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ÀBSTRACT

Â sTupy oF rnE gouNpåTros FÀrtrfRE

of lhe

by

Miehael Bozozub

The failure of the grain elevator provid.ed. an opportunity

to check bearing capacity theories as failure load and. nature of

the foundation are knovvn" Thin vualled shelby tubes uiere used. to

obtain undisturbed soil samples from the ^seven test holes d.rilled
at convenient locatiofiso The soils tests rvere performed at the

university of Manltoba civil Engineering $oils laboratory,
Three bearing capacity theories were checked and compared.

with the actual failure 1oad. The results;

Prandtl - Buismâ,n 3rO25 psf 
"

tr'eIlenius 5 ,O7O psf 
"

Terzaghi 61235 psf.
.åctual failure load 6rL5O psf ,

indicate that only the Terzaghi rheory is appticable to the

Transcona Grain Slevator tr'ailure,
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CEAPÏ'SR T

S]ÍI{OPSTS

The Transcona Miltion Bu.shel Grain Elevator was con-

structed by the Canadian PacÍfic Railway Cornpany to store

the grain conriag from the -lV'estern Provinces on route to the

lakehead. Construction was completed and storage started
late in September of 1913" On October the l8th, 19Ì3, the

binhouse v/as approxinrately three-quarters fulI when settle-
ment was first noticede followed by a Bevere listing of the

structure, This was a type of failure which permits checking

of bearing capacÍty theorlesr lnasmuch as aetual failure load

and the nature of the foundation are known" In October c L952g

seven teet holes were drilled at convenient locations to a

depth of approximately fifty feetr åRd undisturbed soil samples

obtained" Tests were performed at the University of Xflanitoba

Soils laboratory and calculatione made with the object of

checking the theory.

pEgqR r ET r gN_OF TiE_E-ryôTCIR

fþS. æg,eÊal lpfqut of the elevator shorun in figure I
consists of a workhouser TO' x 96t and. 180t high; a binhouseu

77' x ].95t and. 1o2t high; a dryerhouoee 18t x 3or and. 601

LtLgh,ç and a boiler roon equipped with two - one hund.red horse-

power locomotive boi.lers"
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The workhouse is a reinforced, concrete structure with
brick curtain vua'ì ls enclosing the top. Tts f loor is
constructed of thirty inch reinforced concrete, The basement

of the vsorkhouse, whích is L6 feet high, contains belts for
transporting grain from cars to conrreyor boots and from binhouse

to workhoLrse. The ground floor houses the cleaning and drying

raachinerye a,bove v¡hich are fifteen bins 13 feet 1n d.iameter and

70 feet hÍgh" "A.bove these bins are floors carrying the rest of

the machinery ,r""*""u."y for the operation of the elevator.

Sixty-five ciEcular biqg arranged in five rows of

thirteen, rest on a twelve inch concrete floor slab naking up

the binhouse. Ëach of the blns have a diameter of 14 feet
4 j-nches a.nd are )2 feet high. The bin wa11s are of six inch

thick concrete wÍth normal steel reinforcing, Total capa.eity

of the elevator 1s one million bushels. Diamond shaped spaces

betv¡een the bins are also used for storage.

Extending for the fulI length of the strueture, the

bins are surmountêd. by a eupola housing top conveyors and

trippers. This equipment is used for the t:urpose of filling

the tanks v¡ith grain. Belovr¡ the floor sfab supporting the

bins are four conveyor-belt tunnels which are seven feet ¡vide

and run the full length of the bínhouse, These tunnels are

formed by sixteen inch concrete wa1ls seven feet high, a.nd

they in turn rest upon a two foot foundation mattress of concrete.



L

Crosswalks run transverse to the main tunnels under the bin

contacts. They are approximately fifteen inches wide and are

spaced about fifteen feet on center. The original excavation

for the structure had been made to a depth of twelve feet

below prairie Ievel,

1[AT]]RE OF FArrgBE

Whgn stotagg was started in Septe¡aber 1913, consi.-

derable care was taken to regulate the filling of tbe different
binsu ï,arge buildings supported on floating foundations

settled to Éorne extent in this àrea and it was reasoned thåt

settler¿ent could be controlled through loading. Noticeable

settlement began on Oetober 18th, The bins then contained

approximately B75r0O0 bushels. WÍthin an hour after settlement

was first noticed, a vertieal slnklng of about one foot

occurred, This was followed by a stead¡r listing towards the

westr and at the end of twenty-four hours the binhouse rested

at an angle of 260 53t from the vertieal"

^&fter all movenrents had ceased.e it was found. that the

settlement had caused an upheaval, of the earth surrounding

the bÍnse exceeding five feet. Iïowevere no eroËs seetions

were taken of the affected areao In addit,ion, the north end

of the building had settled sone four to five feet more than

the south end; while the west side was twenty-nine feet below

and the east sid-e five feet above the original position"

I'igure 2 shov,¡s the positlon of the building after failulre,
while photographs of the failure and of the righted binhouse
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are ineluded in figure 3.

Calcul_atiog, ,As the dimensions of the binhouse and

the volume of stored grain rryere known at the time of failure,
it was possible to calculate the bearing value of the soil"

Area of mat footlng = 77 x L95 = L5 rOL5 square feet
Total weight of structure including footings = 20 eO00

tonel

Volume of stored. wheat = 875,OOO bushels

üeight of wheat = BZ5,OOO x 6O_ : 26,ZjO tons
,r000

Total weight on soil at failure 461250 tons

n 
o, 

Maximum bearÍng stress of soil

: 46 e25O x 2 |OA-O-

15 r}l'5
: 6¡150 lbs/sq. ft.

1
Ao "411aire, The Failure and Righting of "4" Million Bushel

Grain Elevatoro Transactions of the A.S.C.E. Vol, 80 o

December, l.]16" Fages 799 to 832.
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CHAPTER II

TIIEORYa BEARING CAP.ACITY OI' COTIESTIIE ,5OIIS

An ultimate bearing capaeity of a soil may be determined

on the basis of a shear failure occurrÍng" Such failures may

occur in th.e form of a logarithmic spiral (fig. 4), a semi*

circle (fie " 5), or some comblnation of both" Tfith reference

to the logarithmic spiral ae the form of fallureo it is
assumed that three zones exist after failure ls reached.

Zone I is the active zone, which acts 1n unison with the

footlng. Zone II is plasticu where radial shear exists, and

Zone III, represents the passive state z,one. (fig. 4a).

Prandlt - Buisman 2 This solution assüeres that the

¡nost dangerous surface of sliding is the logarithraic spiral
(figure +) " Assuming that the soil is incompressilrle and

that the shearing strength of the soil is gfven by;

Ss= c I Srr.tan.f vrithcconstante

the expression for ultimate bearing capacity for any soil becomes;

9u=NuP¡lNcclNsib

Proceedings of the Second International Conference on Soil

lfechanics and Sound.ation Engineering. pp 63-65, Vol, 1,

Lg+8 
"

2
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]i/here ¿

ïfihere ¡

Qu = U1tim.ate bearing capaeity

Pb : Surcharge beside footing

C = Coheslon

J = Unlt weight of soil

b = Ifidth of footlng

z = Depth of footing

Nc¡ Nb, Ng, are three functíons of ø

Nb

r tan. /

42

ttan. þNc = e 2cos.ó / (e -l)cot.ó
1 - sín.þ

rtan. þ 2

= e tan.(T / L)

ft I øn?(!_ I L) /. rNs=11--_ + ? f3tan.þ tan"(Tr-/-L) tl
BL, lg(ø"?6) \ 4 2 '

3.t

" ì"'""ó ¡ 3 tan./ / ran. (T I 
+,)

I

?

/ zeáffi"n'ótun"2tfi I {l

for ø : 0o, Nb = 1, N" = Ze *U = 0¡ and

Qu=Pbl2C

If Pb=0,

then gu = 2C

z ran. (i / g,)f
l

equation (r) becomes¡

( r-a)

( r-n)
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If the foundation is at a depth z beneath the surface

of the soil thena

Pb = jz and

eu = N¡jz I s"c / Nsib (z)

agaín, if ú = 0o, Nb = 1e Nc = 2e Ng = 0 ancì. equation (Z)

bec omes

9u = jz { zc (2"¡

The Ee11e4¿us Sollrtion3 ass ume$ thåt the surface of

sliding is circular , fig. 5. lellenius thus obtained an

expression for the ultirnate bearing capacity of a- soi1" X'or

long surface footings and highly cohesiye solls he obtained

the simplified expressione

Qu= 5.5 C (3)

For footíngs below the surface of the ground, the

resulting simplified equation beeolneså

eu = 5,5 c(L / o.3B ã) (+)

Íhe advantage of the circula,r a.rc method is that

it is simple and gives reesonatrle results 
"

3 Full"rriou Êolution" ilFundamentals of $oi1 Mecha.nicstr by

Taylor p. 573, t948.
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Tefq3ghi Solution r prês€nts the commonly used ultimate
-nearing capacity f,or soi1s. He å"ssumes that fa.il ure occurË as a

l-ogarithmic spiral (eigure 4) and d-erives his formulae on that

basis. .A distinction is mad-e between local and general shear

failure, and respectlve formulae are developed" The type of

failure is indicated by the kind of settlement undergone" *4

general shear fa.ilure occurs when settlement is gradual up to

a certain point'; then very rapid until failure occurs" local
shear failure occurs when there is no distinction between ra.tes

of settlement. Settlement continues to increase at a more or

less uniform rate fro¡r time of loadÍng until fa,ilure occurs.

-qee fig, 7 (¡),
Because failure at Transeona was by general shear,

forrnulae pertaining to this type of failure are considered only.

The notation is as followss

q = surcharge

z = depth of footing

Ss : c / S^ Tan,þ (Coulombrs Equation)

where í = angle of shearing resistance
D
"p = Passive earth pressure

Ppn = normaf component of passive earth pressure (Uone I)
C = cohesion

H = height of contact face on which Pp¡1 acts ( zone I)

Íerzaghi Solution.

XÂay 1947 "

+ trTheoretical $oi1 Ïr{echanicsrr pp. IIE-133,
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o¿ : slope angle of the contact face (Zone I)
j = unit weight of soil
consider a shallow footÍng of width 28 resting at a

dept"ll z beneath the ground surface (rie" 4), rhe shearing
resistance (S") of the soil is d.eternined by Coulombts equation.
At the instant of failures the shear stresses otl the contact face
of Zone Ie and Zone II area

Þ =clp tan.þ".pn v r .pr, eç

The passive earth presÊure pn on each of the contact
faces consists of two components e Pp¡ acting at an angle þ, to the
normar on the contact face and. the ad.hesi.on componenta

a.

The equilibrium of the mass of soil located. within Zone I
must satisfy certain equilibrium conditions. That is, the sumtation
of vertieal forces including the weignt jryZtan ó of the earth in the
zone must equal zeroo

Then Aa / ¡r2ran .6 - zpp -2BC tan.f = g (l)
andr Qa = zpp I zBc tan.f - jÏ.z tan.$ (6)

gives the solution if Pn is knowno The value of Fn for simplified.
v¿ork is siven bya ppo = +j.up" I nbn) # *¡Hz _fu. 0)slno( - sino(

Theoretical Soit ftieehanie* (Z)

o*o H = B tanu órd,= t8oo - í, s= ø* c* = c

also Pp = Por- 
=

Cos 6

Ð*pn

cos 7
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then (7) becomese

(g)
coa?l

Pp= 
ffitron, I n%n) /t¡szffi"r,

Combiníng with (6),

Qd = a¡G( *'oo I tan.6) I zyo Koq

cos1ó ' cos?ó

where Kp"u ts1rqr KÞj,, are vqhole numbers independ.ent of ZBu

the footing wÍdrth"

toT i = Ou we get

Qc I q,q, = 2B ( Kp" I tan ó) I zr,q, Kpq

coszd

= 2BCNG I Æ-q-Nq

where 6

N* and Nn are pure numbers dependent on þ in Coulombrs

equation

Qo = load the weightless soil would carry Íf e * 0s

Qq = load the weightless soil would carry if the

bearing capacity were due to surcharge only.
rf c = 0 and. q ã 0 while j is greater than zero, the critical
load due to this ise

qj = j¡a tan f (r<¡¿ -r)
cos?6

= 2B,j3Nj
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If û,g zs j are greater than zero¡ then

Q¿ = qc / Qu / q¡

= 2EcNc I asar,rn I znz¡N,

butq=jzrthen
Q,¿ = eB(€Nc I izuq / i¡Nj) (ro)

The coefficients Nçr Nq, Nj are the bearing capacity

factors for shaltov¡ continuous footings and d.epend. only on

the angle of shearing resistance 6. texzaginí has plotted

these values on a graph sinplifying computations of bearing

values. $uch a graph is shown in fig " |(aJ "

3or highly cohesive soils anð- ó s O r we get

Nc = lrr l t = 5,?n *n = te *j= o

with z = 0, Q¿ = 23 x (5,7C I ¿z)

and. bearing capacity per unit of a-rea qd. = 5.7C / j^ (ff)
For a perfectly smooth footing base¡

Nc = T( / Z = 5.t+, Nq = le Nj : 0

for z = 0, Qd = 28.(5.I4C I ¡")
and bearing capacity qd = 5"J4C I j" (fZ)
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CHAPTER TTT

WTG.{TTqU

A programme of obtaining undisturbed soil samples and

laboratory testing was und-ertaken to perroit verification of

bearing capacity theories of large footings on c1ay. Permig-

sion ïllas granted by the Canad-ian Paeific Railway Company to

drill on their lranscona Elevator property while the National

Research Council of Canadae Division of Build-ing Research

aesisted financially. Equipment fror¿ the Manitoba Government

Highways Bra.nch was used and soil sa,mpling commenced on

October 2L, L95Zo

I'ïEI,D ljIiORK

The equipment consisted of a. diamond d.rill (m-f¡

converted to a. soil sampling machine, a water truck with pu¡op

to supply the necessary water, and accessories for sealing and

packing the soil samplesn tr'or drilling the holer a drill head

knovrn as a. rrfish-talItr was used (tig, Bb)" This fish-tail

was threaded at the upper end provÍd-ing a means of attachment

to rods, while the bottom or lower end contained three holes

evenly spaced betirueen the three cutting fins providi-ng an

outlet for water" .411 rods come in ten foot lengths and are

easily assenbled, or dismantled during the drilling operations.

A one inch diameter axial hole runs through these rodsr

through which water is pumped under presÊure"
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To obtain unciisturtred soÍl samples ¡ two inc]n thin
walled samplers with ball check va.lves were used.. The check

valve alLowed waste slud-ge to escape through the ports and_

not into the rods when the tube was being forced into the

ground; and formed an airtight seal above the sample with.in

the tut¡e when the tut¡e was being purled out. see figure B(a).

This prevented the loss of any samples d.ue to sucti.on.

the drill was set up at the required location ( see

fig" 1 for the location of borings) and. the topsoil around

the recruired hole was spaded. as/ay, During the drilling
opera,tion, water pumped und-er pressure through the shaft
core into the hole washed the cuttings to the surface where

it was led away by means of a trench (flg. g), Inspection

of the wash water and cuttings at frequent intervals made

it possible to 1og the hole in the field_, This was very

important in detecting the exact depths of any subsoil
changes. samples were obtained. at five foot intervals of

depth or oftener when required; the drilling and sampling

contlnuing until refusal was reached, "411 tubes containing
soil samples were carefully sealed with wax to prevent

moisture lossu capped, labeI1ed, and shipped to the Ïlnlversity
of Ïianitoba Soils latroratory for testing.

Photographs of the drÍlllng operations are sh.ov.'n in
figure 10.



2].,

HOLE. I

DRILL IN PLACE

FINAL RIGHTED POSITION

SAMPLING TUBE IN PLACE

HOLE. 7
FtG. to.

HOLE. 4.
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I.ABCBÅTOP,Y-\T.ORK

TLre soÍl samples were seared in the field to preveni

moisture loss and shipped to-the university where they were

stored in a cool moist place until tests could- be performed.

Tests were begun early in November. It was noticed that

sone remolding had occurred arouncl- the outer ed.ge of the

samples" To renove the remolded portlons¡ a sample trimmer

waÊf obtained from the l$ational Research Council a,nd the

tests continued. As all tests were performed in accordance

with standa.rd procedure, the tests and their proeedures are

as follovrs¡

The moisture contentr specific gravity, triaxial
compression and consolidatÍon tests a;re outlined in the

UniversÍty of llanitobae Civil Engineering So11 Testing

Iø.boratory Ma.nua.l, l95Z

Itechanical Analysis of Soils (Hyd.rometer lüethod)

ASTM Ðesignat ion 1422-39

,{tterberg limits ASÏM Designations

|423-39 , D424-39 , D427 -39 "

Photographs of equipment used and of scrne tests are

shown in figure 1,1"



DISTILLED WATER STILL

TRIÆ(IAL COMPRESSION

23."

SOILS DISPERSER

HYDROMETER ANALYSIS

tlGrj.1.

ATTERBERG LIMITS, CONSOLIDATION TESTS
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CHAPTER IV

REËUI_TS

the test results for each bore hole ín troth graohical

and tabular fornr are as follov,rs¡
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TABT,E E

- These figures exclud.ed from calculations
(r) Minimum cohesion (nore Z)

(Z) Cohesion (average hotes a and T)

(3) Coheeion (average all holes)
(4) Cohesion (average of holes !r213u516)
(5) Xdaximum cohesion (frote t)
-A"verage wet density of top 12 feet of soil

40"

because they are too extreme,

5"82 posui"

6.04 p.Êoi.

6.30 p" s. i 
"

6"+2 p.s.io

7.o3 Posni"

Ðepth
Feet

COHESTON P.S"TO

notu-l
¿ 3 4 Ã 6 7

0

5

10

L5

a0

25

3o

3'
4A

45

7,2

6"j

7,7

8,5

6"9

5"+

2.0

5.8

6.7

7"6

7.6

6,?

5.0

4"0

5.5

5"8

5"9

6.4

6"L

5"+

2"9

L.g

5"5

8"2

6"8

6.4

6,9

3.1

3.0

6,8

5.6
-fl

9"6

g.6'o

6.0

5.2

3"0

ll4.1

7.7

7"7

7.7

4,3

3"3

6,!
6"0

7,6

7"4

4"5

2?J oJ

3"0

"åverageof Top
35',-

7 "03 6.+8 5.85 6 "L5 5,go 6 "95 5.82

Io7 tus/rt. 3



4]-"

TÂ3L,8 9

ComparisqE of Eearing Val_ues

Hole
Grouping

.&verage
Cohesion p"on io Frandtl-Suisman

.pos,f,
tr'el1enius

pos.f,
Terzaghl

PoSofo

7

4r7

L1213n415 16r7

!u213u5,6

5,82

6 "o4
6"30

6 "42

7.O3

2962

3ozs

3roo

3135

33ro

48Bo

507o

5280

53go

5go0

6065

6235

6455

6550

7o60

.åetual failure load. = 6150 p,s.f o

i
l:..?

iJ:
./:
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Samp1 s Ca1 c_q1a t iggg-tgf_glSimalg-legÊ ing Capac i tf,

for c = 5.Bz poÊ,i,
(a) Prand.tl-:Suisma,n

qu=zcli,
(za)

7 2 x 5.82 x l-aa I Lol x IZ = Za62 p.s.f .

(t) tr'ellenius

eu = 5.5 c(t I o.3B fr) (+)

= 5.5 x 5"82 x 144 (r f 0"38 x )2,t = 489q png"fo
t77

(c) Terzasþ!

Qu : 5.Tc I j, (rr)

= 5.7 x 5.82 x Iq+ I Lof x LZ = 6o65.p"eof.
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CT{APTER V

DTSCU,SS]ON

SOÏI,S DESCRTPTTOTT AND CI.ASSTFTCATION

A soils description and classifieatÍon was obtained.

for the Transcona Elevator site from tests performed on

samples taken from seven d^rirl holes" The description
extends from ground leveI to flhardpanH.

Except for a black and brown organic el'ay and firl
ranging from 2å feet to 10 feet deeps the top 25 feet consists
of a varvedr stiff d-ark brown clay with an average moisture

content of 55%.

tr'orty-f ive per cent of this r¿aterial is clay u 5Td/o Is
silt, and. 5% is sand." PlastÍc and. liquid limíts are 25% a.nd

)o/á xespectivery, These properties correspond to an inorganic
clay of high plasticity according to the casagrande plasticity
chart 

"

JL da:rk grey silty clay¡ softer than the overlay materialr
is found wÍthin the fotlowing L5 feet, rt is composed of +o/o

clays 507å silt, 87å sand., and 2{o grave] , The moisture eontent

varies ftoro 4Or/o to l!fi'. on the plasticity chart it comes uncler

the sane classification as the brown crayu that is, an inorganic
highty plastic cIay. Values of plastic limit and. liquid lirnit
are 25{o and lJ/o respectively"'
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ïfnderlying the brown and grey cLayÊ whích a.re lake

"ågassiz depositse are f ound glacial d-eposits loca1Iy known

as Hh.ardpantr" The top of this layer rcay be quite soft"

Composition of this meterial is as follows z lO% claye

40% silþ, 25/" sand¡ âod ZJrfo graveL" fhe molsture content

of t3f, ta:-l.,s within tlre plastic limit and tiquid. llmlt
range for the d.epth tested." Plastfc lÍmits of I2{o and

liqrrid limits of 20{o are in accordance with the propertiee

of a slightly plastic inorganic silt" Drilling extended

5 feet into the nhardpantr.

RE¡IOLÐTNG

Careful examina.tion of the core samples failed to

dieclose the slip plane at which the failure occurred.,

Ilowevere the examination revealed thp.t the soil in the

inmediate vicinlty had. been subjected to some remoldingu

probably when the elevator wqe righted." Iloles le 2e 3r 5s

and 6 were affected to a d.epth of 20 feet. This was an

important discovery because remold-ing affects unconfined

compressive strengths, "Ae the damage to most of the samples

'was slightn the strengths were not affected to any extent

as can be seen in table B" Qnly holes 4 and / represent

soil conditionË as they probably exieted before f'ailure
occurred in 1913, Thereforee the results obtained from them

should furnish the actual ultimate bearing capaclty,
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COTÍBËION

Searing capacity of soils beneath footíngs depend

u.pon the coïresion, angle of internal frlctionu and- a depth

correction faetor for the material" Secause of the nature

of the loading, which was rapidu and the fact thåt the

clays srere saturated, it was poesible to assume an angle of

internal friction for the clays of zeroe thereby exclnding

tb.is term from the calculations, A limited number of quick

triaxial tests verified thie va1ue" Consequently the

cohesion governs the bearing caoacity as the depth faetor

uras quite smaIl" Ilsted in table B at five foot intervals

are the cohesion valueso .& representative cohesion was

obtained for each hole using an average for the top thirty-
five feet. This figure was selected on the basis of depth

to fihard.pan$ which limited the deptlr of the bottom of the

sliding. Most of the fai'lure occurred in the c1ay"

X'ive arrangements of these valuee considered for the

calculation of ultimate bearing capacity are listed. below

table B. No explanation ís required for choosing the nin-
irnum cohesion given by hole /e and the maximum by hole 1o

However¡ results from holes 4 and I wexe selected for one

combination knov,iing that any affects of the uprighting

would be negligible. (Ëee figure, 1 for the locati.on of borings)

Using a,n average cohesion for a1l holes is evident¡ but the
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average for 1e 2s 3, 5u 6u necessÍtates Bome explanation.

If.oisture contente for the holes show a marked d.ecrease aF

the thirty foot leveI is approaehed.. (see summary sheete),

Holes 4 and I h.ave moisture contents which are uniform for
nearly the fu}I depth to ßhardpanH " rt seems that the dltch
and dra.inage system installed durirrg the uprighting in LgL+

( see figure 6) d.rained the soil surrounding the erevator

resulting in a decrease in moisture content with consolidation
occurring, affecting the unconfined compressive strength,
rhe average cohesion for these holes (6.+z psi) is considerably

higher than fro¡r holes 4 and 7 (6.o+ pËj-), Table g contains

bearing values using the cohesion resulting from the above

ass ortment,

rtTIniATE BEÂRLNG C"A"PACTTY

.A. comparison is obtained in table 9 between a.ctual

failure load- and theoretical ultimate bearing va.lues fronr

the Prandtl-Buisman, Felleniuer and ferzaghi solutiofiso

fhe Prandtl-Buisman solution produces results which

are considerably lower than the aetua.l faÍIing 1oadu If
maximu¡n cohesion is used givÍng a value of 33ro psfs Ít ie
seen that it falIs far short of the 6t5O psf at whieh the

elevator failed,
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fhe Feflenius solution also gives a low value" If the

cohesion from holee 4 and f axe useds â vâlüe approximately

one thousand. pounds less than the failure load of 6t5O psf is
obtained" The maximum load of 59OO psf resulting from the

cohesion of hole 1 approaches the faiLure load; howevere

mínimum valuee govern designs" Therefores the eolution

although superior to Prandtl-Suismanu must be considered

as unsatÍsfactory for this casee

The !egg-þi. eglgliqes 0f the three bearing capaclty

theories for rapid loading on saturated. clays r the test re-

sults give best agreement n¡ith the Terzaghi analysis. (see

table 9). Neglecting the values ot 6+55 psf, 6550 psf¡ and

706A psf which are slightly high d.ue to consolid.ation

resuLting from 40 years of drainages the remaining figures of

6065 psf ana 6235 psf agree very closel¡r with the failure load.

of 6t5O psf, It would appear that the Terzaghtí solution is
not seri.ously affected by the presence of the etronger

underlying layer at the depth of the failure plane, It may

be seen from the Êunmary sheets th^at the layer existed 33 feet
below the original foundation.

CAUSE OT' F'ATT,UBS

Reasons for failure are apparent. The clay subsoí1

waÊ loaded to failure as a result of underestimatlng the

bearlng capacity of the soil, Âllairel stated that d.esign was

based on a single field load test, The results might have
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been entirely different had a number of unconfined strength
tests been performed which probably wouLd have resulted. in a

safe design"

coNqoLIpATIQN CnRVEg

The purpose of the consolidation tests was to verify
the soil cl:.p.racteristics. The curves in figure Lz point
out the variation in the compressive ind.exe swelling
pressureÊr and pre-eonsolidation Loads with depth, for a

hole located outside the affected area. The sr,velling pressure

and compressive index decreages with increasing depthe

indÍcating that the material is softer and contains more silt.
The pre-consolid.ation load. does not forlow any apparent

pattern. lifith these curves, it Ís possible to calculate the

settlement the building would have undergone had. failure not
occurred 

"

PÜMPTNG

The forty yearË of continuous pumping from beneath

the binhouse effected' some consolid.atj-on" Áverage moisture

contents and wet d.ensities for holes 4 and / were Jr")/o and,

Lo7 "8 lbefcu.ft" respectively and 48 "jo/o and. l-r2.2 rbs/cu.ft.
respectively for holes 1, 21 3, 5g 6, strength of soil was

also affectede being srlghtly higher for hores 1, ze 3u 51 6o

than for 4 and |, However, the bearing capacities were not
materially altered" (See table g) 

"
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coNgtusroNEf

Soils teets performed during the investigation of

the failure of the Transcona Grain Elevatore indicated

th.at the Prandtl-Buisman and tr'ellenius Theories did not

apply. However, the Terzaghi Theory for the ultimate
bearing capacity of rapidly loaded. saturated. clay subsoirs

satisfied this caseo
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1" -4.11aire, A. trThe Failure and Righting of .À lr¡lil1ion

Bushel Grain Elevatorfi" Ttaneactions of the -AmerLcan

Ëociety of Cívil Engineerse Volume 80, Decembere 3]L6e

pages 799 - 832,

2" frProceedings of the Ëecond rnternational conference on

$oi1 i[echanics and tr'oundation Engineeringrf . pages 63-6j o

Volume le 1948,

3 " Taylor rrttr'und.amentals of $oir Mechanicsrr . pages 573 u lg49 
"
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Photographs of fairure, fÍgures 3a and 3b v¡ere obtained from

The tr'oundation Company of Canada, Íoroitto, Ontario"




