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Preface 

AC1 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 AC1 

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, AC1 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. 
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he U.S. Army Corps of En- 
gineers (COE) is the pri- 
mary Department of De- T 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 

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 1. 
These criteria are basically a relaxa- 
tion of the conventional unbound 

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- 

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 stabilized base 
courses. 
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Table 1 - Estimated 
cement requirement for 
various soil types 

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 

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 

I for 7 days. Results of the strength 

Table 2 - Requirements 
after 12 cycles of durability 
tests 

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 

Table 3 - Equivalency 
factors for cement stabilized 
base courses 

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, Le. 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: 

1.15 for GW-GC, GW-GM, SW- 

SC, and SW-SM 
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- 
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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 
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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 
kan 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: 

where: 
ho thickness of plain concrete 
slab on stabilized base course 
h, = initial thickness design of slab 
on unstabilized subgrade 
Eb = modulus of elasticity of base 
material 
E, modulus of elasticity of con- 
crete, usually taken as 4 x lo6 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/m3), 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 (2,800,000 kPa), the 
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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, 
O00 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 lay.ered structure such as a 
concrete pavement over a stabilized 

base and a subgrade. Consequently, 
the initiai 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- 
roiled 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/m3), the 
composite modulus of soil reaction 
as determined from Fig. 3 would be 
240 pci (6.6 kg/m3). This composite 
modulus value is used in the itera- 
tive design equations to determine a 
design thickness. 

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. 

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 some cases4 

Frost design 

Future work 

6 
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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, 
A~stralia.’.~ 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- 
riais has been relatively rare, repairs 

have been very costly. The potential 
for such problems for cement stabi- 
lized materials needs to be ad- 
dressed. 

References 
1. Rollings, R. S., “Substandard Materials 
for Pavement Construction,” Miscellaneous 
Paper GL-88-30, USAE Waterways Experi- 
ment Station, Vicksburg, Mississippi, 1988. 

2. Rollings, R. S., “Corps of Engineers 
Rigid Airfield Design Procedures,” Second 
International Conference on Concrete Pave- 
ment Design and Rehabilitation, Purdue 
University, Indiana, 1981. 

3. Rollings, R. S., “Developments in the 
Corps of Engineers Rigid Airfield Design 
Procedures,” Fourth International Confer- 
ence on Concrete Pavement Design and Re- 
habilitation, Purdue University, Indiana, 
1989. 

4. Ames, W. H., “Concrete Pavement 
Design and Rehabilitation in California,” 
Third International Conference on Concrete 
Pavement Design and Rehabilitation, Pur- 
due University, indiana, 1985. 

5. Kadar, P., “Experimental Program and 
Findings of the Beerburrum ALF Trail,” 
Main Roads Department, Queensland, Aus- 
tralia, 1987. 

6. Howard, M. D., “Erosion of Cement 
Treated Pavement,” 19th Australian Road 
Research Board Conference, Vol. 14, Part 7, 

Canberra, Australia, 1985. 

Selected for reader interest by the editors. 

pavements research for 26 years. He 
is a member of AC1 Committee 230, 
Soil Cement. 

(WES), Vicksburg, Mississippi, as a 
Research Civil Engineer and more re- 
cently with GeoServices Inc., Boyton 
Beach, Florida, as Florida Branch 
Manager. He is a member af AC1 
Committees 21 5, Fatigue of Concrete; 
and 325, Concrete Pavements 

Structural Lightweight Aggregate 
Concrete Performance 

If your are a member of the con- 
struction industry or the engineering 
community and have an interest in 
using structural lightweight concrete, 
especially in severe environment ap- 
plications, you should own a copy of 

Structural Lightweight Aggregate 

Concrete Performunce. 

JGHTWEIGHT CONCRETE SYSTEMS 
WIDE MOLUE (SKP JMST) 

PAN JOIST 

/-,- 4‘ 
/#3 AT 16“ 

% 

r WT 

+QJ= 3‘-O‘ 

C. TO C. 

you cannot afford to be without the 

knowledge and information found 

within Structural LightweightAggre- 

gate Concrete Peflomnce. Order 
your copy today! 

Sûuctmù Ligheighî Aggregate 

Concrete Perjbnname 
1992, soft cover, 424 pp. 

Order Code: SP-136.CO53 This volume is acompilation ofpapers 

addressing the performance of structural 

lightweight concrete. The topics range 

from fundamental laboratory studies to 

case histories of concrete performance. 
The papers include application of light- 
weight concrete forbridges, arctic structures, buildings and Place your order through: 

parking structures, aspects of structural design, production American Concrete Institute 

and durability of lightweight concrete structures. Also Member/custOmer Services Department 
included are SI (metric) tables and an index. P. O. Box 19 150 Demit, MI 4821 941 50 

Tel. (313) 532-2600 Fax 313-5334747 
If you are involved with structural lightweight concrete, 4 

CONCRETE PAVEMENTS 7 

https://www.civilenghub.com/ACI/171377484/ACI-C-30?src=spdf

