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The contents of this report reflects the views of the author who is
responsible for the facts and the accuracy of the data presented herein.
The contents do not necessarily reflect the official views or policies of
the Washington State Department of Highways or the Federal Highway Adminis-

tration. This report does not constitute a standard, specification, or re-
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INTRODUCTION

The work described in this report is the second year of study of the per-
formance of the drawspan of the Evergreen Point Bridge. This report is a
continuation of the Interim Report (First Annual Report) of August 1975.
Therefore, only work performed in the 1975-76 contract year is included here.

The instrumentation and data recording was in the hands of Mr. Derald
Christensen. The analysis of data was by Mr. Christensen and Mr. R. Vasu. For
reference, the Channel Arrangement is shown on Fig. 1 with locations described
in the table. Mr. Gary F. Demich has continued to provide liaison with the
Highway Department. A paper of the subject of this contract was prepared by
Brown, Christensen and Demich. It was presented at the A.S.C.E. 1976 National

Structural Engineering Conference. A copy of the paper is included in Appendix

A.
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Channel Number Mark Measurement
1 Wl Wind Speed
2 W2 Wind direction
3 THL1
4 1HT1
5 ZHL1
6 2HT1
7 3HL1
8 3HT1
9 3HL2 Horizontal trunnion strains
10 3HT2
11 3HRL1
12 3HRLZ
13 | 3HRL3
14 i 3HRT1
15 ; 3HRT2
16 ; 3HRT3
17 i 4HL1
18 i 4HTY
19 i 4HLZ
20 ' 4HT2
21 w1
22 1v2
23 AN
24 2vz
25 vl :
26 vz Vertical trunnion tension rod strains
27 w3
28 3v4
29 A
30 4v2
3 4v3
32 4v4
33 c1
31 c2 Center lock strains
35 C3 '
36 L1 End Tock strains
37 S1 " \ . .
38 52 ertical trunnion support beam strains
23 g% Wave pressure transducers
4] Al
42 Az Anchor cable disp) t
43 A3 splacements
44 Ad '
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INSTRUMENTATION

As reported on pages 18 and 22 of the First Interim Report, Channe]s\3
through 20, associated with strains on hor1zonta1 trunnions, showed 1nterm1ttent
signals generated by shock load1ng Th1s batter1ng effect could not be ade-
quately samp]ed at the existing 2 Hertz rate and an alternative system has been
désigne&, installed and used in the 1975-76 storm season.

The actual type of strain signal could not be determined from the orlg1na1
instrumentation except that it occurred over less than ! sec. In fact, the
pulse transpired to be less than 400 m.s. A circuit was designed to hold the
peak in 3 second sampling interval and to record this peak value at the end
of the tnterval. The circuit is shown on Fig. 2. Unfortunately, it was not
commercially available and the design and successful installation was completéd —
by the end of November 1975. The results ffom this system have been quite
valid.

The remaining instrumentation is as provided in the first year of work.

DATA ACCUMULATION AND ANALYSIS

It was found that data set size (92115 samples/record) could not be ef-
ficiently handled by the existing software for converting the original tapes and
subsequent data analysis. In all cases, the basic problem was the increase in
Job costs when such large data blocks were used. The charges in accounting and
charges at the University of Washington Computer Center in part changed the
economic viability of existing packages.

New software was prepared to process the conversion and analysis of data
efficiently. This tape conversion program was fully effective in February, 1976.
Existing programs were émponed until this time. Appendix B displays these

| currently used programs.
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The following Table shows the various data records made. The Table includes
tape number, dates tape was in instrument, number of records with wind over 20
m.p.h. and comments. Tapes 21 through 33 have been analysed fully. Appendix C
gives a summary of statistical data for these 71 records. Essentially, the
analysis has presented the maximum, minimum, mean and standard deviation for
each record.

Complete recording during the 1975-76 storm season was frustrated by ad—

Justments to instrumentation.made necessary by aIterat1ons and construction

carried out on the drawspan vicinity. Channels 41 through 48 were continually

out of action up to January 1976. This was caused by construction activity and
subsequent repeated damage to the transducer extension rods. A more usual
interruption occurred because of anchor cable adjustment at the spring and fall

water level change Damage to Channel 36 on the end lock was caused by bridge

V“open1ng and at the rep]acement of the endlock.

The complete system was out of action in March and most of April, 1976 due

to the installation of wave deflectors and relocation of the instrument shed.

" 'The wave transducers had to be removed permanently to make way for the wave

deflectors.



TAPES AND RECORDING DATES

Tape # Dates Nﬁéc?f Comments
EG 1 3/21/75  3/24/75

EG 2 3/25/75 3/26/75

EG 3 8/2/75 472175 initial calibration
£EG 4 47275 4/28/75

EG 5 4728/75 5/3/75

EG 6 5/3/75 5/4/75

EG 7 5/5/75 5/18/75

EG 8 5/18/75 6/11/75< out for summer

EG 9 10/3/75 10/1/75

EG 10 |11/5/75

EG 11 [1V/6/75 11/7/75

EG 12 [1¥/7/75 11/10/75

EG 13

EG 14 [11/14/75 11/17/75

EG 15 [11/21/75 11/23/75 fcalibration and testing
EG 16 |11/23/75 11/25/75

EG 17 [11/26/75 11/30/75

EG 18 [11/30/76 12/1/75

EG 19 [12/1/75 12/2/75

EG 20 |12/2/75 12/3/75

EG 21 |12/4/75 12/12/75 1

EG 22 |(12/12/75 12/15/75 6

EG 23 {12/15/75 12/26/75 -

EG 24 12/26/75 12/29/75 9

EG 25 |12/31/75 1/11/76 12 used for analysis
EG 26 1/11/76 1/13/76 3 '

EG 27 [1/13/76 1/14/76 3

EG 28 |1/14/76 272776 1

EG 29 [2/2/76 2/8/76 3

EG 30 |2/9/76 2/17/176 10

EG 31 2/7/76 2/25/76 10

EG 32 [2/25/76 2/27/76 | 7 )

EG 33 |z/27/76 2/29/76 6

EG 34 |4/18/76 -
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PREDICTIONS
One objective of the study is to determine a statistical history of strain-
ing on essential elements. The process of.the'Study is as follows:
a) The recording of single §éason wind and strain data;
b) The statistical analysis of such wind and strain data;
c) The obtaining of the long term wind data;
d) The development of the relationship between the long term wind data
and single season wind data; |
e} The development of the relationship of single season strains with
single season wind data
f) The use of (d) and (e} to obtain a long term strain forecast.
Parts (a) and (b) have been dealt with in the prev1ous portion.-of-this repert:

Here (c) and (d) will be discussed fully- and the position on (e) -and (f) re-

viewed. P ” f' .

7 informat1on from the Highway Department for the period from March 1964 to k
June 1975 showed the wind speed and direction taken at a minimum of 8 hourly"
intervals. In all 12150 such observations were recorded and are organ1sed in
_the Table. Here the number of observat1ons in 10 m.p.h. bands at various w1nd

d1rect1ons are set out and the percentage of the total record figured below.

o

When--enly re€ordings. over ZQ,m,pth,_qre included, 2701 observations are re1ef_'“
vant. It is clear, from this data, that tﬁe pfedominaht wind is from the
south, where 31% of the results occur.

In contrast to this long term data, the single season record included
76 samples, 70 with wind speeds over 20 m.p.h.

In order to have a valid trahsfdrmation from short term to long term re-
sults, the méthod of maximizing entropy was used to present the data. This

method essentially asks the question: "What distribution describes the data,
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as presented through averages, without employing any bias?" The answer is,

that distribution which maximizes the entropy subject to the constraints of

the data. Hence a program
Max H = - T p. Ln P;
i

subject to:

n_ -
g Pi v§i =y

pi>0; Mfyi<L

where P; is the probability of Yis H is the entropy, ?h the nth ave-

rage of Y; and L and M limits on Yio provides the unbiased estimate of Py In
our case L =«and n takes on values of 1 and 2. M is the lowest wind speed
or strain included. This means that the data confidently produces a mean and

a standard deviation together with a lower limit of zero. The resulting pro-
b;bility distributions are always exponential and depend on the value of n.

Thus for L = - M = », and n = 2, the probability is normal. The analysis is

by Lagrangian multipliers, Aj, J =0 to n giving the distribution

p{x) = exp {-xg -Xyx -22x2... -Anxn)
The Table gives the values of the A, mean and standard deviation for this dis-

tribution with n = 2 for the complete data, compiete data over 20 m.p.h., the

season data and the season data over 20 m.p.h.
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DESCRIPTION OF THE PARAMETERS FOR DIFFERENT TYPE OF DATA

f(x) = exp {-Ag =Az2x -A2x?)

Number of Values
and Type of Data

Description of Parameters

oot 12150 AVG = 12.712 Std. dev. = 10.996 [VAR = 120.91740
omplete data Ao = 6.670 Ap = =0.105 | A, = 0.00413
S 2701 AVG = 29.647 Std. dev. = 8.689 |[VAR = 75.5070
piﬁgnggga;?;.h‘ rp = 11.240 A = -0.392 | A, = 0.0066
76 AVG = 24,923 Std. dev. = £.678 {VAR = 21,8900
Sample data _
(instrumented) Ao = 18.056 M = -1.138 Ay = 0.0228
oo 72 AVG = 25.866 Std. dev. = 3.082 |VAR = 9.5008
ee reate
Phan 90 m.ooh. | o = 38.032 M = -2.722 | A, = 0.0520
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Fig. 3 through 6 provide plots of these distributions.

Two features are now exhibited; unbiased distributions for long term and
seasonal wind data. The seasonal data for wind must be related to the same
data for strain. The transformation must be in terms of the mean, standard de-
viation and extremes of wind. Then the strain can be expressed as a function
of the wind mean speed, standard deviation and limits. Thuﬁ, the seasonal

wind information (Fig. 6) can be transformed to the seasonal strain information.

p(E) = f (Uws O'Hs Nmi x? N)

n’ wma
In a like manner, the same transformation applied to the long term wind (Fig. 4)

leads to the long term strain distribution. The ongoing analysis is centered

around the description of this transformation.
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APPENDIX A

Paper by C. Brown, D. Christensen and G. Demich

Entitled

"Evergreen Point Bridge Maintenance Problems"

Presented at:

National Structural Engineering Conference
A.S.C.E.
Madison, Wisconsin, 1976
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EVERGREEN POINT BRIDGE MAINTENANCE PROBLEMS

] 2

C. B. Brown', M.A.S.C.E., D. R. Christensen! and G. F. DemichZ .

Synopsis

: The Evergreen Point Bridge includes 7,518' of floating structure in
Lake Washington. Near the middle of this structure is a 200" drawspan
arrangement. Severe damage due to wave battering has caused failure of
elements of this drawspan and storm closures have been instituted to pre-
vent such damage. The study reported was to obtain information which
would allow orderly maintenance procedures to be set up with minimum
interference with the bridge operation. This information is being ob-
tained by the measurement of critical strains and wind characteristics.
The analysis of the recorded strain signals allows the frequency assoc-
fated with a given strain level to be determined. Including these re-
sults and the number of cycles to failure for various stress levels and
ranges, into Miner's hypothesis allows the time to failure to be esti-
mated. The paper describes the methods adopted to carry out such a pro-
cedure on the Evergreen Point Bridge.

Introduction

The Evergreen Point Bridge crosses Lake Washington from the east
into Seattle. The region of interest is the 7,518° of floating structure

3 tAwmaunrman s umammamamd ot s =t
and particularly the 200'drawspan arrangsment naar mid-lake, £

: S 23 3. 3
shows the location of the structure with a 4 mile fetch from the Mercer
IsTand floating bridge. Storms are predominantly from the south and
southwest directions. The highest gust velocity was from the southwest
at 87 mph and the highest one hour average was 47 mph. In contrast,

the highest wind speed from the north over the last 10 years was 40 mph.
Since the bridge was completed in 1963, storms have caused damage to the
mechanical parts of the drawspan. Various replacements and improvements
have been subsequently made. The object of this study, which was ini-
tiated in August, 1974, is to determine a program for efficient mainte-
nance of the drawspan arrangement. Additionally, the measurements and
analyses may suggest design improvements.

An impression of the drawspan arrangement is given in Fig. 2. The
operation requires the raising of the two 105' steel grid decks by 7'-2"
to allow the long structural movement of the drawspan pontoons in to the
vacated spaces. Previous damage and experience had shown that the trun-
nfon and locking devices should be studied. However, anchor cables ad-

Jacent to the opening were also instrumented and wind velocities and
wave pressures were recorded.

gDepartment ci Civil Engineering, University of Washington, Seattle, WA
Washington State Highway Commission, Olympia, Washington
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The damage to the parts of the drawspan was cumulative and : pos-

sible measure for failure due to these conditions is Miner's hypothesis.
In this, failure occurs when .

n, ' )
§ Ny -
where n. is the number of actual cycles of oscillatory stress range +S,

and N, 'is the number of cycles to cause failure in this range. The
various ny can be expressed as

¢ fs o (2

where a; is the proportion of the time and f., the frequency of oscil-
lation 3t the stress range s§,. Tf is the tdtal time to failure of the
stressed part and is described by

(3)

This paper describes a set of measurements that were designed to
give an estimate of T.. They concentrate on the part o.f. which must be
obtained from the actlial field conditions. The N; requird laboratory
testing. '

Experimental Design

The record of strain (e) as it varied with time (t) was to be taken
for x minutes every hour whilst wind speeds exceeded a definite value.
This record can be considered as typicail for the encompassing hour per-
iod. The mean of the record was the existing static stress and is Zero
for the oscillatory stress record. Hence, the variance is given by the
second moment of the sample data as

.02(e) = HZ o ) (4)

Additionally, time may be introduced into the statistics of e(t) by the
correlation -
1 T/2
C(t) = Lim =l-"f e(t) e(t+c) dt (5)
2 | .

Toe -1/
which for a stationary process may be expressed as

Cx) = 1.7 b(f) e127fT 4 | (6)

- -
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po2=0- 05 f<0 - (8)

Equations. (4) and (8) are related by

- P
E=arr R R - R I P -

- -

gITeLIiz ZirT it : 62::?1"6({") df . (9)
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and G(f) represents the frequency content of e(t).

For the jth sample, the standard deviation is .. The system is
elastic and hence, the strains are linearly related fo stresses. The
frequgqgjeg;fqr g[?_strgjns,_kcﬁ,.are_now_required. For k =1
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If e(t).is assumed to be narrow banded and normally distributed about a
2ero mean then, using the Huston-Skopinski assumptionl , the probability
density for the peak magnitudes and of the envelope are given by the
Rayleigh _distribution S )
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hence St ke 172(k2-1) (12)
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Now if
N § N - (13)

then -
e~ 1/2(k%-1) f.6;()df (14)
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N as,a function of k can be obtained from endurance test data. Then
for the j~ sample of a year record, the ratio in equation (3) is

1 "-" fj(k) '
24x365 1 Ay dk (15)

e F.(K) 1
Tf- § {fo —Fhﬂ- dk} (16)
_ The field experiment is, therefore, required to provide a record of
e(t) for x minutes of every hour that the wind speed exceeds a definite
value. Hence, e{t) and v(t) should be recorded. (Later in the paper

these records are needed to improve T_ by the inclusion of effects beyond

one {ear). The experiment for N{k) sﬁou]d provide typical endurance test
results.

and

Data Recording Device

The field experiment outlined suggests the requirements of a data
recording device. Four approaches were considered, namely a strip chart,
F.M. analog magnetic tape, digital magnetic tape recorders and a mini-
computer with digital to analog conversion. The strip chart recorder
was not employed because of the anticipated large data output with the
resulting unrealistic time demand for data reduction. Although the F.M,
tape recorder allows the use of any analysis techinque and the eriginal
data is retained, its use was abandoned for the following reasons:

a) each recorder available is limited to 14 channels,
b) over 500' of one inch wide magnetic tape is required for each hour
‘ of recording for each 14 channel recorder at the required 1 3/4'

per second tape speed,

c) additional hardware (digital recorder or mini-computer) is re-
quired to place the data in digital form,

d) high power requirements,

e) calibration and calibration maintenance is difficult,

f) cost comparable to complete digital recording system with many
times the input channel capacity,

g) the electronics for the input measuring devices or transducers
have to be a separate package. '

) Finally, the mini-computer was not used because of the large initial ex-

penditure inspite of the advantages. Also, the incorporation of a mini-
computer into the tape conversion step would provide the maximum faci-
1ity in analysing the data but was too expensive.

The conclusion was to record the data in digital form and to use a
main computer facility for data reduction and anlaysis. In this way the
complete instrumentation was designed around a single system with maxi-
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mum reliability and minimum cost for each input channel. The main dis-
advantage in using the digital format is that once the sampling inter-
val is selected, estimation of intermediate points leads to some doubts
concerning the validity of this output. The initial selection, then,
proves to be important.

The digital system used in this project was the Sea Data Corpora-
tion's incremental four-track digital cassette recorder, Model 610. The
attractive features of the system are:

. size (the recorder is 4.4" high by 3.9" x 3.7");
inexpensive ($1200 with recorder and data stream electronics);
11.5 m. bits per tape (standard cassette, 0.15" wide tape);
high speed (300 steps per second at 4 bits per step);
high density (800 steps per inch or 3200 bits/inch);
modular construction (free choice of number of input channels up
to a maximum sample word size of 400 bits); :
low power requirements (2 amp. hours from 9-15 volt source to re-
cord 300' tape over any time period);
only siX moving parts;
all parts replaceable in the field without re-alignment;
. transducer electronics can be incorporated into recorder design;
11. data capacity expandable in 11.5 m. bit blocks with only one trans-
port and motor driven card required per block ($700 per block);
12. full line of electronic cards available;
13. high accuracy (1 sample or less in 10,000 lost in field experience
. of tape conversion);
14. four hours of continuous sample data on 300' tape using 44 8-bit
data channel, 12-bit clock and sampling twice a second.
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The instrumentation package consists of an incremental digital cas-
sette recorder, three printed circuit cards which controi the recorder
and data stream to the recorder and a clock card that generates the
pulse, which control the data shifting and other time-oriented functions
of the recorder. Associated with each pair of input channels are four
single.cards; one contains two-frequency counters and shift registers
(adjustable from 4 to 16 bits), and the other three are used for voltage
to frequency conversion, bridge amplification and bias adjustments.
These last three cards and all remaining electronics were designed and
built at the University of Washington with the idea of taking full ad-
vantage of the Sea Data recording system. Fig. 3 gives a schematic of
the instrumentation and recording package layout.

Figure 3 indicates the operation of the System. Transducers pro-
vide various types of information and the first card depends on the
class of measurement. In some cases, the input signal is passed in to
a bridge and run through a signal conditioning card where the bias or
off-set can be adjusted, the polarity reversed and a zero to ten ampli-
fication applied. Thus, amplification is employed in the field for
scale factor or calibration adjustment. Where the bridge circuit is not
used or where large amplifications are not required, this card is set up
as the input to the transducers. In this circumstance, either a blank
or a card » h additional electronics, depending on the type of measure-
ment being made, is inserted instead of the amplifier card.
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The next step is to a voltage to frequency converter which operates
a zero to ten volt input to provide a 0 to 10,000 hertz output. The
next card makes a frequency count which is stored in a shift register.
A1l input channel signals are stored at the ‘same time in their respec-
tive registers and then upon a clock signal are shifted in a serial fash-
fon onto the tape. This means that all the shift registers for each in-
put channel are wired together and the data are shifted, 4 bits at a
time, from one register to the next, directly onto the 4 tracks of the
cassette tape. The tape records 300 steps per second at a density of
800, 4-bit steps per inch. This operation enables addition or subtract-
ion of input channels to be readily made. The maximum number of channels
1s limited by the stepping speed, shift register size and the time nec-
essary to count the input frequencies.

The recorder system designed for this project has 44 8-bit input
channels and a 12-bit clock channel. The 8-bit shift registers have a
maximum count of 256, including the zero bit, which gives a resolution
of 1/256 times the maximum output allowed in the calibration adjustment
for each transducer. When run over scale, the registers recycle. Each
data word is made up of a 5 step gap, 2 step preamble (where both are
used by the cassette reader in tape conversion), 91 step data block (2
steps per 8-bit register times 44 inputs with an additional 3 steps for
the clock) and a single step longitudinal character check. This allows
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 channel sampling rate is twice every
second and two sampling modes are possible. In the continuous mode, a
total of 4 hours of continuous data can be recorded on one 300' cassette.
In the sequence mode, x = 17 minutes. Then, 2047 events are recorded at
each start and a cassette holds 14 records. The sampling rate and se-
quence time (x).can be changed by alterations of the power control card.

The recorder may be operated manually or automatically under auto-
matic control. It is initjated by the wind indicator reading a definite
wind speed (20 mph). The wind speed is sampled for one minute before
recording actually starts. This initiation procedure can be performed
by any of the input transducers. If the wind speed is maintained at
over 20 mph in the one minute pre-sample, then 2047 events are recorded
in 17 minutes. The system then turns off and repeats the process 43
minutes later until the wind speed drops below 20 mph. The adjustments

gor thedtriggering and record period are made on the wind speed monitor-
ng card.

Instrumentation

-The recorder system previously described 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 (W1, W2)

2 - wave pressure transducers iP], P2)

4 - anchor cables Al-A4) -

18 - horiz 1tal trunnions (THL1-4HL1, THT1-4HT), 3 and 4 HL2 3
and 4 HT2, 3HRL1-3HRL3, 3HRT)-3HRT3)
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12 - vertical trunnion (w1, 12, 2n1, 2ve, 3V1-3v4, 4V1-4v4)
anchorage rods : : .

3 - center locks (c1, c2, ¢3)

1 - end lock (L1) :

2 ~ support beams of {S1, s2)

vertical trunnions

Figure 4 shows this arrangement with identification through the paren-
thetical symbols. The first eight channels listed record input data of

wind velocity and wave force. The remainder measure strains on critical
points of the drawspan mechanism, _

The anemometers used (W1, W2) had a range of zero to 80 mph and
were made by Weather Measure Corporation Model W121-5D. The wave pres-
sure transducers (P1, P2) were from Viatron, Model PTB102G with a pres-
Sure range of zero to 15 psi. The final input was to determine anchor
cable displacements (A1, A2, A3, A4) over a 20" gage. Figure 5 shows
the arrangement where the change in gage length is recorded as a signal
from the L.v.D.T.

The various strain gages were from Micro-Measurements Division of

Vishay Intertechnology, Inc. The horizontal trunnions and end locks

were serviced by CEA-06-125UR-~350 rosettes; the tension on the center
locks and anchorages was measured by EA-06-250TB-350 gages. Figure 6
shows a typical set-up for rosettes at a horizontal trunnion. The gages
were located from the results of finite element analysis whereby posi-
tions with very small strain gradients could be ascertained.

_ Hdusing for the recording system was in an instrument shack located
by the central tower on the southwest side of the drawspan. (Fig. 4)

Data Accumulation

- The recording process produced digital data which were suited for
immediate computer analysis. In this way, f.(k) in equation {(16) could
be obtained. Visual records were of interest and strip chart plots were
assembled. Typical records are shown in Fig. 7. Hence, Fig. 7(a) gives
the strain:time picture in the vertical trunnion anchors and 7(b) in the
horizontal trunnions.

Discussion IR

The work described concerns the early stages of the maintenance

-study program for the Evergreen Point Bridge. The theoretical argument

leads to a description of T,, the 1ife span of the element. The use of
Miner's hypothesis aliowed g simplification in the analysis. However,
should another hypothesis show better agreement with results, then it
can be included in much the same way. Such an hypothesis will be a func-
tion of n, and N. and hence, the novel theory leading to equation (14)
will alwa}s be applicable for the n. part. The prototype results N.

have to be generated in laboratory tests. 1In this work, it is prop&sed
to determine the correlation between the structural and material values
of Ni and ‘hence, provide a correction to the material test data.

The determination of n; was based on one season of strain reading.

10
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It is realised that this can be generalized to fit into many seasons.
Available are ten-year readings of wind velocity at the Evergreen Point
Bridge site. This allows a probability distribution of wind speeds to
be determined and the one season results take their place in that dis-
tribution. A study of the wind means versus standard deviation of
strains is expected to provide a relationship between wind and strain
so that long-term strain results can be predicted from the wind distri-
bution. Thus, the range of f_{(k) in (14) can be extended and Tf mod1 -
s . J
fied in equation (16).

The instrumentation and recording system described works efficiently.
As data are accumulated, it becomes apparent that certain channels only
provide confirmatory readings. For instance, the two gages on each ver-
tical trunnion anchor rods need not be recorded separately but may be
averaged before recording without loss of accuracy. This release of a
channel will allow new strains to be measured and an extension of the
wave pressure measurements to be made.

Although all of the instrumentation works well, one set of results
causes concern. A comparison between the strain:time diagrams of Fig.
7(2) and 7(b) show very different forms. In Fig. 7(a), the signals from
the vertical trunnion anchors have a continuous form well suited for
analysis. A1l other results are of this form except those from the hori-
zontal trunnion. Here, as in Fig. 7(b), strain spikes occur and the in-
strumentation and recording system is not suited to this intermittent
signalling caused by wave battering. The 2 hertz sampling conceals the
peak values of the intermittent recardings. Alternative recording meth-

ods have been introduced which holds the maximum value in each 1/2 sec-
ond period.

Conclusion

The background for determining a maintenance program for the draw-
span part of the floating Evergreen Point Bridge and the design of the
system and the intentions with respect to the work have been described.
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APPENDIX B

PROGRAMS DEVELOPED IN 1975-76

EGFBP - Initial tape conversion

Computes, lists and punches minimum, maximum,
mean and standard deviation.

Data stored on tape in original sampled form.
SDTPR - Data re-arranged, improper data removed.
DMFFT - Fast Fourier Transform coefficient computation.

Location of major peaks in raw spectra and
punching of values.
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APPENDIX C

STATISTICS FROM TAPES E921-33
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