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G.S. No. 4649 
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PROPOSED RAILWAY BRIDGE/ROAD GRADE SEPARATION - CROYDON 
RAILWAY RESERVE, HUNDRED YATALA 

FOUNDATION INVESTIGATIONS 
DESIGN STAGE 

Client: South Australian Railways 

SUMMARY AND CONCLUSIONS 

Two cable-tool holes (CH.l is 70 ft. deep, CH.2 is 60 ft. deep) 

on the site of the proposed railway bridge and road excavation at Croydon, 

passed through a horizontal succession of sediments consisting of 5 to 7 ft. 

of top soil (mainly dense SAND and very stiff CLAY SOIL*] overlying soils of 

the Hindmarsh Clay Formation. This consists of stiff to very stiff CLAY SOIL 

of high plasticity above the water table, while below the water table the 

sandy CLAY SOIL is often at a moisture content greater than plastic limit, 

soft to stiff, and of medima plasticity. There are also lenticular layers of 

medium dense to dense SAND and GRAVDL layers. 

The regional groundwater as measured during the suraraer months is 

32 feet below ground surface. 

There does not appear to b© any continuous strong horizon on which 

piles of piers could be founded. It would be advisable that any foundations 

should be constx-ucted in the stronger clays above the water table (32 ft.), 

preferably no deeper than 20 ft., in preference to the softer almost saturated 

sandy clays below the irater table. These clays only become stronger again at a 

depth of 50 (hoi© CH.2) to 65 ft. (hole CH.l). 

* These terms are defined in Appendix A. 
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If piles are considered a programme of test piles may be 

necessary to determine the depth at which refusal would occur. 

INTRODUCTION 

In a letter dated 30th September, 1970, the South Australian 

Railways asked the Department of flinos to determine soil characteristics at 

the South Road level crossing, Croydon, in order to decide on foundation 

details for the bridge. 

Two exploratory cable-tool drill holes were proposed, (Pig. 1), 

with depths of the holes to be from 40ft. to 60ft. depending on the type of 

material encountered. 

Hole CH.l was drilled from the 8 to 30 of March, 1971, to a 

depth of 70 ft. 

Hole CH.2 was drilled from the 25th February, 1971 to 1st March, 

1971, to a depth of 60.S ft. 

Continuous sealed tube samples were taken to a depth of 30 ft. and 

then every 10 ft. or at change of material. Standard penetration tests were 

carried out every 10 ft. and immediately sandy material was encountered, thence 

every 5 ft. in sandy material. Open tube samples were taken throughout the 

remainder of the hole. The sealed tube samples wore sent for, testing at the 

University Soil Laboratory. 

REGIONAL GEOLOGY 

According to the Adelaide Geological sheet, (Thomson 1969) the 

proposed bridge is situated just to the west, i.e. on the downthrow side, of the 

Para fault. Deposition of the Hindmarsh Clay was tectonically controlled by 

movements along the fault, so that a large thickness of this clay (about 100 ft. 

was deposited on the downthrow side and only 20ft. or so on the uplifted side. 



The Para Fault Block is one of a number of elongate, faulted crustal blocks 

that make up the Mt. Lofty Ranges. The surface exposures in the area are 

designated Pleistocene to Recent alluvial clays and sands. 

SITE GEOLOGY 

Topography and Geology 

The site is flat and grass covered with no rock outcrops. Hole 

CH.l is located on a grassy area between the railway line and a galvanised 

iron fence. Hole CH.2 is located on a grassy area between the railway line 

and a sealed road. Geological observations are limited to the drill cores 

which are logged as shown in Appendix A, and then summarized in Table 1, and 

on Figure 2. 

Hie sequence of strata (The Hindmarsh Clay) below the top soil is 

essentially horizontal, and consists of sediments laid down under lacustrine 

to fluvial conditions and consists of mainly high plasticity mottled red-brown 

and grey €lays with lenticular sand and gravel layers. 

Groundwater 

Water was cut at 32 ft. defth, in sandy layers of the Hindmarsh Clay, 

in both holes. The static water level is also 32 ft. below the surface in 

both holes, aststaeasured during the summer months. This level can be expected 

to rise during the winter months. 

DISCUSSION 

The clays of the Hindmarsh Clay are usually strong soils (very 

stiff) at a moisture content less than plastic limit. However at this 

locality the clays are stiff to very stiff only to a depth of about 30 ft. 



TABLE I 

Etolo 
Depth 
in ft. Thickness 

Stratigrapiii 
Units Lithology 

1 HIGIHEBRIKG P 
Description | Consistency etc. 

ROPEfiTIfsS 
Moisture content 

CH.I 

Q l . 2 

0 to 8 

0 to 6 

8 

6 

Topsoil Sand and clay with 
modern soil profile, 
calcareous in places 
also some sand and 
gravel patches. 

SAND (SI), excess 
silty fines, plus 
red-brown CLAY SOIL 
(Ci) high plasti-
city. 

" 1 " ' 

Sand is loose to 
aediua dense. 
Clay is hard to 
very stiff. 

Sand is tumid. 
Clay is less 
than plastic 
limit. 

a n . i 

Ql.2 

8 to 36 

6 to 36*S 

28 

30.5 

Hindgarsh 
Clay 

Clay with quartx and 
mica sand with grains 
0.5 zbq in diameter. 

CLAY SOIL ((B) high 
plasticity, mottled 
red-lsrosm and grey 
with up to 40% 
SAND with clay fines, 
and poorly graded. 

Clay is stiff to 
very stiff, tot 
weaker below 32ft. 
depth. Sand is 
dense. 

Clay is loss than 
plastic lioit, 
tait greater than 
equal to plastic 
limit below 32ft. 
depth. Sand is 
ooist to saturatei 

Ol.l 
(21.2 

3d to 70 
36. S to 60.S 

34 
xk 

Hindaarsli 
Clay 

Quartz and oica sand, 
grains 0.5 nm in 
diaa. j, with clay and 
also gravels up to 
2cas. in diaa. 

SAND (SC) excess clay 
fines with CLAY 
SOIL (Gl) „ high plas-
ticity. GRAVEL (CC) 
with excess clay fines. 
Sand and gravel layers 
are £roa 3 to 10£t. 
thick. 

Sand is aediua 
dense to dense. 
Clay is soft to 
very stiff. 

Sand and grave1 
is set to satu-
rated. Clay is 
greater than or 
equal to plastic 
limit. Some layerj 
of clay axe less 
than the plastic 
lialt. 
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At 32 ft. the water table is cut and bolov; this depth the clays range from 

soft to very stiff with numerous sand end gravel layers which are saturated. 

The sand and gravel layers are lenticular and not readily correlated between 

the two holes (Pig, 2). At a depth of 65 ft. in hole CH.l and 50 ft. in 

hole CH.2 a very stiff clay is encountered. There is no indication whether 

these stronger clays persist below a depth of 70 feet (bcSSo® of hole CH.2). 

BJMiFdcA 
4.S.71 

B v J. MORRIS 
GEOLOGIST 

ENGINEERING GEOLOGY SECTION 

REFERENCES 

THOMSON, B.P., 1969. Adelaide Sheet, Geol. Atlas of S.Aust. 1:250,000 
series, Geol. Surv. S.Aust. 



APPENDIX A 

Logs of cable-tool holes, CH.I, CH.2, and 
explanatory notes. 



DEPARTMENT OF MINES • SOUTH AUSTRALIA 

PROJECT X A / L M / Be/DGS . LOG OF CABLE TOOL HOLE 
C # o y o o A / SECTION K a f f a o y feferre 

FEATURE . $OC/W #OAD BR/DGE . . . . . HUNDRED. Vata-./a- . 
LOCATION. A o t j a c e n f /<? / r a c k / / £ c o r n e r o / C 0 . 0 R D S 

HOLE CH / 
SERIAL NO. 

R .L . Surface. 

R.L. Co l la r . 

D a t u m . 

GEOLOGICAL NOTES 
AND CLASSIFICATION 

u 

o 

_J 
5: O D (2 
a v. 
o j ; 

SOIL DESCRIPTION 

GROUP N A M E 

Uni f ied Soil Classif icat ion, U.S.B.R. 
Earth Monucil 2nd Edit ion I 960 

FIELD TEST DATA 

BLOWS 
PER FOOT 

20 -10 6 0 . 8 0 

Tqoso//. 

(ft 
u 

* 

\ 
w 

£ 

i n 

k 
* 

H j 
Vj 

$ 
o 

" V 

>i 

Sa/tc/roundad o u a r / / 
J r o / n e p i u t St//Sue 

rou/te/ed pi/arfz 

a/ S//r s/za //'ma. 

rounded yuor/z 
tjro/ns /nica f / a l t n 

//monifa 
gra/n*. //o /i'T'e . 

/0_ 

20-

roundea/yuor/i 

j r a / n s and , 

mica / / a / c e s . /o 

O- 5 *wt. in Size. 

30-

0 e. S.M. SAMO excess sv-
p/tss reck S'^f/ncjrrf a/ 

A ' t / r r r e r o t / 0 

. ' * ' 
o >—' • 

f/nteqrom f / r e ufl' 
•J/o/or-Zf Bcar/iitc S/V 
—•' e/an/ rca/f\ 

SAUO e Xcess c/ay f/*ns(o-Smoi) p(us 
CI Ay $0/1 ( t i j j , p/as/icity red 
wH/f Some ^jrave//ragmen/ o/auar/z 
(2 mm) netr /op. A/unter-oucp/anf /uiu/cs 

CH 

CLAY Soil f t i j / t p / a s / i c i / y v/M' up 

to /0% f / r t e jrar'inad Sandpar//'c/cS 
afro/ mica //a/eet. A/unterous p/an/ 
/uiu/es, Mo/Z/cd red trow" co/or 
pr/em'a//c structure "ear fop 

CH, 7 
'SC 

CLAV Son Ui^h p / a s / i d / y , j / o f * y 

Sur/aee. mo/i/ec/, rao!6rovs/i f . g r e y . 

SAHO excess c / a y / / n e s ma&es 

e/> «6ou/ 20% o / Samp/e. 

A/umerouS p/an/ Up /o 

/mm / n size . 

S a n t / y /a oyer 

4o_ 

Sand 1 Gram*t roundeo' 

paar/z X mica f/a/te* 

G r a v e / / ' t rounded 

f o a r / t * y v a r / z i / e . So-

CM 

SAND ctces* c / a y / / n e s /"us 
CLAY Soft /tiq/r p / a s / i c i / y i e / h / i t 

a Sou/ eyc/a/ pro/oorS/o/t.' 

ay 
4c 

CiAy So/l A i j / r p / a s / / c i / y mo/f/ad 
red 6ros*» / o j r e y , gfossy Surface 

SA/VO excess c/ay f / n c s 

Gc 

'sc 
+ 

c H 

$AM0 excess c/oy ///>e$tpoor/yf0rfec 

SKAVEL excess c/ay / / n e s occurs 

/ f t /op 2 Jee./ ooor/y graded 

J W e / . sane/- c/ay m / x / a r e . <rrcr/ti$ 

round ad & t//> /o 2 csn, /it s'/ea 

Metf/ld f e d £ro\v/r fo yc//oW 

CH CLAy so/c. /,,£>/? pias-Z/c/ty, deej) r a j ; m TT 
6row*t Kjny-g/asby Sur/acd * / / f / i 7 o ° 4 i f \ _ V 5 t 

COL. 
SC 

CH 

SAf/0 excess c/ay f / n e s poor/y 

$ o r / c d g r a i n s up / • / f n / J / n 

CLAy So/L f i / d fi/as/zci/y g/assy 

Surface, f frto/r/ed rec/ 6ro*/n - j r e y 

CH 

7°-

CLAy $0/L • p / a s / / c / j y mo///ed 
rcc/ brown /o j j r e y . Some 4/ac/c 
fi/an/ roa/s. Some, sane/ J r a / z i s 

H L 

i/eWf 

UoW. 

Si 

v fflS.f/eWs 

Sf 

m 

D E 
S) 

v W 

m 

'/8'Mow's 

10 itows 

5 i/owt 

m 

EAfO <)/=• S/oLif Jo J " / . 

More: Ccn/inuous sea/ed 
/a/cerr f o S o / / . 

m 
TYPE OF SAMPLE 

A ^ o e ( S A ) 

D - (SD) 

E „ (SE) 

G. " (SG) 
Sealed Tube -

A Shoo - SAL [ 
Standard Pcnc-
t ra t ion Tcs t -SPT^ 

Water 
level, . 

(date) 

' wc> 
Water cut 

CONSISTENCY 
(C loys) 

V S . — Very Soft 

S — Soft' 

F — Firm 

St. — Stif f 

V . S t . — Very Stif f 

H. — Hard 

COMPACTNESS 
f Si l ts) 

Ls— Loose 

M C — Moderately 

Compoct 

C — Compoct 

V C - V c r y 

Compact 

R E L A T I V E 
D E N S I T Y (Sands) 

V L — Very Loose 

L — Loose 

M D - M e d i u m 

Densa 
D — Dense 
V D " — Very Denso 

^ These values refer to clay soils only and 
provide on indicat ion of their consistency. 

MOISTURE 
CONTENT 

H _ Humid 

D — Damp 

M — Moist 

W — W e t 

S — Saturated 

LL — L iqu id L imi t 

PL—Plas t i c L imi t 

ENGINEERING GEOLOGY SECTION 

DRILL No. 2 J 
TYPE . DM SOO 
DRILLER A.. S / c / r a k . 
START . 8?MarcA ' / / 
finish -So'/ Afar!7/, 

LOGGED BY 

5. J. Afqrr/S 
DATE / t f i f '/l J , 
TRACED <S. . 

CHECKED A - T - H . 

SHEET . / . O F / DRG 
No. s 3245 HaS 

P F N? S&G7& M 8 



DEPARTMENT OF MINES • SOUTH AUSTRALIA 
PROJECT . f A / i t Y / i r LOG OF CABLE TOOL HOLE 

/ . C X O y p O A / SECTION. X a i / u v a y 
FEATURE . S o c / T f f . goAJ> & W D 6 E . HUNDRED. Y a / a / a 

LOCATION. d d / a c e r r / / o . f r c r c A s , S. W. Corner. o / Ar/eJpg cq.qrds 

HOLE C H 2 
SERIAL No. 

R .L . Surfoce. 

R.L. Co l lo r . 

D o t u m . 

FT. 

FT. 

GEOLOGICAL NOTES 
AND CLASSIFICATION 

f/VZ/rtt) 

Tapsol/ 

\ 

} 

t l s 

I 

I 
1 

I 

I 

I 
<J 

X 

i l 
t -

J B U 5 
So/7c/ / s ,roc//rt/e</ 

j t / o r / z j r * / n r t $ome 
S / / / S/zec/ / / f r e : 

Sang/ / j rou/7c/cc/ 
f u a r / z jratfTS * 

Same / / / n o . 

TYPE OF SAMPLE 

A ( S A ) 

D » ' ( 5 0 ) 

E « ' (SE) 

G " (SG) 
Scoled Tube -

A Shoe - S A L [ 
Standard Pcnc-_ 
t ro t ion ..TestHSPT^ 

rot/rrc/sc/ 

/o • 

•Sam/ / t 

f t / c r r / z i p 

0 $ mrrr / f t $/ze, 

afco fo/rte m'/ctr 

/ / t r A c s 

r o t / r c / e t / o r a / r s 

e / p u c r r / z S 

/TT tcg //a/tefm 

rounc/ec/ o t / a r f z 
o r a r n s s 

W a t e r 
level, -

(date) 

'• W C H j 
W o t o r cut 

7 0 — 

CONSISTENCY (Clays) 

10 

2o— 

3o-

4o-

50— 

60-

Soft VS. — Very 

S — S o f t 

F _ F i rm ' 

St'. — S t i l l 

V . S t . — V e r y St i f f 

H, — Hard 

8 O 5 $ 
n rL 

CH 

k up excess c/ay CZ/ff So/i 
X/igA yt/aer/ci/y Same / / m a . 

'Aa/£> excess o^y / / / t e e , vp /o /m/rr. 

CLfrls^ ye//aw ret/ eo/jr. ^ 
Soil Z/'/yA fi/cfs//c//y, /o/us /O/i 

p u a r / z So/rtX (o $ 
J?et/ 6rtrtv/r co/of. 

SC 

CH 

CLAY So/Lt h/g/r / > / a s / / c i / y . r e t / 
Co/or vs//A Some / / / r e . • 

f r t r / ' n e c / f o n t / X & } / / . 

CH 

4c 

5S 
CH 

sc. 

Cf/ 

$c. 

SOIL DESCRIPTION . GROUP NAME 
Unified Soil Classification, U.S B.R. Genii Manual 2n/l F.i'Hiion IWSC 

MO excess c fey / ' / b a t t//> /o /mm 
fee/ Co/or. 

CI AY So/l t r y A fi/as/zc/// w/tA 
up /o4o% SAfi/D,/>oor/yJraakc/, 

r e * / co/oret/ Acco/n/zro 

zrro/f/et/ jjree*t ret/ a/ JTo ' 

SAND excess c / a y f / ' n e s / u p / o 
40%) poor/y y r a t / e t / . / t f o / r / X / * 

CLA/ S o / I A j / , fi/asf/c/j, 

t n o / f / e c / r e t / ey -freest 

Co/or. 

5AMD, excess c/ay, / / n e s , f>oor/y 
qra'c/ecf, r e t / Co/or , ^ r t r / n S t t / j 
/ * /m/rr. / rr S/ze 

A / j / r / ? / c r s / / c / / / 

y e / • / " < ? < / w ' / A c/y> 

CI AY s o / / . 

mo/Z/ec/ 

to / o X / / r e So/ttZ x $ / / / 

SAfl/l? excess 
S-CtX 

o • S m/rr. /sr f / i e 

c / a y . / / s r e s ./DoorA/ 

£ / r a / o f Ao/e cr / 6 o - $ / / . 

C o s r f / h v o c / f Secr/ee/ 

fries f a £ e * £ - f o / / . 

$t*m/o/es /oggec/ a r e 

/ r o r r r s/roes o/r/y 

H 

W 0 

>. c FIELD TEST DATA U <D 
• BLOWS. 

PER FOOT 

:o io 60 eo 
SOILTEST 

P'TR'METOR 

Units* 
j j u l l 

as/.i n ;/7 B/oiVf 

-(t—B/oyn.' 

8 B/owS 

6 8/or/i 1 

VSi-
i: 

w 0
 m / s BU rts 

3 8/o*ts 

7 3/otvs 

/ / e/o vi/T 

$i8/o> 

m m . 

COMPACTNESS f Silts I 
Ls— Loose 

M C — Modcrot« !y 

Compact 

C — Compact 

V c - Very 
Compoct 

R E L A T I V E 
D E N S I T Y (Sonds) 

V L — Very Loose 

L — Loose 

M D - M c d i u m 

Dense 
D — Dense 
V D — Very Denso 

Those volues refer to c lay sol Is only ond 
. provide an ind ica t ion of their ' consistency. 

MOISTURE 
CONTENT 

H — H u m i d 

D — Damp 

M — Moist 

W — W e t 

S — Saturated 

LL — L iqu id L im i t 

PL—Plas t i c U m l l 

ENGINEERING GEOLOGY SECTION 

DRILL No. . Z? 
TYPE A M. 500.. . DRILLER ^ . . S / t / r a / c . START Z 5 m f e 6 . 7 / . FINISH . / s f AfcrrsA 7/ 

SWEET / , OP • / 

LOGGED- BY • 
S . i / . A f o r r / s 

TRACED 8•S:S . CHECKED . 
DRG 

No. S 3/5/ Ha5. 

p f SC.G7G . MB 



APPENDIX 
LOGS OF.CABLE TOOL HOLES AND EXPLANATORY NOTES 

NOTES ON DRILLING PROCEDURES 

The drilling is carried out with a ca"ble tool drilling 
plant using sampling tubes attached, through a vacuum head, to 
the sampling tools (Pigs. 1 and 2). 

Sampling Procedures 
SoA. Samples J 

To obtain, for logging purposes, an almost continuous 
series of samples, with a relatively small amount of sample dis-
turbance, SA type samples are taken, These are obtained by driving 
an "S" tube, fitted with a Mark A shoe (Pig. 2), into the material 
to be sampledo 

The assembly is lowered carefully to the bottom 
the hole, and the tube driven exactly 1 fbot9 and the number of blows required for the 1 foot of penetration recorded0 

The sample 9 or core s is extruded f rom the sampling tube using an hydraulic ra®i9 The extruded core is sealed in a 
labelled plastic bag and stored in a core box (Pig. 3)» 

The hole is reamed with a "D8" or "E" shoe (Pig. 2) 
iand then the next sample is taken, using the same procedure as 
above. Thus the hole proceeds by alternate sampling, reaming 
:(and where required, casing) operations, and the samples form a 
•continuous record of the materials penetrated except for a few 
inches which may be lost between samples during reaming operations» 

SA sampling equipment is a composite sampler for 
•simple class sampling. Details are as followŝ ;** 

MARK 
"S" SERIES CUTTING SHOES 

FEATURES USES 

Inside clearance 
Area Ratio 33% o 

Shoe belled out to 
k/29/32 in° (just 
greater than outside 
diaB of vacuum head) 

Continuous open-tube sampling in 
strong soils, in which it causes 
little deformation. Samples ex-
truded and used for logging pur-
poses. Hole is reamed after each 
sample. 
Continuous open tube sampling 
where considerable deformation 
of sample is permissible. Essen-
tially self-reaming0 
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MARK : FEATURES. USES 

E Shoe "belled out to Cleaning hole and reaming out hole 0 
5 7/16 in. (just 
less than internal 
dia. of 6 in casing) 

Samples 

Sealed tube samples, for laboratory testing, are taken 
at various intervals during drillinge These are obtained "by 
driving an "L" type sampling tube with a Mark B cutting shoe (Pigo 
U)a distance of 1 foot into the material to "be sampled o 

Before the sample is taken the hole is cleaned out to 
the depth specified® The hole is not reamed or cased for at least 
1 foot from the bottom, however9 because these operations can cause 
considerable disturbance in the soil below. The sampling assembly 
is lowered carefully to the bottom of the hole, the sampling tube 
driven exactly 1 foot, and the number of blows recorded. 

The sample is sealed in the tube by inserting in each 
end, plastic seals with rubber sealing rings, and the tube is-itK'en 
labelled and stored in a Laboratory Sample Box0 

LB sampling equipment is a composite sampler for ob-
taining samples with the least possible disturbance. Details 
are as follows: 
Sampler tube -ASSAB tube cadmium plated 
"L" type U.Olo in I„D. 

k.282 in 0oDo 
Mark B shoe - ASSAB tube, heat treated, cadmium plated 

Area ratio l̂ fo 
Inside clearance - B^. 0,(f fc 
Outside clearance -nil 
Cutting edge angle. - 7 

Standard Penetration Test 

The Standard Penetration Test (Terzaghi et al 19U8) 
is used to test the in-situ density of sands and to give an 
indication of the consistency of clays, and compactness of silts0 However the test results can be affected by several geological 
factors such as degree of cementation, and size and shape of grainso 
These factors should be taken into account in interpretation of 
results o 

The equipment is illustrated, in Pig. 5 and consists 
of a 2in. diameter, sampling spoon (tube) and a hammer of stan-
dard-, weight (ll+O lbs). 
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With the equipment assembled as in Pig. 5 the hammer 
is allowed to fall on to the drill rods until the samplingdioe 
has penetrated 6 in. into the soil. The Standard Penetration 
Test is the number of blows (N') required to produce the next foot 
of penetration. 

NOTES ON DRILL LOG SHEETS 

The logs are plotted on a standard cable-tool log 
form. 

Near the centre of the form a graphic log of the 
materials encountered is shown. 

In the column to the right of the graphic log, the 
soils are classified and described according to 'the Unified Soil 
Classification (U.S. Dept. of Interior, Bureau of Reclamation 
1966) as shown on Figure 6. 

To the left of the graphic log is a geological des-
cription of the materials s&mpled. This includes 

Geological age ) 
Soil unit name ) Printed vertically 

) 
.....o.»Type of material ) 
o o..»o,.Mineral composition 
..o.o..©Grain shape 
e«o o o o ® ©Cementation 
o. . 0 o. o .Organic materials 
Water levels are indicated by a small arrow with 

the date at which the observation was made. 
In the blows per foot column, a continuous histogram 

is made of the' number of blows required to drive the sampling tube 
through each foot of material. A hatching code is used to dis-
tinguish various types of sample. This code is reproduced at the 
bottom of each log sheet. 

In the column on the far right of the log sheet, 
readings of unconfined compressive strength (qu) made with a 
.Soiltest Penetrometer, are recorded. The readings are plotted as 
a histogram. The Soiltest Penetrometer only gives true values of 
qu when used in clays in which 0 = 0. 
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DESCRIPTIVE TERMS 

1 . CLAY SOILS 

CONSISTENCY 

CONSISTENCY ! F SYMBOL 

UNCONFINH) 
COMPRESSIVE 
STREN&TH FIELD TEST N 

t fl r (kg/sq® em) 

Very Soft I V»So i 
t 

less than 0o25. Easily penetrated several 
inches by fisto 

2 

Soft s : ! 0»25 to 0o5 : 
1 c 

Easily penetrated several 
inches by thumb® 

2 to 4 

Firm r ', P 0.5 to 1.0 Can be penetrated several 
inches by thumb with 

moderate efforto 

4 to 8 

Stiff St IcO to 2eO Readily indented by the 
thumb but penetrated 
only with great effort 

8 to 15 

Very Stiff : I v.st. \ 2.0 to 4«0 Readily indented by thumb 15 to 30 nailo 
Hard 
'(Extremely 

stiff) 

H over 4®0 Indented with difficulty 
hy .thumb naile 

30 and 
over 

Based partly on Terzaghis K« and Peoko R8B® 1966® Soil Mechanics, in Engine arm-
ing Practicej, Wiley = New Yorko 

MOISTURE CONTENT 

Abbreviation Meaning 

MC s LL Moisture Content near liquid limito 
MC < LL ro t! less than liquid limito 
MC > PL n w greater than plastic limito 
MC H, ; w» » near " " 
MC t>L ; ti " less or equal to plastic limit 
MC < PL it " less than M " 
MC < < PL M " much less than M m 



2« SILT SOIIS 

COMPACTNESS i SYMBOL I N 
Loose Ls > 0 to 8 
Moderately compact w 8 to 15 
Compact C 15 to 30 
Very Compact VC 1 greater than 30 

3 . SANDS 

CLASSIFICATION OF SANDS BY STANDARD PENETRATION TEST 

The relative density :af granular soils has been judged from the 
results of Standard PenetrationMPests carried out by the procedure described 
by Terzaghi and Peck (1948) bearing in mind the limitations of the method as 
discussed by Gibbs and Holtz (1957)® At all times the water in the drill hole 
was kept at the level of surrounding groundwater® 

EFFECT OF OVERBURDEN PRESSURE ON STANDARD PENETRATION TEST 
f 

Standard Penetration Test (N) Blows/ft® 

Based on Gibbs, H„Ja & Holtzp WoGo (1957)' "Research on Determining 
the Density of Sands by Spoon Penetration Testing" Volo I Pro©0 4th 
Into Confo SM & FE, London, 

REFERENCES 
TERZAGHI, K0j and PECKS 1948. "Soil Meohanics in Engineering Practice"e 

Wileyo New York® 

glBBS, HoTo and HOLTZ, WoG®, 1957» Research on Determining the Density of 
Sands by Spoon Penetration Testingo Pro©e 4th Inter® Confo SM & FE, 
London^ Volo 9o 
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HN6.INIIIRING. GEOLOGY SECTION SOILS CLASSIFICATION CHART DEPARTMENT OP MINE8 SOUTH AUSTRALIA 

( E n a udi < i - . t . t - r . ' . e 

!•' I D E N T I F I C A T I O N P R O C E D U R E S 
I-, -.re,«r rhor- 0.25 f f. rz-. j r. Ji.'r.!j *?* ; . f;-^*, 

upl 
r 

GROUP 
iSVMBOi. 

i j 
j GRA/Li_S ' 

GRAVF.Lfs L>f.e or no 
Wlorf? than tines 

„ ' . ' ; . r o r i g a c j r a i n irriOi c m ? ; n rs 

w cn i_ 
CO ° 
_J • 507. of fhe ~ (/) « I 
O • • Icoor^K - f r a c t i o n 

^ o ^ is larger than 
o L w Z r r i i m 

™ ^ <y unstained on 
B.S.7 sieve) 

G; ̂  C/) 
° °C0 
Ui M O O ~ 1/) Q QZ fsj < C . O o o 50'/. of the ,1 I 2 

1 c o a r s e froct ion 
is smal ler 
than 2 m m . 

(pass fng 
B.S.7 s i e v e ) 

DIRTY 
GRAVELS 
Appreciable 
amount of 

f i n e s 

SANDS 
More than 

CLFAN 
S A N D S 

L itt le or no 
fines 

DIRTY 
S A N D S 

Apprec iobie 
amount of fines 

of .nrerrrte i .'jre par t '.-..i.̂  

Pr».' doriitnont.'y on? «.j«:, >r J r ntjc >t , w'r.-. 
r •' .... lt:rm<:.li.jtn' 613:4?, m rvg 

f, .in—piost'ic. f , n e i , — for .J<:f;r,h;jf ;ori M L b's 1 

P.-̂ ric frnes— f:r ij n f i f f r. -3 t1 - M S.Z3 C L b̂ .Ô v 

Wide* ronge in groin s^es. and subsfant u, amounts of 
ail intermediate par-tide si^ei. 

Predominantly -one sije >r j r j n g z of s.^es, .virn sore 
intermadiatg si3<zs missing j 

Non plastic ffnes - for identification see M L biziow 

Plastic f i n e s - tor i de nti f ica f ,on s«re CL bclov 

G '/</ 

G M 

G C 

SW 

S P 

S M 

S C 

GROUP N A M E 
ind L y pic " r • LABORATORY C L A S S I F I C A T I O N CRITERIA 

GRAVEL, /v7I. 'jraas 1 ; rj'/i1. L. ^ 
mixtura?,, 1»tft<2 or no f .ne/; 
GR AV F._ t p o o r ; graded ; r • . ? >, 3. • 1 
m fsTures, 1 i r 11 <? or notifies.. 

3_R A E ^ 8 x •: a 5 si. + y ». r j r. rto >r: v q-.j.-̂ j 
gr^/? -sand-sir? mu'^r-:., 

GRAVEL, excess cioyey fines ; oô riy grndaj 
gra/&• • sanci-cifly rr.xf ur <zo 

SAND, .veil graded ; w*<i jraie i so-.a'i, 
grove<i> sands, lirtie r<r n.> f/nsfti 

S_AND( P£0£Liy_3CacicJ° ; poor,y graded sondi 
gravelly sands, little or no 

SANDj excess si!ty_f.': es ; pooriy graded 

s a n d - si.T mixtures 

SAND excess c loycy fines ; pooriy 
g r a d e d sand- cloy mixture?,. 

c o 
X 

L 
"a 

10 E 
J » -
O 
4/5 o • 
Q % -!- «fl o < E ^ 
CZ Vi.. .a cd ® <n 
, o yj 

til tn • 
2 c ® 
r ° o 

(M 

FIELD INVESTIGATION P R O C E D U R E S 
on f r a c t i o n s m a l l e r t h a n 0- A mm. ( passing B.5.36 s ieve] 

SILTS 
AND CLAYS 
Liquid limit 

less thon 
50 

SOILTHREAD SHINE DILATANCY| ODOUR 

Wore to ' Distinct Mot vgry dull significant 

.. , Not flight :3ignifi'cant 

GROUP 
SVMBGL 

SILTS 
AND CLAYS 

e a L i q u i d Ifmif" 
o 2 j more than 
2 

SOIL CAST ( wet soi I ) 
'-r* 
Forms frogila cast : Thick crumoly Crocks form when thread; easily kneoutrd while moist ' broken 
Cust maybs tiandled trea-iy ̂/.tfiout bra'aUiog-Con 1 Thrffocf con be 'Moderate ' None tr teneaded moist wilhout pointed as tineas -i.-wj. criscking. Mofcriol ad- 1 a iead pencil, but j hares fo Jhs hand. Us fragile. t 
Cost Trogile {0 Cohsaiv/cl Soft, weuk j None to Siignt to ' Decayed moterisl will adhere | thread 'very dull disiinc-t prjunfe somewhat to ths hand | matter j 
Wlodarutoiy plostie ond , Wsok to modium i Dull None to .Mot cohesive. Material ; •ihraarI May be ; siiqnt siqnitf odhnrc.4 £omBc;hcf b the) crumbly, hand _ 
Very plastic and cohes- Vary tough threed 
.ve Manorial ssry Sticky 'Can be rolled to to tfn: honii Circasy to ' o pin point'. to touch 

DRYlSTREWGT} 

None to 
51 ight 

G R O U P N A M E 
( a n d t y p i c a l m a t e r i a l s ) 

ML I SILT SOIL, low plasticity ;inargonic silts and 
very f i n e si It y or c'ayeysands, rock flour 

Moderate C L J CLAY SOIL, low plasticity inorcjan,c ciay.s of 
to medium plasticity, gravelij clays, sanOy cic-,s 
silty Cluyg, Icon cloys 

.'•a. 

si ignf significant j Povvdered soi I 
^ ! fgels floury 

Very glossy Kone Strong j riigntovery ! 1 earthy. ,high Cannot be I powdered by fingerjprassure 
Plastic and coWgs'^s Weak to medium! Moderate m „ _ „ ! 1-. a r r i x , a j ' Moderate to hiqh. lr. .qiiahi'lv aBanaw thraod OSinn . ™ ™ u i L U' T O ' Powdt rod soil iorgonic rnoy bs fibrous Vaa Is siightlv spongy t-hraod Ofttjn 1 to vsrv Greasy to touch. • .soEt end fisrouoj g|0s&y 

Readily idanU?ied by colour, o d o u r , spongy feel and frscjuent Î  
by fibrous tenure. 

ORGAMICSQIL low plost ici ty ; Organic silts 
ond silt clays of low p/ostic'ity 

1 
> -

SILT SOiL, hiqh plasticity; morganis si.t-s, 
micaceous or diatomaceoi5fine sono> or s',,̂  SJ .i 
elastic sj_its 
CLAY SOIL, high plosti e'ity ; inorganic r-iuyi 
of high plasticity ,fat clays 

ORGANIC S0lt-vhigh plasticity ; organic 
clays of medium to high plasticity 

PEATY SOtL Peat and other h.^n./ 
organic Soiis. 
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At T •• r ber ' -ni;T> oelsrf 'A'M.ne 
or PI Jctss thon..4 

Atrerbc^m Irs., .above "A" I me 
A/itn PI g r-'z a t zr-. than 7 

Abo/e A" line with PI. 
between Aond 1/pre 

borderline coses requir 
ing use of dubl symbols 

° D̂ o ''Crater than 6 
•Cc = ( D 3 0 ) 1 . B e t w e e n one and 3 dip Oaa- •.. „. -
Not .rne-et 1 ng all gradation require mai->tjs for S.W 

Arterberg limits below'V line 
. or • PI. less than. 4-

Atterberg limits above "A' line 
with PI greater than 7 

A b o v e "A" line_with P I 

b e t w e e n 4 a n d 7 a r e 

boi^de<I\ni c a s e s r e q u i r -

ing u s e of dual s y m b o l s 
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LIQUID LIMIT 
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PLASTICITY C H A R T 
FOR LABORATORY CLASSIF ICATION OF FINE GRAINED SOILS 

VT <v<s 4 

Based on "The Unified Soil Classification System" 
United States Department of the Interior, 
Bureau of Reclamation * Earth Manual" 
First E d: t; 0 n - D?nver COLORADO I960 ' 



ENGINEERING GEOLOGY SECTION SOILS CLASSIFICATION CHART DEPARTMENT OF MINES SOUTH AUSTRALIA 

•FIELD I D E N T I F I C A T I O N P R O C E D U R E S 
( E x c l u d i n g p a r t i c l e s l a r g e r t h a n 0 . 2 5 f t . and b a s i n g f r a c t i o n s on <z sf imo> ed. we ig h i s ) 

cs 
CD 
l 

f j ) a 
. 1 0 V) 0 0 Nq 
0 ) 0 V) 
a L O 
hi Cil > 

z +-O fcj 
< E O) 

a CO CD 0 cd cd 
Ui (0 0 
a < m 

r 
0 CM 

0 0 0 
O X • ( -

2 
Ck> C 1- O 0 X 
2 + -

GRAVELS 
More than 

50"/. of the 
coarse f raction 
is larger than 

2. m r n . 

(retained on 
B.S.7 sieve) 

SANDS 
More than 
507 . of t h e 
c o a r s e f rac t ion 
is smal le r 
than 2mm. 

( p a s s i n g 
B.S.7 s i e v e ) 

C L E A N 
GRAVELS 

Little or no 
, fines 

D I R T Y 
G R A V E L S 
Apprec iab le 
amount of 

fines 

C L E A N 
S A N D S 

LiHt le or no 
f ines . 

D I R T Y 
S A N D S 

Apprec ioble 
amount of^fines 

Wid« range in grain si^e and Su bsta nt ia I amounts 
of all i n t e r m e d iate particle sije^ 

P r e d o m i n a n t l y , o n z 5 : 3 2 , o r a r a n g e o f s i ^ e s , w i t h 
Some i n t e r m e d i a t e s i ^ e s m i s s i n g . 

Mon-r p las t i c f i n e s — for i d e n t i f i cat ion see M L b a l o w . 

Plast ic f i n e s - fo r i d e n t i f i c a t i o n S e ; C L bz iow 

W i d e r a n g e i n g r a i n 5 1 3 2 5 . a n d s u b s t a n t i a ! a m o u n t s of 

a l l i n t e r m e d i a t e p a r t i c l a si '^es 

Predominantly -one s i j e o r a r a n g e o f S i ^ e s , w i t h s o m e 
i n t e r mad i a t e s i j a s m i s s i n g . 

N o n p l a s t i c f i n e s - f o r i d e n t i f i c a t i o n s e e M L b e l o w 

Plast ic f i n e s - for i de nti f ica hon sse CL beloi 

c a 
-C 
v. ju 
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C9 
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± a 
< E 
an 
CD 0 

M 

O CO 

CM 
W _ L o o z 

F I E L D I N V E S T I G A T I O N P R O C E D U R E S 
on f r a c t i o n smoller than 0-4 mm. t passing B.5.36sieveJ 

S ILTS 
AND CLAYS 
Liquid limit 

less than 
50 

S I L T S 
AND CLAYS" 

Liquid limit" 
more t h a n 

50 

HIGHLY ORGANIC SOILS 

S O I L C A S T 
( w e t s o i I ) 

Forms fragile cast Cracks form when 
k n e a d e d while m o i s t 

Cast mcybe handled irta-/y without brooking.Con be 
kneaded moist without 
cracking. Material ad-
haras to the hand. 
Cast f r a g i l e to cohesive 
m a t e r i a l will adhere 
somewhat to the h a n d . 

Moderately plastic and Cohesive. MOterial adheres somewhot to th« hand 
Very plastic and cohes-
ive . Materia! vary .Sticky 
to the hand. Greasy to 
to touch. 

SOIL THREAD 

Thick crumbly thread; easily broken 

Tbreod con be 
pointed as f ineos 
a lead pencil , but 
is f r a g i le . 

So f t % w e a k 
t h r e a d . 

Weak to medium +hre ad . May b« Crumbly. 
Very tough thread 
Can be ro lied to 
a pin point-

Plastic and c o h e s i v e . 
Fee ls s I i g h t l y spongy 
Greasy to touch. 

Weak to m e d i u m 
thraod- O f t e n 
Sott and f ibrous 

S H I N E 

Nona to 
vary d u I I 

Mod erore 

DILATANCY 

D i s t m e t 

N o n e to slight 

ODOUR 

Not 
s i g n i f i c a n t 

Not_ 
s i g n i f i c a n t 

N o n e t o j S l i g h t t o very dull | dis-tinc-i 

Dull 

Very glossy 

Moderate 
to very 
g lossy 

None to Sl ighf 

None 

None 

Decayed organic 
matter 

.Not signi Ficanf 

S : r o n g 
e a r t h y . 

D e c a y e d 
organic 

m a t t e r 

DRY STRENGTH 

None +0 slight 

M o derate 

Low 

Moderate 
Powdered soi I 
feels floury 

H i g h to v e r y high. Cannot be 
powdered by 
f i n g e r p r e s s u r e 

M o d e r a t e to h igh. 
Powdered s o i l 
m a y be f i b r o u s . 

R e a d i l y i d e n t i f i e d by c o l o u r , o d o u r , s p o n g y f e e l a n d F r e q u e n t l y 
by f i b r o u s t e x t u r e . 

GROUP 
SYMBOL 

G W 

G P 

G M 

G C 

SW 

S P 

SM 

S C 

GROUP 
SYMBOL 

M L 

C L 

O L 

M H 

C H 

O H 

Pt 

GROUP N A M E 
a n d t y p i q a l . m a t e r i a l s 

G R A V E L , wel l g r a d e d ; g r a v e l .sand 
m i x t u r e s , l i t t l e or no f . i n e s 

GRAVEL, p o o r l y graded; gravel sand 
m i x t u r e s . , l i t t i e or no fines. 
G R A V E L , excess s i l t y finc^s ; poorly graced 
gra vel.- sand - sift m i * t a res 

G RAVEL , e x c e s s clayey f ines ; poorly graded 
g r a v e i - - s a n d - d a y m i x t u r e s 

S A N D , well g r a d e d ; wel l graded sands, 
gravelly sands, l i t t l e or no f i n e s . 

^ S A N D , poorly g r a d e d ; pooriy graded sands 

gravel ly sanc/s, l i t t l e or no f i n e s 

S A N D , e x c e s s s i l t y f i n e s ; poor ly g r a d e d 
sand - silt mixtures 

S A N D e x c e s s c l a y e y f ines, ; poor ly 
graded s a n d - c lay m i x t u r e s . 

G R O U P N A M E 
( a n d t y p i c a l m a t e r i a l s ) 

S I L T S O I L . l o w plast ic i ty ;inorgonic s i l ts and 
very fine silty or clayey sands , roc k flour. 

CLAY SOIL, low plasticity ; inorganic ciayi of low 
to medium plasticity, gravelly clays, sandy clays 
Silty clays, lean clays 
ORGANIC SOIL low plost icity ; organic silts 
and silt clays of low plasticity 

SILT SOIL , h i g h p l a s t i c i t y ; i n o r g a n i c s i l t s , 
m i c a c e o u s o r d ia tomaceo ie f i ne s a n c / y o r s i i r y s o i j s 
e l a s t i c s i l t s . 

CLAY SOI L , h jgh plasticity ; inorganic clays 
o f h i g h p l a s t i c i t y , f a t c l a y s 

ORGANIC SOIL , high p l a s t i c i t y • organic 
clays of m e d i u m to high plast ici ty. 

P E A T Y S O I L ; P e a t a n d o t h e r h i g h l y 
o r g a n i c S o i l s . 

LABORATORY C L A S S I F I C A T I O N C R I T E R I A 
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1.0 INTRODUCTION 

This foundation investigation has been carried-out in connection 
with the proposal to grade separate South Road and the railway line 
from Adelaide to Pt. Adelaide. 

It is proposed to raise the rail level about 1.5m and to take South 
Road below the railway line. This will necessitate a bridge to carry 
the double railway track over the full width of the roadway and the 
battered slopes of the excavation. 

Four test bores (CHI, CH2, CH3 and CH4) have been put down with a 
percussion drill by the Department of Mines, and samples from CHI 
and CH2 were tested at the University of Adelaide by an officer 
of the South Australian Railways. Samples from CH3 and CH4 were 
tested in the laboratory of Kenneth W.G. Smith and Associates. 

The location of the test bores is shown on Figure i, the bore logs 
are given in Appendix A and the test results are summarised in 
Figure 2. 

2.0 DESCRIPTION OF SITE 

The site of the test drilling was relatively flat and is in a 
closely built up area crossed by a major road and railway line. 

No severely adverse drainage conditions were observed. 

3.0 DESCRIPTION OF SOIL PROFILE 

Detailed bore logs have been prepared froA the Department of Mines 
logs and these are given in Appendix A. 

All the^bores showed alluvial materials for the full depth of ^ 
drilling (up to 21.4m) but there was some variation in the materials 
occurring at the same depth in the different holes. Bore CH4 showed, 
more silt throughout the profile than the other bores. Materials -
encountered were sands, silts and clays together with a minor amount 
of gravel in CHI and CH3 at a depth of about 15m. All materials 
were considerably intermixed, and clayey sand, sandy clay, silty 
clay and clayey silts were predominant. 

A watertable was encountered at a depth of about 9 to lim in each 
bore. Water level readings taken over a period of 9 months showed 
a fluctuation of only 0.5m. 

The consistency of the materials within the profiles was classified 
as moderately compact to compact for the sandy materials and stiff 
to very stiff for the clayey materials. However, the Standard 
Penetrometer Test readings taken during the drilling were relatively 
low for this classification (about 8 to 12) with the exception of 

, a firmer layer at 14 to 16m which gave readings of 31, 22, 18 and 
37 blows per foot. 



0 DESCRIPTION OF SOIL PROFILE (Cont'd) 

Below this firmer layer the S.P.T. values reduced to 15, 17, 5 and 16 
blows per foot. 

The soil profiles in general consist of firm or compact silty clay and 
silty sands with a slightly firmer layer,at a depth of about 15m. No 
hard bearing layer was encountered to a depth of 21m. 

' it 
0 SOIL CHARACTERISTICS 

Part of the testing was carried out in each of two indeperidant labor-
atories . The test results were quite consistent between the two 
laboratories. 

Although the visual identif ication of the bore logs indicated a "con-
siderable variation in materials the test results showed relatively good 
agreement between the four test holes. This similarity of test properties 
is also confirmed by the Atterberg Classification tests (Liquid Limit and 
Plastic Limit) carried' out on samples from CHI and CH2. - These results 
were as follows: 

Depth Bore Visual Identification Liquid Plastic Linear 
(m) Limit ? Limit Shrinkage 

(%) (%) (%) 

6 CHI . Sandy CLAY 3,0 18 9 
CH2 Sandy CLAY , 25 ... : 14; • 7 

9 • CHI .Sandy CLAY • 37 21 * - 9 
CH2 Sandy CLAY 38 . • 23 ' 10 

12 CHI Clayey SAND 34 20 9 
CH2 Clayey SAND , 27 13 6 

15 CHI Clayey SAND 46 26 11 
CH2 Clayey SAND 37 20 10 

18 CHI Clayey SAND 29 11 6 
CH2 Clayey SAND • 33 !9 9 

21 CHI CLAY 59 39 16 

This tabulation indicates the similarity of test results for the sandy 
clays and the clayey sands. 

The important test results are those which indicate the soil strength and 
the soil compressibility. The apparent cohesion and the angle of internal 
shearing resistance enable the shear strength of the soil to be calculated 
while the coefficient of compressibility enables the consolidation 
settlement to be estimated. 

The cohesion was found to be relatively low, while the corresponding angle 
of internal shearing resistance showed a wide variation (from 5 to 25 ) 
for the materials from the surface down to a depth of 6m. Between 6 and. 
12m the value reduced from 20 to 5 and it remained at 5 until a depth'of 
16m was reached. Between 16 and 18m the value increased slightly to 
about 10 . 



SOIL CHARACTERISTICS . (Cont'd) 

The coefficient of compressibility showed considerable variation, 
particularly.above a depth,of 12m. Below 12m the value was in the 
medium to low range, but above 12m the range was from high to low. 

SELECTION OF FOOTING TYPES .y;v 

The high coefficient of compressibility values in some of the materials : 
above 12m indicated that consolidation settlement of high level spread 
footings could be a problem. The variability of the coefficient of 
compressibility also indicated that differential settlement of this 
type of footing system could be excessive. 

An alternative system using piles or piers also has problems due to the 
absence of a hard stratum for end bearing piles, and the low angle of 
internal shearing. resistance of the materials, throughout the;, profile 
which would lead to extremely long friction piles< being ine.cessaryilj 

To enable the most economical and satisfactory ..footing system to be 
selected;avpreliminary design of;these two different footing> types 
has been carried out. • 
. ' • >j-;v.-v';.• ..:• • ;..);! v,•.r.'.'ŷr'''..-,». ' • ' '. > : y A y yy.. .'./ • 

SPREAD FOOTINGS , -.J;* -'W.. ••, -. ,/v;'; 7 
The most heavily loaded footings on the bridge are those under the piers 
and a preliminary design for these was carried out by, firstly, calcul-
ating the soil allowable bearing pressure at varying depths and 
determining the required footing size, and then .calculating the 
consolidation settlement due to long term loading of this footing. 

Due to the geometry of the bridge the highest possible founding level 
for the piers was about 6m, and the calculated allowable bearing pressure 
at varying depths. below this level was found to be: vi 

Depth . .v ;t , . Allowable Bearing Pressure 
(m) (k.s.f.) 

7.6 3.1 + 0.03 X B . 1: ;•. .. 
8.?' y. : y':.;!y-'':; y" Vi 0.94 .: '" y * y:, 

; 10.4 r A t . > ' 3.0 . ,. v y y yy ;>">, 

Where B is the footing width in feet. 

A designvvalue;of ; 3..0'•Jk.s-.;f. at a depth of 6m was selected as the low 
:value at a depth.of,8.9m was a thin local 1ayer. found in CH4 only. 

This allowable bearing pressure gave a pier footing 12m long x 2.lm 
• wide. • ., 



0 SPREAD FOOTINGS (Cont'd) 

The likely consolidation of this footing under the action of Dead Load 
plus 50X of Live Load was then calculated using the following co-
efficients of compressibility which were obtained from the test results: 

Depth , ; Coefficient„of Compressibility 
: (ft /ton) , „ . .j, 

6 - 7.6m 5 x 10-3 

7.6 - 10.7m 20 x 10_3 • 

10.7 - 18m 8 x 10"3 

The calculated consolidation settlement was found to be 30mm (1.2 inches). 

Spread footings are not suitable for this bridge as a long term settlement 
of 1.2 inches could occur at the piers, and the differential settlement 
between the piers and the abutments could-be excessive. The differential 
settlement could also be increased by'the variability which:occurs in the 
compressibility of the upper soil layers. 

It appears that diffierential settlement of the order of 0.5 inches could 
be expected if spread footings were used, and as the bridge super-
structure must be provided with continuity over the piers to avoid an 
excessively deep deck, a differential settlement of this order would 
introduce'excessive stresses into the deckpsystern. ' 

0 PILED FOOTINGS 

As an alternative to the use of spread footings the use of piered or 
piled footings was investigated. 

The allowable shaft resistance, and end bearing capacity for a common 
sized pile was calculated to assess the relative merits of frictional 
or end bearing type piles. 

This calculation showed that shaft resistance would be relatively low 
and an excessively long pile would be required to develop a suitable 
pile working load if pure friction piles were adopted. 

The end bearing calculation showed that a reasonable working capacity 
could be developed if the end bearing area of the pile was increased 
above the shaft diameter. The depth of pile founding did not. have a 
very significant effect on the end bearing capacity. 

As the allowable pile capacity was extremely sensitive to any Increase 
in the end bearing area the use of piers having large under-reamed 
bases was considered, but as the under-reams would need to be con-
structed below the ground watertable in materials such as, sandy and 
silty clays and silty and clayey sands the possibility of under-ream 
collapse was considered to be very high. 



7.0 PILED FOOTINGS (Cont'd) 

The use of a formed insitu concrete pile having an enlarged base was 
then investigated as the most economical satisfactory alternative. 

A pile having a shaft diameter of 20 inches and an enlarged base of 
3'-0" diameter founded at a depth of about 15m below the natural 
surface level would give an ultimate load of 270K and a;working load 
of 135K (60 tons) using a factor of safety of 2. 

This pile is equivalent to a pile which is normally rated at 90 tons 
but it is down rated to 60 tons due to the absence of a stiff bearing 
layer at this particular site. 

8.0. RECOMMENDATIONS 

Piled footings are recommended to transfer the footing loads through 
the compressible soil layers to a depth of about 15m. This could be 
achieved economically by the use of a cast-insitu concrete pile with 
an enlarged base such as a Frankipile or Situpile. Piles of this 
type would need a shaft diameter of 20" and a base diameter of 3'-0" 
giving a working load of 135K (60 tons). The founding level is estimated 
to be about 15m below the original natural surface level. 

Pile tests are normally carried out on piles of this type to confirm 
that an adequate load carrying capacity has been reachedj and it is 

v recommended that two tests be carried out at this site. ; 



TEST HOLE LOG 

BORE NO. CH2-

>
 ft w r N t̂r Y 

SHEET 1 OF 1 

R.L. of Surface 47.5 m. Logged 5/4/71 

SOIL TYPE 

Geological Description 

DEPTH 
(METRES) 

GRAPHIC 
LOG 

CONSIST 
REL. ' 
DENSITY 

foOISTURE 
CONTENT. 

WATER 
[LEVELS 

PENETRATION -DATA 

BLOWS/FT •TYPE 
Brown SAND (FILLING 
Red brown clayey 
SAND 

Red brown sandy CLAY 

Red brown and grey 
sandy CLAY 

Brown clayey SAND 

Red brown to grey 
sandy CLAY 

Mottled red brown 'to i 
yellow clayey SAND and I 
GRAVEL | 

Red brown & grey CLAY 

bottled red brown and 
grey clayey SAND 

Red brown to grey 
LAY 

Loose DEL 

Den̂ ie; 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

•! Stiff 

Dry : to. 
Moist 

Dry to 
Moist 

Stiff Dry to 
Moist 

l' 
. ' ' | Dense : • | Dry to 
- . — I I Moist 

H. —i 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Stiff t o 
I- Mois t 

O 
d ~ 

" i - v 
Dense ; Moist 

) 

- iVerv -Stiff Moist 

iDense Moist 

Very 
jstiff 

Dry ty 
Moist 

End of 
Hole 

2222LZI 

11 

12 

10 

S C f OATE 
JAN'73 

OtVA V. N 
R.G.P. 

CXAMINEO 

SPT 

SPT 

SPT 

SPT 

SPT 

SPT 

SPT 
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T E S T HOLE LOG 

BORE NO. CH2- R.L. of Surface 48.0 m. 

SHEET 1 OF 1 . 

Logged 4/3/71 

1 

i .'' 

(WATER 
[LEVELS 

• IV' 

Is.' 

. S ' . • • 

1 

IT 

m 

SOIL TYPE 

Geological Description 
Light brown silty SAND 
(FILLING) 
Brown clayey SAND 
Yellow red clayey SAND 
Red !brown slightly 
sandy CLAY 

Red clayey SAND 

Red brown, sandy 
silty CLAY 

Red, mottled green 
sandy CLAY 

DEPTH 
(METRES) 

Mottled red, grey-
green clayey SAND 

Red.clayey SAND 

Mottled grey-red 
sandy.silty CLAY 

Red grey clayey SAND 

MOISTURE 
CONTENT 

•H' • 

11 

14 

15 

16 

17 -

18 

19 

20 

21 

22 

- > 

End of 
Hole 

Moist 

12 — ^ — - . , — Dense ..'.Web 

13 _ir; , 

Dense " Wet 

Very . jMoist 
I Stiff' i .. 

• Dense. ;Wet 

PENETRATION DATA 

BLOWS/FT 

26/2/71 

•17 

Hi-

ll 

31 

15 

TYPE 

SPT 

SPT 

8 SPT 

SPT 

SPT 

SPT 

SPT 

SPT 

SPT 
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APPENDIX A 

Oitr JOB NU.'-'QCR-
- JAN'73. : AN 5.202 

.::...-. ..... KX4M':.E0 SKETCH NUMBER' 
R.G.P. S73- 012 
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TEST HOLE LOG 

BORE NO. CH2- R.L. of Surface 48.4 m. 

<t WW*®®^-
SHEET • 1 "OF ; 

Logged 12/7/7: 

SOIL TYPE 

Geplogical Description 

DEPTH 
(METRES) 

GRAPHIC 
LOG 

CONSIST 
REL. 
DENSITY 

MOISTURE 
CONTENT 

WATER 
(LEVELS r 

PENETRATION DATA 

BLOWS/FT TYPE 

'J-r 

Dark grey sandy SILT 

Pale-brown, to red 
brown slightly, sandy 
SILT 

Red brown silty CLAY 

Dark brown to reddish. 
brown silty CLAY 

Orange brown silty SAND 
:Reddish brown silty 
CLAY ; 

Mottled yellow-grey 
clayey SILT 
•with - some sand 

'Sandy, silty GRAVEL 

Silty SAND and orange 
brown clayey SILT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10. 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

o' © x • • , ° X-x . * ' o 

x 

Moderately 
Compact 
fco ' 

• • x yery 
* . • jCompact 
x • i,:."-: 

X : .,-••• 

Dry 

x — X 

I T — 
Stiff 

Stiff to 
— - — ^ry 

, Stiff 

Moist 

—( 
ZT 

3 -
X , X- -^edlum • J Moist • •. - x. Dense ,, ",'i 

^ " ^ - j v e r y * . 
x ~ V = ^ b t i f f , ! M o^ s t 

29/6/72 

— — - -—- Medium 
•—j — .— —X- Compact 
zq 17 to ' 7. Wet? 

i. —- ' Compact 

r; 

U o X 
~r: x <= o x 
= o.X o.. —; * 9, x 

i 
Medium i 
dense 
to 

Moist j 
to j 
Wet 1 

3 • x • • •* 
~ . i- ' * 

1 , 

dense i -Moist to 1 3 • x • • •* 
~ . i- ' * 

1 , 
Wet : 

—-H 
—! x • . — x 

J J X ; ' 

Compact 
jMoist j • ' i 
!•-•.-• ! i 

' - j End, o ft . . -
Hole.. 

' . i "I.*-. i 
•i-7 : ! • -i ! 
i- • : 1 

—-i —1 
.. • i ! : 

—H 

12 

8 . 

18 

12 

10 

11 

37 

15 

16 

SPT 

SPT 
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SPT 

SPT, 

SPT 

' . SPT 

SPT 
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SPT 
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BORE NO. CH4 R.L. of Surface 48.2 m. Logged 13/7/72 

SOIL TYPE 

Geological Description 

DEPTH 
(METRES) 

GRAPHIC 
LOG 

CONSIST 
REL. ' 
DENSITY 

X ' | ^ • o ... o • ; Loose 

"MOISTURE 
CONTENT 

WATER 
LEVELS 

PENETRATION DATA 
_ T —-

BLOWS/FT. TYPE 

i . 
m 

Dark brown sandy SILT 
Reddish brown sandy 
SILT 

Reddish brown silty 
CLAY • 
Yellow brown sandy 
SILT. 
Dark brovm to red-
brown silty CLAY 

Sandy silty CLAY 

Brown clayey slightly 
sandy clayey SILT 

Mottled red brown and 
grey silt fine SAND 

Medium to coairs'e 
grained SAND 
Mottled orange brown 
and grey fine sandy 
SILT 

Silty CLAY 
.Silty f i n e SAND 

Dry 
1 • 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

X • _ X ' • j to 
H '• x . * . j Compact 

* • * • ! 

| Very 
— , , ; Mod. Gomr 

• * * • x x7^ .; Pact tor x. x x : compact 

Moist 

\ 

A x_ 
very 
Stiff i 

x 
V - l , ; 

H 
—1 . X — — X 

Mod- Moist 
• 

X X 
'erately j to 
' compact | Wet 

i'x * . x ' ito ; 
q ' comPact j 

x 
X • X 

z:' x. • " .• 
' •'. X Loose to Moist 

— V : • ̂  medium , to wet 
-- , * • dense 
—• . ; x . ' •' ' 

r X ; X 
— : X — * j 

— ^ . K 
>< * Compact Moist toi 

wet ; 
-; — X -
..j X • 
:: x-. *' • 
-•; End of 
Hole 

6 / 7 / 7 2 

10 

12 

19 

13 

14 

13 

22 

17 

SPT 

• SPT 

SPT 

SPT 

SPT 

SPT 

S"PT 

;PT 

SPT 

SPT 

SPT 
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.'"^CiQNSbLTING CIVIL ENGINEERS 
. f . . : - - : • ' • • . 

" •KENNETH,W: G. SMITH, B.E., M.I.C.E., M.i.E.Aust. 

' v̂ JOHN VEATES, C OX., F.Î .AUEI, L.S., M.I.Mun.E. (Lend.), F.R.A.P.I. 

STEFAN WAWHYK. B.E., M.I.E.Aust. • - , 

SW/LVDB 

' Kinnaird Hill de Rohan 6 Young, 
46 Fullarton Road, 
•NORWOOD. S.A. 5067-
Attention: Mr. D. F. Fisher. 

Sod j^VAwr 
EASTWOOD, S.A. 5063 

. TESTING LABORATORY:' 
: BIRKIN. STREET. ENTRANCE 
•SOILS : CONCRETE : ASPHALT 

; s " \ ;.'; Phone: 71 7892 '"* • • 

...,• • REF. Nos. 184/72 
' Your Ref . ^1^-5202 : 

21 st August, -1972 - . 
-A 

Dea r Sir, • . • v 

Soi1 Tests for the Croydon Grade Separation' , ; 1 -
J' We have completed the laboratory tests on samples from two bbres-.̂ r 

The results of 8 consolidation tests and 12 triaxial tests are-being 
forwarded herewith. ' ^ .•',.'?," 

The test samples and .testing, procedures were selected in consul £a;tion 
with Mr. R. G. Perry.'••'. The deta i Is were as fol lows: • •• 

v . v • .•• . • . r; y. 
(1) . ,/ Consol idation tests, were done' in the loadirig: ran'ge< 1/8 "v4;l> 

tons/sq.ft. i with unloading from 2 to 1 t.s.f. during the ,Jtest̂ r.uh,.\;:CThe.̂  
samples were: .• ' .. ' - ..r . • 

•(V 

Bo re CH3 7.5—; 7.8 m 
10.5 10.8 m 
13.5 ~ 13.8 m 
17-85 " L 18.15m 

Bore CH4 9-0 - 9-3 m i ' -M 

12.0 - 12.3 m 
15.0 , : 15.3 m . ii-
18.0 , 18.3 m / 

. ^ j o * 

A-.'.-Ai 

(2) The triaxial tests'were quick undrained tests (8) with the' / 
first stage at the. est imated ,.0/B pressure. 4 tests were onsarnples/con- -
soli dated to the estimated average effective stress af ter̂ ;a: 20f%!lBx)|ayat.ipnr* :v.-i 
The samples were:.' . '••'. ' . ' • " • • - _ • ,.';V 

Bore CH3 1.5 - '1.8 m (QU) . 7-5 " 7-8: m' (CU) j' 
3-3 m (QU) 
6.3 m (QU) 

1.5 -
3.0 -
6.0 . -

" "fl •:• 

•Bore CH4 3.1 -
4.5 -
6.0 -

3-3 m;(QU) 
4.8 m (QU) 
6-3 m (QU) 

7-5 
13-5 " 13.8m-; 
17.85 " 18.15m:' 

: 9-0 - 9.3 m 
•10.5 ' " 10.8,m (CU); f •:• 
12.0 - 12".3 -m ' 

The 10.5 " 10.8 m. sample was substituted for: one from the same depth. .•»•'" 
in Bore CH3, which was damaged during setting up and cou 1 d not. be tested 

Tests on the following samples were also requested by Mr".-'..P̂ rry: . v'-JV-•• 
Bore CH3, 4.5 - 4.8 m. - the sample was too friable for ' ' 
specimen preparation. ? . . •..••.''•''..'•V' . 

Bore CH4, 1.5 ~.V.8 m the sample was of quartzite gray,el . ! 
in clayey sand matrix,junsuitable' for specimen preparation, 'c; 
The water content and dry density were, measured: '•'.' \ 
'••'."••. : . w •= 5-4^, Yd = 1 0 7 , 2 P^Vf. ' ; ; ' • 

This completes the work requested" to date. .Please adyjseus about the ,'-'• 
disposal of s ix samples st i 11 held * , ' • , • • •, •". 

Yours fa i thful ly, • ;•;'"''• • •'•'•V.''.'. 
.'.''•":. Kenneth W. Gi. Sni.i th '& Assoc iates. 

Enc. hartered Engineer (Au 

m 
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KENNETH W. G. SMITH & ASSOCIATES. 

CI ien.t y l O n n o M . Hal de. fcoi-vivy & Young v - -

jg.roject C r o i j c t o v \ Csrcx&e, Separo-f Ref. No. / t A - j ' 1 2 . 

Bore No.OH 3 Depth7-5~7# Date • -'V Sample No. A68-.'v;-

Description of Mater ial ' . R^B. -- bvoi/o '/v • • - ' • 

S A l ^ b V 6 L A V :: -

O t h e r t e s t s 

Initial 

Mo i sture content % - 1C--Q ' 

Final 

-• l&VS "-

Dry Dens i ty p .cA : . \> ilO.5 ; V' ''•• ti v. 

Void rat io 
. . - v . ' . ':.v. 

O v e r b u r d e n p r e s s u r e 
•-.• • . ' " - - ' - - - • 

- <x-
. _. r t 

- Swel 1 pressure — _;; 

CONSOLIDATION" TEST RESULTS •>' 

ii"--: p 

fil'.-. 
I. ..: 

Vert i c a l pressure 
| l n i r = . U n i t s ' i | n ' i r s : ' '-

1 / 
0 . / B + 8 " • ... 

'--'••- " f -O / R + A " ' • • • • A . V . . . 

" " v 

Yl - — — . . —— 

0 / B + i ,' .' •' 

0 / 8 + 1 : ; - - ^ .- • 

0 / B + 2 
'••."'' "'r 1 - ; - v 

0 / B + 4 
' V 

0 / B + A 

t 

•ih-'-rii:: i:il i: f ;. -

: ...,....,_.. 

. * " ~ i i, " 

•i-rr iri 5r;:r:!vt̂ TTTTT:r":r;' 
llii:*;:!:::;̂  

.- : j : : 1 ! . :..-: :..: ... :..: L:..:, hH^M-iiil-^irHhiiiil-lr5 "1 - -
•ivrtLiTy: 

- 4 . 

0 . 1 

VERTICAL PRESSURE >ips"per sq. ft. 
- V 



KENNETH W. G. SMITH 5 ASSOCIATES. " " 

C1 ient K'mnalrA Hill & VoU^g -

Project CrOLjcUv\ Grade, Separation Ref'.No, 

Bore NO.C{[3 Depth \ip.S~TO-eDate Sample No. ftlQjfc-m 
D e s c r i p t i o n o f M a t e r i a l R e A - bvY>uS 

• S ^ b V CLAV • 

O t h e r t e s t s -

VERTICAL PRESSURE t o n s p e r s q . f t . 

i 1 ' 2 k 

l i f e mm 
" H 

LiljtrPIl"! I:!!! 
Ill 

m 

n: 

! : i • ; ::;: ••• : - • . « . . • • » . : . . , . . . - . - •Ss> i • • • • • • • r ' 1 I 

• - • ; . • ^ j.I ̂  : r.';;: .; 

" • . m i 

WiS! 
i u-fH 

' .ijprHlJ: : ; ; r r t r : t r r i : i u:1;; ';:';'.p" 
Initial 

Moi s t u r e c o n t e n t % £1 ' 4 

Final 

19-S' 

" 4 
: i ; . . j . . 

Dry Density IC7-7 - ' H 2 ' l • ? 

Vo id r a t i o * ' ~ ' ; '•• - ' . 

_;.-*.;.-: i.L': 

i l s ^ f f i l ^ n i ^ i ! ? : ! ^ ! ! ! ^ 
f I. ! : :..:!_...: 

m 

- • >•• 

Overbu rden p r e s s u r e - Swe l I p ressure . ; 

l ^ P P , CONSOLIDATION, TEST RESULTS' • ; : ' " ' 

V e r t i c a I p r e s s u r e . . . 
U n i t s • Mr, I r ^ • _ tin i r s 

0 / B + 8 ' . . • '.. 

0/B+ i ' " •• - ' . . -

0 / B + ' ' • 
0/B+- 1 

0 / B + 2 "•" ' 
• - __ '.VS'J- « 

0/B+ A : ; r ' 
... •• ..- • -

0/B+ 6 " ' ' ' ' 

0/B+' 16 ' • •"•'•v. . 

i : , ̂,;.: - -;: ]: ̂ a:: ::: J - r u: i : L.:.:. ẑr. ; m m 
::t i : • - -

. . J l t e l l i l l l 1 

t; i /I.! i-.::.̂; rii 

0 . 5 • • 

VERTICAL PRESSURE vk i ps p e r s q . f t . ' ; . 

•nr.. • ^v';'.^'.. . : ' V 

•m 
m ^ ^ 

^irv- ~ * * f 
"Ci * i >« ** i f "V iS ir 

i i j 1 



; , . . KENNETH U. G. SMITH & ASSOC IATLS. y 

CI i e n t K , i n n a i r r i 

P r o j e c t H r t o j c W - Grade g e p r t v h ' o A Re f . 

' Bo re No.Ctt3 Depth l f rS- l f rgDate ^ Sample No. A 9 Z - O 

" Descr i p t i on o f Ma te r i a ) R g i d - b ^ o ^ A ' * ..'• ..-•'•• 

' S \ L T Y S A M t > - V " " 

f -v" - O t h e r ' t e s t s : . • ' .>" - • ' • ' - - ^ 

Initial F i na I 

M o i s t u r e c o n t e n t ^ : " .••:••• iS-0 

Dry Densi t y • ' I Z l - G 

V o i d r a t i o ' - • •" "' - """ " 

124-9 

J ' 

O v e r b u r d e n p r e s s u r e 
I:. •'• ' • ' -̂S-.: 

Swell" pressure : — : ~~ 
: - CONSOLIDATION TEST RESULTS . • z;r 

IV 

V e r t i c a l p r e s s u r e J . 
1 In i t <; U n i t s . ; Vi 'n i r s ' • 

v • .- . 
0/B+ 8 _-. -•'• — : 

n /R+ l • ' • -
71 1 . 

- ' ' 

0/B+ i ; 

0/6+ 1 . ."' . -n ,•»-•*' "* 
- -J- . 

' ' ' ' ' • ,-. 

Q/B+ 2 . 
.. - ' 

• * : . " - / r 

0/B+ A ' 
• r 

i — . — . . - • 

:o/e+. & - -
t 

.0/B+ " 16 . < 



- / KENNETH W. G. SMITH & ASSOCIATES."' 

ci lent K m n a ' t r d . Hid-••derdphci»Yourtjj •; 

Project CVoijdo^ ^ ^ d e . Sepftrcvho^ . Ref .No. 184/72. \ 

,.Bore No.£tf3> Depth M ^ j S ^ P a t e 

D e s c r i p t i o n o f Mater i a l L u ^ M -

C u A Y : ^ •"•'' - ' 

Sample No. A 212 

O the r t e s t s 

..... 

. - : . . . : .... 

I n i t i a l F i na 1 

M o i s t u r e c o n t e n t % 2 ^ • 3 

Dry Dens. i ty I D 4 . i • r . 

Vo id r a t i o ' 

r .... 

Ove rbu rden p r e s s u r e . S w e l l p r e s s u r e — 
.•'.-""...-.• ' . :. . j;. •,.•. • .- ' - v . 5 

CONSOLIDAT!ON TEST RESULTS 

Ve r t i.ca 1 ' p r'ess'Ure 
iin i t <; ' :.:.•' r . - . ' " i J n i t V " ' " " " ' -

0 /B+ ' 8 
• ' . J. • • 

0/R+ h •• "• 

0/B+ i 

0 / B + 1 

0 /B+ ' 2 
- ' •• ' .Jr.. ; A . :p 

0 /B+ ' A ' v."-;-v, .* ;•",.•..•.'• _*.- .v • • • 

0 / B + & ' ; 
> 

.0 /B+ 16 • v ' : - i 
• ' • • •• • '-V : . • ' 

* "T * 
'4 
it, 1 

if/ « 



.-KENNETH W. G. SMITH & ASSOCIATES. 

Client KJrmqtV d Hiil •' c i e f U > h a ^ & Y o u n g ' • 

• Project Cro^doA Grade." S e p a r c x t ! o > \ Re f. • No. 164-/7Z 

Bo£e No.CH4 Depth 9-Q-9-3Date _ 

VERTICAL PRESSURE t o n s p e r s q . f t . J. : 

•Samp 1 e No. A 73 

Description of Material 'Llf^M-' b̂ rouj'A 

S \ L T V C L A Y " : 

Other -tests 

ins4-

p.:.: I- L! 1U ̂  
- - ; 'iqij- •:;::•::-,!• -

T -. i. i t;; Hi ri.: riTT" i: ] 11: ±11 

'Initial Final . .„-, 

I 

Moisture" content °/0 

Dry!Density p.c.f • ' lo5-G 

Voi d ratio " - '-•'•••_•' 

• c <u 
° 4 
u 
<u 
Q . 

, j:!:i';;;;;-::r 
; ri LHjit.iiHĵnKn:̂  r̂ Hî tr̂ Ĥ ĥ̂ .̂̂  \ . 1. . . - —] 

. _ J - . ... : ; ; f ? - ; ; - i : ; r r - . . ; . t ; : : : : , ; ; . . : . i . . 

[fj- i! i:;: S• : :r! • • 

• nz-fe - . 
• V . - ' O .'" r.':. if'a îr ̂uinrLTnjr ni;:LiTinnkiiiii 

: 1 : 1 : . : : : ; £ i iii:i!!:;i;nti?""r̂ i:H:i I;' Mi'*-

"I'i"":: I - : . - : i: : 

.in;::: : :;;::=: 

: . : U M : . . . . . . . . . 
- ^ ^ — U - ; ^ — ^ ; . — - . - - . 1 

Overburden pressure; Swel l - pressure 
. • !t : • ':t: " -;rr:r-—rr-r ::-X-••::•—r •;— 

H+rT-lfH ! 

CONSOLI DAT I ON TEST RESULT S 
d±ti±Li±Lii! 

1 • I. : 

Vertical -pressure " 
Uni rs - Units " llni f s . - • , 

'.r 
0/B+ '8 ' 

-

0/B+ I 

0/B+ i 7 • 

0/8+ 1. • . • -

0/B+ 2 • " 

0/B+ A J ; ;; — 

0/B+ 
» 

0/B+ 16 

. iijEîJr*̂-:'̂ -̂ = i L=i-r-
iLTiirritTLfllirui i±ih* 

a 

xr/ir:::;-;::::::-:: 
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KENNETH W. G. SMITH & ASSOCIATES. 

CI ient K i A ^ g i r d 'Hill de&oKa*\ fc Young ' 

P r o j e c t - Cro i jd^o^ G>ccxA^ Se-partx-K 

_ Ref .No. 1&4-/7Z 

Bore No. C M Depth 12-0-iz^Date Sample No. A l l 4 -

D e s c r i p t i on o f M a t e r i a l : • Ye-ilOu) - b r o w n " ' "" 

- . < , I C T Y L A V " ' ' " '••'-' : 

• - - . V • 

VERTICAL PRESSURE tons pe r s q . f t . . 

i 1 2' k -.. 8 

-.an-

o t h e r t e s t s 

I n i t i a l 

M o i s t u r e c o n t e n t % 2.\<b .• — — — — — — 

-Dry Densi t y p.c.-f. ' • \ol-Q 

Vo id r a t i o . •" -• - _ _ _ _ _ 

F 1 na 1 

19 Z 

112 

Overburden p r e s s u r e •Swel I p ressu re_ 

CONSOLI DAT I ON TEST RESULTS 

V e r t i c a l p r e s s u r e 
•Un i t s • ' ' ' U n i t s • _ .lin 1 rs , . • ,. 

1, ... 
. 0 / 3 + 8 

0 /B+ ' 

0 /B+ i1-' ^ ' * ' -

0 / 6 + i ' • • • • » — - • 

0/B+ 2- .-.-r' 

0 / 3 + A 
1 . •' V 

0 / 3 + 8 ' 
> . ' 

0 / 3 + 1 6 



. ' KENNETH W. G. SMITH S ASSOCIATES. ' .• ' 

CI ient K'\ySr\aVrd Hill dg. ftoha^. & "• ' • 

Project- Croi^dQ^ & fade, Se-para-ti'oA : Ref .No. (84/72' .... p p 
-- " ' • ' - ' . . 7' - •-; . -...:.. i - - . . : " ... " , - •• -..'•- " V •'• 
.... . . . . . ...... . , v . .-•.--•:.- •• • ,V .- • •-. • •- •—•• . 

. . • ..- - .-. .. ,ef --. - ' r "•"• Bore No. C^-4 Depth 1S.Q-IS5Date 
- m 

~ Descr i pt i on of Materia I 

Sample; No. ̂ 114 0| 
, - v - f c r ' 

S i l t V SAKÎ -V C-LAY 

•. Other tests 

VERTICAL PRESSURE ' t o n s p e r s q . f t 

, - ki.. Initidl-
Moi sture content fe '•• £.3'3>-~--

Dry Density p.c-̂ . IQ^.'S ' 

Final 

ZZ-b 

c-<D 
u I 

Q. 

f U ^ i F i l i i i i i ^ i i ! 
• . :• ! —-;•-:-• rnr'----r- r;:-, 
1̂174:14:::;:; i • ;;i;;; 

•-. : . - . . . i : . . ; ; . . M i ! : . ; ' . 4 ; . : : ; 

mm 

: r m 

; • , ; . . , . . •. ' - I 

p f f i i p i : r-; r 1 j-jHr-!; 

i-̂-iHr̂rM̂-'i-lirtli-:-!;-;----
iii i; - -

—r-r-H-H-rf—̂ f: -.-r-Hr*i:! - - -

10S'& . ' -

Void"rat io; 

£ Overburden pressure.--:. Swel l.«;:pressure.:: — -.r •- ••• 
-.::• ::rrr;-:r'? 

.. CONSOL I DAT I ON TEST RESULTS v-W. - ^g::-', 

1 

Vert ical'-:,pre'ss.ureT' ;' 
Uni ts " - U n i f s - J l n i . r s • „ 

0/B+ '6 ' 

0/B+ i • " ' 

0/B+- i •'--"-•' 
0/B+" 1 • .: [ ...•;• •';:'_•. "••• "p • " . ' • ' 

0/B+ 2 

0/B+ A-'p 

0/B+ 8 
> " - - • • ' -

16 ~ - • ' 

•7 ~ _ *• " * . 

C_> 
' —"=71 f ".liTJl-f I I HtlHl SllSi i'LS I 

.1.1 

rh-'"::'--̂  

j j K ^ a a i y i 
SaiilipliM; 

iniiiln'i-iilii- liKr .̂. 

-5-4-J- —1—*• 

n- j-t i-r ;T:TT; ip̂'irrfipini-i ; •,: -

0. I 0.5 v 1 •< 5 •. ' 10 

VERTICAL PRESSURE' kips per sq. ft, 
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•̂ KENNETH Ŵ ' G SMITH \ ASSOC I AXES., ' ^ 
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] j j ̂  11| : iii ̂iji? "jiii 

Bore*"No.'C.V<4Depthift.O-iSDatê V'" 

. . . . . . • . j j 

K 0 r\T r** Re fy N o\ 
Samp 1 e I No". ' A Z9: ^ 

- /-̂ iV-f̂ vC -t «.-4V fr'" "" 

p p i i a 
P i l l 

JS-Q^r fii "rd e n-fepr e uV e $$ 

mix 

•-misti*,. 

V.er.tj c a If p r e s s MXei^' 
iUJn i t < ... - J f . T . - j , -- On 1 ts^ -

' • • • — . . - 1 - - ••• ,'f-•-'— 

J • • ": -V' O r • ; - x . 

•*• 07 Bt^^^^'^^J-lfe^?5 
-nr&itnSit) v f c - . ^ S j i * ' - ' ® -

. '../XS.«-. -

- • S f . ^ A - v i r t » -
•-v^' i ' ' ' 
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-0 / B.+1C. fr&frt 



" KENNETH W.G. SMITH & ASSOCIATES 
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KENNETH W.G.SMITH & ASSOCIATES 
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