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TUNNELING: AN ANNOTATED BIBLIOGRAPHY
WITH PERMUTED-TITLE AND KEY-WORD INDEX

Introduction

The Oak Ridge National Laboratory undertook a study of tunneling
problems with the goal of determining.the research and development
required to be performed in the near futufe to assure that the U.S.
Department of Housing and Urban Development could meet its goals for
rapid and economical underground installation of utilities in the
urban areas without disturbing the surface users. As part of that
study a review of the literature on tunneling was performed.

This Bibliography includes approximately 1200 arficles and a
dozen books, most of which were published between 1955 and early 1970.

A few older articles and books with special significance to the subject
were included. Essentially all of the abstracts included were written
specifically for this bibliography.

The coverage in the abstracts reflects an emphasis on small diameter
tunnels in urban areas. Many articles are included which are only
indirectly related to tunneling, but are éonnected to subsystems involved
in tunnel construction and utilization. A number of foreign articles
are included, because of special areas of interest. For example, articles
on hydraulic coal mining in Russia are included because of the recent
interest at ORNL on the high-pressure hydraulic jet method of cutting
rock. Some drilling references are included because of their relation-~

ship to the determining of rock properties and the direct bearing the



vi

drilling industry has on tunneling; particularly in the field of blast

hole drilling and the design of cutters for mechanical tunneling machines.
Copies of most of the articles and books referenced are on file in

the Oak Ridge National Laboratory} While copies cannot always be fur-

nished in answer to requests, help in obtaining them will be provided.
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Bibliography Section

The references in this section are grouped into nine major fields

which are identified by the first digit of the acquisition number:

0. General Interest and Historical

1. Geology and Rock Mechanics

2. Rock Disintegration Methods

Materials Handling

(@)Y A2t = w

Ground Control and Linings

Environmental Céntrol and Safety

Cost Estimates. and Tunneling Records

Mechanical Tunneling Devices

Miscellaneous

Methods of publication are grouped into eight minor fields which

are identified by the second digit of the acquisition number:

l. Commercially published book

2. Proceedings of symposia

3. Bound report published by or for a branch

of government

4. Articles published in a technical journal

with author identified

5. News articles and editorials

6. Company brochures
7. Correspondence

8. Patents

The nine digit acquisition number is divided into three parts

separated by hyphens as shown in Figure 1.

The first portion is a



FIELD YEAR MONTH ACQUISTION CORPORATE KEYWORDS

NUMBER AUTHOR '
/’//C:f:////fr’ r | |

02-68=05001 TUNNEL AND SHAFT SYSTEMS TODAY AND/TOMORROW ( EXCAVATION SYSTEMS ORILLS MUCKING BLASTING )

JACUBSy Jo D. &
TUNNEL AND SHAFT CONFERENCE, UNIVERSITY OF MINNESOTA, 16 PAGES, MAY 15, 1968. A GENERAL DTSCUSSION GF ALL ASPECTS
OF TUNNELING, INCLUDING DISINTEGRATION OF RJICK, PERCUSSION DRILLS, BLASTING, TUNNELING MACHINES, AND MUCK HANDLING.
NEW TECHNIQUES IN THE ART OF TUNNELLING SUCH AS THE MAGIC CARPET METHOD ARE DESCRIBED. TUNNEL: SMALLER THAN 11 OR 12
FT. IN DIAMETER RESTRICT THE SIZES OF EQUIPMENT TO THE EXTENT THAT UNIT OPERATING COSTS ARE GREATLY INCREASED. THE
UNIT QPERATING COST TEND TO DROP WITH THE INCREASING LENGTH OF TUNNEL.

two digit number which represents the major field and the type of
publication with the digits having the significance indicated above.
The second portion is a two digit number which is the same as the
last two digits in the year of publication. The third portion is a
five digit field, the first two of which represent the month of the
date of publication (e.g. January = 01, February = 02, etc.). The
last three digits are serial numbers assigned (arbitrarily) to each
document.

The as31gnment of documents to major fields was done at the
dlscretlon of the authors. In many cases more than one field was
indicated. When this happened an attempt was made to assign the
document to the field where it was most applicable and to include
key words which would assist in retrieval from the other pertinent
fields. Because of the overlapping of fields and the inclusion of
material in articles from several fields, it is recommended that the
key word index be used as the major approach to locating data for
specific fields.

Bibliographic information includes the title, key words, authors,
corporate affiliation of the principal author, reference, and the
abstract. The key words added to the title by the authors are enclosed

in parentheses to indicate that they are not part of the title.
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Bibliography

- FIELD 0 GENERAL INTEREST AND- HISTORICAL

FIELD O1 BOOKS

01-78-00001 TUNNELING, EXPLOSIVE COMPOUNDS, AND ROCK DRILLS

DRINKER, H. S.
JOHN WILEY AND SONS, 1878. A HISTORY OF TUNNELING FROM THE REIGN OF RAMESES II TO NINETEENTH CENTURY, DETAILS OF
PRACTICAL TUNNEL WORK, MODERN EXPLOSIVE COMPJUNDS, PRINCIPLES OF BLASTING, DESCRIPTION OF ROCK DRILLS AND COMPRESSORS,
DESCRIPTION OF EUROPEAN AND AMERICAN SYSTEMS OF TIMBERING AND ARCHING, TABLES GIVING DIMENSIONS AND COST OF QVER 1700
TUNNELS IN EUROPE, NORTH AND SOUTH AMERICA, AND NEW ZEALAND. 1031 PAGES, 1086 FIGURES, 19 PLATES, 145 TABLES, 2
APPENDICES.

01-59-00001 TUNNEL ENGINEERING ( HISTORICAL LINING-METHODS SHIELD-TUNNELING SUBAQUEOUS ROCK DIFFICULT-GROUND

SURVEY ING DESIGN ALTIGNMENT GROUTING )

HAMMOND, R. .
THE MACMILLAN CO., NEW YCGRK, 1959, THIS IS A COMPREHENSIVE SURVEY OF TUNNELING METHODS, WHICH INCLUDE THE
TECHNTCAL DEVELOPMENTS WHICH HAVE AFFECTED TUNNEL ING PRACTICE IN RECENT TIMES. VARIOUS CHAPTERS DISCUSS (1) THE
HISTORY OF TUNNELING, (2) TUNNEL LINI'NG METHODS, (3) METHOD OF SHIELD TUNNELING, (&) SUBAQUEOUS TUNNELING, (5) ROCK
TUNNELING, (6) TUNNFLING THROUGH DIFFICULT GRDUND, (7) SURVEY METHODS, (8) CHARACTERISTICS AND PROBLEMS ENCOUNTERED IN
DRILLING LONG TUNNELS. MANY ACTUAL PROJECTS ARE USED FOR ILLUSTRATION OF THE PRACTICES AND PRINCIPLES OF TUNNELING.
113 TLLUSTRATIONS, 32 REFS.

01-60=00001 TUNNELS ( CANAL RAILROAD SUBWAY AUTOMOBILE WATER SEWAGE )

RIARDMAN, F. Wey JR. . -
HFENRY Z. WALCK, INC., NEW YORK, 1960. NATURE HAS BEEN FORMING TUNNELS AND CAVES SINCE THE WORLC BEGAN.
PREHISTORIC MAN USED THEM. 1IN THE BRONZE AND IRON AGES TUNNELS WERE DUG TO QUARRY STONE AND MINE METALS FOR TOOLS AND
WEAPONS. LATER WATER SUPPLY AND IRRIGATION TUNNELS WERE DUG. TODAY TUNNELS ARE CONSTRUCTED FOR RAILWAYS, CANALS,
AUTNMOBILES, WATER AND SEWAGE, HYDROELECTRIC PJIWER AND ATOMIC RESEARCH. THE DEVELOPMENT OF TOOLS AND TECHNIQUES OF
TUNNEL BUILDING AND THE SAFEGUARDS DEVISED TO ELIMINATE DANGERS ARE RELATED. A PICTORIAL HISTORY OF TUNNELS AND
TUNNFL CONSTRUCTION CVFR THE LAST ONE AND ONE HALF CENTURIES. 139 PAGES.

01-63-00001 TUMNELS ( ADVANCE COST EQUIPMENT SURVEYING EXPLOSIVES SUPPORT DRILLING )

SANDSTROM, G. E.
HOLT "R INEHART & WINSTON, NEW YORK, 1963, A COMPREHENSIVE REVIEW OF THE HISTORY OF TUNNELING FRCM THE DAWN OF TIME
WHEN RULERS DRMVE THEIR SUBJECTS UNDERGROUND TO THE PRESENT DAY WHEN TUNNELING, REVOLUTIONIZED BY MODERN TECHNOLOGY,
CONFRONTS NEW FNTERPRISES WITH INCREDTBLE PROBLEMS AND HAZARDS OF THEIR OWN. HIGHLIGHTS OF MAN'S UNDERGROUND SEARCH
EAR WATER ARF GIVEN. THE RAILROAD USHERED IN THE GREAT AGE OF TUNNELS. VARIOUS TUNNELING METHODS ARE EXPLAINED.
NDETATLED ACCOUNTS OF FAMOUS TUNNELS ARF RELATED INCLUDING SUBAQUEOUS TUNNEL ING AND THE SUBWAYS OF LONDON AND NEW YORK.
TUNNEL SURVEYING, THF STRANGE STORY OF EXPLOSIVES, ROCK DRILLING MACHINES, TOOLS FOR A NEW AGE AND UNDERGROUND POWER
ARE DISCUSSED. IN THE U.S. AS COMPARED TO EUROPE SPEED IS AT A PREMIUM OVER COST. THE U.S. USES MORE MEN AND
MACHINERY AT THE FACE, HAS A POORER POWDER FACTOR AND PULLS LESS WITH EACH SHOT WHICH GIVES A HIGHER COST PER FOOT BUT
THEY ADVANCE ALMOST THREF TIMES AS FAST.

01-64-00001 FXCAVATION SCTENTIFIC AND TECHNICAL APPLICATIONS FORECAST - 1964

HUGHES TOAL €O HAUSTON TEX
NEFICE NF THE CHIEF NF RESEARCH AND DEVELOPMENT DEPT OF THE ARMY, WASH D.C. 1964. A STUDY BY HUGHES TOOL CO. OF
THE PRESENT STATE OF THE ART OF THE EXCAVATION FIELD, A FORECAST OF NEW TECHNICAL APPLICATIONS AND A PLAN OF RESEARCH
TO FULFILL THE FORECAST. INDIVIDUAL CHAPTERS ARE ABSTRACTED IN ENTRIES 03-64-00001 THRU 03-64-00008.

01=-A5-00001 STANDARD METHOD OF TEST FOR COMPRESSIVE STRENGTH OF NATURAL BUILDING STONE
ASTM STANDARDS, AMERICAN SOCIETY FOR TESTING MATERIALS 1965 ED. THE METHOD COVERS THE SAMPLING, PREPARATIGN DF
SPECTMEMS, AND PROCEDURE FOR DETERMINING YHE COMPRESSIVE STRENGTH OF NATURAL BUILDING STONE.

01-67-00001 THE ART OF TUNNELLING ( THEORY DESIGN CONSTRUCTION )

SZECHY, K. & TFCH UNIV FNGR - BUDAPEST
AKADEMTIAT KIADO RUDAPEST, 1967. THIS BOOK GIVES COMPREHENSIVE COVERAGE OF TUNNELING THEDRY, DESIGN AND EXECUTION
BASED ON A CRITICAL COMPILATION OF RECENT LITERATURE. SIGNIFICANCE OF TUNNELING IN TRANSPORTATION AND ECONOMY IS VERY
GREAT AND SHOWS A TENDFNCY TO INCREASE. TODAY TUNNELS ARF CONCERNED MAINLY WITH HIGHWAY, UNDERGROUND RATLWAY,
WATFR-SUPPLY, HYDROELECTRIC PRESSURE OR DIVERSION AND PUBLIC UTILITIES. LATEST UNDERGROUND STRUCTURES OF EVER GROWING
IMPORTANCE ARE STORES, GARAGES, PARKING FACILITIES AND VARIOUS TYPES OF SUBWAYS, UNDERPASSES AND EXPRESSWAYS. A
DETAILED PRESENTATION IS GIVEN OF PRELIMINARY STUDIES AND GENERAL DESIGN CONSIDERATIONS; ANALYSIS OF LOADS ON TUNNELS
AND UNNERGROUND STRUCTJRES; DESIGN OF TUNNFL SECTIONS AND CONSTRUCTION AND DESIGN OF TUNNELS. THIS TEXT CLOSES WITH A
CHAPTER NN SFRVICE, OPERATION AND MAINTENANCE OF TUNNELS. SHIELD TUNNELING IS GIVEN EXTENSIVE TREATMENT. DESIGN DATA
ON 31 "REMARKABLE TUNNFLS®™ ARF TABULATEZD. CAST DATA ARE TABULATED FOR 19 OF THESE. 882 PAGES.

01-70-0000]1 RAPID EXCAVATINN - PROBLEMS AND PROGRESS = PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE MINNEAPOLIS,

MAY 15-17, 1968,

YARDLEY, D. H. & UNIV MINN MINNEAPOLIS MINN
SOCIETY OF MINING ENGRS OF AIMM & PE NEW YORK 1970. THIS BOOK CONTAINS ARTICLES PRESENTED AT THE TUNNEL AND SHAFT
CONFERENCF UNTV MINNFSOTA, MAY 15-17, 1968. FOR INDIVIDUAL- ARTICLES (CHAPTERS) SEE: 02-70-00001 TO 02-70-00009 ;
12-70-00001 TO 12-70-00004 ;5 22-70-00001 ;3 32-70-00001 7o 32-70-00004 ;3 52-70-00001 TO 52-70-00003 ; 72-70-00001 YO
72-70-000132,

FIELD 02 SYMPOSIA

02-56-0400] SOME VIEWS AND TRENDS IN MINING RESEARCH ( DRILLING ROCK~-BREAKAGE )

REEDy Jo J. & ST. JOSEPH LEAD CO
QUARTERLY OF THE COLQ SCHOOL OF MINES FIRST SYMP ON ROCK MECHANICS, (51) N 3, 13-18, JULY 1956. A MINING RESEARCH
NEPT 'SHAULD DFVELOP A QUANTITATIVE KNOWLFAGE OF THE FUNDAMENTALS OF THE MINING OPERATIONS WITH WHICH TO SUPPLEMENT THE
EXPFRTIENCE OF THE QPFRATING DEPARTMENTS AND ALSD TO DELVE INTO THE AREAS BEYOND THE REALM OF EXPERIENCE IN ORDER TO
DEVELDP ENTIRELY NEW PRINCIPLES AND METHODS OF OPERATION. THE RESEARCH PROJECTS ACTIVE AT PRESENT ARE: FUNDAMENTAL
ROCK BREAKAGE WITH EMPHASIS ON INCREASING THE EFFICIENCY OF PRIMARY ROCK BREAKING IN ALL PHASES OF MINING OPERATIONS;:
ROCK MECHANICS STUDIES OF SPECIFIC AREAS OF PRIGRESSIVELY CAVING GROUND, OR AREAS WHERE PILLAR RECOVERY OR REPLACEMENT
IS PLANNED; ROCK MECHANICS INSTRUMENTATION TO DEVELOP SUITABLE INSTRUMENTS FOR ANY MEASUREMENTS WHICH MUST BE MADFE.
SMPHASTS IS ON INSTRUMENTS FOR STRESS 0OR STRAIN MEASUREMENT IN THE ROCK OR CONCRETE STRUCTURE OF THE MINES SUCH AS A
RECENT STRESS METER DEVELOPED 8Y PROF. POTTS IN ENGLAND AND A STRAIN METER DEVELQPED BY CANADIAN DEPT OF MINES AND



TECHNICAL SURVEYS; CONCRETE PILLAR PRE-LOADING TO DEVELOP A MEANS TO LOAD CONCRETE PILLARS IN THE MINES TO A LARGE
PROPORTION OF THEIR ULTIMATE CAPACITY AS SOON AS THE CONCRETE IS PROPERLY CURED, ROTARY-PERCUSSION DRILLING TO DEVELOP
FASTER MORE EFFICIENT MEANS OF DRILLING. A GERMAN DRILL IS BEING IMPORTED TO TEST THE PRACTICALITIES AND ADVANTAGES OF
ROTARY-PERCUSSION DRILLING. FUTURE PROJECTS MAY INCLUDE IMPROVED PILLAR WRAPPING, PILLAR RECOVERY, FILLING STUDIES,
AND HYDRAULIC HOISTING.

02-59-07001 TUNNELING IN THE U.S.A. ( HARD-ROCK MECHANIZATION LABOR-COSTS DRILLING EXPLOSIVES MANAGEMENT
MINING-ORGANIZATION ) :
KIMBALL, S. & HENRY J. KAISER CO DAKLAND
INST OF MINING ENGRS PROC 0OF THE SYMP ON SHAFT SINKING AND TUNNELING PAPER, N 18, 253-263, JULY 16, 1959. HARD
ROCK TUNNELING METHODS USED BY AMERICAN ENGRS ARE DISCUSSED WITH PARTICULAR REFERENCE TO THE POLICIES GF MECHANIZATION
TO OFFSET HIGH LABOR COSTS. STANDARD TUNNELING PRACTICES ARE DISCUSSED. SOME OF THE MAJOR ITEMS OF EQUIPMENT DESCRIBED
AS WELL AS EXPLOSIVES USED AND VENTILATION SYSTEMS ADOPTED. TUNNEL TRANSPORT SYSTEMS AND EQUIPMENT ARE DISCUSSED.
REFERENCE IS MADE TQ THE IMPORTANGCE OF MANAGEMENT TO THE PHYSICAL AND ECONOMIC SUCCESS OF TUNNELING. THE ADVANTAGE OF
CORRECT MINING ORGANIZATION IS STRESSED. SOME OF THE MAIN AMERICAN TUNNEL ING ACHIEVEMENTS ARE BRIEFLY PRESENTED.

02-59-07002 TUNNELING IN THE UNITED STATES OF AMERICA ( HARD-ROCK VENTILATION MUCKING DRILLING EXPLOSIVES JUMBO )
KIMBALL, S. & HENRY J. KAISER CO OAKLAND
PROCEEDINGS OF THE SYMPDSIUM ON SHAFT STINKING AND TUNNELING, 253-263, JULY, 1959 (THE INSTITUTION OF MINING ENGINEERS,
1960). THE HARD ROCK TUNNEL ING METHODS OF AMERICAN ENGINEERS ARE DISCUSSED WITH REFERENCE TO MECHANIZATION
POLICIES TO OFFSET HIGH LABOR COSTS. MAIN DRILLING OPERSTIONS ARE DESCRIBED AND MAJOR ITEMS OF EQUIPMENT SUCH AS THE
MOVABLE DRILL PLATFORM "JUMBO"™ ARE EXAMINED. DESCRIPTIONS OF METHODS OF BLASTING, VENTILATION, AND MUCK TRANSPORT ARE
ALSO GIVEM. THE IMPORTANCE OF FIRST-CLASS MANAGEMENT AND CORRECT MINING ORGANIZATION IS STRESSED. SUCH MAIN AMERICAN
TUNNEL ACHIEVEMENTS AS THE CLEAR CREEK TUNNEL IN NORTHERN CALIFORNIA ARE SURVEYED. A BRIEF DISCUSSION AND A
DIAGRAMMAT IC DRAWING OF A JUMBO DRILL ARE INCLUDED AT THE END OF THE PAPER.

02-59-07003 TUMNELING IN THE COAL MINES OF WESTERN GERMANY ( EXCAVATION STONE-DRIFTS SYSTEMS METHODS DRILLING
BLASTING VENTILATION MUCKING GROUND-SUPPORT MECHANIZATION
MIDDENDORF, H. & MATHIAS STINNES A.G.
PROCEEDINGS OF THE SYMPOSIUM ON SHAFT SINKING AND TUNNELING, 264-300, JULY, 1959 (THE INSTITUTION OF MINING ENGINEERS,
1960} . DISCUSSION OF ALL ASPECTS OF TUNNEL ING METHODS, INCLUDING DRILLING, SHOTFIRING, GROUND SUPPORT, AND
VENTTLATION FQUIPMENT. THE IMPORTANCE OF MECHANIZED LOADING IS STRESSED. FULLY MECHANIZED OPERATIONS WOULD MAKE
POSSTIBLE ADVANCES OF OVER 200 M PER MONTH. THE NECESSITY FOR THOROUGH ORGANIZATION IN TUNNELING OPERATIONS IS
EMPHASIZED.

02-59-07004 TUNNELING IN CANADA ( JUMRO BRLASTING SUPPORTS MUCKING VENTILATION DUST )

TWIDALE, M. A. + IGNATIEFF, A. & CANADA DEPT MINES OTTAWA CANADA «
PROCEEDINGS OF THE SYMPOSIUM ON SHAFT SINKING AND TUNNELING, 332-349, JULY, 1959 (THE INSTITUTION OF MINING ENGINEERS,
1960). CANADTAN TUNNELING OPERATIONS ENCOUNTER A WIDE RANGE OF MINERAL DEPOSITS AND ROCK TYPES. THREE WIDELY
NIFFERENT TUNNELING PROJECTS ARE DESCRIBED: THE 3445-FT PRINCESS COLLIERY TUNNEL, DRIVEN THROUGH STRUCTURALLY WEAK AND
WATER-BEARING SEDIMENTS; THE KEMANO HYDRO-ELECTRIC TUNNEL, WHICH IS 40 FT WIDE, 1550 FT LONG, AND SCME 317 FT ABOVE
BEDROCK, ORIVEN THROUGH IGNEOUS ROCK AND RATED AS THE THIRD HIGHEST OF ITS TYPE IN THE WORLD; AND THE GECO COPPER ZINC
MIME DEVELOPMENT, OF MEDIUM SIZE, AT SHALLOW DEPTH IN COMPETENT ROCK.

02-59-07005 METHOD STUDY APPLIED TO SHAFT SINKING AND TUNNELING IN COAL MINES IN GREAT BRITAIN ( RESEARCH-STUDIES
SYSTEMS )
BOOTH, J. N. + WATT, R, G. & NATIONAL COAL BOARD ENGLAND
PROCEEDINGS .OF THE SYMPOSIUM ON SHAFT SINKING AND TUNNELING, 350-368, JULY, 1959 (THE INSTITUTION OF MINING ENGINEERS,
1960). THE APPLICATION OF METHOD STUDY TO SHAFT SINKING AND TUNNELING IN THE RECONSTRUCTION PROGRAM OF THE
NATIONAL CCAL BOARD IS OUTLINED. THE DEVELOPMENT OF METHOD STUDY AND OPERATIONAL RESEARCH WITHIN THE ORGANIZATION OF
THE BOARD IS DISCUSSED AND THEIR COMPLEMENTARY FIELDS OF OPERATION ARE INDICATED. EXAMPLES ARE GIVEN OF ACTUAL STUDIES
INDICATING THE FACILITY WITH WHICH METHOD STUDY TECHNIQUES SHOW UP FACTORS WHICH LIMIT PERFORMANCE EVEN IN CASES OF
APPARENTLY EFFICIENT OPERATIONS. :

02-59-07006 TUNNELING IN BRITISH COAL MINES ( EXCAVATION-METHODS SYSTEMS )

LANSDOWN, R. F. + MCCLUNIE, W. A. & NATIONAL COAL BOARD ENGLAND
PROCEEDINGS OF THE SYMPOSIUM ON SHAFT SINKING AND TUNNELING, 183-200, JULY, 1959 (THE INSTITUTION OF MINING ENGINEERS,
1960). THROUGH THE NATIONAL COAL BOARD'S ESTABLISHMENT OF A NATIONAL DEMONSTRATION TUNNEL AND TRAINING PRNGRAM, IT
HAS BFEN SHOWN THAT WITH EXISTING EQUIPMENT AND A HIGH STANDARD 0OF ORGANIZATION 10 TGO 12 YDS OF TUNNELING PER DAY CAN
BE MAINTAINED OVER LONG PERIODS. GENERAL DISCUSSION OF ALL ASPECTS OF TUNNELING METHODS BEING USED IN NCB TUNNELS,
INCLUDING PERCUSSIVE-ROTARY DRILLING RLASTING, SUPPORT AND LININGS, AND MUCK HANDLING. METHOD STUDY IS EMPHASIZED AS
THE GREATEST CONTRIBUTCR TO HIGHER EFFICIENCY AND SPEED.

02-60-0100]1 EFFORTS TO DEVELOP IMPROVED OILWELL DRILLING MFYHODS ( COST PERCUSSORS BIT-ROTARY-SPEED ROCK-ATTACK

AUTCMATIC~RIGS )
LFDGERWOCD, L. W.y JR. & JERSEY PROD RES CORP
PETROLEUM TRANSACTIONS, AIME FIRST API DRILLING RESEARCH SYMP BILOXI MISS, (219) 61-74, JAN 13-14, 1960. THIS

PAPEP REVIEWS PAST AND PRESENT DEVELOPMENT EFFORTS ON ROCK ATTACK METHODS AND DRILL STRING TRAVEL IMPROVEMENTS WITH
COSTS ESTIMATED IN TENS OF MILLIONS OF DOLLARS. EFFORTS ARE AIMED AT IMPROVING DRILLING TOOLS AND METHODS THAT WILL
REDUCE DRILLING COSTS. MANY UNIQUE AND UNCONVENTIONAL ROCK ATTACK METHODS ARE DISCUSSED AND COMPARED WITH DATA
PRESENTED IN 22 TABLES OF DATA AND INFORMATION. SKETCHES OF TOOL TYPES AND OPERATING CONCEPTS TLLUSTRATE ‘THE ITEMS
DESCRIBED. RASIC ROCK ATYACK SCHEMES ARE DESCRIBED INCLUDING PERCUSSIVE, ROTARY-BIT, PELLET, ABRASIVE, CHEMICAL,
FLAME, ELECTRIC ARC, ELECTRIC, MAGNETIC, EXPLOSIVE AND ROCKET EXHAUST. THE PAPER OFFERS RECOMMENDATION OF DIRECTION
THAT RESEARCH AND DEVELOPMENT SHOULD PURSUE. 73 REFS.

02-61=-00001 ROTARY DRILLING OF LARGE DIAMETER VERTICAL HOLES ( HOLLOW-DRILL-STEM ROLLER-CUTTER CIRCULATING-FLUID
DRILL-STRING CASING )
3AWCOM, J. W. & NORTH AMERLCAN DRILLING COMPANY
THE NORTHERN ‘OHIO GEOLOGICAL SOCIETY, SYMPOSIUM DN SALT PROCEEDINGS, 1961. THIS PAPER DESCRIBES THE BASIC
PPINCIPLES OF ROTARY DRILLING AND THE PROBLEMS THAT ARE INVCLVED IN UTILIZING THESE PRINCIPLES TO DRILL LARGF DIAMETER
HOLES. THE DRILLING PLANT THE SUNCTIONS AND FACTORS INFLUENCING THE DESIGN OF ITS COMPONENT PARTS AR® DISCUSSED. A
STUDY OF DRILLING PRACTICES IS GIVEN WITH EMPHASIS ON HOW VARIOUS FACTORS AFFECT THE SPEFD AND EFFICIENCY. SPECIFIC
PECOMMENDATIONS ARE MADE FOR THE SELECTION OF TECHNIQUES THAT SHOULD BE USED TO RESULT IN THE LOWEST DRILLING CCST.
REFERENCES ARE MADE TO PARTICULAR PROJFCTS WHERE SHAFTS WERE DRILLED USING EQUIPMENT AND PRACTICES THAT YIELDED
SATISFACTORY RESULTS. THFE FUNCTIONS OF THE DRILLING FLUIDS ARE DUTLINED. THE CONDITIONS TO BE CONSIDERED IN DESIGNTING
SHAFT LININGS ARE MENTIONED AND INSTALLATION PROCEDURES DESCRIRED. REMEDIAL MEASURES ARE OFFERED FOR VARIOUS DRILLING
PANBLEMS. THE ADVANTAGES OF ROTARY NRILLING METHOD OF SHAFT CONSTRUCTION ARE SUMMARIZED.

02-51=00002 DEVELOPMENT OF CONTINUOUS BORING MACHINES FOR SALT AND PCTASH UNDERGROUND MINING { KERFS CUTTER-BITS
CORES THRUST PENETRATION )
MCWHORTFRy C. E. & GOODMAN MANUFACTURING COMPANY :

THE NORTHERM OHIOQ GEOLCGICAL SOCIETY, SYMPOSIUM ON SALT PROCEEDINGS, 1961. THIS PAPER IS ‘AN TLLUSTRATED
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DESCRIPTION OF THE METHODS USED IN DEVELOPMENT OF FULL FACE CONTINUOUS MINING AND LDADING MACHINES. DEVELOPMENT
STARTED WITH THE USE OF SMALL SCALE LABORATORY TEST APPARATUS TO PRODUCE THE DATA NEEDED FOR BUILDING AN UNDERGROUND
PORTABLE FIELD TEST MACHINE WHICH PROVED OUT THE TEST DATA AND FURNISHED ADDITIONAL KNOWLEDGE FOR CCNSTRUCTING THE
ULTIMATE 60 TON, 500 H.P. PRODUCTION MACHINE UNDERGROUND. APPLICATIONS OF THE MACHINE ARE DESCRIBED.

02-63-080Q1 DESIGN AND PERFORMANCE OF MAMMOTH POOL POWER TUNNEL ( UNLINED-TUNNELS )

LAVERTY; B. R. + LUDWIGy; K. R. & SO CAL EDISON CO CAL
PROCFEDINGS OF THE AMERICAN SOCIETY OF CIVIL ENGINEERS JOURNAL OF THE POWER DIVISION, 9-43, SEPT 1963, ENGINEERING
CONSTIDERATIONS AND DESIGN CRITERIA USED IN THE LOCATION AND DESIGN OF THE 7 1/2 MILE HYDROELECTRIC MAMMOTH POOL POWER
TUNNEL IN MADESA CO. CALF PERFORMANCE OF THE UNLINED PRESSURE TUNNEL IS REVIEWED.

02-64-03001 DISCUSSION OF PAPER "DESIGN AND PERFORMANCE OF MAMMOTH POOL POWER TUNNEL"

LAVERTY, B. R, + LUDWIG, K. R. & SO CAL EDISON CO CAL
PROCEEDINGS OF THE AMERICAN SOCIETY OF CIVIL ENGINEERS JOURNAL OF THE POWER DIVISION, (90) 97-105, MARCH 1964,
QUESTIONS AND ANSWERS ABOUT SUBJECT TUNNEL ON PROFILE OF INVERT, ECONOMIC DIAMETER, SURGE CHAMBER AND ROCK TRAPS, PAVED
INVERT, ROCK COVER CRITERIA. (REF, 02-63-08001)

02-64~09001 SUBWAY TUNNEL CONSTRUCTION IN NEW YORK CITY { ROCK~-BOLTS ORILL-AND-BLAST ROCK~FALLS )

KNIGHT, G. B. & DRAKE AND PIPER NYC
PROCEEDINGS OF THE AMERICAN SOCIETY OF CIVIL ENGINEERS JOURNAL OF THE CONSTRUCTION DIVISION, (90) N 2, PAPER 4032,
15-36, SEPT 1964. CHOICE OF EQUIPMENT TYPE AND ITS USES FOR SUBWAY TUNNEL CONSTRUCTION IN NYC ARE CONSIDERED IN
DETAIL. BLASTING WAS LIMITED BY NUMBER OF POUNDS PER DELAY TO PREVENT DAMAGE TO BUILDINGS. L OW POWDER COSTS (2 1/4
LB. PER CU. YD,) WERE OFFSET TO INCREASED MUCKING COSTS BY NOT BREAKING LARGE SLABS PROPERLY. BLASTING WAS NOT ALLOWED
DURING RUSH SUBWAY HOURS. SUPPORTS INCLUDED ROCK BOLTS, TEMPORARY SYEEL SUPPORTS, TEMPORARY TIMBER POSTS, PERMANENT
STEEL SUPPORTS,

02-64-10001 SOFT-GROUND TUNNELING: DESIGN AND CONSTRUCTION ( VEHICULAR MOLES SHIELDS COSTS )

NNSKIEWICZ, T. M. + RAMSEY, J. A. & W. S. ATHINS AND ASSO TORONTO
CANANTAN GOOD ROADS ASSN., GOLDEN JUBILEE CONVENTION, 139-153, OCT 1964. TODAY THE GREATHEAD SHIELD NORMALLY
CONSISTS OF A STEEL CYLINDER EXTENDING FROM THE CUTTING EDGE AT THE FRONT TO A TAIL OVERLAPPING THE TUNNEL LINING AT
THE REAR. IN BAD GROUND, THIS IS STILL THE BEST METHOD. CONSIDERABLY GREATER SPEEDS ARE POSSIBLE WITH ROTARY DIGGER
SHIELDS. THESF ARE EXPENSIVE ($150,000 TO $200,000); SPEED IS THEIR ASSET. MECHANICAL TUNNELING MACHINES HAVE BEEN
NEVELOPED FOR TUNNELING THROUGH SOFT OR MEDIUM ROCK. COMPRESSED AIR HMAS BEEN USED IN WATER-BEARING GROUND AND FOR
UNDERWATER CRISSINGS. THE MAIN HAZARDS INVOLVED HERE ARE SICKNESS OF MINERS AND POSSIBLE FAILURE OF AIR SUPPLY. THESE
HAVE BEEN GREATLY REDUCED BY ELECTRICALLY DRIVEN COMPRESSORS. GROUND TREATMENT HAS BEEN DEVELOPED TO DECREASE THE
PERMEABILITY OF THE SOIL. CHEMICALS, CLAY, AND CEMENT ARE INJECTED INTO THE SOIL. PRECAST CONCRETE LININGS AND
FLEXIBLS JOINTED TUNNEL LININGS HAVE BEEN USED SUCCESSFULLY, THE LATTER FOR THE LONDON UNDERGROUND. THE SUNKEN-TURE
METHOD MIGHT BE RULED DUT BY SUCH THINGS AS SWIFT CURRENTS OR UNSTABLE SOIL, BUT UNDER CERTAIN CONDITIONS IS THE ONLY
RFASCNABLE SOLUTION.

02-64=10002 UNLINFO TUNNELS OF THE SOUTHERN CALIFORNIA EDISON CO. ( GEQLOGY ROCK MECHANICS )

SPENCER, R. W. + LAVERTY, B. R, + BARBER, D. A. & SO CAL EDISON CO CAL
PROCEENINGS OF THE AMFRICAN SOCIFTY OF CIVIL ENGINEERS JOURNAL OF THE POWER DIVISION, {90} N 3, 105-32, 0OCT. 1964.
THE DESIGN CONSTRUCTION AND OPERATING EXPERIENCE OF ELEVEN UNLINED POWER TUNNELS IN THE SIERRA NEVADA RANGE ARFE
SUMMARIZED. THE TUNNELS VARY IN AGE FROM LESS THAN 5 YEARS TO MORE THAN 50 YEARS AND FROM 7 FT. TO 24 FT. IN DIAMETER.
TOTAL LENGTH = 42 MILES. UNDER FAVORABLE GEDLOGIC CONDITION, UNLINED TUNNELS ARE PRACTICAL TO BUILD AND MAINTAIN.

02-64-1Q0003 CONTRACTDR'S VIEW OF -UNLINED TUNNELS ( GEOLOGY COST COMPETENT-ROCK BLASTING )

PETROFSKY, A. M. & MORRISON~KNUDSCN CO INC
PROCEEDINGS NF THE AMERICAN SOCIETY DF CIVIL ENGINEERS JOURNAL OF THE POWER DIVISION, (90) N 3, PAPER NO. 4086, 91-104,
NCT 1964. COMPETENT ROCK IS BASIC NECESSITY FOR UNLINED TUNNELS. GIVEN THIS, STZE, SHAPE, THE ATTITUDE OF BEDDING
OR JOINTING, DEPTH BFLOW SURFACE, INTENDED USE AND HYDRAULIC CONSIDERATIONS CAN BE RESOLVED. THESE ITEMS AND COSTS ARFE
DISCUSSED IN SPECIFIC EXAMPLES OF TUNNELS BUILT BY M-K. (SEE ALSO 02-66~01001 FOR COMMENTS DURING PRESENTATION OF THIS
PAPFR AT THE UNLINED TUNNMNEL SYMPOSIUM)

=66=01001 CONTRACTNR'S VIEW ON UNLINED TUNNELS-CLOSURE BY AUTHOR ( COST SWEDISH-TUNNELS )
PETROFSKY, A. M. & MORRISON-KNUDSEN CO INC
PROC OF THE AMFRICAN SOCIETY OF CIVIL ENGR JOURNAL OF THE POWER DIV, 131-132, JAN 1966. OISCUSSION OF THE PAPER
(SEE REF 02-64-10001) AFTER PRESENTATION AT THE UNLINED TUNNEL SYMP. M-K COSTS COMPARED WITH ESTIMATES BY CALIF DEPT
NF WATER RESOURCES METHOD. ROCK BOLTS INCREASE SOUNDNESS OF ROCK. CONTRACTORS ARE BECOMING WARY OF MAXIMUM LUMP SuM
CONTRACTS. :

02-66-09001 ECCNCOMIC CANSIDERATIONS IN THE DESIGN OF NORTHUMBERLAND STRAIT CROSSING ( HIGHWAY-TUNNEL RAIL-TUNNEL COST
)

CLARKE, G. T. + GORDON, F. L. M. & PUBL WORKS OF CANADA OTTAWA CAN
PROC. CANAC. GCOD RDS. ASSN. 6-9, 217-228, FEB 1966. THE NORTHUMBERLAND STRAIT CROSSING WILL CARRY A TWO-LANE
HIGHWAY WHICH WILL LATER BE CONVERTED TO FOUR LANES, AND A SINGLE TRACK RAILROAD. FOUR LANMES WILL BE REQUIRED IN 20
YeS. THE LENGTHS OF THF BRIDGE AND CAUSEWAY ELEMENTS WERE SELECTED ON THE BASIS OF HYDRAULIC AND ECCNOMIC REQUIREMENTS;
THE LENGTH OF THE TUNNEL WAS GOVERNED BY NAVIGATION OPENING AND RAILWAY GRADIENT REQUIREMENTS., THE SEVERE CLIMATIC
CANDITIONS PLAYED A MAJOR PART IN DESIGN. THE TUNNEL WAS DESIGNED AS A FOUR-LANE STRUCTURE, INSTEAD OF A TWO-LANE
FNR ECONOMIC REASONS. THE LOCATION CLOSE TO THFE SHORE PRESENTED THE LOWEST CAPITAL COSTS. ALSO, TN LOWER COSTS, MUCH
NF THE TUNNEL SECTION IS BEING FLOATED IN.

02-68=-05001 TUNNEL AND SHAFT SYSTEMS TODAY AND TOMORROW ( EXCAVATION SYSTEMS DRILLS MUCKING BLASTING

JACOBS, J. D. & JACCBS ASSOCIATES - .
TUNNFL AND SHAFT CONFERENCE, UNIV MINN, 16 PAGES, MAY 15-17, 1968. A GENERAL DISCUSSION OF ALL ASPECTS OF
TUNMNFEL ING, INCLUDING DISINYEGRATION NF ROCK, PERCUSSION DRILLS, BLASTING, TUNNELING MACHINES, AND MUCK HANDLING. NEW
TECHNIQUES IN THE ART 0OF TUNNELLING SUCH AS . THE MAGIC CARPET METHOD ARE DESCRIBED. TUNNELS SMALLER THAN 11 QR 12 FT.
IN DIAMETER RFSTRICT THE SIZES OF FQUIPMENT T3 THE EXTENT THAT UNIT OPERATING COSTS ARE GREATLY INCREASED. THE UNIT
NPERATING COST TEND TO DROP WITH THE INCREASING L ENGTH OF TUNNEL.

02-68-05002 TEHACHAPI MOUNTAINS CROSSING OF THE CALIFORNIA AQUEDUCT ( HISTORY GEOLOGIC-CONDITIONS CONSTRUCTIGN DESIGN
)

WINELANDy J. As + O'NEIL, A. L. + ARNOLD, A. B.
TUNNFL AND. SHAFT CONFERENCE, UNIV MINN, 26 PAGES, MAY 15-17, 1968. THE CALTIFORNIA STATE WATER PROJECT WILL
TRANSPORT WATER 444 MILES FROM NORTHERN TG SOUTHERN CALTFORNIA., FOUR TUNNELS ARE USED. STEEL LINED COMBINED LENGTH OF
165000 FEFT AND RANGE FROM 12.5 TD 14 FEET IN DIAMETER. THESE ARE LOW PRESSURE TUNNELS. FOR REINFORCEMENT OF WEAK
R0CK DRY MIX SHOTCRETING IS BEING USED. THE AVERAGE RATE OF ADVANCE USING SHOTCRETE IS ABOUT 49 FEFT/DAY COMPARED
TOQ 27 FFET/0DAY BY CONVENTIONAL METHODS. ’

02-68-05003 OUTLOOK FOR FASTER TUNNELING.U.S. BUR MINES WASH D.C.
HIWARD, T. F.
TUNNEL AND SHAFT CONFERENCE, UNIV MINN, MAY 15-17, 1968. A LARGE AMOUNT OF TECHNOLOGY IS NEEDED IN THE FIELD. THE



ICONTRACTDRS MUST BE WILLING TO INVEST IN RESEARCH ON ALL ASPECTS OF THE ART. A BETTER DEFINITION OF THE PROBLEM IS
NEEDED. THE NATIONAL ACADEMY OF ENGINEERING NATIONAL RESEARCH COUNCIL COMMITTEE WILL PUBLISH A STUDY ON THE PRESENT
STATE~OF-THE-ARYT OF TUNNELING IN THE NEXT FEW MONTHS.

02-68-10001 OVERVIEW - NAE/NRC STUDY ON RAPID EXCAVATION ( EXCAVATION SYSTEMS STUDIES SUBSIDY RESEARCH )

PFLEIDERy, E. P. & UNIV MINN MINNEAPOLIS MINN
PROCEEDINGS OF THE SYMPOSIUM ON R/D IN RAPID EXCAVATION, 1-1/1-10, OCT. 28 AND 29, 1968. THE COMMITTEE ON RAPID
EXCAVATION DETERMINED THAT SURFACE-EXCAVATION TECHNOLOGY 1S MARKEDLY IN ADVANCE OF UNDERGROUND~EXCAVATION TECHNOLOGY.
BY COMPARISON, UNDERGROUND MINING IS ABOUT ONE-TENTH AS EFFICIENT AS SURFACE MINING. DUE TO MASS TRANSPORTATION NEEDS,
CONSERVATION TO PRESERVE THE EARTH'S SURFACE, WATER SUPPLY, AND DEFENSE NEEDS, UNDERGROUND EXCAVATION IS EMPHASIZED.
THE COMMITTEE RECOMMENDED A $200-MILLION FEDERALLY FUNDED RESEARCH PROGRAM. SUCH RESEARCH COULD CUT UNDERGROUND
EXCAVATION COST 30% AND INCREASE ADVANCE RATES 200 TO 300%.

02-68-10002 THE GROWTH OF DEMAND AND TECHNOLOGY IN RAPID EXCAVATION ( EXCAVATION RESEARCH SUBSIDY STUDIES )

NEWCOMB, R. T. & PENN STATE UNIV
PROCEEDINGS OF THE SYMPOSIUM ON R/D IN RAPID EXCAVATION, 2-1/2-7, OCT. 28 AND 29, 1968. EXPENDITURES ON EXCAVATION
OF ALL TYPES IS ESTIMATED TO EXCEED $500 BILLION OVER THE NEXT 20 YEARS. COMMENTS ARE MADE ON THE NATIONAL ACADEMY OF
SCIENCE'S PANEL WORK ON EXCAVATING REQUIREMENTS. DISCUSSION CENTERS ON THE ACCURACY OF THE PANEL'S PREDICTIONS, THE
PROFITS ASSOCTIATED WITH RESEARCH AND DEVELOPMENT IN CERTAIN AREAS OF EXCAVATION TECHNOLOGY, AND THE IMPORTANT RELATION
BETWEEN DEMAND GROWTH AND PRIVATE RESEARCH MECHANISMS.

02-68-10003 USE OF TUNNELS IN UTILIZING REGIONAL WATER RESOURCES ( AQUEDUCTS WATER-TUNNELS EXCAVATION MOLES }

BELLPORT, B. P. & U.S. BUR RECL DENVER COLO
PROCEEDINGS OF THE SYMPNSIUM ON R/D IN RAPID EXCAVATION, 3-1/3~17, OCT. 28 AND 29, 1968. THE BUREAU OF RECLAMATION
HAS 158 MILES OF COMPLETED TUNNELS AND 51 MILES OF UNCOMPLETED TUNNELS. DRILLING BY ROBBINS BORING MACHINES ON THE
8.6-MILE BLANCO AND 5-MILE 0SO TUNNELS' IN COLORADO SET WORLD RECORDS IN EXCAVATION RATES. A NEW SINGLE-DAY RECORD FOR
EXCAVATION ADVANCE WAS SET BY THE 0SO TUNNEL MOLE CREWS 403 FT. BESIDES BETTER TUNNEL DESIGN. EXCAVATION, AND
CONSTRUCTION, OTHER AREAS OF RESEARCH INCLUDE WEATHER MODIFICATION AND DESALTATION OF SEA WATER AND BRACKISH INLAND
WATERS.

02-68-10004 COLORADC METROPOLITAN WATER SUPPLY TUNNELS ( AQUEDUCTS MOUNTAINS )

BARBER, M. E. & ODENVER BOARD OF WATER COMM
PROCEEDINGS OF THE SYMPOSIUM ON R/D IN RAPID EXCAVATION, 4-1/4-8, OCT. 28 AND 29, 1968. THE DENVER WATER DEPT.
CURRENTLY OPERATES 39 MILES OF TUNNELS AS AN INTEGRAL PART OF ITS SUPPLY SYSTEM, INCLUDING THE 23.3-MILE HAROLD D.
ROBERTS TUNNEL. FUTURE PROJECTS CALL FOR 45-50 MILES OF TUNNELS WITH 6-12 FT DIA. BECAUSE OF THE COMPLEX GEOLOGIC
CONDITIONS IN MOUNTAIN AREAS THE NEED FOR MORE VERSATILE TUNNELING METHODS IS EMPHASIZED.

02-68-10005 THE CHICAGO TUNNEL PROJECT ~ A SOLUTION FOR THE COMBINED SEWER PROBLEMS OF AN URBAN AREA ( DISPOSAL COST

SEWERS )
DATTON, F. E. + BACON, W. V. & METRO SAN DIST CHICAGO
PROCEEDINGS OF THE SYMPOSIUM ON R/D IN RAPID EXCAVATION, 5-1/5-38, OCT. 28 AND 29, 1968. DISCUSSION OF A DEEP

TUNNFL PROJECT WHICH WILL PROVIDE IMPROVED OUTLETS FOR OLD AND NEW SEWERS AND INTERCEPTORS, INTERCEPT, CONVEY, AND
STORE SEWER OVERFLOW, AND FINALLY RELEASE THE STORED WATERS AT A REDUCED RATE. 35 CONTROL STRUCTURES AND 38 VERTICAL
SHAFTS, 5-15 FT DIA WILL BE NEEDFD. 31 MILES OF CONCRETE LINED TUNNELS, 6~22 FT DIA WILL CONVEY THE WATER FLOW TO
STORAGE CAVERNS 35 FT X 70 FT, 185 FT APART, WITH VOLUMES OF 6600 ACRE-FT., BECAUSE OF THE SUCCESS CN PAST PROJECTS,
BORING MACHINES MAY REPLACE THE OLD DRILL AND BLAST METHOD OF TUNNEL EXCAVATION.

02-68-10006 TUNNELS TO TOMORROW { TRANSPORTATION RESEARCH COST )

SHEPHARD, R. J. & S.F. BAY AREA RAPID TRAN DIST
PROCEENINGS OF THE SYMPOSIUM ON R/D IN RAPID EXCAVATION, 6-1/6-12, OCT. 28 AND 29, 1968. NEW AND IMPROVED METHODS
OF TUNNELING CAN PLAY A VITAL, POSITIVE AND BENEFICIAL ROLE IN THE FUTURE OF URBAN MASS TRANSPORTATION. UNDERGROUND
TRANSTT SYSTEMS ARE NOT ONLY OUT OF SIGHT BUT ALSO OUT OF HEARING, AND LEAVE NO PERMANENT BARRIER, EITHER PHYSICAL OR
PSYCHOLOGICAL. RAPID TRANSIT CAN BE OPERATED FQUALLY FEASIBLY UNDERGROUND, IN OPEN CUT, ABOVE THE GROUND ON AERTAL
STRUCTURES, OR AT GRADE. HOWEVER, THE UNDERGROUND METHOD, ALTHOUGH THE MOST EXPENSIVE, IS FAVORABLE BECAUSE OF ITS
LEAST DISADVANTAGES. A TYPICAL SYSTEM WOULD COST FROM $7,650,000 PER MILE FOR CUT-AND-COVER TO $67,700,000 FOR
SHIFLD~DRIVEN TUNNELS.

02-68-10007 USE OF RAPID EXCAVATION TECHNOLOGY IN MINING APPLICATIONS { MARKET MINING )

STEWART, R, M, & ANACONDA CO BUTTE MONT
PROCEEDINGS OF THE SYMPOSIUM R/D IN RAPID EXCAVATION, 7-1/7~13, OCT. 28 AND 29, 1968. IT IS PROJECTED THAT FROM
1065-1985 MINING FXCAVATION WILL FQUAL 319 BILLION TONS. ACCOMPANYING TARLES GIVE CLASSIFICATION AND ANALYSIS OF
DOMESTIC MINING EXCAVATION IN 1965 ALONG WITH PROJECTIONS 0OF FUTURE YIELDS.

02=68=10008 EXCAVATION FCR UNDERGROUND NUCLEAR EXPLOSIONS ( JET-DRILLING NUCLEAR-WEAPON-DETONATION BIG-HOLE-DRILLING
MINING }
SMITH, W. D.y, JR. & U.S. ATOMIC ENERGY COMM
PANCEEDINGS OF THE SYMPOSTUM 3N R/D IN RAPID EXCAVATION, SACRAMENTO STATE COLLEGE, SACRAMENYO, CALIF., 8-1/8-5, OCT 28
AND 29, 1968, ABOUT 95% OF TODAY®S BIG-HOLE DRILLING IS ACCOMPLISHED UNDER ATOMIC ENERGY COMMISSION PROGRAMS. A
NEW HIGH PRESSURE JET SYSTEM SUCCESSFULLY PERMITTED ODRILLING A 120 IN. DYAMETER HOLE AT 6 FT. PER HOUR IN CENTRAL
NEVADA. HOWEVER, THE CTRCULATING SYSTEMS' PARTS BROKE DOWN UNDER THE PRESSURE. FURTHER UTILIZATION OF SUCH A JET
SYSTEM WILL PEQUIRF REDESIGNING OF THE CIRCULATING SYSTEM'S PARTS. PRESENT METHODS OF CONTINUOUS DRILLING YIELD
PENETRATION RATES OF 60-75 FT. PER DAY. EXTENSIVE RESEARCH IS NEEDED TO REDUCE TIME AND COST IN BASIC DRILLING

PRQJECTS. THE PLOW~SHARE PROGRAM DEALS WITH THE USE OF NUCLEAR EXPLOSIVES FOR OIL AND GAS PRODUCTION, MINING, AND
GENERAL EXCAVATION.

02-68=10009 THE RCAD AHEAD FOR HIGHWAY TUNNELS ( DEEP-TUNNELING RESEARCH SUBSIDY )

WASHINGTON, J. D. & U.S. DEPT OF TRANS .
PROCEEDINGS OF THE SYMPOSIUM ON R/D IN RAPID £XCAVATION, SACRAMENTO STATE COLLEGF, SACRAMENTO, CALIF., 9-1/9-7, OCT 28
AND 29, 1968. THE MANY DISADVANTAGES OF THE PRESENT CUT-AND-CNVER METHOD OF HIGHWAY TUNNELING SUCH AS RELOCATION
AF UNDERGRCUND UTILITIES, PRESERVATION OF REAL ESTATE AND REMOVAL OF PRICELESS OR IRREPLACEABLE AREAS, MAKES THE MEED
FOR DEEPER TUNNELS EVIDENT. EMPHASIS IS PLACED ON RESEARCH TO REDUCE COSTS OF DEEPER HIGHWAY TUNNELING.

02-68=10010 TUNNELS FOR INTER-CITY TRAVEL ( TRANSPORTATION SYSTEMS COST )

LUCKE, W. N. & U.S. DEPT OF TRANS
PROCEEDINGS OF THE SYMPOSIUM ON R/D IN RAPID EXCAVATION, SACRAMENTO STATE COLLEGE, SACRAMENTO, CALIF., 10-1/10-8, ncT
1968. A VARIETY OF ADVANCED CONCEPT HIGH SPEED GROUND TRANSPORTATION SYSTEMS ARE CURRENTLY UNDER CONSIDERATION FOR
USE BETWEEN WASHINGTON, D.C. AND BOSTON. TUBE SYSTEMS UNDERGROUND WOULD COST IN EXCESS OF $5 BILLION. PROBLEMS
ENCOUNTERED WOULD INCLUDE GROUND WATER LEAKAGE, MUCK HAULAGE, SHAFTING, AND SAFETY DEVICES, THESE TUNNELS MAY ALSO
SFRVE AS CIVIL DEFENSE SHELTERS. COMPUTERS ARE BEING USED TO ANALYZE VARIOUS COSTS. DRILLING METHODS UNDER
CONSIDERATION INCLUDE MOLES, LASERS, AND HIGH VELOCITY FLUID JETS.

02=68=10011 TUNNELLING ON A SMALL SCALE: PROBLEM, PROSPECTS, AND PAY-OFF { UTILITIES )
MICHAELS, R. M. & U.S. DEPT OF HUD
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PROCEEDINGS OF THE SYMPOSIUM ON R/D IN RAPID EXCAVATION, SACRAMENTO STATE COLLEGE, SACRAMENTO, CALIF., 11-1/11-8, OCT
28 AND 29, 1968, THERE ARE OVER 1 MILLION MILES OF WATER AND SEWER LINES IN THE U.S. IN SUBSURFACE TUNNELS WITH
ANOTHER 100,000 ESTIMATED TO BE NEEDED BY 1972. EQUIVALENT MILEAGE WILL BE REQUIRED BY OTHER UTILITIES SUCH AS GAS,
ELECTRICITY, AND TELFPHONE LINES. THESE SYSTEMS ARE OF TREMENDOUS COSTS. IN ORDER TO DEVELOP TRULY EFFECTIVE AND
ECONOMIC TUNNELLING TECHNOLOGY THE HUD HAS STARTED A PROGRAM TO DEFINE THE COMPLETE SYSTEMS NEEDED FOR EFFICIENT
PROVISION OF UTILITY DISTRIBUTION IN URBAN AREAS. THE ELEMENTS TQ BE CONSIDERED ARE AN ANALYSIS OF ALTERNATIVE DESIGNS
FNR UTILITY TUNNFLS, A METHOD OF PROVIDING A CONDUIT FOR THE MATERIALS OR ENERGY TO BE TRANSPORTED, AND A METHOD FOR
TAPPING INTO MAIN LINES FROM THE ULTIMATE USER. -

02=68-1Q0012 APPLICATION FOR RAPID EXCAVATION IN THE CORPS OF ENGINEERS { CONSTRUCTION EXCAVATION )

REMNER, R. L. & U.S. CORPS OF ENGRS
PROCEEDINGS OF THE SYMPOSIUM ON R/D IN RAPID EXCAVATION, SACRAMENTO STATE COLLEGE, SACRAMENTO, CALIF., 12-1/12-9, 0OCT
28 AND 29, 1968. THE U.S. ARMY HAS A THREE-FOLD MISSION ASSOCIATED WITH CONSTRUCTION AND CONSTRUCT ION METHODS,
EQUIPMENT AND TECHNIQUES WHICH INVOLVE EXCAVATION PROCESSES. THOSE ARE SUPPORT OF THE FIELD ARMY, STRATEGICAL FACILITY
CONSTRUCTION, AND CIVIL WORK PROJECTS. MILITARY APPLICATIONS INVOLVE EXCAVATION FOR DEEP UNDERGROUND FACILITIES SUCH
AS WEAPONS SYSTEMS AND COMMAND AND CONTROL CENTERS. THE NORAD PROJECT IS IN THIS COUNTRY. EXCAVATION PROJECTS
OFCUR IN SUCH MATERIAL AS HARD ROCK, PERMAFROST AND FROZEN GROUND.

02=-68-10013 A REVIEW AND A CHALLENGE ( WATER-CONTROL PUMPING POWER-PLANTS AQUEDUCTS )

GIANELLI, W. R, & CAL WATER RESOURCES DEPT
PROCEEDINGS OF THE SYMPOSIUM ON R/D IN RAPID EXCAVATION, SACRAMENTO STATE COLLEGE, SACRAMENTO, CALIF., 14~1/14-13, OCT
28 AND 29, 1968. THE CALIFORNIA WATER PLAN IS A COMPREHENSIVE MASTER PLAN FOR THE CONTROL, PROTECT ION,
CONSERVATICN, DISTRIRUTION, AND UTILIZATION OF CALIFORNIAN WATERS TO MEET PRESENT AND FUTURE NEEDS. THE STATE WATEPR
PROJECT INCLUDES 20 DAMS, 21 PUMPING PLANTS, 8 POWER PLANTS, AND NEARLY 700 MILES OF AQUEDUCTS. THE KEY WATER
CONSERVATION RESERVOIR OF THE SYSTEM IS OROVILLE DAM, THE HIGHEST DAM IN THE U.S. THE POWER PLANT FOR OROVILLE IS
HNUSED IN A CAVERN CARVED FROM SOLID ROCK 550X69X120 FEET. FUTURE PROJECTS INCLUDE 35 MILES OF TUNNELS WITH I.D.'S UP
T0 15 FEET, 850 MILES OF CANALS REQUIRING 180 MILLION CU. YDS. OF EXCAVATION, AND DAM EMBANKMENTS WITH PLACEMENTS IN
FXCESS OF 150 MILLION CU. YDS.

02-69-10001 A SYSTEMS APPROACH TO EXCAVATION ( MODELS COST COMPUTERS SPEED CONTROL )

BLEDSOE, J. D. & GEONAUTICS INC
SACRAMENTO STATE COLLEGF, CAL. SECOND SYMP. ON RAPID EXCAVATION, 12-1/12-21, OCT. 16, 1969, SYSTEMS HAVE BEEN
MODELED MATHEMATICALLY AND RUN ON AN ELECTRONIZ COMPUTER. WITH THE POSSIBLE EXCEPTION OF HETEROGENEOUS GEOLOGIC
CONDITIONS A CCMPLETE TUNNELING SYSTEM CAN BE PROGRAMMED AND THE SYNTHESIS OF A MATCHED EQUIPMENT ENSEMBLE CAN
HOPEFULLY RRING THE TERM "RAPID"™ INTQ EXCAVATION. A MATHEMATICAL MODEL IMPOSES A REQUIREMENT TO UNDERSTAND THE SYSTEM
AND ITS COMPONENTS IN A PRECISE AND RIGORODUS MANNER. THIS SHOULD RESULT IN MORE REFINED BIDDING ANC REDUCED EXCAVATIAN
COSTS.

02-6°-10002 PROGRFSS TOWARD GOALS IN RAPID EXCAVATION ( OFECD RESEARCH DEVELOPMENT LININGS MUCKING SUPPORT

HY DRAUL IC~FRAGMENTAT ION CQMPUTER~PROGRAM )

HOWARD, T. F. & U.S. BUR MINES .
SACRAMFNTOD STATF COLLEGE, CAL. SECOND SYMP. DN RAPID EXCAVATION, 15-1/15-6, OCT. 16, 1969, THE GDAL IS AN QRNDERLY
UPGRANING 0OF AN ENTIPE FIELD OF TECHNOLOGY TO MAKE POSSIBLE ASSEMBLY OF AN UNDERGROUND EXCAVATION SYSTEM PERFORMING
SIGNIFICANTLY BETTER THAN ANY SYSTEM WE CAN PUT YOGETHER TODAY. 1IN A YEAR'S TIME A COMPREHENSIVE COORDINATED TUNNELING
PROGRAM HAS NOT YET REEN INITIATED BUT MUCH RESEARCH IS IMN PROGRESS. TUNNEL AND SHAFT LININGS, RAPID MUCK HANDLING,
N=W SOFT GROUND TINNFLING CONCEPTS, COMPUTER PROGRAMMING, HEAT ASSISTED BORING, HYDRAULIC FRAGMENTATION AND GROUND
SUPPNRYT AND STARILIZATION ARE BEING INVESTIGATED. THE ORGANIZATION FOR ECONOMIC COOPERATION AND DEVELOPMENT IS
PLANNING A JUNE 1970 MSETING IN WASHINGTON, D. C. TO ASSESS THE ART 0F TUNNELING AND RECOMMEND ACTICN TO STIMULATE
TUNNELING . .

02-69=10002 SOME COMPLICATIONS IN THE FUTURE IMPROVEMENT OF TUNNFLING TECHNIQUES ( GEOLOGY SYSTEMS MAINTENANCE
RESEARCH AUTOMATION SEISMICS ELECTRONICS ROCK-MECHANICS )
MATHEWS, A. A. & A. A, MATHEWS INC
SACRAMENTQ STATE COLLEGE, CAL SECOND SYMP ON RAPID EXCAVATION, 14-1/14-12, OCT 16, 1969, TUNNEL EXCAVATION NEEDS
TMPROVEMENT,  FEDFRAL GOVERNMENT, INSTITUTIONS OF HIGHER LFEARNING AND OTHERS ARE CONTRIBUTING THFIR STUDY, RESEARCH,
DEVELOPMENT AND DISCUSSTON TO IMPROVED TUNNELING. GEOLOGIC INFORMATION IS VITAL TO PLANNED CONSTRUCTION AND SEISMIC,
SLECTRONIC NR NTHER METHODS SHOULD BE DEVELOPED TC GIVE CONDITIONS SEVERAL HUNDRED FEET IN FRONT OF A HEADING. A
BETTER UNDFERSTANDING IS NEEDED OF THE MONE 0% R0NCK STRESS RELIEF AND THE METHOD OF TUNNEL SUPPDRT. MUCK HANDLING
SYSTEMS ARE VITAL AND ARE VERY DIVERSE. A COMPLETELY AUTOMATED TUNNELING SYSTEM COULD BE DEVELOPED BUT HAS ITS
MATNTENANCE PROBLFEMS, THE INTIMATE INTERRELATTIONSHIP GF TUNNELING ASPECTS IS RECOGNIZED. AN OPENMINDED APPROACH WILL
ASSTST IN SALVING ALL PROBLEMS.

02-70-00001 QUTLOOK FOR FASTER TUNNELING ( RESEARCH )

HIWARN, T. E. & U.S. BUR MINES WASH D.C.
RAPID EXCAVATION - PPORLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE MINNEAPOLIS, MAY 15-17, 196&.
SOC. MINING FNGRS 1970. CHAPTER 1 A BRIEF SUMMARY OF PROJECTED NEENS FOR TUNNELING BY MINERAL PRIDUCES, WATER
SUPPLY AND NISPQSAL, TRANSPORTATION, AND POWER DISTRIBUTIAONS. NEW TECHNIQUES ARE MENTIONED AS WELL AS THE PROBLEMS OF
MAKING THE NEW METHODS COMMERCIALLY PRACTICAL. SUGGESTS THAT PROFESSIONAL SOCTETIES DEVELOP AND PUBLISH THE TECHNTCAL
NEEDS FOR ADVANCING THE ART, PERINDICALLY PUBLISHED REVIEWS TC CANTINUE REFINEMENT OF THE FUTURE REQUIREMENTS OF
THE FIELD IS SUGGFSTED.

02-70-00002 TUMNEL AND SHAFT SYSTEMS TODAY AND TOMORROW ( EXCAVATION DRILLS MUCKING BLASTING )

JACOBS, J. D. & JACOBS ASSOCIATES
RAPID FXCAVATICN - PROBLEMS AND PROGRESS. PROCEEDINGS OF THF TUNNEL AND SHAFT CONFERENCE MINMNEAPOLIS, MAY 15-17, 1969.
SNC. MINING ENGPS 1970. CHAPTER 6. SEE 02-68-05001 FOR ARSTRACT.

02-70-00003 INCENTIVE APPROACHES TO TUNNEL CONTRACTS ( A-LINE B-LINE BLASTING MOLE )

WOoLFy we He + LIPPOLD, F. He & U.S. BUR RECL DENVER COLO ’
RAPID FXCAVATINN — PPORLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE MINNFAPOLIS, MAY 15-17, 1968&.
SOC. MINING ENGRS 1970. CHAPTER 7. THE METHOD OF PAYMENT FOR ALL TUNNELS IN U.S. BUREAU OF RECLAMATION CONTRACTS
HAS BEEN STANDARDIZFD INSOFAR AS THE ™A™ AND “B" LINES ARE CONCERNFD. IN BLASTED UNSUPPORTED TUNNELS THE DISTANCE
SETWEFN WA AND "B®™ { INES IS 10 INCHES. A SMALLER DISTANCE WAS ESTABLISHED FOR MACHINE-BOREO TUNNELS. THE NEW METHOD OF
PAYMENT IS INTENDED TO SNCOURAGE CONTRACTORS 79 BID EITHER WAY, DEPENDING ON THEIR JUDGMENY AS TO THE MORE ECONCMICAL
METHND,

-~

02-70-00004 CONTRACTOR-CLIENT LEGAL PROBLEMS IN UNDERGROUND CONSTRUCTION ( CLAIMS CHANGED-CONDITIONS BIDS
CARLSEN, C. F. & CARLSEN GREINFR AND LAW-MINN )
RAPID FXCAVATION = PRORLEMS ANND PROGRESS, PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE MINNEAPOLIS, MAY 15-17, 1968.
SOC. MINING ENGRS 1970. CHAPTER 8, UNDERGROUND CONSTRUCTION HAS AtL THE LEGAL PROBLEMS COMMON TO THE CONSTRUCTION
INDUSTRY PLUS SCME UNTQUF QONES OF ITS OWN. IT IS THE MOST HAZARDOUS 0OF ALL CONTRACT OPERATIONS BECAUSE NGO ONE CAN
FORFSEF ALL THF CAOMDITIONS THAT WILL BE MET UNDERGROUND. A NEW CHANGEN CONDITION CLAUSE HAS BEEN PUT INTO EFFECT ON ALL
GOVERNMFNT COMTRACTS TN CORRFCT THE INEQUITIES - T0 THE CONTRACTOP - NF THE OLDER CLAUSE. LFGAL CONSEQUENCES TO BRQOTH
CONTRACTOR AND CWNER ARE EXPLORED.



02-70-00Q05 SEIKAN UNDERSEA TUNNEL ( RAILWAY GEOLOGICAL~SURVEY VOLCANIC-ROCK CONCRETE~SPRAY BORING-MACHINE MOLE )
YOKOYAMA, A. & JAPAN RWY CONSTR CORP TOKYO

RAPID EXCAVATION — PROBLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE MINNEAPOLIS, MAY 15-17, 1968.

SOC. MINING ENGRS 1970. CHAPTER 10. SEE 02-68-04001 FOR ABSTRACT.

02-70-00006 HORIZONTAL HOLES FOR UNDERGROUND POWER LINES ( DRILLS SOIL-MECHANICS COSTS MOLE )

PACNE, J. + BRUCE, W. E. + MORRELL, R. J. & U.S. BUR MINES TWIN CITIES
RAPID EXCAVATION - PROBLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE MINNEAPOLIS, MAY 15-17, 1968.
SOC. MINING ENGRS 1970. CHAPTER 9. A PARTIAL SUMMARY OF USBM INFORMATION CIRCULAR-8392,SEPT 1968. SEE 73-68-09001
FOR ABSTRACT.

02-70-00007 THE PH METHOD OF TUNNELING THROUGH ROCK ( MOLE BLAST COMBINATION-METHOD HIGH~SPEED )

VAN WALSUM, E. & PER HALL ASSOCIATES MONTREAL
RAPID EXCAVATION -~ PROBLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE MINNEAPOLIS, MAY 15-17, 1968.
SOC. MINING ENGRS 1970. CHAPTER 11. SEE 76-68-10002 FOR ABSTRACT.

02-70-00008 TEHACHAPI MOUNTAINS CROSSING OF THE CALIFORNIA AQUEDUCT ( SHOT-CRETE SHIELD FAULTS )

WINELANDy, J. A. + O'NEIL, A. L. + ARNOLD, A. B. & CAL WATER RESOURCES DEPT
RAPID EXCAVATION — PROBLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE MINNEAPOLIS, MAY 15-17, 1968.
SOC. MINING ENGRS 1970. CHAPTER 13. SEE 02-68-05002 FOR ABSTRACT.

02-70-00009 HIGH SPEED SHAFT SINKING IN SOUTH AFRICA { PREGROUTING DRILLING )

LAMBERT, R. N. & SHAFT SINKERS LTD JOHANNESBURG
RAPID EXCAVATION - PROBLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE MINNEAPOLIS, MAY 15-17, 1968,
SOC. MINTING ENGRS 1970. CHAPTER 15. A DISCUSSION OF THE EVOLUTION OF HIGH-SPEED SHAFT SINKING IN THE GOLD FIELDS.
CIRCULAR SHAFTS HAVE REPLACED THE POPULAR SQUARE SHAFTS. SPEED OF ADVANCEMENT HAS INCREASED FROM 500 FT/MONTH IN 1951
TO NEARLY 1300 FT/MO IN 1961. EACH STEP OF THE SHAFT SINKING PROCESS IS DESCRIBED IN DETAIL. TO OBTAIN SUCH HIGH RATES
CREWS MUST BE HIGHLY TRAINED AND INSTILLED WITH A TEAM SPIRIT.

02-70-05600]1 CONFERENCE RECOMMENDATIONS ( OECD TUNNEL-DEMAND SOCIAL-BENEFIT COST } .
ORGANIZATICN FOR ECONOMIC COOPERATION AND DEVELOPMENT, JUNE 25, 1970. A PRECONFERENCE SURVEY PRODUCED AN ESTIMAYE
OF AT LEAST 13,000 KM OF TUNNELS, EXCLUDING MINING, WITH AN ACCUMMULATED VOLUME OF 300 MILLION CU M WERE CONSTRUCTED
DURING THE DECADE 1960-69 AT A COST OF $1000 MILLION. IT WAS ESTIMATED THAT THESE FIGURES WOULD DOUBLE DURING THE NEXT
NECADE. THE GROWING DEMAND STEMS FROM INCREASED ACTIVITIES IN ALL THE CURRENT ACTIVITIES PLUS ANTICIPATED NEW AND
SPECTIAL NEEDS OF THE URBAN AREAS. THE CONFERENCE WAS USED TO FOCUS ATTENTION ON THE SOCIAL REQUIREMENTS AND BENEFITS
0OF UNDERGROUND ALTERNATES TO TODAY CONGESTED CITIES. CONSIDERABLE PROGRESS HAS BEEN MADE IN TUNNELING TECHNOLOGY
SINCE 1960, IN SOME SPECIAL CASES, COSTS AND CONSTRUCTION TIMES HAVE BEEN REDUCED AS MUCH AS 50%. BUT CONSIDERABLE
IMPROVEMENT IS STILL REQUIRED. GOVERNMENT ACTION IS CONSIDERED DESIRABLE TO HASTEN THE RATE OF ADVANCE IN THE
TECHNOLOGY AND TS ABSOLUTELY NECESSARY FOR THE REDUCTION OF INSTITUTIONAL INHIBITIONS TO PROGRESS AND FOR AN ADEQUATE
RECOGNITICN OF THE MERITS OF THE UNDERGROUND. THE CONFERENCE RECOMMENDED THAT EACH COUNTRY ESTABLISH OR DESIGNATE AN
EXTSTING NATIGNAL AGENCY TO SERVE AS THE FOCAL POINT FOR TUNNELING ACTIVITY OF THAT COUNTRY. THIS AGENCY SHOULD (1)
COLLECT AND DISSEMINATE TECHNICAL TUNNELING DATA, (2) CONTINUE TO ASSESS THE ART TO IDENTIFY NEEDS FOR RESEARCH, (3)
PERFORM PERINDIC REVIEWS OF DEMAND, {4) COMPILE GEOLOGIC DATA, (5) REVIEW LEGAL RESTRAINTS AND TRADITIONAL STANDARDS,
(6) STUDY CONTRACTING PRACTICES, (7) TAKE ACTION TO IMPROVE PUBLIC UNDERSTANDING OF BENEFITS OF SUBSURFACE USE, (8)
REVIEW ADEQUACY OF TRAINING OF ENGINEFRS IN THE FIELD, AND (9) TO PARTICIPATE IN INTERNATIONAL ACTIVITIES. THE
CONFERENCE RECOMMENDED THAT EACH URBAN AREA SHOULD HAVE A SINGLE AGENCY REQUIRED TO MAINTAIN RECORDS OF PRESENT USE OF
THE SUBSURFACS AND PREPARE A MASTER PLAN FOR COORDINATION. THE CONFERENCE RECOMMENDED THAT IN THE EVALUATICN,
COMPARISON AND CHOICE OF PUBLIC INVESTMENT, ACCOUNT BE TAKEN OF THE INDIRECT AS WELL AS THE DIRECT COSTS AND BENEFITS
OF SURFACE AND SUBSURFACE ALTERNATES. THE CONFERENCE RECOMMENDED THAT EACH COUNTRY SHOULD TAKE IMMEDIATE ACTION TO
PROMOTE A MORE RAPID, FFFECTIVE AND WIDESPREAD USE OF TECHNICAL ADVANCES IN THE FIELD OF TUNNELING. THE CONFERENCE
RECOMMENDED THAT CLOSE WORKING TIES BE ESTABLISHED BETWEEN NATIONAL FOCAL AGENCIES SO THAT INTERNATIONAL EFFCRTS COULD
BE DIRECTED TOWARD RETTFR COORDINATION AND DISSEMINATION OF INFORMATICON AND FOR DEVELOPMENT OF INTERNATIONAL STANDARDS.

FIELN 03 GOVERNMENT REPORTS

03-60=0800Q01 SOURCES OF INFORMATION ON ROCK - PART [I SYMPOSIA ON RGCK BEHAVIOR ( BIBLIOGRAPHY )

BURGIN, L. & COLO SCHOOL OF MINES GOLDEN COLO
COLO SCHOOL NF MIMES RES FOUND INC-PROJECT NO. 391017 PREPARED FOR LAWRENCE RADIATION LAB, TID~12321-PT-2,: AUG 12,
1960. A DESCRIPTICN OF 21 SYMPOSTA HELD IN EUROPE AND THE U.S. ON (1) ROCK PRESSUREs (2) GROUND MOVEMENT, (2) ROCK
MECHANICS MINING RESEARCH, (4) DRILLING AND BLASTING, AND (4) WAVE PROPAGATION. SPONSORS, LOCATIONS, AUTHORS OF PAPERS
ARE LISTED., A BRIEF ABSTRACT OF EACH PAPER IS GIVEN. 126 PAGES.

03-61-01001 SNURCES OF INFORMATION ON ROCK PHYSICS - PART III ( BIBLIOGRAPHY PHYSICAL-PROPERTIES WAVE-PROPAGATION
ROCK-MECHANICE )
RURGIN, L & COLO SCHOOL OF MINES GOLDEN COLO
COLD SCHOOL OF MINES RES FOUND INC-PROJECT NO. 391017 PREPARED FOR LAWRENCE RADIATION LAB, TID-~12321-PT-3, JAN 20,
1961. A LIST (BY AUTHORS NAME) OF REFERENCES ON (1) PHYSICAL-PROPERTIES OF ROCK {2) WAVE-PROPAGATION (3)
ROCK-MECHANICS AND RELATED SUBJECTS TAKEN FROM PUBLICATIONS APPEARING SEPT-DEC 1960 PLUS A FEW OLDER ARTICLES BECOMING
AVAILABLE ONLY AT THAT TIME. SOME ARE ABRSTRACTED, MOST ARE NOT. 447 REFS. .

03-61-02001 SOURCES NF INFORMATICON ON ROCK PHYSICS — PART IV CURRENT LITERATURE JAN 1961 ( BIBLIOGRAPHY )

RURGIN, L. & COLO SCHOOL OF MINES GOLDEN- COLO
CNLO SCHOOL OF MINES RFS FOUND INC-PROJECT NO. 391017 PREPARED FMNR LAWRENCE RADIATION LAB, TID-123321-PT-4, FER 28,
1961. AN AUTHOR INDEX QF SOME 800 TO 900 ARTICLES WHICH RELATE TQ PHYSICAL PROPERTIES OF ROCK, ROCK MECHANICS, .
WAVE PRNOPAGATICN FROM DEC 1960 AND JAN 1961 JOURNALS AND INDEXES PLUS FOREIGN EXCHANGE LITERATURE RECEIVED BY COLO

SCHOOL OF MINES.

03-63-07001 DEEP EXCAVATION TECHNIQUES FOR SHELTERS IN URBAN AREAS { TUNNFLS TECHNIQUES EQUIPMENT PLANNING
COST-FACTORS GECLOGICAL—-CONDITIONS WATER-CONTROL }
DELEUW CATHER AND €O CCNSULTING ENGINEERS PREPARED UNDER CONTRACT WITH THE CHIEF OF ENGRS U.S. ARMY FOR THE OFFICE NF
CIVIL DEFFNSF  U.S. DEPT OF DEFENSE CONTRACT N DA-49-129-ENG-507, JULY 1963, A DISCUSSION OF SUBSURFACE
CONDITIONS, FXCAVATING TECHNIQUES AND COST FOR EXCAVATICN IN OPEN CUT AND TUNNELS IN EARTH AND ROCK. PRESENTED ARE
FINDINGS, EVALUATICNS AND ANALYSES DEVELOPED FRIM ENGINEERING STUDIES OF DEEP EXCAVATION TECHNIQUES SUITABLE FOR
SHELTERS IN UPFAN AREAS. THE STUDIES BROADLY ILLUSTRATE APPLICATION OF APPROPRIATE TECHNIQUES OF EXCAVATION TO GENERAL
SUBSURFACE CONDITICNS WHICH OCCUR IN THE CONTINENTAL U.S. SPECIFIC SUBSURFACE CONDITIONS FOR OPEN CUT EXCAVATIONS
AND GENERAL PARAMETERS FCOR TUNNEL EXCAVATIONS ARF FSTABLISHED TO PROVIDE A PRACTICABLE RANGE OF STUDY RESULTS. THESE
CONDITINNS ARE ANALYZED INDIVIDUALLY FOR THE TYPE AND GEOMETRY OF THE EXCAVATION FOR EVALUATION OF AN EFFECTIVE AND
ECONOMICAL TECHNIQUE AND FROM THAT EVALUATION, THE DETERMINATION OF RELATED COST FACTORS. SUMMATICN OF THESE COST
FACTIRS AND FURTHER ANALYSIS 1S PRESENTED. THE RESULTS OF REVIEW OF THE GENERAL FIELD OF EXCAVATIGN ARE ALSO
PRESENTED. THESE INCLUDE DESCRIPTION AND EVALUATINON OF MATERTALS AND EQUIPMENT THAT ARE IN COMMON USEy GFNERAL WAYS
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THAT HAVE PROVED TO BE OF ECONOMIC VALUES TECHNIQUES UNDER DEVELOPMENT, AND SOME UNDEVELOPED TECHNIQUES WHICH ARE
PROMISING AND APPROPRIATE FOR CONSIDERATION FOR EXCAVATION. 44 SKETCHES, PHOTOGRAPH§, TABLES AND GRAPHS.

03-63-08001 URBAN UNDERGROUND HIGHWAYS AND PARKING FACILITIES ( TUNNELS COSTS VENTILATING ROCK-REMOVAL LININGS

ROADWAYS )

HOFFMAN, G. A. & RAND DEV CORP CLEVELAND
THE RAND CORPORATION MEMORANDUM RM-3680, CLEARINGHOUSE FOR FEDFRAL SCIENTIFIC AND TECHNICAL INFORMATION, AD-601782, AUG
1963. AN EXAMINATION OF THE POSSIBILITIES FOR HIGH-VOLUME AUTOMOYIVE TRANSPORTATION IN THE CENTRAL CITY BY DEEP
UNDERGROUND TUNNELS AND PARKING AREAS. COSTS OF CONVENTIONAL URBAN HIGHWAYS BUILT NEAR DENSELY POPULATED AREAS ARE
DESCRIBED IN TERMS OF CONSTRUCTION, RIGHT-OF-WAY ACQUISITION, AND SOME SELECTED OPERATING COSTS. CONSTRUCTION AND
VENTILATING COSTS FOR VEHICULAR TUNNELS ARE PRESENTED YO PERMIT A COMPARISON WITH THE HIGHWAY COSTS. IF EXISTING
TRENDS CONTINUE, IT MIGHT BE CHEAPER BEFORE THE TURN OF THE CENTURY TO MOVE AND PARK PASSENGER CARS UNDERGROUND.
ASSUMING THIS ADVANTAGE CF VEHICULAR TUNNELS, SOME DESIGN AND OPERATING FEATURES OF UNDERGROUND CONSTRUCTION AND TRAVFEL
ARE NEXT CONSIDERED, INCLUDING TUNNELLING MACHINES, ROCK REMOVAL, PREFABRICATED LININGS AND ROADWAYS, PROVISIONS FOR
MASS TRANSIT VEHICLES, LAND RECLAMATION, EXCAVATED MATERIALS, TRAFFIC PATROL AND SURVEILLANCE AND OBSTACLE REMOVAL,
EXAMPLES ARE GIVEN OF WHAT MAY BE NEEDED IF ALL MASS-TRANSIT RIDERS TRANSFERRED TO PASSENGER CARS IN LOS ANGELES,
CHICAGD, AND MANHATTAN WITH SUGGESTIONS FOR FUTURE STUDY AND TECHNICAL DEVELOPMENT OF THE UNDERGROUND-HIGHWAY CONCEPT.
46 PAGES.

03-64-0000]1 GEOLOGICAL CONSYDERATIONS IN EXCAVATION ( ROCK-TYPES RESEARCH-STUDIES )

WO0D, L. E. & ARMY RESEARCH OFFICE
SCIENTIFIC & TFCHNICAL APPLICATIONS FORECAST ON EXCAVATION - 1964, 1.1.1 = 1.1.85 2.1.1 = 2.1.35 3,1.1 ~ 3,1.5,
1964, STATE OF THE ART - A DISCUSSION OF THE ARTS THREE TYPES OF ROCK; IGNEOUS, SEDIMENTARY, AND METAMORPHIC IS
PRESENTED. FMPHASIS IS PLACED ON FACTORS WHICH MAY HAVE A BEARING ON THE CHOICE OF SITE OR TYPE OF EQUIPMENT TO BE
USED IN THF EXCAVATION. KNOWLEDGE OF THE PHYSICAL AND MECHANICAL CHARACTERISTICS OF THE ROCK IS ALSO NECESSARY. DOF
PRIMARY IMPORTANCE IN STATIC RESPONSE ARE ULTIMATE STRENGTH, DENSITY, PERMEABILITY, AND ELASTIC VISCO-ELASTIC MOOULE.
DYNAMIC FORCE FACTORS ARE NOT WELL KNOWN., A GREAT PROBLEM IS APPLYING TEST RESULTS OF LABORATORY SAMPLES INTO LARGE
STZE SITE QPERATIONS. TECHNOLOGICAL FORECAST WITHIN TWENTY YEARS OF NORMAL PROGRESS OR 5 YEARS WITH AN ACCELERATED
RESEARCH PRNGRAM, WE SHOULD BE ABLE TO MAKE TUNNEL DRIVING MACHINE PERFORMANCE FORECASTS WITH 85% RELIABILITY, TO MAKE
USEFUL PREDICTIONS ON OPTIMUM MACHINE FCR ROCK BORING BASED ON KNOWLEDGE OF HOW ROCK BREAKS AND TO DEVISE METHODS OF
ENVIRONMENTAL CONTROL TO REDUCE SUCH HAZARDS AS ROOF FAILURES, FLOODING AND EXCESSIVE DUST. RESEARCH PLAN -
RESEARCH TS NFEDED TOQ DFTERMINE ROCK FAILURE PRINCIPLES AND THEIR EFFECT ON TOOL PERFORMANCE WHEN ATTACKING ROCK FACES
TM LARGF EXCAVATIONS. THE IMPROVEMENT IN CUTTERS BY THFE PRESENCE OF OTHER CUTTERS WORKING AT THE SAME TIME NEEDS TO BE
STUDIED. MULTIPLE FLAME JETS MAY ALSO SHOW SIMILAR IMPROVEMENT. AN EXPENDITURE OF $1 MILLION OVER A 3 TO 5 YEAR
PERIND SHOULD MAKE THE TWENTY YEAR IMPROVEMENTS AVAILABLE IN TEN YEARS. (REF. 01-64-00001)

03-64-00Q02 ROTARY DRILLING ( METHODS DEVICES MACHINES BITS RESEARCH )

MORLAN, F. A. & HUGHES TOOL CO HOUSTON TEX :
SCIENTIFIC & TFCHNICAL APPLICAYION FORECAST ON EXCAVATION-1964, 1.2.1-1.2.445 2.2.15 3.2.1-3.3.2, 1964, STATE QF
THE ART - VARIQUS SECTIONS COVER SEPARATELY ROLLING CUTTER, ROCK BITS, DIAMOND BITS, DRAG BITS, AUGERS, TURBO DRILLS,
AND FLECTRO-DRILLS, WITH ANALYSIS OF CAPABILITIES AND LIMITATIONS INCLUDING PERFORMANCE ESTIMATING PROCEDURES. IN ANY
OF THE VARIOUS ROTARY DRILLING METHODS, ENOUGH LOAD MUST BE APPLIED TO CAUSE THE CUTTING STRUCTURE TO PENETRATE THE
FORMATINN AND SUFFICIENT TORQUE MUST BE AVATILABLE TGO ROTATE THE BIT. TECHNICAL FORECAST ~ FNGINEERING AND RESFARCH
SHOULD GIVE A 20% IMPROVEMENT TO PENETRATION RATE AND TOOL LIFE BECAUSE OF THE HIGHLY COMPETITIVE MARKET. 1IN 20 YEARS
RESEARCH WILL PPOVIDE RETTER MATERIALS, NEW ANTIFRICTION BEARING CONCEPTS, NEW MEANS OF SEATING BEARINGS, NEW METHODS
FOR DIRFCTIONAL CONTRPOL THAT DOES NOT PENALIZE PERFORMANCE, KNOWLEDGE FROM ROCK MECHANICS CN EFFECTS OF
ENVIRONMENT. RESEARCH PLAN THE AMOUNT OF MONEY SPENT FOR ROTARY DRILLING AND THE MANUFACTURE OF TrQOLS FOR IT
EXCEEDS CGNE BILLION DOLLARS PER YEAR. THIS PROVIDES SUFFICIENT INCENTIVE TC COMMIT MILLIONS OF DOLLARS FDR RESEARCH
AND ENGINFERING EACH YEAR ALMOST ENTIRELY WITHIN THE PETROLEUM INDUSTRY. NO GOVERNMENT SUBSIDY IS NEEDED IN THIS
ARFA. HOWEVER, THE CONSTRUCTION INDUSTRY SHOULD DO MORE RESEARCH IN SUPPORT OF ITS PARTICULAR NEEDS. (REF,
01-64-00001}

03-64=00003 PERCUSSION DRILLING ( DRILLING-METHODS EQUIPMENT NEW-METHODS RESEARCH )

KELLY, J. L.y JR. & HUGHES TOOL CO HOUSTON TEX
SCIENTIFIC & TFCHNICAL APPLICATION FORECAST ON EXCAVATION-1964, 1.3.1-1.3.4235 2.3,1-2.3.3;5 3.3,1-3,.2.2, 1964,
STATE NF THF ART - CHARACTERIZED RY THFE REPEATED APPLICATIONS OF HIGH INTENSITY, SHORT DURATION FORCES (PULSES) YO
FRACTURE CR CRUSH THE FNRMATION, PERCUSSION DRILLING EMPLOYS THREE MFCHANICAL ODRILLING SYSTEMS; THE CHURN DRILL QR
CABLE TONL, THE HAMMER DRILL, AND THE VIBRATARY DRItL. THE FIRST TWQ SYSTEMS HAVE BEEN USED COMMERCIALLY FOR MANY
YFARS., THF LASY IS STILL ESSENTIALLY IN THE RESEARCH STAGE. COMPLETE DESCRIPTION CF EACH OF THESE SYSTEMS IS GIVEN
WITH SPFCIFICATIONS AND CPERATING PRACTICES. DETAILED DIAGRAMS AND PHOTOGRAPHS ARE INCLUDED. TECHNICAL FORECAST -
PERCUSSTION DRILLING IS ONE OF THE MOST ADVANCFD TECHNOLOGIES IN DRILLING. IMPROVEMENTS WILL BE SLOW AND GRADUAL.
CHURN DRILLS WILL PROBABLY DISAPPEAR COMPLETELY FROM ALL LARGE SCALE DRILLING J0OBS. SURFACE HAMMERS WILL REMAIN THE
STANDARD FNR 3% AND SMALLFR HOLES AND WILL INCREASE IN PRODUCTIVITY BY AT LEAST 100% IN THE NEXT TWENTY YEARS.
QESEARCH - THE INDUSTRY USING THESE TOOLS HAS AN ANNUAL INCOME OF MORE THAN $100 MILLICON. RESEARCH WILL BE MOST
PROFITARLE TN THF ARFAS OF: BETTER UNDERSTANDING OF ROCK BREAKING PHENOMENA3 NEW MECHANICAL PERCUSSIVE DEVICES TN GIVE
MORFE PCWEP TO THF TOOL; USE OF HIGHER AIR OR GAS PRESSURE; RESFARCH IN MATERIALS. (REF. 01-64-00001)

03-64-00Q04 LARGE HOLE DPILLING ( DRILLING-METHODS SHAFT~SINKING TUNNEL ING RESEARCH }

RPENTHAUFR, P. 0. & HUGHES TOOL CO HOUSTON TEX
SCIENTIFIC AND TECHNICAL APPLICATIONS FORECASTS ON EXCAVATION=1964, 1.46.1-1.4.793 2.4.1-2.4.65 3.4.1-3.4.6, 1964.
STATE OF THE ART - LARGE HOLE DRILLING IS NISCUSSED UNDER SHAFT SINKING, TUNNELING, AND RAISE DRIVING. FOR THE MAJOR
DART SHAFTS ARF USED AS MINE ESCAPEWAY, MINE OPERATING OR VENTILATION SHAFTS, TUNNEL ACCESS SHAFTS, OR FOUNDATION PIER
HALES. DEPENDING UPON ULTIMATE USE NR CONVENIENCE DURING CONSTRUCTION, SHAFTS MAY BE MADS WITH SQUARE, RECTANGULAR,
FIRCULAR NP ELLIPTICAL CROSS SECTIONS. THE RATARY METHOD OF DRILLING IS DISCUSSED ALGNG WITH SHAFT SINKING BY THE
SINKING STAGF METHDD. TUNNFLING METHODS FALL INTO TWO BASIC CATEGORIES, DRILL AND BLAST, AND MECHANICAL MOLES OR
TUNNELING MACHINFS. VARINUS TYPES AND MODELS OF ROTARY MACHINES ARE DESCRIBED ALONG WITH A DISCUSSION OF RAISE DRIVING
POCENURES, WITH MFCHANICAL PLATFORMS AND BORING MACHINES. TECHNDLNGICAL FORECAST - IMPROVEMENTS IN LARGE HOLE
RNTARY SHAFT DPILLING WILL GRADUALLY GAIN WINER ACCEPTANCE EOR SHAFT SINKING OPERATIONS. SHAFT SINKING SPEED SHOULD
INCREASE FROM 2 T2 6 FFET PER HOUR TN 10 TO 20 FEET PER HOUR IN 20 YEARS. OTHER METHODS OF SHAFT SINKING MAY EMERGE
FROM THE LARCPATORY (JET DRILLING THERMO-ELECTRIC BREAKING, JET PLASMA METHODS AND FLAME JET PIERCING ARE CANDIDATES).
TUNNFLING RY NRILL AND BLAST CAN RE IMPROVED 100% IN.20 YEARS. RATE OF DEVELOPMENT WILL BE BASED ON RESEARCH EFFORT
APPLIEN. TUNNFLING BY 20TARY MACHINE METHOD MAY BE ABLE TO CUT HARDER ROCK AND MOVE FASTER DEPENDING UPCN HOW MUCH
DEVELNPMENT FEFQRT 1S INVESTED, RESEARCH PLAN - A DETAILED LIST OF RESEARCH SUBJECTS IS PRESENTFD, 78 REFS.
(REF. 01-64~00001}

03-64~00005 MUCLEAR FXCAVATION ( ROCK-DRILLING-METHOD ROCK—DISINTEGRATION-METHODS RESEARCH )

WILLIAMSON, T. N. & HUGHES TOOL CD HOUSTON' TEX
SCIENTIFIC AND TECHNICAL APPLICATION FORFCAST ON EXCAVATION=-1964, 1.5.1 = 1.5.205 2.5.1 =~ 2.5.25 3.5.1 ~ 3,5.2,
1964, STATF OF THF ART - NUCLFAR EXPLNSIONS CAN RF USED TO PRODUCE LARGE CRATERS AND UNDERGROUND CAVITIES IN THE
FARTH. DATA IS PRESFENTED FROM THE "PLOWSHARE™ PROGRAM OF THE ATOMIC ENERGY COMMISSION. COMPARISONS ARE MADE BETWEFM
CHEMICAL EXPLNSIVFS AND NUCLFAR EXPLOSIONS. THUS FAR NUCLFAR WORK HAS BEEN DONE IN FIVE ROCK TYPES, ALLUVIUM, TUFF,
GRANODIORITF, BASALT, AND SALT, VARYING IN COMPRESSIVE STRENGTH FROM LESS THAN 5,000 PSI FOR SALT AND ALLUVIUM, TO
BETWFEN 5,000 -~ 10,000 °ST1 FOR TUFF, AND TO 30,000 PSI FOR THF GRANGDIORITE AND BASALT AT THE NEVADA TEST SITE. THE



VOLUME OF MATERIAL REMOVED IN A NUCLEAR EXPLOSION VARIES ONLY ABOUT 20% FROM WEAKEST TO STRONGEST ROCK. THE SIZE OF
NUCLEAR FORMED CAVITIES CAN BE ESTIMATED WITHIN AN ACCURACY OF 10% IF ROCK MATERIAL, SIZE EXPLOSIVE, AND DEPTH OF
PLACEMENT ARE KNOWN. SPECIFIC HEAT AND MOISTURE CONTENT CAN AFFECT THE RESULTS OF A NUCLEAR EXPLOSION. VARIOUS
CHARACTERISTICS OF UNDERGROUND NUCLEAR FORMED CAVITIES ARE DISCUSSED. PARTICULAR TEST SITES INVESTIGATED INVOLVE THE
RANIER SHOT, PROJECT HARDHAT, AND PROJECT GNOME. A BRIEF DESCRIPTION IS GIVEN OF THE HAZARDS OF NUCLEAR EXPLOSIVES.
DIAGRAMS AND PHOTOGRAPHS ARE INCLUDED. FURTHER SECTIONS DISCUSS FORECASTS OF NEW TECHNICAL APPLICATIONS BASED UPON
KNOWN PHENOMENA AND PLANS FOR RESEARCH WHICH MUST BE CONDUCTED TO FULFILL THE FORECAST. 41 REFS. (BEF. 01-64-00001)

03-64-00006 THERMAL ROCK REMOVAL ( ROCK-DISINTEGRATIONS-METHOD RESEARCH-DEVELOPMENT )

SCALES, S. R. & HUGHES TOOL CO HOUSTON TEX .
SCIENTIFIC AND TECHNICAL APPLICATION FORECAST ON EXCAVATION~19645y 1.6.1 = 1.6.5335 2.6.1 - 2.6.8; 3.6.1 ~ 3.6.8,
1964, STATE OF THE ART - FRACTURING, MELTING, AND VAPORIZING ARE THE,THREE MECHANISMS USED TO REMOVE ROCK BY THE
FOLLOWING THERNAL MEANS: CHEMICAL, ELECTRICAL, RADIANT, NUCLEAR, FRICTIONAL, AND USE OF A LIQUID HEAT CARRIER.
JET-PIERCING, CHEMICAL HEATING, OXIDANT-FUEL, COMBUSTION TORCH METHOD, ARE THE COMMERCIALLY SUCCESSFUL MEANS OF PRIMARY
THERMAL ROCK REMOVAL. A TORCH WITH A HIGHER TEMPERATURE "FLAME" THAN THE OXIDANT-FUEL JET-PIERCER MIGHT BE CAPABLE OF
THERMALLY REMOVING A WIDER VARIETY OF ROCKS. SUCH METHODS AS HYDROGEN PLASMA AND HIGH-FREQUENCY ELECTRICAL CONTACT
RESTSTANCE HEATING MAY BE ATTRACTIVE FOR MAJOR RESEARCH FOR UNDERGROUND EXCAVATION. THERMAL REMOVAL -OF ROCK BY
ELECTRON BEAMS AND LASER BEAMS IS NOT ATTRACTIVE FOR RESEARCH BECAUSE OF THEIR LIMITATION TO VERY SMALL HOLES. THERMAL
METHODS LOOK VERY ATTRACTIVE FOR UNDERGROUND EXCAVATION IN ICE. AN OXIDANT-FUEL TORCH OR A NUCLEAR HEATING DEVICE
SHOULD BE INCLUDED IN FUTURE .ICE REMOVAL RESEARCH PROGRAMS. VARIOUS PHOTOGRAPHS AND DIAGRAMS ACCOMPANY THE ARTICLE.
FNRECASTS OF NEW TECHNICAL APPLICATION ARE GIVEN, BASED UPON KNOWN PHENOMENA. PLANS FOR RESEARCH WHICH MUST BE
CANDUCTED TO FULFILL THE FORECAST. 61 REFS. (REF. 01-64-00001)

03-64-00007 OTHER DRILLING DEVICES ( NEW-DRILLING-METHODS MACHINES RESEARCH )

KELLY,; J. L.y JR. & HUGHES TOOL CO HOUSTON TEX
SCIENTIFIC AND TECHNICAL APPLICATIONS FORECAST ON EXCAVATION-1964y 1.7.1 = 1.7.43 2.7.1 = 2.7.23 3.7.1, 1964,
DRILLING DEVICES WHICH HAVE NEVER BEEN DEVELOPED TO A PRACTICABLE STATE OR TO THE EXTENT THAT THEY ARE COMPETITIVE WITH
CONVENTIONAL METHODS FOR EXCAVATIGON. ONLY BRIEF DESCRIPTIONS AND AN UNANNOTATED BIBLIOGRAPHY ARE. PRESENTED. MOST OF
THE MATERIAL IS FROM LEDGEWOODS ARTICLE (24-60-12001). THE RESEARCH DEVICES ARE A PELLET IMPACT DRILL WHICH IMPACTS ON
THE ROCK TO CAUSE FAILURE, A SHOCK WAVE DRILL WHICH INVOLVES SHOCK WAVES WHICH TRAVEL THROUGH LIQUID TO FRACTURE ROCK,
AN EXPLOSIVE DRILL EMPLOYING SHAPED EXPLOSIVE CHARGES TO DISINTEGRATE THE ROCK, AND A HYDRAULIC IMPINGEMENT DRILL
UTILIZING HIGH VELOCITY WATER JETS. FEXPERIMENTS IN COAL BY THE U.S. BUREAU OF MINES HAVE BEEN ENCOURAGING FOR THE
HYDRAULIC IMPINGEMENT DRILL METHODS, SOME RESULTS ARE GIVEN. FORECASTS OF NEW TECHNICAL APPLICATION BASED UPON KNOWN
PHENOMENA ARE GIVEN AS WELL AS PLANS FOR RESEARCH WHICH MUST BE CONDUCTED TO FULFILL THE THE FORECAST. (REF.
01-64-00001)

03-65~-10001 BIBLIOGRAPHY OF EXPERIMENTAL ROCK DEFORMATION SECOND EDITION

RIECKER, R. E. + COOK, H. L. + PENDLETON, D. L.
AIR FORCE CAMBRIDGE RES LABS L. G. HANSCON FIELD BEDFQORD MASS, AFCRL-65-740 AD 627 002, OCY 1965. A BIBLIOGRAPHY
OF OVER 1000 ROCK DEFORMATION RESEARCH ARTICLES PUBLISHED IN SCIENTIFIC JOURNALS AND BOOKS IS PRESENTED WITH BOTH
SUBJECT AND AUTHOR ENTRIES. THE CROSS~REFERENCE SUBJECT LISTINGS INCLUDE THE FOLLOWING MAJOR CATEGORIES: APPARATUS,
BRITTLE BEHAVIOR, CALCITE, CALIBRATION, CONDUCTIVITY, CREEP, DISLOCATIONS, DOLOMITE, DUCTILE BEHAVIOR, ELASTIC BEHAVIOR
AMND ELASTIC CONSTANTS, FABRIC, FRICTION, GENERAL, ICE, MARBLE, OLIVINE, PHASE STUDIES, QUARTZ, RECRYSTALLIZATION,
RESISTANCE, SAFETY, SEDIMENTARY ROCKS, SEISMIC VELGOCITIES, SHEAR, SHOCK, STRAIN RATE, SURVEYS, VISCOSITY, X~-RAY.

03-67-04001 TUNNEL MECHANICS ( ROCK-MECHANICS SUPPORTS INELASTIC~CONTROLS ELASTIC-RESPONSE GEOLOGY BOREHOLE )
ABELy J. F.y JR. & UNIV ARIZ
QUARTERLY OF THE COLO SCHOOL OF MINES BASED ON DOCTORAL THESIS SUBMITTED IN 1966, PRINTED IN APR 1967. THIS THESIS
IS BASED ON DATA ACCUMULATED AT THE STRAIGHT CREEK TUNNEL PILOT BORE OF THE COLO DEPT OF HIGHWAYS NEAR GOLDEN, THE
STUDY EMPLOYS NEW TECHNIQUES AND CONCEPTS TO EXPLAIN THE MECHANICS OF TUNNELING. THE THESIS DEMONSTRATES THAT THE
MEASUREMENTS OF RNOCK LJADS AND STRAINS, MEASUREMENT OF CONSTRUCTION VARIABLES, AND THE DETERMINATION AND QUANTIFICATION
OF THE TINELASTIC GEOLOGIC PARAMETERS PRESENT IN ANY ROCK MASS MAKE 1T POSSIBLE TO DESCRIBE AND TO PREDICT TUNNELING
CONDITIONS. THIS DESCRIPTION OF ANY TUNNELING CONDITION IS IN THE FORM OF A STATISTICAL MODEL. THIS MODEL DESCRIBES
THE CONDITION IN TERMS OF THE CONTROLLING GEOLOGIC AND CONSTRUCTION FACTORS. STATISTICAL MODELS FOR TWO TUNNEL
CONDITIONS WERE CONSTRUCTED FROM DATA OBTAINED AT STRAIGHT CREEK. ONE DESCRIBES THE STEEL TUNNEL SUPPORT REQUIREMENTS
IN RELATION TO GEOLOGIC AND CONSTRUCTION FACTORS., THE OTHER DESCRIBES STATISTICALLY THE VARIQUS FACTORS WHICH
DETERMINE THE ELAPSED TIME BETWEEN EXCAVATION OF A TUNNEL SECTION AND INITIAL STABILIZATION OF THE ROCK MASS AT THAT
SECTIMON. 88 PAGES, 34 FIGURES, PHOTOGRAPHS AND CURVES, 15 TABLES.

03=67-09001 PRNOJECTION OF APPLICATIONS AND NATIONAL BENEFITS OF A NEW RAPID EXCAVATION TECHNOLOGY ( COSTS

SYSTEMS—APPROACH SUBSURFACE TRANSPORTATION MINING TUNNELS )

LAGOs A. + WILLIAMS, P. D. + NISSELSON, H. & KUSHMER, H. D. & OPERATIONS RESEARCH INC
OPFRATIONS RESFARCH, INC., TR NO. 446, PREPARED UNDER CONTRACT 14-09-0070-399 FOR THE BUREAU OF MINES, U.S. DEPT. OF
INTERIOR, SEPT 8, 1967. THIS REPORT PRESENTS THE RESULTS OF A STUDY OF RAPID EXCAVATION TECHNOLOGY PAST, PRESENT,
AND CONTEMPLATED WITH PROJECTIONS OF REQUIREMENTS FOR EXCAVATION OVER THE YEARS 1968-1969 AND ESTIMATES OF BENEFITS
EXPECTED FROM EXCAVATION TECHNOLOGY DEVELOPED TO MEET THOSE REQUIREMENTS. THE STUDY USED INFORMATICN FROM A SURVEY OF
19 AGENCIES IN 8 DEPARTMENTS OF THE FEDERAL GOVERNMENT IN 17 TYPES CF APPLICATIONS. COST DATA WAS TAKEN FROM AGENCY
REPLIES AND PUBL ISHED REPORTS OF INDIVIDUAL PROJECTS. A SYSTEMS APPROACH 1S DEVELOPED AND USED TO IDENTIFY RELEVANT
COMPONENTS OF COSTS. EXCAVATION SYSTEMS COST REDUCTIONS ARE BASED ON THE SOURCE INFORMATION AND CN PROJECTIONS BY THE
RUREAU NF MINES OF THE MAGNITUDE AND DATA OF AVAILABILITY OF COST REDUCTIONS ACHIEVED BY A RAPID EXCAVATION TECHNOLOGY
R & D PROGRAM. MOST MODES OF EXCAVATION AND THEIR COMPONENT FUNCTIONS ARE DISCUSSED. TECHNOLOGY IS THE PRIMARY
ELEMENT FOR COMPARISON. BENEFITS ARE IN 4 CATEGORIES: DIRECT COST SAVINGS, PRESERVED SURFACE LAND VALUES, REDUCED
SURFACE ACTIVITY DISRUPTION COSTS, AND AESTHETIC BENEFITS TO THE SURFACE ENVIRONMENT. COST SENEFITS ESTIMATED ON THE
PROJECTION OF URBAN TRANSPORTATION, INTERCITY TRANSPORT, WATER-GAS-OIL SUPPLY, AND MINING AMOUNT TO $235 BILLION BY
1590. 185-PAGESy 9 FIGURES AND 53 TABLES. .

03=67-12001 MINING METHODS AND EQUIPMENT ILLUSTRATED ( TECHNIQUES ORE WASTES STOPES SHAFTS CAVING DRILLING BLASTING )
STOUT, K. S. & MONT COL MINERAL SCI AND TECH
STATE OF MONT BUR OF MINES AND GEOLOGY BULL., N 63, DEC 1967. THIS REPORT PROVIDES AN ILLUSTRATED OISCUSSION OF
MINING METHODS AND EQUIPMENT USED IN MONT. SKETCHES AND SPECIAL TECHNIQUES ARE USED TO TLLUSTRATE THREE-DIMENSTONAL
EFFECTS. THE FIRST PART DESCRIBES MAP AND SKETCH READING USED TO DESCRIBE THE MINING TECHNIQUES. THE SECOND PART
TLLUSTRATES AND DESCRIBES THE SHAPE AND TYPE OF ORE BODIES WHICH INFLUENCE THE MINING METHODS CHOSEN. PICTURES OF MINE
MFTHODS ARE USED THROUGHOUT IN CONJUNCTION WITH SKETCHES TO ENHANCE THE 3-DIMENSIONAL EFFECTS. THE THIRD PART
DISCUSSES AND DESCRIBES OPERATIONS IN MINING AND SOME OF THE VARIOUS TECHNIQUES USED IN THESE OPERATIONS. THE FOURTH
PART DISCUSSES DEVELOPMENT, THE WORK THAT PREPARES THE ORE FOR MINING. SINCE MINING IS LOGICALLY DIVIDED INTO SURFACE
METHODS AND UNDERGROUND METHODS, THE FIFTH PART DESCRIBES SURFACE METHODS INCLUDING PLACER, OPEN PIT AND SHIPPING; AND
THE SIXTH PART DESCRIBES UNDERGROUND METHODS. THE REPORT IS OF VALUE TO THOSE WHO ARE UNFAMILIAR WITH MINING OPERATIONS
AND WISH TQ BECOME FAMILIAR WITH THE METHODS IN GENERAL.

02=68=00001 TUNNELING TECHNOLOGY - ITS PAST AND PRESENT

NASTATKA, T. M, & U.S. BUR MINES WASH D.C.
BUREAU JF MINFS, U. S. DEPT. OF THE INTERIOR, INFORMATION CIRCULAR 8375, 1968. THIS REPORYT BRIEFLY DESCRIBES THE
PRESENT STATE OF THE ART AND THE TECHNOLOGICAL HIGHLIGHTS OF TUNNELING FROM ITS INCEPTION TO THE PRESENT. THE
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DISCUSSION IS CCNCERNED PRIMARILY WITH TUNNELS DRIVEN THROUGH RELATIVELY COMPETENT ROCK FOR MINE DEVELOPMENT AND
VARINUS CIVIL PURPOSES. 1IN ADDITION TO PINPOINTING THE MAJOR TECHNOLOGICAL BREAK-THROUGHS IN TUNNELING THIS REPORT
INDICATES THEIR GENFRAL EFFECT ON THE SPEED OF TUNNELING. THE TUNNELING SPEEDS ARE BASED UPON DATA FROM APPROXIMATELY
80 TUNNELS LISTED IN THE APRENDIX. THESE DATA INCLUDE LENGTH, CROSS SECTION SHAPE AND DIMENSION, TYPE OF ROCK,

TUNNEL ING MFTHND, METHOD OF BRFEAKING, LOADING, AND TRANSPORTING THE ROCK, AVERAGE LINEAR PROGRESS RATE, AND COST IN
VALUES DURING THE PERIOD OF CONSTRUCTION. MOST OF THE TUNNELS DESCRIBED HAVE DIAMETERS OF 15 TO 30 FEET. 75 REFS. 10
PAGES.

-68-01001 TUNNELING THE STATE OF THE ARY ( COSTS MOLES SHIELDS ROCK-TUNNELS )
MAYOs, R. S. & ROBERT S. MAYO ASSOCIATES

U.S. DFPT. NF HOUSING AND URBAN DEVELOPMENT, 263 PAGES, JAN 1968. A REVIEW AND EVALUATION OF THE STATE OF THE ART
OF TUNNELING. RECENT DEVELOPMENTS ARE REPORTED FROM PERSONAL INSPECTION OF TUNNEL PROJECTS IN U.S.,CANADA, EUROPE,&
JAPAN, REPORT ALSO CONTAINS THE RESULTS OF A LITERATURE SEARCH OF ENGINEERING PUBLICATIONS. CHAPTER 3 COMPARES ROCK
TUNNFLING WITH MECHANICAL EXCAVATORS WITH CONVENTIONAL DRILL & BLASY. COMPARATIVE COST REPORTS BASED ON CALIFORNIA
STATE DEPT OF WATER RESNURCES BULLETIN NO 78 HAVE BEEN ESCALATED TO 1967 PRICE INDEX. SOFT GROUND AND SUBAQUEQUS
TUMNELING IS FXTENSIVELY COVERED AND THE RANGE OF COST AS A FUNCTION OF METHOD OF ATTACK AND SOIL CONDITION IS
FXTENSIVELY ILLUSTRATED. RECOMMENDATIONS FOR SPECIFIC RESEARCH, DEVELOPMENT AND DEMONSTRATIGN PROJECTS ARE GIVEN.

03-68-03901 HIGH SPEFD GROUND TRANSPORTATION TUNNEL DESIGN AND COST DATA ( UNDERGROUND-TRANSPORTATION-SYSTEMS )

HARZA ENGR CO TRW GROUP
HARZA ENGINFERING CO. FOR THE OFFICES OF HIGH SPEED GROUND TRANSPORTATION, MARCH 1968. THIS RESEARCH DEVELOPS
RASIC ENGINEERING OATA AND COST FACTORS FOR VARIOUS TUNNEL SYSTEM CONFIGURATIONS, ALIGNMENTS, AND DEPTHS, FOR POSSIBLE
USE BY A HIGH SPEED GROUND TRANSPORTATION SYSTEM IN THE NORTHEAST CORRIDOR. FIVE TMPORTANT COMPONENTS OF COSTS OF
TUNNELINGy SHAFTING, AND TERMINAL CONSTRUCTION WERE IDENTIFIED AS, EXCAVATION; MUCK LOADING, TRANSPORTATION AND
DTSPNSAL; TUNNEL SUPPORTS; TUNNEL LINING; AND INTERFACE LOAD SUPPORTS., FIVE CHARACTERISTICS OF THE HSGT SYSTEM AND
THREE GRNUPS OF THE GEOLOGIC SITE CONDITIONS THAT MATERIALLY AFFECT TOTAL COSTS WERE IDENTIFIED AS, TUNNEL AND SHAFT
DIA; TERMINAL SIZE3 DEPTH; SHAFT SPACING; INTERFACE LOADS; AND ROCK TYPES GROUPED ACCORDING TO THEIR EXCAVATION,
SUPPORTING, AND WATER TRANSMISSION CHARACTERISTICS. A STUDY OF THE UNIT COSTS OF WORK WAS MADE FOR EACH COST
COMPONENT, BEASED ON BID PRICES OF SIMILAR COMPONENTS IN RECENT CONSTRUCTION PROJECTS AND ON SYNTHETIC CALCULATIONS OF
NST OF WORK FORCES CAPABLF OF ACCOMPLISHING THE WORK. THE COST DATA WAS APPLIED TO DETERMINE THE COST OF AN ARBITRARY
TUNNEL SYSTEM, BY USE NF COST CURVES. IT WAS FOUND THAT THE TOTAL COST OF THE ARBITRARY 413 MILE SYSTEM WAS NEARLY
1.6 BILLTON, WITH THE TUNNELS COMPRISING QVER 95% OF THE TOTAL COST. FOR THE ARBITRARY EXAMPLE TOTAL COSTS RANGED
FROM $200 TN $4500 PFR? L INEAR FT.

03-68-0400] THE SEIKAN UNDERSEA TUNNEL ( RATLWAY GEOLOGICAL-SURVEY VOLCANIC-ROCK WATER-LAKES CONCRETE-SPRAYING

BORING~MACHINE MOLE )

NOKCYAMA, A. & JAPAN RWY CONSTR CORP TOKYO
JAPAN RATLWAY CONSTRUCTION PUBLIC CORPORATION, APRIL 1968. THIS REPORY GIVES AN ACCOUNT OF INVESTIGATIVE STUDRIES
MADF IN PREPARATINN FOR DRIVING THE SETKAN RATLWAY TUNNEL UNDER THE TSUGARU STRAIT BETWEEN CAPE TAPPI CN THE ISLAND OF
HOMSHU AND YOSHIOKA ON HAKKAIDO. A NEW RAILWAY ROUTE INCLUDING THF TUNNEL WILL START NEAR MIUMAYA, THE ENDPOINT OF THE
TSUGARU LINF, GO INTC THF SEA-BED AT CAPE TAPPI, CROSS THE STRAIT, EMERGE AND CONNECT TJ THE MATSUMAE LINE NEAR
FUKUSHIMA. THE TOTAL LFENGTH OF THE TUNNEL WILL BE ABOUT 36.4 KM WITH 22 KM ABQOUT 240 M BFLOW THE SEA LEVEL. WHEN
INVESTIGATINNS HAVE BREEN COMPLFTED IT WILL BE DETERMINED WHETHER 2 SINGLE TRACK TUNNELS OR ONT DOUBLE TRACK TUNNEL WILL
RE RUILT. TOPOLOGICAL AND GEOLOGICAL SURVEYS OF THE ROUTE WERE INITIATED IN 1946 AND CONTINUED TO 1962. DATA FROM
THFSE SURVEYS ARE GIVEN IN TABLES AND CROSS—SECTIONAL SKETCHES. THE SEA-BED CONSISTS OF VOLCANIC AND MIQCENE ROCKS AND
CONTAINS MANY FAULTS AND FISSURES. THE INVESTIGATION STILL CONTINUING INCLUDED THE DRIVING OF INCLINED SHARTS AT BOTH
ENDS OF THE TUNNFL AND BORING OF A PILOT TUNNEL PARALLEL TO THE MAIN TUNNEt. CHEMICAL AND CEMENT GROUTS ARE USED AHEAD
NF SXCAVATICONS TO EXCLUDE WATER LEAKAGE WHEN DETECTED BY PILOT HOLES DRILLED AHEAD OF THE ADVANCES. SPRAYED CONCRETE
LINING HAS 8FFN TESTED AND APPRECIATION TECHNIQUES DEVELOPED FOR USE IN BOTH THE INVESTIGATIVE TUNNELS AND THE MAIN
TUNNEL. 20CK PROPERTIFS, WATER ENCOUNTERED, GROUT AND CONCRETE PRAOPERTIES ARE ALL TABULATED AND INCLUDED WITH OTHER
NESCRIPTIVE DATA MAPS, AND SKETCHES IN THIS 32 PAGE REPORT.

03-68-0900]1 HORIZAONTAL BORING TECHNOLOGY — A STATE~OF-THE-ART STUDY ( TRENCHING AUGERING EARTH-REAMER JACKING
MECHANICAL-MCLF VIBRATING-DRILL ROLLING-CUTTER DRAG-BIT PERCUSSIVE-DRILLING DIRECTIONAL-DRILLING )
PACNE, J. + RRUCEs W. E. + MORRELL, R. Jo. & UeS. BUR MINES TWIN CITIES
U.S. RURFAYU 0OF MINES INFORMATION CIRCULAR 8392, SEPT 1968. THIS PAPER DESCRIBES THE DIFFERENT MACHINES AND METHODS
USED IN AUGFRING, IMPACTING, PUSHING, DRILLING, AND MACHINF TUNNELING HORIZONTAL HOLES THROUGH SOIL AND ROCK. A REVISW
DF THE BNREHDLF SURVEY AND GUIDANCE TOOLS AND TECHNIQUES APPLICABLE TO THESE MFTHODS IS ALSO GIVEN. NONBORING METHODS
USEN FOR EMPLACEMENT QF POWER DISTRIBUTION AND TRANSMISSION LINES ARE BRIEFLY DISCUSSED. OBSTACLE DETECTION AND
GUIDANCE SYSTEMS FOR DIRECTING BCREHOLES TO SPECIFIED TARGETS NEED MAJOR IMPROVEMENTS TO MEET THE REQUIREMENTS OF THE

. POWER INDUSTRY F0OR UNDERGROUND BURIAL OF DISTRIBUTION AND TRANSMISSICON LINES.

03-68-09002 RAPID EXCAVATION, SIGNIFICANCE, NEEDS, OPPORTUNITIES { HISTORY CDST RESEARCH NEW-METHODS )

CAMMITTEE ON PAPID EXCAVATION & NATIONAL RFS COUNCIL
NAT*(L ACAD OF SCI PUBLICATION 1690, 1-48, SEPT 1968. EMPHASIS IS ON THE NEFD TC REDUCE THE REAL CCST OF
UNDERGROUND EXCAVATION AND INCREASE THE RATES OF ADVANCE. THE MINIMUM MARKET FOR UNDERGROUND EXCAVATION WILL BE $69
RILLION IN THE PERION 1970-1990., O0OF THIS MARKET $35 BILLION WILL BE CONSTRUCTION~ORIENTED IN THE PUBLIC-WORKS SECTOR,
AND $34 BILLION WILL BE MINING-ORIENTED. THE CURRENT RATE OF IMPROVEMENT IN UNDERGROUND TECHNOLOGY IS CONSTRAINED BY
INADEQUATE TECHNICAL KNOWLFDGE AND INSUFFICIENT INDUSTRIAL INCENTIVE TO CHANGE CURRENT PRACTICE RADICALLY. RAPID
EXCAVATION IS NEENED RECAUSE OF URBANIZATION AND NATURAL RESOURCE CONSERVATION. THE TECHNOLOGY DEVELOPMENT NFEDED TO
ATCAMPLTISH MORE RAPID EXCAVATION IS DIVIDED INTO: (1) DETERMINATIDN OF GEOLOGICAL CONDITICNS AND RCCK PROPERTIES; (2)
DISINTEGRATION OF IM SITU MATERIAL; (3) TRANSPOGRTATION OF DISINTEGRATED MATERIAL FROM THE EXCAVATICON; (4) SUPPORT AND
LINING OF THF EXCAVATION; (S5) PROVISION OF A SAFE WORKING ENVIRONMENT AND IN OVER-ALL SYNCHRONIZATICN OF THE PROCESSES;
(6} MANY OPPORPTUNITIFS FXIST FOR RAPIN EXCAVATION OF INDUSTRIES WILL SUPPORT VARIOUS PROJECTS.

03-68-09003 COMMITTEE REPQRT ON EXCAVATION REQUIREMENTS ( RESEARCH-STUDIES TINDUSTRY—APPLICATIONS )

MCMFE, R, & UNIV CINN CINN OHIO
DANEf REPQRTS 0OF THE COMMITTEE NN RAPID FXCAVATION REPORT TO THE BUREAU OF MINES, U.S. DEPT OF THE INTERIOR, 1-38,
SFPT. 1968, THE COMMITTEE IS CONCERMED WITH TWD QUESTIONS, WHAT MIGHT BE THE MARKET FCR UNDFRGROUND EXCAVATICN
TECHNOLOGY IN THE YEARS 1970 TN 1990 AND WHAT MIGHT BE THF BENEFITS FROM A RESEARCH PROGRAM WHOSE OBJECTIVE IS T2
SIGNIFICAMTLY ACCELERATE THE DEVELOPMENT OF SUCH TECHNOLCGY. - SUCH ASPECTS AS URBANIZATICN, CONSERVATICN NF RESOURCES,
ENVIRONMENT QUALITY, AND ECONCMIC-SOCINLOGICAL CONSTRAINTS, ARE DESCRIBED AND REVIEWED. VARIOUS CHARTS GIVE ESTIMATES
OF CONSTRUCTION DEMAND, MINERAL INDUSTRY DEMAND, UNDERGROUND EXCAVATICN DEMAND AND DISCOUNTED SAVINGS FRCM PROPOSEN
RESEARCH PRNGRAMS. THE ESTIMATED CUMULATIVE UNDERGROUND EXCAVATION FDR 1970-79 IS $13 BILLION FOR CCNSTRUCTION
ARFENTEN AND $16 RILLICGN FOR MINING DNRIENTED. FDOR THE DFCADE 1980-89 THE ESTIMATE IS $22 BILLION FOR CONSTRUCTION, $18
BILLION FNR MINING. AM INVESTMENT OF $200 MILLION FOR RESEARCH OVER 10 YEARS SHOULD PRODUCE SAVINGS OF MORE THAN 12
TIMES ITS COST IN THF CONSTRUCTION FIFLO ALONE. ASSUMING THE PROGRAM IS GOVERNMENT FINANCED NO CREDIT WAS TAKEN F0OP
SPINOFFE SAVINGS ACCRUING TO THE MINING INDUSTRY. CONCLUSIONS INCLUDE: THE RATE OF TECHNICAL CHANGE IN OIL DRILLING,
COAL MIMING AND SURFACF EXCAVATION ARE ADEQUATE; THE RATE OF ADVANCE OF TECHNOLOGY FOR UNDERGROUND EXCAVATION
ESPECTALLY FOR PUBLIC WORKS TUNNELING IS INADEQUATE. A TEN YEAR $200 MILLION UNDERGROUND EXCAVATION R AND D PROGRAM
WILL PAY QFF VERY WFLL3; FURTHER STUDY IS NEEDED TO FIND WHY PRIVATE RESEARCH AND CONSTRUCTION FAILS TO TAKE THE
NECESSARY STEPS T(O REAP THFSE BENEFITS. OTHER MEMBERS OF THE COMMITTEE WERE R. T. NEWCOMB - PENN STATE AND E. P.
PELEIDER ~ UNTVERSITY MINNESNTA.
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03-68-09004 COMMITTEE REPORT ON GEOLOGY { ROCK-GEOLOGY COSTS RESEARCH-STUDIES )

UNDERWOOD, L. B. & U.S. CORPS OF ENGRS
PANEL REPORTS OF THE COMMITTEE ON RAPID EXCAVATION, 39-43, SEPT 1968. GEOLOGICAL CONDITIONS DETERMINE THE DEGREE
OF DIFFICULTY AND COSTS OF EXCAVATING AND SUPPORTING UNDERGROUND OPENINGS. GEOLOGICAL RESEARCH REQUIREMENTS FOR
[MPROVED EXCAVATION TECHNOLOGY WERE STUDIED. CURRENT EXPLORATORY TECHNIQUES ARE TOO IMPRECISE FOR ENGINEERING
PURPOSES, INVOLVE EXPENSIVE AND TIME CONSUMING PROCESSES. RESEARCH IS NEEDED TO PROVIDE NEW OR IMPROVED TECHNIQUES FOR
REMOTE SENSING, CORE-BORING, GEOPHYSICAL MEASUREMENT, EXPLORING AHEAD OF THE TUNNEL FACE (PROBES), DETERMINING OR
PREDICTING GROUNDWATER CONDITIONS. A STANDARDIZED ENGINEERING CLASSIFICATION FOR ROCK AND ROCK MASSES NEEDS TO BE
DEVELOPED AND ADOPTED TO IMPROVE COMMUNICATION BETWEEN OWNER, GEOLOGIST, ENGINEER, CONTRACTOR, MINER AND EQUIPMENT
MANUFACTURER, OTHER MEMBERS OF THE PANEL WERE D. V. DEERE - UNIV. OF ILt., W. C. MAURER - ESSO PROD. RES. AND L. OBERT
- U. S. BU. MINES.

03-68-09005 COMMITTEE REPORT ON ROCK MECHANICS ( STRENGTHS STRESSES RESEARCH 1}

OBERT, L. & U.S. BUR MINES CONSULTANT :
PANEL REPORTS OF THE COMMITTEE ON RAPID EXCAVATION, 45-57, SEPT 196é8. ROCK MECHANICS PROVIDES THE QUANTITATIVE
BASIS FOR APPRAISING THE VARIOUS ASPECTS OF THE EXCAVATION PROCESS. PROCEDURES FOR MEASURING ROCK STRENGTHS, ELASTIC
PROPERTIES, CREEP RATES, AND STRESS FIELDS AND CONCENTRATIONS ARE REVIEWED. FURTHER RESEARCH IS NEEDED FOR MEASURING
THE MECHANICAL PROPERTIES OF ROCK MASSES, THE DETERMINATION OF SUBSURFACE STATE-OF-STRESS, ACQUISITION OF MECHANICAL
PROPERTY DATA FOR ROCK MASSES, DEVELOPMENT OF METHODS FOR DETERMINING STATES-OF-STRESS, CORRELATION OF INTACT ROCK
MECHANICAL DATA, AND DEVELOPMENT OR REFINEMENT OF TEST PROCEDURES FOR DETERMINING THE MECHANICAL THERMAL OR ELECTRICAL
PROPERTIES OF ROCK. OTHER MEMBERS OF THE PANEL WERE D. V. DEERE - UNIV. OF ILL., W. C. MAURER - ESSO PROD. RES.,
AND L. 8. UNDERWOOD ~ USCE. :

03-68-Q9006 COMMITTEE REPORT ON ROCK DISINTEGRATION ( RESEARCH COSTS SIGNIFICANCE )

WILLIAMSON, T. N. & JACOBS ASSOCIATES
PANEL REPQORTS OF THE COMMITTEE ON RAPID EXCAVATION, 51-56, SEPT 1968. ROCK DISINTEGRATION IS THE KEY ELEMENT IN
EXCAVATION AND DFTERMINES THE REQUIREMENTS OF ALL OTHER SUBSYSTEMS. MATERTIAL IMPROVEMENT IN COST AND PRODUCTIVITY IN
TUNNELING FOCUSES ON THE ROCK DISINTEGRATION PROCESS. RESEARCH NEEDS TO EMBRACE TWO IMPORTANT ELEMENTS: THE MODE AND
TECHNOLOGY OF BREAKING THE ROCK, AND THE MACHINE OR TOOLS FOR ACCOMPLISHING IT. PRIORITIES FOR ROCK DISINTEGRATION
RESFARCH ARF PRESENTED IN TABLE FORM. THE HIGHEST PRIORITIES WERE ASSIGNED TO SOME SPECIALIZED IMPROVEMENTS IN THE
PRESENT DRILL AND BLAST METHODS, TO IMPROVEMENT OF PERFORMANCE OF PRESENT MOLES AND TO DEVELOPMENT OF TWO NEW METHODS -
MECHANICAL EROSION AND PLASMA JET. THE COMMITTEE RECOMMENDED THE ESTABLISHMENT OF A FIELD TESTING STATICON WITH AN
ACCOMPANYING L ABORATCRY. THE TEST STATION WOULD HAVE AVAILABLE IN SITU VARIOUS ROCK TYPES TO BE USED FOR TESTING OF
DEVICES AND METHODS OF ROCK BREAKING. FACILITIES SHOULD BE PROVIDED FOR FULL SCALE DEMONSTRATIONS OF NEW TUNNELING
MACHINES, LOGISTICAL AND ENGINEERING SUPPORT WOULD BE AVAILABLE FOR CONTRACTORS, INVENTORS, MANUFACTURERS AS REQUIRED.
OTHER MEMBERS NF THE PANEL WERE: T. F. ADAMS - BROWN AND ROOT, AND W. C. MAURER - ESSO PROD. RES.

03=-68-09007 COMMITTEE REPORT ON MATERTALS HANDL ING ( MUCK-HANDLING TRANSPORTATION OBJECTIVES COST RESEARCH-STUDIES )
ADAMS, T. F. & BRROWN AND ROOT CO INC
PANEL REPCORT OF THE CCMMITTEE ON RAPID EXCAVATION, 57-64, SEPT 1968. MATERIALS HANDLING MUST PROVIDE THE HANDL ING
NF MUCK PRODUCTION AT PEAK EXCAVATION RATES, MINIMUM SPACE OCCUPATION, OPERATION AROUND CORNERS OR CURVES, SIMPLICITY,
EASY OPFRATION, FREEDOM FROM CONTAMINATING FUMES, AND AMENABLE TO AUTOMATION. RESEARCH OBJECTIVES ARE RECAMMENDED FOR
MATERIAL HANDLING LOGISTICS, CONVEYOR SYSTEMS, PIPELINE STUDIES, MORE EFFICIENT MUCK TRANSPORTATION, AND GENERAL
EXPLORATION FOR NEW AND RETTER METHODS OF MATERIAL HANDLING. OTHER MEMBERS OF THE COMMITTEE WERE: E. JONES - ST.
JOSEPH LEAD CO AND W. C. MAURER — ESSO PROD. RES. CO.

03-68+02008 COMMITTEE REPCRT ON GROUND CONTROL ( UNDERGROUND EXCAVATION RESEARCH )

LANE, K. S. & U.S. CORPS DOF ENGRS MO RIV DIV
PANEL REPORTS 0OF THE COMMITTEE ON RAPID EXCAVATION, 65-74, SEPT 1968. PRESENT SUPPORT SYSTEMS WERE DEVELGOPED FOR
TUNNELS PROGRESSING AT RATES OF 15 TO 60 FT PER DAY. MOLES OPERATING AT TWICE TO 4 TIMES THAT SPEED OVERLOAD EXISTING
TECHNALOGY OF INSTALLING SUPPORTS. THE PROJECTED ADVANCE RATES OF 10 TIMES PRESENT ONES WILL NOT BE POSSIBLE WITHOUT
MAJOR TMPROVEMENTS. THE MOST URGENT RESEARCH NEEDS IN THIS FIELD ARF: (1) DEVFLOPMENT OF MORE RATIONAL DESIGN METHODS
FOR TEMPORARY AND PERMANENT LININGS, (2) DEVELOPMENT OF NEW SYSTEMS OF SUPPORT AND LINING SYSTEMS CAPABLE OF FASTER
INSTALLATION, (3) DEVELOPMENT OF METHODS FOR DESIGNING ROCK SLOPES IN SURFACE EXCAVATION (4) DEVELOPMENT OF TECHNIQUES
0OF SOUND-WALL BLASTING, AND (5) IMPROVE METHODS OF SOLIDIFYING GROUND. OTHER MEMBERS OF THE PANEL WERE: K. COX - DRAVO
CORP.,y D+ V. DEERE ~ UNIV OF ILL., L. OBERT - U.S. BU MINES.

03-68=09009 COMMITTEE RPEPORT ON ENVIRONMENTAL CONTROL AND SAFETY ( SURFACE-EXCAVATION UNDERGROUND-EXCAVATION
RESEARCH~AND- DEVELOPMENT )
HARTMAN, H. L. & SACRAMENTO STATE COLLEGE
PAMEL REPORTS OF THE COMMITTEE ON RAPID EXCAVATION, 75-84, SEPT 1968. THIS SECTION ASSESSES THE NATURE AND EXTENT
OF THE ENVIRONMENTAL HAZARDS AND CONTROL PRACTICES ENCOUNTERED IN EXCAVATIONS TODAY AND TO EXTRAPOLATE THESE TO THE
RAPID EXCAVATION TECHNOLCGY ANTICIPATED TOMORROW. BOTH SURFACE AND UNDERGROUND EXCAVATION ARE CONSIDERED, BUT THE
FMPHASTS 1S OM UNDERGROUND EXCAVATION-PARTICULARLY IN THE HARDER ROCKS. PRESENT LEVELS OF PESEARCH AND DEVELCPMENT ARE
DFEMED INADEQUATE. RESEARCH EFFORTS IN THE NEAR FUTURE SHOULD CONCENTRATE ON IMPROVING PRESENT TECHNIQUES. FOR THE
LONGFR RANGF TMAGINATIVE EFFORTS SHOULD BE LAUNCHED TO DEVISE NEW AND BETTER METHODS OF ENVIRONMENTAL CCNTROL, WITH A
SPECTAL EMPHASTIS ON SUPPORTING NEW METHODS. OTHER MEMBERS OF THE PANEL WERE: J. D. JACOBS - JACOBS ASSOCIATES AND T.
N. WILLTAMSON - JACOBS ASSOCIATES.

03-68-09010 COMMITTEE REPORT ON SYSTEMS EVALUATION ( LOGISTICS ROCK-DISINTEGRATION UNDERGROUND-EXCAVATICN
GROUND-CONTROL )
BLEDSOE, J. D. & BROWN AND ROOT CO INC
PANEL REPQORTS OF THE COMMITTEE ON RAPID EXCAVATION, 85-92, SEPT 1968, THE PURPNSE OF THIS OVERVIEW WAS TO BRING TO
LIGHT DEFICIENCIES, SHOPTCOMINGS, LIMITATIONS THAT HAD A SIGNIFICANT EFFECT ON THE SYSTEM COST OR PRODUCTIVITY AND
TNDICATE WHERF AND HOW RESEARCH MAY BE DIRECTED MOST PROFITABLY IN SUCH AREAS AS DIFFERENTIATED FROM RESEARCH ON
PROCESS ELEMENTS THEMSELVES. THE FOUR MAJOR COMPONENTS OF THE UNDERGROUND EXCAVATION PROCESS ARE DESCRIBED; ROCK
DISINTEGRATION, LOGISTICS OF MUCK AND SUPPLY TRANSPORT, GROUND CONTROL AND EXCAVATION LINING, AND GEOLOGICAL
PREGICTION. THF DEVELOPMENT OF SYSTEMS EVALUATION MATRICES IS DISCUSSED, IN DESCENDING ORDER QF PRIORITY ARE:
(1) PROCFESS AND EQUIPMENT FOR DISINTEGRATION OF STRONG ABRASIVE RCCK, (2) MUCK AND MATERIALS TRANSFER TECHNOLOGY FOR
LONG TUNNELS, (3) DETAILED GEOLOGICAL AND/OR GEOPHYSICAL PREDICTIONS FOR LONG, DEEP, HORIZONTAL MINE DRIFTS AND
TUNNELS, (4) GRCUND CONTROL TECHNIQUES FOR LONG TUNNELS IN WET CRUSHED OR UNCONSOLIDATED MATERIAL (5) SYSTEM DESIGNS
CAMBINING FUNCTIONS OF ONE OR MORE SUBSYSTEMS, (6) ENVIRONMENTAL CONTROL FOR LONG TUNNELS. A SPECTAL RECOMMENDATION
WAS MADE TO DFSIGN, BUILD, AND USE FOR FULL RESEARCH AN EXPERIMENTAL SYSTEM TO GATHER DATA AND IMPROVE PERFORMANCE AND
RELIABILITY OF TUNNEL BORING MACHINES. OTHER MEMBERS OF THE PANEL WERE 8. P. BELLPORT - BU REC, K COX - DRAVO CorP, J.
D. JACOBS ~ JACOBS ASSOCIATES.

03-69-0300]1 PUBLISHED REPORTS ( BIBLIOGRAPHY )

OFFICE OF HIGH SPEED GROUND TRANSPORTATION AND NORTHEAST CORRIDOR TRANSPORTATION PROJECT DEPT OF TRANSPORTATION, MARCH
1969, THIS BIBLIOGRAPHY LISTS AND ABSTRACTS 134 MAJOR RESEARCH REPORTS PUBLISHED RY OHSGT AND NECTP WHICH PRESENT
RESULTS OF CONTRACTED RESEARCH AND DEVELOPMENT SYSTEMS ENGINEERING, TRANSPORTATION SURVEYS, AND MODEL DEVELOPMENT.
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FIELD 04 ARTICLES

04=50-04001 TUNNEL RFCNRDS RROKEN AT OWENS RIVER GORGE { PNEUMATIC-DRILL JUMBO MUCKING )

MASON, W. C. & LOS ANGELES CAL
CIVIL FNGINFERING, (20) N 4, 22-24, APR 1950. OWENS RIVER GORGE TUNNELS ARE 10 FT. ID TUNNELS FOR LOS ANGELES
DEPT. OF WATER AND POWFR. THFRE ARE THREE TUNNELS, ONE TO POWER HOUSE NO, 1, THE OTHER TWO CONNECT THE TAIL RACE OF
POWER HOUSF 1 AN OF 2 WITH THE PENSTOCKS OF POWERHOUSES 2 AND 3 RESPECTFULLY BORING AND LINING 11.85 MI CF PRESSUPE AND
OENSTOCK TUNNELS AND CONSTRUCTING THREE SURGE CHAMBERS AT THE GOERGE WAS $8,947,520. TUNNELING THROUGH THYOLITE TUFF
AND HARD RHYOLITE A RECORD ADVANCE OF 2,332 FT IN 31 DAYS IN RHYOLITE TUFF WAS SET BETWEEN OCT. 24 AND DEC. 2, WORKING
3 8-HR SHIFTS A DAY. TRACK MOUNTED JUMBO HAS FIVE I-R DA 35 PNEUMATIC ORIFTER DRILLS OF 3-1/2 IN. BORE, WET STYLE
LINDICOAT THROW-AWAY RITS ARE USED. MUCKING IS DONE WITH MUCKING MACHINE, TWO ELECTRIC tOCOMOTIVES AND SIDE DUMP
CARS. DDUBLE TRACK SECTIONS, 200 FT LONG ARE INSTALLED AT HALF-~MILE INTERVALS. DETAILED ACCOUNT IS GIVEN OF AN 8-HR
SHIFT AND FOR THF CAR PASSING PROCEDURE. PREVIOUS RECORD ON SIMILAR DIAM WAS 1,879 FT IN 31 DAYS ON CARLTON TUNNEL,
CRIPPLF CREEK, COLO. IN 1940.

04-58-11001 DRIVING THE CLEAR CREEK TUNNEL ( JUMBO MUCKING EXPLOSIVES SUPPORTS TUNNELING-RATE }

BEHME, R. L. & L0OS ANGELES CAL
THE FXPLOSIVES FNGR, 173-178, NQV-DEC, 1958, CLEAR CREEK TUNNEL WILL BE 20 FT IN DIAM AND 11 MI LONE. IT WAS
DRIVEN FROM EITHER END AND FROM TWO ADITS 2-1/2 MI FROM EACH END. IT WILL HAVE A MINIMAL 9 IN. CONCRETE LINING AND

- CONVEYS WATER FOR POWER AND IRRIGATION. GEOLOGICAL SURVEYS WERE UNABLE TO ACCURATELY FORECAST EXACT TUNNEL

CONDITIONS. IN SOME BAD ROCK A TOP HEADING AND SOLID BREAST BOARDING WAS REQUIRED. A GANTRY JUMBO ON SPECIAL RAILS
FQUIPPED WITH CHERRY PICKERS AND SEVEN GARDNER-DENVER MODEL 93 WATERLINERS WITH HYDRAULIC JIBS USING FOG 1-1/4 IN.
ROUND DRILL STEEL AND 1-3/4 0OR 1-7/8 IN. DETACHARLE CORMANT BITS DRILLS HOLES AT 4 TO 8 FT DEPTHS ON 2 FT CENTERS. AN
EXPLOSIVE CAR CHARGES THE 60 PERCENT GELATIN DYNAMITE AND GELAMITE 2 WITH 60 PERCENT GELATIN FOR PRIMERS. ' THREE POUNDS
OF EXPLOSIVE IS USED PER CU. YD. THIS SYSTEM PULVERIZES ROCK SUFFICIENTLY FOR IMMEDIATE MUCKING WITH A CONWAY MUCKER
AND A LINE OF 10 YD DUMP CARS. THE JUMBO LIFTS FILLED CARS SO THE DIESEL ENGINE CAN PUSH THE NEXT EMPTY CAR TO THE
MUCKER. NEW RAILS ARF LAID BEFORE THE JUMBO CAN RETURN TO THE HEADING. WORK IS THREE SHIFTS A DAY, SIX DAYS A WEEK AT A
RATE 9F 32 FT PER DAY. TIGHTLY SPACED SUPPORTS ON 2 OR 3 FT CENTERS WERE NEEDED IN A BADLY FAULTED 400 FT SECTION.
CLEAR CREEK TUNNEL WILL AID IN CONVEYING WATER FROM NORTHERN CALIFORNIA TO IRRIGATION LAND SOUTH OF SACRAMENTO.

04-60-02001 UNDERGROUND MINING DEVELOPMENTS «( SHAFT-SINKING RAISING COMPRESSED-AIR ORILL-AND-BLAST TUNNEL-DRIVING )

- BORCHERDT, E. R. & BORCHERDT AND SMITH
MINING CONGRESS JQURNAL, 52, FEB 1960. A NOTED MINES RESEARCH ENGINEER, NOW CONSULTANT, REVIEWS RECENT
NEVELOPMENTS, AROQUND THE WORLD, IN SHAFT SINKING AND RAISING AND TUNNEL DRIVING. WHILE DEVELOPMENTS TCCLS, EQUIPMENT
AND METHONS ARFE TREATED IN GENERAL NEWS ITEM STYLE, MORE DESCRIPTION IS GIVEN TO A RECORD SHAFT-SINKING IN SOUTH AFRICA
OF 1000 FT 26 FT DIA SHAFT IN ONE CALENDAR MONTH AND TO THE ALIMAK SHAFT-RAISING SYSTEM AND ITS APPLICATION TO RAISE UP
TO 400 FT CR MORE.

04-61-01001 CONSTRUCTING A SOFT~GROUND TUNNEL UNDER ROSTON HARBOR ( SHIELD-METHOD CUTTING-EDGE EXCAVATICN LINING
COMPRESSED-AIR '}
RICHARDSOM, C. A. & PERINI CORP SPRING LAKE NJ .
CIVIL ENGINEER ING, JAN 1961. FROM A PAPER PRESENTED AT THE ASCE BOSTON CONVENTION SESSION OF THE CONSTRUCTION
DIVISION. THE LT, WILLIAM F. CALLAHAN, JR. TUNNEL UNDER BOSTON HARBOR IS BEING CONSTRUCTED FOR THE MASS. TURNPIKE
AUTHNRITY TO CONNECT BOSTON TO EAST BOSTON. THE TUNNEL IS SCHEDULED TO OPEN IN NOVEMBER 1961. CONSTRUCTION IS BY
MFANS QF THE SHIFLD METHOD WITH A SHIELD 19 FEET 6 INCHES LONG BY 31 FEET 4 INCHES OUTSIDE DIAMETER AND WITH A TAILSKIN
NF 30 FEET 10 INCHES INSIDE DIAMETER. PROGRESS 2F THE WORK, METHODS, AND EQUIPMENT UTILIZED AND JOB CONDITIONS ARE
DESCRIBED IN THE WORK TO DATE.

04-61-04001 NEW TUNNFLS NEAP POTTERS BAR IN EASTERN REGION OF BRITISH RAILWAYS ( SHIELD 1}

TERRIS, A. K. + MORGAN, H. D.
PROCEEDING OF - INSTITUTION CIVIL ENGRS, (18) PAPER 6511, 289-304, APR.1961. DRY JOINTS BETWEEN PRECAST CONCRETE
RLOCKS WITH NO BREAKS IN THE JOINTS ARE BFING USED YO LINF THE 3 SHIELD DRIVEN TUNNELS IN LONDON CLAY NEAR POTTERS
BAP. THE BLNCKS WFRE MANUFACTURED IN A SPECIAL UNIT LOCATED OVER TOP OF ONE OF THFE TUNNELS.

04~61-~08001 OEVELOPMENT IN LARGE BORFHOLE DRILLING ( VENTILATION ACCESS SHAFTS CHURN-DRILL CALYX-METHCD
ROTARY-DRILLING )
MAUCK, L. E. + RIDENOU®, D. C. & FREEMAN COAL MINING CORP
MINING CONGRESS JOURNAL, 61, AUG 1961. THE ARTICLE OQUTLINES EXPERIENCE IN DEVELOPING LARGE BOREHALE DRILLING
TECHNIQUFS FOR VENTILATION AND ACCESS SHAFTS Tn COAL MINES OF THE DLGA COAL CO. DESCRIPTION OF ¥OOLS, METHODS AND
SCONOMICS ARF QUTLINFD FCR CHURN DRILL, CALYX METHOD AND ROTARY DRILL. . :

04-62=-0900]1 SUBWAY CONSTRUCTION IN THE SOVIET UNION

KRUPINSKY, H. Jo. + WAGNER, H. & HAMBURG W. GFRMANY
BAUTECHNIK, (39) NnD © 299-306, SEPT 1962, THE REPORT OF A DELEGATION SENT YO LENINGRAD & MOSCCW BY HAMBURG CITY
AFFICTIALS TO STUDY SOVIFT SUBWAY PROJECTS.

04-63=10001 THE ROCK - NORAD COC ( BLASTING CAVERN GRANITE EXCAVATICN DRILL-RIGS ROCK~-BROLTS JUMBRGS )

NORVELL, J. M. & MILITARY ENGINEER
THE MILITARY ENGINFER, (55) NO. 367, SEPT-0CT 1963, THE ARTICLE DESCRIBES THE MEW NORTH AMFRICAN AIR DEFENSE
CNMMAND (NORAD) COMBAT OPERATIONAL CENTER (COCY REING BUILT DEEP WITHIN A COLORADO MOUNTAIN. APPROXIMATELY 450,000
CYRIC YARNS OF ROCK, MOSTLY GRANITE HAS BEFN REMOVEND AND THE BASIC EXCAVATION WAS CCMPLETED IN DECEMBRER 1962.
EXCAVATION WAS MAINLY BY ORILLING, BLASTING AND SLABBING. ROCK BOLTS UP TO 20 FEET LONG ON A 4 FOCT SQUARE PATTERN
REINFARCF WALLS AND THF DOMF SHAPED CEILINGS. THE CENTER CONSISTS OF A NETWORK OF INTERSECTING CHAMBERS 32 AND 45 FFEY
WIDE AND UP TQ 60 FEFT HIGH FORMING A PATTERN 300 FEFT BY 120 FEET. CHAMBERS ARE SEPARATED BY BUFFER SECTIONS OF
GRAMITF, SELECTFED PICTUPES AND OUTLINE DRAWINGS ILLUSTRATE THE PROJECT.

04-53-12001 TUNNELLING IN GIBRALTAR ( MATERTIAL-HANDLING SHAFT-RAISING VENTILATION }

LAUDER, J. G: & ROYAL ENGRS 1ST FORTRESS SQUAD
ROYAL ENGINFERS, (77) NO. 4, 339-369, DEC 1963. ON THE GIBRALTAR TUNNEL PROJECT FROM LITTLE BAY TO EURNPA SIX 315
CEM COMPRESSORS WERE INSTALLED WITH AN INITIAL PLANNED MAXIMUM LOAD 0OF 1000 CU. FT. OF FREF AIR PER MINUTE. THE BASIC
TECHNIQUE IN HARD~ROCK TUNNELLING IS THE MODERN DRILL AND BLAST METHOD. THE ROCK IS LOADED INTO DECAUVILLE WAGONS, OR
SKIPS, AND TNWFD OUT BY LOCOMOTIVE. PROGRESS WAS LIMITED BECAUSE THE PORTAL WAS ESTABLISHED ON A FAULT FILLED WITH
CLAY, CONGLOMERATE AND FRIABLF ROCK WHICH CAUSFD ROCK DRILLS TO JAM; SOFT GROUND MACHINERY CANNOT BE USEDN BRFCAUSF OF
THF HARD ROCK EMBEDDED. WHEN A HOLE HAS BEEN DRILLED IN CONGLOMERATE AND FRIABLE ROCK, THE DRILL STEEL PRORABLY CAMNDT
8F WITHDRAWN OR WHEN WITHDRAWN, THE HOLF WILL COLLAPSE., THERE WAS MUCKING OUT PROBLEM AT GIBRALTAR BECAUSE THE
LOCOMATIVES COULD NOT NEGOTIATE THE STEEP GRADIENT. THIS LED TO A CRUDE SOLUTION BY MEANS OF A RAMP, OR "CHINAMANY
WHICH WAS SATISFACTORY FOR THE PILOY HEADING. THIS 1320 NF 14 FT. HEADING WAS COMPLETED IN 50 WEEKS OF TUNNELL ING, AN
AVFRAGE OF 26,4 FT. PER 4 1/2 DAY WEFK. THE FENLARGEMENT OF THE PILOT HEADING TO THE REQUIRED 26 FT. NECESSITATED THE
MUCKING OUYT NF 20,000 CU. YDS. COF SPOIL, CAUSING THE DEVELOPMENT OF A MOBILE SPOIL ELEVATOR AND TRACKLESS MINING. THIS
FLEVATNR, SFRVING AS A GIANT CHINAMAN, WAS LNADED AND THEN LIFTED THE SPOIL HIGH ENOUGH TO DEPOSIT IT IN THE DUMPERS.
ALL THE DRILLING AND BLASTING WAS DONF IN ONE OPERATION, AND THE SPOIL LEFT IN SITU FOR FIVE MONTHS. IN SIX MONTHS,
USING TRACKLESS MINING, THE 20,000 CU. YDS. OF SPOIL WERE MUCKED OUT AT ABOUT 200-250 CU. YDS. PER DAY (2 SHIFYS). AN
8-FT. PILOT WAS NDESIGNED FOR THF SECOND TUNNEL FROM CAMP BAY TO NORTH GEORGE SINCE IT WENT THROUGH SEVERELY FAULTED



GROUND OF BROKEN CLAY AND ROCK. A TIMBER LINING WAS USED AND INSERTED AS SOON AS POSSIBLE. THE ENLARGEMENT PROCESS
REQUIRED THAT THE POOR GROUND BE LINED WITH STEEL SETS AS THE WORK PROCEEDS TO PREVENT THE COLLAPSE OF THE ENTIRE
ROOF. STEEL "BOLING BOARDS" COULD BE USED TO HOLD THE RODE STEADY SO THAT WORK COULD CONTINUE SAFELY UNDERNEATH.
DAMAGE TO THE STEEL SETS FROM BLASTING WOULD NOT BE GREAT, AND THE CAVITY CUT FOR THE POLLING BOARDS REDUCES THE
TRANSMISSION OF SHOCK WAVES TO THE ROCF.

04-64=00001 CONSTRUCTION OF TUNNELS OF NEW TOKAIDO LINE ( GENERAL ¥

SAKAMOTGy S. & JAPANESE NATIONAL RATILWAYS
PERMANENT WAY SOCIETY, 7, 1-22, 1964. THERE ARE 67 TUNNELS OF WIDTH OF 9.6 METERS AND HEIGHT 7.8 METERS ON THE NEW
TOKATIDD LINE. MOST OF THE GROUND WAS SOFT ROCK WITH MANY FAULTS AND MUCH TUNNEL WATER. STEEL ARCH SUPPORTS WERE USED.
THE H BEAMS HAVE BREAKING LOADS OF 145 TONS TO 618 TONS. MOST OF THE TUNNEL WAS LINED WITH 50-70 CM THICKNESS OF
CONCRETE. GROUTING COST CAN BE LOWERED BY USING A SMALLER PROPORTION OF CEMENT. IN GROUND WHERE UNEXPECTED TUNNEL
WATER MIGHT ARISE AND THE GEOLOGY IS VARIED BOTTOM HEADING METHOD 1S PREFERRED. DIFFERENT METHODS OF WORKING WERE
PERFORMED ACCORDING TO GROUND CONDITIONS. IN THE OBORA TUNNEL GROUND CONDITIONS WERE SO BAD THAT A " WELL POINT
PROCESS WAS ADOPTED. THE TANNA TUNNEL TOOK 53 MONTHS AND COST 525 YEN PER METER.

04-64-01001 SINKING VERTICAL MINE-SHAFT AT RATE OF 290.5 METERS PER MONTH

I0RI, A. S.
GORNYI ZHURNAL, N 1, 40-44, JAN 1964, SINKING OF NOVOBUTOVKA SHAFT IN DONETS BASIN USING SINKING EQUIPMENT WITH
REMOTE CONTROL OF 1 CU-M CACTUS GRAB AND FACILITIES FOR INSTALLING LINING. GENERAL CHARACTERISTIC OF EQUIPMENT AND
ORGANIZATICN OF CPERATIONS. (IN RUSSIAN)

04=-64-02001. THE DRIVING OF THE MONT BLANC TUNNEL

WIDEGREN, G. & ATLAS COPCO ITALIA
THE MINING ENGINEER, PAPER NO. 4003, 281-293, FEB 1964. THE HISTORY OF THE IDEA FOR A MONT BLANC TUNNEL IS
REVIEWED. THE AGREEMENT BETWEEN FRENCH AND ITALIAN GOVERNMENT WAS REACHED IN 1958. THE TUNNEL WAS BORED FROM THE
NORTH BY THE FRENCH, FROM THE SOUTH BY THE ITALIANS. THE TUNNEL IS HORSESHOE SHAPED WITH A HEIGHT OF 31 FT. AND A
SHOULDER WIDTH OF 29 FT. DORILLING AND BLASTING WAS USED. SEVERAL BAD ROCK FALLS DELAYED THE ITALIAN CONSTRUCTION.
METHODS OF OVERCOMING THE DIFFICULTIES ARE DESCRIBED. BREAKTHROUGH WAS ACHIEVED ON 14 AUGUST 1962. THE TUNNEL WAS
EXPECTED TO BE OPEN TO TRAFFIC BY END OF 1964.

04-64-03001 THE DRIVING OF 10 MILE LONG CANYON POWER TUNNEL IN THE U.S.A. { WATER-TUNNEL ANFO FAST~TUNNELING )
MACKINTOSHy, 1. Ba & TAYLOR WOODROW OVERSEAS LTD
CIVIL ENGINFRRING AND PUBLIC WORKS REVIEW, 325-331, MARCH 1964. THE POWER TUNNEL CONTRACT WAS AWARDED TO CLANCY
0YDELL CONSTRUCTION CO. FOR $11,169,895 IN JANUARY 1962. THE TUNNEL IS THROUGH GRANITE AND IS UNLINED EXCEPT IN BAD
GROUND. HORSESHOE SHAPED 14 FT. X 14 1/2 FT. AN 11 FT. ROUND IS USED DRILLING 12 FY. HOLES. THE DRILL JUMBQ CARRIES A
BYG DRIFTER WHICH DRILLS TWO 5 IN. DIA BURN HOLES, PLUS SIX HYDRA 80OM DRILLS. A CONWAY 101 ELECTRIC LOADER LOADS 10
CU. YD. GRANRY-TYPE CARS. A FERTILIZER GRADE AMMONIUM NITRATE IS MIXED WITH FUEL OIL AND LOADED PNEUMATICALLY.
AVERAGE PROGRFSS 60 TO 76 FT/DAY. CYCLE TIME AVERAGES 3 HRS 40 MIN.

Q4-64-04Q01 DRIVING THE HOMESTAKE TUNNEL ( WATER-TUNNEL DRILL-AND-~BLAST )

WESTERN CONSTRUCTION, 55-69, APRIL 1964. A 5 1/2 MILE TUNNEL, FIRST PHASE OF A 125 MILE LONG SEPIES OF TUNNELS,
LAKES, RESERVOIRS AND PIPELINES FOR BRINGING WATER ACROSS THE CONTINENTAL DIVIDE TO COLORADO SPRINGS AND AURORA
COLORADO IS BEING DRIVEN AT A RATE OF 44 FT/DAY BY QUAD CONSTRUCTION, INC. AND W. A. SMITH CONTRACTING CC. JOINT
VENTURE. THREE MORE HOMESTAKE PROJECTS WILL BE BID IN APRIL 1964.

04=64-04002 TUNNEL WORK DURING ELECTRIFICATION OF RATLROAD LINES ( LINING SPRAYED-MORTAR PLASTIC-SEALERS
GLASS-FIBER-LININGS DRAINS 1}
SPANG, J. & FEDERAL RAILWAY MUNICH GER .
DIE SAUTECHNIK, (4} 41,18-124, APRIL 1964, A SUMMARY OF THE RENOVATION OF THE 57 GERMAN FEDERAL RAILWAY SYSTEM
TUNNELS IN CONNECTION WITH THE ELECTRIFICATION OF THE SYSTEM. PROBLEMS MAINLY WERE IN CONNECTION WITH LINING AND
DRAINAGE. NEW CONSTRUCTION MATERIALS REDUCED OVERALL COST. SPRAYED MORTAR AND SPRAYED CONCRETE WAS PRACTICAL IN MANY
CASES. USE OF SULFATE RESISTANT CEMENT REDUCED NEED FOR SPECIAL SEALING MATERIALS. MANY NEW PLASTIC SEALERS ARE
AVATLABLE.,

04-64-05001 SPECIAL METHODS IN CANAL CONSTRUCTINN { PIPE-DRIVING SEWERS )

KUNTZE, E.
GAS - UND WASSERFACH, (105) NO. 20, 533-539, MAY 15, 1964, THE DRIVING OF SEWER PIPES CAN BE CCNSIDERED ONE OF THE
MOST TMPORTANT AND EXTENSIVELY DEVELOPED PROCESSES FOR THE UNDERGROUND CONSTRUCTION OF SEWER SYSTEMS, DRIVING IS DONE
ONLY WHEN ANY OPEN EXCAVATION METHOD IS ECONOMICALLY OR TECHNICALLY IMPOSSIBLE. A PECULIARITY OF THE PROCESS IS THE
ELASTICITY OF THE PIPE. SHORT BYPASSES ARE NOT POSSIBLE. THE LEVEL OF GROUND WATER IS ALSO IMPORTANT; ALL
CONSTRUCTION ELEMENTS SHOULD HAVE THE SAME LIFE. CONCRETE AND STEEL PIPES HAVE THE DISADVANTAGE THAT IT IS DIFFICULT
TO PROTECT THEM FROM CORROSION. DIFFICULTIES ARE ALSO ENCOUNTERED IN THE FORMATION OF WELDING SEAMS. DRIVING OF
CONCRETE PIPES APDEARS TO BE MORE SUITABLE. DURING PASSAGE THROUGH HIGHLY UNFIXED SOIL, THE INSTALLATION OF
HORIZONTAL Of SLIGHTLY TILTED BAFFLES IN THE CUTTER SLEEVE WAS FOUND ADVANTAGEOUS. IT IS OF ADVANTAGE TO INSTALL THEM
RIGIDLY. FOR THE TRANSPORT OF SOIL WITHIN THE DRIVE PIPELINE, THE USE OF MONORAIL RAILROADS WITH A LATERAL GUIDANCE BY
PNEUMATICALLY TIRED ROLLERS WAS FOUND ADVANTAGEDUS. WHEN THE POSSIRILITY OF AN ENCOUNTER WITH QUICKSAND EXISTS, THE
POSSIBILITY OF THE INSTALLATION OF A PRESSURE CHAMBER MUST BE PROVIDED IMMEDIATELY DURING THE CONSTRUCTICN OF THE
CUTTER SLEEVES.

04-64=06001 THE SCHOOL OF MINES AT WEST VIRGINIA UNIV ( RESEARCH EDUCATION )

HOLLANDy Co To. & UNIV WEST VA
MINING CONGRFSS JOURNAL,s (50) N 6y 36-40, JUNE 1964, MINERAL ENGINEERING EDUCATION AND RESEARCH IN W. VA. ARE
CENTERED IN THE SCHOOL OF MINES AT W. VA. UNIV. IN MORGANTOWN., THE SCHOOL OFFERS TWO UNDERGRADUATE CURRICULA: MINING
ENGINFERING AND PETROLEUM ENGINEERING. RESEARCH IS DIRECTED TOWARD: 1) COAL UTILIZATION RESEARCH, 2) MINING
RESEARCH, AND 3) PETROLEUM AND NATURAL GAS PRODUCTION AND RECOVERY RESEARCH. THE BUREAU OF RESEARCH IS MAINLY
CONCERNED WITH LOOKING TOWARDS NEW MARKETS AND NEW USES FOR W. VA, COAL. PETROLEUM PRODUCTION RESEARCH HAS ALSO BEEN
FEATURED., COURSES OFFERED IN THE SCHOOL EXTENSION INCLUDE: MINE GASES, MINE VENTILATION, MINE FIRES AND
EXPLOSIONS, HAULAGE, DRAINAGE, EXPLOSIVES, AND OTHERS. EXPANSION OF THE SCHOOL®'S PROGRAM IS NEEDED. CURRICULA ARE
BEING NEVELOPED IN SEVERAL MINERAL AREAS, SUCH AS BENEFICIATION, GFOPHYSICS, AND FUEL TECHNOLOGY.

Q4-64-07001 ROTARY AND PERCUSSION DRILLS ( BLASTING-EQUIPMENT }
WESTERN CONSTRUCTICN, 66-69, JULY 1964, A CONCISE COMPARISON BETWEEN THE TWO TYPES OF DRILLS. PERCUSSION DRILLS
ARE MORE OFTEN USED FOR SURFACE DRILLS. ROTARY DRILLS ARF MORE OFTEN USED FOR DEEP WELL DRILLING.

04-64-08001 AZOTEA TUNNEL DRIVING BEGINS ( MOLE WATER TUNNELS GEOLOGIC~EXPLORATION )

BELLPORT, B. P. & U.S. BUR RECL DENVER COLO
WESTERN CONSTRUCTICN, 64~66, AUG 1964. A 12.7 MI WATER TUNNEL IN NORTHERN NEW MEXICO WILL BE BORED BY A TUNNELING
MACHINE TO BE PURCHASED BY THE CONTRACTING JOINT VENTURE FIRM OF GIBBONS AND REED CO, BOYLES BROS. DRILLING CO, AND
DUGAN GRAHAM CO. THE TUNNEL WILL BE CIRCULAR IN SECTION WITH FINISHED DIAMETER OF 10 FT. 11 IN. LINED WITH © IN. OF
CONCRETE., THE BUREAU UNDERTOOK AN EXTENSIVE GEOLOGIC EXPLORATION PROGRAM-~CONVENTIONAL CORE DRILLING, AIRBORNE
MAGNETOMETER SURVEYS, GROUND MAGNETOMETER, AND GRAVIMETER SURVEYS, SEISMIC REFLECTION AND REFRACTION
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DETERMINATIONS « BIDDERS WERE ALLOWED OPTION OF BIDDING ON CIRCULAR OR HORSESHOE SECTIONS. WHERE ROCK BOLTS ARE
REQUIRED THEY MUST BE INSTALLED WITHIN 8 HRS. AFTER BLASTING (OR CUTTING) OF THE HEADING.

04-64=08002 COLLEGE OF MINERAL INDUSTRIES PENN STATE UNIV: MINING ENGINEERING ( EDUCATION RESEARCH )

STEFANKDO, R. & PENN STATE UNIV
MINING CONGRESS JOURNAL, (50) N 8, 88-91, AUG 1964. WITHIN A RADIUS OF 125 MI OF THE UNIVERSITY, MINES ARE LOCATED
WHICH REPRESENT VARIOUS TYPES OF MINING. NO SPECIALIZATION IS ATTEMPTED AT THE UNDERGRADUATE LEVEL. APPROXIMATELY
ONE-THIRD QOF THE GRADUATE STUDENTS WORK IN THE OPERATIONS RESEARCH AREA. PLANS ARE UNDERWAY TO DEVELOP A GRADUATE UNIT
DEVOTED TO MINE MANAGEMENT AND ECONOMICS. TODAY, ONLY FIVE OF THE. 70 STUDENTS ENROLLED ARE REGULAR FOUR-YEAR STUDENTS,
THE REST CHOGS ING THE "CO-0P" PROGRAM. BENEFITS OF THE “CO-0P" PROGRAM INCLUDE: 1) PRACTICAL EXPERIENCE (TOTALING
TWO YEARS), 2) ALTERNATE WORK AND SCHOOL QUARTERS, 3) EARNING OF MONEY, &) CHANCES WITH CERTAIN COMPANY AFTER
GRADUATION. PRESENT RESEARCH CONTRACTS INCLUDE: 1) INVESTIGATION OF EFFECTIVE MEASURES TO COMBAT MINE DISASTERS,
2) OPTIMIZATION OF COAL MINE SYSTEMS FOR LOW-COST MINING, 3} INVESTIGATION OF THE TECHNICAL ASPECTS IN THE CONTROL AND
DISPOSAL OF MINE WATER TO MINIMIZE STREAM POLLUTION, 4) IMPROVEMENTS OF BLASTING TECHNIQUES IN SURFACE MINING, 5}
UNDERGROUND STRESS INSTRUMENTATION, 6) STRIP MINE LAND RECLAMATION, 7) INVESTIGATION OF FATLURE PHENOMENA OURING
DRILLING.

04=64-08003 COLLEGE DF MINERAL INDUSTRIES PENN STATE UNIV: MINING PREPARATION ( RESEARCH EDUCATION )

LOVELLy H. L. & PENN STATE UNIV
MINING CONGRESS JDURNAL, (50} N 8, 89-92, AUG. 1964. THE RESEARCH PROGRAM IS ONE OF THE LARGEST ACADEMIC
ENTERPRISES OF . ITS NATURE IN THE COUNTRY. THE OBJECTIVE OF THE CURRICULUM HAS BEEN TO FURNISH THE STUDENT WITH A
SOLID BASIS OF THE SCIENCES, THE COMMUNICATION MEDIA, THE ENGINEERING FUNDAMENTALS, AND THE DESIRABLE ENGINEERING
SPECIALTIES UPON WHICH TQ DEVELOP A BASIC PHILOSOPHY AND TECHNIQUE. THE CURRICULUM INCLUDES COMPUTER PROGRAMMING AND
INSTRUMENT AL ANALYSTS. THE COURSES IN MINFRAL PREPARATION ENGINEERING INCLUDE { ABORATORY TECHNIQUES, UNIT OPERATIONS,
COAL PREPARATION, FLOW SHEETS AND FIELD TRIPS. THE CURRENT RESEARCH PROGRAM INCLUDES NUMEROUS COAL-ORIENTED
STUDIES INCLUDING PROBLFMS ASSOCIATED WITH THE CULM REFUSE BANKS, FINE COAL CLFANING, COAL GRINDABILITY, AND
ELECTROKINETIC STUDIES.

04-64-08004 COLLEGE OF MINERAL INDUSTRIES PENN STATE UNIV: MINERAL ECONOMICS ( EDUCATION RESEARCH )

RIDGE, J. D.
MINING CONGRESS JOURNAL, (50} N 8, 89~94, AUG. 1964. THE UNDERGRADUATE CURRICULUM IN MINERAL ECONOMICS AT PENN
STATE 1S DESIGNED TQ TRAIN STUDENTS TO GO INT3 THE MANAGEMENT PHASE OF THE MINERAL INDUSTRIES. [IT COMBINES THE STUDY
OF THE FUNDAMENTALS OF THE VARIOUS FIFLDS THAT MAKE UP THE MINERAL SCIENCES AND TECHNOLOGIES WITH ECONGMICS AND
MANAGEMENT . DURING THE SENIOR YEAR, A SEMINAR AND A MINING FIELD TRIP ARE OFFERED TO THE STUDENT. RESEARCH
PROJECTS VARY WIDELY; FOR EXAMPLE, WORK IS BEING DONE IN INVESTIGATING THE NONFUEL USES OF CARBON. ALSQO INVESTIGATFD
IS THE APPLICATICN OF OPERATIONS RESEARCH TECHNIQUES TO PROBLEMS OF MINERAL SOURCE DEVELOPMENT.

04-64-11001 DRIVING 1245 M DF DRIFT PER MONTH USING PK-3 TUNNELING MACHINE

ABRAMOV, A. N. + KOLOMIN, G. A.
UGOL, N 11, 24=27, 1964. DATA ON PERFORMANCE OF TUNNELING MACHINE PK-3 IN POLYSAEVSKAYA 2 COAL MINE IN KUZNETSK
aASIN. LAYOUT OF EQUIPMENT AND NRGANIZATION OF LABOR DESCRIBED. (IN RUSSIAN)

04=-64=12001 PLANNING AND REALIZATION OF LARGE CROSS~-SECTION TUNNEL CONSTRUCTIONS ( HIGHWAY-TUNNELS RAILRCOAD-TUNNELS
BLASTING COST-COMPARISON SWITZERLAND SWEDEN LININGS )
HFRRMANN, H. V. & LOSINGER CO BERN
SCHWEIZERTSCHE BAUZEITUNG (SWISS BUILDING JOURNAL)Y, (82} N 50, 873-881, DEC. 10, 1964, LECTURE GIVEN DURING
ILASTING COURSE FOR ENGINEERS IN OCTOBER 1963, SWEDISH EXPERIENCE IN TUNNEL CONSTRUCTION FOR FORTIFICATION AND POWER
PLANTS AGREFS WITH CONCLUSIONS FROM SWISS WORK. EXCAVATION OF FULL SECTION ON TUNNELS 70 TO 130 SQ. METERS IS MOST
ECONOMICAL WHERE GEOQLOGY PERMITS USE. NOMOGRAPHS SHOW RELATIONSHIP OF COSTS. MECHANIZATION AND AUTOMATION ARE
NECESSARY BECAUSE OF SHORTAGE OF LABOR AND HIGH INVESTMENT COST OF MACHINES. TABLES SHOW IMPROVEMENT IN PRODUCTIVITY
NUYE TO INCREASING DFPTH OF ROUND UP TO 5 METERS. DETAILED TRAINING OF MINERS BECOMES NECESSARY BECAUSE OF DIVISION OF
LABOR MEEDED IN LARGE BNRES. COMPARISON MADE 0OF TYPES OF CUTS. DISCUSSES PROBLEMS OF FAULTY SHOT HOLF DRILLING,

04=64-12002 COMSTRUCTINN OF RAILROAD TUNNELS IN THEORY AND PRACTICE ( GFPMAN-METHOD )

POTTHAST H. & DORMUND GERMANY
TIEFBAU, (6) N 12, 1003-1011, 1964. THE AUTHOR DISCUSSES THE CONSTRUCTION OF RAILROAD TUNNELS IN TWC PARTS3 PART 1
1S PUBLTISHED HFRF, THE AUTHOR GIVES AN OVERALL VIEW OF TODAY'S STATE OF TECHNOLOGY IN TUNNEL CCNSTPUCTION. THFE
IMPORTANCE OF A GEOLNGICAL EVAUATION OF THE MOUNTAIN RANGE AND THE SURVEY IS STRESSED. THE CONSTRUCTINN METHODS
CUSTOMARY IN GERMAN RATLROAD TUNNEL CONSTRUCTION AS WELL AS THE TEMPORARY AND FINAL LINING PROCESSES ARPE DISCUSSED IN
NFTAIL. THE IMPORTANCE OF DRAINAGE, VENTILATION, AND SAFETY NICHES IS STRESSED.

04=64-12003 RAPID DRIVING OF INCLINE BRY PK-3M TUNNELING MACHINE (. SHAFT-SINKING }

RYLYNKA, G. K. # 3ARULIN, V. T.
JGCL, N 1R, 11~13, DEC 1964. DURING A 31 DAY PERIND 1205.6 M CF INCLINES WEPE DRILLED IN NO. 27 COAL MINE OF
VORKUTA. THE ANGLF OF THE INCLINES WAS 8 DEGREES TO 9 DEGREES.  EQUIPMENT USEN AND ORGANIZATION OF MANPGOWER IS
DESCRIBEND. (IN RUSSIAN)

06-54-12004 TUNNEL DRIVING MFTHONS ( SHIELDS LININGS PREFABRICATED-SECTIONS )

NOSKIFWICZ, T. M. + RAMSAY, J. A. & W. S. ATHINS AND ASSG TORCONTO
ENGINEERING AND CONTRACT RECORD, 49-57, DEC 1964, GREATHEAD SHIELDS ARE NORMALLY USED ON ALL TUNNELS IN SOFT
SROUND. ROTARY DIGGER SHIELNS ARE FASTER BUT UNECONOMICAt ON SHORT TUNMELS. PRESSURE WORK (COMPRESSED AIR) FOR
UNDERWATER CROSSINGS HAS BECOME SAFFR AND FASTER. CONCRETE AND CAST IROM L ININGS ARF THE MOST POPULAR. RECENT TESTS
INDICATE THAT CAST IRON LININGS IN LINNON ARE AS STRONG TODAY AS THEY WERE WHEN PLACED 80 YEARS AGO. PREFABRICATED
STERL OR CONCRETE TUMNFL SECTIONS WHICH CAN BE FLOATED TO THE JCOB AND SUMK INTQO POSITION ARF INCREASINGLY POPULAR FOPR
UNDERWATER TUNNELING. €0ST COMPARISON BETWEEN SHIELDS AND SUNKEN TURES IS DIFFICULT.

04-65-01001 THE COANSTRUCTION CF RAILROAD TUNNFELS IN THEORY AND PRACTICE ( LININGS POWER-EQUIPMENT MUCKING-MACHINFRY
SPRAY-CONCRETE BLASTING AIR-DUCTS SEALING WATER-DRAINAGE )
POTTHAST, H.
TIFFRAU, (7} 27-40, JAN 1965, PART I1 THE AUTHOR GIVES A FEW PRACTICAL FXAMPLES OF MODERN TUNNEL CCUNSTRUCTICM.
THE THREE TUNNELS DISCUSSFD BECAME NECESSARY BY THE NEW LOCATION OF THE RAILROAD IN THE AREA OF THE BIGGE DAM
(SAUERLAND) UNDER CONSTRUCTION. WORK IN THE ERBSCHEID TUNNEL OF ABNUT 1000 M LENGTH IS DESCRIBED IN PARTICULAR
DFTAIL: DRIVING OF THF TUNNELS, EXCAVATION QF THE ENTIRE TUNNEL PROFILE, CONCRETE WORK, SEALING AND DRAINAGE, AS WELL
AS THE SHAPE NF THF PORTALS. DATA ON THE MATERIAL CONSUMPTION AND CAPACITIES. (IN GERMAN).

04-45=03001 CLYDE TUNNFL: CONSTRUCTICNAL PROBLEMS ( SURAQUEOUS )
HAXTON, A, F. + WHYTE, H. E. & CHAS BRAND AND SON LTD
INST. OF CIVIL ENGINFERS, 323-346, MARCH 1965. THF CLYDE TUNNEL [S 29 FEET 6 INCHES IN INTERNAL DIAMETEK. THE
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PROGRESS OF THE WORK WAS HURT BY THE VARIABLE STRATA ENCOUNTERED WHICH NECESSITATED ADVANCE GROUND TREATMENT. THE
TUNNEL WAS DUG USING SHIELDS AND COMPRESSED-~AIR WORKING CONDITIONS. THE REQUIREMENT FOR LOW-PRESSURE AIR WAS MINIMUM
CAPACITY OF 24,000 CUBIC FT/MIN OF FREE AIR WITH AN INDEPENDENTLY-POWERED STANDBY OF 5,000 CUBIC FT/MIN. THE SHIELDS
WERE. 32 FEET 4 INCHES IN EXTERNAL DIAMETER, 14 FEET 4 INCHES LONG AT THE SOFFIT AND 11 FEET 4 INCHES LONG AT INVERT.
WHEN THEY KNEW THAT THE SHIELD WOULD RUN OUT OF A FULL FACE OF ROCK THE PLUG AND FEATHER METHOD WAS USED. THE SUCCESS
OF THIS METHOD 1S THE RESULT OF BEING ABLE TO MINE EASILY INTO THE TOP OF THE FACE SO THAT THE LOWER LAYERS COULD BE
BRCGKEN OFF FROM ABOVE BY HAND QUARRYING.

04-65=06001 HIGHWAY TUNNELS ( COST ROCK~BREAKING GEOLOGIC-EXPLORATION LIGHTING VENTILATION )

FOSSHEIM, S. J. & MINISTER OF TUNNELS NORWAY
TEKNISK UKEBLAD, (25) 112, 533-40, JUNE 24, 1965. DESIGN AND CONSTRUCTION OF HIGHWAY TUNNELS WITH SPECIAL
REFERENCE TO NORWEGIAN CONDITIONS. TUNNEL CONSTRUCTION HAS INCREASED CONSIDERABLY DURING RECENT YEARS DUE TO A HIGHER
DEMAND FOR BETTER ROAD CURVATURE AND SAFE ALL-YEAR ROADS IN THE MOUNTAINS. GREAT PROGRESS IN ROCK BLASTING TECHNIQUES
HAS CONTRIBUTED FURTHER TO THIS DEVELOPMENT. THE MECHANICAL PROPERTIES OF THE ROCK IN THE INTERIOR OF THE MOUNTAINS
MAY STILL BE REGARDED AS THE MOST DUBIOUS FACTOR INVOLVED IN TUNNEL CONSTRUCTION. HOWEVER, IMPROVED METHODS OF
GEDLOGICAL INVESTIGATION HAVE TO A LARGE EXTENT REDUCED THE RISK OF MEETING UNEXPECTED WORKING CONDITIONS. LIGHTING
AND VENTILATING PROBLEMS ARE DEALT WITH AT LENGTH. (IN NORWEGIAN)

04-65-07001 HIGHWAY TUNNELS ( DRAINAGE SUPPORTS GROUND-WATER SEALING COSTS }

FOSSHEIM, S. J. & MINISTER OF TUNNELS NORWAY
TEKNISK UKEBLAD, {(26) 112, 561-65, JULY 1, 1965. IN A PRECEDING ARTICLE THE AUTHOR DISCUSSED CGENERAL PRINCIPLES OF
TUNNEL DESIGN AND CONSTRUCTION. THIS ARTICLE DISCUSSES MORE DETAILED TECHNICAL PROBLEMS IN TUNNEL CONSTRUCTION
INCLUDING DRAINING AND SEALING PROBLEMS. ITEMIZED UP-TO-DATE COST DATA ARE GIVEN FOR TUNNELS IN NORWAY AND--FOR
COMPARISON--CORRESPONDING DATA FROM SWITZERLAND WHICH, QUITE NATURALLY, IS A LEADING COUNTRY IN TUNNEL TECHNIQUES. (IN
NORWEGIAN)

04=65-0800] HIGH-SPEED TUBE TRANSPORTATION { NORTHEAST CORRIDOR )

EOWARDS, L. K.
SCIENTIFIC AMERICAN, 30-40, AUG 1965. THE PAPER DISCUSSES THE POSSIBILITY OF HAVING A TUBE TRAIN FROM BOSTON TO
WASHINGTON. THE PAPER DISCUSSES THE ADVANTAGES OF SUCH A SYSTEM. TECHNOLOGY IS PRESENT TODAY FOR ITS CONSTRUCTION.
IT WOULD WCRK CN THE PRINCIPLE OF PNEUMATIC PRESSURE. WHAT IS NEEDED IS A FASTER MEANS OF TUNNELING.

04-65=-09001 MODERN LIGHTING SYSTEM DESIGN FOR THE HOLLAND TUNNEL

FISHMAN, I.
IEER TRANSACTION ON INDUSTRY AND GENERAL APPLICATIONS, (IGA-1) N 5, 339-342, SEPT 1965. IN 1927 THE LIGHTING
SYSTEM CNNSISTED OF TINCANDESCENT LAMP. IN 1960 IT WAS DECIDED TO MODERNIZE THIS SYSTEM. THIS PAPER DESCRIBES THE
DEVELOPMENT OF THIS PROJECT FROM ITS INCEPTION TG ITS COMPLETION.

04-65-11001 THE “SILENT" DRILLS WHERE THEY STAND NOW ( NOISE SAFETY )

DALY, J. J.
ROCK PRADUCTS, (68) 62-63, NOV 1965. DESIGN CHANGES HAVE ELIMINATED THE EFFICIENCY LOSS OF THE EARLIER SILENCED
DRILLS, AND FUTURE MNDELS MAY EVEN SURPASS CONVENTIONAL UNSILENCED MACHINES.

04=66-09001 THE SEERTHRUST SYSTEM ( PIPE~JACKING PEDESTRIAN-TUNNELS )

STEWART, J. & WM F REES (CONSTR)} SURREY ENGL
THF AUSTRALASIAN ENGR., 43-44, SEPT, 1966. A PIPE~JACKING SYSTEM DEVELOPED IN BRITAIN ALLOWS FULL SIZE RECTANGULAR
SECTION PEDESTRIAN TUNNELS TO BE CONSTRUCTED WITHOUT USING CUT AND COVER METHODS. PIPES UP TO 7 FT X 8 FT CAN BE USED.
LENGTHS UP TO 1000 FT HAVE BEEN COMPLETED BY USING INTERMEDIATE JACKING STATIONS.

04-66-12001 BART TRANS-BAY TUBE ( UNDERWATER-TUNNEL )

MURPHY, G. J. + TANNER, D. N.
CIV ENG (NY), (36} N 18, 51~5, DEC. 1966. UNDERWATER SECTION (3.6 MI) OF SAN FRANCISCO BAY AREA RAPID TRANSIT
SYSTEM IS NOW BEING INSTALLED AS 57 BINOCULAR-SHAPED TUBES EACH 273 TO 366 FT LONG, 47 FT WIDE AND 24 FT HIGH SECTIONS
ARE FABRICATED AND LAUNCHED ON SLIDING WAYS BY BETHLEHEM STEEL, THEN OUTFITTED, TOWED TO POSITION AND SUNK TO ABOUT 125
FT DEPTH UNDER SAN FRANCISCO BAY; SPECTAL PROVISION IS MADE TO ACCOMMODATE DISPLACEMENTS DUE TO FARTHQUAKES; SPECIALLY
DEVELOPED RUBRER JOINT PROVIDES FOR ? IN. VERTICAL AND 4 IN, HORIZONTAL OR LONGITUDINAL MOVEMENT OF TURE AT FIXED
VENTILATION BUILDINGS.

04-67-03001 WHERE DRILLING RESEARCH STANDS TODAY ( RIG-AUTOMATION DIRECTIONAL-DRILLING CEMENTING )

HUTCHISON, S. G. & STANDARD OIL CO CAL
THE OIL AND GAS JOURNAL, (65) 84, MAR 27, 1967. THE SURVEY REPORT MADE BY THE STANDARD OTL COMPANY OF CALIFORNIA
OF ORILLING RESEARCH WAS ADAPTED FROM A PAPER PRESENTED 17 FEBRUARY 1967 AT THE AACODC ROTARY DRILLING CONFERENCE IN
HOUSTCN ENTITLED “PRESENT STATUS OF DRILLING RESEARCH." THE REPORT SUMMARIZES THE STATE OF THE ART. TWC TABLES
PRPESENT DATA ON EXPENDITURES AND BUDGETS RELATED TO DRILLING RESEARCH.

Q4=67=04001 ANALYSIS OF PEDESTRIAN CIRCULATION THROUGH TUNNEL NETWORK { CANADA )

HAAS, G. + MORRALL, J. F.
TRAREIC QUARTERLY, (81) N 8, 229-35, APR 1967, CARLETON UNIVERITY, OTTAWA, ONT. STARTED CONSTRUCTING PEDESTRIAN
TUNNFLS BETWEEN ALL MAJOR BUILDINGS AND PARKING LOTS ABOUT 7 YR AGO; ORIGINALLY, STANDARD DESIGN WAS USED AND SEVEN
BUILDINGS AND ONE LARGE PARKING LOT HAVE BEEN CONSTRUCTED; RAPIDLY INCREASING ENROLLMENT ‘AND UNIVERSITY EXPANSTON HAVE
LED TO CONGESTION PROBLEMS IN SEVERAL PORTIONS OF SYSTEM; STUDY FOR DESIGN OF TUNNEL SYSTEM AND BUILDING ADDITIONS
CONSIDERTNG BOTH PEDESTRIAN CIRCULATION PATTERNS AND TUNNEL CAPACITY, WITH ADDED CONSTRAINT OF 10-MIN INTERCHANGE TIME
BETWEEN ANY TWO POINTS; TABLES AND CHARTS SHOW RESULTS OF STUDY.

04-67=06001 THE WATERPROOF SLIDING REINFORCED CONCRETE RING LINING OF THE FROZEN AUGUSTE VICTORIA 8 SHAFT (
SHAFT~SINKING QUICK-SAND FREEZING-SOIL )
LUTGENDORF, H. O.
GLUECKAUF, (103) 12, 553-560, JUNE 1967. SINCE 1901, THE SHAFTS OF THE AUGUSTE VICTORIA BITUMINOUS COAL MINES WERE
ALL SUNK THROUGH A QUICKSAND-BEARING OVERBURDEN BY A FREEZING METHOD. THE FREEZING DEPTHS VARY FRCM 121 M TQ 227 M AND
THE THICKNESS OF THE FROZEN LINING INCREASFS PROPORTIONATELY. SHAFT NO. 8 PROBLEMS AND DESIGN DESCRIBED IN DETAIL.

Q4-67-06002 STATE OF UNDERGROUND AUTOMATION IN THE GERMAN COAL MINING INDUSTRY { AUTOMATIC-MINES CONVEYORS }

OLAF, J.
GLUFCKAUF, (103} 13, 631-635, JUNE 1967, AUTOMATION OF THE GERMAN COAL MINES WAS UNDERTAKEN TO REDUCE THE NUMBER
OF PERSONS IN THE MINES, HANDLE JOBS WHICH OVERTAXED THE PHYSICAL AND MENTAL RESOURCES OF THE WORKER, AND TO MAINTAIN
THE SPEED OF THE FAST TUNNELING-MACHINFS. SAFETY OF PERSONNEL STILL WITHIN THE MINES HAS BEEN GREATLY IMPROVED.

04-67-06003 MINE SYSTEMS DESIGN: THE NEXT EFFORT WILL FOCUS ON TUNNELING ( MOLES ROCK-DISINTEGRATICN GROUND-CONTROL
MATERIALS~-CONTROL ENVIRONMENTAL-CONTROL GEOLOGY }
HOWARD, T, E. & U.S. BUR MINES WASH D.C.
ENGINEERING AND MINING JOURNAL, 158-163, JUNE 1967, TUNNELING NEEDS OF THE NATION FOR ESSENTIALLY CCONVENTIONAL
PURPOSES WILL GROW AT A RAPID RATE BUT THE TECHNOLOGY OF TUNNELING IS NOT ADVANCING RAPIDLY ENOUGH TO KEEP PACE.
RESEARCH AND DEVELCPMENT MUST BE UNDERTAKEN TO SPEED UP TUNNELING TECHNOLOGY. “THE PROBLEMS ARE INTERDISCIPLINARY AND
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MUST INVOLVE MANY TYPES OF ENGINEERS, SCIENTISTS, MANUFACTURERS AND CONTRACTORS TO FIND NEW AND FASTER, ECONOMICAL WAYS
OF BREAKINC ROCK, TRANSPORTING MATERIALS, CONTROL THE GROUND AND THE ENVIRONMENT.

04=67-07001 PRACTICAL APPLICATION OF OPERATIONS RESEARCH IN MINE PLANNING ( SYSTEMS—ANALYSIS )

DORSTEWITZ, G.
GLUECKAUF, (103) 14, 663-669, JULY 1967. THE NATURE AND LIMITATIONS OF OPERATIONS RESEARCH ARE GIVEN FOLLOWED BY
TWO EXAMPLES: PLANNING OF A NEW HORIZON INCLUDING VENTILATION, TUNNEL SHAPE AND VERTICAL HOISTING AND THAT OF A MAIN
HAULAGE RDAD IN THE EWALD-KOHL AG. ON THE BASIS OF THE TWO EXAMPLES, USEFULNESS OF OPERATIONS RESEARCH WAS
DEMONSTRATED. MAJOR ANDVANTAGES DUE TO RELIABLE COST DATA FOR MANAGEMENT DECISION.

04=67-07002 THE MINING SUPPLY INDUSTRY AT THE HANOVER FAIR IN 1967 ( TUNNEL ING~MACHINE TRUCKING DRILLING FORMS LINING

CONVEYORS )

BACHSTROEM, R, H.
GLUECKAUF, 713-731, JULY 1967. THE OUTSTANDING EQUIPMENT PERTAINING TO MINING EXHIBITED AT THE MINING SUPPLY
INDUSTRY FAIR AT HANOVER, GERMANY WERE TUNNELING MACHINES ONE WEIGHING 33 TONS WITH A TOOTHED ROLLER BIT, DRILLING 1.98
TO 2.30 METER DIAMETFR HOLF AT 15 METERS PER TWO SHIFT DAY IN 800 TO 2000 KG PER SQ. CM LIMESTONE HAVING 220 KV POWER
AND ANOTHER WITH 30 CARBIDE TIPPED TOOLS ON A ROTATABLE AND DISPLACEABLE ROCKING SHAFT HAVING 50 TO 90 KW POWER, CUTS
11 7O 17 SQ METER CROSS SECTIONS AT 3.5 METERS PER SHIFT IN ROCK VARYING FROM 350 YO 600 KP PER SQ. CM; A NEW
CATERPTILLAR TREAD CUTTER AND LOADER INCREASED QUTPUT 60 PERCENT OVER DRIVING WITH BLASTING; A SIDE DUMPING LOADER
HAVING COMPRESSED AIR PISTON MOTOR DRIVES ON EACH CATERPILLAR TREAD AND A HYDRAULIC SHOVEL; A NEW LINF OF DIESEL AIR
COOLED SHNVELS, TRUCKS AND PASSENGER VEHICLES FOR SALT OR POTASH MINES AS TRACKLESS VEHICLES ARE BECOMING MORE POPULAR;
A CONCRETE SPRAYING AND INJECTION UNIT OPERATING AT 5 TO 60 KG PER SQ. CM, SIMPLE AND EASILY. ALIGNED ALUMINUM FORMS FOR
STOPES AND TUNNELS; A ONE METER DIAMETER CORE DRILL WITH 6-TOQTHED ROLLER DRILLS AT 1.5 M/H IN SLATE AND 0.4 M/H IN
COMPACT GRAYWACKE; A HAMMER DRILL WITH ELECTRIC FEED AND ROTATION AND PNEUMATIC HAMMERING ORILLS 15 M/H IN MODERATELY
HARD 20CK 10 M/HR IN HARD ROCK; CONE SHAPED ROLLER BITS IN 75 MM TO 3.3 METER SIZES HAVE INCREASED DRILLING SPUDS; A
LOW SPEED HYDRAULIC MOTDR HAS 5600 KPM TORQUE AT 0-40 RPM, 2600 RPM AT 0~80 RPM.

04-67-09001 DEEP-SEA DRILLING PROJECT — JOINT OCEANCGRAPHIC INSTITUTIONS DEEP EARTH SAMPLING -~ JOIDES [ SEDIMENTS
WELL=LOGGING )
THE AMERICAN ASSOCIATINN OF PETROLEUM GEOLOGIST BULLETIN, (51) 1787-1802, SEPY 1967. JOIDES (JCINT OCEANOGRAPHIC
INSTITUTION DFFP EARTH SAMPLING) WAS FORMED BY FOUR DF THE MAJDR OCEANDGRAPHIC INSTITUTIONS TO FOSTER DEEP-SEA DRILLING
PROJECTS. THF BLAKE PLATEAU PROJECT WAS SUCCESSFULLY COMPLETED IN 1965. THIS CONSISTED OF THE ORILLING OF SIX HOLES
FROM 25 TO- 1,022 M IN DEPTH WITH AN AVERAGE CORE RECOVERY OF 36 PERCENT. LAMONT GEOLOGICAL OBSERVATORY CONDUCTED
THF OPERATIONS UNDFR A GPANT FROM THE NATIONAL SCIENCE FOUNDATION. SCRIPPS INSTITUTION OF OCEANOGRAPHY WAS AWARDED A
CONTRACT BY THF NATTONAL SCIENCE FOUNDATION FOR MORE EXTENSIVE DRILLING NPERATIONS IN THE ATLANTIC AND PACIFIC OCEANS:
SFA OPERATIONS WERE FXPECTED TO BEGIN. LATE 'IN 1968. PRELIMINARY DRILLING SITES HAVE BEEN RECOMMENCED BY THE ATLANTYIC
AND PACIFIC ADVISORY PANELS (PANELS WHICH WERE FDRMED BY THE RECOMMENDATION OF JOIDES). THESE PLANS ARE SUBJECT TO0
REVISINON UNTIL ACTUAL ORILLING BEGINS AS MORE DATA BECOMES AVAILABLE. THE PRIMARY OBJECTIVES OF THE DEEP SEA DRILLING
ARE THE DETERMINATION OF AGE AND THE PROCESSES OF DEVELOPMENT OF THE OCEAN BASINS. THE PRESENT STATUS OF THE ATLANTIC
AND PACIFIC PANFL RECOMMENDATIONS ARE SUMMARIZED WITH THEIR REASCNS FOR THE CHOICES MADE. ,
06-67-1000]1 UMDERSEA DRILLING AND PRODUCTION SITES FOR PETROLEUM ( TUNNEL MACHINE-BQORING SHAFT-DRILLING BEDROCK )
AUSTIN, C. F. & NAV WPNS CTR - CHINA LAKE CALIF
JOURNAL OF PETROLEUM TECHNOLOGY OF THE SOCIETY OF PETROLEUM ENGINEERS, 1309-1316, OCT. 1967. - PROPOSAL TO ESTABLISH
PERMANFNT MANNED INSTALLATIONS WITHIN THE SEA FLOCR FOR USE IN WELL DRILLING AND INITIAL PETROLFUM FLUID PROCESSING.
PAST AND PRESENT PERMANENT IN-THE-SEA-FLOOR MINING INDUSTRY IS REVIEWED. METHODS NOW PRACTICAL FOR DIRECT ACCESS TO
AND FROM PERMANENT IN-THE-SEA-FLOOR DRILLING AND PRODUCTION SITES ARE OUTLINED. SUCH AN OPERATING SITE IS PRESENTLY
ESTIMATED TO COST APPRAXIMATELY $50 MILLION.

04-67-10002 SCHEME FIRST PLANNED 30 YEARS AGO NEAR COMPLETION ( TYNE-TUNNEL )

CONSULTING ENGR (LOND), (31} N 10, 46~7, 49-53, 55, 57y OCT. 1967. DESIGN PARTICULARS AND CONSTRUCTION TECHNIQUES
NF TUNNEL UNDER RIVER TYNE, GREAT BRITAIN, WHICH IS FURTHEST DOWNSTREAM AND FIRST TUNNEL FOR VEHICULAR USE; ROAD TUNNEL
H4AS 31 FT 3 IM. ID AND IS 5500 FT LONG DESCENDING AT GRADIENT OF ONE IN 20 TO MAXIMUM OEPTH 100 FT BENEATH RIVER AND
ALMNST IMMEDIATELY RISING AGAIN AT SAME GRADIENT; TUNNEL IS LINED WITH CAST IRON SEGMENTS BOLTED TOGETHER AND CALKED
AITH STRIP CAPABLE QF KEFPING QUT WATER AT 45 PSI; VENTILATION IS ON SYSTEM OF UPWARD SEMITRANSVERSE; FEATURE OF
VENTILATING EQUIPMENT IS USF OF MOVABLE FANS; SERVICE AND STANDBY FANSARE MOUNTEOC ON RAILS.

046-67=10003 ORCOVILLE DAM DIVFRSION TUNNEL ( SHAPE LINING }

LANNING, C. C. & CAL WATER RESOURCES DEPT
ODROC. ASCE POWER DIV J PO 2 PAPER 5506, 51-63, OCT. 1968. NO CONSTRUCTION DETAILS FOR THE TWO 35 FT DIAM QRCVILLF
DAM DIVERSION TUNNELS NDRTH OF SACRAMENTO, CAL. ARE GIVEN. THEIR HYDRAULIC FLOW CONDITIONS AND OPERATION DURING A
FLOND ARE DISCUSSED. A CIRCULAR SHAPF RATHER THAN HORSESHOE WAS SELECTED FOR STRUCTURAL AND CONSTRUCTION REASONS. THF
CONCRETE LINING THICKNESS WAS DETERMINED BY COMBINING INTFRIOR TUNNEL FLOW PRESSURE COMPUTED FROM MAXIMUM HYDRAULIC
GRADE LINES WITH EXTFRIOF LOADS BASED DN GROUND WATER AND TUNNEL OVERBURDEN.

04=67=-11001 RAPID EXCAVATION ( CONTINUOUS TUNNELLERS MOLES )

HOWARDy To 5. & U.S. BUR MINES WASH D.C.
SCIENTIFIC AMERICAN, 74-85, NOV 1967. A GREAYT DFAL OF EXCAVATION TECHNOLOGY IS NEEDED. SUCH AS IN UNDERGROUND
HAULAGE, VENTILATING, PREVENTING OR REMOVING THE INFLOW OF WATER AND GAS. THE PPOBLEM OF DRILLING THROUGH WATER-FILLED
FISSURES, EXPLNSIVF GAS AND HIGH ROCK TEMPERATURE MUST BE SOLVED. VERTICAL AND INCLINED SHAFTS T PROVIDE ACCESS WAYS
MUST BE DRIVEN AND HOLFS MUST BE DRILLED FOR VENTILATION AND FOR POWER CABLES. THE TECHNOLOGY FOR THESE PROBLFMS MUST
RF DEVELNPED. THERE ARE FOUR STEPS IN EARTH EXCAVATION (1) THE ROCK MUST BE BROKEN (2) THE BROKEN ROTK MUST RE REMOVED
(3) THE LINING NF THF TUNNELS MUST STAY INTACT (4) THE ENVIRONMENT WITHIN THE HOLE MUST BE CONTROLLED. THE TECHNOLOGY
HAS CHANGED LITTLF SINCE DRILLING AND BLASTING WITH GUNPOWDER WAS INTRODUCED EARLY IN THE 17TH CENTURY. GREAT
IMPRIVEMENT HAS OCCURRED IN THE HIGH EXPLOSIVES AND COMPRFESSED-AIR TECHNIQUES, BUT THE SFQUENCE OF ACTS HAS BEEN LITTLF
AFFECTED IN THF PAST 300 YEARS. IN SMALL TUNNELS AND IN SOME LARGE ONES THE 'MUCK MUST BE COMPLETELY RFMOVED. SEVERAL
PAMNBLEMS ARI ST FROM HAULING THE BROKEN ROCK. THE SIZE OF THE RAILCARS OR TRUCKS IS LIMITED. IN LONG TUNNELS CARS MUST
BE ABLF TC PASS ON® ANOTHER. THE GANTRY DRILL JUMBO IS A NEW TECHNIQUE WHICH ALLOWS AT LEAST PARTIALLY CONCURRENT
DRILLING AND MUCKING OR CAR CHANGERS OR MOVABLE DOUBLE-CRISSOVER WHICH PERMITS QUICK EXCHANGE OF AN EMPTY RAILCAR FOR A
LOADED ONF. THF ORG. RATE FOR ROCK TUNNELING WITH A DRILL-BLAST SYSTEM HAS INCREASED TENFOLD IN THF 100 YEARS SINCE
MECHANICAL PNCK NRILLS WERE INTRODUCED. THE CONTINUQUS TUNNEL BORER HAS HAD PENETRATION RATES OF UP TO 20 FT/HR FOP
SHORT PERIONS CF TIMF,

04=67=-11002 MOLE ACHIEVFPS ARQUND THE WORLD
ENGINFFRING NEWS=RECORD, (175) 25, NOV 2, 1967. ANNOUNCEMENT 0OF PRESENTATION OF 1G68 MOLES AWARD FOR OQUTSTANDING
ACHIEVFEMENT IN CONSTRUCTION AT THE 2RTH ANNUAL AWARD DINNER ON JANUARY 24.

04=68-01001 RFVOLUTION IN TUNNELING TECHNTQUES ( UNDERGROUND~TRANSPORTATION ROCK-FRACTURE )

WARDy F. J. + LUCKE, We No & U.S. DEPT OF TRANS
MINING CONGRESS JOURNAL, 46-49, JAN 1968, UNDERGROUND MASS TRANSPORTATION REQUIRES DEVELOPMENT OF NEW TUNNELING
TEFHNIQUFS. CONTINUNUS FXCAVATION MUST BE DFEVELOPED BEFORE SIGNIFICANT ADVANCEMENT CAN BE MANE IN ROCK TUNNELING.
FLAMF JFT, CHEMICAL SURFACTANTS, AND HIGH-PRESSURE FLUIDS ARE EXPERIMENTAL METHODS OF FAST ROCK FRACTURE.



04-68-02001 EFFICIENCY AND SPEED - THE KEYS TO MINING TECHNOLOGY — UNDERGROUND MINING ( BORING-MACHINES DRILLING~AND
BLASTING NUCLEAR-EXPERIMENTS GROUND-SUPPORT MATERIALS~HANDLING SURVEYING BASIC-RESEARCH )
SCOTT, Jo Jo & UNIV MO ROLLA MO
MINING ENGINEERING, SOCIETY OF MINING ENGINEER, 77-80, FEB 1968. SUMMARY OF ADVANCES IN TUNNELING TECHNOLOGY
DURING 1967.

04-68-02002 THE PRODUCTIVITY CHALLENGE IN MINING ( ROCK-MECHANICS EXPLOSIVES )

BRESSENDEN, W. G. & NORANDO MINES LTD TORONTO
THE CANADIAN MINING AND METALLURGICAL BULLETIN, 202-208, FEB 1968. A NEW IDEA IN MINING TECHNOLOGY IS THE BORING
OF LARGE~ DIAMETER HOLES, UP TO 8 FEET IN DIAMETER, FOR SHAFT-SINKING, TUNNELLING, AND RAISE DRIVING. THIS ELTIMINATES
THE DRILLING, BLASTING, AND LOADING CYCLES OF THESE OPERATIONS, IN SOME TRIAL CASES IT HAS BEEN CHEAPER. SUPPORT
PROBLEMS ARE REDUCED, IT IS SAFER AND MAY BE FASTER, AND IT OFFERS A CONTINUOUS METHOD WHICH MAY BE ADAPTABLE T0
PRODUCTION MINING. AN ATTEMPT IS BEING MADE TO INCREASE PRODUCTIVITY OF LOADING-OUT OPERATIONS IN CUT-AND-FILL STOPES
AY USING HIGH PRODUCTION LOAD-HAUL UNITS WHERE STOPES CAN BE INTERCONNECTED AND AN ADEQUATE NUMBER OF FACES PROVIDED TO
KEEP EQUIPMENT BUSY. INCREASED PRODUCTIVITY IN THE LOADING-OUT CYCLE LEADS TGO INCREASED PRODUCTIVITY IN THE
DRILLING-RLASTING CYCLE AND LEADS TO LOWER COSTS ELSEWHERE. OTHER DEVELOPMENTS INCLUDE RAISING BY LONG—HOLE DRILL ING,
MORE HIGHLY MECHANIZED DRILLING UNITS, AND THE MORE FREQUENT USE OF TRACKLESS EQUIPMENT AND /0OR CONVEYORS FOR
UNDERGROUND HAULAGE. IN OPEN-PIT MINING EXPLOSIVES, SLURRY MIX TRUCKS, WHICH PREPARE THE PROPER MIXTURE FROM THE RAW
MATERTALS AS THE EXPLOSIVE IS CHARGED INTO THE BORE HOLES, ARE BEING USED AND WILL LEAD TO INCREASED USE OF SLURRIES AS
OPPOSED TO AN-FO.

04-68-02003 NEW TOOLS, TECHNIQUES USED IN ALASKA BIG HOLES ( ABRASIVE-DRILLING )

STEWART,y C. R. # KEMNITZ, G. E. & PARCO INC LAS VEGAS
WORLD OIL, 66-68, FEB 1, 1968, ONE CONVENTIONAL AND THREE BIG-HOLE TYPE DRILLING RIGS ARE BEING USED TO DRILL
60-IN AND 90-IN DIA HOLES TO DEPTHS UP TO 6,200 FT ON AMCHITKA ISLAND. THWO BIG-HOLE RIGS ARE EQUIPPED WITH 3,000 HP
DRAWWORKS AND 1,330,000 LB GROSS NOMINAL CAPACITY DERRICK. DRILLING IS DONE WITH 108-IN AND 90-IN 0D MULTIPLE-CUTTER
BITS. BIT WEIGHTS UP TO 80,000 LBS WERE USED. AN AIR-ASSISTED REVERSED CIRCULATION -SYSTEM IS USED FOR BETTER CLEANING
OF CUTTINGS FROM THE WELL BORE.

04-68-02004 TYNE TUNNEL-1, 2 ( GREAT-BRITAIN ROAD-TUNNEL )

PROSSER, J. R. + GRANT, P. A. + FALKINERy R. H. & TOUGHy S. G.
TNSTN CIV ENGRS = PROC. (39) 193-234, PT, 1, FEB. 1968. PART OF ROAD SYSTEM AT NEWCASTLE, GREAT BRITAIN,
CONSTRUCTED BETWEEN 1961 AND 1967, COMPRISES TUNNEL OVER MILE LONG BETWEEN PORTALS AND PROVIDING 24 FT WIDE ROADWAY,
ENTRANCE WORKS IN URBAN AREAS BORDERING RIVER, AND APPROACH ROADS WITH DUAL 24 FT WIDE ROADWAYS EXTENDING 3 MI
SOUTHWARD AND 1 1/2 MI NORTHWARD FROM ENTRANCE WORKS; PAPER OUTLINES NATURE AND GEOLOGY OF SITE AND PLANNING AND
NDEVELOPMENT 0F WORKS, DEALS WITH DESIGN OF ROAD TUNNEL AND ITS IMMEDIATE APPROACHES AND THEIR EQUIPMENT AND SERVICES,
AND GIVES ACCOUNT OF ARRANGEMENT AND CONSTRUCTION OF APPROACH ROADS. PT 2. CAST-IRON LINED TUNNEL CF 31 FT 3 IN.
INTFRNAL DTAM, APPROXIMATELY 5400 FT IN LENGTH, WAS CONSTRUCTED IN GLACTAL DEPOSITS AND COAL MEASURED ROCKS USING HAND
DRIVING AND SHIFLD DRIVING METHODS; WORK NECESSITATED CONSTRUCTION OF PILOT TUNNELS AND UTILIZATION OF VARIOUS GROUND
INJECTINN PROCESSES3 TUNNELING OPERATIONS WERE CARRIED OUT IN WATER-BEARING SANDS AND GRAVELS AND IN CLOSE PROXIMITY TO
RIVER SILTS AND REQUIRED EXTENSIVE USE OF COMPRESSED AIR IN WORKING CHAMBERS; WORK INCLUDED CONSTRUCTION OF REINFORCED
CONCRETE SHIELC FRECTION PITS.

04-68-03001 TWO SORTS OF TUNNELING ( SHIELDS TUNNEL ING-MACHINES UNDER-WATER-TUNNEL )

MUIR, A. M. + PEQUIGNOT, C. A.
NEW SCIENTIST, MAR. 1968. TWO METHODS OF MAKING UNDERWATER TUNNELS ~ TUNNELING THROUGH THE EARTH AND SINKING
THROUGH THE WATER. A BIG HELP IN TUNNEL DESIGN IS THE USE OF THE COMPUTER. ONE OF THE LARGEST MACHINES FOR TUNNELING
1S AT WORK ON THE MERSEY TUNNEL, CUTTING THROUGH ROCK WITH COMPRESSIVE STRENGTHS UP TO 45,000 LB FT/SQ. IN. IT IS
DFTEN NECESSARY TO STIFFEN THE GROUND AT THE TUNNEL FACE. MOST ECONGMIC IS THE USE OF COMPRESSED ATR. FOR LININGS
SURJECTED TO HIGH STRESS RINGS OF RABRICATED STELL SEGMENTS ARE USED. GROUND TREATMENT HAS REDUCED COST BY USING SUCH
MATERIALS AS THIXOTROPTC MUDS, CEMENT GROUTS, INORGANIC AND ORGANIC CHEMICALS. FREEZING CAN ALSO BE USED FOR SOLUTION
OF THE WATER PROBLEM.

04-68-03002 RAISE RORING ( COST WHIPSTOCKING REAMING )

STEVENS, V. L. + HENDRICKS, R. S. + FARRELL, P. F. & BOYLES BROS DRILL CO SALT LAKE
MINING CONGRESS JOURNAL, 48-56, MAR 1968. THE ADVANTAGES OF RAISE BORING ARE: ELIMINATION OF HAZARDS MINERS
ENCOUNTERED IN CONVENTIONAL RAISE DRIVING, SMODTH WALLS, TIME { APPROX. & FT OF ADVANCEMENT PER MANSHIFT), SMALL
DPERATING SPACE (USUALLY 12 X 12 X 12 FT), LESS OVERALL COST. SECURITY ENGINEERING, JAMES S. ROBINSON CC AND LAWRENCE
MANUFACTURING ARE THE THREE COMPANIES THAT PRODUCE A TRUE UNDERGROUND RAISE BORER. THE MACHINES THAT ARE USED DRILL
RATSES THAT RANGE FROM & TO 8 FT IN DIA AND FROM 300 TO 1200 FT IN LENGTH. THE BEST RESULTS WERE OBTATNED BY THE DRILL
DOWN REAM UP METHOD. RAISES SUCCESSFULLY BORED AT ANGLES OF 31 TO 84 DEG FROM THE HORIZONTAL DEMONSTRATE THEIR
VERSATILITY. THE AVERAGE FIXED COST FOR THE RATSE ORILL (FIXED COST INCLUDES SITE PREPARATION AND BETWFEN-HOLE
TRANSPORTATION) IS $2800. CUTTER COST, THE MOST EXPENSIVE SINGLE ITEM IN RAISE BORING EQUIPMENT, AND OPERATING LABOR
MAKE UP THE DIRECT COST PER FT; THEREFORE, TOTAL COST = $2825 + $23.83 (LENGTH OF HOLE). THIS DOES NOT INCLUDE
EXPENSFS SUCH AS POWER, COMPRESSED AIR, ENGINEERING AND MACHINE WRITE-OFF. IT IS ESTIMATED THAT DRILLED RAISES CAN BE
COMPLETED 1IN 1/3 THE TIME AND 50 PERCENT OF THE COST OF CONVENTIONALLY DRIVEN RAISE.

04-68-0800]1 THE DEVELOPMENT OF MECHANICAL MINING AT GASPE COPPER MINES LTD. { COMPUTERS AUTOMATION MATERIALS—-HANDLING
)

WHITE, J. C. & GASPE COPPER MINES QUEBEC CAN .
CANADTIAN INSTITUTE OF MINING AND METALLURGY BULLETIN, 939-949, AUG 1968. THE DEVELOPMENT OF TRACKLESS MINING AT
GASPE TS DESCRIBED, SHOWING CHANGE IN MINING METHOD AND THE PARY PLAYED BY THE MOBILE EQUIPMENT IN THIS HIGHLY
MECHANIZED NPERATICN. COMPARISON OF LOADING -AND HAULING MACHINES IS GIVEN. PREDICTIONS ARE MADE ON FUTURE DEVELOPMENTS.

04-68-1000]1 SOUTH CLVE TUNNEL PROJECT, BOSTON MASS ( SUBWAY )

STACHO, Z. A.
JOURNAL OF THE BOSTON SOCIETY OF CIVIL ENGINEERS, (55) NO &4, 253~-83, OCT. 1968. DESIGN FEATURES OF THE NFW SUBWAY
STRUCTURE IN DOWNTOWN BOSTON ARE DESCRIBED. METHODS OF CONSTRUCTION TO BE EMPLOYED ARE DISCUSSED.

04-68-1000€& SUBMERGED TUNNEL IN ANTWERP ( BELGIUM HIGHWAY )
INDIAN CONCREYE, (42) NO 10, 428-29, OCT. 1968. A SUBMERGED TUBE TUNNEL IS BEING BUILT ACROSS THE SCHELDE RIVER IN

ANTWERP BELGIUM. THE TUNNEL HAS 2 THREE LANE HIGHWAYS, A 13 FT WIDE BICYCLE-MOTORCYCLE LANE AND 2 ELECTRIC RAILROAD
TRACKS.

04-68-12001 UNDERGROUND RATLWAY-TUNNEL WORKS AT NEW SCHIPHOL AIRPORT ( NETHERLANDS DIAPHRAGM-WALLS )

DENIE, F. C.
INGENIEUR, (80) N 52, RT -51-64, DEC. 27, 1968. EXPLORATION OF TERRAIN AND PREPARATION OF PLANS FOR BUILDING
RAILWAY LINE TO CONNFCT SCHIPHOL® AIRPORT DIRECTLY WITH AMSTERDAM AND THE HAGUE; SOIL CONDITIONS; TUNNEL DESIGN
REQUIREMENTS; ADVANTAGES OF DIAPHRAGM SYSTEM EMPLOYED FOR MAKING TUNNEL WALLS; AS COMPROMISE SOLUTICN, TwO CONSTRUCTION
METHODS FNR BOTTOM~SLAR, SO-CALLED 'OPEN' AND *CLOSED® ONES, WERE USED; THEIR ADVANTAGES AND DISADVANTAGES; DETAILS ARE
GIVEN NF 330-M TUNNEL SECTICN CCNSTRUCTED BY OPEN METHOD AND 190-M TUNNEL SECTION BUILT BY CLOSED METHOD.
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04-69-00001 RAPID EXCAVATION SIGNIFICANCE NEEDS OPPORTUNITIES A TECHNICAL REPORT ANALYSIS ( TUNNELING
RESEARCH-PROGRAMS MOLES BLAST-SHELTERS TRANSPORTATION )
SELF, M. W. & SURVIVE MAGAZINE
SURVIVE, (2) N. 1, 14-15, JAN-FEB 1969. A SOLUTION TO THE URBAN EXPANSTION PROBLEM IS VERTICAL EXPANSION.
SUB-SURFACE EXCAVATION HAS BEEN IGNORED. DESPITE THE FACT THAT IT COSTS MORE PER CU-YD, THE SOCIAL COSTS AND BENEFITS
COULD OUTWEIGH THIS FACTOR. IT HAS BEEN CONCLUDED THAT PRESENT EXCAVATION IS INSUFFICIENT AND A TEN-YEAR, $200
MILLION, FEDERALLY FUNDED RESEARCH PROGRAM HAS BEEN PROPQSED. IN EXPERIMENTAL EXCAVATIONS, A MECHANICAL MOLE IS
AREING EMPLOYED AT ONE SITE IN THE SAN FRANCISCO BAY AREA. ABOUT 20 MILES OF THE 75-MILE SYSTEM WILL BE UNDERGROUND
WITH 64,000 FT OF 18-FT DIA SOFT GROUND TUNNELS. TUNNEL VENTILATION WILL BE PROVIDED BY THE PISTON ACTION OF TRAINS
MOVING., AIR ESCAPE SHAFTS ARE BEING BUILT AT EACH ENO AND AT 1,500 TO 2,500 FT INTERVALS. IN NEVADA, A MECHANICAL
MOLE IS BEING USED TO DRIVE 12 FT DIA HARD~ROCK TUNNELS., STEEL DISCS CUTTERS ARE BEING USED TO BORE THROUGH TGNEOUS
FORMATIONS. CIVIL DEFENSE COULD ALSO BENEFIT BY BEING CONSIDERED IN EARLY PLANNING OF SUCH PROJECTS.

Q4=69-01001 STRAIGHT CREEK TUNNEL { HIGHWAY DENVER COLORADO )}

SCHILLING, K. Ju
COMPRESSED AIR MAG., (74) NO 1, 6~10, JAN. 1969. COMPRESSED AIR MAG,, (74) NO 2, 12-16, FEB. 1969. THE STRAIGHT
CREEK TUNNEL 60 MILES WEST OF DENVER ON U.S. 6 IN THE ROCKY MOUNTAINS HAS A 42 FY DIAMETER BORE AND IS 11,000 FT ABOVE
SEA LEVEL. CONTRACTOR IS USING A 2 DECK 14 DRILL JUMBO ON RAILS SPACED 30 FT APART FOR DRILLING THE WEST TOP HEADING.
DECKS ARE RAISED ANDO LCOWERED BY PNEUMATIC HOISTS.

04-69-03001 BART SUBWAY CONSTRUCTION — PLANNING AND COST { CUT-AND COVER )

KUESEL, T. R.
CIVIL ENGINEERING (NY), (39) NO 3, 60-65, MAR. 1969. SAN FRANCISCO BAY AREA RAPID TRANSIT COSTS ARE LISTED FOR
CUT-AND COVER TUNNELS. PROJECT MANAGEMENT CONTROLS ARE DESCRISED.

Q&:QQ:Q_QQZ CONSTRUCTION ADVANCES RAPIDLY ON MELBOURNE TRUNK SEWER ( AUSTRALIA MOLES SHAFTS ROBBINS )

NEYLAND, A. J. & MELBOURNE MEYRO BOARD OF WORKS
AUSTRALTAN CIV ENGR, (10) NO 3, 30-33, MAR. 1969. A REPORT ON PROGRESS ON SHAFT CONSTRUCTION AND TUNNEL DRIVING ON
THE SJUTH-FASTERN TRUNK SEWER FOR MELBOURNE METROPOLITAN BOARD OF WORKS, 11 SHAFTS HAVE BEEN BUILT IN THE 10 1/2 MILE
ROCK TUNNEL SECTION. A ROBBINS MOLE WITH A 12 FT 8 IN DIA HEAD WAS USED TO BORE THREE DIFFERENT OIAMETERS UP TO 14 FT
5 IN. STEEL SUPPORTS WITH 4X3 STEEL RIBS ON 3 1/2 FT CENTERS AND WELDED MESH LAGGING WAS USED. RIBS EXPANDED INTO
RDCK COINTACT BY 20 TON JACKS.

04=69-04Q001 THE CHICAGD AREA DEEP TUNNEL PROJECT ( COST SEWAGE-TUNNELS )}

KOELZER, V. A. + BAUER, W. J. + DALTON, F. E. & HARZA ENGR CO CHICAGD
JNURNAL WATFR POLLUTION CONTROL FEDERATION, 515-534, APR. 1969. CHICAGO MUST IMPROVE HER SEWAGE SYSTEM RADICALLY
TN STOP POLLUTION OF LAKE MICHIGAN. A HISTORY OF THE DEVELOPMENT OF THE PROBLEM AND FOUR POSSIRLE SOLUYIONS ARE
PR ESENTEN. SEPARATION OF THE DUAL SYSTEM BY BUILDING A COMPLETELY NEW STORN SEWER OR A NEW SANITARY SEWER SYSTEM WAS
RULED QUT BECAUSE IT WAS TOO COSTLY AND ONLY 80% EFFECTIVE. STORAGE IN HOLDING TANKS WAS A COMPLETE SOLUTION BUT MUCH
MORE EXPENSIVF THAN THE DEEP TUNNEL SYSTEM. THE UNDERFLOW SYSTEM IS ONLY PARTIALLY EFFECTIVE BUT CAN BE USED AS AN
INYTIAL STEP IN EMPLOYING THE CHEAPEST COMPLETE SOLUTION, THE DEEP TUNNEL PLAN, A NETWORK 0OF 31 MILES OF TUNNELS FROM
A~ FT TO 22 FT DIA WILL CARRY FLOW TG THE MINED STORAGE AREA. TUNNELS WILL BE IN DOLOMITE OR SHALE. IF BOREDs NO
LINING REQUIRED. MINED RESERVOIR WILL BE A GRID OF GALLERIES 25 FT WIDE X 70 FT HIGH WITH 185 FT SEPARATION, LOCATED
230 FT BELOW GROUND. THE SYSTEM WILL HAVE A PUMPED STORAGE GENERATING CAPABILITY.

046-62-04Q002 KIESBFRG TUNNEL AT WUPPERTAL—ELBERFELD ( GERMANY BELGIAN-METHOD )

RERGER, H.
BAUTECHNIK, {46) NC 4, 109-19, APR, 1969. BAUTECHNIK, (46) NO S5, 166-74, MAY 1969. BAUTECHNIK, (46} NO 6, 191-97, JUNE
1969, Q00 M LONG TUNNEL WAS DRIVEN WITH TWO ONE WAY BORES, ONE ABOVE THE OTHER. LOWER LEVEL HAS RECTANGULAR CROSS

SFCTICN, UPPER LEVEL IS VAULTED. THE RELGIAN METHOD WAS USED FOR CONSTRUCTION. DETAILS OF VENTILATION, LIGHTING,
20ANWAY ARE GIVEN. (IN GERMAN)

04-69-04003 PLANNING AND CONSTRUCTION OF ENAYAMA TUNNEL ( JAPAN HIGHWAY )

E7AKY, K. + NAGATOMO, N.
JOURNAL DF JAPANFSE SOCIETY CIVIL ENGRSy (54) NO 4, 2-9, APR 1969. CONSTRUCTION HAS STARTED ON THE AUXILIARY
TUNNFL TO BE USED FOP VENTILATING THE 8.5 KM ENAYAMA TUNNEL FOR THE CHUO EXPRESSWAY TO CROSS THE KIST MOUNTAIN SYSTEM,
CONSTRUCTICN IS SCHEDULFD TO START SNON ON THE MAIN TUNNFL. PROBLEMS CAUSED BY BAD GROUND AND NEED FOR LARGE SCALE
VENTILATION FOR THF RPQAD TRAFFIC ARE DISCUSSFD. {(IN JAPANESE)

4-69=07001 SFLECTIVE BIBLIQGRAPHY ON IMMERSED TUBES

PEQIGNAT, C. A. & RICHARD COSTAIN LTD LONDON
TUNNELS AND TUNNELLING, (1) NO, 25 74-76, JULY 1969. IMMERSED TUBE TUNNELING PROVIDFS A FEASIBLF DRY WATER
CROSSING WHERE FITHER BRIDGE OR TUNNEL HAS BEEN TNO COSTLY RFCAUSF OF GROUND CONDITIONS, A BIBLIOGRAPHIC INDEX OF 63
REFERENCFS SELECTFD TQ SHOW EVERY KIND OF IMMERSED TUBFE TUNNEL STARTED OR COMPLETED AND OF EVERY TECHNIQUE EMPLGOYED.

04=69-70002 MFCHANIZFD DRIFTING BY FULL-FACE METHOD ( MOLES SHAFT-SINKING SHIELDS 1}

BARENDSEN, P. & ATLAS COPCO AB STOCKHOLM
TUNNELS AND TUMNELLING, (1} NO 2, 89~93, JULY-AUG 19695 NO 3, 141-4, SEPT-0CT 1969, SHAFT SINKING AND RAISE
DRIVING BY BORING TECHNIQUES ARF REVIEWED. TECHNIQUES AND TOOLS FOR ORIVING TUNNELS IN SOCIL AND LOCST ROCK WITH SHIELD
MACHINES AND IN FULL FACE RORING IN ROCK ARE EXAMINEN, ADVANTAGES AND DISAOVANTAGES OF FULL-FACE TUNNELING ARE
DISCUSSED.

04=70-0100]1 THE ORANGE-FISH TUNNEL, SOUTH AFRICA - A REVIEW OF PROGRESS ( DRILL-BLAST )

CONPERy, W. H. & SIR WM HALCROW & PRTNRS LONOON
TUNNELS AND TUMNELING, (2) NO 1, 31-35, JAN. 1970, THE 51 MILE LONG, 20 FT DIA ORANGE-FISH TUNNEL IS UNDER
CANSTRUCTION IN THE CAPE PROVINCE OF THE REPUBLIC OF SOUTH AFRICA. THREE TUNNELING CONTRACTS TOTAL 32 MILLION POUNDS.
ATPKING SHAFTS ARE APPPOX 7 MILES APART. THE BEST WFEK T DATE IS 435 FT. ALL CONSTRUCTICN IS BY CONVENTIONAL DRILL
AND BLAST SINCE THE LARGE NUMBER OF DOLERITE STLLS AND. DYKFS KNOWN TO INTERSECT THE TUNNEL DISCOURAGED ALL SUCCESSFUL
RIDDERS FROM USING A TUNNEL BORING MACHINE.

06-=70-01002 TUNMNELING 0N H-E POWER PLANT EL NTHUIL NO. 2 IN ARGENTINA ( DRILL-BLAST )

PEIRANO, C. & CONEVIAL "SA. ARGENTINA
TUNNELS AND TUMNELING, (2) NO 1, 37-28, JAN. 1970. CONEVIAL SA. IS CONSTRUCTING A 4.7 KM (2.92 MI) HORSESHOE
SHAPED TUNNEL OF 4.8 M (15.82 FT) DIA AND A PRESSURE TUNNEL LINFD WITH STFFL PIPE OF 4.7 M (15 FT 6 IN) DTA AND 155 M
(508 FT) LONG. THE GRNUND IS OF VOLCANIC ORIGIN AND IN GENERAL IS VERY BAD WITH MIXED AND FISSURED ROCKS AND SUBJECT TO
INFLUX 0OF GROUNDWATER. DFSCRIPTION OF EQUIPMSENT USED AND A SUMMARY OF QUANTITIES OF ROCK MOVED ARE GIVEN.

04=70-01002 CONSTRUCTION 0OF THF LATIONG TUNNEL IN MALAYSTA ( DRILL-BLAST CNSTS SUPPLRTS )

GOSSCHALK, F. M, + ROSTON, A. G. & SIR WM HALCROW & PARTN LONODON
TUNNELS AND TUNNELING, (2) N0 1, 41-44, JAN. 1970. A DISCRIPTION OF THF METHODS OF SURVEY, DESIGN AND CONSTRUCTION
OF THE 4 1/8 MILE 15 FT DIA HORSESHOE SHAPED WATER TUNNEL FOR MALAYSIA. A DISCUSSION OF METHODS USED IN TRAVERSING
NIFFICULT STRATA AND COPING WITH HEAVY WATER INFLOWS AND DATA FOR REFERENCE, INCLUDING COSTS, ARE GIVEN.
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04-70-03001 PLANNING 63 ST, EAST RIVER TUNNEL FOR NEW YORK ( SUBWAY TRENCH BIDS SUBAQUEOUS )

. MAEVIS, A. C. & NYC TRANSIT AUTHORITY .
TUNNFLS AND TUNNELING, (2) NO 2, 73-77, MAR. 1970. THE 63RD ST. TUNNEL IS THE FIRST STEP OF A $1.3 BILLION PROGRAM
OF SUBWAY IMPROVEMENT BEING UNDERTAKEN BY THE METROPOLITAN TRANSP. AUTH. AND NYC TRANSIT AUTH. TO PROVIDE NEW HIGH
SPEED ROUTES FROM THE BRONX, QUEENS, AND BROOKLYN TO DOWNTOWN MANHATTAN. THE TUNNEL WILL HAVE TWO UPPER TRACKS FOR
SUBWAY TRAINS AND TWO LOWER LEVEL TRACKS FOR LONG ISLAND R.R., TRAINS. THE JOB WAS BID IN 1965 BASED TWIN SINGLE TRACK
TUBES USING SHIELDS AND COMPRESSED AIR., THE SINGLE BID WAS TOO HIGH SO THE TUNNEL WAS REDESIGNED AND REBID, ALLOWING
EITHER COMPRESSED AIR OR TRENCH TO BE BID. THE LOW BID WAS $69,480,920 FOR A TRENCH METHOD SUBMITTED BY A JOINT
VENTURE OF PETER KIEWIT SONS CO, SLATTERY ASSOC. AND MORRISON-KNUDSEN CO. CONTRACT WAS AWARDED OCT 24, 1969 WITH A
CONTRACT TIME OF 39 MONTHS.

04-70-03002 PRECONTRACT PLANNING FOR THE LIVERPOOL — WALLASEY ROAD TUNNEL ( MERSEY-TUNNEL ENGLAND )

TORPEY, K. W. & MOTT HAY AND ANDERSON
TUNNFLS AND TUNNELING, (2) NO 2, 79-85, MAR, 1970, THIS ARTICLE DESCRIBES THE PRE-CONTRACT PLANNING LEADING UP TO
THE CONSTRUCTION OF THE SECOND MERSEY TUNNEL. THE NEED FOR AN ADDITIONAL CROSSING, THE SELECTION OF THE LOCATION FOR
THE TUNNELS (AND CHOICE OF TUNNELS OVER BRIDGE), SITE INVESTIGATION, SCHEDULING, CONSTRUCTION OF A PILOT TUNNEL BY
CONVENTIONAL BLASTING, DECISIONS FOR CHOICE OF TUNNEL LININGS AND THE TYPE OF VENTILATION SELECTED ARE ALL REVIEWED.
IN APRIL 1967 A CONTRACT WAS LET TO A CONSORTIUM OF NUTTALL ATKINSON & CO FOR THE TUNNEL AND SIR ALFRED MCALPINE & CO
FOR THE WALLASEY APPROACH ROAD. THE EXCAVATED ROCK FROM THE TUNNEL WAS USED FOR THE APPROACH.

04=70-03003 TUNNEL CONSTRUCTION AND MAINTENANCE ON THE AUSTRIAN FEDERAL RAILWAY SYSTEM PART 1 ( SHOTCRETE
AUSTRIAN-METHOD )
ZIERMANNy R. & AUSTRIAN -FED RWS VIENNA
TUNNELS AND TUNNEL ING, (2) NO 2, 87-91, MAR. 1970. PRIOR TO WORLD WAR I A TREMENDOUS NUMBER OF RAILROAD TUNNELS
WERE BUILT FOR RAILROADS IN THE MOUNTAINS OF AUSTRIA. DURING THIS PERIOD THE SO CALLED AUSTRIAN METHOD WAS DEVELOPED.
THE PERIOD AFTER WW 11 BROUGHT A RESURGENCE IN TUNNELING FOR HYDROELECTRIC PLANTS AND LED TO A TRANSFORMATION OF THE
ART. THE HISTORY OF THIS DEVELOPMENT IS RECITED AND DETAILS OF THE METHOD ARE GIVEN. FIRST PART OF A 2 PART ARTICLE
(SEE 04700501).

04=70-05002 BRITAINS MAJOR ROAD TUNNELS: A REVIEW ( CLYDE DARTFORD MERSEY TYNE BLACKWALL-AND-ROTHERHITHE )

FERRIERy F. Go. + MILLNS, F. L. + JONES, ST. & ALLENBY, H.
TUNNELS AND TUNNELING, (2) NO 3, 157-165, MAY 1970. DATA ON THE MAJOR ROAD TUNNELS IN BRITAIN TO INCLUDE A
DISCRIPTION OF THE FACILITIES, COST OF ORIGINAL TUNNEL AND METHOD OF DRIVING, VENTILATION, LIGHTING TRAFFIC SUPERVISION
AND MAINTENANCE.

04=70-05003 TUNNELS ON FRANCE'S RESEAU EXPRESS REGIONAL { MOLES ROBBINS )

801S, A. & REGIE AUTO DES TRANSP PARISIENS
TUNNELS AND TUNNELING, (2) NO 3, 165~169, MAY 1970. THE LINE FROM ST GERMAIN-EN-LAYE TO BOISSY-ST-LEGES WILL BE 46
KM LONG AND HAVE 15 KM OF VARIOUS TYPES OF UNDERGROUND LINE FROM OPEN CUT TO DEEP TUNNELING.

04=70-05004 EXPERIENCES GATHERED IN DRILLING AN INCLINED GALLERY THROUGH HARD ROCK ( WIRTH MOLE )

HAMBACH, P. & BAUUNTERNEHMUNG MURER AG
TUNNELS AND TUNNEL ING, - (2) NO 3, 171-176, MAY 1970. A WIRTH DRILLING MACHINE WAS USED TO DRILL A 3 M DIA 1140 M
LONG GALLERY AT A 33 DEGREE INCLINE THROUGH GRANITE HAVING A COMPRESSIVE STRENGTH OF 2400 KG/CU CM. THE MAXIMUM
ANVANCE RATE WAS 15.75 M/DAY.

04=70-05005 TUNNFL CONSTRUCTION ON THE AUSTRIAN FEDERAL RAILWAY SYSTEM PART 2 ( SHOTCRETE )

ZIERMANN, R. & AUSTRIAN FED RWS VIENNA
TUNNELS AND TUNNELING, (2) NO 2, 179-181, MAY 1970. A DESCRIPTION OF INDIVIDUAL TUNNELS IN AUSTRIA, SOME USING THE
OLDER RELGTAN METHOD, SCME THE NEW AUSTRIAN METHOD. PART 2 OF A TWO PART ARTICLE (SEE 04-70-03003).

FIELD 05 NE WS ITEMS

95-51-03001 THE WASHRURN TUNNFL, TEXAS ( TRENCH-TYPE DOUBLE-SHELLED-STEEL-TUBES BULKHEADS CONCRETE )

THE ENGINEER, 390, MARCH 23, 1951. THE OPENING YO TRAFFIC OF THE WASHBURN TUNNEL UNDER THE HOUSTON SHIP CHANNEL AT
PASADENA, TEXAS IS ANNOUNCED. THF TRENCH-TYPE TUNNEL AND ITS CONSTRUCTION ARE DESCRIBED IN SOME DETAIL. THE TUNNEL IS
2791 FEET IN NOVERALL LENGTH AND PROVIDES IN THE TUBE INTERIOR A ROADWAY WIDTH OF 22 FT FOR TWO LANES OF TRAFFIC, A
WALKWAY AND A FRESH AIR DELIVERY DUCT UNDERNEATH THE ROADWAY. PREFABRICATED TUBES WERE FLOATED INTO POSITION OVER THE
DREDGE CHANNFEL AND SUNK IN PLACE. FINAL PLACEMENT OF CONCRETE WAS POURED BY TREMIE. THE ENCASED TUNNEL WAS COVERED BY
HYDP AULIC BACKFILL.

02-355=09001 SWEDES MAKF ROCK TUNNEL HISTORY ( GEQOLCGY DRILL-BIT JUMBO BLASTING ADVANCE SIZE MUCKING )

BOWMAN, W. G.
ENGINSERING NEWS-RECORD, (155) N 9, 34-36, 40-44, SEPT. 1, 1955 TUNNELS ARE IN GRANITE. DRILLS ARE PNEUMATIC,
DUSHER-MOUNTED LIGHT-WEIGHT ONE-MAN. BITS ARE 7/8 IN. ALLOY STEEL TUNGSTEN CARBIDE CHISEL TIPPED, 63 IN. INCREMENTS. .
THEY DRILL HOLES FOR 20 TO 24 FT ADVANCE IN EACH OF 3 SHIFTS PER DAY. TANDEM JUMBOS ARE CARRIED TC FACE OF HEADING ON
TRUCKS. EXPLOSIVE CCNSUMPTION IS 1.56 LBS, 50 PERCENT NITRO GLYCERINE PER CU-YD. AVERAGE SHIFT TAKES THESE HOURLY
TIMES., SET-UP 1.5, DRILLING 3.5, CHARGING 1.5, VENTILATION 0.5, MOVING SHOVEL IN 0.5.° THREE LARGE TUNNELS HAVE BEEN
CONSTRUCTED AY THIS METHND: HARRESELE HYDROELECTRIC 2,691-SQ.-FT SECTION WITH 1,410-SQ.~FT-TOP HEADING AND TWO BENCHES
IN THE 59-FT. HEIGHT, 49-FT. WIDTH. STORNORRFORS HYDROELECTRIC 3,875-5Q.~FT SECTION WITH 1,740-SQ.~FT TOP HEADING AND
TWO BENCHES IN THF 77-FT HEIGHT, 53~FT WIDTH. STOCKHOLM UNDERGROUND PARKING FACILITY TO SERVE ALSO AS AIR RAID SHELTER
32=-FT HEIGHT, 42-FT WIDTH. ALL PROJECTS HAVE LARGE UNNDERGROUND EXCAVATIONS FOR TURBINES AND GENERATORS IN
HYDROELFECTRIC INSTALLATIONS AND WATER RESERVOIRS, SANITATION, KITCHEN, VENTILATION, AND EMERGENCY POWFR IN STOCKHOLM
PROJFCT.

0556406001 CANADTAN TUNNELERS CLAIM RECORD ( BORE DRILL-CARRIAGF BLASTFD-MATERTAL HEADING )

COMPRESSED AIR MAGAZINF, 174, JUNE 1956. THE ARTICLE DESCRIBES THE PROJECT, TUNNELING METHOD AND ECUIPMENT USED IN
SETTING A RECORD FOR HEADING ADVANCE OF 397 FT IN 6 DAYS FOR AN 18 X 18 FT TUNNFL. THE 6.7 MI TUNNEL IS ON THE
CHEAKAMUS RIVER PROJECT 50 MI NORTH OF VANCOUVER. IT IS BEING DRIVEN BY THE DRILL, BLAST AND MUCK METHOD.

05-58-0300) TUNNELING WITH ROTARY DRILLS AND MILLISECOND DELAY BLASTING ( GEOLOGY DRILLING BLASTING JUMBO MUCKING

CONCRETE } s
BLASCNGAME, R. + LAW, W. P. & GRAFE-TECON-MITTRY-DRAKE CHICAGOD
CIVIL FNGINFERING, (28) N 3, 54-57, MAR. 1958. FOUR COMPANTES OPERATING AS GRAFE-TECON~-MITTRY-DRAKE CONSTRUCTED A

17-FT WIDF, 18-FT HIGH, HORSESHOE-SHAPED WATER-SUPPLY TUNNEL IN DOLOMITE LIMESTONE, 250 FT BELOW CHICAGO'S GOLD COAST.
1 5/8 1IN, HOLES ARE ORILLED 11 FT DEEP ON A 58 TO 64 HOLE PATTERN USING FOUR HYDRAULIC ROTARY ROCK DRILLS EACH POWERED
WITH A 30 HP PUMP, CENTER BURN IS 15 IN. WITH KA-MO DRILL. JUMBO IS STEEL FRAME MOUNTED ON RAILS 10.5 FT CENTER TO
CENTER, THE OUTSIDE RATLS OF TWO 3.5 FT GAGE TRACKS. POWDER FACTOR IS 4 LB PER CU-YD WITH PRIMER AMMONIA GELATIN.
GIANT GELATIN IN 1 1/4 X 8 IN. CARTRIDGES AND BASIC POWDER SEMI-GELATIN, ATLAS GELODYN NO. 1 IN 1 1/4 X 16 IN.
_CARTRIDGES. MILLISFCOND DELAY RLASTING WITH AN ENTIRE SERIES OF DELAYS GIVES 6 ADVANTAGES OVER STANDARD DELAY: LOOSER

PRy
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MUCK PILE, BETTER FRAGMENTATION, FEWER NOXIOUS FUMES, CLEANER CUT, LOWER POWDER FACTOR, FEWER VIBRATION COMPLAINTS.
I VENTILATION IS WITH A 24 IN. SUCTION LINE AT 20,000 CFM. * MUCKING IS WITH A CONWAY 100-1 LOADING 22 CARS OF 10 CU-YD
CAPACITY. MUCK CARS ARE SHIFTED WITH A CHERRY. PICKER. MUCK IS SKIPPED TO THE SURFACE IN 12 CU-YD SKIP ON 5 1/3 MIN
ROUND-TRIP SCHEDULE. 2 CYCLES OF DRILLING, BLASTING, AND MUCKING ARE DONE ON EACH OF 3 SHIFTS. CONCRETING IS WITH
READY MIXED CONCRETE HAULED IN 7 1/2 CU-YD AGITATOR CARS FOR THE CURB AND PUMPED IN BACK OF A 350-FT TELESCOPING FORM
FOR THE ARCH. 32,000 FT OF TUNNELING IS BEING DONE UNDER A $12,700,000 CONTRACT.

1 05-58-04001 ORGANIZED SPEED KEY TO SUCCESSFUL TUNNEL RESULTS ( GEOLOGY DRILLING JUMBO CHARGING VENTILATICN MUCKING

| SUPPORT )
j ADAMS, T, F. + MORSE, D. P. & BLUE RIV CONSTR DILLON COLO
»J MINING ENGINEERING, (10) N 4, 473-475, APR 1958, BLUE RIVER CONSTR ARE DIGGING THE 23 MI HAROLD D. ROBERTS TUNNEL

FROM 4 HEADINGS FOR $45 MILLICON FOR THE CITY AND COUNTY OF DENVER. ADVANCE GEOLOGICAL STUDY IS USED BUT EXPERIENCE AND
PRENDICTION ARE MORE IMPORTANT AS CLASS AND INTENSITY OF ROCK DEFECTS AREF VITAL.  PULL IS 11 FT IN GOOD FORMATION 3 FT
~ IN BRAD AS FOOTAGE ADVANCE 1S REDUCED TO PREVENT OVERBREAK. DRILL JUMBO IS PLACED BY HYDRAULIC JIBS AND HAS A FOLD uP
i PLATFORM FQOR 4 ORILLS. MACHINES ARE 3 1/2 IN WITH 5 FT SHELLS. FEELER HOLES DETECT WATER AHEAD OF FACE. BITS ARE 1
i 1/4 IN HNLLOW CARBON DRILL STEEL WITH 1 S5/8 IN CARBIDE BIT. BURN CUT IS MADE IN UNIFORM ROCK. VENTILATION IS REVERSED
. FOR BLASTING. CHARGES ARE 1 1/4 X 8 AND 1 1/4 X 16. ELECTRIC BLASTING CAPS WITH 1 TO 10 DELAYS ARE USED. MUCKING IS
WITH 15 CARS WITH 5 CU-YD CAPACITY. CALIF SWITCHING SHUNTS EMPTY CARS TO THE HEADING AND REMOVES LOADEO. STEEL
SUPPORTS WITH WOOD BLOCKING ARE USUALLY AT 4 FT INTERVALS. VARIOUS OPERATIONS ARE DRILLING 1 HR LOADING 20 MIN MUCKING
3 1 1/2 HRS. HEADING €REW IS 25 EACH OF 3 SHIFTS UNDERGROUND. 18 SURFACE WORKERS, 12 SUPERVISORS. CONTRACTORS HAVE
! NEITHER TIME NOR FINANCES FOR R AND D WORK.

05-58-06001 TWO CONTRACTORS PROVED QUT NEW HARD ROCK TUNNELING METHOD ( WORLD-TUNNELING-RECORD BURNCUT
DRILLING-PATTERN BLASTING JUMBO )
ENGINEERING NFWS-RECORD, (160) 28, JUNE 26, 1958. A DAILY ADVANCE RECORD OF 83 FT AVERAGE OVER A WEEK HAS BEEN SET
~ BY ONF CONTRACTOR AND THE WORLD RECORD EQUALED BY ANOTHER AT 80 FT PER DAY ON THE N.Y. CITY 44 MI WEST DELAWARE
: TUNNEL. THE TUNNFL 13 1/2 FT IN DIA 1S BEING BORED FROM BOTH ENTRIES AND 7 SHAFYS THROUGH CATSKILL MOUNTAIN GREY
SANDSTONE AND SHALE. THE BURN CUT METHOD OF DRILLING FOR BLASTING AND MINING TECHNIQUES OF THE CONTRACTOR COMBINES ARE

o DESCRIARED, THE TUNNEL IS BEING CONCRETE LINED TO AN 11 FT 4 IN FINISHED DIA.
05-59-10001 TUNNELING 23 MILES THROUGH ROCKIES ( HARD-ROCK DRILL BLAST MUCK JUMBO HEADING VENTILATION CONCRETE-LINING
GROUT )
M ENGINFFRING NEWS~RECORD, (163} 32, OCT 29, 1959. A SIX COMPANY COMBINE IS PIERCING THE CONTINENTAL DIVIDE UNDER
| THE ROCKIFS WITH A 23 MI TUNNEL TO BRING WESTERN SLOPE WATER TN DENVER. ABOUT 2.5 MI OF 13 FT X 13 FT HORSESHOE TUNNEL
i RFMAINS TO BE DRIVEN. FOUR HEADINGS ARE USED IN DRIVING THE TUNNEL; ONE AT EACH END AND TWO FROM A 916 FT DEEP ACCESS

SHAFT a9 M[ FAST (OF DILLON. THE TUNNEL WILL BE CNNCRETE LINED YO A 10 FT 3 IN 1.D. A TWO-DECK JUMBO IS USED AT EACH
FACE FOR DRILLING 42 TO. 52 HOLES 7 FT DEEP FOR BLASTING. THE ARTICLE OUTLINES THE OVERALL WATER PROJECT TUNNELING

T SQUIPMFNT, MATFRIALS, TECHNIQUES AND PROGRESS OF THE TUNNEL ING WORK.
{ 05-59-12001 AUSTRALIANS USE BURN CUT FOR RECORD { JUMBOS BIOTITE-GRANITE TUNNELS ROOF~BOLTS DYNAMITE
_j ORILLING-EQUIPMENT )
ENGINESRING AND MINING JOURNAL, 100, DEC 1959. A TUNNELING RECORD ONLY MONTHS AFTER STARTING WITH A GREEN CREW HAS
AEFN SFT BY AN AUSTRALIAN FIRM IN CONSTRUCTION OF THE 9 MILE TOOMA-TUMUT WATER DIVERSION TUNNEL IN THE SNOWY MOUNTAIN
-y PROJECT. 1IN & DAYS THFE 12.5 X 12.5 FEET, HORSESHOE SHAPED TUNNEL WAS ADVANCED 526 FEET AT AN AVERAGE SPEED OF 87.7

) ’ FEET PER DAY, THE ARTICLE OUTLINES THE COMBINATION POWER-WATER DIVERSION PROJECT AND ITS PROGRESS AND DESCRIBES THE
EQUIPMENT USED. APPLICATION OF THE BURN-CUT METHOD 1S DESCRIBED INCLUDING THE DRILLING PATTERN DEVELOPED FOR EACH
= RLASTING ROUND.

05-61-03001 TUMNFLING TN LONDCN CLAY ( SHIFLD VICTORIA-LINE EXPERIMENT LININGS )
5 ENGINFER, (211) NO 5486, 422-25, MAR. 17, 1951. ENGEINEERING, (191) NO 4953, 414-15, MAR, 24, 1961. DRIVING THE 1
A MILE LONG TWIN TUNNFLS FCR LCONDCN TRANSPOPT AT FINSBURY PARK IS A FULL SCALE TRIAL OF THE METHODS OF CONSTRUCTION
i SFLECTED FOR THF PROPJISEN VICTORIA UNDERGROUND LINE. DIGGER SHIELDS ARE BEING USED IN BOTH TUNNELS AND THE LININGS ARFE
) TITHER UNROLTED CASY IRCN OR BOLTED PRECAST CONCRETE SECTIONS.

05-61-0401_ TUMNELTNG UNDER THAMES ( LONDON )
_ IRON AND COAL TRADES REVIEW, (182) NO 4839, 799-801, APR. 14, 1961. CONSTRUCTION OF THE 28 FT DIA TUNNEL UNDER THF
ki THAMES RIVER IN EAST LONDON WILL RE COMPLETED IN 2 STAGES. FIRST PHASE IS SINKING ACCESS SHAFTS, DRIVING 2 7 FT DIA
| PILOT TUNMELS. SECOND PHASE WILL BE DRIVING FULL SIZE TUNNEL.

05-61-09001 PROGRESS AT THE GREAT ST. BERNHARD TUNNEL ( VENTILATING-SHAFTS BRITTLE-ROCK QUARTZ CARBIDE~TIPPED-DRILLS
EXPLOSTVE )

THE ENGINEER, 283, SEPT 1961. THE 5.8 KILOMETER GREAT ST. BERNHARD TUNNEL HAS BEEN DRIVEN FULL SECTICN FOP 2500 M

AS OF AUG ON THE SWISS SIDE WHILE THE ITALIANS HAVE HAD DIFFICULTIES WITH THE ROCK AND HAVE ADVANCED ONLY 1200 M. THWO

VENTILATING SHAFTS ARE ON THE SWISS SIDE. THE EXCAVATION, GEOLOGICAL FORMATIONS ENCOUNTERED, EXCAVATINN METHODS,

TUNNEL LINING AND EQUIPMENT USED ARE OUTLINED.

|

05-61-09002 MONT CENIS TUNNEL { MACHINE COMPRESSED—AIR DRILLS WORKING-FACE )

THE ENGINEFR, 505, SEPT 29, 1961. ‘A REPRINT OF AN ARTICLE PRINTEND ORIGINALLY IN SEPT 1861 DESCRISING USE OF M.
SOMMELIER'S APPARATUS FOR DRIVING THE MONT CENIS TUNNEL. THE ARTICLE DESCRIBES THE HYORAULIC COMPRESSINN OF AIR AND
USE OF THAT AIR T OPFRATE PERCUSSION DRILLS ON BOTH FACES IN DRIVING THE TUNNEL. 0OPERATION OF 8 DRILLS IS DESCRIBED
AS THEY ADVANCE 3 FT IN DEPTH AND FROM 8 TO 11 HOLES IN 6 HRS.

4

05-62-01001 FASTER MIMING METHODS FOR AUSTRALTA ( TUNNEL DRILLING BLASTING CAGE-RISING )

ENGINEERING CONSTRUCTION, SFECTION 10, JAN 5, 1962. A METHOD OF DRIVING A CONNECTING SHAFT UPWARD FRCM A LOWER
TUNNEL Tn A WIGHER ONE, CALLED CAGE RISING, HAS BEEN DEVISED IN AUSTRALIA. THE METHOD ELIMINATES THE NFED FOR TIMBER
AND REDUCFS TIME SPENT IN TRAVELING AND HAULING GEAR. IT CONSISTS OF A TWO-DECK CAGE HQISTED UP OR DOWN THE SHAFT AS
ALASTING PROCFFDES THROUGH A PREDRILLED CABLE HOLE ON THE SHAFT CENTERLINE FROM WHICH THE MINERS WORK.

e J Lo

05=62-01002 MULTIPLE HYDRO-ELFCTRIC POWER PROJECTS IN SWEDEN ( ROCK-FXCAVATION PENSTOCKS TAILRACE TUNNEL DIVERSION )
SNGINEERING COMSTRUCTION, SECTION 10, JAN 5, 1962, THE ARTICLE OQUTLINES THE SWEDISH PCWER PROJFCY OF FOUR POWER
STATIONS AT MESSAURE, POTSI, LAXIDE, ANO LETSI ON THE RIVER LULE. WORK INCLUDES ROCK EXCAVATION OF 294,000 CM FOR
TATLRACE AND DIVFRSION TUNNELS.

J

L

05-62-05001 MONT RLANC — ONF TUNNEL, TWO JOBS ( GEOLOGY FRANCE ITALY )
ENGR NEWS-RECCRD (168) 56-63, MAY 31, 1962. THE GEOLDGY OF MONT BLANC POSES FAR DIFFERENT PROBLEMS FOR ITALIAN AND
FRENCH MINERS. THE FRENCH HEADINGS ARE RELATIVELY DRY BUT HOT. THE ITALTANS GET FLOODED FREQUENTLY BUT HAVE SOME

B LOWER TEMPERATURES. C0OST HAS RISEN FROM $30 T0 $40 MILLION. 13 LIVES HAVE BEEN LOST.
: 05=63-05001 HAPDROCK TUNNEL SAVES 50% ON EXPLOSIVES ( AN-FQ SAN-FRANCISCO WATER-SUPPLY )
. ENGR NEWS—-RECNRD, (170) 50-55, MAY 23, 1963. CLANCY Q'DELL CONSTR CO PRESIDENT SAYS THAT AN~FO IS CHEAPER AND
RETTFR THAN NYNAMITE FOR TUNNEL DRIVING. HIS COMPANY IS SAVING 50% OF THE COST OF EXPLOSIVES FOR THE CANYON TUNNFL OF
THE HETCH HFTCHY WATER SUPPLY PROJECT FOR SAN FRANCISCG. DETAILS QF THE BLASTING PROCEDURFS ARE GIVEN.
a
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05-64-02001 TWO CITIES TUNNEL THROUGH THE CONTINENTAL DIVIDE FOR WATER

ENGINEERING NEWS-RECORD, 34-35, FEB 27, 1964, COLODRADO SPRINGS AND AURORA AWARDED A $4 MILLION CONTRACT IN JULY
1963 FOR CONSTRUCTION OF A 5.5 MILE TUNNEL TO BRING WATER FROM HOMESTAKES DAM WESY OF THE DIVIDE. THE 9.5 FT. UNLINED
HORSESHOE SHAPED TUNNEL IS BEING CONSTRUCTED BY W. A. SMITH CO. AND THE QUAD CONSTRUCTION CO. AS A JOINT VENTURE.
CONSTRUCTION STARTED IN JULY 1963 SCHEDULED FOR COMPLETION IN JUNE 1966.

05-64-03001 HUGE SEWER MAKES EXCAVATION HEADACHE ( CUT-AND-COVER )

HALMOS, E. E.
EXCAVATING ENGINEER, (58) N 3, 16-19, MAR 1964. THE 43 MILE, $28 MILLION INTERCEPTOR SEWER INVOLVED 5 MAJOR
TUNNELS UP TO 13,000 FT. LONG, TWO OPEN CUT TRENCHES ACROSS THE BED OF THE POTOMAC RIVER.

05-64-03002 OPENING OF GREAT ST. BERNHARD ROAD TUNNEL

THE ENGINEER, 588-591, MARCH 27, 1964. THE 5.85 KM HIGHWAY TUNNEL UNDER THE GREAT ST. BERNHARD PASS WAS COPENED TO
TRAFFIC MARCH 19, 1964. TUNNEL WORK BEGAN IN 1959. USE OF COVERED APPROACH ROADS OF 5.5 KM ON THE NORTH SIDE AND 10.3
KM GN THE SOUTH ALLOW YEAR ROUND USE OF THE TUNNEL.

05=64=12001 CONTRACTOR GOES THROUGH SAND FOR MINNEAPOLIS STORM DRAIN TUNNEL ( COSTS )

ENGINEERING NEWS-RECORD, (173) 68, DEC 10, 1964. ASHBACH CONSTRUCTICON COMPANY OF ST. PAUL, MINNEAPOLIS, WAS
AWARDED A $945,807 CONTRACT FOR A MINNEAPOLIS STORM SEWER PROJECT. THE JOB INCLUDES 2/5 MILE OF REINFORCED CONCRETE
PIPE 102 INCHES IN DIAMETER 22 TO 30 FEET DEEP, 1/5 MILE OF 102 INCH DIAMETER MONOLITHIC STORM SEWER 20 TO 38 FEET
DEFP, AND 443 FEET OF 72 INCH DIAMETER PIPE 10 FEET DEEP. THE TUNNEL CONSTRUCTION WAS BID AT $272 PER FOOT. DETAILED
BREAKDOWN OF BID GIVEN.

05-64=12002 PILOT BORE HOLED THROUGH ROCKIES ( HIGHWAY-TUNNEL )

ENGINRERING NEWS—-RECORD, (173) DEC 17, 1964. A PILOT HOLE 11 FEET 4 INCHES WIDE AND 10 FEET 8 INCHES HIGH AND 282
FEET LONG WAS DRILLED IN THE ROCKY MOUNTAINS NEAR LOVELAND PASS IN COLORADO AT A COST OF $1.3 MILLIONS. THE PILOT
HOLE'S PURPOSE IS TO GAIN MORE INFORMATION FOR DESIGNING THE LINING AND SUPPORTS OF THE VEHICULAR TUNNELS. A $55,000
CONTRACT PROVIDED INSTRUMENTATION TO STUDY EFFECTS ON SURROUNDING ROCK OF A BLAST IN THE TUNNEL, HOW tOADS VARY IN
RELATION TO THE HEADING.

05-64-12003 ROAD TUNNFL TQ PIERCE PYRENEES .
ENGINEERING NEWS—-RECORD, (173) 30, DEC 10, 1964, PLANS ARE BEING MADE FOR A TUNNEL UNDER THE PYRENEES, 8,840 FT.
LONG, 27 FT. WIDE, 14 FT. HIGH THROUGH HARD QUARTZ AND GRANITE.

05-65-02001 TUNNEL BIDS HAVE $17 MILLIOGN SPREAD ( SUBAQUEOUS-TUNNEL }

ENGINEERING NEWS-RECORD, (174) FEB 4, 1965. THE LOW BID WAS $31 MILLION TO CONSTRUCT A TWIN TUNNEL ON 100 FT.
CENTERS AND 3.2 MILES LONG BENEATH THE BAY BETWEEN SAN FRANCISCO AND OAKLAND, CALIFORNIA. THE ROUGH BASE OF THE
HORSESHOF SHAPED TUNNEL WILL BE 20 FEET IN DIAMETER, AND THE FINTSHED DIAMETER WILL BE 17 1/2 FEET. THIS TUNNEL WILL
CARRY HIGH-SPEED CARS ON A 5 1/2 FEET WIDE TRACK FOR THE BAY AREA RAPID TRANSIT DISTRICT (BARTD)., THE CONTRACTORS WILL
ENCOUNTER MANY SOIL AND ROCK FORMATIONS, INCLUDING A MAJOR SEISMIC DISLOCATION., AS LIMITED AMOUNTS OF GAS AND WATER ARE
EXPFCTED TO BE FOUND.

05=65-04001 HIGHWAY BRIDGE MEN BUILD A TUNNEL - FOR WATER ( STORM-DRAIN CONSTRUCTION DRILL-PATTERNS MUCKING )
ENGINEFRING NEWS-RECORD, (174) 34, APRIL 15, 1965, THE LONGEST BORED TUNNEL IN NEW YORK - 4.29 MILES, IS BEING
2UILT FOR A TRUNK STORM DRAIN FOR INTERSTATE ROUTE 280, ON EAST-WEST FREEWAY THAT IS DEPRESSED THRU THE CITIES OF
NEWARK, EAST ORANGE AND OQRANGE. IT IS COSTING $2 MILLION MORE THAN TWICE THE NATIONAL AVERAGE FOR THE COST OF A MILE
OF COMPLETED INTERSTATE HIGHWAY. THE TUNNEL IS 8 FEET IN DIAMETER WITH WALLS OF 1 FOOT THICK CAST-IN-PLACE CONCRETE
AND IS BEING DUG FROM SEVEN SHAFTS 2940 FEET TO 3970 FEET APART AND ALL ABOUT 14 FEET DIAMETER. EXCAVATION OF THE
RAOCK, SANDSTONE AND JERSEY SHALE IS BY THE DILt, SHOOT AND MUCK METHOD. THE ARTICLE DESCRIBES THE PROJECT, WORK
CONDITIONS AND WORK METHODS.

05=65-07001 SNAKE RIVFR DIVERSION TUNNEL DRIES SITE FOR HELLS CANYON DAM { LINING )

ENGINEERING NEWS-RECORD, (175) 26-8, JULY 1965, CONCRETE LINED TUNNEL 1800 FT LONG 40-FT HIGH HORSESHOE SHAPED.
KEEWIT SANS CO. OF OMAHA, NEB. DROVE THE TUNNEL UNDER A $4.9 MILLION CONTRACT WHICH INCLUDED EXCAVATION FOR THE DAM
ABUTMENTS, BUILDING TEMPORARY FISH TRAPS AND A PERMANENT ACCESS ROAD. A DRILL-JUMBO WAS USED ON A 22-TON END DUMP
TRUCK FOR THE TOP HALF. THE BOTTOM HALF WAS EXCAVATED USING FOUR WAGON DRILLS. IT WAS LINED USING A 50 FT RAIL
MOUNTED FCRM. THE FCRM IS COLLAPSIBLE AND MADE OF TWO 25-FT SECTIONS.

05-65-08001 SOLE TUNNEL BID TOPS ESTIMATE BY 101 PERCENT ( COST )
ENGINEERING NEWS-RECORD, (175) 48, AUG 1965. NEW YORK CITY WANTS TO BUILD A SUBWAY TUNNEL, BUT THE ONLY BID WAS
101 PERCENT ARQVE 28.1 MILLION PROJECTED COST.

05=65-10001 NAVAJO INDIAN IRRIGATICN TUNNEL ( UNIT-COSTS ) .

ENGR NEWS—~RECORD, {175} 195, OCT. 14, 1965. A JOINT VENTURE OF J.F. SHEA CO HENRY J. KAISER CO AND MACCO CORP
SUBMITTED THE $8.6 MILLION LOW BID FOR CONSTRUCTING THE 5 MILE NAVAJO TUNNEL NO 2 FOR THE U.S. BUREAU OF RECLAMATION.
UNTT PRICE BID WAS $240/LIN FT BY THE CONVENTIONAL DRILL AND BLAST METHOD.

05=65-12001 GREENBRIAR JOINT MEETING - W. VA. COAL MINING INSTITUTE AND CENTRAL APPALACHIAN SECTICN AIME (

MAINTENANCE COMPUTERS MATERIALS-HANDLING RESEARCH )
CCAL AGE, 115-116, DEC 1965. JOINT MEETING AT THE GREENBRIAR, WHITE SULFUR SPRINGS W. VA. ON NCVEMBER 5-6, 1965,
DISCUSSED CONTINUOUS FACE HAULAGE, UNDERGROUND MAINTENANCE, CONVENTIONAL MINING WITH COMPUTERS, MATERIALS HANDLING WITH
TRACTOR TRATLERS, RECRUITING MEN FOR MINING BARRIER, PILLAR DESIGN, AND COAL STORAGE IN BINS.

0526512002 MONT BLANC ROAD TUNNEL IS WORLD'S LONGEST ( SUBTERRANEAN-HIGHWAY GRANITE CONSTRUCTION SAVINGS BORING )

THE NAK RIDGFR, DEC 27, 1965. NEWS ITEM ON THE OPENING OF THE WORLDS LONGEST SUBTERRANEAN TUNNEL 7400 FEET UNDER
THF PEAK OF MONT BLANC BETWEEN CHAMONIX, FRANCE AND COURMAYEUR, ITALY. THE TUNNEL, 7.2 MILES LONG, WAS OPENED IN JULY
1965 ANN TOOK 6 YEARS, 17 LIVES AND $70 MILLION TO BUILD, BUT WILL CUT AS MUCH AS 20 HOURS WINTER DRIVING TIME BETWEEN
ROME AND PARIS. THE TUNNEL WILL HANDLE UP TO 600 VEHICLES AN HOUR DURING PEAK PERIODS. FRESH AIR FORCEC THROUGH DUCTS
AT A RATE OF 5800 FT PFR SECOND WILL PEMOVE CARBON MONOXIDE. MDTGRING FACILITIES IN THE TUNNEL AND DIFFICULTIES DURING
CONSTRUCTION ARE ALSO QUTLINED.

05-66=02001 NORAD { TUNNELS SOLID-GRANITE BLASTING MUCK-WAGONS CRAWLER~LOADER EXCAVATICON ROCK-BOLTS )

ENGINEERING OPPORTUNITIES, 19, FEB 1966, THIS ILLUSTRATED ARTICLE GIVES A CONCISE HISTQRY OF THE NORAD, NORTH
AMERICAN AIR DEFENSE COMMANDS COMMAND OPERATIONS CENTER (COC), FROM CONCEPTION TO ACCEPTANCE LAST MONTH. THE CENTER IS
EQUIVALENT TO A CITY LOCATED IN VAST CATHEDRAL-LIKE CHAMBERS BLASTED OUT OF THE SOLID GRANITE 1200 TO 1400 FEET DEEP IN
CHEYENNE MOUNTAIN NEAR COLO. SPRINGS AND PIKE'S PEAK. THREE HORSESHOE SHAPED TUNNELS PROVIDE ACCESS FOR TRANSPORT,
PEDESTRIANS, AIR SUPPLY AND AIR EXHAUST. THE MORTH TUNNEL IS 1416 FEET LONG, 29 FEET WIDE AND 22.5 FT HIGH. THE SOUTH
TUNNEL IS 2,668 FEET LONG, 15 FEET WIDE AND 17.5 FEET HIGH. THE CENTRAL TUNNEL IS 591 FEET LONG, 45 FEET WIDE AND 25
FFET. HIGH. THE MAIN EXCAVATION CONSISTS OF 3 CHAMBERS 45 FT WIDE, 60.5 FEET HIGH AND 588 FEET LONG, CROSSED RY 3
OTHEP CHAMBERS 32 FEFT WIDE, 56 FEET HIGH AND 335 FEET LONG. EXCAVATION WAS BY BLASTING WITH THE BROKEN GRANITE LOADED
CNTO MUCK WAGONS BY CRAWLER LODADERS AND THEN DUMPED IN A CANYON TO FORM A PARKING LOT. ROCK BOLTS REINFORCED CEILINGS
OF THE CHAMBERS IN A FOUR FOOT SQUARE PATTERN. WIRE MESH WAS INSTALLED ON WALLS AND CROWNS TO STOP FALL ING LOOSE

ROCK. THE CENTER IS HOUSED IN 11 ALL STEEL BUILDINGS -~ STEEL PLATE SHELLS AND STEEL STRUCTURES, TO ATTENUATE
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FLECTROMAGNETIC PULSES CAUSED BY NUCLEAR BLASTS. ALL BUILDINGS ARE MOUNTED ON 47 INCH HIGH 3 INCH DIAMETER WIRE WOUND
INTO SPRINGS TO PROTECT DELICATE EQUIPMENT IN THE BUILDINGS FROM SHOCK OF EARTHQUAKE OR NEARBY THERMONUCLEAR BLAST.
BLAST DOORS AND WALLS ARE PROVIDED AT THE PORTALS.

05-66-02002 AROUND THE WORLD - GRAND SCHEME ( PLANS RAIL-SYSTEM RAPID-TRANSIT )
ENGINFERING NEWS-RECORD, (176) 19, FEB 24, 1966. WEST BAY RAPID TRANSIT AUTHORITY OF SAN MATEC ORDERED PREPARATION
OF A MASTER PLAN FOR INTEGRATION OF EXISTING BUS FACILITIES AND MAY RECOMMEND A RAIL SYSTEM TO JOIN THE BARTD NETWORK.

05-66=04001 UNDERGROUND ROADS COST PLENTY ( TUNNEL URBAN-HIGHWAY UNDERPINNING ELEVATED~STRUCTURES )

ENGINEERING NEWS-RECORD, (176) 28, APRIL 1966, EDITORIAL ON CHOOS ING UNDERGROUND HIGHWAYS GVER DEPRESSED, AT-GRADE
N’ ELEVATED EXPRESSWAYS IN URBAN AREAS AND THE NEED TO CONSIDER TUNNEL COSTS CITED BY JOSEPH BARNETT OF THE BUREAU OF
ROADS. :

05-66=0500]1 TRAIN COMING CLOSE THE DOGR ( RAILROAD-TUNNEL VENTILATION CONSTRUCTION )

ENGINEERING NEWS-RECORD, (176) 23, MAY 12, 1966. THE SECOND LONGEST RAILROAD TUNNEL IN THE U.S.y THE 7 MILE BORE
SONN TO BE DRIVEN THROUGH ELK MOUNTAIN NEAR LIBBY MONT. WILL HAVE NO VENTILATION SHAFTS BUT A GREAT STEEL DOOR AT ITS
UPPER END. THE TUNNEL IS PART OF THE RAILWAY RELOCATION TO ALLOW CONSTRUCTION OF LIBBY DAM. THE TUNNEL WILL BE
STRAIGHT WITH A 0.5% GRADE. TO PREVENT THE AIR WHICH SUPPLIES OXYGEN FOR ENGINE COMBUSTION FROM BEING DRIVEN AHEAD AND
OUT THE END OF THE TUNNEL A STEEL DOOR AT THE HIGHER END WILL BE INSTALLED TO REMAIN CLOSED UNTIL THE TRAIN APPROACHES
THEN BE DPENED BY ELECTRONIC SIGNALS. EXIT OF THE TRAIN ACTUATES A SYSTEM OF FANS THAT FLUSH AIR THROUGH THE TUNNEL IN
15 MINUTES, DOWNHILL TRAINS WITH IDLING ENGINES WILL NOT REQUIRE THIS ARRANGEMENT, SO NO DOOR IS PLANNED FOR THE LOWER
END.’

05-66=06001 CALIFORNIA VOTES HUGE WATER BOND ISSUE ( TUNNELS FEEDER-CONSTRUCTION )

ENGINEERING NEWS-RECNRD, (176} 73, JUNE 16, 1966. AN $850 MILLION BOND ISSUE WAS VOTED, ADVANCING CALIFORNIA'S
CONSTRUCTION IN ITS MWD $2 BILLION WATER PROJECT. THE CONSTRUCTION PROGRAM FEATURES 4 MAJOR FEEDERS - FOOTHILL,
SEPULVEDA;  INLAND AND SECOND LOWER FFEDER. FOOTHILL RUNNING 94 MILES CONSISTS MAINLY OF TUNNELS, SOME 20 1/2 FEET
DIAMETER AND SCME MORE THAN 7 MILES LONG. THE GLENDORA TUNNEL IS A 15 1/2 FOOT DIAMETER CONCRETE LINED SECTION 6 1/2
MILES LONG. A 3 1/2 MILE TUNNEL NEAR NEWHALL IS 20 1/2 FEET DIAMETER.

05-66=06002 SHAFT SINKING ( MUCKING WINZE SKIP-BUCKET JUMBO GALLOWAY-STAGE TUBBING GROUTING FREEZING HOISTING }
ENGINEERING AND MINING JOURNAL, 437-441, JUNE 1966. A FIELD SURVEY OF SHAFT SINKING METHOOS WAS MADE. AN AVERAGE
RATE OF NEARLY 1 FOOT PER HOUR FOR SHAFT SINKING WAS ACHIEVED BY USING A MULTI-DECK "GALLOWAY" STAGE WITH A CRYDERMAN
HYDRAULIC MUCKING MACHINE HANGING FROM THE DECK. CONCRETE IS POURED BY THE STAGE CREW WHILE THE CREW ON THE BOTTOM
MUCKS OR DRILLS. A COMBINATION DF FREEZING, TUBBING, AND GROUTING WAS SUCCESSFULLY USED TO COMPLETE A SHAFT WHICH
RESISTED ALL ATTEMPTS TO GROUT AND FREEZE IN THE NORMAL FASHION. A 2 SHAFT JUMBC WAS USED TO INCREASE THE RATE OF
PRAGRFSS IN A "HARD-ROCK®™ MINE SHAFT. A CIRCULAR CROSS SECTION SHAFT WAS SUNK WHICH IS A GOOD EXAMPLE OF EFFICIFNCY
COMPARED TQ QOVAL AND RECTANGULAR SECTIONS.

05-66=07001 CHANNEL GETS GREEN LIGHT ( FINANCE ) .

ENGINEERING NEWS-RECORD, (177) @, JULY 14, 1966. CONSTRUCTION WEEK COLUMN REPORTS APPROVAL BY BRITISH AND FRFMCH
GOVERNMENTS T0 CONSTRUCT THE 21 MILE RAILWAY TUNNEL BENEATH THE ENGLISH CHANNEL, BUT NO AGREEMENT HAS BEEN REACHED 0N
SINANCING THE PROJECT.

05-66-0800) TUNNEL UNDER CANAL IS RUILT IN THE DRY ( CUT-AND-COVER TWO-TUBE-VEHICULAR-TUNNEL }

ENGIMEERING NEWS-RECCRD, (177) 97, AUG 11, 1966. CONSTRUCTION OF PORTIONS OF A TWO-TURE, CUT AND COVER TUNNEL
UNNER THE WELLAND CANAL AT THORALD, ONT., WILL TAKE PLACE DURING WINTER MONTHS WHILE THE CANAL IS CLOSED AND DEWATERFD
FOR MAINTENANCE. THF PROJECT AND CONSTRUCTION STEPS ARE DESCRIBED.

25-66-08002 SECURITY IS A BIG HEADACHE ON A TUNNEL DEMOLITION JOB

ENGINEERING NEWS-RECORD, (177) 84, AUG 11, 1966. DEMOLITION OF A 4 TRACK 400 FOOT LONG RATILWAY TUMNEL UNDER THE
GRPOUNDS OF SING SING PRISON WAS AN EXPENSIVE PART OF THE NEW YORK CENTRAL RAILROAD PROGRAM OF INCREASING OVERHFAD
CLEFARANCES ON ITS HUDSCN RPIVER LINE RETWEEN TARRYTOWN AND ALBANY. UNUSUAL SECURITY REQUIREMENTS MADE IT COMPLICATED -
AND EXPENSIVE. THF ARTICLE NDESCRIBES THE PROJECT, PROBLEMS AND CONSTRUCTION METHODS USED.

05-66=08003 TUNNEL FOR THIRSTY CITY ( WATER~FEEDER-TUNNEL )
ENGINEERING NEWS-RECCRD, (1773 7, AUG 4, 1966. CONSTRUCTION WEEK ITEM ON NEW YORK CITY BNARD OF WATER SUPPLY PLANS
FOR A THIRD FEEDER TUNNFL FROM YONKERS INTQ MANHATTAN AND QUEENS.

05-66<08004 REROUCAS TUNNEL IN RIO NEARS COMPLFTION AFTER YEARS DELAY ( LIGHTING VENTILATION EXCAVATION OPEN-CUT
JUMRO )
ENGINEERING NEWS-RECORD, (177) 28y AUG 4, 1966. THE REBOUCAS TUNNEL A FOUR LANF TWIN TUBE 1 1/2 MILFE ROCK TUNNEL
SCHEDULED *OR COMPLETINN IN 1965 WILL OPFN TO HALF CAPACITY LATE 1966 AFTER BEING PLAGUED WITH CONSTRUCTION ANMD
FINANCTIAL TROUBLE. THF TWO TUBES RUN THROUGH TWO ROCK SPINES THAT DIVIDE RIO -~ CUTTING A 36 MINUTE DRIVE TO 6
MINUTES. PRINCIPAL FACTOR IN DELAY 1S THE PROJECTED $8 MILLION COST OF LIGHTING AND VENTILATION. OVERBURDEN IN
SHORTER SECTIONS FORCFD REMDVAL OF A LARGER VOLUME IN CPEN CUT EXCAVATION THAN FROM THE TUNNEL ITSELF. UNSOUND ROCK
AND FELDSPAR RURBLF IN CRACKS AND CRFVICES CREATED DRILLING HAZARDS. SIXTEEN 60 POUMD AIR DRILLS WITH 7/8 INCH
DIAMETER DRYILLS WERE OPERATED FROM A THREE PLATFORM JUMBO.

05-66-02001 TRAFFIC GOFS UP AS TUNNEL GOES DOWN ( CUT-AND-COVER EXPRESSWAY )
ENGINEERING NEWS—RECCRD, (177) 43, DEC 22, 1966. WORK HAS STARTED ON A 3135 LONG CUT AND COVER HIGHWAY TUNNEL,
PART NOF THE 14 MILE PARIS RIGHT BANK EXPRESSWAY. THE EXPRESSWAY AND TUNNEL WILL CARRY ONE-WAY EAST-BOUND THRU TRAFFIC

THAT NOW HELPS TO CLOG LOCAL STREETS IN THE AREA.

05-66-10001 HALF A CENTURY OF DRILLING AND BULASTING ( MATERTAL HANDL ING PROCESS—-EQUIPMENT }

PIT AND QUARRY, 228-31, OCT 1960. IN AN INTERVIEW G. T. ERRICKSON IMPLIES THAT THE GROWTH IN THF TUNNELING
INDUSTRY 1S UNEQUALLFD. A DETERGENT IS USED TO CONTROL THE DUST. ANFO AND SLURRIES MAKE TUNNELING A £0OT SAFER. IT
WAS NOT UNTIL 1945 THAT MILLISFCOND-DELAY ELECTRIC BLASTING CAPS WERE INTRODUCED. ANFO WOULD MOT HAVE BEEN USED IF THF
COST OF TUNNELING HAD NOT DFCREASED.

05-66=10002 FIVE DIE IN SWISS TUNNEL BLAST

ENGINEERING NEWS-RECORD, (177) 18, OCT 27, 1966. FIVE TUNMEL WORKERS DIED IN A METHANE GAS EXPLOSION AT THE
HUNGRIN DAM:SITE ON THE EASTERN TIP OF SWITZERLANDS LAKE GENEVA. THE EXPLOSION OCCURRED IN A 7 FAOT DIAMETER 1.2 MILE
LCNG WATER DIVERSION TUNNFL. ’

05-/6=11001 TROUBLE HITS JAPANESE TUNNELERS; KILLS SFVEN ( DRILLING-CREWS GANTRY-TYPE-JUMBO BURN-CUT-METHCD 1}
FNGINEFRING NEWS-RECORD, (177) 88, NOV 17, 1966. THREE DRILLING CREWS WORKING FOUR HEADINGS ON THF 8.4 MILE LONG
SHIMIZYU RATLWAY TUNNEL IN JAPAN HAVE RUN HEAD-3N INTO A PACK OF TROUBLE. THEY HAVE AFEN SCALDED BY HOT SPRINGS, HIT AY
SPALLING P0OCK, DRIVEN PACK BY 215 PSI WATER JETS AND INTIMIDATED BY ELFCTRICITY LEAKING INTO THE TUNNEL ALL AT A COST
AF SEVFN LIVFS. THF ARTICLE DESCRIBFS THE PROJECT,y HISTORY, TUNNELING METHODS, MACHINES USED AND THE TROUBLES THAT
WERE ENCOUNTERED.

05=66=11002 VARIETY 0OF MFTHODS DOUBLEF RARREL PENNSYLVANIA TURNPIKE TUNNELS
ENGR NFWS~RECORD, (177) 78-79, NOV. 17, 1966. 2 CONTRACTORS ARE BUILDING 3 TUNNELS FROM 4 HEADINGS WwITH A VAPIETY
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OF TECHNIQUES TO ELIMINATE THE LAST OF THE TWO WAY TRAFFIC TUNNELS WHICH BOTTLENECK THE PENN TURNPIKE. PETER KIEWIT IS
TOP HEADING A 5000 FT BORE THROUGH TUSCURORA MOUNTAIN FROM BOTH SIDES USING RUBBER TIRED JUMBOS, SIDE-DUNP LOADERS FOR
MUCKING AND RUBBER-TIRED REAR-DUMP TRUCKS FOR HAULING AN~FO FOR BLASTING. C. J. LANGENFELDER IS WORKING TWO TUNNELS
STMULTANEOUSLY FULL FACE IN KITTATINNY MOUNTAIN AND BLUE MOUNTAIN - BUT ONLY FROM ONE END. LANGENFELDER IS USING
DYNAMITE AND CARRIES THE DRILLS ON RAIL MOUNTED JUMBOS. ON KITTATINNY HE IS MUCKING WITH BUCKET CONVEYORS AND HAULING
ON RAIL MOUNTED NINE CARS. AT BLUE BOUNTAIN HE IS USING TRACK MOUNTED SIDE-LOADERS AND HAULING WITH RUBBER TIRED REAR
DUMPS.,

05-66-12001 JOBS ABROAD { TUNNELS )

ENGINEERING NEWS-RECORD, PULSE, DEC 15, 1966. MEXICO - ANNOUNCEMENT OF PREQUALIFYING FOR CONSTRUCTION OF MAJOR
SEWAGE PROJECT TO REPLACE THE GRAND CANAL IN MEXICO CITY. PROJECT INCLUDES 3 MAJOR TUNNELS 50-KM LONG AND 2
INTERCEPTING TUNNELS OF 20-KM EACH.

05-66-12002 DIG WE MUST ( TUNNEL FEASIBILITY-STUDY )

ENGINEERING NEWS-RECORD, (177} $7, DEC 15, 1966. THE NEW YORK GOVERNOR REQUESTED THAT THE TRISTATE TRANSPORTATION
COMMISSION CONSIDER A TUNNEL CONNECTION ALONG WITH SEVERAL BRIDGE PROPOSALS FOR JOINING LONG ISLAND WITH WESTCHESTER
COUNTY, N. Y. OR CONNECTICUT.

05-66-12003 ARCHITECTS PROTEST TUNNEL PLANS ( CUT-AND~FILL )

ENGINEERING NEWS-RECORD, (177) 62, DEC 15, 1966. A PLAN FOR A CUT AND FILL EIGHT LANE TUNNEL APPROACH TO A
FLOATING BRIDGE FOR INTERSTATE 90 AC0SS LAKE WASHINGTON FROM SEATTLE TO MERCER ISLAND WAS PROTESTED BY LOCAL
ARCHITECTS. THE PROTEST CHARGES THAT THE RESIDENTIAL DISTRICT OF MOUNT BAKER WOULD BE WIPED OUT ANC IT WOULD NEVER
GROW BACK. THE STATE HIGHWAY DIRECTOR ESTIMATED THE METHOD WOULD COST $33 MILLION LESS THAN BORING WHICH WOULD RUIN
THE PROPERTY ABOVE THE TUNNEL ANYWAY.

05-65=12004 SIX MILE TUNNEL JOB RENEGOTIATED ( POWERHOUSE-TAILRACE )

ENGINEERING NEWS—RECORD, (177) DEC 15, 1966. THE CONTRACT FOR CONSTRUCTING THE 6 MILE NEW ZEALAND MANIPOURI
TAILRACE TUNNEL HAS BEEN CHANGED FROM FIXED PRICE TO COST PLUS A VARIABLE FEE BASED ON WHETHER ACTUAL COSTS ARE LESS OR
FXCEED A TARGET ESTIMATE. UNEXPECTED CONDITIONS INCLUDED BADLY FRACTURED ROCK THAT PERMITTED EXCESSIVE INFLOWS OF WATER
UNDER HIGH PRESSURES.

05-66=-12005 CALIFORNIA AWARDS CONTRACTS FOR STATE WATER TUNNELS ( COSTS 1}
CIVIL ENGINEERING, 83, DEC 1966. THE SEVEN MILE ANGLES TUNNEL CONTRACT FOR $95,039,650 WAS AWARDED TO A JOINT
VENTURE--SHEA, KAISER, LOCKWOOD, HEALY.

Q05-66-12006 FERRY RINERYS MISERY LEADS TO ENGLISH TUNNEL ATTEMPT ( STIZE COST FINANCING )

EDWARDS, P.
WASHINGTON POST, K-1, DEC 18, 1966. TECHNICAL STUDIES - INC IS AN ORGANIZATION PLANNING TO FINANCE TWIN 21 FT TUBES
FOR TRAINS TO CARRY PFOPLE, CARS, AND FREIGHT 44 MI FROM FOLKSTONE, BRITAIN TO CALAIS, FRANCE. ALL TRAFFIC PROJECTIONS
SEEM ADEQUATE TO SUPPORT THE $600 MILLION-PLUS TUNNEL. UNDER THE FINANCING PLAN 20 TO. 25 PERCENT WILL BE RAISED FROM
PRIVATE CAPITAL AND THE REMAINDER BONDS GUARANTEED BY FRANCE AND BRITAIN.  PRESENT BOAT TOLLS CAN BE REDUCED 5 PERCENT
FOR PASSENGERS, 30 PERCENT FOR CARS AND 50 PERCENT FOR FREIGHT.

05-67-01001 TUNNEL TRANSPORTATIGN

LUCKE, W. N. & OFFICE OF HSGT
MECHANTCAL ENGINEERING, 56-57, APR 1967. THE ARTICLE DISCUSSES THE FEASIBILITY OF A HIGH-SPEED UNDERGROUND TRANSIT
SYSTEM. TECHNOLOGY IS LAGGING IN THF AREA OF TUNNELING. ALSO IMPROVEMENTS ARE NEEDED IN GEOPHYSICAL TESTING
TECHNIQUES. THE ECONNMICS OF THE SYSTEM COULD BETTER BE CONTROLLED THROUGH MULTIPLE USE OF THE PROGRAM.

05=67-03001 TUNNEL TO UNSNARL RIO TRAFFIC { TWO-STAGE-TUNNEL )

THE WASHINGTON POST, MAR 22, 1967. A TWO-STAGE TUNNEL IS BEING COMPLETED IN RIO DE JANEIRO IN AN EFFORT TO UNSNARL
TRAFFIC IN THIS CITY RY THE BAY. EXPECTED COST OF THE TUNNEL IS TO RE ABOUT $18 MILLION. THE LIGHT, VENTILATION, AND
TRAFFIC CONTROL SYSTEMS AS WELL AS PART OF THE PAVEMENT ARE LACKING. URBANIZATION WORK IS BEING CARRIED OUT IN FRONT
% THE TUNNEL'S FOUR MOUTHS.

05-67-04001 THE SCHELDT TUNNEL AT ANTWERP { HIGHWAY-RAILWAY-TUNNEL IMMERSED-TUBE )

THE ENGINEER, 604-606, APR 1967. AN TMMERSED-TUBE TUNNEL 500 METERS IN LENGTH IS BEING CONSTRUCTED TO PROVIDE RCAD
AND RATL CROSSINGS OF THE SCHELDT RIVER AT ANTWERP. THE CROSSING WILL CONSIST OF FIVE FLOATING ELEMENTS, EACH ABOUT
100 METERS IN LENGTH, 50 METERS IN WIDTH AND 10 METERS IN DEPTH, AND EACH WEIGHING ABOUT 47,000 TONS. THESE E{EMENTS
ARE TO 8F SUNK INTO A SUB-AQUEOUS TRENCH ABOUT 30 METERS BELOW HIGH TIDE IN THE ESTUARY. THE ELEMENTS ARE BEING
PREPARED, PRIOR TO FLOATING AND SINKING, IN A LARGE DEEP DOCK AREA,

05-67-04002 WHAT TO DO WITH SEWAGE WHEN IT RAINS HARD ( DEFP-TUNNEL-SYSTEM COMBINED-SEWERS )

ENGINFERING NEWS-RECORD, (178) 31, APRIL 20, 1967. A RESUME OF ACTIVITY REGARDING STORM WATER PROBLEMS ON COMBINED
SEWER SYSTEMS SPARKED BY FEDERAL WATFR POLLUTION CONTROL ADMINISTRATION (FWPCA) GRANTS. FEATURED IS THE CHICAGO DEEP
TUNNEL OVERFLOW HGLDING SYSTEM AND AN OUTLINE OF THE AREAS TO BE STUDIED UNDER FWPCA GRANTS.,

05-67-05001 TEST EXCAVATION FOR SEIKAN UNDERSEA TUNNEL ( JAPANESE-RAILWAYS }

CONSULTING ENGR (LCND), (31) 57-80, MAY 1967, DESIGN AND CONSTRUCTION PROBLEMS OF UNDERSEA TUNNEL, TO BE BUILT FOR
JAPANESE NATIONAL RAILWAYS, TO CONNECT ISLAND OF HONSHU, ARE INDICATED BY INITIAL RESULTS FROM TEST EXCAVATIONS
UNDERTAKEN DURING CONSTRUCTION OF PILOT TUNNEL; TUNNEL SUPPORT IS 125X125 MM H-SHAPED STEEL AND CONCRETE SPRAYED TO
NEPTH OF 10 CM; UNSTABLE SECTIONS ARE PREHARDENED BY CEMENT GROUTING; IN MOST SECTIONS DISPLACEMENT OF CROWN HEADS IS
1.5 MM AFTER 150 DAYS OF EXCAVATION, AND LOAD, WHICH ACTS ON TENSIOMETER, IS ABOUT 3 TONS/SQ M; GROUNDWATER TOGETHER
WITH DRILLING WATER IS PUMPED UP AT SITES 100 M APART,

05-67-05002 TUNNFLING THROUGH GARLOCK FAULT ( CALIFORNIA WATER-TUNNEL )

WESTERN CONSTRUCTICN, (42) N 5, 54-60, MAY 1967. TWO SHIELDS WEPE USED IN DRIVING 5 MI LONG WATER SUPPLY TUNNEL
THROUGH TEHACHAPI MOUNTAINS IN SOUTHERN CALIFORNIA3; LASER BEAM WAS USED FOR TUNNEL ALIGNMENT; 24~FT & IN. DIAM STEEL
SHIELDS ARE FORCED FORWARD WITH RING OF HYDRAULIC JACKS MOUNTED AT THSIR REAR ENDS; EACH ONE HAS THRUST OF 250 TONS FOR
TOTAL OF 11,500,000 LB. .

05-67-06001 CHANNEL MCMEY FROM THE U.S.A. ( ENGLISH-CHANNEL TUNNEL FINANC ING ) ‘ :
ENGINEERING NEWS—RFCORDs CONSTRUCTION WEEK, (178) T, JUNE 1, 1967. THREE INTERNATIONAL FINANCING TEAMS VIE FOR
UNDER-WRITING BUSINESS ON THE ENGLISH CHANNEL TUNNEL. REFERS TO ENGINEERING NEWS~RECORD ARTICLE, MARCH 3, 1967.

05-67=06002 MANAPQURI: WHERE NEW ZEALAND IS MINING FOR 700,000 KW ( TUNNEL TATLRACE ACCESS~ADITS DRAFT~TUBES
PENSTOCKS JUMBOS )
BOWMAN, W. G. & ENGR NEWS~RECORD NEW YORK
FNGINEERING NEWS-RECCORR, (178) 26, JUNE 1967. AN UNDERGROUND 700,000 KW POWER PLANT IS BEING CONSTRUCTED AT LAKE
MANAPOURT NEW ZEALAND A00 FEFT BELOW THE LAKE. SEVEN TURBINES WILL DISCHARGE 515 FEET NET HEAD THROUGH A 30 FOOT
HORSESHOE SECTION LINED TAILRACE TUNNEL INTO DOUBTFUL SOUND OF THE LASMAN SEA. EQUIPMENT USED INCLUDED A LARGE
HORSESHOE SECTICN DRIVEN FULL FACE, A 3 TIER DRILLING JUMBO, TWO MUCK LOADERS AND AN EXTENSIVE MUCK~CAR RATL SYSTEM
TERMINATING IN A JACOBS SLIDING FLOOR AT THE FACE. THE MOUNTAINS THE TUNNEL PENETRATES ARE LARGELY GNEISS AND
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QUARTZITE EXCELLENT FOR TUNNELING BUT FAULT CRACKS DISCHARGED HUGE QUANTITIES OF WATER REQUIRING PUMPING, GROUTING,
SHORING AND ROCK BOLTING. EXCAVATION INCLUDED THE 364 FEET BY 59 FEET BY 127.5 FEET DEEP MACHINE HALL, A 36 FEET
HIGH BY 33 FEET WIDE SURGE CHAMBER FOR A LENGTH OVER 3800 FEET, 7 PENSTOCK SHAFTS 570 FEET DEEP AND NUMEROUS ACCESS
ADITS, DRAFT TUBES AND DRAFT MANIFOLD.

05=67-06003 AEC DIGS DEEP FOR BIG BLAST ( UNDERGROUND NUCLEAR~EXPLOSIVES )

BUSINESS WEEK, 140, SEPT 164 1967. AEC IS SPENDING $27.2 MILLION TO BUILD A NEW DEEP UNDERGROUND NUCLEAR WEAPONS
TESTING FACILITY ON AMCHITKA ISLAND IN:THE ALEUTIAN CHAIN. A 6000 FOOT DEEP L-SHAPE HOLE IS BEING PUNCHED INTO THE
FLINT-LIKE ROCK. THE CONTRACTOR HOLDS A CONTRACT TO CUT 3 IMPLACEMENT HOLES TO LESS THAN 6000 FEET AND 5 EXPLORATORY
HOLES DOWN TO 8000 FEET. ’

05-67=07001 TUNNELERS MAY SWARM ANYWAY ( PREQUALIFICATION COST BIDS )

ENGINEERING NEWS-RECORDy 9, JULY 27, 1967. ON 1.7 MILE STRAIGHT CREEK HIGHWAY TUNNEL THE HIGHWAY DEPARTMENT SET uP
STIFF PREQUALIFICATION REQUIREMENTS. BIDDERS MUST HAVE HAD AT LEAST 5 YEARS TUNNELING EXPERIENCE, COMPLETED A CONTRACT
OF AT LEAST 10 MILLION DOLLARS AND BUILT AT LEAST 10,000 FEET OF TUNNEL. UNDAUNTED 23 CONTRACTORS HAD BOUGHT PLANS ON
THE 35 MILLION DOLLAR PROJECT.

05-67=08001 CUSTOM RIGS SPEED 1,500-FT-LONG TUNNEL TO COMPLETION ( JUMBO GROUTING~RIG )

CONSTRUCTION METHODS, 92-94, AUG 1967. FENIX AND SCISSON INC OF TULSA OKLA CONTRACTED A TUNNEL JOB IN KY FOR $2.7
MILLION. THEY FABRICATED A NUMBER OF UNIQUE RIGS. THE RIGS INCLUDE A DRILLING JUMBO MOUNTED ON AN OLD EUC TRUCK
CHASSIS WITH AN UPPER DECK THAT CAN BE RAISED OR LOWERED TO MEET THE REQUIREMENTS OF DIFFERENT TUNNEL DIA, A HOME MADE
GROUTING RIG, A SPECIAL JIG FOR ASSEMBLING AND WELDING CONTINUOUS REBAR RINGS, AND A CONCRETE BUCKET GIVEN LONGER LEGS
TO MAKE RCQOM FOR AN ELEPHANT~TRUNK TUNNEL BENEATH THE DISCHARGE SPOUT. A 600 FT LONG 17 FT DIA SECTION IS USED ONLY
FOR DIVERSION, THE REMAINING 900 FT, 19 FT DIA WILL LATER BE USED AS A POWER TUNNEL. THE POWER TUNNEL IS STEEL LINED
FOR 567 FT AND CONCRFTE LINED FOR THE REMAINING 333 FT. MOST OF THE CONCRETE WAS PLACED WITH A 200 DOUBLE REX
PUMP-CRETE UNIT. SOMF 23,000 YD OF SHALE AND SANDSTONE WAS EXCAVATED BY BLASTING ON THE 19 FT DIA HOLE.

05=67-08002 REPAIRS TO BEGIN ON SEAWAYS EISENHOWER LOCK ( HIGHWAY TUNNEL CONCRETE DETERIORATION )

ENGINEFRING NFWS-RECORD, (179) 42, AUG 1967. . AWARD OF THE FIRST CONTRACTS IS PLANNED FOR REPAIRS TO THE ST.
LAWRENCE SEAWAY EISENHOWER LOCK THAT COULD BE A FIVE YEAR $11-MILLION PROJECT. MANY STUDIES WERE MADE BUT CAUSES FOR
THE EXTENSIVE DETERIDRATION OF CONCRETE SURFACES HAVE NOT BEEN IDENTIFIED. A TWO-LANE VEHICULAR TUNNEL FOR A HIGHWAY
UNDER THE LOCK WILL HAVE A STEEL FRAME AND PLATE LINER INSTALLED.

05-67=-10001 WORK BEGUN ON $200 MILLION MEXICO CITY SUBWAY ( EARTHQUAKE SUBSIDENCE )

THE WASHINGTON POST, A7, OCT 24, 1967. A SUBWAY TUNNEL IS GOING TO BE BUILYT UNDER MEXICO CITY WHICH WILL
EVENTUALLY RE ABLE TQ ACCOMMCDATE 1,000,000 PASSENGERS. THEY ARE EXPERIENCING PROBLEMS WITH EARTHQUAKES AND
SUBSIDENCE. ‘

05-67=11001 STRAIGHT CREEK TUNNEL AWARD ( BID ESTIMATE VENTILATION )

ENGINEERING NEWS-RECORD, 55, NOV 9, 1967. DELETING FANS AND MOTORS FOR THE VENTILATING SYSTEM LOPPED 5 MILLION
NOLLARS FROM THE 49,5 MILLTION DOLLAR CONTRACT FOR THE 1.7 MILE STRAIGHT CREEK HIGHWAY TUNNEL BUT THIS WAS STILL 25
PERCENT ABOVE THE ENGINEER'S ESTIMATE.

05=67=11002 STX-LANE TUNNEL SITS ON SACKS OF GROUT ( SUNKEN-TUBE SUBAQUEQUS~TUNNEL WOODPILES GROUTCUSHICA )

ENGINEERING NEWS—RFCORD, (179} 104-105, NOV 9, 1967. THE TINGSTAD TUNNEL IS TO BE BUILT IN FIVE SECTIONS BY THE
SUNKFEN-TURE METHOD IN GOTHENBURG, SWEDEN. IT COULD BE THE WORLD'S FIRST DDUBLED-BARRELED SUBAQUEOUS TUNNEL BOASTING
THREE-LANE ROADWAYS. THF ORIGINAL INTENT WAS TO FLOAT THE TUNNEL ON THE DEEP CLAY OF THE RIVER BOTTOM, BUT SILT ON TOP
OF THE CLAY WAS FOUND TQQ UNSTABLE, THEREFORE PILES HAD TO BE DRIVEN. TO TRANSFER THE TUNNEL LOADS TO THE PILES, THE
GROUT CUSHION METHON WAS PATENTED. GROUT CUSHIONS ARE HUGE NYLON SACKS PUMPED FULL OF GROUT TO A FORM-FIT BETWEEN THE
TUNNEL BOTTOM AND THE TOPS NF THE PILES, THE COMPLETED TUNNEL JOINT IS MUCH LIKE OTHER TUNNEL JOINTS, BUT THIS GROUT
CUSHION IDEA 1S A NFW CONCEPT.

05-67=11003 ITALY EXPORTS ITS BUILDING KNOWHOW
RUSINESS WEEK, 92-94, NOV 18, 1967. ITALIAN COMPANTES ARE BORING TUNNELS IN NEW ZEALAND, AND THEY ALSO HAVE BUILT
15 BRIDGES OR TUNNELS NN A 56~MILE STRETGH OF ONF HIGHWAY PROJECT.

05-67=12001 ANDCRRA EXPECTS TUNNFEL BENEFITS ( TOURISM WEATHER 1}

LOWELL, G.
THE WASHINGTCGN POST, DFC 13, 1967. ANDORRA, SPAIN WILL BUILD A TUNNEL UNDER THE PYRENEES MOUNTAINS WHICH WILL LINK
THEM WITH FRANCF YEAR RNOUND.

05-67-12002 YUBA RIVER JOB RACES THE RAINS ( WINTER-PAINS SPOIL-DISPOSAL )

ENGINEERING NEWS~RECORD, 31, 34, DEC 7, 1967. THE YUBA RIVER BASIN DEVELOPMENT PROJECT IN NORTHERN CALIFORNIA
CANSISTING 0OF THE CONSTRUCTION OF SEVERAL TUNNELS, DAMS, AND POWER PLANTS IS CONFRONTED WITH THE PROBLEM OF HEAVY RAINS
AND OF SPOIL DISPOSAL. CONTRACTOR HAD TO COMPLETE ENDUGH OF THE 120-FEET~HIGH INTAKE STRUCTURE FOR THE PROJECTYS NEW
MARRNMS POWER TUNNEL TO PERMIT GATE INSTALLATION BEFORE THE WINTER RAINS SET IN, OTHERWISE TUNNEL COMPLETION WOULD HAVE
REEN IMPOSSIBLE THAT WINTER. SPOIL DISPOSAL PROBLEM WAS ENCOUNTERED IN THE CONSTRUCTION OF ONE OF THE OTHER TUNNELS
INVOLVED IN THE PROJECT. THE SPOIL HAD TO BE CARRIED ACROSS OREGON CREEK AND THROUGH THE CAMPTONVILLE TUNNEL AND
DUMPED IN A FUTURE RESERVOIR AREA. THIS EXCAVATION PROCEDURE CAUSED A DELAY ON THE COMPLETION OF THE CAMPTONVILLE
TUNNEL .

05-68=01001 WORLD*S LARGEST SEAPORT GETS SMALLEST *METRO' TUBF ( COST )

RIJKERS, Jeo
THE WASHINGTON POST, JAN 20, 1968. A TUNNEL BUILT FOR A SURWAY WHICH IS AT A DEPTH OF 53 FEET UNDER THE RIVER, 20
FEET AFELNOW THE RIVER BED. MAAS TUNNEL TOOK SEVEN YEARS T0O BUILD AT A COST OF $56 MILLION. IT IS A 3.75 MILE TWIN
TRACK.

05-68=01002 FRANCE ENDS TUNNEL PROJECT
THE WASHINGTON PNST, JAN 16, 1968. BRITISH TRANSPORT MINISTER ANNOUNCED BRITAIN®S WITHDRAWAL FROM THE ANGLO-FRENCH
ENGLISH CHANNEL TUNMFL.

05-68-01002 WHAT SHOULD BE THE LCNG-RANGE RESEARCH MISSION FOR THE MINERALS INDUSTRIES ( GEOLOGY RESEARCH COMPUTERS
MINING )

MINING ENGINEERING, (20) N 1, S54-66, JAN 1968. MINING SHOWS HEAVY RELIANCE ON OTHER INDUSTRIES RESEARCH. MINING

DFFICTALS ARE OWARE THAT INTRA-METALS AND INTER-MATERIALS COMPETITION WILL REQUIRE RESEARCH. 9 MINING MEN PROPOSE

IDEAS ON "WHAT SHNULD BE THE LONG-RANGE RESEARCH MISSION FOR THE MINERALS INDUSTRY. THE 9 ARTICLES ARE REFERENCED

SFPARATELY. SEF 05-68-01004, 05-68-01005, 05-68-01006, 05-68-01007, 05-68-01008, 05-68~01009, 05-68-01010, 05-68-01011,

05-68-01012.

05-68-01004 CHANGING TOCLS FOR THE GEQLOGIST (- PHOTOGENLNGY PETROGRAPHICS )

WORTHINGTON, J. Fo. & CYPRUS MINFS CORP
MINING ENGINEFPING, (20) N 1, 54-56, JAN 1968, ADVANCES IN PHOTOGROLOGY USING COLOR FILM, INFRARED AND RADAR
IMAGERY, MORE SOPHISTICATED AND SENSITIVE FILM TYPES AND OPTICAL PETROGRAPHIC OBSERVATIONS OF OUTCROPS WILL ASSIST IN
NETERMINING STRUCTURE AT THE TUNNEL LEVEL.
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05-68-01005 GEOPHYSICS TO BENEFIT FROM SPACE TECHNOLOGY ( SPACE~DATA FORCE-FIELDS )

SCHARGN, L. & WASH UNIV ST. LOUIS MO
MINING ENGINEERING, (20) N 1, 56-57, JAN 1968. GEOPHYSICAL EARTH EXPLORATION FROM SPACE AND IMPROVED DIRECT
MEASUREMENTS OF INDUCED AND NATURAL FORCE FIELDS WILL MAKE MORE ACCURATE FUTURE DETERMINATIONS OF EARTH STRUCTURE.

05-68-01006 MINING HOLDS PROMISING AREAS FOR R. AND D. ( FRAGMENTATION AIR-CONDITIONING REMOTE-CONTROL COMPUTERS )
FAIRHURST, C. & UNIV MINN MINNEAPOLIS MINN

MINING ENGINEERING, (20) N 1, 57-58, JAN 1968. MINING SHOULD DEVELOP METHODS OF CONTINUOUS FRAGMENTATION RATHER

THAN THE CYCLICAL, INDIVIDUAL AIR CONDITIONED ENVIRONMENTS RATHER THAN AREAS, TOTAL REMOTE CONTROL OPERATION, SYSTEMS

ANALYSTIS AND EXCAVATION SEQUENCES SELECTION BY PROGRAMMING AND STRUCTURAL STABILITY DETERMINATION BY ANALOG AND DIGITAL

COMPUTER MODELLING. ALL THESE DEVELBPMENTS CAN BE BENEFICIAL TO TUNNELING.

05-68=01Q07 ENERGY AND TIME FACTORS MAY CHANGE FOR MINING ( FRACTURING MELTING DISSOLVING MOLECULAR-CRACKING )

BEEN, W. & MICH TECH UNIV
MINING ENGINEERING, (20} N 1, 58-59, JAN 1968. MINING MAY BE FEASIBLE BY DIRECT THERMAL SHOCK FRACTURING, DIRECT
MELT, HIGH TEMPERATURE SOLVENTS, OR MOLECULAR CRACKING. THE HARVESTING OF MINERALS CONCENTRATED BY ORGANISMS MAY
BE A POSSIBILITY.

05-68-01008 FINDING NEW WAYS TO WIN METALS ( LEACHING ELECTROSTATIC PHYSICAL-FORM )

BROWN, J. H. & QUEEN'S UNIV ONT CAN
MINING ENGINEERING,; (20) N 1, 59-60, JAN 1968. STANDARD BENEFICIATION PRACTICES CAN BE IMPROVED WITH SULFIDE
DEPOSIT LEACHING, ELECTROSTATIC AND HIGH TENSION SEPARATION TECHNIQUES AND EVALUATING PHYSICAL FORM TO DETERMINE
PROCESSING.

05-68-01009 MULTIFOLD POSSIBILITIES FACE BENEFICIATION ENGR ( COMPUTERS ENVIRONMENT GEOLOGY LASER HIGH-PRESSURE-WATER
)

HARRIS, C. C. & COLUMBIA UNIV
MINING ENGINEERING, (20) N 1, 60-63, JAN 1968. POLYMERS MAY BE THE FUTURE CONSTRUCTION MATERIALS BUT THERE WILL BE
FNORMOUS MARKETS FOR METALS IN THEIR PRESENT FORM AND AS NEW ALLOYS, POWDERS, FIBER DISPERSIONS AND COMPOSITES.
GEOPHYSICAL, GEOCHEMICAL AND GEOBOTANICAL SURVEYS WILL EVENTUALLY PREDICY OREBODY GRADE BEFORE MINING, DATA FROM LASER
BEAM OR HIGH PRESSURE WATER BORING WILL ACCURATELY DETERMINE GEOLOGY. COMPUTER CONTROL MAY BE USED TO INTERPRET .
ON-LINE INFORMATION THROUGH FEED FORWARD AND FEED BACK LOOPS INTO APPROPRIATE CONTROL DEVICES. UNDERSEA MINING MUST
NOT INTERFERE WITH SEA FARMING REQUIRING THAT DEPOSITS MAY BE MINED BY TUNNELING. ENGINEERS, SCIENTISTS, AND
ADMINISTRATORS WILL BECOME INCREASINGLY AWARE OF ENVIRONMENT, OUR EFFECT ON IT AND ITS EFFECT ON US.

05-68-01010 CRUSHING AND GRINDING - THERE SHOULD BE A BETTER WAY ( FRACTURE MOLECULAR~-ACTIVATION )

BONDy; F. C. & ALLIS-CHALMERS MFG CO
MINING ENGINEERING, (20} N 1, 63-64, JAN 1968. THE QLD METHOD OF APPLICATION OF PRESSURE TO CRUSH MATERIALS IS
INEFFICIENT. THIS SHOULD BE REPLACED BY PROCESSES SUCH AS CENTRIFUGAL FORCE, INDUCED VIBRATION, HIGH VOLTAGE
DYSCHARGE, INDUCTION HEATING OR PENETRATION BY SUFFICIENTLY HARD MATERIAL. ANY PROCESS WHICH COULD SELECTIVELY
ACTIVATE THE INTERNAL CONTACT ATOMS HOLDS PROMISE OF RESULTING IN ROCK DISINTEGRATION.

05-68-02001 HISTORIC OPENING OF TUNNEL IS RECREATED
PASSENGER TRANSPORT, MARCH 4, 1968. IN 1918 MAYOR ROLPH OPENED THE TWIN- PEAKS TUNNEL WHICH CONNECTED DOWNTOWN
AUSTNESS IN SAN FRANCISCO TO 4000 ACRES OF DESIRABLE HOME SITES.

05-68-07001 TUNNEL AND SHAFT CONFERENCE SPOTLIGHTS WIDER ACCEPTANCE OF BORING METHGDS { MOLES ROCK-BOLTS DUST~CONTROL
STATE-OF-THE~ART SYSTEMS SHAFT-SINKING GEOLOGY MATERIALS—HANDLING )}
BEALL, J. V.
MINING ENGINEERING, 139-143, JULY 1968. A TOTAL OF 500 PERSONS ATTENDED THE TUNNEL AND SHAFT CONFERENCE AT THE
UNIVERSTITY OF MINN. MAY 15-17, 1968, THE CONFERENCE COVERED: CONVENTIONAL AND BORED SHAFTS AND TUNNELS, RAISE BORING, f
AND GROUND SUPPORT. STATE OF THE ART OF TUNNELING WAS REVIEWED. NEW METHODS AND TECHNIQUES WERE MENTIONED IN SEVERAL
REPJORTS. GEOLOGIC EXPLORATION WAS STRESSED. ' :

05-68-08001 BOLIDEN LIKES BIG HOLE RAISF BORING BUT QUESTIONS COST AS "INEXPENSIVE®™ ( SWEDEN DRILLING )

ANDDY, S, A
WORLD MIN, (&) N 9, 20-1, AUG 1968. RESULTS OF EXPERIMENTAL DRIVING BY BORING METHOD OF FIVE 48 IN. ID, TOTALING f
650 FT RAISES IN MINES OF BOLIDEN CO. IN SWEDEN SHOW THAT DRILLING RATE AND COST ARE INFLUENCED BY COMPRESSIVE STRENGTH
OF DRILLFO ROCKS; TESY DATA INCLUSIVE OF TOTAL COST OF DRILLED RAISES IS TABULATED. . }
05-68-08002 NEW RAISE DRILLING TOOL TESTED IN CANADA
CAN MIN JOURNAL, (89) N. 8, 61, AUG 1968. DESCRIPTION OF RAISE DRILLING RIG, DEVELOPED BY SECURITY DIV. OF DRESSER
INDUSTRIES, INC, REING TESTED IN CANADA; MODEL 480 RAYISE DRILL IS CAPABLE OF DRILLING 4 TO 6 FT OPENINGS TO DEPTHS OF
350 TO 1000 FT AT INCLINES OF 90 TO 45 DEGREES FROM VERTICAL, THROUGH MOST DIFFICULT TYPE OF GROUND; AT CUPRA MINES IN
QUERFC MACHINE DRILLED SIX 4-FT RAISES IN 83 DAYS, INCLUDING MOVING, PILOT HOLE DRILLING AND REAMING AT AVERAGE CQUTPUT
OF 19 FT °ER THREE-SHIFT WORKING DAY; IT 1S HYDRAULICALLY OPFRATED AND REQUIRES TWC-MAN CREW; ITS COMPONENTS CAN BE
MOVED IN CAGES NO LARGER THAN 43X36 IN., LONGEST SEGMENT MEASURING 10 FT; AREA @ FT WIDE AND 18 FY HIGH IS REQUIRED FOR
QPERATION.

e

05-68-09001 BAY BRIDGE, TUNNEL PACTS SIGNED IN MARYLAND

HOMAN, R.
THE WASHINGTON POST, R2, SEPT 13, 1968. A SECOND BALTIMORE HARBOR TUNNEL AND A PARALLFL CHESAPEAKE BAY BRIDGE |
TUNNEL WEPE APPROVED BY MARYLAND OFFICTALS.
05-68-10001 HEATHROW AIRPORT - LONDON CARGO TRANSPORT LINK ( SHIELD CONCRETE-LINING ) 1
INDIAN CONCRETE JOURMAL, (42) N 10, 426-8, OCT. 1968, DESIGN AND CONSTRUCTION DETAILS ARE GIVEN FOR HALF-MILE 3
UNDERGROUND SECTION OF CARGO TRANSPORT LINK BETWFEN CENTRAL TERMINAL AREA AND NEW CARGO COMPLEX IN SOUTHWEST CORNER OF {
HEATHROW ATRPORT IN LONDON; TUNNEL WAS SHIELD DRIVEN IN SOFT GROUND; HIGH PRECISION CONCRETE LINING SEGMENTS WERE
SRECTED [N RINGS WITHOUT ATTACHMENT BETWEEN UNITS, AND STRESSED DIRECTLY AGAINST GROUND IMMEDIATELY BEHIND TUNNEL
SHIELD; DFESIGN COMBINES ECONOMY WITH MINIMUM GROUND MOVEMENT ABOVE AND AROUND TUNNEL. .
05-68-10002 MALABAR HILL TUNNEL IN BOMBAY ( FRFEWAY-TUNNEL STRUCTURAL-DESIGN ) ' ¢ )

ANDHARE, N. M. + BORKAR, A. G. {
INDTAN CONCRETE JOURNAL, (48} N 10, 413-17, OCT. 1968, FEATURES OF PROPOSFD MALABAR HILL TUNNEL IN BOMBAY, INDIA
WHICH FORMS PART QF WEST ISLAND FREEWAY CONNECTING SOUTHERN END OF BUSINESS DISTRICT OF CITY WITH NORTHERN SUBURBS;
GEOLOGICAL INVESTIGATICMS CONDUCTED AND STRUCTURAL DESIGN OF TUNNELS ARE DISCUSSED.

r

05-68-10003 SUBWAY, BUT NOT FOR TRAINS ( WATER-TUNNEL )
ENGINEERING NEWS-RECORD, 23, OCT 17, 1968. NEW YORK CITY HAS ANNOUNCED THE START OF CONSTRUCTICN CN A 15-MI WATER .L
TUNNFL. THE 20 TO 27 FT DIA BORE WILL RUN FROM A RESERVOIR IN YONKERS UNDER THE BOROUGHS OF THE BRONX AND MANHATTAN,

KLTIMATELY TO THE BOROUGH OF QUEENS. ESTIMATED COST - $238 MILLION, IT IS THE BEGINNING OF A PROPOSED &3-MI TUNNEL

FTWORK




e

L P

Lo

>

—J

25

05-68-10004 NEW SPUR FOR MINING ( RESEARCH )

INDUSTRYIAL RESEARCH, 25, OCT 1968. NEW TECHNOLOGY IS NEEDED (1) INCREASING URBANIZATION REQUIRES BETTER (AND
CHEAPER) TECHNIQUES FOR BUILDING SUBWAYS, SEWERS, AND OTHER UNDERGROUND SERVICE FACILITIES. (2) DEPLETION OF U.S.
MINERAL RESOURCES JEOPARDIZES NATIONAL SECURITY AND THE BALANCE OF PAYMENTS AND MAKES IT DIFFICULT TO HOLD DOWN FOREIGN
PRICE LEVELS. A 10-YEAR $200 MILLION FEDERAL R AND D PROGRAM AIMED AT IMPROVING EXCAVATION EFFICIENCY BY 300 PERCENT
AND CUTTING THE COST BY 30 TO 50 PERCENT HAS BEEN PROPOSED.

Q5-68-10005 REPORT CALLS FOR REVOLUTION IN METHODS OF UNDERGROUND EXCAVATION ( RESEARCH )
FNGINEERING MINING JOURNAL, 109, OCT 1968. NEEDED RESEARCH IN UNDERGROUND EXCAVATION. A TEN-YEAR RESEARCH EFFORT

“RECOMMENDED BY THE NATIONAL ACADEMIES OF SCIENCE AND ENGINEERING WOULD AIM AT MAKING UNDERGROUND EXCAVATION THREE TIMES

FASTER AND 30 PERCENT CHEAPER THAN IT IS TODAY.

05-68=11001 WHEELS OF GOVERNMENT ([ SAFETY-STANDARDS HEALTH-RISKS ENVIRONMENT }

DWORSHAK, H.
MINING CONGRESS JOURNAL, (54) N .11, 94-100, NOV 1968. PROPOSED STANDARDS UNDER THE FEDERAL METAL AND NONMETALLIC
MINE SAFETY ACT ARE EXPECTED TO BE PUBLISHED BEFDORE DECEMBER 31, 1968. H, N. DOYLE OF HEW HAS BEEN ASSIGNED THE TASK
OF ASSISTING BU MINES EXPAND ITS HEALTH PROGRAM. FIRST TASK RELATES TO PNEUMDCONIOSIS. PROF. LEDBETTER OF U. OF
TEXAS REPORTS THAT A RECENT SURVEY SHOWED THAT ALTHOUGH MOST PEOPLE WANT AIR POLLUTION STOPPED, THEY ARE NOT WILLING TO
PAY AS LITTLE AS $15/YEAR TO CLEAN IT UP. A MINE ENVIRONMENT SHORT COURSE IS OFFERED AT UNIV. OF MISSOURI AT
ROLLA, APRIL 16-18, 1969.

05-69~01001 TWELVE-DRILL JUMBO SPEEDS TUNNELING CYCLE ( DRILL-BLAST RECCORD )

CONSTRUCTION METHODS & EQUIPMENT (51) N. 1, 56-62, JAN 1969. HOW MINERS PUNCHED BIG HORSESHDOE TUNNEL THROUGH MILE
AND A HALF OF SOLID MOUNTAIN IN COLORADO ROCKIES 60 MI WEST OF DENVER; FOUR DRILLS WORKED ON TOP AND BOTTOM DECKS AND
ADDITICNAL FOUR SIDE MOUNTED ON JUMBO RIDING RAILS INTO 8148 FT LONG TUNNEL; TOP RIB SECTIONS, WEIGHING 211 LB/FT WERE
SET WITH HYDRAULIC EQUIPMENT.

05-69-01002 FIRST SECTION OF BUDAPEST UNDERGROUND NOW NEARING COMPLETION { HUNGARY DANUBE )

RATLWAY GAZELTE, (12%) NO-'1, 19-24, JAN. 3, 1969. AFTER TWENTY YEARS TUNNELING IS COMPLETE ON THE EAST-WEST LINE
OF BUDAPESYS SUBWAY LINE. METHODS OF CONSTRUCTION USE ARE. DESCRIBED. FIVE OVERLAPPING TUBES ARE INVOLVED FOR BUSY
STATIONS.

05-69-0200) MINING AND EXPLORATION TECHNJLOGY - INNOVATION SETS PACE IN 1968

MTNING FNGINEER, (?1) N 2, 63-73, FEB. 1969. REVIEW AND METHODS AND EQUIPMENT DEVELOPED IN 1968 IN ARFAS OF OPEN
PIT-, UNNERGROUND-, AND SOLUTION-MINING; INCREASING PART PLAYED IN MINING INDUSTRY BY OPERATIONS RESEARCH AND USE OF
COMPUTERS IS REPORTED. 33 REFS.

05=69-02001 MEXICO'S METRO-CONSTRUCTION MIRACLE. ( SUBWAY )

WORLD CONSTRUCTION, (22) NO 3, 27-29, MAR. 1969. CONSTRUCTION PROBLEMS ENCOUNTERED IN DRIVING THE 35 KM MEXICO
CITY SUBWAY NETWORK IN THE OLD LAKE BED ARE DESCRIBED. THE SYSTEM HAS 3 LINES WHICH INTERSECT IN THE CITY CENTER. THE
STRATA IS A SOFT, SOGGY CLAY WHICH IS 85% WATER.. ’

05-69-05001 FOUR BARREL TUNNEL SFT FOR BIDS ( NYC-SUBWAY LIRR SHIELD SUNKEN-TUBE }

“NGR. NFEWS-RECCRD, (182) 52, MAY 22, 1969. THE N.Y. METROPOLITAN TRANSPORTATION AUTHORITY WILL TAKE BIDS ON TWQ
ALTERNATE MFTHODS OF CONSTRUCTION FOR THE FOUR LANE DOUBLE DECK TRANSIT TUNNEL UNDER THE EAST RIVER. THE ESTIMATED $75
MILLION TUNNFL WILL CARRY TWO LANES OF THE LONG ISLAND RR ON THE LOWER DECK, TWO SUBWAY TRACKS ON THE UPPER DECK. THE
CANTRACTARS MAY BID FITHER A BORED TUBE UNDER THE RIVER OR A PRECAST SUNKEN TUBE IN THE RIVER BED.

05-69-05002 LOW BID ON TUNNEL UNDER WELLAND CANAL REALLY LOW { ST-LAWRENCE~SEAWAY )
ENGR < NFWS-RECNRD, (182) 5643 MAY 22, 1969. SIMARD BEAUDRY INC. WAS APPARENT LOW BIDDER WITH $26.6 BID FOR THE
CONSTRULCTTION OF A COMBINATION HIGHWAY-RAILWAY TUNNEL UNDER A SECTION OF THE WELLAND CANAL AT WELLAND ONT.

05-59-05002 B8IG DIXIF TUBE ( MORILE-RIVER SUNKEN-TUBE }
ENGR. NEWS-RECORD, (1R2) 7, MAY 29, 1969, ALARAMA HAS CALLED FOR BIDS JULY 29 FOR THE 3000 FT FOUR LANE
SUNKEN-TURE TUNNEL UNDFR THE MOBILE RIVER WHICH IS ESTIMATED AT $34 MILLION TO $38 MILLION.

05-62-05004 BART'S GIANT CAISSON ( TRANS-BAY-TUNNEL 1}
WFSTERN CONSTRUCTICN, S7-69, MAY 1968. THE VENTILATION STRUCTURE FOR THE SAN FRANCISCO END OF BART'S TRANSBAY TyURF
TS A 172 =T LONG 68 FT WIDE AND 108 1/2 FY HIGH CATSSON. METHOD OF CONSTRUCTION AND INSTALLATION ARE GIVEN.

5-£9-05005 MEW MEDICAL CENTER FOR SAND HOGS ( COMPRESSED-AIR BARTD-SUBWAY )

AESTFRN CANSTRUCTINN, 64-69, MAY 1968. THREE SPECIALLY DESIGNED DOUBLE MEDICAL LOGCKS AND SUPPQRT SYSTEM AND AN
ARQUND-THE~CLOCK MEDTCAL STAFF OF THE NEW COMPRESSED AIR MEDICAL FACILITY IN SAN FRANCISCC BACK-UP SAND HOGS ON ALL
AART SUBWAY TUNNELS BEING DRIVEN UNDFR COMPRESSED AIR.

05-69-05C06 STATE OFFERS TWO TUNNELS FOR ONE ( VIRGINIA HIGHWAY HAMPTON-ROADS )

CNGR . NFWS-RECORD, (187) 15, MAY 8, 1969. THE VIRGINIA HIGHWAY DEPT OFFERS AN ALTERNATE PLAN FCR THF INTERSTATE
I-64 LINK AT NDRFOLK AND HAMPTON ROADS., THE STATE WOULD PAY TOTAL COST FOR THE 11.3 MILE LAND CONNECTION TF THE
INTERSTATE SYSTEM WOULD BUILD THE TWD TUNNELS.

05-69-05007 WHICH DESIGN FOR RECORD ROAD TUNNEL UNDER SWITZERLAND®'S ST. GOTTHARD PASS? ( HIGHWAY )
ENGR., NEWS-RECORD, (182} 30-33, MAY 8, 1969. TWO ENGINEERING CONSULTING FIRMS HAVE PROPOSED ALTERMATE CESIGNS FOR
THFE WORLNS LONGEST HIGHWAY TUNNEL TO BE RUTLYT UNDER THE ST. GOTTHARD PASS. THE SWISS GOVERNMENT MUST DECIDE SOON
RETWEEN THE MNTQOP COLUMRUS PROPOSAL FOR TWD VENTILATING SHAFTS PLUS A VENTILATING TUNNEL PARALLEL TO THE HIGHWAY, AND
THE FLFCTRC-WATT PROPOSAL TC USE FOUR VENTILATING SHAFTS, WHICH HAS BFEEN BID AT $38 MILLION, $4 MILLION LESS THAN

MATAR-COLUMBRUS

05-6S-050Q8 GUATERNALA DIGS *INSTANT HEAD' ( HYDRO-ELECTRIC )

EMGP, NFWS-RECORD, (182) 76-77, MAY 22, 1969. A TRANSMOUNTAIN RIVER DIVERSION IN GUATAMALA USING A TUNNEL WHICH IS
AS MUYCH AS 45Q FT RELOW THE CREST OF INTFRVENING HILLS IS CREATING 2343 FT OF USABLE HEAD. THIS ADDS 60,000 K.W. TO
THE NATICNAL ELECTPIFICATION SYSTEM AND USES 100% OF THE FLOW OF THE RIOQ MICHATOYA.

15-69-060Q1 SWISS TUNNFL AWARDS ( ST.-GOTTHARD HIGHWAY )
ENGR . NEWS~RECORD, (183) 67, JUNE 19, 1969. THE SWISS GOVERNMENT APPROVED TUNNEL CONSTRUCTION CONTRACTS TOTALING
$39,8 MILLION FOR THF 10 1/8 MILE ST. GOTTHARD HIGHWAY TUNNEL. THE TUNNEL WILL HAVE FOUR SHAFTS FOR VENTILATION.

05-69-07001 CHUNNEL STTLL CHUGGING { ENGLISH-CHANNEL )
TNGR. MEWS—RFCORD, (183} 7, JULY 3, 1969, THE BRITISH MINISTRY OF TRANSPORT SAID THAT WORK ON A CHANNEL TUNNEL
CAULD START AS SCHEDULED IN 1971 AND FINISH BY 1976.

05-69-07002 HONG KONG TUNNEL ( SUNKEN-TURE }

ENGP . NFWS-RECORD, (182) 7, JULY 3, 1969, A CONSORTIUM INCLUDING RAYMOND INTERNATIONAL SIGNED A $45 MILLION
CONTRACT 70 RUILD A ONE MILF TUNNEL BETWEEN HONG KONG ISLAND AND KOWLOON, WORK BEGINS ON THE FOUR-LANE DUAL SUNKEN
TURE CRASSING IN SEPTEMBER.



26

05-69-07003 A SUBWAY FOR FLANDERS ( BELGIUM )

ENGR NEWS—-RECORD, (183) 13, JULY 10, 1969. ANTWERP WILL START A $20 MILLION RAIL TRANSIT SYSTEM THIS FALL. A
THREE LEVEL STATION WILL CODRDINATE SUBWAY AND VEHICULAR TUNNEL. WORK WILL START ON TWO OTHER STATIONS AND 3/4 MILE OF
SUBWAY NEXT YEAR.

05-69-07004 TWIN BORE HIGHWAY TUNNEL WILL LINK TWO VIRGINIAS

ENGR. NEWS—-RECORD, (183) 28, JULY 10, 1969. A $23.7 CONTRACT WAS AWARDED TO THE JOINT VENTURE CF GORDON H. BALL
INC. AND S. A. HEALY CO. TO BUILD THE 5661 FT LONG TWIN TUBES ON I-77 UNDER EAST RIVER MOUNTAIN TO CONNECT BLAND COs VA
WITH MERCER CO. W.VA. COMPLETION IS SCHEDULED FOR JULY 1973.

05-69-07005 ROCKY TUNNEL IS WORLD'S HIGHEST ( HIGHWAY COLORADO STRAIGHT-CREEK SHIELD )

FNGR. NEWS-RECORD, (183) 39-41, JUuLY 10, 1969. THE 8148 FT TUNNEL, THE FIRST BORE OF A PAIR OF TUNNELS WHICH WILL
CARRY I-70 THROUGH THE CONTINENTAL DIVIDE AT AN ELEVATION OF 11000 FT WILL BE THE LONGEST HIGHWAY TUNNEL TN NORTH
AMERICA AND THE HIGHEST ONE IN THE WORLD. A FOUR COMPANY VENTURE-STRAIGHT-CREEK CONTRACTORS — CONSISTING OF AL JOHNSON
CONSTR CO, GIBBONS & REED CO, KEMPER CONSTR CO AND WESTERN PAVING CO, BEGAN DRIVING THE WEST PORTAL IN MARCH 1968.
COMPLETION 1S SCHEDULED FOR DEC 1970. A SPECIAL 25 FT LONG 450 TON SHIELD WAS ASSEMBLED IN THE MIDDLE OF THE MOUNTAIN
TO BE USED IN A 1000 FT STRETCH OF BADLY FAULTED ROCK.

05=69-07006 LOW BID CALLED BACK. ( WELLAND-CANAL RAIL-ROAD-TUNNEL}

ENGR . NEWS—-RECORD, (183) 17, 1969. THE LOW BIDDER ON THE WELLAND CANAL ROAD-RAIL TUNNEL ASKED AND RECEIVED
PERMISSION TO WITHDORAW THEIR LOW BID BECAUSE OF A SERIOUS ERROR IN CALCULATION. THE SEAWAY AUTHORITY WILL REBID ON AN
ENLARGED SCOPE JOB.

05=69-07007 UTILITY TRENCH AT SEA-TAC AIRPORT ( SEATTLE )
WESTERN CONSTRUCTICN, (44) NO. 7, 60-62, JULY 1969. A 1500 FT UTILITY TUNNEL IS BEING BUILT AS PART OF THE
EXPANSION OF THE SEATTLE TACGMA AIRPORT. EXCAVATION AND CONSTRUCTION TECHNIQUES ARE DESCRIBED.

05269-08001 VIENNA TO DIG 24-MILE SUBWAY ( AUSTRIA ) ,
ENGR NEWS-RECORD, (183) 49, AUG 7, 1969. VIENNA WILL START A $195 MILLION SUBWAY SYSTEM THIS FALL. FOUR LINES WITH
24 MILES WILL BE BUILT. ONE LINE WILL BE SHIELD SHIELD DRIVEN, ONE WILL USE SLURRY TRENCH, ONE AN EXISTING TUNNEL.

05-69-08002 OHIC SANITARY INTERCEPTOR SEWER ( TUNNELING OPEN-CUT COSTS )

ENGINEERING NEWS—RECORD, (183) N. 8, 41, 72, AUG 21, 1969. CONSTRUCTION OF 42 AND 48 IN PIPE LINES WAS 22 TO 46
PERCENT LESS BY OPEN CUT THAN BY TUNNELING. BLASTING FOR OPEN CUTS CREATES A PROBLEM BECAUSE OF ITS UNDETERMINED
EFFECT ON HIGH-TENSION ELECTRICAL LINES PASSING THROUGH THE AREA.

FNGR NEWS—RECORD, (183) 16, AUG. 14, 1969. DRAVO CORP AND S.S. MULLEN DROVE A 12 FT UNLINED TUNNEL THROUGH 800 FT
OF RAOCK TO A POINT NEAR THE BOTTOM OF ALASKA'S LONG LAKE. THE FINAL 9 FT THICK PLUG WAS REMOVED BY A SINGLE BLAST. THE
WATER LEVEL WILL BE LOWERED 115 FT IN 3 MONTHS. THEN THE CORP OF ENGRS WILL LET A CONTRACT TO BUILC A 112 FT HIGH
CONCRETE GRAVLTY DAM ON TOP OF THE NATURAL ROCK DAM. A POWER TUNNEL 8200 FT LONG WILL BF ADDED LATER.

05-69-08002 BLAST PULLS THE PLUG IN ALASKA LAKE ( HYDRO-PROJECT )

05-69-08004 THE HONG KONG CROSS~HARBOUR TUNNEL ( SUB-AQUEOQUS )

ROADS AND ROAD CONSTRUCTION, (47) NO. 560, 246-50, AUG. 1969. A SUBMERGED TWIN TUBE TUNNEL 6085 FT LONG WILL BE
3UILT UNDER HONG KONG HARBOR. THE TUBES WILL BE 34 FT IN DIAMETER AND PROVIDE 22 FT OF ROADWAY — PROVIDING TWO LANES
OF TRAFFIC IN EACH DIRECTION.

05-69-09001 ROCKFALLS IN SNOWY MOUNTAIN TUNNEL ( AUSTRALIA }
FNGR . NEWS—-RECORD, (183) 9, SEPT. 4, 1969. ROCKFALLS IN THE 148 MILE SNOWY-EUCUMBENE TUNNEL HAVE RESTRICTED FLOWS
Y 20%.

05-69-09002 NORTHFIELD. MOUNTAIN GOES UNDERGROUND TO SHAPE UP

ENGR NEWS-RECORD (1833, 34-42, SEPT. 4, 1969. THE $85 MILLION NORTHFIELD MOUNTAIN 1 MILLION KW PUMPED STORAGE
INSTALLATION HAS A UNIQUE DESIGN. IT HAS AN UNDERGROUND POWERHOUSE AND SURGE SHAFT COMPLEX. INVESTMENT WILL BE $85
PER KW, .

05=69-09003 TUNNEL BIDS HAVE A $40-MILLION SPREAD ( NYC TRANSIT TRENCH-TUNNEL )

ENGR NFWS—-RECORD, (183) 90, SEPT. 18, 1969. A JOINT VENTURE OF PETER KIEWIT SON'S CO MORRISON-KNUDSCN CO AND
SLATTERY ASSOCIATES INC IS APPARENT LOW BIDDER GN THE FOUR TRACK 3140 FT TRANSIT TUNNEL AT 69TH ST UNDER NEW YORK
CITY*S EAST RIVER. THE LOW BID WAS $69.5 MILLION, $10 MILLION LESS THAN THE SECOND LOW BID. "PRECAST TUBES 38 SQ FT IN
SECTION WILL BE SUNK IN TRENCHES.

05-69-09004 PYRENEES TUNNELERS DRIVE HOME ( SPAIN FRANCE )
ENGR NEWS-RECORD, (183) 92, SEPT. 18, 1969. FRENCH AND SPANISH WORKERS HAVE ALMOST COMPLETED THE €900 FT LONG
TUNNEL IN THE PYRENESE MOUNTAINS BETWEEN FRANCE AND SPAIN. OPENING DATE IS EXPECTED TO BE IN SPRING 1971.

05-69-09Q005 ARGENTINA EXPANDS HYDRO PROJECT
ENGR NFWS—-RECORD, (183) 93, SEPT. 18, 1969. ARGENTINA MOVED INTO THE SECOND PHASE OF ITS 1.6 MILLION KW
CHOCON-CERROS COLORADOS HYDRO COMPLEX WITH THE OPENING OF BIDS ON YHF PORTEZUELO GRANDE PROJECT.

05-69=09006 THE COMING REVOLUTION IN TRANSPORTATION ( FLAME WATER-JET CHEMICALS LASER GAS-GUN MOLE )

APPEL, F. C. ’
NATIONAL GEOGRAPHIC, (136) N 3, 301-341, SEPT 1969. THE TRANSPORTATION REVOLUTION IS ON ITS WAY. SOCIETY CAN NO
LONGER TOLERATE TRAFFIC AS IT ISt ITS HIGH DEATH TOLL, ITS CONTRIBUTION TO AIR POLLUTION, ITS NOISE, ITS
FRUSTRATIONS. TECHNOLOGY HAS PRODUCED AND WILL IMPROVE MORE VERSATILE HYDRAFOILS, AIR CUSHION BOATS AND TRAINS,
COMPRESSED AIR TUBE TRAINS, AUTOMATED CARS, V/STOL AIRCRAFT, SUPERSONIC TRANSPORTS, JUMRD JETS AND LINEAR INDUCTION AND
CAPSULE TRANSPORT. HOWEVER, THESE INNOVATIONS WILL HAVE TO BE SUPERIMPOSED ON AN ALREADY EXISTING SYSTEM. ALL THESE
NEW SYSTEMS ARE DISCUSSED. STOCKHOLM IS TAKEN AS AN EXAMPLE OF THE FUTURE CITY. HERE THE GROUND LEVEL IS ALREADY A
FOUNTATIN DOTTED PLAZA AS ALL TRAFFIC IS BENEATH IT IN TUNNELS. COST IS ALL THAT PREVENTS CITY TRAFFIC FRIM GOING
UNDERGROUND NOW. THE NEW TUNNELING METHODS: JETS OF FLAME, HYPERVELOCITY JETS OF WATER, CHEMICALS, LASER BEAMS,
PLASTIC ENCASED WATER PELLETS FIRED FROM POWERFUL GAS GUNS AND IMPROVED MOLES, ARE REDUCING THIS TUNNFLING COST WHILE
LAND COSTS CLIMB. WHEN CARS ARE AUTOMATED AND HIGHWAYS ARE COMPUTER CONTROLLED THE RECKLESS DRIVER AND TRAFFIC JAMS
WILL RE FLIMINATED. THE NEW SYSTEMS WItt BE EFFICIENT, ECONOMICAL AND SAFE WAYS TO TRAVEL.

05=-69-10001 DALLAS PLAN SEPARATES TRAFFIC, PEOPLE ( TRUCK=-TUNNEL PEDESTRIAN TUNNELS )

ENGR NEWS—RFCORD, (183) 21, OCT. 2, 1969, MONTREAL CONSULTANTS PONTE-TRAVERS ASSOCIATES HAVE COMPLETE AN 18 MONTH
$178,000 STUDY FOR DALLAS CENTRAL BUSINESS DISTRICT. IT RECOMMENDS A CONTINUOUS NETWORK OF PEDESTRIAN TUNNELS, A
CONSCLIDATION OF SOME OF THE DOWNTOWN BLOCKS, A MAIN STREET TRUCK TUNNEL, AND A REGIONAL RAPID TRANSIT PLAN.

05-69-10002 THIRST QUENCHER [ WATER-TUNNEL NYC )
FNGR NEWS-RECNRD, (183) OCT. 23, 1969. NEW YORK CITY LAUNCHED A 20 YEAR $1 BILLION WATER SUPPLY TUNNEL PROJECT RY

INVITING RINS ON THE $360,000 FIRST STAGE — A 20 FT TO 27 FT TUNNEL 15 MILES LONG FROM YONKERS INTO MANHATTAN AND EAST
INTO QUFENS.
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05-69-10003 FEDERAL HELP HINTED FOR RAPID EXCAVATION RESEARCH

ENGR NEWS~RECORD, (183) 24-25, OCT, 23, 1969. HINTS OF FEDERAL SUBSIDY FOR DEVELOPMENT OF RAPID EXCAVATION
TECHNIQUES WERE NOTICEABLE AT THE SECOND SYMPOSIUM ON RAPID EXCAVATION HELD AT SACREMENTO STATE COLLEGE. ACCOUNTS OF
RECENT CONSTRUCTION PROJECTS INCLUDED THE WHITE PINE COPPER CO DEVELOPMENT EFFORTS, HECLA MINING CO'S SPRAY-ON
CONCRETE,

05-69-11001 FQUIPMENT MATINTENANCE ( MACHINES MATERTIALS LABOR-RATES )

PEREZ, H. T.
CONSTRUCTION METHODS AND EQUIPMENT, (51) NO. 11, 49, NOV 1969, BECAUSE OF HIGH LABOR RATES AND EXPENSIVE MACHINERY
PROPER MAINTENANCE CAN MAKE THE DIFFERENCE BETWEEN PROFIT AND LOSS. CONSTRUCTION IS A BUSINESS OF MEN, MACHINES,
MATERIALS, MONEY, METHODS, MANAGEMENT AND MAINTENANCE.

05-69-11002 MAINTAIN DRILL STRINGS ( BITS HANDLING~COSTS RECOMMENDED-PRACTICE }

PEREZ, H. T.
CONSTRUCTION METHODS & EQUIPMENT, (51) N. 11, 50-54, NOV 1969. ROCK BITS AND DRILL RODS t0OOK RUGGED BUT THEY STILL
REQUIRE CARE. HANDLE THEM LIKE THE HIGH-GRADE TOOLS THEY ARE. DON'T LET STEEL LIE IN UNDERGROUND WATER. SUCCESSFUL
MAINTENANCE OF ROCK BITS AND DRILL STEEL ISN'T COMPLICATED OR DIFFICULT. IT DOES REQUIRE A NUMBER OF STEPS WHICH MUST
RE CARRIED OUT ROUTINELY. SLACKEN OFF AND THE PENALTIES ARE SEVERE. FOLLOW RECOMMENDED PRACTICES AND YGU BUILD A
STRONG SHIELD AGAINST LOW DRILLING PRODUCTION AND HIGH COSTS.

05-69=-12001 TUNMNELED TRACK ( JAPAN RAILWAY )

FNGR NEWS-RECORDy (183) 9, DEC. 4, 1969. JAPAN NATIONAL RAILWAY WILL CONSTRUCT A 238 MILE HIGH-SPEED EXPRESS RAIL
LINF BETWEEN OKAYAMA AND HAKATA THAT WILL INCLUDE MORE THAN 100 MILES OF TUNNEL AND AN 11 MILE BORE UNDER THE KANMON
STRAIT. THE $1.3 BILLION LINE IS SCHEDULED FOR COMPLETION IN 1975.

05-69-12002 SFAWAY WEIGHS TUNNEL LOW BIO ( WELLAND ROAD-RAIL }

ENGR NEWS-RFCIRD, (183) 21, DEC. 4, 1969. A JOINT VENTURE OF C. A. PITTS CONSTR CO OF TORONYO AND DON MILLS OF
ONTARIN 1S APPARENT LNW BIDDER FOR THE COMBINATION HIGHWAY - RAILROAD TUNNEL UNDER THE RELOCATED SECTION OF WELLAND
CANAL. THEIP RID COF $31,8 WAS ONLY $200,000 LESS THAN THE PREVIOUS LOW BIDDER SIMARD BEAUDRY,

05-69-12003 D.C. SUBWAY STARTS AFTER 20 YEARS

ENGP. NEWS-RECORD, (183) 24, DEC. 11, 1969. THE WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY WILL CONDUCT A
GROUND BREAKING CEREMDONY AT THE SITE OF ONE OF THE STATIONS OF WASHINGTON D.C.'S METRO SYSTEM. TWO CONTRACTS HAVE BEEN
LET FOR SECTIONS OF THE SUBWAY. THE FIRST 6 MILES IS EXPECTED TO OPEN THREE YEARS AFTER START OF CCNSTRUCTION.

05-69-12004 PUMPED STORAGE HAS NO PUMPS ( CALIFORNIA )

FNGR NEWS-RECORD, (183) 60, DEC. 18, 1969. A 4300 FT LONG 14 FT TUNNEL AND BRUSH CREEK DAM IS BEING BUILT BY.DRAVO
CORP UNDER A $15.9 MILLION CONTRACT. THE TUNNEL IS DESIGNED TO CARRY WATER IN EITHER DIRECTION. THIS WILL DOUBLE THE
CAPACITY OF SACRAMENTO MUNICIPAL UTILITY DISYRICT*S CAMINO HYDRO STATION.

05-69-12005 TUMNEL RONOF COLLAPSE BLOCKS ROCKIES TRAFFIC ( ROOF-BOLTS )

FNGR NEWS-REC2IRD, (183) 65, DEC. 18, 1969. MOISTURE COLLECTING UNDER THE ROOF SEALANT OF A HIGHWAY TUNNEL ON U.S.
HIGHWAY 6, 12 MILES FROM DENVER, CAUSED A ROCK FALL WHICH REQUIRED CLOSING THE TUNNEL FOR SEVERAL WEEK WHILE REPAIR
CREWS INSTALLFD RJOF BOLTS TO PREVENT FURTHER FALLS.

05-70-01001 RIVFRSIDF RPMNAD TUNNEL PROPOSED FOR SITE NEXT TO PALACE OF WESTMINSTER

TUNNELS AND TUNNELING, (2) NO 1, 11, JAN. 1970. THE MINISTRY OF PUBLIC BUILDINGS AND WOPKS, GREATER LONDON PLANS
TO REDEVELQP THE WHITEHALL AREA WITH A RIVERSIDE ROAD TUNNEL FROM NORTH GF HUNGERFCRD BRIDGE TO SOUTH OF LAMBETH
BRIDCGT. THE STIX LANE ROAD TUNNEL WCQULD COST 16 MILLION POUNDS.

Q5-70-010Q02 ENINBURGH CITY MOTORWAY INCLUDES TWIN TUNNELS

TUNNFLS AND TUNNELING, (2) NG 1, 11, JAN. 1970. ODESIGN HAS STARTED ON A 10 MILLION POUND PROJECT TO PROVIDE NEW
QUAL THREE LANF URPAN MOTORWAY THROUGH EDINBURGH. IT WILL PASS THROUGH COTTON HILL IN TWIN ROCK TUNNELS EACH 14 METERS
WINE AND 150 METERS LONG. :

05-70-01003 16284 M LONG ROAD TUNNEL THROUGH MT. ST. GOTTHARD WILL BE 4 KM LONGER THAN MT. BLANC
TUNNFLS AND TUMNELING, (2) NO 1, 11, JAN. 1970. CONSTRUCTION STARTS SGON ON A ROAD TUNNEL FROM GOESCHENEN TN
ATROLN WHICH WILL RE ONE OF THE WORLDS LONGEST TUNNELS. THE TWO HEADINGS ARE SITUATED ARDUT 1100 M AROVE SEA LEVEL.

05-70-01004 TUMNELS AND SUBWAYS 0N THE S.F. BART SYSTEM ( MOLES COST )
THCON, J. G. + AMOS, M. J. & BECHTEL CORP SAN FRANCISCO
TUNNELS AND TUNNELING, (2) NO 1, 13-17, JAN. 1970. THE COMMUNITIES ARQUND THE SAN FRANCISCO BAY ARE LINKED BY LONG

. SUSPENSIAN SPANS OF THE QAKLAND BAY BRIDGE. TRANSIT BETWEEN THE COMMUNITIFS IS ENTIRELY BY ROAD. PRART IS THE ONLY

ENTTRFLY NFW SYSTFM TO BF BUILT IN A U.S. CITY IN 30 YEARS., 20 MILES OF THE 75 MILE SYSTEM ARE UNDERGROUND. & MILES
0F THIS ARE IN A SURMERGED TUBE ACROSS THE BAY. 4 MILES ARE IN MEDIUM SOFT ROCK. 6 MILES ARE IN SOFT GRCUND. 6 MILES
ARE CUT-AND-COVER CONSTRUCTION. DETAILS OF THE E£EXCAVATION ARE GIVEN. AVERAGE COST OF SOFT GROUND TUNNELS HAS BEEN
$1850/FT OF SINGLF TR2ACK TUNNEL. THE BERKELEY HILLS TUNNEL IN ROCK COST $940/FT AND A SHORTER TUNNEL IN ROCK COST
$1200/FT.  CUT AND COVFR COST $680/FT.

05-70-01005 TUMNEL UNCORKS HIGHWAY BOTTLENECKS { CUT-AND-COVER MINNEAPOLIS )

FNGR. NEWS—RECNRD, (184) 18-19, JAN., 29, 1970. MINNESOTA HIGHWAY DEPT IS BUILDING AN INTERCHANGE WITH A 1500 FT
TUNMNSL AND ANOTHEP INTFRCHANGE COMPLEX ON PILES TQ RELIEVE THE BOTTLENECKS IN DOWNTOWN MINNEAPOLIS. A JOINT VENTURE GF
NSTER PEDERSON AND FCLFY BROS. HAVE A $7.3 MILLION CONTRACT TO BUILD THE TUNNEL AND THE SUPERSTRUCTURES AVFR IT.

05=70-01006 TUNNEL GNES FOR RECORD $222.6 MILLION ¢ BLASTING MOLES COST SCHEDULE SIZE WATER )

ENGINEERING NFWS-RECORD, (184) 13-14, JAN. 15, 1970. STAGE 1 WATER DISTRIBUTION SYSTEM FOR NEW YORK CITY INCLUDES
9 MILES NF 24 FOOT DIAMETER TUNNEL, 5 MILES 0OF 20 FONT DIAMETER TUNNEL AND 3 UNDERGROUND CHAMBERS FOR CONTROL VALVES
AND MFTERS, 15 SUPPLY RISERS AND FITHFR 3 OR 4 CONSTRUCTION SHAFTS FOR THE LOW BID SUM OF 222.6 MILLIGON COLLARS. THE
YARD ROCK, MATMLY GNEISS AND MANHATTAN SCHIST WAS PLANNED TO BE BLASTED BUT OFFICIALS ARE NOW CONSIDERING THE POSSIRLE
USE OF TUMNFLING MACHINES, SCHEDULED CONSTRUCTION TIME FOR THE ENTIRE PROJECT IS 60 MONTHS. PREVICUSLY A MOLE WAS
TRIED AND FINALLY PULLED OUT OF ANOTHER DEEP TUNNEL UNDER NEW YORK B8AY. THE TOUGH MANHATTAN SCHIST, RIDDLED WITH
P:GMATITP< STOPPED A UNIT SUPPOSEDLY DESIGNED TO HANDLE SUCH HARD ROCK.

Q“7Q‘QLQQ7 PUMPED STORAGE PROJECT IS A BAD ROCK NIGHTMARE ( BELGIUM )

FNGR . NFAS-RECORD, (184) 29, JAN. 1, 1970. MIST MOUNTAIN WITH THE AMBLEVE RIVER AT ITS FOOT LOGKED LIKE A PERFECT
SITE FNR BRELGLUM'S NEW PUMPED STORAGE PROJECT BUT BAD ROCK IS CAUSING PROBLEMS. ROCK SLINES THREATENED WORKERS
FONSTANTLY IN THE WATFR TUNNEL DESPITE USE OF STEEL AND CONCRETE REINFORCING ARCHES AND AN R IN THICK PRELINING.

05-70-01008 CONTRACTNR LICKS TOUGH TUNNEL JOB ( VIRGINTA BIG-WALKER HIGHWAY 1}

FNGR. NFWS~RECMRD, (184) 30-31, JAN. 1, 1970. THE CONTRACTOR - C.J. LANGENFELDER & SONS - HAS HOLED THROUGH THE
SFCAND RORE 0OF THE RTIG WALKER MOUNTAIN HIGHWAY TUNNEL. MUCH OF THE TIME THE TWO TUNNELS WERE ORIVEN FULL FACE AND
PROGRESS WAS GOND -~ SOMETIMES AS HIGH AS 60 FT IN A 20 HR DAY. FAD ROCK SHOWED UP IN THE EAST BORE ON DEC. 23, 1968.
AFTER & MONTHS OELAY THE WORK WAS STARTED AGAIN IN THE EAST RORE WITH CAREFUL FULL FACE GPERATIONS AND DOUBLING THE
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AMOUNT OF STEEL SETS AND PUMPING GROUT TO FILL THE VOIDS. GOOD ROCK WAS FOUND SOON AND THE EAST BORE WAS COMPLETED
QUICKLY. THE WEST BORE WAS MUCH WORSE. WHEN THE EAST JUJBO FINISHED IT STARTED BACK ON THE WEST BORE FROM THE NORTH
END AS FAR AS THE GOOD ROCK WOULD ALLOW. THE 200 FT OF BAD ROCK WAS TUNNELED BY TOP HEADING, FOREPOLING ALL THE WAY.
THE HIGHWAY DEPT HOPES TGO HAVE TRAFFIC THROUGH BIG WALKER BY THE END OF THE YEAR.

05-70-01009 TUNNEL GOES FOR RECORD $222.6 MILLION ( NYC WATER-SUPPLY )

ENGR NEWS-RECORD, (1843 13, JAN. 15, 1970. NEW YORK CITY'S BOARD OF WATER SUPPLY AWARDED THREE CONTRACTS FOR A
SINGLE PROJECT TOTALING $222.6 MILLION TO A JOINT VENTURE OF WALSH CONSTRUCTION CO, DRAVO CORP, S. J. GROVES & SONS,
ARUNDEL CORP, L. E. DIXON CO AND OSTRANDER CONSTR. THE 5 YEAR CONTRACT INVOLVES 9 MILES OF 24 FT DIA TUNNEL, 5 MILES
OF 20 FT DIA TUNNEL ALL CONCRETE LINED, THREE UNDERGROUND CHAMBERS FOR CONTROL VALVES AND METERS, 15 SUPPLY RISERS, AND
THREE CONSTRUCTION SHAFTS.

05-70=01010 SEAWAY TUNNEL START ( WELLAND-CANAL ROAD-RAIL )

ENGR NEWS-RECORD, (184) 3, JAN. 29, 1970. THE ST LAWRENCE SEAWAY AUTHORITY AWARDED A $31.8 CONTRACT FOR THE
CONSTRUCTION OF A THREE TUBE ROAD-RAIL TUNNEL UNDER THE RELOCATED WELLAND CANAL TO A CANADIAN JOINT-VENTURE OF C. A.
PITTS CONSTR EASTERN AND MCNAMARA CONSTRUCTION WESTERN.

05-70=01011 LONGEST S. AFRICA ROAD TUNNEL ( BLASTING )

TUNNELS AND TUNNELING, (2) NO 1, 35, JAN. 1970. THE 1880 FT DANVILLE-CLAREMONT ROAD TUNNEL IS THE LONGEST IN SOUTH
AFRICA. WORK STARTED IN MARCH 1969 BY BASIL READ & GMF (EDMS) BPK. MULTIPLE BLASTS WERE PERMITTED AFTER SPECIAL TEST
WERE MADE.

05-=70-02001 BYPASS RUSHED AFTER ROCKFALLS PLUG TUNNEL ( TURKEY DIVERSION-TUNNEL )
ENGR. NEWS RECCRD, (184) 13, FEB. 12, 1970. TURKISH TUNNELERS ARE DRIVING A $1.5 MILLION BYPASS TUNNEL AT THE
GOKCEKAYA DAM SITE BECAUSE REPEATED ROCKFALLS FINALLY PLUGGED THE 30 FT DIA DIVERSION TUNNEL.

05=70-02002 PARIS PREPARES TO START TICKLISH SUBWAY LINE

ENGR. NEWS-RECORD, (184) 14, FEB. 264 1970. CONSTRUCTION OF THE CENTRAL 3-MILE SEGMENT OF THE WESTERN BRANCH OF
PARTS REGIONAL RAIL TRANSIT EXPRESS LINE WILL START NEXT YEAR. IT POSES SOME EXTREMELY DIFFICULT ENGINEERING
PROBLEMS. PART OF IT WILL PASS BENEATH PARIS OLD CITY HALL WHOSE FOUNDATION EXTENDS 66 FT BELOW GROUND.

5-70-02003 SNOWY TUNNFL RUBBLE TROUBLE ALMOST CLEARED. ( AUSTRALIA )

ENGR . NEWS-RECORD, {184) 15, FEB 26, 1970. THE 13 MILE LAKE EUCUMBENE SNOWY TUNNEL IN AUSTRALIAS SNOWY MOUNTAIN BY
DROELECTRIC SCHEME WILL BE BACK IN SERVICE IN EARLY APRIL. REPAIRS WERE DELAYED BY THE NEED TO USE THE TUNNELS TO
CARRY SOME OF THE SPRING RUNOFF.

05=-70-03001 IMAGINING THINGS ( OECD~TUNNELING-CONFERENCE )

TUNNELS AND TUNNELING, (2) NO 2, 65, MAR. 1970. AN EDITORIAL DISCUSSION OF THE RELATION BETWEEN THE GOALS OF THE
NECD TUNNFLING CONFERENCE SCHEDULED FOR JUNE 22-26, 1970 IN WASHINGTON D.C. AND THE NEEDS FOR ALTERNATE PLANS FOR URBAN
AREAS TO REPLACE THE PRESENT SURFACE HIGHWAY SYSTEM IN EXISTANCE AND PLANNED.

05=70-03002 DECD ADVISORY CONFERENCE ON TUNNELING ( URBAN~-PLANNING 1}

ORSKI, C. K. & SCIENTIFIC DIRECTORATE OECD
TUNNELS AND TUNNELING, (2) NO 2, 69-72, MAR. 1970. THE ADVISORY CONFERENCE ON TUNNELING ORGANIZED BY THE
ORGANIZATION FOR ECONOMIC COOPERATION AND DEVELOPMENT WILL BE HELD IN WASHINGTON D.C. DURING THE WEEK JUNE 22-26 1970.
THE PRIMARY OBJECTIVE IS POLICY GUIDANCE TO GOVERNMENTS PARTICULARLY IN THE RELATIONSHIP BETWEEN IMPROVING TUNNELING
TECHNILAGY AND LONG RANGE PLANNING FOR THE WORLDS URBAN AREAS. ’

Q5-70-03003 THIRD MERSFY TUNNEL STARTED {( ENGLAND 1}

TUNNELS AND TUNNELING, (2) NO 2, 85, MAR. 1970. A THIRD ROAD TUNNEL UNDER THE MERSEY RIVER FROM LIVERPOOL TO
WALLASEY HAS JUST STARTED. CONSULTING ENGRS ARE MOTT, HAY & ANDERSON OF LONDON. A 2202 YD PILOT TUNNEL 11 FT IN DIA
WILL BE A MACHINE DRIVEN BORE, FOLLOWED BY A SECOND MACHINE WHICH WILL ENLARGE TO 31 FT 7 IN ID. A 3 YR 5.17 MILLION
PAUNDN CONTRACT WAS PLACED WITH EDMUND NUTTALL SONS & CO AND GUY F. ATKINSON CO WHO ARE NOW WORKING ON MERSEY NO 2.

QS:lQ;QlQQ& PERU CARVES A RESERVOIR IN MOQUNTAIN ( ( RAIL-TUNNEL )
05-70-0300%4 SEVEN RESCUED IN NEW ZEALAND TUNNEL COLLAPSE.

05=-70=-05002 AUTO TUNNEL SKIMS TOPS OFF SUBWAYS ( PARIS

ENGR . NEWS-RECCRD, (184) 36-37, MAY 7, 1970. CONTRACTORS ARE FINISHING A TRICKY TUNNEL PROJECT TO RELIEVE TRAFFIC
CN A& CIRCLE THAT HANDLES 200,000 VEHICLES PER DAY. THE 1/4 MILE UNDERPASS SNUGGLES THROUGH A MAZE OF SUBWAY TUNNELS,
UTILITY LINES AND PEDESTRIAN WALKWAYS UNDER PLACE DE L' ETOILE. TO CUT THROUGH THE SUBWAY ARCHES WITHOUT DISTURBING
TRAFFIC CREWS HAD TN WORK BETWEEN 1 AND 5 A.M.

05=70=05003 SHIFTING ROCK SQUEEZES COLORADO ROAD TUNNEL ( STRAIGHT~CREEK SUPPORTS )

ENGR . NEWS-RECORD, (184) 11, MAY 14, 1970. ROCK SHIFTS IN THE STRAIGHT CREEK TUNNEL REQUIRE ABOUT $5 MILLION OF
CORRECTIVE WORK TO STRENGTHEN THE SUPPORT SYSTEM. THREE OF THE SHIFTS WERE MINOR MOVEMENTS OF A FEW INCHES OUT ONE
MAJOR ONF INVOLVES MOVEMENTS OF 1.4 FT ON EACH SIDE OF THE TUNNEL., ON THE MINOR SHIFTS, REPAIR CONSISTS OF INSTALLING
ROCK BOLTS. THE MAJOR SHIFT IS 50 FT LONG AND REQUIRES REPLACEMENT OF THE LINER. ON THE EAST END THE TOP HEADING HAD
ADVANCED 2100 FT WHEN ROCK MOVEMENT CAUSED THE CROWN AREA TO BUCKLE AND PUNCH THROUGH THE. WALL PLATES. NEARLY 1000 FT
MUST BE REEXCAVATED TO REPLACE THE STEEL SUPPORT SYSTEM. THE TUNNEL WORK IS A YEAR BEHIND SCHEDULE.

05-70=05004 GUATEMALA WILL TAP HIGH MOUNTAIN LAKE FOR POWER

ENGR . NEWS RFCORD, (184) 45, MAY 21, 1970. GUATEMALA WILL DEVELOP A MAJOR HYDROELECTRIC PROJECT BASED ON A DEEP
VOLCANIC LAKE NFAR GUATEMALA CITY. LAKE ATITLAN AT EL. 5123 FT HAS A SURFACE 80 SQ. MILES WITH A DEPTH 0OF 1312 FT BUT
HAS NO OUTFLOW EXCEPT SEEPAGE TO RIVERS AT LOWER ELEVATIONS. PLANS CALL FOR TUNNELS AND TWO POWERPLANTS TAPPING THE

LAKE DIRECTLY. LATER FOUR RIVERS WILL BE DIVERTED THROUGH TUNNFELS TOD AUGMENT THE FLOW. COST OF THE PROJECT $90
MILLION.

05-70-05005 LONGER THAN LONGEST ( JAPAN RAILWAY SETKAN-TUNNEL )
ENGR. NEWS-RECORD, (184) 3, MAY 28, 1970. THE JAPAN RAILWAY CONSTRUCTION PUBLIC CORPORATION HAS REDESIGNED THE 23

MILE SEIKAN TUNNEL UNDER THE TSAGARU STRAIT AS A 32.5 MILE BORE AND SUBMITTED THE $555 MILLION.PROPOSAL TO THE MINISTER
OF CONSTRUCTION.

05=70=05006 CHURCHILL FALLS HYDROFELECTRIC PROJECT ( LABRADOR )

TUNNELS AMO TUNNEL ING, (2) NO 3, 152-155, MAY 197Q. WHEN COMPLETED THE CHURCHILL FALLS HYDROELECTRIC PROJECT IN
LABORADOR WILL BE THE LARGEST OF ITS TYPE IN THE WESTERN WORLD. THE POWERHOUSE IS 1000 FT BELOW GROUND. THE POWERHOUSE
WITH ANCILLARY TUNNFLS REQUIRED MOVING 2 1/2 MILLION CU YDS OF ROCK. DATA ON THE ENTIRE PROJECT INCLUDED.

05=70=-050Q07 TUNNEL FOR THAMESMEAD { ENGLAND }

TUNNELS AND TUNNELING, (2) NO 3, 155, MAY 1970. PLANS FOR A 29 MILLION POUND TUNNEL UNDER THE THAMES BETWEEN
AARK ING AND THAMESMEAD WILL BE 811 YARD {ONG WITH APPROACH ROADS. IT WILL BE IN 4 SECTIONS EACH CARRYING A DUAL
CARRTAGEWAY.
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05-70-04001 TUNNEL UTTLITIES WITH SUBWAYS

ENGR. NEWS~RECORD, (184) 3, APR. 2, 1970, SECRETARY OF INTERIOR HICKEL SUGGESTED THAT THE WASH. D C METRO SYSTEM
PROVIDE FOR INSTALLATION OF UTILITY LINES DURING CONSTRUCTION .OF RAIL TUNNELS. THE COST COULD BE RECOVERED BY LEASING
THE SPACE TN USERS.

05-70-04002 MINERS DRAIN MOUNTAIN FOR RAIL TUNNEL ( JAPAN NATIGNAL RAILWAY )

ENGR . NEWS—-RECORD, (184) 22, APR. 2, 1970. JAPAN NATIONAL RAILWAY'S ENGINEERS HAD THE CONTRACTCRS FOR THE NEW
SAN-YD LINE DEVELOP 3/4 MILE OF BRANCH TUNNELS AND DRILL S5 MILES OF 5 IN HOLES TO DRAIN WATER FROM THE BADLY FAULTED
GRANITE TO ADVANCE ONE OF THE 11 HEADINGS ONLY 1/4 MILE.

05-70-04003 UP, UP AND AWAY { PHILADELPHIA SUBWAY )
ENGR . NEWS—RECORD, (184) 3, APR. 16, 1970. PHILADELPHIA REJECTED ALL THREE BIDS FOR THE 2 MILE SECTION OF

" NORTHEAST EXTENSION TO THE CITY'S MAIN NORTH-SOUTH SUBWAY LINE WHEN THE LOWEST WAS 68% ABOVE ENGINEERS ESTIMATE.

05-70-04004 BINS CALLED ON HAMPTON ROADS TWIN CROSSING { VIRGINIA SUNKEN~TUBE } :

FNGR . NEWS—-RECCQRD, (184) 14, APR 16, 1970. VIRGINIA WILL CALL FOR B8IDS ON THE FIRST MAJOR CONTRACT FOR THE SECOND
TUBE OF THE 3 1/2 MILE HAMPTON ROADS BRIDGE-TUNNEL WHICH WILL DOUBLE THE TWO LANE CROSSING BETWEEN NORFOLK AND
HAMPTON. THE JOB INCLUDES 7270 FT OF SUNKEN TUBE TUNNEL. BIDS ARE DUE IN JUNE AND THE CONTRACT SHOULD BE AWARDED BY
MID JULY.

05-70-05001 TUNNEL TO BE SUNK IN BALTIMORE OUTER HARBOR

ENGR. NEWS~RECORD, (184) 32, MAY 7, 1970. MARYLAND HIGHWAY DEPT WILL ADVERTISE FOR BIDS ON THE MAIN CONTRACT FOR
THE 6200 FT BALTIMORE HARBOR OUTER TUNNEL WHICH WILL BE PREFABRICATED IN 300 FT LONG STEEL LINED CONCRETE SECTIONS AND
SUNK INTO A DREDGED TRENCH ON THE HARBOR FLOOR. THE J0OB WILL COST ABGUT $81 MILLION.

Q05-70-06002 AMSTERDAM SUBWAY LINE
ENGR. NEWS-RECORD, (184) 3, JUNE 4, 1970. - THE CITY OF AMSTERDAM WILL STAND CONSTRUCTION ON THE FIRST 12 MILE RAIL
TRANSTT LINE IN ITS PLANNED 55 MILE NETWORK. THE $113 MILLION LINE IS EXPECTED TO BE COMPLETE IN 1976.

Q5-70-06003 IN SHIFTING GROUND ( JAPAN SEIKAN RATL-TUNNEL )

FNGR ., NEWS-RECORD, (184) 3, JUNE 25, 1970. A PROFESSOR AT OSAKA UNIV WARNS THAT THE SEIKAN RATIL-TUNNEL UNDER
TSUGARU STRAIT IS POTENTIALLY DANGEROUS DO TQ EARTH SHIFTS. TUNNEL SURVEYORS SAY THE SHIFT IS MINUTE AND THE
ENGINEFRING PLANS HAVE PROVIDED TOLERANCES.

05-70-07001 CAVE-IN ADDS TO TUNNEL'S HEADACHES ( NYC INTERCEPTOR-SFWER )
FNGR. NEWS-RECORD, (185) 3, JULY 2, 1974Q. A SECTION DOF TUNNEL ON NYC NORTH RIVER POLLUTION CONTROL PROJECT CAVED
IN LAST WEEK, MAKING A 20X30 HOLE AT THE SURFACE. NO ONE WAS INJURED.

05-70-07002 TUNNELING EXPERTS MEET TC ASSESS TECHNOLOGY ( OECD URBAN-NEEDS )

ENCR. NEWS-RECORD, (185) 14-15, JuLY 2, 1970. THE 1ST INTERNATIONAL ADVISORY CONFERENCE WAS HELD TN WASH D.C. LAST
WFEK. SFE ALSO 0%5-70-06001 EMPHASIS WAS ON NEEDS TO REDUCE DIRECT AND INDIRECT (IE SOCIAL) COSTS IN ORDER TO GAIN
SOCIAL BENEFITS IN URBAN AREAS OF THE WORLD.

05-70-07003 RIVER PUT ASIDE 70O BUILD SUBWAY STATIONS ( CANADA LINERS MOLE }

ENGR . NEWS-RECORD, (185) 26-27, JuLY 25, 1970. A CANADIAN CONTRACTOR - H.J. O'CONNELL OF MONTREAL -~ HAD TO TURN
2ACK A RIVER TO CONSTRUCT THE SUBWAY SECTION THAT PASSES UNDER THE WEST BRANCH OF THE DON RIVER IN NORTH TOTONTO. THE
STATION IS PART OF THE 5 MILE EXTENSION TO TORONTOQ'S SUBWAY. MOST OF THE EXTENSION IS BORED TWIN TUNNELS LINED WITH
PRFCAST CCNCRETE SEGMENTS. WHERE THE TUNNELS ARE BELOW THE WATER TABLE CAST IRON SEGMENTS ARE USED.

05-70-07004 BURY THE PROBLEM ( SAN-FRANCISCO FREEWAY )
ENG2. NFWS-RECORD, (185) 3, JULY 23, 1970. THE ASSN OF BAY AREA GOVTS IS CONSIDERING A 4 MILE TUNNEL TO LINK THE
2AY BRIDGE AND THF GOLDEN GATE BRIDGE. ALSQ WOULD DEMOLESH THE PARTIALLY BUILT EMBARCADERN FREEWAY.

05-70-07005 SUPER CHUNNEL PACKAGE ( ENGLISH-CHANNEL )

FNGR. NFWS=-RECORN, (185) 3, JULY 23, 1970. THE RRITISH AND FRENCH GOVERNMENTS RECEIVED NEW PROPOSALS FOR FINANCING
THE 21 MILE ENGLISH CHANNEL TUNNEL FROM AN INTERNATIONAL COMBINE WHICH INCLUDES BRITISH FRENCH AND U.S. INTERESTS,
PROJECT COST EST. $625 MILLION, TAKES TWO TO THREE YEARS STUDY AND 4 TO 5 YEARS TO BUILD.

05-70-08001 THREE METHODS COMBINE IN 2-MILE HAMBURG TUNNEL ( ELBE-RIVER MOLES SHIELDS )

ENGR NFWS-RFCORD, (185] 28-29, AUG. 13, 1970. 11 CONTRACTORS FORMED 3 DESTIGN~CONSTRUCT VENTURES AND ARE USING 3
SEPARATE METHODS OF BUILDING THE TWO-MILE CROSSING UNDER THE ELBE RIVER. THE SIX LANE TUNNEL WILL CROSS THE DEEP
CHANNEL IN SUNKEN TURF SEGMENTS, BORE THROUGH A HIGH BANK IN TUBES BORED BY 770 TON SHIELDS THEN PASS THROUGH A
CUT-AND-CAVER SECTION. THE TOTAL COST WAS ESTIMATED AT $104 MILLION IN 1968.

FIELD 07 LETTERS

07-67-03001 EXCAVATION AND TUNNELING ( RAPID-EXCAVATION-TECHNIQUES LOW-COST )

HAMBURGER, R, & U.S. DEPT OF INT
J. S. GOVERNMENT MEMNRANDUM, JULY 1967. MEMO IMPLEMENTING THE PRESIDENT'S DIRECTIVE TO THE SECRETARY OF THE
INTERINR YO INITIATE A COOPERATIVE RESEARCH PROGRAM WITH INDUSTRY TO FIND SOLUTIONS TO TECHNICAL PROBLEMS OF RAPID
TUNNELING AND TO FIND WAYS TO REDUCE COSTS OF PLACING UTILITY LINES UNDERGROUND.

FIFLD 08 PATENTS

03-65-12001 MFTHOD OF DRIVING TUNNELS IN ROCK ( NEW-INVENTIONS NEW-TUNNELLING-METHODS GROUND-COMTROL-METHQDS |}
BRANMSFNRS, S. H.s & AB SKANSKA CEMENTGJUTERIET SW
U. S. PATENT NO. 2224204, DFC 21, 1965. THIS 1S A METHOD OF DRIVING TUNNELS IN ROCK BRY BLASTING SALVOS, WHICH ARF
QFPEATED AFTER THE MUCK HAS BFEEN REMOVED. PARTICULARLY USEFUL IN UNSTARLE GROUND CONDITIONS, THE INVENTION PROVIDES
SUCH A METHOD OF REINFORCEMENT THAT THE DRIVING OF THE TUNNEL CAN RE EFFECTED MORE QUICKLY WHILE SAVING TIME AND
MATERTIAL. RASED ON THE RPEALIZATION THAT ACTUAL FALL OF MATERTIAL AFTER BLASTING DDES NOT OCCUR UNTIL SEVERAL HOURS
AFTER THE INITIAL RLAST, THE INVENTION INTRODUCES A TUNNELLING METHOD BY WHICH THE ARCHED ROOF IN THE ROCK WHICH IS
FORMED AFTER A SALVO AND WHICH IS SPACED FROM THE MUCK IS STABILIZED BY BEING COATED WITH CONCRETE BEFORE MUCK IS
REMOVED.
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FIELD 1 GEOLOGY AND ROCK MECHANICS

FIELD 11 BOOKS
11-69-02001 FUNDAMENTALS OF ROCK MECHANICS ( SOIL-MECHANICS )

JAEGER,y J. C. + COOKy No Go W.
METHUEN & CO LTD LONDON, FEB 1969. ROCK MECHANICS IS FAST BECOMING RECOGNISED AS A SIGNIFICANT ENGINEERING
SCIENCE. THE RESULTS OF RESEARCH ARE SCATTERED AMONG A GREAT NUMBER OF PAPERS IN VARIOUS SCIENTIFIC AND ENGINEERING
JOURNALS AND CONFERENCE PROCEEDINGS. JAEGER AND COOK HAVE PREPARED AN OVERALL ASSESSMENT AND CRITICAL EVALUATION OF
THE WORK, AND THE RESULT IS A BOOK WHICH IS LIKELY TO BE A USEFUL REFERENCE ON THE SUBJECT FOR MANY YEARS, BOTH IN
RESEARCH AND DESIGN. THIS BOOK SETS OUT THE MATHEMATICAL AND EXPERIMENTAL BASIS OF THE MECHANICAL BEHAVIOUR OF
ROCK. 1T DOES NOT ATTEMPT TO DESCRIBE PRACTICAL SOLUTIONS TO ENGINEERING PROBLEMS OF ROCK MECHANICSs MAINLY BECAUSE
THE AUTHOR'S FEEL THAT MUCH OF THE KNOWLEDGE IN ROCK MECHANICS IS SO RECENT THAT THERE IS AS YET LITTLE EXPERIENCE OF
ITS APPLICATION TO THE SOLUTION OF SUCH PROBLEMS. LABORATORY STUDIES OF THE MECHANICAL PROPERTIES OF ROCK AND THE
MECHANISM OF, AND CRITERIA FOR, ITS FAILURE ARE DESCRIBED IN DETAIL. ON THE MORE PRACTICAL SIDE, THE PRINCIPLES OF THE
METHODS FOR MEASURING STRESS AND ROCK PROPERTIES IN THE FIELD ARE DESCRIBED. THE ESTIMATION OF STRESSES AND
DISPLACEMENTS AROUND EXCAVATIONS IS DISCUSSED, TOGETHER WITH THE PRINCIPLES INVOLVED IN A NUMBER OF ENGINEERING AND

MINING PROBLEMS. REALISTIC SOLUTIONS TO ROCK MECHANICS PROBLEMS MUST INVOLVE A COMBINATION OF CENERAL PRINCIPLES
OF MECHANICS WITH A MATURE PHYSICAL INSIGHT DEVELOPED THROUGH INTELLIGENT THE FIELD. THE BOOK IS WELL TLLUSTRATED.
FIELD 12 SYMPOSIA

12-43-01001 CLASSIFICATION AND IDENTIFICATION OF SOILS { GRAIN-SIZE )

CASAGRANDE, A. & HARVARD UNIV CAMBRIDGE MASS
AMERTICAN SOC. CIVIL ENGRS. TRANS. PAPER 2351, (113) 901-99, JAN. 1943. A REVIEW AND COMPARISON OF EXISTING SOIL
CLASSIFICATIONS. A NEW SOIL GROUPING WAS PROPOSED. THE FIRST SOIL CLASSIFICATIONS WERE TEXTURAL CLASSIFICATIONS
USING GRAIN-STZE. THE INADEQUACIES OF THIS CRITERION WERE DUE TO THE DIFFERENCE IN PHYSICAL CHARACTERISTICS. THE NEW
GROUPING APPEARED MORE ORDERLY AND TOOK PHYSICAL PROPERTIES AND ENVIRONMENT INTO CONSIDERATION. PROCEDURES FOR
STELD-IDENTIFICATION INCLUDE: SHAKING TEST, EXAMINATION OF PLASTICITY, EXAMINATION OF DRY STRENGTH, AND OBSERVATION OF
COLAR AND ODOR. THE AUTHOR DISTINGUISHED BETWEEN THE COARSE-GRAINED AND FINE-GRAINED SOIL GROUPS. SANDS AND GRAVELS
COMPRISE THE FIRST GROUP, SILTS 'AND CLAYS, THE LATTER.

12-57-04001 BEHAVIOR OF MATERIALS AND THEORIES OF FAILURE ( ROCK-MECHANICS ELASTIC-DEFORMATION FRACTURE )

SILVERMAN, I. K. & U.S. BUR RECL DENVER COLO
QUARTERLY OF THF CCLO SCHOCL OF MINES SECOND SYMP ON ROCK MECHANICS, (52) 3-18, APR 1957. THERE ARE THREE TYPES OF
REHAVIOR WHICH ARE ENCOUNTERED IN UNIAXIAL TESTS ON ROCK SPECIMENS; THE ELASTIC, REVERSIBLE, BEHAVIOR LIMITED TO VERY
SMALL RANGE QF STRAINS; A YIELDING RANGE IN WHICH DEFORMATIONS ARE MANY TIMES THOSE OF THE ELASTIC RANGE; AND THE
FRACTURE RANGE . VARIOUS THEQRIES DESCRIBED ARE: MAXIMUM STRESS, MAXIMUM STRAIN, MAXIMUM SHEAR, MAXIMUM OCTOBHEDRAL
STRESS, MAXIMUM ENERGY OF DISYORTION, AND MOHR'S GENERAL THEORY OF FAILURE.

12-57-04002 THEORETICAL AND EXPERIMENTAL STRESS ANALYSIS ( ROCK-MECHANICS ROCK~FAILURE )
PHILIPPE, R. R. + MELLINGER, F. N. & U.S. ARMY CE WASH D.C.
QUARTERLY OF THE COLO SCHOOL O MINES SECOND SYMP ON ROCK MECHANICS, (52) NO 3, 19-34, APR 1959. AN OUTLINE OF
SOME OF THE MORE COMMCN METHCDS OF STRESS ANALYSIS IS GIVEN, WITH EXAMPLES OF EXPERIMENTAL RESULTS, AN ELEMENTARY
CONSIDERATION OF THE PERTINENT PHYSICAL PROPERTIES OF ROCKS AND THE SIGNIFICANCE OF CONDITIONS WHICH SURRQUND THEM, AND
A DISCUSSION OF THE LIMITATIONS OF THE ANALYTICAL APPROACH. THE ACCURACY OF STRUCTURAL ANALYSIS WILL BE AFFECTED BY
THE PHYSICAL PROPERTIES OF ROCKS, CHANGES OF THESE ROCK PROPERTIES, OTHER INTERNAL CHANGES, AND THE COMPLEXITY OF ROCK
FORCES. 21 REFS.

12-57=040032 ROCK PROPERTIES AND THE MECHANICS OF SUBSIDENCE ( ROCK-MECHANICS SEISMIC~ANALYSIS ANGLE-QF-~BREAK )
RELLENSMANN, O. & MINING UNIV OF CLAUSTHAL GER
QUARTERLY OF THE COLO SCHQOL OF MINES SECOND SYMP ON ROCK MECHANICS, (52) NO 3, 35-44, APR 1957. THE BEHAVIOR OF
STRATA SUBJECTED TO STATIC LOADING WAS EXAMINED WITH EMPHASIS ON THE ANGLE OF BREAK OF THE STRATA LAYERS. VARIQUS
FIGURES ARE GIVEN WHICH REPRESENT THE CHANGES OF ANGLE OF BREAK IN DIFFERENT OVERLYING LAYERS; THIS ANGLE IS ABOUT
80-90 DEG IN ROCKY STRATA, ABOUT 60-80 DEG IN PLASTIC -STRATA, AND ABQUT 40-60 DEG IN UNCONSOLIDATED STRATA. IN LIQUIDS
0P GASES THERE IS NO ANGLE OF BREAK AT ALL3 IF THERE IS WATER AT THE SURFACE WE HAVE A VERY FAR REACHING INFLUENCE OF
SUBSIDENCE. THE MAGNITUDE OF THE ANGLE OF BREAK DEPENDS MAINLY ON THE ELASTIC PROPERTIES OF THE LAYERS AND ON THE
VALUS NF THE ELASTIC MODULUS, WHICH CAN BF DETERMINED BY EXPERIMENT IN THE LABORATORY AND ALSD DIRECTLY BY MEASURING
THE SEISMIC VELOCITY OF LONGITUDINAL WAVES. THE VELOCITY IS ABOUT 4500-6000 M/SEC IN ROCKY LAYERS, 300-4500 M/SEC IN
PLASTIC LAYERS, AND ABOUT 1000 TO 3000 M/SEC IN UNCONSOLIDATED LAYERS. THE DEPTH AND VELOCITY OF THE DIFFERENT LAYERS
CAN RE NETERMINED BY SEISMIC REFRACTION SHOOTING.

12-57-04004 UNDERGROUND INSTRUMENTATION

POTTSs, E. L. J. & KING'S COLLEGE DURHAM ENG
QUARTERLY OF COLO SCHCOL OF MINES SECOND SYMP. ON ROCK MECHANICS, (52) NO 3, 132-182, APR 1957. DEVELOPMENT OF
INSTRUMENTATION FOR UNDERGROUND RESEARCH INTO PROBLEMS OF STRATA CONTROL HAS BEEN A MAJOR OBJECTIVE AT THE STRATA
CONTROL RESFARCH LARORATORY AT KING®*S COLLEGE. THE PRINCIPAL OBJECTIVE OF THE RESEARCH IS TO PRODUCE THE GQVERALL
PICTURE QF PRESSURE OR LDAD DISTRIBUTION FROM THE SOLID COAL IN ADVANCE, TO THE CONSOLIDATED WASTE BEHIND THE LONGWALL
FACE. BRITISH COAL MINING DEVELOPMENT IN FACE MECHANIZATION IN LONGWALL MINING HAS INVOLVED THE USE OF SUPPORTS HAVING
CONTROLLED LOAD-YIELD CHARACTERISTICS. ASSOCIATED WITH THE HYDRAULIC OR YIELDING TYPE FUNCTION PROPS, ARTICULATED,
CANT ILEVER ROOF BARS ARE IN USE ON PROP FILL FRONT FACES. THE NEED FOR SYSTEMATIC SURVEYS OF PROP LOADS IN VARIOUS
OPERATTONAL CONDITIONS HAS LED TO THE DEVELOPMENT OF THE PROP LOAD CFLL. STRESSMETERS HAVE BEEN DESIGNED FOR USE IN
COAL AND THE SOFTER COAL MEASURE ROCKS AND FOR HIGH PRESSURE MEASUREMENTS IN HARD ROCK. THE USE OF STRESSMETERS IN
ADVANCE OF LONGWALL FACES.HAS PROVIDED A CLEAR PICTURE OF THE PRESSURE DISTRIBUTION IN THE FRONT ABUTMENT AREA, AND THE
INFLUENCE OF FACE OPERATIONS ON THE TRANSFERRED LOAD CONDITIONS. THE STRESSMETER DESIGNED FOR HIGH PRESSURES HAS
SUCCESSFULLY RECORDED THE GENERAL DISTRIBUTION 0OF THE TRANSFERRED LOAD, IN FRONT OF A STOPE FACE IN THE CHAMPION REEFS
MINE, ROLAC GOLD FIELD, SOUTH INDIA, AT A DEPTH OF OVER 9,000 FT. A DEVELOPMENT WHICH IT IS HOPED WILL PROVIDE A
CORRNBORATIVE EVIDENCE OF THE RESULTS OF THE STRESSMETER SURVEYS IN ADVANCE OF THE COAL FACE IS THE USE OF SONICS. THE
EFFECTIVE USE OF ROOF BOLTING TECHNIQUES IS BEING STUDIED USING ROOF BOLT LOAD CELLS WITH NH!CH LOADS CAN BE
INDIVIDUALLY INDICATED OR RECORDED QVER A PERTIOD.

12-57-04005 MEASUREMENT OF RESIDUAL STRESS BY THE STRAIN RELIEF METHOD ( ROCK-MECHANICS INSTRUMENTATION )

OLSEN, 0. J. & WU.S. BUR RECL DENVER COLO
QUARTERLY CF COLO. SCH. OF MINES, SECOND SYMP, ON ROCK MECHANICS, (52) NO 3, 183-204, 1957. THE TECHFNIQUE USED IN
DETERMINING STRESSES IN ROCK FORMATION OR IN STRUCTURES IS CALLED THE STRAIN RELIEF MFTHOD WHICH CONSISTS OF CHOOSING
RFPRESENTATIVE LOCATIONS, PREPARING THF SURFACF, ATTACHING AND WATERPROGFING SUITABLE GAGES, TAKING TWO SETS OF STRAIN
READINGS, INITIAL AND FINAL, CORE DRILLING ARDUND THE GAGES BETWEEN READINGS TO RELIEVE STRAIN, AND MEASURING THE
STRESS—-STRAIN RATIO OF THE MATERIAL FROM THE CORES THUS DRILLED. SR.4 FLECTRIC RESISTANCE GAGE ROSETTES WERE USED TO
MEASURE THE STRAIN ON THF WALLS OF THE PROSPECT MOUNTAIN TUNNEL, A CONCRETE LINED PRESSURE TUNNEL ON THE COLORADO - RIG
THOMPSON PROJECT. THE MAIN KEY TO SUCCESS IN THE USE OF SR-4 GAGES IS EFFECTIVE WATERPROOFING. ALTHQUGH THE ROCK
STRESSES, WHICH WERE OF THE ORDER OF MAGNITUDE OF SEVERAL THOUSAND PSI, COULD NOT BE ACCOUNTED FOR ENTIRELY BY DEPTH OF
OVERBURDEN, THE STRAINS WERF CONSIDERED RELIABLE. STANDARD ERROR WAS REDUCED FROM 535 PST FOR THE FIRST TUNNEL TC 240
PSI FOR THE SECOND TUNNEL, AND FINALLY TO ABOUT 30 PSI FOR THE DAM.
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12-57-04006 INSTRUMENTATION EXPERTIMENTS IN MINES { ROCK~MECHANICS ROOF-SUPPORT )

BERNATIS, T. S. & INTERMOUNTAIN RES AND ENGR CO
QUARTERLY OF THE COLD SCHOOL OF MINES SECOND SYMP ON ROCK MECHANICS, (52) NO 3, 204~224, APR 1957. INSTRUMENTATION
AND INSTRUMENTATION EXPERIMENTS HAVE BEEN CONDUCTED AT THE INTERMOUNTAIN CHEM CO MINE LOCATED IN THE SOUTHWESTERN
SFCTION OF THE STATE OF WYO. LARGE DEPOSITS OF TRONA, A RARE NON-METALLIC MINERAL, MAKE THIS MINE PARTICULARLY
INTERFSTING FOR INVESTIGATION AND EXPERIMENTS. EXPERIMENTS HAVE PRIMARILY BEEN FOR THE PURPOSE OF PROVIDING THE MINER
WITH PRACTICAL MEANS OF SOLVING MINING PROBLEMS, SUCH AS ROOF SUPPORTING. VARIOUS PHOTOGRAPHS ARE INCLUDED.

12-58-050Q01 GEOLOGICAL TOOLS AND TECHNIQUES ( SUBSURFACE HYDROLOGICAL GEOCHEMICAL GEOPHYSICAL BORE-HOLES )

CLEAVES, A. B. & WASH UNIV ST. LOUIS MO )
JOURNAL OF THE SOIL MECHANICS AND FOUNDATION DIV PROC OF THE ASCE SYMP ON GEOLOGICAL FACTORS IN TUNNEL CCNSTRUCTION
(PAPER N 1648), (84) N S.M.2, MAY 8, 1958, THE TYPES OF GEOLOGICAL INVESTIGATIONS ESSENTIAL TO DEL INEATING
POTENTIAL TUNNEL PROBLEMS ARE: PRINCIPLE CATEGORIES: (A) LIBRARY RESEARCH FOR LITERATURE AND MAPS, (B) FIELD
RECONNATSANCE, SURFACE AND SUBSURFACE EXPLORATIONS AND {C) LABORATORY STUDIES. NEW CORE BORING AIDS SUCH AS THE BORE
HOLE CAMERA AND THE TROTTER-PAJARI COMPASS; GEDCHEMICAL TECHNIQUES, CLAY TECHNOLOGICAL AND PETROGRAPHIC METHODS ARE
NUTLINED.

12-59-07001 INFLUENCE OF STRESS RATE AND OTHER FACTORS ON THE STRENGTH AND ELASTIC PROPERTIES OF ROCKS (

ROCK=MECHANICS STRESS—~PROPERTIES RESEARCH )

WUERKER, R. G. & UNIV ILLINDIS
QUARTERLY OF THE COLO SCHOQL OF MINES THIRD SYMP ON ROCK MECHANICS, (54) 3-32, JULY 1959. IN THE “STANDARDIZED
TESTS FOR DETERMINING THE PHYSICAL PROPERTIES OF MINE ROCK" PROPOSED BY THE U.S. BUR OF MINES, THE FACTORS CONDITIONING
THE PHYSICAL PROPERTIES OF ROCK ARE DISCUSSED AND SPECIFICATIONS FOR EACH PARTICULAR TEST ARE GIVEN., A STRESS RATE OF
100 PSI/SEC FOR THE STANDARD COMPRESSION TEST IS PRESCRIBED. DATA FROM TESTS WITH GREATER SPEED OF LOADING SUCH AS
TMPACT AND SONIC TEST INDICATE THAT STRENGTH AND MODULUS OF ELASTICITY MIGHT INCREASE BY A FACTOR OF TWO. COMPLETE
DATA HAS BEEN PUBLISHED 0ON CONCRETE. ONE SAMPLE HAD A COMPRESSIVE STRENGTH OF 2500 PSI ANOTHER 6500 PSI. RATES OF
STRESSING RANGED FRCM 1 TO 100 MILLION PSI/SEC, RATES OF STRAINING FROM O TO 10 IN/IN PER SEC. ABILITY TO ABSORB
STRATN ENERGY ALSO INCREASED WITH THE RATE OF APPLICATION OF LOAD. THE SIGNIFICANCE OF COMPRESSION, IMPACT AND SONIC
TESTS IS LIMITED BY THE FACT THAT ROCKS IN MINERAL ENGINEERING ARE ALMOST NEVER SUBJECTED TO A SINGLE TYPE OF STRESS.
FACTORS, SUCH AS COMBINED STRESSES AND CONFINEMENT WILL BE DISCUSSED RY USING AN EXPANSION OF MOHR®*S THEORY FOR A RANGF
WITHIN WHICH THE STRAIGHT LINE EXPANSION FOR MOHR'S ENVELOPE IS VALID. INCREASE OF COMPRESSIVE STRENGTH DUE 10
CONFINING PRESSURE IS MANY TIMES HIGHER THAN THE ONE DUE TO INCREASED STRESS RATE.

HARDY, H. R, JR. & DEPT OF MINES AND TECH SUR CAN
QUARTFRLY OF THE COLD SCHOOL OF MINES, THIRD SYMP ON ROCK MECHANICS, (54) 135-176, JuULY 1959. INVESTIGATION GF THE
BEHAVIOR OF GSCLOGIC MATERIALS WAS CONDUCTED BY THE ROCK MECHANICS GROUP OF THE MINING RESEARCH SECTION QF THE FUELS
DIVISION, MINES BRANCH, OEPT OF MINES AND TECH SUR, OTTAWA, CANADA. THE TIME-DEPENDENT BEHAVIOR OF GEOLGGIC MATERIALS
UNDER CONDITIONS OF LOW AND HIGH UNIAXTAL STRESS IS IMPORTANT IN THE STUDY OF COMMINUTION AND UNDERGROUND FAILURE.
UNDER LOW VALUES OF APPLIED STRESS IT IS POSTULATED THAT TIME-DEPENDENT DEFORMATION MAY BE DESCRIBED APPROXIMATELY BY A
VISCOFLASTIC MCDEL. 1IN THE CASE OF HIGHER VALUFES OF APPLIED STRESS, IT IS POSTULATED THAT TIME-DEPENDENT DEFORMATION
AND FATLURF MAY BE DESCRIBED RY THE COMBINATION OF A VISCOELASTIC MODEL AND A MICROFRACTURE MECHANISM. A COMPREHENSIVFE
REVIEW OF RECENT AND PAST RESEARCH IN THIS FIFLD IS GIVEN. THE DESIGN AND CALIBRATICN OF LABORATORY AFPARATUS TQ STUDY
THESE® PROPERTIFS 1S DESCRIRED, TOGETHER WITH EXPERIMENTAL RESULTS.

12-55-07003 THE EFFECT OF PORE AND CONFINING PRESSURE ON THE FAILURE PROCESS IN SEDIMENTARY ROCK ( ROCK-MECHANICS

ROCK-FATLURE RESEARCH )

POBINSON, L. H.y JR. & HUMBLE OIL AND REF HOUSTON
QUARTERLY OF THE COLO SCHOOL OF MINES THIRD SYMP ON ROCK MECHANICS, (54) 177-200, JULY 195¢%. IN EITHER
CONSOLTIDATED MR UNCONSOLIDATED MATERIALS, THE STRESS BETWFEN THE GRAINS CONTROLS THE FAILURE PROPERTIES. RESEARCH WAS
UNDERTAKEN TO OBTAIN QUANTITATIVE DATA ON THE YIELD STRENGTH AND MODE OF FAILURE OF LIMESTONE, SANDSTONE, AND SHALE
SUBJECTEDN TO VARINUS CONFINING AND PORE PRESSURES. RESULTS SHOW THAT COMMON SEDIMENTARY ROCKS WILL UNDERGO EITHER
MALLEABLE DR SRITTLE FAILURE, DEPENDING UPON ZONFINING PRESSURE AND INTERNAL PORF PRESSURE. ALTHOUGH SHALES,
LIMESTONES, AND SANDSTONES HAVE INHERENTLY DIFFERENT STRENGTHS, BRITTLE FATLURE OCCURS WHEN THE CONFINING AND PCRE
PRESSURF ARE FQUAL, AND THE MODE OF FAILURE CHANGES GRADUALLY FROM BRITTLE TO MALLEABLE AS THE DIFFERENTIAL BETWEEN THE
CONEINING AND PORE PRESSURE INCRFASES THE TRANSITION PRESSURE DEPENDING ON THE NATURE 0F THE ROCK AND THE PRESSURE
LFVEL. THF YIELD STRENGTHS 0OF ROCK INCREASE ONLY SLIGHTLY AS THE CONFINING PRESSURE INCREASES IF THE CCNFINING AND
PORE PRFSSURES ARF MAINTAINED EQUAL. 21 RFFS.

12-59=-07004 ENFERGY RFLEASED IN ROCKBURSTS ( ROCK-MECHANICS ROCK+FAILURE ENERGY STUDIES RESFARCH )

COATES, P. F. & CARLETCN UNIV OTTAWA CANADA .
QUARTERLY OF THE COLT SCHOOL OF MINES, THIRD SYMP ON ROCK MECHANICS,; (54) 201-206, JULY 1959, DISCUSSION OF THE
MECHANTSMS FOR STORING AND RELEASING THE MANIFEST ENERGY OCCURRING DURING ROCKBURSTS., THE MFTHOD COF CALCULATING UNIT
STRAIN ENERGY STORFO IN ROCKS IS DESCRIBED. MORF AYTEMPTS ARE NEEDED TO DETERMINE THE ACTUAL AMOUNT OF ENERGY RELEASED
8Y A SPECIFIC ROCKRUPST. 4 REFS.

12-59-07005 THE ATTEMUATION OF SHOCK WAVES IN SOLID MATERIALS WITH SEISMIC APPLICATIONS ( RGCK—MECHANICS ROCK—FAILURE
RESEARCH~STUDIES )
GPINE, D. R. + FOWLES, G. R. & STANFORD RES INST POULTER LAB
QUARTERLY OF THE COLD SCHOOL OF MINES, THIRD SYMP ON ROCK MECHANICS, (54) 253-268, JULY 1959, SHOCK WAVES N
SOLIDS ARE ATTENUATED, IN GENFRAL, BY SEVERAL MECHANISMS, THOSE COMMON TO ATTENUATION IN FLUIDS INCLUDE THE OVERTAKING
OF THE SHOCK RY A RAREFACTION WAVE, GEOMETRICAL DIVERGFNCE, AND HEATING DUE TG IRREVERSIBLE PROCESSES OCCURRING WITHIN
THE SHOCK FRONT. MECHANTSMS PECULIAR TQ SOLIDS INCLUDE ABSGRPTION OF ENERGY IN PLASTIC DEFORMATION AND FRACTURE.
APPLICATION OF EXISTING THEORY FOR FLUIDS TO SOLIDS REQUIRES KNOWLEDGE 0F THE EQUATION OF STATE OF THE SOLID. THE
THEDRY MUST THEN BE MODIFIED TO INCLUDE PLASTIC DEFQRMATION AND FRACTURE. RECENT EXPERIMENTS TO DETERMINE EQUATIGNS OF
STATE NF ROCKS, AND OTHFR EXPERIMENTS TQ DETERMINE DYNAMIC YIELD STRENGTHS AND FRACTURE ENFRGIES ARE DESCRIBED.
APPLICATION TO THE PROBLEM OF ENERGY TRANSFER IN A SHOT HOLE ARE DISCUSSED.

12-59-07006 MFCHANICAL PRGPERTIES OF ICE { ROCK-GEOLOGY ROCK-MECHANICS RESEARCH STUDIES )

BUTKOWIKy T. R. & U.S. ARMY SIPRE
QUARTERLY NF THE COLO SCHOOL OF MINES THIRD SYMP ON ROCK MECHANICS, (54) 351-359, JULY 1959, ICE SHCWS BOTH
PLASTIC AND ELASTIC BEHAVIOR WHEN SUBJECTED TN STRESSES OF VARIOUS KINDS. EFFECTS OF THE PLASTIC-ELASTIC REHAVIOR ARE
NISCUSSED AND VALUES DF MECHANICAL CONSTANTS SUCH AS YOUNG'S MODULUS AND VISCOSITY COEFFICIENTS, INCLUDING RESULTS OF
LABORATORY ANM FIELD STUNIES, ARF PRESENTED FOR VARIOUS TYPES OF ICE. THE MECHANISM UNDERLYING THE OEFQRMATION OF ICE
UNDER VASTQUS CONDITIONS IS INDICATED. THE NEFD FOR STANDARDIZATION OF TESTING TECHNIQUES 1S STRESSED. ULTIMATE
STRENGTH, MNDULUS OF ELASTICITY AND VISCOSITY COFFEICIENTS AS FUNCTIONS OF TEMPERATURE, STRUCTURE, ORIENTATION AND
IMPURITIES ARF REVIEWED.

12-51-03001 MOVEMENTS OF THE ROOF AND FLOOR IN ROADWAYS ( MINING MEASUREMENTS SUPPORTS )

SCHWARTZ, B. & SCH OF MINES NANCY FRANCE
THE PA. STATE UNIV., RULLETIN MINERAL INDUSTRIES EXPERIMENT STATICN, PROC. OF FOURTH SYMP. ON ROCK NECHANICS, 1-10,
MAR. 30, 31, APR. 1, 1961. THE STUDY INVESTIGATED THE FACTORS WHICH MAINLY INFLUENCE THE MOVEMENT OF THE ROCK AND
ATTEMPTS TC DEFINE THESE INFLUENCES MORE ACCURATELY. RESULTS ARE BASED ON MEASUREMENTS OF THE MOVEMENTS OF PLUGS SET
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INTO ROOFS AND FLOORS AND INTO SOLID ROCK WHICH ARE ABSOLUTE WITH RESPECT TO THE FIXED BASES OR RELATIVE FROM ONE PLUG
TO ANOTHER WITH PARTICULAR REFERENCE TO CONVERGENCE. CONVERGENCE IS THE APPROACH OF 2 PLUGS FIXED IN THE ROOF AND
FLOOR RESPECTIVELY, PERPENDICULAR TO THE STRATIFICATION. THE STUDY PERMITS ANALYSIS OF THE INFLUENCE OF NUMEROUS
FACTORS SUCH AS: THE NATURE OF THE ROCK3; THE DENSITY OF THE SUPPORTS; THE RATE OF ADVANCE OF THE WORKINGS AND
BRUSHING. 14 TABLES.

12-61-03002 THEORETICAL ASPECTS OF ROCK BEHAVIOR UNDER STRESS ( ELASTIC DEFORMATION FRACTURE STRESSES FORCES SHEAR
TENSION COMPRESSION )
PONCELET, E. F. & SRI MENLO PARK CAL
THE PA. STATE UNIV., BULLETIN OF MINERAL INDUSTRIES, EXPERIMENT STATION, PROC. OF FOURTH SYMP. OGN RCCK MECHANICS,
65-72, MAR. 30, 31, APR. 1, 1961. THE SIMPLIFIED THEDRY FOR FRACTURE CONCLUDES THAT WHEN THE MAJOR PRINCIPAL
STRESS EXCEEDS THE COHESIVE STRENGTH OF THE BOND BETWEEN TWO ATOMS IN LINE WITH IT, THESE SEPARATE, THROWING THE LOAD
ON THE NEIGHBORING BONDS CAUSING FURTHER SEPARATION OF ATOM PAIRS AND THUS A FRACTURE DEVELOPS. THE SAME THINKING IS
ADVANCED FOR TRIAXIAL STRESSES. THE USE OF THIS APPROACH IS DISCUSSED FOR APPLICATION TO ROCKS AND ALSC IN APPLICATION
TO EXPLOSIVE CHARGES IN BORE HOLES.

12-61-03003 TRANSITION FROM ELASTIC TO PLASTIC STATES OF ROCK UNDER TRIAXIAL COMPRESSION ( UNDERGRUUND STRESSES
ANALYSIS EXPERIMENTAL-~RESULTS THEORY )
SERATA, S. & MICH STATE UNIV
THE PA. STATE UNIV., BULLETIN OF MINERAL INDUSTRIES, EXPERIMENT STATION, PROC. OF FOURTH SYMP. ON ROCK MECHANICS,
73-82, MAR. 30, 31, APR. 1, 1961. THIS PAPER INTRODUCES A THEORY DESCRIBING THE BEHAVIOR OF ROCKS IN UNDERGROUND
FORMATIONS FOR THE PURPOSE OF ANALYZING UNDERGROUND STRESS CONDITIONS. A PHENGOMENON OF AN ABRUPT TRANSITION FROM
ELASTIC TO PLASTIC STATES OF ROCK UNDER TRIAXIAL COMPRESSION IS ANTICIPATED FROM THE THEORY. LABORATORY EXPERIMENTS
WERE CONDUCTED THAT SIMULATED CONDITIONS AND RESULTS ARE GIVEN TO VERIFY THE THEORY. A METHOD FOR DETERMINATION OF THE
UNDERGROUND STRESS FIELD IS PROPOSED, BASED ON THE THEORY AND THE EXPERIMENTAL RESULTS. THE EXISTENCE OF THE PLASTIC
STATE AND THE BOUNDARY OF TRANSITION IN UNDERGROUND FORMATIONS ARE PREDICTED., EIGHT DIAGRAMS.

12-61-03004 THE EFFECTS OF STRAIN RATE AND TEMPERATURE ON THE BEHAVIOR OF ROCKS SUBJECTED TO TRIAXIAL COMPRESSION (

TESTS STRENGTH-CHARACTERISTICS STRESS PRESSURE DEFORMATION FLOW FRACTURE )

SERDENGECTI, S. + BOOZER, G. D. & CAL RES-CORP LA HABRA CAL
THE PA. STATE UNIV., BULLETIN OF MINERAL INDUSTRIES, EXPERIMENT STATION, PROC. OF FOURTH SYMP. ON ROCK MECHANICS,
83-98, MAR. 30, 31, APR 1, 1961. THIS PAPER DESCRIBES DYNAMIC TRIAXIAL COMPRESSION TESTS PERFORMED TO DETERMINE
THE STRENGTH CHARACTERISTICS OF BEREA SANDSTONE, SOLENHOFEN LIMESTONE, AND PALA GABBRD ROCKS THAT WERE SUBJECTED TO
CONTROLLED STRESS, STRAIN RATE AND TEMPERATURE CONDITIONS. CONTROL OF THE STRESS WAS ESTABLISHED BY VARYING LIQUID
PRESSURES WITHIN AND AROUND A RUBBER-JACKETED CYL INDRICAL ROCK SPECIMEN. LIQUID PRESSURES WERE VARIED FROM ATMOSPHERIC
70 20,000 PSI. TEMPERATURES WERE VARIED FROM ROOM TEMPERATURE TO 300 DEGREES F AND AXTIAL STRAIN RATE FRCM 10 TO THE
MINUS 3 TO 100 PERCENT PER SECOND. DATA OBTAINED SHOWS THAT FOR A GIVEN STATE OF STRESS AND TEMPERATURE, THE AXIAL
COMPRESSIVE STRESS REQUIRED TO FRACTURE THE ROCK SPECIMEN INCREASES AS THE STRAIN RATE IS INCREASED AND THE TYPE OF
FAILURE OBSERVED CHANGES FROM DUCTILE TO BRITTLE. WITHIN THE ABOVE TEMPERATURE AND STRAIN RATE RANGES IT APPEARS THAT
FNR A GIVEN STATE OF STRESS THE EFFECTS OF CHANGING STRAIN RATE MAY BE OBTAINED BY MERELY CHANGING THE TEST
TEMPFRATURE. A MECHANICAL EQUATION OF STATE IS PROPOSED FOR SOLENHOFEN LIMESTONE THAT PREDICTS COMPRESSIVE
STRENGTH FOR GIVEN STRESS, STRAIN RATE, AND TEMPERATURE CONDITIONS.

12-61-03005 DEPENDENCE OF FRACTURE STRENGTH NOF RNCKS ON GRAIN SIZE ( BRITTLE-FRACTURE FLAWS GRIFFITH-CRACKS STRESS

COMPRESSIVE~STRENGTH GRAIN-BOUNDARY INDENTATION-HARDNESS )

BRACE, We. F. & HARVARD UNIV
THE PA. STATE UNIV., BULLETIN OF MINERAL INDUSTRIES, EXPERIMENT STATION, PROC. OF FOURTH SYMP. ON ROCK MECHANICS,
99-104, MAR. 30, 31, APR. 1, 1961. THIS PAPER DISCUSSES THE GRIFFITH THEORY AS THE BASIS FOR ANALYSES OF BRITTLE
FATLURF. ACCORDING TO THE THEORY, MICROSCOPIC FRACTURES START. AT PRE-EXISTING FLAWS (AT SO-CALLED GRIFFITH CRACKS)
WHICH ENLARGE AND SPREAD UNDER THE INFLUENCE OF APPLIED STRESS. WITH THIS MODEL THF BRITTLE STRENGTH OF A MATERIAL CAN
RE CALCULATFD FOR ANY SYSTEM OF LOADING USING CERTAIN KNOWN VALUES SUCH AS MATERIAL CONSTANTS, AND THE SHAPE AND SIZE
OF GRIFFITH CRACKS. SOME PRELIMINARY RESULTS OF A STUDY OF THE EARLY STAGES OF ROCK FRACTURE ARE PRESENTED. THEQORY IS
DESCRIRED AND RELATIONSHIP OF GRIFFITH CRACKS AND GRAIN BOUNDARIES IS DESCRIBED. A COMPARISON IS MADE OF CALCULATED
AND MFEASURED VALUES OF SPECIFIC SURFACE ENERGIES OF VARIOUS ROCK MATERIALS. REPRESENTATIVE ROCK PROPERTIES ARE USED TO
CALCULATE GRIFFITH CRACK LENGTHS WHICH ARE COMPARED TO VALUES EXPERIMENTALLY DETERMINED BY OTHERS AND RELATION OF CRACK
LENGTHS T2 GRAIN SIZE ESTABLISHED. SPECIMENS OF REPRESENTATIVE LIMESTONE, DOLOMITE, QUARTZITE, AND BASALT WERE
HARDNESS TESTED AMD POCK HARDNESS, COMPRESSIVE STRENGTH, AND MAXIMUM GRAIN SIZE RELATIONS ARE DISCUSSED AND
TLLUSTRATED. STUDIES INDICATE THAT THF LENGTH OF GRIFFITH CRACKS IS OF THE ORDER OF MAXIMUM GRAIN SIZE AND THAT
GRIFFITH CRACKS MUST LIE WITHIN GRAINS CR AT GRAIN BOUNDARIES.

12-61-03006 LABORATORY MEASUREMENTS OF SOME PHYSICAL PROPERTIES OF ROCK ( STREMGTH TENSILE COMPRESSIVE STATIC STRESS
DYNAMIC FLASTICITY-MODULUS MEASUREMENTS TESTS SPECIMENS )
FATRHURST, C. & UNIV MINN MINNEAPOLIS MINN
PA. STATE UNIV., BULLETIN OF MINERAL INDUSTRIES, EXPERIMENT STATION, PROC. OF THE FOURTH SYMP. ON ROCK MECHANICS,
105-118, MAR. 30, 31, APR 1 1961. THIS PAPER DISCUSSES THE CONDITIONS OF ROCK TESTING AND DIVIDES ROCK MECHANICS
PROBLEMS TNTO TWO CLASSES: THOSE INVOLVING STATIC OR VERY SLOWLY APPLIED STRESSES AND INVOLVING DYNAMIC OR VERY RAPIDLY
APPLIED STRESSES. DETERMINATION OF STRESS CONDITIONS ARQUND UNDERGROUND OPENINGS IS AN EXAMPLE OF THE FORMER AND
UNDERSTANDING THE MECHANICS OF ROCK FRAGMENTATION IN BLASTING IS AN EXAMPLE OF THE LATTER.

12-61-03007 PROPAGATION VELOCITY OF LONGITUDINAL WAVES IN ROCK ( STRESS-WAVES STRESS LEVEL RESONANCE-FREQUENCY PULSE
DETECTOR MEASUREMENTS MODULUS CRACKS PGROSITY )
RINEHAPT, J. S. + FORTIN, J. P. + BURGIN, L. & COLO SCHOOL OF MINES GOLDEN COLO
THE PA. STATE UNTV., RULLETIN OF THE MINERAL INDUSTRIES EXPERIMENT STATION PROC., OF FOURTH SYMP, ON ROCK MECHANTCS,
119~136, MAR. 30, 31, APR 1, 1961. PROPAGATION OF LONGITUDINAL STRESS WAVES IN ROCKS DEPENDS ON SEVERAL FACTORS:
THE STATF OF STRESS, STRESS LEVEL OF THE WAVE, WATER CONTENT, POROSITY, TEMPERATURE, DIRECTION OF PROPAGATION WITH
RESPECT TOQ STRATIFICATION OF THFE ROCK AND TEXTURE OF THE 20CK. WHILE SOME OF THESE FACTORS HAVE BEEN THORNUGHLY
STUDTED MANY TIMES, OTHERS, SUCH AS THE STRESS LEVEL OF THE WAVE, HAVE NOT BEEN INVESTIGATED. THIS PAPER REVIEWS AND
SUMMARIZES EXTSTING DATA ON PROPAGATION VELOCITY OF LONGITUDINAL STRESS WAVES WITH THE VIEW.TO GENERALIZE THE RESULTS
AND INDICATE AREAS 0OF WEAKNESS AND GAPS IN OUR KNOWLEDGE.

12-61-03008 EXCAVATION OF CONTAINED TNT EXPLOSIONS IN TUFF ( BEDDED-VOLCANIC~TUFF ROCK-FRACTURE SHOT-CHAMBER
EXCAVATED-VOLUME CAVITY vOID }
SHORT, N. M. & LRL LIVERMORE CAL
THF ©A. STATE UNIV., BULLETIN OF MINERAL INDUSTRIES EXPFPIMENT STATION, PRNC. OF THE FOURTH SYMP. CN ROCK MECHANICS,
171-178, MAR. 30, 31, APR 1, 1961. THIS PAPER DESCRIBES THE FRPACTURING AND RELATED PHENOMENA PRODUCED BY TWO
EXPLOSIONS IN REDDED VOLCANIC TUFF WITHIN THE RANIER MESA AT THE ATOMIC ENERGY COMMISSION'S NEVADA TEST SITE. THE
PAPER IS BASFD ON A STUDY OF TWO H. E. EXPERIMENTAL TEST EXPLOSIONS, NO. 11 AND 14A, OF PROJECT HOBO, A FOLLOW-ON STUDY
INITIATEN IN PPOJECT PLOWBOY AT WINNFIFLD, LOUISIANA WHERE EXPLOSIONS IN SALT WERE INVESTIGATED. STUDTES IN DETAIL
WERE CONDUCTED BY MINING DIRECTLY INTC DETONATION CHAMBERS AND SURROUNDING ROCK ABOUT EACH EXPLOSICN. THE TWO
EXPLOSTONS REPORTED IN THIS PAPER TOOK PLACE IN-A SEQUENCE OF TUFF BEDS IN UNIT 3 OF THE OAK SPRINGS FORMATION IN A
DRIFYT IN THE TUNNEL COMPLEX ASSOCIATED WITH THE BLANCA NUCLEAR EVENT. BOTH SHOTS WERE DETONATED IN CHAMBERS FORMED
FIRST BY DRILLING A PILOT HOLE BEYOND THE DESIRED DEPTH OF EXPLOSION THEN REAMING A SEGMENT TO HOLD THE AMOUNT OF
GRANULAR TNT (PELLETOL) CALCULATED TO PRODUCE A PARTICULAR YIELD. RESULTS INCLUDE MEASUREMENTS OF CAVITY, ROCK RUBBLE,
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PORASITY, AND EXTENT OF FRACTURES IN SURRGUNDING ROCK WALLS. RESULTS ARE DISCUSSED IN RELATION TO EARLIER EXPERIMENTAL
SHOTS AND TO FEFFECTS OF NUCLEAR EXPLOSICONS.

12-61-03009 LABORATORY BLASTING WITH MODELS ( INCLINED-BLAST-HOLES EXPERIMENT EXPLOSIVE PLEXIGLAS-MODELS BORFHOLES
BURDEN THROW )
KOCHANOWSKY, B. J. + PINTOy J.s JR. & PENN STATE UNIV :
THE PA. STATE UNIV., BULLETIN OF MINERAL INDUSTRIES, EXPERIMENT STATION, PROC. OF THE FOURTH SYMP. CN ROCK MECHANICS,
179-180, MAR. 30, 31, APR. 1, 1961. MODEL TEST EXPLOSIONS USING PLEXIGLAS MODELS DEMONSTRATED THE DIFFERENCE IN
ACTION NF VERTICAL AND INCLINED BLAST HOLES. TESTS WERE CONDUCTED IN THE ROCK MECHANICS LABORATORY AT PA. STATE FOR
PARTICIPANTS OF THE SYMPOSIUM. THE INCLINED HOLE PRODUCED A FAR BETTER BLASTING EFFECT AND MUCH LARGER THROW.

12-61=03010 MFTHODS FOR DETERMINING ROCK PRESSURE ( MEASUREMENT STRESSES DEFORMATION ROCK-MODULUS )

PANEKy L. A. & U.,S. BUR MINES
THF PA. STATE UNIV., BULLETIN OF THE MINERAL INDUSTRIES, EXPERIMENT STATION, PROC. OF THE FOURTH SYMP. CN ROCK
MECHANICS, 181-184, MAR. 30, 31, APR. 1, 1961. AN OUTLINE OF PROGRESS IN MEASUREMENT OF STRESSES IN ROCK AND
METHONS OF EMPLOYING SENSING DEVICES HAVING VARIOUS LOAD-DEFORMATION RESPONSE CHARACTERISTICS TO DETECT CHANGES IN
STRESS OR DEFORMATION IN ROCKS. EXAMPLES OF MANY SENSING ELEMENTS, METHODS OF USE AND DETERMINATION WHICH CAN BE MADE
ARE PRESENTED., NO SINGLE METHOD OR DEVICE WILL BE BEST IN ALL OR EVEN IN MOST SITUATIONS BECAUSE OF THE LARGE NUMBER
OF COMRINATIONS 0OF FACTORS SUCH AS: INTENSITY OF ROCK STRESS, ROCK STRESS-STRAIN CHARACTERISTICS, SENSING DEVICE,
REMOTENESS FROM OBSERVER. TIME TO OBTAIN INITIAL MEASUREMENTS, STABILITY OF INSTRUMENTS, TIME TO OBTAIN AND REDUCE
READINGS NF MEASUREMENTS REPEATED OVER A PERIOD OF TIME.

©12-61-03011 A LABNRATORY INVESTIGATION OF A HIGH MODULUS BOREHOLE PLUG GAGE FOR THE MEASURES OF ROCK STRESS (

EXCAVATTION UNDERGROUND STABILITY STRATA STRAIN-GAGES ELASTICITY EXPERIMENT )

WILSON, &. H. & NATIONAL COAL BOARD ENGLAND
THE PA. STATF UNIV., BULLETIN OF THE MINERAL INDUSTRIES EXPERIMENT STATION PROC OF THE FOURTH SYMP CN ROCK MECHANICS,
185-196, MAR. 30, 31, APRIL 1, 1961. EXPERIMENTAL METHODS, INSTRUMENTS AND RESULTS FOR MEASUREMENT OF CHANGES IN
STRESS IN ROCKS. PLUGS OF RELATIVELY HIGH MODULUS OF ELASTICITY COMPARED TO ROCK ARE DEVELOPED CONTAINING STRAIN GAGES
THAT MSASURF STRAIN IN THE INSTRUMENT RATHER THAN THE SURROUNDING ROCK, SO THAT ACCURATE KNOWLEDGE OF THE ELASTICITY OF
THE ROCK IS NOT NFEDED. TAPERED PLUGS WERE FITTED INTO REAMED BOREHOLES IN ROCK BLOCKS WHICH WERE LOADED IN A PRESS
FOR TESTING. THF PLUGS CONTAINED CLOSELY FITTED STRAIN GAGES AND COMPENSATION FOR TEMPERATURE PROVIDED. HALVES OF
PLUGS ARE CEMFNTED TOGETHFR WITH EPOXY RESIN AND SIMILARLY CEMENTED INTO THE BOREHOLE FROM WHICH RESISTANCF
MEASURFMENTS WERF MADE DURING LOADING. BOTH BRASS AND STONE PLUGS WERE USED. RESULTS WERE FOUND TO DE SATISFACTORY
AND REPRODUCIRLE. STRESS IN THE PLUGS IS RELATED TO STRESS IN THE SURROUNDING ROCK BY FORMULAE DERIVED FROM THE WORK OF
A. COUTINHO.

12-61-03012 THF NATURAL ARCH, THE FRACTURE PATTERN AND THE SEQUENCE OF FATLURE IN MASSIVE ROCK SURROUNDING AN
UNDEPGROUND OPFNING ( GEOLOGIC-PROCESSES DEFORMATION STRESS ELASTIC PLASTIC REBOUND )
LIVINGSTON, €. W. & BARODYN INC GEORGETOWN COLLEGE )
THF PA., STATE UNIV., BULLETIN OF THE MINERAL INDUSTRIES EXPERIMENT STATION, PROC OF THE FOURTH SYMP ON RGCK MECHANICS,
197-2%4, MAR. 30, 31, APRIL 1, 1961. THROUGHOUT GEOLOGIC TIME, MOUNTAIN BUILDING HAS BEEN FOLLOWED 8Y ERNSION AND
SURSIDFENCE. RNCKS OF THF EARTH'S CRUST WERE LDADED, THEN UNLOADED. DURING LOADING, ROCKS ARF DEFORMED BY FLOWAGE OR
3Y FRACTURE. SIMILARLY DURING UNLOADINGS, DEFORMATION BY ELASTIC REBOUND WITHIN THE ELASTIC LIMIT FRACTURE
OCCURS. THE SCIFNTIFIC PPINCIPLES APPLY TO THF BFHAVIOR OF ROCK SUBJECT TO EITHER THE FORCES OF NATURE OR TQO
EJRCES NCCURRING AS A RESULT 0OF MAN-MADE EXCAVATIONS. FRACTURES WITHIN A ROCK MASS ARE CLASSIFIED EITHER AS QCCURRING
NURINS LOADING OR DURING UNLOADING AND THE ATTITUDE OF THE FRACTURE IS RELATED TO THE ORIENTATION OF THE PRINCIPAL
STRAIN AXFES. THE SHAPES OF NATURAL ARCHES PRODUCED B8Y STATIC LOADING AND UNLOADING OF SANDSTONE AS IN NATURE AND AS A
RESULT OF THE DYNAMIC LOADING OF A CIRCULAR OPENING IN SANDSTONE ARE ILLUSTRATED. THE SEQUENCE IN WHICH FRACTURES ARFE
FORMED ARQUND THF OPFNING IS DESCRIBED AND THE ORIENTATION OF THE FRACTURES IS COMPARED WITH THEORETICAL ORIENTATION OF
LOANDING AND UNLOADING FRACTURES RELATIVE TO THE PRINCIPAL AXES OF STRAINS.

12x61-03012 RIB CONTROL CF BEDDED RONF STRESSES ( BEAM~THEORY ANALYSIS ABUTMENT-LOADS ELASTIC-FOUNDATICN )

ADLER, L. & MICH COLLEGE
THF PA. STATE UNIV., BULLETIN OF THE MINERAL INDUSTRIES EXPERIMENT STATION, PROC OF THE FOURTH SYMP CN RCCK MFCHANICS,
205-210, MAR. 30, 21, APRIL 1, 1961. THE ANALYSIS OF STRESSES SURROUNDING AN UNDERGROUND OPENING IN BEDDED RACK
RFLIFES PRIMARILY ON BFAM THEORY WITH ITS SIMPLIFYING ASSUMPTICNS. CERTAIN ASSUMPTIONS PERMIT DEALING WITH A
SUFFICIFNTLY SIMPLF STRUCTURE THAT EMPHASTIZR THIS DEPARTURE FROM CONVENTIONAL ANALYSIS. THE SIMPLIFIED STRUCTURE
CANSISTS OF THE MAIN ROOF LOADED ONLY BY ITS OWN WEIGHT AND THE RIB. STRUCTURAL AND FOUNDATION ENGINEERING ARF
CONFRONTED WITH THE SAME PRCOBLEM OF UNCERTAIN SUPPORT CNNDITIONS AND EACH HAS DEVELOPED USEFUL APPROACHES TO HANDLE
IT. THFE ANALYSIS PROPOSED HERE EMPLOYS THE THEQRY OF "BEAMS ON ELASTIC FOUNDATIONS™. THE SUPPORT CR FOUNDATION IS
ASSUMED TOQ DEFLECT AN AMCUNT PROPORTIONAL TO ITS LOCAL LOAD TERMED THE FOUNDATION MDDULUS. THIS ASSUMES A FOUNDATION
COMPOSED OF ADJACENT YET INDEPENDENT, DIFFERENTIAL ELASTIC PRISMSS, ORIENTED WITH THEIR FINITE AXIS NORMAL TO THE BEAMS
LNNGITUDINAL AXIS. PHYSICALLY THIS IS LIKENED TO SUPPORTING A BFAM ON A BED OF CLOSELY SPACED, ALTHOUGH SEPARATED
SPRINGS. ACVANTAGES AND DISADVANTAGES OF THE METHOD ARE LISTED AND RECOMMENDATIONS ARE MADE FOR A COMPREFENSIVE PROGRAM
OF EXPERIMENTAL VERIFTICATION AND CORRELATION.

12-61=03014 FLAT JACKS PRE-LOJAD MASSIVE MINE SUPPORTS ( UNDERGROUND CONCRETE MEASUREMENT PILLARS PRE-LOADING-FORCE

GROUTING SLOPE-DIVERGENCE )

RFFD, J. J. + MANN, C. D. & COLQ SCHOOL GF MINES GOLDEN COLO
THE PA., STATF UNIV., BULLETIN OF THE MINERAL INDUSTRIES EXPERIMENT STATION PROC OF THE FOURTH SYMP ON ROCK MECHANICS,
”211-220, MAR. 30, 21, APRIL 1, 1961. PAST EXPERIENCE SUBSTANTIATED BY 20 YEARS OF COMPRESSTION MEASUREMENTS ON
DYLLARS RUILT IN 1938 HAS NDEMONSTRATED THAT CONCRFTE PILLARPS WHICH ARE NNT PRE~-LOADFD WILL NFVER CARRY APPRECIABLE
WETGHT BY NATURAL LOADING UNTIL THE ROOF ROCKS AND ADJACENT ROCK PILLARS ARE ALREADY FATLING. EARLY EFFORTS AT
PRE=LOADING USED SCREW JACKS BETWEEN PILLAR TOPS AND ROOF BUT THE WEIGHT CARRIED WAS LITTLE MORE THAN THE PTILLAR
ITSELF. A MUCH MORE POWFRFUL PRE~-LOADING FORCE WAS CLEARLY REQUIRED. EARLY EXPERIMENTAL WORK AND KNOWLEDGE OF THE USE
OF FLAT JACKS IN FRANCE LED TO THE SOLUTION DESCRIBED. TESTS ON A SERIES OF TEN PILLARS, 7 OF PRE-CAST CONCRETE AND 3
CAST IN PLACF, ARF DESCRIBED, MEASUREMENTS OF HYDRAULIC JACKING PRESSURES, JACK OPENINGS, STRENGTH OF CONCRETE, YOUNGS
MODULUS, AND AVFRAGE STOPE DIVFRGENCE ARE TARULATFD. OESCRIPTIONS ARE GIVEN OF PILLAR CONSTRUCTION, FLAY JACKS,
HYDRAULIC PUMPING PROCSDURE, GROUTING, AND STRAIN MEASUREMENT. THESE METHODS PROVIDE A CONTROLLABLE FORCE FOR GROUND
SUPPORT WHICH APPROACHES THE FORCE WHICH MUST BE WITHSTOOD.

12-61-03015 HYPOTHESIS FNR THE MECHANISM OF ROCK FAILURE UNDER IMPACT ( DRILLING CHISEL~EDGE PENETRATION STRAIN-GAGES

ANALYSIS WAVE-ACTION }

SIMGH, M. M. + HARTMAN, H. L. & GULF RES AND DEV CO PITTSBURGH
THE PA. STATFE UNIV., BULLETIN OF THE MINERAL INDUSTRIES EXPERIMENT STATION, PROC OF THE FOURTH SYMP ON ROCK MECHANICS,
221-278, MAR. 30, 31, APPIL 1, 1961, VARINYS THEORIES ON THE MECHANISM OF ROCK FRACTURE AND EARLIFR STUNIES COF
NRILLING LEADING TO AN UNDERSTANDING OF THE MODES 0OF FATLURE ARE REVIEWED. THE PAPER REPORTS RESULTS OF EXPERIMENTAL
STUDY NF SINGLFE, ISOLATED BLOWS CF A CHISEL NN ROCK TO PROVIDE A LOGICAL BEGINNING FOR INVESTIGATIONS LEADING TO AN
UNDERSTANDING OF THE PHENCMENDON OF ROCK FAILURE UNDER IMPACT. TESTS WERE PERFORMED ON A SPECIAL SYNTHETIC ROCK
PREPARED IN THE MANNER QOF CONCRETE TO REDUCE THE EFFECTS OF INHOMOGENEITIES. A FEW CONFIRMATIONAL TESTS WERE CONDUCTED
NN NATURAL ROCK (BARRE GRANITE AND SOLENHOFEN LIMESTONE) AND ON PLEXIGLAS. STRAIN GAGES WERE ATTACHED TO THE ROCK
ARPOUND THE LINE OF BIT CONTACT. TRAMSIENT-STRAIN PULSES WERE RECORDED WITH OSCILLOSCOPES AND ANALYZED. A THEQRETICAL
ANALYSIS OF WAVFE ACTION IS DESCRIBED AND ILLUSTRATED WITH OSCILLOSCOPE TRACE PHQTOS. A HYPOTHESIS OF FAILURE IS
PROPOSEDN FROM THE FXPERIMENTAL RESULTS AND LIMITATIONS OF THE HYPOTHESIS ARE INCLUDED.
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12=61-03016 RATE OF LDADING EFFECTS IN CHISEL IMPACT { ROLLER-CONE-BITS PERCUSSIVE-DRILLING PENETRATION-TIME ANALYSIS

FREQUENCY )

APPEL, F. C. + GATLEY, W. S. & KANSAS STATE U MANHATTAN KANSAS
THE PA. STATE UNIV., BULLETIN OF THE MINERAL INDUSTRIES EXPERIMENT STATION, PROC OF THE FOURTH SYMP ON ROCK MECHANICS,
229-2364 MAR. 30, 31, AND APRIL 1, 1961. THIS PAPER PRESENTS A COMBINED ANALYTICAL AND EXPERIMENTAL STUDY OF
CHISEL PENETRATION VS, TIME DURING CHISEL IMPACT ON ROCK, A PROBLEM OF FUNDAMENTAL IMPORTANCE IN IMPROVING PERFORMANCE
OF ROLLER CONE BITS OR PERCUSSIVE-TYPE DRILLING APPARATUS. THE ROCK BEHAVIOR TO IMPACT WAS SIMULATED APPROXIMATELY BY
AN EQUIVALENT LUMPED SYSTEM, OR AN EQUIVALENT MASS, SPRING, DASHPOT SYSTEM. AN ANALYTICAL SOLUTION IS DESCRIBED FOR
CHISEL PENETRATION VS. TIME DUE TO A SINUSOIDAL LOAD BETWEEN CHISEL AND ROCK. CURVES ARE DRAWN OF MAXIMUM DEPTH
PENETRATION VS. FREQUENCY OF SINUSDIDAL LOADING AND ENERGY TRANSFER VS. FREQUENCY. RESULTS OF THE ANALYSIS WERE USED
TO PREDICT PENETRATION RATE OF ROTARY BITS VS. ROTARY SPEED. TO VERIFY THIS ANALYSIS EXPERIMENTAL APPARATUS WERE
CONSTRUCTED AND TESTS WERE RUN WITH A SINUSOIDAL LOADED CHISEL IMPACT. STRAIN AND VELOCITY WERE MEASURED AND RECORDED
BY PHOTOGRAPHS OF OSCILLOSCOPE TRACES SIMULTANEOUSLY. GOOD AGREEMENT WAS OBTAINED WITHIN THE FREQUENCY RANGE OF THE
EXPERIMENTS BUT THE SMALL INERTIA EFFECT (PEAK PENETRATION) OCCURRED AT A FREQUENCY MUCH HIGHER THAN COULD BE OBTAINED.
THUS A RATE-OF-LOADING EFFECT (S INDICATED THEQRETICALLY BUT HAS NOT BEEN VERIFIED AS YET.

12-61-03017 PHOTOGRAPHIC STUDY OF ROCK FAILURE IN DRAG BIT DRILLING { SEDIMENTARY-ROCK ROCK-SAMPLES CUTTING TOOL

RAKE=-ANGLE CUTTING-SPEED STRAIN-GAGE FORCE-SIGNAL MOVIES )

GRAY, K. E. + GATLIN, C. & UNIV TEXAS AUSTIN TEX
THE PA. STATE UNIV., BULLETIN OF THE MINERAL INDUSTRIES EXPERIMENT STATION, PROC OF THE FOURTH SYMP ON ROCK MECHANICS
237-242, MAR. 30, 31, APRIL 1, 1961. PRELIMINARY EXPERIMENTAL RESULTS ARE PRESENTED FOR TWO DIMENSIONAL CUTTING OF
SEDIMENTARY ROCKS BY A FIXED BLADE. ALL CUTS WERE HORIZONTAL; HENCE THE TRUE HELICAL PATH OF AN ACTUAL DRILL BIT WAS
NOT STMULATED. ROCK SAMPLES WERE MOUNTED ON A CONVENTIONAL STEP-TOE SHAPER RAM AND THE CUTTING TOOL ASSEMBLY WAS HELD
RIGIDLY IN THE VISE ON THE SHAPER BED. MOVIES OF THE CUTTING PROCESS WERE OBTAINED AT CAMERA SPEEDS OF 5000 TO 8000
FRAMES PER SECOND WITH MAGNIFICATION OF 4 ONTO THE FILM. STRAIN GAGES ON THE HEAD OF THE CUTTING TCOL ASSEMBLY
PROVIDED BOTH HORIZONTAL AND VERTICAt FORCE SIGNALS TO AMPLIFIERS THEN TO A RECORDER. TEST VARIABLES INCLUDED CUTTING
TIP RAKE ANGLE, CUTTING SPEED, AND CUT DEPTHS. CURVE PLOTS ARE PROVIDED TO SHOW RELATIONSHIP AND A FILM SEQUENCE SHOWS
THE CUTTING ACTION. RELATIVELY SMALL INCREASES IN TOOL FORCES ARE REQUIRED TO INCREASE CUT DEPTH IN THE CHIPPING
REGION. TOCOL FORCES INCREASE AT AN INCREASING RATE AS RAKE ANGLE INCREASES. HIGHER CUTTING SPEEDS REQUIRE
SUBSTANTIALLY HIGHER FORCES AT A GIVEN CUT DEPTH. HOWEVER, THE VERTICAL FORCE COMPONENT INCREASES MORE THAN THE
HORTZONTAL . ACTUAL CONTACT AREA BETWEEN CUTTING TIP AND ROCK WAS LITTLE AFFECTED BY CUT DEPTH CR TCOTH GEOMETRY
ONCE THE CHIPPING PHASF WAS REACHED. THE CONTACT HEIGHT WAS MUCH LESS THAN THE CUT DEPTH.

12-61=03018 STRATA MOVEMENT FROM UNDERGROUND OPENINGS ( SUBSIDENCE PILLARS EXTRACTION-RATE SURFACE-CAMAGE FILLING )
FALKIE, T. V. & PENN STATE UNIV
THE PA. STATE UNIV., BULLETIN OF THE MINERAL INDUSTRIES EXPERIMENT STATION, PROC OF THE FOURTH SYMP ON ROCK MECHANICS,
243-246, MAR. 30, 31, APRIL 1, 1961. A SUMMARY OF THE BUZZ SESSION (GROUP DISCUSSION) ON TITLE SUBJECT. THE
EFFECTS OF SURFACE SWEREDENCE WAS DISCUSSED AND VARIOUS FORMS OF CONTROL LEGISLATION IN VARIOUS STATES ARE OUTLINED.
METHODS OF CONTROL AND EFFECTS OF LACK OF CONTROL ARE TLLUSTRATED BY EXPERIENCES IN VARIOUS MINING AREAS. THE USE OF
PILLARS TO MINIMIZE SURFACE SUBSIDENCE AND RESULTING FIRE HAZARDS AND STREAM POLLUTION ARE CONSIDERED. PRACTICES IN
EUROPE ARF COMPARED TO THOSE IN THE UNITED STATES. LEGAL LIABILITY IS DISCUSSED ALONG WITH EURCPEAN METHODS USED TO
EVALUATE DAMAGES DUE TO SUBSIDENCE AND ASSESS PAYMENTS BY MINES. ODISPOSAL AND HANDLING OF GAS LIBERATED DURING COAL
MINING WAS ALSO DISCUSSED. LATERAL MOVEMENTS IN OPEN CUTS AND QUARRIES DUE TO LARGE HORIZONTAL FORCES WERE DISCUSSED
WITH CONCENTRATION ON CAUSE AND EFFECT.

12-61-03019 BFHAVINR OF ROCK UNDER STATIC LOADING ( GROUND-PRESSURE TECTONIC~-PRESSURE FRACTURE-STRENGTH FLOW
CRACK-PROPAGATION )
TANDANAND, S.
THE PA. STATE UNIV., BULLETIN OF THE MINERAL INDUSTRIES EXPERIMENT STATION, PROC OF THE FOURTH SYMP ON ROCK MECHANICS
247-248, MAR. 30, 31, APRIL 1, 1961. A SUMMARY OF THE BUZZ SESSION (GROUP DISCUSSION) ON THE TITLE SUBJECT. THE
DISCUSSICN CENTERED ON THE QUESTIONS OF THE BEHAVIOR OF ROCK UNDER TRIAXIAL COMPRESSION AND ON FLOW AND FRACTURE IN
RICKS. .

12-61-03020 BEHAVIOR OF ROCK UNDER DYNAMIC LOADING ( SOURCE-ZONE TRANSITION-ZONE SEISMIC-ZONE ROCK COMPRESSIVE-STRESS
PULSE ELASTIC ABSORPTION SCABBING )
PINTO, J., JR.
NATL GYMPSUM CO BELLEF PA THE PA. STATE UNIV., BULLETIN OF THE MINERAL INDUSTRIES EXPERIMENT STATION, PROC OF THE
FOURTH SYMP ON RQOCK MECHANICS, 249~250, MAR. 30, 31, APRIL 1, 1961. A SUMMARY OF THE BUZZ SESSION {(GROUP
DISCUSSICN) ON THE TITLE SUBJECT. THREE ZONES OF INTERESYT WERE DISCUSSED (1) THE SOURCE ZONE, (2) THE TRANSITION ZONE,
AND (3) THE SEISMIC ZONE. THE SOURCE ZONE IS CONCERNED WITH THE ORIGIN OF THE DYNAMIC LOAD DUE TO SUNDEN RELEASE OF
STORED FLASTTC STRAIN ENERGY SUCH AS EXPLOSIVES. THE TRANSITION ZONE SURROUNDS THE SOURCE ZONE. EQUATIONS OF STATE
FOP ROCKS ARE NEEDED BEYOND THE ELASTIC LIMIT TO DEVELOP THEORIES TO DFSCRIBE THE EFFECTS IN THE SOURCE ZONE. TO DATE
THERE IS NO SATISFACTORY THEORY TO ACCOUNT FOR THE VARIOUS PHENOMENA THAT OCCUR IN THE TRANSITION 2CNE OR TO PREDICT
THE SIZF QF THIS REGION FROM A KNOWLEDGE OF ROCK PROPERTIES AND SOURCE PROPERTIES. THE STRONG COMPRESSIVE STRESS PULSE
RADIATED QUTWARD FROM THE TRANSITION ZONE IS DISCUSSED IN RELATION TO INTENSITY OF SOURCE AND PROPERTIES OF ROCK. THE
SEISMIC ZONE SURROUNDS THE TRANSITION ZONE AND PROPAGATION OF THE STRESS PULSE IS NEARLY ELASTIC. SCABBING IS ALSO
DISCUSSED AND PREVENTIVE METHODS ARE SUGGESTED.

12-61-03021 STRESS MFASUREMENT AND GROUND CONTROL ( STRESS—-RELIEF CRACK ELASTIC-MODULUS FRACTURED-ROUCK )
JACKSON, I. & PENN STATE UNIV

THE PA. STATE UNIV., BULLETIN OF THE MINERAL INDUSTRIES EXPERIMENT STATION, PROC OF THE FAURTH SYMP ON RCOCK MECHANICS
251, MAR. 30, 31, APRIL 1, .1961. A SUMMARY OF THE BUZZ SESSION (GROUP DISCUSSION) ON THE TITLE SUBJECT. TWO MAJOR
ITEMS WERE DISCUSSED. ONE WAS THE STRESS RELIEF METHOD AND THE OTHER OF MEASURING A MINE OPENING BY INDUCING A CRACK
TN THE WALL. TRANSPOSING OF STRAIN TO STRESS BY USE OF THE ELASTIC MODULUS OF ROCK MET WITH RESERVATIONS ESPECIALLY IN
ROCKS THAT SHOW PLASTIC DEFORMATION. IN STRESS RELIEF ONLY ELASTIC REBOUND IS MEASURED SO THAT THE FIGURES ARRIVED AT
ARE LOW. LOW MODULUS STRAIN GAGES ARE ADVISED OVER HIGH MODULUS GAGES SINCE ERRORS ARE SMALLER AND HIGH STRAIN LEVELS
CAN BE HELD FOR CONSIDERABLE PERIODS. A METHOD OF MEASURING STRESS AROUND A MINE OPENING WAS SUGGESTED CONSISTING OF
THE CUTTING OF A NARROW SLOT IN THE SIDE OF THE OPENING. HYDRAULIC PRESSURES APPLIED TO THE SLOT CAUSE A CRACK TO FORM
WHICH CLOSES WHEN HYDRAULIC PRESSURE IS RELEASED. WHEN HYDRAULIC PRESSURE IS REAPPLIED IT IS THDUGHT THAT THE PRESSURE
RFQUIRED TQO FORCE THE CRACK GOPEN IS FQUAL TO THE ROCK STRESS PERPENDICULAR TO THE CRACK. A FORMULA 1S PROPOSED BASED

AN PRESSURE, STRESS, AND ROCK PROPERTIES. THE CONSENSUS OF THE GROUP WAS THAT SUCH A TECHNIQUE WAS WORTH
INVESTIGATING, o

12262505001 INVESTIGATION OF DYNAMIC FAILURE BY HIGH-~SPEED PHOTOGRAPHY ( DEFORMATION DRILLING IMPACT PHOTOELASTIC )
TANDANAND, S. + HARTMAN, H. L. & PENN STATE UNIV
MINN UNIV FIFTH SYMP ON ROCK MECHANICS, 1-32, MAY 1962. IMPACT TESTS WERE MADE ON THE EDGE OF & X 8 X 1/2 INCH
PLEXIGLAS AND GLASS PLATES WITH A 90 DEGREE CHISEL EDGE ASSEMBLY WEIGHING 8.5 LBS. DROPPED FROM A TWO FOOT HEIGHT
(IMPACT VFLOCITY 11 FT PER SEC). PHOTOELASTIC ANALYSIS WAS MADE BY TAKING PICTURES AT 6.5 MILLIONTHS OF A SECOND
INTERVALS. THE SEQUENCE OF FRACTURE EVENTS IS BELIEVED TO BE AS FOLLOWS: A ZONE OF PLASTIC DEFORMATION IS PRODUCED,
THE MAJOR VERTICAL CRACK FORMS, MINOR CRACKS FDRM ALONG SHEAR TRAJECTORIES, REDISTRIBUTION OF IMPULSIVE FORCE
PROPAGATFS RADIAL FRACTURES, PROCESS RESEMBLES STATIC FAILURE MORE THAN FAILURE UNDER IMPULSIVE FORCES OF EXTREMELY
SHORT DURATION SUCH AS DETONATED EXPLOSIVES. THIS INVESTIGATION HAS SHED SOME LIGHT ON THE FRACTURE OF BRITYLE
MATERTALS WHICH MAY HAVE APPLICATION IN ROCK PENETRATION AND DRILLING PROCESSES.
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12-62-05002 DYNAMIC ROCK PENETRATION TESTS AT ATMOSPHERIC PRESSURE ( CRATER IMPACT PENETRATION ENERGY )

VANZANT, B. W. & SHELL DEV CO HOUSTON
MINN UNIV FIFTH SYMP ON ROCK MECHANICS, 61-91, MAY 1962. PENETRATORS OF VARIOUS WEIGHTS HAVE BEEN IMPELLED AT
VELOCITIES OF UP TD 2000 FT PER'SEC INTO CEMENT AND MARBLE. THE CRATER DEPTHS AND VOLUMES IN EACH TARGET MATERIAL WERE
ESSENTIALLY THE SAME FOR CONSTANT IMPACT ENERGY, REGARDLESS OF BULLET MASS OR VELOCITY. PENETRATION WAS LESS THAN
LINEARLY RFELATED TO THE INITIALLY AVAILABLE ENERGY, WHEREAS THE VOLUME OF ROCK DESTROYED WAS GREATER THAN LINEARLY
PROPORTIONAL TO THF ENERGY. THE PROPORTIONALITY BETWEEN PENETRATION AND ENERGY APPEARS TO BE DETERMINED BY THE ROCK
ALONF. THESE RESULTS MAY DIFFER FROM DYNAMIC TESTS WITH TARGETS UNDER PRESSURE.

12-62-05003 ESTIMATING DRILLABILITY IN THE LABORATORY ( BIT-MATERIAL~LIFE PENETRATION ROTARY-BITS MICROBIT )

ROLLOW, A. G. & HUGHES TOOL CO HOUSTON TEX
MINN UNIV FIFTH SYMP CN ROCK MECHANICS, 93, MAY 1962. PENETRATION AND WEAR DATA FROM A MICROBIT MADE FROM A SIZE O
EMERY WHEEL DRESSER (1 1/4 INCH DIAMETER) REVOLVED AT 55 RPM UNDER A 200 LB LOAD ON A SAMPLE HAVE BEEN USED TO
SATISFACTORILY DETERMINE THE TYPE MATERIAL FOR 4 1/4 TO 12 1/4 INCH DIAMETER ROTARY BITS AND THE PREDICTED LIFE AND
PENETRATION. BOTH BORE HOLE AND BLAST-HOLE PENETRATION PREDICTIONS CAN BE MADE.

12-62-05004 MECHANICAL PROPERTIES AND DRILLABILITY OF ROCKS ( HARDNESS PLASTICITY ABRASIVITY PNEUMATIC ROTARY

PROTODY AKONOV-STRENGTH-COEFFICIENT }

PROTODYAKANOV, M. M. & USSR MINING INST MOSCOW
MINN UNIV FIFTH SYMP NN ROCK MECHANICS, 103-118, MAY 1962. IN ORDER TO CHARACTERIZE THE MECHANICAL PROPERTIES OF
RPCKS IN DRILLING THEIR HARDNESSs PLASTICITY AND ABRASIVITY ARE ESSENTIAL. FOR PERCUSSIVE DRILLING, HARDNESS AND
PLASTICITY ARE RELEVANT, FOR ROTARY DRILLING HARDNESS AND ABRASIVITY MATTER THE MOST. DETERMINING THE PROTODYAKONOV
ROCK STRENGTH CNEFFICIENT AND THE ROCK HARDNESS AND ABRASIVITY BY THE PTA TECHNIQUE ARE DESCRIBED. CRITICAL IMPACT AND
AXIAL FORCES EXIST FOR DIFFERENT TYPES OF DRILLING AT WHICH DRILLING SPEED INCREASES SHARPLY. AN EMPIRICAL FORMULA IS
GIVEN FOR DETERMINING OPTIMAL DRILLING. THIS DEPENDS ON THE PROTODYAKONOV ROCK STRENGTH COEFFICIENT, THE HOLE DIAMETER
AND THE PNEUMATIC DRILL CAPACITY. IF ACTUAL DRILLING IS NOT IN THE RANGE GIVEN BY THE EMPIRICAL FORMULA CHECK FOR
AR NORMAL OPERATING CCNDITIONS. IT IS PROPOSED THAT A ROCK DRILLABILITY CLASSIFICATION BE COMPILED FROM PERFORMANCE OF
A GRADUATEC PNEUMATIC DRILL OPERATING IN STANDARD CONDITIONS.

12-62-05005 DRILLING STRESSES ON DRY BIT CUTT[NG EDGES ( DIAMOND-BIT DRAG-BIT ROLLER-CONE-BIT ROTARY~PERCUSSION-BIT
CUTTING-EDGE-STRESS )
APPEL, F. C. + ROWLEY, D. S. & KANSAS STATE U MANHATTAN KANSAS
MINN UNIV FIFTH SYMP NN ROCK MECHANICS, 119-136, MAY 1962. ROTARY-PERCUSSION, DIAMOND AND ROLLER CCOME BITS HAVE
SUPPLANTED DRAG BITS IN MINING BUT IN OILWELLS DRAG BITS STILL ARE USED WHERE ROLLER CONES OR DIAMOND DRILLS ARE NOT
MORE FCONOMICAL. DRAG RIT DRILLING STRESSES HAVE BEEN DETERMINED ANALYTICALLY. CALCULATED MAXIMUM DRILLING STRESSES
AT THE RLADE CUTTING EDGE RANGED UP TO 320,000 PSI FOR AN EXTREME DRAG BIT DRILLING SITUATION IN A HARD FORMATION.
RESULTS SHOWED STRESSES APPROACHING SINTERED TUNGSTEN CARBIDE STRENGTH WERE POSSIBLE IN HARD FORMATIONS WITH SLIGHTLY
QOUNDED BLANE EDGF. LOWEST DRILLING STRESSES WERE WITH THE SHARPEST LEADING EDGES. SHARPNESS EFFECT WAS FOUND TO BE
MORE IMPORTANT FCR LOW DRILLING RATE AND HARDER FORMATIONS.

12-62-05006 FNFRGY & SIZE DISTRIBUTION ASPECTS OF SINGLE PARTICLE CRUSHING { FLAWS )

RERGSTROM, B. H. & ALLIS-CHALMERS MFG CO
MINN UNIV FIFTH SYMP ON ROCK MECHANICS, 155-172, MAY 1962. WHEN A SINGLE CRUSHING EVENT IS CONSIDERED THE
CIRCUMSTANCES NFCESSARILY APPROXIMATE THOSE OF SINGLE PARTICLE CRUSHING. CORRELATION OF COMMERCIAL DATA YIELD
SATISFACTORY FQUATIONS FOR DESIGN PURPOSES BUT TO DEVELOP A COMPLETELY UNIFIED CRUSHING THEORY, SINCGLE PARTICLE
CRUSHING MUST RE UNDERSTOOD. FRACTURING OF SPHERICAL OR ROUNDED SPECIMENS DEPENDS ON THE AVERAGE SPACING OF ACTIVATED
EOGE FLAWS.

12-62-05007 FLFCTRICAL DISINTEGRATING DRILLING { CURRENT-~DENSITY ELECTRIC-ARC THERMAL-STRESS )

SARAPUY, F. & ELECTROFRAC CORP KC MO
MINN UNIV FIFTH SYMP ON ROCK MECHANICS, 173-183, MAY 1962. ELECTRIC POWER HAS BEEN RECOMMENDEC AND USED IN SEVERAL
FARMS 0F NRILLING 2FFORE THIS NEW APPROACH IN WHICH A HIGH CURRENT DENSITY GENERATES STRONG ELECTRIC STRESS
CONCENTRATION AT THE FDGES AND POINTS OF THE ELECTRIC DRILL BIT. THE HIGH TEMPERATURE CREATED BY ELECTRIC CURRENT FLOW
COMBINED WITH CHFEMICAL NECOMPOSITION AND PHYSICAL FRACTURING OF MINERAL AGGREGATES DISINTEGRATES THE ROCK UNDER THE
NRILL BRIT. THERMAL STRESSES ARE INCREASED BY THE COOL ING EFFECT OF THE DRILL COOLING AIR. TEST RESULTS SHOW THAT
PEMETRATION RATES ARF GREATLY INCREASED BY THE PROPER APPLICATION OF ELECTRICITY TO A DRILL BIT.

12-62-05008 THE SECONDARY BREAKING EFFECT OF HIGH-FREQUENCY ELECTRIC ENERGY APPLIED YO ROCK FRAGMENTS ( CONDENSERS
FRACTURING SHIELDING 1}
YOUNG, F. M. & MONTANA SCHOOL OF MINES
MINN UNIV FIFTH SYMP NN ROCK MECHANICS, 185-204, MAY 1962. MECHANTCAL FRACTURING OF DIELECTRIC ROCK MATERIAL
OARTICULARLY LNOW-GRANE DISSEMINATED COPPER ORE AND ASSOCIATED WASTE MATERIALS CAN BE ACCOMPLISHED BY USING HIGH
FREQUENCY FLECTRIC FNERGY. IT WAS FOUND THAT FREQUENCIES BETWEEN 250 KC PER § AND 27 MC PER S CAUSED MECHANICAL
FATLURF. UTILIZATICN OF PULSE POWFR FROM CAPACITOR BANKS WAS UNSUCCESSFUL. TIME FOR SWITCH-OVER FRCM HIGH FREQUENCY
PULSF PAWER WAS SUFFICIENTLY LONG SO THAT THE RESISTANCE OF THE ROCK RQOSE TO A LEVEL THAT THE VOLTACGE AVAILABLE WAS NOT
ASLE TO DRIVE CURRENT THROUGH THE ROCK. SHIELDING METHODS AND SAFE WORKING PROCEDURES WILL HAVE TO BE FORMULATED WHEN
A WORKING UNIT IS UTTILIZED.

12-62=-05009 FEASIRILITY OF MODEL STUDIES IN BLASTING RESEARCH ( CRATER~BLASTING~CAPS CHARGE )}

JOHNSON, J. R. & U.S. BUR MINES
MINN UNIV FIFTH SYMP ON RNCK MECHANICS, 263-271, MAY 1962. LABORATORY CRATERING EXPERIMENTS WITH A NO. 6 CAP HAVE
QFEN CNMPAREN WITH FISLD RESULTS UTILIZING CHARGES WEIGHING FROM ONE TO 32 LBS. HIGH-SPEED MOVIES HAVF BEEN USEFUL IN
NEMONSTRATING THE SIMILARITY COF THE FRACTURING AND FRAGMENT MOTION IN LARGE AND SMALL SCALE BLASTING.

12-62~05010 EXPLOSIVE PERFORMANCE AS RELATED TO BLASTING ( COUPLING DENSITY-EXPLOSIVE DETONATION-VELOCITY IMPULSE

THRUST )
SAOWIN, L. D. + OKUBO, S. + KENNEDY, J. E. & ARMOUR FOUNDATION ILL TECH
MINN UNIV FIFTH SYMP OGN ROCK MECHANICS, 307-312, MAY 1962. PERFORMANCE PARAMETERS ARE GIVEN FOR PRESSURE AND

STRAIN IM TFRMS OF DISTANCE FROM THE EXPLOSIVE CHARGE, EXPLOSIVE CHARGE WEIGHT AND INITIAL DENSITY, DETCNATION VELOCITY
AND TIME, A CIRCUMFERENTIAL AIR GAP BETWEEN EXPLOSIVE AND BORE HOLFE KNOWN AS POCR COUPLING WILL CONSIDERABLY REDUCE
THE EFFICIENCY OF THE STRESS TRANSMISSION. UPWARDS OF S50 PERCENT COF THE EXPLOSIVE ENERGY IS EXPENDED IN THRUST- WHILE
CNLY 15 PFRCENT IS IN THE FORM OF SHOCK OR STRATN ENERGY. FURTHER INVESTIGATIONS ARE WARRANTED TO UNDERSTAND THE
INFLUENCE 0OF IMPULSE AND THRUST ENERGY IN ROCK BREAKAGF.

12-62-05Q¢11 FFFFCT OF DECOUPLING ON EXPLOSION-GENERATED STRAIN PULSES IN ROCK { COUPLING DYNAMIC-FAILURE )

ATCHISON, T. C. + DUVALL, W. T. & U.S. BUR MINES WASH D.C.
MINN UNIV FIFTH SYMP CN ROCK MECHANICS, 313-329, MAY 1962. SMALL CYLINDRICAL HIGH-VELOCITY GELATIN DYNAMITE
CHARGES OF SFVERAL DIAMETERS WERE DETONATED IN VARIOUSLY SIZED HOLES IN GRANITE ROCK AND THE RESULTING STRAIN PULSES
WERE RFCORDED AT DISTANCES RANGING FROM 5 TO 100 FEET. THE AMPLITUDE AND PERIND OF THE STRAIN PULSES WERE STUDIED AS
FUNCTIONS OF THE DECOUPLING WHICH IS THE HOLE TO CHARGE DIAMETER RATIO. ROCK STRAIN PULSE AMPLITUDE AND PERIOD
DFCREASE AS DFCOUPLING INCREASES. DYNAMIC FAILURE STRENGTH IS SEVERAL TIMES THE LABORATORY STATIC FAILURE STRENGTH. A
SATISFACTORY EXPLANATICN OF THE EXPERIMENTAL RESULTS IS DERIVED FROM SIMPLE THEORETICAL CONSIDERATICNS.
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12-62-05012 EFFECT OF CHARACTERISTIC IMPEDANCE ON EXPLOSION-GENERATED STRAIN PULSES IN ROCK ( ACOUSTIC SHOCK 1}
NICHOLS, H. R. + DUVALL, W. I. & U.S. BUR MINES WASH D.C.
MINN UNIV FIFTH SYMP ON ROCK MECHANICSs 331-346, MAY 1962. THE EFFECT OF THE RATIO OF CHARACTERISTIC IMPEDANCE ON
EXPLOSION-GENERATED STRAIN AMPLITUDES AND STRAIN ENERGIES HAS BEEN INVESTIGATED THEORETICALLY AND EXPERIMENTALLY.
ALTHOUGH THE THEORY POSTULATED IS FOR PLANE WAVES, OBSERVED DATA AGREE WITH PREDICTIONS BASED ON SHOCK WAVE THEORY.
THE EFFECT OF CHARACTERISTIC IMPEDANCE WAS SHOWN TO BE MUCH GREATER THAN ACOUSTIC THEORY PREDICTIONS. THE MEDIUM
STRESS CAN BE EXPRESSED IN TERMS OF SOME CONSTANT, THE RATIC OF CHARACTERISTIC IMPEDANCE OF EXPLOSIVE TO ROCK AND THE
DETONATION PRESSURE. TABLES FOR PROPERTIES AND CONSTANTS OF HIGH VELOCITY GELATIN, SEMI~GELATIN, TNT AND AMMONIUM
DYNAMITE ARE GIVEN.

12-62-05013 SYNTHESIS OF SHOCK HUGONIOTS FOR ROCK MATERIAL ( COMPRESSION DENSITY PRESSURE PROPAGATICN SHOCK )

CHABAI, A. J. & SANDIA CORP
MINN UNIV FIFTH SYMP ON ROCK MECHANICS, 347-366, MAY 1962, THE HUGONIOT EQUATION IS A UNIQUE RELATICNSHIP BETWEEN
PRESSURE AND DENSITY FOR ANY GIVEN MEDIUM. IT REPRESENTS THE LOCUS OF THOSE THERMODYNAMIC STATES WHICH MAY BE ATTAINED
IN THE MEDIUM BY MEANS OF SHOCK WAVES, STARTING WITH THE MEDIUM IN SOME INITIAL STATE. METHODS WERE PRESENTED FOR
OBTAINING ESTIMATES OF THE HUGONIOT EQUATION OF STATE NF GEOLOGIC MATERIALS. FOR NONPOROUS MULTICOMPONENT SOLIDS, THE
ASSUMPTION IS MADE THAT THE SHOCK PRESSURE IN THE SOLID IS EQUAL TO THE SUM OF THE PARTIAL SHOCK PRESSURES OF THE
SOLIDS CONSTITUENTS. TN MANY INSTANCES GOOD APPROXIMATIONS ARE OBTAINED. FOR POROUS MULTICOMPONENT SOLIDS, HUGONIOQT
SYNTHESTS WAS PERFORMED BY THE METHOD OF LYAKHOV IN WHICH A SUMMATION OF COMPRESSIONS IS PERFORMED. DESPITE THE
CRUDENESS OF THE METHODS, USEFUL RESULTS ARE OBTAINED FOR STUDY OF THE PROBLEM OF SHOCK WAVES PROPAGATING FROM BURIED
EXPLOSIONS.

12-62-05014 CURRENT STATE OF KNOWLEDGE ON ANGLE DRILLING IN SURFACE OPERATIONS ( BENCH-HEIGHT BURDEN POWDER-FACTOR )
KOCHANOWSKY, B. J. & PENN STATE UNIV

MINN UNIV FIFTH SYMP ON ROCK MECHANICS, 367-375, MAY 1962. ANGLE DRILLING UP TO 45 DEGREE INCLINATION WILL PRODUCE

COST SAVINGS OF ONE PERCENT FOR EACH INCLINATION. WITH ANGLE DRILLING BENCH HEIGHTS CAN BE INCREASED, THERE IS GREATER

SAFETY, POWDER FACTOR IS IMPROVED AND BETTER FRAGMENTATION IS OBTAINED. IN BLASTING IN VERTICAL BORE HOLES A GREAT

AMOUNT OF EXPLOSIVES ENERGY GOES UNDERNEATH THE QUARRY LEVEL CAUSING THE LOSS OF EXPLOSIVE ENERGY. IT ALSO BREAKS COAL

IN COAL STRIPPING OR FRACTURES ROCK IN QUARRIES SO THAT IT IS LATER DIFFICULT TO DRILL.

12-62-05015 THE MOOSE MOUNTAIN DRILLING AND BLASTING PROGRAM ( BLAST-HOLES DRILL-BITS EXPLOSIVES )

WEBER, K. J. & MOOSE MTN MINE
MINN UNIV FIFTH SYMP OM ROCK MECHANICS, 377-383, MAY 1962. THIS IRON ORE WITH A BOND WORK INDEX OF 25 IS ONE OF
THE HARDEST DRES BEING MINED. 9 7/8 INCH ROTARY TUNGSTEN CARBIDE BITS AVERAGED 5/8 FEET AND COST 1550 DOLLARS EACH.
FIVE TYPES OF DRILLS, FIVE SIZES OF BITS AND FIVE DIFFERENT MAKES OF ROTARY BITS HAVE BEEN TESTED. ECONOMICS COULD NOT
BE EFFECTED BY INCREASING BIT LIFE SO THE APPROACH WAS TO INCREASE YIELD PER HOLE. CRATER TESTS WERE MADE AND
LIVINGSTON®S THEORY APPLIED. THIS INCREASED THE BLAST PATTERN TO 19 X 23 FEET AND THE YIELD FROM 296 TO 437 CUBIC
YARDS. CONVENTIONAL EXPLOSIVES AND BLASTING AGENTS WERE USED UNTIL THE AMMONIUM NITRATE PRODUCTS BECAME POPULAR.
REVIEW STUDIES LED TO INCREASED PATTERN SPACING AND A GREATER VELOCITY AND DENSITY SLURRY. NEW EXPLOSIVES ARE
INITIATING ANOTHER SERIES OF TESTS.

12-62=05016 UNDERGROUND BLASTING IN SMALL HOLES WITH AMMONIUM NITRATE ( CHARGING COST EXPLOSIVES FUMES )

CAMPBELL, W. C.- & HOMESTAKE MINING CO
MINN UNIV FIFTH SYMP ON ROCK. MECHANICS, 385-391, MAY 1962. THE PNEUMATIC LOADER DEVISED BY OPEN PIT OPERATGORS FOR
LOADING HORIZONTAL TOE HOLES WAS SOON ADAPTED FOR UNDERGROUND USE. IF THE AMMONIUM NITRATE AND FUEL OIL ARE PROPERLY
MIXED AND DETONATED, THE FUME CHARACTERISTICS ARE AS GOOD OR BETTER THAN COMPARABLE STRENGTH DYNAMITE. THREE CHARGING
MECHANI SMS ARE DESCRIBED AND THE DRILL HOLE LAYOUT AND BLASTING SEQUENCE GIVEN. IT IS ESTIMATED THAT 8 CENTS OF THE 18
CENTS DYNAMITE COST PER TON OF ORE MINED WILL BE SAVED WHEN CONVERSION TO AN-FO IS COMPLETE. 1,480,000 POUNDS OF
DYNAMITE WERE CONSUMED IN 1961.

12-62-05017 OEVELOPMENT AND APPLICATION OF AMMONIUM NITRATE - FUEL OIL BLASTING AGENTS TO UNDERGROUND MINING (
CHARGING. RFUMES COST EXPLOSIVES STATIC~-ELECTRICITY )
COOLEY, C. M. & SPENCER CHEMICAL CO
MINN UNTV FIFTH SYMP ON ROCK MECHANICS, 393-398, MAY 1962, AN~FO SHOULD BE MECHANICALLY MIXED TO ASSURE A UNIFORM
AND ACCURATE MIXTURE. GUARD AGAINST STATIC ELECTRICITY DISCHARGES ESPECIALLY ITEMS OF SIZABLE CAPACITANCE LIKE THE
HUMAN BODY. ALL EXPLOSIVES HAVE TOXIC FUMES AND CARF SHOULD BE EXERCISED. SPENCER CHEMICAL CO HAS BEEN INVOLVED IN
AN-FQ DEVELOPMENT AND YHEIR ADVICE CAN BE OBTAINED ON EQUIPMENT, METHODS AND TECHNIQUES. PRIMERS SHOULD BE 60 PERCENT
DYNAMITE. DON'T JEOQOPARDIZE THE AN-FO EFFECTIVENESS BY POOR PRIMING.

12-62-05018 RECENT DEVELOPMENTS OF SLURRY EXPLOSIVES UNDERGROUND ( BLASTING DBA LOADING )

BATLEY, D. T. + CLAY, R. B. + COOK, M. A. & PACK, D. H. + BRECKENRIDGE, R. N. + GREIGLEY, J. H.

& INTERMOUNTAIN RES AND ENGR CO
MINN UNIV FIFTH SYMP ON ROCK MECHANICS, 399-405, MAY 1962. DENSE BLASTING AGENTS DBA-3 PRESENTED PROBLEMS IN
PNEUMATICALLY PUMPING INTO BOREHOLES. TO ALLEVIATE THESE PRORLEMS A NEW CARTRIDGE TYPE SLURRY DBA-12 HAS REEN PRODUCED
IN CONVENTIONAL STICK DYMAMITE STZE HAVING THE DESIRABLE PHYSICAL CHARACTERISTICS OF DYNAMITE AND IS LOADED AND TAMPED
INTO THE BOREHOLES IN THE NORMAL MANNER. ANOTHER SLURRY DBA-6 HAS BEEN USFD UNDERGROUND FOR SECONDARY BLASTING. IT
DEVELOPS SUFFICIENT BRRISANCE TO BREAK MOST TYPES OF BOULDFRS WITHOUT DRILLING OR MUD PACKING.

12-62-05019 DETONATION OF AMMONIUM NITRATE IN SMALL DRILL HOLES ( AMMONIUM-NITRATE DIATOMACEQUS-EARTH FUEL-OIL GELEX
PRILLS WATER ) '
MAURER, W. C. + RINEHART, J. S. & COLO SCHOOL OF MINES GOLDEN COLO
MINN UNIV FIFTH SYMPOSTUM ON ROCK MECHANICS, 407-418, MAY 1962. BY USING SMALL POROUS PRILLS, HIGH DETONATION
VELOCITIES CAN BE OBTAINED FRCM AN-FO MIXTURES IN SMALL HOLES. ADFQUATE PRIMERS AND PREVENTING AN-FO MIXTURES FROM
ABSNRBING WATER MAKE VERY RELTABLE AND EFFECTIVE EXPLOSIVES FOR USE IN SMALL HOLES, BEING SIMILAR IN STRENGTH TO 50 OR
60 PERCENT DYNAMITE. TESTS WERE MADE AND FIGURES DRAWN RELATING THE DETONATION VELOCITY TO: PERCENT FUEL OIL, PERCENT
MOISTURE AND PERCENT DIATOMACEOUS EARTH. AMMONIUM NITRATE PRILLS ARE COATED WITH DIATOMACEOUS EARTH TO PREVENT CAKING
AND TO INSURE A FREE-FLOWING PRODUCT. SEVERAL TYPES OF COMMERCIAL AND PILOT PLANT AMMONIUM NITRATE PRODUCTS WERE
TESTED USING 6 PERCFNT FUEL OIL MIXTURES. THE VELOCITIES OF THE DIFFERENT PRODUCTS VARIED FROM 14,300 FT/SEC FOR THE
MICROPRILLS TO FATLURE FCR THE DENSE PRILLS AND GRAINS.

12-62-05020 SHEAP WAVE VFLOCITY MEASUREMENTS OF SEDIMENTARY ROCK SAMPLES UNDER COMPRESSION ( ELASTIC-CONSTANT
SEDIMENTARY-ROCK SHEAR-VELOCITY ) ‘
GREGORY, A. R. & GULF RES AND DEV CO PITTSBURGH
MINN UNIV FIFTH SYMP ON ROCK MECHANICS, 439-471, MAY 1962, EXAMPLES ARE GIVEN INDICATING THE QUALITY OF SHEAR
(S~WAVE) VELOCITY DATA Tn BE EXPECTED FROM CERTAIN ULTRASONIC PULSE TECHNIQUES WHEN APPLIED TO SAMPLES OF SEDIMENTARY
ROCKS UNDER SPECIFIED LABORATORY CONDITIONS. THE RELATIONSHIP OF THE DYNAMIC AND STATIC ELASTIC CONSTANTS OF DRY AND
LIQUID-SATURATED SEDIMENTARY ROCKS WAS INVESTIGATED. ABSORPTION LOSSES OF ELASTIC WAVES PROPAGATED IN POROUS MEDIA ARE
ALSTY DISCUSSED.

12-62-05021 SOME DYNAMIC AND STATIC PROPERTIES OF ROCK ( COMPRESSIVE-STRENGTH DEFORMATION RIGIDITY )

SUTHERLAND, R. B. & WITWATERSRAND UNIV SOUTH AFRICA
MINN UNIV FIFTH SYMP NN ROCK MECHANICS, 473-491, MAY 1962. ROCK PROPERTIES OF MOST VALUE IN APPLYING ELASTIC
THEORY ARE THE MODULUS OF DEFORMATION, THE MODULUS OF RIGIDITY, POISSON'S RATIO AND COMPRESSIVE STRENGTH. THESE
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'EXPERIMENTS SHOW THAT THE MODULUS OF DEFORMATION AND MODULUS OF RIGIDITY MAY BE DETERMINED ETITHER SCNICALLY OR

STATICALLY BUT POISSON'S RATIO AND THE COMPRESSIVE STRENGTH SHOULD ONLY BE DETERMINED STATICALLY.

12-62-05022 THE SEISMIC LOCATION OF ROCKBURSTS

COOKy N. Go. We & WITWATFRSRAND UNIV SOUTH AFRICA
MINN UNIV EIFTH SYMP DN ROCK MECHANICS, 493-~516, MAY 1962. IN 11,000 FT DEEP MINES STRESS CONCENTRATIONS
SUFFICIENT TO CAUSE FATLURE ARISE IN THE ROCK SURROUNDING THE MINING EXCAVATION. ADDITIONAL KNOWLEDGE SEEMED NECESSARY
TO EVALUATE METHODS OF REDUCING THE HAZARDS OF ROCKBURSTS. IF THE MODEL IS CORRECT, IT IS NOT POSSIBLE TO STOP
ROCKBURSTS. BUT IT MAY BE POSSIBLE TO MAKE THEM OCCUR DURING BLASTING BY RELATING THE FACE ADVANCE PER BLAST AND THE
INTERVAL BETWEEN BLASTS TO THE CONDITIONS IN THE STOPE. THERE APPEARS TO BE NO DIFFERENCE IN ENERGY DR LOCATION
BETWEEN MAJOR FATLURES WHICH CAUSE DAMAGE TO THE STOPE AND THOSE WHICH DO NOT. IT IS SUGGESTED THAT THE ROCK
CONDITIONS IMMEDIATELY AROUND THE STOPE MAY DETERMINE DAMAGE CAUSED BY FAILURE.

12-62-05023 DYNAMIC INVESTIGATION OF FOUNDATION ROCKS IN-SITU { GROUTING YOUNGS—-MODULUS SOUNDNESS STRESS )

ONDODERA, T. F. & INT CHRISTIAN UNIV TOKYO JAPAN
MINN UNIV FIFTH SYMP ON ROCK MECHANICS, 517-533, MAY 1962. UNDERSTANDING THE RESPONSE OF ROCK TO APPLIED STRESSES
IS TMPORTANT. THE INSITU ROCK PROPERTIES ARE MORE IMPDRTANT THAN THOSE FROM SAMPLES BUT BY USE OF BOTH ROCK SOUNDNESS
CAN BE DETERMINED. ROCKS ARE CLASSIFIED BY THEIR CRACK COEFFICIENT WHICH 1S THE RELATIONSHIP OF THE FIELD DETERMINED
DYNAMIC MODULUS AND THE LABORATORY DETERMINED ELASTIC MODULUS. THIS CLASSIFICATION CAN BE USED TO JUDGE THE NEED FOR
AND THE EFFICIENCY OF CONSOLIDATION GROUTING.

12-62-05024 THE DESIGN OF UNDERGROUND INSTALLATIONS TO RESIST GROUND SHOCK FROM NUCLEAR BLASTS ( STRESS STRUCTURES )
COATES, D. F. & ENGINEER OTTAWA

MINN UNIV FIFTH SYMP ON ROCK MECHANICS, 535-562, MAY 1962. METHODS OF COMPUTING MAXIMUM TENSILE AND COMPRESSIVE
STRESSES ON UNDERGROUND STRUCTURES FROM AIR OR GROUND ATOMIC BLASTS ARE GIVEN. THERE WILL BE AN INDEFINITE ROCK
STRENGTH INCREMENT TO THE DYNAMIC LOAD. WHERE A SERIES OF OPENINGS EXIST SIDE BY SIDE THE STABILITY OF THE PILLARS
MIGHT RE IMPORTANT. TNT TEST RESULTS SHOULD NOT BE USED FOR EXTRAPOLATION DUE TO RADICAL STRESS PULSE DIFFERENCE TQ
ATOMIC BLASTS. ROCK BOLTING IS THE BEST WAY TO STRENGTHEN AN UNDERGROUND STRUCTURE. ROCK MECHANICS ASPECTS OF
DFSIGNING UNDERGROUND OPENINGS TO RESIST DYNAMIC STRESS SHOULD BE USED FOR ACCESS AND SERVICE OPENINGS.

12-62-05025 ARRITTLE FRACTURE OF ROCKS AND CONCRETE UNDER TRIAXIAL STRESS ( GRIFFITH-CRACKS PORE-PRESSURE }

MURRELL, S. A. F. & UNIV SHEFFIELD ENGLAND
MINN UNIV FIFYH SYMP ON ROCK MECHANICS, 563-577, MAY 1962. INTERNAL STRESSES ASSOCIATED WITH CRYSTAL IMPERFECTIONS
3UILN UP DURING DEFORMATICN TO LEVELS SUFFICIENT TO RUPTURE ATOMIC BONDS AND FORM CRACKS. IN CRYSTALLINE GEOLOGIC
MATFRIALS AND CONCRETE THERE WILL BE INCREASING PLASTIC STRAIN BEFQRE FRACTURE IF THFRE IS CONFINING PRESSURE. BRITTLE
FRACTURE CRITERTA DERIVED BY GRIFFITH HAVE BEEN EXTENDED TO TRIAXIAL STRESS CONDITICONS AND HYDROSTATIC PRESSURE. BROAD
AGREFMENT EXISTS BETWEEN THE NEW CRITERION AND EXPERIMENTAL DATA FOR ROCKS AND CONCRETE.

12-62-05026 EFFECT OF PORE FLUIDS ON THE DEFIRMATION BEHAVIOR OF ROCK SUBJECT TO TRIAXIAL COMPRESSICN (
CONFINING-PRESSURE DUCTILITY STRESS STRAIN-RATE )
BOOZFERs G. D. + HILLFR, K. H. + SERDENGECYI, S. & CAL RES CORP LA HABRA CAL
MINN UNIV FIFTH SYMP ON ROCK MECHANICS, 579-625, MAY 1962. TRIAXIAL COMPRESSION TESTS WERE MADE ON NAVAJQ
SANDSTONE AND INDIANA LIMESTONE WITH OLEIC ACID, OLEYLAMINE, OISTILLED WATER, N-HEXADECANE AND CALCIUM CARBONATE
SOLUTION WITH VARTOUS STRAIN RATES,; CONFINING PRFSSURES AND TEMPERATURES. EFFECTS OF SURFACE-ACTIVE FLUIDS CANNOT BE
EXPLAINED BY CNE SIMPLE THEQRY. ADSORPTION OF LIQUIDS ON CALCITE SURFACE IS BY IONIC BONDING WHILE FOR QUARTZ IT IS
HYDRIGEN BONDING. EFFECTS OF SURFACE-ACTIVE FLUIDS CANNGT BE EXPLAINED BY ONE SIMPLE THEORY, THE ONLY COMMON FACT IS
THEY LOWER THE FREF SURFACE ENERGY. LOWER STRAIN RATES, HIGHER TEMPERATURES AND CONFINING PRESSURES AND SATURATION
FLUIDS INCREASE THE DUCTILITY OF IND LIMESTONE AND NAVAJO SANDSTONE.

12-62-05027 RESERVQIR ROCK BEHAVIOR UNDER MODFRATE CONFINING PRESSURE ( COMPRESSIBILITY CONFINING~PRESSURE LITHCLOGY
PERMEABILITY PORQSITY )}
‘KNUTSON, D. F. + BOHOR, B. F. & CONTINENTAL NIL CO PONCA CITY
MINN UNIV FIFTH SYMP CN RCCK MECHANICS, 627-659, MAY 1962. FIFTEEN DIFFERENT ROCKS WERE TESTED IN A BNOMB DEVICE
FOR COMPRESSIBILITY, PORCSITY, PERMEABILITY AND PERCENT RETAINED PERMEABILITY UNDER VARIOUS CONFINING PRESSURES. IT
WAS SHOWN THAT FROM LITHOLOGY THE PERMEABILITY, POROSITY AND COMPRESSIBILITY OF RESERVOIR ROCK CAN BE ESTIMATED. DATA
{S EVALUATED BY THE AMYX, BASS AND WHITING SCHEME.

12=62-05028 LAPORATORY DEMONSTRATIONS OF THE FAILURE OF MATERIALS UNDER UNIFORM LOADS ( JOINTING FOLDING }

TRUMP, R. P. + PATNODE, H. W. & GULF RES AND DEV CO PITTSBURGH
MINN UMIV FIFTH SYMP ON ROCK MECHANICS, 661-676, MAY 1962. FOUR TYPES OF TESTS WERE MADE WITH THF QRJECTIVE OF
RETTER UNDERSTANDING VARINUS ASPECTS OF THE FOLDING AND JOINTING OF SEDIMENTARY STRATA. BOUNDARY CONDITIONS AND
ANISATRNPIES ARE OF PRIMARY IMPORTANCE IN FATLURE PATTERN CONTROL AND CANNOT B8EF EXTRAPOLATED FROM STANDARD TESTS ON
20CK.

12-64=0400]1 STRESSFS AT TUNNEL INTERSECTICONS ( MODELS TENSION COMPRESSION PHOTOELECTRICITY )

RILEY, We Fo & IIT RES INST CHICAGO ILL )
PROC. AMFRICAN SOC. CIVIL ENGRS., (90) N EM2, 167-179, APR. 1964, AN EXPERIMENTAL PROGRAM ON THREE COMMON TYPES CF
CYLINORICAL TUMNEL INTERSECTIONS, TEE, CROSS AND RIGHT ANGLE WERE CONDUCTED TO OETERMINE STRESS DISTRIBUTIONS.
STRESSES WERE NETFRMINEN USING MODELS MACHINED FROM EPDOXY RESIN, LOADED WITH AIR PRESSURE, STRESS FROZEN, SLICED AND
FXAMINED IN A NDIFFUSED LIGHT POLARISCOPE. STUDY RESULTS INDICATE THAT MAXIMUM TENSILE STRESSES IN THE REGION OF THE
INTERSFCTICNS ARE FQUAL TO OR SLIGHTLY LESS THAN THOSE IN THE TUNNEL AWAY FROM THE INTERSECTION. MAXIMUM COMPRESSIVE
STRESSES AT INTERSFCTION CORNER ARE 60 PERCENT GREATER THAN AWAY FROM IT. WITHIN A DISTANCE OF ONE DIA THIS HIGH
STRESS REGION RFCOMES NOPMAL. MAXIMUM COMPRESSIVE WALL STRESS OPPOSITE THE CORNER QF TEES OR RIGHT ANGLES IS NOT
SIGNTFTICANTLY INFLUFNCREN RY THE INTERSECTION.

12-64=10001 ATTENUATIOM MEASUREMENTS ON ROCKS IN THE FREQUENCY RANGE 12 KC/S TO 51 KC/S AND IN THE TEMPERATURE RANGE

100 DFGREFES ¥ TO 1150 DEGREES K ( MAGNETOSTRICTION ANELASTIC-PROPERTIFS VIBRATIONS PULSE RESCNANCF

INTERNAL-FRTICTION RETARDATION }

ATTEWFLL, P. B, + BRENTNELL, 0. & UNIV SHEFFIELD ENGLAND
UNTIV M0 AT ROLLA PROC OF THE SIXTH SYMP ON ROCK MECHANICS, 330-357, OCT 1964, A GENERAL RESEARCH PROGRAM IS UNDER
WAY IN WHICH THE ANELASTIC PROPERTIES 0OF SELFCTED ROCKS AR% EXAMINED OVER A BROAD FREQUENCY BAND RANGING FROM A FEW
CYCLES PFR SECCND TO SEVERAL MFGACYCLES PER SECOND. A STUDY OF ATTENUATION WITH FREQUENCY AND TEMPERATURE IS REALLY A
STUDY OF INTERNAL FRICTICN AND IT IS HERE THAT ROCK TAKES ITS RIGHTFUL PLACE AS A MATERIAL TO BE ASSESSED ON THE RASTS
O THE SAME PHYSICAL CRITERIA AS HAVE BEEN ALREADY APPLIED TO METALS AND POLYMERS. THE VIBRATIONAL BEHAVIOR OF SIX
NATURAL ROCK TYPES CHOSEN OM THE BASIS OF PARTICULAR PETROLOGYCAL CHARACTERISTICS IS DISCUSSED. THREF SEDIMENTARY, ONE
MFTAMDRPHIC, AND TWO IGNEQYUS ROCKS WERE EXAMINED. USING MAGNETOSTRICTIVE METHODS THE SAMPLES WERE STUDIED AT
FREQUFENCIES NF 12, 17, 26 AND 51 KC/S AT TEMPERATURES RANGING FROM 100 TO 1150 DEGRFES K. IN HIGH TEMPFRATURE TESTS,
THE SPECIMENS WERF CONFINED WITHIN A NARRDW BIRE ELECTRIC RESISTANCE FURNACE WHILE AT LOW TEMPERATURES COQLING PROVIDED
BY LIQUID NITRNGEN. ©2N0M TEMPERATURE ATTENUATION INCREASES LINEARLY WITH FREQUENCY BUT A PLOT OF ATTENUATION VS
TEMPERATUPF INNICATFS SFVERAL WELL DEFINED ATTENUATION PEAKS.
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12-64-10002 IN-SITU MEASUREMENT OF THE ELASTIC PROPERTIES OF ROCK ( BOREHOLE COMPRESSIONAL~WAVE SHEAR-WAVE

WELL-LOGGING MAGNETOSTRICTION PULSE AMPLITUDE TUBE-WAVE STONELY~WAVE )

LAWRENCE, H. W. & SEISMOGRAPH SERVICE CORP
UNIV MO AT ROLLA PROC OF THE SIXTH SYMP ON ROCK MECHANICS, 381-390, OCT 1964. EXPERTS DO NOT AGREE AS TO WHERE AND
WHEN DYNAMICALLY AS NPPOSED TO STATICALLY DETERMINED ELASTIC CONSTANTS OF ROCKS SHOULD BE APPLIED. WHILE LABORATORY
DETERMINED DYNAMIC CONSTANTS ARE IMPROVING IN RELTABILITY, THEY ARE STILL SUBJECT TO INACCURACIES. RECOGNIZING THE
SHORTCOMINGS OF LABORATORY RESULTS, THE PROBLEM BECOMES ONE OF BETTERING THEM BY IN SITU MEASUREMENTS. THE NEED AS
SEEN BY THE BINDWELL DIVISION OF SEISMOGRAPH SERVICE CORP WAS FOR A METHOD OF GENERATING AND RECORDING COMPRESSIONAL
AND SHEAR WAVES SIMULTANEOUSLY AND CONTINUDUSLY. TO D0 THIS THE ACOUSTIC-TYPE WELL LOGGING TOOL WAS USEDC. THIS TOOL
MEASURFS THE TRANSMISSION TIME OF COMPRESSIONAL WAVES GENERATED BY SONIC IMPULSE IN THE MEDIA SURROUNDING A BOREHOLE.
IT WAS EVIDENT EARLY IN THE DEVELOPMENT THAT THERE WERE SIGNAL ARRIVALS OTHER THAN THE COMPRESSIONAL WAVE BUT THERE WAS
NO MEANS OF RECORDING THEM AT THAT TIME. THIS PAPER DESCRIBES LOGGING SYSTEMS USED TO RECORD THE COMPONENTS SEPARATELY
BOTH WITH REGARD TO TRANSMISSION AMPLITUDE AND VELOCITY. THE CHAIN OF EVENTS FROM IMPULSE EMISSION THROUGH VARIOUS
MODES OF ENERGY ARRIVAL AT THE RECEIVER WERE PICTURED ON AN OSCILLOSCOPE. BY MODIFYING THE SIGNAL TRACE OF EACH SIGNAL
EMISSTION TO A VARIABLE DENSITY AMPLITUDE DISPLAY A RECORD COULD BE MADE ON PHOTOGRAPHIC FILM. THE PAPER DISCUSSES THE
AFLATIONSHIP WHICH EXISTS WITH RESPECT TO THE ROCK PROPERTIES AND USE OF COMPUTER ANALYSIS IN CALCULATING ELASTIC
MODULI WITH RESULTS TABULATED OR SHOWN IN ANALOG FORM.

12-64-10003 DFTERMINATION OF THE MODULUS OF RIGIDITY OF ROCK BY EXPANDING A CYLINDRICAL PRESSURE CELL IN A DRILLHOLE

( CALIBRATION ELASTIC-THEORY HYDROSTATIC-PRESSURE LIMESTONE )

PANCK, L. A. + HARNSEY, E. E. + LAPPI, R, L. & U.S. BUR MINES COLLEGE PARK MD
UNIV MO AT ROLLA PROC OF THE SIXTH SYMP ON ROCK MECHANIC, 427-449, OCT 1964. THE MODULUS OF RIGIDITY OF ROCK CAN
BE DETERMINED BY A FAIRLY SIMPLE PROCEDURE IN WHICH A CYLINDRICAL PRESSURE CELL IS FIRST CALIBRATED BY EXPANDING IT
INSIDE TWO METAL TEST CYLINDERS AND THEN INSIDE A DRILLHOLE IN ROCK. THE TWO TEST CYLINDERS HAD DIFFERENT EXPANSION
CHARACTERISTICS (DIFFERENT MATERIAL, AND/OR DIFFERENT WALL THICKNESS) WHICH PERMITS DETERMINATION OF TWO CALIBRATION
CONSTANTS., CHANGE OF DIA OF THE PRESSURE CELL IS DETERMINED FROM THE VOLUME OF FLUID PUMPED INTO IT AT PRESSURES UP TO
10,000 PST. RESULTS WERE INTERPRETED BY MEANS OF THE CLASSICAL THICK-WALLED CYLINDER EQUATIONS FOR AN ELASTIC BODY.
THE OBJECTIVE WAS TN DEVELOP A CONVENIENT APPARATUS AND TECHNIQUE FOR MAKING ROUTINE FIELD DETERMINATION OF G IN MINE
AND TUNNTL RQOCKS. THE ESSENTIAL APPARATUS CONSISTED OF A CYLINODRICAL PRESSURE CELL, A BOURDON PRESSURE GAGE, A
VOLUME-METERING FLUID PUMP, AND TWO TEST CYLINDERS. THE RESULTS OF BOREHOLE TESTS ARE FURTHER COMPARED TO THOSE
DETERMINFD BY USE OF OTHER METHODS TO SHOW THE CLOSE SIMILIARITY.

12-64=-10004 ROCK MECHANIC CONSIDERATIONS IN DESIGN AND CONSTRUCTION ( GEOLOGIC-CONDITIONS IN-SITU ROCK-RELAXATION
ROCK-STRESSES ELASTIC-ANALYSIS LOAD DEFORMATION-CREEP ARCH=ACTION GRAVITY~EFFECT )
LANG, T. A. & BECHTEL CORP SAN FRANCISCO
UNIV MO AT ROLLA PROC OF THE SIXTH SYMP ON ROCK MECHANICS, 561-605, OCT 1964, THE APPLICATION OF UP-TO-DATE
DEVELOPMENTS IN ROCK MECHANICS AND IN SITU TESTING TO CONSTRUCTION PROJECTS CONDUCTED IN ROCK. DATA FRCM 32 REFERENCES
ARE USEN IN QUTLINING THE MEASUREMENT AND ANALYSIS TECHNIQUES THAT CAN BE UTILIZED IN PLANNING OR MCNITORING THE
CINSTRUCTION., THE EMPHASIS IS PLACED MON GENERAL CONSIDERATIONS AND FUNDAMENTAL PRINCIPLES RATHER THAN DETAILED
PROCEDURES. HOWEVER, DURING CONSTRUCTION CARE MUST BE TAKEN TO RECORD AND UTILIZE INFORMATION AND DATA THAT CAN BE
NBTAINEN AS THE WORK PROCEEDS. INVESTIGATIONS BEFORE STARTING A JOB INCLUDE GEOLOGICAL CONDITIONS AT THE SITE,
LABNRATORY AND IN SITU TESTING. THE DETERMINATION OF ROCK STRESSES IS DISCUSSED WITH RESPECT TO VARIATIONS THROUGHOUT
THE SITE. USE OF MODELS IN DFTERMINING THE BEST ARRANGEMENT AND ORIENTATION OF THE WORKS IS ADVOCATED. ELASTIC
ANALYSTS CAN BE SIMPLIFIED BY ADOPTING ASSUMPTIONS THAT PERMIT REDUCING TRIAXIAL ANALYSIS TO BIAXIAL ANALYSIS, RUT THIS
MUST RE RFEVIEWED WITH THREE DIMENSIONAL PERCEPTION. LOAD AND TIME DEFORMATION CURVES ILLUSTRATE THE CONSIDERATIONS OF
DEFORMATION CHARACTERISTICS BOTH STABLE AND UNSTABLE. A DETAILED TREATMENT IS GIVEN TO STRENGTH CRITERTA AND FRICTION
AND SHEAR AT JOINTS. DESIGN MUST CONSIDER CONDITIONS ARQUND ROCK EXCAVATIONS INCLUDING GEOLOGICAL FEATURES, ARCH
ACTICON, GRAVITY EFFECTS, MAGNITUDE OF 0OPENING SIZE, TRIAXIAL CONDITIONS AND THE CONSTRUCTION SEQUENCE AND METHODS
USED. OBSERVATIONS AND MEASUREMENTS ARE RECOMMENDED FOR MONITORING CONSTRUCTION AS IT PROCEEDS.

12-64=10005 TRIAXIAL TESTING FOR STRFNGTH OF ROCK JOINTS { ROCK-MASS IN-SITU FAULTS SHEAR TENSICN CCMPRESSION
NORAD-GRANITE JOINTED-ROCK-MASS MOHR' S-ENVELOPE )
LANE, K. S. + HECK, W. J. & U.S. ARMY CORPS OF ENGR
UNMTIV MO RCLLA PROC 92F THF SIXTH SYMP ON ROCK MECHANICS, 98-108, OCT 1964. A REPORT OF EARLY RESULTS OF LABORATORY
TRIAXIAL TESTS FOR OFTERMINING THE SHEAR STRENGTH OF A ROCK JOINT, BEDDING PLANE OR FAULT AND THE MATERIAL FILLING SUCH
GEMLQOGIC SEPARATION. TESTS INCLUDE AN EVALUATION OF GRANITE FROM THE NORAD UNDERGROUND PROJECT PLUS ITS IMPROVEMENT BY
30ND GROAUTING WITH EPOXY. SKETCHES SHOW ORIENTATION OF SPECIMENS AND PRINCIPLES OF TEST OPERATION. RESULTS ARE
SHOWN IN THE FORM OF A STRESS=STRAIN CURVE AND SHEAR STRENGTH - NORMAL STRESS CURVES. THE AUTHORS DISCUSS THE TEST |
INFORMATION AS IT RELATES TO STRENGTHENING OF ROCK MASSES BY PRESTRESSING WITH ROCK BOLTING AND SUGGEST FURTHER AVENUES
OF INVFESTIGATION BY TPTAXTIAL TESTING. -

12-65-01001 STATIC AND DYNAMIC FAILURE OF ROCK UNDER CHISEL tLOADS ( CRATERING ENERGY IMPACT STATIC-LCADING )

SINGHy M. M. + JOHNSON, A, M. & PENN STATE UNTV
UNIV. OF TEX, SECOND CONF. ON ORILLING & ROCK MECHANICS, NQ. SPE 1047, 49-53, JAN. 1965. FATLURE MECHANISM UNDER A
DRILL RIT IS STILL IMPROPERLY UNDERSTNOD. THE CRATERING PROCESS UNDER STATIC LOADING IS REGARDED AS SEING SIMILAR TO
THAT FRIM DYNAMICALLY APPLIED IMPACT. ALTHODUGH THE SEQUENCE OF EVENTS IN THE TWO CASES APPEAR IDENTICAL AT LEAST SOME
DISSIMILARITIES EXIST. CRATER CHARACTERISTICS, SUCH AS WIDTH TO DEPTH RATIO VARY TO SOME EXTENT. FENERGY CONSUMED PER
UNIT VOLUME 0OF RQCK IS ALSO OBSERVED TO BE UNEQUAL. THE ENERGY ASPECT MAY BE EXPLAINED RBY REGARDING ROCK AS A
VISCAELASTIC SUBSTANCE. ESTIMATIINS BASED ON MAXWELL AND KELVIN-VOIGYT MODELS HAVE -BEEN MADE BUT BURGER*S MODEL WITH A
PLASTIC COMPONFENT SHCULD PROVINDE BETYER SIMULATION. GENERATION OF TENSILE FRACTURES BENEATH THE BIT MAY ALSO CONTRIBUTE
TOWARDS INPUT FENERGY DIVERSITY. SOME EVENTS THAT OCCUR DURING CRATER FORMATION ARE DISCUSSED. POSSIBILITY OF A
COMPACTED ROCK WEDGE BEING FORMED BELOW THE BIT DUE TO INTENSE SHEARING RATHER THAN CRUSHING IS SUGGESTED.

12=65=01002 AN EXPERIMENTAL STUDY OF SINGLE 3IT~TOOTH PENETRATION INTO DRY ROCK AT CONFINING PRESSURES OF 0 TO 5,000
PST { STATIC-LOAD CONFINEMENT DUCTILE BRITTLE )
CHEATHAM, J. B.s JR. + GNIRK, P. F.
UNIV. OF TEX, SECOND CONF. ON DRILLING AND ROCK MECHANICS, 77-92, JAN. 1965. SINGLE BIT-TOOTH PENETRATION
EXPERTIMENTS UMDER STATIC LOAD HAVE BEEN MADE ON SIX ROCKS AT CONFINING PRESSURES OF O TO 5,000 PSI USING SHARP
WEDGF-SHAPED TFETH WITH INCLUDED ANGLES RANGING FROM 30 TO 120 DEG., THE FORCE-DISPLACEMENT CURVES FOR ALL RQCKS
EXHIRIT AN INCREASINGLY NONLINEAR AND DISCONTINUOUS BEHAVIOR WITH DECREASING CONFINING PRESSURE. CGNFINING PRESSURE AT
WHICH RNCK FXHIBITS A MACROSCOPIC TRANSITION FROM PREDOMINANTLY DUCTILE TO PREDOMINANTLY BRITTLE BEHAVIOR DURING
PENETRATION VARIES FROM ABOUT 500 TO 1,000 PSI FOR THE LIMESTONES TQ GREATER THAN 5,000 PST FOR THE DOLOMITE.
CORRELATION RETWEEN CALCULATED VALUES OF FORCE PER UNIT PENETRATION BASED ON PLASTICITY THEORY AND EXPERIMENTAL VALUES
IS QUITE ENCPURAGING EVEN AT CONFINING PRESSURES AS LOW AS 1,000 PSI. A QUALITATIVE CORRELATION BETWEEN VOLUME CF

FRAGMENTED ROCK PER UNIT ENFRGY INPUT FOR A SINGLE BIT-TOOTH AND DRILLING RATE FOR MICRO-BITS APPEARS TO EXIST OVER A
CONFINING PRESSURE RANGE OF 0 YO 5,000 PSI.

12-65=01003 AN EXPERIMENTAL STUDY OF DRAG-BIT DRILLING USING DIMENSICNAL ANALYSIS { ROTARY-SPEED BIT-WETIGHT
DISTANCE-DRILLED BIT-CLEARANCE-ANGLE CIRCULATION-RATE WEAR TEMPERATURE PENETRATION-RATE }
KIM, Yo S. + HARTMAN, H. L. & PENN STATE UNIV
UNTIV. OF TEX. SECOND CONF. ON DRILLING AND ROCK MECHANICS, NO. SPE 1053, 93-104, JAN. 1965, THIS SECOND PESEARCH
INVESTIGATION AT PEMN STATE ON DRAG-RIT DRILLING USED A LABORATORY DRILL PRESS, A DRAG BIT WITH ONE-HALF IN. CUTTING
ENGE ON PENNSYLVINIA SLATE. DIMENSIONLESS PARAMETERS WERE DEVELOPED WHICH PERMITTED THE EFFECT AND THE INTERACTION OF
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ROTARY SPEED, BIT WEIGHT, DISTANCE DRILLED, FIT CLEARANCE ANGLE, CIRCULATION RATE, BIT WEAR, BIT TEMPERATURE AND
PENETRATION RATE TO BE ANALYZED. EXPERIMENTS WERE CONCERNED WITH BIT CLEARANCE ANGLES FROM 5 TO 25 DEG AND FLUID
CIRCULATION RATE. PENETRATION RATE VARIES DIRECTLY WITH BIT CLEARANCE ANGLE AND THRUST AND BIT WEAR MEASURED BY WEIGHT
LOSS VARIES DIRECTLY WITH CLEARANCE ANGLE AND INVERSELY WITH WIDTH OF FLAT. BIT TEMPERATURE INCREASES AS FLOW RATE
DECREASES WITH AN INCREASE IN BIT WEAR AND DECREASE IN PENETRATION RATE. THIS COULD NOT BE CORRELATED WITH THE
PHYSTCO-THERMAL PROPFRTIES OF THE BITS. FOR A GIVEN CIRCULATION RATE THE TEMPERATURE GRADIENT ACROSS THE CUTTING EDGE
NF A DRAG BIT INCREASES WITH PENETRATION RATE. OBSERVATIONS ARE ALSO REPORTED ON THE NATURE OF CUTTING ACTION, ROCK
FATLURE AND BIT WEAR IN DRAG-BIT DRILLING. ’

12-65-01004 SHEAR FAILURE OF ROCK UNDER NORMAL STRESS ( FRICTION-SURFACES COMPRESSION BRITTLE~FRACTURE

DUCTILE-FRACTURE )

MAURER, W. C. & JERSEY PROD RES CORP
UNIV. OF TEX. SFCOND CONF. ON DRILLING AND ROCK MECHANICS, NO. SPE 1054, 105-116, JAN. 1965, A STUDY OF ROCK SHEAR
FATLURE MECHANICS UNDER PRESSURE HAS BEEN MADE. TRANSITION FROM BRITTLE TO DUCTILE FAILURE OCCURS WHEN FRICTION ALONG
THE FRACTURE SURFACES EXCEEDS THE ROCK SHEAR STRENGTH. A -MACHINE WAS DEVELORED FOR MEASURING BOTH THE ROCK SHEAR
STRENGTH AND FRICTION ALONG FRACTURE SURFACES. IN THIS SHEAR MACHINE, FRACTURES ARE FORCED ALONG DEFINITE PLANES SO
ROCK IS STRONGER THAN IN COMPRESSION TESTS WHERE FRACTURES CHOOSE THE WEAKEST PATHS THROUGH THE SPECIMENS. FRICTION IS
COMPOSED OF: FORCES TO SLIDE IRREGULARITIES ON SURFACES OVER EACH OTHER, FORCES TO SHEAR SOME OF THESE IRREGULARITIES,
MALECULAR ATTRACTIONS ACROSS FRACTURES, AND FORCES REQUIRED TO BREAK BONDS RESULTING FROM MELTING AND WELDING AT TIPS
OF SURFACE IRREGULARITIES. FRICTION ALONG ROCK FRACTURE SURFACES IS NOT PROPORTIONAL TO CONTACT PRESSURE AS USUALLY
ASSUMED BUT INCREASES AS THE 0.4 TO 0.8 POWER OF CONTACT PRESSURE.

12-65=01005 REDUCTION OF FRACTURE PRESSURES OF ROCKS BY INTENSIVE BOREHOLE HEATING ( VERTICAL~FRACTURING )

CLARK, K. Ko + SOMERTON, W. H. & UNIV CAL BERKELEY CAL
UNIV, DF TEX, SFCOND CONF. ON DRILLING AND ROCK MECHANICS, NO. SPE 1055, 117-121, JAN. 1965. TO INCREASE WELL
PRODUCTIVITY BY FRACTURING A VERTICAL FRACTURE IS PREFERRED TO A HORIZONTAL. VERTICAL FRACTURE PRESSURE VARIES AS
TWICE THE RADIAL STRESS PLUS THE MEDIUM'S TENSILE STRENGTH. HORIZONTAL FRACTURES OCCUR IN PLANES OF WEAKNESS AT
PRFSSURES EQUALLING OR EXCEEDING EFFECTIVE OVERBURDEN STRESS., THEREFORE, BY REDUCING THE ROCK STRENGTH VERTICAL
FRACTURING WILL RF INDUCED. THREE GROUPS OF SAMPLES WERE TESTED AT CONDITIONS SIMULATING A DEPTH CF 5,000 FT. ONE SET
WAS FURNACE HFATED TO 600 C, THE OTHER TWO WERE ROREHOLE HEATED TO 625 C AND 792 C. ALL WERE COOLED AND TESTED. IT
WAS CONCLUDED THAT FRACTURE PRESSURES MAY BE REDUCED BY 20 TO 50 PERCENT BY INTENSIVE BOREHOLE HEATING BEFORE
FRACTURING.

12-65-01006 7N THE DETERMINATION OF THE STATE OF STRESS IN ROCK MASSES ( BOREHOLE-STRAIN GAUGES FLAT-JACKS

HY DRAUL TC—-FRACTUR ING INSITU~ROCK-STRESS )

FATIRHURST, C. & UNTV MINN MINNEAPOLIS MINN
UNTV, OF TEX. SECOND CONF. ON DRILLING AND ROCK MECHANICS, NO. SPE 1062, 133-145, JAN. 1965. ACCURATE INFORMAT ION
ON INSTTU ROCK STRESS IS ESSENTIAL TO THE SOLUTION OF MANY ROCK MECHANICS PROBLEMS. FLAT-JACKS GIVE GOND INFORMATION
3UT CAN GNLY BF APPLIED TO AN EXCAVATION WALL. THE VARIOUS BOREHOLE DEVICES ARE DISCUSSED. NO ONE INSTRUMENT 02
TECHNIQUE SHOULD BE EXPECTED TO BE APPLICABLE TO EVERY SITUATION. THEY CAN PROVIDE USEFUL INFORMATICN WHEN APPLIED
INTELLIGENTLY. HYDRAULIC FRACTURING APPEARS TN BE WORTHY OF FURTHER ATTENTION AS A POSITIVE METHOD OF STRESS
MEASUREMENT.

12-65-0600}1 CEMFNTED TUNGSTEN CARBIDE BEARINGLESS ROTARY ROCK DRILL BITS ( HARDNESS STRENGTH )

ENGLE, E. + GOODFELLOWy R. D. & KENNAMETAL INC
PENN STATE UNIV VIT SYMP ON ROCK MECHANICS, (2) 209-217, JUNE 14, 19€5. TUNGSTEN CARBIDE BITS ARE ILLUSTRATED FCR
WELL DORILLING, RLAST HOLE DRILLING, ROOF DRILLING, AND BORING MACHINE APPLICATIONS. CEMENTED TUNGSTEN CARRIDE HAS
LARGELY RFPLACFD STEEL RITS. MUCH OF THE MECHANICAL EQUIPMENT FOR MINING AND DRILLING WOULD BE UNECGNOMICAL TODAY IF
CARBIDE CUTTING EDGE WFRF NOT AVAILABLE. PHYSICAL PROPERTIES OF FIVE GRADES OF KENNAMETAL OF TUNGSTFN CARBIDE AND
COBALT ARE GIVEN.

12-65-06002 DR ILLING & BLASTING AT SMALLWOOD MINE ( JET-DRILL ROTARY-DRILL SLURRY GRINDING-FACTOR~INDEX }

BAUER, A, + CARR, H. H. + CALDER, P. + FARRIS, G. R. & 1IRON GRE CO CANADA
PENN STATE® UNIV SEVENTH SYMP. ON ROCK MECHANICS, (2) 218-241, JUNE 14, 1965. ROTARY AND JET PIERCING DRILLS ARFE
USFN, THEIR ORILLING RATE CORRELATES WELL WITH THE GRINDING FACTOR INDEX, BUT IT WAS DISAPPOINTING THAT NO BASIC
PHYSTICAL PRQOPEPTY WwNULD TIF IN WELL WITH PIERCEABILITY. THE BEST ROTARY GROUND WAS THE WORST JET GROUND AND VICE
VERSA. A DISCUSSION IS PRESENTED ON FUEL OXYGEN RATIQS FOR JET PIERCING AND ON SITE GAS SAMPLING AND ANALYSIS. FUFL
HAS AEEYN CUT-SACK SN THAT STOICHIOMETRIC CONDITIONS EXIST, CARBON MONOXIDE IS DRASTICALLY REDUCED AND POP-UP HOLES
FLIMINATED., RLASTING PRNCEDURE AND RESULTS AT THE OPEN PIT IRON ORE OPERATION USING SLURRY PUMP~MIX TRUCK IS
DESCRIRED., AFTER TEST OPILLING WITH ROTARY, JET AND PERCUSSION DRILLS FOUR JPM-4 JET PIFRCERS WERE NRTAINFD FOF THE
AULK 7F PRODUCTION DRILLING. TWO 50-R, ONE 60-R AND ONE 40-R MACHINES ARE ALSO USED. BENCHES ARE 45 FT HIGH AND 50 FT
HOLES ARE CGENERALLY ORILLED.

12-65-06003 THERMAL FRAGMENTATION OF RQOCK ( BURNERS THERMAL-CONDUCTIVITY THERMAL-ENERGY THERMAL~SHOCK

COEFFICIENT-0OF-FEXPANSION TENSILE-STRENGTH YOUNG*S~-MODULUS )

MAROVELLY, R. L. + CHEM, T. + VEITH, K. F. & U.S. BUR MINES
PENN STATFE UNIV SFVENTH SYMP. ON ROCK MECHANICS, (2) 253-280, JUNF 14-19, 1965. THERMAL ENERGY. WAS USED FOPR
PRIMARY ROCK REMOVAL BEFORE RLASTING POWDERS WERE INVENTED. GASEOUS OXYGEN — OIt BURNERS GAINED ACCEPTANCE FOR
DIFFICULY BLAST HCLE DRILLING AND SOME QUARRY OPERATIONS. AT PRESENT, THERE IS RENEWED INTEREST IN COMPRESSEN AIR -
NIL RURNER DESTIGNS. AN ANALYTICAL STUDY IS MADE OF THERMAL STRESS DISTRIBUTION IN A THIN CIRCULAR DISK SUBJECTED TO A
PFRIPHERAL THERMAL SHOCK AT VARIOUS RATES OF HEAT TRANSFER. THE PROBLEM IS OF IMPORTANCE IN PREDICTING THERMAL SHOCK
RESPONSE OF A RACK BODY OF FINITE SIZE. THEORETICAL ANALYSIS IS BASED ON RADIAL HEAT FLOW BY CONDUCTION IN THE DISK AMD
HFAT EXCHANGE BY CONVECTION BETWEEN DISK AND SURRQUNDINGS. THE CASE OF CONSTANT PROPERTIES AND PLANF STRESS IS
TREATFD, SOLUTIONS OF THE STRESS DISTRIBUTION ARE PRESENTED FOR POTH COOLING AND HEATING SHOCKS AND AN AVERAGE STRESS
THEOQRY 1S FORMULATED. -~ PRELIMINARY EXPERIMENTAL VERIFICATION WAS ORTAINED FROM SHOCK TEST RESULTS ON THIN ROCK DISKS
INSULATED CN BOTH FLAT END FACES SO THAT HEAT EXCHANGE TOOK PLACE THROUGH THE EXPOSED PERIPHERAL SURFACE. PHYSICAL
PROPERTIES VITAL TO THE ANALYSIS ARE YOUNG'S MODULUS, TENSILE STRENGTH, COEFFICIENT OF LINEAR THFERMAL EXPANSION AND
THERMAL CONDUCTIVITY. PLOTS OF THESE PROPERTIES ARE PRESENTED.

12-65-06004 RECENT ADVANCES IN FLAME JET WORKING OF MINFRALS { TEMPERATURE-GRADIENT SPALLING FUSION ARRASIVE )
RROWNING, J. A: + HORTON, W. B. + HARTMAN, H. L. & BROWNING ENG CO
PENN STATE UNIV SEVENTH SYMP ON ROCK MECHNICS, (2) 281-313, JUNE 14, 1965. FLAME JET GPERATICN THEQRY AND
REPRFSFNTATIVE MINERALS CUTTING RATES ARE GIVEN. THE NEW FLAME JET WITH ABRASIVE SUSPENSION CUTTING IS CESCRIBED AND
FLAME JET WORKING 0OF ©ERMAFROST AND ICE IS MENTIONED. COMPARISONS OF ROCK SPALLABILITY AND DRILLABILITY ARE
TARULATED. PRACTICAL APPLICATIINS OF FLAME JET FOR DRILLING, CHANNELING, AND WORKING OF VARIOUS MINERALS ARE
PRESENTFD, EARLIFR FLAMF JETS WERE PROQUCED BY COMBUSTION OF PURE DXYGEN AND FUFL. IT HAS BEEN FOUND THAT THIS FLAME
IN MOST CASFS IS MUCH YO0 HOT. FOR GRANITES AND TACONITES IMPROVED RFMOVAL RATES ARE ORTAINED AT LOWER FLAME
TEMPERATURFES BY ADDING AIR TQ THE OXY—-FUEL MIXTURF, A TEMPERATURE GRADIENT SUFFICIENT TO INDUCE SPALLING IS REGQUIRED
RATHFR THAN ONF LFADING TO FUSING. SOME MINERALS ARE CUT AT MAXIMUM SPEEDS USING AIR-FUEL FLAME JETS WITH NO PURE
OXYGEN NECFSSARY., FNR SLATE AN EVEN FURTHER REDUCTION IN FLAME TEMPERATURE IS REQUIRED.

12=65-06005 FLECTRICAL FRACTURING AND CRUSHING 0OF TACONITE {( THERMAL-STRFESS MICROFRACTURES ELECTRODES )
SARAPUU, E. & UNIV ARIZ
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PENN STATE UNIV SEVENTH SYMP ON ROCK MECHANICS, (2) 314-324, JUNE 14, 1965. FRACTURING OF TACONITE BY ELECTRICAL
CONDUCTION AND ELECTRICALLY GENERATED THERMAL STRESSES HAS BEEN DEMONSTRATED. ENERGY TRANSFER IN ROCK FRACTURING WAS
ACCOMPLISHED BY MULTI-CONTACT ELECTRODES AT COMPARATIVELY LOW VOLTAGE USING 60 CYCLE ALTERNATING CURRENT. DIFFERENCE
IN POINT ELECTRODES VERSUS LARGE DIAMETER ELECTRODES IS DISCUSSED AND EXPERIMENTS DESCRIBED. POSSIBLE LARGE SCALE USE
OF ELECTRICAL FRACTURING WITH TACONITE ORE IS BASED ON LABORATORY EXPERIMENTS, AND IS APPLICABLE TO SECONDARY BREAKING
AND COARSE CRUSHING. ALSO MICROFRACTURES ARE PRODUCED WHICH AID IN CRUSHING.

1226506006 A POTENTIAL METHOD FOR EVALUATING THE ENERGY RELEASED FROM NON-IDEAL EXPLOSIVE REACTIONS (
INITIATION-TIME-DELAY PRIMER )}
ASHy R. L. + RYDLUND, P. H. + YANCIK, J. J. & UNIV MO ROLLA MO
PENN STATE UNIV SEVENTH SYMP. ON ROCK MECHANICS, (2) 325-334, JUNE 14, 1965. TESTS ON ANFO MIXTURES BY THE
RESISTANCE WIRE TECHNIQUE SHOWED THAT MANY OF THE SAME PHYSICAL PARAMETERS WHICH AFFECT ITS REACTION VELCCITIES WERE
RELATED TO THE INITIATION TIME DELAY. THE INITIATION TIME DELAY IS THE TIME INTERVAL BETWEEN THE ARRIVAL OF THE
PRIMER'S DETONATION SHOCK WAVE AT THE PRIMER TO ANFO CHARGE INTERFACE AND FORMATION OF DETONATION SHOCK WAVE IN THE
ANFO MIXTURE. PHYSICAL PARAMETERS WERE STRENGTH OF PRIMER, RATIO OF PRIMER TO CHARGE DIAMETER, CHARGE DIAMETER
CONFINEMENT AND CHARGE DENSITY.

12-65-06007 THE MECHANICS OF EXPLOSIVE CAVITY FORMATION AND ENERGY DISSIPATION IN A SOLID EARTH ( MOHR-CCULOMB
DYNAMIC-PRESSURE COUPLING )
GNIRK, P. F. + FAIRHURST, C. & S.D. SCHOOL OF MINES
PENN STATE UNIV SEVENTH SYMP ON ROCK MECHANICS, (2) 382-406, JUNE 14, 1965, MECHANICS OF SPHERICALLY-SYMMETRIC AND
CYLINDRICALLY-SYMMETRIC EXPLOSIVE CAVITY FORMATION, VALID FOR LARGE ELASTIC-PLASTIC DEFORMATIONS IN AN INFINITE SOLID
EARTH, ARE ANALYTICALLY DEVELOPED FOR THE CASE IN WHICH PRESSURE APPLICATION ON THE CAVITY WALL IS OF A DYNAMIC
NATURE. PRESSURE IS APPLIED UNIFORMLY TO CAVITY SURFACE AND IS A KNOWN FUNCTION OF CURRENT CAVITY RADIUS THROUGHOUT
THE EXPANSTON PROCESS AND EARTH MATERIAL IS ELASTIC-PERFECTLY-PLASTIC AND INCOMPRESSIBLE AND OBEYS THE MOHR-COULOMB
YIELD CRITERION., IT IS ASSUMED THAT MDTION OF THE CAVITY CEASES COMPLETELY AT END OF INITIAL EXPANSION PHASE.
FORMULATED RESULTS PERMIT CAVITY RADIUS CALCULATION AND ENERGY PARTITION AT INITIAL WALL YIELDING AND AT EXPANSION
TERMINATION. QUANTITATIVE AGREEMENT WITH AVAILABLE DATA FOR CONTAINED FULLY-COUPLED EXPLOSIONS IN SALT IS QUITE
ENCOURAGING IN VIEW OF THE NUMEROUS AND RESTRICTIVE ASSUMPTIONS EMPLOYED THROUGHOUT THE ANALYSIS.

12-65-06008 DYMAMIC STRESSES INDUCED WITHIN ROCK IN CASE OF BLASTING WITH ONE FREE FACE ( ELASTIC-THEORY

PARTICLE-VELOCITY RADIAL-DISPLACEMENT CRACKS TENSILE=-STRESS )

SUSSA, K. + LTO, I. & KYOTO UNIV JAPAN
PENN STAT® UNIV SEVENTH SYMP ON ROCK MECHANICS, (2) 407-437, JUNE 14, 1965. DYNAMIC PRINCIPAL STRESS BEHAVIOR
INDUCFD WITHIN ROCK BY AN EXPLOSION UNDER CONFINED CONDITION WAS ANALYZED FOR BLASTING WITH ONE FREE FACE BY APPLYING
MEASUR=D RADIAL DISPLACEMENT VALUES, PARTICLE VELOCITY TO EQUATIONS DERIVED FROM ELASTICITY THEORY. FREE FACE DYNAMIC
STRESSES WERE ALSO CALCULATED FROM STRAIN MEASURED BY WIRE STRAIN GAUGES AFFIXED ON THE FREE FACE. RESULTS SHOWED:
MAXTMUM FREE FACE STRESS WAS AT FREE FACE AND BURDEN INTERSECTION; ITS MAGNITUDE WAS TWICE THAT OF THE TANGENTTAL
TENSTLE STRESS FROM THE INCIDENT STRESS WAVE WITHIN THE RANGE RELATED TO THE BLASTING BREAKAGE; MAXIMUM COMPRESSIVE
STRESS NEAR THE FREE FACE WAS DECREASED DUE .TO THE FREE FACE WHILE TENSILE STRESS WAS INCREASED; MAXIMUM VALUE OF
TENSILF STRENGTH IN PHI DIRECTION WAS LARGER THAN THOSE IN GAMMA THETA PLANE ON AND NEAR THE FREE FACE; TENSILE STRESS
CAUSED 8Y THE HOPKINSCN EFFECT APPEARED ONLY NEAR THE BURDEN; RADIAL CRACKS WILL BE PRODUCED IN THE ROCK MASS NEAR AN
EXPLOSION POINT BUT WITH THE APPROACH OF THE FREE FACE CRACK DIRECTIONS WILL BE CURVED TO ONES PARALLEL TO THE FREE
FACE; APPFARANCE 0OF BREAKAGE DEDUCED AGREES FAIRLY WELL WITH PRACTICAL OBSERVATIONS.

12-65-06009 BEHAVIOR OF ROCK DURING BLASTING ( ROCK—-PROPERTIES SHOCK—FRONT ENERGY-DISTRIBUTION EXPLCSICN LOADING

ALUMINIZED-SLURRY }

CO0Ky M. A. + COOK, V. O. + KFYES, R, T, & UDY, L. L. + CLAY, R. B. & INTERMOUNTAIN RES AND ENGR CO
PENN STATE UNIV SEVENTH SYMP ON ROCK MECHANICS, (2) 438~461, JUNE 14, 1965. BASED ON COMPRESSIBILITY AND SHOCK
VELOCITY IN ROCK, INITIAL EXPLOSIVE LOADING CONDITIONS, EXPLOSIVE THERMOCHEMISTRY AND DESCRIPTION OF PRESSURE-DISTANCE
RELATIONS BFHIND THE SHOCK FRONT, THE ENERGY DISTRIBUTION BETWEEN DETONATION PRODUCTS AND BURDEN ARE ESTIMATED AS A
FUNCTION OF TIME FOR VARIOUS LOADING CONDITIONS INCLUDING "POWDER FACTOR,"™ LOADING DENSITY AND THE EXPLOSIVE ITSELF.
RELEASE WAVE FRACTURING, SHEAR WAVE FRACTURING, RELEASE OF LOAD FRACTURING ARE DISCUSSED IN TERMS OF THESE FINDINGS.
RELEASE OF LOAD FRACTURING, ROCK BURSTING, IS CONSIDERED TO BE THE MOST IMPORTANT MEANS OF ROCK FRACTURING IN
BLASTING., MEANS FOR MAXIMIZING IT ARE CONSIDERED. MAXIMYM EFFICIENCY IS ATTAINED BY USING HIGH DENSITY EXPLOSIVES AT
A LOADING DENSITY OF UNITY. WAYS FOR ACHIEVING THIS CONDITION ARE DISCUSSED. BULK~HANDLED ALUMINIZED’ SLURRY BLASTING
AGENTS ARE DESCRIRED AND SHOWN TO HAVE THE DESIRED PROPERTIES FOR ACHIEVING OPTIMUM CONDITIONS FOR HIGH BLASTING
EFFICIENCY.

12-65-06010 DRILLING BY EXPLOSIVES ( CAPSULES SHAPED-CHARGE GAUGING-CHARGE DRILLING REAMER ) -

ROBINSON, L. H., JR. & ESSO PROD RES CO HOUSTON TEX
PENN STATE UNIV SEVENTH SYMP ON ROCK MECHANICS, (2) 462-489, JUNE 14, 1965. EXPLOSIVE DRILLING WAS PROBABLY FIRST
UTILIZED BY QUARRY OPERATORS TO SPRING A HOLE. THE RUSSIANS HAVE DRILLED OVER 7600 FT OF HOLE IN DIFFERENT FORMATIONS
WITH CAPSULES WHICH RESULTED IN A ROCK REMOVAL EFFICIENCY OF 20 CC OF ROCK PER GRAM OF EXPLOSIVE. THE HUMBLE TECHNIQUE
VISUALIZES ALTERNATELY PUMPING 4 TO 5 FT LONG PLASTIC CAPSULES CONTAINING SHAPED AND GAUGING CHARGES DOWN TO THE BOTTOM
OF A DRILL PTIPE AND DETONATING THEM. THE ONLY CHANGES IN CURRENT ROTARY DRILLING EQUIPMENT WOULD BE ELIMINATION OF A
DRILL BIT AND SOME DRILL COLLARS AND ADDITION OF A CAPSULE ADDING MECHANISM AND THE SPECIAL DRILLING-REAMING HEAD.
INTERACTION OF SHAPED AND GAUGING CHARGES WITH ROCK ARE GIVEN. IT IS CONCLUDED THAT SEQUENTIAL FIRING 0OF SHAPED AND
GAUGING CHARGES CAN FORM HOLES AT AN ATTRACTIVE CHARGE TO ROCK-REMOVAL RATIO; INCREASED PRESSURE INCREASES GAUGING
CHARGE ROCK REMOVAL EFFICIENCY, TEMPERATURE HAS ONLY A SLIGHT EFFECT ON ROCK REMOVAL EFFICTENCY, ANC GAUGING CHARGES
EXPAND SHAPED-CHARGED HOLES MORE EFFECTIVELY THAN THEY DO DRILLED HOLES. SEE ALSO 22-65-01001.

12-65-06011 WILDCATTING ON THE MOON ( VACUUM LUBRICATION FRICTION ADHESION IMPREGNATION )

PEMNy S. H. & GRUMMAN AIRCRAFT ENGINEERING CO
PENN STATE UNIV SEVENTH SYMP ON ROCK MECHANICS, (2) 490517, JUNE 14, 1965. PRELIMINARY EXPERIMENTAL EVIDENCE
SEEMS TO PRECLUDE THE USE OF UNLUBRICATED MECHANICAL-FORCE DRILLS DN THE MOON: MEASURED VALUES OF THE COEFFICIENTS OF
FRICTION AND ADHESION RETWEEN METALLIC AND NONMETALLIC SOLIDS HAVE BEEN SHOWN TO INCREASE IN AN ULTRAHIGH VACUUM
ENVIRONMENT. THE PAUCITY OF REAL KNOWLEDGE AND INFLUENCE OF A HARD LUNAR VACUUM UPON INTERACTING SCLID SURFACES,
PELEGATES CURRENT PROPOSALS TO SAMPLE THE MOON WITH A MECHANICAL FORCE DRILL, TO THE EQUIVALENT OF WILDCATTING ON
SARTH. 1T IS RECOMMENDED THAT TMPREGNATED DRILL BITS BE DEVELOPED FGR LUNAR USE.

12-65-06012 EXTPATERRESTRIAL MINING ( OXYGEN WATER MINERALS PERSONNEL-SHELTER TUNNELING-MACHINE )

WILLIAMSON, T. N. & HUGHES TOOL CO HOUSTON TEX
PENN STATE UNIV VYT SYMP ON ROCK MECHANICS, (2} 518-534, 518-531, JUNE 14, 1965. EXTRATERRESTRIAL MINING WILL
PROVIDE PERSONAL SHELTFR OXYGEN FROM MINERALS, WATER FROM HYDROUS ROCK, BUILDING MATERIALS FOP STRUCTURES AND RECOVERY
OF NEW MINERALS. THF LACK OF ATIR AND WATER ON THE MOON AND ITS LOWER GRAVITY WILL FACILITATE TUNNELING MACHINE
QPERATION. SUCH A MACHINE WOULD EITHER BE CONSTRUCTED IN SPACE OR HAVE ITS COMPONENTS ASSEMBLED ON THE MOON. WHAT
WILL BF OQUR FUTURE RFQUIREMENTS? IT IS NOT TOD SOON TO SPECULATE.

12-66=-09001 BRITTLE FRACTURE OF ROCKS ( BRAZILIAN-TEST GRIFFITH-CRITERION MOHR-ENVELOPE ROCK-STRENGTH )

JAEGER, J. C. & AUSTRALIAN NATIONAL UNTV
UNIV. OF MINN., EIGHTH SYMP ON RQOCK MECHANICS, 3-57, SEPT 1966. A HISTORY OF THE BRITTLE FRACTURE OF RQCK IS
GIVEN. PRACTICAL ROCK MECHANICS ENTAILS ANALYZING HIGHLY INHOMOGENEOUS STRESSES. THE INTERNAL FRICTION APPROACH IS THE
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SIMPLEST CRITERION. AN ANALYSIS INVOLVING THIS AND THE MOHR ENVELOPE IS GIVEN MODIFIED BY THE GRIFFITH CRITERION FOR
TWO-DIMENSION AND THREE-DIMENSION THEORY. PROBLEMS ARE PRESENTED IN UNCONFINED COMPRESSION, UNTAXTAL TENSION, BIAXIAL
TENSTON, THE TRIAXIAL TEST, HOLLOW CYLINDERS WITH INTERNAL OR EXTERNAL PRESSURE AND AXTAL LOAD, THE BRAZILIAN TEST
WHICH 1S LOADING CYLINDERS IN A DIAMETRAL PLANE, BENDING AND OTHER SYSTEMS TESTS. SEVERAL MATHEMATICAL APPROACHES TO
STRESSES AND DISPLACEMENTS ARQUND A CRACK ARE GIVEN. MATHEMATICAL STUDIES FOR CRACK PROPAGATION ARE ENUMERATED. 185
REFS. .

12-66=09002 RECENT EXPERIMENTAL STUDIES OF BRITTLE FRACTURE OF ROCKS { COMPRESSION FRICTION EFFECTIVE-STRESS VOLUME
CHANGE GRIFFITH-THEQRY )
BRACE, W. F. + BYERLEE, J. D. & M.I1.T. CAMBRIDGE MASS
UNIV. MINN. EIGHTH SYMP. ON ROCK MECHANICS, 58-81, SEPT. 1966, NEW EXPERIMENTAL STUDIES CONCERN VOLUME CHANGES
WHICH ACCOMPANY BRITTLE FRACTURE, PROPAGATION OF CRACKS IN COMPRESSION, FRICTIONAL CHARACTERISTICS OF ROCKS AND
MINERALS AT HIGH PRESSURE, AND THE LAW OF EFFECTIVE STRESS FOR CRYSTALLINE ROCK. OBSERVATIONS OF THESE EXPERIMENTS ARE
GIVEN AND A DISCUSSION OF THE PROCESS OF BRITTLE FRACTURE OF ROCKS IN COMPRESSION AND THE APPLICABILITY OF GRIFFITH
THEORY TO FRACTURE OF ROCK.

12-66-09003 THE INFLUENCE OF ENVIRONMENT ON THE BRITTLE FRACTURE OF ROCKS ( FLUID-PRESSURE LOADING-DURATION
TEMPERATURE )
HEARDy H. Co & LRL LIVERMORE CAL N
UNIV. MINN. EIGHTH SYMP, ON ROCK MECHANICS, 82-93, SEPT. 1966, THE EFFECT OF THE SUPEPPOSFED STRESS FIELD UPON THE
LITHOSTATIC AND INTERSTITIAL FLUID PRESSURE, THE TEMPERATURE AND DURATION OF THE LOADING UPON THE FAILURE OF ROCKS
FITHER BY FRACTURE OR FLOW IS EXAMINED WITH SMALL HOMOGENEOUS SAMPLES. EACH PARAMETER IS EXAMINED SINGLY WITH ALL
OTHERS HELD CONSTANT. THE DATA DO NOT SEEM TO FIT THE COULOMB-MOHR, VON MISES, OR GRIFFITH CRITERIA AT PRESENT IN
FAVOR.

12-66-09004 A PHCTOELASTIC TECHNIQUE FOR THE DETERMINATION OF POTENTIAL FRACTURE ZONES IN ROCK STRUCTURES

HOEK, E. & TIMPERIAL COL LONDON ENG
UNIV. MINN., FIGHTH SYMP. CN ROCK MECHANICS, 94-112, SEPT. 1966. A PHOTOELASYIC TECHNIQUE FOR DFTERMINATION OF
POTENTTIAL FRACTURE ZONES IS DESCRIBED. A PRACTICAL EXAMPLE, DESIGNING A DEEP-LEVEL MINE EXCAVATION LAYOUT, IS GIVEN.
OHOTOELASTIC ISCCHROMATIC PATTERNS DO NOT CONTAIN SUFFICIENT INFORMATION FOR ROCK FRACTURE PREDICTICN BUT BY
SUPERIMPOS ING AN ISOPACHIC PATTERN BOUNDARIES OF POTENTIAL FRACTURE ZONES CAN BE DETERMINED. THE TECHNIQUE FOR
ORTAINING THE ISOPACHS BY MEANS OF THE ELECTRICAL ANALOG IS DESCRIBED. FROM SUCH STUDIES THE BEST MINF EXCAVATION
LAYNUT CAN BE NBTAINFO.

12-66-09005 INITIAL AND SURSEQUENT FRACTURE CURVES FOR BIAXIAL COMPRESSION OF BRITTLE MATERTIALS ( FAILURE FLOW
COULOMR-MNHR GRIFFITH-THEORY VON-MISES )
PAUL, B. + GANGAL, M., & TINGERSOLL-RAND CO
DNIVe MINN. EIGHTH SYMP. ON ROCK MECHANICS, 113-141, SEPT. 1966. SINCE ROCK DRILLING DEPENDS ON MECHAMICAL RQOCK
LOADING, A CRITERICN IS NECESSARY WHICH DISTINGUISHES STRESS COMBINATIONS WHICH CAUSE MACROSCOPIC ROCK FAILURE FROM
THOSF WHICH DO NOT, THE ORIGINAL GRIFFITH THEORY PREDICTS CRACK INITIATION AT A MICROSCOPIC LEVEL AND NOT MASSIVE OR
MACRQSCIPIC FAILURE. MNDIFIED COULOMR-MOHR THEORY WHICH ALLOWS FOR ARBITRARY TENSION TO COMPRESSION RATIOS IS SUPERIOR
TO THE INITIAL GRIFFITH THEGRY BUT THE EXTENDED GRIFFITH THEORY GIVEN HERE BETTER EXPLAINS BY FRACTURE HARDENING THE
FXPERIMENTAL RFSULTS CONCERNING GROWTH AND FORM OF SLOWLY PROPAGATING CRACKS AND MODE OF COMPRESSICN FAILURE
GRIFFITHY S ORIGINAL THEQRY IS ANALOGOUS TO TRESCA AND VON MISES PLASTIC THEDRY WHERE INITIAL YIELD CURVES INDXCATF ONLY
PLASTIC FLOW ONSET RATHER THAN GROSS MACRQSCOPIC FAILURE.

12-66=09006 DISCUSSINN OF BRITTLE FRACTURE OF ROCK { BRAZILIAN-TEST COMPRESSION TENSION REBOUND )

MCWILLTIAMS, J. R. + PARISFAU, W. G. & HARDY, H. R., JR. + WAWERSIK, W. R. + PAUL, B. & CANGAL, M.

+ HUDSON, J. A.
UMIV. MINN. ETIGHTH SYMP. ROCK MECHANICS, 142-164, SEPT. 1966. WRITTEN DISCUSSIONS WERE CONTRIBUTED BY SEVEN
TNVFSTIGATNRS, MCWILLIAMS BY POINT L3IAD TESTS AND BRAZILIAN TESTS SHOWS THAT TENSILE STRENGTH VARIES INVERSELY WITH
ERFQUENCY. OF DFFECT STRUCTURE OCCURRFNCE. PARISEAU BY FOCUSING ATTENTION ON FRACTURE PHYSICAL FEATURES CBTAINS
THEORETICALLY THROUGH FXPLOITATION OF A MINIMUM ENERGY POSTULATE ALL MAJOR FEATURES OF FAILURE. HARDY BY USING A
TEFLON WAFER IN A CUP HAS OBTAINED UNIFORM END LOADING FOR COMPRESSIVE TESTS OF CYLINDRICAL SPECIMENS. WAWERSIK
PERFECTLY CONTROLLED TEST .MACHINE ELASTIC REBDUND BY INCORPORATING A HYDRAULIC LOADING SYSTEM IN PARALLEL WITH THE RQCK
SPECIMEN, IN COMPRESSIVF TESTS CYLINDRICAL SPECIMENS GO THROUGH ELASTIC COMPRESSION, NONELASTIC CCMPRESSION,
NANELASTIC OEFORMAT ICN AND NONELASTIC COMPRESSION. PAUL AND GANGAL REEMPHASIZED THE CONCLUSIONS IN THEIR ARTICLE
12-66-09005. HUDSON GIVES THE RESULTS OF 48 CENTRALLY LDADED BEAM TESTS AND SHOWS THE GOOD FIT OF THE WFIBULL
NISTRIPUTION CURVE. FOR A GOOD RCCK, TENSILE STRENGTH DISTRIBUTION CAN BE PREDICTED.

12-66-09007 THF DESIGN OF UNDERGRNUND EXCAVATIONS ( ANALOGUES ENERGY EXCAVATIONS STRESS—-ANALYSIS )

CNCKy No Go W.e & JOHANNESBURG SOUTH AFRICA
UNIV, OF MINN,s EIGHTH SYMP. ON ROCK MECHANICS, 167-193, SEPT 1966. TOTAL FORCE RESULTING FROM STRESSES ACROSS ANY
PLANF MUST RF THE SAME BEFORE AND AFTER MAKING EXCAVATION AND ENERGY MUST BE RELEASED BY UMDERGROUND EXCAVATION.
METHODS OF EVALUATING STRAIN ENERGY ACCUMULATION AND EXCESS ENERGY RELEASE WHICH RESULT FRCM UNDERGROUND EXCAVATION ARE
DISCUSSED. SNLUTIONS NF DISPLACEMENTS AND STRESS CONCENTRATIONS CAN B8E FOUND BY APPLYING APPROPRIATE BOUNDARY
CONDITIONS TO ANALCGUES PROVIDED RY SLECTRICAL CONDUCTION. THESE METHODS ARE USED TO SHOW HOW EXCAVATIONS CAN BE
PLANNED TO MINIMIZE ENFRGIES. PROPERTIES OF FAILED ROCK AND INTERACTION BETWEEN FAILED ROCK AND THE STRESSES APPLIED
TG IT BY THE 9NCK MASS AND SUPPORT MEDIA ARE EXAMINED, PARTICULARLY WITH A VIEW TO CONTROLLING ROCK FAILURE AND
AVOIDING VIOLENT FATLURES.

12-56=-09008 THE RELATIONSHIP BETWEEN ENERGY RELFASE RATE, DAMAGE, AND SEISMICITY IN DEEP MINES { ANALOGUE-ANALYSIS
SEISMIC-RECORDINGS ROCK-BURST )
HODGSONy Ko + JOHGHIN, No C. € JOHANNESBURG SOUTH AFRICA
UNTIV. MINN. EIGHTH SYMP CN. ROCK MECHANICS, 194-203, SEPT. 1966." ENERGY.RELEASE RATE WAS DETERMINED BY MEANS OF THF
SLECTRICAL RESISTANCE ANALOGUE. THIS ASSUMES ELASTIC ROCK BEHAVICR AND DEVIATION FROM ELASTIC BEHAVIOR RESULTS IN
HIGHER ENERGY RELEASE RATES, A SEISMIC RECORDING NETWORK IN EACH OF THE TWO SOUTH AFRICAN MINES ONE AT 9,000 FT DEPTH,
THE NDTHER AT 5,000 FT DEPTH SNABLES THE AMOUNT 0OF KINETIC ENERGY RFLEASED BY VIOLENT ROCK FAILURES PER UNIT AREA MINED
TO BE DETERMINED., IN THIS MINING SYSTEM AN ENERGY RELEASE RATE OF LFSS THAN 100 MILLION FT £BS PER SQUARE FATHOM
RFDUCES RNCK FAILURE PROBLEMS TO EASILY MANAGEABLE PROPORTIONS.

12-66-0900S THE EFFECT OF NONELASTIC BEHAVIOR OF ROCKS ( CREEP-STRAIN DEFORMATION-GAGES STRESSMETERS PRESSURE-CELLS

SALT-MINF }
MCCLAIN, Wo C. & ORNL CAK RIDGE TENN
UNTV. MINN, FIGHTH SYMP, ROCK MECHANICS, 204-216y SEPT. 1966. ROCK MECHANICS PROBLEMS HAVE BEEN ANALYZED BY THE

THEQRY OF ELASTICITY BUT IN SALT, POTASH, AND TRONA CREEP STRAIN CAN BE SEVERAL DRDERS OF MAGNITUDE GREATER THAN
INSTANTANEGQUS STRAIN AND DESIGN MUST INCORPORATE PROVISION FOR THIS. THIS PROJECT WAS IN THE CAREY SALT MINE AT LYONS,
KANSAS AND THE INVESTIGATION'S OBJECTIVE WAS TO PRODUCE ANY SPECIFIED CLOSURE AT ANY SPECIFIED TIME. FOUR ROOMS WERE
MINED AND THE RESULTS FROM BOREHOLE DEFORMATION GAGES, BOREHOLE STRESSMETERS AND PRESSURE CFLLS ARE GIVEN. FROM A
LABORATORY TEST ON A MODEL PILLAR OF SALT AN EMPIRICAL FORMULA WAS GENERATED RELATING STRESS, TIME, STRAIN AND
TEMPERATURE. IN THE ACTUAL WORKINGS ROOF DEFORMATION INCREASED SO RAPIDLY UPON HEATING THAT THE ENTIRE EXPERIMENTAL
AREA WAS ROOF ROLTED. BY UTILIZING CREEP STRAIN PROPERTIES A BETTER CONTROL OF THE WORKINGS IS POSSIRLE. ALL ROCK HAS
A CERTAIM NONFLASTICITY AND ANALYSIS SIMILAR ¥0O THIS CAN BE USEFUL. .
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12-66=09010 SUMMARY OF STRESS DETERMINATIONS MADE IN THE PROXIMITY OF UNDERGROUND OPENINGS ( UVERCDRING RIB-PILLAR
ROCK-STRESS )
OBERT, L. & U.S. BUR MINES
UNIV. MINN. EIGHTH SYMP, ON ROCK MECHANICS, 217-223, SEPT. 1966. DATA FROM OVERCORING AND OTHER STRESS-MEASURING
TECHNIQUES ARE DISCUSSED AND IT IS STATED THAT ALTHOUGH THESE DATA ARE MEAGER, THEY SHOULD STIMULATE SPECULATION
REGARDING EARTH®'S CRUST STRESS.

12-66-09011 UNDERGROUND EXCAVATION AND SUPPORT { ROCK~BOLTS GROUTING SURFACE-COATING PRELOADED-SUPPORTS

INSTRUMENTATION }

REEDy, J. J. & COLO SCHOOL OF MINES GOLDEN COLO .
UNTIV. MINN. EIGHTH SYMP. ROCK MECHANICS, 224-231, SEPT. 1966. THIS IS A SUPPLEMENT TO ARTICLE 12-66-09007, "DESIGN
OF UNDERGROUND EXCAVATIONS". FOR HIGHEST QUALITY EXCAVATION, CONTROLLED BLASTING MUST BE CAREFULLY DESIGNED PLUS GOOD
SUPERVISION AND ATTENTION TO DETAIL. ROCK REINFORCEMENT WITH BOLTS OR OTHER MEANS IS SUPERIOR TO ROCK SUPPORT. ROCK
ROLT ING THEDRY, GROUTING, SURFACE COATINGS, PRELOADED SUPPORTS, OPENING ORIENTATION, AND INSTRUMENTATION FOR EXCAVATION
CONTROL HAVE CHANGED UNDERGROUND EXCAVATION FROM AN ART TO AN ENGINEERING SCIENCE.

12-66-09012 DISCUSSION OF DESIGN OF UNDERGROUND EXCAVATIONS IN ROCK ( ANALOG ELASTIC-THEORY ROCK-BOLTS ROCK-STRENGTH

FIELD-STUDIES )

PARKER,y J. + FAIRHURST, C. + STARFIELD, A. M. & OBERT, L. + REEDy; J. J. + SALAMON, M. D. G.

& COOK, N. G. W.
UNTIV. MINN. EIGHTH SYMP ON ROCK MECHANICS, 232-234, SEPT. 1966. PARKER (WHITE PINE COPPER CO.) STATES THAT FOR
ROOF SPANS, ASSUMING ROCK TO BEHAVE AS A GRAVITY LOADED BEAM IS OFTEN UNREALISTIC. ROOF BOLTS MAY ACT NOT ONLY TO
SUPPORT GRAVITY LOADED BEAMS BUT ALSO TO PREVENT BUCKLING DUE TO LATERAL PRESSURE. NO ONE HAS INVESTIGATED THE
REDUCTION OF ROCK STRENGTH FROM MOISTURE. FAIRHURST (UNIV. MINN.) SAID THAT THE ANALOG CAN BE MODIFIED TO ENABLE ITS
USE FOR ROCK WITH NONLINEAR DEFORMATION BEHAVIOR. STARFIELD (UNIV. MINN.) MENTIONS THE IMPORTANCE OF GUIDING FIFLD
MEASUREMENTS BY THEORY. OBERT (U. S. BUR. MINES, DENVER) EMPHASIZES THE FACT THAT CURRENT THEORIES OF PLASTICITY AND
VISCOFLASTICITY ARE HIGHLY IDEALIZED AND OF LIMITED VALUE IN ROCK MECHANICS UNTIL CONSIDERABLY IMPROVED. BY FIELD
STUDIES WE SHOULD ATTEMPT TO SOLVE THE PRESSING PRACTICAL PROBLEMS. REED (COLO. SCH. OF MINES) SUGGESTS THAT THE NEED
FNR FIELD INVESTIGATIONS CAN BEST BE MET BY INDUSTRIAL ORGANIZATIONS CREATING THEIR OWN "IN-HOUSE"™ ROCK MECHANICS
CAPABILITY. SALAMON (CHAMBER OF MINES, JOHANNESBURG) POINTS OUT THAT ROCK MECHANICS RESEARCH IN SOUTH AFRICA HAS BEEN
BASED ON ELASTIC THEORY BUT ONLY AFTER FIELD EVIDENCE PROVED ITS VALIDITY FOR THEIR MINING CONDITIONS. THE ANALOG HAS
BEEN HELPFUL IN COAL MINES AS WELL AS GOLD MINES WHICH ARE SEVERAL HUNDREDS OF FEET DEEPER. . COOK (CHAMBER OF MINES,
JOHANNESBURG) FOUND THAT THE ANALOG RESULTS WHEN INTERPRETED IN TERMS OF ENERGY CONCEPTS WERE USEFUL IN PLANNING MINE
LAYOUTS.

12-66-09013 THE STATE OF ROCK MECHANICS KNOWLEDGE IN DRILLING ( DRILLING-RATE EXOTIC-DRILLING PERCUSSTON-DRILLING
ROTARY-DRILL ING ROYARY-PERCUSSIVE-DRILLING ROCK-MECHANICS )
MAURER, Ws C. & ESSO PROD RES CO HOUSTON TEX
UNTIV. MINN. EIGHTH SYMP. ON ROCK MECHANICS, 355-395, SEPT. 1966. SEVERAL MODELS PROPOSED TO EXPLAIN VARIOUS
ASPECTS OF PERCUSSION AND ROTARY DRILLING ARE REVIEWED. DRILLING RATE EQUATIONS ARE GIVEN FOR PERCUSSION, DRAG BIT,
ROLLER BIT AND DIAMOND BIT DRILLING. UNDER EXOTIC DRILLING METHODS, EIGHT MECHANICAL, SIX THERMAL SPALLING, SIX FUSION
AND VAPORIZATION AND ONE CHEMICAL ARE LISTED. ALTHOUGH MANY EXOTIC DRILLS HAVE ONLY LIMITED POTENTIAL AT THIS TIME,
THEY SHOULD BE REEVALUATED AS NEW TECHNOLOGY AND IMPROVED EQUIPMENT BECOME AVATLABLE.

12-66-09014 ROCK MECHANICS AND THE EVALUATION OF IMPROVED ROCK CUTTING METHODS ( DRILLING EXOTIC-DRILLING )

BATLEY, J. J. + DEAN, R. C., JR. & CREARE INC HANOVER N.H.
UNIV. MINN. EIGHTH SYMP. ON ROCK MECHANICS, 396-409, SEPT. 1966. IN ROCK CUTTING THEORY A MODEL*®*S EFFECTIVENESS IS
MEASURED IN FORCE COR WORK DONE PER VCLUME OF ROCK REMOVED. TO MAKE IMPROVEMENTS THE STRESS STATE AT OR CLOSE TO THE
TI0L CONTACT AREA SHOULD BE UNDERSTOOD, KNOWLEDGE CONCERNING FRACTURE INITIATION SHOULD BE AVAILABLE AND THE FACT THAT
THE BIT 1S WORKING ON ROCK DAMAGED BY PREVIOUS PASSES IS IMPORTANT. THE MODELS HAVE AT BEST A VERY TENUCOUS CONNECTION
WITH SCIENTIFIC KNOWLEDGE OF ROCK FAILURE BUT SUCH KNOWLEDGE SHOULD POINT TO MORE MEANINGFUL MODELS. INTELLIGENCE IS
SHOWN TO BE IMPORTANT IN ICE DISENGAGEMENT. DEVELOPMENT OF THE INTELLIGENT ROCK REMOVAL CONCEPT SHCULD PRODUCE
SUPERIOR MACHINES. ALSO EXOTIC METHODS DIRECTED TOWARD VASTLY INCREASED POWER INPUT MAY BE EFFECTIVE. -

12-66-09Q15 THE MECHANICS OF ROCK FAILURE ASSOCIATED WITH.DRILLING AT DEPTH ( DRAG—BIT ROLLER-BIT CONFINING-PRESSURE
FLUID-PRESSURE LOAD-RATE BIT-PENETRATION PLASTIC-THEQRY )
CHEATHAMy J. B.y JR. + GNIRK, P. F. & RICE UNIV HOUSTON
UNIV. MINN. EIGHTH SYMP ON ROCK MECHANICS, 410-439, SEPT. 1966. A REVIEW OF FUNDAMENTAL MECHANICS 0OF ROCK TO
BIT-TOOTH INTERACTION UNDER DOWNHOLE CONDITIONS. VARIOUS VARIABLES ARE FLUID PRESSURES WHICH SIMULATE BOREHOLE
CONDITIONS, MECHANICAL ROCK PROPERTIES, BIT-TOOTH SHAPE AND ANGLE OF ATTACK, AND BIT~TOOTH LOAD APPLICATION RATE. 1IN
ADDITIGN, EFFECTS OF DISTANCE FROM AND GEOMETRICAL SHAPE OF ADJACENT PENETRATION CRATERS ON MULTIPLE BIT-TOOTH
PENFTRATION IS GIVEN. EXPERIMENTAL RESULTS AND IDEALIZED THEORETICAL MODELS FOR SINGLE RIT-TOOTH PENETRATION ARF
PRESENTED. APPLICABILITY OF PLASTIC THEORY TO DRILLING PHENOMENA AT DEPTH, RESULTS OF RECENT DRAG-BIT STUDIES AND
SEVERAL GENEPAL THEORIES OF ROLLER-BIT DRILLING ARE DISCUSSED.

12:66=0901¢ ROCK FRAGMENTATION BY CONCENTRATED LOADING { CRACK—PROPAGATION DEFORMATION DRILLING )

SIMCN, R. & BATTELLE MEMOR INST COLUMBUS
UNIV. MINN. EIGHTH SYMP. ON ROCK MECHANICS, 440-45%4, SEPT. 1966. THEORETICAL DEVELOPMENTS AND EXPERIMENTAL
FINDINGS SHOW THAT ALL MECHANICAL METHODS OF ROCK DRILLING COMPRISE A SEQUENCE OF INDEXED, CONCENTRATED LOADINGS ON THE
HOLE ROTTOM. A CONSIDERABLE PORTION OF ROCK MECHANIC STUDIES IN DRILLING HAS INVOLVED CONCENTRATECD LOADINGS. STRESS
DISTRIBUTION IN THE PORTICN OF THE VOLUME OF A MEDIUM IN THE VICINITY OF THE CONTACT SURFACE OF A CCNCENTRATED LOADING
IS EXTREMELY NONUNTFORM AND CRITICALLY DEPENDENT UPON AMOUNTS OF VARIOUS POSSIBLE DEFORMATION AND FAILURE MODES
PRODUCED BY THE LCOADING ITSELF AND BY PREVIOUS LOADINGS. A COMPLEX INTERACTION OCCURS AS TOOL PENETRATES ROCK BETWEEN
CHANGING NONUNTFORM STRESS DISTRIBUTION AND VARIOUS MODES OF FAILURE THAT RESULT, EACH MODIFYING THE OTHER.
PROPAGATION OF CRACKS THROUGH REGIONS OF HIGH STRESS GRADIENTS IS A MAJOR COMPLICATING FACTOR. GRIFFITH THEORY CAN
EXPLATN CRACK FORMATION AND MOHR-COULOMB TRAJECTORY GIVE ITS PROPAGATION. BASIC MECHANISMS OF DRILLING ARE NOT YET
WELL UNDERSTOOD, NOT BECAUSE OF OUR LACK OF KNOWLEDGE OF ROCK FAILURE'S BASIC PRINCIPLES, BUT DUE TQO OUR EXTREMELY
LIMITED ABILITY TO APPLY THESE PRINCIPLES TO THE COMPLEX SITUATION INVOLVED IN CONCENTRATED LOADING. 15 REFS.

12-66=09017 DISCUSSION OF ROCK DRILLING ( DRILLING-ENERGY DRILLING+RATE EXOTIC-DRILLING PERCUSSION-DRILLING

ROTARY-DRILLING ROCK-FAILURE )

TANDANANDy S. + MAURER, W. C. + SIMON, R. & FAIRHURST, C. + HARTMAN, H. L. + BAILEY, J. J.

& DEAN, R. C., JR. ’
UNIV. MINN. ETIGHTH SYMP. ON ROCK MECHANICS, 455-460, SEPT. 1966. TANDANAND (U. S. BUR. MINES, MINN.) DESCRIBES THE
U. S, BUR, OF MINES WORK IN DETERMINING THE MECHANISM OF ROCK FAILURE FROM A BIT, THE DRILLING ENERGY VERSUS VOLUME OF
ROCK REMOVED, AND DRILL PENETRATION RATE., MAURER (ESSO PROD. RES., HOUSTON) SAYS DON'T RULE OUT EXOTIC DRILLING JUST
RECAUSE IT TAKES A LDT OF ENERGY. POWER COST IS INSIGNIFICANT IN PETROLEUM DRILLING AND QUITE NEGLIGIBLE IN MOST
MINING DRILLING. THE JET PIERCER DRILL HAS A HUNDRED TIMES AS MUCH POWER AS A ROTARY DRILL AND REQUIRES TEN TIMES THE
ENERGY FOR DRILLING BUT WILL DRILL TSN TIMES AS FAST. SIMON (B.M.I.) BRINGS OUT THE FACT THAT HAVING A MACHINE TO
SURVEY THE BOTTOM OF A HOLE AND COMPUTE HOW BEST TO DRILL IT WOULD GIVE A MUCH HIGHER DRILLING RATE BUT .THE COST OF THE
MACHINF MIGHT MAKE IT UNECONOMICAL BASED ON THE COST PER FT OF DRILLED HOLE. FAIRHURST (UNIV. MINN.) SAYS THAT FOR
INTELLIGENT ROCK REMOVAL IT MAY BE NECESSARY TO DESIGN A MACHINE CAPABLE OF LOCATING ROCK WEAKNESSES. HARTMAN (PENN
STATE) INDICATES THAT GREATER IMPROVEMENT IN DRILLING MAY COME FROM SUPPLYING MORE POWER TO MORE EFFICIENT BITS RATHER
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THAN ROCK MECHANICS ANALYSIS. BAILEY AND DEAN (CREARE INC., HANOVER, N. H.) POINT OUT THAT CONVENTIONAL LIMITS IN
DRILLING SYSTEMS® SPECIFIC ENERGY CAN BE VASTLY IMPROVED. TO ACHIEVE THESE IMPROVEMENTS WILL REQUIRE NEW DRILLING
SYSTEMS.

12-66-09018 BLASTING AND DYNAMIC ROCK MECHANICS ( ROCK-BREAKAGE STRESS-WAVES ELASTIC-THEORY SOLID-FRICTICN CRATERING

)

CLARK, G. B. & UNIV MO ROLLA MO
UNIV. MINN, EIGHTH SYMP. ON ROCK MECHANICS, 463-499, SEPT. 1966. NO SUITABLE MATHEMATICAL MODEL HAS BEEN DEVELOPED
WHICH WILL DESCRIBE THE STRESS WAVES IN ROCK WHICH ARE RESPONSIBLE FOR ROCK BREAKAGE. SIGNIFICANT PROGRESS HAS BEEN
AND 1S BEING MADE IN DEVELOPING THEORY ON PARTITIONING OF ENERGY OF EXPLOSIVES IN ALL TYPES OF BLASTING. MODELING
ELASTIC AND NONELASTIC WAVES BY ELASTIC, SOLID-FRICTION, MAXWELL, VOIGT, SPRING VOIGT AND BERGER ARE EXPLAINED. THE
INVERSION OF THESE MODELS INTO THE REAL TIME PLANE THEN PROVIDES THE FINAL SOLUTION FOR EVALUATION, USUALLY BY COMPUTER
TECHNIQUES. COLLINS PRESENTS AN ANALYSIS OF THE PLANE EQUATION FOR THE VOIGT MODEL. THE VOIGT SPHERICAL WAVE EQUATION
AND THE MODIFIED VOIGT MODEL ARE PRESENTED. THE SOLID FRICTION MODEL IS GIVEN AND THE VOIGT MODEL SOLUTION DISCUSSED.
TRUE CRATERING DATA IN TEN DIFFERENT ROCKS ARE ANALYZED. GRAVITY SCALING IS EXPLAINED.

12-66-09019 EMPIRICAL APPROACH TO PROBLEMS IN BLASTING RESEARCH ( EXPLOSIVES PULSE FREQUENCY DISPLACEMENT )

DUVALL,y W. I. + ATCHISON, T. C. + FOGELSON, D. E.. & U.S. BUR MINES DENVER COLO
UNIV. MINN. EIGHTH SYMP. ON ROCK MECHANICS, 500-523, SEPT. 1966. NONE OF THE THEORETICAL SOLUTIONS FOR THE
GENERATION OF STRESS WAVES BY APPLIED PRESSURES TO INTERIOR BOUNDARIES OF SPHERICAL OR CYLINDRICAL CAVITIES APPEAR TO
BE CNMPLETELY SATISFACTORY TO EXPLAIN EXPERIMENTAL DATA. THIS DOES NOT MEAN THAT THE THEORETICAL WORK IS IN ERROR BUT
THAT THE APPROPRIATE DYNAMIC PROPERTIES OF ROCK HAVE NOT BEEN TAKEN INTO ACCOUNT IN THE PRESENT THEGRET ICAL
NEVIATIONS. AN EMPIRICAL APPROACH IS USED 7O ESTABLISH THE DAMAGE CRITERION FOR QUARRY BLASTING. EXPERIMENTAL RESULTS
FROM FIGHT EXPLOSIVES SHOW THAT THEIR RELATIVE STRAIN PRODUCING ABILITIES AND THUS THEIR CRATER BREAKING ABILITIES CAN
BE PREDICTED FRCM DETONATION PRESSURES AND IMPEDANCE RATIOS. THE TYPICAL STRAIN PULSES GENERATED BY DETCNATING
CYLINDRICAL CHARGES IS GIVEN TOGETHER WITH SOME ANALYSIS OF THE DATA. THE STMULATION OF LONG CYLINCRICAL CHARGES RY
SUPERPOSITION OF INCRFMENTAL PULSES DOES APPEAR PROMISING AND MAY PROVE VALUABLE IN UNDERSTANDING THE MECHANISM 0OF
RREAKAGE. 23 REFS.

12-66-0902Q0 COMPUTER CALCULATIONS OF EXPLOSION-PRODUCED CRATERS

CHERRY, J. T. & tRL LIVERMORE CAL
UNIV. MINN. EIGHTH SYMP. ON ROCK MECHANICS, 524-527, SEPT. 1966. A TECHNIQUE IS PRESENTED TO CALCULATE ADEQUATELY
FROM FIRST PRINCIPLES, THE MOUND AND CAVITY GROWTH THAT OCCURS DURING NUCLEAR AND HIGH-EXPLOSIVE CRATERING EVENTS, A
PRESHOT TESTING PROGRAM DETERMINES CONSOLIDATED AND CRACKED EQUATIONS OF STATE. FIELD LOGGING MUST DETERMINE DENSITY
AND COMPRFSSINNAL AND SHEAR VELOCITY. LABORATQRY TESTS DETERMINE HYDROSTATIC COMPRESSIBILITY, TRANSAXIAL DATA, TENSILE
STRENGTH, HUGONIOT ELASTIC LIMIT, AND HIGH~-PRESSURE HUGONIOT DATA FOR THE ROCK NEAR THE POINT OF DETONATION. THE
CALCULATED CRATER PADYUS AND EJECTA REGION AGREE QUITE WELL WITH THOSE ORSERVED POSTSHOT. 1 REF.

12=66=03021 PULSE PRNAPAGATION IN ROCKS ( WAVES MATHEMATICAL-ANALYSIS )

GOLOSMITH, W. & UNIV CAL BERKELEY CAL
UNTV. MINN. EIGHTH SYMP. ON ROCK MECHANICS, 528-537, SEPT. 1966. DETATLED MATHEMATICAL ANALYSIS 0OF SPHERICAL WAVE
PROPAGATION IN AN ELASTIC SUBSTANCE. . A VOIGT, A MODIFIED VOIGT AND A SOLID FRICTION MODEL WERE  STUCIED. PULSE INPUTS
CONSIDERED COMPRISED EXPONENTIAL DECAY, A UNIT STEP AND STEADY-STATE SINUSOIDAL EXCITATION. IN ANALYZING WAVE
PROAPAGATICN IN ROCK, MATERIAL BEHAVIOR IS ESSENTIAL. SUCH INFORMATION IS OBTAINED 8Y FIELD OBSERVATIONS AND LABORATORY
TESTS BUT BOTH ARE BESFT WITH DIFFICULTIES AND SUBJECT 7O VALID CRITICISM. GRINES®' INVESTIGATION QF ROCK POROSITY AND
ATTENUATION IS DISCUSSEN. THE RESULTS OF HOPKINSON BAR TESTS IN WHICH 845 IN. DIA. BARS ARE LONGITUDINALLY IMPACTED
WITH A ONE-HALF IN. DIA. RALL AT 1600 TO 6400 IN/SEC VELOCITY ARE ANALYZED. SOLID FRICTION MOOELS CORRESPOND MORE TQ
FXPERTIMENTAL RESULTS THAN VISCOUS REPRESENTATINN. A MORE CAREFUL REPRESENTATION OF CLEAVAGE AND OTHER IRREVERSIBLE OR
TIME-DEPENDENT MECHANISMS OF THE MICROSCOPIC PROCESSES INVOLVED IN ROCKS DURING THF PASSAGE OF PULSES OF SIZABLE
AMPLITUDE IS NFEDED. 19 REFS. -

12-66709022 STRAIN WAVE THECRY IN BLASTING { CRATERING EXPLOSIVES STRAIN~AMPLITUDE CONFIGURATION )}
STARFIFLD, A, M. & UNIV MINN MINNEAPOLIS MINN

UNIV. MINN EIGHTH SYMP., CN ROCK MECHANICS, 538-548, SEPT. 1966. A KNOWLEDGE OF STRAIN WAVE BEHAVIOR ENABLES ONE Tg
PRENICT IPTIMUM RURDENS FOR DIFFERENT WEIGHTS AND CONFIGURATIONS OF THE SAME EXPLOSIVE BUT MAKING PREDICTIONS FOR ONF
EXPLOSIVE FROM A CRATFRING TEST WITH ANOTHER EXPLOSIVE IN SIMILAR ROCK IS NOT RELIABLE. A PEAK STRAIN HYPOTHESIS

IS PRESENTED WHICH ALLIWS ONE TO EXTRAPOLATE FROM A CRATERING EXPERIMENT TO A FULL SCALE BLAST. STRAIN WAVE
MEFASUREMENTS SHOULD PROVIDE THE ATTENUATION LAW AND WAVE SHAPE FOR A CONCENTRATED CHARGE. COMBINAYION OF THESE WILL
ALLOW COMPUTFR SIMULATION FOR ANY BLASTING DESIGN. 18 REFS.

12-66-09023 DPISCUSSINN OF ROCK BLASTING ( ATTENUATION COMPRESSIBILITY PRESPLITTING SHOCK-DAMAGE STRAIN

VISCOELASTIC-MODELS }

CULVER, R. S. +# FQGELSON, D. £. + DRURY, F. & FAVREAU, R. + STARFIELD, A. M. + LANF, K. S.

s & GALNDSMITH, W. + CHERRY, J. T. + DRAKE, J. & CLARK, G. B. + FAIRHURST, C.

UNIV. MINN. FIGHTH SYMP. ON ROCK MECHANICS, 549-553, SEPT. 196é6. CULVER (COLO. SCHOOL 0OF MINES) REPORTS OM ROCK
PRESPLITTING. A SATISFACTORY PRESPLITTING THEORY HAS NEVER BEFN OBTAINED, BUT A TENTATIVE EXPLANATICN HAS EVOLVED. BRY
PROPER LOATING ANN BUFFFER CONFIGURATION FRACTURES MAY BE FORCED THROUGH ADVERSE STRESS CONDITIONS, HOLE SPACING MAY RE
INCREASED OR AMCUNT OF -EXPLOSIVE DECREASED THUS REDUCING DAMAGE TO ADJACENT STRUCTURES. FOGELSON PCINTS OUT THAT
JUILDING DAMAGE MAY CNRRELATE BETTER WITH KINETIC ENERGY OF BUILDING VIBRATION RATHFR THAN PARTICLE VFLOCITY MFASURED
IN THE GROUND. DRURY (HERCULES POWDER) MENTIONED THAT BY INCREASING THE NUMBER OF RBOOSTERS THE EXPLOSIVE ROCK BREAKING
ARTLITY WAS FNHANCFD. FAVRFAU (RQOYAL MIL COLLEGE, MONTREAL) SAYS THAT MAXIMIZING THE HORIZONTAL STRAIN IS NOT THE
CONSIDERATION IN MCVING THE BURDEN .FO2 WHICH VERTICAL STRAIN IS NEEDED. STARFIELD (UNIV. MINN.) ENCOURAGES THE
PRACTICAL BLASTING MAM TGO TELL THFE THFORFTICIAN EXACTLY WHAT HE WANTS TO DO THEN DESIGN TECHNIQUES ANO CCMPUTER
PLANNING MAY HELP., LANME (U.S. CORPS ENGR. OMAHA) WOULD LIKE TO KNOW RATE OF WAVE ATTENUATION CORRELATED WITH ROCK
SATURATION. GCLDSMITH (UNIV. CAL, BERKELEY) SPECULATES THAT SATURATING ROCK WILL DECREASE AMPLITUDE MORE RAPIDLY.
FHERRY (UNIV. CAL., RERKELEY) EXPLAINS THAT IN HIS CALCULATIONS THE ATTENUATION FALLS OUT AS IT IS COVERED BY THE ROCK
COMPRESSIBILITY., DRAKE (CNAST MFG. AND SUPPLY, LIVERMORE) SAYS 'THAT COMPUTER TIME ON LARGE NUCLEAR EXPLOSIONS MAY BE
40 HRS TN KEEP TRACK OF THE PARTICLES. CLARK'S (UNIV. MO.) APPROACH HAS BFEN TO ANALYZE VISCOELASTIC AND SIMILAR

-MODELS TO SEFE IF THEY HAVE ELEMENTS APPLICABLE TO ROCK MASSES. FATRHURST (UNIV. MINN.) MENTIONS THAT PFAK STRAIN

NEVELOPED IN ROCK MAY EXPLAIN ITS REACTION TO £XPLOSIVES.

12-66-09024 RESIDUAL STRESSES [N ROCK MASSES ( INSTRUMENTATION )

DENKHAUS, H.
PROC INT SOC NF ROCK MECHANICS 1ST CONGRESS, LISRON, (3) 311-383, SEPT 25-0CT 1, 1967. STATE=-CF—-ART INVESTIGATIONS
NF RESTDUAL (LATENT) STRESSES IN ROCK MASSES AITH PARTICULAR FMPHASIS ON STRESS MEASURING TECHNIQUES, STRESS
DISTRIBUTION AND THEIR RELATICNS WITH TECTONICS, DISCUSSED IN 10 PAPERS, SUBMITTED TO ABCVE CONGRESS AND AUTHORS CHWh
ANALYSIS; WRITTEN AND NRAL CONTRIBUTIONS BY CONGRESS MEMBERS ARE INCLUDED, 18 REFS,

12-66-09025 NATURAL AMD EXCAVATED SLCPES

TER-STEPANTAN, G.
oRAC INT SOC OF RNCK MECHANICS 1ST CONGRESS, LISAON, (3) 425-475, SEPT 25-0CT 1; 1967. STATE-OF-ART INVESTIGATICN
JF NATURAL AND EXCAVATED SLOPES WITH EMPHASIS ON STRESS DISTRIBUTIONS, STABILITY AS WELL AS STARILIZATION OF SLOPES,
AND ORSERVATIONS OF THEIR BEHAVIOR, DISCUSSEN IN 16 PAPERS SUBMITTED TN ABOVE CCNGRESS AND AUTHORS!® OWN ANALYSISS
R TTTEN AND ORAL CONTRIBUTIONS BY CONGRESS MEMBERS ARE INCLUDED.
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12-66=-10001 PROCEEDINGS OF FIRST CONGRESS OF INT SOC OF ROCK MECHANICS

LABORATORIO NATIONAL DE ENGENHARIA CIVIL, LISBON, PORTUGAL, (2) 1-679, OCT 1966. GROUP OF PAPERS BY 187 AUTHORS ON
RESIDUAL STRESSES IN ROCKS, FAILURE OF ROCKS, STABILITY OF SLOPES, UNDERGROUND EXCAVATIONS AND DEEP BOREHOLES, AND
BEHAVIOR OF ROCKS AS FOUNDATIONS. SOME INDIVIDUAL PAPERS ARE INDEXED SEPARATELY. SEE 22-66-10002.

12-66-10002 FUNDAMENTAL STUDY ON ROCK STRESS MEASUREMENT BY BOREHOLE DEFORMATION METHOD

SUZUKT, K.
PROC INT SNC OF ROCK MECHANICS 1ST CONGRESS, LISBON, (2) 35-9, OCT. 1966. MEASUREMENT OF DEFORMATICN OF BOREHOLE
IN ROCK SUBJECTED TO CHANGE IN APPLIED STRESS, MAKES IT POSSIBLE TO CALCULATE MAGNITUDE AND DIRECTION OF APPLIED
STRESS, AS DEFORMATION - APPLIED STRESS RELATIONSHIP EXISTS; HONING DEVICES WERE USED TO GET GOOD ROUNDNESS AND
SMOOTHNESS OF BOREHOLE; TO MEASURE DEFORMATION OF BOREHOLE IN ROCK SUBJECTED TO KNOWN APPLIED STRESS, CYLINDER GAGE
WITH ELECTRIC MICROMETER, AIR MICROMETER AND BOREHOLE GAGE DESIGNED BY AUTHOR WERE USED.

12-66-10003 CONTRIBUTION TO THE PROBLEM OF ROCK BURSTS

KIESER, A. ) ;
PROC INT SOC OF ROCK MECHANICS 1ST CONGRESS, LISBON, (2) 221-5, OCT. 1966. CONTRIBUTION TO PROBLEM OF ROCK BURSTS
IN EXCAVATIONS; ROCK BURSTS DURING CONSTRUCTION OF TUNNELS AND GALLERIES; ANALYSIS IS GIVEN OF DEFORMATICN PROCESSES IN
WALLS OF TUNNELS AND GALLERIES AND OF SUBSEQUENT ROCK BURSTS3 ROCK BURSTS ARE CLASSIFIED ACCORDING TO CAUSE AND EFFECT,
AND FINALLY INFLUENCE OF DECREASING ROCK TEMPERATURE. (IN GERMAN)

12-66-10004 ON DISTRIBUTION OF STRESSES AROUND CIRCULAR TUNNELS IN NONHOMOGENEOUS ROCKS

GOODMAN, R. E.
PROC INT SOC OF ROCK MECHANICS 1ST CONGRESS, LISBONs (2) 249-55, OCT. 1966. EFFECT OF CONSTRUCTING TUNNELS IN
LAYERED ROCKS AS OPPOSED TO HOMOGENEDUS ROCKS3 RESULTS REPRESENT SOLUTIONS TO PLANE STRAIN BOUNDARY VALUE PROBLEMS
USING FINITE ELEMENT ANALYSIS; WHEN CIRCULAR TUNNEL IS EXCAVATED ALONG VERTICAL CONTACT BETWEEN TWO ROCK TYPES WITH
DIFFERENT ELASTIC MODULI, STRESSES ARE FOUND TO INCREASE IN HARDER MATERIAL WHILE SOFTER ROCK IS RELATIVELY DESTRESSED;
RESULTS SHOW CHANGES IN STRESS DISTRIBUTION AS.TUNNEL IS CONSTRUCTED AT VARYING DISTANCES FROM CONTACT BETWEEN ROCK
TYPES; EFFECT OF DIFFERING ORTENTATIONS OF BEDDING AND ASSUMPTIONS OF INITIAL ROCK STRESS HAVE ALSO BEEN EXPLORED.

12-66=10005 UNDERGROUND EXCAVATIONS AND DEEP BORINGS ( ROCK-MECHANICS TECHNIQUES STRESS STRAIN )

TRCLLOPE, D.
PROC INT $OC OF ROCK MECHANICS, 1ST CONGRESS LISBON, (3) 477-535, OCT. 1966. STATE-OF-ART OF UNDERGROUND
EXCAVATIONS AND DEEP BORING TECHNIQUES WITH PARTICULAR EMPHASIS ON INVESTIGATION OF STRESS AND STRAIN DISTRIBUTION;
STABILITY OF EXCAVATIONS AND BOREHOLES; LININGS; STRENGTHENING; SUPPORT AND SUBSIDENCE, DISCUSSED IN 42 PAPERS
SUBMITTED TD ABOVE CONGRESS AND AUTHORS NWN ANALYSIS; WRITTEN AND ORAL CONTRIBUTIONS BY CONGRESS MEMBERS ARE INCLUDED.
16 REFS.

12-66-11001 CURVED BEAM ANALOG FOR TUNNEL DESIGN IN MASSIVE ROCK ( TUNNEL DESIGN )

ADLER, L. & VA POLY INST BLACKSBURG VA
AM SNC. CIVIL ENG., PROCEEDINGS, (92) 189-209, NOV 1966. THE CURVED BEAM ANALOG CORRELATES WILL WITH THE ACCEPTED
HOLE-IN-A~PLATF ANALYSIS. BECAUSE THE CURVED BEAM METHOD IS EASIER TO LEARN AND USE IT IS PROPOSED AS A SUBSITUTE FOR
THE MORE RIGOROUS METHOD. THE SUGGESTED METHOD HAS GREATER POSSIBILITIES FOR ESTIMATING THE EFFECTS OF A WIDE RANGE OF
PROBARLE FIELD CONDITION AND THEREFORE COULD PROVIDE GREATER VERSATILITY IN DESIGN PRACTICE.

12-67-04001 STATUS OF ROCK MECHANICS AS APPLIED TO MINING { RESEARCH. THEORY )

B8LACK, R. A. L. + HOCK, E. & ROYAL SCHOOL OF MINES LONDON
COLO SCHOOL OF MINFS NINTH SYMP ON ROCK MECHANICS, 5-27, APR 1967. FORMERLY ROCK MECHANICS RESEARCH WAS PURELY
THEORETICAL, ALSO SOME CONSULTANTS AND RESEARCHERS GAVE ROCK MECHANICS A BAD NAME BY EXTRAVAGANT CLAIMS OR BY PLUGGING
SOME TECHNIQUE OR GADGET. DUE TO THIS AND THE POOR RETURN WHICH COULD BE SHOWN ON RESEARCH INVESTMENT THE MINING
INDUSTRY DIN LITTLE RESEARCH INTO ITS BASIC SCIENCES. NOW ROCK MECHANICS ART IS AT THE POINT WHERE IT CAN TACKLE
PRACTICAL PROBLEMS PRNOFITABLY. ROCK MECHANICS IS WHAT HAPPENS NOT WHAT THEORY THINKS OUGHT TO HAPPEN AND SHOULD
PREDICT BEHAVINR AROUND EXCAVATIONS WITH ACCURACY. THE ELEMENTAL FORCES WHICH ACT WHEN ANCIENT EQUILIBRIUM IS
DISTURBED RY MINING EXCAVATIONS MUST BE UNDERSTOND BEFORE REAL PROGRESS IN ROCK MECHANICS APPLICATICN TO MINE DESIGN
CAN BE MANDE. ROCK MECHANICS TOOLS WHICH ARE AVAILABLE YO ATTACK PRACTICAL MINING PROBLEMS, MINING PROBLEMS WHICH ARE
AMENABLE TO STUDY AND FOUR EXAMPLES OF THE APPLICATION OF-ROCK MFCHANICS TECHNIQUE ARE PRESENTED. THE TIME WHEN YOU
COULD SHUT UP SHOP AND LNOK FOR A RICHER ORE BODY IF BRUTE FORCE AND CASH WOULD NOT SOLVE THE PROBLEM IS PAST. NOW WE
MUST LIVE WITH CUR PROBLEMS AND ENGINEER THE BEST SOLUTIONS POSSIBLE.

12-67-04002 STATUS OF ROCK MECHANICS AS APPLIED TO CIVIL ENGINEERING ( DESIGN ECONOMY )

MCCLURF, C. R. & BECHTEL CORP SAN FRANCISCO
COLO SCHNOL OF MINES NINTH SYMP ON ROCK MECHANICS, 28-41, APR 1967. ROCK MECHANICS THRU SPECIFIC GRAVITY,
POROSITY, ABSORPTION, COMPRESSIVE AND TENSILE STRENGTH, MODULUS OF ELASTICITY, POISSON'S RATIO AND TRIAXIAL AND DIRECT
SHEAR STRENGTH COMBINED WITH GEOLOGIC INVESTIGATION RESULTS IN SAFE AND ECONOMICAL UNDERGROUND STRUCTURE DESIGN. TEST
DATA MUST BE PROPERLY EVALUATED. IMPROVEMENT CAN COME FROM BETTER AND MORE ECONOMICAL TEST METHODS AND STANDARDIZATION
0OF TEST PROCEDURES AND REPORTING METHODS AND PERSONAL EXCHANGE OF IDEAS. :

12=67-04003 ANALYSIS OF ACCURACY IN THE DETERMINATION OF THE GROUND-STRESS-TENSOR BY MEANS OF BOREHOLE DEVICES (
COMPUTER~SOLUTIONS LEAST-SQUARES STRESS-~FORMULAS TENSORS TEST-HOLE-ORIENTATION )
GRAY, W. M., + TOEWS, N. A. & DEPT MINES OTTOWA CAN ’
COLO SCHOOL OF MINES NINTH SYMP ON ROCK MECHANICS, 45-78, APR 1967. FORMULAS BASED ON THE APPLICATION OF THE LFAST
SQUARES YO SOLUTION OF EQUATIONS FOR STRESS TENSOR COMPONENTS ARE GIVEN. STRAINS OR DEFORMATICON DEPENDS ONLY ON
CERTAIN PARAMETERS, ON THE NUMBER OF MEASUREMENT DIRECTIONS AND ON THE GEOMETRICAL RELATIONSHIPS BETWEEN BOREHOLE AND
MEASURFEMENT DIRECTIONS AND COORDINATE AXES. IT IS POSSIBLE TO COMPUTE THE MULTIPLYING FACTORS FOR ANY PROPOSED
MEASUREMENT SYSTEM, QUITE INDEPENDENTLY OF THE MEASUREMENTS. THIS HAS BEEN DONE BY ELECTRONMIC COMPUTER FOR TWELVF
SYSTEMS AND THE RESULTS TABULATED. AN ANGLE SMALLER THAN 45 DEGREES BETWEEN PAIRS OF BOREHOLES SHOULD NOT BE USED AND
WORK SUGGESTS THAT 60 DEGREES MAY BE OPTIMUM. FOUR MEASUREMENT DIRECTIONS FOR BOREHOLE ARE REQUIRED FOR GREATEST AND
MOST UNTFORM PRECISION IN STRESS COMPONENT DETERMINATION.

12-67-040Q4 SFNSITIVITY ANALYSIS OF BOREHOLE DEFORMATION MEASUREMENTS OF IN SITU STRESS DETERMINATICN WHEN AFFECTED

RY BOREHOLE ECCENTRICITY ( ROCK-STRESS )

AGARWAL, R. & COLUMBIA UNIV
COLO SCHOOL OF MINFS NINTH SYMP ON ROCK MECHANICS, 79-83, APR 1967. MEASURING  IN SITU STRESSES IN ROCK MASSES HAS
BECCME IMPORTANT IN UNDFRGROUND STRUCTURE DESIGN. STRESS RELIEF TECHNIQUES HAVE THE WIDEST ACCEPTANCE. DURING )
BOPEHOLE DRILL ING FOR DEFORMATION MEASURING DEVICE PLACEMENT BOREHOLE ECCENTRICITY CAN NOT BE RULED OUT. THEORETICAL
RNACK STRESS FORMULA WILL BE MODIFIED BY HOLE ECCENTRICITY. HOWEVER, PRESENT PRACTICE IS BASED ON A FEW THOUSANDTHS OF
MICRN-IN DISPLACEMENT AND MODIFICATION OF THEORETICAL FORMULA DUF TO ELLIPTICITY CREATED DURING BOREHOLE DRILLING DOES
NOT APPFAR TO BE JUSTIFIED IF THE MEASURING DEVICE HAS A PRECISION OF PLUS OR MINUS 50 MICRO-INS.

12=67-04005 FSTIMATED ROCK STRESSES AT MORROW POINT UNDERGROUND POWER PLANT FROM EARTHQUAKES AND UNDERGRCUND BLASTS
CAMPBELL, R. B. + DODDy J. S. & U.S. BUR RECL DENVER COLO
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COLD SCHODOL OF MINES NINTH SYMP ON ROCK MECHANICS, 84-114, APR.1967. ROCK STRESSES ARE ANALYZED WHICH ARE INDUCED
BY NATURAL EARTHQUAKES, NUCLEAR BLASTS OR CONSTRUCTION BLASTEING. THE ALLOWABLE TENSILE STRENGTH OF 335 PSI WILL BE
EXCEEDED IN A REGION IN THE ROCK ARCH LESS THAN 10 FT IN DEPTH BY AN EARTHQUAKE WAVE STRESS SUPERIMPOSED UPON THE
STATIC STRESS BUT THIS WILL BE ADEQUATELY TAKEN CARE OF BY THE ROCK BOLTING SO THAT THE UNDERGROUND MORROW POINT POWER
PLANT WILL EXPERIENCE NO DAMAGE FROM NATURAL SEISMIC DISTURBANCES.

12=63-04006 INDICES RELATED TO THE MECHANICAL PROPERTIES OF JOINTED ROCK ( JOINT-BREAKAGE-INDEX

JOINT-DISPERSION-INDEX ROCK STRENGTH )

MCMAHON, B. K. & COLO SCHOOL OF MINES GOLDEN COLO
COLD SCHOOL OF MINES NINTH SYMP ON ROCK MECHANICS, 117-133, APR 1967. THE JOINT BREAKAGE INDEX AND THE JOINT
DISPERSTON INDEX ARE USED TO DETERMINE THE IN SITU ROCK STRENGTH FROM LABORATORY ROCK CORE TESTS. THE JOINT BREAKAGE
INDEX IS THE PERCENTAGE OF TOTAL EXPOSED SURFACE AREA THAT IS COMPOSED OF JOINT FACES. IT PROVIDES A FIRST STEP FOR
ESTIMATION OF LOAD-DEFCRMATION CURVES AND FRACTURE ENVELOPES FOR ANY DIRECTION IN THE ROCK MASS. THE JOINT DISPERSION
INDEX 1S DEFINED AS THE AREA ENCLOSED BY A GIVEN CONCENTRATION CONTOUR ON AN EQUAL AREA PROJECTION OF A JOINT PATTERN
EXPRESSED AS A PFRCENTAGE OF THE AREA COVERED BY THE SAME CONTOUR OF A RANDOM SAMPLE FROM A UNIFORM DISTRIBUTION OF THE
SAME NUMBER OF POINTS, CONTOURED BY THE SAME METHOD. JOINT MEANS ALL NATURALLY OCCURRING ROCK FRACTURES WITH LESS THAN
ONE QUARTER IN OF CLAY OR OTHER SOFT COATING MATERIAL. OISCONTINUITIES LARGER THAN JOINTS MUST BE GIVEN SPECIAL
TREATMENT. :

12-67-04Q07 POINT {OAD TESTING OF BRITTLE MATERIALS TO DETERMINE TENSILE STRENGTH AND RELATIVE BRITTLENESS (
SHAPE-FACTOR )
RICHMUTH, D. R. & MONTANA STATE UNIV BOZEMAN.MONT
COLD SCHOOL OF MINES NINTH SYMP DN RJICK MECHANICS, 134-160, APR 1967, AS TENSILE TESTS OF ROCK ARE DIFFICULT OR
CASTLY TO MAKE, THE TENSILE STRENGTH CAN BE OBTAINED BY POINT LOADING THRU A SPHERICALLY ENDED 3/8 IN DIA ROD. THE
TENSILE STRENGTH EQUALS THE APPLIED COMPRESSIVE LOAD AT FATLURE MULTIPLIED BY THE SHAPE FACTOR AND DIVIDED BY THE
SQUARE OF THE DISTANCE BETWEEN LOAD POINTS PLUS THE RELATIVE BRITTLENESS INDEX OF THE MATERIAL MULTIPLIED BY THE SAME
APPLIED LOAD AT FAILURE. TABLES ARE GIVEN FOR THE SHAPE FACTOR AND THE BRITTLENESS INDEX. INVESTIGATORS HAVE NOT
EXPERIENCED ANY CGREAT DIFFICULTY IN MASTERING THE TECHNIQUE OR OBTAINING REPRODUCIBLE RESULTS. FATLURE MECHANTSM
ASSUMES AN ECHELON CRACK FORMATION, THEIR SUCCESSIVE TRANSFORMATION INTO SLIP LINES BENEATH THE LOAC AND FINALLY
SPONTANENUS CRACK PROPAGATION CLEAVING THE SAMPLE.

12-67-04008 A STATISTICAL STUDY OF RELATIONSHIPS BETWEEN ROCK PROPERTIES

MUTMANSKY, J. M. + SINGH, M. M. & PENN STATE UNIV
COLD SCHONL OF MINES NINTH SYMP ON ROCK MECHANICS, 161-177, APR 1967. FROM A FEW PROPERTIES INVOLVING MINIMAL COST
AND READILY OPERABLE APPARATUS THE OTHER ROCK PRIPERTIES CAN -BE CALCULATED. THESE METHODS ALSO AID IN INTERPRETATION OF
REGRESSION MODELS. INDUSTRY EAGERLY AWAITS STANDARDIZED PROCEDURES FOR THE SYSTEMATIC DETERMINATION OF ROCK
CHARACTERISTICS. THREE SETS 0OF DATA ON VARIOUS ROCK CLASSES GIVE THE VARIATION THAT MAY BE OBTAINED IN TEN PROPERTY
VALUES. ROCK PROPERTIES ARE GIVEN FOR FORTY-ONE DIFFERENT TYPES OF MATERIAL.

12-67-04009 MECHANICAL PRCPERTIES AND IN SITU BEHAVIOR OF THE "CHINO LIMESTONE" CRESTMORE MINE RIVERSIDE CALIF (
FLEXURE LARQRATORY-TESTS ) '
HEUZE, F. F. + GOODMAN, R. E. & UNIV CAL BERKELEY CAL
COLD SCHNAL 0OF MINES NINTH SYMP ON ROCK MECHANICS, 181-202, APR 1967. IN SITU TESTS USING FLAT JACKS, PLATE
3EARING, OVER CORING, SFISMIC VELOCITY AND BOREHOLE JACKING METHODS WERE CONDUCTED ON A PILLAR IN THE 130 FT LEVEL OF
CHING LIMESTONE MINE WHICH IS NOW OPERATING AT 750 FT. EXHAUSTIVE LABQRATORY TESTS WERE MADE ON CORES ORILLED IN FOUR
DIRECTIONS FRAM THE MINE SITE. PRIMARY CONCERN WAS RODF STABILITY. NO BEHAVIORAL SIMULATION HAS PROVED SATISFACTORY
UNLESS FURTHER IN SITU INVESTIGATION, AS BOREHOLE CAMERA EXAMINATION YO LOCATE POSSIBLE DISCONTINUITIES, AND STRESS AND
DFFORMATION MEASUREMENTS, CAN BE PERFORMED. FLEXURE IS AN APPROPRIATE TEST FOR UNSUPPORTED MINE ROGF DESIGN
SPECIFICATIONS.

12-67-04010 THE APPLICATICN OF BARODYNAMIC PHOTOSTRESS TFCHNIQUES TO THF STUDY OF THE BEHAVIOR OF ROCK BEAMS LNADED

BY THEIR DWN WEIGHT ( PHDTOYYPES BENDING )

WANG, C. + BOSHKOW, S. H. + WANF, M, T. & COLUMBIA UNIV
COLO SCHOOL NF MINES NINTH SYMP ON ROCK MECHANICS, 203-221, APR 1967. BARODYNAMIC PHOTOSTRESS TECHNIQUE IS COATING
OPAQUE BEAM MATERIAL WITH TRANSPARENT BIREFRINGENT PLASTIC, SUBJECTING TO LOADING AND OBSERVING SURFACE STRAINS
DEVELOPED IN THF MODEL TRANSMITTED TO THE PLASTIC BY SHEAR FORCES DEVELOPED AT THE INTERFACE. PURE BENDING THFORY DOES
NOT OCCUR IN TESTS AS THE NEUTRAL AXIS APPEARS AT THE TOP EDGE OF THE BEAM AND SHIFTS DOWNWARD WITH INCREASING LNAD
STABILIZIMG WITHIN THE UPPER HALF THICKNESS. NEUTRAL SURFACE RADIUS OF CURVATURE CAN BF EVALUATED BY A SIMPLE
GRAPHICAL METHOD. BASED ON PHOTOTYPE SPAN-THICKNESS RELATIONSHIPS, MINE OPENINGS CAN BE SAFELY DESIGNED SO NO ROOF
80LTING OR SUPPORTING IS NECESSARY. PHOTOGRAPHS SHOW MAJOR TENSILE STRESS CONCENTRATIONS ARE WITHIN A SMALL CENTRAL
REGION. CONTRARY Tn CLASSICAL BEAM THEORY, STRESS INTENSITY IN THE IMMEDIATE ROOF SUPPORT VICINITY IS SIGNIFICANTLY
LNWER THAN AT THF CENTER., TWENTY-THREE BEAM TESTS WERE MADE.

12-67-04011 FRACTURING ARDUND A ROCK BELT ANCHOR ( PHOTOELASTIC-PLASTIC ROCK-BLOCKS )

CULVER, R. S. + JORSTAD, T. & COLO SCHOOL OF MINES GOLDEN COLC
COLDO SCHOOL OF MINES NINTH SYMP ON ROCK MECHANICS, 222-~234, APR 1967. HIGH STRESSES IN THE ROCK BOLT ANCHOR REGION
AP E CAPABLE OF GENERATING ROCK FRACTURES. PHOTDELASTIC PLASTIC TESTS AND TEST OF STANDAPD WEDGE-TYPE EXPANSION SHELLS
ANCHORED IN YULE MARBLE BLOCK TESTS WERE MADE TO DETERMINE ROCK BOLT ANCHOR STRESSES. WHERE ROOF FRACTURES MAY OCCUR
IT IS SUGGESTEN THAT ROLT LENGTHS BE STAGGERED, BOLTS SHOULD BE TENSIONED ONLY TO MAKE GOOD CONTACT AS BLASTIMG
PRADYCES SHOCK LOADS FAR IN EXCESS OF DESIGN VALUF. IN VERTICALLY JOINTED ROCK FLAT WEDGE-TYPE ANCHORS SHOULD BE
ARTENTEN TO MINIMIZE THF CHANCE OF WEDGING ACTION WHICH WOULD OPEN NEW OR FXISTING FRACTURES.

12-67-04012 THE STATUS OF ROCK MECHANICS IN BLASTING ( ANGLE-DRILLING CONTROL-BLASTING CRATERING DRILL-HCLES

EXPLOSIVFS )

RAUER, A. & QUEEN'S UNIV ONT CAN
CALD SCHOOL OF MINES NINTH SYMP ON ROCK MECHANICS, 249+~262, APR 1967. BLASTING ECONOMY SHOULD CONSIDER DRILLING
COST, EXPLOSIVES CNST AND MUCK SIZE. A 12 1/4 IN DIA DRILL HOLE HAS PROVED MORE ECONOMICAL THAN A 10 IN, AND 15 IN DIA
HOLES ON THE 12 1/4 PATTERN SHOULD BE EVEN MORE ECONOMICAL BY USING CHEAPER LOWER ENERGY PER LB SLURRY. ANGLF DRILLING
HAS NOT BEEN USED BECAUSE OF REDUCED RIT LIFE, REDUCED PENETRATION RATE AND NO APPARENT DECREASE IN EXPLCSIVE
CONSUMPTION. INM RATYNG EXPLOSIVES RNOCK THROW AND MOVEMENT AFFECT THE TOTAL ENERGY AS WELL AS THE STRESS WAVE
MEASUREMENTS. USING CRATERING AS AN EXPLOSIVE RATING IS NOT ONLY COSTLY BUT SUBJECT TQ ERRCRS FROM ROCK
DISCONTINUITIES. EXPLOSIVE TESTS IN WATER GIVF RESULTS AGREEING WELL WITH THEQORETICAL ENERGY. CONTROL BLASTING HAS
NOT BEEN USED IN PITS AS LITTLE IS TO BE CONTROLLED EXCEPT WATER AND SMALL BLASTHOLE SPACINGS ARE NOT ECONOMICALLY
COMPETITIVE WITH LARGE HOLES.

12-63-04013 THE ROLE OF STRESS WAVE AND GAS PRESSURE IN PRESPLITTING { LUCITE~MODELS EXPLOSION-WAVE GAS-STRESS )
KUTTER, H. K. + FAIRHURST, C. & TIMPERIAL COL LONDON ENG
COLD SCHOOL 0OF MINES NINTH SYMP ON ROCK MECHANICS, 265-284, APR 1967. WHEN AN EXPLOSIVE CHARGE IS DETONATED IN A
BNREHALE PRESPLITTIMG MAY BE CAUSED 8Y EITHER QR BOTH THE EXPLOSION WAVE AND THE EXPANDING GAS. A SERIES OF TESTS WERE
PUN ON HOLES IN LUCITE PLATES WITH THE STRESS WAVE GENERATED BY AN UNDERWATER SPARK DISCHARGE AND THE PRESSURE
SIMULATED RY PRESSURIZED OIL. AN EXPLNSION IN ONE HOLE MAY CAUSE CRACKING IM AN ADJACENT HOLE AND SIMULTANEQUS OR
SHORT DFLAY DETONATION IN MULTIPLE HOLES INCREASES THE CRACK PROPAGATION. 1IN FIELD CONDITIONS THE STATIC FIELD STRESS
MAY CAUSE EXCESSIVE WALL DAMAGE OR REQUIRE UNECONOMICALLY NARROW HOLE SPACING.
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12-67=04014 PRESSURE-TIME MEASUREMENTS IN ROCK ( CHARGE-GEOMETRY CHARGE-WEIGHT DETONATION-VELOCITY SEISMIC—WAVE )
NOREN, C. H. & E. I. DUPONT DENEMOURS
COLD SCHOOL OF MINES NINTH SYMP ON ROCK MECHANICS, 285-296, APR 1967. EFFECT OF EXPLOSIVES HAS BEEN STUDIED BY
STRAIN MEASUREMENTS FROM GAGES CEMENTED IN BOREHOLES. THESE MEASUREMENTS DID NOT GIVE THE EFFECT OF EXPLOSIVES IN THE
IONE WHERE FRACTURE MIGHT OCCUR. THIS STUDY ADOPTED A SYSTEM OF PRESSURE GAGES IN WATER FILLED BOREHOLES. GAGE HOLES
THAT WILL NOT RETAIN WATER INDICATE FRACTURED ROCK AND ARE NOT USED. BARTUM TITANATE GAGES WERE DEVELOPED FOR THE
PROGRAM. NOW PURCHASED TOURMALINE PRESSURE GAGES ARE USED. PRESSURE PULSE IN ROCK, INTENSITY AND SHAPE ARE DEPENDENT
ON CHARGE WEIGHT, CHARGE GEOMETRY, DETONATION VELOCITY AND SEISMIC WAVE VELOCITY. FOR NEAR-SPHERICAL CHARGES GQOD
PREDICTIONS CAN BE MADE OF PULSE SHAPE AND PEAK PRESSURE IN ROCK. THE VARIABLES MENTIONED ABOVE AFFECT THE INTENSITY
AND SHAPE FOR COLUMNAR CHARGES. ONLY ONE ROCK MEDIUM WAS INVESTIGATED. ADDITIONAL TESTING IS REQUIRED BEFORE A FULL
UNDERSTANDING OF ROCK BREAKAGE MECHANISM CAN BE OBTAINED.

12-67-04015 MECHANISM OF ROCK FAILURE UNDER THE ACTION OF EXPLOSIVES ( LOW-EXPLOSIVES PHOTOGRAPHY MECHANICAL-TESTS )
SALUJA, S. S. & BANARAS HINDU UNIV
COLD SCHOOL OF MINES NINTH SYMP ON ROCK MECHANICS, 297-320, APR 1967. A COMPREHENSIVE REVIEW CF WORK ON THE
MECHANISM OF ROCK FAILURE UNDER THE ACTION OF AN EXPLOSIVE CHARGE IS GIVEN. IN 1909 THE DAWS BROTHERS PUBLISHED A
TREATISE ON ROCK BLASTING WHICH HELPED IMPROVE BLASTING. THE DAWS FORMULA HAS BEEN USED IN PRACTICE QUITE
SUCCESSFULLY FOR A LONG TIME. TESTS WERE MADE WITH SMOKELESS GUNPOWDER AS A LOW EXPLOSIVE AND PENTAETHYRITETETRANITRATE
WITH LEAD AZIDE AS INITIATOR AND BUILT IN ALUMINUM SHELLS WITH A BOTTOM CHARGE OF PETN AND A TOP CHARGE CF LEAD AZIDE
AS HIGH EXPLOSIVES. MECHANICAL TESTS IN HOLES ORILLED IN BLOCKS WERE MADE TO COMPARE WITH EXPLOSIVE TESTS. TESTS WERE
STUDIED WITH HIGH SPEED PHOTOGRAPHY. FOR LOW EXPLOSIVES AtL THE WORK OF FRACTURING IS DONE BY EXPANDING GASEOUS
PRODUCTS. IN HIGH EXPLOSIVES CRUSHING AND SCABBING IS CAUSED BY THE COMPRESSIVE WAVE AND FAILURE OCCURS AS THE GASEOUS
PRODUCTS ASSIST THIS WAVE. A NEW EMPIRICAL EQUATION IS GIVEN TO REPLACE THE DAWS EQUATION.

12-67-04016 ON THE CORRELATION BETWEEN EXPLOSIVE CRATER FORMATION AND ROCK PROPERTIES { PHYSICAL-CHARACTERISTICS )
GNIRK, P. F. + PFLEIDER, E. P. & S.D. SCHOOL OF MINES
COLO SCHOOL OF MINES NINTH SYMP ON ROCK MECHANICS, 321-346, APR 1967. THIRTY-THREE CRATERING EXPERIMENTS IN FIVE
TACONITE ROCK LOCATIONS IN THE EASTERN MESABI DISTRICT OF MINN WERE MADE USING EIGHTEEN LB CYLINDER SHAPED CHARGES OF
GELEX 2 EXPLOSIVE AT VARIQUS DEPTHS., FROM SIX OR MORE TESTS THE UNCONFINED TENSILE AND UNCONFINEO COMPRESSIVE
STRENGTH, THE MODULUS OF ELASTICITY, LONGITUDINAL WAVE VELOCITY AND DENSITY WERE OBTAINED. OPTIMUM CHARGE DEPTH WAS
FOUR TO FIVE FT BUT BEST FRAGMENTATION WAS AT 75 TO 80 PERCENT OF THIS. NONUNIFORM CRATER VOLUME BEHAVIOR IS PROBABLY
DUE TO PHYSICAL CHARACTERISTICS RATHER THAN MECHANICAL PROPERTIES. THEREFORE, EMPIRICAL RELATIONSHIP BETWEEN OPTIMUM
CRATER DIMENSIONS AND MECHANICAU AND PHYSICAL ROCK PROPERTIES MUST AWAIT ADDITIONAL CRATERING EXPERIMENTS.

12-67-04017 DRILLING AND BLASTING TECHNIQUES FOR MORROW POINT POWER PLANT ( DRILL-PATTERN CHARGE EXPLOSIVE
ROCK=-PROPERTIES )
HANSEN, D. W. & U.S. BUR RECL DENVER COLO
COLO SCHNOL OF MINES NINTH SYMP ON ROCK MECHANICS, 347-360, APR 1967. DETAILS OF PLANNING, DRILLING, CHARGE
COMPUTATION, EXPLOSIVE PROPERTIES, AND INFLUENCE OF ROCK STRUCTURE AND PROPERTIES ARE GIVEN FOR BOTH BENCH TYPE AND
ARCH EXCAVATIONS. MORROW POINT POWER PLANT WAS RECLAMATIONS® FIRST UNDERGROUND POWER PLANT AND SITE INVESTIGATION,
SAMPLING, TESTING AND DELIBERATION PRECEDED CONSTRUCTION. PRINCIPLES AND EQUATIONS GIVEN IN LANGEFORS AND KIHLSTROM'S
“THE MODERN TECHNIQUE OF ROCK BLASTING'™ WERE APPLIED. FIVE TYPES OF ROCK WITH COMPRESSIVE STRENGTHS FROM 3,170 PSI TO
28,820 WERE ENCOUNTERED. THE METHODS USED FOR STABILIZATION ARE NOT GIVEN BUT CAN BE OBTAINED FROM THE RECLAMATION
BUREAU. THE CHAMBER IS 206 FT LONG 57 FT WIDE WITH A ROOF. ARCH RISE OF 16 FT. HEIGHT FROM FOUNDATION TO ROOF SPRING
LINE IS S1 FT IN THE SERVICE BAY AND 120 FT IN THE CONTROL BAY.

12-67-04018 ON A SOLID FRICTION ATTENUATION SCHEME FOR DRY BRITTLE ROCK { QUALITY-FACTOR )

BRADY, B. T. & COLO SCHOOL OF MINES GOLDEN COLO
COLD SCHOOL OF MINES NINTH SYMP ON RICK MECHANICS, 361-373, APR 1967. TABLES OF QUALITY FACTORS ARE GIVEN FOR
VARIOUS MATERIALS AND GRANITE, LIMESTONE, SANDSTONE, AND SHALE. FOR LARGE QUALITY FACTORS, A BRITTLE ROCK IS
QUAST-LINEAR AND A SOLID FRICTION SCHEME CAN EXPLAIN MANY OBSERVABLE CHARACTERISTICS GOVERNING LOW AMPL ITUDE WAVE
PROPAGATION. .

12-67-04019 ON THF PERFORMANCE OF PERCUSSIVE DRILLS ( DRILLING-SPEED PISTON-GECUMETRY BIT~-LIFE |}

BATLEY, J. J. & INGERSOLL-RAND CO
COLC SCHODL OF MINES NINTH SYMP ON ROCK MECHANICS, 377-400, APR 1967. A BROAD EXAMINATION OF CONVENTIONAL
PFRCUSSIVE DRILLING SYSTEMS IS GIVEN. A LARGE NUMBER OF PARAMETERS CAN BE VARIED. BECAUSE UNFAVORABLE STRESSES CAN
OCCUR FROM THE UNHAPPY COINCIDENCES OF STRESS WAVES, SMALL CHANGES CAN RESULT IN LARGE PERFORMANCE VARIATIONS. PISTON
LIFE ANO BIT LIFF ARE CONSIDERATIONS IN MAXIMIZING DRILLING SPEED. STRESS WAVE SOLUTION, ROCK CHARACTERISTICS AND
CLASSIC FORMULA ARE COMBINED INTO A FORM COMPATIBLE WITH THE COMPUTER, BASIC HAMMER AND BIT PROPORTIONS ARE OPTIMIZED
FOR HYGHEST PERFORMANCE AND LOWEST STRESSLEVELS. A REGULAR 9 IN. DOWN-HOLE OPERATION WAS CONSIDERED. A TABLE OF
POTENTIAL IMPROVEMENT IN DRILLING SPEED WITH CHANGES IN PISTON GEOMETRY IS GIVEN. WE MAY BE PAYING A HEAVY PRICE FOR
QUR UNCERTAINTY AS TO WHICH SYSTEM STRESSES ARE LIMITING.

12-67-0402Q SOME ROCK MECHANICS ASPECTS OF PETROLEUM ENGINEERING ( COMPRESSIVE-STRENGTH MODULUS~OF-ELASTICITY
WAVE-PROPAGATION MICROBIT IMPACT DRAG-BIT )
GRAY, K. E. & UNIV TEXAS AUSTIN TEX
CNLO SCHOOL OF MINFS NINTH SYMP ON ROCK MECHANICS, 405-433, APR 1967. ROCK MECHANICS STUDIES OF INTEREST 1O
PETROLEUM ENGINEERS ARE. DISCUSSED FOR WELL BORES, RESERVOIR DESCRIPTION AND BEHAVIOR AND DRILLING IMPROVEMENT THRU
MICROBIT STUDIES, BIT TOOTH INDENTATION TESTS AND DRAG BIT STUDIES. ROCK MECHANICS IS BASIC TO THE PETROLEUM INDUSTRY
AND SOLVING ROCK MECHANICS PROBLEMS HAS TREMENDOUS ECONOMIC IMPLICATIONS. EST DESCRIPTIONS AND RESULTS ARE GIVEN FOR
VARTIOUS EXTERNAL CONFINING AND PORE PRESSURE. TESTS FOR COMPRESSIVE LOAD, MODULUS OF ELASTICITY AND WAVE PROPAGATION,
FOR MICRORIT TESTS, FOR IMPACT TESTS AT SIMULATED WELL BORE STRESS STATE, ARE SUMMARIZED.

12-67-04021 A LABORATORY STUDY OF THE FRACTURING OF ROCKS BY HYDRAULIC PRESSURE ( PHOTOELASTIC-STUDY
PREFERRED~SHEAR-PLANE )
PEGLER, A. V. & QUEEN'S UNIV GNT CAN
[FOLD SCHOOL OF MINES NINTH SYMP ON ROCK MECHANICS, 437-460, APR 1967. SAMPLES WERE TRIMMED FROM CORES OBTAINED
WITH A-6 IN DIA THIN-WALLED DIAMOND DRILL BIT ON A 3 FT CORE BARREL THE FOUR SIDES WERE VERTICALLY ORIENTED. FRESHLY
{CUT FLAT PLANFS WFRE INSTRUMENTED WITH PHOTOELASTIC MATERIAL USING AN EPOXY BONDING CEMENT CONTAINING A REFLECTIVE
; MEDIUM. AS ENERGY RELAXATION OCCURRED STRAINS WERE PRODUCED IN THE PHOTOELASTIC MATERIAL IN SUCH A PATTERN THAT
; PRINCIPAL STRAIN DIRFCTICMS AND PLANES OF PREFERRED SHEAR WERE IDENTIFIABLE. LOADING WAS HYDROSTATIC THROUGH
PFRFORATIONS IN A STEFL CASING BONDED IN A HOLE IN THE SAMPLE. UPON LOADING SAMPLES THE AZIMUTH IN WHICH STRAIN
PROPAGATED WAS RECORDED. USUALLY FRACTURING OCCURRED CLOSE TO PREFRACTURE DETERMINATIONS OF PREFERRED SHEAR PLANES OR
CLOSE TN STRIKES OF A COMPLEX OF SHEAR PLANES. TEN SAMPLES OF POTSDAM SANDSTONE AND NINE SAMPLES OF LYNDHURST MARSBLE
WERE TESTED. PREDICTING PLANES OF POTENTIAL FRACTURE IS DIRECTLY PROPORTIONAL TO THE MAGNITUDES OF SHEAR STRAIN

DETERMINED IN RELAXATICN. SHEAR PLANES MUST BE TAKEN INTO ACCOUNT WHEN MAKING A CONVENTIONAL MINING DESIGN. OR IN
NETERMINING CORRECT HYDRAULIC FRACTURE PROPAGATION,

12-£73=04022 ORTENTATION OF HYDRAULICALLY INDUCED FRACTURES ( FRACTURE-ORIENTATION MOHR-DIAGRAM )

PAULDING, B. W., JR. & COLD SCHOOL OF MINES GOLDEN COLO
CILO SCHOOL OF MINES NINTH SYMP ON ROCK MECHANICS, 461-489, APR 1967. BY CONSIDERING THE ROCK FORMATION WHICH IS
SUBJECTED TO HYDRAULIC PRESSURE AS A THICK WALLED HOLLOW CYLINDER AN ELASTIC SOLUTION OF THE STRESS STATE CAN BE
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‘DBTAINED. IF THE.MATERTAL TS PERMEABLE ALONG ANY HORIZONTAL PLANE AN INCREASE IN PORE PRESSURE WILL DECREASE THE AXIAL

AND RADTAL EFFECTIVE STRESSES. THERE ARE TWO CASES ONE IN WHICH THE HORIZONTAL PRINCIPAL STRESS IS LESS THAN HALF THE
VERTICAL PRINCIPAL STRESS AND THE OTHER WHERE IT IS GREATER THAN THE VERTICAL PRINCIPAL STRESS. FRACTURE WILL OCCUR
WHEN THE STRESS BECOMES TENSILE. ORIENTATION OF FRACTURE PLANES RELATIVE TO THE WELL BORE ARE GIVEN FOR THESE TWO
CASES AND ANALYZED BY MOHR DIAGRAMS. IT IS CONCLUDED THAT HYDRAULICALLY INDUCED FRACTURES ARE NOT NECESSARILY
PERPENDICULAR TO THE LAST COMPRESSIONAL STRESS, NO UNIQUE RELATIONSHIP EXISTS BETWEEN FRACTURE ORIENTATION AND FLUID
PRESSURE MAGNITUDE AT FATLURE AND NO UNIQUE RELAYIONSHIP. EXISTS BETWEEN IN SITU STRESS STATE AND FLUID PRESSURE AT
FAILURE WHICH SUGGESTS THAT IN SITU STRESS STATE CANNOT BE DETERMINED FROM HYDRAULIC FRACTURING DATA.

12-70-000Q1 TUNNEL SITE INVESTIGATIONS -~ A REVIEW { GEOLOGY CORE-BORING SURVEYS INSTRUMENTS )

GARDNER, W. I. & U.S. BUR RECL DENVER COLO
RAPID EXCAVATION - PROBLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE MINNEAPOLIS, MAY 15-17, 1968.
SNC. MINING ENGRS 1970. CHAPTER 2. SITE INVESTIGATION MUST DEYERMINE GEOLOGIC CONDITIONS AFFECTING CONSTRUCTION
METHODS AND EQUIPMENT, THE QUANTITIES OF WATER AND GAS TO BE ENCOUNTERED, AND THE STRENGTH AND STABILITY OF THE
ENVIRONMENT OF THE PROPOSED TUNNEL. DATA IS OBTAINED FROM MAPS, GEOLOGICAL SURVEYS, AERIAL PHOTOS, CORE BORINGS, GEG
PHYSTCAL SURVEYS, GEOLOGICAL MAPPING, MAGNETOMETER SURVEYS PILOT TUNNELS AND TRENCHES, PETROGRAPHIC ANALYSIS, ROCK
DRILLABILITY TESTS. ACCURACY AND EXTENT OF KNOWLEDGE IS USUALLY SEVERELY LIMITED BECAUSE OF SHORTAGE OF TIME AND
FUNDS .

12-70-00Q0Q2 FUTURE NEEDS IN SITE STUDY { REMOTE-SENSING ROCK~CLASSIFICATION GOPHER )

UNDERWOOD, L. B. & U.S. CORPS OF ENGR
RAPID EXCAVATION - PROBLEMS AND PROGRESS., PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE MINNEAPOLIS, MAY 15-17, 1968,
SOC. MINING ENGRS 1970. CHAPTER 3. AERTAL RECONNAISSANCE BY REMOTE SENSING DFVICES SHOULD BE IMPROVED MATERIALLY
AND USED TC SUPPLEMENT THE PRESENT METHODS OF SITE EXPLORATION. NEW RAPID-CUTTING ACCURATELY CONTRCLLED DRILLING
EQUIPMENT IS NEEDED FOR EXPLORATORY DRILLING, HORIZONTALLY AS WELL AS VERTICALLY. WE NEED TO DEVELCP BETTER
GEDPHYSICAL MEASURING TECHNIQUES PARTICULARLY SUITED TO DETERMINE LOCATION, EXTENT AND CHARACTER OF DISCONTINUITES IN
ROCK. A STANDARDIZED ENGINEERING CLASSIFICATION FOR ROCK IS NEEDED. BETTER METHODS OF EXPLORING AHEAD OF THE FACE MUST
BE FOUND.

12-70=00003 INDEXING ROCK FOR MACHINF TUNNELING ( MOLE HARDNESS RQD-INDEX )

DEERE, O. U. & UNIV ILLINDIS
RAPID EXCAVATION — PROBLFMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE MINNEAPOLIS, MAY 15-17, 1968,
SNC. MINING ENGRS 1970. CHAPTER 4. A SYSTEM OF MODIFIED CORE RECOVERY CALLED RQD (ROCK QUALITY DES IGNATION) WAS
NEVELOPED TO GIVE A UNIFORM CLASSIFICATION OF QUALITY OF THE ROCK MASS. RQD OF 25% OR LESS IS VERY POOR; 25% TQ 50% IS
PONR; 50% TN 75% IS FAIR; 75 TO 90% IS GOOD; 90% TO 100% EXCELLENT. A NUMBER OF DIFFERENT METHODS OF MEASURING AND
EVALUATING ROCK HARDNESS EXIST, NONE ARE UNIVERSALLY ACCEPTABLE, RESEARCH IS CONTINUING TQ TRY TO OEVELOP CNE THAT WILL
8F USEFUL FOR CLASSIFYING ROCK FOR MACHINE TUNNELING.

12-70-00004 ANALYSIS OF HARD~ROCK CUTTABILITY FOR MACHINES ( MOLES SOUTH-AFRICA PROFILE-CUTTING )

COOK, M. G. W. & SO AFRICA CHAMBER OF MINES
RAPID FXCAVATION - PROBLEMS AND PROGRESS. PRICEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE MINNEAPOLIS, MAY 15-17, 1968.
ST"C. MINING ENGRS 1970. CHAPTER 5. THIS PAPER PRESENTS A SIMPLIFIED ANALYSIS OF ROCK~BREAKING BY MECHANICAL
LAADING (CHISFL BITS). FROM THIS ANALYSIS CRITFRIA ARE OBTAINED FOR THE DESIGN AND PERFORMANCE OF HARD-ROCK TUNNEL ING
MACHINES. SOME PERFORMANCE CHARACTERISTICS OF EXISTING MOLES ARE SUMMARIZED TQ COMPARE WITH THE ANALYSIS. THE CONCEPT
FAR A TUNMEL PROFILE CUTTING MACHINE IS QUTLINED. TO CUT A PROFILE FOR A 6 FT. DIA TUNNEL AT 5 FT/HR A FORCE OF 40 TONS
IS REQUIRED. THIS CAN RF PRODUCED BY 50 HORSEPOWER UNIT.

FIFLD 13 GOVERNMENT REPORTS

13-55-01001 CLASSIFICATION OF ROCKS ( TIGNEOUS SEDIMENTARY MFTAMORPHIC TEXTURE STRUCTURE MINFRALOGY )

TRAVIS, P. P. & COLO SCHOOL QOF MINES GOLDEN COLD
CNLORADO SCHOAL OF MINFS, QUARTERLY, (50} NO. 1, JAN 1955. THIS QUARTERLY PRESENTS IN COMPACT FORM THE GENERALLY
ACCEPTED CONVENTIONS FNR NAMING ROCKS ON THE BASIS OF MINERALOGY AND TEXTURE. NOMENCLATURE ESPECIALLY IN SEDIMENTARY
RACKS IS IN NFED OF STANDARDIZATION AND IT WAS HOPED TO EXERT INFLUENCE IN THAT DIRECTION BY THIS REPORT. THE
CCNVENTICNS AND TERMS PRESFNTED ARE THOSE RECOMMENDED RY A MAJORITY OF AUTHORITIES AS DETERMINED BY GEOLOGICAL
LITFRATURE RESFARCH. A PFTROGRAPHIC BASIS IS USED RATHER THAN GENESIS EXCEPY FOR THE USE OF A PRIMARY GENETIC DIVISION
BUT THEREAFTER THE PRINCIPLF IS FOLLOWED OF NAMING ROCKS ON THE BASIS OF VISIBLE FEATURES AND NOT CON A BASIS OF
INFFRENCF,  THE PRIMARY DIVISION DF CLASSIFICATION CONSIDERS ROCK AS IGNEOUS, SEDIMENTARY OR METAMORPHIC. DESCRIPTIONS
NF FACH AND VARTATIONS THEREFROM ARE PROVIDED., A FOLD-0UT CLASSIFICATION CHART IS PROVIDED FOR FACH OF THE THREE
CLASSES AND TLLUSTRATINNS INCLUNE FOUR SKETCHES, 45 PHOTO PLATES, AND 20 PHOTOMICROGRAPHS TO DEPICT THE METHOD OF
CLASSIFICATION ADVOCATFD.

13-64-00001 GETLCGIC RESEARCH AT THE STRAIGHT CRFEK TUNNEL SITE COLORADD ( CQRE-HOLES RESISTIVITY RADIOACTIVITY

DENSITY SEISMIC-PROFILES FUTURE-HOLES CONSOLIDATION )

ROBINSON, C. S. + LEE, F. T. & U.S. GEOL SURVEY DENVER
NATIONAL RESFARCH CHUNCIL, HIGHWAY RESEARCH BOARD, RESEARCH RECORD, NO. 57, 18-34, 1964, PREGCNSTRUCTION GEOL3IGIC,
GFOPHYSICAL AND LARORATORY INVESTIGATIONS THAT WERE MADE AND ENGINFERING INTERPRETATION AND PREDICTICN OF RESULTS ARE
NESCRIREN, GFOLOGIC INVESTIGATIONS CONSISTED OF GEOLOGIC MAPPING OF SIX SQUARE MILES IN THE TUNNEL SITE®S VICINITY AND
GENLAGIC LOGGING OF TWO CORE HOLES. GENPHYSICAL INVESTIGATION CONSISTED OF 