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SUPERSTRUCTURE DESIGN

About this Design Example

Description

This document provides guidance for the design of a precast, prestressed beam bridge utilizing
the AASHTO LRFD Bridge Design Specifications.

The example includes the following component designs:

Traditional deck design
Prestressed beam design
Composite Neoprene bearing pad design

Multi-column pier design

End bent design

The following assumptions have been incorporated in the example:

Two simple spans @ 90'-0" each, 20 degree skew.
Minor horizontal curvature

Multi-column pier on prestressed concrete piles.
No phased construction.

Two traffic railing barriers and one median barrier.
No sidewalks.

Permit vehicles are not considered.

Design for jacking is not considered.

Load rating is not addressed.

No utilities on the bridge.

For purposes of wind load calculation, the bridge is located in an area with a basic wind
speed of 150 mph.

Since this example is presented in a Mathcad document, a user can alter assumptions,
constants, or equations to create a customized application.
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Standards

The example utilizes the following design standards:

(1 Florida Department of Transportation Standard Specifications for Road and Bridge Construction
(2010 edition) and applicable modifications.

(1 AASHTO LRFD Bridge Design Specifications, 5th Edition, 2010.

(1 Florida Department of Transportation Structures Design Guidelines, January 2011 Edition.

(1 Florida Department of Transportation Structures Detailing Manual, January 2011 Edition.

(1 Florida Department of Transportation Design Standards, 2010 Interim Edition.
Acknowlegements

The Tampa office of HDR Engineering, Inc. prepared this document for the Florida Department of
Transportation. The Structures Design Office of the Florida Department of Transportation updated the example
in 2011.

Notice

The materials in this document are only for general information purposes. This document is not a substitute for
competent professional assistance. Anyone using this material does so at his or her own risk and assumes any
resulting liability.

PROJECT INFORMATION 1.01 About this Design Example




PROJECT INFORMATION

General Notes

Design Method.................

Earthquake..........c.cc........

concrete....oooeeeeeeeeeen.

Environment.....................

Reinforcing Steel..............

Concrete Cover.................

Assumed Loads................

Dimensions..........ccccccvvee....

Load and Resistance Factor Design (LRFD) except that the Prestressed Beams
and Prestressed Piles have been designed for Service Load.

No seismic analysis required (SDG 2.3.1).

length requirement (LRFD 4.7.4.4).

Must meet minimum support

Class Minimum 28-day Compressive

Strength (psi) Location
| fic=3400 Traffic Barriers
Il (Bridge Deck) f'c = 4500 CIP Bridge Deck
v f'c =5500 CIP Substructure
V (Special) f'c = 6000 Concrete Piling
VI f'c=8500 Prestressed Beams

The superstructure is classified as slightly

aggressive.

The substructure is classfied as moderately aggressive.

ASTM A615, Grade 60

Superstructure
Top deck surfaces
All other surfaces

Substructure

2.5" (Long bridge)
2"

External surfaces not in contact with water 3"

External surfaces cast against earth
Prestressed Piling
Top of Girder Pedestals

4||
3||
2n

Concrete cover does not include reinforcement placement or fabrication
tolerances, unless shown as "minimum cover”. See FDOT Standard
Specifications for allowable reinforcement placement tolerances.

Item

Live Load

Traffic Railing (plf)

Wearing Surface (psf)

Utilities (plf)

Stay-In-Place Metal Forms (psf)
Median Traffic Railing (plf)

Bridge Deck Sacrificial Thickness (in)

Load

HL-93
420

0

0

20

485
0.5

All dimensions are in feet or inches, except as noted.
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PROJECT INFORMATION

Design Parameters

Description

This section provides the design input parameters necessary for the superstructure and substructure design.

Page Contents

5 A. General Criteria
Al. Bridge Geometry
A2. Number of Lanes
A3. Concrete, Reinforcing and Prestressing Steel Properties
9 B. LRFD Ceriteria
B1. Dynamic Load Allowance [LRFD 3.6.2]
B2. Resistance Factors [LRFD 5.5.4.2]
B3. Limit States [LRFD 1.3.2]
12 C. Florida DOT Criteria
C1. Chapter 1 - General requirements
C2. Chapter 2 - Loads and Load Factors
C3. Chapter 4 - Superstructure Concrete
C4. Chapter 6 - Superstructure Components

CS5. Miscellaneous

21 D. Substructure
D1. End Bent Geometry
D2. Pier Geometry
D3. Footing Geometry
D4. Pile Geometry
DS. Approach Slab Geometry
D6. Soil Properties
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A. General Criteria

This section provides the general layout and

input parameters for the bridge example.
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Al. Bridge Geometry

Horizontal Profile

A slight horizontal curvature is shown in the plan view. This curvature is used to illustrate centrifugal forces in
the substructure design. For all other component designs, the horizontal curvature will be taken as zero.
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Vertical Profile

In addition, the bridge is also
on a skew which is defined as

Skew := —20deg

END T
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Overall bridge length............. Lbridge = 180-ft o |
] N g
. . < & © & <
Bridge design span length...... '-span := 90-ft & I 5 5
3 @ W [
& +3.000% oo, <
Beam grade..........cccoeeveeeenn Beamg aqe = -15%
Height of superstructure........ Zgyp = 20.5ft 1800" V..
. VERTICAL CURVE DATA
Height of substructure.......... Zgyp = 8.25ft
Typical Cross-secton
go'-1"
44-61" | a4’ -615
— 161" Z-0" Median Barrier —, | e —
| 10-a” | 2 Lanes @ 12-0" = 24'-0" | &-0" 2 Lanes @ 12'-0" = 24-t 10-0" 1
Shoulder Shoulder Shoulder

'

t t

Slope: 0.02 Ft/Ft .

{ PSPPI 25 € K 3
) ' — — .'r ) 'y o - .

® @ G ® © G @ ® ®

461" 36" Florida-1 Beam 8 Spaces @ 10-0" = §0°-0" 4Gy

Superstructure Beam Type

Number of beams.................

Beam Spacing............cc....uee

Deck overhang at End Bent
and Pier........ccoooeviiiiiinnns

Average buildup...................

TYPICAL SECTION

BeamType := "FIB-36"

Npeams = 9

BeamSpacing := 10-ft

Overhang := 4ft + 6.5in = 4.542 ft

hbuildup = Lin
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A2. Number of Lanes

Design Lanes [LRFD 3.6.1.1.1]

Current lane configurations show two striped lanes per roadway with a traffic median barrier separating the
roadways. Using the roadway clear width between barriers, Rdwy,,iqih, » the number of design traffic lanes per

roadway, Njgnes . can be calculated as:

Roadway clear width............ RAwWyigh = 42-1t
Number of design traffic lanes RAWY\yidth
per roadway.................eeeee... Nianes := floor T =

Substructure Design

In order to maximize the design loads of the substructure components, e.g. pier cap negative moment, pier
columns, footing loads, etc., HL-93 vehicle loads were placed on the deck. In some cases, the placement of the
loads ignored the location of the median traffic barrier. This assumption is considered to be conservative.

Braking forces

The bridge is NOT expected to become one-directional in the future. Future widening is expected to occur to
the outside if additional capacity is needed. Therefore, for braking force calculations, Njgnes=3 -

The designer utilized engineering judgement to ignore the location of the median barrier for live load placement
for the substructure design and NOT ignore the median barrier for braking forces. The designer feels that the
probability exists that the combination of lanes loaded on either side of the median barrier exists. However, this
same approach was not used for the braking forces since these loaded lanes at either side of the median traffic
barrier will NOT be braking in the same direction.

A3. Concrete, Reinforcing and Prestressing Steel Properties

Unit weight of concrete......... Yeonc = 150-pcf
Modulus of elasticity for

reinforcing steel................... Eq := 29000-ksi
Ultimate tensile strength for

prestressing tendon............... fpu := 270-ksi
Modulus of elasticity for

prestressing tendon............... Ep := 28500-ksi
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B. LRFD Criteria

The bridge components are designed in accordance with the following LRFD design criteria:

B1. Dynamic Load Allowance [LRFD 3.6.2]

An impact factor will be applied to the static load of the design truck or tandem, except for centrifugal and
braking forces.

Impact factor for fatigue and

fracture limit states............... 'Mfatigue =1+ % =115
Impact factor for all other limit 33
States.......ooovvii IM:=1+—=133

100

B2. Resistance Factors [LRFD 5.5.4.2]

Flexure and tension of
reinforced concrete.............. ¢:=09

Flexure and tension of
prestressed concrete............. ¢':= 1.00

Shear and torsion of normal
weight concrete................... ¢, = 0.90

B3. Limit States [LRFD 1.3.2]

The LRFD defines a limit state as a condition beyond which the bridge or component ceases to satisfy the
provisions for which it was designed. There are four limit states prescribed by LRFD. These are as follows:

STRENGTH LIMIT STATES

Load combinations which ensure that strength and stability, both local and global, are provided to resist the
specified statistically significant load combinations that a bridge is expected to experience in its design life.
Extensive distress and structural damage may occur under strength limit state, but overall structural integrity
is expected to be maintained.

EXTREME EVENT LIMIT STATES

Load combinations which ensure the structural survival of a bridge during a major earthquake or flood, or
when collided by a vessel, vehicle, or ice flow, possibly under scoured conditions. Extreme event limit
states are considered to be unique occurrences whose return period may be significantly greater than the
design life of the bridge.

SERVICE LIMIT STATES

Load combinations which place restrictions on stress, deformation, and crack width under regular
service conditions.

FATIGUE LIMIT STATES

Load combinations which place restrictions on stress range as a result of a single design truck occurring
at the number of expected stress range cycles. It is intended to limit crack growth under repetitive loads
to prevent fracture during the design life of the bridge.
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Table 3.4.1-1 - Load Combinations and Load Factors

DC Use One of These at a Time
DD
DW
EH
EV LL
ES M
EL CE
Load PS BR
Combination CR PL
Limit State SH LS W4 ws | mL FR U IG | SE EQ IC CT CV
Strength I Yo 1.75 1.00 — — 1.00 | 050/11.20 | vre | VsE — — — —
(unless noted)
Strength II Yo 1.35 1.00 — — 1.00 | 0501120 | v | ¥sE — — — —
Strength ITT Yo — 100 | 140 | — 1.00 | 05061120 | vre | Vs — — — —
Strength IV Yo — 1.00 — — 1.00 | 050/1.20 | — — — — — —
Strength V Yo 1.35 100 | 040 | 10 1.00 | 050/11.20 | vre | Yz - - - —
Extreme Y vEQ 1.00 — — 1.00 — — — 1.00 — — —
Event I
Extreme Y 0.50 1.00 —_ — 1.00 _— — — —_ 1.00 | 1.00 1.00
Event IT
Service I 1.00 | 1.00 100 | 030 | 10 100 | 1001120 | v | ¥s£ — — — —
Service II 1.00 | 1.30 1.00 — — 1.00 | 1.00/11.20 | — — — — — —
Service IIT 1.00 | 0.80 1.00 — - 1.00 | 1.00/11.20 | vre | Vs - — - —
Service IV 1.00 — 100 | 070 | — 100 | 1000120 | — 1.0 — — — —
Fatigue I—LL. —_ 1.50 _ —_ —_ — —_ —_ —_ —_ —_ —_ —_
IM & CE only
Fatigue I I— — 0.75 — — — — — — — — — — —
LL. IM & CE
only

Revisions to LRFD Table 3.4.1-1 above per SDG:

1. SDG 2.1.1 states: In LRFD Table 3.4.1-1, under Load Combination: LL, IM, etc., Limit State:
Extreme Event I, use Yeq = 0.0.

2. Per SDG 2.4.1B:

Table 2.4.1-1Load Factors

LOAD COMBINATION LIMIT STATE Yws BASIC WIND SPEED, V (MPH)

STRENGTH Il 1.40 Per Table 2.4.1-2
STRENGTH V 1.30 70
SERVICE | 1.00 70
SERVICE IV 0.60 Per Table 2.4.1-2

PROJECT INFORMATION 1.03 Design Parameters




Table 3.4.1-2 - Load factors for permanent loads, v,

Type of Load, Foundation Type, and Load Factor
Method Used to Calculate Downdrag Maximum Minimum
DC: Component and Attachments 1.25 0.90
DC: Strength IV only 1.50 0.90
DD: Downdrag | Piles, o Tomlinson Method 1.4 0.25
Piles. & Method 1.05 0.30
Drilled shafts, O'Neill and Reese (1999) Method 1.25 0.35
DW: Wearing Surfaces and Utilities 1.50 0.65
EH Horizontal Earth Pressure
*» Active 1.50 0.90
o  At-Rest 1.35 0.90
e AFP for anchored walls 1.35 N/A
EI: Locked-in Construction Stresses 1.00 1.00
EV:-Vertical Earth Pressure
e Overall Stability 1.00 N/A
e Retaining Walls and Abutments 1.35 1.00
e Rigid Buried Structure 1.30 0.90
¢ Rigid Frames 1.35 0.90
» Flexible Buried Structures other than Metal Box Culverts 1.95 0.90
e Flexible Metal Box Culverts and Structural Plate Culverts
with Deep Corrugations 1.50 0.90
ES: Earth Surcharge 1.50 0.75

The load factor for wind in Strength Load Combination I11 in construction is 1.25 [LRFD 3.4.2.1].
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C. FDOT Criteria

C1. Chapter 1 - General Requirements
General [SDG 1.1]

The design life for bridge structures is 75 years.

Criteria for Deflection and Span-to-Depth Ratios [SDG 1.2]

Per SDG 1.2, either LRFD 2.5.2.6.3 or 2.5.2.6.2 should be met. Based on the superstructure
depth; 2.5.2.6.3 is not met, so 2.5.2.6.2 should be met. The deflection limit is span/800 for
vehicular load and span/300 on cantilever arms.

Environmental Classifications [SDG 1.3]

The environment can be classified as either "Slightly", "Moderately” or "Extremely" aggressive.
Per 1.02 General Notes:

Environmental classification
for superstructure................ EnvironmentSuper = "Slightly"

Environmental classification

for substructure................... Environment "Moderately"

sub =

Concrete and Environment [SDG 1.4]

The concrete cover for each bridge component is based on either the environmental classification or the
length of bridge [SDG 1.4].

Concrete cover for the deck.. COVergack = [2:in if '—bridge <100ft = 2.5-in [SDG 4.2.1]

2.5-in otherwise

Concrete cover for
substructure not in contact

With water............ccccceeiinnne cover 4-in if Environment,,, = "Extremely" = 3-in

sub -~ sub ~

3-in otherwise

Concrete cover for
substructure cast against earth

or in contact with water......... cover 4.5-in if Environment,, = "Extremely” = 4-in

sub.earth = sub ~

4.in otherwise

PROJECT INFORMATION 1.03 Design Parameters 12




Minimum 28-day compressive
strength of concrete
COMPONENtS........evvvieieeeaannns

Correction factor for Florida
lime rock coarse aggregate.....

Unit Weight of Florida lime
rock concrete (kcf)...............

Modulus of elasticity for

Modulus of elasticity for
SubStructure. ...........covvvvvenenn

Modulus of elasticity for

C2. Chapter 2 - Loads and Load Factors

Dead loads [SDG 2.2]

Weight of future wearing
surface.......ccccvvvveiiinnnn,

Weight of sacrificial milling

surface, using t,; = 0.5in......

Class Location
Il (Bridge Deck) CIP Bridge Deck
Approach Slabs fo glap = 4-5-ksi
v CIP Substructure fo qup = 5-5-ksi
V (Special) Concrete Piling fc.pile = 6.0-ksi
VI Prestressed Beams fe beam = 8-5-ksi
Kl = 09
Kip
We.limerock = '145_3
ft
15
E 1y i 33000K, .| —Cimerock [T 1o K51 = 3479-ksi
c.slab -~ 1 Kip c.slab -
ft>
15
_ We.limerock . i
Ec.beam = 33000-K1' T . ’fc.beam'ks' = 4781-ksi
©
15
E. . 33000.K,.| —cdimerock [T- sup kS = 3846-ksi
c.sub -~ 1 Kip c.sub -
>
15
_ We.limerock . )
Ec.pile = 33000-K1' T . ’fc.pile'ks' = 4017-ksi
3
Prws = | 15-Psf if Lpyigge < 100ft = 0-psf [SDG 4.2.1]
0-psf otherwise
Pmill = tmill Yconc = 6:25-psf [SDG 4.2.2.A]
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Table 2.2-1 Miscellaneous Dead Loads

ITEM UNIT LOAD
General
Concrete, Counterweight (Plain) Lb/cf 145
Concrete, Structural Lb/cf 150
Future Wearing Surface Lb/sf 15
Soil; Compacted Lb/cf 115
Stay-in-Place Metal Forms Lb/sf 20
Traffic Railings
32" F-Shape (Index 420) Lb/ft 420
Median, 32" F-Shape (Index 421) Lb/ft 485
42" Vertical Shape (Index 422) Lb/ft 590
32" Vertical Shape (Index 423) Lb/ft 385
42" F-Shape (Index 425) Lb/ft 625
Corral Shape (Index 424) Lb/ft 460
Thrie-Beam Retrofit (Index 471, 475 & 476) Lb/ft 40
Thrie-Beam Retrofit (Index 472, 473 & 474) Lb/ft 30
Vertical Face Retrofit with 8" curb height (Index 480-483) Lb/ft 270
Traffic Railing/Sound Barrier (8'-0") (Index 5210) Lb/ft 1010,
Prestressed Beams®
Florida-1 36 Beam (Index 20036) | /it | 840

1. Future Wearing Surface allowance applies onlyto minor widenings of existing bridges
originally designed for a Future Wearing Surface, regardless of length (see SDG 7.2
Widening Classifications and Definitions) or new short bridges (see SDG 4.2 Bridge

Length Definitions).

2. Unitload of metal forms and concrete required to fill the form flutes. Applyload over

the projected plan area of the metal forms.

3. Weight of buildup concrete for camber and cross slope notincluded.

Weight of traffic railing
Darrier.......ccovvvvvvviiiiiiiiiie, Wharrier.ea := 420-plf

Weight of traffic railing median
Darrier.......ccovvvvvvviiiiiiiiiie, Wmedian.bar := 485-pIf

Weight of compacted soil...... Ysoil := 115-pcf

Weight of stay-in-place metal
Pforms = 20-psf
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Barrier / Railing Distribution for Beam-Slab Bridges [SDG 2.8 & LRFD 4.6.2.2.1]

Dead load of barriers applied to

the exterior and interior Wharrier ea

Wbarrier = N -2 = 0.093-kIf

beams

For purposes of this design example, all barriers will be equally distributed amongst all the beams comprising the
superstructure.

Include the dead load of the
traffic barriers on the design

. Wmedian.b

load of the exterior beams...... Wharrier.exterior = Woarrier * MO B _ 0.147.KIf
Npeams

Include the dead load of the

traffic barriers on the design Winedian.bar

load of the interior beams....... Wharrier.interior = Woarrier + ——— = 0.147-KkIf
Npeams

Seismic Provisions [SDG 2.3 & LRFD 4.7.4.3 & 4.7.4.4]

Seismic provisions for minimum bridge support length only.

Wind Loads [SDG 2.4]

Basic wind speed (mph)........ =150

Height, superstructure.......... Zgyp = 20.51t

Height, substructure............. Zgyp = 8251t

Gust effect factor................ G:=0.85

MWV

Pressure coefficient, super-

structure..........oocoeeeeeieeeenn, Cpsup =11

Pressure coefficient, sub-

structure..........oocoeeeeeieeeenn, Cp.sub = 1.6

\elocity pressure exposure s 2105

coefficient, superstructure.... Kz.sup := max 0.85,2.01- Fof‘)t =0.907
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\elocity pressure exposure Zaub 2105
coefficient, substructure...... K, gup := Max 0.85,2.01- ~- 085
: 900ft

Wind pressure, super-

structure, Strength 111, -6 2
Service IV........ooovvvieenen, Pz.sup.strill.serviv = 256-10 Kz gy V-G-Cp gy = 0.049

Wind pressure, super-

structure, Strength V, -6 2
Service l...cccooviiiniiinnnnnn, P2sup.strv.servl = 256-10 Kz gy 707-G-Cp gyp = 0.011

Wind pressure, sub-

structure, Strength 111,

-6
SErvice IV.eeoeeeeeeeeeee, P2 sub.stri1l.Serviv = 2:56-10

2
Kz.sub'V 'G'Cp.sub = 0.067

Wind pressure, sub-

structure, Strength V, -6 2
Service oo P2 sub.strv.servl = 2:96-10 K7 70 'G'Cp.sub =0.015

C3. Chapter 4 - Superstructure Concrete
General [SDG 4.1]

Yield strength of reinforcing
Steel...oo fy := 60-ksi

Note: Epoxy coated reinforcing not allowed on FDOT projects.

Deck Slabs [SDG 4.2]

Bridge length definition......... BridgeType := [ "Short" if Lpridge < 100ft = "Long"

"Long" otherwise

Thickness of sacrificial milling
SUIFaCe. ......ooveiiicieeiccc tooin = [

0-in if Lpyigge < 1001t j = 0.5:in

0.5-in otherwise

Deck thickness.................... tsjap = 8.0-in
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Deck Slab Design [SDG 4.2.4]

The empirical design method is not permitted per SDG 4.2.4.A. Therefore, the traditional design method will be
used.

The minimum transverse top slab reinforcing at the median barrier and overhang may be determined using
the table in SDG 4.2.4.B because a minimum 8" slab depth and less than 6' overhang is provided. A

minimum area of steel of 0.40-in’ per foot should be provided in the top of the deck slab at the median

barrier, and 0.80-in2 per foot should be provided at the F-shape barrier.

Pretensioned Beams [SDG 4.3] (Note: Compression = +, Tension = -)

Minimum compressive
concrete strength at release is

the greater of 4.0 ksi or 0.6 . .
F'Coomrrrerererorsorse Tci.beam.min = MX(4ksi. 0.6-f¢ heary) = 5.1-ksi

Maximum compressive concrete

strength at release is the lesser  f ;i heam max = min(0.8-fclbeam,6.0ksi) = 6-ksi
of 6.0 ksi or 0.8 f’c..........

Any value between the minimum and maximum may be selected for the design.

Compressive concrete strength

at release.... e e = L€l
; 15
(:Iorrgs_pondlng modulus of . W Jimerock _ _
elastiCity............coooveririnnns Eci.peam = 33000-Ky | —— = - fei.beam-Ksi = 4017-ksi
it
Limits for tension in top of beam at release (straight strand only) [SDG 4.3.1.C]
Outer 15 percent of design
beam......cccooi ftop.outerls =12 /fci.beam'ps' = —930-psi
Center 70 percent of
design beam [LRFD . . - .
5.0.4.1.21]. o fiop.center70 = mln(—0.2k5|,0.0948- /fci_beam-ksu) = ~200-psi
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Time-dependent variables for creep and shrinkage calculations

Relative humidity............ H=75

Age (days) of concrete

when load is applied........ Tg:=1

Age (days) of concrete
when section becomes

COMPOSIte......ccvvvrerrennn. Tq =120

Age (days) of concrete
used to determine long term
l0SSES. ...vvvvvviiiiie

C4. Chapter 6 - Superstructure Components

Temperature Movement [SDG 6.3]

Table 2.7.1-1 Temperature Range by Superstructure Material

T, = 10000

Temperature Range (Degrees Fahrenheit)

Superstructure Material

Mean High Low Range
Concrete Only 70 105 35 70
Concrete Deck on Steel Girder 70 110 30 80
Steel Only 70 120 30 90

The temperature values for "Concrete Only" in the preceding table apply to this example.

Temperature mean.........
Temperature high...........

Temperature low............

Temperature rise............

Temperature fall.............

Coefficient of thermal
expansion [LRFD 5.4.2.2] for
normal weight concrete.........

tmean = 70-°F

thigh = 105-°F

tiow = 35-°F

Atyige = thigh ~ tmean = 35°F
Atga) = tmean ~ tow = 3°°F
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Expansion Joints [SDG 6.4]

Maximum Open Width "w"
Expansion Joint Type (measured in the direction of
travel at deck surface)

Hot Poured or Poured Joint without Backer Rod 3/4-inch
Poured Joint with Backer Rod 3-inches

Armored Elastomeric Strip Seal (Single gap) Per LRFD [14.5.3.2]

Modular Joint {Multiple modular gaps) Per LRFD [14.5.3.2]

Finger Joint Per LRFD [14.5.3.2]

For new construction, use only the joint types listed in the preceding table. A typical joint for most prestressed
beam bridges is the poured joint with backer rod [DS Index 21110].

Maximum joint width...... Whax = 3:in

Proposed joint width at

Movement [6.4.2]
For prestressed concrete structures, the movement is based on the greater of the following combinations:
Movement from the

combination of temperature
fall, creep, and

shrinkage................. AXgq) = Axtemperature.fall (Note: A temperature_rlse Wlth creep
+ Ax . and shrinkage is not investigated since
creep.shrinkage they have opposite effects).

Temperature Load Factor Y1y = 12

Movement from factored

effects of temperature..... AXrise = VTU SXtemperature.rise (Note: For concrete structures, the

temperature rise and fall ranges are

AXgall = YTU AXtemperature.fall the same.
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CS5. Miscellaneous

Beam Parameters

centerline of bearing

Distance from centerline pier to
centerline bearing.....

Beam length.............

Beam design length...

L design = Lspan ~

Distance from centerline end
bent (FFBW) to centerline
bearing...........ccc......

Distance from end of beam to

§ Fler ar Bent

Front Face of

Backwall ar J \«.>~41
§ Pler or Benf DFractien af _-'..'gr.'u,-u'-nl;. * o
§ Bearing

END T END 2

CASE 2
{Special Orientation for Widenlngs)

Frant Fa
Bark ¢ /\ § Bearing /\
{#’P :=r_r Bent _\/ /x/ .A_f Braring V
& Haam .
_{.7J_ _é_____;_;_____,dz ,L
B o 'jr.i'I . - !
. r ./\—rrr.ﬂ! Face of
7 Barkwal! ar
"’ En LLE s

§ Pler ar Bent

Cha wraers of Top & Bottam
Flange for @ = 75 (Typ.)
Diraction af Sratloning g
END T END 2
CASE 3
{special Qrientation for Widenlngs)

............ Ah= 11-in (Note: Sometimes the K value at the end
bent and pier may differ.
K2 := 16-in
......... J:=8-in
............ Lpeam = Lspan — (KL = 3) = (K2 - J) = 89.083 ft
Front Faco of K1 ||
Backwall or ! | — 4§ Bearing § Braring—— i Frant Face af
............ i Pler or Bent . Backwall or
' £ Pier or Bant
! il o
K1 - K2 = 87.75 ft R S U | =
- — e -
§ Beam ——I'_ f _| ]
/ |
l LLd;e' af Flange lange
Direction of Statlaning e, to match skew
END 1 END 2 :f.-‘ﬂ‘j_’f-""’*"‘-" arly
CASE 1
({Standard Orientation for New Construction)
§ Oearing
. Chamfer Acwte Corners of Top & Botbom
{3 [ Flange for @ = F5 Tyl
: Edge of Flange Front Face of
L ),-'_ \“ = Backwall ar
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D. Substructure

D1. End Bent Geometry

(Note: End bent back wall not shown)

[
— Les —
— 1 1 1 1 1 —
A ETI’UHSVEI’SG) r= [ = r= M M [ —
C/ -
Z [Longitudinal)
PILE #3
|
Depth of end bent cap........... hgg = 2.5t
Width of end bent cap........... bpg = 35t e 1
%
Length of end bent cap......... Lgg = 88-ft
Height of back wall............... hgy = 3.6-ft
Back wall design width......... =1
g Lgy = L1-ft |
Thickness of back wall.......... tgyy = 12:in | <
\ I
~ t o+
D2. Pier Geometry £ »|* -
|_Cup
b e
— —1 | — 1 I — —1 — LN
N
h Cap
4
bCaI
y
e S = LS R
[ T e T
¥ [Trangw rseL h Su:‘:hurga
Z {Longitudinal) hrﬂg
J
—b Fig ™
Depth of pier cap................. hCap = 4.5t Column diameter.................. bogp = 4.0-ft
Width of pier cap................. bCap = 4.5t Number of columns............. Ncol = 4
Length of pier cap................ LCap = 88-ft Surcharge on top of footing... hSurcharge = 2.0-ft
Height of pier column........... hogp = 14.0-1t
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D3. Footing Geometry

...Transverse...
...Transverse...

X (Global)
X (Global)

Pier Footing //

\ \
\ ~

%, \\ -
-
OOO// Pler Footlng \ e X
e \,?

Coordinate System (Footings only)

Depth of footing.................. thg = 4.0-ft

Width of footing................... thg = 7.5t

Length of footing.................. Lrtg = 7.5-ft
D4. Pile Geometry

Pile Embedment Depth.......... Pileambed = 12-in

Pile Size.........ccoo Pilegj,q := 18-in

DS. Approach Slab Geometry

Approach slab thickness....... tApprsiab = 13.75-in
Approach slab length............ LApprSIab = 32-ft (Note: The min. approach slab dimension due to the
skew is —o Tt _ 31 03t ).
cos(Skew)

D6. Soil Properties

Unit weight of soil................ Ysoil = 115-pcf

[*] Defined Units
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SUPERSTRUCTURE DESIGN
Dead Loads

Reference

me Reference:C:\Users\st986ch\AAAdata\LRFD PS Beam Design Example\103DesignPar.xmcd(R)

Description

This section provides the dead loads for design of the bridge components.

Page Contents

24 A. Non-Composite Section Properties
Al. Summary of the properties for the selected beam type
A2. Effective Flange Width [LRFD 4.6.2.6]
26 B. Composite Section Properties
B1. Interior beams
B2. Exterior beams
B3. Summary of Properties
29 C. Dead Loads
C1. Interior Beams
C2. Exterior Beams

C3. Summary
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A. Non-Composite Section Properties

Al. Summary of Properties for the Selected Beam Type

[+

PCBeams :=

BeamTypeTog := BeamType

NON-COMPOSITE PROPERTIES FIB-36

Moment of Inertia [in4] | 127545
Section Area [in?] A, 807
ytop [in] Yion 19.51
ybot [in] Yoot 16.49
Depth [in] h 36
Top flange width [in] by 48
Top flange depth [in] hy 35
Width of web [in] D en 7
Bottom flange width [in] b 38
Bottom flange depth [in] N 7
Bottom flange taper [in] E 15.5

FIB-45
226625
870
24.79
20.21
45

48

3.5

38

17

FIB-54
360041
933
29.97
24.03
54

48

35

38

17

FIB-63
530560
996
35.06
27.94
63
48
3.5
7
38
7
16

FIB-72
740895
1059
40.09
31.91
72
48
3.5
7
38
7
17

FIB-78
904567
1101
43.4
34.6
78
48
3.5
7
38
7
17

output(beamprops, type) := beamprops<1> if type = "FIB-36"

beamprops<2> if type = "FIB-45"
beamprops<3> if type = "FIB-54"
beamprops<4> if type = "FIB-63"
beamprops<5> if type = "FIB-72"

beamprops<6> if type = "FIB-78"

(beamprops<0>)O o Otherwise

Superstructure Design
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FIB36 :=

output(PCBeams, BeamTypeTog) =

[l

5
5
20.5
20.5
17

48
48
31

275

27.5
43
43

-36
-29
-20.5
-8.5
-5
-3.5
0

0 [-in FIB45 =

-3.5

Beamtype :=

FIB36
FIB45
F1B54
FIB63
FIB72
FIB78

5 45
5 -38
205 -21
205 -8.5
17 -5
-3.5
0

48 0 [-in
48 -35
31 -5
275 -85
275 21
43 -38
43 45
5 45

5 47 5 -56
205 -30 205 —40
205 -85 205 -85
17 -5 17 -5
-35 -35
0 0

FIB54:=| 48 0 |in FIB63:=| 48 0 |in
48 -35 48 -35
31 -5 31 -5
275 -85 275 -85
275 -30 275 -40
43 47 43 -56
43 54 43 -63
5 54 5 63

if BeamType = "FIB-36"
if BeamType = "FIB-45"
if BeamType = "FIB-54"
if BeamType = "FIB-63"
if BeamType = "FIB-72"
if BeamType = "FIB-78"

0

1.275-10°

807

19.51

16.49

36

48

3.5

7

38

OV |W|IN]|F|O

7

[EEN
o

155

2.865-104

[EEN
[EEN

Ic := output(PCBeams, BeamTypeTog) o in4

n

Apc = output(PCBeams, BeamTypeTog) 1 in2

n
Yt = output(PCBeams, BeamTypeTog) 2«in
ybp¢ := output(PCBeams, BeamTypeTog) ,-in

hpc = output(PCBeams, BeamTypeTog) " in

n
by := output(PCBeams, BeamTypeTog) 5-in
hif := output(PCBeams, BeamTypeTog) 6~in
by = output(PCBeams, BeamTypeTog)7~ in

byt := output(PCBeams, BeamTypeTog) g-in

hpt := output(PCBeams, BeamTypeTog)g- in

Jx := output(PCBeams, BeamTypeTog) 1 in4

Superstructure Design
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The non-composite beam properties are given and can be obtained from the FDOT Instructions for Design
Standards, Index 20010 Series.

NON-COMPOSITE PROPERTIES FIB-36

Moment of Inertia [in] e 127545 BeamType = "FIB-36"
Section Area [in?] A 807

ytop [in] Yt 19.51 0 '

ybot [in] yb.. 16.49

Depth [in] h. 36

Top flange width [in] b 48

Top flange depth [in] hy 35 - 18 N
Wwidth of web [in] b, 7

Bottom flange width [in] by 38

Bottom flange depth [in] hp 7

Bottom flange taper [in] E 15.5 —36 '

Section Modulus top [in®] Sie 6537 0 24 48
Section Modulus bottom  [in?] S 7735

A2. Effective Flange Width [LRFD 4.6.2.6]
Interior beams

The effective flange width: = BeamSpacing = 10 ft

beff.interior :
Exterior beams

For exterior beams, the effective flange width:

_ BeamSpacing

beff exterior = — Overhang + Aw where:
Cross-sectional area of the barrier..... Ay = 2 772
A
Aw = = 2.078 ft
2-%g]ap

Effective flange width:

__ ( BeamSpacing
beff exterior =

+ Overhang + ij = 11.619ft
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Transformed Properties

To develop composite section properties, the effective flange width of the slab should be transformed to the

concrete properties of the beam.

Modular ratio between the deck and beam.

Transformed slab width for interior beams

Transformed slab width for exterior beams

>
Il

bir interior = n'(beff.interior) = 87.313:in

b ) = 101.45-in

bir exterior = ”'( eff.exterior
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B. Composite Section Properties
%. Interior beams

Height of the composite section..................... hi=hpe+ hbuildup + tgjgp = 45-0n

Area of the composite section........................ Aglab = Bir.interior tslab = 698.5-in2

.2
Afillet = Pt Nbuildup = 481

.2
Alnterior = Anc T Avillet + Aslab = 1953.5:In

Distance from centroid of beam to extreme fiber in tension

hp, i t
buildup slab
—J + Aslab'(hnc * Pouildup + =5~ j

AInterior

AncYbne + AfiIIet'[hnc +

Yp = = 28.1in

Distance from centroid of beam to extreme
fiber in compression............ccccc Yi:=h—-yp=16.9-in

Moment of Inertia...........coovoviiviiiiiiiinins

2
1 3 tslab .4
lslab = E'(btr.interior)'tslab + Aslab'[h T, T YbJ = 119446-in
3 2
bt )Ny hpyi
( tf )""'buildup buildup .4
et =, + Afillet'(hnc T, yb) = 3368-in

2 .4
linterior = Inc * Anc'(yb - ybnc) + Islab + lillet = 359675-1n

lnterior

Section Modulus (top, top of beam, bottom)... St = = 21319-in3
Yt
| .
Int .
Sy i= — L — 45695-in"
hnc = Yb
| .
Int
S, = —— X _ 12787.in°
Yb
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B2. Exterior beams

Calculations are similar to interior beams.

Height of the composite section..................... = hpe + hbuildup + tgjgp = 45-0n

Area of the composite section........................ Aslabry= Pir exterior tslab = 811.602-in2

.2
Aidlet= Ptf Npuildup = 4810

2
Atxterior = Anc + Afillet + Asjap = 1666.6-in

Distance from centroid of beam to extreme fiber in tension

hi i t
buildup slab
—] + Aslab'Ehnc * Nouildup + =~ j

AExterior

AncYPne * Avillet (hnc +

Yp =

= 29.002-in

Distance from centroid of beam to extreme
fiber in compression............ccccc Yi:=h -y} =15.998:in

Moment of Inertia...........coovoviiviiiiiiiinins

i tslab

2
| = b 3 A h—- —— ' = 121157-i 4
wsbab/ = 5 ( tr.exterior)'tslab T Aslab | T T " Y| = S7:in

[N

(bef ) ouitdup. Npuildup ? 4
Mot =~ * Aillet| Mt T Vb =2702n

' 2 4
lExterior = Inc * Anc'(yb - ybnc) + lg1ab + Ifillet = 377744-in

|Exterior

Section Modulus (top, top of beam, bottom)... 8, = ——— = 23612.2-in3
Yt
| .
Sip= N _ 53980.3-in°
hpe — '
nc b
| .
Ext
5 = MO 13004 7.
Yb
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B3. Summary of Properties

0 T
—22.5[ -
— 45 :
0 60 120

COMPOSITE SECTION PROPERTIES INTERIOR EXTERIOR
Effective slab width [iN] D interior/exterior 120.0 139.4
Transformed slab width [in] By interior/exterior 87.3 101.5
Height of composite section [in] h 45.0 45.0
Effective slab area [in?] Agb 698.5 811.6
Areaof composite section [iN?] A eriorexterior 1553.5 1666.6
Neutral axis to bottom fiber [in] Yo 28.1 29.0
Neutral axis to top fiber [in] Y, 16.9 16.0
Inertia of composite section [IN*] | eriorexterior  399675.0 377743.8
Section modulus top of slab [in9] S 21318.8 23612.2
Section modulus top of beam [in9] S, 45694.6 53980.3
Section modulus bottom of beam [in] S, 12786.8 13024.7
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C. Dead Loads

Calculate the moments and shears as a function of "x", where "x" represents any point along the length of the
beam from O feet to L4, The values for the moment and shear at key design check points are given...

where Support := 0-ft

ShearChk := 3.2-ft

Debondl := 10-ft {Check beam for debonding, if not debonding, enter 0 ft.)

Debond2 := 20-ft (Check beam for debonding, if not debonding, enter 0 ft.)

Midspan := 0.5 Ldesign = 43.875ft

Support 0
For convenience in Mathcad, place these points ShearChk 3.2
INAMALHiX. .o x:=| Debondl |=| 10 |ft p=0.4
Debond?2 20
Midspan 43.875
C1. Interior Beams
Design Moments and Shears for DC Dead Loads
Weight of beam WBeamint = AncVconc = 0-841-KIf
L 2
WBeamInt “beam WBeamInt X
i MReiBeamint(X) = X -
e Moment - self-weight of beam at Release.. elbeamin 2 2
2
M _ WBeamint' Ldesign WBeamInt X
e Moment - self-weight of beam................. Beamint(X) := 2 o 2

v _ WBeamint Ldesign
e Shear - self-weight of beam ................... Beamint(X) = 2 ~ WBeamintX

Weight of deck slab, includes haunch and milling surface

WSlablint = [(tslab + tmi”)-BeamSpacing + hbuildup'btf]”fconc = 1.112-kIf

e Moment - self-weight of deck slab, includes
haunch and milling surface ..................... Mgjapint) =

2
WsJabint L design y Wslablnt X
2 2

e Shear - self-weight of deck slab, includes

w. ‘Lyaci
haunch and milling surface...................... Vs|abint(X) = _Slabint ~design

- W -X
2 Slablnt
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Weight of stay-in-place forms Weormsint = (BeamSpacing - btf)'pforms = 0.12-kIf

2
w, ‘Lyaci w -X
e Moment - stay-in-place forms.................. MEormsint(X) = Formslr;t OIeSIgn-x— Formzslnt
w ‘Lyaci
. FormsInt™~design
e Shear - stay-in-place forms. .................... Veormsint™) = > g ~ WEgrmsint X
Weight of traffic railing barriers
Wharrier.interior = 0-147 KIf
2
e Moment - traffic railing barriers............... Mrpint®) = barrler.mteznor OIeSIgn-x— bamer'lzme”or
L . Wharrier.interior L design
e  Shear - traffic railing barriers................... VTrointX) = 5 g ~ Wharrier.interior X

DC Load total

Wpe . Beamint = WBeamint * Wslabint + WFormsint + Wharrier.interior = 2-22-KIf

DC Load Moment

Mpc Beamint®) = MBeamint(X) + Mgjapint(¥) + MEgrmsint(X) + My nt(X)

DC Load Shear

Vbce.Beamint™®) = VBeamint() + Vsiabint(®) + VEormsint() + VTrpint(*)

DC Load Rotation

3 3
(WDC.BeamInt - Wbarrier.interior)'Ldesign Wharrier.interior Ldesign
OpC.Beamint = A E : e ———— = 0.81.deg
"=c.beam’'nc "=c.beamInterior

Desigh Moments and Shears for DW Dead Loads

Weight of future wearing surface WEwsint = BeamSpacing: pg,, = 0-kIf

2
w ‘Lyaci w -X
e Moment - weight of future wearing MEewsint¥) = Fwsint “design X — Fwsint

SUITACE. 1+ v, 2 2
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e Shear - weight of future wearing surface .

Weight of utility loads

e Moment - utility loads...............coovvvennnnnn.

e Shear - utility loads..............ccoovvvvvinnnnnnn.

DW Load total

WpW.Beamint = WrwsInt + Wutilityint = -

DW Load Moment

Wrwsint Ldesign

VEwsint(X) = >

Wytilityint = 0-KIf

~ WewsInt X

2
WUtilitylnt'l-designX WutilityInt X

Mutilityint(¥) =

VutilityInt>) =

kIf

Mpw.BeamInt(*) = MEwsint) + Milityint(*)

DW Load Shear

Vbw.Beamint®™) = VEwsintX) + Vilityint®)

DW Load Rotation

L 3
WDW.BeamInt “design

24-E

Opw.Beamint = o
c.beam'Interior

C2. Exterior Beams

= 0-deg

Design Moments and Shears for DC Dead Loads

Weight of beam

e Moment - self-weight of beam at Release..

e Moment - self-weight of beam.................

e  Shear - self-weight of beam

2 2
WytilityInt Ldesign
> ~ WitilityInt X
= 0.841-kIf

WBeamExt = Anc Yconc

2
_ WBeamExt Lbeam WBeamExt X
MRelBeamExt(X) = > X = >
L 2
_ WBeamExt “design WBeamExt X
MBeamext(X) = > X= >
~ WBeamExt L design
VBeamext(X) = > ~ WBeamExt X
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Weight of deck slab, includes haunch and milling surface

BeamSpacing
WSlabExt *= [(tslab + tmill)'(OVErhang + fj

e Moment - self-weight of deck slab, includes

+ hbuildup'btf}"‘{conc = 1.064-kIf

2
WslabExt Ldesign . WSlabExt X

haunch and milling surface ..................... MgabExt(X) = > >
e Shear - self-weight of deck slab, includes WsjabExt Ldesian
haunch and milling surface...................... VgabExt(X) = 5 an _ WS|abExt X
) ) BeamSpacing — byt
Weight of stay-in-place forms WEormsExt = > “Pforms = 0-06-KIf
w -Laci w ~x2
e Moment - stay-in-place forms.................. MEormsExt¥) = FormsE:t design X = Formstxt
w -Lyaci
e Shear - stay-in-place forms. .................... VeormsExt(X) = FormsE;(t design _ WEQrmsExt X

Weight of traffic railing barriers

Wharrier.exterior = 0-147KIf
e Moment - traffic railing barriers............... MrpExt(X) =
e Shear - traffic railing barriers................... V1rbext®) =

DC Load total

2

Wharrier.exterior Ldesign . Wharrier.exterior X

2

Wharrier.exterior’ I-design

2

WpC BeamExt = WBeamExt + WSlabExt + WrormsExt T Wharrier.exterior = 2-112-KIf

DC Load Moment

Mpc BeamExt(*) = MBeamext(*) + Mgjabext(X) + MEormsext(X) + MrpExt(X)

DC Load Shear

Vbc.BeamExt(X) = VBeamext(X) + Vslabext(X) + VEormsExt(X) + VTrbeExt(X)

2

~ Wharrier.exterior X
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DC Load Rotation

(WDC.BeamExt - Wbarrier.exterior)'Ldesign

3
Wharrier.exterior’ I-design

0 =
DC.BeamExt 24.E

c.beam’

= 0.767-deg

24 Ec.beam' IExterior

Desigh Moments and Shears for DW Dead Loads

Weight of future wearing surface

e Moment - weight of future wearing
SUMTACE. ..o

e Shear - weight of future wearing surface .

Weight of utility loads

e Moment - utility loads...............coovvvennnnnn.

e Shear - utility loads..............cccoovvvvvinnnnnnn.

DW Load total

DW Load Moment

DW Load Shear

DW Load Rotation

WEWsExt == (Overhang — 1.5417-ft +

BeamSzpacingj.hWS _ oKIf

_ WrwsExt' Ldesign WEwsExt X
MEwsExt(X) = > X= >

W ‘Lnci
FwsExt" -design
VEwsext(X) = >

~ WEwsExt X

Wytilityext = 0-KIf

2
~ WutilityExt L design WutilityExt X
Mutilityext(*) = . X = )

~ WutilityExt L design
Vutilityext(X) = 5

~ WitilityExt X

WDW.BeamExt = WrwsExt + WutilityExt = O-KIf

Mpw.BeamExt(*) = MEwsExt(*¥) + MtilityExt(X)

Vbw.Beamext™) = VEwsext*) + Vutilityext(X)

3
WDW.BeamExt Ldesign

24-E

ODw.BeamExt = = 0-deg

c.beam’ IExterior
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C3. Summary

[kl Write Out Data

Load/Location, x (ft)=

INTERIOR BEAM
Beam at Release
Beam

Slab

Forms

Barrier

TOTAL DC

FWS
Utilities
TOTAL DW

EXTERIOR BEAM
Beam at Release
Beam

Slab

Forms

Barrier

TOTAL DC

FWS
Utilities
TOTAL DW

Load/Location, x (ft)=

INTERIOR BEAM
Beam

Slab

Forms

Barrier

TOTAL DC

FWS

Utilities

TOTAL DW
EXTERIOR BEAM
Beam

Slab

Forms

Barrier
TOTAL DC

FWS
Utilities
TOTAL DW

Support
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

Support
0.0

36.9
48.8
53
6.5
97.4

0.0
0.0
0.0

36.9
46.7
2.6
6.5
92.6

0.0
0.0
0.0

DESIGN MOMENTS (ft-kip)

ShrChk Debondl Debond2
3.2 10.0 20.0
1155 3324 580.7
113.7 326.8 569.5
150.5 432.5 753.7
16.2 46.7 81.3
199 57.2 99.7
3004 863.2 1504.3
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
1155 3324 580.7
113.7 326.8 569.5
143.9 413.6 720.7
8.1 23.3 40.7
199 57.2 99.7
285.7 820.9 1430.6
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

CORRESPONDING SHEARS (kip)

ShrChk Debond1 Debond2
3.2 10.0 20.0
34.2 28.5 20.1
45.3 37.7 26.6
4.9 4.1 2.9
6.0 5.0 3.5
90.3 75.2 53.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
34.2 28.5 20.1
43.3 36.0 25.4
2.4 2.0 1.4
6.0 50 35
85.9 715 504
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

Midspan
43.9

833.7
809.1
1070.8
1155
141.7
21371

0.0
0.0
0.0

833.7
809.1
1023.9
57.8
141.7
2032.5

0.0
0.0
0.0

Midspan
43.9

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
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SUPERSTRUCTURE DESIGN
Live Load Distribution Factors

Reference

me Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\201DeadLoads.xmcd(R)

Description

This document calculates the live load distribution factors as per the LRFD.

Page Contents

36 A

37 B.
38 C.

42 D.

Input Variables

Al. Bridge Geometry

Beam-Slab Bridges - Application [LRFD 4.6.2.2.1]

Moment Distribution Factors

C1. Moment: Interior Beams [LRFD 4.6.2.2.2b]

C2. Moment: Exterior Beams [LRFD 4.6.2.2.2d]

C3. Moment: Skewed Modification Factor [LRFD 4.6.2.2.2¢ ]

C4. Distribution Factors for Design Moments

Shear Distribution Factors

D1. Shear: Interior Beams [LRFD 4.6.2.2.3a]

D2. Shear: Exterior Beams [LRFD 4.6.2.2.3b]

D3. Shear: Skewed Modification Factor [LRFD 4.6.2.2.3c]

D4. Distribution Factors for Design Shears
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A. Input Variables

J9'-1"

44 -6 | aq-gla

6% —
2 Lanes @ 12'-0" = 24'-tv 10-0" 1

Shoulder

— 1-6%"
i 100"

Shoulder

l
Z-0" Median Barrier —, |
2 lanes @ 12'-0" = 24'-0" &-0" \ &-0"

L ¢ cone
} }

Shoulder

e Slope: 0.02 FUiFt

Le\x‘ I H\E

)
PS

b

g © @ ® @ ® @ |
v 36* Florida-I Beam 8 Spaces @ 10-¢" = 80°-0" 16%
Al. Bridge Geometry
Overall bridge length............. '—bridge = 180 ft
Bridge design span length...... '-span = 90ft
Beam design length............... '—design = 87.750 ft
Skew angle...........cccceeeeeenn Skew = —20-deg

Superstructure Beam Type....
Number of beams.................
Beam Spacing............c........
Deck overhang.....................
Roadway clear width............

Number of design traffic

Height of composite section...
Distance from neutral axis to
bottom fiber of non-composite
L=Tod (o] T
Thickness of deck slab.........
Modular ratio between beam
Moment of inertia for

non-composite section..........

Area of non-composite
SECLION. ...

BeamType = "FIB-36"
Npeams = ©
BeamSpacing = 10ft

Overhang = 4.5417 ft

RdWyWIdth = 42ft

Njanes = 3

h = 45.0-in

ybpe = 16.5-in
tslap = 8N

n . = 1374

I = 127545.0-in’

2
Apc = 807.0-in
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B. Beam-Slab Bridges - Application [LRFD 4.6.2.2.1]

Live load on the deck must be distributed to the precast, prestressed beams. AASHTO provides factors for the
distribution of live load into the beams. The factors can be used if the following criteria is met:

e Width of deck is constant

e Number of beams is not less than four

e Beams are parallel and have approximately the same stiffness
e The overhang minus the barrier width does not exceed 3.0 feet

e Curvature in plan is less than the limit specified in Article 4.6.1.2.4

If these conditions are not met, a refined method of analysis is required and diaphragms shall be provided.

Distance between center of gravity of tslab

non-composite beam and decK....................... &g = (h - yan) e 24.51-in

Longitudinal stiffness parameter K,=n 5[1 A 2)_ 841584-i 4
g parameter..................... g=Nn “UnctAnceg ) = -in
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C. Moment Distribution Factors

C1. Moment: Interior Beams [LRFD 4.6.2.2.2b]

e One design lane

Distribution factor for moment in interior beams when one design lane is loaded

0.1
_ S 04 s 0.3 Kg
gm.lnterior = 0.06 + E . I |

3
12.0-Ltg

Using variables defined in this example,

0.1
) BeamSpacing 04 BeamSpacing 03 Kg
Im.Interiory = 0.06 + : _ : - = 0.536
14-ft Lde3|gn 120 in L 3
: E design'tslab
e Two or more design lanes
Distribution factor for moment in interior beams when two or more design lanes are loaded
0.1
. g \06 /502 Kg
Im.Interior = 0-075 + os) L) 3
' 12.0-Lotg
Using variables defined in this example,
0.1

=0.773

BeamSpacing)O'6 (BeamSpacingjo'2 Kg
12.0 3

Im.Interior2 = 0-075 + ( :
9.5t L design LT |
ft design’*slab

e Range of Applicability

The greater distribution factor is selected for moment design of the beams.

= max( =0.773

Im.Interior * gm.lnteriorl»gm.lnteriorZ)
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\erify the digtribution factor satisfies LRFD criteria for "Range of Applicability".
Hodaterian= |S < (BeamSpacing > 3.5-ft)-(BeamSpacing < 16.0-ft) =0.773

ts < (tslap = 4.5:in)(tglap < 12:in)

L < (Ldesign = 20-ft)-(Lgesign < 240-ft)

Np < (Nbeams 2 4)

Kg <« (Kg > 1OOOO~in4>-(Kg < 7000000-in4)

Im.Interior I (S'ts'L'Nb'Kg)

"NG, does not satisfy Range of Applicability” otherwise

C2. Moment: Exterior Beams [LRFD 4.6.2.2.2d]
e One design lane

Distribution factor for moment in exterior beams when one design lane is loaded

~ De +S— 2t ‘ D@ BeamSpacing
ERr
! " F/) /D2
Dy + S - 8-t I'=6/" 2ol | 60"

s R i i f siab

De = Overhang — 1.5417-ft = 3 ft

S.= BeamSpacing = 10t

Overhang

The distribution factor for one design lane loaded is based on the lever rule, which includes a 0.5 factor for
converting the truck load to wheel loads and a 1.2 factor for multiple truck presence.

2-S+ 2D, — 10-ft S+ D, — 2-ft
€ €

I, Exteriorl = if{(z-ft + 6-ft) < (De + s), 5 .05, -

-0.5}-1.2 =0.96

e Two or more design lanes

Distribution factor for moment in exterior beams when two or more design lanes are loaded

d
e
9m.Exterior = gm.lnterior{o'77 + EJ
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Using variables defined in this example,

Distance from centerline of web for exterior beam to barrier

de = Overhang — 1.5417-ft = 3 ft

d
e
. = H -1 0.77 + =0.85
9m.Exterior2 = 9m.Interior2 E 9.1-ftj

e Range of Applicability

The greater distribution factor is selected for moment design of the beams.

= max( =0.96

9m.Exterior ° 9m.Exterior1> gm.ExteriorZ)

Verify the digtribution factor satisfies LRFD criteria for "Range of Applicability".
Ambxterian= |de < (dg <55ft)(dg 2 -1ft) =0.96

9Im.Exterior 1T de
"NG, does not satisfy Range of Applicability” otherwise

C3. Moment: Skew Modification Factor [LRFD 4.6.2.2.2¢ ]

A skew modification factor for moments may be used if the supports are skewed and the difference between
skew angles of two adjacent supports does not exceed 10 degrees.

0.25
) Kg S 0.5 15

Om.Skew = 1~ 025 ——— o) ten®)

12.0-Lotg

Using variables defined in this example,
0.25
K . (05
Beam$S
¢y = 0.25: 9 | AR ) 0,094
12.0 3 Ldesign

in
'ELdesign'tslab

Im.skew = 1 — ¢q-tan( | Skew] )1'5 =0.979
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\erify the digtribution factor satisfies LRFD criteria for "Range of Applicability".
Imskew,= |0 < (ISkew| > 30-deg)-(|Skew| < 60-deg)
S « (BeamSpacing > 3.5-ft)-(BeamSpacing < 16.0-ft)

L« (Ldesign > 20-ft)~(Ldesign < 24o-ft)

Np « (Nbeams 2 4)

Im Skew If (G-S-L~Nb)

"NG, does not satisfy Range of Applicability” otherwise

nSkew= if(lSkew| < 3Odeg»1’gm.5kew) =1

C4. Distribution Factors for Design Moments

Moment Distribution Factors
Interior  Exterior
1 Lane 0.536 0.960
2+ Lanes 0.773 0.850
Skew 1.000 1.000
DESIGN 0.773 0.960
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D. Shear Distribution Factors

D1. Shear: Interior Beams [LRFD 4.6.2.2.3a]

One design lane
Distribution factor for shear in interior beams when one design lane is loaded

S
=036+ —
v 25

Using variables defined in this example,

BeamSpacing
9v.Interiory = 0-36 + T 0.76

Two or more design lanes

Distribution factor for shear in interior beams when two or more design lanes are loaded

o z02s S ()7
Voo 12 (35

Using variables defined in this example,

. . 2.0
] BeamSpacing BeamSpacing
9v.Interior2 = 0-2 + 2f - ( — j = 0.952

Range of Applicability

The greater distribution factor is selected for shear design of the beams

9. Interior = MaX(9v.Interior1- 9v.Interior2) = 0-952

\erify the digtribution factor satisfies LRFD criteria for "Range of Applicability".
Onanteriars= |S < (BeamSpacing > 3.5-ft)-(BeamSpacing < 16.0-ft) = 0.952

ts < (tslab = 4.5:n)(tgpap < 12:in)

L < (Ldesign 2 20-ft)-(Lgesign < 240-ft)

Np < (Npeams = 4)

Ov.Interior If (S‘ts'L‘Nb)

"NG, does not satisfy Range of Applicability” otherwise
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D2. Shear: Exterior Beams [LRFD 4.6.2.2.3b]

e One design lane

Distribution factor for shear in exterior beams when one design lane is loaded

D@ BeamSpacing
B F
- * ! " 2
p, = De + S - 2:ft 1'~6V/p 2,70‘// 50 |
S t.slab
De + S - 8-t
Ppz ———————
2 S
De = 3ft
S=10ft
Overhang

The distribution factor for one design lane loaded is based on the lever rule, which includes a 0.5 factor
for converting the truck load to wheel loads and a 1.2 factor for multiple truck presence.

2:S + 2D, - 10-ft S+ D - 2:ft
Oy Exteriorl = if[(z-ft + 6:ft) < (Dg + s)( se >.0_5,( es )

-0.5}-1.2 =0.96

e Two or more design lanes

Distribution factor for shear in exterior beams when two or more design lanes are loaded

d
e
9v.Exterior = gv.lnterior'(o'6 + EJ
Using variables defined in this example,

dg = 3.000 ft

d
e
inpD = iaror| 0.6 + —— | = 0.857
9v.Exterior2 = 9v.Interior2 ( 10-ftj
e Range of Applicability

The greater distribution factor is selected for shear design of the beams

9. Exterior = MaX(0y Exteriorl- 9v.Exterior2) = 0-96
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\erify the digtribution factor satisfies LRFD criteria for "Range of Applicability".
vbxtorian= |de < (de <5.5-ft)(dg = ~1-ft) = 0.96
9v.Exterior 1T de
"NG, does not satisfy Range of Applicability” otherwise

D3. Shear: Skewed Modification Factor [LRFD 4.6.2.2.3c]

Skew modification factor for shear shall be applied to the exterior beam at the obtuse corner (6 > 90°) and to
all beams in a multibeam bridge.

03
1201t
dy Skew = 1 + 0.20- K— -tan(0)

g

Using variables defined in this example,
in 3 0.3
12'O'E'Ldesign'tslab
Jy Skew = 1 + 0.20- < -tan(|Skew| ) = 1.064
g

\erify the digtribution factor satisfies LRFD criteria for "Range of Applicability".
Ivskewn= |© < (ISkew| > 0-deg)-(|Skew| < 60-deg) = 1.064
S « (BeamSpacing > 3.5-ft)-(BeamSpacing < 16.0-ft)

L« (Ldesign > 20ﬁ)(LdeS|gn < 240ﬁ)
Np < (Nbeams 2 4)
9v.Skew If (6'S'L'Nb)

"NG, does not satisfy Range of Applicability” otherwise

If uplift is a design issue, the skew factor for all beams is unconservative. However, uplift is not a design issue
for prestressed concrete beam bridges designed as simple spans.

D4. Distribution Factors for Design Shears

Shear Distribution Factors
Interior Exterior
1 Lane 0.760 0.960

2+ Lanes 0.952 0.857
Skew 1.064 1.064
DESIGN 1.012 1.021

Superstructure Design 2.02 Live Load Distribution Factors

44




SUPERSTRUCTURE DESIGN

Live Load Analysis

Reference
me Reference:C:\Users\st986ch\AAAdata\LRFD PS Beam Design Example\202LLDistFactors.xmcd(R)

Description

This section provides examples of the LRFD HL-93 live load analysis necessary for the superstructure
design.

Page Contents

46 A. Input Variables
Al. Bridge Geometry
A2. Beam Parameters
A3. Dynamic Load Allowance [LRFD 3.6.2]

47 B. Maximum Live Load Moment, Reaction and Rotation
B1. Maximum Live Load Rotation - One HL-93 vehicle
B2. Live Load Moments and Shears - One HL-93 truck
B3. Maximum Live Load Reaction at Intermediate Pier - - Two HL-93 vehicles

B4. Summary
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A. Input Variables
Al. Bridge Geometry

180'-0" (CONTINUOUS BRIDGE DECK) (OVERALL BRIDGE LENGTH)

MEASURED ALONG € CONST.

e
° T |
GROUND LINE

ELEVATION

BEGIN BRIDGE 90'-0" . 90'-0"
FFBW. END BENT 1—_ | ‘
END BRIDGE
/F.F.B.W. END BENT 3
€ PIER Z\J
60 | 60
EJ. | EJ.
50 T ! i . T 50
T £l
“ 16'-6" MIN. ETTE 0
0 i VERT. CL. 30
20 ] 20
11 i

10

0

Overall bridge length.............

Bridge design span length......

A2. Beam Parameters

Beam length.........cccccoooee

Beam design length...............

Modulus of elasticity for

Moment of inertia for the

interior beam................eeen.

Moment of inertia of the

exterior beam..........coocoeeennes

I-bridge = 1801t

Lgpan = 90t

Lpeam = 89.083 ft
Ldesign = 87-75
Ec.beam = 4781-ksi

| — 359675-in”
Interior = 3°9675:In

| - 377744-in”
Exterior = 3 ‘n

A3. Dynamic Load Allowance [LRFD 3.6.2]

Impact factor for limit states,
except fatigue and fracture....

IM =133
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B. Maximum Live Load Moment, Reaction and Rotation

This section shows how to calculate the maximum live load moment, reaction (shear), and rotation. The
formulas for rotation were obtained from Roark's Formulas for Stress and Strain by Warren C. Young, 6th
Edition, McGraw-Hill.

B1. Maximum Live Load Rotation - One HL-93 vehicle

The rotations are calculated for one vehicle over the interior and exterior beams. The composite beam sections
are used to calculate the stiffness ( E. peam!) Of the beams.

The maximum live load rotation in a simple span is calculated by positioning the axle loads of an HL-93 design
truck in the following locations:

X3

Xz

X |

14 FT 14 FT

angle Max.

Maximum Live Load Moment and Rotaflon

Axleloads..........ccovvvvvivnnnnnnn. P1:= 32-kip
P2 := 32-kip
P3:= 8-kip
Laneload...........coeevvvnieinnnnnn, wp = 0.64-m
ft

Center of gravity for axle PL(0-ft) + P2.(14-ft) + P3.(28.f)

: — 9.333ft
<9 P1+ P2 + P3

Distance from center of gravity

for axle loads to centerline of 14-ft — Xeq
Span ..o, 2= ——— = 2.333 ft
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Distance from left support to

|_ .
axle loads..........coovveveeennnnn, Xq = M Y

> Xgq = 32.208ft

Xg = X1 + 14-ft = 46.208 ft

Xg:= Xq + 28-ft = 60.208 ft

Interior Beam

Rotation induced by each axle P1-Xq
load......oooeviii, Ol = . Z.LdESi n-— Xl . LdESi n-— Xl = 0075deg
6'(Ec.beam''Interior)"—design ( J ) ( J )
P2-X
2
02 := /(2-Lgesian — X2)-(Ldesign — X2) = 0.072-deg
6'(Ec.beam''Interior)"—design ( J ) ( J )
P3-X
03 = e | 3_ —— -(2-Ldesign - x3)-(|_design - x3) = 0.014-deg
( c.beam’ Interlor)' design
Rotation induced by HL-93
ErUCK. oo Otruck = (O1 + ©2 + ©3) = 0.161-deg
E)c;t(;:ltlon induced by lane o WL"-design 0085 ceg
.................................... |ane = = V. .
24'(Ec.beam'llnterior)
Rotation induced by HL-93
truck and lane load............... O L.interior = @truck * ©Jane = 0-248-deg
Exterior Beam
Rotations induced by each axle P1-Xq
load.......cooviiiiiii O1 = 12-Lgesian = X1)(Ldesian — X1) = 0.071-deg
6'(Ec.beam''Exterior)"—design ( g ) ( g )
P2-X
2
Q2 = : 2'Ldesi n— X2 : Ldesi n-— X2 = 0.069-deg
6'(Ec.beam''Exterior)"—design ( g ) ( g )
P3-X
3
Q3= (2L gesign — X3)(Ldesign — X3) = 0.013-deg

6'(Ec.beam' IExterior)' I-design
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Rotation induced by HL-93
TPUCK. .., Otucke= (O1 + ©2 + ©3) = 0.153-deg

3
o Wi Ldesign
Rotation induced by lane load. @) -0 := = 0.082-deg
24'(Ec.beam"Exterior)

Rotation induced by HL-93
truck and lane load............... O L Exterior = @truck + ©lane = 0-236-deg

B2. Live Load Moments and Shears - One HL-93 truck

The live load moments and shears in a simple span is calculated by positioning the axle loads of an HL-93 design
truck in the following locations:

¥ € spPan
|
Pl P2 | P3
14 FT 14 FT i
angle ‘//Qr
Case |
€ SPAN
‘
X |
|
Pl P2 | P3
14 FT 14 FT i
angle
Case 2
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Case 1 HL-93 truck moment and shear:

Miruck1(X) = P1- L
design

Viruck1(X) = P1- L
design

L . —
( design X) N

(Ldesign - X)

(Ldesign - X - 14-ft) s (Ldesign - X - 28-ft)
I-design I-design

+ P2.

Case 2 HL-93 truck moment and shear:

P1.

Miruck2(¥) : L
design

L —(x — 14-ft)

(Ldesign - X)

L . —
i (de3|gn X)

o (Ldesign - X - 14-ft) . (Ldesign - X - 28-ft)
I-design I-design
(Ldesign - X) (Ldesign - X- 14'ft)

-X

-(x — 14-ft) + P2.————-x + P3.
I-design I-design

Ljecian — X — 14-f
) +P3-( design — X t)

P

Viruck2(X) : L
design

Maximum moment and shear
induced by the HL-93 truck...

Moment and shear induced by
the lane load.......................

Live load moment and shear for
HL-93 truck load (including
impact) and lane load.............

Live load reaction (without
([ g]oF: (o1 ) I

R (Support) = 92.4-kip

I-design I-design

Miruck(X) = maX(Mtruckl(X),Mtruckz(x)) (Note: Choose
maximum value)

Viruck(¥) = maX(Vtruckl(X)’Vtruckz(x))

Wi L design y WX

Miane(X) = > >
Wi L design
Viane(X) = 5, WX

MLLI() = Mipyek(X)-IM + Mgne(x)

VLLIO) = Viryek () IM + Vigne(X)

RLLOD = Viryek(X) + Viane(¥)
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B3. Maximum Live Load Reaction at Intermediate Pier - Two HL-93 vehicles

While two HL-93 vehicles controls in this design, the tandem and single truck with lane load needs to be

investigated for other design span lengths. The maximum live load reaction at an intermediate pier is calculated

by positioning the axle loads of an HL-93 design truck in the following locations:

Maximum Live Load Reactlon at Intermediate Pler

X6 X3
x5 | xe |
x4 25 FT Xi= 25 FT .
€ sPav e span
Pl P2 P3 Pl P2 P3
14 FT 14\FT 4 FT KT
angle angle
Span | Span 2

Distance from left support of
corresponding span to axle

Reaction induced by each axle

Reaction induced by HL-93

Reaction induced by lane load
on both spans................

Xq= 251t

Xou= Xq + 14-ft = 30ft

Xai= Xq + 28-ft = 53t

X4 = Lesign — 28Tt -~ 25-ft = 34.75 ft
Xg = X4 + 14-ft = 48.75 ft

Xg 1= Xq + 28-ft = 62.75 ft

P1 :
Ry := L—_'[('—design = Xq) + X4] = 35.6:kip
design
P2 :
Ry := L—_'[('—design = Xg) + X5 = 35.6-kip
design
P3 :
Ry := L—_'[('—design ~ X3) + Xg| = 8.9kip
design

Rirucks = (R1 + Rg + Rg) = 80-kip

Wi Lspan .
Rlanes = T(Z) = 576k|p
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Reaction induced by HL-93

truck and lane load............... Rl Ls = 90%'(Rtruck3 + Rlanes) = 123.8-kip

Reaction induced by HL-93
truck (including impact factor)

and lane load................c....... RLLs= 90%'(Rtrucks"M + R,anes) = 147.6-kip
B4. Summary
DESIGN LIVE LOAD
Support ShrChk Debond1 Debond?2 Midspan
Load/Location, x (ft)= 0.0 3.2 10.0 20.0 439
MOMENTS: INTERIOR BEAM
Live load + DLA 0.0 349.2 995.4 1708.6 2344.3
Distribution Factor 0.773 0.773 0.773 0.773 0.773
Design Live Load + DLA Moment 0.0 270.1 769.8 1321.3 1812.9
MOMENTS: EXTERIOR BEAM
Live load + DLA 0.0 349.2 995.4 1708.6 2344.3
Distribution Factor 0.960 0.960 0.960 0.960 0.960
Design Live Load + DLA Moment 0.0 335.3 955.6 1640.2 2250.6
SHEARS: INTERIOR BEAM
Live load + DLA 113.7 108.1 96.3 79.0 37.7
Distribution Factor 1.012 1.012 1.012 1.012 1.012
Design Live Load + DLA Shear 115.1 109.4 97.5 80.0 38.2
SHEARS: EXTERIOR BEAM
Live load + DLA 113.7 108.1 96.3 79.0 37.7
Distribution Factor 1.021 1.021 1.021 1.021 1.021
Design Live Load + DLA Shear 116.1 1104 98.4 80.7 38.5
Interior Exterior
LL ROTATIONS (BRG PADS) Beam Beam
Live load w/o DLA 0.00432 0.00411
Distribution Factor 0.773 0.960
Design Live Load Rotation 0.00334  0.00395
Interior Exterior
LL REACTIONS (BRG PADS) Beam Beam
Live load w/o DLA 92.4 924
Distribution Factor 1.012 1.021
Design Live Load Reactions 93.6 94.4
1 HL-93 REACTION w/o DLA w/ DLA
Pier/End Bent (1 Truck) 92.4 113.7
Pier (2 Trucks) 123.8 147.6

[»]—Redefine Variables
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SUPERSTRUCTURE DESIGN

Prestressed Beam Design - Part |

Reference

me Reference:C:\Users\st986ch\AAAdata\LRFD PS Beam Design Example\203LiveLoads.xmcd(R)

Description

This section provides the design of the prestressed concrete beam - interior beam design.

Page Contents
54 LRFD Criteria
55 A. Input Variables

Al. Bridge Geometry
A2. Section Properties
A3. Superstructure Loads at Midspan
A4, Superstructure Loads at Debonding Locations
Ab5. Superstructure Loads at the Other Locations
58 B. Interior Beam Midspan Moment Design
B1. Strand Pattern definition at Midspan
B2. Prestressing Losses [LRFD 5.9.5]
B3. Stress Limits (Compression =+, Tension = -)
B4. Service | and Ill Limit States
B5. Strength | Limit State moment capacity [LRFD 5.7.3]
B6. Limits for Reinforcement [LRFD 5.7.3.3]
73 C. Interior Beam Debonding Requirements
C1l. Strand Pattern definition at Support
C2. Stresses at support at release
C3. Strand Pattern definition at Debond1
CA4. Stresses at Debond1 at Release
C5. Strand Pattern definition at Debond?2
C6. Stresses at Debond2 at Release
79 D. Shear Design
D1. Determine Nominal Shear Resistance
D2.1-3 § and 6 Parameters Methods 1-3
D3. Longitudinal Reinforcement
D4. Interface Shear Reinforcement
89 E. Summary
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LRFD Criteria

STRENGTH I -

STRENGTH II -

SERVICE I -

SERVICE 11 -

Basic load combination relating to the normal vehicular use of the bridge without wind.

WA =0 For superstructure design, water load and stream pressure are not
applicable.

FR=0 No friction forces.

TU=0 No uniform temperature load effects due to simple spans. Movements

are unrestrained.

CR,SH These effects are accounted during the design of the prestressed strands
with a factor of 1.0 for all Limit States 1.0-(CR + SH).

Strengthl = 1.25-DC + 1.50-DW + 1.75-LL

Load combination relating to the use of the bridge by Owner-specified special design
vehicles, evaluation permit vehicles, or both without wind.

"The FL120 permit vehicle is not evaluated in this design example”

Load combination relating to the normal operational use of the bridge with a 55 MPH
wind and all loads taken at their nominal values.

BR,WL =0 For prestressed beam design, braking forces and wind on live load are
negligible.
Servicel = 1.0-DC + 1.0-DW + 1.0-LL + 1.0-(CR + SH)

"Applicable for maximum compressive stresses in beam ONLY. For tension, see Service IlI.

n

Load combination for longitudinal analysis relating only to tension in prestressed
concrete structures with the objective of crack control.

Service3 = 1.0-DC + 1.0-DW + 0.8-LL + 1.0-(CR + SH)

"Applicable for maximum tension at midspan ONLY. For compression, see Service I."
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A. Input Variables

Al. Bridge Geometry

Overall bridge length....... '—bridge = 180 ft
Design span length......... '-span = 90ft
Skew angle.................... Skew = —20-deg

A2. Section Properties

NON-COMPOSITE PROPERTIES FIB-36

Moment of Inertia [in4 e 127545

Section Area [in?] A 807

ytop [in] Yo 19.51

ybot [in] yb.. 16.49

Depth [in] h.. 36

Top flange width [in] b 48

Top flange depth [in] hy 35

Width of web [in] b, 7

Bottom flange width [in] b 38

Bottom flange depth [in] hy 7

Bottom flange taper [in] E 15.5

Section Modulus top [inq] Sie 6537

Section Modulus bottom  [in?] Sonc 7735

COMPOSITE SECTION PROPERTIES INTERIOR EXTERIOR
Effective slab width [iN] D interior/exterior 120.0 139.4
Transformed slab width [in] By interior/exterior 87.3 101.5
Height of composite section [in] h 45.0 45.0
Effective slab area [in?] Agb 698.5 811.6
Areaof composite section [iN?] A erior/Exterior 1553.5 1666.6
Neutral axis to bottom fiber [in] Yo 28.1 29.0
Neutral axis to top fiber [in] Y, 16.9 16.0
Inertia of composite section [IN*] | eriorexterior  399675.0 377743.8
Section modulus top of slab [in9] S 21318.8 23612.2
Section modulus top of beam [in9] S 45694.6 53980.3
Section modulus bottom of beam [in] S, 12786.8 13024.7

A3. Superstructure Loads at Midspan

DC Moment of Beam at Release............... MRelBeam = MRelBeamInt(Midspan) = 833.7-kip-ft
DC Moment of Beam..........ccccooeveeereiinnns MBeam = MBeamint(Midspan) = 809.1-kip-ft
DC Moment of Slab............cccccceeeeinnenn. Mg|ab = Mg|apint(Midspan) = 1070.8-kip-ft
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DC Moment of stay-in-place forms.......... MEorms = MEormsint(Midspan) = 115.5-kip-ft

DC Moment of traffic railing barriers........ M := Myppnt(Midspan) = 141.7 kip-ft

DW Moment of future wearing surface.... MEws = Mppwsint(Midspan) = 0-kip-ft

DW Moment of Utilities.................ccoenns MUtiIity = MUtiIitylnt(MidSPa”) = 0-kip-ft
Live Load Moment.............coeoeeeieiinnnnnnn. M= MLL1LInterior(Midspan) = 1812.9-kip-ft

Servicel = 1.0.DC + 1.0-DW + 1.0-LL
e Service |l Limit State..........ccocevvvennnen.

Msv1 = 1'0'(MBeam + Mgjap + MEorms + IV'Trb) + [1'0'(MFWS + MUtiIity) + 1'0'(MLLI)] = 3950-kip-ft

Service3 = 1.0-DC + 1.0-DW + 0.8-LL
e Service Il Limit State..............eeenees

Msrvs = 1'0'(MBeam + Mgjap + MEorms + IV'Trb) + [1'0'(MFWS + MUtiIity) + 0'8'(MLLI)] = 3587.4-kip-ft

Strengthl = 1.25-DC + 1.50-DW + 1.75-LL
e Strength I Limit State........................

Mp:= 1.25-(Mggam *+ Mgjap + MEgrms + Mpp) + [ 1.50-(Mpys + Mugility) + 1.75:(M )] = 5844-kip-ft

A4, Superstructure Loads at Debonding Locations

DC Moment of Beam at Release -
Debondl = 10ﬁ. Locatlon ........................ MReIBeale = MRe|Beam|nt(Deb0nd1) = 3324k|pft

DC Moment of Beam at Release -
Debond2 = Zoﬁ. Locatlon ........................ MReIBeamD2 = MRe|Beam|nt(Deb0nd2) = 5807k|pft
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Ab5. Superstructure Loads at the Other Locations

At Support location

DC Shear &

Moment...........ccoovvvvnnnnns Vbc . Beamint(Support) = 97.4-kip Mpc BeamInt(Support) = 0 ft-kip
DW Shear & Moment .... VbW .Beamint(Support) = 0-kip Mpw Beamint(Support) = 0 ft-kip
LL Shear & Moment.. .... V[ LI.Interior(Support) = 115.1-kip M\ L LInterior(Support) = 0 ft-kip

Strengthl = 1.25-DC + 1.50-DW + 1.75-LL
e Strength I Limit State

Vu.support = 1:25-Vpc Beamint(Support) + [1'50'(VDW.BeamInt(S”pport)) + 1'75'(\/LLI.Interior(SUpport))] = 323.1-ki

At Shear Check location

DC Shear &

Moment...........ccoovvvvnnnns Vbc.Beamint(ShearChk) = 90.3-kip Mpc Beamint(ShearChk) = 300.4 ft-kip
DW Shear & Moment .... Vbw.Beamint(ShearChk) = 0-kip Mpw Beamint(ShearChk) = 0 ft-kip
LL Shear & Moment.. .... V[ LI.Interior(ShearChk) = 109.4-kip M\ L LInterior(ShearChk) = 270.1 ft-kip

Strengthl = 1.25-DC + 1.50-DW + 1.75-LL
e Strength I Limit State

VU = 125VDCBeam|nt(ShearChk) + 15OVDWBeam|nt(ShearChk) + 175VLL||nte”0r(3hearChk) = 3044k|p

Mshr = 125MDCBeam|nt(ShearChk) + 150MDWBeam|nt(ShearChk) + 175MLL||nter|0r(SheaI’Chk) = 848.1 ftklr
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B. Interior Beam Midspan Moment Design

B1. Strand Pattern definition at Midspan

Using the following schematic, the proposed strand pattern at the midspan section can be defined.

0
| | | | |
| \ | | |
[ | [ [ [
| | | | | i
| | | | |
| | | | |
| | | | FLEVATION |
SLUPPORT SHEARCHEK DEBOND 1 DEEOND 2 MIDSP AN
7 SPACES
@ 2"
- ]
-
,A
AV 16 SPACES @ 2" ——— 3
STRAND PATTERN DEFINITIONS AND BEAM LOCATIONS
Support = 0 ShearChk = 3.2t Debondl = 10ft Debond2 = 20ft Midspan = 43.88 ft

Strand pattern at midspan

Strand type.........ccccennnn.

Strand Siz€...........ceeevneen.

Strand area....................

strandtype = "LowLax"

strand g, := 0.6-in (Note: Options (0.5-in 0.5625-in 0.6-in)

StrandArea = (|0.153 if strandgi, = 05in  -in® = 0.217-in”

0.192 if stranddia = 0.5625-in

0.217 if stranddia = 0.6:in

0.0 otherwise

(Note: Options ("LowLax" "StressRelieved" )
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Define the number of strands
and eccentricity of strands

from bottom of beam...... MIDSPAN Strand Pattern Data
BeamType = "FIB-36"
Rows of strand Number of
from bottom of Input strands
beam (inches) per row MIDSPAN
y9 = 19 no = 0
y8 = 17 ng = 0
y7 = 15 n7 = 0
y6 = 13 n6 = 0
y5 = 11 n5 = 0
y4 = 9 n4 = 0
y3 = 7 n3 = 5
y2 = 5 n2 = 17
yl= 3 nl= 17
Strand c.g. = 4.38 Total strands = 39
Area of prestressing steel........................ Aps.midspan = (strandstotarStrandArea) = 8.5-in2

Transformed section properties

SDG 4.3.1-C6 states: When calculating the service limit state capacity for pretensioned concrete flat slabs and
girders, use the transformed section properties as follows: at strand transfer; for calculation of prestress losses; for

live load application.

Modular ratio between the prestressing
strand and beam. ............cc,

Non-composite area transformed.............

Non-composite neutral axis transformed...

B

Ec.beam

=5.961

.2
Anctr = Anc + (”p - 1)'Aps.midspan = 849-in

Ybpe Ane + strandcg-in-[(np - 1)'Aps.midspan]

Yone tr = A = 15.9-in

nc.tr

Non-composite inertia transformed... 1.y = e + (ybnc.tr - strandcg-in)z-[(np - 1)'Aps.midspan] — 133104.1-in"

Non-composite section modulus top.........

Non-composite section modulus bottom....

ne.tr .3
S = = 6619.2-in
topnc.tr
P e = Yone.tr

|

ne.tr . 3
Sbotnc.tr = yb t = 8375.9-Iin

ne.tr
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Modular ratio between the mild reinforcing E

and transformed concrete beam............... Nm = > 6.066
Ec beam

Assumed area of reinforcement in deck in2

slab per foot width of deck slab............... e s = D —— (Note: Assuming #5 at 12'spacing, top
' ft and bottom longitudinally).

. tslab

Distance from bottom of beam to rebar.... Ybar = N = tmill — - 40.5-in

Total reinforcing steel within effective width )

of deck slab........coooveviviiii Abar = beff.interior'AdeCk.rebar = 6.2In

Composite area transformed.................... At = Anterior + (np - 1)'Aps.midspan + (nm - 1)'Abar _ 1626.9-in’

Composite neutral axis transformed.......

Yb Alnterior + Stra”dcg'i”'(np - 1)'Aps.midspan + ybar'(”m - 1)'Abar
Atr

= 27.8-in

Ybtr =

Composite inertia transformed.......
Iy =1 degin)’ 1)A 2 1).A, . = 387708-in"
tr = 'Interior * (yb.tr — stran cg"”) '(”p - ) ps.midspan * (yb.tr - ybar) '(”m - ) bar = 387708-In

Composite section modulus top of |

.3

SIAD. .o Sqlab.tr = . = 22482-in

Yb.tr
Composite section modulus top of |
b . tr . 3

M. Stop.tr = oy - 50057.7:in

Yb.tr = Yslab = 'mill = Mbuildup
Composite section modulus bottom of liy 3
DEAM. ..o Shot.tr = —— = 13969.1-in

Yb.tr

Eccentricity of strands at midspan for
COMPOSIte SECLION......coviieeeee e €cg.tr = Ybutr ~ strandcg-in = 23.4in
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B2. Prestressing Losses [LRFD 5.9.5]

D

For prestressing members, the total loss, Apr , is expressed as:

where... long-term loss shrinkage
and creep for concrete, and Af
relaxation of the steel....... pLT

Loss due to elastic shortening is not included in the total loss equation due to the use of transformed section
properties.

Initial Stresses in Strands

Specified yield strength of the prestressing

steel [LRFD 5.4.4.1]...ovvovvooooooooo foy = [(085-fpy) if strandyye = "StressRelieved” = 243-ksi
(0.90~fpu) if strandy e = "Lowlax"
Jacking stress [LRFD 5.9.3]................ foj = (0.70-fpu) if strandyye = "StressRelieved” = 202.5-ksi

(0.75-pr) if strandy e = "Lowlax”

Elastic Shortening

When calculating concrete stresses using transformed section properties, the effects of losses and gains due to
elastic deformations are implicitly accounted for and AprS should not be included in the prestressing force

applied to the transformed section at transfer. However, the elastic shortening loss is needed for calculation of
the stress in prestressing and relaxation of the prestressing strands. The loss due to elastic shortening in
pretensioned members shall be taken as:

Ep
AfpEs = E_Ci'fcgp where...

Modulus of elasticity of concrete at transfer of

PreStress fOrCe.........covvvvvriviinieanaeann, Eci.beam = 4016.8-ksi

Modulus elasticity of prestressing steel..... Ep = 28500-ksi

Eccentricity of strands at midspan for _ . .
NON-COMPOSite SECtioN...........cc.ceevvennne.. €og.nc.tr = Yonc tr — Strandeg-in = 11.5-in
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Corresponding total prestressing force...... Fps = Aps'fpj = 1713.8-kip
Concrete stresses at c.g. of the prestressing
force at transfer and the self wt of the beam Fos Fos€ca.nc tr2 MRelBeam €ca.nc.ir
at maximum moment location.................. fcgp =P | _PS CQNeH 9CT _ 5 9ksi
Anc.tr Inc.tr Inc.tr
Ep

Losses due to elastic shortening............... AprS = —-fcgp = 20.3-ksi

Eci.beam
Prestressing stress at transfer.................. fot = if(fpj ~ Afpeg 2 0.55f . fii - AprS,O.SSfpy) = 182.2-ksi
Time-Dependent Losses - Approximate Estimate LRFD 5.9.5.3
Long-term prestress loss due to creep of concrete,
shrinkage of concrete, and relaxation of steel:

_2n o piAps X
AprT =10.0- A “Yh Vst + 12.0-~(h-wst + Apr where...
nc.tr
Yh=17-001-H=1
5
"{St = f =07
ci.beam
+ -
ksi
= 2.4-ksi

Total Prestress Loss - Approximate Estimate

The total loss, AprO, is expressed as........

Percent loss of strand force.....................

Apr = | 2.4ksi if strandtype = "LowLax"
(10.0ksi) if strandtype = "StressRelieved"

fojA
Afy, 1= 10,0
LT
P Anc.tr

PS

N Vst + 12.0ksi-vpgt + Apr = 24.2-ksi

Afyr

Loss := =12-%

foj
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Time-Dependent Losses - Refined Estimates LRFD 5.9.5.4

Long-term prestress loss due to creep of concrete,
shrinkage of concrete, and relaxation of steel:

Shrinkage;

AfpSR = EbIdEpKld where...

-0.118 -0.118
®p.fi = 1.9Kys g'Kne.g K g Ktd.fi To =13 ?d.fd = 1-9Kys.dKne.d'Kr.d'Kd.d.fd To =17
-0.118
®p.di = 1-9Kys g'Kne.g'K.gKtd.di- To =1
-0.118
Pp.fd = 1-9Kys.gKne.gKr.gKid fd T1 =07
Shrinkage strain Epbid = kvs.g'khs'kf.g'ktd.di'0-00048 = 0.000248
Transformed section coefficient Kiq = L =028
E, A Aien o
1y P _Tps |, nc.tr'cg.nc.tr .(1 . 0-7'“Pb.fi)
Ecibeam Anc.tr Inc.tr
I__osses due to shrinkage of girder between AfpSR = ebid'Ep'Kid = 5.7-ksi
time of transfer and deck placement
Creep;q
Ep
I__osses due to creep of girder between AprR = E_—'fcgp"Pb.di'Kid = 16.1-ksi
time of transfer and deck placement ci.beam

Relaxation of Prestressing Strands; Per AASHTO LRFD 5.9.5.4.2C Afp; may be

K= |30 if Stra”dtype = "LowLax" = 30 assumed to equal 1.2 ksi for low-relaxation strands.
7 otherwise
Losses due to relaxation of fpt .

f
t
[L - O.SSJ if strandtyloe = "StressRelieved"” = 1.2-ksi

foy

1.2ksi if strandtype = "LowLax"

prestressing strands between time Afpr1 = K_L
of transfer and deck placement
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Total Time-Dependent Losses - Between
time of transfer and deck placement

Shrinkage;
Afysp = epgEp-Kyf

Shrinkage Strain

Epdf = Kys g Khs Kt g Ktd fq:0-00048 = 0.000324

1

Transformed section coefficient Kgf = =0.812
E. A Aoy
Ecibeam Atr lr
Losses due to shrinkage of_girder between AfpSD = €bdf'Ep'de = 7.5ksi
deck placement and final time
Creepy;
Ep E
Afpep = = Tegp (fi — i) Kar + 2 Afeq g Kot
ci.beam c.beam
Permanent load moments at midspan acting on
non-composite section (except beam at )
[UE:101511-1 RPN Mnc = Msjap + MForms
Mpc = 1186.3-kip-ft
Permanent load moments at midspan acting _
0N COMPOSite SECLION............ccvrvererennean, M= Mpp + Mpws + Mutility
M = 141.7-kip-ft
Loss in the strands Ploss = Aps'AprT.id = 194.7-kip
Change in concrete stress at
centroid of prestressing strands Af . ~Ploss Ploss'(ecg.nc.tr) Mnc€cgnetr  M-€cgutr 18k
due to long-term losses between cd- Anc.tr B hnc.tr B e tr B Iy e
transfer and deck placement ¢ ¢ ¢
Losses due to creep Ep E
betW(?en deCk placement AprD = E—fcgp(kpbfl — Lpbdl)de + = Afcdkpbdedf = -1.3-ksi
and final time ci.beam c.beam
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Relaxation

Losses due to relaxation of prestressing strands
in composite section between time of deck
placement and final time Apr2 = Aprl = 1.2-ksi

Shrinkage of Decking
E

c.beam

Shrinkage Strain Eddf = kVSdkhSkfdktdfd000048 = 0.000413

t
Eccentricity of deck with respect to gross eq =Yt~ % =12.9:in

composite section

Change in concrete stress at centroid of
prestressing strands due to shrinkage of Afogs =
deck concrete (1 + 0-7"Pd.fd)

Eate-Dore: -t -E € ‘€
ddf ‘Peff.interior ‘slab c.slab' 1 “cgtred — _0.1-ksi
Ar

E
Losses due to shrinkage of deck composite  Afgq = —p-Afcdf-de-(l + 0.7«pb.fd) = —0.8-ksi

section E¢.beam

Total Time-Dependent Losses - Between deck placement and final time

AprT.df = AfpSD + AprD + AprZ - AfpSS = 8.2-ksi

Total Time-Dependent Losses

Total Prestress Loss - Refined Estimes
The total loss, Afyr , is expressed as..... Afpr, = Afpt = 312kl
1
Afpr,
Percent loss of strand force..................... Loss := =15.4-%
i
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Per SDG 4.3.1.C.6, use the Approximate Estimate of Time- Dependent
Losses for precast, pretensioned, normal weight concrete members designed as simply supported beams
(typical condition). For all other members use the Refined Estimates of Time-Dependent L osses.

(If refined method is preferred
Conditions := "Approximate Estimate" type in Refined Estimate”
under conditions.)

Il Total Prestress Loss

Stress Summary Table
Approximate Estimate
Prestressing Stress Prior to Transfer fo; 202.50 ksi
Prestressing Stress at Transfer fpt 182.22 ksi
Loss Due to Relaxation Apr 2.40 ksi
Total Prestressing Loss Apr 24.24 ksi
Loss 11.97 %

Ikl

B3. Stress Limits (Compression = +, Tension = -)

Initial Stresses [SDG 4.3]

Limit of tension in top of beam at release (straight strand only)

Outer 15 percent of design beam........ frop.outer1s = ~0-93-ksi

Center 70 percent of design beam...... frop.center7o = ~0-2-ksi
Compressive concrete strength at - _ ks
FEIEASE. ... .vvevieiiiecie e ci.beam = O
Limit of compressive concrete strength
At release. ... 0.6 peam = 3-6-ksi
The actual stress in strand after losses at
transfer have occured................ooeeeeeinn. fo.:=f,; = 202.5-ksi

pe-~ 'pl
Calculate the stress at the top and bottom of beam at release:
Total force of strands.................oeeeeen. Foe = fpe'Aps = 1713.8-kip
MRelBeam I:pe I:pe'ecg.nc.tr .
Stress at top of beam at center 70%......... IpjTop70 = g AT T = 0.5 ki
topnc.tr nc.tr topnc.tr
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A B ~MRelBeam N I:pe N Fpe'ecg.nc.tr 3179 ksi
0 otBeam -~ =9
Stress at bottom of beam at center 70%... Pl Shotnc.ir Anc.ir Shotnc.ir
T0p70Re|ease = "OK" if O'pJTop7O < OkSI N O'pJTop7O > ftOp.CenteI’7O Where ftOp.Center70 = —0.2-ksi
"OK" if op; > 0-ksi A o < 0.6f;
pjTop70 pjTop70 ci.beam where
"NG" otherwise 0.6f.; peam = 3-6°ksi
Top70Release = "OK"
BotRelease := |"OK" if TpjBotBeam < 0.6f.i heam where _
e - 0.6f¢j heam = 3.6-ksi
NG" if 9pjBotBeam < 0-ksi

"NG" otherwise

BotRelease = "OK"

(Note: Some Mathcad equation explanations-

e The check for the top beam stresses checks to see if tension is present, o jTop70 < 0-ksi, and then

p

applies the proper allowable. A separate line is used for the compression and tension allowables.
The last line, "NG" otherwise, is a catch-all statement such that if the actual stress is not within
the allowables, it is considered NG?)
e Forthe bottom beam, the first line, o

m < 0.6f checks that the allowable

pjBotBea ci.beam’
compression is not exceeded. The second line assures that no tension is present, if there is then the
variable will be set to NG!' The catch-all statement, "NG" otherwise , will be ignored since the

first line was satisfied. If the stress were to exceed the allowable, neither of the first two lines will
be satisfied therefore the last line would produce the answer of NG’

Final Stresses [LRFD Table 5.9.4.2.1-1 & 5.9.4.2.2-1]

(1) Sum of effective prestress and permanent loads
Limit of compression in slab.............. fallow1.Topslab = 045-Tc sjap = 2.025-ksi

= 0.45f = 3.825-ksi

Limit of compression in top of beam.. fallow1. TopBeam : c.beam

(2) Sum of effective prestress, permanent loads and transient loads

(Note: The engineer is reminded that this check needs to be made also for stresses during shipping and
handling. For purposes of this design example, this calculation is omitted).

Limit of compression in slab.............. fallow2.Topslab = 0-60-fc sjap = 2.7°ksi
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Limit of compression in top of beam.. fallow2. TopBeam = 0-60-T¢ peam = 5-1-ksi

(3) Tension at bottom of beam only

Limit of tension in bottom of beam.....

fallows.BotBeam = (—0.0948 ,fc.beam'kSi) if Environmentsuper: "Extremely" = —0.554-ksi

(—0.19 ,fc.beam'ks'i) otherwise

(Note: For not worse than moderate corrosion
conditions.) EnvironmentSuper = "Slightly"

B4. Service | and 111 Limit States

At service, check the stresses of the beam for compression and tension. In addition, the forces in the strands
after losses need to be checked.

The actual stress in strand after all losses .
have 0CCUIEd.......vvveeeeeeeeeeeeeeeeeeeees fpe=Toj = Afg = 178.3-ksi

Allowable stress in strand after all losses

NAVE OCCUIEU. ... .eeveeeeeeeeeeeeeeeeeeeeeenns foe. Allow = 0-80-Tpy = 194.4-ksi

py

LRFDg g 5:= ["OK, stress at service after losses satisfied" if fpe < fpe.AIIow
"NG, stress at service after losses not satisfied" otherwise

LRFDg g 5 = "OK, stress at service after losses satisfied"

Calculate the stress due to prestress at the top and bottom of beam at midspan:

Total force of strands...................cc.c...... e Toe Aps = 1508.6-kip
F Fhe'€
pe pe€cg.nc.tr :
OneTopBeam = - = —0.846-ksi
Stress at top of beam............cccccceveeeennns pelop Anc.ir Stopne.tr
F Foe€
. pe pe cg.nctr :
Stress at bottom of beam................c........ “peBotBeam =, T g = 3849 ksi
ne.tr botnc.tr
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Service | Limit State

The compressive stresses in the top of the beam will be checked for the following conditions:

(1) Sum of effective prestress and permanent loads

(2) Sum of effective prestress and permanent loads and transient loads

(Note: Transient loads can include loads during shipping and handling. For purposes of this design
example, these loads are omitted).

(1) Sum of effective prestress and permanent loads. The stress due to permanent loads can be calculated as
follows:

M1 + M + Mtiri
Trb Fws Utility — 0.076-ksi

Stress in top of slab 1TopSlab =

Sslab.tr

Stress in top of beam

MBeam + Mglab + MForms . M1rh + MEws + Mutility

olTopBeam =

|

TopSlabl := if(c’lTopSIab < Tallow1.Topslab- "OK" »"NG")

+ O'peTopBeamJ = 2.806-ksi

Stopnc.tr Stop.tr

Check top slab stresses

where fallowl.TopSIab = 2.03-ksi TopSlabl = "OK"

Check top beam stresses

TopBeaml := if(c’lTopBeam < fallow1.TopBeam: "OK" ’"NG")
where fallowl.TopBeam = 3.83-ksi TopBeaml = "OK"

(2) Sum of effective prestress, permanent loads and transient loads
M

Stress in top of slab

Stress in top of beam

Check top slab stresses

where f3j1ow2. Topslab = 2-7-Ksi

Check top beam stresses

where fa)1ow2. TopBeam = 5-1-ksi

LLI = 1.043-ksi

92TopSlab = 91TopSlab *
slab.tr

S

M
_LLb = 3.24-ksi

92TopBeam ‘= % 1TopBeam *
top.tr

TopSlab2 := if(C’ZTopSIab < Tallow2. Topslab- "OK" »"NG")

TopSlab2 = "OK"

TopBeam2 := if(c’ZTopBeam < fallow2.TopBeam: "OK" ’"NG")

TopBeam2 = "OK"
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Service 11l Limit State total stresses

(3) Tension at bottom of beam only

Stress in bottom of beam..................

~Mpeam — Mapan — M ~Mph — Mpwe — My i M
Beam Slab Forms Trb Fws Utility LLI
o3BotBeam = S + S + OpeBotBeam + 0-8 S = -0377-k
botnc.tr bot.tr bot.tr
Check bottom beam stresses............. BotBeams3 := 'f(G3BOIBE‘am > Tallows.BotBeam- "OK" ,"NG )
where o103 BotBeam = ~0-55-ksi BotBeam3 = "OK"

B5. Strength | Limit State moment capacity [LRFD 5.7.3]
Strength | Limit State design moment.......
M, = 5844.0 ft-kip
Factored resistance

M, = oMy

Nominal flexural resistance
h
a a A i a f
M, = Aps-fps-(dp - Ej + AS-fy-(dS - E) - As-fs-[ds - Ej + 0.85-fc-(b - bW)-hf-[E - 7}

For a rectangular, section without compression reinforcement,

a a
Mn = ApSfpS(dp - Ej + As-f (dS - E)

where a = 31-c

and
Aps'fpu + As'fs

c=
o

.
dp

0.85-f-B1-b + k-A

In order to determine the average stress in the prestressing steel to be used for moment capacity, a factor "k"
needs to be computed.

foy
Value for "K" ..o, k:=2/1.04-—|=0.28
fou
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Stress block factor..........c.ccovvevviiiiinnnnn.

Distance from the compression fiber to cg
OF Prestress.....covvvvveiiiieeeeieiiiiiiee e

Area of reinforcing mild steel...................

Distance from compression fiber to
reinforcing mild steel................cccevvvnnnnn.

Assume fg = fy [LRFD 5.7.2.1]

Distance between the neutral axis and
COMPressive face........oveevvvviviiiiiinneeeenne,

Depth of equivalent stress block...............

Average stress in prestressing steel...........

Resistance factor for tension and flexure of
prestressed members [LRFD 5.5.4.2]......

Moment capacity provided......................

Check moment capacity provided exceeds
FEQUITE. ....eeiieiiii e

where M, = 5844-ft-kip

Check assumption that fg = fy.................

fep — 4000-psi
By = min{max{o.ss - 0.05-( C ealn(;oo , J,o.es},o.as} ~ 0.65
-psi

-in = 40.6-in

=h- strandCg

©
.l.

.2 (Note: For strength calculations, deck
reinforcement is conservatively ignored.)

dS = 0-in

f = fy = 60-ksi

AT+ Acf
= ps_pu 53 = 5.4-in

c
NN pr
0.85-T¢ heam' P1 Pt interior * k'ADS'd_

p

a:=f4-c=35in

c .
/tps«}: fpu'(l - kd—pj = 260-ksi

"= 1.00
N a a :
Mrprov = &' ApsTps'| dp = 5 | + AsTy| dg = = || = 7128 ki f

Momentcanacity = [ "OK"

if Mt prov = My j

"NG" otherwise

Mome”tCapacity = "OK"

Check_fg := if(AS =0,"0OK" ,if(di <0.6,"OK" ,"Not OK"j)
S

Check_f, = "OK"
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B6. Limits for Reinforcement [LRFD 5.7.3.3]

Minimum Reinforcement

The minimum reinforcement requirements ensure the factored moment capacity provided is at least equal to the
lesser of the cracking moment and 1.33 times the factored moment required by the applicable strength load
combinations.

Modulus of Rupture............cccoeevveieennnnnns f = -0.24- “C.beam'kSi = —0.7-ksi [SDG 1.4.1.B]

Total unfactored dead load moment on
noncomposite Section..............cvvvvvvvennnn. My nc = MBeam + Mpc = 1995.4-kip-ft

Flexural cracking variability factor
(1.2 for precast segmental structures,

1.6 OthEIWISE).......veveeeeeeeeeeeeeeereen. Np=16
Prestress variability factor (1.1 for bonded
tendons, 1.0 for unbonded tendons)......... Yo =11
Ratio of specified minimum yield strength
to ultimate tensile strength of reinforcement
(0.67 for A615, Grade 60 reinforcement,
0.75 for A706, Grade 60 reinforcement,
1.00 for prestressed concrete structures).. ~v3 = 1.00
. Shot.tr .
Cracking moment............. Mgy = 73'[(71"? + 72'°peBotBeam)'Sbot.tr] + My ne < 1 | = 2294-kip-ft
botnc.tr
Required flexural resistance............. Mr.reqd = min(Mcr,133-%-Mr) = 2293.5-kip-ft

Check the capacity provided, Mr.prov = 7127.9-ft-kip , exceeds minimum requirements, M”eqd = 2293.5-ft-kip

LRFDg 7 339 := |"OK, minimum reinforcement for positive moment is satisfied" if Mr.prov > Mr.reqd

"NG, reinforcement for positive moment is less than minimum"  otherwise

LRFDg 7 3 3.9 = "OK, minimum reinforcement for positive moment is satisfied"
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C. Interior Beam Debonding Requirements
C1. Strand Pattern definition at Support

Define the number of strands and eccentricity of strands from bottom of beam at Support = 0

SUPPORT Strand Pattern Data
Rows of Number
strand from of Number of
bottom of Input strands strands per
beam (inches) per row MIDSPAN row SUPPORT COMMENTS
y9 = 19 n9 = 0 n9 = 0
y8 = 17 n8 = 0 n8 = 0
y7 = 15 n7 = 0 n7 = 0
y6 = 13 né = 0 n6 = 0
y5 = 11 n5 = 0 n5 = 0
y4 = 9 n4 = 0 n4 = 0
y3 = 7 n3 = 5 n3 = 5
y2 = 5 n2 = 17 n2 = 15
yl= 3 nl= 17 nl= 11
Strand Total
cg.= 461 39 strands = 31

Area of prestressing steel

Non-composite area transformed.............

Non-composite neutral axis transformed...

Non-composite inertia transformed... I o= 1.+ (yan_tr

Aps.Support == (strandstotarStrandArea) — 6.7-in%

2
Ancin=Anc + (np - 1)'Aps.Support = 840.4-in

i Ybpe Ane + strandcg-in-[(np - 1)'Aps.8upport]

Yot
AnC.tr

. . nc.tr .3
Non-composite section modulus top......... Stopnotn= ——— = 6600.4-in
P P e = Yone.tr
. . In.tr 3
Non-composite section modulus bottom....  Spo..c 0 = . = 8233.5-in
YOne.tr

= 16-in

- strandcg-in)z-[(np ~ 1)-Ags Support] = 131886-in”
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C2. Stresses at support at release

The actual stress in strand after losses at

transfer have occured...........ccooeevvnvvnnnnnn. Atpeé: fpj = 202.5-ksi

Calculate the stress due to prestress at the top and bottom of beam at release:

Total force of strands............cccooeeeeeerenns Fpe.S = fpe'Aps.Support = 1362.2-kip

Eccentricity of strands at support............ €cg.nc.tr.s = Ybne.tr = strandcg-in = 11.4-in
F Foe o€
Stress at top of beam at support............... OpjTopEnd = pes _ _pes egnetrs ) —0.733-ksi
Anc.tr Stopnc.tr
F Foe o€
Stress at bottom of beam at support... TpjBotEnd = pes , _Pes Cg-ncIrs | _ 3.508-ksi
Anc.tr Spotne. tr

TopRelease := | "OK" if opitopEng < 0-ksi A opiTopEnd = frop.outer1s

"OK" if O'pjTopEnd > 0-ksi A O'pjTopEnd < O'chi.beam
"NG" otherwise

. : TopRelease = "OK"
where ftop.outerls = —0.93-ksi where 0.6f;; paam = 3-6-ksi
BotRelease := |"OK" if 9pjBotEnd < 0-6fci.beam
"NG"

it opiotend = ftop.center70
"NG" otherwise

where 0.6f;; pagm = 3-6-ksi where ftop.center?O = —0.2-ksi BotRelease = "OK"
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C3. Strand Pattern definition at Debond1

Define the number of strands and eccentricity of strands from bottom of beam at Debondl = 10ft

DEBONDL1 Strand Pattern Data
Rows ot Number
strand from of Number of
bottom of Input strands strands per
beam (inches) per row MIDSPAN SUPPORT row DEBOND1 COMMENTS
y9 = 19 n9 = 0 0 n9 = 0
y8= 17 ng = 0 0 ng = 0
y7 = 15 n7 = 0 0 n7 = 0
y6 = 13 né = 0 0 n6 = 0
y5= 11 ns = 0 0 ns = 0
y4 = 9 n4 = 0 0 n4 = 0
y3= 7 n3 = 5 5 n3 = 5
y2 = B n2 = 17 15 n2 = 17
yl= 3 nl= 17 11 nl= 13
Strand Total
c.g.= 454 39 31 strands = 35
.2
Area of prestressing steel..............c......... Aps.Debond1 = (strandstotarStrandArea) = 7.6n
Non-composite area transformed............. Ancin= Anc * (np - 1)'Aps.Deb0ndl = 844.7-in2
b An + strand.-in-| (N, — 1)-A
Non-composite neutral axis transformed... — ybo. .- := Yoncne 9 A [( P ) ps.Debondl] = 16-in
nc.tr

Non-composite inertia transformed.. 1., = 1. + (yan_tr - strandcg-in)z-[(np - 1)'Aps.Deb0nd1] — 132454-in”

. . nc.tr .3
Non-composite section modulus top......... Stopnotn= ——— = 6608.5-in
P P e = Yone.tr
. . In.tr 3
Non-composite section modulus bottom.... Sy o o0 = . = 8300.7-in
YOne.tr
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C4. Stresses at Debond1 at Release

The actual stress in strand after losses at

transfer have occured...........ccooeevvnvvnnnnnn. Atpeé: fpj = 202.5-ksi

Calculate the stress due to prestress at the top and bottom of beam at release:

Total force of strands.................ooeeee. Foen= fpe'Aps.Debondl = 1538-kip
Eccentricity of strands at Debondl.......... Soguneth = Ybne.tr = strandcg-in =11.4in
M F Foe€
Stress at top of beam at Debondl............ TpjTopl5 = RelBeamD1 + pe _ _peregnelr —0.232-ksi
Stopnc.tr Anc.tr Stopnc.tr
M F Fpe'®
Stress at bottom of beam at Debond1...... FpiBotBeamn = RelBeamD1 + e, P° cgnelr) _ 3.455-ksi
Spotnc.tr Anc.tr Shotne.tr
Top stress limit..............ccoooevnne. frop. limit := if (Debondl < 0.15-Lyeam. fion outer15: frop.center7o) = —0-93-ksi

JopRelease .= | "OK™ it opitop15 < 0-ksi A 0pitop15 2 fiop limit

"OK" if O'pJTOp15 > 0-ksi A O'pJTop15 < OGfCIbeam

"NG" otherwise

where ftop.limit = —0.93-ksi where 0.6f;; paam = 3-6-ksi TopRelease = "OK"
BotRelease .= |"OK" if OpjBotBeam < 0.6%;i peam

"NG" if opigotBeam = ftop.center70

"NG" otherwise

where 0.6f;; pagm = 3-6-ksi where fio, center7g = —0-2-ksi BotRelease = "OK"
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C5. Strand Pattern definition at Debond?2

Define the number of strands and eccentricity of strands from bottom of beam at Debond2 = 20ft

DEBOND?2 Strand Pattern Data
Rows ot Numbe
strand from r of Number of
bottom of Input strands strands per
beam (inches) per MIDSPAN SUPPORT DEBOND1 row DEBOND2 COMMENTS
y9= 19 n9 = 0 0 0 n9 = 0
y8= 17 n8 = 0 0 0 n8 = 0
y7= 15 n7 = 0 0 0 n7 = 0
y6= 13 né = 0 0 0 né = 0
y5= 11 n5 = 0 0 0 n5 = 0
y4 = 9 n4 = 0 0 0 n4 = 0
y3= 7 n3 = 5 5 5 n3= 5
y2 = 5 n2 = 17 15 17 n2 = 17
yl= 3 nl= 17 11 13 nl= 17
Strand Total
cg.= 438 39 31 35 strands = 39 All strands are active beyond this point
.2
Area of prestressing steel..............c......... Aps.Debond2 = (strandstotarStrandArea) =851n
Non-composite area transformed............. Ancin= Anc * (np - 1)'Aps.Deb0nd2 = 849-in2
bpe Ane + Strand.q-in-{ (N, — 1)-A
Non-composite neutral axis transformed... — yb.. .- := Yone e 4 A [( P ) ps.DebondZ] = 15.9:in
ne.tr

Non-composite inertia transformed.... 1,0 = 1. + (ybnc.tr - strandcg-in)z-[(np - 1)'Aps.Deb0nd2] - 133104-in”

. . nc.tr .3
Non-composite section modulus top......... Stopns = T = 6619-in
P P e = Yone.tr
. . In.tr 3
Non-composite section modulus bottom.... Sy o o0 = . = 8376-in
YOne.tr
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C6. Stresses at Debond?2 at Release

The actual stress in strand after losses at

transfer have occured...........ccooeevvnvvnnnnnn. Atpeé: fpj = 202.5-ksi

Calculate the stress due to prestress at the top and bottom of beam at release:

Total force of strands............cccooeeeeeerenns Fpe = fpe'Aps.Debondz = 1713.8-kip
Eccentricity of strands at Debond2.......... SoguReath = Ybne.tr = strandcg-in =11.51-in
M F Foe€
Stress at top of beam at Debond2............ TpiTopks, = RelBeamD2 + pe _ _peregnetr 0.092-ksi
Stopnc.tr Anc.tr Stopnc.tr
M F Fpe'®
Stress at bottom of beam at Debond?2....... FpiBotBeamn = RelBeamD2 + e, B cgnetr | 3.54-ksi
_ 3.54-ksi Spotnc.tr Anc.tr Shotne.tr
OpjBotBeam = ©-24KSl
Top stress limit...........ocoooviienanne, Siopdimit/= if (Debond2 < 0.15-Learm. fiop outer1s: frop.center7o) = —0-2'ksi

JopRelease .= | "OK™ it opitop15 < 0-ksi A 0pitop15 2 fiop limit

"OK" if O'pJTOp15 > 0-ksi A O'pJTop15 < OGfCIbeam

"NG" otherwise

where ftop.limit = —0.2-ksi where 0.6f;; paam = 3-6-ksi TopRelease = "OK"
BotRelease := |"OK" if OpjBotBeam < 0.6%;i peam

"NG" if opigotBeam = ftop.center70

"NG" otherwise

where ftop.center?O = —0.2-ksi where 0.6f;; paam = 3-6-ksi BotRelease = "OK"
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D. Shear Design

D1. Determine Nominal Shear Resistance [LRFD 5.8.3.3]
The nominal shear resistance, VVn, shall be determined as the lesser of:

Vn:Vc+Vs+Vp

V= 025-f-by-dy + V)

The shear resistance of a concrete member may be separated into a component, V., that relies on tensile
stresses in the concrete, a component, Vg, that relies on tensile stresses in the transverse reinforcement, and a
component, V, , that is the vertical component of the prestressing force.

Nominal shear resistance of concrete

SECHION. ..o, V= 0.0316-6-\/f_c-bv-dv
Nominal shear resistance of shear A,f,-d,,-cot(6)
reinforcement section.................cccceeeeeees Vg = VYV

S

Nominal shear resistance from prestressing
for straight strands (non-draped).............. Vp := 0-kip

Effective shear depth............cccccoeeiinie dy = max(dp - %,O.9-dp,0.72-hj = 3.24.-ft
(Note: This location is the same location as previously estimated for ShearChk = 3.2ft .)

D2.1 g and 6 Parameters Method 1 [LRFD Appendix B-5]

Lo : - . v
Tables are given in LRFD to determine 8 from the longitudinal strain and P parameter, so these values need
c

to be calculated.
M

u
Longitudinal strain for sections with W + 0:5:-Vy-co(6) = ApsTo
prestressing and transverse reinforcement. Ey =
2:(EgAs+ EpAgs)
Effective width.............ccooovinninnns by := by,  Where b, =7-in
Effective shear depth........................ dy, = 3.2t
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Factor indicating ability of diagonally
cracked concrete to transmit tension.. §]
(Note: Values of 3 = 2and 6 = 45-deg cannot be assumed

Angle of inclination for diagonal since beam is prestressed.)

compressive StrESSES.....vvvvvciieinne, 0

LRFD Table B5.2-1 presents values of 6 and 8 for sections with transverse reinforcement . LRFD Appendix B5
states that data given by the table may be used over a range of values. Linear interpolation may be used, but is
not recommended for hand calculations.

"_~' g, x 1,000
£
<020 | =010 | <005 <0 | =0.125 § <025 | =0.50 | <075 | <1.00
<0.075 22.3 20.4 21.0 21.8 243 26.6 305 | 337 36.4
6.32 4.75 4.10 3.75 3.24 2.94 2.59 238 223
<0.100 18.1 204 21.4 22.5 24.9 27.1 30.8 34.0 367
3.79 338 324 3.14 2.91 275 2.50 232 2.18
<0.125 19.9 219 228 23.7 25.9 279 1.4 344 17.0
318 2.99 2.94 2.87 2.74 2.62 2.42 2.26 2.13
<0.150 21.6 233 24,2 25.0 26.9 28.8 321 34.9 373
2.88 2,79 278 2.72 2.60 2.52 2.36 2.21 2.08
<0.175 23.2 24.7 25.5 26.2 28.0 29,7 32.7 352 16.8
2.73 2.66 2.65 2.60 2.52 2.44 2.28 2.14 1.96
<0.200 24.7 26.1 26.7 274 29.0 30.6 32.8 34,5 36.1
2.63 2.59 2.52 2.51 2.43 237 2.14 1.94 1.79
<0225 26.1 273 279 28.5 30.0 308 323 34.0 35.7
2.53 2.45 242 2.40 2.34 2.14 1.86 1.73 1.64
<0.250 27.5 28.6 20.1 29.7 30.6 313 32.8 343 358
239 2.39 233 2.33 2.12 1.93 1.70 1.58 1.50

The initial value of e, should not be taken greater than 0.001.

The longitudinal strain and — parameter are calculated for the appropriate critical sections.
C

The shear stress on the concrete shall be determined as [LRFD 5.8.2.9-1]:

_Vu— ¢V
d).bv.dv
Factored shear force at the critical section
V,, = 304.4-kip
. Vu - ¢V'Vp .
Shear stress on the section...................... V= ——— = 1.243-ksi
q)v'bv'dv
Parameter for locked in difference in strain
between prestressing tendon and concrete. fpo = 0.7-fpu = 189-ksi
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The prestressing strand force becomes
effective with the transfer length.............. Ltransfer := 60-strand;, = 31t

Since the transfer length, Liyanefer = 3Tt , is less than the shear check location, ShearChk = 3.2ft , from the
end of the beam, the full force of the strands are effective.

Factored moment on section.................... M, = max(MShr,Vu-dv) = 986.1-kip-ft

For the longitudinal strain calculations, an
initial assumption for 6 must be made....... 6 := 23.3-deg

Area of concrete on the tension side of the

MEMDET... .
. 2
Ac = Anc = beg-(Neg + 1.5in) = by (hpg = 0.5h — hig ) = Ang supnort — Ag = 490.3-in
My
d_ + 0.5V -cot(0) - Aps.Support'fpo
Longitudinal strain...............cccccvvvvvevenenee. Ey1 = Min -(1000),1|=-1.6
2'(E5'As + Ep'Aps.Support)
M 0.5 1V t(0) — A f
+U | u|'C°( ) ~ Aps.support fpo
. v
ey = if| £4q < 0,max 0.2, -(1000) |, €44 | = ~0.121
2'(Ec.beam'Ac + EgAg+ Ep'Aps.Support)
v v
— parameter............coccveviviieieeen = 0.146
fe fc.beam

Based on LRFD Table B5.2-1, the values of 6 and B can be approximately taken as:

Angle of inclination of compression

SEFESSES. ... vvvveeeeeeeeeeeeeeeeeie e eeeete e 6 = 23.3-deg

Factor relating to longitudinal strain on the

shear capacity of concrete...................... B:=279

Nominal shear resistance of concrete

T o] PRSI V= 0.0316- B3 [f. peamksi-b,,-d,, = 69.9-kip
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D2.2 g and 6 Parameters Method 2 [LRFD 5.8.3.4.2]

Myl
The strain | ressed lon tensi — + [Vu = Vp| ~ Aps.support Tpo
€ straln In nonprestressea Iong tension eql = min \' 10,006 | = —0.003456

i S
reinforcement...........ccooecciinenne Eg-As + EpAgs Support

[Myl

+ |Vu - Vp| = Aps.support fpo

e = if| €57 < 0,max| —0.0004, ,€¢1 | = ~0.000261

Ec.beamAc * EsAs + EpAps Support

Angle of inclination of compression stresses 3, = 48 4.013

1+ 750-| |

Factor relating to longitudinal strain on the 6, := 29 + 3500-¢4 = 28.1
shear capacity of concrete.......................

Nominal shear resistance of concrete
SECLION. e s Vc.l = 0.0316-61- ,fc.beam'ks"bv'dv = 100.6-kip

D2.3 g and 6 Parameters Method 3 [LRFD 5.8.3.4.3]

Nominal shear resistance provided by Vi- Mg,
concrete When inclined cracking results Vi = 0-02'\/f_'c'bv'dv + Vg + v >0.06- [f-b,d,,
from combined shear and moment max

Nominal shear resistance provided by
concrete when inclined cracking results Vew = (0.06- fo + 0.30-f
from excessive principal tensions in web

'bv'dv +V,

oo :

Modulus of rupture for LRFD Section

5.8.3.4.3 oo f 58343 = 02 [T peam ks = ~0.583ksi

Shear force due to unfactored dead

load (DC and DW) Vd = VDCBeammt(ShearChk) + VDWBeamInt(ShearChk) = 90.3-ki
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Moment due to
unfactored dead load on M := Mgaamint(ShearChk) + Mgy nt(ShearChk) + Mgqimsint(ShearChk) = 280.5-kip-ft
noncomposite member

|
Radius of gyration = |—= — 1257.in
Anc

Compressive stress in concrete after —F e (ypn — yb M- (yp — yb
allowance for all prestress losses at fIDC = pe.sI_l - cg.nc.tr.s( b nC) + d ( b nc) = 0.037-Ksi
centroid of cross section Anc L 2 Inc

Compressive stress due to effective

prestress forces only at the extreme pes |, ecg.nc.tr.s'ybnc

fiber where tensile stress is caused pre = Anc 2 = ~3.697-ksi
by externally applied loads r

. : Mg _
Mor_nent causing flexural crac_klng at Mcre = [Sp| fr58343 + pre + s = 4173-kip-ft
section due to externally applied loads bnc
Maximum factored moment at section Mmax = 1.75-M | Interior(ShearChk) = 472.6-kip-ft
due to externally applied loads
Factored shear force at section Vi = L75-V| | | Interior(ShearChk) = 191.5-kip

due to externally applied loads

Nominal shear resistance provided by concrete when inclined cracking results from combined shear
and moment

max

Vi-M
- i"Vcre - .
Vi = max[0.0Z- ,fc.beam'ks"bv'dv +Vg+ I ,0.06- /fc.beam'ks"bv'dv] = 1797.2-kif

Nominal shear resistance provided by concrete when inclined cracking result from excessive principal

tensions in web
) fc.beam . .
Vow = || 0-06- | = = ksi - 030-fc | by dy, + V| = 44.6-kip
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Nominal shear resistance of concrete
SECLION. ..t

Ve.2 = min(Vgi. Vey) = 44.6:kip

f
cotd:=| | min 1 + 3- L , 18| if V>V, |=1.038
/f -ksi
c.beam

1.0 otherwise

1
0o = atan(—j = 43.9-deg

Vn:VC+V +VS

p

Spacing of stirrups

Minimum transverse reinforcement..........

Transverse reinforcement required...........

Minimum transverse reinforcement
FEQUITE. ....coviviiiiiee e

coto
By = "NA"

0 B V.
Method 1 23.30 deg 2.79 69.94 kip
Method 2 28.09 deg 4.01 100.61 kip
Method 3 43.93 deg NA 44.59 kip

Yo

Stirrups
Size of stirrup bar ("4" "5" "6")... bar ;= "5"
Area of shear reinforcement.................... A, = 0.620-in2
Diameter of shear reinforcement.............. dia = 0.625-in

Nominal shear strength provided by shear reinforcement

v
V, = min((?u,o.ZS-fclbeam-bv-dv + va ~ 338.2-kip
\'

V=V, -V - Vp = 268.3-kip
A, f
Smin = vy - =57.7-in
0.0316~bv- fc.beam'ks'
_ Av-fy-dv-cot(e) _
Sreq = |f(vS < O,Smin,f = 12.5-in
s

5= mi”(sminﬂsreq) = 12.5-in
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Maximum transverse reinforcement spacing

V- d’v'Vp . . . . .
Smax = if o) 0.125-f; peqm. Min(0.8-dy,, 24-in), min(0.4-d,, 12-in) | = 12:i
v( \ v)

Spacing of transverse reinforcement
cannot exceed the following spacing........ spacing := if(smax > s,s,smax) =12-in

D3. Longitudinal Reinforcement [LRFD 5.8.3.5]

For sections not subjected to torsion, longitudinal reinforcement shall be proportioned so that at each section
the tensile capacity of the reinforcement on the flexural tension side of the member, taking into account any
lack of full development of that reinforcement, shall be proportioned to satisfy:

General equation for force in longitudinal reinforcement

Mal (| Ve
T=——+||— - Vp - 0.5-Vg |-cot(6)
dy-dp by
A, -f.,-d,-cot(6) V
WHETE. ..o Vo= minl —2———— 2| _ 279.8.kip
spacing by
Mal (] Vo
AN T= -+ [— - Vp - 0.5:Vg [-i cot(6) = 7212.7-kip
dv'(b by

At the shear check location

Longitudinal reinforcement, previously
computed for positive moment design.......

2
Aos.Support = 67-in

Equivalent force provided by this steel...... TpsShearChk = Aps.Support'fpe = 1362.2-kip

LRFDg g 3 5:= | "Ok, positive moment longitudinal reinforcement is adequate”  if TpsShearChk >T

"NG, positive moment longitudinal reinforcement shall be provided" otherwise

LRFDg g 3 5 = "NG, positive moment longitudinal reinforcement shall be provided"
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At the support location

General equation for force in longitudinal reinforcement

My Vu
T= +| == = 0.5:Vg =V, |-cot(6) where M, = 0-ft-kip
dv'q)b s
A, -f.,-d,-cot(6) V
WHETE. ..o Vo= minl —2———— 2| _ 279.8.kip
spacing by
Vi
AN T=1—-05V- Vp -cot(0) = 460.6-kip
V

In determining the tensile force that the reinforcement is expected to resist at the inside edge of the bearing
area, the values calculated at d,, = 3.2ft from the face of the support may be used. Note that the force is

greater due to the contribution of the moment at d,,. For this example, the actual values at the face of the
support will be used.

Longitudinal reinforcement, previously
computed for positive moment design.......

2
Aos.Support = 67-in

The prestressing strand force is not all effective at the support area due to the transfer length required to go
from zero force to maximum force. A factor will be applied that takes this into account.

Transfer length..........cccooooiiiiiiiiniinnn, Ltransfer = 36:In
Distance from center line of bearing to end

of beam......ccoooo J=8in
Estimated length of bearing pad............... Lpad = 8-in

Determine the force effective at the inside edge of the bearina area.

L
J+ _pad

Factor to account for effective force........ Factor := 2 =0.333
transfer

Equivalent force provided by this steel...... Factor = 454.1-kip

TpsSupport = Aps.Support'fpe'

LRFDE g 2.5 = | "Ok, positive moment longitudinal reinforcement is adequate™ if T T

psSupport 2
"NG, positive moment longitudinal reinforcement shall be provided" otherwise

LRFDg g 3 5 = "NG, positive moment longitudinal reinforcement shall be provided"

Superstructure Design 2.04 Prestressed Beam Design - Part |

86




If the equation is not satisfied, we can increase the shear steel contribution by specifying the actual stirrup spacing
used at this location. Based on the Design Standard, stirrups are at the following spacing.

spacing ;= 3-in
A, -f.,-d,-cot(6) V
Fe-COMPULING....oevveeiiiiieeeieeeiii e Vg.= min L—u = 338.2-kip
spacing by
Vi .
AN T=1—-05V- Vp -cot(0) = 392.7-kip
V
Equivalent force provided by this steel.... W:: ApS.Support-fpe-Factor = 454.1-kip
LRFDE g2.5,= | "Ok, positive moment longitudinal reinforcement is adequate”  if TpsSupport >T

"NG, positive moment longitudinal reinforcement shall be provided" otherwise

LRFDg g 3 5 = "OK, positive moment longitudinal reinforcement is adequate”

DA4. Interface Shear Reinforcement [LRFD 5.8.4]

Assumed a roughened surface per LRFD Go=028ksi p:=100 Ky:=03 Kj,:=18ksi
5.8.4.3:

Distance between the centroid of the

t
. : : slab
steel in the tension side of_the beam to dinterface.avg = dp -
the center of the compression blocks in
the deck
Vu.interface = Vu
Interface shear force per unit length per (VA .
LRFD C5.8.4.2-7 V= —interface g3 XiPp
dinterface.avg in
V .
uh kip
Vih.reqd = T = 92'?
\
in in2
ACV = btf(mj = 48'?

Vih.max = mi”(KZ'Acv’ Kl'fc.slab'Acv)'ft = 777.6-kip

CheckV pp reqd = if (Vih.reqd Tt < Vah.max- "OK" » "No Good" ) = "OK"
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The minimum reinforcement
requirement may be waived if

Vuh

ACV
LRFD 5.8.4.4 are satisfied.

Design interface steel per LRFD
5.8.4.1-3, if required

CheckInterfaceSteel := if

—— < 0.21 ksi assuming requirements of

Avf.min := if| MinInterfaceReinfReqd = "Yes" ’min[o'%'Acv'_»

V,

(W)

Minimum interface steel, if required

ksi 1-33-Vhreqd — C'Acv] 0 ﬁ

y iy ft
Vnh.regd ~ ¢Acv in’ in’
AVf des == max| ,00— | =0-—
: u, ft ft
.2
_ _in
Avf.reqd = maX(Avf.min’Avf.des) = 0'?

Area of reinforcement passing through the A _ _ Ay _ 248 ﬁ
interface between the deck and the girder. v.prov.interface -~ spacing Cft
Minimum interface steel, if required
in2
TotallnterfaceSteelProvided := Av.prov.interface = 2.5~?

.2
. in
TotallnterfaceSteelRequired := Avf.reqd = 0-?

TotallnterfaceSteelProvided

; >1,"OK" ,"Add Interface Steel"
in

TotallnterfaceSteelRequired + 0.001~?

TotallnterfaceSteelProvided

CRnterfaceSteel =

= 2480
.2
in

TotallnterfaceSteelRequired + 0.001~?

h
MinInterfaceReinfReqd := if(—u < 0.21-ksi,"No" ,"Yes"

= "OK"
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Note:

Typically shear steel is extended up into the deck slab.
These calculations are based on shear steel functioning as interface reinforcing.

The interface_factor can be used to adjust this assumption.

Several important design checks were not performed in this design example (to reduce the length of
calculations). However, the engineer should assure that the following has been done at a minimum:

e Design for anchorage steel

e Design for camber

E. Summary

e Design check for beam transportation loads
¢ Design for fatigue checks when applicable

|~

W

|

! A o - fully bonded strands.

| ) ® - strands debonded 10'-0"

! & [¢] - strands debonded 20-0"

| ] A\ - strands debonded -

! w

T n ~ @ strands debonded '-_

stal trands Debonde

l é B+ é l Total 8 Strands Debonded

| i

16 Spaces @ 2" 3" ‘

STRAND DESCRIPTION:

TYyPEQ) 39 STRANDS

Use 0.6" Diameter, Grade 270, Low lax Strands stressed at 44.0 kips each. Area per strand equals

[~ STRAND DEBONDING LEGEND

fraom end of beam.
from end of beam.
" from end of beam.

" from end of beam.

s 0.217 sq.

in.

STRAND PATTERNS
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SUPERSTRUCTURE DESIGN

Prestressed Beam Design - Part 11

Reference

me Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\204PSBeam1.xmcd(R)

Description

This section provides the design of the prestressed concrete beam - exterior beam design.
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A. Input Variables

Al. Bridge Geometry

Overall bridge length....... '—bridge = 180 ft

Design span length......... '-span = 90ft

Skew angle.............cc.... Skew = —20-deg

A2. Section Properties

NON-COMPOSITE PROPERTIES FIB-36
Moment of Inertia [in4 e 127545
Section Area [in?] A 807
ytop [in] Yo 19.51
ybot [in] yb.. 16.49
Depth [in] h.. 36
Top flange width [in] b 48
Top flange depth [in] hy 35
Width of web [in] b, 7
Bottom flange width [in] b 38
Bottom flange depth [in] hy 7
Bottom flange taper [in] E 15.5
Section Modulus top [inq] Sie 6537
Section Modulus bottom  [in?] Sonc 7735
COMPOSITE SECTION PROPERTIES INTERIOR ~ EXTERIOR
Effective slab width [iN] D interior/exterior 120.0 139.4
Transformed slab width [in] By interior/exterior 87.3 101.5
Height of composite section [in] h 45.0 45.0
Effective slab area [in?] Agb 698.5 811.6
Areaof composite section [iN?2] A eriorexterior 1553.5 1666.6
Neutral axis to bottom fiber [in] Yo 28.1 29.0
Neutral axis to top fiber [in] Y, 16.9 16.0
Inertia of composite section [IN*] | eriorexterior  399675.0 377743.8
Section modulus top of slab [in9] S 21318.8 23612.2
Section modulus top of beam [in9] S 45694.6 53980.3
Section modulus bottom of beam [in] S, 12786.8 13024.7
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A3. Superstructure Loads at Midspan

DC Moment of Beam at Release............... MrelBeams= MRelBeamExt(Midspan) = 833.7-Kip-ft
DC Moment of Beam..........ccccooeveeeririnnns Mpeam= MBeamext(Midspan) = 809.1-Kip-ft

DC Moment of Slab............cccccceeeeinnenn. Mslas:= Mgjapext(Midspan) = 1023.9-kip-ft

DC Moment of stay-in-place forms.......... Meosms, = MFEormsExt(Midspan) = 57.8-kip-ft

DC Moment of traffic railing barriers........ M= MTrpExt(Midspan) = 141.7 Kip-ft

DW Moment of future wearing surface.... Mewsi= MEwsExt(Midspan) = 0-kip-ft

DW Moment of Utilities................ccceenn. M ity = MUtiIityExt(MidSpa”) = 0-kip-ft

Live Load Moment.............oeeeeeiiiiinnnnn. M= MLLILExterior(Midspan) = 2250.6-kip-ft

Servicel = 1.0.DC + 1.0-DW + 1.0-LL
e Service |l Limit State..........ccocevvvennnen.

Mewd,= 1'0'(MBeam *+ Mgjap + MEorms + IV'Trb) + 1'0'(MFWS + MUtiIity) + l'(J'('\/'LLI) = 4283 kip-ft

Service3 = 1.0-DC + 1.0-DW + 0.8-LL
e Service Il Limit State.............ceeenees

Msaa,= 10(MBeam + Msjap + MEorms + Mrp) + 1.0:(Mpys + Mugility) + 0-8:(M ) = 3832.9-kip-ft

Strengthl = 1.25-DC + 1.50-DW + 1.75-LL
e Strength I Limit State........................
M= 125 (Mgeam + Mgjah + MEorms + Mrp) + 1.50(Mpys + Myiity) + L.75:(M_ ) = 6479.1-kip-ft

A4, Superstructure Loads at Debonding Locations

DC Moment of Beam at Release -
Debondl = 10ﬁ. Locatlon ........................ M/RQJMHN:: MReIBeamEXt(Debondl) = 3324k|pﬁ
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DC Moment of Beam at Release -
Debond2 = Zoﬁ. Locatlon ....................... M/RNW:: MReIBeamEXt(DebondZ) = 5807k|pﬁ

Ab5. Superstructure Loads at the Other Locations

At Support location

DC Shear &

Moment................ooeeennn Vbc . BeamExt(Support) = 92.6-kip Mpc . BeamExt(Support) = 0-kip-ft
DW Shear & Moment .... VbW .BeamExt(Support) = 0-kip Mpw . BeamExt(Support) = 0-kip-ft
LL Shear & Moment.. .... V| LI.Exterior(Support) = 116.1-kip M\ L|.Exterior(Support) = 0-kip-ft

Strengthl = 1.25-DC + 1.50-DW + 1.75-LL
e Strength I Limit State

Vinsupports= 125VDC Beamext(SUPPOM) + 1.50-(Vpyy Beamext(SUPPOM) ) + 1.75-(VL | | Exterior(SuppOrt)) = 318.9-}

At Shear Check location

DC Shear &

Moment...........ccoovvvvnnnns Vb BeamExt(ShearChk) = 85.9-kip Mpc BeamExt(ShearChk) = 285.7-kip-ft
DW Shear & Moment .... Vbw.BeamExt(ShearChk) = 0-kip Mpw BeamExt(ShearChk) = 0-kip-ft
LL Shear & Moment.. .... V| LI.Exterior(ShearChk) = 110.4-kip M\ || .Exterior(ShearChk) = 335.3-kip-ft

Strengthl = 1.25-DC + 1.50-DW + 1.75-LL
e Strength I Limit State

M= 125Vpe Beamext(ShearChk) + 1.50-(Vpyy geamext(ShearChk)) + 1.75-(V | | exterior(ShearChk)) = 300.6-k

Mshw= 1.25-Mpc Beamext(ShearChk) + 1.50-(Mpyy geamext(Shearchk)) + 1.75:(M | | gxterior(ShearChk)) = 944 ft
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B. Exterior Beam Midspan Moment Design

B1. Strand Pattern definition at Midspan

Using the following schematic, the proposed strand pattern at the midspan section can be defined.

&
| | | | |
| | | | |
T T T T T 1 :
\ | | \ \
\ | | \ \
\ | | \ \
| | | | | ]
} | | } ELEVATION }
SUPPORT SHEARCHK DEBOND 1 DEBOND 2 MIDSPAN
7 SPACES
@ 2"
| | | |
- -
3
L'
.
«Jrs“,%m SPACES @ 2" ———3"#

STRAND PATTERN DEFINITIONS AND BEAM LOCATIONS

Support = 0 ShearChk = 3.2t Debondl = 10ft Debond2 = 20ft Midspan = 43.88 ft

Strand pattern at midspan

Strand type.........ccccennnn. strandq per= "LowLax" (Note: Options ("LowLax" "StressRelieved" )
Strand Siz€..........ceeeveeen. strandgia, = 0.6:in (Note: Options (0.5-in 0.5625-in 0.6-in)
Strand area.................... StrandArea:= (|0.153 if strandgi, = 05in  -in® = 0.217-in”

0.192 if stranddia = 0.5625-in

0.217 if stranddia = 0.6-in

0.0 otherwise
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Define the number of strands
and eccentricity of strands

from bottom of beam...... MIDSPAN Strand Pattern Data
BeamType = "FIB-36"
Rows of strand Number of
from bottom of Input strands
beam (inches) per row MIDSPAN
y9 = 19 no = 0
y8 = 17 ng = 0
y7 = 15 n7 = 0
y6 = 13 n6 = 0
y5 = 11 n5 = 0
y4 = 9 n4 = 0
y3 = 7 n3 = 5
y2 = 5 n2 = 17
yl= 3 nl= 17
Strand c.g. = 4.38 Total strands = 39
Area of prestressing steel........................ MSWWZ (strandstotarStrandArea)

.2
Aps.midspan = 851N

Transformed section properties

SDG 4.3.1-C6 states: When calculating the Service limit state capacity for pretensioned concrete flat slabs and
girders, use the transformed section properties as follows: at strand transfer; for calculation of prestress losses; for
live load application.

Modular ratio between the prestressing E
strand and beam. ............cc, n, = —P  _ 5961
c.beam
Non-composite area transformed............. Ancin= Anc * (np - 1)'Aps.midspan = 849-in2

) Ybpe Ane + strandcg-in-[(np - 1)'Aps.midspan]
Anc.tr

= 15.9:in

Non-composite neutral axis transformed...  yboo .-

Non-composite inertia transformed... 1., = 1. + (ybnc.tr - strandcg-in)z-[(np - 1)'Aps.midspan] — 133104.1-in"

. . nc.tr .3
Non-composite section modulus top......... Stopns = T = 6619.2:in
P P e = Yone.tr
. . In.tr 3
Non-composite section modulus bottom.... Sy oo = . = 8375.9-in
YOnc.tr
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Modular ratio between the mild reinforcing E

S
and transformed concrete beam............... Moo= = 6.066
c.beam
Assumed area of reinforcement in deck in2
slab per foot width of deck slab............... BPoeckrebars= 062 — (Note: Assuming #5 at 12'spacing, top
ft and bottom longitudinally).

. tslab
Distance from bottom of beam to rebar.... Ybars= N~ tmill — T = 40.5-in
Total reinforcing steel within effective width )
of deckslab........cooovviiiiiiiiiiiiin Ahai = beff.exterior'Adeck.rebar = 7.2-In

. .2

Composite area transformed.................... A= AExterior + (np - 1)'Aps.midspan + (nm - 1)'Abar = 1745-in

Composite neutral axis transformed..........

_ Y'b Aexterior T Stra”dcg'i”'(”p - 1)'Aps.midspan + ybar'(nm - 1)'Abar _28.7:in
Atr

Composite inertia transformed..................
e, =1 d. i 2 1)-A 2 1)-An,, = 407 in*
~y = 'Exterior T (yb.tr — stran Cg"”) '[(”p - ) ps.midspan] + (yb.tr - ybar) '(”m - ) par = 407590-in

Composite section modulus top of Iy 3
——— = 24929.6-in

h = Yptr

lr

_ _ 59505.2.in°
h = Yp.tr = tslab ~ tmill = Mbuildup

Composite section modulus bottom of liy 3
DEAM. ..o Shettn= —— = 14226.4-in
Yb.tr

Eccentricity of strands at midspan for
COMPOSIte SECLION.....coovieeieee e Sogutki= Ybotr ~ strandcg-in = 24.3-in
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B2. Prestressing Losses [LRFD 5.9.5]

For prestressing members, the total loss, Apr , is expressed as:

Do
where... long-term loss shrinkage
and creep for concrete, and
relaxation of the steel....... AprT

Loss due to elastic shortening is not included in the total loss equation due to the use of transformed section
properties.

Initial Stress in Strands

Specified yield strength of the prestressing

steel [LRFD 5.4.4.1]...coovvvvoooooooooo Spyi= | (0:85Fpy) if strandyype = "StressRelieved” = 243-ksi
(0.90~fpu) if strandy e = "Lowlax"
Jacking stress [LRFD 5.9.3]................... faii= (0.70-fpu) if strandyye = "StressRelieved” = 202.5-ksi

(0.75-pr) if strandy e = "Lowlax”

Elastic Shortening

When calculating concrete stresses using transformed section properties, the effects of losses and gains due to
elastic deformations are implicitly accounted for and AprS should not be included in the prestressing force

applied to the transformed section at transfer. However, the elastic shortening loss is needed for calculation of
the stress in prestressing and relaxation of prestressing strands. The loss due to elastic shortening in
pretensioned members shall be taken as:

Ep
AfpEs = E_Ci'fcgp where.........

Modulus of elasticity of concrete at transfer of
Prestress force.......oovvvvviiiiniieeeieeeciiiinnnn,

Eci peam = 4016.8-ksi

Modulus elasticity of prestressing steel.....

Ep = 28500-ksi
Eccentricity of strands at midspan for _ . .
NON-COMPOSite SECtioN...........cc.ceevvennne.. Regaatn, = Yonc.gr — Strandegrin = 11.5:in
Corresponding total prestressing force...... Fosa= Aps'fpj = 1713.8-kip
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Concrete stresses at c.g. of the prestressing

force at transfer and the self wt of the beam = F_.e 2 M e
at maximum moment location.................. foan = P + pscg.nctr  TRelBeam “eg et = 2.86-ksi
Anc.tr Inc.tr Inc.tr
. . Ep .
Losses due to elastic shortening............... AprS = E_—'fcgp = 20.28-ksi
ci.beam
Prestressing stress at transfer.................. Sati= |f(fpj ~ Afpeg 2 0.55f . fii - AprS,O.SSfpy) = 182.22-ksi

Time-Dependent Losses - Approximate Estimate LRFD 5.9.5.3

Long-term prestress loss due to creep of concrete,
shrinkage of concrete, and relaxation of steel:

_ 200 i Pps h
nc.tr

pe= 17— 00L-H=095

5
e~ = 0.714
fci.beam
+ -
ksi
Apr = [2.4ksi if strandtype = "LowLax = 2.4-ksi

(10.0ksi) if strandtype = "StressRelieved"

fi-A
pJ " ps . .
m:: 10.0- A N Vst + 12.0ksi-vypgt + Apr = 24.2-ksi
nc.tr
Total Prestress Loss - Approximate Estimate
The total loss, Afp-ro, is expressed as..... Do, = AfpLT = 24.2:ksi
AprO
Percent loss of strand force.................... Loss := . 12-%
J]
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Time-Dependent Losses - Refined Estimates

LRFD 5.9.5.4

Long-term prestress loss due to creep of concrete,

shrinkage of concrete, and relaxation of steel:

Shrinkage;

AfpSR = EbIdEpKld where...

Il
—0.118 -0.118
Linfin= 1:9Kys gKne.gkegkid.fi To =13 Landi= 1-9°Kys g Khe.d K d Kd.d.fd To =17
-0.118
Lindi = 19Ky g'Kne.g Kt gKed.di- To =1
—-0.118

L= 1-9Kys g Kne g ke gkid fd T1 =07
Shrinkage Strain..............ccceevevvevveeveenenn. &higv= Kvs.g Kns Kf.g 'Kt gi-0-00048 = 0.000248
Transformed section coefficient......... K= L . =028

E A A -e
1y P _Tps |, nc.tr'cg.nc.tr .(1 . 0-7'“Pb.fi)
Ecibeam Anc.tr Inc.tr
Losses due to shrinkage of girder between
time of transfer and deck placement......... AfpSR = ebid'Ep'Kid = 5.7-ksi
Creep;q
Losses due to creep of girder between E
time of transfer and deck placement......... AprR = - 'fcgp"Pb.di'Kid = 16.1-ksi
ci.beam

AfycR = 16.1 ksi

Relaxation of Prestressing Strands;
K= |30 if strandtyIOe ="LowLax" =30
Per AASHTO LRFD 5.9.5.4.2c Af
. PR1 7 otherwise
may be assumed to equal 1.2 ksi for
low-relaxation strands.
Losses due to relaxation of fpt fpt
prestressing strands between time of AfoRa= | 0| 7— - 055] if strandtyloe = "StressRelieved" = 1.2-ksi
transfer and deck placement............. KL fpy
1.2ksi if strandtype = "LowLax"
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Total Time-Dependent Losses -

Between time of transfer and deck AfIQI Tuidh= AfpSR + AprR + Aprl = 23-ksi
placement

Shrinkage;

Afysp = epgEp-Kyf

Shrinkage Strain...........ccccooovveiiiiiiiinnnnn. Ehdfn= kvs.g'khs'kf.g'ktd.fd'0-00048 = 0.000324
Transformed section coefficient.............. Kig = ! . =0.812
E A A e
Ecibeam Atr lr
Losses due to shrinkage of girder between
deck placement and final time.................. AfpSD = epqf-Ep-Kaf = 7.511 ksi
Creepy;
Ep E
Afpep = = Tegp (fi — i) Kar + 2 Afeq g Kot
ci.beam c.beam
Permanent load moments at midspan
acting on non-composite section (except _ 3 .
beam at transfer)............c.cccveevevveernennnnn, Mno,= Msiab + Mporms = 1081.7-kip-ft
Permanent load moments at midspan
acting on composite section..................... M= My + Mpys + MUtiIity = 141.7-kip-ft

Loss in the strands...........cccooeeeevveviiiennnn, Ploss = Aps'AprT.id = 194.7-kip

Change in concrete stress at centroid

of prestressing strands due to ) P, M. e M-e
long-term losses between transfer Af. = loss _ ZlossZeg.netr  nc egnedr co.r = —1.65-ksi

and deck placement....................... Anc.tr Inc.tr Inc.tr liy

Losses due to creep between deck
placement and final time..............

E E

p
Ao~ T Tegp(Po.fi ~ Po.di) Kaf *+ 2
ci.beam c.beam
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Relaxation
Losses due to relaxation of prestressing

strands in composite section between
time of deck placement and final time....... Afora= Aprl = 1.2-ksi

Shrinkage of Decking

E
c.beam
Shrinkage SN, WZ: kVSdkhSkfdktdfd000048 = 0.000413
Eccentricity of deck with respect to gross tolab
COMPOSIte SECLION......oeveeeeeeeee e Ld= Vi~ — - 12-in

Change in concrete stress at centroid of
prestressing strands due to shrinkage of AF e -
deck CONCIEte. ..........cvviviriieiiieieiine, AnoaHw ™ (1+ 0704 )

Enqne-Dape et E €eg.tr®
_ =ddf Peff.interior "slab c.slab' 1 “cgtrtd — _0.09-ksi
Ar

Losses due to shrinkage of deck Ep
COMPOSIte SECION. ....vvevieereieiee e Afossi= -Afcdf-de-(l + 0.7«pb.fd) = —0.66-ksi
c.beam

Total Time-Dependent Losses - Between deck placement and final time

Total Time-Dependent Losses AN AprT.id + AprT.df = 31.5-ksi
Total Prestress Loss - Refined Estimates
The total loss, Afp-rl, is expressed as..... Aprl = Afy) 7 = 315ksi
Aprl
Percent loss of strand force..................... Loss := =15.6-%
i
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Per SDG 4.3.1.C.6, use the Approximate Estimate of Time- Dependent
Losses for precast, pretensioned, normal weight concrete members designed as simply supported beams
(typical condition). For all other members use the Refined Estimates of Time-Dependent L osses.

(If refined method is preferred
type in Refined Estimate”
under conditions.)

Conditions := "Approximate Estimate"
MWWWWWWWWWWW

Total Prestress Loss

Stress Summary Table
Approximate Estimate
Prestressing Stress Prior to Transfer | f, 202.5 ksi
Prestressing Stress at Transfer fot 182.22 ksi
Loss Due to Relaxation Af g 2.40 ksi
Total Prestressing Loss Apr 24.24 ksi
Loss 11.97 %
bl

B3. Stress Limits (Compression = +, Tension = -)

Initial Stresses [SDG 4.3]

Limit of tension in top of beam at release (straight strand only)

Outer 15 percent of design beam........ ftop.outer1s = —0-93-ksi

Center 70 percent of design beam...... ftop.center7o = ~0.-2'ksi
Limit of compressive concrete strength at ~ )
FIEASE. .. ...veevveeveeie et 0.6fcj peam = 3-6-ksi

Total jacking force of strands.................. -Aps = 1713.8-kip

Fpj = Toj

The actual stress in strand after losses at

transfer have occured...........ccoeevvnevnnnnnn, Atpeé: fpj = 202.5-ksi

Calculate the stress at the top and bottom of beam at release:

Total force of strands..............cocvvevvvnnnnn. F

oo~ foeAps = 1713.8-kip
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M F F..-e
B RelBeaer( pe _pe Cg'nc'trlzo_ssksi

0 i =
Stress at top of beam at center 70%......... ARATORHY Stopnc.tr Anc.ir Stopnc.tr
_ B ~MRelBeam Fpe Fpe'ecg.nc.tr — 318-ksi
Stress at bottom of beam at center 70%...  A/piBotBearn ™ ~ g NN = Sl
botnc.tr nc.tr botnc.tr

JRIORelease, = | "OK" If opiTop70 < 0-KSl A 0piTon70 = ftop.center70

"OK" if O'pJTop70 > 0-ksi A Gp]TOp?O < OGfCIbeam

"NG" otherwise

where ftop.center?O = —0.2-ksi where 0.6f;; paam = 3-6-ksi Top70Release = "OK"
BotRelease := |"OK" if OpjBotBeam < 0.6f;i peam
"NG" if TpjBotBeam < 0-ksi

"NG" otherwise

. BotRelease = "OK"
where 0.6f;; paam = 3-6-ksi

(Note: Some MathCad equation explanations-
e The check for the top beam stresses checks to see if tension is present, OpjTop70 < 0-ksi, and then

applies the proper allowable. A separate line is used for the compression and tension allowables.
The last line, "NG" otherwise, is a catch-all statement such that if the actual stress is not within
the allowables, it is considered NG?)

e Forthe bottom beam, the first line, UijotBeam < 0.6f checks that the allowable

ci.beam
compression is not exceeded. The second line assures that no tension is present, if there is then the
variable will be set to NG!' The catch-all statement, "NG" otherwise , will be ignored since the

first line was satisfied. If the stress were to exceed the allowable, neither of the first two lines will
be satisfied therefore the last line would produce the answer of NG’

Final Stresses [LRFD Table 5.9.4.2.1-1 & 5.9.4.2.2-1]

(1) Sum of effective prestress and permanent loads

Limit of compression in slab.............. fallowd.Fopsiab = 0-45Tc slap = 2.03-ksi

Limit of compression in top of beam.. fallowd.FopReanm. = 045 Tc peam = 3.83-ksi
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(2) Sum of effective prestress, permanent loads and transient loads

(Note: The engineer is reminded that this check needs to be made also for stresses during shipping and
handling. For purposes of this design example, this calculation is omitted).

Limit of compression in slab.............. fallowe.Fopslaby = 0-60-Tc sjap = 2.7-ksl
Limit of compression in top of beam.. fatloweFoppeanm. = 0-60-fc peam = 5-1-ksi

(3) Tension at bottom of beam only

Limit of tension in bottom of beam.....

fallowaBoiBeamy= (—0.0948 ,fc.beam'kSi) if Environmentsuper: "Extremely" = —0.55-ksi

(—0.19 ,fc.beam'ks'i) otherwise

(Note: For not worse than moderate corrosion
conditions.) EnvironmentSuper = "Slightly"

B4. Service | and 111 Limit States

At service, check the stresses of the beam for compression and tension. In addition, the forces in the strands
after losses need to be checked.

The actual stress in strand after all losses .
haVve 0CCUIEd.......vvveeeeeeeeeeeeeeeeeeeees fpey=Toj = Afg = 178.3-ksi

Allowable stress in strand after all losses

NAVE OCCUIEU. ... .eeveeeeeeeeeeeeeeeeeeeeeenns fpevAlauw= 0-80 Ty, = 194.4-ksi
LRFD5 03" "OK, stress at service after losses satisfied" if fpe < fpe.AIIow

"NG, stress at service after losses not satisfied" otherwise

LRFDg g 5 = "OK, stress at service after losses satisfied"

Calculate the stress due to prestress at the top and bottom of beam at midspan:

F

Total force of strands...........cocvevveevennn... Fpe= TpeAps = 1508.6-kip
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pe  pe€cg.nc.tr

= = —0.85-ksi
.............................. ApeTapBeary
Stress at top of beam Anc.ir Stopne.tr
_ Fre  Fpe€cgnc.tr _ 3.85.ksi
Stress at bottom of beam......................... RpeBatBeam ~ 5 T T g = S80Sl
ne.tr botnc.tr

Service | Limit State

The compressive stresses in the top of the beam will be checked for the following conditions:

(1) Sum of effective prestress and permanent loads
(2) Sum of effective prestress and permanent loads and transient loads

(Note: Transient loads can include loads during shipping and handling. For purposes of this design
example, these loads are omitted).

(1) Sum of effective prestress and permanent loads. The stress due to permanent loads can be calculated as
follows:

L _ M1rh + MEws + Mutility
Stress in top of slab..........cococoeveven.... AerRopSlatn =

= 0.07-ksi

Sslab.tr

Stress in top of beam........................

MBeam + Mglab + MForms . MTrp + MEws + Mutility

S TopBeamn= S S + OpeTopBeam = 2-61-ksi
topnc.tr top.tr
Check top slab stresses..................... SRRl = 'f(01T0p5|ab < Tallow1.Topslab> “OK","NG )
where fallowl.TopSIab = 2.03-ksi TopSlabl = "OK"
Check top beam stresses................... NRREEAMEN= 'f(clTOPBeam < Tallow1.TopBeam- "OK" ,"NG )
where fa“OWl.TOpBeam = 3.83-ksi TOpBeaml — "OK"
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(2) Sum of effective prestress, permanent loads and transient loads

M
LLI .
Stress in top of slab...............coco...... RéTopsiab= L TopSlab * Sqlabtr L15-ksi
o1 ML gk
Stress in top of beam....................... 4T opBeam~ °-TopBeam * Stoptr | el
Check top slab stresses............cc....... Topslah2 := if(GZTopSIab < fallowz.TopSIab’"OK" ,"NG")
where faIIOWZ.TopSIab = 2.7-ksi TopSlah2 = "OK"
Check top beam stresses................... TopBeam2 := if(CZTopBeam < fallowz.TopBeam»"OK" ,"NG")
where faIIOWZ.TopBeam = 5.1-ksi TopBeam2 = "OK"
Service Ill Limit State total stresses
(3) Tension at bottom of beam only
Stress in bottom of beam..................
) ~MBeam = Msiab = Mrorms  ~MTrb — Mpws — IV'Utility “Mp ‘
F3BatBeam = S + S + OpeBotBeam + 0-8 S = —0.5ks|
botnc.tr bot.tr bot.tr
Check bottom beam stresses............. BURSNR= 'f(G3BOIBE‘am = Tallow3 BotBeam- "OK" . "NG )
where T, 10w3.BotBeam = —0-55-ksi BotBeam3 = "OK"
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B5. Strength | Limit State moment capacity [LRFD 5.7.3]
Strength | Limit State design moment.......
M, = 6479.1 ft-kip
Factored resistance

M, = oMy

Nominal flexural resistance
he

a a - , a \ a
M, = Aps-fps-(dp - Ej + Agf -(ds - E) - As-fs-[ds - Ej + 0.85-fc-(b - bW)-hf-[E - 7}

For a rectangular, section without compression reinforcement,

a a _
M, = Aps'fps'(dp - Ej + As'fy'(ds - E) where a = 31-c
and
. Aps'fpu + As'fs
f
0,85y b + k-Apg =
dp

In order to determine the average stress in the prestressing steel to be used for moment capacity, a factor "k"
needs to be computed.

oy

Value for K" ..o k:=2104-—|=0.28
A f
pu
. fc beam — 4000-psi
Stress block factor............ccoeevvveviivnnennnn. 34,;= min max 0.85 — 0.05: - ,0.65(,0.85| = 0.65
1000-psi
Distance from the compression fiber to cg
OF Prestress......ovvveveiiiieeeeiiiiiiiee e A&’m: h - strandcg-in = 40.6-in
. . . ' .2 (Note: For strength calculations, deck

Area of reinforcing mild steel................... Ag= 0-in reinforcement is conservatively ignored.)

Distance from compression fiber to

reinforcing mild steel................cccevvvvnnnnn. de ;= 0-in
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Assume fg = fy [LRFD 5.7.2.1]............... o= Ty = 60ksi
Distance between the neutral axis and Ans oy + Asfs
COMPressive face........ooeevvvvvviviiiinienenne, o PP e 4.64-in
pu
0.85-T¢ heam'P1 Ptr.exterior * k'Aps'd_
p
Depth of equivalent stress block............... 2= PBq-c=3.02in
. . c .
Average stress in prestressing steel........... Atp&v:: fpu-(l - kd—j = 261.4-ksi
p
Resistance factor for tension and flexure of
prestressed members [LRFD 5.5.4.2]......
¢'=1.00
Moment capacity provided M = " Anefree| d )+ At d 2= 7208.2-kip-ft
pacity provided...................... nokown= P psfps’ dp 5 + Agfy s=5|= .2-kip-
Check moment capacity provided exceeds
FEQUITE. ....ooviiiiii e e Momentcapaciw:: "OK" if 'V'r.prov > M,
"NG" otherwise
where Mome”tCapacity = "OK"
M, = 6479.1-ft-kip
Check assumption that fo= fy ................. Check fs = if(AS =0,"0OK" ,if(di < 0.6,"OK" ,"Not OK"
s

Check_f, = "OK"

)
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B6. Limits for Reinforcement [LRFD 5.7.3.3]

Minimum Reinforcement

The minimum reinforcement requirements ensure the factored moment capacity provided is at least equal to the
lesser of the cracking moment and 1.33 times the factored moment required by the applicable strength load
combinations.

Modulus of Rupture............cccoeevveieennnnnns =024 “C.beam'kSi = —0.7-ksi [SDG 1.4.1.B]

Total unfactored dead load moment on
noncomposite Section..............cvvvvvvvennnn. Mync := MBeam + Mnc = 1890.8-kip-ft

Flexural cracking variability factor
(1.2 for precast segmental structures,
1.6 Otherwise)........ccovvvvviiniieieiiieiiiinnnn, Sas= 1.6

Prestress variability (1.1 for bonded tendons,
1.0 for unbonded tendons)...................... Qay=11

Ratio of specified minimum yield strength

to ultimate tensile strength of the

reinforcement (0.67 for A615 Grade 60

reinforcement, 0.75 for A706 Grade 60

reinforcement, 1.00 for prestressed concrete

SEIUCLUIES) v e e Jge= 1.00

Cracking moment...........cccovvvvviiiiinneennnn,

Shot.tr i
Mexi= 3 (’Yl'fr + ’YZ'UpeBotBeam)'Sbot.tr - Md.nc'(s — 1| =2299-kip-ft
botnc.tr

Required flexural resistance............. M:: min(Mcr,133-%-Mr) = 2299-kip-ft

Check that the capacity provided, My oo, = 7208.2-ft-kip , exceeds minimum requirements,
My reqd = 2299-ft-kip .
LRFDE 22.3.2:= |"OK, minimum reinforcement for positive moment is satisfied" if Mr.prov > Mr.reqd

"NG, reinforcement for positive moment is less than minimum" otherwise

LRFDg 7 3 3 9 = "OK, minimum reinforcement for positive moment is satisfied"
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C. Interior Beam Debonding Requirements
C1. Strand Pattern definition at Support

Define the number of strands and eccentricity of strands from bottom of beam at Support = 0

SUPPORT Strand Pattern Data
Rows ot Number
strand from of Number of
bottom of Input strands strands per
beam (inches) per row MIDSPAN row SUPPORT COMMENTS
y9 = 19 n9 = 0 n9 = 0
y8 = 17 n8 = 0 n8 = 0
y7 = 15 n7 = 0 n7 = 0
y6 = 13 né = 0 neé = 0
y5 = 11 n5 = 0 n5 = 0
y4 = 9 n4 = 0 n4 = 0
y3 = 7 n3 = 5 n3 = 5
y2 = 5 n2 = 17 n2 = 15
yl= 3 nl= 17 nl= 11
Strand Total
cg.= 461 39 strands = 31
.2
Area of prestressing steel..............c......... /s, SuppORL (strandstotarStrandArea) = 6.73-n

Non-composite area transformed............. Ancin= Anc * (np - 1)'ApS.Support = 840.4-in2

i Ybpe Ane + strandcg-in-[(np - 1)'Aps.8upport]

Non-composite neutral axis transformed... — yboo .- A
nc.tr

Non-composite inertia transformed.....

. . nc.tr .3
Non-composite section modulus top......... S ORI = = 6600.4-in
P P e = Yone.tr
. . In.tr 3
Non-composite section modulus bottom....  Spo..c 0 = . = 8233.5-in
YOne.tr

= 16-in

laozs= I + (Yone.or — Strandegin)*[(ng = 1)-Ang suonore] = 131886-in"
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C2. Stresses at support at release

Total jacking force of strands.................. Alf/p},:: fpj'Aps.Support = 1362.2-kip

The actual stress in strand after losses at

transfer have occured...........ccooeevvnvvnnnnnn. Atpeé: fpj = 202.5-ksi

Calculate the stress due to prestress at the top and bottom of beam at release:

Total force of strands............cccooeeeeeerenns Foess= fpe'Aps.Support = 1362.2-kip

Eccentricity of strands at support............ SoguReRS Ybne.tr = strandcg-in =11.4-in
F Foe o€

Stress at top of beam at support............... TpiTopEne = pe.s _ _Ppes regnetrs ) —0.73-ksi
Anc.tr Stopnc.tr
F Foe o€

Stress at bottom of beam at support... FpiBotEAd: = pes , _Bes cg.ne.rs | _ 3.51-ksi
Anc.tr Spotne. tr

JopRelease ;= | "OK" if opitopend < 0-KSi A 0pitopEnd = Trop.outer1s
"OK" if O'pjTopEnd > 0-ksi A O'pjTopEnd < O'chi.beam

"NG" otherwise

where ftop.outerls = —0.93-ksi where 0.6f;; paam = 3-6-ksi TopRelease = "OK"

(Note: See Sect D3 - By inspection, if the factor to account for the strand force
varying up to the transfer length of the strands is applied, the stresses at the top will
be within the allowable limit.)

BotRelease := |"OK" if 9pjBotEnd < O-chi.beam

"NG™ if opigotEnd = frop.center70
"NG" otherwise

where 0.6f;; pagm = 3-6-ksi where fio, centerzg = —0-2-ksi BotRelease = "OK"
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C3. Strand Pattern definition at Debond1

Define the number of strands and eccentricity of strands from bottom of beam at Debondl = 10ft

DEBONDL1 Strand Pattern Data
Rows ot Number
strand from of Number of
bottom of Input strands strands per
beam (inches) per row MIDSPAN SUPPORT row DEBOND1 COMMENTS
y9 = 19 n9 = 0 0 n9 = 0
y8= 17 ng = 0 0 ng = 0
y7 = 15 n7 = 0 0 n7 = 0
y6 = 13 né = 0 0 n6 = 0
y5= 11 ns = 0 0 ns = 0
y4 = 9 n4 = 0 0 n4 = 0
y3= 7 n3= 5 5 n3= 5
y2 = B n2 = 17 15 n2 = 17
yl= 3 nl= 17 11 nl= 13
Strand Total
c.g.= 454 39 31 strands = 35
.2
Area of prestressing steel..............c......... ApsDebonddy = (strandstotarStrandArea) = 7:5%n
Non-composite area transformed............. Ancin= Anc * (np - 1)'Aps.Deb0ndl = 844.7-in2
b An + strand.-in-| (N, — 1)-A
Non-composite neutral axis transformed... — ybo. .- := Yone e 4 [( P ) ps.Debondl] = 16-in

Anc.tr

Non-composite inertia transformed...........

Yacan= ne + (Yonc.tr - strandcg-in)z-[(np - 1)'Aps.Debondlj - 132454-in"

'nc.tr

. . .3
Non-composite section modulus top......... Stopnotn= ——— = 6608.5-in
P P e = Yone.tr
. . In.tr 3
Non-composite section modulus bottom....  Spo..c 0 = . = 8300.7-in
YOne.tr
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C4. Stresses at Debond1 at Release
Total jacking force of strands.................. Alf/p},:: fpj'Aps.Debondl = 1538-kip

The actual stress in strand after losses at

transfer have occured...........ccooeevvnvvnnnnnn. Atpeé: fpj = 202.5-ksi

Calculate the stress due to prestress at the top and bottom of beam at release:

Total force of strands

Eccentricity of strands at Debond1..........

Fpen= TpeAps.Debond1 = 1938-kip

Sogneitn = Yo tr — strandcgin =11.41-in

M F Foe€
Stress at top of beam at Debondl............ TpiTopks, = RelBeamD1 + pe _ _peregnetr —0.23-ksi
Stopnc.tr Anc.tr Stopnc.tr
M F Fpe'®
Stress at bottom of beam at Debond1....... FpiBotBeamn = RelBeamD1 + pe + pe cg.nc.tr = 3.46-ksi
Shotnc.tr Anc.tr Shotnc.tr
Top stress limit..............ccoooevnne. Siopdimit/= if (Debondl < 0.15-Lpearm. fion outer1s: frop.centerzo) = —0-93-ksi

TogReIease = |"OK"
"OK"
"NG"

where ftop.limit = —0.93-ksi

BotRelease := | "OK"
MWV
"NG"
"NG"

where ftop.center?O = —0.2-ksi

if opjTop15 < 0-ksi A opiTop15 = frop.limit

if O'pJTOp15 > 0-ksi A O'pJTop15 < 06fC|beam
otherwise

where 0.6f;; paam = 3-6-ksi TopRelease = "OK"

i opiBotBeam = 0-6fci beam

i 9pjBotBeam = ftop.center70
otherwise

where 0.6f;; paam = 3-6-ksi BotRelease = "OK"
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C5. Strand Pattern definition at Debond?2

Define the number of strands and eccentricity of strands from bottom of beam at Debond2 = 20ft

DEBOND?2 Strand Pattern Data
Rows ot Numbe
strand from r of Number of
bottom of Input strands strands per
beam (inches) per MIDSPAN SUPPORT DEBOND1 row DEBOND2 COMMENTS
y9= 19 n9 = 0 0 0 n9 = 0
y8= 17 n8 = 0 0 0 n8 = 0
y7= 15 n7 = 0 0 0 n7 = 0
y6= 13 né = 0 0 0 né = 0
y5= 11 n5 = 0 0 0 n5 = 0
y4 = 9 n4 = 0 0 0 n4 = 0
y3= 7 n3 = 5 5 5 n3= 5
y2 = 5 n2 = 17 15 17 n2 = 17
yl= 3 nl= 17 11 13 nl= 17
Strand Total
cg.= 438 39 31 35 strands = 39 All strands are active beyond this point
.2
Area of prestressing steel..............c......... /s Debonday = (strandstotarStrandArea) = 846
Non-composite area transformed............. Ancin= Anc * (np - 1)'Aps.Deb0nd2 = 849-in2
bpe Ane + Strand.q-in-{ (N, — 1)-A
Non-composite neutral axis transformed... — yb.. .- := Yone e 4 A [( P ) ps.DebondZ] = 15.9:in
ne.tr

Non-composite inertia transformed.... 1,0 = 1. + (ybnc.tr - strandcg-in)z-[(np - 1)'Aps.Deb0nd2] - 133104-in”

. . nc.tr .3
Non-composite section modulus top......... Stopns = T = 6619.2:in
P P e = Yone.tr
. . In.tr 3
Non-composite section modulus bottom.... Sy o o0 = . = 8375.9-in
YOne.tr
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C6. Stresses at Debond?2 at Release

Total jacking force of strands.................. Alf/p},:: fpj'Aps.DebondZ = 1713.8-kip

The actual stress in strand after losses at

transfer have occured...........ccooeevvnvvnnnnnn. Atpeé: fpj = 202.5-ksi

Calculate the stress due to prestress at the top and bottom of beam at release:

Total force of strands............cccooeeeeeerenns Fpe = fpe'Aps.Debondz = 1713.8-kip
Eccentricity of strands at Debond2.......... SoguReath = Ybne.tr = strandcg-in =11.51-in

M F Foe€
Stress at top of beam at Debond2............ TpiTopks, = RelBeamD2 + pe _ _peregnetr 0.09-ksi
Stopnc.tr Anc.tr Stopnc.tr
M F Fpe'®
Stress at bottom of beam at Debond?2....... FpiBotBeamn = RelBeamD?2 + pe + pe “cg.nc.tr = 3.54-ksi
Sbotnc.tr Anc.tr Sbotnc.tr
Top stress limit............ooooovinnnnn. Siopdimit/= if (Debond2 < 0.15-Learm. fiop outer1s: frop.center7o) = —0-2'ksi

"OK" if O'pJTOp15 > 0-ksi A O'pJTop15 < OGfCIbeam

JopRelease ;= | "OK" it opitop15 < 0-ksi A 0pitop15 2 fiop limit
"NG" otherwise

where ftop.limit = —0.2-ksi where 0.6f;; paam = 3-6-ksi TopRelease = "OK"
BotRelease := |"OK" if OpjBotBeam < 0.6%;i peam
"NG" if op;

pjBotBeam = frop.center70
"NG" otherwise

where ftop.center?O = —0.2-ksi where 0.6f;; paam = 3-6-ksi BotRelease = "OK"
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D. Shear Design

D1. Determine Nominal Shear Resistance [LRFD 5.8.3.3]

The nominal shear resistance, VVn, shall be determined as the lesser of:

Vn:Vc+Vs+Vp

Vp = 0.25-fbydy + V
The shear resistance of a concrete member may be separated into a component, V., that relies on tensile
stresses in the concrete, a component, Vg, that relies on tensile stresses in the transverse reinforcement, and a
component, V, , that is the vertical component of the prestressing force.

Nominal shear resistance of concrete

SECHION. ..o, V= 0.0316-6-\/f_c-bv-dv
Nominal shear resistance of shear A,f,-d,,-cot(6)
reinforcement section.................cccceeeeeees Vg = VYV

S

Nominal shear resistance from prestressing

for straight strands (non-draped).............. XWZ 0-kip
. a
Effective shear depth............cccccoeeiinie A= max(dp - E,O.9-dp,0.72-hj

dV = 39.1-in or dV = 3.3ft

(Note: This location is close to the same location as previously estimated for
ShearChk = 3.2t )

D2.1 g and 6 Parameters Method 1 [LRFD Appendix B-5]

Lo : - . v
Tables are given in LRFD to determine 8 from the longitudinal strain and P parameter, so these values need

c
to be calculated.
m + 05-|v -V |~cot(6) - A f
Longitudinal strain for sections with dy ' u p ps 'po
prestressing and transverse reinforcement. Ey =
2:(EgAs+ EpAp)
Effective width.............ccooovinninnns byi=by,  where b, =7:in
Effective shear depth........................ dy, = 3.3-ft
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Factor indicating ability of diagonally
cracked concrete to transmit tension.. §]
(Note: Values of 3 = 2and 6 = 45-deg cannot be assumed

Angle of inclination for diagonal since beam is prestressed.)

compressive StrESSES.....vvvvvciieinne, 0

LRFD Table B5.2-1 presents values of 6 and 3 for sections with transverse reinforcement. LRFD Appendix B5
states that data given by the table may be used over a range of values. Linear interpolation may be used, but is
not recommended for hand calculations.

"_~' g, x 1,000
£
<020 | =010 | <005 <0 | =0.125 § <025 | =0.50 | <075 | <1.00
<0.075 22.3 20.4 21.0 21.8 243 26.6 305 | 337 36.4
6.32 4.75 4.10 3.75 3.24 2.94 2.59 238 223
<0.100 18.1 204 21.4 22.5 24.9 27.1 30.8 34.0 367
3.79 338 324 3.14 2.91 275 2.50 232 2.18
<0.125 19.9 219 228 23.7 25.9 279 1.4 344 17.0
318 2.99 2.94 2.87 2.74 2.62 2.42 2.26 2.13
<0.150 21.6 233 24,2 25.0 26.9 28.8 321 34.9 373
2.88 2,79 278 2.72 2.60 2.52 2.36 2.21 2.08
<0.175 23.2 24.7 25.5 26.2 28.0 29,7 32.7 352 16.8
2.73 2.66 2.65 2.60 2.52 2.44 2.28 2.14 1.96
<0.200 24.7 26.1 26.7 274 29.0 30.6 32.8 34,5 36.1
2.63 2.59 2.52 2.51 2.43 237 2.14 1.94 1.79
<0225 26.1 273 279 28.5 30.0 308 323 34.0 35.7
2.53 2.45 242 2.40 2.34 2.14 1.86 1.73 1.64
<0.250 27.5 28.6 20.1 29.7 30.6 313 32.8 343 358
239 2.39 233 2.33 2.12 1.93 1.70 1.58 1.50

The initial value of e, should not be taken greater than 0.001.

The longitudinal strain and T parameter are calculated for the appropriate critical sections.
c

The shear stress on the concrete shall be determined as [LRFD equation 5.8.2.9-1]:

_Vu— ¢V

d).bv.dv

Factored shear force at the critical section
V,, = 300.6-kip

. Vu - ¢V'Vp .

Shear stress on the section...................... Vi= ——— = 1.2.ksi
M
q)v'bv'dv

Parameter for locked in difference in strain
between prestressing tendon and concrete. /gm/:: 0.7-fpu = 189-ksi

Superstructure Design 2.05 Prestressed Beam Design - Part Il

117




The prestressing strand force becomes
effective with the transfer length.............. Livansfers= 60-strand iz = 36:in

Since the transfer length, Liyanefer = 3Tt , is less than the shear check location, ShearChk = 3.2ft , from the
end of the beam, the full force of the strands are effective.

Factored moment on section.................... M= max(MShr,Vu-dv) = 979.5-kip-ft

For the longitudinal strain calculations, an

initial assumption for 6 must be made....... A= 23.3-deg

Area of concrete on the tension side of the

MEMDE. ...
. .
Aei= Anc — bie-(hir + 1.5in) = by (hye = 05:h = hyg) = Agg gnort — Ag = 490.3-in
[Myl
— 0.5 |vu| -c0t(8) ~ A support Tpo
. . . \'
Longitudinal strain..............cccccccvveee. Exdy= Min -1000,1| = -1.622
2'(Es'As + Ep'Aps.Support)
[My
05 | V| -€0t(8) = Aps support Fpo
\'

exn= Il €1 <0,max -0.2,

e 11000, ey | = ~0.123

2'(Ec.beam'Ac + EgAg+ Ep'Aps.Support)

Vv \'
F Parameter..........cooeeviiiii e = 0.144

c fc.beam

Based on LRFD Table B5.2-1, the values of 6 and B can be approximately taken as:
Angle of inclination of compression stresses

6 = 23.3-deg
Factor relating to longitudinal strain on the

shear capacity of concrete..................... M= 219

Nominal shear resistance of concrete
SECHION. .. Vo= 0.0316- 8- [T poamksi-by-d,, = 70.4-kip

Superstructure Design 2.05 Prestressed Beam Design - Part Il 118




D2.2 g and 6 Parameters Method 2 [LRFD 5.8.3.4.2]

[Myl

The strain in nonprestressed long v * |VU B VP| B ADS-SUPport'pr
tension reinforcement.......................... Esiu= Min ,0.006 | = —0.003496
EsAs + Ep-Aps.support
Myl
o |Vu - Vp| = Aps.support fpo
v

e.:= if| e.q <0, max| —.0004 € = -0.000264
BV sl ’ ’ >S5l
EsAs + Ep-Aps. support T Ec.beam™c

Angle of inclination of compression Ba= __ 48
SEIESSES. ...vveeeeeeeie et 1+ 750- |€s|

Factor relating to longitudinal strain on the 6 = (29 + 3500-55) =281
shear capacity of concrete......................

Nominal shear resistance of concrete
SECLION. e s V“ = 0.0316-61- ,fc.beam'ks"bv'dv = 101-kip

D2.3 g and 6 Parameters Method 3 [LRFD 5.8.3.4.3]

Nominal shear resistance provided by

concrete when inclined cracking results _ , Vi-M¢y -
from combined shear and moment........... Vei = O'OZ'Jf_C'bV'dV Vg * M max = 0.06-[fe-by-dy
Nominal shear resistance provided by
concrete when inclined cracking results _ ,
from excessive principal tensions in web.. Vew = (0'06' fo+ O'3O'fIOC)'bV'dV *Vp

. . 'nc .
Radius of gyration..........cc...eeeevvvvvinnnnnn. L= |— =126:n

Anc

Modulus of rupture for LRFD Section
5.8.3.4.3 i fib83dan= —0-2[Te peam ksi = —0.58-ksi
Shear force due to unfactored dead load
(DC and DW)......oveeoooeeoeeeeeeeeeeee Nav= VDC BeamExt(ShearChk) + Vpyy peamext(Shearchk) = 85.9:1

Superstructure Design 2.05 Prestressed Beam Design - Part Il 119




Moment due to unfactored dead load... My = Mpc Beamext(ShearChk) + Mp\ Beamext(ShearChk) = 285.7-kip-fi

Compressive stress in concrete after

allowance for all prestress losses at _Fpe.s ecg.nc.tr.s'(y'b _ ybnc) M d'(y'b _ ybnc)

centroid of cross section.................. f. .= 11— + = 0.172-ksi

nc 2 Inc

Compressive stress due to effective
prestress forces only at the extreme
fiber where tensile stress is caused by _ _Fpe.s. 14 €cg.nc.trsYone

externally applied loads........................... NBRBA™ Anc r2

= —3.7-ksi

Moment causing flexural cracking at My

section due to externally applied loads....... Marew= |Sb'| 58343 + pre + s = 4164.2-kip-ft
bnc

Maximum factored moment at section

due to externally applied loads.................. Mnax= 1-75-M| || Exterior(ShearChk) = 586.7-kip-ft

Factored shear force at section due to .

externally applied loads........................... Nis= 115V | Exterior(ShearChk) = 193.2-kip

Nominal shear resistance provided by
concrete when inclined cracking results
from combined shear and moment...........

Vi:-M
i"Mcre
V... := max| 0.02- (f -ksi-b,,-dy, + V4 + ,0.06-_[f -ksi-by,-d,, | = 1473.1-ki
BN ( \/ c.beam vty d Minax \[ c.beam % v] F
Nominal shear resistance provided by -
concrete when inclined cracking result cbeam .
from excessive principal tensions in web.. New= HO'OG' ksi ks - 0'30'fp0j'bv'dv - Vp} = 33.7-kip
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Nominal shear resistance of concrete . .
SECLION. + et Neai= mm(VCi’VCW) = 33.7-kip

|foc|

coto:=| |minf 1 + 3.\ ————=1,1.8| if V>V, |=118
N fe beamksi

1.0 otherwise

1
Ba= atan(—j = 40.3-deg

coto
Bai="NA"
0 B \
Method 1 23.30 deg 2.79 70.36 kip
Method 2 28.07 deg 4.01 101.03 kip
Method 3 40.34 deg NA 33.73 kip
Yo
Stirrups
Size of stirrup bar ("4" "5" "6")... bar ;= "5"
Yo
Area of shear reinforcement.................... A, = 0.620-in2
Diameter of shear reinforcement.............. dia = 0.625-in

Nominal shear strength provided by shear reinforcement

Vn = Vc + Vp + Vs
VU
WHEBIE....oi i Ma= min ¢T»0-25'fc.beam'bv'dv + Vp = 334-kip
\
AN, /)V/SA:: Vn - Vc — Vp = 263.6-kip
Spacing of stirrups
AV-fy
Minimum transverse reinforcement.......... Srin= - = 57.7-in
0.0316~bv- fc.beam'ks'
) ] Av-fy-dv-cot(e)
Transverse reinforcement required........... Sregs= if| Vg < Ozsminaf =12.8-in
s
Minimum transverse reinforcement
PEQUITEO. .. .eovveee e 5= mi”(sminasreq) =12.8-in
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Maximum transverse reinforcement spacing

V- d’v'Vp . . . . .
Sma= T W < 0.125-fclbeam,m|n(0.8-dv,24-|n),m|n(0.4-dv,12-|n) = 12-in
\' VvV UV

Spacing of transverse reinforcement
cannot exceed the following spacing........ spacing .= if(smax > s,s,smax) =12-in

D3. Longitudinal Reinforcement [LRFD 5.8.3.5]

For sections not subjected to torsion, longitudinal reinforcement shall be proportioned so that at each section
the tensile capacity of the reinforcement on the flexural tension side of the member, taking into account any
lack of full development of that reinforcement, shall be proportioned to satisfy:

General equation for force in longitudinal reinforcement

Ml (] Vu
T=——+||— - Vp - 0.5-Vg |-cot(6)
dv'q)b by
A, -f.,-d,-cot(6) V
WHETE. ..o Vo= minl —2———— 2| _ 281 5.kip
spacing by
Mal (] Vu
ANG.cciiiiiii Ti= -+ | |— — Vp - 0.5-Vg |-cot(6) = 749.2-kip
dv'(b d’v
At the shear check location
Longitudinal reinforcement, previously
computed for positive moment design.......
.2
Aps.Support = 67+
Equivalent force provided by this steel...... Jm&haamhw:: Aps.Support'fpe = 1362.2-kip
LRFDE g 2.5,= | "Ok, positive moment longitudinal reinforcement is adequate”  if TpsShearChk >T

"NG, positive moment longitudinal reinforcement shall be provided" otherwise

LRFDg g 3 5 = "OK, positive moment longitudinal reinforcement is adequate”
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At the support location

General equation for force in longitudinal reinforcement

My Vu
T= +| == = 0.5:Vg =V, |-cot(6) where M, = 0-ft-kip
dv'q)b s
A, -f.,-d,-cot(6) V
WHETE. ..o Vo= minl —2 -~ 2| _ 281 5.kip
spacing by
Vi
AN T=1—-05V- Vp -cot(0) = 448.6-kip
%

In determining the tensile force that the reinforcement is expected to resist at the inside edge of the bearing
area, the values calculated at d,, = 3.3ft from the face of the support may be used. Note that the force is

greater due to the contribution of the moment at d,,. For this example, the actual values at the face of the
support will be used.

Longitudinal reinforcement, previously
computed for positive moment design.......

.2
Aps.Support = 67+

The prestressing strand force is not all effective at the support area due to the transfer length required to go
from zero force to maximum force. A factor will be applied that takes this into account.

Transfer length..........cccooooiiiiiiiiniinnn, Ltransfer = 36:In
Distance from center line of bearing to

end of Deam.............uvvviviiiiiiiiiiiiiiiiiiiins J=8in
Estimated length of bearing pad............... Lpagy= 8:in

Determine the force effective at the inside edge of the bearina area.

d
J+ %
Factor to account for effective force........ Factor .= — = 0.33
MWWV L
transfer
Equivalent force provided by this steel...... W:: ApS.Support-fpe-Factor = 454.1-kip
LRFDE g 2.5,= | "Ok, positive moment longitudinal reinforcement is adequate”  if TpsSupport >T

"NG, positive moment longitudinal reinforcement shall be provided" otherwise

LRFDg g 3 5 = "OK, positive moment longitudinal reinforcement is adequate”
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DA4. Interface Shear Reinforcement [LRFD 5.8.4]

Assumed a roughened surface per LRFD 5.8.4.3: Go=0.28ksi p:=100 Ky:=03 Ko:=18ksi

Distance between the centroid of the steel

in the tension side of the beam to the center d: 4 5Slab 366N
of the compression blocks in the deck...... Minterfaseavgy =~ 9p ~ T, T 200!

Vuninterfages= Vu = 300.6-Kip
Interface shear force per unit length per Voo e Vuinterface _s 21,@
LRFD C5.8.4.2-7.....cccviiiiiiiiiiiiic, AT T n

interface.avg
V -
uh kip
V. =— =91—
PRATI AT T by in

eabemax= min(KZ'Acv’ Kl'fc.slab'Acv) ft=777.6-kip
CheekVanuegd= 1f (Vah.reqd Tt < Vinh max- "OK" . "Check V.nh.reqd" ) = "OK"
. . . . _ Vuh . . .
The minimum reinforcement requirement may be waived if —— < 0.21 ksi assuming requirements of LRFD
(%Y

5.8.4.4.are satisfied.

Vih
MinInterfaceReinfReqd ;= if[—u < 0.21-ksi,"No" ,"Yes"J = "No"
cV

Minimum interface steel, if required

>

. _ .2 .2
. _ . ksi 133Vihregd = ©Acv) in in
Avtumine= 1T| MininterfaceReinfReqd = "Yes" ,mm[O.OS-ACV-— q ,0-

y wly
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Design interface steel per LRFD A —m Vnh.reqd ~ CAgy 0 ﬁ _o ﬁ
5.8.4.1-3, if required Audvlvcleey = MY ey A ™
in2
Aviegdy= maX(Avf.min’Avf.des) = 0'?

Actual stirrup spacing per Design Standard  spacing := 3in

Area of reinforcement passing through the
interface between the deck and the girder. A _ _ Ay
Minimum interface steel, if required: ANAPROVAIRHEKRFRGE

spacing

.2
In

TotallnterfaceSteelProvided := Av.prov.interface = 2.5~?

.2
. in
TotallnterfaceSteelRequired := Avf.reqd = O-?

TotallnterfaceSteelProvided
ChecklnterfaceSteel := if ; >1,"OK" ,"Add Interface Steel" | = "OK"
TotallnterfaceSteelRequired + 0.001~%

CR _ TotalInterfaceSteelProvided 2 _ 2480

TotallnterfaceSteelRequired + 0.001~%

Note:

Typically shear steel is extended up into the deck slab.

These calculations are based on shear steel functioning as interface reinforcing.
The interface_factor can be used to adjust this assumption.
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E. Deflection Check

The FDOT Prestressed beam program version 3.21 was utilized to quickly determine if the FIB36 used in the
interior and exterior beam design will satisfy the deflection criteria per SDG 1.2. Shown below is the calculated

deflection of the exterior beam, which has a higher deflection than the interior beam.

Camber and Shrinkage and Dead Load Deflections

Camber & Deflection
4..
PSR piutiub ittt -43- TOU
15:%: o
£ 100
—4
Location in feet
— camber (@ release
++++ camber @ 30 days
camber @ 60 days
=+ = camber @ 90 days
=+ = camber {@ 120 days
camber {@ 240 days
— non-composite dead load deflection
++++ composite dead load deflection
live load deflection
g’i "Stage" "Changein L @ Top (in})" "Change inL @ Bot. (in)" "Slope at End (deg)" "midspan defl [in}"ﬁ'l_
"Release" —0.0411 —0.7397 03733 1.4047
"30 Days" —0.1707 —-1.1287 05384 22613
"60 Days" —02426 —1.3082 0.6343 25797
"00 Days" —0.2847 —1.4263 0.6883 2.8049
SlopeData =
"120 Days" —0.3237 —-1.5257 0.7293 29767
"240 Days" —0.4042 -1.747 0.8301 3.3088
"non-comp DL" —02875 02284 —0.4116 —-2.3631
"comp DL" —0.0036 0.0182 —0.0189 —0.1088
A —0.0678 0.2196 -0.2288 J

Superstructure Design 2.05 Prestressed Beam Design - Part Il

126




Live load deflection............... A = 1.3033in

Lspan
800

Deflection limit..................... Apflow = = 1.35-in

Check_A = if (Apjjoy > Ar L "OK","Not OK") Check_A = "OK"

Several important design checks were not performed in this design example (to reduce the length of
calculations). However, the engineer should assure that the following has been done at a minimum:

e Design for anchorage steel e Design check for beam transportation loads
e Design for camber e Design for fatigue checks when applicable

F. Summary

P
T‘ [~ STRAND DEBONDING LEGEND
! . o - fully bonded strands.
| @ (&) - strands debonded 10°-0" from end of beam.
j o [*] - strands debonded 20'-0" from end of beam.
o
| 2 A\ - strands debonded _'-__" from end of beam.
! w " P
T . ~ @ strands debonded _'-_ " from end of beam.
l é A0 é l Total & Strands Debonded
| P
— 1 NOTE: On beams with skewed ends, the
El 16 Spaces @ 2" 3 ‘ debonded p's-.ngt‘h qlha be measured
I along the shielded strand.

TYyPEQ) 39 STRANDS
STRAND DESCRIPTION: Use 0.6" Diameter, Grade 270, lLow lax Strands stressed at 44.0 kips each.

STRAND PATTERNS

Area per strand equals 0.217 sq. in.
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SUPERSTRUCTURE DESIGN
Traditional Deck Design

References

me Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\205PSBeam2.xmcd(R)

Description

This section provides the criteria for the traditional deck design.
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LRFD Criteria

Live Loads - Application of Design Vehicular Live Loads - Deck Overhang Load [LRFD 3.6.1.3.4]

This section is not applicable for Florida designs, since the barriers are not designed as structurally
continuous and composite with the deck slab.

Static Analysis - Approximate Methods of Analysis - Decks [LRFD 4.6.2.1]
Deck Slab Design Table [LRFD Appendix A4]
Table A4-1 in Appendix 4 may be used to determine the design live load moments.

STRENGTH I - Basic load combination relating to the normal vehicular use of the bridge without wind.

WA,FR =0 For superstructure design, water load / stream pressure and
friction forces are not applicable.

TU,CR,SH,FR =0 Uniform temperature, creep, shrinkage are generally ignored.

Strengthl = 1.25-DC + 1.50-DW + 1.75-LL

SERVICE I - Load combination relating to the normal operational use of the bridge with a 55 MPH
wind and all loads taken at their nominal values.

BR,WS,WL =0 For superstructure design, braking forces, wind on structure
and wind on live load are not applicable.

Servicel = 1.0-DC + 1.0-DW + 1.0-LL

FATIGUE - Fatigue load combination relating to repetitive gravitational vehicular live load under a
single design truck.

"Not applicable for deck slabs on multi-beam bridges”

FDOT Criteria
Skewed Decks [SDG 4.2.10]

Transverse steel...........cvveviiiiiiiiiiniiiiinns "Perpendicular to CL of span "

Top reinforcement for deck slab along
SKEW. .. "Use 3 #5 bars @ 6 inch spacing”

Top and bottom longitudinal reinforcement
for deck slab at skew.............ccccceeeeennen. "Double required amount of reinforcing"
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A. Input Variables

|Overhang | BeamSpacing
t.slab
Partial Section
Bridge design span length........................ Lspan = 90 ft
Number of beams..........cooccvviiieiiiiiniennnn, Nbeams = 9
Beam Spacing..........ccovvvvviiiiiiiiiieeieeiies BeamSpacing = 10 ft

S.= BeamSpacing

Average Buildup..........ccoooeeiiiiiiiiiiiinn hbuildup = 1-in
Beam top flange width..................ceeeen. by = 48:in
Thickness of deck slab............................ tgjap = 8°in

Milling surface thickness...............cc....uee. tmil) = 0-5-in

Deck overhang..........ccccvvvvviiiiieieeiiiiiiins Overhang = 4.542 ft
Dynamic Load Allowance........................ IM = 1.33

Bridge SKeW.......coovvieviiiiiiiiiiiiiee e, Skew = —20-deg
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B. Approximate Methods of Analysis - Decks [LRFD 4.6.2]

B1. Width of Equivalent Interior Strips [LRFD 4.6.2.1.3]

The deck is designed using equivalent strips of deck width. The equivalent strips account for the longitudinal
distribution of LRFD wheel loads and are not subject to width limitations. The width in the transverse
direction is calculated for both positive and negative moments. The overhangs will not be addressed in this
section.

Width of equivalent strip for positive S
Enne == (26 + 6.6-—j-in = 92-in
pos ft

Width of equivalent strip for negative

S
MOMENE......oiiiiiii Eneg = (48 + 3.O-Ej-in = 78-in

The equivalent strips can be modeled as continuous beams on rigid supports, since typical Florida-1 beam
bridges do not have any transverse beams.

44 -6 | a4

T

| 10-0"

16—

100=0
Shoulder

a'-0"
Shoulder

2 Lanes @ 12'-0" = 24'-0

\/ /

2 Lanes @ 12'-0" = 24'-0"

t t

Shoulder

~ § Const,

Slope: 0.02 FI/Ft

. o Slope: 0.02 FLiFt |

S

~
e 3y 3 ) 5 5) P
\;r) &) L= e L"j G’ (O &) (2)
461" 36" Florida-1 Beam 8 Spaces @ 10'-0" = 80°-0" 461"
TYPICAL SECTION
-.485k
42k - 42K
-1n5><ml-m5km - 106K -1 0Bkift - 106kt - 106 - 106kt - 106kt - 106kt - 106Kt
R 3 E [T B 3 ] 10 M1

B2. Live Loads for Equivalent Strips

All HL-93 wheel loads shall be applied to the equivalent strip of deck width, since the spacing of supporting
components in the secondary direction (longitudinal to beams) exceeds 1.5 times the spacing in the primary
direction (transverse to beams). [LRFD 4.6.2.1.5]
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HL-93 wheel load..............cooovvviiinnnnnnnn. P := 16kip

P

HL-93 wheel load for negative moment..... Pneg = ——(IM) = 3.27-kIf
neg
HL-93 wheel load for positive moment..... PpOS = L-(IM) = 2.78-klf
pos
Location of Negative Live Load Design Moment
The negative live load design moment is 1
taken at a distance from the supports....... Locnegative = min(g-btf , 15-in) = 15-in

HL-93 Live Load Design Moments

Instead of performing a continuous beam analysis, Table A4-1 in Appendix A4 may be used to determine the live
load design moments. The following assumptions and limitations should be considered when using these
moments:

e The moments are calculated by applying the equivalent strip method to concrete slabs supported on
parallel beams.

e Multiple presence factors and dynamic load allowance are included.

e The values are calculated according to the location of the design section for negative moments in the
deck (LRFD 4.6.2.1.6). For distances between the listed values, interpolation may be used.

e The moments are applicable for decks supported by at least three beams with a width between the
centerlines of the exterior beams of not less than 14.0 ft.

e The values represent the upper bound for moments in the interior regions of the slab.

e A minimum and maximum total overhang width from the center of the exterior girder are evaluated.
The minimum is 21 in. and the maximum is the smaller of (0.625-BeamSpacing) and 6 ft.

e Arailing barrier width of 21.0 in. is used to determine the clear overhang width. Florida utilizes a railing
width of 18.5 in. The difference in moments from the different railing width is expected to be within
acceptable limits for practical design.

e The moments do not apply to deck overhangs, which may be detailed in accordance with the provisions
of SDG 4.2.4.B without further analysis (see section Deck Overhang Design of these calculations).

Superstructure Design 2.06 Traditional Deck Design 132




NEGATIVE MOMENT
Positive Distance from CL of Girder to Design Section for Negative Moment
) Moment 0.0 in. 3in. 6 in. 9 in. 12in. | 18in_ | 24in
4 0" 4.68 2.68 207 | 174 1.60 1.50 134 | 125
4 -3 4.66 2.73 2.25 1.95 1.74 157 | 133 | 1.20
4 -5 4.63 300 258 | 209 1.50 165 | 132 | 18
s -0 4.64 3.38 2.90 243 207 | 174 1.29 120
5 -0 4.65 3.74 3.20 2,66 2.24 1.83 126 | 112
s a 467 | 406 347 2.89 2.41 1,95 128 | 008
i " 471 436 373 311 2.58 2.07 130 | 099
5 -9” 4.77 463 | 397 | 331 2.73 209 | 132 | 102 |
6 4.83 4,88 4.19 3.50 288 | 231 139 | 107
3 S 491 5.10 4.39 368 3.02 242 145 113
I 5.00 331 4.57 384 115 253 1.50 1.20
6 9 5.10 5.50 4.74 3.99 3.27 264 | 15% | 128
7 -0” 521 5.98 5107 | 436 1.56 2.84 163 | 137
7 -3 532 6.13 531 | 449 | 3g8 296 | 165 | 151
T -6 544 6.26 5.43 4.61 1.78 305 | 188 | 172
T 5.56 .38 5.54 471 1.88 330 | 221 1.94
8 -0 5.69 .48 368 4.81 3.98 343 249 2.16
8 3 | sm3 6.58 5,74 4,90 4.06 353 | 274 [ 237
8 -6 5.99 6.66 5.82 4.98 414 | 346l 296 | 238
8 9" 6.14 6.74 5.90 5.06 422 367 | 315 | 279
B -0 6.29 681 5.97 513 4.28 371 | 331 3.00
¥ -3 6.44 6.87 6.03 5.19 4.40 382 | 347 | 320
S 6" 6.59 7.15 631 5.46 4.66 404 | 368 [ 339
9 9" 6.74 7.51 6.65 5.80 494 | 421 389 | 3.58
10 - 6.89 7.85 £.99 £.13 5.26 441 | 409 | 377 |
10’ E 7.03 8.19 7.32 6.45 5.58 471 429 | 396
10 -6 717 8.52 7.64 6.77 5.89 502 | 448 | 415
10 -g" 732 B.83 7.95 7.08 6.20 532 | 468 | 434
1’ -0 746 9.14 8.26 738 6.50 562 | 486 | 432
1 -3 7.60 9.44 8.55 7.67 6.79 591 504 | 470
B 7.74 9,72 8,54 7.96 .07 619 | 522 | 487
1 9" 7.8 10.01 912 824 7.36 647 | 540 [ 505
127 801 10.28 9.40 | ®BS51 | 1863 674 | 556 | 521 |
12' 30 | KIS 10.55 9.67 B.TR 7.90 702 | 575 [ 538
12' 6" | 828 10.81 9.93 9.04 8.16 728 | 597 | 554 |
| 127 5" 1 &4 1106 10.1% 9.30 842 7.54 .18 570
13’ 0" £.54 1131 10.43 955 | 867 779 | 638 [ 586
13' -3" £.66 11.55 10.67 9.80 £92 | 804 [ 659 | 601
13 -6" .78 11.79 10.91 10.03 9.16 B28 | 679 [ 6.16
ENER .90 12.02 11.14 10.27 9.40 852 | 699 | 630
14 9.02 1224 | 1137 10.50 9.63 876 | 718 | 645
14' ST 12.46 1.59 | 1072 9.85 8§99 | 738 | 658
14 67 9.25 12.67 11.81 10.94 10.08 921 | 757 | 672 |
4 936 12.88 12.02 11.16 10.30 044 | 776 | 686

For this example...........cccovvvvviennnnn.

Positive Live Load Design Moment...........

Negative Live Load Design Moment

MLL.neg = (15|n — 12|n)|:

BeamSpacing = 10ft
= 15-in

LOChegative

(4.09-ft-kip — 4.41-ft-kip)
(18-in — 12-in)

(Note: Interpolated value)

} + 4.41-(ft-kip) = 4.25-kip-
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B3. Dead Load Design Moments

Design width of deck slab...................... bgjap = 11t

"DC" loads include the dead load of structural components and non-structural attachments

Self-welght of deck slab.................... Wslab = I:(tslab + tmill)'bslab]'“fconc = 0.106-KkIf

Weight of traffic barriers................... Dgjan = 0-42-Kip

Pharrier = Wharrier.ea °sla

Weight of median barrier................... Pmedian.barrier = Wmedian.bar Pslap = 0-485-Kip

"DW" loads include the dead load of a future wearing surface and utilities

Weight of Future Wearing Surface..... Wews = Pfws Pslap = O-KIf

Analysis Model for Dead Loads

- 485Kk
S42k 42k

ﬂEIEkJ’ﬂJ - T0BKT - 106k - 106k - 106k -106 - 106k - 106k - 106k - 10BKT

M1 2 2 5 bl L 10 M1

Any plane frame program can be utilized to develop the moments induced by the dead loads. For this example,
RISA was used to determine the dead load design moments for both the DC and DW loads.
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-M

-M -M Center -M
Left| Right
R Locpegative| | |LOCnegative
f iyl (]
+M +M +M

0 ® © @

Negative and Positive Moment Locations

Design Moments for DC Loads
Positive Negative Moment (k-ft)
Beam / Span | Moment (k-ft) Center Left Right
1 0.00 -3.00 -2.04 -2.09
2 0.67 -0.32 -0.07 0.17
3 0.39 -1.04 -0.37 -0.43
4 0.45 -0.84 -0.29 -0.27

The governing negative design moment for DC loads occurs at beam 1. However, this moment is due to the
overhang, which typically has more negative moment steel requirements than the interior regions of the deck.
Since the overhang is designed separately, the overhang moments are not considered here. For the interior
regions, the positive moment in Span 2 and the negative moment to the right of beam 3 govern.

Positive moment...........cccccceeeeveeeenn. MDC.pos := 0.67-kip-ft

Negative moment.............ccccvvvvveneee. Mpc.neg = 0.43-kip-ft

Design Moments for DW Loads
Positive Negative Moment (k-ft)
Beam / Span | Moment (k-ft) Center Left Right
1 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00
4 0.00 0.00 0.00 0.00
Positive moment................coeeeeeeeene Mpw.pos = 0.0-kip-ft
Negative moment.................eevvvvennnee. Mpw.neg = 0.0-kip-ft
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B4. Limit State Moments

The service and strength limit states are used to design the section

Service | Limit State

Positive Service | Moment....................... Mservicel.pos = 'V'DC.pos + MDW.pos + MLL.pos = 7.56-kip-ft

Negative Service | Moment...................... Mservicel.neg = 'V'DC.neg + MDW.neg + MLL.neg = 4.68-kip-ft

Strength | Limit State

Positive Strength | Moment......... Mstrengthl.pos = 1-25MDC.pos + 1-50'MDW.pos + 1-75'MLL.pos = 12.89-kip-ft

Negative Strength | Moment.......... Mstrengthl.neg = 1-25MDC.neg + 1-50'MDW.neg + 1.75-M|_|__neg = 7.98-kip-ft
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C. Moment Design

A few recommendations on bar size and spacing are available to minimize problems during construction.

e The same size and spacing of reinforcing should be utilized for both the negative and positive moment
regions.

e If this arrangement is not possible, the top and bottom reinforcement should be spaced as a multiple of

each other. This pattern places the top and bottom bars in the same grid pattern, and any additional steel
is placed between these bars.

The design procedure consists of calculating the reinforcement required to satisfy the design moment, then
checking this reinforcement against criteria for crack control, minimum reinforcement, maximum

reinforcement, shrinkage and temperature reinforcement, and distribution of reinforcement. The procedure is
the same for both positive and negative moment regions.

C1. Positive Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

Factored resistance

M, = oMy
Nominal flexural resistance

a a ce [ @ - a_ 1
M, = Aps-fps-(dp - Ej + AS-fy-(dS - E) - As-fy-(ds - 2) + 0.85-fC-(b - bW)-hf-(2 > j

Simplifying the nominal flexural resistance

A f
a Sy
M, = A f| de — = where a=———
n=As y( S 2) 0.85-f-b
AV §
. . . . . 1 S.pos’'y
Using variables defined in this example..... M, = d-A Ay lde — = | ————
| P = ®Aspos y{ 52 [o.ss-fc_slab-bﬂ
where Ms= Mstrengtht.pos
As
fc.slab = 4.5-Kksi F T
f,, = 60-ksi _ d
y tslab =h h
¢=09 J
| . |
tslap = 8 | |
b = bgjap b =12-in
Initial assumption for area of steel required
Sizeof bar.......cccoovveeiiii, bar := "5"
MW
Proposed bar spacing.............c......... spacingpOS = 6-in
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Ikl

Bar area........cocovveviiiiiieieeeee

Bar diameter.........cooovevvveiiiiiieiinnn,

Area of steel provided per foot of slab......

Distance from extreme compressive fiber to
centroid of reinforcing steel.....................

Solve the quadratic equation for the area of
steel required..........oooevvvviiiiiiiiiieeieens

Reinforcing steel required........................

2
Apgr = 0.310-in

dia = 0.625-in
A B Abar-lft
S-pos” spacing o

2

= 0.62-in

dia .
ds.pos = Lglah * tmill — COVergeck — Py 5.69-in

A nosf
| ) 1 Ssposty
Given M, = ¢'As.pos'fy'{d5-p05 2 '(0.85-f bﬂ

As reqd.pos = Find(A

s.pos)

— 0.54-in°

c.slab’

The area of steel provided, Ag o= 0.62-in2, should be greater than the area of steel required,

As reqd.pos = 0.54-in%. If not, decrease the spacing of the reinforcement. Once Ag o is greater than Ag reqq
the proposed reinforcing is adequate for the design moments.

C2. Negative Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

Variables: M= Mstrengthl.neg = 7.98-kip-ft e
f = 4.5-ksi
c.slab f
fy = 60-ksi - h l
tslab = l
=09 l ) l
tslab = 8-in
b=12-in
R.= Bslap

Initial assumption for area of steel required

Sizeof bar.......ccccovviiiiii
Proposed bar spacing.............c.........
Bar area........cccoovveiiiiiii,

Bar diameter.........ccoooovvvvveiiiiiiiiinenn,

bar = "5"
spacingneg = 6in
Apar = 0.310-in2

dia = 0.625-in
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. Apar- 1t 2
Area of steel provided per foot of slab...... Aq neg= o = 0.62-in
' Spacingeq

Distance from extreme compressive fiber to

centroid of reinforcing steel................. ds.neg = tgjab + tmill = COVeldeck — % = 5.69-in
Solve the quadratic equation for the area of 1 A neg.fy
steel required...........ceveeeiiiiiiiiiiiiieeeens Given M, = ¢d-A £,/ d - =

q r=¢ s.neg’y’| “s.neg 0.85-f, gD
Reinforcing steel required........................ As.reqd.neg = Find(AS_neg) = 0.324-in2

The area of steel provided, Agpeq = 0.62-in2, should be greater than the area of steel required,
As reqd.neg = 0.32:in’. If not, decrease the spacing of the reinforcement. Once Ag o  is greater than Ag reqq
the proposed reinforcing is adequate for the design moments.

C3. Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

Concrete is subjected to cracking. Limiting the width of expected cracks under service conditions increases the
longevity of the structure. Potential cracks can be minimized through proper placement of the reinforcement.
The check for crack control requires that the actual stress in the reinforcement should not exceed the service
limit state stress (LRFD 5.7.3.4). The stress equations emphasize bar spacing rather than crack widths.

The maximum spacing of the mild steel

reinforcement for control of cracking at 700-v4
the service limit state shall satisfy......... s< - 2.d;

B fss

dC
where Bg=1+—"—
0.7(h - dc)
Exposure factor for Class 1 exposure Ye = 1.00 [SDG 3.10]
coNdition..........coovvviiiiieieeeeenn
Overall thickness or depth of the o~ in
COMPONENt.......ccvveveiererrannan. slab = =
Positive Moment
Distance from extreme tension fiber to di
f closest bar d.:= cover =t + Q8 _s 31-in

center of closest bar...........coovviiviiininnns c= deck mill > = 2.
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dC
By= 1+ ———— = 1581
0.7(ts|ab - dc)

The neutral axis of the section must be determined to determine the actual stress in the reinforcement. This
process is iterative, so an initial assumption of the neutral axis must be made.

Guess  x:= 1.8:in

E
. 1 2 S
Given —-b-x =——A -(d - X
s.pos’{“s.pos
2 Ec.slab P ( P )
Xna.pos = Find(x) = 1.824-in
Tensile force in the reinforcing steel due to Mgervicel pos
service limit state moment....................... Tg:= P = 17.86-kip
Xna.pos
ds.pos T3
Actual stress in the reinforcing steel due to T
service limit state moment...................... fs actual = —— = 28.81-ksi
S.pos
Ki
700-g 2
Required reinforcement spacing........... Srequired = n o 2.d; = 10.75-in
BsTs.actual
Provided reinforcement spacing........... spacingpos = 6-in

The required spacing of mild steel reinforcement in the layer closest to the tension face shall not be less than the
reinforcement spacing provided due to the service limit state moment.

LRFDg 7 3 4 := |"OK, crack control for +M is satisfied" if Srequired > spacingpos

"NG, crack control for +M not satisfied, provide more reinforcement” otherwise

LRFDg 7 3 4 = "OK, crack control for +M is satisfied"

Negative Moment

Distance from extreme tension fiber to

center of closestbar ...........ccoovvvviiiinnn, d dia

= COVelgack — tmill + 7 = 2.31-in
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d

- 14— C 158
A, 0.7(ts|ab - dc)

The neutral axis of the section must be determined to determine the actual stress in the reinforcement. This
process is iterative, so an initial assumption of the neutral axis must be made.

Guess X = 1.8-in
M
E
; 1. 2 s
G|Ven _'b'X = —A . d _x
s.neg’|Ys.ne
2 Ec.slab g ( g )
Xnalneg = Flnd(x) =1.824-in

Tensile force in the reinforcing steel due to Magervicel ne
service limit state moment........................ Ts= il 11.06-kip
Xna.neg
ds.neg T3
Actual stress in the reinforcing steel due to T,
service limit state moment.................... Tsactuah= = 17.83-ksi
s.neg
Ki
700-g 2
Required reinforcement spacing........... Srequivady = n o 2:d;=20.21-in
BsTs.actual
Provided reinforcement spacing........... spacingneg = 6-in

The required spacing of mild steel reinforcement in the layer closest to the tension face shall not be less than the
reinforcement spacing provided due to the service limit state moment.

LRFDE 22.4,= | "OK, crack control for -M is satisfied" if Srequired > spac:ingneg

"NG, crack control for -M not satisfied, provide more reinforcement™ otherwise

LRFDg 7 3 4 = "OK, crack control for -M is satisfied"

C4. Limits for Reinforcement [LRFD 5.7.3.3]

Minimum Reinforcement [5.7.3.3.2]

Area of steel provided...........ccooooeevvriinnns A ;= max| = 0.62-in2

ANSA (As.pos’A

s.neg)
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Area of steel required for bending............

As reqd = mi”(As.reqd.pos»As.reqd.neg

)= 0.32-in’

The minimum reinforcement requirements ensure the moment capacity provided is at least 1.2 times greater than

the cracking moment.

Modulus of Rupture............cccooevveieennnnnns

Distance from the extreme tensile fiber to
the neutral axis of the composite section...

Moment of inertia for the section.............

Section modulus............ccoceviieiiiiiniin,

Flexural cracking variability factor............

Ratio of specified minimum yield strength
to ultimate tensile strength of the
reinforcement............ccooeevi .

Cracking moment...........cccovvvvviiiiinneennnn,

Minimum distance to reinforcing steel......

Minimum reinforcement required.............

Required area of steel for minimum
reinforcement should not be less than
As reqd 133% OF Apjip covvvevciiis

o= 0.24: ,fC.SIab'kSi = 0.509-ksi

t
slab

= —— =4.in
y 2

1 3 .4
m:: E'b'tslab =512-in

|
— S0 _ og.in®
M

y

ol ¥ 1.6

/M:Z 0.67

Magi= V3{(v1-fr)-S] = 5.82:kip-ft

A= min(dg nos. s neg) = 5.69-in

MCI’

A o ¢ - 0.24-in°

min
1 As'fy
fdg - = ———
y 2| 0.85-f, g1apb

— 0.24-in°

As req = min(AS_reqd-133-%,Amin)

[SDG 1.4.1.B]
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Maximum bar spacing for mimimum

. b
reinforcement............ccooeeii, spacingmay = ——— = 15.19-in
As req
Abar
Greater bar spacing from positive and
negative moment section......................... spacing, ;= max(spacingpos,spacingneg) = 6-in

The bar spacing should be less than the maximum bar spacing for minimum reinforcement

LRFDE 22.3.2:= |"OK, minimum reinforcement requirements are satisfied" if spacing < spacing;,,y

"NG, section is under-reinforced, so redesign!" otherwise

LRFDg 7 3 3.9 = "OK, minimum reinforcement requirements are satisfied"

C5. Shrinkage and Temperature Reinforcement [LRFD 5.10.8]

Shrinkage and temperature reinforcement provided

Size of bar ("4" "5" "6")..... barg; == "5"
Bar spacing.........cccoevvieeiiiiiiiiiiinneee, barspa_st = 8-in
Do 9
Bar area..........cccccvvniiiin Aparst = 0.31-in
Bar diameter...........ccccvvvvviiiiiiiiiiinn dia = 0.625-in
. .2
Gross area of SeCtion.............cccccvvvvveinnn. Ag = bgjap-tslap = 96-in
il in2 Il
0.60 —
ft
Minimum area of shrinkage and temperature in2 .2
i — mi 0.11— _ o
reinforcement............ccoeeie . AgT = min ft =0.11 T
max i
130X A
in-ft 9
1L 2'(bslab + tslab)fy 10
Maximum spacing for shrinkage and Apar st
temperature reinforcement....................... spacinggT := min A—',S-ts|ab,18-in = 18:in
S

The bar spacing should be less than the maximum spacing for shrinkage and temperature reinforcement

LRFDg 7 10.g := | "OK, minimum shrinkage and temperature requirements” if barspa.st < spacinggT

"NG, minimum shrinkage and temperature requirements" otherwise

LRFDg 7 10.g = "OK, minimum shrinkage and temperature requirements"”
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C6. Distribution of Reinforcement [LRFD 9.7.3.2]
The primary reinforcement is placed perpendicular to traffic, since the effective strip is perpendicular to traffic.
Reinforcement shall also be placed in the secondary direction (parallel to traffic) for load distribution purposes.
This reinforcement is placed in the bottom of the deck slab as a percentage of the primary reinforcement.

Distribution reinforcement provided

Size of bar ("4" "5" "6")...... bar gis == 5"

Bar spacing.........cccoevvieeiiiiiiiiiiinneee, bafspa.dist = barspa.St = 8-in
Il

Bar area........ccooovveiiiiiii Apar dist = 0.31-in2

Bar diameter.........cccvvvviiiiiieeeiieis dia = 0.625-in

The effective span length (LRFD 9.7.2.3) is
the distance between the flange tips plus the
flange overhang..........c..ccoccoevvevrenens. Slabeg | ength = (BeamSpacing - bW) = 9.417-ft

The area for secondary reinforcement should
not exceed 67% of the area for primary

reinforcement..............cocceevn. %Agtae] = MiN L%,m% =67-%
Slabegtf. Length

ft
Required area for secondary )
reinforcement............ccoeev . A, DistR = As.pos'%AsteeI = 0.42-in
Maximum spacing for secondary b
reinforcement............ccoeeie . MaxSpacingpisir == 7 = 8.96:in

Apar.dist

The bar spacing should not exceed the maximum spacing for secondary reinforcement
LRFDg 7 3 0 := |"OK, distribution reinforcement requirements”  if barspa.dist < MaxSpacingp;str

"NG, distribution reinforcement requirements” otherwise

LRFDg 7 3 o = "OK, distribution reinforcement requirements”
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C7. Summary of Reinforcement Provided
Transverse reinforcing

Bar size bar = "5"
Top spacing spacingneg = 6.0-in

Bottom spacing spacingpos = 6.0-in

Shrinkage and temperature reinforcing
Bar size barg; = "5"

Bottom spacing bar 8.0-in

spa.st =
LRFDg 7 10.g = "OK, minimum shrinkage and temperature requirements"”

Longitudinal Distribution reinforcing

Bar size bar it = "5"

Bottom spacing bar 8.0-in

spa.dist =
LRFDg 7 3 o = "OK, distribution reinforcement requirements”
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D. Median Barrier Reinforcement

Per SDG 4.2.4.B, the minimum transverse top slab reinforcing at the barrier may be provided per the table in
Section 4.2.4.B if the minimum slab depth is provided. For the 32" F-shape median used for this project, the
minimum slab depth is 8" and the minimum transverse reinforcing is:

2

in
Aq med.barrier = 0.4? top and bottom of slab

The reinforcing provided in the top of the Ay, .2
. ar in
SIAD IS Asproviop' = ———— = 0.62.—
-prov.top spacingpeq ft

The reinforcing provided in the bottom of Ay, .2
. ar in
the slab is........oviiiiiiii As provbot ' = ———— = 0.62.—
prov. spacing g ft

Median_Barrier := if(As.prov.top > As med.barrier  As.prov.bot > As.med.barrier OK" »"NG")

Median_Barrier = "OK"
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SUPERSTRUCTURE DESIGN

Deck Overhang Design

References

me Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\206DeckTraditional.xmcd(R)

Description

This section provides the overhang deck design.

Page Contents
148 FDOT Criteria
149 A. Input Variables
150 B. Deck Overhang Reinforcement

B1. Negative Moment Region - Reinforcement Requirements [SDG 4.2.4B]
B2. Limits for Reinforcement [LRFD 5.7.3.3]

B3. Shrinkage and Temperature Reinforcement [LRFD 5.10.8]

B4. Summary
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FDOT Criteria
Deck Slab Design [SDG 4.2.4]
The deck overhang shall be designed using the traditional design method. For the deck overhang design
and median barriers, the minimum transverse top slab reinforcing may be provided without further analysis

where the indicated minimum slab depths are provided in [SDG 4.2.4B] and the total deck overhang is 6
feet or less.

Deck slab designed by the traditional design method:
AsTLa = 0.8in2 per foot of overhang slab

Superstructure Components - Traffic Railings [SDG 6.7]

All new traffic railing barriers shall satisfy LRFD Chapter 13, TL-4 criteria.
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A. Input Variables

Beam top flange width..................ceveen. by = 48:in
Thickness of slab...........cccccoeiiiiiiiiiiiiinnns tg1ap = 8-in
Milling surface thickness................c....... tmil) = 0.5-in
Deck overhang..........cccvvvvviiiiiiieeiiiiiiis Overhang = 4.54 ft
Dynamic load allowance......................... IM = 1.33

Design width of overhang........................ boverhang = 1ft

Proposed reinforcement detail..................

3 SPA. @ 4 = 10"

Interior Beam

3-0"

#5 (TOP)(TYP. AT OVERHANGS)\ /72 BEAM SPACING
h |

\ / Exterior Beam

Edge of Overhang

DETAIL A
OVERHANG REINFORCEMENT
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B. Deck Overhang Reinforcement

B1. Negative Moment Region - Reinforcement Requirements [SDG 4.2.4B]
Reinforcement required for the extreme event limit states

AsTLa= 0.8-in2 per foot of deck overhang

Using variables defined in this example, As
fe.slap = 4-5ksi tslap = N T [y ]
fy = 60-ksi ? T
¢
=09 | . |
t5lap = 8°IN
b =12-in D= Dglap
Initial assumption for area of steel required
Sizeof bar.......ccooooiiiiiiiiiie bar = "5"
Proposed bar spacing....................... spacing ;= 4-in
Do
Bar area...........cccvvviiiiin Apar = 0.310-in2
Bar diameter............cccvvviviiiiiiiiininn dia = 0.625-in
. Apar-1ft .2
Area of steel provided per foot of slab...... As.overhang = m = 0.93-in
B2. Limits for Reinforcement [LRFD 5.7.3.3]
Area of steel provided..........ccc.oooeeririinnns A= A = 0.93-in2

A~ 7s.overhang

Minimum Reinforcement

The minimum reinforcement requirements ensure the moment capacity provided is at least 1.2 times greater than
the cracking moment.

Modulus of Rupture.........ccccceeeeeiiiiinnnnnn, =024 ,fC.Slab'kSi = 051-ksi [SDG 1.4.1.B]
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Distance from the extreme tensile fiber to
the neutral axis of the composite section...

Moment of inertia for the section.............

Section modulus............coooevieiiiiiiiin,

Flexural cracking variability factor...........
Ratio of specified minimum yield strength
to ultimate tensile strength of the

reinforcement............ccooeeii,

Cracking moment...........cccovvvvvviiiinneennne,

Minimum distance to reinforcing steel......

Minimum reinforcement required.............

Required area of steel for minimum
reinforcement should not be less than

Ag133% OF Appin oeveeereereeeieisieneane,

Maximum bar spacing for mimimum
reinforcement............ccoeeie .

/M:Z 0.62

Magi= V3] (v1-fr)-S] = 5.39-kip-ft

Hg;= Min(dg neg.ds pos) = 5.69-in
MCI’
: ¢ 2
m.z P = 0.24-in
1 A y
fylds = =| ———
2( 0.85-f; gap'b
: . 2
Bsreg= Min(Ag 71 4'133-%, Aniy) = 0.24-in

As req

spacing o = _b 15.78-in
[ Abar J

The bar spacing should be less than the maximum bar spacing for minimum reinforcement

LRFDE 22.3.2:= |"OK, minimum reinforcement requirements are satisfied" if spacing < spacing;,,y

"NG, section is under-reinforced, so redesign!" otherwise

LRFDg 7 3 3.9 = "OK, minimum reinforcement requirements are satisfied"
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B3. Shrinkage and Temperature Reinforcement [LRFD 5.10.8]

. .2
Gross area of section............coeevvevveinnnnn. Dgi= boverhang'tslab = 96-in
.. . kip
Minimum area of shrinkage and in2 1-3'ﬁ'Ag in2 2
temperature reinforcement...................... Agx,;= Minmax 0.11 —, ,06—|=0.11-—
2(boverhang + tsIab)'fy ft ft
Maximum spacing for shrinkage and Apar
temperature reinforcement....................... spacin = min A—,3-ts|ab,18-in = 18-in
T

The bar spacing should be less than the maximum spacing for shrinkage and temperature reinforcement

LRFDE 2108~ | "OK, minimum shrinkage and temperature requirements” if spacing < spacinggt

"NG, minimum shrinkage and temperature requirements" otherwise

LRFDg 7 10.g = "OK, minimum shrinkage and temperature requirements"”

B4. Summary

3 SPA. @ 4= 1"-0"_ |
Size of bar | |
bar = "5"
N Interlor Beam
Proposed bar spacing W5 (T0P)(TYP. AT WHAN@S)\_ | seww srace
spacing = 4-in
\ | Exterior Beam

Edge of Overhang

DETAIL A
OVERHANG REINFORCEMENT

LRFDg 7 3 3.9 = "OK, minimum reinforcement requirements are satisfied"

LRFDg 7 10.g = "OK, minimum shrinkage and temperature requirements"”
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SUPERSTRUCTURE DESIGN
Creep and Shrinkage Parameters

References

me Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\207DeckCantilever.xmcd(R)

Description

This section provides the creep and shrinkage factors as per the LRFD 5.4.2.3.2 and 5.4.2.3.3.

Page Contents

154 A. Input Variables

Al. Time Dependent Variables

A2. Transformed Properties

A3. Compute Volume to Surface area ratios
156 B. Shrinkage Coefficient (LRFD 5.4.2.3.3)
157 C. Creep Coefficient (LRFD 5.4.2.3.2)
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A. Input Variables

Al. Time Dependent Variables

Age (days) of concrete deck when section
becomes composite.........cccooeeevevveriiennnnn, Ty =120

Age (days) used to determine long term
JOSSES. .. T, = 10000

A2. Transformed Properties

Required thickness of deck slab............... tgjap = 8°in

Effective slab width for interior beam....... beff interior = 120.0-in
Effective slab width for exterior beam...... beff exterior = 139-4-in
Superstructure beam type...............ceeeeee BeamTypeTog = "FIB-36"

A3. Volume to Surface Area Ratios (Notional Thickness)

The volume and surface area are calculated for 1 ft. of length. The surface area only includes the area
exposed to atmospheric drying. The volume and surface area of the deck are analyzed using the effective slab
width for the interior beam.

Effective slab width..................cooeiiinils beff = Petf.interior

BeamTypelog,:= BeamType

"ERROR" "FIB-36" "FIB-45" "FIB-54" "FIB-63" "FIB-72" "FIB-78"
PCBeams := "A" 807 870 933 996 1059 1101
MWWWWWWWWWW
"p.tf" 48 48 48 48 48 48
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utput(beamprops, type) := beamprops<1> if type = "FIB-36"
beamprops<2> if type = "FIB-45"

beamprops<3> if type = "FIB-54"

beamprops<4> if type = "FIB-63"
beamprops<5> if type = "FIB-72"

beamprops<6> if type = "FIB-78"

BeamType = |FIB36 if BeamType = "FIB-36"
FIB45 if BeamType = "FIB-45"
FIB54 if BeamType = "FIB-54"
FIB63 if BeamType = "FIB-63"
FIB72 if BeamType = "FIB-72"
FIB78 if BeamType = "FIB-78"

D= rows(BeamType)
n=15
ii:=0.n
n-2 0.5
2 2
Surface(BeamType) := Z [(BeamTypeii+1 o~ BeamType,. 0) + (BeamTypeii+1 | — BeamType.. 1)}
ii=0

Surfacepq,y, = Surface(BeamType)-(1-ft)

"FIB-36"
output(PCBeams, BeamTypeTog) = 807
48

Ane,= output(PCBeams, BeamTypeTog) 1 in2
Dig,-= output(PCBeams, BeamTypeTog)z- in
Volumepeam = Apc1-ft

Surfaceecy := [ 2-(Deff) — byf |- (1)
Volumeyeck = Peff tsjap (1)

Volume := Volumepg, oy + Volumeye o

Surface ;= Surfacepgym + Surfacegecy — bys -1t

[l
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Volume of beam..........ccovvevvieiiiiiiei, Volumepgam = 5.6-ft3

Volume of decK..........ooooeiin. Volumeygci = 6.7-f
Volume of composite section................... Volume = 12.3.ft°
Surface area of beam............................ Surfacepaam = 17.5.ft°
Surface area of deck...............coooeeiiin Surfacejock = 16.0-ft°
Surface area of composite section........... Surface = 29.5.ft*
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The shrinkage coefficient uses the notional
thickness of the composite section........... hosH =

The creep coefficient uses the notional

thickness of the non-composite section,

since the forces responsible for creep are

initially applied to the non-composite

SECLION. .. hoCR =

V

_ Yolume _ ; 99.in
Surface
Volume
ﬂ = 3.84-in
Surfacebeam
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B. Shrinkage Coefficient (LRFD 5.4.2.3.3)
Shrinkage can range from approximately zero for concrete continually immersed in water to greater than
0.0008 for concrete that is improperly cured. Several factors influence the shrinkage of concrete.
e Aggregate characteristics and proportions e Type of cure
e  Average humidity at the bridge site e \olume to surface area ratio of member
e W/C ratio e Duration of drying period

Shrinkage strain for both accelerated &
moist-cured concretes without

shrinkage-prone aggregates..................... g = Kg-Kpg K Kig0.48-10 3
Factor for the effect of concrete 5
Strength.......coovveiiii e kfi=—— =071
fci beam
+ -
ksi
Factor for effects of the volume to surface ho.SH
FAtiO. v, ks = max| 1.45 - 0.13.-———,1.0| =1
in
Time development factor................c....... Kig = ; !
61— 4. C|.be.am it
ksi
Do
Factor for relative humidity..................... Kps = 2.00 — 0.014H = 0.95
Using variables defined in this example,
Shrinkage Strain.......................o...... egh(D) 1= kg kngKp-Kg 0.48:10 >
t
Shrinkage strain on composite section
atDay Ty =120 ..o, egh(T1) = 0.00025
Shrinkage strain on composite section at
Day Tp = 10000 ....coovvmermrrrrnrnnrrssssssss gsh(Tz) = 0.00032
Shrinkage strain on composite section
from Day T, = 120 to Day
Ty = 20000 ooecterosvmnmssnsnsnsn esH = €sh(T2) — Esn(T1) = 0.000076
Note: Shrinkage and Creep [LRFD 5.4.2.3]
Assumptions for shrinkage 0.0002 after 28 days

strain.......
0.0005 after one year
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C. Creep Coefficient (LRFD 5.4.2.3.2)

Creep is influenced by the same factors as shrinkage and also by the following factors:

e Magnitude and duration of stress
e Maturity of concrete at loading

e Temperature of concrete

For typical temperature ranges in bridges, temperature is not a factor in estimating creep.

Concrete shortening due to creep generally ranges from 0.5 to 4.0 times the initial elastic shortening,

depending primarily on concrete maturity at loading.

Creep Coefficient

Factor for effect of concrete strength...... K=

Factor for the effect of the volume-to-

surface ratio of the component................ Kes
Humidity factor for creep..............ccceouuee Khe =

Using variables defined in this example,

Creep coefficient............c..ccocevennn.n. \I/(t,ti) = 1.9-Kg' KoK -Kig
t

Creep coefficient on non-composite
section from Day Tp =1 to Day

\I/(t,ti) = 1.9-Kg KperKg Kt

f .
14 [ C|.be.amj
ksi

h
- max[1.45 013 2R ,1.oj _1

-0.118

> =071

n

1.56 — 0.008-H = 0.96

-0.118

T2 =120 oo, thery = ¥(T1.To) = 1

Creep coefficient on non-composite
section from Day Tp =1 to Day

T = 10000 ..oovoveerrrerseeeee erg = ¥(T2.To) = 13
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Creep factor at Day Tq ........ccoeevenn Cioo=1+ g =2

Creep factor at Day Ty .......ccoeeenn C10000 = 1 + Wgrp = 2.3
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SUPERSTRUCTURE DESIGN
Expansion Joint Design

References

me Reference:C:\Users\st986ch\AAAdata\LRFD PS Beam Design Example\208CreepShrinkage.xmcd(R)

Description

This section provides the design of the bridge expansion joints.

Page
160
160
161

164

166

Contents
LRFD Criteria
FDOT Criteria
A. Input Variables
Al. Bridge Geometry
A2. Temperature Movement [SDG 6.3]
A3. Expansion Joints [SDG 6.4]
A4. Movement [6.4.2]
B. Expansion Joint Design
B1. Movement from Creep, Shrinkage and Temperature (SDG 6.4.2)
B2. Movement from Temperature (SDG 6.4.2)
B3. Temperature Adjustment for Field Placement of Joint
B4. Bearing Design Movement/Strain

C. Desigh Summary
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LRFD Criteria

Uniform Temperature [3.12.2]
Superseded by SDG 2.7.1 and SDG 6.3.

Shrinkage and Creep [5.4.2.3]
Movement and Loads - General [14.4.1]

Bridge Joints [14.5]

FDOT Criteria

Uniform Temperature - Joints and Bearings [SDG 2.7.1]
Delete LRFD [3.12.2] and substitute in lieu thereof SDG Chapter 6.

Expansion Joints [SDG 6.4]
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A. Input Variables

Al. Bridge Geometry
Overall bridge length............ccccoeviiiiiinnnns
Bridge design span length........................ '-span = 90ft

Skew angle...........cveiiiiiiiiiii

A2. Temperature Movement [SDG 6.3]

Temperature Range by Superstructure Material

Temperature Range
Superstructure Material (Degrees Fahrenheit)
Mean High Low Range
Concrete Only 70 105 35 70
Concrete Deck on Steel Girder 70 110 30 80
Steel Only 70 120 30 a0

The temperature values for "Concrete Only" in the preceding table ap

Temperature mean.............cccceeenee. tmean = 70-°F
Temperature high...........ccccceeeiinneen. thigh = 105-°F
Temperature [oW............oovvvvvviiennnne. tow = 35-°F
Temperature rise..........ceevvevvvvvevenne. Alrises= thigh ~ tmean

Temperature fall..............cooevvnnnnnn.

Coefficient of thermal expansion [LRFD
5.4.2.2] for normal weight concrete.........

A3. Expansion Joints [SDG 6.4]

ply to this example.

- 35.°F

Atall= tmean ~ tow = 35°F

Expansion Joint Type

Maximum Open Width "w"
{measured in the direction of
travel at deck surface)

Hot Poured or Poured Joint without Backer Rod 3/4-inch

Poured Joint with Backer Rod 3-inches
Armored Elastomeric Strip Seal (Single gap) Per LRFD [14.5.3.2]
Modular Joint {Multiple modular gaps) Per LRFD [14.5.3.2]
Finger Joint Per LRFD [14.5.3.2]
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For new construction, use only the joint types listed in the preceding table. A typical joint for most prestressed
beam bridges is the poured joint with backer rod..

Proposed joint width at 70° F (per
FDOT Instructions for Design

Standards Index 21110) ................... W= 2:in
Maximum joint width........................ Winaxe= 3
Minimum joint width......................... Wenigs= 0.5°W

A4. Movement [SDG 6.4.2]
Temperature

The movement along the beam due to temperature should be resolved along the axis of the expansion joint or
skew.

Displacements normal to skew at top of bents

Temperature rise.............ccceeveeveneans. AZTempR = oy At,ge-cos( | Skew] )'Lspan = 0.21-in

Temperature Fall................c..cco...... AZTempE = oy Atgy-cos( | Skew| )'Lspan = 0.21-in

Displacements parallel to skew at top of bents

Temperature rise.............ccceeveeveneans. AXTempR = oy At,ge-sin( | Skew| )'Lspan =0.08:in

Temperature Fall................c..cco...... AXTempF = oct-Atfa”-(SinUSker )'Lspan) = 0.08-in

For poured joint with backer rod, displacements parallel to the skew are not significant in most joint designs.
For this example, these displacements are ignored.

Creep and Shrinkage

The following assumptions are used in this design example:

e Creep and Shrinkage prior to day 120 (casting of deck) is neglected for the expansion joint design.

e Creep [LRFD 5.4.2.3] is not considered at this time. After day 120, all beams are assumed to creep
towards their centers. The slab will offer some restraint to this movement of the beam. The beam and
slab interaction, combined with forces not being applied to the center of gravity for the composite
section, is likely to produce longitudinal movements and rotations. For most prestressed beams
designed as simple spans for dead and live load, these joint movements due to creep are ignored.
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Shrinkage after day 120 is calculated using LRFD 5.4.2.3.

Creep StraiN.........ceeeveeeieieiiiine e eeeeeiens ecr:=0.
Shrinkage strain...........ccccviiiiniieeiininnnn, ggy = 0.00008
Strain due to creep and shrinkage............. ECs = ECR * €y = 0.000076

The movement along the beam due to creep and shrinkage should be resolved along the axis of the expansion
joint or skew.

Displacements normal to skew at top
O DeNtS.....ovocvcccc Azcg = ecgrcos(|Skew])-Lgyan = 0.08-in

Displacements parallel to skew at top
Of DENES. ..o, Axcg = ecgsin(| Skew| )-Lgpay = 0.03-in

For poured joint with backer rod, displacements parallel to the skew are not significant in most joint designs.
For this example, these displacements are ignored.
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B. Expansion Joint Design
For prestressed concrete structures, the movement is based on the greater of two cases:
e Movement from the combination of temperature fall, creep, and shrinkage

e Movement from factored effects of temperature

B1. Movement from Creep, Shrinkage and Temperature (SDG 6.4.2)
The combination of creep, shrinkage, and temperature fall tends to "open” the expansion joint.
Movement from the combination of

temperature fall, creep, and shrinkage....... AZTemperature.FaII = Aztemperature.fall + Azcreep.shrinkage

Using variables defined in this example..... AcsT = Azgg + AZTempF = 0.29-in

Joint width from opening caused by creep,
shrinkage, and temperature..................... WesTopen = W+ Acst = 2.29:in

The joint width from opening should not exceed the maximum joint width.

CSTJt_Open = | "OK, joint width does not exceed maximum joint width" if WCSTopen < Wax

"NG, joint width exceeds maximum joint width" otherwise

CSTJt_Open = "OK, joint width does not exceed maximum joint width"

B2. Movement from Temperature (SDG 6.4.2)

Movement from factored effects of temperature rise

AZyige or.fall = VTU AZtemperature.rise.or.fall

Using variables defined in this example,

Joint width from opening caused by
factored temperature fall......................... Wropen = W + 17U AZTempF = 2.26-in

Joint width from closing caused by
factored temperature rise...................c..... Wrclose = W = YTu- AZTempRr = 1.74-In
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The joint width from opening should not exceed the maximum joint width.

Temperature;; Open =

"NG, joint width exceeds maximum joint width" otherwise

Temperature;; Open = "OK, joint width does not exceed maximum joint width"

The joint width from closing should not be less than the minimum joint width.

Temperaturej; cjose =

"NG, joint width exceeds minimum joint width" otherwise

Temperaturej; cjose = OK, joint width is not less than minimum joint width"

B3. Temperature Adjustment for Field Placement of Joint

For field temperatures other than 70° F, a
temperature adjustment is provided. The

adjustment is used during construction to AZTempR in
obtain the desired joint width................... TAdj = LA 0.0061-—
Alrige F
B4. Bearing Design Movement/Strain
For the bearing pad design, the following
strain due to temperature, creep and
shrinkage will be utilized........................ ECsT = (ECR +egy + O‘t'AtfaII) = 0.000286

"OK, joint width is not less than minimum joint width" if Wrqjose =W,

"OK, joint width does not exceed maximum joint width" if WTopen < Wax

min
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C. Design Summary

Joint width at 70°..........cccovvivviiiiieien, W = 2-in

Joint width from opening caused by creep,

shrinkage, and temperature...................... WCSTopen = 2.29:in

CSTJt_Open = "OK, joint width does not exceed maximum joint width* ... Wax = 3-in
Joint width from opening caused by
factored temperature............ccoeevveeeennnnnns WTopen = 2.26-in

Temperature;; Open = "OK, joint width does not exceed maximum joint width" ........ Wax = 3-in
Joint width from closing caused by
factored temperature................cooe oo, Wrclose = 1.74-in

Temperaturej; cjose = OK, joint width is not less than minimum joint width” ... Wpin = 1-in

Adjustment for field temperatures other

taN 700 ... Tadj = 0.0061-—=
1~ a 720 e

ULTRA-LOW—-MODULUS
SILICCNE SEALANT ——

TOP OF APFROACH SLAB TGF OF DECK ZSLAB
TN f
”\

\ % RADIUS
B (TvP)

Z N
AN !
1% BACKER ROD WITH

BOND BREAKER SURFACE

EXPANSION JOINT DETAIL

[*] Defined Units
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SUPERSTRUCTURE DESIGN

Composite Neoprene Bearing Pad Design

Reference

me Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\209ExpansionJoint.xmcd(R)

Description

This section provides the design of the bridge composite neoprene bearing pad. Only the interior beam at End
bent 1 bearing pad is designed within this file.

For the design of bearing pads for any other beam type (exterior beam) and location (at pier), design is similar
to methodology shown in this file. This may be modified by changing input values in section A3 of these

calculations.
Page Contents

168 LRFD Criteria

168 FDOT Criteria

169 A. Input Variables
Al. Bridge Geometry
A2. Bearing Design Movement/Strain
A3. Bearing Design Loads

171 B. Composite Bearing Pad Design
B1. Bearing Pad Selection
B2. Minimum Support Length [LRFD 4.7.4.4]

172 C. Design Summary

Cl. Bearing Pad Dimensions
C2. Design Checks
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LRFD Criteria

Force Effects Due to Superimposed Deformations [LRFD 3.12]
Modified by SDG 2.7 and SDG 6.3.

Minimum Support Length Requirements [LRFD 4.7.4.4]

FDOT Criteria

Seismic Provisions - General [SDG 2.3.1]

Simple span concrete beam bridges supported on elastomeric bearings are exempt from seismic design.
Design for minimum seismic support length only.

Vessel Collision - Design Methodology - Damage Permitted [SDG 2.11.4]

Ship impact on bearings is not considered in this example.
Temperature Movement [SDG 6.3]

Bearings [SDG 6.5]
Specifies design of Composite neoprene bearing pads in accordance with LRFD Method B [LRFD 14.7.5].
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A. Input Variables
Al. Bridge Geometry

Z (Global) Z (Globaly

!/

S
EndBont/Plor™

NN

2 N
“ N endeatrerer

Coordinate System (except rfootings)

Bridge design span length........................ Lspan = 90 ft
Skew angle...........cveiiiiiiiiiii Skew = —20-deg

The bearing pad will be placed in alignment with the beam, so for the purposes of bearing pad selection,
SKEWBP = Odeg

Beam grade...........oceieiiiiiiiiiii e Beamg age = 0.15-%

A2. Bearing Design Movement/Strain

For the bearing pad design, the following
strain due to temperature, creep and
shrinkage will be utilized.......................... ecsT = 0.00029

Shear deformation..............ccooeevveevviinnnnnn, Ag = €CST'Lspan = 0.31-in

A3. Bearing Pad Design Loads

The design of the interior and exterior beams follow the same procedures and concept as outlined in this design
example. In order to minimize the calculations, only one beam type will be evaluated. Flexibility to evaluate an
interior or exterior beam is given by changing the input values chosen below (see input options note).

DC dead 10ads.........cooeeveveeeiiiiiiiieieeniinnns Rpc = Ve Beamint(Support) = 97.42-kip

Note: Input options......
Vbc.Beamlnt(Support)

V (Support)
. DC.BeamExt
DW dead loads..........ccovvvviiiiiiiiiieiinn, RDW = VDWBeammt(SuppOI‘t) = Ok|p

Vbw.Beamint(Support)

VDbWw.BeamExt(Support)

DC Dead Load Rotation .......................... Opc = Opc. Beamint = 0-81-deg OLL Int
OLLExt

i R
DW Dead Load Rotation ......................... Opw = ODW Beamint = 0-deg LL.Int
RLL.Ext
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Live Load Rotation ...........ccocevvvennnen.

Live Load Reaction.............ccecevveennenn

Service | Limit State Design Loads.

Servicel = 1.0-DC + 1.0-DW + 1.0-LL

Total Dead Load Bearing Design Load

Live Load Bearing Design Load.........

Dead Load Design Rotation................

Live Load Design Rotation................

....... 9|_|_ = OLLmt = 019deg

...... RI } = RLLInt = 9356k|p

....... RBI’gDL = 1ORDC + 1ORDW = 9742k|p

....... RBI’gLL = 1ORLL = 9356k|p

..... QDL = GDC + GDW = 081deg

....... 0| | = 0.19141-deg
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B. Composite Bearing Pad Design

B1. Bearing Pad Selection

The Instructions for Design Standard Index 20510 contains the following table:

LIMITING PARAMETERS FOR COMPOSITE ELASTOMERIC BEARING PADS
USED WITH FDOT STANDARD FLORIDA-I BEAMS
Maximum Maximum Service Maximum
Pad | Service Dead Load ﬁ:fle‘;: Shear M:zﬁfJ .
Type | Live Load | (LL = Actual Service (de Ele es) Deflection | " (Psi) '
(Kips) Live Load) g (in)

135 DL=147+1.75(135-LL) 0-5

D 075 110
110 DL=120+175(110LL) | 0-15
150 DL=233+1.75(150-LL) 0-5

E 075 110
110 DL=113+1.75(110-LL) | 0-20

- 150 DL=290+1.75(150-LL) 0-5 1 o
120 DL=139+1.75(120-LL) | 0-30
145 DL=230+1.75(145-LL) | 0-30

G 1 150
95 DL=98+1.75(95-LL) 0-45
180 DL=268+175(180-LL) | 0-35

H 1.25 150
135 DL=230+175(135-LL) | 0-45

J 145 DL=227+175(145LL) | 0-45 15 150

K 200 DL=383+175(200-LL) | 0-45 15 150

Based on the table, bearing pad type D will be selected with the following limitations:

RpL Al = 147kip + 1.75(135kip - RBrgLL) = 219.52-kip

Skewp ) := 5deg

ASA“ = 0.75in

B2. Minimum Support Length [LRFD 4.7.4.4]

L z 2
Minimum support length........................ N= (8 +0.02- Sftan + .08 Sfl:pj.{l + ,000125.(8;9‘”) }-in ~ 12010
€g
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C. Design Summary

STEEL PLATE hse
o STEEL PLATE hS/'
4 4
e ] in|
2 NN,
N k / | =|= (g
A ‘ i -
\*STEEL PLATE h CE n; EQUAL SPACES
7 5 0F h
W ri
pad
TYPICAL SECTION
BEARNG PAD DETALS
I ] FreE e
C = — '.’ ' “ Min. (Skew =
I . ‘ | - “ Min. (Skew
1
[ Vs ¢ Bearing
PLAN [ - -

L]

PARTIAL PLAN WITHOUT FULL DEPTH END DIAPHRAGM {U‘SE Index 20512)
(Skew > 0°)

C1. Bearing Pad Dimensions

Based on Design Standard Index 20510, the bearing pad D dimensions are:

Length of bearing pad..........ccc.cooeevvvvnnnnns A'x/mdk: 8-in

Width of bearing pad..............ccoovvvviinnnnn. Wpad = 32-in

Height of bearing pad..............cccvennn. hpad := 1.90625-in

Number of external elastomer layers......... Ng = 2

Number of internal elastomer layers......... nj:=2

Support length provided.............c............ Noroy = 3 + %'Lpad + if (|Skew| < 15deg,4in,2in) = 14-in
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C2. Design Checks

Live_Load := if (R |_aj) > RprgLt»"OK","NG" ) Live_Load = "OK"
Dead_Load := if (Rp|_Aj| > RprgpL: "OK","NG" Dead_Load = "OK"
Skew_Chk := if (Skew,)| > Skewgp, "OK" ,"NG" ) Skew_Chk = "OK"
Shear 5 := if (Ag ol > Ag,"OK","NG") Shear o)) = "OK"

Support_Length := if(NIOrOV > N,"OK" ,"NG") Support_Length = "OK"
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SUPERSTRUCTURE DESIGN

Beam Stability

Reference

me Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\210BearingPad.xmcd(R)

Description

These are calculations for the Lateral Stability of Precast Concrete Bridge Girders during construction. The
number of intermediate bracing points (0-6) represents any intermediate bracing that is to be present between the
points of bearing. A value of zero represents no intermediate bracing points between the bearing points.

Page Contents

175 A. Input Variables
Al. Bridge Geometry
A2. Girder Properties
A3. Bearing Pad Properties
A4. Loads
A5. Lateral Deflection and Eccentricity of Girder Center of Gravity
A6. Bearing Pad Rotational Stiffness

180 B. Stability Calculations
B1. Calculations of Bending Moments
B2. Service Stress Check for Girder Placement (Prior to beam bracing)
B3. Roll Stability Check for Girder Placement (Prior to beam bracing)
B4. Service Stress Check for Braced Beam (Prior to deck placement)
B5. Roll Stability Check for Braced Beam (Prior to deck placement)
B6. Service Stress Check for Braced Beam (During deck placement)
B7. Roll Stability Check During Deck Placement

186 C. Verify Bracing Requirements
Cl1. Bracing Requirements
C2. Verification of Bracing Adequacy

187 D. Summary

D1. Temporary Bracing Variables
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A. Input Variables

Al. Bridge Geometry

Bridge design span length........................ '-span = 90ft
Skew angle between bearing pad and
0T 1] S Skewbrg.pad =0
Number of intermediate bracing points
(from 00 6)..evvvveeiieeeeiieeee e np:=1
1
gln
Sweep tolerance........ooveeevvviviiiiiiiieeeenn, tolg:= —
10ft
Initial imperfection of bracing.................. ep = -25in
A2. Girder Properties
Girder type.....coovvvveciii e BeamType ;= "FIB-36"
[+
. . kip
Unit weight of concrete................c..o.o... Yeonc = 0-15-—
ft3
Unit weight of concrete for deck pour...... Wed = Yeone = 0.15-m
ft3
Concrete strength...........cccoevvveeiviiiiiinnnnn. fo beam = 8-5-ksi
Beam Spacing........cceeveeevevieiiiiiiniiaeeeeeeiins BeamSpacing = 10 ft
Number of beams in cross-section........... Nbeams = 9
Overhang length.........ccccoooivieiiiiiiinnn. Overhang = 4.54 ft
Deflection of deck limit at edge of _ . .
CaNtileVer. ... Cijprrg = Ol (0.25 in recommended value)
Deck thickness..............evvvvvvvvviviiiviinnnen, tslab total = slab * tmill = 8-5:in
Lspan
Unbraced length of beam........................ Ly = = 45ft
nb +1
Girder height........ccoooooeviviiiiii, hpe = 31t
Top flange width.............coeeiiiieiiniinnns bis = 4ft
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Bottom flange width...................oiis

Modulus of ElastiCity..........ccccoeeeeerirrinnnns

Shear Modulus..........ccooevvviiiiiiiiiee,

Area of CONCrete......oovvvvvviiiiiiiiiieeenns

Moment of Inertia, about x-axis...............

Moment of Inertia, about y-axis...............

Distance from CG to top of beam............

Distance from CG to bottom of beam.......

Torsional constant............ccoooevvviinneinnnns

Section Modulii.........c.ccovvviiiiiiiniiii,

Self-weight of beam.......................s

Self-weight of slab...............ccccooeeiei

Effective prestressing force (may assume
all losses have occurred)............cccceeeennnn.

Eccentricity of prestressing.....................

AR Aps.midspan'( Pj

by = 3171t
3,
= 4.78 x 10" ksi

E¢.beam

= 0.416667-E

Gshear ¢.beam

.2
A = 807-in
.~ = 127545-i 4
nc= 545-in

.4
Iy = 81131:in
Ythe = 19.51-in
ybpc = 16.49-in
Ix = 28654-in"

3
Sinc = 6537+in

3
Spnc = 7735+in

21

Sy= — = 3380in°
byt
2.1

Syp = — = 4270:in°
by

W= WBeamInt = 0.84-kIf

= 1992.1-ksi

Wq = tsah.total Wed = 106.25-psf

F f;i — Af

ecgnc.tr = 11.5L-in

oT) = 1508.6-kip
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A3. Bearing Pad Properties

Bearing pad plan dimensions....................

Thickness of internal elastomer layer........

Number of interior layers of elastomer......

Elastomer Shear Modulus........................

Tilt angle of support.........ccccoeeivieiiiiiinnns

Distance from bottom of beam to roll axis
(half bearing pad thickness).....................

A4. Loads

Basic wind speed (mph)...........ccoovvvvennnnn.

Wind speed factor for construction
inactive wind speed.............ccccceeeeiienennne,

Construction active wind speed (20 mph
recommended).........cccooeeiieeiiiiiiiiiin e,

Construction wind load factor..................
Gust effect factor..........coccovvvviiiviiiiinnnn,

Pressure coefficient, single girder.............

Pressure coefficient, entire bridge section..

Bridge height, measured to mid-height of

Wpad = 32-in
Lpad = 8-in
hri = 0.5in
ni =2
Gbp := 93.5psi
a:=.01
h
hr:: Lad = 0.95-in
2

Vg := V:mph = 150-mph

RE = O 6
VE = 20mph
N =125

G =0.85
Cpg = 2.2
Cp = Cp.sup

Height := Zgup = 20.5ft

7= Kz.sup =091

(For bearing pads, use 0.85G in
calculations because material is
not homogeneous)

(0.01 recommended value)

.= Vg-Rg = 90-mph
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Construction active wind load for single

Construction active wind load for entire
bridge Section...........eovvvvviiii i,
Weight of build up...........ccoovviiiininn
Weight of forms...........cccoeeeiiiiiiiiiiinnnn,

Live loads during deck pour.....................

Total weight of finishing machine............

Wheel location of finishing machine in
relation to edge of overhang, positive is

to exterior of overhang edge, negative is
to interior of overhang edge.....................

Ve )2
Wy E = 0.00256-KZ-G-Cpg- m_ph -psf = 1.74-psf

2
\Y
Wy = 0.00256-KZ-G-Cpg-(m—phj -psf = 35.16-psf

2
VE
Wo = 0.00256-K,-G-C.-| —— | -psf = 0.87-psf
WD 27 [mphj P i

Wy = 20psf (20 psf recommended)

wyq = 20psf (Use 20 psf and 75 plf at edge
of overhang per AASHTO

_ Guide Design Specifications for
7,55 1 Temporary Works)
L onLs (recommend 10 kips for bridge

Wiy = ALY widths less than 45 feet and 20
kips otherwise)

dy, == 2.5in (2.5 in. recommended)

Ab. Lateral Deflection and Eccentricity of Girder Center of Gravity

Maximum lateral deflection of uncracked
SECEION. ..t

Eccentricity due to sweep................vvvnnn.

Eccentricity due to construction inactive
Wind speed.........ooovviiiiiiiiei

Eccentricity due to wind loading at
construction active wind speed girder only

w-L 4
2o = P 205in
120'Ec.beam'|y
. . 2 .
eg = mln(1.5|n,Lspan-tols)-§ = 0.75-in
4
Wy Ner L
w'''nc’=span .
ey = ———PT_ _ 0 26.in
120'Ec.beam"y
4
Wyye-hper L
WE"'nc"-span .
ek = ——— P _ 0 01.in
120'Ec.beam'|y
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Eccentricity due to wind loading at
construction active wind speed entire
bridge Section...........ccovvvvviiiiiiiieeiees ewD =

4
WD hne Lspan

120-E¢ peam'ly

= 0.0063-in

AG6. Bearing Pad Rotational Stiffness
ba=(56.7.75.8 .91 12 1.4 2 4 10 1000)

C:=(136.7 116.7 1044 100 96.2 90.4 86.2 80.4 76.7 70.8 64.9 61.9 60)

Lpad
C':= linterp b_aT,CT,ﬂ = 186.7
Wpad

Effect of skew on stiffness (coefficient)... Ang = (0 15 30 45 60)

Stiffness := (.8883 .5922 .4666 .3948 .323)

5
Gp..-W L
Bearing pad rotational stiffness......... Kg = linterp AngT,StiffnessT,SkeW P "pad “pad = 689966-M
deg . 3 rad
Cnj-hyj
0 5
o ) ) 1.25 375
Coefficient for reaction at bracing based
on number of brace points, intermediate (i), 11 4
ENA (B). oo e kyj=11143 | Kkyg:=|.393
Kyij = kVinb =1.25 1.132 .395
1.135 .395
Kve = kvenb =0.38 1.134 .395
12513 .12513 12513 .12513 .12513 .12513 .12513 .12513 .12513 .12513 .12513
.07818 .05212 .03905 .03128 .02874 .02697 .02569 .02472 .02395 .02333 .02281
.06396 .04357 .03337 .02725 .02317 .02026 .01808 .01637 .01501 .01391 .01344
Ky :=1.06481 .04321 .0324 .02592 .02181 .01899 .01689 .01526 .01395 .01289 .01199
.06349 .04294 .03267 .02651 .02239 .01946 .01726 .01554 .01417 .01306 .01212
.06377 .04251 .03189 .02551 .02136 .01847 .0163 .01462 .01327 .01216 .01125
.06298 .04227 .0319 .02569 .02155 .01858 .01636 .01464 .01326 .01213 .01119
Coefficient for bending moment in girder
based on number of brace points............. Kpm = kmnb, Npeams—2 0.02472
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B. Stability Calculations
B1. Calculations of Bending Moments

Unfactored vertical load during deck
placement for ext. beam (not including
finishing maching).............ccccccceeeeiineeen,

WD ext = W+ Wy + Pg + (Wd + w1)~(.5-BeamSpacing + Overhang) + wf-(.S-BeamSpacing + Overhang — btf) = 2.28-kIf

Wp jnt = W+ W, + (Wd + wl)-BeamSpacing + wf-(BeamSpacing - btf) = 2.27-kIf

Strength | torsional distributed overhang
moment during deck placement

Mg := [1.25:(wg + Wg) + L15-wq |-(Overhang — .5-byf ) .5-bys + .5-(Overhang — .5-byg )| + 1.5-P1-Overhang = 2.07-%

Strength | torsional finishing machine
MOMENE......ovviriicicisicece s M = 1.5-0.5-Wg-(Overhang + dgpy) = 71.25-kip-ft

Lateral moment due to construction

inactive wind speed.............cccccceeeiieieennn, My = KWy D Lspan2 = 21.12-kip-ft
. . i W I-span2
\ertical moment due to girder self-weight Mg .= ———— = 851.13-kip-ft
Lateral moment due to construction active )
wind speed, braced condition................... Mye = KM Wwe hne Lspan = 1.04-kip-ft
Lateral moment due to construction active )
wind speed, unbraced condition............... MWE.L = -125'WwE'hnc"-span = 5.27-kip-ft

\ertical moment due to self-weight and )
const_ructlpn loads during deck placement, WD.ext"-span + me"-span
exterior girder..........ccovvvvviiiiiiiie e, MgD = g

= 2534.61-kip-ft
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B2. Service Stress Check for Girder Placement (Prior to beam bracing)

2

2 SW-Lgpan

Lspan | Fpe€cg.nc.tr = 18 2
Camber (approximate)............cccceeeeeeeeenn. O = =4.23-in

8'Ec.beam"nc

Distance from center of gravity to roll 5
ISttt Y= Yope + hp + SCE = 20.26-in

Elastic rotational spring constant (sum of

2 bearing pads)............oceceeeeveveeesennnn, Kg = 6.9 x P Kipin
rad
K
Radius of stability............cccoooeeeiviiiiinnnnn. = = 759.98 ft
W-Lgpan
F Fha€ M M
Stress at top of beam, tension.................. frip = _be _Pe cgnetr 9 + WEU —0.76-ksi
Anc Stne Stne Syt
F Fha€ M M
Stress at top of beam, compression.......... fiop = _be _pe cgnetr 9 WEU —0.8-ksi
Anc Stne Stne Syt

’f b
Compression checK................covvennnn. Ckg ¢ comp = if (ftcE <6 | < efa\m -psi A fiop > -0.6-T; beam»lﬂoj =1
o psi '
. fe beam
Tension checK........ooovvvveviiiiiinennnnn., CKE t tens = If| ftg <6 —psi A fyp > —0.6-f; pogm» 1,0 | =1
t. osi .

pe  Fpe€egnctr Mg  Muey

Stress at bottom of beam, tension............ fpig=— - + + = —2.78-ksi
Anc Shnc Shne Syb
F Fra€ M M

Stress at bottom of beam, compression.... focE = __Pe _ _pe cgnetr L9 wEu » BLksi
Anc Shnc Shnc Syb

. . fe beam .
Compression check................vveeeeiniis Ckg p comp = if| fycp <6 —psi A fpep 2 -0.6-T. pagm- 1,0 | =1
.b. osi .
Tensi heck . fe beam .
ension check..........c.coovviiiiinnns CKE p.tens = If| fotg < 6 o psi A fptg 2 —0.6-f; pegm-1,0 | =1
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Check for stress at girder placement........

Chstress.plemnt = if(min(CkE.t.comp»CkE.t.tens’C"E.b.comp’C"E.b.tens) =1,"0K" ’"NOtOK")

Ck "OK"

stress.plcmnt =

B3. Roll Stability Check for Girder Placement (Prior to beam bracing)

f
Modulus of rupture............ccoeeeivieeinerinnnns =024 C'Ee.am-ksi = 0.7-ksi
si
fo—foe )l (f— fhig) !
Lateral cracking moment......................... Mqt := min ( ' ttE) y’ ( ' th) Yi_ 410.5-kip-ft
i Pof
2 2
. . Miat
Rotation angle at cracking....................... Ocr = —— = 27.64-deg
Mg
Rotation angle at failure...............c...........
W,y,e-h 2 °
£
520+ (5-zo~a)2 +10-2| eg + ey + @ Zg + 258+ YO+ %
0 = min| 0.4, W — 22.92.deg
5z,
2
WwE e
ol + eS+ ewE+ T
Final rotation............ccccooevvieiiiiiiiiiiinneen, Q= = 0.58-deg
r-y-zq
Factor of safety for cracking (Unbraced r.(ecr _ a)
DEAM)....vieeiiii FScri= S " 370.2
WiE e
2560 + €5+ g + Y- Ogr + T
Factor of safety for failure (Unbraced beam)
r- Gf -
FS¢ = ( ) > - 334.6

WwE e

Zo'(1 +2.56¢)-6f + eg+ eyypr(1 +2.56¢) +y-6¢ + o

Check for stability at girder placement......

Chstap.plemnt = if[(e >0) A (FsCIr > 1) A (st > 1.5),"OK" ,"Not OK*"

Ck "OK"

stab.plemnt =
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B4. Service Stress Check for Braced Beam (Prior to deck placement)

F Fna€ M M

Stress at top of beam, tension.................. fip = _be _Pe cgnetr 9 Y _07ksi
Anc Stne Stne Syt
F Fha€ M M

Stress at top of beam, compression.......... fio = _be _pe cgnetr 79 W _ _0.85-ksi
Anc Stne Stne Syt

. fc.beam
Compression check................vveeeeiniis Ckg ¢ comp = if| fic <6 —psi A fro > —0.6-f. hogm» 1,0 | =1
1 psi .
. fc.beam
Tension check.........cccovvvi, CKp ttens == if| fit < 6: | ————-psi A f; > -0.6-f; pogm»1,0| = 1
1 psi .

F Fhe€ M M

Stress at bottom of beam, tension............ fpt = _Pe _ _pecgnelr L9 W —2.73-ksi
Anc Shnc Shne Syb
F Fne€ M M

Stress at bottom of beam, compression.... fhe = __Pe _ _percg.nelr -9 W 5e5ksi
Anc Shnc Shnc yb

. . fc.beam .
Compression checK.............ccvvvvvvvennnn. CkB.b.comp = if| o <6 o psi A fye 2 -0.6-F; peam»1,0| =1

. fc.beam
Tension checK........coovvveviiiiiiieiii, CKg p.tens = if| Tyt < 6- —-psi A Ty > ~0.6-T pagm- 1,0 = 1
b. osi .

Check for stress at braced condition........

Ckstress.braced = if(min(CkB.t.comp»CkB.t.tens’CkB.b.Comp’CkB.b.tens) =1,"0K" ’"NOtOK")
Ckstress.braced = "OK”

B5. Roll Stability Check for Braced Beam (Prior to deck placement)

or+e min(ep, e
Initial rotation.........cc..ooeevviiiiiiiiies 0; := S + ( b W) = 1.29-deg
r-y-zq y

Maximum torque between bracing points.. Tg=w-L = 1.62-kip-ft

span”éw
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Tg-5L

Twist due to torque..........ccevvvvvvvevinneennn. og = S

= 0.0053-deg
shear 9%

Total rotation........c..ooeevvvveviiiiiiiieeeeeeins Oy = 0j + dg = 1.29-deg

Rotation limits.............ccccooviiininnnnnns O.max = Min(6¢. 5-deg) = 5-deg

w.max

Wind load rotation check.............c..ceeevne = 3.87

FSQW =

Ckstab.braced = if(FSeW =1,"0K","Not OK")

Ckstab.braced = "OK”

B6. Service Stress Check for Braced Beam (During deck placement)

Compression check

fc.beam

Ck = if| f <6
D.b.comp ( bcD psi

F Fhe€ M M
. .nc. E
Stress at top of beam, tension.................. fip = __be _Pe gc r_ 9o + — _ _386-ksi
Anc Stne Stne Syt
F Fne€ M M
. .nc. E
Stress at top of beam, compression.......... fiep = __be _Pe g w_ 9o N _387-ksi
Anc Stne Stne Syt
. ) fobeam
Compression checK.............ccvvvvvvvennnn. CkD.t.comp = if| fiop <6 F-psn A fiep 2 —0.6-f; peam»1,0 | =1
Tensi heck . fobeam
ension check..........c.coovviiiiinnns CKp t tens = If| fiip < 6 o psi A fyp = 0.6 peam- 1,0 =1
F Fne€ M M
. .nc. E
Stress at bottom of beam, tension............ fhip = __pe _ _pecgnedr + gb L= ~0.18-ksi
Anc Shnc Spnc Syb
F Fna€ M M
Stress at bottom of beam, compression.... fheD = __Pe _ _pecgnelr + gD WE _ —0.18-ksi
Anc Shne Shnc Syb

-psi A beD > _O'G'fC.beam’l’Oj =1
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fc.beam

Tension checK........cocvvveviiiiiieiii, CKp b tens = if(fbtD <6 —psi A fpip = _O-G'fc.beamalao} =1

Check for stresses at deck placement condition

Ckstress.deck = if(mi”(CkD.t.comp»CkD.t.tens’

psi

CkD.b.comp’CkD,b_tens) =1,"0OK","Not OK")

B7. Roll Stability Check during Deck Placement

Lateral cracking moment........................

Rotation angle at cracking.......................

Initial rotation..........cocoovviviiiiiiin,

Torque due to construction live loads.......

Twist due to construction live loads.........

Deflection at cantilever due to twist..........

Total rotation.........cocvveiviiiiiiiieieees

Rotation limits.........ccocvveeiiiiiiiiiiicieenn,

Deck placement rotation check................

Ckstress.deck = "OK”
f.—fun)-l, (f —f |
Mqp = min ) y,(r o)l — 312.49-Kip-ft
MatD
OcrD = v = 7.06-deg
gD

ar+ eg min(ep,ewD
0 p = n (°o-ewp) _ 0.6-deg
' r-y-z, y

Tp = (5 W + Py-Lp)-(Overhang + dg) = 63.53-kip-ft

Tp.5-L
D b
bpi=

= 0.21-deg
Gshear X

dp = Overhang-tan(q>D) =0.2-in

9D = 6|D + CI)D = 08deg

0D max = min(Gch,S-deg) = 5.deg

CKstab.deck = if(‘SD < dmax  9p < Op max- "OK" ,"Not OK")

Ckstab.deck = "OK"
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C. Verify Bracing Requirements

C1. Bracing Requirements

Factored horizontal force at each beam end

and anchor brace, at midheight of beam.... Fe = Wy V-hpe by Kye = 2.22-kip

Factored horizontal bracing force at each
intermediate span brace (if present), at
midheight of beam................oooeeeeins Fi:

if(np = 0,"NIA" , Wy y-hpe Ly Kyj) = 7.42:kip

Factored overturning force at each beam end and anchor brace, at top of beam

byt
Me = Mfm + MC'Lb'KVG + WWD'A{'hnC'Lb.KVE.'S'hnC - 9WLb T - Zo-eilD + ES 'KVE = 871k|p1
+ min(eb,ewD) +Y0i p

Factored overturning force at each intermediate span brace (if present), at top of beam

b

bf .
MI = Mfm + MC.Lb'KVi + WWD'FY'hnC.Lb'KVi.'S.hnC - 9WLb T - Zo-ei_D + eS 'KVi = 1242k|p1
+ min(eb,ewD) +Y6i p
C2. Verification of Bracing Adequacy
Stress checks.. ...,
CI‘stress.plcmnt = "OK"
Ckstress.braced = "OK”
Ckstress.deck = "OK”
Stability checks.........ccoovviviiiiiiiiiii,
CKstab.plcmnt = "OK” (If Ckstah.plcmnt 1S Not OK,”
the girder must be braced prior
Ck "OK"

stab.braced = to crane release.)

Ckstab.deck = "OK"
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D. Summary
D1. Temporary Bracing Variables
Maximum unbraced length......................

Factored horizontal force at each beam end
and anchor brace, at midheight of beam....

Factored horizontal bracing force at each
intermediate span brace (if present), at
midheight of beam......................ccins

Factored overturning force at each beam
end and anchor brace, at top of beam.......

Factored overturning force at each
intermediate span brace (if present), at top

Ly, = 45ft
Fe = 2.22-kip
Fj = 7.42-kip

My = 87.14-kip-ft

M; = 124.22-kip-ft
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SUBSTRUCTURE DESIGN
Dead Loads

Reference

me Reference:C:\Users\st986ch\AAAdata\LRFD PS Beam Design Example\211BeamStability.xmcd(R)

Description

This section provides the design dead loads applied to the substructure from the superstructure. The
self-weight of the substructure is generated by the analysis program for the substructure model.

Page Contents
189 A. General Criteria
Al. End Bent Geometry
A2. Pier Geometry

191 B. Dead Loads (DC, DW)
B1. Beam Dead loads
B2. End Bent Dead loads
B3. Pier Dead loads
B4. End Bent and Pier Dead Load Summary
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A. General Criteria

Al. End Bent Geometry

X

A [Trunsverse) r=1

7 {Longitudinal}

Depth of end bent cap..........

Width of end bent cap..........

Length of end bent cap.........

Height of back wall..............
Backwall design width..........
Thickness of back wall..........
Pile Geometry:

Pile Embedment Depth..........

Pile Size.......coooviiviiin,

hgg = 251t
bgg = 3.5ft
Lgg = 88ft
hgy = 3.6t
Lgw = Lft

P“eembed =1ft

P”esize = 18-in

(Note: End bent back
wall not shown)

T Pile

b

\

e

A

Meg %
Pile,

\ a
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A2. Pier Geometry

A model of the substructure has been created utilizing RISA. The model will have the loads applied at the
pedestals from the superstructure. In addition, it will generate it's own self-weight based on the following
member properties of the pier:

L cop
bCup
— — | I — 1 I — 1 — —
j
F o
d
bCoI
A
e S (oS oS -
et S T T ="
¥ {Transvgras) h surchergs
F
7 (Longttudinal) F frg
4
_b Ftg™ 7
Depth of pier cap................. hCap = 4.5ft
Width of pier cap................. bCap = 4.5ft
Length of pier cap................ '—Cap = 88ft
Height of pier column........... hool = 141t
Column diameter.................. bog) = 41t
Number of columns............. Neol = 4
Surcharge........cocveeiennenn, hSurcharge =2ft
Height of footing.................. thg = 4ft
Width of footing................... thg = 7.5ft
Length of footing.................. '—th = 7.5ft
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B. Dead Loads (DC, DW)

B1. Beam Dead Loads

The dead loads of the superstructure (moment and shears) were previously computed utilizing the beam design
length, Lyesign = 87-750t (see section 2.01 Dead Loads). For reactions on the pier, the reactions should be

computed based on the span length, Lspan =90.0ft . Conservatively, we will adjust the loads as follows:

Modification factors for span loads.........

DC load at end bent for interior beam........

DC load at end bent for exterior beam.......

DW load at end bent for interior beam.......

DW load at end bent for exterior beam......

B2. End Bent Dead loads

DC load at end bent for interior beam........

DC load at end bent for exterior beam.......

DW load at end bent for interior beam.......

DW load at end bent for exterior beam......

B3. Pier Dead Loads

Dead load at pier for interior beam...........

Pbc.BeamExt = ©1-VDC.BeamExt(Support) = 95.02-kip

Pbw.Beamint = £1-VDW.BeamInt(Support) = 0-kip

PDW.BeamExt = ¥1'VDW.BeamExt(Support) = 0-kip

PDC.Endbentint = PDC.Beamint = 99-92-kip

PDc.EndbentExt = PDC.BeamExt = 95-02-Kip

PDW.Endbentint = PDW.Beamint = 0°-Kip

PDW.EndbentExt = PDW.BeamExt = 0-KiP

PDC.Pierint = 2(pDC.BealmInt) = 199.83-kip
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Dead load at pier for exterior beam........... PDC PierExt = Z(PDC.BeamExt) = 190.05-kip

Dead load at pier for interior beam........... PDW Pierint = Z(PDW.Beamlnt) = 0-kip

Dead load at pier for exterior beam........... PDW PierExt = Z(PDW.BeamExt) = 0-kip

B4. End Bent and Pier Dead Load Summary

End Bent Beam Reactions

UNFACTORED BEAM REACTIONS AT END BENTS
DC Loads (Kip) DW Loads (kip)

Beam X y z X y z
1 0.0 -95.0 0.0 0.0 0.0 0.0
2 0.0 -99.9 0.0 0.0 0.0 0.0
3 0.0 -99.9 0.0 0.0 0.0 0.0
4 0.0 -99.9 0.0 0.0 0.0 0.0
5 0.0 -99.9 0.0 0.0 0.0 0.0
6 0.0 -99.9 0.0 0.0 0.0 0.0
7 0.0 -99.9 0.0 0.0 0.0 0.0
8 0.0 -99.9 0.0 0.0 0.0 0.0
9 0.0 -95.0 0.0 0.0 0.0 0.0

Pier Beam Reactions

UNFACTORED BEAM REACTIONS AT PIER
DC Loads (Kip) DW Loads (kip)
Beam X y z X y z
1 0.0 -190.0 0.0 0.0 0.0 0.0
2 0.0 -199.8 0.0 0.0 0.0 0.0
3 0.0 -199.8 0.0 0.0 0.0 0.0
4 0.0 -199.8 0.0 0.0 0.0 0.0
5 0.0 -199.8 0.0 0.0 0.0 0.0
6 0.0 -199.8 0.0 0.0 0.0 0.0
7 0.0 -199.8 0.0 0.0 0.0 0.0
8 0.0 -199.8 0.0 0.0 0.0 0.0
9 0.0 -190.0 0.0 0.0 0.0 0.0
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SUBSTRUCTURE DESIGN

Pier Cap Live Load Analysis

References

Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\301SubDeadLoad.xmcd(R)

Description

This section provides the pier cap design live load.

Page Contents

194 A. Input Variables
Al. Shear: Skewed Modification Factor [LRFD 4.6.2.2.3c]
A2. Maximum Live Load Reaction at Intermediate Pier - Two HL-93 Vehicles
A3. HL-93 \ehicle Placement
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A. Input Variables

Al. Shear: Skewed Modification Factor [LRFD 4.6.2.2.3c]

Skew modification factor for shear shall be applied to the exterior beam at the obtuse corner (6>90 deg) and
to all beams in a multibeam bridge, whereas g, ggey = 1.064 .

A2. Maximum Live Load Reaction at Intermediate Pier - Two HL-93 Vehicles

The live load reaction (including impact and skew modification factors) is applied on the deck as two wheel-line

loads.

R
HL-93 Line Load, including truck and lane  HL93 := %'gv.Skew = 78.5-kip

The HL-93 line load can be placed within 2' of the overhang and median barriers.

A3. HL-93 Vehicle Placement

HL-93 vehicles, comprising of HL-93 wheel-line loads and lane loads, should be placed on the deck to maximize
the moments in the pier cap. Note that for the maximum cap moments, live load may be placed on both sides of
the roadway. Utilizing our engineering judgement, it is possible to have up to six lanes of HL-93 vehicles at a
single time. However, note that for the calculation of the braking forces, vehicles in only one roadway were
utilized since the braking forces would be counter productive or in opposite directions.

Depending on the number of design lanes, a multiple presence factor (LRFD Table 3.6.1.1.2-1) is applied to the
HL-93 wheel line loads and lane load.

1 1.2
2 1.0
3 0.85
Lanes := MPF := HL93 Line Load := HL93-MPF
4 0.65 -
5 0.65
6 0.65
94.2
78.5
) 66.725 |
HL93 Line Load = -kip
51.025
51.025
51.025
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SUBSTRUCTURE DESIGN
Pier Cap Design Loads

Reference

Reference

Descriptio

This section
calculated in
uniform tem
the user.

:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\302SubLiveLoad.xmcd(R)

n

provides the design parameters necessary for the substructure pier cap design. The loads
this file are only from the superstructure. Substructure self-weight, wind on substructure and
perature on substructure can be generated by the substructure analysis model/program chosen by

For this design example, RISA was chosen as the analysis model/program.
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LRFD Criteria

STRENGTH I -

STRENGTH II -

STRENGTH III -

STRENGTH 1V -

STRENGTH YV -

EXTREME EVENT I -

EXTREME EVENT II -

SERVICE I -

SERVICE II -

Basic load combination relating to the normal vehicular use of the bridge without wind.

WA =0 Water load and stream pressure are not applicable.
FR=0 No friction forces.
TU Uniform temperature load effects on the pier will be generated by the

substructure analysis model.
Strengthl = 1.25-DC + 1.50-DW + 1.75-LL + 1.75-BR + 0.50-(TU + CR + SH)
Load combination relating to the use of the bridge by Owner-specified special design
vehicles, evaluation permit vehicles, or both without wind.

"Permit vehicles are not evaluated in this design example™
Load combination relating to the bridge exposed to wind velocity exceeding 55 MPH.
"Applicable to pier column design but not to substructure pier cap design”

Load combination relating to very high dead load to live load force effect ratios.

"Not applicable for the substructure design in this design example"

Load combination relating to normal vehicular use of the bridge with wind of 55 MPH
velocity.

Strength5 = 1.25-DC + 1.50-DW + 1.35-LL + 1.35-BR + 1.3-WS + 1.0-WL ...
+0.50-(TU + CR + SH)

Load combination including earthquake.

"Not applicable for this simple span prestressed beam bridge design example™

Load combination relating to ice load, collision by vessels and vehicles, and certain
hydraulic events.

"Not applicable for the substructure design in this design example"

Load combination relating to the normal operational use of the bridge with a 55 MPH
wind and all loads taken at their nominal values.

Servicel = 1.0-DC + 1.0-DW + 1.0-LL + 1.0-BR + 1.0WS + 1.0-WL + 1.0-(TU + CR + SH)

Load combination intended to control yielding of steel structures and slip of
slip-critical connections due to vehicular live load.

"Not applicable for this simple span prestressed beam bridge design example™
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SERVICE III -

SERVICE 1V -

FATIGUE I -

FATIGUE II -

Load combination for longitudinal analysis relating to tension in prestressed concrete
superstructures with the objective of crack control.

"Not applicable for the substructure design in this design example"

Load combination relating only to tension in prestressed concrete columns with the
objective of crack control.

"Not applicable for the substructure design in this design example"

Fatigue and fracture load combination related to infinite load-induced fatigue life.

"Not applicable for the substructure design in this design example”

Fatigue and fracture load combination relating to finite load-induced fatigue life.

"Not applicable for the substructure design in this design example”
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A. General Criteria

Al. Bearing Design Movement/Strain

Strain due to temperature, creep and
SNFINKAGE. ... ecsT = 0.00029

A2. Pier Dead Load Summary

(Note: See Sect. 2.09.B4 - Bearing Design

Movement/Strain)

UNFACTORED BEAM REACTIONS AT PIER
DC Loads (kip) DW Loads (kip)

Beam X y z X y z

1 0.0 -190.0 0.0 0.0 0.0 0.0

2 0.0 -199.8 0.0 0.0 0.0 0.0

3 0.0 -199.8 0.0 0.0 0.0 0.0

4 0.0 -199.8 0.0 0.0 0.0 0.0

5 0.0 -199.8 0.0 0.0 0.0 0.0

6 0.0 -199.8 0.0 0.0 0.0 0.0

7 0.0 -199.8 0.0 0.0 0.0 0.0

8 0.0 -199.8 0.0 0.0 0.0 0.0

9 0.0 -190.0 0.0 0.0 0.0 0.0

A3. Center of Movement
180'-0" (CONTINUOUS BRIDGE DECK) (OVERALL BRIDGE [ENGTH)
MEASURED ALONG & CONST.
BEGIN BRIDGE 90'-0" . 90'-0"
F.F.BW. END BENT /
] o e
60 \\‘: 60
EJ. | EdJ.
50 ! ' i . ! 50
40 iEL F s M/N_ﬁ{]_[‘g El: 0
30 VERT. CL. 30
20 k_h/ \ﬂ_,, 20
10 TJ : 0
0 GROUND LINE 0
ELEVATION
By inspection, the center of movement will
be the intermediate pier..................... L= Lspan = 90ft
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B. Lateral Load Analysis

B1. Centrifugal Force: CE [LRFD 3.6.3]

Since the design speed is not specified, it will be conservatively taken as the maximum specified in the AASHTO
publication, A Policy on Geometric Design of Highways and Streets.

Design Speed.........ccovvvvvviiiiiiieeiieiiiinennn Vdesign := 70mph
Factor per LRFD 3.6.3.........ccooiviiiinnnnnn. f= %
Horizontal radius..................c.coooiin, R = 3800ft
2
f-Vyaci
Centrifugal factor.............ccccceeevveereininnnns C:= _design_
g-R
C=011
R -IM
Centrifugal force...........ooovvvvviiiinnnenennn, Pe = C'%'gv.smw = 6.5-kip

HL93 + P, = 85.01-kip
HL93 — P, = 72-kip

B2. Braking Force: BR [LRFD 3.6.4]

The braking force should be taken as the greater of:
25% of axle weight for design truck / tandem

5% of design truck / tandem and lane

The number of lanes for braking force calculations depends on future expectations of the bridge. For this
example, the bridge is not expected to become one-directional in the future, and future widening is expected to
occur to the outside. From this information, the number of lanes is

Njanes = 3

The multiple presence factor (LRFD Table
3.6.1.1.2-1) should be taken into account.. MPF:= [12 if Njgpes=1 =0.85

1.0 if Njgpes = 2

0.85 if Njgpes = 3
0.65 otherwise
Braking force as 25% of axle weight for
design truck / tandem.............coevvviiinnnnn. BREgrce.1 = 25%-(72-Kip)-N|gnes'MPF = 45.9-kip
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Braking force as 5% of axle weight for

-— B04. ki . . . . = ki
design truck / tandem and lane................. BRForce.2 = 5% (72 Kip + w_ Lb“dge) Nianes MPF = 23.87-kip

Governing braking force.............c........... BREorce = maX(BRForce.lﬂ BRForce.z) = 45.9-kip

Distribution of Braking Forces to Pier

P em‘jbem/ P p/i'er 2 P endbent 3

€ BENT 2

|
! HL-93
EJ.

The same bearing pads are provided at the pier and end bent to distribute the braking forces. The braking force
transferred to the pier or end bents is a function of the bearing pad and pier column stiffnesses. For this
example, (1) the pier column stiffnesses are ignored, (2) the deck is continuous over pier 2 and expansion joints
are provided only at the end bents.

Braking force at pier...................ccccoe.e. BRpier = BREgrce(Kpier)

Npads.pier' Kpad

Z(Npads.pier + Npads.endbent)' Kpad

Simplifying and using variables defined in this example,

2-N
pier stiffness can be calculated as....... Kpijer = beams =05

1+2+ 1)'Nbeams

corresponding braking force.............. BRpier == BRForce'(KPier) = 22.95-kip

Since the bridge superstructure is very stiff in the longitudinal direction, the braking forces are assumed to be
equally distributed to the beams under the respective roadway.

beams := 5

Braking force at pier per beam................. BRpiok:= = 4.59-kip
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Adjustments for Skew

The braking force is transferred to the pier by the bearing pads. The braking forces need to be resolved
along the direction of the skew for design of the pier substructure.

Braking force perpendicular (z-direction) to

the pier per beam..........cccccvvvviiiiiiiiiinnne, BR = BRpjg - cos(Skew) = 4.31-kip

z.Pier -

Braking force parallel (x-direction) to the

pier per beam........cccocevviiiiii BR = BRpjg,sin(Skew) = ~1.57-kip

X.Pier -

Adjustments for Braking Force Loads Applied 6' above Deck

The longitudinal moment induced by braking forces over a pier is resisted by the moment arm. Conservatively,
assume the braking occurs over one span only, then the result is an uplift reaction on the downstation end bent
or pier and a downward reaction at the upstation end bent or pier. In this example, the braking is assumed to
occur in span 1 and the eccentricity of the downward load with the bearing and centerline of pier eccentricities
is ignored.

Moment arm from top of bearing pad to

location of applied load...................cooeee Mgrm = 6ft + h = 9.75ft

Force

6 ft

I y I
ls |

|
Braking force in pier BR . ~BRpierMarm 05k '] popiiea womenr |}
(y-direction), vertical y.Pier = —'-span = —0.5-kip Reslsting Couple

Only the downward component of this force is considered. Typically, the vertical forces (uplift) are small
and can be ignored.

BRAKING FORCES AT PIER
BR Loads (kip)

Beam X y z
1 -1.6 -0.5 4.3
2 -1.6 -0.5 4.3
3 -1.6 -0.5 4.3
4 -1.6 -0.5 4.3
5 -1.6 -0.5 4.3
6 0.0 0.0 0.0
7 0.0 0.0 0.0
8 0.0 0.0 0.0
9 0.0 0.0 0.0
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B3. Creep, Shrinkage, and Temperature Forces

The forces transferred from the superstructure to the substructure due to temperature, creep, and shrinkage are
influenced by the shear displacements in the bearing pad. In this example, only temperature and shrinkage
effects are considered. Creep is ignored, since this example assumes the beams will creep towards their center
and the composite deck will offer some restraint.

Displacements at top of pier due to
temperature, creep, and shrinkage............ Apier = ('—0 - Xdiist )'ECST = 0-in
1

where ecsT = 0.00029

Since the bridge has two equal spans and fairly constant pier stiffnesses, the center of movement is the
intermediate pier. The center of movement has no displacements, so the pier has no displacements.

Shear force transferred through each

bearing pad due to creep, shrinkage, and GppLpad Wpad 2pier2

tEMPErature...........vvvvvvvieiieeieiiiiieieieieeee, CSTpijer = 0-kip
hpad

This force needs to be resolved along the direction of the skew...

Shear force perpendicular (z-direction) to

the pier per beam..........cccooooiiiiiiiiinnn. CST, pjer = CSTpjgr cos(Skew) = 0-kip

Shear force parallel (x-direction) to the pier

PEr DEAM..... i CST = CSTpje,sin(Skew) = 0-kip

x.Pier -

Summary of beam reactions at the pier

due to creep, shrinkage and temperature... CREE S, SlRIRDLCAEE

TEMPERATURE FORCES AT

PIER

CR, SH, TU Loads (kip)
Beam X y z
Note: 1 00 00 00
Shrin_kage and temperature effects from 2 0.0 0.0 00
th_e pier substructure can be calculateq 3 00 0.0 0.0
within the substructure model / analysis 4 0.0 0.0 0.0

program. These values are only from the : ' '
superstructure. 5 0.0 0.0 0.0
6 0.0 0.0 0.0
7 0.0 0.0 0.0
8 0.0 0.0 0.0
9 0.0 0.0 0.0
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B4. Wind Pressure on Structure: WS

The wind loads are applied to the superstructure and substructure.

Loads from Superstructure [SDG 2.4], Strength 11l and Service IV Limit States

The wind pressure on the superstructure consists of lateral (x-direction) and longitudinal (z-direction)
components.

Height above ground that the wind pressure

iSapplied. ... =20.5ft

Zsup

Design wind pressure ..........cccceeeeeeeeeeenn. P \-ksf = 48.83-psf

z.super = pz.sup.StrIII.ServI

X z [Global]

0 1.0 0.0
For prestressed beam bridges, the following
wind pressures factors are given to account 15 0.88 0.12
for the angle of attack [SDG Table 2.4.1-3] ~ Windgy,,, := | 30 Windggetor = | 082 0.24
45 0.66 0.32
60 0.34 0.38
Wind pressures based on angle of attack are . .
as FOllOWS.......oovveiiiiiecce e, Windsyper == Pz super Windractor
X z [Global]
0 4883 0
15 4297 5.86
Windgye, = | 30 Windgner = | 40.04 11.72 |-psf
45 32.23 15.63
60 16.6 18.56

The exposed superstructure area influences the wind forces that are transferred to the supporting substructure.
Tributary areas are used to determine the exposed superstructure area.

Exposed superstructure area at Pier 2....... n(h + 2.667ft) = 577.53 ft2

Asuper = Lspa

Forces due to wind applied to the
SUPEISLIUCEUNE. ... WSgyper.pier = Windgner Asyper

X z [Global]

28.2 0.0

248 34
WSgyper pier = | 231 6.8 |-kip

18.6 9.0

9.6 10.7
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Case 1 - Skew Angle of Wind = 0 degrees

Maximum transverse force..................... FWS.x.casel = WSSuper.PierO - 28.2-kip
Maximum longitudinal force.................... FWS.2z.casel = WSSuper.PierO . 0-kip

The forces due to wind need to be resolved along the direction of the skew.

Force perpendicular

(z-direction) to the pier.......... WS, pier. casel = |FWs.z.case1-CoS(Skew)| + | Fyys x case1-Sin(Skew)| = 9.65-kip
Force parallel (x-direction) to . .
the pier....... WSy Pier.casel = |FWS.z.case1'S'”(Skew)| + |FWS.x.case1'C°5(SkeW)| = 26.5-kip

Case 2 - Skew Angle of Wind = 60 degrees

Maximum transverse force..................... FWS.x.case2 = WSSuper.Pier4 - 9.59-kip
Maximum longitudinal force.................... FWS.z case? = WSSuper.Pier4 . 10.72-kip

The forces due to wind need to be resolved along the direction of the skew.

Force perpendicular . .
(z-direction) to the pier........... WS; pier.case2 = |FWS.z.case2'C°s(Skew)| + |FWS.x.case2's'”(SkeW)| = 13.35-kip

Force parallel (x-direction) WS, pier case? = |FWS.z.case2'5in(Skew)| + |FWS.x.case2'C°5(SkeW)| = 12.68-kif
to the pier.......

A conservative approach is taken to minimize the analysis required. The maximum transverse and longitudinal
forces are used in the following calculations.

Force perpendicular (z-direction) to
e DI oo WS pier.strill.ServIv = MaX(WS pier case1: WS pier case2) = 13-35-

Force parallel (x-direction) to the pier....... WS, pier.Strill.ServIV = maX(WSx.Pier.casebWSx.Pier.casez) = 26.5-ki
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Loads from Superstructure [SDG 2.4], Strength V and Service | Limit States

The wind pressure on the superstructure consists of lateral (x-direction) and longitudinal (z-direction)

components.

Height above ground that the wind pressure
iSapplied. ..o

Design wind pressure .........cceeveeeeeeeerinnnns

For prestressed beam bridges, the following
wind pressures factors are given to account
for the angle of attack [SDG Table 2.4.1-3]

Wind pressures based on angle of attack are
asfollows...........oooe

Wind 30
45

60

skew =

The exposed superstructure area influences the wind forces that are transferred to the supporting substructure.

Zgup = 20.5ft
Rasupens= Pz.sup.strv.Servi kst = 0.01-ksf
X z [Global]
0 1 0
15 0.88 0.12
Windgey = | 30 | Windgaeror = | 082 0.24
45 0.66 0.32
60 0.34 0.38
Mindsuger = Pz.super Windractor
X z [Global]
1063 O
9.36 1.28
Windgyper = | 8.72 255 | psf
7.02 34
3.62 4.04

Tributary areas are used to determine the exposed superstructure area.

Exposed superstructure area at Pier 2....... As, PRt = '-span'(h + 2.667ft) = 577.53 ft2
Forces due to wind applied to the
SUPETSEIUCTUNE. ... WS superRien= Winds per Asuper
X z [Global]
6.1 0.0
54 0.7
WSSuper.Pier =150 15 klp
41 20
2.1 23
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Case 1 - Skew Angle of Wind = 0 degrees

Maximum transverse force..................... PSS acasaly = WSSuper.PierO - 6.14-kip

Maximum longitudinal force.................... F\WS.zvoasedy = 0-kip

= WS i
Super.PlerO’ 1

The forces due to wind need to be resolved along the direction of the skew.

Force perpendicular

(z-direction) to the pier.......... Mz Riercasein= |FWS.z.case1'C°s(Skew)| + |FWS.x.case1's'”(SkeW)| = 2.1-kip
Force parallel (x-direction) WS\ Riercasedn= |FWS.z.case1'Si”(Skew)| + |FWS.x.case1'C°5(Ske"V)| = 5.77-kif
to the pier..

Case 2 - Skew Angle of Wind = 60 degrees

Maximum transverse force..................... F = WSSuper Pier, o~ 2.09-kip
MNLEANGASE2 Pier,

Maximum longitudinal force.................... FWSaz cas62v= WSSuper Pier. . = 2.33-kip
41

The forces due to wind need to be resolved along the direction of the skew.

Force perpendicular

(z-direction) to the pier....... M zRiercase= |FWS.z.case2'C°s(Skew)| + |FWS.x.case2'5i”(SkeW)| = 2.91-kip
Force parallel WS\ Riercasea. = |FWS.z.case2'Si”(Skew)| + |FWS.x.case2'C°5(SkeW)| = 2.76-kip

(x-direction) to the pier..

A conservative approach is taken to minimize the analysis required. The maximum transverse and longitudinal
forces are used in the following calculations.

Force perpendicular (z-direction) to the
PIBE. o WS, pier.strv.Servi = MaX(WS; pier case1- WS pier.casez) = 2-91°Ki

Force parallel (x-direction) to the pier....... WS, pier StrV.Servl = maX(WSx.Pier.caselﬂWSx.Pier.casez) =577k
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WIND ON STRUCTURE FORCES AT PIER
Strength Ill, Senice IV Strength V, Senice |
WS Loads (kip) WS Loads (kip)
Beam X y z X y z
1 29 0.0 1.5 0.6 0 0.3
2 29 0.0 1.5 0.6 0 0.3
3 29 0.0 1.5 0.6 0 0.3
4 29 0.0 1.5 0.6 0 0.3
5 2.9 0.0 15 0.6 0 0.3
6 2.9 0.0 15 0.6 0 0.3
7 2.9 0.0 15 0.6 0 0.3
8 2.9 0.0 15 0.6 0 0.3
9 29 0.0 1.5 0.6 0 0.3

Loads on Substructure [SDG 2.4], Strength 11l and Service IV Limit States

Design wind pressure .........ccceeveeeeeeeerinnnns P, sub = Pz.sub.Strill.Serviv-ksf = 66.59-psf

0 1 0
For prestressed beam bridges, the following

wind pressures factors are given in the 15 0.88 0.12
SDG...ovciece e Windg e, = | 30 Windg,cpor = | 082 0.24
45 0.66 0.32
60 0.34 0.38
Wind pressares ae giuen in the SDG.. - Windsup = Pz sup Windpacir
X z [Global]
0 66.59 0
15 58.6 7.99
Windg e, = | 30 Windg,,, = | 54.6 15.98 |-psf
45 43.95 21.31
60 22.64 253

General equation for wind forces applied to
the substructure.................cc

WSEorce = (WindPressure)'(EXposed AreaSubstructure)'(SkeWAdjustment)
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For modeling purposes in this example, the following information summarizes the placement of wind
forces on the substructure.

A

Cop wind oading

— — 1 1 1 1 i — —
WSz.PlerCap WS x PlarCap
‘/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7 < W52 Plerap
=7
<
< Av y WS.2.PlerCol
WS .z.PlarCol WS.x.PlarCol
<l
=) <
<
<
= X (Transverse)

jore
= X
Z (Longitudinal)
Typloal column wind oading o

SECTION A-A

The longitudinal (z-direction) wind load on the pier cap is applied as a line load along the front of the cap.

WSZ.PierC&p.Str”lSEI’VlV = Windsub4 1-hcap-COS(Sk6W) - WindSUbO OhCapSIH(SkeW) = 0.21-klIf

The transverse (x-direction) wind load on the pier cap is applied as a point load on the end of the cap.

WSy pierCap.striliserviv = Windgyp 0-(bCap-hCap)-cos(Skew) + Windg,p, 1-(LCap-hCap)-sin(Skew) = ~2.16-kip

The longitudinal (z-direction) wind load on the column is applied as a line load on the exposed column height.

WS pierCol.StrilIServIV = VVindsub4 1'bCoI'C°5(SkeW) - Windsubo O'bCoI'Si”(Skew) = 0.19-kif

s

The transverse (x-direction) wind load on the column is applied as a line load on the exposed column height.

WSy pierCol.StrllIServIV = Wi”dsubo O-bC0|-cos(Skew) + Wi”dsub4 1-bC0|-sin(Skew) = 0.22-kIf
Loads on Substructure [SDG 2.4], Strength V and Service | Limit States
Design wind pressure .........ccceeveeeeeeeerennnns Pasub = Pz.sub.Strv.Servl ksf = 14.5-psf

0 1 0
For prestressed beam bridges, the following

wind pressures factors are given in the 15 0.88 0.12
SDG...ovciece e Windg e, = | 30 Windg,cpor = | 082 0.24
45 0.66 0.32
60 0.34 0.38

Substructure Design 3.03 Pier Cap Design Loads 209




For prestressed beam bridges, the following

wind pressures are given in the SDG......... Minsue:= Pz.sub Windractor
X z [Global]
0 145 0
15 12,76 1.74
Windgey = | 30 | Windgy, = | 11.89 3.48 |-psf
45 9.57 4.64
60 493 551

General equation for wind forces applied to
the substructure.................co

WSEorce = (WindPressure)'(EXposed AreaSubstructure)'(SkeWAdjustment)

The longitudinal (z-direction) wind load on the pier cap is applied as a line load along the front of the cap.

WSZ.PierCap.StrVServl = Wi”dsub4 1-hCap-cos(Skew) - Wi”dsubo O-hCap-sin(Skew) = 0.05-kIf

The transverse (x-direction) wind load on the pier cap is applied as a point load on the end of the cap.

WSy pierCap.strvservi = Windsyp O-(bCap-hCap)-cos(Skew) + Windgp, 1-(LCap-hCap)-sin(Skew) = -0.47-kip

The longitudinal (z-direction) wind load on the column is applied as a line load on the exposed column height.

WSZ.PierCoI.StrVServI = Windsub4 1'bco|-COS(SkEW) — WindSUbO O-bCo|~Sin(SkEW) = 0.04-kIf

The transverse (x-direction) wind load on the column is applied as a line load on the exposed column height.

WSX.PierCoI.StrVServI = WindSUbO 0'bCO|-COS(Sk6W) + Windsub4 1-bCo|-sin(Skew) = 0.05-kIf

B5. Wind Pressure on Vehicles [LRFD 3.8.1.3] X z
0 100 0
h ifies that wind load should ~ 068 o1z ki
bo applicd to vehices on the bridge. - SKeWing: [0 | Wind pepyi- | 082 024 |-
45 .066 .032
60 .034 .038

Height above ground for wind pressure on

VENICIES. ..o Z3 = hcol ~ Nsurcharge *+ 6Tt + Ncgp + = 26251t
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The wind forces on vehicles are
transmitted to Pier 2 of the substructure

using tributary lengths............c..cocveevnn. Lpier == Lspan = 90Tt

Forces due to wind on vehicles applied to o

the SUPErstruCtUre. ...........ccceevvevveereennnne. Whsuper.pier = Windi rrp:Lpier
X Z
9.0 0.0
79 1.1

WLgyper pier = | 74 22 |-kip

59 29
3.1 34

A conservative approach is taken to minimize the analysis required. The maximum transverse and longitudinal
forces are used in the following calculations.

Maximum transverse force..................... FWL x = WLSuper.PierO - 9-kip
Maximum longitudinal force.................... FwLz = WLSuper.Pier4 . 3.42-kip

The forces due to wind need to be resolved along the direction of the skew.

Force perpendicular (z-direction) to the . .
Orce perp ( ) WL, pier = |FuLzcos(Skew)| + [Fyy y-sin(Skew)| = 6.29-kip

PIBE. .t

Force perpendicular (z-direction) to the pier WL, pigr

PEr DEAM. ...t WL, Beam = ' = 0.7-kip
beams

Force parallel (x-direction) to the cap........ WLy pier = |FWL-Z'Sin(SkeW)| * |FWL-X'COS(SkeW)| = 9.63-kip

Force parallel (x-direction) to the cap per WL

X.Pier .
bEAM. ... WLy Beam = = 1.07-kip

beams
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Longitudinal Adjustments for Wind on Vehicles

The longitudinal moment is resisted by the moment arm (similar to braking forces).

Force
6 It

! N%
‘ |‘ Applied Moment ‘

Resisting Couple

Moment arm from top of bearing pad to

. - = M_m=h+6 ft
location of applied load........................... Marm = 9.750t Marm )
Vertlca_l force in pier due to wind pressure -WL, BearnMarm _
on vehicle per beam (+/-).......cccccoeevieiennn. W'—y.Beam = 3 = —0.08-kip

span

For this design example, this component of the load is ignored.

Transverse Adjustments for Wind on Vehicles

Using the principles of the lever rule for transverse distribution of live load on beams, the wind on live can be
distributed similarly. It assumes that the wind acting on the live load will cause the vehicle to tilt over. Using the
lever rule, the tilting effect of the vehicle is resisted by up and down reactions on the beams assuming the deck

to act as a simple span between beams.

Moment arm from top of bearing pad to

location of applied load........................... Marm = 9.7501t
\ertical reaction on one beam on pier from WL B -WLy pierMarm om0
transverse wind pressure on vehicles (+/-) MWRYABOARR BeamSpacing -9.39-kip
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Since this load can occur at any beam location, conservatively apply this load

to all beams

WIND ON LIVE LOAD
FORCES AT PIER

WL Loads (kip)
Beam X y z
1 11 9.4 0.7
2 11 -94 0.7
3 11 9.4 0.7
4 11 -9.4 0.7
5 1.1 9.4 0.7
6 1.1 94 0.7
7 11 9.4 0.7
8 11 -94 0.7
9 11 0.0 0.7
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C. Design Limit States
The design loads for strength 1, strength V, and service | limit states are summarized in this section. For each
limit state, maximum positive moment in the cap, maximum negative moment in the cap, and maximum shear are
presented.

These reactions are from the superstructure only, acting on the substructure. In the RISA analysis model,
include the following loads:

e DC: self-weight of the substructure, include pier cap and columns

e TU: atemperature increase and fall on the pier substructure utilizing the following parameters:
coefficient of expansion oy = 6 x 10 6-0%
temperature change temperaturejcrease = temperatureg,y = 35-°F

Two load cases would be required for temperature with a positive and negative strain being inputed.

Fixity of the pier was provided at the bottom of the columns.

Substructure Model

N1 N11 TNz N12 N13 ThE W14 N15 NAGNA N17 N18 TNE MN19 N6

N7 B NG 10

Forces applied directly to the analysis model: DC Load Case

190Kk -199 8k 109 8k -199.8k -199.8k 190 8k 109 8k -199.8k 190k

3038k ‘
ll'lli =ﬁl ! ) ii -
IAAAL A‘AAA AAAAAA!l AR RVRNR AR VAV AT VR
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Forces applied directly to the analysis model: BR Load Case

O Ak Y Bk Bk Y Bk T L TEk

Forces applied directly to the analysis model: CR/SH/TU Load Case

Forces applied directly to the analysis model: WS (Strength Il1/Service 1V)

- Y ’ _ ]
-2 23t -2 -2 2 -2 = -2.942 16k

R 3K - - 04 .
-8 08k -6 -6 1] -6 = Bl -.Bk-47k
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Forces applied directly to the analysis model: WL

Moving Load Pattern: WL Vertical

r ]
Edit Moving Load Pattern Deﬁniﬁ_ (o]
Load 4 Load 3 Load 2 Load 1 Pattern Label
.- Dizt 3 Dizt 2 1 Distd | WL-VERT
< - - < Magnitude Direction Distance
ﬁ (k) (")
Direction of Maving 194 ¥ =
» 294 Y 10 E
Lo Movement 3 | 8
The Direction value may be : 4
KYZ - Global Direction 5
%Yz - Local (Member) Direction B
V- Current Vertical Direction 7
The ‘Distance’ entries are the 8
distances between the loads, i.e. g
‘Distance 1"is the distance from 10
Load 1to Load 2. . % I
OK Clear Data Help | -

Moving Load Pattern: One Lane

)
Edit Moving Load Pattern Deﬁniti_ [

Load 4 Load 3 Load2 | 41 Pattern Label
oo|_Dista | Dist2 ) Dists | PCBEX_PIER_1LANE
= = = = Magnitude Direction Distance
ﬂ (k) )
Direction of Moving i =° Y =
2|72 Y B |=
Load Movement 3 | 8
The Direction value may be : 4
XYZ- Global Direction 5
xyZ - Local (Member) Direction 6
W - Current Vertical Direction 7
The ‘Distance’ entries are the 8
distances between the loads, i.e. q l
| 'Distance 1'is the distance from 10
| Load1toLload2 N -
oK Clear Data Help |
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Moving Load Pattern: Two Lanes

Loadd  poad3 °192 Loadd

Dist 5 Dist 2 | Dist1

Edit Moving Load Pattern Deﬁniti_

=)

Pattern Label

| PCBEX_PIER_2LANES

X = = = Magnitude Direction Distance
{ (K) )
Direction of Moving 1|85 Y &=
2|72 Y B |=
Load hovement |3
3 |-85 Y 4 —
The Direction value may be : 4 |-72 Y B
XYZ - Global Direction 5
% ¥z - Local (Member) Direction i1
V- Current Vertical Direction 7
The "Distance’ enfries are the a8 |
distances between the loads, i.e. g I
‘Distance 1'is the distance from 10 |
Load 1to Load 2. . hd
OK Clear Data Help |

Moving Load Pattern: Three Lanes

~
Edit Moving Load Pattern Deﬁn'ltl'_ [
Loadd  Load3 -"392 Load1 Pattern Label
«oo| Distz | Distz | Dist1 | PCBEX_PIER_3LANES
X = = = Magnitude Direction Distance
{ (k) )
Direction of Maving 189 Y i
2|72 Y B |=
Load Movement | 8
3 |-85 Y 4 -
The Direction value may be 4 |72 Y G
XY.Z- Global Direction 5 | -85 Y G
xyZ - Local (Member) Direction 6 |-72 ¥ i}
WV - CurrentVertical Direction 7
The "Distance’ entries are the a8 |
distances between the loads, i.e. g I
! ‘Distance 1'is the distance from 10 |
| Load1toLoad2. - -
oK Clear Data Help |
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Moving Load Cases:

,i, Moving Loads

=N R =

II‘ |I| T Pattern Incre... | Bot.. | 1stJ.. | 2nd ... | 3rdd.. | 4thJ.. | Bthd.. | 6thJ. | 7thd.. | 8thd. | 9thJ.. | 10th ..
1 M1 PCBEX_PIER_1LAME 1 |} L1& L1B
2 M2 PCBEX_PIER_2LANES 1 O L2A L2B
3 M3 PCBEX_PIER_3LAMNES 1 |} L24 L2B
4 M4 PCBEX_FIER_1LANE 1 O R1A R1B
5 Ma PCBEX_PIER_Z2LANES 1 O R2A R2B
6 ME PCBEX_PIER_3LAMNES 1 O R2A R2B
7 M7 WL-VERT 1 L1A R2B
Basic Load Cases:
,i, Basic Load Cases ’E@
[4][»] BLC Description Category | X Gravity | Y Gravity | Z Gravity | Joint Point | Distrib | Area (. | Surfac |
1 [DCLoad None 9 1 il
2 DW Load MNane
3 BR Load Mone
4 CRISHITU Loads Mone 1
5 WE StrilliSendy MNone
] W3 StrviSen None 1
7 WL Mone j

Load Combinations:

e All applied loads in the substructure analysis model should be multiplied by the appropriate load factor values
and combined with the limit state loads calculated in this file for the final results. The multiple presence factor
is included with the moving load case factors.

#, Load Combinations EI@
Combinations IDesign }

lz‘ lz‘ Description Sol PD SR. LC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor
1 Stri-1Lane +TU 1 1.25 3 2.1 4 5 M1 2.1 -
2 Str-1Lane -TU 1 125 3 21 4 -5 M1 21
3 Strl-2Lanes(2) +TU 1 1.25 3 175 4 5 M2 175
4 Strl-2Lanes(2)-TU 1 125 3 175 4 -5 M2 175
3 Strl-2Lanes(1+1) +TU 1 1.25 3 175 4 5 M1 175 4 175
6 Strl-2Lanes(1+1) -TU 1 125 3 175 4 -5 M1 175 4 175
7 Strl-3Lanes(3) +TU 1 1.25 3 1.488 4 5 M3 1.488
8 Strl-3Lanes(3)-TU 1 125 3 1.488 4 -5 M3 1488
9 Strl-3Lanes(2+1) +TU 1 1.25 3 1.488 4 5 M2 1.488 4 1.488
10 Strl-3Lanes(2+1) -TU 1 125 3 1.488 4 -5 M2 1488 4 1.488
1 Strl-4Lanes(3+1) +TU 1 1.25 3 1.138 4 5 M3 1.138 4 1.138
12 Strl-4Lanes(3+1) -TU 1 125 3 1.138 4 -5 M3 1.138 4 1.138
13 Strl-4Lanes(2+2) +TU 1 1.25 3 1.138 4 5 M2 1.138 M5 1.138
14 Strl-4Lanes(2+2) -TU 1 125 3 1.138 4 -5 M2 1.138 M5 1.138
15 Strl-6Lanes +TU 1 1.25 3 1.138 4 5 M3 1.138 M5 1.138
16 Strl-5Lanes -TU 1 125 3 1.138 4 -5 M3 1.138 M5 1.138
17 Strl-GLanes +TU 1 1.25 3 1.138 4 5 M3 1.138 MG 1.138
18 Strl-6Lanes -TU 1 125 3 1.138 4 =L M3 1.138 M& 1.138
19 Strill-1Lane +TU 1 1.25 4 5 5 14
20 Stril-1Lane -TU 1 125 4 -5 5 14
21 Stril-2Lanes(2) +TU 1 1.25 4 5 5 14
22 Stril-2Lanes(2) -TU 1 125 4 -5 5 14
23 Strill-2Lanes(1+1) +TU 1 1.25 4 5 5 14
24 Strill-2Lanes(1+1)-TU 1 125 4 -5 5 14
25 Strill-3Lanes(3) +TU 1 1.25 4 5 5 14
26 Stril-3Lanes(3) -TU 1 125 4 -5 5 14
27 Strill-3Lanes(2+1) +TU 1 1.25 4 5 5 14
28 Strill-3Lanes(2+1)-TU 1 125 4 -5 5 14
29 Strlll-4Lanes(3+1) +TU 1 1.25 4 5 5 14
30 Strill-4Lanes(3+1)-TU 1 125 4 -5 5 14
31 Strlll-4Lanes(2+2) +TU 1 1.25 4 5 5 14
32 Strill-4Lanes(2+2)-TU 1 125 4 -5 5 14
33 Strlll-5Lanes +TU 1 1.25 4 5 5 14
34 Strll-5Lanes -TU 1 125 4 -5 5 14
35 Strill-GLanes +TU 1 1.25 4 5 5 14
36 Strll-6Lanes -TU 1 125 4 -5 5 14 -

Substructure Design

3.03 Pier Cap Design Loads

218




C1. Strength I Limit State
Strengthl = 1.25-DC + 1.5-DW + 1.75-LL + 1.75BR + 0.50-(TU + CR + SH)

Beam Moment:

Beam Shear:

“, Load Combinations

Combinations IDes\gn]

E‘ E‘ Description Sol... | PD... | SR. BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor |
7 StrV-1Lane +TU [m] 1 1258 3 162 4 5 6 13 7 1 W7 1 M1 162 j
38 Strv-1Lane -TU [m] 1 125 3 1.62 4 -5 6 1.3 7 1 W7 1 M1 1.62
39 Str-2Lanes(2) +TU [m] 1 128 3 135 4 5 5] 13 7 1 W7 1 mz 135
40 Strv-2Lanes(2)-TU [m] 1 125 3 1.35 4 -5 6 1.3 7 1 W7 1 M2 1.35
41 Strv-2lanes(1+1) +TU [m] 1 128 3 1.35 4 5 6 13 7 1 M7 1 M1 1.35 M4 1.35
42 Strv-2lanes(1+1) -TU [m] 1 125 3 1.35 4 -5 6 1.3 7 1 W7 1 1 1.35 M4 1.35
43 Strv-3Lanes(3) +TU [m] 1 1.25 3 115 4 5 6 13 7 1 M7 1 M3 1.15
44 Strv-3Lanes(3)-TU [m] 1 125 3 115 4 -5 6 1.3 7 1 W7 1 M3 1.15
45 Strv-3Lanes(2+1)+TU | [0 1 1.25 3 115 4 5 6 13 7 1 W7 1 M2 1.15 M4 1.15
46 StrY-3Lanes(2+1) -TU [m] 1 125 3 1.15 4 -5 6 1.3 7 1 W7 1 [ 1.156 M4 1.156
47 Strv-dLanes(3+1)+TU | [ 1 1.25 3 88 4 5 6 13 7 1 W7 1 3 83 M4 88
48 StrY-4Lanes(3+1) -TU [m] 1 125 3 a8 4 -5 6 13 7 1 W7 1 M3 a3 M4 88
49 Strv-dLanes(2+2)+TU | [ 1 1.25 3 a8 4 5 6 13 7 1 W7 1 M2 88 M5 88
50 StrY-4Lanes(2+2) -TU O 1 125 3 a8 4 -5 6 13 7 1 W7 1 M2 a3 M5 88
51 Strv-5Lanes +TU [m] 1 1.25 3 a8 4 5 6 13 7 1 W7 1 M3 a8 M5 88
52 Str-5Lanes -TU [m] 1 125 3 28 4 -5 6 13 7 1 M7 1 M3 88 M5 88
53 Strv-6Lanes +TU [m] 1 1.25 3 a8 4 5 6 13 7 1 W7 1 M3 a8 MG 88
54 Stri6Lanes -TU [m] 1 125 3 28 4 -5 6 13 7 1 M7 1 M3 88 ME 88
55 Servi-1Lane +TU [m] 1 1 3 1.2 4 1 6 1 7 1 W7 1 1 1.2
56 Servl-1Lane -TU [m] 1 1 3 12 4 -1 6 1 7 1 W7 1 1 12
57 Servi-2Lanes(2) +TU [m] 1 1 3 1 4 1 & 1 7 1 W7 1 M2 1
58 Servl-2Lanes(2)-TU [m] 1 1 3 1 4 -1 6 1 7 1 W7 1 Mz 1
50 Send-2Lanes(1+1)+TU | [ 1 1 3 1 4 1 B 1 7 1 W7 1 1 1 M4 1
B0 Senvl-2Lanes(1+1)-TU [ O 1 1 3 1 4 -1 6 1 7 1 W7 1 1 1 M4 1
61 Senvi-3Lanes(3) +TU [m] 1 1 3 85 4 1 6 1 7 1 W7 1 M3 a5
62 Servl-3Lanes(3)-TU [m] 1 1 3 a5 4 -1 6 1 7 1 W7 1 M3 85
63 Senvil-3Lanes(2+1)+TU | [ 1 1 3 85 4 1 5] 1 7 1 W7 1 mz 85 M4 85
64 Senvl-3Lanes(2+1)-TU [ O 1 1 3 a5 4 -1 6 1 7 1 W7 1 M2 85 M4 .85
65 Senvi-4Lanes(3+1)+TU | O 1 1 3 65 4 1 6 1 7 1 M7 1 M3 65 M4 65
66 Senl-4Lanes(3+1)-TU | [ 1 1 3 65 4 -1 6 1 7 1 W7 1 M3 65 M4 .65
87 Senvil-dlanes(2+2)+TU [ [ 1 1 3 B5 4 1 6 1 7 1 M7 1 mz 65 M5 65
65 Senl-dLanes(2+2)-TU | [ 1 1 3 65 4 -1 6 1 7 1 W7 1 M2 65 M5 .65
69 Servl-5Lanes +TU [m] 1 1 3 65 4 1 6 1 7 1 W7 1 M3 65 M5 .65
70 Servl-5Lanes -TU [m] 1 1 3 65 4 -1 6 1 7 1 W7 1 M2 65 M5 .65
71 Servl-GLanes +TU [m] 1 1 3 65 4 1 6 1 7 1 W7 1 M3 65 MG .65
72 Servl-BLanes -TU [m] 1 1 3 65 4 -1 6 1 7 1 W7 1 M3 65 M8 66 |
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C2. Strength V Limit State
Strength5 = 1.25.DC + 1.50-DW + 1.35-LL + 1.35-BR + 1.30-WS + 1.0-WL + 0.50-(TU + CR + SH)

Beam Moment:

20538

Beam Shear:

6327

d i ﬁaom i

C3. Service | Limit State

Servicel = 1.0-DC + 1.0-DW + 1.0-LL + 1.0-BR + 1.0WS + 1.0-WL + 1.0-CST

Beam Moment:

18258
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Beam Shear:

T = Uy

C4. Summary of Results

Strength | Strength 11| Strength V Service |
Positive Negative Positive Negative Positive Negative Positive Negative
Moment (kip-ft) 1727 -2210.2 - - 1506.7 @ -2053.8 1222.2 -1825.8
Beam
Shear (kip) 656.3 -702.8 - - 601.1 -632.7 470 -492
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SUBSTRUCTURE DESIGN
Pier Cap Design
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This section provides the criteria for the pier cap design.
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A. Input Variables

Material Properties

Unit weight of concrete.................cceeveees Yeonc = 150-pcf
Modulus of elasticity for reinforcing steel..  Eg = 29000-ksi

Yield strength for reinforcing steel........... fy = 60-ksi

Design Parameters

Resistance factor for flexure and tension of
reinforced CONCrete.............vvvvvvvivinininnnne =09

Resistance factor for shear and torsion

(normal weight concrete).................c..e. D= 0.90

Design Lanes

Current lane configurations show two striped lanes per roadway with a traffic median barrier separating the

roadways. Using the roadway clear width between barriers, Rdwy,,iqip, » the number of design traffic lanes per

roadway, Njgnes . can be calculated as:
Roadway clear width............................. Rdwy,igth = 42 ft

Number of design traffic lanes per

FOAAWAY. ....eeeeeeeii e Nianes = 3

Florida DOT Concrete & Environment [SDG 1.4]
Concrete cover for substructure not in
contact with water.............covvevviiiinnnnnnn, coverg p = 3-in
Concrete cover for substructure in contact
with water or earth..................... COVerg b earth = 4N
Minimum 28-day compressive strength for
cast-in-place substructure....................... fo qup = 5-5-ksi
Modulus of elasticity for cast-in-place
SUBSLIUCTUNE. ...vvveiece e Ec gup = 3846-ksi
Environmental classification for
SUDSEFUCTUTE. .. Environmentg ,, = "Moderately"

Note: Epoxy coated reinforcing not allowed on FDOT projects.
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Pier Geometry

Height of pier cap.........ccoovvvvviiiinninenn, hCap = 4.5ft
Width of pier cap......cccooeveevviviiiiiininneenn, bCap = 4.5ft
Length of pier cap........ccccceeeeiviieeeiiiiinnnns '—Cap = 88ft
Length of pier column...............cnnnen. hool = 141t
Column diameter...........cccoeeveiiiiiiiiiinnns bog) = 41t
Number of columns............cccccceninnn, Neol = 4

Surchage (column section in ground)....... =2ft

hSurcharge

Design Loads - Moments, Shears and Torques

Moment (-M) - Service...........ooeeeevverinnnns MServicel.neg = -1825.8-ft-kip

Moment (-M) - Strength.............cccccvvnnnnne MStrengthl.neg = —2210.2-ft-kip
Corresponding Shear (-M) - Strength........ VStrengthl.neg = —702.8-kip *** See Note 1
Corresponding Torsion (-M) - Strength..... TStrengthl.neg := —55.2-ft-kip

Moment (+M) - Service..........ccccvvvvvnnne MServicel.pos = 1222.2-ft-kip

Moment (+M) - Strength......................... MStrengthl.pos = 1727-ft-kip

Corresponding Shear (+M) - Strength....... VStrengthl.pos = 656.3-kip

Corresponding Torsion (+M) - Strength.... TStrengthl.pos := —55.2ft-kip

Note 1:
The design for shear on this section utilized the corresponding shear due to moment (-M). By inspection, the
loading for maximum shear is similar to the shear produced by the loading for maximum moment (-M) in the cap.

In a design, the engineer will need to make sure that the applied live load maximizes the shear in the cap for design.
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B. Positive Moment Design
A few recommendations on bar size and spacing are available to minimize problems during construction.
e Use the same size and spacing of reinforcing for both the negative and positive moment regions. This

prevents field errors whereas the top steel is mistakenly placed at the bottom or vice versa.

e If this arrangement is not possible, give preference to maintaining the same spacing between the top and
bottom reinforcement. Same grid pattern allows the concrete vibrator to be more effective in reaching
the full depth of the cap.

The design procedure consists of calculating the reinforcement required to satisfy the design moment, then
checking this reinforcement against criteria for crack control, minimum reinforcement, maximum
reinforcement, shrinkage and temperature reinforcement, and distribution of reinforcement. The procedure is
the same for both positive and negative moment regions.

M= Mstrength1.pos = 1727-kip-ft

Factored resistance
M, = oMy

Nominal flexural resistance
a a Vo , a \ a
My, = Aps-fps-(dp - Ej + AS-fS-(dS - E) - AS-fS-(dS - E) + O.85-fc-(b - bW)-hf-(E - ?j
For a rectangular, non-prestressed section,
_ a
Mp = Agfg| dg - E

_ MYy

0.85-f b

Assume f = fy [LRFD 5.7.2.1]

B1. Positive Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

f
Using variables defined in this example...... M, = ¢'As.pos'f -[ds - i(ﬂﬂ

2| 0.85f, o b

where fo qup = 5-5-ksi

fy = 60-ksi

$ =09

Cap
>
d

hCap = 54-in

| ®cap |

bcap = 54-in
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Initial assumption for area of steel required

Number of barS........ccovvvvviviiiiininnn, Npar =
Sizeof bar......cocovvviiiii bar := "10"
MWW

Note: if bar spacing is "-1", the spacing is less than 3", and a bigger bar size should be selected.

Do 2
Bar area..........ccccvvviiiiin Apgr = 1.270:in
Bar diameter...........ccccvvvvviiiiiiiiiiinn dia = 1.270-in
Equivalent bar spacing....................... barspa1 = 5.8:in
Area of steel provided...........ccooooeerreiinnis N@&sz Npar Pbar = 11.43-in2

Distance from extreme compressive fiber to
centroid of reinforcing steel (assuming a #6

101 £ (1] 0) T = hCap — coverg,p — % - %in = 49.6-in
fo sup — 4ksi
Stress block factor.........cooevevvveeiiiinnnnnnn, 34,;= min max 0.85 — 0.05- k— ,0.65/,0.85| = 0.78
si
Distance between the neutral axis and A pos s
COMPressive face........oveevvvviviiiiiinneeeenne, o P = 3.51-in
0.85-f¢ qub B1'bCap
Solve the quadratic equation for the area of 1 AT
steel required..........oooevvvvviiiiii e, Given M, =d-Agfldg— —| ———
2 0'85'fc.sub'bCap
Area of steel required................ccoevene... Assead= Find(As) _ 7.88-in°

The area of steel provided, Ag o= 11.43.in° , should be greater than the area of steel required,

Asreqd = 7.88-in’. If not, decrease the spacing of the reinforcement. Once Ag o is greater than Ag reqq
the proposed reinforcing is adequate for the applied moments.

. . 1 As.pos'fy
Moment capacity provided..................... Mr.pos = d"As.pos'fs' dg— = | ————— || = 2482.1 kip-ft
2 | 085 gypbeap
Check assumption that fg = fy ................. Check fe = ﬁ(d—s <0.6,"OK" ,"Not OK j

Check_f, = "OK"
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B2. Limits for Reinforcement [LRFD 5.7.3.3]
Minimum Reinforcement

The minimum reinforcement requirements ensure the moment capacity provided is at least equal to the lesser of
the cracking moment and 1.33 times the factored moment required by the applicable strength load combinations.

Modulus of Rupture............ccccoeevveieennnnnns =024 “C.SUb'kSi = —562.8 psi [SDG 1.4.1.B]
bean N

Section modulus of cap..........cccceeevveeenne. Si= w = 26244-in3

Flexural cracking variability factor........... Jas= 1.6

Ratio of specified minimum yield strength

ﬁg#g:@:ﬁ;ﬁ?sne strength of the Jau= 0.67 (for ASTM A615, Grade 60 reinforcing
........................................ steel, per SDG 1.4.1.C)

Cracking moment...........cccovvvvviiiiinneennnn, Mari= Y371 fS = ~1319.6-Kip-ft

Required flexural resistance............. Miragan= min(||\/|cr| ,133-%-|\/Ir) = 1319.6-kip-ft

Check that the capacity provided, My o,q = 2482.1-ft-kip , exceeds minimum requirements,

M reqq = 1319.6-ft-kip .

LRFDE 22.3.2:= |"OK, minimum reinforcement for positive moment is satisfied" if Mr.pos > Mr.reqd

"NG, reinforcement for positive moment is less than minimum"  otherwise

LRFDg 7 3 3.9 = "OK, minimum reinforcement for positive moment is satisfied"

SUBSTRUCTURE DESIGN 3.04 Pier Cap Design 227




B3. Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

Concrete is subjected to cracking. Limiting the width of expected cracks under service conditions increases the
longevity of the structure. Potential cracks can be minimized through proper placement of the reinforcement.
The check for crack control requires that the actual stress in the reinforcement should not exceed the service
limit state stress (LRFD 5.7.3.4). The stress equations emphasize bar spacing rather than crack widths.

The maximum spacing of the mild steel
reinforcement for control of cracking at
the service limit state shall satisfy.........

where
Exposure factor for Class 1 exposure
CONAILION. ...

Overall thickness or depth of the
COMPONENL......cciriiiiiiiiieeaannne

Distance from extreme tension fiber to
center of closest bar...........coocvvviviinnnnn,

700-7,
s < - 2-dC
Bs'fss
R
0.7(h - d)

Bg=1+

o= 100 [SDG 3.15.8]

d 3
A%/: covergp + ?Ia + Zin = 4.38-in

de

A@ﬁlzzl+0'7(—

=113
hCap - dc)

The neutral axis of the section must be determined to determine the actual stress in the reinforcement. This
process is iterative, so an initial assumption of the neutral axis must be made.

Guess value x := 11.1-in

Given

Tensile force in the reinforcing steel due to
service limit state moment.......................

Es

= —-A (d. — X
Ec_sub S.pOS( S )

1 2
E.bcap.X

Xpg = Find(x) = 11.09-in

M ;
Servicel.pos
T := __oervice-.pos

T~ = 319.4-kip
Xna
dg - —

SUBSTRUCTURE DESIGN

3.04 Pier Cap Design 228




Actual stress in the reinforcing steel due to
service limit state moment.......................

Required reinforcement spacing...........

Provided reinforcement spacing...........

LRFD5 7= "OK, crack control for M is satisfied"

"NG, crack control for M not satisfied, provide more reinforcement”

T

s actughi= —— = 27.94 ki
As.pos
700,20
in .
W‘/’: Bf— - 2'dC = 13.47-in
s''s.actual

barspal = 5.84-in

The required spacing of mild steel reinforcement in the layer closest to the tension face shall not be less than the
reinforcement spacing provided due to the service limit state moment.

if Srequired = Parspa

otherwise

LRFDg 7 3 4 = "OK, crack control for M is satisfied"
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B4. Shrinkage and Temperature Reinforcement [LRFD 5.10.8]

Initial assumption for area of steel required

Sizeof bar.......ccooooviiiiiiiiiie barg;= "6"
Spacing of bar..........ccccceeeeiiiiiiin, balcoasst= 12:in
Do
Bar area..........ccccvvviiiiin Apar = 0.44~in2
Bar diameter...........ccccvvvvviiiiiiiiiiinn dia = 0.750-in
ii in2 Il
0.60 —
ft
Minimum area of shrinkage and in2 in2
temperature reinforcement................. Ashrink.temp = min 0-11? =0.29-—
max kip
1-3'bCap'hCap'ﬁ
| (Ll Abcap *+ heap)ty |]]

Maximum spacing of shrinkage and temperature reinforcement

. . Apar
RN shwioktempy= | MIN
A

J12:in | if (bgp > 36in)(Ncgp > 36in) = 121in
shrink.temp

. Apar . .

min A_—»s'bCap’3'hCap’18'” otherwise
shrink.temp

The bar spacing should be less than the maximum spacing for shrinkage and temperature reinforcement

LRFDE 2108/~ | "OK, minimum shrinkage and temperature requirements”  if barspa.st < SpaCingshrink.temp

"NG, minimum shrinkage and temperature requirements" otherwise

LRFDg 7 10.g = "OK, minimum shrinkage and temperature requirements"”
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B5. Mass Concrete Provisions [SDG 3.9]

Surface area of pier cap............ccooeevenne. Surfacecgy = 2:bcapNcap + (ZbCap + ZhCap)"-Cap _ 1624.5ft°
\Volume of pier cap........ccceeiiiieeninninnnns VO'“mecap = bCap'hCap'LCap = 1782-ft3
VolumeCap

Mass concrete provisions apply if the volume to surface area ratio, =1.1ft , exceeds 1 ft and the

SurfaceCap
minimum dimension exceeds 3 feet

VolumeCap

SDG, g := | "Use mass concrete provisions” if >10ftAb >3ft A h > 3ft
3.9 Cap Cap

Surfaceca1p
"Use regular concrete provisions™ otherwise

SDG3 g = "Use mass concrete provisions™
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C. Negative Moment Design

M= |MStrength1.neg|
M, = 2210.2-ft-kip

Factored resistance
M, = oMy

Nominal flexural resistance
a a Vo , a \ a
M, = Aps-fps-(dp - Ej + AS-fS-(dS - E) - AS-fS-(dS - E) + O.85-fc-(b - bv\,)-@l-hf-[E - ?j

For a rectangular, non-prestressed section,

M, = As-fs-[ds - %j

_Ahy

a=s ———
0.85-f-b
Assume f = fy [LRFD 5.7.2.1]

C1. Negative Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

Using variables defined in this example,

where  f. o, = 5.5ksi A
f,, = 60-ksi
y §
¢=09 <°
hCap = b4.in ‘ chp ‘
. I |
bcap = b4.in
Initial assumption for area of steel required
Number of bars...........cccveeieniinn, Npatw= 9
Sizeof bar.......ccccovveiiiii, bar := "10"
MW

Note: if bar spacing is "-1", the spacing is less than 3", and a bigger bar size should be selected.

Do
Bar area........cccoovveviiiii Apar = 1.270-in2
Bar diameter.........cccvvvviiiiiieeeiieis dia = 1.270-in
Equivalent bar spacing...................... barspa1 = 5.8:in
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Area of steel provided...........ccooooeerreiinnis N'Av‘s‘mgv:: Npar Abar = 11.43-in2

Distance from extreme compressive fiber to
centroid of reinforcing steel (assuming a #6

1] 4 (1] 0) T = hCap — coverg,p — % - %in = 49.62-in
fo qup — 4ksi
Stress block factor..........ccoovevvveeiiiiinnnnns, 34,;= min max 0.85 — 0.05- k— ,0.65(,0.85| = 0.78
si
Distance between the neutral axis and A nea s
COMPressive face........oveevvvveviiiiiiineeeenne, o il = 3.51-in
0.85-f¢ qub B1'bCap
Depth of equivalent stress block............... 2= Bq-c=272n
Solve the quadratic equation for the area of 1 At
steel required..........oooevvvvviiiiii e, Given M= d-Agfeldg— —| ————
2 0'85'fc.sub'bCap

Area of steel required................cccevenenn. Assead= Find(As) _ 10.15-in?

The area of steel provided, Agpeq = 11.43.in° , should be greater than the area of steel required,

Asreqd = 10.15-in?. If not, decrease the spacing of the reinforcement. Once Ag is greater than Aq reqq ., the
proposed reinforcing is adequate for the applied moments.

Moment capacity provided..................... Mr.neg = <1>-As_neg-fs-(ds - %j = 2482.1-kip-ft
. . c " .o "
Check assumption that fg = fy ................. Check fe = ﬁ(d—s <0.6,"OK" ,"Not OK j
Check_fg = "OK"
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C2. Limits for Reinforcement [LRFD 5.7.3.3]
Minimum Reinforcement

The minimum reinforcement requirements ensure the moment capacity provided is at least equal to the lesser of
the cracking moment and 1.33 times the factored moment required by the applicable strength load combinations.

Modulus of Rupture............ccccoovvieeiverinnns =024 “C.SUb'kSi = -562.85psi [SDG 1.4.1.B]
bean N

Section modulus of cap...........ccceeeeveeenne. Si= w = 15.19-ft3

Flexural cracking variability factor........... Jas= 1.6

Ratio of specified minimum yield strength

ﬁg#g:@:ﬁ;ﬁ?sne strength of the Jau= 0.67 (for ASTM A615, Grade 60 reinforcing
........................................ steel, per SDG 1.4.1.C)

Cracking moment...........cccovvvvviiiiinneennnn, Mari= ¥1:V3-f-S = ~1319.6-Kip-ft

Required flexural resistance............. Miragan= min(||\/|cr| ,133-%-|\/Ir) =1.32x 103-kip-ft

Check that the capacity provided, Mr.neg = 2482.1-ft-kip , exceeds minimum requirements, Mr.reqd = 1319.6-ft-kip.

LRFDE 2 2.3,.2:= | "OK, minimum reinforcement for negative moment is satisfied"  if Mr.neg > Mr.reqd

"NG, reinforcement for negative moment is less than minimum™ otherwise

LRFDg 7 3 3.9 = "OK, minimum reinforcement for negative moment is satisfied"
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C3. Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

Concrete is subjected to cracking. Limiting the width of expected cracks under service conditions increases the
longevity of the structure. Potential cracks can be minimized through proper placement of the reinforcement.
The check for crack control requires that the actual stress in the reinforcement should not exceed the service
limit state stress (LRFD 5.7.3.4). The stress equations emphasize bar spacing rather than crack widths.

The maximum spacing of the mild steel

reinforcement for control of cracking at 700-v4
the service limit state shall satisfy......... s< - 2.d;
B fss
dC

where Bg=1l+—"—

0.7(h - d)
Exposure factor for Class 1 exposure lg,= 1.00 [SDG 3.15.8]
CONAILION. ...
Overall thickness or depth of the he — Bain
COMPONENt.......ccoveeiereerreannnnnn. Cap = >

Distance from extreme tension fiber to
center of closest bar...........coocvvviviinnnnn,

d

d 3
g, = coverg p + ?'a + Zin = 4.38-in

de

=1+ ———— =113
As. 0.7(hCap - dc)

The neutral axis of the section must be determined to determine the actual stress in the reinforcement. This
process is iterative, so an initial assumption of the neutral axis must be made.

Guess value x := 11.1-in

Given ! B X2 = s A (d x)
S PCapt T s.neg\Ms T
2 P Ec.sub g

Xpao= Find(x) = 11.09-in

Tensile force in the reinforcing steel due to ser

M .
limit state moment....................... T.:= 17 Servicel.neg|

= 477.14-kip
Xna

d__
S 3
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Actual stress in the reinforcing steel due to T,

service limit state moment....................... Tsactual= = 41.74-ksi

As ne

.neg
Ki

700-g 2
Required reinforcement spacing........... Srequivad, = n o 2-de = 6.12:in

BsTs.actual
Provided reinforcement spacing........... barspal = 5.84-in

The required spacing of mild steel reinforcement in the layer closest to the tension face shall not be less than the
reinforcement spacing provided due to the service limit state moment.
LRFDE 22.4= | "OK, crack control for M is satisfied" if srequired > barSpa

"NG, crack control for M not satisfied, provide more reinforcement” otherwise

LRFDg 7 3 4 = "OK, crack control for M is satisfied"
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D. Shear and Torsion Design [LRFD 5.8]

D1. Check if Torsion Design is Required
Ty = |TStrength1.neg| = |VStrength1.neg|

For normal weight concrete, torsional

effects shall be investigated if.................. T, >025-¢,, T,
2
A f
et AN Tor = 0125 [fo— [14+ —=—
Pc 0.125- [f;

Total area enclosed by outside perimeter of )
concrete Cross SeCtion..............oovvvveneeee. Acp = Ncapbcap = 20.25 1t

Length of outside perimeter of cross
SECHION. ..., Pe = 2'(hCap + bCap) = 18ft

Compressive stress in concrete after

prestress losses have occured.................. ﬁmv:: 0-psi
2
Torsional cracking moment T. = 0.125 [f ksi Ai 1+ fp—c = 961.7-kip-ft
o TN sl 0125 [foopksi
LRFDg g o := ["OK, torsion can be neglected” if 0.25-¢,, Ty 2T,
"NG, torsion shall be investigated..." otherwise
LRFDg g o = "OK, torsion can be neglected”
D2. Determine Nominal Shear Resistance
Effective width of the section.................. = bCap = 54-in
AV §
Effective shear depth.............cccoeeeeiie = S Y 5 72in
0.85-f¢ gp"beap
a .
o= max(ds - 5,0.9-d5,0.72-hCapj = 48.26-in
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Determination of 3and 6 (LRFD 5.8.3.4)

The pier cap is a non-prestressed concrete section not subjected to axial tension. Assuming it has at least
the amount of transverse reinforcement specified in LRFD 5.8.2.5 or an overall depth of less than 16 in,
the Simplified Procedure for determining Shear Resistance per LRFD 5.8.3.4.1 may be used.

AQV:: 2
.= 45-deg

Nominal shear resistance of concrete
SECHON. ..o, V= 003168 [ o prksi-b-d,, = 386.2-kip

D3. Transverse Reinforcement

Because the overall depth is greater than 16 in, transverse reinforcement shall be provided in the pier cap
according to LRFD 5.8.2.5.

bys
A, = 0316 [f.—
f
y
The pier cap has no prestressing.
Nps= 0°kip
Stirrups Single Double
Stirrup Stirrups
Size of stirrup bar ("4" "5" "6" "7")... bar ;= "6"
Number of stirrup bars
("single™ "double™ )..........cccoviiiiiiiiinn, Npaps= double”
[l
Area of shear reinforcement.................... A, = 1.760-in2
Diameter of shear reinforcement.............. dia = 0.750-in

Nominal shear strength provided by shear reinforcement

Vp=Ve+ Vp + Vg
(W .
WHEBIE....oi i Na= min ¢_»0-25'fc.sub'bv'dv + Vp = 780.89-kip
\)
AN, A>V/SA:: V- Ve Vp = 394.66-kip
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Spacing of stirrups

I . Av'fy
Minimum transverse reinforcement.......... Spin =

AT -
0.0316~bv- /fc.sub'ks'

= 26.39-in

) ] _ Av-fy-dv-cot(e) )
Transverse reinforcement required........... Sregy= if| Vg < O’Smi”’T =12.91-in
Minimum transverse reinforcement
PEQUITEO. .. .eovveee e 5= mi”(sminasreq) =12.91-in

Maximum transverse reinforcement spacing
V,, - ¢,V 0.8-d 0.4-d
L Yu T PviVp . v . v .
S = if| ———— < 0.125f ,min ,min = 24-in

Spacing of transverse reinforcement
cannot exceed the following spacing........ spacing, ;= floor,

" (Smax > S’S’Smax)j.in = 12in

in

LRFD 5.8.3.5 is applicable at the end bearing support areas. Therefore, this check is ignored.
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E. Summary of Reinforcement Provided

Negative moment (top) reinforcement

Bar size............. bafnegM ="10"
Number of bars.. Nbar.negM = 9 D&zp
Bar spacing....... bar = 5.8:in
spa.negM =h—-M reinforcement
N Shrinkage &
.. . Q
Positive moment (bottom) reinforcement S femperature
= reinforcement
Bar size............. barpOS,vI ="10 M reinforcement
_ tirru
Number of bars.. Nbar.posM = 9 2 p
Bar spacing........ barspa.posM = 5.8-in
—
Transverse reinforcement
Bar size............. bar = "6" Single Double
Stirrup Stirrups
Bar spacing........ spacing = 12.0-in

Type of stirrups. Npgr = "double”

Temperature and Shrinkage

Bar size............. bar "6"

shrink.temp =

Bar spacing....... b 12-in

Agpa.st =
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SUBSTRUCTURE DESIGN

Pier Column Design Loads

Reference
me Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\304PierCapDesign.xmcd(R)

Description

This section provides the design parameters necessary for the substructure pier column design. Loads are
given in Section 3.03: Pier Cap Design Loads. This section provides the results from analysis using RISA.

Page Contents
242 LRFD Criteria
244 A. General Criteria

Al. Load Summary

247 B. Design Limit States
B1. Strength | Limit State
B2. Strength 11l Limit State
B3. Strength V Limit State
B4. Summary of Results
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LRFD Criteria

STRENGTH I -

STRENGTH II -

STRENGTH III -

STRENGTH 1V -

STRENGTH YV -

EXTREME EVENT I -

EXTREME EVENT II -

SERVICE I -

SERVICE II -

Basic load combination relating to the normal vehicular use of the bridge without wind.

WA =0 Water load and stream pressure are not applicable.
FR=0 No friction forces.
TU Uniform temperature load effects on the pier will be generated by the

substructure analysis model.

Strengthl = 1.25-DC + 1.50-DW + 1.75-LL + 1.75-BR + 0.50-(TU + CR + SH)

Load combination relating to the use of the bridge by Owner-specified special design
vehicles, evaluation permit vehicles, or both without wind.

"Permit vehicles are not evaluated in this design example™

Load combination relating to the bridge exposed to wind velocity exceeding 55 MPH.
Strength3 = 1.25-DC + 1.50-DW + 1.40-WS + 0.50-(TU + CR + SH)

Load combination relating to very high dead load to live load force effect ratios.

"Not applicable for the substructure design in this design example"

Load combination relating to normal vehicular use of the bridge with wind of 55 MPH
velocity.

Strength5 = 1.25.DC + 1.50-DW + 1.35-LL + 1.35-BR + 1.30-WS + 1.0-WL ...
+0.50-(TU + CR + SH)

Load combination including earthquake.

"Not applicable for this simple span prestressed beam bridge design example™

Load combination relating to ice load, collision by vessels and vehicles, and certain
hydraulic events.

"Not applicable for the substructure design in this design example"

Load combination relating to the normal operational use of the bridge with a 55 MPH
wind and all loads taken at their nominal values.

"Not applicable for the pier column design in this design example”

Load combination intended to control yielding of steel structures and slip of
slip-critical connections due to vehicular live load.

"Not applicable for this simple span prestressed beam bridge design example™
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SERVICE III -

SERVICE 1V -

FATIGUE I -

FATIGUE II -

Load combination for longitudinal analysis relating to tension in prestressed concrete
superstructures with the objective of crack control.

"Not applicable for the substructure design in this design example"

Load combination relating only to tension in prestressed concrete columns with the
objective of crack control.

"Not applicable for the substructure design in this design example"

Fatigue and fracture load combination related to infinite load-induced fatigue life.

"Not applicable for the substructure design in this design example”

Fatigue and fracture load combination relating to finite load-induced fatigue life.

"Not applicable for the substructure design in this design example”
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A. General Criteria

The following is a summary of all the loads previously calculated:

Al. Load Summary

e Dead Loads - Unfactored beam reactions at the pier for DC and DW loads

UNFACTORED BEAM REACTIONS AT PIER
DC Loads (kip) DW Loads (kip)
Beam X y z X y z
1 0.0 -190.0 0.0 0.0 0.0 0.0
2 0.0 -199.8 0.0 0.0 0.0 0.0
3 0.0 -199.8 0.0 0.0 0.0 0.0
4 0.0 -199.8 0.0 0.0 0.0 0.0
5 0.0 -199.8 0.0 0.0 0.0 0.0
6 0.0 -199.8 0.0 0.0 0.0 0.0
7 0.0 -199.8 0.0 0.0 0.0 0.0
8 0.0 -199.8 0.0 0.0 0.0 0.0
9 0.0 -190.0 0.0 0.0 0.0 0.0

e Liveload -

Live load analysis is done with RISA.

HL-93 Line Load...........ccccoeevveieennnnns HL93 + P, = 85-kip

HL93 — P, = 72-kip

e Braking Force - Unfactored beam reactions at the pier for BR loads

BRAKING FORCES AT PIER
BR Loads (kip)
Beam X Y z Note: The direction of braking was
1 16 05 -4.3 reversed in order to maximize the
2 16 05 43 longitudinal braking moments, Mx caused
3 16 -0.5 -4.3 by 7'1oads, to maximize the effects of WS
4 16 -0.5 -4.3 and WL.
5 1.6 -0.5 -4.3
6 0.0 0.0 0.0
7 0.0 0.0 0.0
8 0.0 0.0 0.0
9 0.0 0.0 0.0
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e Creep, Shrinkage and Temperature - Unfactored beam reactions at the pier for CU, SH and TU loads

CREEP, SHRINKAGE,
TEMPERATURE FORCES AT

PIER
CR, SH, TU Loads (kip)
Beam X y z
1 0.0 0.0 0.0
2 0.0 0.0 0.0
3 0.0 0.0 0.0
4 0.0 0.0 0.0
5 0.0 0.0 0.0
6 0.0 0.0 0.0
7 0.0 0.0 0.0
8 0.0 0.0 0.0
9 0.0 0.0 0.0

e Wind on structure - Unfactored beam reactions for WS loads

WIND ON STRUCTURE FORCES AT PIER WIND ON STRUCTURE FORCES AT PIER
Strength lll, Service IV Strength V, Service |
WS Loads (kip) WS Loads (kip)
Beam X y z Beam X y z
1 -2.9 0.0 -15 1 -0.6 0.0 -0.3
2 -2.9 0.0 -15 2 -0.6 0.0 -0.3
3 -2.9 0.0 -15 3 -0.6 0.0 -0.3
4 -2.9 0.0 -15 4 -0.6 0.0 -0.3
5 -2.9 0.0 -15 5 -0.6 0.0 -0.3
6 -2.9 0.0 -15 6 -0.6 0.0 -0.3
7 -2.9 0.0 -15 7 -0.6 0.0 -0.3
8 -2.9 0.0 -15 8 -0.6 0.0 -0.3
9 -2.9 0.0 -15 9 -0.6 0.0 -0.3

Note: The direction of wind was reversed in order to maximize the -Mz moment about pier column 2

A
Cap wind oading

WS.z.PlerCop WS.x.PlerCap
/7‘/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7 <

-
N Y
WSz Plercol WS.x Plorcol

=
X (Transverse!

e
Z tangttudinal
Typloai cotumn wind aoding

pAS LA

v\\%?&&\

SECTION A-A
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WSz.PierCap.StrIIIServIV = 0.209-kif
WSy pierCap.StriliServiv = —2-16-Kip
WS; piercol.striliserviv = 0-186-kIf
WSy pierCol.Striliserviyv = 0-216-KIf
WSZ.PierCap.StrVServl = 0.046-kIf
WSy pierCap.StrvServl = ~0-47-kip
WS; pierCol.StrvServl = 0-041-KIf

WSy pierCol.Strvservl = 0-047-KIf

e Wind on load on vehicles - Unfactored beam reactions for WL loads

WIND ON LIVE LOAD
FORCES AT PIER

WL Loads (kip)
Beam X y z
1 -1.1 9.4 -0.7
2 -1.1 -9.4 -0.7
3 -1.1 9.4 -0.7
4 -1.1 9.4 -0.7
5 -1.1 9.4 -0.7
6 -1.1 -94 -0.7
7 -1.1 9.4 -0.7
8 -1.1 -9.4 -0.7
9 -1.1 0.0 -0.7

Note: The direction of wind was reversed
in order to maximize the -Mz moment
about pier column 2
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B. Design Limit States

The design loads for strength I, strength 111, and strength V limit states are summarized in this section. For
each limit state, three loading conditions are presented: maximum axial force and maximum moment in the y-
and z-directions.

DC Loads:
100K -199.8k -199.8k -199.8k -199.8k -199.8k -199.8k -199.8k 190k
-3.038k ‘ ‘ ‘ ‘
8 11585k 1|BB5k]
- ' - -
BR Loads:
ak ak -8k ak ak

CR/SH/TU Loads:

WS Loads: Strength Ill, Service IV

e g T -1.5k ik 1.5k 1Sk o 1.5k B e 1k
B AR 2 I sraid Siie X! “Z.6k2.16k
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WS Loads: Strength V, Service |

s 3 awm -.3|: -.3|< i i3|< -.3|: -3 -.3|< -.3F T
-6 05 kift -6 -6 0 -6 = - -Gk -47k
s e - e T
WL Loads:
=Tk =Tk -7k =Tk =Tk =Tk =Tk -7k -7k
—g K g BEI o -f e Tk o -k o BEIS <o Tk o 1K o 11k

See Section 3.03 for Moving Load and Load Combination definitions.
B1. Strength I Limit State
Strengthl = 1.25-DC + 1.5-DW + 1.75-LL + 1.75BR + 0.50-(TU + CR + SH)
Column Y-Moment:
age
-20 -35.2 89
2497 2375 1102
18.8
Column Z-Moment:
12157 506.1 618.2
1.3 5.6
93
-738.3 -399.5
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Column Axial:

B2. Strength 111 Limit State

Strength3 = 1.25-DC + 1.5-DW + 1.4WS + 0.50-(TU + CR + SH)

Column Y-Moment:

1748 1907 1807
-174.8 -180.7 -180.7

Column Z-Moment:

4637 170.4
707

J?‘IEB
7

77
-4921 -216.5

Column Axial:

1748
-174.8

64.3
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B3. Strength V Limit State

Strength5 = 1.25-DC + 1.50-DW + 1.35-LL + 1.35-BR + 1.3-WS + 1.0-WL + 0.50-(TU + CR + SH)
Column Y-Moment:

-139 -28.7 53 178

2495 2452 1471 836

Column Z-Moment:

1060.6 4274 5374
8.5 6.6
35
-699.2 -377.8
Column Axial:
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B4. Summary of Results

RISA RESULTS

Result Case My Mz
Column 1 kip-ft kip-ft
Strength | - Top 20.0 1215.7
Strength | - Bottom 249.7 738.3
Strength 111 - Top 4.7 463.7
Strength 111 - Bottom 174.8 492.1
Strength V- Top 13.9 1060.6
Strength V- Bottom 249.5 699.2
Column 2

Strength I - Top 35.2 781.3
Strength | - Bottom 2375 4455
Strength 111 - Top 4.7 170.4
Strength 111 - Bottom 190.7 216.5
Strength V- Top 28.7 598.5
Strength V - Bottom 245.2 333.7

Axial
kip
553.4
1048.3

586.6
628.0

559.1
957.2

664.7
1224.8

686.7
7221

670.8
1114.6
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SUBSTRUCTURE DESIGN

Pier Column Design

Reference

me Reference:C:\Users\st986ch\AAAdata\LRFD PS Beam Design Example\305PierColLoads.xmcd(R)

Description

This document provides the design check summary for columns 1 and 2. P—A or any secondary effects
were not evaluated. (Note: Most higher-end analysis programs, such as Larsa 2000 have the capability to
analyze for secondary effects on columns such that the resulting moments are already magnified by P—-A. If
not, programs like PCA Column have a "Slender” column option whereas some parameters for slenderness

can be entered to include secondary effects.) The column analysis was done using the FDOT Biaxial Column
Program V2.3.

Page Contents

253 A. General Criteria
Al. Pier Column Design Loads

254 B. Biaxial Column Analysis
B1. Input Variables
B2. Output
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A. General Criteria

ALl. Pier Column Design Loads

Strength 1, strength 111, and strength V loads for columns 1 (exterior) and 2 (interior) were evaluated. The
following table summarizes the results from RISA output for pier columns 1 and 2.

RISA COLUMN RESULTS

Result Case

Column1

Strength 1-Top
Strength 1 - Bottom

Strength 3- Top
Strength 3 - Bottom

Strength 5- Top
Strength 5 - Bottom

Column 2

Strength 1-Top
Strength 1 - Bottom

Strength 3-Top
Strength 3 - Bottom

Strength 5-Top
Strength 5 - Bottom

Axial My

(kip)  (kip-ft)

5534 20.0
1048.3 249.7
586.6 4.7
628.0 174.8
550.1 139
957.2 249.5
664.7 352
1224.8 2375
686.7 4.7
7221 190.7
670.8 28.7
1114.6 2452

Mz
(kip-ft)

1215.7
738.3

463.7
492.1

1060.6
699.2

7813
445.5

170.4
216.5

598.5
333.7
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B. Biaxial Column Analysis

B1. Input Variables

...Enter general information...

"M Biaxial Column Program v2.3

General

General Properties
Caoncrete Column

Rebar

Mumber of Divisions

Prestressing
phi for Flexure 0.9
i

Loads

Woids phi for Axial i

phi Application i AASHTOACI
i ACAppendix B

Tie Type ™ Regular

 Spiral

Calculate
Display

..Enter material properties...

File Help

General

Concrete Column Properties
Concrete Column

Rebar
Prestressing
Loads
Voids

Ultimate Strength fc (K31} 5 5]

Regular Polygon

Shape

Radius (in}

# of Sides used for Polygon Shapes 32

Calculate
For Round Shapes use Regular Polygon Display
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"M Biaxial Column Program v2.3 [: E|rg|

General

Prestressing Properties
Concrete Column

Rebar Cage Shape [0S =
Prestrassing
Loads
Yioids

Calculate
For Round Shapes use Regular Folygon Display

"M Biaxial Column Program v2.3 [: E|rg|

General

Void Properties
Concrete Column

Rehar
Prestressing | void# |1 | Shape |[ETENMNNNNN ~
Loads
Yoids

Calculate
For Round Shapes use Regular Polygon Display
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Limits of Reinforcement [LRFED 5.7.4.2]

To account for the compressive strength of concrete, minimum reinforcement in flexural members is found to

f

. c - . . .
be proportional to (—J . Therefore, the longitudinal reinforcement in columns can be less than O.Ol-Ag if

y
allowed by the following equation:

Maximum area of reinforcement..............

Minimum area of reinforcement...............

For non-prestressed columns, the minimum
percentage of reinforcement allowed is.....

Ane-f
é + _pspd <0.08 (Note: 8% maximum is still applicable
Ag Ag'fy as per the LRFD).
-f Ane-f
% Y, B Psoass
Ag'fc Ag'fc
f R . . .
c.sub (Note: This equation was written in
y A f
Agop = 2 > 0.135~iljb where
Ay fy

A, is the percentage of

reinforcement.

In this situation, the minimum steel requirement was greater than 1% of the gross column area.

GroSS CONCIEte area.........cccvvvvvevevnnnneeennn.

Minimum steel area...........coocevveevineinnnnn,

Bar Siz€.......ovvviiiii

Bar Ar€a.....ccvvviiiiiiii

Minimum number of bars..................oo...

A conservative 24 bars will be analyzed.

Spirals and Ties [LRFD 5.7.4.6]

Tie size [LRFD 5.10.6.3].....cccovvveeivriinnnns
LI I 1T

Area of COre.....oovvviiiiiiiiiieeeee,

T 2 .2
/s'/%@«/:: Z.bCOI = 1809.6-in

Asi= AS%-Ag = 22.39-in2
bar .= "9"
MWW
/&\b‘/:: lin
Ag
np:= — = 22.39
bartie ="3"

.2
Apar tie = 0-2n

T 2 .2
Acore = Z-(bCo, ~ 2-coverg;p)” = 1385.4-in
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A f .2 .2
R B
ft ft

Acore fy

Required tie area............cccceuvvvviinininnnnnns pg = 0.45.

A .
o . 1
Required tie spacing.............cccovverveeninans 5= min bCO|,12in,M = 12-in

Ps

...Enter column design criteria...

= = ™

File Help

General

Rebar Properties
Concrete Column

Rebar
Prestressing

Modulus of Elasticity (KSI1) 9000.0|

Yield Strength fy (KSI) G0.0

Cage Shape Regular Polygon

Bar Size

Radius (in)

# of Bars
Calculate
For Round Shapes use Regular Polygon Display
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...Enter factored loads acting on column...

Column 1

File Help

General

Concrete Column

Rebar

Prestressing

Loads

Voids

Column 2

Load1
Load 2
Load 3
Load 4
Load 5
Load 6
Load 7
Load 8
Load 9
Load 10

Load Properties

Aial
Mom

toment
ent about

(Kips) (IN Kips)

553

4 200

1045 2497

586
628
559
957
0.0
0.0
0.0
0.0

File Help

General

Concrete Column

Rebar

Prestressing

Loads

Load1

Voids

Load 2
Load 3
Load 4
Load 5
Load 6
Load 7
Load 8
Load 9

B 47
174.8

A 139

2 2495
0.0
0.0
0.0
0.0

Load Properties

toment
about
(IH Kips)

352
2375
47
190.7
287
2452
0.0
0.0
0.0

Load 10 0.0 0.0

- ™

homent
about X
(IH Kips)

12157
7383
4637
4921
1060
6992
0.0
0.0
0.0
0o

- ™

homent
about X
(IH Kips)

7813
4455
170.4
216.5
598.5
3337
0.0
0.0
0.0
0o

Calculate
Display

Calculate
Display
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B2. Output

Based on the results, the columns have adequate capacity for the applied loads. The columns can be
reduced in diameter, however, 4 foot diameter columns are typically found on intermediate piers over
cross-streets. Another alternative to maximize the columns is to increase the column spacing, however, this
will require greater reinforcing in the pier cap.

(Note: For constructability, our experience has shown that if the bars are kept to a
multiple of 4 then it improves placing the longitudinal steel around the column steel.
In the plans, 24-#9 will be detailed.)

Column 1
Interaction Diagram Slice at Axial Load

410’

210"
z
2
=
a
]
=3

2 0
=
e
&
F
H
=

~ 20

—e10”

— 410" ~2ag® 0 210t 10t

Moment Capacity about X-Axis (in-kips)

phi*Mn
L) #X@ load of interest
== Mn
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Column 2

Interaction Diagram Slice at Axial Load

£10%

210"
z
<
-
T
=]

£ 0
=
F
=3
H
H
=

— 210"

_ 10"

— 10 _2a0* 0 10t 10’

Moment Capacity about X-Axis (in-kips)

phi*Mn
L) load of interest
= =% Mn
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SUBSTRUCTURE DESIGN

Pier Foundation Design Loads

Reference

me Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\306PierColDesign.xmcd(R)

Description

This document provides the design parameters necessary for the substructure pile vertical load and
footing design.

Page Contents
262 A. General Criteria
Al. Modification to Pier Column Live Loads (LL) for Foundation Design

AZ2. Foundation Design Load Summary
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A. General Criteria

Al. Modification to Pier Column Live Loads for Foundation Design

The Dynamic Load Allowance (IM) is not required since the foundation components are entirely below ground
level [LRFD 3.6.2.1].

A2. Foundation Design Load Summary

For the foundation design, the impact on the truck will need to be removed from the load combinations since

the footing is embedded in the ground. If the footing were a waterline footing, then impact should be included.

The RISA Analysis will be re-run with the impact factor removed from live load.

R
Revised HL-93 Line Load.................. HLI3No. 1M = %-g\,_skew = 65.86-kip

P
C .

PC .
HL93N0|M - W = 61k|p

For this design example, we will use the load combination that governed for the column design. In
addition, the corresponding service limit state moments have been included and shown in the table
below.

RISA COLUMN RESULTS

Result Case Fy Axial Fz My Mz
Column 1
Strength 1-Top 126.9 556.2 193 200 1088.6
Strength 1 - Bottom 126.9 980.9 193 2497 687.8
980.9 307.6  1068.5
Service 1-Top 63.1 4355 9.1 10.1 963.7
Service 1 - Bottom 1319 7232 147 1913 878.9
723.2 2354 12746
Note:

The values in bold have been translated fromthe bottom of the
column to the top of the piles (= 3 ft).
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SUBSTRUCTURE DESIGN
Pier Piles Vertical Load Design

References

Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\307PierFoundLoads.xmcd(R)

Description

This section provides the design of the piles for vertical loads (exclude lateral load design). For this design
example, only the piles for column 1 footing will be evaluated.

Page Contents
264 FDOT Criteria
265 A. Input Variables
Al. Geometry

A2. Forces on Top of Footing
266 B. Pile Loads
B1. 4- Pile Footing Investigation
B2. 6- Pile Footing Investigation
271 C. Pile Tip Elevations for Vertical Load
C1. Pile Capacities

Substructure Design 3.08 Pier Piles Vertical Load Design 263




FDOT Criteria
Minimum Sizes [SDG 3.5.1]

Use 18" square piling, except for extremely aggressive salt water environments.

Spacing, Clearances and Embedment and Size [SDG 3.5.4]

Minimum pile spacing center-to-center must be at least three times the pile diameter or 30 inches.

Resistance Factors [SDG 3.5.6]

The resistance factor for piles under

compression with 10% dynamic testing,

davisson capacity and EDC or PDA & .
CAPWAP analysis of test piles shall be pile = 0-65

Minimum Pile Tip [SDG 3.5.8]

The minimum pile tip elevation must be the deepest of the minimum elevations that satisfy uplift &
lateral stability requirements for the three limit states. Since this bridge is not over water, scour and
ship impact are not design issues. The design criteria for minimum tip elevation are based on vertical
load requirements and lateral load analysis.

Pile Driving Resistance [SDG 3.5.12]

The Required Driving Resistance for
an 18" square concrete pile must not

exceed [SDG 3.5.12-1].......cceeeeennn. Rn EDOT.max := 300-Ton
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A. Input Variables
Al. Geometry

Depth of footing.......cccoovvevvviiiiiiiiinnee, thg = 4ft
Width of footing........c..oooeevvvviiiininneen, thg = 7.5ft
Length of footing............cccceeevviiieiiiiiiinn, '—th = 7.5ft
Pile Embedment Depth............ccccoeeeeee Pilegmpeg = L ft

A2. Forces on Top of Footing

Area of FOOLING........coovviieiiiiiiiiieeeeee Aftg = thg'Lth =56.25 ft2
Footing weight not included in RISA........ Wipgg = 'Yconc'(Aftg'thg) = 33.75-kip

Maximum service load..............oceevvvvinnns = 723.2-kip

Py
and corresponding moments.............. My = 235.4-ft-kip
M, = 1274.6-ft-kip

Maximum factored load.......................... Puy = 980.9-kip

and corresponding moments.............. Muy _ 307.6-ft-kip

Mu, = 1068.5-ft-kip
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B. Pile Loads

B1. 4- Pile Footing Investigation
So far, the design example has assumed that a 4-pile footing will be adequate.
Foundation Layout
Size of the square concrete piles.............. Pilegj, = 18:in

Number of PileS........ccoccovviviiiiiiiiinei, n

Pile Coordinates...........coovvveivieiiieinniinnn,

0 -2.25 2.25
il 1 “ 2.25 " . 2.25 "
1e; = e = c e 3= .
index 2 pile 295 pile 095
3 -2.25 -2.25
K= Onp”e -1
Pile Layout
3.75 T
g = =
Q
2
w
2 o .
©
2
2
3 O O
N
~3.75 :
-3.75 0 3.75
X-Transverse Spacing, ft
Overturning Forces due to Moments
] ] ) Py My-z M, -X
General equation for axial load on any pile.. Q. =— + +
n n n
2 2
> )y
z=0 x=0

Substructure Design 3.08 Pier Piles Vertical Load Design

266




Factored Axial Load on Pile

|Mu,|-X

|Puy + 1.25-Wtgyg| | Muy | Zpile, piley
Qu = + +
k Npile Npile ™1 ; Npile~1 5
% ()] X 0o
0 171.2
il 1 0 408.7 ‘
ile; = = i
index = | , U= 3403 | P
3 102.9
Maximum axial load on pile.................... Qmax = max(Qu) = 204.34-Ton
Required driving resistance (RDR)........... RDR =R, = Factored Design Load ;NEt Scour + Downdrag
Using variables defined in this example...... Rp = = 314.36-Ton
bpile
p
This value should not exceed the limit
specified by FDOT.........ccccviiiiiiieiiiiiiins Rn EDOT.max = 300-Ton

A 4-pile footing is not acceptable. It is recommended not to design to the R, limit since difficulties in pile

driving can be encountered causing construction delays. Suggest consulting with the District geotechnical
and structural engineers if within 5%-10%. We will investigate a 6-pile footing.

B2. 6- Pile Footing Investigation

The 4-pile footing design involves a limited amount of shear design, since the piles are outside the critical
section for shear. To illustrate the shear design process, a 6-pile footing will be evaluated and designed.

New depth of footing...........ccccooeeeeeiiiiis thg.new = 4-ft

New width of footing..............ccceeeeerennn. thg.new = 12-ft

New length of footing.................cceevviinns '—th.new = 7.5t

New area of FOOting..........cccoovvvieeriirinnnns Aftg.new = thg.new'Lth.new =90 ft2
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Footing weight not included in RISA........ Wirtgy= 7conc'(Aftg.new'thg.new) = 54-kip

Foundation Layout

Size of the square concrete piles.............. Pilegj, = 18-in

Number of PileS........ccoccovviviiiiiiiiinei, Dpile= 6

Pile Coordinates...........coovvveivieiiieinniinnn,

0 -4.5
1 0
il 2 “ 45
ile; = ilo =
index 3 Anpiley 45
4 0
5 -4.5
k:= Onp”e -1
Pile Layout
3.75
5 O O O
£
Q
s
ok
= 0
=]
2
S
c
3
N O O O
-3.75
-6 0 6

X-Transverse Spacing, ft

-ft

2,25
225
2.25
Apilev= | 55
—2.25
225

Note:

-ft

Pile numbering is from 0'to 5"

and are numbered

CLOCKWISE beginning with

the upper top left side pile.
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Service Axial Load on Pile

|Py + 1.0-Wtgy| My | Zpile,
= +

|Mz|'xpilek

Q. :
k
Mpile~1

>, |(ze,)]

z=0

Npile

76.2
147.0
217.8
182.9
1121

41.3

Pilejngex =

a b~ W N B O

Factored Axial Load on Pile

|Puy + 1.25-wigy| | Muy | Zpile,
= +

+

Mpile~1

> [,

x=0

-kip

|M“z| 'Xpilek

Qu, :
k Npile Npile~1

z=0

138.2
197.5
256.9
211.3
151.9
92.6

Pilejngex =

a A W N B O

Maximum axial load on pile......................

Minimum axial load on pile (verify no uplift
0 Lol o1 [ ) T

Required driving resistance (RDR)........... RDR =R, =

+

3 [fe)] 3 oo’

-kip

Qmax,= Max(Q) = 128.44-Ton

Qmin = Min(Qy) = 46.29-Ton

Factored Design Load + Net Scour + Downdrag

¢
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Q
Using variables defined in this example...... Ra= M _ 197.6-Ton

bpile

This value should not exceed the limit
specified by FDOT..........ccvcviiiiiiieiiiiiinns Rn EDOT.max = 300-Ton

A 6-pile footing is acceptable.
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C. Pile Tip Elevations for Vertical Load

CL1. Pile Capacities

The FB-Deep Program, Version 2.02, was utilized to determine the pile capacity. Using boring data, the
program can analyze concrete piles, H-piles, pipe piles, and drilled shafts. It is available from BSI.

For this design example, the boring data is based on a similar project.

l FE-EP-C ogram ri

File Show Help
Dl F2 Ba |
U Units File Type————— —Analysiz Type File Materal——————— ~ Section Type
1 1 C ¢ Stcc:
& English || C Driled Shaft & SPT [Léf;'ftlwe'gh‘ [150.000 & Square o 1 o
g _zectian
© Metic || @ Diiven File  CPT : E;;”di[  Fipe

— Project Information——
Praject Number:

I— Inzert Pile | Ingert Range Geperate.. | Dielete Filez I Cap. Beport 33 Cap. Graph »»

r Pile Geometry

Job Marme: D Input  Length | ‘width Min. Len. | Mas Len. | Increment
IF'EI Beam Example Dptior [ft] [in) (k] (ft] [ft]

. Range 18.000 323 ER.E17 3.281
Enginger:

e

- The mawimurm number of piles/shafts in a range iz 100
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The following picture shows the boring log entries.

— Baring |dentification
Baring Date:

Baring Murmber; Station Mumber:  Offzet:

Ground Surface Elevation [ft):

Details | |8.49?

— Boring Data

InsertLa_l,letl Delete La}letl ImpDrtr’E:-:pDrtSaiIDatal

Blow count iz
[ obtained using
autamatic hammer,

Mo, Depth

Saoil

Soil

M. Blowes

]
2
3
4
A
E
7
a

[ft)
0.000
3576
5571
8530

1122

13.451

16.076

18.537

Type

Description

[blow/ft]

[ R R TR R T R TR 6 D 5 D 5 N T |

Clean Sand
Clean Sand
Clean Sand
Clay and =iy Sand
Clean Sand
Clean Sand
Clean Sand
Clean Sand

E.000
12.000
25.000
14.000
10.000
11.000
53.000
37.000

— Input Guide

“Depths are relative to Ground Surface Elevation. The first layer gt have a Depth of 0.
*Soil Types: 1: Plastic clay . 2 Clay and zilty sand, 3: Clean sand, 4: Limestone, very shelly sand, 5 %oid, final layer, no capacity.

*Soil Description iz not an editable field in the above table, and iz MOT uzed in the analpsiz. |tiz an imported field
when uzing the database, to help assign a soil type.

Recall that the factored bearing resistance,

Ry isgiven by........ccoooviiiiii,

In this design example, net scour and

downdrag are zero, so the Ry is............ Rp,

R

_ Factored Design Load + Net Scour + Downdrag

¢

=197.6-Ton
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The program was executed, and the output can be summarized as follows:

priven Pile Capacity:

Test Pile Ultimate Mobilized Estimated Allowable ultimate

pile width side End Davisson Pile Pile
Len%th Friction Bearin Capacit Capacit Capacit
(ft (in) (tons) (tons (tons (tons (tons
3.28 18.0 2.96 28.20 31.16 15.58 87.56
6. 56 18.0 9.91 28,34 38.25 19.13 94,94
9. 84 18.0 20.15 29,39 49,53 24,77 108.31
13.12 18.0 24,67 47.44 72.12 36.06 167.01
16.40 18.0 32.51 56.14 88.65 44,32 200.93
19.69 18.0 42.44 68. 8O 111.24 55.62 248.83
22.97 18.0 54.67 88.84 143.51 71.76 321.19
26.25 18.0 69.43 105.26 174.70 87.35 385.22
29.53 18.0 8B.62 115.90 204,52 102.26 436,31
32.81 18.0 102.91 124.27 227.19 113.59 475.73
36.09 18.0 123.70 114.35 238.05 119.02 466.75
39.37 18.0 139,07 123,86 262.93 131.47 510.66
42.85 18.0 158. 83 124.09 282.91 141.486 531.09
45.93 18.0 179.23 129.82 309.05 154.53 568.70
49,22 18.0 199.49 107.64 307.13 153.57 522.41
52.50 18.0 219.74 85.93 305.67 152.83 477.52
55.78 18.0 267.60 37.95 305.55 152.77 381.44
59.06 18.0 287.86 43.39 331.25 165.62 418.03
62.34 18.0 310.77 44,87 355.63 177.82 445.38
NOTES

1. MOBILIZED END BEARING IS 1/3 OF THE ORIGINAL RB-121 WALUES.

2. DAVISSON PILE CAPACITY IS AN ESTIMATE BASED ON FAILURE CRITERIA,
AND EQUALS ULTIMATE SIDE FRICTION PLUS MOBILIZED END BEARING.

3. ALLOWABLE PILE CAPACITY IS 1/2 THE DAVISSON PILE CAPACITY.

m

4. ULTIMATE PILE CAPACITY IS ULTIMATE SIDE FRICTION PLUS

3 X THE MOBILIZED END BEARING.

EXCEPTION: FOR H-PILES TIPPED IN SAND OR LIMESTONE, THE
ULTIMATE PILE CAPACITY IS5 ULTIMATE SIDE FRICTION PLUS

2 X THE MOBILIZED END BEARING.
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["piot Window - i [
Job Mame: PC Beam Example State Job [Project] #:
Driven Pile Capacity
[-1 —
1.0 %
-4.0 |
-8.0
440 %\ \
= 190 Ty \
% 29.0
2 340 \\C\ ‘-GR—'
\®,
-35.0 ;’ i Y d:(
440 v/C’ & \ﬁ\ ’?Dt
-45.0
so| b RN NN g
-58.0

0.0 100.0 200.0 300.0 400.0 500.0 600.0
Capacity (tons)

Curves Diriven Pile Data Project Data
“ W Boring Murnber: File: PC Beam Example
BA~ \Mobilized BB Ground Surface E levation 8.50 [ft) Date: Dec 29, 2010
. ] i Section: Square Engineer:
B ¥ Utlimate File Capacity Width 18.00 fin]
n [v Estimated D avizson Capacity
I~ 2lowable File Capacity Analysis Data
Analysiz Type: SPT

Cusztomize Update Plot | Close | Frint

A lateral load analysis may require the pile tip elevations to be driven deeper for stability purposes.
This file only evaluates the vertical load requirements based on the boring capacity curves.

. . 29.5-ft — 26.2-ft
Calculate the pile length required..... pilejgngih = (Rn - 174.7-Ton)~ A52Ton a7 Tor * 26.2-ft = 28.7ft
oz 10N — -1oNn

Calculate the pile tip elevation required: p“etip = 8.497ft — p“elength = -20.2t

...based on the Estimated Davisson pile capacity curve given above, the pile lengths for vertical load will
require a specified Tip Elevation = piletip = -20.2ft and the pile in the ground length is pile|ength = 28.7 1t

Ikl
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SUBSTRUCTURE DESIGN
Pier Footing Design

References

me Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\308PierPileDesign.xmcd(R)

Description

This document provides the criteria for the pier footing design. For this design example, only column 1
footing will be evaluated.

Page Contents

276 LRFD Criteria
277 A. Input Variables

Al.
A2,
A3.
A4,
A5,
AG.

Design Parameters

Pile Layout

Flexural Design Parameters
Moments - Y Critical Section
Moments - X Critical Section

Desigh Moments

282 B. Flexural Design

B1.
B2.
B3.
B4.
B5.
B6.
B7.
BS.

Transverse Flexural Design [LRFD 5.7.3.2]

Transverse Limits for Reinforcement [LRFD 5.7.3.3]

Transverse Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]
Longitudinal Flexural Design [LRFD 5.7.3.2]

Longitudinal Limits for Reinforcement [LRFD 5.7.3.3]

Longitudinal Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]
Shrinkage and Temperature Reinforcement [LRFD 5.10.8]

Mass Concrete Provisions

290 C. Shear Design Parameters [LRFD 5.13.3.6]

C1.
Cc2.
Cs3.
C4.
C5.

Shear Design Parameters - One Way Shear

Shear Resistance - Simplified Procedure [LRFD 5.8.3.4.1]
One Way Shear - Y Critical Section

One Way Shear - X Critical Section

Two Way Shear Design (Punching Shear)

296 D. Design Summary
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LRFD Criteria

STRENGTH I - Basic load combination relating to the normal vehicular use of the bridge without wind.
WA =0 Water load and stream pressure are not applicable.
FR=0 No friction forces.
TU Uniform temperature load effects on the pier will be generated by the
substructure analysis model (RISA).
Strengthl = 1.25-DC + 1.50-DW + 1.75-LL + 1.75-BR + 0.50-(TU + CR + SH)
SERVICE I -

Load combination relating to the normal operational use of the bridge with a 55 MPH
wind and all loads taken at their nominal values.

Servicel = 1.0-DC + 1.0-DW + 1.0-LL + 1.0-BR + 1.0WS + 1.0-WL + 1.0-(TU + CR + SH)

"For the footing, utilized only to check for crack control"
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A. Input Variables

Al. Design Parameters

@
«
e
5]
=
)
<
S
S
=

...Transverse...

>~ g ‘?:)J? ~
Ston o o
Pler Footing [/
//
/ > <
/ / 7 (Global) \ Z (Globaly

Y (Gjobal —

v (ffocal) ...Longitudinal... y (Lodgl) ...Longitudindl ..

/ \ >

SO \ -

S Tz, A ////
(@ = Pler Footing \\/\y/\
Coordinate System (Footings only)
Transverse dimension of footing.............. thg = 12ft
Longitudinal dimension of footing............ Lth =7.51t
Depth of footing.........c.cceevveeeeiiiiineeinnnnn.. thg =41t
Area of footing..........oovvvveiiiiiineiiiiinenen, A‘X“Aﬁg/\:: thg'Lth =90 ft2
Embedment of pile in footing................... Pileg 1peg = 1 ft
Concrete cover above piles...................... coverg, = 3-in
Height of surcharge (column height in
ErOUNA)...uiiiiiieeiiiie e hSurcharge =21t
Diameter of column.............ceuueiiniiiiiie, b = 41t
Area of column...........oeeeeiiiiiiiiininniiiinn, Ag =12.6 ft2
Equivalent square width for the circular A
column [LRFD 5.13.3.4):. oo bcol eff = round —f,l ft=3.51t
ft
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A2. Pile Layout
Pile SiZe.....ccooviiiiiiiiiiiiie e Pile: .= 18-in

Number of piles.......ccoovvviiiiieeiiiiiiiiinnnnn. n

Summary of pile loads

Service | Limit State  Strength I Limit State

Pile# xCoord. yCoord| Q,Tons Q, kips| Qu,Tons Qu, Kips
0 225 4.5 38.1 76.2 69.1 138.2
1 2.25 0 73.5 147.0 98.8 197.5
2 225 45 108.9 217.8 1284 256.9
3 -2.25 45 91.5 182.9 105.7 211.3
4 -2.25 0 56.0 112.1 76.0 151.9
5 -2.25 -4.5 20.6 413 46.3 92.6

Pile Layout
3.75
d::n
& m m O
Q
2
n
=
£ 0]
e
2
‘&b
g
S O O O
>'<
-3.75
-6 0 6

y- Transverse Spacing, ft

A3. Flexural Design Parameters

ﬁycr/'f
. -
0 / 2 0 / RN S
X , X
L Fig L
3 = 5 3 7 5
b - Effective column
i S —
Crltical Sections for Moment
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Distance from centerline of piles to edge of
fOOLING...evvnieiiiieeeiiee e,

Distance from x-critical section (face of
effective column) to edge of footing along
the X-aXIS...uueeiiiieeeiiiieeeiiieeeeeiieeeeaaens

Distance from x-critical section to
centerline of piles along the x-axis............

Distance from y-critical section (face of
effective column) to edge of footing along
the Y-aXIS...uuieiiiiieeeiiiieeee e e e

Distance from y-critical section to centerline
of piles along the y-axis.........c...ccouunnrnnn.

A4. Moments - Y Critical Section

Unfactored pile loads contributing to
transverse MOmMEeNt...........ueeeveeeveverenennnens

Unfactored moments at critical section due
to pile loads.......coovveieeiiiiiiiiii

Unfactored moment at critical section due to
footing weight...........ooevevviiiiiinniiiiinnnn,

Unfactored moments at critical section due
to surcharge

pﬂeedge = 1.5ft
Xedge = Lth = beoleff o
2
Xerit = Xedge ~ pileedge = 0.5t
thg = beoleff 4054

Yedge = 5

Yerit = Yedge ~ Pileedge = 275 ft

7= max(QO +Q,,Q, + QS) = 259.1-kip

Mxpijje = Py¢rit = 712.43-kip-ft

2

Yedge .
Mxptg = (Lptg hpg Yeone) — — = 40.64-kip-ft

2

Yedge ,
MxSurcharge = (Lth'hSurcharge'wsoil)' = 15.58-kip-ft
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Factored pile loads contributing to
transverse moment.........ccoeeeueeueeineenneenn. P, = maX(QuO + Qu3,Q112 + Qus) = 349.5 -kip

Assure the critical section is within the

footing dimensions...........c.eeeevveneeerrnnnn... D= if(ycrit > yedge,o-kip,Pu) = 349.5-kip

Factored moments at critical section due to

pile loads........oooviiiiiiiiiiiii Muxpije = Py Yerit = 961 -kip-ft

A5. Moments - X Critical Section

Unfactored pile loads contributing to

longitudinal moment..................cceeeeeennn.. p= max(QO +Q +Q,,Q+Q+ QS) = 440.9-kip

Unfactored moments at critical section due

to pile loads.......ooovveiveiiiiiiieiii Mypije i= Pxgpit = 220.5-kip-ft

Unfactored moment at critical section due to Xe dge2

footing weight...........coeveiiiiiineiiiiinnee, Myth = (thg'thg'“fconc)'— = 14.4-kip-ft

Unfactored moments at critical section due to Xe dge2

SUrCharge. ........vveeeeiiiiiiiiiiinieeeecieeiiinn, MySurcharge = (thg'hSurcharge'“fsoil)' = 5.5kip-ft

Factored pile loads contributing to

longitudinal moment..............cccoeuvuuunneeen. = rnax(Qu +Qu. +Q,.,Q, +Q, +Q, ) = 592.56-kip
0 1 2 3 4 5

Assure the critical section is within the

footing dimensions...........c.ceeevveneeerrnnnn... Pai= if(xcrit > xedge,o-kip,Pu) = 592.6-kip

Factored moments at critical section due to

pile loads........cooevvviiiiiiiiiieei e Muypije = PyXcrit = 296.3-kip-ft
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A6. Design Moments

Transverse Footing Design (Mx
moments) - Strength L...........ccccoooieiini MXStrengthl = Muxpjje — 0.9'MXth - 0'9'MXSurcharge = 910.4-kip-ft

Transverse Footing Design (Mx
moments) - Service L........coooooeeiinnn. Mxgorvicel = 1:0-Mxp;jo — I'O'MXth - I'O'MXSurcharge = 656.2-kip-

Longitudinal Footing Design (My
moments) - Strength L..........c.....oo. MyStrengthl = Muypjje — O.9-Myth - 0'9'MySurcharge = 278.3-kip-ft

Longitudinal Footing Design (My
moments) - Service L.......ccooooeeiiiii. Mygervicel = 1-:0-Mypije — 1.0-MyF,[g - I'O'MySurcharge = 200.5kip-ft
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B. Flexural Design
B1. Transverse Flexural Design [LRFD 5.7.3.2]

The design procedure consists of calculating the reinforcement required to satisfy the design moment, then
checking this reinforcement against criteria for crack control, minimum reinforcement, maximum
reinforcement, shrinkage and temperature reinforcement, and distribution of reinforcement. The procedure is

the same for both the transverse and longitudinal moment designs.

Factored resistance..............ceeeevveveeeeeneee. M, = oM,

Nominal flexural resistance......................
h
a a a a f
R O R o R N R X bw)'ﬁl'hf{z ) 7)

For a rectangular, non-prestressed section, M, = AT -(ds - %j

B Agfs
0.85-f b
Using variables defined in this example,
Factored resistance.............c..cccouun.... M. = MXStrengthl = 910.4-kip-ft
Width of section b= Lth =7.51t
Initial assumption for area of steel required
Number of bars............coeevviiiinnnen. Nybar = 9 (Note: Bar size and spacing are
governed by crack control criteria
SiZe OF BAL..eeeeeeeeeeeeeeeeeeeeeeee ybar := "9" and not bending capacity).
Do
Note: if bar spacing is "-1", the spacing is less than 3", and a bigger bar size should be selected.
.2
Bararea........ccoooeviiiiiiiiiiiiin Apgr = 1.000-in
Bar diameter............ooeeeiiiiiiiiinnnneen. ybarg;, = 1.128-in
Equivalent bar spacing...................... ybarSpa =10.4-in
. .2
Area of steel provided...............oceeeeiennnnn. Asi= nybar'Abar = 9:in

Assume fo = fy [LRFD 5.7.2.1]
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Distance from extreme compressive fiber
to centroid of reinforcing steel.................

Stress block factor...............cooovieiiniinn.n.

Distance between the neutral axis and
COmMPressive face..........ueveeviiineeiiiinneen.

Solve the quadratic equation for the area of
steel required..........coeeeeiiiineeiiiiineeeiiiinnn,

Area of steel required.............ccevvneeennnnn..

Check assumption that fg = fy

| ybargiy |
/&j,sv:: thg — covergp — Plleembed — —— =32.44-in
0.85
f — 4000psi
Bh= mi 0.85 — 0,05 =" ||/ =078
ma 1000psi
0.65
A f
0 - 1.66-in

(O —
A 0.85-f, qup'B1°b

A

-f,
1 s''s
Given M. = ¢b-Af e _2
r s's| “s
{ 2 (O'SS'fc.sub'bﬂ

Asseqdy= Find(A) = 633-in”

f(di <0.6,"OK" ,"Not OK") = "OK"

S

. .2 . .2
The area of steel provided, Ag = 9.00-in", should be greater than the area of steel required, As.reqd = 6.33-in".

If not, decrease the spacing of the reinforcement. Once A is greater than A

adequate for the applied moments.

Moment capacity provided......................

M, tran = ¢

A

the proposed reinforcing is

s.reqd »
A
1
ofy|dg— = ———— || = 1287.7.kip-fi
2 0.85-F, gpb

B2. Transverse Limits for Reinforcement [LRFD 5.7.3.3]

Minimum Reinforcement

The minimum reinforcement requirements ensure the moment capacity provided is at least equal to the lesser of
the cracking moment and 1.33 times the factored moment required by the applicable strength load

combinations.

Modulus of rupture...........ccceeevvveeeeennnnn..

Section modulus of the footing above the

£ =024 [F _ksi=-5628psi  [SDG 1.4.1.B]
Lth'(thg -P ileembed)2 3
S = =11.25-ft

M

6
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Ratio of specified minimum yield strength

to ultimate tensile strength of (for ASTM A615, Grade 60 reinforcing
reinforcement.............ccceeeeeeeiiiiiiiiinnnn.. D= 0.67 steel, as required by SDG 1.4.1.C)
Cracking moment............ccoeevuvuuunnneeeeeeens Mexi= f-Sv3-v1 = —977.5 kip-ft

Required flexural resistance..................... M, veade= min( |Mcr| ,133-%~Mr) = 977.5-kip-ft

Check that the capacity provided, M = 1287.7-ftkip , exceeds minimum requirements, M. ... 4 = 977.5-ft-kip

r.tran r.req

>M

LRED< 23 3.2.= |"OK, minimum reinforcement for transverse moment is satisfied" if My ¢ >

r.reqd

"NG, reinforcement for transverse moment is less than minimum" otherwise

LRFDs 7 3 3 5 = "OK, minimum reinforcement for transverse moment is satisfied"

B3. Transverse Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

Concrete is subjected to cracking. Limiting the width of expected cracks under service conditions increases the
longevity of the structure. Potential cracks can be minimized through proper placement of the reinforcement.
The check for crack control requires that the actual stress in the reinforcement should not exceed the service
limit state stress (LRFD 5.7.3.4). The stress equations emphasize bar spacing rather than crack widths.

The maximum spacing of the mild steel

reinforcement for control of cracking at 700-v,,
the service limit state shall satisfy......... s< - 2.d,
Bsfss
de
where Bg=1+

0.7(h ~ Pilegpbed — d¢)

Exposure factor for Class 1 exposure D= 1.00 [SDG 3.10]

CONAItioN.....ccoviiiiiiiiiiieeeeiiiiii e

Distance from extreme tension fiber to ybarg;,

center of closest bar................cceeeiennnnnnn. Mo= covergp, + = 3.56-in
de

Be=1+ 07( = 1.16

hpyg = Pilegpeq — dc)
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The neutral axis of the section must be determined to determine the actual stress in the reinforcement. This
process is iterative, so an initial assumption of the neutral axis must be made.

Guess value X = 6.3-in

Given %-b-xQZ b -AS-(dS—x)

c.sub

Xna = Find(x) = 6.28-in
Tensile force in the reinforcing steel due to MXgervicel
service limit state moment....................... To= ————— = 259.52-kip
Xna
ST
Actual stress in the reinforcing steel due to T,
service limit state moment....................... Ssactuah= N 28.84ksi
S
i
700'%'2
. . . m
Required reinforcement spacing............... Seequivedv™ T o 2-d. = 13.85-in
C
Bs L5 actual
Provided reinforcement spacing............... ybarSpa =10.36-in

The required spacing of mild steel reinforcement in the layer closest to the tension face shall not be less than the
reinforcement spacing provided due to the service limit state moment.

LRED< 2 3.4= | "OK, crack control for Mx is satisfied" if Srequired > ybarSpa

"NG, crack control for Mx not satisfied, provide more reinforcement" otherwise

LRFD5 7 3 4 = "OK, crack control for Mx is satisfied"

B4. Longitudinal Flexural Design [LRFD 5.7.3.2]

Factored resistance.................veveeeeeeeenes M, = &M,

Using variables defined in this example,

Factored resistance.......................... M. = MyStrengthl = 278.3-kip-ft
Width of section...........cccevvvvvennreeen. b= thg =121t
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Initial assumption for area of steel required
Number of bars..........cccevuvuinnneeeeinnn.

Size of bar......c.coooviiiiiiiiiiiiii,

Note: if bar spacing is "-1", the spacing is less than 3", and a bigger bar size should be selected.

Bararea..........ccoovviiiiiiiiii,
Bar diameter............cooooiiiiiniiinn.

Equivalent bar spacing......................

Area of steel provided...............oceeeeiennnnn.

Distance from extreme compressive fiber
to centroid of reinforcing steel.................

Assume fo = fy [LRFD 5.7.2.1]

Stress block factor...............cooeieiiniinn.n.

Distance between the neutral axis and
COmMPressive face.........ouueveeviiineeiiiinnnen.

Solve the quadratic equation for the area of
steel required..........oeeeiiiiiieeiiiiineeeiiinnn,

Area of steel required..........c..coevveeeinnnnn..

Check assumption that fg = fy

. .2 .
The area of steel provided, A= 5.28-in", should be greater than the area of steel required, A

If not, decrease the spacing of the reinforcement. Once A is greater than A

adequate for the applied moments.

Moment capacity provided......................

M, jong = 742.8-ft-kip

.2
Abar = 0.440-in

Xbardia = 0.750-in

xbarSpa = 12.4-in
L B .2
Asa= Dxbar Apar = 5-28:1n
xbar g;,
o= thg — coverg,, — Pilegpeq — Ybargi, — =31.5in
0.85
f — 4000psi
By0= mi 0.85 - 005 <9 T =0.78
ma 1000psi
0.65
A f,
8= - 55 . 0.61-in
0.85-f, sup'B1-b
A f,
1
Given M, = ¢-Agfy|dg— = ————
2 0.85-f, ¢up'b
A := Find( A —197-'n2
sready = m( s)_ 97-i
T C n " " n _n n
............... Check o= lf(d_ <0.6,"OK" ,"Not OK j ="OK
s
.2
S.I'qu =1.97-in".

s.reqd » the proposed reinforcing is
At

=)

0.85-F,

1
2 .sub’

(

M; long = dD'As'fs'|:ds -
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B5. Longitudinal Limits for Reinforcement [LRFD 5.7.3.3]

Minimum Reinforcement

The minimum reinforcement requirements ensure the moment capacity provided is at least equal to the lesser of
the cracking moment and 1.33 times the factored moment required by the applicable strength load combinations.

Modulus of rupture...........coeeevvveeeeennnnn.. f.= -562.8-psi

. 2
~ thg'(thg -P lleembed)

Section modulus of the footing above piles ~ §: p =31 104~in3

Flexural cracking variability factor............ = 1.6

Ratio of specified minimum yield strength

to.ultimate tensile strength of the (for ASTM A615, Grade 60 reinforcing
reinforcement...........oouuvveeiiiieeiiiiiiiiinnnnn. ga= 0.67 steel, as required by SDG 1.4.1.C)
Cracking moment.............ccceeeevvuneernnnnn. Meosi= SV 1v3 = —1563.9-kip-ft

Required flexural resistance..................... Mwqu/\:: min( |Mcr| ,133-%~Mr) = 370.2-kip-ft

Check that the capacity provided, M
My reqd = 3702-ftkip .

r.long = 742.8-ft-kip , exceeds minimum requirements,

LRFD< 2 3.32.= | "OK, minimum reinforcement for longitudinal moment is satisfied" if M M

r.long = r.reqd

"NG, reinforcement for longitudinal moment is less than minimum" otherwise

LRFDs 7 3 3 5 = "OK, minimum reinforcement for longitudinal moment is satisfied"

B6. Longitudinal Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

The maximum spacing of the mild steel

reinforcement for control of cracking at 700-v,,
the service limit state shall satisfy............. s< - 2.d,
Bsfss
de
where Bg=1+

0.7(h ~ Pilegbed — de)

Exposure factor for Class 1 exposure D= 1.00 [SDG 3.10]
CONAItioN.....ccoviiiiiiiiinieeeeiiiii e
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Distance from extreme tension fiber to xbar g,

center of closest bar..............ccceeeevvenns o= covergp, + ybarg;, + — 4.5-in

de

Be=1+ 0'7( =12

hpyg = Pilegmpeq — dc)

The neutral axis of the section must be determined to determine the actual stress in the reinforcement. This
process is iterative, so an initial assumption of the neutral axis must be made.

Guess value x := 6-in

. 2 S
Given —bx = 'As'(ds - x)
2 E¢ sub
Xna= Find(x) = 3.91-in
Tensile force in the reinforcing steel due to MyQaro:
.. Servicel .
service limit state moment....................... To=————="79.7kip
4 _ _na
S 3
Actual stress in the reinforcing steel due to T,
service limit state moment....................... Ssactuah= N 15.09-ksi
S
i
700'%'2
. . . m .
Required reinforcement spacing............... Srequiveds = m - 2-d,=295in
Provided reinforcement spacing............... xbarSpa =12.41-in

The required spacing of mild steel reinforcement in the layer closest to the tension face shall not be less than the
reinforcement spacing provided due to the service limit state moment.
LRED< 2 3.4= | "OK, crack control for My is satisfied" if Srequired > xbarSpa

"NG, crack control for My not satisfied, provide more reinforcement" otherwise

LRFDs 7 3 4 = "OK, crack control for My is satisfied"
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B7. Shrinkage and Temperature Reinforcement [LRFD 5.10.8]

Initial assumption for area of steel required

Size of bar

....................................... bar . = "6"
Spacing of bar...........cccceeeevivineennnn. barcoauste= 12:in
Do
Bar area

.2
.......................................... Abar = 0.44-in

.................................... dia = 0.750-in

Minimum area of shrinkage and

.2
; : 0.11— n
temperature reinforcement............ At = min| ft = O.39-T
t
max

| L 2(brig + bpeg)y ||

Maximum spacing of shrinkage and temperature reinforcement

. . Abar
ARG Sslwinktompa— | D
A

12in | if min(bpg. Lpgg.hpgg) > 18in = 12:in
shrink.temp

Apar
min| ,18in,3 'min(thg, Lth, thg) otherwise

Ashrink.temp

The bar spacing should be less than the maximum spacing for shrinkage and temperature reinforcement

LRFD5 1 g = [|"OK, minimum shrinkage and temperature requirements"  if barspa. st < Spacmgshrink.temp

"NG, minimum shrinkage and temperature requirements" otherwise

LRFD5 1 g = "OK, minimum shrinkage and temperature requirements"

B8. Mass Concrete Provisions

by hp o L
. . Ftg "Ftg -Ft
Volume to surface area ratio for footing.... 8 8 8

Ratioy;q :=

= 1.07t

Mass concrete provisions apply if the volume to surface area ratio exceeds 1 ft and the minimum dimension
exceeds 3 feet.

SDG3 o= | "Use mass concrete provisions" if Ratioy,g > 1.0-ft A (thg > 3ft A thg > 3ft A Lth > 3ft)

"Use regular concrete provisions" otherwise

SDG3 g = "Use mass concrete provisions”
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C. Shear Design Parameters [LRFD 5.13.3.6]

C1. Shear Design Parameters - One Way Shear

Xcr/”f
/7 ycrif
d
%
0 //\ 2 0 f/\ W 2
X . X
Y Y
3 i 5 3 e 5

Criftical Sections Ttor Shear
(/I-way action)

b Effective column

Distance from extreme compression fiber to
centroid of tension steel (use the top of the
main transverse steel or bottom of the

longitudinal steel)............cceeeeeiiineennnnnn. o= thg = Pilegpoq — COVerg,, — Ybarg;, = 2.66 ft
Effective shear depth [LRFD 5.8.2.9]...... = max 0.9-dg
Y 0.72:h
0.9-d,
Using variables defined in this example, d. .= ma ) =2.391t
072(thg - Plleembed)

C2. Shear Resistance - Simplified Procedure [LRFD 5.8.3.4.1]

Values of B = 2 and 6 = 45 deg may be assumed for concrete footings in which the distance from point of zero
shear to the face of the column, pier or wall is less than 3d,, with or without transverse reinforcement.

Checks g3 41 = if( ¢ < 3-dy,"OK, Simplified procedure may be used." ,"NG, Use general procedure." )

Yeri

Checks g 3 41 = "OK, Simplified procedure may be used."

Factor indicating ability of diagonally
cracked concrete to transmit tension.. B=20

Angle of inclination for diagonal
COMPIESSIVE SIESSES...vvvnnneeereernnnnnn 0= 45deg
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C3.0ne Way Shear - Y Critical Section

Factored pile loads contributing to
transverse Shear ............cceeeeeevvenneereennnnn. Vup = max(QuO + Qu3,Quz + Qus) = 349.5-kip

Distance between face of equivalent square

bp, — b Pile.
column and face of pile................. dyface = ( Ftg 2Col.eff) - ( 2s1ze + pileedgej =2ft

The location of the piles relative to the critical shear plane determines the amount of shear design. According to
LRFD 5.13.3.6.1, if a portion of the pile lies inside the critical section, the pile load shall be uniformly distributed
over the pile width, and the portion of the load outside the critical section shall be included in shear calculations
for the critical section.

Transversegp o, := | "Full shear, piles are outside of the y-critical shear plane" if dyg, ., = d,,
"No shear, Y-critical shear plane is outside pile dimension" if d,, > (dyface + Pilesize)
"Partial shear, piles intersect y-critical shear plane” if dyg,.. <d, A dy < (dyface + Pilesize)
Transverseg} ., = "Partial shear, piles intersect y-critical shear plane"

If the piles partially intersect the shear plane, the shear for the critical section can be linearly reduced by the
following factor.

by = |1 if dypee 2 dy, =0.74
0 if dy 2 (dypyee + Pilegiye)
d, —dy
v face| . .
_ —Pﬂesize if dyg e <dy Ad, < (dyface + Pllesize)

Factored shear along transverse y-critical
SECHIOMN. ..uiiiieiiii i e Y= wy-VuT = 258.5-kip

The nominal shear resistance for footings

with no prestressing or transverse

reinforcing is the minimum of the

following equations...............c.uueeereennnnn.. V, = 0.0316-3- [f.-b-d, or V, = 0.25-f-byd,,

Using variables defined in this example, b = Lth =7.51t
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and the corresponding shear values..... V. = 0.0316-3- ,fc.sub'kSi'bv'dv = 382.6-kip

Vp = 025-f, ¢ pyby-dy = 3549.7-kip
Nominal shear resistance......................... V= min(VCl,ch) = 382.6-kip
Check the section has adequate shear capacity
VuT
LRFDj ¢ 3 3:= |"OK, footing depth for Y-critical section is adequate for 1-way shear" if V> ——
A\

"NG, footing depth for Y-critical section is not adequate for 1-way shear" otherwise

LRFDjs ¢ 3 3 = "OK, footing depth for Y-critical section is adequate for 1-way shear"
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C4. One Way Shear - X Critical Section

Factored pile loads contributing to

longitudinal shear............cccccceeeiniiiiiiinnn. Vup = max(Qu +Qu +Q,.,Q, +Q, +Q, ) = 592.6-kip
0 1 2 3 4 5

Distance between face of equivalent square (LF to — DCol eff) Pileg;,,.

column and face of pile...........ceeeiiiiiiiis dXgyee = £ > : - + pileedge =-0.25ft

The location of the piles relative to the critical shear plane determines the amount of shear design.

Longitudinal g} ,...:= | "Full shear, piles are outside of the x-critical shear plane" if dxg, . = d,,
"No shear, X-critical shear plane is outside pile dimension" if d,, > (dxface + Pilesize)
"Partial shear, piles intersect x-critical shear plane" if dxg, . <d, A d < (dxface + Pﬂesize)
Longitudinal g} ... = "No shear, X-critical shear plane is outside pile dimension"

If the piles partially intersect the shear plane, the shear affecting the critical section can be linearly reduced by
the following factor

Pyo= |1 if dxpe 2 dy, =0

0 if dy 2 (dxpyee + Pilegi,e)

dy = dxgyee

- — if dXgyge <dy A dy < (dXgee + Pilegiye)
Pllesize
Factored shear along longitudinal x-critical
SECHIOMN. ..utiivieiiiieiii e e Y= by Vup = 0-kip
The nominal shear resistance for footings
with no prestressing or transverse
reinforcing is the minimum of the following
EQUALIONS. ... eeeviiieeeeeiieeeeeiie e e e e eeeeaaenes V, = 0.0316-3- [f.-b,-d, OR Vv, =025f.b,d,

Using variables defined in this example, b = thg =121t

and the corresponding shear values...... Vet = 0.0316-3: ,fc.sub'kSi'bv'dv = 612.2-kip

Voo, = 0.25-f, (p-by-dy = 5679.6-kip
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Nominal shear resistance......................... V= min(VCl,ch) = 612.23-kip

Check the section has adequate shear capacity

Vu
L
LREDs ¢ 2 3= | "OK, X-critical section footing depth is adequate for 1-way shear" if V, > ——
v

"NG, X-critical section footing depth is NO GOOD for 1-way shear" otherwise

LRFDj5 ¢ 3 3 = "OK, X-critical section footing depth is adequate for 1-way shear"
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C5. Two Way Shear Design (Punching Shear)

critical section ‘\

for plle
0 / 2
4 L
z | Ftg
3 7 5

Critical Section Tor Shear
(2-way action)

Critical section for 2-way shear [LRFD

5.18.3.6]...eee e dyy = 0.5d, = 1.21t
Maximum shear force for pile 2............... Vupile = Quax = 256.9-kip
Nominal shear resistance for 2-way action in 0.126
sections without shear reinforcement.... vV, = (0.063 + B—j( \/Tdbo-dv) <0.126 [f.-b,-d,,
C
_ N _ 4-(PﬂeSiZe + 2-dv2)
Perimeter of critical section..................... b, = mi = 6.89 ft

0 . .
Pileg;,o + 2-(dV2 + plleedge)

Ratio of long side to short side of the rectangle, which the concentrated load or reaction is transmitted

Bc =10
i i 0.126
Nominal shear resistance......................... 0.063 + _ ( m'bo' dv)
V= mi Be
0.126 ,fc_sub-ksrbo-dv
. . . . Vupile
LRFDs5 133 63:= |"OK, Footing depth for 2-way pile punching shear" if V>
v

"NG, Footing depth for 2-way pile punching shear" otherwise

LRFDs 3 3 6.3 = "OK, Footing depth for 2-way pile punching shear"

= 700.86-kip
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D. Design Summary

Footing properties Transverse dimension of footing........ thg = 12-1t
Longitudinal dimension of footing....... Lth =7.5-ft
Depth of footing............ceeveeeeeiennnnnnn. thg = 4-ft
Bottom reinforcement
(transverse) Number of bars............cceeeevivneennnn. Nybar = 9
Selected bar size..........coeuvvuiieeeeiennn. ybar = "9"
Approximate Spacing........................ ybarSpa =10.4-in use 10" +/-spacing
Bottom reinforcement
(longitudinal) Number of bars..........ccouuviniieeiiinn. Nypar = 12
Selected bar Size...........ceveeevvineenennnnn. xbar = "6"
Approximate spacing........................ xbarSpa =12.4-in  use 12" +/-spacing
Temp and shrinkage
(top and side) Selected bar Size...........cevevivieeennnnnnn. barg = "6"
SPaCING....ccvveeiiiiieeiiiiie e, barspa.st = 12-in
12'-0"
1-6%" 4-5%" ) 4Bl 1-5%
|
12-6F4 @ I1'-0" (Top)
&Y 12-6F2 @ 1'-0" (Bot) B%"
B ayr
: : : {
mto 17 1o iy
1 N VORI N W I AN S|
| BB |
Ll NsEXnd 7 Ll
| ﬂl‘;\é’ : *\/( !
) s o S 0 © ®
A : ol _ . s~
R N
[ ))ﬂ?__n\('\\“ FT
| ==X |
Al = LA S g
Ly L b Ly ®
|
I ~——¢ cal I
¢ Co %,
<
PLAN
4'-0" &-0
i . <::,_,—___J ~Column Reinforcing
Construction Joint \ _6F3 - 6F3
\ / ~6F4 l‘."l’ Ve 6F4
______ 7 7
4" Cover, <~7 - ‘ 4" Cover, <‘ ‘
- Typ Typ __ %
= - . - ro w
e | - T T
- [ - [ ]
)
REANEN NN
P\. r"\ I\\ \ 18" 5q. Prest '\\ T J‘I '\'\ v 18" 5q. Frest
‘l \I \f .Conc. Pile, Typ d 6F2 4 N_Cone. 'F.'-'rn Tyvp
ELEVATION SECTION A-A

[»]—Redefine Variables
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SUBSTRUCTURE DESIGN
End Bent Live Load Analysis

References

me Reference:C:\Users\st986ch\AAAdata\LRFD PS Beam Design Example\309PierFootingDesign.xmcd(R)

Description

This document provides the criteria for the end bent live load design. Since the piles are placed directly
under the beams at the end bent, no positive or negative moment due to live load is introduced in the end
bent cap, therefore, the maximum live load placement will try to maximize a beam reaction or pile load.

Page Contents

298 A. Input Variables
Al. Shear: Skewed Modification Factor [LRFD 4.6.2.2.3c]
A2. Maximum Live Load Reaction at End Bent - One HL-93 \khicle
A3. HL-93 \ehicle Placement
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A. Input Variables

Al. Shear: Skewed Modification Factor [LRFD 4.6.2.2.3c]

Skew modification factor for shear shall be applied to the exterior beam at the obtuse corner (6>90 deg) and
to all beams in a multibeam bridge, whereas g, gxey = 106 .

A2. Maximum Live Load Reaction at End Bent - One HL-93 Vehicle

Since each beam is directly over each pile, live load will not contribute to any moments or shears in the bent
cap. For the pile design, the live load will not include dynamic amplification since the piles are considered to be

in the ground.

Reaction induced by HL-93 truck load......
Reaction induced by lane load..................

Impact factor.............cceeviiieeeiiniiin

The truck reaction (including impact and
skew modification factors) is applied on
the deck as two wheel-line loads..............

The lane load reaction (including skew
modification factor) is applied on the deck
as two wheel-line loads...........................

HL-93 Line Load..........ooeevveiviiiiiieiin,

Viruck(Support) = 64.34-kip

V|ane(Support) = 28.1-kip

IM = 1.33
V. (Support)
truck
wheel i = Emf 0y Skew'IM = 45.5-kip
V|ane(Support) _
lanegaq = (f Oy Skew = 14.9-kip

HLO3 := wheel|je + laneyqq = 60.4-kip

The HL-93 line load can be placed within 2'-0" of the overhang and median barriers.
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A3. HL-93 Vehicle Placement

HL-93 vehicles, comprising of wheel line loads and lane loads, should be placed on the deck to maximize the axial
force in the end bent piles and moments in the pier cap. Note that for maximum effects, live load may be placed
on both sides of the roadway. Utilizing our engineering judgement, it is possible to have up to six lanes of HL-93
vehicles at a single time. However, note that for the calculation of braking forces, vehicles in only one roadway

were applied since the braking forces would be counterproductive, in opposite directions.

Depending on the number of design lanes, a multiple presence factor (LRFD Table 3.6.1.1.2-1) is applied to the

HL-93 wheel line loads and lane load.

1 1.2 72.5
2 1.0 60.4
3 0.85 _ _ 514 |
Lanes := MPE = HL93 Line Load:= HL93-MPF HL93 Line Load = -kip
4 MV 10,65 39.3
5 0.65 39.3
6 0.65 39.3
22 6' 2z 6 222 6 22 2 2‘{ 6 22 ] &' 2122 &' ] 22
e | ] | | | |7 |
= > L i 1 i 1 L i 1 i 1
e Iy 5 )1) B ;!9!) 3 9!; ‘;‘!9 6 ]9!9 g )!')
22 &' 2"2 B 2 |2‘ |2 8 2'|2 2 2'J &' ] 2]
4—LAMES ALT L i 1 i 1 \E‘
2'|2'\ 6 \2'|2¢ &' J2'|2' 2'|2'] g' ]2|2'\ 6 \2‘|2
4-LANES ‘ L i 1 ‘ ‘ L i 1 ‘
|)] &' ])‘)\ 6 \?’l)lz'\ 6 \?'l?'
3—-LANES ALT L : | 1
2'|2'\ 6’ \2|2t 6 J2'|2' 2‘|2' 6 2'|
3-LANES ‘ L i 1 ‘
A ] [ ] 2 2' | 2' &' 2'|
Z—-LAMES ALT \E‘
?'l?'\ \)Vt [ J?'l')'
2—-LANES [ i 1
22 g' 2'
1—LANE
\-LEFT GUTTER RIGHT L:uTrER—/
?_CE—\‘ e Live Load Application ?_C]:'- ]:.' IIL]L |—]7|"—D Live Load Applicatior o _Ib j
= = = ,l-;“ ,—4 rL\T ’ 5"‘_ [_ .:ﬁ I/_J @ B ,Iﬁ\_ - /0 :
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SUBSTRUCTURE DESIGN
End Bent Design Loads

Reference

me Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\310EndBentLiveLoads.xmcd(R)

Description

This section provides the design parameters necessary for the substructure end bent design. The loads
calculated in this file are only from the superstructure. Substructure self-weight, wind on substructure and
uniform temperature on substructure can be generated by the substructure analysis model/program chosen
by the user.

For this design example, RISA was chosen as the analysis model/program.

Page Contents

301 A. General Criteria
Al. Bearing Desigh Movement/Strain
A2. End Bent Dead Load Summary
A3. Center of Movement
302 B. Lateral Load Analysis
B1. Centrifugal Force: CE [LRFD 3.6.3]
B2. Braking Force: BR [LRFD 3.6.4]
B3. Creep, Shrinkage, and Temperature Forces
B4. Wind Pressure on Structure: WS
B5. Wind Pressure on Vehicles [LRFD 3.8.1.3]
313 C. Design Limit States
C1. Strength | Limit State Loads
C2. Strength V Limit State Loads
C3. Service | Limit State Loads

C4. Summary of Results
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A. General Criteria

Al. Bearing Design Movement/Strain

Strain due to temperature, creep and
SNFINKAGE. ...

A2. End Bent Dead Load Summary

Unfactored beam reactions at the end bent for DC and DW loads

ecsT = 0.00029

(Note: See Sect. 2.09.B4 - Bearing Design
Movement/Strain)

UNFACTORED BEAM REACTIONS AT END BENTS
DC Loads (Kip) DW Loads (kip)

Beam X y z X y z

1 0.0 -95.0 0.0 0.0 0.0 0.0

2 00 -999 0.0 0.0 0.0 0.0

3 00 -999 0.0 0.0 0.0 0.0

4 00 -999 0.0 0.0 0.0 0.0

5 0.0 -999 0.0 0.0 0.0 0.0

6 0.0 -999 0.0 0.0 0.0 0.0

7 0.0 -999 0.0 0.0 0.0 0.0

8 0.0 -999 0.0 0.0 0.0 0.0

9 00 -950 0.0 0.0 0.0 0.0

A3. Center of Movement
/80'-0" (CONTINUOUS BRIDGE DECK) (OVERALL BRIDGE LENGTH)
MEASURED ALONG € CONST.
BEGIN BRIDGE 90'-0" ) 90'-0"
F.F.BW. END BENT /
— o L
—
60 60
EJ. ! EJ.
50 ! ' i ' ! 50
“ g 16'~6" MIN. ﬁ{ ]—[ E “h 0
30 VERT. CL. i 30
20 L_h/ ]| — 20
0 TJ : o
0 GROUND LINE 0
ELEVATION

By inspection, the center of movement will be the intermediate pier.

A0:= Lspan
Lo = 90.0ft
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B. Lateral Load Analysis

B1. Centrifugal Force: CE [LRFD 3.6.3]

Since the design speed is not specified, it will be conservatively taken as the maximum specified in the AASHTO
publication, A Policy on Geometric Design of Highways and Streets.

Design Speed.........ccovvvvvviiiiiiieeiieiiiinennn NW;: 70mph
Factor per LRFD 3.6.3.........ccooiviiiinnnnnn. 5= %
Horizontal radius..................c.coooiin, R = 3800ft
2
f-Vyaci

Centrifugal factor.............ccccceeevveereininnnns C= % =0.11

g.
Centrifugal force...........ooovvvvviiiinnnenennn, Po= C-wheeljjo = 5.23-kip

HL93 + P, = 65.68-kip

HL93 — P = 55.22-Kip

B2. Braking Force: BR [LRFD 3.6.4]

The braking force should be taken as the greater of:
25% of axle weight for design truck / tandem

5% of design truck / tandem and lane

The number of lanes for braking force calculations depends on future expectations of the bridge. For this
example, the bridge is not expected to become one-directional in the future, and future widening is expected to
occur to the outside. From this information, the number of lanes is

Njanes = 3

The multiple presence factor (LRFD Table
3.6.1.1.2-1) should be taken into account.. MPF:= [12 if Njgpes=1 =0.85

1.0 2

if Njanes =

0.85 3

if Njanes =

0.65 otherwise

Braking force as 25% of axle weight for
design truck / tandem.............coevvviiinnnnn. BREarcesdy= 25%:(72:Kip)-N|gnesMPF = 45.9-kip
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Braking force as 5% of axle weight for

-— B04. ki . . . = Ki
design truck / tandem and lane................. ERrarcea,= 5% (72 Kip + w_ LSpan) Njanes:MPF = 16.52-kip
Governing braking force.............c........... BREaroer= maX(BRForce.lﬂBRForce.z) = 45.9-kip

Distribution of Braking Forces to End Bent

P em‘jbem/ P p/i'er 2 P endbent 3

€ BENT 2

|
! HL-93
EJ.

The same bearing pads are provided at the pier and end bent to distribute the braking forces. The braking force
transferred to the pier or end bents is a function of the bearing pad and pier column stiffnesses. For this
example, (1) the pier column stiffnesses are ignored, (2) the deck is continuous over pier 2 and expansion joints
are provided only at the end bents.

Braking force at End Bent....................... BREndbent = BRForce'(KEndbent)

Npads.endbent' Kpad

1T T T Kendbent =
Z(Npads.pier + Npads.endbent)'Kpad

Simplifying and using variables defined in this example,

. Nbeams
end bent stiffness can be calculated as Kendbent = =0.25

(1+2+ 1)'Nbeams

corresponding braking force.............. BREndbent = BRForce'(KEndbent) = 11.47-kip

Since the bridge superstructure is very stiff in the longitudinal direction, the braking forces are assumed to be
equally distributed to the beams under the respective roadway.

beams := 5
MWWWW
BR
Braking force at end bent per beam.......... BRErdbent, = % = 2.3-kip
eams
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Adjustments for Skew

The braking force is transferred to the pier by the bearing pads. The braking forces need to be resolved
along the axis of the bearing pads for design of the pier substructure.

Braking force perpendicular (z-direction) to
the SKEW......iveiieeiee BRZ.Endbent = BREndbent-COS(SKEW) = 216k|p

Braking force parallel (x-direction) to the
SKEBW. + ettt BRX.Endbent = BREndbent-sin(Skew) = —078k|p

Adjustments for Braking Force Loads Applied 6' above Deck

The longitudinal moment induced by braking forces over a pier is resisted by the moment arm. Conservatively,
assume the braking occurs over one span only, then the result is an uplift reaction on the downstation end bent
or pier and a downward reaction at the upstation end bent or pier. In this example, the braking is assumed to

occur in span 1 and the eccentricity of the downward load with the bearing and centerline of pier eccentricities
is ignored.

Force
6 ft

N
Applied Moment
Resisting Couple |
Moment arm from top of bearing pad to
location of applied load...................cooees Magm= 6ft+ h=9.751t
Bratl_<|n? force in end bent (y-direction), ' -BRengbent Marm _
Vertical........oooooeee BRy Endbent = - = -0.25-kip
span
BRAKING FORCES AT END
Only the downward component of this BENT
forc_e is conS|dered._ Typically, the BR Loads (kip)
vertical forces (uplift) are small and can
. Beam X y z
be ignored.
1 -0.8 -0.2 2.2
2 -0.8 -0.2 2.2
3 -0.8 -0.2 2.2
4 -0.8 -0.2 2.2
5 -0.8 -0.2 2.2
6 0.0 0.0 0.0
7 0.0 0.0 0.0
8 0.0 0.0 0.0
9 0.0 0.0 0.0
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B3. Creep, Shrinkage, and Temperature Forces

The forces transferred from the superstructure to the substructure due to temperature, creep, and shrinkage

are influenced by the shear displacements in the bearing pad. In this example, only temperature and shrinkage
effects are considered. Creep is ignored, since this example assumes the beams will creep towards their

center and the composite deck will offer some restraint.

ecsT = 0.00029

Displacements at top of end bent due to
temperature, creep, and shrinkage............ AEndbentl = ('—0 - Xdisto>'€CST =0.31-in

Shear force transferred through each
bearing pad due to creep, shrinkage, and

GpLnaq-Whag A
temperature.......coovvvevii e, bp -pad "'pad —Endbentl .
CSTEndbent = = 3.87-kip

hpad

This force needs to be resolved along the direction of the skew

Shear force perpendicular (z-direction) to
the end bent per beam...................eees CST, Endbent := CSTEndbent COS(Skew) = 3.64-kip

Shear force parallel (x-direction) to the end
bent per beam.........cccooooiiiiiiiii CSTy Endbent := CSTEndbent SiN(Skew) = ~1.32-kip

Summary of beam reactions at the end bent due to creep, shrinkage, and temperature

CREEP, SHRINKAGE,
TEMPERATURE FORCES AT

END BENT
CR, SH, TU Loads (kip)
Beam X y z
1 -1.3 0.0 3.6
2 -1.3 0.0 3.6
3 -1.3 0.0 3.6
4 -1.3 0.0 3.6
5 -1.3 0.0 3.6
6 -1.3 0.0 3.6
7 -1.3 0.0 3.6
8 -1.3 0.0 3.6
9 -1.3 0.0 3.6
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B4. Wind Pressure on Structure: WS

The wind loads are applied to the superstructure and substructure.

Loads from Superstructure [SDG 2.4], Strength 11l and Service IV Limit States

The wind pressure on the superstructure consists of lateral (x-direction) and longitudinal (z-direction)
components.

Height above ground that the wind pressure

iSapplied. ... Zgyp = 20.51t
Design wind pressure .........cceeveeeeeeeerinnnns W:: Pz.sup.StrIII.ServIV'ka = 48.83-psf
X z [Global]
0 1.0 0.0

For prestressed beam bridges, the following

wind pressures factors are given to account 15 0.88 0.12
for the angle of attack [SDG Table 2.4.1-3] ~ Windgy,,, := | 30 Windggetor = | 082 0.24
45 0.66 0.32
60 0.34 0.38
Wind pressures based on angle of attack . _ .
are as follows......... cocoovvvvieiiieiicc, M¥isuper, = Pz.super WiNdractor
X z [Global]
0 4883 0
15 4297 5.86
Windgyey, = | 30 | Windgper = | 40.04 11.72 |-psf
45 32.23 15.63
60 16.6 18.56

The exposed superstructure area influences the wind forces that are transferred to the supporting substructure.
Tributary areas are used to determine the exposed superstructure area.

L
span 2

Exposed superstructure area at end bent... A = -(h + 2.667ft) = 288.76 ft
Forces due to wind applied to the
SUPEISEIUCIUNE. ... WSgyper. Endbent = W'”dsuper'ASuper

X z [Global]

14.1 0.0

124 1.7

WSsuper.Endbent = | 116 3.4 |-kip
9.3 45
48 54
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Case 1 - Skew Angle of Wind = 0 degrees

Maximum transverse force..................... PSS acasaly = WSSuper.EndbentO - 14.1-kip

Maximum longitudinal force.................... F\WS.zv0asedn= WSSuper Endbent, ; = 0-kip
: ,1

The forces due to wind need to be resolved along the direction of the skew.

Force perpendicular (z-direction) to the

WS; Endbent.casel = |FWS.z.case1'C°S(Skew)| + |FWS.x.case1'5i”(SkeW)| = 4.82:kip

Force parallel (x-direction) to the end bent

WSy Endbent.casel = |FWS.2.Case1'Si”(Skew)| + |FWS.x.case1'C°S(SkeW)| = 13.25-kip

Case 2 - Skew Angle of Wind = 60 degrees

Maximum transverse force...................... F = WSSuper Endbent, , 4.79-kip
MNLBAXNGASR2 : "

Maximum longitudinal force.................... FWSaz cas62v= WSSuper.Endbent4 - 5.36-kip

The forces due to wind need to be resolved along the direction of the skew.

Force perpendicular (z-direction) to the

WS; Endbent.case2 = |FWS.z.case2'C°S(Skew)| + |FWS.x.case2'5i”(SkeW)| = 6.67-kip

Force parallel (x-direction) to the pier.......

WSy Endbent.case2 = FWS.z.caseZ'Si”(Skew)| + |FWS.x.case2'C°S(SkeW)| = 6.34-kip

A conservative approach is taken to minimize the analysis required. The maximum transverse and longitudinal
forces are used in the following calculations.

Force perpendicular (z-direction) to the end bent

WS; Endbent.Striil.ServIV = maX(WSz.Endbent.casel’Wsz.Endbent.caseZ) = 6.67-kip

Force parallel (x-direction) to the end bent

WSy Endbent.Strill.Serviv = MaX(WSy Endbent.case1 - WSx.Endbent.case2) = 13-25-kir
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Loads from Superstructure, Strength V and Service | Limit States:

Design wind pressure .........ccceeveeeeeeeerennens W:: Pz.sup.StrV.ServI'ka = 10.63-psf

Wind pressures based on angle of attack

are as FOllOWS. .......uveeeei NWW:: PZ-SUPer'WmdFaCtor
X z [Global]
0 1063 O
15 9.36 1.28
Windgpew = | 30 Windsuper =| 872 255 |-psf
45 7.02 3.4
60 3.62 4.04

The exposed superstructure area influences the wind forces that are transferred to the supporting substructure.
Tributary areas are used to determine the exposed superstructure area.

L
span 2
Exposed superstructure area at end bent... A = -(h + 2.667ft) = 288.8 ft
Forces due to wind applied to the
SUPEISLIUCIUNE. ... eeeeeeeeeiie e g
MRsuperEndbent = WiNdsyper Asuper

X z [Global]

3.1 0.0

2.7 04

WSsuper.Endbent = | 2-5 0.7 |-kip

2.0 1.0

10 1.2
Case 1 - Skew Angle of Wind = 0 degrees
Maximum transverse force...................... FWScasedy= WSSuper.EndbentO 0" 3.07-kip
Maximum longitudinal force.................... F\WS.zv0asedn= WSSuper.EndbentO - 0-kip
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The forces due to wind need to be resolved along the direction of the skew.

Force perpendicular (z-direction) to the

MR z.Endbentoased, = |FWS.z.case1'C°S(Skew)| + |FWS.x.case1'5i”(SkeW)| = 1.05-kip

Force parallel (x-direction) to the end bent

WSx.Endbentcased,= |FWS.2.case1 SIN(SKeW)| + |Fyys x case1-Cos(Skew)| = 2.89-Kir

Case 2 - Skew Angle of Wind = 60 degrees

Maximum transverse force...................... F = WSSuper Endbent, , 1.04-kip
MNLBAXNGASR2 : "

Maximum longitudinal force.................... S Zv0a5620= WSSuper.Endbent4 - 1.17-kip

The forces due to wind need to be resolved along the direction of the skew.

Force perpendicular (z-direction) to the

MR zEndbentoase2, = |FWS.z.case2'C°S(Skew)| + |FWS.x.case2'5i”(SkeW)| = 1.45-kip

Force parallel (x-direction) to the end bent

WS x.Endbenteased= |FWS .z case2 SiN(Skew)| + |Fyys x casep-coS(Skew)| = 1.38-ki

A conservative approach is taken to minimize the analysis required. The maximum transverse and longitudinal
forces are used in the following calculations.

Force perpendicular (z-direction) to the end bent

WS, Endbent StrV.Servi = MaX(WS; Endbent.case1- WSz Endbent.case2) = 1:45°ip

Force parallel (x-direction) to the end bent

WSy Endbent.StrV.Servi = MaX(WSy Endbent casel WSx Endbent.case2) = 2-89-kip
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The force due to wind acts on the full superstructure. This force needs to be resolved into the reactions in
each beam. The following table(s) summarize the beam reactions due to wind.

Strength V & Service | Strength 111 & Service IV
WIND ON STRUCTURE WIND ON STRUCTURE
FORCES AT END BENT FORCES AT END BENT

WS Loads (kip) WS Loads (kip)
Beam X y z Beam X y z
1 0.3 0.0 0.2 1 15 0.0 0.7
2 0.3 0.0 0.2 2 15 0.0 0.7
3 0.3 0.0 0.2 3 15 0.0 0.7
4 0.3 0.0 0.2 4 15 0.0 0.7
5 0.3 0.0 0.2 5 15 0.0 0.7
6 0.3 0.0 0.2 6 15 0.0 0.7
7 0.3 0.0 0.2 7 15 0.0 0.7
8 0.3 0.0 0.2 8 15 0.0 0.7
9 0.3 0.0 0.2 9 15 0.0 0.7

Loads on Substructure [SDG 2.4]

The end bents are usually shielded from wind by a MSE wall or an embankment fill, so wind on the end bent
substructure is ignored.

B5. Wind Pressure on Vehicles [LRFD 3.8.1.3]

X 7
0 100 O
15 .088 .012
The LRFD specifies that wind load should _ _ _ kip
be applied to vehicles on the bridge.......... Skewyyjng = | 30 MIALRRR, = | 082024 |- ft
45 .066 .032
60 .034 .038
The wind forces on vehicles are transmitted Lspan
to the end bent using tributary lengths....... Lendbent = PN _ 451t
Forces due to wind on vehicles applied to the
SupeI’S'[I’UCtUI’e .................................. WLSUper.Endbent = WIndLRFDLEndbent
X Z
45 0.0
4.0 05
WLgyper.Endbent = | 37 1.1 |-kip
3.0 14
15 17
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A conservative approach is taken to minimize the analysis required. The maximum transverse and longitudinal
forces are used in the following calculations.

Maximum transverse force..................... P\ = WLSuper.Endbento - 4.5-kip

Maximum longitudinal force.................... Pz = WLSuper.Endbent4 - 1.71-kip

The forces due to wind need to be resolved along the direction of the skew.
Force perpendicular (z-direction) to the end

DENE. ..o WL, Endbent = |Fwi.zc0S(Skew)| + |Fyy_ y-sin(Skew)| = 3.15-kip

Force perpendicular (z-direction) to the end WL, Endbent

bent per beam.........cccoooviiiiiiiiiinn. WLa Beam= ———— = 0.35kip
Nbeams
Force parallel (x-direction) to the cap....... WLy Endbent = |FW|__Z-sin(Skew)| + |FW|_.X-cos(Skew)| = 4.81-kip

Force parallel (x-direction) to the cap per WLy Endbent

DeAM. ..o, WL . Boam= N— = 0.53-kip
beams

Longitudinal Adjustments for Wind on Vehicles

Qﬁce
The longitudinal moment is resisted by the ‘ 6 ft

moment arm.

A |
| [V ]

| V
Applied Moment

Reslsting Couple

Moment arm from top of bearing pad to

location of applied load....................c....... Mgrm = 9.750 ft (Mgrm =h +6ft)

Vertical force in end bent due to wind ~WL, BearnMarm

pressure on vehicle............cccccceeeninnee, WLy Endbent := ' = —0.04-kip
' Lspan

For this design example, this component of the load is ignored.
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Transverse Adjustments for Wind on Vehicles

Using the principles of the lever rule for transverse distribution of live load on beams, the wind on live load can
be distributed similarly. It assumes that the wind acting on the live load will cause the vehicle to tilt over. Using
the lever rule, the tilting effect of the vehicle is resisted by up and down reactions on the beams assuming the
deck to act as a simple span between beams. Conservatively, assume all beams that can see live load can

develop this load since the placement of the vehicle(s) and number of vehicles within the deck is constantly
changing.

Moment arm from top of bearing pad to
location of applied load...................cooees M, = 9.750 ft

\ertical reaction on pier from transverse ~WLy Endbent Marm

wind pressure on vehicles....................... WL“ Endbent = - = —4.69-kip
BeamSpacing

Since this load can occur at any beam location, conservatively apply this load to all beams

WIND ON LIVE LOAD

FORCES AT END BENT

WL Loads (kip)
Beam X y z
1 0.5 -4.7 0.3
2 0.5 4.7 0.3
3 0.5 -4.7 0.3
4 0.5 4.7 0.3
5 0.5 -4.7 0.3
6 0.5 4.7 0.3
7 0.5 -4.7 0.3
8 0.5 4.7 0.3
9 0.5 0.0 0.0
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C. Design Limit States

The design loads for strength I, strength 111, strength V, and service | limit states are summarized in this
section.

These reactions are from the superstructure only, acting on the substructure. In the RISA analysis model,
include the following loads:

e DC: self-weight of the substructure, include end bent cap and backwall.

e TU: atemperature increase and fall on the pier substructure utilizing the following parameters:

coefficient of expansion op = 6 x 10 6'°iF
temperature change temperaturejcrease = temperatureg,y = 35-°F

Two load cases would be required for temperature with a positive and negative strain being inputed.

For the end bent, assuming the cap to be supported on pin supports at every pile location is an acceptable
modeling decision. A depth of fixity of 7 pile diameters, or 10.5 feet, is assumed.

e WS: Wind on the substructure should be applied directly to the analysis model. For the end bent
surrounded by MSE wall, the wind loads on substructure are non-existant since the substructure can be
considered shielded by the wall.

e All applied loads in the substructure analysis model should be multiplied by the appropriate load factor values
and combined with the limit state loads calculated in this file for the final results.

Substructure Model

N1 NI TN TNER IR TN15 PTG N7 INEES BRA9 " NG

N11A 124 N13A U144 {154 N16A NITA 118A N19A

DC Loads:
-95k -99.9k -99.9k -99.9k -99.9k -99.9k -99.9k -99.9k 95k

-1.863kM
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BR Loads:

-2k -2k -2k -2k -2K

29k f]'_‘\-z 2k l)—z 2k l)—z 2k g-z 2k

-8k -8k -8k -8k -8k

CR/SH/TU Loads:

-3.6k -3.6k -3.6k -3.6k -3.6k -3.6k -3.6k -3.6k -3.6k
Ca ) Bt
SEF l l l l l l
WS Strength 111/Service IV Loads:
-1.5k

WS Strength V/Service | Loads:

WL Loads:
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Moving Load Pattern: WL Vertical

i ™
Load 4 Load 3 Load 2 Load 1 Pattern Label
.. Dist 3 Dist 2 ). Dist1 WL-VERT-EB
x X X x Magnitude Direction Distance
g (k) (ft)
| Direction of Mowing 147 ¥ &=
2|47 Y 10 E
I Load Movement a |"
The Direction value may be : 4
KYZ - Global Direction 5
¥¥Z - Local (Member) Direction i
V- Current Vertical Direction T
The 'Distance’ entries are the 8
distances between the loads, i.e. g
‘Distance 1" is the distance from 10
Load 1to Load 2. L %
oK Clear Data Help | |
L% E_3 B E 3 3

1 Lane Moving Load Pattern:

i By
Load4  poad3 "°%92 Loaa1 ~ Paftemn Label
.- Dist3 | Dist2 |, Distt, | PCBEX_EB_1LAME
. . . . Magnitude Direction Distance
g (k) (ft)
Direction of hMowing 1657 ¥ il
2 | 552 ¥ E E
Load Movement B
a3 -
The Direction value may be : 4
XX Z- Global Direction 5
%¥Z - Local (Member) Direction i
W - Current Vertical Direction 7
The 'Distance’ entries are the 8
distances between the loads, i.e. g
‘Distance 1"is the distance from 10
Load 1to Load 2. . i
Ok Clear Data Help
W = =
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2 Lane Moving Load Pattern:

Edit Moving Load Pt Deﬁni_

Load4 | gad3 "°392 Load1
o] Dista [oistz)| oistr

-+ -+ -+

)

Pattern Label

| PCBEX_EB_ZLANES

Magnitude Direction Distance

L%

ﬁ (k) (f)
Direction of Moving 657 ¥ =
2 |-552 Y 6
Lioad Movement
3 |-657 Y 4
The Direction value may be : 4 |-552 ¥ 3
XYZ- Global Direction 5
x¥Z - Local (Member) Direction B
V- Current Vertical Direction T
The 'Distance’ entries are the 8
distances between the loads, i.e. g
‘Distance 1"is the distance from 10
Load 1to Load 2. L b
OK | [EaRgel™™  ClearData Help
3

3 Lane Moving Load Pattern:

Edit Moving Load Pt Deﬁni_

L%

Load4 | gad3 "°392 Load1
o] Dista [oistz)| oistr

-+ -+ -+

)

Pattern Label

| PCBEX_EB_3LAMES
Magnitude Direction Distance

ﬁ (k) (f)
Direction of Moving 657 ¥ A:
2 |-552 Y 6 |
Lioad Movement
3 |-657 Y 4
The Direction value may be : 4 |-552 ¥ 3
XYZ- Global Direction 5 |-B5.T Y 4
¥z - Local (Member) Direction B |-55.2 Y B
V- Current Vertical Direction T
The 'Distance’ entries are the 8
distances between the loads, i.e. g
‘Distance 1"is the distance from 10
Load 1to Load 2. L b
0K I Cancel Clear Data Help
3

Moving Load Cases:

“, Moving Loads EI@
[a]»] T. Pattern Incre... | Bot.. | 1stJ.. | 2nd .. | 3rdJ.. | 4thJ. | SthJ.. | 6thJ.. |7th.. | 8thJ.. | 9thJ.. | 10th..

1 i PCBEX_EB_1LANE 1 O L1A L1B

2 M2 PCBEX_EB_2L ANES 1 [m] L2A L28

H] M3 PCBEX_EB_3LANES 1 ] L2A LZ8

4 4 PCBEX_EB_1LANE 1 [m] R1A R1B

5 M5 PCBEX_EB_Z2LANES 1 |} R24 R2B

[ ME PCBEX_EB_3LANES 1 O R2A R2B

T W7 WL-VERT-EB 1 L1A R2B
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Basic Load Cases:

,i, Basic Load Cases

Em BLC Description Category K Gravity | Y Gravity | Z Gravity Joint Point Distrib... | Area( Surfac...|
1 [DCLoad MNone g 1 ﬁl
2 DW Load Mane
3 BR Load Mane
4 CR/SHITU Loads Mane 1
5 WS StrilliSendy Mane
1 W3 StrviSen Mane 1
7 WL None j

Load Combinations:

,i‘ Load Combinations EI@
Combinations l Design ]

(4] ] Description PD. | SR. | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor
1 Strl-1Lane +TU 1 1.25 3 2.1 4 5 K] 2.1
2 Strl-1Lane -TU 1 1.25 3 2.1 4 -5 5] 2.1
3 Stri-2Lanes(2) +TU 1 1.25 3 1.75 4 5 M2 | 175
4 Stri-2Lanes(2) -TU 1 1.25 3 175 4 -5 M2 | 175
5 Strl-2Lanes(1+1) +TU 1 1.25 3 175 4 5 M1 | 175 | w4 | 175
6 Stri-2Lanes(1+1) -TU 1 1.25 3 175 4 -5 M1 | 175 | we | 175
7 Strl-3Lanes(3) +TU 1 125 3 [ 1488 | 4 5 M3 | 1488
8 Stri-3Lanes(3)-TU 1 1.25 3 [ 1488 | 4 -5 M3 | 1488
] Strl-3Lanes(2+1) +TU 1 1.25 3 [ 1488 | 4 5 M2 | 1488 | M4 | 1488
10 Stri-3Lanes(2+1) -TU 1 1.25 3 [1488 | 4 -5 M2 | 1488 | M4 | 1.488
11 Strl-dLanes(3+1) +TU 1 1.25 3 [ 1138 ] 4 5 M3 | 1138 | M4 | 1138
12 Sirl-4Lanes(3+1) -TU 1 1.25 3 [ 1138 | 4 -5 M3 | 1138 | M4 | 1.138
13 | Str-4Lanes(2+2) +TU 1 1.25 3 [ 1138 ] 4 5 M2 | 1138 | W5 | 1.138
14 Stri-4Lanes(2+2) -TU 1 125 3 [ 1138 4 -5 M2 | 1138 | W5 | 1138
15 Strl-5Lanes +TU 1 1.25 3 [ 1138 ] 4 5 M3 | 1138 | W5 | 1.138
16 Strl-5Lanes -TU 1 1.25 3 [ 1138 | 4 -5 M3 | 1138 | M5 | 1.138
17 Stri-6Lanes +TU 1 1.25 3 [ 1138 ] 4 5 M3 | 1138 | WE | 1.138
18 Strl-6Lanes -TU 1 1.25 3 [ 1138 4 -5 M3 | 1138 | MB | 1.138
19 Strill-1Lane +TU 1 1.25 4 5 14
20 Strill-1Lane -TU 1 1.25 4 - 5 14
21 Strill-2Lanes(2) +TU 1 125 4 5 14
22 Strill-2Lanes(2) -TU 1 1.25 4 - 5 14
23 | stril-2Lanes(1+1)+TU 1 1.25 4 5 14
24 | stri-2Lanes(1+1)-TU 1 1.25 4 - 5 14
25 Strill-3Lanes(3) +TU 1 1.25 4 5 14
26 Sirlll-3Lanes(3) -TU 1 1.25 4 - 5 14
27 | stri-3Lanes(2+1)+TU 1 1.25 4 5 14
28 | Stri-3Lanes(2+1)-TU 1 125 4 - 5 14
29 | stril-4Lanes(3+1)+TU 1 1.25 4 5 14
30 | stil-4Lanes(3+1)-TU 1 1.25 4 - 5 14
31 | stil-4Lanes(2+2) +TU 1 1.25 4 5 14
32 | stil-4Lanes(2+2)-TU 1 1.25 4 - 5 14
33 Strill-5Lanes +TU 1 1.25 4 5 14
34 Strill-5Lanes -TU 1 1.25 4 - 5 14
35 Strill-6Lanes +TU 1 125 4 5 14
36 Strill-6Lanes -TU 1 1.25 4 - 5 14
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,‘, Load Combinations
Combinations IDesign]

END Description Sol.. [ PD.. [ SR.. | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor | BLC | Factor
37 1 1.25 3 1.62 4 5 6 1.3 7 1 W7 1 M1 1.62
38 Str-1Lane -TU 1 125 3 162 4 =5 G 13 7 1 M7 1 M1 162
39 Strv-2Lanes(2) +TU 1 1.25 3 1.35 4 5 § 13 7 1 W7 1 M2 1.35
40 Sin-2Lanes(2)-TU 1 1.25 3 1.35 4 -5 6 1.3 7 1 W7 1 M2 1.35
41 Strv-2lanes(1+1) +TU 1 125 3 135 4 5 G 13 7 1 W7 1 M1 135 M4 | 135
42 Strv-2lanes(1+1)-TU 1 1.25 3 1.35 4 -5 § 1.3 7 1 W7 1 M1 1.35 M4 | 135
43 Str-3Lanes(3) +TU 1 1.25 3 1.15 4 5 6 1.3 7 1 W7 1 M3 1.15
44 Stri-3Lanes(3)-TU 1 1.25 3 115 4 == 6§ i3 7 1 W7 1 M3 115
45 Strv-3Lanes(2+1) +TU 1 1.25 3 1.15 4 5 § 13 7 1 W7 1 M2 115 M4 | 115
46 Strv-3Lanes(2+1) -TU 1 1.25 3 1.15 4 -5 6 1.3 7 1 W7 1 M2 1.15 M4 | 115
47 Stri-4Lanes(3+1) +TU 1 1.25 3 88 4 5 3 13 7 1 W7 1 M3 88 M4 88
48 Striv-dLanes(3+1) -TU 1 1.25 3 .88 4 =E G 1.3 7 1 M7 1 M3 .88 M4 .88
49 Sti-4lanes(2+2) +TU 1 1.25 3 88 4 5 6 1.3 7 1 W7 1 M2 .88 Ms .88
50 Strv-4Lanes(2+2) -TU 1 1.25 3 88 4 == 6§ i3 7 1 W7 1 M2 88 M5 88
51 Strv-5Lanes +TU 1 1.25 3 .88 4 5 G 13 7 1 W7 1 M3 .88 M5 .88
52 Strv-5Lanes -TU 1 1.25 3 88 4 -5 3 1.3 7 1 W7 1 M3 .88 M5 .88
53 Strv-BLanes +TU 1 1.25 3 88 4 5 3 13 7 1 W7 1 M3 88 ME 88
54 Str-6Lanes -TU 1 1.25 3 .88 4 =E G 1.3 7 1 M7 1 M3 .88 WM& .88
55 Senl-1Lane +TU 1 1 3 1.2 4 1 6 1 7 1 W7 1 M1 12
56 Sen-1Lane -TU 1 1 3 12 4 -1 6§ 1 7 1 W7 1 M1 12
57 Send-2Lanes(2) +TU 1 1 3 1 4 1 G 1 7 1 W7 1 M2 1
58 Servi-2Lanes(2) -TU 1 1 3 1 4 -1 3 1 7 1 W7 1 M2 1
59 Senvl-2Lanes(1+1) +TU 1 1 3 1 4 1 3 1 7 1 W7 1 M1 1 M4 1
60 Senv-2Lanes(1+1)-TU L 1 3 1 4 -1 G 1 7 1 M7 1 M1 1 M4 1
61 Senl-3Lanes(3) +TU 1 1 3 85 4 1 6 1 7 1 W7 1 M3 .85
62 Senvl-3Lanes(3) -TU 1 1 3 85 4 -1 6§ 1 7 1 W7 1 M3 85
63 Servl-3Lanes(2+1) +TU 1 1 3 .85 4 1 G 1 7 1 W7 1 M2 .85 M4 .85
64 Senvi-3Lanes(2+1)-TU 1 1 3 -85 4 -1 6 1 7 1 W7 1 M2 .85 M4 .85
65 Sernvi-4Lanes(3+1) +TU 1 1 3 65 4 1 3 1 7 1 W7 1 M3 65 M4 65
66 Serv-dLanes(3+1)-TU 1 1 3 .65 4 -1 G 1 7 1 M7 1 M3 .65 M4 .65
67 Servi-4Lanes(2+2) +TU 1 1 3 .65 4 1 6 1 7 1 W7 1 M2 .65 M5 .65
68 Senvl-4Lanes(2+2)-TU 1 1 3 65 4 -1 6§ 1 7 1 W7 1 M2 65 M5 65
69 Send-SLanes +TU 1 1 3 .65 4 1 G 1 7 1 W7 1 M3 .65 M5 .65
70 Senvl-5Lanes -TU 1 1 3 .65 4 -1 6 1 7 1 W7 1 M3 .65 Ms .65
71 Senvi-6Lanes +TU 1 1 3 65 4 1 3 1 7 1 W7 1 M3 65 ME 65
72 Servl-GLanes -TU 1 1 3 .65 4 -1 G 1 7 1 M7 1 M3 .65 M& .65

C1. Strength I Limit State Loads

Strengthl = 1.25-DC + 1.5-DW + 1.75-LL + 1.75BR + 0.5-(TU + CR + SH)

Beam Moment:

1943

Beam Shear:

1654
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C2. Strength V Limit State Loads

Strength5 = 1.25-DC + 1.50-DW + 1.35-LL + 1.35-BR + 1.30-WS + 1.0-WL + 0.50-(TU + CR + SH)

Beam Moment:

1525

Beam Shear:

129

133

C3. Service 1 Limit State Loads

Servicel = 1.0-DC + 1.0-DW + 1.0-LL + 1.0-BR + 1.0WS + 1.0-WL + 1.0-(TU + CR + SH)

Beam Moment:

1134

Beam Shear:
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C4. Summary of Results

From the results of the analysis, the governing moments for the design of the end bent cap and the
corresponding service moments were as follows:

Mstrength1.Negative = ~1943-Ttkip Mservice1.Negative = ~113.4-ft-kip

Msitrength1.Positive = 291-9-ft-kip Mservice1.Positive = 174.0-ft-kip

For purposes of this design example, these values are given for references purposes. The method of
obtaining the design values has been shown and the user will then utilize design equations and methodologies
similar to Section 3.04 Pier Cap Design to design the end bent cap. For the piles, the approach is similar to
Section 3.08 Pier Pile Vertical Load design. There are no moments transferred from the end bent cap to the
piles since for a 1 foot embedment of the pile into the cap, the connection is considered to be a pin
connection.

(¥l Defined Units
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SUBSTRUCTURE DESIGN

End Bent Cap Design

Reference

Description

The actual design of the end bent cap for the governing moments and shears has not been performed
in this design example. For a similar design approach, refer to Section 3.04 Pier Cap Design.
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SUBSTRUCTURE DESIGN

End Bent Foundation Design Loads

Reference

me Reference:C:\Users\st986¢ch\AAAdata\LRFD PS Beam Design Example\311EndBentLoads.xmcd(R)

Description

This document provides the design parameters necessary for the substructure pile vertical load and
footing design.

Page Contents
323 A. General Criteria
Al. Modification to End Bent Live Loads (LL) for Foundation Design
324 B. Foundation Vertical Design Load Summary
325 C. Lateral Design Load
C1. Design Parameters
C2. Soil Parameters
C3. Applied Loads

329 D. Design Load Summary
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A. General Criteria

Al. Modification to End Bent Live Loads for Foundation Design

The Dynamic Load Allowance (IM) is not required since the foundation components are entirely below ground
level [LRFD 3.6.2.1].

For the foundation design, the impact on the truck will need to be removed from the load combinations since
the piles are embedded in the ground.

The RISA Analysis will be re-run with the impact factor removed from live load.

. . wheeljjne
Revised HL-93 Line Load.................. HLO3 Mo = ETYE + lang|gaq = 49.15-kip

P
HL93N o (v + ﬁ = 53.09-kip

P
C .
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B. Foundation Vertical Design Load Summary

For this design example, we will use the load combinations that likely govern pile design. For

example purposes, only piles 1-3 are presented.

RISA PILE RESULTS

Result Case Fx Fy
Pile 1

Strength | 3.9 291.9
Strength llI 5.1 139.7
Service | 7.3 196.7
Pile 2

Strength | 3.4 336.1
Strength lll 4.5 147.7
Service | 6.2 227.1
Pile 3

Strength | 2.8 328.3
Strength lll 3.9 148.3
Service | 5.0 222.4

Fz

6.9
2.8
7.0

6.5
2.8
6.8

6.2
2.8
6.6
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C. Lateral Design Load

C1. Design Parameters

Depth of end bent cap.........cccoooeeeevverinnns hgg = 2.5ft

Width of end bent cap.........cc.oooeeevvvvrinnnns bgg = 3.5ft

Length of end bent cap............ccceeeeereenn. Lgg = 88ft

Height of back wall.................cccce. hgw = 3.6ft

Backwall design width..................c..oeeen. Lgw = 11t

Thickness of back wall.................c.c...... tgy = L1t

Approach slab thickness...............ccc....... tApprSlab = 13.75-in

Approach slab length...............ccccnnn. L Apprslab = 321t

Concrete COVEr.......uvviiieeiiiiiiiiiiee e coverg,p = 3-in

Load factor for EH and ES (LRFD 3.4.1). Yp.max = 15 Yp.min = 0.90
Load factor for dead load........................ \pc = 1.25

Load factor for live load surcharge (LS)... g =175 (for Str. I, 1.0 for Serv. 1)
Number of piles..........ccccoeviviiiiiiiiinnn, Np"eS =9

C2. Soil Parameters

Values for the active lateral earth pressure, k,, [LRFD 3.11.5.3, 3.11.5.6] may be taken as:

sin2(6 + d)'f)

Ky =

- (sin-sin(o - &))

where o (1 . j Sin(@'y + 3) sin(@'y ) J

sin(6 — 6) sin(6 + B)

2

From LRFD Table 3.11.5.3-1:

Formed or precast concrete or concrete sheet piling against the following soils:

®  (Clean gravel. gravel-sand mixture. well-graded rock fill with spalls 22 to 26 0.40 to 0.49
®  Clean sand, silty sand-gravel mixture, single-size hard rock fill 17 to 22 0.31to 0.40
*  Silty sand. gravel or sand mixed with silt or clay 17 0.31
e  Fine sandy silt. nonplastic silt 14 0.25
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defining the following:

Ysoil = 115-pef Unit weight of soil
9= 90-deg angle of the end bent back face of the wall to the horizontal
d's := 29-deg effective angle of internal friction, assumed
Q= 20-deg friction angle between fill and wall given by  (Note: based on concrete on
LRFD Table 3.11.5.3-1 clean fine to medium sand)
3= 0-deg angle of fill to the horizontal
therefore
2

= (1 +jsm(¢lf - o)l - B)J — 2.64

m sin( — 8) sin(8 + B)

and
(sin(0 + ¢'f))?

~ 031
r-(sin(e)2sin(o - 5))

ka =

The horizontal earth pressure due to live load, Ap , [LRFD 3.11.6.4] may be approximated as follows:

Ap = KsoilNeg where

Ysoi] = 115-pcf Unit weight of soil
k= |ka| Coefficient of lateral earth pressure
heq = 4.0-ft equivalent height of soil for vehicular loading,
LRFD Table 3.11.6.4-1 or 3.11.6.4-2
therefore

Ap = k”fsonheq = 0.14-ksf
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C3. Applied Loads

The following is a free body diagram of the loads acting on the end bent.

CL Pile %
CL Brg
apafs/b\L
N
& || i e <
surcharge| \L
i 2
. E
" oo
2 A
T

Loads acting on End Bent

The loads due to the end bent cap and back wall height were included in the RISA analysis of the end bent, and
therefore are not included here.

Calculate moment at top of pile due to earth pressure per foot of backwall

Lateral force........oovvvvivviiiiiiinnnnnn, F

Lateral force moment arm

Moment at top of pile.......................

|ka| '”fsoil'(hBW + hEB)2 kip
earth -~ 5 = 0'66'?

h +h
BW EB .
= ———— — Pilegypeq = 1.03 1t

kip-ft
Mearth ‘= Fearth"Yearth = 0-68- ft
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Calculate moment at top of pile due to live load surcharge per foot of backwall

Kip
Lateral force.........cccoovvvvviiinininnnnn. F =| Ay (h +h = 0.87-—
surcharge [ p ( BW EB) ft
h +h
BW EB
Lateral force moment arm................. Ysurcharge = — Pilegpeg = 2-05 ft
Moment at top of pil : Kip-t
oment at top of pile....................... Msurcharge == Fsurcharge Ysurcharge = 1.78-T
Calculate moment at top of pile due to approach slab per foot of backwall
t L . (Note: assume
VT tiCal TOTCE.......vveeeveerrereeerereenns PAS = (wconc- ApprSlab Apprs'abj ~ 1835 113 of weight
3 ft isseenatback
wall)
. tBw ~ PEB
\ertical force moment arm............... epq = — = -1.25ft
Moment at top of pile....................... Mas = Pag€as = —2.29-%
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D. Design Load Summary

Strength |

Calculate the Strength | limit state pile reaction.

Vertical force from RISA analysis....... Pstr1 = Fy.Strl'kip = 336.1-kip

b
\ertical force moment arm................ epy = tgw + K2 - ? = 0.58 ft

Moment at top of pile due to vertical _
Mp str1 = Pstr1-epy = 196.06-Kip-ft

Lateral force perpendicular to bent,

excluding soil forces, from RISA . .
ANAIYSIS. ..., Fstr = Fz.stri-kip = 6.9-kip

Lateral force moment arm................ eFy == heg — Pilegmpeq + 4:in = 1.831t

Moment at top of pile due to lateral

FOFCE.....vvveeeeeeeee e, ME str1 = Fstr1 ey = 12.65-kip-ft
N : Le
Distribution of loads to piles.............. Lp:= = 9.78ft
Npiles

Total Moment........ccocvvvvieiieeieeienn,

Mstrengthl = max(

+Y¥p.min'LD'Mearth + VLS’ LD Msurcharge | *Msurcharge YLS'LD

M 1 = 249.1-kip-ft

strength

Total lateral force perpendicular to

(Note: Use 4"
pedestal height).

Mp str1 + MEsir1 + “pc'lp'Mas - sMp str1 + MEstr1 + Yp.max LD Mearth j

bent....oooo F2 strength1 = Fstr1 * Yp.max Fearth''D + VLS Fsurcharge'LD = 31.41-kir

Total lateral force parallel to bent........ Fx.strengthl = Fy gtr'kip = 3.9-kip

Total vertical force..........cccceeevverennn. Fy.strengthl = Pgir1 + YpcPas'Lp = 358.51-kip
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Strength |11

Calculate the Strength 111 limit state pile reaction.

Vertical force from RISA analysis....... Pstr3 = Fy.Strlll'kip = 148.3-kip

\ertical force moment arm................ epy = 0.58 ft

Moment at top of pile due to vertical .
FOFCE.....vvveeeeeeeee e, Mp.str3 = Pstra-epy = 86.51-kip-ft

Lateral force perpendicular to bent,

excluding soil forces, from RISA . .
ANAIYSIS. ..., Fstr3 = Fz.strini-kip = 2.8 kip

Lateral force moment arm................ eFy = 1.83ft

Moment at top of pile due to lateral .
FOFCE.....vvveeeeeeeee e, ME str3 = Fstra ey = 5-13-kip-Tt

Distribution of loads to piles.............. Lp=9.781t

Total Moment........ccocvvvvieiieeieeienn,

|MP.Str3 + Mg sy3 + YpclpMas + “fp.min'LD'Mearth| _
Mstrength3 = Max = 101.65 ft-kip

Mp str3 + ME str3 + Yp.max LD"Mearth

Total lateral force perpendicular to

Dent.......ooi F2.strength3 = Fstr3 + Yp.max Fearth'Lp = 12.49-kip
Total lateral force parallel to bent........ Fx.strengthS = Fy strppp-Kip = 5.1-kip
Total vertical force..........cccceeevverennn. Fy.strengthS = Pgtr3 + Y\pcPas'Lp = 170.71-kip
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Service |

Calculate the Service I limit state pile reaction

\ertical force from RISA analysis......

\ertical force moment arm................

Moment at top of pile due to vertical

Lateral force perpendicular to bent,
excluding soil forces from RISA
ANAIYSIS....coiiiii

Lateral force moment arm

Moment at top of pile due to lateral

Distribution of loads to piles..............

Total Moment........ccocvvvvieiieeieeienn,

Mservice1 = Max

Total lateral force perpendicular to

Total vertical force...........coeeevvennnen.

[»]—Redefine Variables

Psrv1 = Fy servikip = 227.1-kip

epy = 0581t

MP.Ser = PSI’Vl.ePy = 13247k|pﬁ

Fsrv1 = Fz.gerviKip = 7-kip

epy = 183ft

MF.Ser = FSI’Vl.er = 1283k|pft

Lp = 9.78t

Mp srvi + MEgpy1 + Lp 1.00-Mag + 1.00-Ly-Megpi + 1.0-Lp-Mgyreharge

= 169.3 ft-k

Mp srvi + MEgrv1 + 1.0-Lp-Megrin + 1.0-Lp-Mgyrcharge

Fzservice1 = Fsrvi + 1'00'(':earth + Fsurcharge)'LD = 21.93-kip

Fx.service1 = Fx.seryiKip = 7.3-kip

Fy.servicel = Pgpy1 + 1.0-Pag-Lp = 245.03-kip
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SUBSTRUCTURE DESIGN
End Bent Pile Vertical Load Design

Reference

Description

The actual design of the end bent piles for the vertical loads has not been performed in this design
example. For a similar design approach, refer to Section 3.08 Pier Pile Vertical Load Design.
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SUBSTRUCTURE DESIGN
End Bent Backwall Design

Reference

me Reference:C:\Users\st986ch\AAAdata\LRFD PS Beam Design Example\313EndBentFoundLoads.xmcd(R)

Description

This section provides the design for the end bent backwall.

Page Contents
334 A. General Criteria
335 B. Back Wall Design

B1. Design Moments

B2. Flexural Design

B3. Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

B4. Minimum Reinforcement

B5. Shrinkage and Temperature Reinforcement [LRFD 5.10.8]
341 C. Summary of Reinforcement Provided
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A. General Criteria

Resistance Factor for flexure and tension.. =09
Resistance Factor for shear and torsion.... ¢, =09
Load factor for horizontal earth (EH)........ pamaxy = 15

Load factor for live load surcharge (LS)... Y= 175
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B. Back Wall Design

B1. Design Moments

Calculate Design Moments for Backwall per foot of back wall

¢ Pile
¢ Brg
/]
Fearth f(
[
/
/ I
Faurcharge
r—7771
| |
|
Sack Wall Design Moment

The moment for the back wall design can be calculated by taking the applied lateral loads at the location of the
resultant passive force and designing the back wall as simply supported between the End Bent and Approach

Lateral Surcharge Moment Arm.........

|

Slab. )
k ./\{ - .h -
Lateral Earth FOrCe.........ovvvvvveevenn... Foacth= | a| SZ'I BW _ 0,23.%
hg
Lateral Earth Moment Arm................ Yeaxth, = T =1.2ft
Lateral Surcharge Force F = Apy-hpy = 0.51 kip
.................... N\&Umr\gﬁ/\‘_ p BW_ . ft

hg

= —— = 1.8ft

2

Substructure Design
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Bending Moment Calculation............. Pu=F

earth
P2 := Fsurcharge
A= Yearth
8= Ysurcharge
v ‘P1-(hgyw — @) + V| gPo-b .
Bending Moment Calculation contd.... ~ M := p-max 1( BW ) LS2 a= 0.81-m
hew ft
o -Pr-a+~p ePoye(h -b .
M, = p.max"1 LS 2( BW >-b: 1.01.k|pft
hew ft
Kip-ft

Mgir1 = max(Mq, M) = 101

P1-(h —a)+ Pyb in.
M, = 1w = 2) + P2 a = 0.49. KM
el hew it
P1-a+ Py (hgw — b) kip-ft
Ma.:= ‘b=06—
hew ft
Kip-ft
M, = Max(M1,My) = 06—~
Back wall design moments:
Strength .......................................... MrBW = MStI’lLBW = 101k|pft
Seerce ........................................... MBW = MsrvlLBW = 06k|pft
B2. Flexural Design
Factored resistance M, = &M,
A f
N s e
O c.sub’
where M= Mrgy = 1.01-kip-ft

/QAZ: LBW =12-in
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Initial assumption for area of steel required

Sizeof bar........ccccccvviinnnns Jar = "4"

Proposed bar spacing........... Spacing ;= 12-in
Do

Bar area..........ccccciiinnnenn, Apar = 0.200-in2

Bar diameter.............cccc...... dia = 0.500-in

Area of steel provided per foot of )
back wall Ag = 0.20-in

Distance from extreme compressive 4t cover dia 8.75.in
fiber to centroid of reinforcing steel.... &~ "BW ™ sub ™ T, T

Assume f = fy [LRFD 5.7.2.1]

fo sup — 4000psi
Stress block factor.............ccocovvee. 34,;= min max 0.85 — 0.05- T ,0.65/,0.85| = 0.78
psi

Distance between the neutral axis and AT

compressive force........ccoovvveeevviinnnns = 0.28-in

= ———————
M 0,85, gy Br b

Solve the quadratic equation for the area of steel required

A
Given M, =|d-Agfg|dg - 1(_"ss
2 0'85'fc.sub'b
A ot = Find(Ad) = 0.03-in°
AveaReaely ( s) = U.lo:

. _ [ cC o~ I R
Check assumption that fg = fy .......... Check fe = ﬁ(d—s <0.6,"OK" ,"Not OK j ="0OK

The area of steel provided, Aq = 0.20«in2, should be greater than the area of steel required, Agqqq = 0.03-in”.

If not, decrease the spacing of the reinforcement. Once Ag is greater than Aq reqq . the proposed reinforcing is
adequate for the design moments.

A f
Moment capacity provided..................... M DEOMY <1>-As~fs-{dS - %(%ﬂ = 7.78-kip-ft

0.85-f. sub
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B3. Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

Concrete is subjected to cracking. Limiting the width of expected cracks under service conditions increases the
longevity of the structure. Potential cracks can be minimized through proper placement of the reinforcement.
The check for crack control requires that the actual stress in the reinforcement should not exceed the service
limit state stress (LRFD 5.7.3.4). The stress equations emphasize bar spacing rather than crack widths.

The maximum spacing of the mild steel
reinforcement for control of cracking at
the service limit state shall satisfy.........

where
Exposure factor for Class 1 exposure
CONAILION. ...

Overall thickness or depth of the
COMPONENL......cciriiiiiiiiiieaannne

Distance from extreme tension fiber to
center of closest bar...........coocvvviviinnnnn,

700-vq
s < - 2-dC
Bs'fss
d
c
=1+ —
s 0.7(h - d¢)
= 1.00 [SDG 3.10]
tBW =12-in
di
A%/: coverg p + ?'a = 3.25-in
de
A@ﬁ/:: 1+ ———=153
0.7(tgyy — d¢)

The neutral axis of the section must be determined to determine the actual stress in the reinforcement. This
process is iterative, so an initial assumption of the neutral axis must be made.

Guess value

Given

X := 1.4-in
E
1
_.b.X2 = S .AS.(dS —_ X)
2 Ec.sub
Xna = Find(x) = 1.36-in

Tensile force in the reinforcing steel due to Mgw
service limit state moment....................... T = = 0.87-kip
Xna
53
Actual stress in the reinforcing steel due to Tg
service limit state moment....................... Tsactuah= v 4.33-ksi
S
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Kip

Required reinforcement spacing........... Srequivad, = n o 2-de =99.23-in
B s actual
Provided reinforcement spacing........... spacing = 12-in

The required spacing of mild steel reinforcement in the layer closest to the tension face shall not be less than the
reinforcement spacing provided due to the service limit state moment.

LRFDE 22.4,= | "OK, crack control for M is satisfied" if Srequired > spacing

"NG, crack control for M not satisfied, provide more reinforcement” otherwise

LRFDg 7 3 4 = "OK, crack control for M is satisfied"

B4. Minimum Reinforcement

The minimum reinforcement requirements ensure the moment capacity provided is at least 1.2 times greater than
the cracking moment.

Modulus of Rupture............cccooevveeivniinnns =024 /fc.sub'kSi = -562.8-psi
2
b-t
Section modulus...............ovvvviviiiiiiiiiiin, S:= BW _ 288-in3
m 6
Flexural cracking variability factor............ Sas= 1.6
Ratio of specified minimum yield strength
to ultimate tensile strength of the
reinforcement............ccooe, Jge= 0.67
Cracking moment............cccoeevveviiiiiinnnns Mari= frSv1-v3 = —14.48-Kip-ft
Required flexural resistance............. Movegdh= min(||\/|cr| ,133-%-|\/Ir) = 1.35-kip-ft

Check that the capacity provided, Mr.prov = 7.8-ft-kip , exceeds minimum requirements, Mr.reqd = 1.3-ft-kip .

LRFD5 AnB2n= "OK, minimum reinforcement for moment is satisfied" if Mr.prov > Mr.reqd

"NG, reinforcement for moment is less than minimum" otherwise

LRFDg 7 339 = "OK, minimum reinforcement for moment is satisfied"
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B5. Shrinkage and Temperature Reinforcement [LRFD 5.10.8]

Size of bar ("4" "5" "6" "T") bar., := bar
Shrinkage reinforcement provided............ barSlga st= spacing
Do
.2
Bar ared.........ccoveevveveireereaiaienennn, Apar = 0-20-In
dia = 0.500-in

Bar diameter.........ccoooovvvvveiiiiiiiiinenn,

il in2 Il
0.11—
ft
Minimum area of shrinkage and temperature 06 inz in2
reinforcement...................... Agx,= Max “TH = 0.11-?
min kip
1.3-h-tp\ywy——
BW in.ft
Maximum spacing for shrinkage and Apar
temperature reinforcement....................... SDaCi”QST.reqd = min A—,3-tBW,18-in = 18:in
ST

The bar spacing should be less than the maximum spacing for shrinkage and temperature reinforcement

LRFDE 10.8,:= | "OK, minimum shrinkage and temperature requirements”  if barspa_st < SpaCi”QST.reqd

"NG, minimum shrinkage and temperature requirements" otherwise

LRFDg 1 g = "OK, minimum shrinkage and temperature requirements"”
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C. Summary of Reinforcement Provided

Moment reinforcement (each face)
Bar size............. bar = "4"

Bar spacing....... spacing = 12-in

Temperature and Shrinkage

Bar size............. bar 4

shrink.temp =

Bar spacing........ b 12-in

Agpa.st =

[»]—Redefine Variables

E Pile
#4 @ 127 MAX EF_\ ’
ko) L Brg
. \e) » g
#4812 EF_.g:_\__E
e
£ @ 12" EF "
F— 7 11
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