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••

DESlGN SPECIFICATIONS:

AMERICAN ASSOCIATION OF STATE TRANSPORTATION OFFICIALS (AASHTO)
·STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES"} THIRTEENTH
EDITION} 1983

SEISMIC RISK ZONE: I I A = 0.05

LIVE LOAD: HS20 - 44
DEAD LOAD: GIRDER = 583 PLF

SLAB = 94 PSF
FUTURE WEARING SURFACE = 25 PSF

UTILITY LOAD: WATERLINE = 120 PLF
CATV = 32 PLF

CONSTRUCTION SPECIFICATIONS:
MARICOPA ASSOCIATION OF GOVERNMENTS (M.A.G.)} "UNIFORM STANDARD
SPECIFICATIONS FOR PUBLIC WORKS CONSTRUCTION"} 1979 EDITION AS
SUPPLEMENTED BY THE *1984 CITY OF PHOEN IX SUPPLEMENT" AND THE
"SUPPLEMENTAL SPECIAL PROVISIONS·.

CONCRETE:

CONCRETE SHALL CONFORM TO THE DESIGN SPECIFICATIONS AND TO THE
APPLICABLE SECTIONS OF THE CONSTRUCTION SPECIFICATIONS} INCLUDING
BUT NOT NECESSARILY LIMITED TO SECTIONS 505 AND 725.

USE CLASS FC (PSI)

PRECAST} PRESTRESSED AA 5000 FCI = 4000 PSI
TYPE III GIRDER

CAST-IN-PLACE DECK AA 4000 Fc = 1600 PSI
SUBSTRUCTURE AA 4000 Fc = 1600 PSI
BARRIERS AA 4000 Fc = 1600 PSI
ApPROACH SLABS A 3000 Fc = 1200 PSI

CONSTRUCTION JOINTS SHALL BE PERMITTED ONLY AT INDICATED LOCA
TIONS· ADDITIONAL CONSTRUCTION JOINTS OR CHANGES TO. THOSE SHOWN
SHALL BE APPROVED BY THE ENGINEER.

ALL EXPOSED CONCRETE EDGES SHALL HAVE A 3/4 x 3/4 INCH CHAMFER
UNLESS NOTED OTHERWISE·

ALL REINFORCING STEEL SHALL HAVE A MINIMUM 2 INCH CONCRETE COVER
UNLESS INDICATED OTHERWISE·

CONCRETE SURFACES SHALL BE FINISHED IN ACCORDANCE WITH THE CON
STRUCTION SPECIFICATIONS •



~ REINFORCING STEEL:

REINFORCING STEEL SHALL CONFORM TO THE APPLICABLE SECTIONS OF THE
CONSTRUCTION SPECIFICATIONS INCLUDING BUT NOT NECESSARILY LIMITED
TO SECTION 727. THE REINFORCING STEEL SHALL HAVE THE FOLLOWING
CHARACTERISTICS:

BAR SIZE

#6 AND SMALLER

#7 AND LARGER

GRADE

40 OR 60
60

MIN. YIELD
STRENGTH

40,,000 PSI

60,,000 PSI

MAX. WORKING
STRESS

20,,000 PSI

24,,000 PSI

•

•

All REINFORCING SPACINGS ARE CENTER TO CENTER OF BARS UNLESS
INDICATED OTHERWISE·

ALL BAR BENDING DIMENSIONS ARE OUT TO OUT OF BARS.

REINFORCING STEEL SHALL HAVE BENDS" DEVELOPMENT LENGTHS" AND
SPLICE LENGTHS IN ACCORDANCE WITH THE DESIGN SPECIFICATIONS.

PRESTRESSING WORK:

PRESTRESSED WORK SHALL CONFORM TO THE DESIGN SPECIFICATIONS AND
TO THE APPLICABLE SECTIONS OF THE CONSTRUCTION SPECIFICATIONS
INCLUDING BUT NOT NECESSARILY LIMITED TO SECTION 506.

CONTRACTOR SHALL BE RESPONSIBLE FOR PICK-UP POINT INSERTS AND
LOCATIONS" SPECIAL PICK-UP REINFORCING AND STRONG BACKS" AND ALL
PICK-UP AND PLACING OPERATIONS·



•

•

•

WELDING:

ALL WELDING SHALL CONFORM TO THE LATEST EDITION OF THE AMERICAN
WELDING SOCIETY STRUCTURAL WELDING CODE D1.1 AS MODIFIED BY THE
AASHTO STANDARD SPECIFICATIONS FOR WELDING OF STRUCTURAL STEEL
HIGHWAY BRIDGES.

ALL WELDING SHALL BE BY WELDERS HOLDING CURRENT VALID CERTIFI
CATES AND HAVING CURRENT EXPERIENCE IN THE WELD CALLED FOR·

WELDING RODS ARE TO BE LOW HYDROGEN TYPE·

REINFORCING STEEL SHALL NOT BE WELDED.

SUPPLEMENTARY NOTES:

PROVIDE ALL TEMPORARY BRACING~ SHORING~ GUYING OR OTHER MEANS TO
AVOID EXCESSIVE STRESSES AND TO HOLD STRUCTURAL ELEMENTS IN PLACE
DURING CONSTRUCTION. ESTABLISH AND VERIFY ALL~ OPENINGS AND
INSERTS PRIOR TO CONSTRUCTION·

COST OF ADDITIONAL FIELD AND OFFICE WORK NECESSITATED BY REQUEST
BY CONTRACTOR FOR AN OPTION OR DUE TO ERRORS OR OMISSIONS IN CON
STRUCTION SHALL BE BORNE BY THE CONTRACTOR. OPTIONS ARE FOR
CONTRACTOR'S CONVENIENCE· HE SHALL BE RESPONSIBLE FOR ALL
CHANGES NECESSARY IF HE CHOOSES AN OPTION AND HE SHALL COORDINATE
ALL DETAILS·

ANY ENGINEERING DESIGN PROVIDED BY OTHERS AND SUBMITTED FOR
REVIEW SHALL BEAR THE SEAL OF AN ENGINEER REGISTERED IN ARIZONA.

CONTRACTOR SHALL VERIFY IN FIELD ALL EXISTING CONDITIONS SHOWN ON
DRAWINGS·

COST FOR INCIDENTAL ITEMS~ NOT SPECIFICALLY COVERED OTHERWISE~
SHALL BE INCLUDED IN THE UNIT PRICE FOR THE SUBJECT BID ITEM·

CONSTRUCTION PHASING:

CONSTRUCTION OF THE NEW BRIDGE SHALL BE PHASED IN SUCH A MANNER
AS TO MAINTAIN TWO-WAY PUBLIC TRAFFIC AT ALL TIME WITHOUT CAUSING
UNDUE OR UNREASONABLE DELAYS OR INCONVENIENCE. THE CONTRACTOR
SHALL SUBMIT TO THE ENGINEER FOR APPROVAL AT LEAST 10 DAYS PRIOR
TO BEGINNING OF CONSTRUCTION HIS SEQUENCE OF CONSTRUCTION AND
MAINTENANCE OF TRAFFIC PLAN·



•

'•

•

FOUNDATIONS:

GEOTECHNICAL INVESTIGATION WAS PERFORMED BY SPEEDIE AND
ASSOCIATES} PHOENIX} ARIZONA.

ALL FOUNDATIONS ARE SPREAD FOOTINGS BEARING ON EXISTING SANDY
GRAVEL.

LATERAL EARTH PRESSURES ARE BASED ON AN EQUIVALENT FLUID PRESSURE
OF 50 PCF FOR THE ACTIVE CASE AND 400 PCF FOR THE PASSIVE CASE·

EXCAVATIONS FOR FOUNDATIONS SHALL BE INSPECTED BY A GEOTECHNICAL
ENGINEER TO VERIFY ASSUMED ALLOWABLE SOIL BEARING AND LOW SETTLE
MENT AND SWELL POTENTIAL} AND TO MAKE ANY ADDITIONAL RECOMMENDA
TIONS·

STRUCTURAL EXCAVATION AND STRUCTURAL BACKFILL:

STRUCTURAL EXCAVATION AND BACKFILL SHALL CONFORM TO THE APPLI
CABLE SECTIONS OF THE CONSTRUCTION SPECIFICATIONS INCLUDING BUT
NOT NECESSARILY LIMITED TO SECTION 206.
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~~bf1~dd = 1.18 PI
- Mu

a c A. = . a
d -fl. d aud j .,--

Mu u 2d As in square inches and
fl. = 0.85 F = Ku = bd2 / 12,000 Mu is in ft - kips

f~ =4,000

w fy =40,000 fy= 50,000 fy=60,OOO fy =80,OOO
Ku

P P P P
c/d aid ju

au au au au

.020 71 .0020 2.96 .0016 3.71 .0013 4.45 .0010 5.93 .028 .024 .988
.030 106 .0030 2.95 .0024 3.6~ .0020 4.41 .0015 5.89 .042 .035 .982
.040 141 .0040 2.93 .0032 3.66 .0027 4.3~ .00'0 l) R6 .056 .047 .976
.050 175 .0050 2.91 .0040 3.54 .0033 4.37 .0025 5.82 .069 .059 .971
.060 208 .0060 2.89 .0048 ·3.62 .0040 4.34 .0030 5.79 .083 .071 .965
.070 242 .0070 2.88 .0056 3.60 .0047 4.31 .0035 5.75 .097 .083 .959
.080 274 .0080 2.86 .0064 3.57 .0053 4.29 .0040 5.72 .lll .094 .953
.090 307 .0090 2.84 .0072 3.55 .0060 4.26 .0045 5.68 .125 .106 .947
.100 339 .0100 2.82 .0080 3.53 .0067 4.23 .0050 5.65 .13g .ll8 .941
.110 370 .0llO 2.81 .0088 3.51 .0073 4.21 .0055 5.61 .153 .130 .935
.120 401 .0120 2.79 ,0096 3.48 .0080 4.18 .0060 5.58 .167 .142 .929
.130 432 .0130 2.77 .0104 3.46 .0087 4.15 .0065 5.S4 .180 .153 .923
.140 462 .0140 2.75 .Oll2 3.44 .0093 4.13 .0070 5.50 .194 .165 .917
.150 492 .0150 2.73 .0120 3.42 .0100 4.10 .0075 5.47 .20& .177 .912
.160 522 .0160 2.72 .0128 3.40 .0107 4.08 .0080 5.43 .222 .189 .906
.170 551 .0170 2.70 .0136 3.37 .0113 4.05 .0085 5.40 .236 .201 .900
.180 579 .0180 2.68 .0144 3.35 .0120 4.02 .0090 5.36 .250 .212 .894
.190 607 .0190 2.66 .0152 3.33 .0127 4.00 .0095 5.33 .?-64 .224 .888
.200 635 .0200 2.65 .0160 3.31 .0133 3.97 .0100 5.29 .278 .236 .882
.210 662 .0210 2.63 .0168 3.29 .0140 3.94 .0105 5.26 .292 .248 .876
.220 689 .0220 2.61 .0176 3.26 .0147 3.92 .0llO 5.22 .305 .260 .870
.230 716 .0230 2.59 .0184 3.24 .0153 3.89 .0115 5.19 .319 .271 .864
.240 742 .0240 2.58 .0192 3.22 .0160 3.86 .0120 5.15 .333 .283 .858
.250 767 .0250 2.56 .0200 3.20 .0167 3.84 .0125 5.12 .347 .295 .853
.260 792 .0260 2.54 .0208 3.17 .0173 3.81 .0130 5.08 .361 .307 .847
.270 817 .0270 2.52 .0216 3.15 .0180 3.78 .0135 5.04 .375 .319 .841
.280 841 .0280 2.50 .0224 3.13 .0187 3.76 .0140 5.01 .389 .330 .835
.290 865 .0290 2.49 .0232 3.ll .0193 3.73 .403 .342 .829
.300 889 .0300 2.47 .0240 3.09 .0200 3.70 .416 .354 .823
.310 912 .0310 2.45 .0248 3.06 .0207 3.68 .430 .366 .817
.320 935 .0320 2.43 .0256 3.04 .0213 3.65 .444 .378 .811
.330 957 .0330 2.42 .0264 3.02 .458 .389 .805
.340 978 .0340 2.40 .0272 3.00 .472 .401 .799
.350 1000 .0350 2.38 .486 .413 .794
.360 1021 .0360 2.36 .500 .425 .788
.370 1041 .0370 2.35 .514 .437 .782

1. When hf I d::::" aid, beam is designed as rectangular section; when hf l!l <aid, be'", Is deslgne1 as a T section

(See Flexure 2).

2. Values of p above upper solid line are for percentages smaller ttoan p min•• p min. =200/fy. See section 10.5, ACI 31S-71.

3. Values of p below lower solid line would exceed p max. =0.75 1Jb. For values of Pmax see values of <Pw ' 0.75 Pf) max.

,n Flexure 2. See Section 10.3.2. ACt 318·7l.

4. For deflection see Section 9.5 ACI 318·71 and "Oeflectlon" chapter in this handbook.

5. Check for Cr<lck Control where fy >40,000 See Section 10.6. ACI 318-71 and unaer chapter" Reinforcement" In
this handbook.

6. The capacity reduction factor 9 = 0.9 has been Included In the table values.

7. For use of this Table, see Flexure Examples 1 to 10. 15. 16
106
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• Design of Continuous Highway Bridges with
Precast, Prestressed Concrete Girders

To achieve continuity in a bridge using precast, prestressed
single span units requires design considerations that also
include the effects of creep and shrinkage. A complete design
example illustrates these considerations following a general
discussion of the principles.

Fig. 1. One of the Big Sandy River Bridges, Tennessee

Continuous highway bridges with
precast, prestressed girders have
been built by a number of states.
Examples of bridges of this type
built by the states of Tennessee and

•

California are presented in Figs. 1
and 2, respectively. The Big Sandy
River Bridges in Tennessee were
built in 1963-64. Performance has
been excellent. The 639-ft. and 703
ft. continuous lengths of deck slab
on these bridges are believed to be
the longest built to date supported
on precast, prestressed girders. The
Los Penasquitos Bridge in California
was a 1966 PCI award winner.

.-\. primary reason for using conti
nuity with precast, prestressed gird
ers is the elimination of the main
tenance costs associated with bridge
deck joints and deck drainage onto
the substructure. Continuity also im
proves the appearance and the
riding qualities of this type of bridge.

. Due to the structural economy of
continuous designs and the elimina
tion of the deck joint details, some
initial economic advantage may also
be obtained.

The construction sequence for the
type of bridge under consideration
is shown in Fig. 3. Continuity iseachieved for live load plus impact

I moments by use of non-prestressed
. reinforcement in the deck slab and

in the diaphragms over piers. An

extensive research program on this
type of bridge was conducted by the
Research and Development Labora
tories of the Portland Cement As
sociation during 1960-61. The results
of this research, which provide most
of the background for this publica
tion, have been made available in
a series of six PCA Development
Department Bulletins Cl·6). While
the above research and the ap
plications of this procedure to date

have been directed primarily to
wards bridges built with I-beams,
the procedure applies equally well
to bridges with box beams, tee
beams, or other available shapes.

The first portion of this report con
tains a general description of the
design features peculiar to this type
of bridge and the background ma
terial necessary to make design cal
culations. The second portion con
sists of a design example.

1



Part 1. Design Procedure

Fig. 2. Los Penasquitos Bridge, California

•

'.

PRESTRESSING REINFORCEMENT
Except for the determination of

the governing live load plus impact
moment, the design of the prestress
ing reinforcement for continuous
bridges follows the well-known pro
cedure used for simple-span
bridges (1'). The use of continuity
permits a reduction of 5 to 15 per
cent in the required prestress force
when compared to simple-span de
signs. The larger reductions occur
in shorter span bridges where the
live load plus impact moments are
a large portion of the total design
moment. Illustrative calculations for
determining the governing live load
plus impact moments and the re
quired prestressing reinforcement
are presented in the design example.

For bridges made up of a series of
equal spans, the governing live load
plus impact moment occurs at about
the 0.4 or 0.5 point of the end spans,
with the moment at the mid-point
of interior spans being considerably
less. Therefore, in some cases it may
pay to make separate designs for
the prestressing reinforcement in the
interior and exterior spans. Where
the designer has freedom in choos
ing the span layout, another alter
native is to shorten the exterior spans
to obtain the same amount of pre
stressing reinforcement in interior
and exterior spans.
- The positive restraint moments
over piers, as described in the fol
lowing section, also increase the pos
itiye moments at mid-span sections.
When a section at mid-span is sub
ject to the maximum service load
moment plus the limiting value of
the positive restraint moment at that
section, it is recommended that the
stress at the bottom face of the gir
der be limited to about 80 percent of
the 28-day modulus of rupture of the
concrete. The modulus of rupture is
usually taken as 7.5 vfc. This re
quirement will usually be satisfied
by the prestressing reinforcement
supplied for gravity loads calculated
as described in the paragraphs
above.

2

POSITIVE MOMENTS AT PIERS

One of the unique features of the
type of design under consideration
is that positive moments develop
over piers due to creep in the pre
stressed girders, as well as due to the
effect of live loads in remote spans.
These positive moments are partially
counteracted by negative moments
resulting from differential shrinkage
between the cast-in-place deck slab
and the precast girders. The pos
itive live load plus impact moments
over piers due to loads in remote
spans are calcul.ated by conventional
procedures.

The effect of creep The deforma
tions and restraint moments induced
in a two-span continuous beam by
creep due to prestress force are il
lustrated in Fig. 4. Since creep is
time dependent, with the more rapid
deformation occurring during the
early stages of loading, the amount
of positive restraint moment induceq
by the prestress force depends on
tbe time when the continuity con
nection is made. as well as on the
inherent creep potential of the con
crete mix, the exposure conditions,
and the volume to surface ratio of
the prestressed member.

Tbe most accurate method of
obtaining creep data is by extra
polation from a number of labora-

tory samples prepared in advance
from the actual mix to be used in
the girders. In instances where
many beams are to be produced,
it may be possible to take observa
tions on the initial beams produced,.
and to develop the necessary creep
data from those observations. In
most design work, however, it will
suffice to rely on available research
data. Such research (8,9' indicates that
the basic creep value for loading at
28 days can be predicted from the
elastic modulus according to the
curves in Fig. .'5. For design pur
poses. the 20-year creep cun-e caD
be regarded as the ultimate creep.

The ultimate creep value for load
ing at 28 days, from Fig. 5, must
be adjusted to account for the age
when the girders are prestressed
and for the volume/surface ratio of
the girders. The effects of rein
forcement on creep can usually be
ignored for a prestressed beam. The
variation of creep with age at load
ing is given by the curve in Fig.
8 IM.

lOl
• For loading when the con

crete is one day old, for example,
creep would be 1.8 times the value
from the 20-year curve in Fig. 5. The
variation of creep with the volume/
surface ratio is shown in Fig. 7(8.111.

The volume/surface ratio of the
AASHO-PCI I-beams, and the re
lated volume/surface ratio creep cor-



(b.) Deformed Bar Reinforcement Placed Over Pier.

(a.) Precast Girders Placed on Substructure.

from Fig. 9. This figure also
contains a graph of the factor
(l-e-·)/ep which is used to allow
for the effect of creep in calcu
lating the negative restraint
moment due shrinkage.

Dead load creep partially counter-

C Reinforcement

Thus, for a connection at 28
days after prestressing, the
creep strains still to occur are
1.60 times the original elastic
strain.

5. Having evaluated ep, the value
of (1-e--) can be taken directly

rection factor, are listed in Table 1.
The amount of creep which will take
place after the continuity connection
is made can be found from Fig.
8(8,10). For example, for a connection
made at 28 days, about 40 percent of
the creep strains has taken place,
leaving the remaining 60 percent to
develop moments in the connection.

It has been shown(51 that the ef
fects of creep under prestress and
dead load can be evaluated by an
elastic analysis assuming that the gir
der and slab were cast and pre
stressed as a monolithic continuous
~ The moments obtained from
this analysis are multiplied by a
factor (1-e-·) to allow for the effect of
creep. The factor ep is the ratio of
creep to elastic strain (€ creep / €
elastic). This factor can be evaluated
as follows:

(b.) Final Deformation if left as Two Simple Spans.

(c.) Final Deformation and Restraint Moment if Spans
are made Continuous after Prestressina.

(c.l Deck Slab and Diaphragms Cast -in-place.

(a.) Initial Deformation.

Fig. 4. Deformations and restraint moments in a two·
span continuous beam caused by creep under prestress

force

Fig. 3. Construction sequence for a two-span bridge with pre
cast, prestressed girders made continuous for live loads

1. For a Type VI AASHO-PCI I
beam with an elastic modulus
of 4 x 106 psi at release of
strands, the creep for loading at
28 days can be obtained from
the 2O-year loading curve in
Fig. 5 as 0.34 x 10-6 in./in./psi.

2. Assuming strand release two
days after casting, the multipli
cation factor from Fig. 6 is
about 1.7, and the adjusted
creep becomes: 1.7 x 0.34 x 1O~

=0.58 X 10-6 in./in./psi.

3. The volume/surface ratio for a
Type VI AASHO-PCI beam is
4.4 and the correction factor
from Fig. 7 is 1.18. Therefore,
the further adjusted creep be
comes 1.18 x 0.58 x 10-6 = 0.67
X 10-6 in./in./psi.

4. Assuming the moment connec
tion is made at 28 days, Fig. 8
indicates that 40 percent of the
ultimate creep will have oc
curred at the time the connec
tion is made. The connection
will have to be capable of de
veloping moments that result
from the remaining 60 percent,
or, 0.60 x 0.67 x 10-6 in./in./psi
= 0.40 x 10.6 in./in./psi.

_ € creep
ep - € elastic

E= 1
€ elastic

ep = € creep X E
ep = 0.40 X 10-6 X 4.0 X 106 = 1.60

•
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v/S is the volume/surface ratio of
the member under consideration
(see Table 1 for V /S ratios of the
AASHO-PCI I-beams).

When test data are not available,
the ultimate shrinkage under eAPo
sure at 50 percent relative.-h.umidity
can be estimated l1 2.13J as 0.600 x 10.3•

This value should be corrected for
very humid or yery dry enyiron
ments by multiplying by a humidity
correction factor as presented in Fig.
lQ.. The differential shrinkage strain
between slab and girder for a given
time lapse between castings can then
be obtained by using the time
shrinkage relationship in Fig. 8. For
example, with a 35-day lapse be
tween casting of the girder and the
slab, Fig. 8 indicates that about 0.42
of the girder shrinkage has taken
place. Thus a slab exposed to 50
percent relative humidity would
have 0.42 x 0.600 x 10.:1 in./in. or
0.252 x 10.3 in./in. more shrinkage
remaining than the girder. The value
of 0.252 x 10-3 would be used for E,

in the above equation for M,. This
value checks very closely the value
of 0.245 x 10-3 in./in. obtamed in the
PCA research (:11 using 10 ft. long free
shrinkage specimens of the slab and
girder and a time lag between cast
ings of 35 days.

After calculating the negative
elastic moments at the piers due to
shrinkage, they must be modified for

28

1.4

147

1.3

Age at loading.doyw

1.2

3

Fig. 6. Creep vs. age at load ing
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E, = measured shrinkage
strain at any time T in
days

ElM =ultimate shrinkage strain
at T = infinity

N, = 26.0 eO.36Y/S

QS

The most reliable means of esti
mating shrinkage values is from ob
servations on specimens made from
the mix to be used in the structure.
With such observations, the final val
ues of shrinkage can be projected by
assuming the shrinkage-time curve
can be represented by the following
equations (11 ) : T

ElM
E, = N, + T

where

0.70.6as0.40.302

Specific creep 4i~ 110"" in.lin.lpsi

Fig. 5. Prediction of basic creep from elastic modulus
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acts prestress creep because dead
load causes tension in the precom
pressed bottom fibers. The amount
of creep bending that occurs de
pends on the residual compressive
stress gradient under dead load. For
this reason, more creep bending is
likeIv to occur on shorter span
bridges where a larger percentage
of the precompression remains in the
bottom of the beam under dead load.
The effect of shrinkage. Shrinkage of
the deck slab with respect to the
~irders causes negative restraint mo
ments over piers that reduce the
creep restraint moment As shown
in a PCA Development Department
Bulletin/:!), the restraint moments at
the piers due to shrinkage are calcu
lated as if the differential shrinkage
moment were applied to the cantin-'
UollS composite girder along its en
tire length, assuming the girder to
behave elastically. The differential
5hrinkage moment applied to the
girder along its entire length is giv
en b,':

. M, =E, E b Ab ( e~ +~)
where E, = differential shrinkage

strain (as described be
low)

Eb = elastic modulus for the
deck slab concrete

Ab =cross-sectional area of
deck slab

( e~ + ~)= distance between the
mid depth of the slab
and centroid of com-
posite section

t = slab thickness

•
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the effect of creep by multiplying by
the factor (l-e·')lp. A graph of this
factor with respect to ep is presented
in Fig. 9.

Summation of restraint moments.
The final positive restraint moment
over piers is calculated as:

M r = (Yc - YOL) (1- e")

( 1 e")- Y, -ep- + YLL

Details of the positive moment
connection. In the PCA Develop
ment Department Bulletin on this
subject(31, various connection details
to resist the positive restraint mo
ment were evaluated. The detail
conside'red most practical is shown
in Fig. II.

In the tests run on this connection,
the hooked bars were bent essential-

~
IY at right angles and a relatively

, short horizontal projection was used
\ to conserve on the width of the dia-

phragm. Although the connections
Fig. 9. Variations in restraint moment creep effect factors for

both creep and shrinkage

54

the live load plus impact stress range
in the bars at the point where the
bend starts should be limited to .'50
percent of the fatigue strength (14 J. A
conservative value for this stress
range is 12,000 psi (15). Connections
designed in accordance with the rec
ommendations in the following para-
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Restraint Moment Creep Factors
1.0

0.7

0.6

0.8

0.5

0.4

0.3

0.2

0.1

developed substantial moments un
der static test loads, under fatigue
testing (with a stress range of 20,000
psi) most of the connection bars
failed after about 670,000 applica
tions of the load. The bars fractured
in a brittle manner at the knee of the
hook. To avoid this type of failure,

Mr =final restraint moment
Yc = restraint moment at a

pier due to creep UD

der pres~ress force
YOL = restraint moment at a

pier due to creep un
der dead load

Y, = restraint moment at a
pier due to differential
shrinkage between the
slab and girder

YLL =positive live load plus
impact moment.

where•
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Table 1. Creep data for AASHO-PCI I-beams :H'ltl"~' Humidity Correction F'actor
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Fig. 10. Shrinkage humidity correction
factor
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NEGATIVE MOMENT REINFORCEMENT

Since most of the dead load mo
ments are carried by the beam act
ing as a simple span, the ne~atiye

design moments over piers are those
due to live load plus impact. In some
designs, the dead load applied after
continuity is achieved may also be
considered in the negative design
moment. The recommended design
procedure for proportionin~ nega
tiye moment reinforcement is to me
ultimate strength procedures with a
load factor of 2.5 on liye load and
1.5 on dead load. The effect of initial
precompression due to prestress in
the precast girders may be neglected

Fig. 11. Positive restraint moment connection details

Ends of precast girders

Diaphragm
reinforcement

ELEVATION

Reinforcing bars with hook
ends embedded in ends of
precast girders

Due to the amount of calculation
involved in the design of a positive
moment connection, as described
aboye, it is suggested that standard
details be developed for the various
prestressed sections commonly used.
A practical consideration in design
ing the positive moment connection
is to detail it to facilitate the removal
of the end girder form after pre
stressing. This may require that the
connection bars be cast in the beam
straight and then field bent after re
moval of the end form. However, in
some areas, end forms have been
developed to accommodate shop
bent bars. If field bending is re
quired, No.6 connection bars should
probably be the maximum size used.
Consultation with local prestressed
concrete fabricators is recommended
to develop practical and economical
positive moment connection details
for use in a particular area. The con
nection and bearing details for the
Big Sandy River Bridges are shown
in Fig. 12.

21/2 bar diameters I
3 bar diameters i

Minimum Radii 1

Creep
volumel surface

AASHO-PCI Volume! surface ratio correction
girder ratio factor
type in. (from Fig. 7>

I 3.0 1.28
II 3.4 1.25

III 4.0 1.20
IV 4.7 1.16
V 4.4 1.18

VI 4.4 1.18

Bar Size

'#3, #4, #5
#6, #7, #8

Table 2. Minimum bar bend radii

graphs will usually conform to this
stress range restriction.

The total length of embedment
required for the hooked connection
bars can be calculated considering
bond to develop uniformly from the
face of the beam around the bend to
the end of the bar(16). The unit bond
stress should be 0.10 f: .(maximum
350 psi) as prescribed in the
AASHO Specifications (19) . The dis
tance from the inside face of the
precast girder to the inside face of
the hook should be at least 12 times
the bar diameter. The minimum
bend radius should conform to Table
2.

As determined in the tests at the
PCA Laboratories, the restraint mo
ment oyer' the piers does not affect
the factor of safety of the structure.
For this reason, it was suggested that
the positive moment continuity rein
forcement be designed to work at 75
percent of its yield point when sub
ject to the limiting value of the re
straint moment due to creep and dif
ferential shrinkage together with the
maximum positive moment due to
live load plus impact in remote
spans. However, when general re
search data are used to estimate
creep and shrinkage coefficients, it
is recommended that the design be
based on the lower stress of 0.6 times
the yield strength. This lower stress
will reduce the live load plus impact
stress range, and it will also provide
more assurance against the possibil
ity of diaphragm cracking.'.
6
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Fig. 13. Design aid for negative moment reinforcement

0

/
//

VW1/
V VV

~
V

,j)' V l/
/u~

l/V ,,~ ..r.9y f;y
/ 7 / 7/

/ / V h V7
~V2f-L- ~? r7

+- I- +
/t1/ /v (9'/.~~

//1V %~

1//1 ~~.~ 4?o

V+ ;:J '.
"c:.

I "Co

7
.,

800•'0
a
Q, 700
c:

200

6000

4000

500

100

2000

300

3000

.I:
u
.:
•
i• 1000
i 900

"0·~ 400
~

,. 600
'0
4

"-2 500

neoprene pod
--'--J'/1.------"!Ir--I.-

dowels-..J---

in the negative moment computation
of ultimate strength if the maximum
precompression stress is less than 0.4
f; and the continuity reinforcement
is less than 1.5 percent! 1). A design
aid to facilitate determination of the
required steel percentage is pre
sented in Fig. 13(li). Use of this aid
is illustrated in the design example.

It will usually be found that the
depth of the compression block will
be less than the thjckness of the bot
tom flange of the precast girder. For

'. this reason, the negath'e moment re
. jnforcement required can be deter

mined bv assuming the beam to be a
rectangular section with a width
equal to the bottom Bange width of
the girder. Due to the lateral re
straint of the diaphragm concrete,
ultimate negative compression fail
ure in the PCA tests ll ) always oc
curred in the girders, even though
the diaphragm concrete strength was
about 2000 psi less than that of the
girder concrete. For this reason, it is
recommended that the ne<TatjYe mo-e

ment reinforcement be designed lIS-

ing the compressive strength of the
girder concrete.

Fig. 12. Bearing and connection de
tails at piers, Big Sandy River Bridges,

Tennessee

COMPRESSIVE STRESS IN
GIRDERS AT PIERS

:\ point that concerns some de
signers is the high compression
stresses that might theoretically oc
cur due to addition of stresses due
to prestress and negative live load
bending over the supports. The PCA

~
studies indicate that these stresses
do not affect the ultimate strength

\ for the following reasons:
1. Stress relief is obtained through

inelastic strains.

2. Full compres'sion does not oc
cur at beam ends due to the
strand transfer length.

3. Diaphragms strengthen the
area by providing lateral re
straint.

In addition, the effect of the nega
tive live load plus impact moment is
reduced by the positive creep re
straint moment. However, when con
sidered essential, the theoretical pre
compression can be reduced by

raisIng the strand center of gravity
and/or by blanketing some of the
strands at the girder ends. Tests of
girders with blanketed prestressing
strands have been made at the PCA
Laboratories l1S \

SHEAR

The shear tests of continuous
beams conducted at the Pc.\ Lab
oratories l4

I revealed that the present
shear provisions in the American .\s-

7



sociation of State Highway Officials
(AASHO) Specifications for High
way Bridges(l91 provide a conserva
tive estimate of the shear capacity of
a continuous beam. However, on
continuous beams the formulas must

be applied over the full length of the
beams rather than .only over the mid
dle half of the spans, as is usually the
case for simply supported girders.

The horizontal shear stress be
tween the cast-in-place slab and the

precast girder was also investigated
at the PCA Laboratories(4.5/. These
tests found the horizontal shear
stresses between slab and beam per
mitted by the AASHO Specifications
to be very conservative.

•

Part 2. Design Example

DERIVATION OF GENERAL FORMULAS-FOUR EQUAL
CONTINUOUS SPANS

The design example is for a bridge with four equal spans of
130 ft. Prior to the detailed calculations, development of general
formulas for restraint moments due to shrinkage and creep is pre
sented. Similar developments for bridges with any number of
equal or unequal spans can be made by use of the same pro
cedure or any other consistent procedure for the analysis of in
determinant structures. The conjugate beam theory is used to
calculate the various fixed-end restraint moments. The final re
straint moments are then obtained by moment distribution.

Shrinkage restraint moments. As previously discussed, differential
shrinkage between the deck slab and the prestressed beam causes
the following moment on the composite section:

M. = €. Eb Ab(e~ Tf)
If the bridge were composed of 4 equal simple spans, this mo
ment would cause bending as shown below:

c o E

The slope at t~e ends of the simple-span beams may be obtained
as the reaction of the .'fLIEI diagram:

M.L
Slope = 2EI

Apply moments at B, C and D to return the beam ends to a
horizontal position:

8

End Span

MnL 2
Slope at B = - 2 E I X '3

_ MBL
- - 3£1 I~

A

L



Set slope equal to slope due to shrinkage:

"J[BL ~I,L

-3El 2El

3
'[B = --LU.

2

Interior Span

MBL
Slope at Band C = - 2 E 1

Set slope equal to
slope due to shrinkage:

J[BL JI,L
-2El=2El

I tMB = Me

M'~-pSi:p'--:J Me
B C

MDL I
Slope =3 E 1

.\[n =-M, =Me

Since different moments are required to bring the various beams
to a horizontal position, the moments must be distributed to oh
tain the fina"l shrinkage restraint moments.

3/7 4/7 1/2 1/2 4/7 3/7
-1.5 M, 1-M, -M, 1-M. -M, + 1.5M

+.214 M. -.28:::M. -.286 M. +.21411.
+.143M, +.143M.

I -1.2~6M, -. 85~ M, -1.2~6M, I
A B C 0 E

Final shrinkage restraint" moments (not reduced by the creep effect
factor) are -1.286 M, at Band D, and -0.857 M, at C.

Creep restraint moments. The creep restraint moment is broken
into two components, one due to dead load and the other due
to prestress.

De.d Lo.d Creep Restr.int Moment

~~
W 12

M ---
Slope 0 - 8

... Apply moments to return beam ends to horizontal:

1
End Span

)[nL _ .UDL
-3EI-3El

.Un = - "J[n

Interior Span

J[nL _ "JIDL
-2EI-3El

.'Ie = 2/3 Mn = JIc

Distribute the unequal end moments due to creep under dead load:

9



A o c o
-Mo -.667M[1":667Mo -.667 Mo-.667Mo -Mo

+.I4Mo -.19Mo -.19Mo +.14Mo

+.095Mo +.095Mo

-.86 Mo -.572Mo -.86M o

Final dead load creep restraint moments (not reduced by the creep
effect factor) are -0.86 M D at Band D, and -0.572 M D at C.

Prestress Creep Restraint Moment

The creep under the prestress force depends on the location
of the various forces with respect to the center of gravity of the
composite section. The tendons will be replaced in the calcula
tions by' the equivalent forces exerted· on the member.

Composite
Neutral A.is

t=~~=====:;:==========:::::=========::j-P2
I--_---=.:.L, ./_._-=~~2__.1_.__--'L,e..-__: I

The moment diagram by parts for the above forces is as follows:

• /'

/';' Transf.r l.n9th

---

-p. L,

--
La L,

Moments might more realistically be considered to vary from
zero to full value along the transfer length (dotted lines). This
would reduce the creep under the prestress force. Also, any
hlanketed strand could be disregarded for the length of the
blanketing. For convenience, the rectangular moment diagrams
will be lIsed in the following.

Slope due to prestress
(abbreviated P/S)

[PIS Sl ] = PI dlL _ P~ d2L _ Pa Ll~ _ P3 L1L~
ope 2 E 1 2 E 1 2 E 1 2 E 1

Apply moments to bring beam ends at B, C and D to horizontal:

10

End Span

~f~~ = _ [PIS Slope]

3E1
Un = - ----y:-[P/S Slope] •



l•

I
I
!
I
I

!-I
I
)
]

•

Interior Span

}lnL
2 E I = - [PIS Slope]

2EI
J[/: = }[c = ---r:-[P/S Slope]

Distribute moments (for com'enience distribute -3 and -2):

3/7 4/7 1/2 1t2 4/7 3/7, I I r i
A B C 0 E

I -31-2 -21-2
-21-

3

I
+.43 -.57

-t.28 +.28
-.57 -t43

-2.57 -1.72 -2.57

Final creep restraint moments due to prestress (not reduced by
-2.57 E I

creep effect factor) are L [P/S Slope] at Band D, and

-1.;' E I [PIS Slope] at C. Recognizing that the value of [P/S

Slope] "'ill be negative, the prestress restraint moment will then
haw a positive value.

Summing up the various restraint moments and multiplying by
the appropriate factors, the final restraint moments due to creep
and shrinkage can be calculated as:

. B I ( -2..57 E I [ S I] ) (at an( D = L PI S ope -0.86 Uj) 1- e-O)

(
1 -. )- (1.286 M,) ~ e

atC= (-1.~:EI [PIS Slope] -0..572MD )(l-e-O
)

(
1 -;)

- (0.8.57 .'1s) ~ e

For .1 gi"en value of ep, the values of (1 - e- O
) and ( 1 ~ e-· )

ma~' he taken directly from Fig. 9.

SAMPLE CALCULATIONS FOR A BRIDGE WITH FOUR EQUAL
130·FT. SPANS

This design example for the interior girder of a bridge with
four equal 130-ft. spans was chosen largely to illustrate that this
type of construction is applicable to the entire range of bridge
spans for which precast, prestressed girders would usually be con
sidered. More numerous applications will undoubtedly occur for
shorter spans. In states which have laws prohibiting highway trans
portation of the longer and heavier precast girders, the girders
may be cast in segments and connected at the bridge site. A com
prehensive study of methods of connecting precast segments to
achieve long spans has been published by the Prestressed Concrete
Institute(20) .

11
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SECTION

Design criteria:

Design of prestressing reinforcement •
B

Concrete Strength E
4000 psi 3.66 X 1()6 psi
5000 psi 4.05 X 108 psi
4500 psi 3.88 X 108 psi

Composite girder (interior)
Area 1676 in.2

STC = 59,ff77 in.S

SBC = 26,266 in.a

STSC = 46,252 in.a

I = 1,313,811 in.·

Impact =50/255 = 19.6%

LL = 8.0 0.727 lanes
5.5 X 2

Moment at 0.5 Span AB:

Prestressed beam at release:
Prestressed beam at 28 days:
Deck slab and diaphragm:
Loading: AASHO HS20-44
Prestressing strand: 1/2" cf>, 270 k
. Area = 0.153 in.2

Final force (after losses) = 23.6 k/strand

Section properties:

Prestressed beam
Area = 1085 in.2

Y 36.38 in.
I = 733,320 in.·
ST = 20,587 in.a

SB = 20,151 in.a

A

Using influence lines for 4 equal continuous spans:

0.1517 X 32 X 130 = 631 ft. kips
0.1998 X 32 X 130 = 830
0.1449 X 8 X 130 = 150

Total for 1 lane = 1611 ft. kips

•
Bottom

, M25 psi - eJ ?-
8l:T - / 42.~

- 86
• 643

- 2ff71 psi
-212

- 2759 psi

2390 ft. kips
1372
143

M D =3905 ft. kips

Top
802 psi

1395
83

282

if 2562 psi
/ 212-

I 2774 psi

Slab
Beam
Diaphragm
LL+I

Allowable tension

LL + I moment at
0.5 Span AB = 1.196 X 0.727 X 1611 = 1403 ft. kips

Dead load moments at 0.5 Span AB:
Beam = 1085/144 x 0.150 X 1302/8
Slab = 96 X 6.5/144 X 0.150 X 13Q2/8 =
Diaphragm = 3.30 x 130/3

Stresses at 0.5 Span AB

•
12



mIif¢
at beam onds

~[ .-0•

•

Assume eccentricity of strand center of gravity from bottom of
beam = 4.70 in. Eccentricity from center of gravity:

36.38 - 4.70 =31.68 in.

Calculate force required to give a bottom flange stress of 2759 psi:

2759 = F/1085 + F X 31.68/~
F =1,110,000 lb. ~ ( ~ '_' J

'-- ~'..;)-

Strands required = 1,110,000/23,600 = 47.1 strands
Use 48 - 1/2" ep 270 k strands

Check e.g. of strands compared to assumed value:

13 at2 = 26
13 at4 = 52
13 at6 = 78
9 at 8 = 72

48 228
228/48 =4.75 in.
(close enough to assumed value)

48 strands at 23.6 = 1132 kips
36 strands at 23.6 = 850 kips
12 strands at 23.6 = 283 kips

Check eccentricity at girder ends for no tension under working
loads:

0= 1132/1085 - 1132e/20,587
e = 19 in. (17.38 in. from bottom)

Center of gravity of 12 harped strands must be about 55 in. from
the bottom to provide this eccentricity. Raise center of gravity of
12 strands 60 in. at ends to reduce compressive stress in bottom
fibers.

Design for positive moments at piers

Prestress Creep Restraint Momenh (not adjusted by creep effect factor)

9.06'
283k

60' 850 k

P3 =55/42..5 X 12 X 283 =30.5 kips

[PIS Slo e] = P1d1L _ P"d~L _ P_1Ll~ _ P:ILIL~
p 2E1 2£1 2£1 2El

= -850 X 4.5.42 X 130 X 12/2 =- 30,100,000•
PldlL
2£1

P2d 2 L
- 2£1

P:lLI~

-2El

=283 X 9.91 X 130 X 12/2

= -30.5 X 42..5~ X 144/2

= + 2,190,000 in. kips

.'3,960,000

13



P3L1L-.
2 E 1- =-30.5 x 42.5 x 45 x 144/2

[P/S Slope]

4,200,000

36,070,000. k'
Elm. IpS

B - -2.57 E1 [ 36,070,000 ] - -9 4 106 ' lb - 4960 f kiat - 130 X 12 - E I - <). X m.. - t. ps

. t C - -1.72 E1 [ 36,070,000 ] - 398 106 ' lb - 3320 f k'

.l - 130 X 12 - E I -. X m.. - t. IpS

Dead Load Creep Restraint Moments (not adjusted by creep effect factor)

at B = -0.86 X 3905 = -3360 ft. kips

at C =-0.572 X 3905 = -2230 ft. kips

Shrinkage Retraint Moments (not adjusted by creep effect factor)

Assuming continuity connection made 28 days after prestress re
lease, exposure at 50 percent relative humidity, and ultimate shrink
age = 0.0006 in./in.;

€. =0.0006 X 0.4 X 1.0 =0.00024 in./in.
(factors from Figs. 8 and 10)

M, = €, X E b X A b (e~ + T)
M, = 0.00024 X 3.88 X 106 X 96 X 6.5 (21.91 + 3.25)
M, = 14,600 in. kips = 1215 ft. kips

The elastic shrinkage restraint moments are then;

at B =-1.286 X 1215 =-1565 ft. kips

at C = -0.857 X 1215 = -1040 ft. kips

Live Load Positive Moments

r-----.,------~15.65k 'S,-5_5_7#._r_ft__..,

~ t w? f
Using inRuence lines for 4 equal continuous spans, the positive
LL + I moment at B is calculated to be = 169.5 ft. kips

15.65k

•

557#/11

c
I

14

The LL + I moment for this loading at C = 392 ft. kips

Evaluation of Creep FlCtors

From Fig. 5, for an elastic modulus at strand release =3.66 X 106

psi, specific creep at 20 years = 0.41 X 10-6 in./in./psi
For release of the prestress force at 2 days, the value of specific

creep is adjusted by Fig. ti to;

1.66 X 0.41 X 10- 6 = 0.68 xlO- 6 in./in./psi
From Fig. 7 and Table 1, the volume/surface ratio correction re

vises the specific creep to:

1.18 X 0.68 X 10- 6 =0.802 X 10-6 in./in./psi



•

..

•

From Fig. 8, at 28 days 0.4 of the creep has occurred, leaving
0.6 to occur or:

0.6 X 0.802 X 10- 6 = 0.481 X 10- 6 in./in./psi

The value of 4> = Ee/ Et for the structure with a connection made
at 28 days would then be:

4> = Ee/'Et = Ec X E = 0.481 X 10-6 X 4.05 X 106 = 1.95

From Fig. 9, for 4> = 1.95:

(1 - e-') = 0.88

( 1 ~e-.) =0.45

Summation of Positive Restraint Moments at Piers

Shrinkage plus creep:
at B = (4960 -3360) X 0.88 - 1565 X 0.45 =705 ft. kips
at C =(3320 - 2230) X 0.88 - 1040 X 0.45 =491 ft. kips

Add LL + I:
at B = iO.) + 169.5 =874.5 ft. kips
at C =491 + 392 =883 ft. kips

Design of the Positive Moment Connection

To design for the 883 ft. kips moment at C, use intermediate
grade reinforcement with an allowable stress =0.6 x Iv = 0.6 X 40
=24 ksi. Obtain approximate area of steel required using an esti
mate of jd = 68 in.:

A. =M/f.jd
A. = 883,000 X 12/24,000 X 68 =6.50 sq. in.
Try 12 ~o. i bars, A. =7.20 sq. in.

6'-0'

Assume kd = 8.76 in. (from trial computation).

Section A y Ay Ay2 I.
Slab, 96 X 6.5 X 0.96 600 - 3.25 -1950 6,330 2530
Top flange, 2.26 X 42 95 - 7.63 - 725 5,530 -
Steel, 7.20 X 7.16 51.6 -74.75 -3860 289,000 -

Totals 746.6 6535 300,860 2530

15



~ = 8.75 in. (ok)

300,860 + 2530 = 303,390
-746.6 X 8.752 = -57,200

I = 246,190 in}

Distance from neutral axis to steel =78.5 - 8.75 - 3.75 =66.0 in.

S I 883,000 X 12 X 66.0 71 20300 .
tee stress = 246,190 X . 6 = , pSi

Since the stress is less than 24,000 psi the design is satisfactory.
However, in view of the low stress, consideration might be given
to reducing the size or number of bars in the connection.

Embedment Length lind Bend Detllils

Allowable bond stress = 0.10 X 4500 = 450 psi, use 350 psi maxi
mum. Perimeter of a No.7 bar = 2.749 in.

Assume distance from the end face of the precast girder to the in
side face of the hook = 12 X bar diameter =12 X 7/8 =10.5 in.

Minimum hook radius = 3 X 7/11 = 2% in.

10111-

I-----l t5"~
-L

::::::::::-:.= ~==::::;
" 7'1," ,I

Required embedment length

_ 20,300 X 0.60 _ 12 9 .
- 350 X 2.749 - .- m.
1/4 bend =4.80 in.

75.Z5"

7.875 in. + 4.80 in. = 12.675 in.
12.2 - 12.7 =no extension required
Use 5 in. ::!:: extension-gi\'es 18 in. embedment

To ensure that bars extend into the part of the beam where
the prestress force is effecti\'e, and to avoid terminating all con
nection bars at one point, extend 6 bars 3 ft. 0 in. into the beam,
and extend the other 6 bars -1 ft. 6 in. into .the beam.

Design negative moment reinforcement over piers. The live load
plus impact negative moments over piers are calculated as 1499 ft.
kips at B,and 1359 ft. kips at C. Design the negative moment re
inforcement at B.

Ultimate negati\'e moment = 2..5 X 1499 = 37-to [t. kips

~[" = 3,740,000 X 12 = :)33 _13z5·

hd~ 28 X 75.25~ - =~::!;!::!===;=--

From Fig. 13 (the arrows in Fig. 13
apply to this design example):

11 = 0.0074

•
16

A. =0.0074 X 28 X 75.2.5 =15.6 sq. in.
Try 16 No.9 bars, A. = 16.00 sq. in. .

Check ultimate moment provided:

A. tv
a = 0.85 f.: b

16 X 40,000
a = 0.85 x 4500 x 28
a = 5.98 in.

o..,h .,
cOfnpr... ion block

/



~ote depth of compression block < bottom flange thickness.

:'.1" = A.I" (d - ~ )= 16.00 x 40,000 (75.25 - 2.99)

.'1" =46,300,000 in. lb. = 38.50 ft. kips

.'[11 pro\'ided > required 3740 ft. kips.

Compressive stress in girders at piers, From a trial calculation,
assume kd =22.2 in.

n =E,/Ec

29 x 106

= -:-4.-;:'05=-~-x"'""1:-::0""K

=7.16 75.Z5' .6:_1 .H.w"" .,;.

~ }. zz.z·
a'

I 28.0' I
_. ... . ...--_.

Section A v Av Av 2 I.
16 x 7.16 (steel) 114.2 -75.25 -8600 647,000 - I

8 x 28 224 -4 - 896 3,580 1195
I
,

10 x 18 180 -11.63 -2095 24,400 1221 ,
8 x 4.2 33.6 -20.1 - 640 12,850

Totals 551.8 -12,231 687,830 24~~-_..- --,-_.

N A 12,231 222'. = 55l.R = . m.

687,830 + 2416 =
-551.8 x 22.2:l =

1=

I (LL + 1) = 1,499,000 x 12 x 22.2
r 418,246

I ( ) - 1,132,000 + 1,132,000 x 18.88 x 36.38
c prestress - 1085 733 320,

690,246
-272,000

418,246 in.~

= 952 psi

=2105 psi

= 3057 psi

This stress will not actuallv occur because of the tendon transfer
length. The stress is also r;duced by the positive moment induced
by creep. The theoretical stress can be reduced to 2000 psi by
blanketing 14 bottom strands for a short distance.
Tensile stresses in girders at midspan. In span AB, the positive
creep restraint moment at midspan 'would be 0.5 X 705 = 352.5 ft.
kips. This moment causes a tension of:

352,500 X 12 .
Ir = 26,266 = 161 pSI

Adding the tension due to gravity loads of about 94 psi, the total
tensile stress becomes 255 psi. The permissible value to avoid
cracking would be 0.8 x 7.5 y5000 =426 psi. Since the tensile
stress is much less than the allowable, no additional prestressing
reinforcement is required.

In span Be, the positive creep restraint moment at midspan is

17



•
491 + 705 = 598 ft. kips. This oauses a tensile stress of 273 psi.

2
Since there is no tensile stress in this span under gravity loads,
this section is also satisfactory for tensile stresses due to creep.
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£RECAST, eRESTRESSED GutDER NOTES

PRESTRESSING STEEL SHALL BE 1/2 INCH DIAMETER
HIGH-STRENGTH SEVEN-WIRE STRESS-RELIEVED
STEEL STRAND} GRADE 270 CONFORMING TO THE
REQUIREMENTS OF SECTION 506.3 OF THE CON
STRUCTION SPECIFICATIONS.

STRESS-RELIEVED LOW-RELAXATION SEVEN-WIRE
STEEL STRAND} GRADE 270 MAY BE SUBSTITUTED IN
LIEU OF THE ABOVE PROVIDED EQUAL PRESTRESS
FORCE IS FURNISHED.

THE PRESTRESSING STRANDS SHALL BE TENSIONED
TO AN INITIAL FORCE OF 28.92 KIPS PER STRAND
AFTER ANCHORAGE SET HAS TAKEN PLACE· A
MAXIMUM JACKING FORCE OF 33.05 KIPS PER
STRAND SHALL BE ALLOWED PRIOR TO ANCHOR SET·
AFTER TRANSFER OF THE PRESTRESSING FORCE TO
THE GIRDER AND ELASTIC SHORTENING OF THE
GIRDER HAS OCCURRED} A FORCE OF 25.89 KIPS
PER STRAND SHALL REMAIN WITH A FINAL FORCE
AFTER ALL LOSSES HAVE OCCURRED OF 21.12 KIPS
PER STRAND. THE CONTRACTOR SHALL SUBMIT TO
THE ENGINEER FOR APPROVAL ALL STRESSING}
LOSSES AND ELONGATION CALCULATIONS PRIOR TO
COMMENCEMENT OF WORK.

THE PRECAST} PRESTRESSED CONCRETE BRDGE
GIRDER SHALL CONFORM TO THE STANDARD TYPE III
AASHTO BRIDGE GIRDER WITH THE FOLLOWING
PROPERTIES:

CROSS SECTIONAL AREA
MOMENT OF INERTIA

•

THE GIRDER CONCRETE SHALL BE CLASS AA HAVING
A MINIMUM COMPRESSIVE STRENGTH AT 28 DAYS OF
5}000 POUNDS PER SQUARE INCH· THE CONCRETE
SHALL HAVE REACHED A MINIMUM COMPRESSIVE
STRENGTH OF 4J OOO POUNDS PER SQUARE INCH
PRIOR TO TRANSFER OF THE PRESTRESSING FORCE
TO THE CONCRETE.

ALL GIRDERS SHALL BE CAST ON CONCRETE BASED
PALLETS AND IN APPROVED METAL FORMS.



TRANSFER OF THE PRESTRESSING FORCE TO THE
CONCRETE SHALL BE IN SUCH A MANNER AS TO
MAINTAIN FORCES SYMMETRICAL ABOUT THE CENTER
LINE OF THE GIRDER· THE CONTRACTOR SHALL
SUBMIT TO THE ENGINEER FOR APPROVAL THE
METHOD AND SEQUENCE OF TRANSFER PRIOR TO
COMMENCEMENT OF WORK·

THE CONTRACTOR SHALL SUBMIT TO THE ENGINEER
FOR APPROVAL THE LOCATION AND-TYPE OF LIFTING
DEVICES AND PROCEDURE USED TO TRANSPORT AND
ERECT THE GIRDERS. DURING STORAGE AND TRANS
PORT} THE GIRDER SHALL BE SUPPORTED ONLY AT
THE CENTERLINE OF BEARING-

AFTER TRANSFER OF THE PRESTRESSING FORCE TO
THE GIRDER} ALL STRANDS NOT EXTENDING INTO
THE DIAPHRAGM SHALL BE CUT OFF FLUSH AND THE
ENDS COATED WITH AN APPROVED BITUMINUS OR
EPOXY RESIN·.

THE ENDS OF THE GIRDER SHALL BE CAST SO AS TO
BE VERTICAL WHEN ERECTED·

\~ Tops OF ALL GIRDERS SHALL BE LEFT ROUGH. AT
THE TIME OF INITIAL CONCRETE SET} ALL
LAITENCE SHALL BE REMOVED WITH A COARSE WIRE
BRUSH AND THE TOP OF THE GIRDER ROUGHENED TO
AN APPROXIMATELY 1/4 INCH AMPLITUDE.

AT THE CONTRACTOR'S OPTION} ONE HIGH-STRENGTH
SEVEN-WIRE STEEL STRAND 3/8 INCH DIAMETER OR
LARGER STRESSED TO A TENSION OF APPROXIMATELY
12}000 POUNDS EACH MAY BE USED IN LIEU OF
EACH 5G03 BAR·

STIRRUPS 5G01 AND 5G02 SHALL BE PLACED AND
TIED TO THE TOP OF THE BOTTOM ROW OF PRE
STRESSED STRANDS. BAR 4G02 SHALL BE PLACED
AND TIED TO THE BOTTOM OF THE BOTTOM ROW OF
STRANDS AND SHALL ENCLOSE THE STRAIGHT
STRANDS·

THE CONTRACTOR SHALL SUMBIT TO THE ENGINEER
FOR APPROVAL PRIOR TO COMMENCEMENT OF WORK 2
COPIES OF SHOP DRAWINGS AND CALCULATIONS.
THE DRAWINGS AND THE CALCULATIONS SHALL SHOW
THE METHOD AND SEQUENCE OF GIRDER CONSTRUC
TION} INCLUDING BUT NOT LIMITED TO FORMING}
CASTING J STRESSING J CURING J STORAGE J TRANS
PORTING J AND ERECTION OF THE GIRDER.
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~ DECK PLACING NOTES

LONGITUDINAL CONSTRUCTION JOINTS SHALL NOT BE PERMITTED
OTHER THAN ALONG THE CONSTRUCTION CENTERLINE.

TRANSVERSE CONSTRUCTION JOINTS SHALL BE LOCATED IN ACCORD
ANCE WITH THE DECK PLACING SEQUENCE. ALL (1) PLACEMENTS
SHALL BE MADE BEFORE (2) PLACEMENTS ARE STARTED AND ALL (3)
PLACEMENTS MADE BEFORE (4) PLACEMENTS ARE STARTED·

ALL REINFORCEMENTS FOR EACH BRIDGE HALF SHALL BE IN PLACE
PRIOR TO BEGINNING DECK CONCRETE PLACING. REINFORCING FROM
EAST HALF SHALL EXTEND THROUGH CONSTRUCTION JOINT.



Description _Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by g,- C

"....--....- ~
Checked by ......, ::;; ~

Date '7~ 24--, Sheet No. /00

Date2 7j, -;'C?.f. of __

17S.s {,/m -e z.. -r~,., den j

// - -1. "( rlre-d:. e/fc.J, -f~F1c1cJ1

ly--+------+---+--4---- .~

\5
r'1l

C.j.5

"".)
~

~

~ ...\<to

~oJ \9 ~

~

~

@. 47 1c1;MN

f!)15 ~ /4.).7L!t-

j)~J /t;N ffCI'7"6 "'" T..l e /7/~.5;O.l'fN

SI",/H ~~fi'> P5 8

NC
(;/3 I-k./~~ =:

----
c.. _ I-Jc.

I0L ~

20")

} I-h-
~

}/I

l7u +J
1-"'-- 70B

u



Greiner
Eng-neering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

Job .5 /'2.304--z...

Descripllon _

Calculated by_B-'L=--C---- Dale -rOce.. e +- Sheet o,J.a.L
c; /" ',/ ' .

/.. A~'"'l_ /1
Checked by .-, '-/' /1 Date k I 1/-; : ' --r- 01 __

It- = !?"b 0 PI z..

?3· f).,

;;"0. ,..7 '..!! ---
j.b :.

S-t :;;-070 ;n
.:s:::

~ 10383
j

(
\..J' -

If-= ,-

~ p~ t I1
PL

-i-
/'-1,. <- +17. c..

=+ /~- /'$ Pi.. .5
-+ s ep; :: /4.)..7-

BC~ /364- T /4-5"/ = ./
-+ 299- -f12..S)...y5 1 L,2.0CO p fl

866 + ///8 / / 89 - Ie-53 '" - 2..')8 'pSI
,.,-/

> -42~ ?<;'/

~ -", 0 "=:.

u



Gre-ner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

Descriplion _

Calculated by....:...I2-_~ Date 7.Rec &4- Sheet o. I d

Checked by c;, G. 1/ Date Z;(j;_-::: ~ r.:;/;:. of __

j "I.....

/L5/1/~/o/V#V? "-"'-:/<Cr? ~o~/, ~N.o.s

C;;1J.-VIIN/~~!::) 12 /~/!? .sre() ( .J:)vcT:t

J::-= 0,000:2...

~:. O. 2~

.-

~ (2.(/<1..,;)..7)../' )
T/'7N /"".3 S 4-

•
~ .

..

y = 20, "-7 -6 :0 !4·?-7 I"'"

J;, P~DlJ t ~;s t
X = ~ CIA) ==- 3S4- /"J

1
O. 08tJ,~ (2A,.tJ

£'9 .
*1-~cJ.. ~ 0.000).... C~) -I- O,;.:} {(/.08~rt) =

- 7; (/+KL ~o<:)

Tx :. /C';t (+- O. O:2...b) = 0, 9 7 ;';

o.O;;;"'G

u
/J-SS/;/;"nrT) /1'11-1f<:<1 J C<C.kf"3 .s-lr"pss = 0, & -!-f u.-

== C). 8' INC) =.2/(, A::..s I -



of __

Date sJ p~c 84- Sheet No. Loa..
y 'II

Date 2'; £}e? ef'f

Calculated by f2- t-C

Checked by 9 .G. t/,

Job SO...,304-Z- 3S+~ Ave. AcOc.
Description jOe:-rl-~.sI"f1 AL-rGreiner Engineering

Sciences, Inc.

Tucson 602 327·3413
Phoenix 602 275·5400

Greiner
Engineering

?11QX/m c/h s-lr....s.s
( k--!ere ~t..l1dI~

:o,7o f p c.....:

A::
3/&. / /TGN C)CtN

X '2 'rucklf~

c;36, 2- k:. @ Gnc/

slr@Z/~ 1'1 .J.e~v...l'fc e. o;t--€ -I-hO-k~ WI/I horv~

~J:.J .J;;t:/t:-?'b ~~s-I/~ .skcr-l~~u-~.J w4//..e... +4-e. 2~

~"'l-1ek/{ I~// / / £:.X/ ,or~ _C.iiL 40 £"'~ "rltC- ~4e.;- -I~"-::J

k~-.s. /-.t=- (~ /1Cc.I/~-r--e ~o~# ~ clf~r~/H~

~-e. L.&.r.Jse~ .A~~ V/11/~ a/I -I~p!~IC;<f.J ct/"e;. rr-e.sf..:>c...('

a;r...(! VS/':Y ~~/-j ~I € v~/t/~ --f:c-r ~ Av~~k .-/
r-Pr -Ip~a(C"1)' h t:);1r:..~ -h, (: 0, S- k-c.-Ic,,-

L-5 ~.s:,

-+r{ c. +tC~ LcJ:.J

/2..3" kj/

o



Descriptlon _G iner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400 Calculated by r2-LC

Checked by C:;, 6, it
Date 8 O#:c. B4- Sheet No. 10 s-'
Dale 2//Vtrc..:' of __

, -k..
- 2~4-

B£/Y-r ..s t--l-r- v...Jf?7)+ - 5"8...3 ye;
4£A"r::. ~~..=: c?S8..3 (S-:J:Je

I= I:J.. -;- .3YO I H g.. .
./, '

f. /0.))

= ~O.;;1..7- 6 = /?>-"T IS?

/06 I -I- 96 T - '3 4-7

6,z8 X /0 JU f

~. h~- {~);:: ..,- 6./
£- c..Lr ::: 33~ ,jTc ,: - 3-3 /4'> '1/,*00 - 3. {;4- X /0 ,rf

o

;l..& (/0(.)

.: C.s.: 0, ~ 3.64((0°) /b73 = 6 4-S,8 YoS/

• : CA:.



Descnptlon _Greiner Engineering
Sciences, Inc.

Tucson 602 327,3413
Phoenix 602 275-5400

Greiner
Engineering

Calculated bY---L(2=.:'-::....C- Date 8!2£c-e+ SheetNo.~

~
/'" (" . .1 ~ ..:/ n _, . /.1/

Checked by y. ;;, rt. Date - (; 1/~. .' Lf- of __

.-----------~-----...,

S//,€/lYK.I'1(7c _ J--' ::. T T-:) ,':.
J.

5/1 =:. O.g(17c;cxY - / !iO£H)

t.- 4-0:% .ec £..1'177[,1F HC//"rN)rI-.:::J

= 8800 e>1 ,/

360

"I -::: 363.)94/lh+

... I S I 3'3 2. p.s/



84:;; -1- no
Iv:) 7

Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

/tcDc..
Descnption _

Calculated by_f2_I-L-=---- Date i he... &4- Sheet No. ).CI7
,/ /' "'7''''' /../.

Checked byL; I (.1, I . • Date 1../ i/r ~. " ..;- of __

C.Rs~ 7O~ooo -O.3Ff<. - O.4-t=~ - O,Al.~fI+-CRc.)

it<- ).
;:; = /89 '7"C.> -c" 4!>-e . .:;: 17~, 04- )c$ I

r:f:: /gy- 47. 73 .=

t "rJ-

Q /71 / OS)?AN

PR ; C; 500

£S 2' c; 4-- s-g
..$H- a 88 00

eRe. : / >" 3 32-
)

U~ ~ /0 64"0,

Tt.. ~ 4 7./ 730 ;>.$/

o

~ EJ1d

c5
51{-

Cr2c

Ct2s
T~

G4Sg
~ 8~co

= I> 33 A.

=: 10 640 ,

4/.J 23D
/

'p'7 1

/1!..5/j

~:= /8 y - &I 4>E. ~ -1-86. :5"4" /=j I

.. ~
c,' /11,4-

(;-2-7.'9 Jc

4Y7.4-J:::.



Description _Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

Greiner
Engineering

Calculated bY-+.,!2L.L-==- Date tilj)PcE::-r- SheetNo.~
.....: /-: ' . ,r; Y 1)'--..· -?)/

• Checked by '-i! '-1, 7' Date L .; 1/.- - c / of __

~..--'-------------,

". t2-erf,o O@S!)11 0 -+ rP~~r-fr·Nrcd ~r ....-t~

s...-Ir-vc-lur-e I, ~ r:r: ~I #'f 3 rei .£~) p. Iv 4-

1- = S:J (/2-.)

ANC=- --

STr/lrJIJ 5 7r.,.-..ll

=- /8Y + A 4, 7)", ;: ;;... /3, 7;... Je.; I

< ;:O.c.. V

o



Descnption _

Calculated bY----.:.r2-=--'-_c....~---Date 8 f).;c.. 84- Sheet No. /0::T
r: G: 1/ //t/--- /f

Checked bY--1' 11 n , Date..... ... ';. .. of __

Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

Job ,.!1/.)..3 0 4-2.. 3 ~ t-h A1/4!... Ac.Oc-

CQ. /11 /..t?5 pI'} IV

@ Sl?rl//c..~ lcl'tO

if:: --k. V /4. J.. 7 !.!l.
,......

4 7~.) eps~

.-vc. 1-"-
/~L 0/3 --

p:; 5 >/~J.e /;eA-/"f ~
c. I-A..

/~~
-

~o S ..-/
,-

4+T- = /0&
/--t:... :./'

~A Px """ 4:+#~/1~~ ~J:,.s

ICfl
+84-9 ~ ,tJ- -1338 1'til-Sf +J~62.. ,:Js l

'I
\1 V

+- ~ -
~

I3c-T -18'1'7 -f/09? -//89 -lOSS" -A~/'>,

-t-/~A?SI '-

- 2..;)8 jJSt .>-
=-~.;), /5 (

o.4-f'c..=-

-6)+~ ::.
/"
·~·~Ok-

-\

o



Job ,"2/)...3042.. sS+Jt IJv~ /J.cOC-
Description fbs+ - TejJ.5/crV ~~ 19~rGreiner

Engineering
Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
PhoeniX 602 275-5400 Calculated by f2- '-"

Checked by (L, (1. -1/,
Date 8 f)€'c.- &4- Sheet o...L...!...!?-

~I/)'~/ 7.;L-Date':- 1/':' ~ , of __

p~~

-/668

""/367

+

-4J3

CIp~ I

0, 6 f'~r: .:::. .;L 4-- '" e" /';. /

· '. Ok.-

u



Description _Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

Greiner
Engineering

Calculated by-'@t...::....=LC...=- Date B 0 L: c..&4- Sheet No.ilL..
G .~ # 7/ ~:~ .....,.'-,-":.r- C_he_ck_ed_b_y_.~_'_~_"_I_' D_a_te_4-_,.._~_•._. O_f_=:~

J-
)<

~

~r ~
--L-r-----:-----+_ - --

P/fI?/f!3CL./C- Cf/t'l/e
I

1
j(X)= .2.u'K+..b

€p.s (0) = D Ot-O+C c,=o

ef's (3S4) - /4,;J.7 -= ~(3S4-l..) + .b(3S"4)

I

ep..s (354-) - 0 - A,Q (31;4) + b
. : .b .= - 708 C<..

,,'. C<-::: - O. OOc> II .3 9

lJ = O. 080~21~

o o
• 0 efU()() -:: -0,000//35> X ~ -f cJ. 08062 /T X / C nc..h.,os )



Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327·3413
Phoenix 602 275·5400

Job ...FI.2.3 (/4- '-

Descriptlon _

Calculated bY--L-J€._L_C- Date /0 o-=-84- Sheet No J/ 2.-

Checked by G Ci. -f!- Date26 :;.r.:c 71/. of=

.5P. / 7

/~ -=- /, -3[fr OL -I- -% )7t
L -rI]

= /...3[ (;,/3-+;;"0) -+ ~ (7()t)] --

~OtO
;

,.. 0.000973

~ ~/_;l..7C) 0
o. oooY7./ ~--s=- =. • 0 ~ 3

/. 4-( 4-6. )c)(o .6'53) ;.

(2f'C~~r

L- 0.30

/J?a.x/n"'~ .s.-'J:>el Ok.
(9. /8./ ) .

:<6.:<. 9 k1 J ".-£-~ = ~7C;{ / - ~,5" (O,C;;3)) ~

/.4 c!Pf~ f!0c. ~

o



Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

Descnplion _

Calculated by_;e=--L._C- Date loQpc&+- Sheet No --LlSl.-
C G /"" j.,/ Date J ~( I }f'-: -//1 of _hecked by , .::J, / / ..... V - I

/1""- = ,Aps -ts:" d ( I - 0, 6 ~)

= 3. 6~G(A 6~. 9 ) 4&.5C ( /-I?, 6 (O,OS3) )/1;)...

. rT-k. / '- . FT-*
- .3 r;; / 6 ~;2..6 CO' -: Ok

c'

C 4Et.J<:.. crACkln~ /7lC/Hff'H-f.
--.J

(l1hSHTO

7 - ;- "7-.) ;,0(/0-

-.,5-,30 =

[ ]
/0383

(1CI = 84:; -I- /OY7 ~ ;30 ~oo:::. .:z / 42.
/-k.

o

,,: C~



o

(J)G')
() ...
-. (1)(1) _.
;:, ;:,
() (1)
(1) ...

om:-;:,
;:,10() _.. ;:,

m
:::!.
;:,

10

o '
'" 0V> a
"-6
6
:::>

m~
~ii&C _._.::s
::SID
10 ...
10..._.
::s
Ie

(f)
::T

'"~

"
I

o
'"iD

()
Dl
o
C
/il
iDa.
a

~'<

i\

gjgj
NN

N W
..... N
Ul .....

e."w.......
8e;;

"U-i
::TC

o "
'" V>:::> 0x· ::J

~
~

~>
"

iN
~
~

'-

-....... - I

1

f'ep~ /7'0% Ir,. <..-t-/7 L<-f~

2.i+e-?: p ef5 Y:
.Pt- ~

L- A
ToP ,t3cr "'7OP K3 c r 7"#-r dcr -re-I" /3e-,

(k,P;) /11 /15/ Il' $ ( ps I p. I 'pJI fU fJ" p, ( P $1

~//"'.J?!~ .PeN1' --

0 4-Y7. 4- 0 888 - ~ - - - - 888 &88

188.~ ". /.3 8J 7..3 -oc8° ];14 -749 -a, :z. 1;l.. I ;l..,.O) - 7;!.;A.. III~ /;J..3
o,t:). 47~. 2- /3.70 857 -- -1/J .1> AY .... - 103 Co /)..39 -;l..SI-0.. Y7 /c;.63 /3 8~

0.S- +73.~ /4. )..7 fj4j -/33& loY l' If5/ -/IB~ 300 -IO)~ /~6 ;;l... -~~fj

2 -5jJIIJJ ~NIt4lLJcv~

0 4-:97 .4- 0 988 - - - - - egB G'1J9-
0,2.. 488.6 51·/3 8 7 3 -88 0 7,)..1 9/4 -749 1'7/1 -c.:l(p lOB'S- ~/9

0,4- 475', :7 831 /38) - - e/~ /17 (,/.1,70 -I2Y7 /063 -/1.3 ) )",31 -::1...7

v,> 4-75., /4,;)"7 94-9 -/338 /05' 7 14> I -IIe )' ~).. ~ -784- 1184- -)..7

138)'
-"~~~~0·6 4-7..), -' /3·70 f)' S? -1)...97 /c;63 -II 3 .> -40 "f-14- I 'Yo~

~O,&, 4-8~. 6 9, tJ 873 -Bd'O -74- 5>~~~ 6 00
.. 7~I )114- -7t;r.. +34 ... -&~~ I/B :J

1,0 0 888 - '/7 ~.../o
4--5'7. 4- - - - -;U7 .,f 763 ""-674 /6Y{

c
c
i

(/.



01 __

Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

Descrrption _

Calculated bY-.LI2--=--l-_C- Date 1t2J2€'c:...~ Sheet No.LL±..-

~ , ~ 1 '4::
Checked by Cit '-;-,-;-,-!:- Date ..2.:~ j/Ec ;..

? :=

I --

.J2 =- 5y-,.:or· =. 708 /"

o
/!; = Iy I

j - -- - ~ /4.).."7 !!1 .<
.,r'"



Description _

01 __

-Sheet No.-1.l..2-Calculated by (l Lf-.

Checked by 9, c:;! Ii
Tucson 602 327-3413
Phoenix 602 275-5400

Greiner Engineering
Sciences, Inc.

Greiner
Engineering

to. YG 7 -I + (). 34b J

/
J~ = -/,8S(C7. 3""'8 ,) ..,. /_80 ( 0,'967 to) -. /, (/ ':77& 1

,
~(3.~4)1&'t;(/25~~cj [>r: (59.:2.r6)/c?(I'r/2..7)] -

/e--Ia.1

.L1p ,> =

o



Descriptlon _

01 __

SheeINo.~Date /0 ~fJ~
".(/. ....-YI

Date ~- !/er:..Jrr-
Calculated by ,e '-<

G r:; i/
Checked by ;7....::7, /I,

Job 57,;J- 3 092-

Tucson 602 327-3413
Phoenix 602 275-5400

/),-- f-'h-f-

Greiner Engineering
Sciences, Inc.

Greiner
Engineering

5) ;-% ev + IJ I+O?1Ce i-~
crt- pr~.rfre.5~/~ .s-f~~1

reJ:

t"~ v ,,~o.f ~"'J It12 D 19

~; Ane),u''p I~ r-e

3 000jJ.5 I e ~ ~r"'/e~ /o-~o
4 (), J (¥!J. ,) - } r:, ()

Ai= 9, 1/

/0,3

../)p* ..,.Ie, wler"h 0+ 't"f-VI"'~o/ .tJ~A/?/I'..Ib ?'-~/.::

vs ~- ~-/V.o r.3~o~k. ..o£7/1/;r ,,-/

o
7,;/ I



Description _Greiner'
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

Job SJ?304~

Calculated by (C £.,.. c.....
G~JIChecked by; ''1'

Ac.O c....

Date 10 /).QC. &4- Sheel No--.l...l.L
., ':./ /.;

Dale - vI-... , ~ oi __

/6 If

, I

1 '
I I
I I
I/',

" "-/ ,

la

a.lf

(c) One Distributed Load

,. _/4 , I, 0/4 'I
0/4 I' 0/4

fa, :A.°e
(b) Two Distributed Loads

q~ - 4-/~
~4' -

-,'-r-/J /VS' (,H"~J -€.- -I--rPJ-1 S / CY/

e C~ 8ft=ck-

4-)"L!! ~

% = // ~. =' /t? 'I .: c k-

///9 :'70
cJ.34J. - O,34(i~ - 5-9-Jpl)

~~I /)11/ In .,t-fJI1S1 /<. s-Ir"S ..s

C ),~c.A:_

A=- 5~ClM~ + ;2.,[ 4-,)(/~) + fJ4.5-r.}1 X
...-:-b') 1-2 [4.5(:-) t2(i)(If, :<~)

,,= 7:§:./ //7"L /71, 5'
///9 ;.;::t

f= PG.3. 4-(lo-J~ I = )'7'5=0 / S I

;= -= ;<;2...sf.,- (0, /53/~ .:2.70 (0.95 )

V

o



Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275·5400

Job _

Description _

Calculated by~C!.~CAX_~_Date Sheet No....l.i.Et.....
~ ,..r. I ./ 11 i / .-

Checked by '-7 ;' I / Date I.' J,lJI.J? ) of __

/t5.> vme.. -I--.pn.J I /.p j ~ r~j$ (.!> qt rrn b~~ elle"..

C<... 2. 1"1 L ~n) Ih C~ '~)

-~,7 :.J /2; I~ J
..-

!!Lj-= ~ PSt ( /6 1.!1 WIO#7) A../'r - n:.-:--H-:J.....>

o

/
,

JJ.. "¢ X /2"¢ 5>plr4,/ e :<.. )11
rnl, 3~OHX

ChIc,( #Se. 41'1

(A.s :::. 4,;;'" ~ N1 t..-/rr ) ~

.'



Description _Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275·5400 Calculated by &'-<

Checked by y. G, ;/
Date /~f)Pc....8:4- Sheet No...L.LL

/1 /. 1/....--
Date LJlJI '" j of __

IN. ~ S +CI1 .(2..

f!j /O{) Te- //)

A/ici C/'A-Uc In tt L c-/} 0
v

'\
/"

'CJf' (t\.); 3"") .'
;<'0. ::0- w IJ)fh 4,c/'er g Ie/..!!.-

-t; / II? -.,/.s. r."'C.-rIC~ -Ihtck"~Js. - t,-

/0" s~. /2

......

~
~

(.,.,
--t-----f- It

-J.~ A (%.) -frp )

-t- }+sy[16 6 - :9 7)" C*)J- '9, J-I- 3.:9<:<.)

[
{.sP (t oM- 38 a..- j"),u)

~3(%.) _ 7]

+ lit --e= r~"'c/CJ7 €CC-Pn -frrf.j - 13

4-:J I.!L
~

:2...Q. :: 5F'C.7,CNt It+ = Ca= -11 )).. 2. .)-

f-S?';' J? /,-1 -I~""JI./.p .s-+r'"y..J.~
.:: ,. '> ..JJ:'i; ;:. 0 - 4 / I k.s J

a

G = -I-~r1 //'1(' //l7C( -!'ICrl

-v TnIV -I (D .0B 06 2.1;")

o -t>~ ~)::::.
/' ........C<..:::: ..., O. :3 ~ :> 0, .:2- ;-

u>~ t:~~.)(C/, 2S)::' JI, 2., S" I..!:l.



Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

Descnption _

Calculated by--.!..r2-L=C~__ Date 10 i?«=E1-- Sheet No. I~
c::..r:'/ ,..,. 7~

Checked by l' St', 71" Date .' JG//, .; of __

Per= //.25'[ 0:£ {3B(;;1.'2.;;-j - /)...c;) - /~~) (;J.. (4-.1» - 252. L'X'-J )CAli)

a ]' \( - \\7
- /Ctf§ (~.)) -7-+ 3 5J ( ~) -f .is- (O.411/LJ 6 b - .97rt~. 'l~J -Y./

::: //2'SL /2...><97 + ~o34 - C,CI2.. -7] 1'/5)5-:<../BC. -))./ ~

./ ./ .".

- ~ 7. 60 + I:J) - )... I &'6 -:). I 2 SI, 3 k

. I, /0 d-j> u As? =- I. Ie? (~7o) II~ (0, /3,3 )::.. ~O -< :,,--

3Co ~ ):.. ;Z S/'3 Jc

.'. 5("C~/C"7 00/?J ~c~ /?!f>--r CY',zek1hJ

s-fr~,ft;rfh r~1-(,II,rT"n,.,,--I' L..-?'

~ -r- 0 . ..3:> 71""'"' fJ.s p
Cj4-/HH7o 5J'~b]

/
5A~

A.5,P
-£ -o.bf~~

= .oss6

0
l:f 4 P'/'1TJ)"'- -::

I 4 coop >(

40000 ;<-91



Greiner
Engineering

Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

--

Job S/2?04'2- ::s.5"1Ir Ave.. !4C!X-

Description e s-I- p" J {CHc~ !It-r

Calculated by~J?~u.-=- Date II j)-@c84- Sheet o.~
- /" II -" /", / 'i,-

Checked by7' c.:;., rr Date -- ./IVI'- ~./ of __

0 :fl
I,

-3" / I •'- S<£~ S.=. >= L
~

/ i. .- 4-4;4./ pO O. ;l. 4- ~ O.3~
~ 0, /8 Ilf ~/H ,,,

..9,r
7860 I's ( 0, If J- 1/1 1- 0,.;?4- z-

/n

\.

Asp =- 0, :<.o~ .I £1 == /;J.. "

o

~ "i ')( f)..." ~ Sl/r~/ @ / t t. jJrk/' )t $ 1-0 'I

(As'" 3 , ~c; In L )fFr )

~ '3';?~//f»7 f'7 118
..::,,6(,

~-:.
-,'-



of I~~

Sheet No.__

Description _Greiner Engineering
Sciences, Inc.

Tucson 602 327-3413
Phoenix 602 275-5400

Greiner
Engineering

Calculated by @~ Date / / .Qtoc~ ~

~
r-: ~ // .-1 I /-

Checked by~. ~71 /I Date L- rJ£/./ f'j
.-r----o-------------.

,.: ~n -Irec. c...-Ier

~1'/nl'crc /~

t/~I'I 0 /fncltor&l)'-€. dp5 l !i1r7

on I;{~ S'pPCr/fC. - .?rc.cI~ +

o



DESIGN OF POST-TENSIONED GIRDER

ANCHORAGE ZONES

w. c. Stone and J. E. Breen

RESEARCH REPORT 208-3F !

PROJECT 3·5·77·208

r·

CENTER FOR TRANSPORTATION RESEARCH
BUREAU OF ENGINEERING RESEARCH

TIlE UNIVERSITY OF TEXAS AT AUSTIN

JUNE !981



106

suggested in Sec. 2.3.3, an effective bearing stress design criterion

for post-tensioned anchocages Is:

(3.18)

where - permissible concrete bearing stress under the anchor
plate of post-tensioning tendons

-bearing area of anchor-plate

- maximum area of the portion of the anchorage surface
that is geometrically similar to, and concentric with,
the area of the anchor plate

f' - compressive strength of concrete at time of initialc
i prestress.

3.6 Suggested Code or Specification
Requirements

The general design criteria and recommendations contained in

Sees. 3.4 and 3.5 are difficult to reduce to simple, concise language

suitable for direct inclusion in regulations such as the AASHTO

Specifications or the ACI Building Code. The provisions are best

expressed as general performance requirements in the Specification

or Code but with accompanying commentary indicating possible ways of

satisfying the performance requirements.

Section 3.6.1 contains suggested performance requirements and

Section 3.6.2 provides more detailed commentary text to assist

designers and fabricators in meeting these requirements.

3.6.1 Code Provisions

A.O Notation

A - nominal area of post-tensioning tendon (in. 2)ps

f - specified tensile strength of prestressing tendons
pu (psi)

•
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A.l Post-Tensioned Tendon Anchorage Zones

A.I.l Reinforcement shall be provided where required in tendon
anchorage zones to resist bursting, splitting, and spalling
forces. Regions of abrupt change in section shall be adequately
reinforced.

A.l.2 End blocks shall be provided where required for support
bearing or for distribution of concentrated prestressing forces.

A.I.3 Post-tensioning anchorages and supporting concrete shall
be designed to resist maximum jacking forces for strength of con
crete at time of prestressing.

A.l.4 Post-tensioning anchorage zones shall be designed such that
the minimum load producing cracking along the tendon path shall
be at least equal to 1.10 fA.pu ps

A.l.S Post-tensioning anchorage zones shall be designed such that
their minimum strength shall be at least equal to 1.60 f Apu ps

A.I.6 Supplementary anchorage zone reinforcement required for
control of cracking or development of minimum strength may con
sist of passive reinforcement such as spirals or orthugonal
closed hoops or mats. Active reinforcement such as lateral post
tensioning may be used.

A.l.7 Supplementary reinforcement such as spirals shall be pro
vided to resist web face rupture in regions of high tendon
curvature when multiple strand tendons are used.

A.I.B Unless structural adequacy is demonstrated by comprehen
sive tests or a more comprehensive analysis, anchorage bearing
stress at 1.1 f A shall not exceed

pu ps

where a maximum concrete bearing stress under the anchor
plate of post-tensioning tendons

Al • bearing area of anchor plate

A
2

• maxumJm area of the portion of the anchorage surface
that is geometrically similar to, and concentric
with, the area of the anchor plate.

f' • compressive strength of concrete at time of
c i initial prestress.
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3.6.2 Commentary

C.A.l The general problems of anchorage of post-tensioned tendons
are significantly different from the development of pretens10ned
reinforcement. Items concerning pretensioned element anchorage
zones such as now included in AASHTO Sec. 1.6.15 should be put 1n
a separate section.

C.A.l.l This general performance statement alerts the user to the
fact that the actual stresses around post-tensioning anchorages
may differ ·substantially from-those obtained by means of usual
engineering theory of strength of materials. Consideration must
be given to all factors affecting bursting, splitting, and spall
ing stresses. A refined strength analysis should be used when
ever possible considering both the cracking and ultimate limit
states.

C.A.l.2 Where convenient, widening of the anchorage region to
distribute the high localized forces is an effective way of
reducing bursting and spalling stresses and raising the cracking
and ultimate capacities. The effect of increased width is indi
cated in Eq. A in Sec. A.l.4.

C.A.I.3 In application of all anchorage zone design the level of
prestress applied and the concrete strength at time of application
must be considered. This is particularly important with stage
prestressing.

C.A.l.4 It is highly desirable that the anchorage zone remain
uncracked at service levels to protect this vital area from
corrosive and-freeze-thaw deterioration. This can be ensured by
proportioning the anchorage zone so that the cracking load is
greater than any anticipated stressing load. In this propor
tioning the anchor zone can be designed to remain crack free
without supplementary anchorage zone reinforcement by use of
Eqs. A through n !he zone can be designed to remain surface
crack free through provision of supplementary reinforcement
which will raise the level of the cracking loads as indicated by
Eqs. E through G. The service load level specified 1.10 f A
contains allowances for jacking errors, material tolerance~~ ps
and a margin of variability.

C.A.l.4.l Cracking Loads. The cracking load for thin web
post-tensioned sections without supplementary anchorage zone
reinforcement can be determined for certain conditions as:



109

p
cr - t[:ZP(388 - 120) : 8~(2e

+ 39a' + -!£[166
5

- 252(e/a)f ] _ 103(e/a)
sp 9

- 975 (a ' It)
2

] - 9. 1

(A)

where P - cracking load in kips
cr

e - tendon eccentricity (in.)

t

e

2a

2a'

f sp

- sectibn height (in.)

• width of anchor plate (assumed square, in.)

• section thickness (in.)

- tendon inclination at loaded face (degrees)

• split cylinder tensile strength (ksi)

may be estimated as 6.5~ psi)

All variables are illustrated in Fig. A.I (Fig. 3.1 in text, not

repeated). Limitations on the use of Eq. A assume

a. e, e are both positive as defined in Fig. A.l

b. 0.05 ~ t/2a ~ 0.25
c. anchors are assumed square, plate type

d. single tendon anchored in the web.

\

The equation can be easily extended to other practical applications

as shown in Fig. A.2 (Fig. 3.2 in text, not repeated).

For sections which do not meet the above criteria cracking

loads can be obtained using three-dimensional finite element

analysis techniques, or by comprehensive physical tests.

The cracking load can be calculated from a three

dimensional finite element computer analysis which has been

calibrated to extensive physical tests. One such calibration

indicates:

1. The maximum spalling strain (transverse tensile strain

parallel to the loaded face) at the anchor plate edge

must be calculated. For most cases this will require a

detailed mesh refinement in the vicinity of the anchor

plate edge following a preliminary analysis with a coarse

grid. This is particularly necessary for inclined tendon

blockouts with square corners. Anchorage zone reinforce

ment need not be modeled for this analysis.
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2. The peak spalling strain corresponding to a load of 1 kip

should be computed. The approximate cracking load (for a

section without supplementary reinforcement) can be cal

culated as follows:

p
f cr (B)•cr (1 kip(FEM)

where P P • cracking load (kips)
cr

f cr • threshold cracking strain 6J()

(1 kip(FEM) • peak spa11ing strain at plate edge from

program with u~it post-tension load of 1

kip.

Calibration studies indicate that appropriate values of

( are 172 ~( for plate anchors with straight tendons

a&a 1092 ~( for plate anchors with inclined tendons in

which a right angle blockout is used.

For other than plate bearing-type anchorages, the cracking

loads obtained from Eqs. A and B should be modified as follows:

Conical Anchor P - 0.61 P (plate)
cr cr

(C)

Bell Anchor P - 1.08 P (plate)
cr cr

(D)

••

These coefficients apply only when the anchorages present

approximately ~he same projected bearing area.

In any physical tests to determine cracking loads, the

conditions to be expected during construction of the actual

structure must be replicated as precisely as possible. These

include the effects of tendon eccentricity, inclination, curva

ture and multiple strands, as well as anchor size, section width

and height, and supplementary reinforcement.

C.A.l.4.2 Effect or Reinforcement on Cracking --Cracking loads as

calculated from Eqs. A through D represent the minimum value to

be expected for a section with no supplementary reinforcing in

the anchorage zone. The addition of supplementary reinforcing

will raise both the cracking and ultimate load. For sections

provided with spiral, orthogonal, or active reinforcement designed

in accordance with A.l.4.6, the cracking load can be determined

as



Spiral Reinforcement: p~r· (2.03 - ~.032B)Pcr
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(E)

Orthogonal Reinforcement: p' • (1.61 - 0.019B)Pcr cr (F)

Active Reinforcement: p' • (2.37 - O.0372B)P
cr cr

(G)

where p' • cracking load for the reinforced section (kips)
cr

B
Pcr

• angle ,of,tendon inclination (degrees)

• cracking load for the unreinforced section as
calculated above (kips)

•

C.A.1.5 The proper development of the post-tensioning force in
unbonded tendons and prior to completion of grouting in bonded
tendons is completely dependent on proper anchorage of the ten- .
dons. The anchorage capacity must be greater than any antici
pated tendon load with a reasonable factor of safety. The
capacity specified 1.60 fpuAps contains allowance for tendon
tolerances, actual strength range rather than guaranteed minimwm
strength, and a margin of safety against the explosive type
failure which would occur if an anchorage zone failed .

The ultimate load for sections without supplementary
anchorage zone reinforcement is conservatively assumed to be
equal to the cracking load. With the addition of reinforcement
designed according to A.1.6 the ultimate load will be:

No Supplementary Reinforcement: pu1t • Per (H)

Spiral Reinforcement: Pu1t - (3.18 - 0.0538)Pcr (I)

Orthogonal Reinforcement: Pult • (1.71 - 0.0178)P (J)
cr

Active Reinforcement: Pu1t - (3.89 - 0.06408) (K)

where Pult • ultimate load for the reinforced section (kips)

8 • angle of tendon inclination (degrees)

P
cr

- cracking load for the unreinforced section as
calculated above.

C.A.l.6 In order to obtain the strength increase indicated in
Eqs. E through K, supplementary anchorage zone reinforcement
must meet the following minimum requirements.

C.A.l.6.l Spiral Reinforcement--Spiral confinement must be ade
quate to resist cracking and fully develop the anchorage. To
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ensure a ~turdy unit the minimum spiral wire diameter is 1/4 in .
Minimum spiral area is

f - 0.6f'. 1 c
i

A ~ 5f Ds ~ 0.05 si
sp y

where Asp
£1

£' .
c i

D

s

£
y

2
• spiral wire cross-sectional area, in.

• post-tension load divided by the area confined by
the spiral • 4Pt/rr02, psi

• specified concrete compressive strength at time of
stressing, psi

• overall diameter 0"£ spiral, in.

• pitch o£ spiral, in.

• spiral yield strength.

•

In thin webs, the spiral diameter, D, should be as large as
possible while still satisfying cover requirements. In general,
the spiral diameter should be the ~ximum linear dimension of the
anchor projected bearing surface (the diagonal for square anchor
plates). Spiral pitch should be as small as possible but must
allow for concrete placement. The spiral should begin at the
anchor plate and have a minimum length of twice the anchor plate
depth or width, whichever is larger.

C.A.l.6.2 Orthogonal Reinforcement--While spiral reinforcement is
usually s'uperior to orthogonal reinforcement, in some applications
an orthogonal grid of closely spaced closed stirrups or a mesh of
orthogonal bars' may be used. The minimum area of bars in such
closed stirrups or meshes should be calculated using the expres
sion given in A.l.6.1 with the minimum lateral dimension of the
orthogonal closed stirrup or mesh substituted for D and the
stirrup spacing substituted for s.

C.A.l.6.3 Active Reinforcement--~ateralpost-tensioning (LPT) is
highly effective as active reinforcement. Such reinforcement
should be designed on the following basis:

1. LPT tendons should be placed as close as possible to the
loaded face and should extend throughout the height of
the web.

2. LPT tendons should produce a minimum lateral precompres
sion in the anchor zone of 100 psi after losses. Initial
stressing should provide 150 to 200 psi. The nominal
effective area for stress calculation should be taken as
the web thickness times a length equal to half the sec
tion height.
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3. LPT tendons should be placed in pairs equidistant from
the tendon centerline to minimize lateral moments in
the web.

4. LPT tendons should be grouted and .hould utilize the
most positive seating load lock-off mechanism available.

90 (1 - cos a.)•P
d

~ Pes 0

C.A.l.7 Reinforcement for Multistrand Effects-··For
post-tensioning applications with significant tendon curvatures
and with multiple strand tendons, a side face failure mechanism
may govern the failur~ of the section. Any time a loaded tendon
follows a curved path, normal and friction forces are set up along
the length of the duct. In regions of small radius of curvature
lateral forces due to the flattening out of the multi-strand ten
don under. stre~sing loads can cause tendon path cracking at load~

below those which would initiate cracking in the anchorage zone
proper. Such cracking will be likely if

2'~ .;p:-CRrTrr
c

i

or

R ~ R
min 0

• 90F(1 - cos 0.1

TTo.C2~ ~. c
i

where Pdes
P

0

¢

f'
c

i

C

R

a.

- P • the minimum cracking design load (1.10 fA)pu ps
• side face cracking load

• strength reduction factor for shear • 0.85

• compressive strength of concrete at time of
stressing, psi

• minimum concrete cover on one side of duct

• minimum radius of curvature of tendon, in.

• 1/2 the duct loaded arc angle, degrees (but
not more than 90°)

If Pdes ~ Po or Rmin ~ Ro then supplementary reinforcement will
be required in the region _~ere R ~ Ro. Since the region of
minimum radius of curvature is typically some distance removed
from the anchorage zone (and the benefit of the supplemental
reinforcement there) additional reinforcement must be provided.
This can be accomplished most efficiently through the use of
spiral reinforcement designed as follows:
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1. The radius of curvature along the tendon profile 11
calculated as:

where x is the dependent vertical variable and
z is the longitudinal variable.

MOst. tendon profiles can be defined by the equation

x • Az3 + Bz
2 + Cz + D

The minimum radius of curvature R can thus be calculated.

2. Given the internal diameter of the tendon duct and the
number of strands used, make a scale drawing of the duct
with all strands placed as close as possible to the con
cave side of the duct as would occur when the stressing
load is applied. Draw two tangential lines from the
center of the duct, to the outside of the outermost
stran~ as in Fig. A.3 (Fig. 3.4 in text, not repeated).
This defines~. The area of spiral required is then

45P s (1 - cos IJ.)
A • -----~~:----sp na.R0.6f

y
~ 0.05 sq. in.

General spiral proportioning should follow the require
ments in Sec. A.l.6.l. The spiral should extend through
out those regions where R S Rc but at least 2t (where .
t • web thickness) to either side of the point of minimum
radius of curvature. Such spiral reinforcement designed
for multistrand cracking need not be placed in areas
where equivalent or stronger primary anchorage zone
reinforcement has already been supplied.

C.A.l.8 Bearing Stress--In many cases the adequacy of anchorage
assemblies will have been demonstrated by comprehensive tests or
analyses. However, in other cases it is desirable to have a
relatively simple method to proportion the size of bearing
plates. Comprehensive tests and analyses show the tendon
anchorage cracking load is relatively insensitive to bearing
area and bearing stress. However, the confinement provided by
concrete surrounding the bearing plate does increase the cracking
load somewhat. The value of allowable bearing stress given in
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~ £RECAST, POST-T~ONED GIRDER NOTES

POST-TENSIONING TENDONS SHALL BE A MULTI
STRAND SYSTEM UTILIZING HIGH-STRENGTH~ SEVEN
WIRE STRESS -RELIEVED STEEL STRAND~ GRADE
270~ 1/2-INCH OR 0.6-INCH DIAMETER CONFORMING
TO THE REQUIREMENTS OF SECTION 506.3 OF THE
CONSTRUCTION SPECIFICATIONS.

•

STRESS-REL-IEVED LOW-RELAXATiON SEVEN-WIRE
STEEL STRAND~ GRADE 270 MAY BE SUBSTITUTED IN
LIEU OF THE ABOVE PROV I DED EQUAL PRESTRESS
FORCE IS FURNISHED·

THE POST-TENSIONING SHALL SUPPLY AN INITIAL
FORCE OF 614.4 KIPS PER GIRDER AT THE JACKING
END AFTER AN EQUIVALENT ANCHOR SET OF 5/8
INCH. A FINAL FORCE OF 497.4 KIPS PER GIRDER
AT THE JACKING END AFTER ALL LOSSES HAVE
OCCURRED SHALL BE MAINTAINED. DESIGN IS
BASED ON:

~ (FRICTION CURVATURE COEFFICIENT) = 0.25
K (FRICTION WOBBLE COEFFICIENT) = 0.0002

THE CONTRACTOR SHALL SUBM IT ELONGAT I ON AND
JACKING CALCULATIONS BASED ONpo( + Kl = 0.026
AND AN INITIAL STRESS AT THE C.l. OF THE
GIRDER SPAN OF 0.965 TIMES THE INITIAL
JACKING END FORCE PRIOR TO COMMENCEMENT OF
WORK·

EACH TENDON SHALL BE STRESSED FROM EACH END
OF THE GIRDER·

TENDON DUCTS SHALL BE OF RIGID GALVANIZED
METAL· DUCTS SHALL BE TIED SECURELY TO THE
VERTICAL STIRRUPS AT A MAXIMUM SPACING OF
4'-0° TO PREVENT DISPLACEMENT DURING
CONCRETING.

CENTER OF GRAVITY OF PRESTRESSING STEEL IS
PARABOL I C BETWEEN ANCHORAGE PO I NTS AS SHOWN
ON THE PLANS.

THE PRECAST ~ PRESTRESSED CONCRETE BRDGE
GIRDER SHALL CONFORM TO THE STANDARD TYPE III
AASHTO BRIDGE GIRDER WITH THE FOLLOWING
PROPERTIES:



CROSS SECTIONAL AREA

MOMENT OF INERTIA

A = 560 SQ· IN.

I = 125,,390 IN. 3

•

THE GIRDER CONCRETE SHALL BE CLASS AA HAVING
A MINIMUM COMPRESSIVE STRENGTH AT 28 DAYS OF
5,,000 POUNDS PER SQUARE INCH. THE CONCRETE
SHALL HAVE REACHED A MINIMUM COMPRESSIVE
STRENGTH OF 4,,000 POUNDS PER SQUARE INCH
PR I OR TO TRANSFER OF THE PRESTRESS I NG FORCE
TO THE CONtRETE. -

ALL GIRDERS SHALL BE CAST ON CONCRETE BASED
PALLETS AND IN APPROVED METAL FORMS·

THE CONTRACTOR SHALL SUPPLY SUFFICIENT GROUT
ING INLETS" VENT PIPES} AND DRAINS· TO ALLOW
PROPER GROUTING OF THE DUCTS AND TO AVOID
ACCUMULATION OF WATER DURING CONSTRUCTION·

REINFORCING STEEL MAY BE ADJUSTED DURING
INSTALLATION OF THE PRESTRESSING DUCTS AS
REQU I RED TO PROV I DE PLANNED CLEARANCES FOR.
THE METAL CONDUITS" ANCHORAGES" JACKS AND
EQUIPMENT SUBJECT TO APPROVAL BY THE
ENGINEER. THE WORKING DRAWINGS SHALL INCLUDE
ANY ADDITIONS OR REARRANGEMENT OF THE REIN
FORCING STEEL FROM THAT SHOWN ON THE PLANS.

BEARING PLATES SHALL BE PLACED TIGHTLY
AGAINST THE FORMS WHICH SHALL BE BRACED AND
ANCHORED TO SUPPORT THEIR WEIGHT.

THE CONTRACTOR SHALL SUBM I T TO THE ENG I NEER
FOR APPROVAL THE LOCATION AND TYPE OF LIFTING
DEVICES AND PROCEDURE' USED TO TRANSPORT AND
ERECT THE GIRDERS. DURING STORAGE AND TRANS
PORT} THE GIRDER SHALL BE SUPPORTED ONLY AT
THE CENTERLINE OF BEARING.

Tops OF ALL GIRDERS SHALL BE LEFT ROUGH· AT
THE TIME OF INITIAL CONCRETE SET" ALL LAI
TENCE SHALL BE REMOVED WITH A COARSE WIRE
BRUSH AND THE TOP OF THE GIRDER ROUGHENED TO
AN APPROXIMATELY 1/4 INCH AMPLITUDE·



•

•

THE CONTRACTOR SHALL SUMBIT TO THE ENGINEER
FOR APPROVAL PRIOR TO COMMENCEMENT OF WORK 2
COPIES OF SHOP DRAWINGS AND CALCULATIONS.
THE DRAWINGS AND THE CALCULATIONS SHALL SHOW
THE METHOD AND SEQUENCE OF GIRDER CONSTRUC
TION" INCLUDING BUT NOT LIMITED TO FORMING"
CASTING" STRESSING" CURING" STORAGE" TRANS
PORTING" AND ERECTION OF THE GIRDER·




