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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 42

bar kilo pascal (kPa) 1.000 000 X E .2

barn meter
2 

(m
2
) 1.000 000 X E -28

British thermal unit (thermochemical) joule (J) 1.054 350 X E +3

calorie (thermochemical) joule () 4. 184 000

cal (thermochernical)/cm
2  

mega joule/m
2 

(MJ/m
2

) 4.184 000 X E -2

curie *giga becquerel (GBq) 3. 700 00 X E 4 1

degree (angle) radian (rad) 1.745 329 X E -2

degree Fahrenheit degree kelvin (K) t - (t* f + 459.67)/. 8

electron volt joule (J) 1.602 19 X E -19

erg joule () 1.000 000 X E -7

erg/second watt (W) 1.000 000 X E -7

foot meter (m) 3. 048 000 X E -1

foot-pound-force joule (J) 1.355 818

gallon (U. S. liquid) meter
3 

(m) 3. 785 412 X E -3

inch meter (W) 2.540 000 X E -2

jerk joule () 1 000 000 X E .9

joule/kilogram (J/kg) (radiation dose
absorbed) Gray (Gy) 1.000 U00

kilotons terajoules 4 183

kip (1000 lbf) newton (N) 4.448 222 X E +3

kip/inch
2 

(ksi) kilo pascal (kPa) 6. 894 757 X E 43

ktap newton-second/m
2

(N-s/
2

) 1.000 000 X E 42

micron meter (m) 1 000 000 X E -6

mil meter (m) 2.540 000 X E -5

mile (international) meter (m) 1.609 344 X E .3

ounce kilogram (kg) 2.834 952 X E -2

pound-force (lbs avoirdupois) newton (N) 4.448 222
pound-force inch iewton-meter (N-rn) 1.129 848 X E -1

pound-force/inch iiewton/meter (N/m) 1 751 268 X E .2

pound-force/foot
2  

kilo pascal (kPa) 4.78S 026 X E -2

pound-force/inch
2 

(psi) kilo pascal (kPa) 6. 894 757

pound-mass (Ibm avoirdupois) kilogram (kg) 4. 535 924 X F -1

pound-mass-foot
2 

(moment of inertia) kilogram -meter
(kg.m

2
) 4 214 011 X E -2

pound -mass/foot 
3  kilogram/meter 

3

(kg/m
3

) 1,601 846 X E 41

rad (radiation dose absorbed) *Gray (Gy) 1 000 000 X E -2

roentgen coulomb/kilogram

he(C/kg) 
2, 579 760 X E -4

shake second (s) 1 000 (00 X -

slug kilogram (kg) 1. 459 390 X E *

torr (mm Hg, 0* C) kilo pascal (kPa) 1.333 22 X E -1

The becquerel (Bq) is the Sl unit of radioactivity; 1 k I event/s.
-- The Gray (Gy) is the St unit of absorbed radiation.

A more complete listing of conversions may be found in "Metric Practice Guide E 380-74.
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-sections based on the five different types of models tested. These

models are discussed in Section 2.

-5-



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 HPa).

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 showing 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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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 if 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 printed 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 0 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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REACTION FRAME TEST SET-UP

Specimen #1 Test #113

C-Y-16 1:3 Load
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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 cor.pleted, 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 rmm)

-13-
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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.
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SECTION 3

TEST DATA

The complete set of data for the test program is presented in this

section. 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 (1ST)

STEEL LINER

1:1 LOADING RATIO

TESTED 8 OCTOBER 1977
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REACTION FRAME TEST SET-UP

Specimen #0 Test #12

I" Steel Ring 1st Loading

CH1219Ladaxs :. Reeac, ncLodla04)

C 2- Ai8 Oct. 1977

40+ (41+) r45- - n

47- 47+

(48-) 4 (14) (48+)

22-22-

t 1

12 |13 ,

42' 9 36 1 2

(43+) (43-)

4- (41-) ! 45+ (4)

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

1t' Steel Ring 2nd Loadin
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3,2 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

C2+ (53+) Ril p s -

33

(51-) O gages) 4 on (51+)

(47)

CH 50-526, and-59 (Ailtech SG 129-6S) Poaity indicates rod unde tension.-7 ro

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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REACTION FRAME TEST SET-UP

Specimen #2 Test #16
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C-Y-16 27 Oct. 1977
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3.2.3 SPECIMEN #4

TEST NO, 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
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(5w) r od show (55-)

5H 135134+-19 40a 1s 4.. 1h 2. M

-326

'~54 6.. . .. . ... . 37l 12.. . 54-nr m . . . ... . . . .. .. "



0
0

E-) I>i

Cr) Lii >- I

0
0

0

-

0

0

0

0

002 D £0 0 Do01- 0 D'E- OOFL+

-12 7-



CDC

ED LLJ - Iz ~ z z
LiQZ Y I zLDzzr

-ulJ

0 L~

UJ

C

H
C

LL



~~L±J
CD :c>z

oC)

m LLJ
wJ

0 -

C,

C)
mC>

CD

C
CU

I CD

-129-



clr)

-J
LliJ
Z0

CD z
CE:

C-,)

W CL I

~-CflLJ-Cf

U

CD L

-

C)

c-

aDC:

CD

0

I 0

0 eSdI 0 l 0L61C

-130-



z eu

CD: LLi

DUJD

L O - I F
F- U') U cr)

0

0 c

-

0

i

C-

0 H 0

-131-



zL C
z
cc:

LC)

U-) LC IC
UJ- I 0

LU0U7

0
0

ciz

rJ

r_

0Cc

02

LUl
-

C)

C

F C)

HE~OO S 001 O'S 0

-132-



7 V
C-C)

z :Dz C0

0

C)

C
ED OZ

H-=

EDl
C)

C)

CE

0n

0DLi
I I I CD

OOE. 0~ 0~ O~ 00105 0
~5IY~ 'GUj

-13 3-



Lii

z C)
CD ~ z

C-

U-L I c

C)
CD

Lii

CD

cc:

CD

cr

C

CI-

uLJ

-D

CD

-134-



-J

2 m
CDz 0

I CD

ItQ r-C
I- LfL L- IccU:

CD LUi
Ln

ED
C)

Cc

0D(L-

02

cc

cn

LU

0cc

CD

0 e 0

-135-



LU0

z C)

cr

EDLLJ I

o(n

ccZ

C

0
a>

cc

Liz
0D
CD~

C,

N

cn

I - 0

DOC O'? DH~ o1 001 OS 07

-136-



c)

cr
_J

2 0

Li_

Z

u I 0E

Z0

SC' L I c-c t
L (I- I F- -

CL)

Lfl

U

:z

2E

CD

I--

U
C:,

C -

0>

r~

LI
C:

0

r ~ ~ ~ 1 -- - -- - - - --- - - -- --- 0

DOE S~ DO Cl01 E0

-137-



Li

z 0

.2 C)
CDCD

I >c- CEC

Li Q- !

0
If)

LiJ

C)

0 M
01

Li
P-1

C

Li)

0

0
p 0

-1 38-



-J
z

CD z C

Z Y--LD ' Z
C

uc C)

LP (I- I In

~L

C, c
i

CD

CE

Lfl

CD
C,>

r~j

U)

C, C

CD

CD
4 0

001 O OR 0 1 001 05

-139-



CD C)
r\j =rCE

E:)LU r

i- i I m0
cr) LU) - I Ifl7:

U) L-)

C:)

ED
C0

0: c

ccl

r

LLIi

C)~

CUL

0:

CD

0 H 0

-140-



I. , C C , C

NN
01 00>0

- - 00000

- - 0000

on~ z I.----

11 z LL-
0 LU ZC-) -c

LU -of zz 40x CY w 1

E: uiz -Cv =) LU

C3.~~~ u UI, 0-

0L U L L LU

U n L WUO
to I-IZZ on co to. 03 cor-

0 llLw S t~~~~

1fl L..J Z~ r



CD *.4 4 *-2 al CD = 0 O 00 00 0 -4 __( Dc DC.C D= " CCD D )

'W144 c; C; -; C; C; c; C C

1-4J

-LJ

'UU

zU 'U -
'U- )N- n E c o ,oi nc z zU

W) 'nW ) nw U -4 14 1 4 -Cz

40 C.Jci l CN N N\N x lww lL U) 1AW1

CD 0

-142-



-In. 00 Sj GoI- - ' r, r. , '2 U" cj l co IA r t I w .. .4 t St IA 0 In D00 (3

L) IA N wo nI , c; r r -0S0 Dc?0co'e.c-w 0 D r' .; C 0 .nI'

I I I4 I A00 0 . O I I I-- -- AC .0Nci

I I 0 0000000000 0000000000C 1(JW n I nr)0000 L

C)C ,W I . I r0.USt00'IA0.n ou I r-
.- T 00.0 ) t -0 .0 wt 1- ,- -0 - m- t 'o00 I. IA , 0 0 I I ' a -. In0
I I 'n -4 II~I 17 - co a, I ID 1- 7, 000w.-boOI o lo0

a v a a a I

a,~~ ~ CD a> ii C>a m

'D 00000000000000 00000000000000

L - r, C); No .0 oo o Don T -Ij.0 1.0 I 0 . IA .c .0 Dr- oa.r I.0 0 - St 0' In 0l

I "' r 00000000000000000000000 000 000D

CjL) W) (NJ N.0 0 D 'IA 00a-0I I 0'.-I a.0In O OkaIA0% AIP1-

N0' Z ' 0 0 0000000000000000W .4 000 0000 r

T-00 0 00000000 0 00 0 w0 00000000000000 a Cl (Y

ad.SI .I .aI a.I .4 0~N A A-0

.. IA IA 0 I : 0 I 0: IA W-. 00 4 IA r.: 0 0' IA IA 0' 1; .I St .00
a ~ ~ ---- a a--N II~IIIII~~ N N (Ii " N N c-

a a a a a a a a a a a a4a-



o 4~ 'a r -4r n1 N NOi rn Nl CD LA 000i 'a It 10 o 0' 'a4 (70 C3 LA,0 N 0000D
4 I i '? -' w) w) 'a r Ln No co ~ a, > e % a' o-0 &n n n LA i-i o

I4 C) C) N LAD0DC C, D 0DC ' 0 C D 4 D C lCDCD. C C C D rD ))C)CDC

I I I I I I I I I I I I I I

.0000000000000000 0000 0000;

IT %D LAj co LAO 7 LA -4 N 0 LA 0' .** 0r cs- .. \. Wi 0' 0' %o LA C7 L 000 rN
i iil l )rrL Dr oo D cir INN *7Aa*N00007 NNL .7'.7.DL

PMii 111D DC C 1CD( C.4 1 DCDm 1112m =C C ) 3 C 1O1 DC

f I I I I I I I I III I I INA 0 ' N A A A " L S

w) r In * I cD ws In c I cn In in I 3"t , -t4- - 4- - 4 4 N f %t

In r r r r r T 0 r 0u 0 Ln0WI 10VI 0n wi
LA0 0 0 0 0 0 0C,0 0 0 0 0 0 0 0

.0000000000000 0 0 000 000000a-

Lii W; : 0 * O N N L ;W; r.0 a:C;0 0 4A 4 A C C

I N-47000 LA100LA-40LAL 00-. - 14-lL r.



-. .. . -.A ~

C. -4 . C 0.0(C!

.d nP" )s & )Do Df 00 000000C000007-0000r00i0%00

-. 1 . . .00. .(N.ID

* 0 0 0 0 0 0 0 00 0 0.n.i 0 0

=lr nI nW )W D r D oC y y 7 ,% D'
C! 00D 00000000000c00000000c 0000

00000;00000500000000003

%D 02 0 0 00 0 0 0 00 0 0 0 0

nA - w) A .i' w ) ir- Dno D (n A ow

I I

4 j N 2c 0 000 0 000w000, l 000D0000000 IDr 00 w0

Cl -. c 4 c 4 c M ( A

000000000000000000000000000000< C=U
x ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

w
Ez

C)E 0 0 00 000000 000c 00cow00 0 0 000 00ol 7,Vck00000Cr C o 00

CL I. . . . . . . .

cz(je i N CJ0o I



1?0 00 .- -0 0'n C'. .00 L " .- - lA LA V' 0, - " " - " pn

in m cO c0 t r LA 0.0.0NO .0.0 L LA LA' LA .r fn W)0W00 . '0D Pn N -D
.4N Pn LA r? LA0 N, 00 M 0 N W) '? LA -D r, 00W W r, '. N 00 ' N

r I" NJ ND0 LA N~ 'J' NV re) %r so 00.- N .00do00 le) W (N 7 e ' LA N o 0 '
Vn LA NJ N W) 0' N 00 - N LA - .0' NrC r-. GA t'' 00 - 01 D LA N- t 0' LA N 0

-L 47, aco oo r .T r r, .0 o o0 LA LA'' LA 2- 0'( LA 0' 0' m rlA Ln LA LA'o
.4 (-NJ fn %TLA. 000 0.. LA ? N A Pei LN l 00 N N 0 N 00W N

.0W -LA .0 ' L'? r " 0' ? 0.00'TCl N LA 00 N M0 N ) LA - In '
0' LA LA 0' N~ N 000" LA Nl LA 0' 00- N LA 00 N 00' 0 000 LA LA 00 N

Nl N ) I-' LA .0 r, 000 0.l N LA'? LA .0 N 000000 Nl 0"?

Ln C3 C - -m - - - - - - - --m4-4 C

.0 N 0' pn LA.- 0 V N a,? LA LA 0' LA 000 N 0 ...- 0'- 0 NLA 0
0'NC - 0N = 0'? ON? N -400 a- 0' In w A It N 0"? LA w. 0 In

LA 0' 00 0 0 IT 0 01 N 10 LA "I LA i N 4 0 00 cA W- 0 l inL N-L
N LA'?T LA D0 W 00 0.N LA' LA f- 0000. 00' N C

m m CD-CD- -5 - - --CD-4

.NLA N LA LA 0' '?, ON LA 0 LA .- LA -000 N 0' NO . A
N~ LA 0 0 ' wa 0 '0- a, 0'00 o00w N.000"D a, -.r .- 4-4D

W). N -'?' LA' r, 0' _ "4 N L'T LA '0 N_ 000' 00 00 LA 00' N

N 000m 000000000 00000000 0000000

(3 00 000 a,00 0000000, -D00 000 Cl I00000

-n 2 LA .0400 N Nr LA L0 0 n O' LA .I 'n LA pN 0'?' 0,
W) LA 000 0' 00? .0. L e) LA A Ln LA N - N L L L 0 L ' , cLAAL
- NLA? A 0000' ---NL'?LA-0N------LAN 0'

LA In "I N - NT Q- LA' 0 '0L 00N'000 ' U'L O?00 '0'"
LA LA LALA A LA 00'' Nn 0"? in0-. A 00N'0-

N r 000000000W)00 000 w000000000w00 000 U

LUC -Ln a ' 000000000000000N0000cl

z
LA' LA 00 LA LA 00 LA LA 00 LA LA 000w N'? N L .-.N N LA -?n I

NLA n FAL ?,ILA' ' IT '?L0 rLALA..-4 N N L.-..LALA'

NNl "IIt u, No00 , 0i W) 'L co 0'0.-N W)D 0000N?

C J W. .. . . . .. .... c,. (Y
1: 00 0000 0000 00 o00 co o c co00 00 co00G00000'''''00000

.~......... . . . . . . .

-146-



A w l)0ra,0 0 r 1-"O f l 0w ) 0rD lo-r.

'D0 Wn LA - w w L plA IT LA w CLA' 0r'c LA " LA r w LA 0' 00 r%

I I I I I I I I -N C j(jN N N N N.lj cs .- "I I

W) w (7 III I I I ID lo o o ii% io cj% na oa y

- L jr r o ,-o , LAc n WrV1- CoL 000 0 L'Dfl00 W0

,0~~~ ~~ W)0 LA 07- 4~L 0 0 '? TA .1* LA (7 r, 00 D? :t N LA LA D 00
W C)'JWN nWW)% r D n 7 L I0 'N DLA TW)r D n0 C' o CD

- ~ ~ I I I - i I .- ~ I I I - I

w)''? LA a, LA 0' w) L r- w w w l IT -t Ir N I 00 w) Nr N- u)L

%r 1 11 1 LII I~ InCj* , =r o"c - o n''L I 111 Ir c

C7' c5r- LA 1; N 00% f- oo N. f0)0 NN N- o' 00 000 LA' LA L LA rD
-4-.4- I I -4 c I- IT AL. 00'l-rs Irc wJLA m(vc f)

u? rno %r 0 w 'o%31At?- A" r Ar " 00 w o t - 4 I

LA .- L L j'Dc (.AL C a'?InLa Cou 00'?L ITA0 Ln *0
w) LA-4LAr lo %D 00 00NLA N N o lo I- .?C

(7 L00"i wA I L r0 00D1'.'? n jc C 1 %

LA- A 1. ? '. 00 0 7-007 LT tn 0 LA" 00 n r -? 7 LA -L

EA~~~~ I l - rI nL nr n -

2, 0070 LAn 000 LAA0LA "Ln0

0 - 0 L A o 0 0 . 0 o 7 . 0 0 0 o o 0 ', 0 0 A 0 ' - 0 'a L ' a ,

0- No N AL A???L 0 c'- c' 0'o - -NN'0 A ' ~L
C) . . . . . . . . . . . . .------ 4 . . . .

00'?~~~~~~~~~~ ~~~~ -' -0 -4 00 --- - ---0L--0 AL 0 A1- .LA--0 0 L AN



w
LA

I-

w

-LJ

In

C CDC3 C C C D4=4mC C C = 5 DC C C 4 C D 01 CD w
Lnc L 4 c n :)L t L n D nc cD c c3 3incDL t nLntnL 4

0000000a0or,0000000000ran0Dr 0CIO 000 00 W0lcio1 j -

> C 0L 11; 1 LA0L0LANr:ALA Z

*148



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

C-Y-16 
1:1 Load
8 Nov. 1977

5H(53+) 56- (f- s

50- -50

(5-) 4 33 30° 1 (51+)

20 3 2 1 15 i 82

54+ 54

(55+) (55-)

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 (Atiteeh SC 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 1/23

C-Y-16 1:2 Load

Without concrete studs 22 Nov. 1977

52 (53+) L56- (57-)

50- 50+

(51-) S3 1R (51+)

174

5 13 34 + ot 4o 29 1

54+ 54

52- 1 ( 53-) 56- (5-

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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r AD-A83 453 MERRITT CASES INC REDLANDS CA F/G 18/3
STATIC TESTS OF SEGMENTS OF TUNNEL LININGS. VOLUME 11. OATA. (U)
JUN 79 H C DAVIS, K B MORRILL, J L MERRITT ONAO0I-??-C-0143
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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 1)25

Compliant Liner 1:1 Load
15 Dec. 1977

CH~~ 2022 22-2 Axi6 l1d(rndcr,5n.Mdl6330)

50--204-
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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

52-153+) I 56- (5-)

CM ~ ~ ~~ 2 2022 22-2 Axa1od(rndcr,5n.Mdl6330)

50- 50--

(51-5 20 Plrt i s r ud t i (51+ )

50 ___1 34 ?96

-

54+ 6 6 ' 6 / 54--

52- (53-) I'561 5+ )

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 SC 129-6S) Polarity indicates rod under tension. Lower rod shown (XX).

Dial Cages 0 measulre circumferential gap width at the top.
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3.4 C-X-9 MODELS

3,4.1 SPECIMEN #5

TEST NO, 32

COMPOSITE INTEGRAL LINER

1:3 LOADING RATIO

TESTED 24 FEBRUARY 1978
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REACTION FRAME TEST SET-UP

Specimen #5 Test #32

CX_9 12111:3 LoadC-X-9 12"i:3La
24 Feb. 1978

Loe r53+ 56- (57-.

-22 2 1
LI

50- 50 +-

(51-) 4 331 1 51+1
2014 is 28l

54-1- 631254-

(55+) (55-1)

7I

52- (53-) 56+(5 )

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 3" from top. Odd gages on Rebar

CH 50-57 (Aiitech SG 129-6S) Polarity indicates rod under tension.
Lower rod shown (XX)0.
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3,4,2 RELOAD OF SPECIMEN #5

TEST NO. 33

COMPOSITE INTEGRAL LINER

J:3 LCADING RATIO

TESTED 8 MARCH 1978
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REACTION FRAME TEST SET-UP

Specimen #5 Test #33
1:3 Load

C2-1-9 Ld 8 Mar. 1978

52-(53+) i 56- (5-2 16

CH~~ 2222 25-2 Axia lod(rndcr,1n5Mdl6330)

5004-

(51-) 4 fso tp O ge on Rebar

5 1 534 --+ 19 4----------9 13

541- 6 7i 254-

(55+1 ) (55-

82 15-)0 6

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 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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3.4.3 RELOAD OF SPECIMEN #5

TEST NO, 34

COMPOSITE INTEGRAL LINER

1:4 LOADING RATIO

TESTED 8 MARCH 1978
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3.4.4 SPECIMEN #6

TEST NO. 35

COMPOSITE INTEGRAL LINER

1:4 LOABING RATIO

TESTED 12 APRIL 1978
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REACTION FRAME TEST SET-UP

Specimen #6 Test #35

C-X-9 12" 1:4 Load
C12 April 1978

52 153+) 56- W5-)

2 16

CH 22-22 252 axia lD. (rs ucern 2nc. Md 630K

CH 30-41 (Ailtech SG 129-6S) Radial pairs 3" from top. Odd gages on Rebar.
CH 50-57 (Aiitech SG 129-6S) Polarity indicates rod under tension.

Lower rod shown (XX).
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3.4,5 SPECIMEN #8

TEST NO. 36

COMPOSITE INTEGRAL LINER

1:5 LOADING RATIO

TESTED 25 APRIL 1978
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REACTION FRAME TEST SET-UP

Specimen #8 Test #36
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3.4,6 SPECIMEN #9

TEST NO, 37

COMPOSITE INTEGRAL LINER

1:4 LOADING RATIO

TESTED 3 MAY 1978
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REACTION FRAME TEST SET-UP

Specimen #9 Test #37

CX9 12" 1:4 Load~3 May 1978

52-(53+) 56- (5-)

CH~~~ 2022 25-2 A2ia lod(rndc1,5n.Mdl633 )

50- 50+

(51- ) 4 oso d ud 51

54- 6 5,1
39i

7 '1
5-(53-) !56+ 5+

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 SC 129-6S) Radial pairs 3" from top. Odd gages on Rebar.
CH 50-57 (Aiitech SG 129-6S) Polarity indicates rod under tension.

Lower rod shown (XX).
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3,5 VOUSSOIR BLOCK LINER

3.5.1 SPECIMEN #7

TEST NO. 38

VOUSSOIR BLOCK LINER
1:1 LOADING RATIO

TESTED 31 MAY 1978
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REACTION FRAME TEST SET-UP

Specimen #7 Test #38

Voussoir Block 1:1 Load
31 May 1978

52-153+1 56- W-

CH~~~ 2022 25-2 Axia lod(rn1cr,5nMdl6330)

5 0 i- 50

CII~ 4243 3049 (14tc SG1(-51n4odaxs21/"fomtp

32 14 155-

(50--2 e P i28ae o

5146 -i
- 

,.0e-- 19 491 29 1
4C

-747

54+ -' 312 54 -

(55+)) (556)

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 between axes 2-1/2" from top. Odd gages

on rebar.
CH 42-43, 46-49, (Ailtech SG 129-6S) on load axes 2-1/2" from top.
CH 50-57, (Ailtech SC 129-6S) Polarity indicates rod under tension. Lower rod

shown (XX).
Dial Gages - measure circumferential gap width at the top.
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D~-AO63 453 MERRITT CASES INC REDLANDS CA F/B 18/3
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