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ERRATA

e Add to Fig. 3, p. 14

i = unit, average longitudinal flexural stiffness

= total I for all composite, coverplated beams + deck width
i = unit, average transverse flexural stiffness, including

interior diaphragms

= io = deck width
AR = aspect ratio = SPANB
IET = I for exterior compesite, coverplated beams

I for all composite, coverplated beams

_ deck width/2 4. 077

THETA = I Ql/;

Note that all section properties computed for the longitudinal
direction are with respect to the bridge neutral axis.

@ Add to end of first paragraph, Section 5.1, p. 31

All steel shapes in the bridge superstructure are of A7 steel,
and all deck and curb concrete has a 2B~day strength of 3000 psi.

¢ Revise Fig. 10, p. 66

interchange key descriptions for solid line and dashed line stresses,
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1. INTRODUCTION

1.1. Background

During the period 1930 to 1960 the State of Iowa constructed a
considerable number of single-span, composite steel beam and concrete
deck bridges. The AASHC bridge design standards in use during that
time period permitted exterior beams to be designed for a wheel-load
fraction considerably smaller than the fraction for interior beams.
4s a consequence,llowa designed and constructed many one~ and two-lane
composite bridges with exterior steel beams having depths 2 or 3 in.
less than the interior steel beams.

The Seventh Edition of Standard Specifications for Highway Bridges
{3}, issued by AASHO in 1957, increased the whesl-load-distribution
fraction for exterior beams for this bridge type. The increase was
substantial~-as much as 40% for a typical 50-ft span, two-~lane, four-
beam bridge. As a result, when these typical Iowa composite bridges
were rated, they were found to be no longer adequate for their design
loads.
| In 1980, the Iowa State Legislature passed 1egislationrwhich
significantly increased legal loads in the state. The legal load
increase widened the gap between the rated strength of the older
composite bridges with small exterior beams and current rating stand-

ards.



1.2. Bridge Strengthening

Although shear conpectors and other bridge parts may be inadeguate,
most of the composite bhridges designed prior to 1957 are understrength
because of excessive flexural stresses in exterior beams. For bridges
with this bending siress deficiency, it is logical to strengthen the
exterior beams in order to avoid embargoes or costly, early replace~
ment of the bridges.

One method of streppthening exterior beams is post~-tensioning.
Post-tensioning is already an accepted strengthening method for com-
posite bridges in Califormia [15]}. The authors have post-tensioned
and monitored two Iowa bridges as described in Refs. [13 and 7] and
have field tested the post-tensioning of a composite bridge in Fleorida
{5]. Other applications of post-tensioning as a strengthening method
exist also, as noted in Ref. 14.

In most cases, post-tensioning is less costly than the addition
of coverplates or alternative methods for increasing flexural capacity.
1f the brackets for application of post-tensioning are bolted to bridge
beams, no special construction skills are required, and, if properly
designed, there is no uncertainty as to adequacy of connections~-as
there might be if the bridge's steel welding characteristics were
unknown .

The major drawback to post-tensioning of Iowa bridges has been the
unknown distribution of post-tensioning to the various beams of a com-
posite bridge. If all beams are post-tensioned equally, the usual but

somewhat inaccurate design assumption is that all forces and moments



remain with each strengthened beam. When all composite, post-tensioned
beams are of equal or almost equal stiffness, the design assumption is
valid; however, when the beam stiffnesses vary significantly, the assump-
tion is not valid.

If only the exterior beams are post-tensioned, one cannot assume
that the resulting forces and moments remain only on the exterior beams.
A composite bridge behaves as a single structure. The shear connection
between steel beams and concrete deck and the transverse stiffness of
the bridge deck and diaphragms provide a path through which the post-
tensioning on any one beam is distributed to the remainder of the bridge.

The typical composite bridge in need of strengthening (see Fig. 1)
is complex in terms of structural variables. The bridge is a variably
stiffened orthotropic plate. Variations in longitudinal stiffness
occur because of the wide spacing of beams, differences in beam size,
differences in coverplate éize, differences in location of coverplate
cutoff, and the use of curbs integral with the deck. Variations in
transverse stiffness are caused by use and placement of diaphragms.

For actual bridges, end conditions can neither be classified as
hinged nor as fixed ends. Also, the end conditions may vary depending
on whether a load causés positive or negative bending. Although many
of the‘composite bridges are right-angle bridges, others have skews of
as much as 45°., Due to the use of the smaller exterior beams and the
need for drainage, most of the composite bridges have a deck crown of
approximately 3 in.

In order to provide the practical post-tensioning distribution

factors given in this manual, the authors developed a finite element
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model of a composite bridge and checked the model against a one-half
scale laboratory bridge and two actudl composite b}idges, one of which
had a 45° skew. Details of the finite element model and verification
of the model are given in Chapter 5 of Ref. [7].

The finite element model was applied to standard Iowa DOT bridge
designs, specifically the V9 Series [16] for single-lane, three-beam
byridges; and the V11, V13, and V15 Series [17,18,19] for two-lane,
four-beam bridges. The model also was applied to several Towa DOT,
individually designed, composite bridges. From the finite element
model results, the authors developed multiple regression formulas for
the post-tensioning distribution fractions. Depending on the eleva-
tion of the tendons, the post-~tensioning force will create varying
amounts of force and moment. Thus, to provide flexibility for the
designer, distribution factors were determined separately for force
and moment. For additional design flexibility, the distribution
factors were determined for a variable bracket location on the span.
All of the distyibution factors were determined for exterior beams
post-tensioned symmetrically.

Within the limits of the three~- and four-beam bridges included in
the regression analysis, the formulas give quick and accurate results,
However, the formulas are not applicable in several cases: bridges
with more than four beams, continucus composite bridges, and composite
bridges with other significant, differing characteristics. Those
bridges must be analyzed individually using finite element apalysis or

other analysis methods:



Post-tensioning can easily modify the elastic stresses within a
bridge and, in so doing, satisfy rating criteria for service loads.
However, post-tensioning also will create a certain amount of camber
or tension stress, which may cause cracking of curbs and concrete deck.
Because the post-tensioning tendons are attached to the beams near the
supports but not at any other locations, they do not increase the moment
of inertia of the cross section. The tendons do increase the resistance
to deflection of the post~tensioned beams but through a mechanism other
than ordinary bending stiffness. Post-tensioning will increase the
strength of the bridge; however, the increase in strength will be less
in percentage terms than the increase in allowable load-carrying capacity
computed by the service load design method. Thus, post-tensioning is
2 more attractive strengthening method for the service load design
method.

The sections which follow in this manual explain the use of elastic,
compoéite beam and bridge section properties, the distribution fractions
for symmetrically post-tensioned exterior beams, and a methed for comput-
ing the strength of a post-tensioned beam. Also included is a design
example for a typical, 51.25-ft-span, four-beam composite bridge.

Moments for Iowa DOT rating trucks, H 20 and H5 20 trucks, have been

tabulated for design convenience; these are included in the Appendix.

R



2. SECTION PROPERTIES

2.1. Service Load Design

Current bridge design and rating practice is to isclate each
bridge beam from the total structure and to base dead and live load
stresses on the cross~-sectional properties for the individual beams,
using the rules for computing the properties given in the AASHTO
Standard Specifications for Highway Bridges [2]. Because the Iowa
composite bridges were conétructed without shoring, the dead load
stresses are computed for the steel beam, concrete deck, and curb and
rail weights as applied to the bare steel heams or beams with covexr-
plateé. In addition to the properties of the bare beams and beams
with coverplates, the properties of the isolated composite beams are
required for the live load plus impact stress computations., The
composite moment of inertia method (specified in Ref. 2, Sec. 10.38)
assumes that the concrete deck width is limited and that the concrete
material areas are reduced by the factor n, the ratio of modulus of
elasticity of steel to that of concrete.

Long~term dead loads due to the weight of a future wearing surface
and any other dead loads applied after the concrete deck has cured
cause creep in the concrete deck as it is subjectéd to long-term com-
pression stresses. Reference 2 specifiés that the factor n be
increased by a factor of three to account for creep due to long-term
dead load, thereby reducing the effective moment of ineftia of the
composite beam cross section. Overall, then, computation of the

service lead stresses for a composite bridge requires three sets of



section properties for a location where stresses are to be checked:
properties for the steel beam, properties for a composite beam, and
properties for a composite beam with a reduced deck section. Because
each exterior beam and interior beam typically have both bare beam and

coverplated regions, twelve sets of section properties are usually

required for a bridge.

2.2. Post-tensioning

Application of eccentric post-tensioning to a bridge beam causes
both axial force and moment. Because the moment is computed as the
product of the force in the tendons and the distance between the tendons
and the neutral axis, the location of the neutral axis is significant.

As Fig. 2(a) indicates, the elevation of the neutral axis for the
exterior beam is not the same as the elevation of the neﬁtral axis for
the bridge. Furthermore, the neutral axis elevations will change
depending on whether the exterior and/or interior beams are coverplated.
How much difference in neutral axis elevations exists is dependent on
the size or absence of integral curbs, the relative depths and eleva-
tions of the steel beams; and the magnitude or absence of deck crown.

On the basis of trials with several bridges and correlation with
field data, it appears that greater accuracy can be achieved if the
bridge's neutral axis is considered the elevation about which the post-
tensioning force causes moment. ¥For simplicity in computing the
additional sets of section properties, the excluded deck areas may be

neglected in locating the bridge's neutral axis. Although post-tensioning
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is a long-~term load, it causes a negative bending moment that induces
tension in the concrete deck and curbs. For that reason, the creep
condition considered for long-term dead loads is not likely to occur
for post~tensioning, and it is reasonable to use the initial, unmagni-
fied n factor for computation of bridge section properties. It is
also conservative to use the initial n factor. Use of the magnified n
factor decreases the required post-tensioning force in the typical
condition considered in this manual.

In developing the post-tensiening distribution fractions from the
finite element model, thé authors computed the bridge section proper-
ties as outlined above, using an initial n factor and disregarding the
portions of the bridge deck excluded by the width limitations for the
beam flange given in Ref. 2. The distribution fractions also are
based on the bridge properties at midspan with all beams coverplated
(location (1) in Fig. 2(b)), since this is the most usual condition
within the post-tensioned region of the bridge. Thus, in order to use
the distribution fractions given in this manual most accurately,
stresses induced by post~-tensiening forces and moments should be
computed on the basis of sectjion properties for composite beams with
respect to a composite bridge.

The four locations identified in Fig. 2(b) are all locations at
which stresses must be checked for a complete post-tensioning design.
Three different sets of properties are required in order to check
those locations: properties for the bridge with all beams cover-
plated, properties for the bridge with only the interior beams cover-

plated, and properties for the bridge with no beams coverplated.
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Since there is need for a considerable number of different sets
of section properties in rating a composite bridge as well as in
designing the post-tensioning, the designer must be careful in organ-
izing hand computations or in using calculator- or computer-programmed
computations. As a guide to setting up the section property computa-

tions, the design example given in Sec. 5 should be helpful.

3. SERVICE LOAD DESIGN METHOD

3.1. Torce and Moment Distribution Fractions at Midspan

Although the SAP IV finite element model described in Chapter 5

of Ref. 7 is a general, theoretical model adaptable to a wide variety

of composite bridges, the model requires access to SAP IV, preprocessing

and postprocessing programs, and a large computer. In order to simplify

the design process for the typical Ilowa composite bridges, the authors
have used the model to compute the data and develop simple regression
formulas for the force and moment distribution fractions.

The range of bridges included in the data for the distribution
fractions is given in Table 1. For three-beam bridges, spans range
from 23.75 ft to 80 ft, beam spacing is set at 9.5 ft, deck thickness
(less wearing surface) is set at 6.94 in., and the integral curbs and
coverplates are as specified in the Towa DOT VQ Series [16]. To give
the designer flexibility in locating the post-tensioning brackets,
separate data were generated for brackets at 5% and 20% of the span

lengths.
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For the four-beam bridges, there is considerably more range in
the data used to develop the distribution fraction formulas. The data
include spans of 23.75 ft to 80 ft, beam spacings of 7.67 ft to 9.69 ft,
deck thicknesses of 6.25 in. to 8 in., steel bridge beams of equal or
unequal size and partially or completely coverplated beams as given
in the Iowa DOT V11, V13, and V15 Series [17,18,19]. All bridges have
curbs integral with the deck. The 5% and 20% of the span locations
for brackets were also used for all bridges to give design flexibility.

Because the regression formulas given later in this section were
developed for the ranges of data outlined above, the distribution
fraction formulas should not be applied to bridges which have charac-
teristics beyond those data ranges. The formulas also Qere developed
for midspan distribution factors. For distribution factors at loca-
tions other than at midspan, the guidelines given in Sec. 3.2 should
be followed.

The finite element experiments reviewed in Chapter 5 of Ref. 7
provided the basis for choosing potential regression variables. After
analyzing the potential variables by means of SAS (Statistical Analysis
System) and experimenting with various forms of regression equations
as described in Chapter 5, the authors chose the regression variables
given in Fig. 3.

The most significant variable proved to be the length of the post-
tensioned region or the distance between tendon anchorages (SPANB),
alone or in an aspect ratio (AR), as computed from the deck width and
SPANB. The transverse stiffness of the deck also is significant and

was included as a ratio of DECKT (deck thickness) to DECKS (deck span).
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For moment fractions, tﬁe relative stiffness éf the exterior beams
(IET), computed as the ratio of the total, exterior beam stiffness
to the total bridge stiffness was significant. For force fractions
{THETA), the orthotropic plate flexural parameter was significant.
Further defipitions of the variables are given in Fig. 3. Skew, if
45° or less, need not be considered and is not listed among the
variables in the figure.

The multiple linear regression formulas given for the force
fractions for exterior beams, FF, and the moment fractions for
exterior beams, MF (Fig. 4), all have coefficients of determination of
(.95 or greater. According to the coefficients of determination, the
moment fraction formulas are more accurate, a desirable situation since
a larger portion of the post-tensioning stress is usually caused by
moment .

Should the designer want to apply a safety factor to the distribu-
tion fraction computed from one of the formulas given in Fig. 4, the
error range values are helpful. Since the negative error percentage
indicates that the finite element distribution fraction could be that
much less than the formula-predicted fraction, the formula~predicted
value can simply be reduced by that percentage. As an example, the
moment fraction, MF, computed from the four-beam bridge formula can be

multiplied by {1 - 0.07) or 0.93.
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force fraction
moment fraction

=i
ry
ot

Three-Beam Bridges

FF = 0.741 - 0.175 —=1z - 0.0624 ——
THETA VAR
R2 = 0.986, error range +2%, -3%
. 1 1
MF = 0,816 - .245 = 0.0755 —=
VIET VAR
R2 = 0.991, error range +2%, -2%
Ranges of Regression Variables: 0.417 < THETA < 0.893
0.456 < IET < 0.571
0.306 < AR < 1.544

Four-Beam Bridges

FF = 0.605 - 0.323 ~—— - 0.0720 —— + 3.87 beck%
THETA VAR
R2 = 0.954, error range +9%, ~6%
MF = 0.963 - 0.221 — - 0.145 —t— - 2.18 Dokl
\JIET VAR
R2 = 0.983, error ramge +4%, -7%
Ranges of Regressiom Variables: 0.516 < THETA < 1.329
0.379 < IET < 0.600
0.361 < AR < 2,246
6.25 < DECKT < 8.00
92.00 < DECKS < 116.25

Note that negative error range indicates that SAP IV result is less thap
regression formula-predicted result.

Figure 4, Regression formulas for force and moment fractions, post-
tensioned exterior beams--bridge skew 0% to 45°.

[ —
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3.2. Force and Moment Distribution Fractions
at Locations Other than Midspan

Post-tensioning distribution does not remain constant over the
entire bridge span. At the bracket location, where the post-tensioning
is applied, most of the post-tensioning remains on the beam to which
the brackets are attached. Toward midspan, however, much of the post-
tensioning is distributed to the interior of the bridge.

Figure 5 illustrates moments on the spans of three post-tensioned
beams. In Fig. 5{a), the moment diagram for an isolated beam of constant
cross section is given. In Fig. 5(b), the same beam has been cover-
plated, and the downward shift in neutral axis elevation reduces the
post-tensioning moment over the coverplated region of the span. The
beam in Fig. 5(c¢) is part of a bridge. The restraining effect of the
bfidge causes small positive moments between brackets and supports
and causes reduction in negative moment near midspan. The moment
diagram illustrated in Fig. 5{(c) is typical for a post-tensioned
exterior beam in a composite bridge.

Although for exterior beams it would be conservative to use
the midspan moment fraction over all portions of the post-tensioned
length, that procedure will not give accurate results. A recommended
interpolation procedure is given in Fig. 6. The linear interpolation
neglects locations of the brackets, which is convenient for design
and also gives more accurate results. Using the support for the
second known distribution point accounts partially for the small

positive moments between brackets and supporis shown in Fig. 5(c¢).
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locations other than midspan.
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The comparison between the finite element beam stresses and inter-
polated stresses given in Chapter 5 of Ref. 7 shows agreement generally
within 10%. Thus, the interpolation procedure described above gives

accurate results.

3.3. Bracket Design and Tendon Selection

In the original design of the Ibwa composite bridges, the designers
checked two locations on the beams for flexural stresses: midspan and
coverplate cutoff. When strengthening a bridge by post-tensioning, a
third location must be checked, the bracket location. For the two
bridges strengthened by the authors {13], the brackets were located at
a distance from the supports--approximately 7% of the span in most
cases. The locations of the brackets were determined by trial and
error to find the points at which the average beam, bottom flange
stress did not exceed an allowable stress of 18 ksi tension, after the
bracket bolt holes were cut into the flanges. The 7%-~of~the-span
bracket location alsec gave adequate clearance for the jacking opera-
tion during the actual post-tensioning.

For a skewed bridge, the authors moved the brackets closer to the
supports at the two obtuse corners of the bridge. This placement had
the advantage of applying post-tensioning to counteract load from the
adjacent interior parts of the bridge (net accounted for in the usual
beam stress compitations), but the disadvantage of increasing the post-
tensioned length and thus causing less of the post-tensioning to remain

on the exterior beams at midspan. From the finite element analysis of
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skewed bridges, it appeared that moving the brackets did not signifi-
cantly improve the post-tensioned performance of the bridge [6). For
skewed bridges, then, brackets can be located as for right-angle
bridges.

Fatigue design is based on stress range. For the two bridges
strengthened by the authors, the change in tendon force due to an
eccentric truck was on the order of 5% to 7% of the total weight of
the truck. If the AASHTO wheel load distribution fraction [2,

Section 3.23}, rather than the actual fractioh, were used in a compu-
tation for the tendon force increase, the force increase would be
somewhat larger. The stress range for the brackets and welded
connections in the brackets still would be quite small and should not
pose a major design problem.

— Tendon elevation is highly significant for the economical use of
post-tensioning. The lower the tendons are placed, the greater the
moment effect for a given post~tensioning force. The greater moment
effect will relieve tension stress in bridge beams more efficiently,
but it also will cause more tension in deck and curbs. The elevation
of the brackets to which the tendons are anchored often is limited by
clearances. 1If the brackets and tendons are placed below the bridge
beams, they are in a very vulnerable position and will reduce the
clearance for any traffic under the bridge. Even when the tendons and
brackets are placed above the bottom flanges of the beams, the tendon
paths must be considered since bridge diaphragms may cause obstructions.

If brackets are located at the juncture of the beam's bottom flange

and the web, it is possible to bolt the bracket to both flange and web.
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This thereby reduces the length over which the bracket must be bolted

to the beam and provides resistance against the lateral bending which

will occur if accident, human error, or temperature differential caused

the tendon forces to be uneqgual on either side of the beam web.

The choice of bracket location and elevation rests with the
designer. If the brackets are correctly located, there is no loss of
capacity for the bridge if the post-tensioning were to be removed at
some future date. The actual design of the brackets is dependent on
the number, placement, and type of tendons, as well as other factors
particular to a given bridge. Examples of brackets designed by the
authors are given in Ref. 13.

Although the authors have used threaded bars for the teandons
[8,13], it is possible to use cables for the tendons, as is done by
the California DOT [15]. Choice of tendon type, size, and pumber
depends not only on the required post-tensioning force, but also on
the means of corrosion protection and tendon-path obstructions. The
suthors have found it convenient to use epoxy-coated threaded bars
rather than cables grouted in conduit. However, the epoxy coating
should be omitted at the anchorages, or nuts will not turn readily
on the tendon.

With the threaded tendons, the authors have found little reascn
for post-tensioning loss due to the usual loss factors. If care is
taken during the post-tensioning process, the elastic shortening and
seating losses are very small or essentially nonexistent if all ten-
dons are stressed at the same time. Mancarti confirms this finding

for post-tensioning with cables [15}. There will be some loss of
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post-tensioning due to relaxation of the tendon steel, and the estimate
for that loss should be obtained from the tendon manufacturer. It is
possible that there will be some temporary loss (or gain) of post-ten-
sioning force due to temperature differeptial between the tendons and
the bridge. The designer may need to estimate the maximum loss. (See
Chapter 4 of Ref. 7 for temperature data for a north-south bridge.)
One loss which can be substantial and is wsually not considered
in design is the loss that occurs when the bridge deck or integral
curbs are replaced or modified. Because the deck and curbs restrain
the effects of the post~tenéioning and contribute to the composite
cross section of the bridge, removal of any part of the cross section
will affect the post-tensioning stresses. Deck and curb repairs,
therefore, should be coerdinated with the post-tensioning and, prefer-
ably, not be performed after the bridge has been post-tensioned. If
the bridge has been post-tensioned, the authors recommend temporarily
removing the post-tensioning until deck and curb repairs are completed.
Partially offsetting some of the losses noted above is the gain
in post-tensioning that occurs when a truck loads the bridge. The
truck will cause tension in the bottom of a post-tensioned beam, as
well as in the tendons anchored to the beam. The thecry for computa-
tion of the tendon force gain for an isolated beam is given in Ref. 14.
In general, the post-tensioning losses can be expected to be
smaller than those for a post-tensioned concrete bridge. There are
advantages to post~-tensioning with threaded tendons or cables, and the
designer should consider those advantages carefully in choosing the

type of tendon.
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3.4, Recommended Design Procedure

To develop the tendon forces and design the post-tensioning

system, the following procedure is suggested.

(1)

(2)

(3)

Determine all loads and load fractions for
e dead load

e long-term dead load

@ impact load and

& live load

for both exterior and interior beams:
Compute moments for

¢ dead load

® long-term dead load and

@ live load and impact (Appendix)

at

¢ midspan

& coverplate cutoffs and

® approximate bracket location (only for exterior beams)
for exterior and interior beams.

Compute section properties for

¢ steel beam

e steel beam with coverplate

® composite beam

® composite beam with coverplate

e composite beam with concrete creep and

@ composite beam with coverplate and concrete creep



(4)

(5}
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for exterior and interior beams. Alsc compute section proper-
ties for

¢ composite beam and

@ composite beam with coverplate

for beams with respect to bridge at several locations, as
required by the coverplate configuration.

Compute stress to be removed by post-tensioning at midspaﬁ

of exterior beam

@ Determine approximate tendon elevationm

& Compute force and moment factors (see Figs. 3 and &)

e Compute required total post-tensioning force for the bridge

using

- FF L Pec
fmFFA-vMF 1

® Select tendons and account for losses in determining tendon
forces to be specified.

Check stresses at

@ top of curb

® top of deck

® top of beam and

® bottom of beam or coverplate

¢ midspan
e coverplate cutoff and

e bracket
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for exterior beam and interior beam (omit bracket location

for interior beam).

(6) Design brackets and anchorages.

(7) Check other design factors such as

@

beam shear
shear connectors
deflection
fatigue and

beam stfength.

4. ULTIMATE STRENGTH

4.1. Analytical Strength Model

The problem of developing a flexural strength model for a post-

tengioned composite beam includes the following types of behavioer:

@ steel-concrete composite action

e partial shear connection

@ partial prestressing

# unbonded tendon.

Some empirical formulas are given in codes and standards for prestressed

beams, but those formulas generally do not give accurate results for the

composite post-tensioned beams under consideration.

The analytical model proposed by the authors is based on the follow-

ing principles and assumptions:

[——

[EN——



(1)

(2)

(3)

(4)

(5)

(6)

(7N
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The post-tensioned beam can be assumed to behave as a steel
beam with a plastic hinge at midspan.

The deflection of the plastic hinge at midspan can be taken
to be the span length divided by 80.

The effective beam flange width can be determined according
to the AASHTO rules for load factor design [2, Sec. 10.38].
The compressive force in the slab can be determined according
to AASHTO rules, which account for slab reinforcing (unlike
service load design)}, relative capacity of concrete slab vs
steel beam, and partial or full shear connection {2, Sec.
106.50}.

Tendon strain can be determined from an idealized beam
configuration as illustrated in Fig. 7. In the idealized
beam, the tendon is permitted to rise, and the change in
elevation is accounted for in the computations.  If the
tendons are in any way restrained from rising, the config-
uration in Fig. 7 must be modified to correctly represent
the actual condition.

Tendon force can be computed from an idealized stress-strain
curve for the tendon steel.

Shear connector capacities can be computed from the formulas
given in Ref. 2, Bec. 10.38. For angle~plus-bar shear
connectors, the capacity can be based on a modified channel

formula as noted in Ref. 13.

The recommended procedure for computation of the flexural strength of a

post-tensioned composite beam is as follows:
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BRACKET COMPOSITE
"&\\\ COVERPLATED
— — BEAM o

TENDON

3%
Pl

nﬂ"‘/’ |

Jlo-

s
i

L/80

DISTANCE BETWEEN NEUTRAL AXIS OF COMPOSITE BEAM AT ULTIMATE
LOAD AND CENTER OF TENDON AT ANCHORAGE.

4]
i

A = CHANGE IN TENDON LENGTH AFTER POST-TENSIONING
(TOTAL TENDON FORCE MUST BE BASED ON SUM OF INITIAL STRETCH

PLUS A. )

Idealized composite, post-tensioned beam failure
mechanism.

Fig. 7.
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(1) Assume a plastic hinge at midspan with g deflection of L/80.

(2) Compute the maximum compressive force according to AASHTO
rules based on slab and reinforcing; beam, coverplate and
tendon at yield; and shear connectors.

(3) Cowmpute the tendon force at ultimate load using strain based
on the idealized, plastic beam-tendon configuration, initial
strain due to post-tensioning, and a stress strain curve for
the tendon. Correct the compressive force computed in (2),
if necessary.

(4) Determine the elevations of compressive and tensile force
resultants, accounting for the rise in the tendon, if the
tendon is unrestrained.

{5) Compute‘the flexural strength as the product of the maximum
compressive force and the distance between compressive and
tensile force resultants.

In Chapter 5 of Ref. 7 the procedure given above was applied to
composite beams tested to failure and beams analyzed by more complex
methods. The computed tendon force fell within 12%, and the flexural
strength fell within 7% of the actual test results or otherwise com-
puted values.

A comparison of the flexural strength of composite beams with

or without post-tensioning, also given in Chapter 5, indicated that
the increase in strength with post-tensioning varied from 8% to 34%.
For exterior beams similar to those to be post-tensioned on the Jowa

composite bridges, the increase in strength averaged 10%. This
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increase is less than the capacity increase based on service load

design, yet still is significant.

4.2. Flexural Strength of Bridge Beams

The simple analytical model covered in the previous sgection
accurately predicts the strength of individual, post-tensioned
composite beams. At this time, however, the authors have no specific
experimental or analytical distribution factors by which to extend
the individual beam model to an entire bridge with only the exterior
beams post-tensioned.

Heins and Kuo [10] have shown that, for truck live loads,
distribution factors at ultimate loads are less than the correspond-
ing factors at service loads. This is generally explained by the
fact that there are load transfer mechanisms which shift load away
from yielded regions. This concept, if applied to post-temsioning,
would imply that more post-tensioning is shifted away from the post-
tensioned exterior beams at ultimate load than at service load,

The service load distribution factors given in Sec. 3.1 would thus
be unconservative for exterior beams at ultimate load.

The current AASHTO bridge specifications {2], however, make
no distinction between service load and ultimate load distribution
factors. If sefvice load distribution factors are to be used for
live loads at ultimate load, it would be consistent to use the fac-

tors given in Sec. 3.1 also at ultimate load. Without experimental

[E—
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or analytical data for post-tensioning distribution at uwltimate load,

the distribution must be left to the judgment of the designer.

5. DESIGN EXAMPLE

5.1. Bridge Description

The bridge to be strengthened is a two-lane, four-beam bridge
with a 51 ft, 3 in. simple span (see Bridge 1, Figs. 14, 15, and 17 in
Ref. 13}. The transverse and longitudinal sections of the bridge have
been idealized and are shown in Fig. 8. The curb cross section has
been idealized as two rectangles. The deck has been assumed level
with respect to each of the steel beams, and the 1/2-in. wearing sur-
face has been removed. The steel beams and coverplates are as given
on the Bridge 1 plans. Properties will be taken from Ref. 4.

The bridge is to be strengthened to meet the current legal load
standards for lowa. Live load moments will be taken from the Appendix
tables for the maximum of the 1980 DOT rating trucks. Dead loads and
dead load moments will be computed in accordance with the AASHTO rules
{2]. Load distribution and impact load fractions will alsc be in accord-
ance with Ref. 2.

For the post~tensioning, threadbars with an ultimate strength of
150 ksi will be selected for the tendons [8}. Experience has shown
that the tendon anchorage will be at about 7% of the span and that
brackets will be about 2 ft in lepngth. One-in.-diameter high strength

bolts will be used for attachment of the brackets to exterior beams.
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1‘0 3/§u
o LURB 2 .—if/,rﬂ'WEARING SURFACE
e SR ;t?;?zéngfii*?ffxi,f‘: :}:?E"E:; ! 7 1/2"

7 1/2"

W 27x94
WITH 9"x7/16"
COVERPLATE

(27'-0" LONG WITH .
1'-6" TAPER EACH END) °/8 ; |

W 30x116

WITH 9"x1 1/4
COVERPLATE

(36'-0" LONG WITH

P 1'-6" TAPER EACH END)

13 7/8"| 116 1/4" , 116 1/4"
» e 1\
EXTERIOR BEAM _ INTERIOR BEAM
b ¥
(a) IDEALIZED TRANSVERSE SECTION
W 16x36 INTERIOR ¢ 15x33.9
DIAPHRAGM END DIAPHRAGM ~
PSR G T AT ek P B I T A N A N A T T N I T YA R O T D
B 7
o 17'-4 172" “JA 16'-6" _JA 17'-4 1/2" 4
< s »ta
- 51l_3ll -
y S

(b) IDEALIZED LONGITUDINAL SECTION

Fig. 8. Two-lane, four-beam composite bridge.
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5.2. Loads and Load Distribution Fractions

Dead and long-term dead load computations are in accordance with
Ref. 2, Sec. 3.3. Dead loads are those loads applied to the steel
bridge beams, as given in Table 2, whereas long-term dead loads are
those loads applied to the composite bridge, as given in Table 3.

Long~term dead loads are taken to be distributed equally to each
beam, as permitted in Ref. 2, Sec. 3.23. Live loads are to be in-

creased by the impact fraction given in Ref. 2, Sec. 3.8.

_ 50

I= m S_ 0.30
w 20 _
U= 57755 v 125 = 0-284

iiiii Because the bridge is required to be strengthened to meet Iowa legal
load criteria, the 1980 Iowa DOT rating trucks given in Fig. A-1 of
the Appendix will be the live loads applied to the bridge. The truck

loads are to be distributed according to Ref. 2, Sec. 3.23, as follows:

beam spacing in feet is

S = 116.25/12 = 9.69 ft

For the exterior beam, taking a simple span condition with an eccentric
truck 2 ft from the curb, the load fraction can be computed by taking

moments abcout the interior beam
(1)(2.16) + (1)(8.16) -~ De(9.69) =0

D = 1.07
e
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Table 3. Long-term dead loads.

Exterior Beam Interior Beam
Long-texrm Long~term

Bridge Part Dead Load, plf Dead Load, plf
Steel tendons 8 8
and brackets ‘
{estimated average)
Future wearing (19){15) (19)(15)
surface (19 psf) 2 143 2 143

Total 151 151
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However, the usual wheel load fraction is larger

S - 9,69 -1
0 + 0.258 L0 v (0.25)(9.69) —

51

Therefore, use 1.51 for the exterior beam. TFor the interior beam, the
load fraction may be computed as

= = === 1.76

S 9.69
5.5 5.5

{Reference 2, Sec. 3.23, also states "In no case shall an exterior
stringer have less carrying capacity than an interior stringer." It is
the authors' interpretation that this rule refers to future widening

rather than to strengthening of a bridge.)

5.3. Moments

The post-tensioning design stress and stress checks at critical
locations require moments at midspan and coverplate, cutoff points for
exterior and interior beams, and at post-tensiening anchorages for
exterior beams. Dead load and long-term dead lcad moments are computed
from standard formulas, and live load moments are interpolated from
Table A~-1 in the Appendix. Maximum truck load moments are assumed to
act at midspan. Moments at the various critical locations are given
in Table 4. Previous experience indicates that the anchorage for the
post-tensioning tendoms, assuming brackets bolted with 1-in.-~-diameter

bolts, will be located at approximateiy 7% of the span, as follows:

0.07L = {0.07)(51.25) = 3.59 ft
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Table 4: Dead, long-term dead, and live load moments,
(a) Midspan-~Exterior Beam: vy = 25.625 ft
y o WL 0.865)(51.29)%
Dead load moment 8 - 8 )
Long-term dead load WL (0.151)(51.25)°
M= == : - = 49.58 ft k
moment 8 8
1980 Iowa DOT rating Span Location Maximum Moment
truck load moment 50 ft 23 ft 267.32
{(from Table A-1) 52 ft 24 ft 280.89
51.25 ft 275.80 ft k
per wheel line
Live plus impact M= (1.51)3(1.284)(275.80) = 534.73 ft k
lcad moment
(b} Midspan--Interior Beam: vy = 25.625 ft
wL? | (1.147)(51.25)°
Dead load moment M= 5 = - 8 : = 376.58 ft k
Long~term dead load M= 49.58 ft k
moment
Live plus impact M= (1.76)(1.284)(275.80) = 623.26 ft k
lcad moment
{(c) Coverplate Cutoff--Exterior Beam: y = 13.625 ft

—=

"

el -

Dead load moment M

n

H

5 (L - y)

coverplate cutoff is taken to be at the
end of the full width plate.

. (0.865)(13.63)(51.25 - 13.63)

2

it

221.77 ft k
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(d)

Long~term dead

ioad moment

1980 JTowa DOT rating
truck load moment

Live plus impact .
load moment

M = %X L -

_ £0.153)(13.63)(51.25 - 13.63)

2

= 38.71 ft k

Span Location Maximum Moment
50 ft 13.63 ft 217.02
52 ft 13.63 ft 225.22
51.25 ft 13.63 ft 222,15 ft k

per wheel line

M= (1.51){1.284){222.15) = 430.71 ft k

Coverpiate Cutoff~-Interior Beam: y = 9.125 f¢

DNead load moment

Long-term dead load
moment

1980 Iowa DOT rating
truck locad moment

Live plus impact
load moment

i1

. gz L -y

_ (1.167)(9.13)(51.25 - 9.13)
2

220.54 fr k

M=t (@ -y

_ (0.151)(9.13)(51.25 - 9.13)
2

= 20.03 ft k

Span Location Maximum Moment
50 ft 9.13 ft 167.17
52 ft 9.13 ft 172.84
51.25 ft 9.13 ft 170.71 £t k

per wheel line

M= (1.76)3(1.284)(170.71) = 385.78 ft k
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Table &. Continued.

{e) Anchorage--Exterior Beam: vy = 2 ft

Dead load moment M o= gz (L -v)
- (0.865)(2)(51.25 - 2)
2
= 42.60 ft k
Long~term dead load M= gx (L ~ v)
moment
- £0.151)(2)(51.25 ~ 2)
2
= 7.44 ft k
1980 Iowa DOT rating Span Location Maximum Moment
truck load moment 50 ft 2 ft 47.52
52 ft 2 ft 48.77
51.25 ft 2 ft 48.30 ft k
per wheel line
Live plus impact M= {1.51)(1.284)(48.30) = 93.65 ft k
lead moment
(f) Anchorage--Exterior Beam: y = 6 ft
Dead load moment M= gz (L - v)
. (0.865)(6)(51,25 - 6)
2
= 117.42 ft k
Long-term dead load M= %X (L - vy)

montent

(0.151}(6)(51.25 ~ 6)
2

= 20.50 ft k
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1980 Iowa DOT rating
truck load moment

Live plus impact
load moment

Span Location Maximum Moment
50 ft 6 ft 123.36
52 ft 6 ft 127.85
51.25 ft 6 ft 126.17 ft k

per wheel line

M= (1.51)(1.284)(126.17) = 244.62 ft k
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Iu order to have some range in possible location, compute moments at
y =2 ft and y = 6 ft and interpolate later.

Because no material is being removed from the interior beam for
bolt-holes, and since the am#unt of post-tensioning distributed to the
interior beam near the support is very small, no stress check and thus

no moments for a stress check need be computed.

5.4. Section Properties

For the centroids and moments of inertia, the general formulas

are

z = centroid elevation = ZAz
ZA
IE = moment of inertia = EAzz + ZIO - (EA)(E)Z with respect

to the axis through the centroid.

For f; = 5000 psi, Ref. 2, Sec. 10.38 requires that the factor n be
taken as 9. Effects of creep on the composite section for long-term
dead load are considered by taking n as 27, three times the usual
value.

Exterior Beam

The exterior beam is not at the edge of the deck and thus may be
considered to have a flange on both sides. Based on interpretation of
Ref. 2, Sec. 10.38, the flange width must be taken as the smallest of

the following:
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L
%

oft=

¢ 13 7/8 in. +

13.875 + BLEUD = 90,75 4n. < 153.75 in. = (61.23)(12)

e 13 7/8 in. + %
13.875 + ﬂg_ﬂ—s— = 72.00 in., or

e 13 7/8 in. + 6t < 12t
13.875 + (6)(7.5) = 58.88 in. < 90.00 in. = (12)(7.5)
Therefore, the flange width is 58.88 in. The centroid elevation and
moment-of-inertia computations for the exterior beam are given in

Table 5.

Interior Beam

From Ref. 2, Sec. 10.38 the flange width is the smallest of the

following:
2= BLBIAD o 453,75 in,

& S

H]

116.25 in. or
e 12t = {123(7.5) = 90.00 in.

Therefore, the flange width is 90.00 in. The centroid elevation and

moment~of-inertia computations for the interior beam are given in Table 6.

Bridge

Moments of inertia for beams with respect to the bridge's neutral

axis are computed from previous results by means of the transfer theorem.

In Table 7, z is the new centroid location with respect to the
bridge, Io refers to the previous IE’ and the new IE is with respect

to the bridge's neutral axis. For the bridge in this example, the
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Exterior-beam section properties.

{a) Basic Quantities

Ttem

Beam
W27 X 94

Cover plate
9 in. X 7/16 in.

Deck, n = 9

58.88 in. X 7 1/2 in.

Deck, n = 27

Curb 1, n =9
8 in. % 4 1/2 in.

Lurb 1, n = 27

Curb 2, n = 9
10 3/8 in. X 6 in.

Curb 2, n = 27

A 2
27.65 13.46
3.94 -0,22
49.07 29.66
16.36  29.66
4.00 35.66
1.33 35.66
6.92  40.91
2.31 40.91

Az Az I
= — =0
372.17 5,009.39 3,266.
-0.87 0.19 1]
1,455.42 43,167.64 230.
485.24 14,392.15 76.
142.64 5,086.54 6
47 .43 1,691.28 2
283.10 11,581.51 20.
94.50 3,866.,08 6

{b} Centroid Elevations and Moment of Inertia

Pescription
Steel beam

Steel beam with
coverplate

Composite heam
with deck and curb,
n =9

Composite beam
with deck, curb,
and coverplate,

n=49g

;= 2z

T A
13.46 4in.
371.30 _ ,
3759 - 11.75 in.
2253.33 _ .
87.64 25.71 in.
2252.46 _ .
“31.58 24.60 in.

.75

02

69

.75

24

76

.93

1= ma? ¢ 5 - GG

3266.70 in.”

5009.58 + 3267.45
- (31.59)(11.75)2
= 3915.64 in.”

64,845.08 + 3524.23
-~ (87.64)(25.71)%
= 10,438.91 in.?

64.845.27 + 3524.98
- (91.58)(24.60)%
= 12,949.70 in.*
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Table 5. Continued.

-~ -2
Description = éiz Iy = sAz® + 21 - (2A)(z)
Jescription T
Composite beam 999.34 _ . 24,958.90 + 3352.56
with deck and curb,  47.65 - 20-97 im. 2
Lo gTe and e s - (47.65)(20.97)
= 7357.81 in.h
Composite beam 998.47 _ . 24,959.09 + 3353.31
. = 19.35 in.
with deck, curb, 51.59 iy 2
~ (51.59)(19.35)
and coverplate, 4

0= 27 = 8995.94 in.
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Table 6. Interior~beam section properties.

{(a) Basic Quantities

Item A z Az Az’ I
Beam 34.13 15.63 . 533.45 8,337.85 4,919.10
o W30 % 116
Coverplate 11.25 0 0 0 17.58

9 in. x 1 1/4 in.

Deck, n =9 75.00  33.38 2,503.50 B83,566.83 351.56
90 din. xX 7 1/2 in.

Deck, n = 27 25.00 33.38 834.50  27,855.61 117.19

(b} Centroid Elevations and Moment of Inertia

- _ e a2 a2
Description 27 3 17 = 2Az" + 31, (2A)(2)
Steel beam 15.63 in. 4919.10.A
L Steel beam with 533.45 _ 8337.85 + 4936.68
coverplate T45.38 11.76 in 2
: ~ (45.38)(11.76)
= 6998.58 in.4
Composite beam 3036.95 _ , 91,904.68 + 5270.66
with deck 109,13 - 27-83 in. 2
a =g ? ' - {109.13)(27.83)
= 12,653.18 in.”
Composite beam 3036.95 _ . 91,904.68 + 5288.24
with deck and 120,38 ~ 20+23 in. 2
' - {120.38)(25.23)
coverplate, 4
a =9 = 20,564.68 in.
Composite beam 1367.95 _ . 36,193.46 + 5036.29
with deck 55.13 ~ 23-13 in. o2
a = 27 ’ : - (59.13)(23.13)
= 9595.38 in.”
Composite beam 1367.95 _ 19.44 in 36,193.46 + 5033.87
with deck and 70.38 : : L (70.38) (19 . 44) 2
coverplate, : )

.4
= 27 = 14,649.77 in.
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neutral axis elevations fall within a relatively narrow range. With
different curb and crown configurations, however, the neutral axis
elevations ¢an have more variation, and the computation of neutral
axis elevation for the bridge and recomputation of the beam's moments

of inertia would have more significance.

5.5. Post-tensioning Design

For several reasons--because the exterior beam is the critical
member; because more post-tensioning is required at midspan due to the
laxger, coverplated beam; and because more post-tensioﬂing is distrib-
uted away from the exterior beam at midspan--computation of the required
post-tensioning force can be based on the exterior beam's bending tension
stress at midspan as computed in Table 8, Stresses at other locations
will be checked later, in Sec. 5.6.

The allowable inventory stress [1] is

Fb = (.55 Fy = 18 ksi

and, therefore, stress, to be relieved by post-tensioning is

fb = 24.33 - 18 = 6.33 ksi

In order to determine the required post-tensioning force, assume tendon
elevation and anchorage locations and compute distribution factors.

Tendon Elevation and Eccentricity

If the tendons are placed above the bottom flange of the exterior

beam, but as close to the flange as possible, the size of the jack
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Table 8. Exterior~beam, midspan, coverplate tengsion stress.

- Hc
Load fb = 7
Dead (284'00)(12%é§é'75 *0.48) _ 10 61 psi

Long-term dead

Live plus impact

(49.58)(12)(19.35 + 0.44) _ | 5y oo

8996

(543.73)(32)(24.60 + 0.44) _ 1, 44 psi

12,950

Total

“Use of n = 9 properties

24.33 psi

gives a smaller stress.
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must be considered. One brand of hollow-core hydraulic cylinders with
a 120 kips capacity is 6 1/4 in. in diameter [9]. With an 1/8-in.
clearance the tendons can be placed 3 1/4 in. above the bottom flanges,
as diagrammed in Fig. 9.

Ancheorage Location

Using the assumption in Sec. 5.3
y = 0.07L = (0.07){51.25)(12) = 43 in.

The 43 in. does provide clearance for a jacking chair and an extended
jack.

Distribution ¥Factors

Based on Figs. 3 and 4

total I for all composite, coverplated beams
deck width

_ _2(12,961 + 20,574) _ 3
= 7(13.88) + 3(116.25) 178.14 in.

J = umit, average transverse flexural stiffness, including
interior diaphragms
. W), 446.3 - 6.10 in.3
(12)(9) (17.38 + 16.5)(12)/2 : )
THETA = és_c_l.%i_d@_’_% 4i/3

(2)(13.88) + (3)(116.25)

3 ;
Gi25)(12) .10 - ¢-712
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NEUTRAL
AXIS FOR
- THE BRIDGE

Z = 24.95 in. €
e = 24,95 - 0.75 - 3.25 = 20.95 in.

P A
TENDON ® o——-—3’25 in.

1 I )
o5 a0

EXTERIOR BEAM

Fig. 9. Tendon elevation and eccentricity.
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deck width _  (23(13.88) + (3)(116.25)

AR =

DECKT _ 7.5 _
PECKS ~ 116 55 0-0645

SPANB T - (2)(0.07)](51.25)(12)

= 0.712

I for exterior composite coverplated beams

[ET =

_ 2(12,961)
2(12,961 + 20,574)

All variables fall within the ranges

fied in Fig. 3.

FF = 0.605 = 0.323 -
THETA
= 0.605 - 0.323 i
\o.712

= 0.39

MF = 0.963 - 0,221 ——— -

= 0.963

0.221 =emmoe

= 0.2¢

The total required force may be

6.33 = (0.39) —2t + (0.29)

91.58

P = 392k

I for all composite coverplated beams

0.386

for the four-beam formulas speci-

1 DECKT
- 0.0720 + 3.87 ==
\fK§ DECKS
- .0720 S (3.87)(0.0645)
0.712
1 DECKT
0.145 ——— - 2.18 o=
o DECKS
- 0.145 ——e - (2.18)(0.0645)
0.712
computed:

P(20.95)(24.95 + 0.44)
12,961
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Then, for each exterior beam
- P
Pe =5 = 196k

Post-tensioning Loss

For the four-beam regression formulas, there is a ~6% maximum
error for FF and a -7% maximum error for MF (Fig. 4). To be conser~
vative, use 7% as the potential error for underestimating the post-
tensioning force.

For the threadbar tendons stressed to 60% of the ultimate strength
for 57 years, the rela#ation loss is 3.7% {[11].

The maximum possible, adverse temperature difference between tendons
and post-tensioned beams is difficult to estimate. Temperature and
force measurements for one bridge in Ref. 7, Chapter 4 showed no net loss
of post-tensioning for a north~south bridge affected by the sun. Air
temperature rise could cause some loss ol post-tensioning, however;
assuming an adverse 10% F difference (tendons warmer than bridge},
which should be quite conservative, the percentage loss can be com-

puted as follows:

for temperature, § = AT L k

for load, & = gé

If the deflections, §, are equated

- PL = L
AT L k = A and f = X
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then

o
]

AT k E

H

(10)(0.0000065)(29,000)

4y

1.89 ksi
For 150 ksi threadbars stressed to 60% of ultimate
£f = (0.60)(150) = 90 ksi

Loss, then, is 1.89/90 = 0.021 or 2.1%. Gain in post-tensioning force

may be estimated as 6% of the truck weight.
AP = (0.06)(80) = 4.80 k

Gain is then ?égo = 0.024 or 2.4%

Tendon Selection

For each exterior beam, accounting for losses, the required imitial

force is

o 196 B
b= (1 - 0.07 - 0.037 - 0.021 + 0.024) 219 k

Stressed to 60% of ultimate strength, 2 threadbars of 1 1/4 in. diameter
have a capacity of

k

P = (2)(112.5) = 225" [8]
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Thus, for the post-tensioning, specify
2 threadbars of 1 1/4 in. diameter with 150 ksi nltimate strength
per exterior beam

110k force per tendon after anchorage.

5.6. Stress Checks and Bracket Location

Stresses are checked at midspan and at coverplate cuteoff points
for exterior and interior beams. Allowable stresses ipnclude--

18 ksi for extreme fiber in tension and

it

For steel: Fb

for extreme fiber in compression

with adeguate lateral support [2,

Sec. 10.32, and 12]

i

For concrete: f

i
c 0.40 fc = (0.40)(3000) = 1200 psi or 1.20 ksi

for extreme fiber stress in compres-
sion {2, Sec. 9.15]

3\j;: = 3\[3635 = 164 psi or 0.164 ksi for tension
in the precompressed tensile zone,
bonded reinforcement, severe exposure
conditions {2, Sec. 9.15]

in the table of stresses, Table 10(a), all computations are shown in
detail. For all locations other than midspan of the exterior beam,
only a summary of the stresses is given in Table 10(b}-{f)}.

Note that post-tensioning distribution fractions to be used in

Table 10 are given in Table 9.
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Table 9. Force and moment fractions.

Location ‘FF MF
Exterior beam--midspan 0.39 0.29
Interior beam-~-midspan 0.11 0.21
Exterior beam--coverplate cutoff 0.44 0.39
Interior beam-~coverplate cutoff 0.04 0.07
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Table 10. Continued.

Load

4. Post-tensioning

axial

5. Post-tensioning

flexural

1424445

1+243+4+5

{c) Exterior Beam--Coverplate Cutoff with Coverplate

Load

1. Umma

2. Long-term
dead

3. Live plus
impact

4. Post-tensioning
axial

3. Post-tensioning
flexural

1+2+4+5

142+43+445

%

;xmwbmonnwbm bars provided in the curb, not

Top_of Deck
-0,040 ksi

+0.113 ksi

+(G.046 ksi
< 0.164 ksi OK

=0.435 ksi
> -1.20 ksi OK

Top of Curb

~0.047 ksi

-0.856 ksi

-0.209 ksi

+0.521 ksi

+0.263 ksi

> 0.164 ksi*

~0.591 ksi

> =1.20 ksi 0K

Top of Deck

-0.027 ksi
-0.391 ksi
«~0.209 ksi
+3.232 ksi
-0.064 ksi

> -1.20 ksi OK

=0.395 ksi
> =1.20 ksi OK

Top of Beam
~0.36 ksi

+0.48 ksi

-12.51 ksi
> -18 ksi OK

~14.47 ksi
> ~18 ksi OK

Top of Beam
-10.30 psi

-0.39 ksi
~0.92 ksi
~1.88 ksi
+0.48 ksi
~12.09 ksi

> -18 ksi OK

-13.01 ksi
> -18 ksi CGK

Bottom of
Coverplate

-G.36 ksi

-2.14 ksi
+6.30 ksi
< 18 ksi OK

+15.70 ksi
< 18 ksi OK

Bottom of
Coverplate

+8.28 ksi

+1.02 ksi
+9.99 ksi
~1.88 ksi
~6.27 ksi
+1.15 ksi

< 18 ksi OK

+11.14 ksi
< 18 ksi CK

considered in the computations, should be capable of resisting the tension overstress.

o
-
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Table 10.

Continued.

(£)

Interior Beam--Coverplate Cutoff without Coverplate

5.

Load

Dead

Long-term
dead

Live plus
impact

Post-tensioning
axial

Post~tensioning
flexural

14+2+54+5

L+2+344+5

Bottom of

Top of Deck Top of Beam Beam

- . -8.07 kst +8.07 ksi
~0.019 ksi -0.27 ksi +0.82 ksi
=0.378 ksi ~-1.02 ksi +9.95 ksi
~0.016 ksi ~0.14 ksi -0.14 ksi
+0.056 ksi +0.18 ksi -1.29 ksi
+(.021 ksi ~8.30 ksi +7.46 ksi
< 0.164 ksi 0K > ~18 ksi OK < 18 ksi OK
~0.357 ksi -9.32 ksi +17.41 ksi
> ~1.20 ksi OK > ~18 ksi OK < 18 ksi OK

6%
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Exterior Beam--Selection of Bracket Location

If the bracket is bolted to the bottom flange, the flange cross
section will be reduced by the bolt hoies. If the average stress in
the flange is not to exceed 18 ksi, the computed stress must be less
at the holes.

The full flange width is

bf = 9,990 in.

Then, the net flange width assuming 2 bolts of 1-in. diameter is

bfn = 9.990 -~ 2(1.125) = 7.740 in. [2, Sec. 10.16]

and the maximum computed stress should not exceed

£ = 1-740

b = 9.960 (18) = 13.95 ksi

The computed bottom flange stresses at y = 2 ft and y = 6 ft, without
post-tensioning stresses, are given in Table 11. From the computed
bottom flange stress, the bolt holes can be located at 6 ft, or a
slightly greater distance, from the support. Based on experience, the
brackets for a set of two tendons are approximately 2 ft long. Thus,
the anchorage for the tendons will occur at approximately 4 ft from

the support.

For the anchorage location check, compute

51.25 = (0.078.
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Table 11. Bottom flange stresses.

Bottom Flange Bottom Flange
Load Stress, y = 2 ft Stress, v = 6 ft
Dead +2.11 ksi +5,81 ksi
: Long-term dead +0.25 ksi +0.70 ksi
Live plus impact +2.77 ksi +7.23 ksi

i Total +7.48 ksi | +13.74 ksi
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This is satisfactory since it is approximately 0.07L as assumed for
force and moment fractions. The stress check for the anchorage location
follows in Table 12. Post~tensioning distribution fractions used in

the table are

FF = 0.49

if

MF = 0.48

Exterior Beam--Bottom Flange, Compression-Stress Check Near Anchorage

The compression stress near the anchorage is caused by a combination
of axial and flexural stresses and varies over the unbraced bottom
flange length. A check, which should be reascnable, is to compare the
maximum computed compression stress with the compression stress permitted

for an unbraced flange subjected to bending.
b

2 \? -
('ET) F 2 bt
F.oo=0.55 Fy |1 - ~22 Y1 (¢° =2 [2, Sec. 10.32]

2 2z
"2 _b° _ (9.990)° _ 2
{(r )" = 1=y = $.32 in.”, r = 2.88

ry
i

2
(&) r
0.55 Fy {1 - ~m5m~§~wm¥
4nE

2.88
(4) (7% (29,000)

2
((17.375)(12)) (33)
(0.55)(33) |1 -

i

= 15.41 ksi

- 15.41 ksi < ~8.73 ksi OK



Table 12. Stress check.

Exterior Beam--Anchorage (y = 4 feet)

Bottom of
Load Top of Curb Top of Deck Top of Beam Beam

1. Dead - ~- -3.95 ksi +3.95 ksi

2. Long-term ~0.019 -0.010 ~0.14 ksi +0.48 ksi
dead

3. Live plus ~0.393 ksi ~0.166 ksi ~0.23 ksi +5.00 ksi
impact

4. Post-tensioning ~0.244 ksi ~0.244 ksi -2.19 ksi ~2.19 ksi
axial

5. Post-tensioning +0.771 ksi +0.295 ksi +0.01 ksi -10.97 ksi
flexural

1+2+4+5 +0.508 ksi +0.041 ksi -6.27 ksi -8.73 mew

>0.164 ksi® <0.164 ksi OK >-18 ksi OK
1+2+3+4+45 +0.115 ksi -0.125 ksi ~6.50 ksi ~-3.73 me4

>0.164 ksi OK >~1.20 ksi OK >-18 ksi OK

£9
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A review of the stress tables and the stress diagrams given in
Fig. 10 indicates that the post-tensioning produces a finely tuned
bridge. Application of the post~tensioning relieves the tension
overstress in the exterior beams at midspan and also removes a slight
tension overstress in the interior beams at midspan. If the post-
tensioning force were increased significantly, it could overstress the
exterior beam's top flange in compression at midspan. There alse would
be some danger of compression overstress near the tendon anchorages.

Application of the post~tensioning generally causes a net tension
in the curbs and, in a few locations, tension in the bridge deck. If
the post-tensioning force were increased or lowered (in terms of eleva-
tion), the curb and deck tension would increase. With curbs as part
of the bridge, the deck tension fell within the allowable range for
plain concrete, but the curb tension generally did not. Without a
truck load on the bridge, the curb reinforcing apparently is over-
stressed, an undesirvable condition. F¥From the author's experience,
curb tension does not appear to cause a problem, quite possibly
because various restraints, higher-than~-assumed concrete strength, and
the wearing surface are neglected in the computations. A curb temsion
greater than the allowable should not be permitted, however, without a
check of the bridge with curbs removed.

Based on this section and the previous section, the post-temsion-

ing design for each exterior beam is summarized in Fig. 11.
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N 2 THREADBAR
| TENDONS OF 1 1/4-in.

DIAMETER
E = : @L

APPROXIMATELY 4 FEET R L- (,,,f”;77w
FROM SUPPORT TO ANCHORAGE~_ "V |

3 1/4 INCHES
. MAXIMUM OF 6 FEET -—w+ TOP_ OF BOTTOM
- FROM SUPPORT T0 LAST 2/ FLANGE TO
ROW OF BOLT HOLES CENTER OF
TENDON

e TENDONS ARE 7O BE STRESSED T0 110 KIPS
W EACH AT TIME OF POST-TENSIONING

BRACKETS MAY BE BOLTED TO BOTTOM
BEAM FLANGE WITH 2 BOLTS OF 1-INCH
DIAMETER AT ANY LOCATION

WITHIN 6 FEET OF THE SUPPORT.

Fig. 11. Post-tensioning design.
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5.7. Brackets and Anchorages

In general, the bracket design would proceed within the limitations

of tendon elevation, region for location of bracket bolts, and manufac-

turer's anchorage hardware. Reference 2, Sec. 10.19 requires that

the bracket connection be designed for a force greater than the specified

tendon force. Welds within the bracket musﬁ be designed for axial and
flexural strésses, and bolts must be designed for both shear and tension
forces depending on the configuration of the bracket. Because the
stress in the bracket will vary only because of the change in ﬁendon
force when a truck comes onto or leaves the bridge, stress ranges will
be small, and fatigue should not control.

The brackets and anchorages for this example will pnot be designed
here. An example of the bracket actually used for the bridge in this

example is given in Ref. 13.

5.8. Additional Design Considerations

Post~tensioning can relieve only the bending stress deficiencies
in a given bridge. Other potential deficiencies, such as shear connec~
tors, may also require strengthening. At the time some bridges were
designed, the shear connection often was assumed to consist of both
shear connectors and bond between the deck and top flange of the beam.
Since bond is no longer considered a valid shear connection, additional
shear connectors may be required. See Ref. 13 for high-strength, bolt
shear connectors developed by the authors for use in strengthening the

shear connection.
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In the authors' experience, a well-maintained bridge of the type
in question generally will not ?equire additional strengthening beyond
the post-temsioning and the addition of shear connectors. Every bridge
must be rated and evaluated individually, however, and the strengthening

program tailored te the specific bridge deficiencies.

6. SUMMARY

Strengthening of composite steel beam and concrete deck bridges
by post-tensioning is feasible whether all beams or only exterior
beams are post-tensioned. When all beams are not post-£ensioned, the
distribution'of the forces and moments induced in the bridge must be
considered. Since the bridge is a styuctural unit, forces and moments
are distributed away from the post-tensioned beams. Some redistribution
will occur, even if all beams are post-tensioned, but all of the beams
do not have equal stiffness.

In earlier sections of this manual, simple formulas for force and
moment fractions were given for one-lane, three-beam bridges and two-lane,
four-beam bridges with symmetrical exterior beam post-tensioning. The
fractions are valid for bridges with skews of 45° or less and are valid
within the limits of variables stated in the manual. Any use of the
distribution fraction formulas beyond the limits given in the manual
is not recommended.

Post~tensioning will reduce elastic, flexural tension stresses in

bridge beams, will induce a small amount of camber, and will increase
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the strength of the bridge. Post-tensioning does not, however, signifi-
cantly reduce live load deflection or significantly affect truck live
load distribution. If qualified contractors perform the actual post-
tensioning with due care, relatively little short~term loss of post-
tensioning force will occur. For long-term preservation of the
post-tensioning force, tendons and anchorages must be protected against
corrosion. It also should be noted that removal of portions of the
bridge deck or integral curbs after post-tensioning will cause losses
and possibly redistribution of post-tensioning.

Post~tensioning is a valid method for correcting flexural stress
deficiencies; however, it cannot correct other deficiencies. Shear
connectors, fatigue, and other factors related to the bridge rating
must be considered in the decision to repair and strengthen a bridge

or to replace the bridge.
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APPENDIX: Tables of Moments for 1980 lowa DOT Rating Trucks,

Notes:

(1)
(2)

(3}
(4)
(5)

H 20-44 and HS 20-44 Trucks,

Simple Spans 30-100 ft

1980 lowa [OT rating trucks are illustrated in Fig. A-1.

B 20-44 and HS 20-44 trucks are as illustrated in

Ref. 10, Sec. 3.7.

Impact is not imcluded in the tables.

All moments are given in ft-kips per wheel line.

In the # 20-44 and HS 20-44 tables, moments are the
mazximum of the standard truck lecad and standard lane

load.



{a) STRAIGHT TRUCK

WHEEL 6. 26K 7K
AXLE  12.5 18 13% 14

(b) TRUCK + SEMI-TRAILER

78

\ . F:

TOTAL WEIGHT = 54.5k (27.25 TONS)

O

11!

(c} TRUCK + TRAILER

) 43 _
- 15" 4, 10' . 10° . 4
‘ 5 E‘E 4 ri
WHEEL  7.25% A 6.75% X7
AXLE  14.5% 125 1ok 13.5% 145 14
TOTAL WEIGHT = 80K (40 TONS)
Fig. a&~1. 1980 Iowa DOT rating trucks (legal loads).




Table A-1.

MAX{IMUM LIVE LCAD MOMENT FOR [OWA DOT 1980 TRUCKS,
D{STANCE FROM SUPPORT,

SPAN, 1
FEET
30 19.58
31 19.83
3z 20.06
33 20.28
34 20.49
35 20.68
36 20.86
37 21,03
38 21.20
39 21.35
Lo 21.50
L2 21.91
Ly 22.46
46 23.22
Lg 23.92
50 24,56
52 25.15
54 25.70
56 26.21
58 26,69
60 27.13
62 27.55
64 27.94
66 - 28.30
68 28.65%
10 28.97
72 29.28
T4 29.57
76 29.84
78 30.10
80 -30.35
82 30.59
84 30.81
86 31.02
88 31.23
90 11,42
g2 31,61
o8 31.79
96 31.96
98 32.12

100 32,28

2

37.35
37.90
is.42
38.91
39.37

39.80
40.21
40.60
40,96
41.31

n1.64
42,25
43,37
by4.70
U6.17

47.952
L8.77
49.93
51.00
52.00

52.93
53.81
54.62
55.39
56.12

56.80
57.44
58.05
58.63
59.18

59.70
60.20
60.67
61.12
61.55

61.96
62.3%
62,72
63.08
63.43

63,76

3

53.30
Sh.22
55.08
£5.89
56.65
57.37
58. 04
58.68
59.29
59.87

60.41
61.43
62.73
64. 44
66.75

68.88
70.85
72.67
74,36
75.93

17.40
78.77
80.06
81.27
gz2.11

83.49
84.50
85,46
86.37
87.23

88.05
88.83
89.57
90.28
90.95

91.60
y2.22
92,81
93,37
93.92

9, ky

FEET
L

67.43
68.78
70.03
71.21
72.32

73.37
Th.36
75.30
76.19
77.03

77.83
79.31
80.66
82.96
85.67

88.64
91.38
93.93
96.29
98.48

100,53
102,45
104,25
105.94
107.53

109,03
110,44
111.78
113.05%
114,26

79

79.75
81.57
83.28
84 .89
86.40

87.82
89.17
90. 4
91.65
92.79

93.88
95.89
97.73
100,00
102.92

106.80
110,38
113.70
116.79
119.66

122,33
124.84
127.19
129.39
131,47

133.43
135.28
137.03
138.68
140,26

Thi,7%
TH3.17
T4l , 52
145. 81
147.0%

148,22
149,35
150,03
151.46
152.4%

153.40

175.20
176.61
177.96
179,25
180.49

181.68

98.94
101,90
104,67
107.28
109.74

112.05%
118,24
116.31
118.26
120.12

121.89
125,17
128.15
13G.87
134.17

138,33
143,77
148.81
153.50
157,86

161.93
165.74
169,31
i72.67
i7H.82

178.80
181,61
184.27
186,79
189.18

191.45
193.61
195.67
197.63
199.50

201.29
203.00
204 .64
206.21
207.71

209.16

106.87
109.55
112,81
116.060
119.060

121,83
124,50
127.03
128,42
131.69

'133.85

137.86
141,50
144,83
147.88

152.65
158,15
164,15
169.71
174,90

179.73
184,26
188.50
192.48
196.24

199,77
203.13
206.27
209.26
212.10

214,80
217.37
219.81
222.14
224.36

226.49
228.52
230.47
232.33
234.12

235.84

FI-KIPS PER WHEEL LINE

L)

237.15
240,15
243.00
245.72
248,32

250,80
253.17
255.45
257.62
259.71

261,72

122.
126,
130.
133.
136.

139,
142.
1405,
148,
150.

153.
159,
164,
169.
173,

177,
185.
192,

198

204,

211,
2%7.
223,
228,
233.

238.
242,
247,
257,
254,

258.
261,
265.
268,
271,

274,
276,
279.
282,
284,

286.



Table A~-1. Continued

MAXIMUM LIVE LOAD MOMENT FOR 10WA DOY
DISTANCE FROM SUt+PORT,

SPAN, 11

30 127.47
31 132.12
32 136,49
33 140.59
35 104, bk

35 148.08
36 151,52
37 154,77
38 157.84
39 160.77

40 163.54
42 168,69
4h 178,13
46 179,59
48 184,60

50 189.37
52 197.92
54 205.85
56 213.21
58 220,07

60 226.47
62 232.45
64  238.56
66 244,67
68 250.41

70 255.83
72 260.9b
T 265.78
76 270.37
8 274.72

80 278.85
82 282.78
84 286.52
86 290.09
88 293.50

90 296.76
g2 299.87
g4 302.85
96 305,71
98 308.45

100 311.08

12

130.790
136.13
1hy.22
146,00
150,50

154,75
158.75
162.54
166,13
169.54

172,78
178.79
184.25
189.24
194,56

200,97
209.23
218.22
226.57
234.34

201,60
248,39
254.75
260.73
266.35

272.23
278.00
283.46
288,63

293.54

298,20
302.63
306.86
310.88
314.73

318.40
321.91
325.28
328.50
331.59

334.56

i3

132.12
138,38
4, 25
1he, 77
154,96

159.85
164,48
168.85
172,99
176.92

180.65
187.59
193.89
199,64
204,92

211.21
219.01
229.11
238.50
247,24

255,40
263.03
270,19
276.91
283.23

289,20
294.83
300.16
305.84
311.33

316.55
321.51
326.24
330,74
335.05

339,16
343.09
346,85
350,46
353.92

157.24

FEET
14

131.72
138.88
145,58
151.88
157.81

163. 40
168.68
173.68
178.41
182.90

187.17
195.09
202.29
208,86
214,89

220.43
228.86
238.52
249,00
258.76

267.87
276.39
284,37
291.88
298.94

305.60
311.89
317.84
323.47
328.82

333.9C
339.41
Iy 67
349,67
354,485

359.02
363.39
367.57
371.58
375.43

379.12

80

1980 TRUCKS,

15

126.50
137.61
145,21
152.35
159.06

165,40

171.38

177.04
182,40
187.48

192.32
201.29
209,45
216.89
223.72

230.00
23740
246,46
258.07
268.90

279.00
288,45
297.31
305.64
313.47

320.86
327.83
334,43
340,68
346.61

352,25
357.61
362.71
367.67
372.95

378.00
382.83
387 .45
391.87
396.12

L0o.20

16

143,13
151,16
158.71

165.83
172.56
178.92
184,95
190.67

196,10
206.19
215.37
223.74
231,42

238.48
245.00
254 .68
265,71
277.65

286.80
289.23
309.00
318,18
326.82

334.97
3u2.67
349,95
356.84
363.38

369,60
375.51
381,14
386.51
391.64

396,53
401.39
Lo6. 47
411,33
416,00

420.48

17

156.75

164,71
172.23
179.34
186.07
192.46

198.53
209.80
220.05
229.41
237.98

245 .87
293,16
261,064
271.94
285.03

297.27
308.71
319.44
329.51
339.00

347.94

1356.39

164,38
371.95
379.33

385.95
392.44
398.62
504,51
410.14

415.51
420.65
425.57
430.29
435,06

439.96

18

170,38
178.28
185.75
192.85

199.59
212,11
223,49
233.88
243.41

252.17
260.26
267.75
278.66
291.03

304.40
316.90
jz28.62
339.64
350.00

359,77
369.00
377.73
386.00
393.85

401,30
408,39
15,14
421,58
427.73

433,60
439.22
iy, 60
49,75
454,69

459.04

FT=KIPS PER WHEEL LIiNE

19

184.00
191.84

199.29

213.12
225.70
237.18
257,70

257.38
266.32
274.60
284,36
295.67

310.20
323.81
336.5%6
3u8.55
359.82

370.46
380,50
390.00
399.00
LoT.54

415,65
423.37
430.71
537.72
Giy 41

450,80
456.91
k62,77
468,37
473.75

478.92

20

197,63
212,84
226.66
239.29
250.856

261.50
271,33
280,43
288.88
300,98

3L, 67
329.42
343,25
35%6. 24
368.47

380,00
390.89
401,19
410,95
420.20

429.00
437.37
L4%,33
452.93
L46G.18

u67. 11
473,74
480,08
486.17
492,00

4g7.60



Table A-1. Continued
MAXIMUM LIVE LOAD MOMENT FOR 1OWA DOT 1980 TRUCKS, FT-KIPS PER WHEEL LINE

DISTANCE FROM SUPPORT, FEET

SPAN, 21
FEET

42 211.29
4 226.39
e 240,21
L8 252.88

50 264.53
52 275.29
B4 285.2%
56 294,50
58 305,12

60 317.81
62  333.74
64 348,69
66 362.73
68 375.94

70 388.40
T2 400,17
Th 411,30
76 421.84
78 431.8%

80 4h1.,35
82 450.39
84 459,00
86 u67.21
8 LT5.04

g0 482,53
g2 L89.70
94 496,55
96 503,12
g8  509.43

100 515.48

22

224.88
239.95
253.76

266.47
278.21
289.07
299.16
308.55

3ze.27
337.55
352.87
368.00
382.23

395.66
408.33
420,32
431.68
uh2. 46

452,70
L4e2. 44
4.7
L80.56
489.00

497,07
50L.78
512.17
519.25
526.04

532.56

23

228.50
253.52

267,32
280.07
291.87
302.83
313.25

327.88
341,87
357.31
372.06
387.35

4o, 77
415,39
hag.27
4ho., 47
452,05

43,05
473.51
483.48
492,98
502.04

510.71
519.00
526.94
534,54
541,84

548,84

24

252.13

267.08
280.89
293.67
305.54
317.63

333.44
348,23
362.10
377.09
391.76

L06. T4

421,33 ..

435,13
Hu8. 21
460,61

472,40
483.61
4gh. 29
504. 86
514,18

523.47
532.35
540,85
549.00
556.82

564,32

81

25

265.75
280.66
294, 46
307.27
320,62

337.67
353.61
368.56
382.61
396.88

Lir. 7

426.17.

Lyop, 92
454,89
L6s. 15

480,75
4g2.73
504, 14
515.02
525.41

535.33
544,83
553.91
562.62
570.98

579,00

26

279.38
294 .24
308.03
322.23

340.56
357.70
373.77
358.87
403.08

b16.69
T T O

445 . 84
460.53
474,67

L488.10
500.88
513.05
524,65
535.73

546, 31
556.43
566,13
575.42
584,33

592.88

27

28

306.63
32t.40

342,35
362,01
380.45
397,77
414,07

L2944
443.95
§457.69
471.58
486,05

499.80
514,24
528.00
Bht. 12
553.64

965.60
577.04
588.00
598.50
608,57

618.24

29

320.25

341,24
362,23
381,91
560,40
417.80

L34.20
449,70
L6k, 36
478,24
491,54

506.15
520.05
534.05
547.95%
561.23

573.91
586.04
597.66
608.79
619.47

629.72

30

3358.80
361.16
382.12
401,82
420.35

437.83
y5Y4, 33
469,95
ugh . 7l
498,77

512.10
526,24
540.28
553.86
567.91

581.33
594,17
a0&6. 47
618.25
629.5%

640.40
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Table A-2.
MAXIMUM LIVE LOAD MOMENT FOR I1OWA DOT 1980 STRAIGHT TRUCK, FT-KIPS PER WHEEL LINE

DISTANCE FROM SUPPORT, FEET
SPAN, 1 2 3 4 5 6 7 8 g 10

30 19.58 37.35 53,30 6T.43 79.75 9. 25 98.94 106,87 115.5%5 122.42
3 19.83 37.90 Sy .22 68.78 81.57 92.61 101.90 109.55 118.83 126.36
32 20.06 38.42 55.08 70.03 83.28 94,83 104,67 112.81 121.91 130.05
33 20.28 38.9 55,89 71.21 84.89 96.91 107.28 116,00 124.80 133.52
3 20.49 - 39.37 56.65 72.32 86.40 98.87 109.74 119,00 127.52 136.78
35 20.68 39.80 57,37 73.37 87.82 100.72 112.0% 121.83 130.08 139.86
36 20.86 40.21 58.04 74,36 B89.17 102.46 134,24 124.50 133.25 142.77
37 21.03 40.60 58.68 15.30 g0, 4y 108,11 116,31 127,03 136.28 145,52
38 21.20 40.96 59.29 76.19 91.65 10%.67 118.26 129,42 139.15 148.12
39 2%,35 41,31 59.87 77.03 92.79 107.16 120.12 131.69 141,87 150.64

ug 21.50 L1,64 60.4 77.83 93.88 108.56 121.89 133.85 144.45 153.69
h2 21.77 L2.25 61.43 79,31 §5.89 111,18 125,17 137,86 149.25% 159.35
Ly 22,02 42,81 62.35 80.66 97.73 1313.56 128.15%5 141,50 1531.62 164.49
46 22.25 43,32 63.20 81.89 99.40 115,73 130,87 144.83 157.60 169.19
43 22.46 43.78 63.97 83,02 100.94 ¥17.72 133,37 147.88 161.25% 173.49

; 50 22,65 Ly .21 6i4.68 84.06 102.3% 119.5% 135.66 150.68 164.61 177.45
; 52 22.83 4L, 61 65.34 85.02 103.65 121.28 137.78 153,27 167.717 181.11
[ 54 22,99 Ly, 97 65,94 85.91 104.86 122.81 139.74 155.67 170.58 18L.49
56 23.14 45,31 66.51 86.73 105.98 124.26 141.56 157.89 173.25 187.64
58 23.28 45,63 67.03 87.5%0 107.03  125.67 143.26 15%9.97 175.73 1%0.56

s 60 23.42 45,93 67.53 88.22 108.00 126.88 1h4. 84 161,90 178.05 193.29
: 62 23.54 L& .29 67.98 88.89 108.91 128.06 146.32 163.71 180.22 195.85
6l 23.66 46 .46 68.41 89.52 109.77 129.16 147.71 165.41 182.25 198.24
66 23.77 Le.70 68,82 90.11 110.57 130.21 149.02 167.00 184,16 200.49
68 23.87 46.93 69,20 90.66 111.32 131,18 150.24 168.50 185.96 202,81

06 132011 151,40 169.92  187.65 204,61
L7100 132.98 152,49 171,25 189.25 206,49
.35 133.80 1%3.53 172.51 190.76 208.28
95 134,59 154,51 173,71 192.20 209.97
.52 135.33  155.44 174.85 193.%6 211.57

70 23.96 47.15 69.56 91,19
72 24,06 47,35 69.90 91.68
Th 24,14 L7.55 70,22 92.15
76 24,22 4T.73 70.52 92.59
78 24,30 47,90 70.81 93.M

80 24,38 48.07 71,08 93,41
82 24,45 48.23 71.34 93,79
84 24 51 45,38 71,59 94,16
86 24,58 Lg.52 71.83 94.50
88 24.64 48,65 72.05 94,83

90 24,69 hg.78 7e.27 a5.14
92 26,75 Lg, 91 72,47 95. 45
Git 24,80 49,03 r2.67 95.73
96 24,85 4o 72.86 96.01
98 24,90 49.25 73.04 96.28

160 24,95 49,36 73.22 96.53

ek ad d ek
— b b 2

.06 136.03 156.32 175.93 194.85 213.09
.58 136,70 157.16 176.95 196.0G8 214.54
07 137.3k 157,967 177.93 197.25  215.92
137.95% 158.72 178.86 198.37 217.24
.99 138.53 159.45 179.7% 199,43 218.50

a2 139,08 160,15 180.60 200.45 219.70
B3 139.61 160.81 181.47 201.42 220.84
.22 140,12 161,45 182,19 202,36 221.94
.59 140,61 162,06 182,94 203.25 223.00
.95 141.08 162.64 183.65 204.311 224.M

) e ko
— ot d
M R~ NNV e i
W
F-g

[ A Y
[P G

Y
sk

L300 141.53 163,21 184,34 204.93 224.98



Table A-2. Continued
MAX IMUM LIVE LOAD MOMENT FOR

DISTANCE FROM SUPPORT,

SPAN, 11
FEET

30 127.47
3t 132.12
32 136.49
33 1h0.59
34 1hb044

35 148,08
36 151,52
37 154,77
38 157.84
39 160.77

Lo 163,54
L2 168.69
4y 174,13
us  179.59
48 184%.60

50 189.20
52 193.4%
54 197.39
56 201.0%
58 204,45

60 207,63
62 210,60
64 213,38
66 216,00
68 218.46

70 220.79
72 222.98
Th 225,06
76 227.02
78 228.89

80 230.66
82 232,34
84 233.95
86 235.48
B8 236.94

9G 238,33
92 239.67
Q4 240.95
96 242,17
38 243,35

100 244.u8

12

130.70
136.13
hi.e2
146.00
150.50

154,75
158.75
162.54
166.13
169.54

172.78
178.79
184,25
189,24
194,56

199.86
204.75
209.28
213.48
217.40

221.05
224,47
227.67
230,68
233.52

236,19
238,71
241,10
243.36
245.50

247.54
249.48
251.32
253.08
255,76

256.37
257.90
259.37
260.78
262.13

263,43

13

132,12
138.38
44,25
149.77
154,98

159.85
164,48
168,85
172.99
176.92

180.65
187.59
193.89
199.64
204,92

209.77
215.00
220,16
224,95
229.41

233.57
237.46
241.11
244 54
247,717

250,81
253.68
256.40
258.98
261.42

263,74
265,95
268.05
270.05
271.97

273.80
275.54
277.22
278.82
280.36

281.84

10WA DOT
FEET
%

131.72
138.88
145,58
151,88
157.81

163.40
168.68
173.68
178.41%
182.90

187.17
195.09
202.29
208.86
214,89

220.43
225.55
230.29
235.44
2y0.48

245,18
249.57
253.70
257.57
261,22

264,65
267.90
270.97
273,88
276.64

279.26
281,75
284,13
286.39
288.55

290.62
292.59
294.49
296,30
298.04

299.71

B4

1980 STRAIGHT TRUCK,

15

129.50
137.61
145,217
152,35
159,06

165.40
171.38
177.04
182,40
187.48

192,32
201.29
209,45
216.89
223.72

230.00
235,80
2h1.17
ehb .15
250.80

255.88
260.81
265.43
269.77
273,86

277.72
281.36
284.80
288.06
291.16

294,10
296,89
299,55
302.09
304.52

306.83
309.05
311,17
313,20
31%.15

317.03

16

17

156.75

6y, 71
172,23
179.34
186.07
192,46

198,53
209.80
220.05
229,47
237.98

245,87
253.16
259,90
266.16
271.99

277.84
282.53
287,30
291,78
296,75

301.51
306.00
310.25
3ik.28
318.10

321.73
325.18
328.47
331.60
334,59

337.45
340.19
342,80
a5, 31
n7r.72

350.03

18

170.38
178.28
185,75
192,85

199,59
212. 11
223.49
233.88
243,41

252.17
260.26
267.75
274.71
281.18

287.23
292.88
298.18
303.16
307.85

312.27
317.19
321.87
326.31
330.52

33,52
338.32
341,95
345,40
348.70

351.85
354.87
357.75
360.52
363,17

365.72

FY=-KIPS PER WHEEL

19

184,00
191.84

199,29
213.12
225.70
237.18
247.70

257.38
266,32
274,60
282.28
289.43

296. 11
302.36
308.21
313.71
318,89

323.77
328.38
332.76
337.63
3hz.25

346.63
350.81
354.78
358.57
362.19

365.65
368.95
372.12
375.15
378.06

380.86

LENE

20

197.63
212.84
226.66
239.29
250.86

261.50
271,33
280.43
288.88
296.74

304.09
310.95
317.39
323,44
329,34

334.50
339.57
3y . 37
348.91
353.27

358.06
362.62
366,97
371,11
375.06

378.83
382,45
385.91
389.22
392.40

395,45
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Table A~2. Continued
MAXIMUM LIVE LOAD MOMENT FOR IOWA DOT 1980 STRAIGHT TRUCK, FT~-KiPS PER WHEEL LINE

DISTANCE FROM SUPPORT, FEET

SPAN, 2t 22 23 24 25 26 27 28 29 30
FEET

4o

Lz 211.25%

Ly 226,39 224,88
46 280.21 239.95 238.50
48 252.88 253.76 253.5%2 252.13

' 20 264.53 266.47 267.32 267.08 265.75
52 275,29 278.21 280.07 280.89 280.66 279.38
Sh 285.25 289.07 291.87 293.67 294.46 294.24 293.00
56 294,50 299.16 302.83 305.54 307.27 308.03 307.82 306.63
58 303.12 308.55 313.04 316.59 319.20 320.88 321,61 321.40 320.25

60 311,15 317.31 322.56 326.90 330.34 332.86 334.48 335.19 334.99 333.88
62 318.67 325.51 331.47 336.55 340,75 344,08 3L6.52 348.08 348.77 348.58
64 325.72 333,20 339.82 345.60 350.52 354.59 357.81 360.18 361.69 362.36
66 332,34 3H0.42 347,67 354.09 359.69 364.47 368.47 371.53 373.83 37%.30
68 338.58 347.22 355.05 362.09 368.33 373.76 378.39 382.22 385.25 i87.48

70 344,45 353,62 362.02 369.63 376.47 382.52 387.8¢ 392,30 396.03 398.97
72 - 350.00 359.68 368.59 376.75 384.16 390.80 396.69 L01.82 LO6,20 409,82
T4 355,25 365,40 374,81 383.49 391.43 398.63 H405.10 410.83 435,82 420.08
76 360.23 370.82 380.71 389.87 398.32 U406.05 413.06 419,36 424,94 429,80
78 364.94  375.97 386.30 395.93 LOL.B6, 413.09 420.62 U427.45 433,59 439.02

80 369.43 380.86 391.61 401.68 111.07 HL19.77 L27.80 435,14 41,80 Lu7.,78
82 373.78 385.51 396.66 U07.15 L16.97 UL26.13 434.63 L4uz.45 L49.62 456,12
84 378.50 389.94 401,47 412,36 422,60 U432.19 L441.132 L4S. 42 457.06 464,06
86 383.01 394.28 0406.06 417.33 427.96 437,96 HB4T7.33 U456.06 H64.16 471.63
88 387.31 398.94 L10.44 B22.07 433.08 443.47 453.25 L&2.40 470.93 478.85%

90 391,42 403.40 814,77 426.60 L437.97 H48.T4 U458.90 U6S.46 477.41 485,75
92 395.35 L07.66 419,38 030.94 Lu2.65 U53.78 46h.31 uiL.2n Le3.60 492.38
94 399.11 411,74 U23.79 435.26 447,14 458,60 469.49 L479.80 489.53 498.68
96 4O2.72 415.65 L28.02 439.81 451,43 U463.23 4TL.LE 485 1D 495,27 504,74
98 L06.18 819.40 L32.07 G4L. 19 455,74 HE7.66 479.22 490.27 500.66 510.55

; 100 409.50 423,01 435,97 HL4G.38 U460.25 471.92 483,79 49511 505.89 316.13




Table A-2. Continued
MAXIMUM LIVE LOAD MOMENT FOR 1OWA DOT 1980 STRAIGHT TRUCK, FT-KIPS PER WHEEL LINE

DISTANCE FROM SUPPQORT,

SPAN, 31

SPAN, 41

82 483.75
84  498.17
86 511.92
88 525.04

90 537.58
92 549.57
94 561.05
96 572.06
98 582.61

100 %92.74

32

361.13
375.76
389.53

Loz.s2
414,78
426,38
437,37
447.80

§57.70
467.13
476,10
488,565
Lo92.82

S00.63
508,09
515.24
522.09
528.66

534,96

42

LoT.38
511.78
525.52

538.65
551.22
563.24
STu. 7
585.82

596. 44

33

374,75
389.36

h03.13
416,13
428.43
4L0.08
551,14

461.64
hvt.63
481.15
WoG.22
L498.88

507,15
515,07
522.65
529.91
536.88

543.56

43

FEET
34

388.38

L02.95
416,72
429.74
442,08
453,78

L46h . 90
L475.47
485.55
495,15
504, 32

513.08
521,45
529,48
537.16
54k, 54

551.62

uy

86

o2
516
530
b3
455

b4e7

478,
k8o,
499,
509,

518,
527,
535.
543,
551.

559

35

.00
.55
.32
'35
.72

b7
65
30
45
13

.13

45

538
552
566
579
592

604

.25
60

.34
.50

.13
.25

36

415,63
430.15

443.91

456.97

u69.37
ug1.16
492,40
503.11
513.33

523.10
532.45
541,40
549.97
558.20

566,09

b6

551.88

37

L29,25
443,75
457.51

470.58
483.01
L9L, 8%
506, 14
516,91

527.21
537.06
BU6 . 49
555,52
564,19

572.51

47

565.5%0
579.82
593.56

606,74

38

Lh2. 88
457.36

hi1.11
Lay, 19
496,65
508.53
519.87
530,71
541,07
5%1.00
560.51%
569.63

578,39

48

579.13
593.43

607.16

39

456, 50

470,96
Ley. 71
497.81
510. 30
522.21

533.60
544,50
554,93
56H.93
5T4.51

583.72

49

592.75
607.04

4o

4rG.13
g 57
498, 31
Hil.u2
523,94
3%, 89
547,33
L58,28
268,77
578,84

588.50

50

606, 38

e
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Table A-3.
MAX IMUM LIVE LOAD MOMENT FOR IOWA DOT 1980 TRUGK + SEMi-TRAILER, FT=KIPS PER WHEEL LINE

DISTANCE FROM SUPPORT, FEET

SPAN, 1 2 3 4 5 & 7 8 9 10
FEET ‘

30 17.72 33.61 48.30 61.60 73.50 84,00 93.10 100.80 107.1310 1
31 18.04 34,30 La.79 62.32 4,52 85,35 94,84 102.97 109.74 1
3z 18.33 34.95 L9, 84 63.02 75.47 86,63 96.47 105.00 112.22 1
33 18.61 35.56 50.83 &4, by 76.39 87.82 98.00 106.91 114,55 1
k) 19.06 36.13 51.76 65.78 78.19 88.97 99.44 108.71 116.7Th 123.53

35 19. 49 37.03 52.64 67.05 79.88 91.14 100.83 110.4%0 118.80 126,00
36 19.89% 37.89 54.00 68.24 B1.48 93.19 103.38 112.04 120.7% 128.33
37 20.27 38.70 55.30 70.06 83.00 95.14  105.79 114,95 122.64 130.56
38 20.63 39.48 56.53 71.79 85.27 96.97 108.67 117.72 125.92 133.62
39 20.98 ho.21 57.70 73.44 87.44 99.7C 110.23 120.34 129.39 138,16

Lo 21.30 40.90 58.80 75.00 89.50 102.31 113,41 122.83 133.11 342,51
L2 21.91 42.19 60.86 77.91% 93.34 107.1% 119.34 129.91 140.01 150.58
Ll 22.46 43,37 62.73 80.55 96.82 111.5% 124.73 136.37 146.46 157.92
46 23.22 L4, 70 6 L 82.96 100.00 115.57 129.66 142.27 153.4C 164.62
48 23.92 46,17 66.75 85.67 102.92 119.25 134,17 147.67 159.76 170.76

50 24,56 47.52 68.88 88,64 106.80 123.36 138,33 152.65 165.61 177.60
: 52 25.15 uB8.77 70.85 91.38 110.38 127.85 143.77 158.15 171,01 185.08
L 54 25.70 49.93 72.67 93.93 1713.70 132.00 148.81 164,15 178.00 192,00
: 56 26.21 51.00 74.36 96.29 116.79 135.86 153.50 169.71 184.50 198,43
58 26.69 52.00 75.93 98.48 119,66 139.145 157.86 174.90 190.55 204.83

60 27.13 52.93 T7.40 100,53 122.33 142,80 161,93 179,73 196.20 211.33
62 27.55 53.81 78,77 102.45 124.84 185,94 165.74 184.26 201.48 217,42
64 27.94 54.62 80.06 104,25 127.19 148.87 169.31 188.50 206.44 223.12
66 28,30 55.39 81.27 105.94 129.39 151,64 172.67 192.48 211.09 228.48
68 28.65 56.12 82,41 107.53 131.47 154,24 175.82 196.24 215.47 233.53

10 28.97 56.80 83.49 109.03 133.43 156.69 178.80 199.77 219.60 238.29
72 29.28 57.04 84.50 110.44 135.28 159.00 181.61 203.11 223.50 242,78
Th 29,57 58.05 85.46 111.78 137.03 161.19 184.27 206.27 227.19 247.03
76 29.84 58.63 B6.37 113,05 138.68 163.26 186.79 209.26 230.68 251.05
78 - 3G.10 59.18 87,23 114,26 140,26 165.23  189.18 212,10 234.00 254.87

' 80 30.35 59.70 88.05 15,40 141.75 167.10 191,45 214.80 237.15 258.50
82 30.59 60.20 88.83 116.49 I43.17 168.88 193.61 217.37 240.15 261.95
84 36.81 60.67 89.57 117.5%2 144,52 170.57 195,67 219.81 243.00 265.24
86 31.02 61,12 90.28 118,51 145.8%7 172.19 197.63 222.14 245.72 268.37
88 31.23 61.55 50.9% 119.45 147.05 173.73 199.5C 224.36 248.32 271.36

90 31.42 61.96 91.60 120,36 148,22 175,20 201.29 226.49 250G.80 274.22
92 31.61 62.35 9z2.22 121.22 149.35 176.61 203.00 228.52 253.17 276.96
94 31.79 62,72 92.81 122.04 150,43 177.96 204.64 230.47 255.45 279.57
96 31,96 63,08 93,37 122.83 151.46 179.2% 206,21 232,33 257.62 282.08
98 32,12 63,43 83.92 123,59 152.45 180.49 207.71 234,12 259.71 28L.49

100 32.28 63.76 9. 40 124,32 153.40C 181.68 209.16 235.84 261.72 286.80
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Table A~3. Continued
MAX IMUM LIVE LOAD MOMENT FOR 1OWA DOT 1980 TRUCK + SEMI-TRAILER, FT~-KIPS PER WHEEL LINE

DISTANCE FROM SUPPORT, FEET

SPAN, 1 12 13 4 15 16 17 18 19 20
FEET

30 118.30 123,20 126,70 128.80 129,50

31 121.03 126,45 130.52 133.23 134.58

32 123.59 129.50 134.09 137.38 139.34 140.00

33 126,00 132.36 137.45 141,27 143,82 145,09

3 129.09 135.06 140.62 144,94 148,03 149.88 150.50

35 132,00 137.60 143.60 148.40 152.00 154.40 155.60

36 134,75 10,06 146,42 151.67 155,75 158.67 160.42 161.00

37 138.24 144,43 149,14 154,76 159.30 162,70 164.97 166.11

38 141.82 148.%8 153.89 157.75 162.66 166.53 169.29 170.95 171.50
36 145.23 182,51 158.39 162.85 165.91 170G.15 173.38 175,54 176.62

40 150.2%1° 156.25. 162.67 167.71 171.38 173.67 177.27 179.%0 181.47 182,00
42 159.53 166.87 172.58 176.72 181.%2 185,02 187.20 188.07 190.50 192.00C
By 168,01 176.5%6 183,56 189.01 192.92 195.33 198.67 200.75 201.58 201,17
ne 17%.75 185.40 193.58 200.27 205.49 209.23 211.49 212.33 214.32 215,12
B8 182.84 193,51 202.76 210.59 217.01 222.0% 225.60 227.76 228.52 =228.52

50 189.37 200.97 211.21 220.09 227.61 233.77 238.57 242,01 244,70 244,82
%2 167,92 209.23 219,01 228.86 237.40 244.63 250.55 255.17 258.48 260.48
5L 20%,.85 218.22 229,11 238.52 2hk6.46 254,68 261.64 267.35 271,79 274,98
56 213.21 226.57 238.50 249,00 2%B.07 265.71 271.94 278.66 284.16 288.44
58 220.07 234,34 247.24 258,76 268.90 277.65 285.03 291.03 295.67 300.98

60 226.47 241.60 255.40 267.87 279.00 288.80 297.27 304,40 310.20 314.67
62 232.45 248,39 263.03 276.39 288,45 299.23 308.71 316.90 323.81 329,42
64 238.56 254,75 270,19 284.37 297.31 309.00 319.44 328,62 336.56 343.25
66 2u4,67 260.73 276.91 291.88 305,64 318,18 329.51 339.64 348.55 356.24
68 2ZH0.41 266.3% 283,23 298.94 313.47 326.82 339.006 350.00 359.82 368.47

70 255.83 272.23 289.20 305,60 320.86 334.97 347.94 359.77 370.46 380.00
72 260.94 278.00 294,83 311.89 327.83 342.67 356.39 369.00 380.50 3%0.89
©74  265.78 283.H6 300.16 317.84 334,43 349.95 364,38 377.73 390.00 &LO1.19
76 270,37 2B8.63 305.84 323,47 340.68 356.84 371.95 386.00 399.00 410.95
78 274,72 293.54 311,33 328,82 346,61 363.38 379.13 393.85 40V.5H 420.20

80 278.85 298,20 316.55 333.90 352.25 369.60 385.95 401,30 415.65 429.00
g2 282.78 302.63 321,51 339.41 357.61 375.51 392.44 408,39 423,37 437.37
8L 286.52 306.86 326.24 304,67 362,71 381.14 398.62 LI5.14 L3071 A5, 33
86 290,09 310.88 330.74 349.67 367.67 386.51 404,51 421,58 437,72 452.93
88 293.50 314,73 335,05 354.45 372,95 391.64 410.74 H27.73 LEL 41 u460,.18

90 296.76 318.40 339.16 3%9.02 378.00 396.53 415.51 433.60 K50.80 467,11
92 299.87 321.91 343.09 363,39 382,83 401.39 420,65 439,22 u456.91 473.74
94 302.85% 325.28 346.85 367.57 387,45 HO6.47 425,57 444,60 u62.77 U480.08
96 305.71 328.50 35%0.46 371.58 391.87 411.33 430.29 U449 75 LEB.3T UBG6.1T
o8 308.4% 331.59 383,92 375.43 396.12 416.00 U35.06 454.69 473.75 492.00

100 311.08 334.56 357.24 379,12 400,20 420.48 439.96 459,44 478,92 497.60
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Table A~3. Continued

MAXIMUM LIVE LOAD MOMENT FOR 10WA DOT 1980 TRUCK + SEMI-TRAILER, FT-KiPS PER WHEEL LINE

SPAN,
FEET

DISTANCE FROM SUPPORT,

31

js2.02
361.64
380.08
h02.88

424 40
Lay, 72
463.95
L4s2.16
499, by

515.85
531,46
546,33
560,51
574.04

587.87
601,43
614, 42
626.87
638.82

650.28

41

32

359.02
378.56
399.76

h22.51
il 00
464, 32
483.58
501.85

519.20
535.71
551.43
566.42
580.73

594, 40O
607.83
621.53
634.67
647.26

659.36

L2

550.00
597. 54

619.73
GU40.96
661.28
680.75
699.43

T17.36

33

376.02
395.49

419.49
hha 17
463.62
483.95
503.23

521,55
538.97
555.57
571.39
586,50

600,93
614,74
627.96
641,62
654,90

667.64

i3

570.00
594,23

617.38
639.52
660,72
681.04
T00.53

719.24

FEET
34

393.02

415, 31
439.22
461,84
483,26
503.5%9

522,90
541,27
558.76
575,44
591.36

606.58
621,13
635.06
648.42
661.71

675.12

Ly

550.00

614,13
637.22
659.32
680.50
700.82

720,32

90

35

45

610.00
634.04
657,06
679,12
700.28

720.60

430
455
478
501

522
542
562
580
598

615,
631,
646,

661

675.
689.

630
653
676
698

720

36

.00
03
.74
.23

.60
.93
.28
LTh
.36

20
12
.50
67

28

46

.00
V96

.92

.9
.08

37

450,00
474,89
498.51

520.95
542,29
562.62
582.00
600.50

618.18
635.09
651.28
666.79
681.67

695,96

b7

650.00
673.87
696.77

718.76

38

470,00
Lou.T7

518.30
540.68
562.00
582.32
601,73

620.27
638.00
654,98
671.25
686.86

701.84

48

676.00
693.80

716.64

39

h90.00
514, 6%
538.10
560,43
602.04
G21.47
640,04
657.83
674,87
691.22

706.92

49

690.00
T13.72

Lo

51G.00
534,54
557.90
580.19
601.45

621.78
6u1.22
659.83
677.67
694,77

50

710,00
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Table A-4.
MAXEMUM LIVE LOAD MOMENT FOR JOWA DOT 1980 TRUCK + TRAILER, FT-KIPS PER WHEEL LINE

DISTANCE FROM SUPPORT, FEET
SPAN, 1 2 3 i 5 6 7 8 9 ©10

; 30 17,37 327 45.58 57.21 67.65 75.11 82.79 89.09 94.00 97.52
L 31 17.67 33.24 L6.70 58.82 69.20 17.87 84,81 g1.57 96.99 101.78
32 18.15 4. 24 48.30 60,32 71.22 8G.45 88.01 93.89 100.20 106.08
33 18.59 35.19 g . B1 62,4y 73.12 82.88 91.0% 97.53 103.61 110,13
34 18.00 36.08 51.23 64,46 75.76 85.16 93.85 100.96 108.37 113.93

35 19,40 36.92 52,58 66.36 78.27 88. 31 96.51 104,72 112.89 119.19
36 19,77 37.72 53.85 68.16 80.65 9t.32 100,17 108.317 117.16 124.20
37 20,12 38.47 55.05 69.85 82.89 94,16 163.66 111.71 121,21 128.93
38 20,45 39.18 56.18 71.46 85,02 96.85 106.96 115.3% 125.04 133.42
39 20.77 39.85 57.26 72.99 87.04 99.41  110.10 119.11 128.67 137.68

4o 21.07 40.50 58.29 Th, by 88.96 101.84 113.08 122,68 132.%2 141.73
42 21.62 41.69 60G.19 T7.13 92.52 106.34 118.61 129.32 138.53 149.24
Ly 22,13 b2, 77 61.92 79.58 95.76 110,44 123.6B 135,35 145.57 186,07
46 22,90 4,07 63.50 B81.82 98.71 114,18 128.23 140.85 152,05 162.31
48 23.62 45,57 65,85 8L, 4T 101,42 117.61  132.44  14B.90 158.00 168.73

50 24.27 46,94 68,02 87.49 105.36 121.63 136.31 150.54 163.47 175,08
52 24, 88 48,22 70.02 90.28 109.00 126,18 141.83 155.94 168.52 182.31
Sh 25. 44 49,39 71.87 92.86 112.37 130,40 146,95 162.01 175.60 189,33
56 25,96 50.49 13.5% 95.26 115.50 134,31 151.70 167.66 182.19 195.86
58 26,4l 51.50 75.19 G7.49 1i8.41 137,96 156.12 172.9% 188.32 202.34

60 26.89 52.45 76.68 99.57 121,13 141.36 160.25 177.81 194.04 208.93
62 27.32 53.34 78.08 101,52 123,68 144,54 164.12 182.40 199.39 215.10
64 27,711 54,17 79.39 103.35 126.06 147.%2 167.7h 186.70 20W4.41 220.87
66 28.08 5L, 96 80,62 105.07 128.30 150.33 171,14 190.74 209.13 226.30
68 28 . 4i 55.69 81.78 106.68 130.41 152,96 1TL.34 194,54 213,56 237.41

70 28.77 56.39 82.87 108.21 132,40 155.4% 177.36 198.13 217.75 236,23
72 29.08 57.04 83.90 109.64 134.28 137.80 180.21 2061.51 221.70 240.78
74 29.37 57.66 84.88 111,01 136.05 160.02 182.91 204.71 225.4b 245.08
76 29.65 58.25 85.80 112,29 137.74 162,13 185.46 207.75 228.98 249.16
18 26.92 58.81 86.68 113.52 139,33 164.12 187.89 210.63 232.34 253,03

80 30.137 59.34 87.51 114,68 140.85 166,02 190,19 213.36 235.53 256.70
82 30.11 59.84 88.30 115.79 142,29 167.82 192.38 215.96 238,57 260.19
84 30,64 60.32 89.06 116.84 143,67 169.%54 194,47 218.44 241.46 263.52
11
11

86 30.86 60.78 89.78 7.84 144,88 171,18 196.46 220,80 244.21 266.70
88 31.06 61.22 90.46 §.80 146.23 172.75 198.35 223.05 246.85 269,73

90 31.26 61.64 g1.32 119,72  W7.42 174,24 200.17 225.23 249.36 272.82
92 3. 45 62.03 91.75% 120.59 148.57 175.67 201.90 227.27 2%1.76 275.39
gl 31.63 62.42 92,35 121.43 149,66 177.04 203.57 229.24 254,07 278.04
96 31.81 62.78 92,92 122.23 150.71 178.3% 205.16 231,13 256,27 280.58
98 31.98 63.13 93.48 123.00 151,71 179,61 206.69 232.95 2%8.39 283.02

100 2. 14 &3.47 9U.01 123,74 152.68 180.82 208.15 234.69 260.42 285,36



Table A~4. Continued
MAXIMUM LIVE LOAD MOMENT FOR
DISTARCE FROM SUPPORT, FEET

SPAN, 1t

30 102.10
3t 105.27
32 110,30
-33 115,02
34 119,47

35 123.66
36 129.4%
37 134.89%9
38 140,08
39 145.M

40 149.69
B2 158,39
by 166.29
u6 173.%0
ug 180,12

50 186.20
52 194.88
55 202.92
56 210.39
58 217,34

60 223.83
62 229.%0
64 236,09
66 242,27
68 248.08

70 253.57
72 258.74
74 263.64
76 268.28
78 272.69

80 276.87
82 280.85
84 284,64
86 288.25
88 291,70

90 295.60
g2 298.15
94 301.17
96 304,06
98  306.83

100 309.50

12

105.63
109.35
112,84
118. 3G
123.4Y4

128.28
132.86
139.08
145,02
150.66

156.02
165.97
175.62
183.28
190.85

197.82
205.91
215.02
223.49
231,37

238.72
245,60
252.05
258,11
263.81

269.76
275,69
281.12
286,36
291,32

296.04
300.53
304,80
308.87
312.76

316.48
320.03
323.44
326.70
329.83

332.83

i3

107.77
112,10
116.15
119,95
125.83

131.37
136.60
h1.55
148,24
154,64

160.71
172,00
182.26
191.63
200.22

208.12
215.41
225.64
235.16
244,01

252.28
260.01
267.26
274,07
280.48

286,53
292,23
297.63
303.38
308.93

3y.21
319.23
324, 0%
328.57
332.92

337.08
341.05
34y, 86
348,51
35z.

355,37

FOWA DOT

1L

108.53
113,50
118,16
122,53
126.65

132,93
138.86
104,47
149,79
156.93

163.77
176,47
188.02
198.56
208.22

217,13
225.32
234.78
245,40
255,28

264,51
273,14
281,22
288.82
295.98

3p2.72
309.09
315,11
320.82
326.24

331.38
336.96
3ue .27
347.33
352.16

356.78
361.20
365,43
369.48
373.37

377.10

92

1980 TRUCK + TRAILER,

15

107.91
113.57
118,87
123,85
128.54

132.96
139.63
145.95
151.93
157.60

165.18
179.38
192,28
204.06
214.86

224.80
233.97
2he2. 48
254,21
265.17

275.40
284.97
293,94
302,36
310.29

N7.IT
32k .83
331.51
337.84
343,85

349.55
354,98
360,14
365.16
370.50

375,60
380.48
3185.15
389.62
393.92

398,04

16

118.29
123.92
129.21

134.21
138.92
145.98
152.66
159.00

165.03
180.73
195,06
208.14
220.14

231,137
241,36
25%0.79
261.60
273.68

284.96
295.51
305,40
314.69
323.43

331.68
339,47
346.83
353.81
360.u3

366,72
372.70
378.40
383.83
389.02

393.97
398.89
Loy, 02
L40s.93
413.65

418,18

7

128.66

134,26
139.56
145,96
152.98
159.64

165.97
180.52
196. 34
210.80
224.05

236.23
247,48
257.90
267.57
280,81

293,19
304,76
315.61
325.81
335.40

344,45
352.99
361.07
368.73
375.99

382.89
389.45
395,70
401,66
407.35

412.79
417.99
u22.97
B27.74
432.56

437,51

18

139.04
147.09
154. 94
162.39

169.47
182.6)
196, 14
212,03
226.59

239.99
252,35
263.80
274,43
286.57

300.08
312,12
a2y, 57
335.71
346.19

356.07
365,40
3Th.23
382.59
390.52

398.06
405.23
412.06
518.57
424,78

43G.72
436.40
441,84
447.05
452.065

456.85

19

155,17
163. 46

171,33
185.94
199.23
211,84
227.77

202,43
255.96
268.49
280,12
290,96

305,64
319.39
332.29
3uh. 4o
355.80

366.5%
376.70
386,30
395,40
Hon,03

412.23
420.03
L27.46
434,54
441,30

HL7.76
453,94
459,85
45,52
470.96

L476.18

FT-KIPS PER WHEEL LINE

171,
187.7
202,
215,
228.

243,
258.
271.

284

296.

309,
324,
338.7
351,
364,

375.
386.
397,
4ot
416.

L25,
433,
Lun,
Lha,
456,

463,
a0,
ur7.
L83,
U89,

4ou,

20
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Table A~4. Continued
MAXIMUM LIVE LOAD MOMENT FOR ICOWA DOT 1980 TRUCK + FTRAILER, FT-KIPS PER WHEEL LINE

DISTANCE FROM SUPPORT, FEET

SPAN, 21 22 23 24 25 26 27 28 29 30
FEET

Lo

42 187.92

Yy 204,10 204,30
46 218.86 220.48 220.67
L8 232.40 235.31 236.86 237.05

50 2L4.85 248,96 251.76 2%3.24 253,42

52 259.40 261,56 265,51 268.20 269.63 269.80

54 274,23 277.54 280.76 282.49 284,63 286.01 286.17

56 288.00 293.06 297.59 300.69 302.36 302.60 302.39 302.55

58 300.82 307.50 313.25 317.63 320.62 322.23 322.47 321.32 318.92

60 312.78 320.99 327.88 333.44 337.67 340.56 342,12 342.35 341.24 338.80
62 328.86 333.60 341.56 348.23 353.61 357.70 360.50 362.01 362.23 361.16
64 3h3,96 347.%2 354.39 362.10 368.56 373.7¥ 377.74 380.45 381.91 382,12
66 358,15 363.20 367.04 375.13 382.61 388.87 393.93 397.77 L4OO0.HO 401,82
68 371,49 377.58 382,48 387.39 395.82 403.08 409.16 4HI4.0T7 417,80 420.35

| 70 384,08 391,13 397.04 401.81 408.28 416.48 423.53 429.44 434,20 L437.83
: 72 395.97 403.93 30,79 416.53 421,017 429.13  &37.10 443.95 449,70 454,33
L 74 h07.21 BI16,04  A23.79 430.46 436.0% 441,10 L49.93  LST. 69 LHB. 36 U69.95
T6 B17.86 hW27.52 H36.12 443.66 450.16 455,60 462.09 UT0.69 uT8.24 484,74
78 H27.97 H438.40 A4LT7.B0 456,18 LE3.54  L69.8T HT5.1T 483,04 u91.41 498,77

[ 80  437.57 448.74 458,91 468.08 476.25 hL83.42 489.59 494.76 503.93 512.10
1 82 446,70 L58.57 L69.47 479.39 L8B.34 496,31 503.31 509.33 515.83 524.78
84 455,40 L6TV.94 479.53 L400.17 499.86 B508.59 516,37 523.20 529.08 536.86
86 163,69 U76.87 H89.13 500.45 S10.84% 520,30 528.83 536.43 543,10 5u8.84
88 471,61 U85.40 u498.28 510.2% 521.32 531.47 5u40.72 549,05 5%6.48 563.00

v 9C 479,17 493,55 507.03 519.63 531.33 542.1% 552.08 561.12 B569.27 $76.53
92 4586.47 501.34 515,40 528.59 SU0.91 552,36 562.9% 572.66 581.50 589.u48
ot 493,34 508.80 523.41 537.17 55%0.08 562.14 573.35 583.71 593.22 601.87
96 499.97 515.95 531.09 545,40 558.87 571.52 583.32 594.30 604.44 613,75
98 506,34 522.81 538.46 553.29 567.31 580.51 592.89 604.46 615.2% 625,14

100 512,46 529.39 585.53 560.86 575,40 589,14 602.07 614.21 625.54 635.08




Table A~4. Continued
MAX 1 MUM LIVE LOAD MOMENT FOR

DISTANCE FROM SUPPORT,

SPAN, 31

62 358.80
64 381,09
66 h0z2.02
68 421,73

70 440,31
72  457.85
T4 4TH. L5
76 490.18
78 505.10

80 519.27
8z 532.75
84  5u5.59
86 557.83
88 569.52

90 582,91
92 596.58
94 609,68
96 622,22
98 634.26

100 6u45.82

SPAN, 1

82 558.80
84  580.54
86 661,27
88 621,06

90 639.97
92 658.06

96 691.97
98 707.89

100 723.18

32

378.80
401.02
421.93

41,65
Leo, 27
L77.88
L4ah . 57
510.40

525, ulh
539.75
553.37
566,36
578.76

590.61
602.82
616.63
629.87
6U2.56

654,75

b2

578.80
600.50
621,22

641,03
659.95
678.08
695.45
7i2.1%

728.11

33

398.80
h2G.95

i1, 84
461.57
480.23
497.9¢
514.68

530.61
545,77
560.20
573.96
587.10

599.65
611.66
623.16
636.67
650.05

662.89

43

598.80
620.46

641,16
660.96
679,92
698.09
715.52

732.25

94

1OWA DOT 1980 TRUCK + TRAILER,

FEET
3y

418.80

U40c. 89
461,76
n81.49
500.19
517.93

534.78
550.81
566,08
580.63
594,53

607,80
620,50
632.66
64y, 32
656,72

670.22

b

618.80

640,43
661,11
680.92
699.90
718,11

735.58

35

438,80
460.83
481,68
501.42
520.15

537.95
554,88
571.00
586.37
601.04

615.07
628. 48
641,32
653.62
665,43

676.76

45

638.80
660, 39
681,06
700.87
719,88

738,12

36

458.80
L80.78
501.60
521,35

540,12
557.97
574.97
591.18
606.695

621.44
635.58
649 .12
662.10
674,55

686.50

L6

658.80
680,36
701.02
720.83

739.86

37

478.80
500.73
521.53

541,29
560.09
577.99
595.06
611.35

626,92
641,82
656.08
669.74
682.8%

695,43

47

678.80
700.32
120,97

740.79

FT=-KtPS PER WHEEL LINE

98B,
520.

541,
580.

598.
615,

631

647,
662.
676.
690.

703,

698
720

740

38 39

68 518.80

46  540.63
.23 561.39
06 581,17
01 600.03
4 618.03

.H2 635.23
18 6%1.68
18 667.43
55 682.5%2
33 697.00

57 710.90

4g 49

.80
.29 718.80

.93 ThD.26

40

538.80
560.58
581,33
601,12
620,00
638.04
655, 30
671.83
G587, 67
02,86

717, Ly

50

738.80
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Table A-3.
MAXIMUM LIVE LOAD MOMENT FOR H 20-44, FT-KIPS PER WHEEL LINE

DISTANCE FROM SUPPORY, FEET

SPAN, 1 2 3 4 5 & 7 8 9 10
FEET
30 17.47 33.60 48.40 £1.87 74.00 84.380 gu.27 102,40 109.20 11467
31 17.55 33.81 L. 77 62.45 T4.84 85.94 95.74 104,26 111.48 117,42
32 17.62 34 .00 49 .12 63.00 15.62 87.04Q 97.12 106.00 113.62 120.00
33 17.70 34.18 4G, 45 63.52 76.36 88.00 98.42 107.64 115.64 122.42
34 i7.76 34,35 49,76 64,00 77.G6 88.94 99.65% 109.18 117.53 124,71

35 17.83 34,51 50.06 6l U6 7.7 89.83 100.80 110.63 . 119.31 126.86
36 17.89 3h.67 50.33 64,89 78.33 9¢.67 101.8% 112.00 121.00 128.89
37 17.95 3. 81 50.59 65.30 78.92 91.46 102.92 113,30 122.59 130.81
38 18.60 34.95 50.84 65,68 79.47 92.21 103.89 7Ti4.53 124,11 132.63
39 18,05 35.08 51.08 66.05 80.00 92.92 10L.82 115.69 125.54 134,36

HO 18.10 35.20 51.30 66.40 80.50 93.60 105.70 116,80 126.90 136.00
b2 18,19 35.43 51.71 67.05 81.43 94.86 107.33 118.86 129.43 139,05
by 18.27 35.64 52.09 67.64 &z2.27 96.00 108,82 120.73 131.73 147.82
L6 18.35 35.83 52.43 68,17 83.04 97.04 110.17 122.43 133.83 144,35
43 18.42 36.00 52.75 68.67 83.75 98.00 111,42 128,00 135.75 146,67

) 50 18.48 36.16 53.04 69.12 84.40 98.88 112.56 125.44 137.52 148.80
| 52 18.54 36.31 53.31 69.54 85.00 99.69 113.62 126.77 139.15 1%0.77
: -5 18.59 36.44 53.56 69.93 85.56 100,44 114,59 126,00 140.67 152.59
L 56 18,64 36.57 53.79 70.29 86.07 101.14 115,50 129,14 142.07 154,29

58 18.69 356.69 54.00 70.62 86.55 101.79 116.34 130.21 143.38 155.86

80 18.73 36.80 54,20 70.93 87.00 102.40 117,13 131.20 144,60 157.33
62 18.77 36,90 54,39 71.23 87.42 102,97 117.87 132.13 145.74 158,71
64 18.94 37.28 55.01 72.15 88.68 104,62 119,95 134,68 148.81 162,34
66 19.26 37.93 56.01 73.50 906,39 106.69 122,40 137.51 152.03 165.96
68 19.59 38.59 57.01 74,84 92.09 108,76 124.83 140,33 155.24 169.56

70 19.91 39.25 58.00 76.18 93,79 1310.81 127.26 143,713 158.43 173.14
72 20.23 39.90 58,99 77.52 g5,47 112.86 129,67 145,92 161.59 176.70
Th 20,56 80.55 59.99 78.85 97.16 114,90 132,08 148,70 164.75 180.24
16 20.88 1,21 60.97  80.19 98.845 116.94 134.48 151,46 167.89 183.76
78 21,20 41.86 61.96 81.%1 100.%2 118.97 136.87 154.22 171.01 187.26

80 21.53 h2.51 62.95 82.84 102.19 120,99 139.25 156.96 174.13 190.75
82 21,85 43.16 63.93 84.16 103.86 123.01 141,62 159,70 177.23 194.22
8L 22,17 43.81 6h, 92 85.49 105.52 125.02 143,99 162.42 180.32 197.69
. 86 22,50 Ly, 48 65,90 86.81 107.18 127.03 146.3% 165.14 183.40 201.13
88 22.82 45,11 66,88 88.12 108.84 129.04 I4B.TT 167.85 186.48 204,57

90 23.1%4 45.76 67.86 89.44  110.50 131,04 151.06 170.56 189.54 208.00
92 23.46 36,41 68,84 90.75 1i2.1% 133,04 153.41 173,26 192.60 211.42
94 23.78 L7.06 69.82 92,07 113.81 13%.03 155.7% 175.95 195.64 214.83
96 24,711 L7.70 70.80 93,38 115.46 137.02 158.09 178.64 198.69 218.22
98 24,43 h8.35 71,77 94,69 117.10 139.01 160.42 181.32 201.72 221,62

100 24.75 %9. 00 72.75 96.00 1318.75% 141,00 162.75 i84.00 204.75 225.00




Table A-5. Continued

MAXIMUM LIVE LOAD MOMENT FOR H 20-44,

SPAN,

FEET

3¢
31
32
33
34

DISTANCE FROM SUPPORT,

11

118.80
122.06
125,12
128.00
13¢.71

133.26
135,67
137.95
L0, 11
142,15

144,10
W77
151.00
154.00
156.75

159.28
161.62
163.78
165.79
167.66

169. 40
171,20
175.26
179,30
183.31

187.28
191.23
195,16
199.07
202.96

206.83
210,68
214,52
218,34
2z2. 14

225.94
229.72
233.49
237.26
2481.0

244,75

t2

121,60
125,42
129.00
132,36
135.53

138.51
hi,33
Thy, 00
146,53
148.92

151,20
155.43
159.27
162.78
166. 00

168.96
171.69
178,22
176.57
178.76

180.80
183.10
187.59
192.04
196.46

2006.85
205.20
209,53
213.83
218,10

222.36
226.59
230,81
235.01
239.19

243,36
247.51
251.65
255.78
259.90

264,00

13

123.07
127.48
131.62
135,52
139.18

142,63
145,89
148.97
151,89
154,67

157,30
162.19
166.64
YFO.T0
17442

177.84
181.00
183.93
186.64
189.17

191.53
194, 39
199, 31
204,19
209.03

213.83
218,59
223.33
228.03
232.70

237.35
241,97
246,57
251,15
255.72

260.26
264.79
269.30
273.8C
278.28

282.75

FEET
14

123.20
128.26
133.00
137.45
141,65

145,60
149.33
152.86
156,21
159.38

162,40
168,00
173,09
177,74
182.00

185.92
189,54
192.89
196.00
198.90

201.60
205,07
210. 44
215.75%
221,02

226,24
231.42
236.56
261,867
246,74

251.79
256.81
261.80
266.717
271.71

276.64
281.55
286.43
291,30
296.16

301,00

96

FT=-KI1PS

15

122.00
127.74
133.12
138.18
42,94

17,43
151.67
155.68
159.47
163.08

166,50
172.86
178.64
183.91
188.75

193,20
197.31
207,11
204. 64
207.93

211.00
215. %4
220,96
226.72
232,42

238.07
243.67
246,23
254,75
260.24

265,69
271.10
276,49
281.85
287.19

292.50
297.79
303.06
308.31
313,54

318.75

PER WHEEL LINE

16

132,00
137.70
43,06

158,11
152,89
157,41
161.68
165,74

169.60
176.76
183.27
189.22
194,67

199.68
204,31
208.59
212,57
216.28

219,73
224,60
230.88
237.09
243.24

249,31
255.36
261,340
267.28
273.18

279.04
28k .86
290.65
296. U1
302,14

307.84
313.52
319,17
324,80
330.41

336.00

142.00

147.66
153.00
158,05
162.84
167.38

171.70
179.71
187.00
193,65
199.75

205.38
210,54
215.33
219,79
223.93

227.80
233,45
240,20
246.87

253.47

260,00
266.47
272.89
279.26
285.57

291.85
298.08
304,28
310.44
316.56

322.66
328.73
334,77
340.79
3U6.78

352,75

152.00
157.62
162.95
168.00

172.80
181.71
189.82
197.22
204,00

210.24
216.00
221,33
226,29
230.90

235.20
241,69
248,92
256.06
263.12

270.10
277.02
283.87
290.67
297.42

304,11
310.76
317.37
323.93
330.46

3136.96
343.42
349.86
356,26
3162.64

369.00

162,00
167.59

172,90
182.76
191,73
199.9¢1
207.42

21,32
220.69
226.59
232.07
237.17

241.93
249,32
257.03
264.65
272.18

279.63
286.99
294,29
301.53
308.7

315.83
322.90
329.92
336.90
3453.84

350.74
357.60
364.44
311.24

378.010

384,75

20

172.
182.
192.
201.
216,

237,
224,
231,
237,
242,

248.
256.
264,
272,
280,

288.
296,
300.
311,
319,

327,
334,
3
349,
356.

364,
371
3rs.
385.
3g2.

400.

Q0
86
73
T
00

60
62
11
14
76

GO
34
55
65
66

57
40
15
83
45

00
56

.94

34
69

00

27

50
70
86

00



Table A-5. Continued

MAXIMUM LIVE LOAD MOMENT FOR H 20-4i,
DISTANCE FROM SUPPORT,
SPAN,

FEET

40
42
4y
46
48

21

182.00
192.82
202.70
211.75

220.08
227.17
234,89
241,50
2u7.566

253.89
262.74
271.46
280.06
288.55

296.94
305.23
313,44
321.58
329.64

337.63
345.56
353.43
361.25
369.02

376.7h
sy 42
392.06
369,66
Lo7.22

414,75

22

192.00
202.78
212.67

221.76
230,15
237.93
24514
251.86

259.16
268.54
277.78
286.88
295.86

304,73
313.50
322.17
330.76
339.27

347.71
356.08
364L.38
372.63
380.82

388.96
397.05
405. 10
413.10
y21.07

529.00

23

202.00
212.75%

222,64
231.77
240,22
248,07
255.38

263.81
273.73
283.49
2%93.10
302.58

311.95
321.19
330,34
339.40
348,36

357.25
366.06
374.80
383.48
392.10

400.66
h09.17
417,63
426.05
B3y, yz

442.75%

FEET
24

212.00

222.72
232.62
247,78
250,29
258.21

267.84
278.31
268.60
298.73
308,72

318.58
328.32
337.95
3u7.47
356.9¢

366. 24
375.50
384.69
393.80
L4o2.8%

411,84
B26.77
429.65
438.48
B4, 26

456,00

97

FT«KIPS PER WHEEL LINE

25

222.00
232.69
242,59
251,79
260,34

271.25
282.27
293.11
303.77
3ik.28

324,64
334,87
344,99
354,99
364,88

3Th.69
384,40
394,04
403,59
b13.08

ha2z.50
431.86
Li1.16
450,41
u59.60

468.75

26

232,00
242,67
25a2.57
262.22

274,04
285.63
297.902
308.22
319.25

330.13
340.86
351.46
361.95
372.32

382.59
392.76
L02.85
Liz2.86
422.78

432.64
Wy, u3
K52.16
461,82
471,44

Lg1.00

27

242,00
252.64
263.80

276.2
288.38
300.32
3tz.07
323.63

335.03
3he.27
357.38
368.35
37¢.20

389.95
460.59
L1113
L421.59
431,96

Lyz. 26
452.48
L62.64
L72.74
hg2. 717

492.75

28

252,00
264.74

277.76
290,51
303.03
315.33
327.44

339.36
351.12
362,713
374.20
385.54

396.76
407.87
418.88
429,79
Lho.62

451,36
Léz,02
4iz.62
483,14
493.60

504,00

29

265.06

278.69
292,04
305.13
318.60
330.65

343,11
355.39
367.52
37%.49

391.32

L03.03
L1y .61
h26.09
K3T.47
448,75

459, 94
471.05
482.08
493.04
503.92

514.75

30

279.00
292,95
306.64
320,07
333.28

346.29
359.10
31,74
3gh. 22
396.55%

Hog.7Ts
424.82
n32. 77
L. 61
156,35

468.00
b79.56
491.03
S02.42
513.75

525.00



Table A~5. Continued

MAXTMUM LIVE [OAD MOMENT FOR H 20-44,
DISTANCE FROM SUPPORT,

SPAN, 31

62 293.26
64 307,54
66 321,55
68 335,33

70 348.88
72 362.23
T4 375,40
76 388,40
78 hH01.23

80 413.93
82 426,48
84 438,92
86 451,23
88 463,44

90 L75.54
92 L87.55
94 499,47
96 511,31
98 523.06

100 534,75

82 453.46
84 470.97
86 u88.28
88 505.40

90  522.3Y4
9z  539.11
ay 555.73
96 572.21%
98 588,54

100 604,75

32

307.84
3zz2. 4y
336.79

350.90
36k .80
378.50
392.02
L405.37

418.56
431,61
444,53
457.32
469,99

Lgz. 56
495.03
507. 40
519.68
531.88

544,00

4z

871.24
L4g9.07
506.71

524,16
541,43
558.55
575.50
592.32

609.00

33

322, T4
337.67

352.35
366.79
381.03
395.08
408.95

L422.65
436,20
449,60
462,87
476.02

Lg9.06
501,99
514,81
527,55
Sh4a.19

552.75

43

489,34
507.50

525.46
543.24
560.85
578.30
595.59

612.75

FEET
3y

337.96

353.21
368.22
383.01
397.58
811,97

426.19
440,24
454,14
467.90
481.53

895,04
508.43
521.72
534.90
548,00

561.00

44

507.76

526.24
544,53
562.64
580.58
598, 36

616.00

98

FT-KIPS PER WHEEL L INE

35

353.50
369.07
384,41

399,53

i1h.45

429,19
443,75
458.15
472.40
486 .52

500.50
514,36
528.11
541.76
555.30

568.75

U5

526.5%0
545,30
563.92
582.36
600.63

£18.75

36

369,36
385.26
400,93
416.38

k31.64
nhe. 72
he1.62
476,37
490,97

505. 44
519.78
533.99
548,10
562,10

576.00

46

545,56
564.68
583.62
602,39

621.00

37

385.54
Lor.76
417,76

433.55
Lig. 14
64 .56
479.81%
494,91

509.86
524,68
539.37
553.94
568.40

582.75

b7

564,94
584,39
603.65

622.75

38

Lo2.04
418.58

434.91
451,03
466.97
Lga2.72
498,32
513.76
529.06
54y 22
559.26
574,19

589.00

ug

584, 64
604 .41

624,00

39

418.86

43%,73
452,38
L68, 84
485,11
501,20
517.14
532.93
548,57
564,09
579,48

594.75

49

604,66
624,75

4o

436.00
453.19
uy0.17
uUg6.96
503.56
520,00
536.28
552.41
568, k0
584 .26

600.00

50

625.00



Table A-6.

MAXIMUM LIVE LOAD MOMENT FCOR HS 20-44,
DISTANCE FROM SUPPORT,

SPAN, 1
FEET
30 23.60
31 24,00
32 24,38
33 24.73
34 25.06
35 25,37
36 25.67
37  25.95
38  26.21
39 26,46
i) 26.70
ha 27.14
Ly 27.55%
Le  27.91
L8 28,25
50 28.56
52  28.8%
54 29,11
56 29.36
58  29.59
60 29.80
52 30.00
64 30.19
66 30.36
68 30.53
70 30.69
72 30.83
74 3G6.97
76 31,11
78 31,23
80 31.35
82 31,486
84 31.57
86 31.67
88 31.77
90 31,87
92 31.986
o4 32.04
96 32.12
98 32.20

106G 32.28

2

44,80
hs.68
46,50
u7.27
48.00

L8.69
49,33
49,95
50.53
51.08

51.60
52.57
53.45
54,26
55.00

55.68
56.31
56.89
57.43
57.93

58.40
58.84
59,25
59.64
60,00

60. 34
60.867
80.97
61.26
61.54

61.80
62.05
62.29
62.51
62.73

62,93
63.13
63.32
63.50

63.67

63.84

3

64,00
65.03
66.38
67.64
68.82

69.94
71.00
72.00
72.95
73.85

T4.70
76.29
77.73
79.04
80.25

81,36
82.38
83.33
84,21
85.03

85.80
86.52
87.19
87.82
88.41

88,97
89.50
90.00
90. 47
9G.92

91,35
91.76
9z. 14
92,51
92.86

93.20
93.52

93,83

94,13
o4.u1

94.68

FEET

99

FT=KIPS PER WHEEL LINE

96.00
98.06
100.00
101.82
104,12

106.29
108.33
110.27
112,11
113.85

115.50
118,57
121.36
123.91
126,25

128,40
130.38
132,22
133.93
135.52

137.00
138.39
139,69
140,91
142.06

143,14
4,17
h5.13
146.05
146,92

0h7.75
148, 54
149.29
150.00
150,68

151,33
151,96
152,55
153.12
153.67

154,20

108.80
111,48
114.00
116.36
118.59

121.37
124,00
126.49
128.84
i31.08

133.20
137.14
100,73
Th4. 00
147.00

149.76
152,31
154,67
156.86
158,90

160.80
162.58
164,25
165,82
167.29

168.69
170.00
i71.24
172.42
173.54

174,60
175.61
176.57
177.49
178.36

179.20
180.00
180.77
181.50
182.20

182.88

119.47
122,84
126.00
128,97
131.76

134,480
137.67
140,76
143.68
146.46

149,10
154,00
158.45
162.52
166.25

169.68
172.85
175.78
178.50
181.03

183.40
185.61
187.69
189.64
191.47

193.20
194,83
196.38
197.84
199,23

200.55
201.80
203.00
204,14
205.23

206.27
207.26
208.21
209.12
210.00

210,84

128,00
132.13
136.00
139.64
143.06

146.29
1h9.33
153.08
156.63
160.00

163.20

169, 14

174,55
179.48
184,00

188.16
192.00

195.56

198.86
201.93

204,80
207.48
210,00
212.36
214.59

216,69
218.67
220,54
222,32
224.00

225,60
227.12
228.57
229.95
231.27

232.53°

233.74
234,89
236,00
237.06

238.08

134,40
139.35
Thy, 00
148,36
152,47

156.34
160.00
163.u6
167.68
171.6%9

175.50
182.57
189.060
194,87
200.25

205.20
209.77
214,00
217.93
221.59

225,00
228.19
231.19
234.00
236.65

239.14
241.50
an3.73

245,84 .

247.85

249,75
251.56
253.29
254,93
256.50

258.00
259.43
260.81
262.13
263.39

264.60

10

138.67
144,52
150.00
155.15
160.00

164.57
168,89
172.97
176.84
181.54

186.00
194,29
201.82
208,70
215.00

220.80
226.15
231.11
235,71
240.00

244,00
2u7.7h
251.25
254.55
257.65

260.57
263.33
265.95
268,42
270,77

273.00
275.12
277.14
27%.07
205,91

282.67
284,35
285,96
287,50
288.98

290G.40



160

Table A-6. Continued
MAXIMUM LIVE LOAD MOMENT FOR HS 20-u44, FT-K!PS PER WHEEL LINE

DISTANCE FROM SUPPORT, FEET
SPAN, 11 12 13 10 15 16 L 18 19 20

30 140.80 140.80 138B.67 134,40 130.00

3v IW7.61  1h8.65 147.671 14bL.52 141,42

32 154,00 156.00 156.00 154.00 152.13 148.00 )
33 169,00 162.91 163.88 162.91 162.18 159.27

34 165.65 169.41 171.29 171.29 171.65 169.88 166.00

35 170.97 175.54% 178.29 179.20 180.5%7 179.89 177.14

36 176.00 181.33 184.89 186.67 189.00 189.33 187.67 184.00

37 180.76 186.81 191,14 193.73 196,97 198.27 197.62 195.03

38 185.26 192,00 197.05 200.42 204.%3 206.74 207.0% 205.47 202.00
39 189.54 196.92 202.67 206.77 211.69 214.77 216.00 21%.38 212.92

4o 194,70 201.60 208.00 212.80 218.50 222.40 224.50 224.80 223.30 220.00
42 204.29 212,57 219.%14 224,00 231.14 236,57 240.29 242.29 242.57 241.14
44 213,00 222.55 230.45 236,73 242.64 249.45 254,64 258.18 260.09 260.36
46 220,96 231,65 240.78 248.35 254.35 261.22 267.74 272,70 276.09 277.91
48 228.25 240.00 250.25 259.00 266.25 272.00 279.7% 286.00 290.75 294.00

50 234,96 247.68 258.96 268.80 277.20 284,16 290.80 298.24 304.24 308.80
52 281,35 254,77 267.00 277.85 287.3%1 295.38 302.08 309.54 316.69 322.46
54 246.89 261.33 27h.44 286.22 296.67 305.78 313.56 320.00 328.22 335.1%
56 252,27 267.43 281.36 294,00 305.36 315,43 324.21 331.71 338.93 346.86
58 257.17 273.10 287T.79 301.24 313.45 324.41 334.14 342.62 349.86 357.79

60 261.80 278.40 293.80 308,00 321.00 332.80 343.40 352.80 3561.00 368.00
62 266.13 283,35 299.42 314,32 328.06 340.65 352.06 362,32 371.42 379.35
64 270.19 288.00 304.69 320.25 334.69 348.00 360.19 371.25 381.19 390.00
66 274,00 292.36 309.64 325.82 340.91 354.91 367.82 379.64 390.36 4L00.00
68 277.59 296.47 314,29 331,06 346.76 361.41 375.00 387.53 399.00 4H09.41

70 280,97 300,34 318.69 336.00 352.29 367.54 3I81.77 39L.9T7 &OT.14 418,29
72 285,17 304,00 322,83 340.67. 357.50 373.33 388.17 402,00 u14.83 426,67
7 287,19 307,46 326.76 345.08 362.43 378.81 394.22 H08.65% 422.31 43u4.59
76 '290.05 310,74 330.47 349.26 367.10 384.00 399.95 414,95 429.00 442.10
78 292.77 313.85 334.00 353.23 371.54 388.92 405,38 420.92 435.54 4L449.23

80 295,35 316,80 337.35 357,00 375.75 393.60 410,55 4P6.60 U41.75 U56.00
82 297,80 319,61 340.54% 360.59 379.76 398.05 U415.46 432.00 LUT.66 L6244
84 300,14 322,29 343.57 - 364.00 383.57 402.29 &20.14 437,14 45%3.29 U68.57
86 302.37 324.84 346.46 367.26 387.2% Y406.33 24,60 L4Z2.05 u58.65 NHTu. u2
8% 304.50 327.27 349.23 370.36 390.68 410.18 428.86 446,73 u63.77 HBU.00

90 306.53 329.60 351.87 373.33 394.00 413.87 432.93 451.20 u468.67 485,33
92 308.48 331.83 354.39 376.17 397.17 417.39 HL36.83 455,48 473.35 499.43
94 310,34 333,96 356.81 378.89 400.21 K20.77 LMO.5% U45%9.57 H77.83 495,32
96 3t2,12 336.00 359.12 381.50 403.13 H24.00 444,12 463.%0 482.12 500.00
98 313.84 337.96 361.35 384,00 u05.92 L27.10 4U47.55 46T.27 uB6.2h4 50U, 49

106 315.48 339.84  363.48 386.40 H08.60 430.08 L50.84 4T0.88 490.20 508.80




1ol

Table A-6. Continued
MAXIMUM LIVE LOAD MOMENT FOR HS 20-44, FT-KIPS PER WHEEL LINE

DISTANCE FROM SUPPORT, FEET

SPAN, 21 22 23 24 25 26 27 28 29 30
FEET

Lo

42 238.00

44 259,00 256.00
46 278,17 276.87 274,00
48 295.75 296.00 294.75 292,00

50 311.92 313.60 313.84 312.64 310.00

52 326,85 329.85 331.h6 331.69 330.54 328,00

24 340,67 344 .89 347.78 349.33 349.56 348.44 346.00

56 353.50 358.86 362.93 365.71 367.21 357.43 366.36 364.00

58 365.45 -371.86 377.03 380.97 383.66 385.10 385,31 384,28 382.00

60 376,60 384.00 390.20 395,20 399.00 401.60 LO3.00 403.20 402,20 400.00
62 387.03 395.35 402.52 408.52 413.35 417.G3 419,55 420.90 421,10 420.13
64 397.69 U06.00 414,06 421,00 426.81 U31.50 435.06 437.50 438.81 439.00
66 408.55 816.00 424.97 432.73 439,45 445.09 L4D.64 453.00 455,45 456.73
68 U18.76 427.06 435,12 4U3.76 451,35 457.88 463.35 LG7.76 L71.12 473,41

70 U28.80 437.49 445.54 454,17 H62.57 H69.9% 4T76.29 487.60 485.89 489.14
72 L37.50 447,33 456.17 4G6H.00 473,17 481.33 488.50 4G4 67 499,83 504,00
74 4h6. 11 456,65 L66.22 UTH.81 U483.19 092.11 S00.05 50T.03 513.03 518.05
76 454,26 LE5.L47 L75.74 485,05 493,42 502.32 511.00 518.74 225,53 531.37
78 u62.00 473.85 HBU.TT 494,77 H03.85 512.00 521.38 529.85 537.38 544,00

80 L69.35 481.80 Nk93.35 504.00 513.75 522.60 531,25 540.40 548.65 556,00
82 L476.34 h89.37 501.51 512,78 523,17 532.68 541.32 550.44 559.37 567.41
84 483,00 496.57 509.29 521,14 532.14 5Bh2.29 551.57 560.00 569.57 578.29
86 489.35 503.44 516,70 529.12 540.70 3551.44 561.35 570.42 579.3G 588.6%
88 L95.41 510.00 523.77 536.73 548,86 560.18 570.68 580.36 589.23 598.55

90 501.20 516.27 530.53 544,00 556.67 568.53 579.60 589.87 599.33 608.00
g2 506.74 522.26 537.00 550.96 564.13 576.52 588.13 598.96 &09.00 618,26
g4 512,04 528.00 543,19 557.62 571.28 585.17 596.30 607.66 618.26 628.08
96 5317.13 533.50 549.12 564.00 578.12 591.50 604,13 616.00 627.12 637,50
98 522.00 538.78 554.82 570.12 584,69 598.53 611.63 624.00 635.63 646.53

| 100 526,68 5u43.84 560.28 576.00 591.00 605.28 618.84 631.68 643,80 655,20




Table A-6. Continued

MAXIMUM LIVE LOAD MOMENT FOR HS 20-44,
DISTANCE FROM SUPPORT,

SPAN, 31

62 418.00
64 438.06

68 874.6%

70 491.37
72 5067.17
Ty 522,11
76 536.26
78 549.69

80 562,45
&2 574.59
84 586.14
86 597.16
88 607.68

90 617.73
92 627.35
oy 637.15
96 647,12
98 656,69

100 665.88

SPAN, 41

82 598.00
84 617,57
86 636.23
88 654.05

90 671.07
92 687.35
9 702.94
g6 T717.87
g8 732.20

100 T5.96

3z

436.00

u74, 82

492,57
509.33
525,19
540,21
554 .46

568,00
580.88
593, 14
6504, 84
616.00

626.67
636.87
646. 64
656.00
666.12

675,84

y2

616.00
635.53
654,18

&72.00
689.04
705,36
7231.00
736.00

75Q.40

33

45k, 00
473.9h

L9z, 74
510,50
527.30

543,21

558. 31

572.65
586,29
599.29
611.67
623.50

634,80
645,61
655,96
665 .88
675,39

685.08

43

FEET
34

472,00

457,89
510,67
528.43
S45.26
561.23

576.40
590,83
604 . 57
617.67
630.18

642,13

1]

652.00

671.47
690.09
707.91%
725.00
Thi.39

57.12

102

FT-KIPS PER WHEEL LINE

35

490,00
509.83
528.5%
546,37
563.23

579.25
594 .49
609.00
622,84
636,05

648,67
660. 74
672.30
683.37
694.00

704.20

45

670,900
689,43
708,04
725.88
742.98

759.40

is

508.00
527.78
546,53
564, 31

581.20
597.27
612.57
627.16
641,09

654.40
667.13
679.32
691.00
702,20

712.96

L6

688. 00
707,40
726.00
TU3.84

760.96

37

526.00
545,74
564.46

582.25
599.17
615,29
630,65
645,32

659.33
672.74
685.57
697.87
709.67

T21.00

47

706,00
125,37
743.96

761.80

38

544,00
563.69

582.40
600.20
617. 14
633.30
648.73

663.47
677.56
691.06
704,00
716,41

728.32

48

724.00
743,35

761.92

39

562.00

581.65
600. 34
618,14
635.12
651,32
666.80
681,61
695,79
709.38
722,41

734,92

49

742.00
761.32

40

580.00
599.61
618.29
636.09
653.09
669.33
684,87
699.74
Ti4.0U
727.67

740.80

50

760.00






