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ABSTRACT: For the purpose of refining bridge deck expansion
joint details, the annual movement of approximately 231
expansion joints was recorded each year over a period of
three years. The movement was traced by a sharp pointed
metal scribe on a target painted on the metal tube of the
bridge railing. The recorded movement was reduced by a
correction factor, which iﬁcluded allowances for: differences
in thermal coefficient of expansion and temperature con-
ductivity between metal rail and concrete structure, span
end rotation, incompressible debris in the deck joint, and
truck impact. How the value of these corrections was
determined is explained. Both the actual and corrected
measuremehts-are given. -

| The resiults show an apparent thermal coefficient
of expansion of 0.0000065 and 0.0000053 for steel and concrete
superstructures respectiQely. These values were determined
by the largest movements recorded for each structure type
in each geographical area, except the mountain area. The
mountain area data were in variance with data from other
areas and was therefore not used. Coefficients based on

the average movement are somewhat less, but the higher
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value is recognized because during the study many examples
of restricted joint movement were found, and it is concluded
that the average mé?émeht would have been higher had all
. joints had more freedom for movement. A further limitation
on the coefficients given is that they represent structures
with expansion facilities at their abutments. Values for
structures without abutment eipansion facilities is somewhat
less. -

A phase of the study was‘éd determine the effect
of shrinkage and temperature during andlsubsequent to fhe
construction curing period on the movement capacity of
expansion joints. The report outlines'why'this phase was
not ébmpleted, and recommends the subject be studied by

future research.

KEY WORDS: Expansion joints, annual movement of‘structures,
movement per unit length, thermal coefficient of expansion,
.movement of structure type, movement measuring scribes.

The opinions, findings, and conclusions expressed
in this publication are those of the author and not necessarily

those of the Bureau of Public Roads.
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ANNUAL MOVEMENT STUDY
OF
BRIDGE DECK EXPANSION JOINTS

June 1969

INTRODUCTION

Bridge deck expansion joints are troublesome to
maintain. Some of the maintenance problems are‘éauéea'by
malfunctioning expansion devices, concrete spalls aloné'
the edge of joint, water flowing thrbugh'therjoiﬁt,»brh'%
impaction of debris in the joint. Most of the problems
would be eliminated by proper design and construction of
the joint together with an effective joint sealant. A
completely effective joint sealant has not yet been found,
although research is Being actively performéd on this
subject. Furthermore, although not strictly a maintenance
problem, the roughness and noise usually experiéﬂced at
expansion joints is disconcerting to motorists.

For the purpose of minimizing joint maintenance
and incréasing motorists' comfort, it is good design pfactice
to reduce the number of joints in structures to the absolute
minimum required. A reduction in the number of joints,
however, introduces another.problem. The lesser number of
joints must each be wider to compensate for the greater
overall movement required. Wide joints and large movements

amplify joint problems. Hence, not only should the number
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ofyﬁoints.be reduced to the minimum required, but also
the width of joints should bé accurately determined for
the type of structure, geometric configuration and envi-
ronmental conditions at each unique location.

It has been suspecﬁed that the time of year, or
more accurately, the ambient temperatures during and just
after construction, along with concrete shrinkage, greatly
influence the movement capacity of a given width joint.
For instance, consider two joints in identical structures
having the same construction widths, with one constructed
during the colder part of winter and the other during the
hotter part of summer. The one constructed during the
winter would require a greater closing capacity because
the temperature change would be a seasonal increase, thus
causing structure expansion. In a similar manner, the summer
constructed joint would require a greater opening capacity
és the temperature declined with the approachrof winter.
Since closing capacity is apparently the controlling factor
of joint movement, the constructed width of joint would be

more critical when built in the winter than in the summer.

OBJECTIVE
The objective of this study is to refine our
current design specification that affect expansion joint

details.

wavwlastio.com
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STUDY PROCEDURE

For the purpose of gathering additional joint
movement data to be applied to better engineered expansion
joints, the total annual movement of approximately 231
expansion joints (80 structures) in various climatic envi-
roments was recorded over a three year period. To determine
the influence of weather at time of construction on joint
width requirements, ten structures were selected for study.

The initial intent was to record the movement
of at least 3 each of steel, reinforced concrete (including
box, "T" and slab) and prestressed superstructures in desert,
mountain, valley and coast environments. After the study
was underway, it was found there were not enough structures
of each type in each environment to satisfy the initial
intent. For instance, in the high mountain environment
there were no box girder or slab structures with expansion
joints. Hence, it was decided to select as many of each
superstructure type as available in each environment, or
select a number,which would provide a good average when
several were available.

Method of Measuring

Joint movement was recorded on the aluminum tube
portion of the barrier rail by a sharp pointed metal scribe.
The scribe was fixed to the rail on one side of the joint

and traced a mark on a painted target on the other side as

www . fastio.com
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théijoint moved. The spring steel scribe dimensions are
given in Figure 1 and it is shown mounted to the rail in
Figure 2.

The target was painted with a mixture of non-
flaking vinyl wash primer and lampblack.

The scribe mark was measured with a 0.01 inch
graduated scale and a 10X magnifying glass.

To determine the effect of seasonal construction
on'joint width requirements, copper nails, each with a thin

saw=slot in its head, were imbedded in the deck as the

.concrete was placed on each side of the joint. The original

‘distance between the slotted heads was recorded at time of

placement of the second nail. After the railing was
constructed, a regular marking scribe was mounted on it.
Through a comparison of original distance, the distance
at time of measuremenf, and expansion and contraction
tracings of the marking scribe, the movement history of
the'jdint was determined.

. Correction Factors

Movement in an aluminum rail joint at a bridge
deck expansion joint is not the same as the movement in
the deck joint. Factors which cause the movement difference
are: different thermal coefficients of expansion and tem-
perature conductivity of metal rail and concrete deck,
incompressible debris in the deck joint, and end rotation

caused by span deflection.

WA laslio.com
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Since aluminum has a therméi céeffiéient of
expansion twice that of concrete, the appfoximé£éiy Q-fodt
clear span of rail tubing at the joint has a greaﬁer
length change than a corresponding section of deck fof a
given temperature change. For example, an 80° tempéfatufe
differential céuses a theoretical movement difference.of
0.05", | |

Being a thin and more exposed element thaﬁ the.
deck, the tube railing reacts faster to a temperature
change than the deck. This faster reaction causes a
greater movement in the rail when peak temperatures are
of short duration. Thié movement difference is impossible
to calculate precisely, but since it only occurs when peak
temperatures are of short duration, it probably has ﬁo
significant effect on total annual movement.

Differences caused by end rotations can be
‘calculated accurately, if actual span deflections are known.
The actual deflections of the structures studied were not
measured; therefore, the end rotation effects were not
calculated, but as described later, were compensated for
empirically along with truck impact.

Any obstructions or imperfections in the deék
joint, such as incompressible debris or non-parallél joint
faces, restrict deck joint movement. The joint of the

approximately 9' metal rail tube, without similar

restrictions, wmoves freely.

ClibPD www fastio.com o
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ﬁoét‘of tﬁese factoré which cause movement
differences between the metal tube and concrete parapet
at an expaﬁsion joint were considered before the study
began. It was decided, however, that the ease and economy
of obtaining joint movement data by the scribe method was
so attractive that the method would be used, with a correc—
tion fact&r, which was suspected to bersﬁall, applied to
the final results. To determine what this correction
factor should be, an additional scribe was placed across
the concrete portion of the barrier rail at 30 deck joints.
{(Figure 3.) A comparison of scribe marks on the metal and
concrete portion of the rail_in various environments show
the aluminum rail to have an average total annual movement
greater.than the concrete by the following amounts:‘ coast,
0.02 inches: valley, 0.04 inches; desert, 0.06 inches.

Comparisons were not made in the mountain area. A correc-

- tion factor of 0.04 inches was deducted from the mountain

readings because the collected data indicated that the
greétest difference in wovement occurred during high _
temperature cycles and it was assumed, therefore, that the
mouﬂtain afea would be less affected in this respect than
the desert. So, the more maderate valley correction factor
was chbsen for the mounfain area,

The correction factors as measured in the various

environments were slightly less than what the theoretical

www . fastio.com
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difference in movement between the metal rail énd”céncrete
structure would be due to annual temperature differentiéls.
Structures used to measure the correction factor

. were affected very little by truck impact. Therefore, in
addition to the correction factor discussed, another‘éorrec—
tion factor was applied to some readings_to compénsate for
longitudinal movement and end rotation caused by heévy
truck traffic. Longitudinal movement of strugtufes from
truck impact varies according to the type of soil supporting
the structure, column rigidity, type of bearings, type of
superstructure, and freedom of joints. End rotation varies
according to the type of superstructure. Under some com~
binations, joint movement from truck traffic is so smali
it is not measurable by a scribe and can be ignored ih an
expansion joint study. There are combinations, however,
where the movement is significant and needs to be considered,
especially if the truck crosses the structure when the joint
is already at its extreme position due either to maximum
high or low temperatures.

During this study, the impact movement, a combination
of longitudinal movement and end rotation, caused by trucks
was either measured or estimated for each joint. Measurements
were made by holding a scribe across the joint as a heavy
truck crossed the structure. After some experience was
gained in actually measuring impact mbvement, it was easy

to estimate it. Most often the scribe mark indentation

ClibPD WL lastio.com
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into the aluminum rail by the measuring scribe during the
year was a positive indication of impact movement, If
traffic did cause appreéiable movement, the scribe dug

deeply into the rail. If the movement was very small, the

scribe would barely scratch the aluminum. Most often the

iﬁpagt movement was much less than 0.0l inch and no correc-
tioﬁ.was made. The maximum impact movemeht measured was
0.05 inch. |

The impact movement correction factor applied was
onenhaLf the measured or assumed value. The more realistic
value of one-half was-used because of the improbability
that a heavy truck would pass over the structﬁre whenlit
was in-bbth the maximum expanded and contracted state,-a
combination which would be necessary before an additive
cdrréction would be required to both extremes of movement.

The maximum combined correction factorx apélied to
a single joint was 0.08 inch: the sum of 0.06 for temperature

related corrections and 0.02 for truck impact movement.

'(Total impact movement corrections for each structure are

shown in the "Comments” column of Figure 6.)

Temperature Determination

Temperatures used to calculate the assumedrco-
efficient of expansion were obtained from local Government
gage'stations. Generélly, a station was sufficiently‘ |
close to each structﬁre so that interpolation was not

required. However, interpolation between stations was

R -
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required for a couple of structures. The differences in
temperature range between the two stations were usually
small. Hence, the error from this method was small.
Average temperature range over the three year
period for each environment was: coast, 61°; valley, 81°;

mountain, 87°; and desert, 91°.

RESULTS

Each year's scribe measurement for each joint is
shown in Figure 5. Besides showing the movement occurring
in typical expansion joints and the relative consistency
obtained during the study, the measurements given in
Figure 5 also show joint movement irregqularities which have
heretofore been suspected but never measured. Often there
have been approximately equally spaced expansion joints in
long structures which did not appear to move the same amounts
even though the resistance to movement by the substructure
between the joints appeared to be the same. The same
movement difference appeared to occur on shorter structures
with symmetrically placed joints and on parallel structures
with identical joint layouts. There are numerous examples
in the Figure 5 data which show this non-uniform wmovement
does occur.

Yearly movements shown for Bridge 22-45L are
good examples of unequal movements in equally spaced

joints. This bridge crosses a causeway on equal height,

wavwlastio.com
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tréé%le Eype pile bents, with all deck joints 160 feet
apart; hence, each joint should move the same. Yet,

Joint 2 moved approximately 55% less each year than

Joint 1. Joiht 8 moved approximately 22% less than Joint 1.
All joints, however, were consistent in their individual
movement patterns.

No attempt will be made to list the many conditions
which cause unequal expansion movement. Most instances of
irregular joint movements arise from construction and
maiﬂtenance factors which are unpredictable and, therefore,
uncontrollable with our present technology. Of more
importance is to be aware of the fact that unequal movement
can and often does occur so that a safety factor can be
designed into the joints to handle these greater than
theoretical movements.

In addition to a general recapitulation of the
data; Figure 6 gives movement per unit length; apparent '
thermal coefficient of expansion; and an elevation line
diagram, with locations of the expansion joints, for each
structure studied.

Figures 7 through 1l group the data into various
combinations for ease of comparison. Note thét the data
are subdivided into two groups under each category as to
whether expansion is provided at the abutments. (California
builds a large percent of its structures with what is

commonly called "diaphragm type" abutments. This type of

=10~
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" abutment is usually a two—foét wide concrete diaphragm,
monclithic with the girders, extending below the structure
approximately five feet and supported on a single row of

“ piles or spread footing.) |

A review of the data shows that the influence of
expansion joints at abutments on the total movement of all
expansion joints is so great that it has to be considered
when comparing the effect of other variables on joint move-
ment. Figure 7 shows this effect very graphically. The
percent increase of movement capability of structures with
expansion joints at the abutments over that of structures
with no expansion joints at the abutments ranges from 31
percent in the valley area to 58 percent in the desert
area. The high value for the desert area probably is not
realistic since only two structures without expansion joints
at the abutments were included in the desert study. However,
the overall comparison shows without question that expansion
joints at the abutments on moderate length structures with
few expansion joints .significantly increases total joint
movement. |

Whenever possible, comparison of variables is
made only on structures with expansion joints at the abutments.
Comparisons are also usually made on the basis of average
joint movement per unit length of structure. The purpose

of using unit length instead of some other criteria, such

-11-
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as épparent coefficient of expansion, is because California
presently uses the unit length criteria in designing for
thermal movement of highway structures.

Comparison of movement per unit length for concrete
structures in the various climatic environments, Figure 7,
shows the following three year averages: Coast, 0.00027;
Valley, 0.00034; Desert, 0.00041; Mountain, 0.00046. Averages
for steel structures, Figure 8, are: Coast, 0.00041: Valley,
0.00042; Desert, 0.00048; Mountain, 0.00060.

The mountain area data are in variance with those
of other areas yith respect to movement-temperature rela-
tionship. The mountain area has a much higher ratio of
movement to temperature. No reason has been found for this
variance, but from the excessively high apparent thermal
coefficient of expansion for steel girders in the mountain
area it is possible that temperatures at the sites were
markedly greater than at the nearest recording stations.

Figure 9 is a comparison of design criteria and
study data. In this fiqure both the average and high
movement per unit length value of steel and concrete’
superstructure types in each area is given along with the
apparent coefficient of expansion. A cowmparison of the
"high" movement with the "design" wvalue for concrete
superstructures shows a deficiency in the design require-
ments. In each area there was at least one structure which

moved greater than the design value, even though the actual

ClibPD WL lastio.com
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temperature range experiencea in each area was much less
than that shown in the design manual as the expected range.
The average apparent thermal coefficient of ékpansion,
excluding the mountain area, for concrete supersfruétures
is 0.0000053; for steel superstructures the coefficient is
0.0000065. The thermal coefficient was determined for each
area by using the highest movement and the temperature
range at the site of the structure on which it occurred,
rather than the average temperature range of the area as
given in Figure 9.

Figure 10 shows reinforced concrete box girder
structures to average less movement than other concrete
structures. This is as expected due to the insulating
features of the trapped air volume inside box structures.
There is little difference in movement between the other
types of concrete structures.

A comparison of the effect of expansion bearing
type on movement, Figure 11, shows no significant difference
between them. Similarly, no significant difference in
movement is caused by joint skew, Figure 12: The mbvement
decreased as.the skew increased on structures without
expansion joints at the abutments, but it increased with
increasing skews on structures with abutment expansion
jointsﬂ

The phase of study which was directed towards

determining the effect of shrinkage and time of year

-13-
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w'gOHQEEUCEeE:6n'the”;idth.of foint was unsuccessful.
Resident_Engineers on several jobs were asked to insert
reference nails as the concrete decks were placed and to
make the initial measurements. At a later date a researcher
was to mount marking scribes and conduct~the study. Several
;easbns precluded finishing the study at all but one structure:
In some instances the nails were put into drilled holes
severa; weeks after the concrete was placed and most of the
shrinkage had taken place; some of the original measurements
were lost; the reference nails were covered with slurry seal
orﬂAC,pavement: some nails were bent over or broken off by
blade,gquipment cleaning the deck; some were lost in
con¢¥ete.spalls along the joint. As a result, this phase
of the study was abandoned.
DISCUSSION_

This study gives total annual movement of-
expansion joints. How this movement is to be coordinated
with joint width at time of construction, so as to obtain
total relationship of initial joint width and expected
movement, was not_determined during the study. This
information is needed to completely fulfill the objective
of the study. Joint movement data being collected on
another ongoing study in Research and Development, "Expan-
sion.Joint Sealant Study," will be valuable in completing
the total movement picture. The monthly movement and its

relationship to the yvearly movement is being measured under

this study.

~ld-
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The scrlbes were.very effectlvehlnutéac1ng 301nt
movement on the rail in all areas but’ the mounoeloe; ThELI
ineffectiveness in the mountaln area was due to sand partlcles
being forced under and llftlng them as snow and sand were
blown from the structures by snowplows. Protectlve hoods,
Figure 4, were placed over the scribes after éﬁeﬁgirét{year,
but they were only partially effective as sand continued to
be lodged under a large number of scribes. The majority of
incomplete readings were caused by the lodged sand problem.
This problem could not have contributed to the apparent
large movement in the mountain area, but it did cause the
mountain data to be much less complete than the data from
other areas.

Four other reasons accounted for the remaining
incomplete readings in all the areas: {1) vandalism, about
6 scribes; (2) paint was too hard for the scribe to scratch
it7 (3) traffic damage: and (4) structures were included
after the study began.

During the third year of the study, holes were
drilled through the expansion joint in the deck overhang
portion of three structures. The joints had become filled
with silty debris which appeared to restrict joint movement.
The holes were to provide drainage for flushing this debris.
Each of these joints did show an increase in movement after
the holes were drilied. Movement in the joint of two of

the structures increased approximately 33 percent.

=15
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From the spalls found in the gutter area of the
.deck andlconcrete railing of several‘structures and from
the tightly squeezed expansion joint paper often found, all
of which are indicative of excessive joint pressure, it must
be concluded that with more freedom, a large number of

joints would have moved a greater amount than they did.

-16-
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CONCLUSIONS

1. If the widely used premise that 0.0000065 -
is the thermal coefficient of expansion for steel girder
superstructures is accepted, then it must be concluded
that 0.0000053 is the thermal coefficient of expansion
for concrete girder superstructures. This conclusion is
based on the fact that the average appareﬁt thermal co-~
efficient of expansion of structures with the greatest
movement in each environment was 0.0000065 for steel‘and
0.0000053 for concrete. An additional fact islthat had
there been greater freedom,.most joints would have moved
more than they did and there would have been mére structures
approaching the coefficient values derived from those with
the maximum movement.

2. Structures with regular expansioﬁ facilities
at the abutments will have a higher average movement per
unit length than will those with no abutment expansion
facilities. The larger the number of expansion joints in
a structure the less significant is abutment expansion.

3. Box girder structures move less dﬁring'thermal
changes than do other concrete structures.

4. Type of expansion bearing has no significant
effect on joint movement caused by thermal changes.

5. Steel girder structures are normally affected
to a much greater degree by truck impact movement than are

concrete girder structures.

-17-
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‘6. Joint skew has no discernible effect on
longitudinal movement. The joint does tend to sligde
along the skew during a clesing cycle.

7. Uniformally spéced expansion joints on

long structures do not necessarily move the same.

RECOMMENDATIONS

| 1. Increase the Movement/Unit Length criteria
for désign of thermal expansion movement for all concrete
s&rﬁctures shown in the.table under Article 2-18, "Thermal
Fofées,“ of Bridge Planning and Design Manual, Vol. 1,

to those shown below:

Air Temperature

Range Concrete

Extreme: 120° F Rise & Fall 60° F
Certain Mountain Movement/Unit

C and Length
desert locations .00032
Moderate: 100° F Rise & Fall 50° P
" Interior valleys : Movement/Unit

. -and most Length

" mountain locations .00026

- Mild: 80° F Rise & Fall 40° F
Coastal Areas, Los Movement /Unit
Angeles, and San Length
Francisco Bay Area .00021

The movement criteria given for steel, based on a
coefficient of expansion of 0.0000065, should not be changed.

2. In designing expansion joint movement for
structures with one or two expansion joints and diaphragm

type abutments, reduce the total length of structure
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used in calculating total movement by 25% of the length

between abutments and adjacent joints.

RECOMMENDED FUTURE RESEARCH
- What effect the daily average temperature at
time of construction and subsequent concrete shrinkage =
has on the movement capacity of expansion joints shéuld
be determined. Results from such a study could refine
the expansion joint size requirements with an attendant

improvement in joint sealant effectiveness.
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Marking scribe mounted on the railing.
Figure 2

Determining correction factor with scribes mounted
both the metal and concrete portion of railing.

Figure 3
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LEGEND

Type: RCT
RC Slab
RCB
PSI
PSM
PSB

Béarings: B

EP

Environment:

< O =2 =

C

Adjusted Movement:

ClibPD WL lastio.com

Reinforced conérete'"T“.girder
Reinforced concrete slab span
Reinforced concrete box girder
Prestressed "I" girder
Prestressed "M" girder
Prestressed box girder

Steel girder

6" high by 4" wide steel bar with
machined top and bottom of either
8" or 9" radius.

Elastomeric bearing pads

Steel plates with 1/16“ asbestos
sheet packing in between.
Rocker, 10" or higher

Mountain

Desert

Valley

Coast

Total movement less an adjusted thermal
coefficient correction of 0,02", 0.04",
0.04" and 0.06" for each joint.reading
in the coastal, valley and mountainous

and desert areas respectively; and longi-

tudinal truck movement whenever apnlic--%-?

Figure 6a

.31
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Structure elevation: E - Expansion
X - Hinge
TTT - Supports
Ave. M/UL - Average movement per unit length

times 10>,

Comments: ' TM - One half the summation of the
estimated maximum longitudinal and
end rotation movement in each joint

caused by truck impact.

Figure 6a (Cont'd.)

“32=

ClibPD W fastio.com


http://www.fastio.com/

S aunbiy

AQQLS INTWIAON LNIOf NOISNVLYA

SO0 WL Jp =70/w cany gr | 88leroont bip| 225 | 89 3 |
. & el 37} 3 . k] . : Tee .
_\,Evuww.‘n\am utl L helod 1yl 411 )] 77 | #6 [ero] bei [8€ 5 | 9] 1oos| Qfcd Y 187515
yyvds puadiouy | (¥ | 24 |sewol 188 Togy | 99 3
:%.ﬁﬁ.w g8 = 10/lw 'Y syl eg lsmefsis i ee | 89 1
Mmmmmww:wﬁmﬂw N (VT RV O S T B | €7 | s |tvae| 90871075 | L9} teol| () mmm od P Lrs- 1S
fpunm & i L | o5 | 26 |60 sse |7 7 | 99 d| Ve
Sy = 00 Y L5 | 28 [ernr| o Lp 1] 85 | .
7 L “ N ANGEGEREERRIEEIE - 171 -bl
| | o5 | &8 |seave| 117°] 157 |99 |
70 C- W1 gF = Infw ol 09 o |bbowo’| 157] 16/ | 89
ﬁimﬁ“nﬁiw. ' |
_ _w i ] [ | 7] - - B - - | L9 oE S q u.iM .Nw:..mi
rs | 68 |Shwe| g1 987/ | 99}
xS, 62 g8 =70/ W oy 7t | 2@ Wi g1V oS/ | 89 i _
F oy 3L ET BRSS9 g |IW| 8| 5y P4
57 28 ™2 | 757 | 99 ‘
26 = In/in Y L2y 2g [F%2pl°V gL/ | 89 Lu
LA 1) I b s El A = VA R e 2240
peo | 68 |gponig2/| 857 | 99|
g1 5 & = -
s |2 [ 4 3 2l .
——~| = 6| oo o ' m &S
£ USTRIOD U0T1BASTE 9Injonigs w2l sl 27 G E A2 ..m. ..m 5 o ®
. TR9 B8] 25 22 2| 5| f | R A& R
oHW¥H| o] o] Wwo; OO0 |- @ ) g e > “ 0
Sp—| HAl 25| K5 e= | > A | #lm] & | m=

wavwlastio.com

ClibPD


http://www.fastio.com/

("3uoD) 9 sanbtyg

135S LO8 8 Infw oMy vy | 98 lesooo] ol g5+ | 89
) _ _, 327 [ 2 || 110557 [29]282] al g | X 14ss-45
g | 24 (& sbo] g/ |99 . 2
MIyS 22 /€ = qa\g S (& {04 (8we| prot) 590 | 89
Z _. 2,758 [ 8 [eow| 1507 sL0 [29] 250 |0 | 8 mw 5558
¥E | @b |1ge00| p0°| L0 |99
quiaf 3yp 40 VA B le VYL OF | £f |Geoor| 2077 1p ] | B9 | 1.0
%Nwamﬂ%wﬂﬂﬂ SR T T 0 | #& |b2oso| 17| SP°1 [ 291 00% | Q |5 915 78L2°45
o up S JuIof . T | 16 |see0| josc| 2/ | 99 e
o ° —~ . ey - . . ’ - -
ol s 40 G Il 4 L2 | ¢4 |52000) 10/°) g2 | 89 979s '
n’ *manWo.%% Lottt tawi it a1l 82?6 (9wl 2ol b2t | L9io0p | Q{dS 73 8L 5K
73, Neg - Ly . - .
Tl s gt 52 | 16 70| 0| 417 |99
oy 100z ey - IN/iN Py " o6 | 29 |spooe| 520 S0y ] 99 |
)5 8 7 _ , 3 [ S5 # Jiswrleso o T iolasi | q | gl L |reks-s
1S | 26 |9bwe) 2Lal oo/ | 99 vd _ _
#0100 TNL Y AR/ 4 vS | 2g |Lreiv] pLo| 20 7| 89 i
g . ; ; _ _
"8 g _ _ 31 L5 | pe |esowlgeor) €171 [ L1950 | Q| g 1 L AR
15 | 24 |l slo’] 107 |99 7
c ¥ o =} - 4
A el = G g
S 13 |38 w4 & v | gl e
..1\1. o v 1) Qg = 5 Mz .
84 UAWIOD UOTAIBASTH 9IN1onIng warl| 8 m.L e 48 | 8 bl &2
83 gnl 2a] B2 32| 8| S| gl 2.
OMNMK] o9 O0d| ol 00 |. @ () = e g H O
Opl—] Q| D €= B ~ = | B m| B B.N

W Tastio.com

XIS INTUGAON INIOF NOISNVAXd

ChhPDF -


http://www.fastio.com/

(*3ucd) 9 ainbta

0 =it pe = 10/W MY os | L [peow| 2er[zo 7] 89
I VI T ..m_ g | e B - - L91 8551 A dS .%.M 7591 ~b%
, | | 62 | 2¢ [pewr| 251997 |99
$200 =L L2 2 /v Y g |44 Yozwo| gril28 /| 89 |
o o (| 88 [ 0@ sk Ly 58/ | 9] 885 N |98 5y [350 -be|
vE | 28 |g2ovr| g5/ 00 2 | 99 1 |
mays 08 Qg 0] W MY 1€ | 28 [s2000| g90°| 9g°0 | 89 | n
L1y Ly gl 2z T ughizewe] esol Lo is|ale| A 4 oy 728168
‘ pe | g8 o200 250 820 | 99 ‘
2y5 05 82 Ijiv Y 18 | 28 [p2wct| 690 L8 0 | 89| )
Lot 4 4y 4 0 4 al te ] Igl=wo|8o0| 98 0fLo|0L2} N\ |dS 4 [y28r48
" OFf | £8 |sewo'| 90| 9g0 | 99 2
oF =0/ Y LV | 88 |iwwer| s0/°| 881 | 89 |
- 7
3 . A A G E y.uw 156-45)
oF | 26 Ieweo| 260°] 527 | 99
‘> of = 1M/ oM o0 | @g |orovory 9/l oz 7 | 89 vog
ol Gl | A S7 | #6 || prils8 /| iolbeg | 0 @ S | 2505
/reds 1/vmS oF |2b |osowtp2/l 127 | 59
sl 5 & = 2%
o M /..mw ' ] ! m
c 2 Pl oo o ! m o
o~ o oo =1 = = L
SIUSUUIOD TOT1BASTH 5IN3ONILS woar| 8| 8 RE L2 S| &4 2
. 83| g4 24| 2] B2 5l | SR &) 2.
OHM| o] 0] WO (o] o] @ o =] ¢ > O
Om—| BA| E5] <5| e=|>]| A | |l m|] & | m=

AQNLS LNIRIAON INTOf NOISNVIXE

1

www . fastio.com

ClibPD


http://www.fastio.com/

(*3u0D) 9 aanbrd

- XIS INGREAON LNIOF NOISNVaXd

MIFS o 5P Sk =10/ ~ery os | G8 |2rw| 891} g/ 2| 89 :
| _ o 31 0S| 1g|proo| bl L121 L9| )48 Aldd .mHn‘ b1-E2

| 25 | £8 |svooel 2i| 5772 | 99

moyS /2 oF 10/l Tany rs | 58 leooo| 220 Lb@ | 89
_ 3.3 , || € | 18 |szawor| sL0°| 240 | L9| V92 A 147 I an-éel

. pE | £8 |82000°| £L0°'| pp 0 | 99 sd

o z.an/w I £V | ¥8 |oswr| 98r*| 9/°0| 89 | :
1__....m..__m—._.m_._. .m_.._m__ﬂ.m_._ _m____A_uw V.V om 26000 N%V. N\.Q L9 QWM~ > &m E QWV.NN
| o $v | 88 |swo0losy | 119 | 99 | Sd .
07275, %/ 62 20/ ey 9¢ | 18 locooo[221° 057 | 89 7S &
SR T T W T W VI N W T S OO S& 18 |8200"y Si1°| 2pl | LS Mov\/ ds oL | .ﬂm_-.@m!q
2 | £8 leswol22/°) 151 [99]
35S , 52 7€z Injin P Cop | o4 |zeoor| 852 |22°C | 89 N
R 2 oL || 2 [F2E | | 28 A |dS u,w Tk b5)
‘ | - - | - | - 9o
-2 . = INfIv A Ls000°) 1 8 > 29 .
oM PTH & / | AARZ o EEe A 4
o %z 135909 e A O R A B R TR CE dinid
, F08F ‘838 * * | :

oSy ue Sfuel Ly | £8 |iwvooor| 202 952 | 99

© pe e o » )

e | 3 | Sh| 517 “ 18 =
. S~lw | B8] B8] & 'L El B s
. » 00~ = V| )] = o = 3] =
£ USTHRIDD U019 BASTI #IN30NINS Gt o g om! B gl ~E e b &) =
g O] il Q| IO o o ] W 1] Al 0 < 2
© e g swl| T3> 2 o = b < =T wi e X
oOkWH| o} ogd} go|l OO - o g1 o & £ O =
j @R~ Al 20| A& & " w3 mn. m| E« BN >

ChhPDF -


http://www.fastio.com/

{(*3uocd) 9 aanbtd =

ScEF ANy & pe  =19/w 3y 28 | g2 |s2000°| €1/ opt | 89 ‘
IR I N G R R A A W P e R
| L2 | s g [ge0wfcoi | go 1|99 3
Sl AYS ¢ = 10/ Ty Py 18 lssoolscorl 9670 89
3,3 _ | 1P| 6L (2o g0l 1400 | L9 €22 Ad3 mw %y -5
. - - - - - 96
TS o 8/ re = 79/ cony gt | 8/ lssooor] 4ol 214/ 89
vpiel 25p ‘ - . . : .
woy pozonds| Lo %7 | £ | Lzl 20| LS)opaf ALd| 1 |26F %8
YRV o e | gz logooo] 220 1450199 |
S G0 - . . : . .
.mtnﬂmﬂnwmﬁ QN“M_ Nm B 43\.?\ 247 VV %N. vmog NMQ &/ 89
u_o*o_\o{. vy . 23 . (| ov | 64 fisooo| 580°| Lot 1 L9102 Aid3 h.w 18%-751
sy eds yeus ge gl losooor| 0g0'| 00 {99
7S e 42 = W Y 17 | 2 Reoow| 620°166°0 | 89 |
_ 73 L | oloro s |Lre| Add] L |ogr-ag
yE | gL lpzooo’| 5907 28'0 | 99 :
T - I O 0¢ | §2 |avo|260°{/2 O | 8%
s11gop e , 3,3 L | 72 | 6L [Hooripror| Ls0 Lo |82 ) A dd hw 185-#5
124 !
g mw\\,m fuser 18 | 8L {pzooo| Ls50} 2470 | 99 |
€ P 3 a - e
H Lol I L -t 4~ o
S 13 | 5F cd] & ' m s
. —~] o oo Qo o & &
£ USUIOD ToT1®BASTE 8INYONINS ﬁ.mn._. Twl B BE A2 i 5 &
o83 g5 251 22 8215l 2wyl B 2.
OKHWH| OO odgd]l 9O cC © ] [~ o - - O
orm—| Ba| 25| %5 = || A | E|m] & | A=

Xa0LS INEWIAON INIOf NOISNVAXH

ClibPD

www fastio.com


http://www.fastio.com/

(*3uoD) 9 sanbra

MoyS IV pe 10/ W ey 2 | V8 |ssoon | vs2| g4 | 89 g .
J Ly L i, Iy | 47 | 28|22t e8| L91197 A an %d
| 2V | £8 |ssovo| 422°1/ 82 | 99 ‘
Q{\nwmﬁwmww\ﬁ 92 = Mfiv oy se | p& (2000 22771297 ] 89 .. ¥
39 ep' 5rvaddy)
_\,.\._.Nm_ R.Mgtmuwmﬁw 7 L \ L 3 ge | 1@ |2zwo| a1t 0G5/ | L9| Shb \/ d3 ’3
Uaartpag 2uipuig _ - - ~ | - - 199
§ . - k . - v . - .
\\m\mwvhﬁs 12 = /iw Ty 82 | 0g |e2we| 55171002 | 89 . | veg
e V| I K2 ) G L B R B W T
@.wmw 2 s 53 o 92 | 28 2200 | 21| 567199
LG 57 = vojw o0 | 0 |og pemlair|irg[®]
iy, WV ; . pgm ]
AO Meﬂw&k\_o I b R - L | 82 |08 |«w w.w\_ [0°2 L9 NQN. > dS ow Mmhmmn
Fo3p b1 [jedS| | - - - | - - |99
| £ = M0/v o “ s | 28 1zeoor| ol oL 4 | 89
: , - vog
@94l 1l -Sfuiol = W < eom 154" obZ
Ay e NI VR 4L .Qo.m&m YR WAN PE s
20 $//vds 329q | 2t | £g weooo| s58°] 5500/ | 99
27887 §/ = 70/ Y r2 | £@ |ozooo| gLo| 840 |89
. i , : o
" _ . Ly X g 22| I8 Lo L90°(p80 | L9 2881 A 148 xuw
- - - - - g9
5 8 & 3 A =R
m w Wm. df.a ..._o c 0
paten I ool ©g o m & ©
§1USWWO) TOT1BASTE 0IN30NIGS wer| 8a| 7 RBEl ~8 g1 a]4 &
S8ol g5l 24 22 82| & £ F| g & 2.
oKW} oo 0d| o] ©0 @ ® gl © > kO
' om] BAl ZB| «E| 2| +] QA | £| ] E mZ

wavw L lastio.com

| A00LS  INERIAON LNIOL NCISNVIXA

ClibPD


http://www.fastio.com/

(*3u0Dd) 9 aanbrg *

(€ = JD\_}\ AY | b

oL oo [eoo7 89 (|
Collan e adriadindg] — 17 | - L9\ UzE mmw_ 1 r9-52
: o - - - 99 ﬁEWP sd
| .M\Mm,mgmﬂ 28 =0/w Y - [ -7T- 89 |
[y m&u Yo . " Xo
xy mmw L RN AVACEEE lote || 8|08 pasr-as
gm0 Jo deL _ 6& | g4 |oE0o0| 211® 99 .
- §% . 20/iv 247 by | 8¢ |cooo| gp/- 89
. $9/2 , 3 , . . 48| X
o i I W 3 i i A L A B e
LO2 Ue I Arqfl or &< |igoool b11° 99
ummﬁw*%% ; S/ ta0jW ey $2 | 54 |o1090°| g90°| 89 "
ku.&..m.u\o ey 0P 1-4G - xom
B A bl pid , Ly , )| 7| b4 o] sror Lo| sLe| A |ds| ¢ s hs
. ~oc7 b1 | 4L (hooer| 250" 991 &
TRYS 005 |2 = 1/in oy 1& | $Z leeoo0| L80° 89
. - : Xo )
y _ \ZAVACGES o ses | A as] X8 lyacsns
‘oq ) GZ | £2 |s10007| §90- 99 >3
by i¥ie 55op 9/ =10 anf 52 | g2 |Gvoo| 290 89 ]
a\%&?ﬁw{ §a492 ) . xom
A ?w\.\u%\ww . . | A AGET Lo | 828 L A |dS 2515
i P2 4]
| Mww\ 544755344 02 | &4 |meoo’| 250° 59 73 |
& 81 & 3 & | &l
o = . (] 1 o
G L Lol oo 2 i E| 2
: o.Mnﬂ.. m %Mw _M“ m : m = c Mz @
59 USWWOD TOT1BASTH &INToNING iy o1 Qg 8 ngl A8 e ol e 82
o B3| aa| oo 22 321 8] 215 8] & 2.
oxKl veol od] o 0O " 0 gl © > O
oE—] BA| JA5| <5 £E || 2 | E| A & | m=
X(0I5 INGWEAOR INTOF NOTSNVAXE

1

www . fastio.com

ClibPD


http://www.fastio.com/

(*3uo0D) 9 sanbra

GE = 10/iv ey Ly | 14 leeoco 89| |
agoa 3 kg | s [[o]Ew 19| b¥2 X081 9b) -L8
o bt | {2 |veoor 99 pk-
98 = /W Y 15 | IL |ogoor 89 g
ot 3 o adedh | 55 27 ke L9| b¥7 -3 3vbl L}
_ 1 - 1- 99 _,
LE = /v ey 25 | L |ezo00 89 .W
; @
: gy| 55 |42 |Leo L9 os AN -t
| 1 — Q m UM
| N . o 58 67 |ecoor 99 | .
e e o¢ = W 17 S R -
ﬁ@f\wmﬂ\h&mw i I , 70 m
2702 | 20 92 | £ (oo Lo} leE _sslq
b5 3o <l _ _ = , s |£745
\\\\MM\M\&M.W%G:M . 2¢€ r7 |0z000 99| .
IS oL S 2.2 = 10[w o1y T8 | 14 |ezoor 89 B}
_ £ _ 3, | 8¢ |42 |pzaw|eso| pors o] s28] 0 |as mw gLI-LE)
| 2 | 42 |62000) 260°| 5147 199 .
™M2YS 62 eF = IN/)iv "3 RN IRE L AVEREENIEEE
T | LA A A O TR VT AR TR ) 4 RO RT3 mHa 08-LE|
17 | 49 le2000) 121" éF°/ | 99
o sl & 3 e
g 13 |38 =4 & gl m
4~ w | 28] 98l T 1Bl &
89 UQURIOD TOI38ASTE 2IN3oNIAS ﬁmﬂ sl B BEl A2 umb .m b o &
SRR R R AR IR
O R -— aa| 25| %3] €2 8| S | & m| & m=

www fastio.com

AQOLS LNEAEAON INTOf NOISNVIXH

ClihPDF -


http://www.fastio.com/

(*3u0d) 9 sanbrg

o2 = 10/iv oY 62 | Lo Joewr|sse {1 851 | 89|
] _ ‘ - - - . S| wo ,
_"._-" Y IS0 7 Y/ B O m_ ” - .ho 764 U &M_ UM ¢y 55
| - -1 =17 <1 =19 e
M3yS o258 2z = .S\y\ -2l o - - - — | 89
20k | 55 {zwo o7 1957 12 08
josesg gyl 5 [ TGE [E7 [mwr|jor| 92T [ gy |0 | g | g neEss
2t huipodd L - - ~ - -~ |99 _
. rwol 370 . - 70/ 34 . . . _
?\NH ?;.@w g /v 4 £l .Nh Logoo'| L0l o' 0 | B3 1 o8
. VO YR . ] N .
&m\owhwu.wh\*uwm ss3)| | ) Ly i 1 || &7 | 55 o) 9g0'| SO L9 &t 0|43 o5 A .m..ﬂ
vep bupeads 9, | 57 | 77 |0 ero| 0270 | 99 o
i b2 = 7w Y S¥ 29 |%wr| 28|92 2| 89
~ays 0| P e 1 Loy 3y €7 | gs (g 081 k22 { L9 pp 2] O dS1 X8 |ysp51 -85
" ag | g p? losowl 91t €P°2 199 g1 2
R A4 pl o= m/w 24y 12 | 62 piveo] 90l SL70 | 89 ‘
04, JPHoseas v MQ Fioo0" 250" TPQ ) Xog . i
Qm\uhnnkc wwiph S5 ! [ ] X% | ] J , . 9| g2r D ds 95 :Nh $¢
| e \@u&m& 19 e po |Sro00c| £70°| 840 | 99
| 22 = My ¥ | 19 1920002827 15°€ | 89
2 T oF [os zow| 882 eo€ | 25 |290/| 5 | 43 ¥°8 |t0g24¢
. 1 Wy 1t oyl by | J m 53
Ty | 02 |L20wpe2} 298 | 99
© = +3 =} - +
e | 8 |~% %5 7 18
o i Lol o L 1 §| 2
el 8 | 85| 3§ 8 = | 81 & ®
£ 4 U3W0Y UoT1BASTH 8INTONINS w.“.. m.n_u W..m m,..u % m ﬂ m “ %o .H .M e .Mm
S8l 33| 32| 23 25 |8| S| & & 5| Es
OEm—| BA| 25| 45| 62 | »| A | B A B | @=

IGnLS INTUEAON INTOF NOISNVAXd

www fastio.com

ClibPD


http://www.fastio.com/

(-3uod) 9 axnbta

\\N\.Queﬁ., 59 = ub\i\ oy b4 | 28 59000 sse o =
3
-l Ly 8 e = - YA MUM S | 782U |
yol 0= WL So - qD\ N ] _ _ ~ _
3 3 3 - |~ -1~ osh d| S| e
. ‘ Sl 148 |5 {ose”
Se> i T - 4] ISy Ay - |- - -
. N o +—— ] L
»ﬁu\u\h\mﬂm N L2 | &7 Lo} 980 51217 |d3| . | 821165
4L @ 9473 43 L2 | $7 juooo| g0’ |
Kind (o g 004 B b€ | &7 [sewor| qor g@ho| 9|, |77
[ oY m%eh 17 r9 |22mey i1 ,
, IS L5 Pz In/w DAY _ _ - - .
Loy oy 6 | &7 |s2000| s50/° @y gl L s
‘og ss | #9 |p200| por- ’a .
oS ,E2 p2 = n/w @Y - | -1 - - . |
324 [ouesvas . . o o0& | €9 {slow’| Lo/ 875 0145 Y28 1155-55
oy & opg 553y | s , P R B
o M\w.vaub.\ 22 LS | pY |p2000| pE/
g |.38| & 3 | &
s 13|39 ol 4 g e
ol B | a4l o8| 8§ = | 5] & ®
S1UsWwuIog ToTaeASTH oINloNING g oag| 8§ ng|l ~E ..uuo .H “ el ° .Mm
983 g5] 25| S2| B2 15| 2 | 2| 8l &) 2,
SHR| 22| 25| 98| 2o | 2| S| &| & 2 &2

AANLS NP EAON INIOL NOISNVAXA.

wavwlastio.com

ClibPD


http://www.fastio.com/

(®3uoD) 9 aanbta

2b000°

A -

w9103l [p = 1n/in ony 27 | €4 sol'l o271 89
mMays L& =T : : . :
.3 3 3. 3| TP | vbfsroootoor| 19/ L9l gp2| g |dIt S | 1/9-pS
17 | 16 |egooe| 2e0°| 95y | 99 |
yH O &g = Ijid My 29 | £b |Lsow S| +p2 | 89
MY LE 33 _ 3 3| SO | ps\ooow|zer [ bve|io|see| O | Q) S 40915
‘ & 02 | /4 |Son] 59/ [ 0g2 |99 )
Y AN Lb 16 | svo’| il 19/ 1 89 . |
73 3 3 4 18146 frow| 2z 127299521 Q1 €| S |&6E4S
| 25 | 16 |Lyooo|ozi'| 82 | 99
Hm?w"wm 02 = wpw == T=1= (9
_\Sm\w‘ . .
| L3, 3, s, oyl - [- | - - [olar|wid| s |22
- | 57 | 48 loroer{gpe| 2/€199]
/50 0 =L 925 = 10/l 94y £9 | 28 (0w’ g9/ (oz'2 | 89 |
oy 3, s o - -] - [eloesiw ¥ S (wersl
22 | L8 |&s000| gb1°| bF2 | 99
48070 Wt R A 4 L7 | 28 |sseoo| 4l V4o |89
mmaYye ZZ - -
7S ; . 3 | - - - - - | LelskiN1 g S |79
- -1 -] = - 199 |
5 3. & 3 Pl IR
S {3 | 33 =d] & ' m 0
e~ o o o [ LR = o =) =
£ USTRIOD WOT48ASTE 2IN3ONINS el Be| 87 RE| «2 S| &l A &
ol L] el SO} w® = 2] ol k] e o
sBl 53| 32| 25| 53| 8| 5| E| g & s
SEZ| 28] 25| Q8| €2 | ¥ S | £ m| & m =

AA0LS LNEFAZAON INIOL NOISNVIXE

wavwlastio.com

ClihPD


http://www.fastio.com/

(-3uod} 9 8anbrl

W Tastio.com

_ ZGNIS INZWEAOW INIOF NOISKVAXA

EPWPW\M op =M/ W Y (S | 28 |lbowo| 160} 17| 89 |
. vof ¥a ! . ) . . . .
m@.\.\ﬂ.ﬂ\@n\m _ EF Qs | [ & prooo| 880 O/ _wo L2l s 1P94E
.\S\ vad LASPATL . — —-— - — — 99 ,
_\SMN.WQNIW QV z .NQ\&\ .mSNv\ o0& ..Um [povo| 480" /17189
t.wm\\.ﬁ _ Fy| 87 | 18 \ew | 580" 90° | L9 b2\ A | X | < |77
[104 F° ot . - =1-1-1- 9 )
aﬁw\h,?ﬂw .\ V- qa\ inf .m\w\. i ..m,mu oo\ 22/ | /2| 89 | |
. w37 3,3 a3 I 25| /SR 197 pl 2L \2gs | Alwa| S lsr-E2
L : . Lt | €8 lovorr| gt/ | 5677199 A | "
w&mxwhwhw_ gy = /v Y oo | so oo ps/ 62 2] 89 -
. 7. 4,7 3,3 3,3 3| AS| (& (p2/7 2| L9 2E A 17| S | IsT-Ee
cs | £8 (rovo'| s/t so°2 |99
| pp = MW P T E9 | 04 |row|&ss | #/°2 | 89 -
} . - b .
975, EE R K 3 | 97 | 98 e |gE | os v | Lo |SEE | G lT) S FHPTE
‘ EF | 26 provor|2¢/ | 00°2 | 99 _
#SO0 WL EF =0/ W Y L REEE |
mrozs, 76 | 1739 7,9 39 3| Lo | 68 Yswr|sgr | as2lis| 176 Q7| S |74
| /o~ | 28 [wwolasr | 67299
© o e o e e
e |8 I~ S5 T 18
G e L gl oe 2 1 m w
i~ g Q o &
§4USTI0D UOT18ASTY 8IN30NI9S wail Bul BT e 2 S| el s 2
SEgl g5l 251 22 2| sl B 2] 2.
SEX| &8 35| % &9 | 2| A1 E|&| & A2

ChhPDF -


http://www.fastio.com/

(*3uod) g aanbra

b bkl (5, 9, 9, 3 8 # 33 | Ep | E7[reriERT 0FE| L14og) O G| S |,0n-e5
.EEQ?%;&% ‘ - /S %QQQ%.&N.G&% 99
- Sp : 0/w Y 22 | 42 |srew) 512-| po-2| 89
ajong
pussses sydoesl @3 3 3,[ 55 | 85 [rawsey| 902  Lo|pbr | O] 9| ¢ Pesres|
v cs2 - . . .
oy Yupors 19, § 17 |77 [rowr| iz | 192 95 INE
,9E70 2INL 5P = 10]l "oy So | {4 |spe00] 255 2074 | 89 e
, . . . ‘ N 9
F_® 809 03 3 03 3 ) L7 | L2 055 $0U | L9 seat O LS| s gerLE|
| | | 292 [ 49 lspweloos'| 414199 s S
MayS ,0E bE =MW 3y o0 | $8 Wi oo/ | SEY | 89 |
. i
_ z =
L - i T Ml Al N Ko V723 VR P4 S VY P 2
| - -1 - -1 - 19| 9
™3S 09D AN AT 4 “op | p& k| e 22 1189 |
- -1 -1-= - }99
w200 =W ps W ey L9 | 28 (55000 y58 | L7/ | 89 k o
G Ly 1 A P ‘ 3, I 22 | 64 gsw0| g 8 Qm.ﬂ\ LG | 945/ >Muw: < “inwN.
= [= 1 = = [% &
& g, & 3 $ | &
S {3 |59 <4 & v | Ef m
"~ @& | g0| og S o m & ®
§USUOD . TOT1eASTE 8INyoNINS war| O m‘L B e 8 .m <l o &
‘ o83 g4l 24| S8 mW sl = | & : RAF
mmh B A mm ..Mn.m. T_m -1 = Bl m} & m =

AQNLS LNFETHAON INTOPf NOISKNVIXA

www fastio.com

ClibPD


http://www.fastio.com/

EXPANSTON JOINT MOVEMENT STUDY

ClibPD

Comments

Structure Elevaticn

x'\///UL:‘ 38

Ave.

HAve. M /U(_ = 3

I-I Clnlir

' | Coeff,

Expangion
(x10~7)

Temperature
.{Delta

Figure 6 (Cont.)

Movement/
Unit Length

Adjusted
Movement-It

Total
Yovement-ln

Year

65

681 /.23 .92 0m38| 82| 47

68 | 1.7 | 856 |.008%] Sz 43

66

67
68

66

67
€8

66
67
68

66
67

€8

Length -

Environment

Bearings

‘iType

RC

RC

Bridge
T No.

24-248B| g, |EP |V 12549 |67

A248L | Bex |EP |V [2549 |57

wywyfastio.com
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MOVEMENT COMPARISON OF CONCRETE S&PERSTRUCTURES

IN VARIOUS ENVIRONMENTS

Area Mountain | Desert Coast valley
Abutment .
Expansion Yes| No | Yes | No | Yes { No | Yes| No
Average 52 38 | 25 31| 28 36] 25
Movement 38 41 | 27 20 | 27 43} 30
Per Unit 48 49 37114 33} 27
Length 45 48 36 8 28| 24
(1073) 31 35| 17 34} 38
38 26 - 35} 32
40 29 32§ 29
40 22 31) 28
20 351 22
24 32) 29
24 38§ 32
25 351 34
33
24
18
23
21
16
21
15
Average 46 41 | 26 27| 19 341 26
Increased )
Movement* 58% 4.2% 31%
Combined
Average 46 38 25 29

www fastio.com

*Increased movement capability of abutment
expansion over no abutment expansion, in %.

Figure 7
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SUPERSTRUCTURES IN VARIOUS ENVIRONMENTS

" MoveMENT conpARisoN o STEEL

Area Mountain Desert Coast Valley
Average 65 47 45 43
Movement 65 58 43 4]
Per Unit 55 41 34 54
Length 56 48 _
(10-5) 60 40
(Expansion ' 44 40
at the 39
Abutments) 39
Average 60 48 41 42
" Figure 8
-48-
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COMPARISON OF DESIGN CRITERIA

AND STUDY DATA

(1}
Movement per Unit Length
{x10~5)
Air ‘
Area Temperature Superstructure Type -
Range IR : o
(°F) Steel Concrete
| (3) (3)
Design|Study|Design Study Design Studvy
( N 2)
| (Ave) Ave | Hi |ACE Ave | Hi |ACE
Desert 120 91 78 48 58 63 48 41 49 54
- Mountain 120 87 78 60 65 79 48 46 52 59
Valley 100 8l 66 42 54 66 42 34 43 52
Coast go | 61| 52 | 41 |45 | 6s| 36 | 27 | 37| 54

wavwlastio.com

(1)
(2)

(3)

{(Turn table 90°)

Except for column.under‘ACE.

ACE: Apparent thermal coefficient of expansion (X10'7)
as determined by the high movement per unit length and
average temperature range at the site of the structure
with the high movement.

Designed movement for maximum expected temperature

range.

Figure 9
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MOVEMENT COMPARISON OF CONCRETE
SUPERSTRUCTURE TYPES

(Valley Environment)

Type RCT RC RC pSI Steel
Slab Box or M
Abutment '
Expansion | Yes| No |Yes | No | Yes | No |Yes | No |Yes |No
Average 25 29| 33|24 | 36128 | 43
Movement 30 28| 18 431 22 41
Per Unit 27 34 23 29 54
Lenggh 24 35| 21 32
(10™7) 38 32] 16 . 34 40
32 § 3g| 21 33 40
35| 15 39
39
Average 29 29 341201 40| 30} 42
Combined
Average 29 29 27 32 42
Figure 10
w50
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EFFECT OF EXPANSION BEARING TYPE ON

EXPANSION JOINT MOVEMENT

Type Bar Elastomeric Sliding
Pad Plate
Abutment
Expansion Yes No Yes No Yes No:
Average 35 36 28 34 25
Movement 32 43 22 35 - 30
Per Unit 33 29 27
Length 28 32 24
(10=5) 35 34 g
38 33 32
29
24
18
23
21
16
- 21
15
Average 33 36 30 34 24
Combined
Average 33 32 26
Figure 11

-51=
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' EFFECT OF SKEW ON

EXPANSION JOINT MOVEMENT

- Skew Less than 20° |Between 20°&40° Over 40°
Abutment )
Expansion Yes No . Yes No Yes No
Average 36 27 32 43 25
Movement 33 24 _ 28 34 30
Per Unit 28 38 29 32 24

. ‘Length 35 29 32 18
.(10=3) 38 22 16 21
o 35 34 15

33
23
21
Average 34 28 27 36 22
" Combined
- Average 30 27 27
- Figure 12

=52~
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