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Parking Slab Replacement Uses
Innovative Geonet Drainage System

Rehabilitation

oncrete slabs are generally
very durable, but some envi-
ronments and conditions of
use can lead to accelerated
deterioration that sometimes leads
to expensive repairs. In one such in-
stance, geosynthetics were used
during reconstruction of a relatively
new rooftop parking slab on a large
office building near Denver, Colo-
rado, that failed prematurely.

Design and construction

The original roofing system con-
sisted of a conventionally rein-
forced structural slab, a rubberized
asphaltic membrane, and a rigid in-
sulation layer sandwiched between
two thin protection boards and an
unbonded concrete topping slab.
This slab served as a wearing sur-
face only and was not part of the
structural building system. The pri-
mary functions of the various com-
ponents are:
® The structural slab carries all sys-
tem live and dead loads.
¢ The membrane layer prevents
leakage into the building.
® The lower protection layer pre-
vents damage to the membrane
from additional construction and

isolates the insulation/mem-
brane.

e The insulation layer reduces
building heat loss.

® The upper protection layer iso-
lates the insulation from the con-
crete wearing slab above.

® The unbonded topping is a wear-
ing surface for auto parking.

The concrete topping slab, situ-
ated directly over occupied office
space, accommodates 750 to 800
vehicles. Maintenance operations
considered typical involved joint
sealing, minor concrete surface
repair, and periodic sweeping and
cleaning. Similar systems have been
known to provide from 20 to 30
years of low-maintenance service
life depending on use, exposure,
and certain design features.

The original slab was constructed
during the mid-1970s and began
showing significant problems within
the first three years of service. Early
problems developed near drain in-
lets and consisted of disintegrated
concrete encasements (diamonds)
around drain basins. By 1979, con-
cern had developed over the integ-
rity of isolated slab areas beyond
the drain diamonds and the owner

commissioned a study to determine
the specific nature and extent of the
problems.

The evaluation

The study of the parking slab in-
cluded visual observations, mate-
rials evaluation, nondestructive
testing, and a review of original
construction documents and field
reports. Results indicated that the
principal deterioration mechanism
was the saturation of concrete sur-
facing caused by poor drainage
along the interface between con-
crete topping and insulation. This
led to damage by frost action that
was so severe that many of the joint
seals were rendered useless by the
third and fourth winters.

Joint sealant failure caused rapid
saturation of many slab areas as
water entered the slab-joint system,
became entrapped atop the protec-
tion layer, and rapidly saturated
joint faces, causing progressive
damage to adjacent surface areas.

Without subsurface drainage,
moisture that penetrated through
the joint system could only escape
by percolation along the interface

between the concrﬁdwlﬁfé)ht s
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tection layer. This saturated the
concrete topping along all joint sur-
faces for extended periods of time.
Scaling from frost damage is most
severe on saturated concrete.

The deterioration was progressive
and would eventually render the
slab unserviceable. An appropriate
remedial action plan was needed.

Analyzing the alternatives

Predicting the useful service life and
judging the cost effectiveness of
various repair schemes proved dif-
ficult and inconclusive. Reaching a
decision to spend considerable
money for repairs with only limited
data on useful service life was a
major stumbling block to proper
consideration of partial repairs. To
keep the slab in service, Band-Aid
repairs were performed, first during
slab investigation and periodically
thereafter.

After lengthy deliberation (and
several additional years of further
deterioration), an updated study
helped persuade the building own-
ers that the only practical and pre-
dictable solution was to remove and
replace the entire wearing surface.
This replacement occurred when the
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(left) Original condition of parking slab.
(above) Suitability of the filter/separation layer in the
drainage net system was evaluated in a trial installation.

existing slab system was eight years
old. By then, large portions of the
roof parking lot were closed to
traffic because of total slab disinte-
gration.

Recommendation

Design criteria were established for

the replacement system based on the

data and evaluation from the pre-

vious investigation and from fur-

ther research. Some of the possibil-

ities included:

¢ Restoration in kind using high-
quality concrete.

® Providing insulation board with
subsurface drainage features.

® An underdrain system to elimi-
nate subsurface water entrap-
ment.

¢ Combinations of these systems or
concepts.

After lengthy debate, a decision
was reached to use a new under-
drain system and high-quality con-
crete for rooftop restoration. Se-
lecting an appropriate underdrain
system involved a review of three
options: loose drainage gravel, a
stabilized drainage aggregate sec-
tion, or a geotextile separa-
tion/filter layer and drainage grid.

Evaluating the underdrain alter-
natives was more qualitative than
quantitative. A number of factors
were identified that were considered
important for proper system per-
formance. These factors are de-
scribed in Table 1.

System characteristics were rated
one through four, respectively, with
a rating of one being very undesir-
able and four being very desirable.
Table 2 shows the values given each
characteristic for the alternative
systems. The totals indicate the
geocomposite system is the most
suitable.

After reviewing the available
data, including cost factors, the
geocomposite drainage system was
selected. The system was tested for
flow capacities, load characteris-
tics, and unrestrained or low top-
ping/net slip potential. A polyeth-
ylene geonet was chosen for the un-
derdrain with a polypropylene
woven sheet for a slip sheet and
separation layer immediately be-
neath the concrete (Fig. 1).

Transmissivities were checked at
various confining pressures (vertical
load) and it was determined that a
suitable flow capacity was provided
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at all operational load levels. Tests
were also run to determine insula-
tion load-deformation characteris-
tics in conjunction with the drain-
age net system. The first helped de-
fine grid lockup potential at the net-
insulation interface. Extruded poly-
styrene board was the rigid system
used for roof insulation.

Trial installation

A trial system installation was com-
pleted on the actual rooftop to
evaluate the suitability of the fil-
ter/separation layer between the
drainage net and the concrete top-
ping slab. Two filter-fabric mate-
rials were tested, and concrete mixes
were also varied to determine the
effect of different water-cement ra-
tios on cement paste permeation
through the filter layer and possible
bonding of the filter layer to the
topping slab.

The trial indicated that both fab-
rics were equally effective at reduc-
ing paste permeation into the cross-
linked polyethylene geonet, but the
polypropylene fabric developed
minimal bond to the concrete top-
ping, whereas the woven fabric —
spun bonded-polyester — adhered
tightly and became impregnated
with and even embedded into the
lower concrete slab. Consequently,

Table 1 — Design criteria

A. ORICINAL DESITCN

4}?5’7‘1‘ WEARING SURFACE.

—X —x

X

PROTECTION BOARD

B. CEOTEXTILE REPAIR OPTION

b, |

/c‘aivcwz‘rﬁ' WEARING SURFACE

X~ X~ X" e
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EROOF MEMERANE j

Fig. 1—Schematics comparing original design with geotextile repair option.

the woven material was specified
for the slip sheet/filter fabric mate-
rial.

System installation

Concrete removal began in early
July and proceeded at a rapid pace.
Because considerable saturation of
the underlying insulation layer was
revealed, the insulation was re-
moved and replaced as well. Satu-
ration was so severe at building low
points that it was necessary to in-
stall a second drainage layer be-
neath the insulation in roof valleys
and along drainlines.

Damage to concrete parapet walls
at the base of the slab was also

found at isolated locations and a
special closure detail was worked
out to tie the new topping slab sys-
tem to the existing parapet wall
without unnecessarily damaging or
disturbing the wall, which carried
the building facade. Salvaging the
existing wall realized considerable
cost and time savings, while main-
taining the building’s outward ap-
pearance.

Once the insulation was re-
moved, the membrane was in-
spected for damage, and spot re-
pairs (on less than 10 percent of the
surface) were performed. Exposure
of the membrane to the elements
during reconstruction was mini-

Table 2 — Weighted performance
features

SRR I T fpe e o

Durability | No sigaificant d to. | Corrosion resistant & = DSV e
S ,effectxve‘la'a&for ﬁow temperature stiblc‘ men’ f“a eI R 4
Restraint : Lcw patenualforlockup Lawfncncm eefﬁment G iceronn tremr e
i ; | between toppmz& o »'ketwaenfihcrfabncs& Constmcﬁon o st
o . {insulation . »:?f ‘drainage net time 2 1 4
Ease & speed of '.Ptacucal apphcatxon ‘Manageable: logistm,easgand : o - 25
construction simplicity of installation Total L 17
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(top left and right) Concrete removal revealed significant
damage to the underlying insulation layer.

(bottom left) Spot repairs were made to less than 10
percent of the membrane surface.

(middle right) The insulation and protection layers and
geonet underdrain were placed.

(bottom right) Damage to concrete parapet walls required
a special closure detail to tie the new topping slab system
to the wall.
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Concrete was place using a strip method to provide proper

control jgints in the concrete topping.

The finished slab. The system is performing satisfactorily

with no reports of operations or maintenance problems.

mized to avoid damage to the
building below.

With membrane repairs com-
plete, the insulation and protection
layers and geonet underdrain were
placed. Formwork was then in-
stalled for concrete replacement us-
ing a strip method to provide
proper control joints in the con-
crete topping. Strip edges became
construction and/or isolation joints
depending on the section encoun-
tered.

Concrete placement began three
to four weeks into the project and a
sequenced operation was estab-
lished to keep removal and replace-
ment on a cycled basis. Special con-
trol was used throughout the top-
ping replacement to provide both
large-scale movement and crack-
control capability.

The building was in continual use
during construction and all opera-
tions were performed to cause a
minimum amount of disruption.
Concrete removal, which generated
noise and vibration, were per-
formed in the evening hours, and
concrete replacement and form-
work was done during the day.
Weekly progress meetings were held
to coordinate operations and re-
solve any problems that developed.
By mid-October, concreting was
nearly complete and final cleanup
was underway.

Performance

System performance was closely
monitored during the first year and,
with the exception of some isolated
joint-matching problems, sealant
problems, and miscellaneous con-
crete cracking, the system is per-
forming satisfactorily.

As a result of this operation, it
can be concluded that geotextile
drainage nets, when properly de-
signed and constructed, can provide
suitable underdrain layers for plaza
decks. With proper design criteria,
material selection, and preconstruc-
tion testing, these systems can pro-
vide a suitable approach for restor-
ing unbonded topping slabs that
have undergone premature damage.

This installation firmly estab-
lishes that geonet systems can play
a significant role in plaza deck res-
toration, however, although the an-
ticipated performance in the above
project has been achieved, it should
not be concluded that this system
can be used for all applications
without further research. Recom-
mendations for further research in-
clude:

¢ Determining slip coefficients for
various combinations of geosyn-
thetics over geonet underdrains.

® Long-term deformation charac-
teristics associated with load and
temperature.

e Abrasion resistence of geosyn-
thetics systems.

¢ Shearing resistence to braking ve-
hicle loads.

¢ Long-term shrinkage and creep
aspects of geocomposites.

This installation is considered in-
novative. Until further design in-
formation is developed and re-
search has been performed, the use
of this system should only be con-
sidered on a project following study
and appropriate selection of geo-
synthetic fabrics. Successes
achieved, however, warrant consid-
eration of this system as one viable
and cost effective approach to plaza
deck restoration.

ACl member Rob-
ert G. Tracy is
principal and
founder of Tracy
Materials Consul-
tants, Ann Arbor,
Michigan. He es-
tablished this firm
to broaden his ac-
tivities and involvement in restoration
engineering. Tracy received both his
Bachelor’s and Master's degrees in
civil engineering from Michigan Tech-
nological University. He is a member
of ACI Committees 362, Parking Struc-
tures; 364, Rehabilitation; and 546,
Repair of Concrete.

Documents

ACCOQMRILATION



http://www.avadocuments.com/doc/aci-compilation-20-92
http://www.avadocuments.com/doc/aci-compilation-20-92

ACI COMP-20 93 M@ 0bbe9u9 050bL704 839 HE

Repair process developed by Japanese cement company utilizes
polymer cement mortar and organic paint film

Repair Method for Salt-Damaged
Reinforced Goncrete Structures

alt damage has been an issue
in Japan since around 1981.
From 1982 to 1984, govern-
ment organizations and co-
operating associations conducted
country-wide surveys of salt dam-
age, focusing on railway bridges,
road bridges, building structures,
and harbor facilities.

A variety of methods are used to
inhibit corrosion of reinforcing steel
in concrete. When large quantities
of external salt are expected to be
present, corrosion protection is
usually achieved by either prevent-
ing penetration of corrosives into
the concrete, preventing contact be-
tween corrosives and reinforcing
steel, or controlling the electric po-
tential of the system. Coating the
concrete surface is currently attract-
ing attention as a salt damage re-
pair method.

Asano Refresh (AR) process

The Asano Refresh (AR) process,
developed by Nihon Cement Co.,
Ltd., is a salt damage prevention
method that incorporates a con-
crete surface coating (Fig. 1).

The AR process is a concrete
body modification process that im-
proves the durability of existing
concrete structures by protecting the
concrete against further invasion by
harmful substances that can de-
grade the structure. It can also be
applied to a new congcrete structures
to prevent future degradation.

The combination of materials
used in the AR process (Table 1) re-
sults in repairs having the following
characteristics:

e High adhesivity.

® Protection against the permea-
tion and diffusion of carbon diox-
ide, oxygen, and water, and against
neutralization.

REPAIR & REHABILITATION Il

The Asano Refresh process uses prepacked aggregate when a large part of the
crossection must be replaced, as in this salt-damaged offshore pier girder.
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Any remaining deteriorated concrete is chipped away prior to beginning the
repair.
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® Protection against the invasion of
chloride ions and salt damage.

e Fasy rust removal and rust pre-
ventive work on reinforcing steel;
high quality rust proofing.

e Stable performance of inorganic
materials and specially formulated
styrene-butadiene rubber (SBR) la-
tex, which are mixed under strict
quality control.

® Economical compared with resin
repair processes.

Repair process using
prepacked aggregate

Prepacked aggregate grouted with
SBR polymer cement mortar is used
when a large part of the concrete
crossection must be replaced. The
accompanying photographs illus-
trate the steps used to repair a salt-
damaged offshore pier girder using
this technique.

Remaining deteriorated concrete
was chipped away, and sandblast-
ing was used to clean the concrete
surface and remove rust from the
reinforcing steel. Corrosion inhibi-
tor (primarily a urethane resin) was
applied to the reinforcing steel, and
enough formwork installed to sup-
port the prepacked aggregate. The
rest of the formwork was then in-
stalled and the grout injected.

After removal of the formwork
the surface coat (SBR polymer ce-
ment mortar) and finisher acrylic
elastic finish material) were ap-
plied. The surface coat incorpo-
rated a layer of alkali-resistant glass
fiber mesh across the joint line be-
tween the original concrete and the
repair.

Salt damage prevention
system

The surface of reinforcing steel in
high alkalinity concrete is covered
with a passive film that protects the
steel againsts corrosion. However,
when chloride ions penetrate the
concrete they can destroy the pas-
sive film and corrode the steel. The
salt damage prevention system of
the AR process uses the surface
coating and finish materials shown

Table 1 — Main effects of the materials used in the Asano

Refresh process

,Cross secnona}
.Irepamng matenai

, Nm-ﬂat o

L The mateim js apolymer cement m)ecum matenal mam}y g
; composed of very fi ine.cement pameles It can be zmected mm f“me
cracks. (Use with SBR latex) :

Table 2 — Water vapor permeability, chloride ion
transmission rate, and chloride ion penetration depth of the

salt damage preventlon system in the AR process

, . T Chlﬁnde mn
s A | pen:tratmn
- ua Sampig o G Cmonde ion L (mm) -e»—-l
%t Surface | Sealer | Finish'{ Water. vapor | transmission Ao
| coat' 1 coat | coat | permeability | " rate - after 1 after |
S {mm) (g/rr}’) (g/m‘} (mg/‘cm2 day} (yg/cm’ day) 1 month | 3 month |
Saltdamage 1] 2 {100 | s00 | osn<n* D35(<l) 6 | 0
preventaon R T R T § i R SIS
systemyin | iy by 100 8001 0.86(<2) - 034((1) [0 0
the AR T e e e e s
process m, Ao !90; 400 14.00(<2) * Q.E(g,lp; ’1,4();_ 0
Concrete body (uncoated) : et o

*Objective values in parentheses.

in Fig. 1 to protect the concrete by
preventing the invasion of oxygen,
water, and chloride.

Following is a discussion of the
effects of the materials used in the

salt damage prevention system
(polymers, polymer cement mor-
tars, combined organic paint film)
and the effect of the system as a
whole.
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Fig. 1 — Qutline of the Asano Refresh process. transmission rate.
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Fig. 2 — Repair procedure using prepacked aggregate.
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Thickness of PCM

Fig. 4 — Effect of thickness of polymer cement mortar on
water vapor transmission rate and chloride ion

penetration.
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(mm)

Thickness of PCM

(mm)

Fig. 5 — Effect of polymer cement mortar combined with
organic paint film on water vapor transmission rate and

chloride ion penetration.
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Effect of the type of polymer
dispersion on water vapor
permeation

Water vapor transmission rates
were experimentally compared us-
ing typical polymer dispersions: sty-
rene-butadiene rubber (SBR), poly-
acrylic ester (PAE), ethylene vinyl
acetate (EVA), and polyvinilidene
chloride (PVDC). The results (Fig.
3) indicate that while all polymer
N dispersions reduce the transmission
The concrete surface is cleaned and rust removed from the reinforcing steel by rate, the SBR group gave a particu-
sandblasting. larly good result.

Effect of the thickness of
polymer concrete mortar (PCM)
on water vapor permeation and
chioride ion penetration

The effect of PCM thickness on
water vapor permeation and chlo-
ride ion penetration is shown in Fig.
4. A thickness of 3 mm or less did
not have much effect on the water
transmission rate, but a thickness of
10 mm gave a value of below 1 mg/
cm?® day, which is the severest target
level of salt damage prevention. A
PCM thickness of 1 to 5 mm had
very little effect on chloride ion
penetration, but 10 mm of PCM re-
duced penetration to approximately
10-® mg/m? day.

In another experiment using SBR
PCMs, 6 mm of PCM only slightly
reduced chloride ion penetration but
12 mm of PCM completely inhib-
ited penetration. Clearly, thicker
Corrosion inhibitor, primarily a urethane resin, is applied to the reinforcing steel. layers of PCM can remarkably re-

duce chloride ion penetration.

Effect on water vapor
permeation and chloride ion
penetration of PCM combined
with organic paint film
The effect on water vapor permea-
tion and chloride ion penetration of
combining 1 to 4 mm of PCM with
two coating levels (0.4 and 0.8 kg/
m?) of an acrylic rubber emulsion
film is shown in Fig. 5. (Current
formulation could not form a thin
coating layer, so this experiment
used fine aggregate and the sand-
cement ratio was changed from 0.93
to 0.33.)

The ability of the paint film alone
to inhibit chloride ion penetration
- was very low, (The penetration rate

. ) o of 5 mg/cm? day is outside the
Formwork is partly installed, then aggregate is packed between the formwork
and the girder. Documents
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range of Fig. 5.) When the paint
was combined with PCM, however,
a penetration rate of chloride ion of
10-* mg/cm? day or less could be
easily attained with a thickness of
only 2 mm. As for the water vapor
transmission rate, this did not vary
significantly with the thickness of
PCM, but the paint film alone gave
a transmission rate of 2 mg/cm? day
or less. Conclusively, the organic
paint film greatly reduces water va-
por permeation.

In concrete terms, approximately
10 mm of PCM is needed to satisfy
the severest salt damage environ-
ment specification. The combina-
tion of approximately 2 mm of
PCM and 0.8 kg/m? of acrylic rub-
ber emulsion film can form a suffi-
cient salt damage prevention layer,
but neither the PCM nor the paint
film can provide sufficient protec-
tion when used separately at these
application rates.

Effect of the salt damage
prevention system on water
vapor permeation and chloride
ion penetration

The results of tests applied to the
salt damage prevention system in
accordance with JIS Z 0208 (Water
Vapor Transmission Test), the
chloride ion permeation test (the
Japan Road Association method),
and the chloride ion penetration
depth test (the saturated NaCl solu-
tion immersion test), shown in Ta-
ble 2, indicate that the salt damage
prevention system provides rela-
tively low water vapor permeability
and low chloride ion penetrability,
and largely depresses the chlorine
ion transmission rate compared
with uncoated concrete.

The water vapor permeability and
chloride ion transmission rate nec-
essary for each classification have
been studied by the Ministry of
Construction and related agencies.
However, the values listed in Table
2 are accepted as the most suitable
figures at present.

Eiji Sawada is Chief Researcher at
the Central Research Laboratory of
Nihon Cement Company Ltd., Tokyo,
Japan.
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Styrene-butadiene rubber (SRB) polymer cement mortar is grouted into the
prepackaged aggregate.

Formwork is removed and a surface coat and finisher applied.
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Quality Workmanship
in Rapid Repair of

by R. Frank Carmichael ili ’

tates and local agencies are

spending millions of dollars

annually for the repair and

replacement of worn port-
land cement concrete (PCC) pave-
ments. Much of the money is being
spent on improvement and repair
projects that require the work to be
completed at spot locations in less
than 24 hours.

More information is needed on
the relative effectiveness of various
rapid repair techniques to replace
full depth, full lane-width segments
of PCC pavement. Data collected
by the author on the National Co-
operative Highway Research Pro-
gram (NCHRP) and the data anal-
ysis supports the importance of
quality workmanship on rapid re-
pair projects.

NCHRP Project 10-24' identi-
fied, described, and evaluated
methods that have been and are
being used for rapid replacement of
full lane-width segments of contin-
uously reinforced (CRCP), jointed
reinforced (JRCP), and jointed
non-reinforced (JCP) concrete
pavements.

In CRCP, the steel reinforcement
is continuous throughout the length
of the pavement, and no joints are
used except construction joints at
the end of a placement. JRCP con-
tains reinforcing steel in the form of
deformed steel bars, deformed steel
mats, or welded wire mats. JCP is a
jointed concrete pavement that con-
tains no steel reinforcement. The
joints in JCP or JRCP may be

12

doweled or undoweled, and sawed
or formed.

ARE Inc engineers, in coopera-
tion with various state DOT per-
sonnel, established 32 test sites in
California, Michigan, Minnesota,
Ilkinois, Virginia, and Texas in 1983
and 1984 to evaluate rapid full
depth, full lane-width repairs. State-
of-the-art rapid repair techniques
and procedures for PCC pavements
were made, and the results of 48
months of repair performance eval-
uations on the 147 patches at the 32
test sites are presented.

Rapid slab replacement tech-
niques have become routine in some
states, but in most, only a few ex-
perimental installations have been
constructed. For example, in some
of the largest metropolitan areas
with extremely heavy traffic vol-
umes, routine procedures for rapid
permanent repairs of PCC pave-
ments have not been developed.

Maintenance engineers in juris-
dictions not currently performing
rapid slab replacement work indi-
cate a need for it. In some of the
states that are currently performing
rapid replacements, engineers indi-
cated dissatisfaction with various
methods presently being used.

Cast-in-place repairs are the most
common approach to the replace-
ment of full depth, full lane-width
segments. Since labor costs are gen-
erally the most expensive element of
the repair cost, cast-in-place meth-
ods offer some savings over precast
options because of the reduced

number of people required for con-
struction. Also, equipment and
hardware used for handling and
placing heavy precast slabs are not
required for cast-in-place repairs.

However, most cast-in-place re-
pair materials demand longer lane
closure times because of curing re-
quirements. Opening the pavement
to traffic before repair materials can
develop maximum strength short-
ens the potential service life of the
repair.

Precast slabs have not been used
much for rapid pavement repairs.
Although they offer a potential of
shorter lane closure times over
many cast-in-place techniques, some
agencies have discontinued their use
because of high costs and complex-
ities in construction. The higher cost
can be attributed to the need for
larger construction crews and
greater equipment requirements. It
is also difficult to establish full sup-
port beneath the slabs, which in
time start to rock and break under
traffic loads.

The design and placement of
long-lasting pavement repairs re-
quires a basic understanding of the
mechanics involved with pavement
behavior and the development of
distress in PCC pavements. Little is
gained by approaching pavement
repair with the philosophy of sim-
ply removing the ‘‘bad’’ and re-

Keywords: concrete pavements; evaluation; quality
assurance; repairs.
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Adjacent Pavement Effects

- Repair

Fig. 1—Example of slab cracking resulting from

jackhammer removal methods.

Partial Width Patch

Mortar of patches
sometimes
feathered in

and produces a
poor area subject to
rapid spaliing

Old Siab
Removed

up.

77RCN\

Fig. 2—Effects if repairs in adjacent lane joints do not line

placing it with ‘‘good.’” If the
mechanism causing the distress is
not also addressed through the re-
pair procedure, the repair normally
fails by the same mechanism.

Mistakes also have been made by
not recognizing the fact that the
pavement structure expands, con-
tracts, and moves in response to
traffic and environmental effects.
For example, replacement of a de-
teriorated joint with a patch with-
out a new joint, or placement of a
newly formed joint that is not in
line with the existing joint in the
adjacent pavement, can cause a
transverse crack to form in line with
the existing joint, which may or
may not be detrimental to the re-
pair’s service life.

The summary findings for plan-
ning, design, construction, and per-
formance are the result of initial lit-
erature surveys and interviews with
state and national agencies in 1982,
initial site visits by the researchers in
1983, long-term repair performance
monitoring from 1983 to 1987 (48
months), and final repair visits and
reviews in 1987.

Planning

Most agencies do not use formal
procedures to determine the need
for a repair. Instead, the decision to
repair most often depends on the
judgement of an engineer or experi-
enced maintenance personnel. The
limits of the repair are also usually
established based only on judge-
ment. However, some agencies have

REPAIR & REHABILITATION Il

set minimum and maximum repair
lengths. The use of agency person-
nel or contractors for the work is a
function of the size of the project.
Based on this study, the findings
on repair planning are as follows:

8 A very difficult problem in any
repair operation is selecting the ex-
tent of the area to be repaired. Nu-
merous observations were made
where the repair was performing
well, but the adjacent area was per-
forming poorly and was disintegrat-
ing, which implies that an inade-
quate amount of the existing pave-
ment was taken out for repair, or
that the entire existing pavement
section is approaching the end of its
usefulness. Nondestructive deflec-
tion and radar methods should be
used in selecting the extent of the
area to be repaired. Such measure-
ments can indicate if repairs are for
long-term service, or just tempo-
rary measures prior to complete re-
construction.

o Experience in the various states
has indicated that the use of precast
slabs is feasible, although one state
has pointed out that the economics
are questionable. Before a final de-
cision can be made as to the use of
precast slabs, the total cost, includ-
ing both construction and user de-
lay cost, should be estimated.

¢ Experience in several of the
states shows that the repair proce-
dure can utilize an assembly line
approach, thus expediting the oper-
ation and minimizing the cost both
to the agency and to the user.

Design

Most agencies design the repair
thickness the same as the existing
pavement cross-section thickness,
and in some cases, a thicker repair
is designed. To aid in the design of
rapid repairs, mechanistic analysis
methods were used to develop de-
sign criteria concerning the maxi-
mum length of the repair and the
time to first saw cut. These analyses
include such factors as existing base
type, expected temperature drops
during construction, and strength
properties of the repair material.

Based on this study, the findings
on repair design are:

¢ If the slab placement lengths are
too long (> 20 ft [6.1 m]), without
an interim joint, random transverse
cracking occurs.

o If the slab placement lengths are
too short (< 4 ft [1.2 m]), longitu-
dinal cracking occurs.

e Existing steel reinforcement,
joint patterns, and joint load trans-
fer details in the repair should be
matched to the existing pavement.

The JRCP (jointed reinforced
concrete pavement) computer pro-
gram, developed at the University
of Texas at Austin,” was used to es-
timate the critical state of stress en-
velopes for a factorial of factors
that influence repair performance.
These stress envelopes were com-
pared against the expected repair
material strength gain at several
times for the mean and two confi-
dence levels.
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Tables 1 and 2 show the effects of
the different factors considered in
the analysis on the maximum repair
placement length. The two tables
represent two different confidence
levels that may be interpreted as re-
liability in a risk analysis. For ex-
ample, a 95 percent reliability
means that for a number of place-
ments, there would be a 5 percent
probability that a placement length
shown in the table would experi-
ence intermediate cracking. A 99
percent reliability implies only a one
percent probability of intermediate
cracking.

The subbase types in the tables
represent the range of possible con-
ditions that may be encountered in
the field. The temperature change is
the difference between the maxi-
mum and minimum concrete tem-
perature during the first 24 hours
after placement.

The cement types shown repre-
sent a range of materials that may
be used. Exotic new cements and
accelerators have a faster strength
gain during the critical first 24
hours, thus they are expected to al-
low longer placement lengths. The
morning and evening placement im-
plies concrete placed before and af-
ter 12 noon, respectively.

A review of Tables 1 and 2 indi-
cates that for the following condi-
tions, shorter slab lengths are re-
quired:
¢ Higher reliability against mid-
slab cracking.

e Afternoon placement.

o (Greater daily temperature
changes.

® Rougher subbase layer texture
(i.e., more friction).

Another consideration for reduc-
ing the stress that increases with
time, and thus preventing random
cracking, is to develop criteria for
the optimum time to saw slab
joints. Using the computer program
previously discussed, a stress-time
history for the various parameters
previously examined was per-
formed. In simple terms, if the
stress envelope is above the strength
envelope developed by the repair, a
crack is predicted to occur.

Thus, sawing should be per-
formed prior to the time the stress

14

Table 1 — Maximum placement lengths for repair areas (ft)

(95 percent rellablllty Ievel)

S e 25° Temp change | 35° Teﬁap change
L ' { Typel | P Typel |
Subbase | Time of 1 normal | Type Il | normal | Type Il
e zf'«'placemem cement Lo | cement | cement | cement | cement

] 7 3
13 2z
o loas ) oam

103 | 4 | 8

e L 0

. s w0

Table 2 — Maximum placement lengths for repair areas (ft)

(99 percent reliability level).

envelope exceeds the strength enve-
lope. Tables 3 and 4 present the
maximum allowable time before
sawing is required for a 95 percent
reliability and a 99 percent reliabil-
ity, respectively.

The sequential steps that may be
used by the designer to select maxi-
mum slab lengths and maximum
time of sawing to prevent mid-slab
cracking from occurring are given
below. The designer must first es-
tablish the environmental condi-
tions and constraints, and then use
the following procedure step-by-
step:
¢ The first step is to establish a
desired reliability; since tables have
been provided for the 95 percent
and 99 percent reliability levels, one
of these must be selected.

e The daily concrete temperature
during the first day of construction
must be estimated. In the absence
of concrete temperature data, the
U.S. Weather Bureau air tempera-
ture data be used to simulate the

e | 25 Temp ¢hange,

35° Temp change‘

slab temperatures. Since daily tem-
perature change vary significantly
during the year, the designer must
anticipate what season of the year
the slab replacements will be made.
¢ The next step is to select the
representative subbase type.

A rough interface would be a ce-
ment or asphalt-treated base that
has not been rolled to a smooth
plane. An aggregate base with large
aggregates in the surface would also
be in this category.

A medium friction condition
would be a smooth stabilized base
where the surface has been rolled
very smooth, and there is little ma-
crotexture in the surface.

A smooth surface would be the
use of a Visqueen or polyethylene at
the interface. However, the appli-
cation of a Visqueen on top of a
very rough surface does not neces-
sarily move it into the smooth cate-
gory.

e The next decision is to select the
time of day the concrete is to be

Documents

ACHCLMPILATION



http://www.avadocuments.com/doc/aci-compilation-20-92
http://www.avadocuments.com/doc/aci-compilation-20-92

ACI COMP-20 93 M@ 0bk2949 0506712 905 HE

Table 3 — Maximum allowable time before sawing is

required (hours) (95 percent confidence level).

“15° Temp chan,
Slab Typel 0
Subbase length normal’
type ) cement | cem
Rough 15 NE
texture 30 NE
(Stabilized) 60 NE.
120 NE |-
Average 15 NF.©
texture 30 NF
(Asphalt) 60 NF 1
. 120 NF =L NF
: 0 TS g
Smooth 15 NS
texture 30 NS
{Visqueen) 60 NF
120 ‘NF
NS = Normal Specification Requirement
NF = Not Feasible

placed. For this purpose, the day
has basically been divided into two
periods: placement before noon
(morning) and placement after noon
(afternoon). As may be seen (Ta-
bles 1 and 2), the maximum allow-
able spacing differs considerably
between these two limits.

¢ From the appropriate cell in the
factorials of Tables 1 and 2, the de-
signer may select the maximum
placement length for the prescribed
conditions to prevent mid-span
cracking. The tables may be used in
two ways: using a prescribed length,
the designer may select the appro-
priate cement type to ensure that
this length will be satisfactory, or if
the designer plans to use a specific
cement type, he may establish the
maximum permissible placement
length.

s After selecting the proper slab
length, the designer can use Tables
3 and 4 to select the maximum al-
lowable time before sawing. Again,
for the appropriate cell, the de-
signer selects a time wherein all
sawing of the transverse joints must
be made. If sawing occurs after that
time period, it is quite possible that
stresses may have built up to a point
that random cracking has occurred.

Construction

Construction practices vary widely,
but there are several aspects that
could adversely affect repair proce-
dures. For example, traffic control
is important for this type of con-
struction because the roadway is

REPAIR & REHABILITATION It

usually still serving traffic.

Another important construction
procedure is the removal of old
pavement. It is typically removed by
saw cutting and breaking out by
pieces. Removal solely by jackham-
mering or by using too much jack-
hammering at the repair edge can
cause microcracks in the adjacent
pavement (Fig. 1) and ultimately
cause poor repair performance,
with the adjacent pavement also
continuing to crack and spall. Most
states require that all loose base
material be removed and replaced
with new base material or the repair
material.

Portland cement concrete with
calcium chloride as an accelerator is
the most widely used repair mate-
rial for achieving the fast strength
requirements necessary for rapid
completion of the job. Curing time
ranges from 4 to 8 hours, with some
agencies allowing up to 24 hours.
Flexural strength in the range of 300
psi to 350 psi (2.1 to 2.4 MPa) is
used by some agencies to determine
when traffic will be allowed back on
the repair,

The possible number of repairs to
be placed per day is a function of
the construction process and the size
of the repairs. As few as five to
seven, or as many as 70 to 100 re-
pairs can be placed per day.

While calcium chloride has been
the general accelerator of choice,
several new products and other re-
pair materials should be examined.
These new rapid hardening ce-

ments, polymers, and other mate-
rials should be considered and
tested. The size of the area to be re-
paired and the cost and availability
of these products should be consid-
ered in the decision.

Based on this study, the con-
struction findings are:
* To prevent separation, adjacent
lanes should be tied together along
the longitudinal joint.

® As pavement is removed, exer-
cise care when replacing existing
joints, since stress build up may be
excessive if this is not done, and
could result in transverse cracking.

® When the continuity of existing
steel will not be maintained, the best
removal method for preventing
damage to the surrounding pave-
ment is to saw the repair limits full-
depth and then lift out the pieces to
be removed.

e A higher reliability against mid-
slab cracking requires shorter slab
lengths.

® An afternoon placement re-
quires shorter slab lengths.

® A large expected daily tempera-
ture change requires shorter slab
lengths.

e A rougher subbase layer texture
(i.e. more friction) requires shorter
slab lengths.

e Sawing should be accomplished
as soon as feasible as long as the
blade does not dislodge the aggre-
gates.

The absolute costs for individual
activities associated with rapid
patching of PCC pavements was
difficult to obtain, for a number of
reasons. Most construction bid doc-
uments lump many activities into
composite costs. For example, re-
pair costs may include items such as
removal, placement of base, re-
placement of pavement, dowel bar
installation, reinforcement, and
curing.

Many rapid repairs also are
placed along with other improve-
ments such as repair of longitudinal
joints, undersealing, grinding, etc.,
and some costs are shared, such as
traffic control. Also, bid docu-
ments, which are the usual source
of data, may not reflect total ex-
penditure by item.
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Table 4 — Maximum time before sawing is required (hours)
(99 percent confidence level).

- .41 15° Temp change | 25° Temp change - | 35° Temp change

Table 5 shows cost data collected o4 Typel oo Typel | ' Typel
from participating states. Inspec- | pormal j, Type IIL | normal | Type Il | normal | Type LI
tion shows that smaller projects c{ementr cement‘ cement | cement | cement | cement
have higher unit costs (Virginia Site CNF o4 NF 4 NF 4
2, Michigan Site 5, Minnesota Site CoNE g 4 NF | NF NF NF
4, and California Site 3). However, > § $ : ?;FF ful: ]l:g ::
the cost of traffic control is not ey KR :
necessarily affected by the size of _NF NS NF NS NF 4
the job. For example, Virginia’s Site N 4 R NF NF NF
2 has 5.5 times as many cubic yards ' IX:FF PI:FF g:: Il:ll: ::: :ﬁ
of patching, but the traffic delay :
cost is only 63 percent of the Site 1 NS | NS 4 NS 4 4
cost. This may result from the spe- :lsz Nf gll: N‘; :g ﬁ?
cific site conditions or bid distribu- e e NF NF NF NF NF
tion practices by the contractor. el d e _—

In general, the cost per square ég%?%&%ﬁﬁmﬂm Requirement
yard of patching ranged from $50- e :

$500/yd?. Data collected indicates a
figure of approximately $75/yd? as

Table 5 — Unit costs per square yard for rapid PCC repairs.
the best average cost estimate, - ,

which is calculated by dropping the Sl ; 1 2 1+2
three highest values and averaging | ] Cost of Cost of Total Cost Total
the data. traffic removal & cost of of rapid contract
SR Area control replacement patching repair amount*
1 - 2
Repair performance i::’nf:w )| L0 (L0 | GO | B/y) | (51,0009
Most agencies do not have formal Site 1 ) 19 292 311 544 387
procedures for monitoring their re- | Site2 3,132 12 408 420 134 554
pairs, however one agency does . Site3 8,214 62 951 1,013 123 1,274
have a formal procedure involving *Sited. 9,323 m 1,006 1,117 120 1,620
condition survey ratings on their re- Site 5 ‘ No unit prices available :
pairs. In general, the repair perfor- Michigan v
mance is monitored by periodic ob- Site1 | 28,044 17 1,455 1,472 52 2,116
servation. The performance of the Site2” | 5,867 10 284 294 50 300
repairs under study in this project Site 3. No unit prices available
were monitored by highway depart- Site 4 25,481 4“4 1,200 1,244 49 1,279
ment personnel throughout the du- Site 5 4197 7 270 27 66 370
ration of the project. ARE Inc per- s’tevﬁ, 26,266 M 1,305 1319 30 2,049
sonnel made the first and the last Minnesota
ratings. Site 1 No unit prices available
Subjective reviews of cracking : ::zi 2;‘;(1’ _1, l;g lzg 312 ég;
and other dlstrc;ss ratings were ex- Site 4 25 g 128 135 1800 148
tremely useful in developing these :
results. The author used photo- California
graphs and crack mapping methods Sftel 1,935 15 93 108 56 110
to monitor repair performance. Ta- Site 2 1,360 16 57 73 38 106
Ho Site 3 800 8 88 96 120 189
ble 6 shows the criteria found from Site 4 847 7 36 4 51 45
this study fqr determining the }m'uts Site § 1,265 12 101 133 105 a1
of the repair, or when an existing Site6 'No unit prices available
repair needs replacement to pre- *Includes other activities
serve the integrity of the surround- .

ing pavement.

physical measurements of deflec- s Unstable, or poor subbase or

Conclusion

The results from this long-term per-
formance monitoring of rapid
placed (< 24 hours) full depth, full
lane-width PCC repairs provides a
number of conclusive statements:

® Detailed distress surveys and

16

tion and/or radar for void detec-
tion should be used to establish the
limits of each repair.

s Full depth sawing and removal
by lifting are the most efficient and
effective method of removing the
existing pavement.

support material should be com-
pletely removed down to good ma-
terial.

® Minimum repair length should
be 4 ft (1.2 m) and maximum repair
length should be 20 ft (6.1 m), or an
interim joint or reinforcement
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Table 6 — Criteria for Pavement Repair.

Fau!tmg 'Wamms M less than V4 in,
& " Failed if greaterthan % in,
Spanmg < Warning if less than Tin.wide
- Fa:led if greater than | m w:de

should be considered (except for
CRCP pavement) to avoid trans-
verse pavement cracking from envi-
ronmental and traffic load stresses.
Old joint spacing should be
matched.

¢ If an old joint is removed, the
new repair should replace the re-
moved joint, so that the existing
joint spacing is reestablished.

o All reestablished joints should
have load transfer devices to pre-
vent faulting or tilting.

¢ All steel in CRCP should be re-
tied and the repair should reestab-
lish longitudinal steel continuity.

e Adjacent lanes should be tied
together.

¢ No significant benefit was noted
for the use of the inverted T-repair,

REPAIR & REHABILITATION I

and there was some evidence that
the T-wings may easily break off,
thus its use is not recommended. It
also requires more labor and is dif-
ficult to cast and vibrate well.

e Repairs made with Type III ce-
ment with an accelerator added can
be opened in 6 to 8 hours after
placement. OQur review did not dis-
close any agency that was routinely
using exotic concrete mixes Or new
materials, such as polymers, for
large repairs.

¢ Repairs in adjacent lanes should
line up so that the joint or end of a
repair in one lane is not located
mid-panel or offset from the joint
in the adjacent lane (Fig. 2).

e Full depth, full lane-width re-
pairs should not be abutted up to
partial-width repairs since these

tend to cause longitudinal cracks in
the full width repair (Fig. 2).

By adding these simple conclu-
sive findings into the development
of a rapid repair design and con-
struction specification, an agency
can be assured of the best perform-
ing rapid repair. Other useful in-
dustry publications are available,
345 and most state DOTs are devel-
oping recommendations, experi-
ence, and specifications in this area.
Quality workmanship in the plan-
ning, design, and construction will
produce repairs that are good look-
ing and perform as expected.
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Ontario Power

he headworks of the On-
tario Power Generating Sta-
tion is located about 1.5 km
upstream from the Horse-
shoe Falls, Niagara Falls, Ontario,
Canada. The headwork structures
provide water to the 100 megawatt
generation station that was built in
the early 1900s at the foot of the
falls.

From time to time, minor repairs
had been done to maintain the sta-
tion’s operating efficiency and
overall safety, but the intake struc-
tures had reached a condition where
station safety and reliability could
no longer be assured.

The gates could no longer be re-
liably closed completely on de-
mand, Underwater diving inspec-
tions during scheduled station out-
ages revealed accelerated concrete
deterioration on the maingate
apron. The operations staff moni-
tored an increase in loss of genera-
tion, loss of forebay water eleva-
tion, and loss of water supply to the
Niagara Parks Commission Duf-
ferin Island Park. A major rehabil-
itation program was required.

The rehabilitation program con-
sisted of constructing and removing
a 183 m (600 ft) cofferdam along an
existing ice diverter on the Niagara
River; dewatering the inner and
outer forebays; structurally upgrad-
ing the ice diverter, outer forebay

18
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spillway, the gatehouse apron, and
maingate sills; building new trash
racks; demolishing an old screen-
house structure; constructing a sce-
nic walkway, and cleaning debris
from the forebay.

Cofferdam and dewatering

Constructing the 183 m (600 ft) cof-
ferdam along the ice diverter was
the most difficult and challenging
part of the entire project. The con-
struction and potential safety haz-
ards at times seemed unmanage-
able.

The cofferdam was built along an
ice diverter within the accelerating
water channel immediately down-
stream from the control gates of the
International Control Dam located
on the Niagara River (Fig. 1). Al-
though a detailed procedure for in-
stalling the cofferdam was pre-
pared, several construction anomal-
ies existed.

These included water currents
within the accelerating channel, wa-
ter flow through the well fractured
bedrock, and structural integrity of
the ice diverter piers (the concrete
condition survey revealed extensive
cracking due to ice damange over 80
years of service). There also were
concerns about back water pressure
on the cofferdam during construc-
tion because water levels fluctuate

by up to 1 m (3.3 ft) on the Niagara
River to enable two 13.7 m (45 ft)
diameter tunnels upstream to pro-
vide water to a reservoir in the eve-
ning for another generating station.

The water flow through the train-
ing wall, limited control of the gates
at the International Control Dam
due to the International Agreement
between Canada and the U.S.A. for
providing maximum water flows
over the Horseshoe Falls during the
tourist season, and minimum envi-
ronmental impact during the con-
struction and removal of the coffer-
dam had also to be considered.

The solution was to rest EFCO
concrete form panels against a toe
beam and header beam, sectionally
bolted together underwater by com-
mercial divers, reacting onto indi-
vidually post-tensioned ice diverter
piers and positioned to allow tremie
concrete to be placed between the
bedrock and the underside of the
toe beam (Fig. 2).

Installing the cofferdam

The main cross section of the cof-
ferdam consisted of a W21XS55 sill
beam positioned horizontally and
anchored to react against a bent
steel plate assembly that was de-
signed to allow for any misalign-
ment caused by localized concrete

deterioration at theﬂséaﬁrﬁlg nts
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tig. 2—Backside view of cofferdam
construction.

space between the steel plate and
the concrete pier was filled with tre-
mie concrete. A W12X53 header
beam was also positioned horizon-
tally and anchored against the con-
tinuous concrete wall of the ice di-
verter.

The panels (12RX6X10 in.) were
positioned vertically and rested on
an angle that was welded to the
outer flange of the sill beam. Tre-
mie concrete was then placed be-
tween the sill beam and the bedrock
surface.

The entire operation was per-
formed by commercial divers with
two sectional barges (one with a 45
ton conventional crane) on the
downstream side of the ice diverter
and additional manpower atop the
ice diverter.

Installing the bent steel plate as-
sembly and tremie concrete within
the space between the pier and the
assembly was performed first at all
24 piers.

The sill and header beams were
then installed and each section
bolted to the next. The elevation of
the sill beam was determined by al-
lowing at least 0.5 m (1.6 ft) of cof-
ferdam freeboard at the highest re-
corded water elevation on the Niag-
ara River. Debris found between the
sill beam and the bedrock was then
vacuumed and removed. Burlap
bags filled with concrete were used

REPAIR & REHABILITATION 11

to build a wall on either side of the
sill beam to contain the tremie con-
crete.

Tremie concrete was then placed
to the web elevation of the sill
beam. Beginning at the upstream
side of the river flow, the panels
were then installed and continu-
ously bolted and secured back to
the ice diverter using wire rope ca-
ble.

Because the divers reported a dif-
ference in current flows once 80
percent of the EFCO panels were
installed, a special gate assembly
was designed to accept the last sec-
tions of panels. The panel was po-
sitioned and allowed to slide down
within a gain arrangement.

A 1.2 m (4 ft) diameter valve was
designed within a panel to maintain
water within the forebay so as not
to bottom out the barge. The crane-
mounted barge was then towed to
shore.

Dewatering

Precautions were taken to insure
against an unexpected ice diverter
failure once the last panel was se-
curely positioned. Dewatering be-
gan almost immediately. A notice-
able 0.6 m (2 ft) head difference ex-
isted between the upstream and
downstream sides of the cofferdam.

The valve in the panel was then
closed and the main gates to the

generating station fully opened.
Within four to five hours, the 10
hectare area of outer and inner
forebays were completely dewa-
tered. Leakage from the cofferdam
was minimal and manageable.

No one was allowed to enter the
work area until the cofferdam was
deemed perfectly safe. A written
procedure had been prepared prior
to building the cofferdam detailing
entry and evacuation of personnel,
monitoring the cofferdam during
construction restoration, and wa-
tering up of outer and inner fore-
bays.

During a routine cofferdam in-
spection, a tradesman observed a
“blow-out”’ condition. The repairs
were made immediately by pump-
ing tremie concrete and thus secur-
ing the cofferdam.

The cofferdam was designed to
withstand a 7.6 m (25 ft) head of
water; it actually held back a water
head of 5.2 m (17 ft). The coffer-
dam installation took approxi-
mately 21 ten-hour working days to
complete.

Rehabilitation of structures

Concrete mix proportions

Separate mix proportions were sub-
mitted to the concrete ready-mix

supplier for the trem'DBié' eﬂﬁ% nt S
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and 20 MPa (4350, 3625, and 2900
psi) waterline concretes; grout mix;
and low control strength material at
the time of tendering. Table 1
shows quantity details for the dif-
ferent project locations.

Table 2 shows test results for the
various locations. On average, the
strength results exceeded their de-
sign requirements at 28 days.

Gatehouse pier extension and
base slab/batterwall

The gatehouse houses headgates
and associated mechanical equip-
ment. Two 5.5 m (18 ft) diameter
conduits convey water approxi-
mately 2 km (1.25 miles) to the gen-
erating station (Fig. 3).

Leakage around the conduits was
noticed some time ago and a moni-
toring program prepared. Under-
water inspections indicated that
parts of the gatehouse substructures
were deteriorating rapidly. Com-
plete closing of the gates on de-
mand could no longer be assured.

The base slab and adjoining bed-
rock were demolished using equip-
ment adaptable to hydraulic demo-
lition hammers. The base slab was
excavated to a depth of 1.5 m (5 ft).

Concrete for the new base slab
and pier extensions was placed as a
monolithic reinforced concrete slab
with no visible cracking. The base
slab was post-tensioned using 50
mm (2 in.) diameter hollow-core
rock anchors and grouted.

Once the base slab concrete was
completed, scaffolding was erected
at each pier location. The old con-
crete surface was bush-hammered,
and 25 mm (1 in.) reinforcing bar

dowels were installed at 0.5 m (1.6 -

ft) spacing. The 12.5 m (41 ft) high
trash rack gain assembly was accu-
rately positioned at all pier loca-
tions.

20

Fig. 3—Gatehouse repairs. Batterwall is at left.

Table 1 — Quantity sheet

50 mm{’
hollow
Rock core rock
excavation | anchors Concrete,
(concrete | (25 mm©} | Reinforcing| formed | Concrete| Total
demolition), | dowels), bars, area, |[(CLSM),| direct
Location m’ each Mg m? m’ manhours
Gatehouse baseslab, 300 28 80 650 520 23,200
piers, and batterwall (320)
Screenhouse (1530) — 6.7 — 165 4000
Needledam/ — (840) 20 238 290 3500
ice chutes (850)
Retaining (spill) wall — 146 77 407 635 16,750
(4080)
Install/remove — 24 — — 1000 18,000
cofferdam (includes
fabrication)

Reinforcing bars were positioned
and concrete placed monolithically
at each pier location. The batter-
wall was also post-tensioned and
concrete placed monolithically. A
total of 482 m? (630 yd®) of concrete
was placed over 60 working days of
two-10 hour shifts.

Retaining wall

A 215 m (705 ft) long retaining
wall, which contains and controls
the headworks of the Ontario
Power Generating Station, was
found in very poor condition. An
hydraulic crawler drill was used to
drill through the concrete and bed-
rock.

It was decided to dowel/rock an-
chor/grout to the bedrock elevation
and to cap the spillway with 0.75 m

(2.5 ft) of concrete. A total of 146
50-mm (2-in.) diameter hollow core
rock anchors and 4080 25-mm
(1-in.) reinforcing bar dowels
(candy-canes) were installed.

It was decided to leave the old
concrete as a filler and to perform
as one side of the concrete form as
time did not permit the demolition
and complete rebuilding of the wall.
Wall sections were formed at 9 m
(30 ft) lengths along the wall. Key-
ways and bulkheads were placed at
either end. Filler concrete sections
were placed after two days.

A total of 635 m?® (830 yd?) of
concrete was placed over a period
of 50 days of two 10 hour shifts.

Screenhouse

The original plan was to demolish
the superstructure.gf the screen-
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house and undertake repairs to the
substructure. A public walkway
would then be built over this struc-
ture to provide a scenic view of the
Niagara River Parkway. However,
demolition aggravated the substruc-
ture and complete replacement was
necessary,

It was necessary to design, con-
struct, and complete the entire
walkway in less than 25 days. Three
piers, post-tensioned into the bed-
rock, were constructed. Existing
abutments were rehabilitated to ac-
cept a segmental steel truss walk-
way.

Schedule

The schedule only allowed for 60
days to complete the entire project.
Dewatering occurred on October 6,

REPAIR & REHABILITATION i

Fig. 4—Retaining wall construction.
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Fig. 5—Deterioration of original spillway wall.

1987, and the forebays were wa-
tered up on December 7.

Although the cofferdam was de-
signed to withstand ice loads, there
was concern that the cofferdam
might be difficult to remove if icing
occurred. The potential cost of
heating the generation station and
loss of revenue if the cofferdam
could not be removed more than
justified the decision to schedule
crews to work two 10-hour shifts
every day of the week. The work
force on site peaked at 160 trades-
men per two 10-hour shifts.

The main milestone activities on
site were installing and removing the
cofferdam, placing the gatehouse
base slab, designing and building
the scenic walkway piers and ap-
proval, and removing forebay de-
bris.

Conclusion

The successful five-month work
program resulted in restoring the
structural integrity of the gatehouse
foundation, outer forebay retaining
wall, the safe operation of the gates,
debris protection by the newly in-
stalled screens, and improved es-
thetics of the intake works. This en-
abled the Niagara Park Commis-

sion to realize it’s long-term plans
for a scenic public walkway along
the Niagara River bank.

A 60-day work program was
completed on schedule involving
approximately 160 tradesmen work-
ing 90,000 direct and indirect man-
hours. Technological advances in
hydraulic equipment contributed to
the timely and economical comple-
tion of this concrete restoration
project.
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Rehabilitation of an
Elevated Roadway i

:

ehabilitation of concrete in
bridges prematurely dam- G &
aged by deterioration con-

. . 2 |
tinues to be a major prob- \ O,y 4

}

lem throughout North America. Q@ ' Plhar [T TS ! p / @
Approximately 564,000 bridges are X 9 13 7 y
standing in the United States. At N \2 -
least 105,500 of them need repair or - a ’
replacement. Millions of square feet - A
of bridge decks show heavy deteri- z “H=
oration-cracking, spalling, corro-
sion of reinforcement, etc.

One such bridge, the elevated
roadway at Ba!timore/Washington ® | DECK REPLACEMENT H
International Airport, was repaired
between September 1988 and July
1989. Built in 1977, the bridge su- —
perstructure is supported by 152 @—
concrete columns and two abut- 7
ments on spread footings. The 1720
ft (524 m) long concrete structure
(Fig. 1) consists of 73 spans in con- G4 BRG. EXIT ABUTVENT 8/L CONSTRUCT 0N
tinuous units three or four spans LOWER ROADWAY B
long, with cantilevers at the end of -
each unit and a suspended slab C/L BRG. APPROACH ABUTMENT | —
from 12 ft (3.7 m) to 28.8 ft (8.8 m) FOADNAY REFAIRS NIR
long between cantilevers (Fig. 2).
An expansion joint is provided at
each end of the suspended spans
and at each abutment.

The width of the bridge varies
from 24 to 44 ft (7.3 to 13.4 m) of \TOP OF ROADWAY SONGVOID
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Fig. 1 — Bridge plan view.

clear roadway with a parapet and a
safety walk on one side of the
bridge and a sidewalk on the other. \
The bridge deck is a 20 in. (51 cm) - : B —
thick cast-in-place reinforced con- 1 il 15 ]
crete slab. The positive moment

regions in the deck slab in each 24 ft -G PIER =G BRG. ~—G BRG. G PIER
(7.3 m) clear roadway span contain
20 equally spaced 10 in. (25 c¢cm) di-
ameter voids. Fig. 2 — Typical suspended span longitudinal section.
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The specified concrete strength
for the columns and deck slab was
4500 psi (31 MPa).

Field inspection

The first phase of the project in-
cluded an in-depth inspection to de-
termine the physical condition of
the structure. The bridge was visu-
ally inspected for spalls, cracks, rust
stains, discoloration, corrosion of
reinforcement, and other indica-
tions of concrete deterioration. The
surface areas were also inspected by
sounding (hammer tapping) to lo-
cate delaminated areas. The inspec-
tion yielded the following:

e The top of the slab was free of
deterioration with the exception of
some minor spalls along the expan-
sion joint angles.

e Cracking, light at most locations
and moderate at others, existed
throughout the deck surface.
Transverse cracking was predomi-
nant, although some longitudinal
and random cracking was observed.

® Severe deterioration was found
on the underside of the deck slab at
the expansion joints. Leakage
through the joints had caused ex-
tensive corrosion of the reinforce-
ment, spalling, and delamination of
the concrete cover (Fig. 3). Con-
crete spalls at the cantilever sup-
ports were about 4 in. (10 cm) deep
at several locations and the main
reinforcing bars were heavily cor-
roded.

® The specified cover to reinforce-
ment at the bottom of the deck slab
was 1 in. (25 mm); measurements
indicated that at some locations the
cover did not exceed ¥4 in. (6 mm).

e The concrete sidewalk at several
locations had severe random crack-
ing with crack widths varying from
fine to Y4 in. (6 mm).

¢ Of the 30 expansion joints, 26
had preformed neoprene elasto-
meric compression seals. Four joints
had been repaired in 1986 by re-
placing the existing compression
seals. All of the remaining joints
were showing evidence of leaks
(some very severe.)

24

Testing program

A concrete sampling and testing
program was carried out to supple-
ment visual observations and to de-
termine the potential durability of
the concrete and the expected serv-
ice life of the structure. This pro-
gram included obtaining and testing
cores and samples for compressive
strength, chloride ion content,
depth of carbonation, pH value,
and for performing petrographic
examinations. The sampling plan
was designed to obtain samples
from concrete areas judged to have
light, moderate, and severe deterio-
ration, The most severe areas of
concrete deterioration were adja-
cent to expansion joints on the un-
derside of the deck slab.

Cores taken near the expansion
joints (Fig. 4) were visually exam-
ined and tested for compressive
strength. A total of 15 cores were
taken from various locations
throughout the bridge.

Using the dry pulverizing
method, 12 samples for chloride ion
content were taken from six loca-
tions on the underside of the deck
slab adjacent to expansion joints
and the longitudinal construction
joint. Six of these were shallow
samples taken at a depth of 0 to 3
in. (0 to 7.5 cm). The remaining six
were deep samples taken at a depth
of approximately 5 in. (12.5 cm).

For depth of carbonation tests,
cores 3 in. (7.7 cm) in diameter were
obtained at three locations. Two
samples of concrete dust (left over
from the chloride ion testing) were
taken to determine the pH value of
congrete.

Compressive strength

Compression tests performed on
cores taken at the top of the deck in
suspended slab areas did not indi-
cate concrete deterioration. (Com-
pressive strength averaged 7424 psi
[51 MPa].) Cores taken from the
underside of the deck at the canti-
lever supports and adjacent areas of
suspended slabs were visually ex-
amined. The top portions of the
cores (inside the joint) did not show
any concrete deterioration, but the

bottom portions contained deterio-
rated concrete from Y% in. (12.5
mm) to 3 in. (76 mm) thick. Some
of the cores contained delamina-
tions and cracks, and the reinforc-
ment in two cores had corroded to
the extent that the bond between
concrete and steel was severely af-
fected. Average compressive
strength of the two cores tested was
7590 psi (52 MPa); eight cores could
not be tested due to either included
reinforcing bars or delamination
and cracking.

Carbonation

Laboratory measurements of depth
of carbonation using a phenol-
phthalein indicator showed that
color changes occurred at an aver-
age depth of %, in. (§ mm).

Tests for pH value indicated an
alkalinity of the concrete of about
11.

Chioride content

Sampling and testing for total chlo-
ride content was carried out in ac-
cordance with AASHTO T-260.
The shallow samples showed levels
of chlorides that ranged from 0.3 to
7.4 1b/yd? (0.18 to 4.4 kg/m?®) of
concrete, and the deep samples
ranged from 0 to 3.2 Ib/yd® (0 to
1.9 kg/m?).

Petrographic examination

The results of a petrographic exam-
ination indicated the concrete was
properly made. The entrained air-
void system was not entirely ade-
quate, but there were no signs of
freeze-thaw distress. The average
entrained air volume was about 5
percent. The paste was of low wa-
ter-cement ratio and was hard and
dense. The bond of the coarse and
fine aggregates to the cement ma-
trix was good. The paste was well
cured and hydrated.

The concrete had been affected
by an alkali-silica reaction that gen-
erated fine cracks in the concrete.
The orientation of the cracks was
both parallel and normal to the ex-
terior concrete surface. A gross
manifestation of the reaction was
the map, or pattern, cracking evi-
dent on the concrete surface. The
cracks were shallow at some loca-
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