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SUMMARY

Under the Advanced Research Projects Agency (ARPA) Contract
Number HO210035, Foundation Sciences, Inc. has determined the
feasibility of collecting information on the construction of underground
works, especially those within the last twenty years., The gathering
and quantitizing of this type of information has been performed for the
Oregon and Washington areas as a pilot project.

The first phase of the study included tiie collection of the
available data about the geology, design, construction and perfor-
mance of existing underground rock excavations plus the tabulation
of this knowledge for a data bank. To date, all information contained
in the "general data" forms for 256 projects have been entered into
the computer,

Four general computer programs were employed to obtain
accurate answers to specific inquiries and report writing demands.
The Inquire and Print program is the only program necessary for the
data user and is available to all terminal users at any location in the
United States., Detailed operating instructions are included for this
program plus a brief discusision of three other programs used to enter

the information into the computer,
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feasibility of collecting information on the construction of underground
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!, accurate answers to specific inquiries and report writing demands.

The Inquire and Print program is the only prcgram necessary for the

data user and is available to all termi.al users at any location in the

United States. Detailed operating instructions are included for this

program plus a brief discussion of three other programs used to enter

the information into the computer.
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The second phase of the study concentrated on the evaluation
of uata available with special reference to those items of design and
construction affecting supports. Two projects of special interest
were selected for intensive study, during a review of all tunneling
data, by the project officer and principal investigator.

A more intense effort was made to obtain detailed information
concerning these projects. Several visits to the owner's archives
were made on each project as well as interviews with some of the
key personnel involved in the design, construction, inspection and
managzment nf projects. Printed documents were microfilmed and
the general projects were discussed with emphasis on interesting
developments in each project. Using the advantage of hindsight, an
attempt was made to obtain an overview of the entire project and see
how well the separate phases cf exploration, design, construction
and inspection blended in order to form a finished project. Additional
and separate calculations were performed by Foundation Sciences, Inc.
to emphasize a specific point. Finally, procedures are recommended
to improve future data collection of this type. Some of the important
conclusions reached in this study are as follows.

1. Computer filing retrieval and selected analyses of

tunnel data is feasible and desireable.

it
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2. Most tunnel support systems are presently designed
by rule-of-thumb or past-experience methods, and in many in-
stances, engineers abrogate their tunnel support design respon-
sibilities to the Contractor.

3. Geologic information is essential to the design and
construction of tunnel supports. Generally, it is not collected
or seldom used when it is collected,

4. A complete list of conclusions is contained on pages

2 through 5 of this report.
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FINAL REPORT
for ARPA Contract HO210035
Review and Critical Analysis of the State-of-the-Art
In Underground Works Construction

Introduction

During the construction of underground works, especially
those of the last twenty years, a large amount of experience has
been gained and data generated, Unfortunately, very little of this
knowledge has ever been organized, evaluated, and made readily
available for the improvement of the industry. Unrder this contract,
Foundation Sciences, Inc. has determined the feasibility of col-
lecting this information, quantitizing it, and making it available as
an experience bank., The gathering and quantitizing of this type of
information has been performed on a small scale in the Washington
and Oregon areas as a pilot project. As an additional phase of the i
work, two selected underground projects have been subjected to a
detailed evaluation of major parameters affecting the work in general,
and ground support in particular.

The basic objectives of the work were to:

1. summarize available experiene in underground

works , ]

2. isolate those factors which have had the greatest
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influence on ground support, construction, economy, safety,

and performance,

3. determine if generally applicable and useful re-
lationships or rules can be established for underground sup-
port, excavation procedures, layout and design methods,

4. critically review existing projects where known
problems occurred so future mistakes can be avoided,

5. point out tiie most poteantially fruitful research
areas ‘or the development of improved excavation and support
methods,

6. produce a microfilm and computer-corntrolled data
bank on significant underground excavations,

One of the basic difficulties of a study such as this was the
manipulation of an enormous mass of raw d~ta. Some of the data was
handled by computers and the work was organized in phases to permit
periodic review of the results and their worth,

General Conclusions

1. Significant amounts of data are available on gen-
eral tunnel practice,

2, The data is poorly organized and time consuming to

retrieve,

3. Most of the usetul data on physical properties has
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been generated only in the last few years.

4, Cftorage and retrieval of specific information in
~ large timesharing computer bank is practical.

5. Access to the information requires small financial
outlays to the potential user.

6. Many colleges, government organizations, and
private business firms already have the necessary access
equipment,

7. Nationwide access to the data file can be made
available.

8. Very little useful data is available for design of
support systen:s,

9. The state-of-the-art in tunnel design, especially
support design, .s non-existent in the highway tunnels, rail-
road tunnels and diversion tunnels examined under this con-
tract. In these types of tunnels, "design" has been ultra
conservative, having estimated safety factors as high as ten
in many instances.

10. The advance in the state-of-the-art has occurred
mostly ir large underground openings such as powerhouses,

11. An estimated less than one percent of the projects

studied used design methods developed after 1960,
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12, Project construction and upport installation

1]

details presently exceed the ability to mathematically model

or theoretically analyze economically.

The general recommendations for future research projects are
as follows.

1. All tunnels in the United States should be listed
in a national general data file.

2, All tunnels in the United States, completed after
January 1, 1960, should also be contained in a nationwide
exploration, design and construction file,

3. Only selected projects of great interest in explor-
ation, design, construction or maintenance problems should
be studied in detailed case histories.,

4, A system of data recording and retrieval should be
instituted so that the same uniformly described results can be
tabulated,

Conclusions and ©omments Applicable
to Ground Support for Undergound Excavation -

1. In general, tunnel design practice has little rela=-
tionship to the potentiai within the present state-of-the-art,

Therefore past practice can contribute little of a positive

nature to th2 improvement of future supporc systems,
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2. Almost all current support design is based on past
experience and intuition, The result is excessively large safety
factors, unnecessary costs and a continuation of existing
methods.

3. Construction personnel are generally allowed too
much control over support selection, In may instances addi-
tional support not only means an ultra-safe opening, but
additional cost to the owner.

4, The principal rock load direction in support selection
is often assumed to be vertical. Experience has shown that
only in rare cases is the principal stress vertical in hard rock
situations and very often it intersects the opening at a very
flat angle, This fact is of extreme importance in tunnel design.

5. Little or no use is made of sxploration techniques
which are capable of producing design parameters necessary

for more realistic analysis.




PHASE I WORK

The aim of the first phase of the Advanced Research Projects
Agency (ARPA) Contract No. HO210035, was the collection of as much
of the data as available about the geology, design, construction and
performance of existing underground rock excavaiions and the tabulation
of this knowledge for a data kank.

The program proceeded through the following steps to accomplish

the goal of Phase I.

1. a search of published information on underground
projects,

2. a canvas of those agencies in Oregon and Washington
who had engaged in underground works in rock,

3. follow-up visits by project personnel to the officies
of the most promising sources of inforriation to en-

list their support and to gather available data,

4. preparation and utilization of the necessary computer
programs to compile and evaluate these data.

As required by the Contract, contact was made with two Depart-
ment of Dafense-sponsored Information Analysis Centers to help guide
specific aspects of the research and to avoid duplication of previously
published work. The United States Defense Atomic Support Agency Data
Center (CASA} advised that no other projects have been completed or are
now in progress that duplicates the present work. However, the reply

from Oak Ridge National Laboratory included a listing of railroad tunnels
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which they had identified as part of a civil defense study; the list of
tunnels was added to the computer data bank.

Data Collection

As the first step in the survey of potential data sources, a form
letter and questlohnalre (see the Appendix) soliciting cooperation and
data from various organizations which may have built tunnels or other
underground caverns was sent to forty-four offices, broken down as
follows:

A. Federal, State and County Offices 6

B. Private, Municipal and Public Utility Districts 26

C. Highway Departments, Railroads 5
D. Irrigation Districts 7
Total 44

The reply of the agencies contacted by the initial contact letter
(see the Appendix) included thirty responses, eighteen of which indi-
cated projects of value to the study. From the eighteen agencies with
projects of possible value, a listing of 140 tunnels and 1 underground

powerhouse was received; the breakdown follows:
Responses Tunnels

A. TFederal, State and County Offices 6 of 6 63
B. Private, Municipal and Public 17 of 26 30
Utility Districts
C. Highway Departments, Railroads 3 of5 47
D. Irrigation Districts 4 of 7 0 __
Totals 30 of 44 140




At this stage of preliminary data gathering, more difficulty in
receiving project information was experienced than was originally an-
ticipated. The problem generally resulted from the large mass of un-
classified information available about a project, and not from an agency's
reluctance to make the information available. It was difficult for them to
decide what information to select. Consequently, an additional con-
tact letter was sent (see the Appendix) and a series of personal visits
to owner's offices was begun to select pertinent data for the files.

Personal visits were made to 9 agencies, including Southern
Pacific Railroad Company, Bechtel Corporation, the North Pacific Division
of the Corps of Engineers, the Fortland Water Bureau, the Portland Dis-
trict of the Corps of Engineers, Eugene Water and Electric Board, Seattle
City Light, Burlington Northern Railroad Company and the Oregon State
Highway Department.

The additional contecct letter was maﬂed to eleven organizations
who indicated, in their questionnaire reply, construction of structures
of sufficient size and interest to be included in the detailed analysis of
the study. In this contact letter these organizations were asked to make
available, or to give the location of Design Memoranda, Bidding Docu-
ments, Completion Reports, Inspection or Performance Reports and Con-

struction Daily Shift Report:




Through the personal visits and contact letters, a total of forty-
five firms and agencies were contacted and 242 significant projects
located. General data on 256 projects have been filed in the computer
(see the Appendix).

Throughout the process of data collection, the gathered infor-
mation varied greatly in completeness and in quality. In many cases
the required .nformation is available, but is not easily accessible. As
a result, continuing persoral visits were made to project owners' offices
to search their dead files for pertinent information.

Organization and Computerization of Data

Preliminary data were accumulated by several different methods.
Many of the tunnel information documents were duplicate copies which
the project owners were willing to release permanently. However, a
large portion of the currently tabulated data was either utilized on a loan
basis or, at the owner's request, remained ln‘ the project office.

Due to the above-mentioned circumstances and the large accumu-
lation of data, it was decided to employ a microfilm data retrieval system.
Microfilm equipment, which includes a Starfile camera and a reader -
printer, was utilized to record all documents which were not already on
file in hard copy. Filming was done on 16-millimeter roll film, which may

be easily converted to a computer-indexed aperture card system.
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In the computer-indexed system, each of the various pieces of
microfilmed data i{s given a unique file number which identifies the proj-
ect, the type of data, and the page number. These numbers are then
placed in the computer file bank. In an individual search for information
on a certain project, or for a specific question, the computer can be
questioned as to the availability of the data. The computer will then
be able to respond with the microfilm file number. By reference to the
file number, copies of the document can then be obtained upon request
to the control agency.

Forrulation of computer data sheets begin data organization
for rapid access by the use of computer storage and retrieval. Four data
forms were designed: general data, exploration data, construction data,
and design data (see the Appendix). Data forms could be designed as
well for inspection, maintenance, operation, cost or any other subjects
of interest. The forms are designed to mintm@ze judgment decisions dur- i
ing form completion so that non-technical personnel may be utilized to
gather the data.

The General Data form lists twelve items of general interest and
is established primarily to maintain control on incoming data and to dem-
onstrate the workability of the system on the other more complicated

files. The data files are designed for computer access which utilizes a E




— p————

a teletype terminal and Cmnitec phone couplet to a local interchange
with the computer located in Seattle, Washington. All programs have
been developed under the guidelines of a simplified programming lan-
guage; and, because knowledge of computer programming is not a pre-
requisite for operation and program development, general office person-

nel have demonstrated their ability to successfully manipulate the data.

Computer Programs

All information contained in the General Data form has been
entered into the computer. In order to maintain up-to-date computer
files enabling the user to obtain accurate answers to specific inquiries
and report writing demands, four general computer programs are employed.

1. File Maintenance Program - performs the functions of
file creation and maintenance.

2. Inquire and Print Program - is designed specifically
for applications that range from the quick extraction
of specific data to the preparation of detailed printed
reports.

3. Transaction Update Program - aids the control agency
in updating master files and performs deletion, addi-
tion, and change operations.

4. Sort and Merge Program - enables the control agency
to define and execute sort, merge, and file copying
functions.

The data file, in order to be manipulated by any of the four general

programs, must have a part‘zular structure for efficient operation. The

file structure for the Generai Data form (see the Appendix) illustrates how




a 12-field record can be organized. Each "record" of the file, which

is represented by one line on the table, describes a single project.
Twelve data fields comprise the record: each column in the figure rep-
presents a "field". The requirements of the general programs are that
every record in a given data file must contain the same number of fields,
arranged in the same order. Information has been supplied for each of
the twelve data fields on 256 tunneling projects. These da‘a have beenr
entered into the computer as illustrated by the computer printout (see
the Appendix).

The Inquire and Print program is the only program necessary for the
data user and is available to all terminal users at any location in the
United States. Through the use of basic computer commands (see the
Appendix) and the Inquire and Print routine, the tunnel information held
in the data bank may be manipulated to answer specific inquiry problems.
For this reason detailed instructions for the operation of the Inquire and
Print program are included in this report. A brief discussion of the other
three programs follows the Inquire and Print operation instructions. This
discussion describes,in a general manner, how the information contained
in the General Data form was entered into the computer.

INQUIRE AND PRINT PROGRAM - The Inquire and Print program oper-

ates on one specific data file at a time; i.e., the General Data file. A




data file consists of deta records, each of which contains a maximum of
100 fields of information. Each field in a given data record contains
either alphabetic or numeric information. Whether a field has alphabetic
or numeric characters dictat'és how the information in the field is to be
processed in subsequent programs.

When the user defines his specific inquiry problem, he is realdy
to use the Inquire a1.d Print program. The program operates on a data file
to perform the following functions:

1. select all or some of the data records from the files,

2 take field totals on any numeric field in the selected
records,

3. print all or some of the selected records or alterna-
tively transfer control to user-supplied routines for
printing and additional calculations.

To process the data file, the user must supply the Inquire and Print
program with control information which describes the data records of his
files and the work to be done. The Inquire and Print program may be ex-
ecuted by entering the necessary control information from a previcasly
created control file or by responding to specific questions which are asked
by the computer during the initial operation nf the Inquire and Print program.

For each Inquire and Print run, the user must indicate which method

of supplying control information is to be used. He does this by entering a

FILES statement as soon as the Inquire and Print program is loaded. The

13
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format of this statement is:

89 FILES, cn*l, input

where the lower case words indicate portions of the sta*zment
that the user supplies:

"cntl” {s the name of the control file containing the control
information. If the control information s to be entered by the
total prompting method (no control file used), th® name PROMPT
or the symbol # should be used.

"input" is the name of the data file to be processed.

If the user does not enter the 89 FILES statement the computer
will ask for the names of those files before continuing.

Control Information - Whether the control information is entered

into the Inquire and Print program by the control files, control statements
(prompting), or a comtination of the two, it must contain four types of

information.

1. Record structure - the number of fields in each record
of the data file, and whether each is alphabetic or
numeric.

2. Field totals - tne numeric fields on which field totals
are to be taken.

©w
.

Record selection - the criteria for selecting records
for printing.

4. Printing instructions - the method to be used for print-
ing the selected records.

14
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Prompting - If no centrol file is used, the Inquire and
Print program prompts the user for the four types of control information.
By responding to the questions of the Inquire and Print program, the user
directly supplies the necessary information and controls the operation
of the Inquire and Print program.
Record Structure Specification - In order to read
the records in the input file, the Inquire and Print prograim must know the
structure of the record, including the number of fields it contains and
whether each field is numeric or alphabetic. This information is con-
stant with each file and can be provided to the user in table form.
The Inquire and Print program prompts for the record structure speci-

fication by requesting the user to enter the total number of fields in a
record. The foliowing message appears: ‘

TOTAL NUMBER OF FIELDS IN A RECORD?
The user enters the number of fields immediately after the question mark: '
his answer is followed by a carriage return, . The system then responds
with:

ENTER N FCR NUMERIC FIELDS, A FOR ALPHABETIC FIELDS

n; TO ny
where n) and n, are the beginning and ending field numbers for which

the Inquire and Print program needs specification. i
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The user enters N or A for each field in the specified range
(n} to ny) which is set up in groups of five or fewer. The entries are
made on the line following the question mark; consecutive entries are
separated by a comma or a blank. If only one field remains, the mes-
sage will be:

FIELD n;
?

In the case of the General Data file, there are twelve fields with
field 1 as numeric, fields 2 through 5 alphabetic, field 6 numeric, field
[

7 alphabetic, fields 8 through 10 numeric, and fields 11 through 12 aipha-

betic. The following is an example of the user computer exchange for

this file.

Example 1

The control information for a sample record structure specifi-
| caticn is given below (underlining indicates user response): ‘

t Total Number of Fields in A Record? 12 @
Enter N for Numeric Field, A fcr Alphabetic

Fields 1 to 5

? N,A,A,AA
Fields 6 to 10

? NJALN,N,N

Fields 11 to 12
? A, A @
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Fleld Totals Specifications - As the Ingyire and
Print program selects recor 3 for printing, totals may be accumulated
for any or all numeric fields in the selected records. The user has the
option of selecting the numeric flelds on which he wished to accumulate
totals . The Inquire and Print program prompts the user for the field
totals specification by asking him {f the field totals are to be taken.
The user responds to:

FIELD TOTALS?

with YES or NO. If he answers NO, no fleld totals will be taken, If
he answers YES, a series of question marks are written. After each
question mark, the user enters the field number of a numeric field to
be totaled; only one field number may be entered after each question .
mark. The user enters zero (0) to indicate that all the desired field

numbers have been entered.

Example 2

1eld Totals? YES

_8_ @
&

W) ) D ""1

In this example, field totals are to be accumulated on fields
8 and 10. Note the entry of 0 to end the input of field numbers.
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Record Selection Specification - The user speci-
fies the criteria which govern the record selection. The selection of
a record is determined by comparing the value of one of its fields with
a test value supplied by the user. Selection criteria can be composed of
up to 100 different "and/or" statements chosen from the following list
of logical operators.
1. EQ - Field value equals test value.
2. NE - Field value does not equal test value.
3. LT - Field value is less than test value.
4. 3T - Field value is greater than test value.
5. LE - Field value is less than or equal to test value.
6. GE - Field value is greater than or eqial to test value,
It is possible to specify multiple relational tests in which the
contents of several fields of a record are compared wiih specified test
values. These multiple relational tests, called "logical groups", specify
both AND or OR conditions. In an OR condition, a record is selected if
any one of tne relational tests is passed. In an AND condition, a record
is selected only if each of the relational tests conne~-ted by the AND re-
lation are passed.
In building the selection criteria for the selection of records, there
are certain rules to follow, These rules apply particularly to the formation

of multiple logicai groups:
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"IF" is the word used for the logical OR when multiple logical
groups or tests are involved. "AND' is the word for the logi-
cal AND,

Example 3

If field 3 equals "CORPS OF ENGINEERS", If field 9 equals
15.

In logical terms, these two tests mean that if either field 3
equals "CORPS OF ENGINEERS" or field 9 equals 15, select
the record.

If field 3 equals "CORPS OF ENGINEERS" and field 9 equals
15.

This logical groups means only if field 3 equals "CORPS OF
ENGINEERS" and field 9 equals 15, select the record.

"IF" must start each selection criterion. Each selection criterion
is called a "logical OR group" .

Example 4

If field 6 equals 1945

Logical OR
And field 7 does not equal "HORSESHOE" group

And fieid 3 does not equal "CORPS OF ENGINEERS"

If field 9 equals 15
Logical OR group
And he!d 8 1s les: than 1500

This example show's two "logical OR groups" linked together to
make up two selection criteria. A record is selected if rield 6
equals 1945 and field 7 is not equal to "HORSESHOE" and field

19
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3 is not equal to "CORPS OF ENGINEERS", or if field 9 equals
15 and field 8 is less than 1500.

If any "logical OR groups" develop a true condition, the record
will be selected.

Example 5

If field 10 is greater than or equal to 0

Any record with the value of field 10 greater than or equal to
zero will be selected.

If field 6 equals 1930
Logical OR group

And field 11 equals "RAILROAD"
If field 9 is greater than or equal to 0 } Logical OR group

Any record with either field 6 equal to 1930 and field 11 equal to 1
RAILROAD, or field 9 greater than or equal to 0 will be selected.
The same rule would apply if there were more than two togical

OR groups; if any one group developed a true condition, the rzcord
would be selected.

criteria. A record is compared wiih each logical OR group (in
the order it is specified) until it meets a true condition: it is
then selected and the next record is compared. If a record does
not satisfy any logical group in the criterion, it is not selected.

; Each record in the file is compared with the record selection |
? The Inquire and Print program prompts the user for the record
selection specifications by asking him if he wished to enter selection

criteria:

; SELECTION CRITERIA ?




The user responds YES or NO, A response of NO causes all records to
be selected. If the response is YES, the Inquire and Print program prints
a series of question marks; after each question mark the user enters
part of his selection criteria. His selection can contain up to 100 re-
lational tests.
A criterion consisting of a single relational test is entered as:
?IF, field number, relationa® operator ®
? test value ®
Each relational test in the selection criteria is entered on two lines
following the question marks.
To indicate the end of the selection criteria the user types:
?END, number, word
where "number" is any numeric value and "word" is any alphabetic
string following the question mark. Thug, if the record selection ‘speci-
fication contains a single relational test, it is entered as:
?IF, field number, relational operator ®

? test value ®

?END, number, word ®

Example 6

OF ENGINEERS".

Select records if the name appearing in field 3 is equal to "CORPS




o

Selection Criteria? YES ®
? IF,5,E

? "CORPS OF ENGINEERS" ®
? END, 0,END ®

If an alphabetic string contains blanks or commas, the string
must be enclosed in quotes when it is entered.

For multiple relational tests, the format of the selection criteria is:

Example 7

Select records if the value of field 8 is greater than 0 and less
than 9000,0r if the value of field 8 is less than 0 and the value
of field 9 {s greater than 0, or if the value of field 9 is equal
to 0.

Selection Criteria? YES ®

] IF,8,GT
2 0L R First logical OR group

?0 R Second legical NR group

? IF,9,EQ (R) Third logical OR group
?0 R
? END,0,END (R) End « ¢ selection criteria

In the above exan ple a record is selected if it satisfies any one
of the logical OR groups.

Printing Instruction Specification -~ Three printing

options are provided by the inquire and Print program. By the first option

22
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every field of the selected record will be printed. By the second option,
only the fields of the selected records in the order specified by the user
will be printed. By the third option, the user can specify the format in
which the selected records are to be printed, including column headings
and explanatory remarks. The third option also allows the user the
opportunity to perform computations with the data and print the results.
If the user selects the first or second option, he has the choice
of whether the fields are to be printed in packed-zone or in full~zone
format. If the user chooses the packed~zone format, the fields printed
out will be joined together; no spacing is provided between consecutive
fields. A numeric value printed under this format does have a trailing
blank character and may have a preceding space; no plus sign (+) is
printed. However, if the value is negative, there is no space; a minus
sign (~) is printed. By the full-zone format, the fields are zone aligned.
Each zone contains 15 character positions (cqlumns) . and every fifteenth
column is the start of a new zone. By this format, the field values
can be printed in a neat, readable form. Any numeric field can be con-
tained in a 15-column zone; blanks are printed following the nuniber to
fill the zone. For alphabetic fields, any field containing 15 characters or
less can be printed in one zone. However, if the field contains more than
15 characters, the field value will occupy two consecutive zones; the

column alignment may be affected.
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Exan dles of a packed-zone and a full-zone print-ut are as

follows:

Packed Zone

Blue River Dam1795 Circular
Mud Mountainl1991 Circular

Full Zone
Blue River Dam 1795 Circular
Mud Mountain 1991 Circular

The Inquire and Print program prompts for printing instruction
specification by asking the user if he wishes to print the entire selected
record. The user responds to:

PRINT ENTIRE RECORD?

If the user responds with YES, the program wiil then type:

PACK OR FULL ZONE PRINT?

The user enters PACY. for packed zone format; he enters either FULL or
ZONE for full zone format.

If the user responds with NO, to the question, "PRINT ENTIRE

RECORD?", then the Inquire and Print program types:

LIST FIELDS IN SEQUENCE
i

The user responds by indicating whether he wants the program to use his
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his own inserted print routines or to print only specified fields. If he
wishes to use his print routine or if he wishes no printing at all, he
enters 102 after the question mark. If he wants only certain field= of
the selected records printed, he enters the field number of the first field
to be printed. The Inquire and Print program then prints a series of
question marks, and the user responds to each with a field number. The
field values will be printed, left to right, in the order in which their field
numbers are specified. 'To end the field sequence specification, the user
types zero (0). The Inquire and Print program then responds:

PACK OR FULL ZONE PRINT?
The user enters PACK for packed zone printing of the fields:he enters

FULL or ZONE for full zone printing.

Example 8

Print only the first, sec2ad, and tenth fields of selected records
using packed zone printing,

Print Entire Record? NO ®

rr

ist Fields in Sequence

(R)
(R)
(R

D o) ea) s 0

o=l o=
o

Ce

Pack orFull Zone Print? PACK ®

i
i’
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Control File Program - This program builds a control
file for use in an Inquire and Print program run. The use of a pre-
constructed control file would save time where the same or similar type
search of the files was frequently performed. The control file may con-
tain all or part of the required control information. The user creates the
control file by answering specific questions asked by the Control Fiie
programa. These questions are essentially the same questions asked
by the Inquire and Print program in the fully prompted mode. If the user
wishes to enter all of the control information through the control file,
his responses to the Control File program questions are identical to his
responses to the Inquire and Print progra:n questions. However, if he
wishes some prompting during the execution, his responses to the Con-
trol File questions are different; these responses are described in the
following paragraphs.

To prepare the program for a run, the user must first load the
Control File processor into his work area and then enter a FILES state-
ment in the following form:

89 FILES cntl

where:

“cntl" is the name of the control file to be created.
The FILES statement is followed by a RUN command and the Control

File program begins operating. If the 89 FILES statement is omitted
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by the user the computer will ask for the name of the control file. The
questions generated and the user's responses (for prompting by the
Inquire and Print program) are as follows:

The first question asked by the Control File program is:

RUN TYPE?
For a control file to be used with the Inquire and Print program, the ucer
must enter INQUIRY after the question mark.

Record Structure Specification - The user must
enter the record structure for the fiatgv‘file to be processed by the In-
quire and Print program. The user cannot request prompting by the In-
quire and Print program for this control information; it must be entered
during the execution of the Control File program. This information is the
same as the record strurture information explained earlier under the
Inquire and Print program.

Field Totals Spectftca;ion - If the user wishes to
be prompted in the Inquire and Print program he responds with YES. The
Control File program then types a éuestion mark on the next line and
the user enters a zero (0). If the user wishes to have specific fields

totaled, he types YES and the numbers of those fields; otherwise, he

types NO,

Re:cord Selection Specificstion - The Control

File program types:
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SELECTION CRITERIA ?
to be prompted by the Inquire and Print program, the user enters YES
and a carriage return ® . The Control File program then responds with
a question mark and the user enters: END, number, word - where number
is any numeric value and word is any character string. If the user has
specific selection criteria these are entered in the same manner as

explained under the Inquire and Print program,

Example 9

Selection Criteria? YES ®
? END,0,END ®

These responses cause the Inquire =+ ' Print program to prompt
the user for the record selection sper fcation. —

Printing Instruction Specification ~ For the print-
ing instruction information, the Contrt;l File program types: 4
PRINT ENTIRE RECORD?
If YES is typed, the whole: record will be typed. To be prompted, or to
select specific criteria in the Inquire and Print program, the user enters
a NO and the Control File program types:

LIST FJELDS IN SrQUENCE
?

If the user wishes to list fields he does so in the same manner described

S—— v e j“.l -
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earlier under the Inquire and Print program. If he wishes to be prompted
the user enters a zero (0) after the question mark.

The contro! file created as described above and used Wy the
Inquire and Print program is an external (symbolic) file. Thus, it is
possible for the user to construct his control files from the terminal
without using the Control File program.

Terminal Control File Construction - In the symbolic con-
trol file, a line number precedes each group of data in the file. These
data represent the contre! information: and must always appear in the
following order:

1. record structure specification,

2. field totals specification,

3. record selection specification,

4. printing instruction specification.

If the user chooses to construct his own control file, he enters

a line number "n" followed by a logical grouping of the control i~formaticn.

\

"n" can be any number from 1 to 99999. Suvccessive line numbers and data

are entered until the required control specifications nave been supplied.
The user then assigns the file a name and saves the file; it can then be
used with the Inquire and Print program at any time.

Record Structure Specification - The record struc-

ture specification must always be the first control information contained

29
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in the control file. This information is entered in the form:

where:

C,SIISZ,.o.,sC

"c" is the number of fir.lds in each record.

"s" is a code representing either a numeric or alphabetic field.
"s" is 0 if the field is numaric; it is 1 if the field is alphabetic.
The user must enter the appropriate code for earch field in a rec-
ord. There must be exactly "c" entries.

Example 10

1000 12
lo10 o0,1,1,1,1,0,1,0,0,0,1

or
1000 12,0,1,1,1,1,0,1,0,0,0,1,1

Both of the examples are record structure specifications for

a record containirg 12 fields, the first numeric, the next

four alphabetic, the sixth numeric, the seventh alphabetic,

the next three numeric and the last two alphabetic. Note that
in this case, there must be 12 ones or zeros following the count
specification. '

——

The user may enter zero (0) for the record structure specification. This

will cause the Inquire and Print program to prompt the user for the con-

trol information.

Field Totals 3pecification - The field totals speci-

fication must follow the record structure specification in the control file.
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If the user wishes to take field totals, he can specify this control
information in his control file. I is entered as:
c,fl,fz,.. . f

c

where:
"c" is the number of fields to be totaled.

"f).f3,...,f," are the field r'mbers of the fields to be totaled.
The user must enter exactly "c" field numbers.

Example 11

1100 2 two fields to be totaled
1150 8 1C fields 8 and 10

or

1

100 2.8,10

An entry of zero for the field totals specification in the control file
causes the Inquire and Print program to prompt the user for the con-

trol statements. An entry of 101 indicates that no field totals are to

De taken.
Example 12
1100 0 spec.tfies prompting for field totals specification
] 01 specifies no field totals
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Record Selection Specification - Record
selection specification must always follow the field totals speci-

fication in the control file. If the user enters zero for this specifi-

cation, he requests to be prompted for the control information by the
Inquire and Print program. By entering 101, he indicates that no rec~

ords are to be selected; all the records are to be printed.

Example 13
| 1200 _0 specifies prompting for record selection speci-
| fication

1200 101 specifies selection of all records

If the record selection criteria are to be contained in the control file,

The number of "logical OR groups” in the criteria

The numker of relational tests followed by the specification of
the actual relational tests for each "logical OR group"”

The relational test, which is the basic elzment of a record selection

criterion, has the follewing format:
f,r,v

} ' the complete record selection specification must be generated as follows:
‘

’ where:

'

"f" is the field number to be tested

i "r" is the relational operator code numkber

i 32
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"v" is the test value {numeric or alphabetic)

Tollowing is a listing of allowable relationai operators and the

corresponding relational operator codes, "r":

| K Relational Operator

EQ
NE
LT
GE
GT
LE

U W —

| To construct a "logical OR group" the user must first supply the
number of relational tests in the OR group, then list the actual relationzl

tests. The format for a "logical OR group" with morz than one relational

r test is:

"fl " is the field number for the first relational_ test, "rl " is the first

c,fl,rl,x‘,fz,rz,vz, 'fc'rc'.vc
where "c" {s the number of relational tests in the "logical OR group",
relational operator code, and "vl" is the first test value, "fo.re, and
vc" correspond to the last field number, operator code, and test value
in = OR group. The user must enter "c" relational tests.
If the selection criteria contain one or more "logical OR groups",
t the user must first supply the number of "logical OR groups" in the

,- criteria followad by the OR groups, listed according to the format above.

-

Thus, the selection criterion for one "logical OR group" must apr-ar as:
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where “n" is the number of "logical OR groups" (n = 1), and c.f; T1+
etc., as defined in the preceeding paragraph. Multiple OR groups must
appear in the control file as follows:

N,Cl...yCpevtC3.0.,Cp
where "n" is the count of "logical OR groups" in the criteria and "Cy.

C2. €3, and c," are the first, second, third and last OR groups, re-

spectively.

Example 14

If field 8 is not equal to 0

And field 9 is greater than 15

And field 3 is not equal to "CORPS OF ENGINEERS"
Or if field 6 is greater than 1900

Or if field 7 is equal to CIRCULAR

And field 11 is not equal to HIGHWAY

And field 10 is less than 1100000

1200 3 3 OR groups

1210 3 3 relational tests in group one
1220 8,2,0 If field 8 not equal to 0
1230 9,5,15 And if field 9 is greater than 1§
1240 3,2, "Corps of Engineers" And if field 3 not equal to Corp Engr.
1250 1 1 relational test in group two
1260 6,5,1900 If field 6 greater than 1900
1270 3 3 relational tests in group three
1280 7,1,Circular If field 7 is equal to Circular
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1290 11,2, Highway And field 11 not equal to Highway
1300 10,3,1100000 And field 10 less than 1100000
or

1200 3,3,8,2,0,9,5,15,3,2,"Corps of Engineers"
1210 146,5,190_043,7,1,Clrcular,ll,2,nghway,10,3,1100000

Printing Instruction Specification - Printing in-
struction specification must always follow the record selection speci-
fication in the control file. The user has four printing options from
which he may choose; he may request:

1. prompting from the Inquire and Print program,
2. use of his own inserted print routine,

3. printing of all fields in the selected records,
4. printing of only specified fields in the records.

If the user wants to be prompted, an entry of zerc causes the
Inquire and Print program to prompt for the print instructions. If the user
enters the value 102, the Inquire and Print program turns control of
printing over to user-supplied printing routines.

If the user entors the value 101, all ~f the fields of selected
records will be printed just as if he had answered YES to the question
"PRINT ENTIRE RECORD?" using control statements. The user must then
specify whether packed=-zone or full=zone printing of alphabetic flelds

{s desired; to do this the user enters a ! for full-zone printing ora 0
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for packed-zone printing.

If the user wishes to print only certain fields of selected rec-

ords, he must enter the following information for the printing speci-

fication in the control file:

where:

C’z’fl'fZ""’fc

"c" is the total number of fields tc be printed.
"z" is 1 or 0 and specifies the zone printing format.

“fl,fz, ...f " are the actual numbers of the fields to be printed.
There must Se exactly c field numbers entered.

Exampie 15

Construct the control file in order to print the first, ninth, sec-
ond, fifth, and thirteenth fields of selected records using full
zone printing. Print the fields in the above order.

1400

n

or

1400 §5,1,1,9,2,5,12

User Exits - To enhance the data presentation capabilities, the

Inquire and Print program allows the user to enter his own printing and

processing routines. The user-coded routines may be inserted into the
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Inquire and Print program at four user exits. The coded routines are
coded in standard Basic computer language, and all the Basic commands
can be used excepi. "restore" or "backspace". Ali of the user exits be~
come active during an Inquire and Print run. These exits are located at
lines 4000-4999 (Exit 2); lines 5000-5999 (Exit 1); lines 6000-6999
(Exit 3); and lines 7000-7999 (Exit 4).

User Exit 1 is referenced after control information has been read
and all the files have been opened. User Exit 1 is ideal for inserting
routines which prin® titles and initial column headings.

User Exit 2 kecomes available before each record is read. Be-
cause the Inquire and Print field totals are accumulative only on selected
records, this exit may be used to accumulate totals on every record read.

User Exit 3 is given control each time a record is selected. All
fields of the selected record, field totals (as specified in the control
information), and record counts are available for use ir the user-supplied
routine. All totais and counts are current through the record just selected.

At this exit, the user can insert his own-code routine which may
control the following types of processing:

1. printing fields of the record in any format and order,
2. causing spacing and column positioning,
3. performing intermediate calculations,

4. printing results of intermediate calculations.
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This exit can also be used to count print lines and to print headers,
winen needed, fcr special fixed-page-length reports.

User Exit 4 becomes active after all records have been read.

All final totals and record counts are available for use in user-supplied
routines at this exit. Exit 4 can be used as a final processor to print
final totals, the results of final calculations, and final messages.

After control is returned from this exit the Inquire and Print program

prints an end of run message which consists of field totals (if requested),
record counts, and the message NOW AT END. If the user wished to
have the end of run message elimirated, he could end his user-supplied
routine at Exit 4 with a STOP or END statement.

It is the user's decision whether or not to take advantage of the
user exits. It the user exits are utilized, the user should observe the
following rules:

1. Each user-supplied routine inser.ed at Exit 1, Exit 2,

or Exit 3 must end with a RETURN statement to return con-
trol to the Inquire and Print program.

2. The routine inserted at Exit 4 must contain a RETURN
statement unless the option of eliminating the end of run
message is used. In this case, the RETURN statement
is replaced by the use of the STOP and END statement.
The STOP and END statements should only be used at this
exit.

3. The commands, RESTORE and LanCK3PACE, should not

be used in the user-coded routines. All other basic
commands are acceptable,
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4, Particular care must be taken in choosing the variable
and array names to be coded in the user's routines.
These names are described in the Appendix.
Variables and Arrays - Through user exits,the data are handled-
by the Inquire and Print program during execution is available to the
user. These data are contained in variables and arrays. A list of the
variables and arrays, which are made available to the user for his own-
code routines, is shown in the Appendix.

User Exit Procedure - Once the user has decided to utilize

the Inquire and Print user exit capabilities, he must observe the following

procedure:
1. Enter his user-coded routines at the terminal. These
routines must be entered prior to the execution of the
Inquire and Print program and must be named (NAME e
command) and saved (SAVE command) in the user's 4
computer library.
2 Load the Inquire and Print program into his work area
by using a LOAD commanrd. ‘i
35 Merge the user-supplied routines with the Inquire and
Print program. The MERGE command is used to piLo-
duce this result,
Examples of User-Coded Routires - The user wants to
print a listing of all tunnel projects contained in the General Data
file that are an appropriate heading for the report, a listing of project
name, sh..oe, and cost for each project. In addition, he would like to :
know the average cost per linear foot for both arched roof and circular
shaped tunnels. 4
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Three user exits will be used in the above described orogram
(5000-5999, 6000-6999, and 7000-7999). The user will specify his
selection criteria based on field 8 (tunnel length - tunnels with a length
greater than 500 feet), and on field 9 (tunnel diamet:r or span - tunnels
with a span greater than 15 feet). Following is a sainple of the user-
inserted coding at the three user exits required to perform the desired

function.

Print Heading - User Exit 1

5000 Print" This Programm Selects Specific Tunr=ls Cver 500 Feet"
5010 Print" InLength Having Spans Greater Than 15 Feetand Cal-"
5020 Print" culates Their Cost Per Linear Foot and Finds the"

5030 Print" Average Cost For Each Type Of Tunnel Selected."
5040 Print

5050 Print Using 5060

5060 (15 spaces) Name (21 spaces) Shape (18 spaces) Cost
5070 Print

5C80 Return

Lines 5000-5030 print the desired title heading. Lines 5050 and
5060 print the appropriate column headings. Lines 5040 and 5070 skip
lines between printing. Line 5080 is necessary to return cciitrol to the

Inquire and Print program

Print Selected Records ~ User Exit 3

6000 X1 = A (10)/A(8)
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6010 IF A(7)SEQ "Circular" GOTO 6050
6020 X2 =X2 + 1

6030 21 =21 +1

6040 GOTO 6070

6050 X3 = X3 + X1

6060 Z2 = Z2 +1

6070 Print Using 6080, A(2)S$, A(7)$ , A(10)

6090 Return

6080: #rHHrtHE (10 sps) ##at I (15 sps) ####

Line 6000 divides the cost by the length of each tunnel. Line
6010 checks tosee ifAS(7) is equal to Circular (A$(7) holds the contents
of field 7 in the currently selected record). Field 7 contains the shape
of the tunnel; a shape equal to circular identifies a particular tunnel.
Line 6030 counts the number of arched roof shaped tunnels selected.
Line 6040 gives control to line 6070 to print the currently selected record
(a project with an arched roof shape). If the project had a circular
shaped tunnel, line 6010 would have given control to line 6050 to total
the cost per linear foot of circu'ar tunnels and count the number of cir-
cular tunnels, (see lines 6020 and 6030). Line 6070 prints the name,
shape, and ccst for every selected record (selected if tunnels have an
arched roof or ciruclar tunnel shape). Line 6080 is how the printing in
line 6070 will be formatted. Line 6090 returns control to the Inquire and

Print program.
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Print Final Totals ~ User Exit 4

7000 X4 = X2/71

7010 X5 =X3/72

7020 Print

7030 Print

7040 Prini

7050 Print Using 7060,21 ,X4

7070 Print Using 7080, 22, X5

7 s Av sts Pe ar Foot For

7090 End

7060: Average Costs Per Linear Foot For ## Archecd Roof Tunnels S#is

Line 7000 computes the average cost per linear foot of the arched
roof tuumels; line 7010 computes the average cost per linear foot for
circular tunnels (the totals were accumulated in User Exit 3). Line
7050 prints the number of arched roof tunnels and the average cost per
iinear foot. Lines 7060 and 7080 are how the printing will be formatted.
Line 7090 ends execution of the Inquire and Print program. Thisstatement
is used to suppress the printing of the normal end of run messages.

The complete user-supplied routines would then look as follows:

" P ects Specific Tunnels Over 500 Feet"
5010 Print" In Length Having Spans Greater Than 15 Feet and Cal-"
5030 Print; Average Cost For Each Type NOf Tunne] Selected, "
5040 Print
5050 Print Using 5060
2060 Name Shape Cost
5070 Print
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5080 Return

6000 X1 = A(10)/A(8)

6010 IF A(7)$EQ"Circuiar"GOTO 6050
6020 X2 = X2 + X1

6030 Z1=21 +1

6040 GOTO 6070

€050 X3 = X3 + X1

6060 Z2 =122 + 1

6070 Print Usina 6080, A(2)$, A(7)$,A(10)

6080 HiHHHHHH Y G e il ik

6090 Return

7000 X4 =X2/7Z1

7010 X5 = X3/Z2

7020 Print

7030 Print

7040 Print

7050 Print Using 7060, Z1, X4

7060: Average Costs Per Linear Foot For ## Arched Roof Tunnels S###

7070 Print Using 7G80, 22, x5
7080: Average Costs Fer Linear Foot For ## Circular Tunnels S$#b###

7090 End

Th:s Program, when merged with the Iryuire and Print program,

produces the following results:

This Program Selects Specific Tunnels Over 50" Feet
In Length Having Spans Greater Than 15 Feet and Cal-
culates Their Cost Per Linear Foc! 31d Finds The
Average Cost For Each Type Of T 21 Selected.

Name Shape Cost

Blue River Dam Div Circular 316

Cougar Main Div Arched Roof 167

Cougar Reg Qutlet Circular 355

Green Peter Div Arched Roof 781
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Big Cliff Div Arched Roof 428
Knowles Creek Arched Roof 431
Sunset Arched Roof 177
, Vista Ridge West Arched Roof 4166
| Vista Ridge East Arched Roof 4352

Average Cos" Per Linear Foot For 7 Arched Roof Tunnels $ 1500

Average Cost Per Linear Foot For 2 Circular Tunnels $ 335

The remaining ' programs, File Maintenance, Transaction
Update, and Scui and .erge, are used basically by the control agency
to process and update the varirus files. The explanation of these three
programs will be very brief, as the user needs only to L.+ aware of their

general existence.

FILE MAINTENANCE PROGRAM - The file Maintenance prograi
is designed to help the control agency perform the necessary creation
and file maintenance tasks. As a generalized, file-oriented program,

it can be executed under one of three options:

Create - permits the creation of a new data file.

Update - ermits the updating of an existing data file
through the deletion of records, the modifi-
cat.on of fields of records and the addition
of new records.

Copy - permits copying of records from one data file
to another.

£ Data Files - The data files processed by the File Maintenance
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program are internally formatted files; they contain fixed-length rec-
ords of up to 100 fields. The fields are either numeric or alphabetic.

Control Information - Because the File Maintenance program is

a generalized program, control information is necessary to direct the
run operation. This information may be supplied either by "total prompt-
ing" or "control files" metheds, or a combining of both into a "prompt-
ing/contrel file" methoc

If the "total prompting"” method is used, the control information
is supplied during the exectuion of the File Maintenance program. When
using the "control file" method, a file containing the control informaticn
is created and saved before executing the File Maintenance program. This

control file, an external (symbolic) format, is constructed by using the

1
same Control File program explained under Inquire and Print program.
When the control information for several File Maintenance pro-
gram runs is similar but not identical, a combination "prompting/con- .

trol file" method can be used. A control file that contains all of the con-
trol information that is constantfzar the File Maintenance program run ig
created, and prompting can be requested at execution time for any con-
trol information that varies.

For each File Maintenance program run, the method of supplying
control information must be indicated. This identification is made in

the FILES statement similar to the 89 FILES statement described earlier.
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The following examples show the various file statements for the different

options available.

e Create Option

Example 16

When making a CREATE run, a FILES statement must be used
to designate the method of entering control information and the name
assigned to the data file being created. The format of this FILES
statement must be as follows:

89 FILES cntl, input, output, #

where the lower case words indicate portions of the statement that the
user supplies:

“cntl" is the name of the control file containing control infor-
mation. If the control information is to be entered by the to-
tal prompting method (no control file used), the name PROMPT
or the symbol # should be used.

"input" is a temporary file name. Even though no input file is
used during a CREATE run, the user must enter a name or the
symbol # in this position of the statement.

"output" is the name assigned to the data file being created.
"#" is a symbol representing a temporary file used by the File

Maintenance program. It may be omitted if the records to be
added to the new file are contained in the control file, "cntl".

e Update Option

Example 17

Whenever a data file is processed for updating, the File Main-
tenance program constructs a new file which contains the undeleted
records and their modifications, as well as the added records. A FILES
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statement must be used in an UPDATE run to identify the file being pro-
cessed and the new file being con .tructed. This FILES statement is also

used to designate the user's method of entering control information.
Its format must be as follows:

69 FILES cntl, input, output, #

where the lower case words indicate partions of the statement that the
usar supplies:

"cntl" is the name of the control file containing control infor-
mation. If no control file is used, the name PROMPT or the
symbol # should be used.

"input" is the name of the data file to be processed,

"output" is the name assigad to the new updated file. The user
may designate the input file and output file to be the same ("in-
put” and "output" are the same name). However, this is not
recommended; if the user should make an error in specifying

the conditions for deletions or modifications, he would no
longer have a file containing his original data records after

the UPDATE run.

"#" is a symbol representing a temporary file used by the File
Maintenance program. It may be omitted if che records to be
added to the update file are contained in a control file.

e Copy Option

Example 18

The COPY option of the File Maintenance program is used to
copy records of one data file onto another data file. The FILES state-
ment used is of the following format:

89 FILES cntl, input, output, #

where the lower case words indicate portions of the statement that the
user supplies:
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"cntl" is the name of the control file. If no control file is
used, "cntl" is the name of a temporary file. In this case,
the name PROMPT or the symbol "#" should be used.
"input" is the name of the file to be copied.

"output" is the name of the file created by the COPY operation.

"#" is optional. "#" is a symbol representing a temporary file.

i

User Exits - The File Maintenance program allows the user to
enter his own processing routines if necessary, to handle the nonstandard
file. The user-coded routines may be inserted in the File Maintenance
program in two user exits located at lines 4000-4999 (Exit 2) and lines
5000-5999 (Exit 1).

Exit 1 becomes available after control information has been read
and all the files have been opened. This exit is used when the data
records of the input file are preceded by records. The routine inserted
at this exit is used to read in the header label and to position the file
at the first field of its first data record.

Exit 2 becomes available before each record is read. Special
read routines can be inserted at this exit to read variable-length records.
Exit 2 can also be used during the UPDATE option to take field totals on
every record read. A routine to accumulate the totals, count how many
records have bheen read, and print the field total results before the end of

the file is encountered can be inserted.
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TRANSACTION UPDATE - The Transaction Update program aids
the control agency in updating master files and permits the use of one
or two transaction files containing records to perform deletion, addition,
and change operations. The program also permits the control agency to
insert own-code routines in the program to fulfill unique processing re-

quirements.

The Transaction Update program uses three types of files to up-
date a master file:

1. An input master file that can be either an internal- or
external- format file created and maintained by the File
Maintenance program or the Transaction Update program.

2% A transaction file that can be either an internal- or
external- format file created and maintained by the File
Maintenance program or the Transaction Update program.
Either one or two transaction files can be used to up-
date a master file.

8, A control file that is an external-format file created by
the Transaction Specifications program containing infor-
mation describing the records in the input master file
and in the transaction files. It also describes the speci-
fications for the master file update by the Transaction
Update program. The control file is created by running
the Transaction Specifications program.,

Control Information - The Transaction Update program is a general

program and the control information must be supplied. The contro! infor-
mation is supplied for each type of update to the Transaction Update pro-
gram in the form of the control file created during the operation of Trans-

action Specifications. The Transaction Specifications program, which
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operates in a fully prompted mode, builds the control file from the re-
sponses tc questions asked during the run. A control file, which is
in external (symbolic) format, contains all the information required to
direct the Transaction Update program to use its transaction update
capabilities.

User Exits - The transaction update program provides 10 user
exits to allow the insertion of code routines to perform any of a variety
of special processing functions that are beyond the normal scope of the
Transaction Update program's generalized processing. All 10 exits, or
any combination of the 10 can be used to provide the update capabilities
required. All 10 of the user exits become active during a Transaction

Update run. The exits are located as follows:

1 1000 through 1999 Before any files are opened

2 2000 through 2999 After the control file is
read and stored

3 3000 through 3999 Before each record is read

4 4000 through 4999 After each record is read

5 5000 through 5999 After an nut-of-sequence

condition occurs on a
transaction file

6 6000 through 6999 After a matching condition
occurs prior to update

7 7000 through 7999 After each operation step
of an addition or chc rge
transaction occurs

50
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8 8000 through 8999
9 9000 through 9999
10 10000 through 10999

Before each output master
record is written

After each output master
record is written

After program processing is
completed

The data processed during the execution of the Transaction Up-~

date program is available through the user exits.

SORT AND MERGE PROGRAM - The Sort and Merge program enables

the control agency to define and execute sort, marge, and file copying

functions. The Sort and Merge program contains four separate processors

or sub-programs: CONTROL, SORT, MERGE, AND COPY. The CONTROL

processor allows the specification of requirements for the SORT, MERGE |

or COPY processors in a conversational mode.

The CONTROL processor

then translates these requirements and stores them as specifications in

a control file, which is assigned a name and saved for immediate or j

subsequent use.

The SORT processor permits the user to sort data files into any

sequence. As many as 10 data files, in either symbolic or internal for-

mat, can be used ¢ s input to this processor.

The output file from the

SORT processor can Le in either symbolic or internal format. Up to 25

data fields can be used to control the SORT.

These sequence control fields, '

or sort keys, can be any combination of alphabetic/numeric characters,
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In either ascending or descending sequence, or in both.
The MERGE processor allows the user to merge twe or three
data files, each in the same sequence, into one data file. Like the
SCRT processor, the MERGE processor can control as many as 25 fields
in either ascending or descending sequence. The input file to the MERGE
processor and the merged output data file can be in either symbolic or
internal format.
The COPY processor enables the user to copy one file and create
a second one. The processor does not require any sequence control fields.
The input and output files can be in either symbolic or internal format.
This processor can be used to rename internal or symbolic format files
that are too large to load and name. -
The Sort and Merge program can accept either symbolic or inter-
nal format files. If more than one file is input to the SORT or MERGE
processors, the files can be of different formats. The output file from E
any of the pro- ssors can be in either symbolic or internal format and

does not have .0 correspond to the input file format.

Computer Equipment

The equipment necessary to obtain access to the data bank is
as follows:
1. standard teletype terminal,

standard telephone,
3. telephone computer coupler
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T"e monthly rental on this equipment is under $90.00; however,

there is a large variety of faster and more complex terminals available,

The data bank may also be accessed directly by other in-house computers

and those computers may, in turn, be used as a terminal.

The telephone connection tn most large cities in the United
States is to a local line. The total cost would be a minimum of about
$120.00 per month including the charge for computer connection time
which is based on actual time used. This charge should be well within
the ability of numerous design firms, schools, contractors, government
agencies and other interested parties throughout the country.

Personnel Training

The training necessary for the use of the data bank ranges from

none to two days depending upon the individual's intelligence, past

experience, and the complexity of the search and data manfpulation. The

average engineer or technical individual should be able to operate the
program with just the aide of the operation manual and prompting by the
computer. A few hours of explanation on the use of Basic computer lan-
guage will allow complete utilization of the more complex options avail-

able in the user exit capacity of the program.
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PHASE II WORK

Prelim:nary Analysis of Data

The second phase of the ARPA contract was the intensive study
of two selected case histories of special interest in the Oregon and
Washington areas. This study was intended to provide a detailed
analysis of the records of a particular project and determine the methcds
of exploration, design and construction, and to determine whether these
metho~'s produced the desired results. This portion of the program was
intended to highlight the use of any exceptional methods, to indicate
where better methods could have been used and to determine if full ad-

vantage was taken of available data and technology.

In order to obtain a list of prospective tunnels for the pilot proj-
ect, the original data list was searched by the computer for all the under-
ground projects which fulfilled the requirements of this portion of the
study: all tunnels were to have been completed after 1950; the diameter
was to be 15 feet or greater; and analysis was to focus on support prob-
lems. The projects on the list produced by the computer were then
screened in more’detail by the personnel of Foundation Sciences, Inc.

In addition to the above criteria, the condition of data availability was
added. The results of th‘is screeneing produced the following list of

\

six tunnels:
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PHASE II WORK

Preliminary Analysis of Data

The second phase of the ARPA contract was the intensive study
of two selected case histories of special interest .n the Oregon and
Washington areas. This study was intended to provide a detailed
analysis of the records of a particular project and determine the methods
of exploration, design and construction, and to determine whether these
methods produced the desired results. This portion of the program was
intended to highlight the use of any exceptional methods, to indicate
where better methods could have been used and to determine if full ad-

vantage was taken of available data and technology.

In order to obtain a list of prospective tunnels for the pilot proj-
ect, the original data list was searched by the computer for all the under-
ground projects which fulfilled the requirements of this portion of the
study: all tunnels were to have been completed after 1950; the diameter
was to be 15 feet or greater; and analysis was to focus on support prob-
lems. The projects on the list produced by the computer were then
screened in more detail by the personnel of Foundation Sciernces, Inc.

In addition to the above criteria, the condition of data availability was
added. The results of this screeneing produced the following list of

six tunnels:
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Metropolitan Highway Tunnels

-t

2. Underground Power Complex

3. Arch Dam Diversion Tunnels

4. Inter-Basin Diversion Tunnels

5. Concrete Gravity Dam Diversion Tunnel
f. Western Washington Power Tunnel

Metropolitan Highway Tunnel - The Metropolitan Highway Tunnels

are two, parallel, 54-foot span highway tunnels driven through a frac-
tured volcanic ridge. The eastbound tunnel is 1,001.58 feet long and

the westbound tunnel is 1,048 feet long. They are built on a 5 percent
grade with an 8 degree curve. The tunnel section consists of a concrete
liner 2.5 feet thick supported by two concrete sills 10 to 15 feet high and
6 feet wide at the base. Rock support and arch reinforcement was pro-
vided by 14-inch wide-flange cold-rolled ribs. Weight of the ribs varies
from 48 to 103 pounds per foot with a spacing of from 2 to 4 feet. Ex-
tensive blasting and seismic records were kept due to the dense residen-
tial development in the project area. The cost of the project was

$8,735,000.00 and was completed in 1969.

Underground Po: er Complex - This project includes an underground

powerhouse and several associatea tunnels. The main cavern is 477 feet
long, 76 feet wide and 170 feet high. The tunrels include 4,300 linear

feet of a 22-foot diameter tunnel, 910 linear feet of 42-foot diameter
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tunnel, and various other shafts and tunnels. The project is located
in a limestone and dolomite formation and is one of the few suitable
underground structures in the Oregon-W: shington area riot constructed
in volcanic rock.

The main cavities are supported * - rock bolta with a maximum
length of 20 feet. Sixty steel sets, 8 V/F 31 , were used together with
rock bolts for support in the smaller tunrels. Gunite and concrete were
used as lining. A special support problem developed necessitating the
use of large cable tendons to hold the rock in place.

Extensive instrumentation and rock mechanics studies were r.r-
formed during design and constructinn. The program consisted mainly of
o e flat jack tests and plate loading test.. Aa instrumentation program to
monitor the performance of the cantilever is in progress and records are
r i available from 1966 to the precent.

Arch Dam Diversion Tunnels - The tunnels are two, parallel, 40-

foot span, gotliic arch tunnels, 1300+ feet in length. The uncommon shape

T T —
i

E of these tunnels was a result of an attempt to produce a more stable arch.

'I Support was designed for steel sets or rock bolts at the contractor's optior..

l ‘ The project was completed in 1964 for a cost of $1,520,700.00.

' Inter-Basin Diversion Tunnels - The tunnels are small-diameter

tunnels varying from 13.5 feet to 16.0 feet in diameter. They are con-
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ctructed in basalt flows. The diversion tunnel is 11 , 381 feet long

and the power tunnel is 7,272 feet long. The tunnels were completed
in 1962 and 1963 at a cust well over the estimat: because of serious
water problems. During construction water up to 2,000 GPM was en-
countered and during the first dewatering of the tunnel, uplift pressure
buckled the invert. Detailed geologic mapping was carried out in the
tunnel. The small diameter and ease of support limit the usefulness of
this tunnel for purposes of the detatled study. However, it is included
here because of the interesting and severe water problems plus the fail-
ure of the lining.

Concrete Gravity Dam Diversion Tuanel - The diversion tunnel

was built for a cost of $820,200.00. The tunnel is a horseshoe-shaped
tunnel with a span of 30 feet and a length of 1,050 feet. It was driven
in basalt and tuff and through nine shear zones with a maximum over-
burden of 150 feet. A major fallout problem occurred near the upstream
portal. The surr .t design was changed from rock bolts to steel ribs be-
cause the labor union refused to allow men to work uider rock supported

only by bolts. The tunnel was finished in 1965.

Western Washington Power Tunnel - The power tunnel is 6,236 feet

long and has a circular section with a diameter of 15 feet. It was included

despite the fact that it was completed almost 30 years agn, because the

shape, support, span and lining were modified to fit the geologic conditions
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encountered. There were a total of thirteen different section designs,
twelve of which were used in construciion. While e flexibility of the
design and construction contract probably would 1 "¢ applicable to
current construction methods, it presents an opportunity to study effi-
ciency of various sections. It was completed in 1942 at a cost of
$1,307,000.00.

This summary was reviewed by the project officer and the prin-
cipal investigator in a meeting at Portland, Oregon. As a result of that
meeting it was decided to study the Underground Power Complex and the
Metropolitan Highway Tunnel in detail and, if time and funds permitted,
to also obtain more detail on the Inter-Basin Diversion Tunnels and the
Concrete Gravity Dam Diversion Tunnel.

Data Gathering

Metropolitan Highway Tunnel - The material, while quite complete,

is not well indexed and requires considerable searching. The material con-
sists of the last remaining copies of the data and the owner does not wish
to let it leave his possession; therefore, the material must be microfilmed
on the premises. Tie contractor still has an office located in Portland,
Oregon, where records are available; again, for inhouse reviewing. The
personnel who worked on the job, both as contractor and engineer, were

available for interviews.
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Underground Power Complex - The contractor has most of the

design computations and a visit was made to his office. Visits to
the owner's office were also made and a considerable amount of ma-
terial was microfilmed.

Secondary Projects - Data from the Councrete Gravity Diversion

Tunnel kas been supplied; the owner has a policy of compiling all of
their data and publishing it in several reports all of which have been
collected and microfilmed. Data from the Inter-Basin Diversion Tunnel
was supplied by both the owner and the contractor. A visit to the owner's
office was made to obtain copies of the tunnel data.

Conclusions

The data collecting phase has been more time consuming and
more costly than originally estimated. The problem resulted from the
large mass of information generally located in indifferent or nonexistent
archive file systems. Therefore, it was necessary to spend much time
to locate the desired information. The contacted agency generally was
willing to allow access to the files but unwilling to spend any great time
searching them. It was also difficult for the contacted agency to know
which of the particular unbound data volumes, such as design calculation,

would be of interest to the study.
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Intensive Study of Pilot Projects

This portion of the program is the detailed study of the metro-
politan highway tunnel, hereinafter refer.ed to as Project "A" and the
underground power complex referred to as Project "B". Each project
is discussed .ndividually beginning with Project "A". The format is
somewhat different in each case as different points of interest developed
tnder each study. Funds are not available to complete reports on the

secondary projects, so no discussion of these projects is contained

herein.

¢



PR —

PROJECT "aA"
Introduction

Location and General Description - Project "A" is located
On a major access route into a major metropolitan city. The project con-
sists of two similar arched-roof highway tunnels, spaced 85 feet apart,
running generally west-east through a prominent basalt ridge. Each
tuniel has a maximum cover of 165 feet, is built with a 5-percent grade
and an 8-degree curve, is more than 1,000 feet long, and has a 58~foot
Span. Each consists of a rock section fully supported with steel ribs and
completely lined with a minimum thickness of 2% feet of concrete plus a
cut-and-cover earth section at the west portals. Project "A" was ccm-
pleted in 1969 at a cost of $8,600,000.00.

Exploration Program

Drilling from the Surfoce - Exploration began in 1960 and
the cost of the entire drilling and soils testing program included foundation
exploration for a nearby freeway interchange and the realignment of the
highway. The program in the tunnel area consisted of the rotary drilling
of 27 holes for a total of 1,056 linear feet. The average hole depth was
39 feet and the deepest was 174 feet. This drilling disclosed the follow-
ing information,

The ridge is composed of basalt lava flows capped by a mantle of

silt. The basalt flow is of Miocene age - Columbia River Basalt Formation,

61




TR TTRI T e T T T T e— e ramS

The formation is a series of lava flows containing very few sedimen-

tary beds. The thickness of an individual basalt flow is variable but

rarely exceeds 50 feet. The thickest measurable flow encountered by

test boring was 34 feet. The nature of the contact zones between flows

varies from a sharp, relatively unweathered contact to situations where

the two flows are separated by as much as 4 feet of severely weathered

rock. Vesicular zones are common at the top and bottom of the lava flows

out are generally more prominent and thicker at the top of the flows.

A mantle of intermixed silts, clayey silts, and sandy silts covers

the basalt core of the ridge. The silts, generally considered to be of

windblown origin (loess), vary from a thickness of zero on the slopes of

the ridge to as much as 42 feet on top of the ridge over the centerline

of the south tunnel. Often a zone of silty clay up to 10 feet thick and i
containing weathered basalt fragments lies between the silt and the basalt.
The silts are highly unstable where excessive moisture conditions exist.

Exploration Adit - A pilot tunnel with dimensions of 5 feet

by 7 feet was driven near the crown of the eastbound tunnel at a cost of
$90,000.00, a figure which rapresents slightly more than 1 percent of
the total preject cost. Seven additional exploratory drill holes were made

from the adit; two vertical downhole; three 60°¢ up, southside; one 30° up,

southside; and one 60° up, northside.
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The pilot tunnel was completed in March, 1964, and followed
the top portion of the proposed eastbound tunnel. Geologic maps and
photugrapl.s were produced that show the physical conditions encountered
by the pilot tunnel. The important information derived frcm this work
applied to design are as follows.

Stratification - The rock through wt ich the tunnel
passes consists of a series of stratified basalt lava flows. The indivi-
dual strata or lava flows are thick enough so that it is very unlikely that
more than one of the boundaries between the lava flows or contact zones
will occur at any one point along the course of the main tunnel. One
such contact zone can be followed almost continuously from the east
portal through 70 percent of the tunnel.

Jointing - A maior joint system is present with
3-foot-plus spacings and what appears to be a secondary joint system
with spacings averaging +5 inches. The secondary jointing is quite tight !
with little or no weathering along the joint surfices; whereas the major
joint system is more open and has developed weathered shells up to %-
inch thick along the joint surfaces. A spalling or caving condition that
required shoring, and then resulted in overshooting at some locations in
the pilot tunnel, was attributed to this joint pattern.

Expansive Clays - Highly expansive clays, either i

coating joint surfaces or filling cavities, are found throughout the pilot

63




tunnel. The clays are consistently highly plastic and appear to be in
their most expanded state. There is no evidence that they are exerting
stress on the rock. The clays are most abundant in a minor fault zone
near the east portal.
The combined results of the test adit and the drilling program pro-
duce the geologic cross section shown in Figure 1.
Seismic Study of Blasting - The driving of the pilot tunnel
! aiforded an excellent opportunity for the designer to study the effects of
blasting in an urban-residential area. Vibrations from the blast.ng were
reqgularly measured during the pilot tunnel construction. Generally, the
seismograph was located either directly over the blast or in the vicinity
of the nearest structure. Where complaints about the blasting were in-
volved, vibration measurements were made in the foundation area of the
structure or in the structure itself. The measurements were made with a
Sprengnether Seismograph and maximum particle velocity was computed i
from the wave traces.
The percent of the generaliy accepted safe-velocity limit (2 ‘~ches
per second) was computed using the maximum resultant velocity from each
measurable record. The location of the seismograph with respect to center-

line and its direct-line distance from the blast was determined for all of
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the vibrations recorded. Logs of all the charges were kept to record: the i

T —

: charge location, shot holes drilled and depth, dz2lays used, maximum charge
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per delay, and the corresponding seismic velocity record if one was taken.

Vibration measurements of the blasting made in the vicinity of
the structures generally averaged 15 to 25 percent of the safe-velocity
limit. The velocity measurements rarely exceeded 40 percent of the
safe limit and the highest was 75.5 percent near structures.

Figure 2 shows the predicted ceharge per delay that could re-
sult in ground vibrations reaching the 2-inch-per-second safe-velocity
limit. The chart was constructed using the most representative data
from vibration records taken during construction of the pilot tunnel.
The maximum resultant vibration intensity and corresponding charge
size were determined for each of the records used. The maximum safe
charge was then determined on a direct proportion basis using the actual
charge exploded and the resulting vibration intensity. The computed
maximum safe charge was then plotted above that point in the tunnel
where the actual charge was detonated. This approach tends to mini- F
mize the effects of variables such as physical characteristics of the
rock thickness, and angular relationship (from the vertical) of the seismo-
graph location and the charge location. All of these factors could in-
fluence the ground vibration resulting from any one charge of explosive.
The curve for the first 100 feet in from the east and west portals was

controlled by a combination of the computed safe charges described above i
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and the observedreaction toair shock waves from the charges detonated.
The following points should be kept in mind when interpreting the graph.

1. Points below the curve represent the predicted safe
charge per delay that very probably can be used without exceeding the
safe-vibration velocity of 2 inches per second. It has been found that
each delay charge causes its own independent ground vibration. The
energy of cne delay petiod is very short.

2. Many of the computed safe-charge sizes fell abova
the curve, meaning that there will always be the question of safety when
using a charge larger than that indicated by the curve. Any charge size
falling below the curve would stand little, if any, chance of =z.(ceeding
the safe-velocity limit.

3. The dashed portions of the curve indicate areas in the
pilot tunnel where it was not possible to gather dependable blast vibration
data for computing the maximum safe charge. i

Specifications requiring that the maximum velocity cf blast vibra-
tions be kept below 2 inches per second are becoming more and more
common on construction projects. The above method of blasting control

demonstrates one suitable means of controlling charge sizes during tunnel

construction.

w
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Tunnel Design_

General Requirements - Each bore is io provide room for
a three~lane roadway, 42 feet in width between curbs, with 2-foot-wide
safety walks on each side. The clear ceiling he!ght at the center of the
rcadway is 17.5 feet.

Support Design - The use of rock bolts as a support
medium was discarded early in the design after an inspection - f the pilot
tunnel was performed. The decision was based upon the following opin-
ions expressed during the inspection:

1. successive shocks and vibrations could very well

cause rock fallout in the areas where rock is not
continuously supported zither in the overhead or

along the walls:

2. a length of 38 feet was suggested for ruck bolts,
should they be used:

3. the lengtl, of the rock bolts might exceed the thick-

ness of the flows lying above the tunnel roof and
as a consequence the anchors of the rock bolts may

fall in the weathered, extremely fractured, weak,

and compressible material similar to that which ¢z

exposed in the tunnel in the interflow zones.

No further consideration was given to rock bclts and the tunnel
was supported by conventional stee] sets designed by the methods out-
lined 'n Proctor and White (1946). The assumptions used in the design

were:

1. rock under dry conditions,
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2. working stress in the steel of 18,000 psi,

3. multiple drift tunneling,

4. 24 feet of rock load,

5. no side thrust.

Considerable attention was given to the selestion of the design
load for steel sets. A study of the joints and fracture patterns was
made in the pilot tunnel and the rock loads were estimated by using the
the table in Proctor and White (1946). Preliminary design began using
rock loads that varied along the tunnel with a maximum load of 100 feet
before construction practice and economic judgment was exercised to
produce the 24-foot figure us=4 in the final designs. Standard set de-
sign, as outlined in Proctor 2nd White (1946), will tolerate this type
of judgment for set selection and wiil tolerate errors in judgment as
large as 900 percent.

Lining Design - The lining in the rock portion of the tunnel
was designad using Proctor and White (1946) and assumed the lining to ke
a continuously blocked rib capable of supporting the entire vock load.
This resulted in a combined support capacity of twice the design load,
discounting the safety factors inherent in the steel and concrete design
and those contained in the rock load table by Proctor and White (1946).

Footing design for the rock section was controlled by the strength

of the concrete, The footings in the cut-and-cover sections were founded




on caissons to firm rock, and in neither instance was the bearing strength

of the rock a factor cortrolling the design.

The design of the cut-and-cover sectioi, ventilation, and light-

ing are not contained in the scope of this report, but appear to be in

agreement with the Bureau of Public Roads standards.

Construction - Two contracts were let for the project ccnstruc--

tion. The first contract included:
, 1. the 1,001-foot eastbound tunnel,

2. the 99-foot cut-and-cover portion of the westbound
tunnel

The second contract included:
1. the 1,048-foot westbound tunnel,
2. paving, lighting and ceramic tile lining in both tunnels. i

The successful bidder on the first contract was also the success-

ful bidder on the second contrect.

! First Contract - The first contract was awarded on November 19,

1965. The work included grading, paving, retaining wa'ls, and an over-

pass. The contract amount was $4,181,131.00.

Scheduling - The construction schedule called for the side

L

drifts to be excavated with a height from the tunnel invert to the spring-
iine, and a heavy sil} to be constructed in the side drifts. Upon comple-

tion of the side drifts and sills, tiie main tunnel arch was to be excavated
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and the lining to be installed. The Contractor would then remove the
bench to grade and install the ventilation and false ceiling. Figure 3
is a typical section through the tunnel showing the multiple drift head-
ing used for the construction.

Side Drifts

Support - The design and support of the side
drifts were left to the Contractor. The outside payline was established
for the entire tunnel and payment for the side drift excavation was com-
puted from that line and the side drift profile. Steel ribs were selected
for side drift support because excessive labor costs for removal of rock
bolts from the inboard side of the drift eliminated rock bolting from con-
sideration. The use of ribs also allowed all the inboard ribs (approxi-
mately $20,000.00 worth) to be salvaged and used again during the second
contract. Temporary supports for the side drifts were designed by the
method given by Proctor and White (1946), and an 8 WF 31 , 2-piece rib
set on 5-foot centers was selected.

Equipment - The equipment used by the Contractor
for construction of the side drifts was normal mining equipment with the
exception of the drilling jumbo. The jumbo was buiit on a small Fuclid
truck frame. Six Gardner-Denver D-93 drifter drills mounted on hydraulic

booms were spread on three levels. Mucking equipment consisted of
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two Koering, Model 60, dumptors and an Eimco 105, lé—yard overshot
loader. Three Gardner-~Denver compressors, displacing 1395 cubic
feet per minute each, supplied compressed air to the face through
6-inch lines. A 4-inch water line was supplied to each face also.
The fresh air was supplied through a 21-inch aluminum pipe by a 30-
inch, 11,000 cfm fan, driven by a 20-horsepower electric motor.
Construction Method - The east portal area was
excavated to grade, and the face was supported with rock bolts and
steel mesh. The side drift portals were drilled and supported with
1%—inch steel crown bars. Three steel sets were erected and completely
lagged before the initial shot. The first round was detonated on January
21, 1966, in the right drift. The left drift was prepared in a similar way;
excavation began on February 8, 1966. The side drifts were blasted
using a modified burn cut and 5-foot rounds with standard delays.

Both side drifts were excavated simultaneously allowing an effi-
cient use of men and equipment. The load- shoot- ventilate- and muck-
cycle was performed in one drift while the setting of steel and drilling
progressed in the other drift. A single drill jumbo and set of mucking
equipment was then able to handle both headings. Using this alternating
method, as many as five rounds per shift were shot in the side drifts, The
ribs were always set directly behind the face and no more than 7 feet of

tunnel was unsupported at any one time.
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The right heading was driven until April 11, 1966, when the
Engineer advised the Contractor to stop because the heading was com-
pletely in clay. The left heading was stopped 85 feet from the west
end of the tunnel for the same reason. On May 19, 1966, concrete
placement began in the sills, Two forms were used in each drift: alter-
nate 20-foot sections were poured using a bulkheaded form; the fill-in
pbours were made using a straight form. Construction of the sills was
completed in four months. After the sills were complete the inboard
legs of the ribs were ‘salvaged,

Top Heading, East Tunnel - The first tunnel rib was
set in the top heading at the east portal on August 8, 1966, The actual
entry to the top heading was complicated by the skewed condition of
the face. The right side was in solid rock and the left side was in siliy
clayey soil, Six ribs were set back from tie face and 4-inch by 8~-inch
treated wood lagging was installed in order to make a brotected working
area at the face, Ornre and one-eighth-inch-ciameter crown bars 20
feet long were installed on 1-foot centers. The rock portion of the face
was lightly shot and the soil removed by spade until room enough was
made for another rib. The contractor continued to advance by hand
methods, spading the soil zone and barring and chipping the rock, until

the face was straight and clear of the soil zone.
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On August 15, 1966, the first full-face round was shot in the
top heading. After a few deys to train the work crew, progress quickly
reached 2 to 4 rounds per day. Based on 4-foot rounds, the work

cycle was 2 hours and 30 minutes which is broken down as follows:

Muck out 30-45 minutes 0:30 - 0:45 20%
Drive in jumbo £15 minutes 0:45 - 1:0C +10%
Set and block rib 30-45 minutes 1:00 - 1:30 20%
Drill round +15 minutes 1:30 - 1:45 +10%
Load round +30 minutes 1:45 - 2:15 £20%
Shoot and ventilate 15 minutes 2:15 - 2:30 +10%

During the excavation of the top heading, there was extensive
overbreak in the crown. This overbreak was related directly to the
existence of the pilot tunnel and the limitations of the Contractor's
jumbo. The pilot tunnel had been aper- and unsupported or supported
by twelve sets for more than two years and its exposed rock had seri-
ously deteriorated. As much as 8 feet of rock dropped out of the frac-
tured zone above the crown as the heading was advanced. The jumbo
could carry only one rib into the tunnel at a time making it difficult to
double the support on any round. In order to have the maximum effi-
ciency in the excavation, the Contractor desired to shoot the maximum
length of the round and install the ribs at the maximum spacing. The
use of the greater spacinags in some areas caused excess overbreak
which wa: controiled by installing 13-inch pipe spiles on 15-inch

centers on the crr wn. The spiles were 10 feet long and were installed
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over the last -ib and under the second to the last rib.

The overbreak was filled with timber cribbing and tightly wedged
against the steel ribs. Pre-set grout pipes were installed and the over-
break was later backfilled with grout  The cribbing was not removed
prior to concrete placement.

Blasting - The blasting in the eastbound tunnel
was carefully controlled due to the proximity of residential develop-
ment. The Contractor did not, at any time, use a charge in excess
of the charges dictated by the charge-delay curve designed during the
pilot tunnel construction, Figure 2. The usual maximum charge was
5% pounds per delay. As a resul: of this program, ground accelerations
during the driving of the main tunnel were less than those experienced
during construction of the pilot tunnel.

Equipmeni - A new, larger jumbo was built for the
top heading. The jumbo was on a large Euclid truck chassis with three
levels. Two Gardner-Denver drifter drills and two Pitman HC-100 hy-
dralifts were mounted on the top level; three drifters were mounted on
each of the two lower levels. The same cquipment, as was used in the
side drifts, was used to deliver compressed air and water to the face in
the top heading. Ventilation was provided by a 20-horsepower fan which
was installed in the west portal of the pilot tunnel. Mucking equipmenc con- -

sisted of a caterpiller, 977 H traxcavator with a 2 5/8-ard side dump bucket, two

7
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dumptors and two 10-yard diesel dump trucks.

Tunnel Lining - On March 10, 1967, the top
heading was holed through. The arch forms were skidded into the
tunnel and the first arch pour was made on March 22, 1967.

When the concrete arch construction was about half complete,
the grouting operation began. The grout, which was a mixture of one
part cemeni to three parts sand, was placed through pre-set steel pipes.
The hookup was made and grout was pumped until it returned from the
de-air line. Then the air line was closed and pumping continued at
low pressure until refusal or grout flowed from an adjacent hole. If
grout flowed from an adjacent hole, it v as considered to be completely
grecuted and was closed and the de-air line left open while pumping con-
tinued until grout flowed from the air line. The air line was then closed
and pumping continued until refusal. As many as 12 pioes returned grout
from a single hookup. A total of 1000 cubic yards of ccncrete and 594
cubic yards of grout were placed outside of paylines. Grouting was
completed in early June, 1967.

Bench Excevation - A D-9 Cat, equipped with two
ripper teeth and a blade, was used to excavate the bench tc grade, which
w#s a new approach to this type of excavation. The Cat averaged 290

cubic yards of rock excavation per day. No blasting was required.
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Final Phase - The final phase of construction
was the pouring of the false ceiling and the curbs plus the construc-
tion of the control room. This was completed in approximately two
months. The final tunnel work was completed on September 29, 1967.
Incidental work at \he east end and clean up continued until November
27, 1967. The Contractor submitted a request for extension of time past
the specified completion date of September 30, 1967, based on delays
in the award of the contract and the redesign of the west portal. Time
extension was approved on April 23, 1968,

The final voucher was submitted April 25, 1968, and the final

payment made on July 30, 1968, The summary of costs are as follows:

Contract cost $4,194,356.04
Engineering costs 345,874.41
Other costs 46,040,02

TOTAL $4,586,270.47

Second Contract - The second contract was awarded on February

16, 1968 . The work included grading, pavinc tunnel illumination, and
signs for both tunnels. The contract amount was $3,743,984.00.

With only minor variations, the methods and equipment used in
the westbound tunnel were the same as those used in the eastbound
tunnel.

The side drifts were excavated using the same equipment

R e e o Eias S
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and methods as vsed previously. The Contractor had experienced
difficulty in the é'é"stbo.u_nd side drifts with the mud formed by the drill
water in the tunnel invert. This w«;; avoided by pouring a concrele

floor in the drifts prior to construction of the sills. The extra concrete
was at the Contractor's own expense with costs amounting to $€,000.00.
However. the savings due to more efficient operation were well in excess
of that amount,

The rock was generally looser and more fractured in the west-
bound tunnel. During the arch excavation, the Cat 977 loader was often
used to knock enough rock loose from the face to set another rib: aiter
which, the remainder of the face was shot.

Overbreak was much easier to control in the westbound tunnel
due to the absence of a pilot tunnel. There was only a single 2% to 3-
cubic-yard fallout which was caused by incorrect blocking of one rib.
The lack of overbreak produced a substantial reduc:ion in the amount of
concrete and grout placed outside of the payline, although the Contractor
did not release information as to precise quantity.

Evaluation

Use of Exploration Information - The information supplied
by thedrilling program, the test adit and laboratory testing consisted of

a geologic cross section and profile, joint and fracture pattern studies,



unconfined compressive strengths. specific gravities, and blast con-

trol data. There is no record showing any use of the unconfined com-

pressive strength data in either design or construction of the project.

The joint and fracture pattern stucies were used in the preliminary

design of the steel sets, but in the final design they were not used be-

cause of the nature of the Proctor and White (1946) design method. In

a practical Proctor and White design, the rock type is quite insensitive

when compared to the variables of blocking and set spacing, negating

any real value in knowing the specific rock type requiring support. The

geologic profile and cross section were used to supply general insight

and the specific gravity inform. .on was used for rock loads in set de-

sign. In conclusion, the only exploratory information used specifically

in the design of the tunnels was the results of the specific gravity tests.

It appears, then,that in the design phase less than $1,000.00 worth of

test resul.s were used of the more than $100,000.00 spent on exploration. i
In the construction phase, the only exploration information used

was that obtained from the blest vibration studies. The methods suggested

in these studies Were followed quite closely by the Contractor and suc-

ceeded in protecting him from law suits on olast damage. However, two

suits on blast damage due *o tunnel excvation were filed against the

Engineer. One suit was settled out of Court and the other resulted in a ;
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minor judgment against the Engineer

Comparison of Methods With State-of-the-Art Today =
The tunnel support was designed usingmethods which at the time were some
20 years behind the state-of-the-art. The support design could have
incorporated rock bolt suppert and possibly even rock bolt and pneu-
matically placedconcrete lining. The construction of the tunnel was
current with the state-of-the-art except for the multiple drift heading
which was required by the contract. The Contractor advanced the state-
of-the-art by ripping the material in the bench portion of the tunnel.

Use of Rock Mechanics - No use of rock mechanics
was made throughout the design and constrwction of the project. The
Engineer made an attempt to instrument some steel sets, apparently
for research purposes. No valid conclusions could be drawn from the
data, and the instrumentation was discontinued,

Potential Savings - Potential savings could have come
from two different areas, both concerning rock bolting. The pilot tunnel

was primarily unsupported, however timber sets were used in some areas.

Either of the conditions allows progressive Inosening of the arch of the tunnel.

Because the pilot tunnel was located in the crown of the main bore, this
critical area was allowed to loosen for more than a year prior to excava-

tion resulting in a large amount of overbreak. If the entire crown of the

82

. *“w”‘?‘q b din., o Asain S



pilot tunnel had been rock bolted; or, better vet, had the rock bolts for
the main bore been irstalled as the pilot tunne! was advanced:; or had the
pilot tunnel been located elsewhere other than along the crown of the
main bore, $70,000.00 of overbreak repaii could have been saved.

Had rock bolts been used for the ma!- bore support, considerable
savings could have resulted. A study made by Foundation Sciences'
personnel shows that a 16-foot rock bolt on a 4-foot center would sup-
port the project opening allowing a 6-foot reduction in the tunnel diameter.

A cost comparison by FSI of the two systems is shown below.

Structural Steel Ribs $ 238,665.20
Class A Concrete 838,020.4¢8
Reinforcing Steel —_54,093.84
$1,130,779.52

Rock Bolts $ 290,000.00
Class A Concrete 420,000.00
Reinforced Steel 18,000.00
S 728,000.00

Net Lining Savings S 402,000.00
Excavation Savings $ 360,000.00
TOTAL SAVINGS $ 762,000.00

The savings would have amounted to $762,000.00 per bore for
a total of $1,524,000.00 plus $70,000.00 for the pilot tunnel, all of
which results in a possible savings of $1,594,00C.00 or 16.5 percent

of the total cost,
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Monitoring of Complete Project - No structural moni-
toring of the complete project was performed.

Conclusions

In conclusion, Project "A" ig considered 1.0 be repre-
sentative of the state-of-the-art of tunneling in basalts of Washington
and Oregon to date. Little money was spent on exploration (less than
two percent of the project cost), and little or no use was then made cf
this exploration information in design. The design of the tunnel support
systems was virtually r.on-existent and most of the support design was
performed during the construction rhase by the Contractor's supervisory
personnel. These practices resulted in excessively high safety factors

in the support and lintngs used, and significantly increased the cost of

the tunneling.

84



PROJECT "B"
Introduction
Location and General Description - The project is located
in northeastern Washington and consists of an underground hydroelectric
generating station for a high thin arch dam, see Figure 4. The power-
house is 477 feet long, 76 feet wide, 170 feet high, and is iocated ap-

| proximately 450 feet below the ground surface.

Geology ~ The project is located entirely within the
Metaline Limestone Formation of the northern Rocky Mountain province.

; The area has a complex and varied geologic history including marine de-
position, intense folding, faulting, and chemical alteration. Unconsoli-
dated Quaternary deposits of fluvial and glacial origin overlie the area.

f 3‘ During the retreat of the last glaciation, complex erosional features were

! developed in these sediments. Following glaciation, the Pend Oreille
river excavated its present valley in the glacial debris and the under-
lying Metaline limestone.

Following is a description of the Metaline limestone from surface down:

Mottled, dense, gray limestone. 150 feet
Few chert nodules.

Mottled, dense, gray limestone. 450 feet
Many chert nodules.

Fine-grained, cream-colored dolo- 1,200 feet
mite particularly in the upper part;

alternating layers of black and

white dciomite.
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Interbedded limestone and limy 1,200 feet
shale; locally dolomite.

Total Thickress 3,000 feet

In the vicinity of the dam, alteration of the rock is confined to
dolomitization and to localized zones of silicification. OQutcrops are
prominently beaded and dips of 40 to 50° S, (upstream) are found at
the dam site. In the vicinity of the dam, faults and brecciated zones
are common and appear in surface exposures. The fault breccias are
wholly or partially healed. Jointing is common and locally conspicuous:
however, no reqular well-defined patterns have been detected. Ground-
water is confined to fractures, and in the lower excavation of the power-
house, solution cavities with estimated groundwater flows of 800 GPM
were encountered.

Exploration Program

Surface Exploration - Explo-atory drilling at the project
site began as early as 1944-45. Exten’ ve geologic studies,using
aertal photography combined with surface reconnaissance, supported
with drilling, were performed on the dam site and throughout the reser-
voir area., Ninety-eight holes were drilled atthe site from
1961 to 1964, Thirty-three core holes were drilled in the
powerhouse area, seven were drilled in the right abutment,

and thirteen in the left abutment area. Four core holes were drilled from
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the right abutment exploratory tunnel, six holes were drilled from the
diversion tunnel, and thirty-two holes were drilled in the left abutment
exploratory tunnel. Three surface hcles, drilled in the right abutment
in 1964, complet;ed the exploratory drilling program.

Subsurface Exploration - Two 6-foot by 8-foot exploratory
adits were driven at the site; one at elevation 1,790 through the machine
hall xis to a point 50 feet from the prcposed dam-rock contact in the
left abutment, and the other into the right abutment at elevation 1,825,
The second adit was later used for access from the operating deck on the
downstream face of the dam.

Laboratory Testing - As part of the 1945 exploration program,
samples from the site were tested for compressive strength and bending
strength, see Table 1. The dynamic moduli of elasticity shown on this
table were obtained by sonic methods and the static moduli were determined
by ben<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>