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WILLIAM A. TROW AND ASSOCIATES

SITE INVESTIGATIONS
ARND
SOIL MECHANIGE CONSULTATION

w, A, TROW, M AS.C,, MELC, P.ENG. 884 WILSON AVE.
DOWNSWVIEW, ONT.
ST. 8.59¢1
Project: J 403 fugust 14, 1959.

59. F. 26/C

¥r., A. Rutka,

Dept. of Highways of Ontarie,
Haterials and Resezxch Branch,
Parlizment Buildings,

Torento 5, Ont.

Attention: Ir. L. G. Soderman, P.0lng.,
Principal Soils and Poundation
Engineer

Foundaticn Investigation
New Maitland River Bridge
Highway No. 87 - BHarriston, Ontario

Dear Sirs:

The enclosed report describes ithe soil conditions underlying
he proposed bridgs relocation noted zbove.

Yo foundation problem appears to exist at this location, since
glow an 8 foot thick stratum of loose fill

the so0il, ® s consisis of an
extremely dense glacial deposit of sandy silt with gravel. The per-
missible ovearing value for this material is at lsast squal to SQQO p.s.f.
According to field measursments in the borings, this pressure can be
applied at a depih of aboub 318 fset below ground surface or about § feet
below the existing river bed. However, the results of 3 probing in ihis
river bed suggests thabt scouring has taken place to a depth of 10 feet
and thersfore a foundation depth 10 feet below river bsd level has bsen

recommended.

Considerablis water will be encountered during excavation if the
north abutment is placed in the river as presently propcsed. However,
this diff- wulty can bes avoided,in large part, if the bridge site is
moved a few feet to the south. A discussion of excavation methods has
n given ir the report.

oG8
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We hope that the contents of this report provide you with
sufficient information for proceeding with the design and construction
of this project. Please contact us if any comments require amplification
or if additional queries come to mind,

Yours very truly,

WaT/1% %illiam A, Trow {P. Eng.)
Tnel.
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WILLIAM A. TROW AND ASSOCIATES

FOUNDATION INVESTIGATION
FEF MATTLAND RIVER BRIIGD
HIGHWAY WO. 87 — HARRISTON, ONTARIO

This report deszcribes the soils investigation carried out
at the site of a proposed bridge which is to replace two sxisting
structures over the Maitland River om Highway 87, at Harriston, Ont.,
The results of this investigation are pressnted together with a
discussion of the foundation conditions that exist. Recommendations
concerning the safe bearing capacity for the bridge footings and
excavation requiremsnts for these footings have been given.

Description of Site

The HMaitland River winds aleng & narrow, shallow ravine through
the south part of the Town of Harriston. The seven foot deep ravine
cuts through relatively flat terrain at the bridge location.

Drawing Fo. 1 illusirates the general layout of the existing
roads and bridgss at the crossing site, Two bridges presently span
the river in this vicinity. Highway 87 is carried by a reinforced
concrete plate~deck and girder structure, while John Sireei passes over
a through—-arch bridge of reinforged concrete. Both bridge structures
are in an advanced stute of disrepair, with much spalled concrete
exposing the steel reinforcing. Portions of the guard railing have
either besn broken or fzllen off.

' The normal surface of the river is at an elevation some 7 feet
below the underside of the bridges. ¥aximum high water level reported
by a number of townspeople occurred after Hurricane "Hazel" in 1954.
The river &% that time reached an zpproximate level of one foot below
the bridge and flooded the lower-~lying areas adjacent %o the site.

A seven foot high concrete retaining wall parallels John
treet over & considerable distance zs shown in the drawing. This wall
2186 1S in poor condition with large areas of spalled concrete and a
nurher of large vertical cracks.

Photos showing the existing bridges and a portion of the
retaining wall are presented with the drawings.

m’*

It is proposed that the river be diverted, causing it to pass
through the existing John Street and Highwry 87 intersection. One bridge
structure 1o carry Highway 87 will be constructed at this point. The
existing river course will be filled and John Street will pass over this
i1l to 1pterse¢ﬁ Highway 87 north of the new bridge, at the approximate
cation of % existing highway bridge.
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As presently proposed, one abuiment of the new bridge will be
‘ located immediately norith of the south abutment of the existing bridge.
This vill place it in the existing river bed, The other new abutment
will Do located some 50 feet to the south, The two new abutments will
approximately parallel Mill Street,

Field Work

Three borings were put down at the locaiions shown in Dwg. 1.
Standard diamond drilling equipment was used. The 2—7/8 inch casing was
drilled to thes required sampling depths and washed or drilled clean.

A standard 2-inch outside diameter split spoon was used to
obtain samples of the =o0il, The sampler was driven under an energy of
350 ft.1bs, per hammer blow. The mumber of hammer blows required to
drive the spoon from 6 inches to 18 inches penetration into the undis-
turbed soil zhead of the boring is recorded as the penetration resistance
of the soil at this depth.

On withdrawal, the saumpler was dismantled, the soil classified
and then retainsd in moisture proof containers.

A dynamic cone penetration test was performed adjacent 1o each
hole. This test consists of driving & 2-inch diameter 60° cone into the
ground with hammer blows of 350 ft.lbs. energy. The number of blows per
foot of penetration are recorded and serve to supplement the penstration
values recorded during sampling.

A log for each boring has been prepared showing sampling intervals,
soil types encountered and penetration resisiance values. The logs are
presented as Dwgs. 2, 3 and 4.

Water levels in ths borings during their advance and on completion
were recorded. The stable water level at sach location is shown on the

logs,

Ones probing was carried out in the river bed near the bridge on
Highway 87. The results of this test are presented in Dwg. 5,

Soil Types Incountered

The natural ground of the area is evidently a gramular glacial
deposit with a density varying from medium dense near the surface to very
dense after a very few feet of penetration below the ground. (lassif-
ication of this material is "a sandy silt comtaining coarse sand and
gravel sizes". The results of a mechanical sieve analysis on four samples
of this glacial till are presented in Dwg, 6. An hydrometer analysis
wag carried cut on one of these samples and is alsc reported in Dwg. 6.

Overlying the glacial 411l is a loose deposit of sand and gravel
containing foreign matter such as wood, ashes, glass, etc. This is
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evidently i1l material placed after consiruction of the existing
bridges. Dwg. 1 contains a subsoil profile projected between borings.
The dspth, below which the soil is very dense, is shown as & dotted line
across the profile.

The water table of the area investigated can be considered to
be at river elevation.

The probe put down in the river showed loose material extending
to a depth of 10fset, The soil becomes dense at 12 feet,

Foundation Considerations

In generzl, the foundation conditions at this site are gquite
satisfactory for the direct support of abutment Tooting loads. According
to the results of the three borings, very dense gramulsy glacial till
exists at depths ranging fram 9 to 18 feet below the existing road surface
or at a maximum of about 8§ feet below the surface of the river. The safe
bearing value to apply on this dense soil is at least equal to 8000 p.s.f.
Settlement should be immediate with load application and should not exceed
one inch under this pressure,.

Although a depth of 8 fest below the river surface is indicated
fram the borshole results, this foundation level may not provids sufficient
protection agzinst river scour., This opinion is bassd upon the resulis
of the probing made in the existing river bed. In three aitempis to
determine the probable depth of re-sorted river bed deposits, two encoun-
tered refusal, at shallow depth, on boulders, and the third tesi was taken
t~ = depth of 12 feet, ihrough 10 feet of loose to medium dense granular
material. + was concluded from this test that river scour, at some time,
hzs penetrated to a depth of 10 feet. Therefore footings for the new
bridgze must be carried down to this level, or ito approximate elevation
81 fest., This will involve footing excavations 10 feet below the present
river surface.

Aocording to present design proposals, part of the north abutment
of the proposed bridge replacement will be located in the bed of the existing
stream. The excavation for this azbutment footing must pass through about
10 feet of loose permeable grarnular deposits bvefore competent glacial +ill
is sncountered, A considerabls flow of water into the footing trench can
be anticivated while this is beirz done.

Three alternatives appear to be available for dealing with this
problem, One of these is to carry out the excavation work and placement
of concrete underwater. By this method, there should be no danger of
a "quick sand" condition developing in the footing bed because the water
level at all times will be in balance. Some uncertainty will exist
concerning concrete placement conditions and numerous probings will be
required to ensure that no significant depth of loose soil has sloughed
intoc the excavation. Some loose material, up to a thickness of about 2
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inches, can bs tolerated provided that a 6 inch layer of coarse gravel
is placed on it prior to the installation of concrste, The execavation
for this proposal can be sheeted or left unmsupperted. In the latter
circumstance, a much larger volume of soil must be removed in order to
ensure that the slopes of the cut lis well beyond the footing bed.
Because of space limitations, some type of sheeted excavation would
appear to bs preferable.

Another alternative, which will peimit the dewatering of ihe
excavation and examination of the footing bed prior to the placement
of concrete, involves the use of interlocking steel sheet piling. This
piling should be driven around the perimeter of the excavation to &
depth at least 5 feet below final excavation level, or about 15 feet
below the surface of the river; +this requirement is to avoid a "quick™
condition of the dense fine-grained siliy sand glagial till when the
sxcavation is dewatered., Wherever possible, the piling should be driven
without resorting to jetting methods, so that = tight seal with the
natural soil will be obiained.

If all the piles are advanced at approximately the same tims,
there should be less danger of separation at the interlocks than if
each pile is driven to ihe required depth well ahead of adjacent piles.
If it is necessary to jet the piles into this dense till, a permeable
channeli may develop immediately adjacent to them, As a consequence, a
piping condition may develop along the inside perimeter of the shseting
as the water in the excavation is pumped cut. It should be possible to
prevent the removal of fines from the soil in this circumstance by placing
a filter consisting of a 6 inch layer of concrete sand and then a layer
of medium gravel over any unstable area.

4 third alternative, which would circumvent the problems of
placing the abutment footing through loose river bed material, would be
to move the bridge site a few feet farther south. If the north abut-
ments of the new bridge were to be placed south of the existing refaining
wall, approximately in the line of borings 1 and 3, exzcavation work would
be almost entirely in the medium dense to dense till, Either the existing
concrete wall or a shallow cut-off clay seal would prevent water from
entering through the one-to~two feet of loose maierial found below the
water table at the Hole 2 location,

In regard to this last proposal, accepted excavation practice
in sandy silt soils, such as the till material underlying this site,
calls for the installation of a well-peint system to lower the ground
water prior to excavation, This requirement is necessary in order to
maintzin this fine grained s¢il in 2 stable state as the digging operations
proceed below the water table., The results of the mechanical analyses
tssts on representative i1l samples from this site ars shown in Deg, 6,
together with the grading limits of scils in which successful well-point
installations have been made., Three of the four samples iested show an
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spprecizbls silt content and exhibit similar gradations. Sample No.3
of Hole { contained a large amount of gravel sizes. The sandy silt
that surrounds the pieces of gravel in this latter case appears very
similar to the soil of the other samples, It is felt, therefors, that
the drainage characteristics of soil typified by sample 3 of Hole 1
will correspond to the soil of the other samples., The information in
Dwg. 6 therefore suggests that a vacuum well-point system will be
necessary to lowsr the ground water effectively.

The Toregoing remarks are based entirsly upon the grain size
of thkis glaciel till. Irn this discussion of excavation problems, conside
eration should be given also to the high relative density of the till,
Bscause the sandy silt is very dense, its permeability must be lower than
would be indicated by the grading curves. It is possible, thereforse, that
the excavations for both abutment footings can be taken to a depth of 10
feet below river bed lsvel without difficulty from ground water, provided
that they are located well back from the existing river. Some shoring of

e trench may be required however, and it may be necessary to direct

ot
Ly

seeping water to a sump where pumping can be carried out. Should any
inststility of the bottom of the excavation become evident during digging,
a vacuum well--point system would have to be instzlled. The trench should
be filled with water while the nocsssary insiallation arrangements are
being made., Bince this work can be done at any time, it would appear that
an initial attempt to excavate without well-points would be warranted.

Should well-points be found necessary, 8-inch diameter holes
should be drilled around the perimeter of the excavation at 23-foob
coenhras to a depth of at least 5 feet below the proposed footing elevw
ations. A perforated well-peoint should be placed in each hole and
surrounded with a filter of concrete sard carried close to the top
surfac& @f the till, Water under very low pressurs should be pumped
rrrough 4 ﬁ@l;»polmt screen as the sand filter is pleced, and the well-
j. 4 be moved up and down slightly in order to assist the move-

saﬂé rto the holse

A olay or bventonite slurry should be placed in the hole over
ihis sand in order to provide a seal against air leaks. This ssal should
be about I fest thick. Once 2 vacuum is created in tke system, the water
tatle should be lowsred sufficiently in a period of about two wessks, or
less, The lowering of the water “able should be recorded in at lsast two
ohasrvation wells lsft open to the atmosthsrs.

Tzeavation of the new south abulment can be carrisd out by any
of the metholds indicated above. Iess water should be anticipaisd at
this location.




WILLIAM A. TROW AND ASSOCIATES

Surmary of Comments and Conclusions

1) Very dense sendy silt with gravel till will be the foundation
soil for the proposed bridge structure. A safe bearing value of 8000
pes.f. is recommended for spread footings.,

2) Deep footing excavations will be reguired to prevent undermining
by river scour. A minimum Tooting elevation of 10 feet below proposed
river bed elevation is recemmended.

3) Steel sheet piling driven 5 feet below footing level appears

to be the mos. positive means of enclosing the excavation area. Economies
may warrant the considersiion of other less positive but probably equally
satisfactory solutions to the control of ground water. These proposals
are discussed in the vspori,

4) If the north asbutment is placed in the sexisting river as
presently proposed, considerable water, flowing from the loose granular
material below river bed level, will be encountersd. If the bridge sits
is moved a few feet farthsr south, this water problem can be avoided %o
a considerable degree,

5) The granular f£ill material, overlying the till and comprising
the firet 8 feet of soil at the site, exists in a relatively loose condition
and is essentially zhove the water ftabls, This material can be removed
without difficulty.

DHS/1% ,
August 14, 1559.{-

J 403




o
PROJECT NO. J 453 DRAWING NO,. < .
WILLIAM A, TROW & ASSOCIATES LEGEND
., DIA. SPLIT TUBE g
SITE INVESTIGATIONS AND SOIL MECHANICE CONBULTATION Z,, SHELEY TusE - ]
2" sPLIT TURE. N
15 —
2" p1a. CONE
CASING —————
Eridge Replacement 1 2 skELEY : ——ee
PROJECT BOREHOLE NO.. 12 uucourméu COMPRESSION iQuis ®
Tram Y - VANE TEST [L] AND SENSITIVITY (D] s
rocaTion TWY. C7, mrﬁiStm; Ont. FIELD SUPERVISOR NATURAL MOISTURE AND ‘t‘
HOLE LOCATION Ses JW@.? DRILLER . L’?U'S'TTT’NOE)( """ - -
LIQUID LIM . —
woLe erevaTion ano patum  100.T — from most B&B'L'B?lb'nzp. . #LASTIC LIMLT . _ —
asut oo eap of pecrby hgpdrant - 100.0
STRENGTH AND PENETRATION 1
: ELEV. |DEPTH RESISTANCE CONSISTENCY L NATURAL
{svmBOL DESCRIPTION FeET | FeET PE AMPLE UNIT WT.
| ».C.F.
: SiowEET MOLIST. CONTENT- ¥ DAY WT.
. -
. N i * P’. }_: 1. ¥ } T IR L G B Y T :
Fill: =il*y, orgenic sznd wnd unii e g REns T SENSENEEDEREARE NRNEE
o vel. t - -y ettt f deef
t o X T !
+ , - 1 | Ho recdv.
y 93'? + 1
- B ] m
190001 Gloeill Ti11l ~ brown silé- 1T i 2
C et e send modrix - + ‘ + ;
L BN surrounding cocrse sand to coaise BAEES 3
RS M =+ nd 40 coorse grovel -~ very SRR SRS NN
P ! o
de i i s . e . ¥ 4+ ‘
D ! ; ,
- Ta ! : ; !
P g . RN
Lol - ! 1 '
- T T N T T T T
! 4 H i | YH
i Pt N . i
e gt -
= MR i N ﬁ 2
; R T T , !
: 0 1 L I RIS I SN ;
. L b d 7
e S . V
1 o v -
-+ o
beed o 4o
4r& . -
it
0B : 5
o et SR s depet goe 4 FT* R e SN S ;_.4 i
i+ O PO "SI SO S PRV
B O S U QO SR S ; |
S iy Tt e | ) P i ;




PROJECT NO 3 4(')3 DRAWING NO.. . 3

WILLIAM A. TROW & ASSOCIATES O 4

DIA. SPLIYT TUBE

H
B'TE INVEETIGATIONS AND SCIL MECHAMICS CONSULTATION iu ::i:':vﬁ:’::a T T . .
" R : S e " et
DiA. CONE
C:SING S e C eemem .- -
Bridre Replicement 2 2 sHEL®Y -,
PROJECTY BOREHOLE NO._ . = 1/2 UNCONFINED COMPRE SBSION (Qu}s
AT U ped gt ¥y vang TEST (U] AND sENsITIVITY [ O] s
LOCATION S H"”I‘ iston unt. FIELD SUPERVISOR . NATURAL MOISTURE AND t.
HOLE LOCATION Ses g}l&n ORILLER LIQUIDITY INDEX . )
LIQUID LIMIT i —0
HOLE ELEVATION AND DATUM 9 1 - from wost eusterly eree. ) ) PLASTIC LIMIT o :
e 5UL Op G20 Of nesrby hydrent - 100.0
1
i STRENGTH AND PENETRATION
‘ ELEV. |DEPTH RESiSTANCE CONSISTENCY } NATURAL
, Y MBOL DESCRIPTION FEET | FEET P S F. £ MPLE[UNIT WT.
. P.C.F.
P MOIST. CONTENT- € DRY WT.
0 . BLOWS/FT.
9&)@1 o 4@ S0
R . - . Tl BEE T
o 3. i1l - brown sand with gravel, Tt 1 J%lL
h , ) * H ¥ T ¢
R sirders -nd tile rieces. 4 -+
A - ; = +
[~ £ .
R g : 1
. i QG T
I S H -
oJ R T11 - brom sili-fine sond 10 !
I P S ’ i : :
bl surrounding coarse s.nd to 1 .
e grvel, ) ;
- o + +
= - F . N i
Cwi ol —very dense below 14 ft. ' 1 : 13
< F e w»#f«{»&,: ; i
> 1 ?
o da 20 SN B b4
- L b+ + o g At L4
RN B 3 + f* ot Pt Y
» RTINS G AR $ . —+-
‘“ > 200N * ! T ; i
o , et gt 9
17 - A o
| ;‘i 4 + + ; i +
& b e
7 % i b+ + e ! " - ++ ?*.’__»4
- o T % Zrr Ftm et :
3 T of h0ole e O?c,‘i L+ et 0 NRSDEN I S e R 6
! N ey B i bk sl : 1
1) BY o ozin: drillsd to samolfing SNETE N DN
- Lo i | L b ]
i 1 [ L ! il
i -+ * 7 =t v
; To% Lar lavel recorded in unersed - T et ey
; ; 15 tro, fter comyletion = 7,01 i ; Shmte S v b b |
i - H { M i H i
: ’ RN P I : o aulR R T N IR : -t 4 + b+ + -+ + PR |
3; 7 inedicsecens wnd O in.dipme 40 T T T ; ! ] -
! e % & .. - ol 3 T -+ R R EEEREEEEE T 2 SR o
#1714t spoon driven with 140 1b. hamger an SRUNESERE G ‘ T
roprice 30 ins. INS SR eSuS SR AEE DEE R SR DN ;
{ SESRNARSRSREINE SRSESNNERE ! | .




PROJECT MO

J 403

WILLIAM A. TROW & ASSOCIATE:

SITE INVESTIGATIONS AND SOfi. MECHANICS COMSULTATION

prosect Sridge Replacement

Tt o T ;
LOCATION igz’yo Ufg ﬂam*is%m, Ont.
MOLE LocaTion o088 Plan

3

BOREHOLE NO._ -
FIELD SUPERVISOR. .

DRILLEN

HOLE ELEVATION AND DATUM. 10{,9 from mosi 84&982‘13 PREP.. . .. ... ...

nut on onp of meoyhy hwydront -

ORAWING NO.. . =

LEGEND

2" DIA. SPLIT TUBE . e
DsHELEY TUBE .. B
SPLIT TUBE . e
2" pia. conE . . - e
CAIING . ——————
sum.uv e —
|/z UNCONF INED COMPRESSION [Qu] ®
vang TEST (C] anp sEnsiTiVITY (S) +$
NATURAL MOISTURE AND L
LIQUIDITY INDEX_ . ___ X
LIQUID LIMIT . . . —
PLASTIC LIMIT o o

STRENGTH AND PENETRATION
RES]STANCE CONSISTENCY L NATURAL
DESCRIPYION .8, F. MPELEIUNIT WT.
».C.F.
MOIST. CONTENT- & DRY WT.
BLOWS/FT.
s { s
; IRERS RN it
nly medium s L
g‘wfel, silty, grey to ‘
:r»'lth tshes i ; ‘
¥ C‘Bh . . 3 ; 1 E‘ I'SCOVe
o : bod : T 2 ”n
-t -+
== s H 3
- .y i -
1Y emidat -
. ‘ié+'; ;
Glzeisl Till - brown, silé~fine sand .S
m- trix surrounding coarse sand SEBErEEEE S § .
) to coarse grovel - very dense IR B W ;
relow 17 fest. ) i H¢ recov,
- ! 5
; 1
4 :
| . ! + 7
ré 4 }; s r
- i 3 IR ;
! 1 i -
3 2R M & E$ recev.
) ‘f N } b i 9 R p‘ﬂs.
>p‘ *qi I !r i i 1
4 M RS | et I 1C He¢ pewov.
T Y
44 4 et + . + § +—t 11 i "
-+ -l ; e -
At T; -+ bl bl 12 e vens.
= BEEREE 1K 13 Eo retov.
- P 1 i L +__‘ l
Liy S 44 ek b e !
BB R REnE b o e |
ISR S E e ns -+ bt 11—+ 144 |
dd htod IR i e H t




PROJECT

J 403

PROIECT NO.. . .

WILLIAM A. TROW & ASSOCIATES

SITE INVESTIGATIONS AND SOIL MECHANICS CONSULTATION

Bridge Replaocement

LOCATION H@:f._&z H&rﬁﬂtaﬁ, Cnt.

BORKEHOLE NOn-,.Pr,e?ing A

FIELD SUPERVISOR _

DRAWING NO.. . . .. _

L

LEGEND

DIA. SPLIT TUBK
2" swELSY TUBE . ..
2" spLT TUBE
" oIA. coNE ...
CASING ... ...
2V snErLmy . ...
172 UNCONFINED COMPRESSION [@Qu} .
vange TesT [C] AND sEnsiTIVITY [S]
NATURAL MOISTURE AND

LIQUIDITY INDEX . . . X

HOLE LOCATION . 3@€ plan . ORILLER _ ... LIQUID LIMIT. e —0
HOLE ELEVATION AND DATUM }Jif) PREP. . . PLASTIC LIMET —
STRENGTH AND PENETRATIOM
U F— RESTSTARCE CONSISTENCY { NATURAL
&Y MBOL DESBCRIPTION FEET | FEET W MPLEIUNIT WT.
.- ».C.F.
MOIST. CONTEHRT- % DAY WT.
~ BLOWS/FT.
9@'5 ¢ 10 1
- %, inch rod driven from river \
hed under sxisiing Hwy. 07 bridge. » ;
- recorded Llows per foot are .. ¥
rumber of equivalent 150 4. 1h. 1 { -
snersy hommer blows. e :
r4 X
; {
R
$ -
10 -
- ' T
1
H [
] T T
T 1
i Lidl p |
il
] T
L
1
i H
i 1 : H
@ i i
i
| 20 |
! T ¥ i 1 . 1
| | 1 RN HNA NS BEEES 13 R EREN x
i ! 1 REEN i i JSE RSN




PENCENTAGE PABRING

40

10

El

MECHANICAL ANALYSIS

Brojects J 403

bﬁ"g. Ri‘\a 5

* 00 *as * 28 * 14 3
SIEVE SIZES Foo®ieo | Feo | Fio ; #20 | #10 i *, e” V& a2t 2t
s : ; ! ! s 1 1t
> ¥ 3 Bt 1 - S S 3 1
# -+ z +
- b - LA -
5 '4] YiLY y : S— A S
g 4 — ¥ D T
_ : - 1e o £
e Cor - o B 11 T o
3 : : & = ; %# : :
’ ; z, i 2 . :
1 F = =2 : ¥ . S8
=== E = R
3 ¥ % — + +
1 : S — =
i v -
r 4 = y A
E > : :
2 =2 = et :
i ’ -+ 43: é ~ B - ]
1 . : e s e H
= = s be : ==
- -
¥ — & = 5 S == ]
; = ’ % &3 *- E
- - - X2 s 8 ; T’ -
, z & e : i - = : =
jl = 2 = >
‘ 7 s == SITeS IS : 3 H
- 34
? s y ne r - .. :t - - e |
.2 £ SHHE + 3 : H
4 523 = = : G2
€3 s E e :
: =2ES = :
= ) ===t 7 :
¥ 5 ﬁ F ; ;
i: > - -
Tan e E 5
S 1 : : :
7 o 3 - —" X % £
5.002 5.606 a. .06 0.20 .50 2.0 s.0 20.0 66.8
GRAIN DIAMETER IN MILLIMETERS
Fing MEDIUM COARSE FINE MEDIUM COARSE FINE MEDIUM COARSE
te— C LAY -
siLT sanD GRAVEL
4 T £3C, . -
MO ERER ML T SRS O TN~ dewrtsring methods from Samples of Till frem Harristen
Pig, “4~-14 "G0il Hechanies, FPoundations and Jarth
Structures” -~ Tschebotarioff WILLIAM A. TROW AND ASSOCIATES

78

{14

40

8

PERCENTAGE PASSING



WILLIAM A. TROW AND ASSOCIATES

%

AUG

-

AUG

SUPER IMPOSED DOCUMENT MAY
APPEAR AS MULTIFEED O FILM,



2
Wl
ey
=
|8
O
Uy
o,
-
Q

WILLIAM A, TROW A

LU

-
e e

ST O

y

»

APPEAR AS MULTIFEED ON FILM,



WILLIAM A, TROW AND ASSOCIATES

of John St. Bridge, looking Forth.
r north wing wall.
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