
ROADS AND TRANSPORTATION 

Transportation & Urban Development 

Planning and Studies 

v Traffic studies: Measuring vehicle counts and flow. 
v Feasibility checks: Testing if routes work well. 
v Impact assessments: Reviewing effects on local 

areas. 

Design and Engineering 

v Road geometry: Setting up curves, lanes, and slopes. 
v Pavement layers: Sizing asphalt and base materials. 
v Drainage systems: Managing stormwater runoff. 
v Bridge structures: Designing overpasses and crossings. 

Construction and Management 

v Site supervision: Monitoring active work sites. 
v Quality control: Testing soil, concrete, and bitumen. 
v Safety audits: Inspecting completed paths for 

hazards 

 
 
 
At Vex Engineers Ltd, we carry to end to end design and development off road and 
transport infrastructure, thus: 

 
The end-to-end design process of road and transport infrastructure involves a multi-
year lifecycle starting from initial planning and feasibility studies, moving through 
preliminary and detailed engineering design, and concluding with construction, 
commissioning, and long-term maintenance operations.  

 
Planning and Feasibility 

§ Traffic studies: Count current vehicles and predict future traffic 
growth. 

§ Environmental impact: Check how the road affects nature, air, and 
local communities. 

§ Economic analysis: Weigh the project cost against future public 
benefits. 

§ Route selection: Pick the best path based on land use and terrain.  
Preliminary Design 

§ Geometric layout: Plan the basic curves, slopes, and lane widths. 
§ Geotechnical surveys: Test the soil strength and rock layers 

underneath. 



§ Public consultation: Share plans with local citizens and gather 
feedback. 

§ Permit acquisition: Secure legal and environmental approvals.  
Detailed Engineering Design 

§ Pavement design: Calculate the exact layers of asphalt or concrete 
needed. 

§ Drainage systems: Design pipes and ditches to prevent flooding. 
§ Structural elements: Plan bridges, tunnels, and retaining walls. 
§ Safety features: Add signs, signals, lighting, and guardrails.  

Construction and Commissioning 
§ Site preparation: Clear the land and move existing utilities. 
§ Earthworks: Cut and fill soil to level the ground. 
§ Paving and structures: Build the road surface, bridges, and signs. 
§ Final inspection: Test safety and quality before opening to traffic.  

Operation and Maintenance 
§ Routine checks: Fix cracks, clear drains, and mow grass regularly. 
§ Major rehabilitation: Resurface the road after years of heavy use 

 
Traffic Survey 

 
An in-depth traffic survey collects vital data on road usage, vehicle types, speed, and 
traveler behavior. This data helps engineers and planners design safe roads, fix traffic 
jams, and plan future transport networks. 

 
Key Types of Traffic Surveys 

§ Volume Counts: Measures how many cars, trucks, and buses pass a 
point over a set time. 

§ Origin-Destination (O-D): Tracks where trips start and end to find 
major travel patterns. 

§ Speed and Delay: Records actual vehicle speeds and spots bottlenecks 
or slow zones. 

§ Axle Load: Weighs commercial trucks to check road wear and prevent 
pavement damage. 

§ Accident and Safety: Maps crash hotspots and unsafe road features. 
Tools and Methods 

§ Manual Counts: People use tally sheets or clickers at intersections. 
§ Automatic Counters: Pneumatic tubes and loop detectors track 

vehicle counts and speeds 24/7. 
§ Video Analytics: High-definition cameras capture data processed by 

modern software 
 

Environmental Impact Assessment 
 

An Environmental Impact Assessment (EIA) for road and transport infrastructure 
evaluates potential ecological, social, and economic effects before a project begins. 
The process identifies physical changes, predicts pollution or habitat loss, and creates 
mitigation plans to ensure sustainable development. 

 



Key Environmental Impacts 
§ Habitat Loss & Fragmentation: Clearing land destroys local flora and 

fauna, dividing animal populations and blocking migration paths. 
§ Soil Erosion & Hydrology: Grading and excavation destabilize slopes, 

alter natural drainage, and increase sediment runoff into nearby water 
bodies.  

§ Air and Noise Pollution: Heavy machinery, dust, and asphalt 
production release greenhouse gases and particulate matter, while 
ongoing traffic elevates noise levels.  
 

Core Stages of the EIA Process 
§ Screening: Deciding if a proposed transport project requires a full 

impact study. 
§ Scoping: Identifying which specific environmental and community 

receptors face the highest risk. 
§ Impact Analysis: Predicting direct and cumulative consequences on 

air, water, soil, and biodiversity. 
§ Mitigation Design: Establishing preventative measures, such as 

wildlife corridors, noise barriers, and proper drainage systems. 
§ Public Consultation: Involving local communities and stakeholders to 

review findings and address concerns. 
§ Monitoring: Tracking environmental changes during and after 

construction. 
 

Economic Analysis 
 

Economic analysis for road and transport infrastructure evaluates the costs and 
benefits of projects over their life cycle. It helps governments and investors decide 
where to spend money by measuring travel time saved, lower vehicle repair costs, 
and safer roads against construction and upkeep expenses. 

 
Key Evaluation Steps 

§ Cost Identification: Add up initial building, land purchase, and 
ongoing repair costs. 

§ Benefit Measurement: Calculate savings on fuel, time, and fewer 
accidents for road users. 

§ Life Cycle View: Look at expenses and gains over 15 to 30 years rather 
than just day-one costs. 

Core Decision Metrics 
§ Net Present Value (NPV): The total value of future benefits minus 

costs, adjusted for today's money. 
§ Internal Rate of Return (IRR): The yearly percentage return 

expected from the project investment. 
§ Benefit-Cost Ratio (BCR): Total benefits divided by total costs; a 

number above 1.0 means value is gained. 
 

Route Selection 
 



Route selection for road and transport infrastructure balances capital costs, 
engineering limits, and environmental protection. We analyze topography, land 
acquisition, traffic demand, and ecological constraints to find an alignment that 
minimizes long-term operational costs while maximizing regional connectivity and 
public safety. 
 
Key Considerations: 

 
Engineering and Topography 

§ Terrain type: Flat lands lower work effort, while hills or mountains need 
heavy cutting, filling, and gentle slopes. 

§ Geological stability: Avoid soft soils, slip zones, and fault lines to stop 
road cracks or landfalls. 

§ Water crossings: Cross rivers and streams at narrow, stable points to 
reduce bridge and drainage costs. 

§ Geometric standards: Keep curves wide and gradients low to match 
target travel speeds and safe sight lines.  

Economic and Financial Factors 
§ Construction cost: Balance the expenses for raw materials, earth 

movement, and structural works. 
§ Right-of-way cost: Lower expenses by avoiding expensive real estate 

and built-up city zones when possible. 
§ Upkeep and operations: Factor in long-term maintenance needs and 

vehicle fuel use over the life of the asset.  
Social and Environmental Impact 

§ Community disruption: Limit the displacement of homes, businesses, 
and cultural or religious sites. 

§ Protected zones: Steer clear of vital forests, wetlands, and animal 
habitats. 

§ Agricultural preservation: Protect high-yield farm fields and irrigation 
layouts.  

Traffic and Network Integration 
§ Demand coverage: Link major population hubs, industrial zones, and 

economic centers. 
§ Network tie-ins: Connect cleanly with existing local streets, railways, 

and ports. 
 
Geotechnical Surveys 

 
Geotechnical engineering is the foundation of safe and durable road and transport 
infrastructure. It studies how soil, rock, and water interact with highways, railways, 
bridges, and tunnels. Proper ground investigation prevents structural failures, reduces 
costly overruns, and ensures roads can handle heavy traffic and severe weather. 
 

Key Components of Transport Geotechnics 
§ Subgrade Evaluation: Testing the native soil bed beneath a road to 

measure its strength and bearing capacity.  



§ Pavement Foundation Design: Designing layered systems including 
subbase, base course, and surface layers to distribute traffic loads safely. 

§ Embankment and Slope Stability: Analyzing earth mounds and cuts 
along roadways to prevent landslides, settling, or erosion. 

§ Bridge and Structure Foundations: Using deep borings and pile or shaft 
designs to anchor heavy bridge supports into stable strata. 

§ Ground Improvement: Applying stabilization techniques—like geogrids, 
mixing agents, or preloading—when building over weak or problematic soils 
(such as expansive clays).  

Common Investigation Methods 
§ Boreholes and Sampling: Drilling into the earth to retrieve physical soil 

and rock cores for lab testing. 
§ Cone Penetration Testing (CPT): Pushing a specialized metal cone into 

the ground to measure soil resistance and groundwater data continuously. 
§ In-Situ and Laboratory Testing: Measuring moisture, density, shear 

strength, and the deformation properties of geomaterials. 
 

Geometric and Pavement Design of Urban Roads 
 
Geometric design of urban roads deals with the physical dimensions and layout of 
visible features like lanes, alignments, and intersections, while pavement design 
determines the material layers and thicknesses required to structurally bear traffic 
loads. Both work together to ensure safe, efficient, and durable city streets. 

 
Geometric Design Elements 

§ Cross-Section: Includes travel lanes (as per the design standards), curbs, 
gutters, sidewalks, and medians. 

§ Horizontal Alignment: Consists of straight tangents and circular curves, 
designed for lower speeds to fit tight urban spaces. 

§ Vertical Profile: Manages gradients and vertical curves (crest and sag) for 
smooth transitions and safe sight distances. 

§ Intersections: Focuses on managing conflict points through at-grade 
junctions, roundabouts, or signalization.  
 

Pavement Design Components 
§ Flexible Pavements (Asphalt): Distributes wheel loads through 

hierarchical layers including the surface course, base course, subbase, and 
compacted subgrade. 

§ Rigid Pavements (Concrete): Spreads loads across a high-stiffness 
concrete slab suited for heavy urban bus routes or industrial zones.  

§ Subgrade Evaluation: Measures subgrade strength (using CBR - 
California Bearing Ratio) to calculate overall structural number and layer 
thicknesses.  

§ Traffic Loading: Estimates cumulative equivalent standard axle loads 
(ESALs) over the intended design life (typically 15 to 30 years). 

 
Geometric and Pavement Design of Highways  

 



Highway geometric design plans the visible physical dimensions of a road like curves 
and widths for safety, while pavement design determines the material layers and 
thickness needed to handle vehicle weight loads. Both work together to build smooth, 
safe, and long-lasting roads. Local standards dictate precise parameters based on 
regional traffic volume and climate. 

 
Geometric Design Elements 

§ Cross-section: Includes lane widths, shoulders, and crowns (slopes) to 
drain water. 

§ Horizontal alignment: Straight paths connected by safe circular 
curves and super-elevation (banking). 

§ Vertical alignment: Hills, dips, and slopes (gradients) that balance 
earth moving and truck power. 

§ Sight distance: Ensuring drivers can see far enough ahead to stop 
safely.  

Pavement Design Elements 
§ Flexible pavements: Asphalt surfaces built on granular base and 

subbase layers that bend slightly under loads. 
§ Rigid pavements: Concrete slabs that spread heavy loads across a 

strong foundation. 
§ Traffic loading: Measured by cumulative standard axles to predict 

wear over a 15-to-30-year lifespan. 
§ Subgrade strength: Measured via California Bearing Ratio (CBR) tests 

to judge native soil support.  
 
 
Geometric and Pavement Design of Highways  
 
Geometric design shapes the visible layout of rural roads (such as width, curves, and 
slopes), while pavement design determines the material layers and thickness needed 
to handle traffic loads. Both work together to ensure safe, smooth, and lasting travel 
through open or rugged land. Local standards guide these specifications based on 
traffic volume and terrain.  

Geometric Design Elements 
§ Cross-Section: Includes the central travel lanes (carriageway), 

unpaved or paved shoulders for emergencies, and side drainage ditches 
to stop water damage.  

§ Horizontal Alignment: Straight sections (tangents) linked with 
smooth horizontal curves and superelevation (banking) to help vehicles 
safely navigate turns at design speed. 

§ Vertical Alignment: Manages the up-and-down slopes (grades) and 
crest/sag vertical curves to make sure drivers have enough sight 
distance.  

§ Sight Distance: Provides clear lines of sight so drivers can stop safely 
or pass slower vehicles without crashing.  
 



Pavement Design Elements 
§ Flexible Pavements: Common on rural routes; uses a surface asphalt 

layer built over compacted base, subbase, and subgrade soil layers. 
§ Low-Volume Options: Often utilize bitumen-sprayed aggregate seals, 

gravel, or stone blocks depending on local material availability and 
budgets. 

§ Traffic Loading: Quantified using equivalent standard axles (ESAs) to 
predict cumulative wear over the design life. 

§ Subgrade Strength: Measured via California Bearing Ratio (CBR) tests 
to decide how thick the overlying pavement layers must be 

 

Pavement Condition Assessment and Traffic Survey 

A Pavement Condition Assessment evaluates physical road surface health using 
parameters like the Pavement Condition Index (PCI) and roughness. Concurrently, a 
Traffic Survey quantifies vehicle volume, classification, and load weights. Combined, 
these surveys form the backbone of rational transport infrastructure asset 
management and budget planning. 

 
Pavement Condition Assessment 

§ Surface Distresses: Checks for cracking (alligator or linear), rutting, 
and potholes.  

§ Ride Quality: Measures smoothness using the International Roughness 
Index (IRI).  

§ Scoring Methods: Utilizes numerical ratings such as PCI (0 to 100 
scale) or PASER (0 to 10) to categorize road health from failed to 
excellent.  

§ Collection Techniques: Employs manual visual windshield inspections 
or automated network survey vehicles equipped with 3D laser profiling.  
 

Traffic Survey 
§ Volume Counts: Tallies total vehicles moving through specific corridors 

over set time frames (e.g., 12-hour or 24-hour counts). 
§ Vehicle Classification: Categorizes traffic into cars, buses, light 

commercial vehicles, and multi-axle heavy trucks. 
§ Axle Load Surveys: Measures weight distributions to evaluate 

cumulative damage potential via Equivalent Single Axle Loads (ESALs). 
§ Directional Distribution: Tracks peak-hour flow splits to analyze 

capacity bottlenecks and geometric design needs.  
 

Integration in Management 
§ Prioritization: Combines physical degradation scores with traffic 

volume data to prioritize high-priority, high-impact maintenance or 
reconstruction. 

§ Budget Forecasting: Predicts future deterioration rates under 
projected traffic loads to allocate municipal or national capital 
improvement funds cost-effectively. 



Assessment and Traffic Surveys of Urban Roads 

 Pavement Condition Assessment 

§ Methodology: Utilizes visual inspections or automated Network Survey 
Vehicles (NSVs) equipped with 3D laser cracking measurement systems 
and high-resolution cameras.  

§ Distress Identification: Quantifies surface flaws such as alligator 
cracking, longitudinal/transverse cracks, rutting, patching, and potholes.  

§ Condition Indices: Calculates the Pavement Condition Index (PCI) on 
a 0 to 100 scale (where 100 is excellent) alongside the International 
Roughness Index (IRI) for ride quality.  

Traffic Survey 
• Volume Counts: Records directional traffic volumes using manual tally 

methods, pneumatic road tubes, or automated video camera 
classification. 

• Vehicle Classification: Categorizes users from light passenger cars to 
heavy commercial vehicles (buses and multi-axle trucks). 

• Load Estimation: Converts mixed traffic data into Equivalent Single 
Axle Loads (ESALs) to determine cumulative structural stress over design 
life spans. 

Network Integration & Analysis 
• Data Fusion: Overlays condition scores and traffic loading layers onto 

Geographic Information Systems (GIS) maps.  
• Prioritization Models: Correlates high traffic volume corridors with 

low PCI scores to target high-risk or rapidly deteriorating road links first. 
• Budget Optimization: Feeds combined data into software to plan 

preventive maintenance versus structural rehabilitation scenarios 

Assessment and Traffic Surveys of Paved Rural Highways 

A pavement condition assessment and traffic survey for rural paved highways 
evaluates structural health, surface distress, and traffic loading volumes. This data 
feeds directly into a Pavement Management System (PMS) to prioritize cost-effective 
maintenance, structural overlays, or full reconstruction strategies.  

 
Pavement Condition Assessment 
The physical health and functional serviceability of rural paved roads are 
inspected using visual or automated methods.  

§ Visual & Manual Inspection: Raters walk or slowly drive sections to 
map distress types, quantities, and severities using standard guidelines 
(like ASTM or local ministry manuals).  

§ Automated Survey Vehicles (ASV): High-speed laser profilometers 
and 3D surface cameras capture cracking, macro-texture, and rut depths 
at millimeter precision.  

§ Key Distresses Monitored: 
o Fatigue (Alligator) Cracking: Indicates base layer or 

structural fatigue. 



o Transverse/Longitudinal Cracking: Indicates thermal 
movement or joint reflection. 

o Rutting: Permanent surface depression in wheel paths posing 
hydroplaning risks. 

o Potholes & Raveling: Loss of aggregate and localized 
disintegration.  

§ Pavement Condition Index (PCI): Scores the surface health on a 0 
to 100 numerical scale to establish the urgency of repairs.  

§ Roughness & Ride Quality: Measured via the International 
Roughness Index (IRI) using a response-type system or laser 
profilometer. 

 
Traffic Survey 
Traffic surveys quantify the magnitude and composition of vehicle loads using 
the highway link to compute cumulative damage factors. 

§ Manual Classified Count (MCC): Enumerators record vehicle classes 
(cars, buses, light goods vehicles, multi-axle trucks) over designated 
periods (e.g., 12 or 24 hours, expanded to Annual Average Daily Traffic 
- AADT).  

§ Automatic Traffic Counters (ATC): Piezoelectric sensors or 
pneumatic tubes deployed across lanes capture continuous volume, 
speed, and axle spacing data. 

§ Axle Load Surveys: Weigh-in-motion (WIM) or portable static 
weighbridges collect wheel and axle load data to determine Equivalent 
Standard Axles (ESAs) or Equivalent Single Axle Loads (ESALs).  

§ Design Traffic Determination: Converts raw counts into cumulative 
standard 80-kN axle loads over the intended design life of the rural 
highway pavement. 

Assessment and Traffic Surveys of Unpaved Rural Highways 

Assessing rural unpaved highways requires tracking specific surface distresses like 
corrugations, ruts, and drainage failures alongside visual or automated traffic volume 
counts to prioritize low-cost maintenance and gravel replenishment. 

 
Pavement Condition Assessment 
Unlike paved roads that use the standard Pavement Condition Index (PCI) for 
cracks and asphalt fatigue, unpaved or gravel roads focus on native material 
stability, cross-section geometry, and drainage:  

§ Drainage adequacy: Check blocked side ditches, lack of a proper 
roadway crown, and culvert blockages that trap water on the surface. 

§ Surface deformation: Measure rut depth (depressions in wheel paths) 
and loss of shape. 

§ Surface defects: Quantify loose aggregate, dust levels, stoniness, and 
wash boarding (corrugations). 

§ Gravel loss: Estimate the remaining thickness of the wearing course 
material over the subgrade. 



§ Methodology: Use visual rating systems or specialized indices (such as 
a Gravel Road Condition Index) via windshield or walking surveys. 
 

Traffic Survey 
Traffic counts on low-volume rural roads establish loading patterns and help 
predict the rate of surface material deterioration and gravel loss: 

§ Classification: Categorize vehicles into light vehicles/taxis, 
minibuses/pickup trucks, medium/heavy goods vehicles (multi-axle 
trucks), and buses.  

§ Duration: Conduct manual or automated counts typically spanning 
peak daytime hours and representative night shifts to capture seasonal 
and daily variations. 

§ Axle load data: Supplement counts with occasional load-weighing or 
estimates to understand heavy truck impacts on unpaved subgrades 

 

 


