Research Report

EVERGREEN POINT BRIDGE
MAINTENANCE PROBLEMS

ANNUAL REPORT

AUGUST 1975

Public Transportation and Planning Division

L Washington State
'7’ Department of Transportation WA-RD-4k4.2

In cooperation with
U.S. Department of Transportation
Federal Highway Administration



TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No. 2. Gowvernment Accession No. 3. Recipient's Catalog No.
WA-RD-44.2
4. Title and Subtitte 6. Report Date
Evergreen Point Bridge Maintenance Problems August 1375

6. Performing Organization Code

7. Authorls) 8. Performing Organization Report No.

C. B. Brown

9, Performing Orgamization Name and Address 10. Work Unit No.
University of Washington N
Seattle, Washington 98195 e

13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address

Annual
Washington State Department of Transportation 1975
Highway Administration Building :
Olympia, Washington 98504 14. Sponsoring Agency Code

15. Supplementary Notes

This study was conducted in cooperation with the U.S. Department of Transportation,
Federal Highway Administration

16, Abstract

This report completely describes the instrumentation on the drawspan of

the Evergreen Point Bridge. The design and construction of the data
recording system, with the complete calibration of the measurement and
collection system is given. Initial data collection and preliminary analysis
is set out. The analysis was subsequently abandoned, the data was retained.

17. Key Words 18. Distribution Statement
bridge, fatique, reliability, wind None

19. Security Classit. (of this report] 20. Security Classif. [of this pagel 27. No. of Pages 22 Price
Unclassified Unclassified C1

Form DOT F 1700.7 (8-69
HWY FORM341-5(}J_92



EVERGREEN POINT BRIDGE MAINTENANCE PROBLEMS

Principal lInvestigator

C. B. Brown

Department of Civil Engineering
University of Washington

PROGRESS REPQRT
(First Annual Report)

Research Project Y-1640
Phase |

Prepared for
Washington State Highway Commission
Department of Highways
In cooperation with
U.S. Department of Transportation
Federal Highway Administration

August 1975



The contents of this report reflect the views of the authors who

" are responsible for the facts and the accuracy of the data presented here-
in. The contents do not necessarily reflect the official views or policies
of the Washington State Department of Highways or the Federal Highway Ad-
ministration. This report does not constitute a standard, specification,

or regulation.



CONTENTS

| Page

INTRODUCTION | 1
INSTRUMENTATION 4
DATA ACCUMULATION AND ANALYSIS 13
PREDICTIONS OF EXTREMES 25
FATIGUE EXPERIMENT DESIGN 27
CONCLUSION 28
APPENDIX A - DESIGN OF DATA RECORDING SYSTEM

by Derald R. Christensen
APPENDIX B - TAPE READING AND STATISTICAL PROGRAMS
APPENDIX C - ANCHOR CABLE MODULUS
APPENDIX D - FATIGﬁE EXPERIMENT DESIGN

by C. B. Brown and R. Vasu






LIST OF FIGURES

Fig. Page
1 BRIDGE LOCATION 2
2 DRAWSPAN FEATURES 3
3 CHANNEL ARRANGEMENT 7
4 ANCHOR CABLE DISPLACEMENT TRANSDUCER 9
5 HORIZONTAL TRUNNION GAGES 10
6 HORIZONTAL TRUNNION ROSETTE GAGES N
7 STRESS DISTRIBUTION OF HORIZOWTAL TRUNNION 12
8 VERTICAL TRUNNION ROD GAGES 14
9 CENTER LOCK GAGES 15
10 VERTICAL TRUNNION REAR ANCHORAGE GAGES 16
11 END LOCK GAGE 17
12 STRIP CHART OF STRAINS 19-21
Al INSTRUMENTATION LAYOUT A8
Az . INSTRUMENTATION AND RECORDING PACKAGE LAYQUT A9
A3 COMPLETE WIRING *
€l TYPICAL RESULTS OF CABLE TEST c2
ce DISPLACEMENT TRANSDUCER €3
Di ANCHOR ROD AND CONNECTING ROD TEST SET-UP D5
D2 EQUALIZER FRAME TEST SET-UP D6

* on depusit with the Washington State Highway Department






INTRODUCTION

The work reported comprises the first year of a study to examine the
performance of the drawspan of the Evergreen Point Bridge across Lake
Washington during storms. These storms predominate from the south to south
west direction where a fetch of 4 miles results in wave battering. Fig. 1
shows the general location of the bridge. The region of interest is the
7518" of floating structure and particularly 200' drawspan arrangement
near mid-lake. Fig. 2 provides an impression of the drawspan. The operation
requires raising of the two 105' steel grid deck and longitudinal movement
of the drawspans into the vacated space. The performance of the drawspan
mechanism - particularly the trunnion devices - was the concern of this
project. The study involves:

a) the instrumentation of the bridge

b} the accumulation and analysis of data

¢} predictions of extremes

d) design of a fatigue experiment
The work completed between August 1974 and 1975 is reported here. A final
report at the completion of the project will synthesize the whole under-
taking; thus, the present report is a catalogue of progress to date without

too much interpretation.

The instrumentation was designed and put together by Mr. Derald
Christensen. He was also responsible for that data accumulated and analyzed.
Mr. R. Vasu worked on stage (d), the fatigue experiment design. To the
extent that extreme predictions have been undertaken, they have been worked

on by boi, Christensen and Vasu. Mr. H. Smith helped with the instrument-
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ation and the determination of the relevant Properties of the pontoon
reaction cables. Crucial to the success of the project to date has been

the co-operation provided by the Washington State Highway Department. The
Tiason with the Highway Department and the contractors working on replacing
parts of the drawspan mechanism was essential for the successfuyl compietion .
of the instrumentation. Mr. Gary F. Demich of the Highway Department pro-

vided that liason and was also active in the actuyal instrumentation.

INSTRUMENTATION

The object of the instrumentation was two fold. First, to obtain
signals of the natura] phenomena associated with battering of the bridge.
For a start the wind velocity {direction and speed) was considered import-
ant information as this could be correlated with Past recordings at the
bridge. Additionally, wave force measurements would be valuable. These
would possibly allow analytical relations with the wind to be developed,
or, if these are not possible, statistical correlations between wave force

and wind which would then result in extreme force predictions.

The second object was to determine the strains in crucial portions
of the drawspan mechanism which had previously shown distress. An intention
of this work is that such strain measurements will be compared with wind
measurements and hence extremes of strain established, The moving parts of
the drawspan are essentially guiding trunnions - both vertical and hori-
zontal. Previous troubles and failures had occurred in the plates of the
horizontal trunnions and the anchorage bolts of the vertical trunnions.
Also, the center locking devices between the two arms of the drawspan as

well as the end lock had been distressed. These parts had been replaced
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and changed in geometry and arrangement from the original installation. In
fact, whilst the ins*trumentation was being carried out, new installations of
these and other parts were being made. Fig.2 identifies the location of

these troubled parts.

Appendix A deals in detail with the steps taken in arriving at the
instrumentation package for recording the two types of data required. The
recorder system designed has 44 channels of 8-bits each together with a

12-bit clock channel. These 44 channels were used as follows:

2 - wind speed and direction

2 - wave pressure transducers

4 - anchor cable
18 - horizontal trunnions
12 - vertical trunnion anchorage rods

3 - center locks

1 - end jock

2 - support beams of verfical trunnions

The first eight of these channels are recording input data of wind velocity
and wave force. The wave transducers produce adirect force measurement
whereas the anchor cable displacements are intended to provide an indirect
measurement of wave forces. The remaining channels are for the measurement

of strains in the drawspan mechanism. Attention has been fixed on the parts
which have previously caused trouble but the.support beam of vertical trunnions
has also been instrumented. Fig. 3 shows the layout of this channel arrange-

ment on the bridge. The following table provides a key to Fig. 3.

The anemometer employed to measure wind velocity (Wi, W2) was manu-

factured by Weather Measure Corp. model WI21-5D. It reads over the range



St m————

Channel Number Mark Measurement
1 Wl Wind Speed
Z We Wind direction
3 1HLT
4 THT1
5 2HL1
& 2HT
7 3HL
8 3HT .
9 3HL2 Horizontal trunnion strains
10 3HT?2
11 3HRLT
12 3HRLZ i
13 3HRL3 ;
14 3HRT1
15 3HRTZ |
16 3HRT3 |
17 4HL1
18 4HTI
19 4HL2
20 | 4HT2
21 § V1
22 i 1ve :
23 oA
24 , 2v2
25 Vi i
26 3v2 Vertical trunnion tension rod strains
27 i 3v3 i
28 { 3v4 }
29 ; 4 i
30 } 4v?2 |
32 E 4v4 H
33 Lol )
34 [ C2 Center lock strains
35 ] C3
36 E L1 End Tock strains
g; g g; Vertical trunnion support beam strains
H 1
, !
23 ! E; Wave pressure transducers
J
41 ‘ Al
gg ~ gg Anchor cable displacements
44 '| A4
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zero to 80 m.p.h. The wave pressure is measured by Viatron pressure
transducers, PTB 102G, These have a range of 0-15 psi with an instrument
maximum of 23 psi. The final input is from the measurement of anchor cable
displacements (A1, AZ, A3, A4). These méasurements are over a 2Q" gage on
the cable in the pontoon. Fig. 4 shows the transducer arrangement where

the change in gage length is recorded as a signal from the L.V.D.T.

Strain measurements were made with gages from Micro-Measurements
Division of Vishay Intertechnology, Inc. The horizontal trunnion and end
lock were CEA-06-250 UW-350 single gages, CEA-06-125 UR-350 rosettes; the
tension on the center locks and anchorages was measured by EA-06-250 TB-350

gages.

The positioning was made from considerations of Tikely strain fields.
In particular locations where rapid chénges of strain were anticipated were
avoided because of the subsequent difficulties in interpretation. Fig. 5
shows the location, circuit and general layout of uni-directional gages on
the sides of the horizontal trunnion plates (1HL1, 2HLT, 3HL1, 3HL?, 4HL1,
4HL2, THT1, 2HTY, 3HTT, 3HT2, 4HTI, 4HT2). Fig. 6 shows similar information
for two rosette gages on the horizontal trunnion plates (3HRL1, 3HRTI,
3HRLZ2, 3HRT2, 3HRL3, 3HRT3). The location of these gages on the surface of
the plates was considered carefully. An analysis using the finite element
technique on the p]éte loaded by moving surface N a uniform amount in the x
direction, revealed the stress distributions in Fig. 7. The sections A-A
and B-B have small stress gradients at the point of gage Tocation. Also
around these locations very little change of principal axes océurred. These
results indicated that a minor error in gage location‘would not negate the
results. Any gage placed on CC would be critically dependent on location

and orientation and this position was avoided.
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The vertical trunnion anchor rod gages {1Vi1, 1v2, 2v1, 2v2, 3V1, 3ve,
3v3, 3v4, 4V1, 4v2, 4v3, 4v4), center lock gages (Cl1, C2, C3) and the ver-
tical trunnion anchorage beams (S1, S2)were designed to determine tension.
The lay0ut, circuitry and locations are shown on Figs. 8, 9 and 10. Finally,
the end lock gage (L1) was designed to measure bending effects as shown

on Fig. 11.

This account of the use of the 44 channels indicates the initial
measurement scheme. As data are acquired, changes will be made in order

that critical observations are not overlooked.

Housing for the recording system is in an instrument shack located

by the central tower on the south west side of the drawspan (Fig. 3).

DATA ACCUMULATION AND ANALYSIS

The sampling arrangement for data accumulation has been described in
Appendix A. The initial purposes were to ascertain that the instrumentation
was functioning properly and that the data cbtained was of a useful character,
The following table indicates thé tape readings obtained. A1l instrumentation

worked during these recordings.

Tape ‘ From To

EGI ! 20:30, 3-21-75 16:30, 3-24-75
EG2 15:30, 3-25-75 11:30, 3-26-75
EG3 13:00, 4-2-75 15:00, 4-2-75
£G4 15:30, 4-2-75 11:00, 4-28-75
EG5 11:00, 4-28-75 12:00, 5-3-75
EG6 12:00, 5-3-75 10:30, 5-5-75
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Gauge locationsA(1V1,1V2,2V1,2V2,3V1,3V2,3V3,
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Guage Locations-Both Sides
(Positioned At §1 and $2)

T ) 3"
| ! L —— 33 DIA.
X I
i i L
T T /
' i
: I
i
Fe— : : —*1 X
A : ! A 203’
i | i
i
: !
]
. { i
'
l: :", ___ L
) [l: =
n 1 =]
) |
i ]
LA~ e ’

Il

[

+

Il

i

———

e 3

————
————

_LAYOUT _CIRCUIT
(designed for tension)

VERTICAL TRUNION REAR ANCHORAGE GAGES

FIG. 10



- 17 -
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Locking Key Housing
NOTE:
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FIG. 11
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The usefulness of the accumulated data was examined. In the first
place a subjective anticipation of member performance was made and then the
data were examined. The extent that a greement occurred confirmed the in-
tuitive picture. When a different behaviour was exhibited then the reason-

ing and the test set-up were carefully scanned.

The high winds were expected to be from the South-West quarter. The
highest gust velocity in the past was 87 m.p.h. and the highest one hour
average was 47 m.p.h. From the north, the highest speed in the last ten
years was about 40 m.p.h. The recordings made were well within these peaks
and the wind direction for high speeds was in the correct quarter. For
. instance, tape EG6 has a maximum wind of 35.15 m.p.h. and & mean of 24.27
m.b.h. It was concluded that the wind measurements were valid. The wave
force transducers are in operation; significant data have not been gathered
in this year of work. The wind and wave forces in the reaction cables were
considered to be superimposed on to an initial force of 120 kips. Inspection
of the data outputs showed a regular cyclic straining about the initial
value. Full calibration requires static tests on the cable in order to

determine the effective modulus in the Toading range. {Appendix C)

The recording of strains on the parts of the drawspan selected for
instrumentation was expected to produce a continuous cyclic .record under
the influence of wind and wave loading. This expectation was realized when
initial forces were acting on the element. Thus, in the anchor rods for
the vertical trunnions and reaction cables, where high prestressing existed,
such continuous cyclic signals about the initial value were obtained. The
horizontal trunnion signals showed an intermittent shock loading. The strip
charts on Fig. 12 indicate these signals. This suggests that these elements

are subjected to battering rather than to the continuous oscillation. The
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subsequent damage may not be a result of a classical fatigue problem but
rather a problem of Tow cycle impact load failure. As well as providing
some insight into the method of element failure these initial observations
have indicated an important Timitation on the data acquisition system. The
present system records digitally at 2 Hertz. This means that the character
of the intermittent recerdings on the battered members may be concealed.
Alternatives for recording this type of data are now being considered. An
increase in the frequency of recording will provide better delineation of
the signal but saturate the recorder capacity quickly. Direct continuous
strip chart recording is pessible but provides voluminous data which are

difficult to analyze efficiently. This problem is under attention.

The data analysis has been by traditional statistical methods. Pre-
sented in the computer print out sheet are the means, maximum and minimum
values and standard deviations for 1738 and 2047 samples in tape EG6. The

units are volts and the scaling factors are in the table.

‘ Channel Calibration Factors Farmula f Units
1 10 | 10V, | m.p.h.
2 313 313 V i Ofrom North
3-20 1.88 x 1074 1.88 x 107 Yoo Iy
21-32 15.172 15 172 v, | kip
33-35 19.220 "19.220 v f kip
36 9.4 x 107° 9.4 x10°%v, | in./in.
37, 38 7.4 x 107 9.4 x 107 5 Vo in-/in,
39, 40 not calibrated j
41-44 25.5 - a5y, kip
* 6 :
- Us!ng E =29 x 106 p I d1ameter = 3"
Using E = 27 x 10 .i.; diameter = 3.5"

Appendix 8 shows the program for reading the data, analysis and providing

these statistical measures.
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The statistical parameters obtained are defined from the moments of

the data where the nth moment

- n
my = LX Py
1
N.

and P; = L

|

with Ni the number of observations of X; and N = ; Ni'
i

1/2
The mean is m, and the standard deviation is (m, - m]z)

&~

The computer print out has to be interpreted as changes of reading
about the mean for all channels except 1 and 2. These two channeis when

scaled, give direct readings of wind velocity.

PREDICTIONS OF EXTREMES

Methods of making the important extreme predictions have been con-
sidered without any application. Initially correlation between wind and
strains has to be established. Then the long term single wind data will

have to be interpolated into the long term data that is available.

The relationship between wind, wave and strains will be established
by observation of the relative change of means and standard deviation.
Additionally, a measure of relationship will be given by the coefficient of

correlation

M
Oy 92

These terms will now be defined. Consider the wind speed as a random
variable X taking on values x and strains as random variable Y taking
on values y. In N samples there are Nij with X = x; and Y =yj-

Then
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The moments of the data on wind'and Toad are

and the centra] moments of the data are

FA -
Wy = E [(x-mm) (Y-mm)n 1

E . = . . . LY.
where [g (X, Y) ] ifj P g(x1 yJ)
Then

- - 5

°1 T M s 9 = o,

If there is no correlation between X and Y (i.e. X and Y are in-

dependent) then Hip 5o < 0. However, as we cannot say that X and Y

are independent when P =0 only, as

Instead we say that X and Y are uncorrelated. The coefficient of cor-
relation is bounded by
-1 <5p <

and the opposite of independence occurs when p2 = 1. Then X is caus-

atively tied to V.

Any statistical relation between wind, wave and strains will be
valuable. Already available are wind readings on an anemometer of the
Climatological Office of the National Weather Service placed 48' above the
lake on the drawspan'of the Evergreen Point Bridge. These readings are from
1965 to date and give the wind speed and direction at 8 a.m. and 4 p.m.
daily and are then arranged as percentage frequency distributions of wind

speeds. Such distributions are for bi-monthly and annual periods. These
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data can be arranged in a probability function and the maximum wind speed
for definite use periods obtained. Additionally, for use periods statements
of the number of occurences of varicus wind speeds can be made. These
results, when realted to the strain - wind association, already determined,

should lead to a strain history and hence predictions of extremes of useful

life.

FATIGUE EXPERIMENT DESIGN

The prediction of extreme 1ife require adequate understanding of the
response of critical elements of the drawspan mechanism to input histories.
This can be accomplished by laboratory experiments of these parts of the
elements. Of importance is the subjecting the test specimens to the same
statistical input as the field parts. With this approach the details of the

predictions of extremes can be completed. The schematic shows these

operations.
P———*H—“——l___ DRAWSPAN -
Y : v
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Essentially the work of this yeér has concentrated an operations 1, 2 and 3
in detail and 4 and 5 in outline. Appendix D outlines a fatigue test
program. It should be pointed out that this program is properly applicable
to the prestressed members - vertical trunnion anchorages and reaction
anchorage cables - where the straining is oscillatory. The battering of the
horizontal trunnion elements is not covered by the classical statistical

arguments and the test apparatus must be different. These matters are

presently being studied.

CONCLUSION

This interim work reports in detail the instrumentation of the
Evergreen Point Bridge drawspan and the functioning of the instruments.
Recordings made and analyzed indicate a battering as well as continuous

loading mechanism. The capacity design has been outlined for the continuous

loading case.



APPENDIX A

DESIGN OF DATA RECORDING SYSTEM

by

Derald R. Christensen

Any electronic equipment for an instrumentation system must be
reliable and perform the objective of the design. To varying degrees
systems can be altered to fit a particular installation. However, to make
a final decision on any package the designer must consider many facets of
the particular project and how the final data is to be handled, stored and
analyzed. This means that the final data handling and analysis, be it with
hardware or software or a combination of both methods, must be considered
as a basic part of the initial instrumentation package design. There are
four basic techniques of actually recording and handling data. From these
several methods of reducing the data are available. The chart shows the

alternative methods available for each technique.

The strip chart recorder is far too cumbersome when working with
large data output and would result in unrealistic time demands for data
reduction. However, this method of recording is extremely accurate and
does provide at a glance information about the process being recorded. The
FM tape recorder has the definite advantage of allowing the use of any of
the available analysis techniques. Also, the signals can be electrically
manipulated prior to either using analog type analysis or digital conversion
and then digital computer analysis. Additionally, the original data are
always retained. The disadvantages are:

1} That each recorder is limited to 14 channels.
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2) That over 500 feet of one inch wide magnetic tape is required
for each hour of recording for each 14 channe) recorder at the required

1-3/4 inch per second tape speed.

3) That additional hardware, in essence a digital recorder or mini

Computer, is required to get the data into a digital format.
4} That high power requirements for field operation are required.
5) That the system is less reliable than most digital systems.
6) That the system is hard to calibrate ana to keep calibrated.

7) That the recorder cost is comparable to that of a complete

digital recording system with several times the input channel capacity,

8) That the electronics for the input measuring devices or trans-

ducers has to be a completely separate package.

A mini computer located at the recording site is very desirbale in
many installations, but the high degree of sophistication and the resulting
expense associated with such a system are not always Justified. An alter-
native of incorporating a mini computer system into the tape conversion
step would provide the maximum amount of freedom and ease in analyzing the

recorded data. However, this requires a large initial capital expenditure.

The conclusion here, for the size of system béing designed for this
project, is to record the data in a digital format and to use a main com-
puter facility for the data reduction and analysis. In this way, the com-
plete instrumentation package can be designed around a single system with
maximum reliability and minimum cost per input channel. The disadvantage
in using a digital format is that once a particular sampling interval is

selected, higher sampling rates can be attained through either digital to
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analog conversion techniques or statistically means to estimate intermediate
points. Both give rise to some uncertainty as to the validity of the out-

put. This requires that the initial system is designed properly.

The digital system used in this project is the Sea Data Corporation's
incremental four track digital cassette recorder, model 610. The main

advantage of this particular system are:

1) size (the recorder itself is only 4.4" high by 3.9" x 3.7%)

2) inexpensive ($1200 with recorder and data stream control elect-
tronics)

3) 11.5 million bits per tape (standard size cassette, 0.15" wide
tape)

4) high speed (300 steps/sec. at 4 bits/step)

5) high density (800 steps/inch or 3200 bits/inch)

6) modular construction (as many input channels as desired up to
a maximum sample word size of 400 bits)

7) low power requirements (power only consumed during 3.3 ms
motor steps: 2.0 Amp-hrs from 9-15 volt source to record 300
feet of tape over any time period. A stack of alkaline C-cells
provides adequate safety margin at 0°C)

8) only six moving parts (no gears: direct cap stan drive)

9) all parts field replaceable without realignment

10) transducer electronics can be incorporated into the recorder
design

11} design flexibility

12) data capacity expandable in 11.5 million bit blocks with only
one transport and motor driver card required per block

( = $700/block)
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13) full line of electronic cards available, thus increasing design

flexibility.

14) high accuracy {less than 1 sample in 10000 lost in fieid expe-
rience of tape conversion)

15) 4 hours of continuously sampled data on one 300 foot tape.

{This using 44 8-bit data channel, a 12 bit clock and sampling

twice a second).

The recording package itself is in a component or modular form which
allows flexibility in design configuration. The design requirements for
this project did not lend themselves directly to any available single
system recording package, that was also inexpensive. The combining of
available systems would have resulted in a specialized, complicated and
probably unreliable package. Additionally, the tape density and the Speed
of the recorder actually made could not be matched by any manufactured
type. Due to anticipated future instrumentation changes and to the variety

of measurements to be made, a very flexible package was designed and built.

The instrumentation package used consists of an incremental digital
cassette recorder, three printed circuit cards (which‘control the recorder
and data stream to the recorder} and a clock card that generates the pulses
which control the data shifting and other time oriented functions of the
recorder; Associated with each pair of input channels there are single
cards of two frequency counters and shift registers each. The shift regis-
ters are adjustable from 4-16 bits. The remainder of the electronics asso-
ciated with both the operation of the recorder and the transducers was
designed and built at the University of Washington with the idea of taking

full advantage of the flexibility of the Sea Data recording system.

The operation provides for the input signals to be fed into a bridge
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amplifier card should thus be required by the type of transducer employed
for that channel (space is available on all channels for such a card}., From
here the signal is run through a signal conditioning card, where the bias

or offset of the signal can be adjusted, the polarity reversed and an am-
plification from 0 to 10 applied. This ampliification is used in the field
for scale factor or calibration adjustment. Additionally, this card is

used as the input for the transducers not using a bridge circuit or re-
quiring large amplification. Then a blank card or a card containing add-
itional electronics depending on the type of measurement, is used in place
of the amplifier card. The signal is subsequently fed into a volatage to
frequency converter which operates on 0 to 10 volt input to give a corres-
ponding 0 to 10000 cps output. This frequency is counted on the following
card and stoqed in a shift register. A1l the input channel signals are
stored at the same time in their respective registers and upon a signal

from the clock are shifted, in a serial fashion, onto the tape. This

means that all the shift registers for each input channel are wired together
and the data is shifted, 4 bits at a time, from one register to the next,
directly onto the 4-tracks of the cassette tape. The tape recorder records

300 steps/second at a density of 800, 4-bit steps/inch.

This operation enables addition or subtraction of input channels to
be readily made. The maximum number of channels is limited by the stepping
speed, size of shift registers used and the time required to count the
input frequencies (adequate time must be.allowed for counting the input
frequencies to enable full use of the shift registers over the range of

the input signal level).

The recorder system designed for this project has 44, 8-bit input

channels plus a 12-bit clock channel. The 8-bit shift registers has a
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maximum count of 256 (counting the zero bit), which gives aresolution of
1/256 times the maximum output allowed for in the calibration adjustment
for each transducer. The registers recycle if run over scale and this

can be allowed for in the tape conversion software package. Each data
sample (word) is made up of a 5 step gap, 2 step preamble (both are used

by the cassettee reader in tape conversion), 91 step data block (2 steps

per 8 bit register times 44 inputs plus 3 steps for the clock) and a 1

step longitudinal character check. This provides a total of 99, 4-bit steps
per data sample (the recorder has 4 tracks or 4 bits are recorded for each
3.3 ms step of the recorder) and is the maximum allowable word length. The
channels are sampled twice a second and 2047 samples are taken each recorder
start whilst in the sequence sampling mode. A continuous_mode is also
available. 1In this mode a total of 4 hours of continuous data can be re-
corded on one 300 feet cassette.. For the sequence mode the individual re-
cords are 17 minutes long, thus giving a total of 14 records per cassette.
The sampling rate and the number of samples per record can be altered by

simple changes on the power control card.

The recorder can be manually or automatically controlled. With the
remote control switch on, the recorder is initiated automatically by the
wind indicator (this could be carried out. with any of the inpqt transducers).
The recorder is set to respond to a given wind speed. Once this wind speed
is attained, it is sampled for a preset length of time. If the wind stays
above this value for the given time interval the system is turned on and
2047 samples are taken. One hour after the first record, the system checks
the wind. If the wind sﬁeed is above the pre-set level then a second
record is made. This continues until the wind drops below the preset leve)

of the system. The adjustments for the triggering level and sampling
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period are made on the wind speed monitoring card. At present the system
is set to initiate at a wind speed of 20 mph. It samples the wind for one

minute before a record is actually started.

Figs. Al and A2 show the instrumentation and recording package lay-

out. Further, Fig. A3(on deposit with the Washington State Highway Depart-

ment) givescomplete wiring details of cards, etc.
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APPENDIX B

TAPE READING AND STATISTICAL PROGRAMS
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APPENDIX C

ANCHOR CABLE MODULYS

A length of the anchor cable wasrtested statically to determine the
calibration of the L.V.D.T. on channels 41-44. The test arrangement was
conventional except that special grips for the 6 cable length had to be
manufactured. Before readings were obtained the cable was pulied to 250
kips several times to set the wires. This set was preserved by testing
above 100 kip. loading. Below this loading the displacement results were
not reproducible. The loading coincided with the field situation where an
initial force of 120 kips exists about which cyclic behavior is registered.
The test range was 100-300 kips. Displacement transducer output was mea-
sured through a voltmeter and the readings were taken to coincide with 25

kip. increments.

Fig. C1 shows typical results of the eighth and ninth cycles with

6 volt. input. Fig. C2 is of the displacement transducer arrangement.

Cable data are:

127 - 3/16" diameter wires wound into a single strand of 2-1/4" diémeter.
2

Net area 3.51 in.

3.98 in.2

Gross area

The effective modulus of elasticity obtained were:

5 volt input E 3

n

27.53 x 107 k.s.i.

6 volt input E 3

27.32 x 10° k.s.i.
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TYPICAL RESULTS OF CABLE TEST
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APPENDIX D

FATIGUE EXPERIMENT DESIGN

by

C. B. Brown and R. Vasu

The test program proposed can be applied to the elements of the
bridge considered as possibly critical in fatigue. In the first instance
the vertical trunnion anchor rods, central lock connectors and the horizon-
tal trunnion equalizer frames would be considered. The last of these would
have only one component tested. The test specimens for the lock and anchor
roqs would be prepared according to ASTM E-466-72T 1974 specification. The

specimens for the frame component will be prototypes.

Test machinery has to be restricted to that available. Essentially
these are a Universal Testing machine and a loading frame in the load range
required. Loading is by a coupled jack in the pulsator range of 250-500
c.p.m. The anchorage rod and lock connection specimens will be tested on
the loading frame in the set-up of Fig. D1. The limited capacity of the
frame will make it necessary to test the prototype of the horizontal trunnion
frame component in the U.T.M. Fig. D2 shows the set up for this experiment.
In both arrangements one end of the specimen will be pinned and the other

end driven by the puisating jack.

The pulsator is within the anticipated loading range. Essentially it
has a jack of variable stroke (0-400 cm3) which provides a maximum pressure
of 200 kg/cmz. As stated previously the rate is in the range 250-500 ¢.p.m.
Variable input is arranged by servo feed back controls and accurate load

indication is achieved by a Amsler measuring valve unit.
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The input involves the load Tevel and cycles at that load level. The
load level is related in this work to the strain measurements at critical
sections. These measurements have been analyzed and statistics produced.

The measure of the variability of the strain about a mean Tevel is given by

the variance (p. 25):

2 _ 2
T = omy - om

A function C(t) may be constructed for a strain signal, X, at time t and

at t+ t over a signal of length T as

| y (V2
C(t) = Lim T-\]A X(t) x(t + 1) dt
T+ o _
-T/z

This may be reduced to

c(t) =f P (f) e'2"fT 4¢
where T 2
1 e ~i2nft
P{(f) = Lim T X(t) e dt
T+

The representation P(f). df is of the contribution to 02 between frequencies

o = fm P(f) df

0

f and f + df. Then

Thus the oscillatory strains and hence forces are indicated by the variance.
The frequency content of the variance is given by the spectral density,
P(f). The proportion of the variance between frequencies 0 and f, s

f
1
gf =‘Jr P(f) df and hence it may be claimed that forces described by
o
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c$ and above occur at frequencies above f] . For a time of T] » the

number of cycles above o? will be f] T] .

The above approach allows a loading history to be prescribed which

-

can be readily associated with the actual conditions.

Consideration of the Tongevity of the structural element due to
fatigue requires that the damage at any time be describable. Such a
measure of damage gives zero for the initial state and unity at failure.

If there are N cycles for this measure D = 1 then for Ni < N the value

of D< 1 and

The N cycles are with maximum stress level S and
N = N (S)

This means that a function can be developed for the dependence of the number
of cycles to failure for a maximum oscillatory stress S. A stress limit,
SL » exists where N -+« . This is the fatigue limit. In the real loading
situation the probable number of cycles per second at Si is p(Si) .
Miner's rule is a linear statement for fatigue failure under varying levels

of stress. Thus,

is the law where Ni is the number of cycles at Si and N (Si) the

number of cycles to failure at a repetition of Si . Then
Ny = PG Ty

where Ti is the time of oscillation at Si . From this

. T pSy)
o T 5T



. D, p(3;)
an _ =
T'i N Si
As I T; = T, the time to failure,and : D; =1 at failure, then
i : i
1 p(si)
T © f N(s,)

and hence the time to failure is
p(S.)} -1
T = £ L
i NGSy)

For this prediction a law for N(Si) must be obtained from the

experimental work envisaged in this Appendix.
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SPECIMEN: ANCHOR ROD AND CONNECTING ROD
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TEST SET UP FOR ANCHOR ROD & CONNECTING ROD

I, © JACK 3. SPECIMER
2. LOADING FRAME

FIG. D
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TEST SET UP FOR EQUILIZER FRAME( HORIZONTAL TRUNION )

I. JACK 3. SPECIMEN
- 2. FIXTURES L, UNIVERSAL TESTING MACHINE

FIG. D 2



