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~ SUMMARY AND CONCLUSIONS

Cracking of walls within the National Gallery indicates that
uneven settlement of foundations of the eastern side of - '
the building has occurred. Investigations have indicated
that this is due to bearing capacity failure in clay underlying
a beam footing. The failure has been cuased by water
passing along a sand layer, placed during construction
_beneath the foundations, and wetting and weakening of the
underlying clay of the Hindmarsh Clay Formation. It
'is considered that the likely source of this water is a
storm water drain adjacent to the foundations.

‘ This drain has been replaced by a water tight systenm
and piezometers have been installed to monitor any further
changes in groundwater regime;

With drying out, and hence shrinkage of the clay under
the foundations, some further settlement could occur.

" INTRODUCTION

._Recent cianking of walls,within'ine 90-year old Nntional Gnllery
indicates that uneven settlement of foundations of the easnern side of
the building‘has occurred. A test pit dug‘adjacénn to the foundations
‘exposed a water bea;ing sand layer beneatn thé foundations, apparently
placed during nonstruction;'°in a letter 8atéd'12th November, 1968 the
_ Director, Public Buildings bepartment requested that. investigations be
-undertaken to determine the likely source of this water

ThlS report describes the results of the investigations. It
discusses the probable mechanism of failure, and the remedial measures

_ carried out,



SCOPE OF INVESTIGATIONS

’The-following~invostigations.have been carried ott, subsequent
to the discovery of severe crackingnin'inrernal walls of the Gallery.
(1) A proiiminary survey of:the cracking 1ndicated that movement
ues due to some failure in.rhewfoundarione of the eastern
side of the building. Later a moro detailed survey of cracking
' in tho bascment was made (Fip._l) |
(2) A test pit 5ft. deep (Pig 1) was excavated adjacent to the
building fbundations, to-expose.the}material adjacent to and
underlying the foundationsr - Geological logs:of the pit are shown

on Figures 2 toi4.;

SITE GEOLOGY

Soil.IzEes.

There are no netural erposures near the Gallery, but the test pit
and previous expoeures in nearby excavations during building constructions,
indicate that foundations are‘seated in cloys of tho Hindmarsh Clay Formation.
It is likely that these clays are of the order of 40 ft. thick beneath
the building. They are gonerally uniform, highly plastic (CH), clays
uery'stiff to hard at moisture content close to the blastic limit. They
have been overconsolidated by dessication.

. The clay exposed in the basement beneath the southern end of the
Gallery is at a very low moisture content as indicated by shrinkage
cracks open as much as 0. Sft (Fig 1).
| The tost pit indicated that the upper few feet of the clay is

limy and weaker than. the underlying material. Above this is developed a
clay soil, 'B' horizon, up.to lft.ithick. .

| Throughour’the Adelaide cityaarea the uper surfece.of the
ﬁindmarsh Clay Formation is‘defbrmed intoda series ofonounds end:depressions
(gilgai structures, Allchurch 1965) Exposures in the'test pit and the

mounds and deprossxons in tho roadway on the eastern side of the building



5.
(Pig.. 11 indicate that gilgal structures‘probably occur in this area.

© Groundwater

'Thrdughodt fhis_area,the main piezometric surface is below the
base of the Hindmarsh Clay:Fbrmatiop,_that is below 40ft. bdelow ground'
surface. . |
| Howéver, commbnly,-tﬁe hea: éuffgce depressions associated with
: gilgailétructures contain pgrchéd groundwatér. These are fed by leaking

servicés, rain or watering of gardens.
BUILDING CONSTRUCTION -

The test pit indicated that dﬁring constfuction>a tieﬂch had been
dug fo the strong‘clays belbw fhé-limy layér, a layer of clé#n fine sand,
a few inches thick, placed inlﬁhe bottom, and the,tténéh then backfilled
with a lime-éemented éoncrete; A beam gypé concrete foundation was placed
on top. The building‘flo§rs are c&hstrdéted onAﬁ.S.J. beans supported on
piliars (Fig._l)f' A ﬁaSeﬁent was c;hStrﬁcted under the northern end of the
building and theh, in the past-féw years, extended further séﬁthwgrds, untii
at present only a small secfion under the building is not utilized as a
basement (Fig. .. Iﬁ this seCtion‘aécess can be obtéined_into a space about
4 ft; high between the floor of the ground floor of the'building, and the

natural ground surface.
MECHANISM OF FOUNDATION FAILURE

It is conside;éd théf fgi1ure was initiated by a rélagively large
aﬁount of water gaining access to the §and layer underneath théﬁféundations.
This Qater was absorbed readily by the underlying clay which probably was
previously at a very low moisturé cOnteht. The cléy is a highly expansive
type and normally would be expectéd.té cause uplift of footings, However
in'this situation of a relativelyAﬁigh load at shallow depth,:its bearing
capgcity was exceeded, The footing settlea and probably tiltéd slightly
‘oﬁtﬁards, as ihdicateﬂlby the senseldf_fhe mévement observed along the

cracks in the building. .



The source of the water is not completely proven, but it is
probably the underground storm water drain on the eastern side of the
building (Pig. 1). To confirm the interconnection between this drain and

_the sand layer, the drain was divided into two sectione by biocking the
pipe at sumps, and then pumping water ‘into the’uphiil sumps. Leakages of
te 500 gal/hr. oceurred from botﬁlseetions'duriﬁg'testing and water
was observed to be flow1ng in the sand layer at the bottom of the test pit,

and eventually rose 1 foot in the previously nearly dry pit.

It is considered‘that{.during nofmal opérations of the drain,
~ insufficient water weuid leak ffom'the éiperto affect the surrouedig soil
to any extent. 'However blockage of the;drein,‘and thence‘bﬁild-eﬁ of head
in it, would be sufficient to cause water to flow.from the pipe into the
sand layer. -thuiries showed.thet in September, 1968 the drain had in fact
been checked for leakeges and it wasﬂfbuﬁd to be blocked at a sump. Also
- one dewnpipe sﬁmp wes:tbund‘to be broken, and connection betﬁeen the bottom
of one downpipe and the drain was found to be by e_rusted tin fitted -

- loosely over the pipe.
'REMEDIAL MEASURES

To prevent further leakage from the drain the ex1stin9earthenware
" pipe was excavated and replaced by pipes with watertight rubber seal connmoct-
ions. The connections between the downpipes and the drain were also
repaired. ' |
| -Toﬁebserve further the éroundwater behaviour beneath the'footieg :
2 water level observation points. (Fig 1) were installed adjacent to it.
. Also 2 fnrther observation points were installed adjacent to the drain

(Fig. 1)‘to detect the presence of water due to leakage from it.

: . L WOB oeemnd
~ WRPB:JHF:NHW:JB. © W.R.P. BOUCAUT
7.11,1969. : : - - SENIOR GEOLOGIST
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