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Soil-Cement 

Definition 
Soil-cement is a highly compacted mixture of soil/aggregate, Portland cement, and water. Soil-cement 

differs from Portland cement concrete pavements in several respects. One significant difference is the 

manner in which the aggregates or soil particles are held together. A Portland cement concrete 

pavements mix contains sufficient paste (cement and water mixture) to coat the surface area of all 

aggregates and fill the void between aggregates. In soil-cement mixtures, the paste is insufficient to 

fill the aggregate voids and coat all particles, resulting in a cement matrix that binds nodules of un-

cemented material. This is just one of the issues with ―traditional‖ soil-cement technology that 

GeoStab addresses. In Geostab-soil-cement mixtures, the paste is sufficient to fill the 

aggregate voids and coat all particles, resulting in a true ―polymer cement matrix‖ that 

binds all material. 

Applications 
Soil-cement pavements have many uses from city streets, county roads, state routes, and interstate 

highways, to parking lots, industrial storage facilities, and airports. In fact, the ―family‖ of soil-cements 

pavement products can actually be divided up into three main components – each with their own 

unique contribution to a pavement structure. These components include;  

Cement-Modified Soils (CMS),  

Cement-Treated Base (CTB), and  

Full-Depth Reclamation (FDR).  

 

Pavement Application 

 

Cement-Modified Soils (CMS) 
Amends undesirable properties of problem soils or substandard 
materials with a relatively small proportion of Portland cement so 
that they are suitable for construction. 

 

Full-Depth Reclamation (FDR) 
Recycles old asphalt and underlying base material to create a 
stronger, cement-stabilized base for a new road. 

 

Cement-Treated Base (CTB) 
Aggregate material and/or granular soils mixed with measured 
amounts of Portland cement and water hardens after 
compaction and curing to form a durable paving material. 

 

http://www.cement.org/pavements/pv_sc_cms.asp
http://www.cement.org/pavements/pv_sc_fdr.asp
http://www.cement.org/pavements/pv_sc_ctb.asp
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Soil-Cement 

Pavement Application 

  Cement-Modified Soils (CMS) 

Amends undesirable properties of problem soils or substandard materials with a relatively small 

proportion of Portland cement so that they are suitable for construction. 

  Full-Depth Reclamation (FDR) 

Recycles old asphalt and underlying base material to create a stronger, cement-stabilized base for a 

new road. 

  Cement-Treated Base (CTB) 

Aggregate material and/or granular soils mixed with measured amounts of Portland cement and water 

hardens after compaction and curing to form a durable paving material. 

A cement-modified soil (CMS) is a soil material that has 

been treated with a relatively small proportion of Portland cement – 

less cement than is required to produce hardened soil-cement. The 

objective of the treatment is to amend undesirable properties of 

problem soils or substandard materials so that they are suitable for use 

in construction.  

With the small quantities of cement generally used, CMS becomes 

caked or slightly hardened. However, it still functions essentially as a 

soil, although an improved one. The degree of improvement depends 

on the quantity of cement used and the type of soil. Therefore, by the addition of varying amounts of 

cement, it is possible to produce cement-modified soils with a wide range of engineering properties.  

The improvement in engineering properties of a soil due to the addition of small quantities of cement 

can be measured in several; ways including:  

• Reduction in plasticity characteristics as measured by Plasticity Index (PI)  

• Reduction in the amount of silt and clay size particles  

• Increase in the California Bearing Ratio (CBR)  

• Increase in shearing strength  

• Decrease in volume-change properties  

Cement-modified soils are usually classified into two groups according to the predominant grain size 

as follows: 

• Cement-modified silt-clay soils are soils that contain more than 35% silt and clay 

(defined as material passing a No. 200 (75 µm) sieve in accordance with ASTM D4318). The general 

objective is to improve soils that are otherwise unsuitable for use in subgrades or sub base layers. 

Specific objectives may be to decrease plasticity and volume change characteristics, to increase the 

bearing strength, or to provide a stable working platform on which pavement layers may be 

constructed.  

• Cement-modified granular soils are soils that contain less than 35% silt and clay 

(defined as material passing a No. 200 (75 µm) sieve in accordance with ASTM D4318). The usual 

objective is to alter substandard materials so that they will meet requirements specified for pavement 

base or sub base layers.  
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Pavement Application 

 

 

 

 

 

 

Cement-Treated Base (CTB) is an intimate mixture of 

aggregate material and/or granular soils combined with measured 

amounts of Portland cement and water that hardens after compaction 

and curing to form a durable paving material. (GeoStab can eliminate 

the need for additional aggregate to be brought to the site and 

produces a harder flexible waterproof monolithic structure while 

also imparting much greater tensile strength than traditional soil-

cement systems) A bituminous or Portland cement concrete wearing 

course is placed on the CTB to complete the pavement structure. CTB 

is widely used as a pavement base for highways, roads, streets, parking 

areas, airports, and materials handling and storage areas.  

In CTB construction the objective is to obtain a thorough mixture of an aggregate/granular material 

with the correct quantity of Portland cement and enough water to permit maximum compaction. The 

completed CTB must be adequately cured to both let the cement hydrate and to harden the cement-

aggregate mixture. The fundamental control factors for quality CTB are:  

1. Proper cement content  

2. Adequate moisture content  

3. Thorough mixing  

4. Adequate compaction  

5. Proper curing (Once compacted a GeoStab CTB allows immediate traffic flow) 

The aggregate/granular material, cement, and water are typically 

mixed in a central mixing plant. Central plants can either be 

continuous-flow or batch-type pug mill mixers. CTB can also be 

mixed-in-place using transverse-shaft pulverizer mixers or 

traveling mixing machines.  

 CTB thicknesses are less than those required for granular bases 

carrying the same traffic 

because CTB is a cemented, 

rigid material that distributes the load over a large area. 

(GeoStab also imparts a degree of flexibility to the CTB) Its 

slab-like characteristics and beam strength are unmatched by 

granular bases that can fail when interlock is lost. This happens 

when wet subgrade soil is forced up into the base by traffic loads. 

Hard, rigid CTB is practically impervious. It resists cyclic freezing, 

rain, and spring-weather damage. CTB continues to gain strength 

with age even under traffic. This reserve strength accounts in part for CTB's excellent performance. 

(GeoStab significant improves resistance to water ingress for the life of the CTB)    
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Frequently Asked Soil-Cement Questions 
 

 

1. What are the different types of soil-cement materials? 

 

2. For base material, is there a cost advantage in using a cement-treated 

base over an unbound graded aggregate base?  

 

3. How soon can a newly constructed cement-stabilized roadway base—

whether a cement-treated base (CTB) or a full-depth reclamation (FDR) 

base—be opened to traffic? 

 

4. Is it less expensive to rehabilitate an entire roadway through FDR using 

cement rather than removing and replacing the roadway? 

 

5. Which product is better—Portland cement or hydrated lime—in 

stabilizing clay soils? 

 

6. I've heard that improperly constructed soil-cement bases have a 

tendency to crack due to shrinkage. Is there a process that can be used 

to help minimize this problem? 

 

7. Is there a test procedure to determine how much Portland cement to use 

for a given FDR pavement project? 

 

8. How exactly does a pug mill work to blend materials together for CTB? 

 

9. What is micro-cracking (or pre-cracking) of cement-treated bases? 

 

10. How do you collect and prepare samples for FDR projects? 

 

11. How does cement slurry compare with lime slurry? 

 

12. Because there is no noticeable colour change, how can I tell how deep 

my roadway materials were treated with cement? 

 

13. Should the acceptance criteria of completed soil-cement be based on 

compressive or flexural strength test results of in-place cores or 

beams? 
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Frequently Asked Soil-Cement Questions 

What are the different types of soil-cement materials? 

Soil-cement is an engineered material designed and constructed for various pavement applications or 

material characteristics. The best soil-cement product is the one best suited to the specific 

application. Each of these cement-based pavement materials are engineered specifically for their 

intended purpose as follows: 

Cement-Modified Soil (CMS) – Many problems can occur during construction when silt 

and clay soils are encountered, particularly when they are wet. These soils can be soft, plastic, and 

difficult to compact. CMS is used to improve the engineering properties and construction 

characteristics of silt and clay soils by reducing the plasticity and enhancing the compaction and 

strength of the material. With 3 – 5% (by dry weight) of cement used to modify the soil, the final 

product is an improved construction material.  

Cement-Treated Base (CTB) – CTB a general term that applies to all hardened soil-

cement that meets the project specified minimum durability and strength requirements. The soil-

cement can be mixed-in-place (like CMS) using on-site soils or mixed in a central plant using selected 

aggregate. However, CTB uses more cement than CMS resulting in a strong, durable, frost resistant 

layer for the pavement structure. Typical cement contents range from 3 – 10% cement, resulting in 7-

day unconfined compressive strengths from 300 – 800 psi (2.1 - 5.5 MPa).  

Full-Depth Reclamation (FDR) – A special case of cement-stabilization is FDR, where 

aggregate for the cement-stabilized base is obtained by pulverizing and recycling the old asphalt 

surface and base material. This construction procedure is very similar to mixed-in-place construction, 

except that there is an aggregate specification for the blend of the pulverized asphalt and old base 

material. FDR commonly uses 4 – 6% cement and results in 300 – 400 psi (2.1 – 2.8 MPa) 

unconfined compressive strengths in 7 days.  

The four major variables that control the properties and characteristics of soil-cement are (1) the 

nature of the soil material; (2) the proportion of cement in the mix; (3) moisture conditions; and (4) the 

degree of compaction. It is possible, simply by varying the cement content to produce mixes ranging 

from those which result in only modification of the compacted soil to those which result in hard soil-

cement that will meet durability and strength requirements. 
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 Frequently Asked Soil-Cement Questions 

For base material, is there a cost advantage in using a cement-

treated base over an unbound graded aggregate base? 

Obviously, the difference in cost between a cement-treated base (CTB) and an unbound graded 

aggregate base (GAB) will vary depending upon location, 

availability and cost of materials, and costs associated with placing 

the materials. However, in many cases, the cost of CTB is less 

than GAB. As an example, in the south-eastern United States 

during the past two years, the cost of a 6-inch CTB section has 

been between 20 and 30 percent less than a 6-inch GAB section 

(including all associated costs such as materials, hauling, 

spreading, compacting, finishing, etc.). 

But simply looking at the percent savings for a comparable 

thickness of pavement does not tell the whole story. One of the 

major engineering benefits of CTB is that because it is a bound 

material it requires less thickness to provide the same structural 

capacity as GAB. By using the AASHTO layer coefficients for 

pavement materials, a commonly accepted ―rule of thumb‖ is that 

six inches of CTB is equal to eight inches of GAB. This results in even greater cost savings! 

Another item to consider is that the extra structural capacity provided by having a cement-stabilized 

pavement layer can be factored into an overall pavement evaluation. By increasing the CTB thickness 

and reducing the surface course material (normally hot-mix asphalt) even further savings can be 

realized, especially considering the spiralling price increase of petroleum products today. (GeoStab 

produces a polymer concrete structure that can be used without a surface course layer for 

many years of low maintenance operation suitable for many basic road requirements) For 

further information on the applications, benefits, design, construction, testing, and performance of 

traditional CTB, please refer to PCA publication EB236, Guide to Cement-Treated Base (CTB). For 

information on how GeoStab has taken traditional CTB to the next stage of evolution for this proven 

technology please refer to the many GeoStab publications available at www.gtm-au.com or make 

enquiry at tech_support@gtm-au.com or sales@gtm-au.com   

      

How soon can a newly constructed cement-stabilized roadway 

base—whether a cement-treated base (CTB) or a full-depth 

reclamation (FDR) base—be opened to traffic? 

A properly constructed cement-stabilized roadway base is one in which 

the roadway materials are homogenously blended with the designed 

amount of Portland cement and water, and then compacted, graded, 

finished, and cured through the application of a bituminous compound, 

a sealing membrane, or kept continuously moist for a period of seven 

days.  

Completed portions of these cement-stabilized bases can be opened 

immediately to low-speed local traffic and to construction equipment, 

provided the curing material or moist curing operations are not 

impaired, and provided the cement-stabilized base is sufficiently stable 

to withstand marring or permanent deformation. The section can be opened up to all  

http://www.gtm-au.com/
mailto:tech_support@gtm-au.com
mailto:sales@gtm-au.com
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Frequently Asked Soil-Cement Questions 

traffic after the cement-stabilized base has received the curing compound or subsequent bituminous 

or concrete surfacing and is sufficiently stable to withstand marring or permanent deformation. If 

continuous moist curing is employed in lieu of a curing compound or subsequent surfacing within 

seven days, the cement-stabilized base can be opened to all traffic after the 7-day moist curing 

period, provided the cement-stabilized base has hardened sufficiently to prevent marring or 

permanent deformation. (The use of the GeoStab system allows traffic flow immediately 

compaction is completed. No curing time or curing membrane is required.  This totally avoids 

the need for traffic diversions to be in place once compaction is completed. The crew can 

complete to compaction stage during the day, open the road to traffic during that night, close 

the compacted section to traffic the next morning and apply the surface course if required 

during that day. A single team can process up to 4,000m
2
 per day of GeoStab stabilized 

base) 

Is it less expensive to rehabilitate an entire roadway through FDR 

using cement rather than removing and replacing the roadway? 

Full-depth reclamation (FDR) recycles the materials from deteriorated asphalt pavement, and, with 

the addition of cement, creates a new stabilized base. Another alternative, the complete removal and 

replacement of the existing base and asphalt surface, can be very expensive and wasteful of virgin 

aggregates. The recycled base will be stronger, more uniform, and more moisture resistant than the 

original base, resulting in a long, low-maintenance life. And most important, recycling costs are 

normally 25% to 50% less than removal and replacement of the old pavement. 

Here are some cost-saving examples from across the country of actual projects: 

Westminster, California (1999) 

FDR using 6% cement with asphalt overlay 1999  $10.98 / sy 

Removal / replacement w/aggregate and asphalt overlay $21.78 / sy 

Cost savings = 50% 

Spokane County, Washington (1999) 

FDR using 5% cement with a chip seal overlay  $91,000 / mi 

Removal / replacement w/aggregate and a chip seal overlay $135,000 / mi 

Cost savings = 33% 

Long County, Georgia (2004) 

FDR using 7% cement with asphalt overlay  $127,000 / mi 

Removal / replacement with aggregate and asphalt overlay $218,000 / mi 

Cost savings = 42% 

Hudson, Ohio (2004) 

FDR using 10% cement  $12.94 / sy 

Removal / replacement with aggregate $22.66 / sy 

Cost savings = 43% 

 

As you can see, FDR with cement makes the reconstruction of old roads a largely self-sustaining 

process. The original ―investment‖ in virgin road materials becomes a one-time cost, which is 

reclaimed through cement stabilization and the addition of a new, thin surface course. 
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Frequently Asked Soil-Cement Questions 

Which product is better—Portland cement or hydrated lime—in 

stabilizing clay soils? 

 

In 2003, an investigation was completed that evaluated the performance of Portland cement and 

hydrated lime in stabilization and in improving engineering properties of several soils. Three soils 

were examined that had Plasticity Index (PI) values of 25, 37, and 42. The following general 

conclusions can be drawn based upon the investigation performed: 

1. For the soil with a PI of 25, Portland cement performed better than lime even at dosages as low as 

3%. For the soils with a PI of 37 and 42, the performance increased significantly when the cement 

dosage was increased to 6% or more.  

2. The maximum dry density of all three soils stabilized with Portland cement attained higher 

maximum dry density than the lime-stabilized soils. 

3. The unconfined compressive strength (UCS) of the soil with a PI of 25 stabilized with Portland 

cement was almost always higher than that of lime-stabilized soil. 

4. Strength of cement-stabilized soil is generally higher than lime-stabilized soil at all ages. 

5. California Bearing Ratios (CBR) measured for all three soils stabilized with 6% and 9% Portland 

cement or lime, clearly indicate that cement-stabilized soils have superior load bearing capacity. 

6. For all three soils, stabilized with 6% and 9% Portland cement, there was a significantly higher 

strength than lime-stabilized soils after vacuum saturation tests. 

7. The physiochemical nature of cement-stabilized soils results in better wet-dry durability. 

8. Hydraulic conductivities of the soil with a PI of 25 stabilized with Portland cement were significantly 

lower than lime-stabilized ones at all dosage levels. 

9. The concentration of calcium ions in leachates from lime-stabilized soils is generally higher than 

those from cement-stabilized soils. 

For the complete findings contained in this investigation, please see PCA publication RD125 – 

Comparative Performance of Portland Cement and Lime Stabilization of Moderate to High Plasticity 

Clay Soils. 

  

I've heard that improperly constructed soil-cement bases have a 

tendency to crack due to shrinkage. Is there a process that can be 

used to help minimize this problem? 

For traditional soil-cement technology Refer appendix 1 - Field Investigation: Pre-Cracking of Soil-

Cement Bases to Reduce Reflection Cracking By Tom Scullion, P.E. 

(A properly treated GeoStab-soil-cement base is impervious to shrinkage – it does not 

shrink.) 
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Frequently Asked Soil-Cement Questions 

Is there a test procedure to determine how much Portland cement 

to use for a given FDR pavement project? 

METHOD OF TEST FOR LABORATORY DESIGN OF SOIL-CEMENT MATERIAL 

A. SCOPE 

This method of test covers the procedures for making and testing hardened soil-cement samples 

prepared with Portland cement. The laboratory maximum dry density and optimum moisture content 

are determined for samples at three different percentages of cement. Samples are then compacted in 

a mold before cement hydration to the established laboratory maximum dry density and optimum 

moisture content and tested for unconfined compressive strength. 

B. MATERIALS 

The materials shall consist of the following: 

1. Soil 

Soil may consist of any combination of gravel, stone, sand, silt, clay, caliche, scoria, slag, sand-shell, 

cinders, ash, waste material from aggregate production plants, high-quality crushed stone and gravel 

base course aggregates, and failed bituminous surfaces.  

2. Portland Cement 

Portland cement shall comply with the latest ASTM, AASHTO, or CSA specifications for Portland 

cement or blended hydraulic cements. 

3. Water 

Water shall be free from substances deleterious to the proper hardening of the soil-cement material. 

4. Pozzolans 

If used, pozzolans shall comply with the latest ASTM, AASHTO, or CSA specifications for fly ash, 

slag, and silica fume. 

C. APPARATUS 

The apparatus shall consist of the following: 

1. Mold 

A cylindrical metal mold approximately 4.0 inches (100 mm) in diameter and 4.6 inches (115 mm) in 

height and having a volume of approximately 1/30-cubic foot (940 cc). This mould is fitted with a 

detachable base plate and a removable extension approximately 3.1 inches (80 mm) in height.  

2. Rammer 

A metal rammer having a 2-inch (50 mm) diameter flat circular face and weighing 5.5 pounds (2.5 kg). 

The rammer shall be equipped with a suitable arrangement to control the height of drop to a free fall 

of 12.0 inches (300 mm) above the elevation of the soil sample. 
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Frequently Asked Soil-Cement Questions 

3. Sieve 

The ¾-inch (19 mm) sieve shall conform to the ―Standard Specifications for Sieves for Testing 

Purposes‖, AASHTO Designation: M-92. 

4. Sample Extruder 

A jack, lever frame, or other device adapted for the purpose of extruding samples from the mold. 

5. Balances 

A balance or scale of at least 10,000 gram capacity sensitive to 1.0 gram. 

6. Polyethylene Freezer Bags 

Polyethylene freezer bags shall be the ordinary commercial type freezer bag of 1-quart (950 cc) 

capacity. 

7. Moist Room 

Moist room or a suitable covered container capable of maintaining a temperature of 73.4°F ± 3°F 

(23.0°C ± 2°C) and having a relative humidity of not less than 90%. 

8. Testing Machine 

The testing machine may be the hydraulic or screw type with sufficient opening between the upper 

bearing surface and the lower bearing surface of the machine to permit testing of the samples 

specified herein. The machine shall be capable of applying at least 20,000 pounds (9,070 kg) to within 

an accuracy of ± 1% of the total load. 

9. Straightedge 

A steel straightedge 12 inches (300 mm) long. 

10. Large Pans 

Pans of sufficient size to allow the thorough mixing of the material passing the ¾-inch (19 mm) sieve. 

11. Scoops 

Scoops or other suitable devices for mixing and sampling the material passing the ¾-inch (19 mm) 

sieve. 

12. Graduated Cylinder 

Glass or plastic graduate of 1,000 ml capacity used for measuring the mixing water. 

13. Small Pans or Dishes 

Pie pans or evaporating dishes suitable for weighing the cement and/or other admixtures. 

D. SAMPLE PREPARATION 

Sieve a sufficient quantity of the soil material through the ¾-inch (19 mm) sieve to determine 

maximum dry density and optimum moisture content and to provide at least nine, 4.0-inch (100 mm) 

diameter by 4.6-inch (115 mm) high compacted specimens having a total volume of 1/30-cubic foot 

(940 cc). (Usually about 100 pounds (45 kg) of dry soil is required.) 
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Frequently Asked Soil-Cement Questions 

E. PROCEDURE 

1. Determine Maximum Dry Density and Optimum Moisture Content  

a. Weigh out three 4,000 gram batches of dry soil. 

b. Weigh out three batches of dry cement to represent 4% (160 grams), 6% (240 grams), and 8% 

(320 grams) of the batches of dry soil. 

c. Place one 4,000 gram batch of dry soil plus the first percentage of dry cement (4%) in a large pan 

and mix the dry ingredients to uniform colour. 

d. Determine the laboratory maximum dry density and optimum moisture content for the soil-cement 

mixture by following ASTM D558 – Standard Test Methods for Moisture-Density Relations of Soil-

Cement Mixtures. 

e. Determine the laboratory maximum dry density and optimum moisture content for the 6% and 8% 

cement batches the same as in steps E.1.c. and E.1.d. 

2. Prepare and Test Specimens for Unconfined Compressive Strength 

a. Weigh out three 10,000 gram batches of dry soil. 

b. Weigh out three batches of dry cement to represent 4% (400 grams), 6% (600 grams), and 8% 

(800 grams) of the batches of dry soil. 

c. Place one 10,000 gram batch of dry soil plus the first percentage of dry cement (4%) in a large pan 

and mix the dry ingredients to uniform colour. 

d. Add sufficient water to bring the soil-cement mixture to optimum moisture as previously determined 

in step E.1.d. above. Mix until uniform moisture content is achieved throughout the entire batch. 

e. Form a specimen by compacting the prepared soil-cement mixture, in three equal layers, in the 

mould following standard Proctor test procedures. 

f. Extrude the sample from the mould and seal in a polyethylene freezer bag. 

g. Prepare two more samples as in steps E.2.e. and E.2.f. from the batch of soil-cement mixture. 

h. Prepare the 6% and 8% cement batches the same as in steps E.2.c. through E.2.g. and place all 

nine moulded samples in the moist room for curing. 

F. TESTING 

Three samples for each cement content are tested uncapped for unconfined compressive strength 

after 7 days curing in the moist room. These samples are vertically loaded in a testing machine at a 

loading rate of .05 in/min (1.25 mm/min) until failure. 

G. CALCULATIONS 

Compressive Strength (PSI) = Load (lbs) at failure area of sample (in²) 

Compressive Strength (kg/m²) = Load (kg) at failure area of sample (m²) 

NOTE: No consideration is given to the length-diameter ratio (K-factor). 
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Frequently Asked Soil-Cement Questions 

How exactly does a pug mill work to blend materials together for 

CTB?  

Pug mills provide excellent mixing for cement-treated materials because of the violent action of the 

mixing process. Typically a pug mill will have two horizontal shafts, each with dozens of paddles. The 

shafts turn in opposite directions, causing one set of paddles to turn clockwise, and the other set to 

turn counter-clockwise. This motion hurls the particles toward each other in a violent action that allows 

for uniform mixing. 

The pug mill operates on a continuous basis, with an aggregate feed belt, water spray, and cement 

vane that are all computer controlled to provide accurate metering of the constituents. Pug mills can 

be set up with more than one silo, so cementitious products (such as 

Portland cement and fly ash) can be blended at the plant.  

The mixed material is taken by belt to a surge hopper (or gob hopper) 

where it will be dumped into a truck to be transported to the job site. 

The trucks will have tarps to cover the freshly mixed material so that 

moisture is not lost on the way to the site. 

Pug mills on paving projects are typically portable, and can be set up 

and running in less than a day. Productions for pug mills on these 

projects are normally in the range of 300 – 500 tons per hour. 

Click here for a diagram of a pug mill layout. 

 What is micro-cracking (or pre-cracking) of cement-treated bases? 

Micro-cracking is a construction process used to reduce the potential for reflective cracks in 

pavements that have cement-treated bases (CTB). Sometimes in the US this is also referred to as 

pre-cracking, but care must be used with this term because in Europe pre-

cracking refers to the construction of control joints in CTB. Micro-cracking was 

first tried in Austria, and is currently being researched in the US at the Texas 

Transportation Institute. (a GeoStab CTB has a degree of flexibility that 

completely addresses the issue of reflective cracks) 

Any cement-treated material will shrink slightly as it cures and gains strength. 

(this is not true for GeoStab cement-treated material as it forms a non-

shrinking polymer concrete like product) 

Thin cracks in a cement-treated base occur naturally every 20 – 40 feet as the 

result of this shrinkage. The objective of micro-cracking is to induce hundreds 

of tiny cracks to accommodate the shrinkage, rather than individual cracks that 

have the potential to reflect up into the surface layer. 

Micro-cracking is accomplished by loading the CTB with a vibrating roller approximately 2 days after 

construction. About 4 passes of the roller will complete the process. This action does not permanently 

damage the cement-treated base, since it is still ―green‖ and will regain the strength lost due to the 

micro-cracking procedure. 

The use of micro-cracking is still under evaluation. Results show that it will reduce the amount and 

severity of cracks, although it may not always eliminate reflection cracking. In addition, there does not 

appear to be a ―down-side‖ to the process, since no negative effects of micro-cracking have been 

observed. 
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More information on reflective cracking in cement-treated bases can be found in the following PCA 

documents: 

Reflective Cracking in Cement Stabilized Pavements (IS537)  

Minimizing Cracking in Cement-Treated Materials for Improved Performance (RD123) 

The latest information on micro-cracking can be found in a recent paper from Texas Transportation 

Institute: ―Use of Micro-cracking to Reduce Shrinkage Cracking in Cement-Treated Bases.‖ 

 

How do you collect and prepare samples for FDR projects? 

By Tim McConnell, Cement Stabilization Specialist, Southeast Cement Association  

The success of any full-depth reclamation (FDR) with cement project begins with the proper sampling 

and preparation of pavement, base and/or subgrade materials to be used in lab tests. Lab data from 

the sampled materials will ultimately provide the basis for an appropriate FDR mix design. If field 

samples are not obtained, and a mix design is not performed, it can lead to premature failure of the 

reclaimed layer and ultimately lead to costs that could have been avoided by following some simple 

procedures. 

Materials that will be used in the FDR process can be sampled in two ways:  

1. Field pulverization (using a special drill bit) and collection of materials to the expected reclamation 

depths. 

 

2. Collection of materials by auger or manual methods (i.e. shovel, post hole digger, pick, etc.). No 

field pulverization is performed.  

 

Method 1 - Field pulverization and sample collection using a specialized drill bit 

mimics the pulverization done by reclaiming equipment used in FDR 

construction, and reduces lab preparation time. An example of a 

sampling drill bit used by the North Carolina DOT is seen here. 

Samples should be collected to the expected reclamation depth 

(usually 6 to 12 inches). A minimum of 100 pounds of material is 

needed from each sample location to run the necessary lab tests 

needed for a mix design. [Note: one 5-gal bucket will hold about 50 lbs. 

of material).  

 

Method 2 - If field pulverization methods are not used 

 to obtain mix design samples, attention to sample collection is vital. 

Samples should be obtained from all layers expected to be reclaimed 

(asphalt, base, and possibly subgrade). The asphalt layer can be saw 

cut, or in most cases simply removed using hand tools such as picks 

and shovels. Underlying base and/or subgrade materials should be 

sampled to the expected reclamation depth. If the depth of reclamation 

is not known, the materials should be kept separate so that blending can 

be done in the lab. (For example, if it is not known if the subgrade will be included in the reclamation, 

it should be bagged separately so that the effect of including the subgrade material can  
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be evaluated in the lab). As with the field pulverization sampling technique, a minimum of 100 pounds 

of material is needed for the necessary lab tests.  

The asphalt sample obtained for lab testing is usually collected in large pieces. This material must be 

broken down to a size that is comparable to the pulverization that occurs during FDR construction. 

For instance, Summit Engineering (located in Charlotte, NC) places sampled asphalt in a drying oven 

and heats the material to approximately 110° F. By using just hand manipulation, the softened asphalt 

can be reduced to an appropriate size similar to that obtained during field pulverization.  

Once a lab has prepared the material, testing will proceed using ASTM D558, ―Standard Test 

Methods for Moisture Density (Unit Weight) Relationships of Soil-Cement Mixtures‖ and if unconfined 

compressive strength data is desired, ASTM D1633, ―Test Method for Compressive Strength of 

Moulded Soil-Cement Cylinders‖ is recommended. 

The road to success with full-depth reclamation begins with proper sampling and preparation of 

materials for lab tests. With a few simple procedures in sampling and material preparation, an 

optimized mix design can be obtained that will contribute in part to the success of a full-depth 

reclamation project. 

   

How does cement slurry compare with lime slurry? 

Although the application of cement and lime are relatively similar, there are some distinct differences 

on how each works. In most cases, slurry products are applied through the use of a modified water 

truck. A rear mounted distributer bar applies the slurry by gravity onto the desired surface. Also, 

application by means of a drum-mounted sprayer bar on pulverization equipment is available. 

 

The differences are noticed in several ways. The water to cement ratio in cement slurry varies from 

1:1 to 1.5:1. This is not the case with lime slurry. A large tank with an internally mounted mixing 

paddle is used in the ―slaking‖ (hydration) of the dry lime and at the very least 2.5 times the amount of 

water to dry lime is needed for proper hydration. This means 40% more water is needed in lime slurry 

production. The exothermic reaction of hydrating lime can produce temperatures as high as 212° F 

whereas temperatures of cement slurries can range from 70° F to 120° F. Heat burns can occur to 

skin quickly at temperatures exceeding 120° F.  

 

The engineering benefits of cement slurry are superior also. While both Portland cement and lime are 

capable of providing calcium, the primary ingredient necessary for stabilizing a clay soil, they differ in 

their chemical nature, mode of reaction in the presence of water, and resulting reaction products. 

Although both Portland cement and lime produce the pozzolanic reaction to form calcium-silicate-

hydrate (C-S-H) and calcium-aluminate-hydrate (C-A-H), Portland cement has the capability to form 

C-S-H and C-A-H immediately similar to Portland cement concrete. This characteristic allows cement 

treated soils to produce higher strengths and work more effectively with a broader range of soils. The 

PCA publication, Evaluating the Performance of Soil-Cement and Cement-Modified Soil for 

Pavements: A Laboratory Investigation, RD120, shows higher unconfined compressive strengths are 

produced by cement slurry when compared to lime slurry in sample clay materials (refer to figure 

below).  
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(GeoStab boost compressive strength to greater levels while significantly improving tensile ) 

When considering the use of a slurry product for modification, stabilization or reclamation, cement 

slurry has distinct advantages over lime slurry in economic, health and engineering aspects. 

Because there is no noticeable colour change, how can I tell how deep my roadway 

materials were treated with cement? 

Basically, when cement is added to the soil material, the resultant mixture experiences an increase in 

pH—usually into the moderate to strongly alkaline range from 8.0 to 9.0. This is a measurable 

difference from the untreated soil which commonly has a lower pH. Therefore, knowing the soil pH 

provides various clues about soil properties (such as the presence of calcium-rich materials like 

Portland cement) and is easily determined. A hole dug through the completed cement-stabilized work 

(post-hole diggers work very well for this) can be tested at various depths to determine at what point 

the pH increase ceases— thereby indicating the depth of treatment. The most accurate method of 

determining soil pH is by a pH meter. 

A second method which is simple and easy but less accurate then using a pH meter consists of using 

certain indicators or dyes. Many dyes change colour with an increase or decrease of pH making it 

possible to estimate soil pH. In making a pH determination on soil, the sample is saturated with the 

dye for a few minutes and the colour observed. This method is accurate enough for most purposes. 

Both pH meters and pH kits containing the necessary chemicals and colour charts are available from 

garden supply stores. Here are some sites that you might find useful: 

http://homeharvest.com/soiltesting.htm 

http://www.biconet.com/testing/st-t.html 

More sophisticated (and usually more expensive) testing devices are also available through laboratory 

supply companies. Some helpful sites include: http://www.omega.com/pptst/ITK_RITK.html 

http://homeharvest.com/soiltesting.htm
http://www.biconet.com/testing/st-t.html
http://www.omega.com/pptst/ITK_RITK.html
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http://www.gemplers.com/a/shop/product.asp?T1=RLM100&src=21TL001 

A commonly used chemical (although strictly controlled in some areas of the country) to determine the 

presence of calcium in cement-stabilized materials is phenolphthalein. While very effective for the 

intended use, it has been reasonably considered by many to be a human carcinogen. It is, however, 

still available for purchase and I offer the following site: 

http://secure.sciencecompany.com/product1.aspx?SID=10&Product_ID=6364 

Another method that I have heard a great deal of for determining the presence of Portland cement in 

stabilized soils is through the use of "natural indicators." Nature provides us with pH indicators in the 

form of plant pigments known as antocyanines, which change colour over different pH ranges, 

depending on the source. The juice from a red cabbage will function over a wide pH range, from as 

low as 1.0 up to 12.0, while the juice from red beets will change from red to yellow somewhere 

between 11.0 and 12.0. The following preparation information comes from the website referenced 

below: 

"The indicator solutions are prepared by chopping up the red beets or red cabbage into small pieces, 

preferably by running them through a blender. Then the juice is strained off from the resulting mush, 

and the mush can also be extracted with water to yield even more of the pigment. The solutions are 

filtered to remove any remaining plant matter, and can then be used as is, or diluted if the colour is 

too intense." 

Should the acceptance criteria of completed soil-cement be based on compressive or 

flexural strength test results of in-place cores or beams? 

The Portland Cement Association (PCA) does not recommend the use of strength test results from in-

place cores or beams as acceptance criteria for completed soil-cement including cement treated base 

(CTB) and full-depth reclamation 

(FDR). In addition, acceptance criteria 

for unconfined compressive or flexural 

strength test results based on moulded 

specimens in the field are also not 

recommended.  

The problem is the difficulty in obtaining 

representative samples of the in-place 

material as well as the time delay in 

addressing a possible problem that 

may exist. It is extremely rare for state 

or local transportation agencies to base 

their acceptance criteria on the in-place 

unconfined compressive strength of 

completed soil-cement bases due to 

the many difficulties involved and 

questionable results. Occasionally 

cores, beams, or field moulded 

cylinders are obtained and tested, but these results are used for record purposes, and not used as 

acceptance criteria.  

 

 

http://www.gemplers.com/a/shop/product.asp?T1=RLM100&src=21TL001
http://secure.sciencecompany.com/product1.aspx?SID=10&Product_ID=6364
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As an alternative to taking cores or beams, PCA promotes the adherence to quality control during 

design and construction. The normal steps to ensure that a quality project meeting the required 

specifications is met are as follows: 

1. In the laboratory, determine the proper cement content that will be necessary to adequately 

stabilize the project materials as well as the optimum moisture content and maximum dry 

density for these materials. 

2. In the field, apply the amounts of cement and water determined in the laboratory to the in-place 

materials. 

3. In the field, thoroughly mix the in-place materials, cement, and water until a homogenous blend 

is obtained. 

4. In the field, thoroughly compact and then shape the soil-cement material to project 

requirements. 

5. In the field, properly cure the completed soil-cement until a final pavement surfacing is applied. 

The purpose of field inspection and control of soil-cement during construction— cement content, 

moisture content, mixing, compaction, and curing—is to ensure that the results set out in the plans 

and specifications are obtained and if problems do arise they can be handled immediately. 

Further information on the proper construction and quality control of cement-stabilized pavement 

materials are available in PCA publications Soil-Cement Construction Handbook, EB003 and Soil-

Cement Inspector’s Manual, PA050. 
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Integrated Paving Solutions 
A variety of cement-based products can be used in pavement applications. They are all similar, in that 

they all contain the three same basic components of Portland cement, soils/aggregates, and water. 

Luckily, because there are numerous cement-based pavement materials, there exists a cement-

based solution for every pavement need or challenge. This integrated pavement systems approach 

makes Portland cement the right choice in pavement construction and rehabilitation.   

  

By simply varying the proportions of the three basic ingredients, along with how they are mixed and 

placed, we can develop pavement materials that are plastic and malleable when newly mixed, yet 

strong and durable when hardened. While ready mixed concrete (RMC) forms the basis of 

conventional Portland cement concrete pavements, there are other cement-based products that defy 

the label of ―concrete,‖ yet share many of its qualities.  

Aside from having different cement-based products for different pavement rehabilitation applications, 

another advantage of using the integrated paving systems approach is that these products can be 

used alone or together depending on the situation. It is this versatility of Portland cement options that 

allows us to construct pavements that are smoother, quieter, safer, more cost-effective, durable, 

sustainable, and environmentally friendly. 

 

IPS Case Studies: 

 Kalia Road, Waikiki, Hawaii  

 Port of Houston, Texas  

More information at Integrated Paving Solutions website.  
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Integrated Paving Systems Case Study 

Waikiki Says ―Aloha‖ to Integrated Paving Systems Approach 
 

Kalia Road is one of the most heavily 
used roadways in the entire state of 
Hawaii, experiencing near constant 
bus, truck, and vehicle traffic. One 
section in particular, adjacent to the 
entrances of the Hilton Hawaiian 
Village Beach Resort and the Fort 
DeRussy Military Reservation, was in 
need of immediate repair. Under the 
current traffic conditions, the 
pavement in this area had 
experienced shoving (serious rutting) 
and had created serious liability 
concerns for the owners. This pavement distress had occurred during a four to five 
year period, indicating serious base layer failures that an additional bituminous 
overlay would not address. 

Instead, engineers chose to correct the base failure through full-depth reclamation 
(FDR) and then complete the roadway with a ultra-thin white topping (UTW) surfacing. 
FDR rebuilds failed flexible pavements by recycling the existing roadway. The old 
asphalt and base materials are pulverized, mixed with cement and water, and 
compacted to produce a strong, durable base. UTW is a thin (typically two to four 
inches) conventional concrete layer placed over a prepared base. This combination of 
FDR and UTW layers was intended to bond together to create a monolithic structure 
capable of supporting the current and predicted traffic loadings. 

The Kalia Road project included four lanes of traffic and an intersection crosswalk area 
covering more than 1,200 square yards. A reclaimer first pulverized the existing asphalt 
surfacing and underlying base materials to a depth of 13 inches. At this point, four inches 
of reclaimed material was removed from the project to accommodate the future four-inch 
thick UTW layer. An application rate of eight percent Portland cement by volume of 
reclaimed material (approximately six percent by dry weight) was spread over the area and 
then incorporated into the remaining nine inches of pulverized material through an 
additional pass with the reclaimer. The pulverized and blended materials were then 
brought to optimum moisture content, compacted with a 12-ton vibratory roller, and 
shaped to plan elevations. 

  

Dry cement uniformly spread  on project  after         
pulverization and removal of some material. 

Compacting  and  shaping  of the  reclaimed  roadway 
materials. 

.  

 
 

 

Severe pavement rutting on Kalia Avenue due to heavy bus, 
truck, and car traffic. 
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The reclaimed material was kept 
moist through the afternoon and 
evening by applications of a water 
truck. The installation of traffic loops 
took place directly on top of the 
reclaimed base material and the UTW 
surface layer was placed the 
following morning. A water-cement 
ratio between .35 and .38 was 
targeted for development of high 
early strengths and long-term 
durability of the product. Slump was 
kept between five and six inches with 
the driver of the ready mix truck 
making final adjustments of the slump with a high range water reducer. A crew placed 
and finished the concrete, and then changed the surface texture as required by the 
owners.  

   

One of the final steps was the application 
of a concrete curing compound to provide 
the UTW additional protection from the 
weather and ensure proper strength 
development. Control joints were then 
sawn into the UTW in three feet by four 
feet sections. Unconfined compressive 
strengths recorded for this project were 
2,842 psi in 1 day, 4,230 psi in 2 days, 
7,105 psi in 14 days, and 8,500 psi in 28 
days. 

  

  

  

Traffic was allowed back on the 
completed sections by early the next 
morning –right on schedule! In 
addition to its superior strength and 
durability, this FDR and UTW 
approach proved to be a safer, more 
cost effective, and less disruptive 
rehabilitation method.  

 

Altering the surface texture of the placed UTW. 

 

Placing  control  joints in the UTW layer with an early entry saw. 

 

 

Completed Kalia Road FDR and UTW project. 
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Integrated Paving Solutions Case Study - Port of Houston, Texas 

 

Building it Right the First Time 

By: Matthew W. Singel, PE, Cement Council of Texas  

  

RCC placement at the Port of Houston 

The Port of Houston is a complex of shipping and cargo-

handling facilities that spans 25 miles along the Houston 

Ship Channel. In 2009, the Port ranked first in U.S. import 

tonnage and second in export tonnage, with 220 million tons 

of cargo serviced. It has traditionally been a bulk carrier 

facility, but in recent years has significantly expanded its 

container-handling capacity. This growth will continue and 

even accelerate, because of the anticipated 2014 

completion of the Panama Canal expansion.  

 

Solving Problems 

At the Bayport Terminal, integrated concrete and cement pavement options are solving some difficult 

problems faced at many ports: poor soils, high water tables, no locally available aggregates, huge 

loading requirements, and a need for fast construction. Low maintenance is also essential, as 

pavement closures reduce handling capacity and profitability.  

When the first phase of the Terminal was in final design, Jim McQueen, the Port of Houston 

Authority’s (PHA) chief construction manager, learned of roller-compacted concrete (RCC) as a cost-

effective pavement option. He allowed RCC bid alternates for the two container yard expansions. In 

addition, he specified cement/lime stabilization of the subgrade, and cement-treated base (CTB), to 

reduce cost and ensure 30-year durability. 

The Savings 

Bids on the most recent project, Bayport Phase 1, Stage 2 Container Yard, provided nearly a 15% 

savings compared to the non-RCC alternate, for a final bid price of $34.7 million. The unit costs were 

$38.89/square yard and $48.46 /square yard for the 14- and 18-inch thick RCC pavements, 

respectively. The RCC alternate was awarded to McCarthy Building Companies, with Interstate 

Highway Construction (IHC) being the RCC subcontractor. 

Heavy-Duty Designs 

Intermodal container pavements have to withstand heavy loads, including gantry cranes carrying 

shipping containers, which are then stacked five-high. Three loading environments were considered 

for the most recent expansion: Grounded container storage, wheeled container storage, and the 

circulation roads. The designer, Klotz Associates of Houston, developed multiple pavement options 

for a 30-year design life. The RCC pavement sections consisted of 1) cement/lime stabilized 

subgrade, 2) a geotextile fabric, 3) an open-graded drainage layer, 4) cement-treated recycled 

concrete aggregate sub base, and 5) an RCC surface layer (Fig. 1). 
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Figure 1- Pavement sections: (a) Grounded container storage; (b) Wheeled container storage; and (c) 

Circulation roads 

 

RCC Pavement 

  

General view of pavement layers 

RCC production/placement rates are very high, 

making this an ideal concrete paving material for 

large, thick industrial pavements. Additionally, no 

steel (neither dowels nor reinforcing) is needed, 

further speeding placement and reducing cost. 

Wide allowable joint spacing and thin saw cut 

joints keep long-term maintenance to a minimum. 

The pavement thicknesses required two-lift 

placements to allow full compaction, but this is 

quickly and easily achieved with RCC. 

The RCC mixture was an optimized blend of Type I/II Portland cement, washed concrete sand, 

manufactured sand/crusher screenings, and coarse aggregate. The specified strength of the RCC 

was 550 psi at seven days. In addition, project specifications dictated quality control testing for density 

and compressive strength. The required minimum average density was 98%, with no test falling below 

95% of maximum wet density as determined by the modified Proctor method (ASTM C1557). 

RABA Kistner Consultants (Houston) performed the RCC testing. IHC constructed a test section prior 

to production placement. Results of the test and production RCC are summarized in Table 1. 
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Table 1 – Summary of RCC test results 

Test Test Section Production 

Average flexural Strength at 7 days, psi 570 --- 

Average compressive strength of cylinders at 7 days, psi 4,030 5,050 

Average compressive strength of cores at 7 days, psi 3,430 4,440 
 

 

"Green" Cement-Treated Base 

 Compacted CTB ready to receive RCC surface 

The sub-base for the RCC needed to be uniform and resilient, 

even under saturated conditions. It also had to be non-pumping 

under heavy, repeated loads. The designer chose CTB, as it 

fulfilled all these requirements at an economical cost. 

Houston is an aggregate-poor locale, so the CTB supplier, 

Southern Crushed Concrete, suggested the use of recycled 

crushed concrete to serve as the CTB aggregate. This saved trucking aggregate from over 100 miles 

away, and the cement treatment helped improve the durability of this marginal material. The CTB also 

served as an all-weather work platform that provided a stiff surface for effective RCC compaction. 

The CTB was produced using a pugmill plant. Southern Crushed Concrete utilized its existing plant, 

four miles away, eliminating plant mobilization costs. Jim Miller of Southern states, "CTB is a great 

product at an affordable price. In the Houston market, you commonly realize a 20 to 25 percent 

material cost savings using recycled concrete over virgin aggregate." 

Subgrade Treatments 

 Surface appearance of RCC placed adjacent to conventional 

concrete 

A stable and durable subgrade is another key to long-term pavement 

performance. Due to the complex, poor quality soils encountered 

(mostly dredged fill material), the geotechnical consultant called for 

5% lime to modify soil characteristics, followed by 5% cement to 

ensure long-term strength and reduced moisture susceptibility. The 

cement/lime treatment eliminated the need to remove and replace 

thousands of tons of subgrade with select fill. This work was 

performed by Laguna Construction Company of Laguna Pueblo, 

New Mexico.  

Impressive Results 

Extracted RCC Core for quality control observations and testing 

By using RCC pavement, the Port estimated that it reduced the 

project construction schedule by four months while keeping 

maintenance to a minimum. The ability to open for business earlier, 

while minimizing maintenance "down-time," continues to reinforce 

the Port's decision to select RCC for the Port of Houston 
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Integrated Paving Solutions 

Since 2007, nearly 100 acres have been paved with RCC (along with CTB subbase, and cement/lime 

subgrade treatment). Additional expansions at Bayport are planned to continue until the 1,043 acre 

complex reaches completion. The RCC paving in Stage 1, Phase 2, the most recent section, 

encompassed 44 acres. IHC began the RCC placement in January 2010, and paving was finished by 

early May, less than 5 months later. 

Customer Satisfaction 

PHA's Jim McQueen is convinced that RCC, combined with the CTB and cement/lime stabilized 

subgrade, was the right solution for the Port. "I have been very pleased with the excellent job 

performed by the McCarthy/IHC team and the professional nature in which they both operate. The 

Port of Houston is hoping that the success of these projects will inspire future RCC projects across 

Texas.‖ 

 

 

Credits 

Owner: Port of Houston Authority, Houston, Texas 

General Contractor: McCarthy Construction Company, Houston, Texas 

RCC Contractor: Interstate Highway Construction, Mansfield, Texas 

Civil Engineer: Klotz Associates, Houston, Texas 

Materials & Testing: Raba Kistner Consultants, Houston, Texas 

. 
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Why Recycle with GeoStab? Recycling 

Roads with GeoStab Saves... 
    

  

  

 

 

Money - by cutting down on material costs, transportation fees, and construction time. 

 

 

Natural Resources - by using existing materials and conserving virgin aggregates 

 

 

The Environment - by eliminating the need to haul materials to landfills 

 

 

Work - by eliminating preliminary patching and by minimizing grade changes 

 

 

Energy - by reducing fuel needed to transport materials 

 

 

Investment - by using existing materials already paid for by past funds 

 

 

Headaches - by allowing traffic to flow while construction is underway and by quickly turning 

the road back to the traveling public 

 

 

Time - by using a construction process that is much faster than other methods 

 

 

Future Work - by building a strong, low-maintenance road that will last for several decades 
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Asphalt Pavements  
 

The Problems with Old Asphalt Pavements  
 

Asphalt pavements eventually wear out. Just like old cars or clothing, the effects of wear and climate 

will destroy the pavement. The roads 

require costly maintenance to stay in 

service.  

Asphalt pavements typically fail in several 

ways. The most common include:  

Fatigue cracking Traffic causes 

repeated strain in the surface and 

eventually the asphalt cracks.  

Rutting Channelized traffic loads shift 

the materials in the surface, base, and 

subgrade, leaving depressions or ruts in 

the pavement. 

Shoving The forces created by cars and 

trucks braking and stopping separate the 

surface material from the underlying base.  

Loss of base or foundation 

support Moisture degradation, traffic 

overloads, or subgrade failure can cause 

the pavement base to fail.  

The type of failures mentioned above are 

especially prevalent in secondary roads, 

where pavement structures are typically 

light, and are often not designed for 

today's increased traffic levels. Repairs 

can be costly. A typical maintenance 

treatment, like a thin asphalt overlay, will 

only temporarily cover up the problem. Other options, such as thick overlays or removal and 

replacement, are expensive.  
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A pulverizer rips up the old asphalt and base. 

 

A grader brings the road to the desired grade, 

making it passable for temporary traffic. 

 

Next, a truck spreads a prescribed amount of 

cement over the pulverized road base. 

 

Hooked up to a water truck, the pulverizer mixes 

the cement, water and pulverized roadway down 

to a depth of 6 to 10 inches. 

 

The base is compacted, cured, and topped with a 

riding surface, usually a chip seal or hot-mix 

asphalt. 

 

 

Here's How The Process Works 

1. A pulverizer rips up the old asphalt and base. 
 

2. A grader brings the road to the desired grade, making it passable for temporary traffic. 
 

3. Next, a truck spreads a prescribed amount of cement over the pulverized road base. 
 

4. Hooked up to a water truck, the pulveriser mixes the cement, water and pulverized 

roadway down to a depth of 6 to 10 inches. 
 

5. The base is compacted, cured, and topped with a riding surface, usually a chip seal or 

hot-mix asphalt.   
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Start With A Good Foundation 

 

A good foundation is important for any structure, especially pavements. The pavement base provides 

the thickness and stiffness necessary to carry heavy traffic loadings.  

Stabilized pavement bases, such as soil-cement and cement-treated base have provided economical, 

long-lasting pavement foundations for over 60 years. These pavements combine soil and/or 

aggregate with cement and water, which are then compacted to high density. 

The advantages of stabilization are many:  

 Cement stabilization increases the stiffness and strength of the base material. A stiffer base 

reduces deflections due to traffic loads, which results in lower strains in the asphalt surface. 

This delays the onset of surface distress, such as fatigue cracking, and extends pavement 

life.  

 

 The strong uniform support provided by cement stabilization results in reduced stresses 

applied to the subgrade. A thinner cement-stabilized section can reduce subgrade stresses 

more than a thicker layer of untreated aggregate base. Subgrade failures, potholes, and road 

roughness are thus reduced. 

 

 Moisture intrusion is the nemesis pavement bases. Cement-stabilized pavements form a 

moisture-resistant base that keeps water out and maintains higher levels of strength, even 

when saturated.  

 

 A cement-stabilized base also reduces the potential for pumping of subgrade fines.  

 

A stabilized base spreads loads and reduces stress on the subgrade. 

 

Unsterilized Granular Base vs. Cement-Stabilized Base 

  

Text and Photos courtesy of Portland Cement Association www.portcement.org 

 

http://www.portcement.org/
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Full Depth Reclamation With Cement  
  

Deteriorating roads are a constant problem for cities and counties. 

That's why engineers and public works officials are turning to a 

process called full-depth reclamation (FDR) with cement.  

This process rebuilds worn out asphalt pavements by recycling the 

existing roadway. The old asphalt and base materials are pulverized, 

mixed with cement and water, and compacted to produce a strong, 

durable base for either an asphalt or concrete surface.  

Full-depth reclamation uses the old asphalt and base material for the 

new road. There's no need to haul in aggregate or haul out old 

material for disposal. Truck traffic is reduced, and there is little or no 

waste.  

 

Recycling saves money and natural resources  
Full-depth reclamation uses the materials from the deteriorated asphalt pavement, and, with the 

addition of cement, creates a new stabilized base.  

A surface consisting of a thin bituminous chip seal, hot-mix asphalt, or concrete completes the road. 

The recycled base will be stronger, more uniform, and more moisture resistant than the original base, 

resulting in a long, low-maintenance life. And most important, recycling costs are normally at least 

25% to 50% less than the removal and replacement of the old pavement.  
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Material conservation: A wise choice  
Conserving virgin construction materials through recycling with cement makes smart economic and 

strategic sense. A century of modern growth and urbanization in America has depleted once plentiful 

aggregate supplies. Frequently, aggregates either come from distant quarries at great expense or 

from local sources offering only marginal quality. Continuing to exhaust these valuable resources to 

rebuild existing roads only propagates and accelerates the problem.  

Additionally, if old asphalt and base materials are not recycled, they must be disposed of or 

stockpiled, increasing transportation costs and utilizing valuable landfill space. In some locales, old 

asphalt can no longer be landfilled. Environmental laws are becoming stricter, thus adding to the 

expense of mining new materials and landfilling old.  

 

Recycle, rebuild  
Recycling with cement makes the reconstruction of old roads a largely self-sustaining process. The 

original "investment" in virgin road materials becomes a one-time cost, which is renewed periodically, 

through cement stabilization and addition of a new, thin surface course.  

 

Old asphalt, new foundation  
Stabilizing the old asphalt surface, granular base, and underlying subgrade soil with cement creates a 

strong foundation for the pavement. Usually, there is little need for material to be removed or added. 

The old, brittle asphalt, when pulverized, becomes a "black gravel" that will bond to hydrated cement 

readily. The removed material may be suitable for recycling into a new asphalt surface. In case the 

existing asphalt pavement does not meet the aggregate requirements for a good stabilized base, 

additional aggregates can be readily incorporated into the recycled aggregate during construction.  

 

Design and construction: Simple and fast  
The basic procedure is simple. The complete recycling process can be finished in one day, and local 

traffic can return almost immediately. The procedure includes the following steps:  

Thickness Design . Pavement thickness can be determined by using PCA's Thickness Design 

for Soil-Cement Pavements (EB068). Other methods, such as the American Association of State 

Highway and Transportation Officials (AASHTO) Guide for Design of Pavement Structures can also 

be used.  

Site Investigation. The site should be investigated to determine the cause of failure. Cores or 

test holes should be used to determine layer thicknesses and to obtain samples of the material to be 

recycled (which can include asphalt surface, base course aggregate, and subgrade).  

Lab Evaluation. Material samples from the site should be pulverized in the lab to create an 

aggregate-soil mix that will be similar to that expected from the recycling process. The mix design 

procedure is the same as that performed for soil-cement. Refer to PCA publication EB052 Soil-

Cement Laboratory Handbook . This includes the determination of maximum dry density and optimum 

moisture content. If unconfined compressive strength is used to determine cement content, a 7-day 

strength of 300 to 400 psi (2.1 to 2.8 MPa) is recommended.  
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Scarification and Pulverization.  Depending on the construction 

equipment available, and the thickness of the existing pavement, the 

roadway may need to be scarified (ripped) before it can be pulverized. 

Some equipment, however, is capable of pulverization without 

scarification first. Quality full-depth recycling is usually performed 

using equipment especially designed for this purpose. The depth of 

pulverization is usually 6 to 10 in. (150 to 300 mm), which on 

secondary roads will typically include all of the surface and base, plus 

some part of the subgrade. To achieve the proper gradation after 

pulverization, more than one pass of the equipment may be 

necessary. The particle distribution should have 100% smaller than 2 

in. (50 mm) and 55% passing a No. 4 (6-mm) sieve.  

Shaping and Grading . The pulverized material is shaped to the desired cross-section and 

grade. This could involve additional earthwork in order to widen the roadway. Final base elevation 

requirements may necessitate a small amount of material removal or addition.  

 Spreading Cement. Cement is spread in a measured amount on the surface of the shaped 

roadway, in either dry or slurry form.  

 

 

 

 

   

 

Spreading dry cement               Spreading cement (slurry)  

Water Application. Water is added to bring the aggregate-soil mixture to 

optimum moisture content (water content at maximum dry density as 

determined by ASTM D558), either in front of the pulverizer/reclaimer or in 

the mixing chamber. 

  

Mixing. The aggregate-soil-cement-water mixture is combined and blended 

with the pulverizing/mixing machinery. Multiple passes of the mixer may be 

required to achieve a uniform blend of materials.  

 

Compaction. The mixture is compacted to the required density of at least 

96% of standard Proctor density (ASTM D558). The compaction is usually 

performed with smooth-wheeled vibratory rollers. A pneumatic-tired roller may 

follow to finish the surface. Final compaction should take place no more than 

3 hours past initial mixing of the cement. The field density and moisture are 

monitored for quality control purposes. 
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Curing. The surface is kept moist by periodically applying water to the surface, to make sure it does 

not become dry. This is done continuously through the curing period until the base can support traffic 

without deforming. The application of the prime coat should occur as soon as possible to ensure that 

moisture is sealed inside the base.  

 

Pavement Surface. The new pavement surface consisting of a chip seal, hot-mix asphalt, or 

concrete is constructed to complete the recycling process.    

 

 

Applying tack coat prior to paving        Paving  

  

 

Quality Control. Recycling with cement follows the same basic procedures used for normal soil-

cement operations. The success of a recycling project depends upon the careful attention to the 

following control factors:  

• Adequate pulverization  

• Proper cement content  

• Proper moisture content  

• Adequate density  

• Adequate curing  

   

Text and Photos courtesy of Portland Cement Association www.portcement.org 

  

http://www.portcement.org/
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Freer Finds Recycling Failed 

Pavements Profitable 
Edited by Jeff Hawk  

 City of Freer officials have opted to take a new approach 

toward rehabilitating the city's failed pavements. 

 The city recently completed the reconstruction of two miles of 

city streets using a method that recycles the existing base and 

deteriorated asphalt surface course with Portland cement. 

 "Many of our streets here in Freer are very old now and are 

failing badly," said Freer Mayor Arnold Cantu. "We tried to 

rehabilitate some of our streets with another product three 

years ago, but they are just not holding up." 

 The city's consultant, Daniel Rios, regional manager for S&B 

Infrastructure Ltd. in McAllen, proposed the alternative of 

recycling failed flexible pavements with cement. According to 

Rios, a project evaluation indicated that city maintenance 

crews trying to keep up with the repairs were devoting a high 

percentage of their time to Longview Avenue and other three 

streets - Tipton, Rosita and White. 

 S&B investigated various options for rehabilitating the streets, 

including recycling with cement or lime or placing a thick 

HMAC overlay. The company found that cement stabilization 

reduced construction time and lowered its cost, extending the 

budget to rehabilitate more streets. Cement would bind the 

granular materials and decrease the plasticity of "clayey" soils, 

as well. In addition, cement offered higher strength for an 

equivalent amount of stabilizer. One potential disadvantage 

was the lack of inspection experience with the process. 

 Inspectors did have some 

experience with lime stabilization 

but the higher cost of the process 

reduced miles of work. The lime 

stabilization process also 

required a longer construction time and a detailed traffic control plan. 

 A third option, overlaying the streets with hot mix asphalt concrete 

(HMAC), also offered the advantage of inspection experience but also 

provided the most expensive option. Placing the overlay required 

repairing the failed base, thus extending construction time. The asphalt 

would also need periodic seal coats and future overlays. 

 Rehabilitating the failed pavements with cement seemed to offer the 

most economical solution for the longest life. The existing base materials 

and asphalt mat could be reused, eliminating the cost of hauling in new base material. 
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The project was specified in accordance with Texas Department of Transportation (TxDOT) 

Specification Item 275, "Portland Cement Treated Materials (Road Mixed)." Standard compaction 

requirements were used. The typical section consisted of treating 6 in. of existing material with 3 

percent cement (by weight of dry material), a prime coat, a one-course surface treatment, and a 1-in. 

HMAC surface. A concrete valley and curb and gutter at the intersections completed the project. 

 King-Isles Construction Inc. and its subcontractor, LM Asphalt Maintenance, both out of Corpus 

Christi, achieved the recycling process in one day. Crews scarified and pulverized the existing 

roadbed to proper gradation. Processed material was required to pass the 2-in. sieve before being 

pre-wetted and shaped to the lines and grades of the typical section. After workers spread Portland 

cement over a designated area and mixed it thoroughly with the pulverized materials, water was 

added to reach optimum moisture. 

 Crews compacted and graded the mixture to finish grade. The surface was then cured with water 

spray for three days prior to applying the chip seal and the HMAC surfacing. The process allowed the 

city to avoid excavating, removing and discarding the old pavements and allowed crews to use the 

salvaged material. 

 Ultimately, the completed $258,787 project returned 2.077 mi. of city streets to a high level of 

serviceability, said Rios, which translated to $124,597 per mi. or $3.53 per sq. yd. for the entire 

recycling and surfacing process. 

 Note: Jeff Hawk edited this article originally submitted by Daniel 0. Rios, a transportation engineer for 

S&B Infrastructure Ltd., McAllen. A registered engineer in Texas, Rios spent ten years in TxDOT's 

Corpus Christi District in various positions.    

The Texas Success Story is Spreading! 

By Greg Halstead Pavement Engineer, Portland Cement Association 

 

As the lessons learned in Texas are exported across the nation, 

other states are beginning to realize that recycling failed flexible 

pavements with portland cement has many advantages. 

 In today's interest in saving the resources available, this 

construction method assures the conservation of non-

renewable resources by reusing the materials that already exist 

in the roadway It eliminates for the need for new granular base 

material, reduces hauling and energy costs and eliminates 

bumps, dips, ruts, potholes, cracks and patches. 

 The new stabilized base course can be shaped to restore the 

desired surface crown and cross-slopes, preserve drainage flow 

at curb and gutter sections and retain adequate clearance at 

overhead structures. 

 Other areas of the United States are following the Texas lead in 

recycling rural county roads, local streets, and highways. 

Thousands of miles of state, county and rural roads in the U.S. 

are rapidly deteriorating and in need of immediate rehabilitation. 

Nearly three-fourths of these roadways were constructed with flexible-granular base materials and  
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were often under-designed for the greater and heavier traffic loads that these pavements experience 

today Ruts, potholes and severe cracking are common problems that are usually maintained with 

asphalt patches or thin overlays, or often by simply grading and re-compacting an unsurfaced 

granular base. These problems cannot always be blamed on normal wear and most often are the 

result of a failed or inadequate base course. 

 Salvaging failed flexible pavements is a good practice 

because the pavements still contain good granular 

material that can be reused and recycled into a strong, 

durable new base. A process commonly referred to as 

Full-Depth Recycling (FDR), is a technique in which the 

old asphalt pavement and a portion of the underlying 

base, sub-base or subgrade materials are pulverized 

and blended together to create an enhanced 

homogenous base material. FDR is performed on the 

roadway itself at depths ranging from 6 to 10 in. 

depending on the thickness of the existing pavement 

structure. 

 For decades, many FDR projects have been successfully constructed in Texas at the state, county 

and municipal levels - with all benefiting from the low cost and durability of the recycled roadways. 

The success that Texas has experienced is being followed in other states across the nation as well. 

For example, a recent project outside Rock Hill, S.C., was undertaken by the South Carolina 

Department of Transportation to address one of its deteriorating roadways. On this 6.74-mile section 

of State Route 223, the old asphalt and base materials were pulverized in place on the roadway 

mixed with cement and water and then compacted, shaped and surfaced. 

 The FDR process was performed at one-third the cost it would have been to remove and replace the 

existing roadway Like the Texas Department of Transportation, SCDOT is an ardent supporter of FDR 

and has approved specifications for cement stabilized 

base courses. 

 Portland cement is the key to reconstructing flexible 

pavements that have failed. The incorporation of Portland 

cement with the old base course material provides a 

practical, cost-effective means of strengthening worn-out 

pavements. The cement binds the granular particles 

together to form a paving material capable of withstanding 

moisture infiltration and degradation. It increases the 

strength of the base without the need for removing the old 

material and hauling in large quantities of expensive new base materials. 

 Always on the cutting edge, Texas is one of the leaders in the recycling industry when it comes to the 

application of cement in a liquid, or slurry form. The cement slurry is simply a mixture of water and 

cement that is blended together and then applied to the pulverized material during the recycling 

process by means of a modified water truck Applying the Portland cement in this fashion helps to 

reduce the amount of airborne dust and makes it a preferred method when working in urban areas.  
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 The application of cement to the rehabilitation needs on 

Texas roads and highways and the innovations in 

construction techniques has re-established an old practice 

to modem requirements.  

 Greg Halstead is a pavement engineer with the Portland 

Cement Association. He is responsible for providing 

design, construction, technical assistance and guidance for 

cement stabilized soils, soil-cement base, roller-compacted 

concrete and full depth reclamation. 

 Prior to the PCA, Greg worked for the Georgia Department 

of Transportation in all areas of the DOT involvement. He 

worked closely with other departments of transportation, 

city and county public works departments, colleges and 

universities and design and construction personnel. 

 Greg is a graduate of Shippensburg Stale University, in 

Shippensburg, Pa., and received a civil engineering 

technology degree from Southern Polytechnic State University in Marietta, Ga. 

  

Cement Helps Save Taxpayer Money,  

Stretch Highway Miles 

TxDOT Hebbronville builds a stronger, less expensive road with recycling  

By Jeff Hawk 

 Doing your homework pays off. TxDOT engineers in Hebbronville proved that adage recently by 

saving taxpayers nearly a half million dollars through research. The opportunity came when TxDOT 

Hebbronville area office engineers explored non-conventional options for rehabilitating Farm-to-

Market Road 1017 in Jim Hogg County. 

 TxDOT let two $6-million dollar contracts for the road, which sees increasingly heavy traffic as an 

unofficial truck route from Laredo to the Rio Grande Valley, according to Albert Quintanilla, TxDOT 

Hebbronville area engineer. Quintanilla and his staff began considering ways to build a road that 

could handle the load. 

 The conventional practice of using lime to stabilize the subgrade "would not provide long-term 

cohesive strength," says Albert Quintanilla. So TxDOT looked to cement. Lab testing performed on 

sub-grade samples determined that a two percent cement mixture provided the desired compressive 

strength that is usually obtained in 3 percent lime. "The simple change from lime to cement allowed us 

to decrease the amount of stabilization additive needed on this project, which provided a savings of 

$470,300," says Quintanilla. 

 With a total project cost of $12.2 million, a cost savings of four 

percent may not appear as much, says Quintanilla, but it's "a 

significant amount of money." And the office was able to "obtain 

higher subgrade and flex base strengths to hopefully extend the life of 

the pavement," he added. Choosing to recycle the existing roadbed 

materials also helped stretch highway funds and added about 15 

additional miles to the total project. The decision to recycle the road 
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allowed engineers to rehabilitate 38 miles of roadway with the available 

highway funds as opposed to 23 miles using conventional remove/replace 

construction, figures Quintanilla. "That process would have involved 

hauling out tons of sandy soil subgrades and existing roadbed material, 

and hauling in lime-stabilized clay materials," says Quintanilla. "The use of 

cement lets us stabilize the materials we have in there right now. We don't 

have to haul in asphalt stabilized base and don't have to haul out existing 

materials," he says. Additionally, cement binds the sandy soils and 

provides additional strength. 

 The existing road, consisting of 2 inches of asphalt and 8 inches of base, provided an ideal candidate 

for recycling. But engineers questioned how much cement to specify. "The initial assumption was to 

go with higher concentrations of cement around the 5 percent range," says Quintanilla. But laboratory 

tests found that lower factors would work. In the field, engineers required 2-percent cement by weight 

of dry material for subgrade and flexible base stabilization. The new roadway calls for a 1.5-inch thick 

asphalt concrete surface placed on an 8-inch cement stabilized flexible base and a 12-inch cement 

stabilized subgrade. Quintanilla says he sees a growing trend to use cement, adding that "every 

material has its use. It comes down to what's the most effective material." In this case, cement came 

out miles ahead. 

 

90 Working Days Saved on U.S. 90 Reconstruction 

E.E. Hood cuts downtime and increases production by working simultaneous phases  

 Finishing the project six months earlier than anticipated, 

E.E. Hood & Sons Construction Inc., Von Ormy, 

completed the reconstruction of U.S. 90 from Knippa to 

Uvalde in 158 out of the allotted 248 working days. This 

was one of the last projects on the heavily travelled 

roadway between San Antonio and Del Rio, with an 

average traffic volume of 9,400 vehicles. 

 According to TxDOT Hondo area engineer Carl 

Friesenhahn, the project was originally set up to be 

constructed in three separate phases to shorten the 

construction zone and minimize the traffic disruption. However, before construction started E.E. Hood 

submitted an alternative request to TxDOT to work two of the phases simultaneously to increase 

production and eliminate downtime. 

 "We agreed to allow this change provided there were gaps in between the work zones that enabled 

motorists to pass slower vehicles prior to entering the next work zones," stated Friesenhahn. 

 The reconstruction projects consisted of a 5-

mi.-lone section that was comprised of four 12-

ft. lanes and 4-ft. shoulders; and a 3.2-mi. 

section into the city of Ulvade that included a 

14-ft. center-turn lane for a total project length of 

8.2 mi. E.E. Hood started by milling the upper 8 

in. of the pavement surface. The removed 

material was then stockpiled for transfer to 

Uvalde  
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County under Rider 43, Senate Bill 370, the County and Local Government Assistance Program. The 

millings will be used by Uvalde County for reconstructing and surfacing road projects. 

 After the milling and stockpiling, Portland cement was spread on the remaining base and subgrade at 

the rate of 4 percent, or 32.4 lbs./yd2, according to item 275 of the TxDOT Standard Specifications for 

Construction of Highways, Streets and Bridges. 

 The in situ base/subgrade was treated to a depth of 8 in., and the only pulverization requirement was 

for materials to pass the 2-in. sieve. The material was mixed in only one pass with a CMI RS500B 

pulverizing mixer, in tandem with a water truck. 

 Cliff Coleman, project superintendent for E.E. Hood said, "We had no 

trouble mixing in one pass, " and the Hood crew was able to '"blue-top" 

the same day. After the material was treated and mixed, it was 

compacted to ordinary compaction with a sheep’s foot roller and 

vibratory steel roller. It was then sealed with a prime coat. 

 "This was a perfect job for us," said Coleman, "It was easy to lay out, 

and we used up to 200 tons of cement per day.. .but I think we could 

have done more." 

 Coleman's crew for the project was only 14 men. Another 10-member 

crew was added when the asphalt surface treatments started. 

 The hot-mix asphalt surfacing initially began with 4 in. of Type A black base as a temporary road 

surface. The black base was surfaced with 2 in. of Type C PG-64-22 asphalt hot mix and an 

additional 2 in. of Type C PG-70-22 surface mix. 

 Vulcan Materials supplied the hot mix asphalt from one of its plants dedicated specifically to this 

project. 

In addition to Friesenhahn's direction, Greg Biedeger, assistant area engineer, was the project 

manager and David Lutz was chief inspector. 

 Jim Smith was the project manager for E.E. Hood and Sons and Don Yates was assistant project 

manager. 

$22,410 a Mile - Navasota finds a way to transform its city 

By Jeff Hawk 

 When challenges arise, there are those who cry "no can do" and 

those who proclaim "we'll find the best way!" The City of 

Navasota, population 6,296, falls into the latter category. 

Equipped with a very limited budget, minimal labour force and 

scarce equipment resources, city officials found a way to 

transform the city's severely deteriorating asphalt streets into 

durable, drivable roadways. 

 A city street committee determined that the most cost-effective 

process for rebuilding streets involved stabilizing them with 

cement and then topping them with a chip seal, says Gary 

Johnson, Navasota's public works director. 

 "You've got to take the first step," says Johnson. "We developed  
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an organized method to solve the problem." The process involves pulverizing the existing asphalt 

surface and granular base and mixing it to a depth of 6 inches with 4 percent cement to form a new 

bonded base. 

 "We're trying to get everything stabilized and sealed. Later, we'll come 

back and add an asphalt surface," says Ron Akin, Navasota's street 

superintendent. 

 Johnson and Akin established a system of prioritizing streets for 

recycling and then started knocking them out. In just three years, city 

crews have completed nearly 220,000 square yards of city streets using 

the process. Last summer alone crews completed 93,000 square yards, 

or roughly 8 miles of 20-foot wide streets during a 20-day, 8-hour-a-day 

work period. By 2004, says Akin, city crews will have recycled all the 

city's damaged asphalt streets. 

 And they will have done it on a shoestring budget. Johnson figures the city spent about $22,410 a 

mile this summer on road materials including cement and chip seal supplies and placement. The city 

rented a CMI pulverizer from R.B. Everett & Co. in Pasadena to speed the process along, but 

otherwise used city equipment and crews. 

 With each year, says Akin, crews learned better ways to do things in less time. Compared to 

complete reconstruction, recycling with cement is a lot simpler and "a lot faster," adds Akin. "And we 

get more bang for our buck." 

Summer Flooding No Match for 

Cement-Bonded Base 

Using cement proves 35 percent less expensive than 

asphalt alternative  
By Jeff Hawk 

 When heavy rains flooded two road rehabilitation projects underway near Carrizo Springs, the 

outcome could have spelled disaster. Fortunately, both projects had built-in protection in the form of 

cement. 

 "A normal road project would have washed out but where we had cement, it didn't wash out," says 

Greg Howard, a Texas Dept. of Transportation area engineer in the Carrizo Springs office. Crews 

allowed the cement-treated sections to dry out a little and then went right back to work, says Howard, 

calling cement "pretty good insurance." "Uninsured" areas didn't fare as well. (GeoStab 

significantly improves this insurance with even non wear coated bases stabilized on GeoStab 

technology known to stand up to monsoonal floods.) 

 Some untreated sections where crews placed new base "completely washed out," says Roger 

Benavides, assistant engineer for the office. "Cement really does hold it together." 

 The two identically designed projects - US 277 near Carrizo Springs and US 83 near Crystal City - 

represent the office's first effort at mixing cement with existing materials. The process, known as "full-

depth recycling with cement," is rapidly becoming the choice for rebuilding deteriorating asphalt roads  
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in Texas. It involves pulverizing the existing asphalt surface and granular base and mixing the 

material with a low volume of cement. 

 Not only did the decision to use cement save the project from floating away, it also saved money. 

Before starting me project, TxDOT engineers explored using asphalt and asphalt-stabilized base to 

rebuild the roads. 

 "We considered going with just asphalt base but you 

needed so much, something like 20 inches of new base," 

says Benavidez about the outcome of a roadway design 

program used by the office. Likewise, the initial 

construction cost for an asphalt-stabilized road would 

have been 35 percent, or another $1.25 million, more 

than the cement option, according to Benavides. 

 Performing a complete reconstruction of the highways - a 

process that involves removing and replacing all existing 

materials with a new roadway - "jacks the price way up," 

says Howard. That process also requires building a detour to the side, "so it almost doubles the cost 

of the project," adds Howard. 

 Reconstruction also adds headaches, says Cliff Coleman, superintendent, San Antonio-based E.E. 

Hood & Sons. "You run into a lot more problems on a rebuild. These (recycling projects) are pretty 

much cut and dry," says Coleman. One reason is the simplicity of the recycling process. "It's a heck of 

a lot faster than remove/replace construction because you're using what's here. As long as you get 

enough water in the cement, I don't see how you could screw it up," says Coleman. 

 Rebuilding the roadway involves four or five more steps before reaching the top of the construction 

cycle again. 

 "My crews sleep at night and forget!" jokes Coleman, preferring recycling's repetitive process. "Once 

you get the crew trained, you can cut them loose," he says. 

 Working 2-mile sections at a time, E.E. Hood workers first mill 

off four inches of the existing surface and then spread about 

34 pounds per square yard of cement over the exposed base. 

A powerful CMI 650 pulverizes and mixes the existing base 

with the cement to a depth of 8 inches. 

 After blading it to grade, the contractor allows the new base to 

sit for at least 24 hours before micro-

cracking it. Micro-cracking is a new practice 

that reduces the potential for shrinkage 

cracks in the newly bonded base by inducing a stress-relieving network of hairline 

"micro"-cracks. 

 The process involves running a 10- to 20-ton vibratory steel-wheeled roller over 

the new base at walking speed 24 to 72 hours after it's placed. One to four passes 

are recommended to induce cracking. Crews top the new base with six inches of 

flex base, mix it with 1 percent of cement, final grade it, and then micro-crack it. 

 To prime the new base, E.E. Hood crews place a thin chip seal. Twenty-four hours 

later, workers top the roadway with another seal coat. At the end of the projects, 

E.E. Hood will finish the new highways with a 2-inch hot mix asphalt overlay. 
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 The Recycling Process 

Traffic management plans are also much simpler with recycling projects, says Coleman. Crews shut 

down alternating directions of traffic for about 15 minutes, using local off-duty law enforcement 

officers for traffic control. At night and on weekends, the roadway is turned back to the traveling 

public. 

 Even with the wait time, TxDOT's Benavides says the office has received fewer complaints than did a 

recently completed reconstruction project. That seven-mile rebuild project took almost 2 years to 

complete. The six-mile US 83 recycling project, in comparison, is taking about 1.5 months per mile to 

complete, says Coleman. 

 With lower costs, fewer headaches, and quicker construction resulting in a stronger, more durable 

product, recycling with cement seems a tough option to beat. Says Coleman: "Out of all the jobs that I 

do, I like these the best."  
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The Recycling Process 

Fort Worth's FDR program saves 

millions  
 

 

 

 

 

 

 

 

 

 

 

Fort Worth spent $4 million on FDR projects this year. 

 

 

Since 1996, Fort Worth’s street maintenance program has saved taxpayers millions of dollars by 

recycling the city’s deteriorating and failed asphalt streets with cement. The city has rebuilt 296 lane-

miles or 2.26 million sq. yd. of roadway using full-depth recycling (FDR) with cement, according to 

Najib Fares, the city’s street program manager. ―We’ve tried several processes but found this to be 

the best fit,‖ he says. The city is spending about 40% of its annual $10-million street maintenance 

budget on the cement recycling. Full-depth recycling (FDR) with cement often replaces the traditional 

but burdensome and costly method of full reconstruction, which requires completely ripping out the 

old, worn out roadway and replacing it. Full reconstruction currently costs the city about $278,500 per 

lane mile and requires replacing curbs, gutters, sidewalks and driveway approaches. By comparison, 

completely rebuilding a street and all the concrete elements with cement full-depth recycling only 

costs $200,000, a $78,500 cost-savings. But, say officials, the city routinely keeps 40% to 90% of the 

existing curbs, gutters and sidewalks, further cutting the cost to $83,050 per lane mile. The cost-

savings is $116,950 per lane mile. ―By just replacing what needs to be replaced, we’re saving a lot of 

money,‖ says Dan Callaway, Fort Worth’s senior construction inspector. The average cost for FDR 

with cement ranges from $1.95 to $2.45 per sq. yd. 
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Appendix 
 

Appendix 1                 

Field Investigation: Pre-Cracking of Soil-Cement Bases to 

Reduce Reflection Cracking By Tom Scullion, P.E. 
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Appendix 2           

 Useful Links / sources of Information 

 

 

 

 

  

Asphalt Recycling and Reclaiming Association (ARRA) Website: 
http://www.arra.org  

Cement and Concrete Promotion Council of Texas' Recycling Roads Website:  
http://www.recyclingroads.org  

Transportation Research Board (TRB) Website: 
http://www.trb.org  

American Association of State Highway and Transportation Officials (AASHTO) Website: 
http://www.transportation.org/aashto/home.nsf/sitemap?openform  

National Association of County Engineers (NACE) Website: 
http://www.naco.org  

American Public Works Association (APWA) Website: 
http://www.apwa.net  

Local Technical Assistance Program (LTAP) Website:  
http://www.ltapt2.org  
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