
[EMit! ‘LV. mnlOO:tn’? a iS5OUATh!. LTD.
SoIL t. FOUNDATION CONSULTANTS

11738 Kinosrsay

E0r.IONTON 19, IIberta

December 23, 1971

Government of Canada

Dept. of Indian Affairs and

Technical Services Branch

400 Lourier Avenue West

Ottawa 4, Ontario

Northern Dove lopmenl

Phono (103) 453-3G65

Attention: Mr. P. Stumes

Gentlemen:

Subject: Grovel Resource Evaluation — Davison, Yukon Terriory

Laboratory analyses of gravel samples from Davison, Yukon arc complete and the resufts are

enclosed for your review. Somplos from the four prospective pits, discussed in our report on

the site visit (November, 1 971), were shipped to our laboratory by Mr. J . Gould, Depcr[ineiit

Custodian at Dowson. The test progrom and subsequent discussion of results was authorized by

Mr. P. Sturnes, ResforcUon Engineer (DIAND).

Toshng Program

The samples, which arrived hi a frozen cond Han, \vere immediately dried and the moist ore

content of the total sample determined. These results are believed to he isot-tebly representolivi

of field moisture retention capacities. The grain size distribution of each sample was obtaincl

by sieve analysis. Results of these tests are platted in Figues 1 to 6 respccHvciy. The fine

fmoclion of samples number 1 to 3 were tested for orgonic impurities using th0 ASTM standard

colour test (C40— 66) Sample description and a summary of the test results obtained are listed

in Table I.

Elmer V1. i3rooIcer, Ph.D., P.Er.y.

Carry El. Gilchrist, MEc., P.Erg.

Qcnald V4. Haylcy. f.LSc.. P.Eng.
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C
Suitabflify for Gravel Pad Foundations

Recommended materials for grovel pod construction ore iflustraled in Figure 7. Basements

whkh are currently inundated should be cleaned out and Filled with cacrse, Yukon River

tailings (approximately 6 inch maximum particle diameter) as discussed in the site visit

report. The coarse grave! should be capped wi,1, a 6 inch Jninimum thickness of select

toiling material (3 inch maximum). This caarse pad wHI be relatively simple to place and

should remain stable under saturated freezing conditions.

The glacial till (Sample No. 2) is considered most suitable of the soils analysed for above

ground pad construction. It contains sufficient fines to cci as a ‘binder’ and gradation is

suitable for compaction to a high density. Moreover, the finished surface should be

impervious enough to shed surface water.

Material from the north end pit Sample No. 1 is probably also suitable for pod construction

although not as de5iroble as the gravel recommended. The white channel gravel (Sample

No. 3) is not considered suitable as this material lacks fines and thus would be very

pervious. -

A

ultabHhty tar Loncrete ,-qgre9ate

Samples 1, 2, and 3 have been studied briefly to determine which is most suitable far concrete

aggregates. Figures 8, 9, and 10 illustrate the nov,1 grain size distribution curves obtained

if each of these samples were split on a No. 4 sieve. Samples 1 end 2 do not meet the ASTM

speciFication far fine aggregates, and would require expensive processing to achieve the

required re-suit. The white channel gravel on the other hand does satisfy the gradation criteria

for fine concrete aggregate (Figure 10). Moreover, if the coarse fraction is sieved on a

1 inch screen, coarse aggregate with an acceptable gradation k obtained.

White channel gravel would not have to be split on a No. 4 sieve in the field. The pit run

material must however be sieved on a 1 inch screen to obtain material of the gradation shown

in Figure 10. The new sample would be a mixture oF 70% fine aggregate and 30% coarse

aggregate. Since on ‘average’ concrete mix contains 42% fine aggregate end 58% coarse

aggregate, additional coarse material would have to be added. For example, to obtain

100 pounds of acceptable mix, 60 pounds of minus 1 inch white channel gravel (42 lbs. line,

18 lbs. coarse) would have to be combined with on additional 40 pounds of coarse aggregote.

The coarse aggregate could readily be processed from Yukon River tailings.

Although gradation of the white channel gravel vili result in economical processing of concrete

aggregates, mineralogy of the material is not considered ideal. A petrographic analysis was

not clone, but a cursory fn5peclion indicates (hat the grovel is composed of metornorphic rock

fragments, predominant I)’ quartzile and scliist . Th. schist is a friable material which vi II be
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detrimen’ol to strength and durability of the con c-etc. Laboratory mix designs will have to

he carried out in order Ia assess strength characteristics and precisely determine mixing

proportions for the ‘ciHous oggrecotes. The cggrecotes are expected, however, to be

suitable for production of concrete acceptable [or the anticipated re—construction project.

I hope these commens are useful for preliminary design and economic assessment of the

proposed project. Additional viork will be required to provide a better assessment of mix

design, strength and durability of the concrete prior to construction. Ibis vvrk could be

incorporated into the proposed spring dril’ing program if requirements for concrete arc butter

defined ci that time.

Yours truly,

ELMER W. BROOKEPc & ASSOCIATES LTD.

11.‘
-

.60’
Don W. Hoyiey, - P. Eng.

DWH:sjw

cc Mr. W. Wells — Calgary
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RECOFAMENDED TYPICAL

SEQUENCE OF GRAVEL PAD

MATERIALS

DAWSOIcS? VU ICON

—

I

SANDY GRAVEL C GLACIAL TILL — SAMPLE No.2)

3 V2’— 4

POSITION
VIATE 6

U MEn

YUKON RIVER TAILINGS MINUS 0”

SELECT YUKON RIVER TAILING-S

( 12” OVEn EXCAVATION
MINUS 3”
6” ON EDGE)
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Q I. INTRODUCTION

1.1 General

Certain historic buildings at Dawson, Yukon Territory, are under consideration
for restoration by the Government of Canada, Department of Indian Affairs and
Northern Development (PIANO). Historical signficance of the area dates back to
the Klondike gold rush of 1896. Population of the towns ite has varied from a
high of 9000 to a current low of about 800, depending upon the fortunes of a
lucrative gold mining operation.1 Buildings have b2en constructed, abandoned,
renovated and reoccupied since that time, with little concern for, or knowledge
about the probleus associated wiLh permafrost terrain. This has led to an
interesting history of performance of structures on permafrost evident in today’s
towns te.

DIAND engineers have recognzied that serious consideration has to be given to
foundation conditions, in order to adequately restore the historic structures in

Q
the area, Elmer 11. Erooker t Associates was reairted under authorization of Contract
No. 278—71 to investigate subsurface conditions in the townsite and report stating
recommendations whch will enable re—design of building foundations.

The field drilling program was carried out in April, 1972. In July, 1972, a
preliminary report was submitted, which presented results of the boring and testing
programs, together with recommendations for foundation reconstruction. This ‘final’
report, which completes the terms of reference of the study, is essentially a repeat
of the preliminary report submitted last summer, with the additior, of Appendix 0,
which describes the Ground Thermal Regime. This supplementary information is based
on data collected throughout the summer front three ground temperature sensing
installations. Aquisition of this data will continue for approximately I more
year and will be reported periodically to PIANO as an addendum to this report.

1.2 Scope of Work

Scope of the work involved in this study includes, hut is not necessarily limited

( to the fuflowing:

a. Loc.ate and drill testholos from which sufficient data
can be obtained to provide a general indication of soil
conditions in the towns ito.
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b. Locate and drill testholes from which particular foundation
re-design recommendations can be formulated at certain
historic building sites.

c. Laboratory testing of selected disturbed (thawed) soi I
samples.

d. Installation of permanent temperature sensing devices in
certain boreholes and aquisition of ground temperature
data from these.

e. Engineering analysis of the data and preparation of reports.

1. Review of plans and specifications prepared by WAND at
their request.

II. SITE INVESTIGATION

0
2.1 General

The townsite was initially visited in November, 1971 by Mr. D. Hayley of
Brooker & Associates in accompanyment with Mr. P. Stumes and Mr. W. Wells of the rDepartment of Indian Affairs and Northern Development. From this visit, an
appreciation of the condition of existing buildings was gained, together with
some insight into local experience with foundation construction. Moreover,
a preliminary concept of reconstruction on gravel pads was set out, however
it was recognized that this concept would require verification by further field
exploration work.1

The site exploration work decribed in this report was conducted from April 17
to 2;, 1972, inclusive. Fifteen boreholes were drilled to depths ranging from
7 to 20 feet. Borehole locations were chosen in the field with assistance
from Mr. W. Wells (DIAND Engineer). Choice of borehole locations was predicted
en the following considerations.

‘Report on Site Visit for Foundation Restoration of Certain Historic Buildings
— Daison Yukon’, by Brooker & Associates, subr!Iittcd to PIANO NovenHr, 1971.
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a. Drill rig access — most sites required snow clearing

b. Buildings under serious consideration for restoration

c. General stratigraphic representation of the tovinsite.

Page 3

Two holes were drilled at the site of a proposed arena (at the request of 01MW

personnel on site). These holes provided a means of extrapolating subsurface

conditions to this part of the townsite. Location or all boreholes is shown Tn

Drawing A—i and site details are summarized in Table 1.

2.2 Drillincj Details

C.

A truck mounted Failing

(Appendix B, Plate 1).

capacity) was rented for

Qrilliny was anticipated.

conventional ‘wash borings

permafrost terrain because

CFDI rig was mobil ized from Whitehorse for the project

in addition, an air compressor (300 cubic feet per minute

flushing cuttings from boreholes where conventional rotary

Drilling with air circulation is preferable to more

(drilling with water) for exploration work in

it facilitates soil identification.

Frozen peat and all soils finer than coarse sand were sampled with a core barrel

developed by the U.S. Army, Cold Regions Research and Engineering Laboratory (CRREL)

(Appendix B, Plate 2). Excellent cores were obtained (Appendix B, Plate 3) from

which the ice distribution in peri.wfrost soils could be readily observed and classified.

The barrel, shown in Plate No. 2, consists of a steel tube with an eight

double helix welded to the outside. A separate stainless steel cutting

removable carbide tipped inserts is fitted to the bottom. The cutting i

project slightly below the shoe to provide efficient cutting action with

of circulating fluid.

inch pitch

shoe with

nserts

out the aid

Four boreholes were extended into the gravel which underlies the townsite. A -3/j

Inch tn—cone bit was used with air as the flushing inediu,n (Appendix B, Plate ‘i)

0rllling in the gravel was found to be exceedingly difficult and time consuning.
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Lotlon Ornund Strrf,ce tcrfltioERtIr.et.d Av.r.3o Depth Iv

tire ‘le 5nc/të,araturr Get?, to Ground travel

ho. Exposuro (In.) °o permafrost Tn—a. 1 (It)

Ia5ia (ft.) (°1)

I SW. (or. 4(1, Ave. t Kin0 St.
3L.5! C,ncrlIne 4t1’ Air.. txpi;cd Previously 7.0 31.3 11.0

36.O’S (tntcrltn, ring st. Cleared

2 Co!,lnd (-mann lateI
35.S’t. of V. YalI Shaded It 3.5 26.3 13.5

15.0’ II. of H. StoIl

3 th of Vlnults Store
31.6’ ii. of Nil. Con. Store PartIally 20 27.6 31.2 15.5

(long V. VaIl line

A 01,1 Post (,fflca
43’ V. of S.C. Corner fuilding Exposed It 5.0 30.2 12.0

12.5, 5. of 5. Wall LuIlding

5 td F,rther Saloon
II’ S. of 5.W. Cornar, Partially 22 17.2 5.5 27.8 16.6

7’ V. of S .41. Corner Sl,adcd - 25.3k

C k,iby’, Place. 13’S. of S. VaIl s:elI 24 20.2 ——— 27.1 i8.o
27.6’ C. of V. Vail Shaded

7 [roposed Irene, 235’l?, 20’E. of Shaded Prevlcotly .0 19.7 13.0

• H.41. Lyman Ccr,nIty hall Cleared
(Grew. I)

8 Prepoati Arena, 45’I, 00’ C. of Exposed 20 31.3 7.5

NIl Corner Cnxrrunlty Hall

ii 1 94 Ccrr.i:sio:,ers f.ctldence
100’E of H.C. Corner Forc’, 25’S Caposed Previously ——- Nfl2 32.8 13.0

hula ‘A 10.5’ E. of ho. 9 Cleared
(grass)

10 St. ln-Jrt.s Church Fartlolly Previously KPF 31.8 13.5

35’if. i’3, of 11.1?. Corner Tt, Shaded Cleared

II Old 4iJnktratlon huilding

(rusewi) 15.5’S. of S. Wall, Exposed 20 14.8 32.0 12.2

28’E. of U. 41,11

12 Itlstoric SItes Culiding Expoted tlearcc’ Nfl 7 29.9 12.5

120 C. of N.E. Corner Along (gravel pad)

H. Wall Line

13 6th Ave. ring St.. 66’ 41. of
Centorllrty 6t1, l,ve.. CS’S. of Exposed 23

Leorerline I.lrg St.

i4 Sceoni Ave. C Sixth St.
6611. of CenterlIne C-tb St. Exposed 23 30.7 30.0 6.2

lliI’E. of tr.’,terllr.: Sccnnd Ave.

l.voreçe from S feet to crest1 ,t:rh.ce., April 1971.

lIon pernofrnst

C
TADLE I

C-31-LIIOLC SITE G1AiLS

I.

• Indicetca t’,creletor cable date
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in at least one instance, a new bit was worn out after only two feet of

productive drilling. After an hour or two of slowdrilling progress, warm

air from the compressor would thaw the walls of the borehole, and create a

sloughing condition. In at least two instances (oreholes i and 8) a large

cavity was created in the gravel with Httle downward penetration. Under

such conditions, undisturbed sal I sampling was impossible and the borehole had

to be abandoned. The cavities formed were backfilled with dry sand.

The gravel was sampled by retreiving cuttings which were blown out of the borehole

(Plate Li) . Drive sampling was at tempted (SPT spl it barrel) with little success

as the maximum penetration of the sampler was only 2 or 3 inches. Inspite of

the above mentioned limitations, however, It is believed that an appreciation

of the in-situ conditions of-the gravel were obtained from the field boring

program.

All boreholes were backffl led after completion. Boreholes on gravel roadways

or parking areas were backfiRed with sand, whereas others were filled with

soil cuttings and core. Any excess soil was removed from around the drill

s i tes.

2.3 Soil and Permafrost Description

Soil and ground ice were described at each boring location based on the, ‘Guide

to a Field Description of Permafrost for Engineering Purposes’, Technical

Memorandum No. 79, National Reseatzh Council. A pertinent summary of the ice

classification system preceeds the borehole logs, Appendix C. Temperature of

frozen core was measured immediately after extrusion from the barrel by inserting

a 1/8 inch by 1 inch thermistor probe into the core, as illustrated in Plate 5,

Appendix B. Throughout the invesUgation, ambient air temperatures were normally

within 10°F a the measured ground temperatures which improved reliability of

readings in thR manner.
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2.4 Thermistor Installation

Three multi—conducior electrical cables on which & thermistors are mounted were

installed in Doreholes No. i, 5 and 9. The thermistors are semi-conductor

resistance temperature measuring devices which are particularly well adapted

for field installation in this manner. The thermistor cables were prefabricated

in the Brooker Edmonton laboratory. Spacing of the thermistors on the cable and

cable length is variable, however final depth of individual thermistors in the

respective boreholes is tabulated in Appendix D, along with readings obtained to date.

The thermistor cable was pushed to the bottom of the borehole with a drilling

rod (in some cases 12 to 18 inches of sloughed soil had to be displaced) and

• held tight in the center of the borehole while backfill was placed. Backfill

Q consisted of clean dry, fine sand mixed with dry drilling mud (bentonite gel).

The drilling mud will discourage water infiltration during spring thaw, which

could affect ground temperaturus.

2.5 Surveying

All boreholes were located by measurement from structures or roadways which are

located on the townsite plan provided by DIAND. All borehole locations are

shown on the site plan, Drawing A—i. The ground surface elevation at each

borehole was determined by level survey. The elevations were determined

relative to a system of benchmarks established in the town by the Yukon

Territorial Government. The base reference for these benchmarks is understood

to be Geodetic Elevation.

2.6 Laboratory Testing

A laboratory testing program, to determine index properLies of representative

soil samples, was undertaken when the fi old work was completed. -The fol lowing
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soil tests were carried out on selected samples.

a. Natural water content (total moisture content)

b. Atterberg limits

c. Grain size analysis (sieve and hydrometer tests)

d. Organic content determination

Standard soil mechanics testing procedures (ASTM, GSA, etc.) were used for

carrying out tests ‘a’ to ‘c’ above. The entire sample was used for water

content determination. Where free water was present in the bag and obvious

leakage had occurred, the water content results were rejected.

The test procedure adopted for determination of organic content in soil samples

0 was patterned after the Alaska Test Method T—6. The sajiple is heated in an oven

to 1300°F and maintained at that temperature for one hour, to oxidize the organic

maLeral preseni. Weight loss is then determined after cooling to room

temperature. The organic content quoted s therefore a weight loss due to

burning at high temperatures, expressed as a percentage of the weight of

mineral residue.

The laboratory test results are incorporated into the borehole logs presented

in Appendix C. Furthermore, a sum ary of laboratory data is presented in the

appendix together with grain sizedistributlon curves for the soils tested.

III. SITE CONDITIONS

3,1 General

The townsite of Dawson occupies a recent (hut inactive) alluvial floodplain at

the point of confluence of the Kiondike River with the Yukon River. The area is flat

topographically, hut is bounded on the east by mountains which rise steeply
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above the valley floor. A gully, known locafly as ‘the slough’ traverses the

south end of town (Drawing A—I). Except for spring runoff, the gully, an

abandoned channel of the Kiondike River, carries little or no water.

3.2 Soil LYE

The details of subsurface conditions encountered at each location drilled are

summarized in the borehole logs, Appendix C. The soils encountered can be

classified as one of four major types; peat or fill, organic silt, sand,

and gravel. These four soil types are discussed separately in this subsection

and their distribution throughout the townsite is indicated on two general ized

stratigraphic sections, Drawing A—2

3.2.1 Peat or Fill

The surficial soil at most boring locations was found to be either

fill1 or peat. The fill Is either randomly dumped material or

gravel (parking areas). The random fill was easily identified

because it usually contained sawdust, bricks, bits of glass and

other rubble. Normally, a layer of peat, 6 to 12 inches thick,

remains beneath the fill. All fill materials encountereq in the

townsite were frozen but they did not contain excess ice.2

Host building lots in Dawson have been filled to some extent over

the past 76 years. Furthermore, subsidence under streets as a

result of thermal disturbance to the underlying permafrost soils

has necessitated periodic application of gravel surfacing. The

1 ‘Fill’ — the term fill is used to describe any material placed by man.

2
‘Excess ice’ — refers to ice in excess of the fraction that would be retained
as water in the soil vol (is upon LI,owi ng
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direct result of this is that current Street levels are often

above floor elevation of the older structures and unfilled lots

have now become enclosed depressed areas. This situation has

created serious drainage problems throughout: most of the townsite.

Peat thickness varies throughout the townsite. Little or no peat

was found at boring locations south of Church Street (Boreholes 9,

10, 11 and 12) whereas a thickness of 6 feet was noted at Borehole

No. 7. Peat at this location extended to a depth of 7 feet and an

excess ice content of 30 to 35 percent was noted below a depth of

3+ feet.

[

3.2.2 Organic Silt

The surface coveiirig of peat or fill is directly underalin by a

deposit of organic silt. The organic silt is thickest in the

northern half of town particularly in the vicinity of Boreholes 2,

3 and 4, where it extends to a maximum depth of 15 feet. The

silt layer thins considerably in the south end of town, (Drawing

No. A—2) where sand overl ies the alluvial gravel (described below).

The organic silt was found to be grey, non—plastic soil with

Inclusions of peat and roots, often in the form of interbedding.

The organic content determinations ranged from 8 to 15 percent

(4 tests) and excess ice contents were normally found to be quite

high. Excess ice is generally of the segregated stratified type

(Vs) with estimated visible percentages normally ranging from

5 to 25 percent (basis total sample volume). Some non visible

excess ice (Nbc) and ice coatings Vc were also apparent iii this

material. Plate 3 shows a partially thawed core of typical organic

silt, exemplifying the volume of soil occupied by ground Ice. This soil

becomes a slurry when thawed in a plastic bag.
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3.2.3 Sand

The organic silt grades into sand towards the south end of town. The

boundary between silt and sand is not well defined arid in most places

the sand Contains a large proportion of silt. Inclusions of peat,

similar to those reported above for the silt, were also evident in

the sand. Where the sand ias frozen, permafrost classification

was found to be highly variable, ranging from non visible ice in

well bonded cores (Hhn) to visible ice coatings (Vc), with most

frozen core of the non visible ice type.

3.2.ti Gravel

0
Alluvial sand and gravel underlies the entire towr.site. As nicritioned

previously, drilling into the gravel was very difficult, primarily

because it is composed of hard rock minerals and conta iris many cobbles

and boulders) The gravel is believed to be clean, granular soil,

free of excess ice. Thawing of frozen gravel is not expected to pose

any problem as it can be considered thaw-stable material.

3.3 Permafrost Distribution

Permafrost is widespread throughout the townsite but it is not continuous. With

the exception of liorehole No. 12, unfrozen soil was encountered at depth in all

boreholes drilled south of Church Street.

1Obscrvations on Jackon ml) ings at the mouth of the Klondilce River.

Petrographic analysis by DPW shows over 50% Quartz content in these tailings.
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in Borehole 12, the sand was frozen to a depth of 12 feet (31 .8°F), however, the

borehole was drilled in a cleared parking lot thus it is suspected that seasonal

frost rather than permafrost was encountered there. It was also noted that

large coniferous trees (in excess of 50 feet high) are growing in the townsite

only south of Church Street and it is believed that they thrive there as a

result of the absence of permafrost in this area.1

The absence of permafrost at the south end of the townsite is believed to be

associated with lateral shifting of the Klondike River.2 It is known that

permafrost does not exist beneath major rivers and lakes, especially in the

discontinuous zone, thus the recent occupation of this area by the Klondike

River (probablywithin the last 200 years) would account for lack of permafrost.

Permafrost may exist at depths greater than the field exploratioR however, this

is not believed to be significant for engineering purposes.

Thickness of the active layer in the part oi town underlaji by permafrost

(Drawing A-I) could not be measured directly because the investigation was

carried out in April. At some borehole locations however, position of the

permafrost table could be estimated (Table I) indirectly by:

a. Detecting a thin layer of thawed ground beneath seasonal
frost (in cases where seasonal frost did not extend to
the permafrost table)

1,. Observing a zone of major ice segregation which’ is often
found at the permafrost table.3

1
Any correlation between tree growth and permafrost in the townsite is
questionable due to the long natural history of the Area.

2 Discussion on: Permafrost alternations as a result of lateral shift of the
Mackenzie River by C. T. I-bang (Brooker LAssociaLes) and H. U. Smith
(Carleton University) Permafrost Seminar Saskaloon, May 1972, Unpublished.

3Personal Communication, Dr. J. R. MacKay University of British Columbia,
November, 1971
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Thickness of the active layer and average ground temperatures at the time of

investigation depend upon the degree of exposure to sunlight the site receives

(Table I). The active layer thickness was observed to vary from about 11 feet in

well shaded areas to 7 feet in exposed areas.

Ground temperatures measured on individual soil cores with the hand probe compare

quite well with those measured from the permanent thermistor installations at

Boreholes No. Li, 5 and 9 (generally within Z°r). Installation of the thermistor

cables at Boreholes No. 4 and 5 has confirmed that the gravel is frozen in this

area (Appendix D).

3.4 Groundwater -

All boreholes except No. 13, were dry at the time of drilling. The standpipe

installed in Eorehole No. 3A (to 13.5 feet or 0.5 feet into the gravel) was dry

after installation. However, on June 5, 1972, groundwater was reported to be 13

inches below ground level, at the same time the Yukon River was at flood stage.

Therefore, it appears that the unfrozen gravel underlying the non-permafrost area

Is continuous to the rivers edge.

An artesian groundwater source was encountered beneath (or within) permaFrost

soil at a depth of 6 feet in Borehole No. 13. Flow from the 4 inch borehole,

sho.’n in Plate 6, Appendix B, was estimated at 50 gallons per minute. The flow

was stopped after about 10 minutes (the flow rate seemed to increase with time)

by driving a slightly oversized log into the hole and allowing it to freeze in

place. Source of the groundwater is not known, however, it is postulated that a

layer of coarse, pervious colluvium (talus) exists under the silt in this area,

in as much as it is very close to the base of the mountain (Drai,ing f—2) . If

this Is the case, recharge would b from the slope above.
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The artesian water condition is not sufficiently close to structures under

immediate consideration for restoration to pose a problem. However, future

e>pansion of activities into the area of Borehole No. 13 should be viewed

with caution. At the time the water was flowing, various persons involved in

town maintenance were summoned to view the situation. They were advised at

that time that groundwater pressure should be relieved by implementation of a

drainage system.

IV. LOCAL FOUNDATION EXPERIENCE

4.1 General

Various methods of foundation design have been utilized in Dawson, but no

particular type has been found to perform satisfactorily. Recent Foundation

construction practice has been limited to timber piles installód in pre—bored

holes or ground sills placed on a gravel pad. Observations on performance of

some of the old and new buildings in the area can provide a good indication

of the problems which must be overcome in order to provide a satisfactory

foundation.

Pile Foundations

Construction on timber piles in the area has produced particularly disappointing

results. Piles have been installed only to depths of 10 or 15 feet, where

drilling or driving refusal is met at or near the gravel surface. The piles are

installed butt end down in the hole, then backfilled with a sand slurry on the

supposition that freeze back into the permafrost will occur. At places in the

Q townsite where the ground is only marginally below the freezing point, it is

doubtful that freezeback would occur. There is at least one Instance of a

16 foot long pile reported to be loose in its hole many years after inslallaLion.
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This situation is highly undesirable from the point of view o pile stability.

Seasonal free:ing of the active layer causes heave which is transmitted to

the pile by adfreeze bond. Sufficient anchorage is not available below the

zone affected by seasonal freezing to resist upward movement of the building,

consequently, the buildings heave and settle differentially throughout the

various seasons of the year. C

An extreme case of pile heave is evident at St. Andrews Church. The building

was constructed on driven timber piles in 1901 and was in service until about

1950 (Borehole No. 10 shows this to be a non permafrost area). Since the

structure was abandoned, serious heave of the interior piles has taken place

(presumeably the building was heated all winter prior to 1940). Differential

tloor heave, shown in Plate 7, Appendix B, has been estimated at about six feet.

Jj.3 Gravel Pad Foundations

Gravel pads are commonly used for many new buildings in Dawson. The purpose

of a gravel pad on permafrost is to provide a stable insulating layer which

will prevent degradation of the permafrost. In a discontinuous permafrost

zone, where ground temperatures are often only marginally below freezing,

construction on a gravel pad is risky.

The new Father Judge Hospital (East of Borehole Ho. 11, Drawing A—i) was

constructed on ground siRs, supported on a gravel pad about 3 feet thick. The

building has an 18 inch open (cold) crawl space and insulated floor to prevent

heat loss to the ground. Moreover, a thermopile1 was installed at one end of

the building site in an attempt to preserve a frozen ground condition. At the

time of the site visit, (November, 1971), a sag of the end walls of about S to

‘ inches was apparent by sighting along the exterior sheeting.

1

1 The thennopile is a self contained borehole refrigeration device: No

infor,njtion is known about this particular installation.
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The estimated boundary between permafrost and non permafrost has been drawn

through the Father Judge Hospital (Drawing A—i). Thus, it is uncertain If in

fact permafrost existed beneath the structure at the time of construction.

Under these conditions, it seems highly doubtful that the gravel pad serves

any function as an insulator and it is possible that the cold crawl space and

thermopile installation may have aggravated the stability problems associated

with this particular foundation.

Basements

It was customary in some of the older structures to include basements (Ie.

rNBonanza Hotel, Old Post Office, Commissioners Residence, Administration

Building, etc.). Basements in the permafrost area of town are currently full of

ice, whereas those in the non permafrost area are generally dry. Ice which ha5

accumulated beneath the Bonanza Hotel and Post Office is believed to be a result

of surface runoff, which is trapped in the hole created in the impervious

permafrost soils. At the south end of town (lion permafrost area), the basements,

which have timber cribbed walls and dirt floors, have performed satisfactorily

because of the good drainage afforded by the unfrozen sand and gravel which lies

below.

V. FOUNDATION RESTORATION RECOMMENDATIONS

5.1 Foundation Type

Q
Three types of foundations have been considered for building restoration; piles,

gravel pads and footings. Pile foundations are considered unfeasible for the

following reasons.

a. Holes can not be bored into the gravel sufficienily far

to provide anchorage against seasonal frost heave.
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b. Pile installation under existing buildings is a very
difficult and expensive task.

Both gravel pads and footings are considered feasible foundation reconstruction

units, subject to the limitations discussed below.

5.2 Gravel Pad Foundations

Reconstruction of building foundations by provision of a gravel pad is considered

a satisfactory design north of Church Street (permafrost area) provided some

foundation movements can be tolerated. Minor foundation movements can be

accomodated if provision is made for releveling of the structure. Individual

cribs or posts, supported on the gravel pad are considered a superior design to

Q continuous around sills. If individual concrete pads are used, they should be

buried in the gravel approximately the thickness of the concrete slab (8 r

10 inches anticipated). Design bearing pressure for this type of foundation

should not exceed 3000 psf.1 This type of foundation design is considered

suitable for the Bonanza Hotel, Old Post Office, Bank, Ruby’s Place and the

Red Feather Saloon.

A gravel pad thickness of four feet is suggested, with gravel placed and

compacted in layers not exceeding 1 foot in thickness. The materials which are

available for pad construction have been assessed previously, (Gravel Resource

Evaluation, December 1971). Recommendations concerning gravel selection and

placement were stated at that time and this data is included as Appendix E

of this report.

C
l

Based on 3 x 3 foot square footing buried i foot Into gravel with an

internal friction angle of 38 de5re-es.
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All basements should be cleaned and filled (as described in Appendix o) prior to

actual pad construction. Stripping or excavation of surficial soils should be

kept to an absolute minimum, however it will be unavoidable at some sites in

order to prevent an undesirable elevation of the structure. A cold crawl space

and insulated floor should be provided under heated structures and any exposed

edges of the pad should be landscaped by a covering of peat or topsoil (6 to

12 inches).
£

5.3 Footing Foundations

An acceptable alternative to the gravel pad design, which is adaptable to both

permafrost or non permafrost areas are footing foundations. Individual footing

foundations in permafrost areas should he founded at the surface of the under—

Q lying gravel. Stipulations pertinent to this design are summarized below

(Drawing A—3)

a. The surface of the gravel should be thoroughly cleaned

of all loose and unfrozen material.

b. The foundation units can be pre—fabricated, and shipped to

the site, which will probably be more economical than a

job cast footing. Pre—fabricat ion of the footing will

expedite installation and backfill, which may be a serious

concern if construction takes place in the summer.

c. Footing pressure should not exceed 10,000 pounds per square

foot and a minimum footing size of 3 feet square k recommended.

d. Footing anchor bolts, steel (or concrete) post and concrete

pad should be designed to resist an upward tangential adfreeze

force or ooo psf applied to the perimeter of the embedded

portion of the pedestal.

e. If a hollow pipe column is used as a pedestal, It should be

filled with concrete on site to prevent corrosion and expedite

setting of anchor bolts For above ground structural members.

f. Backfill around the foundation should consist of non frost

susceptable granular soil. A well graded sandy gravel with

less than 5 passing a No. 200 sieve is recommended. This

material is available from pits at the north end of 51h

Avenue or at the south end of town on the cementary road
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(Appendixr ). The gravel should be placed in lifts not
exceeding 12 inches in thickness and thoroughly compacted

(95 — 982 Standard Proctor Density).

g. The above foundation design is not intended to resist
appreciable lateral loads. If non-verHcal loading is a
design problem, spccific details will be provided on
request to accommodate this situation.

The use of precast footings will expedite installation and backfill. It is

recommended that footing excavations remain open for as short a time as possible

so as to minimize degradation of permafrost sideslopes. Excavation sideslopes

steeper than 2 vertical to 1 horizontal are not recommended. A thin pad

(2 — J inches) of clean, well graded sand should be provided over the in—situ

frozen gravel to allow adequate leveling of the precast concrete footings.

Footing foundations may also be used inthe non permafrost area of town

(Drawiny A-i). The minimum recommended depth of burial is 8 feet, which will

be into the thawed silty sand. The design soil bearing pressure at this depth

should not exceed 2000 psf, but footings should not be smaller than 18 inches

for strip or 36 inches for square footings, irrespective of bearing pressure

considerations. Rasements are not recommended under new structures at any

location in the townsite.

VI. CONCLUSIONS AND LIMITATIONS

The river flood plaii on which Dawson Yukon is situated consists of organic silt

and silty sand overlying dense bouldery, alluvial gravel . Permafrost was found

everywhere north of Church Street, whereas an area to the south end of town was

found to be thawed at depth (Drawing A-i).

Piles are not recommended for foundation reconstruction and the use of gravel

pads should be limited to the permafrost area. Footing foundations will provide



suitable foundation support conditions

areas and recommendations are providod

Page 19

in either the permafrost on non—permafrost

in the report for design purposes.

The data collection program described herein was designed to develop genera’

recommendations applicable to foundation reconstruction and new construction in

Dawson. At the time that redesign of particular building foundations is complete

and construction is underway, it would be prudent to verify conditions in the

field based on an inspection by a geotechnical engineer.

Respectfully Submitted,

L

Q E-381 C

CATES LTD.
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o
SYMBOLS & TERMS USED ON BORING LOGS

I. 5oH Description

a) General Basis for Field Doscription of Soils

i\4aior
Divisions Subdivisions Field ldantifjcatjon

COBBLES AND larger than 3 inches diameter

BOULDERS — cobbles 3 to 8 inches
. bouldcts grealci than 8 inches

COARSE-

—-

—_____________________

GPAII’IED GRAVEL Smaller than 3 inches but larger [ban No. 10

SOILS Sieve (2 mm.)

SAND Smaller than No. 10 sieve but larger than .06 mm.

Smaller nrticIes are not visible to the naked eye.

Exhibits dilatancy (reacts to the shaking test).

Powrjers easily when thy, only slight dry strength.

SILT Gritty Jo the teeth. Dries rapidly. No shine

imparted vhen moist and stroked with knife blade.

FINE
GPAINED Not dik,iunt. Possesses eppreciable dry strength.

SOILS When moist, sticks to lingers and does not wash

CLAY 0rr rrsadity. Not grWy to the teeth. When

moist a shiny surface is imparted when s[ivked

wUh a knife blade.

PARTLY Dapendiig or amount of organic material, these

ORGANIC sofls usually hove some o [he characteristics of

—

orgainc cloy their inorranic counterparts:

ORGANIC — organic silt usually hilily compressible (spongy)

SOILS etc. usually lae characteristic odour.

ORGAN1C Fibrous sfn;cture — t.nually brov,n or black when

WATERlAL moist. Spongy. Usually has characteristic odour.

I

— pca

(Altar NRC TM .?37 with rnoditicatians br MIT Grain Size Scale.)

b) Genetic TeminaIogy

When geologic origin of soils is eviden to ho field engineer, this terminology

is used in coniunct ion with the general field description.

i.e. Till soN deposited airuetly by a glocior. It is generally characterized

by Us wli gr.adcd te:tuw (wide range of particle sizes).



adi.aS..a.•
••!

Q IL Ice Descripflon

NI Poorly bonded

Non Visible Ice Nbn V/eli bonded
Nba Excess Ice

Vx indivkiual ice crystals or inclusions

Visible ice Vc Ice coatings or particles

Less than 1 inch thicic Vr Random or irregularly oriented ice formations

Vs Stmtified or distinctly oriented ice formations

Visible Ice Greater ICE ice with soil inclufons

Than 1 inch thick ICE ice without soil inclusions

After NRC TM 179)

Ill. y_mbols and Abbreviations

-. Moisture Content o -

0
Note; (I) Moisture content velves which plot off scclo ore handv.ritien

at the extreme right edge of the page.

Atterh.rg Limits — plastic F
— liquid

S.C. Specific Gwvity (Soil Solids)

O.C. Organic Conlent (% of thy soil weight)

Sample Type

Undisturbed Sample Good core, frozen

Partially Disturbed Sample Poor core, frozen

Disturbcl Sample Thawed core or cuger cuttings



PHOJECI Dav,son (S. W. Coiner 4Ih Ave. & King St.) TESTHOLE No. ——I

SUHFACC z:LEVATION 1050.6’ —

JOB No. E — 381 — C

Dent!1 Soil Ice W,,tcr Content % o Temperature °F

..LJ Dascripton Desciiplion 10 15_20 25 30 35

FILL — clay rubble

— peat & rook

— fossil shells

ThGRAVELI

some gravel

PEAT

SILT— sondy,grey
orqoni C

.——

—

EZEJZ±L
C -

52

N bn

Nbc-Vs

-,Permofrost

INbe — Vs

Nhe — \‘s
1 fr,
(V fO

93 C

SAND — silty, medium Nbn
—

brown -

— cohesh’e,
some gravel -

—

)
.,

Coniplc’tion IJc’ptli

-• J Depth to Water

11 .0’ DIiejp 18/72 10 20 30 ‘10 50

I’e,,etration Rcsistanre N

r.l1orJi.r,, & AS-OCiA1 L S
III I3oi n

Dry P,i0e 1 oi 1
0ig. No



clay, grovel
roots & sawdust

— sandy, organic

grey
— some peal

O.C. = 13.9%

25 % sand
70% silt
5% clay

1052.1’

r - -

L -J

13.5’

Dcptii to fl’ater

üi Di y Pijtjt 1 ot 1 IJCJ!{. No.



FILL — clay, sandy
cobbles, roots
& wood, light
brown

silty, medium
brown

sandy, pebbles
roots, peat
& shoWs, mefflum
brown

— niecilum grey

— 1/4” gravel lens

sand layers in
silt

1050.6’

p

k

Corupletioci De1,tli 15.5’

DejnIlo Water

Date Apr. 19/72

I.’



[IIOhiCT flov,sc,n (Girl [‘act Officr) TESTIJOLE No. 4

— —

.

N
15

16

FILL — cloy, biicL5,
roots, wood,
pebbles, SaWduSt

medium brown

PEAT — medium brown

SILT — organic, some
peat, medium
brown,
non plastic

some fine
sand, she I

O.C.=fl. 1%
non plastic

17 (haL sloug!icd to 12.

frozen Nbr
(seozona I)

(perniafrosj

Vx —

Vs 25%

4pril

iple fempefrnturp
April )/i

r’NSURFACE ELEVATION 1051.6 JOB No. E—381 C

Depth Soil Ice Water Co,,tent %O Temperature °F
ft. Description Description 10 20 3040110 15 20 25 30 35

thawed

OC= 15. 3%
18%
77%

5%

sand
silt
clay

frozen Nbn

grey

1

—3

—.4

—5

6

7

L
—9

— 1•0

11

— 12

— 13

— 14

4

x

j___
-0——--—

0 —

0 —

80
——

67

j_

z__zz_
‘I INn?vs u,o

some Vx ±

Vc

no recovery

GRAVEL — sandy,
silt, grey

frozen Nbnsome

53)

0

CoInph’1i033 L)eptli

isor iecdi,igs

7.0’

0

Date

So I Sai

April 19/72,
10 20 30 40 50



FILL — clay rubble,
wood & sieci

lenses

interbedded
peat

D.C. = 5.9%

E52 % sand1
IO % silt
[8% clayj

— 3” tree root

Vs
10-15%

PROJECT Dawson (Red Feather Saloon) Tt:S1FIOLE Nu. 5

SURFACE ELEVATION 1048.5’
JOB No. E — 381 — C

pth! 5,fl Ice Water Content %O . Tempera lure °F

ft._J Description Description 1070 30 40 10)5 20 25 30 35

frozen

PEAT — some cobbles &

1 ruhbtcf

SILT — organic, grey
some peat

Nba

a

Vs5%

20%
.2

a

t

99

SAND — silly grey

_.i Ii — sondy,_gtcy

SAND — silty, grey
— peat & sand

—2

—3

—4

—5

—6

—7

I •

I-a

—9

—10

—11

—12

—14

‘16

a

\fc 10%
some ‘Ix

Vx 15%

Nba

—------ ——

——- ——-a——I

—---------_

— ———--t-- —

::z:_
C —

a
.—----®--

— medium brown
some silt

— medium brown
to grey, fine
sand I

— medium 2 % gravel

— coarse, rned?ur i 98 % sand

brown, occ. pJ Me

— —— — — —4 —

I >,

Conipli non Depth 19. 0’

Depth to Vlater

73 ) ISc isor Peodli

ArtHi 2/72
195

Date Apr. 20/72 10 20 30

1-u,ietr.itio,i Ri,istance N

‘10 bO



GRAVEL
(no core)

slougheci to 17.0’

I
Completion Depth 19.0’

Depth It, W.’ter
F,

Date Apr. 2Q/72

n P;11, 2 o 2



FILL — clay, rubble.
gravel, ashes
wood

laminated peat

o.c. = 7.7%

Nbn Ic Vr
5 %

f’e,,ot rat ion B siutancc N

{_______

flowson %t*y’s piot;Ji YFSrLIOLE No. 6

1SUBFACE_rLEVATI0H 1049.4’
No. E — 381 — C

‘ptli so; cc Wjter Cnntit % 0 Tern pera lure

ft. Description DecripHen L_1..1L2°.._i°_. 10 15 20 25 30 35

—

dci1 brov,n

NO RECO\’ERY

116

SILT — sandy, some

peat, grey

N Em

0

—1

—2

--3

—4

—5

—6

7

pS

—9

— 10

—11

— 12

— 13

— 14

—- 15

16

17

SAND — silly, grey

laminated poet

— medium brcw:n

Nbn
n

5LT— some scind & peo 0-5%

SAND — silt>’, lamiiatet

with peat,
grey

C PA\’EL

SAND — silty, grey,
some grave!

— lice reals

— some pebbles
& ace. rock

Nbn

Vet
10— 15%

5 — 10 %

- Nbn

\

L

CompIetori Depth

Di ;tii to t.’ator

18.0’
Date, 20/72

10 20 30 40 50

l’au, I of 2



[IEE
- Dawson (Ruby’s Piece) ITESTH No. 6

f MJNFACE ELEVATION 1049 4
JOfl No. E — ‘131 — C

ptII Soil Ice Water Content % Tempe.ature °F

ft. Descriplinn — De5cripHon 10 20 3040 1015 20 25 30 35

SAND — grey silty
sonic grove!

Nbc

GRAVEL

—c
—-13

EEZE_

CornpIetio

Depth

(,v-.
-

) Depth to tViter

30 1o 50

18.0’ O;IteApr. 20/72 10 20

n... n., 2 nf 2
Peneti-aton F1e5stmtce fJ



F’RCIJLCl Dr,wron (Proposed rat
No. 7

SUHFACE ELEVATIOtJ 1052.5 JOB No. E — 381 — C

Pi’tI, I Soil Ice W,ier Conie,,i ?O Temperature °F

)_) Description Descripllon 10 20 30 40 1015 20 25 30 35

FILL sand & grovel

PEAT — dark to medhim
brown

Nbn

frozen

t‘a

2

30 - 35%

Vr to Vx
30 — 35 %

Vx

-
—

230
i —

a -

H— —sf_

182
i——--—- -0----———

I —

—- —

— -s-I—__—
—_Th—-. —-

—1

—2

—3

—4

—5

—6

—7

b
—9

— ic

— 11

— 12

13

4’

Vs 1° \‘r

25%

\‘r 25%

SILT — grey

F 9% sand
Jr r 0’1oj ,o siit

[6 % clay

— occ. pebbles

— some interbedde
peat

— sandy, sonic
grovel

I Vr 2,10

—

ZEETEEELL

: — —a.—

GRAVEL

‘a

Jr

/

Coin i lotion Depth

Dojitli to Watci

Dite
13’ 2”

Dry

Apr. 2 0/72
10 20 30 40 50

1’e,itratiori F{csistance N

ii in ) ASSOCII(T US n Uonncj Pa 1 of 1 nv;q. No.



SILT — sandy, brown
to giey

Hole s!ouqbed to 9.0

PROJLCT Dawson (Proposed Arena) TESTIIOLE No. 8

SUt{FACE ELEVATION 104S4’
JOB No. E — 381 — C

flpt’i Sol I Ice Wattr Content Temperature °F

Description Description 10 20 3040 10 15 20 25 30 35

PEAT — sand & pebbles
— medium to dark

brown

— some gravel &
glass

frozen

N bn

Vx 5%
-

‘I 1fl,yr Ivio

—1

—2

—3

—4

—5

—6

—7

a
—9

—10

—-11

12

ho RECOVERY

I —

123
—

— — —
—

-—--_LZ

%_______t_=____—

.

.—--_

GRAVEL- silty
sandy
grey

•1

Coin,!et,on Depth

/ Depth in Water

12.0’
Date

Apr. 21/72
10 20 30 40 50

renetratior, Kisistance N

Owg. No.
BOOI:Efl A:sOCIATFS Fl Lormg Dy Page 1 of I



r
medium brown

162 %sand &gravei}

J32 % silt

1 6 % clay
SILT — sandy, grey

1 interbedded peat

SAND — sHty, medium
brown

SILT — organic, medium
brown, roots

Nbn
some ice
coatings on
peat

._pDrticles I

! r

GRAVEL — no penetra ion TH 9

TI-i 9A drilled to 19. 75’

hole sloughed to 12. 5’

— some peat

— some grave!

19 % gravel
67% sand

A ;ensor Readings
1\pr11123/72

Duwson (Ccvnmissioner’s Residence)

E1FACE ELEVATION 1046.7’
JOB No. E — 381 — C

pth Soil Ice WBter Content X 0 Temperature °F

ft DescripUon Description 10 20 30 ‘10 1015 20 25 30 35

TESTHOLE No. 9 & 9A

frozen
Nbn

— medium brown
to grey, sandy
laminated peat

—
—— —

—

SAND — silty, dry

unfrozen

52
A

—1

—3

—4

—5

—6

—7

Th
—s

—9

—10

—11

—12

—•13

—14

—15

16

17

. — — — ——

——
——————I——

A -

o

—

_

A

I -

-
—C—----— --—— —

Li -

0 A

14 % sill

-
-ç

7

-
-

—

o-----—-- ——
--

CoinpIeLon Depth

-

J Depth to Water

= 13.0’ Djt’ Apr. 21/72
C9A 19.75’

10 20 30 40 SO

I’ene trat i on Resist rice N

n... 1 nf 9



GRAVEL

OF HOLE
TN 9A

Note: Plastic pipe,
slotted bottom 18”
inslolled to 3.5’.
Backfill with sand
fitter around slotted
portion, 12” of
benlonite (drilling
mud) seal end random
backfill placed above

1046.7’

r.
‘V

r 19.75’

Duptlito Wa Lii

Date, 22/72

Pane 2 of 2n , ri.... ri..



_______

%. .!...vflg•,d

Dawson
LU V AT ION 1048.8’

Soil
Description

(St. Andiews Church) TESUIOLE No. 10

Ice
Description

JOB No.

‘Na to r

10 20

Content °h C

30 40

E — 381 — C

Temperature

10 15 20 25

vn

30 35

silly, medium
brov.’n , pc-c:
laminations

Nf

silt lamination

ji’oJFcr
[E7c:E

uUptII

Ii.

— FILL — silt, organic

1 sand, gravelly

1 I med i urn brown
-- SILT — med. to dark bra

--2 SAND -

—3

—4 -

—5

—6

—7

0

______

SItT — grey, some pent unfrozen

—9

—10

SAND- silty, medium
broven to grey

12 — medium brown
some gravel

-— 13

—14 GRAVEL

0

C

‘—t---

Gi -

---T

----—--

-—-G-----

14EEZEE1EFZ

1 —

-0-—-

Completion Depth 13.5’ Dite Apr. 22,’72 10 20 30 40 50



Corrplet.on Dt21Jt1) 4 51

Depth to Water
I,.

prLo.IEcr Dav:son (Old Administio ton Building) Irisi,

SURFACE ELEVATtON 1047 3’
JOB No. E — 381 — C

th Soil Ice Water ConW,it % Temperolure

ft. Decrp[ion Description L_1° 20 30 40 10 15 20 25 30 35

ICLE (Jo. 11

FILL — silt, pebbles
wood, roots

— silt, 5ond, peal
medium brown Nf

— burnt wood,
metal

ci

unfrozen

—1

—-2

—3

—4

—5

—-7

—-8

—9

— 10

—11

12

—- 13

14

15

SILT — peat, grey

SAND — silty peat

medium biown

— V”’’”

rt’
laminations

42 % sand
54 % silt

4 % clay
O.C. = 16%

ccc. pebble

— dark brown,
some gravel

————
IC—-—

?— ———-—-—-o— ——

2
— —H —°r —

.
57

— — ——-- -— ——— —

0
—

0

GRAVEL - some sand

69 % gravel
31 % sand

Hole sloucjhed to 12. 9’

r -
-

-

Apr. 23/72
10 20 30 40 50

Pene [tall nit R esi sup ice N

l’aue 1 of 1 n



I

Nbn. I
Ice coating
fl,9pcat_[-E

Er—:

Nhn
ice coating

on peat
& some Nf

rrO,IECT —.

—
Davison (Hktoric Sites Builclinq) 1flOLE No. 12

SUHFICr ELEVATION 1049.8’
E — 361 — C

.ULF)th Soil ice Vtcr Content %Q Temperature °F

‘
-

Description Descdption 1020 3040 10 15 20 25 30 35

FILL — gravel

— silt & gravel
mixed, sonic pet

—-1——

-C—

1SILT — peat & sand
laminations
brown to grey

— pe I lamination
[32 % sand

162 % silt
[4% clay

C

Nf

—1

—2

—‘3

— 4

—5

—7

8

—9

— 10

— 11

12

13

C

C

Nbn

0

0

SAND — fine clean

— medium

— coarse

— silty, peat
lam motions

— coarse, silty
fine sand
laminations

— medium to
coarse sand

0
C

-a

-a

GPAVEL OR BOULDERS

No Penetration

,.1

nrlrii,c,-i! s’,;ssoc(ATEs

Completion Depth

Depth 10 Water

in [5dm!,

12.5’

Dry

Date Apr. 23/fl
10 20 30 40

I’phictraton r1t’s’Ince N

50

Page 1 of 1 th’:g. [‘Jo.



PEAT — roots & wood
dark brown

SILT peat mixed
— some roots & pec

g cy
— organic, some

pool, clark brov:r

PROJECT — Do vis on y
ITEStHOLE No. 13

,iJHFrCE ELEVATION 1052.6’
jJOB No. E — 381 — C

pt” Soil Ice W;,ier Co,ittnt % Temperature °F

it. Description Descriplion 10 20 30 40 10 1520 25 30 35

1

—2

—3

—4

—5

—6

N bn
— ice lens

2—1/2” --zE--’

I

Note: Artesian water

condilion encouniered

at 6 ft. Flow
esiiriit.iied cii 50 gpn

from 4-1/2” borehole.

Augei removed and ho

tightly plugged with

5 ft. of log.

C

Complelion Depth o’ Date 23/fl 10 2030 40 50

Depth in Water Penelr,i [ion Rimisiance H

I.ille 1 of 1



peat laminoHon
b 10 \V fl

light bro\’,n to
grey, some
stratified

light brown

peat lamino

4- Hole sloughed to 6.5 ft

I

I
E].

2

I

El

Li

El

:3

El

El
1

h8

flr Completion D.plh 7’ 3”

I) ii to Vat yr
0,,,,,,,

Date Apr. 23/72

Dry Page 1 of 1
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APPENDIX D

GROUND THERMAL REG I ME

fl-i General

Restoration of old buildings in Dawson City will probably be a gradual process

carried out over an extensive period of time. An opportunity therefore, exists

to carefully observe performance of initial reconstruction efforts in order

that the techniques can be verified or improved at new locations. In order to

relate observed performance of building foundations to site conditions, data

must be accumulated which adequately describes the site and how it changes

with time. One of the most important site parameters In a region of discontinuous

permafrost, which is usually seriously affected by development, is the ground

thermal regime. As part of the general subsurface study carried out at Davison,

three temperature sensing cables were installed in boreholes as described

ii. Stibsectio1i 2J4 of the report. The purpose of these installations is:

a. to verify the existance of permafrost at specific locations.

b. to determine temperature of the permafrost and the depth to which
seasonal thawing occurs.

c. to determine, wherever possible, the effect of construction disturbance
on ground temperature.

Readings have been taken periodically throughout the summer of 1972 and it is

anticipated that they will be continued for approximately 1 more year. The

readings obtained to date are presented in this appendix together with a brief

explanation of conclusions which have arisen from them.

Temperature Data and Equipment Details

Ground temperature data collected at the three instrumented sites are summarized in

Table b—i. These data have also been plotted versus depth in Figures fl—i to D—3.

LW Biooker & Associates Ltd.
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The equipnent utilized for the field installations arc production items from

Atkins Technical Incorporated (PR99—3 thermistors and 3FOl electronic thermometer)

The thermistors were mounted on a rubber coated, shielded, 8 lead cable, then

covered by a copper sleeve, scaled with silicon for waterproofing and the assembly

encased in heat shrinkable tubing. The shield was used as a common return and a

17 pin &mphenol plu9 provided a convenient connector to a rotary switch box.

Immediately after pre—fabrication of the thermistor cables in the laboratory,

their cal ibration was checked by immersion in an ice-water bath. Where the

temperature readings differed from 32 ± 0.2°F, a correction factor was determined

for application to the actual field measurements. If the correction factor

exceeds I fahrenheit degree, that particular thermistor i replaced before sending

the cable to the field. The correction factors, which must be app! ted to the cables

installed in Davison, are summarized in Table 0—2. The accuracy of the system is

believed to be approximately ±0.2°F.

0—3 Interpretation of Data

The data obtained from the two undisturbed sites (Red Feather Saloon and

Commissioners Residence) has verified the following.

a. The sandy gravel soil underlying Borehole location No. 5 is frozen to

a depth greater than 20 feet. (It is difficult to determine this from

drilling a Tone because of the techniques used). The maximum recorded

depth of penetration of the 32°F isotherm is 5.8 feet at this site,

whereas the estimated depth of the permafrost table (Table 1) is 5.5

feet, which is in reasonable agreement.

b. Permafrost is not present at Borehole location No. 9.

borehole location No. 4, which Is behind the oTd Post Office, h.js been disturbed

by construction activities. Gravel has been placed in this area as a result of

E.\’V fliouker & Ay,ocbt ltd
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TABLE D-2

THERMISTOR READ 1110 CORRECTION CONSTANTS

Location No. Depth (U) Add Correction F°

Post Office 1 5.8 0

2 6.3 0

Borehole No. 5 3 7.3 0

5 8.3 -1.0

5 9.3 -0.3

6 10.3 0

7 11.3 —0.5

8 13.3 0

commissiOners 1 - 5.0 0

Residence 2 5.5 0.5

3 6.5 0

Boreho’e No. 9 5 7.5 0.3

8.5 -o.6

6 9.5 —1.0

7 10.5 -0.6

8 12.5 0

Red Feather 1 Surface 0

Saloon 2 0.8 0

3 2.8 0

5 5.8 0

Borehole No. 5 5 6.8 0

6 8.8 0

7 13.8 0

8 18.8 0

F V Rt-ooker & Associates Li Li.
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C
foundation reconstruction. The thermistor cable data indicates that thaw

extended to a depth of approximately 7.3 feet at this location during the past

summer season. This represents an Increased active layer thickness of about 2

feet, based on the original estimated position of the permafrost table (Table 1,

Page I, of text). Approximately 1.3 feet of the thawed permafrost consists of silt

with an excess ice content of about 25. Drainage of this proportion of excess

water will result in a settlement of approximately 0.3 feet. A ground surface

elevation tnken at this location on September 13, when compared with the original

borehole elevation taIen in April, indicates that the ground surface actually

settled O. feet during the interim time. A result which is to be expected based

on change of the ground thermal regime.

Future Considerations

Thickening of the active layer due to construction this past summer at the Post

Office site is believed to be a temporary condition. Continued data aquisition

for at least one more year is considered essential and will be undertaken in

order to substantiate that the gravel pad will eventually perform its function

as an insulator, retarding further permafrost degradation and perhaps causing

the pernnfrost table to aggrade somewhat. Ground temperature readings will

continue to he acquired on a monthly basis throughout the next year. It is

hoped that this data can he utilized in conjunction with periodic elevation

readings of specific points on the new foundation to eventually allow an

engineering evaluation 0 performance of the gravel pad.

EW Brooker & Associates Ltd.
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GROUND TEMPERATURE PROFILE

RED FEATHER SALOON (D.H!15)
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GROUND TEMPERATURE PROFILE

COMMISSIONER RESIDENCE (B.H79)
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consulting civil engineers

DW. Hayley. MSc P Eng.
vice president

February 25, 1975

Government of Canada
Department of Indian and Northern Affairs
Restoration Services
66 Slater Street
Ottawa, Ontario
KIA OH

Attention: Mr. Ed Clow

Dear Ed,

Further to our telephone discussion today I am enclosing a copy of our report
on the Robert Service School, Dawson, Yukon. You will see from reading this
report that the site investigation was carried out after the foundations were
installed and ultimately the foundations had to be completely reconstructed.
I believe this information will be very useful to you for future restoration
design.

We appologize for the lengthy delay in completing our report on the Post
Office. As I explained to you, the circumstances were beyond our control.
Consequently I will have a technician in Dawson this week and he will
collect a set of data for me. We will do what we can to assemble the
information as soon as possible and we will certainly get a report to
you before March 31.

Please feel free to discuss with me any problems you have with foundation
design at Dawson. There is a chance that I will be in Montreal in March. If
this is the case I will try to find some time to visit with you.

Yours truly,

E81 Enginut!r)ng Consultant C?

D.W. Hayley, P. Eng

DWH: huh

E H A Engineering Consultants Ltd. 14535- 118 Avenue1 Edmonton, Alherta T5L %M7 phone (403)453-3041
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I. INTRODUCTION

The Government of the Yukon Territory retained EBA Engineering Consultants

Ltd. to assess the adequacy of foundation units for the new addition to

Robert Service School in Davison Yukon. The foundation had been installed

during the fall of 1973 in anticipation of structural erection during

the 1974 summer construction season.

The foundation design utilized was a modified, expanded base cast—in-

place pile. This design was an alternative proposed by the contractor

to modify a deep pad footing designed by the structural consultant. The

deep pad footing had been recommended previously be EBA for a nearby Arena

Site. The foundations were drilled through frozen organic silt and bear

on the surface of permafrost gravel. Pile bell formation was found to

be a difficult task in frozen soil and a visiting engineer from YTG

Department of Highways and Public Works reported that the full design

base diameter of 48 inches was not achieved. In response to concerns

expressed by the Architect and Structural Engineer over adequacy of the

system, EM were requested to determine the following.

a. Pile bell diameter on at least two of the heavier loaded

piles.

b. Bearing capacity of the underlying gravel.

c. A restoration procedure if remedial work is found to be

necessary.

This report surnarizes the field procedures undertaken, the findings and

consequent foundation reconstruction reconznendations.
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The study was authorized by Mr. J. Rounds, Projects Architect for the

Yukon Territorial Government on February 20, 1974. Throughout the süidy
discussions were held and nuidance obtained from Mr. B. Wood, Wood and

Gardner Architects and Mr. A.R. Waldie, P. Eng., Morrison and Berretti

Engineering.

II. FIELD INVESTIGATION AND SITE CONDITIONS

2.1 General

Fortunately, a background of data was available to draw on prior to

planning of the field work. A general report prepared by EBA for the
Department of Indian and Northern Affairs described building foundation

conditions in Dawson, based on numerous exploratory borings drilled
during the winter 1972. The available data indicated that high ice

content permafrost silt overlies a dense frozen alluvial gravel. Depth
to the gravel layer was anticipated to be between 12 and 15 feet at the

site.

2.2 Drilling Program

Three exploratory boreholes were drilled amongst the pile cluster in
the school yard on March 29 to 31, 1974. In addition, six shallow

holes were drilled in an attempt to determine the size of existing pile
bells. The six shallow holes were not logged in detail. Drilling was
carried out out using a Failing 1000 rotary drill which was equiped to
use either water or air as the circulating medium for return of cuttings.
It was particularly important that air be used for the pile investigation
holes since the holes must he dry enough to allow actual examination
of the concrete base.

EBA Engineering .Th:niftants Ltd.
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Both air and water were used during drilling of the detailed boreholes.

Sampling of the underlying gravel and/or bedrock was attempted with

a standard 2 inch OD split spoon arid an NX diamond core barrel however,

neither of these procedures was found to be successful. For the most

part, the nature of the underlying frozen gravel was assessed by

examining cuttings and observing performance of the drill bit.

2.3 Nature of the Gravel Layer

The gravel layer was encountered in the nine holes drilled, quite

consistently at a depth of 12 to 13 feet. During foundation reconstruction,

the upper surface of the gravel was inspected insitu on April 23, 1974

by entering an open pile hole. At this time it was found that a layer

of cobbles exists in the silt at the gravel surface, in fact the gravel

surface was not as well defined as indicated in the exploratory borings

since the silt and gravel were mixed over a depth of approximately 6 to 12

inches. In the one pile hole inspected, the layer of cobbles was found to

be 4 to 6 inches thick.

A large representative sample of the gravel was obtained from the pile

hole at the time of the inspection. Gradation analysis has been

established for this sample and it was examined by an EBA Engineering

Geologist. The geologists report and results of the analysis are included

in Appendix C.
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The gravel was found to be very well graded soil with greater than

20Z finer than a No. 200 sieve. Most fragments are subrounded to

angular, becoming more angular in the finer fractions. Although it

is predominantly alluvial material, the angular nature of most

particles suggests that it is a high terrace with possibly some

colluvium from the slopes above mixed into it.

The gravel stratum is believed to be thaw stable soil. If the gravel

thaws sometime throughout the life of a structure significant settlements

are not anticipated. The recommended bearing capacity for foundations

on the frozen gravel is 12,000 psI.

III. INVESTIGATION OF EXISTING PILES

3.1 Field Data.

Two of the heavily loaded piles, C—ti and K—4, were chosen for an investigation

of the bell diameter. Results of this investigation are shown in Drawing

A—2. Four holes were drilled alongside the steel pipe at pile K—si in an

attempt to intersect the edge of the base. Three of these holes were

sucessful and the horizontal distance from the edge of the hole to the

edge of the pipe was measured utilizing a plumb bob to ensure the

correct horizontal distance was carried from the bottom to the top of

the pile. From an analysis of the data from these three holes it was

concluded that the pile bell diamster at pile location K—1 is 28± I inch.

Two holes were drilled alongside pile c—4. Neither of these holes

encountered the concrete base and both penetrated into the gravel

layer slightly. It can be concluded from these observations that the

pile base diameter is somewhat less than 31i inches.
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3.2 RecoTwnendations

It is obvious from the two piles investigated that the belling operation

was unsuccessful in the frozen silt. It was reconinended that the

foundation system be checked assuming that there is no effective bell

on the piles (211 inch diameter) considering that the allowable bearing

capacity is 12,000 psf.

IV. FOUNDATION RECONSTRUCTION

General

Based on the findings of the pile bell investigation and detailed drilling

program. Only nine of the piles installed during the fall of 1973 were

found to be acceptable. it was recommended by EBA that the building

be moved slightly and an entire new set of foundations installed. This

was accepted by the architect, structural engineer, owner and contractor

at a meeting held in Edmonton on April 5th, 19711.

14.2 New Foundation Construction

The new foundations were constructed by drilling a straight shaft up to

51j inches in diameter. Cleaning the surface of the gravel by hand methods

and placing a precast footing on a thin grout leveling pad. A steel

pipe column base was anchored into the pad and the foUndation pipe field

welded into place. Granular backfill was then loose dumped in the

annular hole above the footing around the steelpipe.
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4.3 Field Inspection

During the early stages of new foundation construction two full time

site inspectors were at the job site. One senior technician, Mr. D.D.

Yaremko, from EBA examined the adequacy of the cleaned footing

excavations prior to placement of the precast slab. However, overall

inspection responsibility resided with Mr. N. Anderson, P. Eng. of the

Department of Highways and Publ ic Works, YTG.

Construction difficulties were encountered with the silt impregnated

cobble layer overlying the alluvial gravel. The site was visited on

April 23, 1973 by the author and it was determined that this layer of

cobbles must be removed from beneath foundations elements. This was

done effectively by the contractor using an air operated jack hammer.

After the procedure was established, foundation installation was

reasonably uncomplicated.

The inspection report prepared by the EBA technician and letter

subsequent to the site visit by the author are included as Appendix D.

V. CLOSURE

It is believed that a stable foundation has been achieved in a region

where building instability due to foundation movements is a normally

accepted occurrence. In view of the unique design used for this area it

is suggested that some performance data be collected over the next

few years. This can readily be done with a series of control points

on the new structure on which an elevation survey is periodically

taken. The elevation survey should be referenced to one of the deep

benchmarks installed in the townsite by EBA for the Department of

Indian and Northern Affairs.
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EM Engineering Consultants Ltd.
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No

Recovery

SYIVIBOLS AND TERMS USED O OF5N LOGS

SOIL TYPES
SAMPLER TYPES

(SHOWN IN SYM HOL COLuMIJI
(S OWN IN SATj Pi IS COLUMN,

y:*i

__

H H
Gravel Sand Silt Clay Shelby Piston Split

Predominant typo shown heavy Tube Spoon

7 POSITION OF FREE GROUND WATER IN BOREHOLE

TERMS DESCRIBING CONSISTENCY OR CONDITION

COARSE GRAINED SOILS (major portion retained on No. 200 sieve): includes ( ) clean gravels and

sands, and (2) silty or clayey gravels and sands. Condition is raLd according to relative density, as

determined by laboratory tests.

DESCRIPTIVE TERM

Loose

Medium, dense

Dense

RELATIVE DENSITY

0 to 40%

40 to 70%

70 to 100%

N BLOWS ICR rooi

0 to 10

JO to 30

30 to 50

The number of blows, N. on a 2” O.D. split spoon sampler of a 140 lb. vet, falling 3D” required to

drive the sampler a distance of 1’ frcin 6” to 18”.

FINE GRAINED SO’LS (major portion passing No 200 sieve): includes (1) inorganic and organic

silts and clays, (2) gravelly, sandy. or silty clays, and (3) clayey silts. Consistency is rated accord

ing to shearing strength, as indicated by penetromc-ter readings or by unconfined compression tests,

DESCRIPTIVe TERM

Very soft

Soft

Firm

Stiff

Very stiff

Hard

U N cON r iN £0
COMPRESSIVE STRENGTH

TON!SQ rr.

less than 0.25

0.25 to 0.50

0.50 to 1.00

1.00 to 2.00

2.00 to 4.00

4,00 and higher

Hole: Slickei,sided and fissured clays may have lower uncunfined comp’ essive

strengths than shown aboce, because ul planes of ½cab,ess or cracks in the

soil. The cons,stency ralihigs of such soils are based on penehromcter readincs.

TERMS CHARACTERIZING SOIL STRUCTURE

Shickensided

Fissured

Laminated

Interbedded

Calcareous

Welt graded

Poorly graded —

— having inclined planes of weakness that are slick and glossy in appearance.

— containing shrinkage cracks, trequently filled vith fine sand or silt; usually more

or less vertical.

— composed of thin layers of varying color and texture.

— composed of alternate layers of different soil types.

— containing appreciable quantities of calcium carbonate.

— having wide range in grain sizes and substantial amounts of all interrisediate

particle sizes.

predominantly of one grain size, or having a range of sizes with some intermediate

size missing.

n..t



BOREHOLE
PER MA FROST

LOG
RE G 10 [‘J

GRAVEL FELL

PEAT —dark brown

SILT -med. to dark grey
—organic firm
—trace of fine sand
—soft

-med. hard, green grey
serpen tin Ftc

(chip samples only)

—hard, uniform drilling

Seasonal

Frost

Temp. @51
Z6.4°

Un frozen

0 GROUND MOISTURE CONTENT O/ Q
DEPT H SOIL DESCRIPTION 9: ICE SPT RESISTANCE A
(feet) I CONDITION

10 20 30 40 50 6070

-coarse
-some cobbles and
boulders

—2 —

—5 —

—6 —

—

_10 —

12

—15 —

—16 —

—18 —

—20 —

—22 —

_25 —

26 —

—28

—30 —

—32 —

GRAVEL

BEDROCK

Permafrost

Vs 5 - 1O

Temp. 0 10
29.110

Frozen

Ho evidence
of excess ice

END OF HOLE 0 30’

PROJECT DATE
s/2larrzr —.

— E ThE —

o>’ flawson School LOGGED CV TH 1

&kh: — ELEVATION SHEET
-rca

DEPTH of



— 26 —

— 28

30

BOREHOLE
PER MAFROST

SILT -med. to dark grey
—organic, soft to firm
—trace of fine sand

-med. to coarse
—sandy
—with cobbles and boulders
—very hard drilling —

END OF HOLE @ 224

LOG
RE G 10 N

C U)

DEPTH
..

GROUND MOISTURE CONTENT 7 0

SOIL DESCRIPTION ICE SPT RESISTANCE
(feet) CONDITION

1’) 1020 30 4050 (3070

GRAVEL FILL
PEAT —dark brown —

—f I brous
Frost

V Permafrost

Vr 5 — lO

GRAVEL

—4—

6

—8—

— Jo—

— 12—

— 14_

— 16-

— 18-

— 20 —

22

— 2i

0
Temp 31.8

Frozen

No evidence ot
excess ice

— 32

PROJECT
Dawson School

DATE 3/30/7

LOGGED BY JK
HOLE NO.

2

ELEVATION

___________

SHEET

DEPTH 22-! 1 ci



BOREHOLE
PERMAFROST

LOG
REGION

EL (FILL)—med, brown sandy,

to coarse, some cobbles

PEAT -dark borwn —

SILT —med. grey sónle.organics
non plasttc

SAND —med. grey, silty, fine

grained, uniform

\tGRAVEL-med. brown sandy fine taft
med. some cobbles _f

END OF HOLE

PROJECT
Davison City Schoo1

Vs — F’ top

G RAV
fine

UI

DEPTH
GROUND MOISTURE CONTENT% Q

SOIL DESCRIPTION ICE

(feet)
SPT RESISTANCE &

< CONDITION
‘I’ 20 30 4050 G070

x
N F

2

I’

—6

—8

—10

1i

16

—18

—20 —

—22 —

_21j

_26

28

—30

—32 —

Frozen Seasona

Permafrost

Vr 15 - 2O

Temp. 30.8°

of

gravel

DATE J131L2b

EL E VAT ION

___________

SOD
LOGGED BY

I I)
U” 2A

HOLE No.

SHEET

DEPTH

_______



APPENDIX C

REPORT 011 GRAVEL SAMPLE EXAMINATION

PROJECT: Robert Service School Addition, Dawson Yukon, Job [—722

DATE SAMPLES: April 23, 1974 / DWH

SOURCE: Pile Hole V—I base of completed excavation (approx. 13 it)

GRADATION: Gravel (55), sandy (33), Silty (222) grain size distribution

curve attached

DESCRIPTION: Gravel — irmnature
— the gravel sizes are rounded to sub—rounded for the

coarsest fraction (iL — 3/8) - most are chipped to

broken below the 3/8 broken rounded to broken pebbles

are dominant

• Sand — inunature
— most particles angular to sub—angular becoming more

angular in finer fractions
-

— less than 15 of the coarse fraction of the sample

cannot be called alluvial
•1

PETROLOGY: (visual estimate)

1OZ — Quartz
25 - Pyroxene - peridotite

15 — Serpentinite
Trace — Schist & Gneiss
15 — Sandstone
Trace — Basalt -

Trace - Chert
15 — Diorite
10—15 — Others, Limestone?

1O0,’

note: Some native iron or iron fragments were found and one small

fragment of glass.

Neil R. MacLeod, P. Enq.
Engineering Geologist -

4’-..N IRA IflcIflflnflflflrfl?y?ffjfl{5 Ltd.
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&5 Engineering Consultants Ltd.

D. V. HAYLCY,P.EnD.
vice president

April 25, 1974

Government of the Yukon Territory

Department of Highways and Public Works

Box 2703
Whithorse Yukon

Attention: Mr. Jeff Rounds, Project Architect

Dear Jeff:

Subject: Site inspection — Robert Service School, Dawson City

FoundatIon installation for the new addition to the Robert Service

School was inspected on April 23, 1974. Difficulties associated with

construction were discussed on site at that time with yourself, the

structural consultant and the contractor. With regard to geotechnical

matters it is my understanding that the following was resolved.

a. An unforeseen layer of sflt with cobbles is present above the

gravel bearing stratum. In the one hole inspected, this

layer was approximately 4 to 6 inches thick. The frozen, ice

rich silt will be detrimental to foundation performance thus

the cobbles must be removed and the hole cleaned to the gravel

surface prior to installation of the precast footings.

b. Since the auger does not seem to be effective in removing the

cobble layer, hand excavation will be required. For this

purpose , a jack hammer or pavement breaker has been suggested

to the contractor.

c. The screened quartz sand from lovett Gulch Is acceptable material

for the leveling pad in the base of the excavation. The 5and

must be mixed with cement in a proportion of at least I bag of

cement to 2 bags of sand and it should be placed at a slump which

is found by experimentation on site to be workable when the pad is

leveled. The thickness of the leveling pad should be kept to a

minimum, preferably not In excess of 2 inches (average) . In

selected cases, a thicker leveling pad may be acceptable1 however

this must only be placed after approval from the site inspector.

11738 I(ingsvay Avenue. Edmonton. AiherLa T5G OXS Phone (403) 453• 3665



April 25, 1974
Pa90 2

d. it is desirable not to Continue drilling until an acceptable

procedure for cleaning the holes and installation of footings

has been developed. When such a procedure has been established,

the rig may proceed ahead of the installation crew in order to

expedite the work. The contractor should exercise caution in

this respect in order that the holes do not stand open for an

unreasonable length of time. Any open holes must be covered to

limit air circulation in the interim between drilling and

installation of the precast footing. The contractor should be

cognisant that either the government safety inspector or the

construction inspector may require that any hole subject to a

sloughing condition be cased.

I trust you will find those coments helpfull. Please feel free to discuss

with me any aspect of this foundation reconstruction.

Yours truly,

EM Engineering Consultants Ltd.

DIll. Hayley, P. Eng.

cc B. Wood
A. Waidie
U. Nilsen
N. Anderson
D. Yaremko

DWH/tmf

DQ Engineering Consultants lid.



SROO(ER MEMORANDUM

TO:
D. ilayley FROM:

B. Yarernko

JOB NO.: E 835 DATE: Nay 2/74

_________

SUBJECT: Pile Foundation inspection — Robert Service School

!RLH 17/74 .
-

— Site clear of snow, piles layed out 4’6” N.W. of original plan.

r 1 — Western Caisson Piling Rig in Whitehorse — Broken down air compressor.

— Precast Slabs: 5 poured or’ April 15/74

8 poured on April 16/74

-

April 18/74

F — Piling rig arrived in late evening from Whitehorse

[liD April 19/7i

- 13 precatt footings arHved on site

— Mast & Kelly being mounted onto rig.

[*1 pril 20/74

Started auguring pile H—i usTng 40” 0 Auger. Augered to 12 (approx. 2 hours

] drilling time). Encountered cobbles 6” to 10” 0 which drill rig could not

I penetrate to. inspected bottom of pile — cobbles in silt, high ice content,

gravel layer 6” — 8” below cobble layer. Suggested the use of jack hammer

for removal of cobbles - non available in town. Cobbles and silt removed

to gravel layer using hammer and chisel.

April 21/7a

— 36” precase pad installed on 1” ready—mix concrete at setting depth of 12’6”.

thickness of levelling pad 3” to 5” approximate 5” slump

— toad of angular boulders for backfill material arrived on site from pit H.

] of town — Inspected and rejected.

— Inspected cemetry pit for backfill — too silty.

bISTKInuTIor

I
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D. Hayley — 2 — May 2, 1974

— Sandy gravel backfill material from Bonanza Creek Pit approxImately 10 miles

from town.

Pipe welded onto plate & pile partially backfilled

— Drill rig augeied pile b—i to cobbles

— Hole not cleaned to gravel layer.

St
April 22174

— Backfill completed on Pile H—i

—-

— Started removing cobble and silt layer (Pile b—i) with hammer and chisel

— Piling rig augered pile F—I to ii’. Hole cleaned by hammer and chisel to
Ii’6”

— Compressor and rock drill arrived in afternoon — not effective for removing

• cobbles

— Sand being screened from backfill material for use of levelling pad and

placed into Pile F—I I to 3” thick. Precast set on sand levelling pad —

Ii” off centre, removed and hole left open.

- Pile holes appear to be too small for precast pads.

April 23/74

— Drilling ordered to shut down by Y.T.G. Engineer until remaining open pile
holes were backfilled

Job superintendent gone for compressor to Clinton Creek.

5--—

April 24/74

—
Cleaning and widening bottoms of piles b—i and F—i lowered precast into

F—i and found that contractor was placing 42” precast instead of 36”

—
Removed sand levelling pad from F—l and set precast on mortar levelling
pad 2” to 4” depth of mortar used with sand cement ratio of 2—i, slump

approximately 2” due to water entering hole, sluffing from top.
— •1

— Set fl—i on sand cement mortar @ 11’6” water in hole, top sluffing.

— Drill rig augered L_1+ to cobble layer. Augered K_l+ to approximately

J 8’ encountered cobble, removed by hand.

C

OQ Engineering Consukants Ltd.



p. Hayley - 3 - . Hay 2, •1974

— Government safety inspector arrived on Job site and Issued orthnance for the

‘J) use of casing for pile holes.

— Pile 0-I being welded without casing - observed by safety Inspector.

— Piles fl—i and F—I not backfilled

— Culvert being welded to use as casing

April 25/7s

— Welded and backfilled Piles 13—1 and F—i, casing being used.

— Rig augered pile B—i to cobbles — approximately 1’ to hand clean, no jack
hammer on job site.

— Rig finished augering Kflit to cobbles

—

Both holes not cleaned to gravel.

April 26/75

— Pile B—i hand cleaned and set on 2” — 6” mortar pad at depth of i16”

— Mortar cube samples taken for strength tests

— Jack hammer arrived In afternoon, cleaned L_i+ to gravel and set on mortar

pad at 13’

— Drill rig augered piles A—h and A—C to cobbles.

April 27/74
-Cl

- Pile K_l+ cleaned out to 12’6” precast set on mortar, pipe welded and back—

filled

— Pile A- cleaned out to ii’k” precast set, mortar cube samples taken and

left at bottom of hole until April 29. Mortar mold frozen to bottom of

—1 hole, cubes set - very weak and fragile.

AprIl 29/74

- Pile A-6 cleaned, large cobble along side of hole at bottom, couldn’t

remove. 2” to 6” mortar levelling pad used. Pipe welded, setting depth

12’; Backfllled.

I’

ArIfl rnoinnnrinn (nnc, ,II ntc I 1r1



U. ‘.cy ct.y

fl9/74

— Pile A—B drilled, cleaned and set at 11,9” — cobble along side at bottom of

hole, precast not set on cobble — pipe welded and backfilled.

— Pile A—9: Bottom generally level, 2 to 311 mortar levelling pad used, pre

cast set at 11’

— Pile A—li drilled to cobble stones.

— Approximate time to jack hammer and clean hole is 1 hour.

April 30/76

— Pile A-li Cleaned and precast set, 2 to 3” mortar pad used, precast appeared

off level, inspected and precast sitting along wall of hole. Informed

superintendent and precast re—set properly.

— Pile C—li augered to cobbles — Attachment arrived for drill rig kelly bar —

3’ extention with pilot point attached to Kelly bar and auger throughout

diameter of hole to loosen cobbles, very effective, minimizes jack hammering

time. Extension point penetrates through cobbles and into gravel layer.

Hole cleaned out i2” precast set approximately 6” into gravel layer on 2—4”

mortar pad. Setting depth: 126’’.

— Pile E—ll Setting depth 12’6”.

— Contractor cleaning pfle E—1l when I left, drill rig augering along Tine L.

— Production improving immensely

— 13 piles set

— Surface ground conditions wet.

— Contractor using casing in every hole. - - -

D. Yaremko

DY/sJm

- -

CD Engineering Conu!tants Ltd.



ORIGINAL FOUNDATION DESIGN

26” DIA. SHAFT

48”OIA. GELL

GRANULAR FILL

3,000 psi CONC.

NOTE

9” PiPE

All piles to bear on dense frozen gravel layer approx. 12’ — 0”
Below existing grade as defined in specs. Each pile to be visually
Inspected prior to placing concrete to ensure there is no loose
material on this layer.

FROM MORRISON a BERRETTI ENGINEERING DRAWING S-I FIGURE

48”DIA. S

AflO FRA Fnc!ineerincr Consultants lid.
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I. INTRODUCT lOll

As part of an ongoing program of building restoration in Dmison, Yukon

The Department of Indian and Northern Affairs (DINA) retained EBA to

monitor performance of a gravel pad foundation. The gravel pad is the

new surface preparation for the Historic old post office, the first

restored building under the government shenie. The performance monitoring

program, carried out under Contract No. 156—73, was an extension of a

comprehensive study of subsurface conditions in Dawson conducted by [BA

(then E.W. Brooker and Associates) and submitted to DINA in December,
1972.1

The scope of work conducted under this monitoring program includes:

a. Periodic elevation survey of selected exterior pad footings

at the restored Post Office.

b. Installation of two frost stable benchmarks.

c. Periodic readings of thermistor strings installed during

the initial subsurface investigation.

A brief description of the program, a frresentation of data collected and

a discussion of it is presented in this report.

“Report on Subsurface Conditions, Dawson Yukon’’ by E.W. Brooker
and Associates submitted to Department of Indian Affairs and
Northern Development December 22, 1972.

CDC UItflcrlu9 Conrttktnt:U’J.



----

- -
. .—“.- -

E-381 Page 2

II. ELEVATION SURVEY - POST OFFICE

2.1 Program

A periodic elevation survey on the Post Office footings was iniLiated on

September )I, 1973. The structure had been temporarily set on timber

cribs that summer (1973) and the old basement cleaned and filled with

coarse gravel and cobbles. The pad was completed to grade and the

structure lowered onto numerous surface wooden footings supporting a

short extendable steel pipe column. Eight of the surface wooden pads,

all on the perimeter of the structure, were chosen for the monitoring

prog ram. -

The elevation survey was initially referenced to a tenu)orary benchmark

which was the top of a vertical support rail for a power pole in the

lane behind the structure. (Elevation 1056.79, Sept. lii, 1973) Due to

the remote location, reading frequency was erratic. Eight reliable sets

of readings were taken during the period September 11,, 1973 to February

26, 1975 (18 months). The readings were taken by:

a. A local resident hired to take ‘monthly” readings

b. EBA Technicians when passing near the town

c. DINA construction personnel

2.2 Results

The location of elevation points are shown in Figure Ho. 1. Also shown

in Figure I-Jo. 1 are the changes in elevation with respect to the initial

set of readings. A table with the actual elevation data is included in

Appendix A, Table A-I.

CEM1 crarjLv*clrj ceftL:tccJtw.
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Settlement of the eight points ranged from 0.09 ft.

average of 0.13 ft. over the 18 month period.

to 0.17 ft. with an

Settlement was found to be relatively uniform, which is surprising,

considering the variable depth of gravel fill under the structure (only

the cast half had a basement thus the gravel pad is much Lhicker there).

It is evident that settlement is slightly greater on the south and west

sides of the building, where the gravel surface is exposed to more

direct sunlight.

2.3 Benchmark Installation

Two deep benchmarks were installed in the townsite

installation was carried out by EM for DINA under

(344—73). The purpose of the benchmarks is not onl

monitoring program but for future restoration work

locations, chosen by DINA personnel, are nearby two

to as the Dawson Daily News and Ruby’s Place.

in March, 1974. The

a separate contract

y for the settlement

in the townsite. The

buildings referred

A sketch showing the benchmark design is shown in Figure No. 2. The

design is standard for permafrost regions, with an outer sleeve protecting

the benchmark rod from frost action through the zone of severe seasonal

ground temperature fluctuations. At Davison, the sleeve was extended to

the bottom of the icy permafrost silt and the inner pipe burned at

least five feet into the dense frozen alluvial gravel which underlies

the townsite.

For purposes of the post office monitoring program, a temporary elevation

(1052.93) was set on the benchmark at the Dawson Daily News relative to

nira En9nQc1lag (or ,o1antsiC. - -
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the temporary benchmark in the alley. Actual geodetic elevation of

the two deep benchmarks was subsequently set by DINA personnel . The

geodetic elevation was riot utilized for this program.

III . GROUND TEMPERATURE DATA

Ground temperature was recorded from a string of thermistors installed

in each of three boreholes drilled during the general field investigation

program. Installation details for these instruments together with the

first 6 months of observational data is summarized in the report on

subsurface conditions referred to previously. An additional seven sets

of readings were obtained from the thermistor string installed at the

Red Feather Saloon and four sets from the string at the Commissioners

Q Residence. Unfortunately, readings could not be obtained beyond October

25th, 1972 at the Post Office Site because the cable was destroyed

during construction. All readings obtained from the installations is

summarized in Table A—2, Appendix A.

Restoration of the foundation at Ruby’s place entailed excavation under

the existing structure to a depth of approximately four feet. Just

prior to backfill placement in December, 1973, a horizontal thermistor

string was installed along the bottom of the excavation. The string,

which has four equally spaced thermistors, was positioned along the

minor axis of the structure. Readings were obtained only during the

winter, 1971i. These are presented in the Table A—3, Appendix A.

c
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I V. DISCUSSION 1\ND RECOMMENDAT 10(45

Post Office

Performance of the post office pad foundation has been excellent. In

general, the ,iiangitudc of settlements is-within reasonable expectations.

There is some evidence of frost heaving at the northwest corner of the

structure, points 3 and Li however the magnitude of movement is less than

0.1 feet. The frost heaving which was recorded during the winter of

1972; was recovered as settlement the following summer.

The most severe differential settlement was recorded at point 5 where

0.15 feet of settlement occurred during the summer, l97Li. Water was

C
noted to be ponded adjacent to the pad at points 5 and 6 (luring that

summer. Ponded water presents a severe risk to L;e structure, which

depends on maintaining the permafrost for its stability. Drainage

should be improved in this region, moreover, the exposed surface of the

gravel pad on the south side of the structure should be covered with

topsoil and adequately landscaped. The northwest end of the structure,

referred to as the annex, is the most serious region of concern because

the thickness of permafrost organic silt is greatest there. Measured

movements, both heave and settlement, have been greatest to date at this

end of the building.

Rubys’ Place

The below ground gravel pad design used at Ruby’s Place is a questionable

procedure. It is understood that excavation is necessary in order to

maintain an authentic building elevation while accommodating the gravel

pad. Replacement of natural soil with gravel will ultimately cause soMe

&Dfl £r.’uedo; Cjutcrt’sUx2.
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permafrost degradation. Differential settlements will however be reduced

significantly by the pad and the Foundation should ultimately stabilize

after several years. It is strongly recommended that the crawl space

below Rubys’ Place be well ventilated in winter and closed during summer.

Moreover, thermistor readings should be continued at this location.

1j3 Future Projects

The first gravel pad foundation used in the permafrost area of the town

has performed reasonably well to date. Seasonal ground surface movements

in the order of 0.1 feet should be expected due to frost heave. Moreover,

settlement may continue for several years at a diminishing rate. The

monitoring program has shown that the pattern of settlement is somewhat

dependent upon surface conditions and exposure. Fortunately the magnitude

of settlements has been within the range that can reasonably be tolerated

by the structure involved. The structure can be releveled periodically

with a minimum of difficulty.

The main problems associated with the pad foundation design are:

a. There is a high risk of heave or settlement.

b. Finished floor elevation for the completed structure is

difficult to control without excavation, which defeats

the prime purpose of the pad.

These problems are overcome by utilizing a deep pad footing design as

described in the general report on subsurface conditions referred to

previously. This technique was used under EM supervision for an extension

to the Robert Service School in Dawson. At that site, a 1i to 5 foot

diameter hole was augered to the underlying gravel with a caisson drilling

EPcI I nccña9 (or,,t.ciñ, Ltd.
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C

C

rig and precast circular pad footings placed in the hole. Steel pipe

columns were then field welded to a steel plate cast into the footing

and the hole backfilled with granular fill. The installation is described

in detail in a report prepared by EBA1 for the Government of the Yukon

Territory. A copy of this report has been forwarded previously to DINA

with consent of the Yukon Government.

It is not practical to consider use of a caisson drilling rig for work

under an existing structure, however, hand excavation to the gravel

surface is feasible. With the aid of a jack hammer, excavation in the
frozen silt is a practical design. Since each footing would be capable

of supporting a considerable load (15,000 psf recommended bearing pressure)

use of deep grade beams to minimize the number of footings would be

desireable.

I
“Site Investigation and Pile Foundation Evaluation, Addition to
Robert Service School, Davison Yukon”. Prepared by EM for Government
of the Yukon Territory, Department of Highways and Public Works
July, 1974.

Respectfully submitted,

DWH I nih

&I() Un!c,acc:r cn,uflciMtt.
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Table XXXI

Module of ventilation of crawl 3pace
for different widths of the building, thermal

resistance of the floor and floor
surface temperature in the first storey

(calculated without taking wind pressure into account)

THEt’%RL TEP\P. OF
VEN-nt-qT’o,J rjotuLe 0c

Wibflt of flESS(. oF cto°P O
cftRviL cncE Faq V%IE zogE t

BtDc. FLODI
wtoEjj

FtQ&C

t’% K4C.RL 0EG1. Susqqtflc 1Etjp€q(c

(5 1 15 0,0015 0.005 0,025
30 0,005 0,015 0,03

2 15 0,001 0,003 0,012

30 0,002 0,007 0,020

3 (5 0,0005 0,002 0,001

30 0,001 0,004

30 1 15 0 0025 0 008
30 0,0075 0,025

2 IS 0,0015 0,006 0 015

30

0.0035 0,010 0,03

3 IS 0,0007 0, 0,001
30 0,0022 0,005 0,010

50 I (5 0,003 0,010
30 0,01 0,03

•
•

2 15 0,002 0,007 0,02!)
30

0,005 0,015

3 15 0,001 0,004 0,10

30 0,003 0,007

/ 1

/ / - I / ,

C

F.
W%’fltr t.

Li’



—26—

d — distance from the centre of the building to the mIddle of the

Q
perimeter wail in the transverse direction,

lg — temperature of the ground nurface outside the crawl space,

lYpg — temperature of the ground surface in the crawl space.

The thermal balance of the crawl space at the beginning of freezing of

the thawed layer has the form:

Q + + Q3 + Q5 = o. (6.22)

FreezIng of the layer of soil at the base of the building thawed during

the summer, taking into account freezing from above as well as from below due

to heat lossen into the permafrost for any tlnw Interval t, is determined by

the formula:

r

__

h =
- ?tr + 4 0’rr

+ h0)R
- “tr

t
ow

1)_-

— °
—

LITT—q’t), (6.2))
ft 0 0

where t0 — time from the beginning of thawing up to the calculatIon time.

In formula (6.2)) the first two components express the value of freezing

t the thawed layer in the crawl space from above and the last component

expressed freezing from below.

After freezing of the seasonally thawed layer near the structure and its

base, the thermal balance takes on the form:

QI + Q2 ÷ Q5 + Qe =
-.

.J

During this time ventilation can be substantially decreased or even

stopped if the following relation is satisfied:

QI.(Q2+Q6j.

For a rough consideration of heat losses Q6, Table XXIX can be used in

which the maximum dimensions of the heated building (in metres) are given

under which in specific circumstances the frozen state of the foundation soil

can be preserved without ventilation and even without a crawl space exclu

sively because of heat flow through the frozen soil. As introductory values

in Table XXIX we have:

mean temperature of the ground surface (in practive the mean temperature

Q the outside air) for the four coldest months of the winter
—

2

(6.24)

(6.25)

41
L 1flW#.4t1%r
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The conventional notations used in formulae (6.3), (6.9) and (6.10)

ar iven below:

— air temperature in the first storey of building in degrees,

— air temperature in the crawl space in degrees,

- dew point of the outside air, in degrees,

— temperature of the perennially frozen strata at the depth of zero

annual amplitude, in degrees
j

Rf1 — thermal resistance of the floor above the crawl space. 1112 x hours x L
degrees/kcal,

H — thermal resistance to heat transfer from the ground surface to

the air in the crawl space, m2 x hours x degrees/kcal,

heat conductivity coefficient of thawed and frozen ground,

kcal/m x hours x degrees,

a — diffusivity coefficient of frozen ground n2/hours

to — quantity of frozen water in the soil, kg/rn3,

a — coefficient of’ heat transfer from the air in the crawl space to

the floor, kcal/m2 x hours x degrees,

- depth of thaw of the ground before the beginning of the calculation

time Interval t, in (initial depth of thaw), I?

t — calculation of time interval in hours,
Ii

m = + + h0 + TRfl) ‘fl.

Supplementary changes in air temperature in the crawl space due to

ventilation and heat flow to and from the crawl space through the perimeter

wall of the building is taken into account by corrections iY in the formulae.

For the crawl space of apartment buildings this correction iY, should be

taken as 0.5 - 1.5°C. For crawl spaces of buildings with large heat emission

where accelerated ventilation of the crawl space by cool outside air reduces

the depth of thaw under the building, the value of ) should be taken within

the range of —0.5 to —1.5°C. The limits of these corrections were derived by

considering the minimum increase in air exchange with simultaneous minimum

increase in depth of thaw. The accuracy in choosing the calculation formula

for determing the air temperature in the crawl space is further checked by the

thermal balance from which the air exchange between the outside air and the

air in the crawl space is determined. If aècording to calculations the

quantity of air required to maintain the air temperature in the crawl space

as calculated with formulae 6.8, 6.9 and 6.10 has a negative value the -

nula is incorrect and the air temperature should be recalculated with

another formula.

cr

__
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Table XXIX

Maximum dimensions of heated buildings
which do not require cooling arrangements to retain
the foundation soil in a frozen state, in metres

. Z
—50 —10 isxio 1ox20 sxio — —

2 30X60 20X40 10X20 5X10 —

3 30X60 20X40 10x20 5X(0

c_rto_te_ —‘25 — 5 1 5x10 — — — —

2 20X40 10X20 5>00 — —

3 30)(60 20X40 10X20 5X10 —

—10 —2 1 3x0 — — —

2 7XM — — —

3 IOX2O 5>00 — —

* Table XXX

Mean monthly temperature, relative humidity

and air density, ground surface
temperature, wind velocity in the vicinity

of the building_site

______ _______

n.4P. OF w04D

MONTH fIR ‘rt’6. p€.øs Pc,i’IV fiLL. itwi. OE.asirl ,jQFY6nP ‘4ELOCIEY

oF FUR K9!”” njSEC.

__________

oUtSLO€ iR

____________________ __________

—

• i —43,2 — 80,4 1,41

ii —356 — 82,0 1,40

III —22,4 — 17,4 1,38

IV —8,1 — 66,6 1,33

V 5,6 —. I,o 59,6 1,21

VI 15,5 1,2 60,8 1,23

VII 18,9 12,0 64,6 1,22

VIII 14,7 10,0 73.4 1,22

IX 6,1 3,0 74,6 1,27

X —1,9 — 81,6 1,33

XI —21,5 — 83,1 4.37

XII —39,5 — 81,0 1,41

The temperature in
regulated monthly.

€- •4_

5x10

—62,0
—30,0
—23,0
— 1,3

— 6,9
—26,4
—38,0

4,1
1,1
1,1
2,1
2,5
2,2
2,1
2,0
2,0
1,9
1,5
I,!

the crawl space is

-—,n-:- -
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