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Preface

ACl Compilations combine material previously published in Institute
periodicals to provide compact and ready reference on specific topics. The
Material in a compilation does not necessarily represent the opinion of an ACI
technical committee — only the opinions of the individual authors. However, the
information presented here is considered to be a valuable resource for readers
interested in the subject.

Terry W. Sherman
Chairman, AClI Committee 325
Concrete Pavements

On the cover: Fast track techniques are a relatively new innovation in the concrete paving industry,
now in its second century. This method allows traffic to use pavement that was placed only 12 hours
earlier; economical concrete mixes that provide high strength in less than 24 hours have made this
possible. Photo was taken during a recent paving project in Michigan.

B
O\ Y
@!’,’

American Concrete Institute, Box 19150, Redford Station, Detroit, Michigan 48219
Documents

Full document details: ACI Compilation 30-95


http://avadocuments2026.com/doc/aci-compilation-30-95
http://avadocuments2026.com/doc/aci-compilation-30-95

ACI COMPx30 xx EE 0bb29u49 0525112 329 M

GOE Design of Gement
Stabilized Base Gourses
for Airfield Pavements

by William. N Brabston and Raymond S. Roﬂmgs

he U.S. Army Corps of En-
gineers (COE) is the pri-
mary Department of De-
fense agency responsible for
the design and construction of
Army and Air Force airfields. In
this role COE develops design crite-
ria, guide specifications, and other
technical guidance information that
are used for pavement design and
contract specifications preparation.

In the past few years, COE has
made some changes to and intro-
duced new concepts in its approach
to the design of pavements with ce-
ment stabilized base courses.

Design manuals

Four technical manuals (TMs) are
applicable in the design of cement
stabilized base courses:

® TM 5-822-4 Soil Stabilization for
Pavements

* TM 5-825-2 Flexible Pavement
Design for Airfields

e TM 5-825-3 Rigid Pavements for
Airfields

* TM 5-818-2 Pavement Design for
Seasonal Frost Conditions

Design cement content

TM 5-822-4 provides guidance on
selection of design cement content.
Included are gradation require-
ments, initial cement content selec-
tion criteria, and strength and du-
rability criteria. This manual is cur-
rently undergoing revisions that are
included herein. COE gradation re-
quirements for cement stabilized
base courses are shown in Fig I.
These criteria are basically a relaxa-
tion of the conventional unbound

CONCRETE PAVEMENTS

base course criteria. For compari-
son, the Portland Cement Associa-
tion (PCA) gradation requirements
for a cement-treated aggregate base
(CTAB) are also shown in Fig 1.

Soil classification is based on
ASTM D 2487. A further stipula-
tion is a maximum plasticity index
between 20 and 30, the specific
value depending on the fines con-
tent (percent finer than the No. 200
sieve).

Once it has been determined that
a base course material is a candi-
date for cement stabilization, an in-
itial design cement content is se-
lected based on the soil classifica-

US STANDARD SIEVE OPEN!NG IN INCHES

tion. Recommended initial design
cement content values for various
soil types are shown in Table 1.

Soil is then prepared for labora-
tory compaction tests at the initial
estimated cement content. Moisture
density tests are conducted follow-
ing ASTM D 1557. Specimens are
then molded at the maximum dry
density or appropriate percentage
thereof and at optimum water con-
tent or appropriate design field wa-
ter content for strength and dura-
bility tests.

The strength of the specimens is
determined by unconfined compres-
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Fig. 1 — CE and PCA gradation requirements for cement stabﬁ zed base

courses.

ocuments
3


http://avadocuments2026.com/doc/aci-compilation-30-95
http://avadocuments2026.com/doc/aci-compilation-30-95

ACT COMPx30 xx EM 0Obb29u4q9 0525113 265 N

Table 1 — Estimated
cement requirement for
various soil types

GP, GW.GC,| . 6
GW-CM, SW-8C, { |
SWEM .. o ;
GP-OM, GM-GC, | .. . .
SC, SM, SP.8C,
SP-5M, $M-8C,
SP

Table 2 — Requirements
after 12 cycles of durability
tests

R ”( M ?x ) y b}g 3 oo ;%
Type of . (percent of initial
soil stabitized weight)
Granular, P1< 10 . (
Granular, P1> 10 3

Table 3 — Equivalency
factors for cement stabilized
base courses

GW,GP, W8P | . L8 .

GC, GM 1.00

sive strength tests. Durability is de-
termined by wet-dry or freeze-thaw
tests (ASTM D 559 or D 560) as ap-
propriate. For both the strength and
durability tests, specimens are pre-
pared in triplicate at the initial de-
sign cement content and at cement
contents two percent above and two
percent below that value. Thus a
total of 18 specimens must be pre-
pared. Before testing all specimens
are moist cured in a humid room
for 7 days. Results of the strength
tests are then compared to the cri-
teria for minimum unconfined
compressive strength for a cement
stabilized base course. The strength
must be at least 750 psi for a flexi-
ble pavement and at least 500 psi
for a rigid pavement. Durability
tests consist of subjecting the speci-
mens to 12 cycles of wetting and
drying or freezing and thawing de-
pending on which type of test is
conducted. In areas where frost de-
sign is a consideration the freeze-
thaw test would be appropriate,
whereas the wet-dry test might be
run in non-frost areas.

In the wet-dry test, each cycle
consists of a 48 hour period during
which the specimen is submerged in
tap water for 5§ hours and then dried
in an oven at 71 C (160 F) for 42
hours. It is then cleaned with a wire
brush to remove loose material that
may have become unbonded. After
12 cycles (24 days) the total amount
of weight loss is calculated and
compared to the weight loss criteria

in Table 2. This table indicates the
maximum allowable weight that can
be lost from a specimen after 12 cy-
cles of either the wet-dry or freeze
thaw test.

In the freeze-thaw test cycle, each
specimen is placed in an environ-
mental chamber at a constant tem-
perature of not more than —23 C
(— 10 F) for 24 hours, thawed in a
humid room at 21 C (70 F) for 23
hours, and then brushed. These
tests are considered to be a measure
of the durability of a cement stabi-
lized material when it is subjected to
similar climatic conditions in a
pavement structure.

To qualify as a cement stabilized
base course, the material must meet
both strength and durability crite-
ria. The final design cement content
is the lowest value of specimens
meeting both criteria.

Flexible pavements

TM 5-825-2 provides guidance on
the design of flexible airfield pave-
ments. Designing a cement stabi-
lized base course involves first de-
signing a conventional flexible
pavement with an unbound granu-
lar base course and then applying a
reduction factor to the unbound
base thickness to determine the
thickness of the stabilized base.
Equivalency factors for cement sta-
bilized base courses are indicated in
Table 3.

For example, if a pavement de-
sign calls for 11.5 in. (290 mm) of

unbound base, then 10.0 in. (250
mm) of cement stabilized material
may be substituted for the unbound
aggregate. This table as currently
presented in TM 5-825-2 does not
include equivalency factors for soils
classified as SC or SM or for those
soils having a double classification
symbol, i.e. GW-GC. However, this
deficiency will be addressed in the
next revision to the manual. The re-
visions will present the following
equivalency factors for these soil
types:
s 1.15 for GW-GC, GW-GM, SW-
SC, and SW-SM
e 1.00 for GP-GC, GP-GM, GM-
GC, SC, SM, SP-SC, SP-SM, SM-
SC

As shown, only about half of the
soil types qualify for an actual re-
duction factor (1.15). The factor for
the remaining materials is 1.00 in-
dicating that the materials can be
used in a base course if they meet
strength and durability criteria but
no thickness reduction is allowed.
Therefore, a locally available and
more economical material that does
not meet conventional base course
criteria may be used in the base
course if it is properly stabilized.'

The use of equivalency factors is
an artifice to accommodate theoret-
ical limitations of the COE design
method in TM 5-825-2. This design
approach uses Boussinesq theory
(homogenous elastic half-space) and
is unable to account for layered
structures with significantly differ-

"BECU

ments

ACIT COMPILATION


http://avadocuments2026.com/doc/aci-compilation-30-95
http://avadocuments2026.com/doc/aci-compilation-30-95

ent stiffness characteristics. Conse-
quently, equivalency factors pro-
vide a simple usable design method
that, however, is not without theo-
retical drawbacks.

Rigid pavements

TM 5-825-3 provides guidance for
the design of rigid pavements.
Background information for these
design procedures may be found in
References 2 and 3. Design proce-
dures for five types of concrete
pavements are addressed: plain, re-
inforced, fibrous, continuously re-
inforced, and prestressed. In all of
the design procedures, the thickness
of the stabilized base course is a se-
lected value (6 in. [150 mm] mini-
mum) and the slab thickness is de-
termined as a function of the base
thickness, the modulus of elasticity
of the stabilized material, and other
design parameters. Thus the design
procedures may involve iteration
between slab thickness and base
thickness since the elastic modulus
is essentially a fixed value deter-
mined by the quality of the stabi-
lized material.

For plain, reinforced, fibrous,
and continuously reinforced con-
crete design, a stabilized base is
treated as a low-strength pavement
and the concrete slab is considered
as an overlay. Thickness design of
the slab involves a modified, par-
tially bonded, rigid-overlay-equa-
tion that theoretically allows a re-
duction in the slab thickness due to

CONCRETE PAVEMENTS
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Fig. 2 — Plain concrete design curves for

modified heavy load pavement.

the structural support provided by
the stabilized base layer. In actual-
ity, a significant thickness reduc-
tion is achieved only if the base
course has a high elastic modulus
value (> 2,000,000 psi [14,000,000
kPa]) as would be the case for a
lean concrete base material. Use of
the overlay equation for the design
of plain concrete is presented be-
low. The overlay equation is ap-
plied in a similar fashion for thick-
ness design of reinforced, fibrous,
or continuously reinforced concrete
on a stabilized base course.

In this procedure, an initial de-
sign thickness is first developed for
a plain concrete slab directly on an
unstabilized subgrade. This thick-
ness value is then used in the over-
lay equation to determine a final
thickness based on a slab on a sta-
bilized base. Design parameters
used to develop the initial thickness
value are: concrete flexural strength
R; modulus of soil reaction k; and
aircraft load factors such as gross
weight pass level and pavement
traffic area. A typical set of design
curves for an Air Force modified
heavy-load pavement is shown in
Fig 2. These curves represent spe-

cific aircraft types and load factors.
Next the modified, partially
bonded rigid overlay equation is
used to develop a final thickness
design value. This equation is:

B, = \|h — (3%/1,,)14

where:
h, = thickness of plain concrete
slab on stabilized base course
h, = initial thickness design of slab
on unstabilized subgrade
E, = modulus of elasticity of base
material
E. = modulus of elasticity of con-
crete, usually taken as 4 x 10° psi
h, = thickness of stabilized base
course

For example, the design thickness
for a concrete slab with a flexural
strength of 760 psi (5240 kPa) on a
subgrade modulus of 100 pci (2.8
kg/m?), Type D traffic area, is 10.0
in. Assuming that design calls for a
cement stabilized base course 10 in.
thick having a modulus of elasticity

of 400,000 psi (ﬁ@&(ﬁ m@,ﬁ]fs
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Fig. 3 — Composite modulus of soil reaction.

equation is entered and the final de-
sign thickness is determined to be
9.7 in. (246 mm). Thus there is no
significant reduction in design
thickness. (If the base were a lean
concrete of equal thickness and a
modulus of 2,000,000 psi {13,800,
000 kPa], then the final design
thickness based on the overlay
equation would be 9.4 in. [239 mm].)

The basic COE concepts for rigid
pavement design were developed in
the 1940s and 1950s when the best
available analytical model was the
Westergaard edge loaded model
represented by an elastic plate sup-
ported on springs. However, the
model could not accurately repre-
sent a layered structure such as a
concrete pavement over a stabilized

base and a subgrade. Consequently,
the initial design approach for sta-
bilized bases converted the stabi-
lized base and the subgrade into an
‘“‘equivalent”’ single spring constant
k or a composite modulus of elas-
ticity. This approach is still used
with continuously reinforced and
prestressed concrete pavements.
When increasingly strong and stiff
cement stabilized bases (‘‘econo-
crete,”’ lean concrete bases, roller-
compacted concrete bases, dry-
rolled concrete bases, etc.) became
more widely used the modified
overlay equation was introduced.
These various design subterfuges
were necessary because of the de-
sign limitations of the Westergaard
model. More recent work with lay-

ered elastic and finite element the-
ory offers a more theoretically
sound method of examining the ef-
fect of cement stabilized bases un-
der rigid pavements.

The design of prestressed con-
crete pavement is very complicated
and requires several iterative proce-
dures. When a cement stabilized
base course is involved in pavement
design, the structural contribution
of the base is included by use of a
composite modulus of soil reaction.
This value is determined graphically
based on the modulus of soil reac-
tion of the subgrade below the sta-
bilized layer, modulus of elasticity
of the stabilized layer, and thick-
ness of the stabilized layer which is
a selected value. The graphical pro-
cedure is presented in Fig. 3.

For example, if it is desired to use
a cement stabilized base course hav-
ing a thickness of 6 in. (150 mm)
and a modulus of elasticity of
100,000 psi (690,000 kPa) over a
subgrade having a modulus of soil
reaction of 160 pci (4.4 kg/m?), the
composite modulus of soil reaction
as determined from Fig. 3 would be
240 pci (6.6 kg/m?®). This composite
modulus value is used in the itera-
tive design equations to determine a
design thickness.

Frost design

TM 5-818-2 provides guidance on
design of pavements for frost con-
ditions. Chapter 6 is directed to-
wards the use of stabilized materi-
als. Two items in the manual are of
particular interest. First, stabilized
base courses may not be used di-
rectly under a bituminous paving
course. This limitation was placed
because of previous experience with
reflective cracking. Secondly, the
freeze-thaw test (ASTM D 560) is
required in areas where frost design
is a consideration.

Future work

Much of the past work with cement
stabilized materials has emphasized
the strength of the material and of-
ten the durability of the cement sta-
bilized base has received only cur-
sory attention. Cement stabilized
bases have often been prescribed as
a panacea for preventing pumping
under rigid pavements but they have
proven to be susceptible to erosion

from pumping in sofRgBitinents
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A dramatic example of the erodi-
bility of cement stabilized bases re-
cently occurred during the acceler-
ated traffic tests at Beerburrum,
Australia.>* A cement stabilized
base was placed in three lifts, sur-
faced with a seal coat, and traf-
ficked with an accelerated load fa-
cility (ALF). Water accumulated in
the base’s vertical shrinkage cracks
and severe erosion occurred along
these cracks and along the inter-
faces between lifts. This led to pre-
mature failure of the pavement test
section.

The current COE design and mix
proportioning methods for cement
stabilized bases emphasizes strength
and more work is needed to deter-
mine how durability should be in-
cluded with the strength require-
ment. Reflective cracking from
shrinkage cracking also remains a
problem and better guidance is
needed in this area.

There have been reports of chem-
ical attack of sulfates on lime stabi-
lized materials. Although the sul-
fate attack of lime stabilized mate-
rials has been relatively rare, repairs

have been very costly. The potential
for such problems for cement stabi-
lized materials needs to be ad-
dressed.
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by Perry M. King and David R. Smith

nterlocking concrete pavements,

also known as ‘‘concrete pav-

ers,”’ have been in use in streets

and sidewalks for more than 35
years in Europe. The pavement sys-
tem features low maintenance, ease
of access to underground utilities,
and an esthetic surface. Concrete
pavers have been used in port and
industrial applications subject to
off-highway loads for more than 15
years in Europe.' The first applica-
tion of concrete pavers in airfields
subject to commercial aircraft be-
gan at Luton International Airport
in Luton, England, a moderate
sized city north of London.

Pavers were introduced there ini-
tially as a rehabilitative inlay for
deteriorating asphalt pavements at
aircraft gate parking areas. The as-
phalt in these areas deteriorated
from the combined effect of hy-
draulic oils, freeze-thaw, and in-
dentations from jacks used to lift
landing gear for tire changes. Plate
bearing tests by Emery*’ on these
trial areas demonstrated an im-
provement in the structural load
bearing capacity after replacement
of the milled asphalt with 3% in.
(80 mm) thick pavers and 2 in. (50
mm) of bedding sand. After the
success of the trials, the turning cir-
cles at the ends of the main runway
were inlaid with concrete pavers in
1983. Other commercial and mili-
tary airports have since used con-
crete pavers in the United Kingdom
(Table 1). Concrete pavers are used
in German and Israeli airfields, too.

In the early 1970s, a team of pro-
fessional engineers developed air-
field pavement standards for Dallas
Fort Worth International Airport
(DFW) using FAA design proce-
dures. The result was the DFW
‘“Airfield Pavement Design Man-

ual.’’* Pavement design was based
on a 20 year service life. Airfield
cross sections typically are 17 in.
(430 mm) of jointed reinforced con-
crete (JRC) constructed on 9 in.
(225 mm) of cement treated base
(CTB) over 9 to 18 in. (225 to 460
mm) of lime treated subgrade
(LTS). Rigid pavements were pre-
ferred over flexible pavements, par-
tially due to flexible pavement’s an-
ticipated long term maintenance
problems.

DFW recently initiated a 10 year,
$3.5 billion capital improvements
program. Its goal is to increase ca-
pacity from the current 2050 air op-
erations per day to 4000 per day by
the year 2010. Passenger traffic is
projected to increase from 52 mil-
lion to 104 million passengers per
year in and out of DFW by that
time. The first $27 million project
of the expansion program was the
construction of Taxiways B and C,
forming part of the ‘“West Side De-
velopment Plan.’’ The pavements
were to be constructed with a typi-
cal rigid pavement. Construction of
the cross taxiways would have re-
quired a 60 day closure of the adja-
cent runway. Runway closings have
a significant impact on air traffic,
causing delays in both air and
ground operations.

To reduce these delays, DFW
staff reviewed an alternative rigid
pavement section comprised of 21
in. (530 mm) of JRC pavement on
recompacted natural subgrade. This
cross section included pressure in-
jected lime/fly ash treatment of the
subgrade and an alternative ce-
ment. The design removed several
of the work items, allowing the
work done at night (during off peak
airline times) to reduce runway clo-
sure times. However, the cross taxi-

way work was still forecast to take
114 nights with 14-hour nightly clo-
sures. The contractor also ex-
pressed concern about producing
satisfactory concrete quality on such
a tight schedule and about opening
the adjacent runway on time at the
end of each closure period.

The DFW Planning and Engi-
neering Department continued to
investigate alternative construction
methods to reduce the 14-hour run-
way closures. One option they
looked at was the use of interlock-
ing concrete pavements at Euro-
pean airports and seaports. Follow-
ing initial research and evaluation,
a visit by the airport, the Air Trans-
port Association, and airline repre-
sentatives to airfields in the United
Kingdom confirmed the success of
interlocking concrete pavements.
DFW Planning and Engineering
forwarded the results of this inves-
tigation to the contractor with the
suggestion that this alternative be
considered along with others pro-
posed by the contractor.

After engaging specialists and
consulting engineers, the contractor
proposed an alternative solution us-
ing 3% in. (80 mm) thick concrete
pavers placed on 14 in. (30 mm) of
bedding sand on top of a 27 in. (685
mm) cement treated base (650 psi
[4.5 MPa] at 7 days) all over a pres-
sure injected lime/fly ash injected
subgrade (Fig. 1).

Concrete pavers have proven
their ability to withstand heavy
loads and aggressive environments
in ports for years. The Luton pro-
ject had enabled airfield-related
problems to be resolved and ap-
plied to other sites in the United
Kingdom. The investigation of sev-
eral United Kingdom projects con-

firmed the suitabiliff) efcthimients
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posed system. The DFW Airport
Board then decided to proceed with
the first interlocking concrete air-
field pavement application in North
America.

In the summer of 1990 a consuli-
ant experienced with the pavers de-
signed the project. A second pave-
ment consultant reviewed and ac-
cepted the design and detail
solutions. Construction of three
taxiway crossovers totalling 261,000
ft? (23,500 m?) began in September
1990 and was completed in Novem-
ber 1990 (Fig. 2). The cost of these
areas was about $1.8 million.

Concrete pavers provide a sur-
face of individual, small precast
concrete units locked together by
sand vibrated into the joints
through compaction. The factory
produced blocks are a consistent,
high-quality product. There is no
curing once the materials are on
site, so the pavements can be im-
mediately trafficked.

For this project, the Air Trans-
port Association (ATA) urged the
airport to close the runway for less
than 14 hours each night during
construction. The construction with
concrete pavers was amenable to a
12-hour closure period. According
to the ATA, this saved an estimated
$37,130 per day in delays to the air-
lines — $4,232,820 over the 114-
night construction period. The ATA
calculations* made in September
1989 are low because they do not
take into account the fuel cost in-
creases in 1990,

Concrete pavers had an addi-
tional benefit when construction
was unexpectedly stopped: all la-
borers, material, and equipment

*Personal correspondence dated Nov. 27, 1990,
with Victor Nartz, Air Transport Association, Fort
Worth Texas.

CONCRETE PAVEMENTS

could be removed within 30 min-
utes of notification from airport
operations. When the cloud ceiling
dropped to below 1000 ft (325 m),
airport operations required that all
construction cease and that the
closed runway be opened for traf-
fic. Interlocking concrete pavement
reduced costs to the airlines from
construction closure delays and de-
lays to the entire air transport sys-
tem tied to DFW. Installation costs
were comparable to typical rigid
pavement sections at DFW and
maintenance costs are expected to
be lower.

Design

The design method used for the
taxiway pavement is a modification
of the Federal Aviation Adminis-
tration’s (FAA) Advisory Circular,
‘“Airport Pavement Design and
Evaluation.’’® The FAA publication
recommends flexible pavements
from 4 to 5 in. (100 to 125 mm) of
asphalt concrete over CTB. For
DFW the asphalt layer was replaced
by 3% in. (80 mm) thick concrete
pavers and a 1% in. (38 mm) layer
of sand. Testing has shown struc-
tural equivalency between asphalt

and the paver/sand layer. The
subgrade requirements (sub-base
and base thicknesses, materials, and
construction quality) are the same
as that required for conventional
flexible pavement construction for
airports.

The FAA concurred with the ba-
sic design approach.® They stated
that each use of concrete pavers
should be approved case-by-case.
They are cautious about the loca-
tion of the installation and con-
cerned about the effects of aircraft
speed, the ability of the system to
withstand snow removal equip-
ment, and problems associated with
jet blast and propwash. The design
and quality of construction at DFW
addresses these concerns.

The taxiway pavement design is
based on the predicted air traffic
using the airport over 20 years. It
assumes an annual average of ap-
proximately 950,000 aircraft visits.
About 15 percent exceed 300,000 Ib
(136,000 kg) gross weight. Table 2
shows typical aircraft type, gross
weight, and wheel loads.

The airport conducted field and
laboratory soil California bearing

ratio (CBR) testifd b aaesats
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_3.125" (80mm)
| Concrete Pavers

Table 1 — Airfield interlocking concrete
pavements in the United Kingdom*
Approx. area
Location' Where used Sq. Fi. R R

Abingdon (m) |Aircraft parking 5,000 N - -
Blackpool (¢) |Helicopter pad and runway ends 50,000 Tl e, ‘ :
Dunsfold (m) |Runway end '10,000 R ]
Gatwick (¢) | Aircraft safety areas 50,000 A
Heathrow (c) | Taxiway 50,000 ool
Luton (¢) Aircraft parking and Tuming circles| 300,000 SRR R
Lyneham (m) |Aircraft parking taxiway 35,000 e
Northolt (m) | Aircraft parking 30,000 Ty e ,.‘
Stanstead (¢) | Aircraft maintenance areas ' o . .

(747s) & service roads 350,000 T
Wood Vale (m) | Aircraft parking 50,000 oo
Glasgow (c) Aircraft parking 250,000
Valey (m) Aircraft parking 200,000
Total UK 1,380,000
*Personal correspondence dated May 26, 1989 from Mark Smallridge,
Director, Nigel Nixon and Partners, London, England.
e = civilian, m = military

Table 2 — Aircraft characteristics

Aircraft type Gross weight Wheel load

Boeing 727 198,000 48,800 Ib

Boeing 737 150,500 35,800 1b

MD-80 141,000 35,700 Ib

DC-10 583,000 54,700 Ib

L1011 498,000 57,500 Ib i

Boeing 747 836,000 50,000 1b Fig. 1 —
Boeing 767 388,000 47,000 Ib crete pavers.

<% ] Base

4\ 1.5" (38mm)

©7e, v Bedding Sand

et 277 (685mm)

Cement Treated

Depth varies

__Lime/Flyash
Injected Natural

Cﬂay Subgrade

lexible iildpavemn with interlocking con-

CBR value of the natural, un-
treated soil subgrade was 1.5 per-
cent. After injection with lime/fly
ash, this increased to an average of
28 percent. The minimum design
CBR for the injected subgrade was
7 percent.

Aircraft pavements demand the
highest performance criteria of all
pavement applications. They in-
clude durability, strength, stability,
skid resistance, ride quality, water
dissipation, maintenance require-
ments, and resistance to thermal
shock, fuel and oil spills, and deic-
ing and anti-icing agents. Interlock-
ing concrete pavements meet these
criteria because they are modular
and made from high-strength, high-
density concrete.

Bedding sand

The project specifications included
precise requirements for sand grad-
ing and cleanliness in order to ob-
tain stability and long term per-
formance.” Natural river sand pro-
vided bedding for the pavers. It was
subjected to and passed a degrada-
tion test to ensure durability under
loads. A high-quality, finely graded
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sand keeps each unit about two to
three millimeters apart. The sand in
the joints enables loads placed on
units to be transferred (by shear) to
neighboring units, thereby reducing
stress on the base.

Concrete pavers

The paving units were rectangular,
with a nominal size of 4 x 8 x 3%
in. (100 x 200 x 80 mm) thick. Di-
mensional tolerances were + Y in.
(1.5 mm) on length and width and
V4 in. (3.0 mm) on thickness. A 45
deg herringbone laying pattern of-
fered the best resistance to turning
and braking forces.

Enhancements were made to the
requirements of ASTM C 936,
‘“Standard Specification for Solid
Interlocking Concrete Paving
Units.”’® The project specifications
had precise requirements for aggre-
gate type, compressive strengths and
tensile splitting strength to ensure
superior performance. The com-
pressive strength requirement of the
samples at 28 days was identical
with ASTM C 936: the average not
less than 8000 psi (55 MPa) with no
individual unit less than 7200 psi (50

MPa). A tensile splitting strength
requirement included a 28 day
strength of not less than 650 psi (4.5
MPa). This test was conducted ac-
cording to ISO 4108.°

To increase the durability of the
pavers, absorption and freeze-thaw
resistance requirements were also
increased above the ASTM mini-
mum. Absorption was no greater
than an average of 5 percent with
no individual unit greater than 6
percent. Seven percent is the maxi-
mum for absorption of individual
units per ASTM. Freeze-thaw dura-
bility requirements followed Cana-
dian Specification Association,
CAN3-A231.2-M85, which exceeds
the freeze-thaw requirements of
ASTM C 936."°

Construction

After placing and compacting the
CTB, sand was spread and screeded
to specified elevations. The pavers
were brought to the site and placed
in the 45 deg herringbone pattern.
The specifications included require-
ments for edge cutting with ma-

ROt

ACI COMPILATION


http://avadocuments2026.com/doc/aci-compilation-30-95
http://avadocuments2026.com/doc/aci-compilation-30-95

ACI COMPx30 xx MM Obb2949 0525120 4T5 WM

W
. Interlocking Concrete

Pavement

TAXIWAY C

o/

J1

Yl AN

18R/36L RUNWAY

/\W

) I

J(

JL

18L/36R RUNWAY

1Cz SN

Fig. 2 — Project location with paved cross taxiways marked in grey.

brated with a hand operated plate
compactor. The joints were filled
with a fine sand and final compac-
tion operations were carried out us-
ing a vibratory plate and 8 to 10 ton
vibratory, rubber-coated drum
roller. These ensured total filling of
the joints as was well as final seat-
ing of the units. A specialized clear,
flexible, polymer-sealant spray was
applied to the surface after filling
the joints with sand and vibrating
the units. Sealing eliminated engine
ingestion of joint sand.

The three taxiways surfaced with
concrete pavers have received occa-
sional aircraft traffic including an
errant MD-82 passenger aircraft
during construction. The taxiways
opened in April 1991 when the re-
mainder of the taxiway project was
completed. The taxiways are cur-
rently subject to extensive traffic
from heavy commercial aircraft.
DFW Airport is monitoring the
performance of the pavement dur-
ing its initial life.
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Point of View

Performance peccatins

by James M. Shilstone, Sr.

ressure is mounting on pub-

lic agencies and the paving

industry to implement inno-

vative practices and use per-
formance specifications. The need is
especially critical for public agen-
cies, many of which are losing ex-
perienced personnel and facing
mounting claims, while working
with reduced staff levels.

Materials and construction tech-
nology are too complex to be man-
aged using past practices. Many
current standards and practices that
have been in use for many years led
to the problems cited in a National
Research Council report titled,
““Concrete Durability -— A Multi-
Billion Dollar Opportunity.”’

The recently published Transpor-
tation Research Board report,
““Construction Research Needs,”’
cites that the number-one priority
research item is performance-re-
lated specifications. This was dis-
cussed by a select group of public
agency, professional, education, as-
sociation, and industry personnel
during a December 1990 meeting in
which it was projected that $27 mil-
lion are needed for research to eval-
uate alternative programs. Clearly,
change is coming and the concrete

POINT OF VIEW

This article was selected for
reader interest by the
editors; however, the
opinions expressed by the
author are nat necessarily
those of the American
Concrete Institute. The
editors invite comments
from readers about the
personal views given in this
article.
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industry must be prepared to meet
future needs. We need to look at
the reasons for current problems
and suggest a method for develop-
ing performance specifications.

The problem

The problem is simple. There is no
single answer to a very important
question: ‘“What are the character-
istics of the portland cement con-
crete portion of a pavement that
will provide a 30 to 40 year durabil-
ity under a certain E18 use when
cast on a sound, engineered
subgrade and base and that has
properly installed joints?’’ To be
meaningful, the answer must be in
the form of a detailed, technical de-
scription of the concrete composite.

The description should include
objectives for the paste, including
entrained air, spacing factor, and
the amount of trapped air; aggre-
gate size and gualities including ge-
ological types with shape and tex-
ture limitations and particle distri-
bution; in-place strength (after at
least 90 days) in both flexural and
compressive terms; relative density;
permeability; and surface condi-
tions.

Today, primary attention is given
to researching empirical formulas to
facilitate pavement design, but
nothing is done to determine the
specific details of the mixture itself.
Where studies are done, they are
generally in the form of failure
analysis rather than success analy-
sis.

According to the FHWA ‘report,
“‘Relationship of Consolidation to
Performance of Concrete Pave-
ments,””! *‘Presently, quality con-
trol specifications exist to assure a
quality product through all phases
of construction up to delivery of

concrete at a site. However, there
are no direct specifications availa-
ble to monitor concrete quality af-
ter the concrete is placed in front of
the paver.”’ Translated literally, this
means there are no standards divid-
ing a good from a poorly perform-
ing pavement. Specimens cast from
a mixture may test adequately in the
laboratory, but that mixture may
not respond well to the vibrator, so
the in-place quality may be poor. In
such a case, the laboratory test is
meaningless.

The need

A modern concrete paving spread is
a manufacturing process that leaves
its product in-place. In other indus-
tries, manufacturers are expected to
control their product design, mate-
rials, labor, and production proc-
esses. If they have a quality prod-
uct, they prosper. If they fail to
maintain an acceptable level of con-
trol, they pay the penalties and fail.
However, these benefits and con-
current responsibilities elude the
paving contractor because others
prescribe his materials and meth-
ods. If performance were specified
instead, he could meet those objec-
tives at the least cost.

Darrell W. Harp, Assistant Com-
missioner, Office of Legal Affairs,
New York State DOT? commented,
““The contractor can’t use his own
initiative because he has little op-
tion when he is told precisely what
he must do, what type of materials
he must incorporate and exactly
how it is to be put in place. Inno-
vation is stymied. Another draw-
back is that the improvement of the
product will be very slight and it is
doubtful that you will see a reduc-
tion in overall cost. If we were to

live forever withDipietignoAats
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methods specifications, I suppose
we would still be driving around in
Model T’s.”

From the earliest days of the pro-
verbial ‘“master builder,”’ an engi-
neer has been in charge of design
and construction. Early master
builders were expert not only in de-
sign but in materials and construc-
tion methods. They left their marks
on the terrain for us to know some-
thing of their times — when design
details were not so complex, mate-
rials were limited, tools were sim-
ple, workers were skilled, and time
was not a factor.

Those conditions do not exist to-
day. Past practices are not adapta-
ble to present user needs, engineer-
ing design, materials, construction
equipment, worker skills, and con-
struction economics. Today, there is
no single point for control of re-
sponsibility.

The current system creates prob-
lems and predictable results. In to-
day’s complex construction indus-
try, it is not possible to produce a
set of documents covering hundreds
of variables, each having a broad
range of tolerances, and expect the
outcome to meet a predetermined
level of quality. Engineers seem to
believe the contractor should con-
form to the intent and take the best
of all options. Unfortunately, in-
tent is not a part of the contract and
the contractor is forced by the sys-
tem to use the lowest priced solu-
tions if he is to get the job.

Disagreements frequently are re-
solved in the courts, with public
agencies paying contractor claims
based upon inaccuracies and incon-
sistencies in contract documents.
Agencies have a small chance of
winning, as the contractor is pro-
tected by the U.S. Supreme Court’s

CONCRETE PAVEMENTS

1918 decision in the case of the U.S.
versus Spearin.

Under Spearin, an owner war-
rants that the plans and specifica-
tions will achieve the results the
owner intends. The contractor is
not responsible if he complies with
those plans and specifications but
the project does not work as the
owner intended. The contractor is
not bound to use the best of all op-
tions — only to do that which falls
within the broad limits of the docu-
ments. If the documents incorpo-
rate tolerances which, under the
project conditions, can be com-
bined to produce an unacceptable
product, the owner — not the con-
tractor — is responsible. The
Spearin case should be taught at en-
gineering schools.

To their credit, most contractors
do everything they can to avoid
having their lawyers invoke Spearin.
Most want to do a good job but
cannot afford to loose money. As a
result, field engineers may hear the
contractor take the position that
“I’m just a contractor trying to fol-
low what’s in your recipe book.” In
the majority of those cases, that
contractor is at the end of what he
feels he can do within his budget
and is preparing to make a claim.
Field engineers who tell the con-
tractor what to do will probably
never hear that their action led to a
claim that was settled in court at a
very high cost.

The performance contract

Engineers often claim that current
documents are of the performance
type, but this is not borne out by
the fact that it takes a book like a
state highway manual or 30 pages to
describe the materials and methods
to be used in the work. Those spec-

ifications often contain more spe-
cific detail than recipes for baking a
cake,

Construction specifications cite
broad materials tolerances, allow
use of different products, accept
wide variations in construction
equipment and practices, and fail to
consider construction economics.
Under the unit price system used in
the past, the project engineer could
do what he wanted and the agency
paid the bill. The practice of lump-
sum bids forces attention to price at
each level of the supply/con-
struction process. Some jobs are
good; others are defective. The sys-
tem cannot logically produce con-
sistent products, and the ultimate
loser is the taxpayer.

Two contracting arrangements do
apply the principles of performance
standards. We feel the first can be
applied following a simple, less than
$27 million, research program. The
second is the more extreme and
might be referred to as innovative in
the paving industry, though these
practices are common in the build-
ings segment of the construction in-
dustry. The two alternatives are:

1. The engineer, on behalf of the
owner, prepares detailed engineer-
ing plans for the project and de-
scribes ‘“‘what’’ and ‘‘where’’ but
not the ‘““how.”” The documents
avoid detailed instructions concern-
ing materials and methods for other
than basic qualities. Most attention
is given to in-place quality, quality
management, and performance-re-
lated incentives and disincentives.

2. The second alternative would
reinstitute the philosophy of the
master builder who responds to an

reeds. Under DSHERISHES
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Fig. 2 — Concrete pavement cast in 1922 showing high
incidence of coarse sand particles (3% in. to No. 16).

would develop a master plan and
engineer/contractor teams would
submit bids with their solutions to
the plan. The supporting data for
the master plan would include suf-
ficient geotechnical and right-of-
way information so that all bidders
could proceed with design and con-
struction plans without having to
research a site. Award would be to
the lowest responsible bidder.

While Option 2 would be the
most traumatic for both engineers
and contractors, it could lead to the
best product at the lowest cost.
Project bidding would require re-
search and imagination. Cost would
be low because design details would
be subject to creative use of the
most economical materials and
equipment at bid time. Design and
construction team members would
have to work together for the com-
mon good. The owner would not
have Spearin-based claims because
the responsibilities would be uni-
fied. Option 1 will be discussed here
because performance specifications
are our subject.

Defining objectives

The difference between good and
poorly performing pavements must
be defined in physical terms and not
by reference to specifications, ma-
terials standards, equipment, or
contractor personality. Once the

14

differences are established, objec-
tives can be translated into the
terms of a model. The study must
include surface examinations; in-
place density tests using nuclear
gages; coring for compressive
strength, split-core strength, and
density; boil (or other) test for per-
meability; evaluation of aggregate
type, shape, and distribution; wa-
ter-cement ratio approximation; en-
trained-air point count; and general
condition. From that analysis, a
profile of the composite will emerge
and be used as the basis for the
model.

The findings should be factors
that can be monitored during pro-
duction and measured on comple-
tion. The measurements should be
ones that can be translated into in-
centives or penalties.

The first step is to determine
which in-place characteristics are
needed to project long-term per-
formance. Studies should be under-
taken to determine why different
projects constructed under the same
specifications using the same or
similar materials performed differ-
ently. What made the best ones per-
form well and what caused the oth-
ers to deteriorate prematurely?
Carefully researched studies of good
concrete will reveal the reasons for
its high performance. Even the tra-
ditional means of petrographic
study do not adequately describe

the aggregate characteristics. The
study must be innovative.

In the majority of cases, the high
performers will be found to exceed
minimum strength standards. An
initial reaction may be that mini-
mum standards are not high enough
and should be increased, but such a
response can be counterproductive.
The 28-day strength is an engineer’s
guide to assess a minimum level of
quality for load-carrying ability, not
its potential long-term durability.?

Studies of old concretes that have
performed well frequently indicate
strengths ranging from 8000 to
10,000 psi (55 to 70 MPa). When
cast, these mixtures probably pro-
duced strengths no greater than
3000 psi (20 MPa). We need to find
out what has made the difference
over the intervening years and how
comparable results can be repli-
cated using current resources. In-
vestigators must consider the mate-
rials of the time, the age, and how
that concrete matured through the
years in place. The answers will
provide the key to performance
standards.

The second step should be a de-
tailed study to develop a model. A
limited-scope study performed for
the City of Dallas can provide in-
sight into methods. The results of
that study are supported by ACI
documents and other technical pa-

pers.** Because of thE)yui¢ ciments
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Fig. 3 — Gap-graded mixture showing heavy wear. This
sample and Fig. 2 are shown in the Shilstone Grid.
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Fig. 4 — Strength versus permeability, Dallas study.

and use of non-alkali-reactive ag-
gregates in Dallas, the study did not
consider entrained air, D-cracking,
sulfate attack, or deicing salts.

Many streets were studied to
identify both old and new, good
and bad pavements with differing
concrete-related performance histo-
ries. The study was done without
concern for base or similar external
failures. Knowledge of poor drain-
age can be helpful because that
condition can accentuate permea-
bility problems. Pavements cast un-
der the same contract that exhibited
different results were ideal for the
study.

The study involved traveling
throughout the city to assess sur-
face conditions. To record surface
conditions for comparison, photo-
graphs were made of surface wear
within an 8 in. (200 mm) square
opening in a template inscribed with
% in. (10 mm) hash marks along
the edges (Fig. 1). Fig. 2 shows the
surface appearance at one location
and Fig. 3 shows a portion of the
project cast under the same con-
tract, in the same traffic lane at a
point less than 100 ft (30 m) dis-
tant, but separated by a construc-
tion joint. Traffic along that pave-
ment is very heavy.

Typical conditions were identi-
fied and cores taken for compres-
sive strength, permeability, and
specialized petrographic analysis.

CONCRETE PAVEMENTS

The following is a summary of the
study conclusions:

1. Permeability and ultimate
compressive strength are key fac-
tors affecting durability. Fig. 4 is a
regression analysis comparing per-
meability as determined by the boil
test (ASTM C 642) and core com-
pressive strengths. Pavements hav-
ing compressive strengths in excess
of 6000 psi (40 MPa) and permea-
bilities of less than 13 percent are
performing well; those with lower
strengths and higher permeabilities
are not. The pavements in the other
two quadrants performed better
than the poor performers, but had
deficiencies. These results support
the ACI 210 recommendation’® that
the ultimate compressive strength of
the concrete subject to abrasion or
erosion should be greater than 6000
psi (40 MPa).

2. Mixtures with well graded ag-
gregates performed better than
poorly graded mixtures and this
factor was one of the surface con-
ditions used to determine core loca-
tions. The benefits of using well
graded aggregates, which reduces
the need for water and thereby in-
creases strength, has been de-
scribed.>*!® There are other bene-
fits, such as the increased durability
that results from a reduced water-
cement ratio, which we believe ac-
crue as a result of water reduction.
The benefits of well graded aggre-

gates are almost as important for
concrete as for asphalt.

There are logical reasons why old
concretes are often more durable
than new castings. Neville,” Munro,?
and others have described the ef-
fects of changes in cement quality.
Earlier cements contributed to long-
term strength gain, often exceeding
30 percent after the 28-day test. To-
day, the strength gain may be as lit-
tle as 5 percent. During the Dallas
study, a 1922 cast pavement (Point
A in Fig. 3) produced a core com-
pressive strength test result of 8550
psi (60 MPa), while a two-year-old,
poorly performing pavement tested
slightly higher than the specified
3000 psi (20 MPa).

Though the specified 28-day
strengths may be the same today as
those specified 30 years ago, the ul-
timate in-place strength will be less.
Durability of concrete exposed to
an aggressive environment is based
upon its long-term strength.® Engi-
neers have failed to recognize the
adverse effect of the changes in ce-
mentitious materials chemistry,
Thus, the ultimate quality of an in-
place pavement cast today may be
considerably less than that specified
to produce the same 28-day strength
and cast 30 years ago.

Since durability analysis is based
upon compressive strength, cylinder
tests should be used to evaluate du-

rability, thoug[)ie PFARE FiES
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Project -
" {Describe and locate)

The contractor shall prepare a con-
struction plan and submit it to the en-
gineer for approval. The plan shall in-
clude a description of all materials,
mixtures, equipment, and methods to
be used in the work.

Concrete mixture

Portland cement concrete shafl consist
of portland cement, natural sand,

" erushed or natural gravel coarse ag-
gregate, water, water-reducing or wa-
ter-reducing set-retarding admixture,
air content equal to 5 percent (£ 1
percent) of the volume, and water
shall be potable. Fly ash shall be used
as an additive to aid long-term
strength gain.

Aggregates shall meet the require-
ments of ASTM C 33 except be nomi-
nal 1 in. and uniformly graded with a
combined gradation similar to that
projected by the 0.45 power chart used
for asphalt but with a deviation to
trace below the chart from the No. 16

flexural strength are used to verify
load-carrying capacity. However,
strength alone should not be the
means for determining acceptability
as it may be produced using meth-
ods which do not improve in-place
durability.

Other related studies indicate
that:

1. The greater the density of
hard, inert particles of aggregate on
the surface, the lesser the potential
for water and deleterious materials
to penetrate into the mortar below
and contribute to deterioration.*®

2. Optimized, uniformly graded
mixtures reduce the need for wa-
ter.** Such mixtures require less
paste (approximately 2 to 3 percent
by volume of concrete), thus allow-
ing either a lower water-cement ra-
tio for a constant cement content or
a reduced paste content for a con-
stant water-cement ratio.

3. Old concrete generally has a
higher incidence of % in. to #8 sieve
size particles because in 1923 ASTM
C 33 specified ‘‘the sand shall be
predominately coarse particles.”’

The importance of consolidation
is discussed Reference 1. The pri-
mary conclusions of that report are:

16

» Come Pavement Model .

g *\.

_ sieve and down, Proc}me the mi&turs
. by blending at least three sizes of ag- .

predominately '

gregate with one heﬂxg

% in. to #16 sieve. Material passing = -

the % in. sieve shall be p&éﬂmmw
fine gravel or coarse $and or hard du,

. rable crushed stone as agpmveé by the

engineer.

Water content shall be the iﬁw&s&
possible to produce the needed mix
cohesiveness and wos:kab;lny at a wa-

ter-cement ratio no greater than 0.45.

Minimum flexural strength shail be'
650 psi. The minimum 28-day com-
pressive strength. shall be 5000 psi and
be projected, based upon local mate-
rials history and/or tests, to produce a
one year strength of at least 6000 psi.
The means of attaining the sirength
gain shall be subject to the approval of
the engineer.

Mixing, delivery,
placement, compaction,
finishing & curing

The concrete shall be mixed to assure
uniform distribution of ingredients

1. The degree of consolidation
affects pavement service life as it
effects flexural strength and may
lead to premature pavement failure.

2. Permeability increases with a
decrease in percent consolidation.
There are significant variations
based upon aggregate type and level
of air entrainment and where con-
solidation is less than 96 percent.

3. The projected service life of a
concrete pavement can be described
as a function of degree of consoli-
dation. At 95 percent, the pave-
ment life of a 20-year-life project
can be cut in half and a 90 percent
consolidation can reduce life to but
5.4 years. (The latter is a calculated
factor extending beyond the norm
of the data and thus may not be ac-
tual.)

Research for a model

Before the performance specifica-
tion can be written, the characteris-
tics of the required pavements must
be established. A thorough study
program should proceed as follows:

1. Identify old and new, good
and bad pavements for study. As
much detailed information as is

:j‘: and defivered in such congition that

minimal cement hydration has oc-
curred in transit. The consistency shall
be such that it can be worked into the

. intricacies of the corners. and around
" dowel bar baskets if that alternative is

used at control joints.

« The vibration and compaction sys-

. tem shall be selected to be compatible
. with the mixture to assure the con-

crete is thoroughly compacted énd
trapped air expelled. Compaction shall
be uniform through the thickness to
produce a wet density at any point in
the pavement of no less than 98 per-
cent of the wet unit weight of the con-

" crete. The hardened concrete shall
have less than 12 percent permeable
voids in any 1 in. thickness in an 8 in.
diameter sample.

Use a curing system to prevent rapid
moisture loss. If a membrane-forming
curing compound is used, the conerete
shall be cured to assure a loss of less
than of 0.30 grams of water per square
meter.

Install control and construction
joints to prevent cracking at other

available should be assembled. The
details should include sources of
materials and actual test data col-
lected throughout the work, mix-
ture proportions and adjustments,
mixer types, placement methods,
consolidation equipment and meth-
ods, reinforcing details, joint de-
tails and practices, finishing meth-
ods, curing, and climatological con-
ditions at time of casting. Data
must be specific, not a reference to
compliance with a certain docu-
ment. While contract documents
may be helpful, they do not supply
the needed detail.

2. Inspect representative con-
struction, observing not only over-
all performance but also detailed
conditions. Identify pavement con-
ditions based upon factors other
than the concrete mixture. These
should be considered but not be al-
lowed to interfere with the study of
the concrete element alone. Identify
the effects of such influences as
scaling, D-cracking, aggregate reac-
tivity, abrasion, erosion, or other
concrete deterioration from surface
conditions. Photograph the overall
and detailed conditions. The clo-

seups should be the Deﬁ&ﬂlﬁfé nts
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than the joint locations. Te'xture:the
surface to produce a non-slip finish

and a ride, as measured by profilo- _ -

graph, of not more than 7 in. per mile.

Quality control

Establish a quality control organiza-
tion, separate from the operations
staff, to verify that the work is per-
formed in accordance with the ap-
proved contractor’s construction plan
using proven industry practices and to
conform with the requirements of the
contract. Inspection shall include ver-
ification of placing, finishing, and
compacting procedures. The qualifi-
cations of the quality control person-
nel and their plan for testing and in-
spection of work in progress shall be
submitted to the engineer for ap-
proval.

Owner’s quality verification

The owner will, as a minimum, per-
form the following tests to verify
compliance with the contract:

+ 8 in. (200 mm) border cut in card
stock with 3 in. (10 mm) hash
marks around the interior border.
Give special attention to variations
in quality of work done under the
same contract.

3. Correlate the data and photo-
graphs and attempt to define a pat-
tern from the preliminary study.
From that study, select representa-
tive locations for detailed evalua-
tion.

4. At each selected sample site:
(a) Drill 1 in. (25 mm) holes and use
a nuclear density gage to measure
variations in pavement density from
the bottom to the top at 1 in. inter-
vals. Cut 8 in. (200 mm) diameter
cores tangent to the 1 in. hole and
include the concrete evaluated by
the nuclear gage. (b) Take suffi-
cient 4 to 6 in. (100 to 150 mm)
cores to measure compressive
strength and permeability by the
boil or chloride penetration test and
for petrographic studies.

5. Cut the 8 in. (200 mm) core
into 1 in. (25 mm) plates and evalu-
ate each plate petrographically and
by other means to determine rela-
tive density and trapped and en-
trained air.

CONCRETE PAVEMENTS

L Take and test sammm of the ag~

gregates de;lxvered to the préga%‘gi

2. Take and test samgles of ﬁw q;m~
ﬁe:é lmorpomted in the ’ya:t‘k

3 Use nuclear gages to test &"&lﬂy
p’faced #nd hardetied con¢rete to de-
termine relative derisity. «

* 4. Core the hardened conctete to,’
determine tglmkness, compressive
strength, aggregate particle distribu-
tiof, relative density of 1 in. thick lay-
ers, entrained air, permeability, and
such other tests or petrographic anal-
ysis procedures deemed necessary to
verify the quality of the in-place con-
crete.

incentives and penalties
The contractor will be awarded incen-
tive pay for achieving the following:
psiin
percent
percent.

1. For every increase of
flexural strength, add
up to a total of

2. For a ride of less than in.

per mile, add percent per in.

6. Determine compressive
strength and permeability of the
other cores.

7. In the petrographic studies, as-
sess not only the quality of the paste
and mortar, but also identify the
presence of reactive aggregates
which may or may not have con-
tributed to problems. Describe the
aggregate particle shape, texture,
and distribution by individual sieve
sizes to determine the combined
gradation.

8. Analyze and report the data.

The result should provide a pic-
ture of the difference between the
good and poorly performing pave-
ments. Develop performance speci-
fications around those that per-
formed well and avoid the others.

The performance
specification

The specification should be brief,
define objectives, and not prescribe
how the work is to be done. Re-
quirements should be in terms of
the composite, including mixture
characteristics, reinforcement, de-
gree of consolidation, jointing, sur-
face finish and condition, curing,
and ride. Clearly state detailed

(m__qpementaadﬁm % ﬁi W
xpercept

Strength deduct
every psi and remove and repfaCe it
strength is less than :

grinding beyond

Lok

3. For % in, vver thielmess w

W‘ »;l‘;k\x
. pik
[t SEE

4. D@«ns&:y excmﬁng P Wé&ﬁg

&

w b E S

The contractor shalt be penalized 1%

pay based upon the foﬁewing, W

1. For a decrease in flwxm;wk
percent for. .

psi.
2. For a ride more than 7 in. per. .

mile, deduct percent per-in. up
to in. Take corrective action by

inches.

3. For % in. under thickness, de-

duct percent. Remove and re-
place when thickness is %5 in. or more
less than that specified.
4. Density equal to or less than
percent.
5. Permeability equal to or mote
than percent.

quality management requirements.
Only the organization performing
the work can control the quality.
That function must include in-proc-
ess controls and in-place verifica-
tion of quality.

The contractor will then have to
develop and use technical skills to
assemble materials, equipment, and
labor to organize a construction
process'’'? to comply with the
model. This practice will assure that
primary attention is given to results
rather than resources. Since the
contractor will not have to labor
under constraints of the prescrip-
tive requirements, he will have
maximum latitude to produce the
pavement at the lowest cost.

Current state manuals must be
put aside. It is not possible to
change results while keeping the
recipe the same. A key to innova-
tion is the proper identification of
objectives and verification meth-
ods. The following performance
objectives offer an outline of what
to be include in the specification:

Engineering — Strength, thick-
ness, and joints

Construction — Compacted den-

sity, surface textlﬁoal&cum ent S
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Durability — Entrained air, sul-
fate resistance and/or D-crack con-
trols, abrasion and/or erosion resis-
tance, and permeability

Quality — Materials, equipment,
methods, personnel, and quality
control practices

Verification—Owner methods

Other—Incentives and disincen-
tives

Agency responsibilities

Performance specifications require
an agency to undertake its work
from a new perspective. Agency of-
ficials will have to review submit-
tals and judge their adequacy to
meet both short- and long-term ob-
jectives. Performance warranties
probably will not exceed 5 years,
though the objective may be 40-year
durability. Agency officials must be
prepared to protect the public
against those who will try to find
ways to design and construct pave-
ments which hold up for 5 to 10
years but deteriorate rapidly there-

18

after. The agency also must be pro-
tected from political pressures.

Those who review submittals will
not be able to rely on formulas like
those used for design. Their con-
cern must be for durability and
their decisions technically based.
For example, a given combination
of materials may produce adequate
concrete strength to satisfy the re-
quirements for load-carrying capa-
bility of the pavement; however,
that combination of materials may
contribute to potential long-term
problems due to poor rheological
properties and experience rapid
wear in high traffic or turning lanes.

Therefore, contractor submittals
must be reviewed for not only engi-
neering designs, materials, and mix-
ture proportions, but also construc-
tion equipment and processes, qual-
ity control, and projected long-term
performance. There are no simple
formulas for durability, so new
guidelines for acceptance and rejec-
tion must be published. Current
manuals will not provide answers.
Though there is a growing void in
the technology of the concrete con-
struction process, technical judg-
ment must be applied properly or
performance practices can turn into
a boondoggle rather than a boon to
pavement needs.

Once work is underway, the
owner must audit guality control
and perform acceptance testing, not
only during but after project com-
pletion. Until technologies, equip-
ment, and practices are proven,
contractors may have to cast trial
sections to prove their materials,
equipment, and processes.

Conclusion

Change affects special skills and
markets. Large-scale change is dif-
ficult in consensus-standards organ-
izations, since those groups are
greatly influenced by the resistance
of their members whose skills and
markets are threatened. Change in
perspective will not be a simple
matter. There is no KISS (Keep it
simple, stupid) method for such an
important and technical subject as
performance-based specifications.
But performance standards are
necessary to cope with the needs of
the future. As John Ruskin said,
“Quality is never an accident. It is
always the result of intelligent ef-
fort.”” Deming supports this com-

ment and adds, ‘‘Quality must be
built into the work. It cannot be in-
spected in.”” Quality will come from
knowing and controlling those fac-
tors that make performance supe-
rior and not just adequate. To serve
the needs of the concerned public, a
paradigm shift must take place.
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Investigations into Improving
Field-Molded Pavement Joint
Sealant Field Performance

n 1988, the U.S. Army Engineer
Waterways Experiment Station
(WES) completed a two-part in-
vestigation of field-molded
pavement joint sealants. The inves-
tigation consisted of a laboratory
evaluation and a field performance
survey conducted at the request of
the Air Force Civil Engineering
Support Agency and the Headquar-
ters, U.S. Army Corps of Engi-
neers. The main objective of this
investigation was to explain the un-
satisfactory field performance of
field-molded joint sealants that
supposedly conformed to and were
installed according to specification.
A three-phase approach was used
to accomplish the objective. The
first phase of the investigation was
to compile laboratory results of
field-molded joint sealant specifica-
tion testing conducted by the Pave-
ment Systems Division (PSD), Geo-
technical Laboratory, WES. The
sealants tested by the PSD were
submitted for specification confor-
mance testing by military installa-
tions.

Sealant specification

The sealants that were submitted
were manufactured to meet the re-
quirements of one of three federal
specifications: Federal Specification
SS-S-1401, SS-S-1614, or SS-S-200.
Sealants manufactured to meet the
requirements of Federal Specifica-
tion SS-S-1401 are hot-applied, as-
phalt-based, non-jet-fuel-resistant
(non-JFR) materials generally spec-
ified for use in rigid or flexible
pavements. Sealants manufactured
to meet Federal Specification SS-S-
1614 are hot-applied, coal tar-
based, jet-fuel-resistant (JFR) ma-
terials specified for use in rigid
pavements. Sealants manufactured
to meet the requirements of Federal

CONCRETE PAVEMENTS

by Larry N. Lynch

Table 1 — Joint Sealant Specification Tests

8s-8 D SS-S D 888
Test* 1401 3405 1614 3581 200
Nonimmersed penetration ** ** b > N/A
Fuel-immersed penetration N/A N/A hd b N/A
Flow *& ** *% (2] %
Nonimmersed bond = * ** " *
Water-immersed bond * N/A e L *e
Fuel-immersed bond N/A N/A ** o L
Unaged resilience *e . ** o -
Aged resilience ** N/A b b L
Solubility (change in weight) N/A N/A b ** .
Artificial weathering N/A N/A N/A N/A b
*Not all tests for each specification are listed. The test procedures and requirements are not identical
between the specifications.
*+Test is applicable to the specification.

Specification S5-S-200 are two-
component, cold-applied materials
that are resistant to the solvent ac-
tion of jet fuels and the effects of
prolonged exposure to aircraft ex-
haust.

Federal Specifications SS-S-1401
and SS-S-1614 are similar to ASTM
D 3405 and ASTM D 3581 respec-
tively. There is not an ASTM speci-
fication that is similar to Federal
Specification SS-S-200. Table 1
provides some of the tests required
for the different specifications.

The goal of the data compilation
was to determine if there was one or
two predominant modes of non-
conformance. The second and third
phases were field evaluations of in-
place joint sealants and of the con-
struction procedures used by con-
tractors on joint and crack sealing
projects. The goals of the in-place
sealant evaluations were to deter-
mine the modes of failure experi-
enced in the field, compare these
failure modes to the ones experi-
enced in the laboratory evaluation,
and to obtain a better understand-
ing of what user agencies consid-
ered unsatisfactory performance.
The goal of the construction proce-

dure evaluations was to determine if
project specifications and the joint
sealant manufacturer’s recommen-
dations for joint preparation and
sealant application were being fol-
lowed.

Laboratory data

A summary of the compiled labo-
ratory data is provided in Table 2
The summary includes data that
was obtained from 1980 to 1990.
The data indicate that approxi-
mately one third of the sealants
tested did not conform to the ap-
propriate specification. The pre-
dominant areas of non-confor-
mance were associated with bond
testing, material resiliency, and
penetration testing. Also the seal-

Table 2 — Laboratory
specification testing

summary
Sealant Number | Number | %
Type tested | failed | failed
$5-S-1401 54 19 35
$S-5-1614 91 15 16
$5-5-200 149 62 s
Total | 2% Moa&imén
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ants that did not conform to speci-
fication requirements often failed
more than one test.

Each of the specifications have
several requirements that must be
met, failure of any one of the re-
quirements constitutes specification
non-conformance. For example,
there are 22 individual requirements
that a sealant manufactured to meet
Federal Specification SS-S-200 must
meet to conform to the specifica-
tion. If there is a 1 percent proba-
bility that a sample will fail to meet
each of the 22 requirements, there is
approximately a 20 percent proba-
bility that the sealant will fail Fed-
eral Specification SS-S-200. Like-
wise, there is approximately an 8
percent probability that a sealant
tested against Federal Specification
SS8-S-1401 or Federal Specification
SS-S-1614 will not meet all of the
respective requirements.

These are unweighted approxi-
mations, that is, they assume that
each one of the requirements has
equal weight and equal probability.
A statistical analysis on the com-
piled laboratory data has not been
completed. Therefore, based upon
the laboratory data, one can only
state that if a user agency does not
require specification conformance
testing then they have a 33 percent
probability of using a non-con-
forming sealant. This statement as-
sumes that the small sample popu-
lation collected by the PSD is rep-
resentative of all sealant materials
produced and that specification
testing does not produce false posi-
tives.

Field procedures

The second and third phases of the
study indicated potential problems
associated with inspection and con-
struction procedures.

Most inspection problems noted
during the study involved lack of
time, lack of emphasis, or both.
The lack of time came from having
several ongoing projects which re-
duced the amount of time the in-
spector could spend at any one pro-
ject. The lack of emphasis normally
was caused by the fact that the ac-
tual cost of the joint sealing portion
of a contract was very small when
compared to the overall construc-
tion contract.

Another problem noted with the
inspection procedures was the fact

20

that the sealants used for a project
were often not tested by an inde-
pendent laboratory for specifica-
tion conformance verification.

Conformance to a material speci-
fication does not ensure adequate
field performance because of the
dependence of field performance on
construction procedures including
joint preparation, sealant installa-
tion, sealant shape factor, and the
environmental conditions at the
time of installation. But specifica-
tion conformance does provide the
user agency with the physical mate-
rial properties of the sealant and
can be used as a quality control tool
for the sealant. Even though speci-
fication conformance does not nec-
essarily imply field performance and
sealants that do not conform to
specification requirements should
not be used on sealing projects; it
was interesting to note that the pre-
dominant sealant failures observed
in the field were related to bond
failure or stiffening of the sealant;
i.e. the same modes predominant in
laboratory testing.

Similar equipment was used by
the contractors at the various joint
sealing projects visited during the
study. The contractors would use a
joint plow or concrete saw to re-
move the existing joint sealant,
sandblasting or high pressure water
equipment to remove residual de-
bris from the joint, and compressed
air to remove sand or dust that was
remaining in the joint.

The major difference in joint
preparation between the various
contractors was their definition of a
“‘clean’’ joint. The definition of a
clean joint ranged from simply re-
moving the sealant from the reser-
voir without regard to the residual
sealant on the joint walls to ‘‘hos-
pital clean’’ where all foreign debris
and residual joint sealant were re-
moved. The actual amount of joint
preparation required for satisfac-
tory performance of a particular
sealant material will normally be
closer to the hospital clean end of
the spectra, but how clean is clean is
still under constant debate.

Survey conclusions

The overall conclusions of the lab-
oratory evaluation and field per-
formance survey were:

® There was no single factor that
could explain the unsatisfactory

field performance of the field-
molded sealants.

* There was not a general consen-
sus of what actually defines unsat-
isfactory field performance.

® The field performance failures
could not be directly related to ma-
terial or project specifications.

The main reasons for the lack of
correlation between field perform-
ance and material or project speci-
fications are that materials are gen-
erally not tested for specification
conformance and project specifica-
tion are not rigidly enforced. Also,
long term sealant field performance
data for projects in which “‘every-
thing was done correctly’’ are lim-
ited. Therefore, the accusations
concerning the poor field perform-
ance of field-molded pavement joint
sealants that conformed to specifi-
cations were invalid.

The conclusions concerning the
critical nature of joint preparation
and sealant installation procedures
were not new. Previous studies and
investigations have concluded that
many sealant failures in the field are
caused by poor quality materials or
inadequate construction procedures
caused by either poor workmanship
or defective project specifications.
Based on the conclusions and rec-
ommendations from the investiga-
tion conducted by WES and the
above referenced studies, two re-
search projects were initiated. The
first project concentrated on the
improvement of the material prop-
erties of hot-applied joint sealants
and the second concerns the collec-
tion of realistic life cycle data for
field molded sealants.

The first project was a collabora-
tive effort between WES and
Crafco, Incorporated, a joint seal-
ant manufacturer. The project was
conducted under the auspices of the
Construction Productivity Ad-
vancement Research (CPAR) pro-
gram which was established by the
Water Resources Development Act
of 1988, P.L. 100-676, Section 7,
and the Stevenson-Wydler Technol-
ogy Innovation Act of 1980, as
amended, 15 U.S.C. 3710a et seq.
This legislation allows the Secretary
of the Army to utilize U.S. Army
Corps of Engineers laboratories and
research centers in cost-shared re-
search and development with the
construction indust
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Research objectives

The WES/Crafco CPAR project
was entitled ‘‘Improved Materials
and Processes for Sealing and Re-
sealing Joints in Portland Cement
Concrete Pavements.”’ The objec-
tives of this project were to:

¢ Develop specification limits for a
hot-applied, JFR sealant with im-
proved performance characteristics
as compared to current sealants
manufactured to meet the require-
ments of Federal Specification SS-S-
1614A.

® Develop specification limits for a
hot-applied, non-JFR sealant with
improved low temperature per-
formance characteristics as com-
pared to current sealants which are
manufactured to meet the require-
ments of Federal Specification SS-S-
1401C.

® Develop specification limits for a
primer system that will minimize the
bubbling tendencies associated with
hot-applied joint sealants as well as
improve the adhesion properties to
portland cement concrete (PCC).

® Develop field data to determine if
the field performance of hot-ap-
plied sealants in PCC pavements
can be improved by using an over-
fill application geometry instead of
the current requirements of reces-
sing the sealant 4 to Y in. below
the pavement surface.

Laboratory evaluations

To meet these objectives, commer-
cially available sealants (both non-
JFR and JFR types) were pur-
chased and laboratory evaluations
conducted to determine their mate-
rial property limits. The testing in-
cluded Federal Specification SS-S-
1401C testing of the non-JFR seal-
ants and Federal Specification SS-S-
1614A testing of the JFR sealants.
Additional tests such as bond to
concrete at lower temperatures and
greater amounts of extension than
the procedures specified in the fed-
eral specifications, aging of test
specimens, and extending the time
that the sealants were heated prior
to pouring it into specimen molds as
well as other tests were also con-
ducted.

A total of 11 hot-applied sealants
from three different manufacturers
were purchased and evaluated. The
laboratory evaluation indicated that
improvements in the low tempera-
ture characteristics of JFR hot-ap-
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plied sealants would be desirable
and that non-JFR sealants which
were manufactured to meet a modi-
fied low-modulus ASTM D 3405
specification should exhibit better
field performance in low tempera-
ture climates.

Improved sealants

Based on the laboratory informa-
tion and laboratory development
work conducted at Crafco, Inc.,
two improved low-modulus, hot-
applied sealants, one non-JFR and
one JFR, were developed. These
sealants were formulated to exhibit
better low temperature characteris-
tics and experience less hardening
during aging. Draft specifications
were developed for these materials
and pilot production batches were
produced. These sealants were in-
stalled at Fairchild Air Force Base
(AFB), Washington, for field eval-
uation.

The bubbling tendencies of hot-
applied joint sealants has become
an increasing concern for user
agencies. Laboratory studies con-
ducted by WES and Crafco, Inc.,
during the CPAR program indi-
cated that much of the bubbling can
be attributed to moisture in the
PCC. Bubbles were evident in labo-
ratory specimens in which the PCC
blocks contained as little as 0.5 per-
cent moisture. Therefore, a barrier
system which would eliminate mois-
ture escaping into the sealant dur-
ing application, but that would not
adversely affect the adhesive prop-
erties of the sealant to the PCC
joint wall was desired.

A wide variety of potential en-
capsulating primer formulations
were produced in the laboratory
and investigated. Results indicated
that by using the appropriate pri-
mer system, the bubbling of the
sealant material could be greatly re-
duced. The developmental primer
system for the non-JFR sealants
also increased the adhesion proper-
ties of the sealant. A draft specifi-
cation for this material was devel-
oped, a pilot production batch was
produced, and it was installed at
Fairchild AFB, for field evaluation.
The primer systems evaluated for
the JFR materials reduced the ad-
hesion properties of the JFR seal-
ants when exposed to fuel and this
portion of the study was termi-
nated.

Field testing

The last phase of the WES/Crafco
CPAR program was to evaluate the
developed materials in the field and
to evaluate the overfill installation
geometry. From observations made
on various sealing projects, Crafco,
Inc., personnel believed that the ov-
erfill geometry would improve the
field performance of hot-applied
sealants. Fairchild AFB in Spo-
kane, Washington, was selected for
the site of the field evaluation be-
cause of its climate, and the interest
and cooperation exhibited by base
personnel.

Other manufacturers were pro-
vided the option of installing com-
mercially available sealants at the
evaluation site. These manufactur-
ers included those whose sealants
had been evaluated in the labora-
tory evaluation as well as the man-
ufacturers of cold-applied sealants.
The invitation to other manufactur-
ers was given to allow a head-to-
head comparison of the products
developed in the CPAR program
with as many commercially availa-
ble sealants as possible.

A total of 13 sealants from four
different manufacturers were in-
stalled at Fairchild AFB during
July, 1991. All of the joints were
sawed to reface the joint wall,
flushed with high pressure water,
allowed to dry, sandblasted using a
multiple pass technique, and finally
cleaned with compressed air. A
backer rod material was placed in
all of the joints and the individual
manufacturers installed their mate-
rial. The sealants that were installed
included five silicone materials; one,
single-component, polysulfide-based
sealant; one, two-component, poly-
sulfide-based sealant; three, hot-ap-
plied, non-JFR sealants; and three,
hot-applied, JFR sealants.

Field performance

The field performance of the seal-
ants was evaluated in January 1992.
This evaluation indicated that no
failures had occurred in the silicone
sealants, the single-component and
two-component, cold-applied poly-
sulfide-based sealants, the JFR
sealants, or the non-JFR sealants
that had been applied without the
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and some surface bubbles were
noted on some of the materials, but
they were not to the extent that
would adversely affect field per-
formance.

The sealants that had been in-
stalled using the primer system ex-
hibited considerable swelling and
bubbling. From additional studies
conducted at Crafco, Inc., it is be-
lieved that the primer was not com-
pletely dry when the sealant was in-
stalled into the joint. Therefore, it
is possible that the swelling and
bubbling was caused by solvent re-
lease from the primer system. At-
tempts will be made to continue
evaluations of the in-place sealant
materials until all of them have ex-
hibited 80 to 90 percent total fail-
ure.

Ongoing effort

The second project is an on-going
effort sponsored by the Federal
Aviation Administration (FAA).
The objective of the project is to
determine realistic life cycle data for
field-molded joint sealants in vary-
ing climatic regions.

To achieve this objective, five
different joint sealant materials
which are manufactured to five dif-
ferent specifications will be in-
stalled at five different airports in
the United States. Construction
variables such as material specifica-
tion conformance, joint prepara-
tion, and sealant installation will be
minimized using several steps. First
the selected sealants were tested for
specification conformance before
they were purchased, and the same
lot number that was tested will be
installed at the five airports, The
project specifications were prepared
using U.S. Army Corps of Engi-
neers and FAA guide specifications
and the requirements provided in
the project specifications will be en-
forced through communications
with the contractor and 100 percent
inspection by WES personnel. Also
one contractor will be required to
install all five sealants at all five
airports to maximize consistency in
joint preparation and sealant instal-
lation.

Approximately 10,000 linear feet
of joints will be sealed at each air-
port with 5,000 linear feet of these
joints located in a taxiway area, and
the other 5,000 linear feet located in
a parking apron or gate area. The
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test sections at each airport will be
situated so that they receive similar
traffic. The test sections will be
evaluated every six months, once
during the winter and once during
the summer, for three years to
monitor the condition of the seal-
ants,

Currently, the five sealants and
airports have been selected and
sealant installation is scheduled to
begin in April or May, 1992, The
five airports that were selected are;
Orlando International Airport,
Metro-Nashville Airport, Chicago-
O’Hare International Airport,
Reno-Cannon Airport, and Albu-
querque International Airport.
These airports were selected be-
cause they are located in climatic
regions that compose approxi-
mately 85 percent of the United
States. The definitions that were
used for the climatic regions are
those described by Peterson.

The five sealants that will be in-
stalled at the airports include a self-
leveling silicone sealant; a self-lev-
eling, single component, polysul-
fide-based sealant, two hot-applied,
coal tar-based sealants, and a two-
component, cold-applied, polysul-
fide-based sealant. The specific
sealants that will be used were se-
lected based upon historical labora-
tory test data at WES, FAA interest
concerning specific sealants, and the
fact that all of the projects would
be rehabilitation activities.

The field performance data
gained from the FAA sponsored re-
search project will provide life cycle
costs of the sealants and provide
performance data as related to a
specific amount of joint cleanliness
and environmental exposure. The
data will allow project engineers to
specify the specification type of
sealant that performs best in their
particular climate much like they
now select a particular grade of as-
phalt cement for use in asphalt
pavements.

Summary

The three studies described in this
article provide insight into efforts
undertaken to investigate, under-
stand, and improve the field per-
formance of field-molded pavement
joint sealants. The first study out-
lined the areas that are considered
by many user agencies as the rea-
sons for unsatisfactory field per-

formance; specifically, inadequate
materials, inadequate construction
procedures, and inadequate project
specifications. Each of these com-
plaints were not justifiable in all
circumstances, but they could be a
contributing factor.

The WES/Crafco, Inc. CPAR
project addressed one of the out-
lined areas, inadequate materials,
from the first study directly and the
other two indirectly. The specific
goals of the project were to develop
hot-applied sealants and specifica-
tions that would have an increased
field performance over existing ma-
terials and to examine a different
sealant installation geometry. The
results of the field evaluation have
not been conclusive to date, but the
laboratory data indicate that the
performance of the developed ma-
terials should in fact be an im-
provement over existing materials.

The on-going FAA study will di-
rectly investigate the last two areas
of the first study, inadequate con-
struction procedures and inade-
quate project specifications. The
specifications and construction pro-
cedures used at each installation site
will be controlled. Therefore, real-
istic life cycle values for various
types of sealants will be deter-
mined. Also, defects in procedural
methods or specifications should be
detectable as the biannual sealant
evaluations are conducted.
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by Brock E. Hoskins and B.F. McCullough

he Center for Transporta-

tion Research at the Univer-

sity of Texas at Austin and

the Texas State Department
of Highways and Public Transpor-
tation have been working together
to develop effective repair tech-
niques for portland cement con-
crete pavement. Many repair tech-
niques have been investigated over
the past several years. This article
discusses specific repair techniques
used on Interstate Loop 610 in
Houston and on U.S. 59 in District
11 about 100 miles north of Hous-
ton.

Interstate Loop 610

In 1980, the Center for Transporta-
tion Research assisted the Urban
District (now part of District 12) in
developing a procedure for repair-
ing extensive longitudinal cracking
on I-610 in Houston. Examination
of numerous cores revealed that the
cracks always occurred above lon-
gitudinal bars, apparently because
of poor consolidation of concrete
below the reinforcing steel (Fig. 1).
The cracks had to be sealed to pre-
vent water intrusion.

Polymer concrete (PC) consisting
of aggregate with a polymer binder
was used to repair the portland ce-
ment concrete (PCC). The longitu-
dinal cracks had to be enlarged to
allow the PC to be placed, and sev-
eral methods for enlarging the
cracks were investigated. Sawing
was not feasible for following the
irregular cracks and high pressure
water jetting was not feasible since
PC does not bond well to wet sur-
faces and it would have been neces-
sary to allow the cracks to dry be-
fore placing the PC.

A single-piston pneumatic crack
router was selected as the best
available piece of equipment to en-
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Fig. 1 — Poor concrete consolidation below the reinforcing steel caused cracks

to occur above longitudinal bars.

large the cracks. The bit has a 0.75
in. (19 mm) diameter and the crack
is usually widened to 1 in. (25 mm)
in a single pass (Fig. 2 and 3). The
depth varies, but is usually 1 to 2 in.
(25 to 51 mm). The polymer con-
crete was placed by filling the en-
larged crack with clean, dry, con-
crete sand and pouring methyl
methacrylate (MMA) monomer sys-
tem over the sand until it was com-
pletely saturated (Fig. 4).

Monomer system

The monomer system consists of 95
percent MMA and 5 percent trime-
thylol propane trimethacrylate
(TMPTMA). Benzoyl peroxide
(BzP) initiator, in dispersion form,
is added at a level of about 1 per-
cent (2.5 percent for 40 percent dis-
persion) and a promoter, dimethyl-
para-toluidine (DMPT), is added at
a level of 0.5 percent, both by

Fig. 2 — A single-piston pneumatic
crack router was psed to enlarge

cuments

cracks.
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