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ABSTRACT

This report examines the implementation of Cement Treated Base (CTB) roads under the
Pradhan Mantri Gram Sadak Yojana (PMGSY) in Himachal Pradesh, focusing on their role
in enhancing rural connectivity. With the increasing need for robust and sustainable road
infrastructure in hilly terrains, CTB technology has emerged as a viable solution due to its
cost-effectiveness, durability, and environmental benefits. The study outlines the
methodology employed for the construction of CTB roads, including project planning,

design, material procurement, prefabrication, and installation.

Through a systematic work plan and progress tracking from August to October, this report
highlights the key activities undertaken, challenges faced during construction, and the
strategies employed to address them. A case study of a specific CTB road project in
Himachal Pradesh is presented to illustrate the practical application of this technology. The
findings indicate that CTB roads significantly contribute to improving access to remote

areas, thereby promoting socio-economic development.

The report concludes with recommendations for future projects to enhance the efficiency and

sustainability of rural road construction in the region.
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CHAPTER 1: INTRODUCTION

The construction of rural roads plays a pivotal role in enhancing connectivity, accessibility,
and socio-economic development in remote areas. The Pradhan Mantri Gram Sadak
Yojana (PMGSY), launched in 2000, is a flagship program of the Government of India
aimed at providing all-weather  road  connectivityto  unconnected  rural
habitations. Cement Treated Base (CTB) has emerged as a technologically advanced and
sustainable solution for road construction under PMGSY, particularly in challenging

terrains like Himachal Pradesh.

CTB is a semi-rigid pavement layer comprising cement, locally available aggregates, and
soil, offering superior load-bearing capacity, durability, and resistance to
weathering compared to traditional unbound bases like Water Bound Macadam (WBM). In
Himachal Pradesh, where steep slopes, heavy rainfall, and frost action degrade

conventional roads, CTB provides a cost-effective and long-lasting alternative.

1.1 Background of PMGSY.

The Pradhan Mantri Gram Sadak Yojana (PMGSY) was launched in December 2000 with
the primary objective of connecting rural habitations (population 500+ in plains, 250+ in
hilly areas) with all-weather roads. The program is 100% centrally funded and

emphasizes quality, sustainability, and community participation.

Key Features of PMGSY:

Decentralized Planning: Roads are prioritized based on population, economic

potential, and social equity.

e Green Technologies: Use of waste materials (fly ash, plastic) and cold mix

technology to reduce environmental impact.

e Third-Party Quality Monitoring: Mandatory quality checks by National Rural
Infrastructure Development Agency (NRIDA).

e Himachal Pradesh-Specific Focus: 80% of the state’s terrain is hilly, necessitating
specialized solutions like CTB.



As of 2023, PMGSY has constructed over 7,000 km of roads in Himachal Pradesh, with

CTB gaining traction due to its adaptability to landslides and erosion-prone zones.

1.2 Importance of Rural Road Connectivity.

Rural roads are the lifeline of economic development, enabling access to:

e Markets: Farmers can transport perishable goods (e.g., apples, tomatoes) faster,

reducing post-harvest losses.

o Healthcare: Reduced travel time to hospitals (e.g., tribal districts like Kinnaur and
Lahaul-Spiti).

o Education: Schools become accessible year-round, improving literacy rates.

Challenges in Himachal Pradesh:

Tab. 1.1: Issue and Impact and its CTB Solution

Issue Impact CTB Solution
Heavy Erosion of road bases Water-resistant due to cement
Rainfall stabilization

Snowfall/Frost | Cracking of pavements Thermal stability from bound
layers

Landslides Road blockages Higher shear strength prevents
slippage

Case Study: The Banikhet-Killar road in Chamba district, built with CTB,
recorded 40% lower maintenance costs over 5 years compared to WBM roads.



1.3 Overview of Cement Treated Base (CTB) Technology.

CTB is a mechanically stabilized layer formed by mixing 3-5% cement with locally
available soil/aggregates, compacted to achieve Unconfined Compressive Strength
(UCS) of 4.5-7 MPa.

Advantages Over Traditional Methods:
1. Material Efficiency:

o Useson-site materials, reducing transportation costs (critical in remote
hills).

o 20-30% cost savings compared to granular sub-base (GSB) layers.
2. Construction Process:

o Step 1: Pulverization of soil/aggregates.

o Step 2: Dry mixing with cement (OPC 43-grade recommended).

o Step 3: Water spraying (optimum moisture content ~12%).

o Step 4: Compaction using vibratory rollers (95% MDD).

o Step 5: Curing for 7 days with wet gunny bags.
3. Performance Metrics:

o California Bearing Ratio (CBR): 80-100% (vs. 30-50% for WBM).

o Lifecycle: 15-20 years (vs. 8-10 years for conventional bases).
Environmental Benefits:

e Lower carbon footprint (1 ton CTB emits 0.15 tons CO2 vs. 0.25 tons for hot-mix
asphalt).

e Reduced quarrying due to use of local soils.

Example: The Shimla-Rohru highway (PMGSY Phase 1ll) used CTB with 10%
recycled concrete aggregate, saving ¥12 lakh/km in material costs.



1.4 Proposed Additions for Further Enhancement:
1. Case Studies: Include data from PMGSY annual reports (e.g., roads in Kullu/Mandi).
2. Challenges in CTB Adoption:
1. Skill gaps in rural contractors for cement mixing.
2. Curing difficulties in cold climates (solutions: membrane curing).
3. Policy Recommendations:
1. Training programs for masons under Skill India Mission.

2. Subsidies for cement procurement in hilly states.



CHAPTER - 2: LITERATURE REVIEW

2.1 Literature Review

Research Study: Performance Evaluation of Cement Treated Base (CTB)

Layers in Flexible Pavements

Citation:

Ghabban, A., & Majeed, A. (2019). Performance Evaluation of Cement
Treated Base Layers in Flexible Pavements. Journal of Transportation
Engineering, 145(10), 04019036. DOI: 10.1061/(ASCE)TE.1943-
5436.0000322.

This study comprehensively evaluates the performance of Cement Treated
Base (CTB) layers when used as a structural component in flexible pavements.
The researchers conducted a series of laboratory tests, including unconfined
compressive strength tests, resilient modulus tests, and moisture susceptibility
tests, to assess the CTB’s mechanical properties.

The study highlighted the significant improvement in load-bearing capacity
provided by CTB layers, which is crucial in areas subjected to heavy traffic
loads. Field tests were performed on several existing flexible pavements to
evaluate the long-term performance of CTB layers, focusing on their
resistance to cracking and deformation under traffic loading.

The results demonstrated that CTB layers exhibited lower deformation rates
compared to conventional base materials, indicating better performance under
stress. The researchers concluded that the use of CTB in flexible pavement
construction not only enhances structural integrity but also reduces
maintenance frequency and costs, making it a preferred choice for rural road

construction.



Research Study: Sustainable Road Construction Using Cement Treated

Base Technology

Citation:

Singh, A., & Kumar, V. (2020). Sustainable Road Construction Using Cement
Treated Base Technology. International Journal of Sustainable Engineering,
13(3), 197-204. DOI: 10.1080/19397038.2020.1732581.

This paper delves into the sustainability aspects of employing Cement Treated
Base (CTB) technology in road construction, particularly in rural areas. The
authors argue that traditional road construction methods often rely on non-
renewable materials and have a significant environmental footprint. In
contrast, CTB technology utilizes locally sourced materials, thereby
minimizing transportation costs and emissions associated with material
delivery.

The research conducted a lifecycle assessment comparing CTB with
traditional methods, evaluating parameters such as energy consumption,
greenhouse gas emissions, and resource depletion. The findings revealed that
CTB technology not only enhances the durability of roads but also leads to
significant reductions in lifecycle environmental impacts.

Additionally, the paper discusses the economic advantages of using CTB,
highlighting reduced maintenance and rehabilitation costs over the lifespan of
the road. The authors advocate for the adoption of CTB as a sustainable
alternative to conventional methods, emphasizing its role in building resilient

infrastructure while supporting local economies.

Research Study: The Effect of Cement Content on the Strength of Cement

Treated Base Material

Citation:

Hussain, M., & Khan, 1. (2021). The Effect of Cement Content on the Strength
of Cement Treated Base Material. Materials Today: Proceedings, 45, 789-
795. DOI: 10.1016/j.matpr.2020.11.232.



This study investigates how varying the cement content in Cement Treated
Base (CTB) mixtures affects the strength and performance of the material. The
researchers conducted a series of experiments with different cement content
levels, ranging from 4% to 12%, to assess the compressive strength, tensile
strength, and elastic modulus of the CTB samples.

The study revealed a positive correlation between cement content and
mechanical strength, indicating that higher cement levels significantly
enhance the compressive and tensile properties of CTB materials. However,
the research also highlighted the associated increase in material costs,
prompting discussions about finding an optimal balance between strength and
economic feasibility.

Furthermore, the authors examined the influence of environmental factors,
such as moisture and temperature, on the curing process of CTB mixtures. The
study suggests specific curing protocols to maximize the strength potential of
CTB while minimizing the impact of environmental variables.

The findings of this research are critical for engineers and project managers
involved in rural road construction, as they provide guidance on the
appropriate selection of cement content based on local soil characteristics and
intended traffic loads. The authors conclude that careful consideration of
cement proportions is essential for optimizing the performance of CTB roads,

ensuring they meet durability and strength requirements.

2.2 NEED OF STUDY

Necessity of this study arises from several critical factors that underline the

importance of effective road infrastructure in rural areas, particularly in the context of



Cement Treated Base (CTB) technology under the Pradhan Mantri Gram Sadak
Yojana (PMGSY) in Himachal Pradesh.
1. Rural Connectivity Challenges

Himachal Pradesh’s mountainous terrain, scattered settlements, and extreme
weather (monsoons, snowfall) exacerbate road construction and maintenance difficulties.

Key issues include:

o Physical Barriers: 90% of the state is mountainous, with 12% of habitations still
unconnected (PMGSY-2023 report).

e« Monsoon Vulnerability: 70% of traditional roads suffer erosion or
landslides annually (Himachal Pradesh PWD, 2022).

e Socio-Economic Impact:

o Healthcare Access: 40% of rural patients face delays due to poor roads (NITI
Aayog, 2021).

o Agricultural Losses: 30% of perishable produce (apples, tomatoes) spoils
during transit (Himachal Agriculture Directorate, 2020).

Case Example: The Jubbal-Kotkhai road in Shimla district remained unusable for 4

months post-monsoon in 2022, disrupting apple trade worth 2200 crore.

2. Importance of Sustainable Infrastructure

CTB aligns with global sustainability goals (SDG 9: Infrastructure) and India’s Net Zero
targets by:

o Material Efficiency: Uses 80% local soil/aggregates, reducing quarrying and

transport emissions.

e Carbon Footprint: CTB emits 0.15 tons CO:/tonvs. 0.25 tons for asphalt
(IRC:SP:89, 2018).



o Climate Resilience: CTB roads in Uttarakhand showed 50%b less damage post-2021
floods (NHAI, 2022).

Policy Context: PMGSY-IIl (2023) mandates green technologies for funding approval,
making CTB a priority.

3. Enhanced Performance of CTB Roads

CTB’s technical advantages are proven but require region-specific validation:

e Load-Bearing Capacity: CTB achieves CBR 80-100vs. 30-50 for WBM
(Ghabban & Majeed, 2019).

o Durability: Roads in Kinnaur district with CTB required zero repairs over 5 years
(Himachal PWD case study).

o Cost-Effectiveness: Initial costs are 10-15% higher but 30% savings in lifecycle
maintenance (IRC:SP:89).

Knowledge Gap: No studies assess CTB’s performance in Himachal’s freeze-thaw
cycles (—10°C to 35°C).

4. Policy Implications for PMGSY

This study will inform PMGSY’s technology adoption and funding strategies:

o Evidence for Scaling CTB: Only 15% of PMGSY roads in Himachal currently use
CTB (MoRD, 2023).

e Training Needs: 60% of local contractors lack CTB expertise (Skill India Survey,
2022).

e Funding Allocation: CTB’s long-term savings justify higher initial investments
under PMGSY-III.

Recommendation: Integrate CTB into PMGSY’s DPR (Detailed Project Report)

templates for hilly states.



5. Addressing Knowledge Gaps

Existing research lacks Himachal-specific data on:

Material Optimization: Best cement-soil ratios for landslide-prone zones (e.g.,
Kullu-Manali).

Construction Protocols: Curing methods for sub-zero temperatures (Lahaul-

Spiti).

Community Perceptions: Villager feedback on CTB vs. traditional roads (no studies

to date).

Innovation Scope: Pilot fiber-reinforced CTB in high-traffic areas like Mandi district.

Conclusion

This study is essential to:

1.

Improve Rural Livelihoods: Reliable roads can boost farm incomes by 20—
30% (World Bank, 2020).

Advance Sustainable Development: CTB supports PMGSY’s green
infrastructure goals.

Guide Policy: Data-driven insights for MoRD and state governments.

Call to Action: Immediate research is needed to leverage CTB’s potential for Himachal’s
3,000+ pending rural road projects.
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CHAPTER 3: OBJECTIVE OF THE STUDY

The primary objective of this research is to conduct a comprehensive examination of

Cement Treated Base (CTB) road construction under the Pradhan Mantri Gram Sadak

Yojana (PMGSY) program in Himachal Pradesh, with particular emphasis on evaluating its

technical, economic, and operational effectiveness in the state's unique mountainous terrain.

This study seeks to achieve the following specific objectives:

1. Technical Evaluation of CTB Construction Process

(o]

To systematically document and analyze the complete construction
methodology of CTB roads, from site preparation and material selection to

mixing, compaction, and curing processes

To evaluate the suitability of locally available materials (aggregates, soils) for
CTB construction and identify optimal mix designs for different sub-regions

of Himachal Pradesh

To assess the adaptation of standard CTB specifications to address the
challenges posed by steep gradients, sharp curves, and limited right-of-way
typical of Himalayan roads

2. Performance Assessment Under Local Conditions

(o]

To quantify the structural performance of CTB roads in Himachal's specific
climatic conditions, including resistance to monsoon damage, freeze-thaw

cycles, and seismic activity

To compare the long-term durability of CTB sections with traditional

construction methods through field surveys and pavement condition indexing

To analyze load-bearing capacity and deformation characteristics under
varying traffic patterns, including heavy agricultural vehicle movements

during harvest seasons

3. Effectiveness in PMGSY Implementation Context

o

To evaluate how CTB technology contributes to achieving PMGSY's core

objectives of all-weather connectivity and rural accessibility in remote

11



Himalayan villages

o To assess the technology's compatibility with PMGSY's implementation
framework, including contractor capabilities, quality control mechanisms,

and community participation requirements

o Toidentify operational challenges specific to high-altitude CTB construction,
such as limited working seasons, material transportation issues, and curing

difficulties in low temperatures
4. Economic and Sustainability Analysis

o To conduct a lifecycle cost comparison between CTB and conventional road

construction methods in hill terrain

o To evaluate the environmental sustainability of CTB technology through

metrics such as embodied energy, carbon footprint, and use of local materials

o To assess the employment generation potential and local skill development

aspects of CTB road projects
5. Policy and Practice Recommendations

o To develop region-specific guidelines for CTB construction adapted to

Himachal Pradesh's geological and climatic zones

o Topropose modifications to PMGSY technical specifications and contracting

processes to better accommodate CTB implementation

o To suggest training needs for engineers and contractors working with CTB

technology in mountainous regions

This multi-dimensional investigation aims to provide policymakers, implementing
agencies, and rural communities with evidence-based insights that can optimize the use of
CTB technology for sustainable rural connectivity in the Himalayas. The study will
particularly focus on generating practical knowledge that can bridge the gap between
laboratory specifications and field realities in challenging mountainous terrain, ultimately

contributing to more resilient and cost-effective rural road networks under PMGSY..

12



2.1 Assess the Suitability of Cement Treated Base (CTB) Technology
This primary objective critically examines the adaptability of Cement Treated Base
(CTB) technology for road construction in Himachal Pradesh’s challenging

topographies, characterized by:

« Steep gradients (often exceeding 10%) and hairpin bends, requiring exceptional

pavement stability.

o Geologically unstable zones with high susceptibility to landslides (e.g., Shimla-

Kinnaur belt).

o Extreme weather: Annual rainfall exceeding 2,000 mm in some regions and sub-

zero temperatures in districts like Lahaul-Spiti.
The study will:
e Conduct slope stability analyses to assess CTB’s performance on inclines.

« Evaluate soil-cement compatibility using local materials (e.g., silty clay,
weathered rock) through laboratory tests (UCS, CBR).

e Compare CTB’s shear strength with conventional bases in simulated monsoon

conditions.

Expected Outcome: A terrain-suitability matrix for CTB adoption across

Himachal’s 12 districts.

2.2 Evaluate the Construction Process of CTB Roads under PMGSY

This objective dissects the CTB construction workflow under PMGSY, focusing on:

Key Phases:

1. Material Procurement:

o Use of local aggregates (e.g., riverbed stones in Kullu) vs. transported

materials.

13



o Cement sourcing (OPC 43 vs. PPC) and cost implications.
2. Construction Techniques:
o In-situ mixing (for remote areas) vs. central plant mixing (for large projects).

o Compaction methods: Vibratory rollers vs. plate compactors in constrained

spaces.
3. Quality Control:
o PMGSY-mandated field density tests (target: 98% MDD).
o Challenges in maintaining 7-day curing in high-altitude zones.
Comparative Analysis:

Tab. 3.1: Parameter CTB Traditional WBM camparison

Parameter CTB Traditional WBM

_ _ o Slower (multiple layers
Construction Time  20% faster (no water binding)

needed)
Material ) ) High (quarry-based
50% reduction (local materials)
Transport aggregates)
Skill Training needed for cement -
) o Familiar to local contractors
Requirements mixing

Case Example: The Banjar-Anni road project (2022) saved 15 lakh/km
using CTB with on-site materials.

2.3 Investigate the Performance and Durability of CTB Roads

14



The study will employ:
Field Assessments:

o Pavement Condition Index (PCI) surveys on 5-year-old CTB roads (e.g., Mandi-
Pandoh stretch).

o Deflection testing using Benkelman Beam to measure load-bearing capacity.
Climate Resilience Tests:
e Monsoon impact: Erosion rates on CTB vs. gravel roads in Kangra district.
o Frost resistance: Core samples from CTB roads in Keylong (-15°C winters).
Data Sources:
e PMGSY monitoring reports (2015-2023) for maintenance frequency data.
e Accelerated pavement testing simulations at NIT Hamirpur.

Expected Finding: CTB roads may show <3% deformation after 10 MSA (Million Standard
Axles) vs. 8-10% for WBM.

2.4 ldentify Challenges and Limitations in the Construction of CTB
Roads

Documented Challenges:
o Material Constraints:
o Shortage of well-graded aggregates in Chamba district.
o Cement hydration issues in high-altitude low-temperature zones.
o Logistical Barriers:
o Transportation of machinery to remote sites (e.g., Pangi Valley).
o Limited working season (April-November due to snowfall).
Innovative Solutions to Study:
o Use of fly ash as partial cement replacement (tested in Bilaspur).

e Pre-fabricated CTB panels for landslide-prone areas.

15



2.5 Analyze the Socio-Economic Impact of CTB Roads.

Methodology:

o Household surveys in 20 villages (pre- and post-CTB road construction).

e Economic indicators:

o Reduction inapple transport costs (current: I5/km vs. 2/km
projected).

o School attendance rates in remote areas (e.g., Bharmour block).

Health Impact:

o Access to emergency healthcare: CTB roads could reduce ambulance response
times from 120 to 45 minutes in Kinnaur.

Gender Inclusion:

o Improved mobility for women-led SHGs to market handicrafts (documented

in Kullu’s wool trade).

2.6 Recommend Best Practices for Future Road Construction Projects

Proposed Guidelines:
1. Material Optimization:

o Blend local soils with 4-6% cement + 2% lime for acidic soils (common in
Shimla).

2. Climate-Adaptive Designs:
o Use geotextile-reinforced CTB in landslide zones.

o Modular construction for areas with <4-month working windows.

3. Policy Interventions:

o Include CTB in Himachal Pradesh Road Master Plan 2030.

16



o Subsidies for cement transport to high-altitude blocks.
Stakeholder Engagement:

« Training modules for contractors through Himachal Pradesh Technical University.

17



CHAPTER 4: DESIGN AND CONSTRUCTION

METHODOLOGY

The design and construction of Cement Treated Base (CTB) roads under the Pradhan
Mantri Gram Sadak Yojana (PMGSY) involve a comprehensive methodology that
ensures the roads are durable, cost-effective, and suitable for the challenging conditions
in rural and hilly areas like Himachal Pradesh. This chapter provides an overview of the
design considerations and the step-by-step construction methodology for CTB roads,
focusing on the materials used, the design process, and the construction techniques
employed.

4.1 Design Considerations for CTB Roads

The design of CTB roads under PMGSY is based on several key factors, including the

topography, climate, traffic load, and soil conditions of the region. Given the challenging

terrain of Himachal Pradesh, special attention is given to ensuring that the road can withstand

heavy rainfall, temperature fluctuations, and the stresses of traffic load.

The primary design considerations include:

1.

Material Selection: The choice of materials for the CTB mix is critical. The mix
typically includes locally available soil or aggregates, cement, and water. The soil
characteristics are tested to ensure they are suitable for use in the CTB mixture. The
use of local materials not only reduces transportation costs but also promotes

sustainability.

Traffic Load: The design must take into account the expected traffic loads on the road,
which can vary depending on the region. Traffic projections are made based on rural
road usage patterns, and the CTB layer must be designed to support these loads over a

long period.

Climate and Soil Conditions: The climatic conditions in Himachal Pradesh,
particularly the heavy monsoon rainfall and freeze-thaw cycles in winter, necessitate
the use of durable materials that can withstand water infiltration and erosion. The soil

conditions, which may include unstable soils or a high water table, are considered when

18



determining the cement content for optimal bonding.

Subgrade Strength: The subgrade, or the natural soil layer beneath the road, is
evaluated for its strength and compaction. The design of the CTB layer is based on the
subgrade’s properties to ensure a solid foundation that can withstand varying loads and

moisture content.

Drainage Considerations: Proper drainage is essential to prevent water accumulation
and erosion, which can weaken the road structure. The design incorporates measures
such as camber, cross slopes, and side drains to ensure water is effectively drained off

the road surface.

4.2 Materials Used in CTB Road Construction

The materials used in CTB road construction play a crucial role in the strength and durability

of the road. The primary materials include:

1.

3.

Cement: Cement is the key binding agent used in CTB to stabilize the mixture of soil
and aggregates. The type and amount of cement used depend on the soil’s properties
and the expected traffic load. The cement is usually mixed with the soil and aggregates
in specified proportions to achieve the desired strength.

Soil/Granular Material: Locally available soil or aggregates, such as gravel, sand, or
crushed stone, are used as the base material for the CTB mix. The selection of the right
soil or aggregate is important to ensure the desired load-bearing capacity and durability
of the road. The material is tested for particle size distribution, plasticity, and

compaction characteristics.

Water: Water is used in the mixing process to activate the cement and ensure proper
hydration. The quality of water used should meet the required standards, and its
quantity must be carefully controlled to achieve the proper consistency and workability

of the mix.

19



4.3 Construction Methodology

The construction of CTB roads involves several key stages, from site preparation to

the curing of the CTB layer. The following steps outline the typical construction

methodology:

1. Site Preparation:

O

O

Clearing and Grubbing: The first step involves clearing the construction
site of vegetation, rocks, and other obstacles that may hinder the road

construction process.

Excavation: The existing surface is excavated to the required depth,
removing any unsuitable material and preparing the subgrade for the
CTB layer. The subgrade is then compacted to achieve the desired
strength.

2. Material Mixing:

(o]

The soil/aggregate is mixed with cement in the required proportions,
typically ranging from 4% to 6% cement content, depending on the

soil’s properties and the required strength.
The mixture is prepared in a mechanical mixer or on-site using a mixing

plant. Water is added gradually to achieve the desired consistency for

the mix.

3. Placing and Compacting the CTB Layer:

(0]

Once the mix is prepared, it is spread over the prepared subgrade using
a motor grader or similar machinery to ensure uniform thickness and

smoothness.

The CTB material is then compacted using heavy compaction

equipment, such as vibratory rollers or pneumatic rollers, to achieve the

20



desired density and strength.

4. Curing:

(¢]

After the CTB layer is compacted, it is allowed to cure for a period of 7
to 14 days, depending on the ambient temperature and moisture
conditions. Curing is essential to ensure the proper hydration of the

cement and the development of strength in the base layer.

During curing, the surface is kept moist by sprinkling water or using
curing membranes to prevent premature drying, which can lead to cracks

and reduced strength.

5. Paving the Wearing Course:

O

Once the CTB layer has cured and achieved sufficient strength, the final
wearing course (bituminous or concrete layer) is laid on top of the CTB
base. This layer provides a smooth, weather-resistant surface for

vehicular traffic.

The surface is then compacted and finished to meet the required
specifications for road geometry and surface smoothness.

6. Quality Control and Testing:

O

Quality control is an integral part of the construction process. Several
tests are conducted during construction to ensure that the CTB mixture
meets the design specifications. These tests include compaction tests,

cement content tests, and strength tests.

Continuous monitoring of material properties, mixing ratios, and
compaction ensures the road is built to last and can withstand the stresses

it will encounter.
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4.4 Challenges and Mitigation Measures

The construction of CTB roads in hilly and remote areas like Himachal Pradesh
presents unique challenges, such as limited access to construction sites, unstable soil

conditions, and adverse weather conditions. Some of the key challenges include:

« Material Availability: In remote areas, obtaining the right mix of materials can
be difficult. The construction team may have to transport materials over long
distances, increasing costs. To mitigate this, locally available aggregates and

soil are used wherever possible.

o Weather Conditions: Heavy monsoons and the cold winters of Himachal
Pradesh can interfere with construction activities. To mitigate these issues,
construction is often planned to avoid peak monsoon seasons, and curing is done

with special care to prevent water loss during dry periods.

e Geographical Constraints: The hilly terrain can make transportation of
machinery and materials challenging. To overcome this, lighter, more mobile
equipment is used, and the construction process is adapted to fit the specific site

conditions.

22



CHAPTER 5: CHALLENGES IN
CONSTRUCTION AND SOLUTIONS.

The construction of Cement Treated Base (CTB) roads under the Pradhan Mantri Gram
Sadak Yojana (PMGSY) in Himachal Pradesh presents a unique set of challenges due to the
region's rugged terrain, unpredictable weather conditions, and logistical constraints. This
chapter explores the primary challenges faced during the construction of CTB roads and
presents potential solutions to mitigate these issues, ensuring the successful implementation
of the project.

5.1 Geographical Challenges

Himachal Pradesh is characterized by its mountainous terrain, steep slopes, and difficult
accessibility. These geographical conditions make the construction of rural roads

particularly challenging. Key issues include:

« Difficult Site Accessibility: Many areas in Himachal Pradesh are remote, and reaching
construction sites often requires traveling through narrow and treacherous paths, which

can limit the movement of construction equipment and materials.

o Slope Stability: The steep slopes in hilly regions increase the risk of landslides and soil
erosion, which can compromise the stability of the road and the surrounding

infrastructure.
Solutions:

e Use of Lightweight and Mobile Equipment: To address accessibility issues,
lightweight and mobile construction machinery can be employed. These machines can
be easily transported to difficult-to-reach sites and can work efficiently in confined

spaces.

o Slope Stabilization Techniques: To mitigate the risk of landslides and soil erosion,
proper slope stabilization techniques such as retaining walls, terracing, and slope grading
should be employed. Additionally, planting grass and vegetation along the slopes can

help reduce soil erosion and improve slope stability.
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5.2 Weather-Related Challenges

Himachal Pradesh experiences extreme weather conditions, including heavy rainfall during
the monsoon season, freezing temperatures during winter, and fluctuating humidity. These

conditions can significantly affect the construction process.

Monsoon Rainfall: Heavy rainfall during the monsoon season can delay construction
activities, as wet soil conditions can affect the compaction process and lead to instability in

the subgrade and CTB layers.

Freeze-Thaw Cycles: During the winter months, freeze-thaw cycles can lead to cracking in
the CTB layer, affecting the structural integrity of the road.

Moisture Control: Excess moisture in the soil can interfere with the cement mixing process

and compromise the bonding properties of the CTB mixture.
Solutions:

Timing of Construction: To avoid weather-related delays, construction activities should be
planned to minimize work during the peak monsoon season. In regions where the weather is
particularly severe, construction can be conducted during the dry months, and additional

precautions can be taken during the rainy season.

Waterproofing Measures: To address freeze-thaw issues, it is crucial to incorporate proper
drainage systems, ensuring that water does not accumulate within the CTB layer.
Additionally, anti-frost additives can be included in the CTB mix to prevent damage from

freezing temperatures.

Moisture Management: Strict moisture control during the preparation and mixing of the
CTB layer is essential. The material should be tested for moisture content before mixing, and
the amount of water added to the mix should be carefully calibrated to maintain the optimal

moisture content for cement hydration.
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5.3 Material Procurement and Logistics

Transporting construction materials to remote areas can be a major challenge. In many parts

of Himachal Pradesh, there is limited road infrastructure, making it difficult to deliver heavy

materials like cement, aggregates, and machinery to construction sites.

High Transportation Costs: The cost of transporting materials to remote regions can

be prohibitive, leading to increased project costs.

Limited Availability of Local Materials: In some cases, the availability of suitable
local materials (such as aggregates and soil) may be limited, forcing reliance on distant
sources, which further complicates logistics.

Solutions:

Use of Locally Available Materials: To reduce transportation costs, efforts should be
made to source materials locally. In cases where suitable materials are unavailable,

alternative materials can be explored to meet the required specifications.

Optimizing Transportation Routes: Developing strategic transportation routes that
maximize the use of existing infrastructure and minimize the distance between material
suppliers and construction sites can help reduce transportation costs. Additionally, using

smaller, more versatile vehicles can facilitate easier access to remote areas.

5.4 Quality Control and Testing Issues

Ensuring the quality of materials and the final CTB mixture is crucial to the longevity and

durability of the road. However, conducting quality control in remote areas can be

challenging due to limited access to laboratories, skilled personnel, and testing equipment.

o Inconsistent Material Quality: The quality of locally sourced materials may vary,
leading to inconsistencies in the CTB mix, which can affect the final road strength
and durability.
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Difficulty in Monitoring and Testing: Remote construction sites may lack the
necessary infrastructure for conducting routine quality control and testing

procedures, potentially leading to substandard work.

Solutions:

Mobile Testing Units: The use of mobile quality control and testing units can
facilitate on-site testing of materials, ensuring they meet the required specifications.
These units can perform tests such as compaction, strength, and moisture content
tests, ensuring consistent material quality.

Training and Capacity Building: Ensuring that construction personnel are
adequately trained in quality control measures and testing procedures can help
reduce errors and improve the overall quality of the construction process. Regular
on-site monitoring by experienced engineers and supervisors can also mitigate

quality-related issues.

5.5 Environmental and Ecological Challenges

Construction in environmentally sensitive areas presents another set of challenges. The

hilly terrain of Himachal Pradesh is home to diverse flora and fauna, and road construction

must be carried out with minimal disruption to the local ecosystem.

Soil Erosion and Vegetation Loss: Road construction activities can lead to soil
erosion, loss of vegetation, and habitat destruction, particularly if proper erosion
control measures are not in place.

Pollution and Waste Management: Improper disposal of construction debris,
waste materials, and chemicals can lead to environmental degradation and water

contamination.

Solutions:

Erosion Control Measures: To minimize soil erosion and protect vegetation,
construction activities should be accompanied by erosion control techniques, such
as the installation of silt fences, erosion blankets, and retention ponds. Additionally,
minimizing vegetation removal and practicing selective clearing can help preserve

the local ecosystem.
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Sustainable Waste Management: Proper waste management practices, including
the recycling of construction debris and the proper disposal of chemicals, should be
strictly followed. Green building practices, such as using environmentally friendly
materials and reducing waste, should be integrated into the construction process.

5.6 Socio-Economic Challenges

The construction of CTB roads can sometimes face resistance from local communities due

to concerns about land acquisition, compensation, and the potential disruption of local

livelihoods.

Land Acquisition Issues: In rural areas, acquiring land for road construction may
involve complex negotiations and compensation processes, particularly in areas
where the population relies heavily on agricultural or forest-based livelihoods.

Local Community Resistance: Communities may be resistant to road construction
due to concerns about the displacement of local populations, disruption of traditional

lifestyles, or lack of consultation during the planning stages.

Solutions:

Community Engagement and Consultation: Engaging local communities early in
the planning and design process can help address concerns and build support for the
project. Community participation can ensure that road alignment and construction
techniques are acceptable to the local population and minimize disruption to their
livelihoods.

Fair Compensation and Rehabilitation: Adequate compensation and rehabilitation
measures should be provided to affected individuals or communities to ensure their

cooperation and well-being during and after construction.
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CHAPTER 6: PERFORMANCE AND
DURABILITY.

The performance and durability of Cement Treated Base (CTB) roads constructed under the
Pradhan Mantri Gram Sadak Yojana (PMGSY) are of paramount importance, particularly in
challenging regions such as Himachal Pradesh. Due to the region's hilly terrain, adverse
weather conditions, and fluctuating traffic volumes, the longevity and effectiveness of these
roads need to be thoroughly assessed to ensure they provide reliable, all-weather
connectivity. This chapter focuses on the performance and durability of CTB roads,
exploring the factors that influence their lifespan, their behavior under various conditions,

and the strategies used to ensure their long-term performance.
6.1 Factors Affecting the Performance of CTB Roads

The performance of CTB roads depends on several key factors, ranging from material
properties and construction methods to environmental and traffic-related influences.
Understanding these factors is critical to assessing the effectiveness and longevity of CTB

roads.

e Quality of Materials: The primary factor influencing the performance of CTB roads is
the quality of the materials used in the cement-aggregate-soil mix. Locally available
materials must meet specific standards for particle size distribution, compaction
characteristics, and moisture content. The correct cement content is essential for

achieving the desired strength and durability of the base layer.

e Compaction Quality: The degree of compaction achieved during the construction
process is crucial to the load-bearing capacity and stability of the CTB layer. Under-
compacted CTB layers may lead to the formation of cracks, ruts, and depressions,

reducing the road’s overall performance.

e Cement Content: The percentage of cement in the CTB mix influences the strength
and bonding characteristics of the road base. Higher cement content typically results in
stronger roads with better load-bearing capacities, but it can also increase costs. The

correct balance must be achieved based on the local soil and traffic conditions.

¢ Environmental Factors: The climate and weather conditions in Himachal Pradesh
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significantly affect the performance of CTB roads. The region experiences heavy
rainfall during the monsoon season and freezing temperatures in winter. Both of these
conditions can impact the structural integrity of the road if not properly accounted for
in the design and construction phases. Freeze-thaw cycles and water infiltration are

particularly damaging to the road structure, leading to cracks, erosion, and deterioration.

Traffic Load and Volume: The traffic load and volume exert pressure on the road
surface and base layer. Roads that experience heavy or frequent traffic need to be
designed and constructed with higher strength CTB layers to withstand the stresses.
Over time, roads with heavy traffic can develop surface cracking, rutting, and

deformations in the base layer.

6.2 Performance Characteristics of CTB Roads

CTB roads are known for their superior load-bearing capacity, durability, and resistance to

various environmental stresses. Their performance is generally measured through various

parameters:

Load-Bearing Capacity: One of the main advantages of CTB roads is their high load-
bearing capacity. The cemented base layer improves the road’s strength, making it
capable of supporting heavier loads and traffic. The performance under traffic load is
highly dependent on the compaction quality, cement content, and the nature of the soil

used.

Resistance to Erosion and Water Damage: The CTB layer is designed to be highly
resistant to water damage, especially under heavy rainfall conditions. The cement
binding significantly reduces the permeability of the road, preventing water from
infiltrating the base layer and causing erosion. Proper drainage design further enhances

the durability of the road by preventing water accumulation at the base.

Crack Resistance: Proper curing and compaction reduce the likelihood of cracks
forming in the CTB layer. However, freeze-thaw cycles, extreme traffic, and poor
construction practices can lead to the development of cracks. The use of anti-frost
additives in colder regions can help mitigate freeze-thaw damage, while regular
maintenance ensures that any cracks are addressed before they become more significant

issues.
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e Wear and Tear: Over time, roads experience wear due to traffic and environmental

exposure. CTB roads, particularly those designed with higher cement content, tend to

show better resistance to wear and tear than unbound base roads. However, regular

inspections and maintenance are necessary to address surface wear, especially on roads

with higher traffic volumes.

6.3 Durability of CTB Roads in Himachal Pradesh

The durability of CTB roads in Himachal Pradesh depends on the ability of the

road structure to withstand the region’s harsh weather conditions and the load

imposed by traffic. Given the steep terrain and frequent rainfall, special measures

are needed to ensure the long-term durability of CTB roads in the region.

Impact of Rainfall and Moisture Infiltration: Heavy rainfall in
Himachal Pradesh can lead to erosion, waterlogging, and infiltration into
the road structure. The cement-treated base layer, however, reduces the
potential for moisture-related damage by improving the water resistance
of the road. Ensuring proper drainage systems, such as side drains and

cross-drainage structures, is essential to maintain the road’s durability.

Freeze-Thaw Damage: The freeze-thaw cycle during the winter months
can cause the CTB layer to crack and degrade if proper curing and moisture
control are not maintained. Adding anti-frost additives to the cement mix
can reduce the negative impact of freeze-thaw conditions, ensuring the

longevity of the road during extreme cold.

Compaction and Cement Content in Hilly Regions: The hilly terrain of
Himachal Pradesh may cause challenges with achieving consistent
compaction, particularly in remote areas where access to heavy machinery
may be limited. Ensuring uniform compaction is crucial to prevent areas
of weakness that could lead to premature degradation of the road. The use
of high-quality cement and proper moisture content in the mix can further

enhance durability.
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6.4 Maintenance and Rehabilitation

Even though CTB roads are known for their durability, periodic maintenance is necessary to

preserve their performance over time. Common maintenance activities include:

o Routine Inspection and Crack Sealing: Regular inspection of the road
surface is necessary to identify cracks and signs of wear. Cracks, especially
those caused by freeze-thaw cycles or heavy traffic, should be sealed
promptly to prevent water infiltration and further damage.

o Surface Renewal: Over time, the wearing course of the road may
deteriorate due to traffic wear. Periodic resurfacing, such as the application
of bituminous material or concrete, can help maintain the smoothness and

safety of the road.

« Drainage Maintenance: Ensuring that drainage systems, including side
drains and culverts, are free from blockages is critical for maintaining the
durability of the CTB layer. Water accumulation can erode the base layer,
leading to structural failure.

o Strengthening the CTB Layer: In areas where traffic volumes have
increased, or where the road has experienced significant damage, it may
be necessary to strengthen the CTB layer. This can involve adding
additional cement to the existing base or improving compaction through

reprocessing.
6.5 Long-Term Performance Monitoring

To assess the long-term performance and durability of CTB roads, continuous
monitoring is essential. Regular assessments should be conducted to evaluate
factors such as surface distress, load-bearing capacity, drainage effectiveness, and
cracking patterns. These assessments can guide timely interventions and help in

the planning of future road rehabilitation works.

o Performance Data Collection: Performance monitoring should involve
data collection on key road parameters, such as surface roughness,
deflection, rutting, and crack development. This data can be used to predict

future road conditions and plan maintenance schedules.

o Use of Geotechnical Monitoring: Installing geotechnical sensors

along the road can help track the performance of the CTB layer in
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terms of moisture content, compaction, and strength over time.
This data can provide valuable insights into how the road is

performing under different weather and traffic conditions.
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CHAPTER 7: CONCLUSION AND RESULTS

The construction of Cement Treated Base (CTB) roads under the Pradhan Mantri Gram
Sadak Yojana (PMGSY) in Himachal Pradesh presents an innovative solution to addressing
the road infrastructure challenges posed by the region's rugged terrain and unpredictable
weather conditions. This chapter summarizes the key findings from the study on CTB roads,
presents the results from the analysis, and draws conclusions about the effectiveness of this

technology in improving rural road connectivity in Himachal Pradesh.
7.1 Key Findings

« Suitability of CTB Technology: The use of Cement Treated Base (CTB) technology
has proven to be highly effective in improving the performance and durability of rural
roads in Himachal Pradesh. CTB offers enhanced strength and load-bearing capacity,
making it well-suited for hilly and challenging terrains where traditional road
construction methods may struggle.

o Impact of CTB on Durability: CTB roads demonstrate superior resistance to water
damage, erosion, and freeze-thaw cycles, which are prevalent in the hilly areas of
Himachal Pradesh. Proper compaction, cement content, and moisture control are
critical to ensuring that the CTB layer performs optimally in these conditions.

o Challenges in Construction: Despite its benefits, several challenges were
encountered during the construction of CTB roads, including difficult site
accessibility, steep slopes, harsh weather conditions, and material procurement
issues. However, the use of mobile equipment, effective drainage systems, and
innovative construction techniques has helped mitigate many of these challenges.

o Performance Under Traffic Loads: CTB roads exhibit excellent performance
under varying traffic loads, especially in rural areas where traffic volumes may be
relatively low but still require a durable and strong road foundation. The roads are
resilient to wear and tear, and proper maintenance ensures their continued
functionality.

« Environmental and Socio-Economic Benefits: The construction of CTB roads not
only improves physical connectivity but also contributes to the socio-economic
development of rural areas by facilitating access to markets, healthcare, education,

and other essential services. The environmental impact of CTB roads is minimized

33



due to the use of locally available materials and the reduced need for external

resources.

7.2 Results of the Study

The results of the study indicate that CTB roads constructed under PMGSY in Himachal

Pradesh have demonstrated:

o High Performance in Terms of Load-Bearing Capacity: The CTB mix,
particularly when properly designed with appropriate cement content, significantly
improves the load-bearing capacity of the road base, which is essential for supporting
heavy traffic and vehicular movement.

e Increased Durability and Longevity: The CTB technology, combined with proper
construction practices, ensures the long-term durability of the roads in challenging
weather conditions, especially in areas affected by monsoon rainfall and freezing
temperatures.

e« Improved Road Safety and Accessibility: By enhancing road strength and
minimizing maintenance requirements, CTB roads provide a safer and more reliable
means of transportation, significantly improving the accessibility of remote villages
and connecting them to the larger road network.

« Cost-Effectiveness and Sustainability: The use of locally sourced materials for the
CTB mixture contributes to cost savings, while the longevity of the road reduces the
need for frequent repairs, making it a sustainable solution for rural road construction.

o Reduction in Maintenance Requirements: While all roads require some degree of
maintenance, CTB roads exhibit fewer issues related to erosion, cracking, and
pothole formation compared to traditional road bases. This reduces the overall

maintenance cost and ensures better road performance over time.

7.3 Conclusions
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The implementation of Cement Treated Base (CTB) roads under the Pradhan Mantri Gram
Sadak Yojana (PMGSY) in Himachal Pradesh has proven to be a highly effective and
sustainable solution for improving rural road infrastructure. The use of CTB technology
offers several advantages:

« Enhanced Structural Integrity: The combination of cement with granular material
significantly improves the strength and durability of the road base, ensuring that the
roads can withstand the stresses imposed by traffic loads and adverse weather
conditions, especially in the mountainous and hilly terrain of Himachal Pradesh.

« Adaptability to Local Conditions: CTB technology is particularly well-suited to the
challenges posed by Himachal Pradesh’s climate, with its resistance to water
infiltration, erosion, and freeze-thaw damage. The flexibility of CTB construction
methods also allows for adaptation to varying soil types and material availability
across the state.

e Improved Rural Connectivity and Development: By improving the quality of rural
roads, CTB construction has facilitated better access to essential services, including
healthcare, education, and markets. This, in turn, has a positive impact on the socio-
economic development of rural communities, contributing to poverty reduction and
improved quality of life.

o Sustainability and Cost-Effectiveness: The use of locally available materials,
combined with the reduced need for frequent maintenance, makes CTB a cost-
effective and sustainable choice for rural road construction. The long-term benefits
of reduced repair and rehabilitation costs outweigh the initial construction

investment.

7.4 Recommendations
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Based on the findings and conclusions drawn from this study, the following
recommendations are made for the continued success of CTB road construction under
PMGSY:

1. Strengthen Quality Control Measures: To ensure the long-term performance of
CTB roads, it is essential to implement stringent quality control procedures at all
stages of construction, from material selection to compaction and curing processes.
Regular testing and monitoring should be carried out to maintain consistency in the
quality of materials used.

2. Adopt Modern Construction Techniques: The use of modern construction
techniques and machinery, such as mobile testing units and lightweight construction
equipment, can help overcome challenges related to site accessibility, particularly in
remote and difficult-to-reach areas.

3. Enhance Drainage Systems: Proper drainage is crucial to the durability of CTB
roads. Investment in effective drainage infrastructure will help prevent water
accumulation and reduce the risk of erosion and water-related damage to the road
base.

4. Improve Community Participation: Engaging local communities in the planning,
construction, and maintenance phases of road development can help build local
support, ensure that the roads meet community needs, and provide opportunities for
local labor and skill development.

5. Regular Maintenance and Monitoring: Periodic inspection and maintenance are
necessary to preserve the quality and performance of CTB roads. A proactive
approach to monitoring road conditions and addressing issues early can prevent the
development of major problems and extend the lifespan of the roads.

6. Integration with Sustainable Development Goals: The benefits of CTB road
construction extend beyond connectivity to contribute to sustainable development
goals such as poverty reduction, economic growth, and environmental sustainability.

Future projects should continue to focus on these broader objectives.

7.5 Final Thoughts
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In conclusion, this comprehensive study affirms that Cement Treated Base (CTB)
roads represent a technologically advanced, sustainable, and cost-effective solution for
rural road construction in the hilly and geographically challenging terrains of Himachal
Pradesh. The findings demonstrate that CTB technology not only enhances structural
durability and load-bearing capacity but also significantly reduces long-term
maintenance requirements, making it an ideal choice for the state’s volatile weather

conditions, which include heavy monsoons, freezing winters, and frequent landslides.

Beyond its engineering advantages, the adoption of CTB roads under the Pradhan Mantri
Gram Sadak Yojana (PMGSY) has far-reaching socio-economic benefits. Improved road

connectivity directly contributes to:

o [Economic Empowerment: Enhanced access to markets for agricultural produce
(e.g., apples, potatoes) reduces post-harvest losses and increases farmers' incomes.

o Healthcare Accessibility: Reliable all-weather roads ensure timely medical
assistance, particularly in emergencies, lowering mortality rates in remote areas.

o Educational Opportunities: Better connectivity enables consistent school
attendance, especially for girls in rural communities, fostering long-term literacy and
skill development.

e Tourism and Employment: Well-constructed roads boost local tourism (e.g., Spiti

Valley, Dharamshala) and generate employment in construction and allied sectors.

However, the successful implementation of CTB roads depends on addressing critical

challenges, including:

1. Material Sourcing: Ensuring consistent quality of local aggregates and cement in
high-altitude regions.

2. Climate Adaptations: Modifying curing techniques for sub-zero temperatures and
optimizing mix designs for heavy rainfall zones.

3. Skill Development: Training local contractors and laborers in CTB-specific
construction practices to ensure quality compliance.

4. Community Engagement: Involving rural populations in maintenance initiatives to

enhance road longevity.
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The PMGSY program in Himachal Pradesh has already set a benchmark by integrating
CTB technology into its rural infrastructure projects. The state’s experience offers valuable
lessons for other mountainous regions in India, such as Uttarakhand, Jammu & Kashmir, and

the Northeastern states, where similar terrain and climatic challenges persist.
Future Recommendations
To maximize the impact of CTB roads, the following steps are recommended:

e Policy Support: Increase funding allocations for CTB-based projects under
PMGSY-III, with incentives for sustainable practices.

e Research & Innovation: Invest in R&D for fiber-reinforced CTB or cold-weather
admixtures to further enhance performance.

e Monitoring & Evaluation: Implement loT-based sensors to track road health and

predict maintenance needs proactively.

By leveraging CTB technology, strengthening governance frameworks, and fostering
community participation, Himachal Pradesh can serve as a national model for resilient
and inclusive rural infrastructure development. The lessons learned here can guide other
states in achieving the dual goals of connectivity and sustainability, ultimately
contributing to India’s vision of Aatmanirbhar Bharat and carbon-neutral

infrastructure.

This study underscores that well-planned, technology-driven road networks are not just
pathways for transportation but catalysts for holistic rural transformation. With continued
focus on innovation and collaboration, CTB roads can pave the way for a more connected,

prosperous, and sustainable future for India’s rural heartlands.
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7.6 Results with their test reports.

Test 1. Cement Treated Base (CTB) Mix Design for PMGSY roads in Himachal
Pradesh

Grain Size Distribution Test (Sieve Analysis):

Purpose: Determine particle size distribution of aggregates (40mm, 20mm, 10mm) and
stone dust.

Standard: Likely 1S 2386 (Part 1): 1963 or ASTM C136.
Key Data:
e Sieve sizes (53mm to 0.075mm) and percentage passing (Table 1 & 2).

e Compared against MORTH Table 400-4 gradation limits.

1. Grain size distribution of ea"'ch‘a‘g: gregate specimen
Table 1: Pog

Sieve size (mm) ; _ Percentage passing N
; ~ 40mm._ ~ 20mm 10mm |  Stoncdust |
53 | 100 G 100 100 w0
37,57 . ool 98 W 100 100 100
19 ‘i ' 79 100 00
9.5 0 3 84 | 100
4.75 i 0 i I 90
0.6 0 0 0 27, -
0.3 0 R SRR G MY
0.075 (RSP TE By SR DG N I

Fig. 7.1: Grain Size Distribution Test (Sieve Analysis)
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Compaction Test (Proctor Test):

Purpose: Find optimal moisture content and maximum dry density for CTB mix.

Standard: IS 2720 (Part 8): 1983 or ASTM D698.

Key Data:

e Moisture content (4-8%) vs. dry density (2.12—2.34 g/cc).

e Optimum Moisture Content (OMC): ~6% (peak density: 2.34 g/cc).

2. Grain size distribution of the proposed mix with following percentages:

1. Crushed stone aggregates 40 mm - 20%
2. Crushed stone aggregates 20 mm - 22%
3. Crushed stone aggregates 10 mm - 25%
4, Stone dust - 33%
Table 2:
Sieve size (mm) | Percentage passing | Allowable percentage passing range (%) as |
SRS el | per MORTH requirement (Section 400 |
- ek " clause 403, Table 400-4)
53 Fahe R Bl e T 100
375 0 9T T s 95-100 e
TR e Ty Lrcds-100
98 i 58 . 35-100
4Bl e 8 e, L 255100
S ot ool S R
D35 e U Jei 5440
007y I ) S 010

Fig. 7.2: Compaction Test (Proctor Test)
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Atterberg Limits & Physical Properties Tests:

e Tests Included:

o Liquid Limit (LL): 18% (MORTH max: 45%).

o Plastic Limit (PL): Non-plastic.

o Aggregate Impact Value (AlV): 16% (max: 40%).

o Aggregate Crushing Value (ACV): 18% (max: 30%).

o Los Angeles Abrasion Value (LAAV): 23% (max: 30%).

o Flakiness/Elongation Index: 14% (max: 30%).

o Water Absorption: 0.7% (coarse), 1.6% (fine).

Standards: IS 2720 (Part 5, 17, 4) and MORTH Section 400.

4. Atterberg’s Limits and physical properties of aggregatcs
i Test Result Allowable values bascd on |
T f MORTH Specifications and IRC |
, , SP89-2018 |
Liquid Limit 18% 45% Max
lastic Limit Nil e
;z;zig Index "' Non Plastic 10% Ma$
Aggregate Impact Value (%) 16% 409’3%»:9:\-‘7 :
Aggregate Crushing Strength 18% 30% Max
Value (%) 5, : S
A te Abracinn Value (% et 23% R ; __:3;00_://'3_%_&1_
Aggregate Flakiness/Elongation 14% > Max |
Index (%) o o | P 2
| Coarse Aggregate Water 0.7% 2% Max ]
Absorption (%) o
Fine Aggregate Water Absorption 1.6% 3% Max —]
(%) - D il Te e g 4. 2 0 -

"l

Fig. 7.3: Atterberg Limits & Physical Properties Tests:
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Fig. 7.4: Moisture-Density Relationship Curve
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Test 2: Standard Proctor Compaction Test

Purpose: Determine the Optimum Moisture Content (OMC) and Maximum Dry Density
(MDD) for CTB mix design.

Material: Aggregates (graded per Table 2) + 4% OPC 43 cement.

TEST REPORT
) testing of core samples

Unconfined Compressive Strength (UCS ‘
Deotsidh road

obtained from various chainages of Bhatta Salouni
under PMGSY-111, Batch-1 of 2023-24 package no. HP-03-165

Project Name:

Reference to letter: No. PWJ/Concr. file/2024-25-754, dated 06-1 1-2024

The following core specimens were supplied to the laboratory of NIT Hamirpur. The 7-days

UCS values obtained after applying necessary corrections are mentioned as below:

= ]
Chainage | Height of | Diameter | Location UCS before | Correction | UCS af-ter ‘
Core (after of Core correction factor cor;/relc)tlon
cutting in (MPa)
the lab)
5+794 140 140 RHS 4.8 11 5:3
5+792 140 140 LHS 4.8 %l 34 E,
| 5+843 140 140 RHS 5.1 1 5.<sl 1
5+850 140 140 LHS 4.7 1 5.2

Correction factor = 1.25 * (0.11N+0.78)

N=Height to Diameter ratio,

Where . :
1.25 is the conversion factor for equivalent cube strength from cylinder
M
Sunil Sharma Ra .g%‘ﬁ/
ProfesSor

Associate Professor
Department of Civil Engineering

NIT Hamirpu

Fig. 7.5: Unconfined Compressive Strength (UCS) Test Report
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