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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:

Empirica deck design

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, 30 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.

Since this exampleis presented in aM athcad document, a user can alter assumptions,
constants, or equations to create a customized application.
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Standards

The exampl e utilizes the following design standards:

Y Florida Department of Transportation Standard Specifications for Road and Bridge Construction
(2000 edition) and applicable modifications.
AASHTO LRFD Bridge Design Specifications, 2nd Edition, 2002 Interims.

Florida Department of Transportation Structures LRFD Design Guidelines, January 2003 Edition.

Y Florida Department of Transportation Structures Detailing Manual for LRFD, 1999 Edition.

Defined Units

All calculationsin this eectronic book use U.S. customary units. The user can take advantage of Mathcad's unit
conversion capabilities to solve problemsin MKS or CGS units. Although Mathcad has several built-in units,
some common structural engineering units must be defined. For example, albf is abuilt-in Mathcad unit, but a
kip or tonis not. Therefore, akip and ton are globally defined as:

kip © 1000xbf ton © 2000 bf

Definitions for some common structural engineering units:

N © newton kN © 1000>hewton
| bf | bf
plf © T psf © —
t ft2
| bf | bf
pCf o y O
ft3 |n2
KIf © % ket o KB
t ft2
K
ksio P °Fo 1deg
in2
6 9
MPa®° 1xX10 Pa GPa°® 140 Pa

Acknowlegements

The Tampa office of HDR Engineering, Inc. prepared this document for the Florida Department of
Transportation.

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.
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PROJECT INFORMATION

General Notes

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

Design Loading.................
Future Wearing Surface...

Earthquake.......................

O40] (o1 =) (-THTT T

Environment..........cccoo......

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

Concrete COVer........ccovve.

Distribution Values...........

DIimensions.........ccccvveeue...

Stay-in-Place Metal

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

HL-93 Truck
Design provides allowance for 15 psf

Seismic acceleration coefficient in Florida varies from 1% to 3.75%
or Seismic provisions for minimum bridge support length only, SDG 2.3.

Class Minimum 28-day Compressive

Strength (psi) Location
I f'c = 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
\Y/ f'c=6500 Prestressed Beams

The superstructure is classified as slightly aggressive.
The substructure is classfied as moderately aggressive.

ASTM A615, Grade 60

Superstructure
Top deck surfaces 2" (Short bridge)
All other surfaces 2"
Substructure
External surfaces exposed 3"
External surfaces cast against earth 4"
Prestressed Piling 3"
Top of Girder Pedestals 2"

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 Interior Beams Exterior Beams

Live Load (**/beam)

Traffic Railing (plf)

Wearing Surface (plf)

Utilities (plf)

Stay-In-Place Metal Forms (plf)

* % % % %
* % % %

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

The design includes an allowance of 20 psf for the unit weight of metal forms
and concrete required to fill the form flutes. The allowance is distributed over
the project plan area of the metal forms. Stay-in-place concrete forms will not
be permitted.

PROJECT INFORMATION

1.02 General Notes




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 Criteria
B1. Dynamic L oad Allowance [LRFD 3.6.2]
B2. Resistance Factors[L RFD 5.5.4.2]
B3. Limit States[LRFD 1.3.2]
11 C. Florida Criteria
C1. Chapter 1 - General requirements
C2. Chapter 2 - Loads and Load Factors
C3. Chapter 4 - Superstructure Concrete
C4. Chapter 6 - Superstructure Components
C5. Miscellaneous

19 D. Substructure
D1. End Bent Geometry
D2. Pier Geometry
D3. Footing Geometry
D4. Pile Geometry
D5. Approach Slab Geometry
D6. Sail 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 dight horizontal curvatureis shown in the plan view. This curvature is used to illustrate centrifugal forcesin
the substructure design. For all other component designs, the horizontal curvature will be taken as zero.
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In addition, the bridge is also on a skew which

Frant Face of
Backwall or
£ pier or Bent tryp)

Directlon of Statloning —

CASE A - Negative Skew Angle

— (Negative) Skew Angle
. AN Edge of Beam
N / NS
N k\ S N AN
N N N ~
€ Boam—! . AN
SO\ )N
S .. N
END | END 2

. \[Q Bearing

Front Face of
Backwall or
& Pier or Bent

is defined as:
Skew angle.........coneees Skew := - 30deg + Positiver Skew angle” ¢ org—.
/’\//‘L@ Begring \
- s // /
e ey /!
€ Beam // Z / 4
R s
/ /&
/' /( / e //
4 g pu Edge of Flange - <
END { END 2
Direction of Stationing —
CASE B - Pasltive Skew Angle
Vertical Profile
180'=0" (CONTINUOUS BRIDGE DECK) (OVERALL BRIDGE LENGTH)
MEASURED ALONG € CONST.
BEGIN BRIDGE %0'-0" | %0'-¢"
F.F.BW. END BENT /\ ‘ END BRIDGE
¢ | L FFBW. END BENT 3
PIER 2 ‘
60 \‘1‘ 60
50 I i I 50
40 16'6" MIN. £ 40
0 5 VERT. CL. 0
20 L § 20
o T 0
0 GROUND LINE 0
ELEVATION
Overdl bridge length............. Lpridge ® 180t .
o 4
A § & £ :
. . . = < P
Bridge design span length...... Lspan = 90t g B =
S Iy K
< 500t oy &

/800" V.C.

VERTICAL CURVE DATA
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Typical Cross-secton

462" N 446"
I-6l5" 2'=0" MEDIAN BARRIER | I-6"
/7 o' 2 LANES e 12'-0" = 24'-0" &-0' \ 8-0" 2 LANES @ 1Z'-0" = 24'-¢" -
SHOULDE SHOULDER ' SHOULDER SHOULDER
\ ' | t t

’// € cowsT.
i

_—] SLOPE: .02 FT/FT SLOPE: 02 FT/FT

()

© @

TYFE IV PRESTRESSED CONCRETE BEAM (TYP.

465" 10 SPACES © 8- = 80'-C* 46"

TYPICAL SECTION

Superstructure Beam Type

(L | 1 S AVARR VAR VA L B BeamType:= "IV"
Number of beams................. Npeams = 11

Beam Spacing.........cccceeeuenee. BeamSpacing := 8t
Deck overhang at End Bent

and Pier ... Overhang := 4ft + 6.5in
Average buildup................... Npuildup == 1in
Diaphragm Thickness........... tdigp = 9%n

A2. Number of Lanes

Design L anes

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,,;i 4 » the number of design traffic lanes per

roadway, N|anes» Can be calculated as:
Roadway clear width............ Rawy,igth := 424t
Number of design traffic lanes aRAWY, i gt O
per roadway...........ccocvueune. N|anes := floorC '
e 124t g
Nianes = 3
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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, N|gnes= 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 |oaded 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......... 9eone = 150%pcf

Modulus of dasticity for
reinforcing stedl.........coc..... Eg = 29000%si

Ultimate tensile strength for

prestressing tendon............... foy = 270%s

p

Modulus of dasticity for

prestressing tendon............... E,, := 28500%ksi

p
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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 15
fracture limit states............... Mo v = 1 + ——
fatigue 100
Impact factor for al other limit 3
SEALES....coi i IM:=1+ —
100

B2. Resistance Factors[LRFD 5.5.4.2]

Flexure and tension of
reinforced concrete.............. f =009

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

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

B3. Limit States[LRFD 1.3.2]

The LRFD defines alimit 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 asfollows:

STRENGTH LIMIT STATE

Load combinations which ensures that strength and stability, both local and global, are provided to resist
the specified 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
mai ntained.

EXTREME EVENT LIMIT STATES

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

SERVICE LIMIT STATE

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

FATIGUE LIMIT STATE

Load combinations which place restrictions on stress range as aresult of asingle design truck. Itis
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intended to limit crack growth under repetitive loads during the design life of the bridge.

Table 3.4.1-1 - Load Combinations and Load Factors

DC | LL TU
Load Use One of These at a
Combination DD | IM |WA | WS | WL | FR CR TG | SE Time
DW | CE SH
EH BR
Limit State EV PL EQ IC CT Cv
ES LS
|Strength| | Yo | 1.75 | 1.00 | - | - | 1.00 | 0.50/1.20 | Nt | Yse | - | - | - | -
|Strength|l | Yo | 1.35 | 1.00 | - | - | 1.00 | 0.50/1.20 | Y16 | Yse | - | - | - | -
|Strength|l| | Yo | - | 1.00 | 1.40 | - | 1.00 | 0.50/1.20 | Y16 | Yse | - | - | - | -
Strength IV
EH, EV, ES, DW, 1y‘,’5 - 1.00 - - 1.00 | 0.50/1.20 - - - - - -
and DC ONLY ’
|Strengthv | Yo | 1.35 | 1.00 | 0.40 | 0.40 | 1.00 | 0.50/1.20 | Y16 | Yse | - | - | - | -
Extreme Event | Yo Yeq | 1.00 - - 1.00 - - 1.00 - - -
Extreme Event Il Yo 0.50 | 1.00 - - 1.00 - - - 1.00 | 1.00 1.00
|Service| | 1.00 | 1.00 | 1.00 ’ 0.30 | 1.00 ’ 1.00 | 1.00/1.20 | Nare | Yse | - | - - -

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

Load Factor
Type of Load Maximum Minimum

DC:_Component and Attachments 1.25 0.90
DD: Downdrag 1.80 0.45
DW: Wearing Surfaces and Utilities 1.50 0.65
EH: Horizontal Earth Pressure
e Active 1.50 0.90
e At-Rest 1.35 0.90
EL: Locked-in Erection Str 1.00 1.00
EV: Vertical Earth Pressure
o Overall Stability 1.00 NA
o Retaining Walls and Abutments 1.30 0.90
e Rigid Buried Structure 1.35 0.90
® Rigid Frames 1.95 0.90
o Flexible Buried Structures other

than Metal Box Culverts 1.50 0.90
o Flexible Metal Box Culverts
ES: Earth Surcharge 1.50 0.75
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C. FDOT Criteria

C1l. Chapter 1 - General Requirements
General [SDG 1.1]

The design life for bridge structuresis 75 years.
Approach dabs are considered superstructure component.

Class Il Concrete (Bridge Deck) will be used for al environmental classifications.

Criteriafor Deflection and Span-to-Depth Ratios[SDG 1.2]

This provision is not applicable, since no pedestrian loading is applied in this bridge design example.
Concrete and Environment [SDG 1.3]

The concrete cover for the deck is based on either the environmental classification [SDG 1.4] or the type of
bridge [SDG 4.2.1].

Concrete cover for the deck.. COVES geck := | 24N if '—bridge < 300ft

2.5%n otherwise

COVEX ok = 2in

Concrete cover for
substructure not in contact

withwater.......ccoeevveeennee, coverg = |4%n if Environmentg, = "Extremely”

covergp = 3in 3%n otherwise

Concrete cover for
substructure in contact with

WAL ...oovviiiiiiiiiiiiiiiiieeeeee, COVEr g p.earth = |4-5%n if Environmentg,, = "Extremely"

COVErgh.earth = 41N 45%n otherwise

Minimum 28-day compressive
strength of concrete
COMPONENtS........ccevereererrennas Class Location

Il (Bridge Deck) CIP Bridge Deck

Approach Slabs fo gap = 4.5%s
v CIP Substructure foqup = 5:5%ks
V (Special) Concrete Piling fC_p“e:: 6.0%si
\% Prestressed Beams fe beam == 6-5%s
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Environmental Classifications[SDG 1.4]
The environment can be classified as either "Sightly", "Moderately" or "Extremely" agressive.

Environmental classification
for superstructure................ Envi ronmentg ey © "Slightly"

Environmental classification
for substructure................... Environmentg , © "Moderately”

C2. Chapter 2 - Loads and L oad Factors
Dead loads [SDG 2.2]

Weight of future wearing
ST g = o Mws= [19Psf if Liygge < 300ft

M fws = 15psf Opsf  otherwise

Weight of sacrificia milling

surface, using ty) = " mill = tmill®¥conc (Note: See Sect. C3[SDG

F mill = 0 psf 4.2] for calculation of tmill)-

Seismic Provisions[SDG 2.3]

Seismic provisions for minimum bridge support length only.

Wind Loads[SDG 2.4]

The LRFD wind pressures
should be increased by 20%
for bridges located in Palm
Beach, Broward, Dade, and

Monroe counties.................. 9rpoT = 1.20

Miscellaneous L oads [SDG 2.5]
ITEM uniT  JLoAD
Traffic Railing Barrier (32 F-Shape) Lb/ft a1
Traffic Railing Median Barrier, (32" F- Shape) Lb/ft 486
Traffic Railing Barrier (42 Vertica Shape) Lb/ft 587
Traffic Railing Barrier (32 Vertica Shape) Lb/ft 385
Traffic Railing Barrier (42 F-Shape) Lb/ft 624
Traffic Railing Barrier / Soundwall (Bridge) Lb/ft 1008
Concrete, Structural Lb/ft3 150
Future Wearing Surface Lb/ft2 15 *
Soil, Compacted Lb/ft3 115
Stay-in-Place Metal Forms Lb/ft2 20 **
* The Future Wearing Surface allowance applies only to minor widenings or
short bridges as defined in SDG Chapter 7.
** Unit load of metal forms and concrete required to fill the form flutesto be
applied over the projected plan area of the metal forms
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Wel ght of traffic railing

Weight of compacted soil......

Weight of stay-in-place metal

M forms = 20Psf

Barrier / Railing Distribution for Beam-Slab Bridges [SDG 2.8]

SDG equations for dead load
of barriers applied to the
exterior beams..........c.ce....

Maximum number of beams

Applying the SDG equations
to this design example, the
following values are
caculated.......c.oovvreriennnee.

Cqy =551

Dead load of barriers applied
to the exterior beams............

Wharrier.exterior = 0-201KIf

Dead load of barriers applied
to theinterior beams.............
kip

Wharrier.interior = 0- 055?

3

Y WACCy)
et 100
: (10- K)®+ 39
Cy = 0.257% &H3K - B + L=
14
C,=22- 03358040 0279>§é‘ 6 0. 000793@9" 0
el0g el0g el0g

K= if(Npeams > 10,10, Npegme)

Cy = ozswjéiWO (3K - 8)L , (10 K%+ 30

ft a 1.4
" L2
%—spano %—spano &b
C2 =22- 0.335C——= + 0.0279C——~ - 0.000793C———~
e 106t g e 104t g
_ Wbarrier>(cl’cz)
Wharrier.exterior -~ 100

2>(Wbarrier - Wbarrier.exterior)
(K- 2)

Wharrier.interior ==
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Median traffic barrier

For purposes of this design example, the median traffic barrier will be equally distributed amongst al the beams
comprising the superstructure.

Include the dead load of the
median traffic barrier on the
design load of the exterior

beams . Wimedian.bar
................................. Wbal’l'lereXtel’IOI' = Wbal’l'lereXtel’IOI' + N—
_ Kif beams

Wharrier.exterior = 0-245

Include the dead load of the

median traffic barrier on the

design load of theinterior Wnedian.bar

bEAMS....ooeeeeeeeeeee e Whgrrier interior = Wharrier interior N—

beams

Wharrier.interior = 0-099KIf

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

Correction factor for Florida

limerock coarse aggregate..... flimerock = 0:9

Unit Weight of Florida
limerock concrete................. We limerock == 145%cf

Modulus of dasticity for

Sab..i Ecgap=f Iimerock>(1820x’fc.slab>k5i)

Ecslab = 3475ksi

Modulus of dasticity for

beam.....cooeeviieicee e Ecpeam=f Iimerock>(1820x/fc.beam>k5i)

Modulus of dasticity for

SUDSETUCEUrE. ... Ecaub = f |imerock>(1820x/fc.wb*§)
Ecqub = 3841ks

Modulus of dagticity for

PIES. ..ot Ecpile:= |imerock>(1820x/fc.pi|e*§)

Ec.pile = 4012ksi

Yield strength of reinforcing
St e, f

Note: Epoxy coated reinforcing not allowed on FDOT projects.
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Concrete Deck Slabs[SDG 4.2]

Bridge length definition......... BridgeType:= | "Short" if Lyyjqqe < 300ft

BridgeType = "Short"

"Long" otherwise

Thickness of sacrificial milling

SUrface.....coveveierece e, tmil © ag 0%in if Lbridge<300ﬂ o

. C <

tmif) = 0in &l o5%n otherwise o
Deck thickness.................... tyap © 8.0%N

Deck Slab Design [SDG 4.2.4]

The empirical or traditional design method is used to design the deck dab for the service, fatigue, fracture, and
strength limit states. The empirica design method may be used if the deck overhang is less than 6 feet.
Otherwise, the traditional design method shall be used.

SlabOverhang 5, = | "May use empirical design” if Overhang £ 6ft

"Shall use traditiona design” otherwise

SlabOverhangy 5 = "May use empirical design”

The deck overhang shall be designed using the traditional design method. The deck overhangs are designed for
three limit state conditions:

(1) Extreme event limit state - Transverse and longitudinal vehicular collision forces.

(2) Extreme event limit state - Vertical collision forces

(3) Strength limit state - Equivalent line load, DL + LL
The deck slab at the median barrier shall be designed using the traditional design method. For the extreme
event limit states, aminimum area of stedl of 0.40%n° per foot should be provided in the top of the deck dab.

The summation of the area of steel for the top and bottom of the deck slab should provide a minimum of 0.80% n?
per foot.

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

Minimum compressive
concrete strength at release

isthe greater of 4.0ksi or .
0.6 F Corerereeeeeereeeree e, fci beam.min = max(4.0>k51 , O-G*C.beam)

Maximum compressive
concrete strength is 0.8 f'c... f

f

ci.beam.max = 0-8%¢ beam

ci.beam.max = 5-2ks

PROJECT INFORMATION 1.03 Design Parameters

15




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

Minimum compressive

concrete strength at release.... fei beam = foi.beam.min
fci.beam = 4ks

Corresponding modul us of

eastiCity....covevereieieee, Eci beam = f”merock><_|_820x/fci.beam>ksi
EC|beam = 3276 ksi

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

Outer 15 percent of design
ftop.outer15 = - 12¥/Tci beam’PS

ftop.outer1s = - 0-76ks

ftop.center70 = - 6%/ fci beamPS

ftop.center7o = - 0-38ks

Center 70 percent of

Time-dependent variables for creep and shrinkage calculations
Relative humidity............ H:=75

Age (days) of concrete
when load is applied........

Age (days) of concrete
when section becomes

COMPOSItE....ccveveereencnens Tq:=120
Age (days) of concrete

used to determine long

term 10Sses......oveeveenee. T, := 10000

C4. Chapter 6 - Super structure Components

Temperature Movement [SDG 6.3]

: Temperature
Structural Material
(Degrees Fahrenheit)
of Superstructure Mean High Low Range
Concrete Only 70 95 45 50
Concrete Deck on Steel Girder 70 110 30 80
Steel Only 70 120 30 90
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The temperature values for "Concrete Only" in the preceding table apply to this example.

Temperature mean......... tmean = 70%F
Temperature high........... thigh = 95¢F
Temperature low............ tiow = 45¢F
Temperaturerise............ Dtyise = thigh - tmean
Dt/jge = 25°F
Temperaturefall............. Dtf4 = tmean - tiow
tha” = 25°F
Coefficient of thermal
expansion [LRFD 5.4.2.2] for 610 6
normal weight concrete......... a;:=
°F
Expansion Joints[SDG 6.4]
Joint Type Maximum Joint Width *
Poured Rubber §Z4
Silicone Seal 2’
Strip Seal 3
Modular Joint Unlimited
Finger Joint Unlimited

*Joints in sidewalks must meet all requirements of Americans with
Disabilities Act.

For new construction, use only the joint types listed in the preceding table. A typical joint for most prestressed
beam bridgesis the silicone seal.

Maximum joint width...... Winax := 240

Minimum joint width at

5
700 F ............................ Wmln = EXH
Proposed joint width at
TOOF e, W= 1xn
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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.................

Movement from factored
effects of temperature.....

C5. Miscellaneous
Beam Parameters

Distance from centerline pier

(FFBW) to centerline bearing.

Distance from end of beam
to centerline of bearing..........

Beam length............ccueu.e...

Lpeam = 89167t

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

Ldesign = 88167t

DXtall = DXtemperaturefall -

+ Dxcr%p.shri nkage

DXrige = 1.19DXiemperaturerrise

DXtqll = 1-19DXemperature fall

K := 11%n

(Note: Atemperature rise with creep
and shrinkage is not investigated since
they have opposite effects).

(Note: For concrete structures, the
temperaturerise and fall ranges are
the same.

(Note: Sometimes the "K" value at the end

bent and pier may differ).

J:= 6%n

Lpeam = Lgpan -~ 24K - )

2K

Ldesign = Lspan -

Front Face of I3 e
Backwall or
€ Pier or Bent —=

— -l
{=— Front Face of
Backwall or

J i=— & Bearing € Bearing—~| oy
I € Pler or Bent
i

€ Bsamj 3
w=9a>\~;

\—Edgs of Flange
El END 2

M0 1" pirestion of Statloning —
CASE |

E Bearing
Chamfer Acute Corners of Top & Bottom Flange (Typ.)
Front Facs of

Ky

FEdqe of Flange

< N Backwall or

o< 90‘7” fk € Pler or Bent

3 Beam—f AN ‘\\ \ Z¥ < s

Front Face of E A <

.‘éaa(’wa// or ~ "~ /

Pler or Bent
END 1 Direction of Statloning END 2 /
CASE 2 € Bearing

Frant Face of
Backwall or

\/ € Bearing \
€ Pler or Bent \V Nt searig N}

@Bsamj //' /) \rw(SlT
° WJ\ %L( ///\gmface of
S g all or

1 \; \— Edge of Flange e 7 € Pler or Bent
Chamfer Acute Corners of Top & Bottom Flange (Typ.)

Directlon of Stattoning - EN? 2

CASE 3
SCHEMATIC PLAN VIEWS AT BEAM ENDS

END 1
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D. Substructure

D1. End Bent Geometry

x

(Note: End bent
back wall not shown)

=)

Y — 1 e I e T

|
|
@ LTzt i i ek ek k] i i i i ek

CL Plle
}ﬂ{
Depth of end bent cap........... hgg = 2.5t 17 oL 19
Width of end bent cap........... bpg = 3.5t z i
Length of end bent cap.......... Lgg = 101.614%t 1 ‘
Height of back wall............... hgyy = 5t |
Backwall design width........... Ly = Lt
Thickness of back wall.......... ty = 124n
D2. Pier Geometry
| |
T T
F— "re—

Depth of pier cap................. hCap = 4.5t
Width of pier cap................. bCap = 4.5t
Length of pier cap................ Leap = 101.614t
Height of pier column........... hool = 14.0%t
Column diameter.................. beg = 4.0t
Number of columns............. Ncol = 4

Surcharge on top of footing... hsurcharge == 2.0t
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D3. Footing Geometry

..[ransverse...

X (Global)

Pier Footing //

... ransverse...

X (Global)

¢
H

<
Y\@ - 7 (Global)
obal ~
y (Loksz{/) 7 \\ ...Longltudinal...
\ \
\ o2

\ P
\ -~
Pler Footlng \ e
(3!

(Footings only)

Depth of footing..................
Width of footing...................

Length of footing..................

D4. Pile Geometry

Pile Embedment Depth..........

D6. Soil Properties

Unit weight of sail................

[#] Defined Units

thg = 7.5t
Lptg = 7.5t

P“eembed = 12%n

Pilesize:: 18%n

tApprSIab = 13.5%n

LApprSI ab = 34.75%t

Ogoi| = 115pcf

skew is L = 34.64ft ).
cos(Skew)

(Note: The min. approach slab dimension due to the

PROJECT INFORMATION
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SUPERSTRUCTURE DESIGN
Dead L oads

Reference
[+] Reference:F:\\HDRDesignExamples\Ex1_PCBeam\103DsnPar.mcd(R)

Description

This section provides the dead |oads for design of the bridge components.

Page Contents

22 A. Non-Composite Section Properties
Al. Summary of the propertiesfor the selected beam type
A2. Effective Flange Width [LRFD 4.6.2.6]
24 B. Composite Section Properties
B1. Interior beams
B2. Exterior beams
B3. Summary of Properties
27 C. Dead Loads
Cl. Interior Beams
C2. Exterior Beams
C3. Summary

Superstructure Design 2.01 Dead Loads
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The non-composite beam properties are given and can be obtained from any engineering textbook/publication.

A. Non-Composite Section Properties

Al. Summary of Propertiesfor the Selected Beam Type

Moment of Inertia
Section Area

ytop

ybot

Depth

Top flange width
Top flange depth
Width of web
Bottom flange width
Bottom flange depth
Bottom flange taper
Section Modulus top
Section Modulus bottom

NON-COMPOSITE PROPERTIES

[in*]
[in?]
[in]
[in]
[in]
[in]
[in]
[in]
[in]
[in]
[in]
[in®]
[in®]

v
le 260741 BeamType = "IV"
N 789
vt 29.27 0 |
yb,, 2473
h,. 54
by 20
h'[f 8 _27 B ]
b,, 8
by 26
hy, 8
E 9 -54 :
.. 8908 0 13 26
Syne 10544

Interior beams

The effective flange width is selected from the minimum of the following three calculations:

One-quarter of the effective span length...

S|ab\N|dthO = 270.0in

12.0 times the average thickness of the dlab,
plus the greater of web thickness or one-half

the width of the top flange of the

S|ab\N|dth1 = 106.0in

The average spacing of adjacent beams

S abWI dthz = 96.0in

Effective flange width for interior beams...

bt interior = 96.0in

Exterior beams

For exterior beams, the effective flange width may be taken as one-half the effective width of the adjacent

interior beam, plus the least of:

A2. Effective Flange Width [LRFD 4.6.2.6]

L

Span
Slaby i gy = ——
abvvldtho 4

| 2 Do
S|ab\N|dth1 = 12>tslab + maxgbw,?-g

S|abvvidth2 := BeamSpacing

beft interior = Min(Slabyith)

Superstructure Design
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One-eighth of the effective span length.....
S'ab\NldthO = 135.0in

6.0 times the average thickness of the
slab, plus the greater of half the web
thickness or one-quarter of the width of the
top flange of the basic girder...................

S|ab\N|dth1 = 53.0in
The width of the overhang.......................

S|ab\N|dth2 = 54.5in

Effective flange width for exterior beams..

beft exterior = 101.0in

Transformed Properties

Span
Slaby i i = ———
Dyidth,, g
S 6 Pw D0
idth. = + max(—,—=
Dyidth, dab $2 g
S|abvvidth2 := Overhang
. Beft interior .
beft exterior = ——5—— * min(Slabyyigy)

To devel op 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.
n=0.832

Transformed dab width for interior beams

Btr interior = 79-9in

Transformed dab width for exterior beams

Btr exterior = 84-0in

Ecdab

n:=
Ec.beam

By interior = n>(beff.interior)

byr exterior = n>(beff.@(terior)

Superstructure Design

2.01 Dead Loads

23




B. Composite Section Properties

mBl. Interior beams

Height of the composite section.....................

h = 63.0in

Area of the composite section............ccccevenee.

Agab =639.0 in2

.2
Afl”d = 20.0in

h:=Nne + puildup * teab

Agab = Pr.interiortslab
Afillet = PNl dup

Alnterior = Anc * Afillet * Adab

Alnterior = 1448.0in’
Distance from centroid of beam to extreme fiber in tension
&  Mpilgup 0 & t9ah 0
AncYbne + AfijaChne + ———= + AqpChos + hy i + - =
3 nc’r~nc fillet & nc 2 g dab & nc * "'buildup 2 g
Yp =
AInterior
Yp = 40.3in

Distance from centroid of beam to extreme
fiber in compression..........ccccocevivveienieienen.

Vi = 22.7in
Moment of INertia.......cocevveeeeereeer e
4
lgap = 227710in
Ifl”d = 4055in4

4
nterior = 682912in

Section Modulus (top, top of beam, bottom)...

S, = 30037in°

Sy = 497191in°

S, = 16961in°

Y=h-yp

1 3 25
l9ab = E{btr.interior)’*slab + Aslab"éh -

(byr) >hbunolup3

le: =
fillet 12

2
linterior = Inc * Anc>(yb - ybnc)

. Interior
Yt

' Interior

hne = Y

b-~

. interior
Yo

+ Afiuet"éhnc +

2
l9ab 0
> by
h 2
x buildup y 0
2 bg
+lgab * Hillet

Superstructure Design
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B2. Exterior beams
Calculations are similar to interior beams.
Height of the composite section.....................
h=63.0in
Area of the composite section............ccccevenee.
_ .2
Agab = 672.3Iin
_ .2
Afl”d =20.0in

2
Agyterior = 1481.3in

h:=Pne + puildup * teab

Adab = bir exteriortslab
Afillet = PNl dup

Agxterior = Anc * Afillet * Adab

Distance from centroid of beam to extreme fiber in tension

Distance from centroid of beam to extreme
fiber in compression..........ccccocevivveienieienen.

Yt = 22.3in
Moment of Inertia..........cccoeeeveverereceeiene,
.4
lgap = 229085in
Ifl”d = 3818in4
.4

| Exterior = 694509in

Section Modulus (top, top of beam, bottom)...
. 3
St = 31124in
. 3
Sip = 52162in

S, = 17070in°

&  Mpilgupd & tyapO
AncYbne + Afif1a?Chne + ———= + AqapChos + hy i + 2=
3 nc’r~nc fillet & nc 2 g slabe nc * "'buildup 2 g
Yp =
AExterior
Yp = 40.7in

Yii=h-yp

_1 3 & lgap
l9ab = E{btr.@(terior)‘slab +As|ab"éh' >
beoh 3 h
_ ( tf) buildup x buildup
filet = — 5 * Afillet"éhnc e

o 2
IExterior = Inc * Anc>(3"b - ybnc) *lgab * Hillet

. |Exterior
Yt
| Exterior

Sth =
hnc B y'b

_ |Exterior

Sp- Vo

yQ
°g

2
0

°g
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B3. Summary of Properties

0
—315[ .
-63 I
0 48 96
COMPOSITE SECTION PROPERTIES INTERIOR EXTERIOR
Effective slab width [iN] B interiorexterior 96.0 101.0
Transformed slab width [in] By, iteriorexterior 79.9 84.0
Height of composite section [in] h 63.0 63.0
Effective slab area [in?] Aan 639.0 672.3
Area of composite section [iN?2] A erionexterior 1448.0 1481.3
Neutral axis to bottom fiber [in] Yo 40.3 40.7
Neutral axis to top fiber [in] Y, 22.7 22.7
Inertia of composite section [iN*l  loerionexterior  0682912.0 694509.4
Section modulus top of slab [in3] S 30037.5 31123.9
Section modulus top of beam [in3] S 49719.4 52162.4
Section modulus bottom of beam [in?] S, 16960.6 17070.1
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C. Dead Loads

where Support := 0t
ShearChk := 0.72h
Debondl := 8%t
Debond2 := 16xt

Midspan := O-Sid&dgn

For convenience in MathCad, place these
POINESIN @MATIX.....ceeeriiieieeeeeeeeeeeeeans

C1l. Interior Beams

Design Momentsand Shearsfor DC Dead L oads

Weight of beam
WBeamint = Anc’%conc

Moment - self-weight of beam at Release..

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

Shear - self-weight of beam

Calculate the moments and shears as a function of "x",
beam from O feet to L gesign- The values for the moment and shear at key design check points are given...

{Check beam for debonding, if not debonding, enter O ft.)

(Check beam for debonding, if not debonding, enter O ft.)

Weight of deck slab, includes haunch and milling surface

where "X" represents any point along the length of the

aeSupport
S shearchic_.
x:= ¢Debondl +
¢ Debond2 ~
% Midspan _g

pt:=0.4

_ WBeaminttheam  WBeamint™
MRelBeamint(®) = 5 - 5
2
_ WBeaminttdesign  WBeamint™®
MBeamint(¥) = 5 - 5
_ WBeamint™-design
VBeamint®) = 5 - WBeamint™

Ws|ab| nt = 0.82klf

Moment - self-weight of deck slab, includes
haunch and milling surface

Shear - self-weight of deck slab, includes
haunch and milling surface......................

Wsabint = dlelab * tmill)*BeamSpacing + hy iyt Yeone

2
Wg abintt-design . W) abint™

Mg ahint(X) =

2 2
_ Wgabinttdesign
Vgapint® = ———— - WgapintX

2

27
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Shear from weight of diaphragms

PDiaphInt(X) = E’é’(BeamSpacingmnC - Anc) - hbf>(BeamSpacing - bbf)i:’tdiap’gcond:"'f(x = 0ft,1,0)

Weight of stay-in-place forms

WFOfmSl nt = 0.13klf

Moment - stay-in-place forms..................

Shear - stay-in-place forms. ....................

Weight of traffic railing barriers

Wharrier.interior = 0-099KIf

Moment - traffic railing barriers...............

Shear - traffic railing barriers...................

DC Load totd

WFormsint -= (BeamSpacing - btf)>f forms

2
_ Wrormsinttdesign  Wrormsint™
M Formsint(X) = 5 x- 5
_ Wrormsint™design
VEormsint(®) = 5 - WrormsintX

2
_ Woarrier.interiortdesign  Wharrier.interior™®
Mrpint®) = -

2 2

Wharrier.interiortdesign
5 - Wharrier.interior™

Vrpint :

WpC.Beamint -~ WBeamint ¥ WSlabint * WFormsint * Wharrier.interior

Wpc.Beamint = 1.87KIf

DC Load Moment

Mpc.Beamint(¥ = MBeamint(®) + Mgapint®) + Megrmaint(¥) + M1rpint(X)

DC Load Shear

Vbce.Beamint®) = VBeamint® * Vgiabint®) + Vrormaint® * V1rbint®) * Ppigphint(¥)

Design Moments and Shearsfor DW Dead L oads

Weight of future wearing surface

WEwsint = BeamSpacingt s

Superstructure Design

2.01 Dead Loads

28




2
W b B W »
Moment - weight of future wearing M Egne(¥) = Pwsint “design "Rwsint
2 2

_ Wrwsinttdesign

Shear - weight of future wearing surface . VeEwsint® = - WepsintX
2

Wytilitylnt = 0-00KIf

W q W >§<2
- __MUtilityInt™-design UtilityInt
Moment - utility loads..............cccocee.... M UtilityInt®) = . X - 5

WUt il atde
Shear - Utility 1080 VUt In = U“"W”Z“ design

- WutilityInt

DW L oad total

WDW.Beamint = WFRwsint * WutilityInt

Wpw.Beamint = 0-12KIf

DW Load Moment

Mpw Beamint® = Mpygint®) + Myiilityint()

DW L oad Shear

Vow.Beamint®™) = VRwsint®) *+ V uiilityint®)

C2. Exterior Beams

Design Moments and Shearsfor DC Dead L oads

Weight of beam

WBeamExt = Anc’Yconc

2
WBeamExtLbeam WBeamExt*
Moment - self-weight of beam at Release.. M RaBeamExt(¥) = Beamixt 7 X - Beambxt
2 2

2
w b I w e
Moment - self-weight of beam................. MBeamext(®) = BeamExt ~design % - BeamExt
2 2

w, L yegi
Sheer - self-weight of beam.............. VBeamixt®) = o - Wy
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Weight of deck slab, includes haunch and milling surface

WG abExt = gtslab + tmi||)’§%’vef hang +

WS| abExt = 0.87Kklf

BeamSpacing ¢

+ hy g DG
p buildup tf’ﬂ conc

_ = . . 2
Moment self_vyaght of deck dab, includes Wy apExtL design WS apExtX
haunch and milling surface ..................... M g goExt(¥) = X -
2 2
Shear - self—wg ght of deck dab, includes WgapExt™design
haunch and milling surface...................... V g abext® = - Wg ghExtX
2
Ppi ()
Shear from weight of diaphragms PDigphExt(®) = _Diaphintt™?
2
) ) adBeamSpacing - b
Weight of stay-in-place forms WeormeExt = C i 1 forms
e 2 2}
WFOfmSEXt = 0.06kIf
2
. WEormsExtt-design WFormsExt ™
Moment - stay-in-place forms.................. M Eormsext(X) = X -
2 2
w b I
. FormsExt™design
Shear - stay-in-place forms. .................... V Eormsext® = . o WEormsExt™X
Weight of traffic railing barriers
Wharrier.exterior = 0-245KIf
2
Wharri ior L deg Wharri ior X
Moment - traffic railing barriers............... MpExt®) = barrier.exterior dwgn»( _ barier.exterior
2 2
N . Wharrier.exterior design
Shear - traffic railing barriers................... VTrpExt(¥) = . - Wharrier exterior™
DC L oad total
WpC.BeamExt -~ WBeamExt * WSlabExt T WFormsExt * Wharrier.exterior
WpC BeamExt = 2-01KIf
2.01 Dead Loads 30

Superstructure Design



DC Load Moment

Mpc.BeamExt(X) = MBeamext(X) * Mgabext(®) + MEormsExt(®) + MTrpEXt(X)

DC Load Shear

Vbc.Beamext™® = VBeamext®) + VgabExt™®) + VFormsext®) + V1rbExt() * Ppiaphext(®)

Design Moments and Shearsfor DW Dead L oads

. . BeamSpacing ¢
Weight of future wearing surface Wi eyt = 2Overhang - 1.54175t + %9{ fs
e (%]
kip

Wrwsext = 0107

2
_ WrwsExtldesign  WRwsExtX

Moment - weight of future wearing M psExt(®) = X -
SUMACE.....veocveeveceereeeeee et 2 2
w S I
Shear - weight of future wearing surface . V ewsext(X) = _PwsEXtTdesign W sExtX
2
2
W il b I W il X
Moment - utility loads..........cccccveerunnene M UtilityExt(¥) = Ualityext dwgn)x . JuliyBx
2 2
< it load WytilityExt™-design
ear - utl |ty (0750 A TS VUt|||tyEXt(X) = 5 - WUt|||tyEXt>9(
DW L o&d total

WDW.BeamExt -~ WRwsExt T WuUtilityExt

Wpw.BeamExt = 0-10KIf

DW Load Moment

Mpw Beamext(®) = Mpysext®) + Mytilityext(*)

DW L oad Shear

Vbw.Beamext(®) = VRwsExt™®) * Vutilityext(*)
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C3. Summary

[#] Defined Units

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
Diaphrams
TOTAL DC

FWS

Utilities

TOTAL DW
EXTERIOR BEAM
Beam

Slab

Forms

Barrier
Diaphrams
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

36.2
36.2
5.6
4.4
3.0
85.4

53
0.0
53

36.2
38.6
2.8
10.8
15
89.9

4.6
0.0
4.6

DESIGN MOMENTS (ft-kip)

ShrChk Debondl Debond2
3.8 8.0 16.0
132.6 266.8 481.1
131.1 263.5 474.5
130.9 263.2 473.9
20.2 40.6 73.1
15.8 31.8 57.2
298.0 599.2 1078.8
19.1 385 69.3
0.0 0.0 0.0
19.1 38.5 69.3
132.6 266.8 481.1
131.1 263.5 4745
139.6 280.6 505.2
10.1 20.3 36.6
39.1 78.7 141.7
319.9 643.1 1157.9
16.7 33.7 60.6
0.0 0.0 0.0
16.7 33.7 60.6

CORRESPONDING SHEARS (kip)

ShrChk Debond1 Debond2
3.8 8.0 16.0
33.1 29.7 23.1
33.1 29.6 23.1
5.1 4.6 3.6
4.0 3.6 2.8
0.0 0.0 0.0
75.3 67.4 52.5
4.8 4.3 34
0.0 0.0 0.0
4.8 4.3 34
33.1 29.7 23.1
35.3 31.6 24.6
2.6 23 18
9.9 8.9 6.9
0.0 0.0 0.0
80.8 72.4 56.3
4.2 3.8 2.9
0.0 0.0 0.0
4.2 3.8 2.9

Midspan
44.1

816.7
798.6
797.6
1231
96.3
1815.6

116.6
0.0
116.6

816.7
798.6
850.2
61.5
238.4
1948.8

102.0
0.0
102.0

Midspan
44.1

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
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= o= SUPERSTRUCTURE DESIGN
Live Load Distribution Factors

Reference

me Reference:l:\computer_support\StructuresSoftware\StructuresManual\HDRDesignExamples\Ex1_PCBeam\201DLs.mcd(R)

Description

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

Page Contents
34 A. Input Variables
35 B. Beam-Slab Bridges - Application [LRFD 4.6.2.2.1]
36 C. 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

40 D. 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

Cross-Section View

89-r

446"

446"

1I'-6lf"
F -0 2 LANES @ 12-0" = 240"

|
1

2'-0" MEDIAN BARRIER |
& 2 LANES @ 12-0" = 24'-0"

=

- ' '

_—] 5LOPE: 02 FT/FT

8-0" e
SHOULDER v SHOULDER

|
"/ € consT. f f

SLOPE: .02 FT/FT [~

100"
SHOULDER

TYPE I¥ FRESTRESSED CONCRETE BEAW (TYP.

o

IO YRV ERTERS

10 SPACES @ &'-0" = 80'-0"

et

TYPICAL SECTION

ALl. Bridge Geometry
Overall bridge length.............
Bridge design span length......
Beam design length...............
Skew angle..........ccooevevernnn.
Superstructure Beam Type....
Number of beams.................
Beam Spacing..........ccccoeee..
Deck overhang..........cccoe...
Roadway clear width............

Number of design traffic
laNES. ..o
Height of composite section...
Distance from neutral axis to

bottom fiber of non-composite
SECHION. cove v

Thickness of deck slab.........

Modular ratio between beam
and decK.......ccoeeiviieeininnn,

Moment of inertia for
non-composite section..........

Area of non-composite
SECHION. covv v

Lspan =90 ft
Ldesign = 88.167 ft
Skew = —30deg

BeamType = "IV"
Npeams = 11
BeamSpacing = 8 ft
Overhang = 4.5417 ft
Rdwy\igth = 42 ft
=3

NJanes

h =63.0in

Ybpe = 24.71in
tslap = 81N

n . =1.202

I = 260741.0in"

2
Anc = 789.0in

Superstructure Design

2.02 Live Load Distribution Factors

34




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 is less than 3.0 feet

e Curvature in plan is less than the limit specified in Article 4.6.1.2

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

Distance between center of gravity of t
ite b d deck _ slab
non-composite beam and deck....................... &g = (h - yan) e
&g = 34.3in
Longitudinal stiffness parameter..................... Kg = n l-(lnc + Anc-egz)

Kg = 1427039 in4

Superstructure Design 2.02 Live Load Distribution Factors




C. Moment Distribution Factors

C1. Moment: Interior Beams [LRFD 4.6.2.2.2b]

e Onedesign lane

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

04 , .03 0.1
BTG-S AR LI
Im.Interior = VY0 + 1) L) 3
1201t )

Using variables defined in this example,

BeamSpacing\O'4 [ BeamSpacing\\O'3 Kg )

m. 1 ° ) i I

Im.Interior1 = 0-489

e Two or more design lanes

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

06 0.2 0.1
oo (S K )
Im.Interior = Y970 + 95) L) 3
: 1201t

Using variables defined in this example,

BeamSpacing\O'6 ( BeamSpacing\\O'2 Kg
3

AT 9.5' ) i :

Im.Interior2 = 0-690

e Range of Applicability

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

= max(

Im.Interior * gm.lnteriorl»gm.lnteriorZ)

Im.Interior = 0-690

0.1

\0.1
)
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Verify the distribution factor satisfies LRFD criteria for "Range of Applicability™.
Hoaterian= | S < (BeamSpacing > 3.5-ft)-(BeamSpacing < 16.0-ft)

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

L« ('—design > 20-ft)-(Ldesign < 24o-ft)

Np < Npeams = 4

Kg <« (Kg > 10000-in4>-(Kg < 7OOOOOO-in4)
Im.interior 1T S'tsL-Np-Kg
"NG, does not satisfy Range of Applicability” otherwise

Im.Interior = 0-690

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

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

~ De + S -2t | D@ BeamSpacing
ERr
! i /E/) /DZ
Dg + S — 8-t 6", 2ol | 60"

CREr q $ i t siab

De = Overhang — 1.5417-ft

De = 3 ft

.= BeamSpacing
S_38ft 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+2Dy - 10-ft S+ D, - 2-ft
Om Exterior1 := if| (2-ft + 6:ft) <(Dg + S), S 05, 05[1.2
9Im.Exterior1 = 0-900
e Two or more design lanes

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

de )
m.Exterior m.interior 91}
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Using variables defined in this example,

Distance from tip of web for exterior beam to barrier

by
de = Overhang — 1.5417-ft - —
2

dg = 2.667 ft

d
e
L= ineor| 0.77 +
9m.Exterior2 = 9m.Interior2 E 9.1-ft)

9m.Exterior2 = 0-733

e Range of Applicability

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

= max(

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

9m.Exterior = 0-900

Verify the distribution factor satisfies LRFD criteria for "Range of Applicability™.
Ambxterian= |de < (dg <55ft)(dg > -1ft)
9Im.Exterior 1T de
"NG, does not satisfy Range of Applicability” otherwise

9m.Exterior = 0-900

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
K \ 0.5
_ g S) 15
Om.Skew = 1~ 025 | ——— -(D tan(e)
120:Ltg )
Using variables defined in this example,
0.25
K ) BeamSpacing\*°
SR — (o
in 3 i
120'; L design'tslab ) design )
cq = 0.096

15
Om.skew = 1 — ¢q-tan(|Skew])

9m.Skew = 0-958
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Verify the distribution factor satisfies LRFD criteria for "Range of Applicability™.

Imskew= I

0 « (|Skew| > 30-deg)-(|Skew| < 60-deg)
S « (BeamSpacing > 3.5-ft)-(BeamSpacing < 16.0-ft)
L« (Ldesign > ZOft)(Ldeagn < 240ft)

Np < Npeams = 4

"NG, does not satisfy Range of Applicability” otherwise

(|Skew| < 30-deg,1»9m.8keW)

9Im.Skew = 0-998
C4. Distribution Factors for Design Moments

1 Lane
2+ Lanes
Skew
DESIGN

Moment Distribution Factors

Interior Exterior

0.489 0.900
0.690 0.733
0.958 0.958
0.661 0.862
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D. Shear Distribution Factors
D1. Shear: Interior Beams [LRFD 4.6.2.2.3a]
e Onedesign 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.Interior1 = 036 + 25 1t

9v.Interior1 = 0680
e Two or more design lanes

Distribution factor for shear in interior beams when two or more design lanes are loaded
s (3\2'0

=02+ —
v " 35)

12
Using variables defined in this example,

_ BeamSpacing BeamSpacing\z'0
Iv.Interior2 = 0-2 + T mft )

9v.Interior2 = 0-814
e Range of Applicability

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

= max(

9v.Interior gv.Interiorl»gv.lnteriorZ)

9v.Interior = 0-814

Verify the distribution factor satisfies LRFD criteria for "Range of Applicability™.
Ouvadnteriars= |S < (BeamSpacing > 3.5-ft)-(BeamSpacing < 16.0-ft)

ts < (tslab = 4.5:n)(tg|ap < 12:in)

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

Np < Npeams = 4

Ov.interior 1T StgL-Np

"NG, does not satisfy Range of Applicability” otherwise

9v.Interior = 0-814
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D2. Shear: Exterior Beams [LRFD 4.6.2.2.3b]

e Onedesign lane

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

D@ BeamSpacing
I I
- N ! u 2
Pl _ De + S - 2-ft / 7672 2/_01‘// 6'-0" |
S t.slab
De + S -8t
e —
2 s
De=3ft
S=8ft
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.

_ 2.5+ 2Dy~ 10ft S+ Dy 2t
9v.Exterior1 == If| (2-ft + 6-ft) < (De + S)» S -0.5, S 05|-1.2

9v.Exterior1 = 0-900

e Two or more design lanes

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

de )

ior = ior| 0.6 + —
9v.Exterior = 9v.Interior ( 10)
Using variables defined in this example,

dg = 2.667 ft

- 06+ 8 !
9v.Exterior2 = v.Interior2’| V- 10t
9v.Exterior2 = 0-706
e Range of Applicability

The greater distribution factor is selected for shear design of the beams
9v.Exterior = m""X(gv.Exteriorlagv.ExteriorZ)

9v.Exterior = 0-900
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Verify the distribution factor satisfies LRFD criteria for "Range of Applicability™.
vbxtorian= |de < (de <5.5-ft)(dg = ~1-ft)
9v.Exterior 1T de
"NG, does not satisfy Range of Applicability” otherwise

9v.Exterior = 0-900

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
120Lt3)
O skew = 1+ 0.20 — — tan(e)
g

Using variables defined in this example,

. 0.3

in 3)

12'O'E'Ldesign'tslab

9y Skew = 1 + 0.20- < -tan( | Skew]| )
g

9v.Skew = 1.086

Verify the distribution factor satisfies LRFD criteria for "Range of Applicability™.
Ivskewe= |© < (ISkew| > 0-deg)-(|Skew| < 60-deg)

S « (BeamSpacing > 3.5-ft)-(BeamSpacing < 16.0-ft)

L« (Ldesign > 20ﬁ)(LdeS|gn < 240ﬁ)

Np < Npeams = 4

9v.skew If 0-SL-Ny

"NG, does not satisfy Range of Applicability” otherwise

9v.Skew = 1.086

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 0.680 0.900
2+ Lanes 0.814 0.706
Skew 1.086 1.086

DESIGN 0.885 0.978

[*] Defined Units
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SUPERSTRUCTURE DESIGN

Live Load Analysis

Reference

[+]  Reference:G:\computer_support\StructuresSoftware\StructuresManual\HDRDesignExamples\Ex1_PCBeam\202DFs.mcd(R)

Description

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

Page Contents

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

45 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)

ELEVATION

MEASURED ALONG € CONST.
BEGIN BRIDGE 90'-0" . 90'-0"
F.FBW. END BENT /\
END BRIDGE
¢ I /F.F.B.w. END BENT 3
PIER ZN
60 | 60
EJ | EJ
50 ! ! i L T 50
A E E ’J
40 16-6" MIN. E ; w
30 . VERT. CL. 30
20 ] T 20
0 T: * 0
0 GROUND LINE o

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

Bridge design span length......

A2. Beam Parameters
Beam length..........ccovevnenne.
Beam design length...............
Modulus of elasticity for

Moment of inertia for the
interior beam...........cccevevnee.

Moment of inertia of the
exterior beam..........cceveenee.

I-bridge = 1801t

Lgpan = 90t

Lpeam = 89167 ft

L esign = 88167
Ec peam = 4176ksi

| = 682912i 4
Interior = 682912in

| =694 in*
Exterior = 6945091in

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 |

4 FT 4 FT

angle Max.

Maximum Live Load Moment and Rotaflon

Axle loads.........ccoovvvrrnnnnne. P1:= 32-kip
P2 = 32-kip
P3:= 8-kip
Lane load.........cccocoevvevunenneen. W = 0.64-m
ft

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

9" P1+ P2 + P3

Xoq = 9-333ft

Distance from center of
gravity for axle loads to 14-ft
centerline of span ................ zZ:=

z = 2.333ft
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Distance from left support to

axle loads.........ccoovvvevniennee.
Xq = 324171t
Xy = 46.417 ft
Xq = 60.417 ft

Interior Beam

Rotation induced by each axle

®1 = 0.00079 rad

®2 = 0.00077 rad

®3 = 0.00015 rad

Rotation induced by HL-93

© ruck = 0.00171 rad

Rotation induced by lane

© |ane = 0.00092 rad

Rotation induced by HL-93
truck and lane load...............

O |_L.Interior = 0-00263 rad

Exterior Beam
Rotations induced by each axle
®1 = 0.00078 rad
©2 = 0.00076 rad

®3 = 0.00015 rad

I-design
Xpi=—""-12- Xeg
Xy = X1 + 14t
Xg:= X1 + 28-ft
P1-X
1
01 =
6'(Ec.beam''Interior)"—design
P2-X
2
02 =
6'(Ec.beam''Interior)"—design
P3-X
3
03 =

6'(Ec.beam' IInterior)' I-design

Oruck = (O1 + ©2 + 03)

Olane = o4

3
Wi L design

'(Ec.beam'llnterior)

O L.Interior = @truck * @lane

o1 :

o

Q2 =

MWW

03 =
MW

P1-X;

6'(Ec.beam' IExterior)' I-design

P2-X,

6'(Ec.beam' IExterior)' I-design

P3-X3

6'(Ec.beam' IExterior)' I-design

'(Z'Ldesign - Xl)'('—design - Xl)
'(Z'Ldesign - XZ)'(Ldesign - X2)

'(Z'Ldesign - XS)'(Ldesign - XS)

'(Z'Ldesign - Xl)'('—design - Xl)
'(Z'Ldesign - XZ)'(Ldesign - XZ)

'(Z'Ldesign - XB)'(Ldesign - XS)
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Rotation induced by HL-93

© ryck = 0.00168 rad

Rotation induced by lane load. ~ ©).-. :

© |ane = 0.00091 rad

Rotation induced by HL-93
truck and lane load...............

®LL.EXteri0r = 0.00259 rad

O truck, = (O1 + ©2 + ©3)

3
Wi Ldesign

24'(Ec.beam' IExterior)

O L Exterior = @truck *+ ©lane

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:

¥ ¢ span
.——’ i
i
Pl P2 | P3
14 FT 14 FT
angle ‘/’MI
Case |
¢ sPaN
X N |
L |
PI P2 | P3
14 FT 14 FT i
angle
Case 2
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Case 1 HL-93 truck moment and shear:

(Ldesign - X) N (Ldesign - X - 14-ft) (Ldesign - X - 28~ft)

Mirucka () = PL Laci +Pz Loy X + P3- Loy X
design design design
Viruck1 () = pl.(dLgn) 4 P2-( design ) N PS-( design )
Lyaci Lo e
design design design

Case 2 HL-93 truck moment and shear:

Lyacin — X Ly —X Loy 14t
Miruck2(X) = Pl'M-(x — 14-ft) + pz.M.x + PS.( design )-x

design I-design I-design

L design — X Lacion — X — 14-ft
—(x — 14-ft d q
Virucka(¥) = PL- ), PZ-( esign ) | p3,( esign )

I-design I-design I-design

Maximum moment and shear

induced by the HL-93 truck... My ,ci(X) = maX(Mtruckl(X)’MtrUCkZ(X)) (Note: Choose
maximum value)

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

Moment and shear induced by W -Lgesign WL'X2
the lane load...........ccccooveenne. Miane(X) = 5 L >
Wi -Ldesign
Viane(®) = - 5, WX

Live load moment and shear
for HL-93 truck load (including
impact) and lane load............. M LX) = Mk ) IM + Mga(X)

VLI = Viryek () IM + Vigne(X)

Live load reaction (without
IMPACt) ...covveveiierieiee RLLO) = Viruck ) + Vigne™®)

R (Support) = 92.6 kip
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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:

X6 X3

X5 | xe |
L ox 25 FT Xi= 25 FT ,

¢ span e spa
Pl Pz P3 Pl P2 P3
14 FT 14\FT 4 FT HFT
angle angle
Span | Span 2

Maximum Llve Load Reactlon at Intermedlate Pler

Distance from left support of
corresponding span to axle

l0ads.......ccoeniireciie
Xy = 25ft
Xy = 391t
X3 = 53ft
X4 = 35.167 ft
X5 = 49.167 ft
Xg = 63.167 ft

Reaction induced by each axle

l0ad......ccooviiiiii
R = 35.7kip
R, = 35.7Kkip
Ry = 8.9kip

Reaction induced by HL-93
Rirucks = 80-3kip

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

Rjanes = 57.6 kip

Xa= 25t

Xou= Xq + 14t

Xay= X1 + 281t

X4 = Lgesign — 28Tt = 25-ft

X5 = X4 + 14-ft

Xg = X4 + 28-ft
P1
Ry= L '[(Ldesign - Xl) + X4]
design
P2
Ry = L '[(Ldesign - XZ) + Xs]
design
P3
R3: '[(Ldesign - XS) + X6]

I-design

Rirucks = (Rl + Ry + RS)
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Reaction induced by HL-93

truck and lane load............... RiLs= 90%'(Rtruck3 + Rlanes)

R| s = 124.1kip

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

and lane load.........c.cccoevvennn. RLLIs = 90%'(Rtrucks"M + R,anes)

R| |s = 148.0kip

B4. Summary

DESIGN LIVE LOAD

[*] Defined Units

Support ShrChk Debond1 Debond2 Midspan
Load/Location, x (ft)= 0.0 3.8 8.0 16.0 441
MOMENTS: INTERIOR BEAM
Live load + DLA 0.0 410.2 820.7 1461.4 2360.2
Distribution Factor 0.661 0.661 0.661 0.661 0.661
Design Live Load + DLA Moment 271.1 542.4 965.9 1559.9
MOMENTS: EXTERIOR BEAM
Live load + DLA 410.2 820.7 1461.4 2360.2
Distribution Factor 0.862 0.862 0.862 0.862 0.862
Design Live Load + DLA Moment 0.0 353.6 707.5 1259.9 2034.7
SHEARS: INTERIOR BEAM
Live load + DLA 113.8 107.3 100.0 86.2 37.7
Distribution Factor 0.885 0.885 0.885 0.885 0.885
Design Live Load + DLA Shear 100.7 94.9 88.5 76.3 334
SHEARS: EXTERIOR BEAM
Live load + DLA 113.8 107.3 100.0 86.2 37.7
Distribution Factor 0.978 0.978 0.978 0.978 0.978
Design Live Load + DLA Shear 111.3 104.9 97.8 84.3 36.9
Interior Exterior
LL ROTATIONS (BRG PADS) Beam Beam
Live load w/o DLA 0.00263 0.00259
Distribution Factor 0.661 0.862
Design Live Load Rotation 0.00174  0.00223
Interior Exterior
LL REACTIONS (BRG PADS) Beam Beam
Live load w/o DLA 92.6 92.6
Distribution Factor 0.885 0.978
Design Live Load Reactions 81.9 90.5
1 HL-93 REACTION w/o DLA w/ DLA
Pier/End Bent (1 Truck) 92.6 113.8
Pier (2 Trucks) 124.1 148.0
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SUPERSTRUCTURE DESIGN
Prestressed Beam Design - Part |

Reference

[+] Reference:F\HDRDesignExamples\Ex1_PCBeam\203L Ls.mcd(R)

Description

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

Page Contents
52 LRFD Criteria
53 A. Input Variables

Al. Bridge Geometry
A2. Section Properties
A3. Superstructure Moments at Midspan
A4. Superstructure Loads at Debonding L ocations
AS5. Superstructure Loads at the Other Locations
56 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]
71 C. Interior Beam Debonding Requirements
C1. 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 Debond2
C6. Stresses at Debond?2 at Release
76 D. Shear Design
D1. Determine Nominal Shear Resistance
D2. b and q Parameters [LRFD 5.8.3.4.2]
D3. Longitudinal Reinforcement

82 E. Summary
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LRFD Criteria

STRENGTH I -

STRENGTH |1 -

SERVICE | -

SERVICE I -

FATIGUE -

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 smple spans. Movements
are unrestrained.

CR,SH These effects are accounted during the design of the prestressed strands

with afactor of 1.0 for all Limit States 1.0{CR + SH).

Strengthl = 1.25DC + 1.50DW + 1.754 L

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

"Permit vehicles are not evaluated in this design example"

Load combination relating to the normal operational use of the bridge with a55 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 = 1.0DC + 1.0DW + 1.04.L + 1.04CR + SH)

"Applicable for maximum compressive stressesin beam ONLY. For tension, see Servicelll."

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

Service3 = 1.0>DC + 1.0DW + 0.84.L + 1.04CR + SH)
"Applicable for maximum tension at midspan ONLY. For compression, see Servicel."

Fatigue load combination relating to repetitive gravitational vehicular live load under a
single design truck.

Fatigue = 0.75%.L
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A. Input Variables

Al. Bridge Geometry

Overdl bridge length.......

Design span length......... Lgpan = 90ft
Skew angle...........c.c..... Skew = - 30deg
A2. Section Properties

NON-COMPOSITE PROPERTIES \Y

Moment of Inertia [in4] [ 260741

Section Area [in?] A 789

ytop [in] Yt 29.27

ybot [in] yb, . 24.73

Depth [in] h.. 54

Top flange width [in] b, 20

Top flange depth [in] hy 8

Width of web [in] b, 8

Bottom flange width [in] b 26

Bottom flange depth [in] hy 8

Bottom flange taper [in] E 9

Section Modulus top [in3] Sie 8908

Section Modulus bottom  [in?] Sinc 10544

COMPOSITE SECTION PROPERTIES INTERIOR EXTERIOR
Effective slab width [iN] B interior/exterior 96.0 101.0
Transformed slab width [in] by i eriorexterior 79.9 84.0
Height of composite section [in] 63.0 63.0
Effective slab area [in?] A 639.0 672.3
Area of composite section [in?] A erior/exterior 1448.0 1481.3
Neutral axis to bottom fiber [in] Yo 40.3 40.7
Neutral axis to top fiber [in] Y, 22.7 22.7
Inertia of composite section [N | erionexterior  ©82912.0 694509.4
Section modulus top of slab [in3] S 30037.5 31123.9
Section modulus top of beam [in3] Sp 49719.4 52162.4
Section modulus bottom of beam [in?] S, 16960.6 17070.1

A3. Superstructure Loads at Midspan

DC Moment of Beam at Release

DC Moment of BEaM........cccoeevcvveverivenen,

M gegm = 798.6 ftkip

DC Moment of Slab........ccocevveveeeierenee

MRelBeam = M RelBeamint(Midspan)

MBeam = MBeamint(Midspan)

MSIab = Mgabmt(Mldspan)
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DC Moment of stay-in-place forms..........
M Eorms = 123.1ftkip

DC Moment of traffic railing barriers........

Myp = 96.3ftkip

DW Moment of future wearing surface....
Mpys = 116.6ftkip

DW Moment of Utilities...........cocvvvveenee.
M Utility = Oftkip

LiveLoad MOment.......cccoeeveevvveercveeenne

M Fatigue = 938Tbkip

Servicel = 1.0DC + 1.0>XDW + 1.04.L

Service |l Limit State........coceevvvvenee.
Mgp1 = 3492.1ftkip

Service3 = 1.0DC + 1.0DW + 0.84.L

Service Il Limit State......coevveveeennee.
Mgp3 = 3180.1ftkip

Strengthl = 1.25DC + 1.50:DW + 1.754 L

Strength | Limit State...........ccceuee.
M, = 5174.2 ftkip

Fatigue = 0.75%.L
Fatigue Limit State..........ccccecvvveuneee

M Fatigue = 703.5tkip

MEorms = M Formsi nt(Midspan)
My = M) ne(Midspan)
Mpws = Mpwsint(Midspan)
Mutility = Mutilityint(Midspan)

MLLI = MLLI.Interior(Midspan)

M Fatigue = MLLIInterior(Midspan) - M gne(Midspan)

Mgy = 1.0>{MBeam + Mgah * MEorms + 'V'Trb)
+ 1-0{M|:ws+ 'V'Utinty) * 1-0>{M LLI)

Msrv3 = 10{Mpeam * Msiab * MForms * MTrp) -
+10{Mpys*+ Muygility) + 0.8{M )

M= 1-25>(MBeam + Mgah + MEorms * IV'Trb)
+ 1'50>(MFWS + 'V'Utility) + 1-75>(M |_|_|)

MEatigue

A4. Superstructure Loads at Debonding L ocations

DC Moment of Beam at Release -
Debondl = 8ft Location..........ccceevevveenee

DC Moment of Beam at Release -

Debond2 = 16ft Location...........ceevvrenee.

MRelBeamD1 = M RelBeamint(P€bondl)

MRelBeamD2 = M RelBeamint(P€bond2)

= 0.75M Fatigue (Note: Use NO LANE load).
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AS5. Superstructure Loads at the Other Locations

At Support location

DC Shear &
V bc.Beamint(Support) = 85.4kip

DW Shear & Moment ... V bW .Beamint(Support) = 5.3kip

LL Shear & Moment.. .... V| L1.Interior(Support) = 100.7 kip

Mpc.Beamint(Support) = Oftkip

M pw.Beamint(Support) = Oftkip

M\ LI.Interior(Support) = Oftkip

Strengthl = 1.25DC + 1.50:DW + 1.754 L

Strength | Limit State..........oocuenee.e. VU Support = 1.25>(VDC_Beam|nt(Support))

+ L50{V by Beamint(Suppor)) ...

V u.Support = 290.9Kip
+1.75 VLLI.Interior(SUpport))

At Shear Check location

DC Shear &

Vbc.Beamint(ShearChk) = 75.3kip Mpc Beamint(ShearChk) = 298ftkip

DW Shear & Moment ... V DW Beamint(ShearChk) = 4.8kip M pw Beamint(ShearChk) = 19.1ftkip

LL Shear & Moment.. ....

VL LIInterior(ShearChk) = 94.9kip M| |I.interior(ShearChk) = 271.1ftkip

Strengthl = 1.25DC + 1.50DW + 1.754 L
Strength | Limit State.........cccceueee. \Y;

u= 1.25{Vpc peamint(ShearChi)) ...
+1.50{V pyy Beamint(Shearchk)) ...

+1.75 VLLI.Interior(She""rChk))

V= 267.5kip

<
I

¢ = 1.25{Mpc geamint(ShearChk)) ..
M, = 875.7ftkip +1.50{Mp\y Beamint(ShearChk)) ...
+1.75 IV'LLI.Interior(She""rChk))
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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.

l—CL Boam

ELEVATION
Dabond2

Swport  BhrChk  Debondl

—ng
—o7
b —ns
@ s
B e

—n3

—nz

—m

7

L

Hop © 2

TYPE IV BEAM
STRAND PATTERN

STRAND PATTERN DEFINITIONS AND BEAM LOCATIONS

TYPE V & VI BEAM
STRAND PATTERN

Support = 0ft ShearChk = 3.8 ft Debondl = 8ft
Strand pattern at midspan
Strand type.........ccceueee. strandtype:: "LowLax"

strandtype = "LowLax"

Strand Size.......ccooeeeveen. strandj, := 0.5%n

stranddi a= 0.5in

0.153

StrandArea = 0.153in° 0.192

0.217

D 4O O O R

0.0 otherwise

Debond2 = 16ft Midspan = 44.08ft

(Note: Options ("LowLax" "StressRelieved" )

(Note: Options (0.5%n 0.5625%n 0.6%n)

if strandgy= 0.5in  in”

if strand 4 = 0.5625>¢nf

if strandgiy = 0.6%n =

2
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Define the number of strands
and eccentricity of strands

from bottom of beam..... MIDSPAN Strand Pattern Data
BeamType = "IV"
Rows of strand Number of
from bottom of Input strands
beam (inches) per row MIDSPAN
y9 = 19 n9 = 0
y8 = 17 n8 = 0
y7 = 15 n7 = 0
y6 = 13 ne6 = 0
y5 = 11 n5 = 0
y4 = 9 n4 = 0
y3= 7 n3= 9
y2 = 5 n2= 11
yl= 3 nl= 11
Strand c.g. = 4.87 Total strands = 31

Areaof prestressing steel............cocueueee.

.2
Aps—4.7|n

Transformed section properties

Asper SDG 4.3.1-C6, states "Stress and camber calculations for the design of simple span, pretensioned

AIOS = (strandstotd >StrandArea)

components must be based upon the use of transformed section properties.”

Modular ratio between the prestressing
strand and beam. ........c.cccceireinireen

Np = 6.825

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

A = 816.6in2

nc.tr

Non-composite neutral axis transformed...

Yooty = 24.1in

Non-composite inertiatransformed...........

I = 270911.4i n4

nc.tr

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

Stopnc.tr = 9047.9 in°

Non-composite section modulus bottom....

Sootne.tr = 11260.7 in3

Anctr = Anct (np - 1)”Aps

" a YA + strandchn>%’(np - 1)>AIO§{:
nc.tr - A

nc.tr

Inctr = Inc * (ybnc.tr - stranngXn)2>g’(np - 1)>Ap§l:

s _ nc.tr
opnc.tr -~
hne = Yonetr
s, _netr
otnc.tr =
Yone tr
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Modular ratio between the mild reinforcing E

and transformed concrete deck dab.......... Ny = s
E
Ny, = 6.944 c.beam
Assumed area of reinforcement in deck in
dlab per foot width of deck dab............... Adeck rebar = 0-62%— (Note: Assuming #5 at 12" spacing,
' ft top and bottom longitudinally).
. & t9ah O
Distance from bottom of beam to rebar.... Ypar = = Ctoil - _Sab>
e 2 g

Ypar = 671N

Total reinforcing steel within effective

Wldth Of da:k Slab .................................. Abal’ = befflntel’lorAdeCkl’ebar
Apgr = 4-96in°
Composite areatransformed.................... Ay = Alnterior * (”p - 1)>Aps + (”m - 1)’Abar

Ay = 1505.1 in2 _
Eybﬁlnterior + strandchnénp - 1)>AD§L'L
+ybarﬂnm - 1)’Aba|i_

Composite neutral axis transformed.......... Yo ir =
) A
Yo = 40.1in r
o _ V2 .
Compostemertlatrazsformed .................. L = Nnterior + (yb.tr - strandchn) *é(”p - 1)’Api
Iy, = 738546.7i 2 -
tr " +(yb.tr - ybar) %nm - 1)”Abari_
Composite section modulus top of lir
LS =] o T Sslabtr = h—
3 " Your
Sqab tr = 32305.6in
Composite section modulus top of lir
DEAM. ... S =
op.tr = ] ]
- (Yt - tgan - tipp - O
Stop.tr — 23180, 1in3 ( b.tr =~ ‘dab ™ ‘mill bmldup)

Composite section modulus bottom of liy

DEAM...cc e Sohot tr = K
Shot i = 18399.8in° r

B2. Prestressing L 0sses [LRFD 5.9.5]

For prestressing members, the total loss, Dpr , iIsexpressed as:
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where... frictionloss.........c.c....... Dpr (Note: Not considered for bonded prestressed beams)

anchorage set loss.......... Dfp A (Note: Not considered for bonded prestressed beams)
elastic shortening loss..... DprS
shrinkageloss................ DfpSR
creep of concrete loss.... DprR
relaxation of steel loss..... Dpr2

For the prestress loss cal culations, gross section properties (not transformed) can be used.

Elastic Shortening

The loss due to elastic shortening in pretensioned members shall be taken as:
Ep
Dipes = E_Ci#Cgp where...

Modulus of agticity of concrete at transfer of
Prestress force......ovvvvvvnenenese e,

EC|beam = 3276 ksi

Modulus elasticity of prestressing sted!.....

E,, = 28500 ksi

p

Eccentricity of strands at midspan for = b i
NON-COMPOSItE SECHON. ...veevrrveeereeenee. €og.nc = Yone - Strandegn

ecg.nc = 19.9in

Section modulus at the strand c.g for the Inc

NON-COMPOSIte SECLioN.......ccccovvvereererrnne. SCQ-nC = e
cg.nc

_ 3
Segnc = 13129.6in

Stress in prestressing steel prior to transfer f

f

<= 0.70%

p pu

ps = 189ks

Corresponding total prestressing force...... Fps = Apsps

Fos = 896.4Kip

p

Concrete stresses at c.g. of the prestressing

force at transfer and the self wt of the beam

at maximum moment location..................
fegp = 1.75ks

_ Fps . Fps€cgnc  MRelBeam

foup = &

nc Seg.nc Seg.nc

Losses due to elastic shortening............... DprS =
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Shrinkage

Loss in prestress due to shrinkage may be estimated as:

DfygR = (17.0 - 0.1503H)%s where

Average annual relative humidity..............
H=75

Losses due to Shrinkage.............ooee...n.... DipsR = (17.0 - 0.150:H) ks

Creep

Prestress loss due to creep may be taken as:
DprR = 12>¢Cgp - 7>¢Cdp 30

Eccentricity of strands at midspan for

COMPOSIte SECHON. ......eeooeeeeeeereee €og = Yp - Strandegn

ecg = 35.4in

Section modulus at the strand c.g for the _ interior

COMPOSItE SECHION......eveeee e Sog = €cg

_ 3
Seg = 19294.7in

Permanent load moments at midspan acting on
non-composite section (except beam at _
transfer) Mpc= Mglabh + MEorms

M e = 920.7kipft

Permanent |oad moments at midspan acting on M= Moo + M M
COMPOSIte SECHiON.........cveveerecrcrienee M Trb T MRws T T Utility

M = 212.9kipt

Concrete stresses at c.g. of the prestressing

force due to permanent loads except at Mpnc M

LL=13 1= 1= SO fodp = g S

a : cg.nc cg
fodp = 0.97ks

LOSSES AUE tO CIEED. ... Dipcr = max(12>¢cgp " Medp: O*Q)
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Steel Relaxation at Transfer

Prestress loss due to relaxation loss of the prestressing steel at transfer may be taken as:

Gog(24.0t) &pj
og( )’t

Df =
prR1™ |€
é 10.0 efpy

e|og(24 0%) @pj

40.0 efpy

@:

where,

Time estimated (in days) between stressing
and transfer.......oooveeeeenenceneeeeee

t =15 days

Initial stressin tendon at time of stressing
(jacking force) [LRFD Table5.9.3.1]......

fpj = 202.5ksi

Specified yield strength of the prestressing
steel [LRFD 5.4.4.1]...ccoooiieeniiiiiene

foy = 243Kks

py

L osses due to steel relaxation at transfer...

€log(24.00t) & o u
DRy = EM B osea g
e &'py 2
) 5 0
02400 Epi 1 e 0
& 400 iy 5 P
pRl =22ks

Steel Relaxation after Transfer

0
- 0.55=x JL if strandtype

"StressRelieved”
(1]

6 u
- 0.55=x JL if strandtype: "LowLax"

2

t:=15

f.:=

Dj (0.70>¢pu) if strandtype "StressRelieved”

(0.75>1‘pu) if strandtype: "LowLax"

= 0.80%

Dj . pu for this

(Note: LRFD C5.9.5.4.4b allows f

calculation)

f =

py (0.85>1‘pu) if strandtype "StressRelieved”

(0.90>1‘pu) if strandtype: "LowLax"

if strandtype: "StressRelieved”

u
if strandtype: LowLax

Prestress loss due to relaxation loss of the prestressing steel after transfer may be taken as:

Dfpr2 =

€

£20.0- 04DfpEg - 024Dipgg + DipcR){ if Srandype = "StressRelieved"

£20.0- 04Df g - 024{Dipgr + DipcR)iX30%) if strandyype = "LowLax”
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where,

L osses due to steel relaxation after transfer

Dpr2 = g’20.0>ksi - 0.4>DprS- 0.2>(DfpSR + DprR)i: if strandtype: "StressRelieved"

£20.0%s - 04Dipeg - 0.24Dfpgg *+ Dipcr){ X309 if strandype = "LowLax’

Total Prestress L oss

The total loss, Dpr, is expressed as........ Dpr = DprS * DfpSR * DprR * DprZ

Df = 38.1ks

p

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

Loss = 18.8%

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

I nitial Stresses[SDG 4.3]

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

Outer 15 percent of design beam........ ftop.outer1s = - 0-76ks

Center 70 percent of design beam...... ftop.center7o = - 0-38ks

Limit of compressive concrete strength at

TEIEASE..vevveeeeeeeeeeeeeeeeeeee e s e s e s Ci.beam = 4KS

For prestressing members, the total loss, Dpr , at releaseis expressed as.

DfgTRelease = PfpEs * Dipr1

where... elastic shortening loss..... DprS
relaxation of steel loss at
transfer. .o, Dprl
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= TojPps

F. = 960.5kip

P

The actual stressin strand after |osses at

transfer have occured.........cooeeveveeeennenns fpe:: fpj - DprRelease

fpe = 185.1ks

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

Total force of strands..........ccccceveeveneee. Fpe = fpe>¢Aps
Foe = 877.8kip
ah Foe€cg.nc O
Stress at top of beam at support............... S = PE Cg'nc—:
pjSupport -~ € A
. o nc Stnc [}
Sy = - 0.84ks €
pj Support
_ MReBeam . adpe Fpe’ecg.ncf?
Stress at top of beam at center 70%......... S pjTop70 = A N
Stnc e 'nc Snc g

.. _ “MReBeam . adpe . Fpecg.ncO
Stress at bottom of beam at center 70%... pjBotBeam -~ Sonc CA =

enc Sonc [}
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S pjsupport = | "OK" it S pisupport £ kS U's pisypport * ftop.outer1s where fiop outer1s = - 0-76ks

"OK" if s > 0%ks Us

pjSupport piSupport £ Tci beam where g peam = 4ks
"NG" otherwise
S pjSupport = "NG" (Note: Debonding will be required).

Top7ORelease:= |"OK" if S iTon70 £ 0KS US yitop70® fropcenter7o WHere figp center7o = -0.38ks

"OK" it S piTop70 > OKS U S 5iTon70 £ Tei beam where fo; pegm = 4ks

"NG" otherwise

Top70Release = "OK"

BotRelease:= |"OK" if s where f = 4ks

pjBotBeam £ T6i beam ci.beam

"NG" if S pigotBeam £ 0%S

"NG" otherwise

BotRelease = "OK"

(Note: Some MathCad equation explanations-
- The check for the top beam stresses checks to seeiif tension is present, s piTop70 £ 0%si, and then

appliesthe proper allowable. A separate lineis used for the compression and tension allowables.
Thelast line, "NG" otherwise, is a catch-all statement such that if the actual stressis not within the

allowables, it is considered "NG".)

For the bottom beam, thefirst line, s piBotBeam £ T4 peam» Checks that the allowable compression
isnot exceeded. The second line assures that no tension is present, if there isthen the variable will
be set to "NG". The catch-all statement, "NG" otherwise, will beignored since thefirst 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 Table5.9.4.2.1-1 & 5.9.4.2.2-1]

(1) Sum of effective prestress and permanent loads
Limit of compression in dab............ fallow1.Topsiab = 0-4%¥c.9ap

fallow1.TopSiab = 203ks

= 0.45%

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

fallowl.TopBeam = 2-93ks

(2) Sum of live load and 1/2 sum of effective prestress and permanent loads

Limit of compression in dab............. fallow2.Topsiab = 0-40%c.9ap
fallow2.TopSiab = 1-80ks
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Limit of compression in top of beam.. fallow2. Topeam = 0-40%c peam

fallow2.TopBeam = 2-60ks

(3) Sum of effective prestress, permanent loads and transient |oads

(Note: The engineer isreminded 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 dab.............. fallow3.Topsiab = 0-60%c.gap
fallow3.TopSiab = 2-70ks

Limit of compression in top of beam.. fallow3 TopBeam = 0-60%¢ heam

fallow3.TopBeam = 3-90ks

(4) Tension at bottom of beam only

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

flow4.BotBeam = (-0.0948 / fc.beam’kg) if EnvironmentSuper = "Extremely"

(- 0.19 \/m) otherwise

flowa4.BotBeam = - 0-48ks (Note: For not worse than moder ate corrosion conditions.)

Envi ronmentSuper = "Sightly"

B4. Servicel and |11 Limit States

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

The actual stressin strand after all losses

haVE OCCUIED............eeoeeeeeereee e fpe’= Tpj = DlpT
foe = 164.4ks
Allowable stress in strand after all losses
haVE OCCUIED............eooeeeeeeeeee e fpeAllow = 0-804py
fpeAllow = 194.4ks
LRFDg g 3= |"OK, stress at service after losses satisfied”  if fpeE fpe.AIIow

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

LRFD5_9_3 = "OK, stress at service after losses satisfied"
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Calculate the stress due to prestress at the top of slab, top of beam and bottom of beam:

Total force of Srands...........o.evveeveevvnn, Fpe'= Tpefips
Fpe = 780kip
_ Fpe  Fpe®cgne
Stress at top of beam..........ccccccvevveeee. S peTopBeam = A )
nctr  Stopnctr
S peTopBeam = -0.76ksi
_ Fpe  Fpe®cgne
Stress at bottom of beam..........cccveuen.... S peBotBeam -~ A
nctr  Sbotnc.tr
S peBotBeam = 2-33ks

Servicel 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 live load and 1/2 sum of effective prestress and permanent loads
(3) 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:
.1 Mg+ Mppys + Muility
Stressintop of dab........ccceveuennee. TopSlab -~
I P P Sdab.tr

S 1TopSIab = 0.08ksi

MBeam * Mglab * MForms

Stressin top of beam...........ccoo......... S1TopBeam = S,
opne.tr
$lropBeam = 1.63ks . Mtrb + Mpws + Mutility
Stop.tr
*S peTopBeam
Check top Slab Stresses..................... TopSlabl := if{s Iropgian £ allowd. TopSiab "OK” . "NG')
TopSlabl = "OK" where fallowl.TopSlab = 2.03ksi
Check top beam Stresses................... TopBeaml := if(s 1TopBeam £ fallow1. TopBeam: "OK” '"NG")
TopBeam1 = "OK" where fjj w1 TopBeam = 2-93ks
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(2) Sum of live load and 1/2 sum of effective prestress and permanent loads

Stressintop of dab........cccceeveueeenne.
S 2TopSIab = 0.62ksi

Check top dab stresses.....................
TopSlab2 = "OK™

TopBeam?2 = "OK"

s2 = 05>{sl )+ ML
TopSlab -~ “* TopSlab
P P Sslab.tr

B MLLI
S27opBeam = 05)(5 1TopBeam) S
Stop.tr

TopSiab2 := if(s 27 opgian £ fallow2 TopSiab"OK" . "NG")

Where fallow2.TopSiab = 1-8ks

TopBeam? := if(s 21 opgeam £ fallow2 Topeam:"OK” . "NG')

Where fallow2.TopBeam = 2-6ks

(3) Sum of effective prestress, permanent loads and transient |oads

M
LLI

Stressin top of Sab........cccoeeveveeenene S3TopSlab = S1TopSiab * Sqebir

SSTopSIab = 0.66ksi

3 =s1 M

Stressin top of beam...........ccoo......... SSTopBeam = S-+TopBeam Soptt

SSTOpBeam = 2.44ks
Check top slab Stresses................... TopSlab3 := if(s 3TopSlab £ fallows. TopSlab: “OK” ,"NG")

TopSlab3 = "OK" Where i3 TopSiab = 2.7 kS

Check top beam stresses...................

TopBeam3 = "OK"

Servicelll Limit State total stresses

(4) Tension at bottom of beam only

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

S4BOtBeam = -0.45ks

TopBeam3 := if(s3topgeam £ fallowa TopBeam:"OK” . "NG')

Where fallow3.TopBeam = 3-9ks

_@Mpeam~ Mgab- Mporms 0
S4BOtBeam = g .

' c Spotnc.tr =
¢ "Mrp- Mppys- Mygliyy =+
ct +
e Soot.tr [}

My

*+S peBotBeam + 0-8%
Shot.tr
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Check bottom beam stresses............ BotBeam4 = 'f(S4BotBeam * Tallowa.BotBeam: "OK” '"NG")

BotBeam4 = "OK" where f o4 BotBeam = - 0-48Ks

B5. Strength | Limit State moment capacity [LRFD 5.7.3]

Strength | Limit State design moment.......
M, = 875.7 ftkip

Factored resistance
M, =M,

Nominal flexural resistance

0= AP - S0+ At ﬁﬁ 20 aot B~ 29+ 085 ofb - bw)mlxmfé L
e2 2g

PSTPS P 2y 22: SYe'S 2g

For arectangular, section without compression reinforcement,

- Aps’*ps’ﬁ EE’+ At ﬁ El where a= b p>cand

+ Agly

fou
0.85f b 0 + loApgx =
p

Apsou

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

& 0
Value for "K" ..o k:= 2C1 04 - ﬂ
k=028 e pug
4 P - 4000ps
Stress block factor.........cocoeevvrcvnnenes bq:= max?o.ss - 0.05C c.beam +,0. 65u
<] e 1000>psi g
b, =073
Distance from the compression fiber to cg
Of PreSIresS.....coevereereeiere e dp:= h- strandgpin
dp = 58.1in
. . . .2 (Note: For strength calculations, deck
Areaof re|nf02rcmg mild stedl................... Ag:= 0%n reinforc t is conservatively ignored.)
Ag=0in

Distance from compression fiber to
reinforcing mild stedl..........cccceevevvienneee dg:= 0%n

dS:Oin
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Distance between the neutral axis and Aps’*pu + At

compressive face.......covevnvencenennnnes c:= Y

f
_ ; pu
¢=39in 0.854¢ heam™® 1Pyr.interior * KAps™

Depth of equivalent stress block............... a=b e
a=28in

. e _ cH
Average stress in prestressing stedl........... fos = fpuﬁ - ko=
fps = 264.9ks

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

f'=1.00

Moment capacity provided..................... M = f'>§_A £ B, - 80, A 2 - agu
. ' €
Mr.prov = 5937 ftxkip

TEQUITED. ...eveeececeevececeeeeeee e Moment capacity = ﬁHOKH if My grov® My 6
e

Mome”tCapacity ="OK" "NG" otherwise 1]

where M, = 875.7 ftkip

B6. Limitsfor Reinforcement [LRFD 5.7.3.3]
Maximum Reinfor cement

The maximum reinforcement requirements ensure the section has sufficient ductility and is not overreinforced.

Effective depth from extreme compression

:Ielij(r?; (';(r)cgi?(tern(?[ld of the tensile . Apsfpsty + Aghyds
........................................ = A
d = 58.1in PS'pS =TSy

The < = 0.07 ratio should be less than 0.42 to satisfy maximum reinforcement requirements.

c
LRFDg 7331 = | "OK, maximum reinforcement requirements for positive moment are satisfied"  if d_ £ 0.42
e

"NG, section is over-reinforced, see LRFD equation C5.7.3.3.1-1" otherwise

LRFDg 7 3 3.1 = "OK, maximum reinforcement requirements for positive moment are satisfied"
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Minimum Reinfor cement

The minimum reinforcement requirements ensure the moment capacity provided is at least 1.2 times greater than
the cracking moment.

Modulus of Rupture..........ccccccvevverneneee. fpo=- 0.24x/fc_beam>k§
f=-0.6ks

Stress in bottom of beam from Service

S4BOtBeam = -0.45ks

Additional amount of stress causing
Cracking......cccoevveveseeeeeeee e Ds = s4gotBeam - Ir

Ds = 0.2ks

Section modulus to bottom of beam.........

Sy = 17070.1 in3

Additional amount of moment causing
Cracking......cccoevveveseeeeeeee e DM := Ds>S,

DM = 224.3kipst

Service lll load case moments.................

M g3 = 3180.1ftkip

Moment due to prestressing provided....... Mps = - (Fpe>eCg nc)
M 5 = - 1290.8 ftkip
Cracking moment.............cc.ocuecueeveeeennnn. Mg = (|v| 3+ Mps) + DM

Mg = 2113.6 ftkip

Required flexural resistance............. Mr reqd = Min(1.2:M ¢, 13396M,)

cre
M reqq = 1164.6 fokip

Check that the capacity provided, M = 5937 ftkip , exceeds minimum requirements, M d = 1164.6ftkip .

r.prov r.req

LRFDg 7 3.3.2:= | "OK, minimum reinforcement for positive moment is satisfied"  if Mr.prov3 Mr.reqd

"NG, reinforcement for positive moment isless than minimum” otherwise

LRFDg 7 3 3 2 = "OK, minimum reinforcement for positive moment is satisfied"
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C. Interior Beam Debonding Requirements
C1l. Strand Pattern definition at Support

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

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 neé = 0 neé = 0
y5 = 11 n5 = 0 n5 = 0
y4 = 9 n4 = 0 n4 = 0
y3= 7 n3 = 9 n3 = 9
y2 = B n2 = 11 n2 = 9
yl= 3 nl= 11 nl= 9
Strand Total
cg.= 5.00 31 strands = 27

Area of prestressing Steel.........oo..ovevvenn.. Aps Support = (Strandsyor *StrandAres)

2
Aps Support = 4-1in

C2. Stresses at support at release

Thelosses at rel@ase.......covveveeeeieeeeenne,

Total jacking force of strands.................. Foj = f 0 ps. Support

Fpj = 836.5kip

The actual stressin strand after |losses at
transfer have occured..........cceevevevvevnenns fpe;: fpj - DprRelease

fpe = 185.1ks

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

Total force of strands..........ccccceveeveneee. Fpe:: fpe’Aps.Support
Fpe = 764.6kip
ah Foecg.nc O
Stress at top of beam at support............... S il e cg.nc_:
pjTopEnd -~ ¢ A
e 'nc St g

S pJTopEnd = -0.74ks
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Stress at bottom of beam at support...

S pjBotEnd = 2.41ks

"OK"

TopRelease:
oK™
ING"
TopRelease = "OK"
BotRelease := | "OK"
Nl

"NG"

adpe . Fpe’ecg.ncf?

S i =
BotEnd -~ C
P éAnc Sonc [}

It S bjTopEnd £ 0%s Us piTopEnd > ftop.outer1s where ftop.outer1s = - 0-76ks
it S iTopEnd > OKS U S iTopEnd £ i beam where g pegm = 4ks
otherwise

it's pjBotEnd £ f6i beam where fei beam = 4Ks

otherwise

BotRelease = "OK"

C3. Strand Patter n definition at Debond1

Define the number of strands and eccentricity of strands from bottom of beam at Debondl = 8ft

DEBOND1 Strand Pattern Data
Rows of 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 n8 = 0 0 n8 = 0
y7 = 15 n7 = 0 0 n7 = 0
y6= 13 ne6 = 0 0 ne6 = 0
y5= 11 n5 = 0 0 n5 = 0
y4 = 9 n4 = 0 0 n4 = 0
y3= 7 n3 = 9 9 n3 = 9
y2 = 5 n2= 11 9 n2= 9
yl= 3 nl= 11 9 nl= 11
Strand Total
cg.= 4.86 31 27 strands = 29

Areaof prestressing stedl..............coo....... Aps.Debond1 (StrandstOtd >StrandArea)

.2
Aps.Debond1 = 441n

CA4. Stresses at Debond1 at Release

Thelosses at rel@ase......ccouvveveeeeeveveeenne,
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Total jacking force of strands.................. Foj = fijpS_D ebond1

F. = 898.5kip

pi
The actual stressin strand after |osses at

transfer have occured.........cooeeveveeeennenns fpe:: fpj - DprRelease

fpe = 185.1ks

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

Total force of strands..........ccceeveeeeuerennee. |:p o'= fp e’Aps.D ebond

Foe = 821.2Kkip
M & F.o€ o)
Stress at top of beam at outer 15%......... ST = RelBeamD1 +C e _Pe Cg'nc_;
pjTopld A
_ ks Stnc e'nc Stnc [}
S p]TOp15 = -0.43ks
-M o Fre€eq ne O
Stress at bottom of beam at outer 15%... S = RelBeamD1 4o Pe P cg.nc_:
pjBotBeam ¢ A
_ ks Sonc e*nc Sonc [}
S pjBotBeam = 2-28ks
S p]TOp15 = "OK" if s p]TOp15 £ OXsi U S p]TOp15 3 ftOp.OUteflS Where ftOp.OUteflS = -0.76ksi
"OK" if'S piTop15> 0%S U S piTon15 £ Tej peam where fo; pegm = 4ks
"NG" otherwise
S pjTop1s = OK”
BotRelease:= ["OK" if S potBeam £ fcibeam where fo; pegm = 4ks
"NG" if s pjBotBeam £ 0Xksi

"NG" otherwise

BotRelease = "OK"
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C5. Strand Patter n definition at Debond2

Define the number of strands and eccentricity of strands from bottom of beam at Debond2 = 16ft

DEBOND?2 Strand Pattern Data
Rows of Numbe
strand from r of Number of
bottom of Input  strands strands per
beam (inches) per MIDSPAN SUPPORT DEBOND1 row DEBOND2 COMMENTS
y9= 19 ng = 0 0 0 n9 = 0
y8= 17 ng = 0 0 0 ng = 0
y7= 15 n7 = 0 0 0 n7 = 0
y6= 13 ne6 = 0 0 0 n6 = 0
y5= 11 n5 = 0 0 0 n5 = 0
y4 = 9 n4 = 0 0 0 n4 = 0
y3= 7 n3 = 9 9 9 n3= 9
y2 = 5 n2 11 9 9 n2 = 11
yl= 3 nl= 11 9 11 nl= 11
Strand Total
cg.= 4.87 31 27 29 strands = 31 All strands are active beyond this point
Area of prestressing Steel.........oo..ovevvenn.. Aps Debondz = (Strandsorg SirandArea)
2
Aps.Debond2 = 4-71n
C6. Stresses at Debond?2 at Release
Thelossesat release........cccveveeevenenee.
Total jacking force of strands.................. Foj = f 0 ps.Debond?2
ij = 960.5kip
The actua stressin strand after losses at
transfer have occured..........cccovevveveneen. f

pe= fpj - DipTRelease
foe = 185.1ks
Calculate the stress due to prestress at the top and bottom of beam at release:

Total force of strands..........ccceeveeeeuerennee. Fpe:: fpe’Aps.Debondz

Fpe = 877.8kip

M & Fne€ 0
' RelBeamD2 pe pe™~cg.nc O
Stress at top of beam at outer 15%......... S pjTop15 = +C - =

_ ks Stne éAnc Stne 1]
S p]TOp15 =-0.2ks
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Stress at bottom of beam at outer 15%...

-MRelBeamD2 .\ adpe . Foeeg.nc O
C =

S pi =
BotBeam
_ . P Sone &fnc Sone g
S pJ BotBeam = 2.22ksi
SpiTop1s:= |"OK" if S itop15 £ 0%ks U's yitonis® fiop outer1s where fion outers = - 0-76ks
"OK" if S piTop15> 0%S U S hiTop15 £ Tej peam where fo; pegm = 4ks
"NG" otherwise
S pjTop1s = "OK”
BotRelease:= ["OK" if S potBeam £ fcibeam where fo; pegm = 4ks
"NG" if S g orBeam £ Ok
"NG" otherwise

BotRelease = "OK"
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D. Shear Design

D1. Deter mine Nominal Shear Resistance

The nomina shear resistance, Vn, shall be determined as the lesser of:

V= Ve + VgtV

V= 0.25f b od,

The shear resistance of a concrete member may
in the concrete, a component, Vs, that relies on

be separated into a component, Ve, that relies on tensile stresses
tensile stresses in the transverse reinforcement, and a

component, V D that isthe vertical component of the prestressing force.

Nominal shear resistance of concrete
Nominal shear resistance of shear
reinforcement SECtioN.........cceeevveeevernnnen.
Nominal shear resistance from prestressing

for straight strands (non-draped)..............

Effective shear depth..........cccocvvvenennee.
d,=454in or d, = 38ft

V¢ = 00316 x[fobyd,

AV>¢y>c\,>cot(q)
Vg= ——

S
Vp:: Oxip

a 0
= max@. - <,0.9x,0.720°
d\/ é S 2 S a

(Note: Thislocation isthe same location as previously estimated for ShearChk = 3.8t )

D2. b and g Parameters[LRFD 5.8.3.4.2]

Tables are give in LRFD to determine b from the longitudinal strain and fl parameter, so these values need to

be calculated.

Longitudina strain for sections with
prestressing and transverse reinforcement.

Effectivewidth...........ccocoviiinnnn.

Effective shear depth........................

c

MU
— + 05 poat(a) - Apgipg
eX =
2EgAg + Epfpg)
by = b,, whereb, =8in
d, = 3.8ft
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Factor indicating ability of diagonally
cracked concrete to transmit tension.. b

Angle of inclination for diagona
COMPressiVe SIresses..........anes q

(Note: Valuesof b = 2and g = 45deg cannot be
assumed since beam s prestressed.)

LRFD Table 5.8.3.4.2-1 presents values of g and b for sections with transverse reinforcement . LRFD

C5.8.3.4.2 states that data given by the table may be used over arange of values. Linear interpolation may be

used, but is not recommended for hand calculations.

v £, x 1,000
7
s <-0.20 <~0.10 <-0.05 <0 <0.125 | <0.25 <0.50 | <0.75 | <1.00 <1.50 | <2.00
<0.075 22.3 20.4 21.0 21.8 24.3 26.6 30.5 33.7 36.4 40.8 43.9
6.32 4.75 4.10 3.75 3.24 2.94 2.59 2.38 2.23 1.95 1.67
<0.100 18.1 20.4 214 22.5 24.9 271 30.8 34.0 36.7 40.8 43.1
3.79 3.38 3.24 3.14 2.91 2.75 2.50 2.32 2.18 1.93 1.69
<0.125 19.9 21.9 22.8 237 25.9 27.9 314 34.4 37.0 41.0 43.2
3.18 2.99 2.94 2.87 2.74 2.62 2.42 2.26 213 1.90 1.87
<0.150 216 233 24.2 25.0 26.9 28.8 3214 34.9 37.3 40.5 42.8
2.88 2.79 2.78 2.72 2.60 2.52 2.36 2.21 2.08 1.82 1.61
<0.178 23.2 24.7 255 26.2 28.0 29.7 327 35.2 36.8 39.7 42.2
2.73 2.66 2.65 2.60 2.52 2.44 2.28 2.14 1.96 1.71 1.54
<0.200 24.7 26.1 26.7 27.4 28.0 30.6 32.8 34.5 36.1 39.2 41.7
2.63 2.59 2.52 2.51 2.43 2.37 2.14 1.94 1.79 1.61 1.47
<0.225 26.1 27.3 27.9 28.5 30.0 30.8 32.3 34.0 35.7 38.8 41.4
2.53 2.45 2.42 2.40 2.34 214 1.86 1.73 1.64 1.51 1.39
<0.250 27.5 28.6 29.1 29.7 30.6 31.3 32.8 34.3 358 38.6 41.2
2.39 2.39 2.33 2.33 212 1.93 1.70 1.58 1.50 1.38 1.29

The longitudinal strainand fl 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]:

AR EY

_u P
b,

Factored shear force at the critical section

V= 267.5kip

Shear stress on the section..........oveeeeee. =
v = 0.82ks

Parameter for locked in differencein strain
between prestressing tendon and concrete. f

fo = 189ks
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The prestressing strand force becomes
effective with the transfer length.............. Liyangfer := 60strand; 5

Liransfer = 2.5t

Since the transfer length, Liransfer = 251t is less than the shear check location, ShearChk = 3.8ft , from the
end of the beam, the full force of the strands are effective.

Factored moment on section.................... M= max(M nVy )
M, = 1011.3ftkip

For the longitudinal strain calculations, an
initial assumption for g must be made.......

g := 24.2xdeg
My
— + 05 poat(a) - Ang supportpo
Longitudinal strain...........ccceeevevevienenene ey = %1000)
2AEA L+ E A
e, =-0.92 >( sT's p ps.Support)

Since the strain value is negative, the strain needs to be recalculated as per LRFD equation 5.8.3.4.2-3:

My
— + 05 poat(a) - Apgipg
whereas 6 =
2EA + EgAg + EgAng)
Qree?n(;fn;tggrconcrete on the tension side of A= ﬂ: xﬂ (Note: The non-composite area of the beamis
........................................... e divided by its height, then multiplied by
) nc one-half of the composite section height).
A =460.2in
Recalculating the strain,
My
o 054 peot(a) - Ang supportpo
Longitudinal strain............c.cceveviveeicinne ey = 1000)
2>(Ec.beam”Ac tEASH Ep’Aps.Support)
e, =-0.05
v v
— PArAMELE ... =0.126
fe fc.beam
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Based on LRFD Table 5.8.3.4.2-1, the values of g and b can be approximately taken as:

Angle of inclination of compression stresses

g = 24.2deg

Factor relating to longitudinal strain on the shear capacity of concrete

b:=278

Nominal shear resistance of concrete

Stirrups

Size of stirrup bar ("4" "5" "6")...

Area of shear reinforcement

Diameter of shear reinforcement

<
I

bar := "5"

_ .2
Av = 0.620in
dia= 0.625in

Nominal shear strength provided by shear reinforcement

+VS

Vp=Ve+Vy

WHEME....eii e
V|, = 297.3kip

ANG...eiiee e
V= 216.0kip

Spacing of stirrups

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

Smin = 57.7in

Transverse reinforcement required

Sreq =17.4in

Minimum transverse reinforcement

s= 17.4in

¢ = 0.0316% X[ pearryksby 6,

Yy 6
p:= mi an_ ,0.254 - peam™®\9y + Vp—:

V.=
ev 4]
Vgi=Vp- V- Vp
AV>1‘y

Smin = :

0-0316’bvx“c.beam’k5'

L e Av>fy>dv>cot(q)Q

Sreq = 'fQVSE 0. Smipn—— =

e 4]

s:= min(smm,sreq)
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Maximum transverse reinforcement

gv - W H
= ifS < 01254, pgm, Min(0.85, 24%n), min(0.4xd, 12>m)
&"vibvd) i
Smax = 12in

Spacing of transverse reinforcement
cannot exceed the following spacing........ spacing = ”(Smax > s,s,smax)

spacing = 12.0in
D3. Longitudinal Reinfor cement

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.

Genera equation for force in longitudinal reinforcement

T M +— . 05N/ - V 6>cot(q)
= ¢, - UNgm Vp
dfp  gfv g
>cot ) 0
WHENE....ocvieiecececee e, = m|n€v y>dv _u_-
3 spacing fo
V= 297.3kip € Vo
My
AN Ti=——+¢c— - 05¥- Vp >cot(q)
A §fy s
T = 628.0kip

At the shear check location

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

.2
Aps.Support =4.1in

Equivalent force provided by this stedl....... TpsShearChk = Aps.Supp ort’*p o

LRFDg g 3 5:= | "OKk, positive moment longitudinal reinforcement is adequate”  if TpsShearChk 3T
"NG, positive moment longitudinal reinforcement provided" otherwise

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

At the support location
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Genera equation for force in longitudinal reinforcement

My &y 0 .
T= +— - 05%- Vp-:x:ot(q) where M, = 0xtkip
dXp éfv [}
X >cot(q) \% 0
WHEIE. ..ot Vgi= mineév y>dv , u-Support=
2 spacing f :
V¢ = 312.9kip e v. e
&/ u.Support 0
101 Ti= g - 05W- Vp_;>cot(q)
T = 37L.1kip e v 2

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, = 3.8ft from the face of the support may be used. Note that the forceis

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 = 41in

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........cccccoevvvieeccececene, Liyangfer = 30in

Distance from center line of bearing to

end of beam..........ccccceeiceiieece, J=6in (Note! - this dimension needs to be increased
since the edge of pad should be about 1-1/2"

Estimated length of bearing pad............... |_p o = 1240 fromthe edae of the beam. Override and use the

following: J:= 8.5%n)

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

Factor to account for effective force........ Eactor :=

Factor = 0.5
Equivaent force provided by this stedl...... TpsSupport = Aps SupportfpeFactor

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

psSupport :
"NG, positive moment longitudinal reinforcement provided" otherwise

LRFD5 g 3.5 = "NG, positive moment longitudinal reinforcement provided"
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In otder to satisfy the equation, we increase the shear steel contribution by specifying the actual stirrup spacing
used at thislocation. Assume stirrups are at the following spacing.

spacing := 11%n (Note: Decreasing the spacing will not improve Vg sinceit will then
be a function of the shear at the support and not the shear steel).
X >cot(q) \% o)
Fe-COMPULING.....eceereireereserie e Vgi= minfe\v y>dv_ , u-Support=
_ é spacing fy g
Vg = 323.2kip
&/ u.Support 0
AN T:= C.f—pp - 0.5W/- Vp—:>cot(q)
T = 359.6kip e v 9

Equivaent force provided by this stedl...... TpsSupport = Aps SupportfpeFactor

LRFDg g 3 5:= | "OKk, positive moment longitudinal reinforcement is adequate”  if TpsSupport3 T

"NG, positive moment longitudinal reinforcement provided" otherwise

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

(Note: The location of the bearing pad had to be moved in order to satisfy thiscriteria. It will now provide 2-1/2"

from the edge of the pad to the end of the beam. The engineer needs to assure that thisis properly detailed and
adhered to in the plans).

Severa 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:

Design for interface steel
Design for anchorage stedl
Design for camber

E. Summary

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

[yl 4
i} [

o

STRAND DEBONDING LEGEND
o — fully bonded strands.
® - strands debonded 8'-0"from end of beam.
[®] - strands debonded 16'-0"' from end of beam.
A\ ~ strands debonded _'—__"from end of beam.
& - strands debonded _'~__"from end of beam.

8 sp.o 2'

3" /0 sp.e 2"

TYPE(D) 3/ STRANDS

STRAND DESCRIPTION: Use 0.5" Diameter, Grade 270, Lo—lax 0.5"Strands stressed at 31.0 kips each. Area per strand equals 0.53 sq.

30
f

NOTE: On beams wlth skewed ends the debonded
length shall be measured along the
debonded strand.

n.

STRAND PATTERNS

[#] Defined Units
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SUPERSTRUCTURE DESIGN
Prestressed Beam Design - Part ||

Reference

[+] Reference:F\HDRDesignExamples\Ex1_PCBeam\203L Ls.mcd(R)

Description

This section provides the design of the prestressed concrete beam - exterior beam design.
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DESIGN CHANGES FROM INTERIOR BEAM DESIGN

The FDOT Prestressed beam program was utilized to quickly determine if the exact strand pattern used in the
interior beam design will work for the exterior. For the exterior, there was insufficient moment capacity
provided at midspan. In order to achieve the moment capacity, the number of strands were increased from 31 to
38.

TotaNumberOf Tendons = 38

NumberOfDebondedTendons = 4
NumberOfDrapedTendons =0
StrandSize="1/2in low lax"

.2
StrandArea = 0.153in

JackingForceper strand = 30.982 ki

By examining the figure below, it will be obvious that the beam section will not work with straight strands since
debonding would be required for amost up to 10 feet from midspan in either direction.

FDOT SDG states to consider the individual beams designs as afirst trial subject to modifications by
combining similar designs into groups of common materials and stranding based upon the following priorities:

1) 28-Day Compressive Concrete Strength (f'c)

2.) Stranding (size, number, and location)

3.) Compressive Concrete Strength at Release (f' ¢i)
4.) Shielding (Debonding)*
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The solution chosen is to increase the release strength of the concrete. In the interior beam design, the minimum

value of foi beam.min = 4Ks was utilized. Since the exterior beam governs, we will use the maximum value

alowed, f = 5.2 ksi. for this design example for both beams. The following file shows the design of

ci.beam.max

the exterior beam with the following strand pattern.

TotaNumberOf Tendons = 40

NumberOfDebondedTendons = 4
NumberOfDrapedTendons =0
StrandSize="1/2in low lax"

StrandArea = 0.153 in2

JackingForceper strand = 30.982 ki

New valuesfor release strength

Release strength..........ccvccveeeienenee. f f

ci.beam -~ Tci.beam.max
foi beam = 5-2ks

Modulus of elastiCity..........ccooweenn.... Eci beam = | limerock’d820 \/m
Eqi peam = 3735ks
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A. Input Variables

Al. Bridge Geometry

Overdl bridge length.......

Design span length......... Lgpan = 90ft
Skew angle...........c.c..... Skew = - 30deg
A2. Section Properties

NON-COMPOSITE PROPERTIES \Y

Moment of Inertia [in4] [ 260741

Section Area [in?] A 789

ytop [in] Yt 29.27

ybot [in] yb, . 24.73

Depth [in] h.. 54

Top flange width [in] b, 20

Top flange depth [in] hy 8

Width of web [in] b, 8

Bottom flange width [in] b 26

Bottom flange depth [in] hy 8

Bottom flange taper [in] E 9

Section Modulus top [in3] Sie 8908

Section Modulus bottom  [in?] Sinc 10544

COMPOSITE SECTION PROPERTIES INTERIOR EXTERIOR
Effective slab width [iN] B interior/exterior 96.0 101.0
Transformed slab width [in] by i eriorexterior 79.9 84.0
Height of composite section [in] 63.0 63.0
Effective slab area [in?] A 639.0 672.3
Area of composite section [in?] A erior/exterior 1448.0 1481.3
Neutral axis to bottom fiber [in] Yo 40.3 40.7
Neutral axis to top fiber [in] Y, 22.7 22.7
Inertia of composite section [N | erionexterior  ©82912.0 694509.4
Section modulus top of slab [in3] S 30037.5 31123.9
Section modulus top of beam [in3] Sp 49719.4 52162.4
Section modulus bottom of beam [in?] S, 16960.6 17070.1

A3. Superstructure Loads at Midspan

DC Moment of Beam at Release

DC Moment of BEaM........cccoeevcvveverivenen,

M gegm = 798.6 ftkip

DC Moment of Slab........ccocevveveeeierenee

MRelBeam = M RelBeamExt(Midspan)

MBeam = MBeamext(Midspan)
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DC Moment of stay-in-place forms..........
M Eorms = 61.5ftkip

DC Moment of traffic railing barriers........

Myp = 238.4ftkip

DW Moment of future wearing surface....
Mp,s = 102ftxkip

DW Moment of Utilities...........cocvvvveenee.
M Utility = Oftkip

LiveLoad MOment.......cccoeeveevvveercveeenne

M Fatigue = 1412.9ftkip

Servicel = 1.0DC + 1.0>XDW + 1.04.L

Service |l Limit State........coceevvvvenee.
Mg = 4085.5ftkip

Service3 = 1.0DC + 1.0DW + 0.84.L

Service Il Limit State......coevveveeennee.
Mgp3 = 3678.6ftkip

Strengthl = 1.25DC + 1.50:DW + 1.754 L

Strength | Limit State...........ccceuee.
M, = 6149.8 ftkip

Fatigue = 0.75%.L
Fatigue Limit State..........ccccecvvveuneee

M Fatigue = 1059.7 ftkip

MEorms = M Formsext(Midspan)
MTrp = MTrpEx(Midspan)
Mpws = M pysext(Midspan)
Mutility = Mutilityexy(Midspan)

MLL| = ML Exterior(Midspan)

M Eatigue = MLLI Exterior(Midspan) - M ae(Midspan)

Mgy = 1.0>{MBeam + Mgah * MEorms + 'V'Trb)
+ 1-0{M|:ws+ 'V'Utinty) * 1-0>{M LLI)

Msrv3 = 10{Mpeam * Msiab * MForms * MTrp) -
+10{Mpys*+ Muygility) + 0.8{M )

M= 1-25>(MBeam + Mgah + MEorms * IV'Trb)
+ 1'50>(MFWS + 'V'Utility) + 1-75>(M |_|_|)

MEatigue

A4. Superstructure Loads at Debonding L ocations

DC Moment of Beam at Release -
Debondl = 8ft Location..........ccceevevveenee

DC Moment of Beam at Release -

Debond2 = 16ft Location...........ceevvrenee.

MRelBeamD1 = M RelBeamExt(Pebondl)

MRelBeamD2 = M RelBeamExt(Pebond2)

= 0.75M Fatigue (Note: Use NO LANE load).
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AS5. Superstructure Loads at the Other Locations

At Support location

DC Shear &
V bc BeamExt(Support) = 89.9kip

DW Shear & Moment ... V DW.BeamExt(Support) = 4.6 kip

LL Shear & Moment.. .... VLI Exterior(Support) = 111.3kip

M pc BeamExt(Support) = Oftkip

M pw . BeamExt(Support) = Oftkip

M1 Exterior(Support) = Oftkip

Strengthl = 1.25DC + 1.50:DW + 1.754 L

Strength | Limit State..........oocuenee.e. VU Support = 1.25>(VDC_BeamExt(Support))

+ L50{V py Beamext(SUppPOr)) ..

Vu.support = 314.1kip
+ L75{V | | | Exterior(Support))

At Shear Check location

DC Shear &

V bc.BeamExt(ShearChk) = 80.8kip MpPc BeamExt(ShearChk) = 319.9ftkip

DW Shear & Moment ....

V bw.Beamext(ShearChk) = 4.2kip Mp\w BeamExt(ShearChk) = 16.7 ftkip

LL Shear & Moment.. ....

VLI Exterior(ShearChk) = 104.9kip M| | Exterior(ShearChk) = 353.6ftkip

Strengthl = 1.25DC + 1.50DW + 1.754 L
Strength | Limit State.........cccceueee. \Y;

u= 1.25{V o peamexi(ShearChk)) ...
+1.50{V pyy Beamext(ShearChk)) .
+L.75{V | | | Exterior(ShearChk))

V|, = 29L.0kip

<
I

= 1.25{Mp¢ eamext(ShearChk)) ...
+1.50{Mp\y Beamext(ShearChk)) ..

+L75{M_ | | Exterior(ShearChk))

M, = 1043.8 ftkip
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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.

l—CL Boam

ELEVATION
Dabond2

Swport  BhrChk  Debondl

—ng
—o7
b —ns
@ s
B e

—n3

—nz

—m

7

L

Hop © 2

TYPE IV BEAM
STRAND PATTERN

STRAND PATTERN DEFINITIONS AND BEAM LOCATIONS

TYPE V & VI BEAM
STRAND PATTERN

Support = 0ft ShearChk = 3.8 ft Debondl = 8ft
Strand pattern at midspan
Strand type.........ccceueee. strandtype:: "LowLax"

strandtype = "LowLax"

Strand Size.......ccooeeeveen. strandj, := 0.5%n

stranddi a= 0.5in

0.153

StrandArea = 0.153in° 0.192

0.217

D 4O O O R

0.0 otherwise

Debond2 = 16ft Midspan = 44.08ft

(Note: Options ("LowLax" "StressRelieved" )

(Note: Options (0.5%n 0.5625%n 0.6%n)

if strandgy= 0.5in  in”

if strand 4 = 0.5625>¢nf

if strandgiy = 0.6%n =

2
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Define the number of strands
and eccentricity of strands

from bottom of beam..... MIDSPAN Strand Pattern Data
BeamType = "IV"
Rows of strand Number of
from bottom of Input strands
beam (inches) per row MIDSPAN
y9 = 19 n9 = 0
y8 = 17 n8 = 0
y7 = 15 n7 = 0
y6 = 13 ne6 = 0
y5 = 11 n5 = 0
y4 = 9 n4 = 7
y3= 7 n3= 11
y2 = 5 n2= 11
yl= 3 nl= 11
Strand c.g. = 5.70 Total strands = 40

Areaof prestressing steel............cocueueee.

.2
A S—6.l|n

p

Transformed section properties

Asper SDG 4.3.1-C6, states "Stress and camber calculations for the design of simple span, pretensioned

AIOS = (strandstotd >StrandArea)

components must be based upon the use of transformed section properties.”

Modular ratio between the prestressing
strand and beam. ........c.cccceireinireen

Np = 6.825

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

A = 824.6 in2

nc.tr

Non-composite neutral axis transformed...

Yo tr = 23.9in

Non-composite inertiatransformed...........

I = 272558.1i n4

nc.tr

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

Stopnc.tr = 9057.3 in’

Non-composite section modulus bottom....

Sootne.tr = 11400.6 in3

Anctr = Anct (np - 1)”Aps

" a YA + strandchn>%’(np - 1)>AIO§{:
nc.tr - A

nc.tr

Inctr = Inc * (ybnc.tr - stranngXn)2>g’(np - 1)>Ap§l:

s _ nc.tr
opnc.tr -~
hne = Yonetr
s, _netr
otnc.tr =
Yone tr
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Modular ratio between the mild reinforcing E

and transformed concrete deck dab.......... Ny = s
E
Ny, = 6.944 c.beam
Assumed area of reinforcement in deck in
dlab per foot width of deck dab............... Adeck rebar = 0-62%— (Note: Assuming #5 at 12" spacing,
' ft top and bottom longitudinally).
. & t9ah O
Distance from bottom of beam to rebar.... Ypar = = Ctoil - _Sab>
e 2 g

Ypar = 671N

Total reinforcing steel within effective

width of deck slab.........ccccvvininnienne. Apar = beft exterior® deck rebar

Apar = 5.22in’
Composite areatransformed.................... Ay = Agsterior + (”p - 1)>Aps + (”m - 1)’Abar

Ay = 1548in° _

éybAExterior + strandchm%(np - 1)>AD§L'L
+y Nn- 1)AR
Composite neutral axis transformed.......... Yo ir = bar% m ) bar,
o Ar

Yp.tr = 40in

Composite inertiatransformed.................. liy == |Exterior *+ (yb.tr - Stra”dcg’m)zﬁnp 3 1)>Api
_ 4 2

Iy = 759063.4in +(yb_tr ] ybar) ’é“m ] 1)”% i
Composite section modulus top of lir
LS =] o T Sslabtr = h—

_ . 3 " Yputr

Sqap.tr = 33009.2in
Composite section modulus top of lir
DEAM. ... S =

optr -~ i i
- Yhtr - tgan - tmi - D
Stop.tr — 9372 4in3 ( b.tr =~ ‘dab ™ ‘mill bmldup)

Composite section modulus bottom of liy

DEAM...cc e Sohot tr = K
Shot g = 18974.5in° r

B2. Prestressing L 0sses [LRFD 5.9.5]

For prestressing members, the total loss, Dpr , iIsexpressed as:
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where... frictionloss.........c.c....... Dpr (Note: Not considered for bonded prestressed beams)

anchorage set loss.......... Dfp A (Note: Not considered for bonded prestressed beams)
elastic shortening loss..... DprS
shrinkageloss................ DfpSR
creep of concrete loss.... DprR
relaxation of steel loss..... Dpr2

For the prestress loss cal culations, gross section properties (not transformed) can be used.

Elastic Shortening

The loss due to elastic shortening in pretensioned members shall be taken as:
Ep
Dipes = E_Ci#Cgp where...

Modulus of agticity of concrete at transfer of
Prestress force......ovvvvvvnenenese e,

Eqi beam = 3735.2ks

Modulus elasticity of prestressing sted!.....

E,, = 28500 ksi

p

Eccentricity of strands at midspan for = b i
NON-COMPOSItE SECHON. ...veevrrveeereeenee. €og.nc = Yone - Strandegn

ecg.nc = 19in

Section modulus at the strand c.g for the Inc

NON-COMPOSIte SECLioN.......ccccovvveeereinee. SCQ-nC = e
cg.nc

_ 3
Segnc = 13701.6in

Stress in prestressing steel prior to transfer f

f

<= 0.70%

p pu

ps = 189ks

Corresponding total prestressing force...... Fps = Apsps

Fos = 1156.7 kip

p

Concrete stresses at c.g. of the prestressing

force at transfer and the self wt of the beam

at maximum moment location..................
fegp = 2.36ks

_ Fps . Fps€cgnc  MRelBeam

foup = &

nc Seg.nc Seg.nc

Losses due to elastic shortening............... DprS =
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Shrinkage

Loss in prestress due to shrinkage may be estimated as:

DfygR = (17.0 - 0.1503H)%s where

Average annual relative humidity..............
H=75

Losses due to Shrinkage.............ooee...n.... DipsR = (17.0 - 0.150:H) ks

Creep

Prestress loss due to creep may be taken as:
DprR = 12>¢Cgp - 7>¢Cdp 30

Eccentricity of strands at midspan for

COMPOSIte SECHON. ......eeooeeeeeeereee €og = Yp - Strandegn

ecg = 34.6in

Section modulus at the strand c.g for the S = |Exterior
COMPOSIte SECtON......ocvvviiciiiiie cg €cg

_ 3
Seg = 20093in

Permanent load moments at midspan acting on
non-composite section (except beam at _
transfer) Mpc= Mglabh + MEorms

M = 911.8kipt

Permanent |oad moments at midspan acting on M= Moo + M M
COMPOSIte SECHiON.........cveveerecrcrienee M Trb T MRws T T Utility

M = 340.4 kipt

Concrete stresses at c.g. of the prestressing

force due to permanent loads except at Mpnc M

LL=13 1= 1= SO fodp = g S

cg.nc cg

LOSSES AUE tO CIEED. ... Dipcr = max(12>¢cgp " Medp: O*Q)
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Steel Relaxation at Transfer

Prestress loss due to relaxation loss of the prestressing steel at transfer may be taken as:

Gog(24.0t) &pj
og( )’t

Df =
prR1™ |€
é 10.0 efpy

e|og(24 0%) @pj

40.0 efpy

@:

where,

Time estimated (in days) between stressing
and transfer.......oooveeeeenenceneeeeee

t =15 days

Initial stressin tendon at time of stressing
(jacking force) [LRFD Table5.9.3.1]......

fpj = 202.5ksi

Specified yield strength of the prestressing
steel [LRFD 5.4.4.1]...ccoooiieeniiiiiene

foy = 243Kks

py

L osses due to steel relaxation at transfer...

€log(24.00t) & o u
DRy = EM B osea g
e &'py 2
) 5 0
02400 Epi 1 e 0
& 400 iy 5 P
pRl =22ks

Steel Relaxation after Transfer

0
- 0.55=x JL if strandtype

"StressRelieved”
(1]

6 u
- 0.55=x JL if strandtype: "LowLax"

2

t:=15

f.:=

Dj (0.70>¢pu) if strandtype "StressRelieved”

(0.75>1‘pu) if strandtype: "LowLax"

= 0.80%

Dj . pu for this

(Note: LRFD C5.9.5.4.4b allows f

calculation)

f =

py (0.85>1‘pu) if strandtype "StressRelieved”

(0.90>1‘pu) if strandtype: "LowLax"

if strandtype: "StressRelieved”

u
if strandtype: LowLax

Prestress loss due to relaxation loss of the prestressing steel after transfer may be taken as:

Dfpr2 =

€

£20.0- 04DfpEg - 024Dipgg + DipcR){ if Srandype = "StressRelieved"

£20.0- 04Df g - 024{Dipgr + DipcR)iX30%) if strandyype = "LowLax”
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where,

L osses due to steel relaxation after transfer

Dpr2 = g’20.0>ksi - 0.4>DprS- 0.2>(DfpSR + DprR)i: if strandtype: "StressRelieved"

£20.0%s - 04Dipeg - 0.24Dfpgg *+ Dipcr){ X309 if strandype = "LowLax’

Total Prestress L oss

The total loss, Dpr, is expressed as........ Dpr = DprS * DfpSR * DprR * DprZ

Df = 47.2ks

p

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

Loss = 23.3%

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

I nitial Stresses[SDG 4.3]

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

Outer 15 percent of design beam........ ftop.outer1s = - 0.76ks
Center 70 percent of design beam...... ftop.center7o = - 0-38ks
Limit of compressive concrete strength at _
f = 5.2ksi

FEIBASE. ..ot Ci.beam

For prestressing members, the total loss, Dpr , at releaseis expressed as.

DfgTRelease = PfpEs * Dipr1

where... elastic shortening loss..... DprS
relaxation of steel loss at
transfer. .o, Dprl
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= TojPps

F., = 1239.3kip

P

The actual stressin strand after |osses at

transfer have occured.........cooeeveveeeennenns fpe:: fpj - DprRelease

foe = 182.3ks
Calculate the stress due to prestress at the top and bottom of beam at release:

Total force of strands..........ccceeveeeeuerennee. Fpe = fpe>¢Aps

Fpe = 1115.6kip

adpe Fpe’ecg.ncf?

Stress at top of beam at support............... S pjSupport == € -
. o nc Stnc [}
S = -0.97ksi €
pj Support
_ MReBeam . adpe Fpe’ecg.ncf?
Stress at top of beam at center 70%......... SpjTop70 -~ Ca T N
Stnc e nc Snc g

.. _ “MReBeam . adpe . Fpecg.ncO
Stress at bottom of beam at center 70%... pjBotBeam -~ Sonc CA =

enc Sonc [}

S pjBotBeam = 2-°ks
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S pjsupport = | "OK" it S pisupport £ kS U's pisypport * ftop.outer1s where fiop outer1s = - 0-76ks

"OK" if s > 0%ks Us

piSupport pisupport £ fci.beam where f¢j pegm = 5.2k
"NG" otherwise
S pjSupport = "NG" (Note: Debonding will be required).

Top7ORelease:= |"OK" if S iTon70 £ 0KS US yitop70® fropcenter7o WHere figp center7o = -0.38ks

"OK" TS piTop70> 08 U S hiTop70 £ Tei beam where fo; pegm = 5:2ks

"NG" otherwise

Top70Release = "OK"

BotRelease:= |"OK" if s where f = 52ks

pjBotBeam £ T6i beam ci.beam

"NG" if S pigotBeam £ 0%S

"NG" otherwise

BotRelease = "OK"

(Note: Some MathCad equation explanations-
- The check for the top beam stresses checks to seeiif tension is present, s piTop70 £ 0%si, and then

appliesthe proper allowable. A separate lineis used for the compression and tension allowables.
Thelast line, "NG" otherwise, is a catch-all statement such that if the actual stressis not within the

allowables, it is considered "NG".)

For the bottom beam, thefirst line, s piBotBeam £ T4 peam» Checks that the allowable compression
isnot exceeded. The second line assures that no tension is present, if there isthen the variable will
be set to "NG". The catch-all statement, "NG" otherwise, will beignored since thefirst 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 Table5.9.4.2.1-1 & 5.9.4.2.2-1]

(1) Sum of effective prestress and permanent loads
Limit of compression in dab............ fallow1.Topsiab = 0-4%¥c.9ap

fallow1.TopSiab = 203ks

= 0.45%

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

fallowl.TopBeam = 2-93ks

(2) Sum of live load and 1/2 sum of effective prestress and permanent loads

Limit of compression in dab............. fallow2.Topsiab = 0-40%c.9ap
fallow2.TopSiab = 1-80ks
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Limit of compression in top of beam.. fallow2. Topeam = 0-40%c peam

fallow2.TopBeam = 2-60ks

(3) Sum of effective prestress, permanent loads and transient |oads

(Note: The engineer isreminded 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 dab.............. fallow3.Topsiab = 0-60%c.gap
fallow3.TopSiab = 2-70ks

Limit of compression in top of beam.. fallow3 TopBeam = 0-60%¢ heam

fallow3.TopBeam = 3-90ks

(4) Tension at bottom of beam only

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

flow4.BotBeam = (-0.0948 / fc.beam’kg) if EnvironmentSuper = "Extremely"

(- 0.19 \/m) otherwise

flowa4.BotBeam = - 0-48ks (Note: For not worse than moder ate corrosion conditions.)

Envi ronmentSuper = "Sightly"

B4. Servicel and |11 Limit States

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

The actual stressin strand after all losses

haVE OCCUIED............eeoeeeeeereee e fpe’= Tpj = DlpT
foe = 155.3ks
Allowable stress in strand after all losses
haVE OCCUIED............eooeeeeeeeeee e fpeAllow = 0-804py
fpeAllow = 194.4ks
LRFDg g 3= |"OK, stress at service after losses satisfied”  if fpeE fpe.AIIow

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

LRFD5_9_3 = "OK, stress at service after losses satisfied"
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Calculate the stress due to prestress at the top of slab, top of beam and bottom of beam:

Total force of Srands...........o.evveeveevvnn, Fpe'= Tpefips
Foe = 950.3kip
_ Fpe  Fpe®cgne
Stress at top of beam..........ccccccvevveeee. S peTopBeam = A )
nctr  Stopnctr
S peTopBeam = -0.84ks
_ Fpe  Fpe®cgne
Stress at bottom of beam..........cccveuen.... S peBotBeam -~ A
nctr  Sbotnc.tr
S peBOtBeam = 2.74ks

Servicel 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 live load and 1/2 sum of effective prestress and permanent loads
(3) 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:
.1 Mg+ Mppys + Muility
Stressintop of dab........ccceveuennee. TopSlab -~
I P P Sdab.tr

S 1TopSIab = 0.12ksi

MBeam * Mglab * MForms

Stressin top of beam...........ccoo......... S1TopBeam = S,
opne.tr
$lropBeam = 1.59ks . Mtrb + Mpws + Mutility
Stop.tr
*S peTopBeam
Check top Slab Stresses..................... TopSlabl := if{s Iropgian £ allowd. TopSiab "OK” . "NG')
TopSlabl = "OK" where fallowl.TopSlab = 2.03ksi
Check top beam Stresses................... TopBeaml := if(s 1TopBeam £ fallow1. TopBeam: "OK” '"NG")
TopBeam1 = "OK" where fjj w1 TopBeam = 2-93ks
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(2) Sum of live load and 1/2 sum of effective prestress and permanent loads

Stressintop of dab........cccceeveueeenne.
S 2TopSIab = 0.80ksi

Check top dab stresses....................
TopSlab2 = "OK™

TopBeam?2 = "OK"

s2 = 05>{sl )+ ML
TopSlab -~ “* TopSlab
P P Sslab.tr

B MLLI
S27opBeam = 05)(5 1TopBeam) S
Stop.tr

TopSiab2 := if(s 27 opgian £ fallow2 TopSiab"OK" . "NG")

Where fallow2.TopSiab = 1-8ks

TopBeam? := if(s 21 opgeam £ fallow2 Topeam:"OK” . "NG')

Where fallow2.TopBeam = 2-6ks

(3) Sum of effective prestress, permanent loads and transient |oads

M
LLI

Stressin top of Sab........cccoeeveveeenene S3TopSlab = S1TopSiab * Sqebir

SSTopSIab = 0.86ksi

3 =s1 M

Stressin top of beam...........ccoo......... SSTopBeam = S-+TopBeam Soptt
Check top slab Stresses................... TopSlab3 := if(s 3TopSlab £ fallows. TopSlab: “OK” ,"NG")

TopSlab3 = "OK" Where i3 TopSiab = 2.7 kS

Check top beam stresses.................
TopBeam3 = "OK"

Servicelll Limit State total stresses

(4) Tension at bottom of beam only

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

S4BOtBeam = -0.31ksi

TopBeam3 := if(s3topgeam £ fallowa TopBeam:"OK” . "NG')

Where fallow3.TopBeam = 3-9ks

_@Mpeam~ Mgab- Mporms 0
S4BOtBeam = g .

b c Spotnc.tr =
¢ "Mrp- Mppys- Mygliyy =+
ct +
e Soot.tr [}

My

*+S peBotBeam + 0-8%
Shot.tr
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Check bottom beam stresses............ BotBeam4 = 'f(S4BotBeam * Tallowa.BotBeam: "OK” '"NG")

BotBeam4 = "OK" where f o4 BotBeam = - 0-48Ks

B5. Strength | Limit State moment capacity [LRFD 5.7.3]

Strength | Limit State design moment.......
M, = 1043.8 ftkip

Factored resistance
M, =M,

Nominal flexural resistance

0= AP - S0+ At ﬁﬁ 20 aot B~ 29+ 085 ofb - bw)mlxmfé L
e2 2g

PSTPS P 2y 22: SYe'S 2g

For arectangular, section without compression reinforcement,

- Aps’*ps’ﬁ EE’+ At ﬁ El where a= b p>cand

+ Agly

fou
0.85f b 0 + loApgx =
p

Apsou

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

& 0
Value for "K" ..o k:= 2C1 04 - ﬂ
k=028 e pug
4 P - 4000ps
Stress block factor.........cocoeevvrcvnnenes bq:= max?o.ss - 0.05C c.beam +,0. 65u
<] e 1000>psi g
b, =073
Distance from the compression fiber to cg
Of PreSIresS.....coevereereeiere e dp:= h- strandgpin
dp = 57.3in
. . . .2 (Note: For strength calculations, deck
Areaof re|nf02rcmg mild stedl................... Ag:= 0%n reinforc t is conservatively ignored.)
Ag=0in

Distance from compression fiber to
reinforcing mild stedl..........cccceevevvienneee dg:= 0%n

dS:Oin

Superstructure Design 2.05 Prestressed Beam Design - Part |l 101




Distance between the neutral axis and Aps’*pu + At

compressive face.......covevnvencenennnnes c:= Y

f
_ ; pu
¢ =48in 0.854¢ heam™® 1Ptr exterior * k>’Aps”d

Depth of equivalent stress block............... a=b e
a=35in

. e _ cH
Average stress in prestressing stedl........... fos = fpuﬁ - ko=
fps = 263.7ks

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

f'=1.00

Moment capacity provided...................... M = fEA, o of, - 80, A 2 - agu
. ' €
My prov = 74717 fikip

TEQUITED. ...eveeececeevececeeeeeee e Moment capacity = ﬁHOKH if My grov® My 6
e

Mome”tCapacity ="OK" "NG" otherwise 1]

where M, = 1043.8 ftkip

B6. Limitsfor Reinforcement [LRFD 5.7.3.3]
Maximum Reinfor cement

The maximum reinforcement requirements ensure the section has sufficient ductility and is not overreinforced.

Effective depth from extreme compression

:Ielij(r?; (';(r)cgi?(tern(?[ld of the tensile . Apsfpsty + Aghyds
........................................ = A
dg = 57.3in PS'pS =TSy

The < = 0.08 ratio should be less than 0.42 to satisfy maximum reinforcement requirements.

c
LRFDg 7331 = | "OK, maximum reinforcement requirements for positive moment are satisfied"  if d_ £ 0.42
e

"NG, section is over-reinforced, see LRFD equation C5.7.3.3.1-1" otherwise

LRFDg 7 3 3.1 = "OK, maximum reinforcement requirements for positive moment are satisfied"
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Minimum Reinfor cement

The minimum reinforcement requirements ensure the moment capacity provided is at least 1.2 times greater than
the cracking moment.

Modulus of Rupture..........ccccccvevverneneee. fpo=- 0.24x/fc_beam>k§
f=-0.6ks

Stress in bottom of beam from Service

S4BOtBeam = -0.31ksi

Additional amount of stress causing
Cracking......cccoevveveseeeeeeee e Ds = s4gotBeam - Ir

Ds = 0.3ks

Section modulus to bottom of beam.........

Sy = 17070.1 in3

Additional amount of moment causing
Cracking......cccoevveveseeeeeeee e DM := Ds>S,

DM = 434.3kipst

Service lll load case moments.................

M g3 = 3678.6 ftkip

Moment due to prestressing provided....... Mps = - (Fpe>eCg nc)
M 5 = - 1506.9 fikip
Cracking moment.............cc.ocuecueeveeeennnn. Mg = (|v| 3+ Mps) + DM

M = 2606 ftkip

Required flexural resistance............. Mr reqd = Min(1.2:M ¢, 13396M,)

cre
M reqq = 1388.3fbkip

Check that the capacity provided, M = 7471.7 fkip , exceeds minimum requirements, M d = 1388.3ftkip

r.prov r.req

LRFDg 7 3.3.2:= | "OK, minimum reinforcement for positive moment is satisfied"  if Mr.prov3 Mr.reqd

"NG, reinforcement for positive moment isless than minimum” otherwise

LRFDg 7 3 3 2 = "OK, minimum reinforcement for positive moment is satisfied"
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C. Interior Beam Debonding Requirements
C1l. Strand Pattern definition at Support

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

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 neé = 0 neé = 0
y5 = 11 n5 = 0 n5 = 0
y4 = 9 n4 = 7 n4 = 7
y3 = 7 n3= 11 n3= 11
y2 = B n2 = 11 n2 = 9
yl= 3 nl= 11 nl= 9
Strand Total
c.g.= 5.89 40 strands = 36

Area of prestressing Steel.........oo..ovevvenn.. Aps Support = (Strandsyor *StrandAres)

2
Aps.Support = 9210
C2. Stresses at support at release

Thelosses at rel@ase.......covveveeeeieeeeenne,

Total jacking force of strands.................. Foj = f 0 ps. Support

F., = 1115.4kip

P

The actual stressin strand after |losses at
transfer have occured..........cceevevevvevnenns fpe;: fpj - DprRelease

fpe = 182.3ks

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

Total force of strands..........ccccceveeveneee. Fpe:: fpe’Aps.Support
Foe = 1004kip
ah Foecg.nc O
Stress at top of beam at support............... S il e cg.nc_:
pjTopEnd -~ ¢ A
e 'nc St g

S pJTopEnd = -0.87ks
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& Foe®cg.nc O
Stress at bottom of beam at support... S = Pe, Pe cg.nc_:
pjBotEnd -~ C A
. o ne Sonc [}
S = 3.08ks e
pjBotEnd

TopRelease:= | "OK" if s yiTopEnq £ 0% Us piTopEnd ° ftop.outer1s where ftop.outer1s = - 0-76ks
"OK™ it S iTopEnd > OKS U S piropEnd £ i beam where fqj pegm = 5.2ks
"NG" otherwise
TopRelease = "NG" (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 s pJ BotEnd £ fClbeam where fClbeam =52ks

"NG" if s pjBotEnd £ 0Xksi
"NG" otherwise

BotRelease = "OK"

C3. Strand Patter n definition at Debond1

Define the number of strands and eccentricity of strands from bottom of beam at Debondl = 8ft

DEBOND1 Strand Pattern Data
Rows of 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 n8 = 0 0 n8 = 0
y7 = 15 n7 = 0 0 n7 = 0
y6= 13 ne6 = 0 0 ne6 = 0
y5= 11 n5 = 0 0 n5 = 0
y4 = 9 n4 = 7 7 n4 = 7
y3 = 7 n3= 11 11 n3= 11
y2 = 5 n2= 11 9 n2 = 11
yl= 3 nl= 11 9 nl= 9
Strand Total
cg.= 5.84 40 36 strands = 38
Areaof prestressing stedl..............coo....... Aps.Debond1 (StrandstOtd >StrandArea)

.2
Aps.Debond1 = 2-81n

CA4. Stresses at Debond1 at Release

Thelosses at rel@ase......ccouvveveeeeeveveeenne,
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Total jacking force of strands.................. Foj = fijpS_D ebond1

F, = 1177.3kip

P

The actual stressin strand after |osses at

transfer have occured.........cooeeveveeeennenns fpe:: fpj - DprRelease

foe = 182.3ks
Calculate the stress due to prestress at the top and bottom of beam at release:

Total force of strands..........ccceeveeeeuerennee. |:p o'= fp e’Aps.D ebond

Fpe = 1059.8kip

M & F.€ o)
Stress at top of beam at outer 15%......... ST = RelBeamD1 | C pe__PeTgnc:
pjTopl5 S A S
_ _ ks nc e™nc nc g
S p]TOp15 = -0.56ks
-M o F.o% o)
Stress at bottom of beam at outer 15%... S = RelBeamD1 Pl O 1.5 cg.nc_:
pjBotBeam Ca
_ ks Sonc e *nc Sonc g
S pjBotBeam = 2-99ks
S p]TOp15 = "OK" if s p]TOp15 £ OXsi U S p]TOp15 3 ftOp.OUteflS Where ftOp.OUteflS = -0.76ksi
"OK" TS piTop15 > 0%S U'S hiTop15 £ Tei beam where f; heam = 5.2ks
"NG" otherwise
S pjTop1s = OK”
BotRelease:= |"OK" if s pJ BotBeam £ fClbeam Where fClbeam =52ks
"NG" if s gotgeam £ 0%S

"NG" otherwise

BotRelease = "OK"
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C5. Strand Patter n definition at Debond2

Define the number of strands and eccentricity of strands from bottom of beam at Debond2 = 16ft

DEBOND?2 Strand Pattern Data
Rows of Numbe
strand from r of Number of
bottom of Input  strands strands per
beam (inches) per MIDSPAN SUPPORT DEBOND1 row DEBOND2 COMMENTS
y9= 19 ng = 0 0 0 n9 = 0
y8= 17 ng = 0 0 0 ng = 0
y7= 15 n7 = 0 0 0 n7 = 0
y6= 13 ne6 = 0 0 0 n6 = 0
y5= 11 n5 = 0 0 0 n5 = 0
y4 = 9 n4 = 7 7 7 n4 = 7
y3 = 7 n3 = 11 11 11 n3 = 11
y2 = 5 n2 11 9 11 n2 = 11
yl= 3 nl= 11 9 9 nl= 11
Strand Total
cg.= 5.70 40 36 38 strands = 40 All strands are active beyond this point
Area of prestressing Steel.........oo..ovevvenn.. Aps Debondz = (Strandsorg SirandArea)
2
Aps.Debond2 = 6-11n
C6. Stresses at Debond?2 at Release
Thelossesat release........cccveveeevenenee.
Total jacking force of strands.................. Foj = f 0 ps.Debond?2
ij = 1239.3kip
The actua stressin strand after losses at
transfer have occured..........cccovevveveneen. f

pe-= fpj - DprReIease
fpe = 1823ks

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

Total force of strands..........ccceeveeeeuerennee. Fpe:: fpe’Aps.Debondz

Fpe = 1115.6kip

M eam & F~€ fo)
Stress at top of beam at outer 15%......... S = RelBeamD?2 Tl i cg.nc_:
pjTopl5 A
_ ks Stne e’ nc Stnc ]
S p]TOp15 = -0.32ks
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Stress at bottom of beam at outer 15%...

-MRelBeamD2 .\ adpe . Foeeg.nc O
C =

S i =
BotBeam
_ . P Sonc éAnc Sonc 1]
S pJ BotBeam = 2.88ksi

S p]TOp15 = "OK" if s p]TOp15 £ OXsi U S p]TOp15 3 ftOp.OUteflS Where ftOp.OUteflS = -0.76ksi
"OK" TS piTop15> 0%S U S iop15 £ T beam where f; heam = 5.2ks
"NG" otherwise

S pjTop1s = "OK”

BotRelease:= |"OK" if s pJ BotBeam £ fClbeam Where fClbeam =52ks
"NG" if s pjBotBeam £ O%ksi
"NG" otherwise

BotRelease = "OK"
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D. Shear Design

D1. Deter mine Nominal Shear Resistance

The nomina shear resistance, Vn, shall be determined as the lesser of:

V= Ve + VgtV

V= 0.25f b od,

The shear resistance of a concrete member may
in the concrete, a component, Vs, that relies on

be separated into a component, Ve, that relies on tensile stresses
tensile stresses in the transverse reinforcement, and a

component, V D that isthe vertical component of the prestressing force.

Nominal shear resistance of concrete

Nominal shear resistance of shear
reinforcement SECtioN.........cceeevveeevernnnen.

Nominal shear resistance from prestressing
for straight strands (non-draped)

Effective shear depth..........cccocvvvenennee.
d,=454in or d, = 38ft

V¢ = 00316 x[fobyd,

AV>¢y>c\,>cot(q)
Vg= ——

S
Vp:: Oxip

a 0
= max@. - <,0.9x,0.720°
d\/ é S 2 S a

(Note: Thislocation isthe same location as previously estimated for ShearChk = 3.8t )

D2. b and g Parameters[LRFD 5.8.3.4.2]

Tables are give in LRFD to determine b from the longitudinal strain and fl parameter, so these values need to

be calculated.

Longitudina strain for sections with
prestressing and transverse reinforcement.

Effectivewidth...........ccocoviiinnnn.

Effective shear depth........................

c

MU
— + 05 poat(a) - Apgipg
eX =
2EgAg + Epfpg)
by = b,, whereb, =8in
d, = 3.8ft
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Factor indicating ability of diagonally
cracked concrete to transmit tension.. b

Angle of inclination for diagona
COMPressiVe SIresses..........anes q

(Note: Valuesof b = 2and g = 45deg cannot be
assumed since beam s prestressed.)

LRFD Table 5.8.3.4.2-1 presents values of g and b for sections with transverse reinforcement . LRFD

C5.8.3.4.2 states that data given by the table may be used over arange of values. Linear interpolation may be

used, but is not recommended for hand calculations.

v £, x 1,000
7
s <-0.20 <~0.10 <-0.05 <0 <0.125 | <0.25 <0.50 | <0.75 | <1.00 <1.50 | <2.00
<0.075 22.3 20.4 21.0 21.8 24.3 26.6 30.5 33.7 36.4 40.8 43.9
6.32 4.75 4.10 3.75 3.24 2.94 2.59 2.38 2.23 1.95 1.67
<0.100 18.1 20.4 214 22.5 24.9 271 30.8 34.0 36.7 40.8 43.1
3.79 3.38 3.24 3.14 2.91 2.75 2.50 2.32 2.18 1.93 1.69
<0.125 19.9 21.9 22.8 237 25.9 27.9 314 34.4 37.0 41.0 43.2
3.18 2.99 2.94 2.87 2.74 2.62 2.42 2.26 213 1.90 1.87
<0.150 216 233 24.2 25.0 26.9 28.8 3214 34.9 37.3 40.5 42.8
2.88 2.79 2.78 2.72 2.60 2.52 2.36 2.21 2.08 1.82 1.61
<0.178 23.2 24.7 255 26.2 28.0 29.7 327 35.2 36.8 39.7 42.2
2.73 2.66 2.65 2.60 2.52 2.44 2.28 2.14 1.96 1.71 1.54
<0.200 24.7 26.1 26.7 27.4 28.0 30.6 32.8 34.5 36.1 39.2 41.7
2.63 2.59 2.52 2.51 2.43 2.37 2.14 1.94 1.79 1.61 1.47
<0.225 26.1 27.3 27.9 28.5 30.0 30.8 32.3 34.0 35.7 38.8 41.4
2.53 2.45 2.42 2.40 2.34 214 1.86 1.73 1.64 1.51 1.39
<0.250 27.5 28.6 29.1 29.7 30.6 31.3 32.8 34.3 358 38.6 41.2
2.39 2.39 2.33 2.33 212 1.93 1.70 1.58 1.50 1.38 1.29

The longitudinal strainand fl 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]:

AR EY

_u P
b,

Factored shear force at the critical section

V|, = 29Lkip

Shear stress on the section..........oveeeeee. =
v = 0.89ksi

Parameter for locked in differencein strain
between prestressing tendon and concrete. f

fo = 189ks
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The prestressing strand force becomes
effective with the transfer length.............. Liyangfer := 60strand; 5

Liransfer = 2.5t

Since the transfer length, Liransfer = 251t is less than the shear check location, ShearChk = 3.8ft , from the
end of the beam, the full force of the strands are effective.

Factored moment on section.................... M= max(M nVy )
M, = 1100ftkip

For the longitudinal strain calculations, an
initial assumption for g must be made.......

g := 23.3xdeg
My
— + 05 poat(a) - Ang supportpo
Longitudinal strain...........ccceeevevevienenene ey = %1000)
2AEA L+ E A
e, =-131 >( sT's p ps.Support)

Since the strain value is negative, the strain needs to be recalculated as per LRFD equation 5.8.3.4.2-3:

My
— + 05 poat(a) - Apgipg
whereas 6 =
2EA + EgAg + EgAng)
Qree?n(;fn;tggrconcrete on the tension side of A= ﬂ: xﬂ (Note: The non-composite area of the beamis
........................................... e divided by its height, then multiplied by
) nc one-half of the composite section height).
A =460.2in
Recalculating the strain,
My
o 054 peot(a) - Ang supportpo
Longitudinal strain............c.cceveviveeicinne ey = 1000)
2>(Ec.beam”Ac tEASH Ep’Aps.Support)
e,=-0.10
v v
— PArAMELE ... = 0.137
fe fc.beam
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Based on LRFD Table 5.8.3.4.2-1, the values of g and b can be approximately taken as:

Angle of inclination of compression stresses

g = 23.3deg

Factor relating to longitudinal strain on the shear capacity of concrete

b:=279

Nominal shear resistance of concrete

Stirrups

Size of stirrup bar ("4" "5" "6")...

Area of shear reinforcement

Diameter of shear reinforcement

<
I

bar := "5"

_ .2
Av = 0.620in
dia= 0.625in

Nominal shear strength provided by shear reinforcement

+VS

Vp=Ve+Vy

WHEME....eii e
V|, = 323.3kip

ANG...eiiee e
V= 241.8kip

Spacing of stirrups

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

Smin = 57.7in

Transverse reinforcement required

Sreq = 16.2in

Minimum transverse reinforcement

s= 16.2in

¢ = 0.0316% X[ pearryksby 6,

Yy 6
p:= mi an_ ,0.254 - peam™®\9y + Vp—:

V.=
ev 4]
Vgi=Vp- V- Vp
AV>1‘y

Smin = :

0-0316’bvx“c.beam’k5'

L e Av>fy>dv>cot(q)Q

Sreq = 'fQVSE 0. Smipn—— =

e 4]

s:= min(smm,sreq)
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Maximum transverse reinforcement

gv - W H
= ifS < 01254, pgm, Min(0.85, 24%n), min(0.4xd, 12>m)
&"vibvd) i
Smax = 12in

Spacing of transverse reinforcement
cannot exceed the following spacing........ spacing = ”(Smax > s,s,smax)

spacing = 12.0in
D3. Longitudinal Reinfor cement

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.

Genera equation for force in longitudinal reinforcement

T M +— . 05N/ - V 6>cot(q)
= ¢, - UNgm Vp
dfp  gfv g
>cot ) 0
WHENE....ocvieiecececee e, = m|n€v y>dv _u_-
3 spacing fo
V. = 323.3kip € Vo
My
AN Ti=——+¢c— - 05¥- Vp >cot(q)
A §fy s
T = 698.7kip

At the shear check location

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

.2
Aps.Support =5.5in

Equivalent force provided by this stedl....... TpsShearChk = Aps.Supp ort’*p o

LRFDg g 3 5:= | "OKk, positive moment longitudinal reinforcement is adequate”  if TpsShearChk 3T
"NG, positive moment longitudinal reinforcement provided" otherwise

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

At the support location
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Genera equation for force in longitudinal reinforcement

My &y o] .
T= +— - 05%- Vp-:x:ot(q) where M, = 0xtkip
dXp éfv [}
X >cot(q) \% 0
WHEIE. ..ot Vgi= mineév y>dv , u-Support=
2 spacing f :
V¢ = 326.5kip e v. e
&/ u.Support 0
101 Ti= g - 05W- Vp_;>cot(q)
T = 431.3kip € v 9

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, = 3.8ft from the face of the support may be used. Note that the forceis

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 =5.5in

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........cccccoevvvieeccececene, Liyangfer = 30in

Distance from center line of bearing to

end of beam..........ccccceeiceiieece, J=6in (Note! - this dimension needs to be increased
since the edge of pad should be about 1-1/2"

Estimated length of bearing pad............... |_p o = 1240 fromthe edae of the beam. Override and use the

following: J:= 8.5%n)

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

Factor to account for effective force........ Eactor :=

Factor = 0.5
Equivaent force provided by this stedl...... TpsSupport = Aps SupportfpeFactor

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

psSupport :
"NG, positive moment longitudinal reinforcement provided" otherwise

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

Superstructure Design 2.05 Prestressed Beam Design - Part |l

114




adhered to in the plans).

Design for interface steel
Design for anchorage stedl
Design for camber

E. Summary

(Note: The location of the bearing pad had to be moved in order to satisfy thiscriteria. It will now provide 2-1/2"
from the edge of the pad to the end of the beam. The engineer needs to assure that thisis properly detailed and

Severa 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:

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

A‘4
!
e
-
: STRAND DEBONDING LEGEND
; N ® — fully bonded strands.
i g ® - strands debonded 8'-0"from end of beam.
|
g [®] - strands debonded 16'-0" from end of beam.
A\ - strands debonded _'—__"from end of beam.
@ - strands debonded _'~__"from end of beam.
vl vl
3| k3] -
ko) NOTE: On beams with skewed ends The debonded
— length shall be measured along the
3 10 sp.@ 2 3 debonded strand.
f |

TYPE(D 40 STRANDS

STRAND DESCRIPTION: Use 0.5"Diameter, Grade 270, Lo~lax 0.5" Strands stressed at 31.0 kips each. Area per strand equals 0.53 sq. in.

STRAND PATTERNS

[#] Defined Units
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SUPERSTRUCTURE DESIGN

Empirical Deck Design

References
[+] Reference:F\HDRDesignExamples\Ex1_PCBeam\203L Ls.mcd(R)

Description
This section provides the criteria for the empirical deck design. This section does not include the overhang
design.
Page Contents
117 A. Design Parameters
A1l. Concrete Deck Slabs - Empirical Design [SDG 4.2.4 A]
A2. Deck Slab Design [SDG 4.2.4]
A3. Skewed Decks
A4. Proposed Reinforcing Details
119 B. Empirical Deck Design Conditions [LRFD 9.7.2]

B1. Conditions
B2. Summary
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A. Design Parameters

Al. Concrete Deck Slabs - Empirical Design [SDG 4.2.4 A]

Reinforcement Requirements [SDG 4.2.4] supercede [LRFD 9.7.2.5]

A2. Deck Slab Design [SDG 4.2.4]

Top and bottom reinforcement for deck slab

"Use #5 bars @ 12 inch spacing in both directions"

Additional top reinforcement for overhang

"Use 2-#5 bars @ 4 inch spacing"

A3. Skewed Decks

The skew influences the amount of reinforcement
Skew = - 30deg
Transverse steel

"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

"Use #5 bars @ 6 inch spacing, BeamSpacing distance"

A4. Proposed Reinforcing Details

89—

6" i “-6"
-6l 20" MEDIAN BARRIER —| 6"
10-0* ) 2 LANES @ 120" = 240" 8- 80" 2 LANES @ 120" = 24'-0" ) o'-¢° “
SHOULDER SHOULDER SHOULDER SHOULDER

} } [ t

| ‘ ‘ O XTI
© e e e 0

TYPE IV PRESTRESSED CONCRETE BEAM (TYP.J

10 SPACES @ 8'-0" = 80'-0"

e/

TYPICAL SECTION
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DIRECTIGN OF STATIONING [~

*5 CONTINGOUS @ I'-0" (TOP & BOTTOM)

OVERHANG REINFORCEMENT

\
\ \
\
\\
45 (TOP & BOTTOM){TYP. BETWEEN \
CONTINUOUS LONGITUDINAL *5 AT L = 35'-0' OR 2/3 AVERAGE *5 [TOP) (STAGGERED
ENDS OF SLAB) SPAN LENGTH (SEE NOTE) ABOUT © PIER OR INT. BENT)
; (TYP. BETWEEN
L+57/2 1 L-57/s2 CONTINUQUS LONGITUDINAL
\ 5 OVER
\ PIER OR INT. BENT})
BAR LENGTH EQUAL \ | /
T0 BEAW SPACING
A\
w-5/2 |\ (L+57/2
\
\ v
) € BEAW (TYP) |
q - \
*5 @ 6" (TOPHTYP. AT ENDS OF SLAB) g \.\
3( a \
(IS \
1] \
\
I € PIER OR INT. BENT/\
\
\
\
W \ :
L
LIS
SEE DETAIL A ©|3
PLAN
NOTE:
SPANS WITH AN AVERAGE LENGTH OF 52'-6" OR MORE USE 35'-0".
SPANS WITH AN AVERAGE LENGTH OF LESS THAN 52'-6", USE 2/3
AVERAGE SPAN LENGTH.
3 SPA. @ 4" = I'-0"
S
sy
#5 (TOP)(TYP. AT OVERHANGS)
N\ | o BEAM SPACING
I
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B. Empirical Deck Design Conditions [LRFD 9.7.2]

[+

B1. Conditions

The empirica deck design may be used if the following conditions are satisfied. The conditionsare "TRUE" ,

"FALSE", or "NA".

Cross-frames or diaphragms are used at the

LT 0 g Conditiono = "TRUE"

This condition applies to cross-sections with

torsionally stiff units, such asindividual,

separated box beams, therefore not applicable

for prestressed beams...........cccceeveveiveecinnen, Conditionl = "NA"

The supporting components are made of steel

and/Or CONCIELE.......cceeereiereiee e Condition2 = "TRUE"

ILI;reegeck isfully cast-in-place and water Conditions -~ "TRUE"

The deck has a uniform depth, except for

haunches at beam flanges and other local L, "

£ CKENING. v seseesesee s ses e sseeees Conditan, = TURGE

Theratio of effective length to design depthis Slab

between 6.0 and 18.0........ccoocoerooerseen Ratio = (Soett.engtr)
Condition; = "TRUE" tSab

Ratio = 10.25

Core depth of the dab isnot lessthan 4.0in.... teore = 4.0in
Condition6 ="TRUE"

The effective dab length does not exceed 13.5

Pl oot soseseetosees sttt Slabest | ength = 68331t
Condition7 ="TRUE"

The minimum dab depth isnot lessthan 7.0 in, g

excluding a sacrificial wearing surface............ teah = SN
Condition8 ="TRUE"

(Note: #5 Internally answered)

(Note: #6 Internally answered)

(Note: #7 Internally answered)

(Note: #8 Internally answered)
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The dab overhang beyond the centerline of the
outside girder is at least 5.0 times the dab
depth. Thiscondition isalso satisfied if the
overhang is at least 3.0 times the slab depth and
astructurally continuous concrete barrier is
made composite with the overhang.................

Condition9 ="TRUE"

The specified 28-day compressive strength of
the deck concrete is not lessthan 4.0 ksi........

Cond|t|on10 ="TRUE

The deck is made composite with the

supporting structural components. For

concrete beams, stirrups extending into the - o "
deck is sufficient to satisfy this requirement.... Candiledy ; o= " IR

B2. Summary
[

If all the above conditions are satisfied, then the reinforcing in Section A2 is applicable. If al the conditions are

not satisfied, then the deck slab shall be designed by the traditional deck design. For deck overhangs, the
empirical deck design is not applicable, so the traditional deck design is used for all deck overhang designs.

Empirica peggnSummary =

"Yes, crossframes or diaphragms are used at supports”

Yes, for box girders, intermediate diaphragms or supplemental reinforcement are provided"

"Yes, steel girders or concrete beams are used"

"Yes, deck is CIP and/or water cured"

"Yes, deck has uniform depth, except for haunches"

"Yes, effective length to depth criteria is satisfied"

"Yes, core depth of slab is not less than 4 in"

"Yes, effective slab length does not exceed 13.5 ft"

"Yes, minimum slab depth is not less than 7 ft"

"Yes, overhang is at least 5 times the depth of slab”

"Yes, 28-day compressive strength of concrete is not less than 4 ksi"

"Yes, deck is composite with supporting structural members"

[#] Defined Units

(Note: #9 Internally answered)

fecgap = 4-9ks (Note: #10 Internally answer ed)
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SUPERSTRUCTURE DESIGN
Traditional Deck Design

References

[+] Reference:F:\\HDRDesignExamples\Ex1_PCBeam\206DeckEmp.mcd(R)

Description
This section provides the criteriafor 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 dab.

Static Analysis - Approximate M ethods of Analysis - Decks[LRFD 4.6.2.1]
Deck Slab Design Table [LRFD Appendix A4]
Table A4.1-1 in Appendix 4 may be used to determine the design live load moments.

STRENGTH | - Basicload 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 = 1.25DC + 1.50:DW + 1.754 L

SERVICE | - Load combination relating to the normal operational use of the bridge with a55 MPH
wind and al 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 = 1.0DC + 1.0>DW + 1.04.L

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 4.2.11]

Transverse stedl........coooovvvecneiieicnenns "Perpendicular to CL of span™”

Top reinforcement for deck dab along
SKEW. .t "Use 3 #5 bars @ 6 inch spacing”

Top and bottom longitudinal reinforcement
for deck dab at skew........cccccveveeenvnenee. "Use #5 bars @ 6 inch spacing, BeamSpacing distance”
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A. Input Variables

|Overhang | BeamSpacing
t.slab
Partlal Sectlon
Bridge design span length................. '—span = 90ft
Number of beams.........cccccevveenenene. Npeams = 11

Beam Spacing........ccceeeeeeveeeeecieeeienns

Average Buildup

Beam top flange width
Thickness of deck slab
Milling surface thickness
Deck overhang.........cccoeeveveveeceneenene,

Dynamic Load Allowance............c...........

Bridge skew.......ccccovvevvveie s

BeamSpacing = 8ft
S:= BeamSpacing
Ppuildup = 11N

b = 20in

tygp = 8in

tmin = 0in
Overhang = 4.542ft

IM =133

Skew = - 30deg
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B. Approximate Methods of Analysis - Decks [LRFD 4.6.2]
B1. Width of Equivalent Interior Strips

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.

Width of equivalent strip for positive SH
<= 26 + 6.6 %in
e

E
PO ftg

107010172 4 YRR Eneq = Hg + 3_ox§9>¢n
9" e ftg
Eneg = 72.0in

The equivalent strips can be modeled as continuous beams on rigid supports, since typical AASHTO beam
bridges do not have any transverse beams.

89'-1"
H'-6)" | 44'-65"
I'-6/" 2'-0" MEDIAN BARRIER ! r-6l"
/7 0'-0 2 LANES @ [2'-0" = 24'-0" &8-0" ‘\ 8'-0" 2 LANES @ 12'-0' = 24'-0" o'-o"
SHOULDER SHOULDER SHOULDER SHOULDER

' ' [ t

SLOPE: .02 FT/FT SLOPE: .02 FT/FT
0 @’ ol © @ | @
TYPE IV PRESTRESSED CONCRETE BEAM (TYPJ
w.fws
P.barrier F.medlan barrier w.slab P.barrier

lHHH\!HHHHH\HHH\HHHHHHH}H\HHHHH\Hi\HH\HH\H\HE\HHHH\HHHL\HHHHHHHEHHHHV\HHHEH\HH\HHH\WHHH\HHHHH\HHHHHH!HHH\l/

|4.5417 FT] !l Beams @ 8 FT_spaclng |4.5417 FT|

B2. Live Loadsfor Equivalent Strips

All HL-93 wheel loads shall be applied to the equivalent strip of deck width, since the spacing of supporting
componentsin the secondary direction (longitudina to beams) exceeds 1.5 times the spacing in the primary
direction (transverse to beams).
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HL-93 wheel [oad.......c.ccovvvveineriiiines

P:= 16kip
HL-93 whee! |oad for negative moment..... Preg = i>(1 + IM)
E
- neg
Preg = 6:2KIf
HL-93 whee! load for positive moment..... Poos = ——X1+ IM)
- pos
Poos = 57 KIf
HL-93 laneload............cccccvcriiiiniinne
Wgne = 0.64XIf
Thelaneload is applied over a 10 ft width Wi ane

for positive and negative moment............. Wiane.strip = 7
) 10

W| ane.stri p = 0.064 kIf

L ocation of Negative Live Load Design M oment

The negative live load design moment is

taken at a distance from the supports....... = mi né‘é g, 154 ng
e3

Loc e
negative o

LOCnegar[ive =6.7in

HL-93 Live Load Design Moments

Instead of performing a continuous beam analysis, Table A4.1-1 in Appendix 4 may be used to determine the
live load design moments. The following assumptions and limitations should be considered when using these
moments:

The moments are calculated by applying the equivaent strip method to concrete slabs supported on
paralel beams.

Multiple presence factors and dynamic load allowance are included.

The values are cal culated 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.

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.

The values represent the upper bound for moments in the interior regions of the dab.

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.
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A railing barrier width of 21.0 in. is used to determine the clear overhang width. Florida utilizes arailing
width of 18.5in. The difference in moments from the diifferent railing width is expected to be within
acceptable limits for practical design.

The moments do not apply to deck overhangs, which need to be designed according to the provisions
of LRFD A13.4.1.

NEGATIVE MOMENT “
S Positive
Moment
6 ‘0" 4.83 4.88 4.19 3.50 2.88 2.31 1.39 1.07
6 '-3" 4.91 5.10 4.39 3.68 3.02 2.42 1.45 1.13
8 'g" 5.00 5.31 4.57 3.84 3.15 2.53 1.50 1.20
6 ‘'-9" 5.10 5.50 4.74 3.99 3.27 2.64 1.58 1.28
7 -0 5.21 5.98 5.17 4.36 3.56 2.84 1.63 1.37
73 5.32 6.13 5.31 4.49 3.68 2.96 1.65 1.51
7 '8 5.44 6.26 5.43 4.61 3.78 3.15 1.88 1.72
7 9 5.56 6.38 5.54 4.71 3.88 3.30 2.21 1.94
8 '-o" 5.69 6.48 5.65 4.81 3.98 3.43 2.49 2.16
g '-3" 5.83 6.58 5.74 4.90 4.06 3.53 2.74 2.37
8 '-" 5.99 6.66 5.82 4.98 4.14 3.61 2.96 2.58
8 ‘o 6.14 6.74 5.90 5.06 4.22 3.67 3.15 2.79
9 o 6.29 6.81 5.97 5.13 4.28 3.71 3.31 3.00
9 '3 6.44 6.87 6.03 5.19 4.40 3.82 3.47 3.20
9 '-g" 6.59 7.16 6.31 5.46 4.66 4.04 3.68 3.39
9 '-g" 6.74 7.51 6.65 5.80 4.94 4.21 3.89 3.58
10 '-0" 6.89 7.85 6.99 6.13 5.26 4.41 4.09 3.77

For thisexample........cccccevveeeeveceeeene,

BeamSpacing = 8ft

LOCnegar[ive =6.7in
Positive Live Load Design Moment........... M| | pos:= 5-69ftkip
. . . A(3.98XtXkip - 4. ip)y
Negative Live Load Design Moment.......... ML neg = (6.7in - 6>¢n)¢ve( |.p 4 ?bﬂ)k'p). + 4.81ftxkip)
: s (9%n - 6%n) a

(Note: Interpolated value)
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B3. Dead L oad Design Moments

Design width of deck dab...........c.......... byap = 1ft

"DC" loads include the dead load of structural components and non-structural attachments

Self-weight of deck dab.................... Wy g = é(tslab + tmill)’bslat{’gconc
kip
Wgab = 0.100—
ft
Weight of traffic barriers................... Poarrier = WoarrierPgab

Weight of median barrier................... Pmedian.barrier := Wmedian barPab

Prmedian.barrier = 0-5kip

"DW" loads include the dead load of a future wearing surface and utilities

Weight of Future Wearing Surface..... Wiws = T fwsPeab

Weyys = 0.015KIf

AnalysisModel for Dead L oads

w.fws

P.barrler P.medlan barrler w.slab P.barrler

\l/HHH\‘HHHHHHHH‘H\HHHHHHUH\HHHHHH‘HHHHHHHH‘\HHHHHHHN}MHHHHHHH‘HHHHVHH\H‘\HHHHHHHUHHHHHH\H‘HHHHHHHH‘HHHll/

|4.547 FT| 11 Beams © 8 FT spacing |4.547 FT|
[ |

Any plane frame program can be utilized to devel op the moments induced by the dead loads. For this example,

Larsawas 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 ‘ ‘
+M +M +M
Negative and Fositive Moment Locations

Design Moments for DC Loads
Positive Negative Moment (k-ft)
Beam / Span | Moment (k-ft) Center Left Right
1 0.05 -2.73 -2.26 -2.34
2 0.52 0.03 0.04 0.18
3 0.21 -0.68 -0.43 -0.47
4 0.28 -0.50 -0.31 -0.30

The governing negative design moment for DC |oads 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..........ccccceevveereennee. Mpbc pos = 0.52Xipt

Negative moment............cccceeeerennen. Mpc.neg = 0-47kipft

Design Moments for DW Loads
Positive Negative Moment (k-ft)
Beam / Span | Moment (k-ft) Center Left Right
1 0.04 -0.07 -0.05 -0.04
2 0.04 -0.08 -0.05 -0.05
3 0.04 -0.08 -0.05 -0.05
4 0.04 -0.08 -0.05 -0.05

Positive moment

Negative moment

<
g
=
>
&
|

M DW.pOS = 004>k|p>ﬂ

= 0.05%ipt

The DW moments are approximately constant for the negative and positive design moments.
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B4. Limit State Moments
The service and strength limit states are used to design the section

Servicel Limit State

Positive Service | Moment............cc........ M gervicel pos =
M servicel.pos = -3 kipt
Negative Service | Moment...................... M gervicel neg =

M servicel.neg = S-1Kipt

Strength | Limit State

Positive Strength | Moment

Mgtrengthl.pos -

Negative Strength | Moment

Mgtrengthl.neg -

Mpc.pos ¥ Mpw.pos * MLL pos

Mpc.neg ¥ Mpw.neg * MLL neg

1.25M b pos * L5OMpy pos + 175M | pos
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C. Moment Design

A few recommendations on bar size and spacing are available to minimize problems during construction.

The same size and spacing of reinforcing should be utilized for both the negative and positive moment
regions.

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 criteriafor crack control, minimum reinforcement, maximum

reinforcement, shrinkage and temperature reinforcement, and distribution of reinforcement. The procedureis
the same for both positive and negative moment regions.

C1. Positive Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

Factored resistance
M, =M,

Nominal flexural resistance

ag ag ag a hfo
M= Apof of - =9+ Aot B - =9- Aok B - S+ 0858 b - by )b phet= - —=
N~ 2psTpSa P T TSRSt o TSV ST oy c>( w) 1’hfé2 2 5
Simplifying the nominal flexural resistance
" AN
Mn:ASx‘ )%S_ E9 where a:i
Yas 24 0.85f ob
. . T é & Asposty Ol
Using variables defined in this example..... M, = A ook Ede - 1 M_;L'
' SPOSTY 2SS 2 20.85% . gD
é e~ cdab™ g)
where My = Mgrengthl.pos
As
fy = 60ksi tgab -h " d
f =09 J
\ |
tgab = 8in | ° !
b:= bgab b=12in
Initial assumption for area of steel required
Sizeof bar.....ccoovvviveieeee, bar := "5"
Proposed bar spacing...........cc.......... Spacmgpos:: 8%n
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Bar area........cocoevieiiiieieeee e, Apar = 0,310”12
Bar diameter........c.cccceevvvvinieenenne. dia= 0.625in
_ Apgr it
Areaof steel provided per foot of dab...... Aspos = ————
, spacingpog
A pos = 0.47in
Distance from extreme compressive fiber to dia
centroid of reinforcing stedl..................... Og:= tygp - COVErgeck - >
dg=5.7in
Solve the quadratic equation for the area of é 1 @ Agposfy U
stedl required........cccoeveveeecce i Given M, =f ’Aspos’*y’@ds' = #—ZE
é 2 é0'85>¢c.slab>bgj

Asreqd = Find(ASpOS)

Reinforcing steel required........................ Asreqd = 0.44in°

The area of steel provided, Aspos = 0.47in2, should be greater than the area of steel required, A d= 0.44in2.

If not, decrease the spacing of the reinforcement. Once A

s.req

isgreater than A the proposed reinforcing is

S.pos s.reqd

adequate for the design moments.

C2. Negative Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

Variables: M = Mgtrengthl.neg he
f = 45ks
cdab L.Q
fy = 60ksi =h i 77
l9ah = L Cf
f =09
l b ‘{
tyap = 8in b= 12]
= n
b:= bslab

Initial assumption for area of steel required

Size of bar.....ccoeivenerieeeee bar = "5"

Proposed bar spacing..........ccceeeene. Spacingpeq = 109N
Bar area........cocoevieiiiieieeee e, Apar = 0.310in2
Bar diameter..........cccoevniiinncnne dia= 0.625in
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Apg it

Areaof steel provided per foot of dab...... Asneg ™ ————
Spacingpeq
Asneg = 0.37in’
Distance from extreme compressive fiber dia
to centroid of reinforcing stedl................. Og:= tygp - COVErgeck - >
dg=5.7in
Solvethe _quadratic equation for the area of é 1 8@ Agnegfy Ol
stedl required........cccoeveveeecce i Given M, =f ’Asneg’*‘y’@ds - o——2—
é 2 éo'85>¢c.slab>bgj

Asreqd = Find(Asneg)

Reinforcing steel required............cccoeuue.. Asreqd = 0.36in°

The area of steel provided, A = 0.37in2, should be greater than the area of steel required, A d= 0.36in2.

s.neg
If not, decrease the spacing of the reinforcement. Once A

s.req

isgreater than A the proposed reinforcing is

s.neg s.reqd

adequate for the design moments.

C3. Crack Control by Distribution Reinfor cement [LRFD 5.7.3.4]

Concreteis 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 actua stressin 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.

Stress in the mild steel reinforcement at the service limit state

z
foq = 1 £ 0.6>1‘y

(¢)”

Crack width parameter
aémoderate exposure® 1709
= ki
zZ= g "severe exposure” 130 x_p
= in
@ "buried structures® 100 g

The environmental classifications for Florida designs do not match the classifications to select the crack width
parameter. For this example, a "Sightly" or "Moderately" aggressive environment corresponds to

"moderate exposure” and an "Extremely" aggressive environment correspondsto "severe exposure”.
Envi ronmentSuper = "Slightly" aggressiveenvironment

kip
Z:= 170%—
in
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Positive M oment

Distance from extreme tension fiber to
center of closest bar (concrete cover need
not exceed 21iN.)...cccceeeeveeeeeeeeeceee

dg = 2.313in

Number of bars per design width of dab...
nbar =15
Effective tension area of concrete

surrounding the flexural tension
reinforcement.........occoveevenneneneneenene

A= 37.Oin2

Service limit state stress in reinforcement..

fo = 36.0Ks

X:= 1.6%n

Es

1
Given E>b>9<2 =

Xpa = Find(x)
Xpa = 1.6in
x=1.6in toequa x,,=1.6in

Tensile force in the reinforcing steel dueto
service limit state moment. ...........c..c......

Tg = 14.572kip

Actual stressin thereinforcing steel dueto
service limit state moment.............cccc......

fo actugl = 31-3ks

—A d -
S.POS’\ S
Ecgap " >{

. , dia('j
d.:= min - ds,2>m+ —_—
C éslab 2 o

b

Moy = —————
bar SPACINg 05

oz

Noar

fq = min%,o.@f
é =
o)’

(a2 C:?C/

The neutral axis of the section must be determined to determine the actual stressin the reinforcement. This
process isiterative, so an initial assumption of the neutral axis must be made.

X)

Compare the calculated neutral axis x,,, With theinitial assumption x. If the values are not equal, adjust

. Mservicel pos
Ts=—
@, e
S 3
Ts
fs.actual = A
S.pos
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The service limit state stress in the reinforcement should be greater than the actua stress due to the service limit
state moment.

LRFDg 7 33 45:= |"OK, crack control for +M issatisfied” if fg 5019 £ fsq
"NG, crack control for +M not satisfied, provide more reinforcement” otherwise

LRFD5_7_3_3_4a: "OK, crack control for +M is satisfied"

Negative M oment

Distance from extreme tension fiber to
center of closest bar (concrete cover need

. . , diag
RS 210 do = minfEy, - dg 24n + —2
e 2 9
d. = 2.313in
Number of bars per design width of Slab... .y == —
Spacingpeq
nbar =12
Effective tension area of concrete
surrounding the flexural tension (b) >(2’dc)
FeiNfOrCEMENt......ceeevveeee e A=z —
) Noar
A =46.3in
. L - - U
Service limit state stress in reinforcement.. foq:= mm% , 0.6>¢)L,
_ e = a
fsa = 35.8ksi g(dcﬁ) 3 I['J

The neutral axis of the section must be determined to determine the actual stressin the reinforcement. This
processisiterative, so an initial assumption of the neutral axis must be made.

X:= 1.5%n
E
. 1 2 S
Given —hx = —XA do- X
s.n S
2 Ec.slab eg>( )

Xpa = Find(x)

Xpa = 1.5in

Compare the calculated neutral axis x,,, With theinitial assumption x. If the values are not equal, adjust
x = 15in toequa x,,=15in

Tensleforce in the reinforcing steel dueto Moo
. servicel.neg
service limit state moment. ..........c.cc.ene.. Tg= ————
X
. na
T = 11.863kip ds- —
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Actual stressin the reinforcing steel due to T

service limit state moment...........coceeeee. S

f =
s.actua A

_ - s.neg
fo actual = 3L-9Ks

The service limit state stress in the reinforcement should be greater than the actua stress due to the service limit
state moment.

LRFD5 7 33 4= |"OK, crack control for -M issatisfied” if fg a9 £ fsa
"NG, crack control for -M not satisfied, provide more reinforcement” otherwise

LRFD5_7_3_3_4b = "OK, crack control for -M is satisfied"

C4. Limitsfor Reinforcement [LRFD 5.7.3.3]
M aximum Reinfor cement

The maximum reinforcement requirements ensure the section has sufficient ductility and is not overreinforced.
The greater reinforcement from the positive and negative moment sections is checked.

Areaof stedl provided............ccceovuneee. Ag:= maX(AspOS'Asneg)
.2
Ag=047in
4 = - 40000psig Q)
Stress block factor.........ccoeveveeeieiicnenae bq:= max(%.85 - 0.05C c.dab < ,0.65u
e e  1000psi g 0
b, =0.825
Distance from extreme compression fiber Af
to the neutral axis of section.................... c=— Y
0.85% X 1%
c=0.7in csab™1

Effective depth from extreme compression fiber to centroid of the tensile reinforcement.
+ Aghy g

P
Aps’*ps + AS>1‘y

| Agiped
dp =

Simplifying for this example.............. d.:=d
de =5.7in
Ratio for maximum reinforcement check

Cc
— =013

The < ratio should be less than 0.42 to satisfy maximum reinforcement requirements.
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c
LRFDg 7 331 = |"OK, maximum reinforcement requirements are satisfied” if — £ 0.42

"NG, section is over reinforced, so redesign!”

otherwise

LRFDg 7 3 3 1 = "OK, maximum reinforcement requirements are satisfied"

Minimum Reinfor cement

The minimum reinforcement requirements ensure the moment capacity provided is at least 1.2 times greater than

the cracking moment.
Modulus of Rupture...........cccccvevvvernennee.

f, = 509.1psi

Distance from the extreme tensile fiber to
the neutral axis of the composite section...

y =4.0in

Moment of inertiafor the section.............
lgab = 512.0in”

Section ModulUs...........cceevveeeeeeeiienienies
S=128.0 in3

Cracking moment..........ccceeveveeeeeiiennenns

M = S.4kipit
Minimum reinforcement required.............

_ .2
Amin =0.27in

Required area of steel for minimum
reinforcement should not be less than
LN < W OO

Maximum bar spacing for mimimum
reinforcement.........occoveevenneneneneenene

spacing o = 13.8in

Greater bar spacing from positive and
negative moment Section.............ccoceeuenee

spacing = 10in

fr = 0.24X’ fcgab*SI

lSiab
S=—
y
Mg = fS
1.2>4\/ICr
A o= f
min -~ ,
e 1@ Agly 4
D4R y—¢
e e % cdab™ g)

Asreq = Min(Agi33:96,Api)

b

%\S.req(.j
C -
& Abar g

spacing o =

spacing := max(spaci NGpos: spac ”gneg)
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The bar spacing should be less than the maximum bar spacing for minimum reinforcement
LRFDg 7 3.3.2:= | "OK, minimum reinforcement requirements are satisfied" if spacing £ spacingy,gx

"NG, section is under-reinforced, so redesign!™ otherwise

LRFDg 7 3 3 2 = "OK, minimum reinforcement requirements are satisfied"

C5. Shrinkage and Temperature Reinforcement [LRFD 5.10.8.2]

Shrinkage and temperature reinforcement provided

Sizeof bar ("4" "5" "6")........ barst ="5"
Bar Spacing.........cceeeeveveieseneiennns barspast ‘= 12%n
[
Bararea..........cooeeeevciiieeeiee e, Apar = O.31in2
Bar diameter..........cccceevvvvivieenenne. dia= 0.625in
Gross area of section....... 2 ...................... A 9= byabtgab
Ag =96.0in
Minimum area of shrinkage and temperature 0.115ksi XA
reinforcement.........ccoooeeevevece e, Agr = f—g
At = 0.18in° y
Maximum spacing for shrinkage and b ..
temperature reinforcement.............c......... spacinggr = minEE‘A CE SPS 18%n2
spacinggt = 18.0in g— j
& Poar 2

The bar spacing should be less than the maximum spacing for shrinkage and temperature reinforcement
LRFD5 7 10.8:= |"OK, minimum shrinkage and temperature requirements’ if spacing £ spacinggt

"NG, minimum shrinkage and temperature requirements’ otherwise

LRFD5 7 10.g = "OK, minimum shrinkage and temperature requirements’

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 (paralléel to traffic) for load distribution purposes.
Thisreinforcement is placed in the bottom of the deck slab as a percentage of the primary reinforcement.
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Distribution reinforcement provided

Sizeof bar ("4" "5" "6")........ bar gig = "9"

Bar Spacing.......ccoeeevenerenienenicnienns bar ga digt = 104N
[¥]

Bar area........cocoevieiiiieieeee e, Apar = 0.31in2

Bar diameter..........cccoeiniiinncnne dia= 0.625in

The effective span length (LRFD 9.7.2.3)
is the distance between the flange tips plus

the flange overhang............o..oooveeeveveenne. Slabet | ength = (BeamSpacing - by) - (by - by,)0.5

The area for secondary reinforcement
should not exceed 67% of the areafor

. . @ 220 )
primary reinforcement............cooevveeene. %A gteel = MiN %,67%
& [Siabett 1 ength B

%Ageq = 0.67 ¢ ——==90 <

e ft a

Required area for secondary

FEiNfOrCEMENt.......ceeev e AsDisR = Aspos’%Asteel

.2
ASDIStR =0.31lin

Maximum spacing for secondary

. b
FEiNfOrCEMENt.......ceeevveeee e MaxSpacingpgR = ——————
. o @ sDigtR O
MaxSpacingpigr = 11.9in c————=
& Abar g

The bar spacing should not exceed the maximum spacing for secondary reinforcement
LRFDg 7 32:= |"OK, distribution reinforcement requirements"  if barspa_dist £ MaxSpacingpigr

"NG, distribution reinforcement requirements’ otherwise

LRFDg 7 3.2 = "OK, distribution reinforcement requirements’
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C7. Summary of Reinforcement Provided and Comparison with Empirical Design
Transverse reinforcing

Bar size bar = "5"
Top spacing SpaCi NOneg = 10.0in
Bottom spacing  spaci Ngpos = 8.0 in

Shrinkage and temperature reinforcing

Bar size barg = "5"

Bottom spacing  bar 12.0in

spast ~
LRFD5 7 10.g = "OK, minimum shrinkage and temperature requirements’

Longitudina Distribution reinforcing

Bar size bardlst ="5"

Bottom spacing  bar 10.0in

spadist =
LRFDg 7 3.2 = "OK, distribution reinforcement requirements’

A comparison per square foot of deck slab shows that the traditional design method requires about 22% more
reinforcement than what is provided with the empirical design method. However, in order to improve
constructability, reinforcing at top and bottom of the slab are kept at the same spacing (reduces field errorsin
placement). Therefore, the actual increase in the reinforcing versus the empirical design is about 34% for this
design example.

Deck Slab Design Comparison

Empirical Design Traditional Design
Area Bar size & Area Bar size & Area
Bar size & Provided /ft] spacing Required /ft] spacing Provided / ft

spacing (in2) required (in2) provided (in2)

Main Tranverse Reinforcing -
Top (transverse)| #5 @12" 0.31 #5 @ 10" 0.37 #5 @ 8" 0.46
Bottom (transverse)| #5 @12" 0.31 #5 @ 8" 0.46 #5 @ 8" 0.46

Shrinkage and Temperature -
Top (longitudinal) | #5 @12" 0.31 #5 @12" 0.31 #5 @10" 0.37

Distribution Steel -
Bottom (longitidinal) | #5 @12" 0.31 #5 @10" 0.37 #5 @10" 0.37
Comparison

(reinforcing area per sf of slab) 1.24 1.51 1.66
Ratios (Percentage) 0% 22% 34%

[#] Defined Units
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SUPERSTRUCTURE DESIGN
Deck Overhang Design

Page

141
141
142
143

146

References

[+] Reference:F:\HDRDesignExamples\Ex1_PCBeam\207DeckTra.mcd(R)

Description

This section provides the overhang deck design.

Contents

LRFD Criteria

FDOT Criteria

A. Input Variables

B. Strength Limit State Design
B1. Width of Equivalent Strip
B2. Live Load Design Moment
B3. Dead L oad Design M oments
B4. Limit State M oments

C. Moment Design
C1. Negative Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]
C2. Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]
C3. Limitsfor Reinforcement [LRFD 5.7.3.3]
C4. shrinkage and Temperature Reinforcement [LRFD 5.10.8.2]
C5. Summary
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LRFD Criteria

Live Loads - Application of Design Vehicular Live Loads - Deck Overhang L oad [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 dab.

Static Analysis - Approximate M ethods of Analysis - Decks[LRFD 4.6.2.1]
Empirical Design - General - Application [LRFD 9.7.2.2]

The empirica deck design shall not be applied to overhangs.
Railings [LRFD Chapter 13]

Deck Overhang Design [LRFD A13.4]

FDOT Criteria
Deck Slab Design [SDG 4.2.4]

The deck overhang shall be designed using the traditiona design method. The deck overhangs are designed
for three limit state conditions:

Extreme event limit state - Transverse and longitudinal vehicular collision forces.
Extreme event limit state - Vertical collision forces

Strength limit state - Equivalent lineload, DL + LL

The extreme event limit states can be satisfied by providing a minimum area of reinforcement in the deck
overhang. The design method used for the deck dab influences the minimum reinforcement.

Deck dab designed by the empirica design method

A = 0.92in° per foot of overhang dab

s.Overhang.Empirical -

Deck dab designed by the traditional design method:

A a = 0.80>¢n2 per foot of overhang dab

s.Overhang. Tradition

In this example, the deck is designed using the empirical design method. (The traditional design method was
presented only for comparison purposes.)

AsTL4 = AsOverhang.Empirical

Aq T4 = 0.92in” per foot of overhang sab

Super structure 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..........cccceeeernnnnnnee by = 20in
Thickness of dab.......cccoevveveeeeiiieeriieees tyqp = 8in
Milling surface thickness.............ccceu.... tmif] = 0iN
Deck overhang..........ccccoeveeerieccnenincnnns Overhang = 4.5417 ft
Dynamic load alowance..............cccu...... IM = 1.33
Proposed reinforcement detail..................
3 SPA. @ 4" = /’*O”_. =
Interior Beam
o
i
#5 (TOP)(TYP. AT OVERHANGS)\ /72 BEAM SPACING
i |
\ / Exterior Beam

Edge of Overhang

DETAIL A
OVERHANG REINFORCEMENT
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B. Strength Limit State Design
B1. Width of Equivalent Strip
The overhang section is designed using equivalent strips of deck width. The strip is perpendicular to traffic

and accounts for the longitudinal distribution of LRFD wheel loads. To calculate the equivalent width, the
distance from the wheel load to the location of the negative live load moment must be determined.

P=16 kips
/,70 n //X//

/'=6Y5" fLOCnegaf/"ve

d

Overhang

Distance from center of exterior beam to

location of overhang design moment......... LOChegative = mi n"ﬁ‘Ei TR 15>¢n£j
_ es3 @
LOCnegar[ive =6.7in
Distance from wheel load to location of
overhang design moment............c.coc.e... X = Overhang - 1.5417t - 1t - LoCneyative
X = 1.4441t
Equivaent width of primary strip for % X &
OVErhaNg.......cccoveveeeeeie e E = 95,0 + 10.0%—=%n
overhang & ft g

B2. Live Load Design M oment

The live load design moment for the deck overhang is calculated using the LRFD HL-93 truck load and lane
load. A onefoot strip is utilized in the calculations.

HL-93 wheel load..........cccooveiniiinne P = 16kip
HL-93 wheel load for the overhang P
MOMENL ......orereceerereeeeeeeeeee e eeeeeen. Poverhang = = (IM)X1At)
overhang
Poverhang 4.3kip
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HL-93 laneload..........ccoovevveveeieiee e,

Lane load for the overhang moment.........

Wane.overhang = 0-064Klf

Moment arm for lane..........ccceeevveveeeennee.

Live load design moment for deck

B3. Dead L oad Design Moments

DC and DW dead loads are used for design. DC loads include the dead load of structural components and
non-structura attachments. DW loads include the dead load of afuture wearing surface and utilities.

Design width of deck overhang...............

DC Loads

Wi e = 0.64KIf
~ Wane
Wane.overhang = 75
XLL = X + DAt
X 2
Wlane.overhang™ LL

ML = Poverhang® *+ >

boverhang = 1ft

Moment induced by self-weight of deck overhang

Moment arm for overhang.................

X = 4.0ft

overhang

Self-weight of deck overhang............

_ kip
Woverhang = 0-100?

M overhang = 0-8tkip

Moment induced by barrier load
Moment arm for barrier ..o

X barrier = 3.5ft

M barrier = 1.5 ftkip

overhang = Overhang - LoCneqative

Woverhang -= étslab + tmiII)’boverhanq:’gconc

2
_ Woverhang®™ overhang
overhang -~ 2

1.5417t

Xparrier = Overhang - Locheggive - 3

Poarrier = WharrierPoverhang

Mparrier = Poarrier’™ barrier

Superstructure Design

2.08 Deck Overhang Design

144




Moment induced by DC loads.................. Mpc:= Moyerhang * Mbarrier

DW L oads

Moment induced by future wearing surface

Moment arm for future wearing

SUMACE....eereereeieie e Xfws = Overhang - LoCeqqpive - 1.54174t
Xs = 241t
Self-weight of future wearing surface. Wews = T fwsPoverhan g
kip
WfWS = 0.015?
2
Moment Mo o WiwsX fws
.......................... j............... fWS —2
Mg = 0.04ftkip
Moment induced by DW loads................. Mpw = Miws

B4. Limit State Moments
The service and strength limit state moments are used to design the section.
Servicel Limit State

Overhang Service | Moment.................... M earvicel = Mpc + Mpw + ML

M servicel = 8.7 Kipft

Strength | Limit State

Overhang Strength | Moment.................. Mgrengthl = 1.25Mpc + L50Mpyy + L75M |
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C. Moment Design

The design procedure consists of calculating the reinforcement required to satisfy the design moment, then
checking this reinforcement against criteriafor crack control, minimum reinforcement, maximum
reinforcement, and shrinkage and temperature reinforcement. The reinforcement must satisfy requirements for
the extreme event limit states and the strength limit state.

C1. Negative Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]
Reinforcement required for the extreme event limit states

AsTLa = 0.92in’ per foot of deck overhang

Reinforcement Required for Strength Limit State

Factored resistance
M, =M,

Nominal flexural resistance

. 8o L0 a0 g5 oAb - 2 Mo
petps iy - 520+ Aty s - 2 AS>¢y>§S 2_g+0.85>¢c>(b bw)mlmfgz -

Simplifying the nominal flexural resistance

A
M= Ao, .- =9
n=AslyRsT 5
Af
S
a:—y
0.854' b

As
Using variables defined in this example,

My = Mgrengthl
tgab =h

e 57—

fcslab = 45ks

= | o
fy 60ksi \ !
f =09 b= byah
tgab = 8in
b = 12in
Initial assumption for area of steel required

SiZeof Dar......occeeeeeeee e bar = "5"

Proposed bar spacing...........cc.......... spacing := 4%n
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Bar area........cocoevieiiiieieeee e, Apar = O.310ih2

Bar diameter........c.cccceevvvvinieenenne. dia= 0.625in
f steel provided per foot of siab Aoar
Areaof steel provided per foot of dab...... A =
s.overhang spacing
.2
Asoverhang =0.93in
Distance from extreme compressive fiber dia
to centroid of reinforcing stedl................. Og:= tygp - COVErgeck - >
dg=5.7in
Solve the quadratic equation for the area of é 1 @ soverhanafy Ol
stedl required........cccoeveveeecce i Given M, =f3A soverhang’*y’@ds | Do sovemnang y o

g =L
250854 g o
Asreqd = F nd(Asoverhang)

Reinforcing arearequired...........c.ccoc...... Asreqd = 0.59in°

The area of steel provided, Asoverhang = 0.93i n2, should be greater than the area of steel required for the strength

limit state, As.reqd = 0.59in2, AND the extreme event limit state, AgTia= 0.92in2. If not, decrease the spacing

of the reinforcement. Once Asoverhang is greater than the limit state requirements, the proposed reinforcing is
adequate for the design moments.

C2. Crack Control by Distribution Reinfor cement [LRFD 5.7.3.4]

Concreteis 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 actua stressin 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.

Stress in the mild steel reinforcement at the service limit state

fen = £ 0.6%

(¢)”

y

Crack width parameter

aémoderate exposure® 1709
= ki
zZ= g "severe exposure” 130_j><_—p

*in
@ "buried structures® 100 g

The environmental classifications for Florida designs do not match the classifications to select the crack width
parameter. For this example, a "Sightly" or "Moderately" aggressive environment corresponds to

"moderate exposure” and an "Extremely" aggressive environment correspondsto "severe exposure”.
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Envi ronmentSuper = "Sightly" aggressiveenvironment

kip
Z:= 170%—
in

Distance from extreme tension fiber to
center of closest bar (concrete cover need

. . , diag
NOt €XCEEH 2 1N.)veeeeeeeeeeer s do = miryep - dg, 2%n + —g
d. = 2.313in
Number of bars per design width of Slab.. .y = —2
spacing
nbar =3
Effective tension area of concrete
surrounding the flexural tension (b) >(2’dc)
FEINfOrCEMENt......ceeevveeeee e A=z —
) Noar
A = 18.5in
o N _ 6z 0
Service limit state stress in reinforcement.. foq:= m|n% , 0.6>¢)L,
_ e = a
fsa = 36.0ksi g(dcﬁ) 3 I['J

The neutral axis of the section must be determined to determine the actual stressin the reinforcement. This
process isiterative, so an initial assumption of the neutral axis must be made.

X:= 2.1%n

. 1 2
Given E>b>9< :—’Asoverhang{ds' x)

Xpa = Find(x)
Xpa = 2.1in

Compare the calculated neutral axis x,,, With theinitial assumption x. If the values are not equal, adjust
x=21in toequa x,,=21in

Tensleforce in the reinforcing steel dueto Moo
. servicel
service limit state moment. ..................... Tgi=
Xha
. d.- —
T = 20.984kip s
Actual stressin the reinforcing steel due to Te
service limit state moment....................... fs actual = A
s.overhang

fo actual = 22-6ks
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The service limit state stress in the reinforcement should be greater than the actua stress due to the service limit
state moment.

LRFD5_7_3_3_4 ;= | "OK, crack control for moment is satisfied" if fsactual £ fsa

"NG, increase the reinforcement provided" otherwise

LRFD5_7_3_3_4 = "OK, crack control for moment is satisfied"

C3. Limitsfor Reinforcement [LRFD 5.7.3.3]
M aximum Reinfor cement

The maximum reinforcement requirements ensure the section has sufficient ductility and is not overreinforced.

Areaof steel provided........ccccocovvviiennnnene A= A

S s.overhang
.2
Ag=0.93in

4 = - 40000psig Q)
Stress block factor.........cocoeevvrcvnnenes bq:= max(%.85 - 0.05C c.Sab < ,0.65u

e e 1000>psi g 0

b, =0.825
Distance from extreme compression fiber to Af
the neutral axis of section.............cccc....... c=— Y
0.85% b b
c=15in csab™1
Effective depth from extreme compression fiber to centroid of the tensile reinforcement
. Agfpety + Agh
=
Aps’*‘ps + As’*‘y
Simplifying for this example.............. dg = dg
de=5.7in
Ratio for maximum reinforcement check.
c
— =0.259
c . . . . .
The d_e ratio should be less than 0.42 to satisfy maximum reinforcement requirements.
c
LRFD = | "OK, maximum reinforcement requirements are satisfied” if — £ 0.42
57331 de

"NG, section isover reinforced, so redesign!” otherwise

LRFDg 7 3 3 1 = "OK, maximum reinforcement requirements are satisfied"
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Minimum Reinfor cement

The minimum reinforcement requirements ensure the moment capacity provided is at least 1.2 times greater than
the cracking moment.

Modulus of Rupture..........ccccccvevverneneee. fo:= 0. 24x[f cgap’ks
f, = 509.1psi
Distance from the extreme tensile fiber to tyab
the neutral axis of the composite section... yi= —
2
y =4.0in
Moment of inertiafor the section............. lgab = i*’*gabg
12
|§ab = 512.0”14
|
Section MOdulUS........ccoeeereereeriecenee. S:= _slab
y
.3
S=128.0in
Cracking moment..........ccceeveeeeeeevienienns Mg = 8
M = S.4kipit
12M
Minimum reinforcement required............. Amin = - f -
2 f, 6 12 Ay o
Apmin = 0.29in SIEPA =L
min Ya® 23085 g o1
Required area of steel for minimum
reinforcement should not be [ess than
AKLBBYOON Ay wevseessenesenssenssnnisneens Asreq = mi“(As’QSS’%v Amin)
Asreq = 0.29in’
Maximum bar spacing for mimimum b
FEiNfOrCEMENt........cucviiiccc e SPaCcing gy = ———
%\s.req('?
PACiNg oy = 13.0in éAbar _g

The bar spacing should be less than the maximum bar spacing for minimum reinforcement

LRFDg 7 3.3.2:= | "OK, minimum reinforcement requirements are satisfied" if spacing £ spacingy,gx

"NG, section is under-reinforced, so redesign!" otherwise

LRFDg 7 3 3 2 = "OK, minimum reinforcement requirements are satisfied"
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C4. Shrinkage and Temperature Reinforcement [LRFD 5.10.8.2]

Gross area of SECtioN........ocvveeeeveeiiieeenns A gi= bov erhang’{ qab
_ .2
Ag = 96.0in
Minimum area of shrinkage and temperature 0.11kS A
FEINfOrCEMENE......ccvee et Agt = 9
2 fy

Maximum spacing for shrinkage and

_ b ..
temperature reinforcement....................... spacingg = minEEA 3y ab,18>¢n9
spacinggt = 18.0in 9— j

& oar o

The bar spacing should be less than the maximum spacing for shrinkage and temperature reinforcement

LRFD5 7 10.8=
"NG, minimum shrinkage and temperature requirements’

LRFD5 7 10.g = "OK, minimum shrinkage and temperature requirements’

"OK, minimum shrinkage and temperature requirements’ if spacing £ spacinggt

otherwise

C5. Summary
3 SPA. @ 4" =10, L
Size of bar ||
bal’ ="g"
T n Interior Beam
F)ropOﬂj bar $ml ng #5 (TOPUTYP. AT OVERHANGS)N Vo BEAM SPACING
spacing = 4in [ |
\ / Exterlor Beam

DETAIL A
OVERHANG REINFORCEMENT

Edge of Overhang

LRFDg 7 3.3 4 = "OK, crack control for moment is satisfied"
LRFDg 7 3 3 1 = "OK, maximum reinforcement requirements are satisfied"
LRFDg 7 3 3.9 = "OK, minimum reinforcement requirements are satisfied"

LRFD5 7 10.g = "OK, minimum shrinkage and temperature requirements’

[#] Defined Units
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SUPERSTRUCTURE DESIGN

Creep and Shrinkage Parameters

References

[+] Reference:F:\HDRDesignExamples\Ex1_PCBeam\208DeckCant.mcd(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

153 A. Input Variables

Al. Time Dependent Variables

A2. Transformed Properties

A3. Compute Volumeto Surface arearatios
155 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

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

Age (days) of concrete deck when section
becomes composite.........cccccevevvecerienene. T, =120

Age (days) used to determine long term
[OSSES......oecteeeeeeee e T, = 10000

A2. Transformed Properties

Required thickness of deck dab............... tggph = 8in

Effective dab width for interior beam....... betf interior = 96.0in
Effective dab width for exterior beam...... bett exterior = 101.0in
Superstructure beam type..........cccceeveeeene BeamTypeTog = "IV"

A3. Volumeto 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
dab width for the interior beam.

Effective dab width........cccccevvvrvennes besf = besf interior

[
Volume of beam........ccoccceveernennenene. Volumepoqm = 55
Volume of decK........cccveeereeernenenenenns Volumegyeqi = 5.3 i
Volume of composite section................... Volume = 10.8f°
Surface area of beam.........c.cccceevernnnee. Surfaceyeqm = 122
Surface area of deck.........cccvevererinennes Surfaceyeck = 157t
Surface area of composite section........... Surface = 27.91¢

Superstructure Design 2.09 Creep and Shrinkage Parameters

153




The shrinkage coefficient uses the notional

thickness of the composite section........... ho.SH = Volume
: Surface
hOSH =47in
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 Volumepeam
LSS o (1o o USRS hoCR= ———
Surfaceyeam
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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.
Aggregate characteristics and proportions
Average humidity at the bridge site

WIC ratio

Shrinkage strain for moist-cured
concretes without shrinkage-prone

AQQIEYALES.......ovecvevrerereeeeereese e,

Shrinkage strain for steam-cured concretes
without shrinkage-prone aggregates.

Factor for relative humidity...................

ky, = 0.929

Factor for effects of the volume to

SUIfACE TAtiO.....eveeeeceeee e

Type of cure

Volume to surface arearatio of member

Duration of drying period

¢ s ]
eg = - kkpp e 005140 °
e3b0+tyg
¢ s ]
eg = - kkpp e 00.560 °
ebs0+tg
{140- H
ni= §me if H<80
{3100 - H
P30 H) i e g0
{70
et d)(g;064- 9hy
ST ¢ 036h. T @ 923 :
c2ve ot +© °
c ot =

Factor ke for Volume to Surface Ratio

14

t 12+

correction factor, ks

100
t
drying time (days)

1.10°

1-10
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Using variables defined in this example and assuming moist-cured concrete,

3

. . t 0) -
Shrinkage strain..........ccooeeeeeneeenenne. eqn(t) := k5t>kh>993 coTt 905140
e300 +tg

Shrinkage strain on composite section at
DLV PIE ./ R esn(T1) = 0.00032

Shrinkage strain on composite section at
Day To = 10000 ....crvvvvvvmrsiennnrsiisissaaas esh(TZ) = 0.00063

Shrinkage strain on composite section
from Day T, = 120 toDay

T, = 10000 egy = esh(TZ) - esh(Tl)

Note: Shrinkage and Creep [LRFD 5.4.2.3]

Assumptions for shrinkage 0.0002 after 28 days
0.0005 after one year

Based on these assumptions, at Day 120 the strain is 0.0002. At Day 10000, the shrinkage strain
should be 0.0005. The amount of shrinkage strain from Day 120 to Day 10000 is 0.0003. which
closely compares with the cal culated value of 0.00032. For this example, the shrinkage strains
calculated in this section are used for the remaining design.
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C. Creep Coefficient (LRFD 5.4.2.3.2)

Creep isinfluenced by the same factors as shrinkage and also by the following factors:
Magnitude and duration of stress
Maturity of concrete at loading

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 1.5 to 4.0 times theinitial elastic shortening,
depending primarily on concrete maturity at loading.

Creep Coefficient

10.0 + (t - ti)0'6
Factor for effect of concrete strength...... ks = L
&fc peam O
‘= 0.718 G i
f 0.67 + (:kS| ........ =
e 1]
- 0540, 0
Factor for effect of volume to surface - N 5880+ 177 oC
I‘atIO ...................................................... kC = R -
C 036h, "~ @ 2.587 7]
c2e =+
C t o
e 45+t g
[
Factor kc for Volume to Surface Ratio
14 | | |
kcl.Ot 12H —
ks L
g .............
5 Ke20
fg 0.8 I
5 k30
5 J— 06 __/ -
§ kC40t ____________________________________
04 =
Kes.0
........... 0ok . ]
0 | | | -
1 10 100 1-10 1-10

t
time under load (days)
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Using variables defined in this example,

Creep coefficient.........ccocvevveveennene.

Creep coefficient on non-composite
sectionfromDay T =1 toDay

Y o1 = 0.627

Creep coefficient on non-composite
sectionfromDay T =1 toDay

T = 20000 ccceeeerrrieeeeiernrrreenneneeees

Y oro = 1.681

Creep factor at Day Tq oovveereeneennn.

Creep factor at Day Ty .oovereeeennn.
C10000 = 2681

[#] Defined Units

Y (L) = 3.5>¢<Ct>kf»§.58 . %%{ti

Ye1=Y (Tl'TO)

Ye2=Y (Tszo)

Ci120=1+Yen1

C10000 =1+ Yer2

(t- ti)o.e

100 + (t- t;

)0.6
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SUPERSTRUCTURE DESIGN
Expansion Joint Design

References

[+] Reference:F:\HDRDesignExamples\Ex1 PCBeam\209CRSH.mcd(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. Design Summary
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LRFD Criteria

Uniform Temperature[3.12.2]
Superseded by SDG 2.7.2 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 2.7.2]
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

Overal bridge length..........cccoveveennene.

Lbrl dge = 180ft

Bridge design span length........................ Lpan = 90ft
Skew angle.........ccocvvciiiiii Skew = - 30deg
A2. Temperature Movement [SDG 6.3]
: Temperature
Structural Material
(Degrees Fahrenheit)
of Superstructure Mean High Low Range
Concrete Only 70 95 45 50
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............ceeeeeeennee.
Temperature high.........cccccoeevvvenneee.
Temperature low........cccccceeevevveeeneee.

Temperature rise.......cccceeveveeeneenenn.

Dt/ = 25°F

Temperaturefall........cccoevvevveeennen.

tha” = 25°F

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

A3. Expansion Joints[SDG 6.4]

trean = 70°F
thigh = 95°F
tiow = 45°F
Dt

rise = thigh = 'mean

Dttg] = tmean = tlow

.. -6l
a;=6" 10 "=
°F

Joint Type Maximum Joint Width *
Poured Rubber $Z3
Silicone Seal 2"
Strip Seal 3
Modular Joint Unlimited
Finger Joint Unlimited

*Joints in sidewalks must meet all requirements of Americans with

Disabilities Act.
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For new construction, use only the joint types listed in the preceding table. A typical joint for most prestressed
beam bridgesis the silicone seal.

Maximum joint width........................ Wipay = 20
Minimum joint widthat 70° F............ Wpip i= =%n
Proposed joint widthat 70° F............ W = 1%n

A4. Movement [SDG 6.4.2]
Temperature

The movement aong the beam due to temperature should be resolved aong the axis of the expansion joint or
skew.

Displacements normal to skew at top of bents
Temperature rise...........cocoveveuevneenns DzTempR = a Dt jge>cos( | Skew| )’Lspan

Temperature Fall.........cco.ovveevvennnene. Dz empr = @Dtz 7008 | Skew| )L gpan

Displacements parallel to skew at top of bents

Temperature rise..........cocvveevcerennee, DXTempR = a Dt jgesin(| Skewl| )x_span

Temperature Fall...........ccooocooevveennn. DxTempr = apDtg{sin([Skew| )t gpap)

For silicone seals, displacements parallél 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:

Creep and Shrinkage prior to day 120 (casting of deck) is neglected for the expansion joint design.

Creep [LRFD 5.4.2.3] isnot considered at thistime. After day 120, all beams are assumed to creep
towards their centers. The dab will offer some restraint to this movement of the beam. The beam and
dlab interaction, combined with forces not being applied to the center of gravity for the composite
section, islikely 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.

Superstructure Design 2.10 Expansion Joint Design

162




Shrinkage after day 120 is calculated using LRFD 5.4.2.3.

Creep Strain.......cceeeeeeveveceeceeece e ecr:= 0.

Shrinkage strain..........ccoceeveveienennenns egy = 0.00032

Strain due to creep and shrinkage............. €cs = €cR * €sH
ecg = 0.00032

The movement aong the beam due to creep and shrinkage should be resolved aong the axis of the expansion
joint or skew.

Displacements normal to skew at top
Of DENES..eeeeeeeeeeeeeee e, DZCS:: eCSx;os(lSkew| )){_Span

Displacements paralldl to skew at top of
DENES.cce e, DXCS:: eCS>g'n(|Skewl )){_Span

For silicone seals, displacements parallé to the skew are not significant in most joint designs. For this example,
these displacements are ignored.

Superstructure Design 2.10 Expansion Joint Design

163




B. Expansion Joint Design
For prestressed concrete structures, the movement is based on the greater of two cases:
Movement from the combination of temperature fall, creep, and shrinkage

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....... I:)ZTer’nperature.FaII = themperature.fall + chr%p.shri nkage

Using variables defined in this example..... Dest = Dzcs + Dzrempr
DCST = 0.44in

Joint width from opening caused by creep,

shrinkage, and temperature..............c....... WesTopen:= W + Dest

WCSTOpen = 1.44in

The joint width from opening should not exceed the maximum joint width.

CsT Jt_Open = "OK, joint width does not exceed maximum joint width" if WCSTopen £ Wnax
"NG, joint width exceeds maximum joint width" otherwise

CsT Jt_Open = "OK, joint width does not exceed maximum joint width"

B2. Movement from Temper ature (SDG 6.4.2)

Movement from factored effects of temperature rise

Dziise or fall = 1'15>themperature.rise.or.falI

Using variables defined in this example,
Joint width from opening caused by
factored temperature fall......................... Wropen = W + 1.15Dzgmpr

Wrgpen = 1.16in

Joint width from closing caused by
factored temperature rise..........cccoevveneeee Wrgose = W - 1.15D21empRr

W glose = 0.84in
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The joint width from opening should not exceed the maximum joint width.

Temperature\]t_open = |"OK, joint width does not exceed maximum joint width" if WTopen £ Wnax

"NG, joint width exceeds maximum joint width" otherwise

Temperature j Open = "OK, joint width does not exceed maximum joint width"

The joint width from closing should not be less than the minimum joint width.

TemperatureJt_C|ose:: "OK, joint width is not less than minimum joint width" if W05 ® Wimin

"NG, joint width exceeds minimum joint width" otherwise

Temperaturej cjgge = "OK, joint width is not less than minimum joint width"

B3. Temperature Adjustment for Field Placement of Joint

For field temperatures other than 700 F, a
temperature adjustment is provided. The

adjustment is used during construction to DZTempR
obtain the desired joint width................... Tagi = —_empR
in Dlyise
Tadj = 0.0056°—F

B4. Bearing Design M ovement/Strain

For the bearing pad design, the following

strain due to temperature, creep and
shrinkage will be utilized...............cc..... ecsT = (ecR* e + apDital)

ecsr = 0.00047

165
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C. Design Summary

Joint width at 700.........ccocvevevvcieeereienn, W = 1in

Joint width from opening caused by creep,
shrinkage, and temperature...................... WcsTopen = 1.44in

CsT Jt_Open = "OK, joint width does not exceed maximum joint width"

Joint width from opening caused by

factored temperature............cccceeereencnnes = 1.16in

V\/Topen
Temperature j Open = "OK, joint width does not exceed maximum joint width"

Joint width from closing caused by
factored temperature...........cccocvevveeeneee. W1 glose = 0-84in

Temperaturej cjgge = "OK, joint width is not less than minimum joint width"

Adjustment for field temperatures other

in
than 700.......cviecr s Tad = 0-0056°—F
Bearing pad design movement/strain........ ecsT = 0.00047
ULTRA-LOW-MODULUS "
SILICONE SEALANT @ 7OF
TOP OF APPROACH SLAB TOF OF DECK SLAB
N\ /
Y <
2
X 2
= =
N N
" BACKER ROD WITH
BOND BREAKER SURFACE
EXPANSION JOINT DETAIL

[#] Defined Units

= 2in

= 2in
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SUPERSTRUCTURE DESIGN

Composite Neoprene Bearing Pad Design

Reference

[+] Reference:F:\HDRDesignExamples\Ex1_PCBeam\210ExpJt.mcd(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 thisfile.

For the design of bearing pads for any other beam type (exterior beam) and location (at pier), designissimilar

to methodology shown in thisfile.

Page Contents
168 LRFD Criteria
168 FDOT Criteria
169 A. Input Variables
Al. Bridge Geometry
A2. Bearing Desigh Movement/Strain
A3. Bearing Design Loads
171 B. Composite Bearing Pad Design Dimensions
172 C. Composite Bearing Pad Design [LRFD 14.7.5]
Cl. General [LRFD 14.7.5.1]

c2.
Cs.
CA4.
C5.
C6.
C7.

Material Properties [LRFD 14.7.5.2]

Compressive Stress [LRFD 14.7.5.3.2]

Compressive Deflections [LRFD 14.7.5.3.3]

Shear Deformations [LRFD 14.7.5.3.4]

Combined Compression and Rotations [LRFD 14.7.5.3.5]
Stability of Elastomeric Bearings [LRFD 14.7.5.3.6]

C.8 Reinforcement [LRFD 14.7.5.3.7]

C.9 Anchorage and Anchor Bolts [LRFD 14.8.3]

C.10 Horizontal Force and Movement [LRFD 14.6.3.1]
183 D. DESIGN SUMMARY

D1.
D2.

Bearing Pad Properties
LRFD Checks (METHOD B)
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LRFD Criteria

Uniform Temperature [LRFD 3.12.2]
Superseded by SDG 2.7.2 and SDG 6.3.

Movement and Loads - General [LRFD 14.4.1]
Specifies that "the influence of impact need not be included” in the design of bearings.

Movement and L oads - Design Requirements[LRFD 14.4.2]
Specifies 0.005 RAD as an allowance for uncertainties.

Steel-Reinfor ced Elastomeric Bearings - Method B [LRFD 14.7.5]

FDOT Criteria

Seismic Provisions - General [SDG 2.3.1]

Simple span concrete beam bridges are exempt from seismic design. Design for minimum seismic
support length only.

Uniform Temperature - Jointsand Bearings [SDG 2.7.2]
Delete LRFD [3.12.2] and substitute in lieu thereof SDG Chapter 6.

Vessel Collision - Design Methodology - Damage Per mitted [SDG 2.11.4]
Ship impact on bearingsis not considered in this example.

Temper ature Movement [SDG 6.3]

Bearings[SDG 6.5]
Specifies design of Composite neoprene bearing pads in accordance with LRFD Method B.
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A. Input Variables

Al. Bridge Geometry

|
g
2

X (Global)

Z {Global} Z {Glabal)

) / //’ ©wilongltudinal... \ - ©eelongltudinal .,
— * ey, xé,m
Coordinate System (except footings)
Bridge design span length........................ Lpan = 90ft
Skew angle.........ccocvvciiiiii Skew = - 30deg
A2. Bearing Design Movement/Strain
For the bearing pad design, the following
strain due to temperature, creep and
shrinkage will be utilized.......................... ecst = 0.00047

A3. Bearing Pad Design L oads

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 loads........cccoeeveveeeeeeeeieee e Rpc = Vpc Beamint(Support) Note: Input optio(nssl.J ..... o ¢
Rpc = 85.4kip geV DC.Beamint(SUPPOTD) §
¢V DC BeamExt(Support) +
DW €80 1080 Row = V DW Beam i SUPPOT) gvDW_Beammt(Support) -
Ry = 5.3k N
DW 'P gV DW.BeamExt(Support)
Live Load ROtatioN ..........cceevveeerecereene L = ALLnt g diLnt :
qp L = 0.00174 rad ¢ dLL Ext -
¢ RiL.int '
Live Load ReaCtioN.........cccucvveeeereceenen. RLL = R int g -
@ LL.Ext
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Servicel Limit State Design L oads.

Servicel = 1.0>DC + 1.0>DW + 1.04.L

Total Bearing Design Load............cccc....... RergTota = LORpc + LORpyy + LOR |

Live Load Bearing Design Load................ RprgLL = LOR |

Live Load Design Rotation.......................
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B. Composite Bearing Pad Design Dimensions

Bearing pad size and dimensions
The dimensions of the bearing pad can be selected using FDOT Construction Specifications, Section 932 -

Non-Metallic Accessory Materials for Concrete Pavement and Concrete Structures. Section 932-2.2.3 states that

composite neoprene pads shall consist of alternate laminations of neoprene and hot-rolled steel sheets molded
together as one unit. The pads should meet the following requirements:

Outer metal laminations shall be
3/160INCN v, h

Inner laminations shall be
14-gauge (2.0 mm).........ccecvneeee. h

2mm  Oor  hy =0.0787in

Outer neoprene laminations shall
be/4inch.......cccveiniiiiicee. h

0.25in
Inner neoprene laminations shall be of equal thicknesses

Edges of steel laminates should be covered with minimum or 1/4 inch of elastomer

re

STEEL PLATE hse
%STEEL PLATE hsf /7
<

1

A in| -
/] !
‘ 3 \
< ‘ / == s COMPOSITE PAD
\Xb g4 —
7 \; 2 BERR SKEWED BRIDGE
e STEEL PLATE f <& n, EQUAL SPACES BART PLAN
- * OF b
W rl
pad

pad

TYPICAL SECTION

BEARING PAD DETAILS

pad

PRESTRESSED BEAM

€ BEARING & € PAD

Length of bearing pad.........c.cccovevvrnnnee. Load = 12%n
PLAN
Width of bearing pad.........ccccoovveiennnnen. Wopad = 17%n
Height of bearing pad..........c.cccovvveeneee. hpad ‘= 2.5%n
Number of external elastomer layers......... Nai= 2
Number of interna elastomer layers......... n =3
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C. Composite Bearing Pad Design [LRFD 14.7.5]

C1. General [LRFD 14.7.5.1]

_ Mpadt- ne{hre * heg) - (1 - 1)hg

Thickness of an internal elastomer layer.... hyi :

n
hyj = 0.489in

The top and bottom cover layers shall be
no thicker than 70 percent of theinterna
[QYENS....oceeeeeeece e hee £ 0.75h;;

hye = 0.25in

LRFD14 7551 = |"OK, Thicknessof the external layers’ if heg £ 0.7y where 0.7 = 0.34in

"NG, The externa layer istoo thick" otherwise

LRFD 44 751 = "OK, Thickness of the external layers'

Total elastomer thickness............ccocu..... het = Netye + M4y
hyt = 1.968in

Areaof bearing pad.........ccccooveeninnnne. Apad = Lpad®WVpad
Apad = 204in°

LAV,
Shape factor.........ccccoeveevenne e S:= >h )(pad pad )
2%h.: AL + W,

S=72 ri '\ ~pad pad,

C2. Material Properties [LRFD 14.7.5.2]

LRFD specifies the shear modulus of the elastomer based on the durometer hardness. For Method B design,
only Grades 50 and 60 hardness are applicable.

Elastomer durometer hardness................. Grade = 60

Corresponding lower limit for shear

MOAUIUS......ooeeeeieeeeieeeeee e G 95ps if Grade = 50

130psi if Grade = 60

min -~

Gy = 0.130ksi

min

Corresponding upper limit for shear

MOAUIUS. ..ot G =

max 130psi if Grade = 50

200psi if Grade = 60

G = 0.200ksi

max
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Creep deflection factor.......ccveeeenneee. f o=

o= |025 if Grade= 50

0.35 if Grade = 60

fo =035

C3. Compressive Stress[LRFD 14.7.5.3.2]

Each elastomeric bearing layer shall satisfy the criteriafor the average compressive stress at the service limit
state. The criteria depends on whether or not the bearing is considered free or fixed against shear deformation.
Asaguiddine, if the bridge superstructure has restraints against movements, such as shear blocks, dowels,
fixity, etc., then the bearings are considered fixed against shear deformations. If no restraints are present, then
the bearings are free to deform due to shear.

Actual service compressive stress due to ReraTotal
the total 1080........cccceversererrrrne S et = —2
085k Apad
S s actual = 0-85ksi
Actual service compressive stress due to RBral L
V108 ....occocvorcorerree S| actud = —2—
_ ks Apad
S| actual = 0-40ks
Super structure Freefor Shear
Allowable service compressive stress due to
the total 10a0..........orverrrereeieeirreieneenee, Sgi= min(1_66>Gmin>S, 1_6>ksi)
Sg= 1.55ks
Allowable service compressive stress due
toliveload........ccoovvvvvivinceeececee, s| = 0.66GyiS

S| = 0.62ks

LRFD dlows the shear modulus value to be utilized as the one causing the worst effect. Therefore, the
lower limit value will be used for this criteria. Re-writing and solving for the governing values:

The actual compressive stresses should be less than the allowable compressive stresses.

LRFD14_7_5_3_2_1 = |"OK, actual compressive stress for total load (free for shear)" if s¢a4q £ S

"NG, actual compressive stress for total load (free for shear)" otherwise

LRFD14_7_5_3_2_1 = "OK, actual compressive stress for total load (free for shear)"

LRFD14_7_5_3_2_2 = |"OK, Compressive stress for live load only (free for shear)" if s| oiyq £ S

"NG, Compressive stress for live load only (free for shear)" otherwise

LRFD14_7_5_3_2_2 = "OK, Compressive stress for live load only (free for shear)"
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Super structure Fixed for Shear
Allowable service compressive stress due
tothetotal load........ccccceeeiiiircueennee, Sgi= min(Z-O’Gmin’Sv 1_75*5;)

S¢= 1.75ks

Allowable service compressive stress due
toliveload........ccoovvevvveinceeecece, s| = 1.00Gy,iS

s = 0.93ks

The actual compressive stresses should be less than the allowable compressive stresses.

LRFD14_7_5_3_2_3 = |"OK, Compressive stress for total load (fixed for shear)" if S¢aq £ S

"NG, Compressive stress for total load (fixed for shear)" otherwise

LRFD14_7_5_3_2_3 = "OK, Compressive stress for total load (fixed for shear)"

LRFD14_7_5_3_2_4 = |"OK, Compressive stress for live load only (fixed for shear)" if s| 545 £ S|

"NG, Compressive stress for live load only (fixed for shear)" otherwise

LRFD14_7_5_3_2_4 = "OK, Compressive stress for live load only (fixed for shear)"

C4. Compressive Deflections[LRFD 14.7.5.3.3]

An overly flexible bearing can introduce a step at the deck joint on the riding surface. As traffic passes over
this step, additional impact loading is applied to the bridge. The step can also damage the deck joints and sedls.
LRFD suggests limiting the relative deflections across ajoint due to instantaneous |oads.

max == 0.125%n

Limiting the relative deflections................ d
The instantaneous deflections are calculated using the compressive strain. This compressive strain represents the
amount of deflection that the thickest layer of the neoprene bearing will undergo due to the instantaneous loads.
LRFD provides compressive strain charts based on the durometer hardness of the bearing pad:
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1600 1600

Shape lacier 12 o/s Srape tactor
:é. [ B0 durometer < = 50 duromater
120C [ reinforced a 1200 reintorced
p bearings bearings
& 1000 « 1000
- 4 bl
v 8001 " s00
- 4
T &DQF J *  &00
a : .
E 400} g 400
© o
200 | ' O a0
o s L i L i A ° i i 3
0 1 2 e a 5 & 7 Q ] 2 3 4 § ] 7
Compressive ztrain {%) Compressive strai;t ("%}
Required information to select compressive strain from chart:
Bearing durometer............ccoovvvenenee. Grade = 60
Actual compressive stress dueto live
[08d.......cciceeeeece e S| actug = 0-402ksi
Shape factor........cccvveveveiieieceenn, S=72
Compressive strain from chart................. g = 0.02
I nstantaneous compressive deflection due
toliveload...........cocovveeiniicicce, d = Sephy;
Substituting and re-writing................ dj = ne>(ei ’hre) + ni>(ei ’hri)
d|| = 0.039in

LRFD suggests adding the effects of creep on the elastomer for the instantaneous deflections.

Long-term deflection due to instantaneous
0o dg = di|>(1+fcr)

d = 0.053in

The long-term deflection due to instantaneous loads should not exceed the maximum deflection.

LRFD14 755.3.3:= |"OK, long-term compressive deflection less than maximum deflection” if d. <dq4¢

"NG, long-term compressive deflection exceeds maximum deflection”  otherwise

LRFD 4 7.5.3.3 = "OK, long-term compressive deflection less than maximum deflection”
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C5. Shear Deformations[LRFD 14.7.5.3.4]

Concrete shrinkage, thermal movements, and beam shortening cause shear deformations in the bearing pads.

For atwo-span bridge with equa span lengths and constant pier heights, the assumed center of movement is the
center support (Pier 2). From this assumption, the shear deformations at Pier 2 are negligible, so all movement
occurs at the end bents.

Shear deformations along the beam line for
creep, shrinkage, and temperature............ Ds:= ecsrLspan

Dg = 0.506in

The bearing pad is pardl€l to the skew, so the movement along the beam needs to be resolved aong the axis of
the pads.

Longitudinal shear deformation.......... D, := Dgcos(| Skew|)
Dg, = 0.439in
Transverse shear deformation........... Dgy := Dsin( | Skew] )
Dg, = 0.253in
Required total elastomer thickness............ hrt req = 2Dg
treq = 1.013in

The total elastomer thickness should be greater than the required total elastomer thickness.
LRFD147534:= |"OK, Elastomer thickness for shear deformation”  if hrt 3 hrt.req
"NG, Elastomer thickness for shear deformation” otherwise

LRFD14_7_5_3_4 = "OK, Elastomer thickness for shear deformation”

C6. Combined Compression and Rotations [LRFD 14.7.5.3.5]
Bearing Pad Rotations

Previous FDOT procedures provided standard pad sizes to use with various beam types. The introduction of
Method B equations established a more stringent design for the bearing pads, particularly between the
interaction of rotation and compression. The FDOT standard pad sizes no longer satisfy the Method B criteria.
Specificaly, the new criteriawas causing the bearing pads to be taller to satisfy rotational requirements, which
introduced problems with the interaction of combined compression and rotation (uplift criteria).
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Theresult is that amore "detailed" calculation for displacements and rotations are now required. For example:

Grade Rotation

Total Rotation Live Load Rotation
—
Cotal = (-0.03231) + (0.01394 + 0.01062 + 0.00069 + 0.00066 + 0.00067) + (0.00192) +/- (0.00763) = 0.003819 (+ Grade Rotation)
\ ANG ] or = -0.011437 (- Grade Rotation)
" Plus 0.005 rad (AASHTO LRFD 14.4.2) =  0.005 rad
Rotation Due to Prestress Dead Load Rotation Maximum Rotation = 0.016437 rad

The LRFD criteriafor uplift is predominantly concerned with pads bonded to the substructure and girder.
Since FDOT does not require bonding, the uplift criteriaof LRFD 14.7.5.3.5-1 need not be satisfied.
Depending on the size of pads required by the Method B equations, the calculations for rotation can either be
simplified or detailed.

Bearing pad rotations typically consist of the following:

Prestress rotation

Dead load rotations (beam, slab, barrier, FWS, SIP forms)

Grade rotations (no grade adjustments utilized, eg. plates, beam notches, etc.)

Construction tolerances on pedestals and piers (usually included in the construction tolerances factor
If the bearing pad dimensions required by the Method B equations are considered reasonable (using
engineering judgement and/or experience), then the rotations due to prestress, dead load, and grade are
ignored. This reasoning assumes the rotations are negligible or the combined effects are beneficial, which is

also ignored. If the designer does not fedl the bearing pad dimensions are reasonabl e, these rotations need to
be calcul ated.
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Rotation due to prestress, dead load, and
Orade......ccoooviviieeeseee e dpc = 0.0>rad (Note: For this design example, these rotations
are not calcul ated)

Rotation due to construction tolerances
and uncertainties [LRFD 14.4.2].............. dto| := 0.005rad

Rotations dueto live loads.......................

Total rotations along the beam................. ds'= dpc + dLL + gl
qg = 0.0067rad

Bearing pads are paralld to the skew, so rotation aong the beam needs to be resolved along the axis of the pads.

Longitudinal rotation......................... Qg == agcos| | Skew] )
qgx = 0.0058rad

Transverse rotation..............c...o....... g = agsin(| Skew|)
qg = 0.0034 rad

Uplift, Compression and Rotation Requirement

The bearing pad design requires a balance between the stiffness required to support large compressive loads and
the flexibility needed to accommodate trand ation and rotation. LRFD requirements for allowable stresses and
stability provide the balance between stiffness and flexibility. LRFD states that "Bearings shall be designed so
that uplift does not occur under any combination of loads and corresponding location." However, bearings
normally used in FDOT projects are unbonded, so uplift can occur. LRFD also presents concerns for strain
reversal in the elastomer, which is not applicable for unbonded bearings.

Actual compressive stress at service limit ReraTotal
state dueto the total load......................... Ssactua = _brgfod
A
S s actug = 0-846ks pad
Rectangular bearings must satisfy uplift 8150 2
requirementsin LRFD 14.7.5.3.5-1. ........ Sg> 1.0>G>S>(j——1>€1“£9
en gahyigy
n may be increased by one-half for each
exterior layer of elastomer with a thickness
more than one-half the thickness of an
Q1= (o QL F=\Y/= SO n:= if(hre> 0.5%y;,n + o_5>ne,ni)

Using variables defined in this example and resolving into axis of bearing pad,

Minimum compressive stress for uplift in =
Jongitudin diredion P 106 e sx 0 pad
gituainal adirection..........coeeeveeenineennnn, S g7 = L.0°G508¢ gﬁ T
S = 2.53ks ene
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Minimum compressive stress for uplift in
transverse direction...........ccccveeeeeereennnee. = 105Gy 58—

engg h
_ - en g
59(‘0-73k5'

520 %—pado

The actual compressive stress should be greater than the minimum compressive stress.

LRFD147535 1:= |"OK, nouplift for bonded pad" if S gaq > S USqactua > S sx

"N/A, FDOT unbonded pad: separation, but no tension on elastomer” otherwise

LRFD 147535 17 "N/A, FDOT unbonded pad: separation, but no tension on el astomer”

Rectangular bearings free for shear

deformation must also satisfy L RFD Q a8l 0 H
1475352 oo 5 < 1875651 - 02000 0 L
é enoghipq
Using variables defined in this example and resolving into axis of bearing pad,
Max_l mum compressive stress for upliftin 8 285 0 W), adO lLJ
longitudinal direction (free for shear)........ = 1.875GiySel - 0.2000——x A
. é engg i gg
S = 1.13ks
Maximum compressive siress for upliftin 8 28z O 2 pad 0 lLJ
transverse direction (free for shear)......... S o = L.875Gj Sl - 0.200C— 5 ——= v
157k & en géhigp
S = 1.57ks
The actual compressive stress should be less than the maximum compressive stress.
LRFD14_7_5_3_5_2 = |"OK, compression and rotation (free for shear)" if S ¢ niyg <S< Us sactua < S sx

"NG, combined compression and rotation (free for shear)" otherwise

LRFD14_7_5_3_5_2 = "OK, compression and rotation (free for shear)"

Rectangular bearings fixed against shear

deformation must also satisfy L RFD 8 a0 H
1475353 oo 5. < 2256651 - 0.1670— 0 C
é enoghigg

Using variables defined in this example and resolving into axis of bearing pad,
Maximum compressive stress for uplift in é 6 8o 0 lLJ
longitudinal direction (fixed against shear). Sy =2 25’Gm|n’5’5€ 1- 0. 167>c——>t hp v

_ - é engéhi gg

o = 1.48ks
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M aximum compressive stress for uplift in € ) © o U
. . . . (0}
transverse direction (fixed against shear)... Sex = 2-25’Gmin’5’§.1 - 0,167>q—sz—:>tp—ad_- y

o |
en gz h,: ~
S & = 1.93ks € eneu

The actual compressive stress should be less than the maximum compressive stress.

LRFD14_7_5_3_5_3 = |"OK, compression and rotation (fixed for shear)" if S¢ayg <S< U Ssactual < S sx

"NG, combined compression and rotation (fixed for shear)" otherwise

LRFD14_7_5_3_5_3 = "OK, compression and rotation (fixed for shear)"

C7. Stability of Elastomeric Bearings[LRFD 14.7.5.3.6]

The bearing is considered stable and no further stability checks are necessary if the requirements of LRFD
14.7.5.3.6 are satisfied.

where 2xA £ B &eht 6
Lo2g—
10 = (=0 £ SO A= padg
2.0>Lpad
_ 1+ —r
A=0.2 Y
pad
=100 IR B = 2.67
& Lhag O
B =0.25 (S+ 2.0)>t1 + p——:
e 4'0>Wpadg

Check the stability requirement

LRFD14_7_5_3_6_1 = |"OK, stability requirement met" if 25A £ B
"NG, further checksfor stability are needed" otherwise

LRFD14_7_5_3_6_1 = "NG, further checks for stability are needed"

For rectangular bearings not satisfying LRFD 14 7 5 3 1 the compressive stress due to the total |oad shall satisfy
either of the following:

Superstructure Freefor Shear

The following equation (L RFD 14.7.5.3.6-4)
corresponds to sidesway buckling and
applies to bridges in which the deck is free oS

to trandate horizontally.........cccccceveuvenenee. s £ —
sactual = 50 g

Ssactug = 0-846ks
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Re-writing and solving for the governing value

GminS

min
where

= 5.898ksi

GminS

min .
U2A>B
B

24 -
"NG, stability not satisfied (free for shear)" otherwise

LRFD14_7_5_3_6_4 = |"OK, stability (free for shear)" if sqactyq £

LRFD147536_4 ="OK, Stablllty (free for shear)"

Super structure Fixed for Shear

If one point on the bridge is fixed against
horizontal movement, the sidesway
buckling mode is not possible and the
following equation (LRFD 14.7.5.3.6-5)
should be used.........ccoeeiiininniieees

Ssactug = 0-846ks

Re-writing and solving for the governing value:

GminS

min

where = -21.128ksi

Gmin>S .
5 U22A>B

LRFD14_7_5_3_6_5 = |"OK, Stability-Deck Fixed to move" if s¢ 9 £

"NG, Stability not satisfied (fixed for shear)" otherwise

LRFD147536_5 = "NG, Stablllty not satisfied (flxed for shear)"

C.8 Reinforcement [LRFD 14.7.5.3.7]

The thickness of the steel reinforcement shall satisfy the following requirements at the service and fatigue limit
states. The fatigue connection is assumed in detail category A.

Yield stress of Grade 36 reinforcement..... F,, := 36X

Constant amplitude fatigue threshold for
category A LRFD Table 6.6.1.2.5-3......... DFTH = 24%s

The thickest elastomer layer istheinterna
layer, since the external layers cannot
exceed 70% of internal layer thickness..... h

h

max = i

max = 0-489in
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Actual thickness of steel laminate.............

hg = 0.079in
Required thickness of steel laminate at the 3N S s actual
service limit state........coeevevvciceciicicnee hgg = ————————
F.
hgy = 0.03in y

Required thickness of steel laminate at the fatigue limit state:

Actual compressive stress dueto live RBral L
108G 1 s = ——
A
s| = 0.402ks pad
20~ 8
Required thickness of steel laminate.... he = ZTmaxPL
D
he = 0.02in TH

If holes exist in the reinforcement, the minimum thickness shall be increased by afactor equal to twice the gross
width divided by the net width.

Check the LRFD criteria

LRFD14 753.7:= |"OK, Reinforcing Steel plate thickness® if hg 3 max(hsl,hsz)

"NG, Reinforcing Steel layer thickness not adequate” otherwise

LRFD44 7537 = "OK, Reinforcing Steel plate thickness'

C9. Anchorage and Anchor Bolts [LRFD 14.8.3]
LRFD states that horizontal forces may be induced by deformation the flexible element of the bearing. Bearings
shall be anchored securely to the support to prevent their moving out of place during construction or the service
life of the bridge. Elastomeric bearings may be |eft without anchorage if adequate friction is available.
A design coefficient of friction of 0.2 may be assumed between elastomer and clean concrete or steel.
Coefficient of friction..........cccceeeeeruenene m:= 0.2

For completeness, this check is mentioned but will not be shown in this design example.

C10. Horizontal Force and Movement [LRFD 14.6.3.1]
The engineer shall determine the number of bearings required to resist the loads with consideration of the
potential for unequal participation due to tolerances, unintended misalignments, the capacity of the individual
bearings, and the skew.

For completeness, this check is mentioned but will not be shown in this design example.
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D. DESIGN SUMMARY

D1. Bearing Pad Properties

Durometer hardness.............. Grade = 60 Thickness of external sted plates............. hge = 0.188in
Length of bearing pad............ Load = 12in Thickness of internal sted plates.............. hg = 0.079in
Width of bearing pad............. Wpad = 17in  Number of externa elastomer layers......... Ne=2
Height of bearing pad............ hpad =25in  Number of internal elastomer layers......... n=3
Thickness of externa elastomer layer....... hye = 0.25in
Thickness of internal elastomer layers...... hyj = 0.489in

D2. LRFD Checks (Method B)

LRFD 14 751 = "OK, Thickness of the external layers'’

LRFD 14 7.5.3.3 = "OK, long-term compressive deflection less than maximum deflection”
LRFD 14 7.5.3.4 = "OK, Elastomer thickness for shear deformation”

LRFD 147535 17 "N/A, FDOT unbonded pad: separation, but no tension on elastomer”

LRFD14 7537 = "OK, Reinforcing Steel plate thickness'

Satisfy the requirements for either of the applicable sections:

Superstructure Freefor Shear

LRFD14_7_5_3_2_1 = "OK, actual compressive stress for total load (free for shear)"
LRFD14_7_5_3_2_2 = "OK, Compressive stress for live load only (free for shear)"
LRFD14_7_5_3_5_2 = "OK, compression and rotation (free for shear)"

LRFD14_7_5_3_6_1 = "NG, further checks for stability are needed" (Note: OK if 14.7.5.6_4 is satisfied)
LRFD147536_4 ="0OK, Stablllty (free for Shear)"

Super structure Fixed for Shear
LRFD14 7532 3 = "OK, Compressive stress for total load (fixed for shear)"

LRFD14_7_5_3_2_4 = "OK, Compressive stress for live load only (fixed for shear)"
LRFD14_7_5_3_5_3 = "OK, compression and rotation (fixed for shear)"

LRFD14_7_5_3_6_1 = "NG, further checks for stability are needed" (Note: OK if 14.7.5.6_5 is satisfied)
LRFD147536_5 = "NG, Stablllty not satisfied (flxed for shear)"

[#] Defined Units
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SUBSTRUCTURE DESIGN
Dead L oads

Reference

[+] Reference:F:\\HDRDesignExamples\Ex1_PCBeam\211BrgPad.mcd(R)

Description

This section provides the design dead |oads 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

185 A. General Criteria
Al. End Bent Geometry
A2. Pier Geometry
A3. Footing Geometry
A4. Pile Geometry

187 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 (DC, DW) Summary
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A. General Criteria

Al. End Bent Geometry

£

— — 1 1 1 1 1 — —
L Tyonererse, 7 = - = = = T‘—‘
(Note: End bent
o e back wall not shown)
Depth of end bent cap.......... hgg = 2.5t ct 8rg
Width of end bent cap.......... beg = 351t 3 ‘
Length of end bent cap......... Leg = 101614t 1

Height of back wall
Backwall design width

Thickness of back wall

A2. Pier Geometry

" e

EB

A model of the substructure has been created utilizing LARSA. 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:

EB

X (Transverse)

Z (longltudinal)

b
Col

F— "re—

h
Surcharge
h,

g
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Depth of pier cap..

Width of pier cap.

Length of pier cap

Height of pier column...........

Column diameter..

Number of columns.............

Surcharge.............
Height of footing..

Width of footing...

Length of footing..................

A4. Pile Geometry

Pile Embedment Depth..........

PileSize...............

heap = 451t
beap = 451t
LCap =101.614 ft
hegl = 141t
bog = 4t
Ncol = 4
hsurcharge = 2t
hfyg = 41t

b = 751t

Lptg = 751t

P'leembed =1ft

P”esize: 18in
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B. Dead Loads (DC, DW)

B1l. Beam Dead L oads

The dead loads of the superstructure (moment and shears) were previously computed utilizing the beam design
length, Ly on = 88.167ft (seesection 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......... kq:

kq = 1.021

DC load at end bent for interior beam........ Pbc.Beamint := X1* pc.Beamint(Support)

Pbc.Beamint = 87-1kip

DC load at end bent for exterior beam....... Pbc.BeamExt := K1 DC. BeamExt(Support)

Pbc.Beamext = 91.8kip

DW load at end bent for interior beam....... Pow Beamint := X1 Dw Beamint(Support)

Pbw.Beamint = 5-4kip

DW load at end bent for exterior beam...... POW BeamExt := K1% DW.BeamExt(Support)

Pbw.BeamExt = 47 Kip

B2. End Bent Dead loads

DC load at end bent for interior beam........ Pbc Endbentint = PDC.Beamint

Pbc Endbentint = 87-1kip

DC load at end bent for exterior beam....... Pbc.EndbentExt -= PDC.BeamExt

Pbc.Endbentext = 91-8kip

DW load at end bent for interior beam....... PoW.Endbentint := PDW Beamint

Pbw.Endbentint = 54 kip

DW load at end bent for exterior beam...... PoW.EndbentExt = PDW BeamExt

PbW.EndbentExt = 4.7 Kip

B3. Pier Dead L oads
Dead load at pier for interior beam........... Poc pierint == Z(PDC.Beamlnt)

Pbc.pierint = 174.3kip
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Dead load at pier for exterior beam........... PbC PierExt = Z(PDC.BeamExt)

PDC.PierExt = 183.6kip

Dead load at pier for interior beam........... PowW Pierlnt = Z(PDW.Beamlnt)

Pow.pierint = 10.8kip

Dead load at pier for exterior beam........... POW PierExt == Z(PDW.BeamExt)

Pow.pierext = 9-4kip

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/ -91.8 0.0 0.0 -5.4 0.0
2 0.0/ -87.1 0.0 0.0 -4.7 0.0
3 0.0/ -87.1 0.0 0.0 -4.7 0.0
4 0.0/ -87.1 0.0 0.0 -4.7 0.0
5 0.0/ -87.1 0.0 0.0 -4.7 0.0
6 0.0/ -87.1 0.0 0.0 -4.7 0.0
7 0.0/ -87.1 0.0 0.0 -4.7 0.0
8 0.0/ -87.1 0.0 0.0 -4.7 0.0
9 0.0/ -87.1 0.0 0.0 -4.7 0.0
10 0.0/ -87.1 0.0 0.0 -4.7 0.0
11 0.0/ -91.8 0.0 0.0 -5.4 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| -183.6 0.0 0.0 -10.8 0.0
2 0.0| -174.3 0.0 0.0 -9.4 0.0
3 0.0| -174.3 0.0 0.0 -9.4 0.0
4 0.0| -174.3 0.0 0.0 -9.4 0.0
5 0.0| -174.3 0.0 0.0 -9.4 0.0
6 0.0| -174.3 0.0 0.0 -9.4 0.0
7 0.0| -174.3 0.0 0.0 -9.4 0.0
8 0.0| -174.3 0.0 0.0 -9.4 0.0
9 0.0| -174.3 0.0 0.0 -9.4 0.0
10 0.0| -174.3 0.0 0.0 -9.4 0.0
11 0.0| -183.6 0.0 0.0 -10.8 0.0

[#] Defined Units
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SUBSTRUCTURE DESIGN
Pier Cap LiveLoad Analysis

References

[+] Reference:F:\HDRDesignExamples\Ex1 PCBeam\301DL sSub.mcd(R)

Description

This section provides the pier cap design live load for (1) maximum positive moment, (2) maximum
negative moment and (3) overhang negative moment.

Page

190

191

194
196

197

Contents

A. Input Variables

A1l. Shear: Skewed M odification Factor [LRFD 4.6.2.2.3c]

A2. Maximum Live L oad Reaction at I ntermediate Pier - Two HL-93 Vehicles
B. Maximum Live L oad Positive M oment

B1. Influence Linesfor the Maximum Positive Moment in Pier Cap

B2. HL-93 Vehicle Placement for Maximum Moment
C. Maximum Negative Live Load M oment

C1. HL-93 Vehicle Placement for Maximum Moment
D. Overhang Negative Live Load M oment

D1. HL-93 Vehicle Placement for Maximum M oment

E. Summary
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A. Input Variables

Al. Shear: Skewed Modification Factor [LRFD 4.6.2.2.3¢]

Skew modification factor for shear shall be applied to the exterior beam at the obtuse corner (g>90 deg) and to
all beams in a multibeam bridge, whereas Oy Skew = 1.086 .

A2. Maximum Live Load Reaction at I nter mediate Pier - Two HL-93 Vehicles

The reaction, Ry s = 148.0kip, needs to be separated into the truck and lane components in order to determine the

beam reactions due to various vehicle placements along the deck.

Reaction induced by HL-93 truck load...... Rirucks = 80.-3kip

Reaction induced by lane load

............. Rianes = 57-6kip

Impact factor.........cccovevevieveeeeeeeee, IM = 1.33

The truck reaction (including impact and
skew modification factors) is applied on Riruckst™ 6

the deck as two wheel-line loads.............. wheel e := 90%>C
e
WheeI”ne: 52.2kip

5 ggv.Skew

The lane load reaction (including skew

modification factor) is applied on the deck R anesd
as adistributed load over the 10 ft lane..... lan = 90%>C =
8 0ad 0 o 10t g’gv.Skew
kip
Ianqoad =56—

ft

The truck whedl-line load and lane load can be placed in design lanes according to one of the following patterns.

wheel wheel
Ine

2! 6' 2!

|
0" Lane Load

IIne

12 FT LANE

wheel wheel wheel wheel
/Ine IIne lIne
/' Z’JL 6' \L 2! 2 2 \L 6' \LZ’
10" Lane Load 0" Lane Load
12 FT LANE 12 FT LANE
HL-93 PLACEMENT OPTIONS
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B. Maximum Positive Live Load Moment

For design live load moments in the pier cap, the controlling number and position of design live load lanes needs
to be determined. This section shows a means of determining the controlling configuration of design lanes,
along with the corresponding beam loads and pier cap moments.

B1. Influence Linesfor the Maximum Positive Moment in Pier Cap

The influence lines for the pier cap will help determine the placement of design lanes on the deck to maximize
moments in the pier cap. Theinfluence lines are devel oped from the following model of the substructure.

GVERHANG
MOMENT

LR

® ©)] @

®
NEGATIVE
MOUENT
JL \L POSITIVE \L \L EL \L \L

_ | MOMENT

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

e

2772 FT

2772 FT

-
(
.
)
R
ANt
/
)
[N
(

2rr2 FT

COLUMN | COLUMN 3 COLUMN 3

SPAN | SPAN 2

V)

FIER CAF MODEL

SPAN 3

The maximum positive moment in the pier cap will occur in thefirst bay. Typically, the maximum positive
moment occurs at a distance of 0.4L from column 1 in span 1 for self-weight and uniformly applied loads. For
concentrated loads, the maximum positive moment is expected to occur at beam 3 (0.5L) location. For this
example, the finite element program LARSA 2000 was used to generate the influence lines at beam 3 location in
the substructure model.

Influence Lines for Maximum Positive Moment in Span 1

Influence Lines

Maximum Positive Moment in Span 1

. Influence Line
Beam Distance Magnitude
1 4.6 -1.04
=1 2 1 5 6 7 8 9 10 1 2 13.9 1.16
i N N S R O
2o 4 32.3 1.05
5 41.6 -0.42
:, 6 50.8 -0.60
7 60.1 -0.23
© ®© © © 8 69.3 0.05
4 9 78.5 0.09
10 87.8 0.03
. 11 97.0 0.00
Distance along Pier Cap (ft)
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B2. HL-93 Vehicle Placement for Maximum M oment

HL-93 vehicles, comprising of HL-93 wheel-line loads and lane loads, should be placed on the deck to maximize
the momentsin the pier cap.

Design Lane Placements

For this example, the lane placements should maximize the positive moment in span 1. Referring to the
influence lines for the pier cap, lanes placed above beams 2, 3, 4, 8, 9, and 10 will contribute to the maximum
positive moment. Beam 3 isthe most influential, followed by beam 2. The graph also shows that lanes placed
above beams 1, 5, 6, 7, and 11 will reduce the maximum positive moment. From this information, severa
possible configurations for 1, 2, 3, and 4 lanes can be devel oped to maximize the positive moment in span 1.

Note that for the maximum cap moments, live load is aso placed on the other roadway. Theinfluence line
justifies live load placement in this roadway. Utilizing our engineering judgement, it is possible to have up to four
lanes of HL-93 vehicles at asingle time. However, note that for the calculation of the braking forces, vehiclesin
the opposite roadway were not utilized since the braking forces would be counter productive or in opposite
directions.

e ’ ’\L ’ \L ’ ’\L ’ \L s
GUTTER 22 3 2 2 6 2 2
4- LANES ‘ | ‘
. .
2"2'\L &' \LZ' 2'\L & \LZ"Z’
|
!

el bl <

20 FT...

3- LANES

2- LANES

1= LANE /’M

POSITIVE
COLUMN 1 MOMENT coLumn 3 coLUMN 3 coLumn 4
SPAN 1 SPAN 2 sPav 3

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.

MPF = | 1.2 if Number_of lanes=1
1.0 if Number_of lanes= 2
0.85 if Number_of lanes=3
0.65 if Number_of lanes3 4
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Corresponding Beam L oads

The live loads from the design lanes are transferred to the pier cap through the beams. Utilizing the lever rule,
the beam loads corresponding to the design lane configurations are calculated and multiplied by the multiple
presence factors.

Beam L oads
Beam 1Lane| 2Lanes| 3Lanes| 4Lanes
1 0 0 0 0
2 34 61.7 525 40.1
3 124.7 136.3 115.9 88.6
4 34 104.6 89 69
5 0 18.7 15.9 75.6
6 0 0 0 40.1
7 0 0 0 0
8 0 0 42.4 324
9 0 0 85.9 65.7
10 0 0 8.3 6.3
11 0 0 0 0

Corresponding Moments

The momentsin the pier cap corresponding to the beam |oads were determined using the Larsa 2000.

Maximum Positive Moment (k-ft)
1Lane 725.7
2 Lanes 892.8
3 Lanes 769.3
4 Lanes 590.2
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C. Maximum Negative Live Load Moment

C1. Influence Linesfor Maximum Negative Moment in Pier Cap

The maximum negative moment in the pier cap can occur at the first or second column. In this section, Larsa
2000 was used to generate the influence lines at the second intermediate column in the pier cap model. The
maximum negative moment at the first column, pier cap overhang, will be checked separately.

Influence Lines for Maximum Negative Moment at Column 2 (left) Influence Lines

Maximum Negative Moment at Column 2

Influence Line | Influence Line
) Magnitude Magnitude
(Column left | (Column right
Beam Distance face) face)
1 4.6 -0.66 0.27
i 1 ° 10 u 2 139 0.93 -0.57
- 3 23.1 1.90 -1.47
: 4 323 0.36 -1.00
é Col left 35.0 0.00 -
g Col right 39.0 - 0.00
H . 5 416 0.96 -0.26
6 50.8 1.34 -1.63
® ® @ 7 60.1 0.48 -0.74
5 8 69.3 -0.10 0.15
9 78.5 -0.29 0.26
10 87.8 -0.17 0.08
3 L1 L1 11 97.0 0.21 0.04

along Pier Cap (ft)

C2. HL-93 Vehicle Placement for Maximum M oment

HL-93 vehicles, comprising of HL-93 wheel-line loads and lane loads, should be placed on the deck to maximize
the momentsin the pier cap.

Design Lane Placements

For this example, the lane placements should maximize the negative moment above column 2. Referring
to the influence lines for the pier cap, lanes placed above beams 2, 3, 4, 5, 6, 7, and 11 will contribute
to the maximum negative moment. Beam 3 isthe most influential, followed by beam 6. The graph aso
shows that lanes placed above beams 1, 8, 9, and 10 will reduce the maximum negative moment. From
this information, several possible configurations for 2, 3, and 4 lanes can be developed to maximize the
negative moment above column 2.
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Corresponding Beam L oads

The live loads from the design lanes are transferred to the pier cap through the beams.  Utilizing the lever rule,
the beam loads corresponding to the design lane configurations are calculated and multiplied by the multiple

presence factors.
Beam L oads

Beam l1Lane| 2Lanes| 3Lanes| 4Lanes
1 0 0 0 0

2 1.7 61.7 52.5 40.1

3 117.1 136.3 115.9 88.6

4 74 104.6 89 68

5 0 18.7 68.3 52.3

6 0 0 83 88.6

7 0 0 1.2 68

8 0 0 0 12.2

9 0 0 0 0
10 0 0 0 0
11 0 0 0 0

Corresponding Moments

The momentsin the pier cap corresponding to the beam |loads were determined using the Larsa 2000.

Maximum Negative Moment (k-ft)
1 Lane -515.1
2 Lanes -737.6
3 Lanes -814.6
4 Lanes -265.8
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D. Overhang Negative Live Load Moment

In this section, the negative moment at column 1 is determined due to the overhang.

D1. HL-93 Vehicle Placement for Maximum M oment

HL-93 vehicles, comprising of HL-93 wheel-line loads and lane loads, should be placed on the deck to maximize
the momentsin the pier cap.

Design Lane Placements
For this example, the lane placements should maximize the negative moment above column 1. The maximum

negative moment will be obtained by loading beam 1. From thisinformation, placing a single lane next to the
barrier will maximize the negative moment above column 1.

LEFT
GUTTER

© (&) ()
’—,—\;4:—\—1—\;
COLUMN |
SPAN |

Corresponding Beam L oads and M oment

/- LANE

The live loads from the design lanes are transferred to the pier cap through the beams.  Utilizing the lever rule,
the beam loads corresponding to the design lane configurations are calculated and multiplied by the multiple

presence factors.
Beam L oads
Beam 1Lane 2Lanes
1 144.6
2 48.2
3 0 The moments in the pier cap corresponding to the
4 0 beam loads were determined using the Larsa 2000.
5 0
6 0 Maximum Overhang Moment (k-ft)
7 0 | 1Lane -727.6
8 0
9 0
10 0
11 0
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E. Summary

OVERHANG POSITIVE NEGATIVE
MOMENT MOMENT MOMENT

S e O e IR

- -

]

COLUMN |
SPAN |

COLUMN 3
SPAN 2

MAXIMUM MOMENT LOCATIONS

COLUMN 3 COLUMN 4
SPAN 3

The results show that two design lanes
govern. The following beam loads,
corresponding to the governing positive

moment live load, will later be used in the

limit state combinations to obtain the
design factored and unfactored positive
moments for the pier cap.........cccceeeneneee.

The results show that three design lanes
govern. The following beam loads,
corresponding to the governing negative

moment live load, will later be used in the
limit state combinations to obtain the design
factored and unfactored negative moments

for the pier Cap......cccoevevvvivcece e,

UNFACTORED LIVE LOAD

(+M) AT PIER
LL Loads (kip)
Beam X y z
1 0.0 0.0 0.0
2 0.0 -61.7 0.0
3 0.0 -136.3 0.0
4 0.0 -104.6 0.0
5 0.0 -18.7 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
10 0.0 0.0 0.0
11 0.0 0.0 0.0

UNFACTORED LIVE LOAD

(-M) AT PIER
LL Loads (kip)
Beam X y z
1 0.0 0.0 0.0
2 0.0 -525 0.0
3 0.0 -115.9 0.0
4 0.0 -89.0 0.0
5 0.0 -68.3 0.0
6 0.0 -83.0 0.0
7 0.0 -1.2 0.0
8 0.0 0.0 0.0
9 0.0 0.0 0.0
10 0.0 0.0 0.0
11 0.0 0.0 0.0
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The following beam loads, corresponding
to the governing overhang negative
moment live load, will later be used in the
limit state combinations to obtain the
design factored and unfactored negative
moments for the pier cap.........ccceuenee.

[#] Defined Units

UNFACTORED LIVE LOAD
(Overhang) AT PIER

LL Loads (kip)
Beam X y z

1 0.0 -144.6 0.0
2 0.0/ -482 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
10 0.0 0.0 0.0
11 0.0 0.0 0.0
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SUBSTRUCTURE DESIGN
Pier Cap Design Loads

Reference

Reference:\\Sdo-appserver\computer_support\StructuresSoftware\StructuresManua\HDRDesignExamples\Ex1_PCBeam\302LLs.r

Description

This section provides the design parameters necessary for the substructure pier cap 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, Larsa 2000 was chosen as the analysis model/program (http://www.larsausa.com)

Page Contents
200 LRFD Criteria
202 A. General Criteria

Al. Bearing Design Movement/Strain
A2. Pier Dead Load Summary
A3. Pier Live Load Summary

A4. Center of Movement

205 B. Lateral Load Analysis

B1. Center of Movement

B2. Braking Force: BR [LRFD 3.6.4]

B3. Temperature, Creep and Shrinkage Forces
B4. Wind Pressure on Structure: WS

B5. Wind Pressure on Vehicles [LRFD 3.8.1.3]

216 C. Design Limit States

C1. Strength | Limit State
C2. Strength V Limit State
C3. Service | Limit State
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LRFD Criteria

STRENGTH I -

STRENGTH II -

STRENGTH I1I -

STRENGTH IV -

STRENGTHYV -

EXTREME EVENT I -

EXTREME EVENT II -

SERVICE | -

SERVICE Il -

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 Uniform temperature load effects on the pier will be generated by the

substructure analysis model (Larsa 2000).

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

"Applicable but does not control substructure pier cap design... not evaluated”

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 + 0.40-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 + 0.3WS + 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 IlI - Load combination relating only to tension in prestressed concrete structures with the
objective of crack control.

"Not applicable for the substructure design in this design example"

FATIGUE - Fatigue load combination relating to repetitive gravitational vehicular live load under a
single design truck.

"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

ShriNKage.......cooevvvvveveiieeienns

A2. Pier Dead Load Summary

(Note: See Sect. 2.10.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 -183.6 0.0 0.0/ -10.8 0.0
2 0.0 -174.3 0.0 0.0 -94 0.0
3 0.0 -1743 0.0 0.0 -94 0.0
4 0.0 -1743 0.0 0.0 -94 0.0
5 0.0 -174.3 0.0 0.0 -94 0.0
6 0.0 -174.3 0.0 0.0 -94 0.0
7 0.0 -174.3 0.0 0.0 -94 0.0
8 0.0 -174.3 0.0 0.0 -94 0.0
9 0.0 -174.3 0.0 0.0 -94 0.0
10 0.0 -174.3 0.0 0.0 9.4 0.0
11 0.0 -183.6 0.0 0.0/ -10.8 0.0

A3. Pier Live Load Summary

Unfactored beam reactions at the pier for LL loads corresponding to maximum positive moment

UNFACTORED LIVE LOAD
(+M) AT PIER
LL Loads (kip)

Beam X y z
1 0.0 0.0 0.0
2 0.0 -61.7 0.0
3 0.0/ -136.3 0.0
4 0.0 -104.6 0.0
5 0.0 -18.7 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
10 0.0 0.0 0.0
11 0.0 0.0 0.0
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Unfactored beam reactions at the pier for LL loads corresponding to maximum negative moment

UNFACTORED LIVE LOAD
(-M) AT PIER
LL Loads (kip)

Beam X y z
1 0.0 0.0 0.0
2 0.0/ -525 0.0
3 0.0/ -115.9 0.0
4 0.0 -89.0 0.0
5 0.0 -68.3 0.0
6 0.0 -83.0 0.0
7 0.0 -1.2 0.0
8 0.0 0.0 0.0
9 0.0 0.0 0.0
10 0.0 0.0 0.0
11 0.0 0.0 0.0

Unfactored beam reactions at the pier for LL loads corresponding to maximum overhang negative moment

UNFACTORED LIVE LOAD
(Overhang) AT PIER
LL Loads (kip)
Beam X y z
1 0.0 -1446 0.0
2 0.0/ -48.2 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
10 0.0 0.0 0.0
11 0.0 0.0 0.0
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A4. Center of Movement

180'-0" (CONT/NUOUS BRIDGE DECK) (OVERALL BRIDGE LENGTH)

BEGIN BRIDGE

90'-0" 90'-0"

MEASURED ALONG & CONST.

F.F.BW. END BENT /\

60

I}
¢ PIER 2 N

/

END BRIDGE
F.F.BW. END BENT 3

60

I 50

? T
GROUND LINE

16'-6" MIN.
VERT. CL.

ELEVATION

40
30
20
0
0

By inspection, the center of movement will

be the intermediate pier..........

Lo = 90.0ft

Lo = Lspan
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B. Lateral Load Analysis

B1. Centrifugal Force: CE [LRFD 3.6.3]

LRFD 4.6.1.2.1 states that effects of curvature may be neglected on open cross-sections whose radius is such
that the central angle subtended by each span is less than:

Number of Angle for Angle for
Beams One Span Two or
More Spans
2 2° 3°
3or4 3° 4°
5 or more 4° 5°
Horizontal curve data..........ccccoceverirnnnen. R ;= 3800-ft
L
Angle due to one span.........cccceeeevereeenn elspan = %
elspan = 1l.4deg
|_ .
Angle due to all spans.........ccccceevvvennnnn 925pan = %

925pan = 2.7deg

Since the number of beams is greater than 5 and the angles are within LRFD requirements, the bridge can be
analyzed as a straight structure and therefore, centrifigal force effects are not necessary.

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 := 1.2 if Njgpes =1
MPF = 0.85 1.0 if Njgnes = 2
0.85 if Njgpes = 3
0.65 otherwise

Braking force as 25% of axle weight for
design truck / tandem...........cccccovvernenne BREgrce.1 = 25%:(72-Kip)-N|gpes- MPF

BREgree 1 = 45.9Kip
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Braking force as 5% of axle weight for
design truck / tandem and lane.................

BREgree.2 = 23.9Kip

BREorce.2 = 5%-(72-kip + Wlane'z'Lspan)'NIanes'MPF

Governing braking force............c..cc........ BREorce = maX(BRForce.lﬂ BRForce.z)
BREqrce = 45.9 kip

Distribution of Braking Forces to Pier

P en‘dbenf /

Iad ,D/i'er 2 P endbent 3

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...........c.ccccocvueunenns BRpier = BREgrce(Kpier)

Npads.pier' Kpad

WHREIE....oceieieee e Kpier =
Z(Npads.pier + Npads.endbent)' Kpad

Simplifying and using variables defined in this example,

2-N
pier stiffness can be calculated as....... Kpier = beams
o (1+2+1)Npeams
pier = 0-
corresponding braking force.............. BRpjer = BRForce'(KPier)

BRpje = 23.0kip

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 := 6
Braking force at pier per beam BRu: . — BRpier
S — Pios = T
BRpjgr = 3.8kip
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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........c.coeovveiiincinenn, BR

= 3.3kip

7 Pier = BRpjercos(Skew)

BR; pier

Braking force parallel (x-direction) to the

pier per Deam........cccvvvveinencinesee, BR = BRpjgsin(Skew)

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.

Force
- =
6 ft

A |
\ WV
Applied Moment

Resisting Couple

Moment arm from top of bearing pad to
location of applied load..............ccocvrvenee. Marm = 6ft + h

Mgrm = 11.250ft

—BRpjerMarm

Braking force in pier (y-direction), vertical BRy.Pier = C

BRy pier = ~0-5kip e

Only the downward component of this force is considered. Typically, the vertical forces (uplift) are small
and can be ignored.
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BRAKING FORCES AT PIER
BR Loads (kip)

Beam X y z
1 -1.9 -0.5 3.3
2 -1.9 -0.5 3.3
3 -1.9 -0.5 3.3
4 -1.9 -0.5 3.3
5 -1.9 -0.5 3.3
6 -1.9 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
10 0.0 0.0 0.0
11 0.0 0.0 0.0

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............ Apiaro = (L — X )-s
Pier2 0 dlst1 CST where ecgT = 0.00047

Apjerp = 0.0in

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 Gmax'Apad'APierz
temperature. ........cccoovveenveennceeeeens CSTpjer = "
. rt
CSTpjer = 0.00kip
This force needs to be resolved along the direction of the skew...
Shear force perpendicular (z-direction) to
the pier per beam.........cccoceveviiininienn, CST, pier := CSTpjgr cos(Skew)

CST = 0.00kip

z.Pier

Shear force parallel (x-direction) to the pier

PEr DEAM......oviiviiiiiec e CST = CSTpjgsin(Skew)

x.Pier -
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Summary of beam reactions at the pier
due to creep, shrinkage and temperature...

Note:

Shrinkage and temperature effects from
the pier substructure can be calculated
within the substructure model / analysis
program. These values are only from the
superstructure.

B4. Wind Pressure on Structure: WS

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
10 0.0 0.0 0.0
11 0.0 0.0 0.0

The wind loads are applied to the superstructure and substructure.

Loads from Superstructure [LRFD 3.8.1.2.2]

The wind pressure on the superstructure consists of lateral (x-direction) and longitudinal (z-direction)

components.

0)

For prestressed beam bridges, the following

wind pressures are given in the

15
30
45
60 )

Windskew =

X z

.050 .000")
044 006

041 .012 |-ksf
033 .016

017 .019)

o

WIndLRFD =

The wind pressures in LRFD should be increased by 20% for bridges located in Palm Beach, Broward, Dade,
and Monroe counties (LRFD 2.4.1). For bridges over 75 feet high or with unusual structural features, the wind
pressures must be submitted to FDOT for approval.

This example assumes a South Florida
location, so the 20% factor applies...........

Windepot = YrDOT WiNdLRFD

X
0.060
0.053
Windgpor = | 0.049
0.040
0.020

z

0.000
0.007
0.014 |ksf
0.019
0.023 )
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Composite section height.............ccccc.....
h =5.25ft

Superstructure Height..........ccccocovvvvnene
hSuper = h + 2.667-ft

Height above ground that the wind pressure

1S APPIIE....e.vecvveeeeeeee e Zy = (hC0| - hSurcharge) + heap + Nsuper
Zl = 24.42ft

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....... ASuper = Lsp(,m-hsuper

2
Asuper = 7125 ft

Forces due to wind applied to the
SUPEISIIUCTUNE. ... WSgyper.pier = WiNdepoT-Asyper

X Z

42.8 0.0\

376 5.1
WSgyper.pier = | 351 10.3 |kip

28.2 13.7

145 16.2)

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...................... Fws.x = WSgper Pier
Fus x = 42.8Ki ' P00
WS.x = #4-KID
Maximum longitudinal force.................... Fws.z = WSSuper Pier
: T4
Fws.z = 16.2kip

The forces due to wind need to be resolved along the direction of the skew.

Force perpendicular (z-direction) to the

PIET .ot WS, pier := Fyys.z-CoS(Skew) — Fyy/g y-sin(Skew)
WS, pier = 35.4kip

Force parallel (x-direction) to the pier....... WS, pier = Fyys z-Sin(Skew) + Fyyg - cos(Skew)
WS, pier = 28.9kip
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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 summarizes the beam reactions due to wind.

WIND ON STRUCTURE
FORCES AT PIER

WS Loads (kip)
Beam X y z
1 2.6 0.0 3.2
2 2.6 0.0 3.2
3 2.6 0.0 3.2
4 2.6 0.0 3.2
5 2.6 0.0 3.2
6 2.6 0.0 3.2
7 2.6 0.0 3.2
8 2.6 0.0 3.2
9 2.6 0.0 3.2
10 2.6 0.0 3.2
11 2.6 0.0 3.2

Loads from Substructure [LRFD 3.8.1.2.3]

Wind pressure applied directly to the

SUDSTIUCKUTE. ... Wind) prp = 0.04-ksf

The wind pressures in LRFD should be increased by 20% for bridges located in Palm Beach, Broward, Dade,
and Monroe counties (LRFD 2.4.1).

This example assumes a South Florida
location, so the 20% factor applies........... WindepoT = YEpoT Wind| RED

Windgpor = 0.048 ksf

General equation for wind forces applied to
the substructure.........ccccoveviiiiene,

WSEorce = (WindPressure)'(EXposed AreaSubstructure)'(SkeWAdjustment)

For modeling purposes in this example, the following information summarizes the placement of wind
forces on the substructure.

A
P

— . r1t |

Cop wind oating

—
WszPlercap WS.xPlerCap
= Z 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 T 7T

-
A Y
Ws.z.PlerCol WS x PlarCol
svorsel i‘

=
= X (Rronsver

L ¥
Z ongitucinal)
Tywloal colunn wind oading Long

AN ALR

SECTION A-A
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The longitudinal (z-direction) wind load on the pier cap is applied as a line load along the front of the cap.

WS, piercap = WindepoT(eap cos(Skew) — hegp-sin(Skew))

WSZ.PierCap = 0.30kIf

The transverse (x-direction) wind load on the pier cap is applied as a point load on the end of the cap.

WSy pierCap = WindFDOT-[(bCap-hCap)-cos(Skew) + (LCap-hCap)-sin(Skew)]

WSy piercap = ~10.13 kip

The longitudinal (z-direction) wind load on the column is applied as a line load on the exposed column height.

WS, piercol == WindepoT (Dol cos(Skew) — begy-sin(Skew))

WS; piercol = 0-26 KIf

The transverse (x-direction) wind load on the column is applied as a line load on the exposed column height.

WSy piercol = Windepot(beol cos(Skew) + begy-sin(Skew))

WSy piercol = 0-07kIf

B5. Wind Pressure on Vehicles [LRFD 3.8.1.3]

X Z
0) 100 0 )
15 .088 .012
The LRFD specifies that wind load should _ _ _ kip
be applied to vehicles on the bridge.......... Skewyjng = | 30 MIALRRR,= | 082024 |- ft
45 .066 .032
60 ) 034 .038)

The wind pressures in LRFD should be increased by 20% for bridges located in Palm Beach, Broward, Dade,
and Monroe counties (LRFD 2.4.1).

This example assumes a South Florida
location, so the 20% factor applies........... Windepow= 1.20-Wind| rrp

X Z

0.120 0.000)
0.106 0.014
WindepoT = | 0.098 0.029
0.079 0.038
0.041 0.046 )

Kip
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Height above ground for wind pressure on
VENICIES. ...t
Z, = 28.25ft

Zy = (21 — 2.1667-ft) + 6ft

The wind forces on vehicles are
transmitted to Pier 2 of the substructure

using tributary lengths...........cccccoovevenneen. Lpier = LSPaﬂ
Lpjer = 901t

Forces due to wind on vehicles applied to o

the superstructure.............ocoevevevevevennen. WLsuper.pier = WindepoT-Lpier
X Z
108 0.0)
95 1.3

WLgyper pier = | 89 2.6 |kip

71 35
37 41)

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............cc........ FWL x = WLSuper.PierO 0

FwiL x = 10.8Kip

Maximum longitudinal force.................... FwL z = WLSuper Pier
: T4

FuL z = 4Lkip

The forces due to wind need to be resolved along the direction of the skew.

Force perpendicular (z-direction) to the .
: Perp ( ) WL, pier := Pz Cos(Skew) — Fyy x-sin(Skew)

011 SRS
WL, pier = 8.95kip

Force perpendicular (z-direction) to the pier WL, pigr

PEr DEAM......veieee e, WL, Beam = Noarme
WL, geam = 0-81kip

Force parallel (x-direction) to the cap........ WLy pier = FwL.z'SIN(Skew) + Fyy|_ x-cos(Skew)

WLy pier = 7-30kip
Force parallel (x-direction) to the cap per WLy pier
DEAM.....oiiiiic e WLy Beam = Ny
: eams
WLy Beam = 0-66 kip
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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 rt

A |
‘ |‘ Applied Mo%enf H ‘

Resisting Couple

Moment arm from top of bearing pad to
location of applied load...........cc.coevrernene

Marm = 11.250ft (Mg =h +6 10

Vertical force in pier due to wind pressure —WL
on vehicle per beam...........cccccovvvvivnnnnns W'—y.Beam =

WLy geam = —0-10kip

M

z.Beam V'arm

Lspan

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. For this example, the reaction at beam 3 is maximized for
maximum positive moment in the pier cap. (To maximize the loads at other locations, these loads can be moved
across the deck.)

Force WL Sy Pler

924 FT 2772 FT 2rrz Fr 2772 FT 824 FT

X (Transverse)

7 Wongltudinal)
ongiiuaind COLUMN |

\
|

\

L

[ SPAN |

i i

|

| | coLum 3
| |

I f I

| i

ko= ) ko>

i
i
i
}/ SPAN 2
I
J

COLUMN 3

i
i
i
}/ SPAN 3
I
J

Substructure Design 3.03 Pier Cap Design Loads

214




Moment arm from top of bearing pad to
location of applied load...........cc.coevveennene

Mgrm = 11.250ft

-WL M

Vertical reaction on one beam on pier from WL _ x.Pier'arm
transverse wind pressure on vehicles........ YeBOARY T Beamsnacing
WLy geam = ~10-27 kip

Since this load can occur at any beam location, apply this load to all beams

WIND ON LIVE LOAD
FORCES AT PIER

WL Loads (kip)
Beam X y z
1 0.7 0.0 0.8
2 0.7 10.3 0.8
3 0.7/ -10.3 0.8
4 0.7 0.0 0.8
5 0.7 0.0 0.8
6 0.7 0.0 0.8
7 0.7 0.0 0.8
8 0.7 0.0 0.8
9 0.7 0.0 0.8
10 0.7 0.0 0.8
11 0.7 0.0 0.8
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C. Design Limit States

The design loads for strength I, strength V, and service | limit states are summarized in this section. For each
limit state, three loading conditions are presented: maximum positive moment in the cap, maximum negative
moment in span 1, and maximum overhang negative moment.

Ikl

These reactions are from the superstructure only, acting on the substructure. In the analysis model, such as a
GTStrudl, Sap2000, Strudl, Larsa 2000, etc, 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:

- . -61
coefficient of expansion oy = 6 x 10 6~
°F

temperature change temperaturejcrease = temperatureg,) = 25-°F

For instance, in LEAP's RCPier, two load cases would be required for temperature with a positive and
negative strain being inputed, equal to: at~(25~°F) = 0.00015

_f LARSA 2000 - Model 1bar [_]7]
File View Graphics Selection Draw ModFy InputDats Analysis Resuls Tools Window Help
DELHd 0& 2 o 2| Toolbars , | 5. 2
BEBGRs L QRAQ®R G &L Sl T L TR T 1A S o L
_{ Gray = B Model Data

39 Members selected =]

ID & Span Joints =
1o} [234586] |
Start Joint
End Jaint

Properties
Typs | Beam =
Section -
End Sacsme as sta =
Material -
Angle 000

Rigid Zone [x/L)
Fram St 0.0o
Fram End

Miscellaneous(kips]
Frestres 0.00

End Releases

|-y Fiked =

|-tz Fired =

J-My Fiked =

ooo Jhz  Fired

Girid i

Graphics Yiew 1

| Dane

Geometry

Unde File: 0. MB

Note that in our model, the loads applied at the top of the cap from the beams are applied to rigid links that
transfer the lateral loads as a lateral load and moment at the centroid of the pier cap. This is consistent
with substructure design programs like LEAP's RCPier. Fixity of the pier was provided at the bottom of
the columns.
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e WS: Wind on the substructure should be applied directly to the analysis model. The following is an

example of the wind locations and terminology used in our analysis:

A

Cap wind oading

—  r— ¢ 1l 1

WSz.PlorCop
= =T 7T T T T T T T T T T T T T 7

—
WS x.PierCap
Z Z 7 7 7 <

WS x PlarCol

-
A
WS.z.PlerCol

=
Typloal column wind oading

rAN AR

|
X (ransvorsel i‘

x4
Z (Longitudinal)

WS4 Prerc

zpoo—> = e
>

WSz PlarCol Plercol

E

SECTION A-A

Forces applied directly to the analysis model

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.

C1. Strength | Limit State Loads

Strengthl = 1.25-DC + 1.5-DW + 1.75-LL + 1.75BR + 0.50-(TU + CR + SH)

Strength | Limit State

+M Loads (kip) -M Loads (kip) Owerhang -M Loads (kip)

Beam # X Y z X Y z X Y Z
1 -3.3 -2465 5.8 -3.3| -246.5 5.8 -3.3] -499.5 5.8
2 -3.3 -340.8 5.8 -3.3| -324.7 5.8 -3.3] -317.2 5.8
3 -3.3 -471.4 5.8 -3.3| -4357 5.8 -33  -2329 5.8
4 -3.3| -4159 5.8 -3.3| -388.6 5.8 -33  -2329 5.8
5 -3.3 -265.6 5.8 -3.3| -3524 5.8 -33  -2329 5.8
6 -3.3 -2320 0.0 -3.3| -377.3 0.0 -3.3] -232.0 0.0
7 00 -2320 0.0 0.0 -234.1 0.0 0.0/ -2320 0.0
8 00 -2320 0.0 0.0 -2320 0.0 0.0/ -232.0 0.0
9 00 -2320 0.0 0.0 -2320 0.0 0.0/ -232.0 0.0
10 00 -2320 0.0 0.0 -2320 0.0 0.0/ -232.0 0.0
11 00 -2457 0.0 0.0 -2457 0.0 0.0/ -245.7 0.0
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C2. Strength V Limit State Loads
Strength5 = 1.25-DC + 1.50-DW + 1.35-LL + 1.35-BR + 0.40-WS + 1.0-WL + 0.50-(TU + CR + SH)

+M Loads (kip) -M Loads (Kip) Owerhang -M Loads (kip)

Beam # X Y Z X Y Z X Y Z
1 -09 -246.3 6.6 -09 -246.3 6.6 -0.9 -4415 6.6
2 -09 -305.7 6.6 -09 -2933 6.6 -0.9 -2875 6.6
3 -09 -426.9 6.6 -09 -399.4 6.6 -0.9 -2429 6.6
4 -09 -3739 6.6 -09 -352.8 6.6 -0.9 -2327 6.6
5 -09 -257.9 6.6 -09 -3249 6.6 -0.9 -2327 6.6
6 -09 -2320 2.1 -09 -3441 2.1 -0.9 -2320 21
7 17 -232.0 2.1 17 -233.6 2.1 17 -2320 21
8 17 -232.0 2.1 17 -2320 2.1 17 -2320 21
9 17 -232.0 2.1 17 -2320 2.1 17 -2320 21
10 17 -232.0 2.1 17 -232.0 2.1 1.7 -2320 21
11 17 -245.7 2.1 17 -245.7 2.1 17 -245.7 21

Wind Loads Appliedto Substructure

X (transv) Z (long)
Pier Cap  -4.05 kip 0.12 kif
Pier Column 0.03 kif 0.10 kif

C3. Service | Limit State Loads

Servicel = 1.0-DC + 1.0-DW + 1.0-LL + 1.0-BR + 0.3WS + 1.0-WL + 1.0-CST

+M Loads (kip) -M Loads (Kip) Owerhang -M Loads (kip)

Beam # X Y Z X Y Z X Y Z
1 -05 -194.8 51 -05 -194.8 51 -0.5 -3394 51
2 -05 -235.6 51 -05 -226.4 51 -0.5 -2221 51
3 -05 -330.8 51 -05 -310.4 51 -0.5 -1945 51
4 -05 -288.8 51 -05 -2732 51 -0.5 -184.2 51
5 -05 -202.9 51 -05 -2525 5.1 -0.5 -184.2 51
6 -05 -183.7 18 -05 -266.7 18 -0.5 -1837 1.8
7 15 -183.7 18 15 -184.9 18 15 -183.7 1.8
8 15 -183.7 18 15 -183.7 18 15 -183.7 1.8
9 15 -183.7 18 15 -183.7 18 15 -183.7 1.8
10 15 -183.7 18 15 -183.7 18 15 -183.7 1.8
11 15 -194.4 18 15 -194.4 18 15 -1944 1.8

Wind Loads Applied to Substructure

X (transv) Z (long)
Pier Cap  -3.04 kip 0.09 kif
Pier Column 0.02 kif 0.08 kif
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C4. Summary of Results

£ LARSA 2000 - Model 1b.dar

Vicws 1

[—1=1=]

3

B

= —~ Result Case

17 18 Strength 1-+M Cap -TU
17 18 Strength5-+M Cap -TU
17 18 Service 1-+M Cap -TU
20 20 Strength 1--M Cap -TU
20 21 Strength 1--M Cap -TU
20 20 Strength5--M Cap -TU
20 21 Strength5--M Cap -TU
20 20 Servicel--M Cap-TU
20 21 Servicel--M Cap-TU
14 14 Strength 1-OHCap -TU
14 15 Strength 1-OHCap -TU
14 14 Service 1-OHCap -TU
14 15 Service 1-OH Cap -TU

NOTES:

(1) Values at face of column (*) used for design. Other node results given

LARSA 2000 RESULTS

Fx
-35.74

-22.25
18.78

14.69
-14.69
13.24
-13.24
-26.23
26.23

-0.95
0.95
-3.65
3.65

Fy
-199.75

-177.89
-122.36

-643.41
650.05
-626.10
632.74
-514.83
520.14

-469.94
476.58
-362.15
367.47

represents value at centerline of column.
(2) Values highlighted are governing design loads.
(3) -M cap design govern over overhang moment. Design of overhang will have
the same steel as the negative moment requirements within the cap.
(4) (-TU) means load case with a temperature fall in the substructure governed.

Also note that Strength V values do not govern in the design of the pier cap. Only the highlighted values are

used for the pier cap design.

[*] Defined Units

Fz
3.49

3.86
2.97

9.54
-9.54
10.99

-11.20

8.48

-8.63

6.74
-6.74
5.90
-6.06

Mx
-28.01

-13.57
-9.12

45.15
-45.15
43.48
-43.48
32.24
-32.24

14.85
-14.85
11.48
-11.48

My
53.27

59.81
45.55

-0.69
-16.00
2.24
-21.66
2.38
-17.35

19.33
-31.12
17.52
-27.99

Mz
2742.47

245331
1966.55

2063.12 *
-3194.90
2006.73 *
-3108.21
1715.77 *
-2621.36

1375.62 *
-2203.83

1060.40 *
-1698.82
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SUBSTRUCTURE DESIGN
Pier Cap Design

References

[+] Reference:F:\HDRDesignExamples\Ex1 PCBeam\303PierCapl ds.mcd(R)

Description
This section provides the criteriafor the pier cap design.
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A. Input Variables

Material Properties

Unit weight of concrete............ccccoeeenee. 9conc = 150 pef
Modulus of dagticity for reinforcing stel.. Eg = 29000ksi
Yield strength for reinforcing stedl........... fy = 60ks

Design Parameters

Resistance factor for flexure and tension of
reinforced CONCIete.........ooovvveereeeeeineenns f =09

Resistance factor for shear and torsion
(normal weight concrete).............co......... f, = 0.90

Design L anes

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,,;i 4 » the number of design traffic lanes per

roadway, N|anes» Can be calculated as:

Roadway clear width..............cccccueuinenes RAwyigin = 42ft

Number of design traffic lanes per

(070 11V Y N|anes = 3

Florida Design Criteria
Concrete cover for substructure not in
contact With Water........cccovvvveveeevvenee, coverg p = 3in
Concrete cover for substructurein
contact with water or earth.............cue..... COVEr gy egrth = 4iN
Minimum 28-day compressive strength for
cast-in-place substructure....................... foqup = 5-5Ks
Modulus of elagticity for cast-in-place
SUDSITUCKUIE. ... Ec.qub = 3841ks
Environmental classification for
SUDSITUCEUIE. ... eeeeeeeeeeeeeeeeeeeeas Envi ronmentsub = "Moderately"

Note: Epoxy coated reinforcing not allowed on FDOT projects.
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Pier Geometry

Height of pier cap.......ccccccvevveveveeeennen, hCap = 4.5ft
Width of pier cap......cccceveeeeveeiineeienen bCap = 4.5ft
Length of pier cap.......cccoevvvieiirienenen, Lcgp = 101.614 ft
Length of pier column..........cccccoeveenenee. heol = 141t
Column diameter.........cocevverenenenenenenns bcg) = 4ft
Number of columns..........cccccveerirenennee Ncol = 4
Surchage (column section in ground)....... hsurchar ge=2 ft

Design L oads - Moments, Shearsand Torgues
Moment (-M) - Service........ccceveeerieenen. M Servicel.neg = 1715.8 fokip
Moment (-M) - Strength...........ccccevveneee M Strength.neg = 2063.1 fokip
Corresponding Shear (-M) - Strength........ V Strengthlneg = - 6434 kip *** SeeNote 1
Corresponding Torsion (-M) - Strength..... TStrengthl.neg = 45.2ftkip
Moment (+M) - Service........ccooevrerennene M Servicel.pos = 1966.5ftkip
Moment (+M) - Strength...........cccceneeee. M Strength1.pos = 27425 ftkip
Corresponding Shear (+M) - Strength....... \Y; Strengthl.pos = - 199.7kip
Corresponding Torsion (+M) - Strength.... Tstrengthl.pos = - 28ftkip

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.

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.

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 criteriafor crack control, minimum reinforcement, maximum
reinforcement, shrinkage and temperature reinforcement, and distribution of reinforcement. The procedureis

the same for both positive and negative moment regions.
My = Mgrengthi.pos

M, = 2742.5 ftkip

Factored resistance
M, =M,

Nominal flexural resistance

A A
M. =A of B - 29+ asf .- 0. aur &
n SYas 2y TSYa's

For arectangular, non-prestressed section,

A
M, = Ak & - =9
n=AslyRsT 5
A

S
a:—y
0.854' b

.20, 0.85f xb - bw)’bl’hr"g - =+

O

a

20 29

B1. Positive Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

1 As\pos’fy OU
S i M
2 §0.85% ¢ gopb oy

: : R é
Using variables defined in this example...... My = FAg nogfy€ds - —
&
where fCSJb =55ks
fy = 60ksi
f =09 S OWA ="
hCap = 54in
| |

bcap = 54in
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Initial assumption for area of steel required

Number of bars..........cccoevevvvivienene Nogr = 12 (Note: If less than 12-#10 bars are chosen, crack
control [ Sect B3]will not be satisfied).
Size of bar.....cccoivenereecreee bar := "10"

Note: if bar spacing is"-1", the spacing isless than 3", and a bigger bar size should be selected.

[ 2
Bar area.........coooeieiiniiieeeeeee Apgr = 1.270in
Bar diameter.........ccoeveiiinnieeenn dia=1.270in
Equivalent bar spacing..........c.cccveune. bargng = 4.31n
Areaof steel provided..........ccoceevrerueennee. Ag= NparPpar
Ag = 15.24in°

Distance from extreme compressive fiber to
centroid of reinforcing steel (assuming a#5 5
siirrup) .................................................. ds:: hCap - Co\/erwb - — Ein

Solve the quadratic equation for the area of 1 As’*y Ou

steel required.........ccoovveeenennccneneene Given M, = fxAf ’@ds =(
SYES 23085, sub®Cap gt
Areaof steel required...........cccceeeevevenenee. Asreqd = Find(AS)
Asreqd = 12.63in”

The area of steel provided, Ag= 15.24in2, should be greater than the area of steel required, As.reqd = 12.63in2.

If not, decrease the spacing of the reinforcement. Once A4 is greater than A the proposed reinforcing is

s.reqd
adequate for the applied moments.

1 0'9 As’fy
2 085>f

Moment capacity provided..................... M¢ pos = A >¢y>@dS

)¢—.\8;

D
c.sub Cap
Mrpos 3287 ftkip

B2. Limitsfor Reinforcement [LRFD 5.7.3.3]
Maximum Reinfor cement

The maximum reinforcement requirements ensure the section has sufficient ductility and is not overreinforced.

SUBSTRUCTURE DESIGN 3.04 Pier Cap Design

224




Areaof steel provided........cccceovvvivennenens
Ag= 15.24in°

Stress block factor.......ccovvvveveeveveveenen,

by =0.775

Distance from extreme compression fiber
to the neutral axis of section....................

c=47in
Effective depth from extreme compression

fiber to centroid of the tensile
FEINfOrCEMENt......ceeevveeeee e

for non-prestressed sections..............
de = 49.7in

e
b1 = max€0.85 - 0.05X

e e
3 As>fy
0.854 o P 1’bCap
o - Aps>fps>dp + As’*‘y’ds
b=
Aps’fps + As>fy
de:: ds

bc.sub - 40000 §

1000ps g

&
et dony end

The < = 0.094 ratio should be less than 0.42 to satisfy maximum reinforcement requirements.

c
LRFDg 7 331 = |"OK, maximum reinforcement requirements for positive moment are satisfied" if — £ 0.42

"NG, section is over-reinforced, see LRFD equation C5.7.3.3.1-1"

otherwise

LRFDg 7 3 3.1 = "OK, maximum reinforcement requirements for positive moment are satisfied"

Minimum Reinforcement

de

The minimum reinforcement requirements ensure the moment capacity provided is at least 1.2 times greater than

the cracking moment.

Modulus of Rupture...........ccceevevevernennee.

f, = 562.8 psi
Section modulus of cap.........cccceeveeeeennee.
S= 15.2ft3

Cracking moment..........ccceeeeeeeeeviennenns

Mg = 1231.0kipt

—h
|

= 0.24></fc_sub>ksi

2
bCap’hCap
S=—88
6
My = fr>S
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Required flexural resistance............. Mr reqd = min(1.2>Mcr,

13396M)
M reqd = 1477.1fbkip

Check that the capacity provided, M = 3287 ftxkip , exceeds minimum requirements, M

r.pos r.req

LRFDg 7 3.3.2:= | "OK, minimum reinforcement for positive moment is satisfied"  if Mr.pos3 Mr.reqd

"NG, reinforcement for positive moment isless than minimum” otherwise

LRFDg 7 3.3 2 = "OK, minimum reinforcement for positive moment is satisfied"

B3. Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

Concreteis 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 actua stressin 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.

Stressin the mild steel reinforcement at the

T z
service limit state.........ccovveeeveceneninenns feq = — £ o_6>¢y
3
(%)
aémoderate exposure” 170G
Crack width parameter.........cccceveeeieeennn. Z= g "severe exposure” 130?)@

*in
@ "buried structures® 100 g

The environmental classifications for Florida designs do not match the classifications to select the crack width
parameter. For this example, a "Sightly" or "Moderately" aggressive environment corresponds to

"moderate exposure” and an "Extremely" aggressive environment correspondsto "severe exposure”.

Envi ronmentSuper = "Sightly" aggressiveenvironment

kip
Z:= 170%—
in

Distance from extreme tension fiber to
center of closest bar (concrete cover need

i diag
QTR= 00 2 o 710 ) I d.:= min - do 20in + —9
) | c ?Cap S 2 &
d. = 2.635in
Number of bars per design width of dab... Nogr = 12

Effective tension area of concrete

surrounding the flexural tension b 25
FEiNfOrCEMENt..........ovvereeeeeeeeeeesereeanne A= M
) Nbar
A =23.7in

4 = 1477.1fokip .

SUBSTRUCTURE DESIGN 3.04 Pier Cap Design

226




U
W%

N

Service limit state stress in reinforcement.. foq:= minFz ,0.6
A 1

O C

fo = 36.0Ks g(dcﬁ)g

The neutral axis of the section must be determined to determine the actual stressin the reinforcement. This
process isiterative, so an initial assumption of the neutral axis must be made.

X := 12.6%n

Xpa = Find(x)

Xpa = 12.6in

Compare the calculated neutral axis x,,, With theinitial assumption x. If the values are not equal, adjust
x = 12.6in to equa x4 = 12.6in.

Tensile force in the reinforcing steel dueto

M .
service limit state moment. .........coceeeeeee Tgi= __Servicel.pos
Xna
. d.- —
T = 518.13kip sT 3
Actual stressin the reinforcing steel due to Te
service limit state moment...........coeeeeee. fs actual = —
S

fo actugl = 34-0ks

The service limit state stress in the reinforcement should be greater than the actua stress due to the service limit
state moment.

LRFDg 7334 = |"OK, crack control for positive moment is satisfied" if fq ootq £ foq
"NG, crack control for positive moment not satisfied, provide more reinforcement” otherwise

LRFDg 7 3.3 4 = "OK, crack control for positive moment is satisfied"
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B4. Shrinkage and Temper ature Reinforcement [LRFD 5.10.8.2]

Initial assumption for area of steel required

Sizeof bar.....ccoeeveveeeeeeeeee e,

Gross area of Section.........ceeveeeeeenns

Ag = 2916.0 in2

Minimum area of shrinkage and

temperature reinforcement...............

.2
Aghrink temp = 441N

barg := |"5" if (bgp < 48in){ e < 48iN)
"6" otherwise

barg = "6"

barSpast = 12%n

...... Abal' = 044|n2
...... dia= 0.750in
...... Ag = bCameap

Aghrink temp = 0-0015A

Maximum spacing of shrinkage and temperature reinforcement

SPACINGgrink.temp =

& bc
minG P

¢ Astri nk.temp

c =
e Pfoa®? @

100

,12>1'n? if (bgp < 48in){hcgp < 48in)

otherwise

min(2>d, + dia, 3in)

spacinggpyi nk.temp = 14.7in

The bar spacing should be less than the maximum spacing for shrinkage and temperature reinforcement

LRFD5 7 10.8:= |"OK, minimum shrinkage and temperature requirements”  if barspast £ spacinggpyi nk.temp

"NG, minimum shrinkage and temperature requirements’

otherwise

LRFD5 7 10.g = "OK, minimum shrinkage and temperature requirements’
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B5. Mass Concrete Provisions

Surface area of pier cap.......c.cceevevvevennene. Surfacecap = Z’bCap’hCap + (ZbCap + 2hCap)’LCap
SurfaceCalo = 1869.6ft2

Volume of pier Cap.....cccoveeereeereeeneen. Volume gy = begphcapt cap
3
Vol Umecay = 2057.7ft

Volume
. : . C
Mass concrete provisions apply if the volume to surface arearatio, ® - 11011t , exceeds 1 ft and any
rfacecqn

dimension exceeds 3 feet

Vol Umecan . ]
SDG3 g = | "Usemass concrete provisions'  if > 1.0t U (bCap > 3ft U hCap > 3ft)

SurfaceCalo

"Useregular concrete provisions' otherwise

SDG3 g = "Use mass concrete provisions'
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C. Negative Moment Design
A few recommendations on bar size and spacing are available to minimize problems during construction.

The same size and spacing of reinforcing should be utilized for both the negative and positive moment
regions.

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 additiona sted is placed
between these bars.

The design procedure consists of calculating the reinforcement required to satisfy the design moment, then
checking this reinforcement against criteriafor crack control, minimum reinforcement, maximum
reinforcement, shrinkage and temperature reinforcement, and distribution of reinforcement. The procedureis
the same for both positive and negative moment regions.

My = |Mgyrengthl.neg

M, = 2063.1 ftkip

Factored resistance
M, =M,

Nominal flexural resistance

ag ag ag a hfo
M= Anofo Bl - 29+ At R - 20, At B - 294 0858 oAb - by )b phpte - —=
n= ApsTps S ST SRS 5T NSRS 5y c>( W) 1’hfé2 2 5

For arectangular, non-prestressed section,

a

M= Ao, .- =9

n=AslyRsT 5
Aghy
0.854' b

C1. Negative Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

Using variables defined in this example,

where  f. g, =55ks

fy = 60ksi

f =09 °

Cap

hCap: 54in

bcap: 54in
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Initial assumption for area of steel required

(Note: If 12-#9 bars are chosen, crack control
will not be satisfied, see Sect C3. Use 10-#10
bars at the same spacing as the bottom but with
two bars missing.)

Number of bars........ccceeeveeeveveiiceeennns Npgr = 10

SiZeof Dar......occeeeeeeee e bar := "10"

Note: if bar spacing is"-1", the spacing isless than 3", and a bigger bar size should be selected.

¥
Bar area.......cccooeeveeviiiiicee Apar = 1.27Oin2
Bar diameter.........ccooviiiiiiccne, dia=1.270in
Equivalent bar spacing..........c.c..ce..... bargng = 5.2in

Areaof steel provided..........ccoceevrerueennee. Ag= NparPpar

_ .2
AS— 12.70in

Distance from extreme compressive fiber

to centroid of reinforcing steel (assuming a dia 5

H#5 SHITUP). .. de:= hroy - COVEr gy - — - —iN
S Cap sub 2 3

dg=49.7in
Solve the _quadratlc equation for the area of . . é 1 As’*y Ou
stedl required........cccoceveveeece v Given Mr_f>AS>¢y>@dS- =x =L

& 2 3085 gbean g

Area of steel required..............coovvrnvveenn. Asreqd = Find(Ag)

As reqd = 9.43in”

The area of steel provided, Ag= 12.7Oin2, should be greater than the area of steel required, As.reqd = 9.43in2.
If not, decrease the spacing of the reinforcement. Once A4 is greater than As.reqd , the proposed reinforcing is
adequate for the applied moments.
. . é e At ou
Moment capacity provided..................... My neq = f A€ - E,L Sy =(
_ €9 Y&® 2 §085%; g bean o
My neg = 2756.4 ftkip

C2. Limitsfor Reinforcement [LRFD 5.7.3.3]
Maximum Reinfor cement
The maximum reinforcement requirements ensure the section has sufficient ductility and is not overreinforced.
Areaof steel provided........ccccoeovvviiennenees

Ag = 12.70in°
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4 = - 400008y ()
Stress block factor.........ccoceoeveecrininennes bq:= max(%.85 - o.osrL—i , 0.651u
e e  1000psi g @
b, =0.775
Distance from extreme compression fiber A
: . sty
to the neutral axis of section.................... c:=
0.85% D b
c=39in c.sub™ 17 Cap

Effective depth from extreme compression

fiber to centroid of the tensile Apsfpsthy + Aghyd
reinforcement.........ccoooeeevevecececeeeee, de =
Apsfos + Agfy
for non-prestressed sections.............. dg = dg
de = 49.7in

The -~ = 0.078 ratio should be less than 0.42 to satisfy maximum reinforcement requirements.

c
LRFDg 7 331 = |"OK, maximum reinforcement requirements for negative moment are setisfied"  if d_ £ 0.42
e

"NG, section is over-reinforced, see LRFD equation C5.7.3.3.1-1" otherwise

LRFDg 7 3.3 1 = "OK, maximum reinforcement requirements for negative moment are satisfied"

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...........cccoveerereennes fp:= 0.24></ fo sup’ks
f, = 562.8 psi
Distance from the extreme tensile fiber to he
the neutral axis of the composite section... y = P
2
y = 27.0in
. . . 1 3
Moment of inertiafor the section............. | = —sh~_>h
4 cap '~ 1o Cap™'Cap
loap = 34:2ft
2
branh
Section modulus of cap.........cccceeveeeeenee. S:= Cap” Cap
6
S= 15.2ft3
Cracking moment..........ccceeveeeeeeeviennenns Mg = f8

Mg = 1231.0kipt
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Required flexural resistance............. Mr reqd = Min(1.2:M ¢, 13396M,)

cre
M reqd = 1477.1fbkip

Check that the capacity provided, M r.neg
LRFDg 7 3.3.2:= | "OK, minimum reinforcement for negative moment is setisfied”  if Mr.neg 3 Mr.reqd
"NG, reinforcement for negative moment isless than minimum" otherwise

LRFDg 7 3 3.2 = "OK, minimum reinforcement for negative moment is satisfied"

C3. Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

Concreteis subjected to cracking. Limiting the width of expected cracks under service conditionsincreases
the longevity of the structure. Potential cracks can be minimized through proper placement of the
reinforcement. The check for crack control requires that the actua stress in the reinforcement should not
exceed the service limit state stress (LRFD 5.7.3.4). The stress equations emphasi ze bar spacing rather than
crack widths.

Stressin the mild steel reinforcement at the

service limit state.........ccooeveeevieeeninieenns feq = — £ o_6>¢y
3
(%)
aémoderate exposure” 170G
Crack width parameter.........ccccceeeevveennn. Z= g "severe exposure” ]_30_&

*in
@ "buried structures® 100 g

The environmental classifications for Florida designs do not match the classifications to select the crack width
parameter. For this example, a "Sightly" or "Moderately" aggressive environment corresponds to
"moderate exposure” and an "Extremely" aggressive environment correspondsto "severe exposure”.

Envi ronmentSuper = "Sightly"

kip
Z:= 170%—
in

Distance from extreme tension fiber to
center of closest bar (concrete cover need
R 210 do = mi”?Cap - dg2in + —¢

dg = 2.635in

O:

| o
Q

N

Number of bars per design width of dab...
nbar =10

= 2756.4ft>kip , exceeds minimum requirements, M”eqd = 1477.1 fxkip .
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Effective tension area of concrete

surrounding the flexural tension b 25
FEiNfOrCEMENt......ceevv e A= ( Cap)’( C)
n
A = 28.5in° bar
. L - - U
Service limit state stress in reinforcement.. foq:= m|n% , 0.6>¢)L,
fey = 36.0ks S 3 !
&) G

The neutral axis of the section must be determined to determine the actual stressin the reinforcement. This
process isiterative, so an initial assumption of the neutral axis must be made.

x:= 11.6%n
E
. 1 2 S
Given —hHr X = —AAds- X
C s1"s
2 % Ec.sub >( )
Xpa = Find(x)
Xpa = 11.6in
Compare the calculated neutral axis x,,, With theinitial assumption x. If the values are not equal, adjust

x = 11.6in toequa x4 = 11.6in.

Tensile force in the reinforcing steel dueto

M .
service limit state moment. .........coceeeeeee Tgi= 17" Servicel.neg|
Xna
. d.- —
Tg=4489Kkip S
Actual stressin the reinforcing steel due to Te
service limit state moment...........coceevee. fs actual = —
S

fo actugl = 35-3ks

The service limit state stress in the reinforcement should be greater than the actua stress due to the service limit
state moment.

LRFDg 7334 = |"OK, crack control for positive moment is satisfied" if fq oot £ foq
"NG, crack control for positive moment not satisfied, provide more reinforcement” otherwise

LRFDg 7 3.3 4 = "OK, crack control for positive moment is satisfied"
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D. Shear and Torsion Design [LRFD 5.8]

D1. Check if Torsion Design is Required
Ty= |TStrength1.neg| Vu= |VStrength1.neg

For normal weight concrete, torsional

effects shall be investigated if .................. T,> 0.254 T,
2
ACp pr
ANG...eiii e Top = 0.125%[fe——x[1 + ———
Pc 0.125x[f,,
Total area enclosed by outside perimeter of
CONCrete Cross SECHioN. ......ccvvvveeeerereennes Acp = NeapPcap
2
Acp = 20.3ft
Length of outside perimeter of cross
SECHON. ..ot Pei= 2>(hCap + bCap)
pc = 18.0ft
Compressive stress in concrete after
prestress losses have occured..................
fpc:: Oxpsi
2
. . cp fpc
Torsional cracking moment..................... Tor = 0.125%[f g pksix——x[1 + —————
' Pc 0.125%[f . g kS

T = 96L.7kipft

LRFDg g » := |"OK, torsion can be neglected” if 0.25% 3 T,

"NG, torsion shall beinvestigated..." otherwise

LRFDg g » = "OK, torsion can be neglected"

D2. Deter mine Nominal Shear Resistance

Effective width of the section.................. by, = bCap
b,, = 54.0in
. As’*‘y
Effective shear depth..........cccocvvvenennee. a=
a = 3.018in 085%c.sub’Pcap

a 0
. = max@. - < ,0.950,0.72h~
d, = 48.2in d £Us - 5095 072N
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Determination of b and q (LRFD 5.8.3.4)

The pier cap is a non-prestressed concrete section not subjected to axial tension. It should also have the
least amount of transverse reinforcement specified in LRFD 5.8.2.5 or an overal depth of lessthan 16 in.

b:=2
g := 45deg

Nominal shear resistance of concrete

1S < o [0 TP Vc ‘= 0.0316>b x,fc.sub’kg ’bv’dv
V. = 386.0kip

D3. Transver se Reinfor cement
Transverse reinforcement shall be provided in the pier cap according to LRFD 5.8.2.4.
V> 054 AV + V)
The pier cap has no prestressing.
Vp = 0Xip
Istransverse reinforcement required?

LRFDg g 9 4:= |" Transverse reinforcement shall be provided” if V> 0.5 V>(VC + Vp)

" Transverse reinforcement not required, provide minimum reinforcement” otherwise

LRFDg g 5 4 = " Transverse reinforcement shall be provided"

Single Double
Stlrrup Stirrups

Stirrups

Size of gtirrup bar ("4" "5" "6" "7")... bar = "5"

Number of stirrup bars ("single’ "double" )

.............................. Npar = "doubl€e

Area of shear reinforcement................... A, = 1.240i n2
Diameter of shear reinforcement.............. dia= 0.625in

Nominal shear strength provided by shear reinforcement

Vp=Ve+Vp+ Vg
@y 6
WHEIE....cvieceece e, V= m|ngf—,o_25>¢c_wb>bv>dv+ vp_;
V= 714.9kip e e
ANG...eiii e Vgi=Vp- Ve- Vp
V= 3289kip

SUBSTRUCTURE DESIGN 3.04 Pier Cap Design

236




Spacing of stirrups

. . Av’*(y
Minimum transverse reinforcement.......... Smin =
0.0316°b ></f Xs
Smin = 18.6in vyTesib
_ _ 2 Ay, cot(a) 6
Transverse reinforcement required........... Sreq = IfCVs £ O.8min.—— =
X \
e S 7]

Sreq = 10.9in

Minimum transverse reinforcement
s=10.9in

Maximum transverse reinforcement
&vy- fyWp
Smax = 15— —
& fv{bvd)

Smax = 24in

Spacing of transverse reinforcement
cannot exceed the following spacing

spacing = 10.9in

s:= min(smm,sreq)

~

< 01254 g jp, min(0.85,, 24%4n), min(0.4xd,, 125n);

u

........ spacing := if(smax > s, Svsmax)
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D4. Longitudinal Reinfor cement

Genera equation for force in longitudinal reinforcement

T My + ol 05/ - V 6>cot(q)
= ¢ - UVt Vpi
Wy &fy p
X >cot(q) V,,0
S, V= minkey Yool Yug
< spacing fy .
V= 328.9kip e Ve
M .y ..
Strength1. 0
AN, ...oovvoeeeee e Tz PR 8 05w, - Vp_;>cot(q)
_ - df efv 2
T = 1308.6 kip
Longitudinal reinforcement, previously
computed for positive moment design.......
As posM = 15.2in°
Equivalent force provided by this stedl....... Toosm = A s.posM’fy

TposM = 914.4kip

LRFDg g 3 5:= | "OKk, positive moment longitudinal reinforcement is adequate”  if TposM 3T

"NG, positive moment longitudinal reinforcement provided" otherwise

LRFD5 g 3.5 = "NG, positive moment longitudinal reinforcement provided"

Note: These provisions are applicable at the end bearing support areas. In both positive and negative moment
areas in the cap, the applied loads produce compression on the compression face, therefore the steel provided
needs to satisfy moment only. Therefore, this check isignored.

238
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E. Summary of Reinforcement Provided in the Moment Region

Negative moment (top) reinforcement

Bar size............. barnegM ="10"
Number of bars.. Nbar.negM = 10
Bar spacing....... barspanegM = 4.3in

Positive moment (bottom) reinforcement

Bar size............. barpOSM ="10"

Number of bars.. Nar. posM = 12

Bar spacing........ bar gna posm = 4310
Transverse reinforcement

Bar size............. bar = "5"

Bar spacing........ spacing = 10.9in

Type of dtirrups. Npgr = "double’

Temperature and Shrinkage
Bar size............. bar rink temp = 6"
Bar spacing....... barspa &= 12in

[#] Defined Units

G Y——M relnforcement

- Shrinkage &
temperature
relnforcement

+M reinforcement

stirrup
N—
Single Double
Stirrup Stirrups
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SUBSTRUCTURE DESIGN

Pier Column Live Load Analysis

References

Reference:F:\HDRDesignExamples\Ex1 PCBeam\304PierCap.mcd(R)

Description

This section provides the pier column design live load for (1) maximum axial load on Pier 2 column and (2)
maximum moments on column.

Page Contents

241 A. Input Variables
A1l. Shear: Skewed Modification Factor [LRFD 4.6.2.2.3c]
A2. Maximum Live L oad Reaction at | ntermediate Pier - Two HL-93 vehicles
A3. Dynamic Load Allowance [LRFD 3.6.2]
242 B. Maximum Axial Force
B1. Influence Linesfor the Pier Column
B2. HL-93 vehicle placement for maximum axial load
245 C. Maximum Negative Live Load M oment
CL1. Influence Linesfor the maximum negative pier cap moment
C2. HL-93 vehicle placement for maximum moment
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A. Input Variables

Al. Shear: Skewed Modification Factor [LRFD 4.6.2.2.3¢]

Skew modification factor for shear shall be applied to the exterior beam at the obtuse corner (g>90 deg) and to
all beams in a multibeam bridge, whereas Oy Skew = 1086 .

A2. Maximum Live Load Reaction at I nter mediate Pier - Two HL-93 Vehicles

Thereaction, R | |5 = 148.0kip, needsto be separated into the truck and lane components in order to determine the
beam reactions due to various vehicle placements along the deck.

Reaction induced by HL-93 truck load...... Rirucks = 80-3kip
Reaction induced by laneload.................. R|anes = 57.6kip
Impact factor.........cccovevevieveeeeeeeee, IM = 1.33
The truck reaction (including impact and
skew modification factors) is applied on FRiruckst™ 6
the deck as two wheel-line loads.............. wheel;: = 90%C =
line o > g>9v.8kew
The lane load reaction (including skew
modification factor) is applied on the deck R anesO
as adistributed load over the 10 ft lane..... lan = 90%>C =
| 8 o0ad 0 & 104 g>9v.8kew
lang g = 5.6 %

The truck whedl-line load and lane load can be placed in design lanes according to one of the following patterns.

wheel wheel wheel wheel wheel wheel
/ line line /Ine IIne line
2! \L 6' \L 2 /' Z'JL 6' \L 2' 2 2 \L 6' \LZ’
10" Lane Load 10" Lane Load 10" Lane Load
12 FT LANE 12 FT LANE 12 FT LANE
HL-93 PLACEMENT OFPTIONS
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B. Maximum Axial Force

For design live load momentsin the pier column, the controlling number and position of design lanes needs to
be determined. This section shows ameans of determining the controlling configuration of design lanes, along

with the corresponding beam loads and pier cap moments.

B1. InfluenceLinesfor the Pier Column

The influence lines will help determine the placement of design lanes on the deck to maximize the axial forcein

pier column 2. In this example, Larsa 2000 was used to generate the influence lines.

Influence Lines for Maximum Axial Force in Column 2

° Influence Lines
Maximum Axial Force at Column 2
¢ Influence Line
Magnitude

Beam Distance | (Column axial)
% 2 1 2 3 4 5 6 7 8 9 10 11 1 46 015
H i l l l i i i i i i 2 13.9 -0.20
s, 3 231 -0.62
s 4 323 -0.93
Col 2 37.0 -1.00
£, 5 416 -0.91
6 50.8 -0.56
@ @ @ @ 7 60.1 -0.16
“ 8 69.3 0.05
9 78.5 0.09
10 87.8 0.04
D 11 97.0 -0.03

Distance along Pier Cap (ft)

B2. HL-93 Vehicle Placement for Maximum Axial L oad

HL-93 vehicles, comprising of wheel line loads and lane loads, should be placed on the deck to maximize the axial

load in the pier column.

Design Lane Placements

For this example, the lane placements should maximize the axial forcein column 2. Referring to the influence
line graph, lanes placed above beams 2, 3, 4, 5, 6, 7, and 11 will contribute to the maximum axial force. Beams
4 and 5 are the most influential. The graph aso shows that lanes placed above beams 1, 8, 9, and 10 will
reduce the maximum axial force. From thisinformation, several possible configurationsfor 1, 2, 3, and 4 lanes

can be developed to maximize the axial force in column 2.
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LEFT

7Tl
4- LANES GUTTER

3- LANES
I3 FTLL

2- LANES

I8 FT.

1= LANE

Axidl tap of
COLUMN | column sectlon

SPAN | SPAN 2 SPAN 3

coLuMN 3 COLUMN 3 COLUMN 4

Axlal bottom
of column sectlon

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.

MPF = | 1.2 if Number_of lanes=1
1.0 if Number_of lanes= 2
0.85 if Number_of lanes=3

0.65 if Number_of lanes3 4

Corresponding Beam L oads

The live loads from the design lanes are transferred to the substructure through the beams. Utilizing the lever
rule, the beam loads corresponding to the design lane configurations are cal culated and multiplied by the multiple

presence factors.
Beam 1Lane 2Lanes | 3Lanes | 4Lanes
1 0 0 0 0.9
2 0 0 15.9 63.4
3 0.4 38.8 89 65.3
4 96 121.9 115.9 79.3
5 96 121.9 85.4 79.3
6 0.4 38.8 87.8 65.3
7 0 0 15.9 63.4
8 0 0 0 0.9
9 0 0 0 0
10 0 0 0 0
11 0 0 0 0

Substructure Design

3.05 Pier Column Live Load Analysis




Corresponding Moments

The axial forces and moments in the pier column corresponding to the beam loads were determined
using Larsa 2000.

Maximum Axial Force
Axial Force (k) Moment (k-ft)
1Lane -191.7 -6.4
2 Lanes -292.4 -15.0
3 Lanes -320.1 -34.8
4 Lanes -265.8 -24.3

The results show that three design lanes govern. The following beam loads, corresponding to the governing
maximum axial force, will be used in the limit state combinations to obtain the design vaues for the pier

column.
UNFACTORED LIVE LOAD (causing
axial) AT PIER COLUMN 2
LL Loads (kip)
Beam X y z
1 0.0 0.0 0.0
2 0.0/ -15.9 0.0
3 0.0/ -89.0 0.0
4 0.0| -115.9 0.0
5 0.0/ -85.4 0.0
6 0.0/ -87.8 0.0
7 0.0/ -15.9 0.0
8 0.0 0.0 0.0
9 0.0 0.0 0.0
10 0.0 0.0 0.0
11 0.0 0.0 0.0
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C. Maximum Negative Live Load Moment

C1. Influence Linesfor the maxi

mum negative pier cap moment

The influence lines will help determine the placement of design lanes on the deck to maximize the transverse
moments at the top of pier column 2. In this example, Larsa 2000 was used to generate the influence lines.

Influence Lines

for Maximum Moment at Top of Column 2

H
~
©
2

Influence Line Magnitude
°
e
f———
¢

® ® @

3 O O -

Distance along Pier Cap (ft)

C2. HL-93 Vehicle Placement for Maximum M oment

Influence Lines

Maximum Moment at Top of Column 2

Influence Line
Beam Distance Magnitude
1 4.6 -0.62
2 13.9 0.62
3 23.1 1.27
4 32.3 0.81
5 41.6 -0.73
6 50.8 -1.05
7 60.1 -0.47
8 69.3 0.13
9 78.5 0.07
10 87.8 -0.07
11 97.0 0.26

HL-93 vehicles, comprising of wheel line loads and lane loads, should be placed on the deck to maximize the

moments in the pier column.

Design Lane Placements

For this example, the lane placements should maximize the moment in column 2. Referring to the
influence lines graph, lanes placed above beams 2, 3, 4, 8, 9, and 11 will contribute to the maximum
positive moment. Beam 3 is the most influential, followed by beam 4. The graph aso shows that lanes
placed above beams 1, 5, 6, 7, and 10 will reduce the maximum positive moment. From this
information, several possible configurations for 1, 2, and 3 lanes can be devel oped to maximize the

moment in column 2.
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J- LANES

2- LANES

I- LANE

LEFT
GUTTER

w26 FTu

COLUMN |
SPAN |

Axlal fop of

column section COLUMN 3

SPAN 2

COLUMN 3

SPAN 3

COLUMN 4

Corresponding Beam L oads

The live loads from the design lanes are transferred to the substructure through the beams. Utilizing the lever
rule, the beam loads corresponding to the design lane configurations are cal culated and multiplied by the multiple

presence factors.
Beam L oads
Beam 1Lane 2 Lanes 3Lanes

1 0 14 12
2 17 97.7 83
3 117.1 1233 104.8
4 74 97.7 83
5 0 14 12
6 0 0 0

7 0 0 0.3
8 0 0 68
9 0 0 68
10 0 0 0.3
11 0 0 0
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Corresponding Moments

The axial forces and moments in the pier column corresponding to the beam loads were determined
using Larsa 2000.

Maximum Moment
Axial Force (k) Moment (k-ft)
1Lane -153.3 -104.6
2 Lanes -202.9 -153.2
3 Lanes -162.8 -132.5

The results show that two design lanes govern. The following beam loads, corresponding to the governing
maximum axial force, will later be used in the limit state combinations to obtain the design values for the pier

column.
UNFACTORED LIVE LOAD (causing
moment) AT PIER COLUMN 2
LL Loads (kip)
Beam X y z
1 0.0 -1.4 0.0
2 0.0 -97.7 0.0
3 0.0 -123.3 0.0
4 0.0 -97.7 0.0
5 0.0 -1.4 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
10 0.0 0.0 0.0
11 0.0 0.0 0.0

[#] Defined Units
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SUBSTRUCTURE DESIGN

Pier Column Design L oads

Reference

Reference:F:\HDRDesi gnExamples\Ex1_PCBeam\305PierColLL.mcd(R)

Description

This section provides the design parameters necessary for the substructure pier column design. The loads
calculated in thisfile 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, Larsa 2000 was chosen as the analysis model/program
(http://www.larsausa.com)

Page Contents
249 LRFD Criteria
251 A. General Criteria

Al. Load Summary

255 B. Design Limit States
B1l. Strength | Limit State
B2. Strength |11 Limit State
B3. Strength V Limit State
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LRFD Criteria

STRENGTH I -

STRENGTH |1 -

STRENGTH 111 -

STRENGTH IV -

STRENGTH YV -

EXTREME EVENT [ -

EXTREME EVENT II -

SERVICE -

SERVICEII -

SERVICE I -

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 Uniform temperature load effects on the pier will be generated by the

substructure analysis model (Larsa 2000).

Strengthl = 1.25DC + 1.50DW + 1.754 L + 0.50XTU + CR + SH)

Load combination relating to the use of the bridge by Owner-specified specia 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 = 1.25DC + 1.50:DW + 1.40VS + 0.50TU + 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 = 1.25DC + 1.50:0W + 1.35% L + 1.358R + 0.40RVS + 1.0AVL ...
+0.50XTU + 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 a55 MPH
wind and all loads taken at their nominal values.

"Not applicable for the substructure design in this design example"

Load combination intended to control yielding of steel structures and dip of
dip-critical connections due to vehicular live load.

"Not applicable for this simple span prestressed beam bridge design example"

Load combination relating only to tension in prestressed concrete structures with the
objective of crack control.
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"Not applicable for the substructure design in this design example

Fatigue load combination relating to repetitive gravitational vehicular live load under a

single design truck.
"Not applicable for the substructure design in this design example

FATIGUE -
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A. General Criteria
Thefollowing is asummary of all the loads previoudly calculated:

Al. Load Summary

Dead L oads - 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| -183.6 0.0 0.0 -10.8 0.0
2 0.0| -174.3 0.0 0.0 -9.4 0.0
3 0.0| -174.3 0.0 0.0 -9.4 0.0
4 0.0| -174.3 0.0 0.0 -9.4 0.0
5 0.0| -174.3 0.0 0.0 -9.4 0.0
6 0.0| -174.3 0.0 0.0 -9.4 0.0
7 0.0| -174.3 0.0 0.0 -9.4 0.0
8 0.0| -174.3 0.0 0.0 -9.4 0.0
9 0.0| -174.3 0.0 0.0 -9.4 0.0
10 0.0| -174.3 0.0 0.0 -9.4 0.0
11 0.0| -183.6 0.0 0.0 -10.8 0.0

Liveload -

Unfactored beam reactions at the pier for maximum axia force in the column

UNFACTORED LIVE LOAD (causing
axial) AT PIER COLUMN 2
LL Loads (kip)

Beam X y z

1 0.0 0.0 0.0

2 0.0 -15.9 0.0

3 0.0 -89.0 0.0

4 0.0 -115.9 0.0

5 0.0 -85.4 0.0

6 0.0 -87.8 0.0

7 0.0 -15.9 0.0

8 0.0 0.0 0.0

9 0.0 0.0 0.0

10 0.0 0.0 0.0

11 0.0 0.0 0.0
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Unfactored beam reactions at the pier for maximum transverse moment in the column

Z cLonginuarnaly

X (Tronsvers

e)

Beam

© 0O ~NO O~ WNP

ol
= O

UNFACTORED LIVE LOAD (causing
moment) AT PIER COLUMN 2

LL Loads (kip)

X y z
0.0 -14 0.0
0.0 -97.7 0.0
0.0 -123.3 0.0
0.0 -97.7 0.0
0.0 -14 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

Note: Thislive load placement causes a
+ Mz moment about pier column 2, while
the majority of the loads that are being
applied (WS and WL) have |oads that

cause a -Mz moment about pier column 2.

We will change the direction of the WS
and WL |loads in the combinations.

Braking For ce - Unfactored beam reactions at the pier for BR loads

BRAKING FORCES AT PIER
BR Loads (kip)

Beam X y z
1 19 -0.5 -3.3
2 19 -0.5 -3.3
3 19 -0.5 -3.3
4 19 -0.5 -3.3
5 19 -0.5 -3.3
6 19 -1.9 0.0
7 0.0 0.0 0.0
8 0.0 0.0 0.0
9 0.0 0.0 0.0
10 0.0 0.0 0.0
11 0.0 0.0 0.0

Note: The direction of braking was
reversed in order to maximize the
longitudinal braking moments, Mx
caused by "Z' loads, to maximize the
effects of WSand WL.
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Creep, Shrinkage and Temper ature - 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
10 0.0 0.0 0.0
11 0.0 0.0 0.0

Wind on structur e - Unfactored beam reactions for WS loads

WIND ON STRUCTURE FORCES
AT PIER
WS Loads (kip)
Beam X y z
1 -2.6 0.0 -3.2
2 -2.6 0.0 -3.2
3 -2.6 0.0 -3.2
4 -2.6 0.0 -3.2
5 -2.6 0.0 -3.2
6 -2.6 0.0 -3.2
7 -2.6 0.0 -3.2
8 -2.6 0.0 -3.2
9 -2.6 0.0 -3.2
10 -2.6 0.0 -3.2
11 -2.6 0.0 -3.2

Wind Loads Applied to Substructure

Pier Cap
Pier Column

X (trans) Z (long)
10.13 kip -0.30 kIf
-0.07 kIf -0.26 kif

Note: The direction of wind was reversed
in order to maximize the -Mz moment
about pier column 2

Cap wind oadimg

]

=

WS.z.Plarcap
= =7 7 7 7 7 7 7 7T 7T T T T T 7T 7

WS x PlerCap
=z 7 7 7 7 qé ’ Ws.2 Prarcep e

il

=

]

Ws.zPlercel

pOA AR

n\\¥§§§\

WS.xPlorcal

% A

Typicol column wind oading

-

-
y WS.2Plercol § Frercel
aneverse) J

X (Traneverse

2 tongltudinal)
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Wind on load on vehicles - Unfactored beam reactions for WL loads

Beam

© 0O ~NO O~ WN P

ol
= O

WIND ON LIVE LOAD
FORCES AT PIER

WL Loads (kip)

X y z
-0.7 0.0 -0.8
-0.7 10.3 -0.8
-0.7, -10.3 -0.8
-0.7 0.0 -0.8
-0.7 0.0 -0.8
-0.7 0.0 -0.8
-0.7 0.0 -0.8
-0.7 0.0 -0.8
-0.7 0.0 -0.8
-0.7 0.0 -0.8
-0.7 0.0 -0.8

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 service V limit states are summarized in this section. For
each limit state, two loading conditions are presented: maximum axia force and maximum moment.

These reactions are from the superstructure only, acting on the substructure. In the analysis model, such asa
GTStrudl, Sap2000, Strudl, Larsa 2000, etc, include the following loads:

DC: self-weight of the substructure, include pier cap and columns

TU: atemperature increase and fall on the pier substructure utilizing the following parameters:

coefficient of expansion a, = 6" 10 61
°F
temperature change temperature; \rease = t€Mperaturesy = 25%F

For instance, in LEAP's RCPier, two load cases would be required for temperature with a positive and negative
strain being inputed, equal to: a{25%F) = 0.00015

_{ LARSA 2000 - Model 1b.lar [_T5]
File Wiew Graphics Selection Draw Modify InputDats Analysis Results Tooks Window Help

Fouca | e L
BEOE oS aaaa®e ass i -lEs  Eawe ollm el AL
oo =1 ] £19)

20 Members selscted ]

ID % Span Joints A

D 123,456/ |
Start Joint
End Jaint

Properties

Type Beam =
Section -
End Secame as stz
Material -

Angle 000

Rigid Zone [x/L)
Fram St: 0.oo
Fram End

Miscellaneous(kips])
Frestres 0.00

End Releases

I-My Fiked =
I-Mz Fired =
J-My Fiked =
oo IMz Fired =

e R e e e i A

Geometry ‘
Giraphics Yiew 1
;Done. : : o i i G G ; : & Sy 7 7‘ : Unda File: 0. ME

Note that in our model, the loads applied at the top of the cap from the beams are applied to rigid links that
transfer the lateral loads as alateral |oad and moment at the centroid of the pier cap. Thisis consistent
with substructure design programs like LEAP's RCPier. Fixity of the pier was provided at the bottom of
the columns.

WS: Wind on the substructure should be applied directly to the analysis model. The following is an example
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of the wind locations and terminology used in our analysis.

WSz Pieriap

—

cop

| S |

wind ooding

1

4

=

1 1
2 =z 7 7 7 .7 7 7 7 7 7 7 7 7 7 7 7

WS xiorcap
=z 7 7 7 7 <

L

=

|

WSz PlerCol
14
L7
ZZ

Typloal cotumn wind oading

AN AR

WS.x Plertor

4

4

-

|

X (Transvorsel

i3

]

2Z (Longitudinal)

SECTION A-A

Forces applied directly to the analysis model

All applied loads in the substructure analysis model should be multiplied by the appropriate |oad factor values
and combined with the limit state loads calculated in thisfile for the final results.

B1. Strength | Limit State

Strengthl = 1.25DC + 1.5DW + 1.754.L + 1.75BR + 0.50TU + CR + SH)

Strength | Limit State
Max. Axial Loads (kip)

Max. Moment Loads (Kip)

Beam # X Y Z X Y Z
1 33 -2465 -58 33 -2489 -58
2 33 -260.7 -58 3.3 -4038 -58
3 33 -3886 -58 3.3 -4486 -58
4 33 -4357 -58 3.3 -4038 -58
5 33 -3823 -58 33 -2353 -58
6 33 -3890 0.0 33 -2354 0.0
7 0.0 -2599 0.0 00 -2320 0.0
8 00 -2320 0.0 00 -2320 0.0
9 00 -2320 0.0 00 -2320 0.0

10 00 -2320 0.0 00 -2320 0.0
11 0.0 -2457 0.0 0.0 -2457 0.0
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B2. Strength 11 Limit State

Strength3 = 1.25DC + 1.5DW + 1.4WS + 0.50XTU + CR + SH)

Strength [11 Limit State

Loads (kip) Wind Loads Applied to Substructure
Beam # X Y Z X (trans) Z (long)

1 -3.7 -2457 -45 Pier Cap  14.19 KIf -041 kip

2 -37 -2320 -45 Pier Column -0.10 kif -0.37 Kif
3 -37 -2320 -45
4 -3.7 -2320 -45
5 -37 -2320 -45
6 -37 -2320 -45
7 -37 -2320 -45
8 -3.7 -2320 -45
9 -37 -2320 -45
10 -37 -2320 -45
11 -3.7 -2457 -45

B3. Strength vV Limit State

Strength5 = 1.25DC + 1.500W + 1.354 L + 1.35BR + 0.408VS + 1.0AVL + 0.50TU + CR + SH)

'Max. Axial Loads (kip) [Max. Moment Loads (kip)
Beam # X Y Z X Y Z
1 09 -246.3 -6.6 09 -2482 -6.6
2 09 -2439 -6.6 09 -343 -6.6
3 09 -3631 -6.6 09 -4094 -6.6
4 09 -389.1 -6.6 09 -3646 -6.6
5 09 -3480 -6.6 09 -2346 -6.6
6 09 -3531 -21 09 -2346 21
7 -1.7 -2535 -21 -17  -2320 21
8 1.7 -2320 -21 -17  -2320 21
9 -1.7  -2320 -21 -17  -2320 21
10 -1.7  -2320 -21 -17  -2320 21
11 -1.7  -245.7 -21 -17  -2457 21

Wind Loads Applied to Substructure

X (transv) Z (long)
Pier Cap 4.05 kip -0.12 kIf
Pier Column  -0.03 kiIf -0.10 kIf
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C4. Summary of Results

 UndaFile: 0.05 ME

LARSA 2000 COLUMN 2 RESULTS

o
Q -

E =

= S8 ResultCase Fx Fy Fz Mx My Mz
37 21 Strengthl-PCol -TU 30.86 -135258 -11.21 -6.11 -17.32 310.71
37 38 Srengthl-PCol -TU  -3086 139617 1121 21340 1732 26021 *
37 21 Strength1l-M Col -TU 6542 -1164.71 -11.21 -6.11 -17.32 73002 *
37 38 Strengthl1l-M Col -TU -65.42 120830 1121 21340 17.32 480.23 *
37 21 Strength3- Col -TU 962 -82040 -2537 -16.23 3.03 9743
37 38 Strength3- Col -TU -7.81 87299 3211 54792 -3.03 63.79 *
37 21 Strength5-PCol -TU 2425 -123690 -1841 -1335 -12.26 247.92
37 38 Strength5-PCol -TU -2373 128050 2033 37170 1226 195.95
37 21 Strength5-M Col -TU 5092 -100208 -1841 -1335 -12.26 57146
37 38 Strength5-M Col -TU -5040 113567 2033 37170 1226 365.70 *

NOTES:

(1) Values (*) used for column design check. Node 21 results given represents
value at top of colurmn, node 38 is bottomof colurm.

(2) Values highlighted are governing design loads.

(3) (-TU) meansload case with atemperature fall in the substructure governed.

From the load cases that were run, we can also ask for the values at Column 1. Based on the loads that were
applied for the cap design and column 2 design, these load combinations should give afairly accurate value of

Substructure Design 3.06 Pier Column Design Loads

258




the loads experienced by this column. In fact, based on the evaluation of these loads in the next section, the

loadsin column 1 govern the reinforcing requirements.

This approach was somewhat on purpose. It was meant to show that the column that may experience the
greater loads may not necessarily be the most critical. Therefore, exterior columns should also be checked

since their design may be governed by bending moments rather than axial loads.

BT Joint

37
15
37

15
37

15
37
15
37

LY 88 B8 & G & & Member

[#] Defined Units

LARSA 2000 COLUMN 1 RESULTS

Result Case

Strength 1 - +M Cap +TU
Strength 1 - +M Cap +TU
Strength 1 - P Col +TU

Strength 1 - P Col +TU
Strength 1- M Col +TU
Strength 1- M Col +TU

Strength 3 - Col +TU
Strength 3 - Col +TU

Strength 5 - P Col +TU
Strength 5 - P Col +TU
Strength 5- M Col +TU
Strength 5- M Col +TU

NOTES:

Fx
-99.94
90.94

-70.28

70.28
-92.83
92.83

-55.11
56.93

-69.03
69.55
-86.43
86.94

Fy
-890.84
94343

-776.23

819.82
-937.03
980.62

-681.18
124.77

-751.90
79549
-876.03
919.62

Fz
15.24
-15.24

-15.24

15.24
-15.24
1524

-21.46
2819

-20.04
21.96
-20.04
21.96

Mx
-1.91
-279.99

191

279.99
191
279.99

-40.07
49931

-16.13
404.61
-16.13
404.61

My
523
-523

-523

523
-523
523

9.14
-914

-051
051
-051
051

Mz
-1114.70 *
-734.16

-780.03

-520.06 *
-1067.45
-649.82

-542.45
-493.95 *

-745.60
-536.21
-967.34 *
-636.34

(1) Values (*) used for column design check. Node 15 results given represents
value at top of colurmn, node 37 is bottomof colurm.
(2) Vaues highlighted are governing design loads.

(3) (+TU) meansload case with atemperature rise in the substructure governed.
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SUBSTRUCTURE DESIGN

Pier Column Design

Reference

Reference:F:\HDRDesignExamples\Ex1_PCBeam\306PierColLds.mcd(R)

Description

This document provides the design check summary for columns 1 and 2. P- D 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- D. If

not, programs like PCA Column have a"Slender" column option whereas some parameters for slenderness
can be entered to include secondary effects.)

Page Contents

261 A. General Criteria

Al. Pier Column Design L oads

262 B. PCA Column Analysis
B1. Input Variables
B2. Output

Substructure Design 3.07 Pier Column Design 260




A. General Criteria

Al. Pier Column Design L oads

N r ]

[ ]

I3

‘ - p N p p
7 o v (Transve

coLuMm | coLmn 2 coLumn 3 coLuMn 4
SPAN | SPAN 2 SPAN 3

Strength |, strength I11, and strength V loads for columns 1 and 2 were evaluated. The following table
summarizes the results from LARSA 2000 output for pier columns 1 and 2..

o

Q +—
1= c
2 3
36 15
6 37
36 15
6 37
36 15
6 37
36 15
6 37
37 21
37 38
37 21
37 38
37 21
37 38
37 21
37 38

LARSA 2000 COLUMN RESULTS

Result Case Fx Fy Fz Mx My Mz
Caumnil

Strength 1-+M Cap +TU -9094 -89984 1524 -191 523 -111470 *
Strength 1- +M Cap +TU 9994 94343 -1524 -27999 523 -73416
Strength 1 - P Col +TU -7028 -77623 -1524 191 -523 -780.03 *
Strength 1 - P Col +TU 7028 81982 1524 27999 523  -520.06
Strength 3 - Col +TU -5511 -681.18 -2146 -4007 914  -54245
Strength 3 - Col +TU 5693 72477 2819 49931 914 49395 *
Strength5- M Col +TU -8643 -876.03 -2004 -1613 -051 -967.34 *
Strength5- M Col +TU 8694 91962 2196 40461 051 -636.34
Column 2

Strength1- PCol -TU 30.86 -135258 -11.21 -6.11 -17.32 310.71
Strength1- PCol -TU -3086 139%6.17 1121 21340 17.32 260.21 *
Strength 1- M Col -TU 6542 -1164.71 -11.21 -6.11 -17.32 730.02 *
Strength 1- M Col -TU -6542 120830 1121 21340 17.32 480.23
Strength 3- Col -TU 962 -8240 -2537 -1623 303 9743
Strength 3- Col -TU -7181 87299 3211 54792 -303 63.79 *
Strength 5- M Col -TU 5092 -109208 -1841 -1335 -12.26 57146 *
Strength 5- M Col -TU -5040 113567 2033 37170 1226 365.70
NOTES:

(1) Values (*) used for column design. Node 15 and 37 represents value at top and
bottomof column 1, nodes 21 and 38 are top and bottomof column 2.

(2) Vaues highlighted are governing design loads.

(3) (-TU) means load case with atemperature fall in the substructure governed.
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B. PCA Column Analysis
B1. Input Variables

General Information

-Labels

Project:

IPrest. Beam Deszign Example

! About X-Axis
) About ¥-Axis
® Biaxial

Column: Engineer:
|1 %2 |HDFI
~Units -Design Code
@ English @ ACI 318-95
) Metric ) CSA A23.3-94
-Run Axiz -Run Ophion

! Investigation
(@ Design

Conszider szlenderness?

Cl Yes @ Mo

;

Lancel I

Material Properties

-Concrete
Strength, Fc: 5.5 kzi
Elasticity, Ec: |3B46  ksi

Max stresz_ fc: 4125 ks

Beta[1]: 0.775

Ultimate strain: |(0.003

Reinforcing Steel

Strength, fy: |E|] ksi
Elasticity, Es: |25l]l]l] ksi

Rupture ztrain

@ Infinity

) Specified: |I]

YIEEERK

| Lancel I

Circular Section x|
Start End Increment
Diameter: IE |4B Iﬂ in
| oK I Cancel I

...Enter general information...

...Enter material properties...

...Enter column geometry...
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Limits of Reinforcement [LRFD 5.7.4.2]

elyg
by the following equation:
A A
Maximum area of reinforcement.............. _S,_Psp £ 0.08
A A f
g gy
AN A
Minimum area of reinforcement............... _Sy ,_PSpd
Ag>1‘ c Ag>1‘ c
For non-prestressed columns, the minimum fosub
percentage of reinforcement allowed is..... Agyp = 0.135)(%—
y

3 0.135

Design Criteria x|

Column Type Reinforcement Hatio
) Structural Minimum: [1.24 %
(! Architectural Maximum: |8 o
@:Othes:

Minimum clear zpacing between bars: |1-5 in
Deszign/Required ratio: |I]_EIEI

| EK I | Lancel l

To account for the compressive strength of concrete, minimum reinforcement in flexura membersis found to be

adc0
proportional to C—C_-. Therefore, the longitudinal reinforcement in columns can be less than 0.01Ay if alowed

(Note: 8% maximumis still
applicable as per the LRFD).

(Note: Thisequation waswritten in
the form of
A f

Ao, = — 3 0.135¢° here
% A f
g y

Agy, isthe percentage of

reinforcement.

In this situation, the minimum steel requirement was greater than 1% of the gross column area. For PCA Column,
enter Ag, = 1.24% for minimum reinforcement.

...Enter column design criteria...
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=

Confinement: j

-Capacity Beduction Factors, Phi

s
b5

Flexure and compression [c): |0-7

Axial compression [a]:

Flexure and tenzion [b]:

~Tie Sizes

IIH j ties with I #10 j bars or smaller.
IlH j ties with larger bars.

I EK I | LCancel I

All Sides Equal

Mo. of bars: Iﬁ |3|]

Bar zize:

Clear cover: |3 in

-Cover to

Minimum Maximum
(® Tranzverse bars

! Longitudinal bars

X

-Bar Layout

[na  =]fus =]

! RBectangular

® Circular
| EK I | LCancel I
Factored Loads X|
Load Z-Moment Y-Moment
|HI]I] |2 |1 115
[kips] [Ft-kip] [ft-kip]
| Inzert I | Modify I | Delete I
|MNo. P Mx My
1 900 2 1115
2 776 2 780
3 725 499 494
4 876 16 967
h 1396 213 260
[ 1165 [ ¥30
¥ 873 h48 64
i 1092 13 LT
| (1] 4 I | Lancel I

...Enter column tie reinforcing
information...

...Enter column reinforcing
information...

...Enter factored loads acting on
column...
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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 typicaly found on intermediate piers over
cross-streets. Another alternative to maximize the columnsiis to increase the column spacing, however,
thiswill require greater reinforcing in the pier cap.

al®l x|
Fikel
A ™
Voo N
IIIIII * - "'III
.}
- .
-+ - -\-\-\-""‘-u\.__\_._
\L\-‘H' A '..f// \HH"H
o .,
BB o \‘-_
1339 reind %
I = 5.5 kai B b
Ec = 3046 ksi |I
I = 125 kai |
Heial = 0.FTS '
ty = 6O ksi -
Es = F00E bl L
EECTHME ;
by = THON.5E I + ,’
Ix = ZROSTE in"4 P
ly = PEOSTE in"d il
[w = 0 i e
Mo =0in —— - i
408 bars 8 1.326% T B
.lv;.-n =2dine e ____a—f"';__
Chead Coved = Ahin —
Ggeding = 4.07634 in
BLENDERMESS: o oW
Bieslal- A1 7% Coniigm: [Pamiz2bi Wa g b Eoo=13h
(Note: For
constructability, our
Total steel area, As = 24.00 in”2 at 1.33% experience has shown
that if the bars are kept
to amultiple of 4 then it
24- #9 Cover = 3 in improves placing the
longitudinal steel
around the column steel.
Pu Mux My f Mnx f My In the plans, 24-#9 will
No. kip k-ft k- ft k-ft k-ft  fMI/ M be detailed.)
_____________________________________________________________ . . <- governs
1 900.0 2.0 1115.0 4.4 2529. 9 2.269
2 776.0 2.0 780. 0 6.5 2498. 3 3.203 | Sincepoint 1 governs for
3 725.0 499.0 494.0 1763.7 1745.5  3.534 | moment[column 1], the
4  876.0  16.0 967.0 41.1 2524.7  2.611 | foundation for this
5 1396.0 213.0 260.0 1761.2 2149.8  8.268 | columnissubsequently
6 1165.0 6.0 730.0 21.9 2648. 8 3.629 | designed.
7 873.0 548.0 64.0 2506.2 295.9 4.574
8 1092.0 13.0 571.0 55.8 2600. 3 4.554
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SUBSTRUCTURE DESIGN

Pier Foundation Design L oads

Reference

Reference:F:\HDRDesignExamples\Ex1 PCBeam\307PierCol.mcd(R)

Description

This document provides the design parameters necessary for the substructure pile vertical load and
footing design.

Page Contents
267 A. General Criteria
Al. Pier Column LivelLoad (LL) Summary

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 Amplification (DLA) is not required since the foundation components are entirely below
ground level [LRFD 3.6.2.1].

AZ2. 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.

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.

@

o

£ E
s S
3% 15
36 37
3% 15
36 37

[#] Defined Units

LARSA 2000 COLUMN RESULTS

Result Case Fx
Column 1

Strength1-+M Cap +TU  -99.94
Strength 1 - +M Cap +TU 99.94
Servicel-+M Cap+TU  -100.40
Servicel-+M Cap +TU 100.01

Note:

Fy

-890.84
94343
943.43

-673.09
707.96
707.96

Fz Mx

15.24
-15.24

-191
-279.99
-325.70

1541
-16.85

13.83
-312.19
-362.74

My

523
-523

0.05
-0.05

The values in ba d have been translated from the bottom of the colurm

to the top of the piles (= 3 ft).

Mz

-1114.70
-7134.16
-1033.98 *

-1008.23
-845.54
-1145.56 *
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SUBSTRUCTURE DESIGN

Pier PilesVertical Load Design

References

Reference:F:\HDRDesi gnExamples\Ex1_PCBeam\308PierFoundL ds.mcd(R)

Description

This section provides the design of the piles for vertica loads (exclude lateral load design). For this
design example, only the piles for column 1 footing will be evaluated.

Page Contents
269 FDOT Criteria
270 A. Input Variables
Al. Geometry

A2. Forceson Top of Footing
271 B. Pile L oads
B1. 4- Pile Footing Investigation
B2. 6- Pile Footing Investigation
276 C. Pile Tip Elevationsfor Vertical Load
CL1. Pile Capacities as per SPT97
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LRFD Criteria

FDOT Criteria
Minimum Sizes [SDG 3.5.2]

Use 18" square piling, except for extremely aggressive salt water environments.

Spacing, Clearances and Embedment and Size [SDG 3.5.3]

Minimum pile spacing center-to-center must be at least three times the least width of the deep foundation
element measured at the ground line.

Resistance Factors [SDG 3.5.5]

The resistance factor utilizing SPT97

for piles under compression shall be... f gprg7 = 0.65

Minimum Pile Tip [SDG 3.5.7]

The minimum pile tip elevation must be the deepest of the minimum elevations that satisfy 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 vertica
load requirements and lateral load analysis.

Pile Driving Resistance [SDG 3.5.11]

The Required Driving Resistance for
an 18" sgquare concrete pile must not

[S(el= < o TR UBCgpoT = 300T0n
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A. Input Variables

Al. Geometry
Depth of footing........ccccevevvvervieineneee. thg = 4ft
Width of footing........cccceevevvivneiecieee. thg =75ft
Length of footing.........cccceveeerirenenieenee Lrtg =75 ft
Pile Embedment Depth...........cccceevrnennene. Pilegmped = 11t

A2. Forceson Top of Footing
Areaof FOoting........ccceeevevevicvieiee, Aftg = thg’Lth

e a2
Attg = 56.3ft

Footing weight not included in LARSA..... Wity = Goonc{ AtgMFtg)

Wtth = 33.8kip

Maximum serviceload.........c..cccevveneeee. Py = 708.0kip
and corresponding moments.............. M, = -362.7 fkip

M, = - 1145.6 fokip

Maximum factored load...............co.e..e. Puy = 943.4kip

and corresponding moments..............
=P 9 Mu, = - 325.7 ftkip

Mu,, = - 1034.0 ftkip
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B. Pile Loads

B1. 4- Pile Footing I nvestigation
So far, the design example has assumed that a 4-pile footing will be adequate.
Foundation L ayout
Size of the square concrete piles..............

Number of PIlES.........ocovveeeieieeeeiiieee

Pile Coordinates..........coceveeveveeeceeiseeeens

Pile, = Xila= At
index 2+ pile G225+
o3 & 2255
k:=0.. np“e -1
Pile Layout
3.75 I
2 O O
8
)
o
= o 7
©
=]
2
3 O O
N
-3.75 :
—3.75 0 3.75

X-Transverse Spacing, ft

Overturning Forces dueto Moments

Znile=

General equation for axial load on any pile..

g.ZS 0

225 .
€™ Tt
G-2.25+
& 2255
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Factored Axial Load on Pile

|Puy+ 1.25>thtg| |M“x| >Zpilek |M“z| pile,
Qu = +
K Mile p|Ie i 2!] Moite™ 1 2
&z A EX .
a pllezg 0 a 2 niled 5
z=0 x=0
?.—O‘ §6770
o gl o LGS
e = i
index = 5+ U= caop 1+ h
o3 2953 g
Maximum axial load on pile..................... Qax = maX(Qu)

Quax = 198.7Ton

Factored Design Load + Net Scour + Downdrag

Required driving resistance (RDR)........... RDR = UBC =
f
Q
Using variables defined in this example...... UBC := — &
fspro7

UBC = 305.8Ton

This value should not exceed the limit

specified by FDOT.......cocccvveecineniennen. UBCgpoT = 300Ton

A 4-pile footing is not acceptable. It is recommended not to design to the UBC limit since difficultiesin
pile driving can be encountered causing construction delays. Suggest consulting with the District
geotechnical and structural engineersif within 5%-10%. We will investigate a 6-pile footing.

B2. 6- Pile Footing I nvestigation

The 4-pile footing design involves alimited amount of shear design, since the piles are outside the critical
section for shear. Toillustrate the shear design process, a 6-pile footing will be evaluated and designed.

New depth of footing..........cccceeeeevrnenee. thg naw = At
New width of footing...........cccceeveernnnee. thg naw = 12t
New length of footing...........ccceeevevrnnne. '-th new = 7-54t

New area of FOOting..........ccccovevucunvninnes Attg.new = Prtg.new ™ Ftg.new

ol
Attgnew = 90.0ft
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Footing weight not included in LARSA.....

Foundation L ayout

Size of the square concrete piles..............

WtFtg = 54.0kip

P”esize: 18in

Number of PIlES.........ocovveeeieieeeeiiieee Myile = 6
Pile Coordinates..........coceveeveveeeceeiseeeens
a0 24509
61~ o~
Pil _gz; X ~g45§t
€index = 3=+ pile’™ ¢ 45 +
94T ¢ o
¢~ ¢ -
ebSg e-45g
k:=0.. np“e -1
Pile Layout
3.75
5 o | O
£
8
&
®
= 0
e]
2
S
5
|
N O O O
-3.75
- 0 6

X-Transverse Spacing, ft

Wipg = gconc{Aftg.nemetg.new)

225 8
C225°
_92%;
Zme_92%+
G o057

C =

& 225g

Note:

Pile numbering isfrom"0" to
"5" and are numbered
CLOCKWI SE beginning with
the upper top left side pile.
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Service Axial Load on Pile

Factored Design Load + Net Scour + Downdrag

o - |Py+ 1.0>thtg| . |Mx| >Zpilek . |Mz| Kpile
k Moile Moile™ 1 2 Mpite™ 2
[*] gq . o] "
2 hila € L %X ile € 7
a aorile,y o a 2 rile,f
z=0 x=0
80 0.2 6
G1~ 1539~
_ gz; 9217.5; _
Pil€index = &, - = kip
c3+ C163.8+
84_7 %1001
€59 @365 g
Factored Axial Load on Pile
o - |Puy + 1.25>thtg| . |M“x| >Zpilek ) |M“z| >§’(pilek
u
K Mile Noile™ 1 2 Moile™ 2
[*] . o] "
a Fhiefh A Biely
z=0 x=0
80 83520
G1~ C1926~
o gz; o gzso.l;k_
e = = |
Index ™~ 3+ u= coorg+ "
7 Cra4.47
c - C -
e5g €869 g
Maximum axial load on pile...........cccco..... Qax = max(Qu)
Qmax = 125Ton
Minimum axial load on pile (verify no uplift
OCCUIS)..ceeveaeeieeresseersenese e Qmin = min(Qu)
Qmin = 43.5Ton
Required driving resistance (RDR)........... RDR = UBC =

f
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Qmax

Using variables defined in this example...... UBC:=
f spT97

UBC =192.4Ton

This value should not exceed the limit
specified by FDOT.....ccoovvevieieeeeeee UBCgpoT = 300Ton

A 6-pilefooting is acceptable.
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C. Pile Tip Elevations for Vertical Load

C1. Pile Capacitiesas per SPT97
The Static Pile Capacity Analysis Program, SPT97 NT v1.5 dated 6/2/00, was utilized to determine the pile
capacity. Using boring data, the program can analyze concrete piles, H-piles, pipe piles, and cylinder piles.
Itisavailable at the following FDOT website:

http://www11.myflorida.com/structures/programs/spt97setup.exe

For this design example, the boring data is based on Example2 in the program, which is part of the install
package.

53l::"-.,ﬁ:lut_str"-.,prugram5"-.,spt':'l'.f"-.,e:-:an'lplez.in - 5pt97 Windows Application

File Wiew SPT97 ‘Window Help

-

= Measurement Llrl|t$ N RO e et T . = '&'nalysm T_|,||:|E e et 1] P||E Data L e A b D Ty L A et 2 A e T T B
i+ English Units " Specific File Length ' Sguare Concrete " Steel Pipe Pile

| € Metric Units | | @ Range of Pile Length: || © RoundConcrete € Steel H-Pile

1 BRI b o L E R Pt e ' E_I,Ilinder Pila

;-'-"F'i'r}:'[iéc'{t"i'r'if'.:]}'rﬁéi'tiér'{373'-'-'3-'-'-'-'5-'3-3 i
| Project Number kinirnurm FPile Length [f]

’ || [1s0108 ’

{ Job Mame : § { ]
| b axirmurn Pile Length [f] | | g

éil-EIE.-"I-EEE.-"SH-S.f-‘-.Intercha !55_51? Ground Surface Elevation |
éSubmitting Engineer; |g_45? 5 [

iF'eter Lai File Length Increment [ft]

[ e ..I 320 .

i Baring Infarmation—————

' Date of Boring: 4
[12/18/95 f

| Boring Mumber: 5

| 135-1 | | L=

Station Mumber and Offzet:

| |26+69, 15m LT BL 5R

| wiater Table Height relative | :
[ to Ground Surface Boring Log

[

j

Ready NLIM- r,*
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The following picture shows the boring log entriesin Example2.in.

Boring Log
Entries 1-45 | Entries 46-30 | Entries 31-135 | Entries 136180 | Entries 181-225 |
Blow  Sail Blow Soil Blow  Sail
Count Tvpe  Depth [feet] Count T¥pe  Depth ffeet]  Eount Type
wlesm o7 3 g fmme  [ss [ Sl Typelegend
) S TR E T g‘I-F'Iastic-EIa_l,ls
1 cezmt o e el o M el g gl e
4 [253 e 2 qgfsssr  J8 [ o708 [0 [0 |3-CleanSands |
-3 A2 (TR ER ECE IR ER] (R v T ﬁerﬁquL thr;%s;mz
e 3481 [ 3 nees [ [3 4o [0 [0 |5-VodiNo
| Capacity]
# W igéw ;‘5‘“‘ EEW ﬁﬁ“ ;EM 3?!‘5““‘“‘“““—‘ ;Elnm {ﬁu ;T-?::Zidvanced
o 18537 [ [3 gm0 [ 2 4o o (o i
g [z1oea a1 [3 ofmesm = 2 g 0 L
10123_555 ;‘:ﬁw‘ ﬁw 25;53.533 IEE“ ;“2““ 4D1EI ;.I:I“““ ;‘U‘“ Mate: Last entry must
1 LN A N CETIE I EE o Jo Eii‘ﬁé‘?&fiﬁ??ﬁﬁ
' FECTER U ER TR FE R (R o o F ¢ =i
1313&9?1 ;EI“ ﬁw 23;58'5? ;EEI“H ﬁ“ 43i[| ;“D..“ iﬁ“ Ingert Eritry ]
N B (O B o
GEECIE I E ) S m 2 [ [ _Eﬁiﬂ”‘_’f_]
lTi Cancel i
DB IS G by g - FetoredDesgn o + NetSoour + Downdg

—h

In this design example, net scour and

downdrag are zero, so the UBC is............ UBC = 192.4Ton
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The program was executed, and the output can be summarized as follows:

i Pile Capacity Graph for: 18.00 in Pile Width

|
Graph l
|
File Capacities for Pile Vidth of: 1808 In I
10 i
1 % i
F i |
] i |
‘ |
A E\E\ |
i |
-0 g\h\“‘ |
& \E.\\x [
Fy \E\E‘ I
Fy H |
& -z0 |
K ) |
= B '
p Y
a
w  -z0 )
i, \\
&
0 L] FY =
K _/_,_/-/E/
F Y Bf:
-50 i
& Ibl\l:l
-G0
100 200 200 400 S00 [={n]u]
File Capacity (tons)
d Tltimate Jide Friction
—— Mobilized End Eearing
—#— Estimated Davisson Capacity
Allowmabkle FPile Capacity
—H— 1Ultimate FPile Capacity

D. PILE CAPACI TY VS. PENETRATI ON

TEST PILE  ULTI MATE
PI LE TIP Sl DE
LENGTH ELEV  FRICTI ON
(FT) (FT) (TONS)
26.2 -17.8 70. 64
29.5 -21.0 89. 84

MOBI LI ZED ESTI MATED ALLOMABLE ULTI MATE
END DAVI SSON PI LE PI LE
BEARING CAPACITY CAPACITY  CAPACI TY
(TONS) (TONS) (TONS) (TONS)
105. 33 175. 97 87.98 386. 63
115. 90 205. 74 102. 87 437.53

A lateral load analysis may require the pile tip elevations to be driven deeper for stability purposes.
Thisfile only evaluates the vertical |oad requirements based on the boring capacity curves.
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. 205ft- 2626t §
@205.74xon - 175.977qong

Calculate the pile length required........ piley ength = (UBC - 175.97XTon)

Calculate the pile tip elevation required:  pile;;,, := (UBC - 175.97Ton) & "210ft- 178t G, 17.8%4
P @205.745Ton - 175.97xTon g
p”etip = -19.6ft

...based on the Estimated Davisson pile capacity curve given above, the pile lengths for vertical load will
require aspecified Tip Elevation = -19.6 ft. Therefore, the pile in the ground length is 28.0 ft.

[#] Defined Units
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SUBSTRUCTURE DESIGN
Pier Footing Design

References

Reference:F:\HDRDesignExamples\Ex1 PCBeam\309PierPiles.mcd(R)

Description

This document provides the criteriafor the pier footing design. For this design example, only column 1
footing will be evaluated.

Page

281
282

287

297

304

Contents

LRFD Criteria
A. Input Variables

A1l. Design Parameters

A2. Pile Layout

A3. Flexural Design Parameters
A4. Moments- Y Critical Section
A5. Moments- X Critical Section

A6. Design Moments

B. Flexural Design

B1l. Transverse Flexural Design [LRFD 5.7.3.2]

B2. Transverse Limitsfor Reinforcement [LRFD 5.7.3.3]

B3. Transverse Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]
B4. Longitudinal Flexural Design [LRFD 5.7.3.2]

B5. Longitudinal Limitsfor Reinforcement [LRFD 5.7.3.3]

B6. Longitudinal Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]
B7. Shrinkage and Temperature Reinforcement [LRFD 5.10.8.2]

B8. Mass Concrete Provisions

C. Shear Design Parameters[LRFD 5.13.3.6]

CL1. Shear Design Parameters - One Way Shear
C2.b and q parameters[LRFD 5.8.3.4.2]

C3. OneWay Shear - Y Critical Section

C4. One Way Shear - X Critical Section

C5. Two Way Shear Design (Punching Shear)

D. Design Summary
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LRFD Criteria

STRENGTH I -

SERVICE -

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 Uniform temperature load effects on the pier will be generated by the

substructure analysis model (Larsa 2000).

Strengthl = 1.25DC + 1.50DW + 1.754 L + 0.50XTU + CR + SH)

Load combination relating to the normal operational use of the bridge with a55 MPH
wind and all loads taken at their nominal values.

Servicel = 1.0DC + 1.0>DW + 1.0x4L + 1.0>BR + 0.3WS + 1.0AL + 1.0XTU + CR + SH

"For the footing, utilized only to check for crack control”
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A. Input Variables

Al. Design Parameters

...Transverse...

@«
@
o
©
3
<
K]
<
~

X (Global)
X (Global)

H

Pler Faoting /

Z (Global)

...Longltudinal... y (Lﬂbc\ﬂ)
\,

...Longltudindl ...

\ P

+ \ -
N g, \ e
2y Pier Foaoting \\ - o
"

Coordinate System (Foofings only)

Transverse dimension of footing.............. thg = 12ft
Longitudinal dimension of footing............ '-th = 75ft
Depth of footing.........cccceevevevereiesienee. thg = 4ft
Areaof footing........ccceeveveceerieveeecee, Aftg = thg’Lth
Atrg = 90ft°
Embedment of pilein footing................... Pilegmpeq = 11t
Concrete cover abovepiles..........cocnn.... COver g = 3%n

Height of surcharge (column height in

ground).........oceeveereresene e hSurcharge ‘= 2.0t
Diameter of column..........cccccevveeeneenene begl = 4ft
Areaof column Arq = px(bc—o')2
...................................... Col : -
Acgl = 12.6ft
Equivalent square width for the circular
column [LRFD 5.13.34]:.ccvrevrerne beo et = round( [Acy 1)
beol eff =1
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A2. Pile Layout

Summary of pile loads

Servicel Limit State | Strength | Limit State

Pile# xCoord. yCoord.| Q,Tons Q, kips| Qu,Tons Qu, kips
0 2.25 -45 451 90.2 67.6 1352
1 2.25 0 76.9 1539 9.3 1926
2 2.25 45 108.8 2175 125.0 250.1
3 -2.25 45 819 1638 100.9 2018
4 -2.25 0 50.1 100.1 722 1444
5 -2.25 -45 182 36.5 435 86.9
Pile Layout
- 375
g O | m|
8
&
Z
= 0
2
2
S O O O
=
—3.75
) 0 6
y- Transverse Spacing, ft
A3. Flexural Design Parameters
ﬁ ’ crit
e X it
0 / 2 0 / 2
. X
~ Fig éﬁ
3 R 5 3 R 5

Critical Sections Tor Moment

Effective column
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Distance from centerline of pilesto edge of
{0011 oo

Distance from x-critical section (face of
effective column) to edge of footing along
the X-aXIS.. oo

Distance from x-critical section to
centerline of piles aong the x-axis............

Xcrit = 1

Distance from y-critical section (face of
effective column) to edge of footing along
the y-aXiS......cccoveeceeie e

Distance from y-critical section to
centerline of piles aong the y-axis............

Yerit =0

A4. Moments - Y Critical Section

Unfactored pile loads contributing to
transverse Moment..........coceeveerereeneeenen.

P = 254kip

Unfactored moments at critical section due
topileloads........cccoeeveveiececece e,

MXP“e: 1 kipAt

Unfactored moment at critical section due
tofooting weight.........cccceeveeeeveeieniennee

Mthg = 1 kip>t

Unfactored moments at critical section due
tosurcharge .o,

pileedge = 1.5ft

_ Lpg Pl e
Xedge.— f

Xcrit = Xedge ™ Pll€edge

_ bpg- begl gif
Yedge = >

Yerit = Yedge = Pll€edge

= maX(Qo *Q5Q, Qs)

MXpije:= PYcrit

2
Yedge
MXpg = (Lthmth@conc) 5

MXgurcharge = (LthmSurcharge@soi I )

2
Yedge

2
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Factored pile loads contributing to
transverse Moment..........coceeveerereeeeeene.

P, = 337kip

Assure the critical section iswithin the
footing dimensions............ccccvveveeeriennee.

Py = kip

Factored moments at critical section dueto
pileloads........ccccevvevevevesece i,

MuXp;je = v kipft

A5. Moments - X Critical Section

Unfactored pile loads contributing to
longitudinal moment............cccevvvevernnnee.

P = 462kip
Unfactored moments at critical section due
topileloads.........ccooevevviivecece e,
MyPiIe: 1 kipAt

Unfactored moment at critical section dueto
footing weight........ccccoeeveiveieciceee,

Myth = 1 kipsft

Unfactored moments at critical section due
to surcharge.......cccceevevevecese s,

MYsurcharge = KIPt

Factored pile loads contributing to
longitudinal moment...........ccccecvveveeenene.

P, = 578kip

Assure the critical section iswithin the
footing dimensions............ccccveevveernenne.

Py = kip

Factored moments at critical section dueto
pileloads........cccevvevveveveieie i,

MuyP”e: 1 k|p>ﬂ

o)
|

‘= maxa + , + ¢
u éQuo ng Qu2 Qu5Q

u-= if(ycrit * Yedge 0P, Pu)

MWXpjje = Py¥erit

pP:= max(Q0 +Q+Q,Q;+Q, Q5)

Mypije = Pt

Xedge
MYrig = (thngtg"-:Jconc):E 5

2

Xedge

MYsurcharge == (thngurchargegsoi I ) 5

v}
1

Pu= if(xcrit 3 Xedge' OxXip, Pu)

Muypijje = PyXcrit

‘= maxa + + , + + ¢
u éQuo Qu1 Qu2 ng Qu4 Qu5g
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A6. Design Moments

Transverse Footing Design (Mx moments)
-Strength L,

MXStrengthl = 1 kipt

Transverse Footing Design (Mx moments)
= SEIVICE |t

Longitudinal Footing Design (My
moments) - Strength 1...........coceeeeernnee.

MyStrengthl = 1 kipsft

Longitudinal Footing Design (My
moments) - Service l......cooveeeecveceienene.

MYservicer = 1 KipAt

MXStrengthl = MuxP“e- 1.25>l\/|x|:tg - 1'50>MXSurcharge

MXServicel = 1.0>Mxpi|e- 1.0>4\/Ix|:tg - 1'0>MXSurcharge

MYsirengthl = MWhpile - 1.29MYpgg - 1L50Mygrcharge

MYservicel = 1.0Mypjje - 1L.OMYgg - 1L.OMYg)rcharge
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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 criteriafor crack control, minimum reinforcement, maximum
reinforcement, shrinkage and temperature reinforcement, and distribution of reinforcement. The procedureis
the same for both the transverse and longitudinal moment designs.

Factored resistance.........ccoveveveeveveeeenne, M, =M,

Nominal flexura resistance...........cccouu.....

ag ag ag a hf 0
M= Aof, o, - =+ Axf .- 9. Aor .- 29+ 085 b - by )b phet— - —=
N~ 0SSP o TSRS oy TsYa st o c>( w) 1’hfé2 2 5
For arectangular, non-prestressed section, M,=A s’fy’ﬁs )
e’ 2g
_ Ay
0.85f' b
Using variables defined in this example,
Factored resistance.............ccceeueeee. M, = MXStrengthl
M, = fokip
Width of section b= Lgg
b =751t
Initial assumption for area of steel required
Number of bars.........cccceeveeveienne. Nhar = 8 (Note: Bar size and spacing are
governed by crack control criteria
Sizeof bar.......cocoooveeieeiciiceee, ybar := "9" and not bending capacity).
[
Note: if bar spacing is"-1", the spacing isless than 3", and a bigger bar size should be selected.
Bar area........cocevieiiiiiieeeee e, Apar = 1,ooom2
Bar diameter.........cccoviiiiiicccne, ybar g, = 1.128in
Equivalent bar spacing...........c.c........ ybarspa =11.8in
Areaof steel provided........cccceovvvivennnnees Agi= nybar>Abar
.2
Ag = 8.00in
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Distance from extreme compressive fiber

ybar ;
to centroid of reinforcing stedl................. tg

2

ds:: thg - coverp”e - P”eembed -
dS = 32.436in

~

Solve the quadratic equation for the area of 1 & As’fy a0

steel required Gi M. = f A )@éd -
......................................... ven = - —>t—_;

' SY 2 2 30.85% ) C

é e c.sub™ g1

Area of steel required..............ccoovevnveeenn. As reqd = Find(Ay)

.2
Agreqd =1IN

The area of steel provided, Ag= 8.00in° , should be greater than the area of steel required, As.reqd

decrease the spacing of the reinforcement. Once A is greater than As.reqd ,

for the applied moments.

é 1 e As#y (];l

Moment capacity provided.................... M = f>Af

rtran - Sfy€ds- —x¢

-
= 1147.2 fokip € Sub™ gl

Mr.tran
B2. Transverse Limits for Reinforcement [LRFD 5.7.3.3]
Maximum Reinforcement

The maximum reinforcement requirements ensure the section has sufficient ductility and is not overreinforced.

Areaof steel provided........ccccecvvviienenees

_ .2
Ag = 8.00in
: b - 4000psiy ()
Stress block factor.......ccevvvvvevveeeeeeen, bq:= max(%.85 - o.osmL—i , 0.6Eil'.J
é e  1000ps g
by =0.775
Distance from extreme compression fiber A
to the neutral axis of SEction.................... c=— SY
0.85% 10
¢ = 1.472in caub™1
Depth of equivaent stress block.............. a=chq
a=1141in
Effective depth from extreme compression A oot + AE
fiber to centroid of tensile reinforcement... q.=_PSPSP y
€ Anfne + A
ps”ps © TSy
for non-prestressed sections.............. dg = dg
dg = 32.4in

= in2. If not,
the proposed reinforcing is adequate
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The < = 0.045 ratio should be less than 0.42 to satisfy maximum reinforcement requirements.

c
LRFDg 7 331 := | "OK, maximum reinforcement requirement for transverse moment is satisfied” if — £ 0.42
e

"NG, section is over-reinforced, see LRFD equation C5.7.3.3.1-1" otherwise

LRFDg 7 3 3 1 = "OK, maximum reinforcement requirement for transverse moment is satisfied"

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........cccceeeveeerereerenen. fp = 0.24></ fo sup™XS
f, = 562.8psi

Section modulus of the footing above the |_th>(th9 - Pilegp, ed)2

PIHES....cooivicieeeeee e S:=
3 6

S=113ft
Cracking moment..........ccceeveeeeeeevienienns M= 8

Mg = 911.8kipsft
Required flexural resistance............. My reqd = Min(12:M ¢y, 13396M,)

M} reqd = ¥ fokip
Check that the capacity provided, M, .o, = 1147.2ftkip , exceeds minimum requirements, M rreqd =" fokip .

LRFDg 7 3 3 9= | "OK, minimum reinforcement for transverse moment is satisfied” if M {003 M r.reqd

"NG, reinforcement for transverse moment isless than minimum" otherwise

LRFDg 7330 =1
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B3. Transverse Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

Concreteis 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 actua stressin 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.

Stressin the mild steel reinforcement at the ,

service limit State....eeevereeceee e feq = —1 £ o_6>¢y
3
(de#)
gémoderate exposure” 170¢
Crack width parameter.........ccccceeeeiveennn. zZ= g "severe exposure” ]_30?)(@
< in
i & "buried structures' 100
2:= 1704P € g
in
Distance from extreme tension fiber to
center of closest bar (concrete cover need bar 4
: s Y Gia 0
Not exceed 21iN.)...cvceeeeeeeeeeeeeeeee d. := minChgy, - dg, 2%n + !
~ g S
_ e [}
dC = 2.564in

Number of bars........ccceeeeeeveer v,
Yoar = 8

Effective tension area of concrete

surrounding the flexural tension (b) ’(Z’dc)
reinforcement..........ocoevvvvevccnicicicnnee A=—"2
2 Yo
A =57.7in

Service limit state stress in reinforcement..

o8 Z u
fsa-‘ mm%,o.@fy;
— u

? 3
&den) b

fo = 32.1ks

The neutral axis of the section must be determined to calculate the actua stressin the reinforcement. This
process isiterative, so an initial assumption of the neutral axis must be made.

X:= 6.0%n

E

S >AS>(dS - x)
c.sub

. 1
Given E>b>9<2 =

E

Xna = Find(x)

Xna = 6.0in
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Compare the calculated neutral axis x,, with theinitial assumption x. If the values are not equal, adjust

x = 6.0in toequa x,,=6.0in

Tensleforce in the reinforcing steel dueto MXgervicel
service limit state moment. ...........c..c...... Tg= ——
X
. na
To=1kip Oc- —
S S 3
Actual stressin the reinforcing steel due to Ts
service limit state moment.............cccc...... fs actual = —
— ; S

The service limit state stress in the reinforcement should be greater than the actua stress due to the service limit

State moment.

LRFD5_7_3_3_ 4= "OK, crack control for transverse moment" if fsactual £ fsa

"NG, crack control for transverse moment, provide more reinforcement”

LRFDg 7334 =1

B4. Longitudinal Flexural Design [LRFD 5.7.3.2]

Factored resistance..........coovveeeeeerecveennns M, =M,

Using variables defined in this example,

Factored resistance..........c.coccevverenne. Mp = MYgrength1
Width of section.........ccocecveecrnennee b:= thg
b = 12ft
Initial assumption for area of steel required
Number of bars..........ccooeenirinnennee Nyepar = 12
Size of bar.....cccveveneeecreee xbar := "6"

Note: if bar spacing is"-1", the spacing isless than 3", and a bigger bar size should be selected.

Apgy = 0.440in°

Bar area.......ccooeeereieeeesens
Bar diameter.......ccooeeeeeieciecieene, xbar 4, = 0.750in
Equivalent bar spacing...........cc........ Xbarspa = 12.4in
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Areaof steel provided........cccceovvviiennenens
Ag = 5.28in°

Distance from extreme compressive fiber
to centroid of reinforcing stedl.................

dg = 31.497in

Solve the quadratic equation for the area of
stedl required........cccoceveveveccece e

Areaof steel required..........ccccoveevevenennene

.2
Agreqd =1IN

for the applied moments.

Moment capacity provided.....................
My jong = 742.8Tbkip

Maximum Reinforcement

Areaof steel provided........cccceovvviiennenees
Ag = 5.28in°

Distance from extreme compression fiber
to the neutral axis of section....................

¢ =0.607in

Depth of equivaent stress block..............
a=0.471in

Effective depth from extreme compression
fiber to centroid of the tensile
reinforcement.........ccoooeeevevece e,

for non-prestressed sections..............
dg = 31.5in

The area of steel provided, Ag= 5.28in2, should be greater than the area of steel required, A
decrease the spacing of the reinforcement. Once A is greater than A

As= NybarPbar

Xbardl a

dg = Npyg - COverpije - Pil€gmped - Ybargia - >

) é 1 e As#y ou
Given MI’ =f >AS>¢y>@dS - = x—————=(
é 2 éo'85>¢c.sub>bﬂj

Asreqd = Find(Ag)

sreqd = in2. If not,

sreqd’ the proposed reinforcing is adequate

M A of >@éd L2 Ay A
rlong = TRy ks~ DT =L
9 y &° 28085 gy

B5. Longitudinal Limits for Reinforcement [LRFD 5.7.3.3]

The maximum reinforcement requirements ensure the section has sufficient ductility and is not overreinforced.

A s’fy

c=———™
0.85% g 10

a.= c>b1

L _ Posopsth * Aghy s

e
Apstps + Ay
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The < = 0.019 ratio should be less than 0.42 to satisfy maximum reinforcement requirements.

c
LRFDg 7 3 31 := | "OK, maximum reinforcement requirement for longitudinal moment is satisfied”  if d_ £ 0.42
e

"NG, section is over-reinforced, see LRFD equation C5.7.3.3.1-1" otherwise

LRFDg 7 3 3 1 = "OK, maximum reinforcement requirement for longitudinal moment is satisfied"

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...........cccceeeevvveenenene

f, = 562.8psi

_ thg>(thg' I:)”eembed)z

Section modulus of the footing above piles S:

6

S= 18.0ft3
Cracking moment..........ccceeveeeeeeevienienns M= 8

Mg = 1458.9 kipxt
Required flexural resistance............. My reqd = Min(12:M ¢y, 13396M,)

M} reqd = ¥ fokip
Check that the capacity provided, M| ong = 742.8ftkip , exceeds minimum requirements, Mr.reqd = fokip .

LRFDg 7 3.3 9= | "OK, minimum reinforcement for longitudinal moment is satisfied"  if Mr.long 3 Mr.reqd

"NG, reinforcement for longitudinal moment is less than minimum”  otherwise

LRFDg 7330 =1
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B6. Longitudinal Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

Stressin the mild steel reinforcement at the
service limit State....eeevereeceee e

Crack width parameter............ccoeueuveneee.
2:= 1704P
n

Distance from extreme tension fiber to
center of closest bar (concrete cover need
not exceed 21iN.)...cccceeeeveeeeeeeeeceee

dg = 3.503in

Number of bars........ccoceeeeeeeeeeieceeeeeeenn,

Nybar = 12

Effective tension area of concrete
surrounding the flexural tension
FEiNfOrCEMENt.......ceeevveeeee e

A= 84.lin2

Service limit state stress in reinforcement..

fo = 25.6ks

The neutral axis of the section must be determined to determine the actual stressin the reinforcement. This

fa = — £064,

(@)

aémoderate exposure” 170
= ki
zZ= g "severe exposure” 130_j><_—p

~

*in
e "buried structures® 100g

doe i 4 s , Pdiad
'= MinCheyy - de, 24N + ybar 4, + ———=
c aFg™ % YR g 2 o

o
M bar

k?C)

feq = min%,o.@f
é =
)’

Ve

O C

process isiterative, so an initial assumption of the neutral axis must be made.

X:= 3.9%n

. 1
Given E>b>9< =

Compare the calculated neutral axis x,, with theinitial assumption x. If the values are not equal, adjust

x =39in toequa x,,=3.9in
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Tenglef_on_:em thereinforcing steel dueto MYServicel
service limit state moment.............cocene.. Tgi=
X
L na
TS =1 klp dS - ?
Actual stressin the reinforcing steel due to Ts
service limit state moment.............cocene.. fs actual = —
S

The service limit state stress in the reinforcement should be greater than the actua stress due to the service limit
state moment.

LRFDg 733 4:= | "OK, crack control for longitudinal moment" if fsactual £fgy

"NG, crack control for longitudinal moment, provide more reinforcement” otherwise

LRFDg 7334 =1

B7. Shrinkage and Temperature Reinforcement [LRFD 5.10.8.2]

Initial assumption for area of steel required

STLYo - SO barg := |"5" if (Lpg < 48in){ g < 48in){ hyg < 48in)
"6" otherwise
bara = "6"
Spacing of bar...........cccceeeevvieennne. barspa &= 124n
[
Bar area.......ccooveereeeeeesens Apar = 0.44in°
Bar diameter..........cccoevniiinncnne dia=0.750in
Maximum spa(_:i r;g of shrinkage and @& 1004, o)
temperature reinforcement.............c........ aCi NGy = min ,18%n=
P Wshrink temp = M i, + dia,ain) o

SPACI NGy nk.temp = 14.7in

The bar spacing should be less than the maximum spacing for shrinkage and temperature reinforcement

LRFDg 7 10.8 = |"OK, minimum shrinkage and temperature requirements”  if barspast £ spacinggpyi nk.temp

"NG, minimum shrinkage and temperature requirements’ otherwise

LRFDg 7 10.g = "OK, minimum shrinkage and temperature requirements’
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B8. Mass Concrete Provisions

Dy e oL

Volume to surface arearatio for footing.... Ratioy, g = Fig” g™ g
2>thg"—th + (Zthg + 2'—th)>th9

Ratioy g = 1.071ft
Mass concrete provisions apply if the volume to surface arearatio exceeds 1 ft and any dimension exceeds 3 feet

SDGg g := |"Usemass concrete provisions’ if Ratio,,g> 1.0t U (thg> 3ft U heeg > 3ft)

"Useregular concrete provisions' otherwise

"Use mass concrete provisions'

SDG3 g

296
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C. Shear Design Parameters[LRFD 5.13.3.6]

C1l. Shear Design Parameters - One Way Shear

Xcr/f
/ crit
_— d
1 o A v
0] I / P2 e \ / V P2
S i ‘ A TN
| |
—J % r > Fig L
3 I 5 3 I 5

b Effective column

Critical Sections for Shear
(I-=way action’

Distance from extreme compression fiber to
centroid of tension steel (use the top of the
main transverse steel or bottom of the
longitudinal stedl)........ccoveeevvivcieiene. dg:= thg - Pilegmped - Cover jije - ybar i 5
d, = 2.656ft

Effective shear depth [LRFD 5.8.2.9]...... d, = maxva (0.9>de, o.72>n)

Using variables defined in thisexample,  d,:= maxéO_Q)de,O_72>(thg- P”eembed){
d, = 2.39ft

C2. b and g Parameters [LRFD 5.8.3.4.2]

Tables are give in LRFD to determine b from the longitudinal strain and crack spacing parameter, so these
values need to be calculated.

M
u
Longitudinal strain for sections with no a4 O'SNUX:OI(Q)
prestressing or transverse reinforcement... & =
ES>AS
Effectivewidth.........ccccooeeevveeenee. b, = 451t
Effective shear depth........................ d, = 2.39ft
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Factor indicating ability of diagonally
cracked concrete to transmit tension.. b
(Note: Valuesof b = 2and q = 45>deg cannot be

assumed since footings are typically not transversely

Angle of inclination for diagona >
reinforced for shear.)

COMPressiVe SIresses..........anes q
. _ 1.38 )
Crack spacing parameter............cccceueee. Sye = MINES *—————,80%n:
e a
Maximum aggregate Size................... 8g:= 1.5%n

The variable sxisthelesser of d, or the

maximum distance between layers of
longitudinal reinforcement............. s = d,

LRFD Table 5.8.3.4.2-2 presents values of g and b for sections without transverse reinforcement . LRFD
C5.8.3.4.2 states that data given by the table may be used over arange of values. Linear interpolation may be
used, but is not recommended for hand calcul ations.

Table 5.8.3.4.2-2 - Values of B and B for Sections without Transverse Reinforcement

£, x 1000
Sya <-0.20 | <-0.10 | <-0.05 <0 <0.125 <0.25 <0.50 <0.75 | <1.00 <1.50 <2.00

<5 25.4 25.5 25.9 26.4 217 28.9 30.9 324 33.7 35.6 37.2
6.36 6.06 5.56 5.15 441 1 3.9 3.26 2.86 2.58 2.21 1.96

<10 27.6 27.6 28.3 29.3 1.8 335 36.3 38.4 401 42.7 44.7
5.78 5.78 5.38 4.89 4.05 3.52 2.88 2.50 2.23 1.88 1.65
<15 29.5 29.5 29.7 31.1 34.1 36.5 39.9 42.4 44.4 47.4 49.7
5.34 5.34 5.27 4.73 3.82 3.28 2.64 2.26 2.01 1.68 1.46
<20 31.2 31.2 31.2 323 36.0 38.8 42.7 45.5 47.6 50.9 53.4
4.98 4.99 4.99 4.61 3.65 3.09 2.46 2.08 1.85 1.52 1.31

<30 34.1 34.1 34.1 34.2 38.9 42.3 46.9 50.1 52.6 56.3 59.0
4.46 4.46 4.46 4.43 3.39 2.82 2.19 1.84 1.60 1.30 1.10

<40 36.6 36.6 36.6 36.6 41.2 45.0 50.2 53.7 56.3 60.2 63.0
4.06 4.06 4.06 4.06 3.20 2.62 2.00 1.68 1.43 1.14 0.95

<60 40.8 40.8 40.8 40.8 44.5 49.2 55.1 58.9 61.8 65.8 68.6
3.50 3.50 3.50 3.50 2.92 2.32 1.72 1.40 1.18 0.92 0.75

<80 44.3 44.3 44.3 44.3 47.1 52.3 58.7 62.8 65.7 69.7 72.4
3.10 3.10 3.10 3.10 2.71 2.1 1.52 1.21 1.01 0.76 0.62

The longitudinal strain and crack spacing parameter are calculated for the appropriate critical sections.

C3. One Way Shear - Y Critical Section

Factored pile loads contributing to
transverse Shear .....cceeecveevcvev e, VUr := maxs + , + -
T éQUO ng Qu2 Qu5 ¢

Vur = 337kip
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Distance between face of equivalent

bey- b
square column and face of pile................ - ( Ftg CO'-eff)

dYface = > -

(@Iesize+ | 0

C pile e

N e 2 edgeg
face = !

The location of the piles relative to the critical shear plane determines the amount of shear design. According to
LRFD, if aportion of the pile liesinside the critica section, the pile load shall be uniformally 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.

Transverseg ooy =

"Full shear, piles are outside of the y-critical shear plane” if dype® d,

"No shear, Y-critical shear planeis outside footing dimension” if d, 3 yedge

"Partial shear, pilesintersect y-critical shear plane” if dyjgee <, U d, < Yedge

Transversegegr =

If the piles partialy intersect the shear
plane, the shear for the critical section can

be linearly reduced by the following factor. yy= 1if dyrpee® o,
yy=1u 0 if dy® Yedge
dy - dYface| .
T T hiles It dyface < dy U dy < Yeqge
size
Factored shear along transverse y-critical
(S oi1[0) o FHUPUUPUU U OO RSO VUT =y y)VuT
Vur = kip
For the longitudinal strain calculations, an
initial assumption for g must be made.......
g; := 50.9>deg
I VUT
+ 0.5>%\/u-|->cot(qi)
Longitudinal strain...........cccoceeevererenennen = 1000
9 e Esy X(1000)
& =1
Crack width parameter............ccoeueuveneeee. S = mm(; ,80>¢n9
Sxe = 19In é %+0.63 +
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Based on LRFD Table 5.8.3.4.2-2, the values of g and b can be approximately taken as:

Angle of inclination of compression stresses

g := 50.9xdeg

Factor relating to longitudinal strain on the shear capacity of concrete

b := 152
The nomina shear resistance for footings
with no prestressing or transverse
reinforcing is the minimum of the
following equations............cccccevvveeennee. V|, = 0.0316% ’i/ﬁ:’bv’dv or

V, = 0.25¢ b, d,
Using variables defined in this example, by = '-th

and the correspondig shear values...... V¢ = 0.0316%b x/ fo supksP, 0,

V .1 = 290.8kip .
cl VcZ = 0'z“r’”(c.s&Jb’bv’dv
V o = 3549.7 kip

Nominal shear resistance.............o....... V= min(vcl,vcz)
V= 290.8kip

Check the section has adequate shear capacity
VUT

LRFDg g 3 3:= | "OK, footing depth for Y -critical section is adequate for 1-way shear” if V3 .
%

"NG, footing depth for Y -critical section is not adequate for 1-way shear” otherwise

LRFD5 833 =1

C4. One Way Shear - X Critical Section

Factored pile loads contributing to
longitudinal shear.........ccccooeveveveeeenene, VU, = maxa + + , + + ¢
L éQUO Qu1 Qu2 ng Qu4 QuSE

Vu, = 578kip

Distance between face of equivalent square (|_ - b ) e -
: Ftg~ Pcoleif) elegze 0
column and face of pile.........c.cccccevuvneee. X o = - C + pile e
face 5 e 2 edge

WXfape =1
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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 dXfpe® d,
"No shear, X-critical shear planeis outside footing dimension” if d, 3 Xedge

"Partial shear, pilesintersect x-critical shear plane” if dxgzee < d, U d, < Xedge

Longitudinal gheqe =1

If the piles partialy intersect the shear

plane, the shear affecting the critical section

can be linearly reduced by the following

FACOr ... Yyo= |1 if dxppe® d

Yy=1 0 if dy® Xeqge
dy - OXface

Plleg'ze

1 if deace<d\/Udv<Xedge

SECHON. .t Vu =y Nug

For the longitudinal strain calculations, an
initial assumption for g must be made.......

1= 32.3d
+ 0.5>Vu|_>cot(qi)
Longitudinal strain...........cccoceeeveennee € = (1000)
EgAs
& =1
Crack width parameter.................... Syg = Min = ,80>¢n(.j
¢ ag B
] C —=+063 -
Sye = 19in @ in

Based on LRFD Table 5.8.3.4.2-2, the values of g and b can be approximately taken as:

Angle of inclination of compression stresses

g := 32.3deg

Factor relating to longitudinal strain on the shear capacity of concrete
b =461
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The nomina shear resistance for footings
with no prestressing or transverse
reinforcing is the minimum of the following

EOUBLIONS.......cvoveeereeeesseeneeessenseseeenneen, V= 0.0316% ’i/ﬁ:’bv’dv
V= 0.25¢ b,

Using variables defined in this example, by = thg

and the correspondig shear values...... V¢ = 0.0316%b x/ fo supksP, 0,
Vo = 1411.2kip Vo= 0254 g bty

V o = 5679.6 kip

Nominal shear resistance.............o..v...... V= min(vcl,vcz)
V= 1411.2kip

Check the section has adequate shear capacity
VUL

LRFDg g 3 3:= | "OK, X-critical section footing depth is adequate for 1-way shear” if V3 .
%
"NG, X-critical section footing depth is NO GOOD for 1-way shear" otherwise

LRFD5 833 =1

C5. Two Way Shear Design (Punching Shear)
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critical section
for pile -
0 e 2
X
L "9
3 7 5
Critical Section for Shear
(2-way action)
Critical section for 2-way shear [LRFD
5.13.3.6] et dy:= 0.5,

Maximum shear force for pile 2

Nominal shear resistance for 2-way action 0
in sections without shear reinforcement.... 063 + —

A blZG OfTeboy) £ 0126 [Ty,
c g

V=

('D/")dg

Perimeter of critical section

by = 2{pileggge) + Pilegze
by = 45ft

Ratio of long side to short side of the rectangle, which the concentrated |oad or reaction is transmitted
bs:=10

Nominal shear resistance

- 01265 _ .
V= ming.063 + - X Tosksb5d) 0,126 o g kb
@ c g 0
V= 457.7kip
LRFD5 13363

Vgile
"OK, Footing depth for 2-way pile punching shear" if V> f—
%
"NG, Footing depth for 2-way pile punching shear” otherwise

LRFDg 13 3.3 = "OK, Footing depth for 2-way pile punching shear"
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D. Design Summary

Footing properties Transverse dimension of footing........ bt 9= 12t

Longitudinal dimension of footing....... '-th = 75ft

Depth of footing........ccccceeeevvvieennene. thg = 4ft
Bottom reinforcement
(transverse) Number of bars..........cccceevvvienenee. Vhar = 8

Selected bar Size.........ccocoeeiiiiiienne ybar = "9"

Approximate spacing.........ccccceeeevennes ybar spa= 11.8in use 11.5" +/-spacing
Bottom reinforcement
(longitudinal) Number of bars..........cccceevvvienenee. Nypar = 12

Selected bar Size.......ccoeeriiieienene xbar = "6"

Approximate spacing.........ccccceeeevennes xbar sa= 12.4in use 12" +/-spacing
Temp and shrinkage
(top and side) Selected bar size.......ccccocevvviienene, barg = "6"

S o ol o Lo 1S barspa & = 12in

P oy 7 ———
A . BN
TS T
— e :
/‘(~ :l 24-9F ~
i oA el
_AJ € coLumm BN
PLAN
O/—\ COLUMN REINFORCING O/_\
CONSTRUCTION J(]/NT\ / /7 /fjsm [ & .
7L ( é/ H
§o e l N SN S ‘-‘ o %_m ® ,J ’
% [ \ 1/ 5

6r2 I Lgf/ 9F1
,J\,f, ,J\Ifl\ LN ;\/5' Sa. PREST.
/8" 50. PREST. 6F2 CONC. PILE (TYP.)

CONG. PILE (TYP.)
ELEVATION SECTION A-A

[#] Defined Units
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SUBSTRUCTURE DESIGN

End Bent Live Load Analysis

References

Reference:F:\HDRDesignExamples\Ex1 PCBeam\310PierFtg.mcd(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

306 A. Input Variables

A1l. Shear: Skewed M odification Factor [LRFD 4.6.2.2.3c]

A2. Maximum Live Load Reaction at End Bent - One HL-93 Vehicle
307 B. Maximum Axial Force

B1. HL-93 Vehicle Placement for Maximum Axial L oad
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A. Input Variables

Al. Shear: Skewed Modification Factor [LRFD 4.6.2.2.3¢]

Skew modification factor for shear shall be applied to the exterior beam at the obtuse corner (g>90 deg) and to
all beams in a multibeam bridge, whereas Oy Skew = 1086 .

A2. Maximum Live Load Reaction at I nter mediate Pier - Two HL-93 Vehicles

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...... Viruck (Support) = 64.4kip
Reaction induced by laneload.................. V| anel Support) = 28.2kip
Impact factor..........ccevenreiecereieees IM =133

The truck reaction (including impact and

skew modification factors) is applied on (Support) &
the deck as two wheel-line loads.............. wheel ;o = %9@\,&%
e g

The lane load reaction (including skew
modification factor) is applied on the deck a1 ane SUppOrt) G

L |ane ppor ) (0]
as adistributed load over the 10 ft lane..... lan = (————=

) 8 o0ad & 104t g>9v.SkeW
lang gaq = 3.1%

The truck whedl-line load and lane load can be placed in design lanes according to one of the following patterns.

wheel wheel wheel wheel wheel wheel
line line line /Ine IIne line
2! \L 6' \L 2 /' Z'JL 6' \L 2' 2 2 \L 6' \LZ’
10" Lane Load 10" Lane Load 10" Lane Load
12 FT LANE 12 FT LANE 12 FT LANE
HL-93 PLACEMENT OFPTIONS
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B. Maximum Axial Force

For design live load axial force in the end bent piles, the controlling number and position of design lanes need to
be determined. This section shows ameans of determining the controlling configuration of design lanes, along
with the corresponding beam loads and pile axial forces.

B1. HL-93 Vehicle Placement for Maximum Axial L oad

HL-93 vehicle, comprising of wheel line loads and lane |oads, should be placed on the deck to maximize the axial
forcein the end bent piles.

Design Lane Placements

For this example, the lane placements should maximize the axial forcein pile 3. Sinceapileis placed directly
under each beam, placing design lanes above beam 3 will induce the maximum axial forcein pile 3.

LEFT
GUTTER

2- LANES

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.

MPF = | 1.2 if Number_of lanes=1
1.0 if Number_of lanes= 2
0.85 if Number_of lanes= 3
0.65 if Number_of lanes3 4

Corresponding Beam L oads

The live loads from the design lanes are transferred to the substructure through the beams. Utilizing the lever
rule, the beam loads corresponding to the design lane configurations are cal culated.
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Beam Loads
Beam 1Lane 2Lanes

1 0 0
2 27.6 515
3 104.5 111.7
4 27.6 87.9
5 0 151
6 0 0
7 0 0
8 0 0
9 0 0
10 0 0
11 0 0

Corresponding Axial Force

Since a pile is directly under each beam, the maximum axial force in pile 3 corresponds to the reaction in beam 3.

Maximum Axial Force
Axial Force (k)

1Lane 104.5

2 Lanes 111.7

The results show that two design lanes govern. The following beam loads, corresponding to the governing
maximum axial force, will later be used in the limit state combinations to obtain the design values for the end
bent piles.

UNFACTORED LIVE LOAD
(axial) AT END BENT
LL Loads (kip)
Beam X y z
1 0.0 0.0 0.0
2 0.0 -515 0.0
3 0.0 -111.7 0.0
4 0.0 -87.9 0.0
5 0.0 -151 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
10 0.0 0.0 0.0
11 0.0 0.0 0.0

[#] Defined Units
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SUBSTRUCTURE DESIGN

End Bent Design L oads

Reference

Reference:F:\\HDRDes gnExamples\Ex1_PCBeam\311EndBentL Ls.mcd(R)

Description

This section provides the design parameters necessary for the 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, Larsa 2000 was chosen as the analysis model/program (http://www.larsausa.com)

Page Contents

310 A. General Criteria
A1l. Bearing Design Movement/Strain
A2. End Bent Dead Load Summary
A3. End Bent Live Load Summary
312 B. Lateral Load Analysis
B1. Center of Movement
B2. Braking Force: BR [LRFD 3.6.4]
B3. Temperature, Creep and Shrinkage Forces
B4. Wind Pressure on Structure: WS
B5. Wind Pressure on Vehicles[LRFD 3.8.1.3]
322 C. Design Limit States
Cl Strength | Limit State
C2. Strength 111 Limit State

C3. Servicel Limit State
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A. General Criteria

A1l. Bearing Design Movement/Strain

Strain due to temperature, creep and
Shrinkage.........cccevvevievevece e

A2. End Bent Dead Load Summary

ecgr = 0.00047

Unfactored beam reactions at the end bent for DC and DW loads

(Note: See Sect. 2.10.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/ -91.8 0.0 0.0 -5.4 0.0
2 0.0/ -87.1 0.0 0.0 -4.7 0.0
3 0.0/ -87.1 0.0 0.0 -4.7 0.0
4 0.0/ -87.1 0.0 0.0 -4.7 0.0
5 0.0/ -87.1 0.0 0.0 -4.7 0.0
6 0.0/ -87.1 0.0 0.0 -4.7 0.0
7 0.0/ -87.1 0.0 0.0 -4.7 0.0
8 0.0/ -87.1 0.0 0.0 -4.7 0.0
9 0.0/ -87.1 0.0 0.0 -4.7 0.0
10 0.0/ -87.1 0.0 0.0 -4.7 0.0
11 0.0/ -91.8 0.0 0.0 -5.4 0.0

A2. End Bent Live Load Summary

Unfactored beam reactions at the pier for LL loads corresponding to maximum axial force

UNFACTORED LIVE LOAD
(axial) AT END BENT
LL Loads (kip)
Beam X y z
1 0.0 0.0 0.0
2 0.0 -515 0.0
3 0.0 -111.7 0.0
4 0.0 -87.9 0.0
5 0.0 -151 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
10 0.0 0.0 0.0
11 0.0 0.0 0.0
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A4. Center of Movement

180'-0" (CONTINUGUS BRIDGE DECK) (OVERALL BRIOGE LENGTH!

MEASURED ALONG € CONST.

ELEVATION

BEGIN BRIDGE 90'-0" 900"
F.F.BW, END BENT /\ ‘
END BRIDGE
| F.BW. T
¢ PIER 2 ! /FFBW END BENT 3
¢ \1 60
EJ. : Ed.
50 T 1 : L : o
il .
“ 16'~6" MIN. E £©
30 VERT. CL. o
20 "
Ja] 0
¢ 0

By inspection, the center of movement will be the intermediate pier.

LO = LSpan

Lo = 90.0ft
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B. Lateral Load Analysis

B1. Centrifugal Force: CE [LRFD 3.6.3]

LRFD 4.6.1.2.1 states that effects of curvature may be neglected on open cross-sections whose radius is such
that the central angle subtended by each span is less than:

Number of Anglefor Anglefor
Beams One Span Two or
More Spans
2 2° 3°
3or4 3° 4°
5or more 4° 5°
Horizontal curve data...........cccceveevveneen, R := 3800t
L
Angle due to 0N SPaN.........c..evverervene. = _Pan
A1span R
Lias
bridge
Angledueto al spans...........ccccecevvvenenene ==
d2span R

d2span = 2.7 deg

Since the number of beamsiis greater than 5 and the angles are within LRFD requirements, the bridge can be
analyzed as a straight structure and therefore, centrifigal force effects are not necessary.

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 cal culations 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 lanesis

Njgnes = 3

The multiple presence factor (LRFD Table

3.6.1.1.2-1) should betaken into account.. MPF:= |12 if Njgpes=1

MPF = 0.85 1O iF Nignes = 2
0.85 if Njgnes= 3

0.65 otherwise

Braking force as 25% of axle weight for
design truck / tandem...........ccoceeerreennes BRrorce 1 == 25%0X725Kip) N| gnes’M PF

BRForce.l =459 k|p
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Braking force as 5% of axle weight for

design truck / tandem and lane................. BREorce:2 = 5%0{72KIP + Wiane gpan) N anes™M PF

BRForce.Z =16.5 k|p

Governing braking force...........ccco........ BRrorce = maX(BRForce. 1:BREorce. 2)

BREgrce = 45.9kip

Distribution of Braking Forcesto End Bent

P emd‘benf/ P pier 2 P endbent 3

E.J.

[
:
i
Il
Lo
T

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 bentsis afunction 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’(KEn dbent)

N paols.endbent>K pad

KEndbent =

a (N padspier T N pads.endbent) *Kpad
Simplifying and using variables defined in this example,

Nbeams
(1+2+ 1)Npeams

pier stiffness can be calculated as.......

KEndbent =
KEndbent = 0-25

corresponding braking force.............. BRendbent == BRForce’(KEn dbent)

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:= 6
BREndbent
beams

Braking force at end bent per beam.......... BREndbent =
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Adjustmentsfor Skew

The braking forceis 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
BRZ Endbent = BRERdbent’c0S(Skew)
BRZ Endbent = 1-7KiP

Braking force parallel (x-direction) to the
BRy Endbent = BREndbent’SN(Skew)
BRy Endbent = - 1-0kip

Adjustmentsfor Braking Force L oads Applied 6' above Deck

The longitudina moment induced by braking forces over a pier isresisted 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 adownward 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
isignored.

Force
6t

A
! v v

Applied Moment

| Resisting Couple |

Moment arm from top of bearing pad to

location of applied load..........ccccoevvnneee. M g = 6ft + h
M g = 11.250ft
Braking force in end bent (y-direction), - BRengbentMarm
VEICAl ..ot BRy.En dbent = 5
Span

Only the downward component of thisforceis considered. Typically, the vertical forces (uplift) are small
and can be ignored.
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BRAKING FORCES AT END
BENT
BR Loads (kip)
Beam X y z
1 -1.0 -0.2 1.7
2 -1.0 -0.2 1.7
3 -1.0 -0.2 1.7
4 -1.0 -0.2 1.7
5 -1.0 -0.2 1.7
6 -1.0 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
10 0.0 0.0 0.0
11 0.0 0.0 0.0

B3. Creep, Shrinkage, and Temperature Forces

The forces transferred from the superstructure to the substructure due to temperature, creep, and shrinkage
areinfluenced by the shear displacements in the bearing pad. In this example, only temperature and
shrinkage effects are considered. Creep isignored, since this example assumes the beams will creep
towards their center and the composite deck will offer some restraint.

ecgr = 0.00047

Displacements at top of end bent dueto
temperature, creep, and shrinkage............ DEndbent1 == ako - Xdistof’eCST
€ {4

Dendbent1 = 0-5in

Shear force transferred through each

bearing pad due to creep, shrinkage, and

LEMPEraLUre. ..ot osT _ Gmax”%ad’DEndbentl
Endbent -~ hyt

CSTgngbent = 10.50kip

This force needs to be resolved aong the direction of the skew

Shear force perpendicular (z-direction) to
the end bent per beam...........cccces CST,, Endbent = CSTEndbent’©0S(Skew)

Shear force paralld (x-direction) to the end
bent per beam...........cccccciiiiiinn CSTy Endbent = CST Endbent’sin(Skew)

CSTXEndbent =-5.25 klp
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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 -5.3 0.0 9.1
2 -5.3 0.0 9.1
3 -5.3 0.0 9.1
4 -5.3 0.0 9.1
5 -5.3 0.0 9.1
6 -5.3 0.0 9.1
7 -5.3 0.0 9.1
8 -5.3 0.0 9.1
9 -5.3 0.0 9.1
10 -5.3 0.0 9.1
11 -5.3 0.0 9.1

B4. Wind Pressure on Structure: WS

The wind loads are applied to the superstructure and substructure.

L oads from Superstructure [LRFD 3.8.1.2.2]

The wind pressure on the superstructure consists of lateral (x-direction) and longitudinal (z-direction)

components.

For prestressed beam bridges, the
following wind pressures are given in the

X
& ¢ ge050
215; & 044
Wi ndskew = gSOf Wi ndLRFD = (;.041
C45~ €.033
C = C
60 g @.017

pA

0006
006"
0125kt
016~
019g

The wind pressures in LRFD should be increased by 20% for bridges located in Palm Beach, Broward, Dade,
and Monroe counties (LRFD 2.4.1). For bridges over 75 feet high or with unusual structural features, the
wind pressures must be submitted to FDOT for approval.

This example assumes a South Florida
location, so the 20% factor applies...........

Windepot = 9rpoTWind RFD
X z
58.060 0.000§
20.053 0.007
Windep o = 60.049 0,014 -+ksf
€0.040 0.019™
80.020 002355
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Composite section height...........ccccceeenee.
h = 5.25ft

Superstructure Height.............ccccoeveeeeee.
hguper = h + 21667t

Zy= (hCoI - hSurcharge) *+ heg + Ngyper
7, = 21.92ft

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

Exposed superstructure area at end bent... Asuper = %m&lper

_ 2
Asuper = 33381t

Forces due to wind applied to the
SUPEISIIUCEUNE. ... o
WSsuper.Endbent = WINdep oA Super
X z
880.0 00§
217.6 24
WSSuper.Endbent = (;16.4 4.8 fkip
€132 64~
C =
@68 76g
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..........ccoueeue...

Fwsx = 20kip

Fwsx = WSSuper.EndbentO B

Maximum longitudinal force.................... = WS
Fws.z SJper.Endbent4, 1

The forces due to wind need to be resolved along the direction of the skew.

Force perpendicular (z-direction) to the
end bent.........coooiiinii WS, Endbent = FWs 2€0S(Skew) - Ry, >sin(Skew)
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Force paralld (x-direction) to the end bent WS, Endbent := Fws.28iN(Skew) + Fy g 4 cos(Skew)
WSy Endbent = 13-5kip

The force due to wind acts on the full superstructure. This force needs to be resolved into the reactionsin
each beam. The following table summarizes the beam reactions due to wind.

WIND ON STRUCTURE

FORCES AT END BENT

WS Loads (kip)
Beam X y z
1 1.2 0.0 15
2 12 0.0 15
3 1.2 0.0 15
4 12 0.0 15
5 12 0.0 15
6 12 0.0 15
7 12 0.0 15
8 12 0.0 15
9 12 0.0 15
10 1.2 0.0 15
11 12 0.0 15

L oads from Substructure [LRFD 3.8.1.2.3]

Wind pressure applied directly to the
SUDSEFUCLUFE. ...t Wind| pep = 0.04%sf

The wind pressures in LRFD should be increased by 20% for bridges located in Palm Beach, Broward, Dade,
and Monroe counties [LRFD 2.4.1].

This example assumes a South Florida
location, so the 20% factor applies........... Windep ot = 9rpoTWind, Rep

General equation for wind forces applied to
the substructure.........cccocevevneenccennne.

WSEogree = (Wi ndPressure) {EXDO%OI Area&lbstructure) >(SkewAdj ustment)

The end bents are usually shielded from wind by a MSE wall or an embankment fill, so wind on the end bent
substructureis ignor ed.
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B5. Wind Pressure on Vehicles [LRFD 3.8.1.3]

The LRFD specifies that wind load should
be applied to vehicles on the bridge..........

& o gelod 0 ¢
G157 G088 012”7
= S : - &P
Cy5~ €066 .032~
c = c <
260g @.034 .038g

The wind pressures in LRFD should be increased by 20% for bridges located in Palm Beach, Broward, Dade,

and Monroe counties (LRFD 2.4.1).

This example assumes a South Florida
location, so the 20% factor applies...........

Height above ground for wind pressure on
VENICIES....cviiiiriiee e

Z, = 25.75ft

The wind forces on vehicles are transmitted
to the end bent using tributary lengths.......

LEndbent = 45Tt

Forces due to wind on vehicles applied to
the superstructure............cccceevevveeennnene.

X Zz

a9.120 0.000§
éo.loe 0.014 .
. _ . kip

Lt
€0.079 0.038~
r —_

@0.041 0.046 g
Zy:= (29 - 2.16675t) + 6t

Lspan

L =
Endbent 2

WL gyper. Endbent = WINdepOT™ - Endbent

X Z

B4 005
24.8 06.
WL super.Endbent = 644 1.3 +kip

C36 1.7~
C =
gl8 21g

A conservative approach is taken to minimize the analysis required. The maximum transverse and longitudinal

forces are used in the following calculations.
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Maximum transverse force..........coeeune... = WL
FwL x SJper.EndbentO, 0

Maximum longitudinal force.................... = WL
AL .z SJper.Endbent4, 1

FwL.z= 21kip

The forces due to wind need to be resolved along the direction of the skew.

Force perpendicular (z-direction) to the
endbent..........coiiinn WL, Endbent = FwL 2€0S(Skew) - Ry, sin(Skew)

Force perpendicular (z-direction) to the WL, Endbent
endbent per beam..........ccccoveveveviene, WL, gegm = ——————
) N
. beams
WL, gegm = 0-41kip
Force parallel (x-direction) to the cap....... WL, Endbent := FwL 28Nn(Skew) + Ry, cos(Skew)
Force parallel (x-direction) to the cap per WL, Endbent
beaM.....c.ocee WLy Beam = N—
. beams
WL, Begm = 0-33kip
Longitudinal Adjustmentsfor Wind on Vehicles
The longitudinal moment is resisted by the moment arm.
‘ Force
6 rt
A |
L appired om v ]
pplied Moment
Resisting Couple
Moment arm from top of bearing pad to
location of applied load..........cccceeereenneee M g = 11.250ft (Mgm=h+ 6ft)
Vertical force in end bent due to wind -WL,, endbent™ arm
pressure on VENICle.......ccccoeviecevieienee, W|_y Endbent =
. L$ar]

For this design example, this component of the load isignor ed.
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Transverse Adjustmentsfor 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 vehicleisresisted 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.

Foroo WL, oy,
>
Marm srr ! !
App/redeg I
4 10} @ @ @ ® @ ® ® @
/\R s1sting Couy p/i\L

— 1

o]

1 —
X (Tran -

=1 =1 =1 -1 -1
i i i i i
Z (Longltudinaf)
Plle #3

Moment arm from top of bearing pad to
location of applied load..........ccccceevvvneee.

M g = 11.250ft

Vertical reaction on pier from transverse

-WL ‘M
: : X.Endbent™ arm
wind pressure on vehicles.........cc.ovenee. WLy Endbent =

BeamSpacing

Since thisload can occur at any beam location, apply thisload to all beams

WIND ON LIVE LOAD

FORCES AT END BENT

WL Loads (kip)
Beam X y z
1 0.3 0.0 0.4
2 0.3 51 0.4
3 0.3 -5.1 0.4
4 0.3 0.0 0.4
5 0.3 0.0 0.4
6 0.3 0.0 0.4
7 0.3 0.0 0.4
8 0.3 0.0 0.4
9 0.3 0.0 0.4
10 0.3 0.0 0.4
11 0.3 0.0 0.4
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C. Design Limit States

The design loads for strength |, 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 analysis model, such asa
GTStrudl, Sap2000, Strudl, Larsa 2000, etc, include the following loads:

DC: self-weight of the substructure, include end bent cap and backwall.

TU: atemperature increase and fall on the pier substructure utilizing the following parameters:

coefficient of expansion a, = 6" 10 61
°F
temperature change temperature; \rease = t€Mperaturesy = 25%F

For instance, in LEAP's RCPier, two load cases would be required for temperature with a positive and negative
strain being inputed, equal to: a{25%F) = 0.00015

_f LARSA 2000 - Model 2.lar HE

File WYiew Grophics Seloction Draw Modify InputDeta Anclysis Results Tools

GiFed e
Y @ Tookars, | |

H = Analysis Results

Select result cases to view

from the list below

E Load Cases
DC Sub
Strengthl -
endbent
Stength3 -
endhent
Shengths -
endbent
Servicel -

& Load Combinations
Stiength 1

-2.873837 Strength 3

Strength §

-6.636548 Service 1
ornsianiiv Siages

0656574

-14.16197

-17.92468

-21.68739

-25 45010

Load Combinations: =
Service 1

Solved: 5/6/2003

|
Grid ; IV Yalue Labels I Render Out of Scale DiEpleae
e o
Graphics View 1 Geomety: Joinlsi Load Cases] Properties: Malemals!
?Hedrawmg graphics. | | Unda File: 0.01 MB

Note that in our model, the loads applied at the top of the cap from the beams are applied to rigid links that
transfer the lateral loads as alateral |oad and moment at the centroid of the end bent cap. Thisis
consistent with substructure design programs like LEAP's RCPier. For the end bent, assuming the cap to
be supported on pin supports at every pile location is an acceptable modeling decision.
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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.

All applied loads in the substructure analysis model should be multiplied by the appropriate |oad factor values
and combined with the limit state |oads calculated in thisfile for the final results.

Cl. Strength | Limit State L oads

Strengthl = 1.25DC + 1.5DW + 1.754.L + 1.75BR + 0.5TU + CR + SH)

Strength | Limit State

Beam L oads (kip)

Beam # X Y Z
1 -4.3 -1232 74
2 -4.3 -206.6 74
3 -43 -3119 74
4 -43 -270.3 74
5 -4.3  -1429 74
6 -43 -116.0 45
7 -26 -116.0 45
8 -26 -116.0 45
9 -26 -116.0 45
10 -26 -116.0 45
11 -26 -1228 45

C2. Strength 111 Limit State L oads

Strength3 = 1.25DC + 1.5DW + 1.4WS + 0.5TU + CR + SH)

Strength I11 Limit State

Loads (kip)

Beam # X Y Z
1 -09 -1228 6.7
2 -09 -116.0 6.7
3 -09 -116.0 6.7
4 -09 -116.0 6.7
5 -09 -116.0 6.7
6 -09 -116.0 6.7
7 -09 -116.0 6.7
8 -09 -116.0 6.7
9 -09 -116.0 6.7

10 -09 -116.0 6.7
11 -09 -1228 6.7
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B3. Strength vV Limit State

Strength5 = 1.25DC + 1.50DW + 1.354.L + 1.35BR + 0.40VS + 1.0AVL + 0.50TU + CR + SH)

Strength V Limit State

Loads (kip)

Beam # X Y Z
1 -31 -1231 78
2 -31 -180.7 78
3 -31 -2723 78
4 -31 -2350 78
5 -31 -136.7 78
6 -31 -116.0 5.6
7 -1.8 -116.0 5.6
8 -1.8 -116.0 5.6
9 -1.8 -116.0 5.6

10 -1.8 -116.0 5.6
11 -1.8 -122.8 5.6

C3. Servicel Limit State Loads

Servicel = 1.0DC + 1.0DW + 1.04L + 1.0BR + 0.3WS + 1L.0AWL + 1.0TU + CR + SH)

Servicel Limit State

Beam L oads (kip)

Beam # X Y Z
1 -55 974 116
2 -55 -1385 116
3 -55 -2089 116
4 -55 -180.0 116
5 -55 -107.2 116
6 -55 919 100
7 -45 919 100
8 -45 919 100
9 -45 919 100
10 -45 919 100
11 45 972 100
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C4. Summary of Results

_{ LarsA 2000 - Model 2.lar [_Ta]x]
R e SR T
DEEm&E o | il ,
mELD/¢estlaRaa®m @ es

Lo |
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-7.645449
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-21.01619
5
-25.50910
2 23

-30.00002

Girid ¥ Value Labels
E Graphics Wiew 1 Geometr: Membels] Laad CasasJ Properties: Materials

| Dane,

Modiied  UndoFile: 0,01 MB

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:

M Strength1. Negative = - 32-940Xip M Servicel Negative = - 28-94tkip

M Strengthi. Positive = 10-340%ip M Servicel Positive = 8:44t%ip

The maximum pile reaction was pile #3, the governing loads were as follows:

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

methodol ogies similar to Section 3.4 Pier Cap Design to design the end bent cap. For the piles, the
approach is similar to Section 3.9 Pier Pile Vertical Load design. There are no moments transfered from
the end bent cap to the piles since for a 1 foot embedment of the pileinto the cap, the connection is
considered to be a pin connection.

[#] Defined Units
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SUBSTRUCTURE DESIGN

End Bent Cap Design

Reference

Description

The actua design of the end bent cap for the governing moments and shears has not been performed
in this design example. For asimilar design approach, refer to Section 3.4 Pier Cap Design.

Substructure Design 3.13 End Bent Cap Design 326




SUBSTRUCTURE DESIGN

End Bent Pile Vertical Load Design

Reference

Description

The actual design of the end bent piles for the vertical 1oads has not been performed in this design
example. For asimilar design approach, refer to Section 3.9 Pier Pile Vertical Load Design.
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SUBSTRUCTURE DESIGN
End Bent Backwall Design

Reference

Reference:F:\HDRDesignExamples\Ex1_PCBeam\312EndBentL ds.mcd(R)

Description

This section provides the design for the end bent backwall.

Page Contents

329 A. General Criteria
Al. End Bent Geometry
A2. Soil Parameters

331 B. Back wall design
Bl. Tie-strap design
B2. Back wall design

343 C. Summary of Reinforcement Provided
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A. General Criteria

Al. End Bent Design Parameters

Depth of end bent cap........cooevverrereeeeeene. heg = 2,51t
Width of end bent cap........cccceovvvvviieenee. beg = 35ft
Length of end bent cap.........ccccceeeevrveinneee Lgg = 101.614 t
Height of back wall...........cccccoveveinennnne. hgyy = 5t
Backwall design width..............ccoevvvviennnneee. Lgyy = 1ft
Thickness of back wall...........ccccccveennennes tgy = 1ft

Approach slab thickness............cccccccvvrneeee tapprsiab = 13.5in

Approach dab length..........cccoovevevieienenee. L ApprSiab = 34.75ft

CONCIELE COVEN.....vviieeeieieiee e covergp = 3in
Resistance Factor for flexure and tension...... f =09
Resistance Factor for shear and torsion......... f,, = 0.9

Load factor for EH and ES (LRFD 3.4.1)...... 9p = 15

Load factor for dead load............ccovvvennenee gpc = 1.25

A2. Soil Parameters

Vauesfor the active lateral earth pressure, ky, [LRFD 3.11.5.3, 3.11.5.6] may be taken as:

.2 ,
ka: N (q+ff)
G>(sin2q>sin(q - d))
e sin(f's + d)>sin(f' b('j2
where G:c1+j (f )>gn( f )_-
e sn(q- d)snlq+b) g

Table 3.11.5.3-1 - Friction Angie for Dissimilar Materials (U.S. Department of the Navy, 1982a)

Interface Materials Friction Coefficient of
Angle, 5 Friction, Tan 8
(DEG) (DIM)

Mass concrete on the following foundation materials:

e Clean sound rock 35 0.70
e Clean gravel, gravel-sand mixtures, coarse sand 29 to 31 0.55 to0 0.60
e Clean fine to medium sand, silty medium to coarse sand, silty or

clayey gravel 24t0 29 0.45t0 0.55
e Clean fine sand, silty or clayey fine to medium sand 191024 0.34t0 045
e Fine sandy silt, nonplastic silt 17t0 19 0.311t00.34
e Very stiff and hard residual or preconsolidated clay 221026 0.40to 0.49
e Medium stiff and stiff clay and silty clay 17t0 18 0.31t00.34

Masonry on foundation materials has same friction factors
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defining the following:

Ogoil = 115pcf
g := 90deg
f's 1= 29deg
d := 29deg
b := O>xdeg
therefore
G:=
and
k .—

Unit weight of soil
angle of the end bent back face of the wall to the horizontal

effective angle of internal friction as per
LRFD Table3.11.5.3-1

friction angle between fill and wall given by (Note: based on concrete on
LRFD Table3.11.5.3-1 clean fine to medium sand)

angle of fill to the horizontal

sing(q + f'f)al;

* lan(a)ein(a - d)

kg = -0.371

The horizontal earth pressure due to live load, Dp [LRFD 3.11.6.4] may be approximated as follows:

Dp = k’gsoil’heq where

Ospi = 115pcf Unit weight of soil
k:= |kaj Coefficient of lateral earth pressure
heq = 4.0t equivaent height of soil for vehicular loading,
LRFD Table3.11.6.4-1 or 3.11.6.4-2
therefore
Dp = kg eg
Dp = 0.171ksf
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B. Back wall design

B1l. Tie-strap design
Thefollowing is afree body diagram of the loads acting on the end bent and the proposed resisting moment.
The resisting moment, for this design example, is accomplished by specifying tie-back straps attached to the

backwall which are the same that are used in the MSE walls. Generally, the factored and unfactored forces
per linear foot of wall that the straps need to widthstand are specified.

L oads

cL Pile .
} CL Brg
raﬂDfs/D\j/ ‘
$
3/ e
F arur P g
7% I/Dy
F \| Fz
-
,,{ =
‘

Loads acting on E£nd Bent

Calculate moment at top of pile due to earth pressure per foot of backwall

| kel *Os0i1 { B + hEB)2

Latera force................ k |p ................ Fearth = >
Fegrth = 1.20——
) hgw * heg
Lateral force moment arm................. Yearth = — Pileamped
Yearth = 1.50ft

Moment at top of pile........cccceu.e..

o Kipoft
Mearth = 1.80——

Mearth = FearthYearth
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Calculate moment at top of pile dueto live load surcharge per foot of backwall

Lateral foOrce......coe.erneenn.. klp ......... Feurcharge = éjp’(hBW + hEB)f

Faurcharge = 1'28?
h +h
BW " "EB }

Lateral force moment arm................. Ysurcharge = — Pilegmbed
Ysurcharge = 2751t

Moment at top of p”ek|p>¢t ..... Mgircharge = Faurchargeaurcharge
Msurcharge = 392 ft

Calculate moment at top of pile due to approach dab per foot of backwall
x tApprs ab’LApprSIab (_3 (Note: assume 1/3

Vertical force............ k | ..................... Pas = ggconc . o ofweightisseenat
Ppg = 1.95—2 back wall)
AS ft
t - b
Vertical force moment arm............... Y BW_ "EB
AS 2
eAS = - 1.25ft
Moment at top of pile........cccceu.e... Mas:= Pag®eas
_ kipsft
Mag=-2.44——

ft

Calculate moment at top of pile due to back wall per foot of backwall

Vertical force......c.ooevvneiniieccnenns Pew = (gconc’hBW’{BW)

Pew = 0.75%

Vertical force moment arm................ eRW = €As
egyy = - 1.25ft

Moment at top of pile.......ccceueeueennne Mgw = PBWEBW
Mpw = - 0.94M

ft

Calculate moment at top of pile due to end bent cap per foot of backwall

Vertical force......cooevineiniieccnenns Pcap = (gconc’hEB ’bEB)

_ kip
Peap = 131~
Vertical force moment arm................ €Cap = 0t
ecap = 0.00ft
Moment at top of pile.......ccceueeueenne M = P~_e
Ci Ci Ci
Ve = 000 KM v
Cap™ ™" ¢
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Calculate moment at top of pile due to maximum Strength | limit state reaction (pile #3) per foot of backwall.
To get an equivalent load per foot of backwall, the beam reaction is divided by the beam spacing.

Strength

Vertical force......oovvvvvvierrceeeennen,

- kip
Pgiry = - 38.99—=

Vertical force moment arm............

epy =-0.17ft
Moment at top of pile..........ce....
~ kipt
Mp.stry = 60—~
Lateral force.......ccovveevvveveeeeiieenns
kip
Vertical force moment arm............
epy = 1.83ft
Moment at top of pile....................
kip>ft
MEstry = 170——
Service
Vertical force......covvvvvevieveneinnen,
kip

PSfVl =- 2611?

Vertical force moment arm

epy =-0.171t

Moment at top of pile.........ceeue..

Lateral force.......ccovvvvvvveveeeeeeeens

_ kip
Foyl = 1.45?

Vertical force moment arm............

epy = 1.83ft
Moment at top of pile..........ce.....
~ kipsft
ME.srv1 = 266——

- - 1 0
Py = - 31L.9kipe————

Strength | Limit State

eBeamSpacing g ys——

_ bep
epy.— T - tBW- K

Mp gir1 = Psr1’epy

Foyp = 74%ipe—— 0
eBeamSpacing g

er = hEB - P”eembed + 4%n

ME sir1 = Fsr®ry

- - 1 0
Pgpy1 = - 208.9%ipE————

e
= o

Beam L oads (kip)
X Y z

© 00N O UL WN -

-43 -1232 74
-43 -206.6 74
-43 -3119 74
-43 -270.3 74
-43 -1429 74
-43 -116.0 45
-26/ -116.0 45
-26/ -116.0 45
-26/ -116.0 45
-2.6/ -116.0 45
-26/ -1228 45

(Note: Use 4" pedestal height).

Service | Limit State

eBeamSpacing g Beam #

Mp grv1 = Psrv1epy

1 n
Fauq = 11.6%kipe—— 9
Svl : eBeamSpacing g

MEsv1 = Fsviery

O 0 N UL WN -

=
= O

Beam L oads (kip)
X Y Y4

55 -974 116
-55/ -1385 116
-55/ -208.9 116
-55/ -180.0 116
-55/ -107.2 116
-55  -91.9 10.0
-45 -91.9 10.0
-45  -91.9 10.0
-45  -91.9 10.0
-45  -91.9 10.0
-45  -97.2 10.0
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Resisting M oments

CL Plle

cL Brg

(Note: Jacking loads
which can cause a

resultant moment Ma in

the opposite direction
were not considered in
this design example)

M

Ystrap

| yay

+M - Tle Backs reslsting moment

Kipft

Mstrengthl =119 ft

_ 1. Kip
Fstrengthl = 4.6 ?

ECCENtrICItY...ccveeeeee e
Yer = 2.57ft

MOMENL.... i
_ kip>ft
Mservicel 8.9 ft
FOICE.....eeeee e
_ 2o KiP
Fservicel = 3'9?
ECCENtrICItY...cceeeeeeecevece e
Yoyl = 2.28ft

Calculate the Strength | values per foot of backwall and eccentricity to optimize the force in the strap:

Calculate the Service | values per foot of backwall and eccentricity to optimize the force in the strap:

MP.Strl + MF.Strl + 1'25(MAS + MBW + MCap)

Mgtrengthl =
+ 1-50>(M eath* M surcharge)

Fatrengthy = Fstra * 1'50>(Fearth + I:sur(:harge)

(Note: Thisdimensionis

M strengthl
fromtop of pile)

Ystr1-= ¢
strengthl

MP.Srvl + MF.Srvl + 1'OO(MAS + MBW + MCap)

Mservicel =
+ 1-OO>(M earth * Msurcharge)

Fservicel = Forva + 1'00>(Fearth + I:sur(:harge)

M servicel

Yovl = E (Note: Thisdimensionis

servicel fromtop of pile)

334
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Calculate Design Forces for Tie-Straps per foot of back wall for moment requirement

Note: For thetie strap, only 1 strap is assumed in the calculations. The geotechnical engineer should be
consulted to determine the length of the strap required. If additional straps are required, place the resultant
of the straps about the current design location.

Distance between tie-strap and top of (Note: Options
PIlEe i, y = 2.5t str1 O 5724
strap ?g 7_ 8520 s
Ystrap = 251t Vevig €2277@
M dimension is fromtop of pile)
Factored design force for tie-strap...... Frgrapht = _strengthl
F = 47850 Yatrap
'strapM = */6 7~
M servicel

Service design forcefor tie-strap....... FetrapM =
F = 35822 Ystrap
strapM — ?

Calculate Design Forces for Tie-Straps per foot of back wall for lateral 1oad requirement

Factored design force for tie-strap...... FrstrapF = Fstrengthl
kip

FrstrapF =464 o

Service design force for tie-strap.......
kip

FatrapF = 3.93—

FetrapF = Feervicel

Governing design forces for Tie-Straps

Factored design force for tie-strap...... Fr strap = max(pr strapM'Fr StrapF)
_ kip
Frstrap = 478?
Service design force for tie-strap....... = = max(E E
Str strapM " strapF,
A o3 Kip ap ( ap ap )
strap = *¥° T
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B2. Back wall design

Calculate Design Moments for Backwall per foot of back wall

cL Brg cL Brg

NSV

Back wall design moment location

| |
cL Plle L cL Plle L

NSV

Passive Earth Pressure

For purposes of this design example, this condition will assume that if the lateral forces are applied in the
direction towards the back wall, the passive earth resistance will be activated. To minimize calculations, itis
assumed that the passive resistance mobilized will be equal to the lateral applied loads. With this assumption,

the moment for the back wall design can be calculated by taking the applied laterd |

oads at the location of the

resultant passive force and multiplying by the arm to the design moment location of the back wall.

The engineer should use judgement in figuring out the way in which these loads can

beresisted. The approach

dlab can offer some resistance as well asthe piles. Conservatively are assumed to be resisted only by the soil

behind the wall.

: 2
Distanceto pt. B.......cceveveeevrvcennne. YBpassive = E(hEB + hBW) - heg

Yppassive = 2501t

Factored design force for back wall....

o Kipift
Mrpassive = 231——

Mrpassive = Fstr1YBpassive

Service design force for back wall....

e KipE
M passive = 363——

M passive = Fsrv1*YBpassive

Check to seeiif thereis sufficient force in the passive pressure:

Passive pressure..........ceeeeeveeeeeeenes Pp = kp’gsoil"z + 2x¢% kp

where the coefficient of latera
earth pressure..............o....... k.'=6

(Note: Active earth pressure
and surcharge loads are not
included since they are not
reversible).

(Note: LRFD Figure 3.11.5.4-1 for g= 90

p- deg and angle of internal friction = 29 deg.)
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depth below surface of soil...

s0il cohesion.......coceeeveeennee.

passive pressure activated.....

Service passive pressure force per
foot of back wall..........ccooorrennnene

Factored passive pressure force per
foot of back wall..........ccoovvrennnene
kip

Frpmve = 291?

z:= hgg + hgw (Note: Use full depth of endbent wall and cap)
z=75ft
C:= OxXsf (Note: Assuming fine sand backfill)

Pp = kp’gsoil’z + 2xc% kp

pp:5.l75ksf
L =g g0
Fpasgve' impng

. = —_ 9 =
Frpasgve' gp>§>pp>§zg where 9o 15

By inspection, the assumption that the soil has sufficient capacity in passive earth pressure is valid since the

factored resistance, Frpassive = 29.1kf—t , isgreater than the factored design force, Fgrp = 0.9 % .
Similarly, the service resistance, Fpassive: 19.4% , isgreater than the service design force, Fgy1 =15 %
. Therefore, assumption isvalid.
Tie-straps
Distanceto pt. B.....cocveereneercernennes YBstrap = (ystrap + pneembed) - heg

YBstrap = 1.00ft
Factored design force for back wall.... Mrgrap = Frtrap¥Bstrap

Mgy, = 4.7879P%

Istrap = * f
Service design forcefor back wall.... Mgtrap = Fstrap™¥Bstrap
~ kipsft

Mgirap = 3.93——
Back wall design moments:
Strength .......................................... MrBW = maX(Mrpassive'Mrstrap)x-BW
SEIVICE. .cceeeeeeeeee e eeeeeetteeeaeeeeneeeees M BW = max(M passive' Mstrap) >{_BW
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Factored resistance M, =M,

M, = A f >€éds 1@ Ay %
r= S R S &
Ya® 2 3085 qpb o

where MI’ = MrBW

b:= LBW

Initial assumption for area of steel required

Sizeof bar.......ccceveeeenne. bar := "5" (Note: #5 @ 12" spacing reinforcement
requirement is gover ned by minimum steel
Proposed bar spacing........... spacing := 12x%n and not moment capacity.)
[
Bararea.....c.ccccoeviiviniennen Apar = 0,310”12
Bar diameter..........c.coceeueeee. dia= 0.625in

Area of steel provided per foot of back wall
.2
Ag=0.3lin
dia

Distance from extreme compressive... dg:= tgyy - COVergp earth - >

fiber to centroid of reinforcing stegl
dg=7.7in

Solve the quadratic equation for the area of steel required

) e e 1 As#y 60U
Given M, = fxf ’As’fy’@ds' —g————=((
é é 2 é0.85>1‘c_sub>b A

Asreqd = Find(Ag

_ .2
As.reqd = 0.16in

The area of steel provided, Ag= 0.31in2, should be greater than the area of steel required, As.reqd = 0.16in>

If not, decrease the spacing of the reinforcement. Once Aq is greater than As.reqd , the proposed reinforcing is
adequate for the design moments.

. . é & Ay
Moment capacity provided..................... M = A, d - ifi_;[
) 2 O'SSXC.Smeﬂ’J

_ - é e
M r.prov = 10.5ftkip
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Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

Concreteis 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 actua stressin 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.

Stress in the mild steel reinforcement at the service limit state

z

fa= —— £ 064,
(@)
gémoderate exposure” 170¢
Crack width parameter.........cccceveeeveeennn. zZ= g "severe exposure” ]_30?)(@
+in
@ "buried structures' 100g
The environmental classifications for Environmentg, e = "Slightly"  aggressiveenvironment
Florida designs do not match the
classifications to select the crack width
parameter. For thisexample, a "Sightly"
or "Moderately" aggressive environment
corresponds to "moderate exposure” and
an "Extremely" aggressive environment =
correspondsto "severe exposure”............ z'= ]_70x£
in
Distance from extreme tension fiber to
center of closest bar (concrete cover diad
need not exceed 2 iN.)......cc.oeeeeveeerernnes d.:= min - dg, 2N + 290
C ~ BW
e 2 g
d, = 2.313in
Number of bars per design width of back b
WAl nbal' =
spacing
nbar =1
Effective tension area of concrete.
surrounding the flexural tension (b) >(2’dc)
reinforcement........c.ocoveevenneneneneeeene A=—2> 7
n
A = 555in° bar
. .. . . o A Z U
Service limit state stress in reinforcement... fog:= mi n% , 0.6>¢)L,
e — u
foy = 33.7ks é 3 i’
sa - L
der)” g
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The neutral axis of the section must be determined to determine the actual stressin the reinforcement. This
process isiterative, so an initial assumption of the neutral axis must be made.

X:= 1.5%n
E
1 S
Given —>b>9<2: >AS>(dS- x)
2 Ec.sub

Xna = Find(x)

Xna = 1.5in

Compare the calculated neutral axis x,, with theinitial assumption x. If the values are not equal, adjust
x = 15in toequa x,,=15in

Tensleforce in the reinforcing steel due Mgy
to service limit state moment................... Tgi=
4 Xna
Tg= 6.574kip 3
Actual stressin the reinforcing steel due Te
to service limit state moment................... f actual = —
S

fo actual = 2L-2ks

The service limit state stress in the reinforcement should be greater than the actua stress due to the service limit
state moment.

LRFD5_7_3_3_4 ;= |"OK, crack control is satisfied" if fsactual £ fsa

"NG, increase the reinforcement provided" otherwise

LRFD5_7_3_3_4 = "OK, crack control is satisfied"

M aximum Reinfor cement

The maximum reinforcement requirements ensure the section has sufficient ductility and is not overreinforced.

Area of steel provided

Ag = 0.31in°
4 ] - 4000psig ()
Stress block factor.......ccovvvveveeveveveenen, bq:= max(%.85 - 0.05 ‘CSUb—_—Z,OBEil'.J
é e 1000ps a a
by =0.775
Distance from extreme compression fiber A
to the neutral axis of section.................... c= Sy
c=04in 0-85’¢c.sub>b 1>b

Effective depth from extreme compression fiber to centroid of the tensile reinforcement
.- Apsfpsth + Agfyd

e
Apstps + Ay
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for anon-prestressed section............. d.:=d
de=7.7in

The < = 0.056 ratio should be less than 0.42 to satisfy maximum reinforcement requirements.
c
LRFDg 7 3.3 1= | "OK, maximum reinforcement requirements are satisfied" if — £ 0.42

"NG, section is over-reinforced, see LRFD equation C5.7.3.3.1-1" otherwise

LRFDg 7 3 3 1 = "OK, maximum reinforcement requirements are satisfied"

Minimum Reinfor cement

The minimum reinforcement requirements ensure the moment capacity provided is at least 1.2 times greater than
the cracking moment.

Modulus of Rupture...........cccoveerereennes fo:= 0.24x/[f csub’ks

f, = 562.8psi

. btgy”
Section MOdulUS........ccoeeereeerieenincene. S:=
6
.3

S=288.0in

Cracking moment...........ccoeeeveeereenenenn. Mg = 8

M = 13.5kipft

Required flexural resistance............. min(1.2:M o, 13396M )

My reqd = cr

M reqd = 6:4fbkip

Check that the capacity provided, M = 10.5ftxkip , exceeds minimum requirements, M rregd = 6.4 ftkip .

r.prov
LRFD5_7_3_3_2 = | "OK, minimum reinforcement for moment is satisfied"  if Mr.prov3 Mr.reqd

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

LRFD5_7_3_3_2 = "OK, minimum reinforcement for moment is satisfied"

Substructure Design 3.15 End Bent Backwall Design 341




Shrinkage and Temper atur e Reinforcement [LRFD 5.10.8.2]

Sizeof bar ("4" "5" "6" "7")

Shrinkage reinforcement provided............

Gross area of SECtioN........ocvveeeeveeiiieeenns

_ .2
Ag— 144.0in

Minimum area of shrinkage and
temperature reinforcement......................

Maximum spacing for shrinkage and
temperature reinforcement.............c.........

spaci NIST reqd = 14.1in

barg = "5"

barspast = 12%n

Apg = 0.31in"

dia= 0.625in

0.11%si A
Acy = — 9
ST f
y

b

spac NIST reqd = minEEA—
¢_>0

e Abar

Btgyy. 184n°

2

The bar spacing should be less than the maximum spacing for shrinkage and temperature reinforcement

LRFDg 7 10.8 = |"OK, minimum shrinkage and temperature requirements”  if barspast £ spaci NIST reqd

"NG, minimum shrinkage and temperature requirements’

LRFDg 7 10.g = "OK, minimum shrinkage and temperature requirements’

otherwise

Substructure Design

3.15 End Bent Backwall Design

342




C. Summary of Reinforcement Provided

Moment reinforcement (each face)

Bar size............. bar = "5"
Bar spacing....... spacing = 12in
Temperature and Shrinkage
Bar S.Ze ............. bal'm” nktemp ="5"
Bar spacing........ barspast = 12in
Tie-straps
Location of strap
from bottom of
back wall......... YBstrap = 1ft
Factored design Kip
force.....coennee. Fr = 4.78—
strap ft
Service design Kip
force...cconuennns F =3.93—
strap ft

[#] Defined Units

#5 @ 12"max. (E.F.)

6 e |2'(E.F.)

F (Tie—-strap)

# dowels @ 6"(E.F.)

EEE—

/]

CL Pile

CL Brg
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