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INTRODUCTION

In recent years, continuous highway bridges with precast-
prestressed concrete girders have been used in many countries.
The primary advantages of this type of bridge are the elimina-
tion of maintenance costs of deck joints and deck drainage onto
the substructure and the structural economy of continuous
design. Continuity also can improve the appearance and riding
qualities of a bridge.

There are many different kinds of construction methods
available to achleve continuity of precast-prestressed concrete
bridge girders or slabs. In this report, continuity is achieved
for live load plus impact moment by using non-prestressed rein=-
forcement in the deck slab and in the diaphragms over piers.

The effects of shrinkage and creep between the precast girder
and the cast-in-place deck slab are more important than in other
types of construction of continuous presiressed concrete bridges.
The Research and Development Laboratory of the Poritland Cement
Association completed a research program on this kind of bridge
during 1960-1961. Then the results of their research provided
available information for designing a continuous precast-
prestressed concrete bridge considering the effects of shrinkage
and creep.

The design procedures of simple span prestressed concrete
bridges arerpresented in most prestressed concrete textbooks.

Designing continuous precast-prestressed concrete girders has



been mentioned by H. K. Prestonll antd Tw Y. Lin?-whileﬂlifford

L. Freyermuth2

described the importance of the effects of
shrinkage and creep in designing a continuous precast-presiressed
concrete girder in his pever. But they did not state a proper
and complete procedure for designing this kind of bridge.
Therefore the main purpose of this report is to present design
procedures for continuocus pfecast-prestressed concrete bridges,

including the influence of shrinkage and creep., A numerical

example will be included to illustrate the procedures.

2 Freyermuth, Cs L., "Design of Continuous Highway 3ridges
with Precast, Prestressed Girders." Journal of Prestressed
Concrete Institute, April 1969.

9 Lin, T. Y., "Desizn of Prestressed Concrete Structures,"
John Wiley and Sons Inc., N. Y. 1963, p.509-p.3518.

11 Preston, H. K., "Practical Prestressed Concrete," icGraw-
Hill Book Company Inc., N. Y. 1960,



Design Procedure

Before designing, assume that the general conditions such
as loading pattern, span length, provision for future wearing
surface and the width of roadway are known. The specifications
for material and the method of construction will be defined,
because these vary from one locality to another.

(I)e Shape of Cross Section

The cross section that has the capacity to sustain the
desirable service loading with least cost and ease of erection
will be selected.

The type of section which 1s most effiéient and econonical
in prestressed concrete bridges for any specific structure is a
function of the following;

(1) Length of span

{2) Live and impact loads which are to be carried by the

bridge

(3) Allowable stresses

(4) TFeasibility of various construction types and proce-

dures as controlied by the reguirements of the
bridge site.

For economy in concrete and steel, the principle is that
tha section should have sufficient kern distance to produce the
necessary internal resisting couple. The effective way is to
put concrete near the extreme fibers as much as possible.

There are many different kinds of sections such as I shape, T

section, hollow slab, and box shape that accomplish these re-
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guirements. These have thelr own advantages in particular caszs.
To select a suitable section, the most important factors are
the span length and the live load and impact. If the span is
short, the dead load moment is small, which means that the
MG/MT ratio is small, and the center of pressure at tranzsfer
iay lie below the bottom kem point. Then tensile stresc may
occur in the top flange and high compression stress in the bottom
flange. The section of a member must provide a relatively large
bottom flange to resist the prestressing force during the period
when live load is not being applied. In this case, solid slab,
hollow slab, and beams with large top and bottom flanges will

satisfy these condi‘bions.8

In long spans, the dead load moment
is a large percentage of the total moment, so that the MG/MT
ratio is relatively large, the center of pressure at transfer
will lie above the top kern point. Then the bottom flange is
not required to resist the prestressing force during the period
in which the moving live load is not applied. In this case, the
T section is always used.

Another factor that should be pointed out is the simplicity
of framework. In plant production more complicated shapes can
be used., Only when the forms can be reused many times would

the I shape and other complicated shapes be considered economical

for cast-in-place beams.

& Livby, J. R., "Prestressed Concrete Design and Construction,”
Renald Press Coe., Ne. Y. 1961, p.286.



(II) Properties of Sections

The shnape of section to used can be decided from criteria
outlined in the preceding paragraphs. Then assume the dimenzion
of the cross section or pick a section from the available data,
such as Standard AASHO-PCI prestressed concrete I beams or box
beams for highways. . Then use these dimensions of sections 10
calculate the properties of the sections.

First, calculate the properties of precast beams. The
basic dimension and properties which must be determined are the
area, the center of gravity and the moment of inertia about the
centroid of the section. The other properties which are used
to facilitate the computation of stresses can be determined
from these basic properties.

Second, find the basic properties of composite section:
the area, the center of gravity and the moment of inertia abqut
the centroid of composite section. The concrete in the cast-in-
nlace deck slab does not have the same elastic properties as
the precast beam: The quality of the concrete used in deck
slabs is not as good as that used in precast beams. For this
reason, when computing the properties of composite sections cone
should use a2 itransformed section. The transformed section to be
used consists of the gross section of precast beam and a slab
section having a depth equal to the actual slab and the effec-
tive width equal to the actual width of slab multiplied by the
ratic of the elastic modulus of slab concrete to the elastic

modulus of the concrete of the precast beam.



complete, including girder, casti~in-nlace deck slab, wearing
surface, sidewzlk, conduit, and diaphragms. In this xind of i
bridge, the construction sequence is to set in place the precast
beam witnout shoring, and then the slabt concrete and diaphrazm
e A ~ % " . N s la
eas% over midspan, and then over the plers. Jfer this reasdn,
»
R all thne dead loads act on the precast zirder as z simple beam
action. These loads act uniformly along the beam, excent iz
& & o = 1 P - - D 1
weizht of diaphrazm which acts as a concentrated loza the DJeanm.
-
. The meXimum moments at the center of the span, HG' ES’ and
Mgias due to the girder's weight, deck slab and diaphragm re-
r L s 5 - ‘ . 5 ; s
spectively can be calculated. Then the total maximum moment az
R center of the span due to dead load, ug;, 18 expressed as follows,
<+
: (F R T iy N ':l}
“DL "G 5 “Dia
&
, Trhen use the flexure formula to find the fiber stress due <o
# the dead leoad on precast girder,
5, % ;":'j“f.c
. £ o= 2 (2)
S =
» ~5
L . -
i . Dy o !
i ¥ where, I, = sXxtreme iioer stresses i
sgr, = The maximunm bending moment due Lo dead load
dhd
» 8 = The distance from neutral axis to the exireme
> fiber of precast girder,
Luy = The moment of inertiz of the precast girder about
. 3
s i%ts neutral axis




(IV) Stresses due o live load

The live load should consist of applied moving loads in-
cluding vehicles, cars znd pedestrians. From the general
condition, the loading pattern acting on the bridge 1s known,

In AASHO Sec. 1. 2. 5(A), there are two types of loading spec-
ified, the H loadings and HS loadings.

To aid in finding the maximum positive and negative moments
due to live load, influence lines for them should be constructed.
The writer assumes the reader is familiar with the technique of
drawing influence lines and using them. In continuous girders,
findin: maxinum noments at several critical points is necessary.
These points are at the interior supports, the center of exterior
spans. Therefore, the influence line for moment at these points
should be completed. In some cases, the influence line for
reactions at exterior supnorts and interior supports are needed.

After the influence lines are completed, determine the live
load to be distributed on the girders from the AASHO Specifica-
tion in Sec. 3, Division 1. Then according to the given loading
pattern, the maximum positive and negative moments at these
specified points can be computed by the arrangement of the load-
ing condition stated in Sec. 1., 2, 8(C) AASHO.

In addition to the moment due to moving loads, the effects
of dynamic loading, vibration and impact should be taken into
consideration. In AASHO Specification, Sec. 1. 2. 12(C), the
amount of this allowance or increment is expressed in the per-

centage of live load moment, and should be determined by the



fTormula;

where I = Impact factor, (maximum 30 percent)
L = Length in feet of the portion of the span which 1is
loaded to produce the maximum moment in the member.
Then add the moment due to moving load and the effect of
impact to get the maximum live load moment at specified sections.

That moment can be expressed as follows;
B = #- (1 + I) (&)

Under live load, the composite section composed of precast

beam and dsck slab acis as a continuous member. Therefore, the

[

0 in the equation (2) should become Lon which is +the moment of
inertia of the cGomposite section about the neutral axis of the
transformed section. Then the stresses can be calculated by the
followinz formula;

Tia ia-;LLc ’
fTT = : (5)
b ad I
¢
1 .'D’-t -
where fLL = The extreme fiber stresses

1 The maximum bending moment due to live load and

impact

I The moment of inertia of the composite girder about

its neutral axis

(V) Designing the Prestressing Steel



In prelinminary design of prestressed concrete sections far

flexure is vased on a knowledge of the internal C-T couple acting

u

in the section. Then the required total effective prestress force

—_

T can be compuied as following;9

== (6)
0.65 n

+y
|

where g = The total moment acts on the section

n = The depth of the section

The required prestressing force is governed by two con-
troliing values of external moment; The toial moment iin acting
on the section, which controls the stresses under the action of -
the working loads; and the girder load moment g, which determine
the location of the ¢.g«s. and the stresses at transfer. There-
fore, design the prestress force to limit the fiber stresses of
the section to be within the allowable at transfer and under
working load.

The basic concept of designing the presiressing force is
same as in noncomposite section. One additional concept intro-
‘duced for composite sections is the reduction of the moments on
the composite section to eguivalent moments on the precast por-
tion. This is accomplished by the use of the ratio of the
section moduli of two sections. Then the reguired prestressing

force can be determined by the following steps:9

in, Te Yo, "Design of Prestressed Concrete Structurass,”
ohn Wiley and Sons Inc., N. Y. 1963, plél and p.l835-p2.187.



Step 1. Location of the center of gravity of reinfor

[
'_J-
]

steel. For any given trial scction, the c.g.3. chould be

located so that the prceast girder will not be overctressed znd
has the optimum capacity in resisting the external moment. There-
fore, the c.Z.s. must be located as low as possible but not lower

than given by the following value of eccentricity, Fig. (1),

where ey = The distance between c.zge.cs 0f precast girder and
the CegeSe
Ly
By B g the lower kern distance
Apct
4.1
ey = , The eccentricity under the allowable tension
c"?
tTo

f% = allowable tension on top fiber of precast girder at
transfer

A, = area of precast girder

CyyCy = distance to top or bottom fiber from c.ge.cs oFf

' precast girder
s
6 = e F, total prestressing force just after transier
i
3

= initial unit prestress in steel before transfer

"lj
!

L]
l_h
|

f = effective unit prestress in steel after deducting

losses
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& = total effective presiress after deducting losses,
the value can be from Eg. (6).

Another way to locate the center of gravity of prestrecsing
steel is.to assume the eccentricity of prestress and then check
it. his procedure can reducce come calculations.

2., Compute the equivalent moment on the precast
girder. There is a moment K, acting on the composite section
which will produce stresses on the precast girder as shown in

Fige (2) and computed as follows:

e 1"
_t u-c CL

o
A —
2
M*Cc“
sD _ ¢ DO
J_ -—
Ic

where c;, c" are distances to extreme fibers of the precast
v

1
girder measured from c.g.c, of the composite section,

. In/bﬁ Ip/cb
Let my = — . and My, = ——
1] bt
mo b Ao mall
- + .
Then £V = I P - (8a)
X K
D AP o
’ i1, C m, N
b b*c™b £
L Ak
D P
where k; top kern distance of precast girder

From Eq. (8a) and (8b) ki, can be modified by my and my,
so that it can be reduced to equivalent moments for computation
based on the precast girder properties.

Step 3. Compute the amount of prestress required Ior
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™

moments as follows., If Mp = the total moment acting the precast
girder, and fg = allowable tensile stress at bottom fiber, so
tha<v;
w e o m-. M
Ty =—— (1 + — ) + D 4 Be
Ap ki Apkt Apkt
Mt +E ks A
yolalic t
Then, F = — c P . (92)
€4 + k't
if fﬁ = D,
Moo+ m i
then F = g e (9b)
eo"i" kt

from which the required total prestress force F, can be
computed. If necessary, use this new value of F, to revise the
location of CegesSe

Step 4. Compute the required prestressing steel area by
the following formula;

Fis
re =

s (10)

o | 2

e

Then the number of strands to be used can be selected.
Step 5. Check the top and bottom fiber stresses at the

center of the span at transfer, then

. F (F.en = liq)

g 8 T80 € (112)
A A, Ty
r F e - N

o - Fo  (Foeg = M) (11b)
Ay Ap ki

Step 6. Check the top and bottom fiber sitresses at the
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* :E.B, f% allowable tensile stress in bottom fiber
stress under working load and top fiber
stress at transfer respectively

FIG. 1. PRECAST GIRDER, STRESS DISTRIBUTION
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center of the span under working load, since

® Wil o+ owm M., - Te
¥ P ¢ C o]

e — e 4 (12a)
A* Apkb
F ki, + m.¥_ - Fe

oD D e O

£ = -:-- - (12b)
ap Apht

(VI) Positive moment over piers due to creep and differential
shrinkage
One of the unique features of the type of bridge under
consideration is that positive moments are produced over piers
due to creep in the precast prestressed girders as well as due
to the effects of live loads in remote spans. These positive
moments will be partially counteracted by negative moments result-
ing from differential shrinkage between the cast-in-place deck
slab and the precast girders. The positive live load and impact

moment over piers due 1o remote span can be calculated Irom

previous steps. It is very difficult to measure these two

L{H]
h

I

°fects, creep and shrinkage, separately in a structure, because
the result measured is always the reéultant of these two influ-
ences. TFor convenience in analysis, these two effectis are con-
sidered separately.

(1) The effect of creep

Since the creep is time dependant, with the more rapid
deformation occuring during the eariy stages of loading, the
smount of positive restraint moment produced by the prestressing

force depends on the time when the continuity connectlon is made.
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It also depends on the inherent creep potential of concrete miz,
the exposure conditions, and the volume to surface ratio of the
precast girder. The deformation and restraint moments induced
in a two span continuous girder by creep due to prestressing
force are illustrated in Fig. (3).

The most accurate method of obtaining creep data is by
extrapolation from a number of test samples prepared in advance

from the actual mix to be used in the precast girders. In most

= } =

(a)s Initial deformation

(b)e PFinal deformation if left as
two simple spans.

M

M
—7
=3 , Y B

rr

(e¢)se Final deformation and restraint
moment if spans are made
continuous after prestressing

FIG. 3« DEFORMATIONS AND RESTRAINT MOMENTS IN A
TWO~SPAN CONTINUOUS BEAM CAUSED UNDER
PRESTRESS FCRCE
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desisn work, it is sufficient to rely on the available research
information. Such researchl’6 indicates that the basic creep
value for loading at 28 days can be predicted from the elastic
nodulus frem the curve in Fig. (4). For design purpose, the 20
year creep curve can be regarded as the ultimate creep. The
ultimate creep value for loading at 28 days from Fig., (4) must
be adjusted to account for the age when the girders are pre-
stressed and for the volume/surface ratio of the girders. The
correcting factor of creep due to the age at loading can be

)16

obtained from the curve in Fig. (5 , and the correcting factor
of creep due Lo volume/surface ratio is shovn in Fig. (6)5.
Then ultimate creep can be determined as Tollows;

(a) Get the basic creep € for loading at 28 days from
Fige (4).

(b) Find the correcting factor C; due fo age at loading

1 Fintel, lark and Khan, Fazlur R., "Effect of Column Creep
and Shrinkage in Tall Structures-Prediction of Inelastic
Column Shortening," Portiland Cement Association, 0ld
Orchard Road, Skokie, Ill. 60076.

Hansen, T. C. and Mattock, A. H., "Influence of Size and
Shape of ilember on the Shrinkage and Creep of Concrete,"
Journal of the American Concrete Institute, Vol. 63,
Febs 1966- 9026?-:9-290.

un

6 Hickey; K. B., "Creep of Concrete Predicted from Elastic
ilodulus Tests,” Report No. C-1242, United States Department
of Interior, Bureau of Reclamation, Denver, Colo., Jan. 1968.

16 "Racormendations for International Code of Practice for
Reinforced Concrete," published by the American Concrete
Institute and the Cement and Concrete Association.
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ig
from Fig. (5), and the correcting factor C, due to volume/
surface ratio from Fig. (6).

(¢) Then the ultimate creep is €, x C1 x Cp .

Then determine the percentage of ultimate creep which will
occur after the continuity connection is made. This value can
be obtained from Fige. (?)3. For example, if a connection were
nade at 28 days after casting the precast girder, about 40 per-
cent of creep strains will have taken place. This can be found
from Fig. (7). The remaining 60 percent is available to develop
moments in the connection. These restraint moments due to creep
under prestress and dead load, Mrp and M.3y respectively, act on
the continuous gZirders as shown in Fig. (3). These nmomenis over
each pier can be solved by any method of analysis of statically
indeterminant structures, and the analyses are illustrated in
Appendix IV. Therefore, the final restraint moment iipg caused

by the effect of creep on the precast girder after the creation

of continuity will be expressed as follows;
tigg = (Hipp + Hpa1) (1 - e7%) (13)
ulRC = L--rp + Nngi e 3

where Iga = The final restraint moment over piers due to the
effect of creep under prestress and dead load
iy = The restraint moment due to the effect of creep

under prestress

3 Hansen, J. A., "Prestress Loss as Affected by Type o
Portland Cement Association Development Department,
D75,

LY
4
Bu
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Ii,g1 = The restraint moment due to the effect of creep

under dead load

e = The base of Naperian logarithms, 2.7133
e
@ — E? » the ratio of creep strain per psi of stress

to the elastic strain per psi of stress
If the value of ¢ is known, the value of (1 - e~?) can be
taken directly from Fig. (8).
(2) The effect of shrinkage
Shrinkage of the deck slab with respect to the precast
girders causes negative restraint moments over piers that will
reduce the creep restraint moment. The restraint moments due

to differential shrinkage, n are applied to the continuous

rs?
girder uniformly along its length, and can be expressed as

follows; Tt
_ . |

Mpg = € ¢Ephy (_92 + tb/z) (14)
where €4 = differential shrinkage strain (as described below)

Ey = elastic modulus of the deck slab concrete

Ay = cross-section area of deck slab

(eé + tp/2) = distance between the mid-depth of the slab

and the centroid of composite section
tp = slab thickness

11 Iiattock, A. H., "Precast-Prestressed Concrete Bridges 5.
Creep and Shrinkage Studies," Portland Cement Association
Development Department, Bulletin D46.
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as)

R, 5= (15)
Ng + T

€, = meagured shrinkage strain at any time T in days

€5, = ultimate shrinkage strain at T = infinity

N, = 26,0 e0:36V/5

<
o
1l

the volume / surface ratio of the member under
consideration

In general, the way to get the value of €, in Eg. (14) is

S
from equation 15. By testing specimens which were made from
the mix to be used in the sitructure the final value of shrinkage
can be projected by assunming that the shrinkage-~time relatlion-
ship can be represented by Eq. (15)« If the tesi data are not
available, then e, can be obtained by the following steps;

(z2) Assume the.ultimate shrinkage.es(ult) under exposure

at 50 percent relative humidity is 0.6 x 1073« 3, 13

(p) Pind the shrinkage humidity correction C3 from Fiz.(9).

[

(¢} ™ind the correction factor 04 for the differentia
shrinkaze between slab and girder for a given time lapse between

the castings from Pig. (7).

Curi
Bulletin D75.

sign and Control of Concrete ilixtures,” Portland Cement
Association, Old Orchard Road, Skokie, Ill. 60076.

14 "Recommendations for International Code of Practice for
Reinforced Concrete," Published by <he American Concrete
Institute and the Cement and Concrete Assoclation.
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(d) Then the value of €4 is C3 x Cy x5es(ult)' and can be
substitute into Eqe. (14) to calculate mpge

The restraint moments m,., due to differential shrinkage

rs
are known. Then any convenient method for the analysis of
statically indeterminant structureslcan be applied to find the
restraint moments. Dlpg can be computed by multiplying by the
factor (1 - e™®)/g for the effect of creep as given by the

following,
Miag = Mpg(l - e~%)/2 (16)

Then the total positive moments over piers due to creep

and shrinkage are given as follows;

(VII) Design positive moment connection

As determined in the P.C.A. Laboratories,ll the positive
moment may develop at the interior support sections of continuous
girders. If a positive moment continuity connection is not
provided, cracking may occur at the bottom of the diaphragm at
these sections. However, the cracking, if any, will affect
only the behavior of the girder at service load level. The posi-
tive restraint moment due to creep and shrinkage will not affect
the ultimate load carrying capacity of the girders. For this

reason, it is recommended that design be based on the lower

11 Mattock, A. He, "Precast~Prestressed Concrete Bridges 3,
Creep and Shrinkage Studies," Portland Cement Association
Development Department, Bulletin D46.



2k

stress of 0.6 of the yield strength.

In the P.C.A. Development Department bulletin,lo there
are two kinds qf connection details to resist the positive
restraint moments The detall consideréd more practical is
shown in Fig. (10).

When designing the connections, there are serveral details
that should be considered. PFirst, the length of embedment.
required for hooked connection bars. This can be calculated
by considering the bond to develop uniformly from the face of
the beam around the bend to the end of the bar.® In Sec. 1. Se

1.(D), AASHO, the allowable bond stress is 0.1 f} (Max. 350 psi).

END oF PRECAST giROeR.

2y

A
L (4

A ALl

—— ~ Cailian Eaa—— 2 °@ o

Reinforcing bars with l Diaphram

hook ends embedded reinforcement
in ends of precast
girders

ELEVATION SECTION

FIG. 10, POSITIVE RESTRAINT MOMENT CONNECTION DETAILS

L4 Hanson, N« W. and Connor, Harold W., "Selsmic Resistance of
Reinforced Concrete Beam-Column Joints," Portland Cement
Association Development Department, Bulletin D121.

10 lattock, A. H., "Precast-Prestressed Concrete Bridges 3,
- Purther;Tests of Continuous Girders," Journal of the PCA
Research and Development Laboratories, Vol. 2, No. 3,

Sept. 1960 .



25

Second, the distance from the inside face of precast girder
to the inside face of the hook should be at least 12 times the
bar diameter.

Third, the removal of the end girder focrm after prestress-
ing should be considered. It may be required that the connec-
tion bars be cast in the beam straight and then field bent after
removal of the end form.

Then the requifed steel area of the connection can bhe cal-

culated by the ordinary reinforced concrete formula;

I ,
AP o it (18)
£! ja

where A' = area of conventional tensile steel

' = allowable tensile stress in conventional steel

=

i = ratio of distance between controid of compression
and centroid of tension to the depth 4

d = distance from extreme compressive fiber to centroid

of tensile force

(VIII) Design Negative lloment Reinforcement

Since most of the dead loads are carried by the precast
beam actingras a simple beam, the negative moments over piers
due to live load plus impact are sustained by the composite
section. Although this negative moment is computed by the
elastic theory, the reinforcement can be designed to meet the
ultimate strength requirements with the specified minimum load
factors, which are 2.5 for live load and impact and 1.5 for

dead load. The reason is that the effect of initial precom-
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pression due to prestress in the precast girders can be neg-
lected in the negative moment calculation of ultimate strength
if the maximum precompression stress is less than 0.4f; and the
continuity reinforcement is less than 1.5 percent.7

It will be found that the depth of compression block will
be less than the thickness of bottom flange of the precast
girder. For this reason, tﬁe required negative moment rein-
forcement can be determined by assuming the beam as a rectan-
gular section with a width equal to the width of the bottom
flange of the girder. Therefore, the flexure formula for ulti-

mate strength design from Sec. 1601 ACI Building Code 1963 may

be used to compute the required steel area as follows;

where 1, = ultimate resisting moment

@ = capacity reduction factor, equals 0.9
b = width of compression face of flexure member
L
T, = compressive strength of concrete at 28 days
To0
q ==X
L}
e
‘D.=§§-
B bd
0 =y |
0.85£%b

? Xazr, P. H., Kriz, L. B. and Hognestad, E., "Precast-Prestressed
Concrete Bridges l. Pilot Test of Continuous Beams," TPoriland
Cement Association Development Department, Bulletin D34,
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p " '
The reinforcement ratio, p , shall not exceed 0.75 of the
ratio, p;, which produces balanced conditions at ultimate

strength given bys;
O.85klfé 87,000
Py = (20)
it 87,000+

where ki = a factor wahich shall be taken as 0.85 for strength
fé, up to 4000 psi and shall be reduced continucusly
at a rate of 0.05 for each 1000 psi of strength in

excess of 4000 psi.

(IX) Ultimate Stréngth

After completing the girder flexural design, the ultimate
flexural capacity of the girder should be computed at the criti-
cal sections. First, consider the section of midspan of the
girder. From Sec. l. 6. 10. AASHO, if the neutral axis lies
within the flange, then the ultimate flexural strength will be

assumed as;

ey pfgy '
Hy = Agfy, d (l - 0.6 ) (21)
1 c i
where A4 = area of main prestressing tensile steel

Tqy= average stress in prestressing steel at ultimate
load

p = —= , ratio of prestressing steel
bd

Iy, = ultimate flexural strength

If the neutral axis falls outside flange, then the ultimate

strength will be assumed as;
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bt
B! = Agpfgud (1 = 0.6 ——=2)40.857)(b-b")t(d~0.5%) (22)

htae?
c

Hy

where A

Il

oy Ay = Agpy the steel area required to develop the
ultimate compressive strength of the web of a
flange section

Agp = 0.85f; (b-b') t/fgys steel area required to

develop the ultimate compressive of the overhang-

ing portion of the flange

% = the thickness of the flange

o
|

width of flange of flanged member or width of
rectangular membér
»' = width of web of a flanged member

Second, consider the sections over plers. Since these
sections are designed by the reinforced concrete theory, Eq. {(19)
can be used without the capacify réduction factor, o, to calcu-
late the ultimate flexural strength at these section. This

moment can be eXpressed as;

i a
1y = bd®fiq (1-0.59q) = Agfy(d- =] (23)

(X) Compute the reaction over pilers and design shear steel
Since the precast girders are acting as simple beams
under dead load, then the feaction caused by dead load can be
found easily by statics. The computation of reactions due to
live load and impact that can make use of influence lines by
arranging the load condition to get the maximum reaction over

piers. The ultimate shear will be governed by the following
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formula by using the load factor from AASHO Sec. 1. by Gak

where Vult = ultimate shear due to dead load and live load
including impact
VDL = shear due to dead load
VLL = shear due to live load and impact
Then the effective ultimate shear is the ultimate shear

minus the shear carried by the strand at the end, which can be

expressed as follows;
Yu = ¥gpe = Y (25)

where V.. = effective shear due to specified ultimate load and
effect of prestressing
V. = shear carried by the strands
Then the required web reinforcement can be calculated by
the formula from Sec. l. 6. 13, AASHO.
(vu—vc)s

2 ] .
fy ja

AV' = (26)

where A, = area of web reinforcement at spacing s, placed
perpendicular to the axis of the member, which
shall not be less than 0.0025b's
V. = 0.06 £ b'jd, but not more than 180b'jd (assuming
i =17/8)
s = 1ongituainal spacing of web reinforcement
The spacing of web reinforcement shall not exceed three-

fourths the dépth of the member and shall provide transverse
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reinforcement across the bottom flanges.

(XI) Compute the camber or deflection

From Sec. 202.2 of Tentative Recommendations for Prestressed
Concre‘te,ll+ camber and deflection may be design limitations and
should be investigated for both short and long time effects. 1In
fact, it is very difficult to compute a precise deflection or
camber, because there are two difficulties that cannot be cver-
come. One is the determination of the value of E,, Tlexural
modulus of elasticity of concrete, the other is the estimation
of the effect of creep on deflectlions.

According to the Sec. 203.3 in Tentative Recommendations
for Prestressed Concrete, for the deflection or camber under
short time loading the value éf E, can be obtained by assuning

—

E. iz 1,800,000 plus 500 times the cylinder strength at the age

c
considered. Also, for deflection associated with dead load,
prestress and live loads sustained for a long time may be computed
on the assumption that the corresponding concrete strains are
increased as a result of creep.

By following the above-referenced specification, the deflec-
tion or camber can be computed by the conjugate-beam method at

various loading stages. First, the deflections due to girder's

weight, then the camber due to prestressing‘force, and then the

14 ACT-ASCE Joint Committee 323, “"Tentative Recommendations for
Prestressed Concrete," Journal of the American Concrete
Institute, Vol.29, Jan. 1938. '
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additional deflection due to the weight of slab and dlaphragm
and finally the live load and impact. The final camber equals

the summation of these deflections.



DESIGN EXAMPLE

In this design example, the interior girder of a four-
span continuous precast-prestressed concrete bridge will be
considered. Before designing the general information of the
bridge and design data will be introduced as follows;

a. The cross section and elevation of the bridge are

as shown in Fig. (11) and Fig. (12) respectively.
<

b 2g'—c? 1 ROADWAY - f
: 1

| —

TTLEEX

= SPACES @ 8-'= Z7"—&* I

FIG. 1l. CROSS SECTION OF BRIDGE

. . = S =1 o T |

FIG. 12. ELEVATION OF BRIDGE
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be Loading;

Live load i1 AASHO Loading H20-40

Weight of concrete : 150 1lb/cu.ft.

Wearing surface : 2 in. thickness of concrete

¢s . Specifications;

The structural design is essentially based AASHO
Specifications for Highway Bridges, 1969, 10th edition, and use
several portions of ACI-ASCE Joint Committee 323 recommendations
for Prestreséed Concrete, 1958, and ACI Building Code Regquire=-
ment for Reinforced Concrete (ACI 318-63).

d. Prestressing steel;
Use 7/16 in. 7-wire strands, with Ag = 0.1089 in.? per

strand, f; = 175,000 psi, fo = 140,000 psi, £, = 250,000 psi.

s
es Reinforcing steel; intermediate grade fy' = 40,000 psi.

f. Precast concrete; féi = 5,000 psi, £,' = 6,000 psi.

ge In-place slab concrete;'fc' = 4,000 psi.

All the design procedures will be follow the procedures
described before, and will illustrate every step in the follows;
(I)e Shape of cross section; |

In this example, the type II of I beam‘of AASHO-PCI Stand-
ard will be used. The thickness of slab is assumed 6.5 in. and
the dimensions of the section are shown in Fig. (13).

(I1). Properties of section

Precast section Ap = 369 in?

' Cp = 15.83 in., c¢ = 20.17 in._‘
‘ i

Ip = 50,980 in.
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Then the sectional modull are;

= 50,980/20.17

]

2,530 in.J

{8}
]

5 = 50,980/15.83 = 3,220 in.>

weight per unit foot = 369x150/144 = 384 1b/T+t

Composite section

Because the modulus of elasticity in precast girder and
slab are different, the modulus of elasticity for precast and
slab should be computed separately according to Sec. 203.2
Tentative Recommendations for Prestressed Concrete as follows;

For slab E, = 1,800,000 + 500x4,000 = 3,800,000 psi

For precast girder

E, = 1,800,000 + 500 x 6,000 = 4,800,000 psi

¢
Ratio = 3,800,000/4,800,000 = 0.792
Then taking moments about the axis through the top fiber

of the slab, to find the section properties;

Section A y Ay Ay2 1,
66 x 6.5 x 0,792 339 3.25 1,101. 3,580, 1,195.
precast girder 369 26.67 9,850, 263,580 50,980.
708 10,951, 52,175,

I = 266,580 - 52,175 = 318,755 in.¥

= 10'953/?0? = 15-‘4'8 in. ci; = 11'215 - 150}4’8 = 27.02 in.

0
ot
|

—
Q
H

= 318,755 - 708(15.48)% = 149,155 in.¥

Then the sectional moduli are;
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Zy = 149,155/15.48 = 9,650 in.>
Zy = 149,155/27.02 = 5,745 in.3

(III) Stresses due to dead loads;
Compute the moments at center of the span due to girder's

weight,

Ext. span Mg = 1/8x38L4x(40)% = 86,500 £t-1b

Int. span Mg = 1/8x384x(70)% = 235,200 £1-1b
Compute the moment at center of the span due to the weight
of slab and wearing surface,
welght of slab and wearing surface is;
(645 + 2) x 66 x 150/14k4 = 584.3 1b/ft

116,900 f£t-1b

Ext. span M, = 1/8 x 584.3 x (40)2
Int. span M_ = 1/8 x 584.3 x (70)2 = 358,000 ft-1b
From the AASHO-PCI Standards the diaphragms are at the
center of the span. The dimensions of diaphragms are 8 in x 2

ft-6 in x 5 ft-6 in, therefore the weight of the diaphragm is
2.5 X 545 x 2/3 x 150 = 1,375 1b
Computing the moments at the center of the span,

Ext. span Mpy;,, = 1/# x 1,375 x 40 = 1,375 £3-1b
Int. span Npja, = 1/% x 1,375 x 70 = 24,100 ft-1b
Then the total moments and stresses at the center of the

span of the precast girder due to dead load as follows;

Ext. span My = 86,500 + 116,900 + 13,750 = 217,150 £1-1b



fgL = 217,150 x 12 / 3220 = 809 psi
fﬁL = 217,150 x 12 / 2,530 = 1,030 psi

Int. span M= 235,200 + 358,000 + 24,100 = 617,100 ft-1b

2,300 psi

]

fDL = 617,100 x 12 / 3,220

H,
| w)
=

I

= 617,100 x 12 / 2,530 = 2,925 psi

(IV)s. DMNoments due to live load
From Sece lo 3. le (B) AASHO, the distribution factor of
live load is S/5.5

D.Fe = 5-5 /(5.5 X 2)= 0.5
Then compute the impact factor by Eq. (3),

Exts span; +M, I = 50/125+40 = 0.303, wuse 0.30
=M, I = 50/125+55.5 = 0.27

I = 50/125+70 = 0.256

I

50/125+70

Int. span +M,

-M' 0-256

By using the influence lines, the maximum live load moments

per lane are as follows;

Ext. span,

+)M near midspan

M= 99.856966 x 2 x 0.64 + 8.505965 x 18 = 281 ft-k

=M over pier

M= -198.334 x 2 x 0.64 - 3.0597802 x 18 - 7.1%51 x 18
= =437.5 £t=k



Int. span
+i near midspan
M= 170,0631 X 2

=M over pier

38

X 0.64 + 11.,02275 x 18 = 415.8 ft-k

M = =248.,1423 x 2 x 064 = 5.793148 x 18 x 2 = =526.5 ft-k

Total moments due to live load and impact are as follows;

Ext. span +MLL =

-.MLL=

Int. span +M1L =

-MLL=

281 x 045 x 1.30 = 182.5 fi-k
—437.5 x 045 x 1e27 = -278 ft-k
£15.8 x 0e5 X 1,256 = 261 fi-k
-52645 x 045 X 14256 = = 331 ft-k

(V) Design the prestressing steel

Ext. span, assuming the c.g.s. is 4 in. above the botiom

fiber of precast girder, and from the previous steps, the

following data can be computed;

Nip = 21?-15 ft-k’ M.G = 86.5 ft"k’ I\"Ic = 18205 ft=k

50980 / 149155

my = = 0.263
20.17 15.48
50980 149155
15.83 27.02

50980

kb = ———— = 6.86 ine.

369x20.17
50980

By 5 i) i 8e72 in,

369x15.83
Using Eq. (9b), to find F.

F =

(217.15 = 0.583x182.5)x12

= 189 k

11.83 +

8.72
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F 175/140 x 189 = 236.3 k

o]

A = 189/140 = 1.35 in.? Min. steel 0.003x369 = 1.107 in.”

S

1l

Use 12 strands

The arrangement of the prestressing steel is shown in
Fig. (14). Check the eccentricity of presiress, e,

From Fig. (14), e, = 3 in., therefore the magnitude of F
and the required presiressing steel area should be recomputed as
followings;

F = 323.45 x 12 / 21.55 = 180 k
F, =175 x 180 / 140 = 225 k
Ag = 180 / 140 = 1.285 in.2, wuse 12 strands.

Find the center of gravity of prestressing steel at the end
of the girder and draw the path of the c.g.s. of the girder as
shown in Fige. (15). Taking moments about the bottom fiber,

4 x 33 = 132

8 x 3 =24
156 % 12 = 13 in. above the bottom fiber

Check the stresses at the end of khe girder,

ft = - %‘%‘g + 5%-22—5-}%?)—-—5—8- = -0.61 + 0.23 = -0!38 ksi
fb = - 225 - M = -0.61 - 0-18 = -0-79 kSi

369 3220
Check the stresses at transfer at the center of the span,
.8 - L] 2
t - . 225 4 225x12.,83 -86.5x1 - —0.61 - 18§3




L1

= =0.61 +0.731 = 40,121 ksi < 6J:fhi = 424 psi (tension)

b o _ 225 _ 1853
: 369 369 x 8.72

Check the stresses under working load at the center of the

span by Eq. (l2a) and Eq. (12Db),

ot 180 217.15x12 - 0,263 x12 =180 x 12,83
~ 369 369 x 6.86
= -0.488 870 = =0.488 = 0.34h4 = =0.832 ksi
= ~O0R = SRR Reag . oot = DadNh = =0,232 E3i
< 0.4 £} = 2.4 ksi
180 0
£ = - 97 = =0.488 + 0,27 = -0.218 ksi

369 T 369 x8.72
compression o.ke

Int. span, assuming the c.g.s. is 4 in. above the bottom

fiber of precast girder, and from previous steps, the following

data can be computed;

Mp 617.1 ft-k, Mg = 235¢2 fi=k, My = 261 ft-k

mb = 0-583, m.t = 0-263

kb = 6.86 in.. k-t = 8-?2 in.

 Using Eq. (9b) to find F

e o (617.1-0.583 x261) x12

11.83 +8.72 RSl K18 £ UDa i *

F, = 175x k49 /140 = 560.5 k
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Ay = 449/LLO0 = 3.205 in.?

Use 30 strands.

The arrangement of the prestressing steel is shown in
Fige (16). Check the eccentricity of prestress, eg.

From Fige. (16), e, = 4.027 in. above the bottom fiber, it's
close enough, so no revision is neéded. Then find center of
gravity of prestressing steel at the end of the girder and
draw the path of c.ges. of the girder as shown in Fig. (17).

Taking moments about the bottom fiber to locate the ceges.

at the end of the girder,

12 x 29 = 348
18 x 4 = ZE_
420 + 30 = 14 in. above the bottom fiber
Check the stresses at ends at transfer,

560e5 560.5x1.83

£ = . = = 1452 + 0,406 = =1.01% ksi
369 2530

b 560.5  560.5x1.83

f‘ = - + = -1-52 - 0.319 = -l¢839 kSi
369 3220

Check the stresses at transfer at midspan by Eq. (1la) and
Eq- (llb).
f.t 560-5 56095 XllOBB -23502 x12
= - +

369 369 x 6.86

369 x 6486 * 369x6.86
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= =1l.52 + 1l.51 = =-0,01 ksi compression o.k.

56045 3,820
369 369 x8.72

P =

< 3.0 ksi 0Oeke
Check the stresses under working load at midspan by Eq.

(12a) and (12b);

449 617.1x12 - 0,267 x261 x12 - 449 x12

ft = - -
369 369 x 6.86
= -12,1 2,504 21 12 = -2 ;
= - .5-m—-l- 5 = 1. = =2.335 ksi
< 2-4 ksi o.ke
by 2,834
fb = - 4 > = =1,215 + 0,881 = =0.334% ksi

369 ¥ 369 x 8.72
compression O.K.
(ViIi). The moments over piers due %o creep and shrinkage
as due To creep |
The final restraint moments M., withcqt adjustment for creep
effect at supports, can be known from appendix IV p. 76, and
Pe 80, as follows;
At support B, M., = =327.15 + 507 = 175.85 ft-k
Cy Mpo = 452493 + 822 = 369.07 ft-k
Evaluating the creep factors as followings;
(L)s The modulus of elasticity at strand release =
4.3x106 psi, from Fig. (4) the speéific creep at 20 years is
0.3x10'6 in/in/psi.

(2)s For release of the prestress force at 2 days, the .



value of specific creep is adjusted by Fig. (5) to;
1,66 x 0430 x 106 = 0,498 x 10~ in/in/psi

(3)e The volume/surface ratio of Type II I-beam is 3.4
from AASHO-PCI Standards data, and from Fig. (6), the creep
volume/surface ratio correction factor is 1l.25. So the

specific creep is adjusted as follows;
0,498 x 108 x 1.25 = 0.623 x 10~ in/in/psi
(4)e From Fig. (7), at 28 days 0.4 of the creep has

occurred, leaving 0.6 to produce restraint moment, that is,

0,623 x 100 x 0.6 = 0.3735 x 10~0 in/in/psi

(5)e The value of o for the structure with a connection

made at 28 days would bes;

g = 03735 x 10-'6 x 4.8 x 106 = 1.79

(6)s # = 1le79 is known, then from Fig. (8) can get;

(L - e™®) = 0.85

1 -¢"?
g

= Ooq‘?

Therefore the final moment MRc at supports can be computed

as follows;

At support B, Mp, = 175.85 x 0.85 = 149.5 ft-k
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be due to shrinkage
From appendix V pe. 83, the final restraint moments Mpg

at supports are;
1 - e™®
7]

1 - =8

Cy Mpg = 04892 myg ( et )

At support B, Mg = 1.216 Mg ( )

6

where m,.. = 0.0006 X Oolt x 1.0 X 3.8 x 10~ x 66 x 6.5x12.23

= 4,795,000 in-1lb = 399 ft-k

Assume the condition of the continuity connections made
28 days after prestress release, exposure at 50 percent relative

hunmidity and ultimate shrinkage is 0.,0006 in/in. Substituting

the value of .o and into the expression of Mpgs Then

228 ft=k

At support B, lgg = 1,216 x 399 x 0.47

(VIII)se The positive moments over piers and design the positive
connection
By summing the restraint moments due to creep and shrinkage
in previous the step and the live load and impact from appendix
VI pe 90, then the max, positive moments at supports are as

follows;

At support B, M = 149.5 - 228 - (39.456 x 2 x 0.64 +
1.842 x 18) x 0.5 x 1.3
149.5 = 228 = 544 x 0.5 x 1.3 = =23.5 £tk
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C, M = 314 =167¢4 =~ (21.587 x2 x 0,64+ 0.831 x18)
X 0e5%x1e256 = 314 -167.4 2643 = 172,9 ft-k

In this particular case, there is no positive moment at
support B, therefore design the positive moment connection for
support C only. Use intermediate grade reinforcement with an

allowable stress = O.6f§==24 ksi, then required area of steel

is;

Al = 172.9 x12/24 x7/8 Xx39.5 = 2.5 ine

Use 6 -#6 bars, provided Aé = 2.64 in?
To find the stress in the steel,

first compute the ratio of moduli of elasticity n,

 _ _2,900,000 _ 2,900,000 o &8

w3*33.3/TT  (150)1*93.3./8,000

p' = 2.64/66 x39.5 = 0,001025, p'n = 0.00665
k

il

W 2pn - (pn)® - pn = 4 0,0133 = (0.00665)% = 0.00665
= 0.,1155 - 0.0133 = 0.10885

3
fS = 172.9}:12/2.64}: 0096?05 X39.5 = 20.6 ksi <24 ksi o.ke

Designing the embedment length
for the allowable bond stress = 0.1 fé = 400 psi > 350 psi,

so use 350 psi.

Assume the distance from the end face of the precast girder

to the inside face of the hook = 12 bar diameter = 12x6/8 = 9 in.
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line. hook radius = 3x6/8 = 2.25 in.

Reqs embedment length = 206,000 x 0.6/350 = 2.36 = 15 in.

1/4 bend = 3.54 in.

15 = 3e54% = 6475 = 471 ine

Use 7.71 ine. extension, gives 18 in. embedment.
To ensure that bars extend into the part of the beam where the
prestress force is effective, and to avoid termination all
connection bars at one point, extend 2 bars 2 ft. into the beam,

and extend the other & bars 3 ft. 6 in. into the beam.

: P.uz.zrsj

; ?&g“iiﬂvi

(IX) Design of negative reinforcement
From the previous step, the moments over the piers due to
live load can be determined, |
At support B, M = (-198.33% x 0.64 = 3.0597802 x 18
- 7,145 x 18) X 0.5 x 1.27
=437.5 x 0.5 x 1.27 = =278 ft=-k

Cy M = (2}4’8.14’? X 2 % 0.6“’ - 50?93 x 18 x 2)
X 0-5 X 1-256 = -52605 X 605 X 11256
= =331 ft-k
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Design the negative moment reinforcement at support C;
the ultimate negative moment is

M, = 2.5 x 331 = 828 ft-k

Then use the ordinary ultimate design procedures.
Asgsume a = 4.9 in.

AL = 828 x 12/0.9 x 40 x (39:25 = 2.45) = 7.5 in.?

then, a = ?IS X 40/0.85 x4 x 18 = 4.91 ina(itls close

enough, }
Use 13 - #7 bars, providing Aé = 7.8 in.2

Check the steel percentage,

G-85X0.85x400 8?
By

= 0.0537
Lo 87 + 40

p' = 7.8/18x39.25 = 0.,01105 < 0.0537x0.75 = 0.04025<pb Geka

1=3=-%7 ]

]
]
#25"
r

=3.25%

Le
L

Ultimate Strength

Exte span, the ultimaté strength of midspan;
Use Ege. (21),
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A, =12 x 0.1089 = 1.308 in.%, £ = 250 ksi

P = 1e308/66 x 0.792 X 39.5 = 0.0063

M o= 14308 x 250 x 3945 x (1L = 0.6 x 0,0063 x 250/6)
= 1.308 x 250 x 39.5 x (1 =~ 0.16) = 10.860 in-k = 905 ft-k
> 217415 X le5 + 182.5 x 2.5 = 325 + 456 = 781 ft=-k

Int. span, the ultimate strength of midspan;

A, =30 x 0.,1089 = 3.27 in.%

D = 3.485/66 x 0,792 X 38.5 = 0.01625

M; = 3427 x 250 x 3845 x (L - 0.6 x 0,001625 x 250/6)
= 3427 X 250 X 38.5 x (1 = 0.04) = 30,200 in.-k=2,515 fit~k
> 61701 x 1.5 + 261x2.5 = 925 + 65245 = 1577.5 £t~k

The ultimate strength over piers, use following equations;
a
M= AfL(d - 5
A' = 7.8 in.?, £1 = 40 ksi, d = 39.25 in,
a = 7.8 x 40 / 0.85 x & x 18 = 4.9 in.
M& = 7.8 %X 40 % (3925 = 2,45) = 1L.148 in-k = 955 in-k
> 2.5 x 331 = 828 ft-k o.k.

(X) Design of shear steel
Exte. spanj;

Reaction due to dead load;

girder's weight 0.384 20 = 7.68
slab 0.5843 20 = 11,686

 diaphragm 1.375 1.5
' 21.429 k
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The max. reactions due to live load and impact, can be

obtained under the loading condition shown in Fig. (18) and

Fige. (19) for support A and B respectively;

Reaction at support A, 40x1.27x0.5 = 25.4 Xk

B, 38x1-2?x0-5 = 24.1 k
Then shear diagram for span AB will be shown in PFig. (20).
To calculate the ultimate shear at support B to design
the shear steel,

vult = 2L,1%X2s5 + 20.054x1.5 = 90.40 k

Shear carried by strand can be computed by followings;

J30% F (13%12)° = /25,200 = 158.8 in.

Vg = 60 x 30 / 158.8 = 11.31 k

2% . =t
C.od ¥l P_E_l /0_64 Kok
1 ] 1 L ]
£l

! | - I

> " >3 e

A B < D E
40 7o' : o e a0’

F

FIG. 18. MAX. REACTION AT SUPPORT A
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! e
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FIG. 20. SHEAR DIAGRAM OF SEAN AB
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AND INPACT FROM
FIG. (19) LOADING
CONDITION
(Loadsx1.27x0.5)
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The effective ultimate shear V, = 90.40 - 11.31 = 79.09 k

use #4 bars, A, = 0.4 in.?

V_ = 180xb'x jd = 180 x 6 x 7/8 x 39.5 = 37.3 k
ja = 7/8 x 39.5 = 34%.6 in.
S =2 x 0l X 40 x 34.6/79.09 = 24,4 in,
Min. spacing 3/ﬁx39.5 = 29.6 in.
or 0.4/0.0025 = 26,7 in.
use #4 bars at 24 in., c.c. spacing
Check the horizontal shearing stress at top fiber of
precast girder between slab and girder under live load and
impact by the following equation;
vQ
T I
I.b
Q=66 % 6.5 x (15.48 = 3.25) x 0.792 = 4,160 in.>
v = 60.25x4,160x1,000/149,155x12 = 140 psi < 225 psi

According Secs 212.3.3. Tentative Recommendations for Pre-
stressed Concrete, the allowable bond stress is 225 psi for
using additional steel ties. Therefore, #4 ties should be
placed at 12 in. spacing in outer gquarter of the span.

Int. spans;

Reaction due to dead load;

Girder's weight 0.384 x 35 = 13.43
slab 0.5843 x35 = 20.41

35.903 k
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The max. reactions due to live load and impact can be
obtained under the loading condition shown in Fig. (19) and
Fig. (21) for supports B and C respectively;

Reaction at support B, (25 + 26) x1.256x0.5 = 32 k

Cy 46.5xLe256x0.5 = 29.8 k
Or, (27.15+26) x1.256 x0.5=33.4 k

The shear diagram for span BC shown in Fig. (22).

To calculate the ultimate shear at support B to design the
shear steel, _

Vylg = 340528 Xx1.5 + 2948 x2.5=5L.7 =74.5=126.2 k

Shearing force carried by the strand can be computed as

follows;

J(25)° + (22.5 12)° = /625+72,900 = /73,525 = 271 in.

Vg = 179.5x25 / 271 = 16.5 k

The effective ultimate shear V, = 12642 = 1645 = 109.7 k

]

use #4 bars, Ay = Q.4 in?
Vo =180 x 6 x 7./ 8 x 38.5 = 364 k
jd = 7/8 x 38¢5 = 33.7 in.
S = 2x 04 x40x33.7/(109.7 =36.4) = 1474 in.
Use #4 bars at 12 in. c.c. spacing
Check the horizontal shearing stress at top fiber of pre-

cast girder between slab and girder under live load and impact

by following formula;

vQ
V = ——
)
Q = 66 %605 % (1548 = 3.25) x0.792 = 4,160 in?
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Vv = 754 x4,160x1,000 /149,155 x12 = 173 psi < 225 psi

S0, use #4 bars at 12 in. spacing will be satisfied.

(XI) Compute the camber
a. due to dead load of the girder.
At the time prestressing, f;i = 4,000 psi, so Ec==3.8:xlo6

psi, then the deflection can be found as follows;

Ext. span
4
Swl n 3 6
A = e— = ; .
G 3BUEL 5 x 384 x (40) "x L2)7/ 384 x 3.8 x10” x 50,980

= 0.114% in. (downward)
Int. span;
AG = 5x384x (70)4 X (12)3 / 384 x 3.8 x106 x 50,980 =1.07 in.
(downward )
be due to eccentricity of the prestressing force
Exts span
Moment due fo prestresé at end is
M = 2.83 x 225 = 637,000 in-l1lb
at center is M = 12.83 x 225 = 2,890,000 in-1b
The moment diagram constructed as shown in Fig. (23), and
M/EI diagram also in Fig. (23). Then use conjugate beam method

ro find the deflection at the center of the span;

part A X AX
I 15.3%107 120 18.35x107
II 27.0x107 136 30.65x107
111 18.9x107 u2 7.95x109

61l.1x107 . 56.95x107
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A = (61.1x107x20x12 - 56.95x107)/3.8x10%x50,980
0.465 in. (upward)

Net camber = 0465 - 0.114 = 0.351 in. (upward)
Inte. span
Moment due prestress at end is
M= 1.83 x 560.5 x 103 = 1,010,000 in-lb
at center is M = 11.83x56.5x%10° = 6,640,000 in-k
The moment diagram constructed as shown in Fig. (24), and
M/EI diagram is also in PFig. (24). Then use conjugate beam
method to find deflection at the center of the span;

| x |
__Hﬂ__i__L_“___ﬂ
3L o0c) I

=4 | 7

1_
y

FIG. 23. MN/EI DIAGRAM OF SPAN AB DUE TO
PRESTRESS

1,010,008/,

+
K

FIG. 24. M/EI DIAGRAM OF SPAN BC DUE TO
PRESTRESS



Part A X AX
I 235x10° 210 nol % 10°
II 760x10° 240 1,825 x 10°
III 8lkx10° 75 632 5¢10°
1,839x10° 2,951, 5x10°

Then deflection at center is,

A = (1,839 :vclo6 x35x12=-2,951.5 xloa)/3.8 x106

50,980
= 2,46 in. (upward)

Net camber = 2,46 = 1,07 = 1.39 in. (upward)

ce due to the weight of slab and diaphragm _

When the slab and diaphragm are poured, the strength of the
concrete in the girder will 6,000 psi, and E, = 4.8*106 psi.
Then compute the deflection at the center due to weight of
slab are;

Ext. span;

By = 5%X584.3x (40)4 X (l?.)3 /384 x4.8 x106 x 50,980
= 0,1375 in. (downward)

due to diaphragm

Adia.. = 1,375x (40 x12)3/1+8 X4.8 x106x50,980

= 0,013 in. (d.ownward)
Net camber = 04351 = 0,1375 = 0.013 = 0,213 in. (upward)

Int. spanj;
Ass = 5x584e3x (70)2{'(12)3 /384 x 4,8 x106 x 50,980



= 1.29 in. (downward)
Agia. =1,375x (70x12)7 /48 x 4.8 x 50,980 = 0,07 in.
(dovmward)
Net camber = l1e39 =129 = 0,07 = 0,03 in. (upward)

After the slab is poured, the net camber in the girder are
0.213 in. and 0,03 in. for exterior and interior span respec-
tively. Since all the stresses in the beam at this time will
be sustained permanently, the camber will gradually increo.se
owing to creep in the concrete., If the beam were acting inde=-
pendently, camber could be expected.to increase 100 to 300
percent from Sec. 203.3 Tentative recommendations for Prestiressed
Concretes. Actually the beam and slab now form a composite struc-
ture in which the stress in the slab is zero. The tendency of
the beam to increase its camber is resisted by the composite
section, so that the resultant increase is lower than would be
expected if the girder were acting_alone. We shall assume that
the camber growth beyond the point would be 150 per cent if the
beam were acting independently. rTherefore, the camber growth
will computed by followings;

Ext. span

1.5% 0,213 x 50,980 /149,155 = 0.1093 in.
e, Total final camber = 0.213 = 0.1093 = 0.3223 in. (upward)

Int. span

145 %0403 x 50,980 /149,155 = 0.0153 in.
S Total final camber = 0.03 + 0.0153 = 0.0453 in. (upward)
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d. due to live load and impact
For this is a continuous girder, the max, positive moment
is not exactly at center of the span, but it is near the mid-
spans So in computing the max. camber or deflection, for con=-
venience in computation, the deflection at center of the span
will be assumed the max,
Ext. span
Consider the loading condition as shown in Fig. (ZZ},; the
moments at supports are computed, |
Mg = -158.8 ft-k, Mg = -149.8 ft-k, MD = =203.3 ft=k
Then the M/EI diagram of span AB can be constructed as in
Fige (26) and use conjugate beam method to find the deflection

at midspan by parts as in the following;

o = 5x640x(40)* (12)3/384xl+.8x100%149,155

= 0,00516 in. (downward, due to uniform load)

5, = 18,000x(40x12)7/48xk4.8x10°x149,155

= 0,058 in. (downward, due to concentrate load)

a2k
20
— O, g Rt o Ky
4

1 I ; 1 .r.+ 1 | [ 4
# F=3 i =3 n”
A & & D E

. 4" i3 . 7o ; 40 i

FIG. 25. MNMAX. DEFLECTION AT MIDSPAN OF SPAN AB



55 = 1,210x1,000 (40x12)2/16xk.8x149,155 = 0,024k in,

(downward, due to end moment)
Total deflection at the center of span AB is

QLL = 0,0516 - 0,058 ~ 0.024% = 0.134 in. (downward)
Net camber = 043223 = 0.134% = 0.1883 in. (upward)

A 8

(a)s DUE TO UNIFORM LOAD

1270/
/P\ (b)s DUE TO CONCENTRATE

B < LOAD
B ' &
1zle/ex

FIG. 26. M/EI DIAGRAM DUE LIVE LOAD IN SPAN AB

Int. span
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Consider the loading condition as shown in Fig. (27), the

moments at supports are computed,
N!B = "321083 f‘t"kg MC = "236-2 ft"k. MD = 2?.83 ft=k

Then the M/EI diagram of span BC can be constructed as
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in Fige. (28) and the conjugate beam method can be used to find

the deflection at midspan by parts as in the following;

6x149,155

5. = 5x640x(70)"x(12)3/38kxk.8x10
= 0.484 in., (downward, due to uniform locad)
$, = 18,000x(70x12)3/48x!.8x10°x149m1 55

= 0.312 in. (downward, due to concentrate load)

a5’ 18K
i ‘
7 et C.o4 g
1 11 rﬂjé;T—T
w 23 23 e 2
A B < = E
} 4o’ 7o v 7o’ - o’
LT )

FIG. 27. MAX. DEFLECTION AT MIDSPAN OF SPAN BC

F7o/E T
(a)s DUE TO UNIFORM LIVE
/ LOAD
| <) <
FI8o/Ex
(b)e DUE TO CONCENTRATE
LOAD
= <
B <

?-Géoéx

FIG. 28. I/EI DIAGRAM DUE TO LIVE LOAD OF SPAN BC

ETT (c). DUE TO END MOMENTS
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55 = (2,835,000 - 386,000) (70x12)2/16xk.8x100%149,155

= 0.412 in. (upward, due end moment)

Total deflection at the center of span BC is

= 0484 - 0.312 - 0.412 = 0.3687 in. (downward)

]

211
Net camber = 040453 = 04384 = =0.3387 in. (downward)
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CONCLUSION

1. The effects of creep and differential shrinkage are
very important to this type of bridge. The positive restraint
moments over piers do not reduce the ultimate load carrying
capacity, but will cause cracks over piers without the connec-
tion.

2., To date, the research on this subject is limited to
studies conducted by P.C.A. Development and Research Laboratory
on a two-span precast prestressed concrete bridge. Much re-
search is still to be done on this type of bridge for control-
ling the influence of shrinkage and creep.

3, In this report, the design of end bearing and other
details such as end block, pick up hook, etc. are not mentioned,
because these detaills are different froﬁ one job to another.
In. practical design, however, these should be taken into
account.

4, 1In recent years, the digital computer has been widely
used, this kind of design work can be written into a program

to eliminate the tedious calculations.
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APPENDIX II - NOTATIONS

cross—-section area of deck slab

area of precast girder

area of main prestressing tensile steel

area of conventional tensile steel

area of steel required to develop the ultimate
compressive strength of the overhanging portion
of the flange

the steel area required to develop the ultimate
compressive strength of the web of a flange
section |

area of web reinforcement at spacing s, placed
perpendicular to the axis of the member, which
shall not be less than 0.0025b's

width of compression force of the flexure member
width of web of flanged member

the distance from neutral axis to the extrme
fiver Qf precast girder

distance to top or bottom fiber from c.g.c. of
precast girdgr

distance to top or bottom fiber from c.g.c's of
precast girder

distance from extreme compressive fiber to
centroid of tensile force

elastic modulus of the deck slab or precast

girder concrete
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the base of Naperian logarithms, 2.7183
the distance between csge.cs of precast girder
and the ce.ge«s.

the eccentricity under the allowable tension stress

" on top fiber of precast girder at transfer

i

the eccentricity to resist optimum external moment
distance between the mid-depth of the slab and
centroid of composite section

required total effective prestress force after
deducting losses’

total prestressing force just after transfer

=extreme fiber stresses

n.u

allowable tensile stress at bottom fiber

compressive strength of concrete at 28 days
ultiamte unit stress in concrete, at time of
transfer

effective unit prestress after deduting losses
initial unit prestress in steel before transfer
ultimate unit stress in prestressing steel
allowable tensile stress in conventional steel
average sitress in prestiressing steel at ultimate
locad

allowable tension on top fiber precast girder
at transfer

yield strength of conventional steel

the depth of the section
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impact factor (max. 30 percent)

the momerit of inertia of the composite section
about its neutral axis

the moment of inertia of the precast girder

about its neutral axis

ratio of diatance between controid of compression
and centfoid of tension to the depth d

the top or bottom distance

a factar which shall be taken as 0.85 for strength
fé, up to 4,000 psi and shall be reduce continuously
at a rate of 0.05 for each 1,000 psi of strength
in excess of 4,000 psi

Length in feet of the portion of the span which is
loaded to produce the max, moment in the member
any mdment acting on the composite section

the max. bending moment due to dead load

the max. moment at the center of the span due to
diaphragm. _

the max. moment at the center of span due to
girder's weight

the max. bending moment due to live load and impact
the max. bending moment due to live load

the total moment acting the precast girder

the total positive moments over piers due %o creep
and shrinkage -

the final restraint moment over piers due to the
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effect of creep under prestress and dead load
the restraint moment due to the effect of creep
under dead load

the restraint moment due to the effect of creep
under prestress

the total restraint moment due to shrinkage
restraint moment due to differential shrinkage
the total moment acts on the section

ultimate resisting moment

ultimate flexural strength

ratio of modulus of elasticity

ratio of prestressing steel

ratio of non-prestressing steel

longitudinal spacing of web reinforcement

the thicknesé of the flange

slab thickness

0.0éféb'jd, but not more than lBOb'jd (assuming
j =7/8) |

shear due to dead load

shear due to live load and impact

shear carried by the strands

effective shear due to specified ultimate load
and effect of prestressing

ultimate shear due to dead load and live load
including impact

the volume/surface ratic of the member under

71



consideration

sectional modulus

capacity reduction factor, equals 0.9

angle of rotation

deflection of beam

the ratio of creep strain per psi of stress to
the elastic strain per psi of stress

basic creep strain

differential shrinkage strain

ultimate shrinkage strain at T = infinity
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APPENDIX IV
Derivation of general equation for creep restraint moment

1. Dead load creep restraint moment

Using the conjugate beam method to find the slope at ends,

Mg, MoLz

In span AB, 03 = Mppq -Ly/3EI

span BC, 0p = Mpyro Lo/3EI
where Mpry = w,1£/8, and Mpro = sz‘g/B, and assume EI
is constant. '
Apply moments myy to return beam ends to horizontal as

shown in the Figure below;

Mayg Majc Magd
JA.N 14 \ JA |
- Y7 Ry 24 Ll
A B < ) =)
= =i - 2 - bz - = ]
Ext. span
el B 93' /”—mm‘m
; A -
-mgq gL1/3EL = Npp1 Ly/3EI "

3183 = ~“pri

Mag ooy e
Int. span ' (il 2

32 = e)_,, - Lz ol




76

+MppoLp/3EL = -myqpLp/3EL - mdchz/éEI

B = g

Il

Ms313 = ®q1c ‘ZMDL2/3

Distribute the resiraint moemins mgyy by moment distribution,
then compute the final dead load restraint moments Mrdl due to
creep (not reduced by the creep effects factor).

For example,

M = 217.15 £t-k, M318 = 217.15 ft=k

DL1

Then use moment distribution method;

A B C D E
l 3 . - -

DeFa Qo 0.568 | 0.432 0.510.5 0.432 ] 0.568 Q.

FEM -217.15{ -411. =411, -411. =411. | =217.5

Bal- "llOo 83085 83-85 -llO.
L /

C.0. -41.93 | =41.93

=M O. -327.15| -327.15 -327.15| -327.15 0.
-452.93 [ =k52.93

The final restraint moments are;
MrlB = =327.15 ft=k, MrlC = =-452,93 ft-k

2., Prestress creep restraint moment
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/NEUTRAL AXIS OF COMPOSITE SECTION

; /
4T T ) . . . . A—F
& R £

Pg_ P“-

The creep under the prestress force depends on the location
of the various forces with respect to the center of gravity of
the composite sections The tendons will be replaced in the cal-
culations by the equivalent forces acted on the member.

The moment diagram by parts can be shown as follows;

Fze, AL,
Pa-d/
/s ~
'Pidi . e a

1

Strictly speaking, the moments should vary from zero to full
value along the transfer length (dotted lines). For convenience,
the rectangular moment diagram will be used in calculation;

Using the conjugate beam method, the slopes due 1o presiress
at the ends are as follows;

Exte. span
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2
.. o F1o1l1  Padaly p3ly  p3lilo = 3
— - - - A ! " s
x 2EI 2EI 2E1 2EI , . }

Int. span

d d 2
an = FL 1Lz Podplp  P3ly p3lilp o >,
2 — - ‘=g ey

2ET 2EI 2EI 2EI

- ba

Moments Dpp to return beam ends to horizontal are as shown
in the figure below; |

Mrpg Mrpc Mrep
o= 7l 0 .
oS ) =) -y =
A B < o E
L Ly 1 La . La - ] o
Ext. span
9y = 9y
i “Bmvs
01 = mppply/3ET Ay B
= . Ly
mpnp = ~3E101/2Ly . —
Int. span ' —
{
8y = mppplp/3EL = mypcla/6EL E;ﬁéq-___;gﬁ;;)m*“
. 8
mrpBLz/zEI : b
m

rpB = BppCc T '2EI62/12

Distribute the restraint moments m

rp by moment distri-
bution, then the final prestress restraint moments Mrp due to

creep (not reduced by the creep effects factor) can be computed.
For example,
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Ext. span

60x12.48x40x12  120x24.02x40x12

B, = -
. 2ET 2EI
14.1x(13x12)%  14.1x13x13x(12)?
2BI 2EI
1
= — (359,000 - 1,427,000 - 343,000 - 343,000)
2EI
= 1,754,000/2ET
3 x EI 1,754,000
m = = = 2,760 in-k
rpB
P 2x40x12 2EI
P, o .
248 .. § = . : —_— _—_ "
24.02 % 2402 P
: -— P,
Pe =
:_ Ia' :_ lf‘" —J. E3' {
Int. span
pl = 179'5 kl' pz = 26905 k|
Py = (31.5/22.5x12) x 179.5 = 21l.4 k
il .
R M
L PB
=342 :
I} P,
Pa

A o 25" 5 =2,5' :
[]



179.5x8.48x70x12
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269, 9x2 3. 01 x70x12
2] = -
1 2EI 2ET
2 , 2
21.4x%x(22.5x12) 21.4x22.5%x(12)
- 2EI 2ET
1
= — (1,28,000 - 5,200,000 - 1,560,000 - 1,730,000)
2ET
1
= — (=7,210,000)
2ET
2EI 7,210,000 )
rPC " 5ox12 2EI ’

Then use moment distribution method;

A B < E
DF 0. 0.568 | 0.432 0.5]0.5  0.432 {0,568 0.
FEI 2760 8600 8600 | 8600 8600 | 2760
BAL 3320 -2520 -2520 | 3320

~ s
co 1260 | 1260
=M O 6080 6080 9860 | 9860 6080 | 6080 0.

The final restraint moments are;

M1

Mp1g

= 6080 in-k

507 ft-k

9860 in-k 822 ft-k

I
n

Summing up the M.gy and Mp,, and multiplying the value

of (1 -~ eé}, then the final restraint moments due to creep Npa

can be computed.



APPENDIX V

Derivation of general equation for restraint moment due
to shrinkage. A
As previously discussed, the restraint moments due to
differential shrinkage between the deck slab and the precast
beam are uniform along the composite section. The moment is
expressed as following;
E"

b
s =€sEbAb(e::>, - —E )

Assuming the bridge were composed of four simple spans,

these moments will cause bending as shown below;

Therefore the slope at the ends of the simple span beams,

can be obtained by the conjugate beam method as follow;

gl

L Mrs
e=mrs I

2EI W

SR |

L

Then apply moments M.g» at both sides of
support B, C and D to return the beam ends to
horizontal;

Ext. span

3



Int. span

_ MrsLZ
Sy %

0

ej-l'=e
Mrs = mrs

Then use the moment distribution method to distribute the
restraint moments Mrs’ and the final shrinkage moment Mpg at
supports B,C and D can be computed by multiplying by the value

—-p—0
of (l Z )-

For example,

In exterior span Mrs is 1.5 Moo interior is Mpge

A - B G D E

DF 0. 0.568 |0.432 0.5 0.5 0.432 | 0.568 0.
FEM 105 l.O l.O loo l.O los

BAL -0.284 {0,216 0.216 -0.28%

~ s
co -0,108 }~0.108 .
= M O, 1-216 15216 0.892 60892 1.216 10216 Os
i




Final moment at B and D are l1l.216 m..

l-eg~¥

final moments at C is 0.89 n (
rs .

(

)

l-c~®

g

) and the
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SCALES; ABSCISSAS s ; -

2 Fr-K

ORDINATES

e } Fr=K

QBT"K

2 Fr-K

{ FT=K

-{ FT-K 1

—2 FT=K

-z FT-K 1

- FT-K 4

-5 Pr-k T

-, FT-

-7 FT-k 1

-t TR

FIG. 29. INFLUENCE LINE FOR MOMENT AT SUPPORT B, MB.



2 Tk T

| Fr=k

-] PT-K 1

—ozFT'K

-2 P

. Fr-x 1

-5 Fr=K 1

- Fr-K 3

SCALES; SAME AS FIG. 29

92

FIG. 30.

INFLUENCE LINE FOR MOMENT AT
SUPPORT C, MNC.



SCALES; SAME AS FIG. 29.

Q FT-K ]

| Fr-k

7FT"K 4

5 Fr-x 4

G- FT-K 4

= FTK 1

21’1‘-]‘

93

“iPr"K, L

-0 Tk

-, BT

~4-FT-K ¢

FIG. 31. INFLUENCE LINE FOR POSITIVE MOMENT
AT CENTER OF SPAN AB, M.
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SCALES; SAME AS FIG.29,

FIG.32, INFLUENCE LINE FOR POSITIVE HOMENT A’E CENTER
OF SPAN BC, M2,



THE DESIGN PROCEDURES OF CONTINUOUS
BRIDGE WITH PRECAST, PRESTRESSED CONCRETE GIRDER

by

MING-LEE CHANG
Diploma, Taipei Institute of Technology, 1963

A MASTER'S REPORT

submitted in partial fulfillment of the

requirement for the degree

MASTER OF SCIENCE

Department of Civil Engineering

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1970



In recent years, continuous highway bridges with precast-
prestressed concrete girders have been used in many countries.
The primary advantages of this type of bridge are the elimina-
tion of maintenance costs of deck joints and deck drainage onto
the substructure and the structural economy of continuous
design. Continuity also can improve the appearance and riding
qualities of a bridge.

There are many different kinds of construction methods
available to achieve continuity of precast-prestressed concrete
bridge girders or slabs. In this report, continuity is achieved
for live load plus impact moment by using nonpresiressed rein=-
forcement in the deck slab in the diaphragms over piers.

The effects of shrinkage and creep between the precast
girder and the cast-in-place deck slab are more important than
in other types of construction of continuous prestressed con-
crete bridges. The Research and Development Laboratory of the
Portland Cement Association completed a research program on
this kind of bridge during 1960-1961. Then the results of
their research provided available information for designing a
continuous precast-prestressed concrete bridge considering the
effects of shrinkage and creep.

The main parts of this report are the deslgn procedures for
continuous precast~-prestressed concrete bridges, including the
influence of shrinkage and creep, and a design example of a

four-span continuous bridge to illustrate the procedures.



