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Conversion factors for U.S. customary
to metric (SI) units of measurement.

To Convert From To Multiply By
angstrom meters (m) 1.000 000 X E -10
atmosphere (normal) kilo pascal (kPa) 1.01325 XE +2
bar kilo pascal (kPa) 1.000 000 X E 42
barn meter? (m%) 1.000 000 X E -28
British thermal unit (thermochemical) joule (3} 1.054 350 X E +3
calorie (thermochemical)} joute (J) 4.184 000
cal (thermochemical)/cm2 . mega joule/m2 (MJ/mz) 4.184 000 X E -2
curie *giga becquerel (GBq) 3.700 0O X E 41
degree (angle) radian (rad) 1.745 329 X E -2
degree Fahrenheit degree kelvin (K) te = (11 + 459.67)/1.8
electron volt joule (J) 1.60219 XE -19
erg joule (J) 1.000 000 X E -7
erg/second watt (W) 1.000 000 X E -7
foot meter (m) 3.043000 X E -1
foot-pound -force joule () 1. 355 818
gallon (U. 8. liquid} meter3 (ms) 3.785 412 X E -3
inch meter (m) 2.540 000 X E -2
jerk joule (N 1.000 000X E 49
joule/kilogram (J /kg) (radiation dose

absorbed) Gray (Gy) 1. 000 400
kilotons 1 terajoules 4.183
kip (1000 lbf) newton (N) 4.448 222 X E 43

kip/inch? (ksi)
ktap

micron

mil

mile (international)

ounce

pound~force (Ibs avoirdupois)
pound-force inch

pound -force /inch

poxnr\d~l‘orce/foot2

pound -force/’mch2 (psi)

pound-mass (lbm avoirdupois)
pound-mass-fool2 (moment of inertia)
pound-~mass /foot 3
rad (radiation dose absorbed)

roentgen

shake

slug
torr (mm Hg, 0°C)

kilo pascal (kPa)

newton -second/m2
(N-8/m?2)

meter (m)

meter (m)

meter (m)

kilogram (kg)
newton (N)
newton-meter (N.m)
newton/meter (N/m)
kito pascal (kPa)
kilo pascal (kPa)
kilogram tkg)
kilogram —metcr'2

(kg -m<)

kilogram /mete S
(kg /m3)

**Ciray (Gy}
coulomb /kilogram
(C/kg)
second (s)
kilogram (ig)
kilo pascal (kPa)

| - o

k=2

.894 757 X E 43

.000 000 X E +2
000 000 X E -6
540 000 X E -5
.609 344 X E +3
834 952 X E -2
448 222

129 848 X E -1
751 268 X E +2
.788 026 X E -2
. B84 757

535 924 X E -]

P L R

= >

4

214 011 X E -2

-

.601 846 X E 41
.000 000 X E -2

—

[

579 760 X E -4
000 000 X F -%
L459 390 X E 41
.33322 XE -1

*The becquere! (Bq) is the SI unit of radioactivity; 1 Bq - 1 event/s.
*+*The Gray (Gy) is the 8I unit of absorbed radiation.

A more complete listing of conversions may be found in " Metric Practice Guide E 380-74, v

American Society for Testing and Materials,
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SECTION 1

INTRODUCTION

Volume II presents the complete set of reduced data obtained from the
initial series of 16 quasi-static tests of segments of cylindrical tunnel
linings. These linings represent several advanced rock opening reinforcement
concepts proposed for use in deep~based protective facilities in rock. Test
specimens included a steel liner to evaluate the test apparatus and scale models
of two composite integral structures fielded by Merritt CASES, Inc. (CASES) in
the MIGHTY EPIC structures add-on experiment conducted at the Department of
Energy's Nevada Test Site (NTS). In addition, two new structural concepts were

also tested: the "compliant lining” and the "voussoir block" or segmented

lining.

This volume is organized into three main sections. The first section
is the introduction. The second section provides a brief summary of the
testing program, including descriptions of the testing apparatus, the data
acquisition system and the various test articles. The final section furnishes
the actual data obtained during the tests. The data is presented in the form
of Cal-Comp plots of applied load distribution, applied load versus strain and
applied load versus diametral displacements. A brief description of each test
specimen and instrumentation location is given for each test. Also, a com
puter printout of the actual data points used in generating the plots is in-

cluded for completeness.

The tests are arranged in chronological order. The data are also grouped
into sub-gections based on the five different types of models tested. These

models are discussed in Section 2.

-5- -
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] SECTION 2

TEST PROGRAM

2.1 TEST PROCEDURE

The principle objective of the tests of segments program was to determine
the detailed behavior of several different types of sophisticated lining seg-
ments subjected to carefully controlled loading histories. A test procedure
was devised in which a radial load distribution, consisting of a superposition
of a uniform component and a sinusoidally varying component, was applied to the
outer suriace of the test specimen in an incremental fashion. A loading ratio
was used to specify the particular load distribution used during a test. This
loading ratio was defined as the quotient of the minimum and maximum ampli-

tudes of the total applied load as shown in Figure 2.1.
2.2 TEST APPARATUS

The loading system consisted of 16 hydraulic jacks, eight of 100-ton
(890 kN) and eight of 150-ton (1330 kN) nominal capacity, resulting in a
total load capacity of four million pounds (17.8 MN). For the test specimen
dimensions used in this program, this load capacity translated into an equiv-
alent hydrostatic pressure capability of approximately 2000 psi (13.8 MPa).
The jacks were supported at their base by a reaction system consisting of a
heavy steel ring, weighing approximately 18,000 pounds (80 kN), capable of
withstanding at any point a diametrically opposed force of 300 tons (2660 kN)
with a "factor of safety" of approximately four (stiffness was considered at
least as important as strength in the original design). Figure 2.2 is a
detailed drawing of the reaction system gshowing several jacks in place in the
support ring as well as details of the ring cross-section. The 16 jacks were
equally spaced around the circumference of the support ring. They, in turn,
loaded the exterior surface of the cylindrical test specimen as shown in

Figure 2.3. The 16 jacks were controlled through a 10-channel Edison

-6-
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Figure 2.3 Reaction svstem with test

specimen in place.




hydraulic controller, but only five channels were used because of symmetry of

the load distributions used in the test program.
2.3 DATA ACQUISITION

Instrumentation typically consisted of eight displacement gages to
measure changes in diameter between each of the points at which the load is
applied; 12 strain gages to measure strain at selected points on the test
specimen; eight cells to measure load under one of the matching pairs of
jacks and 16 measurements of torque and drift of the specimen being tested

within the support ring.

The data acquisition system i1f shown in Figure 2.4. This block dia-
gram presents the typical configuration used during the segment testing.
Different specimen designs resulted in changes in both the number and lo-
cation of strain gages. A schematic showing typical gage locations is shown

in Figure 2,5.

The primary recording was accomplished with the Fluke Data Logger
which produced a printed paper tape output. Approximately 40 channels were
recorded on each test. These were sampled sequentially and printec and
displayed at 2); samples per second. An X-Y plot of applied load versus de-
flection (or strain) was also generated for monitoring and control during

each test,.

The eight 300k load cells remained in the same positions throughout the
test program with each cell measuring axial load in a pair of opposing rams.
Since these 180° pairs were connected together hydraulically, the loads im-
posed on opposite sides of the test items were continuously equalized. Dummy

load cells were installed on the opposing rams to act as permanent spacers.

Retention rods were attached to the specimen loading blocks at the
major and minor axes to restrict lateral or rotational movement of the test

item. These 16 rods, mounted top and bottom, were strain gaged to monitor

-10-
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Specimen #1

C-y-16

50-

(51-)

54+

(55+)

CH 12-~19 Load axis

REACTION FRAME TEST SET-UP

Test #13
1:3 Load
18 Oct. 1977

s2+ [ (53+) i 56- 1} (59-)
l
2 i6
3 24 2 26 15
A : =50+
(51+)
5’5—4
2 TS (550
7 ]
8 - 10
9

52~ (53-) ! 56+ (59+4)

—~——

.D. (Rescarch, Inc. Model 4040).

CH 22-29 Axial load (Transducers, Inc. Model 693-300K).
CH 30-42, 45-49 (Ailtech SG 129-6S) Radial pairs 2" from top, except 46-47 2" from

bottom, Odd gages 31-45 and 48 on rebar.

CH 50-56, and 59 (Ailtech SG 129-6S) Polarity indicates rod under tension.
Lower rod shown (XX).

Figure 2.5

Typical instrumentation lavout for tests of segments,
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and record the tension forces imposed during the test. The strain gages on
each two opposing rod assemblies were connected into a single four-arm bridge
such that tension could be measured in either rod with the output polarity
indicating the direction of force. The strain level in each rod was also
monitored automatically by the data logger and an alarm was triggered if the
load exceeded a pre-set limit. This safety feature prevented excessive build-
up of unbalanced forces as the specimens yielded which could have produced a

dangerous, catastrophic failure.

The eight specimen diameters at each load axis were continuously mon-
itored with cable-type potentiometers. These were mounted inside each specimen
or on top depending on the configuration of the model. Steel strains were

measured using Ailtech weldable strain gages.

After each test was corpleted, data from the logger was transferred
to punched cards for processing in the IBM 360 computer at the University of
California, Riverside, Computer Center., A special data reduction software
package developed specifically for the CASES data acquisition system de-
commutated the data and automatically plotted results using an off-line Cal-
Comp drum plotter. Programs provided for plotting any function versus
another function; that is, load versus strain, load versus displacement, strain
versus displacement, etc. Typical generated plots for the tests of segments
program included a polar plot of incremented load distribution, load versus
strain and load versus displacement, Overall data reduction turn-around for
a typical segment test was generally accomplished within a 24 hour period

once the system was automated.

2.4 TEST ARTICLES

The test program was composed of five different structural types of
lining segments: a steel lining, two composite integral linings, a compliant
lining and a voussoir block lining. All specimens were 12 inch (305 mm) long
segments of cylindrical linings. The steel lining was one inch (25.4 mm)

-13-




thick and 44.25 inches (1.12 m) in diameter. This lining was used for

initial checkout of the reaction system. The composite integral specimens
were scale models of two MIGHTY EPIC structures designated C-Y-16 and C-X-9
as shown in Figures 2.6 and 2.7. The compliant and voussoir block specimens
were models of a proposed configuration for each of these special types of
linings. Details of the compressible insert of the compliant lining and a
segment of the voussoir block lining are shown in Figures 2.8 and 2.9, re-

spectively.

-14-
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SECTION 3

TEST DATA

The complete set of data for the test program is presented in this
gsection. The data is arranged into groups determined by structural type.

A summary of the test prugram is given by the test matrix shown in Table 1.
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3,1 STEEL LINER
3,1.1 SPECIMEN #0

TEST NO. 12 (IsT)
STEEL LINER
1:1 LOADING RATIO
TESTED 8 OCTOBER 1977
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Bodan
REACTION FRAME TEST SET-UP
Specimen #0 Test #12
1" Steel Ring i?; tg::ing
8 Oct. 1977
40+ [| (41+) | 45— |\ (46-)
|
2 6
3 24 23 26 15
47- 47+
(48-) a4 14 (48+)
22 28
L‘__—‘—'I
_— 5 29 13 —_
42+ 6 12 42-
(434) (43-)
T 1
8 10
9
40- | (41-) ! 45+ (46+)

CH 12-19 Load axis I.D. (Research, Inc. Model 4040).
CH 22-29 Axial load (Transducers, Inc. Model 693-300K).

CH 30-39 (Ailtech SG 129-6S) Radial pairs inside and out at center between axes.

CH 40-43, 45-48 (Ailtech SG 129-6S) Polarity indicates rod under tension.

Lower rod shown (XX).
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3,1,2 RELOAD OF SPECIMEN #0

TEST NO. 12 (2nD)
STEEL LINER
1:1 LOADING RATIO
TESTED 10 OCTOBER 1977
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REACTION FRAME TEST SET-UP

Specimen #0 Test #12

1" Steel Ring incll tgzging

10 Oct. 1977

40+ || (414) ' 45- (46-)
1
2 16
3 24 23 26 15
47- 47+
(48-) 4 14 (48+)
22 28
e 5 29 13 — =
6 12
42+ 42-
(434) (43-)
7 i
8 10
9
|
40~ (41-) ! 45+ (46+)

CH 12-19 Load axis [.D. (Research, Inc. Model 4040).
CH 22-29 Axial load (Transducers, Inc. Model 693-300K).
CH 30-39 (Ailtech SG 129-6S) Radial pairs inside and out at center between axes.
CH 40-43, 45-48 (Ailtech SG 129-6S) Polarity indicates rod under tension.
lower rod shown (XX).
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5,2 C-Y-16 MODELS
3.2,1 SPECIMEN #1

TEST NO, 13
COMPOSITE INTEGRAL LINER
1:3 LOADING RATIO
TESTED 18 OCTOBER 1977
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REACTION FRAME TEST SET-UP

Specimen #1 Test #13
C-Y-16 1:3 Load
18 Oct. 1977
52+ || (53+) \ 56- || (59-)
|
2 16
3 24 i 26 15
50~ >3 " 27 20+
(51-) 4 14 (51+)
22 28
N 5 35 + -——i9 l(:z)l 48| 29 13 _—
2
54+ 6 l 54~
39
(55+) = (55-)
7 I
8 10
9
52- |\ (53-) ! se+ | (59+)

CH 12-19 Load axis 1.D. (Research, Inc. Model 4040).

CH 22-29 Axial load (Transducers, Inc. Model 693-300K).

CH 30-42, 45-49 (Ailtech SG 129-6S) Radial pairs 2" from top, except 46-47 2" from
bottom. Odd gages 31-45 and 48 on rebar.

CH 50-56, and 59 (Ailtech SG 129-6S) Polarity indicates rod under tension.

Lower rod shown (XX).
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3,2,2 SPECIMEN #2

TEST NO, 16
COMPOSITE INTEGRAL LINER
1:2 LOADING RATIO
TESTED 27 OCTOBER 1977
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MERRITT CASES INC REDLANDS CA F/6 18/3
STATIC TESTS OF SEGMENTS OF TUNNEL LININGS. VOLUME II. DATA.{U)
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REACTION FRAME TEST SET-UP

Specimen #2 Test #16
1:2 Load
C-¥-16 27 Oct. 1977

52+ [[ (53+) ! 59- || (20~)
|
2 16
3 24 e 26 15
50- 50+
(51-) 4 14 (51+)
22 28
] -— 5 29 13 —_ -
54+ 6 12 54-
(55+) - (55-)
7 Il
8 10
9
52- 1\ (53-) i 59+ || (20+)

CH 12-19 Load axis I.D. (Research, Inc. Model 4040).
CH 22-29 Axial load (Transducers, Inc. Model 693-300K).
CH 30-42, 45-49 (Ailtech SG 129-6S) Radial pairs 2" from top, except 48-49 2" from
bottom. Odd gages 31-47 on rebar,
CH 20, 50-55, and 59 (Ailtech SG 129 6S) Polarity indicates rod under tension.
Lower rod shown (XX).
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3,2,3 SPECIMEN #4

TEST NG, 20
COMPOSITE INTEGRAL LINER
1:1 LOADING RATIO
TESTED 7 NOVEMBER 1977
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REACTION FRAME TEST SET-UP

Specimen #4 Test {#20
C-Y-16 1:1 Load
7 Nov. 1977
52+ || (53+) , 56- \| (57-)
|
2 )
3 22 25 26 15
50— 50+
(51-) 4 14 (51+)
20 28
- 5 29 i3 _—=
54+ 6 12 54—
30
(55+) = (55-)
7 1
8 10
9
52- || (53-) ! se+ [ (57+)

CH 12-19 Load axis 1.D. (Research, Inc. Model 4040).
CH 20-22, 25-29 Axial load (Transducers, Inc. Model 693-300K).
CH 30-41 (Ailtech SG 129-6S) Radial pairs 2" from top. Odd gages on Rebar.
CH 50-57 (Ailtech SG 129-6S) Polarity indicates rod under tension.
Lower rod shown (XX).
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3,2.4 RELOAD OF SPECIMEN #4

TEST NO. 21
COMPOSITE INTEGRAL LINER
1:1 LOADING RATIO
TESTED 8 NOVEMBER 1977
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REACTION FRAME TEST SET-UP

Specimen {#4 Test #21
1:1 Load
C-Y-16 8 Nov. 1977
52+ (53+) " 56-11 (57-)
|
2 16
3 22 z5 26 15
50~ S50+
(51-) 4 14 (51+)
20 28
- 5 29 13 —_—-
54+ 6 12 54~
(55+) = (55-)
7 il
8 10
9
52— (53-) 1 56+ (574)

CH 12-19 Load axis I.D. (Research, Inc. Model 4040).
CH 20-22, 25-29 Axial load (Transducers, Inc. Model 693-300K).
CH 30-41 (Ailtech SG 129-6S) Radial pairs 2" from top. Odd gages on Rebar.
CH 50-57 (Ailtech SG 129-6S) Polarity indicates rod under tension.
Lower rod shown (XX).
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3,2,5 SPECIMEN #3

TEST NO. 23
COMPOSITE INTEGRAL LINER WITHOUT CONCRETE STUDS
1:2 LOADING RATIO
TESTED 22 NOVEMBER 1977
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REACTION FRAME TEST SET-UP

Specimen #3 Test #23
C-Y-16 1:2 Load
Without concrete studs 22 Nov. 1977
52+ (53+) ' 56- (57-)
]
2 1)
3 22 z 26 15
50- 50+
(51-) 4 14 (51+)
20 28
- 5 29 13 _— -
54+ 6 12 s4m
(55+) = (55-)
7 1
8 {¢]
9
52- (53-) ! 56- (57-)

CH 12-19 Load axis I.D. (Research, Inc. Model 4040).
CH 20-22, 25-29 Axial load (Transducers, Inc. Model 693-300K).
CH 30-41 (Ailtech SG 129-6S) Radial pairs 2" from top. Odd gages on Rebar.
CH 50-~57 (Ailtech SG 129-6S) Polarity indicates rod under tension.
Lower rod shown (XX).
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UNCLASSIFIED

MERRITT CASES INC REDLANDS CA F/6 18/3
STATIC TESTS OF SEGMENTS OF TUNNEL LININGS. VOLUME II, DATA, (U}
JUN 79 H C DAVIS» K B MORRILLs» J L MERRITT ONADO1=T77=-C=0143
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000°9%¢ 000°816~ 000°%¢€6 000 €512~ 000°26% 000°602- 000 €811~ 000°.682 16:19:91:22 ° %S
000°LY¢L 000°61%- 000°9¢€6 000°2512- 000°£6% 000°802- 000 1811~ 00074682 1H:19:91:22 "€§
000°6%¢L 000°02%- . 000°8¢€6 000° 04512~ 000° %64 000°802~ 000° 1811~ 00079682 62:1%:91:22 "¢§
000°6%L 000°02%-~ < 000°0%6 000°6£12- 000°H6% 000°80¢c- 000°¢8T1- 000°5682 01:1%:91:22 " 1§
000052 000°025~ 000°2%6 000°'8E1C- 000°%6% 000°802~ 000° 1811~ 000°2682 $6:06:91:22 09§
000° 162 000°12Y-~ 000°5%6 000°9812- 000°66% 000°L402- 000°8LTT~ 600" 1682 6£:05:91:22 "69
000°25¢ 000°229-~ 000°9%6 000 H€12- 000°G6% 000°902- 000 LLT1~ 000°6%82 £€2:09:91:22 "8%
000°H6¢ 000°€29- 000 856 000°1g12~- 000°L6Y 000°90¢- 000°6LTT~ 000°8%8¢ L :09:91:27 "Lb
000°65¢ 000" %2H- 000°066 00076212~ 000°86% 000°502- 000°6LTT~ 000°9%82 €6:6£:91:22 "9%
: 000°85¢L 000°62%- . 000°6S6 000°6212- 000°006 000°502- 000°GLTIT- 000° 6582 9£:6€:91:22 "6
3 000°66¢ 000° 226~ 000°856 000°€212~ 000°00§ 000°202-~ 000° €411~ 000°2582 02:6£:91:22 "9
000°19¢ 000°6CH- 0007296 000° 1212~ 000°20S 000° 102~ 000°€{11-~ 000°6€£82 G :6£:91:22 "€
000°2%L 000°62%- © 000°996 0006°0c12- 000209 0007002~ 00070471~ 000°6€82 6%:8£:91:22 "¢
! 000°29: 000°L29- 000°L96 0001212~ 000°20§ 000°202- 000°€LT1~ 000°8282 $€:8€:91:22 " 19
: 000°499¢ 000°62%- 000°€L6 0005112~ 000°506 0007002~ 00076971~ 000°€292 81:8£:91:22 "0%
3 000°69¢ 000°2€H- 000°186 000°£L0T2- 000°£0§ 000°L6T~- 000" €911~ 000°61¢2 ¢ :8£:91:¢2 "6%
000°¢€LL 000°L€Y- 000°266 000" 1012~ 000°106 000°661-~ 00076611~ 000°20%2 LH:2%:91:22 8%
0600°%LL 000 €€~ 000°5001 00045012~ 000°905 000°261- 000°6G6T1~ 000°66¢42 T1€:£8:91:22 “LE
000°28¢L 000°S€H- . 000°0€01 000°L802- 000°206 000" /81~ 00076211~ 0004892 GY:£€:91:22 "9¢
000°¢0¢ 000 S8~ 000°2901 000°8902- 000°06% 000°8L1- 000°£0T1- 000°$862 0 :££:91:2¢2 'S¢
000228 000°€EH- 000°260T1 000°8%502- 000°99% 000°2L1~ 000°8601~ 000°%2%2 b4:9€:91:22 ° bt
000°2¢9Q 0007925~ 000" 5811 000°6102- 000°2¢% 000°T91- 000°GTITI- 000 45128 62:9€:91:22 '£f
000°69¢L 000°2.¢- 000°TTEI 000°L06T~ 000°21¢ 000°%02- 000" £2H- g00°2121 £1:9€:91:2¢ "¢f
000°459 000°62¢€- 00072411 000798461~ 000°6%2 000°G61- 000°6L%- 000°9801 £6:68:91:2¢2 "1t
000" %8S 000°062- 000°666 000" HGET-~ 000°€51 000° %41~ 000°4686- 000°2.L6 ¢5:6€:91:2¢2 °"0¢%
000°10% 000°%62- 000°206 000°L9T1- 000°221 000 6451~ 000" L66~- 000°98% 92:6§€:91:22 °62
. 000°9L¢ 000°961~ 000" %28 000° 966~ 000728 000 8T~ 000°6€9- 000°%62Z 01:6£:91:22 82
000°962 000° 14T~ 0007062 000°088- 000°9§ 000°621~ 000°G566- 000° 1€ GG:b€:91:22 "L
0007612 00001~ 000°08LZ 000°%LL- 000°6- 000°6T1- 000°€T79- 000°6%9 6€:9€:91:22 " 9¢
000°£91 000°6T1- 000°€04 000°%0Z~ 000°€5- 000°601~ 000 186~ 000°665 $2:9£:91:22 "62
000°88 000°€TI- 000°259 000°€19- 0007951~ 000°€T1- 000 £86- 0007506 g :H£:91:22 "%
000°0¢ 000°66- 000°666 000°6£6- 000°602~ 000°001- 000086~ 000°19% 26:££:91:22 "§¢
000°19- 000°901- 000°2¢€S 000°GLy- 000°942- 000°601- 000°6¢6- 0007 98¢ LE:§8:91:22 "22
000" TTT-~ 000°€6- 000°LLY 000°€0Y- 000 1€c- 000°66- 000 6¢€a- 000°1cE 12:€€:91:2¢2 "12
000°002- 000°601- 000°29¢ 000°2h¢- 000°66T~ 8007611~ 000 T4HG- 000222 9 :€£:91:22 02
000°80¢- 600" 00T~ 000°90¢ 000°S62- 000 €21~ 000° 01~ 000°0€G6~ 000°0LT 06:2€:91:22 "61
000°881~ 000°HTT~ 000°6T2 000°8%2- 000° 251~ 000°821- 000 5065~ 000°¢€¢L H€:2€:91:2¢ "8I
000°651~ 000°66- 0067402 000°€92- 000°611- 0007611~ 000705~ 000° LY 61:2€:91:22 L1
000°6€1~ 000" 111~ 000°€¢L 000°€£62- 000°80T- 000°¢2T- 000 919~ 000°8I € :2£:91:22 °91
000°S01-~ 000°66- 000°8% 000°0¢2- 000 98- 0007901~ 000°96¢€- 000° .2 84:1€:91:22 &I
000°€6- 0007601~ 000°6¢ 000°2¢¢C- 000°6L~ 000°GT1-~ 000 %€E- 000°02 2E:1€:91:22 51
600°0L- 000°88- 000°€% 000° 102~ 00099~ 000706~ 000°942- 000°9¢ 9T1:1€:91:22 °§1
000" %9~ 000 56~ 000762 0007961~ 000°29- 000" L6~ 000°89¢2- 000°2¢ T :1€:91:2¢ "¢l
000°G%H- 000704~ 000°92 000°"%G1-~ 000 °9bH- 000 %L~ 000°902- 000° 428 6y:0€:91:22 "11
000°G4H- 000" 89~ 000°22 000° 16T~ 000 95~ 000°99- 000°861- 000°€2 08€:08:91:22 °01
000°62- 000 5y~ 000°9T 000°TTI- 000" 8¢~ 000°06- 000°TeIl- 00061 b1:08:91:2¢ 6
000762~ 000°9%- 000721 000 %11~ 000°6€~ 000°16- 000 88~ 800" ¢ 66:62:91:2¢ ¢
000°6- 000°€2- 000°6 000°2¢4- 00092~ 000°0¢€- 000 LH~ 000°6T £€H:62:91:22 L
000°TT1- 000" %2C- 000° ¢ 000°€L- 000" L2~ 000°2¢- 00094~ 000° L1 L2:62:91:22 "9
000°€- 000°%1- J300°€ 000 85~ 000° L1~ 000 T2~ 000°€c- 000°¢I ££:92:91:22 °S
000°€~ 600°€T- 000°S 000° 16~ 000°91- 000°81- 000" %2- 000°61 22:92:91:22 %
000°2- 000°6- 000° L 000795~ 000°51- 000761~ 000702~ 000° %1 9 :92:91:22 "%
000°2- 000° 1T~ 000° % 000°€H~ 000" H1- 000°91- 0600"LT- 000°01 16:62:91:22 "¢
000" 000°%- 000°¢€ 000°891- 600" ¢~ 000° - 000° 4=~ 000°9 6 :62:91:22 1
LE"HD 9¢€ "HO GE"HD b€ "HO £€°HO CEHO T€£°HD 8L HO JWIL
STINNVHI NIVILS

-191-

L.

A




000° L9811
000°L8TT
000°98T1
0009811
000°68T1
000°6811T
600°€81I
000° 0811
000°LLT1
000°6T11
000°6601
000°9001
000° 966
600°T16
000°6L8
000°64¢
0007618
000°L6¢L
000°66L
000°6S¢L
800 €44
000°5%L
000°S%¢L

000°L1%-

000°8591
000°4691
00072991
000°5991
000°8997
000°2491
006°8L91
000°6891
00079891
600°51791
000°LEST
000°0Lb1
000" LLET
000°%621
000°56T1
000°%211
0004501
000°LT01
000°TT0T
000°6%6

000°0E6

000°1¢€6

000°2¢6

000°€8G1-~
000°€8ST-~
000°69851~
000" (85T~
000°886 1~
000°£6S1~
000°86S1~
000°6091~
000°629T~
0006°9691~
000°L0LT~
0007661~
000°0781~
000°0681-
00079681~
000" 9561~
0001661~
000°920¢~
000°9202~
000" %602~
000°8%12-
000°8%12-
000°941¢-

000°0%6
000 046
006°06%6
000°0%6
0007156
000°0%6
000°0%6
000°6%£6
000°6¢6
000288
000°6¢£8
000°008
600°£L9¢
000°9%¢L
000°60¢L
000°T¢9
000°129
000° 98¢5
000°288
000°824
000°06%
000°06%
GG0° 164

000°8GI(-
000°6G61~
000°661-
000°091-
000° 191~
600°291-
0007591~
000°691-
000" L1~
000°261-
000°%02-
000°202-
000°802-
000°661-
000°661-
600 881~
000°LST-
0007€G1-
0007251~
000°681-
000°112-
000112~
000°61c-

000°6€2
000°6¢€2
000°€€2
000°0¢2
000°92¢
600°02¢
000" 112
000°€61
000" 251
000°6L-
000°L2¢-
000 TG6E-
000°216-
000°€€£9-
g00°'82L-
000°918-
000 916~
000 966-
000 4001~
000"ESTI-
000°9811-
000°9811-
000" %811~

0004062
000°606¢
000°6062
00072062
000°016¢
000°€162
000°026¢
000°6€GC
000" 4662
00070092
000°8%9¢
000°069¢2
000°¢8Le
000°2942
000°96¢2
000°2282
000°8%82¢
00078982
000°€£82
000 8982
00071982
00070982
000°6582

9G:¢Yy:91:22
Ty:L49:91:22
G2:LY:91:22
0T:¢%:91:22
$G6:9%:91:2¢
8€:99:91:2¢
€2:9%:91:2¢
L 19%:91:22
16:6%:91:22
9¢:6%:91:22
02:65:91:22
b :6%:91:22
69:96:91:22
€E€:9%:91:2¢
(1:9%:91:22
2 :155:91:22
9b:89:91:22
1€:8%:91:2¢
S1:8%:91:22
66:2%:91:22
bH:25:91:22
82:2%:91:22
21:2%:91:¢2

A
‘9L
"6
x4
B Y4
*etL
‘1L
“0L
‘69
“89
L9

'S9
%9
‘€9
“29
19
‘09
‘65
" 86
“ LS
‘96
'6S

~-192-




0007268 000°65T€E- 000°661- 00076651

. 000°€68 000°G51¢- 0007661~ 000°66S1
000° %68 000°041€- 000 T61- 00076641
000°€68% 000°6ETE- 000°881-~ 000°66ST

, 000°Te6® 000°0¢lE~ 000 £81- 00076651
000°06¢% 000°s21€~ 000 %81~ 008°8661
0007068 000°02t€- 600°081- 000 661
000°06% 000 €T1gE~ 000°9L1- 0002661
000°89% 000°901¢€- 600°0LT~ 000 661
000°68% 000°001¢- 000°991- 000 2661
000°€68 000°660€~ 0007091~ 000°£661

! 000°66% 000°880€-~ 000 €ST- 000°£661

: : 000°G6% 000°080¢€~ 000°651- 000661
000°%6%9 000" €£0¢€~ 000951~ 000°96S1
0007668 000°990¢~ 000 b1~ 000°€661
0007268 000°850¢- 000°€€1- 000°£66G1
000° 168 000°920¢€~ 000" LT1- 000°26S1
0007688 000°100€~ 000°S6- 000°06S1T
000°L68% 000°0862- 000 %6~ 000°€861
000" (88 000749882~ 000°2L- 000 8961
000" 4.8 000°2LL2- 00085~ 000" L5611
000°868 000°6¢92- 000 8¢- 000°G161T
0007068 000°TL%2- 000°2€- 000°6L4%1
000°8¢6 000°6002-~ 000° 121~ 000°€TET
000°916 0009291~ 000°681- 000°%€T1T
000°688 000°G6€ 1~ 000°61¢€~ 000°066
000" 488 000°86T1- 000°69¢- 000°6L%
60070982 00076001~ 000 €69~ 000°89¢
000°1¢€8 000°8.8- 000°86Y- 000°689

' 000°18¢L 000°99.- 000°01¢- 000°866
000°06G6¢ 000°269- 000°G6H- 000°GES

3 6007 40¢ 800°109- 000°0€G- 000°0G%
600°8¢L9 000°826~ 000°1T16- 600°G6¢
0007429 008796~ 000°85G- 000°%0¢
000° 8.8 000°%0%- 000926~ 000°262
000°604 000°66¢- 000°9L6- 000 €61
000°96% 000°90€-~ 000°£66- 000°101

. 000°L2Y 000°962- 000896~ 000°ST
000°28¢ 000°2L2- 000°005- 000°6-

. 000°92¢ 000°0L2~ 000" 9Ly~ 000°G61-
000°9¢,2 000°6%2- 000°96¢- 600°6-

‘ 000°6L1 000" Lbc- 000°2L¢~ 000" 1T~
000°T0T 000°822- 000" €0¢~ 000°¢€-

, 000" 18 000 122~ 000" 262~ 000" %~

. 000709 000°891- 000 %¢e- 000°§

, 000°0¢§ 000°691- 000°c1¢- 000°T

] 000°6¢ 000°911- 000°6€T- 000°€
000°%¢ 000°911- 000°2€1- 000 ¢-
000°61 000°69- 000°69- 000°¢
000" L1 000°T¢L- 000°66~- 000°6
000°8 000°ZH- 000°G€- 000°¢
000°01 000 S5- 000°G€~ 000°§
000°2T 000°TH-~ 600°62- 0009
000° ¢ 000°8¢- 000°62- 000°1
000°1- 000761~ 000" 9%- 000" €-

"HO 19 °HD 0%°HD 6€ "HD 8¢ "HI

ST3INNVYHDI

21:29:91:22
L9:1%:91:22
15:14:91:22
G2:1%:91:22
01:1%:91:22
$G:09:91:22
6€:0%:91:22
€2:0%:91:22
L :0b:91:2¢
26:6€:91:2¢2
9€:6€:91:22
02:6£:91:22
G :6€:91:22
6H:8£:91:22
be:8¢:91:2¢2
81:8€:91:22
¢ :8%:91:2¢
Ly:L§:91:22
1€:£€:91:22
61:28:91:22
0 :£€:91:2¢
bb:9¢€:91:22
62:9€:91:22
£1:9€:91:22
L6:6€:91:22
25:6€:91:22
92:6¢:91:22
0T:6€:91:22
6G6:%¢:91:2¢
6€:9€:91:22
H2:98:91:22
8 :9£:91:22
26:€€:91:22
L€:€€:91:22
12:£€:91:2¢
9 :¢€£:91:¢22
06:2¢€:91:22
+¢:2¢€:91:22
61:28:91:22
€ :2£:91:22
8H:1€:91:22
2g:1g:91:22
91:1¢€:91:22
T :1§€:91:22
GH:08:91:22
0€:0€:91:22
51:0€:91:22
6G6:62:91:2¢
€v:62:91:2¢2
L2:62:91:22
(£:92:91:22
22:92:91:22
9 :92:91:2¢
16:62:91:22
6 :62:91:22
IWIL

ANMITNON0CO~NMT

— et

NTIV3YLlSs

-193-




000°26¢
000°168

000 81¢£2~
000°81£2~
0000282~
000°¢c2¢£2-
000°G2¢Z-
000°62£2-
000°GEEC~
000°5%82~
000° 4982~
000 €652~
000°0962~
000° 1692~
000°%6L2~
000° 1482~
000°LT62~
000°LL62~
000°020¢€~
000°650¢€~
000°060€~
600 611€~
000°L6T¢E~
000" H6TE~

000°610T1
00070201
000°020T
000722071
000°6201
00079201
000°620T
D00°6€£01
00079501
000" %8¢
0007214

000°28S
000°THb

000°0€¢

000°L€2~
000°091-
600°2L~
000°¢€-

000°9-

000°0ET-
000°602-
000°£02-

000°6.51
000°6L€1
000 T18ET1
000°€8E1
000°68¢1T
000°88£1
000 §6€ET
000°2051
000" 8151
000 4451
000°28%1
00074061
000°GEST
000 8461
000°28S1
000°96ST
000°8091
000" 5191
000°%T191
600°2191
000°0091
000°66GT

9G:2%:91:22
TH:£L%:91:22
G2:LH:91:22
0T:2%:91:22
$5:99:91:22
8€:9%:91:2¢2
€2:99:91:22
L :9%:91:22
16:6%:91:2¢
9€:69%:91:¢¢
02:6%:91:22
b :69:91:22
6Y:55:91:22
€L:99:91:22
LY:9Hb:91:22
¢ :1%H:91:22
9H:€5:91:2¢
1€:¢€4:91:22
Gl:§4:91:22
6G6:2%:91:22
$H:29:91:22
82:2H:91:22

“LL
"9L
"6dL
“He
By
K13
‘1L
‘0L
‘69
‘89
L9
‘99
‘g9
*59
“£9
*e9
“19
“69
1]
' 8§
“LS
"9

-194-




o
~
COOOOOODOOOOO0OCOOOO0OOOOCOOOO
I
(S ] OO0 OCOOODOOO0O0OOOODOO0OOLOOOO

068"
068"
0he”
0gg”
05¢°
0h¢°
05" 1

0he”
0ge”
Ige”
0%¢”
0ge”
0b¢€"
0HE"
0he"
0ge”
0ge”
01g"
o1g”
08¢’

0c¢e
091

086"
098"
0Ll

069
029

046"
006"
06y
0ch”
09¢-”
0gg”
0L2°
042"

¢
|
1
¢
1
)¢

1
1
1
1
¢
I
1
1
|
¢
1
T
1
1
T
0
0
0
0
0
0
0
0
0
0
0
0
0

081°0C

061
6ct

090°
050"
0€0°
0€0°
0£0°

0
0
0
0
0
0
0

0¢g”
028"
06€8”
028’
08’

0
0
0
0
0

028°0

0ge
08

0
0

0gEe’0

0E8”
0ce”
6eg”
0¢8”
0¢8°
0¢8°
0ce’
0ce-”
008"
008"
0LL”
0%
0tL”
029°
0£s”
08%°
0gy”
08¢
09¢"
01g”
082"
662’
0ge”
80¢c”
081"
091"
R
001°

o DOODOoO0ODODDOOOoOCO
-~ A NN A A AN
OO0 O0OO0OO0O0OO0CO00O0O0O00O

ST°H

“ e e s e e e s e e s
O CooocooooOoO0oOOOOoOCO

0
0
0

0
0
0
0
0
0
0
0
v
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

o
"]

o e e s e
[=N-N-R-~F-N-R-N-F_¥_J

(=X -R_R-g-X-R-F-]
NNV N O NN O

OCO0OOO0OOOoOOCOO

o
D

OO0 0CO0OODOO00CO
N MM NN MO NN DO
(=K -—N-N-N-N-No¥_N~N]
L T T
[~ R === == N ]

o .

ocoo0oO (=X =] o
ot -t L.g]

DRI
1 '

oo
—tr—
1

o
(]
DOO0OO0COOO0OOO00ODOOOODOOOODOOOCOODOCOOO

(& OOOOOODOOODODO0O0O0ODODODCOOOOO0ODOOOCO0OOOD

L] O r—t -y -~

M ooo ©
X

08L° 0~
08l 0~
66L°0-
08.°0-
08L°0-
08L°0-
08L°0-
08L°0-
08L°0-
08L°0~-
08L°0-
08L°0-
08L°0-
0870~
08L°0-~
08L°0-
0LL70-
0LL°0~
09L°0-
06L°0-
0L 0-
069°0-
009°0-
0%6°0-
06%°0-
0€%°0-
00%°0-
09€°0-~
00€°0-
082" 0-
062°0-
022°0-
061°0-
0910~
05170~
CIt°0-
0.0°0-
040°0-
050°0-

050°0

STINNVHDI

£6:15:91:22
T9:1%:91:22
62:1%:91:22
0T:1%:91:22
$6:06:671:22
68:049:91:22
£€2:04:91:22
L :0%:91:22
26:6€:971:22
9¢:6%:91:22
02:6£:91:22
G :6€:91:22
65:8€:91:22
b£:88:91:22
81:88:91:22
2 :8£:91:22
LH:L€:91:22
1€:£8:91:22
61:£€:91:22
0 :£€:91:22
b5:9¢£:91:22
62:9¢€:91:22
€1:9¢€:91:22
L6:6€:91:22
2:6¢€:91:22
92:6£:91:22
01:6¢:91:22
66:%£:91:22
6£:%¢:91:22
$2:%€:91:22
8 :68:91:22
26:§¢€:91:22
L€:€€:91:¢22
12:€58:91:22
9 :§£:91:22
06:2€:91:22
bg:28:91:22
61:28:91:22
€ :2€:91:22
8H:1€:91:22
2e:1g:91:22
9T:1€:91:22
T :1€:91:22
§5:0€:91:22
0£:0€:91:22
$1:0€:91:22
66:62:91:22
£€9:62:91:22
L2:62:91:22
£€:92:91:22
22:92:91:22
9 :92:91:2¢
16:62:91:22
6 :62:91:22

IWIL

I N3 W3OV 1IdSsTIAC

-195-

P
MONMINOROTO~NMT N
—




$90° 1~

061°0-
051°0-
0ST 0~
06T° 0~
06T°0-
05170~
06T°0-
061°0-
021°0~
0210~
021°0~
021°0-
021°0-
021°0-
021°0-
0600~
060°0-
060°0-
080°0-
060°0~
060°0-
060°0-
060° 0~

0g2°0
082°0
0520
05270
0€2°0
05270
0LL°0
08L°0
008°0
008°0
0€8°0
068°0
068°0
§98°0
088°0
088°0
088°0
088°0
088°0
088°0

0ge
088

0
0

088°0

04470
08270
06L°0
06L°0
06270
06L°0
608°0
60870
028°0
028°0
0gER"0
0€8°0
0€8°0
0£8°0
0E8°0
0£8°0
0280
0cg8°0
0€8°0
0€8°0
0€8°0
0g8" 0
0£8° 0

080°0
080°0
060°0
060°0
060°0
060°0
060°0
080°

080°0
060°0
04070
090°0
090°0
060°0
050°0
050°0
050°0
090°0
060°0
090°0
060°90
090°0
090°0

069°0-
069°0-
00.°0-
069°0-
069°0-
069°0-
069°0-
01L°0-
0L 0-
06£°0-
06,70~
04270~
06L°0-
08L°0-
08L°0-
08L°0-
08L°0-
0LL°0-
08L°0-
0382°0-
08L°0-
08L°0-
08L°0-

9G6:L%:91:22
TH:LH:91:22
€2:LH:91:22
0T:¢49:91:22
56:9%:91:22
8€:99:91:22
§2:99:91:22
L :9%:91:22
16:65:91:22
9€:65:91:22
02:6%:91:22
b :169:91:22
65:55:91:22
€E:HH:91:22
L1:9%:91:22
e :HH:91:22
9H:E%:97:22
1€:€9:91:2¢
GT:£9:91:22
66:2%:91:22
bh:2H:91:22
€2:2%:91:22
21:29:91:22

LL
‘9L
YA
‘YL
Y

1L
‘0L

‘89
‘L9
" 99
‘69
“H9
'£9
'e9
“19
“09
"6S
*86

° 96
°6S

-196-




BN e et ke i e e e r— man v

000°0 000°064¢%Y 000°0€26S 000°02S19 000°0%%6G 000°0648% 000°02%6% 000°02.k€ LG:TH:91:22 "4§
000°0T80% 000°014€% ~ 000°0816S 000°0L%19 000°0%€6S 000°0L.8Y 000°062SY 000°004%¢ TH:1H:91:22 '§§
000°0LL0% 000°00.¢%% 000°0025S 000°005T9 000°04266G 000°0TB8Y 000°0126% 000°018%¢E 62:1%:91:2¢2 °26§
000°0890% 000°02.8% - 000°0%6%H6 000°06519 000°06686 000°0188% 000°081SY 000°088¢C¢ 0T:1%:91:22 "16§
000°0T80% 000°0£8EY ° 000 0SESS 000°09%19 000°0£566 000°09.8% 000°0L€5H 000°016¢€¢ $6:09:91:22 °06
000°09£0% 000°018EY ' 000°0126S 000°00419 000°01%68§ 000°0698% 000°09€SH 000°018€E 6£:049:91:2¢ 6%
000°0€L0% 000°064¢%H 000°09146S 000700619 000°0€£66S 000°0698% 000°06€SY 000°06.¢¢ €2:09:91:2¢2 8%
000°0290% 000°09.€% 000°0806S 000°02419 000°06266 000°0698% 000°0606% 000°096¢¢€ L :0%:91:22 " LY
000°0190% 000°02.5% 000°0€0SG 000°00S19 000706169 000°0€L8% 000°0£06% 000°006¢€¢E c6:6£:91:c¢ 9%
000°0950% 000°059¢€% 000°068%4 000°01H»T9 000°0668G 000°00£8% 000°0905% 000°0LbE¢E 9£:6€:91:22 '6Y
800°0550% 000°0T9¢EH 000°0%24%§ 000°0LETY 000°0€E88G 000°06.8Y 000°06LY% 000°09%¢€¢E 02:6€:91:22 "%
000°09£0% 000°029€H ©  000°018%S 000°06219 000°00066 000°0088% 000°09G6%% 000°09%¢¢ 6 :6€:91:22 "¢
000°0650% 000°0£8Ey - 000°06266 000°005T9 000°0£266 000°0.88% 000°066%% 000°06S€E€ 69:8€:91:22 “2Z%
000°0890% 000°096€% 000°05966 000°0LE19 000°09L6S 600°02T6% 000°0TESH 000°08LEE $€:8€:91:22 1%
000°0260% 000°0€8EH 600°06%SS 000°02%19 000°02G669 000°0668% 000°0216% 000°06L5¢ 81:8€:91:22 "0
000°0LE0% 000°0T9¢€H 000°06066 000°0THT9 000°00T66 000°0988% 000°008%% 000°0TLEE 2 :8€:91:22 6%
000°08T0% 000°05ECY 000°0LE6S 000°09019 000°06€6¢G 000°09£8% 000°08G%% 000°0%8¢¢E LY:££:91:22 "8¢
000°0290% 000°0605% 000°0119¢ 000°02€19 000700109 000°02L6% 000°0506% 000°080%¢ 1€:4€:91:22 “Lf
000°08%0% 000°0E9%Y 000°05%6S 000°09ET9 000°09%64G 000°0816% 800°094%% 000°080%¢ 6T:£€:91:22 "9¢
000°04£0% 000°00£EH 000°0685S 000°GTTI9 000°06066S 000°0648H 000°0%E9Y 000°092%¢ 0 :£€:91:22 °SG¢
000°0260% 000°0662H 000°0TH54 000°0TTILY9 000°05984 000°0258% 000°00T4H 000°00Gb¢E b4:9€:91:2C "o¢
000°0682H 000°0£06% 000°088bHG 000°0098S 000°068LS 000°0€5LY 000°020¢Y 000°06L%¢ 62:9€:90:22 “£¢
000°05L5% 000°08H8H 600°0L04S 000°0TEES 000°06529 000°06€£6Y 000°0TE9Y 008°0268¢ €1:9€:91:22 2%
000°0821% 000°0L8LY 000°0€£0¢€S 000°08219 000°0.T86§ 000°059Lb 000°0662% 000°028£S¢E £6:6€:91:22 " 1%
000°08/8¢ 000702195 000°0€STS 000°08886% 000°095LS 000°0£65% 000°089¢2Y 000°068%¢ 2H:6€:91:22 °0F
000°0€18¢E 000°09%G% 000°0€66%H 000°09946 000°09456G 000°0E49HY 000°06%6¢ 000°0EETE 92:6€:91:22 "6
000°089L¢€ 000°0T6%Y 000°0216% 000°0HEG¢ 000°08%56G 000°080¢%% 000°00456¢ 000°0821¢ 0T:6€:91:22 82
000°0006¢ 000°0922% - 000°0HESH 000°0921% 000°0€806 000°0280% 000°0029¢€ 000°00982 §6:%€:91:22 "L¢
000°0062¢ 000°08L6¢ 000°055¢€9 000°0696% 000°045106 000°05T6¢ 000°02%9¢ 000705282 6€£:5€:91:22 92
000°0661¢ 000°0968¢ . 000°0%%TH 000°0409% 000°0089% 000°00%L€ 000°0862€ 0007045662 92:5€:91:22 62
000°06962 000°0186¢E 000°0516¢ 000°0LE5Y 000°0926% 000°0£86¢ 000°0%62¢ 000°05952 g :15€:91:22 "%
000°05062 000°0TZbE 000°0TTLE 000°0502% 000°0602% 000°008€¢ 000°02L62 000°01%52 26:¢€%:91:22 "¢¢
000°01192 000°0691¢ 000°046¢€¢ 000°0T69¢ 000°0028¢ 000°0€21E 000°041¢2 000708512 L8:€€:91:22 “¢2
000°06192 000°0080% 000" 08EEE 000°0959¢ 000°016L% 000°0b0¢€ 000°0699¢ 000701902 12:8€:91:22 "12
000°0L1£2 000°02%L¢ 000706962 000°0Y8¢€€ 000 09L%€ 000°0L%82¢ 000°06£62 000°06402 9 :€£:91:22 "0¢
000°012¢2 000706692 000°0c882 000°0LL2¢ 000°00Ze¢ 000°0L2CL8 000°09%€2 0007006871 06:2€:91:22 "61
000706102 600°020¢¢ 000°01(62 000°00682 000°0850¢ 000°05€62 000°0€82¢ 000°0%€ERT bg:2€:91:22 '81
000°05102 000°0ELT2 000°0€042 000°0%€L2 000705282 000°0T6€2 000702802 000°02661 61:2€:91:22 " L1
000709081 000°0T261 ° 000°0L1€2 000°0%15¢ 000706492 000°0L612 000°09%02 000706661 € :2€:91:22 " 91
000°06891 000°009LT 000702602 000°069¢€¢ 0600°0TSE2 000°06€6T 000°001LT 000°06¢CET 8H:T1€:91:22 "61
000°046ET 000702851 000°09891 000°0€21%2 000700412 000°02081 000°098S51 000°08EHT 2E:18:91:22 "H1
000°09621 000700551 000°00691 000°0998T1 0060°08061 000°02HS1 000°06%€T 000°05101 9T:1€:91:22 "£1
000°0940T 000°06€5T 000°00561 000°092.1 000°0006T 000°0%T61 000°020€T 000°0%211 T :1€:91:22 21
000°0156 000°0090T ° 000°02T1€T 000°08L51 000°0LL5T 000°055TT 000°09.6 000°05L8 §4:0€:91:22 11
000°02TL 000°002¢8 000°019¢2 600°0T9TI 00070556 000 0%%01 000°08¢8¢Z 000°0%16G 0€:0€:91:2¢ '01
000°09S9 000°06€EL ~ 0600°0926 000°06%6 000°0€S0T 000°0T1® 000°0€49 000°065S 51:0€:91:22 °6

000°0169 600°091¢ 000°0006 000°0598% 000°0%901 000°050¢8 000°058¢ 000°042H 65:62:91:22 °¢®

000°0.6¢ 000°066¢ 000°0924 000°02LS 000°0566S 000°06€Y 600°0459¢ 000°010¢€ £9:62:91:22 °L

000°066¢ 000 0L8¢ 000°09€6 000°0994 00070019 000°02€% 00070514 00070462 £2:62:91:22 9

00070292 00070292 000°050¢ 000°0TI%H 000°02%€E 00070062 000°0L92 000°0691 ££:92:91:22 °§

0000022 000°099¢ 000°069¢ 000°066¢ 000°0L0¢ 000°0962 000°0122 000°00T1T 22:92:91:22 °%

000°0981 000°060¢ 000°022¢ 600°0002 000°099¢ 000°0c2gec 000°0861 000°096 9 :92:91:22 °¢

000°0TT2 000°0E6T 000°0£ 1€ 00070241 000°089¢ 000°0¢£2e 000°09%2 000°08¢L 16:62:91:22 ¢

000°0TTT 600°0€6 00070291 600°00S 000°0081 00070801 000°0€TI 000°01S 6 :62:91:22 "1

02°H) 12°HD 22 °H) SZ HD 9Z°HI LS HD 82 HO 6C°HD JNIL

SIT3INNVYHI QVO0o?

-197-




000°092¢
000°0%2¢
000°01cE
000°0%2¢
000°092¢
000°062¢

000°082¢

000°05%¢

000°0.6%

000 0956

000°02s%

0600°0LTT1
000°060b1
000°08EL1
000°06202
000°09162
000°06(82
000°0610¢€
000°0609¢
000°0E6RE
000°0201%
000°0L60%
000°0§60%

8
0
0

£866

000°0€961
000°06%€2
000°08992
000°0€L0¢
000°08NnHE
000°002L€
00°0S50%

00070682
000°066¢
00070082
000°0%¢2
000°0%42
00070892
00070292
000°06%2
000°06ST
000°016%
000°02€9
000°0098

000 °0E9T1T
000°0L95T
070891

9G6:£5:91:22
19:L9:91:22
§2:L%:91:22
0T:£5:91:22
$6:94H:91:22
8€:94:91:22
£2:9%:91:2¢
L :9%:91:22
16:65:91:22
9€:69:91:22
02:6%:91:2¢
b :165:91:22
6H:55:91:2¢
€E:HH:91:2¢
LT1:65:91:28
C :195:91:22
96:€5:91:22
1€:€%:91:22
Gl:¢€%:91:2¢
65:29:91:22
bH:29:91:22
82:2%:91:22
21:2%:91:22

-i98-




985 °96€ 1~ $90°2422-

HL9 E8ET~ £6276222-
298°0L¢1- £6276222-
L9 £8¢1- £62'6222-
298 0281~ b50°¢2Y2e-
bL9 E8ET~ 005°082¢-
HL9°€8C T~ £62°622¢-
bL9°¢€8L - £62°6222-
HL9 €8ET- £62°6222-
L9 €881~ $90°2%22-
bL9°¢8¢1~ $90°2H22-
HL9°€8E 1~ £62°6¢22-
bL9 €8ET- £62°6222~
98H°96€1- 90°2%22~
29870451~ %90 2522~
¢98 0451~ £62°6222-
298°04¢1- by 9122~
9857 96¢1- g§62°62cc-
6£2°GHE 1~ L18°0612-
966°6621~ b92° 9202~
8EH L2111~ L80°2¢81-~
02E 666~ 22L°2691-
666 618~ 290° €411~
9E0 " HLiH- 2lh 216~
§62°02¢- 686 502~
6864902~ (He 16
90€°611- 668°18¢
§Eh 8¢~ Che TLE

991" L6¢
2H6°TLE
816 °64HE
£8H°L0€
8407692
108412
ehL €61
£89°6¢
Lbe 1§
clg 21~
GEH 8E-
65059~
GEH 8E-
L2 1§
660° %9
650°%9
148°9¢
65059
LH2 1§
Lhe' 1§
650°H9
GeH 8L
GEH°8E
H29°6¢
GEYH ' 8E
cig et

96 "HD

99974492
8LH 0692
999°LL92
99974492
999°LL92
568745992
5686992
¢h0°2692
968" 9992
HG8 $99¢
bG8 5992
vG8°999¢
bG8 65992
29072692
0£2°6¢£9¢
81%°929¢
81579292
£86°L86¢
908°66¢€¢
0.6°6€1¢
26986141
6EC°6HET
68L°22Y%
1L9°%62
108°L12
£6G6°991
b6H°201
1487 9¢
660" 59
LH2° 1§
GEH " 8C
GEH 8¢
b29°62
$29°62
218°21
AR AEA
0°0
21 ¢t~
0°0
cIg 21~
GEH 8E~
£89°68-
657201
b69°201
H6H°201-
£89°69-
%65°201
660°H9~
66059~
660°H9-
LH2 16~
GEH BE-~
GEY 8¢~
A IEA S

GG HD

026°18¢L
0c6°18¢L
026 18L
026 18L
T€E 96 L
025 18L
0267 18L
026" 19¢L
026°18¢L
1€€°96¢L
1€E°H6L
£§H1°L08
£91°L08
€H7°L08
€61°208
6667618
6667618
§66°618
€HT1°L08
cLeoeL
6TL°€9S
1L9°%62
148°9¢
90€ G611~
G62°02¢€~
991" L6€E-
clb 216~
GeZ 196~
9E0° " HiH-
HGE " H8E~
991" L6€E~
§62°02€-
816 °G6HE~
668°18c-
€8y L0~
927962~
840°692-
G9E°6L1-
cl9°0€e-
219°0€2~
108412~
0E6° 04T~
€667 991~
H65°201-
811821~
£89°68-
£89°68-
L5216~
148°9L-
GEH 8E~
SEH 8E-
929°6c-
b29°62-
60

£6°HO

968°66¢

80L°89¢L-

80L°89¢L
80L°89¢
80L°89¢
80L°89¢
80L°89¢
80L°89¢
80L4°89¢L
026 T8¢

026 18¢~
026 18L-
026" 18¢L-~
026 18L-
026 18¢L~
026°18¢~
£91°L08-
£EH1°L08-
026" 18L-
cL2 0eL~
£HE 686~
0EL°86¢€~-
109°6€H-
982962~

LY2° 1§

G9€°6L1
TL9° %62
927962
beh EHe
£65°991
£66°991
£89°68

b6bh 201
AT RS

1487 9L

SEH 8E

650" %9

218 eI~
929762

%2962

$29°62

Lye 16~
b29°62-
660799~
IATARS T
660" H9-
1487 9L~
b65°201
£89°68-~
1£8°9L-
148°9L-
65059~
LHe 16~
929°62-

246 H

9€2°962~-
Heh Ehe-
bZh EHe-
bCh EHe-
c19°0¢2-
c19 08~
clg-og2-
108°L12-
108°£12~
219°0¢€2-~
108°L12-
108" L1¢-
108" L1¢-
686 %02~
LL1 261~
SIE"6L1-
£66°991-
0£6° 061~
SEH 8L -
b29°62-
%29°6¢-
929762~
1L8°9¢L
LY2°' 146
0°0
cre-ei-
0°0

1€E°96L-
1€ 6L~
1€E " H6L-
0¢G°18L-
026 182~
80L°89L-
968°66¢L-~
968766~
968°66¢L-
968°6GL-
580 €HL-
$80°€HL-
cle e~
1997 L 1L~
(887169~
c0b €69~
8LL°L29-
L06°065-
€897 L0¢-
£€89°68~
2ig 2l
218 et
52962
SEY 8L
$29°62
929°62
$29°62
c18°21
29762
GEH" 8¢
929762
c18° 21
29762
%29°6¢
IAS A4
$29°6¢
29762
H29°62
929°6¢
929°62
$29°6¢
c18- el
$29°62
clg 2t
b29°62
0°0

cl8 21~
c18 21~
21821~
929°62-
$29°62-
929 62-
clg 21i-
clg et~

06" HD

(6:149:61:22
19:14:91:22
G2:14:91:2¢2
0T:15:91:22
$6:0%:61:2¢
6€:09:91:22
€2:04:91:22
L :0%:91:22
26:6£:91:22
9€:6£:91:2¢
02:6£:91:22
G :6£:91:22
65:8€:91:2¢
$€:8¢€:91:22
81:8€:91:22
¢ :8£:91:22
LY:L8:91:22
1£:2€:91:22
§1:£4€:91:22
0 :£4€:91:22
bb:9€:91:2¢
62:9€:91:22
€1:9€:91:¢22
16:6€:91:22
2b:6¢:91:¢2
92:6§:91:22
01:65£:91:22
§6:9€:91:22
6€:6£:91:22
b2:H8:91:22
@ :9€:91:22
26:¢€€:91:22
1§:€€:91:22
12:€€:91:22
9 :££:91:22
06:2¢:91:2¢
be:28:91:22
61:28:91:¢22
€ :2€:91:22
8H:1£:91:22
2g:1£:91:22
9T1:1€:91:22
T :1€:91:22
6H:0€:91:22
0§€:0€:91:22
$1:0€:91:22
66:62:91:2¢
€5:62:91:2¢2
L2:62:91:¢22
L£:92:91:22
22:92:91:2¢2
9 :92:91:22
16:62:91:22
6 :62:91:2¢2

JuIlL

-
~
-199-

B2

D
HONMPINONOCO~NMITNOP
— et ettt —t

.

S TINNVHI 00U




H6E° 8¢ -
991 L6¢-
991 L6~
8L6°60bH-
8L6 605~
68L°22hH-
68L°22H-
£1Y°8yhH-
099669~
€12°999~
06€°858-~
L69°€L6-
L96°0601-
HI8 T0TT-
290°€611-
608 5021~
608°4%021-
89¢°8921-
bHL°2H2T1-
160°96€1-
HL9°€8ET~-
bL9°€8E T~
9859681~

8LL° 29~
996" 519~
b61°¢09-
996 " H19-
996519~
8LL° (29~
066°0%9-
€12°999-
T¢€°H6L-
062°04TT-
§H6°09H1-
860°£291-
912°6GL1-
668 5581~
95179681~
{T0°€L61-
G02°' 0961~
H92°H202-
059°8661-
L18°0612-
590°2%2¢2-
590°2%22~
b90°2hce-

GL2 6181
6L2°6181
GL2 6181
L80°2€81
£80°2¢81
11474681
8668061
LT0°EL61
00670822
999°LL92
96€°9¢80¢€
8ET 061¢
bbb 60€EE
L90°I8¢EE
L90°1E€¢
bhb 60€E
696°202¢
£b9°LB0€E
€597 [80¢
669°288¢
84570692
8L%°0692
8LH°0692

226°0L81
225 081
961°9681
8668061
0LL°T126T
T6°H€61
62876861
£2E€°8802
908°696¢€2
669°288¢
L90°T€€¢E
bH2 E26¢
€9t °149¢
86L°689¢
12H STLE
86L°689¢
£0€°L84¢
608" 585¢
608 H8bH¢
028°6LcE
6L0°921¢
6L0°921¢
L92°sTI1¢

£12°999
€12°999
c0b €69
£12°999
€12°999
£12°999
€20°6L9
LE8°T69
699°50¢
cLe oel
LEBT69
699°50¢L
H80°€HL
§G6°618
6LG°698
61.6°658
c02 1.8
HT0° 688
510588
§66°618
80L°89L
026°18L
026°18¢

6L5°GH8-
657658~
06§ 858-
06€°858-
c0e 1.8~
202 1i8-
H10° 588~
L£9°606-
9287968~
695°226-
6LG°698-
06¢ 868~
H10°988-
L69°€L6-
1927686~
LE9 606~
6Hb°cl6-
b10° 488~
928°968-
E£HT1°L08-
968°66L~
968°66L~
968°6G6L~

H65°201-
$6%°201-
9657201~
H6H 201~
90€"6T1-
gr1°821-
CHL EG T~
LLT° 261~
991 L68-
L06°066-
¢lLe o0el-
TE€EE " H6L-
H10 588~
£51°L08-
80L°89L-
197214
5617209~
868984~
2587984~
€8y L0¢~
Heh EHC-
bZH E£HE-
9¢€2°96¢-

$80°€9L-
968 GG L-
80L 89~
026°18¢L-
TEE 6L~
666618~
06¢°868-
£L0° 856~
96676621~
22L°2691~
LTI0°€L6T-
86L° 9212~
900°8L1c-
b61°691¢-
SET"101¢-
059°6661-
912 66L T~
9Ty LEGT-
91H " LEST-
£00°6801~
€H1°L08-
£61°L08-
TeEE"v6L-~

9G6:2%:91:2¢
TH:L%:91:22
§2:(%:91:22
0T:£45:91:22
$6:985:971:22
8E:99:91:22
€2:94%:91:22
L :9%:91:22
16:69:91:22
9€:6%:91:22
02:69:91:22
b :16%:91:2¢
65:9%:91:22
€€:56:91:22
L1:5%:91:22
¢ b5%:91:2¢2
96:£4:91:2¢
1€:¢46:91:22
GT:¢%:91:22
6G:2%:91:22
$4:25:91:22
82:2%:91:22
2l1:2%:91:22

YA
"9¢
‘6L
“He
R YA
K24
1L
‘0L
‘69
'89
L9
' 99
“69
‘b9
‘€9
29
‘19
‘09
65
“86
LS
‘96
‘66




006°2LL8Y LS

0GL°SEL8% ‘96
052°1998% 13

06, 8858% b

0GL €££68Y €6

06 §568% 26

0GL 89585 16

00G6°2£98% 06

06L°6568Y 6b

006°2£68% 8y

006°2068% Ly

06L°€958% "9h

000 0HEEH ‘Gh

000°6628% Thy

006°L628Y ¢y

0SL ELY8Y ‘2b

006°20£8b ‘1% P
062°65868% ‘0%

0G7°8958Y “6¢

000707585 " 8§ A
000°0888Y e

0GL°8H58b *9¢

06.°8928h ‘g¢

000°G518% “ue |
062°1908% ‘¢

062°99116 ‘2g

005 558 1€ 1
062°950L% o€

05279865 62 {
006" 21bbb 82 <

062°16€1% L &

0GL §500% 92 1

062°166L€ ‘g2

000°6809¢ he ) |
006°266€¢ €2

000°06£0% ‘22

000°GGE0€ 12 '
062" 856142 ‘02

000°69992 61

062°16E%2 ‘81

000°08.22 L1

06L°CTv12 91

06L°§406T ‘61

064785121 “H1

062792161 g1

062°9LE5T 21

000°066TT 11

000°6068 01

006°266¢ 6

062°918¢ '8

062 1€%% L

052°106% 9

06,°8L82 6

000°6092 ‘h

0621922 ¢

05271922 ‘2

00076801 1

avol 39VvVid3Ay




1
1
I
(]
o
o~
|
{
2S¢ ¥IGWAN dILS 1V INTVA WAWIXVW ¥V SIHOVIY 62 ‘TANNVHI GVO1 WAWIXVW
006" L8HY 1L J
00S°L8%% "9, 1
000°5E5b 6L
062 ThbY b
005°29%% Ry
06279955 2L
00672055 UL
006G L19% 0L
000°01TS 69
006°LT18 ‘99
062710221 L9
006 L1861 "99
652796661 "S9
00672652 59
062°165£2 €9
006°L08TE "29
000°G(55€ 19
062 1108¢ 09
062 1118 "6

000°0T09% 1




3,3 COMPLIANT LINER
3.3,1 SPECIMEN #10

TEST NO, 25
COMPLIANT LINER
1:1 LOADING RATIO
TESTED 15 DECEMBER 1977
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REACTION FRAME TEST SET-UP

Specimen #10 Test #25

. . 1:1 Load
Compliant Liner 15 Dec. 1977

CH 12-19 Load axis I.D. (Research, Inc. Model 4040).
CH 20-22, 25-29 Axial load (Transducers, Inc. Model 693-300K).
CH 50-57 (Ailtech SG 129-6S) Polarity indicates rod under tension. Lower rod shown (XX).

Dial Gages (@) - (@ wmeasure circumferential gap width at the top.
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3.3.2 RELOAD OF SPECIMEN #10

TEST NO. 26
COMPLIANT LINER
1:1 LOADING RATIO
TESTED 19 DECEMBER 1977
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REACTION FRAME TEST SET-UP

Specimen #10 Test #26

Compliant Liner 1:1 Load
19 Dec. 1977

52+ | (53+4) i 56—\ (57—)
|
2 16
25
3 22 26 15
50— 50 +
(51) 4 4 (514+)
20 28
- 5 29 13 _— -
54+ 6 12 54 —
(55+) (55-)
7 |
8 10
)
52— 11 (53-) ! 56+ ]| (57+)
~__

CH 12-19 Load axis 1.D. (Research, Inc. Model 4040).
CH 20-22, 25-29 Axial load (Transducers, Inc. Model 693-300K).
CH 50-57 (Ailtech $SG 129-6S) Polarity indicates rod under tension. Lower rod shown (XX).

Dial Cages (O - ® measure circumferential gap width at the top.
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3,4 (-X-9 MODELS
3,4,1 SPECIMEN #5

TEST NO. 32
COMPOSITE INTEGRAL LINER
1:3 LOADING RATIO
TESTED 24 FEBRUARY 1978




REACTION FRAME TEST SET-UP

Specimen #5 Test #32

1:3 Load
c-Xx-9 12" 24 Feb. 1978

52+ ] (53+4) ) 56—} (57-)
|
2 16
25
3 22 26 15 {
50— — 50 + 1
21 . 27
{51-) 4 14 (51+)
20 28
—-—— 5 29 13 —_ =
54+ 6 12 54—
2
(55+) (559)
1 7 1]
8 10
9
52— \1 (53~) ! 56+ ([ (57+)

CH 12-19 Load axis 1.D. (Research, Inc. Model 4040).
CH 20-22, 25-29 Axial load .(Transducers, Inc. Model 693-300K).
CH 30-41 (Ailtech SG 129-6S) Radial pairs 3" from top. Odd gages on Rebar
CH 50-57 (Ailtech SG 129-6S) Polarity indicates rod under tension.
Lower rod shown (XX).
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TEST NO. 32
SPECIMEN 5

C-X-8

2-24-78

300

200

100

LOARD, KIPS

0
SdIy 0807
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