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PREFACE

prepared for use in conjunction with the Standard Specifications for Highway Bridges, Sixteenth Edition, 1996,

and subsequent interim revisions to these specifications. The second edition of the guide specifications was
developed by a broad-based commiitee organized by the American Segmental Bridge Institute. The committee included
representatives of State Departments of Transportation, the Federal Highway Administration, academicians, consulting
engineers, contractors, and suppliers. The second edition of the gnide specifications was subsequently studied and
approved by the Highway Subcommittee on Bridges and Structures, as part of the 1998 AASHTO ballot process.

This Second Edition of the Guide Specifications for Design and Construction of Segmental Concrete Bridges was

xi
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1.0 ' DIVISION I—DESIGN SPECIFICATIONS—SECTION A 1

SECTION A
GENERAL REQUIREMENTS AND MATERIALS

1.0 APPLICATION

1.1 General

These specifications are intended for design of lon-
gitudinally and/or transversely post-tensioned bridges
utilizing normal weight or sand-lightweight concrete
constructed with either precast or cast-in-place box seg-
ments of single or multipie cells, or combinations
thereof, as well as simple span and continuous segmen-
tal beam-type bridges. The specifications include
provisions for design of segmental substructures. The
specifications pertain to bridges of all sizes and are not
restricted to bridge span lengths of 500 feet or less.
Unless otherwise stated or superseded by these specifi-
cations, the provisions of the Sixteenth Edition of the
AASHTO Standerd Specifications for Highway Bridges
are intended to apply to the design of segmental con-
crete bridges.

1.2 Notations

Notations are in accordance with AASHTO
Standard Specifications for Highway Bridges and the
following:

A = area of concrete surrounding a bar, sq. in.
{See Commentary, Section 18.2.)

A = static segment weight (Section 7.4.3)

A = reaction (See Fig. 26-2.)

A, = areaof concrete in compression chord, sq.
in.
' A., = areaof one face of a truss node region, sq.
in.

Acp = area enclosed by outside perimeter of con-

crete cross section, sq. in.

A,, = areaof inclined compression strut, sq. in.

Ag =  pross area of concrete cross section, sg. in.

A, = area of the base of all shear keys in the
failure plane, sq. in. (Section 12.2.21)

A¢ = total area of additional longitudinal rein-
forcement to resist torsion, sq. in. (Section 12.3.8)

A, = area enclosed by shear flow path, sq. in.
{Section 12.2.10)

A, = area of nonprestressed tensile reinforce-
ment, £q. in.

Al = areaof compression reinforcement, sq. in.

A* = area of prestressed reinforcement in ten-
sion zone, sq. in.

A, = area of one leg of continuous, closed

transverse torsion reinforcement within a distance s, sq.
in.

A, = area of transverse shear reinforcement
within a distance s, sq, in.
a = portion of single span, end span, or span

adjacent to cantilever arm subject to shear lag effects
(See Fig. 3-1.)

b = web width, in, (See Section 11,2.)

b = top or bottom flange width either side of
web (See Section 3.3.2.)

b, = nminimum effective shear flow web or

flange width to resist torsional stresses, in. (See
Sections 12.2,10 and 12.3.1.)

b, = effective width of flange (See Figs. 3-1
and 3-2.)

b, = effective flange width for lateral distribu-
tion of post-tensioning force (See Fig. 3-4.)

b, = web width at anchorage of post-tension-
ing force (See Fig. 3-4.)

b, = web width (See Fig. 24-1.)

b, = effective top or bottom flange width coef-

ficient at supports and for cantilever arms (See Figs. 3-1
and 3-2.)

b, = nminimum web width, in, (See Section
12.2.5.)

b, = web width, in. (See Section 11.2.)

b, = width of cantilever flange of box girder
{See Fig. 3-3.)

by, = width of half of interior top flange of box
girder (See Fig. 3-3.)

b; = width of half of interior bottom flange of
box girder (See Fig. 3-3.)

CE = weight of specialized construction equip-
ment

CLE = longitudinal construction equipment load

CLL = construction live load, normally taken as
10 psf

c = portion of continnous span adjacent to

interior support subject to shear lag effects (See
Fig. 3-1.)

D = sumofdead load of structure (DL}, super-
imposed dead load (SDL), and permanent effects of
erection loads (EL)

DIFF= differential (unbalanced) dead load from
one cantilever

DL = dead load of structure only

d = distance from the extreme compression
fiber to the centroid of the longitudinal tension rein-
forcement, in. For prestressed concrete members, the
greater of the distance from the extreme compression
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fiber to the centroid of the prestressed tension rein-
forcement or 0.8h may be used.
d = shear key dimension (See Fig, 24-1.)

d. = thickness of cover from tension fiber to
center of bar, in. (See Commentary, Section 18.2.)

d, = total depth of section (See Fig. 24-1.)

d, = distance from extreme compression fiber

to centroid of prestressing reinforcement, in. (See
Section 11.2.)

E., = secant modulus of elasticity, psi (See

Commentary, Section 6.5.)

E. = effective modulus of elasticity for long
term loads considering creep deformations, psi (See
Commentary, Section 6.5.)

EL = permanent effect of erection loads (final
state)

e =  eccentricity of reaction (See Fig. 26-2.)

e base of Naperian logarithms

F, radial force due to tendon curvature, kips
per ft. {See Section 16.3.)

f. = specified compressive strength of con-
crete at 28 days, psi

H

\"tT': = square root of specified compressive
strength of concrete, psi (See Section 12.2.6 for limit.)

f; = compressive strength of concrete at time
of initial prestress, psi

f., = compressive stress in the concrete node
regions, psi. (See Section 12.4.6.) _

fo, = crushing strength of diagonally cracked
concrete, psi. (See Section 12.4.4.)

f = compressive stress in concrete after

allowance for all prestress losses, psi Critical stress to
be determined at:

a} the centroid of the cross section resisting
external loads, or

b) the junction of the web and compression
flange when the centroid lies within the flange, or

c) in composite members, the stress at (a) or
(b) for stresses due to both prestress and the moments
resisted by the precast member acting alone.

f, = stress in nonprestressed reinforcement
under erection loads (See Commentary Section 18.2.)

f. = ultimate strength of prestressing steel, psi

fq = steel stress at beginning of time intervals
t;, psi

f, = average stress in nonprestressed rein-

forcement at ultimate load, psi

f§, = average stress in prestressed reinforce-
ment at nltimate load, psi

f, = Specified yield strength of nonprestressed
reinforcement

f, = specified minimum yield strength of com-
pression reinforcement, psi (See Section 11.2.)

i}

f* yield point stress of prestressing steel, psi
Pf horizontal force in bottom flange and web
(See Fig. 26-2.)

h = overall thickness of member, in. (See
Section 12.2.18.)

h = depth of shear key, in. (See Fig. 24-1.)

IE = impact load from equipment

K = \ll+fpcl (2VF) (See Section 12.2.10.)

k = friction wobble coefficient, per foot (See
Section 10.2.)

¢ = span length (See Fig. 3-1.)

¢ = tendon length from jacking end to point x
(See Section 10.2.)

4 = effective span length (See Fig. 3-1.)

4 = length of tendon between anchorages (See
Section 11.2))

M, = factored moment at section, in.-Ib,

N, = Number of support hinges crossed by the
tendon (draped tendons only) (See Section 11.2.)

N, = factored compressive axial force normal

to cross section, 1b. (See Section 12.2.10.)

N, = factored tensile axial force normal to
cross section, 1b. (See Section 12.2.10.)

P., = outside perimeter of the concrete cross
section, in, (See Section 12.2.10.)

P, = perimeter of centerline of outermost con-
tinnous closed transverse reinforcement, in.

P, = tendon jacking force, kips (See Sections
16.3 and 16.6.1.)

R = force in plane of web (See Fig. 26-2.)

R = tendon radius of curvature, ft. (See
Section 16.3.)

R = rib shortening and creep effects (See
Sections 7.2 and 7.4.1.)

R,, = loss of prestress due to steel relaxation,
low relaxation strand, psi

R, = |loss of prestress due to steel relaxation,
stress relieved steel, psi

5 = shrinkage effects (See Section 7.4.1.)

S, = force in a truss member due to factored
loads, Ib.

SDL = superimposed dead load

] = spacing of shear or torsion reinforcement

measured parallel to the longitudinal axis of the mem-
ber, in.

[ = bar spacing, in. (See Commentary,
Section 18.2.)

T = sum of effects of thermal rise or fall
{TRF) and thermal gradient (TG)

TG = thermal differential from top flange to
bottom flange, degrees Fahrenheit

TG = temperature gradient, degrees Fahrenheit

TRF = thermal rise or fall, degrees Fahrenheit



i.2 DIVISION I—DESIGN SPECIFICATIONS—SECTION A 3

Tc = torsional cracking moment, in.-lb. (See
Section 12.2.10.)

’I‘Il = nominal torsion resistance, in-lb. (See
Section 12.3.7.)

T, = tendon stress at jacking end. (See Section
10.2)

T, = factored torsion at section, in-Ib.

T, = tendon stress at x feet from jacking end
(See Section 10.2.)

t = thickness of wall, in. (See Section 23.3.)

t = time at end of time interval, hour (See
Section 10.4.)

t; = time at anchorage of prestressing steel

taken as 1/24 of a day, or any time at the beginning of a
time interval, hours (See Section 10.4.)

U = load due to segment unbalance on oppo-
site cantilever ends
V. = nominal shear strength provided by con-
crete, lb.
V, = nominal shear force resisted by member,
1b.
' an = nominal strength of Type B joint (See
Section 12.2.21.)
V., = vertical component of the effective pre-
stregsing, 1b. (See Sections 12.1.5.1 and 12.1.5.2.)
V., = nominal shear resisted by the 45° truss
model as measured by the stirrup capacity, ib.
Vu = factored shear force at section, lb.
s = Strength of Type B joint (See Section
12.2.31)
WUP=  wind uplift on cantilever
X, = the clear length of the constant thickness

portion of a wall between other walls or fillers between
walls, in. (See Section 23.3.)

Z = correction dimension for location of cen-
ter of gravity of tendon bundle in duct, in. (See Section
11.5.)

Z = quantity for detailing of reinforcement to
control flexural cracking during erection (See Section
18.2 and Commentary Section 18.2.)

¢ = strength reduction factor (See Section
1.3

¢, = strength reduction factor for bearing (See
Section 7.3.)

¢, = creep coefficient, ratio of creep strain to
elastic strain

¢y = strength reduction factor for flexure (See
Section 7.3.) :

(bj = strength reduction factor for design of
Type B (dry) joints (See Sections 7.3 and 12.2.21.)

¢, = strength reduction factor for shear and

diagonal tension (See Section 7.3.)
. = friction coefficient (per radian)

« = total angular deviation from jacking end
to point x, radians
B; = factor on concrete strength. B, shall be

taken as 0.85 for concrete strengths 2 up to 4000 psi.
For strengths above 4000 psi, 8, shall be reduced con-
tinuously at a rate of 0.05 for each 1000 psi of strength
in excess of 4000 psi, but B, shall not be taken as less
than 0.65.

1.3 Definitions

Definitions are in accordance with AASHTO
Standard Specifications for Highway Bridges and the
following:

Anchorage Blister - Build-out in the web, flange, or
web-flange junction to provide area for one or more
tendon anchorages.

Closure - Cast-in-place concrete segment or seg-
ments used to compiete a span.

Deviation Saddle - Build-out in the web, flange, or
web-flange junction to provide for change of direction
of an external tendon.

External Tendon - Tendon located outside the
flanges or webs of the structural member, generally
inside the box girder cell.

Internal Tendon - Tendon located within the flanges
or webs (or both) of the structural member.

General Bursting Forces - Bursting forces due to all
of the tendons anchored at a cross section. Dependent
on the overall concrete dimensions, and the magnitude
direction and location of the total prestressing force
anchored.

Low Relaxation Steel - Prestressing strand in which
the steel relaxation losses have been substantially
reduced by additional manufacturing procedures
(stretching at elevated temperature).

Fartially Bonded Tendons - Tendons initially exter-
nal to the concrete cross section which are encased in
the cross section over a portion of their length by use of
a supplementary concrete pour and reinforcement ties.

Sand-Lightweight Concrete - Concrete mix with
lightweight coarse aggregate and a normal weight sand
fine aggregate.

2.0 MATERIALS

2.1 Concrete

Structural concrete used in segmental construction
shall have a minimum 28-day strength of 4500 psi or
greater as specified by the Engineer. The required con-
crete strength at the time of stressing shall be
determined in accordance with Section 9.2.

2.2 Reinforcement
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2.2.1 Prestressing Steel

Prestressing steel shall conform to the requirements
of AASHTO Standard Specifications for Highway
Bridges Arnicle 9.3.1.

2.2.2 Reinforcing Steel
Reinforcing steel shall be in accordance with
AASHTO Standard Specifications for Highway

Bridges, Article 8.3, or as otherwise noted in Division
II, Sections 3.2.2 and 3.2.3.

In aggressive environments, special design and con-
struction measures shall be taken for corrosion
protection of all bridge deck reinforcement, including
any reinforcement projecting from the web into the
deck,
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SECTION B
ANALYSIS
3.0 METHODS OF ANALYSIS by the connecting line of the effective support widths,
b, at adjoining support points. However, the effective
3.1 General width, b, shall not be greater than b.

Elastic analysis and beam theory may be used to
determine design moments, shears, and deflections. The
effects of creep, shrinkage and temperature differentials
shall be considered, as well as the effects of shear lag.
Shear lag shall be considered in accordance with the
provisions of Section 3.3. Analysis for earthquake loads
shall be in accordance with Division I-A, Seismic
Design, Section 4 of the AASHTO Standard Specifica-
tions for Highway Bridges.

3.2 Strut-and-Tie Models
Strut-and-tie models may be used for analysis in
areas of load or geometrical discontinuity.

3.3 Effective Flange Width

3.3.1 General

Effective flange width for service load stress calcu-
lations may be determined by elastic analysis
procedures,? 6 52 by the provisions of Section 3.3.1 of
the 1991 Ontario Highway Bridge Design Code,” or by
the provisions of Section 3.3.2,5 44

3.3.2 Effective Flange Width

Section properties for analysis and for calculation of
the effects of bending moments and shear forces may be
based on the flange widths specified in this section, or
may be based on flange widths determined by other
procedures listed in Section 3.3.1. The effects of
unsymmetrical loadings on effective flange width may
be disregarded.

The effective flange width, b,, (see Figure 3-3) may
be assumed equal to the full flange width, b, if:

1. b < 0.1 ¢ (4 = effective span length)
2.b=<0.3d, (d, = web height)

For flange widths, b, greater than 0.3d, or 0.1 4, the
effective width may be determined in accordance with
Figures 3-1 and 3-2. The value of b, the effective
flange width in the support area, shall be determined
using the greater of the effective span lengths adjacent
to the support. If b, the effective flange width in the
mid-span area, is less than b, in a span, the pattern of
the effective width within the span may be determined

If the construction procedure is such that the config-
uration of a span within a unit changes, the final
configuration may be used in the determination of the
effective flange widths,

The section properties for normal forces may be
based on the pattern according to Figure 34, or may be
determined by more rigorous analytical procedures.

Stresses due to bending, shear, and normal forces
may be determined by using their corresponding sec-
tion properties.

The capacity of a cross section may be determined
by considering the full flange width effective,

4.0 TRANSVERSE ANALYSIS

The transverse design of box girder segments for
flexure shall consider the segment as a rigid box frame.
Flanges shall be analyzed as variable depth sections
considering the fillets between the flange and webs.
Wheel loads shall be positioned to provide maximom
moments, and elastic analysis shall be used to deter-
mine the effective [ongitudinal distribution of wheel
loads for each load location. Consideration shall be
given to the increase in web shear and other effects on
the cross section resulting from eccentric loading or
unsymmetrical structure geometry.

Influence surfaces(!(12X(13) or other elastic analysis
procedures may be used to evaluate live load plus
impact moment effects in the top flange of the box sec-
tion.

Transverse elastic and creep shortening due to pre-
stressing and shrinkage shall be considered in the
transverse analysis.

The effect of secondary moments due to prestressing
shall be included in stress calculations under service
loads. In calculating flexural and shear capacity under
factored loads, the secondary moments or shears
induced by prestressing (with a load factor of 1.0) shall
be added algebraically to the moments and shears due
to factored dead and live loads.

The transverse design of beam type segmental
bridge decks may be in accordance with the provisions
of the AASHTO Standard Specifications for Highway
Bridges, Section 3.24.3.1.
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Where by, = effsctive flange width near mid-span

b, = effective flange width near support

Fig. 3-2
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Flange Widths for use with Figure 4-2
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|
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b)
Linear Distribution of
. Conglant Stress Stregses 10 be super-imposed with
in Effective Flanges local slab bending stresses
c)

Fig. 3-3. Cross Sections and Cerresponding Effective Flange Widths for Bending and Shear
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5.0

.

i

Flan

Fig. 3-4. Effective Flange Widths b, for Normal Forces

5.0 LONGITUDINAL ANALYSIS

5.1 General

Longitudinal analysis shall be in accordance with the
provisions of Section 3.0. Longitudinal analysis of
segmental concrete bridges shall consider a specific
construction method and construction schedule, as well
as the time-related effects of concrete creep, shrinkage,
and prestress losses,

The effect of secondary moments due to prestressing
shall be included in stress calculations at service limit
states. In caleulating flexural and shear capacity
requirements under factored loads, the secondary
moments or shears induced by prestressing (with a load
factor of 1.0) shall be added algebraically to the
moments and shears due to factored dead and live Joads.

5.2 Erection Analysis

Analysis of the structure during the construction
stage shall consider the construction load combinations,
stresses, and stability considerations outlined in
Section 7.4,

5.3 Analysis of the Final Structural System

The final structural system shall be analyzed for
redistribution of erection stage moments resulting from
the effects of creep and shrinkage, and from any change
in the statical systern, including the closure of joints.
Thermal effects on the final structural system shall be
considered in accordance with the AASHTO Standard
Specifications for Highway Bridges, Section 3.16, and
Section 6.4 of these guide specifications. The effect of
prestress losses occurring after closure shail be evatuat-
ed in accordance with Section 10.0. Multiple presence
of live load shall be evaluated in accordance with the
provisions of AASHTOQ Standard Specifications for
Highway Bridges, Section 3.12. The maximum
moments resulting from the above analyses shall be uti-
lized for stress calculations under service leads, and
shall be utilized in conjunction with the combinations
of loads specified in the AASHTO Standard
Specifications for Highway Bridges, Section 3.22, for
determination of required flexural strength,
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SECTION C
DESIGN
6.0 LOADS 6.3.2 All elements of the bridge shall be designed for
the anticipated construction system assumed by the
6.1 General Engineer and shown on the plans. Any changes by the

All loadings shall be in accordance with the
AASHTO Standard Specifications for Highway Bridges
except as provided below.

6.2 Dead Loads

Unit weight of concrete (including rebar)—155
pounds per cubic foot or as determined for the project.
Weight of diaphragms, anchor blocks, or any other
deviations from the typical cross section shall be
included in the dead load calculations.

6.3 Erection Loads

6.3.1 Erection loads comprise all loadings arising
from the designer’s anticipated system of temporary
supporting works and/or special erection equipment to
be used in accordance with the assumed construction
sequence and schedule. The assumed erection loads and
acceptable closure forces due to misalignment correc-
tions shall be stated on the drawings, Due allowance
shall be made for all effects of any changes of the stat-
ical structural scheme during construction and the
application, changes or rernoval of the assumed tempo-
rary supports of special equipment taking into account
residual “built-in” forces, moments, deformations, sec-
ondary post-tensioning effects, creep, shrinkage and
any other strain induced effects.

Contractor in the construction method or in the design
shall comply with Sections 28.2 or 28.3.

6.4 Thermal Effects

6.4.1 Normal Mean Temperature

Uniess more precise local data are available, normal
mean temperature for the location shall be taken as the
average of the January and July values from Figures
6-1 and 6-2,20 respectively.

6.4.2 Seasonal Variation

a. For the purposes of design of the structure, the
minimum and maximum overall temperatures for the
location shall be taken from Figures 6-1 and 6-2,
respectively, unless more precise local data are avail-
able.

b. The temperatore setting variations for bearings
and expansion joints shall be stated on the bridge plans.

6.4.3 Thermal Coefficient

The coefficient of thermal expansion used to deter-
mine temperature effects shall be taken as 6.0 x 100 per
degree Fahrenheit for normal weight concrete and 5.0 x
108 for sand-lightweight concrete unless more precise ,
data are available.

; 25 20 Jununry
" -5

T _'w } ‘m

Fig. 6-1. Normal daily minimum temperature (°F) for January
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6.4.4

Fig. 6-2. Normal daily maximum temperature (°F) for July

6.4.4 Temperature Gradient

For the purpose of this article, the country shall be
subdivided into zones as indicated in Figure 6-3.
Positive temperature gradient (TG) values for the zones
shall be taken as specified for various deck surface con-
ditions in Table 6-1. Negative temperature values shall
be obtained by multiplying the values specified in Table
6-1 by -0.30 for plain concrete surfaces and -0.20 for
surfaces with 2-inch asphalt topping.

The vertical temperature gradient shall be taken as
shown in Figure 6-4.

The dimension “A” in Figure 6-4 shall be taken as:

* 12.0 inches for superstructures that are 16.0 inches
or more in depth

» for sections shallower than 16.0 inches, “A™ shall
be 4.0 inches less than the actual depth

Temperature value T3 shall be taken as 0.0, unless a
site-specific study is made to determine an appropriate
value, but shall not exceed 5°F,

Where temperature gradient is considered, internal
stresses and structure deformations due to both positive
and negative temperature gradients may be determined
in accordance with the provisions of the AASHTO
Guide Specifications—Thermal Effects in Concrete
Bridge Superstructures, Appendix A, 1989.20

Table 6-1. Basis for Temperature

Gradients

Plain Concrete Surface or Asphalt Topping

Zone TI(F") T2(F°)
1 54 14
2 46 12
3 41 11
4 38 9

~+
L

.‘,.

S4

\ ~

Fig. 6-3. Solar Radiation Zones for

the United States
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Top of Concrete Section
l’ Ty
a ¥
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gy

Depth of
Super-
structure

Ta
Figure 6-4. Positive Vertical Temperature Gradient

6.5 Creep and Shrinkage

Effects due to creep and shrinkage strains shall be
calculated in accordance with the provisions of Section
5.3, The creep coefficient ¢, may be evaluated in accor-

dance with the provisions of the ACl Commitlee 209
Report,” the CEB-FIP Model Code," or by a compre-
hensive lest program. Creep strains and prestress losses
which occur afler closure of the structure cause a redis-
tribution of the forces. Stresses shall be calculated for
this effect based on an assumed construction schedule
stated on the plans.

6.6 Post-Tensioning Force

The structure shall be designed for both initial and
final post-tensioning forces. For delermining the final
post-tensioning forces, prestress losses shall be calcu-
lated for the consiruclion schedule staled on the plans,
The final posi-lensioning forces used in services load
siress calculations shall be based on the most severe
condition at each location along the siructure.

7.0 LOAD FACTORS

7.1 General

In the final working condition, service or sirength
load combinations shall be in accordance with
AASHTO  Standard Specifications  for Highway
Bridges, Section 3.2.2, with consideration of the
additional load combinations of Section 7.2. Strength
reduction factors, ¢ shall be in accordance with Section

7.3.

During construction, load combinations, allowable
stresses, and stability shall be in accordance with
Section 7.4. Prior fo grouting, the allowable concrete
tensile stress during construction shall be zero for
structures ulilizing internal grouted (endons.

7.2 Additional Lead Combinations

The permanent effects of creep and shrinkage shall
be added 1o all AASHTO loading combinations with a
joud factor of 1.0.

7.2.1 Erection Loads at End of Construction

The final state erection loads (EL) are defined as the
final accumulated “buili-in™ forces and moments
resulting from the construction process.

7.2.2 Additional Thermal Loading Combination

7.2.2.1 For existing service load combinations
which include full live load plus impact, a load facior of
0.50 shall be applied for temperature gradient, when
temperature (T) is included.

7.2.2.2 In additien to AASHTO service load
combinations, the following load combination shall
apply:

DLASDL+EL+BE+B+SF+R+8+TG

< 100% Allowable Siress

LOADING
Dead Load Structure Only: DL
Superimposed Dead Load: SDL
Erection Loads (final siate): EL
Thermal-Rise or Fall TRF
Thermal-Differential TG
Creep Effects R

See AASHTO Standard Specifications for
Highway Bridges, Section 3.22.1, for other
definitions.

AASHTO - D = (DL+SDL+EL)

AASHTO - T = (TRF+TG)

7.2.2.3 For all factored load combinations, a load
factor of zero (0) shall be applied to differential tem-
perature effects (TG).

7.3 Strength Reduction Factors

7.3.1 The strength reduction factors, ¢ and ¢, for

flexure and shear, respectively, shall consider both the
type of joint between segments and the degree of bond-
ing of the post-lensioning system provided. The
appropriate value of @, from Section 7.3.6 shall be used
for shear and lorsional effect caleulations in Section 12.

7.3.2 Since the post-lensioning provided may be a
mixture of fuily bonded tendons and unbonded or par-
tially bonded lendons, the strength reduction factor al
any section shall be based upon the bonding conditions
for the tendons providing the majority of the prestress-

ing force at the section.
INTERIM
2003
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Py

d" le

Fully Banded Tendons
Type A Joint 0.95

Unbonded or Partially

Bonded Tendons
Type A Joint 0.0
Type B Joint 0.85

(.90 -

0.85 -
U.85 0.73

Fully Bonded Tendons
Type A Joint 0.90

Unbonded or Partially

Bonded Tendons
Type A Joint 0.85
Type B Joint 0.80

0.70 -

0.65 -
0.65 0.60

7.3.3 In order for a tendon Lo be considered as fully
bonded to the cross section, it must be bonded beyond
the critical section for a development length not less
than thal required by AASHTO Standard Specifications
Jor Highway Bridges, Section 9.28.1, Serter embedment
lengths are permissible if demonstrated by full size tests
and approved by the Engineer.

7.3.4 Cast-in-place concrele joinis, and wel concrete
or epoxy joints belween precast unils, shall be
considered as Type A joinls.

All new structures shail have only Type A joinis.

7.3.5 Dry joints belween precast unils shall be con-
sidered as Type B joint.

Reference to Type B joints is retained for the
purpose of load rating existing bridges.

7.3.6 Strength reduction factors, ¢, shall be taken as
presented in Table 7-1, and the following provisions of
this section.

The strength reduction faclor for direct shear
capacity of dry joints, ¢;, shall be used in conjunction
with Section 12.2.21.

The strength reduction factor for bearing, t, , shall
be taken as 0.70 for all types of construction. This value

shall not be applied to bearing stresses under anchorage
plates for post-tensioning tendons.

7.4 Construction Load Combinations, Stresses and
Stability

7.4.1 Erection Loads During Construction

Erection loads as defined by AASHTO and as stated
on the plans shall be as follows:

2. Dead load of structure (DL): Unil weight of
concrete (including rebar) — 155 pef or as determined
for the project. Weight of diaphragms, anchor blocks,

INTERIM
2003

or any other deviations from the typical cross section
shall be included in the dead load calculations.

b. Differential load from one canlilever (DIFF): This
only applies to balanced caniilever construction. The
load is 2% of the dead load applied Lo one cantilever.

¢. Superimposed dead load (SDL): This does not
normally apply during construction. If it does, it should
be considered as part of the dead load (DL).

d. Distributed construction live load (CLL): This is
an allowance for miscellaneous items of plan(, machin-
ery and other equipment apart from the major
specialized erection equipmeni, Distributed load
allowance is 10 psf. In cantilever construction,
distributed load shall be taken as 10 psf on one
cantilever and 5 psf on the other. For bridges built by
incremental launching, construction live load may be
Llaken as zero. '

e. Specialized construction equipment (CE): This is
the load from any special equipment such as a
launching pantry, beam and winch, truss or similar
major item. This also includes segment delivery trucks
and the maximum loads applied 1o the structure by the
equipment during the lifling of segments.

f. Impact load from equipment (IE): To be
determined according to the type of machinery
anticipated. For very gradual lifting of segments, where
the load involves small dynamic effects, the impact
load may be taken as 10 percent.

g. Longitudinal construction equipment load (CLE):
The longitudinal force from the consiruction
equipment.

h. Segment unbalance (U): This applies primarily to
balanced cantilever construction but can be extended to
include any “unusual” lifling sequence which may not
be a primary feature of the generic construction system.
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The load “U" is the effect of any out of balance seg-
ments or other unusual condition as applicable.

i. Wind uplift on cantilever (WUP): 5 psf (balanced
cantilever construction applied to one side only).

Jj- Accidental release or application of a precast seg-
ment load or other sudden impact from an otherwise
static load of A: Impact force = 2A.

k. Creep (R)

In accordance with Section 6.5. Creep effects shall
be considered as part of rib shortening (R).

L Shrinkage (S)

In accordance with Section 6.5,

m. Thermal (TRF) and Thermal (TG)

The sum of the effects due to thermal rise and fall
{TRF) and differential temperatures (TG) from Section
6.4.

7.4.2 Construction Load Combinations and
Allowable Stresses

Stresses shall be checked under the construction load
combinations given in Table 7-2. The distribution and
application of the individual erection loads (Section
7.4.1) appropriate to a construction phase shall be such
as to produce the most unfavorable effects. Table 7-2 is
a guide; if more unfavorable conditions may occur with
the particular construction system, these shall be taken
into account. The maximum allowable construction
load compressive stress shall be 0.5f..

Load factor design need not be used for construction
conditions with the exception of Section 7.4.3 below.

7.4.3 Construction Load Combinations
Load Factor Design Check
Using capacity reduction factors (¢) in accordance
with Section 7.3, the strength provided shall not be less
than required by the following load factor combina-
tions,
For maximum forces and moments:

1.1(DL + DIFF) + 1.3CE + 2A
For minimum forces and moments:

DL + CE + 2A
8.0 SEISMIC DESIGN

Sepmental superstructure design with moment
resisting column to superstructure connections shall
consider the inelastic hinging force (lateral shear force)
from columns. The lateral shear force from the column
shall be determined from the inelastic flexural capacity
of the column by muldplying the nominal flexural
capacity by 1.30. Bridge superstructures in seismic
zones C and D with moment resisting column to super

structure connections shall be reinforced with ductile
details to resist longitudinal and transverse flexural
demands produced by column plastic hinging.

Type A joints shall be used in seismic zones C and
D. Segment joints shall provide capacity to transfer
seismic demands.

Internal tendons shall be provided to support the
superstructure dead load with a factor of safety of 1.3 in
seismic zones C and D. The average stress in the pre-
stressing steel of the internal tendons for this load case
shall be calculated in accordance with Section 11.2. Not
more than 50 percent of the total post-tensicning steel
force shall be provided by external tendons.

9.0 ALLOWABLE STRESSES

9.1 Prestressing Steel
Tensile stresses in prestressing tendons shall not
exceed the following,

9.1.1 Due to tendon jacking force
0.80f;
but not preater than 0.90 P;

9.1.2 At anchorages and couplers immediately after
tendon anchorage

0.70f"

9.1.3 At internal tendon locations immediately after
prestress transfer
0.83f’;

but not greater than 0.74f;
9.2 Prestressed Concrete

9.2.1 Temporary stresses before losses due to creep
and shrinkage, at the time of application of the prestress
(transfer) for both normal weight and sand-light weight
concrete:

9.2.1.1 Compression
0.60f

9.2.1.2 Longitudinal stresses in the precompressed
tensile zone:

a, Type A joints with minimum bonded auxiliary
reinforcement through the joints sufficient to carry the
calculated tensile force at a stress of 0.5 fy; internal and
external tendons.

3.0@ maximum tension
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b. Type A joinis withoul the minimum bonded
auxiliary reinforcement through the joinis; intemal
tendons: no tension allowed.

¢. Type B joints external tendons, not less than:

100 psi minimum compression

9.2.1.3 Transverse iension in the precompressed
tension zone: 3.0,f, maximum tension.

9.2.1.4 Tension in other areas without bonded non-
prestressed reinforcement: zero tension.

Where the calculated lensile siress exceeds this
value, bonded reinforcement shall be provided at a
stress of 0.5f, to resist the total tensile force in the

concrete computed on the assumplion of an uncracked
section. In such cases the maximum tensile stress shall

not exceed 6.0\/5 .

9.2.2 Stresses al the service load level afier losses
have occurred:

a, The compressive stress under all service load
combinations, except as slated in (b), shall not
exceed 0.60f, . When the flange or web slenderness ratio,
calculated in accordance with Section 23.3, is greater
than 13, the compressive stress shall be reduced by a
factor calculated by the equalions presented in Section
23.4.3.

b. The compressive stress due to effective prestress

plus permanent {dead) loads shall not exceed 0.45f, .

9.2.2.2 Longitudinal stresses in the precompressed
tensile zone:

a. Type A joints with minimum bonded auxiliary
reinforcement through the joints sufficient 1o carry the
calculated temsile force at a stress of0.5f,; inlernal

tendons:
3.0\/f—; maximum tension

b. Type A joinis without minimum bonded auxiliary
reinforcement through joints:

Superstructures: zero lension.

Substructures: 200 psi tension plus overstress
provision, as specified in Table 3.22.1A
(computed on the basis of the gross section)

¢. Type B joints, external tendons, not less than:
100 psi minimum compression

9.2.2.3 Transverse lension in the precompressed
tensile zone:

3.0JE maximum tension

0224 Tension in other areas withoult bonded
reinforcement:

Superstruclures: zero lension

Substructures: 200 psi lension plus overstress
provision, as specified in Table 3.22.1A (computed
on the basis of the gross section)

Where the calculated iensile stress exceeds this
value, bonded reinforcement shall be provided at a
stress of 0.5f to resist the tolal tensile force in the

concrete computed on the assumption of an uncracked
section. In such cases, the maximum lensile stress shall

not exceed G.OJE ;

10.0 PRESTRESS LOSSES

10.1 General

Lump sum losses shall only be used for preliminary
design purposes. Losses due to creep, shrinkage, and
elastic shortening of the concrete as well as fiiction,
wobble, anchor set and relaxation in the tendon shall be
calculated for the construction method and schedule
shown on the plans in accordance with time-relaled pro-
cedures for calculation of presiress losses and in
accordance with the following sections.

10.2 Duct Friction and Wobble

The loss of presiress force due to friction and
wobble within an internal tendon duct shall beobtained
using the equation:

T. = T“B-hmakr}

For tendons in webs of curved bridges, or in inclined
webs of straight bridges, oshall be calculated as the
tolal veelor accumulation of the horizontal and vertical
angie changes, and / shall be the iotal iendon length,

The loss of prestress force in an exlemal tendon due
lo friction across a single deviator pipe shall be
oblained using the equation:

T =T Emulru(l‘(l-l]

Friciion and wobble coefficients may be estimated
using the values in Table 10-2. However, these values
do not consider misalignment of internal ducts at joints.
The inadvertent angle change of 0.04 radians per devi-
alor may vary depending on job specific lolerances on
deviator pipe placement, and need nol be applied in
cases where the deviation angle is sirictly controlled or
precisely known, as in the case of continuous ducls
passing through separate longitudinal bell-shaped holes
at deviators. Where large discrepancies occur between
measured and calculated tendon elongations, in place
friction tests are required.

INTERIM

2003




6 DESIGN AND CONSTRUCTION OF SEGMENTAL CONCRETE BRIDGES 10.3

Table 10-2. Estimated Values for Friction and Wobble Coefficients

Friclion Wobble
Coclticient (p) Cocfficient (k)
{1 /rod) {1/11)
1. For steand in golvonized metal sheathing 0.12-0.35 (L0002
2. For dcibrmc{] high sirength bars in gakvanized 0.30 0.0002%*
metal sheathing
3. For strand in internal polyethylene duct. 0.23 0062
4. For strand in streight polyethylene duct 0 0
{exiernal (o concrele)
5. Rigid stee| pipe devintors tor external tendons 0.25* (1.0002
6. Conlinuous externn] tendon polyethylene ducts 015 0
throngh a deviator )

* Lubrication will probably be required

** Wobble coefficient for duct installed with preplaced bars may be taken ns 0.0001,

The inadverlenl angle change need not be
considered for calculation of losses due lo wedge
seating movement,

10.3 Anchorage Seating

For strand tendons anchored with two or three piece
wedges, anchorage seating may be approximated as '
inch. Anchor seating for bar tendons may be approxi-
mated as 1/16 inch. The value of anchorage sealing
used in the design shall be stated on the design
drawings with the provision that il shall be verified
during construction,

10.4 Steel Relaxation
Loss of prestress due to steel relaxation over the
time interval ¢, Lo L may be estimaled in accordance with

the following sections,

10.4.1 Stress-relieved Steel
R, =, {[log 24t~ log 241,110} x [, /f; —0.55]
where: f,/f ~0.5520.05
[} =085t
f, = sleel stress level at beginning of (ime interval
{t)
10.4.2 Low Relaxation Steel
R, =T, {[log241~log 241, ]/45} x[ £, /£, - 0.55]
where: f,/f; -0.5520.05
f; = 0.90f;,
f, = sleel siress level at beginning of lime interval
(1)
10.4.3 Bars

Steel relaxation loss for bar tendons conforming lo
ASTM A722 may be estimaied as 3000 psi.

INTERIM
2003

10.5 Stressing Hardware

A loss in tendon force occurs through the stressing
hardware and anchorage device. This loss shall be con-
sidered in design.

11.0 FLEXURAL STRENGTH

11.1 General

Flexural strength shall be calculated in accordance
with the provisions of Sections 9.17, 9.18, and 9.19 of
the AASHTO Standord Specifications jor Highway
Bridges, and/or as provided in this Section.

The flexural capacily required by ihe load factor
provisions of Section 7.1 shall be less than or equal to
Of times the flexural capacily calculated in accordance
with AASHTO Standard Specifications for Highway
Bridge, Sections 9.17, 9.18, and 9.19, except thal the
average siress in unbonded presiressing steel shall be
determined in accordance with Sections 11.2 or 11.3.
The values of ®f shall be taken from Section 7.3.

11.2 Stress in Unbonded Prestressing Steel at
Factored Load
For caiculalion of average siress in unbonded
prestressing sleel at factored loads, equation 9-18 of the
AASHTO Standard Specifications for Highway Bridges
shall be replaced by the following formula:

o d,-c,
f = f,.+900/ 2

e

where:
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4

i
1+2

dp = distance from extreme compression fiber to cen-
troid of prestressing reinforcement.

fpe= effective stress in prestressing steel after losses
(ksi)

¢ =length of tendon between anchorages

N, = number of support hinges crossed by the tendon

(draped tendons only)

8

¢, = neutral axis depth calculated as follows:

Y

for T-section behavior:

.- A* f;‘u-i-Asfs), - A;f;- 0.85B,f.(b-b,, )by
yo 0.85f2B,b,,

for rectangular section behavior:

5 “su” tsgy

ALTLFAS, - AF,
Y= 0850B,b

113 Strain Compatibility

As an alternative to use of AASHTO Srandard
Specifications for Highway Bridges, Sections 9.17,
9.18, and 9.19, flexural strength of bonded tendon
bridges may be calculated in accordance with the strain
compatibility provisions of Section 10.2 of the ACI
318-95 Building Code.®®) Strain compatibility analysis
may also be used for computation of flexural resistance
of bridges with unbonded or partially bonded tendons
provided that the analysis correctly recognizes the dif-
ferences in strain between the tendons and the concrete
section, and the effect of defiection geometry changes
on the effective stress in the tendons.

11.4 Minimum Reinforcement

11.4.1 The minimum amount of flexural reinforce-
ment shall comply with Section 9.18.2.1 of AASHTO
Standard Specifications for Highway Bridges.

11.4.2 The requirements of Section 11.4.1 may be
waived if the area of reinforcement at a section is at
least one-third greater than that required by analysis
based on the loading combinations specified in Article
3.22 of AASHTO Standard Specifications for Highway
Bridges.

11.5 Center for Gravity Correction for Strand
Tendons.

Draped strand tendons shall be assumed to be at the
bottom of the duct in negative moment areas, and at the
top of the duct in positive moment areas. For both
strength and allowable stress calculations, the location
of the tendon center of gravity with respect to the cen-
ter line of the duct shall be assumed as illustrated below
(negative moment area shown).

DuctSize 2

/Q_ Duct
3"0Dand Less % - -t —
Over3"ODto 4" % - CG. of
Over 4" QD 1" sfrands
12.0 SHEAR AND TORSION

12.1 Scope

The provisions of Section 12 shall apply to the
design of prestressed concrete segmental bridges sub-
jected to shear or combined shear and torsion. The
design shall be based on factored load conditions. The
provisions of Section 12.2 shall apply to all parts of
Section 12.

12.1.1 Regions with one-way beam or thin plate type
action or similar conditions in which the plane sections
assumption of flexural theory can be applied shall be
designed for shear or shear and torsion according to
Section 12.1, and either the medified traditional
approach of Section 12.3 or the strut-and-tie model pro-
visions of Section 12.4. Detailing of all shear and
torsion reinforcement must meet the reguirements of
Section 12.2. For shear design of structures using sand-
lightweight concrete, 0.85\[1’_“: shall be substituted for \ff?c
in Sections 12.2.12 and 12.2.21.

12.1.2 Discontinuity regions where the plane sec-
tions’ assumption of flexural theory is not applicable
such as regions adjacent to abrupt changes in cross sec-
tions, openings, dapped ends, regions where large
concentrated loads, reactions, or post-tensioning forces
are applied or deviated, diaphragms, deep beams, cor-
bels or joints shall be designed for the applied forces
causing shear or shear and torsion according to Section
12.2 and the strut-and-tie model approach of Section
12.4. In addition, special discontinuity regions like deep
beams, brackets and corbels should be designed for the
applicable parts of Section 12.5.
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12.1.3 Interfaces between elements such as webs and
flanges, between dissimilar materials, between con-
cretes cast at different times, or at an existing or
potential major crack shall be designed for shear trans-
fer in accordance with Section 12.6.

12.1.4 Slab type regions subjected to local concen-
trated forces such as concentrated loads or column
reactions shall be designed for two-way punching shear
in accordance with Section 12.7,

12.1.5 The applied shear on a cross section shall
consist of the shear due to factored ultimate dead load
(V, p) including continuity effects, factored ultimate
live load (V,, ;) and any other factored ultimate load
cases specified. Torsional moments (T,) shall be
included in design for factored ultimate load when
their magnitude exceeds the value specified in
Section 12.2.10.

12.1.5.1 The applied shear due to the component of
the effective longitudinal prestress force which acts in
the direction of the section being examined (Vp) shail
be considered as a load effect.

12.1.5.2 The vertical component of inclined tendons
v ) shall only be considered to reduce the applied
shear on the webs for tendons which cross the webs and
are anchored or fully developed by anchorages, devia-
tors, or internal ducts located in the outer one-third of
the webs.

12.2 General Requirements

12.2.1 For members subjected to combined shear
and torsion, the resulting shear forces in the different
elements of the structure from the combined shear
flows from shear and from torsion shall be considered.
The individual elements shall be designed for the result-
ant shear forces.

12.2.2 The effects of axial tension due to creep,
shrinkage and thermal effects in restrained members
shall be considered wherever applicable.

12.2.3 The component of the effective prestressing
force in the direction of the shear force shall be consid-
ered in accordance with Section 12.1.5.

12.2.4 Components of inclined flexural compression
or tension in variabie depth members shall be consid-
ered.

12.2.5 The effects of any opening or ducts in mem-
bers shall be considered. In determining the effective

web width, b, or b, the diameters of ungrouted ducts
or one-half the diameters of gronted ducts shall be sub-
tracted from the web width at the level of these ducts.

12.2.6 The values of W/Fc used in any part of Section
12 shall not exceed 100 psi.

12.2.7 The design yield strength of non-prestressed
transverse shear or torsion reinforcement shall not
exceed 60 ksi. The shear and torsion resistance contri-
bution of prestressed transverse shear or torsion
reinforcement shall be based on substitution of the
effective stress after allowance for all prestress losses
plus 60 ksi, but not to exceed f* in place of f in trans-
verse reinforcement expressmns

12.2.8 In pretensioned elements, the reduced pre-
stress in the transfer length of the prestressing tendons
shall be considered when computing foc and Vp. The
prestress force due to a given tendon shall be assumed
to vary linearly from zero at the point at which bonding
commences 1o a maximum at a transfer length which
may be assumed as 50 diameters for 1/2 inch diameter
strand.

12.2.9 Shear effects may be neglected in areas of
members where the factored shear force V,, is less than
&V /2 (V, is defined in Section 12.2.12). Nominal
minimum stirrup capacity of not less than the equivalent
of two #4 Grade 60 bars at 1 ft. on centers shall be pro-
vided per web in such areas.

12.2.10 Torsional effects may be neglected in mem-
bers where the factored torsional moment T, is less than
¢, T3,

In lieu of a more detailed calculation, T, may be
taken as

T, = 2KVE. (2A,b,)

K shall be computed as
VI+f,, 7 V) bur K <20

However, K shall not exceed 1.0 at any section
where the stress in the extreme tension fiber due to fac-
tored load and effective prestress force exceeds 6\[?'; in
tension. The influence of axial tension, N uo Shall be
accounted for by replacing £ by f NmIA The influ-
ence of axial compression, Rluc. shall be accounted for
by replacing f__ by f e+ N JA,. A is the area enclosed
by the shear H;JW paLh deﬁnecf by the centroids of the
longitudinal chords of the space truss model resisting
the applied torsion. In liev of a more precise analysis,
A may be taken as 85% of the area enclosed by the
centerline of the exterior closed transverse torsion rein-
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forcement, The term, b,, is the effective width of the
shear flow path of the elements making up the space
truss model resisting torsion. In box girders, b, may not
exceed the minimum effective width, by, of the thinnest
web or flange comprising the closed box section. In lieu
of a more precise analysis, b, may be taken as Acplpcp,
where A is the area enclosed by the outside perimeter
of the concrete cross section and P, is the outside
perimeter of the concrete cross section. The effects of
openings and ducts must be considered as required in
Section 12.2.5.

12.2.11 In a statically indeterminate structure where
significant reduction of torsional momient in a member
can occur due to redistribution of internal forces upon
cracking, the factored torsion moment T, may be
reduced to ¢, T, (T, is defined in Sectjon 12.2.10), pro-
vided that moments and forces in the member and in
adjoining members are adjusted to account for the
redistribution, In lieu of a more exact analysis, the tor-
sional loading from a slab may be assumed as linearly
distributed along the member.

12.2.12 Transverse reinforcement shall be provided
in all elements except for slabs and feotings, and ele-
ments where V is less than 0.5 ¢, V. In lieu of more
detailed calculations, V_ may be taken as:

V. = 2K Vf'b,d
K shall be computed in accordance with Section 12.2.10.

12.2.13 Where transverse reinforcement is required,
the minimum tensile capacity of the transverse
reinforcement shall be 50 b,s, where b, and s are in
inches. Greater amounts may be required to carry shear
and torsion to meet the requirements of Section 12.3 or
12.5.

12.2.14 Transverse reinforcement may consist of:
a. Stirrups perpendicular to the axis of the member
or making an angle of 45° or more with the longitudinal

tension reinforcement, inclined to intercept potential.

cracks.

b. Welded wire fabric sheets or cages with wires
located perpendicular to the axis of the member,

c. Longitudinal bars bent to provide an angle of 30°
or more with the longitudinal tension reinforcement and
inclined to intercept potential diagonal cracks.

d. Well-anchored prestressed tendons which are
carefully detailed and constructed to minimize seating
and time dependent losses.

e. Combinations of stirrups, tendons, and bent longi-
tedinal bars.

{. Spirals,

12.2.15 Transverse reinforcement shall be detailed
so that the shear forces between the different elements
or zones of a member are effectively transferred.
Transverse shear or torsion reinforcement shall extend
as a continuous tie from the extreme compression fiber
(less cover) to the outermost tension reinforcement. All
transverse reinforcement shall be fully anchored
according to AASHTO Standard Specifications for
Highway Bridges, Section 8.27.

12.2.16 Torsion reinforcement shall consist of
Tongitudinal bars or tendons and:

a. closed stirrups or closed ties, perpendicular to the
axis of the member;

b. a closed cage of welded wire fabric with trans-
verse wires perpendicular to the axis of the member;

c. spirals.

Transverse torsion reinforcernent shall be made fully
continuous and shall be anchored according to
AASHTO Standard Specifications for Highway
Bridges, Sections 8.27.2.1 or 8.27.2.3, where the con-
crete surrounding the anchorage is restrained against
spalling by flange or slab or sirnilar element. Anchorage
shall be by 135° standard hooks around longitudinal
reinforcement where the concrete surrounding the
anchorage is unrestrained against spalling. Spacing of
closed stirmups or closed ties shall not exceed one-half
of the shortest dimension of the cross section, nor 12
inches.

12,2.17 At any place on the cross section where the
axial tension due to torsion and bending exceeds the
axial compression due to prestressing and bending,
either supplementary tendons to counter the tension
must be added or local longitudinal reinforcement
which is continuous across the joints between segments
is required.

If supplementary tendons are added, they shall be
distributed around the perimeter of the precompressed
tension zone inside the closed stirrups. At least one ten-
don shall be placed near each corner of the stirrups in
the precompressed tension zone.

If longitudinal reinforcement is added, the bars shall
be distributed around the perimeter formed by the
closed stirrups. Perimeter bar spacing shall not exceed
18 inches. At least one longitudinal bar shall be placed
in each corner of the stirrups. The minimum diameter of
the corner bars shall be 1/24 of the stirrup spacing, but
no less than that of a #5 bar,

12.2.18 Maximum spacing of transverse reinforce-
ment shall not exceed 0.5d in nonprestressed elements
and 0.75h in prestressed elements nor 36 in.



20 DESIGN AND CONSTRUCTION OF SEGMENTAL CONCRETE BRIDGES 12.2.18

When V exceeds 6¢v\!1—t';bwd, these maximum spac-
ings shall be reduced one-half.

12.2.19 Flexural reinforcement, including tendons,
shall be extended beyond the theoretical termination or
deviation points for a distance of at least h/2. Transverse
reinforcement for shear and torsion shall be provided
for a distance at least h/2 beyond the point theoretically
required.

12.2.20 Shear keys in webs of precast segmental
bridges shall extend for as much of the web height as is
compatible with other detailing requirements. Details of
the shear keys shall be similar to Figure 24-1.
Alignment shear keys shall also be provided in top and
bottom flanges,

12.2.21 For structures utilizing dry joints, the nomi-
nal capacity of the joint shall be calculated as:

Vii = 95 Vg
Vo = AOR(12 + 00178 ) + 0.6A , f .
Where: A, = Area of the base of all keys in the failure
plane, inZ.
f. = Compressive strength of concrete, psi.

fpc = Compressive stress in concrete after allowance
for all prestress losses, psi, determined at the
centroid of the cross-section (existing definition).

A_ = Area of contact between smooth surfaces on the
failure plane, inZ.

12.3 Traditional Shear and Torsion Design for
Plane Section Type Regions

12.3.1 The design of beam-type members or regions
for shear and torsion may be carried out according to
Section 12.3 provided:

a. v, does not exceed :

12VEb, d

b. V(V,, / bwd)? + (T, / 24 be)?

does not exceed 15\’—1’2

c. There are no significant discontinuities such as
abrupt changes in cross section or openings.

d. No concentrated Joad located within 2d of a sup-
port causes more than one-third of the shear at that
support.

e, Where required, shear reinforcement consists of
tendons and stirrups perpendicular to the axis of the
member or welded wire fabric sheets or cages with

wires perpendicular to the axis of the member, and con-
forms to Section 12.2.

f. Where required, torsion reinforcement consists of
longitudinal bars, and closed stirrups perpendicular to
the axis of the member, and conforms to Section 12.2.

12.3.2 The design of cross sections subject to shear
shall be based on V|, < ¢,V where V, is the factored
shear force and V| is the nominal shear strength. V,
shall consider any unfavorable effect of prestressing Vp
and may consider favorable effects of prestressing in
accordance with Section 12.1.5. For the purposes of this
section, V, may be computed as

Vo=V +V,

where V_ may be determined from Section 12.2.12 and
V., may be determined from Section 12.3.4. In equa-
tions for V. and V,, d shall be the distance from the
extreme compression fiber to the centroid of the pre-
stressed reinforcement in the tension chord or 0.8h,
whichever is greater.

12.3.3 The applied shear V,, in regions near supports
may be reduced to the value computed at a distance h/2
from the support when both of the following conditions
are satisfied:

a. The support reaction, in the direction of the
applied shear, introduces compression into the support
region of the member, and

b. No concentrated load occurs within a distance h
from the face of the support.

12.3.4 The nominal shear contribution of the truss
model with concrete diagonals at 45° inclination as
determined by the shear reinforcement perpendicular to
the axis of the member is

V.= Af dis

12.3.5 Where required by Section 12.2.10, torsion
reinforcement shall be provided in addition to the rein-
forcement required to resist the factored shear, flexure
and axial forces that act in combination with the
torsion.

12.3.6 The longitudinal and transverse reinforce-
ment required for torsion shall be determined from T, <

¢ T

12.3.7 The nominal torsional resistance provided by
a space truss with concrete diagonals at 45° inclination
and the indicated transverse reinforcement for torsion is

T, =2AAf, /s

where A is as defined in Section 12.2,10.
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12.3.8 The additional longitudinal reinforcement for
torsion shall not be less than

A~ TP

*=2A L,

where Py, is the perimeter of the polygon defined by the
centroids of the longitudinal chords of the space truss
resisting torsion. P, may be taken as the perimeter of
the centerline of the outermost closed stirrups.

A, shall be distributed around the perimeter of the
closed stirrups in accordance with Section 12.2.17.

12.3.9 The area of additional longitudinal torsion
reinforcement in the flexural compression zone may be
reduced by an amount equal to M /(9d fsy) where M, is
the factored bending moment acting at that section
except that the reinforcement provided shall not be less
than required by Section 12.2.17.

12.4 Strut-and-Tie Truss Model Design for Either
Beam Type or Discontinuity Regions

12.4.1 The design of any region for shear and torsion
may be carried out according to Section 12.4 based on
an analysis of the internal load paths for all forces act-
ing on the member region. The effects of the prestress
force shall be included in accordance with Section
12.1.5. The internal load paths shall be idealized using
appropriate strut-and-tie or space truss models consist-
ing of:

a. concrete and compressive reinforcement compres-

sion chords

b. inclined concrete compressive struts

c. longitudinal reinforcement tension chords or ties

d. transverse reinforcement tension members or ties

e. node regions at all joints of chords, struts and ties.

12.4.2 The proportions of the elements and the rein-
forcement shall be selected so that the tension ties yield
before the compression chords or struts crush, Chord
capacities shall be based on under-reinforced sections
for flexure,

12.4.3 The sizes of the members and joint regions in
the truss shall be chosen so that the computed forces in
the struts, ties, and truss members, S, due to factored
loads shall satisfy:

a. Compression chords

bHO.85CA . + AT 28,

where ¢y is the appropriate ¢ value for flexure.

b. Inclined compressive struts
d’v (fcuAcs)zsu

where &, is the appropriate ¢ value for shear and diag-
onal tension and f, is the limiting strut compressive
stress from Section 12.4.4,

c. Reinforcement tension chords

¢f (Asfsy + A:f:u) 2Sl.l

where & is the appropriate ¢ value for flexure and ¥,
is the average stress in prestressing steel at ultimate
load considering the anchorage and bonding conditions.

d. Transverse reinforcement tension members or ties

b(A,f, )28,

where &, is the appropriate ¢ value for shear and diag-
onal tension. When such members or ties are
prestressed, the effective stress after prestress losses
shall be used in place of foy-

e. Node regions

by (o AL)2S,

CR" "Cne

where ¢, is the appropriate ¢ value for bearing and f_
is the limiting compressive stress in a node region from
Section 12.4.6.

12.4.4 The compressive stress in an inclined com-
pressive strut, f, shall not exceed:

a. For essentially undisturbed, uniaxial compressive
stress states. 0.6f

b. For compressive stress states where tensile strains
in the cross-direction or transverse tensile reinforce-
ment may cause cracking of normal crack width parallet

to the strut, 0.45 f,
c. Far compressive stress states with skew cracking
or skew transverse reinforcement, 0.35

d. For compressive stress states with very wide skew
cracks when the strut orientation differs appreciably
from the elastic orientation of the internal load path,

0.25 f

12.4.5 The tension chord and all tension ties shall be
effectively anchored to transfer the required tension to
the truss node regions in accordance with the ordinary
requirements of AASHTO for development of rein-
forcement (AASHTO Standard Specifications for
Highway Bridges, Sections 8.24 to 8.33) and shall be
detailed to satisfy the stress limits of Section 12.4.6.

12.4.6 Unless special confining reinforcement is
provided, the concrete compressive stress f. in the
node regions shall not exceed:
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a. 0.85 f in node regions bounded by compressive
struts and bearing areas

b. 0.70 £ in node regions anchoring only one tension
tie, or

c. 0.6 f in node regions anchoring tension ties in
more than one direction,

12.5 Special Requirement for Diaphragms, Deep
Beams, Corbels and Brackets

12.5.1 All discontinuity regions must be propor-
tioned using the strut-and-tie model approach of
Section 2.4,

Special discontinuity regions like diaphragms, deep
beams, corbels, and brackets must also satisfy the spe-
cial provisions of Section 12.5.

12.5.2 Diaphragms are ordinarily required in pier
and abutment superstructure segments to distribute the
high shear forces to the bearings. Vertical and trans-
verse post-tensioning shall be analyzed using the strut
and tie model of Section 12.4, and the effective pre-
stress forces of Section 12.1.5. The diaphragm tendons
must be effectively tied into the diaphragms with bond-
ed non-prestressed reinforcement to resist tendon forces
at the corners of openings in the diaphragms.

12.5.3 Deep beams are members in which the dis-
tance from the point of zero shear to the face of the
support is less than 2d or members in which a load
causing more than one-third of the shear at a support is
closer than 2d from the face of the support.

12.5.3.1 The strut-and-tie model of Section 12.4
shall be used to analyze and design deep beams.

12.5.3.2 The minimum tensile capacity of transverse
reinforcement shall be 120 bws. and s shall not exceed
d/4 nor 12 inches.

12.5.3.2 Bonded longitndinal bars shall be well dis-
tributed over each face of the vertical elements in pairs.
The minimum tensile capacity of this bonded reinforce-
ment pair shall be 120 b,s. The vertical spacing
between each pair, s, shall not exceed d/3 nor 12 inches.

12.5.3.4 In deep beam vertical elements with a width
less than 10 inches, the pairs of bonded bars required by
Section 12.5.3.3 may be replaced by a single bar with
the required tensile capacity.

12.5.4 Brackets and Corbels

12.5.4.1 The strut-and-tie model of Section 12.4
shall be used to analyze and design brackets and corbels.

12.5.4.2 The depth at the outside edge of the bearing
area shall be at least half the depth at the face of the sup-
port.

12.5.4.3 Corbels and brackets shall be designed to
resist the calculated external tensile force N, acting on
the bearing area, but N, shall not be less than 0.2 V
unless special provisions are made to avoid tensile
forces. Therefore, N, shall be regarded as a live load
even when tension results from creep, shrinkage or
temperature change.

12.5.4.4 The steel ratio A,/bd at the face of the sup-
port shall be at least 0.04 f / fsy, where d is measured at
the face of the support.

12.5.4.5 Closed stirrups or ties parallel to the pri-
mary tensile tie reinforcement A; with a total area not
less than 0.5 A shall be uniformly distributed within
2/3 of the effective depth adjacent to A_.

12.5.4.6 At the front face of a bracket or corbel, the
primary tension reinforcement A, shall be effectively
anchored to develop the specified yield strength, fsy, by:

a. a structoral weld to a transverse bar of at jeast
equal size, or;

b. bending the primary bars, A, back to form a con-
tinuous loop, or;

c some other positive means of anchorage.

12.5.4.7 The bearing area of the load on a bracket or
corbel shall not project beyond the straight portion of
the primary tension bars, A,, nor project beyond the
interior face of any transverse anchor bar.

12.6 Shear Transfer at Interfaces

Shear transfer at interfaces shall be designed in
accordance with Section 11.7 of ACI 318-95 using the
¢, values from this Specification,

12.7 Two-Way Punching Shear

Two-way punching shear slab type elements shall be
designed in accordance with AASHTO Srandard
Specifications for Highway Bridges, Section 8.16.6.6,
using the ¢, values from this specification.

13.0 FATIGUE STRESS LIMITS

13.1 Fatigue Stress Limits for Bonded
Non-Prestressed Reinforcement
Design of bonded non-prestressed reinforcement for
fatipue shall conform to the provisions of AASHTO
Standard Specifications for Highway Bridges, Section
8.16.8.3.
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13.2 Fatigne Stress Limits for Prestressed
Reinforcement
Fatigue of prestressed reinforcement need not be
considered for bridges designed in accordance with this
Specification.

14.0 POST-TENSIONED ANCHORAGE ZONES

All anchorage zone design provisions shall be in
accordance with Section 9.21 of the AASHTO Standard
Specifications for Highway Bridges.

15.0 PROVISIONAL POST-TENSIONING DUCTS
AND ANCHORAGES

15.1 General

in accordance with Section 15.2, the design of ducts
and anchorages for bridges with internal tendons shatt
provide for increases in the post-tensioning force at
selected locations along the bridge doring construction
to compensate for excessive friction and wobble losses
during stressing. In addition, for bridges with either
internal or external tendons, the design shall provide for
future installation of external umborded tendons in
accordance with the provisions of Section 15.3 as an
allowance for addition of future dead load, or to adjust
for cracking or deflection of the bridge.

15.2 Bridges with Internal Ducts

Provisional anchorage and duct capacity for negative
and positive moment tendons located symmetrically
about the bridge centerline shall provide for an increase
in the post-tensioning force of not less than 5 percent
of the total positive and negative primary moment
forces, respectively. At least one empty duct per web
shall be provided. Except for non-continuous bridges,
and the minimum empty duct capacity noted above,
provisional positive moment duct and anchorage capac-
ity shall not be required for 25 percent of the span
length either side of pier supports. Any provisional
ducts not utilized for adjustment of the post-tensioning
force shall be grouted at the same time as other ducts in
the span.

15.3 Provision for Future Dead Load or Deflection
Adjustment
Specific provision shall be made for access and for
anchorage attachments, pass through openings, and
deviation block attachments to permit future addition of
unbonded external tendons (inside the box section)
symmetrically about the bridge centerline for a post-
tensioning force of not less than 10 percent of the
positive moment and negative moment primary post-
tensioning forces.
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SECTION D
DETAILING

16.0 DUCT DETAILS
16.1 Material Thickness

16.1.1 Metal Ducts

Metal ducts shall be galvanized corrugated semi-
rigid conduit. For strand and wire tendons, the duct
thickness shall be 26 gauge up to 2 5/8 inches diameter.
Ducts larger than 2 5/8 inches diameter shall be
24 gauge. For bar tendons, the duct thickness shall not
be less than 31 gauge. Steel deviation pipe thickness
shall be equal to or greater than 0.120 inches. Steel
deviation pipe shall be fabricated with bend tolerances
of +2 degrees and -0 degrees.

16.1.2 Polyethylene Duct

Corrugated polyethylene duct used as internal duct
shall be high density polyethylene and conform to the
requirements of ASTM D 3350 with ultra violet stabi-
lizers added. Rigid polyethylene pipe used for external
duct shall conform to the reyuirements of ASTM D
2447, Grades P33 or P34; D 3350 or F 714 with a Cell
Classification of PE345433C. Material thickness and
other requirements for polyethlene duct shall be as
follows:

a. Internal polyethylene duct shall be corrugated and
shall have a minimum material thickness of 0.050 IN
+ 0.010 IN,

b. External polyethylene duct shall be black, smooth
HDPE pipe with a minimum wall thickness of 1/21 of
the outside diameter, and a minimurm hydrostatic design
basis (HDB) of 1.25 KSI.

16.2 Duct Area

16.2.1 For tendons made up of a number of wires,
bars, or strands, duct area shall be at least twice the net
area of the prestressing steel. Placement of tendons by
the pull-through method requires duct area of 2 1/2
times the prestressing steel area.

16.2.2 For tendons made up of a single wire, bar, or
strand, the duct diameter shall be at least 1/4 inch larg-
er than the nominal diameter of the wire, bar, or strand.

16.3 Minimum Radius of Curvature

Tendon ducts shall preferably be installed with a
radius of curvature of 20 feet or more. Ducts with
sharper curvature down to a minimum of 10 feet shall
have confinement reinforcement detailed to tie the duct

into the concrete. Duct curvature with radii less than 10
feet may be approved by the Engineer based on review

of test data. The minimum radius for corrugated poly-

ethylene duct shall be 30 feet unless curvature with
radius less than 30 feet is approved by the Engineer
based on review of test data. The confinement rein-
forcement shall be proportioned to resist radial forces
calculated as

P.
F =+

"R

where P, is the tendon force in kips, and R is the radius
of curvature, in feet, and F, is the radial force in kips per
foot. Confinement reinforcement shall be proportioned
at 0.6 £, where f,, shall not exceed 60 KSI. Spacing of
confinement reinforcement shall not exceed 12 inches.
Closer spacing shall be used for duct with radius of cur-
vature less than 15 feet.

16.4 Duct Supports

16.4.1 Internal Ducts

Internal ducts shall be rigidly supported by ties to
reinforcing steel as follows:

a. Transverse slab tendons in metal duoct; 2 feet,
Preplaced strand in metal duct = 4 feet.

b. Transverse slab tendons in polyethylene duct: 2
feet. Preplaced strand in polyethylene duct = 4 feet.

c. Longitudinal slab or web tendons in metal duct: 4
feet,

d. Longitudinal slab or web tendons in polyethylene
duct: 2 feet.

16.4.2 External Ducts
External ducts shall have a maximum unsupported
Iength of 25 feet unless a vibration analysis is made.

16.5 Duct Size, Clearance and Detailing

Maximum size of intemal ducts shall not exceed 0.4
x web thickness.

Where two curved tendons run parallel such that the
outer one is bearing inwards toward the inner one, a
minimum clearance of one duct diameter shall prefer-
ably be maintained between the ducts. If this is not
possible, reinforcement shall be provided between the
ducts to fully restrain the outer tendon if it has to be
stressed before the inner tendon has been stressed and
grouted. In cases where longitudinal tendons cross each
other at least one-haif duct diameter but not less than



26 DESIGN AND CONSTRUCTION OF SEGMENTAL CONCRETE BRIDGES 16.5

2 inches clear space shall be provided. This restriction
does not apply to transverse ducts crossing tongitudinal
ducts at approximately 90°.

Curved tendons should not be placed around re-
entrant corners or voids. If this is unavoidable, then the
tendons must be provided with well anchored, full
reinforcement restraint proportioned as per Section
16.6.1. In no case shall the distance between the re-
entrant corner ar void and the edge of the duct be less
than 1.5 duct diameters,

16.6 Duct Confinement Reinforcement

16.6.1 Effects of Curved Tendons

When curved tendons are located in thin webs or
close to internal voids, reinforcement shatl be provided
to prevent the tendon from bursting through the con-
crete into the void whenever the nominal shear stress in
the concrete cover beside the tendon due to tendon jack-
ing forces exceeds Z‘Jf_"':.

The area of steel required may be estimated from:

P.
A ===
5~ Rx0.6f,
Where A_ = Area of steel required, sq.in/ft. and f,y shall
not exceed 60 ksi.
The lateral force exerted on the concrete by the ten-
dons may be calculated by dividing the tendon force by
the radins of curvature in accordance with Section 16.3.

16.6.2 Ducts in Flanges

Ducts in bottom slabs shall be located between top
and bottom layers of transverse and longitudinal slab
reinforcement. For ducts in the bottorn flanges of vari-
able depth segments, nominal confinement reinforment
shall be provided around the duct at each segment face,
The reinforcement shall not be less than two rows of #4
hairpin bars at both sides of each duct with vertical
dimension equal to the slab thickness less top and bot-
tom cover dimensions.

When closely spaced transverse or longitudinal
ducts are located in top or bottom flanges, the top and
bottom non-prestressed reinforcement mats shall be
tied together with vertical reinforcement consisting of
#4 hairpin bars with spacing not to exceed 18 inches or
I 1/2 times the slab thickness in each direction,
whichever is the lesser,

17.0 COUPLERS

Not more than 50 percent of the longitudinal post-
tensioning tendons shall be coupled at one section. The
spacing between adjacent coupler locations shall not be

closer than the segment length or twice the segment
depth. The void areas around couplers shall be deduct-
ed from the gross section area and moment of inertia
when computing stresses at the time of application of
the post-tensioning force.

18.0 CONCRETE COVER AND
REINFORCEMENT SPACING

18.1 Cover and Spacing

Reinforcement cover shall be in accordance with
AASHTO Standard Specifications for Highway Bridges,
Section 9.26.1. Reinforcement spacing shall be in accor-
dance with AASHTO Standard Specifications for
Highway Bridges, Section 9.26.2. Reinforcement details
for erection loads shall be in accordance with Section
18.2 of these specifications.

18.2 Reinforcement Details for Erection Loads

The transverse analysis of the box girder shall
include an evaluation of the quantity Z of equation 8-61
of the AASHTO Standard Specifications for Highway
Bridges, Section 8.16.8.4, for any loads applied prior to
attainment of full design strength. The value of Z cal-
culated for flanges and webs shall not exceed 130.

19.0 INSPECTION ACCESS

Inspectability of the structure shall be assured by
providing secured access hatches with minimum
dimensions of 2'-6" x 4'-0", Interior diaphragms shall be
provided with openings larger than the dimensions
specified for access hatches. The box section shall be
vented by drains or screened vents in webs at intervals
not greater than 50 ft. Such venting is to prevent the
build-up of potential hazardous gas which might endan-
ger inspection personnel.

20.0 BOX GIRDER CROSS SECTION
DIMENSIONS AND DETAILS

20.1 Minimum Flange Thickness

Top and bottom flange thickness shall not be less
than any of the following:

1. 1/30 the clear span between webs or haunches; a
lesser dimension will require transverse ribs at a spac-
ing equal to the clear span between webs or haunches.

2. Top flange, 9 inches in anchorage zones where
transverse post-tensioning is used, and 8 inches mini-
mum thickness beyond anchorage zones or for
pretensioned slabs. Transverse post-tensioning or pre-
tensioning shall be nsed where the clear span between
webs or haunches is 15 feet or larger.
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20.2 Minimum Web Thickness

1. Webs with no longitudinal or vertical post-ten-
sioning tendons - 8 inches.

2. Webs with only longitudinal or vertical post-ten-
sioning tendons - 12 inches.

3. Webs with both longitudinal and vertical post-ten-
sioning tendons - 15 inches.

20.3 Length of Top Flange Cantilever

The cantilever length of the top flange measured
from the centerline of the web should preferably not
exceed 0.45 times the interior span of the top flange
measured between the centerline of the webs.

20.4 Overall Cross Section Dimensions

Overall dimensions of the box girder cross section
should preferably not be less than required to limit live
load plus impact deflection calculated using the gross
section moment of inertia and the secant modulus of
elasticity to 1/1000 of the span. The live loading shall
consist of all traffic lanes fully loaded with adjustment
for number of loaded lanes as specified in the AASHTO
Standard Specifications for Highway Bridges, Section
3.12. The live loading shall be considered to be uni-
formly distributed to all longitudinal flexural members.

210 BRIDGE BEARINGS

21.1 General

Bridge bearings shall conform to Sections 14, 19, or
20 of the AASHTO Standard Specifications for
Highway Bridges.

21.2 Replacement or Adjustment

Provisions shall be made in the design for the future
replacement of bridge bearings and adjustment of sup-
port reactions.

21.3 Bursting and Spalling

Concrete surfaces in contact with bearings as well as
jacking pockets and jack locations provided for bearing
replacement or adjustment shall be reinforced to pre-
vent bursting (splitting) and spatling.

21.4 Settings
Expansion bearings shall be sized and set at time of
construction for the following conditions.

21.4.1 Allowance for movement away from the fixed
pier based on the total anticipated movement resulting
from the maximum temperature rise taken from Figure
6-2 with respect to the mean shade temperature for the
48-hour period prior to the time at which the bearings
are set.

21.4.2 Allowance for movement toward the fixed
pier based on 1.3 times the total anticipated movement
resulting from the combined effect of temperature fall,
creep, shrinkage and elastic shortening. Temperature
fall shall be based on the maximum value taken from
Figure 6-1 with respect to the mean shade temperature
for the 48-hour period prior to the time at which the
bearings are set. Creep, shrinkage and elastic shortening
shall be computed from the time the bearings are
installed through day 4000. Installation of bearings
shall be estimated based on the early construction
schedule stated on the plans.

21.4.3 A table of setting adjustments shall be pro-
vided to account for variation of the mean shade
temperature for the 48-hour period prior to the time of
installation and the mean temperature given in Section
6.4. The table shall indicate the mean shade air temper-
ature for the 48-hour period prior to the time of
installation and adjustments shall be calculated for the
difference between the mean shade temperature for the
48-hour pericd prior to the installation and the mean
temperature from Section 6.4,

22.0 EXPANSION JOINTS

22.1 Design

Expansion joints shall be designed far the full range
of movement anticipated due to creep, shrinkage, and
ternperature effects, and shall comply with the provi-
sions of Section 19, Division I, of the AASHTO
Standard Specifications for Highway Bridges, or
approved special joint design provisions.

22.2 Settings

The setting of expansion joint recesses and expan-
sion joint devices, including any precompression, shall
be clearly stated on the drawings. Expansion joints shall
be sized and set at time of construction for the follow-
ing conditions,

22.2.1 Allowance for closure movements based on
the maximum temperature rise taken from Figure 6-2
with respect to the mean shade temperature for the 48-
hour period prior to the time at which the joints are set.,

22.2.2 Allowance for opening movements of modu-
lar compression sealed expansion joint devices shall be
based on 1.3 times the total anticipated movement
resulting from the combined effects of temperature fall,
creep and shrinkage. Temperature fall shall be based on
the maximum value taken from Figure 6-1 with respect
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to the mean shade temperature for the 48-hour period
prior to the time at which the joints are set. Creep and
shrinkage shall be computed from the time the expan-
sion joints are installed through day 4000. All
expansion joints shall be installed after superstructure
segment erection is completed for the entire bridge.
Time of installation shall be estimated based on the
early construction schedule stated on the plans.

22.2.3 To account for the larger amount of opening
movement, expansion devices should be set precom-
pressed to the maximum extent possible.

Expansion devices shall be sized and set such that
after 4000 days the device shall not remain in tension
through the full range of design temperature,

22.2.4 A mble of setting adjustments shall be pro-
vided in accordance with Section 21.4.3,

22.3 Expansion Joint Location

Expansion joints shall generally be located at piers,
abutments, or within one segment length of points of
dead load contraflexure. Mid-span expansion joints
may be used when calculated deflections are within
acceptable limits, and/or when moment carrying beams
are used to provide for deflection adjustment across
expansion joints.
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SECTION E
SUBSTRUCTURE DESIGN

23.0 SPECIAL PROVISIONS FOR HOLLOW
RECTANGULAR SEGMENTAL BRIDGE
SUBSTRUCTURES

23.1 General

Pier and abutrnent design shall conform to Section 7
of the AASHTO Standard Specificarions for Highway
Bridges, and to the provisions of this Section.
Consideration shall be given to erection loads,
moments, and shears imposed on piers and abutments
by the construction methed shown on the plans.
Auxiliary supports and bracing shall be shown on the
plans as required. Hollow, rectangular precast segmen-
tal piers shall be designed in accordance with the
provisions of this section.’3

The load factor for temperature gradient shall be
taken as zero {(0) in design of segmental substructures
for service, strength, and construction load combinations,

23.2 Construction Load Combinations

The capacity of hollow, rectangular precast segmen-
tal piers to support the construction load combinations
of Table 7-2 shall be investigated in accordance with the
provisions of this Section.

Tensile stresses in segmental substructures during
construction shall be computed for load combinations 2
through f of Table 7-2.

Load combination d is applicable to conditions when
erection equipment is not working, load combination e
relates to normal erection, and load combination f
applies when erection equipment is moving.

23.3 Wall Slenderness Ratio
The wall slenderness ratio of a hollow rectangular
cross-section shall be taken as:

?\.w:atl

where
X, = theclear length of the constant thickness
portion of a wall between other walls or
fillers between walls (in.) (see Fig. 23-1).
t = thickness of wall (in.) (see Fig. 23-1).

Wall slenderness greater than 35 may be used only
when the behavior and resistance of the wall is
documented by analytic and experimental evidence
acceptable to the owner.
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Fig. 23-1. Illustration of X,

23.4 Limitations on the Use of the Rectangular
Stress Block Method

234.1 General

Except as specified in Article 23.4.3, the equivalent
rectangular stress block method shall not be employed
in the design of hollow rectangular compression mem-
bers with a wall slendemess ratio greater than or equal
to 15.

‘Where the wall slenderness ratio is less than 15, the
rectangular stress block method may be used based on
a compressive strain of 0.003.

23.4.2 Refined ¢ Method for Adjusting
Maximum Usable Sitrain Limit

Where the wall slenderness ratio is 15 or greater, the
maximum usable strain at the extreme concrete com-
pression fiber is equal to the lesser of the computed
local buckling strain of the widest flange of the cross-
section, or 0.003.

The local buckling strain of the widest flange of the
cross-section may be computed assuming simply sup-
ported boundary conditions on all four edges of the
flange. Non-linear material behavior shall be consid-
ered by incorporating the tangent material moduli of the
concrete and reinforcing steel in computations of the
local buckling strain.

Discontinuous, non-post-tensioned reinforcement in
segmentally constructed hollow rectangular compres-
sion members shall be neglected in computations of
member strength.

Flexural resistance shall be calculated using the prin-
ciples of Section 9.17 of the AASHTOQO Standard
Specifications for Highway Bridges.
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23.4.3 Approximate Method for Adjusting
Factored Resistance

The provisions of this article and the rectangular
stress block method may be used in lieu of the provi-
sions of Articles 23.4.1 and 23.4.2.

Factored strength of a hollow column, determined
using a maximum usable strain of 0.003 and the
strength reduction factors specified in Section 7.3.6
shall be further reduced by a factor taken as:

o if &, <15, then b, = 1.0

o if 15<k,, < 25, then &, =
1.0-.025 (A,-15)

o if 25<A, <35, then ¢, = 0.75

23.5 Reinforcement for Hollow Rectangunlar
Compression Members

23.5.1 General

The area of longitudinal reinforcement in the cross-
section shall not be less than 0.0018 times the gross
area of concrete,

Two layers of reinforcement shall be provided in
each wall of the cross-section, one layer near each face
of the wall. The areas of reinforcement in the two lay-
ers shall be approximately equal.

23.5.2 Spacing of Reinforcement

The center-to-center lateral spacing of longitudinal
reinforcing bars shall be no greater than the lesser of 1.5
times the wall thickness or 18 inches.

The center-to-center longitudinal spacing of lateral
reinforcing bars shall be no greater than the lesser of
1.25 times the wall thickness, or 12 inches.

23.5.3 Ties

Cross-ties shall be provided between layers of rein-
forcement in each wall. The cross-ties shall include a
standard 135° hook at one end, and a standard 90° hook
at the other end. Cross-ties shall be located at bar grid
intersections, and the hooks of all ties shall enclose both
lateral and longitudinal bars at the intersections, Each
longitudinal reinforcing bar and each lateral reinforcing
bar shall be enclosed by the hook of a cross-tie at a
spacing no greater than 24 inches,

For segmentally constructed members, additional
cross-ties shall be provided along the top and bottom
edges of each segment. The cross-tie shall be placed so
as to link the ends of each pair of internal and external
longitudinal reinforcing bars in the walls of the cross-
section.

23.5.4 Splices

Lateral reinforcing bars may be joined at the corners
of the cross-section by overlapping 90° bends. Straight
lap splices of lateral reinforcing bars shall not be per-
mitted unless the overlapping bars are enclosed over the
length of the splice by the hooks of at least four cross-
ties located at intersections of the lateral bars and
longitudinal bars,

23.5.5 Hoops

Where details permit, the longitudinal reinforcing
bars in the corners of the cross-section shall be enclosed
by closed hoops. If closed hoops cannot be provided,
then pairs of “U” shaped bars with legs at least twice as
long as the wall thickness, and oriented 90° to one
another, may be used,

Post-tensioning ducts located in the comers of the
cross-section shall be anchored into the comer regions
with closed hoops, or by stirrups having a 90° bend at
each end which encloses at least one longitudinal bar
near the outer face of the cross-section.
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SECTION F
SPECIAL PROVISIONS FOR BRIDGE TYPES

24,0 PRECAST SEGMENTAL

24.1 General

Precast segmenial bridges are normally erecied by
balanced cantilever, by use of erection trusses, or by
progressive placemenl. To limit construction deflec-
tions to values consisient with design calculations,
precast segments shall be a minimum of 14 days old at
the time of ereclion unless earlier erection is
specifically approved by the Engineer.

24.2 Stresses for Construction Practices

24.2.1 Removal of Forms

Befare stripping the forms or moving the segment
while resting on its soffil form in the casting bed, the
concrele shall have a minimum compressive strength of
2500 psi unless analysis requires a higher value. For
iransverse posi-tensioning, the concrete shall have a
minimum compressive strength of 3500 psi. For
handling of the segment, the concreie shall have a
minimum compressive strength of 3000 psi.

24.2.2 Erection

The following concrete sirengths shall be obtained
before posl-lensioning:

I. When considered necessary to aveid cracking,
partial siressing of posi-lensioning across longitudinal
or transverse closure sirips may be permitted when the
concrete has atlained a minimum strength of 1800 psi.
Full post-iensioning of closure strips shall normally be
permitted when the concrete has allained a minimum
sirength of 2500 psi, unless analysis indicates thal a
higher value is required.

2. Before stressing permanenti longitudinal post-
tensioning tendons, the concrete segments shall attain
the minimum 28-day compressive strength.

24.2.3 Temporary Stress on Epoxy Joints

A minimum compressive stress of 40 psi shall be
provided for the closure siress on an epoxied joint until
the epoxy has set.

24.3 Shear Keys

Shear keys in webs of precast segmental bridges
shall extend for as much of the web depth as is
compatible with other detailing requirements. Details of
the shear keys shall be similar to Figure 24-1. Shear
keys shall also be provided in top and bottom slabs, but
these may be larger single element keys.

24.4 Joints

24.4.1 General

Precast segmental bridges are usually match-cast
with Type A or epoxied joints, Epoxy on both faces
serves as a fubricani during placement of the segments,
prevents waler intrusion, provides a seal to prevent
crossover during grouling and provides some tensile
strength across the joinl. Closure pours are casl-in-
place. Type B joinis or dry joinis are nol allowed for
new construction. Reference has been retained for the
purpose of load rating existing structures.

24.4.2 Type A Joints
Type A (epoxied) joints shall be utilized for all
bridges utilizing internal tendons, and for all bridges

Fig. 24-1. Example of design of fine indentation joint faces
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exposed to severe climatic conditions where
freeze/thaw cycles do not occur, and where de-icer
chemicals are not used.

24.5 External Tendons
Exiernal tendons shall be permanently protected
againsi corrosion.

25.0 CAST-IN-PLACE SEGMENTAL

25.1 General

Cast-in-place segmenial bridges may be erected on
falsework, by the free cantilever technique, by span-by-
span lifting of spans casl at the bridge site, or by
incremental launching, The special design requirements
for incremental launching are presented in Section 26.0.
Special design requiremenis for other cast-in-place
segmental construction methods are presented in the
following sections.

25.2 Joint Details

Contacl surfaces between casl-in-place segmenis
shall be clean, free of laitance, and shall be
intentionally roughened to expose coarse aggrepale,
The use of shear keys is optional.

25.3 Closure Pours
Closure pours shall have sufficient widih to permit
coupling of tendon ducts,

25.4 Form Traveler Weight

The form traveler weight assumed in stress and
camber calculations shall be stalted on the design
drawings.

25.5 Sepment Lengths

Segmenl lengths may vary with the construciion
method, with the span length, and with location in the
spen.

25.6 Diaphragms

Diaphragms shall be provided at abutments, piers,
hinge joints, and al bottom flange angle points in
structures with straight haunches. Diaphragms shall be
subsiantially solid at piers and abulments except for
access openings and ulility holes. Diaphragms shall be
sufficiently wide as required by design with a minimum
overhang over bearings of not less than 6 inches.

INTERIM
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26.0 INCREMENTAL LAUNCHING
26,1 Loads and Stresses During Launching

26.1.1 Friction n Launching Bearings

The friction on taunching bearings shall be assumed
o vary between O percent and 4 percent, whichever
governs the determination of hold-back or pushing
forces. The upper value may be reduced by 0.5 percent,
if the pier deflections and the launching jack forces are
monitored. The design shall consider that inclined
launching bearings (as opposed to the horizontal per-
manent bearings) creale additional forces at the
launching jacks and at the pier {ops.

26.1.2 Moments Due te Construction Tolerances

The momenlts due 1o the following permissible con-
struction tolerances shall be superimposed onlo those
from external loads:

In longitudinal direction between 1wo adjacent bear-
ings: 0.2 inches

In transverse direction between iwo adjacent bear-
ings: 0.08 inches.

26.1.3 Combination of Construction Tolerances
and Temperature Gradient

During construction, one-half of the moments due to

construclion tolerances as per Section 26.1.2 and one-

half of the momenls due to temperature in accordance

with Section 6.4.4 shall be superimposed onto those

from exlernal loads. Tensile stresses resulting from the

combined moments shall not exceed 7.0\[f_; .

26.1.4 Permissible Stresses

Permissible siresses shall be in accordance with
Section 9.2.1.2.a for members with bonded reinforce-
ment, through the joint and intemnal tendons. Temporary
piers and/or a launching nose may be used to reduce
launching stresses.

26.2 Bridge Design

26.2.1 Piers and Superstructure Diaphragms

Piers and superstructure diaphragms at piers shall be
designed in such a way that during all launching stages,
and after launching for the installation of the permanent
bearings, the supersiructure can be lifled with hydraulic
jacks. Pier designs shall consider frictional forces
during launching in accordance with Section 26.1.1.

26.2.2 Bottom Edges of Superstructures

Al the underside of the webs above the launching
bearings high local siresses occur. The design shall take
into account:
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26.2.2.1 The launching pads shall be placed with a
clear distance of at least 3 1/8 inches to the outside, as
shown in Figure 26-1,

L
Botiom of supenttruciune
LN LS
Launching pad

Top ol pler ..‘“‘ Sliding werlaoe  (Stwel - PTFE}
v 1L Launching bearing
2 7 7 td 7
rl rs /I , ra / /,’/

Fig. 26-1. Location of launching pads

26.2.2.2 Post-tensioning ducts shall have concrete
cover of at least 6 inches to the underside, as shown in
Figure 26-1.

26.2.2.3 The bearing pressures at bottom edges of
superstructures shall be investigated, and shall consider
any eccentric location of the support reaction and any
ungrouted ducts, as shown in Figure 26-2.

£ ) H
Vs
7
Y s A
NS
rRA
'y . Iy . ’
s -/‘/ Va .I/ /A
IS ATII 7,7
eSSBSl

A

Fig. 26-2. Introduction of support reaction of
launching bearings

26.2.3 Tendons

The straight tendons required during launching
should preferably be placed in the top and botiom slabs
{(for T-sections in the lower one-third of the web). Not
more ihit 50 percent of these straight tendons shall be
coupiv' -0 @ construction joint,

The concrete strength at the time of stressing the
straight tendons shall be taken into account when
designing the size and locations of the tendon anchor-
ages.

26.2.4 Construction Joints Between Girder
Segments

The faces of construction joints shall be provided
with shear keys or other suitable means for providing a
distinctly roughened surface. The minimum bonded,
nonprestressed reinforcement in both directions and at
all concrete surfaces across the joint and over a distance
of 7 feet on either side of the joint shall be #4 bars at 5
inches on centers.

26.3 Design of Construction Equipment

26.3.1 Launching Nose

The construction tolerances in the sliding surface at
the battom of the launching nose are limited to those of
the super-structure; see Section 26.1.2.

The introduction of the support reactions in the
launching nose shall be carefully investigated to prevent
buckling of the web of the Jaunching nose.

26.3.2 Launching Bearings

Launching bearings shail be designed in such a way
that they can compensate for local deviations of the
sliding surface of up to 0.08 inches by elastic deforma-
tion.

26.3.3 Launching Equipment

The launching equipment shall be sized for friction
in accordance with Section 26.1.1, and the actual super-
structure gradient. The launching equipment shall be
designed to assure that a power failure will not lead to
uncontrolied sliding of the superstructure,

The friction coefficient between concrete and the
hardened profiled steel surfaces of the launching equip-
ment shall be taken as 60 percent. A safety factor of 1.3
shall be provided against uncontrolled sliding.

26.3.4 Forms

The forms for the sliding surfaces underneath and
outside the web shall be wear resistant and sufficiently
stiff so that their deflection during casting does not
exceed (.08 inches.

27.0 PRECAST SEGMENTAL BEAM BRIDGES

27.1 General

Precast segmental beam bridges shall be designed in
accordance with the provisions of these specifications
and in accordance with the additional provisions of this
section.
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27.2 Segment Reinforcement

Segments of segmental beam bridges shall prefer-
ably be prestressed for dead load and all construction
loadings to limit the tensile stress in the concrete to
3.0\@. ‘When segments without prestressed reinforce-
ment are used, attention shall be given to detailing of
reinforcement to comply with the requirements of
Section 18.2,

27.3 Joints

27.3.1 Cast-in-Place Joints

The width of cast-in-place joints shall permit access
for coupling of conduits and thorough vibration of the
concrete. The compressive strength of the joint concrete
at a specified age shall be compatible with design stress
limitations. The face of the precast segments shall be
intentionally ronghened to expose coarse aggregate, or
shear keys shall be utilized in accordance with Section
24.3,

27.3.2 Epoxied Match-Cast Joints

Epoxied match-cast joints for segmental beam
bridges shall be designed in accordance with Section
24.3. A minimum of 40 psi compression shall be
applied to the joint during the “‘open time™ of the epoxy.

27.4 Post-Tensioning

Post-tensioning may be applied either before and/or
after placement of deck concrete. Part of the post-ten-
sioning may be applied to provide beam continuity
prior to placement of the deck concrete, with the
remainder placed after deck concrete placement. When
couplers are used, the use of couplers shall conform to
Section 17.0 with special attention given to the effect of
voids for the couplers on the section properties at the
time of post-tensioning.

Where tendons terminate at the top of the beam sec-
tion, the duct opening shall be protected during
construction to prevent debris accumulation. Drains
shall be provided at tendon low points.

28.0 SPECIFICATIONS, CONTRACT
DRAWINGS, AND ALTERNATE
CONSTRUCTION METHODS

28.1 Specifications and Contract Drawings

Specifications and contract drawings for segmental
concrete bridges shall contain all information necessary
to allow the Contractor to construct the bridge by at
least one method shown on the drawings. The specifi-
cations or contract drawings shall provide tolerances on
construction equipment weights and permissible varia-
tions in concrete properties consistent with aggregates
available near the place of construction.

Contract plans shall make allowances for construc-
tion loads and construction stages and provide the
Contractor with camber information. The camber infor-
mation shall be adequate for the development of casting
curves or data at significant cross section points.

Scaffolding or local strengthening of the structure to
carry construction loads, if such loads are not shown on
the drawings, shall be the Contractor’s responsthility.

Contract drawings shall follow either one of two
methods of presentation, as outlined below,

Method A: Fully detailed drawings, structurally and
dimensionally, including: segment length, construction
joints, tendon sizes and geometry, jacking forces, non-
prestressed reinforcement details, camber information,
and one construction methed.

Method B: Drawings showing: concrete dimensions,
segment length, nonprestressed reinforcement details,
stressing force and eccentricity requirements in the
form of force andfor moment diagrams after friction
losses at time of construction, camber information, and
one construction method.

28.1.1 Contract Drawings Prepared According
to Method A

If the Engineer prepares a set of contract drawings as
outlined under Method A, he or she is fully responsible
for all information provided on the drawings, including
dimensional accuracy and interference-free construc-
tion. The Engineer is also responsible for the feasibility
of the construction stages on which the design is based.

The Contractor shall be permitted to revise the ten-
don sizes and layout shown on the plans, provided the
post-tensioning forces and moment due to post-tension-
ing forces (forces times eccentricities) are not less than
those represented by the fully detailed plans and not
more than 5 percent in excess at any section. In such
case, the Contractor is required to prepare dimensional
Iayout drawings, establish losses at time of stressing
due to friction, and accept responsibilities for those
medifications,

28.1.2 Contract Drawings Prepared According
to Method B

if the Engineer prepares a set of contract drawings
according to Method B, he or she is responsible for
overall structural adequacy, including the construction
stages on which the design is based. The Contractor
may choose tendon sizes and tendon layout. The
Contractor shall meet the moment diagram due to pre-
stress after friction losses, but before creep, shrinkage,
and relaxation losses, and not exceed them by more
than 5 percent. The Contractor is then fully responsible
for detailing the tendon layout. The Contractor is also
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responsible for preparing detailed nonprestressed rein-
forcement cutting and bending shop drawings, based on
the non-prestressed reinforcement requirements shown
on the contract drawings.

28.2 Alternate Construction Methods Not
Requiring Value Engineering

When permitted by the contract special provisions,
the Contractor may be allowed to choose alternate con-
struction methods and a modified post-tensioning
layout suitable for the selected construction method. In
such case, the Contractor shall supply a structural
analysis, documenting that the post-tensioning forces
and eccentricities shown on the construction plans meet
all requirements of the design specifications. If addi-
tional post-tensioning is required for construction
stages or other reasons, it shall be demonstrated that the
stresses at critical sections in the final structure meet the
allowable stress provisions of the design specifications.
Removal of temporary post-tensioning to achieve such
conditions is permissible. Use of additional non-pre-
stressed reinforcement for construction stages will be
permitted. All extra materials required for construction
stages shall be provided by the Contractor at no cost to
the Owner.

28.3 Value Engineering

Value Engineering provisions may be included in the
special contract provisions permitting alternate con-
struction methods which require a complete re-design
of the final structure. The Contractor's engineering
expenses for preparing the Value Engineering Design

and the Owner’s engineering expenses for checking the
design shall be considered part of the cost of the re-
design structure,

Pier spacing, alignment, outside concrete appearance
and dimensions shall not be changed under Value
Engineering proposals, except when contract docu-
ments define such changes as being permitted,

The Contractor shall provide for the Value
Engineering a complete set of design computations and
revised contract drawings. The Value Engineering re-
design shall be prepared by a Professional Engineer
experienced in segmental bridge design. Upon accept-
ance of a Value Engineering re-design, the Professional
Engineer responsible for the re-design shall become the
Engineer of Record.

28.4 Shop Drawings

Shop drawings for post-tensioning and other embed-
ments, such as expansion joints, bearings, and anchor
bolts submitted by suppliers, shall be reviewed and
approved by the Engineer for conformance with the
design concept and compliance with the design draw-
ings and specifications. Whenever contract drawings
prepared according to Method A are modified, or where
contract drawings de not provide detailed dimensional
information, as for those prepared according to Method
B, it is the Contractor’s responsibility to coordinate the
placement of all embedments and to correct any inter-
ferences. The post-tensioning layout shall govern over
the layout of non-prestressed reinforcement. Where
necessary, location of nonprestressed reinforcement
shall be adjusted to clear tendons.
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SECTION A—GENERAL REQUIREMENTS
AND MATERIALS

1.1 General

Segmental bridges contemplated under this section
include but are not limited to those erected by the fol-
lowing methods:

1. Balanced cantilever

2. Span-by-span with truss or falsework

3. Span-by-span lifting

4. Incremental Jaunching

5. Progressive placement

6. Segmental beam bridges

The span length of bridges considered by these spec-
ifications ranges to approximately 800 feet. Bridges
supported by stay cables are not specifically covered
although many of the specification provisions are appli-
cable to cable-stayed bridges.

Although there is discussion of corrosion protection
of conventional reinforcement and post-tensioning ten-
dons in various sections, comprehensive treatment of
this subject is beyond the scope of this report. This
guide specification does not consider the subject of total
replacement of the bridge deck.

A segmental bridge condition survey was published
by the American Segmental Bridge Institute in 1995
based on state bridge inspection reports.”* This survey
concluded “...that segmental concrete construction per-
forms well over time, with consistently high ratings for
bridges that have been in use for up to 30 years”

In aggressive environments, use of a sacrificial
bridge deck overlay is recommended, as well as use of
other special durability provisions,

Two monumental segmental bridges have now been
constructed in very aggressive environments over sea
water with design service life of 100 years and without
provision for deck replacement.3”: 58 The design crite-
ria and concrete mix design for these bridges
incorporated special durability provisions.

2.2 Reinforcement

Special consideration of corrosion protection is con-
sidered necessary for all bridge deck reinforcement
{post-tensioning materials and rebar) in areas where de-
icer chemicals are used. Corrosion protection should
also be provided for all reinforcement of bridges locat-
ed in coastal areas or over sea waler, or in corrosive
industrialized areas. See ACI Committee 222 report,
Corrosion of Metals in Concrete! for a comprehensive
discussion of methods of corrosion protection.

A research report, Durability of Post-Tensioned
Bridge Decks*? includes the following in the conclu-
sions section: “For the exposure conditions of the
durability tests, the prestressed specimens in which
crack widths were limited to approximately 0.002 in.
(0.05 mm) under load resulted in virtually no corrosion
of nonprestressed reinforcement. In general, both the
grease-filled plastic duct and the grouted galvanized
duct adequately protected the prestressing tendons in
the length between the anchorages.”
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SECTION B—ANALYSIS

3.1 General

For spans in excess of 250 feet, results of elastic
analyses should be evaluated with consideration of pos-
sible variations in the modulus of elasticity of the
concrete, and variations in the concrete creep and
shrinkage properties, as well as the impact of variations
in the construction schedule on these (and other) design
parameters.

3.2 Strut-and-Tie Models

Strut-and-tie models provide a means of analyzing
areas near concentrated loads, bearing areas,
diaphragms, corners, bends, openings, anchorage zones
for post-tensioning tendons, and other areas where non-
lincar strains exist, as well as the cracked global
structural system. References 2, 3 and 4 on extension of
this concept originally proposed by Marsch in 1899 are
included under References.

3.3 Effective Flange Width

The procedures of Section 3-10.2 of the 1983
Ontario Highway Bridge Design Code provide an equa-
tion for determining the effective flange width for use in
calculating bending resistances and bending stresses.

3.3.2 Effective Flange Width for Analysis, and
for Calculation of Section Capacity and
Stresses

Note that b as used in this section is the flange width

either side of the web. (by, by or by in Figure 3-3a).

The pattern of stress distribution in Figure 3-4 is

intended only for calculation of stresses due to anchor-
age of post-tensioning tendons, and may be disregarded
in the general analysis to determine design moments,
shears and deflections.

Superposition of local slab bending stresses due to

wheel loads (two-way slab action) and the primary lon-
gitudinal bending stresses is not normally required.

4.0 TRANSVERSE ANALYSIS

See references 9 and 10 for background on trans-
verse analysis of concrete box girder bridges.

5.0 LONGITUDINAL ANALYSIS

5.1 General

Analysis of concrete segmental bridges requires
consideration of variation of design parameters with
time, as well as a specific construction schedule and
method of erection, This, in turn, requires the use of a

computer program developed to trace the time-depend-
ent response of segmentally erected prestressed
concrete bridges throngh construction, and under ser-
vice loads. Among the many programs developed for
this purpose, several are in the public domain, and may
be purchased for a nominal amount. !4 15. 16

A comprehensive series of equations for evaluating
the time-related effects of creep and shrinkage is pre-
sented in the ACI Committee 209 report, “Prediction of
Creep, Shrinkage and Temperature Effects in Concrete
Structures.”!” A procedure based on graphical values
for creep and shrinkage parameters is presented in the
CEB-FIP Model Code.!® Comparisons of the effects of
application of the provisions of references 17 and 18 are
presented in the Appendix of the first edition of the
AASHTO Guide Specifications for Design and
Construction of Segmental Concrete Bridges, and in
reference 14. .

One research report!? sugpests that the ACI 209 pre-
dictions underestimate the creep and shrinkage strains
for the large scale specimens used in segmental bridges.
The ACI 209 creep predictions were consistently about
65 percent of the experimental results in these tests. The
report suggests modifications of the ACI 209 equations
based on the size or thickness of the members.

5.3 Analysis of the Final Structural System

‘The Appendix to the first edition of the AASHTO
Guide Specifications for Design and Construction of
Segmental Concrete Bridges presents results of analy-
ses of a segmental concrete superstructure with values
of the creep coefficient, ¢, of 1, 2, and 3, and using
both the ACI 209 and CEB-FIP creep models. Review
of the results of these analyses indicates that final
stresses are essentially unchanged for creep coefficients
of 1, 2, and 3 using the ACI 209 creep provisions.
Although the analyses with the CEB-FIP creep model
show somewhat more variation in final stresses, the
range of stresses is still small for a large variation in
creep coefficients. The selection of the ACI 209 or
CEB-FIP creep model has a larger impact on the final
stress values than the creep coefficients. However, it is
doubtful that the full range of stresses reflected in the
six analyses would be of practical significance with
respect to the performance of the structure. Since the
creep coefficient will be known or determined with rea-
sonable accuracy under the requirements of these
specifications, analysis using a single value of the creep
coefficient is considered satisfactory, and use of low
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and high values of the creep coefficient in analysis is
generally considered unnecessary. However, further
research is recommended to reconcile the differences in
the ACI 209 and CEB-FIP creep models. Further, it is

not intended to infer that creep values should not be
determined accurately. These values do have significant
impact on the prestress losses, deflections, and the axial
shortening of the structure.
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SECTION C—DESIGN

6.2 Dead Loads

The value of 155 pcf for normal weight concrete is
intended to provide for more heavily reinforced sec-
tions than would be anticipated in more conventional
concrete superstructures. The unit weight of lightweight
concrete used in design calculations shall be stated in
the General Notes of the Contract Drawings.

6.3 Erection Loads

Erection loads may be imposed on opposing can-
tilever ends by use of the Formtraveler, diagonal
alignment bars, a jacking tower, or by external weighs,
Cooling of one cantilever with water has also been used
to provide adjustment of misalignment. Any misalign-
ment of interior cantilevers should be corrected at both
ends before constructing either closure. The frame con-
necting cantilever ends at closure pours should be
detniled to prevent differential rotation between can-
tilevers until the final structural connection is comnplete.
The magnitude of closure forces should not induce
stresses in the structure in excess of those tabulated in
Table 7-2 in the design specifications (including the
footnotes),

6.4.3 Thermal Coefficient

For major bridges, tests or use of previous test data
to determine more precise thermal coefficients is rec-
ommended.

6.4.4 Temperature Gradient

The temperature gradients recommended in NCHRP
Report 276 have been modified in the second edition of
the segmental guide specifications based on review of
field measurements of temperature gradients of seg-
mental bridges. Further field measurements of
temperature gradients in segmental concrete bridges are
recommended.

Transverse analysis for the effects of differential
temperature outside and inside box girder sections is
not considered generally necessary. However, such an
analysis may be necessary for relatively shallow bridges
with thick webs.10:20.2L.22 1 that case, a plus or minus
10 degree Fahrenheit temperature differential is recom-
mended. Additional field research is recommended to
determine temperature differentials between the inside
and outside surfaces of segmental concrete box girder
sections in U.S. temperature zones.

6.5 Creep and Shrinkage

A variety of computer programs and analytical
procedures have been published to evaluate creep
and shrinkage effects in segmental concrete
bridges. 14 15. 16. 17, 18-23

For permanent loads, the behavior of segmental
bridges after closure may be approximated by use of an
effective modulus of elasticity, E, g, which may be cal-

culated as:

E
E . =—tm
eff ¢'c

where ¢, is the creep coefficient, and E_ is the 28-day
secant modulus of elasticity of the concrete calculated

from:
Ep = 1802VF,

where E and f are in ksi.

6.6 Pest-Tensioning Force

Prestress losses vary significantly with different val-
ues of the creep coefficient, type of prestressing steel
(low relaxation steel is recommended), and with the
creep model (ACI 209 or CEB-FIP). Further, the pre-
stress losses vary significantly at different sections
along the superstructure,

7.2.2 Additional Thermal Loading Combination

Restrained deformations due to temperature change,
shrinkage, creep, and support displacements induce
sectional forces that are directly proportional to stiff-
ness, and hence highly sensitive to any change in
stiffness. At ultimate limit state, the sectional forces due
to restrained deformations disappear completely with
the formation of plastic hinges. Restrained deforma-
tions need therefore only be considered in systems of
limited ductility, where the assumption of plastic defor-
mations is not valid.%0 Segmental bridge research
demonstrates that plastic hinges develop in segmental
bridges designed in accordance with these guide speci-
fications,27: 35, 36

7.3 Strength Reduction

The values of ¢; and ¢, presented in Section 7.3 have
been modified based on research results.2% 25, 26,44, 55 4
new design equation for shear capacity of dry joints has
been introduced in Section 12.2.21, and a strength
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reduction factor for dry joints, &, has been added to
Section 7.3.

7.3.6

The proposed &¢; values for flexure for segmental
bridges with fully bonded tendons with cast-in-place
concrete joints, wet concrete joints or epoxy joints are
based on the current AASHTO value of 0.95 for mono-
lithic post-tensioned construction. Comprehensive
tests? of a large continuous three-span model of a twin
cell box girder bridge built from precast segments with
fully bonded internal tendons and epoxy joints indicat-
ed that cracking was well distributed through the
segment lengths, no epoxy joint opened at failure, and
the load-deflection curve was identical to that calculat-
ed for a monolithic specimen. The complete ultimate
strength of the tendons was developed at failure, The
madel had substantial ductility and full development of
calculated deflection at failure. Tests* 25 on single
span segmental girders with varied tendon arrange-
ments (internal, mixed and external tendons) and with
dry joints indicate that the deflection at failure was less
than would be expected for monolithic girders. Flexural
cracking concentrated at joints, and final failure came
with a central joint opening widely and crushing occur-
ring at the top of the joint.

The most recent tests of a large segmental bridge
model> with extemal tendons and both Type A and
Type B joints resulted in a flexural failure in the span
with dry joints at factored loads of 1.3 DL+6.8 (LL+I),
subgtantially above the AASHTO LRFD factored load
requirements. Under service loads, the deflections were
L/6000 for the exterior spans, and L/7500 for the interi-
or span. A full scale test of a prototype test span of the
Bangkok second stage expressway span-by-span design
with dry joints and external tendons was reported in
1995.36 The 45,25 m span had a deck width of 10.2 m
and consisted of 14 segments. The span carried 118 per-
cent of the capacity predicted by the AASHTO Guide
Specification for Design and Construction of Segmental
Concrete Bridges (first edition). The increase in stress
in the unbonded tendons at failure was 389 Mpa
(55,400 psi) as compared to the 103 Mpa (15,000 psi)
value permitted by the AASHTO Guide Specifications.
The midspan deflection at failure was 326 mm, The ¢
factors for flexure and shear in the second edition of the
segmental puide specifications have been increased to
reflect the results of the more recent tests discussed
above, as well as the addition of the capacity reduction
factor, &, to provide for separate calculation of the
shear capacity of dry joints. A comparison of shear
behavior of various types of joints is presented in
Fig. C-1.26

SHEAR KEY BEHAVIOR

AILURE LOAD FOR MOHOLITHC SFECIMENS

=

1.OAD

RELATIVE JOINT DISPLACEMENT

Fig. C-1%6
8.0 SEISMIC DESIGN

The distinction between internal tendons and exter-
nal tendons with respect to seismic behavior reflects the
general condition that internal tendons are effectively
bonded at all sections along the span, while external
tendons are effectively bonded at only their anchorages
and one or two intermediate deviators. Hence, the over-
all strength and ductility achieved with internal tendons
are substantially larger than with external tendons.
However, tests®! have shown that by increasing the
number of locations along the span where the external
tendons are discretely borded to the superstructure,
substantial increases in ductility and strength are possi-
ble. In fact, when the external tendons were discretely
bonded at ten points along the span, the ultimate
strength and corresponding ductility of epoxy joint
spans was 95 percent of that computed for spans with
all internal tendons, Such discrete bonding of external
tendons can easily be done in follow-up operations after
erection as long as provisions are made in the design
and casting phases.

9.1 Prestressing Steel

These allowable stresses in prestressing steel are in
accordance with the ACI 318-9528 The maximum
tendon jacking force of 0.80 f; is reduced from 0.85 f
for low relaxation strand in ACI 318-83. This change
reflects concern about possible increased wire breakage
at higher stressing levels, and the fact that jacking
stresses of 0.85 f] are not compatible with the maximum
stress of 0.74 {; immediately after prestress transfer, or
the maximum stress of 0.70 f; at anchorages.
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10.1 General

Although various degrees of approximation are
involved in calculations of prestress losses, a number of
time-related procedures for loss-calculation have been
published which are quite accurate.® 16: 17, 18,23, 32, 33,
34, 35,45

Elastic shortening losses may be calculated in accor-
dance with methods presented in previously published
guidelines.3246 Elastic shortening losses for external
tendons may be calculated in the same manner as for
internal tendons.

10.2 Duct Friction and Wobble

The friction and wobble coefficients shown for
strand tendons in galvanized duct were developed for
conventional cast-in-place box girder bridges based on
job-site tests of various sizes and lengths of tendons.
The values are reasonably accurate for 12 1/2 inch
diameter strand tendons in 2 5/8 inch diameter galva-
nized metal sheathing, Tests and experience indicate
that the values are conservative for larger tendons and
duct diameters. However, experience with segmental
concrete bridges to date has often indicated higher fric-
tion and wobble losses due to movement of ducts
during concrete placement, and misalignment at seg-
ment joints. For this reason, in-place friction tests are
recommended at an early stage in major projects as a
basis for modifying friction and wobble loss values. No
reasonable values for friction and wobble coefficients
can be recommended to account for gross duct mis-
alignment problems. As a means of compensating for
high friction and wobble losses or for provisional post-
tensioning tendons as well as other contingencies,
additional ducts are required in accordance with Section
15.

See reference 36 for a general development of fric-
tion loss theory for bridges with inclined webs, and for
horizontally curved bridges.

Field tests conducted on the external tendons of a
segmental viaduct in San Antonio, Texas, indicate that
the loss of prestress at deviators is higher than the usual
friction coefficient (i = 0.25) would estimate.

This additional loss seems due in part to the toler-
ances allowed in the placement of the deviator pipes.
Small misalignments of the pipes can result in signifi-
cantly increased angle changes of the tendons at the
deviation points. The inadvertent angle change of 0.04
radians added to the theoretical angle change accounts
for this effect based on a typical deviator length of 3
feet and placement tolerance of +3/8 inch. The .04
value is to be added to the theorctical value at each

deviator. The value may vary with tolerances on pipe
placement. This additional friction loss does not apply
in cases where the deviation angle is strictly controlled
or precisely known, as in the case of continuous ducts
passing through separate longitudinal bell-shaped holes
at deviators.

The measurements also indicated that the friction
across the deviators was higher during the stressing
operations than during the seating operations.

10.3 Anchorage Seating

For wedge-type strand tendons anchorapge seating
may vary between 1/8 inch and 3/8 inch, depending on
the type of equipment used. For short tendons (less than
100 feet), a small anchorage seating value is desirable
and equipment with power wedge seating should be
used. For long tendons the effect of anchorage seating
on tendon forces is insignificant, and power seating is
not necessary. The 1/4 inch anchorage seating value
assumed in the elongation computations is adequate but
approximate only, Actual values of anchorage seating
somewhat smaller or larger have insigrificant influence
on the tendon force for long tendons.

10.5 Stressing Hardware

The loss across stressing hardware and anchorage
devices has been measured from 2 to 6 percent** of the
force indicated by the ram pressure times the calibrated
ram area. The loss varies depending on the ram and the
anchor. An initial design value of 3 percent is recom-
mended.

11.2 Stress in Unbonded Prestressing
Steel at Factored Load
A recent paper5? provides a general review of vari-
ous formulas for stress in unbonded tendons at factored
load.

11.4 Minimum Reinforcement

A comprehensive proposal for revision of the ACI
minimum reinforcement requirements, including elimi-
nation of the 1.2 times the cracking moment provision,
has been published in the ACI Structural Journal>?

12,1 Scope

All design for shear and torsion of prestressed con-
crete segmental bridges is based on ultimate load
conditions because little information is available con-
cerning actual shear stress distributions at working or
service load levels.

Some engineers calculate principal tensile stresses in
webs under service load in proportioning web thickness.
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12,11

Regions with beam-type action are basically those
where the Bemnoulli hypothesis that linear strain pro-
files exist is valid.

12.1.2

Discontinuity regions, where the assumption that
strain profiles are linear is invalid, usually exist for
about a distance h from a concentrated load or point of
geometrical discontinuity. Moving wheel loads need
not be considered as large concentrated loads. The use
of strut-and-tie models in design is well described in J.
Schlaich, K. Schaefer, and M. Jennewein.2 Note that a
structure can be made up of both beam-type and dis-
continuity regions, The strut-and-tie model procedures
must be used in the discontinuity regions. Either the
traditional beam approach or the strut-and-tie approach
can be used in the beam-type regions.
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Fig. c-2. Longitudinal shear transfer by bottom
stab to web haunches

12.1.3

In addition to the obvious checks for shear transfer
when dissimilar materials are utilized, adequate shear
transfer reinforcement must be provided perpendicular
to the vertical planes of web/slab interfaces to transfer
flange longitudinal forces at ultimate conditions. This
shear transfer shall account for the shear force, AF, as
shown in Figure C-2, as well as any localized shear
effects due to prestress anchorages at that section.

Section 11.7 of ACI 318-95 is generally termed the
“shear-friction” method but does provide in Section
11.7.3 that a wide range of shear transfer design meth-
ods may be utilized. In some cases, the designer may
find the strut-and-tie method of Section 12.4 useful in
proportioning transverse reinforcement to assist in
transfer of horizontal shear between elements.

12.15

The shear effect of moving vehicle loads may be
constdered by development of maximum factored shear
envelopes and the use of these values in determining the
factored ultimate live load shear on the section.

Prestressing is considered as an applied load with a
carefully controlled magnitude and direction. The
components of the prestress force can add to or subtract
from the shear on a cross section. In cantilevered
segmental construction the prestress vertical component
can reverse the applied shear direction near the
supports,

12.2.6

The limitation on the effective diagonal tension and
aggregate interlock components of shear strength con-
tributed by the concrete has been recently adopted by
ACI Committee 318.

12.2.12

A simplified determination of V_ is preseated which
eliminates the need to check V and V., as in the
present AASHTO Standard Specifications and which
eliminates the complex V d/M, term. This expression
has been checked against a wide range of test data and
has been found to be a conservative yet simpler
expression.

12,2.19

In place of requiring additional longitudinal rein-
forcement for shear as indicated by the mechanics of
the truss model, the requirement of extending all flex-
ural reinforcement beyond the theoretical bend or
cut-off points for a distance of h/2 automatically satis-
fies this need. Since actual shear and tension may vary
from the assumed calculation, it is also recommended
that transverse reinforcement be provided for the same
distance beyond the zone theoretically required.

< 12,220
Preference for multiple shear keys is based on supe-
rior behavior in tests as illustrated in Figure C-1.

12,2,21
The joint shear capacity must be checked in dry
jointed structures to ensure the integrity of the joint.
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The equation was derived with guidance from work by
Mattock?, and confirmed by test data from the experi-
mental programs of Koseki and Breen?® and Bakhoum,
Buyukozturk and Beattie*’. The equation may also be
used to determine the acceptable number of broken
keys to be allowed before repair is deemed necessary.

Figure C-3 illustrates a typical failure plane of a
keyed joint in shear. The areas of the base of the sheared
keys, A, and the smooth areas, A, are shown. The
critical failure plane will have the greatest ratio of A_,
to A, (this means the greatest area of slip and the least
area of key breakage),

Failure Plane

Direct sheer Slip elong emooth Diract shear
joint contact area, fallure slong
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» amiafler erea of oy breakage,

Fig. C-3. Joint shear failure plane

12,3 Traditional Shear and Torsion Design for
Plane Section Type Regions

This section is a simplified version of the present
AASHTO Standard Specification approach for section
design in beam-type regions. It is based on the simpli-
fied V_ term introduced in Section 12.2.12. Provision of
a “wraditional™ but less complex approach for beam-type
regions is desirable since designers may find its appli-
cation easier than strut-and-tie models for moving loads
and because efforts to more precisely calculate the con-
crete shear contribution to shear capacity may involve
design costs which exceed the potential savings in the
cost of shear reinforcement.

12.3,1

In this Second Edition of the AASHTO Guide
Specifications for Design and Construction of
Segmental Concrete Bridges, a minor revision has been
made in 12.3.1 to more correctly reflect realistic limits
on shear reinforcement based on web crushing. In the
1989 AASHTO Guide Specification for Design and
Canstruction of Segmental Concrete Bridges, a limit on

V, = V. + V, of 10¥fb,d (with . in psi) with a

C
maximum Vf. of 100 psi was adopted (curve D in

Figure C-4). ’f‘his value was chosen very conservatively
using V, = 2\/Fcbwd and V_ = BViTébwd which were tra-
ditional limits for reinforced concrete. In actuality, for
shear limited by web compression in prestressed con-
crete, the 1996 AASHTO Standard Specification and
earlier editions allow a value of V,, = 3.5Fb,_d with-
out any additional allowance for f . and Vp which
would increase the value for prestressed members. In
addition, it allows a maximum V, value of 8\(t7“:bwd.
Thus, when web compression govemns under the 1996
Standard Specifications, a value higher than V_, + V_=
11.5VE’b,,d (curve C in Figure C-4) would apply. The
relatively unsophisticated 1978 edition of the CEB-FIP
Code allowed the much greater values shown by Curve
A in Figure C-4. Substantial refinement in the 1990
CEB-FIP Code resulted in the values shown by Curve B
in Figure C-4. Both CEB-FIP values include a ¢ factor
so that they are very conservative approaches. Note that
curves A, B, and C all allow substantially higher values
than the 1989 Guide Specification (Curve D).

Assuming a minimal contribution of f__ to the tradi-
tional V_,, term of 0.5VE}b, d (psi units), the AASHTO
Standard Specification maximum limit would be V_, +
V, = (3.5+0.5) VEib,d + 8VEb,d = 12VEb d. Thus, V_
max would be 12‘\!1’:':de to protect against web crush-
ing. Experience with this limit in the Standard
Specifications has shown it to be conservative and
hence the Revised 1997 Guide Specifications for
Segmental Bridges uses a limiton V = leT‘:bwd (psi)
or 0.38VEb, d in ksi units.

12.3.8

In determining the required amount of longitudinal
reinforcement, the beneficial effect of longitudinal pre-
stressing may be taken into account by considering it
equivalent to an area of reinforcing steel with a yield
force equal to the effective prestressing force.

13.1 Fatigue Stress Limits for Bonded
Nonprestressed Reinforcement

Calculation of fatigue stress limits in bonded rein-
forcement is necessary only for cracked sections under
service loads. In segmental bridge superstructures
designed in accordance with these specifications, crack-
ing will occur at load levels substantially above service
load.

13.2 Fatigue Stress Limits for Prestressed
Reinforcement
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Fig. C-4. Maximum shear limits based on web compression

Bridges designed under the allowable stresses of this
specification should be uncracked at service load levels.
Fatigue of prestressed reinforcement will not occur in
uncracked sections due to the related small stress range.
Fretting fatigue due to rubbing between duct and strand
also does not cccur in uncracked sections.

14.0 POST-TENSIONED
ANCHORAGE ZONES

Comprehensive anchorage zone design recommen-
dations are included in the AASHTO Standard
Specifications for Highway Bridges. These recommen-
dations are adopted by reference in the second edition
of the segmental guide specifications

15.2 Bridge with Internal Ducts

Excess capacity may be provided by use of oversize
ducts and oversize anchorage hardware at selected
anchorage locations.

15.3 Provision for Future Dead Load or
Deflection Adjustment

This provides for future addition of internal unbond-
ed post-tensioning tendons draped from the top of the
diaphragm at piers to the intersection of the web and
flange at midspan. Tendons from adjacent spans are o
be lapped at opposite faces of the diaphragm to provide
negative moment capacity. The requirement of a force
of 10 percent of the positive moment and negative
moment post-tensioning force is an arbitrary value.
Provision for larger amounts of post-tensioning might

be developed as necessary to carry specific amounts of
additional dead load as considered appropriate for the
structure.

16.6.1 Metal Ducts

Thickness of metal duct material is related to duct
diameter and the method of installing the tendon.
Strand tendons are normally installed in the duct after
the concrete is placed, requiring a stiffer duct. Bar ten-
dons are normally preassembled inside small diameter
ducts and placed as a unit. The bar fills most of the void
and helps to prevent duct damage. The use of epoxy
coated metal duct is not recommended due to question-
able bond characteristics.

16.3 Minimum Radius of Curvature
Polyethylene duct abrades at curvature radii less
than 30 feet.

16.4.1 Internal Ducts
It is recommended that duct support requirements be
stipulated or shown in the contract documents.

16.4.2 External Ducts
External ducts are normally polyethylene.

16.6.2 Ducts in Flanges

The hairpin bars tie the slab together in event of
spalling forces at slab joints,

Ducts spaced closer than 12 inches on center in
either direction should be considered as closely spaced.
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The hairpin bars are provided to prevent slab delam-
ination along the plane of the post-tensioning ducts.
The hairpin bars are not required in areas where duct
congestion does not exist.

17.6 COUPLERS

European experience indicates that the prestressing
force decreases locally in the region of a coupler. This
is believed to result partially from increased creep
caused by high compressive stresses in the reduced con-
crete section due to coupling of tendons. Cracking has
not been observed in bridges where the number of ten-
dons coupled at a section has been limited to 50 percent
of the total number of tendons.

18.0 CONCRETE COVER AND
REINFORCEMENT SPACING

18.1 Cover and Spacing

At least 2 inches of cover is recommended for all
reinforcement in bridge decks exposed to use of de-icer
chemicals or other corrosive conditions.

18.2 Reinforcement Details for Erection Loads

The quantity Z provides reinforcement detailing that
will reasonably control flexural cracking. Crack poten-
tials are largest when handling and storing segments for
precast construction and when stripping forms and sup-
ports from cast-in-place construction.

The value of Z is calculated as:

Z= fsxalch
where f = stress in non-prestressed reinforcement ksi

A = area of concrete surrounding a bar= 2 x d_ x 5 (bar
spacing), square inches

d_ = thickness of cover from tension fiber to center of
bi 8

i ]

20.1 Minimum Flange Thickness

A top flange thickness of 9 inches is preferable in the
area of anchorages for transverse post-tensioning ten-
dons. A minimum flange thickness of & inches is
recommended.

20.2 Minimum Web Thickness
Ribbed webs may be reduced to 7 inch thickness.

20.4 Overall Cross Section Dimensions

With four lanes of live load (only three lanes
required by live load reduction factors) the live load
deflection of the model of the Corpus Christi Bridge
was approximately 1/3200 in the main span. The
deflection limit of L/1000 was arbitrarily chosen to pro-
vide guidance as to the maximum live load deflections
anticipated for segmental concrete bridges with normal
dimensions of the box girder cross section.

Girder depth and web spacing determined in accor-
dance with the following will generally provide
satisfactory deflection behavior:

A, Constant depth girder

115> d /L > 1/30
optimum 1/18 to 1/20

where d = girder depth, ft.

L = span length between supports, ft.

In case of incrementally launched girders the girder
depth should preferably be between the following lim-
its:

L =100, 1/15 <d /L <1/12
L =200, 1/13.5 <d /L <l/11.5
L = 300, 1/12 <d /L <1/11

B. Variable Depth Girder with Straight Haunches at

pier 116 > d /L > 1/20

optimum }/18
at center of span 1/22 > d /L > 1/28
optimum 1/24

(Note: a diaphragm will be required at the point where
the bottom flange changes direction.)

C. Variable Depth Girder with Circular or Parabolic
Haunches at pier 1/16 > d /L > 1/20

optimum 1/18

at center of span 1/30 > d /L > 1/50
D. Depth to Width Ratio
A single cell box should preferably be used when

dfb>1/6

A two cell box should preferably be used when d /b
< 1/6

where b = width of the top flange.

If in a single cell box the limit of depth to width ratio
given above is exceeded, a more rigorous analysis is
required and may require longimdinal edge beams at
the tip of the cantilever to distribute loads acting on the
cantilevers, An analysis for shear lag should be made in
such cases, Transverse load distribution is not substan-
tially increased by the use of three or more ceils.
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23.3 Longitudinal Reinforcement of Hollow,
Rectangular Precast Segmental Piers

Research conducted at the University of Texas at
Austin by A. W, Taylor, R. B. Rowell and J, E. Breen on
the subject, Design and Behavior of Thin Walls in
Hollow Concrete Bridge Piers and Pylons, provides
guidance for these members.? This test program, how-
ever, was limited to the case of loading under
simultaneous axial and uniaxial bending about the weak
axis of the section. The results of the study have not
been confirmed for the case of biaxial bending, Until
such study is completed, the designer should investigate
the effects of biaxial loading on hollow sections.

Minimum longitudinal reinforcement of hollow, rec-
tangular precast segmental piers is based on the
AASHTO LRFD Bridge Design Specifications, Section
5.10.8, for shrinkage and temperature reinforcement.
This provision reflects the satisfactory performance of
segmental piers constructed between 1982 and 1995
with this amount of longitudinal reinforcement.’ (See
Table C-1). In this context, it is noted that the discon-
tinous longitudinal bars in precast-segmental piers do
not carry significant loads. Tensile reinforcement of
precast segmental piers is provided by post-tensioning
tendons.

Table C-1. Longitudinal Reinforcement in Completed Bridges with Precast Segmental Piers

James River {1990) #3s @ 10" ER 10" 0.0020
Sunshine Skyway (1987) #4" @ 12"EFR 24" 0.0014
Wando River (1989) #3's @ 10" EF. 10" 0.0020
Neches River (1950) #3's @ 10"E.F. Io" 0.0020
Linn Cover Viaduct (1983) #3'5 @ 9" EE 12" 0.0019
Seven Mile Bridge (1982) #4's @ 12" 10" 0.0020
C&D Canal {1995) #4's @ 12"EF. 12" 0.0028
Albemarle Sound {1989) #3s @ 10" EF, 12" 0.0017
Escatawpa River (1987) #4's @ 10" g" 0.0025
Choctawhatchee Bay (1993) #3's @ 9.5"EF. 12" 0.0018
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SECTION D—SPECIAL PROVISIONS FOR BRIDGE TYPES

24.1 General

Bridges erected by balanced cantilever or progres-
sive placement normally utilize internal tendons.
Bridges built with erection trusses may utilize internal
tendons, external tendons, or combinations. Due to con-
siderations of segment weight, span lengths for precast
segmental box girder bridges rarely exceed 400 feet.
Large stress changes on epoxy joints should be avoided
during the initial curing period.

24.2.2 Erection

One apgency has partially stressed closure pours at
cylinder strengths as low as 500 psi in an attempt to
avoid cracking due to thermal movement of the super-
structure, In such cases, this agency has limited the
compressive stfess on the green concrete to 0.15 £

24.2.3 Temporary Stress on Epoxy Joints

Closure stresses should be as uniform as possible to
avoid epoxy thickness varations, especially if this
could lead to a systematic accumulation of geometric
error. Large stress changes on epoxy joints should be
avoided during the initial curing period.

24.4.2 Type A Joints

Epoxy serves as a lubricant during placement of seg-
ments, provides waterproofing of the joints for
durability, and provides a seal to avoid cross-over dur-
ing grouting of internal tendons, and provides some
tensile strength across the joint. (See Figure C1),

24.5 External Tendons

Some early external tendon bridges with unprotected
tendons experienced substantial problems due to corro-
sion of the tendons.*? Modem bridges with external

tendons have successfully utilized cement grout in
polyethylene tubing or in metal tubing. Tendons have
also been protected by heavy grease or other anti-corro-
sion medium if future replacement is envisioned.?!
Tendon anchorage regions must be suitably protected
against corrosion by encapsulation or other effective
means. This is of critical importance in unbounded con-
struction since any failure of the anchorage can release
the entire tendon.

25.4 Form Traveler Weight

A form traveler for a typical two lane bridge with 15
to 16 feet segments may be estimated to weigh 160 to
180 kips. Weight of form travelers for wider double-
celled box sections may range up to approximately 280
kips. Consultation with contractors or subcontractors
experienced in free cantilever construction with respect
to the specific bridge geometry under consideration is
recommended to obtain a design value for form travel-
er weight.

25.5 Segment Lengths

Segments cast on falsework are usunally 40 to 60 feet
in length. Segments for free cantilever construction usu-
ally range between 10 and 16 feet.

27.1 General

AASHTO Type III and Type IV segmental beam
designs have been proposed for spans up to 180 ft.%2
Longer segmental beamn bridge spans (up to 250 ft.) are
feasible with deeper Bulb Tee sections.

27.3.1 Cast-in-Place Joints
Cast-in-place joints eliminate the need for match-
casting of segments.
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1.0 GENERAL

Cast-in-place and precast segmental construction
shatl conform to applicable provisions of Division I —
Construction of the current edition of the AASHTO
Standard Specifications except as expressly modified or
revised in the following provisions. Where reference is
made to the “Standard Specifications” the reference is
to the current AASHTO Division II, Construction
Specifications,

2.0 CONCRETE

2.1 General

Concrete shall conform to applicable provisions of
Division I, Section 4 of the AASHTO Specifications
and the additional provisions presented below,

2.2 Concrete Quality

Caoncrete proportioning, preduction and testing shall
conform to the requirements of Chapter 4 of the ACI
318-86(1) Building Code, The water content of the con-
crete mix shall be the minimum consistent with the
necessary workability for concrete placement. The
maximum water-cement ratio shall not exceed 0.45.

2.3 Test Cylinders

All test cylinders representing tests for removal of
forms and/or falsework and for “Release Strength” shall
be cured under the same conditions, be subjected to the
same curing materials and to the same weather condi-

tions as the concrete represented. Coupled maturity -

meters may be used, in accordance with ASTM C 1074,
to determine concrete strength for removal of forms
and/or falsework. “Design Strength” cylinders for
acceptance of concrete shall be cured with the member
which the cylinders represent and transported to the lab-
oratory as scon as handling strength is obtained. These
cylinders shall then be cured for the remainder of the
test period in accordance with AASHTO T 23 (ASTM
C 31). Compressive strength of test cylinders shall be
evaluated in accordance with Chapter 5 of the ACI 318-
95 Building Code.

2.4 Tests for Modulus of Elasticity, and Creep and

Shrinkage Coefficients

In most cases, values of modulus of elasticity and
creep and shrinkage coefficients can be estimated with
sufficient accuracy by reference to the ACI Committee
209 Report’ or the CEB-FIP Model Cade for Concrete
Structures.? For large projects involving bridges sensi-
tive to creep and shrinkage effects, and for bridges
constructed of sand-lightweight concrete, tests shall be
performed in accordance with the provisions of this sec-
tion to determine concrete modulus of elasticity,

and creep and shrinkage coefficients for the selected
mix design, The test data shall be obtained at the earli-
est possible time during the contract period for use in
adjusting the design values and the related calculations
of structural deflection and geometry control.

The Centractor shall prepare concrete specimens in
the presence of the Engineer and shall arrange for ship-
ment to an approved laboratory for testing when
handling strength is obtained, All specimens in a given
sample shall be taken from the same batch of concrete,
The report of the test results shall be in accordance with
the following sections.

2.4.1 Modulus of Elasticity Tests

Tests shall be performed in accordance with the
requirements of ASTM C 469. Ages of specimens
(cylinders) at time of test shall be 3, 28 and 90 days.
Number of specimens per test shall be three cylinders or
a total of nine cylinders. All specimens in a given sam-
ple shall be taken from the same batch of concrete.

2.4.2 Creep and Shrinkage Test

Tests shall be performed in accordance with require-
ments of ASTM C 512,

Ages of specimens {(cylinders) at time of initial load-
ing shall be 3, 28 and 90 days.

Number of specimens per test shall be in accordance
with ASTM C 512.

Duration of load shail be 90 days,

Specimens shall be cured and stored in accordance
with the standard curing requirements of Section 6.1 of
ASTM C 512, except that the specimens shall be moist
cured for a peried of 14 days or until age of test,
whichever comes first. Thereafter, specimens shall be
stored at 73°F and 50 percent humidity

2.4.3 Test Results

Certified results of the above specified tests shall be
furnished to the Engineer within one week from the
time of the performance of each test.

2.5 Admixtures

Admixtures shall conform to the provisions of
Section 3.6 of the ACJ 318-95 Building Code. The use
of admixtures shall be rigidly controlled to avoid unde-
sirable variations in strength and modulus of elasticity
of the concrete.

2.6 Vibration of Concrete

All concrete shall be compacted and thoroughiy con-
solidated to the surface of the forms by working with
approved high frequency mechanical vibrators.
Mechanical vibration shall conform to Section 8.7.3 of
the AASHTO Specification.
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2.7 Construction Joints

Construction joints shall have roughness of 1/4 inch
amplitude. Surface laitance shall be removed with water
or sand blasting.

2.8 Accelerated Curing with Low Pressure Steam
or Radiant Heat

Accelerated curing of concrete with low pressure
steam or radiant heat shall be in accordance with
AASHTO Specifications, Division II, Section 8.11.3.5,
with the following modification: The last sentence of
the fourth paragraph of Section 8.11.3.5 shall be delet-
ed and the following added:

After attaining the desired strength, the temperature
within the curing enclosure shall be decreased at an
average rate not exceeding 40°F per hour until the
inside temperature is within 20°F of the outside ambi-
ent temperature. The curing enclosure shall be of such
size as to totally enclose both the cast against segment
and the segment being cast, and any rigid appendages
thereto.

2.9 Curing for Cast-in-Place Segmental
Construction

Cast-in-place segmental concrete structures shall be
cured with transparent, self-degrading curing com-
pound, by water curing; by forms insulated with
styrofoam and provided with heat cables, activated if
need be; or some other method that has been submitted
and approved by the Engineer.

3.0 NON-PRESTRESSED REINFORCEMENT

3.1 General

Non-prestressed reinforcement shall be deformed
reinforcement, except that plain reinforcement may be
used for spirals. Reinforcing bars to be welded shall be
indicated on the drawings and welding procedure to be
used shall be specified. ASTM reinforcing bar specifi-
cations, except for ASTM A 706, shall be supplemented
to require a report of material properties necessary to
conform to welding procedures specified in “Structural
Welding Code-Reinforcing Steel” (AWS D1.4) of the
American Welding Society.

3.2 Deformed Reinforcement

3.2.1 Deformed reinforcing bars shall conform to
one of the following specifications:

a. Specification for Deformed and Plain Biilet Steel
Bars for Concrete Reinforcement, including
Supplementary Requirements SI (AASHTO M 31 or
ASTM A 615 including SI).

b. Specification for Low-Alloy Steel Deformed Bars
for Concrete Reinforcement {ASTM A 706). Bars shall
be free of loose rust, form oil, dirt or other contami-
nanits.

3.2.2 Deformed reinforcing bars with a specified
yield strength f_ exceeding 60,000 psi may be used,
provided f shalf be the stress corresponding to a strain
of 0.35 percent and the bars otherwise conform to one
of the ASTM specifications listed in Section 3.2.1.

3.2.3 Welded deformed wire fabric for concrete rein-
forcement shall conform to the “Specification for
Welded Deformed Wire Fabric for Concrete Reinforce-
ment” (AASHTO M 221 or ASTM A 497), except that
for wire with a specified yield strength f exceeding
60,000 psi, f shall be the stress correspondmg toa
strain of 0.35 percent Welded intersections shall not be
spaced farther apart than 16 inches in the direction of
calculated stress.

3.2.4 If required by the contract documents, rein-
forcing bars shall be galvanized or epoxy coated in
accordance with “Specification for Zinc-Coated
{Galvanized) Steel Bars for Concrete Reinforcement”
(ASTM A 767) or “Specification for Epoxy-Coated
Reinforcing Steel Bars” (ASTM D 3963 or AASHTO
M 284). Zinc or epoxy-coated reinforcing bars shall
conform to one of the specifications listed in Section
321,

3.3 Plain Reinforcement

3.3.1 Plain bars for spiral reinforcement of post-
tensioning tendon anchorage zones or for use as column
reinforcement shall conform to the specifications listed
in Section 3.2.1,

3.3.2 Smooth wire for spiral reinforcement of post-
tensioning tendon anchorage zones or for use as column
reinforcement shall conform to “Specification for Cold-
Drawn Steel Wire for Concrete Reinforcement” (ASTM
A 82), except that for wire with a specified yield
strength £, exceeding 60,000 psi, £, y shall be the stress
cmresponci’mg to a strain of 0.35 percent

3.4 Substitution of Grade or Type of Reinforcement

Non-prestressed steel reinforcement shall normally
be Grade 60 as required by the design. Grade 40 may be
substituted on approval of the Engineer. If Grade 40 is
substituted, an increase of 50 percent in area of rein-
forcing shall be provided over that shown on the plans
for Grade 60. If approved by the Engineer, welded wire

-l
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fabric may be substituted for reinforcement bars on the
underside of the cantilever roadway flange and in the
bottom flange of the box girder provided the area of
steel supplied is equivalent to or greater than that
detailed on the contract plans. Any substitution made in
the grade of nonprestressed steel reinforcement shall be
clearly shown on the shop drawings.

3.5 Special Corrosion Protection

Special corrosion protection shall be provided for
the nonprestressed reinforcement for bridges in corro-
sive environments, in accordance with requirements of
the contract documents.

4.0 POST-TENSIONING MATERIALS

4.1 General

Post-tensioning materials shall conform to the
PostTensioning Institute “Guide Specification for Post-
Tensioning Materials,” with the exception of special
anchorage assemblies which shall comply with the pro-
visions of Section 4.2. Additional requirements for
post-tensioning materials shall be in accordance with
the provisions of Sections 4.3, 4.4 and 4.5.

Except for special anchorage devices tested in accor-
dance with Section 4.2, the Contractor shall furnish for
testing one specimen of each size of prestressing ten-
don, including couplings, of the selected type, with end
fittings attached, for stength tests only. These speci-
mens shall be 5 feet in clear length, measured between
ends of fittings. If the results of the test indicate the
necessity of check tests, additional specimens shall be
furnished without cost. For prestressing systems previ-
ously tested and approved on projects having the same
tendon configuration, the Engineer may not require
complete tendon samples provided there is no change in
the material, design or details previously approved.
Shop drawings or prestressing details shall identify the
praject on which approval was obtained; otherwise test-
ing shall be conducted.

4,2 Special Anchorage Devices

Special anchorage devices shall be tested in accor-
dance with AASHTO Standard Specifications Section
0.21.2.3.2

4.3 Identification and Testing of Tendon Material
All strand from each manufactured reel and all bars
of each size from each mill heat to be shipped to the site
shall be assigned a lot number and shall be tagged in
such a manner that each lot can be positively identified
at the job site, Each reel of prestressing reinforcement
shall be accompanied by a manufacturer’s certificate of
compliance, a mill certificate and a test report, The mill

certificate and test report shall include the chemical
composition, the yield and ultimate strengths, elonga-
tion at rupture, modulus of elasticity, and the stress
strain curve for the actual prestress reinforcing intend-
ed for use. Afl values certified shall be based on test
values and actual sectional areas of the material being
certified. All unidentified prestressing steel received at
the site will be rejected and loss of positive identifica-
tion prior to installation of these items at any time will
be cause for rejection.

Samples from each size and each heat of prestressing
bars and from each manufactured reel of prestressing
stee] strand shall be furnished to the Engineer for test-
ing. With each sample of prestressing strand or bar,
there shall be included therewith a manufacturer’s cer-
tification stating the minimum guaranteed wltimate
tensile strength of the sample furnished. The test sam-
ples shall be 7 feet long. If resuits of tests indicate the
necessity of check tests, additional specimens shall be
fumnished without cost. Samples shall be identified by
lot number.

Samples shall be submitied in ample time to allow
for testing, for tabulating results and, if necessary, in
case of unsatisfactory finds, to call for and retest substi-
tute samples. The Contractor shall have no claim for
additional compensation because of delay while await-
ing approval of the materials furnished for testing. The
Engineer shall be allowed a period not less than 21 cal-
endar days prior to the beginning of installation to
perform the tests and to provide approval of the materi-
als furnished,

Relaxation characteristics of strand may be evaluat-
ed by a 30 minute test. Low-relaxation strand
subjected to the 30 minute test shall be required to show
a relaxation loss of not more than 1.20 percent of the
initial tension with an adjustment for test temperatures
over 72°F. If the initial 30 minute test exceeds 1.20 per-
cent, two additional tests shall be made of strand from
the same pack and both tests shall be equal to or less
than 1.20 percent for acceptance. The 30 minute test
shall be used only for the purpose of identifying low
relaxation strand for conformance with ASTM
Specification A 416, and shall not be interpreted in ref-
erence to the magnitude of the 1000 hour steel
relaxation loss.

4.4 Protection of Post-Tensioning Materials

All prestressing steel shall be protected against phys-
ical damage and rust or other results of corrosion at all
times from manufacture 1o grouting, See Table 5-1 for
permissible intervals between tendon installation and
grouting without use of a corrosion inhibitor.
Prestressing steel that has sustained physical damage at
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any time shall be rejected. The development of pitting
or other results of comrosion (other than rust stain) shall
be cause for rejection, when ordered by the Engineer.
Prestressing steel exhibiting rust stains may be exam-
ined, to determine if pitting exists, prior to use.

Prestressing strand shall be packaged in containers
or shipping forms for the protection of the strand
against physical damage and corrosion during shipping
and storage. A corrosion inhibitor which prevents rust
or other results of corrosion shall be placed in the pack-
age or form, or shall be incorporated in a corrosion
inhibitor carrier type packaging material, or when per-
mitted by the Engineer, may be applied directly to the
strand. The corrosion inhibitor shall have no deleterious
effect on the strand or concrete or bond strength of steel
to grout. Packaging or forms damaged from any cause
shall be immediately replaced or restored to original
condition. _

The shipping package or form shall be clearly
marked with a statement that the package contains high-
strength prestressing strand, and the type of corrosion
inhibitor used, including the date packaged.

Bar tendons shall be protected from corrosion at the
job site by spraying with a rust preventative, and by use
of an approved protective covering over the bars.

4.5 Duct Materials and Placement

4.5.1 Metal Ducts

Metal ducts shall be the corrugated galvanized semi-
rigid conduit. For strand tendons, the duct thickness
shall be as follows: 26 gauge for ducts less than or equal
to 2 5/8 inches diameter, 24 gauge for ducts greater than
2 5/8 inches diameter. For bar tendons, the duct thick-
ness shall not be less than 31 gange.

Duct shall be sized to comply with the provisions of
AASHTO Section 9.26.4. Placement of tendons by the
pull-through method requires duct area of 2 1/2 times
the prestressing steel area.

4.5.2 Polyethylene Duct

Corrugated polyethylene duct used as internal duct
shall be high density polyethylene and conform to the
requirements of ASTM D 3350 with ultra violet stabi-
lizers added. Rigid polyethylene pipe used for external
duct shall conform to the requirements of ASTM D
2447, Grades P33 or P34, D 3350 or F 714 with a Celi
Classification of PE345433C. Material thickness shall
be as follows:

a. Corrugated, internal polyethylene duct = 0.050
inches + 0.010 in,

b. Smooth, external polyethylene duct shall have an
external diameter to wall thickness ratio of 21 or less.

Internal ducts shall be mortar tight, and capable of
withstanding concrete pressures without excessive
deformation or permitting the entrance of cement paste
during the placing of concrete. The ducts shall have suf-
ficient rigidity to maintain the required profile between
points of supports.

4.5.3 Steel Pipe Deviators

Steel pipe duct shall be galvanized steel pipe con-
forming to the requirements of ASTM A 53, Type E,
Grade B. The nominal wall thickness of the pipe shall
be not less than 1/8 inch. The pipe shall be bent so as to
accurately conform to the alignment of the tendon, tak-
ing into consideration the minimum bending radius
shown in the shop drawings.

4.5.4 Duct Placement

Duct shail be rigidly supported at the proper location
in the forms by ties to reinforcing steel. Polyethylene
duct and metal duct for longitedinal or transverse post-
tensioning in the flanges shall be supported at intervals
not to exceed 2 feet. Polyethylene duct in webs for lon-
gimdinal post-tensioning shall be tied to stirrups at
intervals not to exceed 2 feet, and metal duct for longi-
tudinal post-tensioning in webs shall be tied to stirrups
at intervals not to exceed 4 feet. During concrete place-
ment for precast segments, mandrels shall be used as
stiffeners in each duct and shall extend throughout the
length of the segment being cast and at least 2 feet into
the corresponding duct of the previously cast segment.
The mandrels shall be of sufficient rigidity to maintain
the duct geometry within a 1/2 inch tolerance within the
top flange, 1 inch in webs, and within a 1/8 inch toler-
ance at the segment joints. High point grout vents shall
be provided for continuous longitudinal tendons over
400 feet long, Low point grout vents shall be provided
for ducts of continuons longitudinal tendons or for
ducts of web tendon in areas where freezing weather
can be anticipated. Low point vents shall remain open
until grouting is started.

5.0 INSTALLATION AND STRESSING OF
TENDONS

5.1 Installation of Tendons

The total number of strand in an individual tendon
may be pulled through the duct as a unit, or individual
strand may be pulled or pushed through the duct.

Prestressing steel which is installed in members
prior to placing and curing of the concrete, shall be con-
tinucusly protected against rust or other corrosion, until
grouted, by means of a corrosion inhibitor placed in the
ducts or applied to the steel in the duct.
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When steam curing is used, prestressing steel for
longitudinal post-tensioning shall not be installed until
the steam curing is completed. Prestressing steel for
transverse top flange post-tensioning, transverse bottom
flange post-tensioning, or for vertical web post-tension-
ing may be in place during steam curing. Such tendons
shall be protected against corrosion by means of a cor-
rosion inhibitor placed in the ducts or on the steel, or
shall be stressed and grouted within seven days after
steam curing.

5.2 Corrosion Protection of Tendons Prior

to Grouting

Prestressing steel installed in members prior to plac-
ing and curing of the concrete, or installed in the duct
but not grouted within the time limit specified in Table
3-1, shall be continucusly protected against rust or
other corrosion by means of a corrosion inhibitor placed
in the ducts or directly applied to the steel. The pre-
stressing steel shall be so protected until grouted or
encasement in concrete, Prestressing steel installed and
tensioned in members after placing and curing of the
concrete and grouted within the time limit specified in
Table 5-1 will not require the use of a corrosion
inhibitor described herein.

5.3 Corrosion Protection of Anchorage Devices
Within 15 days after the ducts are completely grout-
ed, all blockouts for anchorages shall be grouted or
filled with a non-shrink grout, a special mortar to pro-
tect the anchorage, or protected by other approved
means. The minimum strength of grout or mortar used
for filling anchorage recesses shall be the same as the
strength of the concrete in the adjacent portion of the
structure. If blockouts are visible on the sides or bottom
of the box girders, the grout or mortar used shall match
the color and texture of the concrete of the box girder.

5.4 Jack Calibration

Within 30 days prior to stressing, the Contractor
shall calibrate all jacks and gauge systems to be used in
the work and shall furnish the Engineer certified copies
of load calibration curves. Each jack and its gauge shall
be calibrated as a unit or checked against a master
gange with the cylinder extension in the approximate
position it will be in at the final jacking force. Stressing
equipment shafl be recalibrated at six month intervals
and at other times when required by the Engineer. Jacks
and gauges shall not be interchanged without recalibra-
tion or proof loading using load cells, master gauges or
other methods approved by the Engineer.

Permissible Intervals between Tendon Installation
and Grouting without Special Corrosion
Protection of Post-Tensioning Steel

Exposure Permissible Intervals
between Tendon Installation
and Grouting without Use of
a Corrosion Inhibitor

Very Damp Atmosphere

or over salt water

(Humidity > 70%) 7 days

Moderate Atrosphere

(Humidity < 70% > 40%) 20 days

Very Dry Atmosphere

(Humidity < 40%) 40 days

Table 5-1

5.5 Stressing Equipment

All strands of tendons comprised of more than four
1/2 inch or 0.6 inch diameter strands shall be stressed
simultaneously with a multi-strand jack. The Contractor
shall provide a positive means of marking total elonga-
tion on the strands. Jacks shall be equipped with proper
ports or windows for adequate visual examination and
measurement of tendon movement. They shall also be
capable of slow release of stress to allow relaxation
from temporary overstress to the proper seating force.
All prestressing tendons shall be tensioned by the use of
equipment allowing actual elongation to be measured
directly and using a hydraulic ram equipped with a
method of determining the tensioning force applied
using either a gauge measuring the internal hydraulic
pressure in the ram or force exerted by the ram, or a
load cell. Readings taken from any one of these gauges
shall be converted to actual tensioning forces through
the use of calibrated values from a calibration chart. All
gauges shall be of sufficient size and adequately made
to allow readings to be made to an accuracy of 100 psi.

If a pressure gauge is used, it shall have an accurate-
ly reading dial at least 4 1/2 inches in diameter. If a load
cell is used, it shall be calibrated and shall be provided
with an indicator by means of which the prestressing
force in the tendon may be determined. The range of the
loud cell shall be such that the lower 10 percent of the
manufacturer’s rated capacity will not be used in deter-
mining the jacking stress.

5.6 Modulus of Elasticity of Tendon Material
The modulus of elasticity of strand or bar tendons
shall be based on test reports on single strand or bar
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elements supplied by the strand producer, andfor on
tests performed on single strand or bar elements by a
qualified laboratory with experience in testing post-
tensioning materials. The modulus of elasticity test and
elongation calculations shall be based on the nominal
area of the strand or bar,

5.7 In-Place Friction Test

When specified by the Engineer, the Contractor shall
test early in the project, in place, two representative ten-
dons of each size and type shown on the plans, for the
purpose of accurately determining the friction loss in a
strand and/or bar tendon.

The test procedure shall consist of stressing the ten-
don at an anchor assembly with load cells at the dead
end and jacking end. The test specimen shall be ten-
sioned to B0 percent of ultimate in 10 increments. For
each increment, the gauge pressure, elongation and load
cell force shall be recorded. The data shall be furnished
to the Engineer. The theoretical elongations and post-
tensioning forces shown on the post-tensioning shop
drawings shall be re-evaluated by the Contractor using
the results of the tests and corrected as necessary.
Revisions to the theoretical elongations shall be sub-
mitted to the Engineer for evalvation and approval.
Apparatus and methods used to perform the tests shall
be proposed by the Contractor and be subject to the
approval of the Engineer.

Testing by the Contractor shall not be paid for sepa-
rately but shall be incidental to the price paid for the
various prestressing steel items.

5.8 Tendon Force and Elongation Tolerances

Elongation shall be measured to an accuracy of
+1/16 inch. Elongation tolerances for individual ten-
dons based on friction coefficients determined in
accordance with Section 5.7, and based on material
properties determined from laboratory tests, shall be
within +7 percent of the theoretical value, or as deemed
necessary by the Owner.

When friction must be reduced on post-tensioning
tendons, water soluble oil or graphite may be used sub-
ject to the approval of the Engineer. This oil or graphite
shall be flushed from the duct by use of water under
pressure or as part of the grouting process. Water used
to flush ducts may contain slack lime {calcium hydrox-
ide) or quick lime (calcium oxide) in the amount of 0.1
pounds per gallon. After flushing, excess water shall be
blown out of the ducts with compressed air, and the
ducts shall be grouted immediately to prevent the for-
mation of rust.

The total post-tensioning force anchored at a seg-
ment face shall be within +5 percent of the design

value. Adjustments of the tendon force shall be made at
not more than three segment intervals using provisional
post-tensioning ducts and anchorages so that the total
force and eccentricity provided at each location along
the span is not less than the value required by the design
plans. Two percent wire failures in individual tendons
shall be permitted without replacement.

5.9 Stressing Sequence .

Tendons shall be stressed in accordance with the
sequence shown on the shop drawings for post-tension-
ing materials. The stressing sequence shall be such that
not more than one tendon shall be eccentric about the
centerline of the segment at any time, and the lateral
bending stresses imposed on the structure shall not
exceed Gﬂfi.":‘: .

5.10 Post-Tensioning Supervision

The Contractor shall provide qualified personnel
skilled in prestressing systems to supervise or provide
appropriate surveillance of the work and give the
Engineer such pertinent information as he or she may
require for inspecting the work. Such personnel shall be
available full-time on all days during which the stress-
ing and grouting of tendons is in progress.

A record of gauge pressures and tendon elongations
for each tendon shall be provided by the Contractor for
review and approval by a representative of the Engineer
of Record. Stressing tails of tendons shall not be cut off
unti] the stressing records have been approved.

6.0 GROUTING

Grouting shall be in accordance with the Post-
Tensioning Institute’s “Recommended Practice for
Grouting of Post-Tensioned Prestressed Concrete.”? If
any grouting is done before any span is completely ten-
sioned, great care shall be exercised to assure that grout
does not cross over into any duct.

It is recommended that grouting be delayed until the
entire span or area is stressed. During this period, the
Contractor shall take all necessary precautions to pro-
hibit any foreign material from entering the ducts, and
to prevent corrosion of the prestressing steel. Corrosion
protection of tendons prior to grouting shall be in accor-
dance with Section 5.2.

7.0 EPOXY

Epoxy material, placement, inspection and testing
shall be in accordance with AASHTO Materials
Specification M 235, and with Division II, Construc-
tion, Sections 9.2, 9.5 and 9.6.
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8.0 GEOMETRY CONTROL

8.1 Deflection and Camber Data

The Contractor shall submit deflection andfor cam-
ber data for each stage of construction as required to
construct the structure to its final grade. The procedure
used shall account for the effect of the time-dependent
prestress losses and creep which will occur during the
construction phase. The data for the entire bridge, based
on the Contractor's proposed erection sequence,
method and schedule, shall be submitted to the
Engineer for review prior to commencing construction
of the pier shafts.

The camber of the structure will be monitored by the
Contractor at each stage and corrective actions as
approved by the Engineer shall be performed by the
Contractor to assure proper erection of the structure to
its final grade.

8.2 Geometry Control

The Contractor shall submit to the Engineer for
approval a geometric control plan which shall indicate
in detail how the survey is to be performed and the
Contractor's actions proposed to assure proper erection
of the structure to the final grade shown on the design
plans. The geometric control plan shall provide for reg-
ular monitoring of the superstructure deflections
beginning with the addition of the first cantilever seg-
ments and concluding with the last cantilever segment.
The plan shall include the adjusting procedure to be uti-
lized should the cantilever, as erected, deviate from the
predicted alignment by more than 1 inch.

The Contractor shall check the elevations and align-
ment of the structure, at every stage of construction, and
must maintain a record of all these checks and of all
adjustments and corrections made. All surveying shall
be performed at a time that will minimize the influence
of temperature. Corrections by shimming shall be done
only when approved by the Engineer.

For precast segmental construction using short line
forming techniques, precision surveying systems shall
be provided so that levels and horizontal alignment dur-
ing precasting are measured to an accuracy of +0.012
inch, For all other types of segmental construction, and
for erection of segmental bridges, surveying shall be
provided to an accuracy of 0.01 feet.

For precast segmental construction using match-cast
segments, careful checks of both measurements and
computations of geometry shall be made by the
Contractor before moving segments from their casting
position. Computed coordinates of all sections cast
shall be completed before casting a new segment, In
addition to the computed as built casting curves for
vertical and horizontal deflections, a cumulative twist

curve shall be computed using the measured cross
slopes of the individual units as a check on the extrapo-
lated deflections. In computing set up elevations in the
match-cast process, priority shall be given to correcting
twist errors by proper counter-rotation. The sepment in
the match cast position shall not be subjected to a stress
inducing twist,

9.0 TOLERANCES

Unless otherwise specified, reinforcement shall be
fabricated and placed within the following tolerances:®

a. for depth, d, and minimum clear concrete protec-
tion in flexural members, walls and compression
members where d is

d Min.

Cover
8 in. or less + 3/8 in. - 3/8 in.
More than § in. % 1/2 in. - 1/2 in.

but the tolerance on the clear distance to formed soffits
shall be -1/4 inch, and in no case shall the tolerance on
cover exceed one-third of the minimum cover stipulat-
ed on the structural drawings or in the specifications.
Note: “d” is specified effective depth.

b. For longitudinal location of bends and ends of
bars: 2 inches except at discontinuous ends of mem-
bers where tolerance shall be 1/2 inches.

c. As long as the total number of bars specified is
maintained, a reasonable tolerance in spacing individ-
ual bars is +1 inch, except where openings, inserts,
embedded items, etc., might require some additional
shifting of bars.

Embedded ducts for all types of segmental bridge
construction shall be positioned to tolerances as speci-
fied for precast segmental bridges in Section 4.5.4.

Tolerances for completed segments shall be in
accordance with Table 9-1 and the related drawing. For
bridges without an overlay, the flatness of the top slab
shall be 1/8 inch in 10 feet in the direction of traffic.

Dimensions from segment to segment shall be
adjusted to compensate for any deviations within a sin-
gle segment so that the overall alignment of the
completed structure will conform to the dimensions
shown on the plans,

When cantilever construction is used, the tolerances
for the alignment of the opposing cantilevers in a span
shall be stated on the design. The forces up and down
which can be placed on the end of the cantilever shall
also be stated on the design drawings and shall consid-
er the allowable tensile stresses for construction load
combinations in Table 7-2 of the design specifications.
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After erection, final post-tensioning, final correc-
tions and adjustments are complete and the structure
has been placed on its permanent bearings, the super-
structure shall conform to the grade and alignment
shown on the plans with dve consideration of creep and
superimposed dead load deflections within tolerances
as specified on the contract drawings.

10.0 SHOP DRAWINGS AND DESIGN
CALCULATIONS FOR
CONSTRUCTION PROCEDURES

10.1 General

Sufficiently in advance of the start of superstructure
field construction operations, so as to allow the
Engineer not less than a 30-calendar day review period,
the Contractor shall submit, according to a schedule,
complete details and information concerning the
method, materials, equipment and procedures the
Contractor proposes to use in constructing that portion
of the super-structure for which the information is fur-
nished. This submittal shall include a step-by-step
erection procedure.

More than one method or technique of erection may
be permitted in the overall scope of work. Any subse-
quent deviation from the approved materials andfor
details will not be permitted unless details are submit-
ted by the Contractor and approved by the Engineer in
advance of use.

The Contractor’s submittals for approval shall
include calculations, drawings and information outlined
in Sections 10.2 and 10.3. Two sets of all required draw-
ings and calculations shall be submitted and
resubmitted if and as necessary until approved by the
Engineer. The specified number of distribution copies
shall be fumnished after approval.

10.2 Design Calculations for
Construction Procedures

Design calculations shall be submitted for falsework,
erection devices, formwork or other temporary con-
struction which may be required and which will be
subject to calculated stresses.

Design of the falsework or erection devices for all
superstructure concrete shall be done under the direc-
tion of, and sealed by, a registered professional
engineer. Calculations shall also be submitted to sub-
stantiate the system and method of stressing proposed
by the Contractor. Such calculations shall include the
required jacking force and elongation of tendons at time
of tensioning, tendon stress level at stressing ends after

seating, stresses in anchorage zones and distribution
plates, stress-sirain curves typical of the prestressing
steel to be furnished, seating losses, temporary
overstresses, and reinforcement required to resist
anchor block stresses.

In addition to the above, computations shall be sub-
mitted for approval for the following:

1. Computations of deflections and required camber
due to dead loads, post-tensioning forces, creep and
shrinkage. A tabulation of deflections and camber
dimensions shall be included on the shop drawings.

2. Computations of jacking forces required at joints
during temporary post-tensioning.

10.3 Shop Drawings

The Contractor shall submit detailed shop drawings
for approval in accordance with the construction special
provisions. The shop drawings shall include but not
necessarily be limited to the following information,

1. Fully and accurately dimensioned views showing
the geometry of the segments including all projections,
recesses, notches, openings, blackouts and other perti-
nent details.

2, Details of nonprestressed steel reinforcing shall be
clearly shown as to size, spacing and location including
any special reinforcing required but not shown on the
plans.

3. Size and type of ducts for all post-tensioning ten-
dons and their horizontal and vertical profiles shall be
clearly detailed. Duct supports, grout tubes, vents, and
drains shall be shown including size, type and locations.

4. Details and locations of all other items to be
embedded in the segments such as inserts, lifting
devices, and post-tensioning hardware shal} be shown.

5. Prestressing details shall include sizes and proper-
ties of tendons, anchorages, plates, assemblies, and
stressing equipment, as well as details of the stressing
procedure and stressing sequence, details and locations
of all couplers, and additional reinforcement necessary
to resist anchor block stresses.

6. A table shall be provided giving jacking sequence,
jacking forces and initial elongation of each tendon at
each stage of erection for all post-tensioning.

7. A table shall be provided showing elevations and
geometry to be used in positioning the forms for the
next segment to be cast.

8. Graphs, charts or tables showing the theoretical
location of each segment, as erected or placed, shall be
furnished to the Engineer for use in checking the erec-
tion of the superstructure. Detailed procedures for
making geometry corrections shaill he described.
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Table 9-1
Completed segment tolerance for segmental box girder bridge construction.
{To correlate tolerances, see sketches below.)

Finished segment tolerances should not excesd the following:

Length of match-cast segment (not cumulative). . .. ... ..o it in i it i e x s infft.
(10.4 mm/m, +1 in. max. (25 mm)
Length of cast-in-place segment ., ... ......... ... .ciiiia... + 'z in. but not greater than + 2 in. per span
Wb oK mESS . . .o o e e e e e e + 35 in. (9.5 mm)
Depth of bottom S1ab, . .. ..ottt e e et et et et e e + 33 in. (9.5 mm)
Depth of top slab. . . ..o e e i % g in. (9.5 mm)
Overalltopslabwidth ............. ... iiiiinnnnnn.. * Ve infft (5.2 mm/m), £ 34 in. max (25 mm)
Diaphragm thiCKNESS . . .ttt e e e e e % 1/zin. (12.5 mm)
Grade of formedgeand soffit. ... ... . coiiiiriintin i e + fzin, in 10 ft (1.0 mm/m)
Tendon hole Jocation. . .. ... .. .. iiueti it i it e et e et e + Yu in. (3.2 mm)
Position of shear Keys . .. ... oottt e i e e e x /4 in. (6.3 mm)
%—
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9. Details of tie down tendons, and temporary and
permanent bearing assemblies as required.

10. Details of grouting equipment, grout mix design,
and method of mixing and placing grout shall be pro-
vided.

11.0 FORMS

11.1 General

Shop drawings shall be submitted for forms and
form travelers as required by the construction special
provisions.

In addition to the requirements of the Standard
Specifications, the forms nsed to cast the concrete seg-
ments shall be capable of:

a, Match casting (for precast segmenta! construc-
tion).

b. Producing the segments within the tolerances per-
mitted,

¢. Accommodating blackouts, openings and protru-
sions.

d. Adjusting to changes in segment geometry as
shown in the plans, or for correcting previous minor
casting errors to prevent accumulation.

e. Stripping without damage to the concrete.

f. The form design must provide a tight, leakproof
joining to the previous segment. The bulkhead must be
capable of connecting the ducts in a manner to hold
their position and prevent intrusion of grout,

Where sections of forms are to be joined, on the
exterior face of the segment, an offset in excess of 1/16
of an inch for flat surfaces and 1/8 of an inch for cor-
ners and bends will not be permitted. Offsets between
adjacent matching faces of cast-in-place segments shall
not exceed 1/4 of an inch.

Forms shall not be removed until the concrete has
attained the release strength specified on the contract
plans as evidenced by test eylinders made and cured in
the same manner as the segment. Alternatively, maturi-
ty meters or instrimented control cylinders may be used
to evalvate the strength of the concrete in the segment.
Care shall be exercised in removing the forms to pre-
vent spalling and chipping of the concrete.

11.2 Forms for Precast Segmental Construction

All side, bottom, inside, and header forms for precast
segmental constrniction shall be constructed of steel
unless use of other materials is approved by the
Engineer.

Forms shall be of sufficient thickness, with adequate
external bracing and stiffeners, and shall be sufficiently

anchored to withstand the forces due to placement and
vibration of concrete. Internal bracing and holding
devices in forms shall be limited to stay bolts in webs
which can be removed from the concrete surface to per-
mit patching following form removal. Joints shall be
designed and maintained for mortar tightness,

The grade and alignment of forms shall be checked
each time they are set and shall be maintained during
the casting of concrete. Slab finish grade will be
checked after the concrete is in place.

Metal forms shall be reasonably free from rust,
grease or other foreign materials. All forms shall be
cleaned thoroughly prior to each casting operation. End
headers shall be maintained to provide a smooth casting
surface.

Wood forms may be used on the cast-in-place longi-
tudinal and transverse closure strips.

All form surfaces for casting members shall be con-
structed and maintained to provide segment tolerances
in accordance with Section 9.0,

The faces of al} forms, other than end headers, shall
be properly cleaned and treated with form oil or other
bond breaking coating prior to placing concrete. Bond
breaking material between segments and between seg-
ments and headers shall be provided in accordance with
Section 14.2. The oil or other materials used for this
purpose shall be of a consistency and composition to
facilitate form removal. Materials which appreciably
stain or react with the concrete shall not be used to
facilitate segment removal.

12.0 PERMANENT BEARINGS

This work shall consist of the furnishing of all mate-
rials, the fabrication and installation of the permanent
bearings as shown on the plans, as herein specified, and
as directed by the Engineer.

The bearings shall be fabricated in conformance
with the plans except as otherwise specifically approved
by the Engineer,

Prior to approval of the bearings to be used, the
Contractor shall submit a certification by the manufac-
turer stating that it and the accessory items meet the
requirements set forth. This shall not constitute a waiv-
er on the part of the Owner of any requirements with
respect to samples and sampling, and the right is
retained to perform any of the tests specified or such
tests deemed by the Engineer as necessary to qualify the
material,
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The Contractor shall obtain installation instructions
from the supplier of the bearing assemblies and comply
with the procedures specified in the installation of the
bearing. Shop drawings shall be submitted to the
Engineer for approval in accordance with the Standard
Specifications. The adequacy of the design and installa-
tion details shall meet with the approval of the
Engineer, whose decision shall be final.

13.0 SPECIAL PROVISIONS FOR CAST-IN-
PLACE SEGMENTAL CONSTRUCTION

13.1 General

The design plans shall be prepared on the assump-
tion that the superstructure will be constructed by a
selected method of cast-in-place reinforced concrete
segmental construction, Alternate construction methods
may be permitted in accordance with the contract plans
and special provisions.

13.2 Forming System

In addition to the submittals required in Section 10,
the following computations and working drawings shall
be submitted for review by the Engineer for compliance
with the contract documents:

Complete details and computations for the forms and
form support system including maximum loadings and
stresses created in the completed segments due to
equipment forms and concrete placement. Design of
form support system shall include adequate allowances
for impact loadings which may occur during concrete
placement and advancement of forming system.

Computations of deflection of the forming system
during concrete placement.

Details for temporary supports and tie-downs as
needed to stabilize the cantilevers during construction.

Detailed step-by-step procedure for concrete place-
ment, stressing and advancing the form support system
and adjusting the system for calculated deflection.

Detailed procedure for fixing the cantilever ends
against changes in position or rotation of one cantilever
relative to the other during and following placement of
concrete for the closure between the cantilevers.

13.3 Superstructure Constraction

This work consists of setting temporary bearings if
applicable, casting segments in place and setting the
superstructure or permanent bearings.

The Contractor shall submit complete details and
descriptions of the methods, arrangements and equip-
ment to the Engineer for approval before superstructure
construction is started.

The construction method shall include casting of the
gegments, methods of the tie-down of superstructures
during cantilever erection, method of application of all
temporary forces to be used for adjusting horizontal and
vertical alignments and to place the structure on perma-
nent bearings. This shall also include control methods
to insure the accwracy of alignment of the completed
superstructure.

Work equipment shall include all machinery,
devices, labor and material which are to be used for
erection but will not become a permanent part of the
completed superstructure. Equipment must not be oper-
ated from or placed upon any part of the erected
superstructure at any stage of construction other than
which specifically meets the requirement of total work-
ing load per segment, as allowed by the plans, and/or
approved by the Engineer. This includes the post-ten-
sioning hardware, jointing, jacking, grouting equipment
and any other equipment whatsoever, and workers and
materials of any kind.

In addition to segment unbalanced loads which are
permitted for the construction method, a 10 pound per
square foot load is permissible. This load includes: (1)
workers; (2) miscellaneous equipment; and (3) stored
material, It is the Contractor's responsibility to insure
that this allowable load is not exceeded.

Stressing may be performed in accordance with the
following schedule:

Fifty percent of the post-tensioning force may be
applied when field cured compression cylinders indi-
cate the compressive strength of the segment concrete is
2500 psi, and 18 hours have elapsed after completion of
concrete placement.

Form support system may be released and advanced
when 50 percent of post-tensioning stress has been
applied.

Transverse stressing shall be staged as necessary to
avoid exceeding the allowable stresses in the top slab.

Tendons shall be fully tensioned prior to placement
of concrete for the next segment except the transverse
tendon nearest the segment to be constructed. That ten-
don shall be stressed to 50 percent, then the remainder
stressed when tendons in the new segment are stressed.
The form support system must be designed to aveid
overstressing the top slab in the area of the partially
stressed tendon.

Construction joints will be limited to locations
shown on the contract plans or as approved in advance
by the Engineer. All construction joints shall be thor-
oughly cleaned of laitance and foreign material prior to
placing concrete for the abutting section.
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Surface of the segment joints shall be prepared in
accordance with the contract plans immediately prior to
placement of concrete for the next segment.

For placement of closure concrete between can-
tilevers, the cantilevers shall be fixed to prevent rotation
or movement of one cantilever relative to the other, The
system for locking the cantilevers and forming for the
closure and the procedure for placing the concrete for
the closure shall be such that the concrete after the ini-
tial set shall not be subjected to tension which could
cause cracking.

The Contractor shall submit a construction schedule
(or checklist) showing chronological order of every
phase and stage of erection and construction of the
superstructure.

The Contractor shall prepare a table of elevations
and alignments required at each stage of erection, as per
plans, at the check points listed below, or an alternate at
his or her option, and submit the same to the Engineer.

a. One of the lowest comers at the top surface of any
temporary bearing pads to be used as datum during
erection and to establish a reference point with the actu-
al elevations and alignment required of the permanently
positioned superstructure,

b. All four comers and center-line (at segment faces)
of top slab of pier segments to establish grade and
crown.

c. Two points on the longitudinal center line of each
pier segment, one on each edge, to establish alignment.

d: One point on the longitudinal center line and, at
least, one corner of each segment along every joint
between cast-in-place segments to establish elevations
and alignment at every stage of erection,

The temporary bearing pads, if applicable, at the
piers shall be very carefully placed. The top surfaces of
these pads shall have the correct elevations, alignments
and slopes as required by the plans and so established
by (a) above. Shims may be used underneath the pads to
accomplish accuracy. The Contractor shall also devise
and provide measures to hold temporary bearing pads in
position while the pier segment is being cast.

The Contractor shall check the elevations and align-
ment of the structure at every stage of construction in
accordance with the geometry control plan submitted in
accordance with the provisions of Section 8.0, and shall
maintain a record of all these checks and of all adjust-
ments and corrections made.

14.0 SPECIAL PROVISIONS FOR
PRECAST CONCRETE
SEGMENTAL CONSTRUCTION

14.1 General
The superstructure shall be erected by the method

- designed and detailed on the contract drawings, or by an

alternate method submitted by the contractor, Alternate
erection methods may be permitted when specified in
the contract special provisions.

When required by the contract special provisions,
the stressing system, and all reinforcement and lifting
details shall be successfully demonstrated on a segment
designated on the plans prior to casting any permanent
segments. The segment shall conform to the size and
configuration required by the plans, including post-ten-
sioning anchorage pockets, reinforcing steel, concrete
and conduits (curvature and spacing). The tendons des-
ignated on the plans for this test shall be stressed to the
forces shown, No additional payment will be made for
this test.

Casting bed and forms shall be structurally adequate
to support the segments without settlement or distor-
tion. The casting bed shall be designed for a method and
the hardware needed to adjust and maintain grade and
alignment, Details for hardware and adjustment proce-
dure shall be included in the above plans and
specifications for the casting bed.

Grading of the soffit form and the top portion of each
segment shall take into consideration the relative posi-
tion of the member in the structure.

After the first segment of each unit is cast, all sue-
ceeding segments shall be cast against previously cast
segments to insure complete bearing and proper align-
ment on all mating surfaces.

The anchorage system shall permit tendons to be
inserted in the member after erection of segments.

Tendon couplers shall be wsed only at locations
specifically shown on the plans or approved by the
Engineer. Not more than 50 percent of the tendons shall
be coupled at any one section. When temporary exter-
nal tendons are required by the plans, the tendons and
anchors shall be in a protective enclosure capable of
protecting the tendons from damage by erection equip-
ment and confining a strand or bar tendon that breaks or
otherwise releases tension rapidly during or after ten-
sioning and anchorage. Protective enclosure proposals
shall be submitted to the Engineer for approval,

Care shall be taken to ensure that deformations of
match cast segments due to thermal gradients caused by
the heat of hydration of the new cast concrete do not
exceed, at the time of initial set of the new concrete,
0.05" for a single segment or 0.75" cumulative for an
entire span. These deformations shall be prevented by
properly protecting both the match cast and new cast
segments in an isothermal enclosure, or with curing
blankets and plastic sheeting.



[—

{
19

R,

14.2 DIVISION H—CONSTRUCTION SPECIFICATIONS 69

14.2 Fabrication

Reinforcing steel shall be fabricated and placed
according to the plans and specifications. Any conflict
or interference with the proper location of ducts and/or
reinforcing or blackouts shall be promptly resolved and
corrections made as directed by the Engineer. No rein-
forcing steel shall be cut and removed to permit proper
alignment of stressing conduits. Any bar that cannot be
fabricated to clear the post-tensioning ducts shall be
replaced by additional bars with adequate lap lengths
and shall be submitted to the Engineer for approval.

All segments shall be marked on the inside with a
unique identification at the time of form removal. This
identification shall be used to identify each segment on
shop plans, post-tensioning details and calculations and
any other document pertaining to the fabrication and
erection of precast concrete segments.

Positive means of holding the conduit in its correct
position shall be provided in all cases and shall be indi-
cated on the working drawings submitted for approval.
The conduit shall be supported at intervals as specified
in Section 4.5.4, or as shown on the plans, and shall be
securely fastened to prevent movement during place-
ment of concrete.

14.3 Separation of Match-Cast Segments

The Contractor shall provide equipment to be used
for uniform separation of match cast segments without
damage. The method as well as details of the equipment
to be used for separating match cast segments shall be
included in the shop plans. A bond breaking material
shall be used on the web and flanges of the previously
cast segment to facilitate separation of segments. The
bond breaking material shall be used to break the bond
of concrete between the face of previously cast seg-
ments and a newly cast segment, as well as the end
headers when required. The bond breaker shall consist
of flax soap and talc, or other material approved by the
Engineer. A demonstration shall be performed on a 2
feet x 4 feet specimen, prior to the casting of segments,
to prove the adequacy of the material. The material
shall not be injurious to the concrete and shall permit
removal of a segment without pullouts caused by adhe-
sion of the concrete.

14.4 Handling and Erection of Segments

The Contractor (Fabricator) shall be responsible for
proper handling, lifting, storing, transporting and erec-
tion of all segments so that they may be placed in the
structore without damage.

Segments shall be maintained in an upright position
at all times and shall be stored, lifted and/or moved in a
manner to prevent torsion and other undue stress.
Members shall be lifted, hoisted or stored with lifting
devices approved on the shop plans or by other methods
approved by the Engineer in writing.

Segments shall not be moved from the casting yard
until all curing and strength requirements have been
attained, and shall be supported in a manner that will
minimize warping.

A full scale test of the lifting and temporary holding
hardware shall be performed to demonstrate the ade-
quacy of this equipment prior to beginning any erection
of the segments.

15.0 SPECIAL PROVISIONS FOR
INCREMENTAL LAUNCHING

15.1 General

Structures built by the incremental launching
method shall comply with the provisions of Section
10.0, and the additional provisions of the following sec-
tions.

15.2 Casting of Segments

Construction of incrementally launched bridges shall
preferably be based on a weekly cycle for the construc-
tion of each segment. When the bottom flange and webs
(or portions of webs) of segments are cast first and the
top flange afterward, the time between concrete place-
ments shall not exceed three days.

15.3 Geometric Tolerances

The following tolerances shall not be exceeded in the
region of the sliding surfaces:

a. In the Forms:

Vertical deviations in longitudinal and transverse
direction: -0.04 in.

Horizontal deviation at the outside of webs: £0.08
in.

b. On the Launching Bearings:

Vertical: longitudinally between piers +0.08 in.
transversely between bearings 0.04 in.

Horizontal deviation of lateral guides +0.08 in.

15.4 Launching Force

The launching force shall be monitored continuous-
ly and checked against the theoretical value. A friction
value between 0 and 4 percent shall be maintained. The
friction value of O shall be considered in calculation of
the force required to hold back a structure launched on
a negative gradient.
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15.5 Pier Monitoring

The deflection of the pier tops shall be continuously
monitored. Monitoring devices are recommended
which automatically switch off the launching equip-
ment in case the permissible pier deflections are
exceeded. Communication between each sliding bear-
ing and the launching equipment shall be provided.

The correct level of all sliding bearings shall be
checked at regular intervals. Shim plates shall be keptin
stock for all sliding bearings in order to compensate for
pier settlements, if any.

16.0 DEFECTS AND BREAKAGE

Failure of individual wires in a seven-wire strand is
acceptable with the approval of the Engineer provided
the total area of wire failure is not more than 2 percent
of the total cross-sectional area of the tendon,

Minor or nonstructural cracks or checks on the sur-
face of the member which, as determined by the
Engineer, do not extend to the plane of the nearest rein-

forcement will be acceptable unless they are numerous
and extensive. Diagonal cracks which indicate damage
from torsion, longitudinal cracks that follow stressing
tendons or any cracks which extend into the plane of the
reinforcing steel and/or prestressed tendons will be sub-
ject to a structural review prior to acceptance. If found
acceptable, the cracks shall be repaired by ‘veeing’ out
174 of an inch deep and wide and sealing with epoxy, or
shall be repaired by epoxy injection.

Minor breakage, spalling or honeycombing (not over
one inch deep) shall be repaired in accordance with an
established repair procedure submitted to and approved
by the Engineer prior to the start of segment fabrication.
Major breakage or honeycomb in excess of that speci-
fied herein will be subject to structural review. If found
to be satisfactory these areas will be repaired as direct-
ed by the Engineer. Breakage, spalling or honeycomb
on any mating surface found to be acceptable shall be
repaired and the concrete cured, prior to casting the
mating segment if such segment has not yet been cast.
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SECTION 2—CONCRETE

2.2 Concrete Quality

The ACI 318-95 Building Code provides statistical
procedures for production and testing of concrete to
ensure that the minimum 28-day concrete strength f is
obtained in the structure,

Some agencies specify test cores for thick concrete
members in an attempt to detect improperly compacted
or weak layers of concrete.

2.4 Test for Medulus of Elasticity and Creep and
Shrinkage Coefficients
These tests may be waived at the discretion of the
Engineer when prior test data are available on concrete
with the same or similar aggregates and mix design.

Some agencies conduct tests before the project goes to
contract using a mix of their own design.

2.4.2 Creep and Shrinkage Test
Specifications may require the vse of selected aggre-
gates to reduce creep and shrinkage values,

2.5 Admixtures
The use of water-reducing and air-entraining admix-
tures is recommended.

2.9 Curing for Cast-in-Place Segmental
Construction
The construction cycle normally does not permit
water curing, except for the top surface of the deck.

SECTION 3—NON-PRESTRESSED REINFORCEMENT

3.1 General

Welding of reinforcement is recommended only
under conditions where rigid control of welding proce-
dures and properties of reinforcement is possible,
Reinforcement shall not be welded in the vicinity of
tendons.

3.2.1(b)

ASTM A 706 covers low-alloy steel deformed bars
intended for special applications where welding or
bending, or both, are of importance. ASTM A 706 sat-
isfies both exceptions which ASTM A 615 covers as
Supplementary Requirements (SI).

3.4 Substitution of Grade or Type of Reinforcement

Research is recommended on more general uses of
welded wire fabric in segmental box girder bridge con-
struction.

3.5 Special Corrosion Protection

Special consideration of corrosion protection is con-
sidered necessary for all bridge deck reinforcement in
areas where de-icer chemicals are used. Corrosion pro-
tection measures should be provided for all
reinforcement of bridges located in coastal areas or over
sea water, or in heavily industrialized areas,

See the ACI Committee 222 Report “Corrosion Of
Metals in Concrete™? for a comprehensive discussion of
methods of corrosion protection.
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SECTION 4—POST TENSIONING MATERIALS

4.2 Special Anchorage Devices

Special anchorage devices usually depend on use of
some type of confinement reinforcement of the anchor-
age zone, and usvally do not meet the bearing area
requirements of the Post-Tensioning Institute’s Guide
Specifications for Post-Tensioning Materials. The test
requirements for special type anchorage devices are
taken from the AASHTO LRFD Bridge Construction
Specifications.

4.3 Identification and Testing of Tendon Material

Very exact testing procedures are necessary to con-
duct a 30-minute test for strand relaxation properties,
including rigid control of the temperature in the room
where the test equipment is Iocated. See Reference S for
discussion of test procedures. Most low relaxation
strand will show less than 1.0 percent loss in the 30-
minute test. However, evaluation of test results
indicates that material meeting the 1.20 percent require-
ment will meet ASTM 416 relaxation requirements in
the 1000 hour test,

4.5.1 Metal Ducts
Thickness of metal duct material is related to duct
diameter and the method of installing the tendon.

Strand tendons are normally installed in the duct afier
the concrete is placed, requiring a stiffer duct, Bar ten-
dons are normally preassembled inside small diameter
ducts and placed as a unit. In this case, the bar fills most
of the void and helps to prevent duct damage. Use of 28
gauge duct is recommended when bar tendons are not
preplaced with the ducts.

4.5.2 Polyethylene Duct

Specifications have been silent relative to require-
ments for internal pressure for duct material. Recent
detection of splitting of polyethylene ducts has led to
the conciusion that the Cell Classification should be
specified to assure the duct material will perform for
short- and long-term internal stresses. Specifying the
Cell Classification provides requirements for density,
melt rate, flexural modulus, tensile strength, environ-
mental stress crack resistance, hydrostatic design basis,
and color and UV stabilizer.

4.5.4 Duct Placement

When polyethylene duct is exposed to large temper-
ature changes, white duct should be used.

The duet support spacing may be increased when
mandrels or preassembled tendons are used.
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SECTION 5—INSTALLATION AND STRESSING OF TENDONS

5.1 Installation of Tendons

Vapor phase inhibitor (VPI) powder may be blown
into the ducts wsing a compressor and sand pot (sand
blasting equipment).

5.4 Jack Calibration

Master gauges or hydraulic load cells may be used to
calibrate jacks. Load cells are used for initial calibration
of a master gauge.

5.5 Stressing Equipment

A monostrand jack may be used for individual
stressing of strand in tendons of up to four 0.5 inch or
0.6 inch diameter strands in flat duct.

5.6 Modulus of Elasticity of Tendon Material

The article “Testing 7-Wire Strand for Prestressed
Concrete~The State of the Art” (May-June 1985 issue
of the PCI Journal) may be referenced for recommend-
ed testing procedures for seven wire strand. The article
contains the following statements concerning strand
fabrication and laberatory Modulus of Elasticity
(MOE) tests:

“When wire is drawn for a presiressed concrete
strand, the shop practice of the strand manufacturer
will specify a diameter, but it must also permit some
degree of tolerance. The wires of a 1/2 in. diameter
strand have a diameter of about 0.167 in. The minimum
reasonable tolerance is %0.001 in. This variation in
diameter of 0.001 in. represents a change in area, and
MOE, of 1.2 percent.”

“The diameter of the hole in the last die of the wire
drawing operation determines the diameter of the fin-
ished wire. Since the diameter of this hole increases
with wear as wire is drawn through it, it is standard
practice to start a new die with a hole slightly under
size and continue to use the die until the hole is pro-
ducing wire that meets the maximum permissible
aversize tolerance, The result is a deliberately created
variation in area, and MOE, of +1.2 percent from the
nominal.”

“Extremely good laboratory equipment and proce-
dures are needed if the MOE established in the
laboratory is 1o always be within 2.5 percent of the
actual MOE of the strand being tensioned at the job
site. As indicated in the following discussion, strand
fabricating tolerances are such that the actual MOE of
two lengths of strand fabricated on the same equipment
to the same specification can differ by as much as 2.4

percent. In addition, it is difficult 10 antach a strain
gauge to a member composed of seven individual wires
so that it will measure the MOE with complete accura-
cy across relatively small gauge length.” '

In view of the above discussion concerning laborato-
ry measurements of MOE, and the additional
difficulties associated with such measurements in the
field, the use of field “bench tests” to evaluate MOE is
not recommended. Further, it should be assumed that a
variation of MOE values on the order of 2.4 percent
might routinely be encountered in field operations.

5.7 In-Place Friction Test

Tests to determine friction losses are usually speci-
fied on large projects, and when -elongation
measurements exceed the tolerance of Section 5.8.

5.8 Tendon Force and Elongation Tolerance

Tendon forces for strand tendons less than 30 feet in
length may be verified by a lift-off test after tendons are
initially stressed and wedges are seated. Shims may be
used as required under the anchor head to maintain the
specified tendon force,

The +7 percent elongation tolerance is a guide, and
not an absclute acceptance criteria. The reasons for
larger variations should be investigated. For shorter
bridge deck tendons, an elongation tolerance of =10
percent on individual strand should be considered, pro-
vided that the average elongation of the tendons in a
group (usually four) is within +7 percent of the calcu-
lated elongation.

7.0 EPOXY

Epoxy formulations are now available that may be
applied at ambient temperatures of 16 degrees
Fahrenheit. This development substantially extends the
construction season for bridges in cold climates, and/or
eliminates the need for heating joints.

8.2 Geometry Control

It is recommended that the Engineer make inde-
pendent checks of the elevation and alignment of the
structure.

Independent checks of measurements and computa-
tions of geometry by the Engineer are recommended
before segments are moved from their casting position.

Twist errors are calculated as the actual twist minus
the design super elevation (if any).
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SECTION 10—SHOP DRAWINGS AND DESIGN CALCULATIONS FOR
CONSTRUCTION PROCEDURES

10.2 Design Calculations for Construction Note that reinforcement for anchor blocks (as

Procedures required) under this specification is not the reinforce-

Load testing of special erection equipment is recom- ment required for global bursting and directional forces
mended. due to post-tensioning.

SECTION 14—SPECIAL PROVISIONS FOR PRECAST CONCRETE

SEGMENTAL CONSTRUCTION
14.1 General extent this type of deformation will occur, and if addi-
Problems have been reported in the past when seg- tional protection of the match cast segment is necessary.
ments do not match properly at joints because of the
thermal deformations induced during match casting. A 14.2 Fabrication
design gradient has been proposed*d which can assist Use of integrated shop drawings is recommended to
designers and constructors in determining to what locate conflicts in reinforcement placement.

SECTION 15—SPECIAL PROVISIONS FOR INCREMENTAL LAUNCHING

15.4 Launching Force

Grease may be used on the sliding plates as required
to maintain friction values.



|

GSCB-2|

o
e~
s
n
=]
w
t
.3
2
m
a




9212 DIVISION I—DESIGN SPECIFICATIONS—SECTION C 15

b, Type A joints without the minimum bonded auxil-
iary reinforcement through the joints; internal tendons:
no tension allowed.

c¢. Type B joints external tendons, not less than:

100 psi minimum compression

9.2.1.3 Transverse tension in the precompressed ten-
sile zone: 3.0\/?'; maximurn tension.

9.2.1.4 Tension in other areas without bonded non-
prestressed reinforcement: zero tension.

Where the calculated tensile stress exceeds this
value, bonded reinforcement shall be provided at a
stress of O.sty to resist the total tensile force in the con-
crete computed on the assumption of an uncracked
section. In such cases the maximum tensile stress shall
not exceed 6,01/_1:':;

9.2.2 Stresses at the service load level after losses
have occurred:

9.2.2.1 Compression:

a. The compressive stress under all service load
combinations, except as stated in (b}, shall not exceed
0.60f,. When the flange or web slenderness ratio, cal-
culated in accordance with Section 23.3, is greater than
15, the compressive stress shall be reduced by a factor
calculated by the equations presented in Section 23.4.3.

b. The compressive stress due to effective prestress
plus permanent (dead) loads shall not exceed 0.45f,

9.2,.2.2 Longitudinal stresses in the precompressed
tensile zone:

a. Type A joints with minimum bonded auxiliary
reinforcement throngh the joints sufficient to carry the
calculated tensile force at a stress of O.st),; internal
tendons:

3.0\!Fc maximum tension

b. Type A joints without minimum bonded auxiliary
reinforcement through joints: zero tension.
c. Type B joints, external tendons, not less than:

100 psi minimum compression

9.2.2.3 Transverse tension in the precompressed ten-
sile zone:

3.0‘\[13'; maximum tension

9.2.2.4 Tension in other areas without bonded rein-
forcement: zero tension.

Where the calculated tensile stress exceeds this
vatue, bonded reinforcement shall be provided at a
stress of 0.5 fsy to resist the total tensile force in the

concrete computed on the assumption of an uncracked
section. In such cases, the maximum tensile stress shall
not exceed 6.0\/!7":.

10.0 PRESTRESS LOSSES

10.1 General

Lump sum losses shall only be used for preliminary
design purposes. Losses due to creep, shrinkage, and
elastic shortening of the concrete as well as friction,
wobble, anchor set and relaxation in the tendon shall be
calculated for the construction method and schedule
shown on the plans in accordance with time-related pro-
cedures for calculation of prestress losses and in
accordance with the following sections.

10.2 Duct Friction and Wobhle

The loss of prestress force due to friction and wob-
ble within an internal tendon duct shall be obtained
using the equation; .

':[‘x = Toe' {na + ke

For tendons in webs of curved bridges, or in inclined
webs of straight bridges, a shall be calculated as the
total vector accumulation of the horizontal and vertical
angle changes, and ¢ shall be the total tendon length.

The loss of prestress force in an external tendon due
to friction across a single deviator pipe shall be
obtained using the equation;

Tx = TOB - uioc+ 0.04)

Friction and wobble coefficients may be estimated
using the values in Table 10-2. However, these values
do not consider misalignment of internal ducts at joints.
The inadvertent angle change of 0.04 radians per devi-
ator may vary depending on job specific tolerances on
deviator pipe placement, and need not be applied in
cases where the deviation angle is strictly controlled or
precisely known, as in the case of continuous ducts
passing through separate longitudinal bell-shaped holes
at deviators. Where large discrepancies occur between
measured and calculated tendon elongations, in place
friction tests are required.

The inadvertent angle change need not be considered
for calculation of losses due to wedge seating move-
ment.

10.3 Anchorage Seating

For strand tendons anchored with two or three piece
wedges, anchorage seating may be approximated as 1/4
inch. Anchor seating for bar lendons may be approxi-
mated as 1/16 inch. The value of anchorage seating
used in the design shall be stated on the design
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Table 10-2. Estimated Values for Friction and Wobble Coefficients

Friction Wobble
Coefficient () Coefficeint (k)
(1/rad) {1/ft}
1. For strand in galvanized metal sheathing 0.12-0.25 0.0002
2, For deformed high strength bars in galvanized
metal sheathing 030 0.0002%*
3, For strand in internal polyethylene duct. 0.23 0002
4, For strand in straight polyethylene duct
{external to concrete) ] 0
5. Rigid steel pipe deviators for external tendons 0.25* 0.0002
6. Continuous external tendon polyethylene ducts
through a deviator 0.15 0

* Lubrication will probably be required

** Wobble coefficient for duct installed with preplaced bars may be taken as 0.0001.

drawings with the provision that it shall be verified
during construction.

10.4 Steel Relaxation

Loss of prestress due to steel relaxation over the time
interval t; to t may be estimated in accordance with the
following sections.

10.4.1 Stress-relieved Steel

R, =1, {Hog24t - log24t,1/10} x [f,, / f¥-0.55]
where: f, / f; -0.552005

fy = 0.85¢%,
fy = steel stress level at beginning of time interval
(ty)

10.4.2 Low Relaxation Steel

Ry= f{log 241 - log 24¢,] /45) x [f,/f5 - 0.55]
where: fsllf*y -0.5520.05

f5=0.90 %,

f,, = steel stress level at beginning of time interval

{t)

10.4.3 Bars
Steel relaxation loss for bar tendons conforming to
ASTM A722 may be estimated as 3000 psi.

10.5 Stressing Hardware

A loss in tendon force occurs through the stressing
hardware and anchorage device. This loss shall be con-
sidered in design.

11.0 FLEXURAL STRENGTH

11.1 General

Flexural strength shall be calculated in accordance
with the provisions of Sections 9.17, 9.18, and 9.19 of
the AASHTO Standard Specifications for Highway
Bridges, and/or as provided in this Section,

The flexural capacity required by the load factor
provisions of Section 7.1 shall be less than or equal to
¢f times the flexural capacity calculated in accordance
with AASHTO Standard Specifications for Highway
Bridge, Sections 9.17, 9.18, and 9.19, except that the
average stress in unbonded prestressing steel shall be
determined in accordance with Sections 11.2 or 11.3.
The values of ¢, shall be taken from Section 7.3.

11.2 Stress in Unbonded Prestressing Steel at
Factered Load
For calculation of average stress in unbonded pre-
stressing steel at factored loads, equation 9-18 of the
AASHTO Standard Specifications for Highway Bridges
shall be replaced by the following formula:

5

fpszfpc+900(—97—1

e

where:
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SECTION F
SPECIAL PROVISIONS FOR BRIDGE TYPES
24.6 PRECAST SEGMENTAL permitted when the concrete has attained a minimum
strength of 2500 psi, unless analysis indicates that a
24.1 General higher value is required.

Precast segmental bridges are normally erected by
balanced cantilever, by use of erection trusses, or by
progressive placement. To limit construction deflec-
tions to values consistent with design calculations,
precast segments shall be a minimum of 14 days old at
the time of erection unless earlier erection is specifical-
ly approved by the Engineer.

24.2 Stresses for Construction Practices

24.2.1 Removal of Forms

Before stripping the forms or moving the segment
while resting on its soffit form in the casting bed, the
concrete shall have a minimum compressive strength of
2500 psi unless analysis requires a higher value. For
transverse post-tensioning, the concrete shall have a
minimum compressive strength of 3500 psi. For han-
dling of the segment, the concrete shall have a
minimum compressive strength of 3000 psi.

24.2.2 Erection

The following concrete strengths shall be cbtained
befare post-tensioning:

1. When considered necessary to avoid cracking,
partial stressing of post-tensioning across longitudinal
or transverse closure strips may be permitted when the
concrete has attained a minimum strength of 1800 psi.
Full post-tensioning of closure strips shall normally be

2. Before stressing permanent longitudinal post-ten-
sioning tendons, the concrete segments shall attain the
minimum 28-day compressive strength,

24.2.3 Temporary Stress on Epoxy Joints

A minimum compressive stress of 40 psi shall be
provided for the closure stress on an epoxied joint until
the epoxy has set.

24.3 Shear Keys

Shear keys in webs of precast segmental bridges
shall extend for as much of the web depth as is cornpat-
ible with other detailing requirements. Details of the
shear keys shall be similar to Figure 24-1, Shear keys
shall also be provided in top and bottom slabs, but these
may be larger single element keys.

24.4 Joints

24.4.1 General

Precast sepmental bridges are usually match-cast
with Type A or epoxied joints. Closure pours are cast-
in-place. Type B or dry joints between segments may be
used under conditions stated below in Section 24.4.3.

24.4.2 Type A Joints
Type A (epoxied) joints shall be utilized for all
bridges utilizing internal tendons, and for all bridges

Fig. 24-1. Example of design of fine indentation joint faces
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exposed to severe climatic conditions where
freeze/thaw cycles are encountered, or where de-icer
chemicals are used.

24.4.3 Type B Joints

Type B (dry) joints may be used in conjunction with
external post-tensioning tendons in areas where
freeze/thaw cycles do not occur, and where de-icer
chemicals are not used.

24.5 External Tendons
External tendons shall be permanently protected
against corrosion.

25.0 CAST-IN-PLACE SEGMENTAL

25,1 General

Cast-in-place segmental bridges may be erected on
falsework, by the free cantilever technique, by span-by-
span lifting of spans cast at the bridge site, or by
incremental launching. The special design requirements
for incremental launching are presented in Section 26.0.
Special design requirements for other cast-in-place seg-
mental construction methods are presented in the
following sections.

25.2 Joint Details

Contact surfaces between cast-in-place segments
shall be clean, free of laitance, and shall be intentional-
ly roughened to expose coarse aggregate, The use of
shear keys is optional,

25.3 Closure Pours
Closure pours shall have sufficient width to permit
coupling of tendon ducts.

25.4 Form Traveler Weight
The form traveler weight assumed in stress and cam-
ber calculations shall be stated on the design drawings.

25.5 Segment Lengths

Segment lengths may vary with the constroction
method, with the span length, and with location in the
span.

25.6 Diaphragms

Diaphragms shall be provided at abutments, piers,
hinge joints, and at bottom flange angle points in struc-
tures with straight haunches. Diaphragms shall be
substantially solid at piers and abutments except for
access openings and utility holes, Diaphragms shall be
sufficiently wide as required by design with a minimum
overhang over bearings of not less than 6 inches.

26.0 INCREMENTAL LAUNCHING
26.1 Loads and Stresses During Launching

26.1.1 Friction on Launching Bearings

The friction on launching bearings shall be assumed
to vary between O percent and 4 percent, whichever
governs the determination of hold-back or pushing
forces. The upper value may be reduced by 0.5 percent,
if the pier deflections and the launching jack forces are
monitored. The design shall consider that inclined
launching bearings (as opposed to the horizontal per-
manent bearings) create additional forces at the
launching jacks and at the pier tops.

26.1.2 Moments Due to Construction Tolerances

The moments due to the following permissible con-
struction tolerances shall be superimposed onto those
from external loads;

In longitudinal direction between two adjacent bear-
ings: 0.2 inches.

In transverse direction between two adjacent bear-
ings: 0.08 inches.

26.1.3 Combination of Construction Tolerances
and Temperature Gradient

During construction, one-half of the moments due to
construction tolerances as per Section 26.1.2 and one-
half of the moments due to temperature in accordance
with Section 6.4.4 shall be superimposed onto those
from external loads. Tensile stresses resulting from the
combined moments shall not exceed 7.0\ffz.

26.1.4 Permissible Stresses

Permissible stresses shall be in accordance with
Section 9.2.1.2.a for members with bonded reinforce-
ment, through the joint and internal tendons. Temporary
piers andfor a launching nose may be used to reduce
launching stresses,

26.2 Bridge Design

26.2.1 Piers and Superstructure Diaphragms

Piers and superstructure diaphragms at piers shall be
designed in such a way that during all launching stages,
and after launching for the installation of the permanent
bearings, the superstructure can be lifted with hydraulic
jacks. Pier designs shall consider frictional forces dur-
ing launching in accordance with Section 26.1.1.

26.2.2 Bottom Edges of Superstructures

At the underside of the webs above the launching
bearings high local stresses occur. The design shall take
into account:



6.5 DIVISION J—DESIGN SPECIFICATIONS—SECTION C 11

‘Top of Concrete Section
r Ty
t
¢

A

A

4
T

¥
4

Depth of
Super-
structure

i

Ty
Fig. 6-4. Positive Vertical Temperature Gradient

6.5 Creep and Shrinkage

Effects due to creep and shrinkage strains shall be
calculated in accordance with the provisions of Section
5.3. The creep coefficient ¢, may be evaluated in accor-
dance with the provisions of the ACI Committee 209
Report,!” the CEB-FIP Model Code,'® or by a compre-
hensive test program. Creep strains and prestress losses
which occur after closure of the structure cause a redis-
tribution of the forces. Stresses shall be calcnlated for
this effect based on an assumed construction schedule
stated on the plans.

6.6 Post-Tensioning Force

The structure shall be designed for both initial and
final post-tensioning forces. For determining the final
post-tensioning forces, prestress losses shall be calcu-
lated for the construction schedule stated on the plans.
The final post-tensioning forces used in service load
stress calculations shall be based on the most severe
condition at each location along the structure.

7.0 LOAD FACTORS

7.1 General

In the final working condition, service or strength
load combinations shall be in accordance with
AASHTO Standard Specifications for Highway Bridges,
Section 3.2.2, with consideration of the additional load
combinations of Section 7.2. Strength reduction factors,
¢, shall be in accordance with Section 7.3.

During construction, load combinations, allowable
stresses, and stability shall be in accordance with
Section 7.4. Prior to grouting, the allowable concrete
tensile stress during construction shall be zero for struc-
tures utilizing internal grouted tendons.

7.2 Additional Load Combinations

The permanent effects of creep and shrinkage shall
be added to all AASHTO loading combinations with a
load factor of 1.0.

7.2.1 Erection Loads at End of Construction

The final state erection loads (EL) are defined as the
final accumulated “built-in” forces and moments result-
ing from the construction process.

7.2.2 Additional Thermal Loading Combination

7.2.2.1 For existing service load combinations in-
cluding full live load plus impact, a load factor of 0.50
shall be applied for temperature gradient.

In addition to AASHTO service load combinations,
the following load combination shall apply:

DL+SDL+EL+BLE+B+SF+R+5+TG
< 100% Allowable Stress

LOADING
Dead Load Structure Only; DL
Superimposed Dead Load: SDL
Erection Loads (final state): EL
Thermai-Rise or Fall TRF
Thermal-Differential TG
Creep Effects R

D=(DL+SDL+EL)
T=(TRF+TG)

See AASHTO Standard Specifications for
Highway Bridges, Section 3.22.1, for other
definitions.

7.2.2.2 For all factored load combinations, a load
factor of zero (0) shall be applied to differential tem-
perature effects (TG).

7.3 Strength Reduction Factors

7.3.1 The strength reduction factors, &, and ¢, for
flexure and shear, respectively, shall consider both the
type of joint between segments and the degree of bond-
ing of the post-tensioning system provided. The
appropriate value of ¢, from Section 7.3.6 shall be used
for shear and torsional effect calculations in Section 12.

7.3.2 Since the post-tensioning provided may be a
mixture of fully bonded tendons and unbonded or par-
tially bonded tendons, the strength reduction factor at
any section shall be based vpon the bonding conditions
for the tendons providing the majority of the prestress-
ing force at the section.



12 DESIGN AND CONSTRUCTION OF SEGMENTAL CONCRETE BRIDGES 733

Table 7-1. Strength Reduction Factors for Segmental Construction

fEpel

Fully Bonded Tendons

Type A Joint 0.95

Unbonded or Partially
Bonded Tendons

Type A Joint 0.90

pe B Joint 0.85

Fully Bonded Tendons
Type A Joint 0.50
Unbonded or Partially
Bonded Tendons
Type A Joint 0.85
Type B Joint 0.80

0.65 -
0.65 0.60

7.3.3 In order for a tendon to be considered as fully
bonded to the cross section, it must be bonded beyond
the critical section for a development length not less
than that required by AASHTO Standard Specifications
Jor Highway Bridges, Section 9.28.1. Shorter embed-
ment lengths are permissible if demonstrated by full
size tests and approved by the Engineer,

7.3.4 Cast-in-place concrete joints, and wet concrete
or epoxy joints between precast units, shall be consid-
ered as Type A joints.

7.3.5 Dry joints between precast units shall be con-
sidered as Type B joints.

7.3.6 Strength reduction factors, ¢, shall be taken as
presented in Table 7-1, and the following provisions of
this section.

The strength reduction factor for direct shear capac-
ity of dry joints, d:j, shall be used in conjunction with
Section 12.2.21.

The strength reduction factor for bearing, ¢, shall
be taken as 0.70 for all types of construction. This value
shall not be applied to bearing stresses under anchorage
plates for post-tensioning tendons.

7.4 Construction Load Combinations, Stresses and
Stability

7.4.1 Erection Loads During Construction

Erection loads as defined by AASHTO and as stated
on the plans shall be as follows:

a. Dead load of structure (DL): Unit weight of con-
crete (including rebar) - 155 pef or as determined for
the project. Weight of diaphragms, anchor blocks, or

any other deviations from the typical cross section shall
be included in the dead load calculations,

b. Differential load from one cantilever (DIFF): This
only applies to balanced cantilever construction. The
load is 2% of the dead load applied to one cantilever.

¢. Superimposed dead load (SDL): This does not
normally apply during construction. If it does, it should
be considered as part of the dead load (DL).

d. Distributed construction live load (CLL): This is
an allowance for miscellaneous items of plant, machin-
ery and other equipment apart from the major
specialized erection equipment. Distributed load
allowance is 10 psf. In cantilever construction, distrib-
uted load shall be taken as 10 psf on one cantilever and
5 psf on the other. For bridges built by incremental
launching, construction live load may be taken as zero.

e. Specialized construction equipment (CE): This is
the load from any special equipment such as a launch-
ing gantry, beamn and winch, truss or similar major item.
This also includes segment delivery trucks and the max-
imum loads applied to the structure by the equipment
during the lifting of segments,

f. Impact load from equipment (IE): To be deter-
mined according to the type of machinery anticipated.
For very gradual lifting of segments, where the load
involves small dynamic effects, the impact load may be
taken as 10 percent.

g. Longitudinal construction equipment load (CLE):
The longitudinal force from the construction equip-
ment.

h. Segment unbalance (U): This applies primarily to
balanced cantilever construction but can be extended to
include any “unusual” lifting sequence which may not
be a primary feature of the generic construction system.
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