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ABSTRACT

This thesis presents an experimental investigation into the flexural
behavior of lightly prestressed concrete members. While the results are
applicable for new construction with high strength concrete, they are particularly
valuable for the assessment of existing structures which due to corrosion has
less effective reinforcement than required in current codes.

Test results of nine unbonded prestressed concrete beams and two
ordinary reinforced concrete beams of rectangular cross-section, having a span
to depth ratio of 14.25 are described. The effects of bonded reinforcement ratios
ranging between 0% and 0.2% were investigated. Ductile behavior was achieved
with less than half of the minimum bonded reinforcement required by CSA
A23.3-84. The effects of concrete strength ranging from 50 MPa and 120 MPa
were investigated. It was found that greater concrete strengths required more
minimum reinforcement to insure ductile behavior.

A rational model that permits one to predict the entire load deflection
response of unbonded prestressed members was developed. Based on
experimental test results from this program and other investigators, a general

equation for predicting tendon stress at ultimate is proposed.
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NOTATION

depth of equivalent rectangular stress block

area of that part of cross section between flexural tension face and
centroid of gross section

area of nonprestressed bonded tension reinforcement
area of prestressing tendons in tension
width of the member

distance from extreme compression fiber to neutral axis calculated using
factored material strengths and assuming a tendon force of f A

distance from extreme compression fiber to neutral axis calculated using
factored material strengths and assuming a tendon force of A f,,

distance from extreme compression fiber to the centroid of longitudinal
nonprestressed tension reinforcement, but need not be less than 0.8h for
prestressed members

distance from the extreme compression fiber to the centroid of the
prestressing tendons

specified compressive strength of concrete
square root of specified compressive strength of concrete

modulus of rupture of concrete used in deflection and cracking moment
calculations

effective stress in prestressing tendons (after allowance for all prestress
losses)

stress in prestressing tendons at factored resistance
tensile strength of prestressed reinforcement

yield strength of prestressed reinforcement



f yield strength of nonprestressed tension reinforcement

h overall height or thickness of member
I moment of inertia of section about centroidal axis
l, length between the support and the first point load

l, length of tendon between anchors divided by the number of plastic hinges
required to develop a failure mechanism in the span under consideration

L span length
M, factored moment resistance

moment due to specified loads

w

moment due to dead loads

zZ 2 =

moment due to live loads

PPR partial prestressing ratio, ratio of prestress force to total force in
nonprestressed and prestressed reinforcement

a, ratio of average stress in rectangular compression stress block to the
specified concrete strength

B, ratio of depth of rectangular compression stress block to the neutral axis
depth

Af,  increase in tendon stress corresponding to a given applied load or
deflection

Af,  increase in tendon stress at ultimate

) deflection corresponding to a given applied load
6,  deflection corresponding to the cracking load

e resistance factor for concrete

[ resistance factor for prestressed reinforcement

s resistance factor for nonprestressed reinforcement



factor to account for low density concrete

= A/bd

= Ajfbd,

= A,/bd

combined reinforcing index = p,f, /. +pf !
prestressed reinforcement reinforcing index = p,f., /f;

nonprestressed reinforcement reinforcing index =pf, /f;



CHAPTER 1

INTRODUCTION

1.1 General

Unbonded post-tensioning is one of many types of prestressing in which
strand, wires, or bars are tensioned after harding of the concrete. The most
commonly used type of unbonded tendon in building construction consists of a
strand that is greased and placed inside a plastic sheath. The prestressing force
is transferred to the concrete through the end anchorages, which are mechanical
devices with bearing plates and wedge grips called chucks. This type of tendon is
known as a “monostrand”.

Unbonded post-tensioning has been used in Canada since the 1960’s in
cast-in-place construction. The advantages provided by post-tensioning include:
reduced structural element dimensions, virtually crack-free members, control of
deflection, longer spans, and improved economy. It is estimated that there are
currently more than 1000 buildings in Canada with this type of reinforcement.

In recent years, the durability of monostrand structures has become an
issue of concern. This issue is addressed by Schupack (1991), Kesner et al.
(1996), and others. Some buildings have experienced corrosion and failure of the
tendons. The loss in the effective prestress due to corrosion reduces the factor of

safety and may make the structure “unsafe” under current code requirements. It



should be noted that code requirements are formulated for new construction
rather than for evaluation of existing structures.

If the reinforcement is kept constant, but the concrete strength is
increased, the member will behave as if it more lightly reinforced. The growing
demands for high quality concrete and concrete structures with high durability
have lead to the increased use of high strength concrete. Design codes and
standards are usually conservative and tend to restrict the use of new material
until substantial data and experience has been accumulated. The results of early
research on conventional concrete are not necessarily applicable to high strength
concrete because, in part, the high concrete strength tends to make members
behave as if the are iightly reinforced.

There is a need to study the behavior of lightly prestressed members. This
will assist in the assessment of deteriorating structures, and in the estimation of
reinforcement required in new construction with high strength concrete.

Abeles (1981) introduced and developed the concept of partial
prestressing. He recommended ten principles which are applicable not only to
prestressed concrete, but to any endeavor that an engineer is called upon to
undertake:

1. You cannot have everything. (Each solution has advantages and
disadvantages that have to be tallied and traded off against each other.}

2. You cannot have something for nothing. (One has to pay in one way or
another for something that is offered, as a “free gift” into the bargain, not with

standing a solution being optimal for the problem.)



. Itis never too late. (e.g., to alter a design, to strengthen a structure before it
coliapses, or to adjust or even change principles previously employed in the
light of increased knowledge and experience.)

. There is no progress without considered risk. (While it is important to ensure
sufficient safety, over-conservatism can never lead to increased
understanding or novel structures.)

. The proof of the pudding is in the eating. (This is in direct connection with the
previous principle indicating the necessity of tests.)

. Simplicity is always an advantage, but beware of oversimplification. (The
latter may lead to theoretical calculations which are not always correct in
practice, or to a failure to cover all conditions.)

- Do not generalize, but rather qualify the specific circumstances. (Serious
misunderstandings may be caused by unreserved generalizations.)

. The important question is how good, not how cheap an item is. (A cheap price
given by an inexperienced contractor usually resuits in bad work; similarly,
cheap, unproved appliances may have to be replaced.)

. We live and learn. (It is always possible to increase one's knowledge and

experience.)

10. There is nothing completely new. (Nothing is achieved instantaneously, but

only through step-by-step development.)

Engineers should follow these recommendations in their practical life in

order to guarantee excelient performance and economy. This thesis will use

these ten principles to create practical solutions.



1.2 Objective and Scope

The primary objective of this project is to study the behaviour of lightly
prestressed members with unbonded tendons, and to estimate the minimum
amount of nonprestressed bonded reinforcement required to produce ductile
behavior. Both intermediate (50 MPa) and high strength (100 MPa) concrete are
considered. The minimum bonded reinforcement requirements of A23.3 -94
(1994) and ACI 318-95 (1995) will be evaluated in the light of the research
findings.

The scope of this investigation was limited to a review of the literature, and
tests of 11 rectangular simply supported beams. The principle variables involved
in this investigation were concrete strength, and the amount of prestressed
unbonded and nonprestressed bonded reinforcement. An analytical model was

developed and validated against the test results.

1.3 Organization of the Thesis

This thesis consists of five chapters and three appendices.

Chapter 2 presents a review of the literature on prestressed members with
unbonded tendons.

In Chapter 3, the experimental phase of this study is described. Details of
specimens, fabrication, material properties, instrumentation and testing
procedure are provided. In addition, the test results are reported in this chapter.

Chapter 4 consists of an evaluation of the test results, and describes the
development of a model that predicts the behaviour of the specimens. The

analytical model explains the influence of each of the primary variables.

4



in Chapter 5, a summary of the significant results and conclusions,
together with recommendations for future research are given.

In Appendix A, the test data are presented in tablular form. A complete set
of actual and predicted load-deflection response curves is presented in Appendix
B. Example calculations for predicting a load-deflection curve are presented in

Appendix C.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter reviews the technical literature regarding flexural members
reinforced with unbonded tendons. Unbonded post-tensioning as we know it
today is a relatively recent innovation. The relevant literature begins in 1960.
First, experimental investigations and selected theoretical studies that deal with
beams and one-way slabs are reviewed to establish the primary factors that
influence flexural behavior. This is followed by a review of the requirements
contained in design codes and guides to good practice that were used in Canada
and The United States of America during the same period. Deficiencies in the
codes and guides are summarized in the light of today’s knowledge. The under-
standing of the deficiencies is useful when assessing existing structures because
it identifies possible problems. Finally, the gaps and deficiencies in the
experimental database that prevent updating of current code requirements are
summarized. The most important gaps and deficiencies will be the focus of the
experimental work contained in this thesis.

Where appropriate, equations are given in SI and customary American

units. The notation follows A23.3-94 as much as possible.
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2.2 Review of Existing Experimental Investigations Dealing With Flexural
Behavior and Strength of Members Reinforced With Unbonded Tendons.
Warwaruk, Sozen and Siess (1962) tested a total of 82 simply supported
beams. This discussion is limited to the 41 specimens that were reinforced with
unbonded tendons. The beams had span-to-depth ratios ranging from 13.8 to
15.2. The main variables were the strength of concrete (10 MPa to 52 MPa), and
the amount of unbonded reinforcement (0.183% to 0.979%). Some of the beams
failed without large deflections (5/L.=1/274) because the concrete compression
zone crushed or spalled before the reinforcement yielded. One beam that was
very lightly reinforced (p=0, p,=0.19%) also failed in a brittle manner because the
cracking moment of the concrete was larger than the ultimate moment capacity
of the section. This test highlighted the need for a minimum amount of bonded
reinforcement to ensure ductile behavior. No loss of load capacity at the time of
cracking was observed for any beam with bonded prestressed or non-
prestressed reinforcement ( p = 022% ). The stress in the unbonded
reinforcement remained in the elastic range up to failure. Warwaruk et al.

proposed the following equation for predicting the tendon stress at ultimate when

o2 0.6f,.
fo=1, +(3o,ooo-§°7x10'°) psi (2.1a)
£ =f, +(207-4.76-';-)%x105) MPa (2.1b)

c



-—

Burns and Pierce (1967) tested three beams that were continuous over
two equal spans. The beams had a double-tee cross section and a span-to-depth

ratios between 15 and 22. The main variables were the amounts of prestressed

and nonprestressed reinforcement and the effective prestress f,, . While the

increase in tendon stress due to external loads was not reported, some of their
observations and conclusion are of interest. Additional bonded reinforcement
(p'=0.92%) in the compression zone led to additional rotational capacity of
21.7%, and a somewhat longer cracking zone near the interior support. If
properly detailed to prevent shear failure, a continuous beam would develop
"plastic hinges" at the points of peak moment before reaching ultimate load
capacity.

Pannell (1969) carried out an experimental study to determine the effect of
unbonded reinforcement ratio, span-to-depth ratio, and effective initial prestress
(80%, 50%, and 30% of f,,) on the ultimate flexural capacity. A total of 38 simply
supported beams with unbonded tendons were tested in three sets having L/d of
27, 40, and 12 respectively. He concluded that the greatest ultimate capacity was
obtained from beams with a moderately high unbonded prestressed steel ratio

and the highest possible initial prestress. Specimens with a prestressed

reinforcement index w, = p, f,, /it of 0.12 exhibited a much greater capacity for

plastic rotation than the beams with w, of 0.24. The range of increased rotational
capacity was not reported. He also concluded that L/d should be considered in
determining f,,. Based on his experimental results, strain compatibility and

equilibrium, he derived the following equation.



/—\"f—" +A
| Lbd.f
f —T
a

L+
fpr = fpe + — P = (22)
P
With 1= ”"’LI}EP"_D (2.3)
Where:

£cu = the strain in the concrete top fiber at uitimate

v =10.5

a = 0.858,

B: = the stress block factor as defined by ACI 318-95

Rozvany and Woods (1969) studied the behavior of unbonded
prestressed beams and slabs which exhibit a sudden drop in the load-deflection
curve at flexural cracking. A theoretical explanation of this problem was given.
Experimental verification was presented using the test results of 26 unbonded
beams tested by Warwaruk et al. (1962) and 16 unbonded simply supported
beams, having L/d of 24, subjected to a concentrated load at midspan. They
found that sudden collapse could be avoided by making the average concrete
stress due to prestressing greater than the modulus of rupture. This is not a very
attractive solution since it requires a substantial amount of prestressed
reinforcement.

Hemakon (1970) and Gebre-Michael (1970) reported test results from five

one-way slabs continuous over two spans with L/d=45.1. The average initial



precompression in the concrete varied from 2.4 to 4.9 MPa. Primary variables
were the amount of prestressed reinforcement (p,=0.253 to 0.507%), and the
pattern of loading (one-span loading versus two-span loading). Loading was by
means of a single point load applied at a distance 0.4L away from the center

support. They found that the values of Af,, for one-span loading were as much as

fifty percent lower than for two-span loading. The value of Af, varied inversely
with the percentage of prestressed reinforcement and directly with the
compressive strength of the concrete. They also found that the level of initial
stress in the tendon did not affect the value of Af,,. It should be noted that the
tendons never reached yield in any of their tests.

Chen {1971) tested two one-way slabs, with L/d=30, which were
continuous over two equal spans and prestressed with unbonded tendons. The
major variables in the test series were the pattern and sequence of loading
(single span versus two-span loading), and the amounts of prestressed and non-
prestressed reinforcement. He found that the values of Af,, for two-span loading
were significantly higher than those for single span loading. For single span
loading, the measured Af, were higher than the values predicted by the 1963
ACI Code, but were in close agreement with the values predicted by the ACI
318-71 and A23.3-94. Bonded reinforcement (p = 0275%) served effectively in

the distribution of cracks and enhanced the ultimate moment capacity of the

member.
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Mattock, Yamazaki and Kattula (1971) conducted an experimental study
on three simply supported rectangular beams, three simply supported T-beams,
and two T-beams continuous over two equal spans. The beams had a fixed
span-to-depth ratio of 33.6, and were subjected to four loading points on each
span in order to approximate a uniformly distributed load. The primary variables
were the presence or absence of bond, the amount of prestressed unbonded

reinforcement (p, = 0551%) and nonprestressed bonded reinforcement (p = 0.3

to 0.56%). They found that f, for unbonded tendons as predicted by ACI 318-63

was approximately 30 percent less than that obtained from experiments. As the

ratio w, = p,f. /f. increased, the margin between predicted and observed
f,decreased. They concluded that ACI 318-71 satisfactorily reflected the

behavior of unbonded tendons for simply supported beams. Beams containing
unbonded tendons and additional nonprestressed bonded reinforcement
exhibited ductility and cracking patterns comparable to beams with bonded
tendons. In continuous beams, compression reinforcement near the center
support was required to allow complete redistribution of moment, and attainment

of higher value of Af, . A minimum 0.004A of nonprestressed tension

reinforcement was recommended for beams when unbonded tendons are used.
They showed that both the ACI 318-71 and the equation (2.1) proposed by
Warwaruk et. al. (1962) were too conservative at low reinforcement ratios. They

proposed the following equation:

£t + % 10,000 psi (2.42)

Po

1



1.4f,
Py

f =f_ +

pe pe

+70 MPa (2.4b)

Tam and Pannell (1976) tested eight simply supported beams reinforced
with unbonded tendons subjected to a single concentrated load at midspan. The
main variables were: the amount of prestressed (0.51% to 1.02%) and non-
prestressed reinforcement (0.58% to 1.67%); the span-to-depth ratio that ranged
from 20 to 45, and the initial prestress that ranged from 650 to 950 MPa
(approximately 0.4 to 0.6 of the ultimate tensile strength of the tendon). They
observed that all beams developed fine cracks similar to those developed in
beams containing prestressed bonded reinforcement. Based on their

observations, they modified the prediction equation forf, presented by Pannell

(Eq. 2.3) to account for the effect of nonprestressed reinforcement as follows.

Al +A A, A
bd. b, .
f -
L+t a+A
a
f,=f, +—= = (2.5)
pr pe pp

Burns, Charney and Vines (1978) tested two half scale models of a
prototype one-way slab, continuous over three equal spans, having a span-to-
depth ratio of 44. The main variables were the amount of nonprestressed
reinforcement (0 and 0.23%), tension stress in concrete at service load, the level
of prestressing (average precompression in the concrete), and pattern of loading.
The unbonded prestressed reinforcement ratios were 0.098% and 0.12%. They

found that when determining f, one must consider the L/d ratio, the loading
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arrangement, and consequent plastic hinge pattern at failure. They found a
nearly linear relationship between tendon stress increase and deflection. At
ultimate, the change in tendon stress for the case of two loaded spans was
nearly double that of a single loaded span. The increase in tendon stress at
ultimate did not reach the value predicted by ACI 318-77.

Cooke, Park and Yong (1981) tested nine simply supported fully
prestressed one-way slabs with unbonded tendons to study the effect of the
span-to-depth ratio and the amount of prestressing steel on the stress at ultimate

in the unbonded tendons. The slabs were subdivided into three groups with L /d

ratios of 20, 30, and 40, each group had a prestressing steel index w, = p, f./f

of 0.025, 0.125, and 0.25 respectively. They found that the equation for fy, in

unbonded tendons given in ACI 318-77 over estimated the stress in prestressing

steel at low values of the reinforcing index (w, =0.025) by 2.4, 8.7, and 11.6

percent for slabs having L/d ratios of 20, 30, and 40, respectively. Their resuit
showed that the equation proposed by Warwaruk, Sozen, and Siess (1962) and
Pannell (1969) conservatively predict for. Flexural instability (a large drop in
stiffness at cracking), which occurs in members containing low amounts of
prestressing steel can be prevented by using additional bonded nonprestressed

reinforcement. They recommended that when ), is less than 0.11 bonded

nonprestressed reinforcement should be present. They also recommended the

use of ACI 318-63 Code equation for predicting the stress in unbonded tendons

at ultimate.
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Elzanaty and Nilson (1982) studied the effect of varying the amount of the
initial prestressing force on the flexural strength of unbonded post-tensioned
beams. They tested eight small-scale models in two series: under-reinforced
(U series) and over-reinforced (O series). They concluded that beams of both
series U and series O showed excellent ductility at failure (d/L > 1/87). They
found that increasing the level of initial tendon stress increased the ultimate

moment capacity especially in series O, since Af, remained constant for all four

beams of this series. Bonded reinforcement was effective in distributing the
cracks. The ACI 318-77 equation for predicting f, was conservative for series O
but unconservative for series U. They pointed out the need to change the
provision of the ACI 318 for computing f,, for unbonded tendons to inciude
several factors such as the span-to-depth ratio, depth of the neutral axis,
nonprestressed bonded reinforcement, and material properties of concrete and
steel.

Trost, Cordes and Weller (1984) tested four beams continuous over two
spans and having rectangular or T-shaped cross section with a span-to-depth
ratio of 32. They concluded that the factors influencing the increase in stress in
unbonded tendons at ultimate were the strength of concrete and the prestressing
force applied to the member. They found that the span-to-depth ratio did not

effect the value of Af,,. The presence of nonprestressed bonded reinforcement
guaranteed satisfactory crack patterns and ductile behavior (8/L >1/48). The

change in tendon stress was proportional to the sum of the deflections at the

critical sections.
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Du and Tao (1985) carried out an experimental investigation to show the
significance of nonprestressed bonded reinforcement and its effect on the value
of fo at ultimate. They tested 22 prestressed simply supported beams with
unbonded tendons under third-point loading. The span-to-depth ratio was kept
constant at 19.1, while the compressive strength of the concrete (33 MPa to 42
MPa), the unbonded prestressed reinforcement (pp=0.11% to 0.45%) and
bonded nonprestressed reinforcement (p = 0.39% to 2.01%) were varied. Based
on their experimental observations, Du and Tao proposed an equation for
predicting the stress at ultimate that accounts for the presence of non-
prestressed reinforcement. In their discussion of that equation, they indicated
that Af,, can be computed from the moment-curvature relationship, but they did
not clarify the underlying assumptions used in their analysis and how the relation
was obtained. They proposed the following equation to predict the stress in
unbonded tendons at ultimate:

278.46

o =he+114-2 (Af, +AL,) ksi (2.6a)
1920
f,=f, +786-EGT£(AJy +Af,) MPa (2.6b)
provided that:
Af +Af,
=Lk 03 2.7
@ [ baf, ] (&72)
0.55f, <f.<065f, and f, <f, (2.7b)

Chouinard (1989) tested six prestressed simply supported concrete

beams with unbonded tendons with third-point loading, and a span-to-depth ratio
15



of 15. The only variable was the amount of nonprestressed bonded
reinforcement (p = 0 to 2.44%). Five of the beams were over-reinforced. It was
observed that the addition of high amounts of nonprestressed bonded
reinforcement reduced the value of for. It should be noted that the beams failed
when the compression zone capacity was exceeded (over-reinforced) rather than
when the tensile reinforcement yielded. This explains the reduction in for.
Chouinard, observed that the strain distribution in the concrete at the level of the
prestressing reinforcement was more uniformly distributed along the member and
multiple fine cracks occurred when nonprestressed bonded reinforcement was
present. For beams with no nonprestressed bonded reinforcement, the concrete
strains were not uniform along the member. Very high concrete strains
developed near the cracks in the midspan section where only one or two wide
cracks formed. The extent of strain and cracking gave an indication of the spread
of the plasticity zone along the beam top fiber.

Harajli and Kanj (1990) conducted an experimental and analytical
investigation that included the testing of 26 prestressed simply supported
concrete beams with unbonded tendons. The main variables were the reinforcing
index, the span-to-depth ratio, and loading type (one or two concentrated loads).
They concluded that the length of the plastic hinge at ultimate is as important as
the effect of span-to-depth ratio on f,,. The effect of loading type was found to be

insignificant. They also concluded that the parameter p, !, which is the basis of

Eq.(18-4) and (18-5) of ACI 318-83, is not a rational design parameter.
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Chakrabarti, Whang, Brown, Arsad, and Amezeua (1993) investigated 33
beams with unbonded tendons. Four groups of beams were tested with the
following variables studied: different combinations of prestressed and non-
prestressed reinforcement, T-beams and rectangular beams, normal and high
strength concrete, different initial stresses in the tendons, and high and low ratios

of L/d. Based on test observations and load-deflection plots, they concluded that
a very high value (1.00) of PPR (PPR =Af, / (A‘,f,,r + A,fy)) caused sudden large

cracking in the tension zone of the beam. A very high value (0.3) of

o =pf, /T +pf, /1, caused crushing of the compression zone of the specimens.

In both T-beams and rectangular beams some improvement in strength and
deflection control was observed with high-strength concrete when  and PPR
were maintained within an optimum range (0.1 < v< 0.25, and 0.25 < PPR
<0.70). When L/d exceeded 35, post-cracking behavior and deflection control
were greatly improved with a small amount of additional nonprestressed bonded
reinforcement (p = 0.22%). A further addition of nonprestressed bonded
reinforcement improved the strength but did not improve the ductility or ultimate
stress in the strand. For specimens with L/d > 35, Af,, was very low and almost
half of that found in members with a small amount of nonprestressed bonded
reinforcement. As the L/d ratio decreased the load carrying capacity of members
with additional nonprestressed bonded reinforcement increased, but when there
was no nonprestressed bonded reinforcement the L/d ratio did not seem to make
a significant difference. The magnitude of the initial stress, f,., in the tendon did

not have a pronounced effect on the overall beam behavior. However, as values
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of fe increased, Af,,, was reduced. It should be noted that all the members were
over-reinforced so the conclusions are not necessarily applicable to typical

members.

2.3 Code Requirements and Recommendations for Flexural Members With

Unbonded Tendon
2.3.1 Canadian Code Provisions

The first Canadian code for the design of prestressed concrete appears to
be A135 (1962).

The use of nonprestressed bonded reinforcement in conjunction with
prestressed reinforcement was permitted in A135-1962. Bonded reinforcement
was not required when there was no tensile stress in the precompressed tensile
zone under service loads. An amount of nonprestressed reinforcement equal to

10 percent of tendons area was required when the tensile stress was less than or
equalto 0.5 JE . Statically determinate members with unbonded prestressing
were required to have bonded nonprestressed reinforcement. The ultimate
strength required was the greater of 1.8D +1.8L or 1.2 D+2.4 L with no strength
reduction factors ¢. This is significantly more capacity than required by current
codes. The prediction equation for stress in tendon at ultimate was:

for = foe + 105 MPa which is conservative for members with a span-to-depth ratio
less than or equal to 40. The first version of A23.3 to include prestressed

concrete members was A23.3-1973. Both A23.3-1973 and A23.3-M77
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required a minimum amount of nonprestressed bonded reinforcement A in

beams and one-way slabs equal to:

N
.. 2
A= 08, (.8a)

or
A, = 0.004A

(2.8b)
which ever is larger, where:

A = area of that part of the cross-section between the flexural tension face
and the center of gravity of the gross section

N. = tensile force in the concrete under a load of D+1.2L

fy should not exceed 400 MPa,.

The allowable concrete tensile stress under service loads was 0.5 NG
The uitimate strength required was 1.4D +1.7L with a member strength reduction
factor ¢ = 0.9. The prediction equation for stress in a tendon at ultimate was

changed to include f, and p, as follows:

fr
fpr = fpe +70+ 105pp (2.9)

but not greater than fre +414 MPa

This requirement remained in effect until A23.3-84 with permitted one to
exceed the concrete tensile stress limit (0.5 \/?; ) provided that analysis or tests

demonstrate adequate fatigue resistance as well as adequate deflection and
crack control under specified loads. In addition, A23.3-84 required a minimum

area of bonded, nonprestressed reinforcement for beams and one-way slabs.
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These minimum reinforcement requirements were 0.004A, for fully prestressed

members i.e. tensile stress < 0.5./f. MPa, and 0.005A for prestressed members

were tensile stress > 0.5,/f. MPa. The ultimate strength required was

1.25D +1.5L with material factors ¢.=0.6, ¢s=0.85, and $,=0.9 for concrete,
nonprestressed bonded reinforcement, and prestressed reinforcement
respectively. The prediction equation for stress in a tendon at ultimate was
changed to include the effect of nonprestressed bonded reinforcement and the
number of plastic hinges in muitiple contiuous spans

f,=f,+ sc;oo(dp ~c,) MPa (2.10)

The requirements of minimum nonprestressed bonded reinforcement for

one-way slabs have been changed in the current CSA A23.3-94 to 0.003A and
0.004A for tensile stresses below and above O.Sﬁc'_ respectively. This amount of

bonded flexural reinforcement must be distributed to provide adequate crack
control.

The flexural strength requirement in the current code is that the factored
flexural resistance, M, of the member must be equat or greater than the factored
moment, My, due to external loads, M= 1.25Mp +1 .SML. The factored moment
resistance, M;, of the beam is provided by a couple consisting of a tensile force
provided by the reinforcement (both prestressed and nonprestressed) and the

compression force in the concrete near the top face of the beam.
M, = 8,A,f,(d, ~a/2)+ ,Af, ([d-a/2)+ ¢ ALt (d'-a/2) (2.11)
where:
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a=p,c=(4,A 0 +0,Af, + 6,Asf, ) (a6 .f.b)
¢c = 0.6, ¢s = 0.85, and ¢, = 0.90 are the concrete, steel, and prestress

material factors respectively.

a, =0.85-0.0015f' > 0.67 (2.12a)
B, =0.97 -0.0025f’ >0.67 (2.12b)

As well as providing adequate flexural capacity, the member must have
sufficient ductility to provide waming of impending failure. The member will have
a ductile response if it possesses adequate post-cracking capacity and if steel
"yields" prior to crushing of the concrete. To ensure adequate post-cracking
capacity, A135-1962 Code provisions required that the factored flexural
resistance, Mr, be at least 20 percent greater than the cracking moment, M.
A23.3-84 waived this requirement if the factored flexural resistance of the section
is one-third greater than M. These requirements exist in A23.3-94. To satisfy this
requirement it may sometimes be necessary to add a minimum amount of non-
prestressed reinforcement. To insure yield of reinforcement, the code requires
that the depth of the compression zone, ¢, not exceed one-half of the section
depth, h.

The prediction equation of the stress in the tendon at ultimate according to
current provision of CSA A23.3-94 is:

£, =1, +3000

,=¢,) MP, (2.13)

f <f

or 44
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2.3.2 American Code Provisions and Recommendations

The first recommendations for prestressed concrete in the United States
were published by ACI-ASCE committee 323 (1958). These recommendations
permitted service load concrete tensile stresses of 0.5sz with further provision
that this tensile stress may be exceeded provided it is shown by tests that the
structure will behave properly under service conditions and meet any necessary
requirement for cracking load or temporary over load. The first code to appear
was ACI 318-63. The ultimate strength required was 1.5D +1.8L with a member
strength reduction factor $=0.9. ACI 318-63 required the factored resistance be
at least 1.2 times the cracking moment based on a modulus of rupture
f= 0.6\@ . The prediction equation for stress in the tendon at uitimate was:

for = foe + 105 MPa (2.14)

ACI-ASCE 423-69 recommended that an amount of bonded reinforcement
As=Nc/0.5f, must bz provided for crack control.

ACI 318-71 permitted tensile stresses up to 1.0 ,/f. provided that
immediate and long-term deflections based on a cracked section and analysis
were acceptable and provided that the concrete cover was increased by 50% for
members exposed to earth, weather or corrosive environment. Because the
tendons were unbonded, concern arose regarding the structural safety of such
systems in the event of multiple tendon failures. To prevent such an occurrence,
ACI 318-71 introduced provisions for minimum amounts of bonded

nonprestressed reinforcement for structures using unbonded tendons. This
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reinforcement was, and still is based on 0.004A, where A is the area of that part
of cross section between the flexural tension face and center of gravity of gross
section. The ultimate strength required was and still is 1.4D +1.7L with a member
strength reduction factor ¢=0.9. The prediction equation for stress in the tendon

at ultimate was:

’

fC
_ 15
£ f‘,.+70+100 (2.15)

but not greater than foe +414 MPa.

In one-way slabs, economical use of the minimum bonded reinforcement
leads to the use of design tensile stresses in the range of 0.75 f.t0o1.0 Jf: .
ACI318-83 section 18.8.3 permits waiving of the requirement for factored
resistance at least 1.2 times the cracking load for members with shear and
flexural strength at least twice that required by section 9.2, i.e. (2Mr, 2Vi). An
upper limit for the minimum reinforcement of “at least one-third greater than
required by analysis" has appeared in section 10.5 since ACI 318-63.

ACI-ASCE 423 (1983) recommended that Committee 318 waive the
minimum reinforcement requirement of Section 18.8.3 (1.2 times the cracking
load) for one-way slabs with unbonded tendons, considering the fact that
unbonded tendons do not yield or rupture at cracking.

The current code requirements for strength and ductility is still the same
as in ACI 318-83. The required strength according to the current ACI Code is
expressed in terms of factored load or internal moment and forces. Factored

moments are the loads specified in the general building code multiplied by
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- ey ame

appropriate load factors, e.g. M, =1.4M, +1.7M.. for dead and live load only. The
ultimate moment resistance, is the nominal strength calculated in according with
these provisions multiplied by a member performance factor ¢ = 0.90.

M, =M, =¢{ Af, (d, —a/2)+ Af, (d-ar2)+ ALt (d'-ar2) }  (2.16)
where

a=pc=(Af, +Af-ALf )/085b

f:
f, =f.+70+— MPa (2.17)

272
for both provisions ACI 318-89 and ACI 318-95

where:

i = 100 for L/d <35, and p = 300 for L/d > 35.

2.4 Summary

The important points from this literature review can be summarized as

follows:

1. There have been significant differences between codes at the ultimate limit

state. See Tables 2.1 and 2.2.

2. There has been little difference between codes at the serviceability limit state.

See Tables 2.1 and 2.2.
3. There have been significant differences between codes for p minimum.
4. Most research has been on heavily prestressed members.
5. There is little research on lightly prestressed members with unbonded

tendons. Tests with less than minimum code reinforcement are required to
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validate analytical models of deteriorated structures where prestress has
been lost due to corrosion of tendons.

6. There is little research on high strength concrete members with unbonded
tendons. More tests with concrete strength greater than 50 MPa are required
to establish member behavior.

7. The parameters that effect the prestressing steel stress at ultimate as well as
the actual behavior of the prestressed member are:

1) Initial effective stress in the tendon immediately before testing. The greater
the initial stress the greater the tendon stress at ultimate strength.

2) Amount of prestressed reinforcement. It affects member strength and
ductility.

3) Span-to-depth ratio. Tendon stress at ultimate decreases as span-to-depth
ratio increases.

4) Amount of supplementary nonprestressed bonded reinforcement. It
increases the strength, crack distribution, and member ductility.
While there are others, these are the most important parameters.

8. The ACI 318-95 equation for predicting f, is applicable for fully prestressed
unbonded members, it does not account for most of the important
parameters.

8. The CSA-A23.3-94 is the most comprehensive equation for f,., but it does not
account for all parameters.

10. A more comprehensive analytical model that accounts for the four most

important parameters is required.
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CHAPTER 3

EXPERIMENTAL PROGRAM

3.1 Introduction

The overall objective of this experimental program was to investigate the
minimum amount of nonprestressed bonded reinforcement required to provide a
ductile behavior in lightly prestressed members. The data were then used to
develop and validate a model for predicting the flexural response of these
members.

Eleven simply supported beams were tested. In the first series, seven
beams had 50 MPa nominal concrete strength. The second series consisted of
four beams with 100 MPa nominal concrete strength to assess the influence of

concrete strength. All beams had identical geometric configuration, and a
constant span-to-depth ratio of 14.25. The initial prestress was, 0.6f,,in all

beams. Other variables were the amount of unbonded prestressed
reinforcement, and amount of nonprestressed bonded reinforcement.

The beams were subjected to two point loading to create a test region with
constant moment and zero shear between the point loads. Three deformation
controlled tests were conducted. The remainder of the tests were gravity load
tests in order to assess the impact effects associated with the “sudden” increase

in deflection when the cracking load was reached.

28



The beams were designed in such a manner that some specimens failed
in a brittle manner while others failed in a ductile manner. Thus, the boundary
between brittle and ductile failure was bracketed.

The details of each specimen, the material properties, fabrication,
instrumentation, and test procedure are described in this Chapter. The detailed

test results and analysis are given in Chapter 4.

3.2 Test Specimens
3.2.1 Beams Designation

The 11 specimens were divided into two groups according to their
concrete strength. The 50 MPa strength set is designated by letter "R" and
numbered according to the order of testing, e.g., R-1. The 100 MPa set was
designated by two letters "RH" and numbered according to the order of testing,

e.g., RH-1.
3.2.2 Details of Specimens

Figure 3.1 shows the typical geometry and reinforcement arrangement.
The amount of reinforcement and concrete strength is listed in Table 3.1. Note
that the ends of the beam, outside of the point loads, had suppiementary
reinforcement to prevent shear failure. The test section is the constant moment

region between the two point loads.
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3.3 Materials

3.3.1 Concrete

Two mix designs were used in the program- one for intermediate strength
concrete (target strength of 50 MPa concrete at 28 days), and one for high
strength concrete (target strength of 100 MPa concrete at 28 days).

Nomal Type 10 Portland cement was used. Local sand and aggregate
were used to cast the beams. Mix designs are given in Table 3.2.

All beams were cast in the structural laboratory at the University of Alberta
using a horizontal pan mixer capable of producing a 0.2 cubic metre batch.

Concrete test cylinders and modulus of rupture beams were cast at the
same time from the same batch as the specimens. Cylinders were nominally 152
mm in diameter and 305 mm lung for the 50 MPa concrete beams, and 100 mm
diameter and 200 mm long for 100 MPa concrete beams. Modulus of rupture
beams were 152 x 152 x 914 mm. Six concrete cylinders and two modulus of
rupture beams were tested at the same time as the test specimens. Three
cylinders were used to determine the compressive strength, and three were used
to determine split cylinders strength. These tests were carried out in accordance
with CSA A23.2 (CSA 1994). The concrete strengths are given in Table 3.3.

Typical stress-strain curves for both types of concrete are shown in Figs.

3.2and 3.3.
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3.3.2 Prestressed Reinforcement

All prestressed beams were reinforced with 9 mm diameter seven-wire

stress relieved prestressing strand with static foy = 1778 MPa except beam RH-1

where 13 mm diameter seven-wire stress relieved prestressing strand with static

foy = 1620 MPa was used. Some wires were clipped to reduce the effective area

of the steel to more closely match the desired area. Properties are presented in
Table 3.4.

The stress-strain curves for these strands are shown in Fig. 3.4. Tension
tests for the prestressed reinforcement were done in accordance with ASTM

A370-92.
3.3.3 Nonprestressed Bonded Reinforcement

The supplementary nonprestressed bonded reinforcement used in all
specimens consisted of 6 mm diameter deformed steel bars (cross-sectional
area of 29.15 mm?). These bars were from the same heat, and had an ultimate
strength of 645 MPa with no well defined yield point. The 0.2 % offset static yield
stress was 460 MPa.

The typical stress-strain curve for the reinforcement is shown in Fig. 3.5.
Tension tests for the nonprestressed reinforcement were done in accordance

with ASTM A370-92.
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3.4 Fabrication

The specimens were fabricated in the I. F. Structural Laboratory at the
University of Alberta. Forms were made of plywoad. The forms were oiled before
casting the concrete. Reinforcing cages were assembled with tie wire.
Prestressed reinforcement was greased (premium lubricating grease with RF-7)
and encased inside plastic tubes having a 12.7 mm inside diameter and 15.875
mm outside diameter.

The concrete was vibrated using a hand held pencil vibrator. One batch of
concrete was enough to cast one specimen with companion cylinders and
modulus of rupture beams. The side forms were stripped twenty-four hours after
casting. The beams were then cured with wet burlap and plastic sheets for
approximately ten days. They were then allowed to cure uncovered in the
laboratory until the time of testing. The test cylinders were always subjected to
the same curing conditions as the beams in order to get a good estimate of the
actual properties of the concrete in the beams.

Figure 3.6 shows specimens prior to casting.

3.5 Prestressing

The prestressing operation was carried out one day prior to testing. Fig
3.7 shows prestressing set up for both ends of the beam.

Prestressing force was applied using hydraulic jack that reacted against
the beam, stresses were distributed through 125x125x25 mm steel bearing
plates. The force and elongation of the tendon during the prestressing was

monitored on the data acquisition system, readings were taken every 5 kN
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increment in prestressing force. When the prestressing force reached 5kN higher
than required, wedges were set. The jack force was released slowly allowing the
complete engagement of the wedges. The loss of tendon elongation associated
with the seating of the anchorage was ranged between 5 to 7 mm.

The jacking force was applied for the second time, and shim plates were
inserted between the load cell and the bearing plate locking into place the

required tendon force.

3.6 Test Set-up and Instrumentation

The specimens were tested in the load frame shown in Figs. 3.8, 3.9, and
3.10. In the stroke controlled tests, the loads were applied with hydraulic jacks
pulling on the tension rods from below the strong floor. In the gravity load tests,
hydraulic jacks were used to pick up the initial portion of the dead weights. The
additional dead weights (50 pound calibrated weights) that were required to bring
the specimen to failure were applied by hand.

The loads were applied through 80 x 80 mm steel bearing plates that were
plastered to the top of the beam. There were rollers at each load and support
location that prevented horizontal restraint. The adjustable wheel support was
manualily adjusted to keep the load at mid span of the beam.

Gravity loads were made up of three large steel beams with additional
steel plates and 35 mm diameter reinforcing bars as needed. The dead weight
assembly was supported by hanger rods, which transferred the weight to the
specimen as two concentrated loads. Additional load was provided by standard

50 Ib weights. See Fig. 3.11.
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Electronic load cells were used to measure the loads and reactions. Load
cells of 20 kip capacity were used to measure reactions and applied loads in the
stroke control tests while 10 kip capacity tension load cells were used to measure
the applied gravity loads. The force at each end of the tendon was measured
with 40 kip capacity centre hole load cells located between the end bearing plate
and the stressing chucks.

Vertical deflections were measured with cable transducers attached to the
bottom of the specimen at mid-span and at the loading point locations. Also,
cable transducers were used to measure the horizontal span change between
support reactions and load points. The load and support points could move
horizontally during the test.

All load cells and cable transducers were calibrated before and after the
test program.

Cracks were measured with a microscope graduated tc 0.001 inches.
During the test, cracks were monitored and measured at most load steps.
Measurement locations were at strand level, nonprestressed reinforcement level,
and at the bottom of the beam and were marked to ensure measurements were
taken at the same location each time.

A Demec gauge was used to measure concrete strain. Demec points with
a 250 mm gauge length were located on both sides of the beam, as shown in
Fig. 3.12.

All electronic readings were recorded using a Fluke data acquisition

system. Demec gauge readings were recorded manually.
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3.7 Test Procedure
3.7.1 Stroke Control Testing Procedure

After the test specimen was aligned, all instrumentation was checked. The
initial readings of load cells, cable transducers, and Demec gauges were taken
prior to the start of loading.

The loads in the hydraulic jacks were manually controlled. Care was taken
to apply the loads at a constant rate using two separate hydraulic jacks, one for
each point load. Load increments of 0.5 kN per jack were applied. The magnitude
of the load was held constant while a set of reading was taken. Close to the
cracking load, the data acquisition system was set to take readings at
approximately two seconds intervals in order to capture the cracking load. After
cracking, readings were taken at deflection increments of 5 mm until the failure
occurred. The cable transducer under the south point load and the south load cell
were connected to the data acquisition system that allowed monitoring of the
load-deflection curve in real time during the test.

Tests were terminated when the maximum tendon force reached 98 % of

the measured breaking strength of the tendon, or after crushing of the concrete.
3.7.2 Gravity Loading Test Procedure

After the test specimen was aligned, all instrumentation was checked. The
initial readings of load cells, cab'e transducers, and Demec gauges were taken

prior to start of loading.
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The steel beams (gravity load) were gradually lifted up off their support,
transferring their weight to the specimen, by means of two hydraulic jacks located
on top of the two point loads. After the weight of the steel beams was supported
completely by the specimen, supports for the steel beams were removed to allow
for large deflection. The hydraulic system was then closed and kept closed until
the end of the test. Its important to note that the total suspended weight right
after closing the hydraulic system was less than the cracking load. Readings
were taken during lifting the steel beams at 1 kN intervals.

Standard 50 Ib weights were added at a constant rate. As the loads were
applied, readings were taken automatically by the Fluke data acquisition system.
Demec readings were taken at 200 Ib load increments.

The overall behavior of each specimen was also monitored during the
course of each test by plotting the north point load versus central deflection.
Loads, deflections, and span length change were monitored continuously on the

data acquisition screen. Each test took approximately three hours to complete.

3.8 Test Resuits

Detailed test results are given in Appendix A. Table 3.6 gives summary of
the most important data: The ultimate deflection, loads and reactions along with
Afor and the cracking and ultimate moments.

As in all structural experiments the observed reactions and loads do not
precisely satisfy statics. This is due to small differences in calibration factors

before and after the testing, and normal minor experimental error.
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In order that the free body diagram of the specimens satisfies statics
exactly, adjustments to the load, reactions, and horizontal dimensions were
made using the method of least squares. This is similar to adjusting a surveying
traverse to eliminate the error of closure.

The standard error of a length measurement was 1 mm per metre. The
accuracy of each load cell was taken as 0.005 times the capacity of the load cell.
It was found that the maximum correction in either the load or support reaction in
all tests was 1.89%. Moments have also been adjusted to include the effect of
the beam and loading apparatus self weight.

The test results after adjustment of loads and reactions are reported in
Table 3.6. Actual readings for loads and reactions are presented in the
Appendix A.

Graphs of applied load vs mid-span deflection, load vs increase in strand
stress, crack width vs increase in strand stress and other information are

presented in Chapter 4, where they are discussed in detail.

37



peo Ajiaess 0C'0 Sv'i8 SLil SL'0 LA WA 4 ge'ecl r-HY sauag

peo Ajiaess eL'o 0€'8S pLLL GL'0 | dWA4 GZ6LL £-HY 9)alouod

peoq Ayaeln 100 SL'6¢C LLiL SL'0 1 dWA4 66°LL1 C-HY yibuang

peo Ajiaeso 000 000 8601 L€0 00°'66 geE 8Ll L-HY ybiH

peo Ajiaels 0C0 Sv'.8 000 000 000 S0'6¥ Y

peo Ajiaess 14 X 0€'8S 000 000 000 GE'8sy 9-Y

peoq Ajaels 200 Gl'6Z oiiLl 4% 62°6€ 0C'Ls S-d sauag

peo Ajiaess 000 000 CLitL 4 40) 62 6€ 0S8y -d 9}a;ouod
joU0) ayois €L'0 0€'8S6 g8ciiL SL'0 14 WA 4 v.'CS e-Y yibuang
JOUOD) 9)oNS 200 Gl1'62 8cLl SL'0 L4 WA 4 £0'CS c-H ajelpaussiu)
(0UO) axong 000 000 LiLL SL°0 14 WA S [44:14 -

%'d | Lww]'y |ledW] ®) | 9% |[;ww] | [eaw] 3 #
Bunca) JUaWS210juIdYy yibuans
JO PoYyIany passansaiduop JUBWIBDIOIDY PasSalsald aja10u0) | uswioadg souag

seuedoid sueunsadg |°¢ oajqe

38



Table 3.2 Concrete Mix Designs

Specimens
High Strength Concrete Intermediate
Constituents [~ 100 MPa] Strength Concrete
[~ 50 MPa]
Cement [kg/m’] 520 380
Water [kg/m’] 55 170
Coarse aggregate [kg/m’] 1080 1000
Fine aggregate [kg/m®] 695 815
Silica Fume [kg/m’] 110 0
Superplasticizer [I/m°] 18 0
WI(C+SF) 0.21 0.45
Notes:

1. Concrete mixes were designed based on 2 % air content.
2. Silica Fume Slurry had 49 % solids by weight.
3. Superplasticizer used was SPN 2000 which had 31 % solids by weight.
4. Maximum aggregate size is 14 mm
5. Quantities based on saturated surface dry aggregates
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Table 3.3 Concrete Strength

Specimen | Compression* | Split* | Modulus of
Rupture **
[MPa] [MPa] [MPa])
R-1 49.22 4.30 3.75
R-2 52.03 4.45 4.02
R-3 52.74 4.31 3.67
R4 48.50 4.11 3.85
R-5 51.20 4.35 3.71
R-6 48.35 4.20 3.82
R-7 49.05 4.25 3.93
RH-1° 118.38 6.72 5.60
RH-2 * 117.99 6.70 5.24
RH-3 * 119.25 6.69 5.17
RH4* 113.38 6.67 5.50
* Average of three tests
** Average of two tests

* 100 x 200 mm cylinders
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Figure 3.6 View of Reinforcing Steel Cages in the Wooden Forms
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Figure 3.7 Prestressing Set-up at Both Ends of the Beam
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Figure 3.9 Gravity Load Control Test Set-up
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Figure 3.10 Gravity Load Test Set-Up

50 Ton Hydraulic Jack
1 Rigid Steel Beam
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Figure 3.11 View of the Gravity Loads Used in the Test
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CHAPTER 4

ANALYSIS

4.1 Introduction

This chapter presents a detailed analysis of the test results along with the
development of an analytical model that predicts the flexural response of
unbonded prestressed concrete members. An idealized response diagram is
given in Fig. 4.1. The load-deflection curves have distinct regions associated with
different physical phenomenon, such as: cracking of concrete, yield of
reinforcement, and crushing of concrete. The phenomenon associated with each
region of the load-deflection curve is discussed and a prediction model is
developed. Appropriate values for the parameters in the model are established
from the test results. The effect of concrete strength, strain hardening, and
amount of nonprestressed bonded reinforcement are assessed with the
prediction model and the experimental results.

Code requirements for minimum bonded reinforcement, and code
predictions for M, and M, are evaluated.

in addition, two equations for prediction of the tendon stress at failure

using a collapse mechanism are presented.
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4.2 Load-Deflection Relationship

Experimental load-deflection curves for all specimens are given in
Appendix B. Selected curves are presented in Figs. 4.2 through 4.8. These
figures present the curves for specimens that were similar except for the variation
of one parameter. The effect of the parameter is readily apparent.

From a study of the experimental curves, the schematic plot of load-
deflection shown in Fig. 4.1 for various loading stages was developed. Stage a-b
represents the first stage of the applied load-deflection curve where the members
behaved as a linearly elastic uncracked section. At cracking, two distinctly trends
were observed depending upon the method of testing. Beams tested with the
stroke control method followed the b-c trend line with a drop in load at cracking.
Beams tested with the gravity load method followed the b-d trend line with an
increase in deflection at cracking. This drop in load or increase in deflection is
due to the reduction in stiffness of the member after cracking. The amount of
nonprestressed bonded reinforcement provided, and the concrete strength
influence the drop in load and increase in deflection.

With increasing load, the response curve follows c-e or d-e as appropriate.
Point e on the curve represents yielding of the nonprestressed bonded
reinforcement. Point f represents yielding of the prestressed reinforcement. And
finally point g represents crushing of the concrete. After failure, beams tested
with the stroke control method are still able to carry some load and follow the line

g-h-i.
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Beams R-4 and RH-2 failed at cracking (point b). Beams R-3 and RH-4
failed by crushing of the concrete after yielding the tendon (point g). Other
specimens failed somewhere between points b and g due to strain localization
that ruptured the bonded reinforcing bars. The position along the response curve
where the specimen fails depends on parameters such as concrete strength,
amount of nonprestressed bonded reinforcement, and amount of unbonded
prestressed reinforcement.

Figure 4.2 presents the load versus deflection curves for beams R-1, R-2,
and R-3, which have varying amounts of nonprestressed bonded reinforcement.
All beams in this figure were tested in stroke control mode. Beam R-1, which had
no bonded reinforcement, had an ultimate strength 18% greater than the
cracking load, and appears to be ductile. It required almost 30 mm of deflection
after cracking to sustain the cracking load. If this beam had been tested under
gravity loads, this beam might have failed due to impact in a brittle manner at
cracking. Beam R-2 which had A, = 0.00116A (p =0.00065) is obviously ductile
but there was a single flexural crack and the bonded reinforcement ruptured
before the tendon yielded. Beam R-3 which had A, = 0.00232A (p =0.0013) was
ductile. The tendon yielded before the concrete crushed. A23.3-94 requires a
minimum bonded reinforcement of A; = 0.004A to insure ductile behavior. Figure
4.2 clearly shows that ductility can be achieved with significantly less bonded
reinforcement.

Figure 4.3 presents the load versus deflection curves for beams R-4, and

R-5. The test specimens have the same amounts of unbonded prestressed
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reinforcement and varying amounts of bonded nonprestressed reinforcement.
These beams were tested with gravity loads. Beam R-4 was brittle but beam R-5
was ductile in that additional load after cracking was required to produce failure.
It is evident that an area of bonded reinforcement as small as 0.00116A can
prevent a sudden collapse when the cracking load is reached, but this is very
close to the limiting value.

Figure 4.4 shows beams with the same amount of bonded reinforcement
but different amounts of unbonded prestressed reinforcement. Beam R-2 which
is clearly ductile, had p,=0.0015 (©,=0.0315). On the other hand, R-5 which can
be described as barely ductile, had p,=0.0012 (,=0.0269). These tests show
that even a small reduction in effective prestress can produce a significant loss in
strength and ductility. Thus, the reduction in effective prestress in existing
structures due to corrosion can have serious consequences.

Figure 4.5 shows two beams that had similar reinforcement but different
concrete strengths. Beam RH-3 which had 119.25 MPa concrete strength, had a
higher cracking load, but less ultimate strength and ductility than beam R-3 which
had 52.74 MPa concrete strength. Since both beams had the same
reinforcement, RH-3 should have had an ultimate strength slightly greater than
R-3. Beam R-3 had several cracks, while RH-3 had a single crack. The bonded
reinforcing bars prematurely ruptured in beam RH-3. The higher concrete
strength in RH-3 produced very short bond lengths and hence significant strain
localization in bonded reinforcement. When the ductility of the reinforcing bars

was exhausted at the crack, the bars ruptured. This required little member
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deflection and hence there was little increase in tendon stress in RH-3. In beam
R-3, the concrete tensile strength was lower, and the bonded reinforcement was
sufficient to allow the development of several flexural cracks. This in tumn,
produced larger deflections, larger increase in tendon stress, and hence greater
member strength and ductility. One can conclude that higher concrete strength
may require additional reinforcement to get desirable member response.

Figure 4.6 shows the response of beam RH-1 and the response of
specimen R3 tested by Ospina et al. (1997). The beams had the same
reinforcement and concrete strength of 118.38 MPa and 108.5 MPa respectively.
Beam R3 was tested using the stroke control method while RH-1 was tested with
gravity loads. The difference in response is due to the difference in method of
loading. This agrees with the previous discussion of Fig. 4.1. These beams show
that one can have adequate strength and ductility in members without bonded
reinforcement, even with high concrete strength, provided that there is sufficient
prestressing. It worth noting that the sudden 38 mm deflection of RH-1 at
cracking occurred slowly enough to eliminate major impact effects. (The time
required to move from point a to point b in Fig. 4.6 was approximately two
seconds).

Figure 4.7 shows a set of high strength concrete beams with the same
amount of prestress but varying amounts of nonprestressed bonded
reinforcement. Beam PH-4 (A,=0.00348A) had approximately the minimum
bonded reinforcement required by A23.3-94 (A,=0.004A). This amount was

enough to produce large ductility (5/L=1/54), three cracks, and yield of the tendon
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before the beam failed by rupturing of the reinforcing bars. The more heavily
reinforced beams attained greater ultimate load than those with less
reinforcement. Additional bonded reinforcement improved member ductility.
While member ductility was obscured by breakage of the reinforcing bar in
beams RH-2 and RH-3, A;=0.00348A was enough to improve the ductility and
permit yield of the tendon.

Figure 4.8 shows the results for beams R-6 and R-7. These members
were nonprestressed and were designed to have predicted M, /M, ratios of 1.00
and 0.67 respectively. These beams did not collapse at first cracking. They

exhibited large deflection (L/24, and L/44.6) and had M... M, ratio of 1.66 and

Cliegy
1.17 respectively. This occurred because strain hardening provided additional
capacity that prevented a sudden collapse at cracking. This reserved capacity is
proportionately smaller in prestressed members because the strain hardening
influences only the bonded portion of the total reinforcement in the member. This
figure shows that the influence of strain hardening on the ultimate strength of the
nonprestressed members cannot necessarily be neglected.

From Fig. 4.2 and Fig. 4.7, it is evident that a nonprestressed bonded
reinforcement index ws=pf,/f. greater than 0.01 was sufficient to prevent a large
increase in deflection (gravity controlled) or drop in load (stroke controlled) for all

concrete strengths tested.
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4.3 Crack Patterns

Discussion of the observed crack patterns is warranted because the
number and type of cracks gives an indication of the amount of bonded
reinforcement present. This information is useful when assessing an existing
structure.

In the tests, the first crack formed when the stress in the extreme concrete

tension fibers reached a stress of 0.53/f, to 0.58,/f. . The mean stress at

rupture was 0.55,f; .

Figure 4.9 shows the crack pattern of all beams after failure. Figure 4.10
shows the two extreme types of crack behavior. Figure 4.10 (a) shows the crack
development in beam R-3 which had a modest amount of bonded reinforcement
(p=0.0013). Cracks were marked with black felt marker at each load step. The
number written beside tick marks indicates the applied load in kN when the crack
reached the tick mark. Four flexural cracks formed by the time the load reached
40 kN. The flexural cracks grew slowly with increasing load and branched or
bifurcated as failure was approached. The photograph was taken when the load
was 95% of the failure load.

Figure 4.10 (b) shows the crack development in beam RH-1 which had no
bonded reinforcement. in this case the first crack occurred at a load of 55 kN.
The crack was large and severely bifurcated. These typical photographs suggest
that if one sees large bifurcated cracks in a structure, it will have zero or low
amounts of bonded reinforcement. In all of the prestressed members tested,

some bifurcation of the cracks occurred before failure. In members similar to
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those tested, absence of crack bifurcation may be taken as an indication that the
failure is not imminent. These observations may be useful when assessing an

existing structure

4.4 Failure Modes

All beams failed in flexure. Failure was initiated by: rupture of the bonded
nonprestressed reinforcement, or yielding of the unbonded prestressed
reinforcement. Either of these two events would lead to larger deflections and
finally crushing of the concrete compression zone due to excessive deformation.

Figure 4.11 shows a view of the specimens after failure.

Beam R-1 failed by yielding of the prestressed reinforcement followed by
initial crushing of concrete accompanied by increasing deflection under constant
load. Beam R-2, failed by rupture of the nonprestressed bonded reinforcement 6
mm bar) prior to yield of the prestressed reinforcement. Beam R-3, failed by
crushing of concrete and rupture of the nonprestressed bonded reinforcement
after the unbonded prestressed reinforcement had yielded. Due to the stroke
controlled loading procedure used, these three specimens were able to carry
load after the peak load was reached.

Beams R-4, and RH-2 failed without any warning in a catastrophic manner
at cracking.

Beams R-5, and RH-3 both failed by rupture of the nonprestressed

bonded reinforcement before the tendon reached yield.
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Beam RH-4 followed the same trend as beam R-3 and failed by rupturing
the nonprestressed bonded reinforcement after yielding of the unbonded
prestressed reinforcement.

Beam RH-1 failed in violent manner due to crushing of the concrete in the
compression zone. While the ultimate failure was explosive, it occurred at a load
greater than the cracking load and after significant deflection was developed
(8/L=1/36.5).

Beams R-6, and R-7 had no prestressed reinforcement. These beams

failed by rupture of the nonprestressed bonded reinforcement.

4.5 Extreme Compression Fiber Strain Measurements

Demec points with a 250 mm gage length were used to measure the
concrete strain distribution in the constant moment region. The maximum
concrete strain reached in the top fiber of the beam was calculated assuming a
linear strain distribution through the section. Plots of the variation in concrete
strain along the member at the extreme compression fiber are given in Fig. 4.12.

The extreme concrete fiber strain tends to be non-uniform along the length
of the member. As failure is approached, the strains grow rapidly at the
governing failure crack.

The concrete compression strains at failure for all test specimens are
given in Table 4.1. Only beam R-3 and RH-1 were governed by concrete
crushing before the reinforcing bars ruptured. Hence, only these two specimens
can be used to assess the maximum compression strain capacity of the

concrete. The values of £, were 0.00330 and 0.00360 respectively.
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It may be concluded that the maximum compression strain of 0.0035
specified in CSA A23.3-94 can be reached even for members with large

deflections.

4.6 Increase in Tendon Stress at Failure

Tendon stress was measured by load cells placed at each end of the
beam. Stress in the tendon was taken as the average of the two load cells
dividing by the nominal area of the tendon. The tendon force was monitored
during stressing, immediately before testing and throughout the test.

Before cracking, the stress in the prestressed reinforcement showed only
a slight increase that ranged between 3.41 MPa and 6.92 MPa.

After cracking, a sudden increase in the tendon force was observed in the
beams that exhibited large deflection and a wide crack. This increase in tendon
stress ranged between 169.00 MPa and 280.25 MPa. In beams that were able to
maintain the cracking load without additional member deflection, the tendon force
increase at cracking was negligible. With further loading, additional deflection
produced additional tendon stress.

In other beams that failed suddenly at cracking, it was not possible to
measure the tendon force at the instant of failure. After failure the beam was
supported by the safety equipment, so the tendon force measured after failure
was not relevant.

Figures 4.13 and 4.14 represent the relationship between the applied load
and the increase in tendon stress. These curves are similar to the load-deflection

curves. Consequently, the increase in tendon stress and deflection are linearly
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related up to yield, as shown in Fig. 4.15. This relationship has the same shape
as the stress versus strain curve for the tendon.

Figure 4.16 shows that deflection is linearly related to the sum of the crack
widths at the level of the tendon. Since the sum of the crack widths at the level of
the tendon equals the change in tendon length, one can estimate the change in
tendon stress from the member deflection. This is used in the prediction model

that is developed in the following section.

4.7 Prediction of the Increase in Stress at Ultimate Using a Collapse
Mechanism

Figure 4.17 shows a typical collapse mechanism to an unbonded
prestressed member with one crack at mid-span. Unbounded prestressed
members might develop more than one crack, especially when supplementary
nonprestressed bonded reinforcement is present.

From the geometry in Fig. 4.17

5 L2 5
—_—=== AL =4= 4.1
A2 ad, AT @
PR} AL = f, 2= 42
5TT7E = A= “

Solving eq. (4.1) and eq. (4.2)
of, =48, %% 2 4.3)
I, L

where:
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Af, = the increase in tendon stress that corresponds to a given
deflection &/L
. = the distance between the two anchorages

L = the distance between the supports

Experimental results from the literature review in chapter 2 showed that
unbonded beams with or without nonpestressed bonded reinforcement had a
deflection-to-span ratio at failure ranged between a minimum and maximum of
1/125 and 1/35 respectively. This deflection depends on the span-to-depth ratio,
and the depth of the neutral axis, which in turn related to the amount of
reinforcement provided in the member.

It is proposed that the limiting deflection at failure be taken as:

E‘Li = m (4.4)
with
od, =(d, -c) (4.5a)
or
ad, =(d, -(0.9+w,)c) (4.5b)

For simpler calculation ¢ could be taken as:

c=c¢C (4.6a)

y

The two equations for predicting increase in tendon stress at ultimate are thus:

_ 1 (d,-c,)
& =45 t0-tg 1 4.72)
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1 (d,-09+q,)x,)
100-L/d, l

€

AF, = 4E, (4.70)

For unbonded prestressed members with small amounts of supplementary
bonded nonprestressed reinforcement (w, < 0.01) where failure may be triggered
by rupture of the bars, maximum deflection of 8/L =1/150 should be used.
Equations (4.7a) and (4.7b) give better predictions than either ACI 318-95 or
CSA. A23.3-94. Tables 4.2 and 4.3 compares the proposed equations with CSA
and ACI for increase in tendon stress at ultimate and ultimate moment capacity
respectively. The proposed equations has a mean test to predicted ratio close to
1.0 with smaller coefficient of variation co average test predicted ratio, standard
deviation, and coefficient of variation. Both proposed equations (4.7a) and (4.7b)
are about the same. Note that Tables include results from other investigators

(14< L/d < 40) and (0.013< o <0.43).

4.8 Prediction Model for Load-Deflection Relationship
The collapse mechanism represents a good model for predicting the load-
deflection response of prestressed unbonded flexural members after cracking.
Before cracking, deflection was calculated using the elastic theory.

For the specimens tested:

Wi el?
§=—1(32-412)-P— 4.8
2451( ! ) 8EI (4.8)

Where
W = the applied load

P = the strand force
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/,= the distance from the reaction to the applied point load

The cracking load was obtained from the cracking moment:

M, (Z Pe ossJF) (4.9)

Equations (4.7a) or (4.7b) can be used to easily predict the load-deflection
response of the flexural members as follows:

1. choose a value of 8/L (&, /L to 1/50)

2. calculate ¢, and (o, if Eq.(4.7b) is used)

c < Ay +Af,
- PTTY,

3. calculate the increase tendon stress corresponding to this deflection

d, d -(09+w,)c
Af—4E,6(1 or Afp=4Epf(p l p)v)

¢ (4

tendon stress  f; =fye +Af, < fyy
4. calculate ¢

Af, +Af,
Y

5. calculate M
M =Ag x fo (dp -B1 €/2) +Agxf, (d - B1 C/2)
where B, =0.97-0.0025 f.
@1=0.85-0.0015 f.
8. calculate load W corresponding to M

Repeat these steps for different values of deflection.
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For better response predictions one should use c rather c,. To account for
the part of the stress-strain curve for prestressing steel near and after yield, the
Ramberg-Osgood equation can be used. These refined procedures will be
followed:

1) choose a value of /L (5., /L to 1/50)

2) calculate tendon stress corresponding to this deflection as follows:
a) initial strain in the pretressing steel

f

pe

& = E
b) change in strain due to the elongation in the tendon corresponding to

the chosen deflection

AL 4(d, -(09+@,)c) &
R e i

(4 [ 4

which is an equation in terms of ¢

c) total prestressing steel strain

fo 4(d,-¢c)s
R

€

d) tendon stress corresponding to this strain using Ramberg-Osgood

equation

0.9795
[1 +(113¢, )so,z,](lfzo;,) J

f, = 204000¢,| 00205 +

which is an equation in terms of ¢
3) solve the previous equation for fo and ¢ such that
Tension force = Compression force

Asty"’Ap Xfp = a1B1 bCfc
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4) calculate moment M =A; x f; (dp-B1 ¢/2) + Asxf, (d - B1 ¢/2)
5) calculate load W corresponding to M

A complete set of test and predicted load-deflection curves is presented in
Appendix B along with selected tests from other researches. A complete example
calculation is presented in Appendix C.

The figures in Appendix B. show that:

- the predictions are excellent for members without bonded
reinforcement regardless of the amount of unbonded prestressed
reinforcement

- for members with significant amount of bonded reinforcement
(p=20.003) the model slightly over estimate the loads and moments
after cracking because the model assumes the bars yield but it
requires somewhat more deflection to yield the bars

- the predictions are good for members with nonprestressed bonded
reinforcement, but the loads and moments at uitimate are slightly
under estimated because strain hardening of the bonded reinforcement

was neglected

4.9 Comparison of Test Resuits with the Current Codes
Table 4.2 shows a comparison of the value of the tendon stress increases
at ultimate (Af;) obtained in the test program with (Afy) as calculated using ACI

318-95 and A23.3-94.
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Both ACI 318-95 and A23.3-94 either under estimate or over estimate the
increase in tendon stress at ultimate, but the predicted ultimate capacity by both
codes is in the acceptable range for most prestressed members.

All beams tested in this program had a combined reinforcement index less
than 0.05 which is low compared with current practice. The amount of unbonded
prestressed reinforcement was less than the minimum amount required in ACI

318-95 and CSA A 23.3-94. All of the beams that had a predicted

M,/ M =1.00 had a test M, greater than 1.2M.,. The procedure used to predict

M, and M., in ACI and CSA appear to be unnecessarily conservative.

Itis obvious that ACI is unnecessarily conservative and does not account
for several of the important variables when predicting f,,. CSA is somewhat better
since it based on a mechanism analysis but still does not account for L/d.
Equations (4.6a) and (4.7b) should be considered for implementation in the

codes.
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Figure 4.9 Crack Pattern
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Figure 4.9 Crack Pattern (Continued)
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Figure 4.10 (a) Crack Developmet of Specimen R-3
at 95% of the Load

‘ s

Figure 4.10 (b) Crack Developmen of Specimen RH-1
at Cracking Load
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R

FAILURE LOAD 36 KN
AUG 26 96

a) R-1 Yielding of prestressed reinforcement followed by
Initial crushing of concrete and tension failure

R2
mAX LOAD 41 KN
FAILURE LOAD 36KN

b) R-2 Rupture of nonprestressed reinforcement
Figure 4.11 Failure Modes

87



LRI e

4

¢) R-3 Yielding of the reinforcement followed by
crushing of concrete

d) R-4 Sudden collapse, Tension failure

Figure 4.11 Failure Modes (Continued)
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Figure 4.11 Failure Modes (Continued)
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h) RH-1 Compression failure

Figure 4.11 Failure Modes (Continued)
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N Beam RH-2

Dec 03/96

Ream RH-3

A . 14
N 207406

j) RH-3 Tension failure

Figure 4.11 Failure Modes (Continued)
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k) RH-4 Tension failure

Figure 4.11 Failure Modes (Continued)
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Figure 4.12 Distribution of Concrete Strain in the Extreme
Compression Fibers Along the Flexural Span
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Figure 4.12 Distribution of Concrete Strain in the Extreme
Compression Fibers Along the Flexural Span (Continued)
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Figure 4.12 Distribution of Concrete Strain in the Extreme
Compression Fibers Along the Fiexural Span (Continued)
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CHAPTER §

CONCLUSIONS

5.1 Summary

Tests were conducted on 11 simply supported lightly prestressed concrete
beams, with varying nonprestressed bonded reinforcement, unbonded
prestressed reinforcement, and concrete strength. Nine beams were lightly
prestressed and two beams were lightly reinforced. Three beams were tested
with a stroke controlled testing procedure, while the remainder were tested using
gravity loads. The later tests are more representative of the actual loading in
practice. Gravity controlled loading captures any impact loads that might occur
due to the sudden increase in deflection at cracking.

All beams had a span length of 2.85 m and span-to-depth ratio of 14.25.
Testing was performed with two concentrated loads (1.15 m apart) in order to
create a region of constant moment and zero shear. All beams had a nominal
initial stress in the prestressed reinforcement of 1116 MPa (0.6f,,). Concrete
strengths ranged from 48.5 MPa to 123.4 MPa.

Experimental results including load-deflection curves, increase in tendon
stress during loading, crack pattemns, and concrete strains have been presented.
Based on these results, a model for predicting the flexural response of lightly
prestressed members with unbonded tendons was developed. The model was

validated against all the prestressed beams tested in this project as well as
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beams reported in the literature. The validation data set included 43 members
from 5 researches with lightly and heavily reinforced specimens and span to
depth ratios ranging from 14.25 to 40. The test resuits were used to evaluate the

provisions of A23.3-94 and ACI 318-95.

5.2 Conclusions

Analysis of test results obtained in this study together with evaluation of
results obtained by others on the behaviour of unbonded prestressed members
has led to the following conclusions.

1. Ductile member response can be achieved by providing a certain minimum
amount of unbonded prestressing and no bonded reinforcement. The tests
indicate that a minimum «©p=0.027 produced ductile behavior. The amount of
prestressing corresponding to this minimum o, is less than half that
suggested by current codes. The parameter w, is a better indicator of ductility
than pp because it takes into account the influence of concrete strength.

2. The presence of even small amounts of bonded reinforcement reduced the
amount of prestressing required to produce ductile behavior. The tests
indicate that a minimum ws=0.01 produced ductile behavior. The amount of
bonded reinforcement corresponding to this minimum «, is less than half that
suggested by current codes for intermediate strength concrete. The
parameter oy is a better indication of ductility than p because it takes into

account the influence of concrete strength.
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. A rational mechanical model was developed for predicting the response of
unbonded prestressed members. The model can predict the ultimate load and
whether the member will be brittle or ductile. The predictions of the model are
more accurate than those of ACl 318-95 and CSA A23.3-94.

. The change in tendon stress was found to be proportional to the sum of the
crack widths in the span, which in tumn was proportional to the deflection at
midspan.

. A midspan deflection corresponding to é/L =1/(100-L/d,) and a simple

mechanism analysis gives a good estimate of the tendon stress at uitimate.

. Strain hardening of the bonded reinforcement had a significant effect on
member behavior and, in general should be taken into account when
predicting the response of concrete members.

. In prestressed concrete members with small amounts of bonded
reinforcement, strain hardening of the bonded reinforcement has little effect
on member behavior. In this case, strain hardening of bonded reinforcement
may be neglected when predicting the member response of prestressed
concrete members.

. If a structure has bifurcated flexural cracks, it is an indication that there is little
or no bonded flexural reinforcement present.

. Current code minimum reinforcement requirements will ensure ductile

member failure.

10.When assessing existing structures, the use of current code minimum

reinforcement requirements as an indicator of brittle failure is too
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conservative. Actual strength and ductility can be assessed using the model
presented in Section 4.8.

11.For the same cross-sectional dimensions, the higher the concrete strength,
the more nonprestressed bonded reinforcement needed to prevent load loss
or excessive deflection, at first cracking. The minimum bonded reinforcement
required was 0.1% for 50 MPa nominal strength concrete and 0.175 % for
100 MPa concrete, which can expressed as os = 0.01.

12.The larger the cracking moment the greater the amount of nonprestressed
bonded reinforcement required to provide crack distribution.

13.1n the gravity controlled tests, the “sudden” increase in deflection associated
with reaching M., was sufficiently “slow” that large impact forces were not

generated. In a real structure, impact should not be of concern.

5.3 Recommendations for Future research
On the basis of this investigation, it is recommended that the following
changes to CSA A23.3-94 be studied:
1. The minimum bonded reinforcement requirements should be a function of the
concrete strength.

2. The minimum bonded reinforcement requirements of p= 0.2% should be
replaced by a minimum reinforcement index ws=0.012 but p £ 0.1%.
3. The minimum ratio of M, /M, should be reduced to 1.1 for prestressed

concrete members and 1.0 for reinforced concrete.
Further study of the behaviour of lightly reinforced prestressed beams,

one way slabs, and two-way slabs is recommended. The proposed prediction
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model should be tested with more slender members, inverted T-beams, and
indeterminate members. Tests relative to one-way and two-way shear behavior

should also be conducted.
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APPENDIX A

TEST DATA
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BEAM R-1 _
Scan Time South North South  North S.Cable N.Cable Mid-span Load point Reaction

# Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss  (kN) (kN) kN)  (kN) {kN) (kN) (mm) (mm) (mm)
1 94202 0.00 0.00 0.00 0.00 52.16 52.60 0.00 6.69 150.40
2 100201 199 2.02 200 2.08 52.18 52.63 0.27 6.70 150.43
3 101256 398 393 4.04 397 52.20 52.65 0.44 6.82 150.38
4 102138 5.01 495 5.06 5.08 52.21 52.66 0.56 6.81 150.21
5 102208 6.18 6.19 6.20 6.31 52.24 52.67 0.66 6.82 150.21
6 102411 794 7.90 7.99 8.02 52.26 52.69 0.84 6.85 150.21
7 103327 1034 10.34 10.46 10.52 52.29 52.72 1.08 6.89 150.35
8 103404 1111 11.13 11.26 11.34 52.31 52.73 1.17 6.89 150.35
9 103515 11.87 11.90 11.99 12.13 52.32 52.73 1.27 6.90 150.35
10 104123 13.40 13.35 13.54 13.73 52.35 52.77 1.48 6.92 150.38
11 104151  13.89 13.83 14.03 14.04 52.36 52.77 1.55 6.93 150.38
12 104949 14.67 14.54 14.87 14.89 52.40 52.81 1.69 6.98 150.19
13 105544 15.13 15.09 15.26 15.33 52.43 52.85 1.83 7.02 150.19
14 105601 1543 15.22 15.68 15.35 52.44 52.84 1.86 7.02 150.18
15 114410 11.16 10.79 11.46 10.65 54.38 55.23 472 7.34 148.31
16 114430 11.04 11.01 11.10 11.13 55.40 56.22 599 7.52 148.07
17 114526 1183 11.40 11.87 11.55 57.95 58.69 8.58 7.70 146.52
18 121431 12.70 12.58 12.90 12.64 62.82 63.49 14.11 8.23 143.24
19 123756 13.04 13.11 13.22 13.29 64.82 65.62 16.84 8.47 14167
20 124000 13.58 13.58 13.78 13.73 67.16 67.88 19.67 8.67 139.94
21 125349 1397 13.99 14.09 14.21 68.89 69.68 241 8.89 138.43
22 125504 14.21 14.26 14.31 14.51 70.04 70.81 23.98 8.97 137 54
23 130656 14.75 14.76 14.89 14.99 72.21 73.02 27.55 9.21 13574
24 130659 14.86 14.72 15.10 14.84 72.24 73.03 27.58 9.21 13574
25 130911 15.01 1499 15.19 15.21 73.18 7399 29.24 9.40 134 84
26 132922 1541 15.22 15.69 15.31 74.42 75.30 3184 9.62 13333
27 133557 1574 15.69 15.97 15.89 76.31 7747 34.92 9.83 131.82
28 135302 16.04 16.03 16.17 16.21 77.85 78.76 38.04 10.16 13001
29 140438 16.45 16.39 16.62 16.49 79.20 80.19 40.85 10.39 128.50
30 142143 16.85 16.99 16.92 17.28 81.62 82.97 4677 10.93 125.19
31 142217 17.04 17.07 17.20 17.30 82.04 83.41 48.16 11.06 124.59
32 142300 17.07 17.23 17.12 17.56 82.50 83.84 49.17 11.13 123.99
33 142435 17.37 17.31 17.58 17.48 83.1 84.41 51.21 11.29 123.01
34 145218 17.67 17.90 17.70 18.25 85.44 86.68 58.88 11.99 118.94
35 145225 18.03 17.76 18.42 17.76 85.38 86.68 59.04 12.00 118.88
36 151705 17.62 17.18 18.06 17.04 84.03 85.40 60.12 12.12 118.57
37 151738 1794 17.50 18.51 17.22 84.48 85.86 60.94 12.19 117.99
38 151856 17.86 17.79 18.10 17.96 85.44 86.77 62.14 12.27 117.49
39 152935 17.93 18.17 18.01 18.52 86.66 87.89 64.96 12.55 116.14
40 153016 13.17 1447 12.39 15.54 84.92 84.50 70.07 15.04 115.75
41 154058 14.86 14.73 15.14 14.81 84.44 85.89 73.04 15.62 115.49
42 154110 1565 14.67 16.50 14.19 85.52 a7.21 75.09 1596 114 66
43 154116 14.59 15.09 14.44 15.87 86.27 87.94 76.42 16.22 114.30
44 154125 15.14 14.60 15.66 14.20 86.39 8793 7719 16.55 114.06
45 154134 1531 14.78 15.82 14.59 87.26 88.97 79.63 16.99 113.46
46 154143 1452 15.10 14.30 15.68 87.43 89.20 80.64 17.21 131
47 154204 15.02 1492 15.27 15.03 87.55 89.35 81.94 17.40 112,55
48 154213 1556 14.77 16.28 14.39 87.74 89.57 8284 17.59 112.24
43 154257 14.89 15.13 14.90 15.47 88.36 90.37 87.95 18.56 110.44
50 154608 14.19 1478 13.94 15.40 86.65 88.56 90.23 19.15 109.84
51 154622 1543 14.60 16.17 1421 87.75 89.62 92.04 19.48 109.24
52 154652 1499 14.80 15.32 14.90 88.05 90.00 93.00 19.69 108.94
53 154720 14.69 15.12 14.59 15.65 89.21 91.31 97.18 2043 107.43
54 154746 1494 14 86 15.18 15.02 89.15 91.28 100.33 2104 106.52
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BEAM R-2
Scan Time South North South North S.Cable N.Cable Mid-span Load point Reaction

* Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm})
1 103057 0.00 0.00 0.00 0.00 52.58 53.79 0.00 107.60 150.80
2 103834 219 212 -2.09 209 52.61 53.81 0.15 107.60 150.79
3 103920 341 354 -3.65 3.65 5263  53.82 0.27 107.60 150.79
4 104655 493 4.99 5.1 51 52.66 53.84 0.43 107.60 15079
5 104807 6.35 6.46 -6.60 6.60 5268 53.85 0.57 107.60 150.80
6 104938 787 8.04 821 8.21 5270 53.85 on 107.60 150.79
7 111857 950 9.60 -9.76 9.76 52.73 53.89 0.86 107.60 150.79
8 112013 10.82 10.92 -11.07 11.07 52.76 53.91 0.98 107.60 150.79
9 112114 11.74 11.86 -12.04 12.04 52.78 53.92 1.07 107.60 150.79
10 113108 12.96 13.10 -13.40 13.40 52.81 53.94 1.1 107.60 150 79
11 113949 1459 14.76 -1499 1499 52.86 53.99 1.41 107.60 150.79
12 115344 15.12 1529 -1550 1550 52.91 54.03 1.53 107.60 150 41
13 115519 15.86 16.69 -17.33 17.33 52.92 54.08 1.64 107.60 150 41
14 115521 16.40 16.75 -17.05 17.05 52.93 54.05 1.67 107.60 150 41
15 115542 1555 1582 -1607 16.07 53.51 54.39 249 107.60 150.19
16 122422 16.27 16.26 -17.38 1738  55.39 55.82 4.52 107.60 149.27
17 122458 16.54 16.76 -17.72 17.72 56.29 56.67 5.52 107.60 148.67
18 122549 17.77 17.00 -16.63 16.63 57.54 57.83 6.88 107.60 148.06
19 122703 17.88 17.66 -17.56 17.56 58.92 59.18 8.50 107.60 147 16
20 124421 18.04 18.39 -18.85 18.85 61.03 61.43 11.47 107.59 14535
21 124522 18.56 18.83 -19.04 1904 6289 63.18 1343 107.59 144 .44
22 124557 19.14 19.05 -19.01 19.01 64.00 64.31 14.69 107.60 14377
23 125806 19.90 1969 -1925 1925 6628 6665 17.58 107.60 14198
24 125957 20.45 20.25 -20.04 20.04 69.15 69.46 20.62 107.60 140.19
25 131410 19.68 19.91 <2020 20.20 69.41 69.868 2175 107.60 138.74
26 131457 2044 20.15 -20.07  20.07 70.68 71.03 2311 107.60 13874
27 131529 19.80 1968 -1970 1970 7263 7298 25.08 107.60 13753
28 131534  16.38 15.47 -14.94 14.94 74.98 75.16 2177 107.60 135.75
29 131724 1766 15.63 -15.49 15.49 76.21 76.70 3044 107 60 134.55
30 133647 18.00 17.14 -16.33 16.33 81.20 81.77 3949 107.59 129 41
31 133739 18.35 17.86 -17.61 17.61 84.40 84.78 4361 107.59 127 00
32 133952 17.80 17.95 -18.17 18.17 84.65 85.04 4512 107.60 126.09
33 141651 16.73 15.45 -14.67 14.67 82.50 82.75 4543 105.62 125 49
34 141807 17.36 16.06 -14.57 14.57 83.63 83.41 46.94 104.71 125.48
35 141923 16.08 17.09 -18.25 18.25 87.18 87.20 51.65 104.87 122,98
36 141931 17.52 16.92 -17.26 17.26 88.10 87.99 53.67 105.53 12187
37 141935 16.69 17.20 -17.58 17.58 88.17 88.15 54 22 104.88 12157
38 141942 18.40 1681 -1585 1585 8834 88.23 55.04 104.44 121.50
39 141952 16.25 1731 -1879 1879 8950 89.36 58.07 102.93 119.77
40 142000 1864 1697 -16.09 16.09 8959 89.39 59.47 103.50 119.17
41 142009 17.06 17.46 -18.06 18.06 90.55 90.07 62.13 104.19 117.92
42 142014 16.44 1765 1873 1873 9046 9025 62.77 104.50 117.38
43 142023 18.61 17.18 -16.57 1657 90.58 90.21 64.72 104.60 116.77
44 142035 16.97 1746 1821 1821 9084 9037 66.65 104.28 115.56
45 142053 17.13 1749 -1815 1815 9119 9076 69.59 103.83 11435
46 142105 1734 17.42 -18.45 18.45 90.99 60.96 70.73 103.45 113.76
47 142119 1761 17.38 -17.66 17.66 91.76 91.12 74.81 103.57 11194
48 142134 16.80 17.34 -18.15 18.15 91.38 90.78 75.73 102.97 111.49
49 142213 18.24 17.18 -16.85 16.85 91.76 9111 79.711 102.42 109.84
50 142224 1732 17.36 -17.80 17.80 91.93 91.25 80.91 103.10 109 24
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BEAM R-3
Scan Time  Soush Noth Souh  Noth S.Cable N.Cable Mid-span Loadpoint = Reacton

4 Resction Reaction Load Load Force Force Deflection Span Change Span Change
hmmss  (kN) &N)  kN)  (kN)  (kN) (N} (mm) (mm) (mm)
1 120955 0.00 0.00 0.00 0.00 §2.87 53.47 0.00 6.15 150.19
2 122543 235 2.30 237 2.76 52.79 53.47 0.25 6.24 150.19
3 122601 363 3.70 3.58 379 52.80 53.47 0.36 6.27 150.19
4 122651 435 4.28 438 4.32 52.82 §3.47 0.41 6.29 150.19
5 123141 5.86 5.64 6.00 5.62 52.84 §3.49 0.51 6.33 150.19
6 123150 6.70 6.77 6.64 6.92 52.85 53.49 0.61 6.35 150.19
7 123210 786 7.79 7.88 7.92 52.88 53.50 0.72 6.37 150.19
8 123751 8.97 9.14 8.82 9.82 52.87 53.51 0.83 6.39 150.19
9 123803 10.09 10.22 9.94 10.82 52.85 53.51 091 6.39 150.18
10 123821 11.38 11.24 11.56 11.35 52.91 53.51 1.02 6.41 150.18
11 123857 12.18 12.05 12.25 12.22 52.92 53.52 1.10 6.42 150.19
12 124518 13.38 13.26 13.52 13.42 52.91 §3.53 1.21 6.44 150.19
13 124536 13.97 13.88 14.02 14.12 52.96 53.53 1.27 6.45 150.19
14 124623 14.90 14.83 14.94 15.06 52.97 53.54 1.40 6.46 150.19
15 125300 15.73 15.53 15.86 15.68 53.01 53.55 1.51 71.65 150.18
16 125324 16.80 16.80 16.79 17.13 53.08 §3.57 1.75 §0.53 150.19
17 130023 1764 17.05 17.95 17.34 53.11 53.63 205 53.36 150.19
18 130026 17.72 17.63 17.70 18.11 53.12 53.64 2.13 49.68 150.19
19 130040 18.49 17.60 19.07 17.25 53.25 5367 2.46 50.13 150.19
20 132440 19.01 19.61 18.60 20.26 54.51 54.30 4.36 38.64 149.28
21 132647 20.18 19.76 2045 19.97 55.57 54.94 5.64 40.22 148.67
22 132654  20.10 19.93 20.20 20.14 55.68 §5.04 5.81 43.82 148.60
23 134050 20.87 19.84 21.57 19.43 55.87 55.46 6.37 7.14 147 42
24 134131 21.32 21.20 21.41 21.45 58.15 57.38 9.22 7.51 146.80
25 140745 2250 21.21 2287 2153 59.76 59.11 11.84 774 145.35
26 141051 23.04 23.04 23.26 2.1 63.60 62.68 16.63 8.26 142.86
27 142949 23.20 23.37 23.16 24.24 64.89 63.78 18.69 8.46 141.44
28 143542 23.82 24.01 24.31 24.07 66.79 65.58 21.23 8.69 140.54
29 144346 24.31 24.83 24.75 25.07 69.36 68.00 24.87 9.01 138.43
30 150051  26.01 24.43 27.02 24.79 73.22 71.68 31.13 963 135.14
31 150115  26.20 25.87 25.88 26.73 75.21 73.7% 33.84 983 133.63
32 150204 26.27 26.57 26.48 26.83 76.56 75.29 36.15 10.12 132.43
33 151011 26.89 27.04 27.36 27.12 78.99 7745 40.83 10.54 130.30
34 151044  27.09 28.10 26.26 28.97 80.83 79.54 44.39 10.76 128.42
35 151053 2764 27.33 27.82 27.44 81.19 79.64 44.97 10.83 128.19
36 151429 27.77 27.60 27.87 27.72 81.81 80.30 47.13 11.06 127.00
37 151438 28.32 27.31 28.99 26.93 82.64 80.86 48.25 11.15 126.40
38 153212 29.28 27.97 30.20 27.35 86.49 84.58 58.04 11.96 121.87
33 153221 28.20 29.50 27.40 30.42 87.28 85.65 60.72 12.22 120.67
40 153228 29.11 28.02 29.92 27.48 87.91 86.08 62.47 12.33 119.78
41 153649 17.68 17.61 17.77 17.713 89.85 87.54 72.01 12.98 115.50
42 154040 17.40 17.15 17.63 17.18 88.14 86.13 72.54 12.98 114.96
43 154645 16.75 18.26 15.78 18.69 87.99 86.15 73.57 13.20 114.96
44 154648 17.6% 17.57 17.71 17.02 88.73 87.06 74.69 13.28 114.66
45 154651 18.47 16.89 19.63 15.87 89.27 87.68 75.82 13.35 114.36
46 154655 17.04 19.01 18.77 20.40 90.33 88.60 78.33 1358 113.46
47 154720 16.32 19.40 14.24 2167 91.11 89.44 84.89 14.34 11104
48 154731 17.86 15.64 19.49 14.20 91.83 90.00 91.11 15.37 108.96
49 155410 17.25 15.13 18.85 13.79 92.19 90.29 104.08 17.37 105.32
50 155424 10.24 12.70 8.57 14.55 81.96 81.99 112.19 2433 104.26
51 155435 10.31 12.62 8.75 14.36 81.92 81.88 112.19 2413 104.29
52 1680214 10.05 10.89 9.59 11.61 81.86 81.35 112.91 24 82 106.53
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BEAM R4
Scan Time South North South Noth S.Cable N.Cable Mid-span Load point Reaction

] Reaction Reaction Load Load Force Force Deflection Span Change Span Change
nrmmss  (kN) (kN) (kN) N)  (kN)  (kN)  (mm) (mm) (mm)
1 123852 0.00 0.00 0.00 0.00 4329 44.06 0.00 22.76 155.60
2 124243 1.40 t.21 -0.64 0.32 43.31 44.07 0.18 22.77 155.60
3 124539 2.4 2.03 -1.85 1.04 4332 4409 0.29 22.77 155.59
4 124633 3.20 2.90 -2.55 203 4333  44.09 0.39 22.79 155.60
5 124651 366 3.50 -2.89 2.66 4333 44.10 0.45 22.80 155.60
6 124658 397 368 -3.30 2.79 4332 4410 047 22.80 155.60
7 124714 436 4.18 -3.62 3.38 43.34 44.10 0.51 22.81 155.59
8 124722 478 451 417 358 43.34 4410 0.55 22.81 155.60
9 124737 5.04 4.95 4.24 4.20 43.36 44 11 0.58 22.82 155.59
10 124755 5.61 526 -4.99 4.33 43.36 4411 0.62 22.83 155.59
11 124815 5.77 5.64 -5.01 487 4336 4412 0.65 22.84 155.60
12 124845 6.40 6.28 -5.62 5.56 43.39 4412 0.71 22.85 155.59
13 124854 6.98 6.97 6.08 6.41 43.38 44.12 0.78 22.86 155.59
14 124906 7.36 7.13 -6.68 6.29 43.40 4413 0.82 22.86 155.59
15 124923 742 7.32 -6.64 6.60 43.41 44,13 084 22.86 155.59
16 124943 7.51 748 6.67 6.81 43.42 4413 0.85 22.86 155 59
17 125110 751 7.48 £.66 6.81 43.40 4413 0.85 22.87 155.59
18 130946 762 7.50 -5.81 6.79 43.47 4413 0.89 22.87 15560
19 131046 763 7.51 -6.80 6.79 43.46 44 14 0.90 22.87 155.60
20 131107 8.29 7.57 -8.02 6.35 43.46 44.14 0.93 2287 155.59
21 131129 7.84 753 -7.12 6.69 43.46 44 14 0.95 22.87 155.59
22 131157 8.70 8.42 -8.25 7.56 4347 44 14 0.99 22.89 155 59
23 131216 966 9.41 -8.94 8.75 43.48 44 .15 1.1 22.90 155.59
24 131230 10.26 9.95 -9.56 9.29 43.50 44.16 118 2.9 155.59
25 131312 1202 11.59 -11.39 10.83 43.49 44.17 1.36 2293 155.59
26 131345 1219 11.96 -11.42 11.26 4351 44.18 1.39 22.94 155.59
27 131426 12.20 11.84 -11.58 10.95 43.51 4418 1.41 22.94 155.59
28 131446 12.19 12.07 -11.45 11.40 43.51 4418 1.41 22.94 155.59
29 133244 1262 12.30 -11.94 11.53 43.61 4421 1.53 23.15 155.18
30 133257 1262 12.53 -11.79 11.90 43.62 4421 1.54 23.15 155.18
31 133331 1299 12.65 -12.34 11.n 4353 44.22 1.57 23.16 155.18
32 133343 1298 12.63 -12.36 11.77 43,55 44.21 1.57 23.16 155.18
33 133358 13.05 12.99 -12.25 12.35 43.57 44.22 1.59 23.16 155.18
34 133446 1308 12.98 -12.25 12.36 43.58 44 23 1.60 23.17 155.19
35 133500 13.13 1333 -1214 1292 4358 4424 1.65 23.17 155.18
38 133509 1313 13.33 -12.14 12.92 43.59 44.25 1.67 23.18 155.18
37 133527 1348 1342 -1268 1281 4360 44.28 1.73 23.19 155.00
38 133531 13.80 13.74 -13.03 13.12 43.61 44 .29 1.75 23.20 155.00
39 133545 14.17 14.06 -13.38 13.43 43.62 44 30 1.77 2321 155.01
40 133547 1456 1428 1373 1374 4363 4430 179 23.23 155.02
41 133620 1465 14.58 -14.08 14.05 43.62 4431 1.79 23.24 155.01
42 133645 1479 14.61 -14.43 14.36 43.63 44.32 1.80 23.25 155.00
43 133650 14.82 14.53 -14.48 14.41 70.11 71.23 60.81 28.86 120.33
44 133652 1485 14 51 -14 48 1441 6942 70.28 60.15 28.88 120.33
45 133750 10.74 8.08 -14.48 14.38 60.51 59.57 121.17 4297 98.37
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BEAM R-5
Scan Time South North South  North S.Cable N.Cable Mid-span Load pont Reaction

# Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm}
1 140010 0.00 0.00 0.00 0.00 43.58 44.11 0.00 23.34 157 41
2 140105 4.18 383 4.49 360 43.54 4413 0.28 23.34 157 41
3 140112 476 423 5.20 3.87 43.52 4.13 0.32 23.34 157 41
4 140124 521 582 489 5.96 43.54 4415 0.40 2334 157 .41
5 140132 623 597 6.48 5.88 43.52 44.15 0.47 23.34 157 40
6 140138 8.65 6.18 7.08 5.88 43.53 44.14 0.50 234 157 40
7 140145 6.70 6.65 6.87 6.53 43.52 44.15 0.53 23.33 157.41
8 140318 781 7.44 8.74 7.18 43.51 44.16 0.63 23.36 157.40
9 140328 9.96 9.82 10.22 9.7 43.51 44.18 0.88 23.41 157.40
10 140331 10.08 10.03 10.35 10.11 43.51 44.18 0.90 23.41 157.40
11 140335 1023 10.28 10.29 10.65 43.50 44.17 0.92 23.41 157.40
12 140344 1085 10.89 10.98 10.94 43.51 44.18 0.98 23.43 157 40
13 140401 11.11 11.26 11.19 11.38 43.52 4419 1.03 2344 157 40
14 140423 11.30 11.15 11.56 11.01 43.57 44.20 1.05 23.44 157 40
15 142053 11.47 11.45 11.62 11.48 43.52 44.20 1.13 23.57 157 .40
16 142105 1164 11.50 11.91 11.42 43.50 44.21 1.14 23.57 157 40
17 142125 11.73 11.85 11.81 11.96 43.52 44.20 1.16 23.57 157 40
18 142140 1173 11.87 11.81 11.96 43.52 4421 1.16 23.57 157 40
19 142205 12.08 11.96 12.34 11.87 43.55 4.1 1.18 23.57 157 40
20 142215 12.16 12.31 12.24 12.41 43.52 44.21 1.20 2357 157 40
21 142217 1215 12.31 12.23 12.42 43.53 44.20 1.20 23.57 157.40
22 142227 1216 12.30 12.24 12.42 43.53 44 21 1.21 23.57 157.40
23 142229 12.16 12.31 12.24 12.42 43.53 44.20 1.21 23.57 157.40
24 142231 12.16 12.29 12.24 12.42 43.53 44.21 1.21 23.57 157 40
25 142234 12.16 12.32 12.24 12.42 43.52 44.20 1.21 23.57 157.40
26 142236 12.16 12.30 12.24 12.42 43.53 44.21 1.21 23.57 157 .40
27 142238 12.16 12.30 12.24 12.42 43.53 44.20 1.21 2357 157.40
28 142241 12.18 12.39 12.28 12.51 43.53 44.20 1.21 23.57 157.40
29 142243 12.23 12.44 12.27 12.61 43.55 44.21 1.22 23.57 157 40
A0 142246 12.22 12.45 12.26 12.62 43.52 44.21 1.22 23.57 157 40
31 142248 12.25 12.48 12.29 12.64 43.52 44.20 1.22 23.57 157.40
32 142251 12.42 12.57 12.46 12.67 43.53 44.20 1.23 23.57 157 40
33 142253 12.36 12.54 1243 1264 43.54 44.21 1.23 23.57 157 40
34 142255 12.36 12.52 1243 1265 43.54 44.20 1.23 23.57 157 40
35 142258 12.36 12.51 1244 12.64 43.54 44 22 124 2357 157 40
36 142300 1235 12.53 1243 1264 43.54 44.20 1.24 23.57 157 40
37 142303 12.36 12.52 12.43 12.64 43.53 44.20 123 2357 157 40
38 142305 12.36 12.51 12.43 12.63 43.55 44 21 1.24 23.57 157 40
39 142307 1235 12.52 12.42 12.63 43.55 44.21 1.24 23.57 157 40
40 142310 12.35 12.50 1243 12.63 43.54 44.21 1.24 23.57 157 40
41 142312 1235 12.52 12.42 12.63 43.55 44.22 1.24 2357 157 .40
42 142314 1235 12.51 1242 1263 43.55 44.21 1.24 23.57 157 40
43 142317 1240 12.66 12.44 12.83 43.54 44.20 1.24 23.57 157 40
44 142319 1243 12.66 1244 12.83 43,54 44.21 1.25 2357 157 4C
45 142322 1243 12.65 12.45 12.83 43.54 44.21 1.25 23.57 157 40
46 142324 1247 12.66 12.64 12.88 43.53 4421 1.26 23.57 157 .40
47 142326 12.56 12.75 12.64 12.88 43.54 44.21 1.26 2357 157 40
48 142329 1256 12.72 12.63 12.67 43.53 44 22 126 23.57 157.40
49 142331 12.57 12.73 12.63 12.88 43.55 44 21 1.26 23.57 157.40
50 142334 1255 12.73 12.62 12.87 43.57 44.22 1.26 23.57 157.40
51 142336 1257 12.74 12.62 12.86 43.55 421 1.26 2357 157 40
52 142338 1257 12.72 12.63 12.86 4355 44.22 1.26 2357 157.40
53 142341 12.57 1273 1263 12.86 43.55 44.21 1.26 23.57 157 40
54 142343 1256 12.73 12.63 12.86 43.55 4.21 1.26 23.57 157 40
55 142345 1256 12.75 1263 12.86 43.54 44.21 1.26 2357 157 40
56 142348 1257 12.73 1263 12.86 43.55 44 21 1.26 2357 157 40
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BEAM R-5 (continued)
Scan Time South North South North S.Cable N.Cable Mid-span Load point Reaction

* Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) {mm)
57 142350 1256 12.72 12.64 12.86 43.55 44.21 1.26 23.57 157 40
58 142353 1270 12.82 12.74 13.05 43.54 44.22 1.28 23.57 157 40
59 142355 1266 12.86 12.70 13.01 43.55 421 1.28 23.57 157 40
60 142357 1278 12.95 12.84 13.11 43.55 44 21 1.28 23.57 157 40
61 142400 12.78 12.94 12.84 13.09 43.55 4.21 1.29 2357 157 40
62 142402 1278 12.97 12.85 13.09 43.53 44.22 1.29 23.57 157 40
63 142405 12.78 12.97 1284 1310 43.55 4.21 1.29 23.57 157 40
64 142407 1278 12.95 12.84 13.14 43.55 44.22 1.29 23.57 157 40
65 142409 1291 13.04 12.97 13.17 43.56 44.22 1.30 23.57 15740
66 142412 1290 13.05 12.99 13.18 43.55 44.22 1.30 2357 157.40
67 142414 1289 13.06 13.02 13.30 43.56 4.1 1.30 2357 157 40
68 142417 13.00 13.17 13.06 13.32 43.56 44.21 1.31 23.58 157 40
69 142419 12.99 13.17 13.07 1333 43.55 44 22 1.31 23.58 157 40
70 142421 12.99 13.20 13.06 13.32 43.56 44.21 1.31 2358 157 40
71 142424 1299 13.17 13.06 1332 43.54 44.22 1.32 23.58 157 40
72 142426 1299 13.39 12.93 13.69 43.56 44 21 1.33 2358 157 40
73 142428 13.00 13.40 12.91 13.68 43.56 44.22 1.33 2358 157 40
74 142431 13.00 13.41 12.92 13.68 43.54 44.22 1.33 23.58 157 40
75 142433 1299 13.58 12.80 14.06 43.54 44.23 1.34 23.58 157 40
76 142436 13.00 13.60 12.89 13.93 43.56 44.21 1.34 23.58 157 40
77 142438 13.20 13.61 13.15 13.91 43.53 44.23 1.35 23.58 157.40
78 142440 13.21 13.64 13.12 13.80 43.54 4.1 1.36 23.58 157 40
79 142443 13.22 13.61 13.14 13.91 43.55 44.22 1.36 2358 157 40
80 142445 13.21 13.61 13.14 13.91 43.56 44.22 1.36 23.58 157 40
81 142447 13.21 13.62 13.13 13.91 43.55 44.23 1.36 2358 157 40
82 142450 13.22 13.61 13.14 13.91 43.55 44.23 1.37 23.58 157 40
83 142452 13.21 13.62 13.13 13.90 43.56 44.23 1.37 2358 157 40
84 142455 1343 13.72 13.47 14.07 43.56 44.22 1.38 2358 157 40
85 142457 1354 1371 13.52 14.00 43.57 44.23 1.39 2358 157 40
86 142459 13.46 13.81 13.49 14.00 43.56 44.22 1.40 2358 157 40
87 142502 1350 17 13.49 14.00 43.56 44.23 140 23.58 157 40
88 142504 1350 9In 13.49 13.99 43.56 44.22 1.40 2358 157 40
89 142506 1348 13.79 13.48 14.00 43.53 44.22 1.40 2358 157 40
80 142509 13.50 13.78 13.50 14.05 43.52 44.22 140 2358 157 40
91 142511 13.61 13.91 13.67 14.02 43.53 44.24 143 2359 157 40
92 142513 1362 13.95 13.80 14.01 43.53 44.23 1.43 2359 157 40
93 142516 13.79 13.95 13.87 14.03 4354 44 .24 144 23.59 157 40
94 142518 13.78 13.93 13.90 14.04 43.53 44 .23 144 23.59 157 40
95 142521 13.80 13.91 13.90 14.03 43.54 44.23 1.44 2359 157 .40
96 142523 13.76 13.92 13.89 14.03 43.53 4424 1.44 23.59 157 40
97 142525 13.79 13.93 13.90 14.04 43.55 4423 1.45 23.59 157 40
98 142528 13.79 13.90 13.90 14.03 43.54 44.24 1.45 23.59 157.40
99 142530 13.73 13.91 13.81 14.06 4354 44.23 145 2359 157.40
100 142532 1371 1390 13.80 14.06 43.54 44.24 1.45 2359 157 40
101 142535 13.73 13.94 13.79 14.07 43.55 44.23 1.45 2359 157 41
102 142537 13.73 13.91 13.80 14.07 43.55 44.24 1.45 23.59 157 40
103 142540 13.73 13.92 13.80 14.07 43.54 4323 1.45 2359 157 40
104 142542 1373 13.92 13.80 14.07 43.52 44.24 1.45 2359 157 40
105 142544 1373 13.93 13.81 14.07 43.56 44.23 1.45 23.59 157 40
106 142547 1373 13.91 13.80 14.07 43.50 44.24 1.45 23.59 157 40
107 142549 13.73 13.92 13.80 14.07 43.56 44.24 145 2359 157 40
108 142551 13.73 13.93 13.80 14.07 43.57 4423 1.46 23 59 157 40
109 142554 1373 13.92 13.80 14.07 43.56 4423 1.46 2359 157 40
110 142556 13.73 13.91 13.80 14.06 43.57 4424 1.46 2359 157 40
111 142559 13.73 13.93 13.80 14.07 43.56 44 .23 1.46 23598 157 40
112 142601 13.73 13.92 13.80 14.07 43.57 44 24 146 2359 157 40
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BEAM R-5 (continued)
Scan Time South North South North S.Cable N.Cable Mid-span Load pomnt Reaction

# Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm)
113 14333¢ 1373 13.91 13.80 14.07 43.60 44.26 1.55 23.62 157.40
114 143339 13.72 13.91 13.80 14.07 43.59 44.26 1.55 23.62 157 40
115 143344 13.72 13.91 13.80 14.07 43.60 44.25 1.55 23.62 157.40
116 143348 13.72 13.92 13.80 14.07 43.60 44.25 1.55 23.62 157 40
117 143353 1373 13.91 13.80 14.07 43.62 44.26 1.55 23.62 157 40
118 143358 13.72 13.90 13.80 14.07 43.61 44.25 1.55 2362 157 40
119 143403 13.73 13.91 13.80 14.07 43.61 44.26 1.55 23.62 157.40
120 143408 13.73 13.92 13.80 14.07 43.61 44.25 1.55 23.62 157.40
121 143412 13.72 13.91 13.80 14.07 43.59 44.26 1.55 23.62 157 40
122 143417 1373 13.92 13.81 14.07 43.60 44.25 1.55 23.61 157.40
123 143422 1373 13.91 13.80 14.07 43.61 44.26 1.55 2362 157 40
124 143427 13.73 13.91 13.80 14.07 43.61 44.26 1.55 23.62 157.40
125 143432 1372 13.91 13.84 14.07 43.61 44.26 1.55 23.62 157 40
126 143436 1384 13.96 13.98 14.06 43.59 44.26 1.56 2362 157 40
127 143441 13.84 13.97 13.98 14.07 43.60 44.25 1.56 23.62 157 40
128 143446 1384 13.97 13.98 14.07 43.59 44.25 1.56 2362 157 40
129 143451 13.85 13.95 13.99 14.10 43.62 44.26 1.56 23.62 157 40
130 143455 14.08 14.22 14.18 14.35 43.62 44.26 1.59 23.62 157 40
131 143500 1404 14.24 14.15 14.34 43.59 44.25 1.59 2362 157 40
132 143505 14.04 14.21 14.14 14.35 43.65 44.26 1.59 23.62 157 40
133 143510 14.03 14.21 14.14 14.34 43.63 44.26 1.59 23.62 157 40
134 143515 1403 14.21 14.15 14.34 43.60 44.26 1.59 2362 157 40
135 143519 1404 14.21 14.15 14.34 43.61 44.25 1.59 23.62 157 40
136 143524 1404 14.20 14.15 14.35 43.62 44.26 1.59 23.62 157 40
137 143529 1404 14.22 14.14 14.35 43.60 44.26 1.59 23.62 157 40
138 143534 1414 14.34 14.22 14.52 43.60 44.26 1.60 23.62 157 40
139 143538 1418 14.38 14.25 14.53 43.60 44.25 1.60 2362 157 40
140 143543 14.17 14.36 14.25 14.53 43.61 44.26 1.60 23.62 157 40
141 143548 14.16 14.38 14.25 14.53 43.62 44.26 1.61 23.62 157 .40
142 143553 1423 14.45 14.39 14.74 43.61 44 26 161 2362 157 40
143 143558 1431 14.55 14.40 14.72 43,61 4427 162 2362 157 40
144 143602 14.32 14.54 14.40 14.71 43.61 44.27 162 23.62 157 40
145 143607 14.32 14.54 14.40 14.71 43.60 4428 162 23.62 157 40
146 143612 1432 14.54 14.40 14.71 43.61 44.27 1.63 23.63 157.40
147 143617 1439 14.55 14.52 14.73 43.61 4427 1.63 23.63 157 40
148 143622 1443 14.60 14.55 14.73 43.60 44.27 1.64 2363 157 40
149 143626 1444 14.58 14.56 14.62 43.60 44.28 1.64 23.63 157 40
150 143631 14.49 14.75 14.53 14.96 43.62 44.28 165 23.63 157 40
151 143636 14.49 14.76 14.53 14.98 43.62 44 28 1.65 2363 157 40
152 143641 14.48 14.76 14.52 14.99 43.62 44 27 165 2363 157 40
153 143646 1448 14.79 14.53 14.97 43.61 44.28 165 2363 157 40
154 143650 1448 14.76 14.52 14.97 43.62 44.28 1.65 23863 157 40
155 143655 1448 14.76 14.52 14.97 43.63 44.28 1.66 23.63 157 40
156 143700 1462 14 86 1478 14 98 43 63 44 27 168 2363 157 40
157 143705 1465 14.81 14.74 14.95 43.63 44.28 1.68 23.63 157.40
158 143709 1465 14.81 14.75 14.96 43.62 4428 168 23.63 157 40
159 143714 1464 14.83 14.75 14.95 43.62 4429 168 2364 157 40
160 143719 1471 14.91 14.85 15.08 43.62 4427 168 2364 157 40
161 143724 1480 14.97 14.90 15.10 43.63 44.28 1.69 2364 157 40
162 143729 1478 14.96 14.91 15.10 43.62 44.29 169 23.65 157 40
163 143733 1479 14.96 14.90 15.10 4363 44.29 1.69 2365 157 40
164 143738 1478 14.96 14.90 15.10 4363 44.29 1.70 2365 157 40
165 143743 1479 14.96 14.90 15.10 43.64 44.29 1.70 2365 157 40
166 143748 1479 14.96 14.91 15.10 43.63 4429 1.70 2365 157 40
167 143753 1478 14.96 14.90 15.10 43.63 4429 1.70 2365 157 40
168 143758 1478 14.97 14.90 15.10 43.63 44 30 170 2365 157 40
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BEAM R-5 (continued)
Scan Time South North South North S.Cable N.Cable Mid-span Load pont Reaction

* Reaction Reaction Load Load Force  Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm})
169 143802 14.79 14.96 14.90 15.10 43.64 44.29 1.70 23.65 157.40
170 143807 14.84 14.94 15.07 15.04 43.63 44.29 in 2365 157 40
171 143812 14.88 15.02 15.00 15.15 43.64 44.28 1.7 23.65 157.40
172 143817 1486 15.13 14.93 15.30 43.64 44.30 1.72 23.65 157 40
173 143822 1494 15.12 15.06 15.25 4364 44.29 1.72 23.65 157.40
174 143826 14.94 15.11 15.07 15.25 4364 44.29 1.72 2285 157 40
175 143831 15.02 15.11 15.18 15.22 43.64 44.28 1.73 2365 157.40
176 143836 15.01 15.13 15.17 15.22 4364 44.29 1.73 23.66 157 40
177 143841 1501 1512 1518 1521 4365  44.30 1.73 2365 157 40
178 143846 15.01 15.12 15.18 15.21 43.64 44.30 1.73 2366 157.40
179 143850 15.01 15.11 1518 1521 4364 4431 174 2366 157.40
180 143855 15.02 15.18 15.16 15.30 43.64 44.30 1.74 23.66 157.40
181 143800 15.10 15.12 15.21 15.25 4365 4431 1.75 2366 157 .40
182 143805 15.04 15.17 15.22 15.24 43.64 44.29 1.75 2366 157 40
183 143909 15.12 15.15 15.36 15.19 43.64 44 .31 1.75 23.66 157 40
184 143914 1515 1517 15.36 15.20 43.64 44.31 1.76 2366 157 40
185 143919 15.12 15.15 15.35 15.20 43.65 44.31 176 2366 157 40
186 143924 1513 1517 15.41 15.12 43.63 44.30 1.76 2366 157 40
187 143929 15.17 15.11 1542 1513 4366  44.30 1.76 2367 157 40
188 143933 15.18 15.15 15.39 15.15 43.66 44.30 176 23.67 157 40
189 143938 15.14 1512 1537 1513 43686  44.31 177 2367 157 40
190 143943 15.13 15.16 15.35 15.20 43.66 44.31 1.77 2367 157 40
191 143948 15.12 15.15 15.37 15.28 43.85 44.32 1.77 23.67 157 40
192 143852 1520 15.47 15.43 15.61 43.65 44.31 1.79 2368 157 40
193 143957 15.31 15.46 15.44 15.59 43.66 44.32 1.79 2368 157 40
194 144002 1531 15.46 15.44 15.59 43.66 4431 1.80 23.68 157 .40
195 144007 15.30 15.48 15.43 15.60 43.66 44.32 1.80 23.68 157 40
196 144012 1530 15.46 1544 15.60 43.67 44.32 1.80 21.68 157 40
197 144017 1531 15.47 15.44 15.60 43.86 44 33 1.81 2368 157 40
198 144021 15.30 15.46 1543 15.60 43.67 44 31 1.81 2368 157 40
199 144026 15.30 15.47 15.43 15.60 43.67 44.32 1.81 2368 157 40
200 144031 15.30 15.46 1544 15.60 43.67 44.33 182 2369 157 40
201 144036 1530 15.46 15.44 15.60 43.67 44 .33 1.82 2369 157 40
202 144041 1530 15.47 1543 15.60 43.68 4433 183 2369 157 40
203 144046 1536 15.35 15.28 15.66 53.53 54 13 17.06 2506 149.25
204 144051 15.26 15.49 15.42 15.61 53.39 54.09 17.06 2506 149.25
205 144056 15.27 15.49 15.42 15.61 53.34 54.07 17.06 2507 14925
206 144101 15.26 15.50 15.42 15.61 53.31 54.05 17.06 2507 149.25
207 144106 15.26 15.48 15.43 15.61 53.26 54.04 17.06 2507 149.25
208 144111 15.27 15.49 15.42 15.61 53.25 54.03 17.06 2508 149.25
209 144116 1526 1549 15.42 15.61 53.26 54.02 17.06 25.08 149.25
210 154222 1527 15.51 15.42 15.61 53.05 53.81 17.31 2515 149.25
211 81028 15.40 15.50 15.60 15.60 52.95 53.14 17.74 2530 149.16
212 81538 15.57 15.76 15.77 15.86 53.02 53.21 17.97 250 149.09
213 82248 15.69 15.83 16.00 16.10 53.64 53.55 18.75 25.39 148.64
214 82315 15.83 16.12 16.03 16.22 53.72 53.57 19.02 25139 148 .64
215 82412 13.20 13.20 15.50 16.41 69.57 68.84 133.50 39.12 100.14
216 82732 13.12 12.78 15.61 16.13 68.04 68.22 133.51 39.12 100 14
217 84945 10.80 10.94 11.27 11.68 67.26 66.57 132.73 39.12 100 .49
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BEAM R-6
Scan Time South  Noth  South Noth S.Cable N.Cable Mid-span Load point Reaction

» Reaction Reaction Load Load Force  Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) {mm) (mm)
1 111547  0.00 0.00 0.00 0.00 0.00 0.00 0.00 19.07 158.31
2 111557  1.51 0.59 -2.32 0.00 0.00 0.00 0.18 19.11 158.30
3 111607 291 2.06 -3.51 1.50 0.00 0.00 0.30 19.15 158.30
4 111616 3.58 3.46 -3.67 3.47 0.00 0.00 0.50 19.20 158.30
§ 111626 4.44 456 -4.32 5.13 0.00 0.00 0.68 19.24 158.30
6 111636 560 5.34 -5.79 523 0.00 0.00 0.94 19.28 158.30
7 111655 6.02 6.22 -5.99 6.64 0.00 0.00 1.12 18.30 158.30
8 111705 6.72 6.53 £.88 6.50 0.00 0.00 1.26 19.32 158.30
9 111715 715 7.05 -7.23 7.19 0.00 0.00 1.33 19.33 158.31
10 111725 7.83 753 -7.84 7.59 0.00 0.00 145 19.36 158 30
11 114831  7.97 7.87 -8.15 7.85 0.00 0.00 1.62 19.41 157.71
12 115124 8862 8.51 -8.83 8.48 0.00 0.00 1.73 19.42 157 70
13 115203 9.00 8.99 -9.12 9.05 0.00 0.00 1.90 19.46 15770
14 115214 9.08 9.10 9.19 9.18 0.00 0.00 2.18 19.45 157.70
15 115223  9.07 9.09 9.18 9.17 0.00 0.00 223 19.46 157.70
16 115531 9.06 9.09 917 9.17 0.00 0.00 2.38 19.48 157.70
17 115541 9.24 9.25 9.31 9.33 0.00 0.00 2.40 19.48 157 70
18 115551 9.31 9.32 9.44 9.38 0.00 0.00 243 19.48 157 70
19 115601 9.30 9.30 -9.44 9.36 0.00 0.00 2.43 19.48 157.70
20 115611 943 943 -9.58 9.49 0.00 0.00 2.46 19.49 157 70
21 115621  9.52 9.56 -9.62 9.66 0.00 0.00 2.51 19.50 157.70
22 115631 966 9.56 -9.72 8.72 0.00 0.00 2.54 19.51 15770
23 115641 967 964 -9.82 9.69 0.00 0.00 262 19.51 15770
24 115651  9.81 9.74 -9.97 9.79 0.00 0.00 269 19.51 157.70
25 115700 9.77 9.70 -9.95 9.73 0.00 0.00 273 19.52 157.70
26 115710 9.83 9.86 -9.94 9.93 0.00 0.00 2.78 19.53 15770
27 115720 9.93 9.99 -10.03  10.10 0.00 0.00 286 19.54 157 70
28 115730 992 9.98 -10.02 10.09 0.00 0.00 2.9 19.54 157.70
29 115740 9.9 9.97 -10.02 10.08 0.00 0.00 294 19 56 157 70
30 115750 9.94 9.99 -10.02 1007 0.00 0.00 297 19.60 157 70
31 115800 991 9.96 -10.02 1007 0.00 0.00 298 19.60 157 70
32 115810 9.92 9.97 -10.02  10.06 0.00 0.00 300 19.60 15770
33 115819 9.91 9.95 -10.02  10.06 0.00 0.00 301 19.60 157 70
34 115829 9.90 9.95 -10.01  10.05 0.00 0.00 3.02 19.60 157 70
35 115839 991 9.96 -10.01  10.05 0.00 0.00 3.03 19.63 15770
36 115849 9.91 9.96 -10.01  10.05 0.00 0.00 304 19.63 15770
37 115859 9.80 9.94 -10.01  10.04 0.00 0.00 3.04 19.63 157 69
38 123337 11.22 1105 -1154 1094 0.00 000 4.7 19.88 157 10
39 123347 1157 1135 1199 1107 0.00 0.00 4.82 19.90 157.10
40 123357 1154 1152 -11.76 1154 0.00 0.00 488 19.91 157.06
41 123408 11.61 1152 -1185 1151 0.00 0.00 493 19.91 157 04
42 123418 11.61 1152 1185 1182 0.00 0.00 4.96 19.92 157.02
43 123428 1161 1152 1185 1152 0.00 0.00 499 19.92 157.01
44 123438 1160 1152 -11.85 1152 0.00 0.00 501 19.93 156.94
45 123448 1161 11.51 -11.85 11.52 0.00 0.00 5.03 19.93 156.80
46 123459 1162 11.53 -11.85 11.51 0.00 0.00 5.05 19.94 156.80
47 124700 1160 11.51 -11.85 11.52 0.00 0.00 533 19.97 156.80
48 124710 11.60 11.51 -14.85 11.51 0.00 0.00 534 19.97 156.80
49 124720 1160 1151 -1185 1151 0.00 0.00 534 19.97 156.80
50 124731 1162 1153 -1184 1151 0.00 0.00 534 19.97 156.80
51 124741 1162 1152  -11.85 1182 0.00 0.00 534 19.97 156.80
52 124751 1163 1151 1187 1154 0.00 0.00 534 19.97 156.80
53 124801 1161 1182 -118 1152 0.00 0.00 5.35 19.97 156.80
54 124812 1160 1152 1185 1151 0.00 0.00 535 19.97 156 80
55 124822 11.73 1164 1197 1162 0.00 0.00 5237 18.97 156 80
56 124832 1176 1165 1200 1166 0.00 0.00 538 1997 156 80



BEAM R-6 (continued)
Scan Time South North South  North S.Cable N.Cable Mid-span Load point Reaction

L Reaction Reaction Load Load Force  Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm})
57 124842 11.74 11.67 -1200 1166 0.00 0.00 5.38 19.97 156.80
58 124853 11.76 11.65 -1200 1166 0.00 0.00 5.38 19.97 156.80
59 124903 11.75 11.66 -1200 1166 0.00 0.00 5.39 19.97 156.80
60 124913 11.90 11.75 -12.21 11.70 0.00 0.00 544 19.97 156.76
61 124924 1203 11.83 1234 1175 0.00 0.00 5.47 19.98 15675
62 124934 1213 1194 -1243 11.89 0.00 0.00 549 19.98 156.73
63 124944 1222 1207 -1248 1205 0.00 0.00 5.54 19.99 156.56
64 124955 1220 1209 -1247 1208 0.00 0.00 5.56 19.99 156.50
65 125005 1235 1216 -1266 1210 0.00 0.00 5.61 19.99 156.50
66 125015 1246 1226 -12.81 12.18 0.00 0.00 5.69 20.00 156.50
67 125026 1257 1238 1290 1231 0.00 0.00 5.78 20.01 156.50
68 125036 12.66 12.52 -1293 1250 0.00 0.00 591 20.02 156.50
69 125046 12.65 1252 -1284 1250 0.00 0.00 5.99 20.02 156.49
70 125057 12.65 12.52 -1294 1249 0.00 0.00 6.04 20.06 156.45
71 125107 1265 12.52 -1294 12.50 0.00 0.00 6.08 20.06 156.39
72 125721 12.65 12.52 -1293 1250 0.00 0.00 6.46 2011 156.20
73 125731 1265 12.52 <1294 1249 0.00 0.00 6.46 2011 156.20
74 125741 1265 12.52 -1294 1249 0.00 0.00 6.47 20.11 156.20
75 125752 1265 12.52 -1293 1250 0.00 0.00 6.47 20.11 156.20
76 125802 12.65 1252  -1293 1250 0.00 0.00 6.48 20.11 156.19
77 125812 1275 1273 -13.05 1284 0.00 0.00 6.57 2012 156 13
78 125823 1286 12.81 -13.07 1287 0.00 0.00 6.61 20.12 156 11
79 125833 12.87 12.83 -13.06 1288 0.00 0.00 6.63 2012 156 10
80 125843 1285 12.81 -13.08 1284 0.00 0.00 6.65 2013 156.09
81 125854 1289 13.00 -13.05 13.09 0.00 0.00 6.71 2013 155.90
82 125904 1294 13.16 -1298 13.38 0.00 0.00 6.82 20.15 155 90
83 125914 1294 13.16 -1289  13.38 0.00 0.00 6.87 20.16 155.89
84 125924 13.10 13.21 -13.25 13.35 0.00 0.00 6.95 2017 155.89
85 125935 13.34 13.21 -13.49 1331 0.00 0.00 7.12 2018 155.82
86 125945 13.39 13.31 -13.78 1325 0.00 0.00 7.38 20.22 155.60
87 125955 13.67 1330 -14.07 13.16 0.00 0.00 7.80 20.28 155.29
88 130006 13.66 1332 -1408 1347 0.00 0.00 8.16 2032 155.21
89 130016 13.66 1332 -1408 13.16 0.00 0.00 8.40 2033 154.99
90 131332 13.66 13.32 -14.08  13.17 0.00 0.00 10.32 20.44 154.08
91 131342 1366 13.32 -1408 13.16 0.00 0.00 10.33 2044 154.08
92 131353 1366 13.32 -14.08  13.17 0.00 0.00 10.34 2044 154.07
93 131403 13.65 13.32 -1408 13.17 0.00 0.00 10.35 2044 154.07
94 131413 1366 13.32 -14.08 13.17 0.00 0.00 10.36 2044 154.06
95 131424 1371 13.59 -1406 1343 0.00 0.00 10.47 2044 153.99
96 131434 1375 1352 -1408 1347 0.00 0.00 10.49 2045 153.97
97 131444 13.73 1353  -1408 1346 0.00 0.00 10.52 2045 153.94
98 131455 1395 1361  -1441 1343 0.00 0.00 10.66 2045 153.78
99 131505 14.15 1363 -1468 1333 0.00 0.00 10.84 20.47 1583.77
100 131515 1420 1363 .1482 1329 0.00 0.00 11.15 2048 15347
101 131526 14.29 1376 1476  13.51 0.00 0.00 11.58 20.53 153 40
102 131536 14.26 1381 -1477 1357 0.00 0.00 12.12 20.58 15312
103 131546 14.26 1380 1477 1358 0.00 0.00 12.58 20.62 152.83
104 131842 14.26 13.80 -1477 1357 0.00 0.00 14.30 20.77 151.91
105 131853 14.26 13.81 -1477  13.58 0.00 0.00 14.33 20.77 151.91
106 131903 14.26 1380 1477 1357 0.00 0.00 14.36 20.77 151.91
107 131913 1433 13.91 -1483 1368 0.00 0.00 14.42 20.78 151.88
108 131923 1447 13.93 -1506 13.62 0.00 0.00 14.51 20.78 151.66
109 131934 14.70 13.90 -1542 1347 0.00 0.00 14.73 20.80 151.66
110 131944 1468 1393 1542 1347 0.00 0.00 14.93 20.82 151.61
111 131955 1477 14.03 -1547 1361 0.00 0.00 15.24 2085 151.35
112 132005 14.81 14.16 -1545 13.83 0.00 0.00 16.11 2090 150 85



BEAM R-6 (continued)
Scan Time  South Noth South North S.Cable N.Cable Mid-span Load point Reaction

# Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) {mm) (mm) (mm)
113 132015 1505 14.16 -15.81 13.69 0.00 0.00 17.46 2098 150.15
114 132026 15.00 1420 -1581 13.69 0.00 0.00 18.21 21.04 149.82
115 132854 15.02 14.18 -15.81 13.69 0.00 0.00 24 45 21.55 145.92
116 132904 1502 14.18 -15.81 13.68 0.00 0.00 24.47 21.55 145.92
117 132914 15.02 14.18 -15.81 13.69 0.00 0.00 24.49 21.55 145.92
118 132925 1502 14.17 -15.81 13.69 0.00 0.00 24.51 21.55 14593
119 132935 1512 14.19 -16.21 13.49 0.00 0.00 24,61 21.55 145.92
120 132945 1524 14.18 -16.17  13.55 0.00 0.00 24.63 21.56 14593
121 132956 15.23 14.18 -16.17 13.55 0.00 0.00 24,68 21.57 145.93
122 133006 1528 14.58 -1595 1419 0.00 0.00 24.91 21.58 145.92
123 133016 1528 1481 1583  14.56 0.00 0.00 26.12 217 145.55
124 133027 1534 1487 -1586 1466 0.00 0.00 31.15 22.06 143.15
125 133037 1534 14.89 -15.87 14.65 0.00 0.00 32.21 22.16 142 60
126 133048 1537 14.98 -15.90 14.75 0.00 0.00 32.88 22.23 142.30
127 133058 1541 14.96 -15.91 14.75 0.00 0.00 33.74 22.30 14170
128 133109 1538 1497 -1590 1475 0.00 0.00 k7 Yk} 22.35 141 40
129 133119 1548 16.17 -15.88 14.99 0.00 0.00 34.96 22.43 141 10
130 133129 1549 15.32 -15.86 15.24 0.00 0.00 36.90 2255 139.90
131 133140 1550 15.32 -15.86 15.24 0.00 0.00 38.98 2272 139.00
132 133151 1552 15.31 -15.87 15.24 0.00 0.00 40.37 22.83 138.10
133 133201 1564 15.36 -16.07 15.19 0.00 0.00 41.41 22.90 13750
134 133211 15.79 1538 -16.34 1515 0.00 0.00 45.38 2328 135.41
135 133222 15.81 15.39 -16.34 15.15 0.00 0.00 54.74 23.90 131 39
136 133233 15.80 1539 -16.33 15.15 0.00 0.00 57.00 2417 130.28
137 133244 1579 15.29 -16.4 15.15 0.00 0.00 58.18 24.28 129.68
138 133254 15.79 1539 -1633 15.15 0.00 0.00 58.95 24.32 129.38
139 133305 1579 15.39 -16.33 15.15 0.00 0.00 59.52 24.35 129.07
140 133316 1579 15.39 -16.33 15.15 0.00 0.00 59.97 24.38 128.78
141 133326 15.78 15.38 -16.33 15.15 0.00 0.00 60.38 24.39 128.77
142 133337 1579 15.39 -16.34 15.15 0.00 0.00 6068 24 41 128 47
143 133347 1579 15.39 -16.33 15.15 0.00 0.00 61.01 24 .44 128 43
144 133358 15.79 15.39 -16.33 15.15 0.00 0.00 61.30 24 .48 128 17
145 133408 15.79 1540 -1633 15.15 0.00 0.00 61.57 24.51 128.16
146 133419 1579 15.39 -16.33 15.15 0.00 0.00 61.85 24 54 127 87
147 133429 1578 15.39 -16.33 15.15 0.00 0.00 62.11 24.57 127 86
148 133440 1579 15.40 -16.33 15.15 0.00 0.00 62.33 2459 12778
149 134135 1579 15.40 -16.33 15.15 0.00 0.00 67.20 24 97 125.45
150 134145 1579 15.39 -16.33 15.15 0.00 0.00 67.26 2498 125.45
151 134156 1578 15.40 -16.33 15.15 0.00 0.00 67.32 24 .98 12545
152 134207 15.89 15.43 -16.48 15.14 0.00 0.00 67 44 24.99 125.39
153 134217 1599 15.47 -1666 1513 0.00 0.00 67.63 25.01 125.16
154 134228 16.05 15.55 -16.78  15.12 0.00 0.00 67.93 25.04 125.15
155 134238 16.13 15.52 -16.84 15.09 0.00 0.00 68.42 25.11 124 .85
158 134233 16.28 1553 -1708 1503 0.00 .00 63.71 25.25 12425
157 134300 16.25 1552 -1706 1503 0.00 0.00 71.18 25.36 123.65
158 134310 16.29 1559 -17.09 1510 0.00 0.00 72.51 25.49 123.04
159 134321 16.31 1562 -17.10 15.15 0.00 0.00 74.50 2565 122.14
160 134331 16.31 15.61 -17.10 15.16 0.00 0.00 76.44 25.82 121.23
161 134342 16.30 1561 -17.09 15.16 0.00 0.00 7825 26.04 120.56
162 134352 16.32 1563 -17.09 15.16 0.00 0.00 79.99 26.14 119.73
163 134403 16.30 1562 -17.09 1516 0.00 0.00 81.81 26.36 118.85
164 134414 16.30 15.61 -17.10 15.16 0.00 0.00 83.49 26.51 118.24
165 134424 1621 1563 -17.09 15.16 0.00 0.00 84.72 26.60 117.64
166 134435 16.30 15.62 -17.098 15.16 0.00 0.00 85.76 26.69 117 34
167 134446 16.30 1561 -17.10 15.16 0.00 0.00 86 55 26.77 117 00
168 134456 16.30 1562 -17.10 1515 0.00 0.00 8723 26.83 116 68



BEAM R-6 (continued)
Scan Time South North South  North S.Cable N.Cable Mid-span Load point Reaction

* Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm}
169 134507 16.30 15.61 -1710  15.15 0.00 0.00 87.83 26.93 116.43
170 134518 16.29 15.61 -17.10 1515 0.00 0.00 88.37 26.99 116.13
171 134529 16.30 15.61 1710 1515 0.00 0.00 88.93 27.04 115.83
172 134539 16.36 1565 -17.19 1516 0.00 0.00 89.58 27.08 115.53
173 134550 16.42 1570 -17.27 15.18 0.00 0.00 90.88 27.16 114.93
174 134600 16.41 1568 -17.27 1518 0.00 0.00 92.37 21.32 114.33
175 134611 1643 1574 -17.23 1530 0.00 0.00 93.86 27.48 113.72
176 134622 16.42 1578 1723 1534 0.00 0.00 96.15 27.73 112.82
177 134632 16.41 1577 1723 1534 0.00 0.00 98.43 27.95 111.81
178 134643 16.42 1578 1723 1534 0.00 0.00 100.90 28.23 110.75
179 134653 16.51 1584 1737 1538 0.00 0.00 103.75 28.53 109.71
180 134704 16.51 1587 -17.37 1538 0.00 0.00 109.58 29.12 107.34
181 134715 16.67 1586 -1768 1523 0.00 0.00 118.06 30.08 103.78
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BEAM R-7
Scan Time South North  South  North S.Cable N.Cable Mid-span Load point Reaction

* Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm)
1 134403 0.00 0.00 0.00 0.00 0.00 0.00 0.00 23.14 161.31
2 134403 1.53 1.86 -1.31 2.10 0.00 0.00 0.18 23.18 161.31
3 134403 275 241 -3.07 223 0.00 0.00 030 23.20 161.31
4 134403 kx| 3.58 =311 394 0.00 0.00 0.42 23.23 161.31
5 134403 3.38 3.91 -3.03 434 0.00 0.00 045 2323 161.31
6 134403 465 4.52 4.75 4.53 0.00 0.00 0.59 23.27 161.31
7 134403 467 453 4.77 4.51 0.00 0.00 0.60 23.27 161.30
8 134403 562 5.54 -5.68 5.60 0.00 0.00 0.75 23.30 161.30
9 134403 5.58 5.52 -5.64 558 0.00 0.00 0.75 23.30 161.30
10 134403 6.62 6.55 £.68 6.64 0.00 0.00 0.87 23.33 161.30
11 134403 6.78 6.76 -6.81 6.89 0.00 0.00 0.90 233 161.31
12 134403 6.89 6.85 £.95 6.98 0.00 0.00 0.95 23.34 161 31
13 134403 7.08 6.96 -7.18 7.04 0.00 0.00 0.98 2334 161.31
14 134403 711 7.04 -7.18 713 0.00 0.00 1.02 23.35 161 31
15 134403 7.54 7.44 -7.63 753 0.00 0.00 113 23.36 161.31
16 134403 753 743 -7.63 7.51 0.00 0.00 1.19 2339 160 96
17 134403 7.53 7.43 -7.63 7.51 0.00 0.00 1.19 23.39 160.95
18 134403 753 743 -7.63 7.51 0.00 0.00 1.19 23.39 160.95
19 134403 762 7.39 -7.83 738 0.00 0.00 1.20 2339 160.96
20 134403 767 7.33 -7.92 7.26 0.00 0.00 1.20 23.39 160.96
21 134403 7.82 7.51 -8.05 7.47 0.00 0.00 1.22 23.39 160.96
22 134403 795 781 -8.08 7.84 0.00 0.00 123 2339 160.96
23 134403 7.95 7.79 -8.08 785 0.00 0.00 124 23.39 160.96
24 134403 795 7.79 -8.08 7.85 0.00 0.00 1.24 23.39 160.96
25 134403 7.94 7.79 -8.08 7.84 0.00 0.00 1.24 23.39 160.96
26 134403 794 7.79 -8.08 7.84 0.00 0.00 1.24 23.39 160.96
27 134403 7.94 779 -8.08 784 0.00 0.00 1.25 23.39 160.96
28 134403 7.94 778 -8.08 7.84 0.00 0.00 1.25 23.39 160.96
29 134403 822 7.68 -8.61 7.47 0.00 0.00 1.26 23.40 160.95
30 134403 8.04 7 -8.30 765 0.00 0.00 1.26 23.40 160.96
31 134403 8.12 7.96 -8.26 8.02 0.00 0.00 1.27 23.40 160 96
32 134403 8.1 7.95 -8.25 8.01 0.00 0.00 1.27 23.40 160.96
33 134403 8.36 817 -8.51 8.21 0.00 0.00 1.3 23.40 160.96
34 134403 8.35 8.16 -8.51 821 0.00 0.00 1.32 23.40 160.95
35 134403 834 8.14 -8.51 8.17 0.00 0.00 143 23.42 160.89
36 134403 8.3 8.13 -8.51 8.17 0.00 0.00 1.43 2342 160.89
37 134403 8.33 813 -8.51 8.17 0.00 0.00 143 23.42 160.90
38 134403 8.52 829 -8.73 835 0.00 0.00 145 23.42 160.90
39 134403 862 8.38 -8.82 8.40 0.00 0.00 148 2342 16069
40 134403 8.75 8.31 -9.08 8.20 0.00 0.00 1.48 2342 160.90
41 134403 883 8.59 -9.05 8.60 0.00 0.00 1.50 23.43 160.90
42 134403 880 865 -8.95 8.7% 0.00 0.00 1.50 2343 160.90
43 134403 8.96 8.84 -9.09 8.93 0.00 0.00 1.53 23.44 160.90
44 134403 9.07 8.88 -9.23 8.91 0.00 0.00 155 2344 160 89
45 134403 9.07 8.85 -9.27 8.86 0.00 0.00 1.57 23.44 160.89
46 134403 9.06 a.81 -9.27 8.83 0.00 0.00 1.57 23.44 160.89
47 134403 9.13 8.91 933 8.92 0.00 0.00 1.59 2344 160.90
48 134403 928 8.91 -9.57 8.88 0.00 0.00 1.61 23.45 160.88
49 134403 9.24 889 -9.53 8.82 0.00 0.00 1.62 2345 160.87
50 134403 9.23 8.85 -9.53 8.82 0.00 0.00 1.63 23.45 160.86
51 134403 8.36 9.16 -8.35 10.00 0.00 0.00 3.09 23.58 160.66
52 134403 8.11 9.00 -8.79 9.74 0.00 0.00 3.50 23.60 160.66
53 134403 8.87 8.65 -8.95 9.66 0.00 0.00 420 23.66 160.33
54 134403 8.75 884 -9.29 9.36 0.00 0.00 504 23.74 159.80
55 134403 877 904 -9.34 9.36 0.00 0.00 599 2380 159 49
56 134403 918 954 -9.37 9.40 0.00 0.00 6.65 2383 159 10



BEAM R-7 (continued)
Scan Time South North South North S.Cable N.Cable Mid-span Load point Reaction

# Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm)
57 134403 9.47 9.02 -9.62 9.16 0.00 0.00 7.24 2385 158.90
58 134403 9.54 9.24 -9.53 9.46 0.00 0.00 7.83 2388 157 72
59 134403 9.51 9.19 -9.48 9.41 0.00 0.00 7.86 2389 157 .69
60 134403 9.48 9.70 -9.39 10.26 0.00 0.00 8.15 2399 157 .69
61 134403 9.66 10.09 -9.42 10.56 0.00 0.00 10.34 2410 157.23
62 134403 9.75 10.02 -9.62 1047 0.00 0.00 10.94 24.16 157.00
63 134403 9.77 9.95 -9.62 10.47 0.00 0.00 11.72 24.20 156.64
64 134403 10.01 10.08 -9.62 10.47 0.00 0.00 12.06 2424 156.44
65 134403 9.85 10.19 -9.67 10.55 0.00 0.00 13.05 2429 155.90
66 134403 9.72 10.15 -9.51 10.59 0.00 0.00 13.49 24.30 155.78
67 134403 9.66 10.06 -9.47 10.48 0.00 0.00 13.53 2430 155 63
68 134403 9.94 10.54 -9.59 10.90 0.00 0.00 15.15 24.36 154 96
69 134403 9.92 10.66 -9.59 10.80 0.00 0.00 16.98 2452 153.78
70 134403 9.97 10.36 -9.85 10.65 0.00 0.00 18.25 24.63 153.41
71 134403 10.01 10.45 -9.84 10.66 0.00 0.00 18.99 24.70 152.87
72 134403 10.01 10.45 -9.85 10.65 0.00 0.00 19.39 2473 152.81
73 134403 10.03 10.39 -9.81 10.72 0.00 0.00 24.09 25.05 150.15
74 134403 10.01 10.47 -9.91 10.66 0.00 0.00 26.77 25.30 148.64
75 134403 1015 10.48 -9.93 10.80 0.00 0.00 26.88 2531 148.63
76 134403 10.18 10.45 995 10.78 0.00 0.00 26.96 25.32 148.60
77 134403 10.18 10.48 -9.95 10.78 0.00 0.00 27.90 25.38 148 03
78 134403 10.20 10.48 -9.95 10.78 0.00 0.00 34.52 2544 14773
79 134403 10.40 10.33 -10.20 10.72 0.00 0.00 38.12 2546 147 43
80 134403 10.53 10.35 -10.36 10.67 0.00 0.00 42.35 2552 147 06
81 134403 10.57 1039 -10.39 10.75 0.00 0.00 43.25 2555 146 72
82 134403 10.57 10.42 -10.39 10.82 0.00 0.00 49.69 2564 14592
83 134403 10.62 10.45 -10.39 10.82 0.00 0.00 53.63 2565 145 85
84 134403 10.69 10.52 -10.45 11.00 0.00 0.00 55.64 2583 144 34
85 134403 10.72 1073 -10.48 11.17 0.00 0.00 61.57 26.08 142 83
86 134403 10.74 -0.06 -10.51 11.25 0.00 0.00 63.59 3063 11553
87 134403 0.45 0.07 -10.53 11.26 0.00 0.00 130.17 30.63 115 52
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BEAM RH-1 4
Scan Time South North South North S.Cable . Cable Mid-span Load point Reaction

* Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hmmss  (kN) (kN) {kN) {kN) (kN) (kN) (mm) (mm) (mm)
1 123703 0.00 0.00 0.00 0.00 10942 107.91 0.00 32.03 171.21
2 123747 2.31 263 2.31 263 109.39 107.91 0.1 32.04 171.22
3 123754 317 4.20 317 420 109.63 107.91 0.19 32.05 171.21
4 123802 4.04 4.78 4.04 4.78 109.63 107.91 0.25 32.06 171.21
5 123809 5.30 593 5.30 5.93 10964 107.91 033 32.08 171.22
6 123815 5.83 6.13 5.83 6.13 109.64 107.91 0.35 32.09 171.21
7 123823 660 6.96 6.60 6.96 10965 107.91 0.41 32.09 171.22
8 123827 6.74 1.23 6.74 7.23 109.65 107.92 0.43 32.09 171.21
9 124200 7.86 7.68 7.86 7.68 109.66 107.92 0.50 32.10 171.21
10 124208 8.19 8.77 7.76 8.66 109.68 107.92 0.54 32.10 171.21
11 124212 8.28 9.08 9.34 8.59 109.70 107.92 0.55 2.1 1m.21
12 124218 10.1% 10.39 9.82 10.49 109.65 107.91 0.66 32.13 171.22
13 124223 10.90 11.35 11.10 11.75 109.66 107.94 0.72 32.14 171.21
14 124227 11.98 12.08 11.83 12.60 100.65 107.93 0.79 32.16 1721
15 12421 12.99 13.28 12.48 13.71 109.71 107.94 0.86 3217 171.21
16 124234 1384 1391 13.73 14.44 109.74 107.95 0.91 32.18 171.21
17 124238 14.57 14.52 14.22 15.18 109.75 107.94 0.95 32.20 1721
18 124243 16.15 16.01 15.09 16.81 109.77 107.94 1.07 32.23 171.21
19 124251 18.17 18.11 16.52 18.84 109.83 107.95 1.22 32.26 1m21
20 124257 1837 18.62 18.53 18.76 109.85 107.94 125 32.27 1mm2n
21 124303 18.49 18.58 19.08 18.91 109.87 107.95 1.26 3228 171 21
22 124311 18.47 18.59 19.01 18.91 109.87 107.95 1.27 32.28 17121
23 124333 1854 18.71 19.03 1893 109.89 107.96 128 32.28 17121
24 124720 19.57 19.73 19.29 20.41 109.90 107.98 1.40 3232 17121
25 124726 20.18 20.73 19.93 20.26 109.90 107.98 1.45 3232 172
26 124732 21.28 22.28 21.54 21.38 109.93 107.97 1.53 3234 17121
27 124738 2273 2382 230 2282 11000 107.97 1.66 3237 17121
28 124747 2467 24.25 25.10 25.26 110.07 107.98 1.77 32.40 m21
29 124758 25.09 25.33 2467 25.41 110.09 10798 1.84 32.41 17121
30 124807 25.31 2550 2586 2570 110.10 107.98 1.86 32.42 17121
31 124824 25.77 25.42 23590 26.47 110.12 107.99 1.89 3243 171.21
32 124832 2579 2545 2560 2658 110.15 107.99 1.90 3243 171 21
33 124840 25.73 25.47 25.54 26.56 110.14  108.00 1.90 32.43 171 .24
34 124851 2590 2539 2555 2666 11014 107.99 1.91 3243 171.21
35 124914 26.00 25.42 25.51 26.79 110.16  108.00 1.92 3244 17121
36 124934 2598 25.41 25.44 26.78 110.18  108.00 1.92 3244 171.21
37 125034 2594 25.37 25.44 26.83 110.16 107.99 1.94 3244 171.2%
38 125219 2591 25.36 25.39 26.80 110.17 108.00 1.95 32.44 1M
39 125341 25.89 25.36 2539 26.79 110.16 108.00 1.95 32.44 171 21
40 125430 25.89 25.36 25.39 26.82 110.17 108.01 1.96 32.44 1721
41 125449 2611 25.37 25.39 27.01 110.16  108.01 1.98 32.45 17121
42 125557 2656 25.59 25.33 7. 110.15 108.01 2.00 3247 17121
43 125616 26.76 2592 2541 2794 11016 108.02 2.02 3247 171.21
44 125625 2686 2599 2570 2797 11018 108.01 203 3247 17121
45 125641 27.00 2632 2588 2795 110.17  108.0% 2.04 3248 171.21
46 125654 2726 26.51 26.40 28.11 110.19 108.01 2.06 32.49 17121
47 125705 27.10 2674 2879 2793 110.18 108.01 207 3250 171.21
48 125715 27.33 27.00 26.97 27.70 110.20 108.02 2.08 3250 171.21
49 125723 2733 2698 2768 2779 11021 108.02 209 3252 171.21
50 125734 27.29 2698 2763 2775 110.20 108.01 2.09 32.52 171.21
§1 125745 2718 2707 2762 27.70 11022 108.01 2.08 3252 171.21
52 125756 27.16 2708 2763 2766 11022 108.01 2.10 3252 171.21
53 125801 27.22 2-03 2764 2772 11023 108.02 2.10 32,52 17121
54 125809 27.20 2704 2762 27.71 11023 1080t 2.10 3252 171.21
55 125816 2719 27.08 2763 27.69 110.23 108.01 2.1 32.52 17121
56 125819 27.22 2706 2765 2771 11024 108.01 21 32,52 172
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BEAM RH-1 (continued)
Scan Time South North South North S.Cable N.Cable Mid-span Load point Reaction

# Reaction Reaction Load Load Force Force Deflection Span Change Span Change

hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) {mm})
57 125824 27.19 27.07 2764 2770 110.24 108.02 211 3252 171.21
58 125827 27.19 27.06 2765 2772 11022 108.0% 212 32.52 171.21
59 125832 27.14 2707 2765 2770 11022 108.02 212 32,52 171.21
60 125836 27.19 2707 2763 2771 11022 108.00 212 32.52 171.21
61 125839 27.25 2699 2765 2775 11023 107.99 213 32.52 171.22
62 125842 27.23 26.99 2783 27.74 110.24 108.01 213 32.52 1721
63 125844 27.15 27.07 27.62 27.70 11025 107.98 213 32.52 171.21
64 125847 27.25 26.98 27.64 27.73 11024 107.98 213 32.52 171.21
65 125849 27.15 27.%% 27.62 27.71 11024 107.99 2.14 32.52 171.21
66 125852 27.24 2697 2763 27.7% 11031 10798 217 3252 171.21
67 125854 27.25 2695 2764 2774 11033 108.01 219 3253 171.21
68 125857 27.20 27.04 2762 27.70 11035 107.98 220 3253 171.21
69 125859 27.31 2693 2764 2773 11037 10799 221 3253 171.24
70 125901 27.22 27.02 27.63 27.70 110.38 10799 222 3253 171.24
71 125804 27.27 2700 2763 2770 11038 108.02 223 3253 ma2
72 125906 27.30 26.96 2765 27.73 11040 10798 224 3254 17121
73 125809 27.20 27.03 27.62 27.69 11040 107.98 226 3254 171 2%
74 125911 27.25 26.95 2763 27.72 11044 136.76 232 33.60 162.80
75 125914 2719 27.05 29.64 27.64 13866 13522 37.78 36.19 155.28
76 125916 27.25 2710 2757 2767 13811 13484 3778 36.19 155.28
77 130041 27.27 27.01 27.58 27.73 136.70 133.17 37.78 36.18 155.28
78 131419 27.27 26.88 27.61 27.72 13593 132.17 3785 36.10 155.28
79 131422 27.24 26.91 2762 2768 13593 13217 3785 36.10 155.28
80 131424 27.29 26.87 2762 27.70 13592 13217 3785 36.10 155.28
81 131427 2725 26.90 27.63 27.68 13591 13217 3785 36.10 155.28
82 131430 2725 26.90 27.62 2767 13591 13216 3785 36.10 155.28
83 131432 2729 26.87 27.62 27.71 13591 132.16 37.85 36.10 155.28
84 131435 27.24 26.91 27.62 27.68 13593 132.16 3785 36.10 155.28
85 131437 27.27 26.91 27.62 27.69 13592 13216 3785 36.10 155.28
86 131440 27.28 2688 2762 2771 13592 13216 3785 36.10 155 28
87 131442 27.28 26.91 2762 2767 13591 13216 3785 36.10 15528
88 131445 27.31 26.89 2763 27.76 13592 132.16 3785 3610 155.28
89 131448 27.40 27.01 27.58 27.93 136.08 13258 kY& 36.10 15528
90 131450 2743 2705 2764 28.07 13610 13267 3792 3610 15528
91 131453 2761 27.04 27.74 28.19 13607 13282 3803 36.10 15528
92 131455 2753 27.10 27.58 28.13 136.07 132.83 38.04 36.10 15528
93 131458 2759 27.07 27.66 28.37 136.09 133.23 38.07 3613 155.28
94 131500 27.76 27.14 27.74 28.44 136.14 133.41 38.30 36.13 15528
95 131503 2767 27.20 27.64 28.42 136.16 133.42 38.31 3613 155.28
96 131506 2768 2715 2765 2833 13614 13342 3831 36.13 155.28
97 131508 27.76 27.11 27.66 28.41 136.16 13342 38.31 36.13 155.28
98 131511 27.85 27.24 27.63 28.60 136.19 13369 38.46 36.14 155.28
89 131513 27.88 27.21 27.55 28.65 13620 133.73 3847 36.15 155.28
100 131516 2783 2715 2758 2867 13621 13372 3847 36.15 155.28
101 131518 2779 27.23 27.55 288t 13820 13372 3847 38.15 15528
102 131521 27.90 2715 2758 2865 13620 133.71 3848 36.15 155.28
103 131524 2789 2718 2757 2865 13621 1337 3847 36.15 155.28
104 131526 27.79 2722 2760 2861 13619 13370 3848 36.15 155.28
105 131529 27.96 2716 2757 2867 13619 13374 3852 36.15 155.28
106 131531 27.95 27.30 27.75 28.73 136.37 134.13 38.66 3617 15528
107 131534 2801 27 47 27.80 28.74 136.68 13457 38.96 36.20 15528
108 131537 28.09 27.40 27.92 28.80 136.66 134.56 38.96 36.20 15528
109 131539 27.99 2749 2786 2876 13667 13455 3896 36 20 15528
110 131542 28.05 27.43 27.86 28.80 136.67 13454 3896 3620 155 28
111 131544 28.16 27.50 27.86 28.79 136.86 13458 3909 621 15528
112 131547 28.05 27.62 28.10 28.74 13688 13463 3909 kW3l 155 28
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BEAM RH-1 (continued)
Scan Time South North South North S. Cable N.Cable Mid-span Load point Reaction

* Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm)
113 131549 2815 2777 2819 2875 137.22 13494 3935 36.22 155.28
114 131552 2815 2774 2838 28.73 13721 13493 3935 36.22 155.28
11€ 131555 28.07 2783 2838 2866 137.22 13493 3936 36.22 155.28
116 131557 28.18 2171 28.40 28.74 137.20 13492 39.36 36.23 155.28
17 131600 28.1% 2780 2839 2868 13721 13490 39.36 36.23 155.28
118 131602 28.21 27.94 28.40 2883 13784 13543 39.80 36.25 155.26
119 131605 2826 2798 2856 2880 13787 13546 39.81 36.25 155.24
120 131607 28.42 28.14 28.62 2899 13844 136.08 40.28 36.27 154.98
121 131610 2827 2822 2870 2877 13848 13607 40.28 36.28 154.98
122 131613 2846 28.21 28.77 28.86 138.74 136.20 40.48 36.29 154.98
123 131615 28.37 28.23 28.96 28.84 138.71 136.19 40.48 36.29 154.98
124 131618 2830 2835 28.91 28.77 13871 13616 4048 36.29 154.98
125 131620 2843 2819 2893 2891 13870 136.14 40.48 36.29 154.98
126 131623 2835 2824 2895 2886 13867 136.13 4048 3629 154.98
127 131626 2833 2830 28.91 28.89 13868 136.11 4049 36.29 154.98
128 131628 28.42 28.24 28.94 2888 13866 136.10 40.49 36.29 154 .98
129 131631 2833 2825 2894 2886 13863 13609 4049 36.29 154.98
130 131645 2856 2854 28.91 28.78 13948 13682 4105 36.34 154.67
131 131649 28.50 28.54 29.45 28.82 13945 136.80 41.05 36.35 154 67
132 131718 2850 2886 2943 2864 14015 13739 4163 36.42 154.37
133 131803 28.82 29.06 29.89 29.3 140.32 138.10 42.28 36.47 154.08
134 131806 28.77 29.02 29.99 29.00 140.82 138.09 42.29 3647 154.08
135 131836 28.78 29.19 29.98 28.85 140.99 138.14 42.48 3648 154 07
136 131935 28.73 29.21 3033 28.82 140.81 138.13 42.56 36.49 154 07
137 132013 2873 29.22 30.34 28.80 140.74 138.09 42.61 36.50 154 07
138 132115 2889 2920 3034 2897 14118 13843 4294 36.51 153.77
139 132118 28.98 29.23 30.33 29.09 14154 138.81 43.22 36 54 15377
140 132121 2899 2926 3024 2913 14149 13881 4322 36.54 153.77
141 132127 2916 2925 3029 2939 14170 13914 4344 36.56 153.76
142 132136 29.38 29.34 30.19 29.73 14202 139.63 43.81 36.59 153.47
143 132141 29.52 29.34 30.01 30.07 142.35 140.07 44 12 36.62 153.47
144 132206 29.70 29.48 29.92 3043 14264 14081 44.75 36.67 153.17
145 132209 29.86 29.41 30.09 30.54 14297 140.93 4484 36.67 153.17
146 132223  30.07 29.50 30.08 30.81 14339 14148 45.31 36.72 152.87
147 132227 30.03 29.51 29.88 30.81 143.37 141.45 45.33 36.72 152.87
148 132247 3017 2955 2988 3097 14346 14164 4556 36.75 152.86
149 132300 3026 2958 2989 3111 14367 14193 4581 36.78 152.70
150 132306 3033 2955 2986 3118 14364 14196 4587 36.79 152.57
151 132318 3034 7976 2987 3105 14404 14229 4620 36.82 152.56
152 132324 3039 2985 3022 31.12 14457 14260 4658 36.87 152.27
1563 132335 3043 29.99 30.33 3114 14495 142.90 46.90 36.90 152.26
154 132338 3046 2999 3050 3114 14489 14285 4691 36.90 152.26
155 132355 30.52 3G.01 30.51 31.26 144.83 143.08 4711 36.92 152.26
156 132407 3062  30.11 3053  31.23 14531 14341 4747 36.96 151.96
157 132411 30.61 30.13 30 81 3126 14528 14340 47 48 3696 15196
158 132429 30.61 30.28 30.70 31.24 14551 14361 4784 36.99 151.96
159 132441 3076 3042 3087 3141 14581 14405 4822 37.02 151.66
160 132447 3085 30.33 3095 3153 14582 14409 48 31 3703 151.66
161 132458 3085 3042 3095 3146 14576 14428  48.55 37.05 151.65
162 132504 3086 3047 31.10 3147 14616 14434 48.64 3706 15165
163 132529 3095 3055 3110 3150 14642 14460 49.04 3709 151.35
164 132553 31.06 30.66 31.23 3153 14684 14503 49.51 3712 151.05
165 132559 3099 30.83 3144 31.56 146.94 145.07 49.63 kYA k) 15105
166 132620 31.02 30.76 3144 3157 147.15 14525 49 92 3716 151.05
167 132626 31.01 3085 31.44 31.53 147.13 14525 50.02 3717 151 05
168 132638 3141 30.85 31.51 321 14750 14590 5053 3r22 15075
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BEAM RH-1 (continued) »
Scan Time South North South North S.Cable N.Cable Mid-span Load point Reaction

# Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm)
169 132650 3164 30.88 31.29 3248 148.01 146.41 51.16 37.28 150.45
170 132702 31.63 30.87 31.21 3247 14791 146.35 51.26 37.29 150.44
171 132717 3164 3083 3124 3246 14777 14633 5138 37.30 150.45
172 132726 31.58  30.87 N2 3245 147.74 14631 5143 37.31 150.45
173 132756 3166  30.75 3121 3249 14760 14626 51.57 37.32 150.44
174 132759 3165 3073 31.19 3247 14761 14626 5158 37.32 150.45
175 132802 31.55 30.83 31.18 3244 14766 14625 5159 37.32 150.45
176 132804 31.64 30.74 31.19 32.44 14762 14627 51.60 37.32 15045
177 132807 3164 30.75 31.20 32.42 14763 146.27 51.61 37.32 15044
178 132809 31.56 30.82 31.21 3246 14761 14627 5162 3732 150.43
179 132812 31.63 30.78 31.21 3243 14759 14625 5163 37.32 150.40
180 132815 31.64 30.74 321 3246 14758 146.26 51.63 37.32 150 39
181 132817 31.56 30.81 31.21 3244 14756 14627 5164 37.32 150.38
182 132820 31.63 30.76 31.22 3245 14756 146.24 51.66 37.32 150 36
183 132822 3163 30.74 31.20 3245 14756 146.25 51.66 37.32 150.33
184 132825 3156 30.81 3121 3245 14755 14624 5166 732 150 33
185 132828 31.63 30.73 321 3246 14754 14624 5167 37.32 150.19
186 132830 3163 30.74 3121 3244 14752 14623 5168 732 150 14
187 132833 3156 3081 3121 3247 14754 14624 5169 733 150 14
188 132835 3163 3073 31.21 3246 14752 14623 5170 37.33 15014
189 132838 31.63 30.74 3121 3243 14750 14623 51.71 3733 150 14
190 132841 31.56 30.81 21 3245 147,52 14623 5172 37.33 150 14
191 132843 3163 30.73 31.24 3244 147 53 146.23 5174 3733 150.14
192 132846 3163 30.74 3121 3244 14754 14622 5174 733 150.14
193 132848 31.56 30.81 312 3247 14741 14623 5175 37.33 150 14
194 132851 31.62 30.73 N2 3249 14744 14623 5177 37.33 150.14
195 132854 31.62 30.75 N2 3247 14755 14623 5177 37.33 150.14
196 132856  31.57 30.81 31.20 3248 14755 14624 5179 37.33 150.14
197 132859 31.62 30.74 2 3243 14752 14624 5180 37.33 15014
198 132902 3164 30.74 3121 3246 14751 146.23 51.80 37.33 150 14
199 132904 31.56 3081 3121 3245 14750 14623 5181 733 150 14
200 132909 3163 30.74 N2 3243 14752 14623 5182 374 150.14
201 132915 31.61 074 31.21 3243 14750 146.21 5183 734 150 14
202 132920 31.56 30.80 31.21 32.46 14747 146.21 5185 3734 150.14
203 132925 3162 30.74 2 3246 14742 146.20 5187 3734 150.14
204 132930 1.6 30.74 31.19 3247 14743 146.21 5189 3735 150.14
205 132936 3157 30.81 3121 3247 14748 146.21 51.91 37.35 150 14
206 132941 3164 3074 31.21 32.47 147 47 146.20 5193 3735 150.14
207 132946 3160 30.76 312 3245 14748 14620 51.95 373 150 14
208 132951 3157 30.80 k33 3243 14746 14620 5196 37.35 150.14
209 132957 3164 30.73 31.21 3242 147 47 146.20 51.97 3735 150.14
210 133002 231.60 30.76 3121 3246 14744 14620 5199 3735 150 14
211 133007 3157 3080 3121 3245 14743 14620 5201 3735 150.14
212 133012 3164 30,73 3121 3242 14742 14619 5202 3735 150 14
213 133018 3157 30.82 3121 3244 14742 14618 5203 3735 150.15
214 133023 3158 30.77 31.19 3245 14742 146.19 52.05 37.35 150.14
215 133028 31.63 30.75 31.20 3243 14746 14617 5208 735 150 14
216 133034 3157 30.79 31.20 3245 14746 146118 5209 735 150.14
217 133038 3159 30.77 3121 3245 147.44 14633 52.11 37.37 150 13
218 133044 31.79 30.74 31.19 3250 148.09 146.66 5249 37.3¢9 149.84
219 133049 31.67 3093 31.28 3263 148.05 14666 52.52 3740 149.84
220 133055 31.76 30.82 31.18 3268 148.02 14667 52.52 3740 149.84
221 133100 31.96 30.77 3117 3287 14822 14697 5278 3742 149.84
222 133105 31.86 30.87 31.09 3286 148.21 14695 5280 3742 149.84
223 133110 3189 30.85 31.12 32.87 148.19 146.97 52.84 3742 149 84
24 133116 3203 30.77 KARA| 33.03 148.47 14714 5302 3743 149 84
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BEAM RH-1 (continued) '
Scan Time South North Souh North S.Cable N.Cable Mid-span Load point Reaction

* Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mmj)
225 133121 31.94 3093 3112 3299 14860 14724 5317 374¢ 149.54
226 133126 32.00 3103 3115 3306 14887 14743 5339 3747 14954
227 133131 32.07 30.95 31.24 33.01 148.82 14745 53.43 3747 149.54
228 133137 3202 3116 31.28 33.09 14912 14769 53.63 3749 149.54
229 133142 3206 31.12 31.42 33.05 148.04 14770 53.69 3743 149.48
230 133147 32.10 31.05 31.46 33.09 149.04 147.72 53.76 3749 149 46
231 133152 3211 31.19 31.43 33.10 149.36 148.00 53.98 3752 149.23
232 133157 3214 21.18 3148 33.12 14929 14799 54.03 3753 149 24
233 133203 32.20 3112 3148 3318 14952 148.01 54.21 37.54 149.24
234 133208 32.21 3123 3146 3317 14974 14827 5448 3757 149.09
235 133213 32.16 3132 3162 3312 149.79 14829 5457 37.58 148.93
236 133218 32.27 12 31.61 3314 14971 14830 5462 3753 148.93
237 133224 3219 3155 3158 3312 15061 14888 5528 37.68 148.63
238 133229 3227 31.56 32.12 33.00 150.56 148.85 55.37 37.68 148 62
239 133234 3229 31.48 31.95 33.06 15050 148.84 5544 3769 148 62
240 133239 3225 31.64 32.01 33.01 150.92 149.11 55.82 r72 148 63
241 133244 32.26 3167 3204 33.00 15091 149.09 5587 37.72 148.33
242 133250 32.32 31.61 32.24 33.00 150.79 14909 5593 3 148.33
243 133255 3233 31.82 32.24 3290 15161 149.71 56.55 37.76 148.27
244 133300 32.28 31.85 32.54 3280 15141 14954 5657 a7 148.25
245 133305 3242 31.80 3245 3297 15161 14968 56.78 3778 148 02
246 133311 3239 31.82 32.44 33.05 151.47 14965 56.87 3778 148 02
247 133316 3243 31.85 32.43 33.10 15165 14982 57 07 3780 148.02
248 133321 32.46 31.80 32.38 33.12 15153 14975 5713 3780 148.02
249 133326 3241 3185 3241 3310 15147 14874 57.19 378 148 02
250 133332 3242 31.84 3243 3312 15145 149.72 5724 3781 148 02
251 133337 3245 3180 3241 3313 15141 149.7% 57.29 3781 148 02
252 133342 3241 3184 32.41 33.09 15141 14971 57 33 37 81 147 95
253 133347 3243 3183 3242 3310 15131 14972 5739 3782 14772
254 133352 3244 3180 3241 3309 15129 149.74 5747 3782 147 72
255 133358 3241 3184 3241 3310 15130 14974 5753 3783 14772
256 133403 3243 3182 3242 3341 15132 14973 5760 3783 147 72
257 133408 3244 31.80 32.41 3311 15129 14974 5766 3784 147 72
258 133413 3241 31.84 32.42 33.10 15128 14975 5771 3784 147 72
259 133419 3243 3182 32.42 33.09 15126 149.74 5775 3784 147.72
26U 133424 3243 31.80 32.41 33.10 151.26 149.74 5778 3785 147 72
261 133429 3241 31.84 24 33.10 151.26 14973 5779 3786 14772
262 133434 3243 31.81 32.41 331 15126 14973 57 81 3786 147 72
263 133438 3243 31.81 32.44 33.10 151.25 149.74 5782 3786 147 72
264 133445 23241 3184 3241 3310 151.22 14973 57.83 3787 147 72
265 133450 3243 31.84 32.42 3310 15120 14973 5784 37.88 14772
266 133455 3242 3162 24 3311 15119 149.73 57.88 3788 147.72
267 133500 3242 3183 3241 33.09 15120 14976 57.92 3788 147 72
268 133506 32.44 3184 2.4 33068 15125 14875 5759 37.85 147 7
269 133511 3242 3183 3241 3309 15123 14979 5806 37.89 147 72
270 133516 3242 31.82 32.41 3310 151.18 149.79 58.10 3790 14770
271 133524 3243 3182 32.41 33.07 15117  149.80 58 14 3792 147 56
272 133532 3243 31.81 32.41 33.09 15114 149.79 5820 37 92 147 42
273 133540 3244 3181 2.4 33.09 15152 14978 58 40 3793 147 42
274 133548 3244 31.81 32.41 331 15142 14977 58 42 3793 147 42
275 133558 3243 3183 32.41 3310 15135 14978 58 .46 3793 147 42
276 133608 3242 3183 3241 33.07 15130 14977 5850 3794 147 42
277 133619 3242 3183 3242 3312 15119 14975 5853 3794 147 42
278 133629 3243 31.81 3240 3308 15117 14977 5855 3794 147 42
279 133640 32.43 31.82 3241 3308 15117 14977 5856 3795 147 42
280 133650 32.42 3183 3244 3310 15106 14977 5857 3795 147 42
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BEAM RH-1 (continued) _
Scan Time South North South North S. Cable N.Cable Mid-span Load point Reaction

# Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm)
281 133701 3243  31.8% 2.4 3312 15105 149.76 58.58 3795 147 42
282 133711 3243 31.81 3242 33.14 151.04 149.76 58.61 37.95 147 42
283 133722 3242 31.82 3241 33.13 15095 149.76 58.63 37.96 147 42
284 133732 3242 31.83 3241 33.12 151.02 149.77 58.68 37.96 147 42
285 133743 3243 3182 3241 3312 15106 149.76 58.75 37.97 147.42
286 133753 3243 31.81 3242 33.12 151.06 149.77 58.80 37.98 14737
287 133804 3243 31.82 32.41 33.12 151.02 149.77 58.83 37.98 147 34
288 133814 32.41 31.84 3242 3311 15099 149.77  58.86 37.98 147.30
289 133825 3242 3182 3240 3313 15096 149.78  58.89 37.98 147.12
230 133835 3242 3183 3241 3311 15096 149.77 5893 37.99 147.12
291 133846 3243 31.81 3240 3311 150.92 149.79 58.96 3799 14712
292 133856 3243 31.83 3241 33.12 15142 149.82 59.16 38.01 14712
293 133807 3243 3183 3239 3313 15132 14980 59.17 38.01 147 12
284 133917 3242 3184 3241 3314 15127 14976 59.19 38.01 14712
295 133928 3243 31.83 32.40 33.13 15121  149.78 59.21 3801 14712
296 133938 3243 3183 3240 33.14 151.17 149.77 59.23 38.01 147 12
297 133949 3242 3183 3240 3314 15114 14979  59.25 38.02 147 12
298 133959 3241 3184 3241 3313 15112  149.79 59.28 38.02 147 12
299 134010 3243 31.81 32.40 3313 151.09 149.80 59.30 38.02 147 12
300 134020 32.43 3183 3241 3312 151.06 149.80 59.33 3802 147 12
301 134031 3243 3182 3240 3312 15101 149.81 59.34 38.02 147 12
302 134041 3243 31.83 3241 3312 151.02 149.87 59.39 38.03 147 12
303 134052 3243 31.82 3241 33.10 150.98 149.86 59 .40 38.04 147 12
304 134102 3243 3181 3241 3312 15097 149.83 5941 38.03 147 12
305 134113 3244 31.81 32.41 33.12 150.93 149.83 5943 38.04 147 12
306 134123 3243 31.82 32.41 33.09 150.93 149.82 5944 38.04 147 12
307 134134 3261 31.90 32.41 3310 15166 150.38 59.96 38.08 146.82
308 134144 3260 31.90 32.41 33.13 151.58 150.31 5997 38.08 146 82
309 134155 3268 3205 3242 3314 15206 150.74 6036 3812 146.68
310 134205 3268 3205 3241 3305 15198 15065 60.38 38.12 146.52
311 134216 3284 32.16 3241 33.13 152.56 151.18 60.88 38.18 146.52
312 134226 3287 32.19 24 33.12 152.58 151.26 61.09 38.19 146 47
313 134237 3286 3219 3241 3308 15248 15123 61.14 38.19 146.42
314 1324247 33.08 3239 3242 3312 15311 15195 61.79 3824 146 17
315 134258 3303 3236 32.42 3312 15300 15173 61.88 3825 146.14
316 134308 3303 3236 3241 3314 15290 15177 6i95 35 14592
317 13419 33.21 3252 3241 3313 15356 15232 6260 38.32 14573
318 134329 3318 3252 32.42 3310 153.42 152.19 62.65 38.32 145 61
319 134340 33.19 3254 3242 3315 153.64 15231 62.86 38.34 14561
320 134350 3320 3253 3242 3312 15352 15224 6293 38.35 14561
321 134401 33.19 3251 3242 3312 15344 152.12 62.94 3835 145 61
322 134411 33.36 3254 3241 33.38 183.75 152.51 63 31 38.38 14534
323 134421 3335 3254 3232 3343 15365 15243 63.36 3838 145 31
324 134432 3343 3277 3232 3342 15435 15306 6406 38.47 145.00
325 134442 3354 3267 3243 3351 15436 153.01 €4.28 38.50 145.00
326 134453 3354 3276 3262 3344 15486 15326 64.77 38.58 14470
327 134503 3344 3295 3259 3346 15485 15323 6494 38.58 144.70
328 134514 3362 3287 3280 3383 15517 15344 6534 38.62 144 70
329 134524 3360  32.91 32.81 3354 15494 15336 6543 lg62 144.60
330 134535 3356 3305 3278 3349 15525 15347 6568 38.65 144 40
331 134545 3364 3287 3287 3354 15503 15336 6575 3865 144 40
332 134556 3357 3293 3280 3355 15489 15335 6583 38.65 144 40
333 134606 3357 3292 3280 3354 15480 15336 6591 38.66 144 40
334 134617 3361 32.25 32.82 33.36 15597 154.12 66.92 3872 143 80
335 134627 3361 3320 3337 3337 15571 15396 6700 3873 143 80
336 134638 3363 3318 3335 3336 15559 15397 6715 3874 14379
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BEAM RH-1 (continued)
Scan Time South North South North S.Cable N.Cable Mid-span Load pomnt Reaction

# Reaction Reaction Load Load Force  Force Deflection Span Change Span Change

hrmmss  (kN) (kN) {kN) (kN) (kN) (kN) (mm) (mm) (mm)
337 134648 3359 3323 3333 3338 15559 15402 67.33 38.75 143.79
338 134659 3360 3320 3333 337 15552 154.03 6746 38.76 143.80
339 134709 3362 33.20 3335 3336 15555 154.04 67.59 38.78 143.63
340 134720 3359 3322 3332 3338 15548 15407 6769 38.79 143 49
341 134730 3360 33.20 3334 3338 15547 15410 67.82 38.80 143.49
342 134741 3396 3320 3335 3384 15626 15501 687 3890 143.19
343 134751  33.83 33.29 3319 33.76 156.10 154.84 68.85 38.91 143.20
344 134802 3384 33.26 33.32 3370 15610 154.80 68.98 38.92 143.19
345 134812 3384 3325 DM 3366 15604 15480 69.12 3894 142.89
346 134823 33.82 33.26 33.4 3370 15598 15485 69.24 3895 142.90
347 134833 3383 3325 3334 3380 15622 15531 69.78 39.05 142.87
J48 134844 3386 3332 PM N8BT 15624 15574  70.28 3910 14259
349 134855 3407 3334 3343 409 15695 15672 7161 39.22 14199
350 134905 3400 3344 3333 3407 157.02 15717 7260 3934 141.69
351 134916  34.02 33.31 33.38 34.00 157.17 158.01 74.13 3955 141.10
352 134926 3405 3328 3335 3406 157.17 15822 7524 3867 140.80
353 134936 3399 3334 3334 3409 15716 15838 7598 3983 140,50
354 134847 3398 3336 3334 3403 15720 15844 7658 39.93 140.20
355 134957 34.00 33.30 33.35 3404 15724 15868 7732 39.98 140 17
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BEAM RH-2 ' .
Scan Time South North South North S.Cable N.Cable Mid-span Load point Reaction

» Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm)
1 142323 0.00 0.00 0.00 0.00 51.93 52.80 0.00 2519 166.08
2 142352 14 331 -3.24 -3.25 51.94 52.82 0.25 2522 166.08
3 142401 5.19 5.04 -5.14 -4.88 51.93 52.82 0.41 25.24 166.08
4 142409 7.39 7.18 -7.33 -6.98 51.93 52.82 0.56 2527 166.08
5 142423 9.95 997 -9.73 -9.94 51.95 52.84 0.76 25.30 166.08
6 142431 11.07 11.20 -10.76 -11.26 51.94 52.85 0.83 25 31 166.08
7 142533 11.43 11.36 -11.27 1132 51.92 52.86 0.87 25.33 166.08
8 142659 13.32 13.26 -13.17  -13.06 §1.92 52.86 0.99 2535 166.08
9 142710 14.69 14.73 -1449 -14.76 51.93 52.87 1.09 25.37 166.08
10 142720 15.96 15.61 -1597  -15.41 51.93 52.87 117 2539 166.08
11 142731 17.10 16.82 -17.06 -16.67 51.94 52.89 1.24 2541 166.08
12 142744 17.84 17.63 -17.75  -17.58 51.94 52.89 1.3 2542 166.09
13 142829 17.92 17.64 -1789 -17.52 51.94 §2.90 1.4 2543 166.08
14 143629 18.98 18.31 -19.28 -17.99 51.98 52.92 1.45 25.46 166.08
15 143639 19.02 18.32 -19.24 1796 51.97 52.92 1.45 2546 166.09
16 143649 18.97 18.31 -1925 1797 51.98 §2.91 145 2546 166.09
17 143659 19.02 18.33 -19.27  -18.00 51.98 52.92 146 2546 166.08
18 143708 19.06 18.53 -19.18  -18.17 51.98 52.92 1.46 25.46 166.09
19 143718 19.07 18.50 -19.26 -18.25 51.98 52.92 146 2546 166 08
20 143728 19.12 18.69 -1923  -1850 51.98 52.92 1.47 2546 166 09
21 143738 19.19 18.84 -19.23  -18.73 51.98 52.92 1.48 2546 166.08
22 143748 19.18 18.89 -19.22 -18.76 51.98 52.95 1.48 25 46 166 08
23 143758 19.24 19.07 -19.19 -19.06 5198 52.92 148 2546 166 08
24 143807 1927 19.06 -19.20 -19.09 5197 §2.92 148 2546 166 08
25 143817 1953 19.07 -1989 -19.03 51.98 §2.92 1.50 2546 166 09
26 143827 19.55 19.25 -1967  -19.12 51.98 52.95 1.50 2546 166 08
27 143837 19.49 19.19 -1959  .19.10 51.98 52.95 150 25.46 166 08
28 143847 19.54 19.21 -19.59 -19.11 51.98 §2.93 1.50 2547 166 08
29 143857 19.64 19.33 -19.77  -19.11 51.98 52.93 1.51 2547 166.08
30 143907 19.73 19.27 -1992  -19.13 51.98 §2.93 151 2547 166 08
31 143914 19.89 19.33 -2004 .19.15 51.98 52.93 1.52 2547 166.08
32 143921 19.87 19.34 -20.02 -19.24 5197 52.93 1.52 2547 166.09
33 143929 19.95 19.54 -2003  -19.39 51.98 5293 153 2547 166.08
34 143936 19.95 19 55 2004 -19.44 51.98 52.96 153 2547 166.08
35 143944 20.10 19.62 -2022  -19.42 51.99 52.93 153 2547 166.09
36 143951 20.08 19.62 -20.23  -19.44 51.99 52.93 1.53 25 47 166.08
37 143958 20.13 19.63 -20.21 -19.43 51.98 5292 1.54 2547 166.09
38 144006 20.13 19.63 -2024  .19.4% 51.99 52.93 1.54 25.47 166.08
39 144013 20.28 19.72 -20.52 .19.52 51.99 5293 1.55 2547 166.08
40 144020 20.32 19.73 -20.56 -19.45 51.98 52.96 1.55 2547 166 08
41 144028 20.29 19.71 -2045 .19.47 51.99 52.93 1.55 2547 166.09
42 144035 20.28 19.71 -2047 -19.46 51.98 52.93 155 2547 166.09
43 144042 20.29 19.71 2050 -19.45 52.00 5293 155 2547 166.09
44 144050 20232 19.73 2050 .15.44 5189 52.93 1.55 2547 166.08
45 144716 20.28 19.72 -2049  .19.47 52.05 5297 1.58 2553 166.08
46 144720 20.28 19.71 -2049 -1945 52.04 5294 1.58 2553 166.08
47 144723 20.27 19.71 2049 -1946 52.04 52.94 1.58 2553 166 08
48 144725 20.28 19.71 -2049  .19.45 52.04 5294 1.58 25.53 166.08
49 144728 2027 19.71 -2047 -19.46 52.03 52.94 1.58 25.53 166.08
50 144733 2027 19.71 -2048 1945 5205 52.94 1.58 25.53 166.08
51 144738 20.27 19.71 2047 1944 52.05 52.95 1.58 25.53 166.09
52 144743 2028 19.71 -2047 .19.46 52.05 52.94 1.58 25.53 166 08
53 144747 20.28 19.71 2048 -19.46 §52.05 52.95 1.58 2553 166.08
54 144752 20.29 19.72 -2048  -19.45 52.05 52.94 1.58 2553 166.08
55 144757 20.28 19.71 -2047 -19.45 52.05 5295 1.58 2553 166 09
56 144802 20.29 20.12 -2023  .19.83 52.05 5295 1.60 25.53 166.08
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BEAM RH-2 (continued)
Scan Time South North South North S.Cable N.Cable Mid-span Load point Reaction

# Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) {mm) (mm) (mm)
57 144807 20.28 20.11 -20.28 -20.14 5205 52.94 1.60 25.53 166.08
58 144812 20.33 2041 -20.13  -20.54 52.05 52.98 1.60 25.53 166.08
59 144817 20.35 20.41 -20.16 -20.58 5205 52.95 1.60 25.53 166.09
60 144822 20.35 2038 -20.08 -2055 5206 52.95 1.60 25.53 166.08
61 144826 20.42 2047 -20.06 -20.83 52.05 5295 1.61 25.53 166.09
62 144831 20.38 2062 -20.01 -20.94 52.05 52.95 1.61 25.53 166.08
63 144836 20.42 2063 -2013 2087 52.06 52.96 1.61 25.53 166.08
64 144841  20.55 20.70 -20.24 -2093 52.05 52.94 1.62 25.53 166.08
65 144846 2067 2073 -2047 -2090 52.05 52.95 1.63 25.53 166.08
66 144851 20.68 20.72 -2046 -2094 5205 52.95 1.63 25.53 166.08
67 144856 20.96 20.76 -20.81 -20.78 5206 52.95 1.64 25.53 166.09
68 144901 20.95 2075 -20.79 -20.80 52.05 52.95 164 2553 166.08
69 144806 21.01 20.78 -2097 -20.79 52.05 52.95 1.65 25.53 166.08
70 144911 21.01 20.81 -2099 -20.79 5206 52.95 1.65 2553 166.08
71 144916  21.07 2084 -21.03 2080 52.05 52.97 1.65 25.53 166.08
72 144920 21.12 2088 -21.07 -2086 52.06 52.98 1.66 25.53 166.08
73 144925 21.16 2099 -2097 -21.01 52.06 52.98 1.66 25.53 166 08
74 144930 21.14 2099 -2099 -21.05 5206 52.98 166 25.53 166 08
75 144935 21.12 21.0t -21.00 -21.15 5206 52.96 1.66 25.53 166.08
76 144940 21.20 2112 -21.02  -21.31 52.06 52.95 1.67 2553 166 08
77 144945 21.14 21.14 -2098 .21.29 52.06 52.96 167 2553 166.09
78 144950 21.21 2114 -20.97 -21.29 5206 52.96 167 25.53 166.08
79 144955 21.20 2120 -21.03  -21.31 52.05 52.96 1.67 25.53 166.08
80 145000 21.18 2121 -20.85 -21.36 5206 52.96 167 2553 166.08
81 145005 21.22 21.28 -20.97 -21.39 52.05 52.95 1.67 2553 166.08
82 145009 21.21 2125  -21.02 2134 5206 52.96 1.68 25.53 166.09
83 145014 21.23 21.24 -21.00 -21.38 5207 52.96 1.68 25.53 166.09
84 145019 21.27 2133 2099  -21.51 52.06 52.98 1.68 25.53 166.08
85 145024 2123 2134  -2099 2155 5206 52.96 1.68 2553 166.08
86 145029 21.25 21.31 <2099 -2153 5206 5298 168 2553 166.08
87 145034 21.34 2139 2109 2153 5206 52.96 169 2553 166.08
88 145038 21.36 2138 -21.13  .216¢ 52.06 52.96 169 25.53 166 08
89 145044 21.38 2139 2114 2152 5206 52.97 169 2553 166.08
90 145049 2153 2146 2133 2156 5206 52.96 7 25.53 166 08
91 145053 2150 2143  -2138 2159 5207 52.96 171 2553 166.08
92 145058 21.58 2152 2152 -2162 5206 52.96 172 25.53 166 08
93 145103 21.63 2154 -21.52 -2165 52.07 52.99 172 2553 166.08
94 145108 21.77 21.66 -21.61 -21.77 52.06 52.98 172 2554 166.08
95 145113 2169 2189 -2165 2199 5207 52.96 172 2554 166.08
96 145118 21.81 21.81 2164 2196 5207 52.97 1.73 25.54 166.08
97 145123 2180 2178 2164 2192 5207 5297 173 25.54 166.08
98 145128 21.92 2197 -2160 2219 5206 52.97 1.75 25.54 166.09
99 145133 21.88 2196 -2167 .2220 5207 5297 1.75 25.54 166.08
100 145137 2194 21.97 -21.57 .2234 52.07 5297 175 2554 166 08
101 145142 2195 2212 2163 2241 52.07 52.97 1.75 2554 166.08
102 145147 2194 2233 2150 .2263 5207 52.97 1.77 25.54 166.09
103 145152 2195 2229 2154 2269 5207 52.97 1.77 25.54 166.08
104 145157 2199 2230 -21.58 2272 5206 5297 1.77 25.54 166.08
105 145202 22.04 2247 2154 2287 5207 52.97 1.77 25.54 166.08
106 145207 2200 2243 2152 .29 5206 5297 .77 25.54 166.08
107 145212 2216 2244 2187 2287 5207 52.97 1.78 25.54 166.08
108 145217 22.18 2247 -218 2280 5207 52.97 1.78 25.54 166 08
109 145222 2244 2247 2212 2276 5206 52.98 1.81 25.55 166.08
110 145227 2240 2254 .2209 -2281 5207 53.00 1.81 25.55 166.08
111 145231 2240 22 51 2205 -2278 5206 5298 1.81 2555 166.08
112 145236 22.36 2252 -2209 -2280 52.08 5298 1.81 25 55 166 09

134



.

BEAM RH-2 (continued)
Scan Time South North South North S.Cable N.Cable Mid-span Load point Reaction

* Reaction Reaction Load Load Force  Force Deflection Span Change Span Change
hrmmss (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm)
113 145241 2234 2252 -2208 -2280 5208 5297 1.81 25.55 166.08
114 145246 2235 2251 2211 -2281 5206 5301 1.81 25.55 166.08
115 145812 14.44 n -28.21 -6.53 45.70 4545 111.61 55.84 111.30
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Time

hrmmss

122028
122142
122153
122200
122209
122225
122318
122720
122730
122735
122740
122750
122759
122809
122819
122828
122838
123022
123032
123041
123051
123101
123111
123120
123130
123140
123149
123159
123209
123218
123228
123238
123247
123257
123305
123316
123326
123335
123345
123355
123404
123414
123424
123433
123443
123453
123502
123512
123522
123531
123541
123550
123600
123610
123619
123629

South North
Reaction Reaction
(kN) (kN)
0.00 0.00
5.36 5.81
6.55 6.56
7.98 8.19
9.71 9.30
10.03 9.84
11.04 10.41
12.13 11.53
13.82 13.86
15.19 13.93
15.44 13.90
16.35 15.53
16.75 16.24
1717 16.98
17.32 17.02
17.47 17 03
17 47 17.02
17.50 17.02
1750 17.03
17 49 17.02
17 43 17 02
17.47 17.03
17 55 1700
17.57 17.00
1757 17.00
1750 16.99
17.51 1700
17.51 17.00
17.51 16.99
1750 17.01
17.50 16.99
17.50 17.00
17.50 17.00
1750 17.00
17.62 1704
1764 1712
17.68 17.20
1769 17.23
17 65 17.18
1780 17 25
1778 17.25
17.83 17.38
1785 17.37
17.96 17 36
17.92 17.37
17.98 17 40
18.10 17 46
18.15 1741
18.04 17.52
18.02 17.50
18.17 17.53
1820 17.55
18.24 17.60
18.21 17.64
1821 17.61
1822 17.73

South
Load
(kN)

0.00
-5.04
£.56
-7.82
-9.99
-10.16
-11.48
-12.54
-13.89
-16.06
-16.52
-16.98
-17.11
-17.32
-17.62
A7.77
-17.87
-17.85
-17.85
-17.85
-17.73
-17.80
-17.95
-18.01
-18.00
-17.91
-17.91
-17.90
-17.92
-17.92
-17.92
-17.92
-17.92
-17.92
-18.11
-18.16
-18.05
-18.10
-18.11
-18.28
-18.24
-18.31
-18.30
-18.51
-18.41
-18.53
-18.69
-18.68
-18.53
-18.53
-18.72
-18.94
-18.74
-18.74
-18.74
-18.72

BEAM RH-3

North
Load
(kN)

0.00
6.21
6.65
8.49
9.17
9.86
10.16
11.33
14.05
13.27
13.06
15.36
16.15
17.17
17.03
17.01
16.97
16.96
16.96
16.96
16.95
16.98
16.92
16.87
16.87
16.91
16.91
16.91
16.89
16.88
16.87
16.87
16.87
16.87
16.87
16.98
17.11
17.10
17.06
17.07
16 97
17.25
17.23
17.16
17.47
17.20
17.17
17.16
17.33
17.41
17.30
17.26
17.41
17.40
17.40
17.587

S. Cable N.Cable Mid-span Load point

Force
(kN)

51.39
51.41
51.42
51.41
51.42
5142
5145
51.48
§1.48
5148
5148
51.49
5149
51.50
5152
§1.52
51.51
51.52
51.53
5153
5153
51.53
5153
§1.52
5153
§1.53
51.53
5153
5153
5153
51563
5153
5183
5153
5153
5154
51.53
51.53
51.54
5183
§1.54
5154
51.54
51.54
51.54
5154
5154
51.54
§51.54
51.54
§1.53
§1.54
51.54
5154
51.54
5154
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Reaction

Force Deflection Span Change Span Change
(mm)

(kN)

5248
52.52
52.52
52.52
52.53
52.54
§2.55
52.57
52.58
52.58
52.58
52.59
52.60
52.61
52.61
§2.62
52.60
5262
52.62
52.62
52.62
52.62
5263
52.63
5262
52.63
52.63
5263
5263
52.63
52.63
52.63
52.63
52.63
§2.63
52.63
§2.63
52.63
52.63
5263
52.63
§263
5264
5263
5263
52.63
§2.64
52.63
52.63
§2.63
52.63
52.64
52.63
§2.63
5264
5264

0.00
0.26
033
0.41
0.52
0.57
0.64
0.73
0.84
0.90
091
1.00
1.05
1.09

1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1.
1.
1.

1

1
1.

10
1
1
13
13
13
13
14
14
14

14
14

14

14
14

14

14
14

14

14
1§

15
15

15

15
16

16
16
16
A7
A7
A7
A7
A7
18
18

18
18
18
18
18
19

(mm)

22.16
22.18
2219
22.2%
223
22.24
22.25
2225
2228
22.29
22.30
22.30
2232
2233
22.33
2233
2233
2234
24
234
2234
24
234
2234
234
22.34
234
22.34
2234
2234
22.34
24
22.34
22.34
2234
2234
2235
2235
2235
2235
22.35
2235
23s
2235
22.35
22.36
22.36
22.36
22.36
22.36
22.36
22.36
2236
22.36
22.36
22.36

(mm)

164.30
164.30
164.29
164 29
164.29
164.29
164.29
164.29
164.29
164.29
164.29
164 .29
164.29
164.29
164 29
164 29
164 29
164.29
164 29
164 29
164.29
164 29
164 29
164 29
164.29
164.29
164.29
164.29
164.29
164.26
164.29
164.29
164.29
164.29
164 20
164.29
164.29
164 29
164.29
164.29
164 29
164.29
164 29
164.29
164.29
164.29
164.29
164.29
164.29
164.29
164.29
164.29
164.29
164 29
164 29
164 29
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BEAM RH-3 (continued)
Scan  Time South  North  South  North S.Cable N.Cable Mid-span Load point Reaction

# Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) {kN) (kN) (mm) (mm) (mm)

57 123633 18.27 1772 -1876 1754 51.54 52.64 1.19 22.36 164.29
58 123648 18.23 17.78 -1872 1780 51.54 52.64 1.19 22.36 164.29
59 123658 18.33 1786 -1876 17.72 51.54 52.63 1.20 22.36 164.29
60 123708 18.33 1782 -1880 1767 51.54 5264 1.20 22.36 164.29
61 123717 18.33 1782 -18.79 1767 51.54 52.64 1.20 22.36 164.29
62 123727 18.33 1782 -1879 1767 51.54 52.64 1.20 22.36 164.29
63 123737 1847 1781 -1898 1767 51.54 52.64 1.20 22.36 164.29
64 123746 18.43 1791 -1892 17.73 51.55 52.64 1.20 22.37 164.29
65 123756 18.60 1789 -1903 1778 51.54 52.64 1.21 22.36 164.29
66 123806 18.48 18.01  -1902 17.76 51.55 52.64 1.21 22.36 164 29
67 123815 18.59 1784 -1916 17.73 51.55 52.64 1.2 22.36 164 29
68 123825 18.56 18.02 -19.12 17.73 51.54 §2.63 1.21 22.37 164.29
69 123835 18.60 1796 -1916 17.75 51.54 52.64 1.21 22.37 164.29
70 123844 18.75 18.08 -1930 1784 51.54 52.65 1.22 22.37 164 29
71 123854 18.77 1833  -19.38 1783 51.54 52.63 1.22 2237 164 29
72 123803 18.77 18.08 -1940 17.8% 51.55 52.65 1.22 22.37 16429
73 123913  18.80 18.11 -1939 1792 51.55 52.65 1.22 22.37 164.29
74 123923 18.78 1809 -1939 17.82 51.54 52.64 1.22 22.37 164 29
75 125225 18.99 1875 -1929 1877 51.57 52.66 1.29 22.38 164 29
76 130744 20.12 19.54  -2065 19.36 51.58 52.68 1.39 22.41 163.99
77 130754 2012 1955 .2065 19.37 51.58 52.68 1.39 22.41 16398
78 130803 20.12 1954  -2065 19.37 51.58 52.68 1.39 22 41 163.99
79 130813  20.12 1954 -2065 19.37 51.57 52.68 1.39 241 163.99
80 130822 20.12 1855 -2065 19.37 51.57 52.68 1.39 22.41 163.99
81 130832 20.12 1855 .2065 19.36 51.57 52.68 1.39 241 163.99
82 130842 2012 1954 .2065 19.36 51.61 52.68 1.39 22.4% 163.99
83 130851 20.12 1955 -2065 19.36 51.59 52.68 1.39 24 163.99
84 130801 2012 1955 -2065 19.36 51.55 52.68 1.39 2241 163.99
85 130911 2012 19.54  .2065 19.37 5156 52.68 139 241 163.99
86 130920 20.12 1955 .2064 1036 51.58 52.68 1.39 22 41 163.99
87 130930 2012 1954  .2084 1937 5157 52.68 1.39 22.41 163 98
83 130935 2012 1955 -2064 19.37 51.58 52.68 1.39 22 41 163 98
89 130949 2012 1955  -2065 19.37 51.58 52 68 1.39 22.41 163 99
90 130959 2012 1985 -2084 19.36 51.59 52.68 1.39 22 44 163.99
91 131009 2012 1954 .2055 1936 51.59 52.69 1.39 22.41 16399
92 131018 20.12 1955 -2065 19.36 51.58 52.69 1.39 22 41 163.98
93 131028 20.12 1954 .20685 19.36 51.59 §2.68 1.39 22.41 163.99
94 131037 20.12 1954  .2065 1937 5187 52.69 1.39 22.41 163 .98
95 131047 2012 1954  .2065 19.37 51.58 52.68 1.39 22.41 163.99
96 131057 20.12 1954 2065 19.36 51.58 52.68 1.39 22.44 163.99
97 131106 20.12 19.55 2065 19.36 51.58 52.68 1.39 2241 163.99
98 131116 2012 1855 .2065 19.36 5158 52.68 139 22.41 163.98
39 131126  20.12 1955 -2065 1937 £1.87 52.68 1.39 2244 163 99
i 131135  20.12 1955 -2085 19.37 51.56 52.67 1.39 22.40 163.99
101 131145 2012 19585 -2065 19.37 51.55 52.67 1.39 2241 163.39
102 131155 20135 1958 -20.91 19.37 51.57 52.68 141 241 163.99
103 131204 20.49 1966 -21.19 19.33 51.56 52.69 1.41 22.41 163.39
104 131214 2067 19.78  -2146 19.30 51.58 52.68 1.42 24 163.98
105 131224 2084 19.84 -2149 1952 5158 52.69 1.43 2241 163.98
106 131233 2072 1994 2144 1957 51.58 52.69 1.43 2241 163 99
107 131243 2082 2009 2143 1984 £1.58 52.69 143 22.41 163.99
108 131253 2082 2010 2146 1982 51.57 52.69 143 2241 163.99
109 131302 2038 2030 -2143  20.09 51.57 52.69 144 2241 163.99
110 131312 2106 2038  -2169 2008 51.58 52.69 1.45 22 41 163.98
111 131322 2108 2033 2172 2006 51.58 52.69 1.45 2241 163.99
112 131331 2107 2060 -2146 2026 5157 52.69 1.46 2241 163 99
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BEAM RH-3 (continued)
Scan  Time South North South North  S.Cable N.Cable Mid-span Load point Reaction

L Reaction Reaction Load Load Force  Force Deflection Span Change Span Change

hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm)
113 131341 21.12 2054 -21.70 20.33 51.57 52.69 146 22.41 163.99
114 131351  21.16 2053  -21.69 20.47 51.59 52.69 146 22.41 163.99
115 131400 2116 2065 -21.67 20.51 5158 5268 1.46 22.41 163.99
116 131410 2116 2064 -2167 2051 5158 52.69 1.46 2241 163.98
117 131418 2117 2064 2187 2050 5157 5269 1.47 22.41 163.99
118 131429 2116 2065 -2167 2050 5157 52.69 1.47 22.41 163.99
119 132009 2161 2119 .22.06 21.10 51.59 52.70 1.52 2243 163.99
120 132716 21.61 2118 2206 2110 5159 5271 1.55 2248 163.98
121 132726 21.61 2118 .22.06 21.10 51.59 52.71 1.55 2246 163.99
122 132735 2161 2118  -22.06 21.10 51.59 52.71 1.58 2246 163.99
123 132745 2160 2117 2206 2110 5159 5271 1.55 2245 163.99
124 132755 2161 2117 .2206 21.10 51.59 52.71 1.55 22.46 163.99
125 132804 21.61 2118 -2211 2108 5159 5270 1.55 22.46 163.99
126 132814 2167 2112 2212 2108 5158 5271 1.56 22.46 163.99
127 132824 2175 2132 2222 2123 5159 5271 1.56 22.46 163.99
128 132833 2175 2134 2220 2125 5159 5271 1.56 2246 163.99
128 132843 2176 2132  .2220 2124 5159 5271 1.56 22.46 163.98
130 132853 21.91 2145 .2240 21.29 51.59 5272 1.56 22.46 163.98
131 132902 2204 2157 2271 2146 5159 5271 157 2246 163.99
132 132812 2222 2174 2270 2164 5159 5272 1.58 2246 163.99
133 132921 2230 2187 .2283 2175 51.59 5271 159 22 46 163.99
134 132931 2233 21.86 -22.82 2178 51.60 5272 159 22.46 163 99
135 132941 2233 2186 -2284 21.77 51.60 52.72 159 2246 163 99
136 132951 2233 2186 -22.84 21.78 51.60 52.72 159 2246 163.99
137 133000 2262 2206 -23.18 21.91 51.59 52.72 162 22.46 163.99
138 133010 2278 2232 -2343 22.18 59.86 60.15 12.01 2349 158.53
139 133030 2289 2238 -2346 2227 5969 5997 12.21 2350 158.30
140 133040 2293 2235 2347 2227 5969 5996 12.26 23.51 158.30
141 133050 2290 2236 2346 2228 5969 5996 12.29 2351 158.30
142 133100 2291 2236 2345 2227 5969 5997 12.32 23.51 158.30
143 133110 2290 2234 .2345 2227 5971 59.97 12.35 23.51 1568.30
144 133120 2290 2236 -2346 2227 5971 59.98 12.38 2352 158.30
145 133131 22491 22.34 -23.45 2227 §9.71 59.98 12.41 23.52 158.29
146 133141 2230 2234 2345 2227 5972 §9.99 12.43 23.52 158.29
147 133151 2290 2235 .2346 2227 59.75 §9.99 12.46 2352 158.30
148 133201 2290 22.35 -23.46 2227 59.74 60.00 12.48 2353 158.29
149 134216 2290 2234 2345 2228 6023 60.38 13.23 23.57 157 94
150 134219 2290 233 2345 2227 60.23 60.38 13.24 2357 157.94
151 134221 2289 2233 2346 2227 6023 60.38 13.24 2357 157.94
152 134224 2290 2233 2345 2227 6022 60.38 13.24 23.57 157.94
153 134226 2290 2233 .2345 2227 60.24 60.38 13.24 23.57 157 94
164 134229 2289 2233 2345 2227 60.25 60.38 13.24 23.57 157 .94
155 134231 2290 2233 2346 2227 6026 60.39 13.24 2357 157 94
1566 134233 2290 2233 .2346 22.27 6025 60.39 13.25 2357 157.94
157 134236 2290 2233 .2346 2227  60.25 60.39 13.25 2357 157 94
158 134238 2289 2234 2346 2228 6025 60.39 13.25 23.57 157.94
159 134241 2289 2234 2345 2227 6024 60.39 13.25 23.57 157 84
160 134243 2289 2233 2345 2226 6025 6039 1325 23.57 157.94
161 134246 2292 2234 2370 2228 6025 6039 1326 2357 157 91
162 134248 2310 2238 -23.76 2217  60.2% 60.39 13.28 23.58 157 91
163 134251 2307 2239 -2368 2226 6025 6039  13.29 23.58 157.91
164 134253 2323 2243  .24.11 2224 6026 60.41 13.32 23.58 157.78
165 134256 2328 2240 -2400 2213 6029 60.42 13.37 23.58 157.70
166 134258 2345 2244 -24.16 22.08 60.34 60.45 13.46 23.59 15770
167 134301 2346 2245 -2426 2211 6053 60.52 13.65 2360 157 64
168 134303 23.41 2247 -24.26 22.12 60.76 60.63 13.84 2362 157 40
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BEAM RH-3 (continued)
Scan Time South North South North  S.Cable N. Cable Mid-span Load point Reaction

* Reaction Reaction Load Load Force Force Deflaction Span Change Span Change

hrmmss  (kN) {kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm)
169 134306 23.43 2245 2430 2208 6089 60.74 13.98 2364 157 40
170 134308 2363 22.49 -24.59 22.03 61.17 61.11 14.34 23.70 157.10
171 134311 2360 2250 -2457 2204 6150 6149 14.69 23.74 157.08
172 134313 2364 2248 2459 2204 6173 6172 14.95 237 156.80
173 134316 23.62 2249 2458 2204 6192 6188 15.16 23.79 156.79
174 134318 23.61 2248 2456 2204 6209 6207 15.36 23.80 156.67
175 134321 2362 2248 2457 2205 6224 6222 15.55 23.81 156.50
176 134323 23862 2248 2457 2204 6239 6236 15.72 23.82 156.49
177 134326 2361 2248 -2457 2204 6252 6251 15.91 2383 156.33
178 134328 2362 2249 2457 2206 6267 6269 16.13 2384 156.19
179 134331 2361 2283 2460 2224 6288 6324 16.56 23.87 155.87
180 134333 13.16 1696 -38.07 2300 6847 6626 11766 41.47 116.74
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BEAM RH-4 )
Scan Time South North South North S.Cable N.Cable Mid-span Load point Reaction

# Reaction Reaction Load Load Force  Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) {mm) (mm)
1 135404 Q.00 0.00 0.00 0.00 5253 5262 0.00 31.29 165.49
2 135421 4.14 4.37 -3.88 448 52.52 52.66 0.30 31.29 165.49
3 135428 5.05 5.18 -4.84 -5.26 52.53 52.66 0.38 31.30 165.49
4 135432 554 582 -5.22 -5.90 52.54 52.66 043 3131 165.49
5 135438 643 6.37 £.34 46.30 5255 5266 0.50 k) ) 165.48
6 135442 7.02 6.90 6.97 £.78 52.54 52.67 0.54 31.32 165.49
7 135446 7.66 7.57 -1.57 -7.68 52.54 52.67 0.60 3132 165.48
8 135450 8.24 8.20 -8.09 -8.17 52.56 52.67 0.65 3133 165.48
9 135454 9.06 9.13 -8.84 -8.18 5255 5268 0.72 31.33 16547
10 135458  9.80 9.95 953 -1006 5255 5268 0.78 3134 16545
11135503 11.01 1083 1092 -10.76 5255 5269 0.86 3135 165.45
12 135507 11.04 1120 1078 -11.35 5255 5269 0.88 3135 165.45
13 135513 11.12 11.17 -1092 -11.23 52.56 52.66 0.89 31.36 165.45
14 135519  11.29 10.97 -11.36 -10.81 52.58 52.69 0.89 3136 165.45
15 135537 12.09 11.54 <1231 -11.19 52.59 52.69 0.94 31.36 165 45
16 135544 12.40 13.28 -11.69 -13.99 52.59 52.70 1.00 31.37 165.45
17 135556 13.84 13.48 -1396 -13.62 §2.5¢ 52.1 1.07 31.38 165 45
18 135608 15.25 14.94 <1528 -14.83 52.62 52.72 1.24 N 165.45
19 135617 16.38 16.62 -16.05 -16.90 52.61 52.74 1.37 3148 165.45
20 135627 18.17 18.65 -1765 -19.11 52.65 52.82 1.67 3163 165.47
21 135634 19.16 18.72 -19.36 -19.10 52.68 52.85 1.79 3165 165.47
22 135640 19.41 1935 1928 -1948 5270 52.89 1.92 3167 165.47
23 135705 1984 20.13 -1947  -2055 52.85 52.98 226 3172 165 46
24 135728 2067 2043 -2065 -2047 5304 5307 252 3176 16521
25 140212 2067 20.43 2061  -20.46 53.17 53.17 27 31.80 165 19
26 140222 2067 2043 -2062 -20.46 53.18 53.17 2N 3181 165 18
27 140232 2068 2043 2062 -2046 5318 5317 27 3181 165 19
28 140236 20.68 20.44 -2061 -2046 53.18 53.20 2N 3181 165.19
29 140241 20.67 2044 -2061  -20.46 53.19 5317 272 3181 165 19
30 140246 2067 2044 -2061  -20.46 53.18 53.17 2.72 3181 165 19
31 140251 20.68 2044 -2061  -2046 53.19 53.17 272 31.81 16519
32 140256 20.68 2044 -2062 -20.47 53.18 53.17 272 3181 165 19
33 140301 2079 2054 .2076 -2051 5319  53.18 2.74 31.80 16519
34 140306 2097 2060 -2100 -2054 5319  53.18 275 3181 165.19
35 140311 2097 2057 -21.00 -2054 5319 5318 275 31.81 165.19
36 140316 2113 2066 2122 .2052 5320 53.21 276 31.81 165.19
37 140321 2122 2078 -2136 -2063 5321 53.18 278 3182 165.19
38 140325 2136 20.96 2151 -2094 §3.22 53.19 2.80 31.83 165 18
39 140330 2144 20.98 -2159  -2097 53.22 53.20 282 3183 165.18
40 140335 2153 2109 -2160 -21.02 5323 5321 284 31.83 165 18
41 140340 21.50 21.16 -2163  -21.16 53.24 53.24 285 3183 165.18
42 140345 21.58 21.28 -21.70 2123 5325 53.22 287 31.84 165.19
43 140350 2163 21.22 2164 -21.39 53.24 §3.23 2.89 31.84 165 16
44 140355 2165 2125 -2162 -2125 5325 5324 2.9 3185 165.15
45 140400 2168 2133 2172 2129 5327 5325 292 31.85 165.15
46 140405 2168 2133 2176 -2130 5327 5326 294 31.85 165.15
47 140410 2168 2131 2173  .2131 5327 5326 295 3186 165.15
48 140414 2171 2144 2170 -2143 5328 5330 297 3186 165.15
49 140419 2173 2143 2168 -2149 5329 5331 2.98 31.86 165 15
S0 140424 2177 2148 2182 2158 5331 53.32 3.01 31.86 165.14
§1 140429 2179 2148 -21.78  -21.52 §3.31 53.30 302 31.87 16514
§2 140434 21.80 2149 2174  -21.51 §3.31 53.30 3.03 31.87 165.14
53 140439 2180 21.64 2173 1M 53.33 53.31 3.06 3187 165.13
54 140444 2176 21.65 2177 2173 53.34 53.35 3.07 31.88 165.12
55 140449 2191 2165 2192  -2165 §3.34 53.34 3.10 31.88 164.89
56 140454 2194 2162 -21.87 2167 5336 5337 an 3188 164 89
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BEAM RH-4 (continued)
Scan Time South North South North S.Cable N.Cable Mid-span Load point Reaction

* Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm)
57 140459 22.10 21656 -2211 -2164 53.38 53.38 Ol k) 31.89 164.89
58 140503 22.02 2169 -2214 2164 53.38 53.37 3.15 31.89 164.90
§9 140509 22.00 2172 -2210 -2162 53.39 53.39 317 31.89 164 .89
60 140513 2208 2167 -2208 -2164 5342 §3.41 18 31.90 164.89
61 140518 22.10 2164 -2214 2167 53.39 53.42 3.20 31.90 164.89
62 140523 22.04 2169 -2208 2163 5340 53.41 3.21 3190 164.89
63 140715 2206 2168 -2209 -2164 53.52 53.50 335 31.91 164.88
64 141923 2205 2169 -2208 2164 5362 53.64 354 32.11 164 59
65 142432 2223 21.73 -2230 -2162 53.66 53.67 359 32.11 164 .58
66 142437 2241 21.74 -2263 -21.55 5366 53.66 3.60 32.11 164.58
67 142442 2242 2174 2263 -21.54 5365 53.67 3.60 32.11 164.59
68 142447 2264 2175 22894 -21.41 53.65 53.67 361 32.11 164.58
69 142452 2268 21.81 -23.14 2137 5366 53.67 3.62 32.11 164.58
70 142455 2275 2180 -2312 .2144 5367 53.68 362 3212 164.58
71 142457 227 21.81 2319  -21.36 5368 53.67 3.63 32.12 164 59
72 142500 2276 2178 -2314 2137 5367 5367 363 32.12 164 58
73142502 22.71 21.81 -23.16 -21.38 5368 53.68 363 3212 164 58
74 142505 2282 21.91 2316 -2164 5368 53.69 365 3212 164 58
75 142507 2279 2195 2314 2161 53.69 53.69 365 3212 164 58
76 142510 2278 2196 -23.11 2183 5369 5369 365 3212 164 58
77 142512 2285 2212 -2312 2189 5369 53.69 367 3212 164 58
78 142515 2280 2217  -23.07 -2190 5373 53.70 367 3212 164 .58
79 142517 2284 2214 -2306 -21.91 5375 53.70 kX:1] 3212 164 59
80 142520 2294 2226 -23.07 -22.16 5375 53.7M 370 3212 164 58
81 142522 2286 2233 2303 -2216 5377 53.71 370 32,12 164 .58
82 142525 2292 2227 -2308 -22.15 5375 53.72 in 3212 164.59
83 142527 2288 22.31 -23.03 2215 5377 53.72 372 3213 164.58
84 142530 2286 2232 .2295 2242 5378 53.73 kJr i) 3213 164.58
85 14253z 2295 2247 -2299 -2245 5380 53.73 375 3214 164.58
86 142535 2289 2252 2295 -2244 5380 53.74 3.76 3214 164 58
87 142537 2294 2247 2300 -22.44 53.81 53.75 377 3214 164.58
88 142540 2295 2246 -2299 -2245 5380 53.75 378 32.14 164 58
89 142542 2292 2265 -2294 .2276 5382 53.77 379 32.14 164 .58
90 142545 2298 2264 -2288 2279 5382 53.78 381 32.14 164.58
91 1425847 2292 227 2289 2279 5383 53.79 382 32.15 164 .58
92 142550 23.09 22.81 -23.07 .2276 5383 53.80 3.85 32.15 164 58
93 142552 2313 2269 2318 .2274 5381 53.81 387 3216 164.58
94 142555 23.07 2279 2214 2276 5385 53.82 388 32.16 164.58
95 142557 23.14 22.71 2312 .2275 5385 53.83 3.89 32.16 164 58
96 142600 23.10 274 2315 2276 5386 53.84 391 32.16 164 58
97 142602 2308 277 -2313 2275 5387 53.85 392 3217 164.58
98 142604 23.15 2270 -2315 .2274 5388 53.86 393 3217 164 58
99 142612 23.12 272 2313 275 539 53 88 397 3218 164 58
100 142619 2308 2276 -2313 -2276 5393 53.90 399 32.18 164.55
101 142627 23.06 278 -2316 2277 539 53.91 4.01 3218 164 54
102 142635 23.07 277 2315 -22.76 5391 53.92 403 3219 164.54
103 142642 2321 22.81 -23.35 .2266 5394 53.94 4.05 32.19 164.53
104 142647 23.23 279 -2352 2266 5398 53.94 4.06 32.19 164.52
105 142652 2349 275 2379 .24 5397 53.96 4.10 32.20 164 .51
106 142657 23.78 269 -2418 -2233 5400 53.97 4.14 32.20 164 .40
107 142702 23.75 272 2424 .230 5405 53.99 4.17 32.21 164.29
108 142707 23.74 277 -2427 2228 5409 54 00 420 3222 164.29
109 142712 2380 2279 -2426 -2240 54.14 54 00 424 32.23 164.29
110 142717 2387 283 -2425 2245 5418 54 02 428 3223 164 29
111 142722 23.33 297 2427 2265 5422 54 05 433 3224 164.29
112 142727 2384 2304 2426 -2268 5427 54 08 437 3225 164 .28
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BEAM RH-4 (continued)

North S. Cable N.Cable Mid-span Load point Reaction

Scan Time South North South

e

# Reaction Reaction Load Load Force  Force Deflection Span Change Span Change

hrmmss  (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm)
113 142732 2393 23.04 <2433  -22.72 54.29 54.10 4.41 32.26 164.27
114 142738 23.97 23.10 <2422 -22.83 54.35 54.12 4.46 32.27 164.27
115 142742 23.92 2313 <2424 -22.87 54.40 54.15 449 32.27 164.24
116 142748 2393 2321 -2424 -2324 5442 5416 452 3228 164.22
117 142753 2392 2314  .24.27 -2272 5447  54.2% 457 32.28 164.20
118 142758 2396 23.08 -24.23 -22.84 5449 54.21 458 32.28 164.18
119 142803 2387 23.09 -24.31 -2284 5451 54.24 4.61 32.29 16408
120 142808 24.02 2332 -2427 -23.02 5452 5426 464 32.29 163.99
121 142813 2409 2325 .2429 .-23.05 5456 54.27 468 32.29 163.99
122 142818 24.06 2329 .2439 .-2307 5458 5430 4.70 52.30 163.99
123 142823 24.07 2343 2440 -2312 5461 54.33 474 32.31 163.99
124 142828 2417 2356 -24.27 -2345 5466 54.36 481 2.3 163.98
125 142833 2419 2354 .2434 2349 5470 5440 4.85 3232 163 98
126 142838 24.12 2360 -2435 2348 5473 5444 4.90 32.33 163.98
127 142843 2410 2374 .2421 .2369 5476 5447 4.95 32.34 163.98
128 142849 2424 2372 .24.26 -23.7%  54.81 54.51 5.01 32.35 163.94
129 142854 2424 2374 2433 -23.71 5483 5454 5.05 3235 163.93
130 142859 2428 2396 -24.32 -2401 5488 5459 511 32.37 163 88
131 142904 2425 2396 -2426 -23.97 5491 54.62 5.16 32.37 163.81
132 142906 2427 2393 2425 -23.97 5493 5466 5.18 32.38 163.69
133 142909 24.29 23.91 2430 -24.00 54.95 54 67 520 32.38 163.69
134 142911 2425 2395 2426 -2398 5498 54.68 5.21 3238 163.69
135 142914 24.30 23.90 2426 -2398 54.99 54.69 523 32.39 163.69
136 142916 24.27 23.94 -24.30 -24.00 §5.00 54.71 524 3239 163 69
137 142919 24.26 23.94 -24.21 -23.96 55.01 54.72 5.25 32.39 163.69
138 142921 2443 2405 -24.37 2402 5503 54.74 5.28 32.39 163 68
139 142924 2439 2404 2445 2406 5505 54.75 5.30 3240 163.69
140 142926 2443 2401 -2439 .2401 5506 54.76 5.31 32,40 163.69
141 142929 2440 2401 -2443 .2403 5508 54.76 5.33 3240 16369
142 142931 24,44 2405 2454 2406 5509 54.78 535 32.41 163.68
143 142934 2454 2401 -2452 2404 5513 54.80 5.38 32.41 163.69
144 142936 24 47 24 08 -24.56 2406 55.13 54.81 540 3242 163 68
145 142939 24.50 24.06 -24.55 -24.05 55.16 54 82 5.42 32.42 163.68
146 142941 2452 24.04 -2449 2403 55.17 54.83 543 3242 163 68
147 142044 2445 2409 -2459 2406 5518  54.85 545 3242 16368
148 142946 2466 24.05 -2469 -23.94 55.21 54 .86 547 32.42 163.68
149 142949 2446 24.10 -2459  -23.97 55.24 54.88 549 32.43 163.65
150 142951 2457 2414 .24.79 2407 5525 5489 5.51 3243 163.64
151 142954 2470 2406 -2476 -24.01 5527 54.90 5.54 3243 163.63
152 142956 2461 2413 2471 2402 5527 5491 5.56 3243 163.62
153 142959 2462 2811 -24.83  -24.06 55.32 54.93 5.58 32.44 163.62
154 143001 2468 24.07 .2473 2401 5535 5493 5.60 3244 163.60
155 143004 24.58 24.15 -24.72  -24.03 55.35 54.95 561 3244 163 60
156 143006 2466 2408 -2479 -24.05 5539 5497 5.64 3244 163.56
157 143014 2468 2408 -2476 -2405 5545 5498 569 3245 163.39
158 143022 2468 2407 .2476 -2404 5552 5501 574 3245 163.40
159 143029 2467 24.07 <2476  -24.05 5553 55.05 578 32.46 163.38
160 143037 2464 2411 2476 -2404 5555 5508 5.82 3246 163.39
161 143045 2461 2413 .2473 -2404 5555 5510 5.85 3246 163.39
162 143052 2460 2414 .2477 .2404 5557 5512 587 3247 163.38
163 143100 2460 2414 2473 .2404 5559 5513 5.89 3247 163.39
164 143108 2461 2413  .24.72 .2402 5562 5514 591 3247 163.39
165 143115 2465 2410 -2474 .2403 5565 5516 593 3247 163.38
166 143123 2468 2411 2470 -2401 5563 5516 5.95 247 163.39
167 143131 2469 24.10 2471 -24.02 55.66 5517 597 3248 163 39
168 143138 2469 2410 <2469 -2400 55.66 55.19 5499 3249 16339
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BEAM RH-4 (continued) v
Scan  Time South North South North S.Cable N.Cable Mid-span Load point Reaction

* Reaction Reaction Load Load Force  Force Deflection Span Change Span Change

hrmmss  (kN) (kN) (kN)  (kN)  (kN) (kN) (mm) (mm) (mm)
169 143146 2464 24.11 -2468 -24.02 55.70 55.21 6.01 32.50 163.39
170 143154 2461 2412 -2467 -24.01 55.75 55.21 6.02 32.49 163 39
171 143201 24.60 24.14 -2468 -24.02 55.77 §5.23 6.04 3250 163.35
172 143209 24.61 24.13 -2470 -24.03 55.76 55.24 6.05 3250 163 .34
173 143709 24.66 24.08 <2479 -24.04 55.91 55.42 6.23 3253 162.49
174 143715 2462 2413 -24.74  -24.02 55.91 55.41 6.23 3253 162.49
175 143717 2466 24.08 -24.78  -24.04 55.91 55.42 6.24 32.53 162.49
176 143720 24.63 24.11 2473 2803 55.88 55.42 6.24 3253 162.49
177 143722 2464 24.09 -24.74 2404 55.90 55.42 6.24 32.53 162.49
178 143727 2462 24.13 -24.74  -24.01 55.90 55.41 6.24 3253 162.49
179 143732 2463 24.11 -24.76  -24.03 §5.90 55.41 6.24 32.53 162.49
180 143737 2465 24.09 2475 -24.02 55.91 55.41 6.25 3253 162.49
181 143742 2465 24.12 <2469 -24.02 55.95 55.41 6.25 32.53 162.49
182 143747 2462 24.12 -24.77 -24.04 55.94 55.43 6.25 32.53 162.49
183 143753 2463 24.11 <2474 -2402 55.94 55.42 6.26 3253 162.49
184 143758 24.66 24.07 -24.70 -24.02 55.94 £543 6.26 3253 162 49
185 143803 2464 2411 -24.71 -24.04 55.94 55.42 6.26 3253 162.49
186 143808 2462 24.12 -24.81 -23.99 55.94 §5.42 6.26 3253 162.49
187 143813 2441 24.09 -24.37 -24.18 55.96 5543 6.27 3253 162.49
188 143818 2469 24.08 -24.70 -24.01 55.95 §5.43 627 3253 162 49
189 143823 24.88 24 16 2523 2394 §5.95 §5.43 6.30 3253 162.49
190 143828 24.91 24.17 -2529 -2383 55.98 55 44 631 32.53 162.49
191 143833 24.93 2412 -25.27 -2382 §5.96 5544 6.32 3253 162 49
192 143838 25.03 24.05 -25.31 -23.80 56.00 5546 6.33 3253 162 48
193 143843 2499 24.08 2529 -2382 56.01 55.47 6.35 254 162 48
194 143848 2491 24.16 -2530 -23.80 56.02 55.46 6.36 32.54 162.48
195 143853 24.96 2409 -25.27 -23.81 56.03 55.46 6.37 3254 162 48
196 143858 25.04 24.05 -2528 .23.81 56.05 55.48 6.38 3254 162.47
197 143903 24.94 2414 -25.29 .23.84 56.04 55.47 6.39 3254 162.48
198 143908 25.00 24.29 -2524 2404 56.04 §5.49 6.41 3254 162.47
199 143913 2503 24 22 -25.28 -24.02 56.01 5549 6.42 3254 162.46
200 143918 2505 24.23 2526 -24.11 56.06 55.50 6.45 32.55 162.46
201 143924 2500 24.34 2526 -24.16 56.08 55.60 6.61 32.57 162.46
202 143929 25.01 24.34 <2524 .24.14 56.12 55.62 6.65 32.58 162.46
203 143934 2512 24.36 2522 -24.23 56.14 55.64 6.69 32.59 162.46
204 143939 25.06 24 42 -25.25 -24.26 56.17 55.65 6.72 32.59 162.46
205 143944 2503 24 44 2525 -24.24 56.18 55.68 6.74 32.59 162.46
206 143949 2505 24.39 -2524 -24.24 56.19 55.68 6.75 3259 162 46
207 143954 2509 2437 -25.28  -24.25 56.21 55.69 6.77 32.59 162.46
208 143959 2506 2442 -2523  .24.24 56.23 55.71 6.78 32.59 162.46
209 144004 2502 24 43 -2522 -24.26 56.23 55.74 6.79 32.59 162.46
210 144009 2505 2438 <2523 .24.25 56.26 55.73 691 32.60 162.46
211 144014 2511 24.36 -25.23  .24.25 56.28 55.76 682 3260 162 46
212 144019 2506 2439 -25.22  -24.25 56.27 55.76 6.83 32.60 162.46
213 144024 2502 2443 <2523  .24.24 56.28 55.75 6.84 3260 162.46
214 144029 2506 2439 -2524 .24.25 56.30 55.76 6.85 3260 162.46
215 144034 2510 24.35 -2523  -24.25 56.31 55.78 6.86 32.60 162.46
216 144040 25.06 24 41 <2522 -24.25 56.31 55.78 6.87 3261 162.46
217 144045 2502 24.44 <2524 -24.26 56.32 55.78 6.88 32.61 162.46
218 144050 25.06 2439 <2522 .24.25 56.31 55.80 6.88 3261 162.46
219 144055 2510 24 36 -2524 .24.25 56.32 55.81 6.89 32.61 162.46
220 144100 25.07 24 38 2526 -24.26 56.32 55.82 6.90 32.61 162.46
221 144105 2502 24 43 2526 -24.25 56.32 55.81 6.91 32.61 162.46
222 144110 2505 24.39 <2526 -24.24 56.33 55.81 6.91 32.61 162.46
223 144115  25.10 24.36 2526 -24.26 56.33 55.83 6.92 3261 162.46
224 144120 25.08 2441 -25.27 -24.25 56.34 5582 6.93 32.61 162.46
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BEAM RH-4 (continued)
Scan Time South North South North S.Cable N.Cable Mid-span Load point Reaction

* Reaction Reaction Load Load Force Force Deflection Span Change Span Change
hmmss  (kN) (kN) (kN) (kN) &N) (kN) (mm) {mm) (mm)
225 144125 2504 2445 -2529 2437 56.34 55.85 6.93 32.61 162.46
226 144130 25.11 2450 -25.29 -2440 5635 55.86 6.96 3262 162.46
227 144135 2522 2449 -2528 -2447 56.37 55.86 6.98 3262 162.46
228 144140 2512 2457 2527 -2446 5637 55.86 6.99 3262 162.46
229 144145 25.15 2461 -2531 -2451 5639 5588 7.01 3262 162.46
230 144150 25.18 2457 2527 -2447 5639 5588 7.02 32.63 162.46
231 144155 25.22 2455 2529 -2449 5642 55.91 7.04 3263 162.46
232 144200 25.15 2458 -2551 -2463 5643 5592 7.06 3263 162.46
233 144206 2526 2464 -25.39 -2452 5645 55.91 7.08 32.63 162.46
234 144211 2522 2467 2539 -2454 5648  55.92 7.10 3263 162.46
235 144216 25.25 2465 2538 -2456 5648 55.95 7.11 32.64 162.46
236 144221 2527 2464 2540 -2455 5650 5594 713 3264 162.46
237 144226 25.26 2465 -25.37 -24.72 56.51 55.97 7.4 3264 162 46
238 144231 2523 2471 2537 -2469 56.52 55.97 717 3264 162.46
239 144236 2528 2461 2535 -2446 5654 5599 718 3264 162 46
240 144241 2527 2464 2542  -24.57 56.54 55.99 719 3264 162.46
241 144246 25.30 24 53 2544  -24.47 56.55 56.00 7.20 32.64 162 46
242 144251 2526 2464 2544  .24.45 56.58 56.01 7.21 3265 162 46
243 144256 25.31 2474 2539 -2465 5659 56.04 723 32.65 162.46
244 144301 25.33 24.72 2542 -2464 56.59 56.03 7.24 32.65 162.46
245 144306 25.34 2473 2541 .2470 56.61 56.05 7.25 3265 162 46
246 144311 2537 2491 2540 -2467 5663 56.08 730 3266 162.46
247 144317 25.28 2492 2524 2511 5665 56.12 733 32.66 162.46
248 144322 2534 2493 -2530 -2507 5667 56.13 7.36 3266 162.46
249 144327 25.32 2499 2527 -2505 5668 56.14 7.38 32.67 162.46
250 144332 2529 2501 -2527 -2506 5668  56.16 7.39 32,67 162.46
251 144337 25.33 2498 2528 2504 5672 56.18 741 3267 162.46
252 144342 2538 2516 2521 -2534 5673  56.19 745 3267 162 46
253 144347 2535 25.13 2517  -25.35 56.75 56.24 747 32.67 162.46
254 144352 2533 25.16 -25.19  .25.38 56.78 56.25 749 32.68 162.46
255 144357 2532 2517 -2515 2534 5678 56.27 752 3268 162 46
256 144402 2536 2515 2516 .25.37 56.79 56.29 7.54 3268 162.46
257 144407 2535 2517 2519 -25.36 56.81 56.30 7.56 32.68 162.46
258 144412 25.33 2516 2519 .2537 56.83 56.32 757 3268 162.46
259 144417 2534 2516  -25.17 .2534 56.83 56.34 7.59 32.69 162.46
260 144422 2537 2520 -2519 .2535 5685 5634 761 32.69 162.45
261 144427 2534 2518 -2520 .2535 5686 56.35 762 3269 162 44
262 144432 25139 2525 -25.17  .25.33 56.87 56.39 764 3269 162.43
263 144437 2538 2523 2519 .2539 5688 5641 766 3270 162.43
264 144442 25139 2524 -25.21 -25.38 56.90 56.40 768 32.70 162.42
265 144448 25.38 25.24 -2516 -25.38 56.91 56.43 7.70 32.70 162.42
266 144453 2536 2525 2517 2536 5692 56.42 T 3270 162.42
267 144458 25.38 2528 -2520 -25.38 5692 5644 n 32.70 162.41
268 144503 2541 2532 -2520 2538 5694 56.45 775 32.70 162.34
269 144508 2537 2521 -2517 2533 5695 56.46 17 32.70 162.20
270 144513 2533 2519 2521 .2535 5697 5647 mn 3270 162.20
271 144518 2534 25.18 <2519 .25.35 56.97 56.48 7.78 32.70 162.20
272 144523 25.35 2517 2517 2536 56.98 56.49 7.78 3270 162.20
273 144528 2535 2518 2519 -2536 56.99 56.50 779 27 162.20
274 144533 2534 25.19 <2519  .25.37 56.98 56.50 7.80 327N 162.20
275 144538 25.35 25.20 -25.21 -25.35 56.97 56.51 7.81 2.1 162.20
276 144543 2537 2523 2522 -2537 57.00 56.52 7.82 2n 162.20
277 144548 2536 25.18 -25.21 -25.36 57.00 56.54 783 3271 162.20
278 144553 2538 2521 .2519 2533 5701 56 54 784 3272 162.20
279 144558 25138 25.25 -2520 -25.36 57.02 56.55 7.85 3272 162.20
280 144603 2537 2521 2519 .2536 5702 5656 786 n2n 162.20
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R RN BN BN BNAY

BERBBUEHENREBERNE

South  North
Reaction Resction
&kN)  (kN)
2537 525
23538 2523
%53 2525
3537 B2
538 2519
537 525
253 .2519
233 2518
283 B2
2538 2518
238 2516
%37 2518
831 8147
B34 2516
2534 2518
23 2519
53 .2518
2534 2515
253 2515
2841 B2
2540 2517
3% 223
542 252
542 519
3545 2523
%40 2518
254 252
248 B2
%37 252
842 B2
%42 2519
537 2517
%40 52
24 2518
2538 2519
4L 523
358 521
253% 2521
2538 B2
%42 B3
240 B2
538 2520
338 B2
53 -5
2538 252
%40 2524
23 2524
3538 B2
231 52
3% 252
8% B2
2538 520
3538 B2
2839 522
547 B3
2571 2584

(kN)

-5.19
-25.18
-25.20
-25.18
-25.18
-25.18
3523
2.2
-25.17
B2
B2
-25.20
-25.2
2525
-25.25

A2
-25.24
B2
-25.33
-25.19
-25.24
B2
-25.19
2523
-25.24
-25.16
-25.19
B21
-25.18
-25.2
-25.20
-25.17
-25.17
-25.19
-25.16
252
B2
-25.18
-25.19

-25.19
-25.18
-25.20
-25.16
2517
-5.18
-25.18
-25.18
-5.19

-25.18
2517
S22
820
-25.65

Load point Reaction
Deflection Span Change Spen Change

(mm) (mm) (mm)
787 272 16220
787 272 16220
788 72 162.20
789 72 16220
790 27 16220
79N 272 162.19
792 K Xp 16220
7.24 un 162.19
794 2713 162.19
794 27 162.19
794 713 162.18
795 2n 16220
7.96 R2n 162.19
796 2n 162.20
797 27 16220
798 2n 16220
798 273 162.20
8.01 273 162.19
8.01 273 162.19
803 27 162.20
803 274 16219
8.07 275 162.19
8.08 275 162.19
8.09 2 162.19
812 27 162.19
813 2r 162.19
816 R2.75 162.17
8.18 275 162.16
819 32.78 162.15
82 278 162.14
8.24 32.76 162.12
826 3276 162.12
829 3276 16211
832 3276 16210
834 278 162.08
837 R276 16203
839 276 161.93
840 nn 161.90
8.42 .77 161.90
844 2n 161.90
845 277 161.90
846 2n 161.89
8.47 278 161.90
848 3278 161.90
849 2.7 161.90
850 27 161.90
851 3278 161.90
852 278 161.90
853 278 161.90
853 R.78 161.89
854 278 161.90
854 278 161.89
855 278 161.90
8.78 3280 161.60
880 280 161.60
889 28 161.60



BEAM RH-4 (continued) _
Scan Time South North South North S.Cable N.Cable Mid-span Load point Reaction

# Reaction Reaction Load Load Force Force Deflection Span Change Span Change

hmmss  (kN) (kN) (kN) (KN) (kN) (kN) (mm) (mm) (mm)
337 145349 2593 -26.02 -2580 26.02 57.87 57.72 9.44 32.90 161.29
338 145354 2613 -26.70 -2599  26.12 58.48 58.36 10.26 3298 160.99
339 145357 26.17 -2644 -26.07 26.16 58.76 58.50 10.59 33.00 160.85
340 145359 2647 -2696 2632 2645 58.83 58.67 10.76 33.02 160.69
341 145402 2642 -2680 -2620 26.43 59.26 59.08 1122 33.08 160.35
342 145404 2685 -27.22 -2665 2683 59.89 59.63 12.06 33.14 160.04
343 145407 2725 -2764 2700 2744 60.25 60.19 12.65 3323 159.66
344 145409 2717 2749 2689 2748 60.82 6057 13.34 33.28 159.19
345 145412 2776  -28.12 2753 27.73 6123 61.07 14.18 33.35 158.89
346 145414 2750 -27.79 2735 2748 61.71 61.48 14 66 33.42 158.54
347 145417 2796 -2815 2774 2793 62.02 61.78 15.28 3347 158.29
348 145419 27 7% -2792 2775 2786 62.17 61.86 15.52 3349 158.25
349 145422 2805 -2830 -2785 28.29 62.28 62.02 15.84 3352 157.99
350 145424 2846 -28.72 -28.21 28.61 62.65 62.56 16.57 3359 157.69
351 145427 2849 -2858 -28.27 2865 63.20 63.09 17.19 33.68 157.25
352 145429 28.68 -2884 -2847 28.73 63.52 63.31 17.78 3373 157.09
353 145432 2845 -2865 -2858 2860 63.93 63.56 18.24 277 156.70
354 145434 2835 -2860 -2878 2859 64.19 63.93 18.79 33.83 156.49
355 145437 2906 -29.22 -2882 29.29 64.45 64.29 19.52 33.89 156.15
356 145439 2889 -2907 -2863  29.01 64.92 €4.54 20.03 33.94 155.89
357 145442 2872 -2899 -2844 29.01 65 12 6473 20.40 33.99 155.59
358 145444 2882 -2905 -2844 2917 65.24 64.89 20.66 3404 155.29
359 145447 2882 -2908 -2852 2916 65 45 65.06 21.02 3408 155.29
360 145535 2963 -2984 2934 2973 65.71 6564 22.15 3417 154 67
361 145538 2981 -30.10  -29.51 30.21 66.46 66.31 23.07 3425 154.22
362 145540 2994 -3029 -2950 30.40 67.07 66.92 23.99 3439 153.77
363 145543 2983 -300t .2955 30.10 67.68 67.49 25.09 3448 153.14
364 145545 3021 -30.39 -2998 3046 68.45 68.21 26.38 3459 152.56
365 145548 2980 -2992 -2962  30.01 68.58 68.15 26.67 34 .61 152.54
366 145550 3035 -3041  -30.12 2633 68.73 68.50 28.10 3478 151.36
367 145553 2972 -2985 2966 25.88 68.76 68.66 28.35 3478 151.35
368 145556 29.91 -3005 -3032 2625 68.93 68.92 2864 3477 151.06
369 145558 3021 -30.30  -3048  26.59 69.52 69.50 29.17 34.80 150.75
370 145601 3004 -30.12 -30.41 26.42 69.01 69.61 29.50 3484 150 65
371 145604 30.14 4114 -3053 26.59 69.93 69.90 29.93 3487 150.46
372 145606 30.31 -3050 -3090 26.75 70.18 70.19 30.30 34 91 150.34
373 145609 30.31 -30.54 3075 26.81 70.57 70.66 30.76 3501 149.84
374 145612 3066 -3090 -3096  27.19 71.20 71.21 31.59 35.04 149.54
375 145614 3097 -31.16 -31.56 2747 71.78 71.90 32.42 35.08 149.18
376 145617 3102 -31.18 -31.37 2747 72.36 72.52 33.18 3513 148.63
377 145619 3085 3111  -31.38  27.30 73.01 73.07 3379 3524 148.30
378 145622 3098 -3103 -3149 2763 73.58 7354 3457 3531 14773
379 145625 3092 -31.12  -31.32 2748 73.88 7382 35.02 3533 14773
380 145632 3137 -3162 -3214 28.13 7411 74.27 3569 3539 147 42
381 145635 3099 3121  -3133 2756 74.32 7435 35.77 35.41 14713
382 145638 3152 -3173 3208  28.11 74.72 7478 36.45 3544 147.02
J83 145640 3142 3129 .3234 2842 75.11 75.30 n 35.51 146.52
384 145643 3135 -3126 -3208 2824 75.35 75.56 3758 3555 146.44
385 145645 3112 3132 .3164 2818 75.53 75.54 3763 3556 146 23
386 145704 3129 -3152 .3210 2820 75.55 75.7% 37.92 3560 145.92
387 145706 3128 -3147 -32.14 28.33 76.02 76.12 38.55 3567 145.61
388 145709 3135 3151 -32.25 28.53 76.44 75.53 39.24 3572 145.31
389 145711 3197  -32.12  -3161 27.99 76.63 75.58 39.52 35.75 145.22
390 145722 3236 -3262 -31.89 3139 7748 7717 40.98 3585 144 .40
391 145725 3216  -3240 -3213 2846 77.87 7763 4163 3591 143.95
392 145732 3181 -3189 -3250 2885 79.04 79.08 4376 36.19 142.60

146



BEAM RH-4 (continued)
Scan Time South North South North S.Cable N.Cable Mid-span Load point Reaction

# Reaction Reaction Load Load Force Force Deflection Span Change Span Change

hrmmss (kN) (kN) (kN) (kN) (kN) (kN) (mm) (mm) (mm)
393 145735 31.87 -32.08 -3264 28.94 79.40 79.56 44 56 36.24 142.27
394 145738 3192 -3192  -3283 2894 79.79 79.86 4531 36.30 141.70
395 145740 3197 3202 -32.96 29.17 80.20 80.25 46.08 36.38 141.35
396 145743  32.03 23223 -3294 29.20 80.55 80.61 46.85 36.44 140 80
397 145746 32.02 23227 -3312 2929 80.90 80.95 47 60 36.50 140.50
398 145748 3203 -3225 -3296  29.31 81.23 81.31 48.35 36.56 140.17
399 145751 3223 23244 -33.32 29.49 8143 81.62 49.02 36.63 139.60
400 145756 32.18 23205 -33.16 29.39 82.07 82.34 50.50 36.76 138.70
401 145801 3207 -3198 -32.51 28.71 8271 83.02 52.07 36.95 13798
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APPENDIX B

COMPLETE SET OF PREDICTED AND ACTUAL LOAD-DEFLECTION
CURVES
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APPENDIX C

CALCULATIONS OF THE LOAD-DEFLECTION RESPONSE FOR BEAM

R-1
a) material and section properties
/.= 3250 mm fy = 1778 MPa I, =850 mm
L=2850 mm A, =47.14 mm? b =160 mm
f.=49.22 MPa Ag =0 mm? d, =280 mm
= 1111 MPa S = 2646000 mm® d, = 200 mm
f, = 460 MPa E, =204000 MPa E. = 31500 MPa

B, = 0.97-0.0025 f. =0.847
a,=0.85-0.0015 f. =0.776

b) Determining the !oad and deflection corresponding to cracking moment.

M, (Z+E§+o ssﬁ)

(52372 52372x42.5
“ (50400 2646000

0.55449.22)2646000x1 0°° =15.19kN.m

2M  2x15.19
Load W=""_ =35.37kN
L 0.85
Wb el?
S = 312-4/2)-P =1.89 mm
7 24E 1 g y 8E.I

Where /, is the distance between the reaction and the point load, equal

850 mm
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c) Predicting the load-deflection curve using (cy and witout Ramberg- Osgood

formula
1) choose a value of 8/L =1/1000 A=285mm
2) calculate c,

o Pofy tAS, _ 47.14x1778+ 0x460
YT affb  0.776x0.847x49.22x160

=16.19mm

o = Pefe _ 0.00147x1111

=0.033
P 49.22

3) calculate the increase tendon stress corresponding to this deflection as

follows:

Af, = 4E,

5(d,-09+a)c,) 4x204000(200 ~0.933x16.19
L I ~ 1000 3250

[4

) =52.94 MPa

4) tendon stress  f, =f, +Af, <f =1111+52.94 =1163.94 MPa

5) calculate ¢

_AS+AS,  1163.94x47.14 + 0x460

= =10.6 mm
a,pfb 0.779x0.847x49.22x160

6) calculate M

M=A; xf,(d;-B, c/2) + A x T, (d-B, c/2)

M =47.14X1163.94(200 - 0.847x10.6/2)X10® +0 = 10.73 MPa
7) Calculate load W

wo2M_2x1073
I 085

=25.24kN

Repeat same steps for different values of deflection
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le.

S/L Moment Load Deflection Load*

[kN.m] [KN] [mm] [kN]

Cracking 15.19 35.73 1.89 31.25
1000 10.73 25.24 2.85 20.76
500 11.20 26.36 5.70 21.88
200 12.63 29.71 14.25 25.23
150 13.41 31.56 19.00 27.08
100 14.98 35.24 28.50 30.76
80 16.14 37.98 35.63 33.50
70 16.19 38.09 40.71 33.61
60 16.19 38.09 47.50 33.61

*dead load were subtracted to compare it with the actual response

c) Prediction using method 2 with ¢ and Ramberg-Osgood formula instead of c,

1) choose a value of &/L= 1/50
2) calculate tendon stress corresponding to this deflection

f. 4d, -c)¢
g:g,+Ag=%+ d‘; T

e

1111 4(200-0.933c) 1

® = 204000 3250 50
4) tendon stress corresponding to this strain using Ramberg-Osgood equation

0.9795

f, = 204000¢,| 00205 +
[1+(1135)22

](l/3015)

which is an equation in terms of ¢

S) solve the previous equation for f, and ¢ such that
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Tension force

Agxf, +A, xf,
0x460+47.14x f,

ap, bec

fe

Compression force

0.776x0.847x160x49.22x ¢

by solving the two equations for f, and ¢ with EXCEL

f,= 1809 MPa and ¢ =16.47 mm

5) calculate moment

M =47.14X1809(200 -0.847x16.43/2)X10™° + 0 = 16.46MPa

7) Calculate load W

W=_2_M_.=2L16'_46_=38,73kN.

Repeat same steps for different values of deflection

Sl Moment
[(kN.m]
Cracking 156.19
1/1000 10.74
1/500 11.23
1/200 21.17
17150 13.45
1/100 14.96
170 16.27
1/60 16.43
1/50 16.49
1/40 16.52

Load
[kN]
35.73
25.28
26.42
49.80
31.64
35.20
38.28
38.67
38.80
38.87

Deflection
[mm]
1.89
2.85
5.70
14.25
19.00

28.50
40.71
47.50
57.00
71.25

M =A, xf,(d,-B, c/2) + A, xf, (d - B, c/2)

Load*
[kN]
31.25
20.80
21.94
45.32
27.16
30.72
33.80
34.19
34.32
34.39

*dead load were subtracted to compare it with the actual response
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