
MINISTRY OF TRANSPORT REPUBLIC OF UZBEKISTAN 

 

MINISTRY OF HIGHER AND SECONDARY-SPECIALIZED 

EDUCATION 

 

TASHKENT INSTITUTE OF DESIGN, CONSTRUCTION AND 

MAINTENANCE OF AUTOMOTIVE ROADS  

	

A manuscript  

UDK 625.731.72 

	

	

YUSUPALIYEV UMID GANIYEVICH 

	

Increasing the strength value of crushed aggregate-sand mixture 

strengthened with cement for automobile road bases. 

	

5А341401 Design and construction of automobile roads 

	

Dissertation  

On competition of Master degree  

	

	

Scientific supervisor 

                                                                                      PhD. Amirov T.J. 

	

	

	

Tashkent-2019 

 



TABLE OF CONTENTS 
 

INTRODUCTION ............................................................................................... 9 

CAPTER I. ANALYSIS OF CEMENT TREATMENT BASE 

CONSTRUCTION 

1.1 Existing Methods of Cement Treatment Base (CTB) Construction ............. 16 

1.2 Quality Control and Quality Assurance  ....................................................... 31 

1.3 Review of Literature ...................................................................................... 36 

Conclusions on the CHAPTER I ..................................................................... 42 

CHAPTER II. EXPERIMENTAL STUDY OF THE CEMENT 

TREATMENT BASE 

2.1 Required Properties for CTB Materials ........................................................ 43 

2.2 Required Laboratory Testing for CTB in Local and in International Standard 

Specifications ...................................................................................................... 52 

2.3 Materials and CTB Testing ......................................................................... 61 

Conclusions on the CHAPTER II .................................................................... 76 

CHAPTER III. RECOMMENDATION OF RATIO BETWEEN 

COMPRESSIVE AND FLEXURAL STRENGTH ON CTB  

3.1 Mathematic Statistics and data analysis  ..................................................... 77 

3.2 Recommended Criteria for CTB ................................................................. 82 

3.3  Recommendations for adjustment of payment considering the strength 

results and thickness of a layer ............................................................................ 84 

3.4 Evaluation of the effectiveness of research results ..................................... 87 

Conclusions on the CHAPTER III .................................................................. 89 

Results Obtained and General Conclusions ................................................... 90 

List of References ................................................................................................ 92 

Appendix ............................................................................................................. 97 

 

 

 















 

9 
 
 
 
 

INTRODUCTION 

      The Republic of Uzbekistan is located on the crossroads of the Central Asian 

region, which creates favorable conditions for the development of regional 

cooperation and for its participation in both regional and transnational projects 

to develop transport corridors. It should be observed here that Uzbekistan is one 

of the countries that boast extensive networks of roads. Their total length in the 

Republic comes to 183,700 kilometers, of which roads for general use make up 

42,600 km, city streets – 17,800 km and inter-farm roads – 58,600 km. In the 

course of large-scale reforms carried out in the country in the last few years, 

special attention was devoted to the construction of new roads and bridges and 

the refurbishment of existing ones, as well as to the improvement of road 

infrastructural facilities. Highways that form the Uzbek National Arterial Road 

have been repaired and reconstructed. By the end of 2015, its total length has 

reached 2,306 km, of which 1,410 km are subject to reconstruction and 896 km 

will be transferred from the 10-ton axle-load standard to a higher 13-ton one. 

What’s more, it is planned to undertake a major reconstruction of a 1,008-km 

section of Highways in the direction of Beineu – Kungrad – Bukhara – Navoi – 

Samarkand – Tashkent – Andijan and a 100-km section of the Tashkent – Osh 

on the Kamchik-Pass. Construction of Highways has always been regarded as 

one of the industry’s priority directions. With a view to improving the quality of 

Highways that constitute the Uzbek National Arterial Road and bringing it 

closer to international standards, a big effort is now underway to attract money 

funds from international crediting organizations. A number of credit agreements 

have already been signed between the government of the Republic of 

Uzbekistan and international financial institutions. It is worth noting in this 

connection that the total amount of credit lines allotted to the country under 

these agreements exceeds the US $1.2 billion. All these funds will be directed 

towards the costs of construction of 586 kilometers of roads, of which 379 

kilometers will have the cement-concrete surfacing.  The cement-concrete type 
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of surfacing, from an economic standpoint, prolongs the service life period up to 

25-30 years, compared to the established 12-15-year period. At the same time, 

the maintenance expenditures of Highways with the cement-concrete surfacing 

are two times cheaper than those for Highways with the asphalt-concrete 

surfacing. Within the framework of the State Investment Programs of the 

Republic of Uzbekistan and in compliance with the Presidential Resolutions, 

between 2008 and 2013 the Republican Road Foundation has built and put into 

service 181 kilometers of Highways with the cement-concrete surfacing, with 

the help of credits to the tune of US $232.5 million received from the Asian 

Development Bank (ADB). For the time being, the construction of Highways is 

underway on the territory of Surkhandarya province (100 km), Kashkadarya 

province (35 km), Namangan and Tashkent provinces (on the Kamchik Pass) 

(58 km). These construction projects are realized with the participation of 

foreign companies such as Akkord Industry Corp., EVRASCON (Azerbaijan), 

POSCO Engineering & Construction Co. (Korea), etc. Apart from the Highways 

that are part of transport corridors and roads of republican sub ordinance, serious 

measures are afoot to develop regional Highways for local use. To implement 

such projects, the Republic of Uzbekistan is negotiating with the World Bank to 

receive a US $200 million credit line on favorable terms, which will be used to 

finance the reconstruction of 395 kilometers of Highways (in Tashkent province 

– 90 km, Andijan province – 106 km, Namangan province – 155 km and 

Fergana province – 44 km). Let it be pointed out in the conclusion that the 

creation of modern road-transport infrastructure in Uzbekistan will afford a wide 

range of potentialities for the implementation of structural reforms and 

technological renovation of the national economy, with thousands of new jobs 

created during the process for the country's younger generation. Projects realized 

by the Republican Road Foundation with the participation of international 

financial institutions (table 1.1).   
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Table 1.1 

Projects implemented with the participation of international financial 

institutions                                                                                    

№ Name of Road 
Number 

of Road 
Section of Road Location 

1. Guzar-

Bukhara-

Nukus-Beineu 

А-380 
km 876~ km 916 

km 490~km 581 
Khorezm province 

 

2 

Guzar-

Bukhara-

Nukus-Beineu 

 

А-380 

km 440~ km 490 Khorezm province 

km 355~km 440 
Bukhara province 

km 315~km 355 

3 

 

Tashkent-Osh 

 

A-373 

km 116~ km 123 
Tashkent province 

km 136~ km 144 

km 144~ km 173 Namangan province 

 km 176 ~ km 190 

4 Pungon-

Namangan 
4Р112 km 0~ km 75 Namangan province

 

5 
Tashkent-

Termez 

 

М-39 

km 1330~ km 1395
Surkhandarya 

province 
km 1400~ km1410 

km 1426~ km 1451

6 Guzar-Chim-

Kukdala 
4Р87 km 38~ km 73 

Kashkadarya 

province 

      

      As a key transit country for trade within the region and with the rest of 

Eurasia, Uzbekistan is a member country of the CAREC program, which aims to 

improve regional connectivity and cut transport costs. 4 CAREC’s action plan 

envisages six CAREC corridors connecting the region’s key economic hubs to 

each other, and to other Eurasian and global markets. Two corridors cross 

Uzbekistan, including Corridor 2, which connects the Caucasus and 
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Mediterranean to East Asia; and Corridor 6, which connects Europe and the 

Russian Federation to the Middle East and South Asia.  

     Uzbekistan has developed a road sector policy framework to improve 

governance, accountability, sustainability, seamless transport logistics, and 

greater private participation. Several policy and institutional reforms have been 

carried out since 2003, including separating planning and programming of road 

works from road construction and maintenance; promoting competitive bidding 

for all road construction works; establishing an external quality control 

mechanism; engaging road design engineers through competitive selection for 

low-class roads; and establishing a state-owned road equipment pool company 

to lease equipment to all contractors. 

Regional Roads Development Project with the World Bank. 

     The objectives of the Regional Roads Development Project for Uzbekistan 

are to reduce road user costs on the project roads and develop a sustainable 

investment program for regional road asset management. There are three 

components to the project, the first component being the Rehabilitation of 

Regional Roads. This component will improve about 300 km of priority regional 

roads in Tashkent, Ferghana, Andijan, and Namangan. Specifically, the 

component will finance the rehabilitation works of existing regional roads, 

including structure renewal as well as the rehabilitation of ancillary road 

connections (i.e. crossroads, access roads, drainage systems). This component 

will also support the integration of road safety considerations into the design of 

the project's road sections. US$28.5 million contingency is added to this 

component and embedded in the financing of the project to cover for 

contingencies and volume of works. The second component is the road sector 

institutional strengthening. This component will finance priority road sector 

institutional strengthening activities, including Road asset management capacity 

review; Support to develop regional roads rehabilitation programs; Support to 

the road construction industry; capacity strengthening of the Republican Road 
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Fund (RRF); and Road sector governance and capacity review. Finally, the third 

component is project management.   

Roads Development Project with the Asia Development Bank. 

      ADB has been Uzbekistan's lead development partner in the transport sector 

since 1998. The Accelerated Development Program focuses on the development 

of strategic corridors, including CAREC corridors, which are important for 

international trade and regional connectivity.  A total of 1,625 kilometers of 

these corridors will be reconstructed and improved under the investment 

program.  The total cost of the Accelerated Development Program is estimated 

at $3 billion, of which $1.6 billion will be invested for the reconstruction of the 

Uzbek National Highway: Beynau–Kungrad–Bukhara–Navoi–Samarkand–

Tashkent–Andijan, which includes both the A380 and the A373. 

     As mentioned-above, Uzbekistan is performing many road constructions 

works based on international biddings. At the same time, many large 

international construction companies are working in Uzbekistan. This calls for a 

revision of our national standards and their adaptation to international standards. 

In addition, modification of requirements of technical specifications (national 

standards).    

     Pavements with Cement Treatment Base will be much stronger and more 

rigid than an unstabilized, granular base. Cement Treatment Base thicknesses 

are less than those required for granular bases carrying the same traffic. It can 

distribute loads over a wider area, reducing the stresses on the subgrade and 

acting as the load-carrying element of flexible pavement or a sub-base for 

concrete.  

     It’s slab-like characteristics and beam strength are unmatched by granular 

bases that can fail when an aggregate interlock is lost. This happens when wet 

subgrade soil is forced up into the base by traffic loads. Hard, rigid Cement 

Treatment Base is practically impervious. It resists cyclic freezing, rain, and 

spring-weather damage. Cement Treatment Base continues to gain strength with 
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age even under traffic. This reserve strength accounts in part for Cement 

Treatment Base's excellent performance.  

     The versatility of cement is critical to the success in this pavement solution  

because site conditions and soil types (from gravel to clays) can easily change  

during or between projects and cement acts as a “universal stabilizer.” 

Cement Treatment Base is suitable as a base (for asphalt pavements) or sub-base  

(for concrete pavements) of:  

- Mainline highways   

- High-volume streets and local roads   

- Residential streets   

- Heavy industrial/intermodal/military facilities  

-Airport runways, taxiways, and aprons 

- Parking lots 

Solutions Provided: 

- Lower cost through the use of local or marginal aggregates 

- Eliminates subgrade infiltration into base   

- Fast construction   

- Reduced moisture susceptibility   

-Reduces work stoppages due to rain (open base sheds water)   

-Frost-resistant  

-Spans weak subgrades  

      The relevance of theme: Research and experience have shown that, with a 

small addition of Portland cement, many inferior aggregates can be used to 

construct a strong, durable pavement layer called cement treated base (CTB). 

Nowadays, Cement Treatment Base (by GOST 23558) is used almost for whole 

Uzbek National Highway (Beynau–Kungrad–Bukhara–Navoi–Samarkand–

Tashkent–Andijan). Increasing the strength value of Cement Treated Base is one 

of the urgent tasks in modern road construction. 

.    
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      Aim of the work: development of recommendations for supplementing the 

requirements specified in the normative documents for the strength value of 

Cement Treated Base.   

      Research objectives: 

- Study of construction methods of Cement Treated Base; 

- Determine the relationship between the compressive strength and flexural 

strength values of Cement Treated Base; 

-  Increasing the strength value by adding optimal amount of crushed aggregate 

to the local borrow material;  

- Development of recommendations on adjustment of payment based on the 

strength results and thickness of a layer.  

 The object of study:  116-190 km section of the highway A-373 Tashkent-

Osh (Cement Concrete Pavement) was selected as the object of the research.               

The subject of the study: Cement Treated Base strength values 

(compressive and flexural strength) are the subject of the research 

 Methods of research: the work was carried out using complex research 

methods, including information analysis and with the use of laboratory 

equipment. 

      The scientific novelty of the research: determine the relationship between 

strength values of Cement Treated Base and develop recommendations for their 

application. 

      The practical value of the research is determine the relationship between 

strength values of Cement Treated Base with subsequent development of 

methods to prevent excessive cement consumption. 

       Principal results of the work: the relationship between the strength value 

of Cement Treated Base and the durability of the stretching resistance were 

determined and recommendations were made for amendments and additions to 

the relevant regulatory documents. 
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CAPTER I. ANALYSIS OF CEMENT TREATMENT BASE 
CONSTRUCTION 

1.1 Existing methods of Cement Treatment Base (CTB) construction 

      Cement Treatment Base (CTB) is a mixture of pulverized material and 

measured amounts of Portland cement and water, compacted to high density. As 

the cement hydrates, the mixture becomes a hard, durable paving material. Only 

three basic ingredients are needed for CTB: material, Portland cement, and 

water. The material in CTB can be a wide variety of materials. Either in-place or 

borrow material can be used. Old granular-base roads, with or without their 

bituminous surfaces, can be recycled to make CTB. 

    CTB is sometimes called a cement-stabilized-aggregate base. Regardless of 

what it is called, the principles governing its composition and construction are 

the same.  

     While the concept of stabilizing soils and aggregates for pavement purposes 

has been around for more than a century, engineered CTB was first used in 1935 

to improve the roadbed for State Highway 41 near Johnsonville, South Carolina. 

Today, thousands of miles of CTB pavements in every state in the United States 

and in all the Canadian provinces are providing good service at low maintenance 

costs. 

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

areas, airports, industrial facilities, and mate- rails handling and storage areas. 

The structural properties of CTB depend on the soil/aggregate material, quantity 

of cement, curing conditions, and age [1]. 

     The advantages of CTB are many: 

• CTB provides a stiffer and stronger base than an unbound granular base. 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 (see Figure 1.1). 
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               Asphalt Unstabilized                          Cement-stabilized 

 

Figure 1.1. Unstabilized bases have high deflection due to low stiffness, which 

results in high surface strains and eventual fatigue cracking. The higher stiffness 

provided by cement-stabilized bases produces lower deflections, resulting in 

lower surface strains and longer pavement life [1]. 

• CTB thicknesses are less than those required for granular bases carrying the 

same traffic because the loads are distributed over a large area. The strong 

uniform support provided by CTB 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. CTB's slab-like characteristics 

and beam strength are unmatched by granular bases that can fail when an 

interlock is lost. Figure 2 is a core of completed CTB showing the tightly bound 

soil/aggregate. 

• A wide variety of in-situ soils and manufactured aggregates can be used for 

CTB. This eliminates the need to haul in expensive select granular aggregates. 

• The construction operation progresses quickly with little disruption to the 

traveling public. It can be accomplished while still maintaining traffic. 

• Rutting is reduced in a CTB pavement.  Loads from channelized traffic will 

displace unbound granular material beneath flexible surface pavements. 

• Moisture intrusion can destroy unstabilized pavement bases, but not when 

cement is used to bind the base. CTB pavements form a moisture-resistant base 

that keeps water out and maintains higher levels of strength, even when 
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saturated, thus reducing the potential for pumping of subgrade soils (see Figure 

1.2 and 1.3). 

• CTB provides a durable, long-lasting base in all types of climates. As an 

engineered material it is designed to resist damage caused by cycles of wetting 

and drying and freezing and thawing. 

• Similar to concrete, CTB continues to gain strength with age. This is especially 

important when considering that many pavements experience greater traffic 

loads and volume throughout their service life. This reserve strength accounts in 

part for CTB's fine performance. 

                            

Figure 1.2. Pavement core proves  
strength of CTB 

Figure 1.3. Moisture can infiltrate 
unstabilized bases through high water 
tables or capillary action causing 
softening, lower strength, and reduced 
modulus. 

 

      In CTB construction, the objective is to thoroughly mix a soil/aggregate 

material with the correct quantity of portland cement and enough water to permit 

maximum compaction. The resulting CTB must be adequately cured to provide 

the necessary moisture needed for cement hydration to fully harden the CTB 

mixture.  

    The fundamental control factors for quality CTB are: 

1. Proper cement content 

2. Adequate moisture content 

3. Thorough mixing 
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4. Adequate compaction 

5. Proper curing 

The construction steps are: 

Preparation 

• Checking and calibration of equipment 

• Correcting any soft subgrade areas 

• Shaping the area to proper crown and grade 

Mixed-in-Place Processing 

• Spreading portland cement and mix 

• Applying water and mix 

• Compacting 

• Finishing 

• Curing 

Central Plant Processing 

• Mixing soil/aggregate material, cement, and water in a central plant 

• Hauling and spreading 

• Compacting 

• Finishing 

• Curing 

     The area to be paved must be shaped to proper crown and grade. Proper 

compaction is one of the fundamental requirements for CTB construction. If the 

subgrade is soft and cannot support the compaction equipment, adequate density 

will not be obtained. Therefore, soft areas should be located and made stable 

before CTB material is mixed or placed. 

Soil/aggregate, cement, and water can be mixed in a central mixing plant, or 

mixed in place using traveling mixing machines. The mixing methods include: 

1. Single-shaft in-place mixing equipment 

2. Central mixing plants 

• Continuous-flow-type pugmill 
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• Batch-type pugmill 

• Rotary-drum mixer 

Mixed-In-Place Method 

     Soil/aggregate in required quantity should be distributed on an accurately 

graded, well-compacted subgrade in an even layer or in a uniform windrow, 

depending upon the type of mixing equipment to be used. For maximum 

efficiency, the day's work should be broken down into several adjacent sections 

rather than one or two long sections. Bulk cement is normally hauled to the job 

site in bulk transport trucks. Cement is then transferred to job cement storage 

trucks, which are usually enclosed or fitted with canvas covers. Cement is 

transferred into the cement storage trucks pneumatically by a screw or belt 

conveyor. Prior to cement spreading, truckloads of cement are weighed on 

portable platform scales or at a nearby scale. A mechanical cement spreader is 

attached to the dump truck. To obtain a uniform cement spread, the spreader 

should be operated at a constant slow speed with a constant level of cement in 

the hopper. The mechanical cement spreader can also be attached directly 

behind a bulk cement truck. Cement is moved pneumatically from the truck 

through an air separator cyclone that dissipates the air pressure. Cement falls 

into the hopper of the spreader.  Skirts are sometimes used to minimize 

windblown dusting. Placing dry portland cement in an uncontrolled manner by 

blowing under pressure should always be avoided. 

    Cement is most commonly applied dry, but can also be applied in a slurry 

form. With a slurry application, it is important that the slurry is dispersed 

uniformly over the placement area so that it will not pool or run off in any 

manner. Materials that contain excessive amounts of moisture will not mix 

readily with cement. However, granular materials can be mixed effectively with 

moisture contents slightly above optimum. 

     Procedures for applying water and mixing will depend on the type of mixing 

machine used. A thorough mixture of soil/ aggregate, cement, and water must be 
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obtained. The uniformity of the mix is easily checked by digging trenches or 

series of holes at regular intervals for the full depth of treatment and inspecting 

the color of the exposed mixture. Uniform color and texture from top to bottom 

indicate a satisfactory mix, a streaked appearance indicates insufficient mixing. 

Single-shaft traveling mixing equipment.  

     CTB construction with single-shaft traveling mixers varies depending on the 

type of equipment used. Some equipment can thoroughly mix the CTB in a 

single pass. Other equipment requires more than one mixing pass. However, the 

basic principles and objectives are the same. Shaping the roadway and 

scarification are the first steps of preparation.  The larger mixers can scarify as 

well as mix an existing pavement surface and tough soil/aggregate material. For 

smaller equipment, the soil/aggregate may need to be loosened with a scarifier. 

Pre-wetting the soil/aggregate is common practice. Applying water at this stage 

of construction saves time during actual processing operations because most of 

the required water will already have been added to the soil/aggregate when 

cement is spread. Pre-wetting prevents cement from sifting to the bottom of the 

mix by causing it to adhere more readily to the soil/aggregate particles. Moisture 

should be applied uniformly during pre-wetting. Evaporation losses are reduced 

by incorporating this moisture into the mix. After scarifying and pre-wetting,  

the loose soil/aggregate is shaped to crown and grade.  

      Cement is spread by a mechanical cement spreader. Then the mixer picks up 

the soil/aggregate and cement and mixes them in place. Water, supplied by a 

tank truck, is usually applied to the mixture by the spray bar mounted in the 

mixing chamber, or water may be applied ahead of the mixer by water pressure 

distributors. The soil/aggregate and cement must be sufficiently blended when 

water contacts the mixture to prevent the formation of cement balls. The number 

of mixing passes depends on the type of mixer, the soil/aggregate characteristics 

and its moisture content, and on the forward speed of the mixer (figures 1.4-1.7). 

 Central-Plant Method 
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     Revolving-blade pug-mills can be used for mixing non-plastic to slightly 

plastic soil/aggregate materials. Rotary-drum mixers are suitable for mixing 

course, non-plastic soil/aggregate materials. With batch-type pug-mills and 

rotary-drum mixers, materials are batch weighed, mixed, and placed into haul 

trucks. With continuous-flow-type pug-mills, materials are individually metered 

by weight or volumetrically prior to entering the pug-mill mixing operation. 

Each plant must be calibrated to make sure the proper quantity of material is 

entering the mixer. 

     The continuous-flow-type pug-mill plant is the most common. The plant 

setup is typified by a hopper or bulkhead feeder system containing the 

soil/aggregate, a cement silo, surge hopper and feeder, main feeder belt, and 

revolving-blade pug-mill mixer. Cement is usually metered onto the 

soil/aggregate main feeder belt just prior to entering the pug-mill. Water is 

metered and added by means of spray bars mounted above the pug-mill.  The 

mixed material is discharged into a holding hopper and then into haul trucks. 

There are three types of cement feeders in common use: 

1. Auger or screw-type feeder 

2. Belt feeder 

3. Rotary-vane feeder 

Each requires a surge tank or hopper for proper operation. The surge tank 

maintains a constant head of cement above the meter. 

     The calibration of a continuous-flow central plant is a relatively simple 

operation. First, the soil/aggregate is run through the plant for a short period and 

is collected and weighed. Then the cement meter is operated while 

soil/aggregate that is being run through the plant is collected and weighed.     

Adjustments are made until the correct proportion is attained. The speed of the 

cement meter is thus synchronized with the speed of the main feeder belt. 

At the plant, additional moisture is added to compensate for moisture loss during 

transporting and spreading.  
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     The mixed material is placed on a moist subgrade without segregation and is 

spread by an aggregate spreader, or by two spreaders operating side by side, or 

by an automatic string-line-controlled subgrade (figure 1.8). 

 

Figure 1.4.  Mixing in place using 
traveling mixing machines. 

Figure 1.5.  Mixing in place using 
traveling mixing machines 
(Wirtgen WR 2500). 

  

Figure 1.6. Spreading portland cement 

 

Figure 1.7. Process of mixing 
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Figure 1.8. Construction using paver machinery (central-mixing-plant) 

    Areas of unstable subgrade must be corrected before processing starts since 

proper compaction of CTB will not be possible if the subgrade cannot support 

the compaction equipment. Unstable subgrade soils, which usually contain 

excess moisture, can generally be detected by observing their stability under the 

wheels of the motor grader as it shapes the area prior to CTB processing. 

Shallow wet spots can be improved by aerating and drying. When deep unstable 

areas are encountered, it is usually necessary to remove the underlying soil and 

replace it with better material. An alternate method of correction is to treat the 

subgrade with cement. When in-place soil materials are used, the grade at the 

start of construction will influence the final cross-section. Therefore, before 

processing is started, the roadway should be shaped to approximate the crown 

and grade. Maintenance of crown and grade prior to CTB construction will 

permit rapid runoff of water during heavy rains and is good insurance against 

wet spots developing. 

Cement Application 

     Since cement hydration practically ceases when temperatures approach 

freezing, cement should not be applied when the air temperature is 4° C or 

lower. The cement must not be applied when the soil material or subgrade is 

frozen. The amount of cement will be required is specified either as a percentage 
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of cement by weight of oven- dry material, or kilograms per cubic meter of 

compacted CTB. 

     Bulk Cement spreaders should be operated at a constant slow rate of speed 

and a relatively constant level of cement kept in the hopper to obtain a uniform 

cement spread. A true line at the edge of the pavement should be maintained by 

using a string line. There should be no skips between spreading lanes. 

     A check on the accuracy of the cement spread is necessary to ensure that the 

proper quantity is actually being applied. When bulk cement is being used, the 

check is made in two ways: 

1. Spot check. Place a canvas, usually 1 m2 in area, 

2. Overall check. Check the distance of area over which a truckload of cement of 

known weight is spread.   

     When borrow materials are specified, central plants with pugmill-type mixers 

or rotary-drum mixers are often used to mix material-cement. The use of such 

equipment makes it necessary to proportion the cement and the aggregate before 

they enter the mixing chamber. 

Water Application 

      One of the five control factors for CTB is proper moisture content. The 

optimum moisture content determined in the laboratory is used as a guide when 

starting construction. At the conclusion of moist-mixing, a moisture-density test, 

GOST 23558 and GOST 22733, is made on a representative sample of the 

mixture taken from the roadway. This test deters mines the optimum moisture 

and maximum density to be used for field control of the section under 

construction. These results may differ from laboratory values due to minor 

variations in the material or due to the effects of partial hydration of the cement 

during the mixing period.  

     The quantity of water required in central mixing plants to bring the CTB 

mixture to optimum moisture is based on the quantity of material and cement 

entering the plant.  
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Moisture for Compaction and Finishing 

     At the start of compaction, the moisture content of the CTB mixture must be 

at slightly above optimum. A final check of moisture is made at this time. Proper 

moisture is necessary for proper compaction and for hydration of the cement. 

Because of evaporation, it is better to have a slight excess of moisture than a 

deficiency when compaction begins. During compaction and finishing, the 

surface of the CTB mixture may become dry, as evidenced by the greying of the 

surface. When this occurs, very light applications of water are made to bring the 

moisture content back to optimum. A pressure distributor is used to make these 

fog applications of water. Proper moisture in the compacted CTB is evidenced 

by a smooth, moist, tightly knit surface free of checks, cracks, or ridges.   

Compaction 

     The principles governing compaction of CTB are the same as those for 

compacting the same materials without cement treatment. The CTB mixture at 

optimum moisture should be compacted and finished immediately. Moisture loss 

by evaporation during compaction and finishing, indicated by a greying of the 

surface, should be replaced with light applications of water. 

     Tamping (sheep foot) rollers are generally used for initial compaction except 

for the more granular soils. To obtain adequate compaction, it is sometimes 

necessary to operate the rollers with ballast to give greater unit pressure. The 

general rule is to use the greatest contact pressure that will not exceed the 

bearing capacity of the soil-cement mixture and that will still ‘walk out" in a 

reasonable number of passes. When tamping rollers are used for initial 

compaction, the mixed material must be loose so that the feet will pack the 

bottom material and gradually walk out on each succeeding pass. Vibratory-

steel-wheel rollers, grid rollers, and segmented rollers can be used satisfactorily 

to compact CTB made of granular soil materials. Vibratory-plate compactors are 

used on non-plastic granular materials. 
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     Pneumatic-tire rollers can be used to compact coarse sand and gravel soil-

cement mixtures with very little plasticity and very sandy mixtures such as dune, 

beach, or blow sand, which have little or no binder material. Some rollers permit 

rapid inflation and deflation of the tires while compacting. 

     Heavy three-wheel steel rollers can be used to compact coarse granular 

materials containing little or no binder. Gravelly soils that have low plasticity 

are best suited for compaction with these rollers. 

For best results, compaction should start immediately after the material, cement, 

and water have been mixed. Required densities are then obtained more readily, 

there is less water evaporation, and daily production is increased. 

Finishing 

     There are several acceptable methods for finishing CTB. The exact procedure 

depends on the equipment, job conditions, and material characteristics. 

Regardless of the method, the fundamental requirements of adequate 

compaction and optimum moisture must be met to produce a high-quality 

surface. The surface should be smooth, dense, and free of ruts, ridges, or cracks. 

When shaping is done during finishing, all smooth surfaces, such as tire imprints 

and blade marks, should be nail drag, coil spring, or spike-tooth harrow to 

remove cleavage or compaction planes from the surface. The reason for this is 

that a thin layer of CTB placed on top of these compaction planes may not 

adhere properly and in time may fracture, loosen, and spall. For a good bond, the 

area must be rough and damp. Scratching should be done on all CTB mixtures 

except those containing appreciable quantities of gravel. The surface should be 

kept damp during finishing operations. Steel-wheel rollers can be used to 

smooth out ridges left by the initial pneumatic-tire rolling. Steel-wheel rollers 

are particularly advantageous when rock is present in the surface. A broom drag 

can sometimes be used advantageously to pull binder material in and around 

pieces of gravel that have been set by the steel-wheel roller. Instead of using a 

steel-wheel roller, surfaces can be shaved with the motor grader and then 
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rerolled with a pneumatic-tire roller to seal the surface. Shaving consists of 

lightly cutting off any small ridges left by the finishing equipment. Only a very 

thin depth is cut and all material removed is bladed to the edge of the road and 

should not be used. The final operation usually consists of a light application of 

water and rolling with a pneumatic-tire roller to seal the surface. The finished 

CTB is then cured. Regardless of the method used, the surface should be 

maintained at not less than optimum moisture content during finishing and the 

compacted surface should be smooth, dense, and free of compaction planes and 

cracks. 

Curing 

      CTB at optimum moisture contains sufficient moisture for adequate cement 

hydration. After final compaction, a moisture-retaining cover is placed over the 

material-cement to permit the cement to hydrate. Moist material-cement is cured 

with bituminous material, but other materials such as waterproof paper or plastic 

sheets, wet straw or sand, fog-type water spray, and wet burlap or cotton mats 

are entirely satisfactory. The bituminous materials most commonly used are 

emulsified asphalt. Before the bituminous material is applied, the surface of the 

CTB should be moist and free of dry, loose material. In most cases, a light 

application of water precedes the bituminous cure. When the air temperature is 

expected to reach the freezing point, the CTB should be protected from freezing 

for 7 days after its construction and until it has hardened 

Reflective Cracking 

     CTB will shrink naturally while curing. With properly designed pavements 

and good construction procedures, the resulting cracks in the base will not 

significantly affect pavement performance. In some cases, larger cracks in the 

base layer can result in stress concentrations, and the cracks may reflect from the 

base into the surface. This does not normally affect pavement roughness but 

may influence the overall appearance of the pavement. Usually, proper 

construction procedures, crack minimization strategies, and maintenance 
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sealing, if necessary, can eliminate requirements for significant maintenance due 

to reflective cracking. Newer techniques such as microcracking or using stress 

absorbing interlayer have been very successful. A well designed and properly 

maintained CTB will normally outlast several asphalt overlays, providing 

decades of low maintenance service.  

Special Construction Problems 

Joint Construction 

     At the end of each day's construction, a transverse vertical construction joint 

is formed by cutting back into the completed soil - cement to the proper crown 

and grade.   This is done usually the last thing at night or the first thing the 

following morning, using the toe of the motor grader blade or hand axes.   After 

the next day's mixing has been completed at the joint, it is cleaned of all dry and 

unmixed material and re-trimmed if necessary. A longitudinal joint adjacent to 

partially hardened soil-cement can be constructed with most mixing equipment 

by merely cutting back a few inches with the mixer into the previously 

constructed area.   The amount of overlap is determined by digging back into the 

completed work until solid material and proper crown and grade are reached. 

Multiple-layer Construction 

     If the specified thickness of soil-cement is more than 20 cm, it cannot be 

thoroughly mixed, moistened, compacted and finished in one layer.    Multiple 

layers have to be constructed with no layer less than 10 cm thick.     The lower 

layer can be cured with moist soil that is subsequently used to build the top 

layer, which may be built immediately the following day or sometime later.  The 

lower layer does not have to be finished to exact crown and grade, nor do 

surface compaction planes have to be removed since they are too far from the 

final surface to be harmful.  

Rainfall 

     Wet weather need not be a serious construction hazard, but any loose or 

pulverized soil should be crowned so it will shed water, and low places in the 
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grade where water may accumulate should be trenched so that they will drain 

freely.  A light drizzle causes no harm. If rain falls during cement spreading 

operations,   spreading is stopped and the cement already spread is quickly 

mixed into the soil mass.   However, a heavy rainfall that occurs after most of 

the water has already been added may be serious.   Generally, the best procedure 

is to obtain rapid compaction by using every available piece of equipment so 

that the section will be compacted and shaped before too much damage results 

from the rain.   After the mixture has been compacted and finished, the rain will 

do no harm.  

Cold Weather 

     Cement hydration practically ceases when temperatures are near or below 

freezing,  therefore,  soil-cement should not be placed when the temperature is 5 

C or below.  Moreover, it should be protected to prevent its freezing for a period 

of 7 days after placement and until it has hardened by a suitable covering of hay, 

straw or other protective material.  

Soft Subgrade 

     If the subgrade is soft and cannot properly support the compaction 

equipment, adequate density will not be obtained. Therefore, soft areas such as 

springs, seepage areas, and differential frost-heave are should be located and 

corrected before processing begins.   These areas can usually be stabilized by 

aerating and re-compacting the soil.   When deep unstable areas are encountered, 

it is usually necessary to remove the underlying wet soil and replace it with 

stable material but the area may be sub processed with soil-cement or cement-

modified soil.   
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1.2 Quality Control and Quality Assurance 

     The role of the inspection in CTB is a very essential one. There are five basic 

and fundamental factors that must be controlled to assure quality CTB.     

If these five essentials can be controlled, a quality CTB project will then become 

a reality. 

Field inspection of CTB construction involves the control of five factors: 

 Cement content  

 Moisture content 

 Mixing 

 Compaction 

 Curing  
     The inspector can easily control these factors by organizing the inspection 

steps into a routine that fits in with the sequence of construction operations. 

As below shown the inspection steps required to assure quality CTB: 

 Have material surveys, laboratory reports, plans, and specifications 

(GOST or SHNK requirements) been reviewed and correlated with job 

conditions; 

 Have all soft subgrade areas been corrected? Has the roadway been 

shaped to crown and grade? Have manhole covers and other obstacles been 

removed or lowered; 

 Is all of the construction equipment properly adjusted and in good 

working condition; 

 Have the materials been pulverized sufficiently, and will their moisture 

contents allow them to mix readily with cement; 

 Has the proper quantity of cement been spread uniformly? Has the central 

mixing plant been properly calibrated; 

 Is the CTB mixture between optimum moisture and 2% above optimum 

moisture; 
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 Is the mixture uniform and thoroughly mixed? Are the width and depth of 

treatment according to the plans; 

 Is the finished surface moist, dense, and free of compaction planes; 

 Is the CTB mixture at the transverse construction joint well mixed and 

compacted; 

 Are the specified density and depth of treatment being achieved; 

 Is sufficient curing material for complete coverage being applied;  

 Where subjected to traffic, has the bituminous material been sanded 

sufficiently to prevent pickup; 

 Have any defects been repaired for a full depth of treatment? 

Determination of Cement Content 

     There are many methods used for determining the cement content. These 

methods are the Public Roads method, the ASTM method, the California 

method, the GOST method, and many others. For this paper the EDTA 

(Ethylenediaminetetraacetic acid) method is introduced, because the required 

testing time can be decreased by using this method.   The detail of this method is 

as follows: 

     A 10 percent ammonium chloride solution is used as the solvent system for 

the calcium compounds present in cement-treated base materials. The solution is 

titrated with the disodium salt of EDTA after adjustment of pH,   using hydroxy 

naphthol blue as an indicator. Cement content is determined from a standard 

graph after subtracting the aggregate blank [2]. 

Moisture Content Check 

     At the conclusion of moist-mixing, a moisture-density test is made on a 

representative sample of the mixture taken from the roadway. This determines 

the optimum moisture and maximum density to be used for field control of the 

section under construction. These results may differ from laboratory values due 

to minor variations in the soil or due to the effects of partial hydration of the 

cement during the mixing period.  To determine the amount of water to add, first 
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calculate the percentage of water in a sample of the raw soil or dry soil-cement 

mixture, as follows: 

Percentage of moisture =   ((wet weight - dry weight)/ dry weight) x100 

The amount of water to be added during processing will be the difference 

between the required moisture content and the moisture content of the dry soil-

cement mixture, as determined above.  

Short Cuts Test 

     Many engineers have devised short cuts in making field moisture-density 

tests.   For instance, the field sample, which is near optimum moisture, is split 

into three parts and one portion is used to establish a point near the peak of the 

moisture-density curve.   The second portion of the material is then used with 

the addition of a small increment of water to establish a point on wet side of the 

curve. The third part of the original field sample which has dried slightly in the 

interim is used to establish a dry point on the curve.  

Hand-squeeze Test 

     With a little experience, the moisture content of a soil-cement mixture can be 

estimated closely by observation and feel. A mixture near or at optimum 

moisture content is just moist enough to dampen the hands when it is packed in 

a tight cast. Mixtures above optimum will leave excess water on the hands, 

whereas mixtures below optimum will tend to crumble easily.   If the mixture is 

near optimum, it is possible to break the cast into two pieces with little or no 

crumbling. The hand -squeeze test is not a replacement for the standard 

moisture-content test, but it does reduce the number of these tests required 

during construction.  The moisture-determination test validates what has been 

determined by visual inspection and the hand-squeeze test. 

Degree of Compaction Check 

     Density should be determined at several locations on the first few sections 

completed; the tests are made immediately after final rolling.   A comparison of 

these densities with the results of the field moisture-density test indicates any 
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adjustments in compaction procedures that may be required to ensure 

compliance with specifications.  Specifications generally require that the density 

obtained shall be not less than the standard maximum minus 5 lb (2.26 kg).  

(some agencies specify not  less than 95  percent of  the maximum density) as 

determined by the field moisture-density test.  After compaction procedures 

have been adjusted,   only routine daily density checks are required. A density 

test is made by augering or digging a 5-inch diameter hole almost the full depth 

of processing. All material removed is carefully  salvaged and the wet weight is 

measured;  moisture  content and oven-dry  weight of  this material are 

determined as follows: 

M=((WW-DW)/DW)x100;                    (1.1) 

DWH=WW)/(100+M)/100);                    (1.2) 

The excavated hole is then filled with a material of known density the hole's  

volume is calculated by: 

                                           V=WHO/UWO;    (1.3) 

And   then the density is determined as follows: 

                                           D= DWM/V.                              (1.4) 

M- percent moisture of representative samp1e; 

WW- wet weight; 

DW- dry weight; 

DWH- dry weight of material from test hole; 

V- Volume; 

WHO- the weight of material used to fill the hole; 

UWO- unit weight of material; 

D- density;  

DWM-Dry weight of material removed from the hole. 

The most common methods used for the volume determination of the density 

hole are. 

1.    Sand-cone method. 
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2.    Balloon method. 

3.    Oil method. 

4.    Nuclear method [2]. 
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1.3 Review of Literature 
 

       Vongchai Jarernswan in his study paid special attention to materials, the 

construction process and requirements.  

      Soil-cement is a low-cost highway material that can be constructed with only 

three basic raw materials:   water, portland cement, and soil.   The water should 

be clean and free from harmful amounts of alkalies and acid; many types of 

Portland cement conforming to ASTM Specifications can be used, and most of 

the soils at a site or nearby source are acceptable.  In some conditions, the 

additives may be added to improve the properties or an economic standpoint. 

      Compressive strength is most frequently referred to as the important 

characteristic of soil-cement.   The important factors that affect this strength are 

soil type, the quantity of cement, water content and compaction, curing 

condition, and age of soil-cement.  Other pro- parties that should be considered 

are the durability, load-deflection characteristics, fatigue properties, shrinkage 

characteristics and cracking.  

      The use of soil-cement in the highway and airfield is on the increase every 

year because of its excellent properties and comparative economy over other 

materials.   The research in this area has been continuing to improve the 

properties of soil-cement and to make soil- cement a more economical and more 

suitable material for engineering purposes [2]. 

      Bryan T. Wilson in his study paid special attention to evaluated in terms of 

both strength and deformation characteristics at the time of construction and at 9 

months. 

     Structural testing performed after 9 months of service indicated that the CTB 

stiffness and modulus were greater than the values measured after microcracking 

at the time of construction, indicating continued strength gain.  Trafficking over 

the 9-month period had caused significantly lower stiffness’s measured in the 

wheel paths than between the wheel paths, which were 226 and 244 kips/in 

(4035~4357 kg/mm) ., respectively.  The corresponding module in and between 
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the wheel paths were 469 and 705 ksi (3233~ 4860 Mpa).  Though trafficking 

had a detrimental effect on both of these properties that may have been avoided 

if hot-mix asphalt surface had been placed, the likelihood of continuing 

reductions in stiffness and modulus with future trafficking in the wheel paths is 

unknown.  The average unconfined compressive strength (UCS) of the cores 

tested at 9 months was not significantly different than the average UCS of the 

field-compacted specimens tested at 6 weeks, and insufficient evidence exists to 

suggest that trafficking caused reductions in UCS [3]. 

  

Figure 1.9. Nine-month CTB modulus  

James Robert Fister in his study paid special attention to cracking in Cement 

Treatment Base.  

   Cracking that occurs in various types of soil-cement mixtures cannot be 

attributed entirely to the Type I Portland cement content ex-isting in the 

respective mixtures. The temperature differential existing in placed soil-cement 
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bases i.e., the top surface at 140 F (60 C) and the bottom surface at 70 F (21), 

will in almost all cases cause a decreasing of the moisture content at the base 

courses upper surface even though 100 percent moisture retention is 

accomplished. This temperature differential also causes an increase in the 

moisture content at the bottom layer. 

The effect of varying the moisture content 3 per cent above or below optimum 

moisture for maximum density results in different degrees of detrimental effects 

for different soils and their respective cement content, e.g., there exists a most 

favorable moisture content, which may or may not be equal for each different 

cement content used in a soil-cement mixture that will result in a minimum of 

cracking [4]. 

      Liqun Hu in his study paid special attention to laboratory evaluation of 

cement treated aggregate containing crushed clay brick.  

      The waste clay bricks from the debris of buildings were evaluated through 

lab tests as environmentally friendly materials for pavement sub-base in the 

research Five sets of coarse aggregates which contained 0，25% ，50% ，75% 

and 100% crushed bricks，respectively ，were blended with sand and treated 

by 5% cement. The test results indicated that cement treated aggregate which 

contains crushed clay brick aggregate had a lower maximum dry density (MDD)  

and a higher optimum moisture content (OMC). Moreover， the unconfined  

compressive  strength  (UCS) ，resilience  modulus， splitting strength，and 

frost resistance performance  of the specimens decreased with increase of the 

amount of crushed clay brick aggregate．The UCS  decreased with the increase  

of  crushed brick aggregate in the mixtures 7-day  UCS  of mixture which 

contains less than 50% crushed brick can meet the sub-base strength 

requirements  of light traffic road in specifications [5]． 
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Figure 1.10. Test Results of Compressive strength   

 

    Yang Sheng in his study paid special attention to the relationship between 

compressive strength moisture, content and density. 

CTB is a unique material that oversaturates the material in terms of water 

required for cement hydration which will increase the porosity of the cement 

matrix and thus reducing strength. However, pavement shear strength is dictated 

by density and therefore the OMC is to be used for optimum performance and 

workability when using CTB. The OMC for compaction of CTB is the OMC of 

the parent material + 0.25% for every 1% in cement content.  This relationship 

runs parallel to the minimum water required for effective hydration to take 

place, i.e. a w/c ratio of 0.25.  It is believed that this occurs due to the absorption 

of water by the cement paste for hydration and the reduction in fines due to the 

conglomeration of fines within the cement matrix [6].                                                            
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 Table 1.2 

Compressive strength criteria of different classification of cement base 

course 

 

 

Figure 1.11. Mix design chart for cemented materials [6] 

     In the thesis, Kalankamary Pily George [7] paid special attention for Mix 

Design of Cement Treatment Base.  

     Microscopic studies by Bezruk [8] indicate that individual particles, as well 

as soil micro aggregations, take part in the reaction of cement with soil.  He 

concludes that the interaction of cement with soil may be of a beneficial, 

Classification Testing Criteria Source  

Modified 0.7 MPa < UCS < 1.5 MPa Austroads  

Lightly Bound (Stabilised) 1.5 MPa < UCS <  3 MPa Austroads 

Bound (Stabilised) UCS > 3 MPa Austroads 

Lean Mix 6 MPa < fcm <  15 MPa DTMR 

Conventional Concrete fcm <  20 MPa Australian Standard 
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detrimental or neutral in character.  Variation of the col-loidal properties of soil 

favorable to interaction with cement increases the strength of the stabilized soil.  

Bezruk states that the most important qualitative difference between soil cement 

and concrete is that in soil-cement the cement hydrates in an active medium 

which disturbs the usual course of cement hydrolysis and hydration reactions.  

In concrete, the hardening proceeds essentially in an inert medium which plays 

mainly the role of a skeleton, with the cement hydrating in the products of its 

own dissociation.  
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Conclusions on the CHAPTER I 

      Conclusion of the chapter 1st summarized as follow: 

- pavements with CTB will be much stronger and more rigid than an 

unsterilized, granular base. CTB thicknesses are less than those required for 

granular bases carrying the same traffic. It can distribute loads over a wider area, 

reducing the stresses on the subgrade and acting as the load-carrying element of 

flexible pavement or a sub-base for concrete. Its slab-like characteristics and 

beam strength are unmatched by granular bases that can fail when an aggregate 

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.   

-   the rigidity of CTB reduces deflection, rutting in the base and other asphalt 

strains. The versatility of cement is critical to the success in this pavement 

solution because site conditions and soil types (from gravel to clays) can easily 

change during or between projects and cement acts as a “universal stabilizer”. 

      During the literature review, no studies were found on the relationship 

between compressive strength and flexural strength.  These two characters are 

the most important data for quality control and quality assurance. 
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CHAPTER II. EXPERIMENTAL STUDY OF THE CEMENT 
TREATMENT BASE 

2.1 Required properties for CTB materials 

 Technical Requirements for Cement  

In accordance with subclause 4.3.1 of GOST 23558-94, CTB can be prepared 

using Portland cement and Portland Blast-Furnace Slag Cement (GOST 10178), 

Sulphate Resistance Portland Cement (GOST 22266) and ordinary cement 

(GOST 25328), and the mark shall not be less than M300.  

 Portland cement and Portland Blast-Furnace Slag Cement (GOST 10178) 

- The ultimate bending and compressive strength of cement shall not be less 

than the values specified in Table 2.1. 

Table 2.1 

Ultimate bending and compressive strength of cement 

Designation 

of Cement 

Guaranteed 

Grade 

Ultimate Strength MPa (kgf/cm2) 

Bending Strength Age, 

days 

Compressive Strength 

Age, days 

3 28 3 28 

ПЦ-Д0, 

ПЦ-Д5, 

ПЦ-Д20, 

ШПЦ 

300 

- 

4,4 (45) 

- 

29,4 (300) 

400 5,4 (55) 39,2 (400) 

500 5,9 (60) 49,0 (500) 

550 6,1 (62) 53,9 (550) 

600 6,4 (65) 58,8 (600) 

ПЦ-Д20-Б 
400 3,9 (40) 5,4 (55) 24,5 (250) 39,2 (400) 

500 4,4 (45) 5,9 (60) 27,5 (280) 49,0 (500) 

ШПЦ-Б 400 3,4 (35) 5,4 (55) 21,5 (220) 39,2 (400) 
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- Cement shall indicate an even change in the volume in the process of 

boiling testing of samples in water, and autoclave testing for cement with the 

MgO content in clinker of more than 5%; 

- The beginning of the cement setting shall not be earlier than 45 min.; and 

the end – not later than 10 hours from the beginning of mixing cement with 

water. 

- The fineness of cement shall allow not less than 85% of the weight of a 

sieved cement sample to go through the testing sieve with net No. 008 according 

to GOST 6613. 

- The weight fracture of sulfuric acid anhydride (SO3) in cement shall 

comply with the requirements of Table 2.2. 

Table 2.2 

Weight fracture of sulfuric acid anhydride (SO3) 

Designation of Cement 
SO3, % of the weight 

Not less than Not more than 

ПЦ 400-Д0, ПЦ 500-Д0, ПЦ 300-Д5, 

ПЦ 400-Д5, ПЦ 500-Д5, ПЦ 300-Д20, 

ПЦ 400-Д20, ПЦ 500-Д20 

 
1.0 

 
3.5 

ПЦ 550-Д0, ПЦ 600-Д0, ПЦ 550-Д5, 

ПЦ 600-Д5, ПЦ 550-Д20, ПЦ 600-Д20, 

ПЦ 400-Д20-Б, ПЦ 500-Д20-Б 

 
1.5  

4.0 
 

ШПЦ 300, ШПЦ 400, ШПЦ 500,              

ШПЦ 400-Б 
1.0 

 
 Sulfate -resistance Portland Cement (GOST 22266) 

- Design mineralogical composition of clinker used for the production of 

cement shall conform to requirements specified in table 2.3. 
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Table 2.3 

Mineralogical composition of clinker 

Name of Index 

Value for clinker, % by weight, maximum for 
cement of the following types 

Sulfate-
resistant 
cement 

Sulfate-
resistant 
Portland 

cement with 
mineral 

admixtures 

Sulfate-
resistant 

slag 
Portland 
cement 

Pozzola
n 

Portlan
d 

cement 

Content of tricalcium silicate 
(3 CaO SiO2) (3 CaO 
molecules per 1 SiO2 

molecule) 

50 Not normalized  

Content of tricalcium 
aluminate (3 CaO Al2O3) 

5 8 

Total Content of tricalcium 
aluminate (3 CaO Al2O3) and 
tetracalcium aluminoferrite 
(4 Ca Al2O3 Fe2O3) (4CaO 
molecules per 1 Al2 O3 
molecule and 1 Fe2O3 
molecule) 

22 Not normalized 

Contents of aluminum oxide 
(Al2O3) 

5 

Contents of magnesium 
oxide (MgO) 

5 

 

- Content of sulfuric acid anhydride (SO3) in cement shall not exceed 

values specified in table 2.4 

Table 2.4 

Content of sulfuric acid anhydride (SO3) in cement 

Type of Cement Content of SO3 
(in %, maximum)

Sulfate-resistant Portland cement 3.0 

Sulfate-resistant Portland cement with mineral admixture 3.0 

Sulfate-resistant slag Portland cement 4.0 

Pozzolanic Portland cement 3.5 
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- Flowability of cement-sand mortar with the composition of 1:3 from 

water reducing elements of all kinds shall have such a value that for a water-

cement ratio equal to 0.4 the spread of standard flow cone (mortar spread) is not 

less than 135 mm. 

- To intensify the grinding process in the course of cement production it is 

allowed to introduce technological admixtures that do not impair the quality of 

cement, in the quantity of not more than 1% from cement mass. 

- The  compression  strength  of cement shall not be less than the values 

specified in table 2.5 

Table 2.5 

Compressive strength of cement                                                      

Type of cement Grade of cement 
Compression 
strength at the 
age of 28 days 

 

Sulfate-resistant Portland cement 

 

Sulfate-resistant Portland cement 

with mineral admixtures 

 

Sulfate-resistant slag 

 

400 

 

400 

500 

 

300 

 

          39.2 

 

          39.2 

          49.0 

 

          29.4 
 

- The  beginning  of  cement  setting  shall  occur  not  earlier  than  in  45 

minutes, and the end – not later than in 10 hours after the beginning of addition 

of water to cement; 

- Fineness of cement grinding determined by a specific surface shall not be 

less than 250 m2/kg. For cement containing admixtures of sedimentary nature 

the thinness of cement grinding shall be determined by residue on a sieve with 

mesh No. 008 in accordance with GOST 6613.  Residue on a sieve shall not be 

more than 15% from the mass of a sieved sample.   
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 Technical Requirements for Crushed stone and Gravel  

- Crushability indices for crushed aggregate produced from sedimentary 

and metamorphic rocks shall be in conformance with the requirements listed in 

Table 2.6. Crushability categories for crushed aggregate produced from volcanic 

rocks are provided in Table 2.7. 

Table 2.6 

Crushability index                                                             

Crushability index for 
crushed rock produced 
from sedimentary and 

metamorphic rocks 

Weight loss at crushed rock testing, % 

Dry Saturated with water 

1200 

1000 

800 

600 

400 

300 

200 

Up to 11 inclusively 

Over 11 to 13 

13 to 15 

15 to 19 

19 to 24 

24 to 28 

28 to 35 

Up to 11 inclusively 

Over 11 to 13 

13 to 15 

15 to 20 

20 to 28 

28 to 38 

38 to 54 

  

Table 2.7 

Crushability index                                                                 

Crushability index for 

crushed rock produced 

from volcanic rocks 

Weight loss at a crushed rock test, % 

Intrusive rock Effusive rock 

1400 

1200 

1000 

800 

600 

Up to 12, inclusively 

Over 12 to 16 

16 to 20 

20 to 25 

25 to 34 

Up to 9, inclusively 

Over 9 to 11 

11 to 13 

13 to 15 

15 to 20 
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- Freeze-thaw  resistance  number  of  crushed  rock  and  gravel  shall  be 

characterized by the number of freeze and thaw cycles, when the percentage loss 

of crushed rock and gravel weight does not exceed the established values. 

It is allowed to evaluate the freeze-thaw resistance of crushed rock and gravel by 

the number of saturation (in a sodium sulfate mixture) and drying cycles. When 

the numbers obtained by different methods do not conform, freeze-thaw 

resistance shall be evaluated by freeze and thaw test results. According to 

freeze-thaw resistance, crushed rock and gravel are divided into the following 

grades: F15; F25; F50; F100; F150; F200; F300; F400. When tested by freezing 

and thawing or saturating in a sodium sulfate mixture and drying, freeze-thaw 

resistance values of crushed rock and gravel shall be in conformance with those 

listed in Table 2.8.  

Table 2.8 

Crushed rock and gravel freeze-thaw resistance                                         

Type of test 
 
 

Crushed rock and gravel freeze-thaw resistance 
number 

F15 F25 F50 F100 F150 F200 F300 F400

Freezing-thawing: 

number of cycles 
15 25 50 100 150 200 300 400 

Weight loss after the test, 

% no more than 
10 10 5 5 5 5 5 5 

Saturation in a sodium 

sulfate mixture - drying: 

Number of cycles 

 
3 

 
5 

 
10 

 
10 

 
15 

 
15 

 
15 

 
15 

Weight loss after the test, 

% no more than 
10 10 10 5 5 3 2 1 

 

 Technical Requirements for Sand   

- Each sand group is characterized by a size module value indicated in     

Table 2.9 
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Table 2.9 

Module size of Sand                                                               

Sand Group Size Module, M size 

Large oversize Over 3.5 

Oversize 3.0-3.5 

Coarse-grained 2.5-3.0 

Medium-grained 2.0-2.5 

Fine-grained 1.5-2.0 

Ultrafine-grained 1.0-1.5 

Thin 0.7-1.0 

Ultra-thin Up to 0.7 

 

- Clayey and dusty particle content in the sand, as well as clay lump, shall 

not exceed the values indicated in Table 2.10. 

Table 2.10 

Clayey and dusty particle content in sand                                          

 
Sand Class and Group 

Dusty   and   Clayey    
Particles Content 

Clay Lump Content 

In  
natural  
sand 

In screened 
sand 

In       
natural  
sand 

In screened 
sand 

Class I     
Large oversize - 3 - 0.35 
Oversize, coarse and 
medium 

2 3 0.25 0.35 

Fine 3 5 0.35 0.50 
Class II     
Large oversize - 10 - 2 
Oversize, coarse and 3 10 0.5 2 
Fine and ultra fine 5 10 0.5 2 
Thin and ultrathin 10 non-standard 1.0 0.1* 

 

 Technical Requirements for Water   
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- The content of organic surfactants, sugars or phenols, each of them, shall 

not be over 10 mg/l.; 

- Water shall not contain petroleum product films, fats, and oils; 

- The water oxidability shall not be over 15 mg/l.; 

- The water pH value shall not be less than 4 and over 12.5. 

 Additives 

     The quality of CTB has been improved in many cases through the addition of 

suitable additives.   Research at the Massachusetts Institute of Technology Soil 

Stabilization Laboratory has been conducted to improve the properties of soil-

cement by the use of chemical additives. The test results indicate that a very 

large increase in the strength of soil-cement can be obtained with low- level 

chemical treatment.   Both a considerable financial saving and a successful 

stabilization of soils which normally cannot be economically stabilized can 

result from the use of additives with soil-cement.  

     A further advantage of the use of additives is that considerable construction 

and cure time can be saved because a number of the chemicals accelerate the 

rate of strength development of soil-cement. The durability tests by (9) indicate 

that the effects of the additives on durability, as measured by the standard 

freeze-thaw and wet-dry tests, were similar to the effects on compressive 

strength. The summary of test results from references (9) and   (10) will give 

some idea of the kind of additives for use in some cases. 

a. Calcium and magnesium sulfates, in addition to sodium sulfate, are found to 

be very effective in increasing the strength of organic sand -cement. 

b. The silicates of high soda content are very effective in improving strength. 

c. Sodium additives considerably increase the resistance of all types of soil-

cement to sulfate attack. 

d. Sulfate compounds are uniquely effective in improving the strength of 

cement-stabilized sandy soils containing organic matter. 
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f. The effectiveness of sodium hydroxide in clay-cement can be materially 

improved by pretreating the heavy clays with secondary additives. 

j. Pretreatment of salty soils with caustic soda diminished the beneficial effects 

obtained by the incorporation of this additive simultaneously with the cement. 

k. Hydroxides or weak-acid salts of an alkali metal, which yields soluble 

silicates (or aluminates) are beneficial to soil-cement. 

l. Sodium met silicate was the most effective on the clean sandy soils. 

m. The effectiveness of sodium compounds decreased with increasing plasticity 

and /or organic matter of the soil. 

n. Soil containing free sodium chloride was much less responsive to cement-

stabilization than was the same soil after salt removal.  

p. The 28-day strength of additive treated soil-cement was virtually independent 

of additive concentration when the latter was above a certain minimum (0. 5 to 

1. 0 normal). 

q. The strength increase of soil-cement due to the addition of alkaline sodium 

compounds appeared to be permanent. 

r. The magnitude of strength increase obtained by the addition of alkaline 

sodium compounds appeared to increase with the amount of reactive silica 

present in a soil. 

     To  investigate the effect of  dispersant additives on  the physical 

characteristics  of  CTB mixes and layered pavement systems,  the tests  show 

that there is a definite increase  produced in the shear  strength of  the layered 

system by  developing a bond between adjacent layers  of  a  soil-cement 

stabilized system  with the addition of  calcium lingo-sulfate and hydroxylated 

carboxylic acid for soils of  low plasticity  with the exception of pure silts. The 

study of (1) in search of treatments to reduce shrinkage led to several promising 

additives; lime and fly ash proved to be the best.   Sulfates of magnesium, 

sodium, and calcium and expansive cement, by virtue of their ability to expand 

and compensate for the shrinkage, are the second best additives.     
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2.2 Required Laboratory Testing for Cement Treatment Base in local 

and in International Standard Specifications 

 Sieve analysis 

- In accordance with sub-clause 4.2.5 of GOST 23558-94 the sieve analysis 

(gradation) of sand-gravel (crushed stone) mixtures must meet the requirements 

specified in Table 2.11. 

Table 2.11 

Gradation of Cement Treatment Base materials                                         

Max. 
grain 
size, 
mm 

Total remains on sieves with hole size, mm 

40 20 10 5 2,5 1,25 0,63 0,315 0,14 0,005 

40 
0-

10  

20 -

40 

35- 

65 

50- 

80 

60- 

85 

70- 

90 

75- 

95 
80- 97 

85- 

98 
87-100 

20  
0- 

10 

20- 

40 

35- 

65 

50-

80 

60- 

85 

70- 

90 
75-95 

80- 

97 
85-100 

10   
0- 

10 

25- 

40 

45- 

65 

60- 

80 

70- 

85 
75-90 

80- 

95 
85-100 

5    
0- 

10 

30- 

40 

50- 

65 

65- 

80 
75-85 

80-

90 
88-100 

2,5     0- 10 
30- 

40 

55- 

65 
70-80 

80- 

90 
88-100 

1,25      
0- 

10 

35- 

45 
60-70 

75- 

85 
85-100 

 

 The compressive and flexural strength  
- The compressive strength and flexural strength are determined in 

accordance with GOST 10180. Samples of processed materials and stapled 

grains used in the regions with a median temperature of the coldest month minus 

10 ° C and lower before being tested are poured into the water for saturation for 
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48 hours. First, the samples are poured into the water 1/3 at altitudes, and after 6 

hours - completely and emit 42h. The samples of processed materials and 

stapled grains used in regions with a median temperature of the coldest month 

above minus 10 ° C are subjected to a capillary water saturation test for 72 hours 

before testing. Capillary water saturation of samples conducts through a layer of 

moist sand. In a metal or glass vessel with a level meter, pour the water to the 

level indicated in Figure 2.1. With the help of a leveler, a constant level of water 

in the vessel is maintained. In a vessel on a metal stand, a metal mesh is laid or a 

container with a mesh bottom is installed, which is closed with filter paper. A 

layer of fine uncolored sand is poured onto the filter paper and put the samples a 

day after saturation. To prevent drying, the vessel with specimens is placed in a 

bath with a hydraulic seal. 

 

Figure 2.1.  Scheme of the device for capillary water saturation of samples 

1 - vessel; 2 - samples; 3 - capillary-moistened sand; 4 - water; 5 - filter paper; 6 

- metal mesh; 7 – stand. 

      The strength of the samples of the processed material and the consolidated 

granite, depending on the type of binder used for processing, is determined in 

the following drafts: 

28 days - for the binder of type I; 
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It is allowed to determine the strength of the samples of the processed material 

and the consolidated sheet in the following intermediate periods: 7 days - for 

astringents of the first type. It is allowed at the transition from one type of test to 

the other to determine the strength for elongation when pumping through the 

formula: 

 ,        (2.1) 

Rизг- flexural strength MPa (kgf/cm2); 

K= 08,-1,2 coefficient, clarified in the selection of the composition on specific 

materials and depending on the technical characteristics of the materials and 

grains used. 

      The frost resistance of processed materials and reinforced grains is 

determined by the first method in accordance with GOST 10060.1. The main 

and control samples before the test for frost resistance are saturated with water 

according to 6.1 of this standard. After passing the required number of freeze-

thaw cycles, the samples are discharged from the camera and immersed in water 

at a temperature of (20 ± 2) ° C, if they were subjected to full water saturation, 

or to wet sand (sawdust), before they were tested for frost resistance, if they 

were subjected to capillary water saturation. The time for setting up samples in 

water or in wet sand should correspond to the time of thawing in accordance 

with GOST 10060.1, after which the samples should be tested for compression 

and determined their strength according to GOST 10180. 

      The maximum density of processed materials and cemented grains for the 

selection of concrete mixes and preparation of samples is determined in 

accordance with GOST 22733 with the following change: for the preparation 

and testing of samples of mixtures with a maximum grain size of not more than 

20 mm, a large unit of the Union is used. In the form of a large mixture, the 

mixture is covered in three steps, piercing each layer 25 times with a metal 
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staple diameter of 12 mm. After laying the entire mixture, it is compacted in one 

line by 120 hammer blows with a mass of 2.5 kg falling from a height of 30 cm. 

For the preparation and testing of samples of mixtures with a maximum grain 

content of up to 5 mm, a small unit of the Union is used. In the form of a small 

device, the mixture is covered and pierced 25 times with a metal stitch, then 

compacted with 20 blows of a 2.5 kg gypsum falling from a height of 20 cm. 

      It is permissible for the mixture to be tested by pressing, using for samples 

with a maximum strength of up to 5 mm, sample cubes with a size of 50 and 100 

mm or a beam with a size of 40x40x100 mm, and for a mixture with a maximum 

strength of up to 20 mm, beams with a size of 100x100x400 mm. The 

orientation pressure of the feed for a mixture with a maximum strength of up to 

5 mm is 15 MPa, a maximum of 20 mm is 20 MPa, the time for under load is 3 

minutes. 

       The durability of the processed material and the consolidated granite in the 

project age is characterized by the mark. The ratio between the mark by strength 

and compressive strength and elongation during bending should meet the 

requirements specified in Table 2.12. 

Table 2.12 

The ratio between the compressive strength and flexural strength 

Mark for strength 
Strength, MPа (kgf/см2), not less than 

Compressive strength Flexural strength  

М10 1,0 (10) 0,2 (2) 

М20 2,0 (20) 0,4 (4) 

М40 4,0 (40) 0,8 (8) 

М60 6,0 (60) 1,2 (12) 

М75 7,5 (75) 1,5 (15) 

М100 10,0 (100) 2,0 (20) 

 



 

56 
 
 
 
 

       According to the frost resistance, the processed materials and strengthened 

soils are divided into the following grades: F5, F10, F15, F25, F50, and F75. For 

the stamp on frost resistance, the set number of cycles of the freezing and 

thawing are determined, at which the reduction in compressive strength is not 

more than 25% of the rated strength in the design age. 

      In accordance with sub-clause 5.2.2 of O’zDSt 3074:2016 the compressive 

strength must meet the requirements specified in Table 2.13 [11]. 

Table.2.13 

Compressive Strength of roller-compacted concrete 

Mark Compressive strength, МPа (kgf/cm2) 

UB75 7,5 (75) 

UB100 10,0 (100) 

UB150 15,0 (150) 

UB200 20,0 (200) 

UB250 25,0 (250) 

UB300 30,0 (300) 

UB350 35,0 (350) 

      In accordance with sub-clause 3.1.8 of IKN 109-15 “…roller-compacted 

concrete is not carried out for flexural strength during calculation the strength of 

the layer (flexible pavement)…” [12].  

Technical requirements for CTB in International Standards 

      According to the Texas Department of Transportation’s (TxDOT) “Standard 

Specifications for Construction and Maintenance of Highways, Streets, and 

Bridges” for the Cement Treatment Base specified as below requirements: 

 For Mix Design (Road-Mixed). 

      The Engineer will determine the target cement content and optimum 

moisture content to produce a stabilized mixture that meets the strength 

requirements shown on the plans. The mix will be designed in accordance with  

Tex-120-E or will be based on prior experience with the project materials. The 
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Contractor may propose a mix design developed in accordance with  Tex-120-E. 

Meet strength requirements when shown on the plans. The Engineer will use  

Tex-120-E to verify the Contractor’s proposed mix design before acceptance. 

Reimburse the Department for subsequent mix designs or partial designs 

necessitated by changes in the material or requests by the Contractor.  

 For Mixing (Road-Mixed).  
 
      Thoroughly mix the material and cement using approved equipment. Mix 

until a homogeneous mixture is obtained. Sprinkle the treated materials during 

the mixing operation, as directed, to maintain optimum mixing moisture. Spread 

and shape the completed mixture in a uniform layer. After mixing, the Engineer 

may sample the mixture at roadway moisture and test in accordance with Tex-

101-E, Part III, to determine compliance with the gradation requirements in 

Table 2.13. When strength requirements are shown on the plans, the Engineer 

may sample the mixture to verify strength in accordance with Tex-120-E and 

adjust cement content to achieve the target strength for work going forward. 

Table 2.14 

Gradation Requirements Minimum % Passing                                          

Size  Base  Subgrade  

1-3/4″ (25.4-19.0 mm) 100 100 

3/4″   (19.0 mm) 85 85 

#4      (4.76 mm) – 60 

 

 For Compaction (Road-Mixed).  

      Compact the mixture in one lift using density control unless otherwise 

shown on the plans. Complete compaction within 2 hours after the application of 

water to the mixture of material and cement. Sprinkle the treated material in 

accordance with Item 204, “Sprinkling,” or aerate the treated material to adjust 

the moisture content during compaction so that it is within 2.0 percentage points 

of optimum as determined by  Tex-120-E. Measure the moisture content of the 

material in accordance with  Tex-115-E or Tex-103-E during compaction daily 
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and report the results the same day to the Engineer, unless otherwise shown on 

the plans or directed. Adjust operations as required. Begin rolling longitudinally 

at the sides and proceed towards the center, overlapping on successive trips by at 

least one-half the width of the roller unit. On superelevated curves, begin rolling 

at the low side and progress toward the high side. Offset alternate trips of the 

roller. Operate rollers at a speed between 2 and 6 mph, as directed. Before final 

acceptance, the Engineer will select the locations of tests in each unit and 

measure the treated depth in accordance with Tex-140-E. Correct areas deficient 

by more than 1/2 in. in thickness or more than 1/2% in target cement content by 

adding cement as required, reshaping, re-compacting, and refinishing at the 

Contractor’s expense. Remove or rework areas that lose required stability, 

compaction, or finish, as directed. When a section is reworked more than 4 hr. 

after completion of compaction, add additional cement as directed. Provide 

additional work and material at no additional cost to the Department. 

 For Density Control (Road-Mixed).  

      Achieve at least 95% of the maximum density determined in accordance 

with  Tex-120-E when compaction is complete. The Engineer will determine 

roadway density and moisture content in accordance with Tex-115-E. The 

Engineer may verify strength in accordance with Tex-120-E and adjust cement 

content to achieve the target strength for work going forward. Remove material 

that does not meet density requirements or rework by adding the target cement 

content, reshaping, re-compacting, and refinishing at the Contractor’s expense. 

 Mix Design (Plant-Mixed) 

      Using the materials proposed for the project, the Engineer will determine the 

target cement content and optimum moisture content necessary to produce a 

stabilized mixture meeting the strength requirements shown in Table 2.15 for the 

class specified on the plans. The mix will be designed in accordance with Tex-

120-E. The Contractor may propose a mix design developed in accordance with 

Tex-120-E. The Engineer will use  Tex-120-E to verify the Contractor’s 
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proposed mix design before acceptance. The Engineer may use project materials 

sampled from the plant or the quarry, and sampled by the Engineer or the 

Contractor, as determined by the Engineer. Limit the amount of asphalt concrete 

pavement to no more than 50% of the mix unless otherwise shown on the plans 

or directed [13]. 

Table 2.15 

Strength Requirements                                  

Class 7-Day Unconfined Compressive 
Strength, Min psi 

L 500 (35.15 kgf/cm2) 

M 300 (21.09 kgf/cm2) 

N As shown on the plans 

 

       In accordance with American Society for Testing and Materials (ASTM) 

D1635-00 “Standard Test Method for Flexural Strength of Soil-Cement Using 

Simple Beam with Third-Point Loading” required value and deviation for 

Flexural strength of CTB as below (table 2.16):  

Table 2.16 
Strength Requirements 

Cement Content 

Average 
Flexural 

strength, psi 
(kgf/cm2) 

Standard 
deviation, psi 

Coefficient 
of variation, 

% 

Specimens with 6% cement 94 (6.7) 6 6.4 

Specimens with 14% 157 (11.04) 9 5.7 

Length, calculate the modulus of rupture as follow: 

 R=PL/bd2 (2.2) 

Where: 

R=modulus of rupture, kPa (psi), 

P=maximum applied a load, N (lbf), 
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l= span length, mm (in), 

b= average width of the specimen, mm (in), and 

d= average depth of specimen, mm (in). 

If the fracture occurs outside the middle third of the span length by not more 

than 5% of the span length, calculate the modulus or rupture as follows: 

                      R=3Pa/bd2                               (2.3) 

Where: 

a= distance between the line of fracture and the nearest support, measured along 

the center line of the bottom surface of the beam. 

If the fracture occurs outside the middle third of the span by more than 5% of 

the span length, discard the results of the test [14].  
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2.3 Materials and CTB Testing 

       Two kinds of coarse aggregates were prepared to study. One is natural 

aggregate (from the gravel-sand mix) and the other is crushed aggregate. The 

crushed stone value, flakiness index, and elongation index, percent fractured 

face, clay content, clay in lumps, durability, Los Angeles abrasion and frost 

resistance were conducted in accordance with GOST 8269.0-97 “Crushed stone 

and gravel from dense rock and industrial waste for construction work. Methods 

of physical and mechanical testing”. The crushed stone values are shown in 

table 2.17.  

Table 2.17 

Test results of crushed aggregate                                                    

Name of Tests 
Requirements 

according to the 
GOST 8267-93 

Test Results of 
Crushed aggregate 

Flakiness Index and Elongation 
Index 

Maximum 25% 15.2 % 

Percent Fractured Face Minimum 80% 83.3% 

Clay Content Maximum 1% 0.88% 

Clay in lumps Maximum 0.25% 0.1% 

Durability (mark)  800 (13.1%) 

Los Angles Abrasion Up to 25% И-1 (10,5%) 

Frost resistance F100 F100 

      The test results show that the crushed aggregate meets with the requirements 

of GOST 8267-93. 

      The cement supplied by OHANGARONSEMENT” JSC is grade M400-DO 

Sulfate Resistance Portland Cement with the density of 3140 kg / m3. The 

Cement value, compressive strength setting time and others were conducted 

according to GOST 310.1-310.4 "Cement. Test Method. General.", "Cement. 

Methods of grinding fineness determination", "Cement. Methods for 



 

62 
 
 
 
 

determination of standard consistency, times of setting and soundness" and 

"Cement. Methods of bending and compression strength determination”. The 

cement test results are shown in table 2.18. 

Table 2.18 

Test results of cement                                                               

Name of Tests 
Requirements according 
to the GOST 22266-94 

Test Results of 
cement 

28 days Compressive strength  
MPa (kgf/cm2) 

39,2 (400) 40,3 (409) 

Setting time, h. min 

- Starting 

- Finish 

 

Not earlier than 0:45 

Not later than 10:00 

 

2-15 

4-25 

Fineness of cement 
(No.008),% 

Minimum 85 90 

sounding of cement, mm Shall comply complies 

Content of SO3,% Not more than 3.0 2.0 

Content of chloride-ion CL,% Not more than 0.1 0.06 

      A special chemical laboratory and equipment are required for testing cement 

clinker. Thus, the manufacture’s laboratory test results were used for research. 

The cement clinker test results are shown in table 2.19. 
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Table 2.19 

Test results of cement clinker 

Name of Tests 
Requirements 

according to the GOST 
22266-94 

Test Results of cement 

Aluminum oxide Not more than 5.0 4.78 

Magnesium oxide Not more than 5.0 2.28 

Alkali oxides As per contract 0.88 

Tricalcium silicate 

(3CaO SIO2) 

Not more than 50 49.78 

Tricalcium aluminate 

(C3A) 
Not more than 5.0 3.59 

Total tricalcium 

aluminate (3CaO 

AL2O3) and 

tetracalcium aluminate 

ferrite (4Ca AL2O3 

Not more than 22.0 19.85 

      The test results show that the cement including clinker meets the 

requirements of GOST 22266-94. 

      A special chemical laboratory and equipment are required for testing water. 

Thus, water was sampled in accordance with GOST 24481-80 and delivered to 

the Sanitary and Epidemiological Service laboratory. The water tested in 

accordance with GOST 3351-74, GOST 4245-72, GOST 4389-72, and GOST 

18164-72. The water test results are shown in table 2.20. 
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Table 2.20 

Test results of water 

Data Requirements acc. 

Standard 

Results  

Odor threshold 

20oC 

60oC 

 

Not more than 2 ball  

 

0 

0 

Smack  0 

Color index Maximum 30O 0 

Residue  no 

pH 6.5-8.5 7.7 

Oxidizability 6-7.0 - 

Azote in ammonia  Maximum 2 mg/l 0 

Azote in  nitrites  Maximum 3 mg/l 0.037 

Azote in  nitrates Maximum 45 mg/l 2.0 

Hardness Maximum 7.0 4.2 

Dry residue Maximum 1500 mg/dm3 230 

Chlorides  Maximum 350 mg/dm3 36 

Sulfates Maximum 500 mg/dm3 32 

      The test results show that the water meets the requirements of sub-clause 4.4 

of GOST 23558-94. 

     The mix design was prepared using 30% of crushed aggregate (CA) and 70% 

gravel sand mix (GSM). To analyze the gradation of the mix, sieve analysis 

were conducted in accordance with GOST 8269.0-97 and GOST 8735-88. The 

mix test results are shown in table 2.21. and graph 2.1.  
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Table 2.21 

Sieve analysis of CA with GSM 

                                                                                            

Prior to testing the above composition, many other compositions were tested: 

5% CA+95% GSM,  15% CA+ 85% GSM and 20% CA + 80% GSM.  But the 

results showed that these compositions are not optimal.   

      The figure 2.4. was composed based on the table 2.20. This graph shows that 

the test result line in between the minimum and maximum requirements lines.  It 

shows that the composition 30% of CA and 70% of GSM is optimal.    

Sieve 
No., 

(mm) 

Weight of 
Retained, 

(g) 

Percentage 
of Retained, 

(%) 

Total 
Weight of 
Retained, 

(g) 

Total 
Percentage 

of 
Retained, 

(%) 

Spec Limits, (%)

40 650,00 1,14 650,00 1,1 0,0 10,0 

20 14000,00 24,51 14650,00 25,6 20,0 40,0 

10 8560,00 14,99 23210,00 40,6 35,0 65,0 

5 8960,00 15,69 32170,00 56,3 50,0 80,0 

2,5 6551,00 11,47 38721,00 67,8 60,0 85,0 

1,25 5954,00 10,42 44675,00 78,2 70,0 90,0 

0,64 6270,00 10,98 50945,00 89,2 75,0 95,0 

0,315 4122,00 7,22 55067,00 96,4 80,0 97,0 

0,14 1004,00 1,76 56071,00 98,2 85,0 98,0 

0,005 933,00 1,63 57004,00 99,8 87,0 100,0 

Pan 118,00 0,21 57122,00 100,0 
  

Total 57122,00 
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Figure 2.2. Preparation for sieve analysis of GSM and CA 

 

Figure 2.3. Sieve analysis of GSM and CA 
 

 
 

Figure 2.4. Sieve analysis results of GSM with CA 
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      The main parameters to characterize CTB are the maximum dry density and 

the optimum moisture content (both obtained by means of the Modified Proctor 

test), the amount of cement and the minimum compressive strength. As the 

densities obtained vary as a function of the material/soil type (and other 

variables), instead of establishing a minimum density for cement-treated 

materials, in civil engineering, a percentage of the maximum dry density 

obtained with the Modified Proctor test is required.  With the negative impact of 

moisture content and the positive impact of moisture content, the optimum 

moisture content (OMC) corresponding to the maximum dry density (MDD) is 

ideal for the preparation of cement treated base course.  A compaction test is 

therefore undertaken as part of this study to determine the maximum modified 

dry density of the material in accordance with Test  Method  GOST 22733-2002.  

To determine the MDD and OMC, 6% cement (C) was added to the aggregates 

(30% CA +70% GSM). The results of the compaction test are shown in table 

2.22.  

 
                                                                                                 Table 2.22 

Maximum Dry Density and Optimum Moisture Content 
 

 

Wt. Rammer Ht. Drop No.of Layers No.of Blows Wt. Mold(g) Vol. Mold(cm³)

kg mm per layer 6570 981,25

Test No. 1 2 3 4 5 6

Wt.of Wet Soil + Mold g 8570 8705 8815 8830 8770 8745

Wt.of Wet Soil g 2000 2135 2245 2260 2200 2175

Wet Density g/cm3 2,038 2,176 2,288 2,303 2,242 2,217

Container No. 1 2 3 4 5 6

Wt.of Wet Soil + Container g 69,9 80,3 78,6 86,8 93,0 92,5

Wt.of Dry Soil + Container g 68,1 77,1 75,2 82,1 86,7 85,0

Wt.of Container g 22,2 21,7 31,54 31,28 30,8 26,1

Moisture Content % 4,0 5,7 7,9 9,3 11,3 12,7

Dry Density g/cm3 1,960 2,058 2,120 2,107 2,015 1,966

Maximum Dry Density (g/cm3) 7,92,120 Optimum Moisture Content  (%)

PROCTOR COMPACTION TEST
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            The figure  2.5. was composed based on the table 2.21. This graph shows 
the OMC is 7.9% and MDD is 2.21 g/cm3.  
 

 

Figure 2.5. MDD and OMC test results 

 If the soil contains large particles, which were removed from the sample before 

testing, then to take into account the influence of their composition, the 

maximum density of dry soil is adjusted by the formula:  

               (2.4) 

               (2.5) 

      Corrected MMD=2.21 g/cm3 and OMC=5.87 %.  As seen from the 

compaction test results, little variability in maximum modified dry density can 

be observed from varying cement content, where density can be estimated to 

remain constant at 2.221t/m3. 
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     However, the optimum moisture content corresponding to the tests show that 

the increasing cement content requires an increase in water content to achieve 

maximum compaction. This can be potentially explained with the 

conglomeration of fines, which affects the void ratio of the mix and the 

absorption of cement during the reaction process. Another explanation of this is 

that the free water available within the voids is consumed by the hydration 

process of cement. By interpolating the results from the compaction tests, the 

increase in OMC is approximately 0.18% for every 1% of cement as 

summarized in Table 2.23 below.  This corresponds well with the minimum 

required water-cement ratio as discussed earlier in this section. 

Table 2.23 

 Relationship between cement content and OMC                                        

Cement Content 1 2 3 4 5 6 

Optimum Moisture 

Content 
4.92 5.11 5.28 5.47 5.65 5.87 

 

 

Figure 2.6. Preparation for mix design 
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Procedure of Cement Treatment Base mix design 

      According to test results, MDD is 2221 kg/m3. This means 1 m3 consists of 

CA, GSM, and Cement. 

Estimation of components: 

(CA+GSM)+C= 2221kg/m3  ;  (CA+GSM)+ (CA+GSM)x0.06=2221kg/m3 ;  

1.06(CA+GSM)= 2221kg/m3 ;  (CA+GSM)=2095 kg/m3 ; 

CA=2095x0.3=628.5 kg/m3;   GSM=2095x0.7=1466.5 kg/m3;  

C= (CA+GSM) x0.06=126 kg/m3; W=2221x0.0587=130.2 kg/m3.  

Estimated consumption of materials per 1 m3: 

Crushed aggregate (CA) is 628.5 kg;  

Gravel sand mix (GSM) is 1466.5 kg;  

Cement (C) is 126.0 kg;  

Water (W) is 130.2 kg.  

      Based on the results of mix design and according to the sub-clause 6.1 of 

GOST 23558-94, the specimens were prepared, cured 28 days and tested. A 

cubic of size 15 cm x 15 cm x 15 cm was prepared in order to determine the 

Compressive strength (figure 2.7 and 2.8). A prism of size 15 cm x 15 cm x 60 

cm was prepared in order to determine the Flexural strength.  

 

 

Figure 2.7. Test for Compressive strength  
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Figure 2.7. Tested sample 
 

      The flexural strength (FS) was determined by the four-point flexural beam 

test. By means of this test, the samples were broken in a central section of 15 cm 

x 15 cm x 15 cm, where the bending moment was considered to be constant. 

Hence, the failure was verified to be produced by exceeding the tensile strength 

of the weakest section in the lower side of the specimen. In total, 75 FS tests 

were performed. It must be pointed out that the dimensions of the used samples, 

the weight of the mold and the compaction density made the operations difficult 

with the samples since each one weighted around 50 kg. This value was reduced 

to 25 kg when the test was carried out due to the removal of the mold and the 

moisture lost during the curing time. Nevertheless, these dimensions of the 

specimens were necessary for the selected maximum aggregate size (40 mm) to 

fulfill the requirements of the local standards for manufactured CTB. 

     The tests were conducted in accordance with the GOST 10180-2012 

“Concretes. Methods for strength determination using reference specimens”. 

The results of the compressive strength tests are shown in table 2.24 and flexural 

strength in table 2.25.  
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Table 2.24 

Test results of Compressive strength (with 6% cement) 

                                                                                        
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.25 

Test results of Flexural strength (with 6% cement)                                      

Number 
of 

Specimen 

Weight 
of 

specimen
(g) 

Density 
of 

specimens  
(g/sm3) 

Press 
result 
(KN)

Strength 
of 

concrete 
(kgf/sm2) 

Average 
strength   

(kgf/sm2) 

1 7690 2279 326,0 147,8 

149,8 

2 7720 2287 334,0 151,4 

3 7700 2281 338,2 153,3 

4 7715 2286 324,0 146,9 

5 7725 2289 280,6 127,2 

6 7710 2284 318,0 144,2 

7 7690 2279 354,0 160,5 

8 7695 2280 332,0 150,5 

9 7760 2299 344,0 155,9 

10 7680 2276 336,6 152,6 

11 7640 2264 334,8 151,8 

12 7715 2286 344,4 156,1 

Number 
of 

Specimen

Weight 
of 

specimen
(g) 

Density of 
specimens  

(g/sm3) 

Press 
result 
(KN)

Strength 
of 

concrete 
(MPa) 

Average 
strength   
(MPa) 

1 2 3 4 5 6 

1 30778 2,280 13,0 1,73  

 
2 30800 2,281 13,8 1,84 

3 30774 2,280 13,4 1,79 
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      The same tests as above were conducted with 5.5%, 5%, 4,5%, 4% and 3% 

of cement content. Consumption of materials per 1 m3 for 5.5%, 5%, 4,5%, 4% 

and 3% cement content is shown in table 2.26. 

  Table 2.26 

Consumption of materials per 1 m3 

Cement 
Content 

(%) 

Crushed 
aggregate 

(kg) 

Gravel 
Sand 

Mix (kg) 

Water 
(kg) 

Cement 
(kg) 

Remarks

6% 628.5 1466.5 130.2 126.0 

5.5% 631.5 1473.5 128.0 115.7 

5% 634.5 1480.5 125.4 105.7 

4.5% 637.6 1487.7 123.5 95.6 

4% 640.6 1494.9 121.4 85.42 

3% 647.0 1501 117.2 65.0 

 

Compressive and flexural tests were prepared and conducted based on the above 

compositions. Summary of average test results are shown in table 2.27.  

 

1 2 3 4 5 6 

4 30778 2,280 11,0 1,47 

 

5 30810 2,282 12,8 1,71 

6 30790 2,281 14,0 1,87 

7 30798 2,281 13,6 1,81 

8 - - 13,4 1,79 

9 - - 13,0 1,73 

10 - - 12,8 1,71 

11 - - 13,2 1,76 

12 - - 13,0 1,73 
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Table 2.27 

Summary of average test results                                                      

Cement 
content 

Average 
Compressive 

strength 
(kgf/cm2) 

Average 
Flexural 
strength 
(Mpa) 

Curing days 

6.0% 149.8 1.74 28-days 

5.5% 134.7 1.60 28-days 

5.0% 114.7 1.42 28-days 

4.5% 93.2 1.07 28-days 

4% 80.4 0.89 28-days 

3% 51.1 0.62 28-days 

To analyze the frost resistance of CTB were conducted tests in accordance with 

GOST 10060-2012. The results of frost resistance of CTB are shown in table 

2.28. 

Table 2.27 

Test results of frost resistance  

Measured value 
Standard 

requirements 
Test results Remarks 

1 2 3 4 

Frost resistance 
grade by 

appearance of the 
main samples 
after testing 

Cracks, chips and 

peeling of ribs are 

not allowed 

No (missing) Missing 

Frost resistance 
grade by loss of 

weight of the 
main samples 

Loss of weight of 
samples shall not 

exceed 2% 

Decrease in 
samples weight 
(after 25 cycles) 
From 0.52% to 

1.3% 

Conforms to    

F-25 
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1 2 3 4 

Frost resistance 
grade by loss of 
strength in MPa 

The samples are 
consider to pass the 

testing of frost 
resistance of the 

proportion Mmin 
II ≥ 

0.9 xMmin
I is kept 

0.9 x Mmin
I=16.5 

Mmin 
II= 17.9 

Conforms to    

F-25 

     The samples have passed 25 cycles by the first method under temperature 

(18±2) oC, which conforms to the frost resistance grade F 25.  
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Conclusions on the CHAPTER II 

       Conclusion of the chapter 2nd summarized as follow: 

- CTB manufactured in situ is a sustainable road construction technique that 

adds cement and water to the GSM or material placed on or near the road to 

improve its characteristics, achieving a more resistant material. A higher 

proportion of cement would give greater resistance in the long term but would 

increase the probability of cracking failure. Therefore, the amount of cement is 

usually limited to the one that guarantees the minimum value of the CS; 

- This research was carried out for a GSM and crushed aggregate with a 

maximum aggregate size of 40 mm, without organic materials and soluble 

sulfate. Gravel sand mix and crushed aggregate were tested according to the 

GOST 8267 and GOST8736. The test result shows the materials meet the 

requirements of GOST 23558. Cement was tested in accordance with 

requirements of GOST 22266;  

- For the determination of dosages, each material conducted maximum dry 

density and optimum moisture content tests according to the GOST 22733. Six 

types of mix design were calculated using the above test results;    

- Cement was added between 3% to 6% and water 5% to 6%. With these 

values, a maximum dry density of 2.21 g/cm3 was obtained and CS at 28-days 

was 160 kgf/cm2 – 44 kgf/cm2; 

- For establishing these correlations, 75 prismatic samples of 15 cm x 15 

cm x 60 cm were manufactured and were tested in the four-point beam test for 

determining the FS. In total, over 150 samples were tested for the CS and FS. 
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CHAPTER III. RECOMMENDATION OF RATIO BETWEEN 
COMPRESSIVE AND FLEXURAL STRENGTH ON CTB 

3.1 Mathematic Statistics and data analysis 

     An experimental data processing was carried out to determine the 

interrelation between compressive strength and flexural strength.  

      Correlation analysis shows the degree of connection between two variables, 

x and y. In our case, Xi is compressive strength test results and Yi is flexural 

strength test results, which are shown in the Table 3.1 

 Table 3.1 

Experimental data                                                                

No.1 Xi Yi ࢄഥ ࢅഥ ࢅࢄതതതത ࢏ࢄ
૛ ࢏ࢅ

૛ 

1 2 3 4 5 6 7 8 

1 147,79 17,68 102,96 12,68 2612,87 21840,90 312,58 

2 151,41 18,77 102,96 12,68 2841,73 22926,00 352,24 

3 153,32 18,22 102,96 12,68 2794,06 23506,20 332,11 

4 146,88 14,96 102,96 12,68 2197,32 21573,73 223,80 

5 127,21 17,41 102,96 12,68 2214,39 16181,20 303,04 

6 144,16 19,04 102,96 12,68 2744,81 20782,11 362,52 

7 160,48 18,50 102,96 12,68 2968,24 25753,83 342,10 

8 150,51 18,22 102,96 12,68 2742,83 22652,26 332,11 

9 155,95 17,68 102,96 12,68 2757,14 24319,36 312,58 

10 152,59 17,41 102,96 12,68 2656,32 23284,32 303,04 

11 151,78 17,95 102,96 12,68 2724,68 23035,95 322,27 

12 156,13 17,68 102,96 12,68 2760,34 24375,95 312,58 

13 133,73 17,14 102,96 12,68 2291,65 17884,60 293,64 

14 134,19 17,68 102,96 12,68 2372,42 18006,06 312,58 

15 134,46 17,41 102,96 12,68 2340,66 18079,13 303,04 

16 128,11 17,14 102,96 12,68 2195,33 16412,68 293,64 

17 138,81 12,24 102,96 12,68 1699,04 19268,40 149,82 

18 138,18 15,78 102,96 12,68 2179,86 19092,61 248,88 

19 134,46 17,41 102,96 12,68 2340,66 18079,13 303,04 

20 134,19 17,14 102,96 12,68 2299,42 18006,06 293,64 

21 133,55 15,50 102,96 12,68 2070,59 17836,14 240,37 
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1 2 3 4 5 6 7 8 

22 129,11 16,59 102,96 12,68 2142,18 16669,22 275,29 

23 143,16 16,05 102,96 12,68 2297,47 20495,55 257,54 

24 113,33 13,87 102,96 12,68 1572,16 12844,44 192,43 

25 49,87 15,50 102,96 12,68 773,13 2486,68 240,37 

26 126,03 17,14 102,96 12,68 2159,59 15882,72 293,64 

27 126,93 15,78 102,96 12,68 2002,50 16112,07 248,88 

28 108,80 14,14 102,96 12,68 1538,87 11837,44 200,05 

29 90,67 13,60 102,96 12,68 1233,07 8220,44 184,96 

30 116,96 14,69 102,96 12,68 1717,91 13679,64 215,74 

31 117,87 13,87 102,96 12,68 1635,05 13892,55 192,43 

32 116,05 13,60 102,96 12,68 1578,33 13468,38 184,96 

33 115,15 13,33 102,96 12,68 1534,67 13258,75 177,64 

34 112,43 13,33 102,96 12,68 1498,42 12639,76 177,64 

35 119,68 14,42 102,96 12,68 1725,31 14323,30 207,82 

36 116,96 14,96 102,96 12,68 1749,72 13679,64 223,80 

37 117,87 16,59 102,96 12,68 1955,64 13892,55 275,29 

38 118,77 11,97 102,96 12,68 1421,48 14107,10 143,23 

39 124,21 15,23 102,96 12,68 1892,02 15428,95 232,01 

40 122,40 14,14 102,96 12,68 1731,23 14981,76 200,05 

41 125,12 14,69 102,96 12,68 1837,76 15655,01 215,74 

42 88,85 12,51 102,96 12,68 1111,73 7894,91 156,55 

43 81,60 10,34 102,96 12,68 843,42 6658,56 106,83 

44 83,41 9,25 102,96 12,68 771,41 6957,78 85,53 

45 79,79 11,70 102,96 12,68 933,18 6365,91 136,80 

46 68,00 9,79 102,96 12,68 665,86 4624,00 95,88 

47 85,23 10,61 102,96 12,68 904,08 7263,58 112,53 

48 81,69 10,88 102,96 12,68 888,79 6673,37 118,37 

49 80,06 10,61 102,96 12,68 849,26 6409,39 112,53 

50 77,43 10,06 102,96 12,68 779,25 5995,30 101,28 

51 76,16 14,69 102,96 12,68 1118,64 5800,35 215,74 

52 76,43 9,25 102,96 12,68 706,84 5841,85 85,53 

53 86,31 11,15 102,96 12,68 962,58 7450,22 124,37 

54 88,85 9,25 102,96 12,68 821,72 7894,91 85,53 

55 81,60 9,52 102,96 12,68 776,83 6658,56 90,63 

56 83,41 8,70 102,96 12,68 726,03 6957,78 75,76 
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Determine mean of dataset  

തܺ ൌ
∑ ௜ܺ

݊
ൌ
7721.90
75

ൌ 102.96;													 

തܻ ൌ
∑ ௜ܻ

݊
ൌ
950.64
75

ൌ 12.68 

ܻܺതതതത ൌ
∑ ௜ܺ ௜ܻ

݊
ൌ
107614.68

75
ൌ 1434.86 

Determine variance  

ሻݔሺܦ ൌ
∑ ௜ܺ

ଶ

݊
െ തܺଶ ൌ

883698.93
75

െ 10600.48 ൌ 1182.17 

1 2 3 4 5 6 7 8 

57 79,79 9,25 102,96 12,68 737,87 6365,91 85,53 

58 68,00 5,44 102,96 12,68 369,92 4624,00 29,59 

59 85,23 9,52 102,96 12,68 811,36 7263,58 90,63 

60 81,69 9,79 102,96 12,68 799,92 6673,37 95,88 

61 80,06 9,52 102,96 12,68 762,16 6409,39 90,63 

62 77,43 7,89 102,96 12,68 610,76 5995,30 62,22 

63 76,16 8,16 102,96 12,68 621,47 5800,35 66,59 

64 76,43 9,25 102,96 12,68 706,84 5841,85 85,53 

65 54,49 6,80 102,96 12,68 370,54 2969,23 46,24 

66 45,33 6,53 102,96 12,68 295,94 2055,11 42,61 

67 38,99 4,08 102,96 12,68 159,07 1519,96 16,65 

68 63,47 5,98 102,96 12,68 379,78 4028,02 35,81 

69 53,49 6,26 102,96 12,68 334,65 2861,54 39,14 

70 48,42 7,07 102,96 12,68 342,40 2344,11 50,01 

71 49,96 6,80 102,96 12,68 339,71 2495,74 46,24 

72 53,49 6,53 102,96 12,68 349,20 2861,54 42,61 

73 52,86 5,44 102,96 12,68 287,55 2794,04 29,59 

74 53,77 7,34 102,96 12,68 394,85 2890,71 53,93 

75 44,79 6,26 102,96 12,68 280,20 2006,08 39,14 
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ሻݕሺܦ ൌ
∑ ௜ܻ

ଶ

݊
െ തܻଶ ൌ

13341.61
75

െ 160,66 ൌ 17.23 

 

Determine standard deviation of dataset  

ሻݔሺߪ ൌ ඥܦሺݔሻ=√1182.17=34.38	

ሻݕሺߪ ൌ ඥܦሺݕሻ ൌ √17.23 ൌ 4.15 

Determine correlation coefficient  

r୶୷ ൌ
x ∗ yതതതതതത െ xത ∗ yത
σሺxሻ ∗ σሺyሻ

ൌ
1434.86 െ 102.96 ∗ 12.68

34.38 ∗ 4.15
ൌ 0.91 

Determine regression equation   

Y୶ ൌ r୶୷
x െ xത
σሺxሻ

σሺyሻ ൅ yത ൌ 0.91
Х െ 102.96
34.38

∗ 4.15 ൅ 12.68

ൌ 0,11ሺХ െ 102.96ሻ ൅ 12.68 ൌ 0.11Х ൅ 1.36 

ܠ܇ ൌ ૙. ૚૚܆ ൅ ૚. ૜૟ 

Determine regression coefficient   

k = a = 0.11 

Determination factor   

R 2 =0.912=0.82 

The correlation coefficient is 0.91. Thereupon correlation rate is high.  

The graph 3.1 was prepared based on the above test results and data processing. 

According to the results of above experimental data processing, the Equation 3.1 

can model the relationship between the CS and FS. 

 

FS=0.11xCS+1.36             (3.1)
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                                 Graph 3.1. Relationship between Compressive and Flexural strength  
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3.2   Recommended technical requirements for CTB 

      According to the research results, we recommend the following criteria for 

Cement Treatment Base (CTB): 

      For the mark M10 strength the Compressive Strength (CS) is 10 kgf/cm2 

and Flexural strength (FS) is according to the results of mix design tests;   

-  M20 Compressive Strength (CS) is 20 kgf/cm2  and Flexural strength (FS) 

is according to the results of mix design tests;   

- M30 Compressive Strength (CS) is 30 kgf/cm2  and Flexural strength (FS) 

is according to the results of mix design tests;   

- M40 Compressive Strength (CS) is 40 kgf/cm2  and Flexural strength (FS) 

is according to the results of mix design tests;   

      On the marks M10, M20, M30 and M40 the cement content is very little and 

therefore, preparation (making) of sample for the FS (15X15X60) is very 

difficult. In addition, with little content of cement, it is easy to damage (break) 

the sample during preparation, transportation or testing. A large human factor 

aspect is shown for these marks of FS. Thus, we recommend the compliance of 

the above FS marks with the requirements shall not be required or be according 

to the results of mix design.   

- M60 Compressive Strength (CS) is 60 kgf/cm2  and Flexural strength 

(FS) is  7 kgf/cm2; 

- M75 Compressive Strength (CS) is 75 kgf/cm2  and Flexural strength 

(FS) is  9 kgf/cm2; 

- M100 Compressive Strength (CS) is 75 kgf/cm2  and Flexural strength 

(FS) is  12 kgf/cm2; 

      Literature abroad research and some international standards show that for 

CTB from 4% to 14% cement adding are rational.  Thus, we recommend CTB 

marks increase up to M200. However, during the construction of CTB the 

SHNK 2.05.02-07's requirements shall be fulfilled. 
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In accordance with sub-clause 7.12 of “In bases of concrete class B12.5 and 

above, it is necessary to provide for longitudinal and transverse compression and 

expansion joints”  So, according to the results of the research, we propose the 

following requirements table, which shows the relationship between marks of 

CS and FS (table 3.2):  

Table 3.2 

Proposed requirements  

Mark 

for 

strength 

Compressive 

strength, 

(kgf/cm2) 

Flexural 

strength, 

(kgf/cm2) 

  

Mark 

for 

strength

Compressive 

strength, 

(kgf/cm2) 

Flexural 

strength, 

(kgf/cm2) 

  

М10  1,0 (10) 0,2 (2) М10  1,0 (10) Acc. Mix 

design  

М20  2,0 (20) 0,4 (4) М20  2,0 (20) Acc. Mix 

design  

М40  4,0 (40) 0,8 (8) М40  4,0 (40) Acc. Mix 

design  

М60  6,0 (60) 1,2 (12) М60  6,0 (60) 0,7 (7 ) 

М75  7,5 (75) 1,5 (15) М75  7,5 (75) 0,9 (9) 

М100  10,0 (100) 2,0 (20) М100  10,0 (100) 1,2 (12) 

- - - М120  12 (120) 1,4 (14) 

- - - М150 15 (150) 1,8 (18) 

- - - М180 18 (180) 2,0 (20) 

- - - М200 20 (200) 2,3 (23) 
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3.3 Recommendations for adjustment of payment considering the 
strength results and thickness of a layer 

      According to the sub-clause 6.40 of SHNK 3.06.03-08 “In order to control 

the strength, the mixture is sampled and three samples of 250 m3 are taken.  A 

deviation from the required strength indicators is permitted as follows: 

- In the preparation of mixtures in quarry mixing plants – not more than ± 

8%; 

- In the preparation of mixtures by a single-pass soil mixing machine – not 

more than ± 15%; 

- In the preparation of mixtures by road harrow — not more than ± 25%.” 

[15].   

However, there is no information or requirements regarding adjustment of 

payments based on strength characteristics or compaction ratio.    
     Based on the results of research and study of foreign practice, we recommend 

the following criteria for Cement Treatment Base (CTB):  

Adjustment of payment based on CS and FS results 

      The strength level of CTB will be considered satisfactory if the averages of 

all sets of minimum three [3] consecutive strength test results equal or exceed 

the specified strength, and no individual strength test result is deficient by more 

than 15% of the specified strength.   

      CTB deemed to be not acceptable using the above criteria may be rejected 

unless the Contractor can provide evidence, by means of core tests, that the 

quality of CTB represented by failed test results is acceptable in place. At least 

three representative cores shall be taken from each member or area of CTB in 

place that is considered deficient. The location of cores shall be determined by 

the Supervisor/Engineer so that there will be at least impairment of strength of 

the structure. The obtaining and testing of drilled cores shall be in accordance 

with local standards.  
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      CTB in the area represented by the cores will be considered adequate if the 

average strength of the cores is equal to at least 85% of, and if no single core is 

less than 75% of, the specified strength. 

      If the strength of control specimens does not meet the requirements of 

standards/design, and it is not feasible or not advisable to obtain cores from the 

structure due to structural considerations, payment of the CTB shall be made at 

an adjusted price due to strength deficiency of CTB specimens as specified 

hereunder (table 3.3):  

Table 3.3 

Price adjustment 

                                                                                       
    

 
 
 
 
 
 
 
 
 

Adjustment of payment based on CTB thickness 

      When the measurement of any core is less than the specified thickness by 

more than 25 mm, the actual thickness of the CTB in this area shall be 

determined by taking additional cores at no less than 5 m intervals parallel to the 

center line in each direction from the affected location until a core is found in 

each direction, which is not deficient in thickness by more than 25mm. The 

thickness of the remained of the segment to be used to get the average thickness 

of each lot shall be determined by taking the average thickness of additional 

cores which are not deficient by more than 25 mm.  

       

Deficiency in the strength of CTB 
specimens, percent (%) 

Percent (%) of contact or bill of 
quantity price allowed  

Less than 5 100% 

5 to less than 10 85% 

10 to less than 15 75% 

15 to less than 20 65% 

20 to less than 25 Remove and replace  or 50% 

25 or more Remove and replace   
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When the average thickness of the CTB per lot is deficient, payment for the lot 

shall be adjusted as follow (table 3.4):  

Table 3.4 

Adjustment for thickness                                                            

Deficiency in the average 
thickness per lot (mm) 

Percent (%) of contact or bill of 
quantity price per lot 

0 - 5 100% 

6 - 10 95% 

11- 15 85% 

16 - 20 70% 

21- 25 Remove and replace  or 50% 

More than 25 Remove and replace 
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3.4 Evaluation of the effectiveness of research results 

     During active cement hydration in the days following compaction, CTB 

layers are prone to transverse shrinkage cracking, which is often later manifest 

as reflective cracking in the wearing course. These cracks are initially a 

cosmetic problem but, if wide enough, may allow water to infiltrate and weaken 

the pavement. Autogenously shrinkage occurs in the CTB due to self-

desiccation during cement hydration, and drying shrinkage occurs as a result of 

water evaporation into the surrounding environment. High-severity shrinkage 

has been linked to many factors, including high fines content, poor compaction, 

excessive compaction moisture, inadequate moist curing, and high cement 

content.  

    After cement hydration is substantially complete and the layer is in service, 

the governing CTB failure mechanisms are dependent on the layer stiffness. 

Bases with a higher cement content and therefore higher stiffness behave as 

rigid systems, capable of bearing traffic loads and evenly distributing these loads 

to the subgrade. The primary failure in these cases is the widening of shrinkage 

cracks due to thermal cycling and load-induced degradation around these cracks. 

Load-induced fatigue cracking may also occur if the layer is too thin. As the 

cement content and stiffness decrease, the base begins to behave more as a 

flexible system. Though transverse and fatigue cracking is still a concern, other 

failure types begin to govern performance. Once the CTB is significantly 

distressed, further deterioration associated with water infiltration can occur. 

Under trafficking, fines can be pumped out of the layer, leaving only coarser 

aggregate in the base. The removal of fines results in decreased aggregate 

interlock, causing poor load transfer and additional structural deterioration. The 

end result of CTB failure is increased pavement roughness and unacceptable 

ride quality. 

 
 



 

88 
 
 
 
 

        The proper design of CTB is a balance between achieving suitable strength 

and durability and minimizing the risks of shrinkage cracking. In the past, the 

mindset “stronger is better” often governed design, so cement contents around 6 

to 8 percent were frequently used [3]. 

         According to the sub-clause 4.1.1 of GOST 23558-94, the required 

compressive strength for the mark M75 is 75 kgf/cm2 and flexural strength is 15 

kgf/cm2. But, in practice for achieving flexural strength of 15 kgf/cm2, the CTB 

compressive strength shall be around 120 kgf/cm2 ~ 130 kgf/cm2. This means to 

achieve the required flexural strength, input/adding of more cement content is 

required. However, as previously discussed, these high cement contents can lead 

to excessive shrinkage cracking and poor pavement performance. Many 

researchers, therefore, recommend limiting the cement content or design 

strength to minimize shrinkage.     

      In order to achieve the mark M75, we recommend establishing the 

compressive strength 75 kgf/cm2 and flexural strength 9 kgf/cm2. This 

requirement will ensure that the required strength with optimum cement content 

is met. So, to achieve the compressive strength of 120 kgf/cm2 ~ 130 kgf/cm2, 

115 kg to 120 kg of cement is required for 1m3 of CTB. To achieve the 

compressive strength of 75 kgf/cm2, 80 kg to 85 kg of cement is required for 

1m3 of CTB. As a result, an average of 35 kg of cement is saved per 1m3 of 

CTB. If the thickness of CTB is 20 cm, 23 000 m3 of CTB material 

(0,2x11,5x1000=23 000 m3) will be required for 1 km of the 1st category road 

with 11,5 m wide lane. In total, 805 000 kg (23000x35=805 000) of cement will 

be saved per each 1 km of road. Considering that 1 kg of cement costs 700 UZB 

SUM including transportation, 563 500 000 UZB SUM will be saved per each 1 

km of road.   
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Conclusions on the CHAPTER III 

      From the above results, the following conclusions can be obtained:                 

- the relationship between the CS and FS was determined with the 28-day 

samples. Using the above equation, the FS 28-days test results can be estimated 

from the values of the CS. The results show that the local standard specifications 

are required to be modified. Especially for the requirements of CS and FS; 

- Also, in local standards there is no information or requirements regarding 

the adjustment of payments based on strength characteristics or compaction ratio 

and thickness of CTB. For solving this matter price adjustment is proposed 

based on strength and thickness deficiency of CTB; 

- It was found that using the research results 563 500 000 UZB SUM can be 

saved per each 1 km road. In additional, high-severity shrinkage has been linked 

to many factors, one of the factors is high cement content.  High cement 

contents can lead to excessive shrinkage cracking and poor pavement 

performance. Many researchers, therefore, recommend limiting the cement 

content or design strength to minimize shrinkage cracking.  Using the research 

results equation during CTB design (supervision and construction) allows 

minimizing the cement content of CTB and shrinkage cracking.    
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Results Obtained and General Conclusions 

      General conclusion  summarized as follow: 

- pavements with Cement Treatment Base will be much stronger and more 

rigid than an unsterilized, granular base. Cement Treatment Base thicknesses are 

less than those required for granular bases carrying the same traffic. It can 

distribute loads over a wider area, reducing the stresses on the subgrade and 

acting as the load-carrying element of flexible pavement or a sub-base for 

concrete. Nowadays, Cement Treatment Base is used almost for the whole 

Uzbek National Highway;                                                                                           

- As mentioned-above, Uzbekistan is performing many road constructions 

works based on international biddings. At the same time, many large 

international construction companies are working in Uzbekistan. This calls for a 

revision of our national standards.  

- During the literature review, no studies were found on the relationship 

between compressive strength and flexural strength. These two characteristics 

are the most important data for quality control and quality assurance.  

- To determine the relationship between CS and FS, many tests were 

carried out on GSM, crushed aggregate, cement and water.   

-  In total, over 150 samples were tested for establishing these correlations. 

- The relationship between the CS and FS was determined with the 28-day 

samples. Using the above equation, the FS 28-days test results can be estimated 

from the values of the CS. The results show that the local standard specifications 

are required to be modified. Especially for the requirements of CS and FS. 

- In local standards there is no information or regalements regarding the 

adjustment of payments based on strength characteristics or compaction ratio 

and thickness of CTB. For solving this matter price adjustment is proposed 

based on strength and thickness deficiency of CTB.  

- It was found that using the research results 563 500 000 UZB SUM can be 

saved per each 1 km road. In additional, using the research results equation 
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during CTB design (supervision and construction) allows minimizing the 

cement content of CTB and shrinkage cracking. 
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Appendix 

 
ABBREVIATIONS 
 

AASHTO American Association of State Highway and Transportation 
Officials 

 
ASTM  American Standard of Testing and Materials 
 
GOST Local Standard (state standard) 
 
IKN Local Department Standards and Rules 
 
QA Quality Assurance 
 
QC Quality Control 
 
ShNK Local Urban Planning Standards and Rules 
 
CTB Cement Treatment Base  
 
O’zDSt Uzbekistan National Standard 
 
GSM                     Gravel Sand Mix 
 
CA                        Crushed Aggregate 
 
CS                        Compressive Strength 
 
FS                         Flexural Strength   
 
OMC                    Optimum Moisture Content 
 
MDD                    Maximum Dry Density 
 
 
 
 
 


















































