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vice life, the new method predicts a higher total final prestress loss

A new method of estimating the prestress losses in post-

tensioned members was developed in this thesis. The method was based on

the rational principles of connecting stress-strain-time relationships

of the concrete and steélfmaterials,'With'prQPEr'regqgnitionvto time
developed previously for pretensioned members, was - modified to be also

applicable to post-~tensioned members. On account of a long assumed ser—

than several existing methods. In comparison with these currently avail-

able methods, the new method provides reasonable estimates of prestress
losses throughoiit the sérvice life of the post-tensioned member, com-
parable to the PCI - General Method, but requires a much smaller calcula-

tion effort. In addition, the new method provides a diréct calculation

offpréstress lo$sAat.any'time, eliminating the need of a step-by-step

.

procedure. Several areas of possible future improvement and refinement

of the new method are suggested.
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.£actors.A'ThiSAdefieieneyis~particular}yﬁpronounced“with“regarﬁ@tb“‘ )

l. INTRODUCTION

»

d ~ .
In spite of the rapid progress in the development of pre-

stressed concrete as an important structural éystem, the estimation of
pPrestress losses has remained a sensitive problem without a satisfactory
answer. Various design specifications have included widely different
provisions. Somé may include tables and equations, while others specify
a single member for rough approximation of these losses. However, at
the present time, neither of ﬁhese specifications has contributed an

accurate method for estimating the prestress losses caused by many

post-tensioned members.

In the past-several years, an extensive study entitled
"Prestress Losses in Pretensioned Concrete Structural Members" (Lehigh
University Projgct No. 339), was conducted in Fritz Engineering
Laboratory, Department of Civil Engineering,\Lehigh University. The
main purposes of this project were to develop a rational method for the
prediction of the prestress losses for the ﬁretensioned concrete members
and to establish a practical method for this estimation. In this stu&y,

stress—strain-time relationships for concrete and steel materials were

developed experimentally, and a method for the complete analysis of

stress and strain conditions in pretensioned members was developed based

Pal
Lol

on these relationships. Several computer programs were written;to carry
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out the calculations as required, and to determine the prestress losses

at various times during the service life of the member.

It 1s felt that with appropriate changes to accommodate the
time sequence of post-tensioning fabrication and the strain relation-
ships, the same basic principles used in the above-mentioned project

could also be applied to post-tensioned systems.

_—

1.2 Purpose

- The main purpose of this thesis work is to develép the predic¥
tion procedure for the prestress losses in post-tensioned members, based
on the experimental results énd basic principles used in Lehigh
Univérsityfrojgct No. 339. In additibn;.it-ié”algb intended td«révisé—m“
the computer program developed therein so that it can be aﬁblied to
both pretenéioned and post-tensioned members.

¢

1.3 Review of Problem

<

As mentioned in Section 1.1, an accurate'methbd for the ésti—
mation of the prestress losses in post-tensioned membérs is not cur-
rently available in the codes or specification. In the Bureau of Public
Roads Criteria8 of 1954, prestress losses in post-tensioned members ig"

estimated by the following formula:

A, = 3000 + 11 £ + 0.04 f
fs cs , si

-------------




oA

where: - Afshi Loss of prestress, in psi

fcs = Initial stress in concrete, at the centroid of pre-

stressing steel, in psi

fsi = Initial prestress in steel, in psi

-—

In the 1971 ACI Building Code®, various causes of prestress losses are
listed but no guidelines are given for their estimation. The PCI
Committee’ pPresented a step-by-step method of estimation whiéh includes
many tables and equations and involves rather lengthy calculations. In
contrast, the 1969 AASHO specifications’gave a single number of

25000 psi as an acceptable approximation. ‘In the most recent AASHO

!

épecificationsgslo,,the method for predicting the prestress losses in

post-tensioned members is as follows:'

Afs = 0.8 (SH) +’.0.5 (ES) + CRc + CRs

P
where: Afs = Total prestress loss, excluding friction
SH = Loss due to concrete shrinkage, estimated using the )

following table based on the average ambient relative

. humidity for the geographic area.

Average Ambient _
Relative Humidity SH

(percent) . (psi) N
100 - 75 5,000
75 - 25 10,000

- . 25- 0 .A 15,000

......
*a




ES = Loss due to elastic shortening of concrete = 7 fcr’

where fcr = average concrete stress at the center of
|

éravity of the prestressing steel at time of release.q

CRc = Loss due to creep of concrete = 16 fcd’ where

fcd = average concrete compressive stress at the center

of gravity of the prestressing steel under full dead

! load.

CR__ = Loss of prestress due to relaxation of post-tensioning

steel = 20,000 - 0.125 [0.8 (SH) + 0.5 (ES) + CRC]

The presence of. such a diversity“of methods for the same purpose attests
to the fact that no one method is fully rational and suitable for engi-

neering application.

In Lehigh Univeréity-Broject No. 339, a number of factors
which influence the prestress loss were first studied, such as concrete
; mixture, concrete stress level, concrete stress gradient, etc. Numerous
i specimenslhave been tésted in order to determine the characteristics .of
relaxation, elastic shortening, shrinkage and creep of the concrete and
steel materials. The test results were carefully'analyzed to determine
the characteristics of the materials. Tue stress-strain-time relation-
ships of the concrete and steel materials were then established. In
order to develop the prediction formulas for the prestress loss, three
sets of conditions, namely, time compatibility, strain compatibility and
equilib:ium.éf stresses were applied to link the stress-strain-time

relationships of the concrete and steel materials. In addition, the
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concrete stress was assumed to vary linearly across the depth of the
goncrete section. These conditions were found to be sufficient to

v

completely determine the stresses and the strains in concrete and

<

steel for any given time.

-

For the—post—tensione&”members, the casting of concrete pre-
cedes the tensioning of the strands, while for the pretensioned members,
the tensioning of the strands is carried out first and then followed by
the placement of concrete. The difference in the fabrication procedures
of these two structural systems naturally causes differences in their
prestress loss behaviors. In this thesis, it is intended to examine
these differences, to make appropriate modifications to the procedure
previously déveloped for,preténsioned members, and to develop procedufes

for the prediction of prestress IOSSeS;in-post—tensioned concrete

members.
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2. POST-TENSIONING VS. PRETENSIONING

2.1 Differences in Fabrication Procedure

As stated in the preceding chapter, it is desired to modify
the procedures previously developed for prestress losses in pretensioned
concrete members, so that they can be applied to post-tensioned members

as well. Before proceeding with the derivations, it is appropriate to

/

point out the differences between pretensioning'and.post-tensioning. A

brief description of these two processes is given in the following
#

paragraph.

Pretensioning refers to the stretching of the strands before
the placing of concrete. In this process,)ﬁhe strands are first
anchored temporarily to the prestressing bed. After concrete has been
placed and become hardened, the strands are released from the bed and
the prestress is transferred to concrete. Pretensioned members are
usually fabricated in the prestressing plants where permanent prestress:
ing facilities are provided, but they can also be fabricated in the
field. Post-tensioning refers to the stretching of the strands after
the placing and the'hardening of concrete have been achieved. No tem-
porary anchorage is needed, and tensioning is done directly against
hardened concrete. The moét important distinction between pretension-
ing and post-tensioning is in the above-mentioned order of the several‘
| fabrication operations. This difference causes important differencés

in the prestress loss behaviors. For inétance,.for the pretensioned

member, the concrete is usually stressed at an earlier stage than that

-6-




for the post-tensioned member, resulting in higher losses attributed to
concrete strains. On the other hand, friction and anchorage losses are
usually more important in post-tensioned members on account of the

shorter tendon lengths, and higher friction coefficients.

2.2 Definitions of Prestress’and»Losses

Before the discussion of the differences in prestress losses
is given, 1t is necessary to define the terms "Prestress" and "Losses"
properly so that no misunderstanding will arise concerning the meaning

S

of these two terms as they appear in this thesis.

~

Prestress: Prestress is defined to be the stress introduced

"in concrete or steel prior to the app}ication of’loads. At a given time
after transfer, the prestress is defined as the stress remaining in the
material if all applied loads, including the weight of the member, were
temporarily removed (Ref. 3). If the strands in the pretensioned membe;
are straight, the prestress is constant\throughout'the length of.the
member initially, but variation gradually develops on account of con-
crete creep caused by the varying stresses caused by loads. 1In post-
‘tensioned members, the prestressing force varies along the length of the
member because of the presence of anchorage and friction losses. 1In

both cases, the prestress is different from section to section, and must

be defined with reference'to the sﬁ%cific section.

Losses: For pretensioned members, losses of prestress are

/

‘evaluated with reference to the initial tensioning stresses in the

~




steel elements as existing upon anchorage to the prestressing bed

(Ref. 3).¢ For post-tensioned members wherein tendons are stretched
sequentialiy, the "iﬁitial prestress" value is defined as the average of
the initial tensioning streéé in-eaéh tendon upon anchorage. As the
tensioning of each tendon causes elastic 1oss in each of the preceding
tendons, the above-defined "initial prestress” condition never really
exists. It 1s chosen as the basis of reference because the steel stress
1s usually controlled only at the tensioning stage. Of course, for
systems where all tendons are stretched at once, the initial condition
defined would be the condition immediately after anchorage. Although
the prestress is défined for each section of a post-tensioned membef, it
1s customary to refer to the initial prestress at the jacking end for
prestress losses, so that.the friction and anchorage losses can be
accounted for. This reférence’framE'will be used in this study. How-
ever, only the elastic, creep, shrinkage and relaxation losses will be
considered. The inclusion of friction and anchorage losses is left for

future time.

2.3 Components of Prestress Losses

The different fabrication procedures used for pre- and post-
tensioned members lead to significant differences in the prestress loss
characteristics. In the following, these differences will be discussed

with reference to each one of the several major components of prestress

losses.

”
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Friction Loss: Loss of prestress due to the contact friction

between the tendon and the surrounding material. The friction loss for

both the pretensioned and the post-tensioned members occurs at the time

(
\

of tensioning. For the pret;nsioned member, this loss is negligibly
small, existing only if tendons are deflected. The post-tensioned mem-
ber will suffer greater loss due to the sliding of the ten&on against
concrete over the whole length. Also, it exists whether the tendons

are straight or draped. Theory for the estimation of this loss has been
well established and it can be exactly considered in tﬁe design (Ref. ﬁ).

This is not time-dependent.

AnchofaggDeformation: Loss of prestress due to the anchorage

deformation. This loss occurs when the tensioning force of the tendon
is transmitted from the jack to the anchorage system. In general, the
post—tensioned member will suffer greater anchorage losé;since this

loss would have to be distributed over a shorter length. Similarly to
frictional 1bsses, this loss can be theoretically determined and it is

not time-dependent (Ref. 4).

Relaxation Loss: Strictly speaking, relaxation refers to the
loss of stress in the tendon which is held at a constant strain for a
éeriod of time. In a real prestressed concreté member, the strain in
steel graduélly decreases on account of the creep and shrinkage of con-
crete. Relaxation in the context of prestress losses is defined to re-

present the loss of prestress unaccounted for by the elastic response to

strain changes. For both pretensioned and pbst-tensioned systems,




relaxation loss starts from the tensioning time. However, a difference
exists with reference to the transfer time. In pretensioned systems, a
part of relaxation loss takes place before transfer under a pure.relaxa-
tion condition. Ihdpost-tensioned systems, transfer takes place at ten-

sioning time, hence there is no pre-transfer relaxation.

Shrinkage Loss: The loss of prestress due to shrinkage of
concrete. This is caused by the loss of moisture content from concrete
on account of the environmental factors such as high temperature, low
relative humidity, etc. The shrinkage of concrete starts as soon as the
curing stops, whether pretensioning or post-tensioning is involved.
However, an_impértant difference exists between the losses caused by
shrinkage in these- two types of structural systems. 1In pretensionéd
membefs, all shrinkage of concrete causes loss oféprestress. In con-
trast, in a post-tensioned system, the shrinkage of concrete occurring
before stretching causes no loss of prestress. Consequently, while the
same time function for shrinkage strain can be used for post-tensioned
as for pretensioned systems, the shrinkage~oécurring before the post-
tensioning must be deducted for the purpose of‘estimating prestress

losses.

Elastic Shortening Loss: fIhé loss of prestress due to the

elastic shortening of concrete takes place at the time of transfer. In
Pretensioned members, concrete is bonded to tensioned steel before trans-

fer and the elastic shortening‘in concrete at transfer always causes a

loss in prestress. For post-tensioned members, the concrete shortens as




the tendons afe being stretched. If the member Has only one single
tendon or if all tendons are stretched simultaneously, no loss in pre-
stress due to elastic shortening will occur bec;use the force in the
tendon is measured after the elastic shortening of the concrete has
takén place. However, if there is more than one tendon in the member
and they are stressed in sequence, the loss of prestress due to elastic
shortening will be different for each tendon. The first tepdon will
suffer the largest amount of loss due to the shortening of concrete by
the subsequent appliéatibn of prestress from.ali other tendons. The
last one will suffer no loss since all fhat:shortening will have taken
place beforeﬁit is measured (Ref.~§)‘ Instead of calculating the

been made in this thesis (see Section 3.2.2).
. |

CregpkLoss: Loss of prestress due to the change of the strain

4

in concrete under constant stress. The occurrence of the creep loss for
both the pretensioned and the post-tensioned members are in the same
time period,_namely, after the transfer of prestress, and the same
expressions will be used. Similar to relaxation, the actual condition
in prestressed concrete is not that of a constant strain, and the creep
strain is interpreted broadly to mean the concrete strain not directly

reflected by elastic response to stress, nor by shrinkage.

- -11-




3. DERIVATION OF PROCEDURE

N
’ S

3.1 Procedure for Pretensioned Systems

A brief summary of the derivation of the procedures for the

prediction of the prestress losses in pretensioned members, as devel-

oped in Lehigh University Project No. 339, will be given in this

section!>?, .

/
. /

The stress-strain-time relationships of the steel and concrete

materials, as derived from the experi'mental data, are as follows:

f = f {A +AS +AS2
S pu 1 2 S 3 S

- [B1 +' B2 log (ts + 1‘)] SS - [B3 + Bu log (tS + 1)] S:} (3‘-1) N

5. = Cf. + D +.AD2 log (t,+ 1)]

+ {[E1 +E log (t +1)]1+f E, + Eg;. log (t_+ 1)1}  (3-2)

@
whefe: f‘s = Steel. strgss’,.i‘n. ksi _. B
fpu = Specified ultimate tensile ¢ :rength of steel, in ksi
v Ss = Steel strain, in 10_2. in./in.
A1’A2’A3 = Regression coefficients of stress—-strain curve of steel

Bl’Bz’Bs’Bu = Regression coefficients of relaxation of steel
~t_ = Steel time, starting from initial tensioning, in days
S = Concrete strain, in 10~2 in. /in.

f = Concrete stress, in ksi

~12-




C = 100/Ec{wcoefficient for concrete strain due to elastic

shortening | , J'

} D ,D = Regression coefficients for concrete strain due to

shrinkage

El’Ez’Ea’Eu = Regression coefficients for concrete strain due to creep

t . = Concrete time, starting from the time of transfer, taken

as the same as the end of curing period, in days

Tables 1 and 2 show the experimental values of regression
coefficients A's, B's, Cl, D's and E's, respectively.

For the linkage of the stress-strain-time surfaces of the
concrete and steel materials, the following three sets of conditions
were used:

(1) Time compatibility

t -t =k .

(2) Strain compatibility, at the location of each prestressing
strand

SS + Sc = k'z (3-4)

(3) Equilibrium conditions

(3-5)

il
o

ff dA - Xf a
c ¢ s PS

ffcdic -~ Zfsxaps (3-6)

= =M

-13-




where: k = Time interval from tensioning of steel to transfer of H :

prestress, in‘days (this includes the time for form

setting, casting, and curing)

ay

k = Initial tensioning strain in steel, in 10™2 in./in.
A = Area of net concrete section, in in.?

a . = Area of individual prestressing elements, in in.?

—

'x = Distance to elementary area from the centroidal

horizontal axis bf;At, in in.
P = Applied axial load on section, in kips

M = Applied bending moment on section, in kip-in.

The sign conventions for thé positive directions of P, M, and
x are shown in Fig. 1. All of the parameters used in Eqs. 3-3 to 3-6
are either known qﬁantities or cén be specified in the design. For
Egs. 3-5 and 3-6, the integrations are over the entire net concrete
are;, and the summations are over all pretensioningﬂelements. In
addition to the linking conditions (3—3) to (3-6), an assumption was
made that the concrete stress varies linearly across the depth of the

concrete section,

=g + | | 3-7
t.=8 *tgx : (3-7)

'In order to facilitate further derivation, a group of para-

meters are introduced for Eqs. 3-1 and 3-2, respectively.

~14-



Then f

Substituting

Substituting

where: R

3

= Af
1 pu

= [A -B -B log (t + 1] £ °
[A, -B -B log (t + 1)] pu

= [A -B -B 1log (t + 1] f
[3 ; “og(s )] pu

=D +E + (D +E) log (t + 1)
| 1 2 2 Cc

=C +E +E log (t + 1)
1 3 [ cC
1

=P +PS +P§?2
1 2 S ‘1.,3. ;S:

~

- 91 * Qch

Eq. 3-9 into Eq. 3-4

=Lk - - f

Eq. 3-10 into Eq. 3-8

=P +P (k -Q -Qf )P (k -Q -0Qf )2
EBorE G- - )R ( , T T QE)

R +Rf +Rf?2
1 2 CS 3 CS8

3

P +P (k -Q)+P (k - Q)2
1 2 2 1 3 2 1
= -q, [P, + 28 (k - Q)]

P Q2
3 2

-15-

(3-8)

(3-9)

(3-10)

(3-11)
(3-12)
(3-13)

(3-14)
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Combining Eqs. 3-5, 3-6, 3-7, and 3-11, the following two simultaneous

quadratic equations can be derived: . J

U +Ug +Ug +Ue2 +U + Ug? =0
1 231‘ 18, W8 58,8, 62

(3-15)
V +Vg + Vg +Ve2 +vy + V g2 =
1 281 3g2 ugl sglgz egz
where: U =RA +P V =RIxa -M
1 1 pS - 1 1 pS
U =(R +1)A -4 V=R +1)Ixa =U
2 2 ps g 2 2 . ps 3
U = (R + 1) Ixa V =(R +1)Ix%a -1 .
3 2 ps 3 2 PS g ‘_
_ 1
U =RA V = R lxa = — U
4 3 PS 4 3 pPs 2 5
U = 2R Ixa V = 2R Ix*a = 2U
A 5 3 ps o 5 3 ps 6
U = R Ix?a V = R Ixla .
6 3 PS 6 3 PS

For a given pretensioned member, the parameters U and V are determinable
for any assigned time-tc, and.gl, g2 can be solved from Eq. 3-15. 1In

this manner, concrete stress distribution is completely determined.

It has been found that neglecting the spread of steel in the

section causes only negligible errors in the total steel force (A st).

P
Therefore, for practicalit& and simplicity, prestressing steel is
assumed to be concentrated at gne point, the c.g.s. (Ref. 3). With
s o

this simplification, Eqs. 3-15 can be reduced to a single quadratic :

equation, as follows:

‘ _ ' _ 2 _ | _
q(Rl chl) + (RZ- B.t 1) fcs +.R3fcs ‘0 (3-16)

~16-




. Where: . fcs = Concrete fiber stress at c.g.s., in ksi

W

= + . ¢
( gl gzeg) ¢

féz = Nominal concrete fiber stress at c.g.s. caused by

applied loads

p e
=- i+ —1—5 (tension positive)
g g

B = A dimensionless geometrical parameter

v = 1 = AE_I_&
A A _ (I +4Ae?
ps Ps g g8

where: Ag ='Area of gross cross séction, in sq. in.
Ig = Moment of inertia of gross cross section, in in."
eg = Eccentricity ofprestreSS'with reference to gross Ccross
section, in in.
Aps~= Total area of prestressing steel, in<sq. in.

The steel stress at any arbitrary time can be obtained by

adding Eqs. 3-16 and 3-11 together.

| fs = (B - 1) fcs-+ B féz“ (3-17)

Further details of the development of the stress-strain-time

relationships of the concrete and steel materials and the derivation of

-17-
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the procedures for the prediction formulas can be found in Fritz

Engineering Laboratory Reports No. 339.62%, 339.7! and 339.93.

The basic procedures for the calculation of prestress losses

iln pretensioned members can be summarized as follows:

(1) Material, geometry and fabrication parameters are known
or specified for the problem. (These include the steel

and concrete materials, B, fég’ k and k .)
u 1 2

(2) Compute Rl, R2 8_,1:12(1_-L-‘R,.,3 for arbitrary time tc with the applica-

tion of Eqs. 3-12, 3-13 and 3-14.

(3) Solve Eq. 3-16 for_fts.

(4) Compute the steel stress'fsjby Eq. 3-17.

| (5) With Eqs. 3-2 and 3-4, concrete and steei strains, SC and Ss’
“
can be determined.
To facilitate further discussion and the understanding of the
computer program "PRELOC", which performs the above calculating proce-

dufes, several key stages for the life of the pretensioned member are

given as follows:

Stage 1: Initial tensioning (after anchoring to abutments),

t =0.
Stage 2: Immediately.before transfer,'tS = kl..

Stage 3: Immediately after transfer, tS =k , t =0.

Stage 4: Immediately before application of loads, P = M = 0.
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Stage 5: Immediately after application of loads, p ¥ O and/or

M ¥ 0.

Stage 6: End of service life, taken as 100 years after transfer,

t = 36500.
c

~

Fig. 3 shows the typi‘cal variation of fs through the six stages. Two
auxiliary stress variations are alsé shown in this figure. The curve
3—-6* or 3*-6* refers to a totally unloaded member, and. the curve
3**-6%* represents the case where 'the‘éxtemal loads are applied at the
time of transfer. By the nature of the concrete and steel surfaces,
point 5 falls on curve 3**—6%*, and the curve 5-6 coincides with

5-6*% (Ref. 3).

3.2 Procedure for Post-Tensioned Systems

3.2.1 Stress-Strain-Time Re,laitions'hig

The stress-strain-time relationship of steel for the post-
tensioned member is;;_»exact,.ly the same as the one used for the preten-
sioned member, since, for both kinds of prestressed member, relaxation
loss will occur after the initial tensioning .of the sf:rand, as men-
tioned earlier in Chapter 2 and the steel time, ts’ should be‘ con-
sidered as the time starting from the initial tens‘ioning of the strand.
Hence, the following equation will be applied for the post-tensioned

member:

f =f {A +AS +ASs?
s pu 1 2 8 3 S
. ‘ B 4+-B . 1L 21 -
) [B1 + Bz'log (ts + 1.)] Ss,, [133 + B“.log (ts +1)] ss} (3-1)
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All parameters used above and those, which will be used later in this

chapter, will have the same meanings as those used for the pretensioned

member unless otherwise specified. »

A change must be made in the stress-strain-time relafionship
of concrete with regard to the cfeep component of the concrete strain.
For the pretensioned member, creep loss starts after the transfer of
prestress, which is preceded by the fabrication of the concrete speci-
men., The duration between the end of the curing period and the trans-
fer of prestress is very short. In addition, the shri;kage loss prior
to prestress transfer causes loss in prestress (see Section 2.3).
Hence, the same time value, t , measured from the end of curing, was
used for both shrinkage and creeps ~ For the post—tensioﬁed’member,
the prestressing of concrete occurs g} the time when steel is tensioned,
but usually significantly later than the end of curing. On the other
hand, shrinkage strain will start to develop as soon as the curing is
stopped. Although the shrinkage of concrete prior to post-tensioning
causes no loss in prestress, it must be included in the total concrete
strain if the previous stress-strain-time relationship of concrete ig

to be used. Therefore, the following equation is used for the stress-

/ strain-time relationship of concrete for the post-tensioned member:

S, = Cf +[D +D log (t + 1))

+ {[E +E log (¢t +1)]+f [E +E log (t + 1)1} (3-18)
1 2 S Cc 3. y S

. =20-

-y - PN A [ gD e ) S G Pt + e e T




- - e St ot e ot mem— e adm o . . a -

3.2.2 Linking Conditions

Three sets of conditions were used for the linkage of the

stress-strain—time relationships of the concrete and steel materials.

(a) Iime ‘compatibility: For the pretensioned mem?fr, the steel

(b)

time, ts’ starts after the initial tensioning of the strand

and the concrete time, tc’ starts at the end of curing, and

t; precedes t as shown in Fig. 3. This is on account of the
precedence of the tensioning of the strands to.the.placgmgnt
of concrete. For post-tensioned members, the reverse is true,

as t  1is started before t,, as shown in Fig. 4. This is

because the fabrication of the concrete specimen precedes the -

tensioning of the strands. ‘Eherefpre, the time compatibility
condition for post—tensioned members is

t -t =k (3-19)

vhere: k = Time interval from the end of curing period

3

to post-tensioning, in days’

w

Strain compatibility: For the pretensioned member, there is

no concreﬁe strain';nd‘concrete stress prior to the transfer

of prestress because the tension in steel strands is resisted
by the prestressing bed. And as the concrete is hardened

around tensioned steel, the strain compatibility is maintained

~ from the time before transfer, resulting in Eq. 3-4. For

post—tensioned members, the materials are not bonded together
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until the post-tensioning has been completed, and the compati-
bility of strains also is not in effect until this time. In
consequence, the shrinkage stgain_occurfing before post-
tensioning must be éd.nsidered in this linking condition. | In
addition, during the procéss of tensioning, the tendon is
jacked against the concrete and in some cases, .the tendons are
jacked' in seqﬁence'. As concrete shortens simultaneously as
steel is being stretched, tﬁe cbncr'eté strain due to elastic
shortening of concrete should also be taken into account.

The following equation of strain compatibility is used for

the post-tensioned member:

where: k Sum of concrete and steéel strains at CegeSe
immediately after post-tensioning,

in 1072 in./in.

D +D log(k +1)+k + (1 -q)Cf
1 2 3 2 1 C3

f = Concrete prestress at c.g.s. immediately after

post-tensioning, in ksi, to be calculated by a

step-by-step procedure. described on PP. 23 and 24

w
n

Initial tensioning strain in steel at the end of
the member after friction loss and anchorage

loss have been considered, in 1072 in./in.
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ScelaY&
*"Tcf
1 C3
= Fraction reflecting the elastic shortening loss
of prestress
= 1 if pretensioned member )
= 0 —;Aif post-tensioned is done in a single stage
Sce;avg = Average elastic shortening of prestressing steel

due to the sequential stretching of strands

In this thesis, o.= %— will be used for the 'estimation of

the elastic loss due to the sequential stretching of strands.

The _s,;te,p—-by—.s-t‘ep procedure for calculating fc is des- .
scribed as follows: At each stage of the sequential stretch-
ing of strands , the tensioning of strands being stretched is
resisted by the net concrete section combined with all the
st rands already anchored -dur"i-ng preceding stages. Hence:

2
1 ® t(d)
A ¥ I
t(i) t(i)

f ,..=N_.a f
c3 (i) s(i) ps s

where: N‘s(*i) = The number of strands being stretched at the
th

i~ stage

fs2 = f_; = Steel stress immediately after anchorage,

~: in ksi

At(i) = Area of the ith transformed cross section,

including the area of the net concrete
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(c)

(d)

sectiop and the area of the strands anchored

during all previous steps {up to the (i-1)

.‘ .

in sq. in.

et(i) = Eccentricity of steel from centroid of the it

transformed cross. section, in inches

It(i) = Moment of inertia of the ith transformed

cross section, in in.*

N 1 e2t(i)
Therefore: ',fc_ = Ns(i) a fS A +I ‘
o=l CVOPS SRy fea)

Eqpilibrium conditiqns: The equilibrium-equations for the

‘post-tensioned member are the same as those for the pre-

tensioned member:

Jf dA - If a = P (3-5)-
c c S .

PS

Jf xdA - If xa
C c S

The sign conventions for P, M, and x aré also the same as

those adopted for pretensioned members.

Linear stress distribution: As for pretensiocned members, the

assumption was made that the concrete stress varies linearly

across the depth of the concrete section.

f=+ -
7B tax (3-7)

24~

ps = -M (3—6)



3.2.3 Basic Procedure

Eqs. 3-1, 3-18, 3-19, 3-20, 3-5; 3-6 and 3-7 will now be
combined to form the basiC'relationship for the analysis of a post- -

tensioned member. .

Substituting Eq. 3-7 into Egs. 3-5 and 3-6 and performing the

integrations

]

Agg1 - X (f_s + fcs) a (3-5a)

ps

I8, = I (f,+ £ ) xa =M (3-6a)

where: x_ = X distance for an individual prestressing element, in in.

-

Eq. 3-7 can be written as follows:
fCS =.g1.+_g2xS (3-7a)

In order to avoid lengthyumathematicalgexpressions in'the,derivations,
a group of parameters are introduced in Eqs. 3-1 and 3-18. The
parameters P , P and P are exactly the same as those used for pre-

| 17 2 3 ' “

tensioned members (Eq. 3-8). The parameters Q and Q are redefined:
| 1 2

Q =D +E +D 1log (t .+ 1)+ E log (t + 1)
1 1 - 1 2 C ‘ 2 S.

o .
"

C +E +E 1log (t. + 1)
2 1 3 Y S |

Therefore: f P+ P

S + p g2 ~ (3-8)
S 1 2 S

2 8 3 8

S.=Q +Qf B (3-21)
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Substituting Eq. 3-21 into Eq. 3-20

Sg=k - Q -Qf_ | | (3-22)

SubstitutingJEq. 3-22 into Eq. 3-8

f =P +P (k - -Qf )+P (k - -Qf )2
8 1 2 ( y Ql Qz CS) 3 ( 4 Q1 Q2 cs)

=R +Rf +R f2 - (3-23)
1 2 C8 3 CS
/
where: R, =P +P (k -Q)+P (k -Q)2 (3-24)
1 1 2 L "1 3 4§ 1
R =-Q [P +2P (k -Q )] ‘ -- (3-25)
2 2 = 2 3 "1
R = P Q2 | | (3-26)

3 3 2

It should be noted that the parameters R, R and R in Eq. 3-23 are
1 2 3

- different from those used in Eq. 3-11.
‘As mentioned earlier in Section 3.1, the prestressing steel
can be assumed to be concentrated at one point, the c.g.s. (Ref. 3).

Therefore Eqs. 3-~5a and 3-6a can be written as follows:

-Aggl - (fs +'fCS)'Aps =P | ) (3-5b)

Igg2 - (fS +rfcs) egAps = -M | | ) (3-6b)

Also ~ fcs = 8, +-g2eg - ._ (3—7b)
Substituting Eq. 3-7b into 3-23 ‘

fs - R1.+ Rz (glw+‘g2eg) ¥ Ra (gli+ gzeg)z (3-27)

R
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Substituting Eqs. 3-7b and 3-27 into Eqs. 3-5b and 3-6b

Ag -[R + (R +1) (¢ +ge +R (g +ge)?]A = p (3-28)
28 [1. (;2 )(g1 8288) 3 (g,:I gzeg)] b (3-28)

I -[R + (R +1) (¢ +ge )+ R + )21 A =-M (3-29)
o8, [1 (2 )(gJl gz.e.g) . (g1 gzeg)] 26%g (3-29)

Multiply Eq. 3-28 by eg and subtracting Eq. 3-29, the following equa-

tion can be obtained.

/I
(Pe +M)—(Ag'_e)g +I g =0
Ae Pe + M |
g = &8 g - —=8 (3-30)
2 Ig 1 Ig .

~ Substituting Eq. 3-30 into Eq. 3-28, the following equation can be
obtained

W +Wg + w,.g'f"= 0 | (3-31)

where: W =RA +P- (R +1)A e |
g 1 1 PS 2 Ps g\

2 ps 3 Ps g
NN
Aze“ A e?
W =RA L84, 8BB4
3 3 PS 12 I
g
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With Eqs. 3-30 and 3-31, the constants g1 and gz-can be solved. The
concrete stresses and strains can be calculated by using Eqs. 3-7 énd-

»

3-2]1. Steel stress is computed by using Eq. 3-23.

Alternatively, concrete stress at centroid of steel, fcs’ can
be determined directly without first solving for g and g . Multiply
. - 1 2
Eq. 3-28 by Ig’ Eq. 3-29 by (Ageg), add these two equations and substi-

tute Eq. 3-7b.

/

AIf -[R + (@R +1) f +Rf>] (I +Ae?) A =PI -MAe
PR cs JLes?

8 g Cs g g 8 pPs g g &
| 2 1 i P Meg_ |
fes ™ [R1'+.(R2ﬂ+rl)'fCS +'Réfcs] ”K;.+'Ig APS =,Aé _'Ig | (3-32)

Introducing the'same parameters B andrféz as=thqse-fbr/pretenSiOned

member, then Eq. 3-32 becomes

, ~Bf' )+ (R =B+ 1) £ + R £2 = (2.2 23
(R = BEL) + (R - B+ 1) £ _+R 2 =0 (3-32a)

After s?lving-fbr fés from Eq. 3-32a, steel stress can be easily cal-
culated by using Eq. 3-23. 1C0ncretéjstrésses at other locations, if
desired, can then be calculated by simple equilibrium. In the computer
subroutine PRED1 (see Chapter 4), the more direct.algorithm,of-solving

for g1 and g was used.
5 |

Neglecting the third'tefm of Eq. 3-32a since it is generally

several orders of magnitude smaller than the other two terms:
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(R1 - Bféz) + (R.2 - B+ 1) fcs = 0 (3-33)

- '
£ ==_RL; ,chl ,
CS B | - | R - l o
2

Adding Eq. 3-32a with Eq. 3-23

£, =@®-1) f _+BE, - (3-34)

The basic procedures for the calculation of prestress losses

in post-tensioned members are essentially the same as those used for

pretensioned members. They are described as follows:

(1)

(2)

(3)

(4)
(5)

(6)

Materi&l,’geometry»and fabrication paramEters are known or

specified for the problem. (These include the steel and

concrete materials, B, f' , k and k .)

Calculate £ ~(see section 3.2.2) and k .

For any specified time, calculate P~»‘P2a P ,Q and Q. Then,
| 1 2 3 1 2 |
Rl, Ré.and R} are calculated from Eqs. 3-24, 3-25 and 3-26.

Solve Eq. 3-32a for £ .
q cs

Compute the steel stress fS with the application of Eq. 3-34.

-

With:EqS. 3-18 or 3-21 and 3-20, determine concrete and steel

strains, S and S . R}
' c S :

Computer program "PRELOSS" is written to carry out these claculations.

Its details are given in the next éhapter.
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In order to facilitate fufkher discussion, several key stages
of a post-tensioned member are identified as follows:

Stage 1: The beginning of the fabrication of concrete specimen,

. . .
t = 0.
C

Stage 2: Fictitious stage for the_initial.tensioning.of each

" strand, t =k ,t =0,8 =k ,S =0.
o C 3 S 8 2 c

Stage 3: Immediately after completién.of‘post—tensioning,

Stage 4:"Immediately\before_application of loads, P = M = Q.

Stage 5: immediately aftervapplicatiOHZOf'loads, P # 0 and/or

M# 0.

Stage 6: End of service life, taken as 100 years after post-

tensioning, t, = 36500.

The typical variation of steel stress through these-six;stages is shown
in Fig. 4. The .curves 3-6%* or 3*-6*_and.3**_5**.areLdefined,With the

same meanings as those for pretensiored members.

Comparing-thg'Steel.stress variations for pretensioned and
post-tensioned members (Figs. 3 and 4), a fundamental difference
between the second stages should be noted. In pretensioned members,
stage 2 is real and exists just prior to transfer. In post-tensioned
members, stage$2 is an imaginary one, with all tendons stretched to
the prescribed strain kz’ but no gtrain in concrete. This situation
obviously does not océhr.in.post—tensidned members, but is .used here

. g . '
only for convenience of formulation.
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4. PROGRAM '"PRELOSS"

4

In order to facilitate the calculations of the prestress
losses, with the apblication of the prediction formulas developed for
post-tensioned members,(seeChaéter 3), the computer program "PRELOC",
which was written for the .calculations of prestress losses in preten-
sioned members,only,-was revised so that the prestress losses in both

pretensioned and post-tensioned membeérs can be computed. The revised

program is named '"PRELOSS".

A brief description of the main program and of each sub-

routine will be given in the following paragraphs.

'Main_PrOgram: It controls the main flow of operationms.

Referring to the flow chart in the Appendix, the input Qata includes
the streSS—Strain—tinm_relationships of the steel-and concrete.materia1s,
tensioned_member,'thE-tOtal.number of the-strands,_thé geometrical
properties of the cross section, the eccentricity of prestress, the
initial stress (or strain) of the strand, the time interval from ten-
sioning of steel to transfer of prestress for pretensioned members or.
that from the end of curing period to post-tensioning for post-—tensioned
members, the magnitude and time of applied loads (and moment), and in
some cases, selected levels where concrete stress and strain informa-
tion is desired. The function of this program is to call the several
subrountines INITI, ELASHO, POINT, and ACTPATH to cérry out the calcu-

lations needed.
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also evaluates the parameter k

Subroutine INITI: Called by the main program;'this subroutine

sets up the entire problem and completes information at the 1initial time
(at stage 1 for pretensioned members and stage 2 for post-tensioned mem-~
bers, see pp. 18 and 29). From a data bank, this sﬁbrbutine.selects the

regression coefficients for the stress-strain-time relationships of the

given concrete and steel materials (see Chapter 3), the standard ages

for concrete (or s teel) when prestress losses are to be comp uted 5 the

strand properties, and defines the several key f/sftagfes__ in the 1life of the

member (Figs. 3 and 4). This subroutine ,also defines a number of
variables used for output purposes. After initializing, this program

caleculates the standatrd ages for steel if pretensioned members or for

concrete if post-tensioned members, the total area of strands, the

ultimate strength of the strand and calls subrountine SURST to calculate

the initial steel stress or strain, whichever is not glven,

Subroutlne SURST This subroutine contains the stress=strain-

time relationship of steel, and is called by subroutines INITI and

POINT. If the stress is known, this subroutine is entered as entry SSS

to calculate the strain. TIf the strain is known , 1t is entered as

entry FFF to calculate the stress.

Subroutine ELASHO: This subroutine is provided for post-

tensioned members only. It calculates the concréte stress at CogaS

immediately upon post-tensioning when the tendons are stretched. It

Y-




Subroutine POINT: yThis'sﬁﬁfoutinesppovides the initialization
of time for steel and concre£e at each key stage and the auxiliary
stages. It uses the subroutines PREDI, SURST and PRECS to calculate the
-stress_and_strai£ conditions in concrete and steel at the several key
stages of the service life of the member. In addition, this subroutine
/alsonébmputés,;for'eaphkaY‘stage.HS'WE1l as each auxiliary stage, the

loss of prestress with reference to the initial stress, and the per-

centage loss,

Subroutine PREDI: Called by subroutines POINT, ACTPATH and

ALTPATH, this subroutine performs the basic prediction calculations as
described in Chapter 3. It solves the quadratic g¢quation (3-31) for the
:parametgr gri &ndievaluatengi;byiEQAWBFBQ. :Cbncrétefst;esses and
strains ét_theztap, centroid, c¢.g.s. and bottom fibers of concrete gross
section are then calculated by using Eqs. 3-7 and 3-9 or 3-21. With the
application;pf'strain,cdmpétfbili;y:;elatianship for concrete and steel,

using either Eq. 3-11 or Eq. 3-23.

e

Subroutine PRECS: Called out from subroutines POINT and
 AcTPATH; it uses the g and g wvalues obtained from sibroutine PREDI and
calculates concrete stresses and strains at selected levels (up to 5

levels) with the" application of Eqs. 3-7 and 3-9 or 3-21.

Subroutine ACTPATH: Called by the main program. Referring to

Figé. 3 and 4, this subroutine calculates the growth of prestress losses

along the loading path 346;;Hence, the prestress loss with reference to
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the initial steel stress, percentages of losses in terms of the initial

steel stress .and of the'total loss for the service life of 100 years, at

each key stage and each pre-selected age (up to 22 ages) are calculated.
It calls out subroutine PREDI to compute Stressuand-étrain.far steel and
concrete at eadhzkey.stage;as well as each standard age. .Similarly,
loss of prestr&SSywith:reference to steel stress immediately after pre-

stressing of concrete, percentages of -losses in terms of initial stee

1
-

stress and of the total loss with reference to the steel stress immedi-
ately after prestressing of concrete are also calculated. In addition,

the S - §
c

e values, that is, the change of concrete strain after stretch-

ing, is calculated for each selected level of concrete section. For the

| loaded member, it also calculates for alternate paths 3*%-6% and 3%*—g**

by calling subroutine ALTPATH. Concrete stresses and strains at the top,
centrcidg:c,g;s.,and”bbttom fibers bf-canéretezgrdsséSection.are printed

out for the loading or unloading path.

Subroutine ALTPATH: Called from subroutine ACTPATH, this sub-

routine provides the calculations of prestress loss, and stress and

strain for concrete and steel for the th;alternaté.pathé;

(1) completely unloaded path, 3*—6*, and (2) completely loaded path from

the prestressing time, 3**-6*%, Excépt‘ﬁgriﬁhe-sc -S

o values which are
3 ;

not calculated in this subroutine, the same types of calculations and

print—outs as mentioned in subroutine ACTPATH are given in this

éubroutine.




5. EXAMPLES

5.1 Problem Description
For the purposes of illustrating the method developed in
'Chapter*3~and;00mparing it with severalsothervathods, an example .is

given in this chapter, with solutions by thtree different me thods:

(1) PCI = General Method, (2).Cuxrent=~ﬁSH01Methgé.and (3)_the4method
developed in Chapter 3. Notations having*beéﬂfd?fined_iHTPIEViOﬂS
chapters are not redefined here. Any new notation will be defined at
its firét.appearance- The sign convention for concrete stresses is

positive for compression and negative for tension, while for steel

stresseés, it is positive for tension and negative for compression.

The example problem deals with an AASHO type IV I-beam which

- iS*USEdvarﬁa7Bri&g¢ spanning 80 ft. center to center. Concrete char-
acteristics are those c¢£respondihg to the upper bound potential loss
as identified from Lehigh Research Project No. 339. ?PrQStréSSing~is°by
means Qf'postrtensioninggthirty—ong J-wire sffesserelieyedzl/z in.
diameter strands of the 270“k-gradé, with.a;tOtal steel area of

4.74 sq. in. 1Initial tensioning stress is 189,000 psi at midspan sec—
tion after allowances for frictionmaﬁd}anéhétage losses. Six beams are
used, at a Iatefaluspagingjqi_S ft. center to center. The°bridge has a
7-1/2 in.ucaSt—in-placeaconcrete deck (7 in. effective thickness). An

add1tiona1 superlmposed dead load of 30 psf (— 150 p&f) is considered.

The properties of the cross section are:




For the precast girder section (see Fig. 5)
A = 789 sq. in.

= 260,730 in."

=
|

e = 20.47 in. at midspan

= 10.23 in. at end section

For the composite section, the area, moment of inertia and

eccentricity are:

A
cs

l ’ 029 Sq. in .

I 556,789 in."

CS

e 31.85 in. at midspan

cs
The properties of the materials are:
For concrete (same for beam and slab)
Unit weight of concrete = 145 pcf
1) l‘At pOStrtensioning time, the compressive strength, elastic
modulus and steel-to-concrete modular ratio are:

ii) At 28 days:

(f' = 6,000 psi E 4.47 x 10° psi n=6.5

c c
For steel, the yield strength is:

£, = 226,000 psi

7

Stretching of strands is completed in two steps, the first

step involves fifteen strands, and the second step sixteen.
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The sequence of loading is as follows:
Post-tensioning — 20 days after end of steam curing
Casting of slab — 90 days after post-tensioﬁing.

»

Superimposed dead load - 150 days after post-tensioning

The midspan bending moments . caused by the éeveral,categories
of loads are:’

i) Girder load: )
;

Weight of girder section = (145) (122) 794 paf

The moment due to girder weight is:

- 4 2 /1
M, = {794) ('go) —12) _ 7,620 k-in.

ii) Castain—place slab:

(145) (7.5) (5) _
12

= 453 pif

Weight of slab section

The moment due to slab (and diaphragm) weight is:

y o (453) (80)2 (12)

= 4,350 k~in.
S 8. "

iii) Superimposed dead loads:

The moment due to superimposed dead load is:

o= G0 O 024Dy 4y,

5.2 .Solution by the PCI Gemeral Method

Concrete stresses at centroid of steel and steel stresses due

to various loads:
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i)

Girder weight (carried by the girder section)
M e
6% (7,620) (20.47) _ oo
I 260, 730 P
g
Steel stress = (7.1) (600) = 4,260 psi ‘

ii) Slab weight (carried by the girder section)

Me o
_s g_ _ (4,350) (20.47) _ _
I 260,730 . 340 psi

Steel stress = (6.5) (340) = 2,210 psi

1ii) Superimposed dead load (carried by composite section):

"D%cs _ _ (1,440) (31.85) _
I

CS |

Steel stress = (6.5) (82) = 530 psi

Basic CreeR and'Shrinkage Values (see Ref. 7)

Creep
For normal weight concrete and steam curing, the ultimate loss
" of prestress due to creep of concrete is:
UCR = 16.5

The volume to surface ratio of the member is:

_ 157,440 _, o,

V/S = 1597906 = 4

The factor that accounts for the effect of size and shape of

R

a member on creep of concrete is:

SCF = 0.7

(UCR) (SCF) = (16.5) (0.7) = 11.6

~38-




.. The loss of prestress due to creep of concrete over time

interval t1 to t is:

CR = (11.6) (PCR) (f_.)

where: PCR = (AUC at t) - (AUC at-tl)

Amount of ultimate creep at time after prestressing

AUC

t = Time after prestressing at the end of a time
interval, in days
't = Time after prestressing at the beginning of a time
interval, in days
f '.=1Con¢reté_stress at centroid of steel at time t ,

ct 1

in psi

Shrinkage /4g“~
The ultimate loss of prestress due to Shrinkage'of concrete
iS ‘.
3,000 E . - %
USH = 27,000 - = = 13,590 psi
10° |
For V/S = 4.74, the factor that accounts for the effect of

size and shape of a member on concrete shrinkage is:
SSF = 0.7

(USH) (SSF) = (13,590) (0.7) = 9,510 psi |

S SH = (9,510) (PSH)

-39~




where: PSH = (AUS at t) - (AUS at t )
. ]

AUS = Amount of ultimate shrinkage at time after end of
curing

?

Time Interval I: From End of Curing of Concrete to Anchorage

No loss during this period for post-tensioned members.

Time Interval II: From Anchorage to Casting of Slab

(a) Immediate Loss:

i) At the middle section

Stage 1: Tensioning of fifteen'strands-resisted_by'the net
concrete section:

A = 784.3 sq. in.

20.6 in.

™
I

I = 258,732 in."

0
2
e
£, =Na f (ll— + {—’-)
3 P 2 n “n /
I 1 -, 20.62
= (15) (0.153) (189,000) <784.3 + 258,732>
= 1,264 psi

Stage 2: Tensioning of sixteen strands resisted by the net
concrete section combined with the fifteen strands

already anchored.




ii)

A = 800.6 sq. in.

t
et = 20.1 in.
I = 266,512 in."

2
e
1 t
f =Na f — + —
C3 S ps S» At It

2
= (16) (0.153) (189,000) | = 20.1

800.6 ' 266,512

= 1,280 psi

.+ The total concrete prestress at c.g.s. immediately after
post-tensioning is:

£ = 1,264 + 1,280 = 2,544 psi
3

At the end section: Similar to the midspan section

Stage 1: A.n = 784.3 sq. in.
e = 10.3 in.
n
I = 260,231 in.*

2
1 en

to, = Nga Eo & +‘f‘>
C3 P 2 1§ n

(15) (0.153) (189,000) [ ook + —0:3°
' B 784.3 T 260,231

)|

= 730 psi
Stage 2: At = 800.6 sq. in.
e = 10.0 in.
I = 262,175 in. "

=S
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1, 102
800.6 = 262,175

fC3 = (16) (0.153) (189,000)

= 756 psi

.. The total concrete prestress at c.g.s. immediately after

post-tensioning is:

fc3 = 730 + 756 = 1,486 psi

Assuming a parabolic variation of fC , the average of fC
3 3

along the length of member is:

£ = 2 (2,544 - 1,486) + 1,486 = 2,190 psi
czavg 3

Assuming a factor of one-half for the estimation of elastic

: 1
shortening loss, a = 5

' = = -]-; | = 1
.+ ES = omifC3avg 5 (7.1) (2,190) 7,775 psi

The streel stress immediately after Prestressing (without the

effect of girder weight) is:

f =f - ES= 189,000 - 7,775 = 181,200 psi

++ Immediately after the prestresses (not including the

stresses caused by MG) are: ~
f = 181,200 psi
S3
fC3 = 2,190 psi

~42~

Initial prestress loss 1,775 psi = 4.1% of fsi




(b) Time-Dependent Loss:

Immediately after prestressing, the material stresses at C.g.S.,
including the stresses caused by MC, are:

fst = Total steel stress at time t
1

= 181,200 + 4,260 = 185,500 psi

f = 2,190 - 600 = 1,590 psi

ct
For creep, t1 = 0 t = 90 days
PCR = 0.51 - 0 = 0.51

CR = (11.6) (0.51) (1,590) = 9,406 psi

For shrinkage, t = 20 days t = 110 days
1

PSH = 0.63 - 0.36 = 0.27

SH = (9,510) (0.27) = 2,570 psi

For relaxation, t1 = 1/24 days (see Ref. 7) t = 90 days

t/t1 = 2,160

fst/fy = 185.5/226 = 0.82

The loss of prestress due to steel relaxation over time interval

t to t is:
1

log 2,160
10

RET = (185,500) <’ ) (0.82 - 0.55)

= 16,700 psi

~43-




Total loss in time Interval II
= ES + CR + SH + RET
= 7,775 + 9,406 + 2,570 + 16,700

= 36,451 psi

.. At the end of interval II

The steel stress due to prestress alone after post-tensioning is:

fsp = 189,000 - 36,451 = 152,549 psi

The concrete stress at centroid of steel due to prestress alone
after post-tensioning is:

152,549
181,200

f =2,190 x = 1,840 psi
cp

Time Interval III: From Casting of Slab to Application of Super-

imposed Dead Load
Immediately after casting of slab, the material stresses at Ceg8.S.,

including the stresses caused by MG and MS, are:

f = 152,549 + 4,260 + 2,210 = 159,019 psi

st
fct = 1,840 - 600 - 340 = 900 psi
For creep, t = 90 days t = 150 days
1 .

PCR = 0.58 - 0.51 = 0.07

CR = (11.6) (0.07) (900) = 731 psi

4l




For shrinkage, t = 110 days
1

t = 170 days

PSH = 0.67 - 0.63 = 0.04

SH = (9,510) (0.04) = 380 psi

For relaxation, t = 90 days

1

f /f_ = 159/226 = 0.70

st’ Ty

t = 150 days

RET

n

(159,019) (

531 psi

10

4

Total loss in time interval III

= CR + SH + RET

= 731 + 380 + 531

1,642 psi

.+ At the end of interval III

£ = 152,549 - 1,642 =
sp

i 150,907
Fep = 210 x 757500 =

Time Interval IV: From Application of Superimposed Dead Load to End

of One Year.

Immediately after the application of superimposed dead loads, the

material stresses at c.g.s., including the stresses caused by M,

MS and Mb, are:

~45~

log 1.67>(0.70 - 0.55)

150,907 psi

1,824 psi

t/t1 = 1.67




f . = 150,907 + 4,260 + 2,210 + 530 = 157,907 psi

fCt = 1,824 - 600 - 340 - 82 = 802 psi

For creep, t1 = 150 days t = 365 days

PCR = 0.74 - 0.58 = 0.16

CR = (11.6) (0.16) (802) = 1,490 psi

For shrinkage, t 170 days t = 385 days
1

PSH = 0.86 - 0.67 = 0.19

SH = (9,510) (0.19) = 1,807 psi

For relexation, t1 = 150 days t = 365 days t/t = 2.43
1
fst/fy = 157.9/226 = 0.7
RET = (157,907) <1°gl§"‘3)(o.7 - 0.55)

913 psi

Total loss in time interval IV

= CR + SH + RET

1,490 + 1,807 + 913 = 4,210 psi

.+ At the end of interval IV

fSp = 150,907 - 4,210 = 146,697 psi
_ 146,697 _ :
fcp = 2{190 X 181,200 1,773 psi

~46—
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Time Interval V: From End of One Year to End of Service Life, Taken

as One Hundred Years.

Immediately after end of one year, the material stresses at c.g.s.,

including the stresses caused by M MS and MD, are:

G’

£ . = 146,697 + 4,260 + 2,210 + 530 = 153,697 psi

st

f'c:t:

1,773 - 600 - 340 - 82 = 751 psi

For creep, t1 = 365 days

PCR = 1.00 - 0.74 = 0.26

CR = (11.6) (0.26) (751) = 2,265 psi

For shrinkage, t = 385 days
1

PSH = 1.00 - 0.86 = 0.14

SH = (9,510) (0.14) = 1,330 psi

For relexation, t = 365 days t = 36,500 days
1
fst/fy = 153.7/226 = 0.68
RET = (153,697) (jD%OlOO) (0.68 - 0.55)
= 3,996 psi

Total loss in time interval V

= CR + SH + RET

2,265 + 1,330 + 3,996

= 7,391 psi

-4 7~
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Co At the end of time interval V

Summagz

f

f
cp

Time

Interval

Af

I

II

III

IV

= 2,190 x

N

139,106

181,200

sp = 146,697 - 7,591 = 139,106 psi

= 1,681 psi

= ES + I (SH + CR + RET)

|

= 49,894 psi

= 26.47 of fS

5.3 Current AASHO Method

i

7,775 + 6,087 + 13,892 + 22,140

Concrete stresses at centroid of steel:

1)

e s s o ttammt St e s - e -

=48~

913
3,996

22,140

Initial prestress (carried by the girder section)




a) At the middle section

2
1 | g
(fsi) (Aps) <K—+ I )
g 8
1 20. 47°

= (189,000) (4.74) <_7—§§- + 260,730) = 2,575 psi

b) At the end section

2

1, g
(fsi) (Aps) <—A— + I ) "
g g

_ 1 10.23% \ _
= (189,000) (4.74) <——789 + 260,73())- 1,495 psi

ii) Girder load (carried by the girder section)

Mce |
At midspan —I—-g = -600 psi
g

Me

At supports —(I—;-—g = (

g

iii) Cast-in-place slab load (carried by the girder section) and

superimposed dead load (carried by the composite section)

MSeg + MDecs
I

At midspan . I = =340 - 82 = =422 psi
g CcS
M.e e |
At supports —%—3 + M]I) L -0
g CS

Elastic shortening_

R L g R R e a st ST NS ERS

At midspan f = 2,575 - 600 = 1,975 psi

~4,9-

R 4 sk A




At supports fCr = 1,495 - 0 = 1,495 psi

N | b=

Average f =

or (1,975 + 1,495) = 1,725 psi

ES = 7f _ = (7) (1,725) = 12,075 psi

C

Initial prestress loss = 12,075 psi = 6.4% of fsi’“

Shrinkage loss

In the state of Pennsylvania
relative humidity = 70 - 75Y%

.+ SH = 10,000 psi

Creep loss

At midspan fcd = 2,575 - 600 - 422 = 1,553 psi

At supports fCd = 1,495 -0 - 0= 1,495 psi

Average fCd =-% (1,553 + 1,495) = 1,524 psi

CR, =16 £ , = 16 (1,524) = 24,384 psi

Relaxation loss

CR. = 20,000 - 0.125 [0.8 (SH) + 0.5 (ES) + CR ]

20,000 - 0.125 [0.8 (10,000) + 0.5 (12,075) + 24,384]

15,197 psi

Total prestress loss

Af = 0.8 (SH) + 0.5 (ES) + CRC + CRS

S P

0.8 (10,000) + 0.5 (12,075) + 24,384 + 15,197

53,619 psi

28.47% of £
si
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5.4

New Method

Coefficients for Concrete and Steel Surfaces (Tables 1 and 2)

1) 1/2 in. diameter stress-relieved strand

The coefficients of instantaneous stress-strain relationship

of steel are:
A:

A =

>
Il

-0.

04229

1.21952

-0.17827

Assuming strands are supplied by

relaxation coefficients

v/
I

ve)
I

ve
I

e
i

Q
I

>
I

w)
I

=
I

t=
I

=
[

are.

.07880
.00762
.14598

.05920

.02500
.00668
.02454
.01280
.00675
.00060

.01609

=51~

manufacturer C, the




Step 1

Evaluation of k , k , B and féé (see Chapter 3)
2 3

f = 189 ksi f =270 ksi f Jf = 189/270 = 0.7
82 pu S2 pu
f =f (A +AS +AS?
S2 pu 1 2 S2 3 S2
-A + //Az - 4A (A - f /f )
g =k = 2 2 3 1 S2 _pu
52 2 2A
3
_ =(1.21952) + /(1.21952)% - 4 (=0.17827) (=0.04229 - 0.7)
2 (-0.17827)
= 0,675 in./in.
k = 20 days
3
| Al (789) (260,730)
' B = £ & N = ; = 73.4
“ A (I +Ae 4.74 [260,730 + (789) (20.47
bs ( o T A g) [ (789) ( )]

fél = 0.600 + 0.340 + 0.082 = 1.022 ksi

(for the sign convention of fég’ see Section 3.1, p. 17)

Step 2

Calculations of fc and kq

3

At the midspan section, fC3 = 2.544 ksi (see Section 5.2, p. 41)

k
y

D +D log(k +1)+k + (1-0q)C*¢£
1 2 3 2 1 C3

I

-0.00668 + 0.02454 log (20 + 1) + 0.675
+ (1 - 0.5) (0.025) (2.544)

0.733

',fsz_h
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Step 3

Calculations of parameters

In

Af
1 pu

(-0.04229) (270)

-11.42

A -B -B 1 t +1)] f
[ , , , 108 ( . )]
14

[1.21952 - (-0.07880) - (—0.00362) log (tS + 1)] (270)

pPu

350.5 + 2.06 log (tS + 1)

A -B -B 1 t +1)] £
(A, =B - B log (c + 1] £
[(-0.17827) - 0.14598 - 0.05920 log (tS + 1)] (270)

-87.5 - 15.98 log (t_ + 1)

D +E +D log (t +1)+ E 1log (t + 1)
1 1 2 C 2 S

-0.00668 - 0.01280 + 0.02454 log (t_+ 1) + 0.00675 log (t_ + 1)

-0.01948 + 0.02454 1log (tC + 1) + 0.00675 log (tS + 1)

C +E +E 1log (£t + 1)
1 3 Y S

0.02500 - 0.00060 + 0.01609 log (tS + 1)

0.02440 + 0.01609 1log (tS + 1)

the following, calculations for the time immediately after appli-

cation of loading are demonstrated. For the sake of simplicity, the

superimposed dead load of 30 psf is treated as if acting at the time

when the slab is cast. The error will be very small and on the
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over—estimation side. At the time of deck slab casting,

ts = 90 days and tC = 110 days

" P = 350.5 + 2.06 log (90 + 1)

= 354.54
P = -87.5 - 15.98 log (90 + 1)
= -118.8
Q = -0.01948 + 0.02454 log (110 + 1) + 0.00675 log (90 + 1)
1
= (0.04392
Q =

0.02440 + 0.01609 log (90 + 1)

0.05590

k - Q =0.73300 - 0.04392 = 0.6891
4 1

R =P +P (k -Q)+P (k -0Q)2?
1 1. 2 L 1 3 L 1

= -11.42 + 354.54 (0.6891) + (-118.8) (0.6891)2

176.48

R =-Q [P +2P (k -Q)]
2 2 RS |

~0.0559 [354.54 + 2 (-118.8) (0.6891)]

= -10.67

P Q2
3 3 2

=
il

(-118.8) (0.0559)?2

-0.371
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Step 4

Calculation of concrete stress at C.g.S.

(R
1

Step 5

R

R

1

- Bf'

_ 2 _
c2)+(R2 B+l)fCS+Rf 0

3 CS

- Bf(':2 176.48 - (73.4) (1.022)

101.47

- B+ 1=-10.67 - 73.4 + 1

= -83.07

-0.371 f> -83.07 f + 101.47 =0
C CS8

S

~(-83.07) - V(-83.07)2 -4 (=0.371) (101.47)

cs 2 (-0.371)

1.213 ksi

Calculation of steel stress

Step 6

G- 1) £, +Bel

(73.4 - 1) (1.213) + 73.4 (1.022)

162.83 ksi

Calculations of concrete and steel strains

S

Cc

Q +Q 1L,
0.04392 + 0.0559 (1.213)

0.1117 in./in.

=35-




Total prestress 1loss immediately after application of load

—
——

Stress and strain conditions at other times are calculated by the

same procedure (Steps 3 to 6).

0.7330 - 0.1117

&

0.6213 in./in.

189 - (162.83 - 4.26 - 2.21 - 0.53)

33.17

17.6Z of fsi

Immediately after post-tensioning

t =0 J t = 20 days
S c
f = 2.492 ksi
cs
Sc = 0.0881 in. /in.
fS = 180.40 ksi
SS = 0.6449 in./in.

Initial prestress loss
= 189 - 180.4

= 8.6 ksi

4.67% of fSi

/

A

The results are as follows:




- Immediately before application of loads

tS = 90 days tC = 110 days
f = 1.583 ksi
cs
SC = 0.1324 in./in.
fS = 158.65 ksi
SS = 0.6006 in./in.

f' = 0.600 ksi
cl

Total prestress loss immediately before application of loads:

= 189 - (158.65 - 4.26)

34.61 ksi

18.3% of f .
S1l

At the end of one year

t, = 365 days tC = 385 days
f = 1.116 ksi
cs
SC = 0.1335 in./in.
fs = 155.81 ksi
SS = 0.5995 in./in.

f'
C

Total prestress loss at the end of one year.

= 189 - (155.8 - 4.26 - 2.21 - 0.53)

40.2 ksi

= 21.37% of £
si

~57-
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/
At the end of the service life, taken as one hundred years
C |

:—_: = 3 ' = 1
tS 36,500 days | tC 36,520 days fcl 1.022 ksi
f = 0.8187 ksi
cS
Sc = 0.2027 in./in.
fS = 134.28 ksi
SS = 0.5303 in. /in.

Total prestress loss in one hundred years
= 189 - (134.28 - 4.26 - 2.21 - 0.53)

= 61.72 ksi

"

32.7% of £
| si

The same example was also solved by the computer program
PRELOSS. Stress conditions at many more time locations were
obtained. The hand calculated results given above agreed with

the computer output up to three decimal places.

5.5 Comparison

Among the three different methods, the current AASHO method
predicts the higher initial prestress loss than the new method while
that predicted by the new method is higher than the PCI - General Method.
It should be pointed out that the AASHO method does not explicitly pro-
vide an estimate of the initial prestress loss and the elastic loss
value is used here for the purpose of comparison. As for the total’
prestress loss, the new method gives the higher value than the other

two methods. In the current AASHO method, the influences of the
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shrinkage,ielasfig shortening and creep losses on relaxation are con-
sidered, but not vice versa (see Section 1.3). .ﬁoth the PCI - General
Method and the new method considered fully the interference of the
several components. The total prestress loss predicted by the PCI =
General Method is lower than that predicted by the new method. This is
consistent with the comparison between the two methods for pretensioned
members. It was known that the concrete characteristics exert a substan-
;tial»efféct on;pxestress'lnsses‘andﬁfbrﬁpietenSioned members, the total
PIEStress'IOSS‘PTEdiCtEdfbjttheAPCIAifCénéral_Méthoé is close to ‘the
lower bound predictions®, therefore it is believed that the Same result
for post-tensioned members could be expected: In addition, the PCI -
General Method does not specify the lifetime of a member, and it is

believed that a service life shorter than 100 years was implied.

The current AASHO method gives only the final prestress loss
at the end of the service life of the member, while for both the PCI -
General Method and;thé.ﬁéw“meth;ﬁ, the prestress loss«ét any arbitrary
time“canfbepredictédu The calculations needed fbf:thémneWAmethodJAEQ
shorter andﬂsimpler~tban those required for the PCI — General Method.
~ In addition, the PCI - General Method follows a ‘step~by-=step procedure,
while the'new method;§nab1eé a direct calculation of prestress loss at
any time. The steel prestress wvs. time curves are plotted for the
results obtained by using the current } AASHO method, the PCI - General
Method'and;the'ﬁewqmethdjanﬂ:areﬁsh@wain.Fig; 6. It can be seen that
the results obtained by using both the PCI - General, Method and the new

'.method.agreedivery'well'with:eaqh.pther‘up tpaapproximatély three or

[




four yEarSéand;the*prestress_losS;predicted in 100 years by the new

method is higher.
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6. CONCLUSIONS

/

Based on the development and example problem given in the

previous chapters, the following conclusions can be made: “ | ,

1. The basic principles and procedures developed previously for
pretensioned members can be modified for post-tensioned mem-
bers by appropriate changes in the time and strain

relationships.

2. The computer progam PRELOC can be expanded to include both

pre- and post-tensioned members.

3. Among the three methods tested in Chapter 5, the current
AASHO method predicts the highest initial prestress loss,
while the new method predicts the highest total prestress

loss at the end of service life of the member.

4. In comparison with the current AASHO method and the PCI -
General Method, the new method provides reasonable results
throughout the service life of the member. As for the amount
of calculations, it requires less calculation effort than the
PCI - General Method. 1In addition, this method provides a

direct calculation of prestress loss at any time.

5. Further improvements in the prediction of the prestress losses

for post-tensioned members can be made in the following areas:

61—




a.

The inclusion of the frictional and anchorage losses

estimations in the basic procedures of the prediction of
the prestress losses.
The establishment of a direct relationship of the con-

crete prestress at c.g.s., f_, in terms of the initial

c3’

steel stress, thus avoiding the successive calculations

used in this thesis.

The refinement of stress and strain conditions immediately

after post-tensioning for a more precise strain linking

relationship as compared to Eq. 3-20.

| _;6 2"'
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TABLE 1: COEFFICIENTS FOR STEEL SURFACES

IHStanxaneous.Stress-Strain-Relationship

All Sizes

[
i

3

All Manufacturers

1

A“,é.;O;O&QZQ’ A = 1.21952, A

2

3

RelaxatiOn.Cbefficienté

Size

Manufacturer

B

x:éi7/16 in.

-0.05243

0.00113.
~0.01173

0.00891

0.11502

0.12068

0.05228

0.02660

=0.05321

0.00291

0.11294

0.03763

~0.06380

0.00359

05@0844

0.12037 -
0.14598

0.13645

0.05673

0.04394

All

:;O}Oj3ﬁ6

0.00620

0.13847

0.04608

All

All

~0.05867

0.00023

0:11860

0.04858




TABLE 2: COEFFICIENTS FOR CONCRETE. SURFACES

.
| Plant AB Plant CD
Coefficients Combined
Upper Bound | Lower Bound

Elastic Strain cl* 0.02500 ~0.02105 0.02299

D -0.00668 -0.00066 | -0.00289

Shrinkage |

D 0.00439 | =-0.00016 | 0.00128

D -0.00474 | -0.00334 ~0.00432

E -0.01280 ~0.00664 -0.01592
E |  0.00675 -0.00331 0.00649

E | -0.00060 -0.00371 0.00256

E 0.01609 0.01409 0.01153

* Note: .Cl = ._lOO/E,C' where Ec 1s ‘modulus of elas ticity

for concrete, in ksi
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- Fig. 1 Applied Axial Load and Applied Bending Moment
Acting on the Concrete Cross Section
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APPENDIX

COMZPUTERFLow CHARTS AND PROGRAM

Main Program for calculation of the ?\
prestress losses in either pretensioned |
or post-tensioned members with the
| application of the preédiction formulas |
\ _ of prestress losses ./

Read in types of stress-strain-time
relationships: of the steel and concrete
materials, type of the strand used, and

»| the control signal used to distinguish
if it is pretensioned or post-tensioned
member (a card with NSUST = 0 would
indicaté end of problem).

s end of ™\

AYes Problem reaChed?lﬁz

800 Y

Call EXIT

. —74_.




- section,

ReadAinetotal number of‘strands,

gross |
area and moment of inertia_ofieoncreter;
and the distances of concrete,
\ fibers with reference to the centr01d

.mof the concrete sectlon

Post—tensioned,”

‘member

Y

7 Pretensioned™

or

Post-tensioned

or strain of the strand

of curing period to post-
tensioning and that from
the prestressing of con-
crete to the application |
of loads, the applied
load and bending moment. |

|

Read in the initial étress -

time interval from the end _

X. Pretensioned -

member

Y

| Read in the initial stress
or strain of the strand,

fulng of steel to transfer
| of prestress and that from]
} transfer of prestress to
| application of loads,
\applied load and bendlng

time interval from ten81on—f

the

Foment

— ]

-

Speeify‘thé leveis
where concérete strains
and stresses are to be

-L»evaluated (optional).

”3e75—




Post-tensioned

[Call INITI

“Pretensioned
or

Y

Call ELASHO]

F

member ‘°”ﬁfBQSt—tensioneﬂ:g;“ 

Calculates the Concrete

at the level of prestressing
steel, fC , when the tendons are
stretched.® It also calculates the

parameter k .
| .

Selects the npecessary data from
data bank for the particular
problem which 1s concerned with.
Then calculates the total steel
area, ultimate strength, and
initial stress or strain,
whichever is not known, by
calling subroutine SURST*.

S JPretensioned

member

stress

—d

Y
Call ACTPATE—]

75T76d

Determines the stress and
strain conditions in concrete
and steel at the several key
Stages.by'means of subroutines
SURST* and PREDI**, and if
required, PRECS***, Also
calculate prestress losses

at various stages. .

Determines the variatiqns of
stress and strain conditions

in steel and concrete at typi-

cal time intervals along the
actual and alternate loading
paths (3-6, 3*-6%, 3%%x—6*%),
Calculations are made by sub-
routines PREDI**, and if needed,
PRECS#*%** and ALTPATH#****




* N

Call SURST |

k%

| call PREDI

*kk ~

|cai1 PrECS

kK& ’

Steel stress-strain-time relationship. Determines
the steel stress or strain whichever is not known at
a given time.

Basic Prediction calculation as explained in.

Chapter 3. For any given time, the program evaluates

parameters P, Q and R, solves the quadratic equations
for g, and g and calculates the steel and concrete
ﬁstresses and strains. ;

Calculates concrete stréss and strain at each

selected level (up to 5 levels).

Provides calculation for the alternate paths 3*-6%
and 3%*-6%%, Same types of calculations as mentioned
in subroutlne ACTPATH are glven 1n thlS subroutine.




PROGRAM PRELOSS (INPUT,OUTPUT)

c

C PREDICTION METHOD FOR NON=UNIFORM PRETENSIONED OR POST-TENSIONcD

C SPEGIMENS (SINGLE LAYER) A

COARON 7 CONST 7 A1,A2,A3,81,82,B3,344C19014025D3,04+E1+E2,E3,El,

1 NSUSTyNSUCO,NTYST,NS,AGRs NAM(10) yNNNyPPP,PMO,CMI,
2 ALPyBSyINDEXsAGE(23) 4TCP(10) 4,TSP(10)4,FSF(10), “
3 SSP(10)4FCP(4410),SCP(4410),SCC(5,4),AS5T(22),
b ACT(22) s XXX (4) 4y XSTU5)4FC3(5) 3T IK NISTTKlyAS(8) 4NS
5 AME |

c

c INPUT FOR PROGRAM PRELOSS

o} FORMT  COLS. SYMBOL (OESCRIPTION

RV

C CARD NO. 1 PRELOSS FORMAT 1000

n (INF CARD) - |

c 15 1-5 NSUST STRESS-STRAIN=-TIME RELATIONSHIP FOR

C STRANDS OF VARIOUS MANUFACTURERS (A

c CARD OF NSUST=0 SHOULO 8E PROVIDED

yos AS THE LAST OATA CARD TO INDICATE

3 THE END OF PROBLEM) ‘\—\

C I5 6-10 NSUCO STRESS-STRAIN-TIME RELATIONSHIP FOR

i) | CONCRETE OF VARIOUS MANUFACTURERS

C I5 11-15 NTYST TYPE OF STRANDS

3. I5 16=20 NI SIGNAL USED TO CONTRUL THE PROGRAM FOR

b PRESTRESS=ZD MEMBERS

C 1=FOR PRETENSIONED MEMBERS

) 0=FOR POST-TENSIONED MEMBERS

S CARD NO. 2 PRELOSS FORMAT 1001

3 (ONE CAKD) )

C

o I5 1-5 NS NUMBER OF STRANDS

c Flued 11-2¢ AGR GROSS SZCTION OF CONCRETE, IN INs

S F10,0 21-36 CMI MOMENT OF INERTIA OF GROSS SECTION OF

[> CONCRETE, IN IN.4 |

C
S
C
C
™
C
c
5
C
C
C

F1d.0 31-4C XXX (1) THE DISTANCE FROM THE TOF FIBER WITH
REFERENCE TO THE CENTROID OF CONCRETZS
SECTIONy IN IN,

F10eJ  41-50 XXX(2) ' =0.0, CENTROID OF CONRETE GROSS SECTION

5 IN IN,

Fi1oe0 51=606 XXX (3) THE OISTANCE FROM THE ECCENTRICITY OF
STRANOS WITH REFZRENCE TO THE CENTROID
OF CONCRETE SECTION, IN IN.

F1te8  61=70 XXX(4) THE DISTANCE FROM THE 30TTOM FIBER WITH
REFERCNCE TO: THE CENTROID OF CONRETE
SECTION, IN IN,

“ r3CARD NO. 3 PRELOSS FORMAT 1042
/ CONE CARD)

F10,.,0 1-10 FSP(I) INITIAL STRESS IN STRAND(IN FRACTIONS
o OF GUARANTEED ULTIMATE STRENGTH), IN
KSI




QOO0 OOM DO MO OODERMOMmOD G .CoOO VODODO DO DO OO

FOR PRETENSIONEDO MEMBERS
FOR POST=-TENSIONED MEMBERS
INITIAL STRAIN OF STRAND,
FOR PRETENSIONED MEMBERS
FOR POST-TENSIONED MEM3ERS
TIME INTERVAL BETWEEN STRETCHING AND

IN INo./IN,

" RELEASE OF STRANDS FOR PRETENSIONEG

FSP(1)
~ FsP(2)
iFLQﬁO 11?20 SSP(])
SSP(1)
e ~ SSP(2)
F10s0 21-30 TSP(3)
TCP(3)
F10e0  31-40 TCP(S)
TSP (5)
F10.0  41-50 PPP
F10 44 51-60 PMO
CARD NO, & PRELOSS
(ONE CARD)
5F104d 1-50 XST(I)
CARD NOQs S ELASHO
(ONE CARD)
I5 1-5 NSAME
CARD NOs 6 - ELASHO
(3NE CARD)
F10.0 1-10 RN
CARD NOo 7  ELASHO

(ONE CARD FOP cACH TIME

F1Je2

TNUMB

MODULUS RATIO(THIS INPUT IS NOT

MEMBERS, IN DAYS

TIME INTERVAL FROM THE END OF CURING
TO POST-TENSIONING, IN DAYS

TIME INTERVAL 3ETWEEN RELEASE OF
STRANOS AND THE APPLICATION OF LOADS
FOR PRETENSIONED MEMBERS, IN DAYS

TIME INTERVAL BETWEEN RELEASE OF
STRANDS ANDO THE APPLICATION OF LOAOS
FOR POST-TENSIONED MEMBERS, IN DAYS
APPLIED AXIAL LOAD ON CONCRETE SECTION
sy IN KIPS

APPLIED RENDING MOMENT ON CONCRETE SEC-
TIONy, IN KIP=IN

FORMAT 1002

THE DISTANGE FROM THE SELECTED LcVEL
WITH REFcRENCE TO THE CENTROID OF CON-
CRETE SECTIONs IN IN,

FORMAT 1003

SIGNAL USED TO CONTROL THE CASE WHEN

THE TENOONS ARZ STRETCHED SIMULTA-
NEOUSLY OR IN SEQUENCES

=1 IF STRETCHED SIMULTANEOUSLY
=0 IF STRETCHED IN SEQUENCES

FORMAT 1004

NECES;
SARY FOR THE TENOONS TO BE STRETCHED
SIMULTANEQUSLY)

FORMAT 1004 N |
OF STRETCHING THE TENDONS)

NUMBEE JF TENDONS TO BE STRETCHED FOR
ZACH TIMFE(A CARD OF TNUMB=D0,C SHOULD

BE PROVIDED TO INOICATE END OF PROBLEM
9y BUT NOT NECESSARY FOR THE CASE WHEN
THE TEZNJONS ARE STRETCHED SIMULTA-
NEQUSLY 3

169 READ 1300, NSUST o NSUCOsNTYST NI

IF (NSUST .EQ.

0) GO TO 80C

READ 10C1, NS’AGR’CNI’(XXX‘L”L=1’“.

IF (NI C)

«=Q.

GO TO 48

..79..




READ 1002,FSP(1)9559(1’QTSP(3'QTCP(S’QPPP'PHO
GO TO 489 |
L8 READ 1002,FSP(2),SSPCZO'tCPGSlvTSP(S!,PPPvP#O
489 READ 1002, (XST(L)’invs’
~ GALL INITI ‘
e IF (NI +EQ. C) CALL ELASHO
CALL PQINT
CALL ACTPATH
60 YO0 100
800 CALL FXIT
1060 FORMAT (41I5)
1001 FORMAT (I5,5X,6F10.,0)
1002 FORMAT (6F10,0)
ENOD

v

SUBROUTINE ELASHO

CALCULATE THt CONCRETE STRESS AT THE LEVEL OF PRESTRESSING STEEL
AND THE DARAMETER Kb FOR POST-TENSIONED MEMBERS ONLY

OO

{
? : COMMON /7 GCONST / A10A20A3v81v9293395“101901v0290390“751’EZ’E3qE“'
|

1 NSUST,NSUCOQNTYSTQNSvAGR’NAH(lO’vNNNQPPP’PQO'CHIQ
2 ALP,BSvINDEX,lGE(23’9TCP(19"TSP(10”FSP(1°’!
| 3 SSP(lO)gFCP(Q,iU),SCP(Qolﬂ)9550‘595),‘37(22),
f & ACT(ZZ)QXXX(“"XST(5’qFC3(5’1IJKVNIQrtK“vAS(&’vNS
| 5 ANE
‘ PRENU=(.0
FFC3=0.0
NCOUNT=1

READ 1303, NSAME
IF (NSAME +EQ. 1) GO TO 124
READ 1004, RN
124 READ 1004, TNUMB
IF (TNUM3 LEQe. 0.0) GO TO 242
TOAS=TNUMB*AS(NTYST)
AXTS=TOAS®FSP(IJK) *ALP
IF (NCOUNT .GT. 1) GO TO 789
AN=AGR=8S
XSBOT = XXX (4) =XXX (3)
YN=(AGR* (XXX (4) ) =BS*XSBOT) /AN
ENSYN=XS30T
XCGR=XXX (&) =YN
| ENSQ=EN®EN
| CMIN=CMI+AGR*XCGR*XCGR-BS*ENSQ
| STRES3=AXTS/AN+ (AXTS*ENSQ) /CMIN
GO TO 998
789 PRENUSTNUMB+PRENU
PRODT=(RN=1,0)* (NS=PRENU)*AS(NTYST)
AT=AGR=-TNUMB®AS (NTYST) +PRODT
PNI=(PRODT*XXX{3)) /AT -
ET=XXX(3) =PNI
CMIT=CMI+AGR*XXX (3) *PNI
STRES3=AXTS/AT+ (AXTS*ET*ET) /CMIT
998 FF(C3=STRES3+FFC3
IF (NSAME +EQs 1) GO TO 24b
NCOUNT=NCOUNT+1
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-

GO TO 124

ALPHA=005

GO TO 245

2y ALPHA=0,0

2645 TIMM=ALOG10(TCP(3) +1.0)
.QQA1=D1+02*TIMN
TTKQ=QQI+SSP(2’0(1.0-ALPHA)‘C1*FFC3
RE TURN

FORMAT (IS)

FORMAT (F10,.C) 4
END

242

1003
1304

SUBROUTINE INITI

“INITIALIZATION ANO SELECTION OF COEFFICIENTS

COMMON 7/ CONST 7/ Al4A29A3+81982,835849C1,019029D03,0b4E1,E2,E34Ek,
. NSUST'NSUCO’NTYST’NS’AGR'NAH‘lO)'NNN’PPPQP"OQCHI’
ALP4BS .+ INDEX4AGE(23)4TCP(10),TSP(10) ,FSP(10),
SSP(10) 4FCP(4410) ySCP(4410),SCCI5,4) 4AST(22),
ACT(ZZ)QXXX(“"XST(5.’FC3(5’11JK9NIQTIK“9AS(5)'NS
AME

OIMENSION 881(13)’882(13)’883(13),BBQ(13)o001(12),001(12i.002(12l.
1 EEi(iZ),EEZ!iZ),EE3(12),EE&(iZ),NUH(Z),LAST(B),NAST(13).
2 NACO(24) 4FSU(8) '

DATA A1,A2,A3 / =be22877E-0241421952E4004=1.78268E=01 /
DATA (8B1(L),L=1,13) / =5¢243505E~02+-44696932E-02,-6,035769E-02,
1 =6.3804L30E-024-7.880080E~02,-6.921702E-02,
=5¢321263E=02,=7,346071E-02,~-5,867267E~02,
=44122982E-93,-2,671631E-02,=1.,402721E-02,
0.0 /

1,132333E-03,4~-1,172892E-02,
34591552E-03,-7.619116E-03,

o

—

8.910628E-03,
8+435512E-03,

DATA (3B2(L),L=1,13) /

£ G

('S

E W N

DATA

DATA{

(3B3(L)yL=1,13)

(3B4(L) 4yL=1,13)

2¢914934E-03,
1.421067€-03,
0.0 7/

1.150196E-01,
1.203677E-11,
1.1294y6E-01,
24262793c-02,
0.0 7

5.228071E-02,
5.673333E-02,
3.762833E-02,
1.605362E-02,
0.0 /

€.196370E-03,

1.39988“6‘021

1.001503€E~-01,
1.459753F-01,
1.384711E-01,
boel434756E-02,

5¢943141E-92,
5¢920295E=-02,
L.b0814LBE=~D2,
9.228446E-03,

2429461 1E-04,
6.093485E-03,

1.206775¢E-01,
1.364500E-01,
1.185984€E-01,
302““550&‘029

2¢659559€E-02,
be393948E=-02,
“0857612E'020
1.395361E-02,

0ATA

(GC1(L)yL=1,12)

(001 (LYyL=1,12)

40000947500 435060940000 94750094350,
000es475009435040+4000694750094350, 7
-6.6829905-03,-6.5688035-0#,-2.8867248-03,

bArA

w N -

NN -

DATA

(0D2(L)yL=1,12)

'00
'Uo

0.
‘Uo

=6+682990E-03,-64568803E=04,~2.886724E-03,
9‘00
9'00

’°00 |

y=0. /

2e453774E~02, 1.500002€E=-02, 20031301E-02,
24453774E-02, 1.500002E-02, 2,031301€E-02,

-81-

"Co
Q'Ui

+=0. 9
"00

,.




(@Y E!

773

Tu?

w N -

w N

N

-

N ==

R

“aYWL;WﬂJ@hp

1

DATA

DATA

-

DATA (EEL(L) yL=1,12)

DATA

(cE2(L)yl=1y12)

(EE3(L) yL=1412)

w N =

DATA (ZEL(L) yL=1,12)

(AGZ (L) yL=1423)

DATA
DATA
DATA

(FSU(L) 4L=1,8)
.(AS(L)QLzlvG)
(LAST(L) 4L=1,8)

JATA

DATA

DATA (NAM(L) o L=1,10)

JATA (NUM(L) 4L=1,2)

(NACOILY yL=1,24)

N NN

(NAST(L) yL=1,13) /

/

/

/

) :
“1.280123E-029y=6.640735€=03,-1, 591966E-029
-0, 9=Coe v=0.
12801238 -024y~6,640735E~ 03"1 591966t~ OZv
-0 v=Co '00 /

6.754“05E-03'-3¢313725E-03o 6.“80917E 03v
'00 9'00 '0.
6.75##056-03'~3.3137255-03’ 6e488917E-~ 03'
‘0. "c. "00 /
«5¢980912E~-04y=3.706964E-03, 2.,.560218E-03,
'00 -0. '00
«5:980912E-04y-3, 70696#5-03o e 560218E°039
-0 '00 ’0. /
1. 5090975-02. 1, uaoeaze-cz. 1.153«27&-02.
'00 'Uo ‘00

1.609097c =02y 1.,408682E~- 02' 1¢153427E- OZo
‘00 ’Co ' '00 . /
10,2.930'5097091009200’3009500v7009
1000,200.’3000’5000,7000910000015000’
J00Ce9500N e9700Ce+100004,200C0, 936500, /
31lo93109310vbl1039810e3901e63931eybie3 7/
0115’0117qo11551015690153v0153500117y0153/

10HBET 771641 0HCFI 7/164,10HUSS 7/16,
10HBET 172,41 0HCFI 1/72,10HUSS 1/2 4
1J0HLOK 7/1641C0HLOK 172 /

10HARS5 - AR7 ,10HACS - AC8 ,10HAUS5 - AUS ,
104885 - B88 ,10HBC5 - B8C8 ,10HBUS - BUS ,
104AB5 - AUS ,10HBB5 - BUB +19HAB5 - B8US ,
10HLC6 - LC8 ,1uHKCH® - KC8 ,10HLCH® - KC8 ,
10HGCO0 - 009 /

10HAA - PA 91CHAC - PC »10HAA - PC ’
1JHAA - PA v1CHAC - PC +10HAA - PC ’
10HAA - PA w10HAC - PC 910HAA - PC ’
10HAA - PA v1GHAS - PC v10HAA - PC ’
10H W10H v10H ’
10H NOCRy1GH NOCR,y1UH NOCR,
19H NOSH,1CH NOSH,10H NOSH,
10H NOCRSHy1CH NOCRSH,10H NOCRSH/
SH 143H 24,3H 343H Ly3H 5S43H 693H 3%,
JH 6% ¢y 3H3**,3IHo**/

bl /

JATA TEEWIFFsIJJHyILLWIPPLIQQ 7/ 3HTS343HTC3,2HKL,2HK3,3HTC5,3HTSS 7

IJK=2=NI

IF (NT.EN.Q)
GO YO 707
Iee=1IFF §

IJJ=ILL

INOEX=1 FOR LOADING CASE

GO TO 779

]

IPP=IQQ

INDEX=2 FOR UNLOADING CASE

INDEX=1

IF ((PPP L,EQ,
NNN=NUM (INDEX)
81=381 (NSUST)
32=832 (NSUST)
B3=833 (NSUST)
84=834 (NSUST)
C1=100.,07CC1 (NSUCO)
J1=001 (NSUCO)
02=002 (NSUCO)
ci=EE1 (NSUCO)

d«0)

«AND,

(PMO +EQe 0.0)) INDEX=2

G2




E2=EE2 (NSUCO)
EI=EEI (NSUCO!Y
. ... EhREEL (NSUCO)Y S ' -
D0 100 J=1,22
IF (NI.EQ.0) GO TO 605
AST(JV=AGE(J)+TSP(I) N
G0 TO 100
605 ACT(J)=AGE(J)+TCP(3)
.._:.._...100 C.QNIINUE - e . i e eremma
BS=NS®AS(NTYST) ,
ALP=FSU(INTYST)I/ASINTYST)
IF (FSP(TJK) .EQ. 0.0) CALL FFF(FSP(IJK) ySSP(IJK),0,.0)
IF (SSP(IJK) +EQ. 0.0) CALL SSS(FSP(IJK) 4SSP(IJK),0.,0)
IF (NI.EQe 0) GO TO 488
TIME3=TSP(3) $ TIMES=TCPI(5)
GO TO 169
488 TIME3I=TCP(3) § TIMES=TSPI(S)
169 PRINT 2000, NAST(NSUST)
PRINT 2001, NACO(NSUCO) 4NACO(NSUCO®12)
PRINT 20024 LASTINTYST)
PRINT 2003, NSOBSQXXX(3)0AGRQC”19xxx(1'QXxX(“"IJJQIEE’TI“EzoxJ‘OS
| SP(IJK)'IJK’FSP(IJK"PPPQPN09IPP’TIH55
RETURN
2000 FORMAT (1H1///715X*TYPE OF STEEL SURFACE*10X®*t*3X,A9)
2001 FORMAT (///715X*TYPE OF CONCRETE SURFAGCE®7X*3t%3X,2A10)
2302 FORMAT (///715X*TYPE OF PRESTRESSING STRANDS $*3XyA10)
2003 FORMAT (///715X*NS =*I18//15X%*AS S*F18.L//715X¥XS =%Fi8.4//7/7715X
1*AC =%*F18.4L7/715X*IC =¥F1844//715X*XTOP=%F18,4//715X*XBOT=%F18,4/7//

2//15XA2*% = ¥A3 ¢ =¥F10,4//15X*K2 = SS*I1,% =¥F10.4y20X*FS*]IY
Jov* =CF10.4/7/7715%X*P =¥F1842//715X*M =%F18.,2/7/15XA3* =%F18,29
END ~

SU3BROUTINE PREDI (TSyPyPMyFS,SS4FC,sSC)

PREDIGTED VALUES OF STRESS AND STRAIN IN STEEL

Mo

COMMON 7 CONST v/ AioAZ}A3991,3298398#931901’02003,0“051052953955’
NSUST’NSUCO’NTYST'NS’AGR’NAH‘iO’QNNNQPPPQPMOOCHI’
ALPQBSleDEx’AGE(ZJ'17CP‘10’975P(10'9FSP(10"
SSP(lU'9FCP“§910’!SCP(#110)vSCC(SQ‘NQAST(ZZ,’
ACT(ZZ’9XXX(4’vXST(5’9FC3(5’vIJKvNIvTTKQQAS(a)vNS
AME
COMMON 7/ COEFF / Q1+Q2461,62
DIMENSION FC(1) ,SC(1)
TIM=ALOGL10(TS+1.0)
Pi=ALP*A1
IF ((NI +EQe 0) <ANDe (TS «EQe 8.0)) GO TO 108
P2=ALP* (A2-81-32%TIM)
P3=ALP* (A3-83=B4*TIM)
IF (NI .EQ. 0) GO TO 281
GO TO 233
108 P2=ALP*A2 § P3I=ALP*A3
GO TO 281

- 233 IF (TS +cQes TSP(3)) GO TO 100
TIN=ALOGL10(TS=TSP(3)+1,0)
Q1=01+€1+¢(D2¢E2) *TINM

VI &£ W N -
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GO T0 601
281 TIME=ALOGL0(TS+TCP(3) ¢1,0)
QQ1=01¢02*TIME
IF (TS «€Qs 0.0) GO TO 602
@1=QQLeEL+E2*TIN
' 601 Q2=CLe¢EIJ¢EL*TIN
IF (NI o.EQs 1) GO TO 101
GO T0 853
602 Q1=Q01
100 IF (NI oEQ, 1) Q1=0,0
@2=Ct
IF (NI «EQ. 0) GO TO 858
101 JUM=SSP(1)=-Q1
GO TO 774
858 OUM=TTKL=Q1
774 R1I=PL+P2¥DUM+PI*DUM*DUM
- R2==Q2%* (P2+42,0*P 3¥DUM)
R3I=P3*Q2%*Q2
COL==(P¥XXX(3)¢PM)/CMI
CG2=AGR*XXX(3)/CMI
AAA=R2+1 .0
3BB=RAS*XXX(3)*CG1
CCC=XXX(3)*CG2+1,0
Wi=R1#3S+P+AAA*333+R3I*BBI*XXX(3)*CG1
W2=(AAA*RS+2,0*R3*8BB) *(CCC-AGR
- W3=R3I*BS*CCC*CCC
QOD=W2* W24 0*W1*W3
IF (DOD «GTs Ue0) GO TO 102
PRINT 2000
CALL EXIT
1C2 CONTINUE
GL=(=W2¢SQRT (D0D)) /(2.0 *HW3)
IF (G1 LT, Ge0) Gl’-('HZ"SQRT‘OOD)./(20(’“3’
62=CGL1+CG2*G1
00 103 I=1,4
FC(IN=GL+G2*XXX(I)
SC(IN=Q1+Q2%*FC(I)
103 CONTINUE
IF (NI.ENs 0) GO TO 1208
SS=SSP(1)=SC(3)
GO T0 1209
' 12C8 SS=TTK4=SC(3)
1209 FS=(R1+R2*FC(IV+RI*FC(3I*FC(3))/ALP
1 RETURN '
2000 FORMAT (#1%///10X*IMPROPER SOLUTION OF QUADORATIC EQUATION®*)
END

SUBROUTINE POINT

PREOICTED VALUES AT INITIAL STRETCHING, RELEASE, LOADING,
AND ULTIMATE —

ONDNDC-O

COMMON 7 CONST / Alyn29A39B19829839349C19019029031D69EL4E24E34Eb,
NSUST ¢ NSUCOYNTYST yNSyAGRyNAM (10) yNNNo PPP ,PMO,CMI,
ALP+BS ¢ INDEX9AGE(23)4TCP(10) 4TSP(10)9FSP(10),
SSP(10) 4FCP(Ly10)4SCP(6L4y1094SCC(5,4) 4AST(22),

(7 B AN BN o
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&

707

93

10

483

178

712
101

ACT (221, XXX (l) yXST (5 yFCI(5) yTIKoNT o TTKlyAS (8) NS

AME
DIMENSION DUM(5)
IF (NI +EQ. 0) GO TO 707
TCP(1)=TCP(2)=TCP(3)=TSP(1)=0,0
TSP(2)=TSP(3)
SSP(2) =SSP (1)
CALL FFF(FSP(2),SSP(1),TSP(2))
GO.TO 708 | -
TSP(1)=TSP(2)=TSP(3)=TCP(1)=0.0
TCP(2) =TCP (3)
FSP(1)=SSP(1)=0,0

KJJ=2 |
IF (NI .20, G) KJu=1
00 99 I=1,4

DO 99 J=1,KJJ
FCP(I,J)=SCP(IoJ)=O.C

CALL PREJI (TSP(2)40e090e0sFSP(3)4SSP(2)4FCP(143),SCP(1,3))
IF (XST(1) <NE, 0.0) CALL PRECS (SCC(1,1),FC3)

GO TO (130,1C2) INDEX

IF (NI «ZQe. C) GO TO 483

TCP(4)=TCP(5)

TCP(7)=TCP(9)=0,C -

TCP(A)=TCPI(B8)=TCP(10)=36506.0

GO TO 178

TSP (4)=TSP(5)

TSP(7)=TSP(9)=0,C ‘
TSP(6)=TSP(B)=TSP{10)=36590.5

DO 161 I=4,10

IF (NI +£Qe C) GO TO 712

TSP(I)=TCP(I)+TSP(3)

GO TO 101

TCP(I)=TCP(3)+TSP(I)

CONTINUE

CALL PREOJI (TSP U(4)s0e040e04FSPIL) sSSP It)FCP(1y4) 4SCP(1,4))
IF (XSTA(1) «NEs Geu) CALL PRECS (SCC(1,2),DUM)

CALL PREDI (TSP(8) 40404040 4FSP(8)4SSPI8)FCP(1,8)4SCP(1,8))
FSP(7)=FSP(3)

SSP(7) =SSP (3)

DO 500 I=1,4

FCP(I,7V=FCP(I,3)

SCP(Iy7)=SCPI(I,3)

D0 201 I=9,10

202

102

T4

715

103

1 CALL PRENI (TSP(I),PPPyPMOyFSP(I)4SSP(I)FCP(1,I),SCP(L141))

D0 202 I=5,6

CALL PREDI (TSP (I),PPPyPMOyFSP(I)sSSPII)sFOP(15I)+SCPI1+1))
IF (XST(1) o NE, 0.0) CALL PRECS(SCC(1,I-2),DUM)

CONT INUE - .

GO TO 103

IF (NI .5Q. C) GO TO 714

TCP(4)=26500,0 >

TSP (4)=TOP (&) ¢TSP(3)

GO TO 715

TSP(4)=36500,0

TCPIL)=TSP(4)+TCP(3) ,

CALL PREDI (TSPU4) 4040yGe0yFSP(4)4SSP(4)FCPI1,4)+SCP(144))
IF (XST(1) oNZe. Ge0) CALL PRECS(SCC(142),DUM
DIF=FSP(IJK)-FSP (NNN)
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PRINT ZUOOQIJKQIJK’IJK’IJKQIJKvNNN

DO 104 I=1,NNN :

IF ({1 JLE. 2) o ANDe (NI otQe 0)) GO TO 104

DEL=FSP(IJK)=-FSPI(I)

DTA=DEL/FSP(I JK)

FRA=DEL/DIF | :

PRINT 2001, NAH(I)gTCp(IlsTSP(I),FSP(I'9SSP(IOQDEL'DTA,FRA
104 CONTINUE '

GO TO (105,107% INDEX
165 00 106 I=7,1C,2

PRINT 2302

J=1 ¢1

DEL=FSPUI JKVI=FSP(])

DTA=DEL/FSP(IJK)

FRA=DEL/DIF

PRINT 2001, NAH(I)oTCP(I’qTSP(I)qFSD(I’vSSD(I"DELvDTAoFR.A'

DEL=FSP(IJK)=FSP(J)

ODTA=DEL/FSP(IJK)

FRA=DEL/DIF

PRINT 2¢01, NAH(J)jTCP(J)?TSP(J)gFSP(J)QSSD(J)ooEL’DTAgFRA
1Co CONTINUE
107 PRINT 2002

PRINT 2003

DO 1093 J=1 4 NNN : 2

IF ((J «LEs 2) .ANDe (NI .EQs, 0)) GO TO 103 o

PRINT 2074, NAH(J).TCP(J),TSP(J).((FCP(I,J).SCP‘I.JF);I#I,#!
1C8 CONTINUE

GO TO (109,800) 'INDEX
109 Dg 300 J=7,10,2

PRI

NT 2002
K=J+1 | |
PRINT 2004y ((NAMIL) 9 TCPEL) 3TSP(L)y ((FCP(I,L) 9SCPUT L)) 9T=1,0)),L=
1 JrK ) |
300 CONTINUE
8CJ RETURN

2300 FORMAT (1H1//11X*¥X = XS*////104X*FS*I{,* - FS®BX¥FS*#[1,% - FS*/{1x
LYPOINT 14X *TC*LLX*TS*¥ 14X *FS*14X*SS*IX¥FS¥1,* = FS¥BXbomccamuosTys
2emmmmaeea */107X*FS*I1,9X*FS*I1,* - FS*I1//)

2001 FORMAT (11X 4A342%Xy2F1642,5F160k)

2002 FORMAT (/)

2003 FORMAT (///5GX*X =XTOP*17X*X = Q0¥19X*X = XS*17X¥*X = X80T*//7X*POIN

1T*1CX*TC*1 GX*TS*L(10X*FC*10X*SC*) / /)
Cull FORMAT (7X 93 A3412X42F124248F12.4)
cND

suaaouxrga ACTPATH
LOADTING PATH 3 - 6 (FOR PRETENSTIONING OR FOR POST=-TENSIONING)

_QbﬂHON'/,CONST / A19A2vA3081132’33934’C1g01902’030040519F2v533EQ"

1 NSUST,NSUCO,NTYST,NS,AGQ,NAM(10),NNN,PPP,PNO,CHI,
2 ALP,BS;INDEX,AGE(23)'TCP(10D,TSP(10),FSP(10D'

3 SSP(iO)oFCP(k,iﬁi'SCP(#,iO),SCC(S,&).AST(ZZ),

b ACT(ZZ)’XXX(“’QXST(5”FC3‘5"IJKONI’TTK“’AS(B"NS
5 AME

DIMENSION}DEL(Zoh),DTA(Z,b)qFRA(2,#),DIF(2"SCS(5922)

f

L
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bt ]

OIMENSION FCT (49220 4SCT (L4922 40UM(5)
LAB=3H .
IF (INDEX .EQ. 2) GO TO 101
00 100 J=1,22 -
IF (NI +EQ. G) GO TO 811
IF (AGE(J) LT, TCP(5)) GO TO 100 .
GO TO 813 - )
811 IF (AGE(J) LT, TSP(5)) GO TO 1GO
813 JJJ=J-1
KKK=J .
IF (NI .<Qes C) GO TO 812
IF (AG=(J) +EQes TCP(5)) KKK=J+1
GO TO 102
812 IF (AGc(J) +EQe TSP(S)) KKK=J+1
GO T0 102
100 CONTINUE
101 JJJ=22
152 PRINT 20009 NNNyIUKeIUK IUK IIK9IIK 4NNNoIJK 9 NNN
DIF(1)=FSP(I1J4K) -FSP (NNN)
DIF(2)=FSP{3)=FSP(NNN)
DO 103 I=3,NNN
L=I=2
JEC(LyL)=FSP(IJUK)=FSP(I)
IJTA(L,L)=DEL(L4L)/FSP (I JK)
FRA(14L)=DEL(1,L)/0IF(1)
DEL(24LD)=FSP(3)=FSP(I)
JTA(2yL)=DEL(2yL)/FSP(IJUK)
FRA(2,L)=DEL(24L)/DIF(2)
1C3 CONTINUE
PRINT 2CC1, NAM(3)4,TCPI3),TSPI3),FSO(3),SSP (3,
1 ((DEL(I41),DTA(Iy1),FRA(IZ1)),I=1,2)
PRINT 2002
200 10 J=1,J4J
IF (NI 0. C) GO TO 277
CALL PRFII (AST(J)’000,0009FSySS'FCT(1gJ),SCT(l,J))
50 TO 278 i
277 CALL PREDOI (AGECJU) 9Ge090e09FSeSSyFCT(LyJ)ySCT(1,U
278 IF (XSTU(1) oNZe CeQ) CALL PRECS (SCS(1,J),0UM) "
AAA=FSP(IJK)=FS
333=AAA/FSP(IJK)
CCC=AAA/NIF (Y1)
JJI=FSP(3)=FS
ece=000/FSP(IJK)
FFF=039/721IF(2)
IF (NI +20. &) GO TO 279 -
PRINT 2071, LABLAGE(J)yAST(J) yFSySS,AAL,8B3 ¢ CCyODDIEEE 4FFF
GO TO 104 o
273 PRINT 2001, LA3,ACT(J)4AGE(J) 4FS4SSyAAA+38B4CCCDDDEEELFFF
104 CONTINUE
PRINT 2012
PRINT 20y1l, NAN(4)9TCP(Q’vTSP(k),FSP(Q’153?(4”
i ((DEL(I92)9DTA(I42)4FRA(IL2))4I=1,2)
GC TO (135,20C0) INDEX
105 PRINT 2372 | |
PRINT 2601y NAMU(S5) 4, TCP(5)4TSP(5),FSP(5) 4S52(5),
((DEL(I,3)9DTA(193),FRA(I’3))9I=112)

1.

1
PRINT 2002
DO 106 J=KKK,2?
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IF (NI +EQs 0) GO TO 280
CALL PREDI (AST(J) yPPP,PMOyFSySSeFCT(19J)oSCT(L14U))
GO TO 281
280 CALL PREDI (AGE(J)yPPPyPMOyFSySSFCT (14J)4SCT (1 44))
281 IF (XST (1) oNEs GeC) CALL PRECS (SCS(14J),0UM)
AAA=FSP (IJK) =FS
8BB=AAA/FSPCTIJK)
CCC=AAA/DIF (1)
DDO=FSP(3)=FS
EEE=0DD/FSP (T JK)
FFF=DOD/DIF(2)
IF (NI .€Q. 0) GO TO 28?2 .
PRINT 2001, LABsAGE(J) yAST(J)FSySSyARA4BB34CCC40004EEE 4FFF
GO TO 106
282 PRINT 2001, LABsACT (J) 4 AGE(J) yFSySSyAAA,388,CCC,0D0,EEELFFF
106 CONTINUE
PRINT 2002 -
PRINT 2001y NAM(6) ;TCP(6)4TSPIB) 4yFSP(6) 4SSP(6),
{ COOELCIZU)gDTACTI 4) FRATT )Y gI=1,2
200 PRINT 2003, NAN |
PRINT 2001, NAM(3),TCP(3),TSP(3),
1 ((FCPCI,43)4ySCPII,3)) 4I=1,4)
PRINT 2002 |
00 201 J=1,JJ4J
IF (NI LEQ, u) GO TO 283
PRINT 2001, LA3vAGE(J)’AST(J’v((FCT(IOJ)vsCT(IQJ’)91319‘0’
GO TO 201
283 PRINT 2001v LAByACT(J"AGE(J’o((FCT(IvJ’vSCT(I,J”9I=19‘0’
201 CONTINUE
PRINT 2002 |
PRINT 2301, NAM(4) yTCP(L),TSPI(L),
1 CFCP(I44)3SCPUIV4)) oT=1,4)
GO0 TO (2324300% INDEX
2C2 PRINT 20¢C?2
PRINT 2001, NAM(5) ,TCP(5),TSPI(5),
1 C(FCP(I+5)43SCP(I45)),1=1,4)
PRINT 2002
00 203 J=KKK,22
IF (NI +ZQ, G) GO TO 284
PRINT 2071y LABYAGC(J) g AST(U) y ((FCTUT9d)4SCT(IJ)) o121, 4)
GO TO 203
284 PRINT 2031, LAYy ACT (J) 9 AGE(J) y ((FCTI(I4J)3SCT(I9J))oI=1,04)
2C3 CONTINUE
PRINT 2C0?
PRINT 2001, NAM(B) yTCP(B)4TSP(6),
1 | ((FCP(I46)ySCP(I46))4I=1,4)
300 CONTINUE
IF (XSTC€1) +£Qs (4C) GO TO 4QOD
PRINT 2005,NNN, (XST(L)yL=1,5)
PRINT 2006y TCP(3)9TSP(3), (FC3(LIyL=1,5)
p0 3u5 I=1,5
D0 3i5 J=1,22 _
365 SCS(I4J)=SCS(I,J)=SCC(I,1)
D0 304 I=1,5
CON=SCC(I,1)
DO 3C4 J=1,4 -
304 SCCH(I4J)=SCC(I,J)=CON .
PRINT 2004y NAM(3) 4 TCPU3)4TSP(3)y (SCCUL 1) 4L=1,5)
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PRINT 2002
DO 301 J=1,4JJ
IF (NI .EQ. 0) GO TO 285
PRINT 2004, LABYAGE(JD 9 AST (U)o (SCSILyJ)oL=1,5)
GO TO 301 -
285 PRINT 2004, LABsACT(J) yAGE (U) y (SCS(L,yJ)yL=1,5)
301 CONTINUE
PRINT 2002
PRINT 2004, NAMEG) o TCP (&) ¢ TSP (L) o (SCC(Le2)4L=1,5)
GO TO (302,8000 INDEX
302 PRINT 2002 \
PRINT 2004, NAH(S),TCP(S),TSP(SD,(SCC(L.J’,L=1,5b
PRINT 2002 o
D0 303 J=KKK,22
IF (NI .EQ. J) GO TO 286
PRINT 2004, LA3oAGE(J) 4 AST (J) 4 (SCS(LyJ)gL=1,5)
GO T0 303
286 PRINT 2074y LAByACT(J)yAGE(UY 4 (SCS(LyJ)oL=1,5)
303 CONTINUE
PRINT 2002
PRINT 2004, NAM (B6) ¢y TCPL(E) 4 TSP(B) ¢ (SCCILo4dol=1,5)
400 CONTINUE
GO TO (50604800+45C0,8009 yINDEX
500 GALL ALTPATH
800 RETURN
2000 FORMAT (1H1/77/7TX®*X = XS*//77/7X*LOADING PATH®*10X*3 = *I1/////76X*FS
L1¥I14% = FS*LX®FS*I14* = FS*16X*FS3 = FS*LX*FS3 = FS®*/7X*POINT*10X*
QTC*10X*TS*10X*FS*10X*SS*4X*FS*]1,* - FS*uXPecmcccaatI bacnaea cem=k
IX*FS3 = FS*4X¥eccaeaa ¥ ¥ccccccans F/TIX*FS¥IL1 42X IX*FS*I1,* « FS*
kIl ,19X*FS*I1,5X*FS3 =« FS*I1//77)
20Ul FORMAT (7XyA3,2X42F126248F12.4)
2002 FORMAT (/)
2UC3 FORMAT (L1H1///7X*LOADING PATH*{(0X*3 - YI1/7/77/7749X*¥X = XTOP*4{7X*X =
1 0*19X®*X = XS*17x*X = XBOT*//7X*POINT*L{CX*TC*10X*TS* 4 (10X FL*10X*S
2C*)///7)
cG04 FORMAT (11X 4A3,2X92F1642y5F1644)
2uC5 FORMAT (1H1//7/711X*LOADING PATH*1(0X*3 « *I1/7//711X*SC - SC3 VALU
12S¢* /77711 X*POINT*14X*TC*LUX*TS*5(6X*X =*F7,2)///)
2006 FORMAT (L1X*FC3 *2F16e2+5F16.4///)
END

SUSROUTINE ALTPATH

(A) LOADING PATH J* - b*
(R) LOADING PATH J¥¢¥ - pr>

COMMON / CONST / A17A21A3,319329331aﬁyciyﬂivDZ’D390“9€11£2,EJ,E“9
NSUSTQNSU009NTYSTQVS,AGR'NAH(lU’vNNNvPPP,P"O,C"I,
ALPQBSQINDEXQAGE(23),TCP(lU’,TSP‘lO”FSP(iu’9
SSP(10"FCP(“QIO’QSCP(“QIU’9SCC(59“’9AST(22’v
,ACI(ZZ),XXX(u),xsr(5),FC3(5).IJK,NI,TTKQ,AS(B)’NS
AME .

OIMENSION DIF(2)40cL(2)40TA(2),FRA(?)

DIMENSION FCT(4422)4SCT (4422}

LAB=3H

P=g,J ¢

N &E WN -
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Bu=y,0
' KKK=3 |
: o IF (INOEX +EQ¢ 1) KKK=7
1Ll LLL=<<K+1
“ JIF (L) =FSP(IJK)=FSP(LLL)
JIF (2) =FSP(KKK)=FSP (LLL)
DL (1) =FSP (T JK) =FSP (KKK)
JTA(L) =02L (1) /FSP(T JK)
FRA(1)=DEL (LY /DIF (1)
JEL(2)=DTA(2) =FRA(2)=),L
PRINT 200¢, MAM{KKK) g NAMILLL) s TUK G TUKG I UKy T UK 9T UKo NNNy I JK o NNN
PRINT 2C11, NAM{KKK) 4 TCP (KKK) 9 TSP (KKK) o FSPIKKK) 4SSO (KKK )
1 (VL (L) o DTA (L) yFRACL DY 4L=1,2)
PRLNT 2032
J0 1¢1 J=1,22
IF (NI +ZQs 0G) GO TO 287
CALL PRENL (ASTU(J) P 4PMyFSySSyFCT (14J),SCT (14D
50 TO 288
267 CALL 2RFDI (AGFUJ) yPyPMyFSySSeFCT(14J)oSCTIL1,U))
283 STL1)=FSP(IJK)=FS
OTA(L)=DEL (1) /FSP (T JK)
FRACL) =0ZL (1) /DIF (1)
ITL(2) =FSP(KKK) =FS
JTA(2)Y=NCL(2) /FSP (I JK)
FRA(2) =DZL(2) /DIF(2)
IF (NI +20. ) GO TO 289
PRINT 2921, LAa.AGE(J).AST(J».FS.SS.((DEL(L).DTA(L).FRA(Lob.L=1.2»
50 T3 1€1
283 PRAINT 2071, LAB,ACT(J’,AGE(J),‘S,SSo((OEL(LO,DTA(L’.FRA(LOb.L=1.2’.
1uvl CONTIHUE '
POINT 2(€02
I (1) =FSPIIJ<Y=FSP(LLL)
JTA(L) =D0SL (1Y ZFSP(T JK) ‘ d
FRA(L)=DZL (1) /DIF(1)
NTL(2) =FSP(KKK) =FS2 (LLL)
OTA(2)=DIL(2V/FSP(] JK)
FRA(2)=DZL(2)/DIF(2) '
PRINT 2001, NA%(LLL).TCP(LLL».TSD(LLL;,FSP(LLL),SSP(LLL),
1 CCDELCL) o DTACL) yFRA(LDY) yL=1,2)
PRINT 2C€73, NAMIKKK) ¢ NAM (LLL)
PRUNT 2371y NAM(KKKD 3 TCP (KKK) 3 TSP {(KKK) ,

i ((ECP‘IQKKK)QSCP‘IQKKK)’QIzlyQ,

B2INT 2§12

QQ 231 J=1,22 ,

IF (NI Q. ?) GO TO 23p

PRIINT CEl1y LAZGAGZ (U) yAST (U g (EFCTUI U oSCTUIaU)) s I=1,4)
GU TO 201

29y P2INT 2011, LABQACT(J’vAGE(J’Qi(FCT(IvJ)9SCT‘I$J”’I=1’4’
2C1 CONTINUE
PRLNT 2((2 ,
PRINT 2¢:1, NAM(LLL),TCF(LLL),TSP(LLL),
1 ((FCP(I.LLL),SCF(I.LLLD|.I=1oh0
IF (o +ZQ., PPP) LAND. (PM ,EQ, PMG)) GO TO 800
KKK =9
P=pPPP
PM=PM)
60 T2 100 |
Jul RITURN . " "




O C)

OO0

20CQ FORMAT (LH1///TX®X = XS*////7X*LOADING PATH®10XA3* =%A3/////T6X*FS
1%114% - FS®LX*FS*I1,* - FS®16X*FS3 - FS®UX®FS3 = FS*/7X*POINT*10X*
2TCP10X¥TS*LOX FS*L0XP*SS*UXPFSP*I14* - FS¥YXPommmocec® I Pomacaaaacsy
SXPFS3 = FS¥4X¥emommcoc® I o ccanacacs/TQXSFS*I1,2X,IX*FS*IL,* - FS®
4I1,19X*FS*I1,5X*FS3 = FS*I1///)

2001 FORMAT (7XA342X12F124248F12,4)

2002 FORMAT (/)

2003 FORMAT (1H1///7X*LOADING PATH*1CXA3* =*A3/////L9X*X = XTOP®L7X*X =
1 0*19X*X = XS*17X®*X = X30T*//7X*POINT*10X*TC*10X*TS*4 (10X*F3*10X*S
2C*V///7)

END

SUBROUTINE PRECS (SC.FC)
CONCRETE STRAIN FOR SPECIFIED VALUES OF X

CO/I¥ON /7 CONST / AiqAZ,A3g81,82983qquClvDioDZ,D3,0R9E10£2¢E3¢EQ,
NSUST’NSUCOoNTYST'N59AGR9NAH(10)oNNNoPPP,PHOoCHlo
ALPoBS’INDEXQAGE(23ioTCP(iOioTSP(iO),FSPliﬂio
SSP(iO),FCP(Q,iO)9SCP(4910)oSCC(Sok)qAST(ZZ)c
ACT(ZZ)oXXX(Q’gXST(S),FCJ(S)vIJKyNIqTTK#qAS(B),NS
AME

COMMON 7 COEFF /7 Q1+024G1,G2

OIMENSION SC(1),FC(1)

00 1.0 I=1,5

FC(IN=0G1¢G2*XST{I)
100 SC(I)=01+¢Q2*%FC(I)

RETURN

ENO

VI &E W

SUBROUTINE SURST (FFySS9TA,TR)
STRESS=STRAIN-TIME SURFACE OF PRESTRESSING STRANDS

COMMON / CONST / B1482¢839A19A2,A34A84,TEM{230)
JATA MFFyMSS 7/ 3HFFF,3HSSS /
ENTRY FFF

160 mM1=MFF
IF ((SSelLTeCoe3)40Re(SSeGTe0e9)) GO TO 5C1
IF (TALEQ.G.0N) GO TO 101
IF (TALT.C0e01) GO TO 502
TT=ALOGL10(TA+1,0) ‘
FF=B1+SS*(R2-81-A2*TT+SS*(33=A3=-A4*TT))
IF ((FFeLT40e3)eORs (FFeGT40e9)) GO TO 5C6
RETURN

1Ul FF=B1¢SS*(324SS*#R3) |
IF ((FFelTe0e3) 0Re(FFeGTeloe9)) GO TO 5C6
RE TURN | -
ENTRY SSS

200 MM1i=MSS
IF ((FFelTe043)s0Re (FFoeGTe0s9)) GO TO 5C0
IF (TA.EQ.0.00) GO TO 2G1
TT=ALOG1)(TA+1,0)
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CA=A3¢+A4L*TT=33
CB=A1+A2*TT=-82

CC=FF-R1
oD=CB*CB-4,0*CA*(CC

IF (CO.LT,04C) GO TO 503
SS==0,5%(C3¢SART(CD) ) /CA

IF ((SSeLTeCe3)4s0Re(SSsG6Te049)) GO TO 507

RETURN
201 CD=B2%32<-4,0*%33*(B1=FF)
- IF (COeLT.04G) GO TO 5063
5S=045* (SQRT (CD) =82) /33

IF ((SSeLTe0e3)e0R.{SSs6TeG49)) GO TO 5C7

| RZ TURN

5CJ3 PRINT 2130, MMM, FF

501 PRINT 2001, Mi1M,SS

502 PRINT 2002, MMM, TA

563 PRINT 2003, MMM,FF,TA

506 PRINT 2006y MMM ,SS,TA,FF
2u? PRINT 2097, 11MM4FF,TA,SS
6C0 CALL =XIT
2000 FORMAT (8(/),12X*SUBROUTIN

L1VALUC*QX*F =%F14,4)

2901 FORMAT (8(/) 410 X*SUBROUTINE®*5X,A3///710X*INADMISSIBLE

1VALUE®9X*S =%*F14,4) °

2002 FORMAT (8(/),10X*SUBROUTINE*5X,A3///10X*INADMISSIBLE

1LUC™11IX*T =*F14,4)

2003 FORMAT (8(/)y10X*SUBFOUTINE *5X,A3///10X*INADMISSIALE
1F INPUT VALUSS*9X*F  =¥F14,4//59X*T =
2066 FORMAT (8(/)410X*SUBROUTINE *5X,A3/7/1 0X*INAOMISSIBLE
1F INPUT VALUSS*9X*S =%F1l4.4//59X*T

D NN AP o R

GO TO
60 TO
GO TO
GO TO
GO TO

=%*Fl4o )

600
600
600
600

6300

600

E¥5XsA3///710X*INADMISSIBLE

=¥Flbe4////759X*F

STRESS INPUT
STRAIN INPUT
TIME INPUT vaA
COMBINATION O

COMBINATION O
=¥*Flb.l)

2oL 7 FORMAT $307) 410 X*SUBFOUTINE*5X,A3//710X*INADMISSISLE COMBINATION O

1F INPUT VALUES*9X*F =%F14.4//59X*T

cND
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=*F1bko4////759X*S

=*F14,4)
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