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hoterete has been widely used by the
Ministere des Transports du Québec
(Quebec DOV tor restoration and re-
habilitation of concrete strucares sice the md

Po6Us. Throwghout e years, this techngue has
been used at an increasing rate and has followed
advances i shoterete technalogy, These advances
meluded improvements in materiad and mixiure
designs. development of durable materals with
regard to trost action, bond mmprovements, and
the use of set accelerators compatible warh dora

by reguerements

Development of a Durable Sholcrete
Mixture tor Cold Weather Climates

Tmiteadly, our first document concerning shoterele
wis i 1965 specthoaton Ter “gemite” (that s, a
sandfcement/water misture applied by the drv-mix
shoterete process). This specibication was nsed
until P975 when the use of “gunile”™ s repair ma-
teral was abandoned, At that time, stroctural in-

spections revealed poor m-place performunce.

manly related 1o severe eracking, debonding of

patech material, and deterioration caused by freez-
mg and thawing,

In the mid-1980s, & large number of highwan
structures, parbcularly majer structores i the

Maontreal arga, needed to be repaired. Everyone

knew shoterete would be a practical and economi-
cal solution if a durable mixture was esed and
stntzible construenon methods and pracuces were
mplenented.

Many expeniments ook place during the pe
riod from 1983 to 199N o improve upon the qual-
iy and performance of the old “gunite™ mistures,
|'he use of blended cement (Type [ cement with
8o sthica Tumey was the tust modificaton of the
ey desten. In combination with beuer surfuce
nreparation eehmgues 1AM Magazine. V.1, NoJ2,
May 19949, the bonding ot the shoterete toexist
e conerete was egreatly improved, Using silica
"'ame-blended cement decreased the total content
ol cement of the mixture, improved steength, de-
ereased the water absorption and volume ol per
mcathle voads. and also had a great beneticial ef-
fect on chlorde permeability {values below 500
Conlombs), Laboratory ests conducted on this
stlica-tume-modilied mutenal indicated many
unprovements, but unfortunately, frost durabality,
i surface scaling resistance and resistance o dam
age fromt rapid freezing and thawmg)y was still
problemutie.

From TY85 1o T98Y, numerous 12815 were con
ducted durmg vanous projects ot Quebec DUOLT.
tr evaluate the feasthliy and clicet of imtrodue
ing air-enfraining admixture mto dry-mix shot
erete. A summary on the evalution of the mixiure
desien is given in Table 1. The purpose ol these
studics was Lo entran a large amount of small aur
bubbles in the dry-mix shoterete, and thus lower
the spacing factor to meet the severe durabilicy
acceplance criteria established by the Quebec
DLOXT. Inthese tests, the maternial was delivered
(o the job site 10 o concrete mobile volumetnc
hatcher and the arr-entraming admixiure wiis
added e the water 1 the reservorr connected to
the nezzle. The results abtained on specimens
taken from M) different comtract kocations indi
cated that with a dosage of [ 2 Lim® of air-en-
trimmng admisture, fr-pdace plastic air content
varied between 3.5 to 6.0, and the spacing fac
tor viried berween 1440w dHhmicrons. The spac
ing fuctor Tor onxtures shot without the wr-en-
training adimixiure was between 400 and TOU mi-
crons, Rapid frecemp-and-thawmg tests (ASTM
C 6i6b ) and detcer salt scaling tesis tASTM O 672
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alloved ws o conclude that shoteretes with a spac-
g Taetor lower than 300 microns should exhibi
aooid durability.

While durability was improved by the addition
ol an mr-entrinung admisture, the application
tewhmguee was not withool problems, Some of the
problems ¢ncountered, along with prohahie
causes, were as follows:

= Excessive cracking, caused by:
High cement content
Sand oy lne, requirnng excessivie water

Foor curing of fresh shotcrete in hot and
windy condilions

No prewctling of concrete subsirate
Shoterete repair thickness Tess Ui 20 min
Fones dehincating repair of iregular shapes

j
s

* Excessive shrinkape cavsed by
Lack ol proper curing
Shotereting in kot and wandy conditions

Hi;-]r centent conternt

Figure 2. Finisfing operaiton oo colunmmn after shot

appdiealien,
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In Y59, the mixture design used for dey pro-
cess sholerete was modified 1o remcddy the defi-
clencies encountered. and the standard Quebee
DOUT. dryenmx shoterele was developed. Te was
uscd For major repaies in 1990 {53058 ) on High-
wity 0 I Metropehisan Bowlevard )y, the main ey
presswiry that mins throu gh the center of Montreal,
Canuda. This 10 km long elevined expressway had
shoterete vepairs made on its underside, as well as
on over 3000 columns. The mroducton of 1%
Id]‘}' picass ) of PO ey anas i S178 Codrse -
orpgate and the addition of T kedm® ol polypropy-
lene fiber were the main modifications w e mix
tre destzn C Table 20 T addinon (o these nixlure
nuprovemenis, carelul surface preparation and
cood curing prachices were implemented. Afer 10
vears of severe cxposure o oweather and service,
including deicing salts, the showerete repairs are
perlormung very well, | ypical physical properties
ol this sholerete are llustrated m Table 3.

The standiwd mixture design has now been used
since 990 tor bnidee repairs in the Provinge of
Quebec, In T99S 0 new rescurch progeam. in co-
operation with Laval Universty and idustiial
partners, was indlated. The objective was o de
velop and optumige materals and an application

i I'i'."q_'
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lecchmique tor shoterete as a
repair material. An cxample ot
some of the research conducted
50 far has been the development
of a pre-bageed dry-mux shot-
crete that mcorporates o dry-
powdered air-entraining admix-
ture, polypropylene fibers, and
I some cases, d sct accelerator
(currently m use by the Quebcc
D.(3.T.). This research effort has
demonstrated that some types of
set accelerator can have deti-
mental etfects on frost durabil-

Table 3: Typical mechanical propevties for standard Quebec

D Q. T drv-mix shoterete

Typical results

Strength 7 days

3() MPa

28 days

Water absorplion (ASTM C 642)

Volume of permeable voids (ASTM
(' 642

A content (as shot)

1.5%

0 MPa l

ity, which has lec

Lo arestricted

Spacing faclor (L)

L

use of these products.

) 1112)
GConclusions

The development ot durable
dl:y—ml}; RI'I(JtCTf:}tC- TEPAITS CON= | by~ 145 psi
tributes Lo an mcrease in the

structural service life of hridges. Although high
dosages of admixture are required. 1t has been
demonstrated that it 15 possible to entrain an ad-
equale air void system 1 dry-mix shoterete. Atr-
entraining admixtures have been used for more
than 10 yvears in Qucbec. Field surveys and laho-
ratory tests confirm that air entramment 18 neces-
sary to ensure adequate freezing-and-thawing du-
rabihty of dry-mix shotcrete i the exposure en-
vironment to which bridges are subjected i Que-
bec.
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