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ABSTRACT

The results of selected static structural tests
of the Aluminum Ship Evaluation Model are presented.
The data are documented in tables and figures. Back-
ground history, preliminary preparation, and signif-
icant accomplishments leading up to and during the
static tests are included.

ADMINISTRATIVE iNFORMATION

The work described herein was performed by the Ship Structures Division, Code

1730, of the Structures Department, of the David W. Taylor Naval Ship Research and

Development Center (DTNSRDC). It was sponsored by the Naval Sea System Command

(NAVSEA 05R) as part of the Structures Subproject SF43422 of the Ships, Subs, and

Boats Exploratory Development Program Element (62543N). This document fulfills

FY83 Milestone No. RIO of Goal and Objective No. 150-200. Overall program manage-

ment was provided by J. 'I. Gagorik, NAVSEA 05R26.

INTRODUCTION

With the anticipation of increased use of aluminum in ship structures and an

introduction of new ship hull configurations, a need was realized to study the per-

formance of large scale complex structures under realistic controlled load condi-

tions. This need included the validation of structural performance through large

scale structural testing, the application of life cycle experimental techniques

for naval ships, and the development of a validated techology base of aluminum-

hulled, ocean-going ships. To achieve these goals, an all-aluminum ship model was

fabricated, and an extensive large scale evaluation program was initiated in the

early 1970's. This is the only time the Navy had the benefit of testing a large

scale model of a surface ship structure. This method of testing is not unique, since

the approach is frequently used by the aerospace industry with considerable confi-

dence and success.

In order to fulfill the primary objective of large scale validation, a number

of areas were addressed: (1) a method of applying loads to a large scale model and

of obtaining stresses in the structure similar to those in a full size ship at sea;

(2) a method to determine the instrumentation required to monitor primary, secondary,

and tertiary stresses; (3) simulation of service loads and the effect of the



simulation on the test results; and (4) automatic control of tie load, as well as

a means of monitoring strains during testing.

A number of supporting technologies were used during the large-scale validation

program. Analytical methods such as finite element analysis, rigid vinyl modeling,

and crack-growth analysis are three examples. As shown later, comparing tile results

from these analytical techniques to large scale test results helps verify those

methods.

11iree major needs existed at the time for obtaining an aluminum technology

base for U.S. Naval applications. First, there was a substantial lack of service

:x.?erience for large aluminum-hulled ocean-going ships. Second, there was a

definite interest, at that time, in advanced Navy vehicles (high performance ships)

such as planing craft, hydrofoil craft, hover craft, and surface effect ships. In

order for this type of ship to successfully perform its mission, it must have light-

weight systems. Since one-third to one-half of the ship's weight is in the struc-

tural system, the selection of a high-strength, low-weight hull material such as

aluminum was reasonable. The third and final reason was the Navy's potential

interest in a fast, aluminum destroyer escort (DE) in the 2000-ton, 300-ft size

range. [his interest was based on an economic advantage of aluminum over steel for

life-cycle costs of ships in this size and performance range.

For chese reasons (large scale validation and aluminum technology base), an

all-aluminum, 85-ft-long model of a destroyer escort was designed and built to be

both statically and cyclically tested. This Aluminum Ship Evaluation Model (ASEM)

was originally designed as a 300-ft, 2200-ton all aluminum DE with integral, load-

bearing superstructure. Figure 1 shows a profile view of the original design. The

M0O-ft size was scaled down to one-third size, resulting in a 100-ft long structural

scale model, which was further reduced by eliminating 15 ft of nonstructural bow

section. For economy, the 03 deck was also eliminated. Figure 2 shows a view of

the model prior to load frame installation.

After preliminary design by NAVSEA design personnel, and detail design at

Hunters Point Nasal Ship Yard, construction began in 1974 by Tacoma Boatbuilding Co.,

Inc. The model was eventually shipped to the Structural Evaluation Laboratory at

*A complete listing of references is given on page 19.
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DTNSRDC for load frame installation, receipt inspection,* and instrumentation.**

All of these were required before testing could start. The planned testing included

static tests under various combinations of loads to determine basic load, stress,

and deflection behavior; and cyclic testing to determine long-term fatigue behavior.

Static testing began in early 1977 and continued for the remainder of the year.

It wasn' t until 1979 that cyclic testing was initiated. Testing was completed in

November of 1981 after one million load cycles had been applied to the model.

Much time and effort had been expended throughout the duration of the project.

It is not the intent of this report to go into the details of all aspects of the

ten year project. (Appendix A shows the chronology of ASEN major events up to

static test completion.) Rather, the report summarizes the results of static test

and strain data analyses. In addition, the "lessons learned" during the test pro-

cess are highlighted.

Subsequent comprehensive reports will cover material characteristics, struc-
3 4 .5

tural design, aluminum ship fabrication, and maintenance and repair.

STATIC TEST PROCEDURE

After several years of test preparation, the ASEM static testing began in 1
March 1977 and was completed by December 1978. Testing was in three parts: (1)

vertical bending, (2) lateral bending, and (3) combined vertical and lateral bending.

The bending moments were applied through 13 load frames along the length of the

model. Two load frames, one at Bulkhead 24 and the other at Bulkhead 86, were fixed

in space and the remaining 11 load frames were movable (allowed to displace with

load). Two double pin joints were used in the connection of the frame, load cells,

and hydraulic actuators, thus permitting rotation about three axes. Figure 3 is a

typical load-frame configuration. At each load frame, one starboard hydraulic

acuator or jack and one or two keel jacks (coupled with closed-loop, feedback system

load cells) were used for load application. Table 1 lists the load cell's channel

numbers and their location on the model.

*Johnson, R.E., "The Aluminum Ship Evaluation Model (ASEM) Receipt Inspec-
tion," reported informally as Enclosure (1) to DTNSRDC ltr 80-173-22 (15 Feb 1980).

**Johnson, R.E., "The Aluminum Ship Evaluaton Model (ASEM) Instrumentation,"
reported informally as Enclosure (1) to DTNSRDC ltr 80-173-158 (17 Oct 1980).
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The movable frames mentioned earlier were made up of 2, 3, or 4 semirigid parts

depending on the frame location. The frames were hold to the ASEM hull by tile

clamping action of the bolted-together parts against rubber strips that were glued

to the hull and deck plating. In addition, small aluminum blocks with steel rollers

installed were welded to the hull to prevent fore-and-aft motion of the load frames

relative to the model. A pad pressure of approximately 5 psi was developed in the

rubber due to the clamping action of the frame. 'ibe actual configuration of the

rubber padding evolved through a lengthy analytical and experimental process which

was aimed at keeping tertiary stresses in the stringers and plating below about

Aksi under maximum load. The final pad configuration used is shown in Figure 4.

The rubber strips were glued to the plating directly outside of the bulkhead plating

and longitudinal stringers. These external locations were determined by visually

locating plate distortion due to the internal fillet welds. The visual method of

locating bulkhead plating centerlines can have an error up to 1/16-in, but is as

accurate as other methods, such as ultrasonics.

The static loads were applied in an incremental fashion from 0 up to 80,'. of

maximum positive load (+0.8 P mx) in 0.1 P mxincrements, back to 0 in 0.1 Pma

increments, to -0.8 P in 0.1 P increments, and back to 0 in 0.1 P in-
max max max

crements. This gave a total of 38 load levels for each test part, including the

initial zero, final zero, system lock and unlock, and lateral offset.

Each test was performed enough times to establish repeatable linear strain

response with load. A complete listing of the static tests is given in Table 2.

During each static test, 1800 strain channels were recorded at each of the 38 load

level- .An instrumentation limitation existed such that only 600 channels could be

monitored at any one time. This required switching three banks at each load level

to obtain the strain readings. The linearity in load versus strain response and,

thus, the basic stress sensitivities (numbers of pounds per square inch per unit

load application) were required for the cyclic testing. Next, 600 channels of the

1800 channels recorded during the static test were chosen for the cyclic test. These

600 channels were comprised of crack gages, gages reading high strains due to geo-

metric discontinuities, and gages in the 3/5-length region that would accurately

define the combined vertical and lateral midship bending moment as a function of

time. More details are provided in a report 6on the cyclic test results.

4



After the repeatability between like test conditions was established, one

complete set of data from each of the four test conditions (vertical, lateral, 60'

combined, and 2400 combined) was further analyzed for statistical information

(Table 3). Tables describing these data analyses are found in Appendix B; associated

strain data plots are found in Appendix C. Vertical-bending response slope, lateral-

bending response slope, correlation coefficient, standard deviation, and predicted

minimum and maximum strains were calculated for each gage for each test condition.

A comparison was also made between bending response slopes for various tests, and the

most repeatable gages were identified for the cyclic test.

STATIC TEST LOADING

The incremental loading magnitudes Lsed in the static tests were directly

related to those of the cyclic test. In order to better understand how these were

determined, a brief explanation of the load spectra is warranted.

The development of a design load spectrum relied on factors which influence a

ship response in a seaway. A ship's characteristics determine how that ship will

perform for operating and wave environment conditions as defined by the ships's

mission. Prediction of ship structural performance under lifetime loading is based

primarily on the results of full scale trials on similar ships and related model

tests.

The basic spec~tra to be used for the design of a 300-ft aluminum ship were

developed in Reference 7. The spectra are for vertical and lateral (or athwartship)

bending moments (BM) defined amidships. The vertical spectrum combines the ordi-

nary wave (OW) or low frequency hog-sag (H-S) BM cycles shown in Figure 5 with

the vertical dynamic or whipping BM cycles from Figure 6. Reference 7 discusses

the method of combining the high frequency whipping cycles with the OW cycles to

develop the vertical lifetime spectrum (Figure 7).

The basic vertical spectrum, in terms of H-S vertical bending moment, is listed

in Table 4 as determined from Figure 7. A cycle consists of zero (0) to H (hog) (or

S (sag)), through 0 to S (or H), and back to 0. As discussed in Reference 7, the

whipping cycles are superimposed onto the~ OW cycles but only add a significant

number of cycles to the high load end of the spectrum. The superimposed whipping

5



causes the H-S moments at the high end of the cu,,,,- be unsymmetrical about zero or

stillwater. The basic vertical spectrum was truncated at a BM of 3.75 × 103 ft-tons

(1 ton=2240 lb/ft) based on results of fatigue crack growth sensitivity studies.*

A total of 24.8 x 106 cycles represents the total cycles for a ship lifetime of 20

years, seven of which are active at sea.

The maximum BM shown in Figure 7 is 80 x 103 ft-tons corresponding to the

highest (100 or 1 time) response to waves. The maximum BM for the model is obtained

when that value is multiplied by the cube of the model scale. The ASEM bending

moment for static testing is simulated by applying test loads as shown in Figure 8.

The calculated loads at each hydraulic actuator to be transmitted to the model during

each load level are given in Appendix D for the four types of tests completed.

A lateral moment cycle is associated with each vertical moment cycle. There-

fore, the number of vertical and lateral cycles are the same. The lateral BM

spectrum is assumed to be the same as the vertical, except the maximum lateral BM,

40 x 103 ft-tons, is but one-half of the maximum vertical BM. 7 This is a conserva-

tive assumption. Half of the lateral cycles lag the vertical by 60' and the other

half lag by 240'. This is so because half the time one side of the ship is assumed

to be the weather side and the other the leeward side.

As discussed in Reference 7, the BM spectra, vertical and lateral, are not

exactly symmetrical. For most load levels the effect of this mean level is insig-

nificant on structural life. Levels at and above the 90Z load level are exceptions

to this. The maximum whipping for these conditions combine with the OW bending

moment such that the distribution of combined BM is 60% sag and 40" hog.

INSTRUMENTATION

A total of 1800 foil-type strain gages were installed on the ASEM for measuring

applied strains (stresses were evaluated from these measured straius) and 28 linear

potentiometers were installed for measuring deflections. DeLails of the strain and

deflection measurements are discussed later. The purposes of the strain gage

instrumentation were:

1. To measure stress distributions throughout the hull and superstructure to

verify analysis and determine stress gradients.

*Marchica, N. V. and F. F. Borriello, "Fatigue Load Spectrum for the Aluminum
Ship Evaluation Mode," Technical Memorandum TM 76-173-25 (Dec 1976).
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j 2. To measure stresses arising from the simulation of loads.

3. To measure local stress concentrations for input to fatigue and crack

growth analyses.

To meet these objectives the following analytical and experimental procedures

were used for determining strain gage locations:

1. Reproduction of all strain gage locations used for the static evaluation

of a rigid vinyl model (RVM) of the ASEM shown in Figure 9. (The ASEM RVM resulted

from the modification of an existing RVM of a planing craft with identical hull form.

The main deck and deckhouse of the RVM planing craft were replaced with a scaled

version of the ASEM structure.)*

2. Extension of longitudinal and transverse gage locations from item I above

to more accurately predict the longitudinal and transverse stress distributions.

3. Location of stress concentrations based on engineering judgment for areas

of expected maximum stress.

4. Utilization of the NASTRAN finite element model (FEM) output to supplement

items 2 and 3 above. A discussion of this model is found in the next section.

Appendix E contains details of the strain gage specifications as well as

location nomenclature used to locate gages on the model.-

Data recording capability was provided by a Xerox 550 computer. Signal con-

ditioning and calibration for each strain gage channel was included in the software

of the computer and separate calibration and conditioning was not required. As men-

tioned earlier. 600 channels were read by the computer at a given time. This meant

that, to record the 1800 channels used for the static test, switching was required

twice during the test. Each channel was sampled many times per second, a.' an

average was calculated and recorded. Recorded data were stored on magnetic tape

for subsequent on-line or remote processing.

*Rodd. James L.; Ford, Harry M.; Johnson, Robert E.; "Rigid Vinyl Model Devel-
opment of Structural Modifications for the Aluminum Ship Evaluation Model (ASEM),"

DTNSRDC Technical Memorandum TM 80-173-1 (Sep 1980).
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FINITE ELEMENT ANALYSIS

An elaborate NASTRAN finite element model (FEM) was made of the ASEM (see

Figure 10). It was composed of 6000 elements and 7500 degrees of freedom. Because

of the great expense involved in running an extensive finite element model, struc-

tural symmetry was utilized wherever possible. For simplicity, the stiffeners were

"1smeared" into the p late elements. The loads for the FEM were applied at grid

points which were located along the frames where the actual loads were applied to

the ASEM. The hatch openings were not extensively broken up into small elements

describing exact geometry. Three types of loading conditions were applied to the

FEM of the ASEM: vertical hogging loads (Force 1), vertical sagging loads (Force 2),

and lateral loads (Force 3). As might be expected, a large amount of data was

produced. Throughout this report, stress values obtained from the FEM analysis

supplement many of the figures showing stress plots.

Several generalized findings can be gleaned from examination of the data

obtained from Force I loading (corresponding to 80 percent BM loads):

1. Between Bulkheads 32 and 48, the main deck exhibits moderate stresses (6 ksi

tension) due to longitudinal bending.

2. Between Bulkheads 48 and 64, the 01 level longitudinal bending stresses

reach 9.3 ksi tension.

3. Between Bulkheads 40 and 64, the stresses near the gunwale approach 5.6

ksi tension, and the stresses at the main deck centerline approach 5 ksi tension.

4. Thte maximum stress at the keel was 7.5 ksi compression at Bulkhead 56.

5. Between Bulkheads 16 and 40, the hull above the chine exhibits high shear

-tresses (5.5 ksi).

ASEM DEFLECTION

Before the static tests were conducted, linear potentiometers were positioned

along the length of the ship corresponding to load cell locations. As the model was

vertically and laterally loaded for each test, the resulting displacements were

monitored. It was important that the structure on which the potentiometers were

attached be rigid relative to the model, and that the potentiometers be firmly

attached. If this were not the case, the potentiometers could possibly move and

cause erroneous deflection readings. Appendix D contains the deflections obtained

from the four static tests on which the data analyses are based.
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A ship at sea experiences a hogging (or hog) condition when it is positioned

on the crest of a wave at midships, thereby causing the forward and aft ends of the

ship to displace downward. A sag condition results when the ends of the ship are

on the crests of two successive waves, and midships is at the trough. For the ASEM,

a vertical hog condition was achieved when the hydraulic actuators near midships

were extended. Since the lateral jacks were positioned on the starboard side of the

model, a lateral hog condition resulted when the jacks at midships were extended

thus causing midships to move to port.

Plots of the model displacements at maximum static test load (80%) for Tests

1, 3, and 4 are shown in Figures 11, 12, and 13, respectively. At the midship

keel (near Bulkhead 56) the maximum hog to maximum sag displacement was approximately

1.5 in. Test 2 was the lateral loading test. As seen in Figure 14, at midships

(near Bulkhead 56) the displacement from maximum lateral hog to maximum lateral sag

was approximately I in.

HULL-DECKHOUSE INTERACTION

Normally, a ship is designed based on only the hull longitudinal structure

(shell plating, decks, longitudinal bulkheads, etc.) resisting the loads created by

the sea invironment. Actually, however, the deckhouse may act as an integral part

of the hull in resisting these loads. Depending on the size of the deckhouse and

the way it is attached to the hull, the loads or stresses in the deckhouse may be

substantial. A long deckhouse of one level with no expansion joint will result in
8

large stresses both on the upper deck and house side. As expansion joints are

added to the deckhouse, the magnitude of stresses in the deckhouse will generally

decrease. Stress levels in the section near midships will remain about the same.

Indeed, deckhouses may be fully or partially effective in resisting bending loads.

This reality is becoming more apparent to the Navy as ship classes such as FFG-7

and DD-963 with continuous aluminum deckhouses become older and experience cracking

problems due to primary bending loads absorbed by the house.

In the case of the ASEM, the hull and deckhouse were fabricated separately.

They were then shipped to the test facility where the deckhouse was welded to the

hull. Also, two 3/16-in. thick, 4-in. wide flat bars were welded to the upper

surface of the main deck at Bulkheads 32 and 92 (front and rear of the deckhouse).

9
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These flat bars were attached to the deck by fillet welds at both the forward and

aft ends (one bar on each end of the deckhouse) (see Figure 15). The attachment

locations of these bars were determined by the length dimension of the deckhouse.

The distance between Bulkheads 32 and 92 above the main deck was approximately 4-in.

greater than the distance between the bulkheads below the main deck. Therefore,

the forward-most and aft-most bulkheads that were above the main deck did not exactly

line up with those below deck. Also, this type of offset was true for a number of

other deckhouse bulkheads. Table 5 summarizes the bulkhead misalignment. Note that

the greatest misalignment was at Bulkheads 32, 86, and 92. This was a concern mainly

because the model was loaded through the bulkheads. However, as it turned out,

this offset did not appear to create any local structural problems such as buckling.

The joint details between the main deck and the bulkheads interior to the

deckhouse were somewhat different than those at the front and aft ends of the deck-

house (see Figure 16). The bulkhead plates were fillet welded forward and aft to

the upper surface of the main deck where they landed. A 3/16-in.-thick gap was left

between the main deck and bulkhead stiffeners (the stiffeners were on either the

Zorward or aft side of the bulkhead). A 3/16-in, thick, 2-in, wide flat bar was

then positioned between the stiffeners and deck. The stiffeners were welded to

the flat bar and the flat bar was fillet welded to the deck at the accessible edge.

Based on inspection of test results, this type of detail proved adequate during

testing.

The following section contains a detailed explanation of the hull deckhouse

interaction and subsequent high strains.

FASHION PLATES AND ACCESS HATCH OPENINGS

High stresses at the forward and aft ends of the deckhouse and discontinuities

near midships can eventually cause fatigue problems. These areas of concern are

shown in Figure 17 as A, B, and C (port and starboard). Also, high stresses at

access hatch openings are of concern.

The discontinuity at Location A creates high shear forces at the forward end

of the deckhouse, and acts as a stress raiser for the local deckhouse structure.

In the case of the ASEM, the integral hull-deckhouse increases the effective moment

10



of inertia of the hull. Stresses on the order of 15 to 20 ksi for the 80% maximum

BM condition were monitored during the static (precyclic) tests. This area as well

as other highly stressed areas in the deckhouse were of major concern. It was felt

that the high stresses in the as-fabricated structure would eventually cause pre-

mature cracking. In April 1977, the decision was made to initiate an extensive

study of the stress areas of concern by use of a rigid vinyl (PVC) model of the ASEM.

Details of the results of these tests were reported informally.* Basically, a

number of structural modifications were made to reduce strains in the PVC model such

that similar modifications to the aluminum model would do the same. Table 6 sum-

marizes the PVC test results for a number of stress areas of concern as well as for

the eventual ASEM structural modifications. For the most part, side shell doublers

and coaming doublers were used at the hatches. Port and starboard fashion plates

were used at the intersection of Bulkhead 32 with the main deck, and at the inter-

section of Bulkhead 56 with the 01 deck. The fatigue performance of these structural
6

modifications are covered in a report on the ASEM cyclic test results.

Most of the access hatch openings in the deckhouse sides were strain gaged to

monitor any unusually high strains during the static tests. Since high strains

were recorded in some instances, the possibility of premature fatigue failures

during the cyclic testing existed. As mentioned earlier, the reduction of strains

in the rigid vinyl model hatch opening were examined, with the result that structural

modifications to the ASEM were recommended. The locations of the deckhouse side

hatch openings are shown in Figure 18. A typical hatch opening is shown in

Figure 19.

The decision was made to increase the thickness of the plate material immedi-

ately adjacent to the hatch coaming. A doubler plate (equal in thickness to the

deckhouse side plating) was plug welded to the existing plate along the stiffeners,

as well as fillet welded at the edges of the new doubler plate. The edges were

located at the adjacent frame or bulkhead and at the main deck and 01 deck level.

The coaming thickness was increased (doubled) by welding an additional coaming of

the same thickness and width to the existing coaming. The resulting structural

modification to the hatch openings are shown in Figure 20.

*Rodd, James L. et al., "Rigid Vinyl Model Development of Structural Modifica-

tions for the Aluminum Ship Evaluation Model (ASEM)," reported informally as

Enclosure (1) to DTNSRDC Itr 80-173-158 (17 Oct 1980).
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'The average stress reading associated with a hatch coaming gage was over 10 ksi;

indeed, one reading was as high as 15 ksi. Static tests run after the modifications

of adding a doubler plate and coaming doubler indicated lower strains at similar

locations. This would certainly indicate that the problem of premature fa--gue

cracking would be alleviated. T"he behavior of this type of "fix" relative to

fatigue is discussed in another report.6

In addition to high strains (stresses) at the coamings, the plating adjacent

to the coaming also had high strain readings. These areas were not extensively

regaged after the doubler plate additions; however, those that were gaged showed a

substantial reduction in stress. In an actual design, implementing a fix such as

the one completed with the coaming would probably be necessary. However, instead

of welding two pieces of coaming together to obtain a certain thickness, a single

piece of the desired thickness should be used.

STRAIGHTNESS OF BULKHEAD STIFFENER FLANGES
BETWEEN MAIN DECK AND 01 DECK

Since the model was loaded through its bulkheads, the straightness of the

bulkhead stiffeners were of concern. Excessive stiffener warpage might have resulted

in local or total buckling of the bulkheads during testing. Therefore, a survey

of the degree of warpage of the stiffeners relative to vertical was conducted

(Table 7). Bulkheads 32, 40, 48, and 80 had the least average warpage of the stif-

fener flanges, and it was all in the forward direction. Bulkheads 56, 64, 86, and

92 had the greatest average stiffener flange warpage, and here it was all in the aft

direction. one stiffener flange on Bulkhead 92 was warped as much as 0.75 in. Addi-

tional information can be found in a report 9on stiffener and bulkhead deformation

surveyed during the cyclic testing of the model.

SPECIAL CONSIDERATION FOR ASEM STATIC TESTING

With a test of this physical size and complexity, not all problems could be

foreseen. In most instances, with careful thought, potential problems can be averted

by modifications to the test fixture, test procedure, or model. W hen possible,

these modifications or changes should be done in such a way as to not adversely

12



effect the test results. A number of "lessons learned" by the authors relative to

how this information can benefit future tests of a similar nature are highlighted

next.

COUPLING OF LOAD FRAMES/STRUCTURALLY REINFORCING LOAD FRAME

Originally, the test fixture was designed so that a number of load frames were

longitudinally coupled together at the centerline (load frames at Bulkheads 64, 72,

and 80). However, this meant that if one of the load frames became displaced fore or

aft from the desired plane of loading, the remaining attached load frames would also

displace. Lateral buckling of the originally designed load frame couplings caused

this kind of problem. The solution was to not have the load frames coupled, and to

strengthen the lower section of the load frame by welding steel plates between the

edges of the flanges. Thus, the I-Beam effectively became a box beam, thereby in-

hibiting lateral buckling or tripping of that portion of the load frame.

REDESIGN, FABRICATION, AND FOAM REINFORCEMENT OF PARTIAL BULKHEAD 72

The "as built" frame at Bulkhead 72 was not constructed to carry the 95,000-lb

load needed to insure the proper BM through the model during testing. The area

between Bulkheads 64 and 80 was designated for the engine room and, therefore, this

area was initially open. If the space was to remain as built, the load applied

would then buckle and collapse the frame. Therefore, a redesign was required.

Because of the restraints imposed by the access to the model, the design took the

form of truss-type framework (Figure 21). The redesign was constrained in the

sizing of members by (I) the openings built into the model to supply materials into

compartments and (2) by allowing the members to carry a maximum of only 6 ksi of

stress.

A frame analysis using the computer program STRESS I0 was used in the design of

the "framed bulkhead." A final design was determined and construction started in

December 1976. Figure 21 shows the framework used in the ASEM at Bulkhead 72, both

as originally built and as a redesign.

13
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An additional problem recognized was that the floor at Frame 72 had no access

to it, except for two 6-in.-diameter holes, and thus it could not be stiffened by

welding on stiffeners. The floor was made of 1/8-in, plate and, unless it was

stiffened, it would have buckled under the applied loads.

One solution to this problem was to use syntactic foam and fill the compartments

under the innerbottom on both sides of Frame 72 (between Frames 69 1/2 and Framu

74 2/3) as shown in Figure 22. This foam was chosen for its light weight, ease of

installation, and ability to sustain compressive loads. A full size wooden model

was constructed to evaluate the procedure to fill the compartments with the foam

and to determine the temperature produced by the foam as it cured. it was necessary

to know the temperature because aluminum can become sensitized above 200'F and is

then susceptible to stress corrosion cracking. Thermocouples attached to strip

recorders were used to determine th.- curing temperature and to evaluate the filling

procedure. Plexiglas was used on one side to act as a floor.

There were two tests. The first was to fill one side with the syntactic foam,

and to pour the necessary resin all in one pour. TP~e temperature given off during

this test was approximately 206'F, which was unacceptable.

The second test was similar to the first except that the resin was poured in

increments of 5 gallons per day. Three days were necessary to complete the proce-

dure, and four pours were required to fill a compartment on either side of the bulk-

head and port or starboard of the Center Vertical Keel (CVK). The maximum temper-

ature was approximately 130'F. Although this temperature was acceptable, there was

doubt as to whether a good bond had been made between the different pours. Also,

there was a residual film of resin on the upper walls after the resin had settled

Lo the bottom. A line of air pockets could be seen through the plexiglas floor

where the different pours had settled.

Therefore, the procedure in the aluminum model was to pour two compartments

(which were diagonal to each other) at a time. The resin was to be poured in the

hole nearest to the keel. Thermocouples were placed in the compartments filled on

the first day. The temperature recorded was below 100*F, which was an acceptable

temperature.
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Because the foam was poured into the center section, the resin tended to gel

before it could spread outward to the outboard section. An attempt was made to fill

the outboard sections by pouring resin in the outboard holes. It seems that little

resin wcnt into these confined areas and a possibility exists that the floor at

Frame 72 may have been unsupported on the outboard edges. T'his was not a problem,

however, since the unsupported depth of floor plating at the sidesheli attachments

was small enough to insure that no structural damage was sustained during eiticr

the static or cyclic tests.

CONCLUSIONS

The initiation, execution, and completion of all research associated with the

Aluminum Ship Evaluation Model program has marked a significant milestone in ship

structural research. This has been the first and only time that the Navv has had

the combined resources for performing extremely large, complex, and controlled

laboratory experiments on complete ship structures. Many new technologies were ex-

plored and many lessons learned. I'he proven capability now exists, in terms of

facilities, software, hardware, and experienced personnel, to perform future tests

of this nature for purposes of specific design validation efforts or advanced devel-

opment. Future tests should be able to be performed using less time and resources

due to the significant experience gained through these ASEM tests.

Specific detailed conclusions regarding the ability of aluminum to perform as

a hull material cannot be made in a total sense without examining the results of

the cyclic test. From a static standpoint, the aluminum-hull-girder (ASEM) behaved

in accordance with beam theory and remained linear throughout the range of loads

and stresses applied. Therefore, from this test it can be concluded that aluminum

is an acceptable material for hull girders, from a quasi-static load viewpoint, when

designed to maximum stress values consistent with those applied to the ASEM. Addi-

tional conclusions regarding specific geometric behavior will be left to the reader.

This is done to allow the reader to use the vast amount of data presented herein to

draw specific conclusions which concern his detailed problem. A summary of the

major, more general conclusions follows.
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LOADING METHOD

The method used in applying loads to the ASEM is unique in large scale

testing. Normally, in the aircraft industry large-scale static tests are performed

with distributive pads or bladder loading, and cyclic tests are performed with

"wiffle-tree" arrangements. These methods were not feasible for the ASEM tests and,

consequently, the load-frame or load-ring arrangement was developed. In spite of

some initial problems, this loading method proved very successful. Lateral insLa-

bility of loading-frame lower-transverse member- was easily corrected by making the

1-beams into closed cells and this problem could have been avoided if all out-of-

plane deflections had initially been considered. Fore-and-aft restraint of the load

frames relative to the model was required to maintain their alignment and stability.

This became even more apparent the longer the testing progressed, due to rubber-pad

aging and creep. I'ying the frames to each other proved unsuccessful; however,

attaching small local restraints to the hull allowing them to provide unattached

stops to the load frames proved very successful. The method of loading through

rubber pads into the bulkheads worked well.

COMPUTER CONTROLS AND SAFEGUARDS

For the most part, these sytems also worked well. Initial problems in debugging

a new system were technically overcome. Desired loads were achieved within a few

percent. Computerized data acquisition and analysis performed well, althougl' Iong

term stability and system noise did present problems. The development of more sophis-

ticated software and hardwar as the test program contino..z. ssenti-l". resolved

all earlier problems.

DECKHOUSE BEHAVIOR

A long continuous deckhoaise, like the one on the ASEM, is very effective in

absorbing primary hull-girder bending loads. This can be beneficial in that it

reduces primary hull stresses; however, significant primary stresses are then ab-

sorbed by the house. This in itself is not necessarily a problem if the deckhouse

is properly designed to withstand those stresses. The ASEM deckhouse, on the other

hand, was not properly designed to withstand the magnitude of primary stress that

it eventually experienced.
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The deckhouse was designed using conventional Navy practice, which, up to the

time of the ASEM design, had proven acceptable. At that time, little or no exper-

ience existed with long, continuous, integral deckhoises. Structural discontinu-

ities, terminations, transitions, and conventional structural details as originally

designed in the ASEM deckhouse proved inadequate. Smaller scale modeling and

analysis resulted in structural changes such as fashion plates, inserts, and ex-

tended coamings which did significantly reduce high stresses when applied to the

ASEM. Many of these changes would not be considered "conventional" Navy practice.

ANALYTICAL AND SMALL MODELING STRAIN PREDICTIONS

A comparison between measured strains on the ASEM, the RVM, and predicted values

from the finite element model shows generally excellent agreement. In an overall

sense, the behavior of the integral deckhouse can be properly predicted using

analytical and small modeling techniques. For local detail stresses at discontinu-

ities and notches, a parallel conclusion cannot be made. The element sizes used for

the NASTRAN model and the gage sizes used on the RVM preclude any detail stress com-

parison. The RVM did, however, more accurately predict stresses in areas of high

gradients than did the NASTRAN model used in our analysis.

The extensive amount of data presented in this report can be used for analyzing

a large number of related problems. For example, stress gradients around openings

and ways of reducing them can be examined utilizing ASEM data. Load/stress sensi-

tivities for many details and local geometries can be examined. Combined stress

effects of vertical and lateral bending can also be analyzed. The reader must be

careful, however, when using any large-scale test data, to ensure that any local

effects due to testing, or anomalies due to load simulation have been taken into

account. In the case of the ASEM static tests, these cautions would apply mostly

to bulkhead stresses.
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J , ' 01 LEVEL g

I I

I I
I I

I FWD

- _ -16 -

' OFF

12" x -FLAT BAR MI
16-- 

o DECK

II

S26.67" BETWEEN FRAMES AND
BULKHEADS FWD OF BHD 80.

FRAME OR 20" BETWEEN FRAMES AND FRAME OR
BULKHEAD BULKHEADS AFT OF BHD 80 BLHA

Figure 19 -Typical Deckhouse Side Access Hatch Opening
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TABLE I - LOAD CELL CHANNELS AND LOCATIONS

Load Cell Location

Chnnel (Frame No.) Notes

Number Ieel

Stbd East

5 108 .. . .

6 . . 198 --

7 98 . .. .

8 -- 98 -- -

9 . . .. 98

10 92

11 92

12 86 - Fixed*

13 . 56 Fixed*

14 80 - -.

15 - - 80 -

16 72 - --

17 -- 72 -

Is 64 - -.

19 - 64

20 .. - (

21 56 -. ..

22 - 56 -- -

23 - - - 56

24 48 - - -

25 - - 48

26 40 .. . .

27 - - 40 -

28 24 - - -- Fixed*

29 --- 24 - Fixed*

30 - - - 24 Fixed*

31 16 - - -

32 -- 16 - -

33 - - 16

34 8 - -

35 - -- 8 --

36 . .- 8-Surge**

*A nonmovable location.

**Monitors fore and aft.
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TABLE 2 - ASEM STATIC TESTS AND ASSOCIATED DATA TAPES

"lax Load

Date Loading Condition Achieved

Type Direction During Test
(7' of P '

3-24-77 Vert Sag 20 1 rst static t,,t

3-25-77 Vert Sag 80 -i .; a :xjkr t st, wIth
people, stcpped at (Q. Sat:

6-21-77 Vert Hog 30 -ir et }P"tw., :p', at

6-22-77 Vert Hog 73 Stopped -t 7 '

7-29-77 Vert 30o 80 Stopped :t ,) U._

8-09-77 Vert Sag S0 CompI ete

8-17-77 Vert Fag-. 80-.9S First Sao-Hog. Compltev,
I but missin4 50, 0, 70" Sag

9-22-77 Vert a ,-k 5  80-80 -ompletu

9-22-77 Vert (Sorted) -, '0-80 Complete, .imilar to previous

Lapp for same datt,

9-23-77 Lat Sa 40 Complete

9-26-77 Ia t 6ag S0 m e t e

9-27-77 Lat log 80 Complete

10-03-77 La I Sag-Hog 80-80 Complete

1)-07-77 Combined 600 Sag-Hog 80-70 Stopped at 70' !1og

j10-14-77 Combined 600 Sag-Hog 80-80 Complete

10-17-77 Combined 2400 Sag-Hog 80-80 Complete

10-26-77 Combined 2400 Sag-Hog 80-80 Complete

10-28-77 Lat Hog-Sag 80-80 Complete

2-22-78 Combined 2400 Sag-Hog Initial Abort

3-01-78 Combined 2400 Sag-Hog 70 Sag 240 channels operative

4-12-78 Combined 240' Sag-Hog 30 Hog Software problem, overload

at Bulkhead 16

6-09-78 Combined 2400 Sag-Hog 40 Hog Software problem

6-27-78 Combined 240 °  Sag-log 80-80 Complete test
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TABLE 3 - STATIC TESTS SELECTED FOR COMPREHENSIVE DATA ANALYSIS

Test Number* Date of Test Time of Day Type of Test

1 9-22-77 1130 - 1700 Vertical loads

only

2 10-28-77 0830 - 1100 Lateral loads

only

3 10-14-77 0930 - 1400 Vert. and Lat.

loads, 60' Lag

4 10-26-77 0900 - 1200 Vert. and Lat.

loads, 240' Lag

*To be referred to throughout report.

45



TABLE 4 - A 20-YEAR SPECTRUM OF VEBYI ,._.')RDI N'.Y,", (o.) PiUS
WHIPPING( BEN;DING( .vL ..1" -K'd i .'

B3M 1 0 t:,'cl .91i ,

80

75

74

6;5 3. 1 ii
2 lo

3.
5S 5.5 103

Al 5. 10

8.3 1()4

1.6 11j

-40 2.9 ' 10

35 5.0 10l

30 3.5 10

25 1.5 10-

20 2.6 i 6

15 4.9 - 0 6

10 1.0 10 7

5 2.3 10 7

3.75 2.48 x 10'

46



TABLE 5 -MISALIGNMENT OF DECKHOUSE BULKHEADS RELATIVE
TO HULL BULKHEADS AT MIAIN DECK

Misal ignment (in.)
Bulkhead
Location Port oenterline Starboard

Offset* Direction** Offset Direction Offset Direction

32 0.5 Fwd 2.1 Fwd 1.2 Fwd

40 1.2 Fwd 1.62 Fwd 0.65 Fwd

48 1.0 Fwd 1.57 Fwd 0.38 Fwd

56 0.9 Fwd 0.75 Fwd 0.21 Fwd

64 0.86 Fwd 0.15 Fwd 0.1 Fwd

80 0.0 0.23 Aft 0.3 Fwd

86 1.2 Aft 2.14 Aft 1.0 Aft

92 1.0 Aft 1.66 Aft 2.3 Aft

*Port and starboard offset readings taken near respective
deckhouse side.

**Direction is of deckhouse bulkhead relative to hull bulkhead.

47



TABLE 6 - S' MLRY OF PVC M.ODEL .IODIFICATIONS AND

SUBSEQUENT ASEM MODIFICATIONSh

Average Stress***
High Stress (ksi) rvpe of
Area (Frame

Prior to After 'odification
-an* Modification Nod f icat ion

(PVC/ASM) (TVC'A 1:)

32 port plate,

deckhouse 12/8 ,i ose-off hatch,

corner ,ide shell doubler

32 stbd 13/16 7/5 Fa: cFn plate
deckhouse corner IsiG.__< 1l diab,,r

38 port 14/15 95Side sh.ll douo! r,
hatch __ oa.-ag doubler

38 sthd 10/-- Side shell doubler,
hatch coaming doubler

Port - behindPort ehin 8/7 1 /6 Fashion plate
5 6/ni deck

Stbd - /ehind Ii13 8/6 Fashion plate
56/01 deck

62 port 1-112 -- /4 gI de shell doubler,

hatch coaming doubler

62 stbd 16/3 9/4 Fide shell doubler,

hatch coaming doubler

Side shell doubler,
7a 15/14 8/4 coaming doubler,
hatclh cross-member

87 stbd 4/14 5/5 Side shell doubler,

hatch coaming doubler

92 stbd

deckhouse 5/6 --- Side shell doubler

corner

*Rodd, James L. et al., "Rigid Vinyl Model Development of

Structural Modification for the Aluminum Ship Evaluation Model

(ASEM)," DTNSRDC Technical Memo 80-173-1 (Sep 1980).

**Side shell doublers and coaming doublers were also used at

42 port hatch, 47 port and stbd hatch, 76 stbd hatch, 87 port hatch,

92 centerline hatch, and 92 port deckhouse corner.

***PVC stresses are scaled stresses, and ASEM stresses are

determined from tst strain data. Both are sag condition, compressive

stresses.
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TABLE 7 - SUM.-URY OF BULKHEAD STIFFENER FLANGE WARPACE
(BETWEEN 01 DECK AND IAIN DECK)

Average Average MaximumAverage Direction
Bulkhead Warpage of Warpage

(in.) (in.)Warpage

32 ),.02 Forward 0.05

40 0.05 Forward 0.125(A)

8 0.06 Forward 0.125

56 0.08 Aft 0.125

64 0.04 Aft 0.125

80 0.04 Forward 0.075

86 0.07 Aft 0.15

92 0.14 Aft 0.75
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APPENDIX A

CHRONOLOGICAL FOLD-OUT OF ASEM MAJOR EVENTS THROUGH
STATIC TEST COMPLETION

This appendix contains a chronological summary of the major events concerning

the Large Scale Validation Program with the main emphasis on those items which

affected the ASEM (see Figure A.1). The chronology begins with the preparation of

the preliminary design by NAVSEA personnel in late 1972; then the construction period

and delivery of the ASEM in 1974; the load frame and gage installation spanning

from 1975 to 1977; the first static test in March 1977; and, (finally) static test

completion in late 1977. Preparations for the cyclic tests were begun in early

1978 (a similar chronological summary is found in the report 6which includes the

results of the cyclic tests run from 1978 to 1981).
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SEPT. s '14
AUG. 17 3 HULL ANDAUG. 1 ' 73DECKHOUSE

DELAY IN ASEM JAN. 1 74 ARRIVE AT
CONSTRUCTION ORIGINAL DELIVERY DATE SEPT.5 74 DTNSROC

HULL AND OECKHOUSE -
ARRIVE AT ANDREWS A.F.B,

JUNE 28 73 NOV 28. '75
CONTRACT NN10073-CI160 RUBBER PAD CUT

AWARDED TO TACOMA BOAT CO. AUG. ID 74 INTO STRIPS
ASEM DELIVERED OCT. 24 74
TO U.S. NAVY AT "AS BUILT" DRAWINGS

TACOMA RECEIVED BY
BOAT BUILDING CO. DTNSRDC

SEPT 14 75
NOV. 1118 74 COMPLETION OF

JUNE '74 DECKNDUSE CRADLE SPACERS
CPIC DECKHOUSE ATTACHED TO USED FOR LOAD

DEC. 14. 72 EVALUATION INITIATED HULL FRAME INSTALLATION
PREUMINARY DESIGN

PREPARED AUG. 5 75 NITIA,PROGRESS REPORT: i

99% OF LOAD FRAME MATERIAL
JUNE 2673 RECEIVED,

ASEM FABRICATION JAN. 20 75 Fr 24 COMPLETED,
ESTIMATE OF 2nK 6 AL. TEST PANELS Ft 86 IN FINAL ASSEMBLY.
GIVEN TO OTNSROC MARCH 15 74 DELIVERED TO Fr 16 b 32 IN SUBASSEMBLY.

BY TACOMA BOAT CO. KEEL LAID OTNSRDC INSTRUMENTATION PLAN DELAYED
IADJUSTED PRICE 304K

lJiY'aIJS' OCU UkRC APRI Ali1 m it" AUG FIP T . O MY M JAN t fAR APMM '

lAt IN7I P T. AI MA m U TDTW E
lln 1i73 1973 1974 1974 197

SEPT. 19. 77COMPLETION OF SEPT. 20 77STRUCTURAL ATTEMP AT SIq
MOOIFICATIONS I S HG SAG 80

TEST ISOFTWAR |

PRO5L3USI



JUNE 21. 77
30% NOG

JUNE 15. 77 JUNE 22. 77
ATTEMPT AT HOG. 70% HOG. LOAD.
PROBLEM WITH " FRAMES 64 It 72
LOADS. COLLARS KICKED OUT &t

NEEDED ADJUSTING. CAUSED 48 If N
COMPUTER TO SLIDE 1" 1"
FAILURE AUG S 77SLEPT. I. "/5 AG5

NOV. Z8. '75 XRAY DIFFRACTION I1500 GAGES LAID MARCH 30. 77 10% SAG iUP b 04)
RUBBER PAD CUT WORK OF RESIDUAL -2SO CRACK GAGES AND 60% SAG LOAD. AUG. I6, '77

INTO STRIPS STRESSES INITIATED <101 BULKHEAD GAGES , 16 SLIPPED Al ROTATE LDADCEL
PINS W5.

TO BE LAID 60% UP REINFORCED
MARCH 25. 77 LOAD Ff. 48. 84. 72

FIRST M AX LOAD A--' 7' 7

SEPT 10 75 STATIC TEST. 10% SAG FIRST 80% SAG
COMPLETION OF JULY I 76 ONLY, TEST WITH PEOPLE. 80% HOG TEST
CRADLE SPACERS START MOD PROBLEM AT 50% OT 3. 77
USED FOR LOAD TO Fr 72 UNLOADING. 80% LATERAL SAG HOG

FRAME STALLATION INTERNALLY IMEASUREO HGH - 7. 77
DEC I LN LSTRAINS. INITIATED COMBINED ILAT VERT)

5 75 INITIATION OF COMPUTER COMPARISON PVC TESTING) M*LAG (COMPLETED
REPORT: BETWEEN ASBUILT ASEM AND MARCH 24. 77 10% SAG AND 70% HOG'I

MATERIAL RIGID VINYL MODEL (SNIAPPI) FIRST STATIC TEST OCT. 14. 77

ED 20% SAG COMBINED ILAT. ft VERT.)
SED ULY, JUNE 30. 76 MARCH 15. 77 Or LAG

ASSEMBLY. REVIEW OF ASEM COMPLETED OCT. 1777
BPLANDLAYED PROPOSED TEST PROGRAM CATEGORIZATION OF COMBINED (LAT ft VERT I

BY DTNSRDC, NADC. INSTRUMENTATION 240 LAG

AFFIX, GRUMMAN.
NAVAIR. FIRST STATIC DEC. 75-MAR. 71 OCT 21. 77
TESTS TO BE 8 LOCATED. LAID. AND COMBINED LAY. f VERTI
MAXIMUM LOAD FINALZ INSTRU 24W LAG

DEC. 75
INITIATED FOAMING OCT. 21. 77 80%

AND WELDING OF PARTIAL LATERAL iHOG

000172 SAG)

DEC. 76
X-RAY DIFFRACTION

WORK
COMPLETED

NOV. %. 77 BEGAN STRUCTURAL
REINFORCEMENT OF
DECKHOUSE OPENINGS
AFT OF FND '87

JUNE 13. 77
ATTEMPT

r AT HOG6

I AG~ SIP OCT DE JN MA. R JUL I OCf -1111 E APO MAY JmI JULY LAGI OT 4 0

19751 17 1977 iNITIATE INSTALLATION OF 197FEB 22,

BRACKETS ON Fr. 16 b 24. PRESENTATION OF
RESET ft SM LOAD STATIC TEST RESULTS

Fr 72,. Ill J~rY S "77 TO NAVSiEA
AUG. 29. 77 JULY 29.77 JULY&7T

BEGAN STRUCTURAL S)% HOG. DURING TESTING UNABLE PVC TEST RESULTS
MOOIICAIToNS TO TAKE SHIP DOWN AT 80% (ROT REPORTED

(FASIION PLATES. TOM OF Fr. 84 BENT ft TWISTED

DOUBLERS. FORWARD)
COAMINGS)

OF SEPT. 20 77
ATTEMPT AT SEPT. 2 AN 13.75
M% 1O6SAG 0% SAG HOG VERT. SEPT. 23. 77 AN 3 ES COE AI

TEST SOFTWARE IG000 DATA) 40% LATERAL SAG SEPT. 2, 77 F GAGEST B NORD

PROLEM (MIoSHIP TO STBOI 80% LATERAL SAG FOR ,_ _--__ _ __IN CY OF D

FIRST LATERAL LOADS - PLACED IN SAEOFS 0PAIRS

TEST IDATA RECORDED SEPT. 7. 77 REPEATABLITY CHCKS INITIATED

D 80% LATERAL HOG NOV. 21. 77 NOV U0. 77
EVERY 5%. PROBLEM 901 or 01 GAGES COMPLETED STRUCTURAL

At COMPLETION CHOSEN FOR CYCLIC TEST REINFORCEMENT OF DECKHOUSE

Figure A.i - ASEM Static Tests Major Events



APPENDIX B

STRAIN DATA OF FOUR ANALYZED STATIC TESTS

GENERAL

During the static tests conducted on the ASEM, data were stored on magnetic

tape for future computer data analysis. After preliminary analysis of the data,

four tests with the "best behaved" data were chosen for extensive statistical anal-

yses. Tables B.1 through B.4 summarize the results of these analyses. Throughout

the analyses, the assumption is made that a linear relationship exists between load

and resultant strain. To aid in interpreting the tables, an explanation of each

table is given with emphasis on the explanation of column headings.

Prior to static testing, a system was devised which assigned an alphanumeric

character to gages based on the gage location on the model.* In order to better

understand gage locations described by the alphanumeric character used in TFables B.1

through B.4, the relevant portions of an informal report were extracted and included

in Appendix E for referral.

The first three columns of Fables B.1 through B.4 are all exactly the same.

The first column, titled GAGE NUMBER, is a number 1 through 1800 referring to a

unique channel and, therefore, to a unique strain gage. As mentioned previously,

GAGE NAME refers to the alphanumeric character used to describe the strain gage

location. The third column, POSITION, is comprised of three values. The first

value is the number associated with one of ten strain bridge completion panels

located beneath the model on the test bed floor. The second value is the particular

bank (blank, A or B) in each panel. The third value is the strain channel associated

with each panel and each bank. This number varies from 1 to 60. Thus, for any one

specific strain channel, the GAGE NUMBER, GAGE NAME, and POSITION are individually

unique but all three represent one particular strain channel.

*Johnson, R.E., "The Aluminum Ship Evaluation Model (ASEM) Instrumentation,"

reported informally as Enclosure (1) to DTNSRDC Itr 80-173-158 (17 Oct 1980).
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TABLE B.1 - STATISTICAL RESULTS FROM ASEM STATIC TESTS WITH

INDIVIDUAL VERTICAL AND LATERAL LOADING

The statistical analysis of the strain gage data obtained from the test on

2-2 September 1977 is presented under the portion of Table B.1 entitled VERTICAL

LOADING ONLY. The data analysis of the test on 28 October 1977 is under LATERAL

LOADING ONLY. As they imply, only vertical loads were applied to the model on

22 September and only lateral loads were applied on 28 October.

The SENSITIVITY/lOO% is the number obtained from performing linear regression

analyses on the data and extrapolating the strain at 100~' maximum BM. In this case,

the load and temperature are the two independent variables in the analyses. Thus,

multiplying this number by a fraction representing a particular load level will give

the strain for that particular load level. In actuality, since no load greater

than 80% maximum BM was applied to the model during the static tests, the factor

will be no greater than 0.8.

The DRIFT is an indication of the variation in the data from the theoretical

straight line plot due to temperature effects over time. The results of the linear

multiple regression analysis used in determining the DRIFT is in micro inches per

hour of apparent strain due to thermal effects on the lead wire resistance.

In this study, the ERROR OF ESTIMATE (EOE) is the standard deviation of the

variation between measured data and predicted values. In general, the smaller this

number, the better behaved are the data. However, unless the change in strain

resulting from change in applied load is of significant magnitude (>5OAE), the EOE

is not a good measure of data validity.

Thie CORRELATION COEFFICIENT is the quantitative measure of association between

the strain and load variables, or how well a curve (straight line in this case) fits

the test data. This value ranges from 0 to 1. As it approaches 1, the correlation

between the data and the theoretical straight line will improve. Because of the

definition of the correlation coefficient, a saturated (bad) channel will have a

data value of zero (thus fitting a horizontal straight line perfectly). In this

case, the correlation coefficient will have a meaningless value of 1.0.
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TABLE B.2 - STATISTICAL RESULTS FROM ASEM STATIC TESTS
WITH COMBINED VERTICAL AND LATERAL LOADING

Whereas Table B.1 presented the results of the analysis of the data from the

vertical-loads-only test and the lateral-loads-only test, Table B.2 presents the

data analysis of the combined vertical and lateral loading test with a 60' phase

lag and the combined loading test with a 2400 phase lag. The ERROR OF ESTIMA-TE and

CORRELATION COEFFICIENT are determined in thce same manner as discussed previous!".

However, for the combined loading tests, the S;ENSITIVITY/IO0' values are obtained

for the two independent variables, VERTICAL loads, and LATERAL loads.

TABLE B.3 - STRAIN SENSITIVITIES FROM STATISTICAL

ANALYSIS OF ASEM STATIC TEST DATA

This table is a compilation of the "best" data selected from Tables B.1 and B.2.

The first three columns are the same as in the previous two tables. The fourth

column, ASSUMED CAL identifies whether the calibration (cal) value recorded during

testing was used in the analysis, or whether an assumed value was used. The strain

computations are based on calibration values derived from the statistical evaluation

of nine separate values. 7he assumed calibration value (indicated by a YES) was the

average of all of the valid calibration values. For the data analyses, this was

-536.9 counts per i000V.

The criteria of "best" data is based on the lowest error of estimate. For

VERTICAL LOADING ONLY the VERTICAL SENSITIVITY, ESTIMATE OF ERROR, and CORRELATION

COEFFICIENT were selected from Tests 1, 3, and 4 (see Table B.4).

TABLE B.4 - TEST IDENTIFICATION USED IN TABLE B.3

Test Type Date
Loading

I Vertical 9-22-77

2 Lateral 10-28-77

3Combined 10-14-77

at 600 Lag

4 Combined

at 2400 Lag
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For LATERAL LOADING ONLY the LATERAL SENSITIVITY and associated ERROR OF ESTIMATE

and CORRELATION COEFFI IENT were selected from Tests 2, 3, or 4. The majority of

the data in Table B.3 came from Tests 1 and 2. Apparently the temperature effects

for thvse two tests were minimized.

TABLE B.5 - COMPARISON OF ASEM STATISTICAL ANALYSIS RESULTS AND

S'ATIC TFSF DATA FROM COMBINED LOADING AT 60 DEGRE LAG

This table compares the theoretical data obtained from the data analysis with

the actual test data for the test of combined loading with a 600 lag. The first

fiir columns are the same as in the previous tables. The fifth column is the max-

imum positive measured value of strain and the sixth column is the vertical and

lat,.r;al loads at which the maximum positive measured strain occurred. The seventh

column. PRFDICTED STRAIN, is the strain value which would have been predicted using

tLhi moment condition of the previous column. This strain value is determined by

first dividing the two numbers in the previous column associated with vertical and

lateral moment by 100; then multiplying by each appropriate sensitivity from Table

B.3 and finally summing the two values.

The la-.t three columns are the MAXIMUM PREDICTED STRAIN, the MOMENT condition

at which it occurs and the actual MEASURED STRAIN at that MOMENT condition. When

the MAXIM'M PREDICTED STRAIN and the MEASURED STRAIN are determined to be the same,

the characters SAMIE are used to prevent repetition.

TABLE B.6 - COMPARISON OF ASEM STATISTICAL ANALYSIS RESULTS AND
w;Ant TESF DATA FROM COMBINED LOADING AT 240 DEGREE LAG

This; table is similar to Table B.5 except that the comparison of the theoretical

an! actuol data is for the test for combined loading with a 240' phase shift in the

lateral and vertical loads.
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TABLE B.1 - STATISTICAL RESULTS FROM ASEIM STATIC TESTS WITH INDIVIDUAL
VERTICAL AND LATERAL LOADING

VERTICAL LOADING 0NLY LATERAL LOADING OWL.

GAG:E CAGE POS IT IONI aE8T4T/07 EROR C:RRELA;IO.W S ;SIIIT11;o. ERROR0 01 CORRE.LAT1884
RAIR AEOROC I Y; DRIFT .SIATE COEFIIER RIT 0E0 EST IMTE COEFFI CIEMY

I *RCOWMP 9- .6 .I '140 6 S64
2 5R4M 4 7 ' ~ 13 834 0 31 22 Z195
3 *87MmP 9- 3 . 6 0 38 46 6 25 203.0

A 98C OIFP9 4 0 . 0 0 0000 - I1 90 2s 1:s.

3SM89 -6 173 2 1 S92 3 -4. S R2 0607

8SMP9 71 4 2 94 0 9 -1 I 9S7
A IS3F 92 M. 8F -8 2 2 1 99, 56 0 90880808CO.9. 9 -29 ''0 121 .079 1 No0000

'0 4098 . -0 -381 23 26 9908 18 '3 29890
II *RCORIIRSt to ,1 4 17 ,I ,62 I 6 2 a482

2 ac I4110 9 - .12 - 1 0 21132 0o 0 49

3 gal18 I. I NG3 257 24 Is :81 7 7 3 94

Is It998 9- -' 82 #82, '0 8.6 996

20 88148 9 -0 9 ' 1 84 8 24 1 1216

2, Bs580980 9 21 -12, 16 "1 992790 9808t

2 S8 R0 9--2208 68 63SS a8 -4 889
Z3 IIAS9781 8- -2 - 3 90 0 191 '2 96
36 SOCOMOS 9- .24 -272 'a 6 993 '6 -2 443

2 86409--90 0 0 1 0000 C - 0 000
20: 889105 9 -26 -103 143 9901 4 9313

2' *808FS 19-21 0 3 3 80879 3

2 882TS 9- -09 I4 190 8 .4A89

29 8884005s 9 -29 2 34 IS 3 9996 I~ 37 7 978
9887005 9 3 0 0 0 1 0 00 0 0 1 000c

9. .~-33 40 18 3 9783 13 'Q 0 6762

34 MIS I I 9- 34 IS0 172 9920 8 9 3 940,
38 .110 9. -38 0 0 0 100 00 0 00 00
36 .1III9 9- 386 22 Is 8 9308 IS 18 11901

37 813089 37 -61 9 493 A -3 4 89

39 : 135:1 2 9- - 3 -19 'o 3 .904 271 3 9 a6

0. Z:913 9. 01 -80 :7 8. 996 2o 'a '2 96 8

42 M'lCOS 9. -42 -104 II3 g987 10 I1 406:

43 071 43 -8 1 496 -3 Z 0

.8 M19COS 9- -48 -41 12 2 9997 10 -a 3 S'87

46 I 01 3p 9 .6 ;28 1 3 99:3 9 1 4, 11 6

48 235813 9 9 -aS 188 3 a95 108 4 960

49 M2993 9- -3 -17 13 3 999 V -'2 3 9860 M 830 9 -0 -178 10 2I97t 2 299
81 M0270 9- -VI 1 -129 1 '221 961 -Is4 72 1023

52 MZI7 149 9- -S2 199 12 12 4938 1 7-3 1 1 9770
S 3 G9OS 9 .3 00 0 I 000 0 0 0 0 0000
84 0299:149 9.-s. 0 0 0 10000 0 a 0 1 0000

Z5 M2414;8 9 .2371 3 844 '2 Is& 3 99
86 0 310S 9 , -8 .32 1 2 99923 3 8 9312
67 M031S149 9. -S1 -3:7 'S 2 4999 9 212 2 9998

.;6 24 1 01 C -9 -214 122 9981 11 2 94

60 M36 1 8 SIDI 9- -60 1 1 9963 4 9 so18

42 :Comm89 98 2 -21731 261 3s 270182 2S8 3312.8
63 4164 9 4-A- 3 169 4 19 97S4 -2 42 '8 7843

44~~t 364086.48 4 0241 0 0 0 0000
88 *698M9 8 . 8 2 0 2 7 .092 -66 0 A46

6 11164805A 9 6 -21 - 1 28 2563 -a, 73 1 813

7 SICMO 9-4- 7 86 9 13 42482 8S'64

6:9 11193099 9.. -Is 3 42 0870 10 13 37 6846

70 0119301 46- 28 8 31 44, 4 '7 22 3 38 2
1 *16C.0F;9 9--I 106 12 188 1 1 IS98
7I &IC FI 9-6-12 3 2 8 2038 0 1 I 484

73 31979 9-4-;3 12 I97714 10 79

7s a1I4&4009 9619 '43 8 16 98341 a a1 8. 8I04
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TABLE B.I (Continued)

VERTICAL LOADING ONLY LATERAL L0A0140 ONLI

SAG CAGE POITO S IITY'<loot. ERROR 00 letRE LA' IN SN7 OI' lO7t ACO 08 : OR8A' oN
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535 89A18 -35 a, 7 4 97-*7 - 3 5 9033

*536 0965711IR0 *0 A36 -50 S 1 4 .0830 3 40 6 950,

*53 39519 1- 7 -S 5 * 6737 3 -32 2 75

39 s 8 01 A00 1-39 *70 6 6 91 ,9 -63 .* 62 3*0

*500 09051* SF180 1-6-00 -94 -3 206 44 '0 F 0 0000

*54* 8905* 1 90060 __: 1001* *"0 4T 939 *2 04 *6 963

*94 89s1 9000 D -- 4 258 *2 7 998* 7 244 63

*943 898S;1: R 9000 -4-43 '30 1 *3 .48 -29 2a922

*545 8905*0800S I*-0-4_. 64 14 4 .03* 1*2 7 3 *321 9509

*56 *0810 01%lC ;-0-46 -90 *0 89*4 430 699

*5405 0500702SF A0-40 -3S 3 Q 8&S52 5 -20 5 8293

;S49 A5M-47C350 :,-- -264 *8S 9943 -3 20: A 96

*950 05M6477045 _-A-SO -25 a2 2* 906 *7 3*6 *12 03

*91 4M17C55 SF -0* -87 *709966 9 3 9970

*952 ASMM7CISA 1-0-5 -350 9 6 9993 36 262 3 99

*3 A5M77C250 1-0-3 -35 1 1 996 9 37 3 99
*554 AOS..77C35 A -0-5S4 -44 -2 2v 8734 -27 9 25 4*5s

*55'2 a'M734 0-7 -3 * 2 9980 3 *00 3 19.8,

*598 00MM173501 9 -- 5 -6*3 Is 3a 9998 6 g9, 3 0969

*95 SM.M7783503 0 1 -9000 *00 0. 1 0.00

*560 9*036*10 1-4.-60 -277 2* 11 9975 2 *49 29197

*963 R*O06M8 18 3 -59 *3 3 9970 -3 Is. 7 4069

*94 008MM 8 400 0 * 0000 0 0 0 *0000

*566 8*OEMMS: 1-- -390 81a 4 .99* *0 796

*507 6510100C *8- 7 -2 .2 23 *309 *6 5* 2S 74032

*58 OOCOE -- 9 3 *2 190283O*

*598: 8468 *--9 5 6 4 992 - 20 4 8803.1

*S70 118*84 5 1--T 3 1*2 3 996 6#* 2 988
*57* RE.SISTO R S *10 0 -25' 5 6; -* I 6 705

*512 s*0800815 1.-72 0 1 0000 0 0 1 0000

;813 R*00P8 8 ::0-;3 -32 12 2 990-3 *2 4 260

*974 8*0013 S 8 4 7 2 978 *1 : 21 830

Is75 DIV566 M. -s9-IS 61 *0 3 11981 2 s I 326

- t 79



TABLE B.1 (Continued)

9ERTICA LOADING ONLY LATERAL LOADING ONLY

0C GAGE POS ITIION SEN .I.YI.IIO~ ERROR OA CC RELAIIOR. SENI1101T111;003 ERROR OP CORR;LAI ION

NMBER NAM VETCA ORI1T ES IT COEFC I DRP LAEA E T I C II

1974 1044M8 :S-l -52 A2 2 9862 9:IO. T 7I 2I

'S7 8146S I--a 2 - 9299 0 5278

57 log O8N MP 8-19 -52 I3 996 7 13 2 979

-a8 SIRAIP IR2 -1, A 9981 0 -2 2 6476

902 I4SPS -22 24 6 2 a5R -N-1 465

154 RORYl,,. 208 82 23 S12 4C 19999* 6 25 9

SAN RloNp 2YYRC -- 24 -95 11 21 9ST 2 N 2 R1I1I

;8:: S tA 20R -2 0 0 0 0.20 0 0 0 1 0-0

56 80PIIo -- 2G A IS 2 9 )4 12 2 2 960
1947 R108Pl7118 ?PC7 I 2 799 IC 3 9904 3

058R 1.OPI N; I-R -2302 1 4 A 999 9 4 9202

56 8IAI SPINY 1.-2 60 3 2399 2 42

6S90 8106010 %,IRO 14.20 2408 2 9998 a2 -22 9 942

159'3 NISI :15R '-- 72 4 97 4 S ,545
152 ROSI3PPO 1-2 -' I?29430 2 2SS

599 N 1 08S7,: NY1 3--5 -6 98I -0291
Is96 9 1 11 I--.:2:3 76 3 1. 084

1 9 9 8 1:8: 3 : S1R - - 8- 2 2929 9 - 2 -2 9 19 8 4

1S6 8_081 SYP lB3t -1 2 9898 2- 9929

ISC RO 9S 1-R4 -7 7 0 2 9 9 93 2 6990

60 AP 471A '8 6-293 I2 A2 99823 469 30 99

1 ~ 6108 .07 :-RD 14-27 -2 9 2 9999 -2 4S 98998

1606~ 2P47CP N37S 400 1 2499 A -6 49346

1610~ ~ 2044726 -- O 30299 S -2 993

1611: APO4Y77P3P61 S 1891S 2I a3 3 9809 3 9919

1612 APMM7,CIY '8-9 -0. a2 9999 4 -8 2 9981

14 9. A9M"777C30P I-N 360 2I 6996 2 7 6 94

167 AM77CY 389 -92 -2 2 4 9983 7 S 25 9901

162-a .4S:O .19. 2 9998 I -5 9948

0 S 2 -22 IN 2 999 32 26 272

622 A152 0-- 316 I 2 9998 4 -9 2E9

'625 APMM2C 0--S -0 34 49 2Is8 3 9666

a66s154*0 -'8 34 2G 994 IS 24 39'9

8 2 1 1 3 6 0 : 2 I 12 8 9 9 1 4 2I269 5

'628 458 0 8 -673 2 9991 25 2 985

'02 .9S"2:5 0- -01 6 9726 94 28 9919

'62 41909 0 -1 NI I 9900 0 34 N 9636

16 951* 0- ''a -22 8 679 2293

84 R2SS IN 0- 4 29 2i '4 979 2 Is 4 1101

;:163 9 9 9 9 6* 0 - -'19 1 0 3 9 8 6 II I 49 4 9

8 29: 9971 0- 99 14 12* 2 990 29 2 9999

1840 499R 0 -20 :27 12 I 993S 1 -22 2 940

14 .99911*% 0- -2 0 3 00 1686

:1 43 II99R 1* 0 : -2 -2' 9 994 I'2 -46 22

1444 S~ 89128 0- -24 853 9197 30 483 997

INS3 92 0- -7 8 II 2 994 9 7 97

IAN V9t91. 0- -2 I6 3 12 3 9904 0 SN 2 9986

1649 099'15 0- -29 2; 2 2 992 .2-62 2 S99

.140 889I 17* 0- -20 97, 1 2 9986 11 NC4 2 9986

O 2 0 100000 0 080



TABLE B.I (Continued)

VERTICAL LOADING 0908 LATERAL LOADING OWL,

GtAGE GAGE POSITION SE9SITIVITv;IO0X ERRO O6EAI4 S9IIVTIO RO O ERLTD

RNE NAME VERTICAL DotIFT EI IMATE C60EFJIE, RFT L ATEi SIME CO FI ET

161 99917 0 -3 -123 3 999 : 63 2 97

162 904*0- -32 -I 3 0 96l 6 2 97

:43 08019I9000 0- 23 IS1 I 6 9980 S 0 66 1 2 340'

61 9201IR51 -- 4 112 7 .99 77 394

49 4680 3: 00 0 0 00

1616 66490 0- -36 0 0 0 I 0000 0 0 0 I000$

11 07 0?0 37 0 0 0 0000 '0 -0 2c 0000

161 9760 0- 3 600 7 I 991 3 632

169 7260? 0- 39 0 0. 0 '00 0 0 -000

160 790?0--4 64 1 9908 4 0 4 8102

1661 M.6:60? 0- -. 46 9 9 999 1 .11 .649

662 443608P o- -42 0 0 0 0000 0 0 0 000

:666 99160? 0- -4s 306 IQ 246666 -s469

:66 4360 0 -66 229 13 3S99 63I 6106

167 696?0--7604 3 0 3S61 156 0044 26

1448 99760? 0- -66 0 0 0 '0000000

166 896? - 6969 12 4ID 970 6 -2 3

1670 920:608'. 0- -SO 69 91 4 941 9 9 i42

:4: 930 -- ,000 00 0 0 00

1672 9110 0--29:I496 722

674 9460 0- 3 0 00000 0 0. 0 '000

:676 9965FF1I6C1 0- -11 -3 93 9R96 81 19-S99

676 698966 0 13 '22 99 999

17 ...080"60 -1 1'2 3 98.s 6 582 97

76 680?9807R 0- -so -263 6 99 9 6 2 91

166 19090 0- I 6 C 27 4S 2490 
17 - 972

: 64 42794 0-A- 60 -1 4 6694066299

1643 6926689146p 0- 3 -313 1: 26 972 -4 39

166 43179? ~ 0~ 00 100:00 0 SO '00

:661 ZM 98680 0-A 6 -7 I396'0 
63 933

:666: 66680 Is- 6 7 10 4393 3 9 106

1697 .. : Cc 96Z : 0 6 7 -- 2 1 4 980 1:: 6 4 2097

:849 a6880 0 6 3 3 90: - 19 3 9 137,

69 60?648 -A-Ic :99 803 1 3 2 9176

2692 962PI7L 0-A- 1 -91 '3 :2 976 -S -69LF 4 996g 3

63 98689(6 0--14 16 6445 3S691

049 RA? 069 0 1 2 2 2 :3490 I' 9440

:691 R86?lb0IM60 0 -19 3 9 421 8 32 3 9900

:89 96?16990 0-66 2 4 34 8 22 3 98123

1697 RIP 011I 062 6 I 454 3139 0

::C7 688:II -0:: 2's "129647 
2 29

7 : V:1w4: 0-.2 P4 , 2 999 1" -)' 2_. 
1999 

6

1704 I0. ,6 0'2 44 : S 9907 226 2 9934

1701 :AS00?ICp:PI 06A21 - :0 92 444 - I440

77062 961.961I61. 0-6-26 0 00 I 0000 0 0000,

116 609 68R0 0-38-2 I 91 a 2I 01 27

7799R3 6 1A9 0 29 12 9290 21 200

873 6 966?OOI 0Is3 0 3 1 499 3S -3 91

.7::046SI"4CI. 0-: 3 00 0 I000

77:6 06 :6.101 0--6-00. 94 10299

:704 667 900.S R9M 0-6-34 2 3 6 9 831 a -9 72

8779 46: 9089 0 -- 3 63226 .:32 -76

870 RRI 190 -0 7 S2 392 6 -R 2 76

772:~~ 946 76: 78f4~0 4 72 a 3 99 4391

:732 044 M7: VU 98 o0.A4 34 10 9 999 622999

772 7 96 ag6 ,.6181 LI 0'--4 -231 70 48 397 2 3 9969

7729~~~ 148 6679-60 0--4 -:7 9 44 6399

';: ::3SI:U A:3: 90. .814-. 2

71. * 11
1- 7 6 M 6 11 ,-H I O A 3



TABLE B.1 (Continued)

VERTICAL LOGGING ONL" LATERA LOADING ONL"

GAGE. COACE POS I TION SENS ITIOITTiIOO. ERROR OF CORRELA' ION SRNS1ITITY'00% ERRO;O CORRT C

NuME NAME OE8TCA, DRIFT ESTIMIATE 000FF ICIENT DRIFT LATEAAL ETMATE cOO OIL'.

77 27 0466 ISOSA 004 -24 A I 4 . s04 2 2 9 a4

20 M86 ISOSI s L 0-AR -299888 -4 5 9'4

72 FO 9S 88010AS 322 0 2 999 2 64 A9 92

7300 RO .8SISI 0 5 220 9 2 999 -2 102 R
737 RO2S7MZSIB7J 0-A-S 744 a 73 1IS 9837 4 -26 s 9S.$

1I3 RI S0110 0-0-62 70. I N 9 9

1734 RaN30 RM 0-UA 99 3 90'.22 ,

773S BRS0.IOJ 0A-SS 2 ;Q 2 990s- A 09

IT3R R S3N1RO 0-A-S -T 2 2 9 9 2 2 as52

7713 RA60S90_SIS#8 0 A9 -359 2 2 998s 9 3 626$

40 B8S02.0 0, 0-A-N S9 13 4 822 -9 25,

*7' 4850101 08 - :22. II 3 0895 71 22 9099

'42 079210 L2 0-8 2 -2' ,0 3 996s 2 2 999f

,T42 880,S''0010P; 0-0 A -a 32 91!53 9 S. I,64

174 MNSI~C 084 01 0000 0 0 0 000

785 07 IS 6200'02,l: 0- 6 -53 2 299 1 -2 490

740 1 9 66200162: CR 6 -8 Ii 29989 7 - 292

'749. 855 701 1 0--9 -6 -2 17 257 3 -1S 6096

7792 8S68 Z- ARVI BB! 0-R 2 - 2375 2 -'96

1754 95607SSA 60..88 OR 74-2 I- 04 A 3 69

1756 A 77 0ISAA 0-8I 74 2 2003 N 6 692

176 44097<< 8 6 6; 4 996s0 -2 3 9S&02

17 400 12 0-87 lS 399 36 -1 2919

1759 NNAOI7I8CI S-1 L< II 0 0. 9a 6 0429

'760 86 0 c0 0--2 130 1 -6924 70 -S 2 890

1 6' 2620v 1 9) 00821 -4-:59 7-2 226 99

1702 466 2620
7

I0LI 0-8-22 C 0 0 1 0000 0 00 7 0000

7763 67009 Sl 0823 -367 I 3 999 0 12299

176A 66 620R10 0-82. -23 ::8.93 7 -3 3 '299

'75 00 320I 002 -26 sC 990' 39-99

S7' 68 60212 0--2 -654 53 955 -2

'' 09 500I -- 2 33 13 4 993S 9.2 443!
'76 80669710 0 0 2T 29 9 3 936! s-72

'770, 640 400. -- 30 4 10 0'942 - -810923

1773 067560121; 08-33 61 II 4 9990 3 123 9990

I 740679012 0--3 -07 7 090 -6 -'03 :99

I7 4L 2 L 02 0 -36 -432 A549 3 -07 2 99

'7 7 069-50s 0-B3 .I 7 36 7 2 44 2 916

-1< .9 21 12 0-B-J -7 1 4 9826 9 -22 3 96

1779 I ''-: 1 0-BJ -502 1II 4 9999 7 '60 9- 999

'780 o45200,AOJ 0-8-.0 42 13 3 9"1" 9 -21 3 9276

'72 'a Sl 6012. ' - 5 1 3--4 26 73 3 9942 6 -7 237'

773 oI79II 0B-3- 3 4 941N 21299

7784 076 60 0--A -21 14 a I99 '0172 2 999

7S B8691
8  

B46S -82 7 3 $979 7 0 2 89271

7706 9770GI 0-B-SO S3 72 3 9 17 1 2S 2 9923

707~~~~~~ ~~ o9'912 --7 4N99 2 2 90

7744 897 9P0I40F LI 1 0--A 12 74 5~ 999 .2A I 2

778 9 ;<07;P2OP060CC)1 0-BR -go 'A2 4 996 -9 2 93A2

7790 08891 -0 -24.2 10 2 905 -200 299

7I T7 6,0;U 0-.-SI -SO 0 3 9906 N -272 2 9996

179i s79 60071 8 7-2 7' 3 8975 -1 2 NN

779 063 9012611 059 -27 70 4890 3 -7 4 9

7794 779 IC 98181 -BSR 20. 72 2 8724 a -200 .9996

7296 B6402 98S0 0-BN 72 . 4O 990 2 IA 51 931a

7797 S59002A I C 0-8-67 68A 0 7 9778 1 38 1 032

7798 868IOll -- 81 44 02 aR2 A -4 5 432

:7799 8649 7008101c 0-1-99 8 4 7 623 7 -27 2 10

7800 B0 0087-P 0-B-SO 3 7 942 '0 -4 2 .0576

82



TABLE B.2 - STATISTICAL RESULTS FROM ASEM STATIC TESTS W4ITH COMBINED
VERTICAL AND LATERAL LOADING

C074636ED LOADING e So DEGREE LAC CCNWihtO LOADING 0 240 ODGRE LAC

GIAG. IGAG P0s9IT1I0O SE603T307?6/300 . 0670800 COIOEL6T:.07 SE6937393T9/300. 1609 .06 CoOEEEA 06
Lim66 A54 OEJAL LATERAL ESIMT 006606 V ICAL LATERAL 7.iMT c0666C;;."

3 @6977474 9- 3 6 31 .. 2 97 27 63 1.1:0

4 1-67699 4 00 0 1 .000 0 0 3 0000

* OR476 6 40IP -23 4. 30 33 2 76 1

7 69474 9 472 7 6 .690 -47 732

6 6023466 9- -62 .440 7 9631 -It2 993

6 6009363 9. 0 0 0 10000 0 0 0 0000

70 600366 6--3 -364 3 20 .93 -380 99 26 990
33 660 06 9. -33 4 9 I0 .01 3. 0 A33 1.

32 96933369 9- -32 0 0 3 376 0 0 0 30000

32 66336 9 --33 22116 19 36 .9670 213 -993 97
34 :::o 6 33 33- 34 -36 0 I 63 -3 -30 32 39

3s "llP966 9. -31 70 13 s .999 16 93 6 1110:6

a4 66S333I0A 9 .3 1 6I 3 6 .9696 -9 -23 49794

39 69360 S 90 0 0 .0000 0 00 30000

202S36 - . 30 3 32 .6102 42 2 30 9299
23 66996660 9:.2 -33 -34 I4 909 -332 I's 3796

22 2666 9--2 364 -3IS 25 963 237 -79 992.S
23 66996606: 9 2.3 4 -32 9 .999 2 6 -33 2 9 99

34 6003S9 24 -260 .'s 6 9969 .29 33 9 9971

2S 66447M9 9- 23S 0 0 3.0000 00 0 3 0000

26 9974999 26 -300 2 .90639 93

27 66 m676 9- -27 2 23 .9- 3 4 37

26 66926769 :-20 7 0 .424 - :20 972

29 664479 -- 2 237 -326 9 .99 -242 -2 3099

30 697799 30 0 0 0 3.0000 0 0000

.3 66296 9- -2 -1 23 7 .609 :20 -47 7

33 676933 9- -333 30 -V6949 29 - 6, 923

34 7403 9 3 22 97 .66324 33 9 6 .24
39 4300 9-ic1 -3 0 . 0 3.00 0 0 0 300

36 7433s334 9- -36 7 23 A .366 A 22 7 027

371 74133009 9- -374 -2 9 ...3 -62 4 6 IS,6
36 7339326 -- 3 0 3.Oo0 0 00 300

39 433929- -39 -22 33, 6 .9406R -22 29 9 9174

40:342 - -0 -302 6 9 .962 -3031 -2 6 962

42 M73700 9- -42 -306 0 6 .993 -3. 0 7 .916

43 43632 9 -43 -43 -36 7 .936-7 .24 942

44 73399 -4-7 43 7 .646 40 9a 93

49 7439109 9 :44 -49 .96 9966 -3942 -s 7 99163

49 74932 46 -;39 67 _ 9 6-3,6 77 30 94
67 7423009 9--7 -36A4 .93 377394
40 723&133.90 It -4a -390 306 .9979 -1130 0 9979

49 7299;39 9. .49 .34 -323 9 9-6 -3221 0 62

93 7427009 9 -9 -339 3 3 .$7a7 .3 33 42 06

92 7279349 9- -92 -233 370 3, .692 -220 363 3496

S3 .290 C- -S3 0 0 0 .00 0 0 0 . 0
90 142934 4- 0 0 0 3.0000000 30 0

99 742934 9- -- 49 1&9 7 .963 -293 1&$ 1096
96 733009 9 96 -30 2 30 :97 33 .3 4099

S7 S43399 .7 -399 233 7 1199 2634 233 9 6993

96 724 3S2CPIl 2 96 -24 ?23 4 . 69-22o 3 226 696

96 62630 9 -9 3 77 IN:69 -44 42 a 5
60 963 933 9- .60 -9 1 0 .9963 -31 0 6 4294

3 630779 9.6- 3 6 -2 37 19602 373 -36 30 9.629
2 630479 9-A- 2 -;:a, -s 17.9 -26 7 0 A693

43 6 4449 9-A- 3 3 43 39 .673721462

44 639744 -A 0 0 1.0000 00 0 3 000
69 b66907474 9:A lo 390 93 .94 220 2 3 .9.12
64 630674746 #.A. 6 -A: 62 21 l.76 1 39 20 3409

67 6600469 9-A- 7 76 3to 9677 0 092

69 6l33746 9-A- 9 26 99 3 72640 -4so 2 7669

70 63979 -- 0262 37 30 .9 226 -3 2794
73:,:: I3001 9--3 30 334. 4 96-2 is 62

72; 63600679 9-12 0OS 300 0 0 11749$

73 63623 6--332 21 3 97 26 2 699

3s 7 9 136504474 44341 327 2 32 .24 327 -2 96774

83



TABLE 8.2 (Continued)

COMBINED LOADING V 80 DEGREE LAG COMBINED LOADING W 240 DEGREE LAG

GAGE GAGE P0RO1T ION SENSITIVITY/lO0t ERROR OF CORRELATION SENSITIRITY/OOT. ERROR OF CORRELATION

NMER NAME VERTICAL LATERAL ESTIMATE COEFFICIENT VERTICAL LATERAL ESTIMATE COEFFICIENT

74 BIASRMMS S-A- 16 IS] -Z9 7 99so£ 179 2A20 947 1

77 BISMNE NAl72 -31 20 NEA IT7 24 NT

TA NISAMS 9-- N IN -2 0 17 EN1 -4 AN 267AT

TN BE3MR NA-It 0 0 10000 000 1 0000

80 BI4S3MSlN-A20 233 - 10 2N 61 221, 444 N

RI BIO2I &-AZ II IS N75I6 140 .20 22 N5I

:2 BISZI S. NA-22 -lOB -23 1s NETS -1 -2: 1 NEE

£ BICOOII -AIIs -22 32 899 4' ZR 32 46

IA RICOVRRO -- 2 .7 2E 30 72 7 72 o

RN BAOOO NA-ZS 0 0 I 00.. 90 0 0 100

8, BI47RO NAZlT I 24 198: 37 -2 2S NZTE11

RBA BIRIB N 2-Z -2,'S 22 T 938 -224 21INNS

OR BI4 SF05 N--Z aN 'is ,I .8 724 45N2

No BIE.' SOFRE N-A-JO 01 0000 000 I0000

99 B16111 -- 34 222 3l 0 19' IN 33 20 96
96~S 9"6a IVsR N-2O-2 T Nt~ 2 NAT

_E BlS 3FR S-- 33R -A 34 974 A20 T2 9479

NI:- E'6 50. 9 -2£19 -3 4 80 4 139 82. 971

NV 0904 NA-JR -ST 13 IA0 86220 6 £NE

Vt FIJOOC40NA I9-8-39 -26 6 4 975T -28 - 6 .91lO

10 2 7ICOP.,84 206 7 I0 NN20-3 093

IT 213T IAA AA 3 2 VS 155 -4 4 TN

102 F2SCONA 9--A -S 4 6A 2S5 -T 26 t 719

03~~~~1 O CTARA4-3'2£413 -42 £ &,a473

10 9009--A 0 0 0 000 0 0
106 IICO NA-A 36I A90 22 -4 7 8445

ICE 9FITCON.' A-4 21 1 6 027-SlE82

:07 02' C30084 NA -A 4Z 6 102 763 -2 6 S0

OR 12 V C 9-4 2T IT 80 7243 -5 -2 1061

I ON Il COP 9--EN 67 7 IS 9246 -!92

lI 100 -- S 1 000 0 0 0 I 0.00

I:, oiSCOV N-A-St I S 21210-3S 2247

7I I7CTV 9-8-:62 13 6 56 iNN 04 46 El6 "15849. .

118 CIZCT 1S NA-SR 178. 4 a NN2 T 4ISNZ

-~sO s1 2
0 0

656 23 7 NT 230 I N£

A1 2TT6-S. 309 I 1 0 NN 7B9 38 2 -414 996

118 9C0 -A-S SI S7 T 999 a1 Z8N

1206 91' :I 900 12-0 0 4 28

12 HZAC219 V S:1 9-- 8 N482lO-R692

123 8B2ZNSAMM0: 9-- 6 0 0NA4 4 -Is 6 ...NS

12 6241*RVTS 9- R00 0 1 0000 0 0 '0 t10000

126 B2N6T1"I: N-B 6R 13 7 152. IT 7 S 823

I2 ZaCGV N2B 7 39 '05 N .39 N - 6 941$
12 B4CCO 9-£-0 _7 8 £ 390 -2 - 4R

129 0244F N-B N 24V-0I 64 2 Z 270

120 920506 -B 1 13 74 23 3ENlE 7 26 N8.3;

I1 32 ITI 9-2-ZC0 0 0000 0 0-*lIN

3 09.3916 N-B IA1 -£ %11 4 2-2 22 12 N

23 BSFMR NB54 N799 0 7 7 NTIS

IT BZPTM N--I 94 N S, 9N4 1.":12 I£93

138 S2A9TMM6 9.-1R -2R -12 21 RilI S8 -82 .3 NOR

13 ZFM -- N0 0 0 I 0000 00 0 I 000

IN 2 4 B£319 N B- 2 72 27 13 9 472 '912lN

142 024 315I 9-81-22 44 -I 7 NS'59 -23 8NO

24 320099 NBZ -2OT 26 9 NNOs -219 26 IT N.A0TT

IR 2AIVVE 9 24 N8 20 1 2 992 -IN 23 '4 96EI

IA 2CORT N8-90 0 0 I 0000 0 0 0 I0000

IR BARIB 9-2 -264 72, 2 NN£-25 R I N

197 NZAV8IIRT N--2 -tIA 39 4 NI -121 43 IS, NI

'RN BZ4VNFF;; 9-:Z 34 17 IN N91 .8 13 23 :843

ISOa B2RPNFRD 9-9-20 0 0 0 I 0000 00 0 I 000

84
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TABLE B.2 (Continu:-.')

C0749*900 LOADING P 60 DEGREE L.4C COMBINED0 040*4t W 240 DEGREE LAC

3 A 24S4 D 9-333 446 -o.4 VS 0 4 95

*54 324S90030 9_633 110 -34 7494s, 92 %a 1 9,0;

:N7 424590057 9 33 23, .40 29 9*3 -2 9 2 33 930

Is: *25000 9 -11-34 23 1: 4 S 24 3 1:1:9

*40 232CDC*MZC3*0C 9-340 -2s* 3 c 9* 140 0 9 .

I4 742 I 030 P-4 -54 *9 1 99 V 295.
742 722.59.03*0*(C 9-8-42 -27* 7* 1,- a43 64 1 9

3 74230 33*0* 9-4*3 .3 4 90932495

*4 722.5 , 0C 9 4 -*8 ** 91 7 41 1 1 9950
*45 472 0000 -- 0-.1 - 4 9362 9 9 961,

*9 *2 954.53***5 9,39 -29 *0 4 9912:95

;70 7*23 954 50*450 9--5 .27* -1* *0D 9982*3-599
,7 I 4.22 3 53*t0- 5 JS I.) -.- S' 299 -41 1 994 1 .17 . 9 93*

;72 023.904 53*950* S 9 2 3278 4*1 1 6 195 '8 20 9

*73 140S9*0 93 3000 00 0*00

*1 .74*430 -35 344 24 to 91 3$' 3 794

*7 44577537* 9--55* 05 '343 1 2 t 405

*7 84S44 SIB2537 9.3-51 *04 4 35'950 '243442

*1 345 7431* 94-8-52 111 *3 3593c, '31 '2 *

740 7240*3.5*01 9-0-40 -9 %SIG9*40 2444.

I4 3 40C2T70 9- - I C 99 0 0 *03:0

3 3 4 7 4T P 3 0 0 1 30s9 0:CTT 0 C 24

S4 34034745I - 0 0 0 *0000 0 0 1 21*7.
73 .. 340477 - S 0 00 *0000 *40

*44 34 T47 I- It 0 * 0S6 0 0 0 1 0.00

;:I 340C00213T4- a 7 *0 * 5409**4

so:49 O 3447 Z'T, 0 0 0 1*00.0 0 0 0 1 0000

*9 30425 0- -*0* 0 *30*2 0 0 0 20SS

*T* 3434* 41 1 0 00 4 0 51 534

*92 34034375 63 -*2 0 0 0 1 0000 00 0 1 .000

*9 4094 3 0 0 0 * 0000 0 0 0 *0000

*54 3 00425 4 ;* 0 0 1 204 0 0 0 *0000

Is: 314000*407* a- -1*6 4 2 3 0*94 2 0 2 34671

*9 40040 - 40 0 0 *0000 00*2S77

*9 34370 4 -*7.M 0 01 0 0000 0 0 3 326

tog 3403140 4 * 0 1 * 324 0. *234

709 F401 4 .7 0 a 1 00.0000 0 3000

20* 3400*0" 84 -2* 0 0 0 1 0,00 0 0 0 * 29

202 3434: :-220 0 0 09*0 0 0 1 0000

203 :0540:1~l 3 -220 0 0 * 00 0 0 0 .2339
204 34 0477 T8-a..26 0 0 0 * 0000 0 0, 1 0000

20: 34053773 - -25 0 0 0 0000 a 0 0 *00000

204 34587 I4A 2I 0 0 0 *3*1 0 0 0 *000
2 07 8404273I 3-210 0 0 D 00 0 0 0 1 .000

204 34054274 24 **4 0 0 0 .26*

2Z0 3 S373- 30 1 0O 204 0 0* .29

27* 94044739 S. -30 0 0 0 **35 0 0 0*9

2* 303033 -3 0 0 03 0I*s:00:34

2* 3050714 -2 000 0 DO *2*

2*7* 34000480 a. -36 0 0 a041 0 0 * 2383

2*4 34000344 4 -3 0 0 a 0000 0a *3

2* 14000999 4 .3 0 0 0 4 000 0 0 *000

273 34033*739 A- -3. 0 0 .002 0 0 0 *44

217 34034730 -27 0 0 * **Do 0 0 * 32*40

20 43*:9 8 -4 0* * 0 *13 2 0 8390

22 940963139 3- -43 0 4 a 34 0 0 ;2 00

220 1431*4 8--2073 24 0 0 00
22; 3433*3 a--340*74 0 0 1.04

223 A.3233 -44 0 0 0 1600 0 0 0 7403

229 340371,20334 6- -4% 0 a 0 * 0000 1 0 * 266

85
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TABLE B.2 (Conti nued)

COoss:,.o LOADING V 60 DEGREE LAC C0081400D 204~iNC P 280 DEGREE LAC

GA8 GC l4I 0045:1 IA ION5 E5i8 EAEA 4SM! 108C14 08 T ! AEO ES A87 c0808: E.!.O

7 :40S4P - ~ 0029 0 0 0 0 00
224 504 0 8- 4 0084 0 0 0 9. 000

229 1~s:IO 8 8 13 0 0 C 000
230 84069850:, 0- -0 0 0 0 0 1 0 055
23:1 940598imO a8 -S1 -0 1 .3723 0 0 0 0 . .o.

232 54S918 8-57 0 0 0000 0 0 0.000
233 480S28'50. 8- -3 0 0 0 0000 0 0 0 -2-0
234 B.405121180 8- -54 0 2007 I :5

235 880S12rfk0 8.56 0 0 0 .C-01 0 0 0 I 0-o23 480568.S 0 t 0 :20
237 -:45. A,. 8-S 0 C 302 0 0 004f,

23:854480:. 5 0 0 100000 1 0 1 22:13239 8S 08 5 0 0 0 00 1 0 00000280 .046P2710j 0D - -60 20 01 2259 0 0 0 000

24 48:_4 8A-. I28 0 0 1 "153

283 04888855 8 -A 3 0 0 1 047 0 0 C 0000

28 84880 8.:8.$a- 4 0 0 1 0000 1l 0 171245 SP&T85a 8A- S 5 0 090 0 7 0024 58475 8-T- A A 0 1 2%42 0 0 0 I0000

248 B48CD275 8-A 8 01 1 30200 0 1 CO0000289 543P872- 8-8- 0 0 0 1 000. 0 20000

25 88815 8.1 0 1 069 0 0 0 -0000217 84808;8I 0 0 00500. 0 00 0000
252T A48 0 -- 1 2 0 0 0 1269 1l 0 l349

263 84002 81-3C 0000 0 0 0ol.,
258~~~ 54002 1-: 0 6 0 0 000255 88400088 0-8-IS 0 0 I 00 0C 0 -35

2756 080.88Sr 8A-1 0 0 0 000 0 0 2054S
25 88486088 A8I 0, 0 0 :0000 0 024940
258 84a8 8.-t 0 0 0 00 0 0 0-00

25 4001 -41 0 000 0 0 0 :0000

28 8408 -0 0 0 :2: 0 0 0 12342 ~ 8488601P -- 0 0 0 1.020 0 1 0 79e

24:2 :548:;0IT 8:--22 0 0 0 I0000 00 C 09:2 4243 58S 7 8--23 0 0 0 I00 00 0 0 1 283 2244 888S4TTS 8-424 - 0 0 1 0000 0 0 0 I 00

249: :88S808: 8--2 0 0 0 1 0000 00 0 I00024 8085555A 8 -2 6 0 0 1 1 -.0-30
25, m48S42'0 8-8-21 C 00 10.0 0 0 0 .3 10.8

2A 98587 2-8-8 0 0 0 I0000 0 0 I283S

27 0 9805427 -- 30. 0 0 0 1.4, 0 0 21

2" 8860 -:0 0 I2294 0 0 0 I0000272 0:456M485 0-8-32 0 0 0 I 000 0 0 0 0 I0000
211 .. A68, -- 33 0 0 0 000 0 0 0 :00 00

278A 8_5 1 8 -34. 0 0:0 4 3200I:8

215 8.810-A 8-835 0 1 0000 A. S 0 I1 35052276 84800080 S- 36 0 0 1 2336 0 0 1 2087

27 480A: 8837 0 I08 0 0 1:42;8 14087 4 -- 38 0 0 0 08200 0 222 848: 71 180D -- 39 0 0 0 1 349 0 0 0 1234

:8 88U0 8-:: 0 C 0 1 0000 00 0 I 000
A8 88185 -- 8 I I 1 8 339 0 0 0 I000

287 8808108140 &-A-42 0 0 0 1 704 0 0 I :267

20 48:85 -8-83 0 0 .107701 0 0 0 1 00.0
244 V482 5 A:848 0 0 0 .000 0000:249 8881888 88-5 00 .75 0 0 225

284l 8888128880 54-48l 1 3493 0 0 I103"287 185 8 .-- 4 A 0 2 2424 0 0 0 I0000
28 a. S'8 asIII8 -8-.87 0 0 0 000 0 0 I 00

2899 A45:70-4: 0 0 S9 0 00I0000290 84508 -8-50 0 0 0 000 01 9
29: s 5 80,5 1-4- 0 0 A -74 0 0 0 0000

29 54580 4-2 0 00 0 0 0 1 000029 : 852 55 8-3 0 0 0 000000 0 0 11 64
2594 8445:,2:750 R 8-4-54 0 1 1 28 92 1 0 11 747
289 8888:211*0 8-A-99 0 0 8 4 0000 0 00 : 000029 80 720P IC1I 8-8-54 07245 4 0 2 72228 41304C -4-67 I 4500 22

29 049:p~ 84040 0 2:117 0 0 I0855

210:0 1480 4-8-I4SA'0 0 0 102S3 00 0 000

" ~~~8 
-

:-:::1 
0 3 0 
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TABLE 8.2 (Continued)

CONSINEG LOADING IP40 DECREE LAG COMBRINED LOADING 0 240 DECREE LAC

CGAGE. CAGE POSITION91101970' ERRO 0 CORELATION 5E8977cjI9T7J70'.- ERROR 0F CORRELATION

RuMOE AME VERTICALV LATERAL ESTMTE CEF Chl N EfYICA, ~A 7 . ESTIMa COE991C1987

301 Mb 490 8-SW 1 0 4 247 -7 0 3269
302 M730 4970 SP RR 0 I093 0 28
303 M0341,7 8-6-. 3 0 0 1890a 01 c . 0001

304 M 03070 9 S -8- 0 0 7 373 0 0 0 0 000
300 0730 4P930* 8-11-0 707127

306 07093* 8 6 80 0 7 920 0 !as!9

30 0 2 70 86 700739 0 0 285
3 08 M37 29700961PR 8-a-8- 0 I 78 0024

3710 0737 297 08 8-6-70A 0 0 22 217 C. C 0

377 0371 297 8--7 0 7234 0a 5
373 M 37 291759S 8-6-72 00 I 3 0 C0 So0l

37:3 0737 2973 8-6-73 0 3 7A770-3030

374 M73 ,2 I3W &_q_-4 00 0 2044 0 0 '000
37 03' 2974 8--7 0 0 1 2400 1 3837

31 820009 67 00 2 0 9 C 1177

378 8409 0M6D1R61 8.--7 - 0 .272 07

379 6210 P009 867 0 0 0 1 0000 C 0000

320 R06M01R.I 6--2 0 0 7 0700 C C '64:3
337 0 8771Z~ 390 893 0 0 2 7909 0 0-259

32 0737 897 90 -63 0 0 0 7236 0 0 I'l7l
323 037 897 2P 6-6-23 0 0 787 6 0 0 C 74
324 0378 17709 8-6-28 0 0 0 7 0000 0 C 0 ' 0000

320 0737973 6-6-3 0 0 0 7 0000 00 0 ' 0000

327 .737897 4*. a 6 -27 0 0 0 , 0000 0 - 00

32 73 91* 8--60 0 0 350 0 0 0773
3 29 032497PO1039 8-8-3 0 0 1 2087 7 0 0. 088
33 0 0732 49l77 8-6-30 00 0 772 0 727

337 03289 9 883 0 0 7 272 70 73875
332 032473 8-6-32 0 0 7000 0 0 0 7 00
33 3 0732 49775999 8-81- 33 7 0 7 39717 0 1 0729

334 0732 49759;80 8-6-34 0 0 7 870 1 306
330 0732 87 PL 8-6-3 0 0 0 7470 0 2 2033
338 07324732* 8638 7 0 7 7400 0 0 -2207

33 073 4*39 8-3 0 ' 711 0 0 C 700000
3 36 0732 4 4* 863-70 71 21 0 0 7000
339 037 2077* 89 -3 0 0 1 760 0 0 C 7000

340 9937 2S72* 8600 0 0 0000 0 0 0 72

34 M7372573* 4-6-4o 1 0 7073 0 0C 70 0

342 037 2S74* 8-6-42 0 0 728771 0 0 S 87

38 :3877--43 .0 0 2 23271 0 0 C 7 0000
348 ~ ':% l 07787 91 8-4 -7 0 2 053700074

345 037 8077II. 2990 6-6-40 0 0 7820. 0 0 798

34 03 87 280 88-60 0 72208 0 772473
34 071 M376972 89-4 0 0 7 72 0 0 C 700

34 037897,3* 8-11-4 0 0 a,8700 00

34 77874 -- 9-2 -7 7 ;299 0 0 0 721

30 .032 870* 8-6-00~ -3 04 7 0 7 077
397 0732827 079 8-6-571 0 0 7 7284 0 0 0 7000

30 073 697 .3P 6--2 0 0 0 7 0000 0 0 0 7 0000
3S3 0732 .02 8853 0 0 7 00 0 7 7400304 032 GS973. 4804 1 0 S 3I7 A. 0 A 80

355 072M 4* 860 0 0 0 7 0000 0 0 1 70002

357 824 7077 597900IS660-77 4S382023

3S6 2 200570 18 683 2 088 -3 S2 2 5 27
3S9 824 2920 5:1801804 2 23770290

380 S5212070 8--6 0 0 7 2 17f 0 0 7 440

387 0772 99S 7 - 7 -S02 34 1 069 -469 31 ;0 1997
382 0 2 2 7. 2 9 2 72 7880 ", 0 i0 0.820

383 07278 1 - 3 -228 -82 9 994-274 -63 $S 9883

384 072792* 7 - 4 -307 -33 8 9982 -274 -3 9 9904
385 027C0* 7: - a 0 0 1 0000 0 0 0 7 000
38 M72702* 1 A 8207 20 32 9409 - 224 29 40 9270s

367 071*7-' 7 -23 379 7-20 9 997

372 0727072* 7. -72 93 84 3 96 -9 82490

376 072707 12* 7.- -7 -77 88 7 S$2 -727 83 89

23 M27 1 I9 7 3 -a2 77 9 968 -1 98 8 994

87
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TFABLE B.2 (Continued)

316! 1 25l94lC~l 3-1:-30 48 a 992 13 .1'099
3' S3420 3- I' I6 5'15 2
338 2 91 66 .. 0 162 2' '0693

381 25"4 2 0 36 2 992 43 36 3 9961

38.' 02373 -IC 332 32 IS26
33 61 52 2 '6
22 S' I 3 4 -3 '. '60 2

34 8 14 1* 60 '56 6 443

20z 21 1 40' 2 3 35 99-

3441 ' 9 6 639''36 -234

39 39 -1 s'398 -47

3- 10 *e3999 - s4 999

29 '3 34499 63

323. -5 3 9 -3 14'

396 - 34 82 3~9 't2

3940 3 66190 2$ 5

39 '6 2 3- 4 2 3 30
396 123,4 3- 9 24 34 94 22-1294

40, '423-- 0.- 905 3 602 6*

423 222* 2 ' 3 992 -5 42

424~ 232*3-2-4 - 2 99 '9398

62.9 1223 c' 44 04 3 945' 354 23 2 4

10 9324 $ 300 CC 29 9'6 284 49'

411 .372 34 $420 1 9 '-13 2 1 92

3 $3 0 0 0 10000 c 09

4 4202 .1 0 .000 0 0 0000

2'' 4443 ' ' 0 0 10000 0 01

20 4' < 3 '-0 0 000 0 0 00

40 -' -- - 3 9 :1936 29s -, 3 9938
2231 3 1 99 339 6 96941

6,3 342 11 '2 9936 33 4'5 996.

36 21 15 99 399 -3 995I
:n, 31 2495-36 -4 9 '0
-~ 22 4 9 9140 -22 -48684

429 A 9 596i 5 4 9999 S9' -2 999'

4300 0 04400 0 4 0044

03 0.'3 606 -'5 2 S39 -I499

020 6 4 C,9999 649S 0 111 993

A3'5 3 -1 0 0 40000 0 0 0 '0000

43 40 ~ 326 0 00 ' 0000 400 4000

43 0$' -'4 '' 356 "70 43 9963 -331 74794424 4431 it 9--2 -34 S39 9 9963 348 4398
.4 334- A ' ' -44 -20' 3 9942 '40 '43 72. 91

44 4395 '0 32 22 3' '626 06 12' 28'0S

440 042 -0 3 35 1 -2 999 3928399
4;,A40 -4 3 2. 446 474 4 9999 -4,S0 -64 3I99

44 6443511 IA 3 24 3- 93 3 999 I-33 19 9 93

44 ~ ~ 2 6" ' ' 14 3- 26 3-2 2 9 4 36299
44i 04501 .1 A -- 23 21 -29 3 9999 439 -233 2 9999

448 434' 4 -2-2 :0 204 2 9992-00 208 ,99

44 431' 22 11 234 3 993 '44 4124 344 93441

490 ,03384 7- 3 0 00 0000 00 0 '0000

88



TABLE B.2 (tuntinued)

200482960 LOADING Mt 60SECREt LAG COMBINED LOACING *240 DECREE 6L

45'~ A354 3l -2230 3 9 9-383 23249 9

45 3764s 7-A-32 306. Z 231 796 -2 36 1698

453 "31P8141 1--33 341 -236 is 95 384 -261 s 9oa9

464 A:54*2434. -252 77 8350 - 37 223 382 3.3 1

465 ',A24 7 -359 146 4 484 31f 303 6460

456 .Is~ -I.*4 
7

A.3 -391, -200 66 94lob -253 -200 b69 4440

49' 043614*1: 7.-3 -230 306 242 SNADo -3 329 1 32 *7

468 -45A4 7-3. 329 209 24 99'2 -311 294 5,0v

44 464 -4 396 21 23 9900 350 291 '3 19
46' *325 6847. 4 7--2a5 -3 II s96 s6 5il8l5

462 *3 2 6920o )RD 7-4-42 -482 124 9 ol5 -665 13 13 9 992

46 *2 '542A:.7 43 -452 497 999442 199993

464 422 2571 28",o 7-4-44A 1 3 3544-48 2'4*

465 *3567 * 1.4-4A - 41 182 Gl995 -422 I 099

469 43668422 7-6-I 0 6 -367 41 : 9030 76 I al9l7

467 4 39 90 -A- -363 65 5:1 99-353 El4995

46e 4395770 T 1 I 7--4 -29 65 3 9990 -293 s499"

69 43652724 7-449 01 35 1 I .49 -8 l497

4 *365173 5* 7As 10 1 92 -'29 24*950
47' .449 55502*02I 7--5 -36' 242 7 994 3 -342 f*9 21 19S1

:12 8449S:569*141 7-6-52 -376 26 5 99 -76 163 t 59

.7 806844C I 7-4-53 -24 10 10 94:3 -U' 78 2 99

47 9566s0 2*848C) 7-4-64 -S' 23 -3 9S13 72 1 21 -616

41 805*9284 14-5-32 -26i 2 .4413 -:13 3391

416 94I 3Ms94 74 6 52 9 9 449591
4 42638426 7-6-67 -101 4 5968 -014398

418 94053842* 7-4-54 90 :0 597 -*9 9 9

479, 840998 7-A-so '' 967 -0 24 9 9826;

44 .946212) 7-460 -83 4 1993 s7 5 9918

46'~~~ 4*7*-8 I -330 -8 9996 -327 -4. 58

482 745P* 7-1- 2 5., 22 4 962 -9 -26 ::983

443 149204 1 -8-3 -02 8 a42 -2. 0 II1426

464 495* 11- 4 -32 1 1 877 315 99
409~ 7464 19 5-3 IS5 21 1 07

'86 74966* 7-8- 60 0 19.000 0 0 100

487 745*7-n 203 9994 19 6 12 9936

49 9960 * 7-9-9 -1,28659 -416 124 1 995

450 ~~ 7461 59 1--7 -4 026 7 9993 45 23 9 95

49, 749*94 7-8-I -551 -63 3 9G9-54 -6o499

492 249*6*. 7-9-12 -379 -03 6 :996 -3,1 -14 699

493 2490* 1-8-23 0 0 0 I o 000 0o 0 I 000

49 2921--4 -4.34 28 8a99 -436 22 8 99I9
496: 249644 -- 2 -476 42 s 957 -47s 4 2 49195

9R 296*7--654S *2 -s- 995140 9 loss

49b 2495204 1.--8 -474 264 3 gigs -470 265 2

499 7452 9* 7--: 49 26 24. 9996 -44 s8 99

So, !496Z9224 7-9-.2 1 -763 230 2 9997 266i 224 3 9957

503 s962 290 7-92 3 -S4 22 2 999 -373 223 3 9
6 04 4496*20 890 1-81-24 -422 201 4 9994 -404 22 ' 9996g

0 49*0 8 7925 29 -96 4_9S293 -1 A96

s01 *496723 9* 7-9-27 -482 219 2 999 45*' 124 3 o9999

0 *4962*0IR 88 1930 862G -22 4o9429699

52 *9 4*7-9-32 o 0 7000 0 0 2 noon

623 *49*27 7* 'I.a.33 -386 -209 73 v987 -392 -222 20 96

174~ 492*7 34 -349 -201 496-3 -197 7199

924 *4982* 1-6-36 -435 43 7 991 -lo446 -34 72 99Gl9

577 *920*1-37 -337 -4499 326 299
978 *4952 7--3 -44 37* 4 9993 -9 :::199.

42 I * 4954* 7-84 -39 7sR 'a 9999 -377 A0 4 9999

527 4908 7--4 -36 2 9 8 90-6 72695

623 *4957** 7--3 -34 19 4:99 354 202 5 999

524 *4M 7 1* 7 4 -344; 10 2 9o-8 2712 2 9999

526 "49970 9 794-371 22 2 999 -373 22 s 99971

89



TABLE B3.2 (Continued)

COMBINED GADING WAG0 DEGREE LAG COMBINED LOADING It240 DEGREE LAG

GCAGE GAGE 906>1T104 1 3111 1 1 0' ERROR 0; CORRfECATIO4 IRISI7L9I IIO01. ERRD 0 I CORREL16TI1O0
98RE a AMEERIA LATERAL E yIMT COEFICIEN TIGCA LATERAL ET I A0 C IOIFICIE9T

S23 3449912*, .-4 37 29s 99 372 293t 4I992 -991 I" 9-8-AT 3b9 247 03 999 -34 243 3 99
92. "..453. 7-a-43 -47 283 3 9999 4 '2 287 3 99ll

$29 0499 ,3.S' 4 R 9 -39:7 294 71 99040 20 0 00-0

931 0 4991l Me 70,I I-1 403 29 It I4 9970 -3s7 23$ 24l99

9 3 R439G -Rf-2.2 10 30 9 9-47-' 24 64
13 034 7] 9C 7-R-9 3 -2s9 -2 790-23 - 9

93. :33 0C I I--9 -ao -7 sol 9.174 3 99s,

931 1333 90C 1--97 IS9 ~ 0 171 "29

9311 -40 IN, -- 7-29 -0399 -9 9299

934 49307 $00 s-- - 399 9 93993-47 -7 499

940 '.294: 7930 --- i 22 4 9949 -73 -22 98

3 l0 0 10.000 0 0 '000c

94 46 3- 3 0 -39 .7 994 4 191 a 9999. I

499491 044 355 -202 6 93390 -2049 9
14 14'203 293 -24 3 9939 2C2 -240 29 92

5., S4 1~ 3 A - -299S 9944 -2 -243 9947

%46 241 *4 -'I0 2324 0 '1344

'92~ >1,0t Ic9 0 4 999 30 10 99

992~~~ 4993 -44 743 .9999 92 19 1 3 9909

5:: ' 92 3 14 3- ~ 214 8 99 3-' 23 999

999 94. 92 3 '9 23 23' 9 9997 2> 23c0 1 93

999 -4>1 3*s 6 8I 2 a4 4 9993 24 3 994

994 A 490 3--I0 '0 249 44 9304 3 3 1 *14 0779

999 *499 0 90 0 I O 0 '000

Z' .'s S. 90 -29 223 4 999 269s 220 9 993

90;~~2 049 ;4 23 793-34 237 9990

939 '9 0 9' -- 2-304 79499 302 '6 99

I4 I49C 9'S 4> 99 4 9492744'97

930 '3>' 20-6 34 3 9939 99 3' 4940

431' -34 134 3 999 314 1 33 3 9993

-339 433 9 4-343 4'399
7-- *'7~~* 2 399 1.OO 3 99339 9 :S99
- *00 3 33' Be: 999 -34. I 29 991

>14 70 -*' 1'0 133 34 93e4 -240 73 a 3C 42

b- 33 2' 4 :7 A'24aSO 919 338 -3, 32 leas

"-9*6 3' 2%3 SOS 27 9042.1 263 09 53 94>14 30 00 0 100 0DO0'90
79 391 94 4 29' -22 0 9894 4.0 -21 10 96419

s" 94 106 4 39 371 399 -31 32' IC94

s97 > 0 90 0-4 -39 '639. 20 914 -72A 39 30 9 3'

9S9 091 0 1 49 0 0 10 0 0 0000I

IS3 I 0913 '3 47 32 29 9 l99 2 24 7 99
94 -.a->1 4- -44 00 I9 S3 9499 99 79 Is 947al

s99 S 93c0 3 0;.1 0 0 '0000 0 0 0 ' 0000
99 9R343 9 300 -292499 301 -399 4699

99 S439 * 6 %19 319 244 %7990 33, 2S2 1214

S'92 slIC 4-9, 2 0 0 0 10000 0 0 0 ' 0000
99 M9 4 4 -9 -349 294 3 999349 292 a 99

S994 1 92' - 39 409 - 4 999 47 4 297

999 -97:03 9 333 47 99933 -3 094
993s 4904 -9-23 2 03 -2 1 1143

997 1 92 920 3s 9' ON-79 4 9 342 -7 3 II t049

99 0 9 0 040 9 0000 9 0 1 0000
999 09 421(C 3 99379 249 40 94377 2%99 7991

300 H20S13 90101 9-40 -1 S 9' 999 -3 0 7 4137
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TABLE B.2 (Continued)

C0461NED LOADING V 60 0EGREE LAC C0*61410 LOA0ING V 240 DEGREE LAC0

.GA:6 0408: Pas I TI a I6S I IV17IT'10'. A660 I06 0046671A.40% 1SE9S777977 ,00, 6616006 01 C 66f L 09

60 I9C0*N 4-0 0 0 0000 0 0 0 0000
T0 930 ~ 4A 227 778423 7 7930

603 79400* 6-A 3 -76 70 79 4781 7 90 2063

£04~~ ~ 791*64 3 20 3226 -947 444
609 3680.64 9 -712 40 14 08 -6 29 42 33 96921

606 A'0S t--.6 67 21 8 2 -872 Is: 27 $989

607 :..00* :-4- 7 :98007'2

106 229970.96 a-0 8 -277 323 01 I9s IS,260 333 81 191

677 1 Zags* 6-47 -AI 0 3 703 70 199 -60 2
672 19400. 6--72 -*90 9S 33 9936 - 667 0 49 9869

672 970:9* A,0-73 -63 1 1599 637 7698

47 296 O 267 96 647 72 24 7 999 -7313 -279 24 9969
676 29 20 6--76 -690 -733 798-67 -23399

68 29428* 6--8 -724697 -674 73 ' 999.

:;I. 296 2970 96 6-4-7 -79 7 207 36 998 -9230 23. 737 69

627 299970 s6 6:A21 -79 220 4 .9999 -227 9 9998

622 79410* 6-422 -98 4 4: 99-94 2 9 99423 ::A96 -- 23 -67 38 99 -643 736 72 99
624 214970 99 6-4-24 -727 277 6 9998 -732 227 9 .9997

42 930 6429 -893 0 98-998 7 - 9994
42: 9700*ao 6--26 0 0 0 70000N 0 0 7 0000

627 m900 SC-4,G -27 0 9 0 7 0000 0 0 0 7 00900

,:;!; 9 17 : -4A--39 24 3 999 0 2328399

6 30 889300* &.-30 0 0 0 7 0000 0 0 0 7000

63 :997 76 :-.-'1 -3671 232 3 :998-9 230 6 99
622 -*939749I -- 32 23 307 3 .99 42 209 a 9996 I
433 *3P-7 IF 6-A4-3.3 -9 -227 170 992-407 -223 74 9970

634 *9974 6-3 139 -297 70 994-407 -2937798
6 38 *99. 0*;;--36 -29 19 27 9669 403 -2,0 26 989s
636 A *9877.I7I 8-4-34 890 -89"4 .774 6878 -3 -79 9 730 S47%5

42 *894 a-427 -469 3179 I'S 9976 -463 327 72 992
638 *97;C;0* - 36 0 0 7 00 0 0 0 1 0000

639 *9797I7 76 6-4-39 -49 324 77 989 .479 324 8 $99

44 994 -- 0 -336 233 8 99 -323 222 $0 I'll,647 *97674p 6--4 0. 0 0. A 70000 0 '0000
642 *97677l IF 4-4-42 -93' -36 29 9976 -970 -323 9 999c4

643 *990O* 6-1-43 0 0000 0 0 0 7 0000
Id4 *A9 644 -449 372199 -436 2791 9964 MI9SS7 76 1 6-8-49 -242 22&1 4 999 -322 237 70 99

444 *69 9a82 7* a- 4 -78 170 22 976 -3 0 299 36 867047 *9S 99*20o ':0 6--4 73 26 79 .93 414 29 94
64 9 N S * 20 767. 6-4-48 -270 7 23 .9464 -'309 76 27 99432

649 * T99970 79 6--49 204 8 7 996 27;2 -12 7 398
69 9 02.70 4AS 264 291 1.7 -232 7 9 2 :2!

697 I 9 9672STyZO0 L767. ' 6--9 -77 249 I72gs 998 -70 233 3 3 9970

2 111 99*.69 649 29 -9 999 202 -77997
3 19 9 *3 96 6-4-3 -32 '6 a 996 -3 24 11 77 170 .984

694 *99 992* 967. 6-4-94S -402 243 4 9997 -76 238 9 999

699 *96 I92*299. 6--9 L7 A% 9 34 20 69 S" 3 23 6644

897 *94 7.0*3 966 4--7 77 -92 93 4460 1.3 276 792C

694 8 .3;20 6-4-9 786Is' -293 7 2 Is*679 -302 74 9:942

460 *92;02*2767 6-0-' -70 2 61 .69 7010797

44 66076 66-70 0 A 7.0000 0 0 0 70000
::2:Coal,: 4-6 2 -497 -17 9969 -490 -90 73. 9

663 61664776 6.6- 3 -30 -7 22 .9 227 -26 -69 7s .:893

66 36479 -- 39 -79 78 . 2 -377 -96 20 997
46 4678;--6 -72 12 13 .9866 -74 -Is 73 966%

66 96029 46-70 0 1: .742 0 0 IS.9

469 6644276 &T 9 767' -726 36 9602 744a -99 28 9446

67: 962470 0-97 77762-33 -327062

472 69668279 6-7. 2 -64 -2 7s .7 2 -66 -9 7 9 294

472 6 09*9 -6-73 3 47 2 6704 133 -7 27 06

T 9 66400*6 8--7 -2 -32 23 .03,3 -42 -20 33 6406
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TABLE B.2 (Continued)

siiCOMINMED OO0ING I DCREE'CT. LA EOIED .6G2P 40 02f A

GAG. CAGE .0251710 TES'a1670 A60 0% COREL:AT N sE5'ETh0. 6660 O6t7DfU..RE. NAME 1E6ICAi LATER.AL ESTIMATE CEFCIE67 0696126. LG'660L** CSIMT 9100E 2077 DES'

67 5009 6 a8.-i' -I -2 :s 966 -3 -73 4'

69 6607 6893 60 6 6708 '56 25, '2224.

69 66969 62 3 34 44"'29 .25 5090

60 6 2 0 9 616 .10 '5 5S-3 .34 76 Is tos'666 6650'S 68 o6c 0, 200 C 0 004609 ~ zl SNAAZS 68 3~ 1 23 35 a.' - S5 29 6496

642 65S49 -826 -1 3. 46 26 90'-4S2 A 922

65 564S 6-8-30 43 32 9 2939 6758

691 e~ss'' 6--3 0 0 1 70000 6 l.4

51 9,S6i 6-8-3 74 - 20 511 2'4E62

656 9 6'C0, 69-2 22 230 0 99444

699 856.' &~ 0-39 9? 3 '2 4044 "3 1 3 9 272

;03 a54' 9 6--3 39, 0 IS 6665 76 10 -s9!35

,05 65639s 6--a-6 55 ' 60 '992A9a
0: 956: 9 -- ' 6096 53- 296

700~~~~~ 6o': 0 006 -3 9 03 -9 26265

7 0 i s51 1 6 6 - - 6 S 30 9 1 0 63 9 9 6 3

773~ 96 6 3 6 09 63 -230 ' 5' 62 9,607 .965 39 6 9-5 4- -39 2 662 99-9933

'6 06 56 686 3 26 514 95A 35 -A80

'I 364 2 6's' -62' 62 10 9993 -623 93 '99

9>69-2 6-660 3568 19 a 99I'6 190

20 0 6 6 -060 04 3. '' 9173 9 , 29 1 3 9422

26006 6 - :193 192 67960230 160 S,55'; 694326 '49 '6 26 9981.1: 3 '096 -6 a 9990 O23 360026 '1 '206 30 9903 - 97 -292 2'9967

'2 65403009GJ A, -179 9999 '411 '7* 0 999

7 9041 66 366 -205 69 6'366 -206 5999629 6 036269 '4 -243 7 499 -27 '250 9980,9 6936,3- ''7 24 s7 7 9999 '724 'S 10 6 9991

'3 0 36 6 20 26 : 999 '6 '29' a 9992SI
132 69740369 - ,~ 2 '430 25' 3 9999 -6 '265 999"

733 O994936939Q 5 -46 -270 3 999 -43 '2399'76: :903 590 5- ' ' 73999627 '236 999?
- 15 6o06697'62 '36A9999 - 696 '636 9 9994

736 090036 6 -29 -266 3 999 307 '291 9 9907
736 06946099 -6 43 '30 779992 -44 '234 22 9942

739 090973693994 S- 09 4 '41 '2 09 1A'3 26099

741 03s 3 59 S -2-42 '76 get 699.'01 ' 9977

74:2 0761 r 9 !1 22 320 -79 62 92 2 -326 -6 963 0 39 : 79 5- 23 29 -790S 0 96-26 -00699

'44 74 :33236 5 4 17 1 -259733 -6*9016

74 402730 5 25S 37 3 997260 30 796746 A9"233C3oo1Ri S- -26 2 2 26197 54

7j 00)Ioaa 5 20 30 3 969 -4 206 2 96460149 99 7389 M - 29 61 07626 0. 0 '007s0 APMZJ
3

RLM0 N 30 2.5 703 N 9993 -25S -05 '0 9964
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TABLE B.2 (Continued)

COMBINED0 LOADING V 40 0EGREE LAG C0MBINE0 LOADING IF 240 0EGREE LAC

'G4G0 GALCE POSITION 0E40'719709/100. 14400 Of 0CORELATION SENS771IoTI/100. ERRO060F C049404TI06
UNIT N me49 VERTICLA LATERAL ESTIMATE C0E9FPICIEN 0467724*. LATERAL. EST774Tt COEFFICIENT

112 APPI233*00A S- 33 -4 4 30 a 9369 -0246 9073

704 :91134C29 0: -34 -1662 -4089, .1602 -3, '2 Il
700 C90439 .- *30000 0 0 0 1000

704 11-223IC41A S. -34 6 0 0000 0 0 0 1 0000

707 23 29 0 0- .3 '13 4-0 10:I 99 - 744 97 1 999

709 49223403444 0- 39 .47* .97 S 9997 .410 777 7 994

760 AE2399 - 4 30 04 74 9422 -2 49 9 97)2

767 892,349094 9-4 00 0 0000 0 0 oe
I742 4901:367.4 S- 4 2 -.7700 -724 1 190 -'Go0 1776 6 1 999

764 4970392304: 0- .43 .43: -49 0 94.3 .499
70 4900PM39C300 S0- .4 :0 -4 399 02 .IS 99

764 49939223 0- -S4 *92 .1009999 -S0 92 772 $i99s

749S So7423 9 61 -4 22 -2 064720473

770 49792223 0 - -44 -604 -73 9998 -42 -*2 6 9ig7

A7 Z*9004 20-9 -0 4 -2 70 027 -64 .17024.
77.4 ~377mm S- -4 -a0 -4 S* a44 -74 -70 17 ...

779 "23 S97099907l0--0 473 -0 1 :97 IS9 -7 A 99
'7 02m3 %04970 70 -0 -07: ' 2 -70 I 9997 -0N, -7 , 99921
77 , a249* 0Flo 4 SM 0m S -07 1 7 4 .33 -27 0: 944*

770 624970 S.06 AD -S 9 '2SO9 4473 0990

790 4362 10 m- -6S7 4 7727 776'7 40

77 499044C7PA S-A-7 1 0 0 70000 00 20 7 0000

7I 497404424 S-4- 2 -0' 200 7 999 -7040 -290 27 99
753 MM49429 S-4- 3 -700 -3.e 9 999 -7034 -347 2 996

744 49994449 1-4 w -04762 34 20 99. -0727 77 999

7OO 496904493PA4 Z-4- 6 -44 -224 9196 -474 -237 9 9990

70 4974479 -A- 7 -437 -7 97 -430 -24. 099
744 497429 9--4 -4 273 4 99a-7 29 4 19
749 49047442399 0-A- 9 72 -030 Its: -7 -020 S 9999

790 490429 0--7 -430 09 4 99962 -04 73 99

792 APMM44.07900 6 0-4-72 .4 -277 9 -479 -274 7 9994

793~~ 49:4409 0 0--3 -0 -292 0 999-7 -26 499

790 A-499744 PI 0-4-70 -724 447 4 9999 -739 -491 9 Vg

794 4999444049 : A-- -24:2 -277 294-7 -74: 94
790 £9094493992 -- 7 - 443A -240 74 9990 -2%02 -27 22 9907

799 A £9 44394 9-A-719 -44 :23S 9 91 -497 -271097

0. 943" , 3* A9 0-0 -44 -27 7 99 42 -122 2 4 9974:1
:07 043 3077 SP 0-4-27 -429 -224 l9997 .447 -226 9 94

903 3:: 4 0*7 7 -42 -7 -2204 42 99-2 22* so99

00 492427 9 -. 94 129 7 9997 -03 -74 a Sill

.07 R 4 2270 S0-4A-27 -40 -270 74 9944 -409 -204 $oil9

409 4922442399 0--29 0 794 01 7 7 26
470 AI 492230 S 30 -702 334 4 .999 -,Is 3 29 a 2 994

a4I7 4022920 94.3 0 0 200 07 o9
42 4724:22707 0 -4-.132 -497 -7 IT9O9 -494 -772 1 9990 S

1113 497924 209 0-4-33 -444 -704 79 94 -407 74 4 97

47 A7422O466k 0 34 20 73 44 2S74 29O -7 2220

A7 47227 9--2C 0 0 7 00 0 0 0 * 000
4 -7' 2m , ZA S 243 6 0 0 a 0000 0 0 a 7 0ooo

I7 4992629024 S42 '377 49 46 44 -2 3 7427 4424

4.9 49722992 043 2 3.3 4.27 Is 76 22 09

42 404430 -44 -949 224 70 99 944 227 99
22 4000s44240 S-4-42 -624 742 7' 97f -099 'a 1 9994

421 "%9 Sp SP79C07 S. 4: 2671 - 4 994 -270 -599992
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TABLE B.2 (Continued)
COMBINED LOACING V9G0 DEGREE LAG OOUI NED LOADINGh P 240 DEGREE LAG

CGE GAGE IDS910 IE9T9T I10 EtoO D 0 C0RR141TIONN SR9T Ii T9I00 EtooO C8O.TD

uBE RM!VETCA. 
LATRAL 14IMT GOEOOIGR 0 8CA, ,6EA& ESIMT ccEFFIGIAT

826: M9 '9 S2 -6-46 -2-S499 32 -0 1 99

It21 M49 1M0 9:A4' 2e as 26 9037 430 3P 399;

624 19R a.MIM 9A-4 -As 9 4 a 9235 -AR 3 0 I 9624

29 M69.Mf 96 90 0 0 I0000 00 0 1 .00C

62' A4SMUC 96-9 919 49999 964 62 IA 101

822 R488M7980 69 26 2 '2 6929-2A612

83 02 99 1--I9 6 IT92 : ' 2 9RU

831 2 S 915 90 9SIb! S A-9 362 i2 9 9834 93 1 991

934 52 AS60S 1 969 62 11 I 92-20I 49

54 40'20: 9AR ' 0 8. 920 7254 9

643 .24 I's 90i'SL 1 99B 3 26 69 iE 90 04 4228:- 9022

,6 "2 '' 89609.' 9-- 5-00 -193 9 S99 92 -'2699

644 2 3'.' 48" 9aU 6 29 49 0 130 3 4'9 9219

8420 9 6 "1: . 9-6- 1 -92 9 .99-8 95 2 99

649 I.2 S::,~ 818 97 -8 -'a293 9 1499

890 o209 80 5 9 0 3S 2 6 989 239 22 '2 62S7

91 11201 '80 9-D' 0 -; 4 992 -6 0 I3 . 929

992. 83209 62 S-6-_2 '95 a 4 9 166 6SS999

698~~~ 2.,,6 -'2 20993 0 14 I194

662~~ 949 M9J3)-6 6 994 -21 42 9939

863 34901' S C 2S -1 230 2499 0 22 1)94

966; RE4 0 ZC -2! 3969996 7 9860

86 4 98 . 49 -18 6 9862 491 -79 gat 999

8-: 8-21'.39443 l 9-6-39 99 -328 0 3 a0 9I43

8' 66'-240 22 9-- 3 302 2467 9 89 741 93 7 90

'2 49 8 2 9U3 '0 -3 0 7272 6a 6483

;09.lR -:01 96-33 4'90 -28 9I 9994 73 -20 9992

82 1.4 t 963 64 -243 4. 9293 390 -4 6 9997:

260 1908.' 9 -4-'6 -23 1 999 -3091 -239 1993

860~ ~ a408R90 9-6-4 99 -0 964966 60 39 002

863 Sd691R 0 9--3 30 31 23 992 -20 - 46 86442

96 988(M;) -- 40 0 0 I0000 0 0 0 7 00

6 C829 6 S9' 9--6 0 0 10000 0 0 0 1000

791 1 62 cC 2-932 9 96 I 71 9834

892 '.692 ", 96-2 -4 272 911 9686 -6 -27 94

49 9 9 61. -42 -9 -14 9 8664- -71 .1 1321

499:: .00 09612 9--92 43 9S99 -66S 406 46 693

69' Fl28s4pmG 9-6-91 9 -2 4396 -2 03 4 960

6" 21202 9 6 292 7 4S 998 -730 702 6 964

age 86190 9-0 3 0 000666 2 1 302983

. 3.1;2 2 3S 4 19 4

z# V.,.2- .



TABLE B.2 (Continued)

COMBINED0 LOADING V 40 0DEGREE LAG COMBINED0 LOADING V 240 09011 LAG

GAG:. 0401 POSITION S9407TI17177 007. £4009 0F CORRELATION S660777070/100 . . 90 ERRO OF CORRELAION.

M.0 NAME WENT0 I CAL4I LATERAL. ESTIMATE COEFFICIENT veal ICA LATERAL ST. MAT7E7 COEFFICIENT

90 .44407 4 3 47 7 93116 -04 -97 7900

0 Is 5 44942 4 01 -2707 .6 . 100 -20 . I1 79 943
904 9644047 4- 6 -7Q0 -70 Is 9404 04 -2 4 22 11,40o

07 94400470 4 - 7 -3, - 2 26 020 00 24 62

C0 -4047 9- 0 -10 24 7 ~ 3-7 3'

07013 14012 I'- -7 .74 -2 7007- -3S 24 72.

977 ::::.MI; 4 .7 7 .32 20 740 -2D 20 22 020

073 &40040 ' 46 -12 .13 - 474 -27 2. 74 so

074 941400" 41 74 -744 2 9-21 2 042

070 449C011 4- -70 .65 -4 70 :112 -41 -3 a,*.74

07 649290 4. -74 0 0 0 7 0000 0 01 22S

0709 6440407 4- -7 35 -73 70 440 2 -77 7'Oe

2 0 440021 4 .- 22 -742 44 20 040 -12 4 27. 7

0 2 4 4 4 0 0 S A - - 2 0 - 7 7 3 4 7s 0 7 0700 0 4 4 3

0302 944040400 4- .2 -0 07 22 22 30007l:

02 64404070 4--2 -704 2 24 A342 -40 42 729472

2 64C00 23 3 1 2 040040

02 06.44009 4- -32 a24ll73,2 70

02 S4070 - -77 3 44 70 3 0 70

03 0964077074033 --2S0 4 094 -40 0 70 0906

040 6407779 4 -40 4 7 0 7 437 70 -2 7000

04 9644072094 4 -4-733 2 936 707 20 $04

040 44070 .4 -40 17 7 170 :962 - 01-74 9990

04 040794 4.- 7 -42 740 072: 3 70 2234

007 0440727740 4-94 0 02 0700 0t' 03 02702

00 94037 7 4 -220 -74 24 77 -23 1 290

94 ,o4 I000A 0 4- -S -10 337 1 9004 -40 32 0 0004

707 092400 411 m -:8 -42 -106 70 09 47 77 1 4 0084

904 4 24374 -1 -46 -74 74 904 -430 -7 70 907I

047 9:.5s 3 1 A V A-A 7 0 0 0 7 0000 00 0 70000

042 47700 4- 2 -47 -2700320 -2 2 4 00

S.0 ",4725 -A 0 -30U) 4 -44 -29 1': -0 34O -22 990s

047 97M4025 O 44 -%1 .240 37 0901 -4260 371 7 9007

940 "SO04 It4 0 -420 72 22 004 -24 74 2 0

970 M41747945 4--70, -30 79 0 0007 340 0 0 10007

0 7 2 9 0 7 0 0 4 - 4 -72 2 4 72 0 7 4 0 0 9 3 72 0 479 0

072 477 -4 4--7 -32 -27 IS. 0403 -420 -27209

074 : :4707 77 4 24 0 0 12 69 4 9 0 -622 T7 ' 447

970 MG702 4--7 -42. A0 272 00000 -47 7 0 9700977

::' .:::: :: * 7 , 6 :36 395

A ~ ~~~ 3 -, 0. -1%3



TABLE B3.2 (Continued)

COMBINED0 LOADING 9460 CEGREE 10C COMBINED 10001kG IF240 DECREE LAC

GAGEPSI GAGE 0110 E86T191 110'. ERRO0.0 CREL IO 9E50 11I~ 1 8608 01 CORR:: 1AID

A9 -6619 4--l 20 C2 211 A 1 298

979 *5114 4 *-l -422 305 996 3 -436 299 9 Its$

9.0 C562 09-0-20 -96 22 6 96 -4621 23 S 90

98 14 9 '-A-2' -626 A 3 6 9196 S62 2 2 8 9996

942 :666 -1-22 1:1,T7 1 1996-06 2'669

913 A665 9--2 -86 S5 99-69 '*8

98. 26.61* 0--2 -693 oC. 6 9' 20 4 9

966 261A0 6-26 '6 274 60 322 9 0;' 69

147s 8 60*91 A-0296 1 3 03 1'1-'34 36 b2, 1 116S

94i5 216510 90 9026 1390 30 10 3 -'39 35S 3I I8

944~lo 26 *4 2 92 1191993 190 7 21I8

99'A1 0 9--3 -'983 S S13 999 'A0A 92 2: 19s3

990 *6102813 96 4--A 119 329 6. 999-92 ' 28 99

996 A606 -- 33 608 a0 9S97 60 '02 59.

996 9_9' 40 6 609 16 2 9%99 6'S 9997

.9 .9.6 . .o 4 -4-390 '24 1196 0 6 4'399

A* *02 *4039 42 .222 41" 9.9842 -26 4 91199

1020so 06S 91*404 64 -6 998 601 -'6 3 9'99

022A .169 40 27 29* 4 6999 280 20499

004 IS61 '6. 2--4 13 8 99 293 996

10$ 661 6 -0-45 -36 22 9'26 222 999

006 96llR 68 8-0-06-26 26 9 199 -2 -26 99

'093 12* -- 8 -0 3 ,6 2 999 36 3R7*

10 62* 9P A-4 -90 33 1 9991 -00.36Is99
'01 1979967 - 38 - 16 '0 2 96 213 294

l:Ol 86288 IP2C .-- 8 -6 1 367 20$S'6

10.9 061482..1. 4-0-41 .3'6 90l, 9996 -12 97 8 9996

1016~I 06M690 906 64 46 8. 99 -66 99 '9 9998

091 4 -A-6 I6I 9--6 99 I0 IS 939* 72 62 9 9 999*

'014 06:16CO98 9-0-68 02o 26'. IT' 490 10 7026

02 A '0 9 0-81 -66 0 8 963 -6 9 1094,7

.023 T'icO" 4--3' 9946 172 49 9 9926

024~~~~~~~~~~~ 99S2619 49 9'9 94 I98 3 9 39

029 .,2 lt; A18 S-- -30 3 34 0 -2 s666

022- l 0 12-62 0 :099-6'- 699

236 566 9-B-I -72 12 5 9998 -121 12 8 9999

039 45162- 4-B 17. -48 20 I3 9964 -403 - a 9996

0109 713 .2: -01 470 26 9942 -903: 24'01 3 9

'039 2 669 9 1 -2' 32 990 -oo609 33 9 9999

1044 llsl I -9-2 -46 -7: 239 9 9996 -46' -2'9 9999

'04 *17* -82 C0 100 0 0 0 '0000

06 66 31,-82 -. 26, 25 81 1991 -427 21 8 9999

091 1 1164 4-8-2 292 3691 1322 -49 299 30 9

104 * 20 4--2 0 0 0 10 :0. 0100

I.49 *899!,11 8 2-13 -6020 33 29 4806 -39 2,4 32 9999

t a a a.l n A, 4*' ..a -'S 999246



TABLE B.2 (Continued)

006937600 LOADINGC U 60 0EGREE LAC 006997900 L04076C P 240 DEGREE LAC

URGE GAGE 00977707. ::961,1T7!700. A9660 C086E667 9E9SC07170 A 600 EAcc68L0

707 9907 70 49-7 -466 47 61 99 -43S 27 9993

709 76974 46 32 0 0 1 000 0 0 0

1091 697700* 4-3-33 -394 7 17 .993 2394 6 B99S

094~~ 6971 0 --. 91 221 999-36 231 6 I99A

=06 :913 :3-3 3432 1'4 1201 1626S4 206 990 167

M06 763S 60 Sp.3 -316 141 9997 -370 146 6 993

l067 IOCO .3 42 1 3 990 01696

10 79000 4 33 - 3 1.009 3 IS431S

109 A626 43-9 00000 00c 000

700 63009-40421 6 6 421 -3 69

10610 1.C0 40 a40 -6 3 796 736 -0' 76 92. 1

,00;2 C 961 3. 4320 234 3 9 999 326 23 6 9992

1063 ':;CO;4--3. 
0 7.0000 0 0 0 - 0000

109 999334 4931 -226 89 303 -22t 99

7069 "49c C0 4-8-46 0 00 10000 0 0 0 10 0

706:6 969673 9.460 0 10000 0 0 0 1 00oo

7066 71 06 4 - 6-96 421 -6 6 97 42 2 6a9

7099 0606 .92 2 12 9266 2 6 :63 0

1 ;O.10.. 866 769 -6 40 23 72713 6 3V c6 939

l~~~ll~~ 966 67MG 4 16 7109.4 
3 20 '3 .60

70172 86660 97969 6.-2-6 -4 22'6 69 .. 263 1 169

73 96S0~ -- 3 -32 , 336493.1 
30999

7074 7602001ACL. 4_8.S4 -29 1 31 3 1 9992 -296 323 9 9 96

1016 966S20010C. I 9366 -26 236 3 99-2S6 29- 2 99

7016 "6.7160 .6 .319 93 3 999. -36 734 9999

7017 6SM926266o 4-9-s'? -61IB IA 9996 -61 -162 99

709 497626 -- 6390 -119 16 2349 I4 0I 641 2 42

10197 06691Z22066 4-- -62 .24 9 999- .41 ,-13 499

So000 666 s I9p (01 4-9-60 3 -1 71 -36 a7 76 7294

101 90026 3. f 76 -70 1 6160 -;73 2 991

702 96020 -- 2 264 7 993 27 112 99

7044 9900322 6- 4 4 a6 -- 99676 17 3 99941

76 89096220 1-. 6 94 -26 1 .9623 a. -24 2 9:9

701 *3079P 3- -1-29 20 4971 8 9 6960

:0709 9500620 3. 1 6 702 2. 1 9 037'

7099 3600pc220 3 -67 0 11 .9799 -41 -6 9193

7090 399636926 3 -70 703 -10 76 9al 61 2 3 91

7092 ; 9a0096926 3- -712 2 4 64 6 9046 30 6 92S3

703 60470 3-_:3 ' 0 0 70000 0 0 0000

7094 0."OOO 3- -4 -602 76 30 a92 20 - 20 37

7091~2 790007 3 716 3 9 6 36 4960

7099 390- -79 33 9 S 9692 392696

70 96 606 3- -20 63 z 7 2 292 26 -2 1 914

70 6900sp622"138 2- -2 .73 72,4 70 9999S 9 a1 9976

7702 9664:9 2 -22 26s .769977' 246 - 3 99

773 60920 - 23 -42 A .9"4 447 49

704! 4626 3 2 1 -6 73 996790 9 994

7706 86646920 3- -2.39 -2 6 9426 -92693

7706 900647926 3 2- -2 62 6 3 169 477 2904

770 1 66099699 3- -121 1 1 -1 1 .6 7 :.,i0 4 4 30

779 30993. 29 7390 -140 7770 2910o 61 -7 a 62

70 01700 3- -29"~l 76 .7 92 6 2 2 67

7770 99091790 3. -30 -SS 34 0 .1760 -23 72 7 7192

77 90600 3- -3 36 -70 4 . 0 39 ~ 1 C 9121

72 866 79 3- -32 10 6 76 .96 A 27 741a 929
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:50 RSIIV1-03 -26 12 914 3 -32 2 97591 2

154 ST S SF8 1-03 -It . 999 I -6 5 9691539 8905 11 SF18 I -0-A39 Is 1 9828 3 201 6 9028 3

14 895 IF I0A 19 24 9129 f .,. -'0 I 902 2
1542 94 ' 9F 0 1--42 268 7 990, I 20 4 93-

::3.:51 TFR 1-3 '20 4 924?. 4 -29 9022 2
1500 E:S:.IOR ;TS A04 3 092 3 -139 290 2
Is4% *98SIOMFF 0450 14 42s, I 73 12 989 2

1646~~- OIO2FF I AO 3 0 899 3.20 f 998

'908 ASMM77C2SF 1 -4 -28 109094 2 -20 6 8293 2

1549 ASMIY77C3SF ::A:49 -6 S94 I20596

S' ASMM77C6S 99-S -68 4 9999 9 9970 2

:662 ASMP377CISA 14-S2 -360 6 9993 I 202 3 994

166 ASMM77CSA 1-6-3 -3.1"99 27399
I5S AS9M725 C05 -. IS99 3 -23 16 9499 3

'655 ASOM77COSA '-S5O60'S99 3 602 F99
'66 AMM7CS -06-267 899 4 300 N 993 2

A55 I5M I7I35A0 S I A-57 -3S 6 9 999 3 100 990'

199 0MMI7E350;1 .6ASB-21 6 9990, 3 91 3 9909l
1 A5 A M7F3SA3 0 A--9 E 0 I 000. 0 0 I 00 2

1Z60 010351,9 1 01 10SO6 -283 1 0 9985 4 14s9 2 99971 2

150I1 *IO8F9MFF ISe I 1 2 9953 I 3 2 931 2
152 ISCMS I 2 24 6 46 I6200S

13 RIO8F4pMMF 1-8 3 -S9 3 -9978 1 IS700.9 2

164 SOSRM 9 4 YES 30 0 I 0000 I 0 0 I 0000 2
1S85 IO8FMY: I-n 93 3 9:00 3 4 3 9006 3

1S66 a8I00F5MM5 IN N. -9 4 914 I 1 1 969 2

671 RESITOR 7 -2 1 2 1309 I 34 22. 596

'99: RIo5F4M0F :8-:0-3 2 980 4 22 9980 4

190 IOR4FS 1--1 3 3 9907 I YR190

15'; aIIOSCOF IS -- 12 TES 0 0 I 0000 1 0 0 I0000 2

:972 SIOSFFIF -5-1 -22 2 960 I 19 4 701

1579 BIOSS4MME I-S-IS -0$ 2 9978 : 2 97 4
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[ALE3.3 Conti n ued)

*88' 264 .442160 ON-. I6E8. .0640. 06.-

'59 U QaSMMS 18-45 2 1182 I719*
IS'' 9'0500 ' 1 40 9* ''3
594 1.454-5 l ' 42997 44291

5'' .08~o' , ''.5: 992 '2 9It

t:1* S04' 2'..' 12 53 0 79 '-2,29

58 08': 4 *4 9 994

'58A 7~*~ ,t ' 2 57 1 3 3 ' 3 3
'S$I J~C a, I8 3 A30'ai 2 1999 3 -2 3 994.. 2

'99~~ 6?8. 5 8. -38 3 99' 3 1I 93 2

'4 81048 11 9' '83 267 3 999 -S 4 1 98'

57 8 817 *' 6. 83 ' 2969*' I3 2 8792 3
79 88S '.' ' 3' 253 21 999 -3a29 2

'5' '0 5'.I.2 I 2 3 2 934 '2 9 6094

'5919:: 8'**S 94 ' 8 3'5z 95 4-I4

'S8 80851$ v'4 ' 39 20' 2 1999IS6 9938 2

'8is05' 88. 8 '- 3 9*9 ' 92 4 999
'9*' 8'45'C 9''8*' 84 496 91' '- 850 98'3

'64 84 9-~ '8 4 1 2 993 '4'93 0'

CC' 28 ''84 -846-99 2 ' 00 9''29 2

60I80744 -4'7 0000 ' 8'4 9 34 6 2

'*0 -0,4 C728 a-849 293 4 999 1 ' 94
ASI.' 084 138 A 8 92 39'399344 999*

'64 688907702 I * 54 '44 6 999 a vs. 4a94 2

-:M P03 4' ' 9 9 1 -16 -l 9 3 2

*0 M 0 ' C9 3 '85 48 6199 42 3 197- 2

8-222 -95% 2 98*

'2'~ 95.**0 -'c 2 998'3 2 4
6: 98'.253 2 99* '2* 2 9124 2

' 31 P 0S20 A 2 '7 2 998 4 2 1996

4'1 950 0 1 8 It 0 '000! 0 '0000

'22f MISS.. 0 6 -'62 3 99413 3 919*: 2

0.7z2' 11 09S*1 0 -7 -2''1 4 9934396 6 2

632 0959' 58 0- -26 9 980 6 3 4 4636 2

43 895121* 0. .323 5 67 I42 3 93 0 2
434 8929 .. '88 0' ':43 2 4908 4 3 4 9t3% . ~ 0 s1 '6' 3 9990 1 3 93985 2

'834 .99Ss* 0'- 1*e 131 3 .944 2 31 2 940 2

'639 "95*0 ' 39S7 99904 29 2 9%5

64' 99599*1 0- 2' 04 2 9983 1 34A 2 99' 2

'62 05 *0- -22 785 00 0 * 0000 0 0 '80000 2
'63 98100 -23 8'3 9946 -4 2 9920 3
*4'.99 2. 02 -217296 8293

'4 '98'*0 '26 YES 1 0 000. 1 0 '000 2
61 SS99,*Is 0- -2' 8 3 980' * 96. 2 969 2

*850 999*3 0 3. 51 2 9940 ' 0 2 9996

128



TABLE B.3 (Continued)

VERIT GAL LOADING 061' IATEkAl LOtO!NG 0-.

G1O1E GAGE CAGE ASSUMdED VER:'ICALT ERR0 CORRELATION 1,RG' LATERA." ERROR 1 or : _ONOL ' 1:c'

NIJRNE 4l PS IT IO GA. SENST T', ESTITEc COT INI sED 'Eh PIT I ESIGT cOEc I

140 ,655100 - -33 Is,5 9 996o 44 0 9' 3

:5:4 *825PM7I405 0 -34 -045 7 99 96 3 9' 194

60 R70' 0-3S YES 0Doe-00D 00

1494 ''700 0- -39 ; ES o 0 -00! c- I I DD

'660 496 I485990 3-O09

'66 93
0
0R 0- -429 3 990 3 '0'410

'66 gCC 0- 40 oDS 10 0 .00.0c c00

1649 -9,c00 -4 46 94 900 5

16 103CCP 0 -ITYES .000 7 COD;

163 TITO 0 0 23 4534 :-4

1474 sE O I-S YES 0 0 '-0000 -GO

1;1 4660F10 11 0 -S0 -3 3 989 6 ' 96 9,9"
167 46P E 0- -06 '3 9934 , -S 0968

1 6'E E041 0 - S i YES -63 4 -99 t 6 9900s

I'6.75I N 9110 0-s -9lD20 8 -207 2 9998

1 680 9 IS 1 9 1 D 0 - 60 0 AE 4 NOR' I 2 2 S 942

68O94745 0A- I 619976 3 6 '.l.

1602 8825694 G-A- 3 3d3 109917 4 4091

1 :2S:4 4908884 .-- lOs 0 c '0000 I0C00

I1606 a 46004840s 0-A- _ f' 4 9N63 I 1 3 9100

:1608 :: : "~M: *-0 4_ 93 3 996 ' -E . 82-40

'689 A a SOIMM 0- oA- -3 0 904 4 1 9 3 9-' 2

1692 III0-17:1 0-6-12 -75 6 9939 0.89 9 9963 -

1693 ~:A 862(' 0613 12 496 '40E

iR:N 8:6414844 06- 1 6 N74 4 74 1440 -,

le490 ,. :6..148RD 0-A-IS A2' 4 920 I 32 9900

IRN4- 861440 0 -1-2 4 3V I22 -S623 -
16' 441410I 0-1 26 1 3 6732 3 3' , 989A

1 690 1846418441 L1 0- -20C 3 9930 o I 22 294

1691 611 0 -24 2 9956 I- 9

Q70 960PS 4IPI141 0-0-2' 40 2 994 I -216 29990

17.3 A84 0181 0023 -2 3 82 I-2208

1'04 1lBOPO216 CI 0-4-24 -43 990 2 N93

170 457044C 0620 ,s IS5 3 9444I6 Is 4 430

'706 945l": 9 "9I2 0626 OS 0 100.0 0 1,00

170 88009 5NPRO 0-6-7 7 9930 1 1 N 1392

1704A 845 S6 0 0626 -2:5903 3 9o4 C 9411

179 8605 564480:Go 0--29 52 2 OO I . I' 2 9001

1710 *92664847 S6956 0A- 3 0 72 3 N924 I 66 2 990 2

111 849916 4-1 150 0o 00 I 0oo 0 c 0000 2

1712 Sj .'~lj 845:' 994 .81 0 0--2-0 2 A94 1.4 2 99

1713 965 NOR 6819561 0-4-33 400 4t 89A 4 -37 3 911 2

I ,l 9862 66 L: -3 -4S 74 9620 I 25 Is 860 2

1714 MRS 1531SP1951 030 -3366 1 2 998 A 110 2 99

84 8401 N84 o 0 -36 2a96 4 AN686
111 886011 884880 0 -6-3 06A 14 8761 31I 9 7486 2

;;20 1 01 9lb49 04-07 3 8920 I a3 ;400o

173 2 944: 17 6PIRSLIO-A-42 -74, 7 .ot. I 725 48 2
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TABLE B.3 (Continued)

VERTICALL LOADING ONLY

GACE GAGE o:A G! ASUMES AETIA ERO 0. CORL O FRO LAEA ERO 0' c0R4 6 PO

' 7 7 4 9 4 I S $ C 1 I 0 4 ) . . " S5 . . 4 4I I 'lI I I 2 3 4 8 72

$772' M: ISIJ -A4 -242 9 4 52 2 4448 2

$7)a 4$41 0-8 2 44 
4484 I 'S 97

725 M&4 $94 SI 
690 

0 0- 4 
A2 2 9:I 44 32 2

73037 34 :4) 
OFIO0 0--O-2044

132 64SM2I~ 0-A 149 - 4031 ' -34 4S0A 
9.203solo 

2

1;322 8257MZV91RM 0-15 8A 09 A-74

;734 : R:S 3.m:;*"~ D-A- SI -2 49 2 2 IS,2I

737~ *
8

5MIM AS j4 2 4) 02 84

72t RO4I RM 0--S 
2E IS 

3 4S

''34 Bo R854SI8"l 0)4 72 -- 4778 22

A) 4 21 *MPI OR 34 
3 4473 S 2 44

!T49 $9 2 1C l 0-9- 'IS00 100 
00

74 74SS20IACI 09 4-A 
2 98 '42

179 440M9II 8 23 :9 1.% I .s44 
2

2 44.8 5*05I4 0--:$2'.14 
S 4794 2

1I5 M689A5SIA I 0-8-15 68S 5 42

7%A' T49 51
0  

0 8' - 351 9849 3-2 3 41) 2

'SO 14P8 5L
9
1 09') I YES .4 I 9). ' 19 423 2

'70 
8

4149CL I -- 2 3, 6 444 I- 
40 2

17 2 4 ' 2S ?.IC - 0- -2 c8. 0 0 I 0000 2

743 2IOC C49 L92 Y-E- S -33 44480 142 2 447 2

"48 OS 30IC 0-32S-7 
A9 -33' 2 444 2

: .,' ' 2 0 .11, -9 2 -28T24 40 '- 1424 2

6 .420P-CC; 0:-92b -280 a 444 49 -312 2949%

1770 O444s0 1 ' 0--0 A 20 8771 2-l494

2 "Y7SSPIC 0--2 31 4 A44 i'3I44 
2

'74 4795:ll~CI -43 -432 2ig 14 4. -2S04

774 M498t1 09348445 
3 48 99j43 2

177 or
0

[I 09:37 '44 999 I, 3'294 2

177 77 0 19 0 2-02...44 79 
299 4989 2

70: Sl 944'4 SPCL o -9-42 _3% 42 I ~ 7

IT0 o4p4 C 0--3 540 
2'244 

2

17 87490119 0 8-OS 43 297 4 ,,20 83 2

!14 o
4 4

194IA2I 0-94 53 3 987S 3S 2 42

(W84 0l$29 I 9-8- :44 1 18 4. 944 S 143 2

'74, 974 5 8 1 0--0 -91 3 984 -21 2 444

,74 ;74 
-98 t 0--2 -2 2 44 24244

79 ,,,IspCI 0 -I 28 3 47341 1 20244

$745:S 8491 
2911 0 4 ' 40 4 29) 2

'74 44 12 SI 0- -1 72 0 440 I 2I44 $

I4 
9
8 9 2 C 0- -5 

18 4778 
: 3 a, 403 2

$74 464 $009912: 9--8 -4 $44230-' 
42 2

$40 804$M.90) 9--4 YES -$2 
21~ 2 4381

130



TABLE B. 5 -COMPARISON OF ASEM STATISTICAL ANALYSIS RESULTS AND STATIC
TEST DATA FROM COMBINED LOADING AT 60 DEGREE LAG

4A.I.O.M MEAS..Er S596A94 P MAKIMVM PRED90940 STRA94

54 c9M 9 S1 .99. 4- SAME

3 46M66 - 3 922 0 0 0 9 .C0 c -29

*462ME6 9- 1 S I -S 994AME&

4 s445496 2c 1 20 9-0 197 4 S C 90 34

9 IIOII 9- 0 .4 . A . 90 E 23 a4 c 0

90 640490 9.-9 29 -6. -tc 30; SAME

980069 
3-93 9 33 0 Ac 21

92 as994 Ili -92 9S 2 20 999 -C 4

93 ma46-I910 9 -3 9460 90',9 S"'E
94 349 4 9- 94 33 90 4 3SAME

S9 9a504 9- 16 .S 914 992 SAME

99 :45 .4 9- 9 'Es 949 :0 9. 9'? S. E

,A 9459:944 Q 9-18 ' ES 94 Ac4 40 93 SAME

99 45990 9- 9 Es CS SAME

29 9569 9 20 1C 3 C. I4 4 9-4 2

2 S445969E' 9.2 '9 0349, 9. 22 .60-31.

22 195E9 9 2 24 3 4 4 29 SO0 0 20C

24 a40 9 9~ -24 A9 -0 -40. 2 SOAME

2 B*-4MS 9- 25 ES 0 0 1. S AMO

VI a 46M59 2 ' -0 -40 9 S AM.E.

S'9066 9 2 30 9. 1 c 9

29 *6?6 - 2 2 29 199 9 90 0 -4 4.

29 44M49- -29 2 s - 40 20 AM

3' '.' 9476 9 0 30 S9 0 Z -- 90 -.

32 M902"S *- -32 Is; -909 62 4 0

33 .99699 9-3 3a9 - 3 cc 4 23

34 959 9- -3424 a.,40 34 SAME

3S 6990 - S9000 CSA ME

34 M36'26 S- 9 ES 0 cc c 0o 0 SME

39 63S92
4  

39 33 -20 69 9 9 SAME

40 39C 9 -4 40 'o 40 7. "AME

42 Co90s 9- 4 a0 -a0 -409 03 SAME

43 94'6 - -3 I -0 -. 9 44SAME '

44. M'53 9.4 2' 99 44' 30 3'A20
49 19920 1--5 9 -. 0 -401 994 SAME

9' ;S O'SC2 '- .49 9 -0.0 92 S AME

49 M23S 3 9- 9- -44 924 9.90 1,r , 930 S AME

49 M26'6 -9 04TO:.9 209 SAME

90 326 9 9- -0 924 9-0 9426 S AME

59 629006 9-69 99 90.94 -9i 94C 40 40. 9

92 299469- 94 40 94 -96 96 100 29 S

52 M202 9 -3 YES0 9 0. 0 0 SAE

:.9 M.29694* 9 59' S 0 1 0 01 S SAME

5$ 2954* - S 99 940 4 09 99 '93 '-So 29 9'

ZS MliS9469--6 2.9 -0. 49 22 SAM

94~26 621.09C - '4 9 -0. -9' 94A S AME

14 6369 92 9 -44 30 -9)09 9 0 9-

63 946649 -4 393 4.40 9 SAME

40 .36416 9 9-4-4 949 0 a.0'. 9 0 40 401

45 9964966 9-A- 9 949 40. 40.92SAME

49 C 4906966 94 A 24 20 90. 999 4 43 29 4. 409 40

63 a91636966 9-A 3 924 90. 999 40 49 74 0. 99

99 a49404696m 9 -4 A 4- 6 9 0. 499 30 90 9 40. 409 1 9

92 am:;9 -4 9 9 65 7 9 O. 709 03 " 0. 19 40

93: 1 3626A -- 93 926 20 491 940 4 9 0. 449 94

9A 9679 9-6-9 3 9-2 -990 19 222 I-0-S9

99 596494669 9-89 a9 I 40. 401 903 SAME6
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TABLE B.5 (Continued)

T MAXIMUM MEASURED STRAIN V MAXIMUM PREDICTED STRAIN

GAE AGE CAGE ASSOMEC MEASuRED "OMENT 898DI0C: P CC70 10 M ET MEASuRE

.UAce FAmE S00I70 C AL MAIO 1 88 1 A STRAIN MRMM V~ S0 I TRA

IA ttS4MM 9--f 32 -80 -C, SAME

GS a..;MM 9At 'EAl -30 791 so5 16C 161 25

19 9tS38P 9A-tI 'ES 0& .2-4 IfC 4O,

3t 963M8 m; A 2 29 TO 60 16 , I 84 4.

El 16581 9.2192 0 I lt 3 fC 40 88

82 9165281$ 9 0- 102 10-41 ORSM

84 8'CCGI,t"9 -A-2 S 42 SSC -80 40,

85~ St<00t 9-- ES8 C A C 0 0

8 84 318 9 -2 24 I 0 69 96 A -S 0 1C

99 1 StfP SEP0 0--963 0 4 61SM

9C Sttt SE8 A C 'E S 0 I C 0. 0C -S 0

A1 318 58' 9 38 , A 80 -0 295 sC4ME

021 9t653 t~' 9 32 2 IfC 4 6 SAM,

93 016531:1-2 9 -32 76 &c 80 0 96 SAME

935 R3tS :89 9-3 3. - -' 41 -A 'f2

96 86 Sf S 880 A 36 2t9 160 -1j: 2.9 301 c Ac: 2t3

C' 961SPo 90<42 I8 0 9 SAME

:O0 A909 903,E 0 1 -40 20 29 1 C - 4f

909 83009A- ft -0 -' 24 I-B -4C 26

"Cc 1 O. 9 04< 112 AC a: -Is SAME

4< 14< 3028 9-0 29 :, 8 .0A; '39 SA .E

0 F 0250 S-c-A 56 t C 0 '9 - Bc -0

02 0904A 4 4 i-ftc -ACe "I SOME

t0o3: 19084 9--8 'ES 0 I 0 0 0 3 -sc -60.C

10$ 1 13c08 A0 I s0 4 0 25 29 1 0 I 25

l.ft '''2090A 904 6 .70 -091 8 80 0

tO 2 3-15 33 170 -6 I' . I-t -fc

'Ot 9080 Io 80 40. S SA
4

E

to9 olro 6 .0 9, S'3 -fC 4<59

ItOz sc:0 'Es C 0 c5 '8 -40

-scI 11006 0 C 0 -' 14-

112~~2S so02 00 0 30'1 5'3 1' 89

''2 8170855 -ES 0 I C. 0: 0 fta8. 9

114 2:08 A 54 A4 80 40 152 SAME

6 o.% I- 5ftA 2f 9 80 SO54 SAM

It 29018 9-0 E.35 t 01 3 SAME

It 3'Cft9--5 -42 0 426 SAME

-Cc '4<89-5 45 1 0 401 596 SAME

':0~ 605 '- -- fC1 (-10,o 1 3 7-1 -69 6

12 960.00 9869 30 0 t SAME

22 R2A:CM7 9-E1 2 23 9 11 -69 822 - 41 fta

'2 2S87 98- 3 35 19 I 30 SOME

12 244'8 9 ES0 0 0 1 SAME

125 829M 8- I 46 10 09 35 31 - 0 80 1~ 38

12ft 929IM 9 Ft 11 1-0 66.2 62 -230 S9"'

1 21 9240088 -9- 24 (' 92f 33 80 40'4

129., 82589 9993 6 1 3 3 -30 -!'1 2

'32 93400815 s-a-I2 'ES ft I 0 01 0 0 1 . 0' 0

133 92453878 9-8-tI So I 0 '1 33 tSAME.,

138 92483.P 99t4 35 -4.4 30 33 1-1 . I 36

'35 24P4M9BSIs S4 80 401 '2 S AME

136 92494MM5 9- f 162 1A0o -80, 71T SAME

131 24P1M--7 ... T'41 I 0 40 83 SAME

lift 92451MM5 9-9Is yes 10 (30 -79 1 S4 66 I -<9 1 34

739 928 8 9--7 YES 60 0 ft 81 0 SAME

4:0 92ftft4M8 9-8-20 6, I so0 401 40 SAME

'42 924S3P1S. 9--24 I .: -3t-9 7SME
43 12409 8 9-23 748 '-4 :A.. 4SAE

74 . 1280088*0 9-9-24 77 1 70 -1 62 SAME

I4 820889 9--2 
_: 0 0 AME

14 :24947" I 9- E-2 254 170 - I 2401 244 1-I -80, 290

,41 824941790 9--21 I1-70. I 19SM

749 624989 9- 932 0 9 1 383 333 I c 80 0 3

7%0 92499 0 9 30 as9 ft I ft 0 0 SAME
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TABLE B.5 (Continued)

P MAXIMUM MEASURED STRAIN F MAXIMUM PREDICTED %TRAIN

DADE. CACEC SUED MAUE OMN RDCE PREDICTED -0! MEY MEASURED

bigE RaE PD$*TID6 CALE MARIMUZM I OER7..7 S IR MAPIMUM IVERAT ) SRI

62 345)R'9632 32' 1 *0.40 313 SAME
*83 4244 *50 9-833 9 -SO -4) 16 3' 1-40-101 6

iSS~6 1250R 9.c3 .6 )-0.0 05 SAME

6S6 R2RS9EERD 9.R36 69 1 70. '1 77 S AM

57 249090 -R37ISO I 0.40 *9 SAME
*54D 2SO 9--3 S6 A0 40 27ISM

ISl I29CD0. 9 39 22$ I so 0 23. SA MC

462 022 SS9 SEIC) 9-3-42 9 t-70. .1i It! SAME

'63 MDIPS3PIC)C 9-8-43 Is: -4.4Q 6 SAME

'65 !? 0 4PC 98-4 ,t 1 - ) 4 SAME

'66 67 S S~t 93-6 9 -S. -40) 41 SAME
67 MD 6 I"1 ) 9-4-49 63 170 69) 6 62 1.8 0

*68 324''! .RSCI 9--4 .00' 0. 40) 22 123 ) 710. 9 9 5

'69 "23968SP~~t 93-4 '9 1-0 ') 2 203 -70. - I) 19a

0 023 95 U~O$j 0.-S 290 40) 306SM

4 23 904 SPINStL ) 9-9- St 2A. -10,- 6 ) 2S9 26S0 -t0o -40) 248

'7 "3 04 SP) lu 9-9-62 287 1 0 0 300 SAME

7 3 "2051C1! 9-R, 63 YES a 80 0 0 S SAE
74 & MAs AAI) 9sS 339 1-70.-A91 327 SNMI

I'S~ ~~~~ ~ 945MM)M 9--6 60 1 0 ')t6 70. 9 27

'7 80505)67 -9.-7 6c 1 U !0 74 -C 61

78 344s I6774)467 9-.-50 30 i-20, 67) 2' 37 17. -II

'40 ,2311 SID, 9-8-60 2 )2170.-77) 1 10 7 0. 9) -S

'82 c~o; 9 C0T8- ES * 0 0 0 .60 10 II -

183 84 01470 4- 374 1sf20. 77) 0 0 -4 0.-76) 0

04 140'T - ' YE0S 0 0 0 70 9)0

'8 S:04DP8TP 8 S YES 0 I 0 0) 0 0 lao 40) 0

'06 IT; 9407$ 8 6 YES 0 1 0 0), 0 1 14:0.4.0) 0

87 S4CDT 8- 'Y S 4040a 0 1 60. -ti) 0

98 ~ c;; R4C25 8 -8 'S1I 0 40) 0 S AME

'89 E 44D a. -- 9 C0 0 f 0, of 0 I-S -40) 0

'901 Its47' A-t0E -9 0 14 6

*9 3042- I Es$ 0 69) 00 12. 67) 4

*9 84008775: 8- -2 i ES 0 I 0, 01 0 1 1-70 -69) 0

93 34UCOMZP 8- :-2 *E$ 0 I 0 0)0 0 10.40 0

94 -4 0 C- -4 'S 2 I 0* )0 C -70. -t) 0

96 9406674*X8 - *6 IES 6 1 0 69) t SAME

96 9026058 -t 'ES 0 0 )0 I IS -~

97 456" 9-, 'S 0 I 0 0) 0 01 1 800 ' 0

a98 It~70 Y - A ES 0 I 0 0)1 0 1-80.-o0)A

99 S4C0tP 9 * YS I 0. 0)0 SAME

20 84CDI 4--DOTE1. S 0 I 0 0 0 0 180.48) 0

201 *4296E)~P a. -2* 'ES 0 1 0, 0) 0 0 170.49) 0

202 84.0) - 22 IES 2 '0.74) 0 0 .20 7'' 0

203 540.S477Pl -23 " ES 0 .0 !0 0 0 ISo -40 0

204 9.O43y4- S 8- -24 7t45 0 I 0. 0)3 0 SAME4

20$ 94DSR;T 6--6 'E 0 0) 0 SAME

206 94 S 8- -26 'ES 2 6 79 1 1. 400

207 40S42T4 R- -27 YE 0' 0 0 1 0 SAME

208 S4OS4DTS 3--8 75* I 06)0 0 17 69
209 R40 T8D70 29 'EI: S 01 0 8 10) 0 0 I 20. -IT) 0
2*10 34068 275 8 3 0 'ES 8 1 0. 0) 0 0 16a0. 401 0

2* 64544 8 '-37: TEY 2 so5 -30 0 0 I 50,E40) 2

22 84S40 8- -32 YES0 0 0)0SM
213 540SR010 4. .333 YES 2 7 0.74)1 0 0 120. 77) 0

2*4: *406S.'N 8- -34 : ES 0 I )8* 10 4)0

27 44099 A -39 78 0 I 0.- 01 0 0 8040
2*6 *140C89Y 0 8- -3 6 TE$ 0 I , 0 18 0 0 168. ,401 0

27 R4808MR 8- 7 1E 0 ) 0 0)0 30.-49 0

274 G 94 I1 8- -D38 E 2 1-0 6)0 0 I3 0
29 8406 D A- 39 'E6 I 1 30-49)1 0 0 IS0 79) 1 .

220 340P6;139 8-0aE 2 I 0 0 0t IS - 0 ) 0

222 848P9,09 8- - 42 'ES 1 0 0) 0 0 1-.80. -40) -

223 :44P8 6 4 ES 2 1-40 0 lO 4)0

224 4P270 54 E 0 I 0 0)0 0 18 0 !. 0
226 840*724430 A-4 YES 0 I 0, 0) 1 150o.401 0
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TABLE B.5 (Continued)

V MAXIMUM MEASURED STRAIA p MA8S.MDO PREDICTED SINAI.

GAGE AG GAGE ASSUMED ME-S~ I '!M9T PEDCED WMC-:;I - D[C:0 P AEI Y & -0-!';Y YEASU EO0

AA*E AME PCOSITION CA. MAYIMOM IVETA S Al WEIA ET L. SEF

22, 4S14 Al YES 1 0 .9) 0 0 -0 40

22 8 640S6:140 8- Its 2 C- 0)1 0 0 -1 -694

230 445916 4-SO S 2 FA00 -' 0 0 C 40.

23 1 94OS9FIRD A - S, Y1S 2 1 0 0) C0

232 4AOS!F;%Y A- -2 :ES 0 0 SAME,

234 1 4AO I C A- ZSt IES : I I . I -4

23S 4052004 4 .55YES - C 2 0SAME
23510 S. OAACAM A-S A ;ES I30 -4.0 10

231 84859AE4 *.--S. lY1 ES 2 1 S 3C 0 so - AC.A

233 B:SA AMERD 4--S8 YES 0 I ,0 0 1., I, C

235 C49 SMP. 8-E YS 0 0 0, 0 0 'Cc c

24 0 8.22YF01 4-AC YES 2 40 40 0 0 A C

242 ~ ~ :A SACOI ::1- YE ' 0 TOF T

24 .6 tA4PAITS &-.- YE 1I 1C0 ' 0 40A7

24- PAOCO2TE :-0-1 YEIS C F C O 0 '-4 -40. :C

203 EACOI ,-A A ES A O -0 0 0 -40 .-c -

:so 4025 hAIC YSI - C C SC 29-

2S' SAPATAAA-I YESl C c C FCC -'- C

2S2 4902'S S 4A-2 YS 0 cI c 0 40-40 C

254~~ ~ BO0MS aAF E T I 0 0 -C c 4

2S: S4ACOMFS A-A-FE YES - ' C 0) 0 -AC -AC,

251 4404AY0 '-Ifl S C c 0100 S C

20 z 400F 8--2 YEPMS S 2 0 O 0 C 049

24' 4A484F; -- 1 E 0 00C 4 C0

262 9AS4A6 S 8-42 E 0 F 0 0CC I 10 -69 0

263 94A4tTP& 4-- 1YE 0 F 0 0 C 0 4 ' A

244 @4aSOTIS 0-4-24. YES C 1 0 CF 0 SA.E

205 fASAT .02 E 0 F 0 SAME

261 R4 S AAZT p-4-21 YES C 0 c' SAMCE

26 ESSZY 0028 YES C 0. OF 0 C 0,69 0

2Y: At5 T 4029 YES0 0 0 , 0 SAM

2 10 6.tOSTS 8_-0-.30 CES 5 F 0 OF1 0 0 -4 -. C

21 ::5E0 8A-IF YES - O 0 0 ;C -69,I

272 A45 0 4 -32 YE 0 0 OF SM

213 84485408 S.A 4431 Y1E S 0 0. 0) C -40 -0

2A S 4004 8--A YE 0 OF0 0 A1-0

211 4ACGAI9 4413Y; 0 a . O 0 I1 9

21 4481)0 434 YE 2 F 20. Sl 0 : 4.0 401
1Y9 34EF4 841 E 2 F 0 110 0 F 0 09

240 444714" -0-0 ES F 0 OF) 0 0 I 0 FC
9A 448:1,11"; AAl3 YES 2 (-9 0 C 0 9) -

24 UAPOEEE 4 0 YES 2 0,8.,-49 0 0 2 0. AOF C

24; 448YA0F14 AA-A YES 2 0 3100 F 4 AID. C1

284 44AP18 Y 4 44 YE 2 0 0 0 0 F4.-OC

24 4492048 AA-A YE 0D . 0 0 -40 -:0 0

246 344412;FMD 4-A-AS YES 0 1 0. 01 00 _ 0 A 0

204 848117I8 047 YSI .- 0 0 1 -60-A7 1

24 ;41:0 4-A44 YES 0 I 0. 0100 '-0 -FC

249 C Al l I:S A-49 YE 2 I20. 7ll A 0 00 ~
29 S : : A , :.4-4-400080 0 : -0. OF0 0 -S- 0

2 91 fass:0F14E &AA-9 YEs 2 I 0 -4SF) 0 0 1-so401 0

292 IAASIOOFIE. 4-4-92 YES 0 I F0 S

243 04521Y -- 3 YS0 I 0 0 0 0 10 -14)",

299 SS92 114 4-A-St YESI I 0 01 0 o Al 0

29 *AS2IP :--9 YE 0 SS 0. 0:S 0 SA

294~ ~~ ~ 844 _,O;1 A A YS 0 11- 3 F-O -0-

291 8SSIIMMSICI 4-4-17 YE S I 0 010 0 lAS. -A00l

24 W::t4.IPlcE -- 9 E 0 F 0 -0F0 0 14 -E 0

300 40P IIEOKI 4--40 YES I 1 .641 0 0 I 40. A4l I
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TABLE B.5 (Continued)

P maximum MEASURED STRAIN P MAXIMUM PREDICTED STRAIN

CAGE. CAGE CAGE ASSUMED MEAS URE :.. MOMENT PICED PRI.I;CTED MOET MAU

N ANR NM POSITION A MAXIMU Y.AT) STI MAIU IE TI SRI

10. MI N 0l. 
!-- 

I YSA 2.- I -O -4)D

ION MIX AP1I NP N-N N E 01 00- 0 1-0 il0

303 4130 40 12* t-0- 5 TE. I,-41 0 0 I .TX .N

ION MIX ::.S 201 N-- A1S0 I 0-40 0 0 I2. 7)0

30' 11 200-- YS 2 I I. 49,.: 0 0 I N. 409-

30104 4I 21 3 PW N-N- A YES S I-OX. 091 0 0 1-20-. X 171

309 M1T 2P SR N--: E 2 .30 O.1I 0 0 I AX2N

ITO M3IT 21,10 SPRY a-N-ID YES 2 1 ,NtX 0 TX6. Aol1

3I 1 1 II N--1YS . 0 0 I X0 II 0

Il I 20I P R-R.1 Il S 2 I A. XX01 0 1 10.., S 0-1:A)

3I3 M3I 2: 2* A-N :I YE '2 goA. N)0 0 I2X'. 77) X

31 3I 7140 N--I YS 0 I 0. 0, 0 1 N. 0) 0

37 N2OIXMi.'09O N-R8-17 :ES 2 -0.-7 00 IN. 400

11S RA0NMU)R l-N IX YS 20. 57) 0 1-710. - I

319N: I SYM A--I YS 0 I 0. 0) 0 ISAME

12 MN0NMRIR N-R YES 0 ) o 091X 0 0 1-0.-NO) 0

321 311 401 1 2PO N--A YE S I' 10 79 0 0 I AX oXil

12 MTR~l2OD N:::I. YES A 12. 7)0 0 i-O X0

123 MIT 0011 00 A--2 YES 4 0 I0SM

32- .131 NO'lA N-N-i Ya ES 0 ) 0. 01 0 SAME

126~~ ~: ;I NlI NNA6 E S I-SO. 29)II iIC 6)-

32' M 3 NOT ,4* R-R-27 YES 0 1 0. 0) X SAME

3120 012410 AN N E2 I 0. X 0 0 I OA )0

125 M32 P R--2 YES 0 0. XI 0 0 N.4)0

11 0 M32 ARID 70 A-NIX3 YES 0 I X 0) 0 0 I-NON, 0

33I 431120 0 NNI E I 10. -AN) 0 0 170,69)1

332 312 A0TI 10 aR-I; YES 0 0 1 0a SAME

3311 3 411 4 1 SONO N-N-I33 YES 2 I 1 0,.49) 0 0 I 70. AS) c

114 M31 4011SOG: -NIAD 0 I 0 X 0 0 1 X X 2

315 32NO N A--I YES 0 I 0 X 0 0o 7 01 69

33 13 RZ -Nl E 70. il 0 I o NO 0N) 0

331 413 N3I -- l E 0. 79): 0 I0X X 0

113 M33 12 * 0-- YES " I-3SO. 29 0 0 I-O 0 ) 1
115 MI 3 2S 1 R-. Y__3: E S 2 IS . iN 0 X 1 70. N9)

140 MIT ISII NN-X E 0 I 0 X 0 0 170 A6l 0

34 M3 2S11 N-N-Al lES I i10 .A)4 0 120- )

342 MI3 12S1 40w -Na-N2 YES 2s I AX -6 IN0 0 1 No. NO)1 0

IN 3 MI NSI 0--N YE :I 3 T. 3 0 0 100.40) -

:NN XI 0 1 OL N--N7E0N-0. 29 01 0 I70. S

SA. 4111 00114 ,N N--A YS 0 I 0. 01 0 0 -A No ) 0

14 MI 51 -- l YS S -20:-71 0 0 I-N0,O, 4

3JAN 3 MII SIA- 0.--N YES 2 I 7. 1) 0 0 ic oil N

149 MIT OSN N-O YS 120.-liT 0 0 I-NO-NO) 0
350 41 SIX 0-N-O YE7 ISO. 29) 0 0 0 X 9

30 M132 ASI 0 N8.-5S YES 2 1 AX. 40) 0 SAME

101.3 412:STR -- SI YES 20 0.45 0 0 -X Ao

304 .4113 'E 2 6S011* 41-11-A YES I I IX. -49) 0 60 00 O

105 01 ASN RN S YE 0 - 01 0 SAME

IS 024 1517 9P)OSLTSN-0A7 YES 3 I7. I 5 0

351 21 IS7 SIS I RS3E 40. 0) 1 I i - 66-1I-

359 024 2620 SPAUINN YE N , ND -Ao 0 0 I-X 710

lAX, *vSlP2DZTIOI N-N-AX YES 1 0. 01 0 0 0 5

3N .412 2 - 2 NO I-AX-AX 2 A0A-O
3I63 MITOARG 7- -3 201 1-.70. -ASI 179 ISs I-ND. -ND) 203

IAN 412102* 7--N171 -D,-O 173 AM

3AN 0212 7- - N IS. I1-so0-179)- 70 141 I -- NO 110

747 M2TSN* 7- -::&07-40O; 7 SAME

IN3. IN:7 921$ 112 (.70. - I 3SI SAME

170 M210 7 -: TO I - I A) bA Iot -7 0 to

371 ; M2151 1 OP 2- 73 1 *0 170. -TI 10SM

21: M921.11 1. 7- -TI IN (-20. 1711 67 70 I 0. .91 AN
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TABLE 8.5 (Continued)

v MAXIMUM MEASURED STRAIN pMAXIMUMO PREDICTED STRAIN

377~ ~~~~~ A$C0 7- -1M4 I£. 419SM

379 4 P2*5%tU 7 -1S38.£1 2 SAME
370 911 7.-2 12 I o 40 41 13 SAM

382 927 7-2 '4 S A2IA N2 9 47 SAM£E

382: £21594 7. -23 3 2 70 56£ SAME

38 N251 7- 279 1- 0 ; 9 92 -SA. 1'V
24£ N 921513 7- -25 98 70. Got 85 S oME 1 9

387 2S2 95;7 7- -27 476 S I 40. £01 £7&AM

.2£ I 2194* 7 -23 42 -4. 41 1 £4 I £0. 1£ IT

39 421914 7- -301 £4 1-30 £954£,-301 5£a

397 042I114 P 7. -3 13 T -70.-soI I3 I£MA

392 92:: 314 7- -22 IS I9 9 £ 9 I7 97
3 21P 7- -3 IN4S1 (-0 -91'7SM

204 ICO 7.- -34 34 -10-40 3) SAe
390 T3C2 6- -3 3 -s. -791 -£ 80 012

39£ :3256. 7-:321 30 17078 - 13£ I £0IS -3

3 9 I O 7 . 3 7 2 9 : . - l 0 ;0 R O 4 0s!T 7 4

39£ T4ICS*. 7--1. 33 .0. 791 I7 3£ 1 AME I

39 T43C94 7 - 39- 31£ 170 II 1£ :M2 0 81

43 Z3 S C O M 7 - -3 3 8 I -S O -8 0 28A M

£04 T 27 C0 7 -44 940 I -£0. -£0 9£ Is4405 3

409 23i920* 7 41 214 (-40 -0 182 SAME

40 29247- -4, I 0 0 1 0 17 80 -4 0

409 812* 7- -48 299-0 41 23SM

41 1 M2C* 7-S 304 1 -90. -80 I1 SAME 4

492 M37C0*. 7- -52 2 0S I 0.s 401 0 SAME

41 M C 9 - - 3 YES 0: I 0 S A M E
404 M133C9*o 7- -5 ES0 I 0 01 0"AM

405 Z3JC9 7- -. 9 YE 0 I 0 401 0 S2AME

SI M4 C0 7- -9 YES 0 1 :0. Cl 0 SA M

41 845M*C 7- -9 YE 0 I . 0 0SM
419 R9SI2MPIC 7- -. 9 YES 0 .80-01 02SAM

430 I£II I 7- -£0 YS0II. 0 SAME

£2;1 133 CSE 
7

A I 9 04 I 90. -401 202 SAME

422 129C0 7-£ 2 30 0. £01 9 SAM E
423 .4 1C 7- 3D2 I 8E0 1 0 . 401 23 SAME

424~~ ~ 14 CP 74 9 0. 401 30 SAME

421 CC:32*. 7-A S 2£ (£. INAM2 412

428 P49.30* S-A YE 13 (-0 -01 SOM

429 9932P A-9 0 I 0. 40 47 SAME

430 81C0512 D 7- 60 YES 9 I 0. 01 0 SOME

422 MAICCOP 7-A-l so9 I2O002I SAME

44 3C5 -- I 0 I :0 l 00 SAME

429 4 O 7-A IS YES 0 Ig0. 401 02 . SAME

427 2511.1 7 4 232 1-0 9 303SM

428 M 3I C P 7-0-9 290 1-8 40 21 21 1 0 -£9 290

440 M GoI ' 7-A-26 29 1 -70. 69I 212 S1M

481-A M271 9 7A 142 1-4 -7N 3780 40.-0£1 290

44 MISI IS3C7-7 -Il 461 1-40, 401 1 22 (-7A" I

47 M42 I " 75 C 7-A-1; 172 1I- ,0-01 900 SAME

444 HA7S9 D 742 0A 1-40. £01 94 SAME

49 M.214R 1 7.--29 210 1-7. - I) 2S24 ( 1-£0 6'£1 290

414 MISIMS7-A-10 YES0 I 0. 010 AM

::01 3317: ; I. .21 12 13600 .6 0 -o -0 1

71-22 A

3 
2 1 0 1 11a



TABLE B.5 (Continued)

P MAXIMUM MEASURED STRAIN .&MAIMUM. PREDICTED SYRAI.

CAGE GAGE GAGE IASSUMES MEASIIXCO P MOMENT PRECICTEG PRED IEC OMN MEASUE

662 M3519 -432 269 7 -6. 1616 SAME

412 M37S24 7-A32 24 -50. 29 244 24 2-O 161 26S

45 M 4P 7 6A23 .36 12-0. 1 .28 0 N

4S3 M4 2# 7--I 49P -0. 0026 -0 .61 I6A

467~~~ M13 299 2-3 740-0 61 24SM

4%6 M.4I5149 74A38 260 - 40 263 230 SCT 291 254

49 M4.9s24 1. 7-U2A 9 'ES0 I 02 0. 0 SAME

46: 452:40 309 -40. 40, 7 283 (6 6 T

442 032 25M20IN 19 7-6-42 Soso 26-0 -401 4 SAME

463 42 16M2 2 1. 7--43 324 2-70 -2; %14 .SAME I

465 IS6M S E.s s 7- A- 46 24 & ( 1-70 2) 264 SAME

446 *36SE72* 1--46 23S (-70, - Ii 22 SAI ME

467 A3S2M3 NP 967 0 -6,0 26 S.*

469 036622 74A49 9. [-0-016 0 -0, b e

470 IS6T2 13P. 7--6 06 (-40 -4) 2 AM

47 49 , S99( 7-A'S' 26 2-50. 29 212%0 - 237

2 49,s 5911 A02 I T A-S 2 264- -0, - 262 SAME

47 462 M(( -- 3 81 -0 -097SAME
474 96660 MMPI2C 746 76 (-60 29)1 .6 s0 -7. 22

476 840 3 MM62M 7-4-66 2 S8 (-0, -79) 23 3- -0 -69) 3-

4 P 40S3MMEISMi 7--6 2's 2-80 -40 22 SAM.E

94013M25 A--6 76 1-A0 -40) 80 S AM.E

460~1 :'4 SM

442 9499,0**7 300 8 -0 297 SAME

46 94167:.' 2 :E 2-0 -40; 8a SAME

402 1492z0 1-9 3 2 -. 402 21 S AM

484 749S2A -- 27 -6-0326 (0 0)7

4:S T995* -8 0 28 -0 262 23 24 -30' 92

48 949S66 .9 4 , 0, 02 0 62 (-80 -40) 0

487 496* 7 7 46 70 - 226 SAM"E

49 949520O So 7-P-S 292 (-80-44), 248 264 -le -21 248

490 2452099 7-92033' (-0,41 337 SAM

492 249960.-8 338 24 -0,0 2 3 1,42 SAME

492 :4 78 3 2 EFS 0 2 0. 0) 0 S AME

494 296* 3--A3 2 -80, -402 22' SAME

496: 249s4* 7--I34 2-80, -4021 362 S AM.E

49 46* -2 80 -40 40 SAME

49' 2454 7-7 22 0, -4 0 12 2213 (-0,-I 217

493 249S200 7-3-28 28 17, 2 2' 26 SAME

499 24962:0 S9 7--2.46 70, 2) 339 SAME

600 249S10 99 7--2 34 T-o'2 342 SAM
so0 .4 .M22. 7-3-2 2 20 1-so0,24 221 10 SAME

602 A4SM 99 7-3221 39 : -70, 22 36 SAME

S02 *495M0 291. 7-623 26 -70,S -2 26 AME

604 .490ME0 I RD 7-3-24 298 270 .- 22 2 94 SAME

SOS *49M0 2 782 220 2.70,. ) 28SM

604 S *4929* -926 22'-7,-2'2 
SAME

0' 49 22 99 7327 322 1-0112 SAME

Z081 *496290 30 7-3-.28 33 2 -70, -2 323 SA ME

609 *496290o 290 7-3-29 337 33O34)22SM

62 0 *496290 290 7-8-_30 2 26 go8, 402 2 33 SAME

62 M924 7832 YES 0 I 10 02 0 SAME

625;; P3 7-3 0 I 0 02 0 23 2-To -69, 0

623 M49P2 2.29I 7833 4214 2-70.-.69) 4 20 SAME

626 049PN;* 7-33 3 6 3-0 -49 32 367 2-60M -402 34S

626 M49P2* 7-8-.34 3 67 2-80,-AX) 366 SAME

SIT M4007337 276 28,0 276 SA1ME
62 : *4 2 I7-38 3 641 2-04:02 3T 7 S AME

:29 M4954* 7-32 330 (.30,401 349 SAME

620 M495* 7-4 268 I -70. -214 SAM

622 M4 8 -- 412 246, -70 -2 26 SAME

922 M4939 99 7--220 I-0.-2 26SM

623 M4960*" 7-3-43 246 I-0.-2 20SM

629S ME1IO 99 7-6-46 269 26 0. 261 260 SAME
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TAB3LE B.5 (Conitinued)

P MXAXIMUIM MEASURED STRAIN pMAXIMUM4 PREDICTED STRAIN

CAC DAE DDE ASSUMED ME AS UR:ED P MOMENT' PSEICTEI RDED P MOM'A- MESAREC

N BE NME POC TO A MAX IMU I TR.L! SIN MAIU DET6ATRI

527 M AI SR I--4 2A CA -S . 922 2S R D 6 2 S$

N A: S49 1 * - 2% . I2.1 S0 29 26 SAME

523~ ~~~~ 2346 S'd7B320 
-0. XI 20 SAM

934 2Z9 SPCI 715 7 -0 AC 277NAM

937is 24P SIII - 22 lO. A, 291 SAME&

53 0497 N- a S 34 _0 .I 
35 

, 
A -D .

544 049P(O Z 
20 I cD II 

2NSM

54 9491 59 0- - N 21 25A3D -00-l 207 SAME

960 2 3 0 4 S C 6-, . - 0 I6 I 40 . - S AM E

561~~ 
: ,457 

6 'XI 
I D 413 

SAME

59 S9 6 -' 53 .61 440 SAM

$64 DASIA -(A36 
I70 Al 2S6 SAME

S5:9: 2 6 - s SS 34 I70 94 SAME

557 4961 5P 6- -7 24 -0 001 209SM

561 4o:SSO3 5 9 6 .332 
I7. 6' 36SM

662 "461 69 0 - 467 I 20. 77 7 0 79 '

SS; . 465SS * 6- -2 11 1*0 -' 1. 97 SA ME

SS0 M349S 9C D 6- 22! 0106 SAME

S6U 399' 3-l -E U I0 DI0eAM

50 230 .9 17 IR. -~ 30 AME

SOR~2. 
23007 6. -2Is.0(!3XS

540 14469 6- -2 26 170 1) 1 25RNM

6'0 .. 93540 
S 3 4 7 ( 9 AME

57!'E sASR 6C'20 IA -~ SM

67 .304*6. 322 22 I-AD. (Al e9 0 -D. -0

S.: M2SR :3-% -3 (47 :-O0. -AOl 10 SAME

S'S~ 65 'Es S 9 392 1-0 130 9 S9 -AD- AD

S6I 9549 99 4 -31 A -To -4910I(l 
-D -0 3

644 MSXSX 6P0 4-479 
-3 ] 29 SAMPA-

3S- 
I9t 

P4 4 4 D ~ S AMP

907 ~ ~ ~ ~ ~ 6 n55
3

4 4 D 0 49o 3 20SIAME1 3

60 ASCO 0- -46 
_477 : 7. 1 IS 23I.0 

Al 0

' 1 2 1I3 0 40 -1 ES 0. I0 0D 
oI0~A

9, 3 
1

S53P* A- -0220, I 90 -31 230

99 4554 4-S 326 190 21 74SAME

ST9 .7 1 5CC i-- 4s0 I D ~ 2 SAME

996 sa ISC0 5 7 0 0 0 -4 -A) (3

99. 94S0 49 ( 1.0491 Ny TO I-D -Al

1380 T%::7- 6 :0,138 -a.

-90 1 6 1 6 6172 . 0 13



TABLE 8.5 (Continued)

PMAXIMUM MEASURED STRAIS IP MAXIMUM PREDICTED STRAIN

GAGE GAGE GAGE ASUEAESRD FMMN RGCE RDCE MN MAUE

.. MBE. NAME POITIOIN CA, M AXIMUM ER A T TIN MAIU XETAT SRI

A0l TSIC0*6- I t 0E . 0 SAME

6C3 T6400* N-A- 3 t yE 6 -40c .01 1. 6 6

604 1.C0* AA- 1093 I . 4)1 I.S IS 791 -I

605 Z6056. I X-A- 109 I C-06~ASM

607~ I60*6A YES I - 42 0 I 41Al-

SAX1 51 0 E I- XRas. 
S AME

69 o: zssoDI bA 9 2A -40 636 SAME

612 2NX.CD* 6-A- '2 476 0S SAME

XI)~~ B 26702 6--350SX 0 0 SAME

616 7,6$10l 9 614 Is .I)1 1 4c790 1 ls SAME

All 76 25* -ANS62 I 0 40) 5 SAME

6 5 266210 NA6 62, 4 SIX SAME

I 66 S I A-- 42 SI 
AD 40 A 

SAME

620o 26600*~ E-A6 A UN1 40'c 472 SAME

62' 7666S10 9P -21 633 I 0 S I 3S SAME

6:2 76400* &AU22 461X. ASM

6: 7666 6-2--40. 
44; SAME

62 2661 9S'-2 60 A 23 -t06 SAME

5 75300O6:2 
433 I-8-401 4.3 SAME

626 76S100*I 26E YES 0 0- C a SAME

627 M5 0 c6-A271 YEs 0 I , 0AC 
S AME

EZ 0151 A 26 21! N A 212 SAME

629 690 4--2 322 so X .1 AC 32t S AME

630 M6ICOA N-U-J 3 ES C . ) S

631 OISI IX 6-43 -6 16, 249SAME

62 M5SIJ 3 S- '-59 29 30306 EN t 304

633 M63I A0 6 33 423 I 7 69 41SM

63£ MS3PI1 6-43 476 -- 09 202 236 2-C 40) 393

636 06 1 I9 A03 A66 2-I -4 4 26 I .NC IN 20

637 MSSIXX A 36 37I-0 0 232 -C £ 2

64 XA-0 3£. -60 29? 30 32 .96 I 3

639 MSSI~4 I 
3X 

AA Y33 I4.. 6 33SM
MS 75 14

641 M5101 6--A YES C . I o SAME

642 M57P1I I IX 6--4 A 6 1' -69- S,7 SA ME

3 05900* 6:A£3 INS A Iso, 0) 0 SAME

444 M6914P6-44 35 -C. 9) 12 314 I-C N 313

645 06951 I 6--4 241 -,S 2) 1 24 I-AC IX 2.,

668 *56 95M25 l0, 0-4-44 2X7 -60. 16 749 211 I -7 - 11 22;3

6A *69 20 IR, 6-A 49 1 30 80 I 4 SAME

40 *66 95T7. 10 6--o 25go-X. -4)a0 SAM

65, *S6 96070 IRA A-A -SI S48 1 0 -1 S36 SM

662 *66 957M3 99 Z6A2 129 I 0 I) S SAM

653 *5 95003 9D -AS 21S -I -I. 27 SA ME

94 S56 9 3M 9L RA 4 59 -7.-To91SM

RSN S56 ISZMI 911 N--A1.I . 6 1. I 'C 69) 2

67 *66 IS;M3 9.D 6AS 13. 0 I -69 so I -XC -£0) 1

650 0663;209 6-6-9 2 1 ;o - A 4) '99 20 I20 571 47

66 RSIIO 6A-9 3 70 9 2 A16 -41 N

SA 52 070 6A-S Z4 1 40 -61 4 SAME

SAME

661 S6CDTTP 6-- I 'YS A .0 -0) AM

46 USCEY 6--3014 I-0. -0) 3620*M

66 *S6P4TT* 680 1 as 1 A. -69) 0 73 (-G0 -76) 36

66 86XT0 69-6277 
3SIX-01 13 NAME

661 :RS4 ;TSP 68 4 I C 1) 238 1-70 -69) 13,

66 S6iP0TT S 6-6- 6 14S70 -0 I SAM

0 I 70 1I 0

66 86011 44 7 YES S2 IIX 6)0

666 INACOIT 6- 9 1-040 72 SAME

66 E6P7T 6 A 13 1-9 212 1-70 -69. 126

£70 *54P:47T5 6-8- 10 23 10.-0 24 30 -6 -T)21

471 166671 RE-I II0 ;69 ,4 16. 7.-9 124

672 86 25 4- 12 40 1 -60. -801 294 170 -69 72

67 N607P 43-393 I A.I39 12l1 1I-0C -40) 9,!

674 6544M -- 14 64 1- 7) 29 70 -70 -692 I

679 SCcOMEP 4-8-IN I -70 -All 49 same
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TABLE B.,5 (Continued)

V MAXIMUM MEASURED STRAIN * MAXIMUM PREEDICTED STRAIN

.CAGE. CAGE AE ASMD mEA:SuNEo FMOMENTI 8NE0I2T0D PEDICTED V MOMNTj MEASURIED

U..85 NAME POSTIO CAL M IM I4NAT S TRA IN MAMU Tv8IT SYAIk

616 SINGOMPS 68 423 - 70.:744 0 (1 69

474 BSAPEMOS 6-3 Is 1242 01 0. as9 6 1 64 -20 71 10

AID 894005 610AN 10 -40 12 SAME

64 E6801 N-8-21 4 . -69) Is 21 1 60.-IN

2 36605 6-8-S:1 22 0 I 10.64)1 4 23 I 0 I 0

44 36577 6823 Al I 0. 0) 0 7 (0 -I 40

664 666476 6--2 22 a I -82. -40 2)1 SAME

66 16010 6326 33 I 0. 69) -1 12 -60.E It) -A

48& SSSAT7S 6-8-26 YES 0 I1 0 0 0 AME

7 89654210 6_8-2 56 IS 0 0) 0 ION (-0.-60) 39

64 3642S -- 236 10. 704 23 91 (-0 - .) 62

489 36AAT0; 6 -29 26S 0 0j0 5 (50. 29 171

690 SSZTS 6 -30 32 1 ID 14 20 29 (-6 29)2

691 896800 6 33 YES so I . 0 06. -E.-0 0

693 866660(0 6_0.33 3D I 20. 111 9 261 goo E .40) - 0

09 :6601 :834 304 I 0 6)39 4c I 80S 40 34

696 36C 4 S--3 193 l -40; 15 SAME40

696D 562 80 -- 36 114 I go. 40) I0. SAMIE

691 652044 6:-3; 12 so 00 41) 60 S AME
aI 36;0111: 6-83 0 I . 0 0 0 40) 0

N6 .5687 (R-39 46 I g0. 40) 61 SAME

100 8601 lT 84 8 )00 4) 3 13 ' 0 3

102 89S601 (FEDI A 6-f8-42 301 (80 40) 214 SADME

103 3 01 0N 6- 43 35 A0 -40) 23 SAMESI
104 89013060 -844 ) I40 0) 30 31 I 60. 6)2

105 8Z66130090 6-3-46 (0-70. - I 04 SM

1061 E5::;3'F:" 4--N '0 -69) 40 46 (-3 0 71) S3

107 56618 6--4 300 4) SI SAME

I.100 SI D6618 06 0 6 (45 f-s0, -19) 44 60 1-sO. -401 40

109 *6S118 6849 9 I30, 19 039 I8s4!

11 95110,1 685 120 39 ED 40N0AME10

11 I1 8969;1 FR 10 6-8-6 3 "4 I 0 40) 34 SAME

11 56 INS 06 26 (-90-19) SI I (70 -69 62

113~S 856300 686:7 I 0 6) 1 0 I 0 1)5

114 6953FF90 6-8-94 47 (-30. -19) 21 2 1 (-20. 1II4

716 364513F00ND 6-8-66 10 -10 -69 759 173 (4 -0) 17

'WI 0306S40) A--S 461-0 -05 SAME

110~3 0316821 68S 2) (6. i 244 240 (-10 -1I 231

119 032 10 6012)l 6-8-99 33-80-D 299 SME

120 ED66S 4 6- - 60 7I , 0 69 8S2 I 0 40,6

121 A0D9M36210U 9- I26 I . 0 40 (-60E29) 127
122 480020 91 2 14 U.-0 23 SAM

123 A01M36C3 6- 5- 3 &as (70. -All 4 39 614 (-0-0 042

12:4 100036C4:A S: .4 YE640S0-9 380 SAME

'26 A00M362 S 3 304 (-0-0 2 SM
'26 U8E63A03Pa4 9- - A 40 (70 -69) 4 04 SAM E

127 " A 43 621C S -1391 1-0 -6:9) 391, SAME1
720 5000380 6 - 8 46 (10. -69 4 SAME

72 A8D220 .. 46 1-170-N) 86SM

130 4036 8 9-o -I 4 (1 -691 73SAME

131 0650 5-" : S - II22 (40 -80) 26 SAME

72 A8 3A8p 0 9 9- -12 483 (-.10 -69) 419 SAME

133 A2063009 9 191 (1-9 93 SAM

134 4000M,:36880 5 9 7 (-0 -49 .112 SAME:

139 L00 8 9- -I176 (-70.-63) 711 AM

136 A8M0368D80 9- -I 402 (-10. -NI 399 SAME
731 68003398 9-" I l 22 -8 . : 26 SAM

729 AM 4800682 S- -1 .:144 (-70 .- 69) 450 SAME1

741 035 11 " 5 S 1- 416 (7 -96 SAM

742 029 382 S- -2 2(20.-9 2210 22 -0 -N6

14 3pU 68 .78 S- -23 48 (-10 -691 219 SAME

744 ;80223221679- 240222(-10-69)621 SAM

746 '8D222300'3 - 6 , 0) 0 2 (20 -57) 2

147 4802 322292 S- -2' G00 (-40.-40) 612 S AM E

14 A8228M :28 24 I 20. 71) Is 2 0 20 1)22

19 023300 9- -29 TES0 I 0 0) 0 0 (-60 -40) 0

790 "1 A8 238M"M S -30 247 (-70. -69)1 22)3AM

140



TABLE B.5 (Continued)

f MAXIMUJM MEASUREDSTRI MAXIMP441.UM PREDICTED $TRAIN

GAl GAGE AE SSE MEASU4EU... 44 PEICE PPOCEO D OES EAJ

R, M818 NAME 1151AIG(.55 SAM86 I U0.. 987A1 S AI to4M4 10.. STEUTl

71' 49M233MALMA -3; Itl 0 10 40. 401

7S 49M433.0m4 1 -32 So- (-0 92 SAME

71 8M33 IlMA 5-.33 -930. 49) 371 32 -.S0 201 33

14 A9023802p4 1- 34 .339 -40 -401 13171 ,

71 P;7345394 1 -31 915 0. 01 0 SAME

I1$ 4923 C44 A -36 YES 0 I 0. 0 SAME

1: 49273893942 1 - 37 612 .8. 40 13 SAME

42. -4 .40 1 327 SA ME

769 4922383943P4 3--9 30 S-40. -4: 3 SM

75 4225994 1- .4 6 40. 80 60 6' 10.C791 5

74 A23199 A- -4 975 ITT0 40z7 SAME

757 A ,2234 9 ..-. -4_ 9ES (-g 0 15SM

753 49429031 - 4351 15< 136 SAME

764 APMZ390C30Q %. -44 103 1-.0. -401 7,SM

755 A9.423902!3 1- -4 99 1 -90. -401 199 SAME

747~~ AM 237 1- 47 20 I-40. -401 10SM

758 49~M2238 -- 4 7 -. -401 39SM

169 T,24C008 1- -9720.-Il7 S2- I 30.-491 44

770 ::MZ23OO93 :- -:So 113-40 ; 0 64,1 SAME

777 4759.4,.480 1- -48 a 40 79 at 8 1 70 . 69 1

72 9i593M985 1- S12 I4 TO 70. 1 00 I 0 401 7

77M093444 1- 13 19 -so -69 1 I 360. 8 09 8 -

774 K23P77M9911J1 1- -64 27'ST 79 8 20. -059 6

771 K23 9974MF991450
1

- -13' 0 401 A1 SA.ME

775 923 91M F M SL 4 0 41 I-0 -50 46 SAM

777 02497 PI 445 5-MR -17 74 I70 6919 A I2 772

774~ 8390lNS -- 870 A 8 0 40 l22 SAME

779 824970 6..49 1- -12 I70. II 8106 3 0. 4.1 82

78 83PM20 9 -0 -30. 49 1 1 .0 -41

74'9M474 1A I S (5 0 01 0 SAME

74 PMONP,-A 932 go,0 -401 940 S

783 A9MMa439A 1-8. 3 gal 1.80, 401 943

7:4 :PMM4CA :- , oE 47So10 291 379 397 -0 .I30

71 4MM440190 :A0 It6s17.Al 5 SAME

78 4M4
4

38 6a 6 88 1-0<1 48 S AME

7.8 APMM44403P.F S-A- 940 .17. -41 0 SM

790 AMM409 -A 7089 
70. - 91 47AMAr-.

79 F9M419 -41 2 -0 -691 702 SME

79 A9MM44869 6-4-7 932 (70. as,43 SAME

794 AMM449992 -7 177 1-70,:: -47 9, 49

791 APMM44C!P'F0 6'--7 29 2 -71 39 SM

A0 747 97.7 12 172 l-70 -99 172AR 
F 

SaME

740 AP1 II m A9M408 -A S2 841 a4 87 ,-0 3 s1 4 2

809a A .M244803PF $-A' 103S 1-70. -401 go96AM

7 9 A Ma l527 S-A-1 451 (7. 9 419 SAME
's .. SAME

87 A9231 2--3 47o (-70, -69 AS' SAME

872 A92300 1- 242 -70, -91 430AM

873 AS:A004 -533 2 (S.4.-401 44SAME

:71 A:. 501 -- 8 E . 0 lAM

6 A 2L2 1--A 2 ES 0 I 0 10SM

:04 49M21 9924 S::32 770O 1271 
3 S -(t 0. 99 -2 7 1-40. -41 -7

87 1M504-882117 
70. 40 44S SAME

£20 AIMS0A 1.-30 884.0.-0148SM

423 2C, OA88 9--3 34 (-0 i -7 38 SA ME

824 AI . 19 ; APC 9-.44 327 ( 0.034 48

1416 0 261

SMZ62 tZF .9 -0) S6 SA



TABLE 8.5 (Continued)

P MAXIMUM MEASURED STRAIN FP MAXIMUM PREDICTED STRAIS

GAGE GCGE LACE AIISSUME MEASURED F OET PEITD PEITD FMMN EAsRE

526 NR 6 RPEC~ 9--4A 6' -AU.dci 26*SAMES27~~ ~ M4S-iMU -- 47 YES 1i 80 Xi 6 8 I8 6 C828' SSXMMIM A--48 X [- 641 27 47 _[-0 -3]

830 6SXMSIT4 'IS 'S2 0 -61 6 3 -D 7'9X3 486MPC -A-Si 487 I AE XC 46SM

832 R PMM M S--S 2 1 10 -1 -. 43 1 a0 08 33 023 9S,CS S-A-53 64 70 8b8 X'5834 824S9 SMMC0ICC S1 U-A S4 -X QX .9 ol '0o 81C

436 824 SMOTC -- 56 Xc [30 11 24 24 I -7., 31

38 023 9S1XPiXSLI) S-A-Se 47 '-0 41 SAME
X39~~~ C

2

1iF: S--q6"-7a61 X S AME
.44X2M21 SA-X. 22 '-60 -6-73 -20A 7

XX :2 SX SP;pSO, 5-6- I 60 [70 -69 '6 SAME

843 92 P5(5567339 [6 XI 2XSME

845 82 P1 :C S-- 'IS [301 3013 39 10 813184 29 3P 17 81. 56 64 9 30. 9 43 S3 T0 69 49

64 29 3P'7 jCR0 S ;:g74 80 o l 745' SAM

650 SoXEIo~ 569i Xc, -0 '0 691)S

892 R32EXIXCi 568-7 128 40 -1 2' SAME

893 03 638 -613223 :80 -ti 227 DAME

7P2* S 1. 33SAME
86 37S20 10U 1 -86 'Xo 80 0 16 SAME.69 937S20Pi I -- 'C[-0 80' 61 '6S 30 C I 8ass . 37 9i --S 6 I 0 682 50'0 10 X' 63

89 0 4S[[ 5- 39 21 [-0 CSXDME
880 68018 SMPCO81 S.8-20 47 I'8a7:2 N I70 8[1

AX R05 578[CI R2 I t -20 571 72 8 -Xic -6:

882 ~ ~ m:: 48018 SMRIR[ $ 2 I' [70 - '21 29 SAME,
XXX8 04 $2Pc SS 294 i-o 29 243 SAE

865 86 42'ICI 9--2 290 -40 !01 276 282 -sC 2- 290

06 CXOii 50l 1 20 7665 -SC 7
86 01 *9[C 56-'316 1 To I 33C SAME

CR 4*824461R 5-6-2 64 -8I0i 6 SAME
869 64082MCDCR[S -2 YS I 0 0] 0 0 6-0-057 6888 MM8R, -- 30 4 I 0. -X 3 39 1 SC -30 20

131 04 COII 5631 YES 2 Io 0 1, 25 9
3 886PI2MM ,ci, 6-6-33 90 I So0 -00) 42 as 1 80 40. '

87X R400P1 S -6-34 42 3 C 2 53 - 8 4o. 287 5 P8[I 55 YS 0 I 0 C 0 SAM878 848 SPOI~i 563 YES S I 0 01CSME
AlT 8563 PCUI -- 37 2ES I - 30. -7o '9l 0 A-XC'

878 95R3C[::1 - 36 213 I9 80. 'i ZX AM
C

7  

XP9Ii 6835 33 [-80 -761 36S SAME,

640 0C634I~ 9--4 37, 16 'Xi 32' SAME

82 M56P8*iRMS i 5 -- 42 YES 96 [-0. -X9 61 SAME 61 s
883 MSP*RS1 -- 339 -70.-all ST6 SAME

885 RESISTORM 5L -4 23 : .Xi SM

6 M40N3*IRMSUI 5 s-4 2310 [-0 81 236 294 i-O 0 92887 *SPM.PRI 5--4 s362 I 0 X" 2 s5 0 7158 4SSMIRMSSI 9-8-44 YES 0 1 0 ;SM

489 RSPMDIM 5--67 0 691 38 XI I-O-'3

89 631460* 5--S 14: [710 69[ 3 SAME89'1 ms 8 S2PI cU[ N-C a- S 17 [-0o. 1 45 87 [-0 01 4
892 9IXSI2PICMI S--5 93 [70 -[ 41 4' -0 al4

R, XID2PC SR-SI 20 [3 740 40 6 61 49
869 3 CIOSSC S Sq 90 I-S 29 44 46 1-0 IC

868 la4s t IC 0 1S 620 I 8 0 0 SAME

6 0 0 4 E I T C 5 - -6 9 C 0 4 -

142

997 H 2PI4 (C l 27 to .. 6 1



TABLE B.5 (Continued)

F MAXIMUM MEASURED STRAIN I0 MAXIMUIM PREDICTED STRAIN

GACEf CACE GAGEDNASSUMED MEASU:RED P OEN REDIC;ED P8EOI:'ED 0 M- EN MEASURED

W U.08 AmE POSITION CA. MAXMU I96 A I SRAI k AXMUM (,oER..T 074

90 *4OOP A--66 1-0 9 4 2 -0 4,4

90 6C2S 2 100 46; S AME1:

903 S6AP400 4 -3 3 -20 -21 '29 30 -40. a0 49

904 8666422S 4 419 .480 94!19 SA

;0S 86488 '28 4 0 9 90 I .0 -A 10 SM

906 *6.Ps82 4- 6 92 -40-00? 13 '00 -0. -69! 1 0a

906 ... 002 4-P.:3 0 40 so 30 -0 -0.2

917 66P 0 01 01 66 2-0 -Is .4 It 1-0 - 26

9,2 864P8M:S 4- -12 IS9 I-0. &6 14. SAE

;:3 864C0M08lrl 4 -;' 36 130' . S311 4 -0 41

915 06 412 M0 I4 - -Is 2 1.10.,.61 36 32 .N O40 2

9 f .X41.0011S 4 - I 10 (-00 -. 0i 56 SA4F

919l 19PEP4- -93 I'D1 6:0 9 3c .1 .0 - 2
0 86P61 4- -2A91 0-9 2 0 -0 '2

92 1 86454228 8_15 -0 - II 6a7 XC -0 4 9

92 : XS42 4- -2 10 [- -4c. a, SAME

92 64070 8 23 80 -0 I; 0!7 -2 - 0

9243 864SA002S - 32 (.10-14) -e s6 -71 It1

92 844M0 25 s0 1- 0.- A1 SAME

.2 : 6 4 o 6sZE . 21 66 180 -0 93 SAME

929 9646M5 4 -3 11 -0 -II '0. 40 1- 0 40 6

92 84500:429 702 [-20 -1 212 041 '2

030 064S4MO' 4 -30 SO a -60. 29I40,o al4

931~ 83561 4 .1 4. I 'G 0 39 67 -80-4:3

922 8649 ;0, 4- -32 :4 [.0 -0 72 .0 40 4

933 ITN8017X9 4 3 -!.- 20 -1,: :2 120 1

9 38 : 4t07CO 9 4- -34 2, 1-40 40i C 4

93. 96CON9 A -35 6 0, 01 0 22 411

93 86318 - -6 Ut 130 - 49 1 35 12 30

93 60106 -- 9 2 .0-401 329 SAM

94 864.1111p0 3 -434 20 698406,6 3

-44 2601 6 N Cl21 '0 6'-1 -'2 1 62 19 -01 -2 2

942 2S.-13
0 9

90 4 - 2 4. 1 40 . 0 ',0 TO "I 3 0 9! 64

943 86P1308 4 43142 1-0 -II 18 SAME40
946 6483000 4 -4 46 -1 61 1 2 It .80 XI3

94S6864S218 4- -4 0. 6 a. 401 5 0 NAME

14 3451 - -486 I 40. t01 304 -6 0 0 34

94 6918 4 4 6 130-9 21 0 -00 3
96 *450144 00 1 90,401 96 '23 62 6?6

94:9 866S1 -0180 4- 4 452 I-3 -4 30 SAME

95 9401080 4-0 06 7-0 216 SAME

997, It9318 . Ys 0 1 0. 01 0SAME

96 *41310 - 2 18 -0.0 6 SAME

953 :S3318 4 9 40 I-S. 29 23 3-0 -022

994 99 S2QV0ICU) 4- -S4 32S (-SO, 291 324 328 60 6 27

9s5 stsasplcl 4- -I6 29 :-0 22SM

66' APM46COS A- 67 21 12.-9 6 371 1-0 -401 369

998 APM246C92 4- ItOs, 432 (-20. -61 43 46 1-... -40 420

969 900629 4- 99 39 I_ - 0 Al 206 SAME

960 ;6M110 4- -04 -20-211 1 la -60 -0

96 M:O778 4A- ; 4991 :120.-1 498 SAME
963 mb 100, 4-A- 3 443 1-20. -661 431 SAME

::.A,1604- 4 398 I-2a9 363 340 1 -so .- 0) 366

9 IN6124- 320 - 0 240 24 SAME
988 .6 MOC0. 4 -A- 6 086 0 0. '01 0 SAM

962 M915S20 4-A 21' 20 A-0 -0 24 SM

9 M S61 IN 4-4- 224 (-0 41 2 SM

969 M8166N. 4-A 9 30 - . 961 223 294 1_-90 .'1 292

.2O M: :SI* 6-6-12 291 S-20 II 2AME

'72 0941910 8 *.--13 2S62 150 .121 23 24 -03 I 4

92 9751 7 444282 I3 -68. 16 24SAME16 6

929 M61520 -47 28 3 1-40. 201 276 A9 6. 4

I : s9I

9 MGISIa A II - .:1 27 2 40. 161



TrABLE B.5 (Continued)

P 44(4 MEAS.PEC 5-1114 008109 M 490(24E P5'4415TA~

4424 441 AGE ASSUMEV M0058E2V 6 4ME4NT P3004 4 C'E3 A M."4 MAS""E

V4 M40 1E 4- PREIC 0:A.;lII It 0 PC A 0 40 0

94 E6 A 4--2 343 -4 -0 34 S AME

94 2(449A 2' 338 -40 - 390S4'

942: ' -456 6--239 -4"4 4 SAME

193 ;8::0 A-0 23 30 -- 40 40 46 SAME

98 Z4690. A--2 03 E 40-0 3' SAME

94'A .44 9 4- 23 943 -3 93 53 -- 4 40 E

944 Z244844 4A 2. '6 -0 4 ( SAME

94A 2S44 4--2 3' 1-4 40. 9SM

990 442399 -A 30 9.3 A 0 - 9 9 -0 -0 3

99, 2ISMJO 9P 4A3 4t 30 -3 93 84 5000 ag

91 4 0 4-M IP 4-A.34 44 a404 40C s0 54

99 53 -- 3 6 20 46 43 SAM.

002 "44 4 -- 232 3 6 32 SME

(03 t T45 4-44 I0 S8.A13.4a0 A4 1 3'' SAME

( 0 0 6 4 4 5 4 5144 4 - 4 0 4 S A M E

4404 
2£444 

69 424 4 C SM

4004 '.3* 4-4 A8 -40 40 9 28A-0 . 24

400 "420, 44-9 64 '30-49 50 SAME

4040~~~~ '6 9461 4--6 A0 0-3, 9SAE

I0 1 4 .24 9 4--5 340 (-8 -40. 3 2 32S'AME :

40034 soM3A (3 4- 64 44 0 66SM

40'S 45M406 445 4 4' 4lSM

'04 'S84S -- 4 660 40 S 64 SAME

40022 0I085374 4--s ( 04 49 0 0 s o 9'

G02 9A2 4 4 S 9 33- 7-0 -4 42S S AME

40 9 3 2 4 5 ( - - 6 3 2 ('40 4 0' '0 40 302-' '3

4030 182 9 4 4-8-S I.,9 -4 -0( 6 SAME

AS3 &820 4-8-' 44 4 G8409 SA E

'03 2 620 4-1 '2 49 54( 42SM

403 2I 64 4--4 52 S A0 (-4 -40 S39 34 SAM

404 M4 : 4 -- 4 I -0 -9 I 33SM

4040 M8920* 4--2 34 -0 -404 323 SAME

404.3 94498448 48B33 -4 1-30 -49! 63 SAME

4044 M'26P2 54 :. 12? 4-6-2 48 (-3 -4-S0SM

404 44 1 .- 8- '24 a 20-64 -26 34 40 8 4I03

4049 s: 9449444 48 4--3 33 4-4 9! 2222 (8 8 332

'0 0 M 4 9 5 4 4 . 4 ' 3 3 4 8: ( -3 4 -4 3 0 4 3 0 4 -8 . 4 6

I I I . II :: :o 1411

i 2 Z1. - - gs O A,



TABLE B.5 (Continued)

IF MAXIMUM MEASURED ST04IN F MANXIMUM PREDICTED STRAIN

00I : A~ -21 31 8 -6 0 C SA SA ME

0 S 3 PI1Co. 65-_33 3 12 .- O 0 .-ON SAME

0 15 : MTS3 4--2 138 60 10] 2S0 A"' 1 . 1 -3228

10%6 6ONSS Sp 4 -8-36 2 60 t -30 262 SAME

0537 :::cc: :1-J! Its 3S ac6 40. 34. SAME.

09 F6S20NA 392 'EsC 0 1 0 SAME

106I 86528*. 45 24 3 8 4 6. S AM.E

'063w: It2 RNJ 's0 0 01 SAME

065 "6800* :- S E 0is 0 0 C SAME

;l01! "!!!;0* -S-N 63 NO NC083SME40

-OS8 16:0* -4R 334 t Nc 401 33' SAME

1031 86850 :-M-C .- s 6 10 I-C - 83 16 60-0 99

6S4 AS20PIA, 8 0-S. 26 -0 AC 24 245 -O 9] 2-

-- A50l*. 48!:6 -.-0 401 218 219 -30 49] 22-

'06 SM!25C S 4260 !1c 260 SA ME
0' ASMON A C4: 5 S' 532 -0 40 3s SAME

I0TA A5M0622601 45 SN: 3E0 938 -91 27C 3.s 'C 11 2298

'080 .N S91 N 6-C C 0 0 0 2 80 40] 0; c,,3 -

Or 5020* 3 0 80 0 SAM

.3 880388 3 3 A. 8 0 4- SAME

:0108 NR2S 2 3' 80 40 30 SM

08 0NCOO 3-- 1 30 61 224 N 0]

103 .020* 3 7 AC -0 1 0 : -- I0

'0 ao 5803 w 3- 1 2 -80-. 3S SAME

1090 8832 3 1 !8 S C 30 I4' N 013

-1 88888 3 -S, 3c 2- 0 :N 0; I
'09 EN z4MS 3- -- 3 1 50 -39 26 1 80 80] N1

0:93 582C0." 3 3 -ES .85 0I SAME

'095~~~ SN OIt3- S3 E O'88 IAC 40 33

109 502*1 3 - S29 -0 -4 SM

'09 808518 3- '932 a NC No 36 AM
010 8061 3 -210 0- . 2# 10 II",1 -2

'0' 9505N80 3 -21 9 4 '-SO 40]1 8 SAME

''2 8044S 3- -22 'SO "0 -02 163 I 8 40 96
'03, ::.IA:Z5 3- -23 431 0 -40] 4' SAME

''0 sas&;?: 3- - 1*6 1 80 40, 3 SAME

- C SONZ - 2 3 -0 -'6 '9 29 1 - 'O] 30
'06 asoss000 3-2 36 S O-O ]' 30 80 a 40] 38

11' 8931 -2! 37 3038 3S 3 36 0

'I' %G0N3M85 3- -30 63 1-10. 44]1 14, '440 NO] 3s

II' 6931 33 31 ; 9-0 22 27 180 ' 23
''2 6062 33 78 :. :".-0; 23 NA _749 341113 $Sac0.... 3- -33 66 so 90 01 N I!, 1N.9 -N

'11 oop*3itsk 3- -36 3 2 1 so -30] 9 IS I No NE0 '

II' 303 2 3- -3! 2 2 20. . 'TlI 8 8 138 69) 2'

IlS S0
8

1* 3-3 3 31 10 1. 29 35 : 401]3

1 3691 8 3- -4 58 -20-7 8249 180-8]8

22 968*12*18a 3- .4. ES 0 a 0 *0 0 S AME

2 3 1892 0 3- -3 32 I 0 3]03 8 3)26
24 801* * 3- 8 23 1-0 -01 I0T 30 170 -6)23

25 89 5 3- -4 8. 2 .I * . -401 79 SAME

145



TABLE B. 5 (Continued)

P MAXIMUM MEASURED STRAIN IU MAXIMUM PREDICTEDSTRAIN3

GG GAGE AE ASUE MENSUE C V M0ME! ;I PREGICTEC PRPED:IED P MOME! MEuE
.UUR NAE 85339 CAL MX UM 3EYA3 AIMAIMM 3(! A, S!A.

3326 1A57 9 34 YES 0 0 30 SAME
1271 0 14S3R 3- ;4 9 33 643 2 3 29 jEtC 16 49

332 $6SS3II3I9 a 3- -43 32 1 SO .30 -4 4 -so 293 1s

1 E405138160 3-d 77 3-0-0 74 It -7'- i7

3333 83053289E 3 S2 YES 3 3 06'C0 30 .0

334 884 S93383PC03 3- SA 9 tcc 36! 9 SA-E

336 3380303 3. 9 :SS -30. -69 SR s I 4,

33 9S4C0M8(I 3- S7 43 3 0 0 4SAME

138 M;0: 3C0*303 3- :S3 104 3-3.R YE SAM4E

33 M0 3C0*30C 3- 5 25 ' 0 33 3 6 3 0 A,2
30 300..0303. 3. -60 30 Y0 -43 .5 : 0 03

3343 M738'3 3-A- 264 -060 250 SAM.E
3142 873832*, JA 2S2 :-70 -63 0 SAME

34 M73830 YE 3A 3 427 70 -691 42 SAME

33 04384* 3A4 4 347 3 .- 0 3S3 SAME:334 736. 3-A- S 3 30 3-60-:40 330 SAM

3346 M 738p2* 3-A- 6 33,0 _-40..-403 33 5SAME

'7 M73CDU 3 -A -7 3318 3-043 33 SAME
34 M739323: 270 ;-0. -03 261 SAME
338 0735a* .-A S 53 1-70. -693 SI. SAME

3390 04756*3Z. 30 234 3-70. - i 243SM
ISIO 8.735*3633s: A 1 238 -70. 3 2S SOM.E

339 2 M 739W 3-U- 32 264 370. 3 267 SAM.E

3393 87359 S8 3:A: -33 ES 0 3 0 030 OM
MS 873 3 8 3-A 34 297 3.70 33, 279 SAME

3359 733* 3-A-I 306 3-60. 3631 29 299 3-0 : 304

''1 M73533 .981 3-A36 272 30.33 28SM

336 M73S5328S 3-4-7 307 36,0. 363 303 SAME
33S4 073532 98 3-Ais 336 370 -33 324 32, 3-60. '03 322

;39* M7333 3--9 340 -6. 13 330 OM

330 13 0, 2A-2 0 :6 -00 3 66.. 19 SA ME
'.63 ,73 S2. 3-4123 4714 (60.-401 8 SA ME

332 736*36A-22 430 3-0-o 033 SAME

3363 7,735S.. 3-A-23 S81 3-80.-403 630 SAME

3364 173:94S 3:A-24 633 33. 43 25SM

336 77S9 8 -26 99 3-8 -0 62, S26 3-0 -3 62

3367 273530* 3-..-27 634 1-90-401 6 34 SAME

36 D3S3I- 3UA-20 8 240 'SO0 -303 -506 63'2 3-80 - 403 220

36 7386* 3-4- A2999 33-0 630 SAME
3I70 273930* 3-430 620 13-8:003 628 SAME

333 *75b 8 3-A:-32 385 370S3 9 SAME

3 137 66 28C 3 43 3 23 33SM

1113 073S2 3-83 437 3 0 603 406 SAMEs

37 8 m73AS3* I 3-4-137 44 3- 40 403 46SM

3 V7 8797 3-- 8 3 80 003 : AME

3380 0738.3*.. -4-4 233 3 SO7 0 1 40 SAME,

333 7399* 3-:4A9 0.63 30SM
332 733* 3- 4 .6 A:33 0. :03 04: SAME

3333 .738 * 3-4-43 23 39.-3 22 3o 00 1 23'SAM

336 8 793 3.44 37 : 70 293 346. S AME
339 7393 3.-538 36 70. 693 36 SOMAE

333 73 3*3-4-46 26 9.-303 34324 3 0 -36 242

3384 4.73939;* 2-3 347 3 40773;9 SAM

330 "73934 38 3-AS 393 2 40. 30 329 39A 0.73

3393 873928* 3-439 2 3-160, 363 2A0SM

3387 9496M810 3-45 4 3 80 4033 SAM

3198 8731SI 3 --6 304 1-.. 336 440 20 sAME 920

33 9 3E 1 7 * 3 :A- 37 3E 0. 03 1 80- 0 6 3-

3308 81393939 3-4 3444 330.-693 -3 2 SA4ME3 30

I C. , :2 146.

" ' - - - --IA C 1.:S-, 4 GA . 0



TABLE B.5 (Continued)

M MAXIMUM MEASURED STRAIN 9 MAXIMUM PREDICTED STRAIN

DADE GAGE GAGE ASSUMED MEASURER 01 MOMES' PRIEDICED PR.EDICTED w MDMRNT MEASURE

NUMIEa NAME PSIfTIO CA MIU I ~AT STAIN MAIMUM SEPT AT STATI.

1201 D7SCDA: 3RI44 IS-0 :26 SAME

'207fIOR 52 40 I-RU -40) 40 SAM

'303 DiRCO. SR9 3 327 1-a0 -40) 35 SAME

204 779I;CCA IS It's0 I 0 ) 0 SAME

'205 25200* 3-R- 270 18.01 284 SM

1206 ZROD SR N6 IR -80. -40) all S.M

207 *5 23 9E 5 7 324 0.-9 3.'s 3-.o a c -. 22

1208 ZM SPPR 3R: R 24C I-RU0 -80 3 2 SAME

'209 RES ITO. 2-- ' ES0 0 It 0 C.cU

121:0 7556 3'RI 24 SI-RD340 247 SAME

121 77:S1 -5l 3' IS.- 38 SAM

1212 779 659 9P 3SR112 342 I-O0 31, SAME

121 A3SMR:0 IP 281 3 lES 0 0 l SAME

'21 R3SM20 ,--1 SN 1 0 I) SR SAME

2 1 Ra3SM"3 9- 3-I-IS ES 0 1 0 U 0 SAME

2:6 07505* 3:-:-Il 220 I 0 -TO :I SAME

:217 M750I 3-R' 2R 10 2RU . S.AMF

21R : 5753P .9-I '9SI 1-0 6 1 290 SA ME

121 730 3-1 3 26 -O-0 32c SAME

1220 11;S'0 Ip 3-92 39 17 -I 7SAME

'22' 577539 3-9-21 24. I-So 29 239 2-$ - 624

1222 40 1*1 PI C1 3-R-22 54 I o 5 -30)1 2' 6-5 -40'

1223 M':13U 3-123 IEs0 I 0 *0 0 S AM

122- M79025 3-_5-24 219 IS 4) 288 S AM

;22: 147951 1%9 3-526 220 17 22' S AM-E

1226 579510 3R2U 74 65'- 17SUE
227 MS CDA 3-A-2' 224 I-S -42 25 SAME

1228~~ 1 MSI IX AR2 '7 -0 I SAME

1220 M' 13 3-929 9 16Q II 200 20' - 10 - '92

1230 M4-P0 1 3-130 -3 1-70 191 259 S AME

2 :3 S~ 13P 3 R 31 3 I - TO0 -69 go 223 SA.ME

'232 o.f 3-832 'Es S 0 I,0SM

1 2 39 M423I3P 3-834 2394 I-N 1 4) 238 239 -S - ' 229

' 235 MICO 3-R35 280 I-o -4c 2T SAMIE

236 549510o 18 3- 3-5 -7 10. -IT 1 SUM,

'237 5955139, 3:4-27 4 INOIN1S SAME

1239 54939 P RS 2 29 1 70 -691 222 SAME

240 F8 561419 Is! 3-1-4::1 20 5., 3S .I -20 -7M4

124 M'5 SE 3R-4 282 IR 80 283 SAME

1242 M9;5S 5. 3-9-47 IRS 0 I 0. 0) 0 SAE

:243 M8391..,9 3-9-43 292 170 -691 296 SAME

124 730 3-44 16' I Ro, 40. 14 SAME

'246 17722 3-9-AR 210 I o0 01 27 SAM'E

24 1129 3-94 93 I0 40) 203 SAOME

124 lOSICONA 3-0-48 IS -0. 4014 1 -0 -I

1249 3834 3--9 45 ' 1-040 38 sAME
1290 "so6MR 3-9-50 S 1-70.79:1 16 SAME:

:1252 RROPNMMR% 3-9-2 YES 2 I10. 74go0706
'293 a4MM8 3 - -3 71 1 9) 8 6o -- 80-0' 6

29 RR,0XNME9.D 3-8-54 SI 10 60 0 1-40 -40 7

'296 I:CSSODS 
I--N 29I 1 45 43 2SM

'257 PsI STo- 3E6 7 OR IS 0 I 0 0 1 0 &C -4 .0

'25 R SSTOR I-:SA 2S, I : 0 69 2 2S I 70. 69)A
1299~ REISO A--5 65 10 -74) 14 29 -T R9 8

1260 9813P191D1 3-9-40 1. 1-20.-111 -:1 2 I-I 61

12 C .4 1 122 2- - 3 4. I 4 401 1 S20 AMe

24&2 RSRCD2S 2- - 2 SR 140. -40) 320 SAME

1294 RR1P3:;S 2- - 4 2 12 1-0 -4 17 SM

135 RR82 2- -S ' I7. 48 58 . 40 40' 4'

1244 9849812 2- - 6 149 1 80. -40) '45 SAME

1249 94RPSM"ZP 2-- 9 26 $0. 401 S I R -40

'27 RAP3MOP 2-I I2 10.90)A1I IS 60 7) 1

'272 8982 2- -I 24 1-20, S871 I4 I6 1 -10. N'20

1273 :::CO.M'; 2 - :13 10 I 4 01 0 2 I40 85)l

127 RRCMP 2- -4148 1-O 4) 148 SAME

1279 11R11,9M9R 2- -I 3' .-40 26SM

147



TABLE 8.5 (Continued)

0 MA87IMUM MEASURED STRAIN PMAXIMUM PREDICTED STRAIN

DADE CASE CAGE ASSUM ED MESRZ 0 OET 88172 0E772 U804* ESIR
v BE8 NAME0S7 N CA MAXIELM M 08 LA

T

)I SA:I:: MA.IMUM VERYCT 7 .AT Smi

127 340M03-IS4' -0 7 30 35 'N I. 43

2 7 RINEC IS P 2- - 2 -80 0 A SME
1 275 REACOFiS 2--is 13 770.9) 1' 17 4 A0 40)

279 8E6NEE 2 7923 70 I 24 24 .40 . '

240, S8P'S2- 2 YES 3s 8. 0 35 S AME.
7281 0845422P 2- -27 2' 1770 II 2 4 27 EO 40 i

24:2 REAS4ZZS 2- -22 753 7-041 ''SM
22 8VA5S621P 2- -23 58 : I 0 ; 406iSM

284 0, a SoS 2- -24 YES '4.3 1-0 -441 7 43 SAME

28 864-VE 2- 252 -4 8 0 6o 4 .5

124 6 8E6lS4M25S 2- -26 44 (-8 4. 70SAME
287 8845402.0Z 2- -27 22"1C 4 9 1 s D0 -301 23

200 IASMS 2- -20 223 -0 71' 5 -0-Y

'29 SSUFl 2- 29 22 170. -II2 6 -0 ]2

'290o 9B652ME1S 2 -30 76 I 6-I) 9I 0 9

2911 :ESF - 3; 28 P5-977 21 -' 92

:13 8208 2- 33 14, :8. 01 'S I 70. 9I

:794 8E62087V8 2- :3S 7 ::50. 291 7 SAME
29 880 V 2- -35 62 -0 -SO s SAME

7296 867 84 2 -36 yES 2 I 09 000I -~

' ' 80 7712 2- -3T 32 0 29 32 1 75 fls 31
298 : 8014 2- 3 -3 X, -8. -40c 42 SAM
29 , ENEIfi RVllp 2 -2 Al 7 40 80) 20C 20 so5 79.1 25

:10 886871F;80 2 -- 40 Y ES 0 I . 0 04 0

1302 860I12F0FR0 2 -4 5 I 50 8 01 23 2S 64 76; 23

'2303 806072080O 2- -4 75 '3 80 -0 3AE

308 5: 280 2 4 26 I 70. 691 25 28 8t 1 22
1305 65' ISV 2 - 45 1 05 1 -0o '03 SAME

1306 : 867 11 2- -4 93 [-0S4]9 SAME

'307 85 R 2- -471 36f (-20 -712 -0 -69, '
1308 6 8 51 17 2- .48 10.3 1-20-71 35 80 80 -4)7

;309 R.ISSI IEID 2--937 8 -401 33 SAME

131 845 1 0 2 5 33 7-30-79 27 7 -40 -40) 31

733 8 5 27 8 2- -3 30 1 360. -49 32 6 0 -16 3C

1312 4V 5 2' EV2 2- -54 172 7- 29065SM

1315~~~ Vh 55711 I 2- .5 '7 I50 29 I7 6 8 7
136 .8519C 2-, -- I C.. l 07 2so 209 74 GS

13:1 "l 885)570 I 2- :,5 I 0 1C2 ( 0 71-

R38 ES I ST 189 0. 0703 60 6]-
139 8 708 2 - 69 77 0. 0 0 4 7 69 00

220 TO 048322 2--046 0 7)- 0 -97 -3

.32 796 2 3 M I 779 2 70. 497 73 0 123 I 80 .l '39

32 921c,75 2-A- 2 37 s-0o 0 3I SANME 4

'323 8 9284 120 2A 3 30 6 0 -16s1 27 44 1 To0. 89 1 22

'32 8:920422 2-4 4 79 10 (44 SAMEh

'324, 8928829z 2 A N7 so,0 791 82 SR 1 710 6971 65

:3712 R9210M 2-A- 7 8 60.76 30 31 so0 9)5
13211 9220M 2-4- 24 30 7)90 110 64A

'32- 69204M2V 2- 9 41 7 30.7191 3. 44 (710 69' 32

'330 892V4MZS 2--7 64 7-0 64 9 1 7 I3
7337 89081 -- 75 0 41 87 [-.921

'332 9288882 2-8-72 344 7 0, 0.j 0 39 ( -70 1I -49

73 33 88228OMFV 247 :3 59 0. C 0 9 (-s40 5 -2

1334 .9210M5 2-A-I 726 :-80 -40 73SM
7335 2 898M:, 2-A-IS NI 1-No. 767 64 79 so8 -407 56

7336 999801--N13 77.-9 7 23 (-0 070

7337 92272- 7 997 [-70. 773 36 7-0 -82
733 08922076 2-A-I 7973 1 0. -4971 -4 73 70. 897 -271

739 828E8 2--939 7-0 I 6 7 IO-0 33

734' 89255220 2-2, 64 730.797 37 37 (-40 -58)08

'342 89234415 2-A-22 200 70 6) 62 74 -0 -I 07
243 89582 2. 23 I 41 0-0946 I70 '43

a44 92604115 2-6-.24 IEs 709 7-'.-7700 77s I-No -40$ S5

734 R2SSZS 2-62630 7 0. -67 314900 772

7347 89268028 2-4-27 74 7-70-697 68 SAME"

734 M854 S1 2--2: 47 7-0-501 37 60 ::80 .40, 40

738 12$200S 2-6-30 29 I-so. 297 27 29 1-80 -40) '7

148



TABLE B.5 (Continued)

0 MAXIMUM MEASURED STRAIN P MAXIMUM -REVICTE0 STRAIN

GAGE GAGE GAGE ASSUMED MEAUR ED U UMN PRECYR;D PR.EDICTEC P MOMENT MEASUREG

35' 6925681 1-Al I6 E-7 NA) NI5 A A)

'352 S92S611 2-A-b2 33 I -AU 761 313 IA -89.-A 33

III] 892P 29889 2*A33 39 1-29. 51) 28 X (1 7 31

715 399 lNAD l~l Al lAG-AU) A2 SAME
7155: 6920 2XAU AS I (-0 -I SAME

3IS 1X TIR 2-41 A EE 1S S 1 0. U1 U T1o I

;3:1 6:291:;IRE 2-U-Il aX i-AU -AU.A SAME

ISA8 RZ7IX 2-U.3A 14 U. -A 1 71 SAM

79 8978P 
T

IR 2 A19 26 II AX 9 6 a I SC- IA IC I

1100 AS':: AUs 08 '0A -AU)

39 32 SAME0 0

1 2 spIIJF X 2A 4;24 19 70 AX 1 AU A 4

AU AU48,2 )A. 2A3 29 AU AU '0TN 24
-AU S5 - A.00 54 S9 SAME

I-A IA '1 21 )0 1U AI 2231o3
-7 -AX AU4 SAME
A3U, -AU) 'FIR AU A-4 -709.16 -6XI AU

* 7169 RX2S'F 180 2-UA9 So I 0 9) 1 40 U. AC) S

131. 99 IR -A-S 0 I )U72 -U-U S

III 3 6192S7 I 9IS9..8 2-U-S AS S1 I U-AX9 38 392X I -0 -1 26&

:31 912577 XFRC 2-U-SI 3S 1 o 19 ; 21 21 SO -13)02

71;1 AX2S7I 98R9 2-A-SI 2S 30 19 XX I 29 I 0 -16) 12

11 9577 1 918 I--S a9 2 AU_ -AU Al a~ I 40 91 077N1

715 a S7UIST, 2A-E 236 I 1 A) 216 SAME

131 R SSO 2A-S! YES 0 1 c. 91 U 09 1(NO.49) U

31A ME SCOlD 2-UA IS -9.AU A A. -10.-AX) 1

718 M2 698 2- I 240 IA. -801 26 SAMEIDI A 06

712 MX 805328 btJ* I-AU 40! 6 SA ME

13N1 X 689* 2-8 1 2.0I-N -. 0I Il SAME

lA 3X :S1895 -- A76 IN.-9 200 SAME
315 MI67* 28 5 319 I -0-A) 27 211 lA0 -AU1 ;16

1196 M9I A S. * 29- 6 116 I--g o ) IU S 40AM E

:341 MX2 494*S 2-8: 1 138 '.-A) IlSM

'10 MA 9050 2-A 8 IS1IN.1U) S SAME:

189 MX 2 NRA SAG 2-R- 9 :792 I-NO0.-AU) 94 96 -10-19) 102

1190 7892 898SP 39 -97 49 I-U-9 3SU SAME:

192 M2 S2 59 247 226 I o A 0.AU 233 SAME

391 ::2 A:I 2873 211 I-A-0 U 219 SAME

3IX M2 201 2-R4 201 119 -89) 201 SME
7IA 72 97* 287 221 1-10 -6fig) 221 SAME

113 96;,TII 2--l I I-A. 0) 3I SAME

'IAN. M92 280 SR 2-A-a 704 1 59.-lU) 11, 112 I AU-AU 56

1399 RX2PIMMS.,C I 2-RIA. 754 14.A) ISSM

7499 3.12 A.S -A 244 1-9-X29 96 S-80 1 2A0

749 MA 18 2A 2 -A0-I 2N 197. AX)1 70 SAE

782 42 8 280 2-8-22 16 I 0 -61 66 12 I10 -AX) 67

74032 Mb 103E4282 1 1-A -AU 1 SAME

o40 MA 309, 58 2-AO 0524 YE 419 -No* . -NO:! ... SA Me

!40S MX2 3PIoS 2--2S 29 IA0-X 2's SAME

1404 M492 387 2-826 22 :I' 1 -A) 22 SM

7401 MA2 312S 2-021, 238 1-40. -AX) 218 SAME

746 MAT A 2-9-38 327 I-E 9 344SM

:499 MT 4R5' 18 2-12 226 1-9-A 29 SAME

747 MA0 9 4 SP 2AIU 3 242 1-0. -6A) 244 244 7-89 -A0l 249

INTO32 M2 R 8 -- 126 (10. A.70,262 2MR

IN4l MA28 lt - 37 2-7 -AA 278 SAME

TATA MX. 689 71 2-IA 3 2X I.70. I6I 371 :3AIR.:A)S

1AIN MAI 6878* 2.--I YES i I 30,.*-48 0 2 F sU 6X) 3

All MX 62 * 1831 26 INO0U 144 11A.1ME

lAIN MX 82* 1--I 334 (79 -AX) 24 210 I-.-Al 218

TATI "o 1 NA 7999N1M 2-8-3 50 I 88. 40) S22 sAME

7430 46 RAPTOC A-9. I U 1I 8 0 I80 40N

* 47 84 'MMI ST 2-8-67 49I I X -1N 772 -2 0 17)03
T2 , 7817 I9899 1-4 1 I 0 -AX 274 SAME

7421 AMT)A'PI lc1 2-A-Al 21 1 70 7)0 2 14 SAME

..AIN. 318 MAIA 2-A1-AS 768 (-AX -49)1 4 SAME

149



TABLE B.5 (Continued)

V MAXIMUM MEASURED S78876 V MAXIMUM7 PREDICTED STRAIN

CAGE AGE CGE ASUMED MEASUAIEC 0 O867T PRED;C'E P8810 0 ED 078 MAAR

74281 879 5STZ788O 2-1 44. 4:0, 40 3 1 .40 I 0 -49 4

1437 885(5708u 2 -- 8 68 10. 69 3 6 72 1.0' 76) 2

729 7 R SSTOR FC 2 - 2 90 '..0 ; 00 1 - 0 ,-.4 0 40

7 437, RESISTOR 289 S' S Il 0 0) 0 18 -S t 0 -20

742 R SIS OR2-1 9972 0 0 fi 16 .7)2

36 S0750 289 34 It 0 0: 0 30 79c-

74834 RESISTR 2-4-99 '1ES 0 I 0 0 0 1 go,0-40) 0

7 49 98890 2-8-80 74 12 -77 0 3 0 7

7484 *97;S1. 232 (A (-A T53 -20 7); 7a 70 401 2

7445 : *9 3b 78 .- 57 )-80-401 is7 SAME

743 7470*I. -7 18. 4) 9 SAME

7490 7390 7 7 7 50 0 SANE

747 N05 0 7 7) - 0 -S -378 SAN

7493 7897S I -72 l5 -0 -6) 2 SANE

7 4 9 4 N 8 9 0 7 2* , I t-7 Y s 0 I 0 0 S A M E

746 49S 7 7 -7 0 (- 0 T 780 SAM E

14 M97 7 7798 10. 7) 98SN

7498 1-900 7707 t9 0 I 0, 0) 0 SAME

749 
29S2 -7 97 (-0. -609 73. S AME

7460 7972 7 -0 750 I 0 10SM

767 797C0* . 752 (-80.-0) 77 (SAME01 16

74Z2 M97572. I 'a It0 (-70, 64) 4 84 20 974

746 34782 7 23 63S -0.- 80 S AME

7464 M91COA -28 776 (8 .- 40) 723 SAME

749 .49927 39 IS 28 38 39 60E 6) 37

796 ICCQ -6 0 (-0 -4) 0 SAM
793 3777 7 - ~ 70 7) 7 SM

746 M777 28 18 0 ('50'.0) 02 SAME

M4' 110S7 1. -" 9 -7 7 8 SAME

74727 74090 A- 17 7-8 -4) 0 SAME

14 2 0 9 7 7; 32e 774 (-8 -A70SAM E

7472 7703%' 7- 3 8 0 A 0. 0( 0 SME 1

-44 037-1 7 48 '-70 71 6 SAME

74 M7'CO* :3' 2579 18 .0 6 SAM

746 800967 36 1-07 4. 00 00 -40).:

73 900 3 E 0 I 0. 0) 0 SAME

7480 0930094 7 -60 97 0 014 SAME

784 6 790. Is -4 A9 .3 0. al34 ISAME41

7489 (090 49co 93 3-0 40 971 SAM

7487 OO 494 07289 .1 47 334 1- 01 2 SAME

7488 e 3S4 7 It -a 736 (-0. -0) 739 SAME

7490 I : 1 CC0 00 7 -90 7244. (-80. -0 7246 SAM'E

7492 A5F1 0N 7 4 -9144 go -70. ) 239 SAME

: 4 93 ; 9 7 4 0 8 7O M O 7- - 32 07 0 .2 69) 2 9A ME X *

7496 : ;'22700(M C- -9 762S (-0 -49 73. 793 A-0-0

.497 ASIIC S~SO -49 l 46 1-20'.o 13S2 S) 2 77 7

748 8SS0 - 9 ;20 (-70. -7)6 18 -40( 170

14918 #8 7008 7 99 T.0 0 0) 0 SAMEf

7900 A9 7 S- -816 7- -7 0 70 ) -6AM

94 ASMZSI*L-F 19 to15 0 1 111SM

:12%MIP 02 1 . 6911 SME 4 77



TABLE B.5 (Continued)

P MAXIMUM MEASURED STRAIN V MAXIMUM PREDICTED STRAIN

"DAE SAG S,. AGE ASSUMED MEASURED P1 MOMENT PREDI.CTE PREDCE D P MMEN MEASURED

SUMRER NAME POIIO CAAXIU TXLT STAN MDAXIU (uVETAT STRAI

150 RSCMI -A- 1 3946 S. 40 8 SAME
IO B IIMM I-A- 2 70 I 0, 4)98SAM

1903 811814MM111 1 -A- 3 30 7 0. N91 38 SI 1 SCg. 401 24

158 XS8MSI-A 4 YES 0 I 0 0)0 SAME
S0 9PMM 4 120 US. -80) I Is SAM E

1504 R9AP9MMS I-A- S 139 1USC.-6 S)i's 138 1-80 -*0, 06f

1505: R9:OMFS -. 891 10 6 97 *-80 -4).

so0 8RPSM9 A-4 40 0. 0033 710 49) 138

1910 R9PSMFS 1 10 05. 90 19 SI 10 I 0.5)7
1911 USAPEIP -A-I 23 -1. 44)! 2 20 30. 9

19'2 UXACOFIS '-A1 YES 0 1 0. 0) 0 SAME

1913 RX40CI;: 1-- 20 U3.5 .7 9 I G0o 76S-

194 XUSFS -41429 US.4) 24 SAME'6

1919 RRUSSFM -A-I 4 1 A. 40) 9 SAME

ISIS R9SSMM.S 1A15 . sC. -50) 126 SAME

* 91 RX8MP -. 1593 70, 69) 727 73 IX 0 ' 83
ISI 8054M9 l.I 1 I 0. ) 0; 69 !-60-74) '

*ISIS RIASIMEP 1-:*:: 22 3 -20-77) '0 37 -0 -

:920 :X:::MIS I-A O21 1 0 80) IS 3080 409

2 1 RI AI P I-21 20 0. 10 0 a -70.. -Is

1922 ::::NIS. !-A-22 20 110 44) 1 19 80 4)

92 R9P280 42 8 401001A)4 SAME

1929 89SF 2".RD -42 24 1-20. -77) 47 sI-4 I)

1927 8960 7II*. 1 -4A27 1 17 I40. -A0 44 IS 1 -. 0.8.0) I

152 SA~ IO -4-24 117 I-SO. 29) 76 lO 18.-o)0

1529 RXSPII SF184l -429 88 I . ) 1 IS. 0)2

5930 R P IA .F5 1 30 174 Ito0 40) 191 SAME

151 IP F;SI:: -AI 189 I-SO 40) 138 140 1-70. '43;15
,:3 _3ZP I SEP0 1-4321 75 801 30. 79) 9
391 851 9F8 1 33 212 1 80. 40) 206 S AME

153 59571R1 1-29S 170. -5:9) 70 19 14 -41 5
936 .l~lR '434 1.20.* 7) 34 39 1-40. '6) 3

897::3 71 47 5' 30. .79) 33 40 1 5)27
193 8891 F14 -428192 18 -0 9140 1-70-q '43

I92 3 98511 SF180 14A-39 142 I 50. 51 1124 SAME

1640 :9"1APRO 1-:. 'IS 0 0 )0 19 IOA0

1%42 99551 1 9-0R 1 -4-42 207 I 80., 40) 216 S AMEt

1553 88511 FFR9 -AS) I 1 0I XX) 2021 I20-7)
8948 R9XSIOM;F 1485: 128 0.-S 95 102; I 10. -9) 10

49 899104F I -OF: ,:A-S 84 I 30. 79) 77 99 I 70. 49) 62

14 ' OOOR2OPIPZ '4:.6 376 19. 2) 379 SM

IS48 ASMM77C2S 1--8 89 I-SO0 -801 27 33 -7 09) 2S

3 ~ ~~~~ 194 4M7C5 1--927 IS. S) 91 192 t90 29 212
99 .4MMT7lC~s A--9 227 -70. -I 1 721 178 50 14) 21

1951 4509M77C9F A1 424 )0.-40) 422 SME

1992 :S9MM1 5 ;: -4-9 SS2 28 I-O 14 292 'AME
159 AM7C 1--2 9 -0. 9 9 SAME

1994 A9M8477C358 -A.$. 17 1-O80-50) 78SAME

19S AMM7SA AN22 I-SO43 0 ) 292 24' 1-20 67) 292

1597 ASMM77P2SAO S I-A497 170 ISO.9 -80) 708 SAME

;S9A A5M"M773SAI ;:.I-:8 45 1-50.-O 447 SAM

1 A9 4M77P24 0 -- S 0 I 0: 0) 0 SM

1:60 810301 91011 I-A-SO 199 1-70. -.11 194 SAME

164 SOIrPEMEP. "-3 I2II 0. 49 12 I-S. IS) 9

S62 SICSCOMMS I- 20 23 1 80. -40) 21 SAME

184 IOPSMS 15 S YES 0 .O I 0 ''0SAME

194 XO8PMM 1- 922 -0. 1 25 28 I-Oa -0 23

1s44 RIO8R8MPMS I-- 29 I 0.01 0 29 -4..o0 21

167 REITO-R 738 I 0 CI0 28 I.: 4 0 8)

1949 6 UIO20SF P -U- 9 32 I -No 29) 33 27 -70 -0, 32

;470 UIOSRS -- 0S 0 0 74 SM

1971 RESISTORg -S II 21 I 0. 89-2 I 9

972 IS I 1.-2 YES 0 I 0 C 0 SAME

IRIS UIOSSSmmF I-IN SI 1-10.-So) 55 SAME6
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TABLE B.5 (Continued)

V MAXIMUM MEASURED STRAIN P MAXIMUM P8ECICTED $TRAIN

CAGE CAGE CAGE NASSUMED MEASURED V M!:ETl PREDIC;EC PREDICED -000651 MASURED
N484 a AME V05 10 A2 MXIMU IEERLAI 581 MAXIMUM (OEt.AH 5R2

51 8,O43AMM -- 445-0-O 334 S AME

2578 R2085XMMS 2-8-8 24 (-70. -2I Is 20 6-0-401 22

215 2RSMP -82 A 184.0 37 SAME

2 o8 R284S '-3-20 I 80. 401 14 SAME

is&, 820434FI8 I-8-22 22 1-90-40) 24 S AME

202 285P5 822 '32 I U A23 34 1I 7.f401 2s
2043 824 08 823 44 I X -401 43S SAM

54&4 82100P 20080 I1-3-24 AXE lAO -40 A444 SAME

2586 82088 20080 -82 S'0 0 I 0 0 S AME

.58l R2O8PI I2X0 2-8-2 7 43 I 0 -4 22. 24 -20. -712 2

268 208124 2-8R240 8041 247 SAME

2690~~~~ 8282 Sf8 -- 02X 0 24SM

26;S 2880SPR 1221 1 0 A1 7 SAME

,512 820482:0 sf880 2-8-32' 27 s-o. 40 1 2 22 4 0. 4E7

2S3*082 F8028-322 E0 ~ 2 SAME

:594 8208820o SF90 -84 2 0 -441 2 23 I a0-022
SOS3 8104S12C :;PR 2-8-35 23-0 2125 SAME

IS64 8208S7 IR -830 (43 I 0 49 36 SAME

2599 82062s f18 -l-go 24183 I 80. 401) a49 SAME

240 20S2 SI~ 2S-X 26 I X 01 224 SAME

02 208520 SES 2--A.4"1S 0 12 SAME
2402 3108520 SF80 7--4131 I 0. 491 228 23. 2-2 - 2

2603 5204S20 F880R 2-8-43 223 2 88 4 02 2-30,-181 44

:0S; AP0M7C28A 2-s-AS 422 1-70-691 420O SAM.E

2404 APMM77C2PA 2--4124 170.-9 732 SAME

2407 A077C3PA 2--A 442 1 -10. -9 I4FSM

2404 A80174A 2-8-40 92 1 -- 01 83 SAE

2409 A8MM7CS4. 2--9 317 17.-S 328 SAME
20 A8M178300 S 2-8-So 43 :10 -40 422 SAME

2422 A8PMM11E38A' S 2852, 314 (-10 -491 2 12 S AME

2423 .00.71183843 0 2--I3332 7 -8 333 SAME

2623 APMM7IC2PF 2--3 :U -0.-Aol 42SE

28AEMM77C3P 2--6 720 180 0 134 SAME

24 APM227CAPF 2-86 4312 -10-N1; 840 SAME:
%427 APMM1CS 2--S 175 (-So -A01 742 SAM

2428 U6M279C2:35 285 103 so0 -401 495 SAME
2629 Z 01C 2 2--S YS 0 I 0. 01; 0 SAM

2420 1208AC Flo, 2--0 1 0. 90 2 30, 79! 15

242 19P0. 0. w 42 7-0 A1 2222 10M. -9. 243

242 MSplA - 2 213 1-8 . 02 223 SAM
2423 .9S-2. 0- - 43 1-80, -401 242 SAME

2424 M9SCX*0 -8 700 0. XIVE 0 SAME
245 S52 0- - 5 42 180 4.01 242 S AME

242 MD5*8 - 6 220. -Al 24 SAM

242 MSS4 0-- 28 1 0.4l 54 SAME

2430 096620 58 0- -20 42 1-0 40) 20 2,1 2-ic 491 32

32 MIS 0- -21 2-0. 5 22 24 20 1 1
'632 g55s22 8 0- -22 42 1-20. S711 32 42 [-30. -1 23

243 M52R0- -3 4 120 572025 5 36
243 825SI l 0--43 I40 40231 061 28
248 091*0- -2 2 0 A1 3 SAM

243 8668 - -4 01 0 41 230 SAMIE
243 o55

8

4* I- a2 1 80 .401 0SM

31 8055 0- -2 06 I 0 8 0. A3 22 SAM

2439 s a057 0- -29 12 I 0. 401 234 S AME

2444 45022* 0- 24 1 2 109 a9 53 SAME,9

240 095323*, 0- -25 80 I 10, 851 81 97 1sAME 0a

24 80823 0. 24 YES 0 I 0 0) 0 S AM

4 1 0 5 I2 0 0 - 2 4 6 [ 2 . 1 1 ) 4 48 S OA M E4

284 sISIR1S. 0- -38 17 2-0. 491 12 SAME

2440 "Os p051* 0- -30 43 130 41 441 I-8 4011
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TABLE B.5 (Continued)

It MAm Imom MEASURED STRAIN F A110 MU *ED7C7EE S'RAI6

GG DAEGAGE ASSUMED MEASURED I MAER PRDDE ?AD.S :9 NE MEAURED

7659 0951*0 39 86 I-0 7 8SAME

"765:3 1ii* 0-32 92 IE -40) 1 925 730 7. 61 .9 22

6S3 MAOSES)RMSUI 0. 33I m 1 -1.'0 1 ' 705 SAME

765 R2SMM1ISMSLJ I 0 -2 S3, !.a -ED'0) 49SM

75 407 0- -35 YES 0 0 0) 0 SM

766* .6!t:0 0 -36 YES 0 7 0 00S E

;:S; 011007 0- -- l YES U )USAME

'*5 a-72. 0- - 39 YES 01 0 09 0 SANEi

'0E E7 0 U- .-0 406 IA. 30 199 SAME

06:O7D70 4 30 &0 40 3* SAME

662 061007 0- -*42 YES 0 I 0 SAME

'*63 EA O 0- 42 324- 3 0 41 2 SAME

* N6 A 4870.7 0- -4 2S2 : 0. 40; 26:9 SAME

665 979007 0, -45 20D 0 ED. 407 19 SAM

166 97300 0- -4 YtS -4) 979 SAME

'6.8 N7700 0- -49 YES U I 0. 0) U SANE

'6 9270- 49 S 7 *0. AD S82AN

- -7 70007c 0- -Sly ES U U U) .SAE

9672 00600 0- -52 39 I 0.4) 44 SAME

963 970S - 3 79 )-0. 64 :A 77 - 40) 1

'*7 "9007ac 0--SE YES 0 1 U .1 0 SM

616 RADNME 0--SE~ic 95 70.71 2 9 '0 9

*17 807MND 0- -57 7 )7. ES 79 SANE

13 HEDEMMEY1 0- SE 'ES 7 90-) 92 SAND

679 RE897EE 0:-9lE 10 -69) 2*9 SAME

9*00 965!9)0) 0.- -0 YES 39 (30.19)1 2 1 170.69 1 22

7*99:A 197M5 UU 2!4 I-U 4) 27: tSAME_
'*92 0977M -A 2 ' 7-0. 64 E0 770. 9 32

9643 R925*MMS 0-_A -3 348 -0. -69) 2970 ID I-EUo -40)1 37*

769 92*ME 0- * YES U I 0 0)0SAME

*95 RE OM 0-A : 72 -0 245 21 SAME

'696 9E*DDMMSN I2A E 3; I 80o. 451 940 SAME

'699 RED77NMS UU A 57 (-70. 77, 37 SAME

1692 EEOE177L7 0-A- 7 20 70 7,7 '773 77 *)8

7693 EE*20)i 0 92 S 730. 79) 2 30 9 U. 7*

749 RA77ME 0 4 47, I 0. 79 '1 24 ) 0 69) 31

7*96 9*E.E1i M.E 0-A-Is 47 30, 79) 35 .4 10 69) 371

'696 REE79NNEE U-AtE22 710.7977 7 74 U 0

99 Be6777M7)027I 0--1 30 7-30. 497 971 SAME

1009 RO"977 -0. : 76 260 4)8 SAME

970 99807(1PLj I s 2 04-22 yE 06 7 0 0) 0-SAME

7703 RAP 978) 0423 07 :-,0. 497 0 * 77 59)
9104 S4770 0-A.24 87 I-AD. '*7 32 33 )7 71

715 RESME0 0-:2% 39 -0.-6 29 29 -.70 -6)29

7706 0*6 259) 0 6 YES 0 7 0. '07 0 SAF

I;107" BOOS: SMERET 0-A-2 7 2* 7 0. 0) 0 77 ) -. 29):: 22.

706~ REES 2NR:SAW 22 7-0 * 620 ) 70. -7 1s

7709 9908O 97R 0-AW 30 7 90. 0 37; 1 S AME

777 0 *92SMM77RGMSU) 0-A -I 8*0 ) 70. 697 1' aISAME

972 EE 96SS A 0--2 700 7 0. 69100SM

7713 986 996i 6R75L) 0-A33 109 7 80. 407 105 AM

774 A0396) OSIE: YES 60 7'.)0 SM

7774 Mg S6 735897041 7*1 7-70' 441 7 76 I 0 499 72

777 O 739990) 0-4-1 204 7-0.Il t8 SAME

779 8867 AM 0 30 78 7-0.-7 1 76 I . 7I ;0

777 6667 "MID 0*A139 7 7 70. 497 14 7S 4 70s

'720 E6S'9MD 044 9 7* 0 3 SA"E

772 .986 7S" SE)ESL0-4-47 972 7-80. -407 $1O SAME

7723 98 76;700 -- 1 7 0 0 7 SAME
774 AR7* ,76190- 8 68 -0 -7 71 SAME

7725 "as 9*7981C4) 0-.A-ES 271 7-50. 297 14 925 7-69 7*) '2,
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TrABLE B.5 (Continued)

P MAXIMUM MEASURED STRUT PMJIA 6080I170 STRAIN

GAGE GAGE:AG ASSUMED MEASURED P MDMEN9T OSEDICTED 6RE010ED P MOMES MEASoSENUMBE NAMEI 605 M0 CA L M AXIMUM IWER T.LU A101 MA:IMU lt' LAOG SIAI:D

726 88 SI9I~t QA A s - 0 4) 86AN I '2o. 57) 1 as
727 MAN S56171C 0 -- Al 82 -80l -40o: 731 SAME
'28 A I s 0 l OAA . 207 1 -70. - OS 209A 0 20s

7129 886 .:.605 0UA:9 27: 0 0 283 SM
730 866 SOLI 0-A-S 239 (7 69 26SME
1131 R42S7M2S IBM; 0-A-st 172 170'-65); 2 133 (-86c -A.l 8.2

1132 R4257M2618M( 0-U-SD 17 (.40. 801 6 1 206' -(0.1
1733 863M40.1EM1 AS3 57 (0 -44 4SME
734AS , a 48B6s3 MM518M, -U 4 8I o. 40 40 8 SME

(735 RUAS3MR6I:M, 0A5:ss 7 -3c- 79 '3 1 G60 6)
736 S463M01 1 0-OA-S6 56 -3c-06 SAM
1737 05M1M GA i 42 (-0. -1 I 3S o 80 40

18: B8DS9MM RM 0--S IES 2,15 lo 70 ig: 13UA I) I ..4 ? 249

1;3o 88059M25(8M OA 9 S 2 a, 80 1 10 54AM

IlUI ~: 8
7

501U 0 3 o-3 49 1'4 '-40 40
,:2 0745206(01,, D 08 272 (-30 49i 17 13 I 4 0 o

3 880 1M 1 o 0-8- 7 38 Iso -40 36 SAME

'744~~~' M85111o8! E 0 I00 SAME

17U6 8'9s 55206(A0) 0-6- 6 96 (-7 -69) 9' SA ME

74707 5;:S200(AC&I 08: 7 83 1-0-6'0 SAME

1.4 556s4 7M0-11111 D-11-5 54 0 01 o I I 'O -30I 1.

1754 8568 50808810-810 1 0 01e 30 17..- 39

1751 a 856 SMOP (A 10 %I 35I I o0 4 a A (1 7' 133'2

152 8S0 5 M818 S--1 84 6 0 -64 3c3 0 ~ 4

l'SS: M646451A o- Is a I 0,.-691 4 5 66 1 Go.- T6 48

:756 4445sU 0-8t 66 -096 SAME
17 M647o120 0--1S - ,U 23 33 Go0 76 2'
'75 M6 4 P8a5i5L8 I 0-8-a. A'ES 149 -AU -40) 124 AM

"76 06 2S20P8:CM 0-82 337 G-6. 61 321 SAME

7952 06' 2520X(,1. 0 27 YES 0 ) )0SAME
173 609 OI' -82239' (-0 -69 382 SAME

764 S58 9.2-(C) 0-.8-24 4 19 -70 -69) 4 22 SAE

'75 6'390:S0--%41 -0 -6 402 40s (7.0, -69) 319
'70' "S 090 . -- 6 's 0 I 2 0 SAME

.7 5. £62081001 0-81-27 408 (-70.-691 410 SAME

'70 606MMOI8M) 0-8-30 79 f 10-6.1 26 30 (-30 -91 6'

.'77) 7550 0831 266S7 - 252 SAM.E
'72 '55: 0832 268 (-0 26 SAMEI'] 8755 - 0 33 359 (-40 -401 360 SAME

775 MAT 2656', 08: 35 38 (-0-Al 390, SAME
77 M6956.0 0636 72 I 70. 491 7' SAME

70 66~4I 082 31 - 417 SAM!

''79 77 1 0- 39 470 (0-6) 474 AM

1700 0942061A0(l 0-8-40 29 2 00I 29 SAME

174 84S16 96120) 0o-842 39 '-60:.-761 34 36 (-0 -9 37'

13 "1198(0;l1 0-8-:4 3 IN9 1-20. 671) Is I20 71I
17 M98 56 08 4 16:2 I 40, 401 1 : -10 291'6

ITAS o SA I I. o-8-4 SN -80. -401; 66 S AME

17 C86810 0--4 37 (30 -9 3SM
"7as H47 96140100( 0-8.48 72 (-20. 671 14 46 I 70. Gal 34

744 01012061A0( 0-8 -46 374 (8-0o.-401 78AM

170 40161I6( 85 14 (-70.-Go) 312 SAME
190 879 P186100( .- 8-S 30I-0 71 19l9 (-50..79) 20'

'7 879 9186(col 0-8-SD 21 1S60 -76 27 SAME'53 M63 9613S(01 08lS3 325 -0S41 34SM
179 99 OIOII 8S lB 1- 1-4o ISO SAME

79Is 4440:2 961L6( 0-4-si ISA -0-o 4 SA"E176 464612 o690 0--53 ) 70 I I I0 64 I 60. 4.81 S3
'77 602P11 0--7 63 I 0 I 87 70. 69 1 SI

744 4640 IMMOICI 0-8-S ES4 140-40 94 SAME
'79 866 IM4O 049 10..: :..-741 21 2% I '.0. .'91) 21
1400 810861;M61D1 0-8-6 46 lts 's (-20-771 3 3 I-NO. -791a

'54



TABLE B.6 -COMPARISON OF ASEM STATISTICAL ANALYSIS RESULTS AND STATIC
TEST DATA FROM COMBINED LOADING AT 240 DECREE LAG

V MAXIMUM MEASURED 57647% 9 MAXI3MUM7 PREDICTED S78A36

CAGE. GAGE GAGE 4590000ME MEASUR EO D MOE7 9ECYO PE370 OEI MASURED

S40MM 9- - S 3 0-03 53 SAME

::204"4"M9 9-2, .130 0 3 3 S 40 31 -331 30

*3 3497MM.. 9.3 1334 40, 403 9 (-0 s03 -43

4 10009 -4 3 0 0)0 72 ,-A I(

S 14909 9- 42 9-7 659 S AM

6 4409 9F -6I 224 0 0 0 64 34c 0 10 20

85M09 7 - $4 5 - 79 a4 20 70 9'

440,60 9 - 9,3~ 3 0 Ac2 SAME

'2 8934 - 2 4E5 0 1 0 03 1 I -4c0

33 89330 - 3 34 4 -03 237 SAME

=45935 91 33 3-4 402 4 360 31 25

3I 4959490 9 -3 1749 1-7 1 4 '2 A129 3, 0 9' U

39 54334 9- -3 E0 0 3 0 ' AM

20 443: 5 0 '--20 1 39 3-30 793 4 29 '
2 s 5555999 9 -2 229 3-40 763 3 36 342 3-70. AS 1

Ej$940 9 2249 37 ] 3) 206 1 T0.69 :2

* 5590 9 23 292 3 e a.0 -40 s SIE

14 550000 9- -24 22' 3 -40 4031 2' SAME

2$ S92S -2 Y ES 0 '0 SAME
;26 549.M05 2 -2 9 3 3-40 403 AI SAME

* 5020,5 9 -27 0 0 0 1 0 -6. 761

3. a aM5 9- -2S9 130 E'410 403 37 SAME

32 090 9 32 30 -00 '.03 2 7 ,2

33 q0'3 -37 1" Iso -"o) SAME

30 9539S 2425 30 33 28 2 -4 4 1I

37 07:0 1 -IS 'ES 00 0 03 CDA

36 IS35I31 9-36 30 o 0 09) 26 sc 3

3' M430 9 37 2 3-40 403 48 SAME

316 03 2s 3 E 3 1, 03, 0. ME

3$ 0'335320 9 39 42 60. 761 32 SAME

400 SDS9 4.7 -410, 7 SAME_

4 S,3 9 476 3-70 69f4ig-4 0.

42 'Co0s 9 4a 17-40 4.1 42 SAME

43 79399- 4 24 -6 a31 2 25 350 -29) 26

s6 I3 3 9 -4 90 36.0 7, 4 4' [-'0 77A ME

4 II M S3'9 9 40 9 -0 6 20 SASc ME

13 M 2 0 9 - S 39 s o 9 3 3 3 9 403'

45 M254- .2 2609 3-70. 6931 266 SAME

so 72.9"5 9- -53 3E 1 3 30SAM

5 .2-9s7 9- -S, 304 3-0 4 294 SAME

S: .325 : 5 2640 -0 0 25% SAME

Es 99.903 9-30 4 -6 73 79SAME

6 434 M0 C- 3 2 4 0 -40 2S SAME

63~~~~ 535M9 9A 2 0. ' 363 4 O-0

64 8364MM5 9--4S yES 24 -0. 039 0SA3040

6 83C09 9-- 45 1 70 -7 12 44 I 40 -40 so

70 ISIPM.S 9--0I4 34.6 4 a0 3 40-40'8
73 :A:43 9-- 79 54 3 0. -403 390 ISO I so -403 4'

72 53003 9--3 A E 0 3 06931 0 0 330 49 00 '

74 34P~7S ~ S2 3 70 9302 -0. 4034

75 13654M 9--I 9 , Y0 3 40 0 3 737 SAME1 00 ds
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TABLE B.6 (Continued)

9 MAXIMUM MEASURED STEAIN0MYIMX AQCYC541

CAGE, GAGE CAGEOWASSUMED EAS.$AOD 0 MMEYY 9 C:EC8 EAED:CTYED O MACE

AUMBE NAME:. POIl~ AL MA:$MJM :Y..- LA 1-:'l AIUM I43 0 5AY

76 3 SMM9A lB43 A 0 $ . SM

77 EISM9 9A? yS123 1 Ea -40$ 1 ;2 S AME

76 6SSAX"M.S A IS ES 64 D00 -74$1 36 SAM.E

79 I 5 9 -A-I TIES I 0 I AC-

:0 EI6S3ME.S -A-3 ' $0 49 SI 20 A 40.

Al 362919 9-A21 Il, $70. -65$ a2 32 AD 405A

82 S62 1S t-A 22 96 7I I 6 49 A 9 96

aAS SICEYE 9-625 YES 0 I 0 '107 'D AU

44 1693174 9025 98 ' 0 -c AiC 9 -ED AC'-0

S7 S169;3 113XD 9621 10, 70 1 ', 22 ED -AD9

AA EY9III 9A2A 204 -EQ Ao 'A' SAME

49 ~: 3675 0 9-29 S63 0 AD A) 0 SAME

EQ SIE7 SFEED 9-A-3D ES 0 0 D D 0 A 4U A

91 167 FEEI -631332 I-ED, AU 331 SM

92 a 313II 9-vA 32 IA (-7 TO 6 '3' -32 -A U'

93 415$AI963 C 7 -69$ '2' 57 ED ACU

96 AlS7 SEENO 9-63 264 3- EQ-U AM

97 167 SE.9 9637 46 Q 40 7 60

TA c.A 19069- E3 -AD EDo2 38 c A 20

9 F 3(46 9-6-A39 26 'EU 4 0$ 23 S AME

10 I17099-A-AD 16 ' E 401 :17 SAME

"012'3%1 -AA 117 1 70 -69 2 '43 EU Ai'

IDA 190 9--4 E 0 0 0$ 0 lO 0

I ID 9C 9--4 1. A 0 0) 00 S $EQ 41 20

1 6 FI 015(9 -A-SI 70$2. )3 4 1- 0 1-

113 EIOQ -- 3 'EX 0 0$0 5 $0 AD'

114 E204 99 6-9 S73 I"0'0 2SM

115 o 82(0 9A 6 286 so E T -40 29SSM

I~ E 03C89ASE l Q-8 2 S AME

'22 92(AAM 5 6 46 - 0 1 76 192 24SA 4$4

$2 32454MM8 A3 37 39 $60. -76$ 37. 41 $3. AI

12 EAAMS 9-3:5 A YE 0'A $ SA ME
129 E257M 8-3 :..: 203 :0 -40 3 SAME

124 *247MM 9-- 470 -20- 77$ EQ '031 -1 10 1 46 80

127 32402ME9. 9-9 7 29 $ 88. -40$ 36 SAMEo..0

124 ElCOES 9-A-A 24 $E 0. 01S13 -0'9'
129 321 9 9-s- 3"I I Q. Dl0 3'2 SDA-M 9

$20 E29M75 9 -1 43. 40. 40$)74 M ' 103 6 0 I'

13 EACE$ 9A-l27 3 0 4064 SAME

32 3AE4--2 YE 00 $ 0 0$ 0-0

133 3353( 2-1 35 $ 6 6 42 4$ 7 6963

13A 0 3A4 M4 9-3-IA 6 -0 1 $ 119 SAME0 X.

137~ I29M9 9Y7 YS EQ 40$ 76 SAME"

'14 42489MMS 9..-IA aEs ES $2,-$128 297 3A3 -30. -491 9

13 249M99 ' IYES 0 $ 0. 8$. 80 aME4

14 343:99321 49 so 30 ) 20o3 62 .. 4 -0$ 35

142 1::-91 9--2 A $780 1$ 38 SAME

t43 324CAEE3E 9-3-23 19 .-0 8 7 SAME

YE 3240E9 9--24 44 1 -:8. 48$ E3 SAME

AS 24CE0MEEE 9-3-29 YES 0 $ 0 8$0 SAM

4 32473 9-326 308 -. 0. 48$ lESAM

747 3 24973 9--2 E2 I-so. 40$ 107 SAME

74 :24999939 9-4-28 2l9t 70. -a$ 24 SAME40

ISO 3124999930 9'--30 YES 0 $ 0 8$ 80AM
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TABLE B.6 (Continued)

p MAXIMUM MEASURED STRA.IN (P MAXIMUM P6EDICTEC STRAIN

GAGE CAGE CAGE ASS.MEC MEAIUXED 0 M0MEE1, PREDICTE ER IC D PMOET EA RE

NIEMERA NAME PC SITTON C A M AN U Ij 'ERT LA' STRAI MA.ILI WEP .A4SX

16 1 24041 10 5 3 T 1 4 6 6 0 5

ISA R2X iRO R3 6' 60 -91 ;6 210 I 80 40,

SNi RS 9ERMI :9-33 Is 1 -60. XC! -14 31 !PosAME

I5; R357 ER SRI c 60-4!2' SAME

'NO s3C 3Ms.C 6.-A 20o :8 6' SAME

'62 M22 9 591. 2'R i 233 -o0. C 263 SAME

63 ~~~. M2931. 5844 -9. 0 35 SAME

'65 M P5 4Ic- 1 9-8-45 5' c - o 10 3 SAME

66~4 MT RSPC -86 S 6. 40' 3' SAME..

6s 624-'' 5-IS2 9-8-XE '' I 0 -o0 855:s

IN '3 S 5;TL1 9--6s6 IC10 65; 216 SAME:
11 D 56s ISI -- t1' 0-0 320 SAM

II ~ 2 6 1519-5 s~e '-52.sL X'6] 209 SOME

'1 21965994 1 7S 23 : 0 -40 25' SAME

1 M6 9' 9 SS 'ES 0 0 SAM E

IX M4 ASIC -69 22 -- 0 -I 233 SOME

11 566 17!RI -66 Cs 0 1 24 '49 -60o 40. 25

'5~ ~ 04 559E 2 a-5 0 'O 5 2 I -0 EU! 290

'E SOO'S8 -U 'S: -c 6I 0I' ' go69

IS' 8X49411 a - ' E - 0: 0 0 0 1-I -

'E sOESTs f- 16 0 1 0 0 6o>-SO!

181 74CDT S - ' S 069 0 C lo-691 7

166 c;I 8X20' 01 -6 ES1 0 CCSAE

'90 9E39X255 a6 - 'ES 2 - 0 6 0 C -'C 65, C

93~~~~~~ 050D' 6 4'E, I 0 0 0 0 IO -0

'51: 8 0 1 55 9 ' IES o o . 0o 0 o - 0 4 '-

20 840 ') - - ES 2 I 20 61.0I60 401

299 o40'69o 8 29 2 ' E S 0 c 0 o 010AME0 19

203l 84056''p 6 o I-U ' s 2 20c SI o 0 IEO 40! 0o

01 9.0A 5''SI- -4 'ES 0 I 0. oI 0 SAME.

20 ROST' 5 UT "' 0 V 0'l 0 S .A

20 ,8 D42T21 8- -Ea 'Eo 0 0] 0 SAME

208 840642'S 5 -28 1ES 2 I o 30.49 0 0 14 .1. Xo

210 9405 E 8- 0 E 2 I20. N', 0 0 8 0 1 0

21 8049 -3 ' ES; I 0I sI00 -O,11-

2' 80C65 8. 35 E 2 101100 I-SO 401

21' a 6XGRR 6- -3 'E1 . 0 0 I 1 0 61 0

35 84566E180 4 3 6 'ES, 1 20 611 0 5 -2 1 1 2 40

23 806189 640 'S I50 0 0 10 I.641

22 140699186, 3- C ES 0 0 010 0 130 48,

22 a48 8 8- -4 'ES 0 I 0 900 180 40 0

223 A4998 8- 3 ES 2 5 2 0 1 0S760 0

224 8481O= ;:8: 5 : -44 'P1 0 0 0 51 '0 :09

23 B40.92EE0 a4-42 IES 0 I 0 01 0 0 1. 8 00!
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TABLE B3.6 (Continued)

a6a MS.EtAXIMUM E4EASUEC S'Xt MXMMM80CEO683

LACE lC AE AS2E MEAUE 'A MOEN 8EI'E M8OIuMEI MAA

2?' oS'i3Xv 8a 'ES 0 U as 1 8 0

232 b.S9 o 6qj~ . "-12 ES5 0 7c SA

;2 
4

SUE. a US 'ES 
I AME

4 14 2C ' ZA 'E ' 0 I- s 0 1 Eo -

28 9 X 4'S a- A 'ES o - Uo X 0-

24 ga''' 8-U A c0 0 U-' soU C U

2,9 
8 4 8

0A7 E 8-A-a 'ES C - U CUU -C 0

USC 8464o 8-' E U UU' < SC

US) 
8 4

5:..:0<3 'ES U C C CU -E 15C

3S9 DUC0 IS 
Up :.I a Cs 0 SAME s

US'~ ~~~ 2.
8
1[ 02 E 0 '.0U '00

283 a;T * 
5

'X aA-U O 2 3I 0 SUME

78 AAS ' EU US '5 0 U 010SM

20< at::' -0 2 'ES o oI 0 U'CSAME .

262 BefisO0< .- A-29 -ES o ['A0 
E0 0

268~ ~~~ 84505.A2 E 40 801 -2

45MP 603 '0 1 0 o [ 0 81

272 845'-3 :E5 0 o < U 0 i 3-ac 4O; U

2' 885'[84 34 'ES [3 89 A EU I 0 3 1-

U'S o:: 800UXOX 8 -36 'ES 2 130 891 0 o 0 74

a60l8 8039 'E 2 1., <0o 0 0 Eo I

28 488'6 0 Es 0 o, U I; o I 40. o0

283A:: IA8UIS 843 'S o . 01 0I 0-ol a

28%~ ~~~ oAE2EE 
888 'S' I' 4 I -so. Aol

286 6482EE96 8-A-AS 'ES 2 (-2 -'7, so)I-0< A~

288~~ ~ 245I8 -- s 'S0 I 0 -S1 0 o I 0 78.

29U os4,oE 68 -A-So YES I 0o lo, 04 Go o-0 4

293 344Ss2318 8-4-03 'ES0 o o 0 I -s0 -Go1

395 A48a'I'o 8-S 'S 0 01 0 SAM

27 8AIv46S M211QD- 8-A-57 'ES 0 3 . 01 0 -a. Ao

298 SSES93IMIC 8-ASB 'ES 2o. 10U 
-U 0

29 584531 8A-S 8 0 01 0oo 06 1 U 3
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TABLE B.6 (Continued)

q MAIMUM MEASURED STRAIN F MAXIMUM PREDICTED STRAIN
P.DC.DMESURED

CAGE CACE CAGE ASUM MEASUXED p PAEDI 'EV PREDICTED MOMUh' SAR ED

.UMBEX NAME PO SIT ION CU- MAXIMUM VER.7 All STRAIN AMX OT,' S9!

303 .30 49 * -s- 3 'E C 0. 0 C (7-o 191 0

305 431 0 AP0 p 3 o 'ES t 30 7' c c 9c AS

304~ M3 493 -- ES 2C 30 99Uc 'C C

c.

3' M3 P0 P 5 :ES 120 5, 2 S'c-C

3 4 "31 2903 599' TX YES I .0 AoC 0 A

3. j S-3291 E91 a s 'Es c 0 0 0 .3 5;

310 M 910 5939 95 I0el 'ES 24 30. AS, C SC 30

S-c C c 
' 3

3': 0' M 2''' 5 B -320 'ES 0 - 0. XIIC 
07

321 '31291 2* SR" 2 'S ' , 0 0 0 0 Ic 
c0 

S

3 . 3 p sp ,a ' Es C0 .

2 3 02' 2 p 2* 1- 9-I YES 0 C l0, 0 C 00

3:"~~~ ~~ c3 cP4 ~ . ,sc co

35 913' 2914* X-'S E C I 0 0C0 X-c

2 M3~321 5M9 -S 'ES • o : 0 CS0 4

320 M M c 'S 1-0 'ES

22' 03' 49'' 2909 98- 2'' ES% 2 0" 0. 0 C a XO:

323 M3: APII U3A S-S -3'ES -5 '19 0 (-0

332 03? API1 59 

"  

9--3 'ES 0 20 C J C S A

32% M3 ' ' P12A 9-925& 'ES C 0. 0 SAME -&

22' M3' 591
1

* 9321£' 'ES U C' U, C 3SOME

328 9132 AEIO* 9-29 'ES ,0. 0' U 0 '0 -19 -

329 M32 AP -59 3 'ES I . 0 0 
9-ao

330 9 1 32 4910' 9330] 'ES 'o. 01 0 -'5 . AC: -

23'4 1 32 XE' 19 ] S3-4 ' ,ES - . 0 C 0 50 32'] 0

o. o) 2 so -oAME

ir2 032 49''43 8-9-4 32 15- CSM

333 M3249115* 8-3 '0% 2. o 
P 1 

(A AoY 0

229 9122 49'' 699 9-329 'ES 2 2c 7 oC I AC -Ao 0

335 M32 AEII 59X
"  

o-9-3S 'ES I r 0. ' 0 (301 AS

3 1 17* 9-SIC 'ES I , O-0 - 0 ' 
1 

-

320 M32 APIXA 03e-39 'ES 0 o. 01 0 0 (4 00 0

339 913' USIIA 9-3-35 'ES0 I 0 " 0] 0 (5.30 Co

3A1 3 527-, ~ s, ' 0 0 0 C0

33] M 932 3 C-9 'a 0 c.'E 0 ; 3 -9

332 031 2510* 6-942 'ES 3. 
01 o 1 -0 0

3S 3 3 1$t 3
P  

: . .S : E 0, o S

393 M3' 65'12* 8"'3 'ES C . 9 oU 0 '90 -40

3A 9 2 13 2 - A ES 0 ' . 0 
I

339 M32 9S13* gB-AS YES O 0: 01 0 3 02

349 9131 IS A5 'ES 2U)E-O- $ ( 0 49) C C i-- C A2l C

533 a1- ES

390 922 T -- 5' YES 0 9. 1 0 X ol

3 3. 0 3 - S ES 0 1 91 0 SAME

33 32 I2 8PS9 ES 0 1 0 ' 0 '-0 Al'

352 M321S9 - ' I 0. Xl 0 i (70 -'

35% M32 SIU 3-AS ? ESC i-i9. 40) 20 SAME

3 5 9 " 24 S '' A - S A I -' 0 . '21 1 1' 
23 

- 9

397 92 1617& 5995 .85 YE Il 1-70 691 0 I -SC -9

36 94 S2 SPIRSLI9AS- '36 I 9.-70 651 19 0 -7 61

359 9 2S29 sp! U - 'ES33 I 0 691 0 0 -

362 M 2 912* 7 2 I22 
IEs 3 9' A IS AE

344 :S292 7 
E, , 10 

-9 ol 179A

E S

.AS. .21S9* .. - ,E0 I 9. 01 10A SAME

31A~~~ 
0912 

7 -
so AR 

(7 9 5 A'0 0 A

330 921610* 7- -10 172 1-7 9 17

371 9921511 99 7 -II 112 1-70. AS) 1o1 SAME

3 M 2 2.299 7 '13 10 17. I 12SM

34 .321S13. 7 -8 14 S .2 I'0. 01 I03 SM

0 0,

r

-t-



TABLE B.6 (Continued)

V MAXIMUM MEASURED STRAIN V MAXIMUM PREDICTED STRAIN

CAGE GAGE GAGE .ASSUMED MIASUXIED P14 M!EAT 990C I.E:.IE PI MCX:MAUKU

377 V.3(07- -313 70.9 34 33 3 30401 121
373 H2 1S 2w 7 -3 123 30. -403 '26 SME

33 25A7 2 5 I70. -33 72 S AME

382 2 *7: 22 7 370- 63 76SM

32 3 29 7- -2233 60, 63 6 49 0. 0 46
33 02 IA 1- -23 Is, (-70. 6) so0 SAME

361 "2:9:3* 7- -259 770 -63 SM

361 X21S133 59 7- -27 6. 340, Do01 62 62 1-30. 7931 60

333 92 ;3933 7- -23 63 I40.-AOl 06 0736
390 X23 4 7- -29 724 0 39 46 47 30 4

39 32c3 7- -2 13 -0. 691 309 SAME'

293 0396 7-3 74 -o-9136X -6 '37
39 2S4 32 s0 I 0 7 4 0 I60 336

393 21934. 7- 2 33 0 1-70. 1; 109 SAME

294 733C0: 7- 30 2233 0 29 0$,&-
2 73S(0* 7 -35 42 1-2 0 5' 426 SX'0

396 737(0* 7 -36 230 I-s. 79 -27 31 3 7. 9 -31

29 2 *7 -37 340 3 70 -013 I' SAME .

393 741(0* 7-1 23 I 0 0 6 37 9 4S
39 4C0 7- 3 34 3 0-161 9 33 (-So. 403 34

400 :4(*7 40 :: 3-6 :6 5 7 3-3 0
:00 470 7- l 30 3-6 76 A a0 lO 4 0 2
602 233(06 7-3 24 37. 3226 3-0 0.3

40370 23(0 7 -4 390 3-0 0 4SM

4043 2370* 7 -4 39 -0 43 9 SAME

405 23( 7 I6 45 ]-60 403 '42 SAME

40 23(* 460 0 0 0) '79 3-30.C403 0
407 243(0* 7 4722 -s .60! 223 SAME
403 246(0*. 7. .48 22 3-0 40 279 S AME

409 7(50O 7--932 3-c 691 321 359 3- 0 40 299
4107 M3 0 7 -50231 :-60 43 224SM

433 .830 CCD-1 Soli 209 3-0. 4031 325S SAME

32 137(Irv7 I 3 S2 S 0 3 30 SM
43 09(*7 -3 'ES 0 0 0"0CAM

61 M3:C06 7 S-4 E 0 1 0 03 0 SAM

43742* - 6 7E 0 1 0' 03 0 SAME

43 347(0 7 7 E 0 3 0. 0 0 SAME

43 454MA. 7 -,S6 YES 1 0 030 SAM E
4:79 30032M03( 7 -- 9 ES 0 3 0. 03 0 SAMEt

420 3360123033 7--A60 l ES 0 - 0. 03 0 SM

42' !37 3(00 7-A- 1 203 340 -03 1$SM

02 13(0 7A- 2 '0 3 6 0 41 324SM
323 34(0 7 330: 1 30 -437SAME

4 24 346 2(00 76- 4 239 1 So00 *0 300 SAME
4, 7 F32 32(0 7-U A 25 I-30. 4 0 2 SAME
42 C3(0 7-- 26 3-70. 693 12 34 1-30 401 '3

F27 330* 1-- 34 3 0. 0 0 3 1 3-Sa0, 403 23
"2 746 2(0 7-:A- 23 :..0 603 1 A"E

429 631C.9 7-A- 9 470 a I 0 S -6031 .79 SAME

420 "35(0 7-A-30 YES 0 0 . c SAME
633 3370 7-6-33 330 .0 -603 439 SAM E

43 3(97-6-312 439 1 60 -403 463 SAME

433 94IC09 7-6-3;3 530 3 40.-403 S12 SAMmE

434 04309 -A-36 ES0 3 0. 03 0 SM
435: 346(09 7-A-15 'ES 0 3 0 031 0 SAME'

33 93(97-A-I; YES 3 0 0 SAME
437 M33531 39 7-6-17 311S 3-70 69 3230AM

43 833 131 7-4.-is 393 3-f70. 33 1 16 SAME

429 03963 3 7-1 349 ::70, 69 22 AM
0 8353 39 7-6-0 36 3-0. 69 37 SAME11

41 M73 39 7-4-23 294 1-70., 33 2 76 SAME

44 8253 39 -- 2 2323 Il 4. 0 -2 63 1-70 6931 23
443 M43533s 39 7-4-2 25 3-7 43 27 SAM
44 m:101 39 7-6-24 233 3.70. 33 32 SAME

445 M43533 39 7.4-2 392 (.70 693 33 SAM

447 M45933 3 7-4271 23 3-70. 33 32 same

44 "47533;. 39 7A A203 3-70,.393; 262 SAME
449 364 7-4-:29 146 I 10- -203 420 3-70O 693 421

4610 83349 I7A.-30 YES 0 3 . 03. 0 SAME
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TABLE B3.6 (Continued)

V MAXIMUIM MEASURED STRAIN V MAXIMUM PREDICTED STRAIN

CGE CAGE CAGE ASSUMED MESRDPMMN REITD PEITD DM: OEN MEASURERANIER ~ P AM POITION C. MANMUM (VERTL0AT) SOI. MXMMT" A) SRI

AT M35,A 7 2 43' :-0 0 27 SAME

453 M237.I.A 7-A-33 269 I -50,-29) 72 199 I 40c -A0l 29

45 3!S146 7:A-3A158 40. -80) -262 332 I 7. A) 229

IS& MAIPIAP 7-36 201 (-70. I !90 97 NU6. l61) 14

437 MAISIAP 7-4-27 :70 I34.8) 22 4.1 -O 1) 314
AS AS5 _A_39 417 -70 s5 4s, SAUT
0s0 MAPA -439 TEs 0 I C 0 SAME

460 MATIP 7AA 46' -7 691 472 SAME
461 .22 .5M. 80l 746 1 0-0 22' 231 8.0 -40) 20'

442 *32 5Mic RD0 7-4-42 408 1 0 , AUS97 SAE

46 :2 SMIA E 7-.AR 3 420 -80. 40) 421 SAME

.6% * 52 P 7-AA 4 1. 1 -0, 69 Al SAE

466 *35M 2 7-A-A. 292 (-S0. 40) 279 S AMOr
ANT -3557M3 OP 7-A- 3'2 -60 40 310 SAME

ANN 3ISS2TO lP 7-4-44 2S5 1-.0U 40) 260 S AME

469 *255702* I.4-49 UI -S 4095SAME

.70 Z3S73 90 7A-S 19 I-AU. .0 1.2 SAME
471 MAO SSOP)POI 7--S _241 1(-70 69)1 360 SAME

472 MAO SSOPIAO) 7-A-'SD 272 1 -70 691 376 SAME
4-3 84052mm*)Cl I -- S3 loI-g.40 0 SAME

41 S6SIO IMOPIC) 7AN 65 I-AS, 40) 70 72 I-O7 9)4

* 7 ASMS8) 7AS25 (.,0 -64) IA 22 -70 I I
476 RAOS3MMP)RMI 7--S '2 -8.4 1 22SM
497 840S3M2S 7-A- 5 8 -A0. .0) 0'SAME

47 R4SAMP 7A-O70 I-60, 40) 7i SAME
N40 844519)0) 7-4-6 65 IAA0 N SAME

48) T 4OPISOO 7-8- 22)S -70. I) 230 23' 1 -0 0 22'1
482 T1.PSS 7-rn- 2 6 (-70. '.6 6 - 0 ; l6
442 749CC. 1-"- 3 20 J-60. 761 20 24 1-.0. 40) 16

ABA T402.* '--4 3o - 0040 24 29 70 6)2
48 ASAW78 53 - 0 761 222 . 60'2

406 TA9S 7 -8-6 0 0a S) 0s2-o. 40

447 14934* 78-O 7 lO :(70. 69) 166 168 I-So A01 16,
40 ASO* 70 84 -0 3 278 SAME

40 TAN P '8 0 260 -80. 40) 374 SAME

40 0910O 7RO32 I-AS AOl 437 SAME
491 74000*~l 4OI3:8 -0a1 34 S AME
492 Z.99.0'- 266 1-70. I 262 SAME

493 7400 7--1 ES 0 S . 0 SAME
494 40S* 7-I 34. -0 ~ 330 SAM

495: 149S.. 7-.8-IS0 A 1 I-9O. 401 404: S AM

406 400* 78I4 04 I-85 A~l 470SAME
407' IASSAN. 78- 21 I-A. 0) 27 SAME
400 s 4S1 00 7-8-18a 442 -70. NO) 44A2 SAME

499 1AOS lOOP 7!-0 N -70. NO) 464 SAME6

00 450 OP 7-8-20 46 8 . 1 40 .60. 471 -70 6) 465s
SOT *89S012 tog2 (9 1-710. 68) 204 SAME

S02 *4057M2 O 7-8-2321 -0 O 9 495 S00 4) 52
503 *45bR 7-8-23 :4(3 -70 NO AME
SO! *405*20O IRS0 7.-8-24 277 I-so. 90) 384 S AME

SO: *405MboIR 38 82 00 I 0 40 7S 270 )al,' -4.0) 200

S07 *4S7P 7827 4106 -80. 40 07 SAME

%08 *4017ZT0 (EL 7-8-_28 4S94 (-70. 80) A4SS S AME.
08 *93 10 0 7-3-:9 24 Iso.4 7 IA 3 30 491

9(10 *491770 myv 7-9-30 151 I 90.-~401 141 SAME

NT7 -454 7 331 TES 0o . 0 0 SAM

1( 7-9I3 7 -32 27 (-0. tI I SAME
S$13 M49 1 1 10 7-8a-33 266 ( -70. TI1 273 SAME

I1 *0.0 7 334 24 (-0 8 240 247 (-70. II 241

0(6 M.940, 1-8-36 27 (-80 A01 331 AM

S:7 M49oCD 7-8-37 261, (-101 A00 271 AM

0(9*454 7-8-39 399 (-80. A01 AlE' SAME

97 *96* 7--4347 -0.4) 30SAME
521 ::45*. 7--Al 30 :-70. A 32 AM

S22 *4909 SP 17-8- 42 3.2 1(-70. SRI: 389 %AME

023~~~~~ *480 -- 337 (70. 6( 380 AM
024 *49801 P 7- 44 4( 1 -70: 48 Al 1AME:

02; S 495(0 80 7-5-45 46 (-.70. 69) 4(1 SAME
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TABLE B.6 (Continued)

V MAXIMUM MEASURED STRAIN p MAXIMUM PREDICTED STRAIN

DADE CACE CASEDNASSUMED MIEASURED I M M PREDIE PEICE P M-ME- MEASURED

RUME PAM PSItTIO. CA M2 4 01 I 1",AI SIA3R MAIUM IEX I S*A 1,

52S4: 7Y86 430Az IO -0 91 43 SAMEa

52i 449512 so 1:9341 iii 0. 691 A419 SAME

524 449513* 7-3-44 434 I-O 691 446 SAME

529 M49:S135 -- 9 . D SAME

530 M4S4 73S 472 -10 7 049 -3 SAME

S331 , 49 1 11p 73561 RID 0 41, 9) 421 SAME

S32 GRCMSC -- 2 14 -6D 6o0 133 0 R1 1 24

334 2-33133 S I C I I 7X 4 126 14.0 401 32' SAME

535 23353 S0< 1.5 1 -IX 0) 30 SAME
334 P633 SPCE 7--5 24 0 0 UAME

%3 243P.3 5.)05 I, 7-- 22' I 00. 401 2'9 SAME

534 :50 C0)0 7-33 303 C 0 4) 29' SAME

539 53S3 a10 1 -59is: -40. 40 320 SAM

1140 1X2IXD 7--60 24 &X0 40' 127 SAME

54' ~ ~ ~ ~ s 41.SSI. 4 O 0) 0 SAME0

542 04903* 4 50 S ,0 40 S'AMEF

54 490*4- - 42130 40 43 SAME

544 02.91* 6 439 170. 41 39SM

54 449012 4 39S 70 -9 6 AX

S46 44P1 S0 4- 6 20 I 40.-40) 212 SAME

547: 49'*-7 YES I I 0 10I 1R 0

549 .4493* 6. 451 II 60 -40 4S4 SAME

550 0495*6- '0390 1X. 4) 397 SAM.E

59!~~ 4497 6O- -30 I 0 37 1SAE

552 64959*. 6. 3 "l 0 I) 310 SAM.E

553 4910* - -3 24 I 0. II 20'SAME

554 4491 4- IA20 I 0. 4 23 SAME

555 0.9,124 -Is 200 1 50 30 1 2 11 SAME

5546 .49S 1 4< 31 1 0.9 7 14 30 9 147

55 49015 SP-I 23 14. 0 1 SAM
554 0495160, 4 I A 499 6-0 7641 240 SAME

559 "434 4 ;-9 ' IES 0 )0 SAME

540 4951*4 2 442 .10- 0) .45 SAME30
541, 445011' 50 4 -21 '.2 I60. 14 701 20S I O 5IS0)O

I4 049514l S 4 1 -22210 -5.71 20S AM

.S63 1 3090 6 23 32 - 40 37 AM

544 I 4657*N 6- 2413 1 . 90 130 SAMEF

64 .3951 I 6- -25 70 1-go. 40) 266 SAME

56 179573::* 4-26 I ES 0 0 0) 0 SAM E

567 T3610 0 4- .27 l70 -.80 40 166 SAME

560 b3 7 6- -24 63 '-70. .91 5 7 SA.E

S53 44033* 4 29 359 I -70. 69)1 351 SAM

70 . 4354 4- -30 354 [-70 49 1 3S)1 SAME

57' 44 4 4 3 3) 29 [-0 40 295 SAME

572 4367 4, 3337 is40 40.97 -0 0) 226

573 43904*1 33 322 I -SO 401 312 3 22 1 69. 322

S74 43011*6- 34325 [-0O 6 239 25' [-0 99ISO

373 43034* 6- 35 31 [-70. ,I) 2)12 245 I-0C 69 302

576 M311* 0.6- -36 434 I 70 f9g 14 1463 4 0 41 31

51 M2 4 6- :37 290 I-So. '9) 172 226 S:0 0 227,

574 473.3 - 3 E 0 ) 1 0 0 SAME

S7 955014 50YS0.PGS 6- -30 52 -0. ;I G4 SAME

540 TS07 6- -40 242 - 40) 272 SAME.0

50 I50 9 6- 41 132 D70 1) 3 ' 34 a4 0 los

542 75447* 6- -2 37 I-50. 401 24 30 1-710 49)1 37

943 06400 90 6 43 173 [4. 41 10SM

549 459000 4 .45 YES 0 I 0. 0) 0 SAME

sag 4SSCD. 4- -44 911 I70. -,1I 0 11 [-40 40) -74

44 50' -- 9 YES 0 I 0 010SAM
90 431013 4- -50:: 3446 I 7. -44)1 3909 SME

59'I 43 1 3* 4- -SI 244 I 0. 141 2 232 Iso 30) 2 14

592 031c4, 4 1-2 YES 0 I . 0- SAME

393 4934 4 3 472 [-70.049) 470 SAME

194 1912' 5000 6- -94 322 IX.4) 33' AM

S95 15710'6:5 277 I 0-0 0 I 404)74

99 5 * 4 -S7 279 [-20O. 771 4 4 I-. 79 13

99 070* -0 YES 0 ) 0, 01 0aAM

400 020913 SPIl 4 -40 14 [30 791 0 1 I 40 41 -
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TABLE B.6 (Continued)

V MAXIMUM MEASUREC STRUTS F MAXIMUM PREDICTED 574626*

CAGEU CAGE GAGE ASSUMED MEASURED MEOMEk.T PRED ICTED PREDITEDO P MO, MESURED

A:l 91:0XA Y0 . 0I 0' SAM

602 TOICO*AA 2s : - .4029 9 1 .70 62I

603 TOCO. 6-A 3 YE- 50, -29) 1 I -7 92-

60 TSOA6A- X0 19 -6. 619I -30 79) 1IX

605 2605C010 P A- 134 I-U 0 -439, SA Me

604 15901. XP AA- A 13 2-0 40) 1160 SAME

600 592* AU 7 020 I U.41 30SM

Sf0 2001 99 A--I 64 1-R 40i a9 SAME

Sf2 20S 0 6-- 482 2-R. XCI SAME

6'] 4520 6--1 S0 [XX 41 S03 SAME

Sf1:0 456 210 P a-fR 49 2 2-0 2 46SM

I' 5 206 A-A-f 001 (.80C 401 009 5A00

a DS 206. 6 EA- 0a SXS [-X. 40) S92 SAME

620 2000 5:A-2 42 X X, SAME

622 A520 6 -2460 [2 X 4: 0 X? SAM

5? OSSAc 6-6-23 "60 ::C0 402 459 SAME

.;2 Wi fE 9P 6 A 2A 66 1 1-so40 XE 61 S AM.E

620 DOICY 6A20 .62 -4 40) 442 SAME

.26 10_A_-62! YES 0 - C l0 0 SAME

627 0 0 A6-2 , YES 0 I .0 2 0 SAME

262X 0051s I IP 6-A- 2 44 1 t2-70 692 432 SAME

670 : C 000 6-6-30 YE 0 2 C C) 0 SAME

63' .5 3Sf I IE 6--3 1C 1-7 60 A SAME I
632 M53SfWP E- ? -1 69) 5 SAME

633 0039 I b 6A33 293 I-SO-1621 272 274 30. 27

636 OSII P 4--7 207 1 -20 -O1[ 61 803 70-AX 80

631 ~: 1OSA 6--3 533 1-70 A6940SM

030 007066-630 2 C 0 0346 2-0 0 ) 0

629: 00Sfis 19 6-A-39 555 2-70 692 555 SAME

680 010 :S 6- A 0 3X1210 60. 38 SAME

642 5S1E 1 P 6-2 3s7, 6. 5 3Sf SAME

643 AWOO 66 63 S C0. 02 SAME

448 M59514O*P 6- A4 522 -70 60 0 20 SAM.E

645 600 AX 4-- 394 2-10. AS1 390 SAME

646 *5 0510 l~s 6--4 22 2-s0 71) 2 227 -7.62 210

:I2 *00 10 9M W A 6 46 3Xf 2-0. 69)A 328 S AME

649 *00SS T :: P; 6-6-49 2f 2X -0.9 203 2 0. 6) 204

600 655 T520 'R A 026 -C.4 2191 SAME

S52 T5 010 XL A--S 71 2-10 692 710 117 a-0 0 104

652 *9 5920.3 990 S-A-Si 4 0 62 X SAME

ESI.5023 O i6-A-Sd' 128 1-80. 4.) 727 SAME

605 *56 13 9X -AO 13 2 0. 452- 9-0 916

606 Se6 1.3 ORD -6-0 43 -C 7S-2 '0 60.1 -206

65s AS 523 06 A -S90 2 0 692 -2 1 1f80. 40) 2

ASP "O 320 6A-OX 346 2a0 6 3417AM

60 REISE 6AS31 220 s912 0 3 a-X 40I

ANo *0zs2M1ol 6-A6A 21 2-60. 762 -2 3 1 10..742 .f

661 : ;S00T 6-- ES C ICSAME

662 R 0OSCOTS 6-P 339 2-60. 402 34 S AME

663 APWT 1R 340 -402 40 so 10.-742 If

664 A5XTS nP 6 2 21? iSAME

::S XSAPXTTP -8 A 14 I 0 192 6 140 2-0 -29 l

66 PAY S -a. 6 1 '-10. 12 f2f 127 2-40. 40 21

66 XOS02: 6 -7 YES 2 2 00 2 10.-6 1 2

666 SACOTS SR As1o-0 41 SAME

610 R. P4T S R C 21 2 C0. 4 10,X -622

669 9SAPXDTP 6R~ 11 92 10 0. -341 76 130 a-0 -227

612 RO662TX1 6 a 12 97 2 -IC0. -XX 90 104 2 -40. 402 S3

6: R CM26-P: 1 3 6. 2-so -29 11 93 2-0 I6;

67 RS6COMEP 6PI 101 1 0 -692 20 .20 1-0 -6
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TABLE B.0 (Continued)

P MAXIMUM MEASUREV STRAIN 01 MAXIMUM PREDICTED STRAIN

.GAG:E GADE IAC ASUE MEASUREX E MOMEN I PAEOICITED IPREIC IC El MOEN M E.ASURED
UMEli NAME POIIO CA MAIMUM IEA T I SLAIN MAXIMUM IOE8AI SIAtN

079 05NCE.IP 68l 16s -810. Be 9 8 I-'026)2

£80 E::Co.IS 6E-2 6.'3 I-SO 40 67 S AME
P8 866681 6-8-2, 40 I 0. X1 0 .5 T -6:,!

£8 R5PF5 6822 26 I 70 -9 35 SAME
03 RS58010~ 78 3 017 I -28 100 F c S0 6

688 sNs8iTTS 6828 287 I 50 07 28a. SAME

68 I62IIC -if43 I I0 9 -o 9
68£ 1117c ES1SO5 6-826 YE 0 I 0. 0 AME69

6117 RSSZP 6-17 100 - 0. Ili Al 135 1- . .0) 85

68 SAS8ZTS 6--2,'3 -70 £1 '22 SAME

68 5507 - 291; 49 -0 74 509 70 616
090' 50S027f 0-11. C 89 -30 9 1 37 9 (-0 69' 83

692 , 5M5 683 90 c 0I 89I64 c 127

89 80551 £ 33 Ii 1 0091 3 22 8 080 -'3

698 R56561 6-S-. 33 9 80'0 233 £0 8123

690 E3C6OR 0--A1 80. -401 11 SUMOE

69' *S6OX8X -837 62 I60. -76) 80 s0Io 8)
69 86P1I~ 6838 0 :0 0. 0106 8 1 0

EXT ISEPTIIA, 8-89 90 I. 30 -79! 23 a, I80 -. 0) 4

707 8S611fp lR 6-0-8 330 -1 80 1 326 SAME

70 16 l~o 6--A.6 1-0I0 S SAME
08 XE 3EE 6--439 0. 61 20 2' 1 S- 0 '1 33

705 856P13:F0V 6- 8b 36 IT. 9489SM

'07 80 1 0 AR-U 4£ I70. -il .5 SIAM0.E0 4

700 856071140 6iP-8i SO I 0. 691 -9 s0 I 0 8 .401-2

709 E6TIV 66-4,9 63 -20. 77) -2 32 4 0 !0)-
910 858. IPO 6-0 4 0 - 1 A9I£ 0 8

7( R5530, 83 04 170 77) 8216 47 -40 Al 7£.
'1 S*6513FFR0 685828 I . -£01 27 7 'S1 21

77 4 E'68IDI 6-8-57 519 1-&.. .o1 S622 S AME

'8 83 :SSrIDI 6-iS 373 3-0 91 17 SAME

71 32 S% SPC 685 383 I'00 80: 29 SAM
0 SesIS 0-8-6. 50 a N1 IA), 66 73 1 00 -0)8

1:' OPMEI3AD A 5 S 373 -T.61 249 SAME

72 AMMINCIRA 5-- 3 TON0 t -£0 401 701 SAMEI

'2$ OOMM36CNPA F -213 -7 0. 297 S AME

'26~~~ AIM63A 5-I£29 17 I 27 SAME

., UM"M3.CIA4 S- -67 249 1-70 1 26. SAMOE

3: AMM6DPP 6-- 22 I-T Cl 28 40 101 8

9 ARMM.. 3R S - 9. sI -£4 0. -161 515 S AME

Ib sPM6C - 85 I-8 -I0 80AME
,3 A M34 R 23 80 I 202 10 SOM.E

122 ARMM3EPIR ssX - 2 6030 1-60-Il 3 03 303 10 17Q I 30'

733 ARMM3:P3P:g S 33 3-0. ' 328 OM
734 AXMESR Sl IS - 6:2 AME
136 a RM3ERP 886 1-60. -181 478 SOMEt

72£A A'MM3N82PP2 32'0 I-SO. -291 2.8 301 I-TlO. iI 318

739 APMM36R3RP4 ~297 17. I 28SM

74 1 M35 1I 1~ 284 Ia 1-.0 I 281 SOM

2 M35: 31 2 28S6.-6 9 SAME
7832 53240TiIN I-0.-0 6 SOME

748 A MZ3..C322 20 -80. -801 16 IT I-EQ. -'El 20

385 4M!33C 30B S Is 80 -XI 0 SO M,
76 ARMZ33D300IR 0 I X 0 3 1 l 6 .1-61 2

37 40M233D3293 10 I-OXto: .80 6 s13 SAME

74 AMZ3 MM2 I-O 71 223 -0 7)2
38 REEM 5 291 S0 :. 0 0 -0. 80 0

7SO ARMZ33ELMM S. 3 74 I -70. I I 6 SOME
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TABLE B.6 (Continued)

(P MAXIMU4M MEASURED SORAIll F MAXIMUM PEDIOCTED 0794)4

UGAGE GAGE GAGE WASSUMED MISUE ST MAE4 X4OCE P8D UYE 1 MOM MA E

7S0I APM:334LMA 0 -T3) YES 0 0. 0) 0 0 I4..0

702 APMZ33RDMA 0- -32 4732 .80. 40) 477 SAME

703 APMZ33RVMA S- -33 00 70 49, 00 SAM.E

74 AP8238C29A 0- -3 3)2 )-50. 40) 7310 S AME

70 AZZ3 C3PA 0- 30 : ES 0 ) 0. 0) SA AM

706 A PZZ3a C A 0- 36 YES 0 ) . 0) 0 SOME

I0: A138P3PA2 0 -38 347 -70 A 349 [0 0) 330

70 Z 42393 A4 - -39 24 [70. 236 248 -0 4, 0

760 APZ;38E8P 0- -40 
S7[3. 92 S AME

74 A2380P -) YES 0 ) 0 0)0SME

762 P2238tP 0 44 [-80. 40) 7 SAE

763 APP 2 3&RI37 0- 43 All- [-80. 40) a44*O S A ME

744 AM 900 4 4738. 0 6 SAME

740 APM390300 -- 0 3 . 0 44 SA

764 OM23C9 5. -40) 0 0 0 SAME

74 P23C3) S- 439 1 [-40. 40) 445SM

1664 APMZ342t3 S- -44 4'2 [-0. 40) 404 SAME

769 A8MZ2230
0
18) 0- 49 -. 70, l) -Is 30 1 0. -49) 1S

770 APM4323 S- -50 46 : -0 40) 400 SAMEII

77 4PM 8 2C2 S. 09 [ 3 10. 49 60;) 7)

772 a'0M4 0- -293 so9, 5 0 90 )4.4<3

73 S.E3 A 5 -3 322 ) 0 0)0 37 8 0 ;)

77 M293MMRV0[0 0- .5 [2 30. -49) 'a 1 - 00 138

170 823 'S'M9 5[ -00 90"A4 0 405 SAME

774 923 98 FY[5[ -04.2 42 [- 0 40 404 S AME

77 1 B24 P)0 SMMAK 0--. 28 [-80. 40) [2 Is [-o 79) 2

776~ ~~~ :290 
MO 0 08124. -0) 0 SAME

1779: B2:90 :=.:0 -- 993 40. -40 93 SAM E

78 0 436P2M210) 0. 60 13 [20. 77) 1 3 [0. 40; S

78) APMM:4C ;:A S-A- I Its 0 0 0) 30 S AME 010

74 0M42A S. 2 7 20 [70. 72 74&-0 0 2
703 APMMA4C3 A 0.0 3 73) 70. 733 SAM

784 A:,"44
4  

-A- YES .6) 3 [7.69) 62)1 SAME

15 A M C:A A34 A 70, 1 334A SAME

78 4APMM44 3PA4 A- 322 f-4,-14 3) 321 [0. ) 32

7:7 APMM44IPF A- 30' 7. I 298 SM
4 [ - 1A 32), SAM

749 49MM44C3P
9  

0 900 S-0-A 47 SAME

1: 1 A:-SAME

79 .:M99:C 0 0 -4 2 3 [.6 .14 34

793 AEMM4&IP%F 
"-) 324 [- 0 I) 39 349 [40- 6) 3 00

79 VM48
8  

-S A) [-40 [) 09S4M

800~~~33 M4 360 [ 0 2 31 [4 1 32333 7 I )

80 4338208 04-232) [-0-9)98 39 [ -60 -[6) 290

80 I4 46) Is A2 34:-0 I6 309 SA.ME

806 A48428 7-2 436 [-70 0. I)-28 I 40it-6

804 A PM4A227' S A-a 357 [-0 ) 373 SAME

809 80620 043 ) [-60. I1 3269AM

708 AS24CP 3-4-8 3)5 [8.4) 30 SAME

4)2 AM.13 110S 043-2 300 [71 0. 61, 24) SAME

403 M41 3P0: S0A- 32)1 [ -. 14 292 94 [-70. I)1 290

A1 0. ... 70.86[4[ -A 24 931 [50. -40) S.) SAMF

4)S A:".;: C157 0- 4 25 0 0 [ 0 . 0) 0 SAME. 40

06) A C02 2 S-4-37 00 [ 0. 0) 0 33 [ E-9 2

a 0 A MZ4 C270 A 2 31 1.0, 16SAME

020 A5MM475 0-40 ''0s [-4. 0)0

82) A 0MM64C31 4-A-I I2 :-80. 40 2SM

823 z 3 A.M479 3--4 043 [.10. 40) 044 SAME

82 0M47 -- 3 0) [-80 40 1) SAME4I

82 MO 3P0)7) 044 3S0 [-40 40) 3-2 AM

A52 P M 16 OLZA7 C S-4-4 36Is0 [-0. 40) 20 SAME
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TABLE B.6 (Continued)

V MAXIMUM MEASURED SYRAob P MAXIMUM PRESICIEDS 57843

UA:SE :CG CAGEC AS:UMES MEIASU:XE P MOMESI 98E0)C;:D 98AE:(Cl7E0 M!ET, MEAXUREDMUME kAME OIIC .. AL MXMM I987 SIRAI MAIUM VR7 57A3

826 MIS 89 OPIPEIJ S-A- 2 (8. 0 2S8 AM827 M44SSA)8MSUI 6-A:47 YES 94 : 80. 80) 0 09 -0. 'S
828 O0698MMSI8M( 5-A-48 14 3-80, 401 67 89 -0 691 66

82 880I8S) -- ' ES 0 . 0)0SAME
83 888::8M A O 64 0 -9) 67 82 -20 -S71831 040SOMPICI S-A-S1 442 1 s0 -801 830 SAME

832 :::9AMMS:OMI 0-A-02 "S -;a '4) , 39 :X. 40) -S
823 923 99 0-4-02 83 :0 80 4 112 AME
£348 24S9 SMMAVIC) ~A- 68 1 1-0 5 57 SAME

837 9 23 931SP1950) S-A-S7 285 I 80.-o0! 24: 1 AMC

83 93 519)5L 0A-X 90 3.0.40 502 SAME
839 92

9

7M9L1 OA-9103 3-02)90 98 3-80 -I) 103
88 4P22E -48o 0. 89) 3-0. 7)9

842 M23 998 09)9033 S0:l 2 140 I-0. 74) 94 -3 . 79) 33
84 28 I0 9)IIS1. 5-8- 3 317 1 .0 0)0 63 200 40 8, -30.26

84 "24 IP U990,08 E 309 3503) 27 SAME

888 29 317 889 18- 8 2 -20. 7') 28 31 0. 40) 24

88 "20 3: 17 88.5: :-:- 7 886-0 0 7; SAME
888 929 17 IS L 0- CL 13 (-20. -S7 32 139 -30.-9 138889 .31 9145C 0-8- 9 90 ) 20. - 7, 98 9S 1 30 4) 90

800 832980189)C) 0-9-30 37 31. 7310 39 3 70.,-3) 3'
80 329830C -- l89 -. 82 SAM

802 932983 C 0-- 1313 3-so 80) 327 SAME

893~~~ M31 891 8317 -0 3 72 SAMfE
80 .31 £900 -- 4 21 (70 33 03 SAM
85 37920P S0--1 398 1-80-801 191 391 (-50-29) 398

808 375:209)CU S-8- 29 3-70 69) 3 04 1AME
I0 935293. I -- 3 (9_370. 80) 286 SAM

808 0375399)53 -8-18 2.; -70. 89 29 SAME

809 937 45209(C) 0--l 324 1-0. 89) 32: SAME..880 880QS8 SM838 -11-20 0 -1 7)1627 00 303XI -01900)88 105-B- 23 3 0 (-8:.10 80) 1 l 3' 2 184 37 0.: 89) I2

88:6 5.M98)082 199 3-80. 80, 374 SAM
68 A98 20933. ) 6-8-23 307 3-710. 89); 312 314 3-e 78 03

888 940 8527935) 0-8-24 490 3-70, 89) 88 SAMlE

860s 94a539 -- 2 49 (789 878 SAME
86, 9I~0C -.- 21 80 [-30. 741 0S7 09 (30. 793 so8 so08 9 9(c) 0- 27 462 3 78. -869) 880 SAME

868 98898 2MM80)88) ::8-28 83 -60 80) SOB SAME89. 4898 2.MR81 0--2 lE. 2 ) -0 0)287 989 MM988 0830 08 ) 0..-74) 38 67 1 0.-69) 1

;: 92.:;2.0:IC: 0.-33 III 1 3 . 0300 :-20 77)
82 883M733 0--2 3 4S 80 -80) 2 303 70 - 27873 088912MMP3C01l 0-9-33 80 370. -69) 03 89 so 80-0)4

878 88Co;93C3 -92 44 3 l 0. 203 23040M-40) 26

8 " 48 09 lOPISO) -- 36 la$ 0 1 0. 0) 0 SAME

8783 2098)3, -- 883 )7 -8) 3 SAME
&I9 889p399)5) s-8-39: 2 3-30.-89) 21 7 219 3-70 -07) 237

883 M8983M5U0 9-883 '7 -70. 11 33 SM882 M0898MSEX3 --42 916 128 0. 9) 087 1.-2) 7

883 "
M
08

9
838MU0 0-8-s 1 370. 3) 110 S AM:

88M8*1M06) 9--8 9: 3 0' 0) 0AM
880 98031799 9-8-40 286 0. 9) 0 8 -80. 783 -8

888 M44590)MSMU) %-a-48 asO 0 1 0. 0) 0 SAME

889~ ~ .09M983 984 0 320. -77) 238 37 '10X. -88 39
890~~~~~ ~ 83 90 -- 879 -0 X 0 203 3-0. ) 19893 "IS51293CX1 0-.0311 9f 7.8) 8 SAME

892 .14S 1 03 1) 10 -92 l2 1 3-1470. 6976SM

899 930 82089(5 1 0-8-90 83 3-70 83 7 AME
898 912938935) 0-8-OX 20 1-88-7181 23 22 3-0 33 3887 .120*89C 08 20 1 t78-143 2 3 30.9 .0

980 88878788 %'8-60 8 3 0. *1 0 1 to0. 203 -2
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TABLE B.6 (Continued)

GAE GAGE GG ASSUMED MEASURED P.. MXET PEICE .RDCT..MMNT MAUE

NUMBR NM PDSITI0N CAL MAXIMUM AVERTLATI STRAIN MAXIMUM I0ERTLAT! STRAIN

901 ISICORDE 4-' - I IN. 71 46IS.415

R0 2 6:OZ ZS 2 Is '70 I1 SI 66 IXD £01 4.

903 040 2 A- -2 3 42 0, 10-64 I 24 30 140. -800 S1

904 640XDS 4 - 431 1-0. II 12 IS, I-e 4c; 12S

906 E60ZZ - 72 I-0-6 AS0 1-0 I7

S.N R64p6Z~ZS A so N R I3Q0. -4R1 SI 73 1-.70 I 41

9U 6CMZ - -7 SN V O I 175 11 IO 0 43

904 R440"ZS A- 5 '1-0 65 I 53 A 1

909 SNX4MDP 4- - 7 I-So -2v) 62 21. ' S7

lID, *N4PM"ZS 4. ;-0 X O 1 !9 '94 :"70. - I

612 XN4PXM!S A- -12 is I:70. iI SAME

13 R4 MFP 4 -I42 -30, 79 2 I 10. 401-

SIX :::COM"., 4' -14 39: -S 3S3 47e 0 1 2O

I5Is RAcP2MFP 4 - IIS 9 I-SO -2 91 234 29 lAgo. 401I

916 XN42MS 4 -IN YE I 0. 010 0 1 30 -5

91 ONCFIP 4- 'IT 34 I .401 52 SAAME

SIX XN.CDEIS 4- -14 42 1-70. 691 4 0 47 X 014

99 EXOEI 4 IS32 I20.-771 IS 37 I 0 69

20 :IFP6ES G- -20, 37 0. 0 0 30 160-791 2 3

921 6&4D422P 4 2I 60 1.40. XOI 43 a00 1-NO. A0l SO0

92 06522 22 ;e0 ISO A.l 03 SAME

923 R6SZP 4 23 3I 1-0, 761 07 117 a-0 4009

924 R645A2D5zl 4 -24 43 -0, 71 is 36 1-70 649 27

926 R644M?4- -2576 1-069 7 9S I 0X 41 60

92,9 X64S4MYP 4.-29 A I3 0 0701 73l060 01 S5'

930 R6454MY5 4 -30 66 t-30. 791 '9 Al 00 IA .0A 3,,

531 RA4SEP 4- P1S -O 9 SI 74 -0 Al 2'

633 RNXCOMSI -- 33 14 I O.-401 16SAME

936 RN4CDMXR 4-ISIX D 0 1 0 X17.I
93 CRN4P7IIR 4- -3 44 I30-791 43 70 I 70.91 20.

6 37 RN4P7IIRD 4- -37 YES IS 10 4126 100-o l :01

9 30A R64p11R 4- 3A. I X. -40 100 ISAM

R395 R6API IIRIO 4- -39a 417 1R0 401 402 SAME

940 X164PIIEE 4 -071 I60. 161; 35, 69 I 06913

94'D RNP.ER 4 0 4 20 I 1 0 117 1-0 II 263

949NP3EX,--2S 1-30, 791 02 A6 -.SO 191 XI

943 R6XRI D X-:42 214 -7. 01 240 1SAME

94 RXI3FR -4 3 0 0017 I 04 122

946 R64S719 4-OS9 I70-691 3S 44 10-40 54

9X6 R647100 - 6 5 I60-761 2 I I2 -41 2X

941 R64711R0 4 TI7 0. 691 CI 1 40 -0'I

94 645 I 'F1 IS 4- -49 3 I- 0 344 SAM

X 864:1311E9 4- SI YES 0 I 0. 01 0 SAME6

9652 164!5131 : IR - -9A4 1 -0 5 ISo 7,S 1-0 01

96 96ASI3IIV 4- 2 -63 160.-A II 9 1-0 401 7

*9164 56?l 252001CU1 4- -64 5X6 (-70. N9l 546 SAME

966 MSSXIC 4- 5543 170 69! 433 DAME

967 APMD44IOS 4- -157 21019 I-TO1. - 0 2X 286 XCB 40. 293

969 APM.4C97 4-3 E 30 I-0 32X (SAME

96 XMDNCO - 69129 130. O? 12 160.-6 129

91 M6I:l4PISGI 4-- "YS 0 I . 01 0 NAME

2 MXI 10 4-A- 2 3 14 1-60' 6 312 SM

3 MIIW4- 3 294 1-0 41 280 292 1 -70S I 292

96 MIXN4A- 4271 I -70. I 274 SAME

94 4PN -- 5296 -X 401 296 S AME

966 M6I1Co. 4-4 N YES 0 I o 0 01 0 NAME

96 -652 4A 7 309 1-BO0. 401 210 SAME

9NX M::X 4A-: 277 r-0 40 27 SM

969: MSlSNw 4A 370 0691 13 2X4 1-40 40? 366

9T 6SA4-4-10 399 10. 69; 3%9$AM

910 MI96 -- l29 -0 9 9 SAME

972 MNI1SID 1--1 Ol 0. II 397 AM

973 M6ISIO 9P 4-4-13 296 I -7. A.,1 23 DM

974 M4I11 10 4-IX 461 -0, 491 4S4 :A..

9 M6IS12W 4-A-IN 464 I -70. 6') 477 SAME
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TFABLE B.6 (Continued)

P MANIMAM MEASURED STRAIN PF MAXIMUM PREDICTED STRAIN

GAE GAGE GAGE UASSUMES MEASUNEE 0 MOMN IlTE PRETICED P MOMENT MESUND
SUFE NAM PSI TIO CAL MAXIMU AM:N LA C STAN MAI IMENTLAT SRAIN

976 T4615s14P 4AIaS0 NO - 7C 691 s$10 SAME

975 O2 :1 21 6108*4AT 60 IM 401 6.1 SAME

98 612 M-0 IN MO 13 SAME
9:1 IS4* 4-U.21 644 I -aO 40 1 442 SAME

968 .659 442 7'. 80 42' 6. TAM

se566 S9 0651 -8 MA1 a.1 - 4 . 260 SAME

98, 161S'O T -A2 '2 160. 4- 24 SAME

969 UNPIO A-2 u '0 0' 981 SAME

90 A6ISM3 91 A30 246 (-.0 80 28 SAmE

991i 06;SM70 1I; A-3 846 I1No MO 8638 SAME 99

99,3 .61530 4_4 3 53 I A0 -401 SI9 SAME

994 !NPS 403 $60! No-0 5 SAM.E
795 615* 44049 IN MC 639 SOME

.91 IS 7AI 4 -Al 35 I60 30i SOME

997 .6-07 44 ' YES 730.~ - I; MSAME

.0 615'. 4-39 3.. I. 10 -691 459 SAME3.

:00'1 A~I 4-- 259 Iso. 30) 247 SAM
002 0540 4 -- 41 - 40 40; 22 SAME

00361A MA 4--3 290 3 0-6)35 56MG1
104 N'IS 4A-M22 I 0 9 203 203 I 1696N

005 .:;Sib SE 4-U-.S23 1-40 00, .20SM

100 OiPI S 4-46205 I20-7 206 24 14 -81 199
l00,T 'a580tA7 

7  

0 0] 1200 17 -il s'
lOON a6520 I4 -' 1. 69 1 860 SAME

1009 41 0. 4U129 15 -2) 25SAME
10110 ;,5 :~SC -A 0,192 I3 -61 69SAME

lOll 95688:11810) M-U . 6A I 60o -' 6' 94 I a60 -401 2s

101 2 A5M276C0098 8-0.52 438 I-M 1 MDI. 432 SAME
103 A, OA lO 4-_53 3 1t. 0 477 SAME
10 4 AS.MZ.C 1 12 A-SS 27 I-0O 401 5 30 SAME

lOIS ASM6:CSSA U AS 790 [-70 Ni 788 SAME
S01 654406045 4A 56 90'o Nl 6'SM

'0' 4STOC7SA * -A-si 656 -0 691 856 SAME

100 0M60S0 UUSR YES 3423 . 50 MC] -0 34 I so 7i, 17

01020 69S29810 4-A-NO 010 I-.O -401 0 I I-o 76 2

101 62006 -- I39 IO Nl M45 -8. 0135

102 ;ro790 4-- 2 -7 0 Ni96 0 40) $2
02- 872007884 1-8- 3 98a I-6o. 40) 80 SAME

102 Y2Ypl sl2 SE 185o ME S' O : 401: 13 SA ME
'02 R'' 890 49 2 I 10 -40) 83 s AME

'02b '2' S';:o 4-N- 7_T '0' 0 -73 10 I 50 301 7

e09 Y21 S EIR 49 9510 140 1 0 .1 0 31 -20. -$71 12

030 862 . SO* 491 39 14S0 $ SAME
103;1 S 60* 49-I:l 462o I 01 49 SAME

32 Z'03 * 6 C0A-89-2 8 1-80 40) $01 SAME

l.33 76900 6lI54 IMOP0,59SM

01 0656 4-S- Is N Is so 40 1 62.1 SAME

03,1 MI'S -31 322 14 .40) I I I- ;0 162
1038 651 41018 AS 10 Nil 494 AM

13 S43SM 4--S93 10 614 SAME

'07 0580492 328 I 44 4 0) 327 SAM
1041 Moss91 I F' 4-0-21 4A 1- (70 69) 49 No AME

'O~- MAS M 4922 53 I70. i 60 SAMEI08 Z984 4--2 36 10-11 3S6 2M
_044 MNOYI IF' 4.-436 X.- NI2 SAM

'OM 9468 4--2 YE 0 I 0 81 32S SAME

1.48 MAOCO. 4--2 EN 0 I 0, 01 050
164 is6,1 1* 4--3 49l-7.i 463 SM

'090A 065M 49 T0 49 6 6) 40:SM
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TABLE B.6 (Cont inued)

P MARIMUM MEASUR9ED STRAIN P MAXI(MUM PROC ICTEC STRAIN

MCAGEM CAGE GAGE ASSUMED MEASAREG MOMGEZN' 11REGICYCOl 090012500 01 MOMN MEASINEfC

NmIe NAME POITO C. MXIMUM (TOLA STEAl MAMM IOfi 'T] ST

1051~ MAPI P 44-'34 -C 40; 3S. SAME

:052 69I4 4-1-32 YES 0 C 0. 01 0 SAME

I(053 M7TCRW 4-_1-.33 304 -4 .401 30S SAM E

(05 MISM P -934 21 T 5 421 ISAME's
loss M7(513P1 4935 3:S', I 0, 0 0 696 I 10 AS.20

Toss MA32SU SO 4-R-34 331 f-10, 49' 360 SAME

(051 169CP 4 31 YES S2 I E-4!33 SAME
10507 145000 4-9-3 90 S 3 A 60 '05

(059 FONSCONA 4-S0-IS9 YES 0 0 0 ' -SM

'060 n43C0P, 4--011 0.-3 ICSM

(001~~~ 6ACP4ES ~ 0 -0, 64 SAME

(06 HE6S13* -- 42 22 I SSC 2 210 5 5e 30 224
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APPENDIX C

STRAIN DATA PLOTS

The following is a discussion of the plots of strain data for several specific

structural sections of the model. Appropriate strain data from rigid vinyl model

tests, the finite element analysis, and beam bending theory are included for com-

parative purposes.

There are five basic categories of straiin data plots. These are:

1. Longitudinal distributions of longitudinal bending strain.

2. Transverse distributions of longitudinal bending strain.

3. In-plane stress concentrations and misalignment strain in the bulkhcads.

4. Stress concentrations due to openings in the Main Deck and 01 Deck.

5. Stress concentrations in the superstructure hull due to openings and

discontinuities.

LONGITUDINAL DISTRIBUTION OF LONCITUDINAL BENDING STRAINS

Probably the most dramatic and revealing and yet well-behaved strain-data plots

are those of longitudinal distributions of longitudinal bending strains. Where

applicable, the plots include finite element data and rigid vinyl model data.*

Figure C.l shows small magnitudes of strain along the centerline of the 02

Deck. Since these gages are at the centerline (on the web of the centerline stif-

fener), lateral loading has little effect on the strains. Included on this plot are

strains at gage locations off the centerline. A quick look shows considerably

higher strains further off the centerline (outboard) and, as will he shown later,

plots of transverse distributions indicate this same phenomena. These low centerline

strains are probably due to the relatively short length of the 02 Deck even though

it is near midships. Shear in the deckhouse sidewalls caused the strain values

in the 02 Deck to increase nearer the house wall.

In general, the strains measured by the gages on the webs of the 01 Deck center-

line stiffeners are well behaved and the magnitudes are predictable. Midship strains

at 80% maximum BM are nominally 500pin./in. as shown in Figure C.2. However, the

*Rodd, James L. et al., "Rigid Vinyl Model De-rlopment of Structural Modifica-

tion for the Aluminum Ship Evaluation Model (ASEM)," reported informally as
Enclosure (I) to DTNSRDC ltr 80-173-158 (17 Oct 1980).
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gage at Frame 61 indicates a value about 25% higher than would be expected. At

first glance, this data point might be neglected; however, upon looking at other

gages in this area (as in Figure C.3) strains are indeed higher than would be

expected. Strain readings from Tests 1, 3, and 4 were of similar magnitude, since

lateral moments of Tests 3 and 4 have little effect on centerline gage strain

readings.

The Main Deck centerline gages, which are located on the web and near the

neutral axis of the centerline stiffener, indicate strains of near 300pin./in. near

*midships at 80% maximum BM (see Figure C.4). A slight increase in strain reading

over what might be expectel in the vicinity of Bulkhead 32 was noted. Also, the

strains increased aft of Frame 103 rather than approach zero as would be anticipated.

* This may be related to a shift in the neutral axis location of the model due to the

*effect of longitudinal bulkheads in the aft end of Ji-e model. This is even more

evident in the plot of the platform deck strains at the centerline.

The longitudinal strain distributions due to longitudinal bending stresses

near the gunwales and under the deckhouse side wall are not as well behaved as night

be expected. Figures C.5 through C.8 show strain data plots at the following

locations: (1) at the port gunwale, (2) along the length of the port deckhouse

side wall, (3) at the starboard gunwale, and (4) along the length of the starboard

deckhouse side wall, respectively. The gages along the deckhouse side wall are

located 1 in. outboard of the wall, and on the underside of the main deck (a longi-

tudinal girder is located directly beneath the wall.) The gunwale gages are on a

2-in, wide, 1/4-in, thick doubler that is welded to the deck and side shell. The

2-in, length dimension of the doubler is vertical relative to the main deck.

The longitudinal distributions of longitudinal bending strain data at the

platform deck centerline is shown in Figure C.9. The platform deck is near the

neutral axis of the model and, subsequently, the strain readings at 80% maximum BM

are nominally less than 50iain./in. An increase in strain aft of Frame PO is

evident and is due to a shift in the neutral axis of the model. With the addition

of longitudinal bulkheads, the neutral axis shifted below the platform deck level

thus causing strains to increase as high as lSO0uin./in.
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The inner bottom strain values for the longitudinal distribution at 801' maximum

BM is shown in Figure C.10. The actual strains along the length are erratic relative

to a smooth curve drawn through the data. This may be due in part to lower strains

for gages located above transverse bulkheads (floors). Also, the portion of the

inner bottom between Frame 69 1/3 and 74 2/3 was reinforced with syntactic foam,

thereby partially explaining the very low strain reading at Frame 73. Near midships

the maximum strain values during the static tests were about 300 pin./in.

Probably the most well behaved data of the longitudinal distributions are at

the keel centerline. The gages were placed on the exterior of the flat bar keel and

protected with a waterproof coating. At 80% maximum BM, strains near Bulkhead 32

are slightly higher than expected. At midships, the strain value appears to peak

slightly above 600 Viin./in. (see Figure C.11).

TRANSVERSE DISTRIBUTION OF LONGITUDINAL BENDING STRAINS

Five locations along the length of the model were chosen to show transverse

distributions of longitudinal bending strains (these are often called "belts"

throughout this report). The belts were at Frames 21, 45, 61, 73, and 95. If the

model were longitudinally sectioned into eights, Frame 21 would be about 1/8 the

model length from Bulkhead 8. Frame 45 is about 3/8 the model length from

Bulkhead 8; Frame 61 about 1/2 or near midships; Frame 73 about 5/8 and Frame 95

about 7/8 the model length. The sections at Frames 21 and 95 include only the

main deck and hull. The section at Frame 45 includes the hull and both the 02 and

01 levels of the deckhouse. The sections at Frames 61 and 73 include the hull and

01 deck level (the 02 deck terminates at Bulkhead 56).

In general, for the instances of 80% maximum BM, the magnitude of strains for

the 60' lag case and the 2400 lag case increased near the edge of a deckhouse

external deck. In most instances, the 60* lag condition created higher relative

strains on the port side than did the 240* lag condition. Alternately, the 240' lag

condition created higher relative strains on the starboard side. This was due to

the relative phase shift in the vt.tical and lateral load components.

Belt 21

The strain distribution across the main deck noticeably dropped off near the

starboard gunwale (see Figure C.12). Because of the lack of data for the port side,
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a similar comparison could not be made for that side. However, upon examining the

longitudinal distributions for the port and starboard gunwales, the order of strain

magnitudes of gages in these two areas support this drop in strain. The strain

distribution in the hull is linear except near the platform deck. The drop off in

strain may be due to the V-shape of the hull at this section of the model. Since

the neutral axis has probably shifted up, the stresses at the deck are less than

at the keel. Also, there is a substantial decreasu in the section near the gunwale.

This phenomenon does not occur further aft where the model sections are more box-

like.

Belt 49

The section of the model at Frame 49 includes both the 01 and (02 decks. As

seen in Figure C.13, there is a noticeable drop in strain as the center of the 02

deck is approached. This is due to the short deck length and the shear in the deck-

house wall. The strain distributions at the main deck and 01 deck are linear and

averaged about 350 pjin./in. and 450 ; in./in. respectively. Of special interest is

the strain distribution from the keel to the 02 deck. It is relatively linear from

the keel to the main deck, with the lowest strain readings monitored at the platform

deck- level. It is obvious that the deckhouse is partially effective in picking up

a portion of the Load in the hull. Of questionable validity is the data point

midway between the 01 deck and main deck. The drop in strain may he due to thle

effect of the access hatch opening immediately aft of the gage. The aftnost edge of

the hatch coaming was located 21 in. forward of the gage. Also, Bulkhead 48 is

located betweenl the access hatch opening and gage.

Belt 61

The section at Frame 61 has the 01 deck as the uppermost deck, since the 02

deck terminates 50 in. forward of Frame 61 at Bulkhead 56. Both the 600 and 2400

lag data at the 01 deck show similar characteristics (see Figure C.14). As the

starboard or port edges of the 01 deck are approached, the strain increases signif-

icantly and strain data from gages located on the deeper girders (centerline, sixth

port and starboard stiffeners outboard) were nc Aiceably higher than for the remaining
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stiffeners. The gage positioning probably resulted in the apparent discontinuities.

The girders are 3 3/8-in. deep and the stiffeners are I 3/8-in. deep with the long-

tudinal gages positioned about 1/2 to "3/4 in. below the bottom surface of the 01 deck

for both girders and stiffeners. The gages on the girders were a good diitaimcc frm

the assumed neutral axis (N.A.) and the gages on the stiffeners were probably vrv'

close to the local N.A. Secondary bending effects may have resulted in higher

strains in the deeper girders. Mentioned earlier were the very high strain rc ,

near the (l deck edges. This order of magnitude of strain (-1500 at 80') is -

seen in a deckhouse side gage near the 01 deck.

Belt 71

"ihe transverse distributions due to longitudinal bending at Frame 73 are similar

to previously discussed belt data. The 01 deck strains are higher near the edges

as shown in Figure C.15. The strain reading of the gage near the top of the star-

hoard deckhouse sidewall is similar to strain readings at the 01 deck edge; and there

is a significant drop off in strain results going down the wall to the main deck.

The low strain reading midway down the wall may be due to the access hatch opening

being just 30 in. aft of the gage. The main deck gages show predictable strain

readings, with a slight increase in strain at the starboard edge.

Belt 95

A, with Frame 21, this section of the model does not contain deckhouse
.strcture,. The strain gradients at the main deck are not as well behaved as they

are for other belts (see Figure C.16). However, as expected, strains at maximum tPI

we!re no more than 20

IN PLANE STRESS CONCENTRATIONS

The majority of transverse bulkheads in the hull and deckhouse superstructure

were extensively strain gaged to monitor any in-plane stress concentrations and an'

misalignment strains in the bulkheads during static testing. A substantial amount

of data was obtained for Bulkheads 8, 16, 24, 56, 64, 80, 86, 92, 98, and 108.
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The instrumentation associated with Bulkheads 32, 40, and 48 was malfunctioning

during the static tests; subsequently no strain data were obtained. The bulkheads

are the only component of the model not scaled by one-third. The scaled thickness

was doubled to prevent premature buckling.

The majority of bulkhead strain gages read only low to moderate strain values

during the tests. Excluding the channels associated with Bulkheads 32, 40, and 48,

only a few were open, shorted, or erratic. Bulkhead strain data are shown plotted

in Figures C.17 through C.29.

BULKHEAD I NSTRUMENTATION

Bulkhead instrumentation was located to basically monitor two types of struc-

tural phenomena. Gages were located on the flanges of selected stiffeners and on

the plating on the opposite side of the selected stiffeners. A major discrepancy

in the magnitude of strain would imply local bending was occurring at that location.

If a number of channels indicated a major discrepancy, then overall buckling of the

bulkhead could have been occurring.

Gages were also located at the "hard points" on the bulkheads near the hull

plating (port and starboard). This included gages at the platform deck level (upper

chine), near the lower chine, near the inner bottom level, and at the keel.

The strain patterns and distribution in the bulkheads were largely a reflection

of the method used to apply the loads to the model. That is, loads were directly

transferred from the moveable load frames, through the rubber pads surrounding the

bulkheads and then into the bulkhead plating and stiffeners.

In almost all instances, gages near the deck/rubber pad intersection read

higher than those nearer the center of the bulkhead. Also, these gages showed some-

what higher strains in the stiffeners than the plate, as night be expected, since

a portion of the load is also going through the plate material between stiffeners.

Of the gages near the deck, the centerline gage often read the highest strain.

The strain gage rosettes located at the hard points were moderate-to-high in

magnitude at the forward atid Aft ends of the model. The high strains in the forward

bulkheads are probably related to the soft chine and high deadrise in the hull.
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Except at Bulkhead 108, from Bulkhead 80 and aft, the strains at the rosette

locations were quite low. The shape of the hull is much more "boxlike" along this

portion of the model with two hard chines and a low dpidrise. The higher strait-; at

the hard points on Bulkhead 108 may be due to the method of loading since the load

frame is bolted directly to the model. Also for Bulkhead 108, the strains near the.

uppermost exterior deck are quite small, which is not the case for most other

bulkheads.

In general, no major bulkhead structural problems were detected as the res;lt

of the static tests. The loads were transferred into tie hull through the load

frames and bulkheads as expected.

STRESS CONCENTRATIONS ANE DISCONTINUITIES

A number of areas in the hull and deckhouse were instrumented as areas .-f stres

concentrations and locally high strains during the static tests. Any strain

readings corresponding to a stress of 20 ksi or more at the 80 load 1evel could

potentially create early fatigue cracking problems during the model's cyclic testing.

The model sections which were inscrumented included numerous access holes in the

deckhouse sides (both port and starboard), 01 deck access holes, main deck access

holes, the port-aft corner of the deckhouse (Bulkhead 92 below the main deck) and

the forward corners of the deckhouse (Bulkhead 32).

There are three access holes in the 01 deck and all three were instrumented

with gages positione on the outboard portion of the coaming. in addition, the

access hole at Frame 38 1/2 had a rosette and three additional gages adjacent to

the rosette. The strain in the 01 deck at Frame 38 1/2 is nominally 150 .c; however,

the gage at the aft outboard corner indicates a significantly higher strain

(see Figure C.30). Also, the strain gradient drops off in magnitude as the deck-

house side is approached. Figure C.31 shows high strains in the corner of the

access hole coaming at Frame 46. Nominal strains at Frame 46 are about 300 , at

80%; however, a value of over 1200 pc was measured during the cyclic testing. The

gage at the corner of Frame 52 access hole indicates a strain only slightly more

than the nominal strain of 400 ut (see Figure C.32, locations A and B).
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Five of the seven access holes in the main deck were instrumented to varying

degrees. The following hatch openings were instrumented: Frame 36 port, Frame 44

port, Frame 66 1/2 starboard, and Frame 77 1/3 port and starboard.

One of the more thoroughly instrumented main deck openings was at Frame 36 port.

A series of five gages were placed on both the forward and aft outboard corners of

the opening (see Figure C.33). The nominal strain in this area of the main deck at

the 80% load during the 60' lag test is about 400 it. Gages adjacent to the coaming

read between 500 piC and 800 tie, and gages at the curved portion of the coaming

increased to 900 ' ic as shown in Figure C.33. A drop in strain occurred on the

straight portion approaching the curved section of coaming and where the coaming

became transverse to the primary stress direction.

The opening at Frame 44 port was instrumented similar to the opening at Frame

36 (see Figure C.34). The strain distributions are also similar. The nominal

strains near Frame 44 are slightly higher (450 to 500 ic) than at Frame 36, and the

strains at the curve in the coaming are near 1000 UE, as shown in Figure C.34.

There are four access holes in the main deck immediately above the engine room

compartment. Unlike the two previous square openings, these are elongated in the

longitudinal direction. Gages were placed only on the outboard corners of the

coaming of the opening at Frame 66 1/2 starboard (see Figure C.35). Again, gages

placed on the straight portion of the coaming showed strain readings which were close

in magnitude to the nominal strains in that area of the main deck, as seen in Figure

C.35. A sizeable increase in strain occurred in the curved portion of the coaming

corner.

Gages were placed on the two outboard corners of the opening at Frame 77 1/3

starboard (see Figure C.36). The strain data are not as well behaved as those of

previously discussed openings, as can be seen in Figure C.36. The data may be sus-

pect since this opening was utilized both as a pathway for permanently installed

instrumentation wiring and as access to the interior of the hull. Gages were also

placed in the opening at Frame 77 1/3 port (see Figure C.37). An irregularity

appears in the second gage in both series of 5 gages at each corner. If it were not

for this irregularity, both distributions would be similar to what has been shown

bef ore. It is possible that instrumentation wiring was reversed for these two gages.
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A number of gages were placed on or near the coamings of most of the access

holes in the deckhouse side between the main deck and the 01 deck. Cages were

placed on openings at Frames 33, 39, 41, 46, and 62 1/2 on the port side, and at

Frames 76, 78 1/2, and 87 on the starboard side. This involved at least a series

of 4 gages per coaming. placed on the center of a curved section of the 2-in. wide,

3/8-in, thick coaming. The exact positions of the gages are shown as well-as the

strain gradients from the static tests in Figures C.38 through C.45. As a resuLI

of high strains in many access hole coamings measured during preliminary static

tests (i.e., testing prior to the four tests examined for this report), structural

modifications were completed. These entailed doubling the thickness of the original

3/16-in. coaming and adding a doubler plate to the deckhouse side adjacent to the

opening, as discussed in the main text of this report. The additional coaming

piece was welded completely around the existing coaming at both inboard and outboard

edges. In addition to the previously mentioned modifications, a closure plate was

used at Frame 33 port access hole in the deckhouse. The gages originally placed

on the coaming were repositioned when the closure plate was installed. The gages

formed a rosette near the upper forward corner of the opening. The remaining gage

was placed at the lower forward corner on the doubler plate (a strain reading of

560 PFi was measured at 807 Load). Also, fashion plates were added to the structure

forward of Bulkhead 33.

Figure C.45 is a plot of the strain gradients (due to 80V BM) near the inter-

section of the port deckhouse corner at Bulkhead 92 and the main deck.
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Figure C.17 - Plot of lOo Percent Vertical Sensitivity from Test Data

of 9-22-77 for Bulkheid 8
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Figure C.18 - Plot of 100 Percent Vertical Sensitivity from Test Data
of 9-22-77 for Bulkhead 16
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Figure C.19 - Plot of 100 Percent Vertical Sensitivity from Test D tia
of 9-22-77 for Bulkhead 24
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Figure C.23 - Plot of 100 Percent Vertical Sensivivity from Test )ati

of 9-22-77 for Bulkhead 56
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Figure C.24 - Plot of 100 Percent Vertical Sensitivity trom Test Data

of 9-22-77 for Bulkhead 64
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of q-22-77 f or Bulkhed 80
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Figure C.26 - Plot of 10(0 Percent Vert ical Sensit i v tr om Test Data

of 9-22-77 for Bulkhe,id 86
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Figure C.27 - Plot of 100 Percent Vertical Sensitivitv from T(-st Data
of 9-22-77 for Bulkhead 92
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Figure C.28 - Plot of 100 Percent Vertical Sensitivity from Test Data

of 9-22-77 for Bulkhead 98
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APPENDIX D

CALCULATED LOADS, MEASURED LOADS AND DEFLECTIONS, AND BENDING MOMENT PLOTS

This appendix contains, in tabular form, summaries of (1) the calculated loads

which were to be applied to the ASEM, (2) the loads as recorded during the four

tests chosen for data analysis, (3) moment plots derived from the recorded loads of

the four tests, and (4) measured deflections w*ich were recorded during the four

tests.

The vertical loads are given in Table D.I. Both vertical hog and sag loads at

each load increment are given. Note the hog or sag STILLWATER + ZERO STRESS values

are at the same offset from ZERO STRESS. Also, for example, at 40 keel, even though

the load at 80% was 11,090 lb in the sag condition and was -54,906 lb in the hog

condition, the change (A) in load from zero + stillwater is equal (32,998 Ib).

The 90 or 100% loads are not included since the ASEM was not loaded to these magni-

tudes during the static tests. Also note that the rows associated with starboard

LOAD CELL(s) are blank because no loads were applied during the vertical-loads-only

tests.

The lateral loads are given in Table D.2. Both lateral hog and sag loads at

each increment are given. The sag and hog load values at each load increment are

equivalent in magnitude and opposite in sign. A lateral sag and hog condition is

defined such that a hydraulic actuator/load cell arrangement will produce the same

sign on the "readout" as would a vertical hog or sag condition (see Figure D.1).

The rows associated with vertical load cells are left blank after the zero and still-

water loads are given. When lateral loads only were applied to the model, it was

loaded vertically until the stillwater condition was reached and then lateral loads

were applied.

Table D.3 summarizes the calculated loads to be applied to the model for the

combined vertical and lateral loading test with a 60' phase shift. Loads are applied

in a sinusoidal fashion (necessary for the cyclic tests), thus allowing the phase

shift. The zero, stillwater, and vertical incremental loads are the same as the
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vertical loading test but the lateral loads are derived from the equation P2,

P max/2 sin (wt-60 0 ). That means, when a vertical load is applied at a particular

load frame and load level (10%, 20%, etc.), a corresponding lateral load is applied

whose magnitude is determined from the above relation.

p PMAX = LOAD AT 80%

pP

6 00 SH IFT-- -

P= PMAX SIN -t

PMA X

P -A SIN (ut-600 )2

Table D.4 is a summary of the loads for the combined vertical and lateral load-

ing test with a 2400 phase shift. The explanation of this table is similar to that

of Table D.3. Basically, the maximum lateral loads do not occur at the same time as

the maximum vertical loads.

Tables D.5, D.6. D.7, and D.8 are tabular summaries of the loads which were

monitored and recorded during the vertical test of 9/22/77, the lateral test of

10/28/77, the 60' combined loading test of 10/14/77, and the 240' combined loading

test of 10/26/77, respectively. The UNLOCK load readings are obtained with the

hydraulic system depressurized. Except for fixed support loads, these values will

nominally be low. The system is then pressurized; next, ZERO and/or ZERO TEST

conditions are read. The lateral loads should have been close to zero in magnitude;

if not, they were adjusted accordingly and then recorded. Loads were then applied

to produce a stillwater BM in the model. Up to this point, the loads for Tables D.5

through D.8 were similar in magnitude. However, the remainder of the loading con-

ditions of the four tests were different. Table D.5 shows the loads read on all

channels during the vertical-only-loading test. The lateral loads were nominally
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near zero, and only the vertical readings showed significant changes. Table D.6

shows the loads read on all channels during the lateral-only-loading test. The

vertical readings were nominally near the stillwater readings throughout the test,

and the lateral readings indicated the load increments associated with load levels.

There are a total of 30 load conditions, not including the stillwater load condition.

Tables D.7 and D.8 are probably the most significant in that the loads shown

here are the same as those during the cyclic tests. The load values recorded in

the lateral offset column require a brief explanation. The vertical loads are

similar to loads of the vertical test, and the lateral test stillwater loads.

However, the lateral loads are now representative of the phase shift discussed

earlier. During the test, as the model was loaded, any load magnitude adjustment

(if required) was done at that time.

Figures D.2 through D.9 are ASEM moment plots derived from the loads applied

to the model during the associated tests. The magnitude of the maximum moment of

the lateral-loads-only test (Figures D.3 and D.4) is one-half that of the vertical-

loads-only test (Figure D.1) (4.3×106 ft-lb versus 2.1x1O 6 ft-lb). In general, the

applied BM were very close to the calculated bending moments as seen in Figure D.I.

Tables D.9 through D.12 are compilations of the absolute deflections as mea-

sured during Tests 1 through 4, respectively. The deflection plots in Figures Ii

through 14 are deflections relative to stillwater. During Test I, only vertical

loads were applied, thus deflection readings of the starboard linear potentiometers

showed little or no change at each load increment. During Test 2, after the still-

water loads were applied to the model, only lateral loads were subsequently applied,

thus deflection readings of the keel linear potentiometers showed little or no

change at each load increment. The deflections in Tables D.11 and D.12 were con-

tinuously changing as both lateral and vertical laods were applied to the model.

Any deflection position, other than at Bulkheads 24 and 86, which showed little or

no change in displacement during these two tests, was an indication that the instru-

mentation was probably malfunctioning.
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PORT SIDE
OF ASEM

VERTICAL
HOG

MIDSHIP VERTICAL ACTUATOR PUSHING UP -77 kips AT 80%

STBD

LOOKING
DOWN ON
ASEM

PORT

LATERAL
HOG

MIDSHIP LATERAL ACTUATOR PUSHING TO PORT -38 kips AT 80%

Figure D.I - Vertical and Lateral Hog Condition
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APPENDIX E

STRAIN GAGE SPECIFICATIONS AND LOCATION NOMENCLATURE

A brief summary of the specifications of the strain gages and the lead wires

used to obtain the strain data follows. Almost all gages were either 'Iicro-

Measurements single arm gages or rosettes (OW-43-900) type CEA-lS-25LV-120

CEA-13-25OUR-120, respectively. These are general purpose constantan strain .i >s

with a fully encapsulated gird having exposed solder tabs. The manufacturer rec-

ommends that they be used on aluminum material in a temperature range of -IO0"l t.

+00°F (test temperatures were well within this range). The activ. ,age length for

tiem is 0.25 in. with a gage resistance of 120 ohms. The nominal -age factor (G.F.)

was 2 to 2.1?. Fhe cement used for bonding them to the model was "!-M Certified

>I-Bond 200 and waterproofing was also applied. At the completion of static ;Ind

cyclic testing, the majority of the original gages were still functioning properly,

approximately 5 years after they were installed.

The lead wires which ran from the strain gages on the model to completion panels

below it were either Belden 8919, Style 1015 600V-105°C lead wire, or Military

Specification type 7003 lead wire. Both are 10 strand AWG 20 gage wire with insul-

ation thicknesses of 3/32 in. O.D. for Belden and 2/32 in. for type 7003. The lead

wire length ranged from 50 to 150 ft, depending on where the gage was located on

the model. Gaves internal to the hull generally required longer lead wires than

exterior gages.

An alphanumeric numbering system for the strain gages was developed to locate

them on the ASEN and to facilitate data analysis. The following is an explanation

of the strain gage location nomenclature used in the tables of analyzed static test

data in Appendix B.I
First Character Generalized ship section where gage is located

j B8COMMP "B" - Bulkhead

Gage is on a bulkhead "H" - Hull

"F" - Platform Deck

"M" - Main Deck

"T" - 02 Deck

301



First character Generalized ship section where gage is located

11Ior 'T" - 01 Deck

""- Deckhouse Wall

"A" - Access Hole (Gage nomenclature

different, see additional example

for explanation)

.Second Character Specific frame or bulkhead location (may be 3

digit character)

B8COMMP

Gage is on Bulkhead 8

Third Character Indicates gage location relative to port or

starboard side of ship:

BSCOMMP "S" - Starboard

On Bulkhead 8 "P" - Port

At Centerline "C" - Centerline plane of ship

Fourth Character Specific location of gage relative to Centerline of

B8COHHRH ship (usually refers to the number of stiff eners

Gage is on Bulkhead 8 and the gage is Port or Starboard off the Centerline).

it is located zero stiffeners If the gage is located between two stiffeners the

P orS frm Cnterinecharacter Is a decimial number. The number to the

right of the decimal is the percent distance the

BBS2MFP gage is between the two stiffeners and the number

Gageis stifenrs sar- to the left of the decimal is the number of the

boar ofthe entrlin oninboard most stiffener. If the strain gage is on

Bulkhead 8 a bu1.khepd, deck or hull, then the bulkhead, deck

or hull stiffeners, respectively, are used as

reference numbers.
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Fourth Character

B8S2.5MFP

Gage is midway between 2nd

and 3rd stiffener, starboard

of the Centerline on Bulk-

head 8

Fifth and Sixth Combination of two characters (see First chair't

Character for listing) gives approximate vertical location

B8S2MFP of gage. If the gage is located )n a dee's, the

characters are omitted. If fifth aad sixthCage is located on Bulkhead 8;

2 stiffeners starboard of Center- characters are "NA", gage is near the N.A. of ASE>1.

line and between the Main

Deck (M) and Platform Deck (F)

Seventh Character Indicates whether the gage is on plate or stif-

(If not a Rosette) fener. If the gage is on the plate, it may be

Bon the stiffened or the nonstiffened side of the
BBS 2MFP

panel. If the fourth character is a decimal
Gage is on the nonstiffened number, then it is positioned between two stif-

or plat,' side of Bulkhead 8 feners, usually on the stiffened side of the

structure

"P" - Plate

"S" or "W" - Stiffener (specifically the Web)

Seventh Character Indicates the channel is one of three arms of a

(If a Rosette) rosette.

B8P5FFRD

Gage is one arm of a rosette
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Eighth Character Indicates the direction of rosette arms:

(If a Rosette) "H" - If plane of the rosette is vertical, arm

B8P5FFRD is horizontal

Diagonal arm of a rosette on "L" - Arm is longitudinal

Bulkhead 8 near the Platform "D" - Arm is 450 arm relative to "L" or "V"

Deck "V" - Arm is vertical

A slightly different system is devised for describing the location of gages

near access holes:

First Character Indicates access hole, "A"

APMM3 6C I S

Gage is near or on an

access hole

Second Character Gage location relative to port or starboard side

APMM36CIS 
of ship,

Access hole on port side "S" - Starboard

of ship "P" - Port

"C" - Centerline plane of ship

Third and Fourth Defines level the access hole is on;

Character "MM" - On Main Deck level

APMM36CIS "M(P" - Between Main Deck and 01 deck level,

Port access hole is on on deckhouse side

the main deck "4" - on 01 Deck level

tTT" or "ZZ" - on 02 Deck level

"OT" or "OZ" - Between 01 and 02 Deck level
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Fifth Character Specific frame or bulkhead location (may Lz a

APMM36CIS 3-digit character);

Port access hole is at

Frame 36 on the Main Deck

Sixth Character Indicates if the gage is on the coaming, "C", of

APMM36CIS the access hole or the plate, "P", adjacent to h,-

Gage is on the coaming of access hole or if a rosette, "R", is on the plate

the port access hole at adjacent to the access hole;

Frame 36 on the Main Deck

Seventh Character Gage number for a sequence of gages

APMM36CIS a) For coaming and plate gage: this number
increases going clockwise (looking down) with

Port Main Deck access hole

36, the gage is 3 gage at end of corner radius (1, 2, 3, 4

the first of a series of or 5) for square opening.

gages on the coaming b) For rosette: orientation of (V, L, D or fl)

rosette arm

c) For oval (not square) holes: this gage number

is omitted (see Eighth Character for oval

holes).

Eiljlth Character Locates corner of access hole gage is located on.

j APMM36CIPA For coaming gage:

Port Main Deck access hole a) For square access holes, the corner is denoted

at Frame 36, the gage is the by 2 letters

first of a series on the port "P" - Port or "S" - Starboard

aft corner of the coaming "F" - Forward or "A" - Aft

(port relative to centerline b) For oval holes, counterclockwise angle is

of coaming) degrees to gage with 3 o'clock being 0'

j (looking inboard)
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Eighth Character Plate gage:

APMM36PIPFO.5 The coaming gage that lines up with the plate

Port main deck access hole at gage is identified and then the distance from

Frame 36, the gage is near the the coaming is identified as the 11th, 12th and
13th character.

port forward corner of the

port section of coaming and Rosettes:

lines up with the first of The corner of the hole is identified

a series of gages on the "P" - Port or "S" - Starboard and

coaming. It is 0.5 in. from "F" - Forward or "A" - Aft

the coaming. " " - 01 Level (top of hole)

"M" - Main Deck Level (bottom of hole)
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INITIAL DISTRIBUTION

Copies Copies

1 DDR&E/Lib 1 NAVSHIPYD PEARL

1 CNO/OP 098T 1 NAVSHIPYD PHILA

3 ONR I NAVSHIPYD PTSiI
1 Code 432 (Dr. Basdeka)
I Code 432 (Dr. Rajapakse) 1 NAVSHIPYD NORVA
1 Code 474

1 NAVSHIPYD MARE

4 CHNAVMAT
1 071 12 DTIC
1 0714
1 MAT 08T23 3 U.S. COGARD

1 Lib 1 Naval Eng Div.
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1 USNA I Ship Structures Comm

I NAVPGSCOL 1 Lib of Congress

I USNROTCU & NAVADMINU MIT 2 MARAD
I Div. of Ship Design

1 DNL 1 Off of Res and Dev

I NRL 1 NSF
Tech Lib Engr Div Lib

16 NAVSEA 1 Univ of California, Berkeley

1 SEA 05B Dept of Naval Arch

I SEA 05R
1 SEA 05R25 (Vanderveldt) 1 Catholic Univ
1 SEA 05R26 (Gagorik) Dept of Mech Engr
1 SEA 55
1 SEA 55Y (O'Brien) 1 George Washington Univ
1 SEA 55Y1 (Arntson) School of Engr & Applied Sci
1 SEA 55Y1 (Sielski)
1 SEA 55YI (Gallagher) I MIT
I SEA 55YI (Packard) Dept Ocean Engr
1 PMS 300
1 PMS 303 1 Univ of Michigan
1 PMS 377 Dept NAME
1 PMS 399
1 PMS 400 1 Webb Inst

1 NAVSHIPYD BREM 2 National Academy of Sci
1 National Res Council

I NAVSHIPYD CHSN 1 Ship Hull Res Comm

1 NAVSHIPYD LONG BEACH
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Copies

1 SNAME

1 American Bureau of Shipping

CENTER DISTRIBUTION

Copies Code Name

1 1605

1 17

1 1702

2 1706 (mn)

1 1720

1 1730

1 1730.1

1 1730.2

1 1730.5

20 1730.6

1 1740
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2 1770.7 (Wn

1 185
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10 5211.1 Reports Distribution

1 522.1 Unclassified Lib (C)
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS. A SEMIFORMAL SERIES. CONTAIN INFORMATION OF A PRELIM
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES. CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN

-TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.
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