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REPORT ON SITE INVESTIGATION.

DANAGED EoTeSeA. SUB=STATION BUILDING
'BERRL |

I__SUMMARY

. The soil on the slite examined is a poorly consoli-
dated -dune sand, partly solonized. The sub-station building
is extensively cracked, particularly in the south-west, and
north-west cornerse The -damage has been caused initially
by foundation settlement, and further aggravated by the
shrinkage of the cememnt bricks,. Foundation settlemcnt was
due mainly to poor drainage disposal, causing the area
beneath the foundations to become saturated, with a resultant
loss of strength of the subsoil. The loading on the foundation
is such that there is 1ittle margin of safety even when the
material is in the dry state, and possibly shear fallure of
the soil has also occurred, contributing to some of the
foundation settlement, The eastern portion of the bullding
is only slightly affected, mainly because the foundation are
located at a. greater depth, thus increasing the bearing
capacity, and also partly because of the more rigid construction
of the walls in this area. . =~ | '

To remedy the eituation adequate drainage disposal
and the sealing of the building surrounds will be necessary.
Underpinning with a concrete pad at the north-west and south-

west corners is also advisable to reduce the loading at these
points, and prevent further settlement,

IX INTRODUCTION

This 1nvest1gation Was carried out following a
jreqneet by ‘Mr. Bates, Property Officer, EeTeSelAese Foundation
settlement at the switch house building has caused extonsive
'cracking in the external'walle, and information was required
~on eubsurface foundation conditions, and the probable cause of
~ the settlement., A i
. . The site is situated 1h_Zante Road, Berri, adjacent
to the Berri RailwayAStation Yards;-.The appropriate map

. referenee is Hundred of Loveday. .



-1II_SOIL PROFILES | )
. The site is situated on the-norfhern'slope»of a
'tixed sand dune.‘ The switch house building 13 located on
an excavated beneh, the southern walls of the exoavation
'being approximately six feet high, decreasing in a northerly
direction until,the surface of the beneh intersects.the ‘
'original-ground surfece.‘ Coﬁseqnenily the'buiiding is seated
. approximately six feet below the surface at the southern end,
.and on the original surface at the northern end.
. Two test holes were.put ‘down at the site using a
2 feet diameter earth aﬁger opereted by the Tfust. The-
following soil profile was obtained from the hole at the ‘
eouthrwest corner of the building. ' |
0'o" - 2tQ" Reddish~brown to orange, vaguely -
o mottled, fine to medium-grained
- sand. Moderately compact.
-‘2i0" - 313n Reddiehéofown:end pele reddishdbrown
: , compact sand, the lighter patches
. N probably being limey.
313" = 11'  Reddish-brown fine-grained sand with
SR o lighter coloured limey patches and-
some inciplent nodules. 8Soft and
N demp. _

The soil ﬁrofile"et the north-west corner of the
building is essentially simﬁlar{exeeotethetﬂthe upper portion
of the profile,ie more limey, oe;ng‘on'thedoriginallnatural

surface. - N o 4

ThlB profile 1is typical of aeolian -dune material as
'evidenced by the poer profile development ‘and the fine, even-~
grainenize of the sand. Slight eolonization has occurred, but
the 1ime horizon is not well developed. ; |

Thie dnne material ie very common in thls area, and
although in normal seasons the dunes do not migrate, in pro-
longed drought periods severe erosional effects ¢an be noticed,

~and the dunes may migrate un&er the influence ofothe wind, -

t
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| IV _PHYSICAL CHARACTERISTICS'

| - Thie;eoilltype, beiﬁé comboeed cesentially of fine

'sand, is not expaneive, ie.‘hotieobjecf to seasonal shrinking
and ewellingimoveoents.' However because of the aeolian mode

. of deposition, the consolidation of uhe sand 1s poor. Conse-

. qnently the strength of the_oaterial is low, the s0il being
 prone to shear failure under‘relqtively low 1oadinés.

The sand is also very sensitive 1o wetting, with a

__resultant loss of strength. Thie is partly due to the tendency
of the sand graine to - settle when the soil is completely
4eoturated, and partly to a phyeical charocterietic of the limey
materiel within.the profiie. The linmey material bocomes very

- soft ahd.unetable'oith'increeee.io moieturezcontent, and may .
collapse comoletely when Fu‘ly 3auurated. As a reeult ehould

Cany pormion of the foundation a rea . of a huilding become undulJ

saturated diffcrcntial eettlement of the ouildinu is almost |

‘_certain to occur. ) |

| oonsequently thege duno eands do not provide good

" foundation conditions. The strength of the material in the dary

state is 1ov, and is further decreased ehould saturation occur.
It =s essential thereaore 1o provide udoquate and complete
'drainqge on these soils to maintain ae near as possible, congtant

moisture conditions in the foundation area.

¥ STRUCTURAL DAMAGL AN P?OBABLF G *.E'

The building, which 18 oonetructed of cement br‘cx,
15 eeverelv cpacked.particularly in tne western portion. The
'extont of the damage can be eeen on the attached plan, where
‘the maaor cracks have been recorded. The cracking has obviouely

' been caused by foundation eettlement, particuiarly at the

~ eorners of the baildzng, thc windows end doore of the builﬂing

providing placee of weakness.whepe,the walls havc,failed.

. No foundation:dama~e7c5ﬁ1d'be detected, but such cracks are
_“generally of’ very small dimon sions mqking detection difficult,
- and it 1s also possible that the foundation used for the

building could sustain oufiicient deflection to euffer the
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settlement without failure. . _
‘ From an anéiysisipf tho érac 1ng in the walls it would
appear that the hgrth-West and‘aou h—uest corners of the building

have aattlad aﬁiﬁé'considerahlJ, fho Btressos 80 *mnosed being
._rulieved by severe tonsion crackﬂ through the windows and
“ doorse. The cagtern portion o‘ the bullding does not show such
gevere movement, although tensjon“cruckn-nra 3till present to a
Jesser dsgrées ‘This 1is dae to the typo of ‘zonstruction used in
these_walls, viz ruinforyad’conypete internal walls, and‘alsd
to the fact that fh@ foundation for-thié portion of the building
is located approximafé}y 2 feét deeber in the soil profile,
thusfconsidérably increasing the‘bearing capacity of the soll.
From the soil profiie'if is cbnsidered»that the
meximum loading that should be used for foundations located
1 foot below the surfﬁce im'% ton per sqﬁare fcot,_provided
~ saturation does not occur. Thehlaading of the building is
approximqtely JAton per square Poot, and the”eforﬂ-thc goil
Vshculd>have Just sufficient strcngth to sunbort the loadings, and
shear failure should not have:oycprrwa. _Howevyr 28 v»reviously
mentione&,‘ amy saturation df the duns mateéial reaﬁlts in
a decrease in straﬁgth. The drainage at presént orovided for
the disposal of roof &1tbr fram the building is ob bviously
1nadeqpate a4 flooﬂinﬁ of the area 1mmed1qte1J adja cent.to |
.the“foundations ia:common, pqrticula:ly at the,southﬁwest and
horthpwest corneﬁs., he nbrth-éé&tf@nd gbﬁth—éast corners would
also be affected to some,extent,'butla:&iight'slope‘of the surface
'would cause tbe sufplﬁa ﬁater to“be'draihed 5Way-from the building‘
Censecquently 1t nmay be assumed that after heavy rains the. |
| 'foundction areas are Satdfdt@d, causin7 a }oss of strength in -
| tﬁe soil within the foundation area.- | | ,
Although tbe original failures have been. caused by
foundation settlement, the sevaritv of the wall cracking has
p“cbably been accentuated by the type of material used in the
.construction. Cement bricks, cecven When well constructed, are
subject tb'quite significapt shrinkage, and it 1s‘prdbab1e
that the briginal eracking>dﬁe to sétiiement has been cons1deréb1y
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worsened by the internal shrinkage of the walls,

' ¥I__CORRECTIVE MEASURES |

i' The extensive cracking present 1n the walls of the
switch-house is attributed mainly to settlement of the north-
' west,snd south-west corners of the building. Remedial action
.is obviouslj necessary to prevent a.worsening of the present
structural damage; and .further settlement must be prevented ‘
beforeihe'wellldamage is repaired. To prevent further'settlement
corrective measures muct be adopted,‘snd the method to be
used will depend upon the following factors.
“le . Whether settlement has been due solely to ohear
.failure of the soil, or solely to settlement due to saturation,
or to a combination of both. In the opinion of the writer,
“for foundations such ss were~used in thehwestern portion of
the building, the soil should;support a maximum loading of
;Em per square foot, prpoviuea undue saturation of the soil is
prevented, The loadings used on the‘surface are of this order,
indicating that there is very 1itt1e margin of safety.
Consequently it is difficult to assess whether shear failure
due to the loading has-taken-place, particularly as the
:loeding value is an estimated Value only. However it is thought
that’ the effect of' ghear failure would be slight, and that the
main cause of the settlement has been the 1oss of strength
" incurred by the SOil due to saturation.
2. Whether the soil beneath the foundation has reached
"a state of equilibrium, and because of the settlement the
strength has been sufficiently increased to support the loadinge |
Fron local roports the cracks in the building do not appear
to have increased in the 1ast three yearse This may indicate
that the initial foundation settlement has caused a consolidation
of the ‘sand beneath the foundations, thereby increasing the
strength of the soil. Gonsequently,further settlement is
unlikely it drainage precauticns are adopted to prevent further
saturation of the foundation area. |

From the.above two factors two alternative approaches



' can be used in effecting repairs of the building. ;
| The first is to assume that further settlement will
not « occur, provided drainage preoautions .are observed. The
drainage precautions shou’d consist of ensuring that . conbtant
:moisture conditions are maintained in the foundation areds
“Al1l roof vater should be carriod well away from the foundations
in properly constructed droins of,adequate capacity.‘ Surface
drainege;>perticuiarly from the walls of.tne excavation should
be diVerted.eway-from the buiidingi A concrete or eone other
impervious pavemont surronnding the building would assist in
_thicfrespect;_and is virtuoiiyleseentiel'cn this type of soil.
The pavemont should be at leaet G”foet nide; preferably wider, -
and if concrete is to be ueed the pavonent should be bonded '
to the foundation with a bitumaetic compound to pormit some
differential mOVemont ond still maintain a watorproof scal,

| The second opnroach would be to under . pin the north-
.west and south-west oornere uith a reinforced concrete pad.
Wo strong hori&on, suitable for underpinning is present down-
to a depth of at least 12 feet, so that underpinning will
be confined to reducing the loao on‘the soil benentn the
existing foundations. The pad would;bo easily placea'rnto'
position in the south—west corner, and in this corner the-
foundation could be jacked up to-re&uce the foundation drop
which has occurred. However the north—uest corner of the _
' buiiding apparcntly prcoonts s0me construction aifficultios ‘
in this respect, particulerly as the settlement is not oonfined
SOIoly to tho oornor.' Conseqvently it moy not be possible to
jack up this cornor, and.undorpinning would be confined to
the placing of a ooncrete slab bcneath tho existing foundations.
Follofing the underpinning drainage precautions as proviously
statod should be adopted.. _

Underpinning of the eaetorn Walls is not considerod

tnocessary provided the‘drainage precautions arc adopted.

¥ B
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- Vlll CONCLUSIONS AND Rgcommwmnons
' | From the soil profile it is considered that the major
cause of the settlement . hae been the failure to provide adequate
drainage for the diepoaal of eurplus water., However the loadings
~on the soil ere near the maximum estimated for such a soil,
 and possibly some settlement ‘due to shear:failure has ocourred.
The soil beneath the foundations has probably reached a state
~of ecuilibrium due»to_conpaction becanee of'the settlement, |
and further settlement is unlikely provided oonstant moisture
~ conditions are maintained in the fonndation area by the adoption
- of epecial drainage precautions.
| The low margin of safety for the existing foundotion :
due to the loading being the maximum permissible, suggests that
a'it would be advisable to place additional pads at the north-west
and south-west cornere to decrease the loading at theee points.

_ | Repairs to-the walls should not be carried out until
'.at 1eaet three months after the underpinning and drainage
precautions have been completed.i This is to enable the soil
.“beneath the foundatione to reach a state of moisture equilibrium,
;Land.any'settlement that may accompany the change in moieture
"content to occur. - If the cracks are. repaired before the
=qailibrium ie reached the elight eettlemcnt may cause them to
reopen. ‘ , - _ _

In future builoings of thie type built on eimilar
solls it woald be advisable to use foundqtione of increased
A:width preferably 30" wide for external walle, 8o that a greater
margin of safety 1s provided. | B

" Pre-coneolidation of the area by flooding would also

._be beneficial where practioable.

s e P._G. MILLER
PGM:CERF = - . oo GEOLOGIST
- 28/1/60 ... S0ILS GEOLOGY S ECTION
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