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INTRODUCTION

This year's work (1976-77) has had three phases:
1) Maintcenance of instrumentation
2) New instrumentation

3) Analytical work

The phase involving field instruments was limited. However, it must be
pointed out that costs were not diminished because of this condition.
Preparedness without measurements is as expensive as Preparedness with

measurements. Appendix A displays the reduced data obtained in the year.

.
The first two phases above were handled by the Research Engineer, Mr.

Derald Christensen. Mr. Christensen as well as Messrs. Bright and Vasu
were involved in the analysis. The project was under the direct super-

vision of the Principal Investigator.



MAINTENANCE

The state of preparedness necessary to complete a set of measurements was
maintained over the year. In particular, in che Fall, the electronics
were completely checked. Even though nothing had changed in the Summer,
it was found that the noise had risen bevond a tolerable level. Thus,

resulted a considerable rewiring and reseating of some gages.

Changes in anchor cable lengths to off-set water level alterations in the
lake were made without prior warning to this project. In each case bending
a fracture of the 20" arms of the displacement transducers occurred. These

were reinstalled.

-9



NEW INSTRUMENTATION

In March 1977, nine pressure transducers were installed in a linear array
along the south face of the bridge. The array starts appreximately 400 feet
west of the control towver, with the individual transducers positioned at

11 1/2 foot intervals at a location five feet below the gtill water level.
The pressure transducers were originally purchased for the Hood Canal float-
ing bridge project and required rebuilding and recalibration for the

Present use,

The pressure transducers were m&unted in water tight housings attached to

1 1/2 inch galvanized pipes. The pipes are about 14 feet long with an arm

at the lower end, placed under the submerged edge of the bridge. The upper
end was attached to a turnbuckle which was in turn bolted to the lower sup-
pPort bolts of the wave deflectors. This provides a very simple and inexpen-
sive installation, at a total cost of less than $300. Figure 1 shows the
location and Figure 2 the housing arrangement. Thig arrangement was built in

the Civil Engineering Department shop.

The pressure transducers were wired into the channel locations given in
Figure 1. It was found from earlier data analysis that instrumenting adjacent
tension rods was not necessary and that they could be averaged together.

This released six channels. The other three necessary for the transducers
were provided by channel 34, the center lock, and the original wave transduc-er
channels. This special data can be recorded separately on a spare digital

casselte recorder that will be available.



PrIGIING INZWAMASNT

Y3IMme ] T10BINTTD

NOIIVI0T YI0QdSKVEL

T *DId

o

ThT

.

D1 2Zbi

4 nd

+ T

3
+ o

-

T

Fo

|
g

SBISHWNN

32NOSNYEL




AN

N

N

N
i

9. o™

AN

\
™

D
ﬁ

T Wave Defrector

STesL. PLATE

TuvANBYCL KLE

- Fitowg

PieE

MeaN Lake lever

)
el /

NN

N
- <%

T~

TRANSDUCER SUPPORTS
FIG. 2

-5~

v
-
b

// / -J; ’LWATEK—TIGHT PrE3ISURE Transpucen
L

Hounping

™  STgeL PLare



The main objective of this project is to provide the background material for
a graduate student thesis project. The purpose of the thesis is to study

the effective crest lengths of random water waves on the vertical sides of
the bridge as a function of wind speed and direction. It has been shown thlat
the effective crest lengths play a major role in defining the amount of
energy that is being transmitted from the waves te this type of structure.

(Ref. 1}

If a realistic relationship between the effectivercrest lengths and the wind
speed and direction can be found, a better understanding of the relationship
between the wind conditions and stress }evels on the major structural com-

ponents of the bridge can be obtained. In particular, the critical drawspan

components stresses will be more readily predicted.

Appendix B gives the calibration information of the transducers.
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ANALYTICAL WORK

The analytical work for the year has fallen inte the development of theory
and the application with respect to existing data. Thus, for the twelve
vertical trunnions 1V1, vz, 2vi1, 2v2, 3vi, V2, 4V1, 4V2, estimates of
fatigue life were obtained. This section of this report deals with such
matters. First a revised fatigue life prediction theory is presented.

This modifies the theory of reference 3 to allow direct predictions on limi-

v
ted data - ng% of it at high wind speeds.

The next part considers the relation between short term and long term
strains. Here the relationship between‘short term wind and strain is
developed by a regression process. The wind is taken vertically and the
strains related to wind speed and direction. It was tempting to go further
and include the fetch in the analysis. However, the actual fetch was not
measured. When the wind direction was plotted on the local map and hence
the distance to land determined, a theoretical fetch was obtained. This
presumed that the wind and wave directions conincided and that no deviation
of wave direction occurred. These assumptions were probably not valid. The
inclusion of such a hypothetical fetch into the regression improved correla-
tions marginally but resulted in a negative exponent on the fetch term.

This physically impossible effect suggests that the information available

Was not appropriate for the inclusion of the fetch term.

Alsc developed in the regression work are the correlations by which the

adequacy of the analysis may be judged.

EEN



The final analytical step involves the development of the long term wind
data as a distribution. Here two possibilities occurred. The long term
measurements on the Evergreen Peoint Bridge were complete but only recorded
at 8 hourly intervals. However, the Sand Point site measurements were

made at hourly intervals but revealed speeds which were smaller than on the
bridge. A future task will involve determining a relation between the two
so that the duration of the wind on bridge can be properly taken into
account. In all this work a long-term data maximum entropy methods were

employed.

The final part of the analytical work inveolved applying to the theory to

the trunnion fod and wind data. Using bosed S-N curves various predictions

of fatigue life were made. Two shortcomings were evident. First the S-N
curve employed was critical and confidence can only be assured when fatigue
results on the actual members are available. Second, the average time for
which wind speeds were sustained could only be guessed. Dramatically different
fatigue lives were evident depending on whether a single or eight hours was
used. These two matters are critical features of the 1977-78 work. The

first will be dealqﬂ'with by laboratory experiments, the second by comparing
the chronological measurements from the bridge and Sand Point. It must

be pointed out, the second problem is only important in the design process.

In that process an estimate of expected life is important. In the maintenance
problem where the residual 1life is required and where full wind signals over

the previous life exist, the proposed methodology is adequate.

One difficult part of the practical example is the determination of the sig-
nals which reflect stationary conditions. This decision process is developed

m the re . where 71 availavie s.: .33 ave reduced to 19 staticnary ones.



FATIGUE LIFE PREDICTION THEORY

It was initially intended to use Brown's (1976) development of fatigue

life expectancy in this work.

where failure occurs when

nj
E —_—
i N;

That theory was based on Miner's hypothesis

1 (1}

where n; is the number of actual cycles at osecillatory stress range + Sy

and Nj the number of cycles to

u4 can be expressed as

ng =

where @; is the proportion of

tion at + S;. T is the total

by

cause failure at that range. The various

Tf £1 (2)

the time and f; the frequency of oscilla-

time to failure of the part and is described

] (3)

The treatment proposed was to examine and analyze the measurements of

strain to determine % f5.

hourly data, Wy providing
02 (e)

Time, and hence frequency

correlation
c(t)
with inverse

D(f)

The process involved the second moment of the

the strain variance in the form

my W

was introduced by the stationary process

.[: D(f) e 12nf+ df | (5)

17ty e TimEry, | (6)



D(f), the two-sided spectraldensity function, is related to the one-sided

spectral density function for positive frequency by

G (f) = 2D(f); o< f <=

= s £ <0 {7)

which is related to the variance by
02 = [ 6(f) df (8)

where G(f) represents the frequency content of e(t). For the jth
sample, the standard deviation is ¢ and frequencies for strains of k o, are
consideréd, For k = 1

£y (k=1)' = $_2 j:’ £ G (f) df (9)
j .

and 1f frequencies and probabilities of peak magnitudes are related by

£100  _ Py (K | (10)

50 7o

then fj(k) can be obtained from the probabilities. For a narrow banded
signal and e(t) normally distributed about zero mean then the probability
density for the peak magnitudes i1s given by the Rayleigh distribution;

(Lin, 1967),

k _ -kZ/ (11)
P3 (e = koj) = 9 e 2
then from {10)
. - 2_
£ ) = Eope BE1) ™ g ey at (12)



The analysis of aquuatersignals for strains in the above manner could lead
to inclusion in (3) and the determination of T¢ provided stress (Si) was
linearly related to strain (ey). At first it was expected that the 71
hourly recordings would provide a sufficient base for such an activity,
However, in the conversion of single year to long term strain information
only 19 of the 71 readings could be retained for reasons described later.

This suggested using Clough and Penzien's, (1975) direct appreoach as follows:

For (1) the continuous expression

1 = 7 ;E:; ds (13)
is introduced where
n (s) = 5 p(s) - (14)
S -s2/g 2 (15)
P(s) =77 e :
S

Here wTf is the total number of cycles at frequency w to failure and p(s)
2w

is the Rayleigh distribution, applicable for a narrow band process,

men _S 2/632 "1 /

[A] 0 S’ e
Tg = [5;;;7 fo NS ds] (16)

Such a result is more direct than originally proposed and is suited for

4 limited data base.

The form of Ni or N(S) in both approaches must be obtained from the

S-N curve of the component. A familiar form often used is

nS) = EhP oy, an

-11-



When S is the known stress level and Nj 1Is the cycles at stress Sy, then

the gquadrature of (16) may be completed as

: -b/2
_ 2mN, ,5; b 2
Tf -————m 1 (05 ) - (ETZ) ! {1.8)

In this case, og is a proportion of a(e) of (4) and, with w, is directly
obtained from the measured data. §j, Nj and b are from the posed S-N
curve. The initial method, in the light of sufficient data, would allow

a more accurate estimation of the w term.

-12-



ANALYSIS OF FIELD MEASUREMENT

In order to obtain long term strain information from limited strain
data, three forms of analysis are performed. First, the short term wind
and strain data are related by a regression process. Then the long term

discrete wind information is analyzed to give a long term wind distribu-

tion. Finally, the relation between wind and strain.is introduced into
the long term strain estimate. This final step is direct. The first
two analytical processes are described here.
1. Regression analysis of wind-strain data.
In general, regression analysis is a statistical procedure in
which a relationship between two or more items, called variables, are
expressed in an optimum mathematical fprm subject to specified criteria.

In the work of this study, the measured signal strain was analyzed to

find
e = £(W)

Subsequently, it was found that good correlation between wind
speed and strain was not possible. Another factor, the direction of

wind, was included in the form
e = f{W,0)
The above relation was written after regression analyses as

£ =kwh&2

where © = Cos 8

-13-
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(20)

(21)



This becomes

log € = 1log k +bjlog W +b, log © (22)
loge = Y log W = Xy
log k = b, log 0 = X,

then equation (52) méy be written in the form
2
Y = I biX; (23)
i=o
Equation (23) is the linear model used in regression analysis
to predict strain
To estimate the coefficients by, by, by, the method of 1eést
squares was used. This method assumes that the best approximation of
fhe actual functioﬁ is the one in which the minimum sum of squared
normal deviation exists. The deviations are the differences betwecn
each observed Yj and the calculated Y;€ where i = 1,2... n. Thus
letting di = Y4 - Yic, the coefficients of Yic are obtained by
determining the situation where
n

min I di*— (24)
i=1 -

is yielded. This is accomplished by taking the partial derivatives of
n

13 di. with respect to each parameter and setting the results equal to
1z1

0. Thus, a set of simultaneous equations are generated and are called
the normal equations. Solving these for the coefficient gives us the

least square curve for a given data sample and chosen functional form.

14—



In the particular case of this study, 1f the observed value is

Y; and the calculated value is ¥{° then : .
Yy = by + by x) + by X, (25)

The sum of the normal deviation for all observation in the data

sample (i=1,2..n) is

n 2 n c 2 n 2
I dy = I (Yij-Y3 ) =12 (Yi-by-by x1;-by x, ) (26)
1=1 i=1 i=1 i

Taking partial -derivativewith'respect by, b3, b2 and setting them

equal to zero results in the normal equations.

n 2
’ iildi o
b = I 2 (Yi"‘bo"bIXll"bzle) ("’1) =0
0 i=1
o 2
i iildi - '
b " L2 (Yi—-bo—blxlihbzxzi) (-%) =0 (27)
. 1 i=1
n
2
Siz-ldi a
—— = § 2 (¥4=bo-byxy;=boxz ) (~x5) = 0
ob, i=1
Rearranging the above we get
i\ Yi = bon+bl i xli+b2){2i
-— - 2
i x14Yi = bg i x11+b1§xli +hoTx) %, (28)
i i
B 2
P xziYi =by L x2i+bl;xlixZi+b22X21
| i i 1

Solution of Equation (28) gives the values of the coefficients,

To evaluate the validity of the solution certain standard tests are used.

Four tests ure now described,

-15-



A. -Correlation Matrix

This matrix describes the cbrrelation'coeffi&ients for all combination
of variables, independent and dependent. The correlation coefficient ex-
presses the degree of association between two or more variables. This gives
insight into the relationship within the data. |

For two variables the coefficient of correlation is

n
- £ * X
P, 1/n 1 (xli—xl)(xzi xz) (29)
0!(]_ sz
vhere

i=1,2,3,....n 021 = Std. deviation of x;

X, = independent variable 1 O, = Std. deviation of )

X, = independent variable 2 n = number of observation

The value lies between -1 2 £ > 1

In general, the correlation matrix for all combinations is

-pll Cevaneneees ]
Pry = | Por Pog weeeeeennns - (30)
pil pi2 05_3 .as pij
where pll = 022 =1 ) -
and (i # j) is the correlation between variables i and j.

hY
B, "R" (Multiple Correlation Coefficient)
This indicates the degree of association between independent and de-
pendent variables in the equation. The higher the value of "R'" the greater the

reliaBility of the association.

The quantity "R" is given by

E
R = + Explained variation _ + 2E£§m___ (31)
ratnY veriation L(Y-Y)




¥ = True value of the measured strain
Yest = Estimated value of the strain using
the calculated coefficients

The value of "R" varies between -1 and +1.

C. Standard Error of Estimate

This indicates the degree of variation of the data about the regression
line established. Mathematically, it is a measure of the error to be ex-
pected in predicting the dependent variable from the measured independent
variable in the equation., It is expressed as a percent of the mean observed
value of the dependent variable and has the form

. standard error of estimate
mean of the observed value of Y

x- 100 (32)

D, "t" Test

This indicates the significance of the regression coefficient of each in-~
dependent variable in a regression equation. In general "t" must have at

least 2.0 for significance.
Indepent variables which have a computed”t"less than 2.0 do not have a

significant relationship within the dependent variable and therefore have to

be deleted. The t value is given by the quotient.

. regression coefficient (33)
standard error of coefficient

2, Long-Term Wind

The long-term wind data obtaingd from the State Highway Department was
analyzed to determine the wind distribution, The pPrincipal of maximum entropy
was used to determine this distribution. A distribution function f(x) is

chosen such that 1t maximizes the entropy subject to constraints on the data.

=17~



This
b
H= - fa f{x) In f(x) dx (34)

- 1s maximized subject to constraints

b
Ia f(x)dx -1 =0

b
fa xk f(x)dx -~ mp = 0 (35)

£(x) >0 a<x<b

where m is the kth moment of the data. The analysis is by introducing the
Lagrangian multipliers Aj, j=0 to n and restricting k to two parameters, mean

andvariance. Then the distribution fungtion is

fix)

exp(-A A %A 2x2) (36)
where

2
A =%‘Ez + 1n o¥2%r = 1n dx

0
- m
p% R+
1
Ay = 252



FATIGUE LIFE PREDICTION

1. Long-Term Wind Data:

Wind data from the Evergreen Point Bridge (Table 1) and Sand Point
(Table 2) was analyzed by the maximum entropy approach. The information
of Table 1 was from hourly measurements at 8-hour intervals and Table 2
from hourly measurements.

2. Wind-Strain Correlation:

The 71 records of wind speed and strains shown in Table 4 were
analyzed to determine an interrelationship. It was seen from the low value
in the partial correlation co-efficient of 0.3 that the wind speed was
not the only factor contributing towards the inducement of strain in the
vertical trynnion rods. Another important factor was the direction of
wind. The partial correlation co-efficient of the fitted equation was
around 0.4 to 0.5 when wind speed and direction were included. This low
value was due to the non-stationarity of the record. To eliminate non-—
stationary records the complete data was studied in the foilowing way:

a) Records in the first three hours of a storm were rejected.

B) Records in a storm where the strains had increased and the
wind speed decreased relative to the previous record were rejected.

Using a) the 71 records of Table 3 were reduced to 24 of Table 4.
Using b) the 24 records of Table 4 were reduced to 19 records of Table 5.
In this way , a conservative data base for stationary events was obtained.
" Only 19 records were available for the regression analysis. These 19
records were analyzed, the partial correlation coefficient of the fitted
equation for the vertical trunnion was between 0.75 to 0.82. This was vastly

superior to values obtained from wind alone, and is acceptable.

19~



To dmprove the correlation further the feteh values were cstimated for
the corresponding wind direction and considered as another variable in the
regression analysis. The partial correlation coefficient increased by small
amounts, but the cocfficient produced a negative exponential. Hence, the
fetech was climinated on physical grounds even though it ‘improved the par;
tial correlation cocfficient,

Table 6, contains the correlation matrix of all variables, Correlation
between the wind and strain is about 0.8, The correlation between the two
adjacent rods is around 0.99 which indicates the spatial uniformity of the
data. Table 7 contains the typical regression analysis for rod IVI showing

the statistics and the coefficient of the regression equation. Fig. 4, shows

2 plot of actual values and the estimated function for trunnion IVI. Table 8

tabulates the regression equation for all the vertical trunnions.

~?|‘-
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STRAIN

PLOT OF TRUE VALUE OF 1V AND ESTIMATED VALUE OF 1VI(WIND & DIR}
POINT REPRESENTS TRUE VALUE - CURVE REPRESENTS ESTIMATED VALUE
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2.0 1 1 1 1 [ 1 1 L] 1 i
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EVENT

FIG 4 . COMPARSION OF ESTIMATED AND TRUE VALUE OF
VERTICAL TRUNION - 1V1



—

TABLE 8,
k R = Partial Correlation Cocfficient of the Regres

REGRESSLO} EQUATION FOR VERTICAL TRUMION

Y = A (uind)™ cos™

sion Equacion*

Component [Varfiable

Part Namea Cocffic{ent{St. Err| T-val |Par Corr|Fitted Equation
Const -3.59690 1.36955(~2.6263

w1 Log Wind{ 2.20460 +A18S6 | 4.24711 0.7964 [y = 0.0275w2 20360, . 4016946
Log Cos | 0.16946 067141 3.5945] 9. 6684 R = 0.77632
Const  |-13.6630 1.27823{-2.8683

2v1 Log tiind| 2.22721  10.39065| 5.7013] 0.8186 |v = 0025342 22721, ¢0- 19060
Log Cos | 0.19060  [0.04002] 4.3317] o0.7347 R = 0.81550
Const  [-2.83395  |1.24679|-2.2730

) .182837

V2|l Uind| 199306 0.381041 5.2305! 0.7943 |v = 0.048741 99306, ,0-18283
Log Cos | 0.182337 {0.04292] 4.2499] o.7290 R = 0.79745
Const  [-3.57290  |1.29525|-2.7535

w1 Log Wind| 2.17215 ~ 10.39585| 5.4575| 0.8081 |Y = 0.p2uow?+ 172156, o0+ 188608
Log Cos | 0.188603 [0.04485| 4.2299] 0.7266 R = 0.80552
Const  {~3.29443  [1.24371]-2.06489 '

w2 Log Nindf 2.08725  10.35010! 5.4913[ 0.6083 {v = 0.0371u2-08725, 40176357
Log Cos | 0.17635  [0.04281] 4.1191| 0.7174 R = 0.80255
Const  [-3.91809  |1.16914{-3.3513

3v3 Loz Hindi 2.06500 1035731 5.7793] 0.8223 ¥ = 0.0198u% %65 ceg o0+ 162644
Log Cos | 0.162644 [0.04247] 4.0411] 0.7107 R = 0.81005
Const ~4.04136 1.25243(-3,2268 2

34 Log Wind[ 2.09450  10.38276] 5.4720] 0.8073 | = 0.017542-%%5¢eq o0+ 2240
Log Cos [ 0.22400  |0,04311] 5.1584 o.7902 R = 0.83089
Const  1-4.73779  |1.50968(-3.1333

4

&1 Los Wind[ 2.49710  10.46133) 5.4122[ 0.7042 |Y = 0.0056w2* 497 oo, 4018263
Log Cos | 0.182485 {0.05197| 3.5133| 0.6597 R = 0.78015
Const  [-4.02782  |1.49574!-2.6929

4vz  lLog Wind| 2.28220 |0.75712] 4.9925| 0.7804 |y = 0.017842+ 2822, 4016647
Log Cos [ 0.16647  [0.05149] 3.2331] 0.6236 R = 0.75098
Const  1-2.97093  {1.37777)-2.1563

F{

4v3 [o8 Wind| 1.83708  10.42167{ 4.3629{ 0.7371 |¥ = 0.0511-83708,, p0+ 14618
Log Cos | 0.14618  [0.04742| 3.0822] 0. 5104 ~ 0.7104
Const  [-6.49896  |1.45683|-3.0832

w4 [of Wind| 2.24803  10.44523) 5.0492| 0.7838 |y = 0,011u2- 24808, _ 60+ 13009
Log Cos [ 0.13009 [0.05015] 2.59¢1) 0. 5441 R = 0.72868
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ESTIMATION OF LIFE

Equation (18) was used to estimate the life of the vertical trunnions.
This required the determination of w, the oscillating frequency of the member;
S , the maximum amplitude of oscillating stress; Gs’ the standard deviation of

$ ; N, the number of cycles to failure at §. and btm

the slope of the S5-N curve.
The frequency of oscillation, w , was estimated from the empirical

relation (1)

F—0.31 u—0.38

w=k (37N

where k = 171.1 F = fetch iﬁlft. u = wind speed (ft/sec)

The regression equation obtained gives values of standard deviation of
strains from known wind speed and direction. Thus Oy, ;tandard deviation
of stress, is obtained directly by introducing the long term wind data
into the regression equation. The harmonic stress amplitude or actual
stress is determined as 30, in addition the prestress fofce of 12.85 ksi
in the rods. This means that S includes 99% of the expected stress range.
N, S and b are obtained from a posed S-N (Fig. 3) curve for the
material of member based on its mechanical properties (Appendix) assuming
that it takes 1 million cycles at 30 ksi and 1/4 cycle at 137. 4 ksi.

These matters are illustrated in the following example for vertical
trunnion IV1.

"1) Calculation of strain

Wird speed: 55.00 mph Fetch = F = 3.55 miles
Direction:  South = 0° E = 31.25 x 10 psi

Using the regression equation of 1V1 from Table ¢

-3z-



0.275 w2204 0,0-169 | 158 5 micro straig

Q
n

= 188.22 x 31.25/1000.0 = 5.882 kip/in2

Q
n

W
f

= 5,882 x 3 + 12.85 = 30.52 kip/in2

2) Estimation of cycles
To estimate the cycles to failure for 5 (harmonic stress amplitude)

from the posed $-N curve, an equatiocn of the form was employed.

N = N x8 N.X 8§

1 -2- =1
27k %5
where ) yl = the number of cycles required-at stress range

of 30 ksi. -

§2 = the maximum stress range of 137.4 ksi.

§1 = the lowest stress range of 30 ksi.

K = stress intensity factor

S = the harmonic stress amplitude attained for

particular wind speed.

Thus, using above equations and from the estimated harmonic stress

amplitude S of 30.52 ksi for the previous section, then

N = ION = 9.357 x 105 cycles

3) - Estimation of Oscillating Frequency (1)

-0.31 -0.38
u

w =kF = 1,526 radian/sece

-33-



4) FEstimation of b

log N, - log El

ee

log S

g = e 5

5) Time of Failure

o

r = 2§ S p7b/2
£ w o )- /2!

S

7.753 x 107 sec

t

24,55 years

6) Percent Damage
no. of occurrence of that particular wind = 26
no. of years = 10 years

no. of occurrence for 1 year = 2,6 hours

2.6 x 100
24 .55 x 365 x 24

% damage for one year

f

0.00002068

=34
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STRESS INTENSITY FACOTR
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STRESS INTENSITY FACTOR
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TABLE ‘g’ ESTIMATION OF LIFE

EVERGREEN POINT BRIDGE

STRESS LLFE LN YREAH {oN HaUR DURAT LoH)

INTENSITY }yyy | 2v1 | 2v2 | 3vl | 3v2 | 3v3 ve  Javl | ava | Aav3 jAva Average
1.0 [58.67]54.1679.33190.27 (112.20 [1485.8 [1562.5 [49.93[95.77!1160.9 [906.5 {75.4
1.05 [25.2823.34(34.19138.90| 48.36] 640.3 | 673.45|21.52(51.27} 500.3 1390.7 {32.5
1.1 [N1.76]10.86(15.91|18.10( 22,50 297.9 | 313.3 [10.01(19.20} 232.3 |181.7 {15.4
1.15 |s.8s| s.40] 7.91] 9.0 | 11.19] 148.16| 155.7 | 4.97] 9.50] 115.7 { 90.40] 7.5
1.2 3.08] 2.84| 4.17| 4.74} 5.89| 78.09| 82.13| 2.69] S5.03} 51,02] $7.06] 3.9
1.25 | 1.71] 1.58] 2.31| 2.63] 3.27| 43.3 | 45.57| 1.45) 2.75[ 33.85] 26.43} 2.2
1.3 0.9 | 0.0 | 1.54] 1.52] 1.9 | 25.13| 26.45| 0.86| L.62| 19.65] 15.36] 1.2

SAND POINT

STRESS - LIFE IN YEARS (ONE HOUR DURATION)

INTESSITY [ 100 [ ay1 | 2v2 | ava | ava ava | ave | av1 | avz | av3 | ava
1.0 106.5 [102.1 |207.4 |140.1165.8 [2061.1{2223.7135.6 [181.6 |1270.8 11520.5
1.05 45.91 44.0| 46.3| 64.7] 71.4] 888.3] 958.4] 58.4| 78.2| 547.7| 655.3
1.10 21.31 20.4] 21.5} 20.1] 22.1] 41.2| 445.9| 27.2} 36.4} 254.8) 304.9
1.15 10.61 10.1| 10.7| 14.9] 16.5] 205.5§ 221.7{ 13.5| 18.1} 126.7} 151.6
1.2 s.6! s.3| s.e| 7.8} 8.7] 108.3| 116.3] 7.1} 9.5! 66.8; 79.9
1.25 3.1 2.9 1] 4.3t 4.8| 60.1) s4.8) 3.9) 5.2} 37.01 44.3
1.3 1.8] 1.7 gl 2.5| 2.8| 34.8| 37.6| 2.2| 3.0 21.5) 25.7

. =38~



Using the long-terﬁ wind data read on the Evergreen Point Bridge and
assuming that every wind measured lasted for 8 hours (the frequency of
measurement), then the estimated life of the trunnion 1Vl was 8 years. How-
ever, 1f it is assumed that the measured winds only persisted for a single
hour, then the estimated life increased to 58 years. This figure was reduced
to 6 years when the maximum static strength was reduced by 15%. Similar
results are obtained for the other interior trummions (1vr, 2vi, 2v2, 3v1,
3v2, 4V1, 4V2 on Fig. 1). These are given in Table 9 .

Using the long-term data for wind obtained at 1 hour frequency at Sand
Point and assuming a single hour duration of measured wind, the estimated
life of 1V1 was higher than | the 1 hour assumption from the Evergreen
Point measurements, as given above (Table 9).

In a way a paradox exists. The long-term measurements on the Bridge
are not at the same frequency as the shortnterm measurements and therefore
are not so attractive for the determination of cycles of loading N. However,
the Sand Point measurements are 1 hour frequency but the émplitude of wind
épeeds is much lower than on Bridge.

The approach favored here is to utilize the long-term Bridge data, but
treating the duration of wind as an undetermined value. Thus, the life lies
between 8 years and 58 years. This can be resolved by obtaining the chrono-
logical data for the Sand Point and determining the statistics of wind dura-
tion.

— As a final look at the results,Fig.6 shows the estimation of life for
tnmnion 1Vl using Evergreen Point Bridge long-term wind data with a single
hour duration for various values of structural static strength defined by the
material strength divided by the stress intensity factor. Fig.7 sﬁows average
estimation of life for all members obtained by averaging the regression co-

efficients of Table 8,
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APPENDIX B

PRESSURE TRANSDUCER INFORMATION

Calibration Factors

TRANSDUCER CHANNEL SLOPE SCALING FACTOR
NUMEER NUMBER (fe/v) (IN./Count)
1 22 0.91 -.341
2 24 1.96 -.735
3 40 2.01 -.754
4 28 0.88 ~.330
5 30 1.10 -.413
6 32 1.07 —.401
7 34 ~1.08 +.405
8 39 1.74 -.653
9 26 1.79 -.671
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TRANSDUCER CALIBRATION DATA:

EGB 1 EGB 2 EGB 2
fr v fr v £t v
.69 =5.04 4.86 -2.03 4.35 -2.16
3.30 -3.48 4,02 -1.55 2.37 ~-1.12
2,12 -2.18 1.99 -0.49 0.90 -0.41
1.09 -1.09 0.88 +0.024 0.20 -0.10
0.19 +0.35
EGB 3 EGB 4 EGB 5
£t v fr v fr v
4.32 -3.35 4,55 -5.19 3.84 -3.54
2.24 ~-1.87 3.25 ~3.63 2.54 ~2.29
0.75 -0.97 2.05 -2.19 1.29 -1.14
0.14 -0.62 0.83 -0.90 0.18 -0.21
0.13 -.18
EGB 6 EGB 6 EGB 7
ft v £t v £t v
5.02 +4.17 4.61 +4.24 4,65 -0.35
3.90 +2.99 3.35 +2.92 2.98 +1.27
2.74 +1.76 1.78 +1.33 1.81 +2.38
0.85 +).03 0.16 +0.17 0.54 +3.46
0.13 -0.30 0.17 +3.79
EGB 8 EGB 9
fr v fr v
4.81 -2.91 4,68 -2.68
3.24 -1.96 3.30 -1.85
2.09 -1.29 2.15 -1.17
0.96 -0.66 0.88 -0.51
0.18 ~-0.25 0.15 -0.15



