDS, SPLIGESs WHETHER IN TENSIDON», COMPRESSION, BENDING
QR SHEARs SHALL BF DESTGNEp FOR NOT LESS THAN THE AVERAGE OF THE
CALCULATED STRESS AT THE POINT OF SPLICE AND THF STRENGTH OF THE GROSS
SECTION OF THE MEMRER AT THE SAME POINT BUT» IN ANY EVENT, NOT LESS THAN
7% ¥ OF THE STRENGTH OF THE GROSS SECTION OF THE MEMBER «

ag AN ALTFRNATE, SPLICES OF RNLLED FLEXURA| MEMBERS MAY BE PROPOR=
TIONED FOR & SHEAR EQUAL Tn ACTUAL MAXIMUM SHEAR MULTIPLIED BY TH
RATIO OF THF SPLICE DESTGN MOMENT AND THE ACTUAL MOMENT AT THE
SPLICE, WEB sSPLLICE PLATFS AND THEIR CONNECTIONS SHALL RE DESIGNED
FOR THE PORTINN OF THE DESTGN MAMENT RESISTED .BY THE WER AND FOR THE
MOMENT DUE TO THE ECCENTRIcITY NF SHMEAR INTRODUCED By THE SPLICE
CONNECTION, FLANGE SPLICE PLATES NEED BE DESIGNFD ONLY FOR THE PORS
TION OF THE DESIGN MOMENT NOT RESISTED BY THE WEB.,
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FIGURE 1.7.19
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IN THE DFSTGN NF SPLTCES., NDUF CONSIDERATION SHALL BE GIVEN TO FATIGUE.

WEB PLATFS SHALL RE SPLICED SYMMETRICALLY Ay PLATES ON EACH SIDE, THF
SPLICE PLATFS FOR SHFEAR SHALL EXTEND THE FULL NDFPTH QF THE GIRDER BETWEEN
FLANGES. IN THE SPLICF THFRF SHALL RE NOT LESS THAN 2 ROWS OF BOLTS ON
EACH SIDE OF THF JOINT,

SPLICES IN TRUSS CHNRDS AND CNLUMNS SHALL BE LOCATEp AS NEAR TO THE
PANEL POINTS AS PRACTICABLE AND USUALLY ON THAT SIDE WHERE THE SMALLER
STRESS OCCURS, THE ARRANGEMENT NF SPLICE ELEMENTS SHALL BE SUCH AS TO
MAKE PROPER PROVISTON fFOR THE STRESSES», 80TH AXxTAL AND RENDINGs IN THE
COMPONENT PARTS OF THF MEMRFRS SPLICED.

IN CONTINUNUS SPANS SPLICES PREFERABLY SHALL BE MADE AT OR NEAR POINTS
OF CONTRAFLFXURE,

THE NET SECTION OF A BNLTED TFENSION SPLICE IS THE SuM OF THE NET
SECTIONS OF ITS COMPONENT pARTS, THE NET SECTION OF A pART IS THE PrOODUCT
OF THE THICKNESS 0F THE PART MULTIPLIED BY ITS LEAST NET WIDTH.

THE NET WwIDTH FNOR ANY CHAIN 0OfF HALES EXTENDING PROUGRESSIVELY ACROSS
THE PART SHALL BE OBTATNED RY OFNUCTING FROM THF GROSS WIDTH THE SUM OF
THE NIAMETERS OF ALL THE HOLES IN THE CHAIN AND ADDING, FOR EACH GAGE
SPACE IN THF CHAIN, THE QUANTTTY?!

52 7 ag
WHERE S = PTTCH OF ANY TWO SUCCFSSIVF HOLES IN THE CHATIN,
g = GAGF 0OF THE SAME HOLES,

THE NET SECTION OF THE PART IS ORTAINED FRNM THE CHAIN WHICH GIVFS
THE LEAST NFT WIDTH,

AT A SPLICE THE TNTAL STRESS IN THF MEMBER RFING SRLYICED IS TRANS-
FERRED BY FASTENERS TN THE SPLICF MATERIAL,

WHEN DETERMINING THE UNIT STRESS ON ANY LEAST NET WIDTH OF EITHER
SPLICE MATERIAL OR MEMRER REING SPLICED» THE AMRUNT OF THE STRESS PRE-

VIOUSLY TRANSFERRED RY FASTFNERS ADJACENT TN TWF SFCTION BEING INVESTI=-
GATEDN SHALL AF CONSINFRFD IN NETFRMINING THE (INTT STRESS ON THE NET SEC=

TION,

The diameter of the hole shall be taken: as 1/8 inch greater
than the nominal diameter of the rivet or high strength belt
unless larger holes are permitted in accordance with Articie

1.7.5.

1.7.20 =STRENGTH OF CNONNECTINNS

EXCEPT As NTHERWISE PRAyINED HEREINs CONNECTTIONS SHALL RE DESIGNED
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FOR THE AVERAGE OF THE CALCULATFN STRESS AND THF STRENGTH OF THE GROSS
SECTION OF THE MEMRER, RUT THEY SHALL BE DESIGNFD FOR NOT LESS THAN 75
PERCENT OF THE STRENGTH OF THE AR0OSS SECTION of THE MEMBER,

CONNECTINNS SHALL RE MADE SYMMETRICAL ABOUT THE AXIS OF THE MEMBERS
INSOFAR AS PRACTICARLE, CONNECTINNSs FXCEPT FOR HANDRAILS, SHALL CONTAIN
NOT LESS THAN TWO FASTENERS OR FAUIVALENT WELD,

1.7.21)=01APHRAGMSs CRNSS FRAMES AND LATERAL BRACING

ROLLED BEAM AND PLATE GIRDER SPANS SHALL BE PROVIDED WITH CROSS
FRAMES OR DYAPHRAGMS AT EACH END AND INTERMEQIATE CROSS FRAMES NR
DIAPHRAGMS SPACED AT INTERyALS NOT To EXCEED 25 FEET. CROSS FRAMES SHALL
BE AS DEEP AS PRACTICABLE. DIAPHRAGMS SHALL BE AT LEAST 1/3 AND
PREFERAALY 1/2 THE GIRDER NEPTH. END CROSS FRAMES OR DIAPHRAGMS SHALL BF
PROPORTIONEDN TO ADEQUATELY TRANSMIT ALl THE LATERAL FORCES TO THE
AFARINGS. SPECIAL CONSTDERATION SHALL BE GIVEN TO THE pESIGN OF CRNSS
rRAMES USED ON HORIZONTALLY CURVFN STEEL GIRDFR ARIDGES, THESE CROSS
TRAMES SHALL RE DESIGNFD AS MAIN MEMRERS WITH ADEQUATE PROyISIONS FOR
TRANSFER 0OF LATERAL FORCES FROM TYE GIRDER FLANGES,

ON SPANS 125 FEFT 0OR LONGER MR ON SPANS WITH CURVED SUPPORTING MEM=
RERSs, HAVINgG A CONCRETFE FLDOR OR NnTHER FLOOR 0ofF EQUAL RIGIRITYs WHICH IS
ADEQUATELY ATTACHED TN TBE TOP FLANGES» ONE PLANE OR S3ySTEM OF LATERAL
BRACING SHALL BE PROVIDED NFAR THE BOTTOM FLANGF. SPANS WITH TIMBER OR
OTHER NON=RTGID FLOMRING SHALL HAYE A BOTTOM LATERAL SYSTEM FOR SPANS
LONGER THAN 40 FEET AND TOp AND A0TToM LATERAL SYSTEMS EGR SPANS OF 125
FEET OR LONGER, THE LATERAL RARACING SHALL BE pLACED IN ALTERNATE BgAYS
OF SPANS WiITH CURVED SUPRORTING MEMBERS AND IN QUTSIDE BAYys OF SPANS
W1TH STRAIGHT SUPPORTING MEMBERS ., CRDSS FRAMES nR NIARHRAGMS SHALL BE
PLACED IN ALL BAYS, FOR CONTINUNUS STRUCTURES WHERE THE LENGTH BETWEEN
DFAN LDAD INFLECTION POINTS IS5 125 FEET OR LONGER. A BOTTOM LATERAL
sy$TEM SHALL RE PROVIDED FnR THE ENTIRE STRUCTURE.

HKERE NEAMS OR GIRDERS GOAMPRISE THE MAIN MEMRERS OF THROUGH
$PANS, SUCH MEMBERS SHALL pE STIFFENED AGAINST |LATERAL DEFOQRMATION RY
MFANS OF GUSSET PLATES NR KNEE BRACES WITH sSoLIn WEBS WHICH SHALL BE
CONNECTED Tn THE STIFFEMERGg ON THE MATN MEMAERS AND THE FLOOR pEANS, IF

THE UNSUPPORTED LENGTH NF THE ENGE 0OF THE GUSSET PLATE (OR SOLID WER)
EXCEENS 60 TIMES ITS THICKNESS» THE PLATE OR WER SHALL RAVE A STIFFENING
PLATE OR ANALFES CONNECTER ALGNG ITS3 UNSUPPORTED EDGE.

TROUGH TRISS SPANS, DFgk TRNSS SpaNS AND SPANDREL BRACED ARCHES
SHALL HAVE TnP AND BOTTNM LATFRAL BRACING.

RRACING SHALL RE COMPOSED NF ANGLES» OTHER SHAPES OR WELDED SECTIONS.

1F A DNURLF SYSTEM OF RRACINR IS USEDs BOTH SYSTEMS MAY 3E CONSIDERED

EFFECTIVE STMULTANEDUSLY IF THE MEMAERS MEET THE REQUIREMENTS BOTH AS
TENSINN AND COMPRESSION MEMRERS. THE MEMBERS SHALL BE CONNECTED AT

THEIR INTERSECTIONS.

THE LATERAL PRRACING NF cNMPRESSION CHORDS, PREFERARLY SHALL BE AS
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DEEP AS THE CHORNS ANND FFFEFCOTTVYFIY CAMNECTEN T BOTH FLANGES.

THE SMALLFST ANGLE 1ISEN TN BrRACING SHALL BE 3 BY 2 t/2 INCHES. THERE
SHALL BE NOT | ESS THAN ? FASTENFRS MR EQUIVALFNT WELD IN EACH END
CONNECTION nF THE ANGLFS.

FOR RRIDAFS WITH SKEWS UP TD AND INCLUDING 3n DEGREES» DIAPHRAGMS OR
CROSS FRAMES SHALL BRE PLACFN IN & CONTINUOUS pLIME PARALLEL TO THE SKEW.
FNR SKEWS OufFrR 30 DEGREFS, THFY SHALL BE PLACED IN A CONTINUOUS LINE
ACRNSS THE RRIDGE' AT RYGHT ANGLFS TN THE STRINGFRS.

FOR SECONDARY MEMBERS», THE ENGE UF THE GHSSET OR CONNECTION
PLATE SHALL RF STIFFFNEDN IF THE OUTSTANODING WINTH OF THKAT PORTION
OF THE PLATF NUTSIDE THF MAIN MEMBER IS EQUAL Tn OR GREATER THAN
THE FOLLOWINE NUMRER 0OF TIMES ITS THIGCKNESS,

286 FOR STEFL WITH 36000 PeSel. YePs MIN
24 FOR STEFL WITH 42000 PeSels YePe MING
23 FOR STEFL WITH 45000 PeSel. YePs MIN
22 FOR STEFL WITH 30000 PeSal, YePs MIN.

1.7.22 =NUMBFR 0OF MAIN MEMBFRS NN THROUGH SPANS

WHFRE gEAMS, GIRDERS NOR TRUSSFS ARE USED FOR THROUGH SPANS, THE
SPANS PREFERARLY SHALL MHAVF BNLY TWN MAIN MEMRERS. SUCH MEMBERS SHALL
RE SPACED A SUFFTICIFNT NISTANCE APART (CENTER Ttn CENTER) T0 BE SECURE
AGATNST OVERTHRNING RY THE ASSUMFD LATERAL FORCFS,

1.7.23 =ACCESSIBILITY NF PARTS

THE ACCESSIBILITY NF ALL PARTS OF A STRUCTUYRF FOR INSPECTIONs, CLEANING
AND PAINTING SHALL BE SFCURFD BY THE PROPER PROPORTIONING OQF MEMRERS
AND THE DESTGN fIF THETR NETAELS.

1.7.24 ~CLASED SECTIONS AND POCKETS

CLNSED SFCTINNS, AND PACKETS NR NFPRESSIONS WHICH WILL RETAIN WATER,
SHALL BE AVDIDEDN WHERF PRACTICARLE. PONCKETS SHALL BE PROVIDED WITH
EFFECTIVE DRAIN HNLES NR AF FTLLFD WITH WATERPRAOFING MATERIAL.

NETAILS SHALL RF S0 ARRANGED THAT THE DESTRycTIVE EffECTS OF RIRD
LIFFE, THE RFTENTINN OF NIRT» 1EAVES» AND OUTHER rOREIGN MATTER WILL BE
REDUCFD TN A MINIMUM. WHERF ANGLFS ARF USEDs FITHER SINGLY OR IN PATRS,
THEY PREFERARLY SHALL RFE Pt ACED wITH THE VERTICAL LEGS EXTENDING
DOWNWARD .

1.7.25 =“WELDING, GENERAL *xxd#

WELDING sSyMBOLS AND FARRICATINN SHALL CONFARM TO THE CURRENT SPECI~=
FICATIONS FNR WELNEDN HTIAHWAY AND RAILWAY BRIDGES 0OF THE AMERICAN
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WELDING SOCTETY.

MATERIAL FNR STRUCTURAL MEMBERS WHICH IS DESIGNED AND SPECIFIED TO
BE WELDED- SHALL COMFORM TN ASTM A436s ASTM Ada1, OR ASFM AS88.

NQ INTERMITTENT WELDING WILL RE PEFRMITTED.

1.7.26 =WINTMUM STZE OF FILLET WELDS

THE MINIMUM FILLET WELD SIZE SHALL BE AS SHOWN IN ¥HE FOLLOWING TABLE
EXCEPT THE MINIMUM STZFE FILLET WELD CONNECTING PARTS CARRYING PRIMARY
STRESS SHALL RE 5/16 IN. IN LTEWt OF 1/4 IN, SHOWN IN THE TABLE. WELD SIZE
1S DETERMINFD BY THE THICKER OF THE TWwO PARTS JOINED UNLESS A LARGER SIZE
1S REQUIRED: BY CALCULATED STRESS., THE WELD SIZE NEED NOT EXCEED THE
THICKNESS OF THE THINNER PART JOTNED, BEARINGS, RRACING CONNECTION STIFF=
ENERS, NIAPHRAGMS AND LATERAL BRACING SHALL HAVE MINIMUM 5716 IN. FILLET
WELDS, ‘

MATERIAL THICKNESS OF MINIMUM SIZE OF
THICKER PART JNINED FILLET WELD
C INCHES)Y - CINCHES)
Tn 3/8 INCLUSIVE 1/4
OVER 374 TB 1 1/2 5/16
NVER 1 172 T 2 1/4 /8
OVER 2 1/4 Tn 6 1/2
OVER 6 5/8

THE MINIMUM SIZE SEAL WELD SHALL RE 1/8 1IN, FILLET WELD.

1.7.27 =MAXIMUM EFFECTIVE SIZE OF FILLET WELDS

THE MAXIMUM STIZE OF A FILLET WELD THAT MAY aF ASSUMED 1IN THE DESIGN
OF A CONNECTION SHALL RE SUCH THAT THE STRESSES IN THE ADJACENT BASE
MATERTAL DO NNT EXCEED THE VALUES ALLOWED IN ARTICLE 1,7.1, THE MAXIMUM
$1ZE THAT MAy BE USEDN ALONG EDGFS OF CONNECTED PARTS SHALL BE!

(1) ALONR EDGES 0OF MATERIAL LESS THAN 1/8 INCH THICKs THE MAXIMUM
§12F MAY BE FQUAL TN THE THICKNESS OF THE MATERTAL,

(2) ALONs FDGES OF MATERIAL 174 INCH OR MORE IN THICKNESS» THE
MAXIMUM SIZF SHALL RE 1716 INCH LESS THAN THE THICKNESS OF THE
MATERTALs UNMLESS THE WELD 1S ESPECIALLY DESIGNATED ON THE
DRAWINGS TOD RE: BUTLT nuyT Tn ORTAIN FULL THRDAT THICKNESS.
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1.7.28 =EFFECTIVE WFLD AREAS
A, BUTT WELDS

THE EFFECTIVE AREA SHALL BE THF EFFECTIVE WELD LENGTH MyULTIPLIED BY
THE EFFECTIVE THROAT THICKNESS.

(1) THE FFFECTIVE WFELD LENGTH FOR ANY BUTT WELDs» SQUARE OR
SKEWED, SHALL BE THE WINTH NF THFE PART JOINED, PERPENDICULAR
TO THE OIRECTION OF STRESS.,

(2) THE FFrECTIVE THROAT THICKNESS SHALL BE THE THICKNESS OF THE
THINNER PIErE OF RASE METAL JOINFD. (NO INCREASF 1S PERMITTED
FOR WELD RETNFORCEMENT,?

Be FILLET WELDS

THE EFFECTIVE AREA SHALL BF THE EFFECTIVE WELD LENGTH MyLTIPLIED BY
THE ErFECTIVE THROAT THICKNESS, (STRESS IN A FILLET WELD SHALL BE CON=
SIDERED AS APPLIED TO THIS EFFECTIVE AREAs FOR ANY DIRECTIQN OF APPLIED
LOAD.)

(1) THE FFFECTIVE LENGTH OF STRATGHT FILLET WELD SHALL RE THE OVERALL
LENGTH OF THE FULL=STZE FILLET TNCLUDING END RFTURNS,

(2) THE FFFECTIVE LENGTH OF A CURVED FILLET wWwELD SHALL BE THE LENGTH
0F THE LINE GENERATED BY THE CENTERPDINT OF THE EFFECTIVE
THROAT THICKNESS.,

(3) THE EFFECTIVE THROAT THICKNESS SHALL AE THE SHORTEST DISTANCE
FROM THE RONT OF THE DIAGRAMMATIC WELD TO THE FACE,

L7.29 =MINIMUM EFFECTTVF LENGTH 0OF FILLET WELDS

THE MINIMUM EFFECTIVE LENGTH NF A FILLET WELD SHALL BE FOUR TIMES IT3
SIZE AND IN Nt CASE LESS THAN 1 1/2 INCHES.
L7.30=FILLET WELD END RETURNS

FILLET WFLDS WHICH SUPPNRT A TENSILE FORCE THWAT IS NOT PARALLEL TO THE

AX1S OF THE WELD» NR WHICH ARE pRNPARTIONED TN WITHSTAND REPEATED STRESS
SHALL NOT TFRMINATE AT CORNERS NF PARTS OR MEMRERS BUF SHALL BE RETURNED
CONTINUOUSLY, FULL SIZE, ARDUND THE CNRNER FOR & LENGTH EQUAL TO TWICE
THE WELD SI7f WHERE SUCH RETURN CAN RE MADE IN THE SAME PLANE, END
RETURNS SHALL RE INDICATEN ON DFSIGN AND DETATL DRAWINGS.

1.7.3] =LAP JOINTS

THE MINIMUM WIDTH NF LAPS 0N 1LAP JOINTS SHALL SBE 5 TIMES THE THICK=



PAGE 125
NESS OF THE THINNER PART JOINED AND NNT LESS THAN 1 INCH. LAP JOINTS

JOINING PLATES OR BARS SURJECTED TO AXIAL STRESS SHALL BE rFILLET WELDED
ALONG THE ENGE OF BOTH LAPPED PARTS EXCEPT WHERE THE DEFLECTION OF THE
LAPPED PARTS IS SUFFICIFENTLY RESTRAINED TO PREVENT OPENING OF THE JOINT
UNDER MAXIMUM LOADING,

1.7.32 =SEAL WELDS

SEAL WELDING SHMALL PREFERARLY BE ACCOMPLISHED BY A CONTINUOUS WELD
COMBINING THE FUNCTIONS OF SEALING AND STREMGTH, CHANGING SECTION QNLY AS
THE REQUIRED STRENGTH OR TWE REAUIREMENTS OF MINIMUM SIZE rFILLET WELD,
BASED ON MATERIAL THECKNESS» MAY NECESSITATE,

1. 7.33 FILLET WELDS IN SKEWED TEE JOINTS

HHEM JOINING MATERTAL IN SKEWED TEE JOINTS, rILLET WELDS SHALL NOT BE
USED rOR JOTNTS THAT HAVE aM INCLUDED ANGLE OF LESS THAN 50 DEGREES.

1.7.34 "FILLET WELDS IN HOLES AMD SLUTS

FILLET WELDS IN HOLES OR SLOTS WAY BE USEpD Tn TRANSMIT SHEAR IN LAP
JOINTS OR Tn PREVENT THE pyCKLING OR SEPARATION OF LAPPED PARTS» AND TO
JOIN COMPONENTS OF BUILT=UP MEMBERS, SUCH FILLET WELDS HMAY OVERLAP,
SUBJECT 7O THE PROVISIONS OF ARTICLE 1.7.28 » FTLLET WELDS IN HOLES OR
SLOTS ARE NNT TO 8F CONSIDERED PLUG OR SLOT WELNS.

1.7.35=SI1ZE OF FASTENERS (HIGH STRENGTH BOLTS)

FASTENERS SHALL BE 0OF THE SIZF SHOWN ON THE nRAHINGS: 30T GENERALLY
SHALL BE 3/4 INCH OR 7,5 IMCH IN RIAMETER. FASTENERS 5,8 I1480CH IN DIANETER
SHALL NOT BE USZD IN MEMBERS CARRYIMG CALCULATED STRESS EXCEPT IM 2 1,2
INCH LEGS OF ANGLES ANp IM FLANGES OfF SECTIONS nEQuInInNg 3,6 IHCH
FASTENERS,

THE DIAMETER OF FASTENERS IN ANGLES CARRYING CALCULATED STRESS SHALL
NOT EXCEED NNE=FOURTH THE WIDTH OF THE LEG IN WwHICH TREY ARE PLACED,

IN ANGLES WHOSE SIZE Is NOT NETERMINED 8Y CALCULATED STRESS» 5/8 INCH
FASTENERS May BE yYsSED IN 2 INCH LEGS3s, 3/4 INCH FASTENERS Iy 2 1/2 INCH
LEGSs 7/8 INCH FASTENERS IN 3 INCH LEGS» AND | INCH FASTENERS IN 3 t1/2
INCH LEGS,

STRUCTURAL SHAPES HHICH DO NOT ADMIT THE ySE OF S5/8 INCH DIAMETER
FASTENERS SHALL NOT RE USED EYCFPT IN HANDRAILS,
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1.7_36-5PAC1NG 113 FALTENERS
THE PITCH nfr ¥ gTE ERS HE nISTANCE ALONG HE nE OF PRINCIPAL
g TRESS IN T CHES g TWEEM FNTERS ADJACENT £ ¢TENERS? M ASURED ALONG
¢ nr MORE eASTENER {.IMES. £ £ OF ASTENERS 15 1STANCE
NCHES gETWFFN ADJAC L1 OF STEN g NR T DISTANCE ROM THE RACK
F ansLE OR OTHE gHAPE 1q THE FIRST L1 of FASTENERS. THE 1TCH
rhsTENERs gHaLL GOHVERNED py T REQUIREMENTS rOR SE (NG OR gTITCH?
NHICHE £ER IS THE MI“{MHM.
THE MINTMUM nISTkNCE BETNEEN CENTERS or FASTENERS gHALL NOT Rt LESS
THAN THE FULLGNING: 4
i A8 L cagTENERS? ° INCHES s {
ror ! NCH FAS NERS? 3 1/2 TNCHF S
FOR 778 TNCH AS ENERS 3 INCHES
ror 3/% TMCH g TENERS? 2 1/2 INCHES
FOR g INCH aAsT ERS» 174 INCHES-
Lq.gq e AX TaUM spaC NG 1113 raﬁTENERs gick¥
FOR SEALING? THE WAX THUM sPAcIMG 113 FASTENERS ALONG THE TREE £0GE
oF A pLATE gHALL qf & INCHES + FOUR TIMES THE THICKNESS oF THE THINNER
pLATE auT NOT wouf Tyt 7T HES.
17.38-EDGE gisTANCE OF FASTENERS aunk
Ae GENERAL
THE MINTMUM DISTANCE FROM THE CENTER oF ANY FASTENER 10 THE £pat nf
A PLATE SHALL 13
FOR 1 1/8 INC FASTE £RS INCHES.
FOR 1 INCH FASTENE S INCHFS.
fFOR 7/8 1NCH FAS ENERS? 72 INCHES-
For 3/8 {NCH TENERS? /48 {NCHES
cor 5/8 INCH ASTENERS 1/8 {NCHES s
IN THE FLANGES ne LFGS n¥ RDLLED SECTIDNS THE DISTANCE gHALL pE?
FOR y 1/8 1NCH FASTENERS' 1 3/8 INCHES.
ror 1 {NCH FASTENERS: y 1/48 INCHFES+
gor 7/8 N FASTENERSn y 1/8 {NCHES
FOR 3/4 INCH FASTENERS: 1 INCH.
fFOR 5/8 TNCH FRSTENERS: 7/8 INCH.
THE MAX TMUM NISTANCE FROM ANY EDGE sHALL BE FIGHT TIMES THE
THICKNESS ar £ THINNEST nUTSInE PLATE: But quALL NOT EXCEED 5 INCHES.
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1.7.43 =WER SECTION AT PIN HOLFS

WHEN NECESSARY FOR THE REQUIRFD SECTION OR RFARING AREA, THE SECTINN
AT THE PIN HOLES SHALL RE INEREASED RY SPLICING NN A SECTION OF wks
PLATE OF THE REQUIRED THICKNESS TN THFE NORMAL WEB.

1.7.44 «pINS AND PIN NUTS

PINS SHALL BE OF SUFFICIENT LFNGTH TO SECURE A FULL BEARING OF ALL
PARTS CONNECTED UPAN THFE TURNED RNDY OF THE PIN, THEY SHALL BE SECURED IN
POSITION BY HEXAGONAL RECESSED NUTS OR BY HEXAGONAL SOLYID NUTS WITH
WASHERS. IF THE PINS ARE BOREN, THROUYGH RODS WITH CAP WASHERS MAY BE
USEND., PIN NuTS SHALL BE MALLEABLE CASTINGS OR STEEL. THEY SHALL BE
SECURED BY COTTER PINS TN THE SrRFEW ENDS OR ELSF THE SCREW ENDS SHALL BE
LONG ENOUGH Tn PERMIT RURRING THE THREADS.

MEMBERS SHALL BE HELD AGAINST LATERAL MOVEWMENT QN THE PINS.
1.7.4b =UPSET ENDS (DELETED)

1.7.46 =EYERARS

EyEBARS SHALL RE OF A UNIFORM THICKNESS WITHNUT REINFORCEMENT AT THE
PIN HOLES. THE THICKNESS NF EYERARS SHALL BE NOT LESS THAN 1/8 OF THE
WIDTHs, NOR [FSS THAN 1/2 INCH, AND NOT GREATER THAN 2 INCHESe. THE SECTION
OF THE HEAD THROUGH THE CENTER NF THE PIN HOLE SHALL ExCEED THAT OF THE
pODY OF THE RAR B8Y AT LEAST 35 PERCENT. THE NET SECTIGN BACK OF THE PIN
HOLE SHALL NDT BE LESS THAN 75 PFRCENT OF THE RFQUIRED NET SECTION OF THE
BODY OF THE MEMBER, THF RADIUS OF TRANSITION BETWEEN THE HEAD AND BODY NF
THE EYEBAR SWALL BE FQuAL TN NR GREATER THAN THE WIDTH OF THE HEAD
THROUGH THE CENTERLINE NF THE PIN HOLE, THE DIAMETER Of THE PIN SHALL RE
NOT LESS THAN[3 + 1(YIFLD POTNT 0OF STEELY TIMFS THE WYDTH OF THE

& a4 100000
BODY NF THE FYERAR,

1.7.47 =PACKTING OF EYERARS (¢(NEIETEN)

1.7.48 =FORKFN ENDS (DELFTED)

1.7.49 ~FIXEN REARINGS

FIXED FNNRS SHA{{ RE FIRMLY ANCHORED, BEARINGS FOR SPANS LESS THAW
50 FEET NFENn 4AVE NO PROVISION FNR NEFLECTION, SPANS 0OfF S0 FEET OR
GREATFER SHAI| RE PROVIDFD WwiTH A TYPF OF BEARTNG EMPLOYING A HINGE»
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CURVED BEARYNG PLATESs ELASTOMERIC PADS OR PIN ARRANGEMENT FOR DEFLECTIDN
PURPOSES, GRAPHITE FILLED RRONZF INSERTS MAY AE USED IF NECESSARY,

1.7.50 =EXPANSTON REARINGS

SPANS DF LFSS THAN SO0 FFET MAY BE ARRANGED Tn SLIDE UPON METAL
PLATES WITH SMOOTH SURFACES AND NO PROVISIOGNS fFnR DEFLECTION OF THE SPANS
NEED BE MADE. SPANS OF %0 FEET ANp GREATER SHALL BE PROVIDED WITH
ROLLERSs ROCKERS NR SLINING PLATES FOR EXPANSION PURPOSES AND SHALL ALSO
BE PROVIDED WITH A TYPE OF REARING EMPLOYING A HINGEs CURVED BEARING
PLATESs0OR PTIN ARRANGEMFNT wITH GRAPHITE FILLED RRONZE INSERTS IF NECESS-
ARY FNR DEFLECTION PURPOSES.

IN LIEU NnE THE ARDVE REQUEIREMENTS ELASTOMERIC BEARING PADS MAY BE ySED

1.7. 5] =BRON7E OR COPPER ALLOY SLTDING EXPANSION BEARINGS
BRONZE OR COPPER=ALLOY SLINING PLATES SHALL RE CHAMFERED AT THE ENDS,
THEY SHALL RE HELD SECURELY IN PNSITION, PROVISIONS SHALL BE MADE

AGAINST ANY ACCUMULATION NF DIRT WHICH WILL ORSTRUCT FREE MOVEMENT OF THE
SPAN

1.7.52 =ROLLERS (DELETEP)

1.7.53=S0LE PLATES AND MASQNRY PLATES

SOLE PLATES AND MASONRY PLATES SHALL HAVE A MINIMUM THICKNESS OF
3/4 INCH.

FOR SPANS ON INCLINED GRAPES GREATER THAN 1 % WITHAUT HINGED BEAR=

INGS THE SOLE PLATES SHALL RE BEVELED SO THAT THE BOTTOM OF THE SOLE
PLATE IS LEVFL», UNLESS THE ROTTOM OF THE SOLE pPLATE IS RADIALLY CURVED.

L.7.54 ayaSONRY REARINGS (DFLETED)

1.7.5D5 =ANCHNR BOLTS *wwwx

ANCHOR BNLTS SHALL RE SWFDGED NR ROUGHENED Tn SECURE A SATISFACTORY
GRIP UPON THE MATERIAL TN WHICH THEY ARE IMBENDDED.,

THE FOLLNWING ARE THE MINIMUM REQUIREMENTS FnR EACH AEARING:

FNR MULTIPLE STRINGER TYPE SPANS THE BEARINGS SHALL BE ANCHORED AT
EACH END WITH 2 BOLTS t IN, IN DIAMETER» SET & IN. INTO THE MASONRY,
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roR OTHER TYPES OF SUPERSTRUCTURE SYSTEMS THE BEARINGS SHALL RE
ANCHORED WITH 4 BOLTS 1 IN, IN NTAMETER SET 6 INCHES INTO THE MASONRY,
UNLESS OTHERWISE RERUIRED AY NESIGN.

ANCHOR BNLTS SURJECT TD TENSINN SHALL BE DESTGNED TO ENGAGE A MASS OF
MASONRY WHICH wILL PROVIDE A RESTSTANCE EQUAL Tn { 1/2 TIMES THE
CALCULATED nPLIFT,

1.7.56=PEDESTALS AND SHOES

PENESTALS AND SHOES PREFFRABLY SHALL BE MADE OF CAST STEEL OR STRUCS
TURAL STEEL, THE NIFFERENCE 1N WIPTH RETWEEN THF TOP AND ROTTOM REARING
SURFACES SHALL NOT EXCEED TWICE THE NISTANCE RETWEEN THEM, FOR HINGED
BEARINGSs THTS RISTANCF SHALL BF WEASURED FROM THE CENTER OF THE PIN, IN
BUILT=UP PENESTALS AND SHOFS» THE WEB PLATFS AND ANGLES CONNECTING THEM
70 THE RASE PLATE SHALL BE NOT LESS THAN 5/8 IN, THICK, IF THE SIZE OF
THE PENESTAL PERMITS, THE WwEBS SHALL gE RIGIDLY CONNECTED TRANSVERSELY.,
THE MINIMUM THICKNESS OF THE METAL IN CAST STEEL PEDESTALS SHALL BE 1 IN,
PEDESTALS AND SHOES SHALL RE S0 DESTGNED THAT THE LOAD WILL BE
DISTRIBUTED UNIFORMLY QOVER THE ENTIRE BEARING.

WEBS AND PIN HOLES IN THE WERS SHALL BE ARRANGED TO KEEP ANY ECCEN=
TRICITY T0 A MINIMUM, THE NFT SECTION THROUGH THE HOLE SHALL PROVIDE
140 ¥ OF THF NET SECTION REQUIREN FOR THE ACTUAL STRESS TRANSMITTED
THROUGH THE PENESTAL OR SHOE. PINS SHALL BE OF SUFFICIENT LENGTH TO
SECURE A FULL BEARING, PINS SHALL BE SECUREN IN POSITIQN BY APPROPRIATE
NUTS WITH WASHERS, ALL PORTIONS NF PFNESTALS ANN SHOES SHALL BE HELD
AGAINST LATFRAL WMOVEMENT AN THE PINS,

FLNOR SYSTEM

1.7.57 ~STRINGERS

STRINGERS PREFERABLY SHALL BF FRAMED INTOD FLOORBEAMS . STRINGERS SUP=
pARTED ON TWE TOP FLANGES OF FLANRBEAMS PREFERARLY SHALL BE CONTINUTUS
gvVER TWO OR MNRFE PANELS,

L.7.58 =FLDURREAMS **wwux

FLOORBEAMS PREFERARLY SHALL aF AT RIGHT ANGLES TO THE TRUSSES OR MAIN
GIRDERS AND SHALL BE RIGIPDLY CONNECTFD THERETOQ, FLOORBFAM CONNECTIONS
PREFFRABLY SHALL RE LOCATED 350 THE LATERAL BRACING SYSTEM WILL ENGAGE
ROTH THE FLNORREAM AND THE MAIN SUPPORTING MEMRFR.

1.7.59 =CRNSS FRAMES (NELETED)
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L7.60 =EXPANSION JOINTS

TOo PROVINE FOR EXPANSION AND CONTRACTION MNYEMENT, FLOOR EXPANSION
JOINTS SHALL RE PROVINED AT ALL EXPANSION ENDS OF SPANS ANp AT OTHER
POINTS WHERF THEY MAY RE NECESSARY,

1.7.61 =END CONNECTIONS NF FLONRREAMS AND STRINGERS

THE END aONNECTION SHAL)]. BE NESIGNED FOR THFE LOADS SPECIFIED. THE END
CONNECTION ANGLES DF FILNORREAMS AND STRINGERS sWALL AE WOT LESS THAN 3/8
INCH IN FINISHED THICKNESS., EXCFPT IN CASES OF gPECIAL END FLODRBEAM
DETAILSs EACH END CONNECTINN FOR FLUDRBEANS AND STRINGERS SHALL BE MARE
HITH THWO ANGLES. THE LENGTH OF THESE ANGLES SHALL BE AS GREAT AS THE
FLANGES WILL PERMIT. BRACKET AR SHELF AMNGLES WHTCHM MAY BF USED TO FURNISH
SUPPORT DURING ERECTION SHALL NNT 8E CONSIDERED IN DETERMINING THE
NUMBER OF FASTENERS REQUIRFND TN TRANSMIT END SHEAR,

END CONNPCTION DETAILS SHMALL NF DESIGNED WITH SPECIAL CARE TO PROVIDE
CLEARANCE FNR MAKING THE ri1ELD enNNNESTION,

END CONNFCTIONS OF STRINGERS AND FLODRBEAMS PREFERABLY SHALL BE
BOLTED WITH HIGH STRENGTH AOLTS», HOWEYERa THEY uAY BE WELDED. IMN THE
CASE NF WELDED END CONNECTIONS, THEY SHALL RBE DESIGNED FOR THE VERTICAL
LOADS AND THE END BENPING MOMENT RESULTING FROM THE DEFLECTION OF THE
MEMBERS »

WHERE TIMRER STRINGERS rRAME INTO STEEL FLONNRBEAMS, 3SHELF ANGLES WITH
STIFFENERS SHALL BE PROVINDEN TO CARRY THE WHOLF REACTION. SHELF ANGLES
SHALL 3E NOT LESS THAN 7716 THCH THICK.

1L.7.€2

=END) FLLNORBEAMS

THERE SHALL RE END riDORBEAMS IN ALL SAUARF-£NDED TRUSSES AND GIRDER
SPANS AHD PREFERABLY IN SXEW SPANS, EHD FLOURREAMS FOR TAUSS SPANS
PREFERABLY SHALL RE DESIGNFD TO PRERMIT THE USE nF JACKS FOR LIFTING THE
SUPERSTRUCTHRE, FOR THTS CASE THE ALLOWABLE STRESSES MAY BE INCREASED
50 PERCENT,

END FLOCRBEAMS SHAL{ BE ARRANGED TO PERMIT PAINTING OF THE SIDE nOF
THE REAM ADJACENT TO THF ARHUTMENT BACKWALL,

1.7.63 £Np PANEL OF SKEWED BRTDGFS

IN SKEW RRTDGES WITHNUT ENN FLNDORBEAMS:s THE FND PANFL STRINGERS
SHALL BRE SEQURED 1IN carRECT POSTITION gY END STRyYTS COBNECTED TO THE
STRINGERS AMD TN THE MAIN TRUSSFS OR GIRNER, THF END PANEL LATERAL
RRACING SHALL RE ATTACHED TN THF MAIN TRUSSES nNR GIRDERS AND ALSD 70 THE
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END STRUTS. APEGUATE PROVISIONS SHALL BE MADE FnR THE EXPANSION MOVEMENT
OF STRINGERS,

1.7.84 =SIDEWALK BRACKETS

SIDEWALK BRACKETS SHALL RE CANNECTED IN SUCH A WAY THAT THE RENDING
STRESSES WIiLL BE TRANSFERRED NIRECTLY TO THE FLNORBEAMS.



PAGE 133

RNLLED REAMS

1.7.65 ROLLFD BEAMSs GENERAL #*w+#k

ROLLED BFAMSs INCLUNDING THDNSF WITH WELDED CDVER PLATES, SHALL BF
NESTIGNED RY THE MOMENT NF INERTIA MFTHOD.

THE COMPRESSTON FLANGES 0F RALLED BEAMS SUPPNRTING TIMBER FLOORS
SHALL NOT BF CONSIDERED TO RE LATERALLY SUPPORTFD BY THE FLOGRING UNLESS
THE FLOOR AND FASTENINGS ARE SPECTALLY DESIGNED TO PROyIDE ADEgQuUaTE
SUPPORT,

1.7.86 «gEARTNG STIFFENERS

SUTTABLE STIFFFNERS SHALL BE PROVIDED TO STIFFEN THE WERS OF ROLLED
REAMS AT REARTNGS WHEN THE UNTT SHEAR IN THE WER ADJACENMT TO THE REARING
FXCEENS 75X OF THE ALIOWARLF SHFAR FNR GIRDER WFRS. SEE THE RELATED
PROVISIONS NF ARTICLE 1.7.73.

1.7.67 <cover PLATES

THE LENGTH OF ANY CNVER PLATF ADDEN TO A ROLIED REAM SHALL BE NOT LESS
THAN (20+3) FEET WHERE (D) IS THE DEPTH OF THF REAM IN FEET.

WELDED CNVER PLATES SHALL RE LIMITED TO NNE NN ANY OQNE FLANGF.
THE MAXIMUM THICKNESS OF THE COVER PLATE ON A FLANGE SHALL MNOT BE
GREATER THAN 2 TIMES THF THICKNFSS 0F THE FLANGE TO WHICH THE COVER
PLATE IS ATTACHED, THE THICKNESS AND WIDTH NF A COYER PLATE MAY RE
YARIED RY BHTT WELDING PARTS OF NIFFERENT THICKNESS OR WIDTH» WITH
"RANSITIONS CNNFORMING TO THE RFQUIREMENTS OF STANDARD PRACTICES,
SUCH PLATES SHALL BE ASSEMALEN ANN WELNS GRNOUND $SMOOTH REFNRE
ATTACHING Tn FILANGE. CNVYER PLATES MAy BE EITHFR NARRODWFR 0OR ATDER
THAN THE FLANGE TN WHICH THFY ARF ATTACHED,

ANY PARTTAL LENGTH WELDFN CNVER PLATE SHALL FXTEND REYOND THE THEQ-
RETICAL END Ry THE TERMINAL DISTANCE, OR IT SHALL EXTEND TO 4 SECTION
WHERE THE STRFSS IN THE BEAM FLANGE 1S EQUAL TD THE ALLOWABLE FATIGUE
STRESS FOR »RASE METAL ADJACFNT To OR CONNECTED BY FILLET WELDSs»"™ WHICH=
TYER TS GREATFR. THE THEORFTICAL END NF THE COYFR PLATE 1S THE SECTION
2T WHICH THF STRESS TN THE FLANGE WITHOUT THE CNVER PLATE EQUAL THE
ALLNMWABLE STRFSS EXCLUSIYE OF FATIGUF CONSIDERATIONS. THE TERMINAL DTS-
TANCE IS 2 TTIMES THE NOMINAL CNVFR PLATE WIDTH FOR COVER PLATES NOT
WELNEN ACRNSS THEIR FNNSs AND § t/2 TIMES FOR CNVER PLATES WELDED ACRNSS
THEIR ENDS., THE WINTH AT ENPDS OF TAPFRED COVER PLATES SHALL NOT BE LESS
THAN 3 INCHFS. THE WFLD CANMNECTING THE COVER PLATE TO THE FLANGE IN ITS
TERMINAL NDISTANCE SHALYL HF CONTINYOHS AND OF SUFFIRIENT SIZE TO NEVFLNP
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AN THE COMPUTED STRESS 1IN THE COVER PLATE
CTING ¢OVER PLATES TO BEAM
ER THAN THE MINIMUM

A TOTAL STRFSS OF NOT tESS TH
AT ITS THEORETICAL END, ALL WELDS CONNE
FLANGES SHALL BE CONTINUOUS AND SHALL NGT aF sMALL

$12E PERMITTED BY ARTICLE L1.7.26)
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PLATE GIRDERS

1. 7 68 =PLATF GIRDERS» GENERAL

GIRDERS SHALL RE PRNPORTIONED RY THE MOMENT nF INERTIA METHOD,

THE COMPRESSION FLANGES NF PLATE GIRDERS SUPPORTING TIMBER FLOORS
SHALL NOT BF CONSIDERED Tn RE LATERALLY SUPPGRTED &Y THE FLOORING UNLESS
THE FLOOR AND FASTENINGS ARE SPECTALLY DESIGNED TO PROYIDE SUPPNORT,

1.7.69 =FLANGFS *#*ex*

EACH FLANGE PREFERARLY SHWALL CONSIST OF A SINGLE PLATE., THE SINGLE
PLATE MAY CNMPRISE A SERIES NF SHNRTER PLATES JNINED ENB TO END BY FULL
PENETRATINN 8UTT WELDS, WHERE THE THICKNESSES or WIDTHS OF PLATES VARY,
THE SPLICE SWALL RE MADF IN ACCORDANCE WITH THE DETAILS SHOWN IN THE
STANDARD PRACTICES

THE RATIN 0OF COMPRESSION FLANGE PLATE WINDTH TO THICKNESS SHALL NOT
EXCEEND THE vaALUFE NETERMINED BY THE FNRMULA?

b/t = 3250 RBUT IN NO GASF SHALL b/t EXCEED 24
'ib

WHERE THF CALCULATED COMPRESSIVE RENDING STRFSS EQUALS +55 Fy THE
b/t RATIOS FOR THE VARINUS GRADES OF STEEL SHALL NNT ExCEED THE
FOLLOWING:

365000 PSIs v.P, MIN, b/t= 23
472,000 PSIs v,R, MIN, b/t = 29
a6'000 PSI! Y'P. MINQ b/t= 21
50,000 PSI» Y.P, MIN, b/t = 20

IN THE AROVE b IS THE FILANGE PLATE WIDTHs t 1S THE THICKNESSs, AND f,
IS THE CA! CULATED MAXIMUM COMPRESSIVE BENDING STRESS.
(See Art. 1.7.12 for Hybrid Girders)

FOR COMPNSITE GIRNERS A b/t RATLN OF <4 SHALL BE USED REGARDLESS OF
TYPE OF STEEL, THE COMPRESSTON FLANGE OF COMPOSTTE PLATE GIRDERS SHALL
BE CONSIDERFD SUPPORTED AFTER THE CHNNCRETE SLAR HAS CURED,., THE THEDRET=
ICAL CALCULATED MAXIMUM COMPRESSTNN STRESS IS THE STRESS CAUSED RY THE
DEAD LOAD OF THF STEFL AND THE CNNCRETE DECK

THE WINTH NF A FLANGE PLATE SHALL RE NOT LESS THAN 9 INCHES.

THE MINIMUUM THTICKNESS DF ANY FLANGE SHALL A 1/2 IN,
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FLANGE PLATES MAY BE REDUCEN TN WINTHs AT A AUTTY WELD OR TAPERED
BETWEEN BUTT WELDS.

THE THICKNESS RATIN 0OF THWO FILANGE PLATES AT A JOINT SHALL BE 2 70
{ OR LESS.,

1.7.70 =THICKNESS OF WER PLATES *hh
A, GIRDERS NOT STIFFENED LONGITUDEINALLY

THE WER PLATE THICKNESS OF PLATE GIRDERS WITHOUT LONGITUDINAL
STIFFENERS SHALL NOT AF LESS THAM THAT DETERMINED /Y FHE FORMULA?

t = D Vi ¢seg Freyre L.7.70)
231,000

gUT IN NO CASE SHALL THE THICKNFSS RE LESS THAN D/7170 NR LESS THAN 3/8
INCH.

WHERE THE CALCULATED COMPRESSTVE RENDING STRESS EQUALS THE ALLOW=
ABLE RENDING STRESSs, THE THUCKNESS OF THE WEB PLATE, (WITH THE WEB
STIFFENED OR NOT STIFFENED DEPENDING UPON THE RFQUIREMENTS FOR TRANS=
VERSE STIFFFNERS), SHALL NNT AE LESS THAN (WHERE THE Y,P, IS FOR TWE
FLANGE MATERTAL !

36,000 PSI. Y.Ps MIN, n / 165
36,000 PSI. Y.P. MIN, D/ 145
50,000 PSI, Y.P. MIN, n 7/ 140

Be. GIRDERS STIFFENED LONGTTUDINALLY

THE WER PLATE THICKNESS NF PLATE GIRDERS EQUIPPED WIIH LONGITUDINAL
STIFFENERS SHALL NOT BE LESS THAN THAT DETERMINED BY FHE FORMULA:

t = pvfp (SEE FIGLURE 1.7.70)
36,000

guT IN NO CASE SHALL THE THICKNESS RE LESS THAN N/340 DR LESS THAN 1/2
INCH, ,

WHERE THF CALCULATED BENDING STRESS EQUALS THE ALLOWABLE BENDING
STRESS THE THICKNESS 1IF THE WFEB PLATE STIFFENED WITH TRANSYERSE
STIFFENERS TN COMRINATION WITH ONFE LONGITUDINAL STIFFENER SHALL NOT BE
LESS THAN (WHEN THE Y.P. 15 FNR THE FLANGE MATERIAL)?

36,000 PSI. YsPs MIN, p 7/ 330
42,000 PSI. Y.P, MIN, n / 300
86,000 PST, Y.P, MIN. n / 290
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50,000 PSI, Y.Po MIN, n 7/ 280

IN THE ARNVE D (DEPTH NIF WEB) IS THE CLEAR UNSUPPORTED DISTANCE,
IN INCHES, RETWEEN FLANGE COMPONENTS, ¢ IS THE WEB THICKNESS AND fy,
1S THE CALCULATED FLANGE BENDING STRESS.

1.7.71 =TRANSVERSE INTERMENIATE STIFFENERS

EXCEPT AS OTHERWISE PROVIDED RELOWs THE wEgs OF PLATE GIRDERS SHALL
BE STIFFENEN AT INTERVALS NAT GREATER THAN THE NnISTANEE GIVEN BY THE

FNRMULA?S

d= 11,000¢ (SEr FIGURE 1.7.71A)
o
g)T NOT GREATER THAN THE CLEAR INSUPPORTED DEPTH OF THE WEB PLATE BETWEEN
FLANGES IN WHICH?

d THE RFQUIRED DISTANCE RETWEEN STIFFENERS, IN INCHES

t THE THICKNESS OF THE WEB PLATEs IN TINCHES

f, THE AVERAGE CALCULATED UNIT SHEARING STRESS IN THE gROSS
SECTTION DOF THE WEB PLATE AT THE POINT CONSIDERED.,

THE FIRST TwO STIFFENER SPACES AT THE SIMPLY SUPPORTED ENDS OF GIR-
DERS SHALL RE ONE=HALF THF VALUE SPECIFIED ABOVE.

TRANSVERSE INTERMENIATE STIFFEMERS MAY BE OMITTED IF THE WEB PLATE
THICKNESS Is NDT LESS THAN THFE THICKNFESS DETERMINED BY THE FORMULA:

f = ovF (SEE EIGURE 1.7.71B")
7500

IN NO CASE SHALL t BF LESS THAN D/150.
WHERE THF CALCULATED SHEAR STRESS EQUALS THE ALLOWABLE SHEAR STRESS»

TRANSYERSE INTERMEDIATE STIFFENFRS MAY BE OMITTFD IF THE THICKNESS OF THE
WER IS NOT 1LLESS THAN:

36!000 PSI- YoP. MIN. D / 68
116:000 PSIn Y.P. MiNn N / 60
50,000 PSI. YR« MIN, D / 58

INTERMEDTATE STIFFFNFRS SHALL CONSTST OF A SINGLE PLATE WELDED TN ONE
SIDE OF THE WEB AND THE CNMPRESSINN FLANGE, THEY SHALL BE PLACED ON
ALTERNATE STDFS OF THE WER EXCERPT WHERE THEY ARF USED IN CONJUNCTION WITH
A LONGITURIMAL STIFFENER, TN WHTCH CASE THEY SHALL ALL BE PLACED ON ONE
SIDE WITH THf [ MNGITUNINAL STIFFENER DN THE 0OTHER SIDE.

THE MOMENT 0OF INERTTA n¢ ANY TYPE OF TRANSYERSE STIFFENER SHALL NOT
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WEB PLATE WITHOUT STIFFENERS

V= 1otal shear
fy=0overoge colculoted unit shear stress in web
1% thickness of web plate

D=depth of web plote in inches
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BE LESS THAN:

I dot> T
10,92

WHERE J = 25 n2 = 20, RUT NAT LFSS THAN 5.0,
Fis
IN THESE EXPRFSSIONS.

1 = THE MINIMUM PERMISSTRLE MOMENT 0OF INFRTTA OF ARY TYypPE OF
TRANSQVERSE TNTERMENTATE STIFFENER,

J = THE REQUIRED RATIOD OF RIGINITY OF ONE TRANSVERSE STIFFENER TO
THAT nF THE WER PLATE,

d= THE REQUIRED DISTANCE RETWEEN STIFFENERS, IN INCHES,

| do = THE ACTUAL DISTANCE RETWFEN STIFFENERS, TN INCHES.
D = THE HNSUPPORTED NEPTH OF WEB PLATE BETWFFN COMPNMENTS» IN INCHES
t = THE THICKNESS 0OF THF wEB PLATF» IN INCHES.

THE MOMENT OF INERTIA np THE sTIFFENER SHA{L BE TAKEN AROUT THE FACE
IN CONTACT WwITH THE WER PLATE. '

STIFFENERS AT POINTS OF CONCENTRATED LOANING SHALL BE PLACED IN PAIRS
AND SHALL BF DESIGNED IN ACCORDANCE WwITH ARTICLE 1,7.73°

THE WIODTH NF AN INTERMENIATE STIFFENER SHALL NOT BE LESS THAN 2 INCHES
PLUS 1730 THE DEPTH OF THE GTRDFR» AND IT SHALL PREFERABLY NOT BE LFSS
THAN 174 TH¥Y FULL WIDTH 0F THE GIRDER COMPRESSINN FLANGE. THE THICKNESS
OF AN INTERMENIATE STIFFENFR SHALL NOT BE LFSS THAN t/%6 ITS WINTH.
INTERMEDIATF STIFFENERS MAY BE A36 STEEL

1.7.72 «LONGTTUDINAL STIFFENERS

THE CENTFRLINE OF A LOMRITUHOINAL STIFFENER SHALL HE D/% FROM THE
INNER SURFACF QOF THE COMPRFSSION FLANGE., THE (ONGITUDINAL STIFFENER
SMALL BE PRNPNRTIONED S0 THAT S

DB (?_.‘ldgz - n.i%
n2

THE MINTMUM MAMENT NF TNERTIA UOF THE L ONGITUNINAL STIFFENER
ARDUT ITS ENGF TN CANTACT WITH THE WER PLATE,

1

WHERE T

n = THE UNSUPPORTFN nTSTANCF AFTWEEN FLANGE COMRONENTS» IN INCHES.

t = TuF THICKNESS 0OfF THE WEg PLATE» IN INCHES .
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de = The actual distance between iransverse stiffeners, in inches

The thickness of the longitudinal stiffener shall not be less than:

o Vi

2260
1
b = Width of stiffeners
£, = Calculated compressive bending stress in the flange.

The stress in the stiffener shall not be greater than the basic allowable
bending stress for the material used in the stiffener.

Longitudinal stiffeners are usually placed on one Side only of the web
plate. They shall be continuous and shall be assembled full length using
full penetration butt welds before attachment to the web. Transverse con-
nection plates shall be noiched to fit around longitudinal stiffeners.

1.7.73 - BEARING STIFFENERS

Over the end bearings of welded plate girders and over the intermediate
bearings of continuous welded plate girders there shall be stiffeners. They
shall extend as nearly as practicable to the outer edges of the flange plates.
They preferably shall be made of plates placed on both sides of web plate.
Bearing stiffeners shall be designed as columns, and their connection to the
web shall be designed to transmit the entire end reagtionto the bearings. For
stiffeners consisting of two plates, the column section shall be assumed to com-
prise the two plates and a centrally located strip of the web plate whose width
is equal to not more than 18 times its thickness. (See Ari. 1.7.13 for Hybrid
Cirders). For stiffeners consisting of four or more plates, the column section
shall be assumed to comprise the four or more plates and a centrally located
strip of the web plate whose width is equal to that enclosed by the four or more
plates plus a width of not more than 18 times the web plate thickness. The
radius of gyration shall be computed about the axis through the center line of
the web plate. The stiffeners shall be attached to the flange through which
they receive their reaction by full penetration groove weld, or in the case of
straight girders they may be milled to bear, only the portions of the stiffener
outside the flange to web weld shall be considered effective in pearing. The
thickness of the bearing stiffener plates shall not be less than:

1
b / Fy
12 \ 33, 000
Rearing stiffeners may be skewed up to 30 degrees and used as connec-
tion plates. They shall not extend beyond the sole plate of the rearing.

The allowable compressive stress and the bearing pressure Ofl the stif-
feners shall not exceed the values specified in art. L e Ik
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L.7.74 cauerr

GIRDERS SHOULD RE CAMBERED TN COMPENSATE £nrR DEAD LOAD DEFLECTIONS

AS SPECIFIEN IN ARTICLE 1.7.12.» AND IN ADDITINN THERETN THE CAMBER SHNULD

RE INCREASEN ANND/OR NECREASED FNR THE FLANGES Tn PARALLEL THE PROFILE
GRADE { INE wHFN IT IS NN A VERTICAL CURVE. GENFARALLYs, A SAGGING
APPEARANCE nF THE LOWER FLANGFE NF THE GIRDER SHNULD BE AVOIDEN, CAMRER

FAR FASCIA ATRDFRS SHALL RE NOT |.ESS THAN THAT pROVIDEp FOR INTERIOR
GIRDERS.,

TRUSSES

L 7.75«TRISSESS GENERAL

COMPONENT PARTS NF INDIyIDUAL TRUSS MEMRERS MAY BE CANNECTED RY
WELDS», OR HTGH STRENGTH ANLTS.

PREFERENRF SHOULND RE GIVEN TD TRNSSES WITH SINGLE INTERSECTION WEB
SYSTEMS. MEMRERS SHALL RE SYMMETRICAL ABOUT THE CENTRAt PLANE OF THE
TRUSS.,

TRUSSES PREFERAgBLY SHALL HAVE INCLINED END PNSTSe LATERALLY UNSUP=
PARTFN HIP JNTNTS SHALL RE AVDINFD,

MATN TRUSSES SHALL RBRE SPACFD A SUFFICIENT pTISTANCE APART CENTFR TN
CENTER, TO RE SFCURE AGAINST NVERTURNING BY THE ASSUMED LATERAL FORCES.

FOR THE CALCULATION NF STRESSFS THE EFFECTIVE DEPTH SHALL RE THE
DISTANCE RETWFEN CENTERS NF GRAVITY NF THE CHDRNS,.
L.7.768 «TRUSS MEMBERS

CHARD ANN WER TRUSS MEMRFERS SHALL HSUALLY RE MADE IN THE FOLLOWING
SHAPES:

v SECTINNSs MANF wITH Twn STNE PLATES AND sSOLID WER, PERFORATED WFR
R STAY PLATES,

SINGLE -Bnx SECTTONS MANRF WITH SINF CHANNE{ S NnR PLATFES CONNECTED T0p
AND RATTOM wITH PERFDRATED PLATFS OR STAY PLATES,

SINGLE Bnx SFCTIONS, MARF WITH SINE CHANNE| S OR PLATES CONNECTED AT

TOP WITH SNLTN COVFR PLATES AND AT THE BOTTOM wrTH PERFORATED PLATES 0OR
STAY PLATES, -

Al
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BOUBLE BNy SECTIONS, MAPE WITH SIDE CHANNELS R PLATES CONNECTED WITH
A CONVENTIONAL SOLID WER, TOGETHER WITH TOP AND ROTTOM PERFNRATED COVER
PLATES DR STAY PLATES.

1r THE SHAPE DF THE TRISS PEAMITS, COMPRESSIAN CHORNS SHALL RE CON=-
TINUQUS «

17,77 1=SECONDARY STRESSFS

THE DESTaN AND DETAILS SHMALL RE SUCH THAT SECONDARY STRESSES WwILL RE
AS SMALL AS PRACTICABLF. SECONDARY STRESSES DUE TO TRUSS DISTORTION OR
FLONRAEAM DFFLECTINN USUALLY NEED NT BE CONSIDERED IN ANy MEMBER THE
WIDTH DOF WHTEH» MEASURED PARALLFL TN THE PLANE nF DISYQRTION, IS LESS
THAN ONE=TENTH OF ITS LENGTH. Ir THE SECONDARY STRESS FXCEEDS 4,000
POUNDS PER S@UARE INCH FOR TENSINON MEMRERS AND 3,000 FOR COMPRESSION
MEMRERS» THF EXCESS SHALL BRE TREATED AS A PRIMARY STRESS. STRESSES DUE T0
THE FLEXURAY DNEAD LOAD MOMENT OF THE MEMBER SHALL BE CDNSIDERED AS
ADDITIONAL SFCONDARY STRESS.

1.7.78=D1APHRAGMS

THFRE SHALL BE DIAPHRAGMS IN THE TRUSSES AT THE END COANNECTIONS OF
FLOOR REAMS, NIAPHRAGMS PRFFERARLY SHALL EXTEND THE FULL DEPTH 0OF THE
CHORD,

THFE GUSSFT PLATES ENGAGING THE PEQFSTAL PIN AT THE END DF THE TRUSS
SHALL B£ COMNECTED BY A NTAPHRAGM, SIMILARLY, THE WEBS OF THE PEDESTAL
SHALL, IF PRACTICARLE, RE CNNNECTED 8Y A DIAPHRAGM,

THERE SHALL BE A DIAPHRAGM BFTWEEN GUSSET PLATES ENGAGING MAIN
MEMBERS 1F TMF END STAy PLATE IS 4 FFET OR MORF FROM FHE POINT OF
INTERSECTION AF THE MEMREBRS. '

1.7.79"CAMBFR

THE LENGTH OF THE TRIJSS MEMBERS SHALL BF SiycH THAT THE CAMBER WILL
RE EQUAL TO NR AREATER THAM THE NFFLECTION PRODUCED BY THE DEAD LOADs AS
SPECTIFIED In ARTICLE 1,7.,13 AND IN APPITION THFRETO» THE CAMBER SHALL RF
INCREASFD OR NECREASED AS NFCESSARY WHEN THF pRNFILE GRADE I5 ON A
VERTICAL CURVE,
1.7.80=WARKTNG LINES AND GRAVITY AXES

MAIN MEMRFRS SHALL RF PROPARTTIONED SO THAT THEIR GRAVITY AXES WILL
BE As NEARLY AS PRACTICABLF IN THE CENTER 0OF THF SECTINON,

IN COMPRFSSINN MEMBRFERS NF UNSYMMFTRICAL SEGTION, SUCH As CHORD
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SECTIONS FORPMED OF SIDE SEGMENTS AND A COVER p ATE, THE GRAVITY AXIS OF
THE SECTINN SHALL COTNCIDE A4S NEARLY AS PRACTICABLE WITH THE WORKING
LINE, EXCEPT THAT ECCENTRICITY MAY BE INTRODUCED TO COUNTERACT DEAD LDAD
BENDING«

1.7.8] ~PORTAL AND SWAY RRAGING

THROUGH TRUSS SPANS SHALL HAVE PORTAL BRACINGs PREFERABLY» 0OF THE
2=PLLANE OR R0y TYPE. RIGIDLY CONNECTED TO THE END POST AND THE TOP CHORD
FLANGES» AND AS DEEP AS THE CLEARANCE WILL ALLOw. IF A SINGLE PLANE
PORTAL IS USFNs, IT SHALL RE LDCATED» PREFERABLY» IN THE CENTRAL
TRANSVERSE PLANE OF THE END POSTS» WITH DIAPHRAGMS BETWEEN THE WEBS NF
THE POSTS Tn PROVIDE rnR A DISTRTIRUTION OF THE PORTAL STRESSES. THE
PORTAL BRACING SHALL BE DESIGNED TO TAKE THE fFyLL END REACTION 0OF THE TNP
CHORD LATERAL SYSTEM AND THE END POSTS SHALL RE DESIGNER TO TRANSFER THIS
REACTION TO THE TRUSS BEARINGS,

THROUGH TRHSS SPANS SHALL HAVE SWAY BRACING 5 FEET QR MNRE DEEP AT
FACH INTERMFDTATE PANEL, TOP |LATERAL STRUTS SHALL BE AT LEAST AS DEEP .
AS THE TOP cHNRD,

DECK TRUSS SPANS SHALL HAVE SwWAY RRACING IN THE PLANE 0OF THE END
POSTS AND AT ALL INTERMEDIATE pANEL ePOINTS, THIS BRACING SHALL EXTEND THE
FULL DEPTH nF THE TRUSSES BELOW THE FLOOR SYSTEm, THE END SWAY SRACING
SHALL BE PROPNRTINNED TN CARRY THE ENTIRE PPER LATERAL STRESS TN THE
SUPPORTS THROUGH THE ENN PNSTS NF THE TRUSS.,

1.7.82 < ATERAL BRACING

FOR REQUTREMENTS FNR LATERAL RRACING REFFR Tn ARTICLE 1,7.22.

1.'7.83 =PERFNRATED COVER PLATES

745 SHEARING FORCFEF NNRMAL TO THE MEMBER TN THE PLANFS OF CONTINUOUS
PERFORATED PLATES SHALL BF ASSUMFN DIVIDED EQUALLY BETWEEN ALL SUCH
PARALLEL PLANFS. THE SHEARTNG FNRCE SHALL INCLUNE THAT DUE TO THE
WEIGHT 0OF THE MEMRERS PLUS ANY NTHER EXTERNAL FNRCE. FOR COMPRESSION
MEMBERS» AN ANDITIONAL FORCF SHALL RE ADDED AS nBTAINED BY THE FOLLOWING
FARMUL A ==

_ P 100 T
V= 100 | +10 i .313001000
T Fy

IN THE ABNVF EXPRESSINNG

N = NDRMA{ SHEARING STRESS IN PQINDS.
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P = ALLOWARLE COMPRESSIVE AXTAL LOAD ON MEMRERS, IN POUNDS.

LENGTH NF MEMRER IN TINCHES,

RADIUS OF GYRATION nF SECTION ABOUT THE AXIS PERPENDICULAR
TO PILANE OF THE PERFORATED PLATE IN INCHFES,

_,
]

Fy= SPECTFIED MINIMUM YTELD POINT OF TYPE nf STEEL BEING USED.

THE FOLLOWING PROVISTIONS SHALL GOVERN THE neESIGN OF PERFORATED
COVER PLATES:!

(1) THE RATID OF LENGTH, IN NDIRECTION OF STRFSSs» TO WIDTH of
PERFORATION, SHALL NOT EXCEED TwWn,

(2) THE CLEAR DISTANCE BETWEEN PERFORATIONS [N THE DIRECTION
OF STRESS, SHALL NOT BF LFSS THAN THE DISTANCE RETWEEW POINTS

OF SUPPORT.

(3) THE CLEAR DISTANCE RETWEEN THE END PERFORATION AND THE
END OF THE COVER PLATE SHALL NOT BE LESS THAN 1,25 TIMES THE
DISTANCE BRETWEEN POINTS OF SUPPORT,

(43 THE PNINT OF SUPPORT SHALL BE THE INNER LINE OF FILLET
WELDS CONNECTING THE PERFNRATED PLATE TO THE FLANGES.
FOR PLATES RUTT WELDED TO THE FLANGE EDGE NF ROLLED SEG™
MENTS THE PAINT OF SUPPORT MAY RE TAKEN AS THE WELD WHEN=
FVER THE RATIN NF THE NUTSTANDING FLANGE WIDTH TO FLANGE
THICKNESS OfF THE ROLLED SEGMENT IS LESS THAN SEVEN, OTHER=
WISE POINT NFp SUPPNRT SHALL BRE THE ROOT OF THE FLANGE OF THE
ROLLED SEGMENT.

(5) THE PFRIPHERY OF THE PERFORATION AT ALL POINTS SHALL HAVE A
MINIMOM RADTHS OF 1 t1/2 INCHFES,

(6) FOR THICKNESS NFr METAL SFF ARTICLE L.7.88.

1.7.84'"6USSFT PLATES

THE FASTFNERS CONNECTING EACH MEMBER SHALL RE SYMMETRICAL WITH THE
AXIS 0OF THE MFEMRER, SO FAR AS PRACTICABLEs ANPD THE FULL DEVELOPMENT OF
THE ELEMENTS NF THE MEMBER SHALL RE GIVEN CONSTINERATION, THE GUSSET
PLATES SHAL{ RE OF AMPLF THICKNESS 70 RESIST SHEAR, DIRECT STRESS» AND
FLEXUREs ACTTNG ON THE WEAXEST nNR CRITICAL SECTION OF MAXIMUM STRESS,

RE-ENTRANT CcUTS, SHALL RE AVNINED AS FAR AS PRACTICABLE,

1F THE LFNGTH NF UNSUPPRRTFD ENGE OF A GUSSET PLATE EXCEEDS THE VALUE
OF THE EXPRFSSION 11,000 Fy TIMES ITS THICKNESSs THE EDGE SHALL



PAGE 144

BE STIFFENEN, LISTED RELNW ARF THE VALUES NOF TWF EXPRESSION
11,000//F y FNR THE FNLLOWING GRANDES OF STEEL:®

36)000 PSTer Y-PO MIN. Sa
“2,”“0 pSI.’ Y.P. MIN. 54
46000 PSTer» Y.Fs MIN, St
S0,000 PSTer YePe MIN, 49

1.7.85 =HALF=THROUGH TRUSS SPANS ¢DELETED)
1.7.86 «FASTFNFR PITCH IN ENDS OF COMPRESSION MEMRERS (DELETED)

1.7.87=NET ¢FTION OF TFNSINN MEMRERS AT SPLICES OR CONNECTIONS

REFER TO ARTICLE 1.7.19

1.7.88 =COMPRESSION MEMAERS=THICKNESS NF METAL

COMPRESSTON MEMBERS SHALL RE 50 DFSIGNED THAT THE MAIN ELEMENTS
OF THE SECTTON wILL RE CONNECTEN DIRECTLY TO THF GUSSET PLATES OR
DTHERS MEMAFRS.

THE CENTFR OF GRAYITY 0Op A BUILT up SECTION SHALL COYNCTIDE AS NEARLY
AS PRACTICARLF WITH THE CENTER Nnfg THE SECTION, RREFERAQLY» SEGMENTS SHALL
RE CONNECTEN Ay sSnLID wFRS NR PFRFURATED COVER PLATES,

PLATES SHPPORTEN DN OME SINDE AMD PERFORATED PLATES, FOR OUTSTANDING
PLATES ANN PERFORATFDN PLATES AT THE PFRFORATIANSs THE b/t RATIOD OF THE
PLATES, WHEN USFD IN COMPRESSIDNs SHALL NOT BE AREATER THAN THE VALUE
ORTAINED RY THF FNRMULA?

b/t= 1625 RUT IN NN CASE SHALL b/t BRE GRFATER THAN 12 FOR MATN

Vfa
MEMRERS AND 14 FOR SECNNDARY MEMRERS,

(NDTE=b 1% THE DISTANCF FROM THE FNGE OF PLATE 0OR FEpGE NF PERFORATION
TO THE POINT NOF SUPPORT,)

WHEN THE CNMPRFSSIVE STRESS FAuALS THE LIMITING FACTOR
S55F, /1,25. THE b/t RATID NF THE SEGMENTS INDICATED AROVE SHALL
NOT BE GREATFR THAN THE RATINS SHNWN FOR THE FOLLOWING GRADES OF STEEL:

BGDOOO PSI;' Yap. MIN. b/T
422000 PSI.» YeP, MIN,
TO 50,000 PSI.» Y«P, MIN, b/t = {1

12

PLATES SIIPPORTFD NN TWN FDRES NR WEBS OF MAIN COMPONENT SEGMENTS,
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FOR MEMRERS NF ROX SHAPF, CANSISTING NF MAIN p ATES», ROLLED SECTIONS, OR
MADE UP COMPNMENT SEGMENTS, WITH COYER PLATES, THE b/t RATIO OF THE MAIN
PLATES OR WFRS OF THE SFGMENTS, WHEN USED IMN COMPRESSTON SHALL NOT BE
GREATER THAN THE VALUE NRTAINFD Ry USE OF THE FNRMULA?

b/t = 4000 nRuT TN NN CASE SHALL b/t BE GREATER THAN 35,
via

(NDTE= p 1S THE DISTANCE RETWFEN PQINTS OF SypPORT FOR THE PLATE AND
RETWEFN ROOTS OF FLANGFES FNR THF WERS 0OF ROLLED SEGMENTS,.)

WHEN THE CNMPRESSIVE STRESSES EQUAL THE LIMITING FACFOR
+55Fy /1,25, THE b/t RATIN OF THE PLATES AND SEGMENTS INDICATED
ABOVE SHALL NNT RF GREATER THAN THE RATIOS SHAwWN FOR THE FOLLOWING GRADES
OF STEEL:

36’900 PSI.’ Y-P. MIN. b/f = 32
82,000 PSI,.» YePe MINg,< b/t = 29
46,000 PS5I.» Y«P. MIN, b/t = 28
50,000 PSTas YePe MIN, b/t = 27

SOLIN COVFR PLATES SUPPORTED NN TwN EDGES NR WERS CONNECTING MAIN
MEMRERS OR SEGMFNTS, FOR MFMBFRS fNF H OR BOX SHAPE CONSISTING OF SOLINn
COVER PLATES NR SOLID WERS CNNNECTING MAIN PLATFS QR SEGMENTSs THE b/t
RATIO OF THF SOLID COVFR PLATFS NR WERS WHEN (sSFD IN COMPRESSION SHALL
NOT BE GREATFR THAN THE VALUE QRTAINED BY USE NF THE FORMULAZ

b/t = 8000 AUT IN NN CASE SHALL b/t BE GRFEATER THAN 50.
v fa
(NNTF=p 15 THE UNSUPPORTED DISTANCE RBRETWEEN PRINTS OF SUPPORT,)

WHEN THE cNMPRESSTIVE STRFESSES FQUAL THE LIMITING FACTOR
«55Fy /1,25, THE b/t RATIN OF THE CODVER PLATE AND WEBS INDICATED
ABOVE SHALL NNT BF GREATER THAN THE RATIOS SHOwN FOR THE FOLLOWING GRADES
NF STEEL:

36000 PSl.s YeP, MIN, b/t = 40
42,000 PSI.» Y.P, MIN, b/t = 37
46s000 PST.r YaPo MIN, b/t = 135
50,000 PSI.» YsPe MIN. b/t = 34

PERFORATFD COVER PLATES SUPPNRTEDN AN TWO ENnGFS, FOR MEMBERS OF ROX
SHAPE CONSISTING NfF PERFNRATED CNVER PLATES CONNECTING MAIN PLATES OR
SEGMENTS», TWF b/t RATID OF THE PFRFORATED COVER PLATES WHEN USEN IN
COMPRESSION SHALL NDT RF GREATER THAN THE VALUE OBTAINED BY USE OF THE
FARMULA'?

b/t = 6000 RANT TN NN CASE SHALL b/t BE GRFATER THAN 55,
v fa
(NDTE=b 15 THE DISTANCFE RETWFEN PRINTS NF sypPRRT, ATTENTION IS
DIRECTEN TN RFEQUIREMENTS FNR PLATF THICKNESS AT PERFORATIONS:. NAMELY
PLATE SUPPORTFD NN ANE SINF. WHTICH ALSO SHALL arF SATISFIED,)
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WHEN THE CNMPRESSIVE STRESSES FQUAL THE 1 IMITING FACIOR
+S5Fy /1.25s THE b/t RATIN OF THE PERFORATEND ¢NVER PLATES SHALL
NOT BE GREATEQ THAN THFE RATIOS SHAWN FOR THE FO LOWING GRADES OF STEEL?®

362000 P51.> YaPe MIN., b/ = 48
42,000 PSL.s YoP, MIN, b/t = 44
86000 PSI.s YoP, MIN, b/t = 42
50000 PSTer YePo MIN, b/t = 41

IN THE ABOVF FXPRESSIANS=

fq= THE CALCULATED COMPRESSTIVE STRESS.
b THE WIDTH (NFFIMNED AS IMNICATED FOR EACH EXPRESSTONY .
f

THE PLATE DR WFR THICKNFSS.

THE POINT NfF SUPPART SHALL BE THE INNER LINE 0OF FASTENERS OR FILLET
WELNS CONNECTTING THE pLATE TO THF MAIN SEGMENT, FOR PLATES BUTT wELDED TO
THE fFLANGE FDGE OF ROLLED SEGMENTS THE POINT DF SUPPORT MAY AE TAKEMN AS
THE WELD WHFNFyER THE RATID OF AHTSTANDING FLANGE wIDTH TN FLANGE THICK=
MESS 0F THE RALLED SEGMENT IS LFSS THAN SEVEN, NTHERWISE POINT OF SUPPORT
SHALL RE THF ROOT OF FLANGE OF RALLEN SEGMENT, TERMINATIONS 0f THE RUTT
WELDS ARE Tn RE GROUND SHMANTH.

1.7.89=STAY PLATES

THE SEPARATE SEGMENTS Nr TENSTON MEMBERS COMPOSED N¢ SHAPES OR PLATES
MAy gE CONNFCTED Ay PFRFORATFN PLATFS (OR By STAy PLLATES. END STAy PLATES
SHALL HAVE A LENGTH NOT LESS THAN 1 174 TIMES THE DISTANCE RETWEEN
POINTS NF SUPPORT AND INTERMEDIATE STAY PLATES SHALL HAVE A LENGTH NOT
LESS THAN 3,4 0OF THAT DTSTANCE, THE CLEAR DISTANCE RETWEEN STAY PLATES
ON TENSION MEMBFERS SHALL NOT EXCFED 3 FEET.

THE SEPERATE SFGMENTS nNp LATERAL STRUTS AND ATHER SECONDARY MEMAERS
MAY RE CONNFCTED RY STAY PLATES, THF LENGTH OF THESE $TAY PLATES, BOTH
END AND INTFRMENTATF SHALL RE NNT LESS THAN 374 0OF THE DISTANCE RETWEEN
POINTS UF SHPPORT,

THE POINT AF SUPPART SHALL RF THFE INNER LINE WELDS CONNECTING THE
STAY PLATES. FOR STAY PLATES AUTT WELNED TN THE FLANGE EOGE OF ROLLED
SEGMENTS THF POINT OF SUPPNRT MAY BE TAKEN AS THE WELD WHENEVER THE
RATIO OF NDUTSTANDING FLANGF WIDTH TO FLANGE THICKNESS OF THE ROLLED
SEGMFNT IS 1E£SS THAN SEVEN, OTHFRWISE THE PNINT OF SUPPART SHALL BE THE
RGOT NF FLANGE OF ROLLED SEGMENT. WHEN STAY PLATES ARE BUTT WELDED TO
ROLLEN SEGMFNTS OF A MFMRERs THE ALLOWABLE STRFSS IN THE MEMBER SHALL BF
DETERMINED TN ACCOARNANCF WITH ARTICLE 1+7.3. TERMINATIONS NF BUTT WELNS

sHALL BE GRAUND SMOOTH,

THE THICKNESS NF STAY RLATES SHALL BE NOT LFSS THAN 1/50 OF THE
DISTANCE BETWFEN POINTS OF SUPPART FNR MAIN MEMRERSs AND 1760 0OF THAT
DISTANCE FOR R’RACING MFMBERS. STAY PLATES SHALL RE CONNECTED RY



PAGE 147

CONTINUAUS WELD.

IN THE DFSIGN OF THE END CONNECTINNS OF MEMRFRS WITH STAY PLATES,
CONSINERATIAN SHALL RF GIVEN TO THE REQUIREMENTS OF ARTICLE 147479,

RIRREN ARCHES

1.7.90 = THICKNESS OF WER PLATES, SOLIND RIB ARCHES

THE THICwKNESS RATIO D/t NF EACH WEB PLATE IN SOLID RIB ARCHES HAVING
NO LONGITHUDINAL STIFFENERS SHAL!I NOT BE GREATER THAN THE VALUE ORTAINED

BY USE OF THE FOLLOWING FORMYLAY

ns = 7200 BUT IN NO CASF SHALL D/t BE GREATER THAN 60,
fd
THE THICKNESS RATIO N4t OF WFR PLATES IN SNLID RIB ARCHES EQUIPPED
WITH LONGITUDINAL STIFFENERS, THAT IS WHEN THE wEB IS REINFORCED ALDONG
ITS AYIS WITH A LONGITUNINAL STIFFENFR UF AMPLF CROSS“SECTIONAL AREA AND
RIGIDITYs SHALL NNOT BFE GREATER THAN TWICE THE vaALUE OBTAINED BY USE OF

THE ARBOVE FORMULA,

WHFN THE CNMPRFSSIVE STRESSES EQUAL THE LIMITING FACTOR
«55Fy /1,25 THE D/t RATIO OF TWF WER PLATES SHALL NOT BE GREATER
THAN THE RATINS SHOWN FNAR THE FNLLOWING GRADES nF STEEL:!

WITHOUT WITH
LONGIT. LONGIT.
REINF, REINF.
36,000 PSIi.s Y.P. MIN, D/t =87 D/t = 114
42,000 PSYesr YeP. MIN, D/t = 53 p/st = 106
46,000 PSI.» Y.P. MIN, 80/t =51 D/t = 102
50,000 PSTas Y.P, MIN, D/t = 48 DB/t = 96
WHERE t
n DEPTH NF WFB IN TNCHES,

....
un

THICKNESS NF WER IN TNCHFES,

RENTS AND TOWERS

1.7.91"RENTS AND TOWERSs GFNERAL
RENTSs, PREFERARBLY SHALL RE CNMPOSED OF TWO SUPPNRTING CNLUMNSs AND

THE BFNTS USUALLY SHALL BE UNTTFN IN PAIRS TO FARM TOWERS,., THE DESIGN OF
MEMBFRS FOR RFNTS AND TOWFRS TS GAVERNED BY THF APPLICARLE ARTICLES UNDER
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STRISSES™ AND "DETALLS NF NESTGN",

1.7.92 SINGLE BENTS

SINGLE BENTS SHAL!I HAVF HINGED ENPS OR ELSF SHALL BE DESIGNED TO
RESTST RENDTNG.

1.7.98 =BATTFR

AENTS», PRFFERARLYs SHALL HAYF A SUFFICIENT SPREAD AT THE BASE TO
PREVENT UPLTFT UNDER THF ASSUMEN LATFRAL LOADINGS. IN GENERAL» THE WIDTH
OF A RENT AT TTS RASE SHALL BE MANT LESS THAN ONE-THIRD OF 1TS HEIGHT.

1.7.94 -gracine

TOWERS SHALL RE RRACED, RNTH TRANSVERSELY ANN LONGITUDINALLYs WITH
STIFF MEMRERS HAVING FITHER WELDFN DR HIGH STRENGTH BOLTED CUNNECTYONS,
THE SECTIONS NF MEMRERS OF LOMGTTUDINAL HRACING IN EACH PANEL SHALL NDT
BE LESS THAN THNSF 0OF THF MFMRERS {N CORRESPNNNTNG PANELS OF THE

TRANSVERSE RRACING,

THE RRACTNR OF LONG COLUMNS SHALL RE DESTGNED TO Fix THE COLUMN ABNUT
RATH AXES AT NR NEAR THFE SAME PNINT.

COLUMN SPLICFS SHALL RE AT OP cLOSE AROVE THF PANEL POINTS OF THE
BRACING .

HNRIZONTAL DIAGONAL RRACTNG SHALL RE PLACED TN ALL TOWERS HAVING MORE
THAN TWO VERTTCAL PANELSs AT ALTFRNATFE INTERMEPTATE PANEL POINTS,

1.7.95,=BOTTAM STRUTS

ToF ROTTAM STRUTS NF TNWERS SHALL RE STRANG FNOUGH TO SLIDE THE MOv=
ABLE SHOES WITH THE STRUCTURE UNLNADED, THE CNEFFICIENT OF FRTICTION REING
ASSUMED AT n,25, PROVISINN FNR EXYPANSION OF THF TNWER RRACING SHALL RF
MADE IN THE pfnpliMmn BEARTNGS,

enMenNSITE GIRDERS

1.7.96 «cgMPNSTTE GIRDERSs GENFRAI

THIS SECTINN PERTAINS TN STRUCTURES COMPASED NF STEEL GIRDERS WITH
CONCRFTE SLARS CONNNFCTED RY SHEAR CNNNECTURS,
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GENERAL SPFCIFICATINNS PERTAINING TO THE DFSTGN OF CONCRETE AND STEEL
STRUCTURES SHALL APPLY TO STRUCTURES UTILIZING cOMPOSITE GIRDERS WHERE
SUCH SPECIFTCATIONS ARE AppLICARLE,., COMPOSITE GTRDERS AND SLABS SHALL BE
DESIGNED AND THE STRESSES COMPUTFD Ry THE COMPOSITE MOMENT OF INERTIA
METHOD AND SHALL RE CNNSISTEMT wITH THE PRENPETEAMINED PROPERTIES OF THE
VARIQUS MATERTIALS USED,

THE RATIN NF THE MODULI OF ELASTICITY OF STEFL (295,000,000 PSI) TO
THOSE OF CONCRETE DF VARIOUS DESTGN STRENGTHS SHALL 8E AS FOLLOWS:

£ .2 UNTT ULTIMATE COMPRESSTIVE STRENGTH OF CONCRETE AS DETERMINED
BY CYLINDER TESTS AT THE AGE OF 28 Dayss PSI.

n = RATIN OF MODULUS NF FLASTICITY OF STEFL TO THAT OF CONCRETE.
THF VALUE OFn » AS A FUNCTION OF THE ULTIMATE CYLINDER
STRENGTH 0OF CONCRETE, SHALL RE ASSUMED AS FOLLOWS:

o = 2000 =~ 2400 n= 15
f. = 2500 = 2900 h= 12
f'e= 3000 = 3900 n= 10
fles 4000 = 8900 n= B8
fc.= 5000 0OR MORE n= 6

THE EFFECT OF CREEP SHALL RE CONSTDERED TN THE DESIGN OfF COMPOSITE
GIRNERS WHICH HAVE DEApD LNADS ACTING ON THE COMPOSITE SECTION, IN SUCH
STRUCTURESs STRESSES AND 4NRIZONTAL SHEARS PRANNCED 8Y OEAD LOADS ACTING
ON THE COMPNSTTE SECTINN SHALL RF CNMPUTED FOR wp* AS gIVEN ARQVE OR FOR
THIS VALUE MULTIPLIED RY 3, WHINHEVER GIVES THE HIGHER STRESSES AND
SHEARS.,

IF CONCRFTE WITH EXPANSTVE CHARACTERISTICS 1S USED», COMPOSITE DESIGN
SHOULD RE USFD WITH CAUTION AND PROVISION MUST pE MADE IN THE DESIGN TO
ACCOMMDDATE THE EXPANSTION,

COMPOSITE SECTIONS SHOULD PREFERARLY BE PROPNRTIONED SO THAT THE
NEUTRAL AXIs {{IES RELNW THF TNP SHRFACE OF THE STEEL BEAM, [F CONCRETE 1S
ON THE TENSTNN SINE OF THE NEUTRAL AxISs IT SHALL NOT BE CONSIDERED IN
COMPUTING MNMENTS OF INERTTA NR RESTSTING MOMENTS EXCEPT FOR DEFLECTION
CALCULATIONS, MFCHANICAL ANCHAORAGES SHALL BE PRNVIDED TO TIE THE SECTIONS
TOGETHER ANNn TO DFVYFLOP STRESSES NN THE PLANE JnINING THE CONCRETE AND
THE STEEL. :

THE STEEL REAMS, FSPECIALLY IF NOT SUPPORTED BY INTERMEDIATE FA{SE=-

WNRK SHALL AE INVESTIGATED FOR STABILITY DURING THE TH¥ME THE CONCRETE IS
IN PLACE AND SEFORE IT HAS HARDENED.

1.7.97 i=SHF AR CONNFCTORS

THE MECHANTCAL MEANS WHICH ARF USEN AT THE JuNCTION 0OF THE GIRDER
AND SLAB FOR THE PURPNSE NF DEVFLAPING THE SHEARP RESISTANCE NECESSARY TN
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PRODUCE CNMPOSITE ACTINN SHALL CANFORM TO THE CURRENT REQUIREMENTS FOR
STUD SHEAR CNNNFCTORS OF TUE NEw YORk STATE pPysLIC WORKS SPECS. THE SHEAR
CONNECTORS SHALL RE 374 1IN, DIAMETER STUD SHEAR CONNECTORS HAVING A
MINTMUM LENGTH OF 4 IN.

THE CAPACTTY OF THE WELDS AT PERMISSIBLE WNRKING STRESSES SHALL EQUAL
OR EXCEED THE DESIGN LoAD"z" DF THE SHEAR CONNFCTOR., FHE CAPACITY OF
STUD SHEAR CNNNECTORS SHALL RE AS GIVEN IN ARTTCLE 1.7,.,101.

THE CLEAR NEPTH OF CONCRETE COVER OVER THE TNPS NF TRE SHEAR
CONNECTORS SHALL 8L NOT LESS THAN 2 INCHES. SHEAR CONNRECTORS SHALL
PENETRATE AT (EAST 2 INCHES ARQOVE BOTTOM OF SLAR.

THE CLEAR NISTANCE BETWEEN TWE EDGE 0F A GIRNER FLANGE AND THE EDGE
gF THE SHEAR CONNECTORS SHALL RF NOT LESS THAN ANE INCHo.

1.7.98=EFFECTTIVE FLANGE WIDTH

IN COMPOSITE GIRDNER cONSTRUCTTON THE ASSUMED EFFECTIVE WIDTH 0F THE
SLAR AS A T=gFAM FLANGE SHALL NAT EXCEED THE FOLLOWING:

(1) ONE=FNURTH 0OF THE spAN LENGTH 0OF THE GIRNER.
(2 THE NISTANCE CENTER ™D CFNTER OF GIRDERS,
t3) TWELVF TIMES THE LEAST THICKNESS OF THE SLAR.

FOR GIRDFRS HAVING A FLANGE NN ONE SIDE DNLY, THE EFFECTIVE FLANGE
WIDTH SHALL NOT EXCEED ONE-TWELFTH OF THE SPAN (ENGTH OF THE GIRDER, NOR
SIX TIMES THF THICKNESS OF THE SLLABs NOR ONE=HaLf THE DISTANCE CENTER TR0
CENTER OF THE NEXT GIRDER.

1.7.99 >=STRFSSES

MAYIMUM cNMPRESSIVE AND TENSTLE STRESSES IN GIRDERS WHICH ARE NOT
PROVINED WITH TEMPORARY SiIPPORTS DURING THE pPLACING OF THE PERMANENT
DEAD +O0AD, SHALL RE THE SUM OF THE STRESSES PRONUCED BY THE OEAD LOADS
ACTING ON THE STEEL GIRDERS ALONME ANNn THE STRESSES PRODUCED BY THE
SUPERTMPOSEN LOADS ACTING AN THF cOMpNSITE GIRDFR, WHEN GIRDERS ARE
PROVIDED WITH EFFECTIVE INTERMEDTATE SUPPURTS WHICH ARE KEPT INM PLACF
UNTIL THE CNNARETE HAS ATTAINED 75 PER CENT OfF 1TS REAUIRED 28=DAY
STRENGTHs THE DEAD AND LIVF Lnan STRESSES SHaLL BRE cOMPUTED ON THE RASIS
AF THE CUMPNSTTE SECTION.

IN CONTINUNUS SPANS, THE pNSTTIVE MOMENT pPARTION MAY BE DESIGNED WITH
cOMPOSITE SFCTINNS AS IM sIMPLE SPANS, SHEAR CONNECTORS SHALL BE PROVIDFD
IN THE NEGATIVE MOMENT PORTTON TN WHTICH THE REINFORCEMENT STEEL EMBEORER
IN THE CONCRFTE 18§ CONSTDERED A PART NF THE coMp0SITE SECTION, IN CASE
THE REINFORCEMENT STEEL EMREDNER IN THE CUNCRFTE 1S NDT USED IN COMPUTING
SECTINN PROPFRTIES FOR NEGATIVE MOMENTS SHEAR CNNNECTORS NEED NOT BRE
PROVINED IN THESE PORTIAONS Ng THF SPANS» BUT aApnITIONAL CONNECTORS SHALL
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gE PLACED IN THE REGINON OF THE PNINT 0OF DEAD (gaAD CONTRAFLFXURE, SHEAR
CONNECTORS SHALL AE PRNVINEN TN ACCNRNANCE WITH ARTICLE 1. 7.100(A)3).

1. 7.100 ~SHEAR
A. HORIZDNTAL SHEAR

THE MAXIMUM PITCH NF SHEAR CNNNECTORS SHALL MOT EXCEED 24 INCHESs EX=
CEPT OQVER THE INTERIOR SUPPORTS 0OF CONTINUOS REAMS WHERE WIDER SPACING
MAY RE USED Tn AYMIND PLACING CONNECTNRS AT LORATIONS OF HIGH STRESS IN
THE TENSINN FILANGE,

RESISTANCFE TN HORIZONTAL SHEAR SHALL BE PRNyTDED BY MECHANICAL SHEAR
CONNECTORS AT THE JUNCTIOM NF THE CNNCRETE SLAR AND THE STEEL GIRDER.
THE SHEAR CNNNECTNRS SHALL 9E MFCHANICAL OEVIGES PLACED TRANSVERSELY
ACROSS THE FLANGE 0OF THE RIRDER SPACFED AT REGULAR OR VARTABLE INTERVALS.
THE SHEAR CNNNECTORS SHALL RE DFSIGNED FOR FATIGUE AND CHECKED FOR
ULTIMATE STRENGTH.

(1) FATIGUE
THE RANGF 0F HMORIZONTAL SHEAR SHALL BE COMPUTED BY THE FORMYLA:

IN WHICH

Sc= THE RANGF 0F HORIZONTAL SHEAR PER LINEAR INcH AT THE JUNCTION OF THE
SLAB AND GIRDFR AT THE POINT IN THE SPAN UNDER CONSIDERATION,

V,= THE RANGE OF SHEAR DUE TO LIVE LNADS AND TMPACT. AT ANy SECTION, THE
RANGE 0OF SHFAR SHALL BF TAKEN a4S THE DIFFERENCE IN THE MINIMUM AND MAX=
IMUM SHEAR FNVELOPES (FXCLyDING NDFAD [LOADS),

R = THE STATICAL MOMENT ARNHT THE NUETRAL AXIS nF THE cOMPOSITE SECTINN.
OF THE TRANSFNRMED CNMPRESSIVE CONCRETE AREA nr THE AREA 0OfF REINFORCEMENT
EMBEDDED IN THE CONCRFETF FNR NEGATIVE MOMENT,

I = THE MOMFNT 0OF INERTTA nF THF TRANSFORMEN CcOMPOSITE GIRDER IN POSI=
TIVF MOMENT REGIONS NR THF MOMENT OF INERTYIA PRNVIDED RY THE STEEL BEAM
INCLUNING 0% E£XCLUDING THE AREA N¢ REINFORCEMENT EMBENDED IN THE CON=
CRETE IN NEGATIVE MOMENT RFGIONS.

CIN THFE ABNYE, THE CcNMPRESSTVF CONCRETE ARFA 1S5 TRANSFORMED INTO AN
EQUIVALENT ARFA OF STFEFL Ry DIVINING THE EFFECTIVE CONCRETE FLANGE WIDTH
AY THE MONIH AR RATIO, mn"y,

THE ALLOWARLE RANGE NF WARIZNNTAL SHEAR. w7 _», [N PAUNDS ON AN INDIV-
IDUAL CONNECTNR IS AS pALLNWS:



PAGE 152
7, = xd® IN WHICH
4= DIAMETER NF STHD» IN TINCHES

@« = 13,000 FOR 100,000 CYCLES

10,600 FOR 500,000 CYCLFS

7:850 FNR 2s000,000 CYCLES

THE REQUTRED PITCH NF SHEAR CANNECTORS 1S neETERMINED BY DIVIDING THE
ALLDOWABLE RANGE DOF HORTUZONTAL SHFAR 0OF ALL NONNFCTORS AT ONE TRANSVERSE
¢IRDER CROSSECTIDN (& 2. ) RY THE HNRTZONTAL RANGE OF SHEAR S PER LINEAR
{NCH, OVER THE INTERINR SUPPORTS 0OF CONTINUDUS REAMS THE PITCH MAY BRE
MODIFIED TO Ay0lD PLACING THE CANNECTORS AT LL0CATIONS OF HIGH STRESSES
IN THE TENSTAN FLANGE PROVIDED THAT THE TOTAL NOMBER AfF CONNECTORS
REMAINS UNCHANGED,

(2) ULTIMATF STRENGTH

THE NUMBFR OF CONNECTORS SO PROVINED FOR FATIGUE SHALL B8E CHECKED 7O
ENSURE THAT ANEQUATE CONNECTORS ARE PROVIDED rFOR ULTIMATE STRENGTH, THE
NUMBER 0F SHEAR CNNNECTARS REQUIRED RETWEEN THE POINTS #F MAXIMUM POSI-
TIVE MOMENT AND THF END SHPPORTS AR NFEAD LNAD PNINTS OF CONTRAFLEXURE
AND AETWEEN PNINTS NF MAXIMUM NFGATIVE MOMENT AND THE pEAD LOAD POINTS
OF CNNTRAFLFYIRE SHALL E@HAL NR FXCEED THE NUMRFR GIVEN BY THE FORMULA!

N o= P
D Su

WHERE N= THF NUMRER NF CONNECTORS RETWEEN PNINTS OF MAXIMUM POSITIVE
MOMENT AND ADJACENT EHND SUPPORTS OR nEaD LOAD POINTS OF CONTRA=
FLFXURE, OR BETWEFN POINTS OF MAXIMUM MEGATIVE MOMENT AN AD-
JACENT DEAD LNAD POINTS 0F CONTRAFLEXURE.

Sy = THE NLTIMATE STRENGTH 0OF THE SHEAR CONNECTOR AS GIVEN BELNW.
o= A REDUCTIDN FACTOR = 0,A5,
P = FNRCE IN THE SLAR AS DPEFINED HEREAFTER AS Py » PZ » OR P3e

AT POINTS NF MAXIMUM PNSITIVF MOMENT» THE FnNrRCE IN THE sbLABR IS TAKEW
AS THF SMALLFR VALIIE OF THFE FNRMITLASY

Pl = AS Fy
or

0.85f cbe

P2
WHERF Ay = TNTAL AREA nF THF STFFL SECTION INcLUDING COVERPLATES,

SPFCIFIEN MINIMpM YIFLD PNINY OF STFFEL BEING USED

m
H

FAMPRESSIVE STRFNGTH NF CONCRETE AT AGE OF 28 DAYS,

s
o
it
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b = FFFECTIVE FLANGF WIDTH GIVEN IN aRT, 1.7.98 .
c = THICKNESS OF CONCRETE sLAR,

AT POINTS NF MAXIMUM NEGATTVF MOMENT THE fFNRCE IN THE SLAB IS TAKEN
AS?
L ALFS
TOTAL AREA OF LONGITHDINAL REINFORCING STEEL AT THE INTERIOR
SUPPORT WITHIN THE EFFFCTIVE FLANGE WIDTH.

IN WHICH

AL

Fy SPFCIFTED MINTMUM YIELD POINT OF THE REINFORCING STEEL.

THE ULTIMATE STRENGTH OfF THE SHEAR CONNECTNR, IS GEVEN AS FOLLOWSS
WELDED STUNS:

S, = 9310d°VF

WHERE S, = ULTIMATE STRFNGTH OF INDIVIDUAL SHFAR CONNECTORSs IN POUNDS,
., = COMPRESSIVFE STRENGTH NF CONCRETE AT 28 pAYS, PST.
d = NIAMETER OF STUp IN INCHES.

¢3) APNITINNAL CONNECTNRS TN PEVELOP SLAB STRFSS

THE NUMBFR OF ADDITINNAL CONNFCTNRS REQUIREN AT POINTS OF CONTRAFLEX-
URE, WHEN RFINFORCEMENT STEEL EMRFDNFND IN THE CNNCRETE %S NOT USED TN
COMPUTING SFCTION PROPERTIFES FOR NEGATIVE MOMENTS SHALL BRE COMPUTED BY
THE FNRMULA:

WHERE N, = NUMBER OF ADNITINNAL CONNFCTORS FOR FACH BEAM AT POINT OF
CANTRAFI_EXURF,

A = TOTAL AREA NF LONGITUDINAL SLAB REINFORCEMENT STEE FOR FACH
RFAM NVER INTFERINR SUPPNRT,

fr = RANGE NF STRESS NUF TN LIvE LOAD ANp IMPACT,IN THE SLAB RETN=
FORCEMENT NVER THE SUPPART (IN LIEYU 0r MORE AGCURATE COMPUTA-
TToNss f, MAY BE TAKEM AS EQUAL TD 10,000 PSI2.

r

Z, = THE ALLOWARLE RANGE NF HORTZUNTAL SHFAR ON AN INDIVINUAL
SHEAR CNONNERTOR,

THE AODITIONAL CNNNECTNRSs N » SHALL BE PLACFD ANDJACENT TO THE PNINT
OF DEAD LNAN CONTRAFLEXURE WITHIM A DTSTANCE EqQnAL TO 1/3 THE EFFECTIVE
SLAR WIDTHs THAT 1S» PLACED FITHFR SINE OF THTS POINT OR CENTERED ABOUT
IT.
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B, VERTICAI SHEAR

THE INTENSTTY OF UNTT SHEARING STRESS IN A cNMPOSITE GIRDER MAY RE
DETERMINEN NN THE BASTS THAT THF wEB OF THE STFFL GIRDER CARRIES THE
TOTAL EXTERNAL SHWEARs NEGLFCTTING THE EFFECTS nF THE STERL FLANGES AND OF
THE CONCRETF SLAR, THE SHEAR MAY RE ASSUMED Tn rE UNIFNRMLY DISTRIBUTED
THROUGHOUT THF GRNSS ARFA aF THF WER,

1.7.10L =DEFLECTION

THE PROVISINNS OF ARTICLF 1.7.12. TN REGARN TO DEFLECTIONS FROM LIVE
LOAD PLUS IMPACT ALSD SHALL RE APPLICABLE TO cOMPOSITE GIRDERS.

WHFN THE GIRDERS ARE NOT PROVINED WITH FALSEWORK OR OTHER EFFECTIVE
INTERMEDIATE SUPPORT NURING THE PLACING OF THE CONCRETF SLAB» THE
DEFLECTION nufF TO THE wFIGHT NF THE SLAB ANN NTHER PERMANENT DEAD tDADS
ADDED REFNRF THE CONCRETE WAS ATTAINED 75 PER CFNT OF ITS REQUIRED 28=pAY
STRENGTH SHALL AF cOMPUTED ON THF BASIS OF NON=rOMPAOSITE ACTINN,

1.7.10% =cnMpOSITE anNX GIRNFRSs S[ENERAL

THIS SFCTTNN PERTATNS Tn THE DESIGN OF STMpLF AND CONTINUDUS SPAN
STEEL=CONGRFTF COMPOSITF MuyLTI=ROX GIRDER BRINGFS OF MODERATE LENGTH. IT
1S APPLICABLE TO 80X GIRBERS AF SINGLE CELLs HAVING WIDTH CENTER 7D
CENTER OF WFBS APPROXIMATELY EQUAL TD THE DTSTANCE CENTER TO CENTER
OF ADJACENT wWFBS 0OF ADJACENT ROY GIRDERS. THE CANTILEVER NVERHANG
n0F THF DECK SLAR (TNGCLUNING CURRS AND PARAPFTS) BEYOND THE EXTERIOR
WEB. SHALL BF LIMITED TN 60 PERCENT OF THE DISTANCE AFETWEEN THE
CENTFRS OF ANJACENT wFRS NF ANJACENT ROX GIRDFRS BUT IN NO CASE
GREATER THAN 4 FEFT.

THE PRAVTSIONS NF NTvISINN 1, NESTGNs SHALL GUVERN WHERE APPTCARIE,
EXCEPT AS SPFCIFICALLY MONTFIED RY ARTICLES 1.7.102 THROusw L. 7.109.

1.7.102 =~LATFRAL DISTRIRHTIAN OF 1.NARS FU 2 BFNDING MOMENT

TWE LIVE LONAD RFNNING MAMFNT FAR FACH BOX GTRDER SHALL 3E DETERMINED
BY APPLYING TN THE GIRDER, THE FRACTION W NF A WHEEL LLOAD (BOTH FRONT
AND REAR)s NETERMINED RY THF FOLILNWING EQUATINAN,

W= 0.1+1.TR+0.85/NW

L
WHERF R= N,/ NUMRFR 0OF ANY GIRDFRS

Ny= Wgs12, REDUCEN TN THE NFAREST WHOLE NUMBER

We= ROANWAY WINTH RETWFEN CURBS ¢IN FEET), 0OR BARRIERS 1F CURBS
ARE NAT UYSEN, R SHALL NNT RF LESS THAM 0.5 MDR ARFEATER THAN 1,5,
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TWME PROVTISTON OF ARTICLF 1.2.9» RFPDUCTION TN LOAD INTENSITY,SHALL NOT

APPLY IN THF NESIGN NF ROX GIADFRS WHEN USING NFSIGN LOAD w GIVFN RY

THE ARDVE EnuUATION,

1.7.104 =DESTGN NF WER pLATFES

A, VERTICA{ SHEAR

THE DESIAN SHEAR V/, FOR A WER SHALL BE CALCULATED YSING THE FOLLOW=
ING THE EQUATION:

Vw =\ 7c0s @

WHERE \/,
@

VERTICAL SHEAR
ANGLE NF INCLINATINN OF THE WER pLaATE TO THE VvERTICAL

Be SECONDARY BENNING STRESSES

WEB PLATES MAY RE NORMAL TN THE ROTTOM OF FLANGE 0OR INCLINED. IF
THE INCLINATION NF THE WEB PLATES TN A PLANE NORMAL TO BOTTOM FLANGE
IS NO GREATFR THAN { TO 4, ANN THE WIDTH NF THE ROTTOM FLANGE IS NO
GREATER THAN 20 PERCENT OF THF SPANs THE TRANSVERSE RENDING STRESSES
RESULTING FROM DISTNRTINN OF ATROER CROSS SECTION ANp FROM VIRRATIONS
OF THE 80TTNM PLATE, NEEND NNT BE CONSIDERFD, FOR STRUCTURES IN THIS
CATEGORY TRANSVERSE RENNTING STRESSES NUE TO SUPPLEMENTARY LOADINGS.,
SUCH AS UTTILITIESs SHALL NOT EXCEED 5s000 pPSTYT,

FNR STRUCTURES EXCEEDING THESF LIMITS OR fFNR CURVED GIRDERS, A DE-
TAILED EVALUATION OF THE TRANSVYFRSE RENDING STRFSSES DUE TO ALL CAUSES
SHALL RE MADE, THESE STRESSES SHALL RE LIMITEn TN A MAXIMUM STRESS OR
RANGE OF STRESS OF 20,000 pSI,

1.7.105 =DESTGN 0OF BOTTOM FLANGE PLATES

A, TENSINON FLANGES
IN CASFS 0OF SIMPLY SUPPORTEDN SPANSs THE AnTTOM FLANGE SHALL BE CNN-
SIDFRED CNMPLETELY EFFECTIVE IN RESISTING RFENNING I[F ITS WIDTH DOES
NOT EXCEED NNFE=FIFTH (1/5) THE SPAN LENGTH, IF THE FLANGE PLATE WIDTH
EXCFEDS ONE=FIFTH (1/5) NF THF SPAN, AN AMQOUNT EQUAL TO QNE=FIFTH
¢1/5) OF THF SPAN ANLY SHALL RE CONSIDERED EFFFERTIVE

FOR CONTINUOUS SPANS,THE CRITERIA ABOVE SHALL BE APPLIED T0 THE
LENGTHS BFTWEEN=POINTS NF CONTRAFLEXURE,

Re CNMPRFSSINN FLANGES UNSTIFFENED

UNSTIFCFNED CNMPRESSINN FLANGES DESIGNED ¢nR BASTC ALLOWABLE STRESS
nR 0,55 Fy SHALL HAYF A WINTH TN THICKNESS RATIQO EQUAL Tn OR LESS THAN
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THE VALUE NRTAINEDN RY TMF USE NF THE FORMUILA:
b/t = SIQOIJFY

WHERE b = FLANGE WIDTW RETWEEN WERS IN INCHES
{ = FILANGE THICKNFSS TN TNCHES

FOR GREATER b/t RATINS, AUT NOT EXCEEDING 60, THE STRESS IN AN UN=
STIFFENED BATTOM FLANGE SHALL NOT FYCEED THE vALUE DETERMINED BY THE
USE OF THF fORMULAS

f, = 0.55F, = n.?2aryE -GIN 2-92-9___‘””)]
4560t

FOR VvAILUFS OF b/t FXCEEDTING 13:300/¢F, » THE STRESS IN THE
FLANGE SHALL NOT EXCEED THE VALUE GIVEN BY THFE FORMULA:

f, = 575600,000(1/b)?

THE b/} RATIN PREFERARLY SHNULD NDT EXCEED 60 EXCEPT IN ARFAS OF
LOw STRESS NEAR POTNTS Of DFAN 1 0An CONTRAFLEYURE,

SHOULD b/t RATIN EXCEED 45, LONGITUDINAL STIFFENERS SHOULD BE CON=
SIDERED,

Ce COMPRESSINN FLANGES STIFFENFD LONGITUDINALLY ¥%IN SQLVING THESE EqQ-
UATIONS A VALUF nF k RETWFFN 2 AND 4 SHOD BE GENERALLY ASSUMED).

LONGITHDINAL STIFFFNERS SHALL RE AT EQUAL SPACINGS ACROSS THE
FLANGE WINTH AND SHALL AE PROPORTINNED SO THAT THE MQOMENT OF INERTIA
OF FACH STIFFENFR ARNUT AN AXTS PARALLEL TO THE FLANGE AND AT THE AASE
OF THE STTIFFENER IS AT LEAST FayhAlL TOs

0.,07k3n* FIR VALUE NF N GREATER THAN 1,
n,125 k> FNR & VALNE OFn = 1

WHERE =

a:

W= WINTH NIF FLANGE RBETWEELM LONGITHDINAL STIFFENER OR DISTANCE
FROM A WER TN THF NFAREST LONGITUDTNAL STIFFENER

n= NUMBER NF LUNGITHUDINMAL STIFFENERS _

kK = RUCKLING CNEFFICTENT WHICH SHALL NNT EXCEED 4

FOR A FLANGE, INCLUDING STIFFENERS» TQ RF NESIGNED FNR THE BASIC
ALLOWABLE STRESS OF 0.55 F o THE RATIO w/t SHALL NOT FXCEED THE VALIE
GIVEN BY THF FORMULA®

w/t= 3070 VK

Fy

FOR GRFATER VALUES NF w/1 RuT N0T EXCEEDING 6650V k //J Fy
R 60, WHICHFYER 15 ).FSS, THE STRESS IN THE FIANGE, INCLUDING STIFFEN=
ERS, SHALI NOT EXCEEN THF VALIF DETERMINED BY THE FORMULA:

: 2.92 - w/Fi .
fy = 5.55Fy — 0.224Fy |1-sin ‘ o
2280tV k
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1.7.106 - DESIGN OF FLANGE TO WEB WELDS

The total effective thickness of the web-flange welds shall not be less
than the thickness of the web. If fillet webs are used, they shall be on
both sides of the connecting flange or web plate.

1.7.107 - DIAPHRAGMS

Diaphragms, cross-irames, or other means shall be provided within the
box girders at each support to resist transverse rotation, displacement,
and distortion.

Intermediate diaphragms or cross-frames are not required for steel box
girder bridges designed in accordance with this specification.

1.7.108 - LATERAL BRACING

Generally no lateral bracing system is required between box girders. A
norizontal load equal to 25 pounds per square foot acting on the area exposed
in elevation shall be applied in the plane of the bottom flange. The section
aseumed to resist the horizontal load shall consist of the bottom flange acting
as 2 web and 12 times the thickness of the webs acting as flanges. A lateral
bracing system shall be provided if the combined stresses due to specified
horizontal force and dead load of steel and deck exceed 150 percent of the al-
lowable design stress.

1.7.109 - ACCESS AND DRAINAGE

Consistent with climate, location, and materials, consideration shall be
given to the providing of man-holes or other openings, either in the deck
slab or in the steel box for form removal, inspection, maintenance, drainage,
ete.

HYBRID GIRDERS

1.7.110 - HYBRID GIRDERS, GENERAL

This section pertains to the design of (1) noncomposite girders that have
both flanges of the same minimum specified yield strength and a web with 2
lower minimum specified yield strength, (2) composite girders that have
a tension flange with a higher minimum specified yield strength than the
web and a compression flange with a minimum specified yield strength not
less than that of the web, and (3) girders that utilize an orthotropic deck as
the top flange and have a web with a lower minimum specified yield strength
than the bottom flange. It is applicable to both simple and continuous span
girders. In non-composite girders and in the negative moment portion of
continuous span composite girders, the compression flange area shall be
equal to the tension flange area or larg-
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er than the tension flange area by an amount not exceeding 15 percent. In
composite girders, excluding the negative moment portion in continuous
span girders, the compression flange area shall be equal to or smaller
than the tension flange area, steel girders that support dead weight of the
slab without composite action, but act compositely with the slab in sup-
porting the live load, shall be considered to be composite girders. In
either composite or nocncomposite girders, the minimum specified yield
strength of the web shall not be less than 35 percent of the minimum speci-
fied yield strength of the tension flange.

In girders that utilize an orthotropic deck as the top flange, the minimum
specified yield strength of the web shall not be less than 35 percent of the
minimum specified yield strength of the bottom flange in regions of nega-
tive bending moment. As used in this section, flange refers to the flange
of the steel girders and excludes the slab and reinforcing bars.

The provisions of Division I, Design, shall govern where applicable, except
as specifically modified by Articles 1. 7. 110 through 1. 7.113.

L7.111 - ALLOWABLE STRESSES
A. BENDING

The bending stress in the web may exceed the allowable stress for
the web steel provided that the stress in each flange does not exceed the al-
lowable stress from Art. 1. 7.1 or 1. 7. 3 for the steel in that flange multiplied
by the reduction factor

Ro= g -BUll-x? (3-Y+u @
6 +BY(3-9)

(See figures 1. 7.111A and 1. 7. 111B)

WHERE

© = The minimum specified yield strength of the web divided by the mini-
mum specified yield strength of the bottom flange

The area of the web divided by the area of the bottom flange.

The distance from the outer edge of the bottom flange to the neutral
axis (of the transformed section for composite girders) divided by
depth of the steel section.

€ w
u

The bending stress in the concrete slab in composite girders shall
not exceed the allowable stress for the concrete multiplied by R.

B. SHEAR

The shear stress in the web (the shear force divided by the web
area) shall not exceed the allowable shear stress for the web steel.
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C. FATIGUE

Hybrid Girders shall be designed for fatigue as if they were homo-
geneous girders of flange steel. The allowable fatigue stresses for web
splices and for attachments to the web and flange-web fillet web connections

shall be based on the flange steel.
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1.7.112 3=PLATF THICKNESS RFQUIREMENTS

IN CALCULATING THF MAXIMUM wWIDTH=TN=THICKNESS RATIC OF THE FLANGE
PLATE ACCORPING TO ARTICLE 1.7.89 ANpD THE MINIMUM THICKNESS OF THE WER
PLATE ACCORNING TO ARTICLE 1.7.70 » f, SHALL BE TAKEN A5 THE CALCULATED
RENDING STRFSS IN THE ¢NMPRFSSINN FIANGE DIVINENn BY THE REDUCTION
FACTORs R,

1.7.113=BFARING STIFFENFR RERQUIRFMENTS

IN DESIGNING BEARING STIFFENFRS AT INTERINR SUPPNRTS OF CONTINUMNUS

HYBRIN GIRDER FOR WHICHo: 1S LESS THAN 0.7 NO PART OF THE wEB SHALL RE
ASSUMED TN ACT IN BEARTNG.,

HEAT=CURVED ROLLED BEAMS AND WELDED PLATE GIRDERS

1.7.114 7 = SCNPE

THIS SECTINN PERTAINS TN ROLLFND BEAMS AND WELDED I=SECTION PLATE
GIRNDERS HEAT=CURVEN TN NRTATN A HARTZONTAL CURVATURE, STEFLS THAT ARE
MANUFACTUREN TO A SPECIFIEN MINTMUM YIELD POINT GREATER THAN 50,000 PSI,
SHALL NOT BF HEAT CHRVFD,.

1.7.115 = MTNIMUM RADIUS OF CURVATURE

FOR HEAT=CIRVED REAMS AND GIRNERS, THE HNRT7NNTAL RADIUS OF CURVATURFE
MEASURED TO THE CENTERLINE NF THE GIRNPER WER SHALL NOT BE LESS THAN 150
FEET, AND SHALL NNT AF LESS THAN THE LARGER OF THE VALUES CALCULATFD (AT
ANY AND ALL CcROSS SECTINNS THROUGHOUT THE LFNGTH OF THE GIRDER) FROM THE
FOLLOWING Tw0O EAQUATINNS:

R = _14b0D
VE/ W)

R - _7500b
Fy W

IN THESE EQUATIONS»F, IS THE SPECIFIFD MIN, YTFLD POINT IN KSI 0OF STEEL
IN THE GIRDFR wEB, W IS THF RATIN 07 THE TNTapL CROSS=SECTTONAL AREA
TD THE CROSS=SECTTYONAL ARFA 0OF ROTH FLANGES, b TS THE WIDEST FLANGE WIDTH
IN INCHES, N 18 THE CLFAR NISTANCE BETWEEN FLANGES IN INCHESs t IS THF
WEB THICKNESS IN TNCHES, AND R TS THE RADIUS IN INCHES,

TN ADDITINN TR THE ARNYE REQUIREMENTS» THE RADIUS SHALL NDT BE LESS
THAN t000 FFET WHFN THE FLANGE THICKNESS EXCEFDS 3 INCHES 0OR THE FLANGE
WwIDTH EXCEENS 30 INCHES.
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1,7.116 = CaMAER

To COMPENSATE FOR POSSTALE LNSS Ng CAMBER OF HEAT=eyRVED GIRDERS IN
SERVICE AS RPESIDUAL STRESSES DISSIPATES THE AMOUNT OF CAMBER IN INCHES,
A, AT ANY SECTION ALANG THE LENGTH OF THE GIRDER SHALL 8E EQUAL T3

ADL 0.02L% Fy
= 2= |Am 4+
A% Am (_ EYo

WHERE ADL IS THE CAMBER IN INCHES AT ANY POINT ALONG THE SPAN CALCULATED
gY USUAL PRNCEDURES TO COMPENSATE FOR DEFLECTINN DUE #0 DEAD LOADS DR
ANY DTHER SPECIFIED LOADS,Am IS THE MAXIMUM VALUE OFADL IN INCHES
WITHIN THE SPAN, E IS THE MODULUS OF ELASTICITY IN KSI, Fy IS THE SPECI=
FIED MINIMUM YIELD POINT IN KSI NF THE GIRDER FLANGEs Y, 1S THE DISTANCE
FROM THE NEUTRAL AXIS TN THE EXTREME OQUTER FIRER IN INCHES C(MAXIMUM DIS*™
TANCE FOR NNNSYMMETRTCAL SECTIONS)» AND L 1S THE SPAN LENGTH OR DISTANCE
RETWEEN POINTS OF NEAD=LOAD CONTRAFLEXURE IN INCHES«*

«PART OF THE CAMBER LOSS IS ATTRIBUTABLE Tn CONSTRUCTION LOADS AND
WILL OCCUR DURING CONSTRUCTION NF THE BRIDGES TATAL CAMBER LOSS WILL BE
cOMPLETE AFTER SEVERAL MONTHS OF INSERVICE LDANS. THEREFORE, A PORTION
OF THE CAMBER INCREASE ¢AppROXIMATELY 50 PERCENT) SHOWLD BE INCLUDED IN
THE BRIDGE PROFILE, CAMBER LOSSFS OF THIS NATURE (BUTs GENERALLYs SMALLER
IN MAGNITUDF) ARE ALSO KNOwN TO ncCUR IN STRATGHT BEAMS AND GIRDERS.,
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LOAD FACTOR DESIGN

1.7.117 — SCOPE

Load Factor design is an alternate method for design of simple and
continuous beam and girder structures of moderate length. It is 2 method
of proportioning structural members for multinles of the design loads.
To insure serviceability and durability, consideration is given to the
control of permanent deformations under overloads, to the fatigue
characteristics under service loadings and to the control of live load

deflections under service loadings.

1.7.118 — NOTATION

A =area of cross section (in.?)
A =area of one flange of beam or girder (in.?)
A, =total area of steel section including cover plates (in.?)
A,=gross effective area of column cross section (in.?)
A, =area of web of beam (in.?)
b’ = width of projecting flange element (in.)
b’ = width of outstanding stiffener element (in.)
D =dead load
D =distance center to center of box girder flange plates (in.)
d=depth of member (in.)
d,=depth of beam
d,= depth of column
d,=distance between tranverse stiffeners (in.)
d,.=depth of steel web of a composite section (in.)
E = modulus of elasticity (29,000,000 psi)
F =stress (psi)
F.,=buckling stress (psi)

4 Part of the camber loss is attributable to construction lords and will eceur during con-
struction of the bridgo: total camber loss will be complete after several months of in-service loads.
Therefore, & portion of the camber increase (approximately 50 percent) should be included in
the bridge profile. Camber losses of this nature (but, generally, smaller in magnitude) are also

known to occur in straight beams and girders.
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F,=spccified minimam yield point or yield strength of the type
of steel being vsed (psi)
f’.=specified 28-day compressive strength of conerete (psi)
I=1impact
I == moment of inertia {in.!)
L.=length of a compression member (in.}
L,=distance between points of bracing of compression flange
(in.)
L=live load
M,M,,M,=moment on a cross section (in.-lb)
M, =maximum moment capacity (in.-1b)
P =3axial compression on the member (Ib)
P,=maximum axial compression capacity (Ib)
r=radius of gyration (in.)
ry=radius of gyration with respect to Y-Y axis (in.)
S =section modulus (in.?)
t="flange thickness (in.)
t=thickness of thinnest part connected by bolts (in.)
tw=web thickness (in.)
V shear force on the cross section (Ib)
V.= maximum shear capacity (Ib)
Z = Plastie Section Modulus (in.3)
¢ =reduction factor

1.7.119 -— LOADS

Service live loads are vehicles which may operate on a highway
legally without special load permit.

For design purposes, the service loads are taken as the dead, live
and impact loadings described in Section 1.2 (exeept Art. 1.2.4).

Overloads are the live loads that can be allowed on a structure on
infrequent occasions without causing permanent damage. For design
purposes the maximum overload is taken as %5 (L+1).

The maximum loads are the loadings specified in Article 1.7.123.

1.7.120 — DESIGN THEORY

The moments, shears and other forces shall be determined by assum-
ing elastic behavior of the structure except as modified in Article
1.7.124(A) (3).

The members shall be proportioned by the methods specified in
Articles 1.7.124 through 1.7.135 so that their computed maximum strengths
shall be at least equal to the total effects of design loads multiplied by
their respective load factors specified in Groups I, II and III of Article
1.7.123.

Service behavior shall be investigated as specified in Articles 1.7.136
through 1.7.138.
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1.7.121 — ASSUMPTIONS

(1) Strain in flexural members shall be assumed directly propor-
" tional to the distance from the neutral axis.

(2) Stress in steel below the yield strength, Ty, of the grade of
steel used shall be taken as 29,000,000 psi times the steel strain. For
strain greater than that corresponding fo the yield strength, Fy, the
stress shall be considered independent of strain and equal to the yield
strength, F,. This assumption shall apply also to the longitudinal
reinforcement in the concrete floor slab in the region of negative
moment when shear developers are provided to secure composite action
in this region.

(3) At maximum strength the compressive stress in the concrete
slab of a composite beam shall be assumed independent of strain and

equal to 0.851".

(4) Tensile strength of concrete shall be neglected in flexural eal-
culations.

1.7.122 — DESIGN STRENGTH FOR STEEL

The design strength for steel shall be the specified minimum yield
point or yield strength, F,, of the steel used as set forth in Article 1.7.1.

1.7.123 — MAXIMUM DESIGN LOADS

The maximum moments, shears or forces to be sustained by a
stress-carrying steel member shall be computed from formulas listed
below. Members subject to combinations of loads and forces shall be
designed for the combined effects.

EouD 1=1.3o[n+%(1,+1)]

For all loadings less than H20, provision shall be made for an
infrequent heavy load by applying Group I4 loading, with the live load
assumed to occupy a single lane without concurrent loading in any other
lane.

Group [A=130[D+2.2 (L+1)]
Group II=1.30[D+W+F+SF+B+S+T]

When earthquake loading is taken into account, the Group II loading
shall be used substituting E£Q for W. When ice pressure is taken infto
account, the Group II loading shall be used substituting ICE for SF.

Group III=1.30[D+L+I+CF+0.3W+WL+F+LF]

The symbols in the above formulas represent the morents, shears or
forces caused by the loads and effects described in Article 1.2.22.



1.7.124 — SYMMETRICAL BEAIS AND GIRDERS
(A) Compact Scctions

Symmetrical I-shaped beams with high resistance to local buckling
and proper bracing to resist lateral torsional buckling qualify as
compact sections. Compact sections are able to form plastic hinges
which rotate at near constant moment. '

Rolled or fabricated I-shaped beams meeting the requirements of
paragraph (1) below shall be considered compact sections and the
maximum strength shail be as compgted:

M,=F,Z
where F, is the specified yield point of the steel being used,
Z is the plastic section modulus.*

(1) Beams designed as compact sections shall meet the following
requirements: (for certain frequently used steels these requirements
are listed in Table 1). '

(a) Projecting flange element

1600
b/t € ——=
F

¥

where b’ is the width of the projecting flange element,
t is the flange thickness.

{(b) Web thickness

i/t < 13,300
n o= V_F‘:

where d is the depth of the beam,
t is the web thickness.

(c) Lateral bracing

7000
Ly/ry < JE when M, 2 0.7TM,

¥

or

12,000
L,/r. < — hen M.<0.TM
v/ VE. when M, =

where L, is the distance between points of bracing of the compres-
sion flange,
ry is the radius of gyration with respect to the Y-Y axis,
M, and M, are the moments at the two adjacent braced points.
In no case shall L, exceed the value given in Article 1.7.124

(B) (1) (c).

* See Commentary of AISI Bulletin 15 for method of computing Z. Values for rolled sections
are listed in the ‘“Manual of Steel Construction,” Seventh Edition, 1970, American Institute of
Steel Construction.
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The required lateral bracing shall be provided by braces capable
of preventing lateral displacement and twisting of the main
members or by embedment of the top and sides of the compres-
sion flange in concrete.

(@) Maximum axial compression
P < 0.15F,A
where A is the area of the cross section.
(e) Maximum shear force
V £ 0.55F,dt,

(2) Article 1.7.124(A) is applicable to steels with stress-strain
diagrams which exhibit a yield plateau followed by a strain hardening
range.

Steels such as ASTM AS36, A242, A440, Ad441, A572 and AG588 meet
these requirements. The limitations set forth in Article 1.7.124(A) are
given in Table 1.

TABLE 1
F, (psi) 36,000 42,000 46,000 50,000 55,000
b/t 8.4 1.8 15 7.2 6.8
d/t 70 65 62 59 57
Lo/ty M2 0.7M, 37 34 33 31 .30
Lo/ry M. < 0.TM, 63 59 56 54 51

(3) In the design of a continuous beam of compact section com-
- plying with the provisions of Article 1.7 124(A) (1), negative moments
over supports determined by elastic analysis may be reduced by a maxi-

mum of 10%. Such reduction shall be accompanied by an increase in

maximum positive moment in the span equal to the average decrease
of the negative moments in the span. The reduction shaill not apply
to negative moments produced by cantilever loading.

{B} Braced Non-Compact Sections

For rolled or fabricated I-shaped beams not meeting the require-
ments of Article 1.7.124(A) (1) but meeting the requirements of
paragraph (1) below, the maximum strength shall be computed as:

M,=F,8
where S is the section modulus.

(1) The above equation is applicable to beams meeting the follow-
ing requirements:

(a) Projecting flange element
b/t < 2200/VF;
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When

M <M, b’/t inay be increased by the ratio vM,/M
(b) Web thickness
D/t €150

where D is the clear unsupported distance between flange com-
ponents.

(¢) Spacing of lateral bracing for compression flange
20,000,000A,
F.d

where d is the depth of beam or girder,
A is the flange area.

Ly <

(d) Maximum axial compression
Axial compression shall not exceed the value given by
Article 1.7.124 (A) (1) (d).

(e) Maximum shear foree
3.5EL3,
=—r
but not more than 0.58F.Dt,,

(2) The limitations set forth in paragraph (1) above are given
in Table 2.

V<

TABLE 2
F, (psi) 36,000 | 42,000 | 46,000 50,000 55,000 $0,000 { 100,000
b'/% 11.6 10.7 10.3 9.8 94 7.3 7.0
Iﬁ"ﬂ- 556 476 435 400 364 222 200

{C} Transition

The maximum strength of members with geometric properties
falling between the limits of Articles 1.7.124(A) and (B) may be
computed by straight line interpolation, except that the web thickness
must always satisfy Article 1.7.124 (A) (1) (b).

(D) Unbraced Sections

(1) For members not meeting the lateral bracing requirement of
Article 1.7.124(B) (1) (¢) the maximum strength shall be computed

as:
B 3F, [ Ly \?
M,,_F,s[1— 41721:3( = ) ]

When the ratio of stresses at the two ends of the braced length,
Ly, is less than 0.7, the maximum strength, M,, as computed by the
above formula may be increased 209% but not to exceed F,S.
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(2) In members not meeting the requivements of Article 1.7.124
(B) (1) (e) the web shall be provided with transverse stiffeners as
specified in Article 1.7.124 (E).

(3) Members with axial loads in excess of 0.15F,A should be
designed as beam-columns as specified in Article 1.7.134

{E} Transversely Stiffened Girders

(1) For girders not meeting the shear requirements of Articles
1.7.124(A) (1) (e) and 1.7.124(B) (1) (e) transverse stiffeners are
required for the web. For girders with transverse stiffeners but
without longitudinal stiffeners the thickness of the web shall meet
the requirement:

36,500
D/t £ —=
"2
For different grades of steel this limit is:
D/t F, (psi)
192 36,000
178 42,000
170 46,000
163 50,000
156 55,000
122 90,000
115 100,000

(2) The maximum bending strength of transversely stiffened
girders meeting the requirements of Article 1.7.124(E) (1) shall be
computed by Articles 1.7.124(B) or 1.7.124(D) (1) as applicable sub-
ject to the requirement of Article 1.7.124(E) (4).

(3) The shear capacity of beams and girders with webs fulfilling
the requirements of Article 1.7.124(E) (1) shall be cqmputed as’

0.87(1-C) ]
Vi (d,/D)*

V“=V,,[ C+

where:
V,,:O.SSF,.DtW

C=18,000(t,/D) l/ 1+ D/ _03<10
¥y
D =clear, unsupported distance between flange components.

d,=distance between transverse stiffeners.

(4) If a girder panel is subjected to simultaneous action of shear
and bending moment with the magnitude of the shear higher than
0.6V, then the moment shall be limited to not more than:

M/M,=1.375-0.625 V/V,
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(5) Transverse stiffeners shall be spaced at a -distance, d,, accord-
ing to shear capacity as specified in Article 1.7.124 (E)} (3} but not
more than 1.5D. Transverse stiffeners may be omitted in those portions
of the girders where the maximum shear force is less than the value
given by Article 1.7.124(B) (1) (e).

The first stiffener space at the ends of girders with simple sup-
ports shall not be greater than D nor:

d,=14,500n/Dt,3/V

The width-to-thickness ratio of transverse stiffeners shall be such
that
2,600

b/t <

¥

where b’ is the projecting width of the stiffener.
The gross eross-sectional area of intermediate transverse stiffeners
shall not be less than:

A=[0.15BDt,(1-C) (V/V,)—-18t;*]Y

where Y is the ratic of web plate yield strength to stiff-
ener plate yield strength

B=1.0 for stiffener pairs,
1.8 for single angles,
2.4 for single plates.

C is computed by Article 1.7.124 (E) (3)

The moment of inertia of transverse stiffeners with reference to
the mid-plane of the web shall be not less than:

1=d,t.2J
where:
J=25(D/d,)*~2, but not less than 0.5.

Transverse stiffeners need not be in bearing with the tension
flange. The maximum distance between the stiffener-to-web connec-
tion and the face of the tension flange shall not be more than 4t,.
Stiffeners provided on only one side of the web must be in bearing
against but need not be attached to the compression flange.

{F} Longitudinally Stiffened Girders

(1) Longitudinal stiffeners shall be required when the web thick-
ness is less than that specified by Article 1.7.124(E) (1) and shall be
placed at a distance D/5 from the inner surface of the compression
flange.

The web thickness of plate girders with transverse stiffeners and
one longitudinal stiffener shall meet the requirement:

73,000

¥y

D/t, <

For different grades of steel, this limit is:
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D/tw F, (psi)
385 36,000
356 42,000
340 46,000
326 50,000
311 55,000
243 90,000
231 100,000

(2) The maximum bending strength of longitudinally stiffened
girders meeting the requirements of Article 1.7.124(F) (1) shall be
computed by Articles 1.7.124(B) or Article 1.7.124(D) (1) as appli-
cable, subject to the requirement of Article 1.7.124(E) (4).

(3) The shear capacity of girders with one longitudinal stiffener
shall be computed by Article 1.7.124 (E) (3).

The dimensions of the longitudinal stiffener shall be such that:

(a) the width-to-thickness ratio is not greater than that given
by Article 1.7.124(E} (5).

(b) the rigidity of the stiffener is not less than:

IZDt? [2.4(%‘—)2 - 0.13]

(c¢) the radius of gyration of the stiffener is not less than:

i SO
93,000

In computing I and r values above, a centrally located web strip not
more than 18t. in width shall be considered as a part of the longi-
tadinal stiffener. Transverse stiffeners for girder panels with longi-
tudinal stiffeners shall be designed according to Article 1.7.124(E) (5)
except that the depth of subpanels shall be used instead of the total
panel depth, D. In addition the section modulus of the transverse

stiffener shall be not less than:
1
St=§~ (D/d,) S,

where D is the total panel depth (clear distance between flange com-

- ponents) and S, is the section modulus of the longitudinal stiffener at
D/5.

1.7.125 — UNSYMMETRICAL BEAMS AND G!RDERS
(A) General

For beams and girders symmetrical about the vertical axis of the
cross section but unsymmetrical with respect to the horizontal cen-
troidal axis, the provisions of Articles 1.7.124(A) through 1.7.124(D)
shall be applicable except that in computing the maximum strength by
Article 1.7.124(D) (1) the term b’ is replaced by 0.9b". '
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(B) Unsymmetrical Sections with Transverse Stiffeners

Girders with transverse stilfeners shall be designed and evaluated
by the provisions of Article 1.7.124(E) except that when D,, the clear
distance between the neutral axis and the compression flange, exceeds
D/2 the web thickness, t,, shall mecet the requirement:

D. . 18,250

te vy
(C) longitudinally Stiffened Unsymmetrical Sections

Longitudinal stiffeners shall be required on unsymmetrical sections
when the web thickness is less than that specified by Articles
1.7.124(E) (1) or 1.7.125(B).

For girders with one longitudinal stiffener and transverse stiffen-
ers, the provisions of Article 1.7.124(F) for symmetrical sections
shall be applicable provided that:

(a) the longitudinal stiffener is placed 2D./5 from the inner
surface or the leg of the compression flange element.

(b) When D, exceeds D/2, the web thickness, t,, shall meet the
requirement :
D, < 36,500

3 i
1.7.126 -— COMPOSITE BEAMS AND GIRDERS

Composite beams shall be so proportioned that the following criteria
are satisfied :

(a) The maximum strength of any section shall not be less than the
sum of the computed moments at that section multiplied by the
appropriate load factors.

(b) The web of the steel section shall be designed to carry the total
external shear and must satisfy the applicable provisions of
Articles 1.7.124 and 1.7.125. In such application the value of
D, shall be taken as the clear distance between the neutral axis
of the composite section for live loads and the compression
flange.

1.7.127 — POSITIVE MOMENT SECTIONS OF COMPOSITE BEAMS AND
GIRDERS

(A) Compact Sections

When the steel section 3atisfies the. compactness requirements of
Article 1.7.127(A) (2), the maximum strength shall be computed as
the resultant moment of the fully plastic stress distribution acting on
the section (Figure 1.7.127).

(1) The resultant moment of the fully plastic stress distribution
may be computed as follows:

(a) the compressive force in the slab, C, is equal to the smallest
of the values given by the following Equations:

(1) C=0.85 fbt,+ (A F,),
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L-: é— ty pottum

ty flange
Section Stress distribution
Fig. LT 127

where b is the effective width of slab,
t, is the slab thickness.

(A F,).is the product of the area and yield point of that
part of reinforcement which lies in the compression
zone of the slab.

(2) C=(AF) i+ (AF) e+ (AF)

where (A F,),,is the product of area and yield point for bottom flange
of steel section (including cover plate if any),

(A F,) is the product of area and yield point for top flange of
steel section,

(A F,) is the product of area and yield point for web of steel
section.

(3) C=zQ,
 where 3Q, is sum of ultimate strengths of shear connectors between

the section under consideration and the section of zero
moment. '

(b) the depth of the stress block is computed from the com-
pressive force in the slab.
- C—=(AFy),
TETOIESERD
(¢) when the compressive force in the slab is less than the value
given by Equation (2) above the top portion of the steel
section will be subjected to the following compressive force:
10 Sl Fre) £C
¥ 2
(d) The loeation of the neutral axis within the steel section

measured from the top of the steel section may be deter-
mined as follows:

for C'< (A Fy)
N ¢
Y—-.(—"“——A F;—)u tf
forC" = (AF;) ¢
C— (AT,
(AF,)), °
(e) the maximum strength of the section in bending is the first

C!

yztu‘i‘
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moment of all forces about the neutral axis, taking all forces
and moment arms as positive quantities,

(2) Composite beams qualify as compact when their steel section
meets the requirements of Articles 1.7.124(A) (1) (b) and 1.7.124
(A(1) (e), and the stress-strain diagram of the steel exhibits a yield
plateau followed by a strain hardening range.

(B) Non-compact Sections

When the sieel section does not satisfy the compactness require-
ments of Article 1.7.127(A) (2) the maximum strength of the section
shall be taken as the moment at first yielding.

(C) General

Maximum compressive and tensile stresses in girders which are not
provided with temporary supports during the placing of dead loads
shall be the sum of the stresses produced by 1.30D, acting on the steel
girder alone and the stresses produced by 1.30[D,+5/3(L+1)] acting
on the composite girder, where D, and D, are the moment caused by the
dead load acting on the steel girder and composite girder, respectively.

When the girders are provided with effective intermediate sup-
ports which are kept in place until the concrete has attained 75¢% of its
required 28-day strength, stresses are produced by the loading,
1.30[D3-5/83(L+1) ], acting on the composite girder.

1.7.128 — NEGATIVE MOMENT SECTIONS OF COMPOSITE BEAMS AND
GIRDERS

The maximum strength of beams and girders in the negative moment
regions shall be computed in accordance with Articles 1.7.124 and 1.7.125
as applicable. It shall be assumed that the concrete slab does not carry
tensile stresses. In cases where the slab reinforcement is continuous over
interior supports, the reinforcement may be considered to act compositely
with the steel section.

1.7.129 — COMPOSITE BOX GIRDERS

This section pertains to the design of simple and continuous bridges
of moderate length supported by two or more single-cell composite box
girders. It is applicable to box girders, having width center-to-center of
top steel flanges approximately equal to the distance center-to-center of
adjacent top steel fianges of adjacent box girders. The cantilever over-
hang of the deck slab, including curbs and parapet, shall be limited to
60 percent of the distance between the centers of adjacent top steel
flanges of adjacent box girders, but in no case greater than 6 feet. ‘

(A} Maximum Sirength

The maximum strength of box girders shall be determined accord-
ing to the applicable provisions of Article 1.7.126, 1.7.127 and 1.7.128.
In addition, the maximum strength of the negative moment sections
shall be limited by

M,=F.S
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where F, is the buckling stress of the bottom flange plate as given in
Article 1.7.129(E).

{B) Lateral Distribution

The live load bending moment for each box girder shall be deter-
mined in accordance with Article 1.7.103.

{(C) Web Plates

The design shear V, for a web shall be calculated using the follow-
ing equation:

Ve=V/cos 6

where V=one half of the total vertical shear force on one box girder,
6=the angle of inclination of the web plate to the vertical.
The inclination of the web plates to the vertical shall not exceed 1 to 4.

(D} Tension Flanges

In the case of simply supported spans, the bottom flange shall be
considered fully effective in resisting bending if its width does not
exceed one-fifth the span length. If the flange plate width exceeds
. one-fifth of the span, only an amount equal to one-fifth of the span
shall be considered effective.

For continuous spans, the requirements above shall be applied to
the distance between points of contraflexure.

(E} Compression Flanges ,
(1) Unstiffened compression flanges designed for the yield stress,
F,, shall have a width-to-thickness ratio equal to or less than the value
obtained from the formula:
6140

VF;

where b= flange width between webs in inches,
t=flange thickness in inches.

b/t=

(2)For greater b/t ratios, but not exceeding 13,300/VF,, the
buckling stress of an unstiffened bottom flange is given by the formula:

F..=0.592 F, ( 1+0.687 sin 32’1)
in which ¢ shalil be taken as

b —

13,300 2VF,

7160

(3) For values of b/t exceeding 13,300\/F—,., the buckling stress
of the flange is given by the formula:

F.. =105 (t/b)2x 109

==
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(4) If longitudinal stiffcners are used, they shall be equally spaced
across the flange width and shall be proportioned so that the moment
of inertia of cach stiffener about an axis parallel to the flange and at
the base of the stifTener is at lcast equal to:

I =¢t3w
where ¢=0.07k®n* when n equals 2, 3, 4 or 5.
$=10.125k" when n=1.
w=width of flange between longitudinal stiffeners or distance
from a web to the nearest longitudinal stiffener.

n=number of longitudinal stiffeners.
k=Dbuckling coefficient which shall not exceed 4.

For a longitudinally stiffened flange designed for the yield stress
F,, the ratio w/t shall not exceed the value given by the formula

_3070\/’1?
VF;
For greater values of w/t, but not exceeding 6650\/"1?/\/—1:“;, the

buckling stress of the flange, including stiffeners is given by Article
1.7.129 (E) (2) in which c shall be taken as:

e 6650vEk — (wy/F,/t)
- 3580Vk

For values of w/t exceeding 6650\/1’7\/1"*: the buckling stress of
the flange, including stiffeners, is given by the formula:

F, =26.2k(t/w)?x 10°

When longitudinal stiffeners are used, it is preferable to have at
least one transverse stiffener placed near the point of dead load contra-
flexure. The stiffener should have a size equal to that of a.longitudinal
stiffener.

w/t

(5) The width-to-thickness ratio of any outstanding element- of
the flange stiffeners shall not exceed the value determined by the
formula:

b/t =2800
FF
where b’=width of any outstanding stiffener element,
t’=thickness of outstanding stiffener element.

(F) biaphrugms

Diaphragms, cross-frames, or other means shall be provided within
the box girders at each support to resist transverse rotation, displace-
ment and distortion. '

Intermediate diaphragms or cross-frames are not required for box
girder bridges designed in accordance with this specification.



PAGE %62-15

1.7.130 — SHEAR CONNECTORS

(A} General

The horizontal shear at the interface between the concrete slab
and the steel girder shall be provided for by mechanical shear con-
nectors throughout the simple spans and the positive moment regions
of continuous spans. In the negative moment regions, shear connectors
shall be provided when the reinforcement steel imbedded in the con-
crete is considered a part of the composite section. In case the rein-
forcement steel imbedded in the concrete is not considered in com-
puting section properties of negative moment sections, shear connectors
need not be provided in these portions of the span, but additional con-
nectors shall be placed in the region of the points of dead load contra-
flexure as specified in Article 1.7.100(A) (3).

(B) Design of Conneclors

The number of shear connectors shall be determined in accordance
with Article 1.7.100 (A) {(2), and checked for fatigue in accordance with
Article 1.7.100(A) (1) and 1.7.100(A) (3).

(C) Maximum Spacing

The maximum pitch shall not exceed 24 inches except over the
interior supports of continuous beams where wider spacing may be
used to avoid placing connectors at locations of high stresses in the
tension flange.

1.7.131 — HYBRID GIRDERS

This section pertains to the design of (1) noncomposite beams and
girders that have flanges of the same minimum specified yield strength
and a web with a lower minimum specified yield strength, and (2)
composite girders that have a tension flange with a higher minimum
specified yield strength than the web and a compression flange with a
minimum specified yield strength not less than that of the web. It is
applicable to both simple and continuous girders. In noncomposite girders
and in the negative moment portion of continuous composite girders,
the area of the compression flange shall be equal to the area of the
tension flange, or larger than the area of the tension flange by an amount
not exceeding 25 percent. In composite girders, excluding the negative
moment portion in continuous girders, the area of the compression flange
shall be equal to or smaller than the area of the tension flange. The
minimum specified yield strength of the web shall not be less than 35
percent of the minimum specified yield strength of the tension flange.

'The provisions of Articles 1.7.124 through 1.7.130 shall apply to
hybrid beams and girders except as modified below. In all equations of
these Articles, F, shall be taken as the minimum specified yield strength
of the steel of the element under consideration.
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1.7.132 — NONCOMPOSITE HYBRID GIRDERS

{A) Compact Sections
The equation of Article 1.7.124(A) for the maximum strength of
compact sections shall be replaced by the expression
M“=F_.,.fZ
where F, is the specified minimum yield strength of the flange and Z
is the plastic section modulus.

In computing Z, the web thickness shall be multiplied by the ratio of
the minimum specified yield strength of the web, Fy, to the minimum
specified yield strength Fy.

{B) Braced Non-compact Sections
The equation of Article 1.7.124 (B) for the maximum strength of
compact sections shall be replaced by the expression
M,=F;SR
For symmetrical sections,
_12 +8(8p—p%)
12+28

where
= F}'W/Fyt
ﬁ‘_'.' Aw/At
For unsymmetrical sections,
B (1—p)? (3—yi+pb)
6+ BU(3—9)

where ¢ is the distance from the outer fiber of the tension flange to the
neutral axis divided by the depth of the steel section.

R=1-

{C) Unbraced Noncompact Sections
The equation of Article 1.7.124(D) (1) for the maximum strength

.

of unbraced noncompact sections shall be replaced by the expression

_ TR
m,-rf1- (1) s

where the appropriate R is determined from (B) above.

(D) Transversely Stiffened Girders

The equation of Article 1.7.124 (E) (3) for the shear capacity of
transversely stiffened girders shall be replaced by the expression

V,=V,C

The equation for A in Article 1.7.124(E) (5) is not applicable to
hybrid girders.
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1.7.133 — COMPOSITE HYBRID GIRDERS

The maximum strength of the composite section shall be the moment
at first yielding of the flanges times R (for unsymmetrical sections)
from Article 1.7.132(B), in which ¢ is the distance from the outer fiber
of the tension flange to the neutral axis of the transformed section divided

by the depth of the steel section.

1.7.134 — COMPRESSION MEMBERS

(A) Axial Loading
{1) Maximum Capacity
The maximum strength of concentrically loaded columns shall
be computed as:
P,=0.85 AF,.,

where A, is the gross effective area of the column cross section
and F., is determined by one of the following two formulas:

- F, (KL.\*
P 12 2) |

for K:"“ less than or equal to l/er

F,

ot )
Fe TR
r

2
for KL, more than V21r E
r ¥,

where

is effective length factor in the plane of buckling

is length of the member between points of support, in
inches

1s radius of gyration in the 'plane of buckling, in inches

is yield stress of the steel, in psi

is 29,000,000 psi

or 18 buckling stress, in psi

£

Yy

= g

(2) Effective Length
The effective length factor K shall be determined as follows:

(a) For members having lateral support in both direc-
tions at its ends:
K=0.75 for riveted, bolted or welded end connections..
K=0.875 for pinned ends.

(b) For members having ends not fully supported
laterally by diagonal bracing or an attachment fo an
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adjacent structure, the efTective length factor shall
be determined by a rational procedure.”®

{B) Combined Axial Locad and Bending
(1) Maximum Capacity

The combined maximum axial force P and the maximum bend-
ing moment M acting on a beam-column subjected to eccentric
loading shall satisfy the following equations:

P MC

o.ssAch,J“M P
3 A,

<1.0

P M
<1
oesar, T~ 10

where

F,, is buckling stress as determined by the equations of Article
1.7.134 (A) (1)

M, is the maximum strength as determined by Articles 1.7.124
(A) (B) or (D)

2
F.= —T&E—z =the Euler buckling stress in
(__c) the plane of bending,
r

C is the equivalent moment factor, as defined below.
M,=TF,Z the fuil plastic moment of the section,
Z is the plastie seetion modulus,

KL,

is the effective slenderness ratio in the plane of bending.

(2) Equivalent Moment Factor C

If the ends of the beam-column are restrained from sidesway
in the plane of bending by diagonal bracing or attachment to an
adjacent laterally braced structure, then the value of equivalent
moment factor, C, may be computed by the formula:

C=0.640.4a, but not less than 0.4

where a is the ratio of the numerically smaller to the larger end
moment. The ratio a is positive when the two end moments act
in an opposing sense (i.e., one acts clockwise and the other acts
counterclockwise) and negative when they act in the same sense.
In all cases, factor C may be taken conservatively as unity.

« B. G. Johnston. “Cuide to Design Criteria for Metal Compression Members,” John Wiley and
Song, Inc., New York, 1966.
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{A} Connectors
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{1) General

Connectors shall be proportioned so that their maximum
strength muitiplied by the reduction factor, ¢, shall be at least
equal to the effects of design loads multiplied by their respective
load factors specified in Article 1.7.123.. The maximum strengths
multiplied by the reduction factors are listed in Table 3.

(2) Welds

The ultimate strength of weld metal in groove welds shall be
equal to or greater than that of the base metal. The ultimate
strength of the weld metal in fillet welds need not match the
strength of the base metal. However, the welding procedure and
weld metal shall be selected to insure sound welds. The effective
weld area shall be taken as defined in Article 1.7.28.

{3) Beolts and Riveis

In proportioning fasteners, the nominal diameter shall be
used except when a4 shear plane intersects the threads.

Iligh-strength bolts preferably shall be used for fasteners sub-
ject to tension or combined shear and tension.

TABLE 3

ype of Fastener Strength (¢F)
Groove Weld? 1.00 F,
Fillet Weld ® 0.45 £
Low-Carbon Steel Bolts
ASTM A307

Tension 27 ksi

Shear?® 25 ksi
Power-Driven Rivets
ASTM A502

Shear — Grade 1 25 ksi

Shear — Grade 2 30 ksi
High-Strength Bolts
ASTM A325

Tension ¢ 76 ksi

Shear (Bearing-Type)®*?® 54 ksi

{1)—Ty = yicld point of connected material.

{2)-=Fu = minimum strength of the welding rod metal but not greater than the
tensile strength of the connected parts.

(3)—When a shear plane interscets the holt threads, the root area shall be used.

(4} —Bearing stresses in bearing-type connections shaill not exceed the tensile
strength of the connected material.

(5Y—For A235 bolis the tensile strength decreases for diameters greater than 74 in.
The design value listed is for bolts up 10 7% in. diameter. For diameters greater than
“ in. dinmeter the design value shall be computed as 0.36 Fu for tension and 0.45 Fu
for shear where F., is the ASTM minimum tensile strength of the bolt.



PAGE 162-20

{B)

For combined tension and <hear in bearing {ype connections,
bolts and rivets shall be proportioned so that the shear siress does
not exceed :

F,. < VI (0.61,)°

where F.=shear strength of the fastener, &7, as given in Table 3.
f,= tensile stress due to the applied load.

{4) Friction Joints

Friction joints shall be designed to prevent slip at the overload
in accordance with Article 1.7.186 (C). Maximum strength of the
bolts need not be congidered in the design of such joints.

Conneciions
{1) Splices

Splices may be made with rivets, with high-strength bolts or
by the use of welding. Splices, whether in tension, compression,
bending or shear, shall be designed for not less than the average
of the calculated stress resultant at the point of the splice and the
strength of the member at the same point, but in any event not
less than 7567 of the maximum strenglh of the member. Where a

 section changes at a splice, the maximum strength of the splice

shall be at least 75¢¢ of the smaller section spliced.

The maximum strength of the member shall be determined by
the gross section for compression members. For members pri-
marily in bending, the gross section shall be used, except that if
more than 15¢¢ of each flange area is removed, that amount
removed in excess of 15¢¢ shall be deducted. For tension members
and splice material, the gross section shall be used unless the net
section area is less than 85% of the corresponding gross area, in
which case that amount removed in excess of 15% shall be
deducted.

{2) Bolts Subjected to Prying Action by Connected Paris

Bolts required to support applied load by means of direct
tension shall be proportioned for the sum of the external load and
tension resulting from prying action produced by deformation of
the connected parts. The total tension should not exceed the values
given in Table 3 of Article 1.7.135.

The tension due to prying actions shall be computed as:
3p td
Q—[‘sa—%]'r

Q= the prying force per bolt (taken as zero when negative,
T= the direct tension per bolt due to external load,
a= distance from center of bolt to edge of plate,

where



PAGE 162-21

b= distance from center of bolt to toe of fillet of connected part,
t= thickness of thinnest part connected, in.

{3} Rigid Connections

All rigid frame connections, the rigidity of which is essential
to the continuity assumed as the basis of design, shall be capable
of resisting the moments, shears, and axial loads to which they
are subjected by maximum loads.

The beam web shall equal or exceed the thickness given by:
M
> -
tw - \/§( Fydbdc)

where

M. is the column moment,
d, the beam depth,
d. the column depth.

When the thickness of the connection web is less than that
given by the above formula, the web shall be strengthened by
diagonal stiffeners or by a recinforcing plate in contact with the
web aover the connection area.

At joints where the flanges of one member are rigidly framed
into one flange of another member, the thickness of the web (i)
supporting the latter flange and the thickness of the latter flange
(t.) shall be checked by the formulas below. Stiffeners are
required on the web of the sccond member opposite the com-
pression flange of the first member when

.L‘lf

bt 1Bk

and opposite the tension flange of the first member when
t.<0.4VA,
where

t,= thickness of web to be stiffened.
k=distance from outer face of flange to toe of web fillet of
member to be stiffened,
ty, = thickness of flange delivering concentrated force,
t.= thickness of flange of member to be stiffened,
A, =area of {lange delivering concentrated load.

1.7.134 — QVENLOAD
(A} MNoncomposiie Deams

For noncomposite beams the moment caused by D+—g— (L+1) shall

not exceed 0.8 ¥, 3. For such beams designed for Group IA loading,
the moment caused by D-+-2.2(L+1I) shall not exceed 0.8 ¥,5. In the
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case of moment redistribution under the provisions of Article
1.7.124(A) (3), the above limitation shall apply to the modified mo-
ments but not to the original moments.

(B) Composite Beams

Tor composite beams the moment caused by D+%~(L+I) shall

not exceed 959 of the moment at first yielding in the section. For
such beams designed-for Group IA loading, the moment caused by
D+22(L+1) shall not exceed 95¢¢ of the moment at first yielding in
the section. In computing dead load siresscs the presence or absence
of temporary supports during the construction shall be considered.

{C) Friction Joinis

The shear caused by the loading, D+—§—(L+I) in friction-type
high-strength bolted joints shall not exceed 21,000 psi for ASTM
325 bolfs.

For combined shear and tension in friction-type joints where
applied forces reduce the total clamping force on the friction plane, the
maximum shear stress shall not exceed the values obtained from the
following equations:

For A325 boits
£f,=21,000 (1 —£,/0.53F,]

where F_ is the tensile strength of the bolt,
{, is the applied tensile stress.

1.7.137 — FATIGUE

(A) General

The analysis of the probability of fatigue of steel members or
connections uncer working loads and the allowable fatigue stresses,
F,, shall conform to Article 1.7.3, except that the limitation imposed
by the basic design criteria given in Articles 1.7.1 and 1.7.2, shall not

apply.
{B) Composite Construction

{1) Slab Reinforcement

When composite action is provided in the negative moment
region, the range of stress in slab reinforcement shall be limited
to 20,000 psi.

{2) Shcar Connectors

The shear connectors shall be designed for fatigue in accord-
ance with Article 1.7.100(A).
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{C) Hybrid Beams and Girders
Hybrid girders shall be designed for fatigue in accordance with
Article 1.7.111(C).

1.7.138 — DEFLECTION

The control of deflection of steel or of composite steel and concrete
structures shall conform to the provision of Article 1.7.12.

ORTHOTROPIC-DECK BRIDGES

1.7.139 — ORTHOQTROPIC-DECK BRIDGES, GENERAL

This section pertains to the design of steel bridges that utilize a
stiffened steel plate as a deck. Usually the deck plate is stiffened by
longitudinal ribs and transverse beams; effective widths of deck plate
act as the top flanges of these ribs and beams. Usually the deck, including
longitudinal ribs, acts as the top flange of the main box or plate girders.
As used in Articles 1.7.139 through 1.7.148, the terms, rib and beam,
refer to sections that include an effective width of deck plate.

The provisions of Division I, Design, shall govern where applicable,
except as specifically modified by Articles 1.7.139 through 1.7.148.

An appropriate method of elastic analysis, such as the equivalent-
orthotropic-slab method or the equivalent-grid method, shall be used in
designing the deck. The equivalent stiffness properties shall be selected
to correctly simulate the actual deck. An appropriate method of elastic
analysis, such as the thin-walled-beam method, that accounts for the
effects of torsional distortions of the cross-sectional shape shall be used
in designing the girders of orthotropic-deck box-girder bridges. The
box-girder design shall be checked for lane or truck loading arrangements
that produce maximum distortional (torsional) effects.

1.7.140 — WHEEL-LOAD CONTACT AREA

The wheel loads specified in Article 1.2.5 shall be uniformly dis-
tributed to the deck plate over the rectangular area defined below:

Width Length
Wheel Load, Perpendicular in Direction
kip to Traffic, inch of Traflic, inch
8 20+2t 84-2t
12 20+ 2t 8+2t
16 24 +2t 8+2t

In the above table, t is the thickness of the wearing surface in
inches.
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1.7.141 — EFFECTIVE WIDTH OF DECK PLATE

{A) Ribs and Beums .

The effective width of deck plate acting as the top flange of a
jongitudinal rib or a {ransverse beam may be calculated by accepted
approximate methods.®

{B) Girders

The full width of deck plate may be considered effective in acting
as the top flange of the girders if the effective span of the girders is
not less than: (1) 5 times the maximum distance between girder webs
and (2) 10 times the maximum distance from edge of the deck to the
nearest girder web. The effective span shall be taken as the actual
span for simple spans and the distance between points of contraflexure
for continuous spans. Alternatlivelv, the effective width may be
determined by accepted analytical methods.

The effective wid{h of the bottom flange of a box girder shall be
determined according to the provisions of Article 1.7.106(A).

1.7.142 — ALLOWAZRLE STRESSES

{A) Lecal Bending Stresses in Deck Plate

The term local bending stresses refers to the stresses caused in
the deck plate as it carries a wheel load to the ribs and beams. The
local transverse bending siresses caused in the deck plate by the speci-
fied wheel load plus 30 percent impact shall not excced 30,000 psi
unless a higher allowable stress is justified by a detailed fatigue analy-
sis or by applicubie fatigue-test results. For deck configurations in
which the spacing of {ransverse beams is at least 3 times the spacing
of longitudinal-rib webs, the local longitudinal and transverse bending
stresses in the deck plate need not be combined with the other bending
stresses covered in paragraphs (B) and (C) below.

(B) Bending Stresses in Longitudinal Ribs

The total bending stresses in longitudinal ribs due to a combina-
tion of (1) bending of the rib and, (2) bending of the girders may
exceed the allowable bending stresses in Articles 1.7.1 and 1.7.3 by
25 percent. The bending stress due to each of the two individual modes
shall not exceed ihe allowable bending stresses in Articles 1.7.1 and
1.7.3.

(C) Dending Stresses in Transverse Bzams

The bending stresses in transverse beams shall not exceed the
allowable bending stresses in Articles 1.7.1 and 1.7.8.

* Design Manual for “Ortholropic Steel Plate Deck Bridges,” AISC, 1963 or ‘‘Orthotropic
Bridges, Theory and Design,” by M. 8. Troitsky, Lincoln Are Welding Foundation, 1967.
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(D) Intersections of Ribs, Beams, and Girders

Connections between ribs and the webs of beams, holes in the
webs of beams to permit passage of ribs, connections of beams to the
webs of girders, and rib splices may affect the fatigue life of the
bridge when they occur in regions of tensile stress. Where applicable,
the number of cycles of maximum stress and the allowable fatigue
stresses given in Section 1.7.3 shall be applied in designing these
details: elsewhere, a rational fatigue analysis shall be made in de-
signing the details. Connections between webs of longitudinal ribs and
the deck plate shall be designed to sustain the transverse bending
fatigue stresses caused in the webs by wheel loads.

1.7.143 — THICKNESS OF PLATE ELEMENTS

(A} Longitudinal Ribs and Deck Plate

Plate elements comprising longitudinal ribs, and deck-plate ele-
ments between webs of these ribs, shall meet the minimum thickness
requirements of Article 1.7.83; f, may be taken as T5 percent of the
sum of the compressive stresses due to (1) pending of the rib and, (2)
bending of the girder, but not less than the compressive siress due
to either of these two individual bending modes.

{B) Girders and Transverse Beams

Plate elements of box girders, plate girders, and t{ransverse heams
shall meet the requirements of Articles 1.7.69, 1.7.70, 1.7.71, 1.7.72,
1.7.73, and 1.7.105.

1.7.144 — MAXIMAUM SLENDERNESS OF LONGITUDINAL RIBS

The slenderness, L/r, of a longitudinal rib shall not exceed the value
given by the following formula unless it can be shown by a detailed
analysis that overail buckling of the deck will not occur as a result of
compressive stress induced by bending of the girders:

L 1500 2700F
@) -5

1, = distance between transverse beams
r=radius of gyration about the horizontal centroidal axis of the rib
including an effective width of deck plate
¥ = maximum compressive stress (in psi) in the deck plate as a result
of the deck acting as the top flange of the girders; this sfress
shall be taken as positive
F,=yield strength of rib material in psi

where

1.7.145 — DIAPHRAGMS

Diaphragms, cross fé'ames, or other means shall be provided at each
support to transmit lateral forces to the bearings and to resist transverse
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rotation, displacement, and distortion. Intermediate diaphragms or cross
frames shall be provided at locations consistent with the'an,alysis of the
girders. The siifiness and strength of the intermediate and support
diaphragms or cross frames shall be consistent with the analysis of the
girders.

1.7.146 — STIFFNESS REQUIREMENTS

(A} Deflections

The deflections of ribs, beams, and girders due to live load plus
impact may exceed the limitations in Article 1.7.12, but preferably shall
not exceed 5un of their span. The calculation of the deflections shall be
consisient with the analysis used to calculate the stresses.

To prevent excessive deterioration of the wearing surface, the
deflection of the deck plate due to the specified wheel load plus 30 per-
cent impact preferably shall be less than 40 of the distance between
webs of ribs. The stiffening cffect of the wearing surface shall not be
included in calculating the deflection of the deck plate.

{B) Vibratians

The Qibrational characteristics of the bridge shall be considered in
arriving at a proper design.

1.7.147 — WEARING SURFACE

A suitable avearing surface shall be adequately bonded to the top
of the deck plate to provide a smooth, nonskid riding surface and to
protect the top of the plate against corrosion and abrasion. The wearing
surface material shall provide (1) sufficient ductility to accommodate,
without cracking or debonding, expansion and contraction imposed by
the deck plate, (2) sufficient fatigue strength to withstand flexural
cracking due to deck-plate deflections, (3) sufficient durability to resist
rutting, shoving, and wearing, (4) imperviousness to water and motor-
vehicle fuels and oils, and (5) resistance to deterioration from deicing
salts, oils, gasolines, diesel fuels, and kerosenes.

1.7.148 — CLOSED RIBS

Closed ribs without access holes for inspection, cleaning, and paint-
ing are permitted. Such ribs shall be sealed against the entrance of
moisture by continuously welding (1) the rib webs to the deck plate, (2)
splices in the ribs, and (3) diaphragms, or transverse beam webs, to the
ends of the ribs. :



