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SUPERSTRUCTURE DESIGN

About this Design Example

Description

This document provides guidance for the design of a cast-in-place flat dab bridge.

The example includes the following component designs:

Solid c.i.p. dab design
Edge Beam design
Expansion Joint design

Intermediate bent cap design

The following assumptions have been incorporated in the example:

Three span continuous @ 35'-0" each for atotal of 105'-0" bridge length
30 degree skew

No phased construction.

Two traffic railing barriers and one median barrier.

No sidewalks.

Permit vehicles are 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................. Load and Resistance Factor Design (LRFD) except that Prestressed Piles have
been designed for Service Load.
Design Loading................. HL-93 Truck

Future Wearing Surface... Design provides allowance for 15 psf

Earthquake.........cccccueeene Seismic provisions for minimum bridge support length only [SDG 2.3.1].
Concrete.....occveeeeevcinnen, Class Minimum 28-day Compressive
Strength (psi) Location
I f'c=3400 Traffic Barriers
Il (Bridge Deck) f'c=4500 CIPFlat Slab
v f'c=5500 CIP Substructure
V (Special) f'c=6000 Concrete Piling
Environment..........c........... The superstructure is classified as dightly aggressive.
The substructure is classfied as moderately aggressive.
Reinforcing Stedl.............. ASTM A615, Grade 60
Concrete Cover................. Superstructure
Top deck surfaces 2" (Short bridge)
All other surfaces 2"

Substructure
External surfaces exposed
External surfaces cast against earth
Prestressed Piling

®W AW

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

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

Design Parameters

Description

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

Page Contents

5 A. General Criteria
Al. Bridge Geometry
A2. Number of Lanes
A3. Concrete, Reinforcing and Prestressing Steel Properties
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

16 D. Substructure
D1. Intermediate Bent Geometry

PROJECT INFORMATION 1.03 Design Parameters




A. General Criteria

This section provides the general layout and input parameters for the bridge example.
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Transverse.

i
X (Global) ...
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In addition, the bridge is also on a skew which is defined as:

Skew Angle.......ccocooiineennee Skew := - 30deg

Al. Bridge Geometry

Horizontal Profile

A dight horizontal curvatureis shown in the plan view.
be taken as zero.

For all component designs, the horizontal curvature will

DIRECTION OF STATIONING [~

END BRIDGE
F.F.BW. END BENT 3

END APPROACH SLAB

€ CONST. SRR. 9

BEGIN APFROACH SLAB

-

== \\‘ ali) T
BEGIN BRIDGE \ 70°00°00" (T.C)(Typ.) \
F.FBW. END BENT | RETAINING WALL

PLAN

HORIZONTAL CURVE DATA
R = 3,800
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Vertical Profile

105'=0" (OVERALL BRIDGE LENGTH)
MEASURED ALONG € CONST.
BEGIN BRIDGE -0 350" 350
F.F.BW. END BENT /\ ‘ ‘ END BRIDGE
/F.F.B.W. END BENT 3
50 ¢ BﬁNT 2 ¢ BE!NT 3 60 —
C | EJ. 7
50 I 50 3
E 7] il ]
E_ 30 i \ 30 —E
-2 i crounp Lve 2073
=0 103
. o
Overdl bridge length............. Liyi dge 105t
. . . Uy .
Bridge design span length...... Lspan ;= 354t (Note: For unsymmetric ' % £y _
spans, use average span g s g § g
length) ; g« 8 .
> A >
a a

1800' V.C.

VERTICAL CURVE DATA
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Typical Cross-secton

Y (Transverse)

X (Longltudinal) 89"/
i /74 ! -6y’
I'-62" 2'-U" MEGIAN BARRIER I 6l
F o'-o' 2 LANES o [2'-0' = 24'-0 8-0' 80" 2 LANES @ 12'-0" = 24'-0' 0'-0*
SHOULDER SHOULDER | SHOULDER SHOULDER
1
‘ ‘ I L € CONST. ‘ ‘

l
i
|

\ | SLOPE: 02 FT/FT SLOPE: 02 FT/FT — ‘

TYFICAL SECTION

Overdl bridge width............. Wiyi dge’= 89.08334t

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,iq - the number of design traffic lanes per

roadway, N|anes+ €an be calculated as:
Roadway clear width............ RAwy,igth = 42t
Number of design traffic lanes ARAWY, i e &
(0]
per roadway..........cccceevenenne. N|anes = flmrcﬂ—:
e 12ft g
Njanes = 3

A3. Concrete, Reinforcing and Prestressing Steel Properties
Unit weight of concrete......... Oeone = 150%pcf

Modulus of dagticity for
reinforcing stedl.........coc..... Eg:= 29000%si
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B. LRFD Criteria

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

B1. Dynamic Load Allowance [LRFD 3.6.2]

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

Impact factor for fatigue and

fracture limit states............... Mg i ni= 1+ —
fatigue 100

Impact factor for al other limit

SEALES.....cceeeeeee e, IM:=1+ ﬁ
100

B2. Resistance Factors[LRFD 5.5.4.2]

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

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
intended to limit crack growth under repetitive loads during the design life of the bridge.
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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 Ccv
ES LS
|Strength| | Yp | 1.75 | 1.00 | - | - | 1.00 | 0.50/1.20 | Nt | Yse | - | - | - | -
| Strength Il | Yp | 1.35 | 1.00 | - | - | 1.00 | 0.50/1.20 | Y16 | Yse | - | - | - | -
|Strength|l| | Yp | - | 1.00 | 1.40 | - | 1.00 | 0.50/1.20 | Y16 | Yse | - | - | - | -
Strength IV
EH, EV, ES, DW, :E/% - 1.00 - - 1.00 | 0.50/1.20 - - - - - -
and DC ONLY ’
|Strengthv | Yp | 1.35 | 1.00 | 0.40 | 0.40 | 1.00 | 0.50/1.20 | Y16 | Yse | - | - | - | -
Extreme Event | Yp Yeq | 1.00 - - 1.00 - - 1.00 - - -
Extreme Event Il Yp 0.50 | 1.00 1.00 - - - 1.00 | 1.00 1.00
|Service| | 1.00 | 1.00 | 1.00 | | | 1.00 | 1.00/1.20 | Nare | Yse | - | - | - | -
|Sen/icell | 1.00 | 1.30 | 1.00 | | | 1.00 | 1.00/1.20 | - | - | - | - | - | -
|Service|l| | 1.00 | 0.80 | 1.00 | | | 1.00 | 1.00/1.20 | Y16 | Yse | - | - | - | -
| Fague | Josf - - 000 - 0-T-0-0-T1-1-

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

Load ’alitcr
Type of Laad Masamiirn Minlrmiing

DG Component and Attachments 1.25 050
bD: Downdrag 1.80 0.45
DWW Wiearing Surfaces and Utilitles 1.80 065
EH: Harizantal Earth Pressure
®  Active 1.50 0.90
* Al-Rest 1,35 0.80
EL: Locked-in Erection Strasses 1.00 1.00
EV: Veriical Earth Pressure
o Overall Stablity 100 NiA
* Retaining Walls and Abutments 1. 550
* Rigid Buried Structure 1.35 0.50
* Rigid Frames 185 080
# Flexible Buried Structures cther

than Metal Box Culveris 1.50 0.80
*  Flexible Metal Box Culverts
ES: Earth Surcharge 1.50 0.75

B4. Span-to-Depth Ratiosin LRFD [2.5.2.6.3]

For continuous reinforced dlabs with main reinforcement parallel to traffic

S+ 10
tin = 3 0.544t
min 30

Minimum s ab thickness
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2 gpan + 10t R

thaim = MaXC————— | 0.544t= t.i, = 18in
min & 30 p min
Thickness of flat Slab chosen.........ccoveveev e tysp = 184N

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 only [SDG 1.2]

This provision for deflection only 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 slab is based on either the environmental classification [SDG 1.4] or the type of
bridge [SDG 4.2.1].

Concrete cover for the dab..
COVer g gp = 2%n if Lbridge< 300ft COVEr g gp = 2in

2.5%n otherwise

Concrete cover for substructure not in contact with water

cover = |4%n if Environment

sub "Extremely" coverg p = 3in

sub

3%n otherwise

Minimum 28-day compressive strength of concrete components

Class Location
Il (Bridge Deck) CIP Bridge Deck fo gap = 4.5%s
v CIP Substructure foqup = 5:5%ks

V (Special) Concrete Piling = 6.0%ksi

fe pile’

Environmental Classifications[SDG 1.4]
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The environment can be classified as either "Slightly", "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 surface
Mws = | 19pst if Lbridge< 300ft M fws = 15psf
Oxpsf otherwise

Weight of sacrificial milling surface, using t,,i;; = Oin

F mill = tmil"Sconc [ mil = Opsf (Note: See Sect. _C3 [SDG
4.2] for calculation of t,i(1)-

Seismic Provisions[SDG 2.3]

Seismic provisions for minimum bridge support length only.

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/ft? 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

Weight of traffic railing barrier...........coovveniiiicnne. Whgrrier = 421plf

Weight of traffic railing median barrier..........ccccccovvveeneee. Wi edian bar = 486pIf

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

The traffic railing barriers and median barriers will be distributed equally over the full bridge cross-section.
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C3. Chapter 4 - Superstructure Concrete

General [SDG 4.1]

Correction factor for Florida limerock coarse aggregate

Unit Weight of Floridalimerock concrete
Yield strength of reinforcing stegl

Modulus of elagticity for slab

Ecdab=f |imerock>(1820’§/fc.s|ab*5‘)

Modulus of elagticity for substructure

Ecaup=f Iimerock>(1820x\/ fc.sub’kSi)

Modulus of elasticity for piles

Ecpile=f Iimerock>(1820x\/ fc.pile’kSi)

Concrete Deck Slabs[SDG 4.2]

Bridge length definition

BridgeType:= | "Short" if Lbridge<300ft

"Long" otherwise

Thickness of sacrificial milling surface

flimerock = 09

We limerock = 145°pcf

f,, ;= 60Xsi

y Note: Epoxy coated reinforcing

not allowed on FDOT projects.

Ec.qub = 3841ks

BridgeType = "Short"

tml” o 2 0%n if Lbrldge< 300ft 9 tml” =0in
e]0.5%n otherwise [}
Slab thickness tgap = 18in
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

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

TempPerature MEAN..........c.ceevevrveveverereeesenans

........... t

mean = TO%F
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Temperature high.........cccooeeeeiiieccseeeeeeee e thigh = 95%F

Temperature lOW..........ccveeeeeecececeeeeee e tiow = 45¢F
Temperature rise
Dtyise = thigh = tmean Dtyjge = 25°F
Temperature fall
Difall ‘= tmean - Yow Difq) = 25°F
Coefficient of thermal expansion [LRFD 5.4.2.2] for 610 6
normal weight CONCrete.........ccoevveeevveesesesesieienns a; =
°F
Expansion Joints[SDG 6.4]
Joint Type Maximum Joirt Vickh *
P oured Rubber 2
Silicone Sed 2"
Strip Seal 3"
Mo s Joirt Inlimited
Firnger Joint LInlirnitesd
“Jaink inzidewaks must meet all requirements of Americans with
Dis abilities Aot

For new construction, use only the joint types listed in the preceding table. A typical joint for C.I.P. flat dab
bridgesisthe silicone seal.

Maximum joint Width.............cccceveiiiiniiece e, Winax = 24N

Mini UM joINt Width 8 70° F..eeeeoeeeeeeeeeeeeee Wi = 25in
8

Proposed joint widthat 70° F..........cccoeviveeieece, W = 1%n

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

Movement from the combination of temperature fall,
creep, and shrinkage..........ccocveveeeeeeeneeeeeceeeee, DX = DXtemperaturefall -

(Note: Atemperature risewith creep and shrinkage + Dxcr%p.shri nkage
is not investigated since they have opposite effects).

Movement from factored effects of temperature.......... DXyige = 1.15DXtemperature rise

(Note: For concrete structures, the temperaturerise Dxetr = 1.150x
and fall ranges are the same. fal =~ temperature.fall

D. Substructure

D1. Bent 2 Geometry (Bent 3 similar)
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[#] Defined Units

CL Intermediate Bent

Depth of intermediate bent cap

Width of intermediate bent cap

Length of intermediate bent cap.... L := 102.86xt

h

embed

File

Pile Embedment Depth Pilegmpbeg := 124N

Pile Sz,

(Note: For this design example, only the intermediate bent will be evaluated).
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SUPERSTRUCTURE DESIGN

Design Loads

References

Reference:G:\computer_support\StructuresSoftware\StructuresManua\HDRDesignExamples\Ex2_FlatSlab\103DsnPar.mcd(R)

Description

This section provides the design loads for the flat slab superstructure

Page Contents
18 LRFD Criteria
19 A. Input Variables
20 B. Dead Load Analysis
21 C. Approximate Methods of Analysis - Decks [LRFD 4.6.2]

C1. Equivalent Strip Widths for Slab-type Bridges [LRFD 4.6.2.3]
C2. Live Load Analysis
C3. Limit State Moments and Shears

Superstructure Design 2.01 Design Loads 17




LRFD Criteria

STRENGTHII - 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.

Strengthl = 1.25-DC + 1.50-DW + 1.75-LL + 0.50-(TU + CR + SH)

STRENGTH Il - 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™

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

BR,WL =0 For superstructure design, braking forces and wind on live load are not
applicable.

CR,SH =0 Creep and shrinkage is not evaluated in this design example.

Servicel = 1.0-DC + 1.0-DW + 1.0-LL

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

Fatigue = 0.75-LL

Note:

e LRFD Commentary C4.6.2.1.6 states that “past practice has been not to check shear in typical decks... It
is not the intent to check shear in every deck.” In addition, LRFD 5.14.4.1 states that for cast-in-place
slab superstructures designed for moment in conformance with LRFD 4.6.2.3, may be considered
satisfactory for shear.

e For this design example, shear will not be investigated. From previous past experience, if the slab
thickness is chosen according to satisfy LRFD minimum thickness requirements as per the slab to depth
ratios and designed utilizing the distribution strips, shear will not control. If special vehicles are used in the
design, shear may need to be investigated.
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A. Input Variables

z

Y (Transverse)

| SLOPE: .02 FT/FT

T
SLOPE: .02 FT/FT [—

X (Longltudinal) 89—
446" 1 446"

I-6l" 2'-0" MEDIAN BARRIER r'-6Ye"
10'-G" 2 LANES e [2'-0" = 240" 5'-0" 5'-0" 2 LANES @ |12'-0" = 24'-0" 10'-0"
SHOULDER SHOULDER I SHOULDER SHOULDER
4 4 e t t

CONST .
-

TYPICAL SECTION

Bridge design span length

Thickness of superstructure slab
Milling surface thickness

Dynamic Load Allowance

Bridge SKeW........ccocvvvvivnnneeee e

Lspan = 35t
tojap = 18in
tmigy = 01n

IM =133
Skew = —30deg
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B. Dead Load Analysis

There are numerous programs and charts that can be used to calculate the dead load moments on this type of
structure. For the dead load calculation, the influence line coordinates for a uniform load applied on the
structure is utilized. The influence coordinates are based on AISC's Moments, Shears and Reactions for
Continuous Highway Bridges, published 1966.

.41 .2.3 456789 1.2.3.456.7B.9 .1.2.3.4.5.6.7879
A Sgon 1 £ Span 2 E Span 3 o
Bridge Length = 105 ft
Bridge Width = 89.0833 ft
# of Traffic Barriers = 2 each
# of Median Barriers = 1 each
No. of spans = 3 each
End Span Lengths = 35.000 ft
Interior Span Lengths = 35.000
Concrete Weight (DC) = 0.150 kcf
Traffic Railing Barrier (DC) = 0.418 kif
Median Barrier (DC) = 0.483 kif
Wearing Surface and/or fws (DW) = 0.015 ksf
Barriers & Median (DC) = 0.0148 ksf =[(2 x 0.418 kif) + (1 x 0.483 kif) ] / 89.0833 ft = 0.0148 ksf
18 in = Thickness Bridge Slab (DC) = 0.225 ksf =18 in./ 12) x 0.15 kcf = 0.225 ksf
Additional Misc Loads (DC) 0.000
Components & Attachments (DC) =~ 0.240  ksf =0.0148 ksf + 0.225 ksf+ 0 ksf = 0.24 ksf
span ratio = 1.00
Use tables 1.0 and 11
(From"Moments, Shears and Reactions for Continuous Highw ay Bridges" published by AISC, 1966)
Influence Line Coordinates DC MOMENTS DW MOMENTS| DC SHEARS DW SHEARS]
Pt. AISC Table 1.0 1.1 (FT-KIP/ET) (FT-KIP/ET) (KIP/ET) (KIP/FT)
0 A 0.0000 0.0000 0.0 0.0 3.4 0.2
1 0.1 0.0350 0.0340 10.3 0.6 25 0.2
2 0.2 0.0600 0.0580 17.6 11 1.7 0.1
3 0.3 0.0750 0.0720 22.0 14 0.8 0.1
4 04 0.0800 0.0760 235 15 0.0 0.0
5 0.5 0.0750 0.0700 22.0 14 -0.8 -0.1
6 0.6 0.0600 0.0540 17.6 11 -1.7 -0.1
7 0.7 0.0350 0.0280 10.3 0.6 -25 -0.2
8 0.8 0.0000 -0.0080 0.0 0.0 -34 -0.2
9 09 -0.0450 -0.0540 -13.2 -0.8 -4.2 -0.3
10 B -0.1000 -0.1100 -294 -1.8 -5.0 -0.3
B -0.1000 -0.1100 -29.4 -1.8 4.2 0.3
11 1.1 -0.0550 -0.0555 -16.2 -1.0 3.1 0.2
12 1.2 -0.0200 -0.0132 -5.9 -04 2.1 0.1
13 1.3 0.0050 0.0171 15 0.1 1.0 0.1
14 1.4 0.0200 0.0352 59 0.4 0.0 0.0
15 15 0.0250 0.0413 7.3 0.5 0.0 0.0
16 1.6 0.0200 0.0352 59 0.4 -0.7 0.0
17 1.7 0.0050 0.0171 1.5 0.1 -1.4 -0.1
18 1.8 -0.0200 -0.0132 -5.9 -04 -21 -0.1
19 1.9 -0.0550 -0.0555 -16.2 -1.0 -2.8 -0.2
C -0.1000 -0.1100 -29.4 -1.8 -4.2 -0.3
20 C -0.1000 -0.1100 -29.4 -1.8 5.0 0.3
21 21 -0.0450 -0.0540 -13.2 -0.8 4.2 0.3
22 2.2 0.0000 -0.0080 0.0 0.0 3.4 0.2
23 2.3 0.0350 0.0280 10.3 0.6 25 0.2
24 24 0.0600 0.0540 17.6 1.1 1.7 0.1
25 25 0.0750 0.0700 22.0 14 0.8 0.1
26 2.6 0.0800 0.0760 23.5 15 0.0 0.0
27 2.7 0.0750 0.0720 22.0 14 -0.8 -0.1
28 2.8 0.0600 0.0580 17.6 11 -1.7 -0.1
29 2.9 0.0350 0.0340 10.3 0.6 -25 -0.2
3u D 0.0000 0.0000 0.0 0.0 -3.4 -0.2
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C. Approximate Methods of Analysis - Decks [LRFD 4.6.2]
C1. Equivalent Strip Widths for Slab-type Bridges [LRFD 4.6.2.3]

The superstructure is designed on a per foot basis longitudinally. However, in order to distribute the live
loads, equivalent strips of flat slab deck widths are calculated. The moment and shear effects of a single
HL-93 vehicle or multiple vehicles are divided by the appropriate equivalent strip width. The equivalent strips
account for the transverse distribution of LRFD wheel loads. This section is only applicable for spans

greater than 15 feet.

One design lane

The equivalent width of longitudinal strips per lane for both shear and moment with one lane loaded:

E=10+50(L;-W;

where

L,, modified span length taken equal to the lesser

of the actual span or 60 feet........c..ccovcervivvrrcnnnne. Ly = min( 60_0.ft)

I-span»
Ly = 35ft

W, modified edge to edge width of bridge taken as

the lesser of the actual width, Whridge » OF 30 feet for

single 1ane 10ading...........ccceveverereieieireieeseseneas Wy = mi”(Wbridge»30-0'ﬁ)

W = 30ft

The equivalent distribution width for one lane loaded is Ly Wl\

[NV I E =110+ 50 |— — -in
g OnelLane ( ft ft}

EoneLane = 172000 o EgpeLane = 1431t

Two or more design lanes

The equivalent width of longitudinal strips per lane for both shear and moment with more than one lane loaded:

12.0W
E =84+ 144 [l Wy <=
L

where
L,, modified span length...............cc.coooiiii Ly =35ft

W, modified edge to edge width of bridge taken as the

lesser of the actual width, Wyjqqe . or 60 feet for

multilane [0ading............ccoovvviiiiniii W= mi”(Wbridge»GO-O'ﬁ)
Wy = 60ft

Since the bridge is crowned and the full width of the

bridge is used in the equivalent distribution width

equation, the number of design lanes should include
both roadways. Therefore, number of design lanes..... N = 2:Njanes

NL:6
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(Wbridge\

The equivalent distribution width for more than Ly Wl\ 12.0 .
one lane loaded is giVeN as........ccccceeveveveriennnnne Etwolane = min | 84+ 144 | —— ————=1.in
ft ft ) N
ETwoLane = 150.0in  or  EqyoLane = 1251t

The design strip width to use would be the one that causes
the maximum effects. In this case, it would be the
minimum value of the tWo...........cccoveviiiiicce E:= mi”(EOneLane» ETwoLane)

E=1500in or E=125ft

Skew modification
For skewed bridges, the longitudinal force effects
(moments only) may be reduced by a factor r............... r:= min(1.05 — 0.25-tan( | Skew| ),1.00)

r=0.91

(Note: For this design excample, the skew modification will not be applied in order to design for more
conservative moment values)

C2. Live Load Analysis

Determine the live load moments and shears due to one HL-93 vehicle on the continuous flat slab structure.
The design live loads will consists of the HL-93 vehicle moments, divided by the appropriate equivalent strip
widths. This will result in a design live load per foot width of flat slab.

€ BENT 2 € BENT 3

HL-93 |
E.J. OO | E.J.
L
e 3l

L L

GROUND LINE

In order to calculate the live load moments and shears, the FDOT MathCad program "LRFD Live Load
Generator, English, v2.1".
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Read Live Load results from files generated by FDOT Program

The files generated by the program are as follows: ("servicel.txt" "fatigue.txt" ). These files are output files
that can be used to transfer information from one file to another via read and write commands in MathCad.

The files can be view by clicking on the following icons:

servicel.txt

fatigue.txt

To data is read from the file created by FDOT MathCad program "LRFD Live Load Generator" program.

The values for Strength | can be obtained by multiplying by the appropriate load case factor. The values of Live
Load for the HL-93 loads are as follows:

HL-93 Live Load Envelopes
(10th points) Service | Strength | Fatigue
Pt. "X" distance +M -M +M -M +M ‘M Mgangel
0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 35| 2209 -23.0| 386.6 -40.2 92.7 -5.8 98.5
2 7| 369.4 -46.01 6465 -80.4( 156.0 -11.6 167.5
3 10.5( 460.8 -69.0/ 806.4 -120.7| 1955 -17.3 212.8
4 14| 495.0 -92.1( 866.3 -161.1] 209.2 -23.1 2323
5 17.5( 482.8 -115.0/ 8449 -201.3| 1984 -289 2273
6 21| 433.1 -137.7| 7579 -241.0| 1711 -347 205.8
7 245 340.6 -161.5| 596.1 -282.6] 138.0 -405 1785
8 28| 213.3 -1845( 373.3 -322.9 949 -59.1 154.0
9 315 88.1 -232.9| 154.2 -407.6 39.8 -117.9 157.7
10 35 76.1 -383.5| 133.2 -671.1 27.0 -186.9 213.8
11 38,5 89.5 -275.7| 156.7 -482.5 48.7 -122.2 170.8
12 42| 215.3 -228.7| 376.8 -400.2 95.6 -81.2 176.8
13 455| 3224 -196.6( 564.2 -344.1] 1243 -675 1918
14 49| 386.1 -165.5| 675.7 -289.6] 136.6 -54.0 190.5
15 52.5| 403.4 -1339| 706.0 -234.3| 1344 -405 1749
16 56 386.1 -165.5| 675.7 -289.6] 136.6 -54.0 1905
17 59.5|] 3224 -196.6| 564.2 -344.1| 1243 -67.5 191.8
18 63| 2153 -228.7| 376.8 -400.2 95.6 -81.2 176.8
19 66.5 90.1 -275.7| 157.6 -4825 48.7 -122.2 170.8
20 70 76.1 -383.0( 133.2 -670.3 27.0 -186.9 21338
21 73.5 87.5 -232.9| 153.1 -407.6 39.8 -117.9 157.7
22 77| 213.3 -184.5| 373.3 -322.9 949 -59.1 154.0
23 80.5| 340.6 -161.5| 596.1 -282.6] 138.0 -40.5 1785
24 84 433.1 -137.7| 7579 -241.0| 1711 -347 205.8
25 87.5| 482.8 -115.0 8449 -201.3|] 1984 -28.9 2273
26 91| 4950 -92.1 866.3 -161.1] 209.2 -23.1 2323
27 94.5| 460.8 -69.0| 806.4 -120.7| 1955 -17.3 2128
28 98 369.4 -46.0/ 646.5 -80.4| 156.0 -11.6 1675
29 101.5| 2209 -23.0| 386.6 -40.2 92.7 -5.8 98.5
30 105 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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The design values can be obtained by dividing the moments by the distribution width, E = 12.5ft; for fatigue,
EoneLane = 14-3ft

Design Live Load Envelopes E= 1251t
Eaigue = 143 ft
(10th points) Service | Strength | Fatigue
Joint "X" distance +M -M +M -M +M -M MRﬂg
0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 35 17.7 -1.8 30.9 -3.2 6.4 -0.4 6.8
2 7 29.6 -3.7 51.7 -6.4 10.8 -0.8 11.6
3 10.5 36.9 -5.5 64.5 -9.7 13.6 -1.2 14.8
4 14 39.6 -7.4 69.3 -129 14.5 -1.6 16.1
5 17.5 38.6 -9.2 67.6 -16.1 13.8 -2.0 15.8
6 21 346 -11.0 60.6 -19.3 11.9 -2.4 14.3
7 24.5 272 -12.9 477  -22.6 9.6 -2.8 12.4
8 28 171 -148 299 -258 6.6 -4.1 10.7
9 31.5 71 -186 123 -32.6 2.8 -8.2 10.9
10 35 6.1 -30.7 10.7 -53.7 1.9 -13.0 14.8
11 38.5 72 -221 125 -38.6 34 -85 11.8
12 42 17.2  -18.3 30.1 -32.0 6.6 -5.6 12.3
13 455 258 -15.7| 451 -275 8.6 -47 133
14 49 309 -132 541 -232 9.5 -3.7 13.2
15 52.5 323 -10.7 56.5 -18.7 9.3 -2.8 121
16 56 309 -13.2 54.1 -23.2 9.5 -3.7 13.2
17 59.5 25.8 -15.7 451 -275 8.6 -4.7 13.3
18 63 17.2  -18.3 30.1 -32.0 6.6 -5.6 12.3
19 66.5 72 -221 126 -38.6 3.4 -8.5 11.8
20 70 6.1 -30.6 10.7 -53.6 1.9 -13.0 14.8
21 73.5 70 -186 122 -32.6 2.8 -8.2 10.9
22 7 171 -1438 299 -258 6.6 -4.1 10.7
23 80.5 27.2 -129 47.7 -22.6 9.6 -2.8 12.4
24 84 346 -11.0 60.6 -19.3 11.9 -2.4 14.3
25 87.5 38.6 -9.2 67.6 -16.1 13.8 -2.0 15.8
26 91 39.6 -7.4 69.3 -12.9 14.5 -1.6 16.1
27 94.5 36.9 -5.5 64.5 -9.7 13.6 -1.2 14.8
28 98 29.6 -3.7 51.7 -6.4 10.8 -0.8 11.6
29 101.5 17.7 -1.8 30.9 -3.2 6.4 -0.4 6.8
30 105 0.0 0.0 0.0 0.0 0.0 0.0 0.0
i:=0.rows(X)-1
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Dead Load Moments

N
o

N
(=}
I

Moment, Kip-ft
o

21 42 63 84 105
Distance Along Bridge, ft
—— Moment DC
---- Moment DW

e Ttim i mmmmmk

100

50

Moment, Kip-ft
o

Strength | & Service | Live Load Moments

\‘.-._; __________ 5 S
....°0 ) \///—:o’.....'::\\\//’.."...
=50 [~ .
-100 | | | |
0 21 42 63 84 105
Distance Along Bridge, ft
=== Strength 1 - Positive LL M
eee= Strength 1 - Negative LL M
Zero moment
— Service | - Positive LL M
Fatigue Envelopes
20 T T
10 ]
=2
X
E o=
g 7| Tl R e J—
(%) N /,f’ \‘~\\ /!
\\\ .7 AN /
-10 - W L _
-20 | | | |
21 42 63 84 105
Distance Along Bridge, ft
— Fatigue - Pos M
---- Fatigue - Neg M
—— Zero moment
1 Range

Superstructure Design 2.01 Design Loads

25



C3. Limit State Moments and Shears

The service and strength limit states used to design the section are calculated as follows:

Limit State Design Loads
Service | Strength | Fatigue
(10th points) 1.0DC + 1.0DW + [1.25DC + 1.50DW + 1.0DC + 1.0DW + 1.5LL
1.0LL 1.75LL MRange = 0.75LL ; -M_ =0.75LL
pt. "X"dist +M -M +M -M +M M Mgange  "Mpin
0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 35| 286 91| 447 106 206 103 68  -04
2 71 483 151 754 173 350 175 116  -08
3 105 603 179 941  200| 438 216 148  -12
4 14 64.6| 17.6| 100.9| 187 467 226 161  -16
5 175 620 142 972 135 441 204 158  -20
6 21| 534 77| 843 44| 365 151 143  -24
7 245 382 -20] 615 -88/ 253 67 124  -28
8 28 171  -148| 299 -258 99 61 107  -41
9 315 -70 -327| -54 -504| -99 -263 109 -82
10 35| -251[ -619| -288[ -932| -284 148 -13.0
11 385| -100 -392] -92 -60.3] -121 -299 118 -85
12 42| 11.0 -245] 222 -39.9 37 -147 123 56
13 455| 274 -142| 471 -256| 145 55 133  -47
14 49| 371  -70] 619 -153| 205 06 132  -37
15 525| 401  -29] 663 -89 218 36 121  -28
16 56/ 371  -70] 619 -153| 205 06 132  -37
17 505| 274 -142| 471 -256| 145 55 133  -47
18 63 110 -245| 222 -39.9 37 -147 123  -56
19 66.5| -100 -39.2] -91 -60.3] -12.1 -299 118 -85
20 70| -251 -61.9| -288 -93.1| -284 -50.7 148 -13.0
21 735 -70 327 -55 -504| -99 -263 109  -82
22 77\ 171 -148| 299 -258 99 61 107  -41
23 805| 382 -20/ 615 -88| 253 67 124 28
24 84| 534 77| 843 44| 365 151 143  -24
25 875| 620 142| 972 135 441 204 158  -2.0
26 91| 646 17.6] 1009 187| 467 226 161  -1.6
27 945 603 17.9] 941 200| 438 216 148  -12
28 98| 483 151| 754 173| 350 175 116  -0.8
29 1015| 28.6 91| 447 106 206 103 68  -04
30 105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Maximum negative

Moments = -61.9 -93.2| 46.7 161  -16
Maximum positive 64.6 100.9 507 148 13.0

Moments =

[*] Defined Units

<—Maximum positive
moment and
corresponding fatigue
values

<—Maximum negative
moment and
corresponding fatigue
values
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SUPERSTRUCTURE DESIGN
Flat Slab Design

References

[+]  Reference:G:\computer_support\StructuresSoftware\StructuresManual\HDRDesignExamples\Ex2_FlatSlab\201DesignLds.mc

Description

This section provides the design for the flat slab superstructure.

Page Contents
28 A. Input Variables
29 B. Moment Design
B1. Positive Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

B2

B3.
B4.
B5.
BG6.
B7.
B8.

. Negative Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]
Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

Limits for Reinforcement [LRFD 5.7.3.3]

Shrinkage and Temperature Reinforcement [LRFD 5.10.8.2]
Distribution of Reinforcement [LRFD 5.14.4]

Fatigue Limit State

Summary of Reinforcement Provided
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A. Input Variables

Maximum positive moment
and corresponding fatigue

values

Maximum negative moment
and corresponding fatigue

values

Service Strength
Mpos = 64.6 ft-kip Mr.pos = 100.9 ft-kip
Service Strength
neg = “61.9ftkip My oo = -93.2ft-kip

Fatigue
Mfatigue.pos = 46-7 ft-kip
Mrange.pos = 16.1 ft-kip
Mmin.pos = ~1.6ft-kip
Fatigue
Mfatigue.neg = -50.7 ft-kip
Mrange.neg = 14-8 f-kip
Mmin.neg = ~13Tt'kip
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B. Moment Design

The design procedure consists of calculating the reinforcement required to satisfy the design moment, then
checking this reinforcement against criteria for crack control, minimum reinforcement, maximum

reinforcement, shrinkage and temperature reinforcement, and distribution of reinforcement. The procedure is
the same for both positive and negative moment regions.

B1. Positive Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

Factored resistance M, = ¢-M

r n

Nominal flexural resistance
_ a) a) Ce () , a  hp)
M, = Aps-fps-(dp -2 + AS-fy-(dS 2" As-fy-(ds -2 + 0.85-fC-(b - b\,\,)-sl-hf-(E =y

Simplifying the nominal flexural resistance

A f
a) sy
M, = A f| de — = where a= ———
n=AsTy ( S 2) 0.85-fb
A osfy )
Using variables defined in this example..... M, = ¢-Aq nosfy| dg — 1] _sposy
POS Y 2 0.85f; glapb |
where Mr.pos = 100.9 ft-kip
As
fc.slab = 4.5ksi F T
f,, = 60Kksi _ o
y tslab =h h
¢ =09 74
\ |
tslab = 18in ! © !
b:=1-ft b = 12in
Initial assumption for area of steel required
Size of bar......cccocovviiiiii bar := "8"
Proposed bar spacing.........c..ccocev.e... spacingpOS = 6-in
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D

Bar area.........oceevvvveeiiiiieeee e,

Bar diameter.......cocccoveveeevciieiiiiene

Area of steel provided per foot of slab.......

2
As pos = 158in

Distance from extreme compressive fiber to
centroid of reinforcing steel.....................

ds pos = 1551

2
Apgr = 0.7901in

dia = 1.000in
A B Abar-lft
S-pos” spacing o

) dia
ds pos = tslab — COVergjah ~ 3

Solve the quadratic equation for the area of steel required

A f \
; _ 1 S.pos’y
Given Mr.pos B ¢'As,pos'fy'|:d3_pos - E(— }

Reinforcing steel required.............c.........

2
A reqd = 155in

0.85-¢ slapP )

d = Find(A

As req s.pos)

The area of steel provided, A oq=1.58 in2, should be greater than the area of steel required, Ag reqq = 1.55 in?
. If not, decrease the spacing of the reinforcement. Once Ag 4 is greater than Ag reqq . the proposed

reinforcing is adequate for the design moments.

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

Mt positive.prov = 102.9 ft-kip

As.pos'fy \\}

1
My positive.prov = ¢'As.pos'fy'{d5-p°3 - E(O 85-f, | b'b)
09T la

B2. Negative Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

Variables: ||\/| | = 93.167 ft-kip

r.neg
fo glap = 4-5ksi
fy = 60ksi
¢=09

tojap = 18in

b=11t

Initial assumption for area of steel required
Size of bar......cccocvvviviiii

Proposed bar spacing............c.........

As

T

tslap = N

b=12in

b "8"

arneg =

spacingneg = 6-in
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Bar area..........occeevvveei i,

Bar diameter.......cocccoveveeevciieiiiiene

Area of steel provided per foot of slab......

2
As neg = 1.58in

Distance from extreme compressive fiber
to centroid of reinforcing steel................

ds peg = ~155in

2
Abar neg = 0-7901in

diangq = 1.000in

Abar.neg' 1ft

spacingneg

As.neg =

dianeg )
ds neg = | tslab T COVerg|ap + 2 )

Solve the quadratic equation for the area of steel required

Given

Reinforcing steel required.............cc.........

2
A reqd = 142in

1( As.neg'fy q

Mr neg = ‘I"AS-neg'fy'[dS-neg "2 085f, b )

Asseqs,= FINd(Ag neg)

The area of steel provided, A peq =158 in2, should be greater than the area of steel required, Ag reqq = 1.42 in”.

If not, decrease the spacing of the reinforcement. Once Ag noq is greater than Ag reqq » the proposed reinforcing

is adequate for the design moments.

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

Mt negative.prov = ~102.9 ft-ip

As.neg'fy q

1
Mr negative.prov = ¢'As.neg'fy'[d3-"eg " ?(0 85-f; slab D )
' c.sla

B3. Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

Concrete is subjected to cracking. Limiting the width of expected cracks under service conditions increases the
longevity of the structure. Potential cracks can be minimized through proper placement of the reinforcement.
The check for crack control requires that the actual stress in the reinforcement should not exceed the service
limit state stress (LRFD 5.7.3.4). The stress equations emphasize bar spacing rather than crack widths.

Stress in the mild steel reinforcement at the
service limit state........cccceevevvvevcvieeiinenn,

Crack width parameter...........ccccceeevvrenne

foy = - <06y

(¢cA)’

"moderate exposure” 170"
ki
""severe exposure” 130 _p
in
"buried structures” 100 )

Z=
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The environmental classifications for Florida designs do not match the classifications to select the crack width
parameter. For this example, a "Slightly" or "Moderately" aggressive environment corresponds to
"moderate exposure” and an "Extremely" aggressive environment corresponds to "severe exposure™.

Environment "Slightly" aggressive environment

super ~
;= 170.XP
in

Positive Moment

Distance from extreme tension fiber to
center of closest bar (concrete cover need

. . . dia
not exceed 2 iN.)..cocvvveveeeeieese e, do = mm(tsmb - ds.posaz"” + 7)
do =25in
Number of bars per design width of slab... Npar = L
spacingog
Npar = 2
Effective tension area of concrete
surrounding the flexural tension (b)'(2'dc)
reinforcement..........ccoccoecvvevvvivnnnnennn, =—
n
A = 30.0in’ bar
Service limit state stress in reinforcement.. fsq == min ;,O.G-fy
1
fon = 36.0ksi -
sa 3
(dcA)

The neutral axis of the section must be determined to determine the actual stress in the reinforcement. This
process is iterative, so an initial assumption of the neutral axis must be made.

X := 4.8-in
M
E
. 1 2 S
Given —b-x" = —— A -(d - X
s.pos {¥'s.pos

2 Ec.slab P ( P )
Xna.pos = Find(x)
Xna.pos =4.8in

Compare the calculated neutral axis x,,, with the initial assumption x. If the values are not equal, adjust
x = 4.8in to equal Xna.pos = 4.8in.

Tensile force in the reinforcing steel due to Myos
service limit state moment.............c......... Tg:= P
X
_ : na.pos
T, = 55.8kip dspos ~ — 4
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Actual stress in the reinforcing steel due to T

. . S
service limit state moment.............c......... fs.actual = A—
f 35.3ksi

_ S.pos
s.actual ~

The service limit state stress in the reinforcement should be greater than the actual stress due to the service limit
state moment.

LRFD5_7I3_:_3I4{,J1 = | "OK, crack control for +M is satisfied" if fs.actual < fsa

"NG, crack control for +M not satisfied, provide more reinforcement” otherwise

LRFDg 7 33 44 = "OK, crack control for +M is satisfied"

Negative Moment

Distance from extreme tension fiber to

center of closest bar (concrete cover need dianeg\
not exceed 2 iN.)..ccocvvvevireereese e, dg,= min| tgap + ds.negrz'i“ + T)
do =25in
Number of bars per design width of slab.. Noat= L
spacingpeq

Npar = 2

Effective tension area of concrete
surrounding the flexural tension (b)'(2'dc)
reinforcement.........c.coocveeevveecvcieee e, A=———

n
A = 30.0in° bar
. .. . . . z
Service limit state stress in reinforcement.. £ := min —1,0.6-fy
fo, = 36.0ksi -
Sa 3
(de-A)

The neutral axis of the section must be determined to determine the actual stress in the reinforcement. This
process is iterative, so an initial assumption of the neutral axis must be made.

X := 4.8-in
M
E
. 1 2 S
Given —b-x" = —— A -(—d - X
s.ne s.ne
2 Ec.slab J ( g )
Xna.neg = Find(x)
Xna.neg = 4.84in

Compare the calculated neutral axis x,,, with the initial assumption x. If the values are not equal, adjust
x = 4.8in to equal Xna.neg = 4.8in.
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Tensile force in the reinforcing steel due to Mneg

service limit state moment.............ccc..c.... Ts= .
T, = 53.5kip ds neg + Tg
Actqal stress in the reinforcing steel due to T,
service limit state moment..................... Isactual= A
f actual = 33-9ksi >-Neg

The service limit state stress in the reinforcement should be greater than the actual stress due to the service limit
state moment.

LRFD5.7.3.3.4b = | "OK, crack control for -M is satisfied" if fs.actual < fsa

"NG, crack control for -M not satisfied, provide more reinforcement” otherwise

LRFDg 7 3 3 4p = "OK, crack control for -M is satisfied

B4. Limits for Reinforcement [LRFD 5.7.3.3]

Maximum Reinforcement

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.

Area of steel provided..........cccccevverrrennn. As.pos =158 in’
As.neg =1.58 in2
f — 4000-psi
Stress block factor.........ccccoeenincinnnn, Bq := max 0.85 - 0.05- c.slab - ,0.65
1000-psi )
By =0825
Distance from extreme compression fiber A f A f
. - S.pos’'y s.neg’'y
to the neutral axis of section...................... O R — and O KPP —
o 0.85-T¢ glapB1-D 0.85-f¢ glapB1-D
Cphoe = 2.51N
pos
Cheg = 2.5in

Effective depth from extreme compression fiber to centroid of the tensile reinforcement.

B As'fps'dp + As'fy'ds
Aps'fps + As-fy

Simplifying for this example.............. de.pOs = ds.pos and de.neg = _ds.neg

dg pos = 15.5in

de.neg = 155in
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C

0S . . . . .
The % 162 ratio should be less than 0.42 to satisfy maximum reinforcement requirements.
€.pos
. . _ . .. Cpos
LRFD5_7I3_3I1 = |"OK, maximum reinforcement in +M region™ if <0.42
€.pos
"NG, section is over-reinforced in +M region, see LRFD eg. C5.7.3.3.1-1" otherwise
LRFD5_7I3_3I1 = "OK, maximum reinforcement in +M region"
Cheg . . . . .
The =0.162 ratio should be less than 0.42 to satisfy maximum reinforcement requirements.
e.neg
. . _ . . Cneg
LRFD5 B = "OK, maximum reinforcement in -M region™ if <0.42
e.neg

"NG, section is over-reinforced in -M region, see LRFD eq. C5.7.3.3.1-1" otherwise

LRFD5_7I3_3I1 = "OK, maximum reinforcement in -M region"

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.........ccccevevivverrieennnn. f, .= 0.24- ,fC.Slab'kSi

f, = 509.1 psi
. b'tslab2
Section MOodulUS..........eovvereiiineiniens S:= 5
S=648.0in°
Cracking moment.........cccocevevvvvvnnnennnn. M= f-S
M = 27.5kip-ft
Required flexural resistance (+M)............ Mr.reqd = min(1.2-Mcr,133-%-|\/Ir_pos)

M reqd = 33.0 ft-kip

Check that the capacity provided, My ysitive prov = 102.9ft-kip, exceeds minimum requirements,
Mr.reqd = 33ft-kip.
LRFDg 7 339 := |"OK, minimum reinforcement for positive moment is satisfied" if Mr.positive.prov > Mr.reqd
"NG, reinforcement for positive moment is less than minimum" otherwise

LRFDg 7 3 3.9 = "OK, minimum reinforcement for positive moment is satisfied"
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Required flexural resistance (-M).............. Miragan= min(l.z-Mcr,133-%~ | Mr_neg|)
My reqd = 33.0ftKip

Check that the capacity provided, My pegative.prov = ~102.9ft-kip, exceeds minimum requirements,
My reqd = 33ft-Kip.

LRFD5 AnB2n= "OK, minimum reinforcement for negative moment is satisfied" if Mr.positive.prov > Mr.reqd
"NG, reinforcement for negative moment is less than minimum™ otherwise
LRFDg 7 3 3.9 = "OK, minimum reinforcement for negative moment is satisfied"
B5. Shrinkage and Temperature Reinforcement [LRFD 5.10.8.2]
Shrinkage and temperature reinforcement provided
Size of bar ("4" "5" "6" ).ccvererrreennann. barg; := "5"
Bar SPacing.......cccocvvevvivneeiieiene e barspa_st = 9:in
2
Bar area.........ccoooeviiiiinienn Apgr = 0.3Lin
Bar diameter.........ccocoovneiiinenne, dia = 0.625in
Gross area of SECtion..........cccverevrvenen Ag = b-tgjap
A, =216.0 in2
g
Minimum area of shrinkage and temperature 0.11-ksi-A
reinforcement.........ccoovvevveneicncnicene, Agt = : g
AsT = 0.40in° Y
Maximum spacing for shrinkage and b \
temperature reinforcement...........cc.c........ spacinggy := minf ——,3-tg|p, 18:in
A
spacinggt = 9.4in
Abar )
The bar spacing should be less than the maximum spacing for shrinkage and temperature reinforcement
LRFDg 7 10.g := | "OK, minimum shrinkage and temperature requirements” if barspa.st < spacinggT

"NG, minimum shrinkage and temperature requirements" otherwise

LRFDg 7 10.g = "OK, minimum shrinkage and temperature requirements"”
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B6. Distribution of Reinforcement [LRFD 5.14.4]

Transverse distribution reinforcement shall be placed in the bottom of the slab. The amount to place is based
on a percentage of the longitudinal main steel.

Distribution reinforcement provided

Size of bar ("4" "5" "6" )i, bardist = "G"

Bar spacing.......cccocevevvvennnnnnnnnns barspa.dist = 12-in
Yo

Bar area.........ooeevveveeiiieieee e, Apgr = 031 in2

Bar diameter........cocevveveeeiiiiiieiiiieens dia = 0.625in

The area for secondary reinforcement

should not exceed 50% of the area for 100 \
primary reinforcement............ccocoeveeenenn. %Agtee| = MiN| ————"%,50%
L
Span
%Agtee = 0.17 _shan
ft )

Required area for secondary reinforcement A pigig = As.pos'%AsteeI

.2
ASDlStR =0.271In

Maximum spacing for secondary

: b
reinforcement..........ccoccovvvevvvivnecnennn, MaxSpacingpistr == 77—
. . As.DistR\
MaxSpacingp;sig = 13.91in _—
Apar )

The bar spacing should not exceed the maximum spacing for secondary reinforcement
LRFDg 14 4 == |"OK, distribution reinforcement requirements”  if barspa.dist < MaxSpacingpistr

"NG, distribution reinforcement requirements" otherwise

LRFDg 14 4 = "OK, distribution reinforcement requirements™
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B7. Fatigue Limit State [LRFD 5.5.3]

The section properties for fatigue shall be based on cracked sections where the sum of stresses due to
unfactored permanent loads and 1.5 times the fatigue load is tensile and exceeds 0.095 JTC

Allowable tensile stress for fatigue............ fransile := 0-095 /fc.slab'kSi

ftensile = 0.202 ksi

Positive Moment Region

Mas:
Stress due to positive moment................. ffatigue.pos = w
ffatigue.pos = 0.866 ksi
Fatiguegection = | "Use Cracked section”  if ffatigue.pos > Tiensile

"Use Uncracked section” otherwise

Fatiguegaction = "Use Cracked section”

Minimum stress in reinforcement due to M.
I . min.pos
minimum live load............ccccoocvvevivninennnn. fin = )
X
B . na.pos
foin = —0.878ksi As.pos‘["s.pos T )
Ratio of r/h is taken as r_h:= 0.3 therefore
the allowable stress range is given by....... f allow = (21-kSi - 0-33-fmin) + 8-ksi-(r_h)
ft.allow = 23.69 ksi
Mrange.pos
Actual Stress range.........cocevevvrevrveeenns fi = )
X
B . na.pos
fy = 8.813ksi As.pos' [ds.pos _ T}
LRFDg 5 5 9 := | "OK, fatigue stress range requirement for +M region™ if f; <fi oj1ow

"NG, fatigue stress range requirements for +M region" otherwise

LRFDg 5 5 o = "OK, fatigue stress range requirement for +M region™
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Negative Moment Region

M o
Stress due to negative moment................. ffatigue.neg = M
ffatigue.neg = 0.938 ksi
Jatiguecoction = | "Use Cracked section” if ffatigue.neg > fronsile

"Use Uncracked section” otherwise

Fatiguegaction = "Use Cracked section”

Minimum stress in reinforcement due to M.
- . min.neg
minimum live load............ccocovevvivvvenenns o=
fo = 7.09Ksi naneg
min = /-UJKsI Asneg’| Ys.neg * T)
Ratio of r/h is taken as 0.3, therefore the
allowable stress range is given by............. T o= (21-ksi - 0.33-fmin) + 8-ksi-(r_h)
ft.allow = 21.06 ksi
Mrange.neg
Actual Stress range.........ocevcevevrevrveeenas =
f, = 8.111 ksi Xnaneg |
t=© SI Asneg’| Ys.neg * 3 )
LRFDE 5.2.2,= | "OK, fatigue stress range requirement for -M region™ if fi <f; ;10w

"NG, fatigue stress range requirements for -M region" otherwise

LRFDg 5 5 o = "OK, fatigue stress range requirement for -M region”
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B8. Summary of Reinforcement Provided

Main reinforcing
Top bar size (-M) barneg ="g"

Top spacing spacingneg = 6.0in

Bottom bar size (+M) bar = "8"

Bottom spacing spacingpOS = 6.0in

Shrinkage and temperature reinforcing
Bar size barg; = "5"

Bottom spacing b 9.0in

Agpa.st =
LRFDg 7 10.g = "OK, minimum shrinkage and temperature requirements

Longitudinal Distribution reinforcing
Bar size bar it = "5"

Bottom spacing b 12.0in

Aspa.dist =
LRFDg 14 4 = "OK, distribution reinforcement requirements™

[*] Defined Units
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SUPERSTRUCTURE DESIGN
Edge Beam Design L oads

References

Reference:F:\HDRDesignExamples\Ex2_FlatSlab\202F atSlab.mcd(R)

Description

This section provides the design loads for the flat slab edge beam superstructure.
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LRFD Criteria

STRENGTH I -

STRENGTH |1 -

SERVICE | -

FATIGUE -

Note:

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.

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 normal operational use of the bridge with a55 MPH
wind and al loads taken at their nominal values.

BR,WL = 0 For superstructure design, braking forces and wind on live load are not
applicable.

CR,SH =0 Creep and shrinkage is not evaluated in this design example.

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

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

Fatigue = 0.75%.L

LRFD Commentary C4.6.2.1.6 states that "past practice has been not to check shear in typical decks... It

is not the intent to check shear in every deck." Inaddition, LRFD 5.14.4.1 states that for cast-in-place
dab superstructures designed for moment in conformance with LRFD 4.6.2.3, may be considered

satisfactory for shear.

For this design example, shear will not be investigated. From previous past experience, if the dab
thickness is chosen according to satisfy LRFD minimum thickness requirements as per the slab to depth
ratios and designed utilizing the distribution strips, shear will not control. |f special vehicles are used in the
design, shear may need to be investigated.
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A. Input Variables

s .!J;_-'“ O _
I_.-qa. o e D TR m_.i N o [
' ' Bl A S
K —amsol g 6 ST fkl e et o,
Frianbaly SicintiG
Bridge design span length........................ L soan = 35t
Thickness of superstructure dab.............. tyqp = 18in
Milling surface thickness.............ccce...... tmif = 0in
Dynamic Load Allowance...............c........ IM = 1.33
Bridge skew.......ccccovvevvveiecece e Skew = - 30deg
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B. Dead Load Analysis

For the dead load calculation, the influence line coordinates for a uniform load applied on the structure is
utilized. The influence coordinates are based on AISC's Moments, Shears and Reactions for Continuous

Highway Bridges, published 1966.

Unfactored Dead Loads
(10th points) Moments
pt. "X" distance DC DW
0 0 0.0 0.0
1 35| 103 0.6
2 71 176 11
3 105 22.0 1.4
4 14| 235 15
5 175 22.0 1.4
6 21| 176 11
7 245] 103 0.6
8 28 0.0 0.0
9 315 -132  -0.8
10 35| 294  -18
11 385 -162  -1.0
12 42| 59 -04
13 455 15 0.1
14 49 5.9 0.4
15 52.5 7.3 0.5
16 56 5.9 0.4
17 59.5 15 0.1
18 63] -59 -04
19 66.5| -16.2  -1.0
20 70| -29.4  -1.8
21 735 -132  -08
22 77 0.0 0.0
23 80.5| 10.3 0.6
24 84l 176 11
25 875 220 1.4
26 91| 235 15
27 945| 220 1.4
28 98| 17.6 11
29 1015 103 0.6
30 105 0.0 0.0

(Note: For input values, see Section 2.01 -
Design Loads)
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C. Approximate Methods of Analysis - Decks [LRFD 4.6.2]
C1. Equivalent Strip Widthsfor Slab-type Bridges [LRFD 4.6.2.3]

The superstructure is designed on a per foot basis longitudinally. However, in order to distribute the live
loads, equivalent strips of flat dlab deck widths are calculated. The moment and shear effects of asingle
HL-93 vehicle or multiple vehicles are divided by the appropriate equivaent strip width. The equivalent strips
account for the transverse distribution of LRFD whedl loads. This section is only applicable for spans

greater than 15 feet.

Onedesign lane

The equivaent width of longitudinal strips per lane for both shear and moment with one lane loaded for the edge
beamisgiven as.

EEB =— + bbarnef + 12%n £ EOneLane£ 72%n
where

EoneLane = 172in The equivalent distribution width for one lane loaded

bparrier := 1.54174t Edge of deck to inside face of barrier

The equivaent distribution width for the

E
edge beamisgivenas........ccccoeuee. Onel.ane

EedgeBm = > *+ Dpgrrier + 124N

Applying the restraint conditions, the
equivalent distribution widthisgivenas ~ Erg := minval (EEdgeBmv Eonel ane: 72>¢n)

Skew modification

For skewed bridges, the longitudinal force
effects (moments only) may be reduced by
ATACLON T r:= min(1.05 - 0.25xan(|Skew|),1.00)

(Note: For this design example, the skew modification will not be applied in order to design for more
conservative moment values)
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C2. LiveLoad Analysis

Determine the live load moments and shears due to one HL-93 vehicle on the continuous flat dab structure.
The design live loads will consists of the HL-93 vehicle moments, divided by the appropriate equivalent strip

widths. Thiswill result in adesign live load per foot width of flat dlab.

£ gEAT 2 € BENT 3
HE=93 i
BT ) ! R
T | ~ ~ | |
i ) B
: | : GROUND LINE

In order to calculate the live |oad moments and shears, the FDOT MathCad program "LRFD Live Load

Generator, English, v2.1".
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Read Live Load results from files generated by FDOT Program

(Note: For input values, see Section
2.01 - Design Loads)

HL-93 Live Load Envelopes
Unfactored
(10th points) Service | Strength | Fatigue Lane Load
pt. "X" distance +M -M +M -M +M -M Range +M -M
0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 35| 2209 -23.0f 386.6 -40.2 92.7 -5.8 98.5 314 -3.9
2 7] 369.4 -46.0f 646.5 -80.4| 156.0 -11.6 1675 54.7 -7.8
3 105 460.8 -69.0 806.4 -120.7] 1955 -17.3 2128 70.7 -11.8
4 14] 4950 -92.1] 866.3 -161.1] 209.2 -23.1 2323 78.2 -15.7
5 175 482.8 -115.0 8449 -201.3] 1984 -28.9 227.3 78.2 -19.6
6 21| 433.1 -137.7] 7579 -241.0f 1711 -34.7 205.8 70.7 -235
7 245] 340.6 -161.5( 596.1 -282.6] 138.0 -40.5 1785 547 -27.4
8 28| 213.3 -184.5] 373.3 -3229 949 -59.1 154.0 315 -315
9 31.5 88.1 -232.9] 154.2 -407.6 39.8 -117.9 157.7 159 -511
10 & 76.1 -383.5| 133.2 -671.1 27.0 -186.9 21338 13.1  -92.0
11 38.5 89.5 -275.7| 156.7 -482.5 48.7 -122.2 170.8 11.8 -55.1
12 42| 215.3 -228.7] 376.8 -400.2 956 -81.2 176.8 235 -39.2
13 455 322.4 -196.6| 564.2 -344.1| 1243 -675 1918 43.1 -39.2
14 49 386.1 -165.5| 675.7 -289.6] 136.6 -54.0 190.5 54.7 -39.2
15 52.5] 403.4 -133.9( 706.0 -234.3] 1344 -40.5 1749 58.7 -39.2
16 56| 386.1 -165.5] 675.7 -289.6 136.6 -54.0 190.5 54.7 -39.2
17 59.5] 3224 -196.6| 564.2 -344.1] 1243 -67.5 1918 43.1 -39.2
18 63| 215.3 -228.7] 376.8 -400.2 956 -81.2 176.8 235 -39.2
19 66.5 90.1 -275.7| 157.6 -4825 48.7 -122.2 170.8 11.8 -55.1
20 70 76.1 -383.0f 133.2 -670.3 27.0 -186.9 21338 13.1 -916
21 73.5 87.5 -232.9] 153.1 -407.6 39.8 -117.9 157.7 159 511
22 771 213.3 -184.5] 373.3 -3229 949 -59.1 154.0 315 -315
23 80.5] 340.6 -161.5| 596.1 -282.6] 138.0 -405 1785 547 -27.4
24 84| 433.1 -137.7| 7579 -241.0] 1711 -34.7 205.8 70.7 -235
25 87.5] 482.8 -115.0] 8449 -201.3|] 1984 -289 2273 78.2 -19.6
26 91| 495.0 -92.1] 866.3 -161.1| 209.2 -23.1 2323 78.2 -15.7
27 945 460.8 -69.0f 806.4 -120.7] 1955 -17.3 21238 70.7 -11.8
28 98| 369.4 -46.01] 646.5 -80.4| 156.0 -11.6 167.5 54.7 -7.8
29 101.5| 2209 -23.0 386.6 -40.2 92.7 -5.8 98.5 314 -3.9
30 105 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Asper LRFD 4.6.2.1.4a, the edge beams shall be assumed to support one line of wheels and a tributary portion

of the design lane load.

The HL-93 live load moment envelopes shown in the above summary include lane loads (except for Fatigue).
The lane load and truck moments need to be separated and manipulated separately. Since the unfactored lane
load envel opes are given, the separated values for truck and lane can be can be calculated and multiplied by the

appropriate factors.
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Edge beams shall be assumed to support one line of wheels, therefore multiply the truck moments by
Factory, ok == 0.5

Tributary portion of the design lane load is given by, Factor| ., Since the maximum width of the edge beam is
limited by the LRFD to 72 inches.

Erg - b
Factor = ——0——aner Factor| g = 0.446
105t
HL-93 Live Load Envelopes
Service | Strength |

(10th points Truck | Lane Truck | Lane Fatigue
Pts. distance +M -Mi +M -M +M -Mi +M -M +M -M MRﬂg&
0 0 0.0 0.0l 0.0 0.0 0.0 0.0l 0.0 0.0 0.0 0.0 0.0
1 35| o948 95/ 140 -17| 1658 -1671 245 31| 927 58 985
2 7| 1574 1911 244 35| 2754 3341 427 61| 1560 -11.6 1675
3 105 1951 -2861 315 53| 3414 -500] 551 -92| 1955 -17.3 2128
4 14| 2084 3821 349 70| 3647 -66.81 610 -122| 2092 -231 232.3
5 175 2023 4771 349 87| 3540 -835] 610 -15.3| 1984 -289 2273
6 21| 1812 -57.1] 315 -105| 3171 -99.9] 551 -183| 1711 347 2058
7 245 1430 6701 244 -12.2| 2502 -117.3] 427 -21.4| 1380 -405 1785
8 28| 0909 -765] 140 -140| 1501 -1339] 246 -246 949 591 154.0
9 315| 361 9091 71 -228 632 -150.1] 124 -39.9| 398 -117.9 157.7
10 35| 315 -1458] 58 -410| 552 25511 102 -71.8| 27.0 -186.9 2138
11 385| 389 -1103] 53 -246| 680 -1930] 9.2 -430| 487 -1222 170.8
12 42| 959 -948] 105 -17.5| 167.8 -165.8/ 183 -30.6| 956 -812 176.8
13 455| 1306 7871 192 -17.5| 2444 -137.71 336 -30.6| 1243 -67.5 1918
14 49| 1657 -6321 244 -17.5| 2000 -1105] 427 -306| 1366 -540 1905
15 525 1724 -47.41 262 -17.5| 3016 -829] 458 -30.6| 1344 -405 174.9
16 56| 1657 -6321 244 -175| 2900 -11051 427 -30.6| 1366 -540 190.5
17 595 139.6 7871 192 -17.5| 2444 -137.71 336 -30.6| 1243 -67.5 191.8
18 63| 959 -948] 105 -17.5| 1678 -1658] 183 -306| 956 -812 176.8
19 665| 391 -1103] 53 -246| 685 -1930] 92 -430| 487 -122.2 170.8
20 70| 315 -1457] 58 -408| 552 -25501 102 -71.4| 270 -1869 2138
21 735| 358 9091 71 -228| 626 -159.1] 124 -39.9| 398 -117.9 157.7
22 771 909 7651 140 -140| 1501 -1339] 246 -246 949 591 154.0
23 805| 1430 -67.01 244 -12.2| 2502 -117.3] 427 -21.4| 1380 -405 1785
24 ga| 1812 -57.11 315 -105| 3171 -99.9] 551 -183| 1711 347 2058
25 875| 2023 -47.71 349 87| 3540 -835] 61.0 -153| 1984 -289 227.3
26 o1| 2084 -382] 349 -70| 3647 6681 610 -122| 2002 231 2323
27 945 1951 2861 315 53| 3414 -500] 551 -92| 1955 -17.3 2128
28 o8| 1574 -19.1] 244 -35| 2754 334l 427 61| 1560 -116 1675
29 1015 948 95| 140 -17| 1658 -1671 245 31 927 58 985
30 105 0.0 00 00 0.0 0.0 00 00 0.0 0.0 0.0 0.0
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Combine the truck and lane loads per each limit state and divide the moments by the distribution width,
Egpg = 6ftto obtain the design values for live load.

Design Live Load Envelopes E= 6.0 ft
(10th points) Service | Strength | Fatigue

Joint "X" distance +M -M +M -M +M -M M@gg
0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 3.5 18.1 -1.9 30.0 -3.1 15.5 -1.0 16.4
2 7 30.3 -3.8 50.0 -6.1 26.0 -1.9 27.9
3 10.5 37.8 -5.6 62.1 -9.2 32.6 -2.9 35.5
4 14 40.5 -7.5 66.6 -12.3 34.9 -3.9 38.7
5 17.5 39.5 -9.4 648 -154 33.1 -4.8 37.9
6 21 355 -11.3 58.1 -184 28.5 -5.8 34.3
7 245 279 -13.2 458 -21.6 23.0 -6.7 29.8
8 28 175 -151 289 -24.7 15.8 -9.8 25.7
9 315 7.2 -18.9 11.7 -30.3 6.6 -19.7 26.3
10 35 6.2 -31.1 10.2 -49.3 4.5 -31.2 35.6
11 38.5 74 -225 122 -36.3 8.1 -20.4 285
12 42 17.7  -18.7 29.7 -30.5 15.9 -13.5 295
13 455 265 -16.0 439 -25.9 20.7 -11.2 32.0
14 49 317 -13.4 524 -21.3 22.8 -9.0 31.8
15 52.5 33.1 -10.8 546 -16.7 224 -6.7 29.2
16 56 317 -13.4 524 -21.3 22.8 -9.0 31.8
17 59.5 265 -16.0 439 -25.9 20.7 -11.2 32.0
18 63 17.7  -18.7 29.7 -30.5 15.9 -13.5 295
19 66.5 74 -225 123 -36.3 8.1 -20.4 285
20 70 6.2 -31.1 10.2 -49.3 4.5 -31.2 35.6
21 73.5 7.1 -18.9 116 -30.3 6.6 -19.7 26.3
22 77 175 -151 289 -24.7 15.8 -9.8 25.7
23 80.5 279 -13.2 458 -21.6 23.0 -6.7 29.8
24 84 355 -11.3 58.1 -184 28.5 -5.8 34.3
25 87.5 39.5 -9.4 648 -154 33.1 -4.8 37.9
26 91 40.5 -7.5 66.6 -12.3 34.9 -3.9 38.7
27 94.5 37.8 -5.6 62.1 -9.2 32.6 -2.9 35.5
28 98 30.3 -3.8 50.0 -6.1 26.0 -1.9 27.9
29 1015 18.1 -1.9 30.0 -3.1 15.5 -1.0 16.4
30 105 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Dead Load Moments
40 T T

200 ]

Moment, kip-ft
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S Range
C3. Limit State Moments and Shears

The service and strength limit states used to design the section are calculated as follows:

Limit State Design Loads
Service | Strength | Fatigue
(10th points)| 1.0DC + 1.0DW + |1.25DC + 1.50DW + 1.0DC + 1.0DW + 1.5LL
1.0LL 1.75LL MRange = 0.75LL ; -M_ = 0.75LL
Pt. "X"dist +M -M +M -M +M M Mege  -Myi,
0 0 0.0 0.0 0.0 00 00 0.0 0.0 0.0
1 35| 29.0 90[ 455 105 341 95 123  -07
2 7| 490 150 767 171 577 158 209  -14
3 105 612 178 957 197] 723 191 266  -2.2
4 14| 655 17.4] 1025] 184 77.3] 192 -2.9
5 175 629 140[ 988 131 730 162 284  -3.6
6 21| 542 75| 857 40| 615 100 257  -43
7 245 388 23| 626 -93| 454 08 223 51
8 28 175 -151| 306 -264| 237 -148 193 -74
9 315 -68 330/ -52 -50.9| -41 -435 197 -14.7
10 35| -25.0] -62.3] -28.6] -94.0| -245 -77.9] 267 -23.4
11 385 -98 396/ -88 -61.0| -50 -47.7 214 -153
12 42| 115 249 231 -406| 177 -265 221 -10.2
13 455 280 -145| 483 -261| 326 -153 240 -84
14 49| 379 72| 633 -156| 404 73 238  -67
15 525/ 409 30 678 -90| 414 23 219 51
16 s6| 379 72| 633 -156| 404 73 238 -67
17 59.5| 280 -145| 483 -26.1| 326 -153 240 -84
18 63| 115 -249[ 231 -406| 177 -265 221 -10.2
19 66.5| -9.8 -396| -88 -61.0/ -50 -477 214 -153
20 70| -25.0 -623| -286 -939| -245 779 267 -23.4
21 735 69 -330[ -53 -509| -41 -435 197 -147
22 77 175 151 306 -264| 237 -148 193 -74
23 80.5] 388 23| 626 93| 454 08 223 51
24 84| 542 75| 857 40| 615 100 257  -43
25 875 629 140/ 988 131| 730 162 284 -3.6
26 91| 655 174 1025 184| 773 192 290 -29
27 945| 612 178 957 197 723 191 266  -2.2
28 98| 490 150 767 171 577 158 209  -14
29 1015 29.0 90[ 455 105 341 95 123  -07
30 105 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Maximum negative
Moments = -62.3 -94.0| 773 290 2.9
Maximum positive | gg g 1025 779 267 234

Moments =

[#] Defined Units

<- Maximum positive
moment and
corresponding fatigue
values

<- Maximum negative
moment and
corresponding fatigue
values
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SUPERSTRUCTURE DESIGN
Flat Slab Edge Beam Design

References

Reference:F:\HDRDesignExamples\Ex2_FlatSlab\203EdgeBmDesignL ds.mcd(R)

Description

This section provides the design for the flat slab superstructure.

Page Contents
53 A. Input Variables
54 B. Moment Design

B1. Positive Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]
B2. Negative M oment Region Design - Flexural Resistance [LRFD 5.7.3.2]
B3. Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

B4. Limitsfor Reinforcement [LRFD 5.7.3.3]

B5. Shrinkage and Temperature Reinforcement [LRFD 5.10.8.2]

B6. Distribution of Reinforcement [LRFD 5.14.4]

B7. Fatigue Limit State

B8. Summary of Reinforcement Provided
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A. Input Variables

Maximum positive moment Service Strength Fatigue
and corresponding fatigue _ _ _ . _ :
vaues M pos = 65.5ftkip M r.pos = 102.5ftkip Mfatigue.pos = 77.3ftkip
M range.pos = 29tkip
M min.pos = - 29 fokip
Maximum negative moment Service Strength Fatigue
and corresponding fatigue _ _ _ . _ :
vaues M neg = 62.3ftkip M rneg = " 94.0ftkip Mfatigue.neg = - 77.9ftkip
M ange.neg = 26.7 fokip
M min.neg = - 23.4ftkip
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B. 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

the same for both positive and negative moment regions.
B1. Positive Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

Factored resistance M, =fxM

r n

Nominal flexural resistance

reinforcement, shrinkage and temperature reinforcement, and distribution of reinforcement. The procedureis

ag ag ag a hfo
M= A of o8 - 9+ At .- SO Ao B~ 294+ 085F Ab- b, )b hote - —=
N~ 0SSP T TSRS oy TsYa st o c>( w) 1 02 24
Simplifying the nominal flexural resistance
" AX
M= Agf ﬁs- a0 where a=—->Y
Yas 24 0.85§' b
: : o é 2 Asposty OU
Using variables defined in this example..... M, = AL o Ede - 1 M_;L'
r SPOSTY =TS o x0.85% NP
e e % cdab™ g}
where Mr.pos = 102.5ftXkip
As
f,, = 60ksi _ L
y tgab =h h
f =09
\ |
tgab = 18in ! ° !
b := 14t b = 12in
Initial assumption for area of steel required
Sizeof bar......cccooovvvviieeec, bar := "8"
Proposed bar spacing............c.......... spaci Ndpos = 6%n
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Bar area.........cocoeieeiiiieee e Apar = 0.79Oih2

Bar diameter........ccoeeeeeeeereeie e, dia= 1.000in
Area of steel provided per foot of Apgr it
SAD. i AS.pOS = —_—
_ 2 aNGpo5
Aspos = 1.58in

Distance from extreme compressive fiber ,
to centroid of reinforcing steel d =t da
(S5 (S IR s.pos = dab " coverslab - 5
ds pos = 15.5in

Solve the quadratic equation for the area of steel required
é 1 Aspos’*(y au
Given M = F AL o €0s nos - = X—————=(

I.pos S.pos S.pos
P pos’y & pos o 80854 gopb o
Reinforcing steel required........................

Asreqd = Find(ASpOS)

_ .2
As.reqd =1.57in

The area of steel provided, A = 1.58in2, should be greater than the area of steel required, As.reqd = 157in’

S.pos

. If not, decrease the spacing of the reinforcement. Once A is greater than A the proposed

S.pos s.reqd’

reinforcing is adequate for the design moments.

. . e 1ce As osx( ou
Moment capacity provided...................... My positive.prov == F s pos’fy €0 pos Sy Y e
: : 5 2 0856 g b &

M = 104.2 ftxkip

r.positive.prov

B2. Negative Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

H . _ . As
Variables: |Mr.neg| = 93.95ftkip
f =45ks
cdab e
fy: 60ksi _ i
tgab— h ol

f =09 L !
tgab: 18in l o] l
b=1ft b = 12in

Initial assumption for area of steel required

SiZeof Dar......occeeeeeeeeeeeeee e barneg = ng"

Proposed bar spacing.........c.cccceeuenee. spaci NOneg = 6%n
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Bar area.........cocviieinieee e Abar.neg = 0.79Oin2
Bar diameter..........cccoevniiinncne dianeg = 1.000in
Area of steel provided per foot of Apar neqdit
S NS Asneg = _oang
Asneg = 1.58in
Distance from extreme compressive fiber dianeg
to centroid of reinforcing stedl................. dsneg = tggh - COVEIg gy - >
dsneg = 15.5in

Solve the quadratic equation for the area of steel required

é 1 e Asneg#y ou
Given  |M; | = g negfy s peg - = a2 —=(
r.n S.N n
| eg| gy & g 2 80854 b o
Reinforcing steel required........................ Asreqd = Find(Ag neg)

_ .2
As.reqd = 1.43in

The area of steel provided, Asneg = 1.58in2, should be greater than the area of steel required, Ag (oqq = 1.43in°

If not, decrease the spacing of the reinforcement. Once A

s.req

is greater than A the proposed reinforcing is

s.neg s.reqd

adequate for the design moments.
. . é 1 e Asneg#y (];l
Moment capacity provided...................... M egative.prov = f ’Asneg’*y’é_dsneg - ?@m_&
e 9% c.sub™ g}

e

M = 104.2 fokip

r.negative.prov

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

service limit state.........ccooevreeveceneninenns feq = : £ o_6>¢y
3
(d)
gémoderate exposure” 170¢
Crack width parameter..........ccceveeeivveennn. Z= g "severe exposure” ]_30?)(@

~

e "buried structures® 100 g
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The environmental classifications for 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 corresponds to "severe exposure”.

Environmentg e = "Slightly” aggressive environment
2:= 1704P
n

Positive M oment

Distance from extreme tension fiber to center of closest

- diag
bar (concrete cover need not exceed 2in.).......cccceevvvennee. = mi - in+ —20
( . ) de: m'”éslab ds pos» 24N + > o
d. = 25in
Number of bars per design width of Slab.............ccc........ N Ep—
_, spacingpag
Mbar =
Effective tension area of concrete surrounding the flexural (b) >(2’dc)
tension reinforcement.........cccoveeeeeeere e A=—2> 7
) Nbar
A = 30.0in
Service limit state stressin reinforcement..............ccc....... _ .8 z U
feq = mm%,o.@fy;
fo = 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:= 4.8%n
E
. 1 2 S
Given —bx = —XA d - X
S.pos’\ “'s.pos
2 Ec.slab P >( P )

Xna = Find(x)

Xpa = 4-8in
Compare the calculated neutral axis x,, with theinitial assumption x. If the values are not equal, adjust
x = 4.8in toequa x,,= 4.8in

Tensle force in thereinforcing steel due to service limit M
SEAEE MOMENL......ceeeeeeeieieieeeee e To:=

— ; n
T = 56.614kip dpos™ 5
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Actual stressin the reinforcing steel due to service limit T

ST MOMENE...veveoeeeeeeeeeeeee oo es e fs actual = _S
A

_ - S.pos
fe actual = 35-8Ks

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 oo q £ 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 ® di )
bar (concrete cover need not exceed 2in.).......cccceevvvennee. d, := minCtyp - dsnegvz"'” + 299—:
_ e [}
d. = 25in
Number of bars per design width of Slab.............ccc......... N Ep—
~ Spacingpeq
nbar =2
Effective tension area of concrete surrounding the flexural (b) >(2’dc)
tension reinforcement..........ccoverererenrenene e A= — 7
N,
A = 30.0in° bar
. - . . o A Z l:l
Service limit state stress in reinforcement............cccccevenee. feq:= mm%,o_exyj
fo = 36.0ks S 3 V!
den)” 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:= 4.8%n
E
. 1 2 S
Given —bx = —XA d - X
s.n s.n
2 Ec.slab eg>( = )

Xna = Find(x)

Xna = 4.8in

Compare the calculated neutral axis x,, with theinitial assumption x. If the values are not equal, adjust
x = 4.8in toequa x,,= 4.8in
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Tensle force in thereinforcing steel due to service limit | M

SEAEE MOMENE........vveeeoeeeeeeeeeeeee e Tg= A
X
— ; na
T = 53.872kip ey~ o
Actual stressin the reinforcing steel due to service limit Te
St MOMENL......ceeiireiereseei e fs actual = "

fo actual = 34-1ks

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_4b = | "OK, crack control for -M is satisfied" if fsactual £ fsa

"NG, crack control for -M not satisfied, provide more reinforcement” otherwise

LRFD5_7_3_3_4b = "OK, crack control for -M is satisfied"

B4. 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 steel provided........cccceovvvivennenes Aspos = 1.58in°
.2
Asneg = 1.58in
5 b - 4000psig ()
Stress block factor.........ccveeeeeeeeiene bq:= max(%.85 - 0.05C c.slab < ,0.6Eil'.J
é e 1000>psi g 0
b, =0.825
Distance from extreme compression fiber Ag poct As negt
to the neutral axis of section................... Cpos = _ SPoSy and Creg = __shegy
0.85% g g0 170 0.85% g0 170
cpOS =25in
Cneg =25in
Effective depth from extreme compression Aot + AE
fiber to centroid of the tensile reinforcement  d = PSP y
Aps’*ps + As’*y
Simplifying for this example.............. de.pos:: dspos and de.neg = dsneg
de.pos = 15.5in
de.neg = 15.5in
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Cpos

The = 0.162 ratio should be less than 0.42 to satisfy maximum reinforcement requirements.
.pos
. . . . . Cpos
LRFDg 733 1= | "OK, maximum reinforcement in +M region" if £ 0.42
€.pos
"NG, section isover-reinforced in +M region, see LRFD eq. C5.7.3.3.1-1" otherwise
LRFDg 7 3 3 1 = "OK, maximum reinforcement in +M region"
Cneg . . . . .
The = 0.162 ratio should be less than 0.42 to satisfy maximum reinforcement requirements.
de.neg
. . . . . Cheg
LRFDg 7 331 := | "OK, maximum reinforcement in -M region”  if " £ 0.42
e.neg

"NG, section isover-reinforced in -M region, see LRFD eg. C5.7.3.3.1-1" otherwise

LRFDg 7 3 3 1 = "OK, maximum reinforcement in -M region"

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...........ccceeveeereenene fp:= 0.24% [f cgap’ks

f, = 509.1ps

. Dty
Section ModulUs........ccoceeveerercnenicennes S:=
6
.3

S=648.0in

Cracking moment...........ccoeeeveeereenenenn. My =8

M = 27.5kipft

Required flexural resistance (+M)............ min(1.2>M 133%6:M

My reqd = cr r.pos)

My reqd = 33.0fbkip

Check that the capacity provided, Mr.positive.prov = 104.2ftkip , exceeds minimum requirements,

Mr.reqd = 33ftkip .

LRFDg 7 3.3 9= | "OK, minimum reinforcement for positive moment is satisfied”  if Mr.positive.prov 3 Mr.reqd
"NG, reinforcement for positive moment is less than minimum” otherwise

LRFDg 7 3 3 9 = "OK, minimum reinforcement for positive moment is satisfied"
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Required flexural resistance (-M).............. M reqd = min(l-2>4\/|cr,133>%>1 Mr.neg|)
M/ reqd = 33.0fvkip
Check that the capacity provided, M r negative.prov = 104.2 ftkip , exceeds minimum reguirements,

M reqd = 33fokip

LRFDg 7 339 := | "OK, minimum reinforcement for negative moment is satisfied"  if Mr.positive.prov3 Mr.reqd

"NG, reinforcement for negative moment isless than minimum" otherwise

LRFDg 7 3 3 9 = "OK, minimum reinforcement for negative moment is satisfied"

B5. Shrinkage and Temperature Reinfor cement [LRFD 5.10.8.2]

Shrinkage and temperature reinforcement provided

Sizeof bar ("4" "5" "6")uiveereeernnen. barst ="5"
Bar Spacing.........cceeeevveveieseneseenens barspast:: 9%n
.2
Bar area.......coccceeveeeeeeciieeeee e, Apg = 0.31in
Bar diameter........cccoeeeeiiieceeene, dia= 0.625in
Gross area of sectlon.........z. .................... Ag = bty
Ag = 216.0in
Minimum area of shrinkage and temperature 0.115ksi A
reinforcement........cccveeeeeeeeceeciecieee, Agr = g
2 fy
AST = 0.40in
Maximum spacing for shrinkage and b ..
temperature reinforcement.............c......... spacinggy = minEE Bty ab,18>1'n9
. o ¢ Ast +
spacinggy = 9.41n — .
& Avar 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 £ spacinggt

"NG, minimum shrinkage and temperature requirements’ otherwise

LRFDg 7 10.g = "OK, minimum shrinkage and temperature requirements’
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Distribution reinforcement provided

Bar Spacing.........cceeeevveveieseneseenens

not exceed 50% of the areafor primary
reinforcement.........occoveevenneneneneenene

YA g = 0.17

.2
ASDlStR =0.27in

Maximum spacing for secondary
reinforcement........cooeveevennesecneeas

MaxSpacingpgr = 13.9in

Sizeof bar ("4" "5' "6" ).

Required areafor secondary reinforcement.

B6. Distribution of Reinforcement [LRFD 5.14.4]

bardiSt =
barspa_dist = 12%n
Apar = 0.31in2

dia= 0.625in

The area for secondary reinforcement should

MaxSpacingp¢R =

Transverse distribution reinforcement shall be placed in the bottom of the dab. The amount to placeis based
on a percentage of the longitudinal main steel.

AsDigR = Aspos™Pgte

b

asDigR O

C 0
e Abar g

"NG, distribution reinforcement requirements’

LRFDg 14 4 = "OK, distribution reinforcement requirements’

The bar spacing should not exceed the maximum spacing for secondary reinforcement

LRFDg 14 4= |"OK, distribution reinforcement requirements’  if barspa_diStE MaxSpacingpigR

otherwise
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B7. FatigueLimit State

The section properties for fatigue shall be based on cracked sections where the sum of stresses due to unfactored
permanent loads and 1.5 times the fatigue load is tensile and exceeds 0.095 \/f_c

Allowable tensile stress for fatigue............ fieng|e = 0-095 ’fc.slab’kg

Positive M oment Region

M .
. __ V'fetigue.pos
Stress due to positive moment................. fe atiguepos = g
ftatigue pos = 1-431ks
Fatiguegaction = | "Use Cracked section”  if ffatigue.pos > fiensile
"Use Uncracked section” otherwise
Fatiguegaction = "Use Cracked section”
Minimum stressin reinforcement due to M.
. i min.pos
minimum live load...........ccccoeenncicnennee. fmin =
~ . & ‘posO
fin = - 1.498ksi AS.pOSxédS.pOS - T_

Ratio of r/histaken as r_h := 0.3, therefore
the allowable stressrange is given by........ ft allow = (21>k§ - 0.33>1‘mm) + 8%sir_h)

M
Actual Stressrange.........ccoceeeeeeeieeeenns fi o= range.pos
_ : & CposO
f; = 15.038ksi Asposxédspos e

LRFDg 5 3 9= | "OK, fatigue stress range requirement for +M region” if fi £ i 4100

"NG, fatigue stress range requirements for +M region™ otherwise

LRFDg g 3 » = "OK, fatigue stress range requirement for +M region”
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Negative Moment Region

M .
Stress due to positive moment................. fretiqueneg = | fatigue-neg)
" S
ftatigueneg = 1-443ks
Fatiguegaction = | "Use Cracked section” if fr gueneg > fiensile

"Use Uncracked section" otherwise

Fatiguegaction = "Use Cracked section”

Minimum stressin reinforcement due to Mminn
MiNiMUM [iVe 108d............ooeeeeseeeeee frin = %9
f . =-12.009ks Acrcd eg©
min =~ "< N T T
s.neg & s.neg 3 g
Ratio of r/histaken as 0.3, therefore the
alowable stressrangeis given by............. ft allow = (21>k§ - 0.33>¢mm) + 8%sixr_h)
IV'range neg
Actual Stressrange.........ccoveeeeeeieeeenns fi o= i
f, = 13.84ks A Cneg 0
t : s.neg e s.neg 3 g

LRFDg 5 3 9= | "OK, fatigue stress range requirement for -M region” if f; £ f; 4

"NG, fatigue stress range requirements for -M region” otherwise

LRFDg g 3 » = "OK, fatigue stress range requirement for -M region”
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B8. Summary of Reinforcement Provided

Main reinforcing
Top bar size (-M) barneg ="g"
Top spacing SpaCi NOneg = 6.0in

Bottom bar size (+M) par = "8"

Bottom spacing SpaCi Ndpos = 6.0in

Shrinkage and temperature reinforcing
Bar size barg = "5"
Bottom spacing barspast =9.0in
LRFDg 7 10.g = "OK, minimum shrinkage and temperature requirements’

Longitudina Distribution reinforcing
Bar size bal'dlg: ="5"
Bottom spacing barspa_di & = 12.0in
LRFDg 14 4 = "OK, distribution reinforcement requirements’

[#] Defined Units
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SUPERSTRUCTURE DESIGN
Expansion Joint Design

References

Reference:F:\HDRDesignExamples\Ex2_FlatSlab\204EdgeBeam.mcd(R)

Description

This section provides the design of the bridge expansion joints.

Page
67
67
68

71

73

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. Creep, Shrinkage and Temperature Design (SDG 6.4.2)
B2. Temperature Changeonly @ 115% Design (SDG 6.4.2)
B3. Temperature Adjustment for Field Placement of Joint

C. Design Summary
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LRFD Criteria

Uniform Temperature[3.12.2]
Superseded by SDG 2.7.2 and SDG 6.4.

Shrinkage and Creep [5.4.2.3]
Movement and Loads - General [14.4.1]

Bridge Joints[14.5]

FDOT Criteria

Uniform Temperature - Jointsand 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

Overdl bridge length....... L dge = 1051t

Bridge design span length.. Lspan = 35ft

Skew = - 30deg

BEGIN BRIDGE

105'-0"(QVERALL BRIDGE LENGTH)

END BRIDGE

¢ BE‘/\/T 2

€ BE‘NT 3

35/_0/! ‘ 55!_0!/ ‘ 35/_0”
\
Center of Mavement
52'-¢" 52'-¢" Deslgn length for
movement calculations

EJ.

3 T
T
[!N

L i

Design length for movement = 52.5:t

Ldesign:

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....

Temperature high.....

Temperature low......

Temperaturerise......

Temperature fal.......

trrean = 70°F
thlgh = 95°F
tow = 49°F

Dtrise = thigh = tmean

Dttall = tmean = tow

Dtjjge = 25°F

tha” = 25°F
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Coefficient of thermal expansion [LRFD

. -61
5.4.2.2] for normal weight a;=6" 10 6~
concrete........... °F

A3. Expansion Joints [SDG 6.4]
Joint Type Maximum Joint Width *
Poured Rubber $Z8
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 flat dab
bridgesisthe silicone seal.

Maximum joint width........................ Wiy = 240
Minimum joint widthat 70° F............. Wi i= =%n
Proposed joint widthat 70° F............ W = 1%n

A4. Movement [6.4.2]
Temperature

The movement along the beam due to temperature should be resolved along the axis of the expansion joint or
skew.

Displacements normal to skew at top of bents

Temperature rise......... DZTempR = a Dy g>cos( | Skew| )’Ldesign DzempRr = 0.08in

Temperature Fall........ Dz empr = apDtz17008(| Skew| )X gegign Dz gmpr = 0.08in
Displacements parallel to skew at top of bents

Temperature rise....... DxTempR = @Dl (| Skew| )’Ldesign DxrempR = 0.05in

Temperature Fall........ DxTempr = @pDta{Sin(ISkew| )L gegign) DxTempr = 0-05in

For silicone seals, displacements parallé to the skew are not significant in most joint designs. For this example,
these displacements are ignored.
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Creep and Shrinkage

The following assumptions are used in this design example:

Creep of the concrete for expansion joint design is ignored.

Shrinkage of the concrete for the flat slab is cast-in-place flat slab will be taken as per LRFD 5.4.3.2.1
asthe total shrinkage after one year of drying.

Creep StraiN......ccoecee e ecr = 0.
Shrinkage strain..........ccoeevveeeceveseenene. egp = 0.0005
Strain due to creep and shrinkage

eCS = eCR + eSH eCS = 0.00050

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.....vvovvvieeeieeeei i Dzcg = ecgcos( | Skew| )L gegign
Dzog = 0.27in

Displacements parallel to skew at top

Of DENES.....voovvvieeeieesei i Dxcg = ecgsin(| Skewl )L gegign
Dxcg = 0.16in

For silicone seals, displacements parallé to the skew are not significant in most joint designs. For this example,
these displacements are ignored.
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B. Expansion Joint Design
For conventional 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.......

Using variables defined in this example...... Dest = Dzeg + DzTempF
Joint width from opening caused by creep,
shrinkage, and temperature...................... West open = W + Degr
WCSTOpen = 1.35in
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 J 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.........cccooeeninccniinens =W+ L19Dz1amor

Wropen'

Joint width from closing caused by factored
teMpPErature rise......cccovvveeveeecece e Wrgose = W - 1-15’DzTempR

Woglose = 0.91in
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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 £W

max

"NG, joint width exceeds maximum joint width" otherwise

Temperature y 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 Wyqoge® W

min

"NG, joint width exceeds minimum joint width" otherwise

Temperaturej cjoge = "OK, joint width is not |ess than minimum joint width"

B3. Temperature Adjustment for Field Placement of Joint

For field temperatures other than 700 F, atemperature adjustment is DZTemoR
provided. The adjustment is used during construction to obtain the desired Ta g = —_EmpR
jOi LAY 11 T Dtrise
in
Tagj = 0.0033 -
B4. Design Movement/Strain
For the lateral forces into the substructure piles, the following strain due to
temperature, creep and shrinkage will be utilized.............ccooeveeeeeeerienee. ecsT = (eCR +egy + at’thall)

ecsr = 0.00065
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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 = 1.35in

CST J Open = "OK, joint width does not exceed maximum joint width"

Joint width from opening caused by

factored temperature............ccceeeeereencnnee = 1.09in

V\/Topen
Temperature y Open = "OK, joint width does not exceed maximum joint width"

Joint width from closing caused by
factored temperature..........ccccccvevveeeneee. Wrgose = 0-91in

Temperaturej cjoge = "OK, joint width is not |less than minimum joint width"

Adjustment for field temperatures other

in
BN 700 Tpgj = 0:0033—
F
ULTRA-LOW-MODULUS "
SILICONE SEALANT @ 7OF
TOP OF APPROACH SLAB TOF OF DECK SLAB
K \ /
W Z.
22X
X X
= =
N N
I"o" BACKER ROD WITH
BOND BREAKER SURFACE
EXPANSION JOINT DETAIL

[#] Defined Units
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SUBSTRUCTURE DESIGN

Bent 2 Cap Design L oads

Reference

Reference:F:\HDRDesignExamples\Ex2_FlatSlab\205ExpJt.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

75 A. General Criteria
Al. End Bent Geometry
A2. Pier Geometry
A3. Footing Geometry
A4. Pile Geometry

76 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 Intermediate Bent Geometry

‘
Y idrtansverse)

Z (Longltud!nal)

7 '
| !
1 ]
| I Plle *3

Pl nped

CL Intermedlate Bent
Depth of intermediate bent cap.... h=25ft
Width of intermediate bent cap..... b =35ft
Length of intermediate bent cap... L = 102.86ft -
Pile Embedment Depth................ Pilegmped = 11t ‘ - ‘
Pile Size....ccccooiiiiiiii Pileg,e = 18in | ﬁm/;,ze

(Note: For this design example, only the intermediate bent will be evaluated).
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B. Loads (DC, DW, LL)

B1. Longitudinal Analysis

Dead L oads

The dead loads of the superstructure (moment and shears) were previously computed on a per foot basis

utilizing the AISC's Moments, Shears and Reactions for Continuous Highway Bridges, published 1966. The dead
loads and shear could have been calculated utilizing the AISC's Steel Construction Manual - Beam Diagrams and
Deflections charts. Based on the following chart, the reactions at the intermediate bent (Point B) can be calculated.

CONTINUOUS BEAM—THREE EQUAL SPANS—ALL SPANS LOADED
wl wl wl
A l B 1 C l D
Ra = 0.400 wl Rg = 110wl Rec = 110wl Rp = 0.400 wl
0.400 wi e 0500 Wiy 0.600 wl [Ty
SHEARw T80 wl 0500wl o 0-400 2l
~0.100 wiz —0.100 wiz
+0.080 wiz /{Mo.ozs w%j\ +0.080 wiz
W W0 S Sy W‘
MOMENT 0.400 0.5001 | 0.5001 0.400 1
& Max. (0.446 2 from A or D) = 00063 wit/El
Reaction at B: Rg = Vgt * Vright
where based on previous calculations for dead loads:
Foral deS|gn strip, VDCle’ft = 06>VVDC>LSpan VDCle’ft = 5.04klf
Vbcright = 0-9Wpctepan Vbcright = 4-2KIf
Vbw.right = 0-9Wpwtgpan VDw.right = 0-26KIf
the reactions at B: Rpc = Vpceit * VDC.right Rpc = 9:2KIf
Rpw = Vbw.left * VDW.right Rpw = 0.6Kif

(Note: These are the same values summarized in Sect. 2.01 Design Loads - Dead Load
Analysis utilizing
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Liveloads

Thelive load reaction at the intermediate bent can be computed utilizing computer programs or similar methods.
For purposes of this design example, the HL-93 live load reaction at B is given as:

HL-93 live load reaction at B R = 112.9%ip (Note: Includes lane load and impact on truck;
112.9kip = truck (64.7kipx1.33)+lane(26.88kip)).

Liveload reaction for an

Liveloadr RiL
interior strip, E = 12.5ft ........

RLL.Interior = E
R L.interior = 9KIf

Since the live load applied to the edge beam is different than an interior strip, the live load reaction for the
edge beam is computed separately,

HL-93liveload reactionat B.. R | gg:= 55.0%ip  (Note: Includes lane load and impact on truck;
' 112.9kip = truck (64.7kip)x1.33x0.5 Factor ; q +
lane(26.88kipx0.446 Factor |5e))-

Live load reaction for an edge

R
beam strip, Egg = 6ft .. LLEB

RILEB=—(/——
R = 9.2KIf a=:
LLEB =9

B1. Transverse Analysis

The loads calculated in the longitudinal analysis can be applied transversely for (1) design of the pier cap and (2)
design of the maximum pile force.

Pier cap design
LL = 92 kIf LL = 92 kIf
‘ | Live Loads /15 s | |
e | [ en |
[ e A A e A e A e A A A A T O
OC =92 kf ; DN = 06 kIf
Dead Loads
LOADS [ A e e O O T

MODEL

STRUCTURE
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The live loads can be positioned to maximize the loads for the design of the intermediate end bent cap. For
instance, for the maximum positive moment in the intermediate end bent cap, the influence line is shaped as

follows:
e
Continuous Beam Influence Lines Pheatberes j
Deflections [t

25

I:I I\/_\I-:' T ; 1 :' I “r I ; T ; 1
I 10 20 an 41 &0 all] il 80 O

the corresponding live load loading is therefore,

U =92 Hr

LL = 9.0 kIf

/» LL = S.0 KIf LL = 3.0 kif LL = 9.0 kif LL = 3.0 kif
193 ft 9.07 ft / /

nrt nrt It It It
| | | | | | | | | |
! ! ! ! ! ! ! ! ! !

A\ (1) (}) (}) (1) (1) (1) (1) (1) ()

For the maximum negative moment in the intermediate end bent cap, the influence line is shaped as follows:

F s
Continuous Beam Influence Lines cheay Force j
Deflections ot

the corresponding live load loading is therefore,
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1L = 92 KIf

LL = 90 KIf LL = 9.0 bf LL = 90 Kf L= 90 Kt L= 9.2 Kk
1.83 ft
[T T LT

nft It It 183 ft

it It

The dead load DC, DW for both superstructure and cap were evaluated, combined with the appropriate live load
utilizing LARSA 2000. Any frame analysis program could be utilized to obtain the results. In addition, the load
combinations were performed within LARSA for both the Service | and Strength | limit states. The following is
asummary of the resullts:

L LARS, 2800 - 3 lsi ALY
Pl ¥ea Guphics Saledion Dras Modiy [rpotCubs gnabs Assds Jook fndow Help
O D& a B | Toobars o o S ¥
b b R e e e e L T R o il G = o M sl e =
B Grapkeica Ve | — Eii:. Al Flosshy
i | Eslact e camaz b v
: : ; | o the b bedoes
| [= Losd Caves
ol vk

Ll
i
IE
i

= Lowd Coreistines
+ Bt
T
44 Elgth
M el

SRR el

F1.31413
2274924
R e
BE-E- Ik

-6 570

| lLosd Canbinatiore: -1

ks et B1TTOR

Gl | ek Lablr f | Conples S B
it ¥
[(Graphicavhen 1 Georear Jonic] Losd Cates | Shengt | Aesis Goveectvsts
Do, Ui P LW HE
LARSA 2000 Analysis Results
Max. +M V Max. -M \Y,
(ft-kip) (kip) (ft-kip) (kip)
Superstructure DC Moment 78.1 59.3 113.0 59.3
Superstructure DW Moment 51 3.9 7.4 3.9
Substructure Cap DC Moment 111 8.5 16.1 8.5
LL Moment 107.9 61.4 130.5 61.4
Service | Limit State 202.4 126.6 267.3 133.2
Strength | Limit State 352.5 220.5 465.9 232.1
Max. Service | Reaction 191.9 256.5
Max. Strength | Reaction 334.1 447.0

[#] Defined Units
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SUBSTRUCTURE DESIGN
Bent 2 Cap Design

References

Reference:F:\HDRDesignExamples\Ex2_FlatSlab\301DsnL ds.mcd(R)

Description
This section provides the criteria for the intermediate bent cap design.

Page

81
82

89

94

96

Contents

A. Input Variables
B. Positive Moment Design
B1l. Positive Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]
B2. Limitsfor Reinforcement [LRFD 5.7.3.3]
B3. Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]
B4. Shrinkage and Temperature Reinforcement [LRFD 5.10.8.2]
B5. Mass Concrete Provisions
C. Negative Moment Design
C1. Negative Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]
C2. Limitsfor Reinforcement [LRFD 5.7.3.3]
C3. Crack Control by Distribution Reinforcement [LRFD 5.7.3.4]

D. Shear Design [LRFD 5.8]
D1. Determine Nominal Shear Resistance

D2. Transver se Reinfor cement

E. Summary
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A. Input Variables

Design L oads - Moments and Shears

Moment (+M) - Service.........ccenenee.
Moment (+M) - Strength....................

Corresponding Shear (+M) - Strength

M Servicel.neg = 267-31tkip

V Strength1.neg = 232-1kip

M Serviced pos = 202:3fbkip

M Strengthi.pos = 3525 ftkip

V Strength.pos = 220-5kip
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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 = Mgirengthi.pos
M, = 352.5ftkip

Factored resistance
M, =M,

Nominal flexural resistance

ag ag ag a hfo
M= A of o8 - 9+ At .- S9- Ao B~ 29+ 085F Ab- b, )b hot— - —=
n ps pSép Zﬂ SyéS Zﬂ SyéS Zﬂ C>( W) 1 é2 Zﬂ

For arectangular, non-prestressed section,

A
M, = Aot .- =9
n=ASYRST 5y

At
a=—>Y
0.854' b

B1. Positive Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

é 1 As\pos#y OU

Using variables defined in this example...... M. = f>A £ €ds - = =(
r S.posS S .
POSTY LS 2 50854, g o

where . =55ks

fy: 60ksi )
o
f =09 OFA
h =30in
. | b |
b = 42in \ \
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Initial assumption for area of steel required

Number of bars........cceceveeeveveiiceeenns

SiZeof Dar......occeeeeeeeee e

Equivalent bar spacing...........ccccveuue...
Areaof steel provided........cccceovvviiennenees
Ag = 3.95in°

Distance from extreme compressive fiber to
centroid of reinforcing steel (assuming a#5
(ST (0] o) PO

Solve the quadratic equation for the area of
stedl required........cccoceveveeece v

Areaof steel required..........cccoveeveiennnnene

_ .2
As.reqd = 3.25In

The area of steel provided, Ag= 3.95in°
adequate for the applied moments.

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

My pos = 449.2fbkip

M aximum Reinfor cement

Apg = 0.790in°

dia= 1.000in

barSpa =8.7in

As= NpgrApar

5
dS: h - Covergp - da. Ein
. 1ae Aty d)
Given Mr:f>A>¢>@dS —
sy 2% ossxcsubxa -

Asreqd = Find(Ag)

, should be greater than the area of steel required, A

= A >fy>@ds

My pos*

B2. Limitsfor Reinforcement [LRFD 5.7.3.3]

.2
sregd = 3.25in". If

not, decrease the spacing of the reinforcement. Once A is greater than As.reqd , the proposed reinforcing is

1ae Agly o0
=L
2¢ €084 g b of

The maximum reinforcement requirements ensure the section has sufficient ductility and is not overreinforced.
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Areaof steel provided........cccccovvviiennnnees

_ .2
Ag = 3.95in
4 ] - 4000psiy ()
Stress block factor.......ccevvvveveeveveeeenen, bq:= max(%.85 - o.osmL—i , 0.6Eil'.J
e e 1000ps g @
by =0.775
Distance from extreme compression fiber As’fy

to the neutral axis of section.................... c=E—m—
0.85% H 1D
c=1.6in c.sub™ 1

Effective depth from extreme compression

fiber to centroid of the tensile A f >d + AEod
FENFOrCEMENL.....veoeeeereeeeeeeeeeeseeee dy = PSPSDP Sy S
Apsfos + Agfy
for non-prestressed sections.............. dg = dg
dg = 25.9in

The < = 0.06 ratio should be less than 0.42 to satisfy maximum reinforcement requirements.

c
LRFDg 7 3.3 1= | "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"

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...........ccceeveeereenene fo:= 0.24x(f csub’ks
f, = 562.8psi
. boh?
Section modulus of cap.........cccceeveeenenee. S= —
6
S=36 ft3
Cracking moment..........cccoeeeveernenennnn. My =8

M = 295.5kipft
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Required flexural resistance............. min(1.2:M o, 13396M )

My reqd = cr

My reqd = 354-6Tbkip

Check that the capacity provided, M .pos

LRFDg 7 3.3 9= | "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 9 = "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 ,

service limit state........o.vveeevrreeininicienen, feq = — £ o_6>¢y
3
(d2)
gémoderate exposure” 170¢
Crack width parameter.........cccceveeevieennn. Z= g "severe exposure” ]_30?)(@
= in

~

e "buried structures® 100g

The environmental classifications for 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 corresponds to "severe exposure”.

Envi ronmentSuper = "Sightly" aggressiveenvironment
2:= 1705P
in

Distance from extreme tension fiber to
center of closest bar (concrete cover need

NOt €XCEed 2 iN.)..vvereereereeeeeeseeeseeeone do = mind¥i - dg,2sin + diag
: e 2 g
d. = 25in
Number of bars per design width of dab... Noar = 5

Effective tension area of concrete

surrounding the flexural tension (b) ’(Z’dc)
reinforcement..........ocoevvvveiccicicccicnnee A=+ 7
) Nbar
A =420in

= 449.2ftkip , exceeds minimum requirements, Mr.reqd = 354.6 ftkip .
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k?C)

Ve

. .. . . = Z
Service limit state stress in reinforcement.. feq:= m|n% ,0.65

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:= 9.1%n
E
1 S
Given —>b>9<2: ’As ds' x)
2
c.sub
Xna = Find(x)
Xna = 9.1in

Compare the calculated neutral axis x,, with theinitial assumption x. If the values are not equal, adjust
x=9.1in toequa x,,=9.1in

Tensile force in the reinforcing steel dueto

M .
service limit state moment. ..........c.ccc.e.e.. Tgi= __Servicel pos
o e
Tg = 106.343kip S 3
Actual stressin the reinforcing steel due to Te

service limit state moment

fo actual = 26.9Ks

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 positive moment is satisfied” if fg oot q £ fsa

"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......coeveveeeeeeeeee e,

Gross area of Section.........ceeeeeeeeenns

Ag = 1260.0 in2

Minimum area of shrinkage and

temperature reinforcement...............

I
Aghrink.temp = 1.91n

barg:= |"5" if (b <48in)5{h < 48in)
"6" otherwise

bara = "5"

barspast = 12%n

....... Abar = 0.31in2
...... dia= 0.625in
...... Ag = b>h

Aghrink.temp = 0-0015A

Maximum spacing of shrinkage and temperature reinforcement

SPaCiNGghrink temp =

e b 0 . .
minG L2540~ if (b < 48|n)>(h < 48|n)
c Ashrink.temp -
cT - =
e Poa? 2

100

- —— otherwise
mln(2>dC + dia, 3i n)

SPACI NGy nk.temp = 12.0in

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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B5. Mass Concrete Provisions

Surface area of pier Cap...........ccooeveeeen... Surfaceq, = 2boh + (2b + 2h)>L
SurfaceCalo = 1251.8ft2
Volume of pier Cap.....ccoveeerecereeenenen. Vol Ume an = bt
Vol Ume g, = 900 ft3
o . ~ Vd UMEeqn
Mass concrete provisions apply if the volume to surface arearatio, Wecap = 0.719ft , exceeds 1 ft and any

dimension exceeds 3 feet
Vol Umecap

SurfaceCalo

"Useregular concrete provisions' otherwise

SDGS_Q := |"Use mass concrete provisions' if > 1.0t U (b >3ftUh> 3ft)

SDGS_Q = "Use regular concrete provisions'
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C. Negative Moment Design

regions.

between these bars.

M= |Mgirengthl.neg

M, = 465.9fbkip

Factored resistance
M, =M,
Nominal flexural resistance
Mp ps ps A

2g

For arectangular, non-prestressed section,

= Agt, yﬁﬁ 39
29
_ Ay
0.854 b

Using variables defined in this example,

where . =55ks

fy: 60ksi
f =09

h =30in
b = 42in

= A f ﬁﬁ —_+A>¢y§§

0 Axﬁﬁ

ag
g+ 0.85%' >(b b )

C1. Negative Moment Region Design - Flexural Resistance [LRFD 5.7.3.2]

ds

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

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

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.

e

2g
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Initial assumption for area of steel required

Number of bars.........ocecevveeeveiieeennns

Note: if bar spacing is"-1", the spacing isless than 3", and a bigger bar size should be selected.

[
Bar area.........cocoeieeiniieeee e Apar = 0.79Oin2
Bar diameter..........cocoevriiinncnne dia=1.000in
Equivalent bar spacing...........c.c........ barspa = 8.7in
Areaof steel provided..........ccoceevrerueennee. Ag= Moo Ppar
_ .2
Ag=4.74in
Distance from extreme compressive fiber
to centroid of reinforcing steel (assuming a ga 5
H#5 SHITUP). .. dg:=h - covergy - - Ein
dg = 25.9in
Solve the _quadratlc equation for the area of . . é 1 & As’fy Ou
steel required.........ccooeveeenennienineenne Given M, =f >AS>¢y>@dS- ———————=(
& 28085 qpb n

Area of steel required..............coovevnrveenn. Asreqd = Find(Ag)

_ .2
As.reqd = 4.10in

The area of steel provided, Ag= 4.74in2, should be greater than the area of steel required, As.reqd = 410in% If

not, decrease the spacing of the reinforcement. Once A is greater than As.reqd , the proposed reinforcing is
adequate for the applied moments.

. . € 1@ Ay o
Moment capacity provided..................... M, reg:= F A€ - Se——Y
€9 Ya® 2 5085fgpb o

My neg = 536.5fbkip '

C2. 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........ccccoeovvviiennenees

Ag = 474in°
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Stress block factor.......ccevvvveveeveeeeeneen,

by =0.775

Distance from extreme compression fiber
to the neutral axis of section....................

c=19in

Effective depth from extreme compression
fiber to centroid of the tensile
reinforcement.........ccoooeevvevecececeeeene,

for non-prestressed sections..............
dg = 25.9in

e aBcqub - 4000ps g

b1 = max€0.85- 0.05C - +,0.69.
e e 1000ps g 0
e NSYy
0.854 g b 1P
- Aps>¢ps>dp + As’*‘y’ds
o=
Apsips + As’*y
de = dg

The < = 0.072 ratio should be less than 0.42 to satisfy maximum reinforcement requirements.

c
LRFDg 7 3.3 1= | "OK, maximum reinforcement requirements for negative 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 negative 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.........ccccccevevvvvrvenee.
f, = 562.8psi

Distance from the extreme tensile fiber to
the neutral axis of the composite section...

y = 15.0in

Moment of inertiafor the section.............

| =46 ft4

Section modulus of cap.........cccceeveeeenneee.
S=36 ft3

Cracking moment..........ccceeveeeeeeeviennenns

M = 295.5kipft

—h
|

= 0.24></fc_sub>ksi

h
y:= P
= Lopon3
12
boh?
Si=——
6
Mcr = fr>S
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Required flexural resistance............. My reqd = Min(12:M ¢y, 13396M,)
My reqq = 354.6ftkip
Check that the capacity provided, Mr.neg = 536.5ftxkip , exceeds minimum requirements, M”eqd = 354.6ftkip .
LRFDg 7 3 39 := | "OK, minimum reinforcement for negative moment is satisfied"  if Mr.neg 3 Mr.reqd

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

LRFDg 7 3 3 9 = "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....eeveeeeeeeieeee e f =— = £06%
1

(@)

gémoderate exposure” 170¢
Crack width parameter..........cccceeeevveennn. 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 corresponds to "severe exposure”.

Envi ronmentSuper = "Sightly"
2:= 1705P
in

Distance from extreme tension fiber to
center of closest bar (concrete cover need

not exceed 21iN.)...ccvceeeeeeeeeeeeeeeee, d dag

= mingﬁ - ds, 2%n + —
e

dC: 2.5in

Number of bars per design width of dab...

nbar:6
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Effective tension area of concrete

surrounding the flexural tension (b) >(2’dc)
FEINfOrCEMENt......ceeev e A=———
n
A = 35.0in° bar

T I _ .6 z u
Service limit state stress in reinforcement.. foq = m|n% , 0.6>¢)L,
fo = 36.0ks S 3 V!
&) 0

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:= 9.8%n
E

1

Given —>b>9<2 = —S>¢AS>(dS - x)

2 Ec.sub

Xna = Find(x)

Xpa = 9:8in

Compare the calculated neutral axis x,, with theinitial assumption x. If the values are not equal, adjust

x = 9.8in toequa x,,=9.8in

Tensile force in the reinforcing steel dueto

M .
service limit state moment. .................... Tg= 17" Servicel.neg|
o -ha
Tg= 141.9kip S 3
Actual stressin the reinforcing steel due to Te
service limit state moment..........ccocueeeee f actual = —
S

fo actual = 29-9Ks

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 positive moment is satisfied” if fg oot q £ fsa

"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 Design [LRFD 5.8]

D1. Deter mine Nominal Shear Resistance

Vu= | v Strengthl.neg|

Effective width of the section.................. by:=b
b, = 42.0in
. As’fy
Effective shear depth..........cccocvvennennee. a=——72
0.85%, o0
a= 1.448in )
a 6
. = max&. - <,0.9d,,0.72h°
d, = 25.2in d @S 2 S a

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= 156.6kip

D2. Transver se Reinfor cement
Transverse reinforcement shall be provided in the pier cap according to LRFD 5.8.2.4.
V> 055 AV + V)
The pier cap has no prestressing.
Vp = 0Xip
Istransverse reinforcement required?

LRFDg g 5 4:= |" Transversereinforcement 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”
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Single
Stlrrups Sttrrup

Size of stirrup bar ("4" "5" "' "7")... bar := "5"

Number of stirrup bars ("single’ "double" )
.............................. Nygr = "double’

Double
Stlrrups

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 0
WHEI ..., V= m'an_ ,0.255%, o by, + vp_;
V= 257.9kip e e
AN, Vgi= V- V- vp
V= 1013kip
Spacing of stirrups
. . Av’*‘y
Minimum transverse reinforcement.......... Smin =
0.0316% ></f S
Smin = 23.9in vy c.sub
_ _ ® A £ >cot(q) o)
Transverse reinforcement required........... Sreq = ifVg £ O,Smin,L—i
e Vs g
Sreq = 18.5in
Minimum transverse reinforcement
FEQUITED. ..o s:= min(smin,sreq)
s= 18.5in
Maximum transverse reinforcement
. tévu' fva . . . . )
Smax == If;T < 0.125>¢C_Sub,mln(0.8>dv,24>m),mln(0.4>c\,,12>m)l,
é v>( v’dv) a
Smax = 20.121in
Spacing of transverse reinforcement
cannot exceed the following spacing........ spacing = ”(Smax > s,s,smax)

spacing = 18.5in
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E. Summary of Reinforcement Provided in the Moment Region

Negative moment (top) reinforcement

Bar size............ bar,, egM = "g" (Note: Asa detailing alternative, 5-#8 bars top and bottom
can be specified. In addition, 4-#5 bars can be added in
Number of bars.. Nbar.negM = 6 between the #8 bars at the top over the negative moment
_ areas only).
Bar spacing....... barspa_negM =8.7in

Positive moment (bottom) reinforcement

Bar size............. bar ="g"
posM c =nl - relnforcement
Number of bars.. Noar. posM = 5 Shrinkage &
_ § temperature
Bar spacing........ barspa,posM =8.7in < reinforcement
bo———— +M relnforcement
Transverse reinforcement stirrup
Bar size............. bar = "5"
Bar spacing........ spacing = 18.5in =

Type of dtirrups. Npgr = "double”

Single Double
Stirrup STirrups
Temperature and Shrinkage
Bar Slze ............. barmrl nktefnp = "5" °
Bar spacing....... barspast 12in

[#] Defined Units
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SUBSTRUCTURE DESIGN
Bent 2 PilesVertical Load Design

References

Reference:F:\HDRDesignExamples\Ex2_FlatSlab\302BentCap.mcd(R)

Description

This section provides the design of the piles for vertica loads (exclude lateral load design). For this
design example, only the maximum loaded pile is eval uated.

Page Contents
98 FDOT Criteria
99 A. Input Variables
100 B. Pile Tip Elevationsfor Vertical Load

B1. Pile Capacities as per SPT97
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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 latera
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 UBCrpoT 18:= 3003T0n

The Required Driving Resistance for
an 24" sguare concrete pile must not

[S(el= < o TR UBCrpoT 24 := 4504T0n
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A. Input Variables

Maximum Strength | pile reaction Rtrength1 = 447 kip or Ratrength1 = 223Ton

Factored Design Load + Net Scour + Downdrag
f

Required driving resistance (RDR)........... RDR = UBC =

R
Using variables defined in this example...... UBC := _rengthl

fspro7

UBC = 343.8Ton

This value should not exceed the limit
specified by FDOT.....cccoovvevveeeeeeee UBCrpoT 18 =300Ton

Since the RDR vaue is exceeded, the consultant needs to evaluate the following costs:

1. Reducing the pile spacing from 11' and adding an extra pile or two
2. Utilizing 24" diameter piles.

For purposes of the design example, pile driving vibrations are not an issue, neither is accessibility to the job site for
pile driving equipment; therefore, 24" square pileswill be utilized, UBCp1 24 = 450 Ton.
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B. Pile Tip Elevations for Vertical Load

B1. 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 = 343.8Ton
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The program was executed, and the output can be summarized as follows:

i Pile Capacity Graph for: 24.00 in Pile Width o IEI|£|
Graph
Piie Capacities for Pile WAEH of: 24.00 in
10
b
u] t t t
& \&\
1 & #
l L}
-0
& ¥
E et Y -L * “E\\
m s \
Z i

h -
-
S

[

e L
TS [~

-G0

100 200 300 400 00 G600 Foo =00 =luln]
File Capacity (tons)

i Tltimate Fide Friction
—— Mobilized End Bearing
—#— Estimated Davis=on Capacity

&llowable FPile Capacity
—H— Utimate FPile Capacity
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D. PILE CAPACI TY VS. PENETRATI ON

TEST PILE  ULTIMATE MOBILIZED ESTIMATED ALLOWABLE ULTI MATE
PI LE TIP Sl DE END DAVI SSON PI LE PI LE
LENGTH ELEV  FRICTION  BEARING CAPACITY CAPACITY CAPACITY
(FT) (FT) (TONS) (TONS) (TONS) (TONS) (TONS)
32.8 -24.3 131. 43 197. 43 328. 86 164. 43 723.73
36. 1 -27.6 157. 91 212. 88 370. 79 185. 39 796. 55

A lateral load analysis may require the pile tip elevations to be driven deeper for stability purposes.
Thisfile only evaluates the vertical load requirements based on the boring capacity curves.

. 3BLft- 28t §
@370.79%0on - 328.86Xong

p”elength = (UBC - 328.96xTon)
+ 32.8%t

o pileg, = (UBC - 328.9650n) 2 S2T0At- 243 O, o3
required........cccocoeeiieenienne p @370.795Ton - 328.86xXTon g

piletip = - 25,51t

...based on the Estimated Davisson pile capacity curve given above, the pile lengths for vertical load will
require aspecified Tip Elevation = -25.5 ft. Therefore, the pilein the ground length is 34 ft.

All piles a the Intermediate Bent will be specified the same.

[#] Defined Units
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