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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
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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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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.




2T=-29716%6 TC=J66R°T Z0=3GTIr*T 21-3FCh"T AINLS
. o o R - ..--_i.i.-..llllwa-.o,.m.h O0#3THA*H  CN4ZRTSE*T  [YI43IGRG'E  INT7ANY 74
) . £0-32% 05+3090°%  CO+3a%9*T  [N+43C06°C  30OYANTH
- — E-u;m.h NP4T2IL%G G094 JG0T  BI4IPEACF  Ipcwmcvey
L3 £y 2y Ty SAtN®HD
——— — - e hh £ _2n_ In i (A1 R
 4p=3¢fit¢ £0-362.°T _10-3790°2  T0-34S7°2Z_ ID-5666°1  20-79n1'9 23-37768°7  70-37e9t8  TD-ITLCG Tuwon._o‘ll!-- 3718
£0-3664°% ©0-37TR"9  0D+3962°% O0+3IHBE E GO43ICER' L OD4325T% GO+SIER'G O0043LFE°F  (043RCAR*F D3 +72%C*n  20T7riv Ty
§0-32224°3 _FO-In6/°9  OD43TER°C  0043450°C O00+355T°2 GO+2GER°F  DPL+7m24"C  (J43JRL*E 594372677  C1433A7°2 SPaaeyTH
20-3£3T°n  20-3521°2 (Q0+22%6°% GLCD43Twb"#% [O+43CE0°6 0GJI+36En*h 00436466 CO4ZE0R2°%  2)+3R%9°9  [D+3226T°2 3INTwA*yys
2d 1d ) 25 IS 11 £0 25 19 I FAM I T TILRVE S
! Bh 5f oL Lt af sf we £e 20 5 13N LD
16-3C25°6 LOD-I58T°F 20-366h°% TU-39)%°% 10-3522°F IG-0T5F°6 G0O#3E51°T 00+3%22°T 0043%5€°T 03 ¢581F°1
0J+43229"E__20=3212°T | p?usﬁ % 0G4IZETN 00434909° ¢  (O0+I6FR'FL CO+SFCE'S OQ+43PRT'E  020+439m0°s  Nh1e2h(pT¢
£0-3502°6 20~-Z5J2°T 00+3559*f  0043REH"2 6" 0* re B [ R
 DJeInIRTZ _ T0=3TTCT_QO0+35%Z9*h__OC43UNF9  0O0+550Lt 2 D047E5T°9 (Ce3nIZrR 1047 \3.|Q|8L..¥:mtS.n‘,:‘mhmti.uhd,.fziEi.
ZAn TAN whE TAT 2rE AT hz T2 20t AT Thyt
v 0s . 82 _ B2 L2, 92 €2 e 2 2T AImrTHY
~ 20-3E6G"T _ 20-3G50%0_ 20-70A2°2 T0-3§€*T  20-34£1°2 20-3APESY 7Fre3fSprr 20-3247°2 29-3006°1 T]-7RAGE AT
. 0G+5690°h 0n+2020°% J0+3526°F 004300T°% (N+39CE* L [0+3€62°F (D+zamun N0+3286°¢ DC+7222°T DO+=7ZE°f  =OOTANYZ4 —
o J0+309€66°F 0943Z02"F 00+3999°C LO+3800°H  G0+30ER° € _ 0047222  C2+725:°¢ N04359RCE  B0+37€2°F _ 2Y=2T36%2= rivreiry
0143521°% Ca+32ho"h 0043620°% GL+Int6% DL4+20BEE  CCHITSSEYT  CO#SA7 %  J043/2T°%  00+43I269"F 03+3202°%  3pmyasxel
. ] 21y 240 TEHe  _ Tew €1¥ME__ ZLHHE TiskE CUGHT _ ZeWS . TTHHE TRTLTAD
2 61 97 27 ar £l "1 £ - 2T & SN - T T VL T
23-3302°2 2N=-3R06'§ 20-3ehE'T 20-364T°% 20-3990°2 10-40£2°2 ¢0-3:64°T 20-3129R"% C0-3n0k % T1-3570"F F371S
o L043T25°%  00+36nT h  GO+3HDC*4_ 00+392R°C  QO+3G86° L 00424952%h  D2+324%° 7343922°9  TO~AC0G  BYeTLZHCZ IO AN AW
00438S8°F 0143250°% D0+3226°C Q0Q41Z498°¢ 00+3268° % GCO+2362T*% OU+32hF*T DI4560T°9  TR-TG8L42 Lo EI T FATTS SO
J0+3063°n 02432797 H  DO+33GN*H_ GO+3IZ6Th_ DC+5HGL%%  BGH3T3H"6  C0+3fnT'n  [I4230670°9  TR=5546°7 0343STG*F  rwr vsw
2LHE 2HE 1IHE TIHE TIHZ 1IH2 TR TIHT 24 ™ P DL I
S £ ] Z 5 R * ¢ 2 H T a
B Fdy1 40 191§ WONT CuA0H M. LT —
R * gF/1 = S33I44Y8 40 K 0N
993 133r0¥d 3OGIE ONILY0Td KIZuAN3A3 ¥04 vIvd WITESTIYIS 40 AMTaulS




i —— ST e e e o ™ e -
TO-2€27°T '20-3782°¢ 7T0-33T77°T T31-3777°7 3518
e el CA+763T .:T._a».n CO+Iape*p  nNY+sree mlu.?.:;.qé
CCe22/678 0C42TnATE  fgeampeep B)43Twe € AIRTrACNTH
— e - COWZTNE"h  CG47CTeh  £0432Ph"n  A3437/ce4  apampeymy
4 ey 2Y Y TRYNRA
_ R e N "y I LA XA 3nnvag
. 91-3203°2 Jf-zfmusvy ¥0-3T83°T _T0-3F04°T_ 20- =30%2°6  28-352F°5 _ 20-3¢kg°y — EL=304%°9  Y0-ITREN _T)-dpfsem ASALS
TI=3FNT°T  g£0-3pvr*? 0pe3ggzch 00+3010°%  00+Z99p*y Qpe3zrTee 0Oe2958°G CR4T"GR'E  D343FTa"F £143653+m VeI
T e TRTIEOTTL £0-759002 904323906 0n43R020E  ppsaonncs OC42/36°F  C04332€%6  0343IT9°F  nnal3crop  §)adscpre  ap-amenin
F3-303T°1 £0-33%0°2 00+3086°%  gJe3gcers GI45642° % GLe3T20°%  004312F°G Doeccas s D0+432G2°3  J24FFEC*0  AnTAti v
- - e es IS, 17 £3 s e nA® _EAe Ty
in 5¢ §¢ 5 -} s¢ ng £e - 25 i IEN
1I-3115°4  91-35%2 7 20.37zn-g 10382672 10368879 1= =3639%7 T T0-3677°6 A0939¢0°] 0C+3°T157°7 03 +7gh6-1 A31fE
—— . 0143623°F gy-vtep .WII@‘,.UL.;;P._LP&HS " _D0043869°F 00+43358°F 00+engegp SC+302h"f  f0437NCen  Avyanpnsg Ipw ATy
G0+35¢2°2 T0-31up%2 00+3T /6*E G043209°'F% DQ+3ang°2 00+43528°2 T0-30¢<*2 T10-2078°F Toe2425+% e Vet
- ~ Li+s3506°9 F-2000%2  9De:D6S°% 00439849 0Cr32724°9 09427307 CreZagey QOLERES L DOXI7O6L D) +3€m30 4  Ipdwarvin
< Ay TA® AT Y 2AE TAg 282 12 2hT LR TR tun
™ . Cg 2 .. %2 L2 g2 52 92 £2 22 S £ REAIR S
]
—_—  _ _20-3418°T _ 20~ TINCR°T 20=3326%1  20- 3FL0°F 26-3906°T  20-324s°T CN-367¢'T 20-3FJ9°1  20-3R22°T 97-Tnrseq hicd
bu+32a90° .. CO+321G"n G+ 19y ¢ 00 +3%50°y CGe+InTO0' " (045755 °f F243%Q0%%  O043F6R°F Qa3 10°F G2+7R6T*n SN wrpv 3R
- . 10+33i73°0 0436984 F Joazsyn- £ __MO+3F50*% _ 00+39E6"F  0ledyz2e £ DD3R%E+7 np43g3aeg 204276208 L043TL0CM  rIwacuIk
03430210 £043250°% "9093890%h pgersozre CR+IR90° h O C+2upEf  poecanve AT+3%61%60 " [hsInce s Lre=grTee Iy,
- elhn - 2uw _WLHn  THe £1¥KE 2L NHF ToMAE £ ke ZAMKE_ . TYmED_ thwwran
Gz 3 gr 1 g7 81 ny o 23 1T YIKTER
€0-3405*T 20-3£TA*f 20-3061°% 20-ISTF*T  20-354% P0-3820°T 20-3999°7 20-7¢10°T  20-3uF3'w 1Y=3ngne2 AzApe
see e L UDH5LT0%Y Q043ERENCe 0J+35E0°%  9743230°%__ 0043500" 4 02+4366T%% tnezesptn 3 QN.G..:.IE.....;S.m 0143650 2 u:._:.....u.,.l
0043296°¢  00+3635°%  00+3666°¢ 00¢3€96°S  C043496°F O00+S/FT w posziesen 05+7260°9  T0-296T*F 0)+3GZR*Y  In wAcrlu
R — R T TR T 00+3£93°% 00435299 0n+359n b CO42552°% 0043219 08+35274n T0=39FL*9 *hLI+50E 2 3..._....;., _
Sl HE i 1T TLHE [T TiHZ TIHZ TiA47T TIRT M s EINTHYRD
0r & 8 4 9 4 " £ 2 T AR k)
s 3 34VIT0 147IS NONY CANOH NI TSR
_—— N2 =z SIVHA4YE 4N MIACLUNT
993 43370%d 393I¥3 SNILVOId N332953A3 03 VI¥E TwOTUSILIVLIS 47 2HvwkvAc




- 25 -

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
] WIND & WAVE 5 STRAIN ON
DATA COMPONENTS
| 3
N «
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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.






ﬁcowumacwmmga B SLSA|eue
‘uoijonpad ejep |euil)

4A93ndwo) |e3iblg

/

”

_ UoLSJUBAUO) ade]

.Ill‘i\r..r.i.!lu‘ll'lj. B - :.i..tlv._..“_)‘.; - et e e ——
M
i | ] [ uor