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INVESTIGATION INTO THE STABILITY OF DUFFERIN TERRACE, QUEBEC CITY

by
A, Brown* and F. L. Casey**

SUMMARY

At the request of the Department of Northern Affairs
and National Resources an investigation into the stebility of
Dufferin Terrace was undertsken by the Mines Branch of the Depart-
ment of Mines and Technical Surveys.

Investigations were initiated in June 1957, and were
directed toward a study of any movements occurring in the structure,
and an examination for fissures existing in the supporting rock
escarpment. Because it was believed that climatic conditions could
be important with respect to the stabllity of the structure, it was
declded to continue observations over a number of years. The in-
vestigations were conducted from June 1957 to May 1960, and the data
obtained during the course of the study are contained in the body of
this report.

The results indicated that Dufferin Terrace is subject
to movements of a sporadic nature. The investigation also showed
that the rock escarpment is traversed by numerous fissures which can
allow a ready penetration of water into the rock mass.-and contribute
to the instability of the steeply pitching strata. A strong
possibllity therefore exists that, under present circumstances,
sufficient instability will develop from time to time to cause sub-
stantlal falls from the face of the ocliffs and serious damage to
Dufferin Terrace.

To retard the progressive destruction by weathering
of thie outstanding Canadian landmark, preventive action should be
taken to stabilize the exposed and .over-gteepened cliff faces and to
keep the interior of the fissured rock mass as dry as possible. Some
suggestions along these 1ines are contained in the conclusions of
this report.

*Heed, Mining Research Section, and ' Scientific Officer, Fuels and
Mining Practice Division, Mines Branch, Department of Mines and
Technical Surveys, Ottawa, Ganada.
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ETUDE DE LA STABILITE DE LA TERRASSE DUFFERIN, A QUéBEG

par

A. Brown™ et F. L. Casey™"

RESUME

A la demende du ministére du Nord canadien et des Ressources
natlonales, 1a Direction des mines, du ministére des Mines et des
Relevés techniques, a entrepris une étude de la stablllte de la terrasse
Dufferin.

Les travaux ont débuté en juin 1957; ils cons1stalent en
1'étude des mouvements dont la structure est la scéne, et en une in-
spection visant a déceler les fissures exigtant dans 1'escarpement
rocheux qui lui sert de support. Comme on croyait qu'il se pouvalt que
les conditions climatiques influent fortement sur la stabilité de cette
gtructure, on a décidé de poursuivre les travaux durant quelques années.
Les travaux se sont poursuivis de juin 1957 & mai 1960, et les reseigne-
ments ainsi obtenus apparaissent dans le texte du présent rapport

I1 ressort des résultets que la terrasse Dufferin est soumise
a des mouvements de nature sporadique, et que l'escarpement rocheux est
trés fissuré, si bien que 1l'eau peut facilement 8 'introduire dans la
masse rocheuse et rendre ainsi plus instables les couches & fort pendage.
Dans les conditions actuelles, il se peut fort bien que, de temps a
autre, 1'instabilité devienne assez grande pour produire de gros
éboulements du front de la falaise et endommager la terrasse Dufferin
de fagon sérieuse.

Afin que les actions météoriques soient plus lentes & éroder
progressivement ce remarquable site canadien, on recommsnde de prendre
des mesures préventives afin de stabiliser les faces de la falaise qui
sont exposées et rendues trop raides, et de maintenir sussi sec que .
-possible 1'intérieur de’ la masse rocheuse fissurée. Les conclusions
du présent rapport contiennent quelques propositions en ce sens.

Chef, Section des recherches en génie minier, et agent sclentlfique,
Division des combustibles et des techniques de 1'exploitation miniére,
Direction des mines, ministeére des Mines et des Relevés techniques,
Ottawa, Canadas.
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INTRODUGTION

The Department of Northern Affairé snd National Resources,
through its National Parks Branch, controls certain properties in
Quebec City, including portions of the rock escarpment fronting on the
St. Lawrence river. This escarpment has a history of rock slides and
the above Department is therefore concermed with the effects of such
occurrences, particularly with regard to the stability of the cliffs at

Dufferin Terrace.

Falls of rock from the face of these cliffs are usually
limited to fragments that have become loosened from the parent mass but,
at irregular intervals, more substential slides occur. On the occasion
of the lasﬁ big landslide (in 1889) the rock fall was large enough to
cause not only extensive damage to Dufferin Terracé but also loss of

1life and destruction of property at the foot of the cliffs.

In 1956, the Department of Northern Affairs and Nationsl

Resources sought the advice of the Geological Survey of Canada and, in
October of that year, a geological examination was made of the cliffs
between Wolfe's Gove and the Rue de la Montagne, a distance of approxi-
mately one mile. This examination included the portion of the cliffs
supporting Dufferin Terrace. The report(l) subsequently issued by the
Geological Survey of Canada contained the comment: "The assessment of
the geological factors on %he recurrence of landslides is necessarily
quelitative and as such is of limited value. For quaﬁtitative informa-
tion a short-term progrem might be instituted to measure precisely the
rate of separation of beds across one or more fissures beneath Dufferin

Terrace .



-2 -

On December 10, 1956, the Department of Northern Affairs and
National Reéources acted on the abdve suggestion by requesting'the
'Department of Mines and Technical Surveys at Ottawa to make such
observations as would provide information on the stability of'Dufferin
Tefrace. Following correspondenée between these two departments (on ‘
January .4, January 23, and March 4, 1957), it was agreed that the Mines
Branch would undertake'the study and that the work would bé conducted by
the Mining Research Section of its Fuels Division. The Mining Research
Section was selected because of experiencg gained by investigations into
ground control in underground mine workings. It was considered that
techniques and apparatus develépedAfoi measu;ing rock deformations on a
large scale in mines might be adapted for:observing_mass moveﬁents in

the Quebec cliffs.

During the course of the above correspondence a preliminary
meeting was held on January 15 between officers of the Engineering
Services, National Parks Branch, and the Mining Research Section of the.

Fuels Division, The detéils of the meeting have already been reported,(z)

Upon receiving authorization to proceed with this study the
above officers of the two depsrtments initiated a co~operative program
of observations based on: |

1. The measurement of movements occurring in Dufferin Terrace.

2. An examination, through boreholes, of the physical condition
of the cliffe to determine the location and dimensions of
rock fissures. Boreholes were considered necessary, as the

rock surface is covered with debris and the alternative of
trenching to bed-rock would be much more costly and lsborious.
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Since time was required to develop new, or adapt existing

observation equipment, and also because of severe ilcing conditions

beneath the Terrace, the start of field observabions was scheduled for
the early summer of 1957. In the meantime, consideration was given at
the Mines Branch to possible measuring equipment that could withstand

long time exposures to the weather.

In April, 1957, officers of the National Parks Branch and the
Mining Research Section visited Quebec Ciby te examine conditions at
Dufferin Tervace and to select the observation sites. Discussions were
also held with individuals in-Quebec City who might have information to
impart that would provide additioné} ingight into the problem. These
included Messrs. L. Gagnon, Chief Engineer, and A. Piché of the City
engineering department; Professor F, F, Osborne, Geological Department,
Laval University; Major-General J. V. Allard, Commaﬁding Officer, and
Major H. A. Cameron, Area Engineer, of Eastern Quebec Area, Department
of National Defence, and Dr. I. W, Jones of the Department of Lands and

Forests, Province of Quebec.

During these discussions, requests were made to the above
individuals for all records of past construction work done in the
vicinity of the Terrace, including forts, gun emplacements, water
reservoirs, and drains. Information was aiso requested about previous
rock falls of major dlmen81ona, and about any earlier 1nvestigat10ns
that had been conducted 1nto the stability of the Quebec escarpment.
The available information was kindly supplied, and was supplemented at
a later date by an examination of records at the Public Archives in
Ottawa. A report on this initial inspection visit.to Dufferin Terrace

has already been presented.(B)
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Observations were initiated in June, 1957, and because it was
} considered that climatic changes could havé significant; influeﬂce on
deformations occurring.in the rock escarpment, and also in the man-mede
structure of Dufferin Terrace, both of which are fully exposed to the
elements, tho observations were continued over a number‘of seasons until
May, 1960. The results and interpretations of these observations are

contained in this report.

DESCRIPTION OF DUFFERIN TERRACE

As viewed from the St. Lawrence river and Lower Town in Quebec
‘City, the most prominent feature ofbDufferin Terrace (Figures 1 and 2)
is the massive masonr& wall built oﬁ fhé’top of the rock escarpment, and
extending along the cliffs for a 1ength.of approximgﬁely 1500 feet, from
the Chateau Fronténac at 1ts northern end to a point . below the Gitadel
at its southern end. This wall rests on verticélly—-spanding limestone
sﬁrata.- The top‘of the wall is sbout 185 feet above'thé~1e§el_of the .
Stp Lawrence rivér, and from its base the cliffs dqscénd at steep angles
to Ghemplain and Little Ghamplain streots in Lower Town. ~These cliffs
are sparsely covered with bushes and light tree growth,‘whidh afford
very little protection to the exposed and irregulér rock surfaces. As
a result of the continuing erosion, a talus deposit has formed at the
ffont of the cliffs, and has piled uﬁ against tﬁe rear walls of the
buildings;on Little Ghamﬁl&in street. A portion of the cliffs, at the
site of the large landslide of 1889, has been graded to a uniférm slope
and paved with rip-rap to retard further erosion. When viewed from above,

the Terrace has a broad expange of wooden promenade deck, about 1500 feet
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long and from 30 to 70 feet wide. The weight of this plank deck is not
carried by the front masonry wall, but is independently supportéd by a
'steel framework. The cgnstruction of this.supportipg framevork is shown
in Figure 3, which was taken below the promenade deck. In this picture,
the front masonry wall cen be seen on the right. Some idea can also be
gained from this illustration of the amount of loose rubble bhat hasg

accumilated over many years.

In former years, a wooden walkway exbtended from the southern
end of Dufferin Terrace end ran along the cliffs beneath the Citadel to
the Plains of Abrsham. This walkway detericrated over the years and only
faint traces of it remeins today. In 1958, the Department of Northern
Affairs and National Resources begen the-construction of a new and much

more substantial walkway, which will be completed in the near future.

Haintenance work on Dufferin Terrace is the responsibiliﬁy of
“the Department of Northern Affeirs and National Resources. In generel,
this includes annugl repairs to the masonry wall, replacement of deck

planking, and barring down of loogened rock from the cliffs.

HISTORY OF DUFTFRERIN TERRAGE

Since the early days of theAsettlement at Quebec the present
site of Dufferin Terrace on Cape Diamond has been occupied by construc-
tion of some sort, but it is only since 1879 that the Terrace has existed
in its present shdpe and dimensions. Remnants of older construction still
exist, for beneath the northern end of Dufferin Teryace lie the remgins

of old Fort or Chateau St. Louis which was destroyed by fire in 1834.
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Originally erected as a fort on the edge of the cliffs by Samuel de
Champlain in 1620, Fort St. Louis was enlarged as a chateau by his
Quccessor, Governor Montmagny, in 1647, and later rebuilt and extended
by Frontenac in 1684. TFor over two hundred years it was the residence
of French and English governors. Following its destruction by fire in
1834, the Barl of Durham cleared the site and in 1838 erected an
observation platform known as DurhamlTerrace. fhis platform was en-~
larged in 1854 by the Honourable Jean Chabot, Member for Quebec and
Commissioner for Public Works. In 1878, and as part of a comprehensive
plan for city improvements, the Earl of Dufferin was instrumental in
having the platform increased ébout_four timés in size end constructed
to its present shape and dimensions. The structure was officially opened

and recognized as Dufferin Terrace in April, 1879.

Few records sre availsble on ﬁhe occurrencé of landslides from
the ¢liffs at Cape Diemond, but in recent times the two largest occurred
in 1841 end 1889. The former occurred on May 17, 1841, from an area of
cliff in direct prolongation of St. Denis street. Little information is
available on the circumstances, or about any corrective action that might
Vhave been teken. Apparently, however, an uneasiness continued to exist
regardiﬁg the stability of the cliffsyfor, in 1880, a Mr. Charles
Baillairgé of Quebec City was commissioned by Sir. H. Langevin, Minister
of Public Works, to make an examination of the crevasses in the cliffs
below the Queen's Bastion. ~In his report,(A) Mr. Baillairgé recommended
that the houses on both sides of Champlain street should be vacated and
that buttresses should be built between the above street and the face of
the cliff. As a result, the Government purchased the property at the

foot of the cliffs, demolished the houses thereon, snd erected a wall



eight feet high dnd three to four feet thick to serve as a screen or

fender. According to Mr. Baillairgé'the houses on the bpposité side of

Champlain street were not purchased, and these were the ones overwhelmed

»

by the landslide in 1889. Ir. Balllairgd's report on this disastrous.

occurrence of September 19,1889;'18 the only cqmprehensiVe account t
available gbout a lendslide at Dufferin Terrace. In summary, he re- ’
ported(4>‘thatAthe steeply dipping 1iﬁeétone beds are not in nofmai,

intimate contact Eut have, over the years, separated from’one another and

opened up fissures of substantial widths. His.idéas'about the condition

of the ¢liffs are well illusﬁrgfed in Figure 4, which has been repfoduced '

from the Bailiairgé'report. This illustration suggests that the fissures

extend for substantial distarices along the strike of the beds and to

depths he postulates to be sbout 100 feet. Mr. Baillairgé als§ reported

on the strongly-jointed condition of the iimestone beds and expressed the

bpinion that these lines of veakness traversing“the’ioqk mass, in épn~ , »
Junction with the numerous fissures opened up along the bedding planes,

create an unstable rock foundation beneqth Dufferin Téfpace.‘ His report

concluded that when these numerous fissures and open joint planes f£ill.

with water a hydrostatic force is developed within the rock mass that

can,kover a pefiod of years, sufficiently wzaken the escarpment and

. evenﬁu&lly cause a landsliae. The need for adequate drainage of the

escarpment was emphasized.A Mr. Baillairgé also suggested the construc-

tion of a retaining wall at, the foot of the _clii-':s, ebout 300 feet long,

40 feet high, and 20 feet thick at the base, tapering to 15 feet thick

ot the top. . 4 -

'The landslide of 1889 caused severe loss of life and property

damage in the Lower Town section of Quebec City and brought about the
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' collapse of an exteneive portion -of the southern end of Dufferin Terrace.
" For three or four days preceding the landsllde there had been heavy
reinfall in Quebec City, and in the twelve hours immediately preceding

the event the rainfall had amounted to 3.4 inches.'

GEOLOGY OF QUEBEC CITY

‘ A number of studies (5, 6) have been'ﬁade on the geology of

" Quebec City end have provided useful informafion.for this investigation.
More recently, as has alfeady been mentioned in this report, the
Geological Susey of Canada made an-exemination in 1956 of the cliffs
between Wolfe's Cove and the Rue de la Montagne, to asgess the geologi—
).

cal factors related to the recurrence of landslides.

The rocks exposed on the escarpment et Dufferin Terrace belong
:%o the‘Quebec City formation of Middle Ordovician age, and consiet.of

~ dark grey, stfongly;jointed iimestone, and dark;,calcereous.ahale.

These roocks underlie most of the City of Quebec. The pfincipal'.v
structcrel feature in the Quebec City area is a prominent synecline,
known as the Quebec City syncline, that strikes norﬁheast and plunges

to the southwest. The steeply pitching southeast iimb of this syncline .
forms the escerpment overlooking the St. Lawrence rivec; The strata
eipoaed on the escarpment dip from 80 degrees'northwest to 60 degrees
southeast, and are in contact with the older, highly deformed, incom-

petent shales of the Citadel formation.
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CLIMATE OF QUEBEC CITY

Because climatic conditions have a marked influence on the
erosion rate of natural structures such as the Quebec (ity escarpment,
it is useful to include in this report a few pertinent facts regarding

the climate at Quebec City.

Although the City has been assigned by climatoloéists to the
region of the Lower Gregt Lakes, it lies atb the extrome castern boundary
of this region and borders the region of the Atlantic Provinces and
that of the Lgurentian Plateau. Meteorological reports indicate that
Quebec City has a long~berm annual average of 39.85 inches of total
precipitation (water), made up of 27.48-inches of rain and 123.7 inches
of snow (eqﬁiValent to 12.37 inches of rain). With respect to this
total annual. precipitetion, the City is‘exceeded oni& by 13 other
Canadian centres, of which nine are located in the Atlentic coast areas,
two are on the Pacific coast, and the remaining two are the relatively
nearby communities of Montreal and Chibougameu. It is therefore appar-
ent that Quebec has a long-term record of abundant precipitation. It is
also worth mentioning that, included in its totsl annual precipitetion,
Quebec City has much more snow than the above-mentioned coastal
comnunities. OConsequently, during the annual spring "run-off" period,
| much more wabter would have to be disﬁosed of in_Quebec than in any of

the coastal cities. Table-l is g record of precipitation.

The long~term average dally temperature at Quebec City is
39.26F, The long-term average by months ranges from 10.4° in January

to 66.7° in July. Teble 2 is a record of mean temperatures.



Precipitation at Quebec Gity in Inches

(10 inches snow is equivalent to 1 inch of rain)

Year Jan. Feb., jMar., {ipr May jJune’ July Ang; Sept. {0Oct. (Nov. Dec. l?;ar
72 Yeers| Snow | 29.3 123.1 [20.8 8.7 { 0.5 o {1 o 0 {Trace | 1.8 | 14.4 |25.1 {123.7
averags | Rain 0.52{ 0.43 | 0.94 % 1.48} 3.10 | 3.68 i 4.02 3.98 | 3.60 3.23 1 1.79] 0.71] '27.48
~ - Total 3.451 274 | 3.02 ] 2.35] 3.5 3.681%1 4.02 3.98 1 3.60 | 3.411{ 3.23] 3.22] 39.85
{1057 Snow {.19.3 9.6 6.3 3.9 | Trace 0 0 ¢ Trace | Trace | 10.5 | 40.8 | 0.4 |
P {2) Total ! 2,951 1.42 89 0 1.860 1.57 1 7.571 5.16 4 1.91 § 6444 § 3.19 ) L.971 6.371 AL.3L
4 . :
e Ra:—:». 0025 0.02 O'Os lc’?l 1080 6;48 4.89 6o33 Z:..Z}.?. 23% l.SO 30035
(2) Tob 3.66 1 3,86 | 1.75 1 1.91 1.80 | 6.48 %1 4.89 | 6.33 1 4.42 2,50 3.4 3.43] 44.37
1959 | Smow | 25.5 ;18.8 [29.0 1.5 Q 0 0 0 . 0 9.4 1 20.3 | 25.8 {130.3
7 | Rair 071§ © 0.05 1 2.551 Lidd § 5.21 71 2,31 | 6,14 3.41 17 5.22 1 4971 0.74) 32.75
(2) Total | 3.26 1 1.88 | 2.95 1 2.70{ 1.44 | 5.21 1 2.3L { 6,141 3.4 | 6.16% 7.0 1 3.32] 45.78
logo | Smow | 37.0 [59.4 1.3 | 3.20
Rain 0.02 1 1.38 | 0.89 | Z.01
{2) Total | 3.72 1 7.32 | 2.32 | 4.33

(1) Climetic Summaries for Selected meteo*ologlcal Stations in Canada. 1954. Meteorological Diviéion,
Depertment of Transport, Canada. ‘
(2) Monthly Meteorological Summaries for Quebec City. Meteorological Division, Department.of Transport, Cansda.
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TABIE 2

Mean Temperatures at Quebec City, oF

Tear Jan. | Feb. | Mar, |ipril | May | Jume | July| ‘hug.| Sept.| Oct. | Hov. | Deec.
72 Year i0 12 23 37 51 62 67 64, 56 A 30 16
Averags
to 1954(1)
1957 | 4 19 27 39 52 6 | 65 61 56 4 35 22
1958() | 18 13 32 2 50 56 | %6 62 55 i2 32 6
1959(2) | 11 1 21 38 55 59 | 72 64 58 43 30 19
1560(2) 12 22 23 37
1)

Department of Transport, Canada.

(2)Mbnthly Meteorological Summaries for Quebec City., Meteorological Division, ﬂepért-e
Canada.

Climatic Summaries for Selected Meteorological Stations in Canada.
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PROBABILITY OF DAMAGE FROM EARTHQUAKES

When considering'the stability of the cliffs at Dufferin
ferraCe and other parté ofuthe Quebec escérpment, congideration should
be given to the probability of earthquakesland to their effect on |
natural and man-made structures. The Dominion Obsérvatory has compiled
a Seismic Prpbability Map for Canadé in which the country iag divided
into zones according to the expected damage fpom future earthquakes.

On this map, two zones are outlined in which major damage may be expected,
one of these being the coastal region of Britiéh Columbia, and the other
being the Ottawa~St. Lawrence valley area. TFurther to this, it is use-
ful to present a few excerpts from the paper, "A Seismic Probability

Map of‘Canqda", prepared in 1956 by Dr. J. H. Hodgson, Dominion Seis-
mologist: | 41-

1Studies by E. A. Hodgson show that the St. Lawrence valley
has a history of seismic activity dating back to the time of JacQues
Cartier. Thé largest Canadiah earthquake on record occurred in 1663;
its epicentre was probably near the site of the 1925 shock. To judge
by cohtemporary reports, the earthquake (1663) must have been as large
as the San Francisco earthquake. Whole areas of forest were levelled
by it and laﬁdslides caused by the earthquake dammed the St. Maurice

river below Shawinigan Falls, causing it to change its course.!

'The history for the West Coast has béen,traced:back to 1841
by W. G. Milne., He finds that several earthquakes with magnitudes of
7 or more, and at least one with a magnitude probably greéter than 7.5,
occurrsd in the years prior to the installation of sensitive seisﬁo—_

graphs at Victoria.'
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1Tt seems clear that large earthquekes have been accurring
in these two areas as far back as records are avsilable. Earthquake
damage in Cenada haé.beén 1ow; not because of the lack of earthquakes,
but because the earthquakes have not happened ciose to the large cities

and towns.!

'In the St. Lawrence earthquake of March 1, 1925, (magnitude;
7.0), almost every butlding within the epicentral zone was damaged.
Most chimneys within fifteen miles of the epicentre were destroyed and
some stone churches were completely demolished. Even frame buildings,
which normélly resist earthquakes, were twisted out of shape. At
Quebec, distant 80 miles from the epicentre, damage was confined to
areas of bad ground. Minor damage was reported at distances in excess -

of 200 miles.?

"Experience suggests that a building on the side of a hill is

more subject to damage than one built on the level.!

The sbove evidence provides substantial warning that earth-
quakes of minor and major magnitudes can occur in the Quebec City area.
This probability should be taken into account when considering the

safety of cliff-side structures along the Quebec escarpment.
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MINES BRANCH INVESTIGATIONS

Preliminary Inspection

With the object of exploring the problem at first hand, s
visit was made to Quebec City on April 22-25, 1957, by officers of the
Mines Branch.and of the Department of Northern Affairs and National

Resources.

The general topography of the éliffs was first examined along
Petit Champlain, the short street lying immediately below the Terfacé |
and bordering the oot of the c1iff. Talus from the c1iff face has
encroached upon the rear walls of the buildings which line the west
(c1iff) side of this street. Although structural details of the rock
slopes below the Terrace were considérably obscu%ed by loose rqék
producéd by westhering action, and also by a_iighﬁ tree grdwth, prominent
features observed were the sites of the two rock slides of 1841 and
1889 end the protruding mess of strata that lies between fhe siﬁes of
these two slides. Geological studies of the Quebec eéoarpment have
shown that the strate are eséentially vertical and are composed of
strongly-jointed, medium to thick bedded limestones of Middle Crdovician
age, with interbedded shales. Such a structure would tend tb creagte an
unstable rock mass. This prelimihary reconnalssance. also indicated that
the thin, interbedded sheles are less resiétant to weathéring than the |
limestones. A faster rate of efosion of a shélé bed would tend to

undermine and render unstable a superincumbent sleab of limestone strata.

Vigual inspection of the cliffs below the Terrace did not

reveal any obvious channels for surface water down the inclined slopes,
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but the trickling of water acrosg Pelit Champlain street, and a more
subgtantiel issue of wabter into the c¢ity sewers near the inbtersection
of Petit Champlsin and Champlain streetbs, suggested that water was
‘percolating through the mass of the cliffs. A 1lighlt rairn had fallen
the evening before this inspection and, in addition, a residual sheet

of ice was still melbting below the board walk of Dufferin Terrace.

A substantisl retaining wall has been built along the foot
of the cliffs below Dufferin Terrace. This masonry wall begins near
the intersection of Petit Champlain and Champlain streets, and contin- .
ues southefly along Champlain street for seversl hundred yards. This
ig effective in preventing talus and rolling rock from reaching the
highway. As already indicated, the buildings on the cliff side of Petit
Champlain street actually perform the same function, and the above-
mentioned rebaining wall is & southerly extensiocn of this row of build-

ings.

While the immediate problem as presented to the Mines Branch
had to do with the stabllity of the escarpment below Dufferin Terrace,
adventage was teken of this initisl reconnaissance to inspect the cliffs
south of the Terrace and as far as Wolfe's Cove. Between the Terrace
and the Montgomery plaque, which i located approximately half-way along
the Citadel, the foot of the eliffs bordering Chaﬁplain street appeared
to be in a quite unsteble condition,and reck falls of apprecisble pro-
portions could readily occur. Fortunately, there are no buildings slong
this stretceh of highuay. South of the Montgomery plaque, the eliffs

lean back at flstter engles and less cribical conditions exist.



- 20 -

Following this inspection in Lower Town, an examination was
‘made of Dufferin Terrace. The accompanyihg Eigure 5. sexves éé illus-
tfate a typical cross-section through this structure, and a profile of
the rock surface on which it has been ervected. As indicated earlier in
this report, the wooden promenadé deck is supported whdlly‘by the steel
framework, and the masonry front wall carries its own weight only. The
steelwork, wood decking and masonry are in good condition, having been
repaired or renewed in recent years by the Departmenl, of Northern
Affairs and National Resources. An examinatién was made of the masonry
front wall, particuiar attent;on being paid to signs of movement as
evidenced by éracking of this brittle shfucture. From this preliminary
examination it appeared that movement, 1if any, must be of a very slow
order and perhaps, also, sporadic in nature. Some evidence of-a regular
system of horizontal cracks was observed in these walls along the north-
ern half of the structure. These fissures were»quiﬁe narrow, with small
horizontal displacements, and occurred from one-third to half of the way
up from the base of the walls. Some irregular cracking in the walls was
also observed at the soutﬁern end of the Terrace. The'rock surface on
which the Terrace has been built was obscured by debris and, at the time

of this visit, a layer of ice.

Earlier gtudies of the cliffs(A)-indicated that the rock is
heavily fissured through separation §f the vertically stgnding layers
of rock along their bedding planes. Later attempts were made by dther
investigators to relocate these fissures by trenching at a number of
points, and such efforts have traced a few of the fissures over short

distances. The largest fiasure observed during ﬁhe 1957 visit of
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inspection was located .beneath the southern half of the Terrace. This

- fissure was approximately ten incChes open at its widest part and, while
ice projections on -its -sides prevented plumbing for depth, it appeared
to extend downward for a considerable distance. Of interest was the
fact that a concrete block had been placed between ﬁhe sides of this
fissure some years ago; Examinatién of this,biock in 1957 showed no
sign of any appreciable movement having teken place beﬁween fhe.sides
of tﬁis fissure. The apparent inactivity of this fissure, which is
located well back from the vertical face.df the escarpment, raises
queétions as to its originabing conse of fracturing and the rate at
which it ﬁas been opened to its present width. It is difficult to

- accept differential weabthering as a probable. cause, but it is intef~
estbing to conjecture that a wrenching action during the two major rock
slides, that have occurred from the cliff faces adjacent to bhis fisaure,
may ha&e dynamically pfoduced it as well as'othé? figsures not observed

during this examination.

It was also obgerved that a considerable volume of water was
enterlng the strata behind the Terrace. This waber was partly the
result of nabural run-off, but was being considerably added to by a
habitual prectice, adopted locaily, of dumping snoﬁ and iée through
hatches in the promenade deck. This'snbw and ice weré cleanings from
the toboggan slide and ﬁhe skating rink that are annually constricted at
the Terrace. Becauée ﬂﬁis-practice can only be detrimentsl to the
gtebility of the Terrace, the Department of Vorthern Affalrs and

National Resources has taken steps to discourasge it.

As a result of this preiiminary inspeétioh;it was decided
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that the invéstigabions at Dufferin Terrace should have the following
two objectives:

1. To observe, over a period of several years, the deformations
oceurring in the strucbure of Dufferin Terroce.

2+ To learn the physical condition of the cliffs in this locality,
particularly with regard to the existence of fissures of the size re-

ported by C. Baillairgé.

To carry out this study on a cooperative basis, it was agreed
that the Mines Branch would provide measuring apparatus and snalyze the
regsults, while the Departmént of Northerﬁ Affairs and Nabional Resources
would provide local assistants to take bhe readings and maintain the

apparsbus.

Observations of 3tructursl Mevements at Dufferin Terrace

Becsuse no date were ovallable from earlier studies the
present investigation was faced with finding answers to the fellowing
questions :

1. What is the magnitude of ground movements, if any, at Dufferin
Terrace?

2. Do any portions of the Terrace exhibit greater movements than
the rest of the structure?

3. Are such movemenhs seasonal in nature and perhaps assoclated

with specific events such as a heavy rainfall?

Apparestus employed

To supply anavers bo the above it was considered necessary

to instell apperabtus along mosl of Dufferin Terrace end to conduct
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observations aver a cycle of one or more scasons., A& fuf%ﬁer-reQuire~
ment was that the apparstus must be able to withstand exposure +o wide

. variations of weather and.over a considerable ﬁeriod. Furthermore,
since the geologist's report indicated thaﬁ-movements acrogs individual”
~Pissures were likely to be of small‘magnitude, it was considered
necessary to select apparatus that would give the aggregate movement

across a number of fissures.

For these studies, it vas decided to employ suspended wire
megsuring aSSemblies,_installed>below the wood deck for protection
against the veather as illustrated in Fiéure 6. Ten of these
assemblies were installed along the Terrace as shown in Figure 7.
Details at the‘énchoring pointg and %he measqring scales are sbown.in
Pigures 8 and 9. When deciding on the type of wire to employ,
consideration was given to Invar metal in brdér to reduce the éfféct
of temperabure changes but, since the manufacturer_could not guarantee
freedom from rusting, it was decided to use stainless steel wire of
1/16 inch diameter. The temperatﬁre coefficient of—expansion of this
wire.is 0.000006 per degree'Fahrenheit. The pulley used in the assembly
was made of gluminum. It will be noted that each assembly was designéd
to give a vertical'and a horizontal reading. Changes in the vertical
reading, after due correction for temperature effects, would be indicative
of movements occurring Petween the two anchoring points. Changes in
'mehmﬁmm@lru@Mngﬂdhﬂﬂmhamhﬂﬂmﬂ&mwﬁmﬂsihﬁ%1mh1
front wall of the Terrace,. for Lhe suspended weight on each assembly
also functions as a plumb bob, It was appreciated that érrorﬁ in

readings could occur if slippege occurred abt either anchor point in
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each assembly, ana as a check on this, reference measurements L, Y and
.2 were made as shown in Figure 10. The ten assemblies were inétalled :
on November 15, 1957. 'Subsequently, in February, 1959, five of these
indicating assemﬁlies were modified by removing the dead_Weighté and -
installing automatic recorders, in order to obtﬁin a continuous record
of the movements. These recorders were installed at stationsilz.z, ey

6 and 8, in the manner illustrated in Figure 11. In June,.l959; because
of movements observed at stations 5 and 6, a Speclal set of four record-
ing assemblies was installed between stat:ons 5 and 6, and between
stations 6 and 7. These assemblies were installed'on new concrete
pedestals, thét were carried down eight feet or more through the loose
&ébris beneath the Terrace ahd’anchor-pinned to the bed rodk."’These
speciél pedestal assemblies are referred to in this report as 5£ation5
5-1/2 Upper, 5-1/2 Lower, 6-1/2 Upper, and 6~1/2 Lower. Figure 12 |

illustrates the pedestals and their ettached recorders.

As a means of providing a check on the obsérVatibns made
with these wire assemblies suspended below the wooden deck. of the
Terrace, reference points werevinstalled directly sbove each assembly
on fhevtbp of the front and reaf walls of Dufferin Terrace. These
reference points were steel pins sunk flush with the concrete coping.
During_the cdurse of the investigatipn,_thé distance betveen each pair
of points was measured with a steel~tape at various intervals, except
vwhen ﬁhe Terrace was covered with snow. These measurements ihdicated
any variations in the distance between the front and'back'walls of the

Terrace.

Corrections were made to compensate for femperature effects




X - DISTANGE FROM POINT ON ALL TO NOTCH TN EVFBOLT
Y - DISTANCE FPROM POINT ON WALL TO MARKER ON WIRE
THESE ARE CHECKS ON SLIPPAGE OF EYEBOLT ANGHOR AND SLIPPAGE OF WIRE

PASTENING RESPECTIVELY.
2 - DISTANCE FROM POINT ON WALL TO NOTCH TN PULLEY SLFEVE

Figure 10. Reference points for checking anchor slip
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on the suspended wire essemblies and also the steel tape. In the

‘beginning, an indicating thermometer was employed to obtain data on

the temperature, but this was replaced later by a recording unit that
was checked weekly. For additiopal details sbout the weather, particu-
larly precipitation, arrangements were made with the Meteorological
Division of the Department of Transport of Quebec to recelve its monthly

record of meteorclogical summaries.

As installed, therefore, the apparatus placed at Dufferin
Terrace was as follows:

Ten suspended wire assemblies for observing total movements
occurring between the front and back wells of the structure.
The accuracy of reading with this kind of apparatus was con-
sidered to be around ¥ 1/8 inch.

Ten plurb-bob units to determine whether the movements
observed with the ten assemblies were occurring in the main
front rampsrt. Reading accuracy was considered as béing
approximately L 1/8 inch.

Ten sets of top chaining points to serve as a check on the

ten wire assemblies. Reading accuracy, sbout + 0.02 foot.

For e time, also, use was made of a dial type extensometer to
observe movements occurring ecross one of the larger fissures exposed

below the Terrace. This labtber method was unéroductive of results.

It must be reported that, despite precautions for protection
the apparatus suffered heavily from vandals. The measuring assemblies
installed in November, 1957, were all damaged to the extent that they

had to be reploced in May, 1958. This nullified the observations during
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ﬁhis first winter period.. From time to time, thereafter, other parts
of the apparatus were persistently tamparéa with or gtolen. Oﬁ each’
occasion the apparatus.had to be examined, repaired, and.a.new refer-
ence point established from which to continue ‘the measurements. These

incidents are individually referred to in the accompanying data tables.

Results of observations of structural movements

The measurements made with the ten suspended wire assemblies
are listed in Tables 3 to 17. These tables. cover the whole period of
observation, including the time when recdrdiné apparatus was in use at
Stations 1, 2, 4, 6 and é. The data have also beéﬁ prepared in graph
form, asAillustrated in Figure 13,'to show how the front and rear walls
of Dufferin Terrace divefgéd or converged during the course of the

study.

‘In furthervelarification of the movements’illustrated in
Figure 13, it may be added that divergence reﬁresents an outward move-
ment (toward the river) of the fronﬁ rempart of the Téfraoe.\ Conceiv-
ably, it could ﬁlso repregsent an outward movement (toward the city) of
ﬂhe low rear wall of the Terrace, but such an outward ﬁovement of the
rear wall is considered unlikely because this wall is built against
earth fill or rock. Cbnvargence, on the opher hand, represents an
inward movement of either the front ramﬁart or the low rear wall of the
Terrace. In order to deterﬁine wheﬁher the-frant rampart was partici-
pating in these converging or diverging movements,-plumb-bob éﬁsembiiés
were.installed, as alreadyAindicated, and thé results ave presented ig

Figure 14.
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The obsérved changes in verticality of the front rémpart of

‘ ﬁhe Terrace are listed in Table 18, and gréphically represented for sll
ten observation stations in Figure 14. For esch station in Figure 14,
any change to the left of its position in Mey, 1958, represents a shift
of the fromt rampart boward the city , and any change to the right of
this oiiginally obgerved position represents a movement toward the river,
or eagstward . The observed movements could readily have been convertgd
to degreés of inclination, bubt it is considered that a clesrer idea of

" the magnitude of movement is imparted by preéenting the aetualimovement,

in inches, of the plumb-bob.

Thé measurements mede with the four speciel pedestal assem-
blies are listed in Tables 19 to 22. It will be recalled that these
assemblies were installed to investigafg further the pronounced move-
ments observed at Stations 5 and 6. These measurements have alzo been
prepared in graph form, as illustrated in Figure 16, to show the amount
of divergenca‘and convergence that occurred between £he anchoring points

of each assembly. .

Finally, the measurements made with e gteel tepe between
pointé affixed to the front and rear walls of the Terrsce are presented

in Tebles 23 to 2.

Before discussing the results of the observations, it is
necessary to refer back to a statement, made earlier in this report, that
the accuracy of reading the scales on the suspended wire assemblies, in-
cluding plumb-bob readings,wes * 1/8 inch  (x 0.12 inch), and for

—

steel tape measurements it was + 0.02 foot (+ O.24_inch); The date will

I+

therefore be analyzed in the light of these accuracies, snd only those
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- changes that are of a greater order of magnitude.will be considered as
~indicating mctual movements:®  Alsc, for readier reference, the
discussions will be based on Figures 13 and 14, although the detailed

lists of data in Tables 3 to 32 are availeble if required.

Referring to‘Figure 13, it wiil be observed that Stations l;
.2, 4 and 8 showed remarkable stability-bver thé whole observation |
périod{'for the movements observed did not exceed the accepted obsérVa—
tiqn error of + 0.12 inch. - This absence of movement is confirmed in
Figure.i4, where these same stations als& indicate that no signifiCant

‘motibn occurred in the main front wall at these four locations.

Station§:3, 7, 9 . and 10 are a grdup of four stations that
apbeared to be stable during most of the obéervation period, bﬁt there
ave indications that sporadic movements did occur at each location. Aﬁ
Station 3; Figure 13, a convergence of approximately 1/4 inch was
observed during the sutumn of 1958, end this is confirmed reasonably
well by the action shown at this stabtion in Figure 14.. The combined
evidgnce indicates that around September, 1958, the froﬁt wall ét
Station 3 swayed toward the city (upper town) by approximately 1/4 inch.
At:Station 7, the Terrace remained quite steble untll August, 1959, when,
as illustrated in Figure 13, a convergence.of approximately 1/4 inch -
oceurred. The direction and time of this movement are confirmed in
Figure 14, in which the froﬁt wall at‘Station.7'is shown as‘hgving moved
toward the city (converged) in August, 1959. In May, 1960, as in.-
dicated in Figure 12, a more pronounced move of the front wallloqcurred
at Station 7, and'agaiﬁ in the direction of the city. This latter event

oceurred during the final month of the investigation, after the
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suspended wire assemblies had been removed. At Station 9 there is some

evidence, as indicated in Figuve 13, that a converging movement of some-

thing less than 1/4 inch occurred in June, 1958. Reference to this

station in Figure 14 also indicates that there was some instability of
the front wall in this same month. A more definite amount of convergence
took place gt Station 9 in September, 1959. This can be seen by refer—
ence to Figures 13 and 14 . The movement waé'of the order of 1/4 to
1/2 inch, and was at least partly associated with a movement of fhe
front wall toward the ¢ity. This movement could also have been partly
caused by an inward movement of the low back wall of the Terrace. At
Station 10, ° as illustrated in Figure 15§ a diverging movement of
around 1/4 inch occurred during the sutumn of 1958. The direction and
time of this movementare confirmed in Figure 14, on which the front wall.
at Station 10 is shown as having moved toward the river (diverged) in
Septeuber, 1958. Subsequently, as shown in Figures 13 and 14, the
data indicate that the front wall regained its original position early
in 1959 and conditions then remained steble until Novémbef; 1959. At
this latter date, the evidence is thalb the main front ﬁall again moved,

or swayed, toward the river (diverged) by an amount in excess of 1// inch.

The largest movements were observed at Stations 5 and 6., At
Station 5, Figure 13, a diverging movement. of approximately 1/4 inch
occurred in June, 1958. Reference to this station, in Figure I4,also
indicates front wall instability during June and July, 1958, but that the
movement waé a convergence, not a divergence. It is difficult to explain
this inconsistency,unless the front wall moved oubtward at its foot and
increased its inward slant at the same time. Further reference to

Figure 13 indicates that a more pronounced divergence began at Station 5
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in April, 1959, and continued to increase until the following August.
The maximum movement involved during this ﬁeriod amounted to nearly one
inch ‘of divergence. During this. same period, as shoun ianigure 14, -
the front wall showed only brief aﬁd minor changes in its verticality;
suggesting that it moved bédily outward with iittle chahge'in inclina;

tion.

~ The most.abrupt mévements obgerved during the investigation’
occurred at Station 6. A definite convergence’was.obserVed in July ana
August, 1958, emounting to approximately 1/2 inch. Thereafter, until
May; 1959, no. apprecisble movement was observed at”this locéfipﬁ. ‘In
May, 1959, there was evidence of renewed activity, followed By a éuddén
end quite subgtential convergence on Jure 7 and 10. Figure 15 isia :
'reproduction of the chart taken from the automatic ﬁpvement reéorder.
that vas gmployed at Station 6. The abrupt nature of the mdvements 1=
apparent, and it may belmentioned that this typé of sudden mﬁvement is
typical of what has been observed at Dufferin Terracég» Reférence to
Figure 14 will show that, despite the convergence observéd in July, 1958,
at Statioh 6, ﬁo changes were observed ih the verticalify of the main
front wall, indicating tﬁat it waa very likely‘remainiﬂg stétionéry.
This left the possibility that the convergence was caused by en inward
novement of the rear wall of the Terrsce. Following the more substantial
convergence of June, 1959, the rear wall was examined bj the Department
of Northern Affairs and National Resources, and it was found that the
rear wall had cracked at this location and had been thrust forward. It
is congidered ‘that the break was caused by earth pressure against .the -
wall.

In Figure 16 are illustrated the movements observed with four
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Figure 15, Aubomatic recorder chart for June 7 and 10, 1959
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Figure 16. Movements observed at special pedestal stations



special instsllations that were made to check the observed instability

. at Stations 5 and 6. From June 1959 to May 1960, during which time

these stations were under observation, no significant amount of move-
ment was recorded. This suggests a period of stability at this portion

of Dufferin Terrace.

With regard to the measurements made Qith the steel tape, it

was found that this method was not accurate enough for observing the

" small movements occurring in the walls. As already indicated, it was

expected, at the start of the investigatién, that the observation error
would be at least of the order of + .02 foot, or apbroximateiy 1/4 inch.
Consequently, the tape measurements‘were expected to be useful only if
relatively large movements occurred, say in excess of 1/2 inch. In
only a few instances, mainly in the céses of Stations 5 and 6, were
movements of this magnitude observed. It is therefore considered that
the taﬁe measurements provided no useful information on the movements

observed during the course of this study.

Having reviewed the movements observed at various times along
Dufferin Terrace, it will be useful at this stage to comment on the
precipitation records that cover the period of investigation, and to see
how ﬁhese are related to the movements observed. Reference to Table 1
will show that the years 1957, 1958 and 1959 had sppreciably greater
total precipitation than the 72—yeaf average. ‘The summer of 1958
was very wet, particularly during June and August, when the rainfall
amounted to 6.48 inches and 6.33 inches, respectively. The 7éﬁyear
averages for these two months are 3.68 inches and 3.98 inches. ﬁur—

this summer period of 1958, increased movements were observed at
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Stations 3y, 6 and 5. In 1959, the months of Octbber and‘Novémber had

. exceptionally heavy precipitetion. A good desl of this was snow, but
since the mean temperatures for these two months were 43 degrees aﬁd

30 degrees respectively (Table 2), it can reasonably be assumed that
thig snow turned to ground water relatlvely soon. During these months; :
particularly in November, increased movements were observed at Station
10. In l959,_also, there was greater than AVerage rainfail during June
and August. During these months increased movements were observed at
Stations 5, 6 and 7; It would thereforerappedr, from the above observed
relatidnship‘between precipitation end observed movemehts, thet there is
some aésogiation between the two. It would also appear that precipitation
does not have a upiform effeét‘along the Teéraca, but that certain
portions of fhe structure méy be more prone to movement than“othefs as

a result of precipitation.

In'sﬁmmary of the investigatlons into the'structural movements
at Dufferin Terrace, the results indicate that the Terrace is subject to
- wall movements of a sporadic nature, with some indication that these
movements are partly associatediwith precipitatioﬁ. The Dufferin Terrace

cannot therefore be considered as a stable structure over the long term.
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Observations of Strata Conditions at Dufferin Terrace

An early report(A) had indicated the existence of fissures of
very subsbantlal widths, up to 3-1/2 feet, and considerabls lateral and
vertical dimensions. It was considered useful, therefére, to explore
the cliffs below Dufferin Terrace and obtain information on the location
and dimensions of fissures in these vertically standing limestone and
shale strata. As indicated earlier in this vreport, the largest fissure
observed during the initial inspection of Aprii, 1957, was approximately

ten inches wide,

Two methods for examining the fissures were considered. One
was to trench to bed rock and expose the strata, and the other was to
examine the ‘rock through boreholes. The latter method was adopted be-
cause of the deep layer of broken material covering the rock beneath
most of the Terrace, the undesirability of trenohing'through lawns.on
the landward side of the Terrace, and the hazards of excavating on the
steep forward slopes of the escarpment. It was also decided that the
drilling should be carefully supervised and conducted with the object of
obtaining the maximum amount of information. For this latter reason,
the drilling was not contracted to a private drilling firm, which might
be more interested in a fast drilling rate than in obtaining information.
The drilling was carried out by the Department of Northern Affairs with

the assistance of Mines Branch officers.

The necessary drilling was started in June and completed in
July of 1957. The locations of the 2~1/4 inch diemeter boreholes and
the directions in which they were drilled are shown in Figure 17. The

manner in which the boreholes traversed the cliffs Beneath the southern
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end of Dufferin Terrace is illustrated in Figure 18. This is the
area specifically referred to in the Baillairgé report as being danger-

ous .

At two locations, B -~ B and C ~ G, in Fig. 17, beneath the
gsouthern end of Dufferin Terrace, the rocks were sufficiently exposed to
Justify a limited amount of trenching. The information on fissures
obteined in these shallow trenches was used to supplement that obtained

from the boreholes.

The rock cores obtained by this dismond drilling program were
examined later by Dr. D. K. Norris of the Geological Survey of Canada.
Dr. Norris' report on the log of horizontal hole Number 2 is given in

Appendix A of this report.

Apparatus employed

It was proposed to examine the walls of the borsholes and
determine the number, locatlon and approximate widths of the fissures;
No apparatus was available for this kind of borehole observation,
although the United States Bursau of Mines had developed a scope that
was limited in use to a borehole depth of around R0 feet, and also had.
a light source of fixed intensity for illuminating the borehole. It
was therefore necessary to develop a borehole viewer suitable for the
Quebec requirements. This unit, developed by L.C. Richards of the Mining
Research Section, is illustrated in Figure 19. The cylindrical unit in
the foreground encloses the prism and light source, and is fed along
the borehole with a 1/8 inch diameter rod. Viewing was done with'a

trensit telescope set up at the mouth of the borehole. The control
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bex in the beckground of Figure 19 cqptained a Vaiiac transformer for
1ncreasing or decreasing the pover fed to Luc llght source, and thua
controlllng light 1ntensitJ on the borehole wells. This ability to
inorease light intensity was found té be essential, Ap‘arbicularly ab
depth in the hole: At distances of ﬁp to 50 or 60 feet, fissures as
small as 1/8 inch. in width could be readily-observed snd their sizes

estimated.

Another borehole examining device‘was also develOPed by L.C.
Richards. This unit, illustrated in Figure 20, is essentially a
"feeTer" device that is moved along the borehole and actuates
electrical contact whenever a fissure iq encountered. A green light
on the control panel indieates unbreken wall in the borehole,. but a
red light flashes on when the feeler enters a fissure, and remains on
until the fissure‘is passed. The unit waslsaﬁisfactory for fissures
crossing a hole at sharp angles, but failed when fissures were en-
countered that ran parsllel to the hole. -In this latter situation,

the red light remained on constantly.

It was aleo'propeéed, at the beginning'of the investigation,
to employ a sound-velocity method for determining the presence of
breaks in the rock. TFor this reason, the holes ﬁere drilled in pairs,
as shown in Figure 17, to allowlthe propagation of sound waves across
the intervening strata. Tests were conducted with theysohic apparatus,
but the results were unsatisfactony because the rocks were‘muCh too
fissured to'ailow good sound transmission. In effecﬁ;.the apparatus

which vas designed for underground use was much too sensitive an

indicator of breaks to use in the presence of open fissures of sub-
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stantial widths.

Considerable difficulty was experienced during the bore-
hole examinations becanse the strata were even more broken than was
entlcipated. This resulted in a .continual dropping of small pleces of
rock from the sides of fissures into the boreshole. At times, the
obstructions appeared to be fine material, such as mud filling from the
fissures. The holes also contained water. As a result it was not
usually possible to explore the holes to the fﬁll depth to which they
had been drilled. Information about these uneiplored parts was.obtained

by examination of the recovered core for evidence of fissuring.

Results of observations of strata conditions

Figures 21 and 22 illustrate the fissures observed in
the boreholes drilled in the escarpment. As already.indicaﬁed,advéntage
was taken of two favorable locations in the vicinity of the boreholes to
trench to bed rock and expose the tops of certain fissﬁ;es. ‘The results
are illustrated in Figures 23 and 24. The widest fissures exposed by -
this trenching were & inches and 22 inches, respectively. In summary of
the results of the borehole examinations and surface trenching, the main
fissuring was observed to follow the planes of stratification, end was
associated with less prominent breaks perpendicular to these bedding
planes. No fissurés were observed ag wide as ﬁhose reported by earlier
investigators but despite this it is considered that the viewé expressed
by G. Baillairgé with respect to water infiltration are still sound, for
a multitude of smellexr fissures can be quite as effective as a feﬁ larger

crevasses in allowing water to enter the rock mass.
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To sumﬁérize, the examination of the steeply inclined strata
.at Dufferin Terrace indicates that they are heavily figsured and
permeable to water. The escarpment should therefore be regarded as a

wesk geological structure.
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ROCK BOLTING AT DUFFERIN TERRACE

On June 20, 1958, the Public Works Department of Quebec City
requested the Department of Northern Affairs and National Resources bo
take remedial sction with respect to a rock exposure near ‘the southe;n
end of Dufferin Terrace. Because the rock in question lay on the
dividing line between property owned by the Deﬁartment of Northern
Affairs and National Resoﬁrces‘ and property under the control of the
Depsrtment of Nationel Defence, the.latter Department was also requested
by the City of Quebec to assist in any remedial action. The City:re-
commended two possible courses of actibp: one, to téke down the rock;
and the other, to butbtress it. A view of the rqck exposuré'as seen from
on top of the wooden promenade deck of the Terrace is given‘in Tigure
25, and the conbinuation of the same rock below the deck is shown in

Figure 26.

Upon receipt of the above request, the Department of Northern
Affairs and National Resources sought the advice of the Mines Branch.
Recommendations as to corrective measures were not within the scope of
the Mines Branch investigation, which was limited to a study of rock
movements, but when requested for aﬁ opinion byAthe Department of
Northern Affairs and National Resources it was indicated that é form
of buttressing was considered preferable to taking down the rock slsbs
in question, as this latter method would. involve blasting. It &aé

further indicated that buttressing or consolidating by a rock bolting
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technique was considered preferable to congtructing a massive concrete |
retaining wall on the queetionablo footing'that exlists below the
Terrace. It should be emphasized thal rock bolblng is not consvdered
to be a sound method for most of the cliffs aL Dufferin Terrace, because
~ of the very fissured condition of the rock. Th}s oplnlon partlcularly
applies to the exposed and steep C1iff faces that lie bebtusen the front
wall of the Terrace and Ghanplain Street below. However,.tne rock face
in question does not form part of the main front cliffs but lies about
-'51x$y feet back on the landward side, and malnly below the wooden
promenade deck of the Terrace. Because of the limited expanse of rocL '
face involved and its relatively protected position, rock bolting was

considered feasible for this particular locality.

The practice of rock‘bolting is exiensively'used rn under-

ground mines for supporting weak roof, and employs a technique for

' rbinding togeﬁher several plies of rock so as to form a.compoeite‘beam
that’is_considerable stronger than the sum of the strengths of the
individual plies. In principle, it resembles the‘practice‘of bolting
rigidly together a number of boards to form a wood beam. An essential
. requirement when dealing with rock is that the bolting must be done as
soon as possible after theArOCk snrfdce has been exposed by mining
operations, and before the rock pliee have»sagged into the mine open-
ings and deveioped extensive fissuring. The thickness of rock bolted
together in this technique is usually from four to six feet. In practice, -

a hole is drilled to the desired depth, following which a steel rod is .
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inserted and firmly anchored at the ingide end of the hole by a wedg-
ing device. This rod is long enough to project about six inches from
the mouth of the borehole, and the projecting ond is threaded to take

a tightening nut. A flat steel plate with a centre hole is slipped
over the bolt and brought to bear against the rock face, following
which the tightening nut is run on to the bolt and the whole assembly is

tightened to the desired torque.

When discussing rock bolting methods with the Department of
Northern Affeirs and National Resources it was pointed out that, for a
Dufferin Terrace installation,the prime éonsiderations were long life
and adequate depth of bolt anchorage. Because of the prevalence of
limestone it was not congidered that‘acid vaters would be present to
corrode the steel bolts, but nevertheless, because of long-term rusting,
it was suggested that bolts of one-inch-diamebter steel be empldyed and
that each bolt should be given a heavy tar coating. It was also re-
commended that the exterior steel bearing straps and tightening nmuts
should be protected with heavy-duty bridge paint, wﬁich could be re=
newed when required. Regarding the anchoring depth, it was recommended
thet the holes be drilled ten feet long, but it was cautloned that eny
hole should be continued beyond the ten-foolt mark if a fissure were en-—
countered at this depth. It was also advised, because of the broken
condition of the rock face, that wide steel straps should be used to
span the distance between adjacent bolts so as to provide a broad area

of support and thus retard further weathering.

A trial instellabticn of ten bolts was made in October, 1958,

and after observing these bolts for several months, the rest of the
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installation was completed early in 1959. A totai of 59 r&ck bbits were
installed in the pattern illustrated in Figure 27. In general, the bolts
Qere spaced about six fget.apart, but gome lrregularity of épacing was -
unavoidable because of the irregular shepe of the rock face. Figure 28
is a side view of the botbom row of bolt% 1nstallad below the Terrace'
deck. Initially, as shown in Figure 28, thesa bolts were fitted
with square plates of mild steel, 24 inches by 24 inches by' 1/2 inch in
dimensions. These plates were employed durlng observations with rock
bolt dynamometers, which were especially made for the study, and may be
seen installed on two bolts In Figupe 28. The resqlts obtained with the
rock'bolt dynamometexrs were nof sigpificant,"mainly because of an in-
sufficient number of readings. Subsequeﬁtly, these test bolts and all
the rest were fitted with widé stréps ﬁﬁatrreached"from,bolt to bolt.
Beneath the Te;race deck, 1t was considered that appearances weré of
sacondaryAimporfance and consequently the straps were installed in ran-
dom directions snd as cdnsidered best to suppbrt theAmdximﬁm amount of
rock face between the bolts., Above the deck, and in publid view, an

attenpt was made to run the strepping as incqnspicuousl& as possible.

During installation, each rock bolt was bightened to a torques
rangé of 200 to 250 foot~pounds. Following installation, the bolts were
checked for tension with a torque wrench once per month until July, 1959,
as é precaution againgt warmer weathér causing elongation of the steel
bolts and consequent drop in tensionalAload. if is recommendgd that the
bolts should be checked with a torque wrench at least once‘per year and
' maintainqd in the installation rénge of 200 to 250 foot~pounds. ?o'
provide an idea of the total holding power of the 59 bolts that have been

ingtalled to stabllize this rock exposure, a torque of 250 foot-pounds




&
-

59
Q
33
) o - o o
@ 54
° Sé) LINE €' O LINEF
HOLTS 50-53 BOLTS 54-59
49
41 oy
o G o ° + 0 ., ° o O LINE D
: HOLTS 41-49
TERRACE -FLOOR-,
" . 40
LINE C A °
BOLTS 27-40 o o c o
[o} Q
Q
26
LINE 'B'" © 207
BOLTS 12726 [} © o ° °
o 0
- 12
] <]
o I
LINE A © o ° °
BOLTS 1-1l o o .
o ]

Figure-27. Installation pattern of 59 rock bolts placed at Dufferin Terrace

ARRANGEMENT OF ROC,KBQLTS
DUFFERIN' TERRACE , QUEBEC CITY
?CALE-FEET'

J
° 5 K 5







S 63

(on a one-inch~dismeter rock bolt) corresponds to a tensional load of

5 tons per bolt.

CONCLUSIONS

The investigation indicated that the Dufferin Terrace is not
a quiescent structure but is subject to sporadic movements. The
investigation also showed that the escar@ment on which the Terrace is
built is traversed by nume:oﬁs fissures,"which-allow a ready penetra-
tion of wéter into the rock mass and conbtribute to the instability
of the vertically standing strata. It is therefore considered that,
under pfesent clrcumstances, Dufferin Terrace is being subjected to
the effects of consbant erosion, with the strong possibility that
sufficient instability will develop from time td‘time to cause'serious
‘damage to- the structure and substantial falls from the face of the

cliffs.

The following suggestions are made in the hope that they

might prove useful in preserving this outstanding Cenadian landmark.

The land rises to the rear of Dufferin Terrace along most of
its length, and ‘the natural drainage flow for a considerable land area
is toward the Terrace.. It is suggested théﬁ the possibilities should
. be exanmined of intercepting as much as possible of this water, and

leading it off to the city sewers.

Further to the above suggestion, attention could be paid to

the present condition of cateh basins, cisterns, and cesspools in the
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Citadel. Quite a fow of the old buildings in the Citadel were con-

. 8tructed with underground cisterns that h;d capacities in excéss of
100,000 gallons end were-designed to catch the rainfall iﬁ the Citadel
area. A number of these old cisterns were directly abutting on the
cliffs, just to the south of Dufferin Terrace. It ig bossible that
water still drains into these cisterns but that their wa@er-retaining

property has deteriorated over many yéars.

It is also suggested that a study should be made of grouting

. to seal off the fissures below and on thé 1andWard side of the Terrace,
with the object of restricting the percolation of'ground water into
the fissured rock mass below the Térrace. To deal with water thgt does
continue to enter the escafpment, the pbséibility of improving'ﬁhe

drainage of the cliffs by drilling boreholes could be investigéted.

It is also suggested that the toboggan sliae be removed to
another locality in Quebec City, and that the practice of mgking an
ice rink each winter at Dufferin Terrace be discontinued. Bgth-the
toboggan slide and the ice rink have been serious offenders in intro-
ducing water beneath the Terrace. Associated with both, also, was the
undesirable practice of dumping a wet mixture of sand, snow,and ice
banéabh the Terréce‘floor. This has substantially cbntributed to the
thick deposit of fine-sized, uncdnsolidated debris that.nqﬁ lies be-
neafh the Terrace. This deposit rests §n a si&ping;surface aﬁd‘when it
_bécomes water-saturated it can, conceivgbly, exert aﬁ Quthrd.ﬁhrust

against the main front wall of the Terrace.

Of very considerable importance is the necéssity of preventing

or retarding further deterioration of the exposed cliff below the Terrace..
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The most effective 10ng-t§rm solution would appear to be the establish-
ment of a regular slope line, by dumping rock f£ill, grading it to the
minimum possible inclination, and then surfacing the graded fill with
rip-rap. This operation would require adequate buttresses along the
toe of the ¢liff, and would include problems of relocating Little.Cham-

plain street and paxrts of Champlain street.

| It is also suggested that the roof-bolting instéllation,
made during the course of this investigation, should be examined at
least once ammually; and this examination should include testing of all
bolts with a torque wrench, and maintaining each bolt at a torque of

200\to 250 foot-pounds.

It is appreciated that from éime to time decisions will be
made for new construction work around Dufferin Terrace and that this
work could include the removal of rock. It is cautioned that the use
of explosives in such work be carefully supervised and be kept to a

minimuum.

Finally it is recommended thabt observations be continued,
gsay several times per year, into the verticality of the main front wall
of the Terrace, as this part of the structure is a sensitive indicator

of ground movements.
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TABLE 3

DATA ON MOVEMENTS OBSERVED

DUFFERIN TERRACE,

QUEBEC CITY

Apparatus Employed: Suspended Wire Assembly‘Q Indicating Typé

Lengbh of Wire in Assembly: -34.3 feet

Coefficient of linear expansion

Type_of Movement: + Divergence

~ Convergence

It

0.000006 per degree Fahrenheit

= increased distance between anchor pins.

decreased distance between anchoxr pins.

5.75

5,76

‘ : : ‘ . Tempersture | Corrected Net Change
Date Reading,| Temperature,] Correction,!{ Reading, { from Base Date,
inches - oF inch " inches inch
1958 e ‘ 4
May 22 5.81 60 0 5.81 - Bage Date
Mey 30 | 5.75 59 0 5475 +.06
Jun.6 | 5.69 45 +.03 5012 +.09
Jun.25 | . 5.69 55 +.01. 570 | e
.7 | 5.5 61 0 575 | +.06
Jul.21 5.75 63 =01 5,74 | +.07
{ w28 | 5.75 67 ~01 5.7 #.07
Aug. 7 '5.75 sl -.02 5.73 +.08,
Aug.18 | 5.75 56 +,01 | 5.76 +.05
Aug.28 5.75 60 0 | 5.75 +.06
Seps 9 .5?‘ + .01

T +,05
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TABLE 4

DATA ON MOVEMENTS OBSERVED
DUFFERIN TERRACE, QUEBEC CITY

§§gtion: No. 2

Apparatus Employed: Suspended Wire Aésembly - Indicating Type

Length of Wire in Assembly: 46.1 feet

Coefficient of linear expansion = 0.000006 per degree Fahrenheit.

Type of Movemenb: + Divergence = increased distance between anchor pins.
-~ Convergence = decreased distbance between anchor pins.

Temperature t Corrected Net Change
Date Reading | Temperature, coppection,| Reading, | from Base Date,
inches °F inch - inches inch
1958

May 22 5.75 60 0 5.75 Base Date
May 30 5.75 59 0 5,75 0

June 16 5.69 45 +.05 5.7 +.,01

June 25 |  5.69 55 +.02 5.71 +.04

July 7 | - 5.69 60 0 5.69 +.06

July 21 | 5.69 63 -.01 5.68 .07

July 28 | 5.75 67 ~.02 5.73 +.02

Avg. 7 5.63 S -.03 5.60 +.15

Aug. 18 |  5.63 56 +.01 5.64 +.11

pug. 28 | 5.69 €0 0 5.69 +.06

Sep. 9 5.69 53 +.02 5.7 +.04

Dec. 18 |  5.63 8 #26 | 579 -.04

1959 o

Jan. 13 5.69 21 +.12 5.8 | ~.06

Jan. 21 | 5.69 31 +.09 - 5.78 ~.03

Jan. 29 | 5.69 17 +.13 5.82 ~.07
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No. 3
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TABLE 5

DATA ON MOVEMENTS OBSERVED
DUFFERIN TERRACE,  QUEBEC CITY.

Apparatus Employed: Suspended Wire Assembly - Indicating Type

Length of Wire in Assembly: 56.3 feot

Coefficient of linear expansion

il

Type of Movement: + Divergence

0.000006 per degree Fahrenheit

= increased distance between anchor pins.
~ Convergence = decreased distance between anchor pins.

e Temperature | Corrected Net Change
Date Reading,| Temporature, Gorrection, | Reading, from Base Date,
* inches oF inch inches inch
1958 : .
Moy 22 | 6.19 60 ‘0 6.19 Base Datg‘
May 30 | 6.19 59 0 6.19 0
June 16 | 6.19 46 .06 6.13 ~.06.
June 25 | 6.25 55 -.02 6.23 | .-.06
July 7 | 6.25 61 0 6,25 | +.06
July 21 6.19 63 +.01 '6.20' +.0L
July 28 6,19 67 +.03 6422 +.02
Aug. 7 6.19 71" +.04 6.23 + .04
Assembly repaired and new base date of Aug.l8 adopted
Aug. 18 5438 56 0" 5.38 0
Aug. 28 5.31 60 +.02 5433 =05
Sept. 9 | 5.31 B, -.0L 5.30 ~,08
Dec, 18 5.31 8 -.19 5,12 -.26
1959
Jan. 13 5425 22 =14 5.11. =29
Jen. 21 |  5.31 31 =10 5.21 17

(Continued «...




TABLE 5

(Continued)
PR [PPPO PR |l ) BT

inohes oF inch | inches .| inch

Jen. 29 | 5.25 17 .16 5.09 .29
Feb. 5 | 5.25 18 -.15 5,10 ~.28
Feb. 13 | 5.25 12 -.18 5.07 -.31
Feb. 21 | 5.31 9 -19 5.12 -.26
Feb. 28 | 5.25 19 ~.15 5.10 -.28
Mar. 7 | 5.3 26 -2 5,19 -.19
Mar. 14 5.3L 23 -.13 5.18 ~.20
Mar., 21 | 5.31 28 -1 5.20 -8
Mar. 27 | 5.31 26 -2 5.19 -19
Apr. 4 | 5.38 3, -.09 5.29 09
ppr. 11 | 5.3 32 -.10 5.21 .17
Apr. 18 | 5.3 29 -11 5.20 ~.18
Apr. 25 | 5.25 52 -.02 5.23. -5
lvay 2 | 5.25 52 -.02 5.23 -.15
May 9 | 5.25 55 0 5.25 .13
Moy 16 | 5.31 48 ~.03 5.28 -.10
May 23 | 5.25 53 -.01. 5.2/, -1
May 30 | 5.25 72 +.05 5,30 -.08
Jue 6 | 5.4 45 -.04 5,40 +.02
June 15 5.34 55 0 5434 ~.04
June 23 | 5.3 64, +.03 5.3 -0/,
June 30 531 61 +.02 5.33 -.05
July 6 5.3 71 +.06 | 5.37 -s01

(Continued ...
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TABLE 5  (Concluded)
) o | Temperature | Corrected Net Change
Date - Rga@lng, Temperaturey g,nrection, Reading, | from Base Date,
inches °or inch | inches ~inch

July 14 | 5.3 79 +.09 5,40 .02

July 21 5.38 78 +.09 5647 +.09

July 29 5,31 83 «.11 542 +.04
Aug. 5 5.38 66 +.04 5442 + .04

hug. 15 5.38 65  +.04 B 5.42 +.04
Aug. 22 | 5.38 57 0 5.38 0

Aug. 29 | 5.38 ‘60 +.02 5.40 +.02
Sept. 5 5.31 56 .0 5.3 ~.07
Sebt.lz 5.38 60 #.01 5.39 +.01
Sept.19 |  5.38 3 -.08 5.90 -.08
Oct. 10 | 5.38 | - 49 ~.03 5.35 -.03

Oct. 17 |  5.38 42 =06 5.32 - .06

Oct. 24 | 5.38 56 0 5,38 0

Nov. 7| 5.31 32 .10 5.21 .17

Nov. 14 |  5.44 2 -0 5434 ~04




Station:

No. 4
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TABLE 6

DATA ON MOVEMENTS OBSERVED

DUFFERIN TERRACE,

QUEBEC CITY

Apparatus Employed: Suspended Wire Assembly - Indicating Type

Length of Wire in Assembly: 59.

Coefficient of linear expansion

Type of Movement: + Divergence

- Convergence

9 foet

= 0.000006 per degree Fahrenheit

= increased distance between anchor pins.
= decreased distance between anchor pins.

. Temperature | Corrected Net Change
Date Reading,| Tempoxature,! gorpection, Reading, | from Base Date,
inches °F . inch | inches inch

1958
May 22 6.06 60 0 . 6.06 Base Date
May 30 6.06 59 0 6.06 0o
June 16 5.9 46 +.06 6.00 +.06
June 25 6.00 55 +.02 6.0 +.04
July 7 6.06 61 0 6.06 0
July 21 6.13 63 -.01 6.12 ~.06
July 28 6.13 67 ~.03 6.10 ~.04
hug. 7 6.13 7 -.04 6.09 -.03
Aug. 18 6.00 56 +.02 6.02 +.04
Aug. 28 6.13 60 0 6.13 -.07
Sept. 9 6.00 5, +.02 16,02 +.04
Dec, 18 5.75 8 - +.2L | 5.96 +.10

1959
Jan. 13 5.81 22 +.15 5.96 +.10
Jan, 21 5.81 31 +,12 5.93 +.l3.
Jan. 29 | 5.81 | 17 .17 5.98 +.08
Feb. 5 5.94 18 +.17 -.05

6.11
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TABLE. 7
DATA ON MOVEMENTS OBSERVED
DUFFERIN TERRACE, QUEBEC CITY
Station: No. 5

Apparatvs Employed: Suspended Wire Assembly h'Indicating Tybé

Lengbh of Wire in Assembly: 73.2 feet

Coefficient of linear expansion = 0.000006 per degree Fahrenhelt

i

Type of Movement: + Divergence = increased distance between anchor pins.
- Convergence = decreased distence between anchor pins.

Temperatnre Corrected Net Change
Date Rigiing’ Temg;rature, Correction, } Reading, | from Base Date,
‘ nohes : ineh inches inch..
1958
May 22 5.9 60 0 1 5.% Base Date
J'lme 16 5!94 46 "‘-07 . 5087 l —"07
June 25 6.13 55 -.03 6.10 +.16
July 7 | 6.19 61 - | +.01 6.20 +.26

Assembly repalred and new‘base date of July 21 adopted

July 21 6.69 . 63 0 6.69V New Base
July 28 | 6.69 67 o+02 1 6.7 .02
Aug. 7. 6.69 71 o +.04 6.73 +.04
Aug. 18 6.50 56 !;.04 6.46 -o23
pug. 28 | 6.63 | 60 oz | 6 | -08
Sept. 9 6.50 54 . .05 645 2%

Assenbly repairedﬂénd new base date of Dec. 18 adopted

Dec., 18 6.13 8 0 6.13 New Base
1959 |

Jen. 13 6.19 22 +.07 626 | +.13
Jen. 21 6.13 31 +.12 6.25 | +.12

(Continued cene
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TABLE 7  (Continued)
Temperature | Corrected | Net Change
Date Reading, Temperature, Correctlon, | Reading, |from Base Date
inches . OF . inch inches inch
Jan. 29 6.13 17 +.,05 6.18 +.05
Fob. 5 6.25 18 +.05 6.0 * .17
Feb. 13 ! 6.19 12 +.,02 6.21 +,08
Feb. 21 | 6.13 9 +.0L 6.4 +,01
Feh. 28 6.19 19 +,06 6.25 +.12
Mar. 7 6425 26 ©+.09 6.34 +..21
Mar. 14 6419 23 +.08 6.27 +,14
Mar. 21 6.19 28 4,10 6.29 +.16
Mar. 27 6.25 26 +.09 6.34 +.21
Apr. 4 6425 34 +.13 6.38 +.25
Apr. 11 6.38 32 +.12 6.50 +,37
Apr. 18 6.4ds 29 .1 6455 2
Due to possible vandalism, now base date of April 25 adoptea.
Apr. 25 6.63 52 0 6.63 |  Tow Base
May 2 6.69 54, .01 6.70 + .07
Méy 9 6.75 55 +.02 6.77 +.14
May 16 6.63 48 .02 6.61 ~.02
May 23 6.75 55 +.02 6.77 + 14
May 30 6.75 58 +,03 6.78 +.15
June 6 6.63 43, -.05 6.58 ~.05
June 15 6.66 55 +.02 6.68 r 05
June 23 6.75 64 +.06 6.81 +.18
June 30 6.41, 61, +.05 " 6.86 + 423
July 6 6.2/, 70 #.09 6.93 +.30

(Conbtinued +.v.
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| TABIE 7  (Concluded)
o ' ‘ Temperature | Corrected ot Charge
Date Reading, | Temperature,; gorrection, | Reading, | from Base Date,

inches °F inch inches inch
July 13 6.68 80 14 7.02 .39
July 21 6.9 78 +,13 Covor | e
July 29 | 6.9 84 +.16 | 7.10 + 47
Aug. 5 - 6.9 .64 +.06 | 7,00 +.3’7

Aug. 15 6.75 65 + .07 6.82 '+.3.9.
Aug. 22 6._'7'5 60 .+ .04 6.79 +.16
Mug. 29 6,75 58 +.03 6.78 .15
s@p.' 5 1 6.75 59 + .04 6.79 +.16
Sep. 12 6.75 60 - +.04 6.79 +16
Sep. 19 6.50 38 f.67 6,43  =220
Oct. 10 6456 49 ~.02 6454, .09
Oct. 17 6.56 § 42 -.05 6251 -.12
Oct. 24 6475 56 +.,02 6. 77 VA
Nov. 7 6.44 2 -.10 6.34 -29
| Nov. 14 6.50 32 ~.10 6.0 -.23




Station:No. 6
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TABLE 8

DATA ON MOVEMENTS OBSERVED

DUFFERIN TERRACE,

QUEBEC CITY

Apparatus Employed: Susponded'wire Assembly - Indicating Type

Length of Wire in Assembly: 63.3 feet

Coefficient of linear expansion

Type of Movement: + Divergence

i

-_—

0.000006 per degree Fahrenheit

increased distance between anchor pins.

- Gonvergence = decreased distance bebween anchor pins.
Temperature Corrected Net Ghange
Date Reading,| Temperature, Correction, | Reading, |from Base Date,
inches °F inch inches inch
1958
May 30 3.07 %) 0- 3.07 Base date
June 16 3.25 L +.06 3.31 -2/,
June 25 3.31 55 +.Oé - 3.33 ~-.26
July 7 3.38 61 0 3.38 =31
July 21 3.56 63 -.01 3.55 -u48
July 28 3.63 67 -,03 3.60 -.53
Aug. 7 3.69 71 ~.04 3465 -8
Aug. 18 3.56 56 +.,02 3.58 ~-.51
Aug. 28 3463 60 0 3.63 ~-.56
Septe 9 356 54 +.02 3.58 ~.51
Dec. 18 3.31 8 ;.21 3.52 -5
1959
Jan. 13 3.31 22 +.15 3.46 ~+39
Jan. 21 3.31 31 +a.12 3.43 -.36
Jan. 29 3.31 17 +J17 3448 ~o AL
Feb, 5 3.38 18 + 17 3.35 ~48




-8 -

TABLE 9
DATH ON MOVEMENTS'OBéERVED
DUFFERIN TERRACE, QUEBEC CITY
Station: No. 7

Apperatus Employeds Suspended Wire Assembly - Indicating Type

Lengbh of Wire in Assembly: A44e5 feet

It

Cosfficient of linear expansion = 0,000006 per degree Fahrenheit .

Type of Movement: + Divergence = inereased distanCe between anchor“pins.
- Convergence = decreased distance between anchor pins.
Temperature } Corrected Net Change
Date Reading,i Temperature, Correction; | Reading, | from Base Date,
inches °F inch inches inch
1958 . }

May 22 . 6.06 60 0 6.06 Bagse Datbe

May 30 6.13 59 : .Q 6,13 ~07

June 16 | 6.00 46 + .04 6 .04 +,02

June 25 6.06 55 + .02 6.08 c =02

July 7 606 | 6 0 6,06- 1 . 0

July 21 6,06 63 ~.01 6.05 +.,01

July 28 6.13 67 | -.02 6.11 405

Mug. 7 6.13 71 ~.03 6.10 .04

Mg 18 6.13 56 ' +.,01 6.4 ~+08

Aug. 28 6.13 60 -0 6.13 ~07

Sept. 9 6.13 5, +.02 | 645 ~.09

Dec. 18 5.9 | 8 +.12 6.06 0

1959

Jon. 13 5.94 | 22 1 e 16,05 +.01

Jon. 21 5,9 | 3L +409 6403 403

Jan. 29 5 .9/'+ 17 | +.13 6'.07 . =01

(Conbined v...
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TABLE 9 (Conbinued)
. Reaa;;;w-Tenmerature' Temqerg?ure qure?ted Net Gﬁange
Date . L _ »| Correction, | Reading, | from Base Date
inches °F inch inches inch
Feb. 5 5.9 18 +.13 o 6.07 ~o0L
Feb. 13 5494 12 +.15 6.09 ~03
Feb. 21 5.94 9 +.15 6.09 -.03
Feb, 28 6.00 19 +,12 6.12 -.06
Mar. 7 6.00 26 +,10 6.10 -.04
Mar., 2L 5.9 28 . +409 6.03 +.03
Mar. 27 .5.94 26 +.10 6.04 +.02
Apr. 4 5.94 34 +.08 6.02 +.04
Apr. 11 6.00 32 +,08 6.08 ‘ -.02
Apr. 18 6.06 29 +.09 6.15 ~-.09
Apr. 25 6.13 52 +.02 6.15 ~.09.
May 2 6.06 54 +402 6.08 - =02
My 9 | 6.3 | 55 +402 615 | =09
May 16 6.06 48 +.03 6.09 - -.03
May 23 6.06 55. +,02 6.08 ~.02
May 30 6.06 58 .01 6.07 -.01
Jme 6 6.06 43 +.05 611 .05
June 15 6.09 55 + 402 6.11 -.05
June 23 6.13 64 ~.01 6.12 -.06
June 30 6.16 61" 0 6.16 ~.10
July 6 6.16 7 ~.03 6.13 ~.07
July 14 6.19 80 ~.06 6.13 -,07
July 21 6425 78 .05 6,20 -14
July 29 6.25 84 - .07 6.18 -12

(Continued oe..
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Temperature

Net Change

. : Corrected
Date Reading, | Temperature,| GCorrection, | Reading, |from Base Date|’
inches oF inch inches inch
fug. 5 6.38 | 64 ~.01 e | —m
Aug.l5 6.38" 65 -.01 6.37 ~.31
Aug.22 6.38. | 60 0 1 6.38 -2
Sep. 5 6.38 59 0 6.3 | .32
Sep.12 6.38 60 o 6 -.32
Sep.19 6.38 38 + .07 6445 =39
Oct.10 6.31 49 - +,03 6.34 -.28
0ct .17 631 2 +.05 6.36 -
Oct .24 6.31 56 #.01 6.32 -.26
Nov. 7 6425 32 +.08 6.33 -.27
Nov.14 6.31 32 £.08 6.39 ~.33




Station:

No. 8
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TABLE 10

DATA ON MOVEMENTS OBSERVED

DUFFERIN TERRACE,

QUEBEC CILY

Apparatus Employed: Suspended liire Assembly - Indicating Type

Length of Wire in Assembly:

Coefficient of linear expansion

Type of Movement: + Divergence

- Convergence

76.

0 feet

0.000006 per &egree Fahrenheit

= increased distence between anchor pins.
= decreased distance between anchoxr pins.

—

Temperature | Corrected Net Change
Dato Reading, (Temperature,| Correction, | Reading, | from Base Date,
ipches oF - inch inches inch -

1958
May 22 744, 60 0 7 bds Base Date
May 30 7.63 59 +.01 7.64 -.20
June 16 7.31 46 +.07 7.38 +.06
June 25 7 obde 55 +.03 747 ~.03
July 7 - 7.50 61 ~.01 7.49 | +.,05
July 21 7.63 63 ~.02 7.60 | -a8
July 28 7.56 67 - 404 752 -.08
Aug. 7 7.63 71 -.06 7.57 -.13
Aug. 18 7.50 56 + 4,02 752 -.08
Aug. 28 7.56 60 0 7.56 -.12
Sept. 9 7 4l 54 "+ .03 747 ~03
Dec. 18 7.3 8. +,26 7.57 -.13

1959 '
Jan, 13 7.38 22 +.19 - 7.57 ~.13
Jan. 21 7.38 31 +,16 7.54 -.10
Jan. 29 7.38 17 *a22 7,60 ~:16
Febe 5 7.38 18 + 21 7.59 -.15




Stations

No. 9

~ 82 .

TABLE 11

DATA ON MOVEMENTS OBSERVED

DUFFERIN TERRACE,

QUEBEC CITY

Apparatus Employed: Suspended Wire Assembly - Indicating Type

Length of Wire in Assenbly: 63.6 feet

Coefficient of linear expansion

Type of Movement: + Divergence
' -~ Convergence

ki

i

0.000006 per degree Fahrenheit

increased distance between enchor pins.
decreaged distance between anchor pins.

Temperature | Corrected Net Change
Date Reading, { Temperature, Correction, | Reading, |from Base Date,
. ‘inghes oF inch inches inch -
1958
Moy 22 6,19 60 0, 6.19 Base Date
Moy 30 6.19 59 +.0L 6220 -.0L
June 16 6,13 46 +.07 6.20 ~.0L
Juwe 25| 6um | 5B +.03 6434 -5
Faly 7 6,38 61 -0l 6.37 .18
July 21 6ol 63 ~.02 6.42 -23
Jily 28 604, 67 ~204 6440 -2L
MAug. 5 A 71 ~,06 6.38 -.19
hug. 18 6.38 56 +402 6,40 -.21
Aug. 28 6.4 60 0 6l -425
Sept. 9 6.38 54 +.03 6.41 .22
1959 -
Jan. 13 6.13 22 +419 6.32 -a13
Jan. 21 6413 31 +.16 6429 -.10
6.13 17 F 22 6435 ~.16

Jan. 29

Assembly repaired and new base date of February 5 adopted

(Continued =57

i s e b et Y
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TABIE 11 (Continued)

. Temperature | Corrected Net Change
. Date Reading, | Temperature, Gorrection, | Reading, | from Base Date,
inches oF inch inches inch
Feb. 5 5.50 .18 | 0 5.50 New Base Date
Fab.l3 5.50 12 .03 5;53 -.03
Fob W21l 5.50 9 +.05 5.55 -.05
Feb .28 5.50 | 19 .01 5,49 +.01
Mar., 7 5.50 26 ~o04 5.46 +.04
Mar.l4d 5.50 23 ~.03 547 +.03
Mar.21 5450 21 ~-402 5.48 + 402
Mar .27 5450 26 -.04 5.6 + .04
Apr. 4 _5.50 34 -.08 5.2 +408
Apr.1l 5.56 32 ~.07 5.49 + .01
Asgembly repaired and new base date of Apr. 25 adopted
Apr. 25 6.00 52 o) 6.00 New Base Date
May 2 6.00 54, -0 5.99 +,0L
May 9 6.06 . 55 -.02 6.04 - - =404
Mey 16 6.00 48 +.02 6.02 ~.02
May 23 6.06 55 ~.02 6.04 -.04
NMay 30 6.13 58 -.03 6.10 -.10
June 6 6.00 43 +,05 6.05 ~.05
June 15 549 55 ~-.02 5.92 +.08
June 23 6.06 64 -.06 6,00 0
June 30 6.06 6L 405 6,01 ~.01
July 6 6.13 70 ~-.09 6.04 -.04
July 14 6.38 80 14 6424 -2
July 21 6.25 78 ~s13 6,12 =12
July 29 6425 84 ~.16 6.09 =409

(Continued .e.ae
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 TABLE 11 (Conciuded)

Tenperature

Corrected

‘Net Change

Dafe' | Reéding, Temberature, Correction, | Reading, | from Base Date,|
: inches | .. °F inch inches . inch
Aug. 5 6.19 64, .06 6.0 | =10
hug. 15 6.31 65 207 6.24 2
Aug. 22 6425 60 -.04 6.21 -21
Aug. 29 6.31 58 -.03 6.28 ~28
Septa 5 6.31 59 ) 6.27 ~27
Sept.12 6,25 60 04 6.21 ~.21
Sopt.19 | 6.63 | 38 +.07 6.70 -.70.
Oct. 10 6.63 49 .02 6.65 -.65
Octa. 17 6463 42 +,05 6.68 ~.68
Oct. 24 6.63 56 .02 6,61 .61
Nov. 7 6.56 | 3 .10 6,66 -.66
Nov. 14 6.56 32 .10 6.66 ~.66




Station:

Apparatus Employed:

DUFFERIN TERRACE,

No. 10

Length of Wire in Assenmbly:
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TABLE 12

DATA ON MOVEMINTS OBSERVED

QUEBEC CITY

Suspended Wire Assembly - Indicating Type

Coefficient of linear expansion

Type of Movement: + Divergence

82.0 feet

i

0.000006 per degree Fahrenheit

= increased distance between anchor pins.

- Convergence = decreased distsnce between anchor pins.
Temperaturé Corrected Net Change
Date Reading, | Temperature,| coryection, | Reading, |from Base Date,
inches °F inch inches “inch
1958

May 22 6.00 60 0 6.00 Base Date
May 30 6.00 59 6 6,00 0
June 16 5.81 46 +,08 5.89 +.11
June 25 5.88 55 +.03 5,91 +.09
July 7 5481 61 0 5481 +,19
July 21 6.06 63 ~.01 6.05 ~.05
June 28 5.9/ 67 ~.04 5.90 +.10
hug. 7 6.00 71 -.07 5,93 +.07
Aug. 18 5.88 56 +.,02 5.90 +.10
Aug. 28 5.94, 60 0 5,94, +.06
Sept. 9 5.88 54, + .04 6.02 -402
Dec. 18 544 8 +431 5.75 +425
1959

Jen. 13 5450 R2 +e23 5.73 +e27
Jan, 2L 5.50 31 +.17 5.67 +433
Jan. 29 5.50 17 +.26 5.76 e
Feb, 5 5450 18 .25 5.75 +.25

(Continued ...
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f;;beratufe Corrected { Net Change
Date Reading,| Temperature, Correction, | Reading, | from Base Date,

inches °F ineh inches inch
Feb. 13 .| 5.50 12 +29 | 5.79 ez
Feb. 21 544k 9 + 431 5.75 +.25
Feb. 28 5450 19 +.25 © 5475 +.25
Mar. 7 5.50 26 + .20 5.70 +.30
Mar. 14 5.50 23 + 422 - 5.72 +.28
Mar. 21 5.50 28 +419 5469 3l
Mar. 27 5.50 26 +.20 5.70 .30
Apr. 4 5.88 34 *.15 6.03 -.03
Apr. 11. 5456 32 +.17 5.73 +427
Apr. 18 | 5.3 | 29 +.19 5.8 +.18
| apr. 25 5,75 5 v.05 580 +.20
May 2 5.81 54, +.04 | 5.85 S +J15
Moy 9 5.81 55 .02 5.83 .17
May 16 5,81 48 +.07 5,88 +.12
May 23 5494 55 +,03 5.97 +,03
May 30 ° 6.00 58 + .01 6.01. -.01
June. 6 6.00 43 +.10 6.10 ~.10
June 15 5.88 | 55 +.03 5.91 +,09
June 23 5.88 b4 -.02 5.86 + 14
June 30 5.88 61" 0 5,88 +,12
July 6 5.88 7 ~.06 5.82 +.18
Assembly repaired and new base date of August 5, adopted'_l

Aug. 5 6.00 64, 0 640 Base Date

Aug. 15 6.00 65 0 6.0 0

(Continued ...
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TABLE 12 (Concluded)

Reading,| Temperature, Tempe:i'af.ure Corref:ted Net Change
Date - o - . Correction, | Reading, | from Base Date

inches °r inch inches inch
Aug. 22 5.94 60 +.,02 © 5,96 . + 404
Aug. 29 549 58 + .04 5.98 +.02
Sept. 5 6.00 59 +.03 6,03 -.03
Sept.19 5.94 38 +.16 6.10 -.10
Oct. 10 6.00 49 +4,09 6.09 ~-.09
Oct, 17 6.00 42 +.13 6.13 -.13
Oct. 24 6.00 56 + 4,02 6.02 -.02
Nov., 7 5.56 32 +419 5.75 +.25
Nov. 14 5.56 32 575 +a25
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. TABLE 13
DATA ON MOVEMENTS OBSERVED
DUFFERIN TERRACE, QUEBEC GITY

Staﬁioxi: No. 1

Apparatus employed: Suspended Wire Assembly — Recording Type

Longth of Wire in Assembly: 38 feet

Coefficient of Linear Expaﬁsion:' 0.000006 per degrse Fahrenheit

Type of Movement: + Divergence = increased distence between e.nehor.pins.
- Convergence = decreased distance between anchor pins.
Observation Interval | Observed | Tempeorature Change | Movement, Gorrected'
From - To Movement, . in Igterval, for '.?emﬁera’c.ure,

1959 inch F ne

Feb, 6 | TFeb.l3 0 -6 X

Feb.l3 | Feb.2l 0 -3 1 =01

Feb.2l | Feb.28 0 410 | +.03

Feb.28 | Mar. 7 0 + 7 +,02

Mar. 7 Mar.ls 0 -3 =01

Mar.l4 | Mar.2l 0 .5 . +.01

Mar.21 Mar.27 +,025 -3 | +,01

Mar.27 . Apr. 4 | 0 E + 8 +.Oé !

Apr. 4 Apr.11 0 -2 : | -.0L

Apr.ll Apr.18 0o -3 -0l

Apr.18 Apr.25 0 +22 +,06

Apr.25 | May 2 6] + 3 -.01

May 2 May 9 0 0 0

May 9 | My 16 0 -9 ~03

May 16 | May 23 0 42 ' +.01

(Continued...




- 89 -

TABIE 13 (Concluded)

Observation Interval | Observed | Temperature Change | Movement, Gorrected
From To Movement , in Interval, for Temperature,
1959 inch oF inch

May 23 May 30 0 + 8 +,02
May 30 June 6 0 -17 -.05
June 6 June 15 -.07 +12 -04
June 15 June 23 ~.035 -4 -.02
June 23 June 30 0 0 0
June 30 July 6 -.025 + 6 -.00
July 6 | July 1 0 v 8 +.02
July 14 July 21 0 0 0
July 21 | July 29 0 + 1 0
July 29 Aug., 5 0 =13 =04
Aug. 5 | Aug. 15 ~.02 -3 -.0L
Aug. 15 Aug. 22 - - 4 -
Aug. 22 Aug. 29 =405 -1 -05
Aug. 29 Sept. 5 0 + 2 +,0L
Sept. 5 Sept .12 0 -4 -.0L
Sept.l2 Sept.19 0 ~18 -;.06
Sept.l9 Oct. 10 0 +11 +.03
Oct. 10 Oct. 17 0 =14 -.04
Oct. 17 Oct. 24 0 +1.0 +.03
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TABLE 14

DATA ON MOVEMENTS OBSERVED
DUFPERIN TERRACE, QUEBEC CITY

Station: No. 2

Apparatus employed: Sugpended Wire Assembly ~ Recording Type

Length of Wire in Assembly: 50 feet

Coefficient of Linear Expansion: 0.000006 per degree Fahrenheit

Type of Movemenb: + Divergence = increased distance between anchor pins.
- Convergence = decreased disbance between anchor pins.

Observation Intervall Observed | Temperature Change{ Movement, Coxrrected
From To Movement, . in Inbexrval, for Temperature,
1959 inch of inch
Jen.30 Feb. 6 | ~.025 vl -.02
Feb. 6 Feb,13 0 -6 | ~.03
Feb.13 | Feb.21 .08 -3 +407
Feb .2l Feb .28 ~-.075 +10 ~.03
Feﬁ~28 Max. 7 0 + 7 +.03
. Max. 7 Mar.1l4 0 -3 - =01
- Mar.l4 Mar .21 ‘ 0 + 5 +.02
Mar .21 Mar.27 | -.11 -3 -12
Mar.27 Apr. 4 0 + 8 +.03
 hpr. 4 Apr.11 0 - -1
Apr.1l Apr.l18 - -3 -
hpr.18 Apr.25 0 +22 +,08
Apr.25 Moy 2 0 + 3 .01
May 2 May 9 +.,05 0 +.05
May 9 May 16 | +.05 -9 o +.02
{Con

binuedseees
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TABIE 14 (Concluded)

Observation Interval |} Observed |Temperature Chenge |} Movement, Gorrected
From To Movement, | in Interval, for Temperature,
1959 inch oF inch

Mey 16 May 23 0 + 2 +.01
May 23 May 30 -0 + 8 +.03
May 30 June 6 +.05 17 -.01
June 6 June 15| ~-.10 +12 -.06
June 15 June 23 0 ~l ~+0L
June 23 June 30| =.025 0 -.02
June 30 July 6 0 + 6 +.03
July 6 | July 14 0 + 8 +.,03
July 14 | July 21 0 0 0

July 21 July 29 0 + 1 0

July 29A Aug. 5 0 ~1.3 -.05
Aug. 5 Aug. 15 0 -3 -.0L
Aug. 15 Aug. 22 0 -4 -.0L
Aug. 22 Aug. 29 0 -1 0

Aug. 29 Septe 5 0 + 2 +.0L
Sept. 5 Sept .12 0 -4 -.0L
-Sept.12 Sept.19 0 -18 -.07
Sept.19 Oct. 10| =.025 11 +.0L
Oct. 10 Oct. 17| +05 14 0

Oct. 17 Oct. 24| O +10 +.04
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. TABIE 15

DATA ON MOVEMENTS OBSERVED

‘DUFFERIN TERRACE, QUEBEC CITY

Station No. 4

Apparatus émploxe ¢ Suspended Vire Assembly = Recording Type .

Length of Wire in Assembly: 63 feet

Coefficient of Linear Expension:

Type of Movement:

+ Divergence
- Convergence

.0,000006 per degree Fahrenheit

é_increééed'distance between anchor pins.
= decreased distence between anchor pins.

Temperature Change

Movement, Corrected

- (Continuedsvss

Observation Intervel | Observed
From 1959 To szggﬁnt, in Iggerval, for Egggerature,
Feb. 6 Febal3 | =.05 -6 .08
Feb.13 Feb,21 | +.05 -3 + .04
Fob.21 Feb.28 | +.01 +10 C+.06
Feb.28 Mer. 7 | © * 7 #.,03'
Mor, 7 Mar.14 | -.05 -3 06
Mer.l4 Mar.21 0 + 5 +.02
4Mar.21' Mar.27 | - -3 . -
Mar.27 Apre 4 | -.075 v g -.03
Apr. 4 hpraal | -.075 -2 -.08
Apr.l1ll Apr.18 0} - 3. -.01
Apr.18 Apr.25 | =.075 +22 +.02
| Apir.25 My 2 | O + 3 +.01
May 2 My 91 o 0 0
Mey 9 Moy 16 | +.10 -9 +.06
May 16 May 23 | O +2 +.01
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TABLE 15 (Concluded)

Observation Intervael |Observed | Temperature Change | Movement, Correcﬁed
From To ~ |Movement,] in Intervel, for Temperature,
1959 inch oF - inch

May 23 May 30 0 + 8 +,04

May 30 June 6 0 ~17 -,08

June 6 June 15 | -.075 +12 ~.01

June 15 June 23 0 -4 -.02

June 23 June 30 | ~.05 0 -.05

June 30 Juy 6 0 + 6 +.03
July 6 July 14 0 + 8 + .04
July 14 July 21 0 ‘0 0

July 21 July 29 0 + 1 0

July 29 Aug, 5} +.10 =13 +.04

Aug. 5 Aug.l5 0 -3 -.C1
Aug.l5 Aug.22 +.075 - 4 +.05
Aug.22 Aug.29 0 -1 0

Aug .29 Sept.5 0 + 2 +,01
 Sept.5 Sept.12 | +.075 -4 +.05
Sept.12 Sept.l9 | +.10 ~1& +.02

Oct .10 Oct, 17 | =~ ~14 -
Oct.17 Oct. 24 0 +10 +.05
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. TABIE 16

*DATA ON MOVEMENTS OBSERVED
DUFFERIN TERRACE, QUEBEC CITY

Station: No. 6

Apparatus employed: Suspended Wire Assembly'— Recording Type

Length of Wire in Assembly: 67 feet

Coefficient of Linear Expansion: 0.000006 per degree Fahrenheit

Type_of Movement: + Divergence = increased disbence between enchor pins.
~ Gonvergence = decreased distence between anchor pins.

Observation Interveal | Observed | Temperature Change jMovement, Corrected
From " To | Movement,| in Intervsal, for Temperature,
1959 { inch oF inch

Feb. 6 |  TFeb.l3 0 -6 - -.03
Feb.l3 Feb.21 0 45 3 . ~.CL
Feb .21 Feb.28 0 +10 1 .05
Feb.28 Mar. 7 0 + 7 +.,03
Mar. 7 | Mar.l4 | +.05 -3 + .04
Mar.l4 Mar.21 0 - + 5 +.02
‘Mar,.21 Mar.27 ~.025 -3 -.03
Mar.27 bpr. 4 1 0 +8 +.04
Apr. 4 Apr.11 ~.05 -2 -.06
Apr.1l Apr.18 -.075 =3 ~:C8
Apr.18 Apr.25 ~.175 +22 . -.06
Apr;ZS May 2 o} + 3 +.01
| My 2 May 9 { ~.09 0 -.09
May 9 May 16 0 -9 _ ~.04
May 16 Mey 23 | 0 2 B

(Continiuedssv ey s
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TABIE 16 (Concluded)

Observation Interval:

Observed | Temperature Change | Movement, Corrected
From To Movement, in Interval, for Temperature,
1959 inch oF inch
Moy 23 May 30 0 + 8 +.04
May 30 June 6 0 ~17 -.08
June 6 June 15§ =.S0 +12 -84
June 15 June 23| =.725 -4 =74




Station:

-96 .~

TABLE 17

DATA ON MOVEMENTS OBSERVED
DUFFERIN TERRACE, QUEBEC CITY.

No. &

Apparatus:employed= Suspended Wire Assembly - Redording Type

Length of Wire in Assembly: 80 feet

Coefficient of Linear Expansion: 0.000006 per degree Fohrenheit

Type of Movement: + Divergence = increased distance between anchor pins.

- Convergence = decreased distance between anchor pins.

Observation Intervel | Observed | Tempergture Change { Movement, Corrected
From To Movement,{ = in Intervsal, for Tempereture,
1959 inch op inch
Feb. 13 Feb. 21| O -3 ~.02
Feb. 21 Feb. 28{ 0 A4A+1o 'l +.06
Feb. 28 Mar. 7 0 + 7 +.04
Mor. 7 Mar. 14 0 -3 ~-+02
Mar. 14 Mar. 21 0 | + 5 +.03
Mar. 21 Mar. 27 0 -3 -.02
{ Mar. 27 Apr. 41 O + 8 +,05
Apr. 4 Apr. 11{ 0 -2 -.01
Apr. 11 Lpr. 181 +.075 -3 +,05
Apr. 18 Apr. 251 o 22 +.13
Apr. 25 May 2 0 + 3 . +402
Moy 2 Moy 9| =.075 o ~-.07
Mey 9 May 16 0 -9 ;.05
Moy 16 May 237 O + 2 +,01L
May 23 May 30} O + 8 ) +.05

(ContinueCe...
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TABLE 17 (Concluded)

Observation Interval.| Observed | Tempersture Change | Movement, Corrected
From To Movement,] In Interval, for Temperature,
1959 inch oF inch

May 30 June 6 0 -17 -~.10

June 6 June 15} +.025 +12 +.09

June 15 June 23| O -4 0

June 23 June 30| ~.025 0 -.02

June 30 July 6| +.025 + 6 +.06

July 6 July 14 0 + 8 +.05

July 14 July 20 0 0 0

July 20 July 29! O + 1 +,0L

July 29 Aug. 51 O ~13 -.08

Aug. 5 Aug. 15 0 -3 -.02

Mig. 15 | Aug. 22) O -4 -.02

Aug. 22 Aug. 29 0 -1 -.0l1

Aug, 29 Sept. 5 0 + 2 +.01

Sept. 5 Sept.12 | +.265 -4 +.24

Sept. 12 Sept.19 0 -18 -.10
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TABLE 18

. DATA ON MOVEMENTS OBSHERVED
DUFFERIN TERRACE, QUEBEC CITY

Stations: No. 1 to 10"

- A

Apparatus Employed:  Plumb-bob on front wall.

Movement of Wall: + Toward River
(in -inches) - Toward City.

Stations

Date } .
1 2 3 A 5 6 7 8 9 10

1958 | .
My 22 | o} oy of o} o} o}fo}j o} of o

#.06 [+.061 0 | 0 | 0 [+.06(+.06]+.06

Mey 30 | O | O

Jun. 16 | 0 | 0 1+.06{+.061-.06] 0 | o l+.06] o |+.06
June 25 | 0 [+.06 {+.06 [+.06 {206 | 0 | 0 |4.06 |~.06]+.13
Jul. 7 0 [+.06 }+.06 |+.06 0- 0 |[+.06°]+.06 0 +.13.
Jul. 21 | © 0 {+.061 o0 0 0 |+.064+.061 0 |+.13
Jul. 28 | 0 0 {+.061 0 [~.56| 0 [+.06]+.06] 0o |+.13
Aug. 7 | 0 1+.06{+.061 0 |-561 0 {+.061+.06] 0 [+.06
Aug,. 18 ‘0 1406 -.56 |+.06 v-.56 0 1+.06 +;oé 0 |+.06
Kug. 28 | 0 |+.06 |-.56 |+.06 {56 | 0 l+.06]+.06] o {+.06
Sepe 9 | 0 1+.06{-.561+.06 15561 0 |+.06]+.06] 0 {+.19

Dec. 18 | =06 =.061-.691-.07 |=56 1] 0 0 0 {(® |+.25
1959 .
Jen. 13 0 0 |-.62 0 ]=u56 {+.13 |+.06 | +.06 - {+.12

Jen. 21 0 |=.06{-.621 0 |=.501+.131 0 [+.06) =~ {+.12
Jan. 29 | +.3 | =.06]=.69 | +,06 | =.56 |+.06 0 |-.061 (b) {+.12
Febe 5 {+.13} (a) {-.69! 0 (=56 0 of{ o 0 +.06

Peb. 13 | (a) 69| (@) |-56 | @ | o] @ | o |+a9

Feb. 21 . -.69 62 0 - 0 [+.12

" (Continued ...
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TABIE 18 (Continued)

pate 2 1.3 Aftati;ns 6:1 7 8 9 10
Feb. 28 -.62 ~56 1| 0 ~.06 | +.12
Mar. 7 ~.62 -.56 0 | 0 [+.12
Mar. 14 -.62 ~+50 0 0 |+.12
Mar, 21 ~s62 ~.56 0 0 |+.12
Mar. 27 -89 ~.50 0 0 |+.12
Apr. 4 ~.69 ~-.56 +.06 ~a06 | +.12
Apr. 11 -6 .56 +.06 +.06 | +.25]
Apr. 18 | -.56 ~.56 +.06 (b) | +.19
Apr. 25 -.62 ~456 0 0 |+.12
May 2 -.62 ~.56 0 +.06 | +.06
May 9 ~.56 -62 0 +.06| 0
May 16 .56 -.62 0 | +.06 | -.06
Mey 23 ~456 469 0 +.06 | -.06
May 30 -.56 —a69 0 . +406 | =13
June 6 ~.56 ~.56 0 0 |-.13
June 15 -4 50 ~56 0 0 |{+.06
June 23 -56 - 56 0 0 |+.06
June 30 ~.50 ~456 0 0 |+.06
July 6 ~.50 -.56 ~-.03 +.06 | +.06
July 14 ~.50 -.56 0 +.06 -
July 21 ~a56 ~459 0 +.06] -
July 29 ~-.56 -.56 0 +,06 -
Aug. 7 -.56 -.56 -.09 0 0
fug. 15 -3 ~.56 ~13 o | -

(Continued ...
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TABLE 18 (Continued) -
| - Stations

Date 1] 2.1 3 14 s s 17 1e 9 | 10
Aug. 22 , -.56 ~59 -3 0 |+.06
Aug. 29 | -50 -.56 -.13 | 0 0
Sep. 5 ~.37 -u56 =13 0 0
Sep. 12 ~56 -.56 ~13 0 -
Sep.. 19 -.56 56 -13 ~25 1 0
Oct. 10 ~e56 ~e56 1-a13 -25 1 0
Octa 17 -50 . -.56 -.13 3L O
Octa 24 -.56 -.56 -.13 -254 0
Nov. 14 ~56 -.56 ~13 —.25 {+.25
Nov. 21 —a56 ~a56 -.13 ~e31 +.25
Nov, 28 ~.56 ~56 1 - 1-a13 0 1+.37
Dec. 5 R ~250 ~13 =206 {+.37

1960 New plumb hob gssemblies placed at Stabions 1 to lO'
Feb. 13 0 0 |-.62]1 0 [-.50 131 0 |-.06{+.37
Feb. 19 0 -2 1 0 1-.44 ~.13 | 0 {~.06 {+.37
Feb. 26 0 1-.061-.561 0 |-.50 .06 (=213 |=.06 |+.43
Mar. 4 0 | ~.06{-.621 0 |-.56 ~13 {=.06 §~.12 |+.37
Mar. 11 0 | =06f~627 0 1-.56 ~.06 =13 i=.06 {+.43
Mar. 18 0 0 | =751 0 =50 =06 | =06 i=.12 {+.43
Mar. 25 0 0 | ~.681+.06 {=.50 ~.06 ] .0 0 {+.43
Apr. 1 0 0 |-.68% 0 {-.50 ~.06 ] 0 {-.06 j+.43
Apr. 8 0 0 {-.561 0 |-.50 =061 0 [~.06{+.43
hpr. 14 0 0 {-.561 0 |=.50 213 1206 |=.06 |+.43
Apr. 22 0 0 | -.62|-.06}~.56 0 |-.06 |-.12 {+.37

(Continued ...

*
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TABLEZ 18 (Concluded)

otabions
Date 1 2 3 4 ; 5 6 7 g 8 9 10

Apre 29 | %061 =13 ] ma75 =06 f-83 ] (=13 (@ ] (@ | (@
Moy 7 0 1=06]~62] 0 |-56 ~13 |

Moy 13 £.06] 0 |-62! 0 l~6{  l1.13

May 20 0 Q0 §~-.62 0 {=,88 &1.,13

May 27 0 0 | =.56|~.061-.881 - +1.38

June 3 | 0 [+.06}-.55 0 =881 . ~,13

(a) Recorder installed and plumb bob assembly removed.

(b) Repaired after vandalism and a new reference point selected.

(¢) Destroyed by vandalism near end of study.

NOTE : The plumb bob assemblies wers originally instelled in November,

1957, but were destroyed by vandalism and had to be completely
renewed in May, 1958.
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THBLE 19
DATA ON MOVEMENTS OBSERVED

DUFFERIN TERRACE, QUEBEC CITY

5-1/2 Upper

Appoeratus empibyed: Suspended Wire Assembly - Recording Type

Length of Wire in Assembly:

18,0 feet

- Goefficient of Linear Expansion: 0,000006 per degree Fahrenheit

Type of Movement: + Divergence = increased distance bebween anchor pins.

~ Convergence = decrsased distance between anchor pins.

———

Obgervation Inteival Obserfed Temperature ChaﬁggT ﬁovement, Corrected
From To ¢ Movenent, in Intervsl, for Temperature,
1959 | inch oF inch |
| P - '
June 20 -] July 6 0 ‘ + 6 +0.0L
July 6 July 14 -0.01. .+ 8 : 0
July 14 July 20 -0.01] 0 -0.01
July 20 | sy 29| 0 +1 1 o
July 29 | fug. 5 +0.01 ~13 ~0.01
hug. 5 Aug. 15 -0.01 -3 -0.01
Aug. 15 Aug. 22 -0.01 -4 ~0.01.
Aug. 22 | Aug. 29 0 -1 0
Aug. 29 Sept. 5 |  +0.02 + 2 +0.02
Sept. 5 ' Sept 12 ~0.01 - b -0.0L
Sept.12 '? Sept .19 0 ~138 -0.02
Nov. 21 Nov. 28 | 0 + 2 0
{ Nov. 28 Deces 5 0 0 0

/! )

(Continueds...
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TABLE 19 (Concluded)
Observation Intervel | Observed femperature Change | Movement, Corrected
From To Movement, in Interval, for Temperature,
1960 inch = oF inch
Feb. 19 Feb. 26 Q + 3 0
Feb, 26 Mar. 4 0 + 1 0
Mar. 4 Mar. 11 0 -5 ~0.01
Mar. 11 Mar. 18 0 +‘8' +0.01
Mar. 18 | Mar. 25 0 - ~0.02
Mar. 25 Apr. 1 0 + 4 +0.01
Apr. 1 Apr. 8 0 0 0
Apr. 8 Apr. 14 +0.01 -2 +0.01
Apr. 14 Apr. 22 0 + 1 0
Apr. 22 Apr. 29 0 + 5 +0.0L
Apr, 29 Moy 7 ~0 .02 + 9 ~0.01
Mey 7 | May 13 0 -9 ~0.01
May 13 Msy 20 0 + A +0.01
May 20 May 27 ~0.02 +24 +0.01
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‘TABLE 20

' DATA ON MOVEMENTS OBSERVED
'DUFFERIN TERRACE, QUEBEG GITY

. Station: 5-1/2 Lover

Apparatus employed: Suspended Wire Agsembly - Recording Type

mmwmmmmmmBMmm.

Coefficient of Linear Expansion = 0.000006 per degree Fahrenheit._

Type of Mbvement: + Divergence = increQSed distence between anchor pins.
- Convergence = decreased distance between anchor pins.

Observation interval Observed | Temperature Change | Movement, Corrected
From To Moveient, in Interval, for Temperature,
1959 inch oF o inch
June 30 | July 6 | 0 + 6 o +0.01
July 6| July 14 0. +8 0402
July 141 July 20 0 o 0
July 20| July 29 o £1 0
July 29| Aug. 5 0 13 Sl -0.03
Aug. 5i‘ Aug. 15 b "3', ‘ -0 .01
bug. 15| Aug. 22 0o ) 0,01
Aug. 22| Aug. 29 0 -1 0
, Aug. 29| Sep. 5 0 + 2 0
'Sep. 51 Sep. 12 0 - L ~0,01
Sep. 12| Sep. 19 0 a8 - -0.04
Oct. 10| Oct. 17 0 A, -0.03
”“pet.'17 Oct. 24 o s0° C s0.02
Nov. 211 Nov. 28 0 + 2 0 '
Nov. 28| Dec. 5 0 0 | 0

(Continued....
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TABLE 20

(Concluded)

Observation Interval

Qbserved

Temperature Change

Movement, Corrected |

From To Movement, in Interval, for Temperature,

1960 inch of inch

Feb, 19 | Feb. 26 0 + 3 +0,0L

Feb. 26 : Mar. 4 0 +1 0

Mar. 4 3 Mar. 11 0 : -5 3 ~0.01

Mar. 11 | Mar. 18 0 Y ‘ +0.02

Mar. 18 | Mar. 25 0 “14 -0.03

Mar. 25 § Apr. 1 0 + 4 +0.01

Apr. 1} Apr. 8 0 0 0

Apr. 8 | Apr. 14 0 -2 0 !

Apr. 14 | Apr. 22 0 g + 1 0 3

Apr. 22 i hpro 29 | 0 + 5 #0.01 *

Apr. 29 ! May 7 o ! + 9 +0.02

May 7.1 May 13 0 -9 - -0.02

May 13 ) May 20 0 s | +0.01L

May 20 { May 27 | 0 +24 +0.06

LR et XY

b 8. b 1ve
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- TABLE 21

DATA ON MOVEMENTS OBSERVED
DUFFERIN TERRACE, QUEBEC CITY

Station: 6-1/2 Upper

Apparatus employed: Suspended Wire Assembly -~ Récordihg Type

Lengbh of Wire in Asgsembly: 16.0 feet

Coofficient of Linear Expansion: 0.000006 per degfee Féhrenheit

Type of Movement: + Divergence = increagsed distance between anchor pins.
' - Convergence = decroased distante betuween anchor pins.

Obgervation Intexrval | Observéd | Temperature Change | Movement, Corrected
From To .- { Movement,; . in Interval, for Temperature,

1959 inch oF .+ inch

Aug. 29 ’, Sept. 5. -0.01 T +2 - =0.01

Sept. 5 Sept. 12 0 | -4 | 0

Sepb.l2 Sept. 19 0 -~18 ~0 .02

Nov. 14 | Nov. 21|  +0.01 -19 ~0.01

Nov. 21! Nov. 28 +0,01. + 2 40,01

Nov. 28 { Dec. 5]  +0.0L 0 +0.01

| 1960 |

' Fob. 26 Mar. 4 0 + 1 0

Mar. 25 Apr. 1L 0 + 4 0

Apr. 1 Apr. 8]  +0.03 0 +0,03

Apr., 8 Apr. 14 +0.07 } -2 +0.07

Apre 14 |  Apr. 22]  -0.01 F 1 ~0.01

Apra 22 | Apr. 29 . -0.02 + 5 -0.01L

Apr. 29 Moy 7 0 + 9 +0.0L

May 7| May 13} =0.03 -9 0.0/,

Moy 13 { May 20] ~0.02: ) -0.02

My 20 | May 27| 0,03 +24, 0
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TABLE 22

DATA ON MOVEMENTS OBSERVED

DUFFERIN TERRACE, QUEBEC CITY

Station: 6-1/2 Lower

Apparabus employed: Suspended Wire Assembly - Recoiding Type

Length of Wire in Assembly:

Coefficient of Linear Expansion:

Type of Movement: + Divergence

- Convergence

—
—_

30.8 feet.

0.000006 per degree Fahrenheoit.

inereased distance between anchor pins.
decrsased distance between anchor pins.

Obsgervation Interval | Observed | Temperaturs Change | Movement, Corrected
From - To Movenment, in Interval, for Temperature,
1959 inch 1t oF inch

June 30 July 6 -0.04 + 6 ~0.03

July 14 July 20 0 0 0

July 20 July 29 +0 0L + 1 +0.01
July 29 | hug. 5 | +0.01 -13 -0.02

Aug. 5} Aug. 15 0 -3 ~0.,0L

Aug. 15 Aug. 29 +0.08 -5 +0.07

Aug. 29 | Sept. 5 0 + 2 0

Sept. 5 | Sept.l2 o -4 -0.01
Sept.12 | Sept.l9 0 -18 -0.04
.Sept.19 Oct. 10 -0 .01 +11 +0.02

Oct. 10 Oct. 17 0 =14 ~0.03

Oct. 17 Oct. 24 | - +0.01 +10 +0.04

Nov. 14 Nov. 21 +0.03 ~19 ~0.01

Nov. 21 Nov. 28 -0.03 + 2 ~0.03

Nov. 28 Dec. 5 +0.04 0 +0.04

(Continued....
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TABLE 22 (Concluded)

Obgervation Intervai

From

e R R e L P

Feb.
Fob.
Mar.
Mar.
Mar.
Mar.
Apr.
Apr,
Apr.,
Apr.
Apr.

May

May

19
26

L

11

18

14
22

29

13

Observéd

Temperature Change

Movement, qurectedT
To Movement, in Interval, for Temperature,
1960 inchr :?i ' ih'
Feb. 26 0 + 2 0
Mar. 4 +0.0i ' + 1 . ~ +0.0L
Mar. 11 0 -5 0,01 .
Mar. 18 -~0.0]. + 8 +0.01L
Mar. 25 40,06 RV +0.03
Apr. 1 )Q. ) + 4 +0.01
Apr. 8 0 0 0
Apr. 14 0 -2 0
Apr. 22 0 + 1 o .
Apre 29 | +0.01 + 5 +0.02
May 7 +0.0L + 94'  +0.03
May 13 0 -9 0,02
Mey 20 ~0.01 + 4 | 0
May 27 0 +24, - +0.05

<7




Station: No. 1

Apparatus Employed:
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TABLE 23

DATA ON MOVEMENTS OBSERVED
DUFFERIN TERRACE, QUEBEC CITY

Steel Tape

Coefficient of Linear Ekpansion = 0,000006 per degree Fahrenheit.

Type of Movement:

+ Divergence = increased. distsnce between anchor pins.

~ Convergence = decreased distance between anchor pins.

Measurement Net Change
Date Measurement, Temp. | Corrected for from Base,

feet oF Temperature, feet feet
May 22,-1958 R.7 60 32,77 o
June 16, 32.76 VA 32.76 - W0l
Jay 7, 32.77 61 32.77 0
July 21, 32.76 63 32.76 - W0l
July 29, 32-76 67 32076 - 001
hug. 7, 32.76 71 32,76 ~. 01
Aug. 18, 32.76 56 32,76 - .01
Aug. 28, 32.76 60 32,76 - 01
Sep. 9, 3R.76 54 32.76 = 01
June 6, 1959 32.79 43 32,79 + 02
June 15, 32.72 55 32.79 + o002
June 23, 32-78 64 32078 + o0
July lll‘, 32 -75 80 32975 - o02
July 21, 32.76 78 32.76 - 01
July 29, 32.76 84, 32.76 - 01
Aug. 5, 32.76 64, 3,76 - 0L
Aug. 15’ 32 -76 65 32.76 bl 901
Aug. 22, 32.76 60 32,76 = 0L
Sep. 5, 32.76 55 32,76 - o0L
Sep. 12, 31?..78 62 32078 + 001
Sep. 19, 32.78 39 32,78 + 0L
Oct. 10, 32.7¢ 48 32,78 + 01
Nov. 7, 32.80 31 32,79 + 02
Nov., l[p, 32-79 29 32.078 + oOl
Nov. 21 32.79 16 32.78 + 01
May 13, 1960 32.76 L2 32,76 - 0L
May 20, 32.78 L6 32,78 + L0L
May 27, 32.77 70 32.77 0]
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TABLE 24

DATA ON MOVEMENTS OBSERVED
DUFFERIN TERRACE, QUEBEC CITY

Station: No. 2

Apparatus Employed: Steel Tape

Coefficient of Linear Expsnsion = 0.000006 per degres Fahrenheit.

 Type of Movement: + Divergence = increaszed disbance betwsen anchor pins.
' - Convergence = decreassed disbance between anchor pins.

‘ - ' ' Measurement | Net Change

Date - Measurement, | . Te?p. Corrected for from Base,

- ' feet . OF Tomperature, feet| " -feet - |
May 22, 1958 45 .60 ' 60 . 45460 0.
-June 16, 45.61 L6 g 45;91 - + 01
July 7, 45.63 61 45403 + .03
July 21, C 45.63 63 4@.?3 + 03
July 29, 45.63 67 | 45.63 + 03 7
Aug. 7, 45.62 Ty 45,62 + 02
hug. 18, L5 .62 56 | 45462 02
Aug. 28, 15.62 | 60 | 4562 + 4,02
Sept. 9’ ) [{'5'62 54 : [4'5062 + .02

Station destrayed by construction work:Méy 1959,




-111 -

TABLE 25

DATA ON MOVEMENTS OBSERVED
DUFFERIN TERRACE, QUEBEC CITY

Station: WNo. 3

Apparatus TEmployed: Steel Tape

Coefficlent of Linear Expansion = 0.000006 per degres Fahrenheit.

Type of Movement: + Divergence = incresased distance between anchor pins.
- Convergence = decreased distance bebween anchor pins.
? ‘ Measursment Net Change
Date Megsurement, Temnp. Corrected for from Base,
feet °F | Temperature, feet feet
Mey 22, 1958 64, .61, 60 64461 0
June 16, 64..59 46 64458 - 03
July 7, 64..62 6l 64,662 + .01
July 21, ' 64..62 - 63 644,62 + W01,
July 28, 64..62 67 64462 + 401
Aug. 7, 64,462 7 64,462 + 0L
Aug. 18, 64.62 56 64662 + JOL
Aug. 28, 64,62 60 64,62 + W01
Sept. 9, 64,61 54, 6461 0
June 6, 1959 64,.64, : 43 64463 + 02
June 15, 64, .64 55 64,664 + .03
June 23, 64,.64, 64, 64064, + .03
July 14, 64..64 80 64465 + 04
July 21, 64..63 78 YNIA + ,03
July 29, 64, .64, S : YA 64,465 + W04
Aug. 5, 64,464, A 64464, + .03
Aug. 15, 64,464, 65 64464 + .03
Aug. 22, 64,464, 60" - 64464 + 403
hug, 29, 64..64 61 64064 . + 403
Sept. 5, 64.63 55 AN + 02
Sept.l2, 64,64 61 64664 + W03
Sept.19, 64464, : 38 64,063 + W02
Oct. 10, 64 .64, 48 6 0By + 403
Nov. 7, 64, .66 31 64465 + 04
Nov. 14, 62..65 29 64 o6/, + .03
Nov., 21, 64..66 16 64,464, + 0
May 13, 1960|  64.64 ) 6/.463 + W02
May 20, 64 465 46 64,064 + 403
Mey 27, 64,465 70 64,065 + 0k
July 8, 64,66 . 65 64466 + 405
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TABIE 26

DATA ON MOVEMENTS OBSERVED
DUFFERIN TWRRACE, QUEBEC CITY

Coefficlent of Linear Expansion = 0.000006 per degree Fahrenhsit.

R L I Ry YR IOPIIRP AP

Type of Movement: + Divergence = incrsased distance betwsen anchor|pins.
- Convergence = decreased disbance bebween anchor pins.

o

0 : Measurement Net Change
Date Measuremsndb, | ©mp « Corrscted for | from Base,
feet oF Temperature, feet | feet
May 22, 1958 57.55 . 60 : 57455 .0
June 16, 57 .51 46 57451, : ~ 04
July’ ‘7, 57 .52 . . 61 - 57,52 - 403
July 21, 57.52 . 63 57052 ~ 403
July 28, 57 .52 ; - 67 " 57.52 - ,03
hug. 7, 57.52 71 5752 - 203
hg. 18, 57 .52 : 56 . 57 052 ~ 403
hug. 28, 57.53 | 60 . 57453 -~ 02
Sept. 9, 57.56 54 ' 57«56 + «OL
June 6, 1959 57.55 453 5754 ~ «01
June 15, 57 .56 ' 55 57 .56 + 0L
June 23, 57 .54 64 . 57454 ~ oOL
July 14, ' 57.53 80 57454 - »01
July 21, 57.53 78 5754 - 0L
July 29, 57.53 84 57 54 - Ol
Aug. 5, 57.53 6L, 57453 - .02
Aug, 15, 57-53 65 . 57053 - a02
Avg. 22, 57.54 60 57 654, -~ 0L
sug. 29, 57 .54 61 5754 - 01
. SG}p'l}. 5, 57 o[jz;- 55 57»1.’4“ - - 001
Sept .12, 57 .54 6L 57 o 54 - J0L
Sept .19, 57 .54 - 38 57453 - 02
Oct. 10, 5754 E hT 57054 - Cl
Nov. 7, 57.57 R R 57056 + LOL
Nov. 14, 57.57 29 57 456 ' + o0
Nov. 21, 57.57 FECTEN 57455 0
May 13, 1960 57 .54 42 57453 =.02
May 20, 57 .56 46 5756 +,0L
Yay 27, 57.51 ™ 57451 ~:04
July &, 57.53 - 66 57.53 [
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TABLE 27

DATA ON MOVEMRNTS OBSERVED
DUFFERIN TERRACE, QUEBES CITY

Station: No. 5

Apparatus Employed: Steel Tape

0.000006 per degrze Fahrenheitb.

"

Coefficient of Linear Expsnsion

Type of Movement: + Divergence = increased distance between anchor pins.
- Convergence = decreased distance between anchor pins.

Measurement Net Change
Date Measurement, Temp. Corrected for from Base,

feet oF . | Temperature, feet feet
May 22, 1958 71.35 60 71455 0
June 16, 71.32 - 46 71.3} -~ 04
July 7 71.33 61 71-?3 - 02
July 21, 71.32 63 71.22 - .03
July 28, 71.33 67 7133 - .02
Aug. 7, 71.33 71 71.33 - 02
Aug. 18, 71.33 56 ] 7TLe35 - .02
Aug. 28, 71.33 60 7102? - .02
Sept. 9, 71.33 54 71353 - <02
June 6, 1959 71.35 43 71a34 - 01
June 15, 71.35 55 71035 0
June 23, 7154 64, TL.34 - .01
July 14, 71..31 80 71.32 - .03
July 21, 71.31 78 71.32 - .03
July 29, 71.31 84, TL.32 - .03
Aug. 5, 71.32 6/, ToT71.32 ~- .03
Aug. 15, ARt 65 7L.5L - oCh
Aug. 22, 7534 6d 71034 - 0L
bug. 29, 71 .54 61 TLa34 - 01
Sept. 55 71.31 55 71.31 - 04
Sept .12, 71.33 61 71.33 - 02
Sept .19, 71.33 38 71,32 - 03
Oct. 10, 71.23 47 TLa32 ~ 03
Nov. 7, 71,56 21 71.35 0
Nov. 14, 71.37 29 71,36 : + 0L
Nov. 21, 71.38 16 71.36 + 0L
May 13, 1960 71 -33 4.? 71 c32 - .03
May 20, 71.32 46 71.31 - .04
May 27, 71.29 70 71.29 - 406
July 8, 71.31 66 71.31 - 04
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TABLE 28

DATA ON MOVEMBENTS OBSERVED '
DUFFERIN TERRACE, QUEBEC CITY .

Station: No. 6

Apparatus Emplqyed:‘ Steel Tape

Coefficient of Linear Expansion = 0.000006 pef degree Fahrenheit.

Type of Movement: + Divergence = increased distance between anchor ping.
- Convergence = decreased distance between anchor pins.
: ‘ " Measurement Net Change
Date Measurement, | - Temp. Coreoted for . _from<Ba§e,
feet °r Temperature, feet feet
Mey 22, 1958 55.15 60 . 55415 0 -
June 16, 5504 e 46 55,14 - 01
July ‘7, 55.16 - 61 55,16 4 0L
July 21, 55.15 ' 63 . 55,15 C
July 28, 55415 67 55 415 0
Aug, 7, 55.15 71 55415 o;
Aug. 18, . 55.15 - 56 - 55415 c
hug. 28, 55,15 ' 60t - 55,15 ¢
Sept. 9, 55.15 54 55015 0
June 6, 1959 55.15 43 : 5501[;‘ - o01L
June 15, 55.16 55 55.16 T+ 0L
June 23, 55.15 4 6/, 55415 0
July 14, - 55.14 80 . 55.15 C
July 21, 5514 78 55.15 C
July 29, 55.14 - 84 55,15 .0
Aug. 5, 55,14 64 55414 - W01
Aug. L5, 55.14 65 - 55,14 - 401
 Aug. 22, 55.15 60 | . 55,15 . 0
Aug. 29, | . 55.14 61 55,1/, - W01
Sept. 3, 5534 55- 55414 - 0L
Sepo.l2, 55.14 .61 55414 e
Sept.l19, 55414 ’ 38 55,13 - 02
Oct. 10, - 55.14 47 _ 5512, i - 0L
Nov. 7, 55215 21 55 14, . = 01
Nov. 14, 55.13 29 55,14, Lo 01
Nov. 21, 55.17 16 55.16 N o
May 13, 194 5504 42 - 55.13 - .02
May 20, 55.12 45 55.12 - 03
. May 27, 55.11 NS, . 55,11 - 04
July 8, 55.13 . 67 | . 55.13 ;o= 02




-~ 115 -

TABLE 29

DATA ON MOVEMENTS OBSERVED
DUFFERIN TERRACE, QUEBEC GITY

gﬁggiggz No. 7

Apbaratus Employed: Steel Tape

Coefficient of Linear Expansion = 0.000006 per degrse Fahrenheit.

Type of Movement: + Divergence = increased distance between anchor pins.

- Convergence

decreased disbance between anchor pins.

- . Measursment Net Change
Date Mea;g:zment, Tiﬁp' Corrected for from Base,

- .{ Temperature, feet | feet
May 22,1958 56 .42 60 56442 0
June 16, 56 .42 A6 56.42 0
July " 7, © 56,42 . 6L 56442 0
July 21, 56.42 a 63 56442 0
July 28, 56.42 ; 67 . 56442 -0
Aug. 7, 5642 ; 71 56642 0
Aug. 18, 56.42 56 . 56,42 0
Aug. 28, 56.42 60 56442 0.
Sept. 9, 56 .42 : 54, 56.42 0
June 6, 56,43 43 56,42 0
June 15, 56443 : 55 56443 + L0
June 23, 56.43 : 64, 56443 + JO0L
July 14, 56.42 80 56643 + SO0
July 21, 56.42 78 56443 + 0L
July 29, 56.42 - 84 56443 + 0L
Mug. 5, 56.4,3 ' 64, 56043 + JOL
Aug. 15, 56,42 64, - 56042 0
iug. 22, 56443 60 56443 + 01
Aug. 29, 5641 51 56641 - 0L
Sept. 5, 56,42 55 56442 0
Sept .12, 56,42 : 61 56442 o
Sept .19, 56,42 38 56041 - W01
Oct. 10, 56,42 47 56042 0
Nov. 7, 564/, 31 56443 + .0;
Nov. 14, 5644 29 §6.43 + o0L
NOV - 21, 56 .1{1-5 16 56043 +* ool
May 13,1960 56,43 ‘ 42 56042 0
M&y 20 3 56 o II;O [y(’) 56 .-lpo ad 002
May 27, 56.39 . 70 56.39 - 03
July 8, 5641 68 5641 - 0L
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TABLE 30
DATA ON MOVEMENTS OBSERVED

DUFFERIN TERRACE, QUEBEC CITY

Station: No. &

Apparatus Employed:' Steel Tape

Coefficient of Linear Expansion = 0.000006 per degree Fahrenhelt.

‘Type of Movement: -+ Divefgence = increased distance between anchor pins.
~ Convergence = decreased distance between anchor pins.

' ' Meagurement Net Change
. Date Measggzzant, ngp. ~ Corrected for | from Base,
‘ _ Temperature, feet . feet
Moy - 22, 1958] | .71.49 CU60 | LAY 0
June 16, : 7149 3 Y TL 49 - 0
July 7, - TL.49 1 6L TLe49 0
July 21, TL.L9 ; 63 7149 0
July 28, TL.49 S/ I AW o |
hug. 7, TL.L9 71 T1L.49 0
Aug. 18, -~ TL.49 , 56 71449 0
Aug. 28, 49 - | 60 ERYAY) 0
Sept. 9, 7149 54 | TLA9 0
June 6, 1959 71 .49 ; 43 1 T8 - 01 -
- June 15, 71.49 55 71 - TLWA9 o
June 23, T1.48 : 64 4 V1 - JOL
July 21, TL.AT : 78 71.48 - 01
Ju.]-y 29’ 71'47 84- ) ’ '71948 - .Ol
Aug. 5, L4880 | 6L | - TL.48 - Ol
© Aug. 15, o TLAT b 55 . TL47 - .02
. Aug. 22, TL.48 60 - 7148 - 0L
"~ Aug. 29, 71.50 A 61 71450 + JO0L
Sept. 5, TL LT ; 55. TLLT - 02
Sept .12, _ T1.48 .. b4 7148 - 0L
Sept .19, TLLT , 38 71 .46 - .03
~ Oet. 10, LT | | 716 -.03 .
‘Nov. 7, 7152 ' 31 . 71.51 + 02 , '
Nov. 14, 71.53 29 71.52 + 403
Nov. 21, 71.5/4, : 16 71.52 + o .
May R0, TLLT O} 46 - T1.46 - .03
May 27, 7146 | 70 "TL.46 - .03 .
July 8, 7L .47 e 69 - Tl - .02
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TABLE 31

DATA ON MOVEMENIS OBSERVED
DUFFERIN TERRACE, QUEBEC CITY

Station: No. 9

B 8 e s

Apparatus Employed: Steel Tape

Coefficient of Linear Expansion = 0.,000006 per degree Fahrenheit

Type of Movement: + Divergence

= increased disbance between anchor pins.
- Convergence = decreased distance between anchor pins.

. - Measurement Net Change
Dateo Heasuremont, T:mp. Corrected for | from Base,
feet ) r Temperature, feet feet
May 22,1958 7L.97 60 7197 0
June 16, 71.98 L6 TLa97 0
July 7, 71.98 6L - 7lo9§ + W01
July 21, 71.97 3 AR 0
July 28, 7197 67 7197 0
ug. 7, 7L.97 7L 7L.97 0
Aug. 18, 7L.97 56 7197 0
kg, 28, 797 60 TL.97 0
Sept. 9, 71.98 . 54 71..98 + 0L
June 6,1959 71..98 43 21097 0
June 15, 71.98 55 71..98 + o001
June 23, 71.96 6/, 71.9& - 0L
J'U.ly llp, T1.57 80 7196 + SOL
July 21, 71.96 78 - 7L 0
July 29, 71.96 . 84 71,97 0
Aug. 5, 71.96 64 71..96 - 0L
Aug. 15, 71-96 55 71.96 - o001
Aug. 22, 71.96 60 o 7196 ~ WOL
Augc 29, 71 »97 61. 71.97 0
Sept. 5, 71.97 55 TL.97 0
Sept .12, 71..96 4 6, 71.96 ~ G0l
Sept .19, 71.95 _ 38 71.95 - 02
Oct. 10, 71..96 A 47 71.95 - 02
Nov. 7, 7L.99 31 71.98 + 0L
Nov. 14, 7199 2? 71.98 + L0l
Now, 21, 72.00 16 71.9§ + 01
May 13J196O 71;(")7 42 71.9\3 - oOl
May 20, 71.96 46 71,95 - 02
May 27, 71L.95 70 71.95 - ,02
July 8, 71.96 69 71e% - .01
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- TABLE 32

DATA ON MOVEMENTS OBSERVED
DUFFERIN TERRACE, QUEBEC CITY

Station: No. 10

Apparatus Employed: Steel Tape

Coefficient of Linear Expansion = 0,000006 per degree Fahrenheit.

Type of Movement: + Divergence = increased distance between anchor pins.
- Convergence = decreased disbance between anchor pins.

, o Measurement Net Change
Date . Measurement, | - Temp., Corrected for | from Base,
feet oF Temperature, feet feet
May 22, 195¢ 75.15 . 60 75415 0
June 16, 75,15 : 4o ST75.15 0 0L
July 7, 75.16 6l 75.16 .o+ 01
July 21, 75.15 63 7515 ‘ o
July 28, 75.15 67 75.15 0
Avg. 17, 75.15 S 7L 75.16 4+ W0L
Aug. 18, 75.15 ; 56 75.15. -0
Aug. 28, 75.15 60 |- 75.5 0.
Sept. 9, 75.15 - 54 75.15 0
June 6,1959 75.16 ' 43 75.16 ¢ 0
June 15, 757 ' 55 75,17 . + 402
June 23, 75 .17 64 7517 . +. 402
July 14, 75.16 : 80 75.17 + 0%
July 21, 75.1.6 ; 78 75.0.7 + 0%
July 29, 75.16 84 - 75517 L # 502
Aug. 5, 7507 64 75.17 + o02
 Aug. 15, 75.16 , 65 75.16 + 01
Aug. 22, 75,17 60 | 75.17 Cob 502
Aug. 29, 75.18 61 75.18 1t 403
Sept. 5, 75,17 L 55 75.17. S 2
Sept.12, 75,17 64, 7517 W 02
Sept .19, 7517 |- 38 75.16 + SOL
Oct. 10, 75.17 : LTy 75.1'6 4 oOL
. Nov. 17, 75.18 ! 31 75.17 + 02
Nov. 14, S 7519 b9 75.1 + 403
Nov. 21, 75.19 % 16 75.17. * W02
May 13,1960 75.16 ‘ 42, 75.15 L0
May 20, 75418 VAR 75.17 + L0R
May 27, 75.18 . 70 75.18 . 4. 403
July 8, 75.16 70 . 75.16 + JOL
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APPENDIX

10G OF HORIZONTAL HOLE NO. 2, QUEBEC CITY

. (98! full length, in direction approximately perpendicular

to the bedding)

SUMMARY.

This core consists almost exclusively of black, strongly

calcareous mudstone and dark grey and black, strongly argillaceous,

dolomitic limestone, grading imperceptibly into one another. The rock

types are differentiated with difficulty in hand specimens, so that it

would be virtﬁally impossible to correlate lithological variations in

the core with variebly resistant weathered outcrops above the hole.

: Depth
O"‘3 03'

)
3 .3"18 05 !
18.5=20.7"
20,7-25.0"
25.0-31.0"

A 4

Description

Mudstone, strongly calcareous, black, highly broken along
planes meking 200 to direction of the hole; gredes
imperceptibly into strongly argillaceous, black limestone.

Mudstone, strongly calcareous, black, unbroken except for
separation along thin (less than 1/16") mineralized planes
perpendicular to core axis and presumably bedding.
Occasional mineralized fractures at 150-30° with direction
of cors and essentially perpendicular to the bedding
fractures and offsetting them 1/4"-1/2".

Mudstone as in immediately preceding unit, broken up
along fractures at 10°-300 Lo core axis, in pieces 1"-3"
long.

Mudstone, strongly calcareous as in preceding, parting
largely on mineraligzed fractures at 75° to core axis in
pieceg mostly 3"-8". Locally the rock may be more a
strongly argillaceous, finely crystelline limestone.

Mudstone, strongly celcareous, black as in preceding, with
mineralized fractures at *18° to core axis, again offsett-
ing mineralized bedding partings (?) 1/4%-1/2" and
essentially perpendicular to them. Some fractures open up
to 1/4" and,with euhedral quartz crystals,up to 1/4"
diameter. Local intervals of strongly argillaceous, black
limestone with imperceptible boundaries with the mudstone.




31 -0"36 -O !

36.0~47.3"

47.3~48.1"

48.1-60.9"

60.9-61.8"

6108"73 ¢2 ! A

73 02"75 00 !

75.0~78.7"
78.7"79.9'

7909-80 03'

80 03""87 05 '
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Mudstone as in immediately preceding,with fine silty
layers. Core broken into pieces 1"=~7" with edges rounded
from attrition. Drilling looked difficult here from
roughness of sides of core. .

Mudstone, strongly calcareous, slighﬁly silty, black with
thin (less than 1/4") bands of black strongly calcareous
mudstone. Sparse mineralized fractures at 5°-15° to core

axis,

Mudstohe, strongly to slightly calcareous, black,highly

broken in pieces 1/2"-1" long, subrounded by attrition;

some partings at 5°-15° to core axis.

Mudstone, strongly calcareous, black as in preceding,with
occasional minerslized fractures at X100 to core axis and
broken along them. Local interbeds up to 3" of medium
grey, strongly argillaceous, finely crystalline limestone
at 49.0-49.5'. As well as imperceptibly gradational zones
up to 1 foot thick of black, strongly argillaceous lime-
stone. o ’ -

Limestone, strongly argillaceous, medium dark grey, in

" sharp contact on side nearest outside of hole and with

light grey fine-grained mineral (clasts of carbonate).
Completely gradation contect into beds towards inside of
hole. Prominent mineralized fractures (quartz end carbon-
ate) at £10° to core axis and offsetting mineralized
(bedding?) planes less than 1/4" at angle of about &0,

Mhdstone,lstrongly calcareousg, black, with occasional silt

bands up to 1/4" and occasional thin (less then 1/32")

mineralized fractures up to 28° to core axis.
Mudstone, black, calcareous, highly broken'(pieces
generally 2"-4") along mineralized and unmineralized
fractures at 150-30° to core axis.

Mudstone, strongly calcareous, black as in preceding.

Limestone, strongly argillaceous, medium dark grey, very

finely crystalline, with sparse fractures at.tl8° to core

axis and completely gradational with beds to outside of
hole, sharp contact on inside.

Mudstone, strongly calcareous, black, broken along
unmineralized fractures at 18° to core axis, in pieces

l ) lll_A" .

Mudstone, strongly calcareous, black, broken along one set
of fractures at about 65° to core axis (unmineralized) and
another at about 10° to core axis (minerslized) in pieces
generally 0.8 feet. ‘

-
[N
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Mudstone, strongly calcareous; black, broken along partings
parallel to bedding (?) and along mineralized fractures at
+10° to core axis; in pieces 1"-3%.

Mudstone, strongly celecareous, black, as in preceding with
mineraligzed fractures at about 180 to core axis.

No core.

Mudstone, strongly calcereous, black, as in preceding with
mineralized fractures at 10° or less to core axis and broken
along some of these. Highly broken in last 0.5 feet of
hole. Thin silty layers in lowest 0.5 feet.

Bottom of hole.
(Cove recovery approximately 95%)

(signed) D. X. Norris,

January, 1959. Geological Survey of Canada
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