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World's Largest Dome
for Gement Storage

(Silica Fume_Shotcrete)

a concrete dome facility for cement stor-
age at Laftaree's Bath cement plant m
eastern Cntario. The dome has the capacity o store
BE OO0 metnic tons (73000 tons) of portland ce-
ment. The dome was constructed using an inflart

able stav-n-place Tabre form o the mside of
which shoterete 1s apphied. The shoterele was pro

duced vsing a blended sihica fume cement (Type
LS EY o erease strength, reduce permeabiliny,
and reduce rebound. The whaole prisject wis com-
pleted in less than 10 months at a cost ol approxi-
mately 56 milliwon, The finished project is the
world s largest comoent storage Jdome, and s
completron allows the plant o produce at Tull ca

pacity through the winter season, when the de-
mandd lor coment s low,

1.0 INTRODUCTION

The vze of poeomatically applied mortar known
as "gumite” dates back o the beginning ol this
century, and the maternial has since been used ma
wide range of applicatons, particularly in the re-
pair of concrete structures., slope stabilization, and
various nuning and twnneling wses. Today the
auite techmigue 15 commaonly refermed 1o us dry
mix shoterete, and there are a varicty ol excellent
references on the process (for cxample, Morgun
P90 including the "Guide w Shoterete” produced
by Committee 306 of the Amencan Concrele In-
stitute (ACT SD6R-H), 9940,

Two majer developments in showrewe technol-
oy occurred during the 1980s: the advent ol 1i-

per-retnforced shoterete, and the incorporation ol

stlica tume ( Morgan 1994). The use of silica fume
mereases the cohesivencss of shincrere allowing
ihe |'Il.i|l.|.-'.l'|:l el much thicker layers, I'f:dl:lﬂin_'_' re
Bound (especially in dry-nux shoterete) and n

fus paper desonbes the constructon ol

creasing resistance o Swashout™ when exposed
o moving water, In addition, the use of silica fume
umparnts signdicant mnprovements 10 the mechani-
cal properties and durabihity of hardened shoterere
i much the same manner as il benelis conven
tionally placed concrete. The incorporation of
Petween & 1o 1.2% sihea Tome has been nsed ex
tensively in shoderete Tor nuning ground control
for the last [0 vears in Canada, primarily in
Chncaro, Quebec, and Maniob,

A unicue application for shoterere 15 1n the
L sl I'lJli.'l.il,l'n l_'l-rl."i nCrele llilr'l'l."'i UHiII!l .\l.'J;l.-in-'lJll.'!l..'i_'
mftlatable forms (Hunter and BEobert [995). This
paper describes the construction of the world's
Lurgest coment storage dome in Ontario, Canaada,
using the wet-mix sholcrele process,

2.0 GONSTRUCTION

Latarge’s Bath cement plant near Kingston,
Ontario has the capacity to produce | nullion
metne tons O D mellon onsy of finrshed cement
per year, Pror to 1998, the production capacity
was ot exploited, as there was insutficient stor

age avallable o accommodate the material pro-
duced during the winter months when demand for
cement 15 low duoe 1o reduced construction activ-
ity in the region. To address this problem, a 63000
mettre won (75,000 ton) cement storage Dactlity was
constructed from 1997 1o YUK, The facility con

sists ol aconcrete dome 55 m Ta0 i m diamerer
andd 299y o hgh dhg, 1.

The toundation consists of a ring beam spread
footing {cast in conventional concrete) to which
the inflatable torm s attached. Thas rype of con
struction has relatively simple toundation reguire
ments (that 15, no pihng recquired) as the load 15
spread over a large area, After the torm (wliach s

macke o a single-ply roofing Gbreie ) was imflaed
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by air pressure, the interior surface was spraved
with polyurethane foam insalanon, Up we Tour
mats of 30 mm {12 in, diamewer reintoreing steel
wore then tied i posiboen and sheterele sprayved
rom the inside of the dome o achieve a wall thick
ranging from 0051 m (2 m,) at the base o
.15 m {6 ) near the top ol the dome. These
walls were built up as a single layer. Alter con-
struction, the form stavs in place and serves as u
permanent waterproofing membrane (o the hn-
ished system, The stroctural requirements of the
[inished dome are that it be able to withstand ce-
ment piled to heights of up o 26 m (85 1) against
the dome walls.

This type of construction relies heavily on the
of the shotcrete nozelemen

a5

skill and experience
st i]“'.'Ul'l.L"i spriy g overhead agonst af] 'ml:u[-:_'
form and ensuring proper embedding of up 1o
lavers of reinlorcing bars that were spaced nrﬂ;.
QU mm apart L34 0. Special tramming is reguired
o ensure a sultable level of proficiency.
also ohserved that the silica fume cement mixtore
maintained good flow characteristics under pres
sure in the pump lines.

[t wis

The hinished cement s supplicd at a rate of 250
metrie s (275 tons) per hour Lo the top ol the
dome by a TOR m (354 11) long air shide and is
allowed Lo freefall into the dinne. A series of 18
air gravity conveyors, which are incorporated into
the sloped floor of the dome, are able to reclaim
more than 90% of the dome’s capacity o leed the
plant’s existing belr convevor via a belt bucket
clevator
discharges cement at 4 rate of 12000 metric tons
(1325 wons) per hour Only about 50000 ' (65440
vi“d of the dome’s storage cunnot be withdrawn
by the automated reclamatzon Tacihity, and it is
mntended that the dome be completely emptied

and conventonal arshide, This system

using front-end loaders once a year,

Construction commenced i June 1997, and the
dome was ready tor hllmg m April [99%, some
nine-and-a-halt months kater.

3.0 SHOTCRETE

Wet-mix shotcrete was prodoeced 1n a local
readv-mix concrere plant using a blended ce-
ment thar contained 8% silica fume mterground

Sheterete Magazine » Winler 200

with Type 1 portland cement. The mixtuye pro
portons used were o% fellows:

Cuenent, Type 105F AB0 kgt (304 Ihfvd )

Llisi=e ageresmsile,

= (33T b wd*
{ 1O o [ 345 ) ¥

—

| 3500 Kgfme' (2259 b wd®)

L H SUT

Fme agrere e

Waler 215 kgt (362 [ wd*)

Water-reducing, sct control, and air-cntraming
admixtures were used o produce the desired plas-
e shoterete characieristices: a siump of 106w 125
(b o S o band an air content of 5 10 8%, The
amaount of rebound in the shoterete was reduced
[rom a typieal 15 w0 18% down o 7 1o 8% which
translates toconsiderable time and money savings.
Thisc is attnibuted 1o the vse of silica Tume and
somewhat to the relatvely low volume of [0 mm
¢35 L) srone i the mix

Concrete ovlimders were cast Irom the concrete
delivered to site (that s, prior 1o discharee inte
the shotcrewe pump). Shoterete lest panels (ap-
proximately SO0 2 500 1 200 mm [20 x 20
8 in. )} were sprayed, and cores were drilled from
these pancls tor compressive strength testing at 7
anid 28 days. Table | compares
test data for the concrete ovline
ders and the cores taken [rom the
shotcrete pancls. The strength of
cores Luken from the test punels
was considerably lower than the
strength of eyvlinders cast Tron
material sampled from the
ready-mix truck, The sirength
duta for the shoterete cores also
showed a higher degres of van
ability than the cylinder data.
This is hardly surprismg consid:
ering the methods of production
of the two different specimen
[y pes.

Cores were also laken from
the test pancls at the age of 1
year for rapid chlonde perme-
aulity teshing using ASTM C
[ 2002, and for determumng the
absorpion and volume of per-
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Figure 3: Placement i
PP Finflatabie
preparafien af inflafoin
farni,

Fegnre 4 Insede view of Hie dome nnder
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sfeiterete placemont,

/ .ﬂ_ﬁ meable vinds using the procedure given i
*F 0 ASTM C 642, The results are given in Table

2. These test resulls mdicale thal the shot
crere is of good quality. These results arc a
little surmprising because lower values, con-
sistent with excellent quality, are readily
achioved with sihiea lume shoterete (Mor-
gan 1994 Wolsefer and Morgan 19493) The
results Tromm the rapid chlonde permeabaley
west are very low and are typical of very-high-
quality shoterete or hngh-performance con
crete,

Higher than expected values ftor
absorption and permeable voids may be
indicative of inadequately consolidated
shoterete. However, in this case it 1g
suspected that the relanvely low volume of
10 mm (35 i) stone resulted o mereased

porosity (that s, as the
volume of stone s
reduced, the volume of
paste and, hence, the
porosily, increases ) Ths
does not necessarily
result  an
durability or mnereascd
permeability, because
these factors are maofe
3 shromie ly influcnced 1"-}

reduced

the waler-cement ralio
and the type and quantity
of mineral admixtures
Hor example, in thes case, sihea Tume), The very

Jiaws ._'I.!I_].lZIITl'I \il!ll-..'!'-. I.'I'h!'-.l.'T".-'.'-!l l.".'l"li.l_i.lll'-. .Il:l-:lil.'illt"

Lthat the mature shoterete (approximately b-year-
old at the time of test) has a very low permcihility
and can thus be expecled o have a hagh level of
durability.

4.0 SUMMARY

Ihe shotcrete dome was completed in less than
10 months at a total project cost of approximately

S0 milhon (LS, dollarsp. This type of cemenl stor
age has specilc advantages over traditional types
of stovage (for example, sidos) incloding:

Lovwer cost;
EfTicient use of interior volume:

- Simple foundation design;

- Improved blending;

- Ahility w O large capacity vessels from a single
stornge facility:
Sunple withdrawal svstent
Speed of construction,

- Clondensetion is at a mmnunum and waterproof-
ing 15 excellent; and

- Effective dust contmnment.

1he l.'ﬂ'llj-" Uiz s anlage of this ype of storage
facility compared with multple silos (1o give the

samie slorage capacity) is that only one type of
product can be stored at any one time. However,

plant™s man Type 10 cement production.
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