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ABSTRACT

EFFECT OF PRESTRESS FORCE ON SLENDER
ELEMENTS

Hamid Mobasher - Fard

The results of an experimental investigation of the behavior and the
compression strength of slender steel tube under prestressing force are described.
Scrics of tests were conducted using 20 feet (6.09 m) long straight or circularly
bent steel pipes of 1.315 inches (33.4 mm) and 1.9 inches (48.3 mm)
cxtcrnal diameter. Prestressing tendons were passed through the pipes and
anchorage devices werc placed at both ends allowing to introduce prestressing force

by means of a jack.

Separate tests were conducted on test samples  (hoth straight and curved)
where tendons were looscly passing through pipes interior and on samples where
tendons were provided with rings spaced at intervals of 1.0 feet (30.5 cm) and
1.5 feet (45.7 cm) securing almost concentric position of tendons in pipes interior
or limited eccentricity ¢=1/35 of 1.315in. and e¢=1/50 of 1.9in. diameter
of pipe. The relaxation and its effect on the prestressed pipe made of regular steel

was also measured by testing regular steel bars #3 and  # 4 under tensile load.
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NOTATION

Ay - Net cross sectional arca of bar

A, - Net cross scction arca of tendon

A - Total cross section arca of the member
Co - Cost of an prestressed bar

Co - Total cost of an ordinary stecl structure
¢ - Cost of an prestressing cable strand

¢ - Eccentricity

Evr Bt modulus of clasticity

f - Stress at failure

£ - Concrele compression capacity

fyps fyr . yicld strength of the bar and tendon matcerial respectively
£, - Rupture strength of the cable strand

I - Moment of incrtia of the section

L - Length of the member

M - Moment

P - Prestressing load

R - Radius of bent pipe

S - Section modulus

S

-

- Prestreiching load (load transfer to the structure after cutting

the cable)
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CHAPTER 1

INTRODUCTION
1.1 - GENERAL

New concepts of prc-or post-tensioning of steel clements are being developed
for use in strengthening of cxisting or design of new structural systems. The
stability and behavior of such clements under cffect of tensioning may be of
concern particularly in slender elements made of hollow (tubular) square or round

Cross sections.

Such clements may be cconomically and structurally attractive in use {or
tensilc truss members, stays or suspension cables made as combination of high
strength steel tendon (cable) and normal strength tube, and also may be used for

prestretched (opposite to prestressed) concrete beam or column.

Beam and column can be prestretched by using prestressed tube as
reinforcement steel in the compression zone. After casting the concrete and during
or under service load the prestressed load will relics, in order to transfer tension
stresses in to the compression zone. FIG. 1.1 shows prestressed, prestretched

concrete beam and column.

1.2 - MEMBER IN AXIAL TENSION AND
COMPRESSION
Steel bars arc prestressed intended for large tensile loads. Prestressed
members are composed of a rigid bar from a mectal of ordinary strength and a

tendon from high - strength stecl.



(o]

a

UWNjod 3Ja12U0d paydxeNsILy (q

wedq 33210uU0d aYy) uo peoj 3urydrjaaisasd
pue duissaaisaad Jo 10359 ayj jo uonesjsuowdq (¢ [ I'HIA

(e
\I/ — —_— . e \/
/ — - - - - = \
| - - . . - . -
) VN
3 | \
1S Alvym
~ — -

7
3 / - - - - = \
‘ - -— -~ - —-— -

\ VN

-~

e e T




Throughout the Iength of the member the rigid bar is connected to the tendon
by diaphragms which censure the stability of the bar in the course of prestressing.
The bar rests by diaphragms upon the tendon and remains straight under

compressive load.

When the member is under tension (service load) as initially the compressive
stresses in rigid bar arc canceled out then the whole section (bar and cable) both are

acting in tension.

Also stays or suspension cables made from a combination of regular or high
strength steel bar and high strength steel cable will be economically and technically

with advantagcous in compare to tensile cable only.

As the usc of high - strength stecl in members in teasion is more
advantageous than that of ordinary stecls, it is good practice to raise the presiressing
load factor in order to transfcr most passable load to the bar temporarily and finally
to both the tendon and the bar. It is advisable to make the cross section of the bar
symmetrical with respect to main axes of incrtia FIG 1.2 shows types ol cross

section of bars with tendons.

Cross sections of bars may be cither open or closed, in closed cross scction
bars the installation of diaphragms is always problem, and thercfore, this type of
section is suitable for shorter bars which require no reinforcing diaphragms, but as
it is going to show in chapter 4 by testing a slender pipe and using diaphragms
connected to the tendon and inscried in to the pipc we were able to prestress long

and slender pipe. By open scction the diaphragms arc welded into a cross scction as



transversal sheets with holes for passing the tendons.

The gaps between the edges of holes and tendon strands should be the least
possible, but should allow free longitudinal motion of the tendon as it is being

tensioncd, to avoid any substantial friction at the points of contact.

It has to be noted that by stretching the tendon the diameter of tendon become

thinner and the gap will increase.

Tendon Bar/

S
lo | ol
4
2ol
|

|
|
— __..__(I)_,._
|
@)
-1~

|
O |

Io!l
I

F1G. 1.2. Types of cross section of bars with tendon



CHAPTER 2

PRECOMPRESSING AND PRESTRETCHING SYSTEMS
AND THEIR ADVANTAGES

2.1 - INTRODUCTION

The precompressing and prestretching methods have been used to improve the
load capacity of the scction in steel and concrete structures. In steel structures by
precompressing the tension members we arc able to reduce the cross section arca of the

members from the view-point of lesser stecl consumption and cost of structure.

Also by using precompressed steel bars in concrete column or beam and
transfering the existing stresses in the bars to the concrete alter releasing the wire, it is
possible to increasce the load capacity of the scction, when we are prestreiching the

concrete matcerial.

2.2 - PRECOMPRESSING THE TENSION MEMBERS OF
TRUSSES
By location of tendons and their effect upen the behavior of the structure,

prestressed trusses may be divided into two main types :

a - Trusses whercin tendons arc located within the limits of the most
stressed bars (FIG. 2.1.a) to prestress these bars only .
b - Trusses in which tendons arc located throughout or part of the span to

prestress several or all of the truss bars (FIG 2.1.b).
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FIG. 2.1. Prestressed trusses a) prestressed single member
b) prestressing the bottom chord

In trusses of the first type, each bar is stressed in compression by its
individual tendon. Prestressed trusses of this type are cffective for both large spans
and loads. The bars are prestressed in the course of fabrication or during pre -

assembly at the erection sitc.

Each of the prestressed bars may provide a saving on metal of about  40to
45% , but the economy of metal as regards the whole of the truss is 8 to 10%,
and that of the cost, 61010 %. The greater both the span and the load upon the

truss, the larger the obtainable economy.



2.3 - STAYS AND SUSPENSION CABLE SYSTEM

A combination of ordinary or high - strength stecl tube with cable may be
required to build tendon brariches for long members of several lengths of wire rope

or bars.

It can be also a compositc of stecl pipe and carbon tendon which is more
resistible for tension load and much lighter than the high - strength steel cable.
The joints are required in casc of insufficicnt length from the tendons material or
any strong materials. FIG. 2.2 shows types of joints of members in tension,
The material can be joined together at the end or by the end diaphragms. The ¢nd
plates should bc adequatcly thick to resist deformation under the action of

concentrated forces from the branches of the tendon.
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2.4 - PRESTRETCHED CONCRETE COLUMN

Concrete columns can pretensioned with using compressed high strength steel
tubes. In conventional prestressed concrete construction, the wire is tensioned (o

precompress the concrete in which applicd load would otherwise cause tensile

stress.

In prestrciched (pretensioned) concrete column which now being considered
the column will be pretensioned with compressed high strength stecl tubes, each of
the tube with a wirc passing through it, bonding the tubes to the concrete and by
relcasing the wire pretension or stretching the concrete. If the bond is succeed the

tube retains a reduced amount of compression in itself.

Billig (2 ) suggested the usc of onc large central steel tube concrete column in
his investigation a column (f; = 5500 Ib/ in.2) was constructed which the high
strength steel, with a maximum tensilc strength of 230 000 Ib/ in.2, was in the
form of four tubes per column of 5/16 in. and cach tubc was stressed with 0.214

in. prestressing wirc.

The column was 3.0 in. square and 35.0 in. long. Its behavior under
compressive load was compared with a simple column reinforced with four

unstressed tubes, a typical load - strain curve being shown in FIG 2.3 .

In practice, tension should not be allowed in the concrete and this can be

avoided by releasing the wires only after sufficient external load has been applied to
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the column. In the test a load of 20 Kips was applied to the column, the
temporary wires were released and the concrete compressive strain fell down. The
collapse load was 58 000 Ib compared with 43 700 Io for the non-pretensioned

column.

The increase in the strength of 14 300 Ib produced by pretensioning the
concrete was somewhat greater than the pretensioning force 11 500 Ib. The
pretension can be applied to the concrete beam also in order to increase the strength

of the section.

Concrete strain °*/o
1 016 0-12 0-08 004 0

X

Legend

o observed values

10
’A
’
/
. /
Compression .
@ ,!Vtres 20 g_
released 3
completely
&
Column with +30 v
unpretensioned -g
tubes Column M

4 —pretensioned
with  compressed

tubes 40

FIG. 2.3 Load - strain curve from: prestretched column
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2.5 - PRESTRETCHED CONCRETE BEAM

Beam can be prestretched by using regular or high strength prestressed steel
tubes as reinforcement steel in the compression zone, also concrete beam can be
prestressed - stretched by using cable in tension zone and prestressed steel tubes in

the compression zonc.

The stresses imposed on the member due to prestretching or prestressing -
stretching are of opposite dircction to those imposed by service load, that is the
cable force normally causcs small tension stresses in the top fibre and large
compressive stresses in the bottom fibres and also the prestressed tubes alier
releasing causes tension force in the compressive fibre and compression force in the

tension zone of the beam.

While the superimposed dead and live load which are to be carried by the
beam cause tension stresses in the bottom fibers and compressive stresses in the top
fiber. FIG. 2.4.1 shows siress diagram from prestressed - stretched beam and
FI1G.2.4.2 shows stress diagram from prestretched beam, and for comparison,
stress diagrams from prestressed and normal reinforce concrete beam has been

shown.

The prestressing cable will be relcased after the dead or even part of the live
load has applied, the stresses in the prestressed bar mostly will be transfered to the
compression zone of the concrete beam and forcing this zone to act in carly loading

in tension.
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Stress diagram from prestretched concrete beam

Stress diagram from reinforced concrete beam

+

Dead load

+

Live load

13

\

prestretching

+
Dead load

+

Live load

Total

+
Total

F1G. 2.4.2 Stress diagram from prestretched and normal reinforced

concrete beam
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2.6 - THE RATIO OF THE PRESTRESS LOAD TO THE
STRENGTH OF THE BAR

The limit state of the member in tension is when the stresses in the rigid bar
and in tcndon attain valucs cqual to design strengths of their materials. It is evident
that the bar cross scction arca decreascs as the prestressing force increases and

instate the tendon cross scction arca increases.

Obviously, the ratio of the prestress to the design strength of the rigid bar

f may rancge from 0 to 1. Thus, by raising the value of the prestress it

b/ fyn
becomes possible to transmit the greater part of the load to the tendon and to make
lighter the cross scction of the rigid bar . Also, as the use of high - strength steel in
mcmbers in tension is morc advantageous than that of ordinary steels, it is good

practice to raise the prestress valuc in the bar.

2.7 - ELONGATION IN PRESTRESSED MEMBER

Let us deduce and consider the formula that expresses the ratios of the
clongation of prestressed member  A;  to the elongation of a non - prestressed

member Ay

fp )
—2-4+1lm
A = ([‘_‘ j'__l_‘YP_) !I::L = i&E,___ (2.1)



+1 (2.2)

‘Where:

fv = Value of design prestress in the rigid bar
o - Design strength of the bar material
I =Length of the member
Ev, Et = Modulus of clasticity of the bar and tendon respectively

fype = Design strength of the tendon matcerial

—

n]:._Fﬂ_ k
E, ’

s
—_

—
o

In formula (2.1) the non - prestressed member is assumed to be from the
material of the tendon  Aj,=(f I/ E;) and in formula (2.2), from the material

of the rigid bar ~ Ajo=({y!/ Ep).

It can readily be inferred from diagrams FIG. 2.5 plotted to formulas (2.1)

and (2.2) that the ratio &1 /Aio grows in magnitude with the prestressing force.

When the elongation of a prestressed member is compared to the elongation of
a member made fully of thc material of the tendon formula (2.1) one should note a

much lesser deformation valuc.
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Thus, for k=5 the elongation of a prestressed stecl member is not greater

than 40% and for k =10, is not greater than 20% of the elongation of a non -

prestressed member.

2.0
1.6 /
/‘/
t 1.2
0.8
=]
4l &
0.4 el k=5, m=1
=+ | __ d- ~-k=10,m=1
0.0 -
0.0 0.2 0.4 0.6 0.8 1.0
S
fyb
£l 1
—for A, =-% S for A, =-Y%!
lo Eb lo Et

FIG. 2.5. Dependence of the ratio of elongation of a prestressed
component to a non - prestressed component on
parameters, K and m
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If the comparison is made with regard to a non - prestressed member from the
malcrial of the rigid bar formula (2.2), it may be noted that, when the tendon is
made of any high - strength steel, the elongation of a prestressed bar cannot exceed
by more than twice the clongation of non - prestressed member. The clongation of
this prestressed bar is not alfected by the values of the design strength and of

modulus of elasticity of the tendon.

If the comparison madc between high-strength steel cable which is used in
stayed or suspended bridges and prestressed member from the same tendon
malerial, the prestresscd member will be more cffective in the course of clongation

duc to scrvice load.
2.8 - ECONOMIC ADVANTAGE

The economic effectiveness of a prestressed member is determined by ratio of

total cross sectional arca of the member or its cost to respectively cross sectional

A C

arca “*oand cost ~o of thc member fabricated from an ordinary material without

prestressing.

W, = ’ﬁl{;@—' (2.3)
Where: Ao=’£°—‘ (2.4)
fyb

Tiot = Total external tensile load
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When considering the ratio of cost of an ordinary steel structure to that of a
pre stressed one:

Y3 G+ Gy (2.5)
Co

Formulas (2.3) and (2.5) were used to plot the diagrams FIG. 2.6 and 2.7
which show that it is advantageous to increase the prestressing force from the

vicw-point of both lesser stecl consumption and cost of structure.

% 100
Ny
AN
N
~ Ok -
N~
60 < -
~ -
\\_ \‘—k=5,m= .8
S — — —J k=10, m=0.8
. 40
=3
20
0
0.0 0.2 0.4 0.6 0.8 1.0
fo
fyb —

FIG. 2.6. Mass of a prestressed component in percent of the mass of
non - prestressed component
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FIG. 2.7. Cost of a prestressed component in percent of the
cost of a non - prestressed component



CHAPTER 3

THEORETICAL ANALYSIS

3.1 - INTRODUCTION

The stability of bars in course of prestressing was studied theoretically and
cxperimentally in the former sovict union and other countries. The majority of these
investigations were conducted on prestressed reinforced concrete structures, but the
main regularitics that have been cestablished apply to prestressed metal as well The
calculation of the stability of a prestressed bar is based on the general regularitics

that govern the work of the bar against buckling.

3.2 - STABILITY OF BARS DURING PRESTRESSING
BY TENDON

Let us consider a bar prestressed by a tendon located inside the bar along its
center of gravity and touching the bar at separate points. The contact points allow
common deformations of the bar and the tendon in the transversal directions and

their independent deformations in the longitudinal direction.

Let's consider the Euler's backling theory in a bar without tendon axially
compressed at pin-end, FIG. 3. 1.a), and compare it with a member which was in
contact points with its tendon at three intermediate places and prestressed, FIG.

3.1.b).
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N\ .

a)

FIG. 3.1 Typical buckling in member a) compressed at pin - end
b) compressed by prestressing force,with three
intermediate contact points

Member with three contact points has critical Euler's force 16 times greater
than the first case. In other words if a member is in contact with its tendon at (n-1)

2
intermediate points, the Euler critical load willbe ®  times greater.

Therefore the bar which has been contacted in infinite number of points can

not lose its stability and the value of the limit force in the tendon is determined by

the strength of the bar.
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P=f,, A, 3.1

Where:

P = prestressing load
fyn < specificd yicld strength of the material

Ap = net cross-scction arca of stressed member

A loss of stability of the bar in the course of prestressing is due to the loss of
stability of its individual Icngths between the points of contact of the bar to the
tendon. The tests described in chapter 4 were conducted in order to verify the
above statement. Figures 3.2 and 3.3 shows stressing cable with diaphragms

before inserting in to the pipe.
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EXPERIMENTAL PROGRAM OF PIPE TEST

CHAPTER 4

4.1 - INTRODUCTION

The program included test in four series, of structural pipe with different
tendon configurations. The first and second series consist of straight and bend (R

= 144 in.) pipes of 1.315 and 1.9 inches outside diameter with using diaphragms

FIG. 4.1 and 4.2 shows test models.

2
/\ 1
i / f
L I
6 80 80 L 80
1
240
Length of the pipe

FIG. 4.1. Test model as seen in plan, concentric tendon in straight
pipe 1 - pipe 2 - supports 3 - load cell 4 - anchor

5 - endplate 6 - jack 7 - tendon



25

FIG. 4.2. Test model as seen in plan, concentric tendon in bend pipe
1 - pipe 2 - supports 3 - load cell 4 - anchor
5 - endplate 6 - jack 7 - tendon

Ring - type diaphragms devices spaced at 1.5 feet (457.2 mm) intervals in
larger size and 1.0 feet (304.8 mm) in smaller size were used to secure concentric
position of tendon in pipes. The third and fourth series included pipes without
diaphragms means tendons were loose and were able to position themselves with
eccentricity, with maximum cccentricity when tendons were thatching the pipe wall.
FIG. 4.3 and 4.4 shows the position of tendon in both sizes of pipc tested with

and without using diaphragms and the possible eccentricity of the tendons.
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4.2 - MATERIALS
4.2.1 - STEEL PIPES
Two sizes of structural pipe were chosen:

a) ¢=1315 in.(33.4mm)
b) ¢ =19in. (48.3 mm)

The. length of the pipes was 20 feet (609.6 Cm) and the wall thickness for all
pipes was 0.1 in. (2.54 m m). Tables 4.1.1 and 4.1.2 shows the propertics and

dimensions of the stecl pipes.

Table 4.1.1. Properties and dimension of the steel pipe
¢ = 1.315 in.

DEPTH 1.315 in.
THICKNESS 0.1 in.
WEIGHT 1.30 Ib/ft
CROSS SECTION AREA 0.382 in.2
MOMENT OF INERTIA 0.071 in.?
SECTION MODULUS 0.108 in3
YIELD STRESS 50 Ksi

MODULUS OF ELASTICITY 29000 Ksi
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Table 4.1.2. Properties and dimension of the steel pipe
¢ = 1.9 in.

e 2 B

DEPTH 1.9in.
THICKNESS 0.1in.
WEIGHT 1.93 1b/f1
CROSS SECTION AREA 0.566 in.”
MOMENT OF INERTIA 0.230 in*
SECTION MODULUS 0.242 in.?
YIELD STRESS 51 Ksi
MODULUS OF ELASTICITY 29000 Ksi

e P 0 0 e 0 e 0 e e B Y e D e e 4 R 6 e B e A R P e D S e e

4.2.2 - STEEL CABLE

The prestressing cable uscd for all tests were a 7 - wire strands with external

diameter ¢ = 0.6 in. (15.24 mm). Table 4.2 shows the properties of these strand.

TABLE 4.2. Important properties of the cable strand used for
the tests

-— - P L L B T T L T L L T T

NOMINAL DIAMETER AREA WEIGHT fpu (0.7 fpu
in. in.2 Ib/ft Ksi Kips

------------------------------------------------------------------------------------------------
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4.2.3 - DIAPHRAGMS

The exterior diameter of tendon is smaller than interior diameter of pipe. To
sccure concentric position of tendon in pipe the ring diaphragms were used spaced
al cqual intervals and fixed by means of screw to the tension cable FIG. 4.5 shows

the diaphragms used in ¢ =1.315 and ¢ = 1.9in. pipe.

FIG. 4.5. Diaphragms used in ¢ = 1.315 and ¢ = 1.9 in. pipe
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4.2.4 - ANCHOR BLOCK AND CHOCKS

Inorder to secure tendon to the pipe and transmit to it the prestressing foice,
anchor chocks were positiond at both ends of the pipes. When the tendon is
tensioned the pipe experiences compressive stresses. FIG. 4.6 shows the anchor

chock arrangments used in these experiments.

FIG. 4.6. Ancher chock arrangments
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43 - INSTRUMENTATION

4.3.1 - STRAIN MEASUREMENTS

"This was done by means of clectrical resistance strain gauges attached to the
surface of pipes on four sides FIG. 4.7 shows an example of clectric strain gauges

connected to the pipe.

FI1G.4.7. Strain gauges attached to the surface of pipe

4.3.2 - LOAD MEASUREMENTS

The applied load at end of the pipe measured by using a clectronic load cell.
The load cell placed direetly after the prestress jack for stress control in cach stage

ol loading.
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4.3.3 - DISPLACEMENT MEASUREMENTS

Displacemen* were measured in two intermediate places and the end of the

pipes. FIG. 4.8 shows the end support and scalc of measuring deformation.

FIG. 4.8. Detail of end support and scale of measuring deformation
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44 - TEST ARRANGEMENT

The pipes were tested in horizontal position on the top of four T beams in 80
inches distance from cach other. The jack placed on one end of the pipe and the
other end was Iree to arbitrary delormation. FIG. 4.9 and 4.10 shows the fest

framc and (est arrangement of straight and curved pipes.

. T

FIG. 4.9. Straight pipe of 1.9 in. diameter at the time of testing and
supports
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FIG. 4.10. Test arangement of tubes lrom lelt 1o nipht, pipe of £9 me diameted
at the time of testing, curved pipe of 1315 im0 diameter belore testand stnpht pipe

of 1.9 in. diameter on the {oor after testing and failure.



CHAPTER $§

RELAXATION TEST IN ORDINARY STEEL BARS

5.1 - INTRODUCTION

The loss of prestress force duc to relaxation was investigated and is known
for tendons made from high - strength steel, but the relaxation loss in ordinary steel
remains to be measured. In this casc study the loss of prestress force in tendon and

in structural steel pipe should be considered.

Tow size of steel bars # 3 and # 4 (9.52 and 12.7 mm outside diameter)
were (ested for relaxation under constant stress of approximately 60% of yicld

strength of the steel bars.

5.2 - RELAXATION TEST PROGRAM

Tow size of stecl bars were tested the average yicld strength of bar # 3 tested
was 57.5 Ksi (396.5 Mpa) and 45.0 Ksi (310.3 Mpa) for size # 4 .FIG. 5.1

shows the test frame usced for the test and bars under load.

The bar's clongation was measured by electronic displacement gauge located
under the bar and gives the possibility to measure the initial elongation which occur
immediately after applying the load ,than after the clongation due to relaxation in the
bars . The load cell was used at the end of the bar to control the constant load in the

steel bars.
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FIG. 5.1 Relaxation test frame and bars in drawing (dimention in
inches) 1 - bar 2 - loadcell 3 - electronic displacement

gage 4 - load 5 - pin



CHAPTER 6

TEST RESULTS AND COMPARISON

6.1 - STRESS ANALYSIS

The cross scctional stresses in pipes under prestressing force were analyzed in

two ways, elastic and plastic stress distribution as follow:

a) clastic stress distribution

=P, Pe
f] , 2 - A = S (6 . 1)
b) plastic stress distribution
=P, Pe
fl,2 = = 7 (6.2)

Where:

P = Prestressing load (at failurc)
A = Net cross-scction area of pipe
S = Pipe's scction modulus

Z = Pipc’s plastic scction modulus

e = Eccentricity of tendon positioning
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Calculated stresses are presented in Tables 6.1 and 6.2 for smaller and
bigger size pipes, respectively. Also, the calculated moment due to eccentricity of

tendon, and the corresponding deflections due to moment are presented.

The deflection due 10 moment can be established as:

SML? (6.3)

Where:

M= Pe
L = Length of the pipc
E = Pipc’s modulus of clasticity

I =Pipc’s moment of incrtia

6.2 - DEFLECTION MEASUREMENT

The deflections in different stages of loading were measured and shows in
FIG. 6.1 1o 6.8 The deflection due to moment calculated by formula (5.3) in cach
stages of loading included in to thc Table 6.1 and 6.2 to have a comparison

between measured and calculated deflection.
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ro{)

—08— 4.0Kips(17.8KN)
17 —<— B8.0Kips(35.38KN)
—a— 15.0Kips(66.72KN)

0 80 160 240
Length in.
FIG.6.1. Displacement (deformation) measured at test of straight pipe, concentric tendon
position with diaphragm ¢ =1.315 in.
Measured defi ction y = 1.22 in,
Calculated deflection y = 1.64 in.

3 ;
—o— 4.0 Kips(17.8KN)
——  8.0Kips(35.38KN)
—o—  14.6Kips(64.94KN)

1
0 80 160 240
Length in.
FIG.6.2. Displacement (deformation) measured at test of curved pipe, concentric tendon
position with diaphragm ¢+~ 1.31S in.
Measured deflection y = 1.3 in.

Calculated deflection y = 1.6 in.
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—

—0—  4.0Kips(17.8KN)
—+— 8.0Kips(35.38KN) |

_—o— 10.0Kips(d4.48KN) ~J-""---m-eemmmmmmme-~ “---
5 4
4-
6 : )
0 80 160 240

Length in.

FIG.6.3. Displacement (deformation) measured at test of straight pipe, concentric tendon
position without diaphragm ¢=1.315 in.
Measured deflection y=5.9 in.

Calculated deflection y=7.43 in.

10 T
—0—  4.0Kips(17.8KN)

—— 8.0Kips(35.38KN)
—8#— 10.0Kips(44.48KN)

10 M
0 80 160 240

Leongth in.
FIG.6.4. Displacement (deformation) measured at test of straight pipe, maximum eccentric
tendon position without diaphragm ¢ = 1,315 in.
Measured deflection y = 8.57 in.

Calculated deflection y = 8.25 in.



Displacement 1n

Displacement in.

0 &
[
[ —06— 4.0Kips(17.8KN)
—+—  16.0Kips(71.17KN)
—6—  24.7Kips(109.9KN)
2 4 1
0 80 160 240

Length in.
FIG.6.5. Displacement (deformation) measured at test of straight pipe, concentric tendon
position with diaphragm ¢=1.9 in.
Measured deflection y = 1.37 in.

Calculated deflection y=0.84 in.

4 ! J
—0o-— 4.0Kips(17.8KN)

31 —+— 16.0Kips(71.17KN)
———  24.07Kips(107.06KN)

-———

1
0 80 160 240
Length in.
FIG. 6.6. Displacement (deformation) measured at test of curved pipe, concentric tendon
position with diaphragm ¢=1.9 in.
Measured deflection y =1.7 in.

Calculated deflection y =0.81 in.



Displacement in,

Displacement in.

-—0—  4.0Kips(17.8KN)
——  3.0Kips(53.38KN)
—o—  14.3Kips(63.61KN)

0 80 160 240
Length in.

-20

FIG. 6.7. Displacement (deformation) measured at test of straight pipe, concentric tendon
position without diaphragm ¢ = 1.9 in.
Measured deflection y = 3.2 in.

Calculated deflection y = 7.07 in.

—o—  4.0Kips(17.8KN)"
4 +—+—— 8.0Kips(53.38KN)
|l—o— 13.0Kips(57.82KN)

0 80 160 240
Length in.
F1G.6.8. Displacement (deformation) measured at test of straight pipe, maximum eccentric
tendon position without diaphragm  ¢= 1.9 in.
Measured deflection y = 6.0 in,

Calculated deflection y = 6.43 in.
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6.3 - MEASURED RELAXATION IN ORDINARY
STEEL BARS

After stressing the bars under constant load the initial elongation

werce

mcasured in early stage of loading , than after the elongation of the bars continued

to increase. FIG. 6.9 shows the clongation duc to relaxation in bar under constant

load for 14 days period in the percentages compared to initial elongation.

The measured clongation due to relaxation for 14 days is around 3% of

initial clongation’s. The most part of relaxation occurred during first 3 day

was negligible after 14 days.

s and

4 * J,
......... O e ———
;- ,_'_,p D e e e i
] e =TT
g S
Y i
1] -—a-— Bar#3(9.52mm) "
w-4=-=  Bar#4 (12.7 mm)
ow T T T T T Ty ep— T ' 1 T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Day

FIG. 6.9. Relaxation in percentages of initial elongation from
regular reinforcing bar # 3 and # 4



CHAPTER 7
SUMMERY AND CONCLUSIONS

7.1 - SUMMERY

The present study deals with the behavior of prestressed pipe and the cffects

of using diaphragms in a slender member.

The eccentricity in different tendon configuration, its effccts on stress
distribution in the pipe cross section, measured and calculated deflection due to

eccentricity are given in the tables 6.1 and 6.2.

Tests show how important is to control the cccentricity in order to be able to
raise prestressing value, and in this way to reduce the cross section arca of the

tension member.

Finally the study gives a bright view about prestressed - tension and
prestreiched - compression member and using tubes to design a long tension
member, the relaxation in ordinary steel and its passable effects on prestressed

member combined from ordinary and high - strength steel was also measured.

7.2 - CONCLUSIONS

The test results confirm that steel pipe stressed with internally placed tendon is
not subject of buckling. The deflection of pipe occurs only due to eccentricity of

tendon (the gap between tendon and diaphragm).
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Straight and curved pipe have the same behaviour under prestressing force
and deflection from original shape (Figures 6.1 to 6.8 and also Tables 6.1 and
6.2 ). The tests show that under increasing force, pipes fail when maximum
stresses arc between 84% 10 94% of yield strength, what could be recognized as

capacity reduction factor.

The failurc load P is related 10 eccentricity in tendon and stress distribution
in pipc cross-scction (sce calculated deflection due to moment compared with
mcasured). The measured deflections are close to calculated, which also proves

that the deflection is not duc to buckling.

The measured relaxation of normal steel under constant load as it can be seen
in FIG. 20, is in order of 3% of initial clongation. The most part of relaxation

oceurs in carly hours and has no major effect on the prestressed pipe.

It should be noted however that relaxation test was performed under tension
force and only on steel rods but not on pipe. The prestressed steel structure as
described can be used in many practical application and should be studied in more

detail.,
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Appendix 1

A - Calculation of stress distribution and deflection for pipes

¢ = 1.315 in. used in table 6.1.

1 - Concentric tendon position in straight pipe with diaphragms.

elastic stress calculation:

Pc

+ —

S

Pl

f1.2

(- 15 +15><o.0375
1270382 © 0.108

fmax = 44.48 Ksi
fovin = 34.06 Ksi

£ 44,48
Imax - 7520 2 .89
[, 50

plastic stress calculation:

P _Pe
h2=4% =7

£y = 15, 15 x 0.0375
< 0.382 0.148

fmax=43.07 KSi
i = 35.47 Ksi



52

moment due to eccentricity in cable:

M=P.ec
M =15 x (.0375 = ().5625 Kips - in.

deflection due to moment:

SMIL2?

Y = 48E1

_ 5x0.5625 x 2402
48 x 29000 x 0.071

y =1.64 in.
2 - Concentric tendon position in curved pipe with diaphragms.

elastic stress calculation:

P Pe
o=« B8
(= 146 , 146 x00575
’ 0.382 0.108

fmax = 43.29 Ksi
[min = 33.15 Ksi



fmax _ 43.29
smax = 43.29 - () 87
£, 50 0

plastic stress calculation:

. Pe
T Z

>

fiz2 =

f, = 146 , 146%0.0375
27 0.382 0.148

fmax=41.89 Ks
fmin=34.55 Ksi

{
max _ 41.89 ~0.84

I 50

moment due to eccentricity in cable:

M=Pec
M = 14.6 x 0.0375 = 0.55 Kips - in.

deflection due to moment:

y= 5% 0.55 %2402
48 x 29000 : 0.071

y=1.6 in.
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3 - Concentric tendon position in straight pipe without diaphragms.
As soon as the pipe is under pressure the eccentricity becomes

maximum.,
elasuc stress calculation:

P Pe
[)'25 -A— * ?

[ 99, 99x025TS
27 0.382 0.108

[max = 49.52 Ks:
foun = 2.31  Ksi

lmax _ 49.52
f, ~ 50

=1{.99

plastic stress calculation:

. Pt

f12= x
12 7

>

[\ = 99 9.9 x ().2575
127 0.382 ©  0.148

[ = 43.14 Ks)
fin = 8.7 Ks

fhax _ 43.14 _ g6
o s0
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moment due to eccentricity in cable:

M=Pe

M =99 x 0.2575 = 2.55 Kips - in

deflection due to moment:

5ML2

Y48 EI

y= 5 x 2.55 x 2402
48 x 29000 x 0.071

y=1743 in.

4 - Maximum eccentric tendon position in straight pipe without

diaphragms.

elastic stress calculation:

P Pec
f]‘Z = A— * ?
flz - ]1 . 11 X()2575
’ 0.382 0.108

fmax = 55.02 Ksi
fmin = 2.56 Ksi

fmax _ 55.02 _ 1.1
[, 50
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plastic stress calculation:

fi,=F + Pc
"2TATZ
11 x 0.2575
fo= L s
0.382 0.148

fmax=47.93 Ks
rmin =9.65 Ksi

Im.v_47.93 _ 96
£, - 50 0

moment due to eccentricity in cable:

M=Pc

M =11x0.2575 = 2.83 Kips -in.

deflection due to moment:

_SML?
Y = 48E1

5x2.83 x240°
y =
48 x 29000 x 0.071

y =825 in.
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B - Calculation of stress distribution and deflection for pipes
¢ =19 in..used intable 6.2.

1 - Concentric tendon position in straight pipe with diaphragms.

elastic stress calculation:

,Pe
=S

>| -0

fi2

f] ) = 25 . 25 x 0.0375
’ 0.566 0.242

fnax = 48.04 Ksi
fmin = 40.3 Ksi

fmax _ 48.04 _ 94
fy = s1 '

plastic stress calculation:

P, Pc
ha=y=7
25 x 0.0375
fio=-25_ & 222 2000
' 0.566 (.325

frax =47.05 Ks
fmin=41.29 Ksi
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moment due to eccentricity in cable:

M=P.c

M =25 x0.0375 = 0.9375 Kips - in.

deflection due to moment:

y=SML?
A8 E1

5% 09375 x 240°
48 x 29000 x (.23

y= 0.84 in.

2 - Concentric tendon position in curved pipe with diaphragms.

elastic stress calculation:

P Pe

l‘I.Z = K + —S—
2407 ., 24.07x 00375

ha= 56 * 0.242

fmax = 46.26 Ks)
fpin=38.8 Ksi

5![%&*- =3620 491
y

51



plastic stress calculation:

fj,=P +Pec
12°A %2

_ 2407 24.07 x 0.0375
12 = 0.566 0.325

fmax = 45.31 Ks

fmax _ 45.31 _
fy =51 =(0.89

moment due to eccentricity in cable:
M=Pe

M = 24.07 x 0.0375 = 0.9 Kips - in

deflection due to moment:

y=SML?
48E1

y= 5 % 0.9 x 240 2
48 x 29000 x 0.23

y=081 in.

3 - Concentric tendon position in straight pipe without diaphragms.

As soon as the pipe is under pressure the eccentricity becomes

maximum.
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elastic stress calculation:
[ P Pe
12K *y

j43 , 143 %055
0.566 = 0.242

fmax = 57.76 Ks
[min=-7.24 Ksi

plastic stress calculation:

_P _ Pc
12 Ax7

[,= 143 , 143 %055
' 0.566 0.325

[ = 49.46 Ks)

moment due to eccentricity in cable:
M=Pe

M =143 x 0.55 = 7.86 Kips - in.
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deflection due to moment;:

_5ML2
Y= BEI

y = 5x 7.86x240 2
48 x 29000 x 0.23

y =707 in.

4 - Maximum eccentric tendon position in straight pipe without

diaphragms.

elastic stress calculation:

_ 13, 13055
2= 5566 * ~o0am2

fimax=52.5 Ksi
fmin =- 6-56 KSi

fmax _ 52.5 1.03

[, 51

plastic stress calculation:

=P ,Pc
ha=g =7
f12= 13 i13 XOSS
“0.566 0.325
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fnax = 4497 Ks
fmin = 0.97 Ksi

fnax _ 4497 _ (g8

f, 51

moment due to eccentricity in cable:

M=P.e

M=13x055=7.15 Kips-in.

deflection due to moment:

y=SML2
48 E 1

y= 5 x7.15 x 240 2
48 x 29000 x 0.23

y=6.43 in.





