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SECTION 1

INTRODUCTION

MIGHTY EPIC was a nuclea r weapons effects test sponsored by the Defense Nu-

clea r Agency (DNA). It was executed 12 May 1976 in the U12n.10 tunnel dri ft at

the Nevada Test Site (NTS).

The eve nt was p ri ma ri ly a rad i at i on ef fects test ; howeve r , two sets of ex peri-

ments to investigate critical aspects of shock hardened and deep basing technology

were included. The first set consisted of structural models to investigate the

res ponse of new conce p ts of struc tur al des i gns to w i t h s t and  hi gh intensity shock

loading and the second set investigated the underground nuclear explosion induced

shock and ground motions across a geological media interface of tuff and quartzite.

These two experiments were loca ted near the device working point of the MIGHTY

EPIC test bed. This test bed offered the unique opportunity to shock load test

st ructures twice since the DI/\BLO HAW K Event is planned for the same tunnel com-

plex. The structures models were located in three separate drifts as shown in

Figure 1.1 . The geolog ical interface was located in a plane under layin g the MIGHTY

EPIC test bed. The experiment nieasure <ients were made in drill holes that pene-

trated down through the interface .

Th is Project Officers Report (POR) consolidates the MIGHTY EPIC compression

test data and the physical properties data for the various structures , grouts,

a nd co res tha t  were teste d by Te rra Tek , Inc., the U.S. Army Engineers Waterways

Experiment Station (WES), Flood Testing Laboratories , Holmes and Narver , an d Con-

crete Technology Corp.

Data extracted from the Terra Tek , Inc. report are containe ,d in the tables in

Section 2. The Terra Tek complete report and the reports from Fenix and Scisson

are included as appendices.

The data from the Flood Testing Laboratories , Holme s and Narver Materials

Testing Laboratory , and the Concrete Technology Corporation have been included in

total in the table in Section 2 and the labora tory data sheets are not included

in the POR.

5
S
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HF = HYDRO FRAC

ISS = IN SITU STRESS

IH = INTERFACE HOLES (DEVELCO CANISTERS )
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STRUCTURES DRIFTS /

Figure 1.1 Plan view of the MIGHTY EPIC area showing the structures and
interface drifts and the related drill holes.
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This report contains da ta on the grout and cores in the vicinity of the
experiments described in the fo l lowing MIGHTY EPIC PORs .

P0 R
NUMBER TITLE AGENCY

6949 Structures Response CASE

6950 Structures Response SRI

6951 spherical Structures AA

6952 I n te rface Ex per im ents WES
6953 Interface Ma gnet i c 53
6954 Structures Instrumentation P1

6963 In ter face Calculat i ons 

53 7



SECTION 2

STRUCTURES EXPERIMENTS

Structural models used were designed by MERRITT -CASES , Inc., fornierl y J. L.

Merritt Consu lt ing and Special Eng ineering Servic es (CASES );  Stanfor d Re search
Institute (SRI); and Agbabian Associates (A<4).

Most of the structures were designed to withstand shock pressures in the

MPa (tenths of kbar) range. However , models were placed in the drifts at three

anticipated peak stress levels as shown in the Preliminary Resul ts Report

(POR 6940-2). This was done to hedge against hi gh or low device yields , uncer-

tainties associated with structural material properties and site geological

properties . The test structures consisted of two types of composite steel-concrete
cylindrical shells and a steel-fiber-reinforced concrete spherica l shell.

Fi gure 2.1 shows the details of the structures experimental l ayout. Table 2.1

gives a description of each structure .

2.1 CASES STRUCTURES

Figures 2.2, 2.3, and 2.4 show the various kinds of structures designed by

MERRITT-CASES, Inc. The compression tests were performed on the CASES MIGHTY EPIC

Structures by the following organizations:

Ho l mes and ~arver , Inc., Materials Testing Laboratory , Nevada Test Site , P.O.
Box 1 , Mercury , ~evada 89023, tested cores of the grout in the vicinity of 13 of

the 15 CASES composite integra l structures. They did not test near C-X-9 and C—Z— 1 .

They tested adjacent to one of the CASES “X ” intersections, C-Y- 13 , and one of

CASES T’ intersection structures and in the vicinity of all nine of the CASES dome

closures. Their data are included in Tabl e 2.2.

Flood Testing Laboratories, Inc., 1945 East 87th Street , Chicago . Illinois

60617, tested 14 of the 15 CASES composite integra l structures. They did not test

C—Z-3. They tested both of the CASES ‘X ” intersections and the one CASES T”

intersection structures. Their data are included in Table 2.3.

Concrete Technology Corp. , 1123 Port of Tacoma Road , Tacoma . ~~-~ S~~ in~~t o T i  -~
,-~4. ’I .

tested all nine of the CASES dome closures, and two of t~ e CASES slabs. C-X-6/S and

C-Y-13/S. The results are included in Table 
2.2.8
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2.2 AGBAB IAN ASSOCIATES (AA) STRUCTURES

Figure 2.5 shows pictorially the type of spherical concrete structures that

AA fielded in the nine locations shown in Figure 2.1. Concrete Technology Corp.

tested the Agbabian structures and the results are given in Table 2.2.

2.3 STANFORD RESEARCH INSTITUTE (SRI) STRUCTURES

Figures 2.6 and 2.7 show sketches of the SRI built -up structures and the

iio dels fielded in the MIGHTY EPIC Event. Table 2.4 contains the Terra Tek , Inc.,

test data for the SRI structures.

2.4 TEST DATA

Table 2.2 is a consolidation of all the MIGHTY EPIC structures compression

test data . It summarizes the data from Terra Tek , I nc., WES , Flood Testing Ldbora-

tories, Holmes and Narver , and Concrete Technology Corp.

Table 2.3 shows the physical propert ies and the resul t s  ot the Flood Test
Laboratories compression tests on the CASES structures in A , 2 , and C drifts.

Tab le 2.4 s hows the types of compression and st ra in tests performed by Terra
Tek , inc., on various structures and on cores taken in the v i cinit y of the struc-

tures dr i f ts .  This table also suninarizes the physical propert ies for the struc-
tures and cores.

F)
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Table 2.1 MIGHTY EPIC structures

LAYOUT DRAW ING*
DESI GN ATION DESCRIPTION

A-X- l th ru 4 Concrete Spheres; 6 1 _ O 1T 00; 12 ,000 lb.
C—X—5 3/4” Steel , 15 ” Conc rete , 12 11 Cellular ConLrete; 8~~~7~2 ’ (3D;

80,000 lb.
C—X-5/D Dome End Closure with Cable Penetration and Vf nhole , 3/4

Steel , 15 ’ Concrete; 7,500 lb.
C-X-6 X-Intersection - Forward End-On Stub ; 19 ,000 lb.

- Aft End-On Stub ; 19 ,000 lb.
— Side—On Un it (Two stubs and center unit);
66,000 lb.

C-X- 6/S Slab End Closure ; 3,300 lb.
C—X— 7 End—O n; 3 / 41  Steel , 11 ” Concrete; 5’—1 l~.- ” 00; 41 ,000 lb.
C-X-7/D Dome End Closure-No Cable Penetration and no ~onhole;

3 ,000 lb.
C—X— 8 l’/” Steel , 18” Concrete; 7’—3 ” 00; 78,000 lb.
C-X- 9 3/4” Steel , 15” Concrete; 61 _ 7~~

5 00; 57 ,000 lb.
C—X —l O 3/ 4 1 1  Steel , 11” Concrete; 51 _ 1 l 1 2

1 00; 41 ,000 lb.
S—X —l l 2” Steel , 8” Cellular Concrete; 5 -8” 00; 27,000 lb.
C—X— 1 2 3 / 41 1  Steel , 7 ” Conc rete ; 51 _ 3T 2

11 OD ; 27 ,000 lb.
C—X—l3 3/4” Steel , 5” Concrete ; 4 — l U 2 ’ OD ; 21 ,000 lb.
C—X — 1 3/D Dome End Closure-No Cable Penetration and no Mon hole; 3 ,000 lb.
A-Y-lO and 11 Concrete Spheres; 6-0 ’ 00: 12 ,000 lb.
C—Y— 1 2 3/4” Steel , 15” Concrete; 6 — P 2 ’ OD ; 57 ,000 lb.
C—Y—l2 /D  Dome End Closure w i th  Cable Penetration and Manhole , 3/4”

- 
Steel , 1 5 1 Concrete; 7,500 lb.

C — Y - l 3  X - I n t e rs e c t i o n  — Forward End-On Stub; 19 ,000 lb.
- Aft End—On Stub ; 19 ,000 lb.
— Side-On Unit (Two stubs & center unit);
66,000 lb.

C-Y- 1 3/S Slab End Closure ; 3,300 lb.
C—Y— 1 4 En d—On , 3/4” Steel , 5” Conc rete ; 4 1 _ l l 12

11 00; 21 ,000 lb.
C-Y- 14/D Dome End Closure—No Cable penetration and Manhole; 3,000 lb.
C-V-I S 3/4” Steel , 7 ” Concrete ; 5’ —3 ’ 2 ” OD; 27 ,000 lb.
C-Y-1 6 3 / 41 1  Steel , 5” Concrete;  4 1 _ 1 l 12

h1 OD , 21 ,000 lb.
C—Y- 17 Tee I ntersection - End-On Stub; 19 ,000 lb.

— Side-On Unit (Two stubs and cent’~r unit);
66,000 lb.

C—Y- 17/D Dome End Closure with Cable Penetration and Manhole; 7,500 lb.

* Identificat ion of structure is deri ved as follows :

First Letter Designates Agency: A = Agbabian Associates; C = CASES and S = SRI.

Second Letter Designates Anticipa ted Shock Level

Third Position Designates Structures Number in Each Particular Drift

/0 Designates Domes ; IS Designates Slabs

11
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Table 2.1 MIGHTY EPIC structures (Continued )

LAYOUT DRAW I NG *
DESIGNATION DESCRI PTION

A-Y-l8 Concrete Sphere ; 6 -0” 00; 12 ,000 lb.
S—Y-l9 2” Steel , 8” Cell u lar Conc rete; 5’— 8” 00; 27 ,000 lb.
S—Y-2O U2” Steel , 6” Cellular Conc rete ; 5 -3” OD; 21 ,000 lb.
S -Y— 2 1 1” Stee l, 4” Cel lular Concrete ; 4 -10” 00; 14 ,000 lb.
C-Y—22 3/4” Steel , 312 Concrete ; 4 ’ -8~” 00; 16, 000 lb .
C—Y—23 3/4 ” Steel , 2~ ” Concrete; 4’ _ 6 1 hT 00; 13 ,000 lb .
C-Y-2 3/D Dome End Closure - No Manhole; 3,000 lb.
C—Z—l 3/4” Steel , 5” Concrete; 4 —l U2 00; 21 ,000 lb .
C-Z—l/D Dome End Closure with Cable Penetration and Manhole; 3,000 lb.
S — Z — 2 1” Steel , 411  Cel lular Concrete;  4 ’ — lO ” 00; 14 ,000 lb.
C— Z— 3 314” Steel , 2’2’ Concrete; 4’-6~” 00; 13 ,000 lb .
C-Z-3/D Dome End Closure with Cable Penetration and Manhole; 3,000 lb.
A-Z-4 through 6 Concrete Spheres ; 61 _ O 1  00; 12 ,000 lb.
S-W-l through 5 SRI Models; 3’ long; 2’— 6 00; 3,200 lb.

* Identification of structure is derived as follows :

Firs t Letter Designates Agency: A A gbabian Associates; C C A S E S  and  S = SRI .

Second Letter Designates Ant ic ipated Shock Leve l
Third Position Designa tes Structures Number in Each Particular Drift

ID Designates Domes ; /S Designates Slabs

12 
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SECTION 3

INTERFACE EXPERIMENTS

Geolog ical media interface experiments were conducted to evaluate uncertain-

ties in protecting deep underground facilities against nuclear weapon produced

ground shock. The major uncertainty is the extent of relative notion between the

two media l ayers . To better define this uncertainty, both 3ctive and passive ex-

peri ments were emp lace d ac ross the in terface to meas ure ground mo ti ons and st ress
levels. These measurements were made at three ranges from the working point.

Figure 3.1 shows the details of the active interface holes which were used in

determining the relative displacement and stress wave modifications across the

tuff/quartzite interface region.

3.1 WATERWAYS EX PERIMENT STATION (W ES) ACTIVE INTERFACE EXPERIMENT S

Active measurements of the relative displacements between the tuff and quartz-

ite med i a were made by WES at f i ve po i n ts i n eac h of t h ree ve rti cal d ri l l  ho les  as
illustrated in Figure 3.1.

3.2 SYSTEMS , SCIENCE AND SOFTWARE (SSS) PASSIVE INTERFACE EXPERIMENTS

SSS fielded a passive measurement scheme in which ma gnetic sources we re

placed in three vertical drill holes at differing ranges along a radial from the

working point as shown in Figure 3.2. The magnets were placed at intervals in each

hole, both above and below the interface . Preshot , each drill hole was accuratel y

surveyed . Residual displacements will be determined postshot by drilling adjacent

pa rallel holes and conducting a magnetometer survey.
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SECTION 4

CORES AND GROUT

Figure 1.1 shows the location of the drill holes from which the cores were

taken . Figure 4.1 shows the MIGHTY EPIC grout plan.

The physical properties, stress-strain response of the hydrostatic compression ,

triaxial compression and uniaxi al strain tests on the various core samples and

grout mixtures were perfo rmed jointly by Te rra Tek , Inc. and the Waterways Experi-

went Station. The results of these tests are contained in A ppendix A.

The Fenix and Scisson grouting report is g i ven in Appendix C. The results of

the mechanical tests and the physical properties of the core samples and grouts are

given in Appendixes A and B.

The physical properties , triaxial and unconf ined compress ion , and un iaxia l

stra ins are given in Table 2 .4  and Appendix A.
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A PPENDIX A

TERRA TEK TR-76-63 MATERI AL PROPERTIES OF NEVADA TEST SITE
TUFF AND GROUT WIT H EflPHASIS ON THE MIGHTY EPIC EVENT
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INTROD UCT ION

The Defense Nuclear Agency (DNA) nuclear test nroqram at the Nevada Test

Site requires , ainonq many things , the mechanical and physical properties of

the construction material and rock at the test loc ation. The material pro-

perties are needed primarily for the purpose of evalu atin o the potential for

successful stemmin g and containment of the nuclear tests. They are also used

in modelin g material behavior in subsequent ground motion c a l c u l a t i o n s  for

predicting and evaluating experimental proqram s .

This report summarizes material  eva luat ions conducted by Terra Tr4. over

a period of 16 months (Apr i l  1975 through JuL 1976) for 2NA Test Command .

The primary task during this period was r;+~t eria 1 ev alu+i ti on s for the Mighty

Epic event (both preshot and postshot). luff , grout, sand , concrete , concrete-

steel interfaces and steel were tes ted . Other mater ia l  ova lLat 1 0 1 5  0 11 + 1 1 1 +11 , 5’S

during this period were for 1) the “ two- in-one conce pt ” -- a proposed plan to

use a com m on tunnel and equipment for two nuclear events , 2) deter m inin o the

influence of f ractur ing on u l t rason ic  ve loc i t i es  to helr exp la in  f i e l d  se is m ic

and sonic velocity results, 3) obtaining the a ng l e s - o f - i n t e r n a l - f r i c t i o n  in

the tuft as a ~unct  ion of conf inin o pressure for use in nate r i  al ~OJ0 l m l

4) dete rr ’~iiinq and eva luat in g  met hods for ext  rac t i na  pore wo ter  fo r  subce Ii l Iel t

chemical ana lys is , 5) measurin g the e f f e r t  of hyd ros ta t i c  nressure (i .e .  i r I l in

s i ze d is t r ibut ions , cohesion , etc.) on sand-water 1i \tur rs , 6) eva lua t in u

currently used and proposed ipthods for obtain ing the e l a s t i c  modu li Ileo lOd

to determine -
~ .~ 

-. s S t ress  f rom tuff overcore so r ip les  , ond 7) ev a l uat in + i  th e

poss ib i l i t y  of resaturat inq dry t u f t  core sa r ’ n l I ’ s  f o r  o bt a i n i nc i  u’<~t e ri al pro-

pert ies representat ive ot the o r ig inal  s d t r I l t e 1  mnate r i+t l and for ev ,~lu at inn

the l i ke l ihood if w~ t e r  invasion int o co re  s+ii ’ l’ l(’s Jum - in~i the f i e ld  coring

_ _ _ _ _  - . .~~~~~~~~~~~~~ _ _



process. During the contract period , reports were distr ibuted on each of these

tasks . Al l  those reports are reproduced here as origina lly distr ibuted . As

an introduction a synopsis (in some cases , the abstract  from the report) of

the testing and analysis for each task is provided here.

~~gh~y Epic Event: The Mighty Epic event included , in addit ion to the

standard “Line-of-Si te—Pipe ” , a number of structures and an ex perin ment to

evaluate movement along a material discontinuity (this discontinuity has been

referred in the past as the “ interface ” ) . The discontinuity was a chanqe

from tuff material to a much harder and competent palezoic mater ia l .  The

structures experiment required extensive tuff character izat ion , both for

design of the experiments and to fac i l i t a te  development of a grout which

closely matched se lected tuff properties . Other structures mater ials evaluated

we re conc rete , concrete/steel and steel. For the interface exper iment, direct

shear tests were conducted to define the fr ict ional properties . Magnetic

character izat ion of core samples were a lso needed to ass is t  in anal yzing post-

shot movement at the interface.

Reports describing the above work are :

Material Propert ies for Mighty Epic Interface Experiment , June 1975 ,
TR 75-36

Some Comments on Mig hty Epic Mater ia l  Propert ies , August 1975 , TR
75-42

Phys ica l  and ~e ioi i ica l Properties of Several Grout Mixtures , August
1975 , TR 7 5 - a s

Mater ial  Properties on Samples from Mighty Epic Dril l Holes U12n. 10
UG~4 , U12n. IO UG~6,i and U12n. 1O UG~7 . September 1975 , TR 75-50

Some Materia l Properties on Core Sampi es f roi l Several Drill Holes
Relat ing to the Micm hty Epic Event.  N oveilIher 1975, TR 75-64

Some Mechanical Propert ies of C o n c r e t e .  Steel and (o ’cio t o-E t eel
Interfaces Used in Mig hty Epic Structures , July 1a7f 1 , TR 76- 14

3i



Characterizat ion of luff and Develonment of Grouts for Mighty Epic
Structures Program , April 1976 , TR 76- 21

Letters or data forwarded which were not contained in the above
reports

The report entitled “Characterization of Tuff and Deve lopment of Grouts for

Mighty Ep ic Structures Program ” is a summary of much of the Mighty Epic test-

ing and contains the average material properties of the structures region

along w i th  the properties of the tuff matching grout --  ME8-11.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
i :iaILJJLfii : The ef fect  of f ractur ing on u l t rasonic veloc i t ies in rock

have been investigated. The material was an ash- fa l l  tuff taken from the 
—

Nevada Test Site , Area 12. Fractures were generated in uniax ia l  load (corn-

pression) tests and direct shear tests . The results , in general , show the

same trend as reported in other rock types : .e. , a decrease in both the

4 p-wave ( longitudinal)  and s-w ave (shear ) ve loc i t ies  resulting f ror f racture

init iat ion , extent ion and qrowth. The maxi m um observed channe for the p-wave

was -25 percent , and 10 percent for the s-wave.

Comparison of Preshot and Posts iot Mater ia l  Propert ies at the Nevada

Test Si te for the “Two — In-One Conce pt” : This concept is one of locat ing a

nuclear event in the same main dr i f t  but several hundred feet in the portal

direction from a previous event.  The concept resul ts in substant ia l  cost

savings through reuse of a considerable amount of equip ment ~q a s sea l doors ,

cable access drifts , etc. )

Early evaluation of the concept required a close look at the tuff pro-

perties as i function of preshot versus postshot status and as a function of

distance from the working points (i .e. the properties of the preshot tu ff ,

at say 300 feet , were compared w i th  the properties of postshnt tuff at 300

I -l
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feet ). This comparison was necessary to evaluate potential “second event”

locations and insure that the material surrounding this “second eve n t ” were

effective for stemming and contaiment .

Deterniination of the_Angie -Of-Internal -Friction for NTS Tuffs: Discus-

sions with Joe LaComb , DNA Fi eld Command , and inquiries from those doing

calculations for desiqn for tunnel structures in the tuffs have led to consid-

eration of “Angle-of-Internal-Friction Models ” . I ntuitive reasoning as well

as data available indicate the ambiguity related to any estimate of angle—o f-

internal-fr ict ion for the intact tufts. This brief wri te-up is an attempt

to c lar i f y the angle—of- in terna l - f r ic t ion model for the tuffs and to help

suggest what tests might be most sui ted to provide an adequate model.

Water Extract ion from Nevada Test Site Tuffs : The hydrology of the

Rainier Mesa , speci f ica l ly  “T ” tunnel area at the Nevada Test Si te .  is of

interest to the nuclear test proqrarn. Terra Tek has been ac t i ve ly  developing

methods for extract ing water from core samples for subse quent chemical and

min e ra lo gi cal  ana l ysis. The development of consistent water data is dependent

upon both the method of water extraction and sanitary laboratory conditions.

The extraction method is criti cal since the bounded waters within the tuff

rray be extracted at different energy levels.

H,yd rostat ic Response o f a W a t e r Sat urated Sand: Mixtures of sand and

water have a number of Nevada Test Site appl icat ion s, the majori ty of which

direct ly relate to the s temming  and containment of nuclear tests.  Speci f ic

app l icat ions required knowing the ef fect  on the sand -water mixture of a hydro-

s.tat ic pressure cycle.

Mixtures were subjected to a 4 kilobar hydrostatic pressure cycle follow-

ed by measurements of the sand grain size distribution and observations re-

garding the cohesion of the mixture (i.e. existence of “welding ”).

_ _ _  — _ _
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State of Stress Effects on Labor at orLDeterrni nat ion of the Elastic

Modulus of Stress-Relief Overcores : The U.S . Geological  Survey has con-

ducted . ~~
- , stress determinations under Rainier Mesa using the U.S. Bureau

of Mines three-component borehole deform ation overcore technique. The cal-

c u l a t e d .~ 
-
~~- :, stress states are used to better quantif -~ and understand

containment phenomena. Since laboratory determined overcore elastic m oduli

are used for :11 • 1 ’
~ stress calculations, a stud y of state of stress effects

on the overcore elastic modulus was conducted . Norma l tuff overcore labora-

tory testing has involved biaxial l o a d in+ m (radial pr essurization with -~~~ = 0)

in which radial pressures of only 3.45 ‘~~a (~ a .5 bars) were obtainable due t o

sai :ple failure . Since Rainier ‘~iesa ~‘: .~ -s stresses ha -,-m ’ been calculated as

being as hi gh as 6.9 “Ta (6s~ bars), testing techn i-~ues were evaluated wni ch

incorporated axial stresses to achieve 6.9 “Pa radial pressure . M odIII us

errors caused by sanpl e nonlinearity and a sunqested lahora tory tec 1I~ ique

are also discussed .

Spp cific Moisture Retention of Nev ada Test Site Tuff s ‘~‘~l 1 stare was

reintroduced into dry Nevada Test. Site tuf f core chi ps t hr c~IiOh p lac e - ‘it in

a hi gh humidity ( 95 to 100 percent) har’ber at 1~OOfli t e l I re ra t l l r ( ’  (-23 C) and

a ti iosp. -er i c pressure (-650 mm). 7, m ini r - ’u ”i of 29 days was roll ui rod for the

dry samples to equal or exceed what was considered their .‘ - : ,  sat i r at ion

levels (these ‘ ~s ’  saturation levels were obtained fror adjacent samples).

Mechanical tests conducted subsequent to resaturation suggest that dried —

resaturated sari C l es can be used to obtain representative ma terial properties

for virgin saturated tuft .

Tuff sir’~ples , immediatel y sealed at the Nevada Test Site on rprov~ l from

a core barrel • were subjected to the same environ ment to assist in anal y zing

the invasion of the drilling water . Test results to date are inc onclusive.

ii ,
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Each report has been reproduced as or ig inal ly distr ibuted . Page numbers
have been changed for continuity in this final report.
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SUMMARY

Som e physical  and mechanical prope l- t ies have been determined for

mater ia l  in the hor izonta l  plane (along the LOS tunnel)  and above and beloc-

the working point for the Mi ghty Epic Event in Am -c a 12 at the Nevada Test

Site . These tests were primarily used for s i te  st ecl ini ng and contain me nt

evaluat ion , and most of these data wer e incl u+ti ’ i in a previo us Ter ’-a T , k

Re port, TR 75-7 (January 1975).

At the meeting at the Nevada Test S i te  IC - 1 ane l~ 75, t jrth~~ -i , m t , - r i a l

property tests  were out l ined to def ine better the “ in te r f ace ” . - lc d  to  deter-

mine the shear strength and the e l as t i c  constant - . ( r r m a i n l v  v e l o c i t i e s )  fo r

the m a ter ia l  be low the mio~king point , down through the “~~m I t c t ,~~ y ” iri t sri

below . Once these data have been obtained , a b e t t o r  r r i c t i o m i  m mm ode l f or  the

inter face and possibl e “ layer conf i g u ra t ions ” to be used fo r  calculatio ns

can be determined .
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MATERIAL PROPERTY DATA AVAILABLE

Location of Drill Holes : A first set of data were generated prim m marily

for exploratory stem imming and conta i nment site evaluation , while a second

set of data were a preliminary evaluation of the m aterial below the working

point. The drill holes from mm which sa mnt i les were obtained for the two sets

of data were : (1) Ul2n.05 tItL-i , Ul2n . lO  UG=l and UE12n ~8. and (2) U12n.lO

UG~2, Ul2n. 1O UGr3 and UEl2n =9 , respect ive ly .  T i re  ipproxim i-a te loca ’ ions of

these drill holes are indicated on the ‘~ao of the M ight-; Eni c region in the

“N” Tunnel complex of Area 12 , as shown in Figure

The drill holes Ul2n.05 UGr4 and Ul2n. 10 UG=l are non :omital drill

holes in the plane of the wo r k in i point , and UE l~ ri 8 and IJE 1 n ~~~~ .1 1 1 ’

vertical drill holes tori” the rmm e sa surface. The Ul7n .1O U G 2  and UG~3

drill holes were collared tack from the wo r 4i n q po i nt  i n  the ma in dri t

and extended downward to maH’ contact w i t h  the beds below the work ing  Ilnint.

A drill hole designate d U 17n .lO UG:5 was drilled downward , fro m t i e  t v pa ss

dr i f t  at a lesser angle than the UG=2 and UG=3 to g ive an indication of the

layering below and past the working point. No phys ica l  or mechanical  pro-

no rt ies data have been generated to date f rom this drill hole.

Tests on C o r e s :  Th e Ul2n .05 UGr4 , UlTh .1 D UG=l and UE 1 7n ~8 cart ’ s mi ’~-

ples were tested in Si’~’ t ’ ’~t-o’r 1974.  Januar y 197 5 , and December 1973 respec-

t ive ly . 2 The UE 12n 9 , Ul2n. 1O UG~2 and Ul2n. lO U G 3  core samples wei ’t ’ al l

tested in May 1975.

Te s t ’ , for this first set of data for the Ul2n.05 UG=4 . U12n.l O UG~ l

and UEl2n 8 core samples incl ude hydrostatic comim pression t ” st s , un i a \i al

st ra in  tes ts , ultrasonic velocity measurement and ph ysical p r o n ’ r ’ t v  measure-

ments as shown in Figure 2 an d Ta b le  1. Tests  f o r  the second set i~ data

- 2 -I
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for the LJE12n ~9 , U12n. 1O UGc2 and U 12n.lO U G 3  core samples include uni-

ax ia l strain tests , physical property nmeasurements and ultrasonic ve locity

umeasurements. These data are shown in Figures 3 through 5 and Table 2.

Var ia t ion  through Beds : Figures 3 through 5 have been plotted such

that the var iat ion in several of the material properties can be seen as a

function of distance along the drill hole. The different lithological beds

along the dril l hole are estimated from inspection of the cores (3), and

a re show n as dashe d l i nes on the f igures. The descr ipt ions of each “ layer ”

w e re t hose u sed at the meeting on 16 Jun e at NTS. The next sec t io n dis-

cusses the l ayers in more detail.
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TABLE 2. TABULATED TEST DATA FOR PRELIMINARY EVALUATION.
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BEST ESTIMATE OF GEOLOGIC CON FIG URAT IO~I

The geologic materials present below the working point , as indicated

earlier in Figures 3 through 5, are tuff or tuffaceous sandstone (Tt 2 ) ,

tuff and rubble , micacious schist (€wc ) and sterling quartzite (~~s).
3 The

tuff is a competent material with few fractures and little or no variation

with depth . The tufi and rubble zone is a tuff aceous sandstone containing

rubble , from millimeter to meter size , of quartzite and schist fraqlIlc -nt s .

The micacious schist laye r is composed of an uppe r laye r ( a p p r o x i m a t e l y  10

to 15 feet ) of highly weathered and fractured schis t  w i t h  reddish , s i l t - l i k e

material filling the cracks while the l owe r portion is much more competent

and contains some t igh t  f ractures.  The quar tz i te  zone contains a consider-

able amount of f ractur ino,  but most are considered t ight  w i t h  l i t t l e  or 1 1

f i l ler  mater ia l .

A plan view of the “-Hghty Epic ” site , Figure 6, showo the location

and orientation of the two cross-sections shown in Fi gures 7 and ~I , These

B’
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Figure 6. Plan View of Mi ghty Epic Site Showing Loca t ion  of C ross—Sec t i ons
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cross-sections were produced by United States Geologi cal Survey 4 and were
preliminary as of 16 June 1975. More recent data from an exploratory dri ll
hole ,4 U12n. lO UG~5 , suggests that the schist  and quartzi te layers dip to
the north (approximat ely) — - see dashed and crossed line in Figure 7 -— con-
trary to what was ini t i all y presented.
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MATERIAL PROPERTY DATA NEEDED FOR INTERFACE CALCULATION

Data Necessary : The purpose of the laboratory tests is to define the

mechanical and physical properties of the various rock units (tuff , tuff and

rubble, etc.) to then allow a recommendation of a layer configuration such

as shown in Figure 9. The laboratory tests necessary on samples froni each

of the rock units are hydrostatic , triaxial compression , and possibly other

load path tests , ultrasonic velocity measurements , and physical  property

measurements including densities and porosity. For the “interfa ce ” , diffe rent

tests will be needed to define a friction model , including direct —shear tests.

Some of these data have already been generated. Further tests are necessary ,

however , to define the average ‘ . - ‘ ‘ ‘ .1 properties , espec ia l ly  in the case of

the tuff and rubble and the upper schist zone. The tests will require special

care in preparing test samples from the “worst ” to the “best”  material  to

subsequentl y define the average and the lower and upper bounds of the mater-

ial properties.

Cores Reftuire d: A survey was made to determine what portion of the

original core samples received at Terra Tek were available for added test-

ing. Table 3 gives a list of this information. There are adequate core

samples in the tuff , l ower schist and the quartzite l ayers , but essentially

no samp les in the “ tuf f  and rubble ” and the upper schist layers. A minimum

of three 12-inch long core samples in each of these two reg ions are con-

sidered necessary to characterize the material.
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TABLE 3 . TERRA TEK CORE SAMPLE INVF N ,ORY

Dri ll Hole 
~~~ F o e  (feet) Length (inches) T~~~~ a~~l~ s

U#12N ~9 Tuff & 1436 2 none
Rubb le 1442 0 none

145 4 2 none
Schist  1481 4 1

1491 11 4
Paleo- 1509 2 none

zo i c
Ul2n.lO UGU2 Tt2 290 Il 4

Tuff & 316 3 1
Rubble 321 4 none
Schist  330 0 none

339 6 2
347 2 none
355 2 none
361 7 2
366 7 2
374 6 2
385 5 2
402 3 1
414 5 2
431 0 none
435 5 2

Ul2n. 1O UG~3 Tt 1 259 8 3
273 7 2
277 9 3
286 12 4

Tu f f &  295 7 2
Rubble 305 5 1
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PREFACE

Some comments are made wi th reaard to the Mighty Epic site

mate ri al propert i es and to the assoc ia ted struc tu res cal cu l a t i onal

effort. These comments are made after meetings at NVOO on August 1 ,

at Headquarters , DNA , August 8, and after discussions wit h Cliff

McFarland and Kent Goering on August 12.
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

GENERAL DISCUSSION

Discus sions between Ivan Sandler and Jim Johnson led to the

presentation given by Ivan Sandier at the DNA meeting on August 8.

The discussions between Jim and Ivan were conducted following the

genera l ground rule tha t a “ PW Capped Model ” would be used to fit

the Mighty Epic site tufft for the “ structure calculat ions ” . During

the discussions between Jim and Ivan , representative stress-stra in

curves avai lab le on tunnel-bed tuffs from other sites were used for

reference in the formulation of the cap model 1 . Jim indicated that

the Mighty Epic site had not yet been characterized and that more test

data would be passed on to Ivan as they became available.

The cap model was developed knowing that certain phenomena ,

particularl y those occurring after reaching the failure surface ,

would not be handled correctly. For example, the model WaS not

intended to fit the apparent loss of strength which occurs as a test

sample is unloaded via a constant axial strain path 2. (This is known

to be an effect caused by the pore pressure 3. ) Secondly, it was

intended that as more material property data for the Mighty Epic si te

became ava i lab le , the parameters in the cap model would be readjusted

to best represent the average properties of the site over the region

of interest.

There are known phenom ena that the “cap model formulated ” does

not fit , or handle properl y. These include:

I’ 3
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-- details of the elastic -limi t where crush-up begins 4, which

is complicated here by not knowing the ~ i . -
, ‘ m stress

-- the difference between the apparent elast ic  constants ot: ta ined

f ro m the seismic velocities and from the slopes of the

laboratory stress-strain curves 5, i.e. the elastic const~in ts

obtained frorli the [lonq i tudinal~ seisl”~c velocity and guessing

the shear-wave veloc i ty are “fa i red ” into the elastic constants

obtained fr~~1’1 the slopes of the stress-strain curves

-- pore pressure effects are not accounted for adequate ly 2’3

-- the laboratory stress— strain curves are not fit beyond an initial

loading (and to some extent unloaded ) cycle 2’6

-- the tensile and extension strength is not adequately hand led 7

The reason for not handling the above phenomena is probably due to

a lack of materia l property data, i-ot her than to any “shortco m ing ” of

the cap model

Some material property data on the ~ l Il l 1 t y  Epic site has been

presented previously in Terra Tek reports ’ ’ ’1 . -nrisi n q l~~. some

cores fm onl the reg ion of the structures experi m ents exhibit quite

high shear strength , up to 1.0 - 1 . 5  k ill 11h ar c stress difference at

:iulti— kil oba r confining pressures; typical tunnel—bed tuffs show
a

d~ffe ’1 ’oi e of about 0.3 kilobars at 1 kil ob ai- con fining pm-es cure

It is not clear why so ‘lany cores eoh ibit ~~ I~~S h il; n stren - it h; Joe LaComb

does not see!;: concerned with this, and I believe ;t ’ ‘ ‘ 1 - i S  that t i l t - C : ’

may be relatively “thin ” beds of this strong t u f t .



A t the NVOO meet ing, some data were presented by Joe LaCo mb

suggesting a low seismic velocity over parts of the Mighty Epic site.

I believe Joe attributes this to stress relaxation surrounding the

main and structures experiment tunnels 10. Joe indicated he intends

to conduct additional seismic surveys as well as hydraulic-fracturing

and over-coring experiments to obtain more information abou t the

-
. :: stress. The exact program he was going to conduct was not clear

from the NVOO meeting, and no subsequent discussion was held. If

this relaxation phenomenon is correct then the stresses around the

s tr uc tu res  tunnel is unknown . The :
‘

- - H t , 7 str’-ss a few feet away from

the scaled structures will not be well defined .

The “pressure ranqe ” for which the structures calculations will

be most sensitive to the mater~a1 properties (ri l it around the structure )

appears to be the follow in~ . For the sqheric al structures , c o l l a p se

i -t i ll likel y occur at h ilt h pressur es (maybe one kiloba r) if at all; for

the SRI str liI ;tur es , ~ l i1 - porous concrete will collapse at stresses as low

as about 0.1 kilobar (based on di scussions at NV O O ).  T i l e r e f o ’e , “ “ore

det ,iil ed” strength of t Ill -’ tuff and the grout around the structures

should be obtained over thr’~~e pressure ranges.

Strength of the grout (to be used around t ’i -  ~~ - t ‘ 1 ’ ’ ~~) is such

~h t t  it will rIot I11,)t, ( h  ~he str e n i th of t ile tuff ever pres~ure ranges

trIl l 0 , 1  t o  1.0 kiiob ar c U .12 Tha t is , if the m u l e  of inter na l friction

(1 

,——~~~— - --



of the grout is matched to that of the tuff in the zero to one or two-

hund red bar pressure re gi on , then the streng th of the grout at higher

confining pressures will be 1/2 to 1/3 that of the tuff (assuming the

tuff strength is about 0.3 kilobars stress difference). On the other

hand, if the angle of internal friction of the grout matches the tuff

at the higher confining pressures , i.e. 0.5 - 1.0 ki lobars pressure ,

then the strength of the grout at low pressure (one hundred bars) will

be much greater than the tuff.

The d i fferences in strength was discussed at the NVOO meeting,

an d i t was Joe ’ s opinion (I bel ieve)  that an economical (and pumpab le)

grout should be used to reasonably match the tuff. The strength of

whatever grout used would be determined , and no further effort would

be conducted to produce a “tuff matching ” grout.

it is our feeling that because of the hiqh water content in the

gr outs , the micro-mechanisms for deformati on are di f ferent than in

the tuff. In the tuffs , for example , we be l iev~ that through—going

fracture-planes occur and sliding on the fracture—plane results. In

the grout, a genera l col lapse of the sampl e occ ur~ without producing

a through -going fracture-plane. This difference in micro-mechanisms

leads us to bel i eve tha t  it i s un l i kel y that punipable qrouts (5 O~
water or thereabouts) can ever be made to match the ti ff ’ s st rength

properties over all pressure ranges.

I) I,

- _ _ _ _ _ _ _ _ _ _ _ _
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Concretes used in the structures will undoubtedly behave as other

cement-type materials do--reference, fo r exa mp le , the previous Terra

Tek report on p la i n co nc rete 13 . The concretes will undoub tedly show

increase in strength with confining pressure , collapse of the porous

matrix , and comim p leo post—maximum stress behavior. Furthermore , the

concretes are likely to be strain -rate sensitive , exhibiting maybe a

factor of two increase in strength for rapid loading as opposed to

standard testing rate loadings 14
.
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RECOMMENDATIONS

Terra TeL reco nrmll ends the following wi th respect to the Mighty

Epic Experi lllent luaterials characterization :

1 . Some added tests should be r l’m - f orl;ed to better characterize

the tuf fs fro rrr the working point out to the structures ,

and particularly in the regions of a few feet around the

structures tunnels. These tests would determine the

failure envelope and the st ress-s t ra in  response up to

about 1 kiloba m ’ ,

2. For any calculations, the mrm ost representative material

property data should he used to formul ate the paramet ers

in the cap model. This will probably not cost any more .

and w i l l  provide the best material propert ies for the

t-l ight y Epic site.

3. The qrout used around the structures should he charact erized

tI ) the extent of d e t e f I 1 r n i n l l  t he  fa i lu re  envelope and

the stress-strain response to selected loadin g s up to

about 1 kilobar. This will provide data to indicate the

dif ference between the I~ m~qut and the tuff over pressure

ranges up to about 1 kilobar .

It
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4. The concrete used in the different structures should be

characte rized to the extent of deterr lr ininq till’ fai lure

envelope , the stress-strain response , and some limited

info r’:ation on its dy nam ic (rapid loadinq ) response.

5. Sonic information should be obtained on the “bond strength

factor ” for the concrete-to- steel . This can be done

by runnin g one or two direct shear tests where concretes

used in the structures are sheared along steel plates -

i.e.. a direct shear test at several norma l stresses 15 .

It is not suggested that an extensive program be conducted ,

but that some indicat ion of bond strength be obtained to

serve as guidance for the calculators.

6. Some added ma te r ia l property tests are still needed for the

“interface ” calculation , and those proposed in Terra Tek

rt pi)I’ t TR 75-36 should be performed a~ cores bec ome

av a i lab le .



- -_-~~~~~~~~~~~~~~~~ -~~~~~~~- ._ - -~~~~~~~~-~~~

R E F E R E N C E S

1. S. J. Green , S. W. Butters , and R. M . Griffin , “High Pressure Mechanical
Properties of the Ul2n.05 and Ul2t.O2 Test Sites ,” Terra Tek Report
TR 72—19 , July 1972.

2. 5. W. Butters , S. J. Green , and A. H. Jones , “Laboratory Tests on Rocks
to Simulate Shock Wave Load-Unload Front a Nuclear Explosion ,”
Terra Tek Report TR 72-82, May 1 974.

3. J. N. Johnson , S. W. Butters , W. F. Brace , A. H. Jone s , and S. J. Green ,
“Plas ticity Theory for Partially and Fully Saturated Porous
Geolo gi cal Mate ria l s ,” Terra Tek Report TR 74-53 , October 1974.

4. S. W. Butters , “Selected Tests for Teleseis imm ic Program ,” July 1975.

5. 5. W. Butte ’s, “Determinati on of Elastic Constants , ’ Terra Tek Research
Task Report , May 1975 , and L. N . Barker , R. Lingle , and R. R.
He mi dr i- kson , “Interferometric Measurement of Transverse Strain
for Determri ination of Low-Pressure E las t i c  Moduli of Rock s . ”
Terra Tek Report TR 75-30 , June 1975.

6. R. J. Reid , “Recoverable Dilatancy on Tuffs and Sandstones . Februar y
1973 , and S. J. Green , S. W. Butters , and A. H. Jones. “Recoverable
Dilatancy Exhibited by Rocks ‘Transactions , Americ an Geop hysical
Union ,’” Vol . 54, Number 4, Anr il 1973.

7. 5. W. Butters, J. N. Johnson , H. S. Swol fs , and A. H. Jones , “Modeling
and Properties for Welded Tuff from Mt. Helen - Sandia Test
Range , q

~vad a ,” Te —~ra Tek Report 75-9 , January 1 975.

5. S. W . Butters, A. 1-4 . Jones , and S. J. Green , “Proper ties of Quartzite
frorl! Area 12 of the Nevada Test Site ,” Terra TeL Report TR 75-7 .
January 1975.

5. S. ‘~ , Butters and S. J. Green , “Progress Report One - M aterial Prop-
erties for ~1ighty Epic Interface Experiment, ” Terra I - k k’’p I r t

TR 75-36 , June 1975 , and Terra Tek letter , subject: “Response
to Request for Properties for luff Surroundin g the Mi I i I t v  Epic
Working Point , ” dated February 5, 1975 , from S. W. Butters to
Jim Drake.

Id. R. Lir lq l e , R. S. Rosso and L. N. Buchholdt , “An Invest igat ion to ~et-

ermmm i n e t 1 ie Effect of Fracture on the Ultrasonic Velocities in
Ash -Fall Tuff ,” Terra Tek Report 75-20 , May 1975.

11 . ‘
~~~. F. Brace , S. J. Green , A. H. Jones. L nd S. W. Butters . h’ t m ’ r r . r na t i o n

of the Ang le of Internal Frict ion ,” Terra Tek Report T R :5-38 ,
July ] - i 7 5 ~

12 . S. W. Butters , J. N. Johnson , and S. J. Green , “Mechanic al Behavior of

~4T~ Grout ,” Terra Irk Report TR 74-40, August 1974 .

70

L _



. ‘ — - - - - - - . ---- - - --
-~ ,~ -—-- -----—-- -- -—- --—- 

13. 5. J. Green . “Final Report - Constitutive Relations for Concrete at
Intermediate Pressure Levels .” Terra Tek Report 71-34 , October
1971.

14 . H. E. Read and C. J. Maiden , “The Dynamic Behavior of Concrete ,”
Systems , Science and Software Report 3SR-7O7 , August 1971 .

1 5. H. R. Pratt and A. 0. Black , “Strength , Defor mlm ation arid Fricti on of
5, . ,-‘ t~ Roc k ,” Terra Tek Report TR 73-68, Decemmmber 1973; and
R. S. Rosso , “Rock Strength and Joint Property Data for the
Mahoning Damn Site ,” Terra TeL Report TR 75-34 , June 1975.

71 

-- 
- -- - -

~~~
-

~~~~~~~~~~~
- - . . - . ----

~~‘



PHYSIC A L AND MECHAN ICAL
PROPE RT IES OF SEVE RAL GROUT MIXT URES

By

S. W. Butters
A. H. Jo nes
S. J. Green

Submitt ed to:

Field Command
Defe nse Nuclea r A gency

Nevada Test Site
Mercury , Nevada

Attn : Mr. J. W. LaConrb

TR 75-45
Aug ust 1975

72

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~‘ ~~~~~~~~~~~~~~~~ - ,



SUMMARY

Physical and mechanical propert ies tes ts  have been conducted on

several batches of grout supplied by Waterways Expe ril: erl t Station. The

grouts are used f ll r -taqe imnpl acer lrent and cont ainm ent of structures experim ents

during nuclear events at the ~i’vada Test Site and the grout properties are

required to insure the proper grout selection. The grouts were desi gnated

HPRM- 1 , HPRM- 2. I-IPRM-3 , HPRM-4 , HPRM-5 , HPSL-l 6, HPNS-1 and HPNS-3C .

The properties determined for the grouts at 14 , 28 and 56 day age

are : physical properties (densities , porosities , water content. etc.),

ultrasonic velocities and mechanical properties (shear str r rmq th , stress—strain

response) from t r iax ia l  compression and uniaxial strain tests.  The entire

test program is not complete and the data reported is preli m inary.

The data is report ed in the form of tables which contain the ph ysical

properties and velocities at each of the three ages (with the exception of

the HPNS-3C) and plots ShOVIin ~ the shear strength as a function of confinin u

pressure and the per l’:arIe rlt compaction resulting from uniaxial strain load-

unload tests.
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Table 1: Physical Properties and Ultrasonic
Ve loc i t ies  at 14 Day Age.

DRILL MOLE DENS 11 ~~~~~~~ ~~~
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‘ - i . m - n
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2 .J t  l o S  -‘ - “ 7 2 8 , 1  44 ‘~3 3 0 - -  I 1 m 947 8 1, 74

-4 ” - , ~~~~~ m tO 3 , 0 1  ‘7 8 4t  8t  i- . l _‘ .7  2 - - . 5,,- 502?
-‘‘ R’I- 3 2,07 1 .58 3, m r  2 ’ ,- 4 -  fl 3 , 5  1 , 5  I 6 :k-I- 447 2
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“7k”I. ’, 1 . 9,’ m oo 3 . 02 23 .9 5,’ 88 5 3 .5  4 0 ‘smo 3753
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,,1’i,~ - i  2,c) m , sr 3.35 25 .9 55 95 2.2!- .8 L8 7 2 1 3 34 :7
HP~~—3C 2. 10 m .7m -

~~~ :0 1,6 -‘ o57 5333

Table 2: Physical  Properties and Ultrasonic
Velocities at 28 Day Age .

DRILL HOLE I’S N’,’ ‘~ ~r” -~~ .s:~ ’, 7 - , ’ ,, “— ‘ ‘ S-i 1JRA~’2N ,0 C y E o - ~ V E L O C I T Y
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) .0MG SHEAR

- 
-0

- ‘‘7- ” - 2.02 I 2 ,‘ ‘ -: - 7 - - 2 , 2  2 , 8  10 .  ‘ ‘  ‘tO o
HPRM -$ 7 1  5 3 0 1  o m .Q 1- 3 3 3  1 7 7 7  11 , ’’ ‘ 1 ’
HPRM- 3 7 . 0 8  “ ‘ 1! 27. 7 4- i- -- 1 , 5  8 ,5 7 1  I , ” 7 7-

‘IPR M-4 r. -~ 
- 

~3 3 5 22. -’ 50 1’  4 5~~~~~~~, 5  3 - 7  3 , . ’ ’ , s  4, ’ ’ -
--1 ‘ 4-  3 . 3 2  _ ‘ 4  52 : .~ 0 1 ,8 

- ‘ ‘2 7
H PSL-16 I - -~ ‘ ‘o 4 .7 ,0 - 1  ‘ 3  3 , 7 2 4 2. 7 ‘- . 103 ‘‘17

~~4 S - )  2 . 0 5  - o m  m . 3 5  5 7 55 0 , 2  ~0 2 5 7 , 5 1

Table 3: Physical Properties and Ultrasonic
Velocities at 56 Day Age .
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PREFACE —

Mighty Epic pretest planning require material properties for both

shock wave propagation and rock/structural interaction calculations. In

response to this requirement , Terra TeL has performed testing and reported

properties in the following reports:

Progress Report I — Material Properties for the Mig hty Epic
Interface Exper inient TR 75—36 

- in ation of Coefficient of Internal Friction TR 75-38

~-oI”O Commnents on the Mighty Epic Material Properties TR 75-4

i ’y si cal and ‘- !m h anic al Properties of Several Grout ‘1ixtures
(‘r ’l imi nar ’,’) T~ 75-45

Testing is contin uing and prope rties frOl : t o e  Ul ’ n .lO UG “4 , Ul ?n ,lO

UG “6a and U1~ n .lO UG “7 core saIl’[3lcs are included herein.

7u
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INTRODUCTION

Material properties have been determined on core sanmp les froIll three

drill holes in the Mighty Epic reg ion at the Nevada Test Si te , Mercury ,

Nevada . The testing was conducted on core samples  from d r i l l  ho les  U l 2 n . l O

UG “4 and P12n.10 UG “6a , which are both located in the structures area as

shown in Fi gure 1 , and Ul2n. 1O PG “7 which is in between the bypass dri f t

and the main drift and was drilled toward the working point. All three of

the drill holes 2ir~’ in the horizontal plane of the workin g noint.

The mater ial  propert ies measured are physical  propert ies (as- rece ived

densit y, dry density , percentage water and etc.) and long itudinal and shear

velocities. In addition to tests for measuring the e rl’ianent volu me coi~’-

paction resulting from compaction in uni aA ia l str a in t o  4 ki lobars lateral

s t ress ,  further Ill echani cli characte rizations we re obt ,iined throu qh tr i ax i al

compress ion tests. The confining pressures ranged from 0 (unconfined com-

pression) to 4 l . ilobars but concentrating on the 0 to 500 bars ranqe .
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TEST RESULTS

The Ul2n. l O UG #4, U12n.lO PG #6a and Ul2n.l0 PG “7 drill hole samples

phys ica l  properties , permanent volume compaction and ultrasonic velocities

are l isted in Tables 1 , 2 , and 3 respectively. Selected physical and

mechanical properties have been plotted vs. the drill hole footage for each

of the three dr i l l  holes in Fi gures 2 , 3 and 4. The data has been plotted

in this manner wi th the intent of indicat ing average properties (dashed

l ine ) and the amount of scat ter  in these propert ies as a function of drill

hole footage.

Individual test curves plotted as ax ia l  s t ress vs .  volume change and

stress dif ference vs.  confining pressure are contained in the appendix.

Uniax ia l  s t ra in  tests curves for samples from drill holes U 12n. lO PG “4

and Ul2n. 10 UG “6a were plotted as axia l  stress vs. volume change such

that the constrained modulus could be sca led from the slopes of the curves.

The U12n. l0 PG “7 test data is plotted in the usual manner —- m imean nor mm ial

stress vs .  vo l ummme change.

The detailed tr i axial comupression tests on samples 257 feet fromii

Ul2n. 10 PG “4 and on the sample at 116 feet from Ul2n. 10 UG “6a are shown

in Figures 5 and 6. These results are plotted as stress di f ference vs .

confining pressure through the confining pressure range of 0 to 100 bars .

The samue data is extend ed out to a conf in ing pressure of 4 k i lobars in Figure

7 and plotted as stress dif ference vs.  ax i a l  shortening in Figure 8 for the

test at a confining pressure of 50 bars .

_ _ _ _ _ _ _ _ _ _  -
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Table 1. Physical Properties , Permanent
Volume Compaction and Ultrasonic Velocities

on Core Sanmp les fromim Ul, ’ m m . lO PG o4
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Table 2. Physical Properties , Permimanent
Vo l ume Commm pact ion and Ultrason ic Veloc ities

on Core Sam ples from u Ul2n. 1O PG ~6a
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Table 3. Physical Propert ies , Permanent
Vo l ume Comnpactfon and Ultrasonic Velo cities

on Core Samp les from P1211.1 0 PG ~~7
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DISCUSSION

The material properties show trends expected as the various litho lo-

g ical beds are penetrated by the dril l holes. However , the Mi ghty Epic

regions portrayed by the UG “4 , PG “5-a and PG #7 drill holes , on the

ave ra ge , indicate higher as-received densities , shear strengths and ultra-

sonic velocities (Figures 2, 3 and 4) than “typical” ash fall tuff 1 ,2

The porosities , air void contents and water contents are about the same .

The triaxial compression tests on the two samples from PG “4 and PG

“6a (Figures 5—8) were for the purpose of estimatin g the tuff failure

envelope for comparison to grout mixtures. The difficulties in producing

a “ tuff matchin q ” grout is in matching the failure envelope over a range

of pressure . The grout tends to show l ower strength increase with pre s-

sure than the tuff .

Additional t l - i axia l compress ion tests are planned on selected samp les

to further charac ter ize the tuff material  in the immediate v i c in i t y  of the

structures experiments.
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BACK GROUND

In preparation for the Hiohty Epic event at the Nevad a Test Site ,

several studies have required Illaterial properties for the surrounding rock .

media (tuff) and severa l grout mixtures. The tuf f  material properties de-

termined thus far have been from several drill holes 1 be qinn~nn with initial

exploratory dr i ll holes to more recent drill holes in the l I- Il- ediate vicinity

of the workin g point and the structures studies. Material properties of

severa l grout mixtures 2 have also been de termi ned.

The m aterial properties determined have been ph ysical nropert ies (as-

received density , dry densit y , grain density , percenta ge ~iater , noros ity ,

saturation and air void content), ~echanic al properties (shear strength as

a function of confinin g pressure), ultrasonic long i tud ina l  and shear veloci-

ties Und other oronerties such as the air void content estimated fror, the

peIn-Idnen t c n r / n , i c t  ~on of the unia r ial s t ra in  load-unload

The ‘i qit y Epic re lated  renorts d i s t r i b u t e d  to date 2 re as follo ws :

Pro perties of Quart :ite II.fl,.~ Al -ca 12 of t h e  N e v ~ d 1 Test S i t e .

TN 75- 7 , Janu~ 1’ v. 10 75 .

2. Prooress R1 nort - s t e r ’ a l  Prope rt ies fo r ‘ i’ ihtv En ic Expel/ r ent .

TR 5-36 , Junc , 1075.

3. b et i — r’ -- - l na t io n  of the ~nq le o~ 1n rnal F r i ct i o n .  TR 75 -3 5 , Ju l y ,

1975.

4. Prou res s Re po rt I — ‘- i qh t  A’ Epic t r ial f l c~ y~rt irs . TR 75— 37

1975.

5 . ‘n1s i c a l  ‘..nd - ‘k c h U n l c a l  Propert ies of Sev e r s i  Nr~ s t  ~ / x t u r e s ,

TR 75- 5, Au gust , l~ 76 .

6.  Proe res s Report III — ‘- I t r r i a l  PrOP I ’rt ies ri Sar ’nlrs from ~‘ i o h t v

Ep ic Orill Holes U17n . l0 1/- , Ul~’u. l ’1 UGC6a and U1. ’ n .lO UGA 7 .

TR 75—50,  Sent  1. / I c . 1 ~75 .

I US
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INTRODUCTION

As a continuing effort to determine material propert i es for s i te

eval uat i on and develo pment of mater i al models for sub se quent use i n ground

motion ca lcu lat ions , tests have been conducted to determine physical and

mechanica l properties of tuff and grout relating to the tliqhty Epic even t

at the Nevada Test Site. The purpose of the laboratory testing program has

been severa l fold: 1) initial evaluation of the global material properties ,

2) development of material models for purposes of predicting stemming and

conta i nment, 3) prediction of the response across a soft to hard interface ,

4) determine if the material properties are a function of distance from the

tunnel wal l  ( th is question is related to the seismic veloci t ies obtained in

the f ield ) and 5) to insure a proper match between the tuff properties and

the emplaced grout properties surrounding the structures experiments .

Core samples were tested from the fol lowing dril l holes :

UEl2n #9
Ul2n. 1O UG#7
Ul2n . lO ISS#l
U1 2n.lO ISS~5U12n.lO HF#2
U12n. 1O HF~4
U1 2n.lO A Structures
U12n. 1O B Structures
U12n.lO C Structures

The locat ions of these drill holes are shown in Figure 1 . Grout mixtures

tested were designated :

ME8Ø1
ME802
ME 804
ME805
ME806
MES Ø 11

111 
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The tuff and grout data are reported in tabular and graphic form

followed by a d iscussion which specif icall y addres s es the question of the

material properties of the tuff as compared to the properties of the grouts .

S UEI2n *9

HI 2

w c’ HF4 MIGHTY EP I C M1~IN DRIFT TO PORTAL
55. ~~~~~~~~~~~~~~~~~~~~~~~~~~~

— 

UG.7
— 

— BYF~ SS DRIFT

/

/
‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
/

Figure 1: Plan view of the Mighty Epic area showing the drill
holes from which core samples have been tested .
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TES T PROGRAM

As discussed in the introduction , the pur pose of the core sam p le

testing was se veral fold. The types of tests , therefore , varied accord-

ing to the purpose for which the data was intended . For exam ple , the Ul2n.lO

ISS#5 dr ill hole samples were subjected to triaxial compression tests since

the shear strength of the material is important for the structural tests .

The types of tests conducted on the subject dr i ll hole samples and

the grout are listed in Table 1.

TABLE 1

Terra Tek Laboratory Test Program on Tuff and Grout Samples
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TEST RESULTS

TUFF

UEl2n #9 Drill Hole Samples: The physical properties , uniaxial strain

permanent vohine compaction and ultrasonic longitudinal and shear wave

vel ocities are listed in Tabl e 2. The un i ax i al stra i n test curves are shown i n

Figure 2 and the unconfined compression results in Figure 3.

Ul2n. lO UG#7 Drill Hole Samples: The hydrostatic pressure-volume strain

response is shown in Figure 4. The stress difference versus individual

strains for the triaxial compression at pressures of 0, 0.5 and 4 kilobars

are shown in Figures 5, 6 and 7, respectively. The strength of the core

samples at these three confining pressure states are replotted in Fi gure 8 and

indicate the failure surface for these materials. The physica l properties ,

hydrostatic compression permanent vol ume compaction and ultrasonic longi-

tud ina l and shear wave velocities are listed in Table 2.

U12n .lO ISS#1 Dr ill Hole Samples: The uniaxial strain test curves are

shown in Figure 9. The physical properties , un i ax ial stra in permanent

volume compaction and ultrasonic l ongitudinal and shear wave ve l ocities are

l isted in Table 2.

U12n .lO ISS#5 Drill Hole Samples: The hydrostatic pressure——volume strain

response is shown in Fi gure 10. The stress difference versus individual

stra ins for constant confining pressures of 0, 0.5 and 4 ki lo bars are shown i n

Figures 11 , 12 and 1 3, respectivel y. Aga in the maximum stress differences

obtained at these confining pressures are replotted in Figure 14 to indicate

the failure surface for the material. The physical properties , the hydrostatic

compression permanent vol ume compaction and ultrasonic longitudinal and shear

wave veloc ities are listed in Table 2.
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U12n. 1O HF#2 Drill Hole Samp]:~~~ The un iaxial strain test curves are

shown in Figure 15 and the physical properties , uniaxial stra in permanent

volum e compaction and ul trasonic longitudinal and shear wave velocities

are l isted in Table 2.

Ul2n. lO HF#4 Dr ill Hole Samples: The uniaxial strain test curves are

shown in Figure 16 and the physica l properties , uniaxial strain permanent

vol ume compaction and ultrasonic longitudinal and shear velocities are

l i sted i n Table 2.

Ul2n.l O A, B and C Structures Drill Hole Samples: The uniaxial strain

test curves are shown in Figure 17 and the phys i cal prope rt i es , uniaxial

strain permanent volu me comp act i on and ult rason i c longitudinal and shear wave

veloc ities are listed in Table 2.

TABLE 2

Physical Properties , Un i ax i al Stra in Permanent Volume Com pact ion and
Ult rasonic  Wave Veloc iti es on Ind i v i dual Tuff Samples Tested
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Figure 2a: Iiniaxial strain tests on UEl2n a9 core samples ——
mean normal stress versus volume chanqe.
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Figure 2b: Un iax ia l  s t ra in  te sts on UE12n#9 core samples ——
stress difference versus confin ing pressure .
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Figure 10: Hydrostat ic compress ion tests on U12n.10 1SS~5 core sam ples
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[ I I - - —

4 265 ‘- 41

2~~~~~~~~~ ~~~~e2 ‘
~0 

.5

0, \

4 I ,

\\ I /

f • I 4 ‘A

‘, $ ...~~
_ , ‘~~~~f

A 

,~~i , 0 F 1 1 ’.F 
•

‘ 4 1 ’ A  ~. 

~~~~~~~~ _ U

Fiaure 11 : Unconfined compression tests on U12n.1 0 ISS#5 core samples
-- stress difference versus individu al strains.

I 2

_ _  _ _ _ _ _



- -

01 r 

I 

T_

U1
~:~

1
~

A 11 I

a , 4 26 NC DA lA
5 . _li

1/

-- 
//

0.2- 4 \\~_ -

K 

N
I,. -

.

I ‘

04- 

1 ‘ .0 ~/~
•
~~~o~~~~:
‘I’ S ‘IA C

S 109.4 - N -
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Figure l7a : Uniaxial  strain tests on Ul2n . lO A Structures (3] feet) ,
B Structures (25 feet) and C Structures (30 feet) core samples --

mean normal stress versus volume change.
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GROU T

ME8O1 Grout Samples: The hydros tatic connpression and uniaxial strain

test curves are s hown in Figure 18 wh i le  the stress difference versus the

individua l strain curves for the triaxial compression tests are shown in

Figure 19. The failure surfaces based on the triaxial tes t data for the

d i f fe ren t gro u ts teste d are show n at the end of th i s grout sect i on.

ME8Ø2 Grout Samp les: The hyd ros ta t i c corspress i on and un iax i al stra i n

test c u rves a re show n i n F i gu re 20 wh i l e  the st re ss d i f fe rence vers us the

individual strain curves for the tr iaxial compression tests are shown in

Fi gure 21.

M[8~4 Grout Samp les:  The s t ress d i f fe rence versus the ax ial an d t ransverse

strains for the unconfined compression test is show n in Figure 22.

MEUO 5 Grout_Sa mp l e s :  The hydrostat ic compression test resul t is shown

in Figure 23 whi le  the stress d ifference versus individua l strain curves for

the t r iaxial  compression tests are show n in Figure 24 .

t1E806 Grout Samples: The stress difference versus individual strains

for the unconfined compress i on tests i s show n in F i gure 25.

N1E8~ll Grout Sa mp les:  The un i ax i al s tra i n test cur ves are shown i n

Figure 26.

The p hys i cal p ro pert i es , hydros tatic compression and uniaxial strain

permanent volume compactions and ultrasonic longitudina l and shear wave

veloc i t ies are listed in Table 3 for all of the six grout mixtures .

The maximum stress difference ( fai lure surface) during the tr iaxia]

compression te’ ts on the various grout mixtures is shown in Figure 27.
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As a note , the grout data shown was obtained from tests conducted at

the fo ur teen day agi ng po i nt of a l l  of the g rout m i xtures .
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Figure 18a : Hydrostat ic compression and uniax ia l  s t ra in  tests on ME8 01 rout
saiop les - -  mean norma l stress versus volume change (14 day age).
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st ra ins  ( 14 day age), see Figure 19b for entire test curves .
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Figure 20b: Uniaxial strain test on MEBØ2 grout s ample --

stress di f ference versus confining pressure (14 day age).

131

-- — - -.- . .  -_- - ,_  —--~~~~~~~+ ---- -- _-
~~
. -- - . - A- - -- - ---- - - _—



_ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _  

‘I ‘,~4 01, ’ /

‘2 7’

14

- 
2

14 . 
—

A

‘
CS I

,
I I

— — - A - A A . - - -- 
- I )  5 )  30  4 0 14 4- 82  90A_ IF .2 ’ .21

S’~ o.- 

Figure 21: T r iax ia l  compress ~~~‘1 tests on ‘iL~ ç~2 arout sample - -stress difference versus indi vidual s-trains 1 1 2 day age).

- ‘~~~~~~~ _~~~ -I 0 _ 3

‘
- .3

Fi gure 22: Unconfin ed coI I’pre ss j0iI) t - -- c ~ or ~ [0~~2 qr o , - 4 -  sampl e --stress difference versus indi vidu al strai ns (1$ day age).

I ~2

_ _  _ _ _ _ _



- -~~~~--
. -- . -. - 

~~~~~~
- —-

~~~~

V p  -o .’ -

- .01

3

.7 5.

-CS

L A -. - - - -
CU ‘A l A

Figure 23: Hydros ta t i c  c ni ’ lpress ion test  on ,~~2(’ 1 
~~ 0IIt samn ie - -

- T - .’ I2 t l nin g pres sure versu s volume change (~~1 day age).

+ 

-

~~ ‘- 0~

/

I ~~~~

0 - ;
’ ’

. / 1  -

I ‘ /

L~ - “ - ‘ A  

‘~;1’ 
:::0~~::~i - - ,:.

Figure 24a : Low stres s-strain portio ’~ ~ f tbr tri axi a l compressiort4 )~- t ’ 2  on “~f - ØI~ grout sa”ples -- stre~,~ di f fer ence versus individualstl - .Iin s (14 day age) ,  see Figure 24b for entire test curves.

I 33



-

I I . . —

1 ME80 14 ~ 6 - — 6
4 4

~~ 
2~~ - 35 KBAR~ 

I 

~- 
3o~~’ I0 ’5 8~~ , 

- \,_ /
43T3 - OOK BAS RS P 

//
0 5~ (BARS II 60 0)0 A <B.2RS \ 

/
H I

Is- / I
0, I 

H

NOTE I
0IFO EPE ‘AC E
IN 3 1 A _ 3 7~
SC A L E  I -

- . . -  A

T R A N 3 ~~E11 SE 
• A S I A L

I RA I N %

Figure 24b: Tr iaxia l  compressi on tests on ME8Ø5 grout sa mples ——
stress difference versus indivi dual strains (14 day ane), see
Figure 24a for low s t ress-s t ra i n  response.

r - - 

~~~~~~

—-- - - -  - 

YE ee 6

I 
-

0.2

n 
~~

AS

V. 

L~ - 
C 1.0

TRANSVERSE A XIA l
14 ’  RAA N ‘1,

Figure 25: Unconfined compressi 1n tests on [~~1- grout sampl e - -

stress difference versus in dividua l strains (14 day age).

134

- . ----- ---~~~~~~~~~ — - - - -- - .- - - -- - -~~~~~



~ ~~~~~~~~~~~~~~-~~~~~~~~~~~~~~~~~~~~ - -

I I 1 - ‘ - - I

4 -  ME Al .’
p ~~~~~~~

‘ i / 1  
2

:1 
- - - I

I /

A 7
/ 

/

- 
/ /

7 /

- t I - I - - I J ..J
i 4 ¶1 4-P

IMI : I I 2 , N - 1  . 2~

Figure 26a: Uniaxial strain tests on NIES~ l1 grout sample — -  niean
norma l stress versus volume change (14 day age).

I - I -

O P DI
- 1 4 . 2 1 .2 ~. . \

I C •

‘~ A ’ ~~ . , I . ’ - , A, . U

Figure 26b: Uniaxia ]  strain tests on ME /Ill] grout sample -—s t ress
difference versus confining pressure (14 day age).

1 3 S

— -  - . - - - - - - - .~~~~~~~~~~~



.~ .21) AAI  I 14 - - - - 4

~ IO~ 
: 

.~~~I

ME 8QA

~ 0 ’ ;  . .1.1( 112 A,

~~ VMF I A ~~~

~ 

I ,l~~ 6 

- - 
-

~ 
- - -

p ’Nf  N 0 9 P .  PRESSURE , ‘
~ 

. IIAH’A

Figure 27: Failure env-’lmIe based on the t r i ax ia l  compression tests
on MI/ Il~ , ME/Il? and f l [/ Ø~ ro u t  samples (1-5 day ane ) . A lso ~4 o~v i  is
the unco nfi ned coiI~p,-rss ion t I- ~ t ~ on ~lE/Il4 and ‘~E ? i - 

-

TABLE 3

Physica l  Po lls -c t les , }-1ydro~ t a t i c  CoC I p r ess i t l I l  and Un iax ia l  S t r a in
PerCanE-r i  t Vol UTIlO COI-lnac ti on and Ul tra so n i c i- .uve V e l o c i t i e s  on /1-rut Sanlill es

i l11I~~ L 0 - , N ‘ 3  ~~- s - c ~ ‘I., .5.2 4 Al 4 1 4 3 0 5 1 13  SATURAt ION % AO3LC % YEAS V ELOCI TY
03 AC I ‘-o 0~ ICR PEPMA’A NFN Il/le.

HECECV F L . 7 0 /  50.1, N INC .01 /1 7)3 C - 1MP L1 ’N SHEAR

5 1 /  - A ’ , I A _ I  - N I ’ . II A ) 3 7  - 4  1 .5 1.7)110

‘ 1  ‘. 4 I : 3  i l l  1 ’ . - )
- I I ‘111 ,‘ ‘ ., I’) - - - - i~

A ’ 1 ) 1 ’  A , I A _ N  11 - - ~ 15’ UIC C )()

2 .‘ III -3 1~ I i  - 11 IV I

1)5 - 7 A _ i I ) . - lI) 4 )  - U 3. -) .4~ ~

I ~~~‘ 

- . —- - - - - -- -~~~~~~~~~~--—--. - - - - -



.~~~~~~ ----

D I SC USSION

The -~at c hi nq o t  the Irro ut proper t ies  to the proper t ies  of the tuf f

in the s t ruc tura l  test , ) r ~I’ ,I is essent ia l  to the str ii1 t u E- e s  prc’qram . A

rOd rid t 1li wou 1 ci e li on no t e  flatly o re— shot i rid most ii Eel y pos t —shot  quest ionS

about the s f  f l- I  t of  di E f es -ens es in the proper t ies.

In order to achieve a match , it was f i rs t  rieCeSS,i ‘y t 1 c h i  r i 1  to r i  :11

the tuf f  in t he structures a r -eu . Up to the tine 1 h it  the r a t s  h go es 1 1 0 1 1

arose . A) number of es ploratory tests had been condus t l A d . These tes t s  in-

ch Ided un ia \ i o l  s t r a i n , physi ca l pi’ 1101’Ot V ICOI I5 I Ir I 1I ’ e l l ts  and Ill t I IS I) l l l c

ve lo c i  tills. From these data , one ( C 1)) ld obta in absol u t e  values for most of

t O e  i l l Iportar i t properties w1 th the e\CI/lt 10)) 0, the s h e s r  sI  r o l i t h  the

rId tO rj d l ( fa i lu re  envelope ). T he f ,ii lur e enve lope nov he s~~~t iri lated t r Il l -

th l ’ Stress-str eSs rs ’ - L po I ls e  of th e uni as ial str - .iin t e st. T h e r ef o re , t h e

stress-stress curves for for - I  -, urn as i ,r l stra in t e s t s  were av l ’r,loe d. From

t n -s e averages, f a i l u r e i~t l . 7 I~ 10 I-eS were e t i I ’lated ( f e w - - e s pe r l e r l C e . t h ~

5ti ~~-:S—S ttt ’SS l 1 4 1 ’ V 1 1 is d 5 - L W 1~Cl t i-  he a lower  bound) as i e ;w r t t ’11 1 1 1  0 l I t  t e e

F to lIr’ - J . 8 . L E L O n I C  ~‘A~ ~o ous t , 1 ‘)7~ , rod shown in Fi once 25 . T i~- est isia ted

la i llIre en v eli) l11 : , adtn t t e . l l  , do HI l t  g ive  the s ’ \ a c t  S h I l l . and r a n  v r r v  t ’ C

I Sa - I l  i t  F l - , t i l l  t t I l l  prov ided ~! l  1-Or l V S t r e f l - I  t h est in,r t in rI- O r  f l i t  A

leo iS ’; 01 III,i t 1 3 1 1 0  .r gro A~~ t o  t I l l  I t t  f co ld begin .

r .iil re - l l s I ’ l opes  t r w :  t , i1 is ia l  corl l l ress io r l  t e s t s  h r v e  s i n c e  been

t ) 1 I ) e t  t I l l  t I l l - t L 1 t  I 1 1 ) 1 : 1  t h E ’  t~~Io I C O ” - t i s t  , rred ( F ig u r e  1 - 1 ). I s i t f C  t h i s

rI’s 1 -1 ) 1 1 1 0 1 0 , t i l t ’ e . r r lv  s I r - I-n h 1 I’S t  r~~~ C t l - - L  ,rnd cs ) I ’ l pa ra t iv e  tel ) \  ial I C  

s ion  d a t a  on Ul, ’n . lO !SS~ / t rIll -I Wi ~~~, J I eI~rI’Se r1 t ,1 t i v I~ f.I i l i j t- 1’ l ’nvl ’lo)le p f

b u t t  in the s t r I l l  t I r e s  I I I  W - l~ IICpI’o \ 1 I I C , It i 5 ,t 1- , t 1 I , r t i t h ~~r and “r .

R . L. S towe ( WEs ),  Figure 25 . Thi s fai lur e enve lo i l lo  is shown  d r a i n  in

11 7

-



Figure 30 along wi th  the fai lure sur faces of some of the Mighty Epic grout

mixtures tested to date.

Other properties of the tuff in the st ructures area have been ave raged

and the data i s li ste d in Table 4 , again with the grout properties for

comparison.
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TABLE 4

Average Structures Tuff Physical Properties , Permanent
Compaction and Ul t rasonic Wav e Ve loc i t i es .  A lso l is ted for comparisonis the physical  properties of the grout as reported in Table 3.
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PREFACE

Concrete and steel structure response was predicted and measured for

the Mighty Epic nuclear test in Area 12 of the Nevada Test Site . In support

of th i s anal ys i s Te rra Tek deter mi ned mater i al prope rt i es of the s teel and

three types of concrete as well  as the coeff i c ien t of fri ct i on for the

steel-concrete interface. Test resul ts are presented .

1 4 3  -,
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INTRODUCT ION

One of the experiments planned for the Mighty Epic event in Area 12 ,

Nevada Test Site was to evaluate the effects of shock load i ng on conc rete

and steel structures . Experimental analysis required mechanical properties

for the concrete , steel and concrete-steel interfaces . Concrete properties

were determined through uniaxial and triaxial compression tests at quasi-

sta t ic  loading rates . Steel samples were tested in uniaxial tension and

compression whi le the coeff ic ient of f r ic t ion for the concrete interfaces

were determined in direct shear tests .

1- 1 7



_ _  _ _ _ _ _ _ _ _ _  -

CONCRETE MECHANICAL TESTS

Concrete sa m ples used in this study were obtained from two source s.

Lasker Boi ler and Engineering Corporation of Chicag o , Il l inois supplied 30

standard cyl indr ical  test samples 15.2 cm. diameter by 30.5 cm. long.

This concrete was designated LBC-5.5 ksi ( i .e .  , ant ic ipated 28 day unconfined

strength of 5.5 k s i ) .  The average wa ter-cement ratio was 0.36:1 * ; the mean

coarse aggregate s ize was 1.9 c m .  and comprised about 45 percen t of the

concrete by weight (see Figure l ) .~ The second concrete sourc e was Lockheed

Shipbuilding and Construction Company , Seattle , Washington from which 60

standard cylindrical samples , 15.2 cm . diameter by 30.5 cm. long were obtained.

_-

.0~
’
~

i-i gure I . Cross section of LBC-5.5 ksi concrete .

These 60 cylinders were subdivided into two groups : 30 cylinders were a 5.5

ksi mix design whi le the remaining 30 cylinders were of a 7.2 ks i  m ix design .

* The water-cement ratio is here defined as the wei ght of wa te r divided
by the wei ght of cement per- cubic yard of concrete .

I - 18
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These cylinders were desi gnated as LH-5.5 ksi and LH-7.2 ksi , respectively,

indicating a 5.5 ksi and 7.2 ksi 28 day unconfined compress ive strength .

Both concretes had a mean coarse aggregate size of 1.3 cm. The LH-5.5 ksi

concrete had a water-cement ratio of 0.39:1 and was 56 percent coarse

aggrega te by weight as shown in Figure 2. The LH-7.2 ksi concrete had a

v~1)ter-cement ratio of 0.44:1 and was 14.5 percent coarse aggregate by wei ght

as shown in Fi gur e 3~2

The cylinders were shipped sealed to preserve moisture . Mechanical

test ing commenced approximately 2 months after the pour date .

Concrete Sample Prepa ration

Concre te tes t  sample ends were ground parallel to w i t h i n  - .005 cm.

Samples designated for t r i ax ial  compression testing were examined for

subsurface cav i t i es  which night co l lapse during pressur iza t ion .  These

cav i t ies  were f i l led  wi th  a grout and subsequently jacketed wi th  polyurethane .

Steel endcaps were attached with rubber tape and stainless steel locLwi re .

Ins t rumentation

Both ax ia l  and lateral stresses and strains were measured . Axial

stress was measured to wi th in  6 bars . A 350 ohm nianga nin wire pressure

coil was used to obtain the confining pressure . Pressure coil readings

were accurate to within 2 bars . Confining pressure was also monitored

with a Heise pressure gauge . Ax ia l  and latera l strains were obtained usin g

stra in gauged cant i lever  systems and ca l ibra ted to 134 ’ a c c u r a t e  w i th in

.006 percent strain and .003 percent strain , resp ective l’1 . A - ‘ lore de ta i led

descr i ption of the transducer systems may be found in Referenc e 3. Dur’ ! Ig

t e s t i n g ,  da l i  was recorded using a PDP Lab 11 computer in conj unct ion w ith

x - y  recorders .

I -1 ’ )
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Figure 2. Cross s ect ion of LH — 5 .5 Ksi concre te.
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Figure 3. Cross section of LH -7 .2 Ksi concrete .
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Concrete Results and Conclusions

The general shape and character of the stress-strain triaxia ] compression

curves agree wi th other published results. 4 7  The initial non-linear portion

of the st ress-st ra in curves for both the hyd rostatic and unconfined tests

have been shown to occur if microcracks ex is t  in the concrete .8 Microcracks

may heve resulted from excessive mortar shrinkage due to excess water or

by separation of the aggregate and r r a t r i x  due to temperature f luc tuat ions .

In add i t ion , the handling and transportation of “green ” concrete r o y  have

an effect on niicrocracking. This in i t ia l  nonlinear portion was followed by

a linear region up to about 50 percent of the failure strength for the

unconfined tests .  A third stage during unconf ined t es t ing  ~as then observed

which showed nonlinear s t ress-s t ra in  response to failure . After the in i t ia l

nonlinear foo t , the hydrostatic loading curves a lso  showed fa i r ly  l inear

response up to about 500 bars confining pressure after which a second

nonlinear confining pressure-volume strain region occurred.

Table I lists the bulk niodul us determined f romi r hydrostat ic 1 oadi mr ~ of

the concrete as shown in Figure 4. The bulk moduli in Table I were deter mtr int ’d

using a secant slope from 0 to 0.55 kilobar s .

TABLE I
Bulk Mn lIJl i for the Three Conc rete~

,

Concrete Type Hydrosta tic Stres s Range , Bulk Modulus , Kb
bars 

- ( 0  to 552 bars)

LBC - 5 .5  ks i  0 ~ ,r 552 110

LH - 5.5 ksi 0 to ~I~ ) ’ 138

LH - 7.2 ksi 0 to 552 96

151



- - - - - - -‘~~~~~~~ ~~~~I P P  ~~~~~~~~~~~~~~~~~~~~~~~~~ — — ‘ ‘~~~~ ‘ -._-. - ~
, ,.. -— - - . ‘... .~~ . ‘ .—IuI~

1. 1111 SI ’PC5’ j  V .~~~ l 1.o
H Y D R O S T A T I C  LO A DI1 .G

i~~ -
~

— /

A

z I
z /

111. MI ’ l ’ . , ,

‘ I

1~

,l / A  

- ~ - ‘ A - V A ,  A 
~ ~~‘ .~~‘ 11

Fi gure 4. Hydrostatic pressure versus volume strain
for the three types of concrete .

Table II lists tri a x ial compression test result ’- . Publishe d values

for the Young ’ s mn odu l lii range from 200 to 400 ki 1 ohars depending upon

concrete mmr i x design , while reported values for Poisson ’ s ratio average

about O.2.~ 
.10 The va lue ’ - 1 reported herein 1rre c n m r s i s  t e n t  w i t  lj t h o se

previously reported data .

Fi gures 5 , 6 , and 7 show the t r i ax ia l  s t r - m ’ s s - s t r a i m i  data for the three

concrete types. The ma x i m r r u m r r  s t r e s s  di f ference a t ta ined durin g t r i a s i a l

compression t r ’- - t i m m ’ i  was inte rp reted as t he ultimate stress. Obtaining

re l ia b le  s t r r ’ - , ’ — s t r , i l n  dat ,i beyond the u l t i r l r , r tm ’ s t r c -~- -. wa - e l l e n  not

poss ib le  dim e t o  m t  m - . t r o p h m c  ,IIIC1 II1e f~i lure wh ich  I’l’’- ul I ’ ll in I ’ S

1 1,11,1 a cq u i s it l t l rr  c ai l ,r1 i I m I r - - , Thus . 1 11 ’ ,I r m 1 s ’ .’ - ind ic 11 1 1 ’ t h l -  d i re 1  till!) t , 3 k ’ l )
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TABLE II
Summary of Triaxia l Compression Test Results for the Three Concretes

YOU nI~ ’ S 7
Sanrple concrete Ty pe Test Type Ult ir rla te Stresses~ bars j Modulus ,

5’ , 
- 

‘
~~

— - 1 Kb I
_______ ______________ ___________ _______ 

rrean —1
10 LBC- 5 .5 Jnconfined 0 546 182 ‘ 1 - *  0 . 12

16 LBC-5. 5 Tr iax ia l  101 888 197 445 r3.~~~3

15 LBc-s.s Tr i ax ia l  118 75fl IF 1511 f l ’I)

17 LBc-5 5 Tr i ax i a l  276 1?~~ 690 - - -  - -- -

25 LBc-5 5 Tr i ax i a l  372 11 i ’ ~~’ 751 300 ‘1 1. -’

12 LH—5 5 Ilnconfined 0 ~l7’’ 15 7 ‘6- ~’

18 LH-5 .5 Tr i ax i a l  707 976 395 320 5 . 13

21 LH- 5 .5 T r iax ia l  552 1395 1018 330 0 . 13

13 LH-7.2 Unconf ined 0 5211 176 2 10 * 0 1 0

14 LH—7 .2  Unconfined 0 5110 15 7  ‘)l 1~ 
I1 j 5

23 LH-7 .2 Tr iaxia l  212 1055 564 045 0 ,7 0

22 LH —7 .2 T r i a x i a l  552 1 1547 1007

* Sc a l e d  on l inear por t ion  of  curve , ( j r . • does not include the “foo t

on the c u r v e ) .

** Confining pressure. 
~ 

lowered fror’ 552 to 37 2 bars to ach ieve sar,r r’le
fai lure.

by the s t ress—st ra in  curve after attaining ult imate stress. Figure 8 shows the

ultimate stress surface determined from the ultimate stress for each

sample. A genera l trend of increasing ultima te stress with increasing mean

stress was observed for the three concrete types. However , l i t t l e  diffe rence

in ult imate stress between concrete types was observed.

The brittle-ductile transition for the three concre tes appears to be

between 100 and 500 bars confining pressure as exemplified by the

large compressive strains above 500 bars confining pressure . Ductile

behavior was defined as axial strain greater than 1 percent. Other

155 
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investigators have observed the bri t t le-duct i le transit ion to occur at about

150 to 200 bars confining pressure for a concre te mix having a wa ter to

cement ratio of 0.6: 1 and a maximum aggregate s ize of 1.0 cm. Figures

9 and 10 show the recove red samples (numbers 23 and 25) after tr iaxial  testing

at confining pressures of 212 and 552 bars , respectively. The figures show

a more localized failure zone at 212 bars confinin o pressure as compared

to a more generalized (diffuse) failure at 552 bars confin ing pressure . 1’

more generalized failure suggests increased ductility .
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STEEL MECHANICAL TESTS
11

The steel used in the Mighty Epic structures was an ASTM A36 mild

steel . A sample of this steel was suppl ied to Terra Tek in the form of a

plate , 30 cm. x 30 cm. x 1.9 cm. , by Lasker Boiler and Engineering Corp .

of Ch i ca go , Illir~o is .  Tensi le and compressive tests were performed to

determine the mechanical properties of the steel. Test samples were

obtained from two orthogonal directions in the plane of the plate and one

direct ion normal to the plane of the plate in o rder to check for anisotro py .

The orthogonal directions were artibrarily selected since rolling directions

were not speci f ied by the contractor.

The samples tested under the tensi le load we re cylindrical , 0.635 ~

.013 cm. diame ter , and 2.54 ‘ .013 cm. gage length . The s a m p l e s  for compressive

test ing were also cyl indr ical , 0 .953 ‘ .013 cm . diamete r , and 1.905 .013

cm. total length . Sa mrm p l e ends were prepared parallel to within - .0003 cr .m .

Axia l ity of the test specin men with the loading piston was within .01 cm .

For both tensile and i .nr~~ress ion specimens , two str ain gauges were bonded

di rectly to the sample to monitor the ax ia l  and t r a nsverse s t ra ins .  The

strain gauges used we re accurate to - .005 percent strain. All sample

preparation was done in accordance with ASTM Standards E8-65T and E9-61 .

A l l  loadings were appl ied quas i - s ta t i ca l l y .

Steel Test Results and Concl us i ons

In order to c lar i fy  the designation of the tes t  samples , the p late

orientation shown in Figure 11 was selected. Tensile and compress ive tests

were performe d on samples from both the ‘ x and y ’ directions . Samples f,’isrs

the “z” direction were tested in comp ression only since t h u  3/4 inch
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Figure l I . Orien tation of steel plate .

thickness di d not allow adequate length for a tensile sample . The stress--

strain curves for var ious sanmp le orientation s are contained in Fi gures 12
through 16. In each case the test is desi gnated by the direct ion of the
s a m p l e s  longitudinal ax i s  and the type of loadi ne , i .e. , XC indicates X
d i rec t ion , compressiv e loading.

- 

- 

.r.0/

- 
- ‘

— ____1_

I i ?  Di 0 0. 1 ‘2  0. 3
11I2~N5 , 4  S I  S T R A - N , % ~~~ 71 .

Figure 12. Tensi le stress -strain stee l
sample , X dire ction.
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All samples demonstrated a linear elastic region and a wel l defined

yield point. The mean upper y ield point observed during the loading was 2.96

0.06 kbars . The mean Young ’s modulus measure d was 2.090 1 0.075 i’lbars with a

mean Poisson ’s ratio of 0.285 ± 0.015. The variation in behav ior for the

different orientations is due most likely to the sm all sanmple popula tion

tested rather than to some anisotropic nature of the plate .

A summa ry of the steel behavior is contained in Table III.

TABLE III

Summa ry of Steel Test Data

Test Test Younn ’ s Poisson ’ s Upper Y ie ld~Designation Tyne Modulus 

, 

P a t i o  Strenntb~~

XT Tensile 2030 Kb 0.27 2.96 ~I’

YT Tensile 2170 Kb ~~3l 3.03 F~h

XC Como ressive 2170 Kb (1~~70 2.88 ‘
~~~

YC Comlipressive 2040 Kb 0.2(1 ‘~~3 b h

ZC Comp ressive 2030 Kb P.27 
- -

1 (~ .~



-~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

CONCRETE - STEEL SHEAR TESTS

Lasker Boiler and Construction Company supplied ten 10.2 cmmm . cubes for

test ing the f r i c t iona l  propert ies of the concrete - steel interface. Samples

were desi gna ted according to structure in which the concrete and steel

were used , i .e., C~-Y - l 3 , C-X-5 , etc . The cubes were composed of a 10.2 cm. x

10.2 c mii. x 5.1 cmii. th ick steel plate upon which a 10.2 cm. x 10.2 cnm . x 5.1 cmii .

thick piece of concre te was cast .  The concrete and steel  used in mm r akim i g time

direct shear cubes was of the sammme batch and/or type as concrete (LBC — 5 .5 us i

and steel previously reported herein . The cubes were placed into a water

bath upon arrival at Terra Tek in order to promote curing and appr oxi r l la te

Nevada Test Site tunnel hum imidity .

Apparatus and Ins trumen tat io n

Direct shear tests were  performr ied in the m achine shown in Fi gure 17.

The norm ima l load was applied with a servo -controlled actuator operating in

the load feedback mode . The shear w a s  appl ied by a servo-contro l led

- 
- 

_______  
Thi~~

-

F i g or e 1 7 .  Di rect s r ,~ ,1 r lA ich Ill ’ .

I o I

- -



actuator operating in the disp)ace ;irent feedback nmode at a rate of 0.001

cnmjsec. Both the norma l and shear loads were measured directl y by load

cells placed in line w i t h  the actuators . Fr ic t ional  load contr ibut ion

due to the shear box was r- r inim i zed by incorporat ing ball bearings and

hardened steel bearing surfaces . Al thoug h the coe f f i c ien t  of f r i c t i on

for this bearing proved to be dependent upon norm iial load neg ligible em -re -s

A-4C ’l’ incurred. h o -  a rn I rI’ ~D 1 stress of 70 ba rs , the f r i c t ion  coef f i c ien t  -~.- - ‘s

.009 and at  a no -r~al s t ress of 700 ‘ar’ it was .002. Th rough ca l ib ra t ion ,

hon zontal  and ve r t i ca l  loads w f i”- deternmi red to be accru a te to w i th in  ~ 0 .~~~~j

bars . r ,rn sd l lc em ’ ‘ounted ‘ in  the -
~he~i r th y- C - , seasur ed the ru la t i  ye h o r i z o , t m l

di s p l a I.el ’e i l t  el the ti- u boxes to wi tni n - .015 cr 1.. The di reu t sheai-

speu i ’sens were neld in p lace  in the sI CIl t ’ O> ,ii S us ing a grout , Ultra —Ca l 30.

Direct Shear Results amid Conclusions

Table IV lists the direct shear lata for thu three cubes. Sample

C-~ -l3 stub showed no breakdown shear stm -e ’1s and gave an avera ge f r i c t i on

L o h - t f i c i e n t  of 0. 53. Samr iple C - Y - l 3  “sphere ” showed an init ial breakdown

sCou r stress of 28.1 bars dropping to a residual shear stress of 25.2 bars

(living initial and residual friction coefficients of .80 and .73. respect ivel y.

Sam ple C-X-5 showed no si gni f icant  breakdown st ress and gave an average

fr ict ion coef f ic ient  of 0.70 . Note that the terms “stub” and “sphere ”

indicate she type of structure in which the concrete was used.

The coef f ic ient  range 0.69 to 0 .73 l is ted in Table IV should be considered

the representative coefficient of friction since the sanmp le C-Y-1 3 “stub ”

had become unbonded at the concrete-steel interface prior to testing. The

authors feel this unhonding could have af fected the data v ia  some mechanis m

“ich as drying of the surfaces .

1( I
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TABLE IV

DIRECT SHEAR DATA

(LBC - 5.5 ksi concrete)

- 
ResidualSa ple Shear Rate Non-al Stress , bars Friction Coefficient

l0~~ crm Vsec (to shear p lane) 
_____________

C- Y ~~~~~ 3 1 34.5 .53
“stub ” 

~R .3 
.52

101.4 .53

C-~ - l3 1 345 .73

C
~.1~± _~~~~~~1 _ --

~~~~~

_ _

I6~)
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CONCLUDING REMARKS

The concrete and steel mechan ical tests showed behavior consistent

with previously publ ished results. Young ’ s mod u lus and Po i sso n ’ s ratio

for the concrete averaged 310 kilobars and 0.17 , respectively. The averane

bulk modulus for the three concrete types was 115 kilobars . The steel

sam p les gave an ave ra ge Yo un g ’ s modulus and Poisson ’ s ratio of 2090

kilobars and 0.28, respectively. The direct shear tests showed that a

coefficient of frictio n of 0.70 best rep resented the concrete-steel

in ter face.
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SU MMARY

A De fen se Nuclea r A gency pr o gra m at the Neva da Tes t S i te to st udy the

effect of shoc k waves -- both magn i tude and dir ect i on -- on st ruct ures of

varyin g configurations and designs required a complete characterization of

the riraterial (toff and grout) surroundin g the structures . It was a lso desired

that the grout properties be similar to the tuff properti es.

Tuff surrounding the structures was characterized through mechanical and

physical properties measure m ents performed at Waterways Experiment Stat ion

(WES) and Terra Tek, Inc. Subsequent grout development then performed at the

G -o utinq Branch of the Concrete Laboratory at WES w i th  mechanical test ing by

both the Rock Pronerties Branch of the Concrete Laboratory at WES and Terra

Tek , Inc. As samples frors each mixt ure were tested , new mixtures were designed .

A ni u ro drs ate ly ~o”ty m i x t u r ’c- s were analyzed before final orout selection , MEB-Il .

Th is MEP -Il ureut was iroolaced in toe structures drif ts in preparation for the

~ht ~ Lc ’ic event.
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INTRO D UCTION

Line of Site (LOS) pine emplacement for nuclear test r’roqra---s utilize

substantial amounts of grout mate r ia l s .  Di f ferent  tunctional moles require

d i f f e r e n t  cirout mixtures. For exar ’ rn le.  q ro uts have been desinned to atten-

uate enercmy v ia  high nas—f i l l ed  pore-si t ” , to r - n o t e c t  s t r uc tu res  v ia  the

shear stnr ’nnth , to flow via the ductilit y , etc. It has proved dif f i c u l t

to o f i t n i n  a sm ile mixture w i th  a cc -b in , i t ion ~ 1 select pmo nerties. For

exa m p le , to  s t r e nnt h e n  nrout , t h -  water content is decreased , this would ,

if saturation m- e r -- ,i ined c o n s t a n t , resul t in a hic 1ii ’r densit y , hinh er sound

speeds , and a less workable mi vtu r -e . A ‘ore det -4 iled ieo, - r i r ’t inn ~~f the

de ’end pr cc ü~~ propert ies on r’~~h e t h i c is inc l uded in tH t i ’ s~ -

S t n ngent re ,1 u i ne- - - i ’~~t s  for g ro u t  p r operties was n e c e s s a ry  f ’ -

t b -  ‘ ohty Epi c S t n l r : t L ’ -os n r f l ’ l n - ,a” at t b ’  P ’ ’ . n d a  Tes t  S i te  -‘ i - ca 12. The

u : r ’ u t  a r t  t u~~~ pro per ?  ies were n- POOl - cl p r e — t , ’ - . n Hr 1) es- , i lu a t i n r  p m n -

t e s t  s ta tic hi - s i g n n ’eth ”is , 2) deterr’ina 4 ion o f  ‘ ive i n s ?  ni ‘ i  ‘~‘ ,n ion re-

c e r i s e  f o -  ‘hr s ’ ruc ’ ur-es in ‘ i ’  nuc lear  t es t -~r r2  3) ‘ n n v id i n ’ c  a basis Hr

in t er p r e t  in’’ Hii -M ‘1ht v Ep ic r ot  ‘ia t.i - To mee t ~~~~~ ob jectives it , , n c

n e c e s s a ry  t i c  c h a r a c t e r i z e  t ho  ~c i- ,t ‘ - a t o n al  a n d  ~o - - i t c h t h e  ‘ mo a t  ‘no-

— c r 1  i es ver’, c i rose 1 v wi  h I hos’ o ’ the no rer’ I - a  I” ni a 1 — tu 1

‘-P -u t  b i g  cm ii ’ na rn le ’rt ie s to  t h at of t b -  tu ff requ im -ed , 11 rst ,~ t a ll .

‘ n p c -n” ’ r I i ’s  of  he u - . MI- i t en a 1 pr i ce - I  ti es of nm - i “i n -v ir ’i’ or -~ .r c - , wrn (

t h e  shr- ,ir s t re n gt h , the air voi’:l con t€ ’m a t , the  as-r i-eels -ed d i- r ’ sc t - , ,-, i u t

l n n u c i  t i c ’ l ’ n a l pulse v e l o c i t y .  Wa ’e~ -~,ivn Exp er ime nt St a t i o n ’ ( i- IFS) n i l  Tern -a

r i  , were n- r-s po n s I hi p Hr d r I p  s - i  t i n e  n hese pm -oc ie r t i es -

Onc r e  ~u nu ,iulp c c u , u t i ’  l u f f  d e s c r i p t  cmi u - u i - - , av ,u i l , nt-l ~~, n , ’ c m n - s h e i r n  on de —

vr’ l api ran a ni- a t h  “ - “ rn- . T h i s  p r o cess  ‘ c - u t ve’:l ‘ - - i  ms in’-’ th e cro nY it  uents
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of t h e  grout mn stures by W ES 2 a n d  NTS
3 personnel. Each mixture was then

tested by “ifS or Terra Tek to determ nirn e its ’ pronerties . T,.iO maj or con-

cerns dunina this o rocess , in add i t i on  to ‘vi tcbi nci the tuff nmo pert ies ,

were cuai ntainin n a pumpable qrout and insurin ’c a low temperature rise dur-

ing curing.

This report cont ,u ins the test resu l t s  from u-i t r ic h the p v r - n a co 1 n o r i r --

t ies of the tuff we re obtained , a descr i pt ion of the grout constituents ,

Inc qrout tests conducted , and the eventual  v e r i f i c a t i o n  of  the arout mi x

properties actually i mnip la ced in t he  s t r u c t c u n - ’~ drifts.
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STRUCTURES TUFF

The Might y Epic oro ar amrr is planned for the “n” tunnel complex , Area

12. r-I,iteri il properties data were available from other events in the im in—

mediate vicinity , namely , Misty Month and Minq Blade . The tuft that had

been tested , however , was fror’n a considerable nunnibem’ of d i f fe ren t  rock

unit s (“tunnel beds ”). Additionall y , most of the tests previously con-

ducted were primarily for siting purposes and the tuffs were incomplete-

ly characterized. It was , therefore , necessary to conduct select tests on

cores specificall y f n-oi ’ u the structures area .

The struct nme s drifts relative to the Mir rh v Epic workin g point are

shown in Figure 1. The structures are in the same horizontal plane of the

working point , are desi gnated “A” , “B” and “C” and a n-c contained within

tunnel bed units 3BC , I i i , 4AB and 4CD.

Cone holes U12n.l O IIG”-i and UG”6a were drilled into the area prior

to minin cn the dr ifts. The core sannr p les fronmr these holes were initially

used for core tes ting to deter nnine the suitabilit y of the area for struc-

tures i m rnp iacem nn ent. This data orov ided a gene ralized overview of the na-

ture of the tuff in the structures an’e~i -— air void contents , densities.

sound speeds and estim unates of the strength of the nrate n ia l . These earl y

est imates , especially on the strength of the tuft , were necessa i-y to ini-

tiate a matching grout mixture develop m ent.

After completion of mining the structures dri fts , core sa mples were

obtained fromir the ISS ~5 and ISS x7 drill holes and the A , B and C Struc-

tunes areas. Alon g with samiipl es me r r o i n i n c l  from the ltG # ’2 and tlc, 6 A  holes ,

a nummn her of tr i ,ixi al connpression t e sts were conducted to define the tuff

fa i lure envelop e ( i -  , uxi mumnn St  n- I’s ’ -
’ di f f r m e nu r at varying conf in ing  Dressures)
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T[ET DATA

In ’ cr a nny cases , the tI ES and Terra Tek data have been com m mbined. This

- , ~~~~ ~~ in order to all data in estab li shin c ’ averane properties. Se-

lect ‘~ r u - ’ t a p r t i C s  are listed in Tab le 1 u -b il e the stress — strain response

~ t - c ’  cd’- ’- a~ n:” press ion , t n iax ia l  com pression and uniaxia l  s t ra in

test s a n e  con tc. - m n— e l in !\t o n ,pndi x A.

TABLE 1

PH~ tE AL PROPERTIES, ULTRASO ,’IC VELOCIT iES AND HP’- t$NE~NT VOLUME COMPACTION
(iN U1?n iO U”- , JP 6a , 15S 5 ‘-Nfl A , B . A N? C STRUCTURES DRIFT SAM PLES
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AVERAGE STRUCTURES TUFF PROPERTIES

As stated earlier , a preliminary estimnate of the tuft strenqth was

required for the grout develo pm nm ent. To provide this estimate , the UGd a n d

UG”6a uniaxial strain test stress—stress curves (Appendix A) ‘ce-ne aven-aqod ,

see Fiqure 2. These curves , from past experience , are known to be a l ower

bound to the failure envelope produced by the triaxial comm npression tests.

It should be ennphasized that these averaae un ia xial strain test stress—stress

curves do not define the magnitude or shape of the failure envelope hut wi l l

nros- ide a lower bound. The uniaxial strain test data sea- scotch that the shear

strength for the tuft in the structures area was about twice as stn ’:’rcg as th at

of the “ averane ” area 12 tuff4. Subsequent tri ax ial co r- --nression tests produced

the failure points shown in Figure 3. These l im m nited data p i-o v ided the necessary

failure envelope detail , see Figure 4.

The other prop erties of the pj ff dctir -eined ft-o n- t h e  t e s t i ng  are sum —

manized in Figures 5 thn ’ouih 3 as a function of distance a l om nc the drill hole.

The average and standard de’.’ i.u t i on ~or these c ’ r -oa nnties ire l i s t f - d in Table 2.

The tu f t  in the s t nu - c  tures area and , in general , the ‘- I i n btv  Ep ic  area

has  h i — i lacr shear strength . hi ci her densit y arid hi gher sound sneeds than the

typ ica l  12 tu f t  - The waten’ content is l ower for the structures tUf

while the air void content is appro ’ir ’cately the same .
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Figure 2. Average Stress-Stress Response of iniaxial Strain Tests
on U12n. 1O UG-’4 and UG~6a Core Sannp les (TTI ) .
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TABLE 2

~ e~ c- A VERA GE PROP ERT IES OF

THE ST RUCTURE S TUFF *

S TA N lIAR 3
‘[RA CE

As Received Densit y (urn /cc) i.~ 5 0.05

- - ‘ atm r Content by 4 ot  -t e ig ht ( ) 15.7 2.E
Porosit y ( ) 31 7
Air V oid s ( )** 1.0 O.L3
Ultrasoni c Lon g itudin al -.-‘ -Io c it c ( f t  ‘sec )  10 .330 1 ,000

* The a v e r - a c r e s  includ es all valu es (m- i i tb  the e’ -:eytj’~’c of t i me t a :
~ s a m ” p les -

~~~
- - rj1~~ 10 UC~ -~ u-uh i~~h were not cons ider ed as rep-ncse r i t~it i v e)  en sa npies  f mo’-- U12n. 10 11C c , UG~5a , ISS~5 a n d  iSS~~ -

** The a i r  ~‘c Id con ten t  i s  t m ~~en berp as be ‘err -noon t vol cu ’ e ~t ien i  from in the m n i a x i a l  stra ip test .
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GROUT PROPERTIES

Mate ri al pro pert i es have been determ in ed on a n um ber of g rout typ es

du ring the last severa l years of the Nevada Test Site program. Grout types

were all var iations of basic super lean , rock matching and high strength

grouts . Table 3 and Figures 9 and 10 summarize selected properties of these

bas i c ty pes4.

Following the preliminary estimate of the structures ttif ~ properties ,

n i ne d if fe ren t m i xtures  of grout , used mainly in steriniinn and containment

systems of past eve n ts , were sent to Terra Tek for testinq. The nrout desi ona -

tions were HPRM-1 , HPRM-2 , HPRM—3 , HPRM-4 , HPRM-5 , HPSL- 16 , HP~ S- 1 , H~~S-2

and HPRM-3C. Hydrostatic coninression tests , tri axial comoress ion tests , uni-

ax i al st ra i n tests , physical oroperty measurements and ultr a sonic velocity

measure men ts we re co ndu cted on these o rou t types a t  14, 28 anc1 56 day ages .

These data are listed in tabular form in Table 4 and as the triaxia l com—

oression derived failure envelopes in Figure 11 . These data indicate varia-

tions in the shear strength from tens of bars to hundreds of bars , ultrasonic

longitudinal velocities from 7,000 to 11, 000 feet per second , air void con-

tents from 1.5,. to 4~ 5 , and as-received densities from 1.86 qrn/cc to 2.10

gm/cc. Based on these grout properties , changes were made in mix constituents

to fine tune the grout nroperties , (i.e., bring all of the properties of a

single mix close to that of the tuff).

The subsequent qrout mixtures were designated ME8O1 throuah ME8-11. In

most cases , each grout mixture was reproportioned in the developmental studies

based on the properti es of the prev i ous mi xture. The tests on these grout

mixtures varied from unconfined compression tests to tri axial compression tests

to ver ify the shear strength of the mixture. If other properties were also

190
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needed , un i ax i al st ra i n tests , physical property measurements and ultrasonic

lon gitudinal and shear wave velocities were conducted - Table 5 summarizes the

measurements and tests.

The Miqhty Epic grout failure envelopes , based on the triaxial compression

tests , are shown in Figure 12 while the physical properties and ultras onic

veloc ities are tabulated in Table 6.

Selec ted properties of all grout mixtures (HPRM-1 through ME8—11) are

sum ma ri zed i n F i gure 13 w i th the avera ge st ructu res tuf f  shown fo r reference .

Th i s p lot , along with the shear strength data (Figure 12), s u b s t a n t i ate the

evolution of the orout development for the tiiqhty Epic structures Droaram .

_ _  _



TABLE 3

SELECTED PROPERTIES OF SUPER LEAN , ROCK MATCHING
AND HIGH STRENGTH GROUTS

Type~~’T 
~~~~~~~~~~~~~~~~~~~~~~ 

—_--._J-- —- _ 
1~.

___________________ — bj~ at on Io t a 1-. i i .  

Rec Dry Gra in W .~ t
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Figure 9. Failu re Envelopes of Severa l Grout Mixtures
and a Ty pi cal Ash Fall luff .
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Typical Ash Fall Tuff .
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TABLE 4

PHYSICAL PROPERIrES , ULTRASONIC VELOCITIES AND PERMANENT VOLUME
COMPACTION ON NINE INITIAL GROUT TEST MIXTURES
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TA BLE 5

SUMMARY OF MEASUREMENTS AND TESTS
CONDUCTED ON MIGHTY EPIC GROUT MIXTURES

GROUT PHYSICAL ULTRASONIC MECHANICAL TESTS
MIXTURES PROPERTIES VELOCITIES

TRIAXIAL HYDROSTATIC UNIAX IAL
COMPRESSION COMPRESS ION STRA IN

ME8Ø1 X X X X X
ME8O2 X X X X X

ME804 X X

ME8Ø5 X X X X

ME806 X X

ME8Ø 7 X

ME8O8 X
MEg-l i X X X
ME8— ll (R X X X X X

(Fie ld Cast
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Figure 12. Combined Failure Data on ME8O1 through ME8-11 Grout Samples.

TABLE 6

PHYSICAL PROPERTIES , ULTRASONIC V [LOCITIES AND PERMANENT VOLUME
COMPACTION ON GROUT MIXTURES ME8ØJ . ME~ O2 , MEGO4 , ME8~ 5, ME8Ø6 and ME8-11

G R O U T  DENSITY (gm/cc) WATER POROSITy SATURATION CALC MEAS, VELO CITY
M I X T U R ES BY WET AIR PERMANENT ( f t / set )AS - WEIGHT VOIDS COMP.RE~~IVED DRY GRAIN (%) LONG SHEAR
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VERIFICATION OF FIELD GROUT MIXTURES

An added precaution , an d one that has bee n standa rd proce dure fo r pas t

events , is periodic sampli ng of the grout mi xes that are actually implaced

in the tunnels. This was especially necessary for the structures grout

where the properties were of upmost importance .

Selected samoles obtained from batches of the field cast ME8-l l grout

were tested by WES and TTI. The test results are shown in Figure 14 and

15 during the aging orocess and in Figure 16 for grout tests conducted

close to shot day . Table 7 summarizes selected properties on these field

cast mixtures.

The f ina l ized mixture contained; Portland cement , expansive cement ,

f lyash , Bar i te , Bentonite , pumic e sand , fine silica sand , water reducing-

retarder admixture and water .  The wa ter -cementit ious ratio by weight was

1.4. The theoretical unit wei ght and theoretical cenientitious content

were 125.9 pounds per cubic feet and 5.0 bags per cubic yard , respectively.
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TABLE 7

PHYSIC A L PROPERTIES , ULTRASONIC VELOCITIES AN D MEASURED PERMANENT VOLUME
COMPACTION ON SEVERAL FIELD CAST BATCHES OF M [s~-11 GROUT
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— 

MEAS 
ULTRASONIC

(SIGN3TIE~~ AGE BY W ET (%} (%) AIR ~ERMANENT 
VELOCITY (ft/set )

(cSAY S) WEIGHT Vol OS COMP
RECEIVED DRY GRAIN (%1 (%) 1%) LONG SHEAR
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DISCUSSION AND CONCLUSIONS

The mechanical and physical properties of the tuff in the structures

area are well documented. The structures tuff , as compared to the typical

ash fall tuff in Area 17 , has about twice the shear strength with densities

and sound speeds 10 to 20 nercent higher , porosities and water contents 10

to 20 percent l ower and air void contents aporoxin ia tely the same . The

scatter in the material orooerties is typical of tuff .

Once the tuff properties had been established , the develo pment of a

matching cirout required several major considerations . The shear streriqth

of the grout was of utmost imoortance , not only unconfined , but as a func-

tion of confining pressure (failure envelope). Grout mixtures with hil’l h

porosity and saturation are much less pressure dependent than tuff . Th is

behavior is primarily a function of the pore pressure and the resulting

effective stress. The most obvious means to increase the pressure depen-

cence of the grout shear strength was to decrease the wa ter content of the

nrnut. Lowering the water content and reproportioninq with various types

of mixture const i tuents not only ass is ted in matchin o the sha ne of the

tuff failure envelope but also in producing the overall increase in the

shea r strength needed. However , with this decrease in water and increase

in shear strength , the oumpabi lity of the qrout was l owered. It should

be obv ious that with this dependence of properties on one another , the

development required considerable effort and a number of chanqes in the

qrout const i tuents .

Aside from predicting what mixture chanaes were necessary to oroduce

the desired results , the aging history of each test batch was important.

Time , temperature and humidity all add an important factor to the cirout

204



“-“ - -  
-- . ‘- “.- . . ‘- - - -“.-- - - “

~~~~~~~~~

—C,—-——--’-

~

---,- -—.-—-’- - -I’

properties . Grout implaced in essentially a lOU percent humidity envi ron-

ment can develop a considerable temperature rise over a period of time .

Also , the grout would be implaced weeks or months prior to test execution.

Obviously, to have simulated these exact conditions on the development

grouts would require a prohibitive test program time . Therefore , prior

ex perience and knowledge of the aging characteristics were utilized to a

considerable degree in this qrout program. As an example , note the differ-

ences in the uniaxia l strain test response of the MES-li grout as tested

by WES and Te rra Tek , Figure B15. The WES data was cienerated from samples

which had been at elevated temperature and 100 percent humidity for 7 days .

This aging history is approximately equivalent to 28 days of curing at room

temperature while maintaining the water content constant. The Terra Tek

tests were on 14 day age room temperature cured samples. The WES samples

(7 day accele rated) produced about twice the shear strength and a much dif-

ferent stress -strain response than the Terra Tek samples (‘1 4 day room temp-

erature).

rn sU lIlma ry , the development of a grout to match select properti es of

the tuff was very successful . The ME 8-ll grout mixture matches very close-

ly the shape of the tuff failure surface , the as-received density , the

sound speed , porosity and the water content. The air void content of the

grout is slightly higher but will not be a problem because of the relative-

ly thin layer of grout.

Concerning the absolute macinitude of the qrout shear strenqth , it was

the genera l consensus of the persons responsible for the structures exoeri-

men ts , that in consideration of the tuff material scatter , they would prefer

to have the grout st renoth on the low s i de rathe r tha n the high s i de of the

“representative ” tuff strength . The ME R-li grout mixture is therefore ex-

pected to peak out at a strength l ower than the ‘representative ” tuff strength.
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APPENDIX A

Mechan ical Test Results on U12n.1O UGO4 ,

UG#6a , ISS#5 and ISS#7 Core Samp les.
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Figure Alla. Uniaxia l Strain Resul ts on
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Ten’c~Tek

June 2, 1976

Mr. J. W. LaComb
Defense Nuclear Agency
Nevada Test Site
Mercury , NV 89023

Dear Joe :

Properties have been measured on core samples from U12n.1O MH#2 (90 ’ )  and
U12n.lO MH~3 (48’ , 51 , 54 ’ , 57 ’ )  interface dri l l  holes. Physical proper-
t i es and ult rason i c veloc i t i es were obta in ed on all sam p les wh i le limit ed
mechanica l data was produced .

Attached are phot ographs showing the tuff  sample f l-Or’ MH#3 at 48 feet , a
c ombination tuff and rubble at 51 and 54 feet and a more competent pa lezoic
mater ial at 57 feet. The MHA 2 90 foot sample shown appears to be from the
same reg ion of the interface as the MH#3 51 and 54 foot samples.

The table following the photogra phs lis ts the physical properties and ultra-
son ic velocities of the samples . As noted by the data along a 2 inch length
of the 90 foot sam p le , there is a considerable amount of variation in the
int e rface reg ion. The actual insitu physical properti es would obviously
require knowing the percentage of each type of material in the whole ;  al-
though the material from 48’ thru 57’ does , in general , show higher densities ,
lower water contents a nd hi gher ult rason i c veloc iti es tha n th e M ig hty Epi c
tunne l bed tuff .

Tr iaxi al compression tests were conducted , wi th  limited succe ss , at confining
pressures of 0. 1 and 0.5 KB. The attached data ind icates that the t ’~~ sample
(48 ’ )  showed only s l ight ly higher shear strength than the average tunnel bed
tuff while the sample at 51 foot showed a shear s t l- e n- oth w i th in  the lower bound
of the t unn el bed tu ff . Two tes ts were conducted on the 54 foot sa~ o le , both
at a confining pressure of 0.5 ki lo bars , to determine the ef fect  o~’ the i50 11”o_
geneities in the material. One sample contained a number of rubble flao r lents

on the order of 1 to 3 centimeters in diameter whi le  the other s a n t l e  co nt 1i i ned
fragments no greater than 1 centi rreter in diameter. The former sar rp le produced
a maximum fai lure stress of 0.25 k i lo bars wh i le  the la t ter  sa r~nle produced a
maxim um fai lure stress of 1.07 k i lobars . Th~ c amount of var ia t ion  is not at all
unreas onable for the type of sample being tested. The 57 foot sample produced
a max imum failure stress of 1.04 kilobars which would have, in all probabi l i ty .
been much higher had it not failed along the bedding plane shown in the earlier
photograph . The 90 foot sample from MHA 2 was noticeably weaker , I;ut again ,
seemed to be a result of the size and orientation of the rubble fI i0r’ents in the
test sample .
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M r. J. W. LaComb
June 2 , 1976
page 2

Preli minary direct shear test results on MH#2 — 84’ , MH#3 - 4 7’  and MH*3 - 52’
indicate shear strengths of 0.117 KB, 0.133 KB and .069 KB , res pectively. The
normal stress was constant at 0.069 kilobars . The coeff icient of sl iding fric-
tion was difficult to obtain as the initial fracture was not entirely in the
shea ring plane and continued fracturing occurred as the displacement increased .
The data suggests , howeve r , a coefficient of sliding fr ict ion on th e orde r of
0 6 to 0.7. Photographs of the direct shear test samples are attached .

Sin cerely,

Scott W. Butters
Engineering Supervisor

SWB/jlg

Enclosu res

cc: Mighty Epic Distribution
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OR$LL HOLE DENSITY (gin/cc) WATER POROSITY JATERATION CALC. MEAS. VELOCI TY
FOOTA~E 

BY WET AR PE~~4N~~4T (f t/ IC)
4S WEIGHT VOIDS COUP.

~~~ 1VED DRY 
- GRAIN LONG SHEAR

U12n .10
1*102

9O~
Sample A 2.12 1.86 2 .77 12.2 30 88 3. 5  -- -- —-
Sample 8 2.23 1.97 2.81 11 .9 33 78 7.2 —- -— ——
Sample C 2 .4 7  --  -- -- -- --  -- -- 47 10 2600

MH#3

48’ 2.15 1 .91 2.56 11.0 25 93 1.9 - -  12 .420 6180
51 ’ 2 .65 2.48 3.05 6.7 19 95 0.9 -- 12 .840 6580
54’ 2,44 2.26 2.86 7 .3 21 86 3.0 .- 9220 3840
57’ 2.81 2.80 2.85 0.5 2 84 0.3 - -  14 .770 1540

U I 1’ I I
TR IA XIAL COMPRESSION

e U 12n . IO INTERFACE SAMP LES

~~~~. FOOTAGt !3•~~~~
~~‘ .4 I. MH* 2 9O~ 0.5

2. M14* 3 48 0.1
b 3 1414*3 48~ 0.5

.2 4. MH~~ 3 5I~ 0.5
5. MH*- 3 54A 0.5
6- MHa 3 548 O.5

i.o /~
‘-

~
‘
)~ 

7. MH~~ 3 57’ 0.5

\ ~~~~~ o /  /
VN’~ MAXIMUM FAILURE
\ ~ ff STRESS (a 1 — o’ 3 )

08 WAS 1.01 KB; NO
2 STRAIN DATA

STRAIN DATA \ 
AVAI L AOL E

AVAIL ABLE ON
T EST S I AND S

I 

o I~O ~ O ~~ 6.0
TRANSVE RSE AXIAL

STRAIN S
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Ten’c~Tek
May 17 , 1976

Mr. Phil Coleman
Systems , Science & Software
P.O. Box 1620
La Jolla , CA 92037

Dear Mr. Coleman :

The follow ing table lists the true susceptibilities as calculated from the
apparent susceptibilities (Ka) for each of the footages from U12n.1O MH#2 and
MH#3. The true susceptibilities were determined using Vc as the volume of
powdered material , M as the mass of the mate rial and Da as the calculated
apparent density . The true susceptibility (KJT1) was then calculated as:

Kin = (Dm/Da) X Ka

where Dm is the true material density .

TRUE SUSCEPTIBILITY DETERMINATION

As-Rece i ved Powdered_Material -6 -6Sample I.D. Density , Dm,qm/cc Vc(cc~ M( gm) { Da ,gm/cc Ka ,1O emu Km ,1O emu

IH#2 52.5’ 1.61 93.0 97.9 L05 285 437
IH#2 82.4’ 2.11 90.5 111.5 1.23 576 988
IH#2 95 3’ 2.65 90.0 143.6 1.60 412 682
¶H#2 128.2’ 2.64 92.0 144.0 1.57 605 1017

IH#3 42 .2 ’  1.73 47.0 49.9 1.06 114 186
~H#3 56. 4 ’  2.16 92.5 127.9 1.38 343 537
lHa3 65.5 5’ 2.80 87.0 125.3 1.44 106 206
1Ha3 80.0’ 2.82 93.0 130.3 1.40 166 334

Enclosed are copies of the susceptibility procedures and the suscepti libity
mach ine description .

Sincerely,

/~L// ~-Richard K. Dropek
Research Engineer

RDK / j lg

Enclosures

cc: Joe LaComb
Scott Butters
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Teihrc~TeR

March 30, 1976

Mr. J. W. LaComb
Defense Nuclea r Agency
Nevada Test Site
Mercury , NV 89023

Dear Joe :

We have completed the tr iaxia l compression tests on the U12n.IO ISS drill
hole samples. The apparent Young ’ s Modul i and Po i sson ’ s ratios have been
scaled from the slopes of the stress-strain curves and are listed in the
atta ched table. The individual stress-strain curves and the physical pro-
pert i es are also attached .

The data indicates a consistent increase in the Young ’s Modu li with increas-
ing confining pressure . The Pois son ’ s ratios l is ted for the unconf in ed corn-
pression tests (

~ 0 ) were obtained by using the linear portion ” of the
stress difference -axial strain curve . The ‘foot that was not scaled on
trlese curves would have produced much lower Poisson ’ s rat i os -- on the order
of 0.0 5 to 0.10. The Poisson ’ s ratios at the two confining pressure levels
appear consistent ly between 0.20 and 0.25 regardless of the value of Young ’ s
MOdU1 i.

Please call if you have any questions concerning the data .

Sincerely,

~~~~~~~~~~2QI )

Scott W. Bu tters
Eng ineering Supervisor

SW B/j~ g

Enclosu res

cc : B i ll Ell i s , USGS

2 4 3
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ELA STIC MODULI FROM

TRIAX IAL COMPRESSION TESTS

CONFININI’~ YOUNG’S POISSON ’S
SAMPLE PRESSU RE MODULUS RATIO

_____________________ 

(13, BARS 
— 

E ,KB V

Ul2n. lO ISS~l 23 ’ 0 28 0.32
34 48 0.24

69 49 0.24

Ul2n. l O ISS~3 21’ 0 27 0.40

34 44 0.27
69 37 0.23

U12n. lO IS S n S 5 ’  0 q 7 O .6

34 54 0.22
69 42 0.25

Ul2n. lO ISSC’6 28’ 0 130 0.25

34 150 0.23

69 160 0 .23

Ul2n. lO ISS~ 7 17’  0 54 0.32
34 75 0.22
69 95 0.23

Ul?n . lO J SS ~2 12 ’ 0 64 0. 15

34 70 0.20
80 0.23 (
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A P P E N D I X  B

EXTRACT FROM WATERWA Y S EXPERIMENTAL STATIO N
MIGHTY EPIC CONC RETE STUDY
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This report and Tables 8.1 through 8.3 were taken from a 1977 MIGHTY

EPIC Cellular Standard and Steel F i be r Re in fo rce d Concrete Study done by the
Conc rete Laboratory , U.S. Army Engineers Waterways Experiment Station (WES)

V icksburg , Mississippi .

8.1 CELLUL AR CONCRETE TEST RESULTS

Standa rd 152-x 305-mm (6-x 12-inch) cylinder mol ds were used to cast the

specimens which were protected from moisture loss after casting. The specimens

we re ke pt , in the mol ds , in the same ambient conditions as were the structures .

Us ually, there are three values used to describe stress-deformation

cha racteristics of cellular concrete. These are (1) yi eld stress , Gy~
(2) stress at 40 percent deformation , 

~Q 4 O ’ and (3)  average stress to

40 percent defo rmat i on , 
~Q 4O~ 

The percent deformation at which averaqe stress ,
occu rs is halfway between yield strain and 40 percent deformation on the

stress-deformation curves. The values of yield strain , yield stress ,

and st ress at 40 percent deforma ti on , ‘
~~40’ 

were obtained directly from the

stress-deformation graphs. Percent deformation wa s calculated by div iding depth
of penetration of the load head by the total specime n height.

8 .1.1 Prepa ration of Specimens for Testing

About two days before test date , the cardboard molds were stripped from

the specimens and the middle 152 mm (6 inches) of the cylinders ~sere prepared

for test ing. The resulting test specimens were measured to the nearest 0.254 mm

(one-hundredth of an inch) (height and diameter), we ig hed to the nea rest gram ,

and then placed in moisture t i ght p las t ic  bags . Computations were made to
determine the hardened density , c d, for each specimen . On test date 12 May 1976 ,
the constrained compressive strength of each specimen was determined by the

slow- loading method.

Tab le B.) gives the resu lts of these determinations.

8.1.2 Slow-Loading Constrained Compressive Strengths of Cellular Concrete

The 152 mm b~’ 15 nm (6 by 6 inch) specimen was placed in a sp l i t -wal l
conf ining pipe and tested in compression. The steel pipe had a 152-mm (6-inch)

inside diameter with 6.35-mm (1/4-inch) thick walls. There was onl y ne gl ig ible
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lateral st ra i n i n the p i pe walls for the vertical loads appl ied to the specimen.

A fter the specimen was placed in the pipe , both closure bolts on the pipe were

torqued to a final closure of 6.78 joules (5 ft-lb ). Comp ression loads were

applied through a 102-mm (4— inch ) diameter loading piston centered on the 152— mm

(6-inch) diameter specimen .

Load was applied to the 152—by 152—mm (6- by 6—inch) cyl indrical specimens

using a 1 3600 kilogram (30,000 pound) capacity Universal testing machine

operating at a constant rate of piston travel of 7.62 mEl/mm (0.30 in./min)

(5 percent deformation per minute). Deformations were measured with a linear

slide—wire potentiometer attached to the base platfo rm and the moving load

head of the testing machine. An X-Y recorder was linked electronically to the

dial gage of the testing machine and so ca l ib ra ted that loads (in pounds )
were recorded as stresses (in pounds per square inch) on the recorder. The

resulting stress_ J .formation data for each specimen are recorded in Table 8.1.

B. 2 ST A~i-DA kD CONCRETE

Quality control of standard C oncrete was maintained by monitoring the

batch weights , performing slump tests and where applicable , performing percent-

of—air tests. When all these speci C i cat i or l re~ uirements ‘ i--,’ere nIe t , spec imens

were cast during placement operafl ons. C’ C anda rCl 152-nm ~ 305-mm (6— x 12- inch)
cylinder molds are ~sed for spec ii ’ieIl casting and we re cured or otherwise

protected in the s a c  l nn€ ’ r ’ u s we re the s’ r ’ o t u r e s .

- 3 Fl BER RE I ~ ~‘ 1 , : 1 ONCRETE

Quai l t’o control of fiber rein for0ed concrete was m aintained b-u ~oni t O r i n g

batch wei ghts , ; ‘r ~n i-’Hng s 1 o ’ I C  test , ,~n ’., where a ;p l icab l e , performing pe rcent—

of -a i r  tes ts .  The main i te ~ control led was t h i - ’  pr -L~~er inc lusion of the steel
fibers into the II’~ C .  ~bcC prope r c’ hn I que for t h i s  ‘ u- ’ fl Ied on the type bat1 hi nq
and mix ing equ ip r e n t  used on a par t icu lar  proj ect - d O W PV e r , exper ience has
shown that a technique that will di s~r-r’~e t hi - ’ fibers In tl  The mix a l ong with the

aggregates (as opposed to introducing th c ’ f ibers se ou rate ly  or a f te r  the cement
ha ’ , been added) was the mo ’Y des i rab le .  ‘~hen T h~- p! ’ O l ec t  s p e c i f i c a t i o n s  have
been met , st a nda rd cyl inder mo lds were U ’,I’CI t o  c a t  Th e Tes t speci m ens.

2 5 1
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8.4 STANDARD AND FIBER REINFORCED CONCRETES (FRC)

Compressive strength of each FRC and standard concrete specimen was

determined by loading the standard cylinder to failure in a Unive rsal testing

machine [200,000 kilogram (440,000 lb) capacity]. Table 8.2 and Table 8.3

give the results of these determinations.

B.5 SPECIAL NOTES

a. Unless otherw ise stated , test results given in this Appendi x are

those tested at WES.

b. None of the specimens representing CASES “donuts ” cast at WES were
tested because this material was later removed from the structure and replaced.

Cellula r concrete data represent that material placed on the structure at the

Neva da Test Site.
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Table B.2 Standard concrete compressive strengths shot date testing

Comp
S t I I I c t u r e  Spec Date Da te Age Strg

No.  No .  
~~~~~~~~ ~~~~~~~~ 

,~~~~±.. P~~~_ i~*~~~
5A3 1 Dome Closures  11—11—75 5 — 2 6 — 7 6  197 8260

2 Dome Closures 1.1—11—75 5— 26—76 197 7820

SRi 1 Dome Closu re s 11— 12—75 4—1—76 141* 8070
2 Dome Closures 11—12— 75 4—1— 76 141* 8430
3 Dome Closures 11—12—75 5—26—76 196 9550
4 Dome Closures 11— 12— 75 5— 26—76 196 9340

5B2 1 Dome Clos ures 11—14—7 5 4— 1—76 139* 7390
2 Dome Closures 11—14—75 4—1—76 139* 7210
3 Dc ’soe- , : l os u r e s  1 1— 14—75 5 — 2 6 — 7 6  194 9370
4 Den ’.’ ( ‘ l C S .;ures 1 1— 14—75 5 — 2 6 — 7 6  194 8540

5C1 1 Dome Clo ’eires 9 — 2 2 — 7 5  5 — 2 6 — 7 6  247  6600
2 PC CTI C C1 o , C u re s  9— 2 2 - - / S  5 — 2 6 — 7 6  247 5040

5C2 1 De;oc ’ Closu r e - s 9 -24—75  5— 2 6 — 7 6  245 10 ,630
2 DC ’ : : 1e C 1 C S ’ C U C C S  9— 24— 75 5—26— 76 245 10 ,810

5C 3 1 0, 1 4 7 C C  Cl , ,~ ur s ’s 10 — 2 7 — 7 5  5 — 2 6 — 7 6  212 7890
2 1 ’S ’S i7 7 e  C l c ’ .;o l r e s  1 0 — 2 7 — 7 5  5—2 6—76  2 1.2 7850

5C4 1 Dome Closu re s  1 0 — 2 9 — 7 5  5 — 2 6 — 7 6  2 10 8670
2 Dome ( ‘ lo sur e s  1 0— 2 9 — 7 5  5—26— 16 210 8370

C— X - - 5 1 12 — 8 — 7 5  5 — 2 6 — 7 6  170 11 ,690
2 12- 8—75 5 — 2 6 - / 6  1.70 9 , 550

(:-x - - 7 1 11 - 4 — 7 5  5 - 2 7 — 7 6  205 5980

C— X - 8 1. 11~ ?0- i5  5 — 2 7 — 7 6  lsq 8630

C—X -10 1 10—29—75 5—26 - 76  2 1.0 10 ,0-10
2 1 . 0 — 2 9 — 7 5  5 - 2 ( — 7 6  2 1.0 9 , 500

C — X — 1 3  1 1 0 — 1 3 — 7 5  5 — 2 6 - 7 6  ?.~6 8070
2 10—1 3—75 5 - 2 6 — 7 6 726 8720

1- SI l t Shot Day

2 5 1



Tab le  8 .2 St a n d a r d  concre te  c omp r e s s i v e  strengths shot date testing (Continued)

Coop
S L I S , l ct u r e  Sp ’c  Date Date  Age S t r g
- — 

So. - S o ,  I’S, ‘ ‘ , s ’, Ss 
- 

C, S’ ; t 
-‘ 

TI ”7 t’ s” s d 
- f)C C ,’5 psi

C—Y--1 2 1 12—18 — 75 5 — 2 7 — 7 6  161 9870

C—Y— 13 1 12—3—75 5—26—76 175 9 ,530
2 12 — 3 — 7 5  5 — 2 6 — 7 6  175 10 , 170 

-

c--Y—1 4 1 11—14—75 5—26—76 194 8300
2 11—1 4—75 5—26—76 194 8140

C — Y — 1 5  1 11—10— 75 5 — 2 6 — 7 6  198 7230
2 11—10—7 5 5—26 — 76 198 6830

C— Y— 1 6 1 10—3 0—15 5 — 2 6 — 7 6  209 93/ 0
2 10—30—75 5 - - ’s C -76 7-0 9 9900

C — Y — 1 7 1 S t u d  1 1 — 2 7 — 7 5  5 - 2 6 — 7 6  181 9 , 550
2 S t u d  1 1 — 2 7 — 7 5  5 — 2 6 — 7 6  ~ 9 , 37o
3 Sp l I t - r e  1 1— 2 7 — 7 5  5 — 7 6 — 1 6  181 ~i ,o~ o
4 S j l i l C ’ I e -  11—2 ,’— 7 5  5 -1’( -~76 18i. 11

(‘ - Y — 2 2  1 1 0 — 1 5 — 7 5  5 — 2 6 — 7 6  5 7 4  10 ,650
2 10 — 1 5 - / 5  5 - 7 6 — / 6  C 2~ 10 , 330

C— Y—23 1 1 0 — 7 - 5 — 7 5  5 - 7 6 — 7 6  215 8580
2 10—2 / ,— 7 5  5 - 2 6 — 7 6  215 8450

s - - s—i  1 l 2 - 1 0—75 5— 27—76  179 10 , 770
2 13— 10— 7 5 5 — 2 7 — 7 6  179 10 ,650

C -~~— 3  1 10— 15—75 5 — 2 6 - 7 6  7 2 4  9920
2 10—15-75 5 — 2 6 — 7 6  226 9480

1 12—17— 15 .5 - 1 — 7 6  1.06* 8540
2 1 .2 -1 7—15 4 — l - - ’;6 10i , , * 9000
3 1 2- 17—7 5 5 - 1—76 106* 8950
4 1 2 - 1 7— / 5  - 5 - 1 — 7 6  106* 9070

I-’ ) ’



Table  B .2 Standar d conc re te  1 0I !4 ’ e s s i v e  strengths shut date test ing (Cont i nss ’d)

CC -Il0

St  s~~’t  ur e  Spec D:ste fl .ite ,- \ ‘;e  St rg
N o .  

- -  So. ‘I ’ l ’s is s C.ist - T, ’- s . - - l  f l s v s  psi  -

SAl 1 fl~~i :~e C l o - C l I r e s  1 1 -5—75  5 — 7 . 6 — 7 6  203 8/ 20
2 D~ :oe C l o T u r e s  1 . 1 - 5 — / 5  5 — 2 6 — 7 6  203 8100

5-\ 2 1 OC T 7 0  Closures  11—7 — 75 5 — 2 6 — 7 6  201 8810
2 P orno C l o s ;u r e s  11— 7—7 5 5 — 2 6 — 7 6  201 8120
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Ta b le B.3 Steel fiber reinforced concrete co ll ipressive strength
shot date (12 ~‘Si y 1976 ) test ing

Coop
S t r u c t u r e  Spec Da te  D o t e  Age St r g

No . So. C~~’: I , I rk S  C .ist  Ts ’~~t s ’d - 
T) .i ,s 

~~~~~~

501—6A1 1 Sphe e;  O I l  ch 1 1 2 — 9 — 7 5  5 — 2 7 — 7 6  170 8240
2 l O s t  ch 2 12 — 9 — 7 ’ 5  5— 2 7 — 7 6  170 8630

5 0 l— 6A 2  1 Sp h e r e ;  B a t c h  1 1 2 — 1 3 — 7 5  5 — 2 6 - 7 6  165 9780
2 B a t c h  3 1 2 — 1 3 — 7 5  5 — 2 6 — 7 6  165 9160

50 l— 6 A 3 1 Sph er e ;  Batch 1 1.2-17-75 5 - 2 6 -7 6  161 8350
2 ‘ Batch  2 12 — 1 7 — 7 5  5 — 2 6 — 7 6  161 8 ~10

5 0 l- 6 ’ SC4 1 Sph s - r e ;  Ba tch  2 1 2 — 2 2 — 7 5  5 — 2 6 — 7 6  156 9020
2 “ Batch  3 1 2 — 2 2 — 7 5  5 — 2 6 — 7 6  156

50l-6~’\6 1 Sp he re ; B a t c h  1 1—5—76 5- 2 6 — 7 6  142 8170
2 “ B a t c h  3 1— 5 - 7 6  5 - 2 6 — 7 6  1.42 O s l O

ill - -:~A7 1 Sphere ; 1- 8 — 7 6  5 — 2 6 — 7 6  139 1~37 Q
2 1- 8—7 6 5 — 2 6 — 7 6  139 9800

503 (sRi 1 Sp lss ’r c ;  Ba tch  1 1— 1 2 - 7 6  5— 2 6 — 7 6  135  8670
2 “ B atch  3 1 — 12 — / 6  5 - 7 6 - 7 6  135

50 3— 6B2 1 Sp h ere’.; B a t c h  1. 1 — 1 6 — 7 6  5— 2 6 — 7 6  131 10 , 030
2 “ B a t c h  3 1 — 1 6 — 7 6  5 - 2 6 — 7 6  131 9 , 250

503- - 6B3 1 Sp h s ’r e :  B - i t c h  1 1 —2 0 — 7 6  5 — 2 6 — 7 6  127 10 , 570
2 !Ost ’ h 3 1 — 2 0 — 7 6  S ’ ,’) 6—76 127 10 , 290

50 5— 6E1 1 Sp h . ’ ’ s~; B at ch 1. 1 2 — 2 7 — 7 5  5— 2 6 — 7 6  151 9710
2 B. s t ch  ‘1 12 - 2 . 7 — 7 5  5—26—76 1St  9130

2 ~ I)
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F E N I X  AND S C I S S ION , INC.
ENGINEERS-CONTRACTORS

P.O. BOX 15408
LAS VEGAS , N E V A D A  89114

March  15 , 1976

GROUTING REPORT

U12n .1O INTERFACE DRIFT

In the i n t e r f a c e  dri ft of  U12n .1O the fo l lowing holes have been grouted.

Magnet Hole (MH ) No. 1 — Fc- ’ r inch (H Q) hole at i n t e r f a c e  c o n s t r u c t i o n  s t C t i o n  (CS)
+ 2 + 10, total depth 193 f e e t .  This hole was  grouted to the co l la r  in one l i f t
w i t h  HUSKY PUP n e a t  s l u r ry  II CS 6.0 using 29.8 ft3 of grout on 2- 16-7s . The
grout ing was done through the Systems Science and Software ~~3) experin ~ nt
i ns ta l la t ion  pi pe .

M,~,jnet Hole (MH ) No. 2 - HQ hole at i nterfa ce CS 4- 33 , total depth 150 feet. T h i s

hole was grouted to the collar in one lift with HUSKY PUP neat slurry CS 6. -
us ing  19.85 ft 3 of ~ro ut  on 3-8-76. The g rou t ing  was done throug h t h e  s 3 exper i-
rent instal lat ion pi pe.

M~s gne t  H o l e  j~j1 No . 3 - HQ h o l e  a t  i n t e r f a c e  CS + 4 + 04 , total depth 115 f e e t .

This hole was grouted to the co l la r  in on~ l i f t  w i th  HUSKY PUP neat slurry 35 6.3
us in q 15.3 f t 3 

of  grout on 3-1-76 . The grouting was done through the s 3 exper i -

men t  i n s t a l l a t i on  pipe.

UE12 n os . 9 - HQ hole drilled f r -oIl the mesa , intersects U12n. 10 interface dr ’ ‘t

at CS -f 2 + 10. Grouted with 26.18 ft3 of neat concrete slurry (SCS) II cheIri

chomp (CC) (CS 6.0). Mo x i 7 , ls static pressure of 235 psi. Top of grout plug is

a t  + 285 above back of drill chamber (calculation based on Hal liburton tables

of hydrostatic head for lbs/gal. of NCS II CC (CS 6.0)). Hole grouted on 3— 2—7 6 .

Instrumentation Hole No. 3 - 17~ 1/ 2 51 hole at  i n t e r f a c e  CS + 4 + 04 , 183’ of  17.1/2

hole and 9 of 9-7/8 hole. This hole was grouted th rcC gh a string of 2_ 3/1615

outside dialll eter (BQ) drill rod that was suspended in the hole prior to the emp lace-

ment o f  the Develco exper~ rncnt. The g r o ut i n g  was done in two lifts . The first lift

consisted ot 222 f’.:1 of quartzite matching grout (QMG)-k l and was taqqed at a

-‘lopth of 62’ . The secon3 lift consisted of 70 f t 3 of MIGHTY EPIC - 1 1 Ri wit s

final grout elevation determined by the experimenter. Groutinq done 3-1-76 and

3-~-76.

2 6 2
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Instrumentation Hole No. 2 — 17— 1/2” hole at interface CS + 3 + 03 , 360 fee t  of

17— 1/2” hole and + 9 ’  of 9-7/ 8” hole. This hole was grouted through a str ing of
B Q d r i l l  rod t h a t  was suspended in tho hole prior to the emplacement of the

Develco experiment. The first lif t consisted of 510 f t 3 of QMG - R1 and was

tagged wet at 90’. After the grout hole set , it was tagged dry at  112’ , grouting

done on 3-8-76 . One 3—15—76 , 35 f t 3 of QMG—R 1 was punined i n t o  the hole brin’~ing
the l evel to 96 ’ below grade . 160 ft 3 

of MIGHT Y EPIC 0-11 Ri was then pumped in to

the hole through the drill rod to bring the level to 12’ 6’ below grade. Solid

g r o u t  was t agged  at  14’ below grade on 3-16-76.

2 6 3
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