	Civil Engineering 

	Sr. No.
	Core Areas
	Percentage

	1.
	Engineering Drawing 
	04%

	2.
	Engineering Mechanics  
	05%

	3.
	Engineering Surveying 
	04%

	4.
	Engineering Material 
	06%

	5.
	Fluid Mechanics
	08%

	6.
	Mechanics of Solids
	05%

	7.
	Engineering Geology 
	04%

	8.
	Structural Analysis
	06%

	9.
	Transportation Planning & Engineering 
	07%

	10.
	Engineering Construction 
	05%

	11.
	Reinforced Concrete Design
	08%

	12.
	Soil Mechanics and Foundation Design 
	08%

	13.
	Environmental Engineering 
	05%

	14.
	Civil Work Quantity and Cost Estimations 
	06%

	15.
	Architecture and Town Planning 
	03%

	16.
	Steel Structure 
	04%

	17.
	Construction Planning and Management 
	04%

	18.
	Irrigation and Water Resources Engineering 
	08%

	
	Total
	100%


	Civil Engineering (Detailed)

	Sr. No.
	Core Areas
	Percentage

	1.
	ENGINEERING DRAWING:
1.1 Introduction________________________________________________2%
Introduction to the subject and drawing equipment. Lettering and dimensioning, graphic symbols, free hand sketches and isometric views. Method of sections including assembly sections, Introduction to machine drawing.

1.1.1 Projections: Development of surfaces. Orthographic projection, orthogonal projections of simple solids in simple position, oblique and auxiliary planes. Isometric and pictorial projections of solid figures, making of free hand sketches from solid objects and from orthographic projections. Intersection of surfaces.

1.1.2   Architectural Drawing:Introduction to Civil Engineering drawing, preparation of plan, elevation and sections for simple buildings. Introduction to Computer Graphics.
1.1.3 General:Need and requirement of drawings for civil Engineering projects. General nature of drawings, components, symbols and nomenclature needed for specific drawings such as architectural, structural, plumbing, electrical, airconditioning, roads and earth work etc. Drawings at different stages of projects, Elements of perspective drawing.

1.2Civil Engineering Drawing___________________________________2%

General description of drawings related to civil Engineering projects. e.g. hydraulic structures, drainage structures,  highway and motor way drawings.

1.2.1  Building Drawing: Elements of architectural planning and design, conceptual, schematic and working drawings and details of residential, commercial, religious, recreational, industrial, clinical, hospital, and educational buildings, Details of doors, windows, staircases etc.

1.2.2   Elements of structural drawing and detailing: Preparation of foundation plan, structural framing, slab details, staircase details, water tanks, beam and column elevations and sections mostly pertaining to reinforced concrete structures. Details of steel roof truss, connection details and fabrication drawings. Plumbing and electrical detailing pertaining to small residential units.

1.2.3  Computer Aided Drafting: General and basic know how related to computer aided drafting, e.g. co-ordinate system, drawings setup procedure, basic draw commands, basic edit commands, Layers, creating text and defining styles options, block and drawing import/export options, Cross hatching, save and plot (2D) and isometric drawings.
	4%

	2.
	ENGINEERING MECHANICS:
2.1 Basic Concepts_____________________________________________2%

Concepts of space, time, mass, velocity, acceleration and force. Scalar and vector quantities, Newton's laws of motion, law of gravitation.
2.1.1    System of Forces:Resultant and resolution of co-planer forces usingparallelogram, triangle and polygon law and funicular polygon. Simple cases of resultant and resolution of forces in space. Conditions of equilibrium of co-planar forces, analytical and graphical formulations.
2.1 Equilibrium of Rigid Bodies______________________________2%

Free body concept, conditions of support and attachment to other bodies, Support Reactions, Degree of restraint and static determinacy. Statically determinate problems especially of civil engineering importance, Equilibrium of two-force and three-force bodies.

 2.2.1   Kinematics: Work, energy and power. Virtual work formulation of equilibrium of coplanar force. Potential energy, energy criterion for equilibrium, stability of equilibrium, application to simple cases.

 2.2.2   Rigid Bodies: Geometrical properties of plane areas, first moment of area, centroid, second moment of area, principal axes, polar second moment of area and radius of gyration.

2.2.3    Friction: Coulomb's theory of friction. Problems involving friction on flat and curved surfaces. Introduction to practical use of the above principles and properties.
	5%

	3.
	ENGINEERING SURVEYING:
 3.1 Hydrographic Surveys______________________________________1%

Objectives of hydrographic survey and electronic charting, Vertical control, Depth and Tidal measurements, Position-fixing techniques, Sounding plan, Horizontal control, Processing.
3.1.2     Control Surveys: Geodesy, UTM and other Map Projections, Coordinate Systems and Datum, Horizontal control techniques, Survey markers, Observations on Polaris, Computation technique for azimuth determination and Gyro-theodolite.

      3.1.3       Surveying Application: Highway and Railway Curves, Route surveys, Circular curves, Setting out circular curve by various methods, Compound curves, Reverse, Vertical, Parabolic curves, Design considerations, Spiral curves, Approximate solution for spiral problems, Super-elevation.

3.2 Advance Engineering Survey________________________________2%
  3.2.1     Introduction: Introduction to land surveying, definitions of basic surveying terms, branches and their application. Instruments used.

3.2.2     Techniques: Distance measurement techniques, Theodolite and its Types, Traversing and Triangulation, Tachometry, Plane Table Surveying. Computation of areas and volumes by various methods.

3.2.3      Modern Methods in Surveying: Principles of EDMI Operation, EDM Characteristics, Total Stations, Field procedures for Total Stations in Topographic Surveys, Construction layout using Total Stations.

3.2.4      Leveling and Contouring:Reduction of levels, adjustments of levels, precise leveling. UMethodsUand applications of contouring.

3.2.5      Surveying Drafting and Computations:Maps and Plans, Plotting, Contour Maps, Profiles, Cross- sections, Prismoidal formula, Computations of area and volumes by graphical analysis and use of surveying software.

3.2.6      Field Work: Horizontal and Vertical control, Construction Surveys, Railways, Highways, Pipelines and other infrastructures. Layout of buildings and structures.

3.3 Geo informatics_____________________________________________1%
3.3.1 Introduction to Geoinformatics:Resources of information, photogrammetric surveying, Satellite System, Aerial and Satellite photogrammetry.

 3.3.2    Global Positioning System (GPS):Navigational Satellites, Positioning Systems (GLONASS, GPS & Galileo), Fundamentals and Elements of GPS, System Operation & Characteristics, Errors and Atmospheres effects. Differential GPS (DGPS).

  3.3.3   Remote Sensing (RS): Basic Concepts. Physicals basis of Remote Sensing, Earth Resources Satellites/ Platforms, Sensors, Types of Resolutions, Georeferencing, Image Processing Techniques. Classification.

3.3.4     Geographic Information System (GIS):Fundamentals of GIS, Spatial Data types and acquiring consideration. Data models and structures. Coordinate System, Datum and map projection and their transformation. Attribute-based operation, Introduction to Spatial Analysis.
	4%

	4.
	ENGINEERING MATERIAL:
4.1 Concrete Materials_________________________________________3%
Introduction to Concrete, Manufacturing, Types andProperties of Cement, Types and Properties of Fine and Coarse Aggregates, Quality of Water, Mixing, Transportation & Placing of Concrete, Lime and Mortars.
4.2 Metals and Alloys__________________________________________2%
Composition, Manufacturing.

4.2.1     Natural Stones, Bricks, Tiles and Ceramics: General Characteristics, Varieties and Uses of Building Stones, Manufacture, Varieties, Properties and Uses of Bricks, Tiles and Ceramics.

4.2.2     Timber, Rubber, Plastics, Bituminous and Insulating Materials.

  4.2.3     Construction Aspects of Engineering Projects and Layout Techniques: An over view of construction aspects for different types of engineering projects, e.g., buildings, retaining structures, hydraulic structures and pavements. Sites election and orientation of building, surface finishes, joints in building, maintenance of building, damp proofing.
 4.3 Construction Methodologies________________________________1%
Methodologies for In-situ and pre-cast construction of buildings, planers and non planer roofing systems, finish and water proofing. Mechanized construction. Design and use of farm work for various building units/members. Methods of concreting. Bonds in masonry work, doors, widows, floors, roofs.
	6%

	5.
	FLUID MECHANICS:
 5.1 Basic Concepts____________________________________________4%
5.1.1 Introduction:Solids and fluids (liquids and gases). Units and dimensions. Physical properties of fluids; density, specific weight, specific volume, specific gravity, surface tension, compressibility. Viscosity, units of viscosity, measurement of viscosity, Newton's equation of viscosity. Hydrostatics, kinematics, hydrodynamics, hydraulics.

5.1.2 Fluid Statics:Pressure intensity and pressure head: pressure and specific weight relationship, absolute and gauge pressure, measurement of pressure, Piezo-meter, manometer, pressure transducers. Differential manometer and Borden gauge.

5.1.3 Forces on Immersed Bodies: Forces on submerged planes and curved surfaces and their applications Drag and Lift forces, buoyancy and floatation. Equilibrium of floating and submerged bodies.

5.1.4 Fluid Kinematics:Steady and unsteady flow, laminar and turbulent flow, uniform and non-uniform flow. Pathline, streamlines and stream tubes. Velocity and discharge. Control volume, Equation of continuity forcompressible and incompressible fluids.

 5.1.5 Hydrodynamics:Different forms of energy in a flowing liquid, head,  Bernoulli's equation and its application, Energy line and Hydraulic Gradient Line, Introduction to density currents, free and forced vortex, Forces on pressure conduits, reducers and bends, stationary and moving blades, torques in rotating machines.

5.1.6 Flow Measurement:Orifices and mouthpieces, sharp-crested weirs and notches, pitot tube and pitot static tube, venturimeter, velocity methods.

 5.1.7 Steady Flow through Pipes:Darcy-weisbach equation for flow in pipes. Losses in pipe lines, hydraulic grade lines and energy lines. Pipes in series and parallel. Transmission of energy through pipes. Introduction to computer aided analysis of pipe networks.

5.1.8Uniform Flow in Open Cannels: Chezy’s and Manning’s equations, Bazin’s and Kutter’s equations, Most economical rectangular and trapezoidal section.
 5.2 Advance fluid mechanics_________________________________4%
5.2.1Hydrodynamics Review:Ideal and real fluid, Differential equation of continuity, Rotational and irrotational flow, Stream function and velocity potential function, Brief description of flow fields, Orthogonality of stream lines and equipotential lines, Flow net and its limitations, Different methods of drawing flow net.

5.2.2   Steady Flow through Pipes:Laminar and turbulent flow in circular pipes, semi-empirical theories of turbulence, General equation for friction, Velocity profile in circular pipes, pipe roughness, Nukuradse’s experiments, Darcy-Weisbatch Equation, Implicit and Explicit Equations for Pipe Friction Factor, Moody’s diagrams, Pipe flow problems, Minor losses.

5.2.3    Pipe Networks: Pipes in series and parallel, branches, Hardy Cross Method, Water hammer, Water Loss, Head losses and material of pipes.

5.2.4    Water Turbines: Types, reaction and impulse-turbines, Momentum equation applied to turbines, Specify speed, Turbine characteristic.

5.2.5    Centrifugal Pumps: Types, Classifications, construction features, operation and efficiencies, Specific speed and characteristic curves.

5.2.6    Reciprocating Pumps:Types, Maximum suction lift, construction features, specific speed, cavitation and operation.
	8%

	6.
	MECHANICS OF SOLIDS:

 6.1 Simple Stress and Strain_____________________________________3%

Kinds of stresses and strains, Difference between stress and pressure, Load Extension Diagrams for different Materials, Hook’s Law, Moduli of elasticity, Lateral strain, Volumetric Strain, Poisson’s Ratio, Temperature stresses and Compound bars.

6.1.1   Stresses in Beams: Theory of simple bending, Moment of resistance and section modulus, Applications of flexure formula, Shear Stresses in Beams, Shear Centre, Shear Flow, Unsymmetrical Bending.

6.1.2    Column and Struts: A short and long Axially loaded columns, their modes of failure, and conditions, equivalent length, Euler’s formula, and Empirical formula like Rankine Gordon Formula etc., Slenderness Ratio.

  6.1.3   Circular Shafts: Theory of Torsion for solid and hollow circular shafts.

  6.1.4    Springs: Open coil springs, closed coil springs, leaf springs.

 6.1.5   Strain Energy: Strain Energy due to direct loads, force, bending moments and torque, Stresses due to impact loads.

6.2 Advance mechanics of solids______________________________2%
6.2.1   Stress Analysis: Analysis of Stress and Strain at a point due to combined effect of axial force, shear force, bending and twisting moment. Mohr's circle for stresses and strains, relationships between elastic constants., strain rosette solution.

 6.2.2   Introduction to Theory of Elasticity: Stress tensor, plane stress and plane strain problems and formulation of stress function.

 6.2.3   Theories of Yielding/Failure (Plastic Limit Analysis) for ductile and brittle materials.

 6.2.4   Cylinders: Thin, Thick and Compound Cylinders.

  6.2.5   Columns: Stability of columns, conditions of equilibrium, eccentrically loaded columns, initially imperfect columns.

 6.2.6   Flat Plates: Introduction, Stress Resultants in a flat plate, Strain displacement Relations, Stress-stain –temperature relation for isotropic elastic plates, Strain Energy of a plate, Solution of rectangular and circular problems Bending and Buckling of plates.

6.2.7    Curved Beams: Introduction to circumferential and radial stresses in curved beams, Correction of Circumferential Stress in curved beams having I, T-cross sections. Deflection of curved beams.

6.2.8    Torsion of Thin Walled Tubes and Non-Circular Members: Saint Venant’s semi inverse method, Prandtel’s Elastic Membrane Analogy, Narrow Rectangular Cross-section, Hollow Thin Walled Torsion Members.

  6.2.9   Fatigue: Fatigue due to cyclic loading, Discontinuities and Stress Concentrations, Corrosion Fatigue, Low Cyclic Fatigue and ε-N relations.
	5%

	7.
	ENGINEERING GEOLOGY:

 7.1 Introduction to Geology___________________________________2%

The Earth as a planet, Process of external and internal origin (Volcanic, Metamorphic, Sedimentary)

 7.1.1   Importance of Geology for Civil Engineering Projects: Physical properties and identification of common rock forming minerals

         7.1.2    Rocks formation and classification:

a. According to the mode of occurrences

b. According to the Silica contents

7.1.3    Weathering and Erosion: Weathering classification: fresh, slightly weathered, moderately weathered etc. Formation of Meanders. Cycle of Erosion.

 7.1.4    Discontinuity classification: Joints, faults and other fractures, micro structural features: lamination, cleavages, and foliations. Spacing of discontinuities: close, wide, medium etc., Folds, unconformities. Effects of folding, faulting and jointing on civil engineering projects and their recognition in the field.

 7.1.5   Description of Rock masses as thickly bedded or thinly bedded: Identification of filling in joints: sand, clay and breccias etc. Color of grains, description with respect to the rock color, identification as a course grained, hardness classification.

  7.1.6   Geological classification and identification of Rocks by geological names: Identification and subordinate constitutions in rock samples such as seams or branches of other types of minerals for example, Dolomite, Lime stone, Calcareous sand stone, sand.

7.1.7    Classification of Durability of Rocks in Dry and wet condition with durability test: Engineering and physical properties of rocks. Geological technical properties of rocks used as building stones, as decorative stones and as industrial rocks such as color, luster, streak, specific gravity, water absorption and unit weight etc.

 7.1.8   Role of geology in selection of sites for dams, reservoirs, tunnels, ports/harbors and other civil engineering structures:

 7.1.9   Land Slides: Definition, Causes of land Slides, Types of Land Slides, Protective Measures for Land Slides, Engineering Considerations.

 7.1.10 Glaciers and Glaciations: Origin of Glacial Ice, Types of Glaciers, Movement of Glaciers, Glacial Erosion, Engineering Considerations.

 7.1.11 Volcanoes: Formation of Volcanoes, Types of Volcanoes, Nature and Types of Eruption, Products of Eruptions, Engineering Considerations.

 7.1.12 Brief introduction of local geology.

 7.2 Introduction to Engineering Seismology____________________2%

Plate Tectonics with respect to the global application, earthquakes, causes of earthquakes, protective measures against earthquakes zoning of earth quakes in Pakistan, Seismic Waves, Classification of Earthquakes, Earthquake Intensity Scales (modified Mercalli Scale), Geology of Aquifers, Wells, Springs and Ground Water Conditions.
	4%

	8.
	STRUCTURAL ANALYSIS:

 8.1 Introduction to structural analysis__________________________1%

Types of structures, structural idealization and loads. Redundancy and stability of structures.

         8.1.1    Analysis of Determinate beams: Shear force and bending moment diagrams with various combinations of loads, Relationship between shear forces and bending moment.

        8.1.2     Analysis of Determinate pin Jointed Structures: by method of joints, method of sections, method of moment and shears and graphical method.

        8.1.3    Analysis of Statically Determinate Rigid Jointed Plane Frames: Shear force, bending moment and axial force diagrams for these structures.

        8.1.4     Moving Loads: Influence lines for reactions, shear force and bending moment in statically determinate beams and paneled girders, influence lines for member forces in pin jointed frames, Calculation of maximum stress function (reaction, shear, bending moment, axial force) in these structures.

         8.1.5   Three Hinged Arches. Cables and Suspension Bridges: Basic considerations in analysis and design. Moving loads on three hinged arches and suspension bridge.

        8.1.6     Rotation and Deflection: Rotation and deflection of beams by moment area method, conjugate beam method, Castigliano’s second theorem. Rotation and deflection of beams, plane trusses and frames. Principle of virtual Work, unit load method, graphical method. Analysis of indeterminate beams by three moment equation with and without support settlement.

        8.1.7     Introduction to Plastic Theory: Application to continuous beams and portal frames.

        8.1.8    Bridge Engineering: Site selection for a bridge, types and structural forms of bridges, Construction methods. Vehicle load transfer to slab and stringers. Design and detailing of simple RC deck and girder bridges.

        8.1.9   Matrix methods of analysis: Virtual force principle and flexibility method, flexibility of bar, beam and general flexural elements, analysis of 2D framed structures with temperature, support settlement and lack of fit. Virtual displacement principle and displacement method, element stiffness matrix for bar, beam and plane frame element, coordinate transformation. Compatibility and equilibrium. Assembly of structure stiffness matrix. Analysis by stiffness method of 2D trusses, beams and frames including temperature effects, lack of fit and settlement of supports. Reliability of computer results. Computer applications of above using interactive computer programs. Analysis by stiffness method of 2D-Reliability of computer results. Computer applications of above using interactive computer programs.

8.2Structural Dynamics_______________________________________2%
 8.2.1   Introduction to Structural Dynamics: Vibration of SDOF lumped mass systems, free and forced vibration with and without viscous damping. Natural vibration of SDOF systems. Response of SDOF systems: to harmonic excitation, to specific forms of excitation of ideal step, rectangular, pulse and ramp forces. Unit impulse response. Vibration of MDOF systems with lumped mass. Hamilton’s principle, modal frequency and mode shape Computer applications of above.

8.3 Earthquake Engineering___________________________________2%
Introduction to basic terminology in EQ engineering Form of structures for EQ resistance. Ductility demand, damping etc. Seismic zoning of Pakistan Equivalent lateral force analysis. Detailing of RC structures for EQ resistance. Introduction to relevant software.

 8.4 Advance structural analysis_______________________________1%

8.4.1     Introduction: Statically indeterminate structures, determination of degree of instability and stability of structures.

       8.4.2       Force Method: Methods of least work and consistent deformation, application to statically indeterminate beams, frames, grids, trusses and two hinged arches.

       8.4.3      Displacement Method: Slope deflection method, moment distribution method, application to indeterminate beams and frames.

      8.4.4      Column Analogy Method: Application to prismatic members. Stiffness and carry over factors of straight members of variable moment of inertia. Analysis of portal frames with one axis of symmetry, without axis of symmetry. Analysis of gable frames, closed frames and portal frames. (to be deleted)

       8.4.5     Moment Distribution Method: Concept , distribution and carry over factors. Analysis of continuous beams and frames with and without yielding of supports. Solution of frames involving side sway, analysis of closed frames and multistory portal frames.

       8.4.6      Analysis of indeterminate trusses: Application of virtual work (Unit load method) to deflection of trusses, external and internal indeterminacy. Analysis of trusses with redundant support reactions. Solution of internally indeterminate trusses with composite redundancy including fabrication errors and temperature variations.

         8.4.7    Analysis of two-hinged arches: Analysis of two-hinged circular and parabolic arches having supports at same and at different levels. Effect of axial force on stiffness and carryover factors and stability of simple frameworks.

         8.4.8    Influence Line Diagram (ILD) for Indeterminate Members: Clark Maxwell and Batty's theorems, influence lines for moment and reaction in propped cantilever, fixed ended and two and three span continuous beams. ILD for shear force and bending moment at any section in an indeterminate beam.
	6%

	9.
	TRANSPORTATION PLANNING & ENGINEERING:

9.1 Introduction to Transportation Systems_____________________2%

Modes of transportation; Need and scope of comprehensive plan; Phases of planning, Principles of planning; Communication (rail-road network & airport), port and harbour facilities, street traffic and design.

        9.1.1    Railway Engineering: Elements of track. Types of gauges; Types of rail sections. Rail joints. Creep and wear of rail; Fish Plate, bearing plates and check rails; Types of sleepers, their merits and demerits. Sleeper density, spacing and stiffness of track. Types of ballast. Requirements for good ballast, Renewal of ballast. Formation of single and double track. Formation failures; Selection of site for a railway station. Layout of stations and yards; Modern methods for construction of tracks. Maintenance, tools and organization.

        9.1.2     Airport Engineering: Type & elements of Airport planning, Factors affecting Airport Site Selection; Airport Classification; Airport Drainage Systems; Various Runway Configurations.

        9.1.3     Coastal Engineering: Classification of harbours; Ports and harbours of Pakistan; Design principles and requirements of harbours; Wharves and jetties; Breakwaters and groynes; Channel regulation and demarkation; Classification of docks and their construction; Transit sheds and warehouses.

9.2 Introduction to Road Systems________________________________4%
Location Survey in Rural and Urban Areas; Urban Location Controls; Highway Planning. Roads in Hilly Areas.

9.2.1    Highway Engineering: Highway Components, Elements of a typical cross section of road. Types of cross-section; Highway location; Classification of Highways; Highway Materials, Types & Characteristics, Specifications & tests, Introduction to resilient behavior.

        9.2.2     Geometric Design: Design controls and criteria; Sight Distance requirements; Horizontal curves; Super Elevation; Transition curve; Curve Widening; Grade line; Vertical curves.

        9.2.3     Pavement Design: Types of pavements. Wheel loads. Equivalent single axle load. Repetition and impact factors. Load distribution characteristics; Design of flexible and rigid pavements, Highway Drainage, Pavement Failures, Introduction to non-destructive testing, Pavement evaluation; Construction and Maintenance and rehabilitation.

 9.3 Traffic Engineering________________________________________1%

Operating and Design speeds; Traffic Survey; Traffic Safety; At-grade and grade-separated intersections; Traffic Control Devices; Capacity analysis; Traffic Management. Introduction to relevant software packages.
	7%

	10.
	ENGINEERING CONSTRUCTION:
 10.1 Construction Equipment__________________________________1%

Types of equipment, analysis of capital and operating costs, Depreciation and its methods of estimation. Investment costs, Maintenance and repair costs.
10.2 Introduction to advanced construction materials & technologies______________________________________________2%

10.2.1   Construction Methodologies: Methodologies for In-situ and pre-cast construction of buildings, planers and non planer roofing systems, finishes and water proofing. Mechanized construction. Design and use of farm work for various building units/members. Methods of concreting. Bonds in masonry work, doors, widows, floors, roofs.

10.3 Construction Aspects of Engineering Projects and Layout Techniques________________________________________________2%

An over view of construction aspects for different types of engineering projects, e.g., buildings, retaining structures, hydraulic structures and pavements. Site selection and orientation of building, surface finishes, joints in building, maintenance of building, damp proofing.
	5%

	11.
	REINFORCED CONCRETE DESIGN:
 11.1 RCC design concept______________________________________3%
11.1.1    Constituent Materials & Properties: Concrete constituent material and its mechanical properties, Properties of freshly mixed concrete. Durability aspects and factors contributing towards durability, Creep and Shrinkage of Concrete, Mix Design, Quality Control, Additives and Admixtures, Air Entrainment, Lightweight Concrete, Hot and Cold Weather Concrete, Precast Concrete with special reference to Cement Concrete Blocks, Determination of fundamental structural properties of concrete and non-destructive testing (NDT).

     11.1.2     Basic Principles of Reinforced Concrete: Basic principles of reinforced concrete design and associated assumptions, Behavior of reinforced concrete members in flexure, Design philosophy, design codes, factor of safety and load factors, Prevailing methods of design of reinforced concrete members.

    11.2.3      Working Stress Method of Analysis: Working stress method, serviceability criteria and checks for deflection, crack width, and crack spacing, Importance of working stress method related to pre stress.

    11.2.4      Ultimate Strength Method: Ultimate strength method, analysis of prismatic and non-prismatic sections in flexure, Compatibility based analysis of sections and code requirements for flexure, Analysis of one-way solid and ribbed slabs, two way solid slabs with general discussion on other slab systems, Design for flexure.

    11.2.5      Shear in Beams: Shear stress in reinforced concrete sections, models and analogies towards solution of diagonal tension problem, Design for diagonal tension.

     11.2.6     Bond, Anchorage & Development Length: Design and detailing for bond, anchorage, development length, laps and splices.

      11.2.7     Columns & Footings: Analysis of sections in pure compression, Design of short columns under pure compression and with eccentric loading, Isolated footings, structural design of simple rectangular footing and combined footing.

11.2 RCC design techniques___________________________________5%
11.2.1    Flat Slab, Flat Plate & Waffle Slab: Analysis and design of flat plate, flat slabs and waffle slabs, for flexure and shear under gravity loading.

      11.2.2    Slender Columns: Analysis and design of slender columns subjected to combined flexure and axial loading, Guidelines for design of shear walls-an over view.

      11.2.3    Design of Different Types of Foundations: Analysis and design of eccentric, strap, strip and mat footings, piles and pile caps, Bouyant Footings.

      11.2.4    Stairs: Analysis and Design of Various Types of Stairs and Staircases.

      11.2.5    Prestressing Principles & Design Philosophy:Principles of prestressing, properties of high strength materials, Importance of high strength concrete and steel used in prestressing, Behavioral aspects of prestressed beams and comparison with reinforced concrete beams, post tensioning and pretensioning techniques, Profiles of post-tensioned tendons, bonded and nonbonded tendons, comparison and hard-ware requirements.

      11.2.6    Prestress Losses: Prestress losses, immediate and time dependent losses, lump sum and detailed estimation of prestress loss.

      11.2.7    Analysis and Design: Simply supported prestressed beams for flexure and shear.
	8%

	12.
	SOIL MECHANICS & FOUNDATION DESIGN:
12.1 Soil mechanics___________________________________________3%
 12.1.1   Introduction: Applications in engineering practice, types of soils and their formation.

   12.1.2   Index properties of soil: Water content, voids ratio, porosity, degree of saturation, specific gravity, unit weight and their determination. Mass-volume relationships.

   12.1.3   Soil Classification: Importance of soil classification. Grain size distribution by sieve analysis and hydrometric analysis, Atterberg's limits, classification systems.

 12.1.4   Geotechnical Investigation: Purpose, phases and scope. Methods of soil exploration: probing, test trenches/pits, auger boring, wash boring, rotary drilling Disturbed and undisturbed samples. Introduction to Geotechnical report writing.

12.1.5   Permeability and Seepage: Darcy's law, factors affecting permeability, laboratory and field determination of permeability. Introduction to flow nets. Estimation of seepage quantity and gradients.

12.1.6   Stress Distribution in Soils: Geo-static stresses, total stress and pore pressure, effective stress, capillarity and its effects. Vertical stresses induced due to structural loads: Boussinesq's theory. Pressure bulb, Stress distribution diagrams on horizontal and vertical planes. Induced stress at a point outside the loaded area: use of influence charts and 2:1 method.

12.1.7   Shear Strength: Concept, parameters, Coulomb's law, shear strength of cohesive and non-cohesive soils. Factors affecting shear strength of soil and its applications in engineering. Laboratory and field tests for determination of shear strength.

12.1.8   Compaction: Mechanism, moisture density relationship, compaction standards, factors affecting compaction, field control and measurements of insitu density. Field compaction equipment. Relative density.

12.2 GEO technical and foundation engineering________________3%
       12.2.1    Earth Pressures: Definition, pressure at rest, active and passive earth pressures. Coulomb's and Rankine's theories. Bell’s equation for cohesive soils. Earth pressure diagrams for different loading configurations.

       12.2.2    Bearing Capacity of Soils: Definition of: gross, net, ultimate, safe and allowable bearing capacity. Methods of obtaining bearing capacity: presumptive values from codes, from plate load test. Bearing capacity theories. Bearing capacity from SPT and CPT data.

      12.2.3    Settlement Analysis: Definition, total settlement, differential settlement, angular distortion, immediate settlement. Primary and secondary consolidation settlements. Normally and pre-consolidated soils. Mechanics of consolidation, theory of one dimensional consolidation, assumptions and validity, Oedometer test: determination of compression index and coefficient of consolidation, magnitude and time rate of consolidation settlement. Causes of settlement and methods of controlling settlement. Allowable total and differential settlement.

       12.2.4   Slope Stability: Types of slopes, Factors affecting stability and remedies. Types of failure. Methods of analysis: Taylor's stability number method, Swedish circle method.

      12.2.5    Earth and Rock Fill Dams: Definition of an earth dam, types of earth and rock fill dams, Components of an earth dam and their functions. General design considerations and typical cross-sections.

       12.2.6     Introduction to deep foundations: Types of piles, load carrying capacity of piles group action, negative skin friction, pile load test.

       12.2.7    Soil Improvement: Basic principles, objectives and methods.

       12.2.8   Soil Dynamics: sources of dynamic loading, spring-mass-dashpot system, application to machine foundations, liquefaction.

       12.2.9   Introduction to GeotechnicalComputer Software.
12.3 Geotechnical Earthquake Engineering____________________2%
Dynamic properties of soil and their determination, response of soil media to earthquake ground motions, dynamic instabilities of soils: causes of soil failure during earthquakes, soil liquefaction, soil settlement, landslides and slope instability, foundation vibration: vertical, torsional and simultaneous translational and rocking vibration of non-embedded and embedded foundations, soil structure interaction effects: model formulation, dynamic properties and response analysis of structures, experimental full-scale testing for determination of soil-structure interaction effects, practical considerations in design and construction practice.
	8%

	13.
	ENVIRONMENTAL ENGINEERING:
13.1 Introduction to Environmental Engineering_________________3%
13.1.1   Water Pollution: Water chemistry and characteristics, Introduction to sources of pollution, Effects on water quality, Control parameters.

       13.1.2    Water Demand and Supply: Population Forecast; Water uses & consumption; Types and variations in demand; Maximum demand & fire demand.

       13.1.3   Water Quality: Water impurities & their health significance; Water quality guidelines / standards (U.S. & WHO, etc); water quality monitoring.

       13.1.4   Water Sampling and Testing: Sampling techniques and examination of water (physical, chemical and microbiological parameters), Water borne diseases.

       13.1.5    Water Treatment: Treatment of surface & ground water, screening, sedimentation, coagulation, Filtration, design aspects of slow sand and rapid sand filters; and their operations, Pressure filters

        13.1.6   Miscellaneous Water Treatment Techniques: Fluoridation, Iron & Manganese removal; Water softening methods; Water disinfection and chemicals; Chlorination; Emergency treatment methods.

       13.1.7   Water Distribution: Layout and design of water transmission works and distribution networks, service reservoirs, Fixtures and their installation; Tapping of water mains, Urban and Rural Water Supply.

       13.1.8   Introduction to Air & Noise Pollution.

13.2Sewerage________________________________________________2%
13.2.1   Estimation of Sewage Quantities: Population characteristics, population forecasting, waste water generation, Rainfall intensity formulas, hydrograph & weather flow, sewage quantities; Variations and rates of flows; Velocity gradient & limiting velocities.

13.2.2   Characteristics of Sewage: Sampling techniques and examination of wastewater (Physical, chemical and microbiological parameters), Biochemical Oxygen demand (BOD), Chemical Oxygen Demand (COD), Microbiology of sewage. Effluent disposal guideline and standards, Pakistan National Environmental Quality Standards (NEQS) and International Standards.

13.2.3   Sewer system: Types, shapes, size and materials of sewers, pipe strengths and tests; Design, construction, laying and maintenance of sewage system; Separate & Combined systems; Sewer appurtenances.

 13.2.4   Sewage Treatment and Disposal: Primary, secondary & tertiary treatment; Screening grit chamber, skimming tanks & sedimentation tanks; Activated sludge treatment, tricking filters, oxidation ponds, etc.

13.2.5   Sewage Disposal: Receiving body, assimilation capacity; Stream pollution and self recovery, sludge handling & disposal; Effluent re-use.

13.2.6   Building drainage: Soil pipes, anti-syphon pipes and waste water pipes; sanitary fixtures and traps; House connection and testing of house drainage; Cross connection and back syphonage control.

13.2.7   Solid waste management: Types, characteristics, sources and quantities of solid waste; Collection disposal and recycling.

13.2.8   Introduction to Environmental Legislation and Regulations.

13.2.9 Introduction to Environmental Impact Assessment.
	5%

	14.
	CIVIL WORK QUANTITY & COST ESTIMATIONS:
 14.1 Scope__________________________________________________3%

Scope of civil engineering works; General practice in government departments for schedule of rates and specifications; Rate analysis; Specifications for various items of construction.

14.1.1   Bill of Quantities (B.O.Q) & Measurement Book (M.B):Types and methods of estimates, Working out quantities, rates and cost analysis of construction materials; Valuation, depreciation and sinking fund. Contents and preparation of bills of quantities for different projects like irrigation, roads, sanitary, building etc. and maintaining of Measurement Books. Measurement, specification and costing of excavation and back filling, mass concrete retaining walls, beams, concrete piles, steel or wooden truss or steel framed gantry, estate road, sewer and water main pipe works, Priced bill of quantity.

14.2Tendering________________________________________________2%
Preparation of civil engineering contracts and tender documents. Introduction to claims and conflicts resolution e.g. escalation, indexation, arbitration and litigation. Evaluation of proposals and contracts. 

14.3 Construction Equipment__________________________________1%

Types of equipment, analysis of capital and operating costs, Depreciation and its methods of estimation. Investment costs, Maintenance and repair costs
	6%

	15.
	ARCHITECTURE & TOWN PLANNING:
 15.1 Architecture_____________________________________________2%

Historical Development. General introduction to history of architecture; Emergence / Development of Islamic Architecture. Geographical, climatic, religious, social and historical influences. Architectural beauty

15.1.1   Qualities: Strength, vitality, grace, breadth and scale.

  15.1.2   Factors: Proportion, colour and balance.

15.1.3   Use of Materials: Stone, wood, metals, concrete, composites, ceramics.

15.1.4  General Treatment to Plan of Buildings: Walls and their construction; Openings and their position, character and shape; Roofs and their development and employment; Columns and their position, form and decoration; Moulding and their form decoration; Ornament as applied to any buildings.

15.2 Town Planning____________________________________________1%

Definitions; Trends in Urban growth; Objectives of town planning; Modern planning in Pakistan and abroad.

15.2.1   Preliminary Studies: Study of natural resources, economic resources, legal and administrative problems, civic surveys and preparation of relevant maps.

15.2.2   Land Use Patterns: Various theories of land use pattern. Location of Parks and recreation facilities, public and semi-public buildings, civic centres, commercial centres, local shopping centres, public schools, industry & residential areas.

15.2.3   Street Patterns: Lay out of street, road crossing & lighting; Community planning.

15.2.4   City Extensions: Sub Urban development, Neighbourhood Units, Satellite Towns and Garden City

15.2.5    Urban Planning: Issues related to inner city urban design and emergence / upgradation of squatter settlements. Introduction to Urban & Regional Planning using GIS.
	3%

	16.
	STEEL STRUCTURE:

16.1 Introduction______________________________________________1%

Use of steel as a structural material, hot rolled, cold formed and built up sections.

6.1.1    Fundamentals of Working Stress Method: Strength analysis and design of simple tension, compression and flexural members.

 16.2 LRFD Method of Design___________________________________3%

Factor of safety, loads and load combination. Concept of load and resistance factors, plastic design and limits on design. Analysis and design of tension members, calculation of net area, Analysis and design of columns, lacing and slay plates. Residual stresses, local and overall stability, Euler's buckling load in columns. Analysis and design of beams. Compact, noncompact and slender sections, lateral torsional buckling. Beam-column and axialflexure interaction, second order effects, moment magnification. Plate girder proportioning and stiffener design including drawings. Welded, bolted and riveted truss connections, brackets, moment and shear connections. Design and drawing of a truss, purlin, roof sheet, cud bearing plate. Uplift of truss due to wind.
	4%

	17.
	CONSTRUCTION PLANNING & MANAGEMENT:

17.1 Introduction______________________________________________2%

The construction industry, main players of construction industry, Types of Construction Industry, Value Engineering, phase of value engineering study, objections to value engineering studies, Identification of project life cycle, life cycle caring (LCC), Project Stake holders, project management objectives and processes.

17.1.1   Project Planning, Scheduling and Controlling by Deterministic Models: Construction activities; Rectangular bar chart; CPM; Developing a critical path schedule; Procedural Diagram Method (PDM), Determining the minimum total cost of a project; Manual versus computer analysis of critical path methods, preparing a construction schedule, Scheduling resources, Delivering Materials, Scheduling manpower; Financing the project, Job layout, Project control during construction, keeping equipment records, Project supervision. Construction Cost Control, Cost Control records.

17.1.2   Project Planning, Scheduling and Controlling by Probabilistic Models: PERT project Evaluation & Review Technique, Statistical tools including mean, variance and standard Deviation, Probability distribution, Beta curves and centre limit. Use of computer software in project management and planning.

 17.2 Fundamentals of Engineering Economics__________________2%

Basic concepts, Engineering economics definition, measures of financial effectiveness, Non-monitory values, Demand and supply analysis, Theory of pricing, Theory of production and laws of return. Funding, funding agencies and planning commission; Types of ownership, types of stocks, partnership and joint companies, Banking and Specialized credit institution; Labour problems, labour organization, prevention and settlement of disputes, Markets, competition and monopoly.

17.2.1   Selection between Alternatives: Time value of money and financial rate of return, present value, future value and annuities, cost-benefit analysis, alternatives having different lives, make of buy decisions and replacement decisions. Introduction to ISO-9000 with respect to construction planning and management.Introduction of relevant software.
	4%

	18.
	IRRIGATION & WATER RESOURCES ENGINEERING:
18.1 Hydrology_________________________________________________3%
18.1.1    Introduction: Hydrology, hydrologic cycle and the hydrologic equation, practical uses of hydrology, importance of hydrology.

 18.1.2    Meteorology: The atmosphere and its composition, relative humidity, dew point and their measurement devices. Saturation deficit. The general circulation of wind system, the monsoons and western disturbances. Measurement of air temperature, relative humidity, radiation, sunshine, atmospheric pressure and wind velocity & direction.

 18.1.3   Precipitation: Types of precipitation, factors necessary for the formation of precipitation, measurement of precipitation, interpretation of precipitation data, computation of average rainfall over a basin.

18.1.4   Evaporation and Transpiration: Factors affecting evaporation, measurement of evaporation, evapo-transpiration.

 18.1.5   Stream Flow: Water Stage and its measurement, selection of site for stage recorder, selection of control and metering section, methods of measurement of stream flow, interpretation of stream flow data.

 18.1.6    Runoff & Hydrographs: Factors affecting runoff, estimating the volume of storm runoff. Characteristic of Hydrograph, components of a hydrograph, hydrograph separation, estimating the volume of direct runoff, introduction to unit hydrograph concept, S-curve, Application of probability in determining maxima/minima of discharge. Types of histogram and distribution.

18.1.7   Stream Flow Routing: Introduction to floods and its causes, frequency and duration analysis. Reservoir routing, channel routing. Flood Control.

 18.1.8   Groundwater: Introduction, sources and discharge of ground water. Water table and artesian aquifer, ground hydraulics, pumping test.

18.1.9   Water Management: Water management practices at basin level, canal level and farm level.

 18.2 Hydraulics______________________________________________3%
 18.2.1   Steady Flow in Open Channel: Specific energy and critical depth, Dynamic equation of gradually varied flow, surface profiles and back water curves, Humps and constrictions, Hydraulic jump, Broad crested weirs, venturi flume and critical depth meters.

  18.2.2   Unsteady Flow: Flow through pipes, orifices and over weirs under varying heads, Unsteady flow through pipe lines, water hammer, instantaneous and slow closure of valves, Surges in open channel.

18.2.3   Dimensional Analysis and Similitude: Similitude in hydraulic models, similitude requirements, geometric, kinematics and dynamics similarities, dimensionless numbers and their significance, Releigh’s method, Buckingham’s PI-theorem and its application, physical models, techniques and analysis, introduction to numerical models.

  18.2.4 Dams and Hydro Power Engineering: Selection of hydropower sites. Components and layout of hydropower schemes. Types of storage dams, forces on dams, design of gravity dams, Reservoir engineering, operation and regulation of storage reservoirs.

18.2.5   Sediment Transport: Properties of individual particles, fall velocity Movement of bed and suspended load. Collection and analysis of field data, methods for estimation of sediment transport capacity of channels.

 18.2.6   Reservoir sedimentation: Factors controlling erosion, sediment rating curves. Sediment yield of a catchment, sedimentation in reservoirs.

 18.3 Irrigation & Drainage  Engineering________________________2%
18.3.1    Water Resources: Planning and development of water resources projects Domestic, Industrial, Agricultural and other water usages, Water resources in Pakistan.

 18.3.2    Irrigation: Definition and types of irrigation. Merits and demerits of irrigation, Indus Basin Irrigation System (IBIS).

 18.3.3   Canal Irrigation: Elementary concept about canal head works, selection of their site and layout, weirs and barrages, various components and functions. Measures adopted to control silt entry into canals, silt ejectors and excluders. Design of weirs on permeable foundations, sheet piles and cut off walls. Design of irrigation channels, Kennedy’s and Lacey’s Theories. Rational methods for design of irrigation channels. Comparison of various methods. Computer Aided design of irrigation channels.

 18.3.4    Barrages and Headworks: Canal head regulators, falls, flumes, canal outlets. Cross drainage works: types and functions. Canal lining: advantages and types. Maintenance of irrigation canals. Monitoring of flows-telemetry system.

  18.3.5   Irrigated Agriculture: Soil-water-plant relationship. Water requirements of crops, duty of irrigation water. Delta of crops, consumptive use, estimation of consumptive use, methods used for assessment of irrigation water. Irrigation methods and practices. Irrigation scheduling. Management of irrigation systems, participatory irrigation management. Water logging and salinity: Causes and effects of water logging, reclamation of water logged soils. Drains and tube wells. Causes and effects of salinity and alkalinity of lands in Pakistan. Reclamation methods. Drainage network in irrigated areas. Drainage: Definition, Land reclamation, Surface Drainage, Subsurface Drainage, Estimation of discharge capacity of Cross-drainage structures, Disposal of drainage effluents.
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