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ORDINARY MEETING

A paper o be presented and discussed af @ meeling af the Institution of Siructwral Engineers, 11 Upper Belgrave
Street, London SWIX BRH, on Thursday I8 April 1955, ot 6.00 pm,

The Granary site—

design and construction of a mechanised
letter-sorting office

K. C. White, BSc(Eng). CEng. FIStructE, MICE, FINT
Teavers bMorgan & Partners

AP Mj'l!l'ﬁ. BSci{Engl. ACGI, CEng, MICE

Travers MMorgan & Pariners

A. H. Dutton, MA[Cantab) CEng. MiSiruciE, MICE
Travers Morgan & Parinars

Symapais

This paper describes e dengn and consirucrlonr of & distee? posral
soriing office in Nowik West Lomdos. The earlier wse of the site amd ifs
Racatian in sefarion 1o the Regent s Comad pove rise 10 The aeed for specia
eovtidpeation of the sudmiraciure, Particelyr referénce i moade o fhe
Problers arizing fram the removal of @ former sollway emmbas e ang
e sofl moversens ket fo resnll, The way in which the design wos
rhe devedn i iy do construciion & described,

He war flert plocied fo the nptitielioe 5 Counsil i PIVAH Sty o S
191 nd Pt Chigifrride oy Douf e Ediidenhan
A E—m-ﬂ'lw:l avigl B0daane-Adembgrsingy

The developorgni
Commitees He bas beew 0 Ve Prensdesd wane

The Post (dlier™s now buikling complen in 58, Pancras Way. Lomdon

i HWI, will form one of the las links s the progremme for the
et M Jeauateal g of Thead mechanisation of leier soning in the Londan postsl region. Curresily,
Crbiegr. Hr kan e coiense resgansibiiy for the the NW districts sre rus from ibiee buildings, only ong of which & b Poa
deaips v ENVEEON 0y CORRARCAGT Oifflice ownership and that is on a resircied e with link opponanity for
mﬂ :;:I'H:;f:ﬂ"* o ﬂ-';' expansion  eiiber within the site or on adjaceni propenies. The
buikfings Me sbo bar conpderable experaoe e infroduction of letter-sorting machinery wouold have mequired signilicam

;
i
:

itructiusal strengthening of thai buildmg, while ibe site itself would have
Egon wnabs 10 copst with the associsted increase in webicle tralTic

In recogaition of these fagis the Poa Office adopied a ‘mew build’
sirategy, seeking to create on oneg shie mechanised lerer-sorming Facilivles
for the whole MW posiall disiricl. With their appoinied archigecis they
comsdered wveral albermative locailons in the Camden area, 1opether wigh
wrioud schemet for each, and eventually decided to proceed with the
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The Structural EngineerValume 63 AM0. 4/ April 1865 : 109



Paper: White/Myers/Dutton

Cisanary site. Even (had choite wid keas than sleal, since ils Emited area
meant that ihe brief, which requoired all the components of the
development to be locaied ar groumd lewel, could not be mer. The
mecessary planning compromise was to siack some of the components =0
that, in the sonshg olfice Bladk, the mechansied leltor-sorting office is al
first floor sbove the yard for posal vehicle loadisg and unlasding asd the
mobor transport workshop (wee Fig 1), while in the adjoining wellaze
block 1\he Facilities are located above a twinsbevel siaff carpark. The
development 15 compleied by 1he admimmiration black, which stands at
the moeth end of the sine (see Fig 2).

The sire lies within a conservation arca aloagade the Repenl’s Canal
anad plannding restrictions affecred the height of the develogment.

Histery ol b site

The Coanary site is & 1-1 ha wedge-shaped piece of land between Si.
Pancras Way and 1bhe Regeni’s Camal (see Fig 3) and lies just to the norih
af §1. Pancras Hospital. Historically, the groand sloped from cast 10 west
with a fall of abowl 3 m tewards the River Fleat which ia aow culverad
and lies 1o e wedl of 51, Pancras Way,

In about 1817 part af the Regent's Canad consiruction MIHIH‘IM
enstern boumdary where it was out into the bocally owlcropping London
clay. Two acoess bridges crossed the canal wiih roasls minming sorous the
gile. Followimg (he sdwent of the m'"!ﬂ, & brick barrel sewer was
comitructed bemeath the canal, on the lEne of one of the access roads, to
prosvide a foul drain o @ goods yard on the east side of the camal.

Then, in 1864, the London and Midland Railway Company proposed
ke comstrucikon of ike 5t Pancras Ale & Corn Siore, fo be serviced by a
branch lime from the main St Pancras rallway lying 10 the cast of the
caral. The Ale & Corn Store, covering some 0 B ki, lter became Known
s the Granary, and was & structure with flvlﬂ-l'-'t‘lm]"#llﬂ- and live
Mieors supposied by cast-iron columnes, The ralleay access 1o the site bhad
ke iracks ard crossed the canal om a iwo-span plate girder bridge. As
ihe reilway was elevaved about 4 m abowe the canal, the whole of ke
north end of the site was raised to this level by backfilling between
maszive brick relaining walls up 13 B en high. Along the canal lronlage a
gorvered loading wharl was corsinocted by widening the canal up 1o the
main exiernal wall of the Granary; the wharf and roof were supported an
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casl-imon colpmed Tousded in the canal bed.

Im 19T, as pan al ke trunk sewer scheme Tor London ariginally
comceived by Baealgevie, the middie level sewer no, L, mow part of the
Thamss Water Authoriny's symem, was constnecoed by turmelling under
the morthern part of ihe site. The sewer is approximaiely 2 m in diameter
asd B Brick Bhed theoughoud, with its ercram about 45 m Below (e bed
al the canal,

Mo farther constnection iook place on the site, bat in the mid 19605 &
five-siarey office building wilh a two-siarey warehouse was conairucied
of adjoaning land agasnst the nonhern Boundary. Known as the Atlantic
Mctals Building, il is of ranfored cohinete Tramed conslrection, wilh
concrele black infkll pases, and s founsded &1 4 eelatively high bevel in the
beown London clay,

i 1978, afver several years of disuse and much debace abous jcs future,
the Geanary burmt down in dramatic faskion, The rules were conssdered
damgerous and were demolished, measares being taken to sabdlise the
now [ree-standing canal wall and other perimeter and inlernal retaining
walls. Some witile bvier, the radlway bridge across the caral was also
demalished, thas leavang the ile in the condition faced by the design leam
for the Post OTice development,

Siructural feaslbility study

A leasibily study was amang (he Tl taks usdenakes, I8 pufpose
being to determine the most appropriate siructural response oo the
proposed development, 'Whils prime cost was a significant criterion in
choosing the form of the struchare, considerable attention was alvo paid
o the need o prowide an expeditious resolution, in constraction terms, to
1he probleens arising [romm the satune of the siie. The principal areas of ibe
shady are mow discuiied.

Swpersimecinre opiiony I

Mg has boen describod cardier, the development is formed in three
seieond, the sorkng office Block, 1he wellare block, and the
sdmaniaracion bleck (see Fig 4. Alermative strectural solutioss were
comsldered for each sectlon, hoth in steslwoek nd W reanforesd concrene.
The schemes for sieelwork were discarded when they falled 10 thow
coonomy companed with reinforced concrele=—that in part being &
meflection of ke complexity of soms soctions af the development, e.g. in
1k shape of the welfare Block and in the shallow depth of the structaral
MNear zoee available im the adméaniseration block. The fimal selection was
1o use reinforced concrete throaghout, exceps for (ke roofs which were in
siruciural steebwork.

SORTING
OFFICE

BLOCH

o,
Fig 4, Plan af deveiopment
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Sorting office bieck. in ihe soring offics block 8 column grid of 12m =
12 m was adopeed above first foor (o sccommodate the positbonisg of 1he
mechanised lefter-sorling eguipment. Generally, ikai gnd was carried
down b0 grownd (oor But, to allow for vehicle movemenis, one row aff
colameas was displaced. The resulling arrangement was bess than ideal but
o permmil the optimum arrangemend for vohiche movement would have
made che first-floor construction excessively heavy,

The ground-floor slab in ibe velricks movemenn areas was regarded as
an external ground bearing pavement, snd this resulted in the need 1o
place 175 m of fill material fo achieve the comect levels. Other areas ai
grownd level, e.g. the receipt and dizpatch platform, were all 16 be
designed & Tolly suspended Sonstruciion.

Wellane block, The wellare block, Rlling the irikngulst spact belween the
sdmanmaration block and (e soriing office, wat 1o be muinky [our seoreyd
high, The lower two sIoTeys were Lo [orm & carpark, while the upper iwo
were 10 provide welfare fecilithes and some offices. The brief required
clear spans of 12 m in the carpask, bai the height restrictions on the
building meant ihai & sirsctural zone for the Moor constrection of onlly
T40 mam was available, resulling in a grillage ol relatively shallow beams
beang provided.

Admimiziration block. The administration block was also io be of four
storeys beal again, because of the planming resirictions, the sinactural rome
was Emited, this 1ime 16 330 mm. Mo drops were permizsible beneaik ihai
zoae and 1B sinactural oplions were iberefore confined be some farm of
Nat dlab consinsction, The sohition sdopted wad a iraditsonal Musk sefif
tlab spanning transversely ono longitudinal beam sirips. The exrernal
column grid emerged, from architectural considerations, at & m, while, 1o
albow for & ceniral corridor, the imernal column line was placed
asymmetrically, giving 7+ 5 m and 6 m bayd acdoss (B biakding.

S0 different are the thres blocks in terme of muss, nambser of Woneys,
imiernal configeration, and grid arrangement, ibha they have been
separated structarally by movement joims

Swhatrucivre oplions

Usually i is possible to obimin some information about existing
construction  from reconds beld by the omiginal desigmers, ihe local
amihordics or the bisilding owner, In this imiance & lew drawingt wene
located in the Public Records Office and ihe London Borough of
Camden's archives, bur they related mainly 10 allermions otk
wopersimocture and pave few detnils of the original construction,
Simdlarly, the minutes of the Canal Company were most inberesting bo
read bud gave no details of the canal comstruction.

Cleasly, for a building as masssve as 1b¢ Oranary, \hére was cvery
Ekelihood that there would Be subilaniial foendations. Ad e bisbkding
Bl cowered the majority of 1he 2108 ap 10 the embankments af the marth
end, and seemingly had 3100d successfully for some | 20 years, one of the
firsn guestions 10 be answered was whether it would be possibe 10 reuse
these foundations for the new development.

Characieristic of the period when developments pach a8 1bhe Oranary
were buill waid the praciie ol exdavating |he Sire 10 & sommon level and
then covering the excavanion wilh a sobitantial bed of comerele. Fram
that excellens working placform the sew bullding would be ralsed with the
walls and columns being founded om some form of spread footings.
However, the arraspemsend of miernal calusmns Tor the Oranary at 4-F m
squant wid & Iodal mimatch wih that fof the hew seiling office which
produced much higher cobamn Iopds on the 12 m square grid, Hence the
best that could be looked for was to design pad foundations using 1he
comgcrete rafy, if il existed, as the equivalent of a generous layer of
blinding concreie. However, calculaticns showed that pad feotings would
mied 1o Be very large &nd (roe codting exercises were ahowd 1o b
unsconcanical compared with bored plle fourdstioss, Hence the latier
wene pdoped, with dhe pile caps located above the exisling foendation
Leved,

Af ibee norik end Gl the side A the embankmenl arca, 1B reguirement
was 19 level the site by remdving some B m of Nl matensl and the
assccintod makive retiingng walls, Further excavilion would Folkow s
necessary for the Foundations 1o the sdministration Mock and part of the
udjoining welfare block. It was recognised that beave would result in the
London clays, and earty caloulations indicated (B, in the wors caee, (his
could be a: mech as 150 mm, Obviously, rormal pad Foolings, which
cAhdrwise could have been udsd, wombd have betn quilé EPRROPTEIE 1B
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such cosditions and seene form of special founsdation would be requined.
The declafon was takes 10 st piling with the piles sleeved over bl upper
lemgibs, and to progect ihe plie caps, ground beams, and suspended
prousd-slabs, by the exterwive use of Clayboard.

There remained 1 problems of how to deal with the boundaries of the
site. Clearly, it was nevesdary fo have regand 10 Lhe damage 1hat might
aggur to the Atlastic Metal Building on the sorthern boundanry as & nesgl
of groand hesve, and it wan decsded thar measures woald be wken 1o
molave, as Tar a4 practicable, the grourd Beneath this ballding from the
on ihe CGranary sive.

Abllough the highest level of prolection would have been achieved by
the vae of a tied back diaphragm wall, thiz proposal was abandoned as it
would have involved works outside the sive boundary. Further opiians
wire considered and the choie cvcnlaslly lay betwesn & liecilanding
disphragm wall snd a contlgucus pided wall: costing of aliernative
schemes led do the selection of the latier. In providing the contiguous
piled wall with piles embedded some 2% m deep, it was ingendes] that they
wiukd acl ot as a retaining wall but would provide pinning dows action,
haldenig down Ehe apper hidve pone 10 Meducs 1B vernical movemenl an
the area of the Atlastic Metals site.

Alonguide the canal the problem was differemi in that the development
of the sits required the material against the canal wall 1o be excavaled,
effectively undermining it 50 that permanent support woald be regaired
from ike new woeks, i was alo recognised, ahead of the siie
investigadion, that ike comsinection of the wall was in some places less
ihan robust, ity walertighiness somewhat dembaful, asd that greal care
wiould be neceusary during construtian Lo avoid ﬂu-lh.l Fuenibser dislress.
Tar overgame these problems the dechslon was aken to provide a Une of
support inside 1he sie positioned as close to the canal wall & practicable.

YWarious optioss were <onsidered, including a diaphragm wall, a
conlipuoas piled wall, and a sheet piled wall. The digpheagem wall wid
discounted ax, for the majority of ke lemgih ol the cinal, it woald have
had o b constructed theough approatmatcly 3 m of rubble ll, Guide
walls 10 chear thess obazructions would have had 10 be over 4 m deep and
their constroction woald have endangered the stabilliiy of ike canal wall.
Sheet steel piling was rejected, as it was considered that the heavy driving
Ekely 1o be mecessary would in all probability Further weaken the canal
wall arsd im &ny cise thene were nodse feslriclions on the gite imhibaling 1he
ust ol nesmal pile driving equipmseni. The chosen soluticn was 1o employ
condigwous bored piling inshde the fall lengih of ibe canal wall, even
thossgh there would be practical difficalties in chearing ike brick nsbble
fil.

The site investigation

The slsc invesiigation was designed 1o mcideve two principal objectives,
The firse was 0o determing 1he nature and charscieristics of the underlying
soali, while the secosd was 1o discover, s far &y practicable, the details off
the exisiting foundations and bowndary constnaction. 1t was alvo intended
to determyine whether ibere was leakage through the canal wall and
standing or mowing waber on the site.

Exbering fowndations aad boundary wall consiruction

A, real paa Hll'ﬂﬂﬂli-l]'ﬂ*ll-ﬂrﬁﬂ enil, doampaaking adme 12 pili (see Fig
5. Most pics were machine dug But, becasse of 1he depth of 1] materiak,
exploratory timbered shafts up 1o 8 m in depth were sunk @i the north end
of 1k site, particalarly o determine the corsinaction of ihe canal wall,
Ewen though the lacarions of 1be pit and shafts were chosen 1o neveal all
likedy Torma of boundary wall conatruction, it wad nol possikile o explose
every detail of ihe existing sirnectures om such a large site, and In one asea
im pasticulas this led 10 complications during the building works.,

The 1rial pits revealed thal the foundations to the Gramary building had
indend been made by excavating 10 a commoan lewel, approximately & m
below canal water level. A hyedraulic lime comserete ralt, some 790 mm
ibick, had ihen been placed over the whole -8 ha bullding area, above
which bases (0 the castsiron cofumns had been formed by positioning
several layers of 225 mm-1bick massive sandsione blocks on a 442 m grid.
Infiling above 15 conefele fall and ardund the sandsicne blaiks had
heen careeed ol will approaimanely -1 m of chay oa which a brick s
Moo had been construcied. Saanding warer was encouniered om 1he
brown London clay si the underside of the concrete rafi.

Thee wrial pits alio revealad the constructson of the canal wall, Over the
length of the Granary building the wall was 1-86 m thick, sapporied on
meidd comirele Footings. 18 obtained laveral swpport from a second inner
wall thesnigh & slab Todmisg a gallery &0 an inrmodiale bevel. To the
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mofth of the rallway bridge the wall showed evidemge of several
generations. of comstructbon with relacively shalbow fowndations and
considerable repair work. The abuimenis 1o the railway bridge were
Tormed in masaive brick péers, im furn sapporied on sandsionz blocks. Mo
waber pesciration of the camal wall was observed in 1be rial holes
adjisent 1o the sowbion section. However, those abong the naribhom
gecion revenbad rhatl water wias |-¢=ﬂ:|ﬂ.l Thsgmigh the wall i@ wgveral
locations.

O thee w0t bern boundary another brick retaining wall some § m high
supporied the recemily remamesd Granary S2rooi and made possible a lower
cariway.

& TRIAL PITS
& TRIAL SHAFTS
# BOREHOLES

Fig 5. S revestipalion
COHESION KMN/m?
100 o0 a1 400

30
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Fip 6. Coderion volues denermiaad by Sine nveiipniiom
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Calculations showed that many of the retaining walls had relied on the
dead weighs of the structore abave 10 give them sabillity. This had been
appreciaied during demdlition af the Granary & a large rubble berm had
heen kel apaine: the canal wall gnd iemporary steel propping had been
insericd 10 suppos the CGiranary Sireet and railway emvbankment retaining
wglla,

Rorehole imvestigations
Mine borchofes were drilled (10e Fig 5). Undisiarbed soil samples were
taken for labaratory iesiing from each borebole ar iniervals of -5 m
dopth. As andicipated from erefoience 10 1he mecords of odher nearby
developmsnts, brown London clay was found immediately beneath ihe
averile congrete of the Tormer Granary bullding, Than overlald blue
London clay, spproximately M0 m ohick, which in rurn overlsid the
‘Woolwich and Readimg beds, these being clay in this area. Triaxial tests
on 1he clavs indicated cohesion values ranging from 50 1o 400 kMSm?
increasing in sirengih with depll bal with a wide scateer {uee Fig §). The
clay had lew sand bemiei and 1he bores were dry, exoept for one of two
small ingarsions, Consolidation and expansbon 1ests were camied owl on
selected Borehode samples vo devermine the coefficients of compressibiliny
and expanion of the clay from which an sssesament could be made of 1he
likely amoant of heave,

Foundation desigm

LR T T T T

Darimg the feasibiliny study it had been recognised that removal of the
raitway embankmens ai the norib end of the tile would give rise 1o ground
heave and that ke design of piled foundations in that area would need 10
tnke account of sach movemend. At that time ihe principal concern was
faor vortical movement, bul during ihe design stage it waz Turther
recogniced that the removal of Lach a mapor surchange load woald alss
resull in il ground recovering froam i3 haripontal displacement. Deipite
an exicedive lermare search, very Hile infarmashon on the swbject was
kacated, probably siributable 1o the fact thal ground hesve ls more
mnormally encountered in deep basements and relaies o the floor only.
Howewer, unlike bazemesi consinsction where remiming walls are
provided wilh cllective resiraini by the slab. it ihin peaject mimimal
resiraind would be provided by dbe propoded pited foundaisoni. Thus
mosgmend i the spils wonld comlinug antil nulh'brlum condilsnng were
reached, by which time sinoctiural Tailure of che piles would probably have
occurred.,
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Analyses were undereken to determine 1he kely magmivode of boath
ventical wnd borizomial goll movements whil regard to kel cinse
dependency, These movemenis wene considered independently, using
consalidaiion iheosy io asses ithe veriical beave, while an estimade of ihe
horirontal movermeni was made by considering a simple siress path
analyias.

Unsestricied heave was shown o be in the onder of 100 mm at ihe
cendre of the area from which 1he eenbankesenl had bees removed,
reducingg 10 abput ¥ mm &l (e bogndares of the se {ige Fig T
Howewer, the resiralming sctlon of the plles for the new ballding would
sigralicantly reduse these MNgures by abou) half,

Tre horipontal componenl of the I:Hl'l.lﬂd mOvement was cllmaned 1o
be in the order of 20 mm az the perimeier of 1he adméinisiration block m
surfpce bewel, reducing 10 virtually no movement i 20 m depth (see Flg B
It =as estiimaced b Berween one-thind &nd one-half of this movemen
would cooar within the firsi few months following removal of ihe
surcharnge, 5o clearly it would be advantageoss (o delay 1he constroction
of the foandatbons in this area for as bong as possible.
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Dhegipn of fowndeions in ground sowTmem anfes

An amalysis of 1he abiliey of 1 clay 1o Now sorieonially anoand the piles
indicated ihad ihis would be of low order asd ihai ihe induced sbear
forced andl bending moments an ilse iop of 1ke piles could become critical,
leading to dhedr Cailore im ihem o i andersides ol ibe pile caps. The
litgraduse scarch hagd revealed no repoas of Ersciures whone measuces hid
beer paken 10 gvereame thas problem, excepd perhaps in the case of howies
willy deep srkp foolings in deticoated clay soils, wistre il i commms Lo
provide cross irenghes internally 1o relieve horizonsal swelling pressures,
Such measures would Bive Been unsuitable in 1has instance as the depih of
renches l'ﬁl;'h-lifl-'d wialld have been exdoitive and cheir prewence o e
vicinity of the camal wall would hawe seriously endangored lis sialilicy,

Clearly, ihe propasal for steeved piles arishng from 1he feasibaliny sy,
and concetved 1o cater for venical grousd hesve only, was now
inadequaie and a differem approact 10 proveciing the pales was requaired.

The scluiion adopied was 0 creale a zone immediaiely arourd each
piie and ol sufficient demb thas 1be horizonaal groond movement ould
lake place in an unresrained fashion wilhow imposing exccssive laveral
loading an the piles. Caloulaiions showed thas chis laiier condiikon would
be me il the &nnaular space exiended over Che Tirst 4 mial ibe piles dmsd was
bored some 100 mm ovirdioe on (he pile deameicr. I was decided that (he
resaliing vold should be filled with Bentonite both jo prewenl the olay
surface from sofiening asd alio 1o inhibil consiruciion malerial (alisg
back ng B. The desdgn of the pile could mow be complelsd making due
provision foe the efTecis of heave umll such 1ime &5 1k loads fromm 1he
new consinection produced o compersming effeo.

The pales supporved cags which is iarm received ground beams carrying
ihe suipended ground-Moar shab, ihe whode consiruction being provecied
apainiyd heave by 100 mm ihickeess ol Clayboard (tee Fig 9. The pile caps
and groussd beama wene desigmed to resis (he bending momenis and sheaa
fiweed ndsded e them by ibe lateral defllection of the piles. As ihe
harironcal ground moversend along the centreling of (he admanisi i
ek would be meglegabic, it was decided mol (0 deeve dbe piles Bpaconi
19 ghis hine ared 10 dake ik wand Torces ibraagh thiem (o the ground

Fowndations grownd the THA sewer

The sewer @ albo locaied in ke area fikely 1o be affecied by ground
msovemonl, Consideralion wid |horefore gaven 1o ihe order and rale ol
change of wivuckl displacemssnd which might ootiar aliong its lengik, Bul
e view was reached thad o fould sosépd ihe calculaled dasiorinnd
wilhpwl disiress and accordingly mo special prOJEclive MEKUTSS were
adopied. lis alignment alse coincided with the miakr gnd [ core @ e
st end af the adeninisraion block. There, o lousdanion level, beans
possitioned 10 albow the formation of the Bl phis were desigred (o bridge
the sewer spanming onito pile caps rusnieg alomg each sade. Their
supporiing piles lay within the defined zone of significasi vertical and
harizongal groand movement, and also had 10 meen (he TWA reguirsment
ihin mo load from ithe mew consiruciion be imposed on the sower.
Actordingly, they were dessgned 1o be Tricion-free dows 1o inven lowel,
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1o be achieved in constructom by overbaring amd inserting within 1he bore
an exiernally slip-coated permancn sieel steeve, The overbone gnnulus
wiik 1o be filled with bonionsie/coment grow up 10 a level 4 m below 1he
pile caps 1o give (he pile lareeal suppeat, wilh benionsie Glling oaly 1be
space ahowe.

Foundaimas ativicde groumd oW artes

The piled foundaisons in (hese areas, compriskng the whobe ol 1he sfting
fall and abow halll of ihe wellare block, were designed s siandard &S00
mm Fricison piles of approxdmadely 200m fengeh botrming jus ahove 1he
Wisnlwich and Reading bods, The design of ihe proaund-Thor coms rudtion
was carried through as determised n the Feasdibiliiy sudy.

Grownd works odiecesr o the Alkoeiic Metaly Baildiog

In the Feasabifiiy sody, provision was made 1o miniemise the efTects of
seriseal henve an the Alasiic Merals bailding by miroducing a conligusus
paled wall jusa within the Granary site. Whibe this conceps was in mself
satisfaciory, ibe reguirement (o consider ibe podssbiliiv ol horisankal
movement in The anderhang ¢y mow gave rod jo the negetsily 1o
reApPrEise Ehe aplness of such a wad,

The pibes, of pominal &0 mm diameer, were envisaged as being
desigmed unrestralned larerally bus, being relatively flexible, they were
liahle 10 deflect with ihe movemeni of 1be sarth mass, thues doing little e
prevent horizonial eanmh movemnenl. Accordingly, the possibality of
substituting for the conliguous pales with a #iffer form of consirucion
wilts recadamined, bud wis Found 1o B modd dnallrstive on cosl pridemds,

An assessmenl was then made of the effen om the Alantic Merals
bailding of hofizonial carth movemens in the range of 1030 mm. 1his
being the amiscipared deflecrion al surface level of the contigmous piled
wall, amd B was podged that e induced straims could be toderaced by ghe
siruciure wiikouml distress. 1 was decided, |henelore, Te conlinee with Tk
installation of 1he contigesus piled wall and 10 moniior 1he grousd
EHreEmeneg locally.

Grownd works of the canal wall

The site invesisgaion had revealed that the construcison of the canal wall
was suspect, particularly al the north end where it was Tor 1be mak pan
founded & relatively high level, Im the feasibilily ssdy 1he favoured
solugion was 10 bose & configeous pdled wall thraisgh the rubble berm
adjacest to the canal. However, a5 a resull of the doubts about the
imegrity of the wall revealed by 1he sive investigmion, 1he opgions for
suppaoriing the wall were revicwed.

Alangiade the Granasy Lhe canal was unusizally wide, Hﬂﬁ'llﬂﬂ The
carlicr construction of the covered loading whasf, and the ldea of
cons ructing & wall wichin the camal becasne arcractive. Approaches 1o 1
canal ambeoriy were well received and, as a resuls, approval was given loc
a mew permangmd sheet steel wall to be continestied in the cansl | m rom
the walll [ace owver the whobc length of 1he site and scaled back sl 1
caisling wall &1 each end. The sheeis were 1o be driven by a siles asad
sibrariomiess pile-driving syscem and the new wall was designed to act az a
cantilever lownded i ihe London clay. At the location of the TWA sower
the muach shorier pibes were ddSumed o aci as propped cantiléovers
supported by a walling carried 1o high modulus cangilever piies on cach
side @l the sewer. ln the ase af the wmall sewer, which was only juas
bclirw tbe bed of the canal, i was decided thay the rlsk of 1k pile driving
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camsing collapse of the wewer was too great 1o accep . Acoordengly, a 1be
sewer was disused, provision was made Toc 6 1o be MNiked wich PFA groa
sr Phat the piles could sabseqisenily B driven doem o b,

A walkway was 1o be provided berween (he canal asd 1he complelsd
bazilding (see Fig 103, I was 10 be abour 2 m abose the grownd-fleos level
ol the new bailding. and was 1o be rotained by L-shaped frec-manding
reinforced comcrere walls, Since the drains &n this viciniey wouald be
vulnerable 10 groursd movermeni, shoves, protecied by Clavboard on ibe
urderside, were designoed to cantilever from the bostom of the perimseer
grownd Beams wilh the dczins and manhodes baile on them. However, il
gomns Tt o reduaired diogp exvavaiions al ghe Fool of the canal wall, 4
thmt, in cerimin aress, s siabilay wes exmisined o relmsan 1o slip cirde
failwre. This was viewed as being more ihan just @ shor-icrm peablen,
singe the purpose of Clayboard s subsaantially 1o keave a permanen) void.
T restoare sones of the surcharge losa by Torming the deep trench. it was
decided 10 substilue a sbifer mmerial for the Clayboard locally wnder
Mg caps snd ground beams, Laboraiory 1eas were carried pu on selegred
grades of expanded polysiyrese which shiwed (hat, goce 1B nktial viehd
sress of 1he materal was overconse. oroep effects becanse significant and
compression woalld comiiniss Bl 81 & reduded rate. Mowever, ibe resideal
sirength i the palysiynind wWas Suffsienr to cnable a sneall surcharge o b
generaled, The presenge of (Bl mareresl haed the additional benefi of
inhshiting the collection of water in b voil whath sould have had
snifpening efiects om the clay.

The firsl bousdary conditnm 1o be consedened was rhar sdpniming
Ciranary Screet. 'With the benefid of the information gained from the sile
invesiigation {ic. the nature of the masonry, the wall thicknesses, aml
exrveni and position of foundations), it was possible to analyie (b stabiliny
off ke wall, On completion off fhe devélopment some 2 m all Tl maderial
wii required o Be pleced which would smproee the wall siabilisy
suffsciencly v enabie the raking shores inserved a0 ihe thme of demolition
1o be remeved, However, as a slighn movement of the wall would ocoar if
ikee stvores were remnoved, i1 wis condslered prudeoni fo ledave them im place
1o avond 1k podtibalny of damige 10 1he rodd amd services running in ¥,
Tor increase the life of 1he shores, which woubd be buried, ey were 1o be
ensased in conerele,

Supersinecture

The Eaflding wat given visual cohctivemess by iz principal csddmng
maierial, & curiain wall syitem of glasd and stove onamelled wamdwich
panchs (se¢ Fug V1], s fn excepnsdin, hivwever, in the Iwo-Sloney carpark
and 1k lower level of 1he soming office, closely spaced precasi concree
mullios ushs were ingorporared, thas allowing nasurall venrilarios 1o
ocour in vehlicke movement arcas. The rool cladding was a shallow pitch
corrugaied alamimiem syiiem,. clhipped 10 supposting members. Tronm
Belaw, therehy avaideng the reed for through fxings and alse Baning the
bemefin of being free 10 move ihermally.

Thie final design developed the siructeral Form determuined an feasibiliiy
sage. In the wwrting ol Tioe 1 reanlarged concrete Trlene was carrgsd up o
Tersi-Moor level (see Fag 1) &nid legally Beyond o loem the oemieal
planiroom. The slab m Grs-Bocs level was of comventional solid
reinforced concrete conmiroction, 173 mm hick, desigred for &
saperimpraed load of 5<% kN/m? amd carried by secondasy reinforced
concrete beams & 4 m genired, Openings were provided to allow For ike
imsiallation of chudes and ¢anveyors o take the mails besween the sorting
ofTiee and 1k receipn and dispaich arenas im ik loading hays ae grownd
flaar. The secondiry Beams were suppomed by primasy beams nodamally
1% m desp 0-4% 'm wide, carmed 1o columns on the 12 m grid,
However, where the colwmnd were offiet 10 ibe vehiclke movermend arca &
ground foer, the span of 1he primary beams gver was mereased e 16 m
and rhedr size e 2-% m by 045 moso as 1o canry the firs-Csor colemas.

In the soning of foe the conorete columes continued up 1o rool evel o
prowide the scating 1o the structecsl sieel shallow rood piich of overall
dimensions some T8m 78 m, Proviskon was made in the Bearings al ks
column beads 10 accommendare out-of-poaaion derances, The easernal
conerete columns wore desigreed as cantilevers agasnst Inleral losding. Tie
rosfl steelwork cherefore requined mo fire profection, since it gave mi
laveral resraiml do ibe enchseng walls, The sicelwinrk was blas clieanes
and then paieted sk o 2 phosphate epocy pinl wsbom,

Bemeath 1be sortiieg office rond a steclwork subfreme was suspended (o
curry the mechamival and elecarical serios (see Fig 1230 A fumher
sublrame was pronaded 1o the side walls 1o grve bmeral sapport 1o the
cimiain walkling. meccitilaicd by the high bead room and wide endumn
AfRICINg.
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Fig 12, Serwors sihfreme in (e sorniag offior

Fig 13, Comal elevarion strucivwred frome neanieg compiemo
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In the wellare Bock, (here was conlic1 between (he ideal drusciural
Ends Tor the user and carpiiking Fehbileei. The lower 1w [oars of
carparking were served by rampa, The Moors were suppodied by a griflage
of V0 mm « D000 men beams a5 4 m centres spanning 12 m oo 900 mm

1500 mm edge beams of simdar span. A sominal 173 men sodid
concreie slab Formed the Noor deck with an addimional [2 mem concreie
ihickneis 44 a wearing &llowance. The upper floors of ihe block were of
simalar framing. boi wilh 300 mm tradiisonal hollow clay poi obbed
habs. The struciural Steel roof sydiem wad similar 1o thaa Tor the soriing
gflice

The admisiscrivon  Bogck  fruciural &rcangement  remsancd  as
enviEREed a1 [eatibilly nags walk the slab pancls again being formed in
holw Pl CONELTUCIEDR, THE 10f iLodey Dhmprised 4 seres of S1eel podial
lrames {see Fig 1.3y ¢had an uriaan walling and alumaniam roal deckiag.
The reimforcement from the lower colames was carrsed Theough inko ihe
concrete casing of (he pomal frame 2gs o provide seabilily under fire
cond®ions. This enabled a waiver o be obained from the Gremer
Lomdon Council againa the @atmsory requirememt 1o provide fire
profection o ibe porial rafiers.

The construciion

Alihough the stheme has been wiih ibe condulidnis Lince lanakry 1980,
the Pasi OINoe wid usable to give insirucizons bo proiond to [ull dedign
and onsirugison Enlil Fobruary 1983, Al che tame lime & completon dale
wems 85l Tor Jane 1985, with (ke cailier date of March 1985 For the sonbag
hall 3 rthal the lewer-garnmnmg machisery <ould B nsladled anpd
commasiomed, The coneragt was 10 be the normal JCT 1980 wiih
Quantivies edition. Assewssmens by the consalians made it clear 1w,
allawing for @ 2-year construction peripd, rhere was insafficiest lime
availzhle 1o permii a Nall design 10 be compleied and normal compeiiive
renders 1o be obained Tor @ start on sice in Jene 1983,

Clearly, carly consimesction would conceniralie om overcoming ihe
problems arising lrom building on a derelsci diie, many of which vwoiakl
bemel Trom being worked on during the beiter weaiher condmions of 1he
fumemer monithi. There was also (he reguaremdnl 10 remove (he railway
enybankiment &l 1he enf il possible lime 10 thal groand movimeal fald
lake place for & lOng &8 possibic pror to 1he permantnl works bheing
undennken, Accordingly, in was decided 1o ren 8 prefiminary cosmact of
16 weeks” durmion for the piling ond eanbworks, buy with siage
completion ai 12 weeks when sufficient piling would be irsialied 1o enakble
ke second and main coniracior (o commence work.

In recogniion af the Tl thas the majoriiy of the works in ibe T
fontradd wont piling operalions. 11 wad decided 1o ol Ter the woek 10 paling
conirsdton, who woill stquint tuch olher sspport 85 Ihkey deemed
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nedeitary for the gemeral works of breaking oif, demaolition, and groani!
Exchvalian. |1 wak islendad thar, after week 12, 1he Dird donlrddl vokild
be gaxigned 1o ihe main comteaciar whis would inke pm e peling company
s his subconiractor with the parties 0w inoibedr fraditbonal rodes.

In accordance with Travers Morgan's mormal proceduare the piling
coniréior wat required o provide the piles and guaranies ibecir
lpadcarrying capacity. The piler were 10 {omply wilh 8 performanse
specilicalion based on 1he condultani's deshgn, complancs being proved
by 1esting 1A ehe usiead manacd, I was denng che iender pericd han (ke
piling coniractor, with his advieers, offered an alternative design for 1he
contiguous piles which allowed Tor S0 mm diameter pikes 1o be spaced a
1 m cenirex.

The absove peopodsl wat accepted and the paling works commendctd on
1kme, |8 was daring the carly siages thay problems from the lack of
complee knowledge of 1he s hemary and ground cosditicns manifesed
ihemselves, Alangssde ibe Ailaniic Meals building the costigunas pile
wall was io be dnstalled Mrom the 1op of the embankment prior o §is
remowal. As the work progressed away from the canal wall, massive
inddanry condiraction was discovered whach made noomal pale Baring
imapodiable, The problom wil overcormnt By ulicg & heavy coring machine
which enabded an oviriaee mdial line 10 b inseried Ihrough the misondy
ligo 1k maural ground and (hrough wivch 1he piles were bored and cast,

The imention 10 mansor ground improvemend adjaceni coe the Atlantic
Meials building was put into effect. Inclinometer iubes were instalbed in
ihree piles & approximaiely 10 m ceniret and @ Badeline was esiablished
For reference. Addiliondlly, level pims were Niwed (o the wall of the
Bigildeng. Manitosang of the irgBnoeneiers Bas thown slight movemsni ol
Ve wealll pomards dbse Gieamary sive, bal they have nol risen, suggesting (ha
1he pannang actios o seocesslul,

As described, the mais besed piling was provided by rhe piling
civstracior v @ performance specificmion. & tocal of 460 piles was
proposed, with diameters of 300 mm or 6 mm, havieg lenghhs vanang
from 14 mi o 20 m nio the clay. The piles wong 10 ¢y wErrical [asds an
ihe range of 500 kM jo 1700 kM and, addivipnslly, cenam oF (b palig were
deiigned o resist horizonial wind forces of up oo B0 KN, Two preliminary
koad 12514 were undenaken 1o prove the design and resulzs from the firs
bR il &S00 men disameier pale, 21 m long. me the seiglement criteria
witder boil workeng and ewice working losd. The scooed (est, on a 500
mmi diameter pile |4 m long, men ihe seitlement crilerison ak working losl
but af dwice working load just Tailed 1o @Bicvd (e Sppropamle valug,

From the two dets of 168 resulls i was judged thal there had been an
pvirgsiimadion ol ikt coltgeon of the upper levels of the clay, and s
lewgalss of the shorier piles were increased by ap o | m. A Darileer
prefiminary knad 1em confirmed the adegaacy of (his revised design.
Bubsequent 1esis o workeng piles alse proved sagisfaciory, i being
faken wp 1o 105 temes working lad.

The insaflation of ibhe working piles was completed wscceasfully,
alhough, as & not unoommon, a few were found b0 exceed the positional
iokerance of TS mm. Piles designed 10 nesisl westical heave Torcet reguired
heay meinfarcement capes iBrowghowt (hor full lenglh bul, whese
sloevang wad provided v (e upper £ m, the amount wal reduced, Sande
1he pilunl g wit mnakde 13 cope with the npe and weight of the cages,
sddaicns] craneage was brougha 1o e,

Farming the annalar space 1o proaect ihe piles from horizontal soil
maverment  was gemserally  straighiforsard. However, problems were
encoumientd in soene ancas of made groand whene il was neccdary 1o 1
@ the bearomile, peciumably Bbecauis the open eauee ¢ 1B Tl provided
an insial paik for leakags

Alongside the camal wall abe instaflazion of the expanded polysiyrenc
bemeaih ceriain pile caps and ground beams presenied wo problem.
Howewer, befiore placing the much larper quantiiy ©F Clawtoard wnder ihe
resl ol the éonsimsction in Uhal ared, peecaulicons werd necoaary o
prewenl dls presndure oollapie. Thin Sould have oecurned fndm moslure
ingreds. prigd 0o Lhe compiclson ol Ihe permancnl ¢ofkoele wooks
immediartly above, The requised proecison wis achieved by sealing the
slats of Clavboard i large poheihyiens bags. Tubes were 1hen led from
each bag throwgh 1he concreie sfab 1o enable waser 1o be imroduced
subdequendly inio the Claybaard 1o assisi = s collagee.

Witk ibe difficwhies in ibhe ground osvercome, the constroction of the
sipersinactiure progressed well (wee Fig 14) with only occasional prablems
ariging, One of 1hese canttrned the CONEPRCTOE™S anigslian 1O ¢asl The
Ime=high cobumns of the lower stogey of che sorting oflice block inane lifl,
To facale compaciion of 1be concrete the contractos adopled & mix
incoeporaling a wuperplasiicisung addizive on 1he advice of a wpecialim
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vapplier. Mowever, carly results were disappointing, colemn laces
showing sige of excessive bleoding and segregation of 1he concreie mix.
Afier 1aking Turther experi advice the contracior revemed o a standard
comcrete wnx Gnd cald the columns in 1o 1,

The comcrete for the project was premiced and there wa Freqaes
wampling of deliverbss. Test cwbe results, in general, showed 28.day
atfedgihs mwch higher cham she specification requirememis. Principaily,
thias resulied from the need 1o @earporate in the mix, for resons of
dursbllicy, & larger quantity of cement than was requised for strength

=
Fig M. Aerial vidw—SupNTsITUCIrd IN Drogress

As siom a8 Ehe concrefe works Tor the sodding office Block bad been
eampheisd, e ergclion of 1B Miredtural Woslwark For 1he mool bigan.
Both ghe fabocsmtion and the esection of the spechwark might have been
expecied ro present difficulties owing 1o 1he complex grameley ol pans of
the building, particalady the roof. Howewer, the work procesded
ureerenifally and the wpasl concern abouat the fii beiwesn 1he concrete asd
siee] frames praved unfoundad.

The widkd rednkm on programme [Dr complédian by misd summer 1985,
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Mr . A. Lampdown (F} (Costain Construction Led.y: First, | would
congralulale the ambors on their paper which describes a job with a
number o very inberciing Teatwres, parisularly in relation 1o ground
wiEkd,

From the contractor’s temporeery works poing of view, the inicial
problem was the stability of the canal wall during excanvation waorks at the
redr. As linlke was bnown aboud the conditson of ike wall, which varied
consdderably in constraction and condition along s lengih, the analysis
fos smability had 1w be checked in pumerous places. Generally, by
I‘ﬂ-ll"hlll. Ihe lovei Jeve] excavations Tor hases a2 1he rear of the wall 16
Bolared pocketd on the ‘Bil and miss” principle, W wad possible 1o
construct the work without propping the wall,

The temporary stwbility of che cenal wall did, Bowever, rely on
maintaining a dry *void® between the line of sheet piles in the canal and
the old wall. This is ibe space which & shown finally filled in on Fig 10 of
the papsr.

Oing emerpency silualion anoks during the construclion of the grousd
warks when, because of an operming faflure in controlling 1be canal warer
level, (ke canal water unexpeciedly rose and over-topped (Be now of shes
piling and siarted to fill up this void beiwesn ihe sheet piles and the wall,
ihus endangering the wall stahbility.

Pumiping thal had already been installed 1o deal with leakage through
ibe sheet pile clubches wias fortunately on hand to keep the sarchkasge on
1B weadl Trom wealer pressure 10 & mindmusn, bul, 52 3 malter of wle ey,
wirk adjacen) to the canal was halied usill pormal conditions had bsen
restored,

One signiflcant programming probiem ihat we had was the need to
comsruct (ke first-fhoor beams and slabs before the ground-floor beams
ard alakd weere casl and cured. Im bt aread whend Lhe i it grodind wis
poor and the groumd-Moor slab was itsell supporied by piled, the
tom porady works 10 dapport the Rrd-Noos IFemwork were very exlendne
asd w grillage of temporary sieel Beama between pile caps was neaded 10
carry the Falsework For ke firs-foor formwark.

Im cahsr arcas, as ihe frst-Moor wel condrele bosd was greaber 1Basn the
denign ol oF (e perrmaserl ground-flsor dab, & nembser of losding negrs
were underiaken on the ground 1 assess likely setilement and allowable
groundbearing pressures. The problemn was parily overcome by casimg
the heavy beam section first and the slabs lmer.

1 would like to refer 1o the casting of the Tm-high columns about
S0 mm. sjeare, which, & tke paper says, we orginally hoped 1o ¢adl in
one pour, tsing Cormix 5P ‘ssperplasticiser”. This did, however, rosalt
i some scpregalion @0 some of dbhe codumas, 1 was considered thal
revising the max desgs 1o ancdude more wand might kave helped the
silization, b (his was oot possible in 1he (e,

Finally, thres sifes of ihe column shwiier were erecied for Null height
and ihe fourth side balf height; the concrete was placed for hall heighi
and vibrated snd then the remasning shetter fised and the concreling
completed 1o the top,

The Cormin ‘usporplasticiier” was wsed succewsfully elsewhere on the
st for coscraling the strongroom walls which were 330 mm thick and
3 m high and excepiionally heavily reinforosd.

1 was very imierested im ibe fgures guobed Tor the anticipaied hesve of
the zail.

1 penese a large number of sodl feports dusring the course of a year and |
arn often aemprised ai the relmively high figures quoded both for grounsd
heave during demodition and excavation and for the hong-term differengial
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setilement of pad foundations, sometimes in what appear 10 be fairly
pood sodlk,

1 wonder whelher the geologisls who wiite these reporis realise how
many buildsngs are piled gpecifically because of the lage seitlemen
figures peedicied by (hes 1beory. | woukl thereTare be pleased to learn
whether any records extm of the serual geound hesve experienced in
practice 1o compare with the fgures predizred by theary.

Fimally, noting tha fairdy large spans were required in some areas, |

wander whether prestressed concnete was considered as an option for the
COnsration,
Mr Dwitos: | agree 1hal many &oil reports predict large ground
menvements for Both heave and settlement and that # & important o have
& many records as possible 1o defermine whetler the predictions are
borme out in practice. Ad present, there b very Bl Imformation on aciasl
movemenis gemerally available.

Wi cortainly considered the possibility of momiioring ground beave on
se, Howewes, when we asscsied the practicality of so daing, it became
apparend ik, owing 1o the complenity of necding o relecate continually
ik bevelling poimis as fiu excavatios and Iben consmaction ook place, il
woukl prove an expensive amd unreflable procedure. We therefore decided
b concerdrple effost on the more Enpomant aspecd of monitoring ke
et of IBe contiguoss pike wall.

Mr Myer: Considersibon was given, af the prelimenary design stage, 1o
the feasibility of wsing reinforced concrete, prestressed conerele OF
struciural steelwork as the sinectural medium for the projeo. An easly
deciion wak reached thad the mosi approprisie sinscture woald be a
kovtrid wigh the lomger roofl spans i sirsctural sieebwork. More detailed
inviRigaton wid usslomaken for the remaimsder of the suptrsimacture, and
cerlaindy stroctusal sicebwork, reinforced and prestressed coserele were
considered for the longer-span beams of the serting hall flaor. However,
particufarty on the basis of costing advice, the use of reinforced concrele
was Minally selecied 2z the most praciical and econcemical solugion.

Dy, B, Simpson (Chve Arup & Parmersh: Al the north end of the sbe, an
ared of show 2100 mY was averlain by about & m of [l above the peneral
sie bevel, as indizaied by the srippled area in Fig 3 of the paper. This i@
was 10 be removed.

The contract reguired thai the piling contractor =as responsible for the
prediction and limitation of ground movements 5o as oo avold demage o
bt proposed snecture and 0 the adiscent Atlanik Metali building.
Expanded Pilidg Lid. commissicned Owve Arop & Pariner 1o canry ouf a
Wudy of the possible grownd movements, to advise om their effecd oo the
adjacent building, and Lo desgm the piles for the pew Building. taking
aczoant of venical and korizoniel groand maversent.

Finite element computstions were camried out for this purpose, using
Enear clasiE paransclers. The asamplions adopled were pessimntic,
Being chosen w0 as b0 endwere a jale dodgn rather than 4 "bey eslimane”
prediction of behavious.

The posashble influence of the removal of overbarden was computed by
comisdering remsaval of & carcular arca, 90 m in dEameler. The cosiract
required that & rovw of piles be Bullt of the nombern bowndary of the dice,
4 shaowm By the doited Bne in Fig 7 of paper, before the overburden was
removed. These piles were therefore mcboded in the compuzational
masdel. Referring to the undmined shear sirengih of the London clay, c,.
Young™s madulus was taken b0 be #0c, in the shor-term {andmined)
case and 130, s the Bong-lerm (drained) cais. Mo aciount was taken aff
the siilfenieg elffeer of the foundation pides,
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The computed hosiecnal movements For the bine of plles a the
northern boundary of the siie are slown in Fig D1, 11 was found that the
presence End lempih of thess piles made no difference to the computed
horizonial movements. This oooars becaase the berkling Miffness of the
piles ix nod significant compared with the Siffness of the defosming
grousd. The Leesile siifTness of ke piles bs significant, boweves, and their
effect on compubed vertical movements can be wen in Fig DX, Following
the method of Burland & Wroth!, enale siraing, €, For the Arlsnee
Metals building were cabcubated , and it was shawn (hat 1bese were reduced
below the crilical walus of D-075 Te when ke now of piles was included in
the computalion,

In areas where the heave which would occur before the piles were
loaded was compauted 1o be mose than 30 mm, tension Secl was pronviaded,
This was desigred asing Uhe conventioaal assumpiion that shall adliesian

HORIZONTAL DISPLACEMENT (mm
o 20 w0 o fmo
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Mnlalsf -
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Fig I, Compiuded hovizonte! movemeats of the row of boved piles
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- I ‘QQ Lang term:
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:E-.{El.'"f.‘tm_‘_____ T .Y LI -
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Fig D2, Compited heave of the grownd murfoce
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would be egual to of,, bur & was se1 10 ibe pessimistically high vabse of
7. A perousaible steel sircis of 250 N/mm® was adopied in order bo
prevend excessive elongation and cracking of the piles. Thas combinalion
ol paramelers & considerad (0 b very comserviive,

Plles subject 1o lmersd ground movemseng were designed esing 8 beam
and spring analogue, in which the head of the pile was displaced, withow
riation, by an amounl gl 16 1he computed laleral movement of Lhe
grousl

Growsnd movements were moafiored by the engimeer during

construction, and it would be of Inderest to compare measwred
meovensenis with ibe pessmisiic computations described aksove.
Mr Dwitom: Az Dv. Simpson mentiomed, we have monicored ihe
moverment af the contiguous pade wall. Thoee of the 15 piles had
imclinsmister cubes castl Into ikem daring thelr cosaruction. Since then
their movemenis have beem monivored over a period of approcimately 1
year, Beginming with a base sel just prior o the commemcemoni of
encavalion and then & ndreasing mlervals of 1 wodks, 1 mosiks, 4
months, and & months. The monsorng was canded out by o specialisn soil
ims rumenEaiion company.

The movemonis of ihe pilies Bave been small and are, o general, of ibe
pamie ordir sl |he acursey of the sdinemenls, Hovwswer, sbme Lrgnds ane
apparent and can be wen im Figs D3 and Do

For movement to and from the Atlantic Merads wall [(see Fig D3),
inclinometers nos. I and ¥ seem to indicate the movement as predicied by
D, Simigion n thal the tope af ihode piles hinve mowved towards dhe
Adfamic Metals wall & ihe slor 1erm. n the langer tevm, hawever, the
piles have tended vo drift away from the Ailancie Metals wall over thir
full depih, conrary o Dr. Simpson's prediciion. Inclinometer no. |
would appear 1o be the inevilable rogue and has gone its own way but
ihem 0 hmﬂvWGMIn:anmm:hunu:Mmm:dm
encavated Im anpes winh bong vime-lmiervals berwees, Vimually the whols
of the mowement in that pile iook place in the shom term with livile change
since. We believe the general movement away from the site may be
marributsble po the folowing:

i) The proaimity of the plle 1o 1he canal which exemed & continucus

lateral prisizre ofi Lthe head of ikhe pile above the excavabed level

elsewhere,

() The Salantic Metals building in that bocation, being iwo staneys

15 11 H 1.8
1'
10 |
i
.
" 3 2 . 1

INCLINOMETER RESLLTS
Fip D3, Movemears to and fromt Arlaarie Meraly wal!
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imstead of five, exents a smafler koading and thorefore pravides bess

resdraini B0 monvement.

For movemenls in The $ineclion 0o and hbi 158 canal (s Fig D), the
trend would appear 1o Be for the oater piles 1o move towarnds sach other,
though ihe movement is quite small,

Inclinceneter no. 2, biwever, has moved 7 mm towands 54, Pancras
Way, The maporily of the Mmovemenl Bapponed in (b cafly Rages aad s
probably mirribwable 10 a deep pile cop excavation being made adjacent
v ihe pile.

in addition to monitaring the hotizostal movessents of the pile, we aluwo
monitored the vertical movenwnd all the Adlantic Metdls wall. To do
isvalved pefacing levels to a safe daum somme 75 mogway, nonbeards up
5. Pascras Way, Owing to & larpe nuenber of change poimts being
required, accuracy is no betier than 23-4 man. Even 0, a tremd is
apparent i{see Fig DI).

T that left-Bas] side, the wall has fisen in the crdes of & mm. To the
right-Basd side the amoust {5 seares 10 mm. That ks probably dus 10 the
Eghuer loading of the Adlamiic Metals building on the righa-hand side. In

AL T S

Fig 4. Vertical movemenis along Ankoviic Medale bowedary
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the cenirg 1he movermend is only 4 mm, comirary 16 the expectation thai
the amount of vertical heave would be § mudmmurs 81 the comee, 'We
consider ihai the discrepancy is probably the result of the local
concendration of pikes for the new buoilding sdjscent 1o that mrea
restraning e vertical movemenl.

We also wried se monitor ghe venesl movement of the hesds of 1he
piles, bt foursd that the accuracy of measurement was larger than ike
arsnind of movemenl, which was sdmewhere in the 5% men mnge and s
enuch leia tham ihe movemenl of the Allastic Meals Building. 50 (he piles
wauld appear 1o be performsng their inpended fancien of pinsing down
the ground, though some limited heave is sill waking place on the other
shde of ikt weall, Wi are pléased b0 sy thal ibhe vertical mse of ibe Aflaniic
Metali bixikding is 910 bess thas 1he amoant (ke Dr. Simpaon cileulsied
the bailding can olemie before it s discressed,

Drr. Simpeon also mentiomed his approach to designing the piles subject
1 hofisonthl el movimment, The examiple he discusssd was [or piles
withour sleeving which were required fo socommadale @p b 10 mm
horizostal movement. Referring 1o Fig B of the paper il can be seen ghat
w0il maverments in ibe order of (20 mem were anticipaved. Pilles in the O- 10
men movemsent fone were lefl unsleeved. Those included a group of piles
dowm the centrelne of the Adminrdraibon Block. In areas where the soil
wats expected 1o move by more than 10 mm the piles were provided with
&n annalar space around the upper 4 m o permit the sail 1o move wighout
exerting what would amount to a very farge laleral foroe on the pile. The
amnular space was formed as shown in Fig 6 and as described i the
paper, Even wilh (het slesving, we eitimaled 1be dhear [orce indeced al
it bead of the plle would be wp o 75 kN and the bending moment up 1o
150 kMm. Thoze are moi inconsidersble forces and momends which
needed 1o b accommodaied by the substruciure. They were nesisied by
making use of ihe grillige of growund beams,

M particular difficulty were ihe piles adjaceni o ibe TWA sower (52
Fig D). The TWA had stipulabed ihat ihe piles should nat exerl any load
on the sewer and that (they masd be delmctiianalised down 1o the bevel of
1he sewer al 8 depih ol 66 m, An anialsr space wal Tommed aroaend the
piles in & simifar way o the piies ssbject o lateral ground enoversent.

However, it was felt thai the pile should receive some bteml support,
s Lhe lower 206 moof ihe annulus was (led with & bentomiieoement
groet. The slecwing was defrctionalised by coating it with & layer oF visco-
elmzic bioumen compound which was sl enough 1o resist damage during
the placing of the skeeving bai had considerable long-ienm creep capacity.
B G, B Hollend (The Expanded Piling Co. Led.j: By moss siandards,
this was § somewhal unwsual conlras for g piling coniracor o
undenake, cipecally one whese main operatioss are to consinsct large
dizmmerer plles using crame-moanted auger rigs.

Fig Dd. Sleeving o piler: Iypdcal cieail
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There werg § paiimled oF ancillary warks, whoss 10181 valed excoidad b
valss of the sctual Bored ping. The sile preparation snd the see kel
piling, together with the prelimenaries, constivured the bulk of ki, and an
arrangement was made between the Expamded Piling Co. and Messs
Lilley Comsinaction thai all work other than that immediagely associated
wilh the bored piliag shoakl be camed out by Lilley Construction. This
was a rather unosual arangement where the main  conltacianrs
miemrdances and oiher works were camied oul &s a8 subconimct, e fa ihe
wmangement worbed guite well. The Expanded Co. sdminissered ihe
coniract and deall with all contractual matters throughout.

The subieguenl coniracius! arrangement, descorbed in the paper, of
adigEng the comlract 1o the subsaquent maen coslipcior did, however,
peetend admimsirslive probloms. 1o retrospect, il might have boon belior
for ke piling comiract (o have boom compleied under the ceginal
arrargpemani. 1 18 nol encomenon ko dins for meore than ome
cantraior 1o be workimg an (he seme site, cach with ‘trade confracts
with the employer,

Techmically, the main problems arose in dealing with she design of piles
oy resist beave and consoguent veriscal and laleral boads on the piles.

There bl boen some sighl problem wilh the basic diesign of the pales,
o garry verlseal loads, Problems do tend 1o arise when ihe engineer’s
specification requires the pile to achieve & hmited senlement s (the
designed ultimate boad. [ weems 1o me that a pile designed for o specific
factor af safety (hoormically shombd jusa fail af thal facior of afey.
Conscquendly, with accursicly designed pibes, to achicve a limited
setllemcm, when (he pald o &l (he ponnl @l fmluge, i, (0 iy the leasd,
tricky. It would seem preferable to have a specified performance 8 (ay)
working load amd 1-5 x w.l, and then io prove the ahismae bad sith &
CRIF Desi,

The question of limiting heave was a much more complicated malier,
In the evenl, we cagagesd the sorviors of the Geotechnical Sectios of
Migsars Ove Arup & Pannen to carry oul ikis design work for us. 1 ihink
thaz i@ B nol atwemys fully apprecisied by the professional team what
difficaliies these rather more complicated m&iten presenl to piling
contracion, cspecially al the time of iender, There is quite a dalTeren
approach by differenl consulling engineers on these questions al desiga,
Mlany piling coniracion do st hane the resoances, inhouse, 10 carmy ol
all of the deiafled designs within the tinse available, the tender period
belng unmally very limited. Im this particalar case, @ was necessary 1o

2

obisin detsil of the adjscent sirociures, and ihese were Gol &l (ko
readily available,

Mot sarprisingly, most copsulling engieeers require te be pasd for
carrying oul the work asd, at the render siage, there & no guarantee that
the job willl be won and 1kose coats recovered, It would seem 10 me that, if
the piling comracior is to be responsible for design, iben a more equitable
armangement might be Fos the enginesr 10 indscale 188 order of the
reguircTnenli—sngs OF piles, reinfar¢ement, 44, —and for all tenderers 10
peice on 1hst hasi, The plling contracior who is susecessful in wingsing the
contret coald then check (amd maybe sven improvel on the design and
assume responsibdliiy. 1 is perhaps worthy of note that the revised draft
of the ICE Model Proceduses Tor piliag staies 1hat the whimse
Fespansibalily FoF detiph festy willh the engissers,

The commeid @ [he paper regardang piles oul of positeon mises asother
interesting poimi. The large majoridy of piles were within tolerence, bl
some were out by a matier of a fow milimeires. These could asually be
accommodabed wilhin the pile groap, i were probably 1B fesult af the
mig moving off-conire. Chhers were ugmalcant amounis oul, requsing
coaieftive piles 10 Be consimucied, and were the resull of Emooneo Eiling
out. | think the whole question of responsibiliny for setting out—and
cenaindy the srasgements for checking by somebody ehe—should be
reassessed. Im ihe long man, it does not beip anybody if piles are oud of
podition, no malier Whie has to fool the bill, Competenl checking by &
fiali comractod or the eapnesr—and Beng paid for —would avoid & b
of the errors, and 1he comsegueni problema. In ioday’s iscreasingly *Tast
track” construlion propects, the pressures on ihe weiting-ouw enginecrs are
pettimg oul of hand andd need review. The arrangernend wherehy the neain
contractor sels oul, and the piling comiraciod is meqained 10 check and
aprec i, seems o cover the malter,

The piling comtract was carried out during the sumener momnihs, and

wis completed secorsfully and, 1 bBelieve, 1o the sisfaction of all
parties, | would Bhe 1o eupheis my company’s eppeedaion al ihe
coaperation and asstsiasce given by the Post Ciffice, archites, emgineer,
quantity surveyor, e main comrmoior, ond, of Ccourse,  our
subconiractor, Mesars Lilley Conatruciion.
Mr Myers: We do nol disagree with 1the ponciple of Mre Hollisd's
sugpesied procedure for tesling @ preliminary pile, CRP (e8ling was o6 all
Ihe ofiginally specified opioas, bt was naled our when Lhe IHsrrer
Serveyor wms unwilling to accept its resulis without those of a full
maintained load test 3z well. Im general, District Surveyors seem weptical
ower the interpretation of CREF tesis, and stafic tesis remnadn the Favouribe.
Mr White: Mr Holland raises the isws of whether the eapineer or the
pllisg speciaion should design the plles. While | have some sympathy Tor
his views, the Irdusery's immdiienal approach, which we follow, & ik, as
the piling contrector Is reguiged to guarantee that his piles will canry the
reguired loads 1o a specific load facior, it is proper that he be aked 10
make ke design and subseguently prove it by a preddermined besiing
requirement. We recognise (ki thn appeaach is nol allagether popular
wigh piling comtracices, Bul beliewe it fiemly places responsibdliny Fos the
warks s construcied where i should properdy lie.

Againg this background, we provide the condractor with all the factual
woils information thal we have, together with any selevant imformation we
may bave om adjosning of enderlying druciares relatisg 19 the site i 1his
cade, 1B for Arlsaise Metals baildisg, 1k canal wall, and the main sswer
passing beneath the sive). 'We alio define 1be iype of piling reguired.

However, for this projest we had 1o add 1o aur sormal porfommance
specification some further criteria 1o iake accownt of the sntclpaced il
maversenis following the remoeal of 1be dumpling at the north end of the
g, These griteria were sehociod w0 a8 19 avoid boads being enposed kocally
oo the TWA sewer and, more penerally, 1o avoid the piles themaches
bering subjected to high order lsterad and venicad loady resalting from the
carth movemdals, which would im turn affect the sabstrociure. 'We belleve
1t i 1heie Namber critema that have given rise to Mr Holard s concermn.
Mr . R. Browne (Cynil Sweett & Partners): Mesison has been made of
the need to appoint a pilling contracior in advasce of 1he main conifact or
and a question raised as o why such an arrengemens was necewary and,
i e o 1B Santenl of this earlier coniract, why a main contracion wis
B0l apposnied raiher than the piling subsomiracior.

The proposal 1o consinaet this lsilding bl boen with the Posi Glice
for many years, and during the carly sages we had carsed out a mullude
of varying cost plans related 1o different Lypes of biskling and on aiher
sibes. Eventually, when ibe Posr Qe confismed thew wiib for ibe
preseml buikding works 10 commence, with the dme by which they nocdied
coimpletion, time was not sulficlent o enable a full iender based on Bills
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of Cruantitkes 10 be chilained, Various methods were debaled, such as two-
stage temdering, largel o0, 10 enable & contractor (o be appoinied 51 an
early sage.

Because of the complexity of this 1ype of bullding, we felr that proper
o goninal would nod be podishle uslel the tendering isquines relleciod
all elemenis of ibe design, and quite clearly that would ake some time.
The option, therefore, was to bring about a prefiminary contract 1o deal
with the grousd warks. In addition to the actual piling, tkere were other
vl wodkis such as work oo il canal wall, exbensive casth remowval. which
hisd 1o Be carried out B advasee and = conjancisn with 1he phag.

Thoaghl wes @ven 1o Eppoanling & codlimctos Tod Lhete peehminary
works bui we were concerned that establishing n conracior mr sach rime
would prejudice the oblaining of subsequent competitive tenders, and the
recommuendation was ihat ibe prelimimary works should be carried out
under the auspices ol a piling subcostracior, the contract cveniually beng
assbgned 1o 1the succesiisl mais contract for the supersructurne, 10 was fell
ikt ibsls would enable the employer 10 obegin 1ke bes ender snd would
adan enable dbe consetinngs 1o purses thewr design for the superstrucure.
I T, dkings slid proceed in a reasocably hearmosious manner, and the
employer will have b baildiag completed by the desired dme and within
the arignal budgs figure,

Mr E L. Mow (Cormix Lod.): Witk respect 1o the use of Cormix
‘superplasticiser SP1* in the construction of ke columas:

{1} Mo specific reason was found [ar the appanent poor rebalis on ke dx
or gight calumns using 1he method. Powdbly, the prometry of the column,
which resalied in o long [all of the highly workable concrele, was 3 laor,
together with the dense resnforcemsent present.

(2} Mo full-acale tests were possible because of pressure of time, though
laboratory mines were frd eade 16 determing the workability and
compneisive Mrengihi,

(5 All the comcretes delivered 1o dhe dte were tesied for shamp come

wodiabiliny Before 1be addition ol 'supeaplmticier SP1" and for flow
value (b0 DI D) after (be addition, These showed the concretes to be
satisfactory and wathour amy signs of segregmion or bleeding.

{4} Despite ibe difficulties, no colummns weze rejecied. Simple remedial
wiork wias wlfgient i remder them accepiable.

(5 It & possible shar, with slight mix design adjustments andor
madifications to the filling echnigue, & salafacion rouk woukd be
achieved.

(6) The comraciors were later abde 1o devise a method o give o good
calursn by asing a mme-size aggregaie {wilhout Cormix SP1) instead of
the M) i dggregale ukilised For the Commix SP1 concretes. A modifled
filling techmigue wis sl eaposed. This coméeed of filling the column fo
half keight (3-3m) and Enmedisely assembling 1he top i followsd by
filling wiih concrete. This procedare enuared 1ha no delays were suffered
in conslnscting the columes,

(7} It s cereain that this meshod amd ke 10 mm aggregate concrete could
bave successfully been combined with Cormix *superplasticiser SF1° o
give a pond column.

The ssperplasticrier would have imparted wery pood [ow
characierisics ol & reduced water convesd, thes yielding stronger, more
durable concrete. We have a number of highly successful contracts using
this iype ol concrete combined with Coarmix SPI.

() A successlul oditéowme was achieved wsing Cormés “superplasticises
5P, and & 20 mam grunice aggregale in comcrele fod 1Be MPOSE HOOm,
Very congewad reinforcement was present aa ilis point.
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Building Institution’s Liaison Committee (BILC)

Annual report 1984-85

Meeilngs
Druring s second year of cxistencs, the Bullding

Iegitucion’s  Lbaison  Comemin

1SiructE, ibe Royal Indituge of British
Architects, ibe Chanered Instituce of Building.,
the Chartered Institwiion of Bailling Services
Engincers, amsd the Eoyal lndtioosion  of
Chariered Surveyori—bas held four mestingi—
an | Detober 1984, on B January, 22 April and 9
Juby 1985, The meetings have comlinued 1o be
Beld @ BeruciE, which kas again provided the
Chairman and the ssorelasial of 1he fommabes
T the Yedr.

Topks condkbered
The mapor topics consideresd by BILC have beon
a8 Tallawa:

Development of cooperation amang the
ComRiTReRr mRifufons

BILC hai, wih someé socsss, oomlimicd 1o
cncotrage member insitutions 1o develop closer
working relmionships ar all levels, shbough
cooperaticn among Instiition branches varies in
degree.

Edweation

Throwgh the pood offices of CIOE,. 147
gquestionndires  were  ssesd  to heads  of

depanments of building, «ivil engineering,
archifeciure and relaied subjecis in a total of %1
umiversilied and collépes, with & 72 % returm.
The questionnsane wad designed o establish
common  educsion already existing in those
leschimg institutions offering courses for degrees
in consimsction:related sobjects and to gaape the
sititode of deparimoenial heads g0 the concept of
joint education. 7B % of responsts expreised
appeoal of the consept, and & small maporiy of
respondents Telr thar dbe amouns of foint
education waas Bkely 1o increase. & nuember of
temching instistions expressed the view that the
indfvidual requerements of the  profesional
inslilwlions pemd o shibil joanl education, The
results of the survey mnd cheir distribution are
@l under conzideration by the commitize.

Canpers

BILEC has ado reviewed existing sowrces of
advice on profesional careers i the building
industry ard has noted that ihese aze chiclly 1he
individual instiiutioss and thai joind aton in
this afca has ool allen proved sscoeiaful, Mewver-
theless, ibe commatlee i Bopang 19 iddue & jois
carcers leallet giving brief informetion e pere-Cd
level schoolchibdren, The commares has also
mnied the work of the Chil Engineering Careers
Service,
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Butldling Regwintions

Developiments in donnection wilh ke Buildsag
Ecgulaioas and ik approval of persons and
inspectors have been kept under review durimg
ik vear.

Clienrs” pades

The commitiee has coscludead 3 reveew of
clichls” guidos 10 the variow professlons in ihe
bullding Endustry and has decided thai no action
s required either in respect of existing guides or
in the posiible produoction of a new gaide.

Afgintenance mamepd

BILC has aho reviewed the present range of
mainignance manmuals for buildings, and has
comcluded that greater emcouragement should be
grom do dhe use of the “Huslding Centre
muinienance manual and job diary', and a
recommendation to this offect bas beon made to
mutitutiona,

Presidenis" Comaiitiee fov the Ulrban
Enviranmsnl

BILC has maistained linisos with PFCLUE oa all
the preceding matters, 1 was wigh conikderable
regret that the commitiee learnt of the death, on
20 July 1985, of Sir Hugh Wilson {Comvenar of
PCUEL
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