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ABSTRACT

Mechanical modelling of post-tensioned steel-concrete composite slabs with
unbonded tendons is discussed. The model was added as an option to COMPCAL,
a finite element program developed at Ecole polytechnique fédérale de Lausanne,
Switzerland. The work focused on the long-term behaviour of composite slabs in
the serviceability limit state. Therefore, special attention was paid to the effects of
creep and shrinkage of the concrete, and to those of relaxation of the prestressing
steel. As an example, an analysis for a two-span slab was carried out.



PREFACE

In 1995-1996 a project entitled Prestressing Techniques in Composite Floors was
carried out at VTT Building Technology. This report documents the work done in
a subproject in which the COMPCAL computer program was modified into a
form capable of analysis of post-tensioned composite slabs.

Mikko Malaska has done the programming work under the guidance of Matti
Pajari and Antti Helenius, both from VTT. This report, written by Matti Pajari, is
based on Mikko Malaska’s Master’s Thesis.

Rautaruukki Oy, the Technology Development Centre of Finland and VTT
financed the project. Ecole polytechnique fédérale de Lausanne is acknowledged
for permitting use of the COMPCAL program.
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area of cross-section
area of tendon cross-section
elasticity modulus

elasticity modulus of concrete

elasticity modulus of component i in composite cross-section
effective elasticity modulus of concrete

elasticity modulus of concrete at the age of 28 days

age-adjusted effective elasticity modulus of concrete

secant modulus

effective secant modulus

age-adjusted effective secant modulus of concrete

creep function

length, span length

bending moment

bending moment restraining curvature due to free shrinkage, free creep or
relaxation of prestressing steel

nodal bending moment at node j

normal force

normal force restraining axial strain due to free shrinkage, free creep or

relaxation of prestressing steel

nodal force at node j

prestressing force
vertical force, shear force

drape of tendon, depth of cross-section

number of components of composite cross-section

time

time at loading

vertical uniformly distributed line load due to prestressing force
horizontal coordinate

vertical distance, positive direction downwards

distance of tendon from reference plane, positive downwards

distance of tendon from reference plane, positive downwards
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aging coefficient
strain

strain at depth of reference plane
instantaneous elastic strain of concrete
strain of concrete due to creep

strain of concrete due to free shrinkage
strain of concrete due to temperature change

stress-independent component of concrete strain

stress-dependent component of concrete strain

strain at increment k

curvature of beam or slab
normal stress

normal stress of concrete
initial prestress in tendon
prestress

normal stress at increment &

angle between tendon and horizontal plane
creep coefficient



1 INTRODUCTION

The work described in this report, and also in Malaska’s Diploma Thesis [8], is
part of the project Prestressing technigues in composite steel-concrete floors. The
aim has been to develop a finite element program for nonlinear analysis of post-
tensioned steel-concrete composite slabs. The main concern has been the long-
term behaviour of composite slabs prestressed with unbonded tendons.

A nonlinear finite element program entitled COMPCAL and developed at Ecole
polytechnique fédérale de Lausanne (EPFL) has been used as the starting point.
COMPCAL is based on the doctoral thesis of Byron J. Daniels. The theoretical
background and architecture of the program are presented in publications of
EPFL [4,5]. COMPCAL takes into account the nonlinear stress-strain relationship
of the steel and concrete, the cracking of the concrete and the bond-slip at the
interface of the concrete and the steel sheeting.

This study deals with post-tensioning with unbonded tendons. The forces due to
the tensioning are modelled as transverse and axial loads calculated using the
load-balancing method [7]. The deformations and inner forces due to the creep
and shrinkage of the concrete, and those due to the relaxation of the prestressing
steel, are calculated according to the recommendations of CEB-FIP Model Code
1990 [3] and Eurocode 2 [6].

The names of added and changed program modules are specified in Appendix F.

2 MODELLING TENDONS

The slab is modelled as a strip 1.0 m in width. The strip can be regarded as a post-
tensioned beam. In the longitudinal direction, the total length of the slab is
divided into n finite elements joined with n-1 nodes.

The tendon profile is modelled using six geometry types. The slab is divided into
geometry fields, the end points of which coincide with nodes of the FEM model,
in such a way that the whole tendon can be modelled using these geometry types
(Fig. 1). The geometry in one field may consist of a straight line, a parabola or a
combination of these. In the case of a multi-geometry field, the end points of each
single geometric curve must coincide with nodes of the FEM model. The slope of
the tendon is equal on both sides of a node jointing two adjacent geometry fields
or two different curves within a field.



The properties of the geometry types used in the program are presented in Table
1. The formulae for determining the vertical loads due to the tensioning are
derived by Tossavainen [9].

imnnu | IH\HHIHH

| field 1 1 field 2 : field 3 } field 4
0 T ¥ 1 |
parabola parabola - parabola parabola - parabola parabola

Fig. 1. Forces induced by a parabolic tendon.

Since the friction between the unbonded strands and ducts is small, it is ignored.
This makes the tendon force constant over its whole length and makes it possible
to model the horizontal forces due to post-tensioning as axial loads localized at
the anchors.

The reaction forces caused by the anchors of the tendons are illustrated in Fig. 2.
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Fig. 2. Forces due to anchorage.

The program requires the following data about tendons:



¢ Title
o Cross-sectional area

e Initial stress 0'p0,' i.e. stress in the tendon just after prestressing

e Number of geometry fields
e Tendon geometry in each field
- Index of the first and last node
- Geometry type
- Index of nodes connecting different geometry in multi-geometry fields
- Distance of tendon from bottom fibre of the composite slab at the
aforementioned nodes.

Based on this information, the geometry of the tendons is calculated at the nodes
and the vertical and axial forces are transformed into nodal forces. Thereafter, the

tendon forces are treated as an external loading case.

Table 1 shows the geometry types, vertical forces and geometric parameters.

Table 1. Vertical forces due to tendon geometry (h/L, and h/L, << I).

Type Tendon geometry Forces
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Table 1. Continued.
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3 ANALYSIS OF NONLINEAR COMPOSITE

CROSS-SECTION

The equilibrium of internal and external forces for a nonlinear cross-section is
achieved by iteration in which loads are applied in small increments and the
solution is obtained by linearization of the problem. Therefore, a linear solution is
presented first before presenting the nonlinear solution algorithm.

3.1 LINEAR CROSS-SECTION

According to elementary bending theory, the axial strain € in a beam cross-section

can be expressed as

11




E=¢gpt+yK (D

where €, denotes the axial strain at the reference plane and x the curvature of
the beam. Vertical coordinate y is positive downwards and its origin is at the

reference plane. Using Hooke’s law, axial stress 6. in component i of a composite
I3

cross-section comprising m different materials is obtained from

Gi:Ei(80+yK) (2)

where E, is the elasticity modulus of the material in component i. The resulting

normal force N and bending moment M due to the axial stress distribution are
obtained from

N:jodA:eoiE,.jdA+KiE,.jydA (3)
=l A =l A

M:jcydA:eoiE,.jydA+KiE,.jy2dA (4)
i=1 i=1 A;

A

i

In Equations 1 - 4 no initial stresses due to temperature, shrinkage, prestressing
etc. are taken into account.

3.2 NONLINEAR CROSS-SECTION

A nonlinear elastic material behaviour means that the stress-strain relationship is
nonlinear. In such a case, no unique elasticity modulus exists and Equations 2 - 4
cannot be used as such.

In a general case, the equilibrium of forces must be sought by iteration. When
iterating, the load is increased in small steps called increments. Assume that at

increment k, the strain distribution € is known and the corresponding stress
distribution ¢ is in equilibrium with the loading. The object is to determine the

. kg k+p . .
strain € ~ and stress G at increment k+/. This can be done by solving €, and «

from

12



szcsdAzeog(jE’dA)i +K§(J‘E*ydA)i (5)

M:IGydA:eoi(J'E*ydA)i+Ki(jE'y2dA)i (6)

where the secant modulus

E =E'()=2 (f) %
€

is used instead of the elasticity modulus E. Using this notation, the stress-strain
relationship becomes

c=Ee=E (e¢+yx) (8)

Now, knowing €, and X, € can be calculated from Equation 1, o, from the known

stress-strain relationship, and the stress resultants N and M from Equations 5 and
6. Finally, N and M are compared with the normal force and bending moment due
to the external loads, respectively. If they are not close enough, E” is updated to
correspond to the latest strain distribution, substituted into Equations 5 and 6, and
so on. The iteration is continued until the internal forces calculated from the stress
distribution are in equilibrium with the external forces, or until the iteration
diverges. This is done for each load increment.

Also the bond-slip between the concrete and the steel sheeting, when present,
necessitates the equilibrium iteration.

4 LONG-TERM BEHAVIOUR OF CONCRETE

The strain of the concrete comprises an instantaneous and a time-dependent part.
The instantaneous strain, also called elastic strain, develops instantaneously when
the structure is loaded. The time-dependent part grows gradually with time. The
time-dependent strain is due to the creep and shrinkage of the concrete as well as
to the relaxation of the prestressing steel.

To simplify calculations, the total strain of the concrete at time ¢ is presented as

13



ec(t) :ec,e(t)+£c,c(t)+ec,sh(t)+8c,T(t) 9

where €.,, €., €. sn and €, denote the elastic strain, the strain due to the

creep, the strain due to the shrinkage and the strain due to the temperature change,
respectively. In the following, €, 7 is ignored and the other strain components are

regarded as independent of each other. They are first calculated separately and
then superimposed.

The total strain of the concrete can also be expressed as a sum of two components
8c(t) :Ec,n(t)""ec,o'(t) (10)

where €, s (t) depends on the stress and € ,(f) does not. The stress affects the

instantaneous strain and the creep strain in time interval #j...f, i.e.
E:c,()'(t):gc,e(t)'*“L:c,c(t) (11)

The total strain at time t due to the initial stress O'C(to) at time fg and the varying

stress in the interval f;...¢ is obtained from

ceoli)=Soip o)+ | 160 ar, 12

where J (t, to) is the creep function. In the program,

(e.10)=— (to) (’C;’) (13)

taken from CEB-FIP Model Code 90 [3] is used. See also the CEB report [2].

In 1967, Trost [10] introduced a practical method for predicting creep strains. The
method was later developed by Bazant [1] who called it “Age-Adjusted Effective
Modulus Method”. According to this method, the integral in Equation 12 can in
many cases be replaced by a simpler algebraic approximation. This can be seen
from

14



jj(tt)acc(t) J-tP 1 +[(p(t,t‘)Hacc(t’)dt,

Y] _Ec (t()) E.og or’

B e[ 1 o(t.1g))|d0 () ,, .
= to_————EC(tO)+x(t,t0{ Eoe ﬂ ~ dr  (14)

bl

where ¢ is the creep coefficient and the aging coefficient X(z,¢,) has to be chosen
properly. It is constant in time interval #...t and depends on the loading history.

If Ac (1) is not equal to zero, X(1,t,) can in principle always be determined. By

introducing the terms effective elasticity modulus, or simply effective modulus,

1 E (to)

E.(t.10)= (15)
’ J( to ( })
14
c28 ( O

and age-adjusted effective elasticity modulus,

E, o(t0)= Eé"g ) (16)
1+ (¢, tO{EC—ZZ}Q(t, f)

equation

(1) = (ﬂ (E("}o(tt]
+—i—f:-(ct—g){1 +x(t. to{%i%}v(ta to)} a7

can be written in the form

c()_ c(tO) + Aoc(t)

ce(t tO) Ec,e(t’tﬂ)

(18)
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In Equation 18 the strain at time ¢ consists of two components. The first one is the

instantaneous strain at time #, due to the stress O'C(to). The other represents the

strain change due to the stress increment AG .(¢) in time interval f,...z.

5 LONG-TERM STRAINS AND STRESSES IN A
COMPOSITE SLAB

It is assumed that the falsework and moulds are removed after tensioning the
strands, and that the concrete remains uncracked during the tensioning process
and under working loads.

5.1 LONG-TERM STRAINS

Consider the long-term deformation of the composite slab cross-section. In

addition to the instantaneous strain €;(fg)=¢€¢(fp)+x(fp)y; due to the external

loads, strain due to the creep and shrinkage of the concrete, and to the relaxation
of the prestressing steel, arises in a prestressed composite slab. The non-
homogeneity of composite cross-sections makes the direct application of creep
and shrinkage models complicated. The steel neither creeps nor shrinks but rather
reduces the creep and shrinkage of the concrete.

As first approximation, the strain components are solved from

N = [odA = eo(t)i(j E:dA). +K(t)§:(j E;"ydA)_ (19)
i=1 ! i=1 !
M = [oyda = Eo(t)i (j E ydA)i +K(t)i ( [E ysz)l_ (20)
A i=1 i=1

where E* is the effective modulus and N and M are the normal force and bending

moment, respectively, due to the external loads including the prestressing force.
To simplify the calculations, it is assumed that the imposed loads are applied
immediately after tensioning.

Equations 19 and 20 ignore the shrinkage of the concrete and the relaxation of the
steel. They also overestimate the creep since the structural and reinforcing steel

16



reduce it. To take these effects into account, a correction term Agg(t) + Ak(?)y; is

added. The total strain is obtained from
ei(1) = [eo(r) +x )y ]+ [Aeo() + Ax ()] 21)

As an example, consider the shrinkage. Subscript ¢ refers to a force or moment
exerted to the concrete cross-section. The strain change due to the shrinkage is
calculated using superposition as follows (cf. Fig. 3):

1. Detach the concrete from the steel and allow shrinkage to take place freely in
the concrete.

2. Apply to the concrete section an extra normal force AN, and bending moment
AML, hereafter called virtual forces, that make the strain of the concrete equal
to the strain before shrinkage started.

3. Attach the concrete to the steel. Note that AN and AM_ are still respectively

pulling and bending the concrete cross-section. Replace ANC and AMC with an
equivalent system of virtual forces AN and AM, where AN acts along the
chosen reference plane of the composite cross-section.

4. Apply -AN and -AM to the composite cross-section.

i 5 Composite
Corcreteslab | o ° 00 : Cross-section
i 0 : AN
S L . -
Reference plane | .° § e
N\ My W DERELN
Steel profile : M AM

Fig. 3. Virtual forces AN, and AM, preventing free shrinkage and an equivalent
system AN and AM where the normal force acts along the reference plane of the
composite section.

The virtual forces are calculated from

17



Z (.[ E, (1,1 )dA)i
> (B elt.10)yan)

1

{g‘ﬁ}sh =g, ot tox . (22)

where €_,(1,,) is the free shrinkage in time interval #y...z (g_,(t¢t,) is negative

for shrinking and positive for expansion), E: ¢ 1s the effective age-adjusted

modulus and the summation is extended over the concrete cross-section. For the
creep, the method is similar. The virtual forces restraining the “free” creep are
obtained from

Z ( f E..( tO)dA)i 2 (J' E..( to)ydA)i
([ Ereltrolyaa) (B oltto)%an)

AN} —oltt
{AM creep (P( ’ 0)

e} e

Again, the summation is extended over the concrete cross-section. The strain at

time ¢, multiplied by @(%,1,) represents the “free” creep.

The forces restraining the strains due to the relaxation of the prestressing tendons
are calculated from

AN } { ApsAEpr }
= 2 24)
{AM rel ; ApsYpsAO pr |

where A,,.« Vs and AC pr are the cross-sectional area of tendon i, distance of

tendon ¢ from the reference plane of the composite cross-section, and change of
stress due to relaxation of tendon i. The summation is extended over all tendons.
Agg and AK can now be solved from

Asz.ch:AeOiU E:dA) +A1ci(j E;"ydA) (25)

i=1 i i=1 i

18



AM = [oydA = Aeoi ( [E ydA) + mci (j E ysz) (26)

i=1 i i=1 i

where

W= {ail,,,, ), * 1, &

Later on AN and AM, as well as their components due to creep, shrinkage and
relaxation, are called inner forces.

5.2 LONG-TERM STRESSES

When calculating the long-term stresses of the concrete, the strain obtained from

Equations 19 and 20 is multiplied by the effective modulus E* . The stresses due

to the virtual forces are calculated by multiplying the strain change

Aeq(7) + Ax(2)y; by age-adjusted effective modulus EC* e(t, to).

The present program version does not take into account the reduction of the
prestressing force due to the creep and shrinkage of the concrete. This has to be
modelled by reducing the initial stress.

6 NEW VERSION OF COMPCAL

6.1 GENERAL

The information given in the reports of Daniels [4] and Daniels & alii [5] are not
repeated here. In the new program version the same file names are used as in the
old one.

6.2 NODAL FORCES DUE TO INNER FORCES

Fig. 4 illustrates the nodal forces ANI and AMJ. in the FEM model due to the
inner forces AN and AM.

19



Positive direction Positive direction
of nodal forces of inner forces

Node j Element j Node j+1

Fig. 4. Nodal forces due to inner forces AN and AM.

Taking into account the sense of vectors results in the following nodal forces

AN; = ~[ANyeg, + ANy + AN |

J creep
AM;; = ~{AM,yp, + AMy, + AM | (28)

AN; =+[AN + ANy, +AN,e,]

7 creep

AM; 41 = +HAM¢yeep + AMyy + AM,, |

6.3 ADDED AND CHANGED MODULES IN COMPCAL
Fig. 5 shows the relation of the new program modules to the old ones. A new
main program COMPT has been written and the old main program MAIN is now

a subroutine.

Subroutine BALANCE calculates the vertical and horizontal loads due to the
tendon geometry and tendon forces using load-balancing method.

Subroutine TIMEC calculates the parameters which are independent of time.
Time-dependent variables are calculated in subroutine TIMEV.

Subroutine DFORCE determines the intermal forces, nodal forces and moments
due to creep, shrinkage and relaxation.

20



CALCULE
OUTPUT

—{TIMEV]

Fig. 5. Added and changed modules. Names of new modules are in bold type.

7 EXAMPLE: TWO-SPAN SLAB PRESTRESSED
WITH PARABOLIC TENDONS

The continuous two-span slab shown in Figs 6 and 7 is reinforced using 12 mm
bars and prestressed with unbonded parabolic tendons. The concrete is cast on a
0.9 mm thick profiled steel sheeting.

Live load (2500 N/m?)

Dead load (5800 N/m?)

[13] oce
* 4 |number
11200 11200

Fig. 6. Structural model.
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Nodal coordinates, loads, position, restraints and slip allowance are defined in file
NOMS, cf. Appendix A. The structure is subjected to uniform dead and live load.
Three supports are assumed, located at the 1st, 57th and 113th nodes. Neither slip
restraints nor concentrated connectors are used. Two different cross-section types,
A and B, are used. In A, reinforcement is located at the bottom, and in B is used
at the intermediate support, at the top of the slab.

/ 4 tendons Ap=150mm2 , clc 230 Symm. cross-section
N : K
! !
; @{ ® ® ® L ]240
i . - . i 18
VANV N W VB AR PO

§ — \¢12 c/c 200 | s L[
i 187.5 i i 46.5
K N 5

1000 i <
}
Concrete K40 8775 i
Profiled steel f,=350N/mm?, t=0.9mm
Reinforcement f,=500N/mm’ 93.75
Tendon St 1570/1770

Fig. 7. Cross-section. K refers to the cubic strength (150 mm cubes) and f, to the
yield strength.

Values defining cross-sectional and material properties are given in input files
NOM1, NOM2, NOM3 ja NOM4. The input file for cross-section type A is
shown in Appendix B. The profile is modelled with seven cut heights. Values for
concreted and free edge of the profile are listed in Table 2. In mid-span and at the
intermediate support, reinforcements ¢ 12 c/c 200 and ¢ 12 c/c 100 are located at
a distance of 44 mm and 204 mm from the bottom fibre of the slab, respectively.

22



Table 2. Coordinates defining the free and concreted edges of the profile (cf. Fig. 7).

Free edge Concreted edge
Node X [mm] y [mm] Node X [mm] y {mm]

1 0 0 1 0 0

2 87.8 0 2 0 0.9
3 80.8 41.5 3 86.9 0.9
4 75.8 41.5 4 79.9 40.6
5 75.8 46.5 5 74.9 40.6
6 93.8 46.5 6 74.9 474
7 93.8 474 7 93.8 47.4

Material properties of the concrete, reinforcing steel and profiled steel are given
in Fig. 8. The uniform connection between profile and slab is obtained using
small scale tests. In the program, slip-shear stress behaviour is modelled by ten
points as described Daniels & alii [5]. Initial deformations are calculated using the
test model. Due to some convergence problems, long-term deformations are
calculated assuming that the uniform connection is very stiff. This should not
affect the calculated deflections, because the slip in a slab subjected to service
loads is very small.

4 G[N/mmz] A G[N/mmz] 1;G[N/mm2]
500 1T :
A— 210000 350 —1 ;
0.350.2 =2.0 08041/ 1 ; 4 A'— 210000
| [l » l I\ i » 1 i »
T d T T 1 1 t >
; e[%] 14 €[%] 1250 25 E[%]
A: 31623 :
1] 28 T 500
a) Concrete b) Reinforcement c) Decking

Fig. 8. Stress-strain relationship of materials.

The tendon geometry is depicted in Fig. 9. The initial stress after tensioning is
O po = 1266.7 N/mm’. The program ignores the friction between the tendon and

the duct.
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AN\ I I \\%ﬁ t ' ANV
' A |
I L ‘ |
L1 ‘ L2 ' L3 | 13 L2 | Lt
parabola ° Darabola—narébola| parabola—parabola | parabola
Field 1 ! Field 2 Field 3 Field 4
L1 L2 L3 h hl h2 h3
Length{mm] 5600 5300 300 240 115 40 200

Fig. 9. Tendon geometry.

The tendon information is written in input file FILE9 illustrated in Appendix C.
The tendon geometry is divided into four fields and for each field the end nodes,
geometry type and possible intermediate nodes are given. Location of the tendon
is given at the end nodes. The program calculates the coordinates at other points.
In Table 3 the tendon geometry is given as written in FILE9.

Table 3. Input data for tendon geometry.

End node Tendon | Mid-point | Location at end nodes
Field | Leftend | Rightend | geometry | 1st | 2nd | Leftend | Right end
1 1 29 B 29 0 115 40
2 29 57 E 55 0 40 200
3 57 85 E 59 0 200 40
4 85 113 B 1131 0 40 115

Input file NOM?7 contains all internal constant values used in the program. They
are described by Daniels & alii [5]. An example is shown in Appendix D.

The calculated results are saved in output file NOMS6, see Appendix E. Execution

of the program will be terminated if large displacements are indicated, axial
stiffness of the slab or profile becomes equal to zero, or the number of iterations
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exceeds the maximum value given in file NOM7. The following list documents a
COMPT session for the example.

COMPT

INPUT [2.10] FILE CONTAINING BEAM PROPERTIES
BEA2-12H.DAT
INPUT [2.10] FILE CONTAINING TENDON PROPERTIES

TEN2-12P.DAT

INPUT [2.20] FILE CONTAINING CONSTANTS
CONST2.DAT

INPUT [3.10] FILE CONTAINING BEAM RESULTS
RES.DAT

INPUT [{4.00] TITLE (title of program run)
5.5.1996, EXAMPLE OF L=2*11200
INPUT [5.00] L.L. FORCE FACTORS, C1,C2

1.,0.
INPUT [6.00] L.L. MOMENT FACTORS, C3,C4
0.,0.
VALUES OK (0=0K, INPUT FALSE INPUT # 1...6)
0
INPUT RELATIVE HUMIDITY
70.
INPUT # OF TIME STEPS
5
INPUT POINTS OF TIME IN DAYS, TI=PRESTRESSING
Tl=
3.
T2=
30.
T3=
180.
T4=
360.
TS5=
1800.
INPUT FILE CONTAINING 1st PROFILE PROPERTIES
HOL2409J.DAT
INPUT # OF DIVISIONS FOR 1st PROFILE
(cr=10 NOTE: NSP must be between 2 and 99)
10
INPUT FILE CONTAINING 2nd PROFILE PROPERTIES
HOL24T9J.DAT
INPUT # OF DIVISIONS FOR 2nd PROFILE

(cr=10 NOTE: NSP must be between 2 and 99)
10
INPUT FILE CONTAINING 1st SLAB PROPERTIES
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HOL2409).DAT
INPUT # OF DIVISIONS FOR 1st SLAB
(cr=10 NOTE: NSP must be between 2 and 99)

10
INPUT FILE CONTAINING 2nd SLAB PROPERTIES
HOL24T9J.DAT
INPUT # OF DIVISIONS FOR 2nd SLAB
(cr=10 NOTE: NSP must be between 2 and 99)
10

The calculated deflections are shown in Figs 10-12. In Fig. 10 two curves with
two different values of prestress are depicted. Such parametric studies are
necessary since the present program neither takes into account the increase in the
tendon stress due to the deflection nor the decrease due to the creep and shrinkage
of the concrete. For example, when simulating a loading test, the curve with
initial prestress is followed until the concrete cracks in flexure. Thereafter, the
curve with a higher prestress (corresponds to increased stress in the tendon) is
closer to the real behaviour.

Dead load 5800N/m? + live load

8000 —

/
& ./‘/

6000 Pt " .
§ Initial stress in
'é' 4000 tendon
8 —o— 1267Nmm2
[]

2 2000 —m— 1400N/mme
0
10 0 10 20 30 40 50 60
def. [mm]

Fig. 10. Initial deflection of slab.

The load-deflection curves shown in Figs 11 and 12 are calculated using initial
prestress equal to 1267 N/mm’.
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Dead load 5800N/m?
Node
Vo] [s2]
~ wn [y] - D ~ [T [2d g [2] ~ o -
- [=2] - [9Y) (3] < <t wn (=] ~ w© -] (<] - -
-1
0
1 13 —e&— 3 days
_ 27 —— 30 days
3 +
E sl —a— 180 days
@ 51 —»— 360 days
o
61 —%— 1800 days
7 4
8 +
9

Fig. 11. Deflection of slab due to dead load 5800 N/m'.

Dead load 5800N/m? + live load 2500N/m?
Node

M~ 0
n o

105
113

N W 0 - O M - O i~
- N O T < ~ © o o

—eo— 3days
— —&— 30 days
g —a— 180 days
G —»— 360 days
o

—»— 1800 days

Fig. 12. Deflection of slab due to dead load 5800 N/m’ and live load 2500 N/m’ .

8 DISCUSSION

A method for analysing the long-term behaviour of post-tensioned composite
slabs has been proposed and programmed. The well-known load-balancing
method has been applied when modelling the effects of post-tensioning.

An example of use of the program is presented. Due to missing experimental data,

the analytical long-term deflections could not be compared with the test results. In
this sense, verification of the program has been purely formal.
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In addition to clarification of the present version of the computer code, the
following improvements should be considered when developing the program
further:

1.
2.
3.

Effect of creep and shrinkage on loads due to tendon forces

Effect of deflection on the stress of tendons when the concrete is cracked
Free choice of the tensile strength of concrete. At present the tensile
strength cannot be given as data.

Thorough testing of the program.
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APPENDIX A

FILE NOMS: NODAL INFORMATION, SLIP ALLOWANCE AND SHEAR
CONNECTION. :

1) TITLE OF DATA FILE
EXAMPLE FOR COMPOSITE SLAB (L=2*11200), DL=5800N/m2

2) NUMBER OF NODES
113

3) Y-COORDINATES OF NODES , DX=200mm

0.000000000E+00 0.200000000E+03 0.400000000E+03 0.600000000E+03 0.8000000C0E+03
0.100000000E+04 0.120000000E+04 0.140000000E+04 0.160000000E+04 0.180000000E+04
0.200000000E+04 0.220000000E+04 0.240000000E+04 0.260000000E+04 0.280000000E+04
0.300000000E+04 0.320000000E+04 0.340000000E+04 0.360000000E+04 0.380000000E+04
0.400000000E+04 0.420000000E+04 0.440000000E+04 0.460000000E+04 0.480000000E+04
0.500000000E+04 0.520000000E+04 0.540000000E+04 0.560000000E+04 0.580000000E+04
0.600000000E+04 0.620000000E+04 0.640000000E+04 0.660000000E+04 0.680000000E+04
0.700000000E+04 0.720000000E+04 0.740000000E+04 0.760000000E+04 0.780000000E+04
0.800000000E+04 0.820000000E+04 0.840000000E+04 0.860000000E+04 0.880000000E+04
0.900000000E+04 0.920000000E+04 0.940000000E+04 0.960000000E+04 0.980000000E+04
0.100000000E+05 0.102000000E+05 0.104000000E+05 0.106000000E+05 0.109000000E+05
0.110000000E+05 0.112000000E+05 0.114000000E+05 0.115000000E+05 0.118000000E+05
0.120000000E+05 0.122000000E+05 0.124000000E+05 0.126000000E+05 0.128000000E+05
0.130000000E+05 0.132000000E+05 0.134000000E+05 0.136000000E+05 0.138000000E+05
0.140000000E+05 0.142000000E+05 0.144000000E+05 0.146000000E+05 0.148000000E+05
0.150000000E+05 0.152000000E+05 0.154000000E+05 0.156000000E+05 0.158000000E+05
0.160000000E+05 0.162000000E+05 0.164000000E+05 0.166000000E+05 0.168000000E+05
0.170000000E+05 0.172000000E+05 0.174000000E+05 0.176000000E+05 0.178000000E+05
0.180000000E+05 0.182000000E+05 0.184000000E+05 0.186000000E+05 0.188000000E+05
0.190000000E+05 0.192000000E+05 0.194000000E+05 0.196000000E+05 0.198000000E+05
0.200000000E+05 0.202000000E+05 0.204000000E+05 0.206000000E+05 0.208000000E+05
0.210000000E+05 0.212000000E+05 0.214000000E+05 0.216000000E+05 0.218000000E+05
0.220000000E+05 0.222000000E+05 0.224000000E+05

4) VERTICAL SUPPORTS (0.=NO, 1.=YES)

0.100000000E+01 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00C 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.0000600000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E-+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.100000000E+01 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.100000000E+01

5) ROTATIONAL SUPPORT (0.=NO, 1.=YES)
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
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0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.0000000C0E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E-+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E~+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E~+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00

6) SLIP AT INTERFACE (0.=SLIP ALLOWED, 1.=NO SLIP)

0.000000000E+00 0.000000000E+00 0.000000000E+00C 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E~+00 6.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E-+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00

7) NODAL DEAD LOADS (5800N/m2)
0.580000000E+03 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.1 16000000E+04



0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04 0.116000000E+04
0.116000000E+04 0.116000000E+04 0.580000000E+03

8) NODAL DEAD LOAD MOMENTS

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.0000000C0E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E~+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E~+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00

9) INITIAL NODAL LIVE LOADS (2500N/m2)

0.250000000E+03 0.500000000E+03 0.500000000E-+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E-+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03 0.500000000E+03
0.500000000E+03 0.500000000E+03 0.250000000E+03

10) INITIAL NODAL DEAD LOAD MOMENTS
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0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.600000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E~+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000006E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00

11) INITIAL NODAL VERTICAL DISPLACEMENTS

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00C 0.000000000E~+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00

12) INITIAL NODAL ROTATIONS
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+-00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
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0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.060000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00

13) PROFILE CROSS-SECTION TYPE (0.=TYPE "A", 1. =TYPE "B")
0.000000000E-+00 0.000000000E~+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.600000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.600000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.100000000E+01
0.100000000E+01 0.100000000E+01 0.100000000E+01 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E-+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+-00
0.000000000E+00 0.000000000E-+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E~+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.006000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00

14) SLAB CROSS-SECTION TYPE (0.=TYPE "A", 1.=TYPE "B")

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.00000C000E+00 0.0000000C0E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E-+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.060000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.100000000E+01
0.100000000E+01 0.100000000E+01 0.100000000E+01 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.00000C000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000060E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E~+00 0.000000000E+00
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15) LOCATION OF ADDITIONAL SHEAR CONNECTION (0.=NO, 1.=YES)
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E-+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E~+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.060000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E-+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E-+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E~+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00
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APPENDIX B

INPUT FILES NOM1, NOM2, NOM3, NOM4: SECTIONAL AND MATERIAL
PROPERTIES.

1) TITLE OF DATA FILE
HOLORIB-2000, t=0.90mm, h=240mm, jaykk

2) TYPE OF CONCRETE
EC2

3) VALUES DEFINING CONCRETE STRESS-STRAIN BEHAVIOUR(K40)
0.280000000E+02 0.316230000E+05 0.000000000E-02 0.200000000E-02 0.350000000E-02
0.000000000E+00

4) VALUES DEFINING REINFORCEMENT STRESS-STRAIN BEHAVIOUR (500MPa)
0.500000000E+03 0.210000000E+06 0.800000000E-02 0.400000000E-02 0.140000000E+00

5) VALUES DEFINING TENDON STRESS-STRAIN BEHAVIOUR (1570/1770)
0.157000000E+04 0.210000000E+06 0.800000000E-02 0.400000000E-02 0.140000000E+00

6) VALUES DEFINING PROFILE STRESS-STRAIN BEHAVIOUR (350MPa)
0.350000000E+03 0.210000000E+06 0.400000000E-01 0.300000000E-02 0.250000000E+00

7) Wtot,Wsym,Ws, Hpt,Hpl,Htt,Htl
0.100000000E+04 0.937500000E+02 0.159300000E+03 0.473200000E+02 0.000000000E+00
0.240000000E+03 0.820000000E+00

8) # OF CUT HEIGHTS FOR THE PROFILE
7

9) X, Y COORDINATES OF CONCRETED EDGE OF PROFILE
0.000000000E+00 0.000000000E+00 0.869300000E+02 0.799300000E+02 0.749300000E+02
0.749300000E+02 0.937500000E+02

0.000000000E+00 0.820000000E-+00 0.820000000E+00 0.406800000E+02 0.406800000E+02
0.473200000E+02 0.473200000E+02

10) X, Y COORDINATES OF UNCONCRETED EDGE OF PROFILE
0.000000000E+00 0.877500000E+02 0.807500000E+02 0.757500000E+02 0.757500000E+02
0.937500000E+02 0.937500000E+02

0.000000000E+00 0.000000000E+00 0.415000000E+02 0.415000000E+02 0.465000000E+02
0.465000000E+02 0.473200000E+02

11) # OF CUT HEIGHTS FOR REINFORCEMENT
2

12) INDIVIDUAL CUT HEIGHTS FOR REINFORCEMENT
0.380000000E+02 0.500000000E+02

13) REINFORCEMENT AREA/Wsym BETWEEN CUT HEIGHTS (12k200)
0.530000000E+02

16) SLIP VALUES FOR PROFILE-SLAB INTERFACE (0.9mm)

0.000000000E+00 0.002000000E+00 0.400000000E+00 0.600000000E+00 0.800000000E+00
0.100000000E+01 0.120000000E+01 0.140000000E+01 0.500000000E+01 0.180000000E+02
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17) SHEAR-STRESS VALUES FOR THE PROFILE-SLIP INTERFACE /Wsym)
0.000000000E+00 0.130000000E+10 0.190000000E+10 0.230000000E+10 0.270000000E+10
0.300000000E+10 0.340000000E+10 0.360000000E+10 0.360000000E+10 0.000000000E+00

18) SLIP VALUES FOR CONCENTRATED CONNECTION
0.000000000E+00 0.000000000E+00 0.0000060000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00

19) FORCES FOR CONCENTRATED CONNECTION

0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
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APPENDIX C

FILE FILE9: TENDON INFORMATION

Pk sk s sk sk skok sk sk sk skokokokskok kokeskokskokok sk kokok sk k! f

"* INPUT FILE TEN2-12P.DAT *'/

ook ok ok Rk ok K o ok o sk Kok kR stk sk sk ko ok

'TITLE OF DATA FILE [FILES]'/
'2-SPAN-SLAB L=11200, PARABOLIC TENDON' /
'CROSS-SECTION AREA [TR] (mm2)'/
652.174 /

'INITIAL STRESS IN TENDON [SIGMA(0)] '/
1266.667 /

'# OF TENDON FIELDS [NFJ'/

4/

'TENDON GEOMETRY"/

1,29,B',29,0,115,40 /

29,57,'E',55,0,40,200 /

57,85,'E',59,0,200,40 /

85,113,'B',113,0,40,115 /
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APPENDIX D

INPUT FILE NOM7: INTERNAL CONSTANT VALUES

CONTROLLING CONSTANTS FOR PROGRAM DOC21

0.002000000E+03
10
0.500000000E+03
0.200000000E+01
20
0.100000000E+04
0.100000000E+00
0.100000000E+01
0.000000000E+00
5
0.100000000E+03
0.200000000E+01
15
0.100000000E+03
0.200000000E+01
15
0.100000000E+03
0.100000000E+02
6
0.100000000E-06
0.100000000E-06
0.100000000E-06
0.100000000E-06
0.100000000E-06
0.100000000E-06
0.100000000E+03
0.100000000E+03
0.100000000E+03
0.100000000E+03

SUBROUTINE IN WHICH
CONSTANT IS USED

MAIN
MAIN
MAIN
MAIN
XMOM
XMOM
XMOM
XMOM
XMOM
PROP
PROP
PROP
PPROF
PPROF
PPROF
PROPS
PSLAB
PSLAB
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

CILOAD
KIMOM
CIMOM
C2MOM
K1SLIP
CISLIP
C2SLIP
C3SLIP
C4SLIP
K1PH1
CIPH1
C2PH1
KI1EIP
CIEIP
C2EIP
KI1EIB
CIEIB
C2EIB
Ki1XM
CIXM
C2XM
C3XM
C4XM
C5XM
C6XM
C7XM
C8XM
COXM
Ci0XM

NAME AMD ACTION
OF THE CONSTANT

D1

MAX. NUMBER OF LOAD LEVEL

MAX. # ITT. TO FIND MOMENTS
MAXIMUM ABS COMPONENT MOMENT
MAXIMUM % CHANGE OF COMP.MOMENT
MAX. #ITT. TO FIND SLIP

MAX. ABS CHANGE OF INT. FORCE
MAX. % CHANGE OF INT. FORCE

% ALLOWED ABOVE MAXIMUM MOMENT
(RESERVE)

MAX. #ITT. TO FIND CURVATURES
MAX. ABS CHANGE OF MOMENT

MAX. % CHANGE OF CURVATUE

MAX. # ITT. TO FIND EIP

MAX. ABS CHANGE OF EIP

MAX. % CHANGE OF EIP

MAX. # ITT. TO FILE EIB

MAX. ABS CHANGE OF EIB

MAX. % CHANGE OF EIB

NUMBER OF SIGNIFICANT DIGITS
MINIMUM VALUE OF MOMENT
MINIMUM VALUE OF SHEAR

MINIMUM VALUE OF AXIAL FORCE
MINIMUM VALUE OF ROTATION
MINIMUM VALUE OF DISPLACEMENT
MINIMUM VALUE OF SLIP

MINIMUM VALUE OF Elp

MINIMUM VALUE OF EAp

MINIMUM VALUE OF Elb

MINIMUM VALUE OF EAb
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