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Preface

ﬂ

This book is intended to serve both as a study reference
for practicing engineers and engineering faculty prepar-
ing for the civil and structural professional engineering
examinations, and as a classroom text for civil engineer-
ing seniors and graduate students.

It is essential that readers of this material have access
to the latest edition of the Standard Specifications for
Highway Bridges by the American Association of State
Highway and Transportation Officials (AASHTO). The
current version is the 16th edition (1996), with the 1997,
1998, and 1999 Interim Revisions. Another necessary
reference is the AASHTO Manual for Condition Fvalu-
ation of Bridges, 1994, with the 1995, 1996, 1998, and
2000 Interim Rewsions.

This book includes five comprehensive design exam-
ples that can quickly acquaint the reader with current
bridge design practices in the United States. Work the
design examples using the AASHTO references. When
you have mastered the basic design principles in the ex-
amples, work the practice problems that follow to be-
come familiar with the content and level of difficulty
you are likely to encounter on the PE exam.

Robert H. Kim, MSCE, PE
Jai B. Kim, PhD, PE
Lewisburg, PA
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How to Use
This Book

M

This book presents bridge design principles from the
Standard Specifications for Highway Bridges (commonly
known as the AASHTO Blue Book) and the Manual for
Condition Eveluation of Bridges, by the American As-
sociation of State Highway and Transportation Officials.
Five example problems follow, which apply AASHTO
principles to the design of the major components of a
simple-span highway bridge. Each step in the design
of these components contains references to the applica-
ble section of the Blue Book. Look up and study these
references in the Blue Book, carefully follow the exam-
ple probiems, and then try to solve them on your own,
without referring to the given solutions.

The example problems are followed by two practice
problems that represent the content and level of diffi-
culty of a typical bridge design problem on the NCEES
PE examinations. When you feel comfortable with the
design principles taught by the example problems, work
these practice problems under exam conditions, both to
test yourself on application of the principles presented
and to practice test-taking under the time and materials
constraints enforced during the PE exam.

Since the civil and structural examinations are open-
book tests, mark this book, the Blue Book, and any
other references you intend to use as much as neces-
sary, and tab pages with critical information such as
tables and commonly used equations before the exam.”
Become as familiar with both books as possible. Prepa-
ration and organization are as much a key to passing the
exams as knowledge.

When you take the exam, read the questions and de-
termine which of them you have the best chance of an-
swering quickly and completely before starting to solve
any problems. Then answer them in order from easiest
to most difficult. Remember that the test is tuned; if
you find yourself spending too much time nn one ques-
tion, go on to another and return to it unly ¢ vou have
time. If you finish early, don't leave; use the extra Lime
to check your calculations and answers.

Good luck on the exam!

* Note that some states don't allow removenble tabs m books wacd
during the exam. Check with your state board, or use permanent
tabs.




Nomenclature

w

Unless defined otherwise in the text, the following nomenclature is used in this book.

R .:i'I_‘J:

Symbol Definition (units) Symbol Definition {units)
e depth of equivalent rectangular stress block d distance from extreme compression fiber to
in concrete (in) centroid of tension reinforcement (in)!
ap depth of equivalent rectangular stress block d distance from extreme compressive fiber to
for balanced strain conditions (in) centroid of the prestressing force (in)
i Ag area of basic beam section (in?) d distance from extreme compression fiber to
] . . o centroid of compression reinforcement (in)
- A composite area (in®)
D lear dist t fl i
r Ay area of tension reinforcement (in?) clearidistancelbetweet fanemilin)
- D dead load (lbf
Al ares of compression reinforcement (in?) © (tof)
. . s en eccentricity of load in the B direction
A area of prestressing steel (in”) measured from centroid of footing (ft)
J Ay 1(;91:2.; area of longitudinal reinforcement E earth pressure (Ibf/ft?)
: in
. . E width of slab over which a wheel load is
Ay ares of shear reinforcement (in?) distributed (in)
b compression flange width (in) E. modulus of elasticity of concrete (Ibf/in?)
b width of compression face of member EQ earthquake
b width of flange of ﬂa.ngec.:i member or width EQ equivalent static horizontal force applied at
of rectangular member (in) the center of gravity of the structure (Ibf)
v width of a projecting flange element, angle, E, modulus of elasticity of steel (Ibf/in?)
or stiffener {in}) _
f coefficient of friction between footing base
b’ width of & web of a flanged member (in) and soil
l by web width (in) fe compressive stress in concrete at service
2
] B buoy&ncy (lbf) loads (lbf/m )
: : ' i f concrete at 28 days
B width of footing (£ i compressive strength o
ne (f) (Ibf/in?)
C b i i
web buckling coefficient fei temporary stress before losses due to creep
C capacity of member in the load rating of and shrinkage (Ibf/in?)
bridge : %
lFar computing horizontal shear strength of composite mem-
CF centrifugal force (1bf) bers, d shall be the distance from the extreme compression fiber
to the centroid of tension reinforcement for the entire compos-,
} d depth of beam or girder (in) ite section (in). T
te A

I' oS e T T e B W= S, o 0 L =
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Symbol Definition (units) Symbol Definition (units}
¥
i compressive strength of concrete at time of I live load impact (lbf)
initial prestress (Ibf/in?)
I moment of inertia (in?)
H, compressive strength of concrete at 28 days
for prestress I-beams Ig rl;nometr)lt of inertia abo::t the centroid of the
asic beam section (in
fes compressive strength of concrete after (in%
losses (Ibf/in?) e composite section moment of inertia (in?)
£, compressive strength of concrete at 28 days ICE ice pressure
for roadway slab o
I, moment of inertia of gross concrete
Fpe compressive stress in concrete (after section about centroidal axis, neglecting
allowance for all prestress losses) at reinforcement (in*)
centroid of cross section resisting externally . :
applied loads? (Ibf/in?) k buckling coefficient
Spe compressive stress in concrete due to live load (Ibf)
effective prestress forces only (after
allowance for all prestress losses) at loaded length of span (ft)
extreme fiber of section where tensile Ly unbraced length (ft)
stress is caused by externally applied loads . .
02 LF longitudinal force from live load (Ibf}
(Ibf/in*)
fr modulus of rupture of concrete (AASHTO LLM maximum live load moment (in-Ibf)
2
Sec. 8.15.2 or Sec. 9.15.2.3) (Ibf/in%) Ls lateral pressure from 2 fi of soil for live
I ultimate stress of prestressing steel load surcharge
(]bf/ in?) M computed moment capacity (in-Ibf)
Fil stress in compression reinforcement at .
¢ balanced condition (Ibf/in?) M,y moments at the ends of a member* (in-lbf)
fse effective steel prestress after losses M, Ezlminaldm:lr{ent Stg?i‘_gth of a section at
anced strain conditions®
fsi allowable stress in prestressing steel
(1bf/in?) Mo cracking moment*®
fr stress in prestressing steel at ultimate load M moment causing flexural cracking at section
(Ibf/in?) due to externally applied loads (AASHTO
Sec. 8.13.3)"
fay yield stress of non-prestressed conventional = )
reinforcement in tension (Ibf/in?) Mp dead load moment {maximurn)*
Jei tensile strength of conczr)ete at time of Mp moment due to slab weight per beam®
initial prestress (Ibf/in
/ My  noncomposite dead load moment®
fta tensile strength of concrete after losses
(Ibf/in?} My factored moment at midspan”®
F3p factor of safety against overturning My moment due to horizontal loads
FSs factor of safety against sliding Mg live load moment (maximum)*
FWS future wearing surface My moment at the ends of a member
Ky speci‘ﬁezd minimum yield point of steel My, live load moment multiplied by wheel load
(Ibf/in®) distribution factor and impact factor®
g centroid of prestressing strand pattern (in) Mgax  maximum factored moment at section due
H horizontal loads (Ibf) to applied loads®
2In a composite member, fpc is resultant compressive stress at My nominal moment strength or capacity of a

centroid of compasite section.

section”




shrinkage force (1bf)

average spacing of beams (in)

Symbol Definition (units) Symbol  Definition (units)
Mo moment due to beam weight* ) span length (in)
M, moment due to superimposed dead load S, S:  non-composite section moduli {(in®)
per beam® . . ;
Sie, Stc  section moduli of composite beam section
M, factored design moment at section < pM (in?)
M, maximum design moment” 5., Sp. composite section modulus where the
. tensile stress is caused by externall
M, moment due to vertical loads applied loads (in%) 4 y
n ratio of modulus of elasticity of one SF stream Aow pressure (Ibf/in?)
concrete strength to that of another
concrete strength t slab thickness (in)
n ratio of modulus of elasticity of steel to ty thickness of the flange (in)
that of t
ab of conereie - web thickness (in)
N group number for load combinations
(AASHTO Table 3.22.1A) T temperature force {ibf}
P load on one rear wheel of truck Ty t(,eletr:;;)erature force due to friction at bearing
f for HS loadi
Pis 12,000 Ibf for HS loading 1 design shear force at section (Ibf)
Ibf for H i
Pao LG or Hz0 loading v shearing force (AASHTO 10.48.5.3,
P, nominal axial load strength at balanced 10.48.8)""
SChC Y Vv variable spacing of truck axles (AASHTQO
P, effective prestress force after losses®* Figure 3.7.3A) {in)
/& initial prestressing force™* Vv vertical load**
Prai wheel load plus impact** V. nominal shear strength provided by
. concrete™*
P, nominal axial load strength at given
eccentricity"® Vei nominal shear strength of concrete when
. . diagonal cracking results from combined
P, nomma:l f:.xlal load strength at zero e e
eccentricity””
. . Vb dead load shear (maximum}**
P, factored axial load at given eccentricity**
. ] \Z; factored shear at mid-span or at support™
P, maximum axial compression capacity*®
. . . Vi factored shear force at section due to
q effective pressure at base of footing (k/ft") applied loads occurring simultaneously
Ty radius of gyration with respect to the y-y with Mmax™
axis (in) Viesr live load shear with wheel load distribution
R reaction (1bf) factor and impact factor
R rib shortening force {Ibf) Vo shear yielding of the web
RF rating factor for the load carrying capacity Va nqmina] shear strength provided by shear
reinforcement
8 longitudinal spacing of shear or web
reiﬂorcementp(in) s e Vi maximum shear force factored
S section modulus (in?) We weight of concrete (Ibf/ft?)
w combined weight on the first two axles of

a standard HS Truck (AASHTO Figure
3.7.7A)




Symbol Definition (units) Symbol Definition (units}
w dead weight (beam, slab, or superimposed) z reduction for ductility and risk assessment
W wind load on structure Z plastic section modulus (in®)
W weight of nominal truck in tons when used 5] (with appropriate script) coefficient applied
in the bridge load capacity rating to actual loads for service load and load
factor desi AASHTO Table 3.22.1A
W..p  dead weight of curb and parapet et avie )
factor fi t h
Wo dead weight of slab 5 actor for concrete strengt
load factor (AASHTO Table 3.22.1A
WL wind load on live load 7 oad factor ( avle )
* factor for type of t i teel
W, superimposed dead load K actor lor type of presiressing stee
Poisson's ratio (AASHTO Article 3.23.4.3
Waut wind load on substructure . IO LI )
) p ratio of tension reinforcement
Wauper  wind load on superstructure
! tio of i inf t
Wap wind load upward causing the uplift B rau COmDrESSion reroreemen
¥ A% /bd, ratio of prestressi teel
z distance of the resultant soil pressure from ’ +/bd, ratio of prestressing stee
the footing toe P reinforcement ratio at balanced strain
diti AASHTO Sec. 8.16.3.2.2
X distance from load to point of support conditions { ec. 8 )
. . . Pmax maximum permitted reinforcement ratio
Yer Yo distance from centroidal axis of beam gross .
y - : (typically 0.75p)
section (neglecting reinforcement) to top
and bottom fibers, respectively ¢ strength reduction factor

AT

¥ and yp for composite beam gross section




Bridge Design

This book on highway bridges is based on the 16th Edi-
tion of the Standard Specifications for Highway
Bridges by the American Association of State Highway
and Transportation Officials (AASHTO), 1996, with
the 1997, 1998, and 1999 Interim Revisions. Because
AASHTO specifications are periodically revised, the
reader should always refer to the most current edition.
Another AASHTO reference used is the Manual for
Condition Evaluation of Bridges, 1994, with the 1995,
1996, 1998, and 2000 Interim Revisions.

The bridge ‘structure is designed to carry the follow-
ing loads and forces: dead load; live load; impact or
dynamic effect of the live load; wind loads; and other
forces, when they exist, such as longitudinal forces, cen-
trifugal forces, thermel forces, earth pressure, buoyancy,
shrinkage stresses, rib shortening, erection stresses, ice
and current pressure, and earthquake stresses.

Bridge members are proportioned either with refer-
ence to service loads and allowable stresses as provided
in Service Load Design {Allowable Stress Design) or, al-
ternatively, with reference to load factors and factored
strength as provided in Strength Design (Load Factor
Design).

Load factor design is a method of proportioning
structural members for multiples of the design loads.
To ensure serviceability and durability, consideration is
given to the control of permanent deformations under
overloads, to the fatigue characteristics under service
loadings, and to the control of live load deflections un-
der service loadings (see AASHTO 10.42}.

For design purposes, the service loads are taken as
the dead, live, and impact loadings (see AASHTO
10.43.2).

Service live loads are vehicles that may operate on a
highway legally without special load permit (see
AASHTO 10.43.1).

Overloads are the live loads that can be allowed on
a structure on infrequent occasions without causing

e L= )

iteiohal

pemanent damage. For design purposes, the maximum

[AAS
The load Groups I to X represent various combinations
of loads and forces to which a structure may be sub-
jected. Each component of the structure, or the foun-
dation on which it rests, shall be proportioned to safely
withstand all group combinations of forces and loads
that are applicable. Group loading combinations for
Service Load Design and Load Factor Design are given
as follows. For an overload and permit loading, the load
is applied in Group IB. For all loadings less than H 20,
Group 1A is used (AASHTO Sec. 3.22.5).

Group N =(BpD + BL{L +I) + BcCF + B E
+ BpB + BsSF + fwW + Bw WL
+ BLLF + Ba(R+5+1T)
+ BeqEQ + AicelCE)
[AASHTO Eq. 3-10]
N = group number
v = load factor (see AASHTO Table 3.22.1A)
3 = coefficient (see AASHTO Table 3.22.1A)
D = dead load
L =live load
I = live load impact
E = earth pressure
B = buoyancy
W = wind load on structure
WL = wind load on live load
LF = longitudinal force from live load
CF = centrifugal force
R = rib shortening
S = shrinkage
T = temperature
EQ = earthquake
SF = stream flow pressure
ICE = ice pressure

i T e
Blicatipns ‘_.‘:_.




Table 1 {AASHTO Table 3.22.1A Table of Coefficients v and (3)

colno] 1 2] 3 [ 3AaJa]s e |78 ofwl[ un [12]3
B factors
group | ¥ D |(L+Dy t(L+]),|CF | £ | B SF | W | WL { LF {R+S+T | EQ |ICE
I 10| 1 1 0 1 | B |1 1 0 0 0] 0 ] 0
1A 10| 1 2 0 (] 0 0 0 1] 0 0 0 0 0
IB 110 | 1 0 1 1 |Be | ! l 0 0 0 0 0 0
i 104 1 0 0 0 1 1 1 1 0 0 0 0 0 |125
g {101 1 0 1 1B [1 1 o3[ 1 11 0 0 [0 [125 "]
S|V |10 [ 1 1 ¢ 1 |Be |l 1 0 0 1] 1. 0 0 |126 1
g vV [1.0 [ 1 0 0 ¢ [17]1 1 [ 1 010 1 0 [ 0 140 )
g _\il_ 101 1 1 0 IECER 1 |03 1 1 1 0 0 |140 .
VIE |10 | 1 0 0 0 1 1 1 0 Y] 0 0 1 0 |133 |
VIII[10 | 1 1 0 1 i 1 1 0 0 0 0 0 1 140 i
Din| 1.0m[ml 0 0 0 [ ]2 1 |1 0 [0 0 0 [ 1 150 H
X110 |1 1 0 0O |Bg |0 0 0 0 0 0 0 0 |100 | culvert -
I (13 |Bp | 1.6T! 0 1.0 | Bg [ 1 i 0 0 0 0 0 0 |
A |13 [Bp | 220 ¢ 0 0 0 0 0 0 0 0 0 0 .
IB 13 | Bp 0 1 101 B | | 1 0] 0 0 0 0 ¢
&M 18 B[ © 0 |0 |Bs ! J L 1 } 0|0 0 0 [0 | 1
B (13 [Bp | ¢ 0 | [Beg |1 1 03 [ 1 | I ) 0|0 g |
= IV 113 1| Bp 1 0 1 |Bg |1 1 0 0 1] 1 0 0 "'&
‘g V 1125 | Bp 0 0 0 (g |1 1 1 0 0 1 ; 0 s
ol VI 125 By [ 1 0 1 B [ 1 1 {03 1 1 ] ¢ |0 ]2
glwiiale,| 0O 0 [0 [Bs |1 1 |0 0 [0 0 1 [0
VIl |13 | Bp ! 0 1 |Bg |1 1 0 0 0 0 0 1
IX [1.20 | Bp 0 1] 0 | B | 1 1 0 0 0 1] i
X l130] 1 i.67 7} 0 |Bg | O 0 0] 0 0 ¢ 0 0 culvert
(L + I),;—live load plus impact for AASHTO highway H or HS loading
(L + Dg—live load plus impact consistent with the overload criteria of the operation
agency
11,25 may be used for design of outside roadway beam when a For culvert loading specifications, see AASHTO Sec. 6.2
combination of sidewalk live joad as well as traffic live load plus Bg = 1.0 and 0.5 for lateral loads on rigid frames (check bath
impact governs the design, but the capacity of the section should loadings to see which one governs). See AASHTO Sec.
not be less than required for highway traffic live load only using 3.20.
a beta factor of 1.67. 1.00 may be used for design of deck slab For load factor design,
with combination of loads as described in AASHTO Sec. 3.24.2.2. Be = 1.3 for lateral earth pressure for retaining walls and
rigid frames excluding rigid culverts. For lateral at-rest
ZNote: earth pressures, fg = 1.15.
maximum unit stress (operating rating) Bz = 0.5 for lateral earth pressure when checking positive
percentage = allowable basic unit stress 100 moments in rigid frames. This complies with AASHTO
Sec. 3.20.
Bg = 1.0 for vertical earth pressure
For service load design: Bp = 0.75 when checking member for minimum
axial load and maximum moment or maxi- For
9% (Column t4) Percentage of Basic Unit Stress MW ecCentriclty . ... vvvenvninaneainn column
Bp = 1.0 when checking member for maximum design
axial load and minimum moment . ......... t
No increase in allowable unit stresses shall be permitted for Bp = 1.0 for flexural and tension members d
members or connections carrying wind loads only. Bg = 1.0 for rigid culverts

fr = 1.5 for flexible culverts
B = 1.00 for vertica! and lateral loads on all other structures. For Group X loading (culverts) the By factor shall be applied to
vertical and horizontal loads.

From Standard Specifications for Highway Bridges, 16th ed., copyright (© 1996, by the American Assaciation of State Highway
and Transportation Officials (AASHTO), Washington, D.C. Used by permission.
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A Standard Truck and Lane Loads (Figs. 1, 2, and 3}

The highway live loadings on bridges consist of standard
trucks or lane loads that are equivalent to truck trains.
Two systems of loading are provided: the H loadings
represent a two-axle truck and the HS loadings repre-
sent & two-axle tractor plus a single-axle semi-trailer.
As shown in the figures, the number after the H or HS
indicates the gross weight in tons of the truck or trac-
tor. The gross weight is divided between the front and
rear axles. The affix “...44" refers to 1944, the year
that the loadings were adopted.

32,000 Ibf*
24,000 Ibf

H 20-44  B00C Ibf
H15-44 6000 ibf

14it0in
0.2wW | W= total weight of i 0.BW

clearance and
ioad lane width

10ft0in

- Veurb?
I I R B

2ffi0in 6ft0in 2f0in

2[n the design of timber floors and orthotropic steel decks {exclud-
ing transverse beains) for H 20 loading, one axle load of 24,000
Ibf or two axle loads of 16,000 ibf each, spaced 4 ft apart, may be
used, whichever produces the greater stress, instead of the 32,000
1bf axle shown.

bFor slab design, the centerline of wheels shall be assumed to be
1 ft from the face of the curb {see AASHTO Sec. 3.24.2).

From Standard Specifications for Highway Bridges, 16th ed.,
copyright (© 1996, by the American Association of State Highway
and Transportation Officials (AASHTO), Washington, D.C. Used
by permission.

Fgure 1 Standard H Trucks (AASHTO Fig. 3.7.6A)

HS 20-44 8000 Ibf 32,000 |bf* 32,000 Ibf?

HS 15-44 6000Ibf 24,000 Ibf 24,000 Ibf
141t 0in v
T 1 I
0.2w | | 0.aw l o.8w

W = combined weight on the first truck axles, which is
tha same as for the corresponding H truck

V = variable spacing—14 to 30 ft inclusive {spacing to
be used is that which produces maximum
stresses)

clearance and
load lane width

10ft0in

curb?

i i e

2ft0in 6f0in 2ft0in

2In the design of timber floors and orthatropic steel decks (exclud-
ing transverse beams) for H 20 loading, one axle load of 24 10
1bf or two axle loads of 16,000 ibf each, spaced 4 ft apart, may be
used, whichever produces the greater stress, instead of the 32,000
Ibf axle shown.

bFor slab design, the centerline of wheels shall be assumed to be
1 ft from the face of the curb (see AASHTO Sec. 3.24.2).

From Standard Specifications for Highway Bridges, 16th «d.,
copyright (€ 1996, by the American Association of State Highway
and Transportation Officials (AASHTO), Washington, D.C. Used
by permission,

Figure 2 Standard H5 Trucks (AASHTO Fig. 3.7.7A)

Lane loadings shown in Fig. 3 are used when they
produce greater stress than the corresponding truck
loadings. In general, the lane loadings govern the de-
sign of longer-span bridges. For example, in designing
for bending moments, these spans exceed 56 ft for the
H loadings and 140 ft for the HS loadings.

The lane loads are defined in such a way as to give
a simpler method of calculating bending moments and
shears than the method based on truck wheel loads
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and the truck train loadings shown in Appendix B of
AASHTO Truck Train and Equivalent Loadings. Thus,
the lane loads are the equivalent of the truck train load-
ings.

Each lane load consists of a uniform load per lin-
ear foot of traffic lane combined with a single concen-
trated load {or two concentrated loads in the case of
continuous spans) placed on the span so as to produce
maximum stress. The concentrated load and uniform
load are considered uniformly distributed over a 10 ft
width on & line normal to the centerline of the lane.

. __18,000 Ibf for moment®
* concentrated load 26,000 Ibf for shear

uniform load 840 Ibf per linear foot of load lane

i

H 20-44 loading
HS 20-44 loading

__13,500 Ibf for moment”
* concentrated load: 19,500 Ibf for shear

uniform load 480 Ibf per linear foot of load lane

077007 .

H 15-44 loading
HS 15-44 loading

For the loading of continuous spans involving lane loading, refer
to AASHTO Sec. 3.11.3, which provides for an additional con-
centrated load.

From Standard Specifications for Highway Bridges, 16th ed.,
copyright @ 1996, by the American Association of State Highway
and Transportation Officials (AASHTO), Washington, D.C. Used
by permission.

Figure 3 Lane Loading (AASHTO Fig. 3.7.68]

B. Other Roadway Loadings

The bridge may be required to carry military vehicles
or other extraordinary vehicles.

C. Sidewalk Loadings

Sidewalk floors, stringers, and their immediate supports
shall be designed for a live load of at least 85 psf of
sidewalk ares.

|AASHTO Section 3.8}

Live loads are increased for those structural elements
in Group A. Group A includes (a) superstructures;
(b) piers, excluding footings and those portions below
the ground line; and (c) the portions above the ground
line of concrete or steel piles that support a superstruc-
ture. Impact allowances are not applied to those items

in Group B. Group B includes (a) abutments, retain-
ing walls, and piles except as specified in (c) above;
(b) foundation pressures and footings; (c) timber strue-
tures; (d) sidewalk loads; and (e) culverts and struc-
tures having 3 ft or more of cover.

The impact formula is expressed as a fraction of the
live load stress.

50

I'=it71%

I = impact fraction (maximum 30%)

L = length in feet of the portion of the span that is
loaded to produce the maximum stress in the
member (for the loaded length, L, see
AASHTO Sec. 3.8.2.2)

FrastuadAniitationio Vet
[AASHTO Section 3.11]
The following provisions are for selected AASHTO load-
ing.

(1) The lane loading or standard truck loading shall
be assumed to occupy & width of 10 ft.

(2) Each 10 ft lane loading or single standard truck
shall be considered as a unit.

(3) Where maximum stresses are produced in any
member by loading any number of traffic lanes
simultaneously, the following percentages of the
resultant live load stresses shall be used in view
of the improbability of coincident maximum load-

ing.
one or two lanes: 100%
three lanes: 90%
four or more lanes: 75%

A. Distribution of Loads to Stringers, Longitudinal Beams,

and Floor Beams
|AASHTO Section 3.23; Table 3.23.1|

Pasition of Loads for Shear

In calculating end shears and end reactions in trans-
verse floor beams and longitudinal beams and stringers,
no longitudinal distribution of the wheel load shall be
assumed for the wheel or axle load adjacent to the trans-
verse floor beams or the end of the longitudinal beam
or stringers at which the stress is being determined.
Lateral distribution of the wheel load at the ends of
the beams or stringers shall be that produced by as-
suming that the flooring acts as a simple span between
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stringers or beams. For loads in other positions on the
span, the distribution for shear shall be determined by
the method prescribed for moment.

ending Moments In Stringers and Longitudinal Beams

In calculating bending moments in longitudinal beams
or stringers, no longitudinal distribution of the wheel
loads shall be assumed. The lateral distribution shall
be determined as follows.

(1) Interior Stringers and Beams

When a concentrated load, that is, a wheel load,
is placed on a bridge deck or slab, the load is dis-
tributed over an area larger than the actual con-
tact area. Because of the stifiness of the deck or
slab, the adjacent longitudinal girders will share
the concentrated load. However, no distribution
is sssumed in the direction of the span of the
bridge.

AASHTO Tables 3.23.1 and 3.23.3.1 describe
the distribution of wheel loads in longitudinal
beams and transverse beams. Truck loadings are
moved across the bridge, and as they move they
generate changing moments, shears, and reac-
tions in the bridge members. All of the loads
described above are loads that occupy one traffic
lane. It is necessary to apportion these loads into
the deck slabs, girders, truss members, and so on,
according to the distribution methods provided in
the AASHTO tables mentioned previously.

Slabs are loaded by individual wheels. Bridge
girders, stringers, and some floor beams are load-
ed by lines of wheel loads that roll along the deck.
A wheel line is half of a truck load or half of

TR 7
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one lane load. The number of wheel lines carried
by each girder depends upon the girder spacing
and the type of girder. For concrete decks, typi-
cal interior girder distributions of the wheel lines
in longitudinal girders or beams are as shown in
Table 2.

(2) Qutside Stringers
The dead load supported by the outside roadway
stringer or beam shall be that portion of the fAoor
slab carried by the stringer or beam. Curbs, rail-
ings, and wearing surface, if placed after the slab
has cured, may be distributed equally to all road-
way stringers or beams.

The live load bending moment for outside
roadway stringers or beams shall be determined
by applying to the stringer or beam the reaction
of the wheel load obtained by assuming that the
flooring acts as a simple span between stringers
or beams.

B. Bending Moments in Floor Beams (Transverse)
[AASHTO Section 3.23.3; Table 3.23.3.1]

In calculating bending moments in floor beams, no
transverse distribution of the wheel loads shall be as-
sumed. If the longitudinal stringers are omitted and
the floor is supported directly on floor beams, the Hoor
beams shall be designed for loads determined in accor-
dance with AASHTO Table 3.23.3.1. For example, if
the concrete fAcor is supporied directly on floor beams,
the fraction of wheel load allotted to each floor beam
is §/6, where S equals the average spacing of beams in
feet. If S exceeds 6 ft, the load on the beam shall be
the reaction of the wheel loads, under the assumption
that the flooring between beams acts as a simple beam.

Table 2 Distributlon of Wheel Loads in Longltudinal Beams [AASHTO Table 3.23.1]

two or more traffic
lanes, fraction of a
wheel (line) load to

each longitudinal girder!

one traffic lane,
fraction of a wheel
(line) load to each

type of floor longitudinal girder!

concrete slab:

on steel I-beam stringers and prestressed

concrete girders 5/7.0 (8§ max = 10 ft)
5/6.5 (S max = 6 ft)

5/8.0 (S max =12 ft)

5/5.5 (S max = 14 ft)
5/6.0 (S max = 10 ft)
5/7.0 (§ max =16 ft)

on concrete T-beams
on concrete box girders

6 in or more thick glued-laminated floor panels:
on glued-laminated stringers 5/6.0 (S max = 6 ft)

§/5.25 (S max = 5.5 ft)

5/5.0 (S max = 7.5 ft)

on steel stringers 5/4.5 (S max = 7.0 ft)

S = average stringer (ot girder) spacing in feet

LIf S exceeds Smax, the load an each stringer shall be the reaction of the wheel loads, assuming the flooring between the stringers acts
1 as a simple beam.




C. Distribution of Loads and Design of Concrete Slabs
JAASHTO Section 3.24)

Span Lengths (AASHTO Sections 3.24.1 and 8.8)

For simple spans, the span length, S, shall be the dis-
tance center-to-center of supports but need not exceed
clear span plus thickness of slab. The following effective
span lengths, S, shall be used in calculating the distri-
bution of loads and bending moments for slabs contin-
uous over more than two supports.

Slabs monolithic with beam (without haunches):
S = clear span
Slabs supported on steel stringers:
§ = distance between edges of flanges plus
one-half the stringer flange width
Slabs supported on timber stringers:
5 = clear span plus one-half the thickness
of the stringer

Edge Distance of Wheel Loads {AASHTO Section 3.24.2)

In designing slabs, the centerline of the wheel load shall
be assumed to be 1 £t from the face of the curb. If curbs
or sidewalks are not used, the wheel load shall be 1 ft
from the face of the rail.

Bending Moment (AASHTO Section 3.24.3)

Bending momgnt per foot width of slab shall be calcu-
lated according to methods given under Cases A and
B below, unless more exact methods are used that con-
sider tire contact area (see AASHTO Sec. 3.30). In both
cases,

§ = effective span length as defined under
Span Lengths above, in ft

E = width of slab over which a wheel load
is distributed, in ft

P = load on one rear wheel of truck
(Pls or Pgo)

Pig 12,000 lbf for H 15 loading

Pay = 16,000 1bf for H 20 loading

Case A—Main Reinforcement Perpendicular to Traffic
(spans of 2 ft to 24 ft inclusive). The live load moment
for simple spans shall be determined by the following
formulas (impact not included).

For HS 20 loading,

S+2 p,, — moment in foot-pounds
32 @™ per foot-width of slab

For HS 15 loading,

S+2 _ moment in foot-pounds
32 ) '° per foot-width of slab

In slabs continuous over three or more supports, a conti-
nuity factor of 0.8 shall be applied to the above formulas
for both positive and negative moments.

Case B—Main Reinforcement Parallel to Traffic. For
wheel loads, the distribution width, E, shall be 4 +
0.065 but shall not exceed 7.0 ft. Lane loads are dis-
tributed over a width of 2E. Longitudinally reinforced
slabs shall be designed for the appropriate HS loading.

For simple spans, the maximum live load moment
(LLM) per foot width of slab, without impact, is closely
approximated by the following formulas.

For HS 20 loading,
Spans up to and including 50 ft: LLM = 9005 ft-lbf
Spans 50 ft to 100 ft:
LLM = (1000)(1.35— 20.0) ft-1bf
For HS 15 loading,
Use three-fourths of the values obtained from the
formulas for HS 20 loading.

Moments in continuous spans shall be determined
by suitable analysis using the truck or appropriate lane
loading.

Shear and Bond (AASHTO Section 3.24.4)

Slabs designed for bending moment in accordance with
AASHTO Sec. 3.24.3 shall be considered satisfactory in
bond and shear.

Longitudinal Edge Beams (AASHTO Section 3.24.8)

Edge beams shall be provided for all slabs having main
reinforcement parallel to traffic. The beam may consist
of a slab section additionally reinforced, a beam integral
with and deeper than the slab, or an integral reinforced
section of slab and curb.

The edge beam of a simple span shall be designed to
resist & live load moment of 0.10PS, where

P = wheel load in 1bf, Py5 or Py
S = span length, ft

For continuous spans, the moment may be reduced
by 20% unless a greater reduction results from a more
exact analysis.

Distribution Reinforcement (AASHTO Section 3.24.10)

To provide for the lateral distribution of the concen-
trated live loads, reinforcement shall be placed in the
bottoms of all slabs transverse to the main steel re-
inforcement, except culvert or bridge slabs where the
depth of fill over the slab exceeds 2 ft.

The amount of distribution reinforcement shall be
the percentage of the main reinforcement steel required
for positive moment as given by the following formulas.

For main reinforcement parallel to traffic,

percentage = Bl [maximum = 50%]

Ve
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8 = the effective span length in ft
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Provisions for other loads are found in AASHTO begin-
ing with Section 3.9. Some of these provisions are listed
in Table 3.

o e

Toble 3 Selected AASHTO Load Provisions

AASHTO
load section
longitudinal forces 3.9
centrifugal forces 3.10
sidewalk, curb, and railing loading 3.4
wind loads 3.15
thermal forces 3.16
uplift 3.17
forces from stream current, floating ice,

and drift conditions 3.18
buoyancy 3.19
earth pressure 3.20
earthquakes 3.21
maximum moments, shears, and

reactions—simple spans, one lane Appendix A®
truck/train and equivalent loadings Appendix B®

2Duplicated at the end of this book.

The load ra.r.mg is based on the Manual for Cond:twn
Evaluation of Bridges, 1994, Second Edition, as revised
by the 1995 to 2000 Interim Revisions by the Ameri-
can Association of State Highway and Transportation
Officials (AASHTO).

Bridge load rating calculations provide a basis for
determining the safe load capacity of a bridge based
on existing structural conditions. Each bridge should
be load rated at two levels, Inventory and Operating
levels.

The Inventory rating level generally corresponds to
the customary design level of stresses, but reflects the
existing bridge and material conditions with regard to
deterioration and loss of section. Inventory level load
ratings allow comparisions with the capacity of new
structures and, therefore, result in a live load that can
safely utilize an existing structure for an indefinite pe-
riod of time.

The Operating rating level corresponds to the max-
imum level of stresses. Thus, load ratings describe the
maximum permissible live load to which the structure
may be subjected.

Rating methods can be either the Allowable Stress
method or the Load Factor method. In the Allowable
Stress (or “Working Stress”) method, the actual load-
ings are combined to produce & maximum stress in a
member that is not to exceed the allowable or working
stress. The Load Factor method analyzes a structure
subject to multiples of the actual loads (factored loads).
The load rating is determined such that the effects of
the factored loads do not exceed the strength of mem-
bers.

The bridge load rating of the bridge member in tons,
RT, is determined as follows.

RT = bridge member rating in tons = (RF){W)

The load rating, RT, of a bridge is controlled by the
member with the lowest load rating in tons.

W = weight (tons) of nominal truck used in de-

termining the live load effect, L.
C-AD

A L{1 + I
carrying capacity.

= rating factor for the live load

C= capacity of the member (see the Manual sec-
tion 6.6). The capacity, C, depends on the
rating level desired, with the higher value
for C used for the Operating level (see the
Manual section 6.6.2) in the Allowable Stress
method. In the Load Factor method, the
nominal capacity, C, is the same regardless
of the rating level desired (see the Manual
section 6.6.3).

dead load effect on the member (see the Man-
ual section 6.7.1).

L= live load effect on the member (see the Man-
ual section 6.7.2).

Im= impact factor to be used with the live load
effect (see the Manual section 6.7.4).

factor for dead load (4; = 1.0 for the Al-
lowable Stress Method; and A4, = 1.3 for the
Load Factor Method).

factor for live load (A2 = 1.0 for the Al-
lowable Stress Method; for the Load Factor
Method, A; = 2.1 for Inventory level, and
Az = 1.3 for Operating level).

A1='

Ap =
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span of 40 ft is shown.

section ——

- -

| 40ft0in

& elevation

33ftdin
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2ft8in —lJ--—
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| four girders: W 33 x130 |

—

4ft2in

—p—

3at8ftdin=25f0Iin 4ft2in

saction

The overall width of the bridge is 33 ft, 4 in. The
clear (roadway) width is 28 ft, 0 in. The roadway is a
concrete slab 7in thick supported by four W33x 130 A36
steel girders that are spaced at 8 ft, 4 in apart. The com-
pression flange is continuously supported by the con-
crete slab, and additional bracing is provided at the
ends and at midspan. Noncomposite construction is
assumed. Dead load per longitudinal girder (stringer)
is 1.034 kips/ft for slab, stringer, curbs, railings, and
beam details.

Review the longitudinal girder for adequacy against
maximum live load, dead load, and shear load. Use
AASHTO HS 25 loading.

Solution:
Step 1: Determine the maximum live load moment.

17.67 ft 2233 ft

14 ft L oquan
| 233ft— |=—

- 2331t
10 kips 40 kips 40 kips

— t—a.m ft + ¢.g.
9347t ¥ 8331t
* 20 ft / 20 ft A

A / ¢ span B

The maximum moment is
under the rear axle of the truck.

HS 25 loading = {1.25){HS 20 loading)

The reaction at A is

(8.34 ft + 22,33 ££)(40 kips) = (36.33 ft)(10 kips)
40 ft 40 ft

= 39.75 kips

The live load moment is
M, = (39.76 kips)(17.67 ft) — (10.0 kips)(14 ft)
= 562.38 ft-kips
From the table of maximum moments in AASHTO

App. A (see at the end of this book), the moment. for
HS 25 loading is

(449.8 fit-kips)(1.25) = 562.25 ft-kips

AASHTO The live loading is not reduced because the
(312| bridge is loaded with two lanes only.
13.232] The live load distribution factor is

S S
53 wheel load (— i lane)

= % = 1,515 wheel load

S = average stringer spacing in feet

wheel load = 2 wheel lines




(Note that wheel line = wheels correspond-
ing to one-half width of truck longitudinally
or one-half of lane.)

The live load impact is

masio g _ 90 _ 90
[3.8.2) L4125 40 ft +125

[30% maximum allowed]

= 0.303

The maximum design live load moment per
stringer is

Mpy =M
x {distribution factor per stringer}

x (impact factor)

. 1.515
= (562.25 ft-klpS) (m)
x {1.30)
= 553.68 ft-kips

Step 2: Determine the maximum dead load moment.

kips 5
WpL? (1.034 T) (40 ft)
Mp=——= 8

= 206.8 ft-kips

Step 3: Determine the maximum shears.
The maximum dead load shear at span ends
is
_ WpL  (1.034 ft-kips)(40 k)
T2 2
= 20.7 kips

Vp

For HS 25 loading, the maximum live load
shear is as, follows.

40 kips 40 kips 10 kips

‘|

14t | 14t

e
N

The reaction at A is
{10 kips)(12 ft) + (40 kips)(26 ft)

40 kips 4 0 R
= 60.0 kips
. 1.515

= 67.9 kips

The maximum shear at midspan is Vp = 0.0.

From the influence line analysis, the maxi-
mum live shear at midspan occurs with a 40
kip load at midspan. xfignoCEBRe01d

The reaction at A is

(10 kips)(6 ft) + 40 kips + (20 ft + 34 ft)
40 ft

= 55.5 kips
55.5 kips

15.5 kips 15.5 kips

-24.5 kips I |
—34.,5 kips

1.515

Visr = (~24.5 kips) (2 wheel lines

) (1.30)
= —24.1 kips

Step 4: Use the loads determined to perform the load
factor design.

AASHTO The combination of dead load (D) plus live
32218 load and impact (L + I) provides for the fol-
Table lowing load combination.

32214

Group I = v(8pD + BL(L + I})
The factored maximum moment is
M;=v(BpMp + BrMryir)
~v = 1.3 for load factor
Bp = 1.0 for flexural and tension members
Ar = 1.67 for live load plus impact for H
or HS loading
My = (1.3)((1.0)(206.8 ft-kips)
+ (1.67)(553.68 ft-kips))

= 1470.88 ft-kips

-




The factored shear at midspan is

Vi =v(BoVp + BLVi+r)

;

E = (1.3)((1.0)(0.0 kips)

: + (1.67)(~24.1 kips))
' = —52.32 kips

The factored shear at support is
Vy = (1.3)((1.0)(20.7 kips)
+ (1.67)(67.9 kips))
= 174.32 kips

Step 5: Use the section properties for W 33 x 130 (com-
pact section) listed below to determine the moment ad-
equacy at midspan. (Refer to the American Iron and
Steel Construction Manual.)

d = 33.09 in F, =136 kips/m (A36 steel)

b=0b;=11511in S = 406 in”
t =t;=0.855in Z, = 467 in’
ty = 0.580 in ry = 2.39 in

Check local buckling criteria for projecting compres-
sion flange elements for the compact section require-

ment. .
- maswro b 2055
]| ossaa@l ¢~ /F,
. B b—-1iy, _ 11.51 in - 0.580 in — 547 in
] 2 2
: ¥ 547in
T = 0gsm 0%
v 36,000 —
l'l
l |> 6.40, so OK]
‘] Check local buckling criteria for web thick-
} ness for compact section requirements.
AASHTO D < 19,230
hoas1ap) fw vVF
E The clear distance between flanges is
D = 33.09 in - (0.855 in)(2) = 31.38 in
D 3138in
t —ossom 0!
19,1‘30 _ 19,230lbf — 10135
E S 36, 000 T
[> 54.1, so OK]

e
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Check lateral bracing criteria for compres-
sion flange for a compact section.

(3.6 (22) ( ﬂi )) (109)

Ty £y

AASHTO
[10.48.1.1{c)]

AASHTO M, = F,Z; = the maximum moment

[Eg. 1092  strength. M; the smaller moment at the

g1c481l  end of the unbraced length of the member.
Ly = the unbraced length.

Since Ly = 0 (i.e., concrete composite deck),.
this criterion is automatically satisfied.

Step 6: Check moment adequacy.
The maximum moment capacity is

M,=F,Z, = (36 «ki’f) (467 in®)
in

_ 1ft
= (16,812 in-kips) (12 in)

= 1401 ft-kips

Since M, is less than M/ (1470.88 kt-kips},
the stringer is not adequate in moment.

Step 7: Check shear adequacy at midspan.

AASHTO
[10.48.8.1|

Vi, shear capacity, is equal to CV.
V; = 0.58F, Dt,,

= (0.58) (3 k'ps) (31.38 in)(0.58 in)

= 380.02 kips
The web buckling coefficient, C, is

6000\/_
W VR

k (the buckling coefficient) for unstiffened
beam is taken as 5.

lﬂfr

D 3138in
tw 0.58 in =541
6000+/5.0 707

1/36000 E

V, = CV, = (1.0)(380.02 kips)
= 380.02 kips

Since V,, is greater than Vy (-52.32 kips),
the stringer is adequate in shear at midspan.

o




Step &: Check shear adequacy at the support.

The shear capacity, V,,, is 380.02 kips.

The factored shear at support, Vy, was cal-
culated as 174.32 kips.

Since V, > Vy (174.32 kips), the stringer is
adequate in shear at the support.

| 4 A
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The cast-in-place concrete deck for a simple span com-
posite bridge is continuous across five steel girders as
shown.

1ft2in
_ﬂ r fe9in_
curb and parapet [ p = 12
2kein| V¥ ===

Tlllt{l

aft| 10#t | 10% | 10ft | 10ft |4t
24 ft 24 ft

12in

-::1 2in

j=—7in
1ft7in

+

= 0.66 ff —= |—— 10in

L2l
Ift9in I”
4ft0in i

| I—
b=12in

x|

din

9 in slab Z

The overall width of the bridge is 48 ft, 0 in. The
clear (roadway) width is 44 ft, 6 in. The roadway is
a concrete slab 9 in thick, with a concrete strength
of f! = 4.5 kips/in® and steel reinforcement equal to
F, =60.0 kips/in®. The top flange width of the steel
girders spaced 10 ft apart is 12 in. The future wearing
surface (FWS) is 0.03 kips/ft®. Design and review the
reinforced concrete slab. Use HS 25 loading.

Solution:
Step 1: Determine the effective slab span length and
minimum thickness of the slab.

The effective slab span length, S, is the clear span
plus one-half the stringer top flange width.

AASHTO S=9f+05ft=951f

13241200 4 ASHTO [8.9.2] states that the minimum
depths in Table 8.9.2 are recommended un-
less computation of deflection indicates that
lesser depths may be used without adverse
effects.

AASHTO - _S+10 _ /95ft+10ft 12_12

MTablesoz " 30 30 ft

=7.8in

The assumed slab thickness is t = 7.8 in +
0.5 in for integral wearing surface.

Uset =9.0in.

Step 2: Determine factored loads.

Group loading combinations for load factor design are

Table 3.221A Group I = v(BpD + BL(L + I))

= (1.30) [((1.0)0

+ (L67)(L + I))]

=1.30D + (2A7)(L + 1)

Determine the factored dead loads.
Wp = (1.30)(deck siab + FWS)

= (1.30) ((9 in) (%)(0.150 %‘3)

kip
+ 0.03 ?)

= 0.185 kip/ft? (0.185 kip/ft per foot
of width of slab)

Wetp = (1.30)(curb and parapet)
= (1.30)(3.37 &%) (0.150 %)
= 0.657 kip/ft of bridge span

Determine the factored live plus impact loads. The
20 kip wheel load from the HS 25 loading will govern
the design of the deck slab.

AASHTO The live load impact is

[3.8.2] 50
TIL¥125
— 50 _ 0.30 maximum
S Wksim - 0¥ allow ]




The factored wheel plus impact load is
Pryr=(217)(L+ 1)
= (2.17){20 kips + (0.30)(20 kips})
= 56.4 kips

Step §: Analyze for factored moment.

For continuous spans, the factored positive and neg-
ative dead load moments are assumed to be
kip 2
. WpS? B (0.185 ftz) (9.5 ft)
10 10
= 1.67 ft-kips/ft width of slab

AASHTO In slabs continuous over three or more sup-
{3.24.3.} potts, a continuity factor of 0.8 is applicable.
The factored positive and negative live load
pius impact moments are
AASHTO _ S+2
324318 Meys = (0.80) ( 32 ) Feer
Eq. 3-15]
9.5 ft + 2
= 0.8) {232 Y (56 4 vips)
32
= 16.22 ft-kips/ft width of slab
The total factored positive and negative mo-
ments are
My =Mp+ My
= 1.67 ft-kips + 16.22 ft-kips
= 17.89 ft-kips/ft width of slab
AASHTO For cantilever spans, the factored negative
13.24.5] dead load moment is
Wps?
Mp = =2 + WeypL
msto g g 000 a5
[3.241.2] 2

[refer to the typical section and
curb/parapet cross section|
L=375ft—-0.66ft=309f

kips
(0.185 ?) (3.75 ft)?

2

Mp =

+ (0.657 %) (3.09 ft)

= 3.33 ft-kips/ft width of slab

AASHTO The centerline of the wheel will be placed
[3.2421] 1 ft from the face of the curb.
I3.24.5] Each wheel on the slab perpendicular to traf-
fic is distributed over a width of
|€q. 3-17] E=08X+375ft
= (0.8)(1.0 ft) + 3.75 it
=4.55 ft
X = distance in feet from wheel load to point
of support
X=37mk-27ft=104%
AASHTO The factored negative wheel load plus im-
[3.24.51] pact rmoment is

X
Mpyr=FPryt (f)
1.00 ft)

= (56.4 kips) (4'55 &

= 12.40 &-kips/ft width of slab

The total factored negative moment is
M, = Mp+ My,

= 3.33 ft-kips + 12.40 ft-kips

= 15.73 ft-kips/ft width of slab

Step 4: Design for moment.

The compressive strength of the concrete at 28 days
is f! = 4500 Ibf/in’. The specified minimum yield point
of the steel is Fy = 60,000 Ibf/in®. Determine the max-
imum and minimum steel reinforcement needed.

AASHTO The maximum ratio of tension reinforcement
[g1631 8 is
816.3.21 _
(86311  Pmax = 0.75p, = (0.75)(0.0311) = 0.0233
[8.16.27] B, =0.85 - 0.025 = 0.825

Since f! = 4500 1bf/in?,

~ (0.85B. f! 87,000

[8163.22] pp = ( F, §7.000 £ F,

(0.85)(0.825) (4500 111':—5)

60,000 ;lb—zf
in
87,000
x Ibf
87,000 + 60,000 —5
jhed
= 0.0311




Determine the areas of positive and negative steel.

AASHTO  ¢M, = ¢A,F, (d - E)
(B16.3.2 8 2 i
8-16] A, 60 =22
Eq. e AsFy B s inZ
= - = .
0.85/0 (4 g5) (4.5 k'—pf) (12 in)
n
= 1.3074,
Assurmne No. 6 steel rebar.
d =9in—0.5 in for integral wearing surface
— 2.0 in for cover — 0.38 in
=6.12 in
(8.16.1.2] ¢ = 0.9 for flexure

M, = ¢ M, for continucus spans

ft-kips in
(1n00 2550 (112

=094, (60 k‘—’f)
in

X (6.12 in — (-l-%(—]z) A,)

A2 - 0,364, +6.08 =0

_9.36 - /(9.36) — (4)(6.08)
= 2

= 0.70 in?/ft of siab width

As

Use #6 @ 7Yz in (A4, = 0.71 in?/ft).

A, 071in®>
P=td T Emizm

Check moment capacity.

_ A,
*= v857b
kips
0.71 in?) { 60 —
~ ( in )(6 inz)
(0.85) (4.5 k’—"f) (12 in)
m
=0.928 in
g = 0.464 in

AASHTO
[Ba73]

IEq. 8-62|

B133e
£q. 8-2)

{8.15.2.1.1]

18.1.2]

|Eq. 8-52]

[8.13.3;
8.15.2)

OM,, = (0.9)(0.71 in?) (60 %)

. . 1ft
x (6.12 in — 0.464 in) (12 in)
= 18.08 ft-kips/it of slab width
M, = 17.89 fi-kips/ft of slab width

[< $Mpn, so QK]

Check minimum steel.

In a flexural member where tension rein-
forcement is required by analysis, the mini-
mum reinforcement provided shall be
adequate to develop a moment capacity at
least 1.2 times the cracking moment.

¢My 2 1.2M
Mcr - frIg
2

Jfr = modulus of rupture
= 7.5,/F7 for normal weight concrete

F = 4500 lbf/in®
I; = moment of inertia of gross section
about centroidal axis, neglecting

reinforcement

1 = distance from centroidal axis to extreme
fiber in tension

¢M, > 1L.2M
M, = Ils
Ye
; Y
7.5\/1’—; ((12 lnl)gg ln) )

4.5 in

9 1ft 1 kip
12 in / \ 1000 Ibf

= 6.79 ft-kips/ft

1.2M = (1.2)(6.79 ft-kips)

= 8.15 ft-kips/ft

[5 éM,, (18.08 ft-kips/ﬁ‘-),]
so OK

™

L=}

b

—




AASHTO
[3.24.10|

[3.24.10.2 8
£q.3-22|

AASHTO
[3.24.10.3|

3.24.4]

Distribution Reinforcement

Reinforcement transverse to the main steel
reinforcement {which is perpendicular to traf-
fic) is placed in the bottom of all slabs. The
amount shall be a percentage of the main
reinforcement required as determined in the
following formula. )

The percentage is 220/v/S, with a maximum
of 67%.

- =714% [67% maximum allowed]
9.5 ft
A, = (0.67)(0.70 in?)
= 0.47 in?/ft

Use #6 @ 9 in (A, = 0.59 in®/ft) in the
bottom and perpendicular to the main re-
inforcement in the middle half of the slab
span.

A two-lane bridge for an HS 25 loading is supported
by seven W30 x 108 steel beams with a 14 in x %16
in cover plate and an 8 in x 29.5 ft wide (26.0 ft road-
way width) concrete slab. The future wearing surface is
0.030 kips/ft2. The concrete has an f! of 3.0 kips/in®.
The F, of the reinforcing steel is 60.0 kips/in®. The
superstructure span is 60.2 ft center to center on bear-
ings (the overall beam length is 61.70 ft). It is 3.28 ft
high including the concrete slab, steel beams, and 0.12
ft bearing, and is attached to the top of the stem with
a hinged support that transmits horizontal and vertical
load but not moment.

29ft6in
50% of the specified distribution reinforce- 1fi8in .| ]
ment is used in the outer quarters of the slab — sSiflflnlioetviey) ]
span. _\l Gat4ft3in h
Step 5: Design for shear and bond. I I I I
Slabs designed for bending moment in ac- RSN IR N
cordance with AASHTO Sec. 3.24.3 (wheel 12 ftf— G
loads) are considered satisfactory in bond
and shear. 29ft6in
away from at
abutment abutment
12in 2in
—_ T | |
oo 21| 71In
RN M
Ciacod| curb l1f7in
e and
32in ;-0 ;, parapet
-,a-"-n ‘;_, -1
"',i-".. A 10in
R
.'. ® - — 3 in
d ta m‘-b‘: -.i:'.- . -u'.-!.
8in 'P'f".‘lﬁm‘u 'slab %) e o ffq ST
"6‘"'“- “n a e i [ N =..'n|" &
5.87 ft 3.28 ft
254it| |249K W30 X 108 beam
{no cover
plate)
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The abutment has a total height of 16 ft and a length
of 29.5 ft including 3.0 ft cheek walls, and it hes a spread
footing and no backwall. It is placed on a gravel and
sand soil with a safe bearing capacity of 8 kips/ft2. The
density of the compacted earth filt is 120 Ibf/ft3, and
the lateral earth pressure (equivalent fluid weight) is
35 \bf/ft3. Assumed dimensions of the abutment are
shown. A live surcharge of 2 ft of soil is placed on the
bridge approach (AASHTO 3.20.3 and 5.5.2).

depth of superstructure = 3.28 ft
. (slab, beam,
VWO and bearing)
1
12ft0in 14ft0in
12
T=3f0in
LI
|z
2ft0in
2ft0in 2ft8in  5ftdin
1o | B=11f0in | heel

Analyze the structure for stability, design the footing
and abutment system, and conduct a bearing check of
the footing.

Solution:
Step 1: Determine loadings.

AASHTO The loadings that must be considered in this
[3.8.1.2; example are dead load, live load, earth pres-
320;55  sure, wind load on structure, wind load on

75.2] live load, longitudinal force from live load,
and longitudinal friction force due to tem-
perature. There will be no buoyancy, stream
flow pressure, or ice pressure loadings for
this overpass structure. Impact loadings are
not considered for abutments. Centrifugal
forces do not exist for this straight structure.
Earthquake loading is not considered.

AASHTO Service loads are used in determining if the
3.222; abutment is safe against overturning about
75.21; the toe of the footing, against sliding on

5.5.5| the footing base, and against crushing of the
foundation material at the point of maxi-

muln pressure.

AASHTO
[3.22.;
Table
3.220A,
and
footnotes|

AASHTO
[3.22.3;
5.5.6|

AASHTO
[3.22.1;

Table
3.221A; and
footnotes

: o T
EIHECT T AT

AASHTO load combinations for service load
design for abutment and footing are given by

Group N = ~[(BpD) + (BLL) + (BeE)
+ (BwW) + (Bw WL
+ (BLLF) + (BrT))

GroupI = (L0)(1D + 1L +1E)

Group II = (LO)(1D +1E +1W)

Group III = (1.0}(1D + 1L + 1E + 0.3W
+ 1WL + 1LF)

Group IV = (L.0O)(1D + 1L +1E 4 1T)

GroupV = (1L.0}{1D + 1E + 1W +1T)

Group VI = (1.O){(1D+ 1L +1E+0.3W
+ 1WL + 1LF + 1T)

Group VII = (LO)(1D + 1E)

Group VIII = (1.0}{1D+ 1L+ 1E)

Group IX = (1.0){1D+1E + 1W)

Group VII loading is not as critical as Group
I loading. Group VIII loading is the same as
Group I loading, and Group IX loading is the
same as Group II loading. Therefore, Group
I, IL, IIL, IV, V, and VI loadings will be the
only ones considered in checking for stability
and bearing pressure for the abutment.

Factored loads are used for designing struc-
tural members using the load factor concept.

Group loading combinations for load factor
design are given by

Group N =~(8pD +G.L+ BeE + BwW
+ BwrWL + 8r LF + 8gT)

GroupI = (1.3)((0.75 or 1)D + 1.67L
+1E)

Group II = (1.3)({0.75 or 1)D + 1E +1W)

Group I1I = (1.3){(0.750r 1)D + 1L+ 1E

+0.3W + 1WL + 1LF)
Group IV = (L.3)((0.75 or 1)D + 1L + 1E
+ 1T}
Group V = (1.25)({(0.75 or 1)D + 1E
+1W +1T)

Group VI = (1.25)((0.75 or 1)D + 1L
+1E+0.3W + 1WL + 1LF
+1T)

Note that in the equations for Groups I
through VI, 8p depends on the magnitude
of axial load and moment used for column
design. Use 0.75 when checking the member
for minimum axial load and maximum mo-
ment. Use 1.0 when checking the member

|

r -
bl




for maximum axial load and minimum mo-
ment. For flexural and tension members, Gp
is 1.0.

Group I, II, IIL, IV, V, and VI loadings will
be the only ones considered for designing
structural members by the load factor de-

sign.
Determine the total dead load weight of the
superstructure on the abutment by calculat-

ing the dead load weights of the individual
components and then adding them.

For seven beams (W 30 x 108),

(61.70 £t) (0.108 k_‘&'?f)(_;_)

= 23.32 kips

For seven cover plates (14 in x 916 in), as-
suming the weight of steel is 0.49 kip/ft3,

oo (5 ) (4) (33028

= 0.0268 kip/ft
kip 7
(60.2 ft — 2.0 ft) (0.0268 F) (-2—)
= 5.46 kips

For the end block and diaphragm,

(29.5 ££)(2.75 £)(1.50 ft) (0.150 %)

= 18.25 kips
For the 29.5 ft x 8 in slab,
0.150 l—“—f
(61.70 £)(29.50 ft)(0.667 ft) > ft.

= 91.05 kips
For the curb and parapets,
(61.70 ft)(3.37 &2)(0.150 %) = 31.19 kips
For a 30 1bf/ft? future wearing surface,
kip
(0.030 =3

(61.70 £t)(26.00 ft) >

= 24.06 kips

The total superstructure weight on the abut-
ment is 193.33 kips.

I

The dead load weight per foot of abutment

is

D= 193.33 kips
29.50 ft

Determine the live load weight on the super-
structure. Use HS 25 loading.

= 6.55 kips/ft

AASHTO
IFig. 3.7.7A]
HS 25 truck (= HS5 20 loading X 1.25)
40 kips 40 kips 10 kips
Wz 46.2 ft
+ 14 ft 14t 3224t
l
max R 60.20 ft
max R = 40 kips + (gg‘g ::) {40 kips) +{22 g)no kips)
= 76.05 kips/lane
AASHTO For an HS 25 lane loading (simulate the truck
[Fig. 3768 train loading},
(26 kips)(1.25) (0.64 kips/ft)(1.25)
= 32.50 kips = 0.800 kips/ft
Y |
W o
+ 60.20 ft

max R

max R = 32.50 kips +

Is.5.2]

175.21]

(0.800 %) 60.20 1
2

= 66.58 kips/lane

HS 25 truck loading controls the maximum
reaction, which is 76.05 kips/lane.

The maximum live load per foot of abutment
is

(2 lanes) (76.05 Xdps
lane

29.50 ft

Determine the lateral earth pressure.

An equivalent fluid weight of 35 Ibf/ft? is as-
sumed for determining the lateral earth pres-
sure,

The effect of passive pressure due to soil in
front of the abutment will be negiected.




13203 &
5.52|

[2ndiStiittual Professional Engineennexanis:

A live load surcharge pressure equal to 2 ft
of earth will be added to the approach.

1bf

(2 f)(35 f—) = 70 Ibf/ft?

The lateral pressure due to the earth backfill
is

(3.28 ft + 16 ft) (35 le) = 675 Ibf/ft?

The load due to earth and live load surcharge
is as follows.

2 ft of soil for live load surcharge

2 ft

3.28ft

16 ft

stem
base

AASHTO
315233
[335.2.1.2;
3.15.2.1.3|
[3.15.3]

[39]

\_ Ls = 135 kipsfft
~=—

‘—3\4_5 = 6.51 kips/it

X

j\ 643ft
\

—

9.64 ft

70 Ibfft2 675 Ibffi?

Ls= (0 070 l;—) (19.28 ft) = 1.35 kips/ft

( 2) (o 675 Ep) (19.28 ft)

= 6.51 kips/ft

E=

Determine other forces acting on the abut-
ment.

Weuper = wind load on the superstructure
WL = wind load on live load

Wyp = wind upward force (i.e., overturning
tendency)

LF gy = longitudinal force from the live load—
horizontal

LFv =longitudinal force from the live load—

vertical

[3.16]

[315.2.2]

AASHTO
1315.2..3]

Ty = longitudinal force due to temperature/
friction

Weuw = wind load directly on the substrue-
ture

Note: The transverse wind loads in the plane
of abutment stem length are neglected since
the abutment is long (i.e., 29.5 ft).

Determine the wind load, Wiyper, 0n the su-
perstructure transmitted to the substructure.
For the usual girder having span lengths less
than 125 ft, the transverse wind loading on
the superstructure can be taken as 50 1bf/ft2,
and the longitudinal wind loading can be
taken as 12 Ibf/ft2.

The transverse wind loading in the plane of
the stem will be neglected in this example
since the abutment is so long (i.e., 29.5 ft).

The projected area of the superstructure is
beam and cover = 29.87 in + i in

16
= 30.4 in

The height exposed to the wind, including
the slab and parapet, is

(30.4 + 8 in slab + 32 in curb and parapet)

9 1ft
12 in
The distance of the center of gravity of the
superstructure area above the top of the
abutment is
5.87 ft

—2—-005 ft + 0.12 ft bearing = 3.03 ft

The longitudinal wind loading is

) = 5.87 ft

(61.70 ft)(5.87 ft) (o 012 ﬁp)
= 4.35 kips

This longitudinal force must be transmitted
to the substructure through the bearings as
follows.

ft
0.12 ft bearing

4.35 kips
- ‘ assumed
T P
60.20 ft +

f—

£

—




AASHTO
[3.15.2.2

AASHTO
13.15.3]

The longitudinal (horizontal) wind loading
at the top of the abutment is

4.35 kips

Waoper(r) = 29.5 ft abutment width
= 0.15 kip/ft width

The vertical wind loading at the top of the

abutment is

(4.35 kips)(3.03 ft)
60.2 ft

=0.22 kip

0.22 kip
29.5 ft abutment width

= 0.007 kip/ft [negligible]

Wsu per{V) =

Determine the wind load directly on the sub-
structure, Wsub-

A wind loading of 40 1bf/ft? will act perpen-
dicular to the exposed stem of the abutment.
The horizontal wind loading at 10 ft (12 ft/2
4 2 ft + 2 ft) above the base of the abutment
footing is

kip
2
= 0.48 kip/ft

Waun(my) = (0.040 ) (12 ft)

12 ft = exposed stem height
Determine the upward wind load, Wy,.

The upward force will be 20 Ibf/ft? of hori-
zontal area for Group Il and V combinations
and 6 1bf/ft? for Group II and Group VI
combinations. (The quarter point provision
is ignored.)

Yor Groups II and V, the uplift is

(61.70 £)(26.5 ft) (o.ozo %)
(2)(29.5 )
= 0.55 kip/ft
61.70 ft = overall beam length

26.5 ft = roadway deck width plus 3 in curbs
assumed

Wy =

29.5 ft = slab width = abutment width
For Groups III and VI, the uplift is

(61.70 £t)(26.5 ft) (0.006 %’)

(2)(29.5 )
= 0.17 kip/£

Wup =

AASHTO Determine the wind load, WL, transmitted
1315222  to the substructure by the wind load on the
§315213] moving live load.

The longitudinal wind loading on the live
load is taken as 40 1bf/ft and acts at a point
6 ft above the deck.

The longitudinal wind load is

(61.70 ft) (0.040 E;EE) = 2.47 kips

This longitudinal force is transmitted to the
substructure through the bearings as follows.

The reaction at A is

(2.47 kips)(9.28 ft)
60.2 ft

=0.38 kip

2.47 kips =
top of abutment _..;_.;..E 9'28_? LS A L)

0.12 ft bearing
‘ assumed
> e ¥
+ 60.20 ft +
1
Y Y
A 0.38 kip

0.38 kip

The horizontal wind loading at the top of
the abutment is

_ 247 kips

WLH = m = 0.08 klp/ft

The vertical wind loading at the top of the
abutment is

0.38 kip
Whv = 255 &

= 0.01 kip/ft width

[negligible]

AASHTO A longitudinal force of 5% of the live load in
iFig. 3768  all lanes is located 6 ft above the floor slab.

&34l For HS 25 loading, the longitudinal force is

kip

(2 lanes) [(61.70 ft) (0.64 T) (1.25)

+(26 kips)(1.25)] (0.05) = 8.19 kips




D = 6.55 kips/ft
Wiuperis = 0.15 kipfit L = 5,16 kips/ft
WL, = 0.08 kip/it

2 ft of soil for live load surcharge

LF, = 0.28 kip/ft

Tr = O.GS\Ripﬁt W, = 0.55 kip/ft (groups Il & V}
\ W,y = 0.17 kip/ft (groups Il & Vi)
3.28ft
R
e L T iy Sy ——
I
i
|
"o
I |
Wsub . : :
_10.48 kip/ft : : L, = 1.35 kips/ft
11 o
12 ft Iy ® — \
! l \ E = 6.51 kips/ft
I i -
I i
0ft Mt
! P 9.64 ft
TRy PRI IR 77 1f[|®l \543ft
21t : 6in! 5 ftdin
LM 1 | \\
1ft2in
2ft - @ \
o | 1L —
{19.28 {t}0.035 kip/ft3) = 0.67 kip/ft2
X sv {2 f1)(0.035 kip/ft®) = 0.07 kip/ft2
5 11ftdin

This longitudinal force is transmitted to the
substructure through the bearings as follows.

8.19 kips s
top of abutment _-;_,.p 9.28ft (=6 ft + 3.28 ft}

B . .
60.20 ft +
!

1.1 kips

The horizontal force at the top of the abut-
ment is

LFy = 8.19 kips

20.5

The reaction at A is

(8.19 kips)(9.28 ft) )

00 = 1.26 kips
The vertical force at the top of the abutment
is

LFy =

= 0.28 kip/ft

1.26 kips
20.5 ft

= 0.042 kip/ft width [negligible]

AASHTO Determine the temperature force, Ty, due to
13.6) friction.

The longitudinal force due to friction at ex-
pansion bearings, which is transmitted to
both abutments through the superstructure,
is assumed to be 10% (coefficient of friction)
of the dead load reaction.

The friction force is

kips

Ty = (0.10) (6 55 —

) = 0.66 kip/ft
The service loads and moments due to the
loads are summarized in Table 4.

Step 2: Perform a stability analysis and bearing pres-
sure check (service load design).

AASHTO The density of the normal weight concrete is

13361 150 Ibf/ft3. The density of the compacted
earth fill is 120 Ibf/ft3>. To compensate for
incidental field adjustments in the location
of bearings, a 2 in longitudinal eccentricity
from the theoretical centerline of bearing will
be used.

[ )
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AASHTO
[Table 5.5.2B]

|s.5.5]

[5.5.5]

Ls = lateral pressure from 2 ft of soil
for live load surcharge

= ((2 ft) (0.035 L;:—sp) ) (19.28 ft)

= 1.35 kips/ft

E = lateral earth pressure

- ((19.28 ft) (0-035 12—5)“9'28 f) (%))

= 6.51 kips/ft

To create the maximum pressure under the
toe and the minimum pressure under the
heel of the footing, an eccentricity of 2 in
to the left for vertical forces will be used.

Check against sliding and overturning.

The factor of safety against sliding is

fEV 0602V
_= e = —— >
FSg vH SH = 1.5

f is an assumed friction factor of 0.60.
The minimum factor of safety against sliding
is 1.50.

The factor of safety against overturning is

FSo = E—g"ﬁ"-‘;—“ > 2.0

The minimum factor of safety against over-
turning is 2.00 for footings set on soil.

The location of the resultant soil pressure
from the toe is given by

_ EMyii0e — TMy
- v
B
% v . ¢
base of
| /"footing

T

s0il pressure

12

IFg-
4471130

5558
447

The eccentricity of the resultant soil pressure
is given by

-I

v o

egp =

For eg < B/6, the pressure under the foot-
ing is given by

gt = (PBK) (1 + 6—;;‘5) [at toe]
aim (Z2) (152 o

For a footing set on soil, the location of the
resultant soil pressure should be within the
middle one-third of the base (i.e., eg < B/6).
B/6 in this problem is 11 ft/6 and is equal
to 1.83 ft.

The safe bearing capacity of the gravel-
sand foundation material is assumed to be
8 kips/ft?.

Table 4 summarizes service loads and service
load moments at the toe of the footing.

The stability and bearing pressure check is
summarized in Table 5.

Also note that in this problem, Group VII
loading is not as critical as Group I loading,
Group VTII loading is the same as Group I
loading, and Group IX loading is the sawme
as Group II loading.

The minimum values of the factors of safety
against sliding and overturning from Table 5
are

FS5,min = 2.01 from Group V loading
[> 1.50, so OK]
FSo,min = 2.60 from Group VI loading

[> 2.00, so OK]




Table 4 Summary of Service Loads and Moments
fat toe of footing, M\, and M)

Vertical Loads

. " . '
R oS e gl

item v lever arm My e
number items (kips/ft) from toe (ft) (ft-kips/ft)
concrete 1  D(11.00 ft x 2.00 it x 0.150 kcf) 3.30 5.50 18.15
concrete 2 D(14.00 ft x 1.50 ft x 0.150 kcf) 3.15 3.75 11.81
concrete 3 D(l2x14.00 ft x 1.17 ft x 0.150 kef) 1.23 4.89 6.01
soil 4  FE(lj2x 14.00 ft x 1.17 ft x 0.120 kef) 0.98 5.28 5.17
soil 5 E(14.00 ft x 5.33 ft x 0.120 kef) 8.95 8.33 74.595
soil 6 E(6.50ft x 3.28 it x 0.120 kcf) 2.56 7.75 19.84
live load surcharge 7  L4(6.50 ft x 2.00 ft x 0.120 kcf) 1.56 7.75 12.09
superstructure 8 D 6.55 3.58 23.45
live load 9 L 5.16 3.58 18.47
wind upward 10 Wyp (Groups II & V) —0.55 3.58 -1.97
0.3W,;, (Groups III & VI}) —0.05 3.58 —0.18
Horizontal Loads
lever arm
item H  from footing My
number iterns (kips/ft) base (ft) (fi-kips/ft)
11  Lg (live load surcharge) 1.35 9.64 13.01
12 FE 6.51 6.43 41.86
13 LF 0.24 16.00 3.84
14 Ty 0.66 16.00 10.56
15 WLy 0.08 16.00 1.28
16 Wiuper(s){Groups II & V) 0.15 16.00 2.40
17 0.3Wuper()(Groups ITI & VI) 0.045  16.00 0.72
18  Weun(Groups I & V) 0.48 10.00 4.80
19 0.3W,yp(Groups III & VI) 0.144 10.00 1.44
Table 5 Stablilly and Bearing Pressures
gloup TV TH  SMyse — TMy T e @ ah
loading® (kips) (kips) (ft-kips/ft) (ft-kips/ft) FSs FSo (ft) (ft) (kips/f°) (kips/f&>)
1 33.44 7.86 189.54 54.87 2.55 345 4.03 1.47 5.48 0.60
11 26.17 7.14 157.01 49.06 220 3.20 4.12 1.38 4.16 0.59
II1 33.39 837 189.36 62.15 239 3.05 381 1.69 5.81 0.24
Iv 33.44 8.52 189.54 65.43 235 290 3.71 1.79 6.01 0.07
Vv 26.17 7.80 157.01 59.62 2.01 263 3.72 1.78 4.69 0.07
VI 33.27  9.03 188.93 72.71 2.21 2.60 3.49 201 6.36 -

@Refer to Service Load Design in AASHTOQ, Table 3.22.1A.

e

A

L)




The eccentricity of the resultant soil pres-
sure, LV, is

eg,max = 2.01 ft from Group VI loading
[>1.83 it =(B/6 = 11 ft/6)]

(The resultant soil pressure is 0.18 ft in out-
side that middle third for Group VI loading,
but 2.0t ft is considered acceptable in this
problem.)

Check soil pressure.
G.mex = 6.36 kips/ft® from Group VI load-
ing

< safe bearing capacity
{= 8.00 kips/ft?), so OK]

Step 3: Analyze and design for footing (load factor de-
sign).

AASHTO To get factored loads, multiply the service
13.22| loads by the following factors for the various
group loading combinations.

AASHTO Be = 1.0 for vertical earth pressure’

[Table e = 1.3 for lateral earth pressure
3.221A Ap = 1.0 for flexural members
Footnotes|

AASHTO D and Eyereicar (1.30)(1.0) (Groups I, II, III
{Table IV) or (1.25){1.0) (Groups V, VI}
3.2214)
L and Ls: (1.30)(1.67) (Group I) or (1.30)(1.0)
(Groups III, IV) or (1.25)(1.0}
{Group VI)

Eaterar {1.30){1.30) (Groups I, II, III, TV)
or (1.25}(1.30) {Groups V, VI)

W: (1.30)(1.0) (Group II) or {1.30){0.30)
(Group III) or (1.25)(1.0) (Group V)
or (1.25){0.3) (Group VI)

WL g: (1.30)(1.0) (Group III) or (1.25)(1.0}
{Group VI) for horizontal wind force
transmitted from live load

LF: (1.30)(1.0) (Group III) or (1.25)(1.0)
(Group VI) for longitudinal force
from live load

Ty: (1.30)(1.0) (Group IV) or (1.25)(1.0)
(Groups V, VI) for temperature force
due to friction at bearing

i
{1.3H2 ft) | l

x {0.15 kipft®) = 0.39 kip/ft? "‘N_‘

Group |
loading

where

E = earth pressure: vertical or lateral

Lg = live load surcharge eurth pressure
equal to 2 ft of earth at the approach

Wb = horizontal wind force acting on the
abutment stem

Woeuper(r) = horizontal wind force transmit-
ted from superstructure

Wup = upward wind force (vertical)
D = dead load from superstructure
L = live load

Factored loads and moments resulting from
the factored loads are given in Tables 6-4.

Determine the factored shear and moment.

The factored bearing pressures under the
footing at toe (g:) and heel (g ) for the vari-
ous group loading combinations are summa-
rized in Table 10.

Group | loading is critical for the toe of the
footing. The factored shear and moment at
the front of the stem for this loading are (as-
sume d = 19.5 in or 1.63 ft)

It  267R 533 ft

d=163ft
1 f=d= .

{sea Table 10} et

__l -0.33 kip/f12
9.31 kipsfft2 7 6.68 kips/ft2 [~ 0.38 f
8.04 kips/it2

kips kips
9.31 - -+ 8.04 - ki
v, = ft 5 ft° _ 039 —f‘t‘?f

x (3.00 ft — 1.63 ft)

= 11.35 kips/ft fa.t a distance d from the
ace of the stem)

M, = (6.68 -k;t%s -0.39 5‘&%5-)
x (3.00 ft)(1.50 &)
1 kips kips)
= 3l —5- — 6.68 —
+ (2) (931 = =7
x (3.00 ft)(2.00 ft)
= 36.20 ft-kips/ft




Table 6 Factored Verlical Loads

lever

factored V' (kips/ft)

item service arm from toe
numbers item V kips/ft (ft) I II II1 v v VI
1 Deoncrete 3.30 5.50 429 429 429 429 413 4.13
2 Dconcrate 3.15 3.75 410 410 410 410 384 3.94
3 Deancrete 1.23 4.89 160 160 160 160 154 1.54
4 Evertical 0.98 5.28 127 127 127 127 123 1.23
5 Elvertical B.95 8.33 1164 11.64 1164 11.64 11.19 11.19
6 Evertical 2.56 7.75 333 333 333 333 320 3.2
7 Ls® (surcharge) 1,56 7.75 3.39 2.03 2.03 1.95
8 Dgupem;ructure 6-55 3-58 8-52 8-52 8.52 8.52 8.19 8-19
9 Liive 1osd 5.16 3.58 11.20 6.71 6.71 6.45
10 Wap ~0.55 3.58 -0.72 -0.06 -0.69 -0.06
zvV 49.34 34.03 43.43 4349 3273 41.76
%Treated as a live load
Table 7 Moments Resulting from Faclored Vertical Loads
factored My e (ft-kips/ft)
item
numnbers item I II IIT IV v VI
1 Doncrete 23.60 23.60 23.60 2360 22.72 22.72
2 Deoncrete 15.38 15.38 1538 15.38 14.78 14.78
3 Doncrete 7.82 7.82 7.82 7.82 7.53 7.53
4 E ertical 6.71 6.71 6.71 6.71 649  6.49
5 Eertical 96.96 96.96 9696 96.96 93.21 93.21
6 Evertical 25.81 25.81 25.81 25.81 2480 24.80
7 Lg (surcharge) 26.27 15.73 15.73 15.11
8 D 30.50 30.50 30.50 30.50 29.32 26.32
9 L 40.10 24.02  24.02 23.09
10 Wp -2.58 -0.21 —247 -0.21
EMv toe 273.15 204.20 246.32 246.53 196.38 236.84
Tabie 8 Factored Horizontal Loads
lever arm factored H (kips/ft)
item service (ft from
numbers item H (kips/ft) footing base) I 11 III v Vv VI
11 Ls® (surcharge) 1.35 9.64 2.93 1.76  1.76 1.69
12 Elateral 6.51 6.43 11.00 11.00 11.00 11.00 10.58 10.58
13 LF 0.28 16.00 0.36 0.35
14 Ty 0.66 16.00 08 0.83 0.83
15 WL 0.08 16.00 0.10 0.10
16 Weuper(#) 0.15 16.00 0.20 0.06 0.19 0.06
18 aub 0.48 10.00 0.62 0.19 0.60 0.18
TH 13.93 11.82 13.47 13.62 12.20 13.79

@Treated as a live load




The eccentricity of the resultant soil pres-
-t sure, LV, is

eg max = 2.01 f from Group VI loading
{> 1.83 ft = (B/6 = 11 {t/6)]

(The resultant soil pressure is 0.18 ft in out-
side that middle third for Group VI loading,
but 2.01 ft is considered acceptable in this
problem.)

Check soil pressure.
. mex = 6.36 kips/ft® from Group VI load-
ing

< safe bearing capacity
[(= 8.00 kips/ft?), so OK]

Step 3: Analyze and design for footing (load factor de-
sign).
AASHTO To get factored loads, multiply the service

3:22] loads by the following factors for the various
group loading combinations.

i AASHTO Ag = 1.0 for vertical earth pressure’
} [Table fBg = 1.3 for lateral earth pressure
: 32214 fAp = 1.0 for fiexural members
Foatnotes|

aasHTo D and Eyepricar: (1.30)(1.0) (Groups I, II, 1II
[Table IV) or (1.25)(1.0) (Groups V, VI})
3.22.14]
Land Lg: (1.30)(1.67) (Group I) or (1.30){1.0)
(Groups III, IV) or (1.25)(1.0)
{Group VT)

Elaterar {1.30)(1.30) (Groups I, II, III, IV)
or (1.25)(1.30) (Groups V, VI)

W: (1.30)(1.0) (Group II) or (1.30)(0.30)
{Group III) or {1.25)(1.0) (Group V)
or {1.25)(0.3) (Group VI)

WLy: (1.30)(1.0) (Group III) or (1.25)(1.0)
(Group VI) for horizontal wind force
transmitted from live load

LF: (1.30)(1.0} (Group III) or (1.25)(1.0}
(Group VI) for longitudinal force
from live load

Ty: (1.30)(1.0) (Group IV) or (1.25)(1.0})
(Groups V, VI) for temperature force

where

E = earth pressure: vertical or lateral

Lg = live load surcharge earth pressure
equal to 2 ft of earth at the approach

Weub = horizontal wind force acting on the
abutment stem

Wauper(##) = horizontal wind force transmit-
ted from superstructure

Wyp = upward wind force (vertical)
D = dead load from superstructure
L = live load

Factored loads and moments resulting from
the factored loads are given in Tables 6-9.

Determine the factored shear and moment.

The factored bearing pressures under the
footing at toe (g;) and heel (g, ) for the vari-
ous group loading combinations are summa-
rized in Table 10.

Group 1 loading is critical for the toe of the
footing. The factored shear and moment at
the front of the stem for this loading are (as-
sume d = 19.5 in or 1.63 ft)

3ft  267h 533 ft

|
(1.342 fu) | I
x {0.15 kip/ft®) = 0.39 kip/ft? —N_|
Group | =1
loading — —d=163ft 21t
{see Table 10} - 1 5
J’%_l -0.33 kiplﬂz
9,31 kips/ft? / 6.68 kips/h2 038
8.04 kips/ft2
kips kips
931 — +8.04 —- :
2 2 kips
Vi f B _ .39 2B
2 ft~

x (3.00 ft — 1.63 ft)

= 11.35 kips/t gat a distance d from the
ace of the stem}

kips kips
M, = (6.68 ?- - 0.39 —ftT)
x (3.00 £)(1.50 ft)

1 kips kips)
- 31 — — 6.68 —5-
+ (3) (o %5 i

x (3.00 ££)(2.00 fc)
= 36.20 ft-kips/ft

I due to friction at bearing



Table 6 Factored Verticaf Loads

lever

factored V (kips/ft)

b

item service arm from toe
numbers item V kips/ft {ft) I II I v \% VI
]. Dco"crgtg 3-30 5.50 4-29 4.29 4.29 4.29 4. 13 4.13
2 Dconc;—gtg 3-15 3-75 4. 10 4.10 4-10 4.10 3.94 3.94
3 Deoncrete 1.23 4.89 1.60 1.60 1.60 1.60 1.54 1.54
4 Eertical 0.98 5.28 1.27 1.27 1.27  1.27 1.23 1.23
3 Evertical 8.95 8.33 1164 1164 11.64 11.64 11.19 11.19
6 Evertical 2.56 7.75 3.33 333 333 333 320 3.20
7 Ls® (surcharge) 1.56 7.75 3.39 2.03 2.03 1.95
8 Diguperstructure 6.55 3.58 8.52 852 852 852 B&.19 8.19
9 Liive 1084 5.16 3.58 11.20 6.71 6.71 6.45
10 Wup —0.55 3.58 -0.72 -0.06 —-0.69 -0.06
v 49.34 34.03 43.43 4349 32.73 41.76
2Treated as a live load
Table 7 Moments Resulting from Faclored Vertical Loads
factored My e (ft-kips/ft)
item
numbers item I II III v Vv VI
1 Deoncrete 23.60 23.60 23.60 23.60 2272 22.72
2 D eoncrete 1538 1538 1538 15.38 14.78 14.78
3 D eoncrete 7.82 7.82 7.82 7.82 7.53 7.53
4 Evertical 6.71 6.71 6.71 6.71 6.49 6.49
5 Elertienl 96.96 9696 9696 96.96 93.21 93.21
6 Evortical 2581 25.81 25.81 25.81 2480 24.80
7 Ls (surcharge) 26.27 1573  15.73 15.11
8 D 30.50 30.50 3050 30.50 29.32 2832
9 L 40.10 24.02 24.02 23.09
10 Wap -2.58 ~0.21 —247 -0.21
ZMv oe 273.15 204.20 246,32 246.53 196.38 236.84
Table 8 Factored Horizontal Loads
lever arm factored H (kips/ft)
item service {ft from
numbers item H (kips/ft) footing base) 1 11 I v v VI
11 L¢® (surcharge) 1.35 9.64 2.93 1.76 1.76 1.69
12 Elateral 6.51 6.43 11.00 11.00 11.00 11.00 10.58 10.58
13 LF 0.28 16.00 0.36 0.35
14 Ty 0.66 16.00 0.86 0.83 0.83
15 WLy 0.08 16.00 0.10 0.10
16 Waaper(#) 0.15 16.00 0.20 0.06 0.19 0.06
18 Waub 0.48 10.00 062 (.19 0.60 0.18
zH 13.93 11.82 13.47 13.62 12.20 13.79

8Treated as a live load




Table 9 Moments Resulting from Factored Horizontal Loads

factored My (ft-kips/ft)

item
numbers item 1 11 I1L IV A" VI
11 Ls (surcharge) 28.25 16.97 16.97 16.29
12 Eiatecal 70.73 70.73 70.73 70.73 6GB.03 68.03
13 LF 5.76 5.60
14 Ty 13.76 13.28 13.28
15 WLy 1.60 1.60
16 Wauper(#) 320 096 3.04 0.96
18 Waub 620 1.90 6.00 1.80
EMice 0 98.98 80.13 97.92 101.46 90.35 107.56
Table 10 Faciored Bearing Pressures
group TV rH EMy rce EMy E en & qn
loading  (kips)  (kips)  (kips/ft)  (kips/ft) (ft) (ft) (kips/ft2)  (kips/ft®)
I 49.34 13.93 273.15 98.98 3.53 1.97 9.31 -0.33
i | 34.03 11.82 204.20 80.13 3.65 1.85 6.22 —0.03
IIL 43.28 13.42 246.32 97.92 3.43 2.07 8.38 —0.51
v 43.49 13.62 246.53 101.46 3.33 217 8.63 —-0.73
A 32.73 12.20 196.38 90.35 3.24 2.26 6.64 -0.68
VI, 41.61 13.74 236.84 107.56 3.1 2.39 8.71 -1.15
Design the footing using strength criteria for Design reinforcement for the toe.
concrete and steel of f = 3000 Ibf/in® and
F, = 60,000 Ibf/in?. It will be safe and conservative to neglect
compression reinforcement in the design cal-
. . . culation.
AASHTO Calculate maximum and minimiuumn steel re-
[8.6.2.7; inforcement. For a singly reinforced section, the ultimate
8.36.3| moment is
_ {0858, f ( 87,000 a
Pb = ( F, ) \&o0+F, #My = pAF, (4~ 3)
[Bi61.22 ¢ = 0.90 for flexure

(0.85)(0.85) (3000 %)

60,000
in

87,000

87,000 + 60,000 llnlzf

= (0.0214

Pmax = 0.75p, = (0.75)(0.0214) = 0.0160

AASHTO

(8221

oo Ay
T 0.85f!b

Use d = 24.0 in — 4.0 in cover — 0.5 in for
1/2 diameter of steel assumed = 19.5 in.

A, (60 E)

2
(0.85) (3 ‘:—;‘;—S) (12 in)

in = 1.9604,

a=

a
7= 0.9804,




AASHTO
81711

M, =M, AASHTO
) 8718
(36.20 ft-kips) (12 %) 872
kips .

= (0944.5) 60 m_2 (195 mn - OQSOA,]
A? -19.904, +8.21 =0
A, =042 in®

_ A, 042in?

P=%d = (12 n)(195 in)

=0.0018 [‘: Pmax (: 0.0160), S0 OK]
Try £7 @ 16 in, A, = 0.45 in®.
Check minimum steel.
The minimum reinforcement provided shall
be adequate to develop a factored moment
capacity at least 1.2 times the cracking mo-
ment, unless the area of reinforcement pro-
vided is at least one-third greater than that
required by analysis.
OM, 2 1.2M,,
(0.45 in?) (60 k'—pzs)
am = L/ -0882in _
(0.85) (3 —‘;) (12 in)
in

% =0.441 in

&M, = (0.9)(0.45 in?) (60 %—‘;5)

x (19.50 in — 0.441 in) ( 112 f:‘n) L

= 38.59 ft-kips/f width

The cracking moment, M., is determined by
the transformed area method.

M = iak
I'=1y
fe=15FL

cC=1i

19.5in
24in

B, = 33wl /]l

= (33) (145 g)l's (,/3000 %)

= 3,160,000 bf/in®
E, = 29,000,000 Ibf/in?

20,000,000 2%

n= ——lll;lf =9.19 [round ton = 9]
3,160,000 —
n
The transformed area is
{n = 1)A, = (9 = 1)(0.45 in?) = 3.60 in®
{24 in)(12 in)+3.60 in? = 288.0 in*+3.60 in®
= 291.6 in®

Taking moments about the bottom and solv-
ing the equation,

(291.60 in®)y, = (288 in?)(12 in)
+ (3.60 in2)(4.5 in)

¥» = 11.96 in from bottom

¥, = 12.08in

n.a.

c.g.

Yo = 11.96 in

45in ~1-3.60 in?

I

12in
The moment of inertia about the neutral axis
is
1 . . \3
Iy, = - (12 in)(24 in)
+ (288 in?)(12.0 in — 11.96 in)?

+ (3.60 in?)(11.96 in — 4.5 in)?

= 14,025 in*

[ | LS e

[ S
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AASHTO
(8.15.2.1.1]

fo =T7.5\/T. =7.5,/3000 _1"—2f =411 1bf/in?
n

_ L
T e

Mer

(0.411 k'—pf) (14,000in%)
mn
11.96 in

1ft
12in
= 40.29 ft-kips/ft
1.2M.. = 48.35 ft-kips
[> dMq (= 38.59 ft-kips).]

so no good

Increase the amount of steel.
Try #8 @ 15 in, A, = 0.62 in%.
(0.62 in?) (60 5@)
T~ m_/ _1216in
(0.85) (3 —F;—) (12 in)
mn

a=

= 0.608 in

e

¢M,, = (0.9)(0.62 in?) (60 %)

% (19.50 in — 0.61 in) (%)

= 52.70 ft-kips/ft

The transformed area is
(n - 1)A, = (9—1)(0.62 in?) = 4.96 in?
288.0 in? + 4.96 in% = 202.96 in?

Taking moments about the bottom and solv-
ing the equation,

(292.96 in?)y, = (288 in?)(12 in)

+ (4.96 in®)(4.50 in)
yp =11.87 in

- (%) (12 in)(24 in)?

+ (288 in?)(0.13 in)?
+ (4.96 in?)(7.37 in)?
= 14,100 in*

AASHTO
|Eq. 8-49]

(8.16.1.2.2]

Group V1
loading

{see Table 10}

ki
(0.411 ig.s) (14,100 in*)
n

11.87 in

" 1ft
12 in

= 40.68 ft-kips/ft width

My, =

1.2M,, = 48.82 ft-kips

< ¢pMn (= 52.70 ft-kips),
so OK ]

Use #8 @ 15 in.

Check shear at a distance d from the face
of the stem. The ultimate shear capacity
without shear reinforcement is

$Ve = ¢ (24/f1) bud

#V, = (0.85) (2, {3000 llni.f) (12in)(19.5 in)

= 21,800 Ibf
= 21.80 kips

> Vi from Group I loading (= 11.35 kips at a
distance d from the face of the stem), so OK

Design reinforcement for the heel.

Group VI loading is critical for the heel of
the footing. The factored shear and moment
at the back of the stem for this loading are
as follows.

3ft 267 633 ft

|
{1.251{{19.28 ft} {0.120 kip/fc)
+ {2 f1} (0,150 kip/ft)))
= 2.27 kips/f?

2h
——

ipsiftz |1.zsn i
3.63 kips/ft ~1.15 kipfft2

8.71 kipsfft? I 4.05 ft I

V, = (3.27 %%5) (5.33 ft)

- (%) (3.63 -k;t—pf) (4.05 ft)

= 10.08 kips/ft




AASHTO
[8.22.1]

M, = (3 27 E) (4.05 ££)(2.67 £t)

_ (;) (3 83 kf",f’) (4.08 ft)(4'0§ f‘)

= 36.61 ft-kips/ft

For the heel steel design, use d = 24.0 in —
3.0 cover — 0.5 in for 1/2 diameter of steel
assumed = 20.5 in

A, (so l;;ps)
(0.85) ( l::lp ) (12 in)

a
5= 0.980 A4,

a=

= 1.96A4,

The moment in the heel at the back of the
stem from Group VI loading was 36.61 ft-
kips.

M, = oM, = pA,F, (d - %)

(36.61 ft-kips) (12 %)

= 0.94, (so E‘PE) (20.5 in — 0.9804,)
1'1

A? — 20924, +830=0
A, = 0.40 in®/ft

0.40 in®
(12 in}(20.5 in)

[< Pmax (= 0.0160), S0 OKi

p= = 0.0016

Try #8 @ 15 in, A, = 0.62 in®.

Check minimum steel.

(0.62 in?) (60 @)
a= = in® /1916 in
(0.85) ( lp )(12 n)
% = 0.608 in
dM,, = (0.9)(0.62 in?) (60 l-f‘—‘;f)
in

x (20.50 in — 0.608 in) (12?;)

= 55.49 ft-kips/ft

35in [— 4.96 in?
+— == 5
¥; = 1186 in
205in
¥y = 12.1410n

[8.16.1.2.2}

12in

The transformed ares is
(n—=1)A4, = (9 = 1)(0.62 in?) = 4.96 in®
(24 in)(12 in) + 4.96 in® = 202.96 in?

Taking moments about the top and solving
the equation,

(292.96 in®)y, = (288 in®)(12-in)
+ (4.96 in®)(3.50 in)
y, = 11.86 in

I, = ( 112) (12 in)(24 in)?

+ (288 in?)(0.14 in)?
+ (4.96 in?)(8.36 in)?
= 14,180 in?

(o 411 k“’s) (14,180 in)

X
12 in

= 40.95 ft-kips/ft width

M, =

1.2M,.,. = 49.14 ft-kips
[< ¢Mn (= 55.49 ft-kips),
so OK

Use #8 @ 15 in.

Check shear in the heel at the back of the
stem.

#Ve = (2) (2/F7) bud
¢ = 0.85 for shear

| 1

by




&V, = (0.85) (2, /3000 %) (12in)(20.5 in)

= 22,900 1bf

= 22.90 kips/ft width

> V4 at the back of the stem from
Group VI loading (= 10.08 kips/ft), so OK

Step 4a: Analyze for stem (Load Factor Design).

The stem will be designed for combined ax-
ial load and bending. To compensate for
incidental field adjustments in the location
of bearings for vertical loads, a 2 in longitu-
dinal eccentricity from the theoretical cen-
terline of bearing will be used. This 2 in
eccentricity will produce the maximum or
minimum moment at the stem base.

The stem will be designed only at its base in
this example problem.

The following figure is a summary of service
loads on the stem.

Step 4a(i): Determine the minimum arial load and
mazimum moment with a 2 in eccentricity toward the
stemn front face from the bearing point (Tables 11, 12,
and 13).

2 ft of soil for live
ioad surcharge

AASHTO

[Table
3.22a4|

To get factored loads (load factor design),
the service loads will be multiplied by the
following factors for the various group load-
ing combinations.

Bp = 0.75 when designing members for min-
imum axial load and maximum moment, and
Be = 1.30 for lateral earth pressure.

Dand  (1.3)(0.75) {Groups I, II, III, IV)
Eertical: or (1.25)(0.75) (Groups V, VI)

L and L,: (1.3)(1.67} (Group I} or (1.3)(1)
(Groups III, IV) or (1.25)(1)
(Group VI)

Elatera:  (1.3)(1.30) (Groups 1, II, III, IV)
or (1.25)(1.3) (Groups V, VI)

2 (1.30)(1) (Group II) or (1.3)(0.30)
(Group III) or (1.25)(1} (Group
V) or (1.3)(0.30) (Group VI)

WL: (1.30)(1) (Group III) or (1.25)(1)
(Group VI)

LF: (1.30)(1) (Group III) or (1.25)(1)
{Group VI)

el (1.30)(1) (Group IV) or (1.25)(1)

(Groups V, VI)

?. : gig ::gﬂ bearing paint
Waugens = 0.15 kip/ft + / ®|- 3.28 ft
15 = 0.08 kip/it ]
LF,, = 0.28 kip/ft ol
T, = 0.66 kip/it
4N
W, = 0.55 kip/ft —| L, —-—
9 in-— }
|
A - L, = 1.21 kips/ft
Wiup = 0.48 kip/ft ——= t - .
@ : i
1
H . \ E=5.23 kips/ft
|
8ft : \ 8.64 ft
- i | 5.76 ft
[
! \
IH ——— @ —_—
stem base / + L——l "
v (17.28 m(o.oss 339) = 0.60 kipfft
l\ 0.07 kips/ft?
L—I _._\‘— gantar of stem at base
1f6in 1ft2in

summary of service loads _




Step 4a(ii): The minimum axial load and correspond-
ing moment (Group V loading) are

LV = P, = 10.94 kips/ft (see Table 11)
M, = 72.16 ft-kips/ft (see Table 13)

The mazrimum moment and corresponding
axial load (Group VI loading) are

M, = 90.57 ft-kips (see Table 13)
LV = P, = 18.22 kips/ft (see Table 11}

The maximum shear (Group VI loading) is
ZH =V, = 11.50 kips/ft (see Table 12)

Determine the maximum azial load and
minimum moment with a 2 in eccentricity
toward the stem rear face from the bearing
point (Tables 14, 15, and 186).

To get factored loads (load factor design),
the service loads will be multiplied by the
following factors for the various group load-
ing combinations.

Table 11 Factored Vertical Loads®

factored V (kips/ft)

item service lever
number item V (kips/ft) arm (ft)® I I o i v VI

2 Doncrete 3.15 0.58 3.09 3.09 309 3.09 2.96 2.96
3 Deoncrete 1.23 —~(.55 1.21 1.21 1.21  1.21 1.16 1.16
4 Evertical 0.98 -0.94 0.96 096 096 0.96 0.92 0.92
6 Eartical 0.46 -0.75 045 045 045 045 0.43  0.43
7 L, {(surcharge) 0.28°¢ =0.75 0.61 036 036 0.35
8 ©  Dauperstructure 6.55 0.759 6.42 642 642 6.42 6.16 6.16
9 Liive load 5.16 0.75% 11.20 671 6.71 6.45
10 Wyp =0.55 0.759 -0.72 -0.21 -0.69 -0.21

TV 23.94 1141 18.99 19.20 10.94 18.22

Smember for minimum axial load and maximum moment.

from the center of stem_base.

S(1 & 2 in)(2 E) (0.12 %)

d(1 e 4in-(9 in-2in))=9in=0.75 ft

Table 12 Fadtored Horizontal Loads®

factored H (kips/ft)

item service lever
number item H (kips/ft) arm (ft‘.)'J I II II v v VI

11 L, (surcharge) 1.21 8.64 2.63 1.57 1.57 1.51
12 Ehateral 5.23 5.76 834 884 384 884 8.52 8.52
13 LF 0.28 14.00 0.36 0.35
14 Ty 0.66 14.00 0.86 0.83 0.83
15 WLy 0.08 14.00 0.10 0.10
16 Wauper(H) 0.15 14.00 0.20 0.6 0.19 0.06
18 Waub 0.48 3.00 062 0.19 0.60 0.18
TH 1147 9.66 11.12 11.27 10.14 11.55

%member for minimum axial load and maximum moment.
from the stem base

et
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Table 13 Factored Moments at Stem Base Resulting from Vertical and Horizonial Loads®

l‘ factored Myem (ft-kips/ft)
item
number item I II I v V Vi

2 Deoncrete 1.79 1.79 1.79 1.79 1.72 1.72
3 Deanerete —0.67 -0.67 —0.67 -0.67 ~0.64 —0.64
4 Eertical -0.90 -0.90 —0.90 -0.90 -0.86 -0.86
6 Evertical -0.34 -0.34 -0.34 -0.34 -0.32 -0.32
7 L, (surcharge) -0.46 -0.27 -0.27 -0.26
B8 Diuperstructure 4.82 4.82 4.82 4.82 4.62 4.62
9 Lijive toad 8.40 5.03 5.03 4.84
10 e —0.54 -0.16 -0.52 -0.16
11 L, (surcharge) 22.72 13.56 13.56 13.05
12 E 50.92 50.92 50.92 50.92 49.08 49.08
13 LF 5.04 4.90
14 Ty 12.04 11.62 11.62
15 WLy i.40 1.40
16 Waupec(H) 2.80 0.84 2.66 0.84
18 Waun 4,96 1.52 4.80 1.44

EMgiem BG.28 62.84 82.58 85.98 72.16 91.27

Smember for minimum axial load and maximum moment

i AASHTO fAp = 1.00 when designing members for max- M, = 32.99 ft-kips/ft (see Table 16)
| [Table imum axial load and minimum moment, . 8
| 3.2214} Bg = 1.00 for vertical earth pressure, and £V = P, = 14.79 kips/ft (see Table 14)

Be = 1.3 for lateral earth pressure. .
5 The maximum shear (Group I loading) is

] D and LH = V, = 11.47 kips/ft (see Table 15}
Evericar:  1.30 (Groups L, IL, IIL, TV) or 1.25
} (Groups V, VI} Step 4b: Design for stem (Load Factor Design)
L and L;: (1.3){1.67 I 1.
and Ls: ( ((_lz(roup; I(IC:H;%;)) o)r c;‘r2530 Design the stem using the same strength cri-
(Group V'I), ’ teria for materials used for the toe and heel,
£! = 3000 Ibf/in? and F, = 60,000 Ibf/in®.
Elatera:  (1.3)(1.3) (Groups I, II, III, IV} or
(1.3){1.25) (Groups V, VI) Stem reinforcing will be designed for bending
. only as a singly reinforced beam. The sec-
i 1.3((()}551:;%?1?33: r1 (2152(252123 V) tion will then be checked for combined axiat
or (1.25)(0.3) (Group VI) ig:ﬁ?o?;igb::eillr_lg, neglecting the front face
WL: 130 (Group IIN) or 1.25 (Group VI) Use d = 32,0 in—3.0 in cover ~0.5 in for 1/2
LF: 1.30 (Group III} or 1.25 (Group VI) steel assumed = 28.5 in '
T: 1.30 (Group IV) or 1.25 32.0 i
(Groups V, VI) & = g M 35in=125in
. . : A Fy
The maximum axial load and corresponding @ =535 7'
] moment (Group I loading) are e
4, (60 KBS
LV = P, = 27.90 kips/ft (see Table 14) . i g6A
= - =1.96A4,
M, = 81.32 ft-kips/ft (see Table 16) (0.85) (3 -k-‘%s-) (12 in)
. in
The minimum moment and corresponding & _ 0.980A
axial load (Group V loading) are 9= s
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Table 14 Factored Verlical Logds®

factored V' (kips/ft)

item service lever
number item  V (kips/ft) arm (ft)® I I I v vV VI
2 Deonerete 3.15 0.58 4.10 4.10 4.10 4.10 3.94 3.04
3 Deoncrete 1.23 —0.55 1.60 1.60 1.60 1.60 1.54 1.54
4 vertical 0.98 ~0.94 1.27 1.27 1.27  1.27 1.23 1.23
6 Eyerticat 0.46 -0.75 0.60 0.60 0.60 0.60 0.58 0.58
7 L, (surcharge)  0.28 -0.75 0.61 036 0.36 0.35
8 superstructure 6.55 0.42¢ 8.52 8.52 8.52 8.52 8.19 8.19
9 Ltive 10ad 5.16 0.42¢ 11.20 6.71 6.71 6.45
10 Wy —0.55 0.42¢ -0.72 -=0.21 -0.69 -0.21
v 27.90 1537 2295 23.16 14.79 22.07
Smember for maximum axial load and minimum moment.  Pfrom the center of stem base.
¢(1ftdin— (9in+2in)) =5 in =042 ft.
Table 15 Factored Horizontal Loads®
factored H (kips/ft)
item service lever
number item H (kips/ft) arm (ft)° I I Im v v VI
11 L, (surcharge) 1.21 8.64 2.63 1.57  1.57 1.51
12 lateral 5.23 5.76 8.84 8.84 8.84 8.84 8.52 8.52
13 LF -0.28 14.00 -0.36 —0.35
14 Ty -0.66 14.00 -0.86 -0.83 -0.83
15 WLy ~0.08 14.00 —-0.10 —0.10
16 Wauper(#) -0.15 14.00 —-0.20 -0.06 -0.19 -—-0.06
18 - sub —0.48 8.00 -0.62 -0.19 -0.60 -0.18
TH 11.47 B.02 9.70 9.55 6.90 8.51
%member for maximum axial load and minimum moment.  Y“from the stem base.
Table 16 Factored Moments at Stem Base Resulting from Vertical and Horizontal Loads®
factored Mypem (ft-kips/ft)
item
number item I IT I v v VI
2 Dconcrehe 2.38 2.38 2-38 2-38 2.29 2.29
3 Deoncrete —0.88 —0.88 -0.88 —0.88 -0.85 —0.85
4 Eertical -1.19 -1.19 -1.19 -1.19 -1.16 —1.16
6 Eertical -0.45 —0.45 —0.45 —0.45 —0.44 -0.44
7 L, (surcharge) —0.46 -0.27 -0.27 -0.26
8 supamzruc;ure 3.58 3-58 3-58 3»58 3-44 3.44
9 Ljive 10ad 4.70 2.82 2.82 2.71
10 Wy -0.30 -0.09 -0.29 -0.09
11 L, (surcharge) 22.72 13.56 13.56 13.05
12 Elacerat 50.92 50.92 50.92 50.92 49.08 49.08
13 LF -5.04 —-4.90
14 Ty —-12.04 —11.62 -11.62
15 WLy -=1.40 —1.40
16 Wauper(#) -2.80 -0.84 -2.66 -0.84
18 Weub —4.96 —-1.52 —4.80 —~1.44
EMstem 81.32 46.30 61.58 58.43 32.99 47.57
2member for maximum axial load and minimum moment
B TR e L

—




AASHTO
1B.16.4.2;
Eq. 6-31;
£q. 830}

18.16.4.2.3;
Eq. 8-32;
Eq. 8-33]

For the maximum moment, Group VI load-
ing (see Table 13) is

M, = (91.27 fo-kips) (12 ‘E_‘t‘)

= (0.94,) (so @)
x (28.5 in — 0.9804,)
My = ¢Mn
A? —29.084, +20.54 =0

Ay = 0.72 in®/ft for bending
Try #6 @ 7 in (4, = 0.76 in?).
__ 076in®
P = (12 in)(28.5 in)
[< pmax (= 0.016), so OK]

=0.0022

Use #6 @ 7 in (A, = 0.76 in®/ft).

Check for combined axial force and bend-
ing. The AASHTOQ equations for pure com-
pression and balanced conditions neglect the
slight change of location for the plastic cen-
troid when compression steel is used. The
footing and wingwalls brace the abutment
stem, so slenderness effects will not have to
be considered.

For pure compression (assume A, = A},
¢Py = ¢((0-85fH(Ag — Ast) + (A Fy))
= (0.70) [(0.85) (3 El'n%)
x [(12 in)(32 in) — 0.76 in?]
+ (0.76 in?) (60 %)]
= 716 kips/ft

¢Pn(max) = (080)(716 %) = 573 k.lpS/ft

(0.80 is the minimum eccentricity for a tied
column.)

For balanced conditions,

¢Py = ¢(0.85fbay + Al fi — A, Fy)
_ 1 — g _ 9'_11

oM, = (o.as fbas (d d" -3 )

+ AL (d=d - d") 4 A,Fyd”)

[Eq. 8-34]

[Eq. 835}

IEq. 8-34|

{Eq. 32|

[Eq. 8-33|

[8.16.42.2
Eq. 8-17]

{Eq. 8-16|

87,000
= (87,000 n Fy) Frd
f! = (87,000)
d'\ {87,000+ F,
- =} | = <
(1- () (235) ) <
A, =0.76in® [#6 @7 in]
=fl=0 [ assuming a singly
s T Ja ™ reinforced stem section
ap = 87,000 Tor |(0-85)(28.5 in)
87,000 + 60,000 —;
=14.34 in

¢P, = (0.70) ({0.85)( Kps )(121 )

s

x (14.34 in) — (0.76 in?) (60 k‘ps))
1n
= 275 kips/ft

#M, = (0.70) [(0.85) ( k’ps) (12 in}{14.34 in)

X (28.50 in e 12.50 in i 14434 ln)

2
+ (0.76 in?) (60 k"’s) (12.50 in)
= 3111 in-kips/ft = 259 ft-kips/ft

For pure bending,

_ AF
0.85/1%

(0.76 in?) (60 k'ps)
ln

B (0.85) ( k‘ps) (12 in)

=0.75in

=1.49in

[T R

M, = (0.90)(0.76 in?) (eo @)

(%)

Check minimum steel for bending.

x (28.50 in — 0.75 in})
= 84.9 ft-kips/ft




28.5in

—pn
xi¥)

¥ = 18.19 in

¥y = 15.81in

E ;
35in — 6.08 in?

12in
The transformed ares is
(n—1)A, = (9 - 1)(0.76 in®) = 6.08 in?
(32 in}(12 in) + 6.08 in® = 390.08 in®

Taking moments about the bottom and solv-
ing the equation,

(390.08 in®)y, = (384 in®)(16 in)

+ (6.08 in?)
x {3.50 in)
¥» = 1581 in
. bhd 1 . 3
Icg = E = (E) (12 11'1)(32 m)
+ (384 in?)(0.19 in)?
-+ (6.08 in)(12.31 in)?
= 33,703 in*
I=1,
cC=1Up
Ibf
fr =17.5\/F = 7.5,/3000 =
1
= 411 Ibf/in®
I
Mar= £

(0.411 k'—‘j) (33,703 in*)
m
15.81 in

o[ LE )
12 in
= 73.0 ft-kips/ft
1.2M,, = 87.60 ft-kips/ft

[< ¢Mn(= 94.9 ft-kips), so OK]|

i StnfchAliProTessphaliEnmine:

P max = 573 ¢

{32.99,14.79) -.\3 :l/;/

The following interaction disgram shows
strengths and factored axial forces and
moments in the stem. All four cases are in-
dicated in square points, and they are within
the strength limits in the interaction dija-
gram.

&P, (kips/ft)
A o faciored axial forces and moments

 (0.716)

-~
.‘-

$F,

- strangths [imit

balanced
failure
{259,275)

(72.18, (g 32,
10.94)  '27.9) 190.57,
18.22)

strengths limit

N {94.9,0}
M, (ft-kips/ft)

stem design interaction cure

Use #6 @ 7 in (determined for the minimum
axial load and maximum moment case) for
the rear face of the stem.

The factored axial force and moment points
fall inside the strength curve on the interac-
tion diagram (see the square points).

Check for shear in the stem.

The ultimate shear capacity without shear
reinforcement is

Ve = ¢ (2,/F1) byd

= (0.85) (2,/3000 :nig) (12in)(28.5 in)

= 31,840 Ef;f = 31.84 kips/it

> I H for Group VI loading
{= 11.50 kips/ft, see Table 12), so OK

Determine temperature and shrinkage rein-
forcement.

Reinforcement should be provided near ex-
posed surfaces not otherwise reinforced.

The area provided shall be A, (temperature
and shrinkage) = 0.125 in?/ft in each direc-
tion.

Use #4 @ 15 in {A, = 0.16 in?) or #4 @ 18
in (4, =0.13 in?).

[

) |
|
]




;e T (TR s A ST
N S i B e S L

stem

no. 4 at 15 in no.6at7in

3in clear

2inclear

no.4ati15in
3in clear

toe of :':i :Ji\: : : heel of
footing — footing

~d
no.8at15in
4 in clear

The toe reinforcement will be extended into
the bottom of the heel to handle construc-
tion stresses without backfill in place. The
heel reinforcement will also be extended into
-~ the top of the toe. Some reinforcement in
I the back of the stem could be terminated,
as long as it is extended at least a distance
equal to the effective depth of the section or
15 bar diameters (whichever is greater} but
] not less than 1 ft beyond the point at which
computations indicate that it is no longer
needed to resist stress.

Wingwalls shall be of sufficient length to re-
[7.5.6] tain the roadway embankment and shall be
designed as retaining walls.

A bridge has a simply supported span 80 ft long and

J 8, cross section as shown. A composite deck and a
standard curb/parapet are used. There are six pre-
stressed 24 in x 54 in I-beams with a compressive
strength of f; = 5.5 kips/in? at initial prestress and
feg = 65 kips/in® at 28 days. The roadway is an
8 in slab (including a Y2 in integral wearing surface),
four lanes w1de, with a compressive strength of fI, =
. 4.5 kips/in® at 28 days. The dead load of the future
wearing surface is 0.030 kip/ft®. The dead load of the
curb/parapet is 0.506 kips/ft. Prestressing is to be pro-
vided by Y2 i 1n strand (seven-wire) steel with an ares of
A3 =0.153 in® and ultimate stress of pr%trm1ng steel
(stras relieved) of f] = 270.0 kips/in®.

—d

e
[Tt e -rﬁir; N By .q_

Design the prestressed concrete I-beam for HS 25
loading by the load factor design method.

75mslab+05|n

24|n X 54in
I-beam

g&toin

Bhein

1ft0in 7in

1ft1in

2ftBin

0in

~3in

|
0.66 ft

1ft8in

The following data apply.
Six prestressed I-beam girders
cg = 6500 1bf/in?
fi; = 5500 Ibf/in? at initial prestress
fi = 270,000 ibf/in?

A% =0.153 in?

E.q = (Wo)233/f,

(150 B-)-f) 33\/6500 -l-b—f

= 4.89 x 10° 1bf/in®

AASHTO Allowable concrete stresses for I-beam gird-
[9.15.2] ers

[9.15.21; Compression (pretensioned metnbers) before
9.15.2.2| losses due to creep and shrinkage,

fei = 0.60f

= 0.60 (5500 E) = 3300 psi

Tension (with no bonded reinforcement) be-
fore losses due to creep and shrinkage,

f‘—200£f0r3 L

(With bonded reinforcement, this value will
be used to be conservative.)




[9152.2]  Compressive stress after losses,

fos = 0401, = 0.40 (6500 lb—i)
n

= 2600 Ibf/in?

Tension after losses,

1bf
Jia =6,/ ?ég = 64/6500 11‘1_2

= 483.7 Ibf/in®
For severe corrosive exposure conditions,

fia = 3/ FL, = 241.87 Ibf/in?

AASHTO fsi = allowable stress in prestressing steel
[8.15.] (stress-relieved strands)

=0.70f!
Slab concrete,
!, = 4500 Ibf/in’
Eee = (WC)1'533 \Y féa

1.5
= (150 Ej) 331/4500 %
: ft in
= 4.067 x 106 1bf/in?

Solution:

Group loading combinations for allowable stress design
at service conditions are given by

Group I =(8pD + Br(L + I))
= (1.0)(1D + (1)(L + 1))

Group loading combinations for load factor design at
factored conditions are given by

Group I = v(8pD + Br(L + 1))
= (L3}(1D + L.67(L + 1))
=13D+217(L + )

To get factored loads when using HS 25 design loads,
multiply dead load by 1.30 and multiply live plus impact
loads by 2.17 (= (1.30)(1.67)).

Determine the beam dead load.

A 24 in x 54 in I-beam is assumed. The weight of the
beam is calculated using the dimensions shown.

96 in
total slab b
thickness wearing surface

0.5 in integral ’

i effective slab thickness

0 in haunch used 3 . 14in
for composite ~].18in
section properties _din
5 in—-l
—Binl8in 17 in 54in
Vo 1M0in
9in

24in

The beam weight is

W = (816 in?) (ﬁ__m_))(o.ls %)

= 0.85 kip/ft

The dead load weight of the slab is

. 1ft ki
WD = (8 1!1) (ﬂ) (0.15 %) (8 ft)

AASHTO The superimposed dead load, W,, consists of

iFig. 27.48)  the parapet/curb loads, distributed equally
to the 6 beams, plus the load of the future
wearing surface.

(0.506 %E) (2) ki
W= 2l — 4 (8 £1) (0.03 ?)

= 0.409 kip/ft
The parapet/curb weight is 0.506 kip/ft.

Determine the live load distribution.

f3a2a] The reduction in load intensity for four or
more traffic lanes loaded simultaneously is
75%. The transverse distribution of wheel
loads for beam design for an interior beam

is
Mmable3231] S _ ﬂ) = 1.45
3.12.; 5.5 ( 9.5 .

312.2)

This distribution factor will be al.::plied for
HS 25 loading.

Determine the impact load.




The impact fraction is

50 50
|3.3.2| = = = 4.
d L+125 80 ft+125 0.244

Determine service loads moment and shear.

The moment at midspan due to the weight of the
beam is

Mo = (%) w2

- (3) osn ) o

= 680.00 ft-kips

The moment at midspan due to the slab dead load per
beam is

Mp= (%) WpL?

- (8) (o 80 k‘p) (80 ft)?

= 640.00 ft-kips

The moment at midspan due to the superimposed dead
load per beam is

Mg = (%) WsL?

= (é) (0409 kip )(80 ft)?

= 327.20 ft-kips

The maximum live load moment due to the HS 25 truck
can be determined through the influence line method.

¢.span
10 kips 40 kips

f AR i
' {=—2.33 1t
A ZETR R gan [ 2833

the maximum 833k
momant is under the __|
rear axle of the truck

40 ft 40 ft
€.4.

40 kips

The live load reaction at A is

(40 kips)(28.33 ft + 42.33 ft)
80 ft

_ L 0kpSEEIRE) o

BO ft

The live load moment, My, is

(42.37 kips)(14.0 ft + 23.67 ft) — (10.0 kips)(14.0 ft)
= 1456.07 ft-kips for all wheels

The maximum live load moment with impact for each
stringer (or beam) is

e (1456.07 Fi-kips
L+ = \ "2 wheel lines

= 1313.23 ft-kips

) (1.45)(1.244)

The maximum dead load shear is

Vp = (085 1{%+080 EIRE+0409 ]—{2)(40 ft)

= 82.36 kips at each support bearing

The maximum live load shear due to the HS 25 truck is

40 kips 40 kips 10 kips

un | 14k | 52
80 f
A

The live load reaction at A is

(40 kips)(52 £ + 14 ft)
. + {10 kips) (52 ft)
40 kips + 80 Rt

= 79.5 kips

The maximum live load shear with impact for each
stringer (or beam) is

_ 79.5 kips
Visr = (2 wheel lines) (1.45)(1.244)

= 71.70 kips

Calculate factored moment and shear.

M, = (1.30)(1D + (1.67){L +I))
= (1.30)({680.0 ft-kips + 640.0 ft-kips
+ 327.2 ft-kips) + (1.67)(988.10 ft-kips))
= 4286.5 ft-kips
Va = (1.30)(1D + (1L.67)(L + I))
= (1.30)(82.36 kips + (1.67)(53.95 kips))
= 224.2 kips




Determine the allowable stresses on the beam. The
strengths of the materials used are

slab concrete: f., = 4500 Ibf/in®

prestressed

concrete

I-beam: fly = 6500 1bf/in®
prestressed

strands: J4 =270 kips/in? stress

relieved, 2 in
diameter strand

Calculate the concrete’s modulus of elasticity in or-
der to determine the ratio of transformation.

aasHTo B = wl®33/f1

[Eg. 10-68| we = 150 Ibf/ft? for normal concrete

E., = (33)(150)" 5‘/4500 E

= 4.067 x 10° 1bf/in® for slab concrete
.o = (33)(150)!%, /6500 - E
in?

= 4.89 x 10° Ibf/in? for I-beam girder
E., 489

=B, toer ?
The properties of the basic beam section are
as follows.
Ap = 816 in?
Ig = 255,194 in*
S, = 10,083 in®
5, = 8895in®
yw = 25.31in
w = 28.69in [54in—y, (= 25.31 in)]

Determine the compesite properties as shown.

AASHTO The effective flange width is the lesser of

9.8.3.2]
L (e
(80 ft) (— spa.n) S B
= 240 in
or

(6)(8 in — 0.5in)(2) + 18 in = 108 in

or
center-to-center beam spacing = 96 in
From the above, 96 in governs.

Use the transformation ratio (n = 1.2) to
compute composite section properties by
summing moments of areas about the cen-
troid of the basic beam section.

A. = Ag + Hange area
=816 in2 + (gf ‘") (7.5 in)
= 816 in® + 600 in® = 1416 in®

(1416 in?) 7 = (600 in?) (y, . i")

= (600 in?) (28.69 in + 3.75 in)
= 19,464 in®

7 = 13.74 in from the centroid of the basic
* beam section

96 in
total slab 0.5 in integral
thickness wearing surface

/ effective slab thickness

H ) {um

Yi= 22.45in 1in

N | y, = 28,69 in
c.g. _4in _IV
61.5in 17 ] .
Yo = 39.05 in e

10in |y, =25.31in
9in

24in

Thus, for the composite section,
Yo =¥ +7=2531in+13.74 in = 39.05 in
v, =(54in+7.5in) -y, = 22.45 in

The composite moment of inertia about the
centroid of the composite section, c.g.c., is

I. = 255,194 in* 4 (816 in2)(13.74 in)?

96 in .
. (_IT) (75 m)
12

+ (600 in?)(22.45 in — 3.75 in)?
= 621,871.2 in*

The section modulus of the composite sec-
tion for the bottom extreme fiber is
I. 621,871.2in*

Spe=—m=——_" "
be yf, 39.05 in 15,925 i in®

For the top extreme fiber,

I 621,871.2 i in?
Spe=—==—1"_"__ =97
te Yy 22.45 in 700 in®

N

[




Calculate prestress force and eccentricity.

The temporary stress limits before losses due
to creep and shrinkage are as follows.

AASHTO
13.15.2|

For compression,

fei =0.60f;
Ibf
= (0. 500 —
(0.60) (5 in2)

= 3300 Ibf/in?

For tension,

fi = 705\/ :;f

=7.5,/5500 o
m

= 556 Ibf/in®

AASHTO Allowable stresses after losses are as follows.

19.15.2.2) )
For compression,

Jee = 0.4, = (0.4) (6500 -'P—é)
in

. = 2600 Ibf/in?

For tension,}

/ Ibf
fra = 3/F7; = 3,/6500 =
= 242 1bf/in?

The theoretical prestressing force to be se-
lected must satisfy two conditions simulta-
neously:

(1) The allowable tensile stresses may not be
exceeded in the top of the beam at the
center of bearing at the time of prestress
transfer.

(2) The sllowable tensile stresses may not
be exceeded in the bottom of the beam
at midspan under final conditions (i.e.,
prestress after losses minus all loads).

AASHTO
9962 8
9.16.2.2]

A 22.8% loss of prestress force is assumed
in the straight tendons. It will be assumed
that the critical stresses are the initial tensile
stress at the top of the beam at the bearing
and the final tensile stress at the bottom of
the beam at midspan.

! Bonded reinforcement for severe corrosive exposure conditions

AASHTO
|9.15.1]

For initial tensile stress at the top of beam
at bearing,

.P; P,'f.’.

fu=- e + 5,

Substituting values for the stresses and sec-
tion properties gives

300 19; = ki Rf.'- 3

8895 in

- I

in 816 in? I

For final tensile stress at the bottom of the
beam at midspan,

f, = P Pe Myp M,+Mp
ts Ag 5 S She
Ibf 0.772F; 0.772P;e

249 — = — i
in? 816 in® 10,083 in®

680.0 ft-kips -+ 640.00 ft.—kips)
10,083 in®

+(
in Ibf
+

327.20 ft-kips + 1313.23 ft—kips)
15,925 in®

in Ibf
x (12 E) (1000 E) (1

Solving Eqs. I and II simultaneously gives

P, = 1,186,900 Ibf
e=13.15in

The amount of force taken by one Y2 in,
seven-wire strand at 70% of ultimate stress

[lis

F = A; f_"'
fai = 0.70f1

F = (0.153 in?)(0.70) (270,000 %)

= 28,920 lbf
The number of strands required is
1,186,900 1bf
= Smeoor trands
N 28|920 lbf 41 04 [I.lSe 42 stran q]

For 42 strands, the initial prestressing force
is

P: = (28,920 1bf)(42) = 1,214,600 Ibf

The eccentricity from Eq. I using F; =
1,214,600 Ibf is e = 13.10 in.

The eccentricity from Eq. II using A =
1,214,600 Ibf is e = 12.56 in.




Total loss of prestress is

Ibf Ibf
6000 —5 + (16) (1780 %)
in in
8= Ibf .2
11.88in +(0.04) ( 189,000 —; ) = 42,040 ibf/in
Yy = 1Gat2in= "
25.31 in 30in ~
n AASHTO Estimate of total losses may be 45,000 1bf/in? |
13.43in (0162.2;  with f! = 5000 Ibf/in®. 4
Table
9.16.2.2 The percentage loss is ! i
. . . ' 42,040
This strand pattern gives a centroid g of 180.000 (100) = 22.2%
13.43 in and an eccentricity of ! 1
e=yp—g < 22.8% assumed; therefore, ; J
minirmum loss of 22.8%
= 2531 in (=y) — 13.43 in (=g) assumed is conservative. 1
= 11.88 in

Check stresses. (“—" indicates compressive

stresses. ) ]

The effective prestress force after losses is

Check the assumed prestress loss.

The loss of prestress will be determined us-
ing the modified Bureau of Public Roads for-

mula.
P, = (1.00 — 0.228)(1,214,600 1bf)

Total loss of prestress is
 Ibf = 937,700 Ibf

6000 — + 16fcs +0.04 f; |
mn | |

fsi = allowable stress in pressing steel

=0.70f!
= (0.70) (270,000 :n%f)

= 189,000 Ibf/in®
fes = compressive strength of concrete
after losses
Pg P,'e2 - Moe
— + ————
Ag Ig

Mo = moment at midspan
due to beam weight

_ 1,214,600 Ibf
816 in?
(1,214,600 Ibf)(11.88 in)2

—~ (680.0 ft-kips) (12 ﬂ)

ft
x (1000 %) (11.88 in)
* 255,194 in®

= 1780 lbf/in?

i BT BTk o AP e 2 ot
Lol ';‘.*ag:‘ﬁﬁgﬁ‘?-.‘h:-’,ﬁf“? AT TARRE

; s
A A JA e

Determine the critical stresses at the support
and midspan.

Initial stresses before losses at support for

the basic beam section are

P 1,214,600 Ibf

— = 2 —— = —1488 Ibf/in®

Ag 816 in? /
(compression)

Pe _ (1,214,600 Ibf)(11.88 in)
S 8895 in®

= 1622 Ibf/in® (tension)

Pe (1,214,500 1bf)(11.88 in)

S 10,083 in®

= —1431 Ibf/in?> (compression)

Check the allowable stresses (“+" indicates
tensile stresses).

gDy ] I i e
R e




r . " | - . P - r "
| S——— [P bl ey g

The initial stresses before losses are

’/-slab
Z -1488 0O 0 +3622 nl+134 4
+ = beam
/ {girder)
=1488 0 -—14310 -2919 \
base

(-2« [-%) - (As- %

note: units for stresses ara in [bffin?

AASHTO For compression at the beam base, allowable
19.15.2; concrete stress = fg
9.15.2.2}

fa=06f;

= 0.6 (5500 l?—f)

~ 2 > |2919 1bf/in?|
= 3300 Ibf/in [(: —1488 — 1431}, so OK

152 For tension, to be conservative, allowable con-

9.15.2.2) crete stress = f;

L . g > 134 Ibf/in?
fii = 200 1bf/in [(: ~1488 -+ 1622), so OK]

or fu = 3,/f, = 35500 = 222.5 lbf/in®

Final stresses after losses at midspan are as
follows.

The stress in the basic beam section at the
girder base is

P, P.e

Ag Sp

_ —937,700 Ibf _ (937,700 Ibf)(11.88 in)
~ 816in° 10,083 in®
=-1149 Lt-’f —~ 1105 Ef

= —2254 lbt'/in2 (compression)

The stress at the top of the girder is

P, Pe
Ag S

lbf (937,700 1bf)(11.88 in)
8895 in®

= +103 lbf/in2 (tension)

f=-

= —1149

Due to the beam and slab weight, the stress
at the top of the girder is

_ Mosp _ ( 680.0 ft-kips+640.0 ﬂ:—kips)
S = 8895 in?

in Ibf
x (12 -R-) (1000 E-i;)

= —1781 Ibf/in? (compression)

The stress at the girder base is

Moo _ (680.0 ft-kips+640.0 ft-kips)
S 10,083 in3

in lbf

= 1571 1bf/in® (tension)

Due to the superimposed dead load (parapet
and curb) plus the live load, the stress in the
composite section at slab top is

M, + J"IL+I

f=- Stc

_{ 327.2 ft-kips + 1313.23 ft.-kips)
a 27,700 in3

in Ibf
x (12 -f—t) (1000 l-(—p)
= —710 Ibf/in® (compression)

The stress in the composite section at the
girder base is

M+ Mpgs

=+
f Sbc

(+327.2 ft-kips + 1313.23 &-kips)

15,925 in®

in 1bf
x (12 'f—t) (1000 E[-)

= 1236 Ibf/in?




7.5in slab b \
IR ;/n 0 -700  -710%0
z +103 = 1781 —4anl] -5 VW Z
A
/ \ ~—473
b AASHTO
2am
54 in + \ + = {girder) 19172
-2254 0 0 +157%  0+1236 0 +553 (9.3741)
(—;i = %‘3) + (: —Q—DMS* )+ (:—S—M5+ :w’* "‘:) = final stresses
note: units for stresses are in Ibffin?
& E g/ q = 4.89/4.067 = 1.2
Final Stresses After Losses at Midspan
19.1.2]
Check the allowable stresses in the girder af- 836.271
ter losses.
AASHTO For compression,
9.15.2.2| .
fes =04f,, =04 (5500 —)
in
= 2600 1bf/in® [> 2151 Ibi/in?, so OK|
1215.2.2) For tension,
fua = 6/TT; = 6,/6500 = = 483.7 2f
in? in?
= 483.7 Ibf/in® |[< 553 Ibf/in?, so no good]
Check the stresses in the slab.
AASHTO fes = allowable compressive stress in
[B15.211] concrete (slab)
Ibf
= 0.40f., = (0.40) (4500 i)
= 1800 Ibif/in?
Ms+ Mpyg
fsiab = — 5.
ic
( 327.2 ft-kips + 1313.23 ft-klps)
27,700 in3
x (12 E) (1000 lbf)
ft kip
= 710 Ibf/in® (compression) AASHTO
tg.1.72

[<1800 Ibf/in®, so OK]

Begin checking moment capacity by load fac-
tor design. First determine whether the beam
section is flanged or rectangular.

Al S
0-85fc.alabb

f} i = fis = 4500 Ibf/in’

f+, = average stress in prestressing steel at
ultimate load

fou= 1 (1 B (%) (%))

~* = (.40 {or stress relieved steel

500

By = 0.85 — (0.05) (1000

) = (.25

£ = 270,000 1bf/in?

P Ar {42)(0.153 in?)
bd ~ (96 in)(61.5 in — 13.43 in)
0.00

1393

P

270,000 E)

( : 84205) (0.001383) )

(270 000 E)

= 259,059 Ibf/in®

(42 strands)(0.153 in?) (259 059 H)

a=

(0.85) (4500 —) (96 in)
=4.53 in

Since a < 7.5 in, the effective thickness of
the slab, the beam is rectangular.

The moment capacity by the load factor de-
sign is

M, = ¢ (A;f;ud (1 - (06) (%—) ) )

e




|g.14]

AASHTO
l2.8.]

19.18.2]

¢ = 1.00 for fexure in prestressed concrete
members for load factor design.

HMn = (1.0)[(42 strands)0.153 in2)(259.059 %‘)

% {61.5 in = 13.43 in)

(0.001393) (259,059 }nlﬁ)

as00 2%
Ton

x [1-(0.6)

= (1.0) ((8.0 x 107)(0.952))

_ 7 1 klp ..Lf.t.
= (7.6 10" im0 (geoies) (555)

= 6342.0 ft-kips

Determine the design moment by the load
factor method {Group I loading).

M, = 13D+ (2170(L + I)
= (1.3){(Mo+Mp+ Ms) +(2.17)(Mr+1)
= (1.3)(680.0 ft-kips + 640.0 ft-kips
+327.2 ft-kips)+((2.17)(988.10 ft-kips})
= 4285.5 ft-kips
[< ¢Mn (= 6342.0 ft-kips), so OK]

The prestressing steel’s reinforcement index
cannot exceed 0.368;.

(0.001393) (259,059 ﬁi)
m

P faw _
fe 4500 -
n .
_ < 0.366 ( = (0.36)(0.825)
= 0.080 [ =0.297), so OK ]

Determine the minimum amount of pre-
stressed steel that will be necessary.

The total amount of prestressed reinforce-
ment shall be adequate to develop an ulti-
mate moment at the critical section of at
least 1.2 times the cracking moment M.

oM, > 1.2M2
pM, = 6342 ft-kips

S,
Mo = (o 4+ Fre)Ssc = Ma/me (—° - 1)

Mg nc = non-composite dead load moment

= My+ Mp + Mg

Spe = S, = composite section modulus
where the tensile stress is caused
by externally applied loads

S, = non-composite section modulus
where the tensile stress is caused
by externally applied loads

BI523 g 7.5/F] = 7.5/6500 %
11

= 604.67 Ibf/in?

_ Feiect | Pemecte Mo
=2, *7s5 "=

Poecr = effective prestressing force
with 22.8% loss

My = moment at midspan due to
beam weight

Pagect = Pi(0.772) = (0.70f,A2)(0.772)
= (0.70) (270 5‘-"2—5) (0.153 in?)
in

x (42 strands)(0.772)

=1937.60 kips
18 in
= 28.69 in
£ 8in
c.9. 54 in
e=11.B8in
¥y = 25.31in N
.9.5. g=13.43in
24in

The basic beam section is
Ag = 816 in?
e=11.88 in

S, = section modulus of the basic beam
for the bottom fiber = 10,083 in®

Spe = section modulus of the composite
section for the bottom fiber
= 15,925 in®




__ 937.60 kips

fpe = 816 in?

(937.60 kips)(11.88 in)
10,083 in®

B (680 ft.-kips) (12 lﬂ)
10,083 in® ft

g . .
=115 S5 4 g 10 MBS _ g gy KPS
m m mn

= 1.44 kips/in?
M. = non-composite dead load moment
= My 4+ Mp + M,
= 680 ft-kips + 640 R-kips
+ 327.20 fi-kips
= 1647.2 ft-kips
S. - She = 15,925 in®

S, = 10,083 in®

Mg = (0.6047 lf‘—"f +1.44 k’—pf)
m 1n

x (15,925 in%) (Tli%tﬁ)

. 3
— (1647.2 fi-kips) (15’925 = )

10,083 in®
= 2713.49 ft-kips — 954.37 Ft-kips
= 1759.12 ft-kips

12Mq = (1.2)(1759.12 ft-kips)

= 2110.94 ft-kips

[< ¢Mn (= 6342 ft-kips), so OK]

The envelope of maximum moment (service
load) is

quarter point

1647.20
: 15013 My.ip«s
133'3.65

1235.4!

I
moment, i Mo
ft-kips : 1280.56 1313.23
1136.28

112,73
|
I
I
)
]
1
1
1

20 24 32 40
midspan
span, ft

Design for shear.

AASHTO Shear design for prestressed beams with
[9.20] straight fully bonded strands will be in ac-
cordance with Article 9.20 of the AASHTO
Specifications.
aasHto  V, < (V. + Vi)
i€3. 526 The shear stress at support is
79.5 kips
Virr = (2 wheel lines) (1.45)(1.244)
= 71.7 kips
kip kip
V. =({085 =E Logo =E
0+D+5 (0 85 T + 0.80 R
kip .
+ 0.409 m (40 ft) = 82.36 kips
The envelope of maximum shear (service
load) is
shear, kips

82.36
7

71.92

quarter point

40.96
/ 32.43
Vier
V+0+5
20 24 32 40
midspan
span, ft

—ad




=3

4

:J
__]
~1
.J
.J
J,

[9.20.2) &
92022

Calculate shear stress at the quarter point.

The shear strength of concrete, V;, shall be
the lesser of Vi or V.

ViM

M

¥ = width of beam web =8 in

Vi = 0.6/Fbd+Vy+ —

d =1y +e=28694+11.88 = 40.57 in
fi = flg = 6500 Ibf/in*

0.6,/TLb'd = (0 61/6500 E) (8 in)(40.57)

« 1
1000 E
kip

= 15.62 kips

From the envelope curves of maximum
shears at the quarter point, the shear force
due to the unfactored dead load, Vg, is 41.18
kips.

The factored shear force due to externally
applied loads occurring simultaneously with
Mmax 18

Vi = (1.3)((1.67)(L + D))
= (1.3){(1.67)(53.69 kips))
= 116.56 kips

- (‘;T,) (6/7 + foe - fo)

_ (621,871.2 in*
T\ 39.05in

f
x (e\/ﬁatmlb—z-l-fpc )

Moments at quarter point are (Wy + Wp =
W L). For beam weight (W) and slab weight

(WD)1

() (5 () 0

_ WL? B WL?
T8 32
_ 3(WL)?
Y

32
= 990.0 ft-kips

ft

Myip =( 3 )(ossk'—pwso )(80&)2

For the superimposed dead load, Ws {para-
pet/curb),

M, = (332) (Ws)?

(;’2) (0 409 %"-) (80 ft)?

= 245.4 ft-kips

fpe = compressive stress in concrete due to
effective prestress only

= 1.44 kips/in®

The stress due to the uniactored dead load
at the quarter point in the beam span is

Moyp | M,
+
Sp She

3 (990.0 ft-kips) (12 i_n)
—\ 10,083 in® ft
245.4 fi-kips in
o 9
+( 15,925 in’ )(1 &)
= 1.3628 kips/in®

621,871.2 in? / lbf
1kip kxps k\pa
x (10{]01bt') +1.44 1.3628 OPS

x(lft)
12 in

= T44.41 ft-kips

fa=

From the envelope curve of maximum mo-
ment, the maximum factored moment. due to
the externally applied load at quarter point
is

Muax = MLyt
Mpyr = (13)((1670(L + 1))
= (1.3)((1.67)(1012.73 ft-kips))
[at the quarter point|
= 2198.6 ft-kips




AASHTO
19.20.2.1]

19.20.2.2

{9.20.2.2|

Eq. 9-26]

[8.20..3)

19.4]

d = 40.57 in
fi = fl, = 6500 Ibf/in?

17
Vg =0.6/fib'd+ Vg + A}M"’

max

= 15.70 kips + 41.18 kips

(116.56 kips)(744.41 ft-kips)
2198.6 ft-kips

= 96.34 kips

Thus, V. = V,; = 96.34 kips.

Vemin = 1.7,/f1b'd

= (1.7\/6500 l—bzf-) ———1 ToE
n 1000 —
kip
x (8 in)(40.57 in)
= 44.48 kips
d > 0.8 = (0.8)(54 in) = 43.2 in

(Nt;te that actual d = 40.37 in. d need not
be less than 0.8h. This is close, so it is OK.)

Vew (nominal shear strength of concrete
when diagonal cracking results from exces-
sive principal tensile stress in web) is not
normally reviewed.

Vs = shear strength provi-
W < ¢(Ve+Vl) [ded by web reinforcement]

Vi '= (1.3)(1D + (1.67)(L + I))
= (1.3)(41.18 kips + (1.67)(53.69 kips))
= 170.09 kips

Use the envelope curve of maximum shears
to determine the maximum factored shear
force, V.

For load factor design, ¢ = 0.90 for shear.
V.  170.00 kips

T¢—- = _CTQO_ = 188.99 k!ps

V, = % — V. = 188.99 kips — 96.34 kips

= 92.65 kips

Check that V, < 8,/77b'd

[9.20.3.1]

1bf 1
thi d e . —
8,/Tit'd = 8, /6500 — oF

1000 kip

x (8 in)(40.57 in)
= 209.33 kips
Vs, = 92.65 kips < 209.33 kips [OK]

For Grade 60 No. 4 vertical stirrups, the
spacing required is given by

; kips )
2 —
 Agfnd _ (0.40in )(60 = )(40.57;:1)

{Eq. 9-30} v, 60.66 kips

a span of 180 in (15 ft) is shown. the floor beam is
a W 16x36 section (S;» = 56.5 in?), and supports the
deck dead load of 33.6 1bf/in and an HS 20 live load.
The type of steel used is unknown. The date built is
also unknown, but is assumed to be after 1963 based
on field inspection of the floor beam. Section 6 of the
AASHTO Manual for Condition Evaluation of Bridges
is to be used for the floor beam load rating calculations
by the Allowable Stress rating method.

Determine the load rating of the floor beam in tons
for an HS 20 loading.

16 kips c.g. 16 kips
1 ] ] |
72in *w iM18in] 36 in * 36in
T T T T T T I T T T T deck
floor beam {W 16 X 36} 3.36 x 102
A ) s
180in {15 ft}
R, Ry

note: HS 20 traffic runs perpendicular
to the floor beam span

Maximum live load moment occurs at 72 in.

__ 16 kips(36 in + 108 in)

R, = 12.8 kips

180 in
My =128 kips(72 in) = 921.6 kip-in




deck

| 72in | .36 % 1072
kipsfin
T TSI TI IRl it I
floor beam (W 16 X 36}
A 180 in (15 f1 *
1
A, Rg
Dead load moment at 72 in,
total dead loads = 3.36 x 10~2 k:ps
+3.6 x 1072 @

= 6.96 x 1072 kips/in

(6 96 x 10~2 k‘ps) (180 in)
)

Ry =
= 6.26 kips
Mpp = (6.26 kips)(72 in)

- (6.96 x 10-2 k—“ls-) (72 in) (72 in
in 2

= 270.3 kips-in

From the Manual table [6.6.2.1-1 and 6.6.2.1-2], for the
floor beam stéel (date built-steel unknown, after 1963),
F, is 36,000 1bf/ in?. The Inventory allowable stress for
bendlng is F, = 20,000 1bf/in?; and Operatmg allow-
able stress for bending is F, = 27,000 1bf/in®. There-
fore, the allowable bending moment for the Inventory
rating is

Man oy = (Fy)(Sez) = (20 0 klps) (56.5 in?)

= 1130.0 kips-in

The allowable bending moment for the Operating
rating is
Mall.opr = (27 0 EE) (56.5 ina)

in?
= 1525.5 kips-in

)

The load rating for the floor beam is determined by
the Manual equations (G-1a) and (6-1b).

The Manua! RT = member load rating in tons = (RF)W
Eq. {6-1b)
AASHTO The live load impact is
1382
I= al = 30 = 0.357
L+125 15 ft -+ 125

[30% meaximum allowed|

The rating factor, RF, for the live-load carrying ca-
pacity is
_ C-AD
T ALL+ D)

The Manual
£q. (6-1a}

For the Inventory rating level,

Maitinv — (1)(Mpe)
)(Mzc(1+ 0.30)

_ 1130.0 kips-in — (1)(270.3 kips-in)
(1)(921.6 kips-in)(1.30)

=0.72

RF =

Therefore, the Inventory load rating for HS 20 load-
ing is
= (RFYW
= (0.72)(36 tons) = 25.9 tons

For the Operating rating level,

Mn.ll.opr - (1)(MDL)
(D{MpL)(1 4 0.30)

_ 1525.2 kips-in = {1)(270.3 kips-in)
- (1)(921.6 kips)(1.30)

[use 1.0]

RF =

= 1.05

Therefore, the Operating load rating for HS 20 load-
ing is

= (RF)W
(1.0)(36 tons) = 36 tons
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An interior prestressed concrete glrder (or beams) for a
two-lane simply supported highway bridge with an 80
ft span is to be designed. The five girders are spaced
at 7 ft 6 in. Design load is AASHTO HS 20-44. The
following information applies.
e Superimposed dead load (parapet/curb/future
wearing sutface) is 427 1bf/ft.

e The siab has an integral wearing surface of 0.50
in.

« Group I ioad combination is to be used for load
factor design.

® feq = 6500 Ibf/in® for prestressed I-beam.
e f/.=5500 ibf/in® at the time of initial prestress.

o f. = 4500 Ibf/in? for 8 in slab (7.5 in plus 0.5 in
integral wearing surface).

e Eg = 28 x 10° 1bf/in? for prestressing steel
[AASHTO 9.16.2.1.2].

o Steel reinforcement consists of 44 @ 42 in diameter
strands (seven—wire) or A; = (0.153 inz)(44) =
6.732 in®.

e f! = 270,000 Ibf/in® for low-relaxation prestress
steel.

» The basic beam section properties are
Ag =762 in®
=123.38 in
Ig = 212,450 in*
S, = 7692 in®
S, = 9087 in®
Using the 1996 AASHTO Bridge Specifications,

(1) Determine the composite section properties.

(2) Determine the factored design moment at mid-
span, M,.

(3) Determine the girder moment capacity, ¢Mp.

(4) Determine the concrete stresses at midspan at re-
lease of prestress.

(5) Determine the final concrete stresses after all loss-
es (except friction}) at midspan.

Solution:
Calculate dead loads. The beam weight is

= (762 in?) (H%) (0.15 %‘3)
= 0.79 kip/ft
The slab dead load is
= (8 m)( L ) (0 15 k‘p) (1.5 ft)
= (.75 kip/ft

The superimposed dead load, W,, for the parapet/
curb/future wearing surfaces is given as 0.427 kip/ft.

Calculate dead load moments at midspan. The beam
weight moment is

Mg = (é) wir?
= (%) (0.79 %) (80 ft)?

= 632.0 ft-kips
The slab dead load moment is

Mok (%) WpL?

= (;) (0 75 k’—p) (80 ft)*

= 600.0 ft-kips

The superimposed dead load moment is

(1 2
M, = (8) W,L
- (1) (o 2) o1

= 341.6 ft-kips




a

90 in

0.5 in integral wearing surface ‘

| ] 75in} |
18in 11in
ye=2762in | 5 in_o]Na (e 4in
Binj@in [ 17 in 51in
| -
vy = 23.38 in _{1oin
9 in_g\
4\
spaces
12 spaces in=8i
at2in = 24 in at2in=8 in
44 @ 1/2 in diamater
strands {seven-wire}
The maximum dead load shear is
kip kip kip
Vb=1079 = +0.75 — +-0.427 — | (40 ft
D (0 i + el i ( }

= 78.68 kips at support bearing

Step 1: Determine the composite section properties.

AASHTO The effective width of the slab flange is the
[9.8.11; lesser of
B10.1; .
; 1 1 in
9.8.3.2| (Z) (span) = (Z) (80 ft) (12 E)
=240 in
or

(12)(slab thickness) + beam flange width

= (12)(8 in) + 18 in = 114 in
or

girder (beam) spacing = 90 in  [governs)

Ec =w!®33./f;

For normal concrete, w. = 150 Ibf/ft>.

Ibf) !5 Ibf
Eey = (150 F) 33,/5500 =

= 4.89 x 10° Ibf/in? for I-beam

bf\ 18 Ibf
E. = (150 ?) 33,/4500 =

= 4.07 x 10° 1bf/in? for slab

A,

ey E T T e e

REGHIBERARS ATy

The modular ratio is

no B 489 _
E., 4.07
The transformed area of the slab is
7.5 1n)(90 i
(15 in)(90in) _ ceo 5 in2
1.2
) 850 in/f1.2 = 75 in 75in+ 05in
I I 3
¥ = . ] !
218in [N 1tin
e ST s o
. in = 5i
13.32in 17in §1in 58.5 In
1T c.g.
V= 10 in
23.38in + | Toim 1

Y= yp+ 7= 367in | | }

24in g=5in

The area of the composite section is
Ac = Ag + transformed slab area
= 762 in® + 562.5 in?
= 13245 in®

From the centroid of the basic beam section,
(1324.5 1n%)7 = (562.5in’) (yﬁ(?-ﬁz m) )

= (562.5 in?)(27.62 in + 3.75 in)
= 17,646 in®

¥ = 13.32 in from the centroid of the basic
beam section

Yh=y»+7=23.38 in+13.32 in = 36.7 in
Yy =(51in4+7.5in) ~y, = 21.8 in

The composite moment of inertia is

(75 in)(7.5 in)3

Ic =Ip+ AgF* +

12
.o, T75in\?
+ (562.5 in") | y} — 5
= 212,450 in* + (762 in?)(13.32 in)?

4+ 2636.7 in*
+ (562.5 in?)(21.8 in — 3.75 in)?
= 533,546.5 in*




The composite section moduli are as follows.

For the bottom extreme fiber,

I 533,546.5 in*
Sie==E = —ml‘- = 14,538.0 in®

For the tap extreme fber (slab top),

I 533,546.5 in*
Stc = —C' = —-——-—-i-ni = 24,474.6 inn

Step 2: Determine the factored maximum moment and
maximum shear.

Use AASHTO HS 20-44 live load.

one whesl line

axle load
¢ span
A kips 16 kips 16 kips
gY
+ 2B 233 n +
\ : ~—Zgaan

A 2367ft  1aft 14t
I

80 ft
maximum moment position

The reaction at A is

(16 kips)(28.33 ft + 42.33 ft) (4 kips)(56.33 ft)
80 ft 80 ft
= 16.95 kips

The moment at B is

My, = (16.95 kips)(23.67 £t + 14 ft) — (4 kips)(14 ft)
= 582.5 ft-kips for one wheel line

The transverse distribution factor of wheel live loads for
an interior beam is

a0 S _TEE

Table 55 5.5
3.23 The impact factor is
382
[ 50 50 o

TT+125 BOft+125
The maximum live load moment with impact
for each girder (beam) is

My = (582.5 fi-kips)(1.36)(1.244)

= 985.5 ft-kips

one wheel line axle load
4 kips 16kips 16 kips

1
| §2 f1 Y 14 ft v 14 fr
|

Y

A A7 8

80 ft 4 |
I

maximum shear position 31.8kips

AASHTO Maximum live load moment and shear for
[appendix Al HS 20-44 given in AASHTO App. A are
1164.9 ft-kips and 63.6 kips, respectively.

Thus, the maximum moment per wheel line
is (1164.9 ft-kips)/2 = 582.5 ft-kips (which
agrees with the calculated value M above).

The maximum live load shear per wheel line
with impact for each girder (beam) is

Vier = (_63'62k‘p5) (1.36)(1.244)
= 53.8 kips
AASHTO For load factor design values,
[Table
az21a)  Group I'=y(BpD + BL(L +1))

= (1.30)(1.0D + (1.67)(L + 1))
The factored design moment is
M, = (1.3)(632.0 fi-kips + 600.0 ft-kips
+341.6 ft-kips)+(1.67)(985.5 ft-kips})
= 4191.7 fi-kips
The factored shear at support is
V. = (1.3){78.68 kips + (1.67)(53.8 kips))
= 219.1 kips

Step 3: Determine the girder moment capacity, ¢M,,.
Determine whether the beam is a flanged or rectangular
section.

AASHTO a= A.:.'r' f ;u
0:172] 0.85/¢ g1abd

Using g =5 in,

[f;,siab = 4500 lbf/in]

d=>51in+7.5in -5 in=53.5 in
A} 6.732in?

L.

=8 _OTZM 6014
P =% ~ (90 1n)(53.5 in)




l9.a7.4.1|

19.1.21

[918.1]

fs, = stress in prestressing steel at
ultimate load

- () (56 )

v* = 0.28 for low-relaxation prestressing

steel
4500 — 4000
By = 0.85 — (0.05) (_1—000_—)

=0.825 [for f. ), = 4.5 kips/in?]

f! = 270 kips/in®

kips 0.28
£ (270 n) 1- (0825)(00014)

kips

270 —
in’

kips
4.5 —
in?

= 262.3 kips/in?

(6.732 in?) (262 3 Xps

N
(0.85) (4 : _kﬁ) (9; 0 5.13 in

a=

Since 5.13 in is less than the 7.5 in, the sec-
tion is considered rectangular.

Check the maximum prestressing steel.

The maximum prestressing steel index is

(0.0014) (262 3 l“ps)

ksps
in?

P S

fe 4.5 5ips

< 0.366: ( = (0.36)(0.825)

= 0.0816 [ =0.297), so OK

The girder moment capacity is

¢ = 1.0 for factory produced member

=(1.0) | (6.732 in?) (262 3 1:1"5)

x (53.5 in)(1 — 0.6)(0.0014)

262.3 ‘ﬁ
n

kips

4.5 —
in?

= 89,844.9 in-kips or 7487.1 ft-kips

Step 4: Determine concrete stresses at midspan at re-
lease of prestress.

19.15.2.1) Temporary allowable concrete stresses be-
fore losses due to creep and shrinkage are

as follows (i.e., at time of initial prestress).

For compression,

fei = 06077, = (0.6) (5 5 m)
= 3.3 kips/in?
For tension,

fii = 0.556 kip/in?®

(AASHTO does not specify, although f;; can
be 7.5v/f= = 0.556 kip/in®.

18 in
51in
¥ = 23.38in I”‘ Ll
g=5in
24in
pa6212| The reduced tendon stress immediately after

transfer due to elastic shortening and tendon
relaxation can be taken as 0.69f! for low-
relaxation prestressing steel.




J

S

9.96.21| Thus, the reduced prestress force after trans-
fer is
P =0.69fA4;
= (0.69) (270 k'—pf) (6.732 in?)
in
= 1254.2 kips

Concrete stress at the top fiber is
P Pe M
fe=—2pts "8
_ _12542kips  (1254.2 kips)(18.38 in)
T 762in? 7692 in®

(632 ft-kips) (12 E)

7692 in®
= +0.36 kip/in (tension)

[> fii (= 0.556 kips/inz),]
so OK

Concrete stress at the bottom fiber is
P Pe M
Ul P NN

12542 kips _ (1254.2)(18.38 in)

762 in® 9087 in®
(632 ft-kips) (12 E)
+
9087 in3

= —3.35 kips/in® (compression)
[< fei (=33 kips/in'-');]

close, so OK

Step 5: Determine final concrete stresses at midspan
after all losses (except friction).

AASHTO Estimate losses. Prestress losses are esti-
19a622;  mated at 45,000 1bf/in? for f!=5000 Ibf/in?.

Table Thus, the effective steel prestress after losses
9162.2] is
Ibf
fse = fsi — 45,000 T3
in
[9.15.1] fei =0.75f, (low relaxation strands]
i
= (0.75) (270 %) = 202.5 kips/in?

1bf 1bf
se = 202,500 — — 45, —_—
f in? 5,000 in®

= 157,500 Ibf/in®

The effective prestress after loss is

Pe = fied; = (157,500 i‘f) (6.732 in?)
m

= 1,060,290 Ibf

For the basic beam section at the beam’s
bottom fiber,

P. _ Pee _ 1060290 b

Az S 762 in®

(1,060,290 1bf)(18.38 in)
9087 in®

= —3536 1bf/in?

L__m

indicates compression]

N Mo+ Mp _ (632.0 ft-kips -+ 600.0 ft-kips)
S 9087 in®

in Ibf
= +1627 Ibf/in®

Adding compressive and tensile pre-
stresses (—3536 Ibf/in® + 1627 Ibf/in®)
gives the net compressive stress of
—1909 Ibf/in®.

At the basic beam’s top fiber,
F, " Pee _ 1,060,290 Ibf
Ag S~ 762in®
(1,060,290 1bf)(18.38 in)
7692 in®

= +1142 Ibf/in®

(632 ft-kips)
Mo+ Mp + (600 ft-kips)
S, 7692 in®

(8 ()

= —1922 Ibf/in?

Adding compressive and tensile prestresses
(1142 1bf/in® — 1922 Ibf/in?) gives the net
compressive stress of —780 Ibf/in’.




For the composite section at the beam base,

341.6 ft-kips
+M, +Mpit a +985.5 ft-kips
She 14,538.0 in®

(=)o )

= +1095 Ibf/in?

At the slab top,

M, + Mp
Sf.c
_ 341.6 ft-kips + 985.5 ft-kips
- (_ 24,474.6 in’ )

in Ibf
o[ (2) (o k_))

= —650 Ibf/in®

—650
=== ~542 ,
7.5in 1.2 \
0 -650 0 0
Z -780 —421Y -1201  \ 7z
143in F\[ [218in
<+ TN =
UL 367 in
—1909 0 0 41095 -814 0

basic beam + composite section = final

{note: units for stresses are in Ibffin?)

Final stresses after losses

AASHTO Check that the allowable concrete stresses at
[9.15.2.2) service load after losses have occurred.

For compression,
Ibf
Jes = 0407, = (0.4) (6500 m—z)

= —2600 Ibf/in? [> —1201 lbf/inz,]

so QK
For tension,
Ibf
Fia =86/ i‘{:g = 64/6500 =

= 484 Ibf/in® [> —814 Ibf/in?, so OK]|

[“=" indicates compression]

The center pier of a two-span continuous bridge is shown
below. The pier is supported by twelve HP piles with
an allowable bearing capecity of 120 kips each. Each
span of the bridge is 100 ft long. The following data
apply.

¢ AASHTO HS 20-44 loading and group loading
combinations I and II

e There is no skew.
¢ The unit weight of the soil is 120 Ibf/ft3.

o Parapet/curb weights are
(506 Ibf/ft)(2 sides) = 1012 Ibf/ft

(1) Determine the dead loads at the base of the foot-
ing.

{2) Determine the live loadings.
(3) Determine the maximum pile forces per pile for

Group I and Group II combinations.

Step 1: Determine the dead loads at the base of the
footing.

33ft4in
1ft8in 30ft0in 1ft8in
2t W33 x 130
7.5in
9in 7
3ft #361t0in
2in
284 — == N
6inf|3f2in Qin 4ft6in 9ft0in 4f6in
2ft8in |
11ft0in ¢
14 ft0in pier thickness
25f6in =4kein
6ft0in
T’T"
34t 7
NT
Oin

26 ft0in ‘

pier elevation

L



1.5 ft H H H H

3.75# 4.5 ft
H H H 1 Hi [1056

3.75ft |

156 | . M H

15t 750  8f  75f 15f
Sec. A-A pile layout plan
Solution:

Calculate dead loads for the superstructure for the in-
terior siringer.

For the slab,

((9 in) ( 112 fltn) )(9 £)(100 ft) (150 'f%f)

= 101,250 Ibf

For the W 33 x 130 stringer,

(130 %f) (100 f) = 13,000 Ibf

For the parapets/curbs,

(506 E) (2)(100 ft) (l stringers)
ft 4
= 25,300 Ibf
The total dead load for the interior stringer is

AASHTO
[3.23.2.3}

101,250 1bf + 13,000 ibf + 25,300 1bf = 139,550 1bf

Calculate the dead load for the exterior
stringer by the same method.

AASHTO
13.23.2.3]

For the slab,

((9 in) (%) ) (4.5 £ + 3.167 ££)(100 ft) (150 %‘)

= 86,254 Ibf

Dead loads for the stringer and parapets/curbs are the
same as for the interior stringer.

parapets/curbs = 25,300 1bf
stringer = 13,000 lbf

The total dead load for the exterior stringer is

86,254 1bf + 25,300 1bf 4 13,000 1bf = 124,554 Ibf

Add the dead loads for the interior and exterior stringers
to obtain the total dead load for the superstructure.

(139,550 1bf){2 interior stringers)
+ (124,554 Ibf)(2 exterior stringers)
= 528,208 Ibf = 528.2 kips

Calculate dead loads for the pier, footing, and soil above
the footing.

For the pier,

((36 f6)(2.5 ft) + (11 ft)(2.5 ft) + (21.5 ft)(14 ft))

x (4.5 ft) (0.15 %)

= 282.5 kips
For the footing,

(26 ft)(4 ft)(10.5 ft) (0.15 %E) = 163.8 kips

For the soil above the footing,

((26 ft)(10.5 ft) — (14 F)(4.5 it))(3.5 &) (0.12 '%)

= 88.2 kips

Step 2: Determine live loads using AASHTO HS 20-44
lane loading

pier
78 % 16 ft
10 ft I 2f 10 ft
26 kips |Hu 26 kips

N ~n— | kip

kip [ * - 1 ;‘ [T 064 5

‘K oeag | Bt att Y DNg § ST ||/ ft
ias1IRNNANNNNREREN]

ITTTRIRDTI] ]t

1ft8in

3ft2in 9ft0in

i!ftsin 3ft0in 4ftGin

s

4

£

Recall that the reaction of the interior sup-
port for a two-span continuous beam with
two equal spans with uniform loads w on
both spans is (10/8)(wl).




4
s
Hon (B (g

AASHTO The resultant £;; on the center pier is

[Figure ki 1

3.765; (0.64 ‘fl?;E) (100 ) (?O) + 26 kips
3.71.2;

3.81.2] x (2 lanes) = 212 kips

Impact is not included for piles below
groundlines.

Step §: Determine maximum i)ile forces for Group I
load combination.

Pp=+(D+{(L+1)+ BeE)

Factored values for Group I loading are

v=1.0
I'=00
B =10

Pp = (D + 1.0F) = (1.0)((528.2 kips
+ 282.5 kips -+ 163.8 kips)
+ (1.0)(88.2 kips))
= 1062.7 kips
Thus, Pp = 1062.7 kips.
YL =1.0L = Ry = 212 kips

The pile forces are

e =4.0ft
My, = Rpp(ex) = (212 kips)(4.0 ft)
= 848.0 ft-kips
_ {(3)(11.5 ft)* + (3)(4 &)? _ .
Syy = ( 15 R (2) = 77.35 pile-ft
_ [ (4)(3.75 ft)? Can
Sz = (——————3’75 % (2) = 30 pile-ft

The maximum force per pile is

M,, _1062.7 kips _ 212 kips
PotBu+g "= Topies T 12pie
848.0 ft-kips
77.35 pile-ft

= 88.6 kips -+ 17.6 kips + 11.0 kips
= 117.2 kips [« 120 kips, so QK]

T stream flow

| >
¥
H H [ H H
3754 i
x—bd-tH-d-— ==t &
3754 :
I
H Ho | H\ H
| H
7.5/ 4ft | \pier
i footing
115
o ) N
. y
The minimum force per pile is
P Ry, M, .
—_ b= W RR6 ki 17.6 kips — 11.0 ki
) + Y S, 88.6 kips + 17.6 kips — 11.0 kips

=95.2 kips |< 120 kips, so QK]

Step 4: Determine the maximum forces per pile for Group
IT load combination.

Factored values for Group II loading are

Pp =%(BpD + BgE + BwW

Using # = 1 in all cases,

Pp =9(D + E} = 1062.7 kips

= Pp in Group I
loading case

AASHTO W = wind load on structure
[315.2.1.3|

Step {a: Determine the wind load on the superstruc-
ture, Wsyper, transmitted to the substructure with a
transverse wind load of 50 Ibf/ft® and a longitudinal
wind load of 12 Ibf/ft2.

The projected height of the superstructure
above the pier top is

(38 in+9 in + 31.5 in) ! ft
12 in

= 6.54 ft from the pier top

The centroid of the superstructure area
above the pier top is (6.54 ft/2) + 0.12 ft
(bearing assumed) = 3.39 ft.




Step 4b:
[3.15.2.2]

The longitudina!l wind loading on the super-
structure is

{beam length)(superstructure height)
% (longitudinal wind load)

= (101.0 &)(6.54 ft) (0.012 %)

= 7.93 kips

The transverse wind loading on the super-
structure is

(101.1 ft)(6.54 ft) (0.05 %) = 33.0 kips

Next, determine the wind load, Wy, ap-
plied directly on the substructure above the
groundline. Both longitudinal and transverse
wind loads are 40 Ibf/ft2.

The exposed area in a longitudinal direction
(into the front face) is

(36 ££)(2.5 ft) - (11 ft)(2.5 Ft) + (18 ft)(14 ft)
= 369.5 ft’

The centroid of the exposed area is

(36 £t)(2.5 Ft)(1.25 ft) +(2.5 ft)(11 ft)(3.33 ft)
+ (18 £t)(14 ft)(11.5 ft)
360.5 ft?

= 8.4 ft from the top of the pier

The longitudinal wind load is
kip 2 N
0.04 el (369.5 ft*) = 14.78 kips

The exposed area in a transverse direction
{into the pier side face) is

(4.5 £t)(20.5 ft) = 92.25 fi®

The centroid of the exposed area is

20.5 f&
2

= 10.25 ft from the pier top

The transverse wind load is

(0.04 l-;g) (92.25 ft?) = 3.69 kips

Step {c:
|3.15.3]

The wind overturning force acting upward
at the quarter point of the transverse super-
structure width (20 Ibf/ft? of deck and side-
walk plan area)} is

(span length)({slab width) (0.02 %‘)

= (100 £t)(30 ft) (0.02 -'f-tb—zf)

= 60.0 kips

The quarter point is
.0 fi
-m = 7.5 ft from the centerline of the
4 .
roadway (or center of the pier)

60.0 kips
{overturning force)

751t Baft

- 330 __\ w783
kips 4 kips
14,78

= yips

20.5/ft

28 fit 10.25ft

e a5 28R

e

7.5 ft—-'l I--'—7.5 ft

\{"/

piles piles

3.75ft—-l | L—3.75ﬂ

transverse wind loading longitudinal wind loading

Step 4d: Determine the forces per pile.

In the transverse direction,

M,, = (60.0 kips}(7.5 ft) + (33.0 kips)(28 ft)
+ (3.69 kips)(28 ft — 10.25 ft)
= 1439.5 ft-kips

The maximum force per pile is

1062.7 kips — 60.0 kips
- 12 piles
1439.5 ft-kips
"77.35 pile-ft
= 83.5 kips + 18.6 kips
= 102.1 kips
[« 120 kips, so OK]

PD - 60-0 kipS + Myy
A Syy




In the longitudinal direction,

Mg, = (7.93 kips)(28 ft)
+ (14.78 kips)(28 ft — 8.4 ft)
= 511.8 ft-kips

The maximum force per pile is

Pp + M-, _ 1062.7 kips  511.8 ft-kips

A "8, 1zpies ' 30 pief
= 88.56 kips + 17.06 kips
= 105.62 kips [< 120 kips, so OK]
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Appendices

Appendix A
AASHTO Live Load Tables

Loading—H 15-44

Table of Maximum Moments, Shears, and Reactions
(Simple Spans, One Lane)

Spans in feet; moments in thousands of foot-pounds; shears and reactions in thousands of pounds.
These values are subject to specification reduction for loading of multiple lanes. Impact not included.

end shear end shear
1 and end and end
l- span  moment reaction® span  moment reaction®
1 6.0° 24.0° 42 274.4 29.6
- 2 12.0° 24.0° 44 289.3° 30.1
| 3 18.0° 24.0° 46 304.4° 30.5
- 4 24.0° 24.0° 48 319.2° 31.0
5 30.0° 24.0% 50 334.2° 315
6 36.0° 24.0° 52 349.1% 32.0
7 42,0 24.0% 54 364.10 325
8 48.0 24.0b 56 379.1b 32.9
- 9 54.0° 24.0° 58 397.6 33.4
1 10 60.0° 24.0° 60 418.5 33.9
11 66.0° 24.08 682 439.9 34.4
12 72.0b 24.0t 64 461.8 34.9
13 78.0° 24.0° 66 484.1 35.3
14 84.0¢ 24.0° 68 506.9 35.8
15 90.0% 24.0° 70 530.3 36.3
16 96.0° 24.8% 75 590.6 375
17 102.0% 25.1b 80 654.0 38.7
18 108.0% 25.3% 85 720.4 39.9
19 114.0° 25.6¢ a0 789.8 41.1
20 12000 25.8b g5 862.1 42.3
21 126.0° 26.0% 100 937.5 43.5
22 132.0% 26.20 110 1097.3 45.9
23 138.0% 26.3% 120 1269.0 48.3
24 144.0° 26.5° 130 1452.8 50.7
25 150.0% 26.6% 140 1648.5 53.1
(continued)

2 Concentrated load is considered placed at the support. Loads used are those stipulated for shear.
®Maximum value determined by Standard Truck Loading. Otherwise the Standard Lane Loading governs.

i



L AN i il Ty o
RS e PEIoh iR

Appendix A (continued)
Loading—H 15-44

Table of Maximum Moments, Shears, and Reactions
(Simple Spans, One Lane)

end shear end shear
and end and end
span moment reaction® span moment reaction®
26 156.0° 26.8% 150 1856.3 55.5
27 162.7 26.9° 160 2076.0 57.9
28 170.1% 27.0b 170 2307.8 60.3
29 177.5¢ 27.1% 180 2551.5 62.7
30 185.0° 27.9% 190 2807.3 65.1
31 192.4% 27.3¢ 200 3075.0 67.5
32 199.8° 27.4% 220 3646.5 72.3
33 207.3% 27.5 240 4266.0 77.1
34 214.7h 27.7 260 4933.5 B1.9
35 22326 27.9 280 5649.0 86.7
36 229.6* 28.1 300 6412.5 91.5
37 237.1% 98.4
38 244.5b 28.6
39 252.0 28.9
40 259.5° 29.1

SConcentrated load is considered placed at the support. Loads used are those stipulated for shear.
bMaximum value determined by Standard Truck Loading. Otherwise the Standard Lane Loading governs.
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Appendix A (continued)
Loading—HS 15-44

Table of Maximum Moments, Shears, and Reactions
(Simple Spans, One Lane)

Spans in feet; moments in thousands of foot-pounds; shears and reactions in thousands of pounds.
These values are subject to specification reduction for loading of multiple lanes. Impact not included.

end shear end shear
and end and end
span moment reaction® span moment reaction®
1 6.0° 24.0° 42 364.0° 42.0b
2 12.0° 24.0° 44 300.7° 42.5°
3 18.0 24.0° 46 417.4° 43.0°
4 24.0b 24.0° 48 444.1% 43.5°
5 30.0t 24.0° 50 470.9° 43.9
r 6 36.0° 24.0% 52 497.7 44.3%
f 7 42.0° 24.0t 54 524 5% 44.7°
- 8 48.0° 24.0b 56 551.3% 45.0°
9 54.0° 24.0 58 578.1% 45.3%
[E 10 60.0° 24.0b 60 604.9° 45.6°
11 66.0° 24.0° 62 631.8° 45.9
12 72.0% 24.0b 64 658.6" 46.1°
X 13 78.0° 24.0 66 685.5° 46.4°
14 84.0b 24.0° 68 712.3b 46.6°
15 90.0% 25.6% 70 739.2b 46.8%
16 96.0% 27.0° 75 806.3% 47.3%
17 102.0% 28.2¢ 80 873.7° 47.7°
18 108.0° 29.3% 85 941.0b 48.1%
19 114.0% 30.3° 90 1008.3° 48.4%
20 120.0° 31.26 95 1074.9% 48.7%
21 126.0¢ 32.00 100 1143.0° 49.0°
22 132.0° 32.7% 110 1277.7% 49.4%
23 138.0¢ 33.4% 120 1412.5% 49.8%
J 24 144.0° 34.0° 130 1547.3% 50.7
25 155.5° 34.6° 140 1682.1° 53.1
26 166.6° 35.1% 150 1856.3 55.5
! 27 177.8 35.6° 160 2076.0 57.9
| 28 189.0% 36.0% 170 2307.8 60.3
29 200.3% 36.6° 180 2551.5 82.7
30 211.6° 37.2¢ 190 2807.3 65.1
] 31 223.0° 37.7° 200 3075.0 67.5
32 234.4° 38.3¢ 220 3646.5 72.3
33 245.8b 38.7% 240 4266.0 77.1
| 34 257.7° 39,2 260 4933.5 81.9
J 35 270.9* 39.6* 280 5649.0 86.7
36 284.2° 40.0% 300 6412.5 91.5
J 37 287.5¢ 40.4°
38 310.7° 40.7°
39 324.0° 41.1%
} 40 337.40 41.4%

%Concentrated load is considered placed at the support. Loads used are those stipulated for shear.
bMaximum value determined by Standard Truck Loading. Otherwise the Standard Lane Loading governs.




Table of Maximum Moments, Shears, and Reactions
(Simple Spans, One Lane)

Spans in feet; moments in thousands of foot-pounds; shears and reactions in thousands of pounds.
These values are subject to specification reduction for loading of multiple lanes. Impact not included.

Appendix A (continued)
Loading—H 20-44

end shear end shear
and end and end
span moment reaction® span moment reaction®
1 8.0b 32.00 . 42 365.9% 39.4
2 16.0% 32.0% 44 385.8% 40.1
3 24.0b 32.00 46 405.7% 40.7
4 32.0° 32.0t 48 425.6° 41.4
5 40.0° 32.0b 50 445.6¢ 42.0
6 48.0° 32.0t 52 465.5° 426
7 56.0° 32.0° 54 485.5° 43.3
8 64.0° 32.0¢ 56 505.4% 43.9
9 72.0° 32.00 58 530.1 44.6
10 80.0° 32.00 60 558.0 452
11 88.0° 32.0% 62 586.5 45.8
12 96.0° 32.0% 64 615.7 46.5
13 104.0° 32.0% 66 645.5 47.1
14 112.0t 32.0b 68 675.9 47.8
15 120.0% 32.5% 70 707.0 48.4
16 128.0% 33.0t 75 787.5 50.0
17 136.0° 33.4% 80 872.0 51.6
18 144.0? 33.8% 85 960.5 53.2
19 152.0° 34.1% a0 1053.0 54.8
20 160.0° 34.4% 95 1149.5 56.4
21 168.0° 34.7% 100 1250.0 58.0
22 176.0° 34.9% 110 1463.0 61.2
23 184.0° 35.1% 120 1692.0 64.4
24 192.0° 35.3% 130 1937.0 67.6
25 200.0b 35.50 140 2198.0 70.8
26 208.0b 35.7% 150 2475.0 74.0
27 216.9b 35.9% 160 2768.0 77.2
28 226.8% 36.0° 170 3077.0 80.4
29 236.7% 36.1% 180 3402.0 83.6
30 246.6Y 36.3% 190 3743.0 86.8
n 256.5° 36.4% 200 4100.0 90.0
32 266.5" 36.5% 220 4862.0 96.4
33 276.4% 36.6° 240 5688.0 102.8
34 286.3% 36.9 260 6578.0 109.2
35 296,2% 37.2 280 7532.0 115.6
36 306.2° 375 300 8550.0 122.0
37 316.1% 378
38 326.1% 38.2
39 336.0° 38.5
40 346.0° 38.8

“Concentrated load is considered placed at the support. Loads used are those stipulated for shear.
bMaximum value determined by Standard Truck Loading. Otherwise the Standard Lane Loading governs.
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Appendix A (continued)
Loading—HS 20-44

Table of Maximum Moments, Shears, and Reactions

Spans in feet; moments in thousands of foot-pounds; shears and reactions in thousands of pounds.
These values are subject to specification reduction for loading of multiple lanes. Impact not included.

(Simple Spans, One Lane)

end shear end shear
and end and end
span momernt reaction® span moment reaction®
1 8.0 32.0t 42 485.3% 56.0°
2 16.0° 32.00 44 520.9% 56.7°
3 24.0° 32.0t 46 556.5Y 57.3%
4 32.0" 32.0b 48 502.1% 58.0°
5 40.0% 32.0¢ 50 627.9° 58.5°
6 48.0° 32.06 52 663.6° 59.1b
7 56.0° 32.0¢ 54 699.3° 59.6°
8 64.0° 32.00 56 735.1% 60.0°
9 72.00 32.0° 58 770.8% 60.4°
10 80.0° 32.0° 60 806.5° 60.8%
11 88.0b 32.0° 62 842.4% 61.2b
12 96.0° 32.0° 64 878.1° 61.5°
13 104.0° 32.00 66 914.0° 61.9%
14 112.0° 32.0° 68 049.7° 62.1°
15 120.0° 34.1b 70 985.6° 62.4%
16 128.0° 36.0° 75 1075.1% 63.1°
17 136.0° 3.7 80 1164.9° 63.6°
18 144.0° 3g.1¢ 85 1254.7° 64.1°
19 152.0° 40.4% 90 1344.4° 64.5°
20 160.0° 41.6" a5 1434.1% 64.9%
21 168.0° 42.7° 100 1524.0° 65.3%
22 176.0° 43.6° 110 1703.6% 65.9°
23 184.0° 44.5% 120 1883.3° 66.4"
24 192.7¢ 45.3% 130 2063.1° 67.6
25 207.4° 46.1% 140 2242 8% 70.8
26 292 90 46.8% 150 2475.1 74.0
27 237.0° 47.4% 160 2768.0 77.2
28 252,08 48.0° 170 3077.1 80.4
29 267.0° 48.8b 180 3402.1 83.6
30 282.1° 49.6° 190 3743.1 86.8
31 297.3% 50.3% 200 4100.0 90.0
32 312.5° 51.0° 220 4862.0 96.4
33 327.8° 51.6° 240 5688.0 102.8
34 343.5 52,20 260 6578.0 109.2
35 361.2° 52.8° 280 7532.0 115.6
36 378.9° 53.3° 300 8550.0 122.0
37 396.6° 53.8°
38 414.3° 54.3%
39 432.1% 54.8°
40 449.8 55.2%

& Concentrated load is considered placed at the support. Loads used are those stipulated for shear.
bMaximum value determined by Standard Truck Loading. Otherwise the Standard Lane Loading governs.
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Appendix B
AASHTO Truck Train Loadings

Truck Train and Equivalent Loadings—1935 Specifications
American Association of State Highway Officials
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H-15-35 loading

Truck Train Loading

18,000 Ibs for moment

concentrated load _‘ 26,000 Ibs for shear

uniform load 640 Ibs per linear foot of lane

(g7

H-20-35 loading

concantrated load 13,500 Ibs for moment

¥ 19,500 Ibs for shear
uniform load 480 |bs per Imaar foot of lanse
T
H-15-35 Ioadlng

EQUIVALENT LOADING
lane width 10 feet

From Standard Specifications for Highway Bridges (16th Edition), Copyright 1996, and 1998 Interim Revisions o Standerd
Specifications for Highway Bridges, Copyright 1998, by the American Association of State Highway and Transportation Officials,
Washington, D.C. Used by permission.
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