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Figure 6.5.2 Outline Drawing of Foundation Type 

1) Pile foundation method 

There are various pile foundation methods.  

The cast-in situ pile method is to form the pile by putting a cylindrical reinforcing bar assembled 
in situ into the excavated ground and subsequently pouring and solidifying concrete into the hole. 
The work method differs depending on the method of excavating the ground and is related to the 
pile length that can be constructed. 

In the case of pre-fabricated piles, the length that can be constructed differs depending on the 
method (the embedded pile method, driving method) and the pile types (concrete pile, steel pipe 
pile, etc.). The pile foundation method requires that pipe placement and footing must be done in 
the dry condition. Namely, cofferdam construction is necessary when the piers are to be provided 
in the shallow-water channel. The conditions, etc. must be reviewed thoroughly beforehand when 
this method is to be employed.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.5.3 Classification of the pile foundation method 

2) Caisson foundation method 

The caisson is a concrete or steel large box used for construction of an underwater structure, such 
as breakwater, etc., or underground structure. The caisson foundation method is widely employed 
for construction of the pier foundation in the port and harbor, ocean, or low-water channel of 
rivers.  

The caisson foundation structure is characterized by three points as follows: the larger section 
than other foundation and large rigidity, with small displacement; horizontal resistance force and 
vertical bearing capacity expected to be large; and the possibility of utilizing the hollow internal 
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space of caisson foundation as the underground structure after completion.  

For the construction of river piers, in particular, this method offers a merit that there is no need of 
keeping the area around caisson dry cofferdam construction before putting the caisson. 

The caisson method for the landside work for rivers is roughly classified into two as follows:  

 Opened caisson method 

The caisson main body constructed and placed on the ground is gradually sunken into the ground 
while the caisson internal space is manually or mechanically excavated. After arrival at the 
bearing stratum, the caisson main body is turned into the foundation structure.  

 Pneumatic caisson method 

In case that the opened caisson method is employed for the work in the soft ground or rivers 
where underground water is abundant, water or mud flows into the work site, making excavation 
extremely difficult. The pneumatic caisson method provides the chamber in the bottom of the 
main body beforehand. The compressed air is fed into this chamber to maintain it at high pressure, 
which enables excavation without allowing inflow of water and mud.  

Therefore, special machine and equipment, such as the pressurization and decompression 
equipment, must be provided. Since the work is done under the high pressure condition, special 
care must be taken on the safety and health management of workers at work.  

3) Steel-pipe sheet pile (SPSP) foundation method  

Steel-pipe sheet pile consists of steel pipes connected via welded joint. The foundation with 
steel-pipe sheet piles connected and closed in circular or elliptical cross patterns is called the 
steel-pipe sheet pile foundation. This type of foundation enables economical and rational design 
and construction of pier foundation because steel-pipe sheet piles function as both the foundation 
piles and the wall for cofferdam. 

 The steel-pipe sheet pile has following merits:  

 Higher bending rigidity and vertical bearing force than pile foundation  

 Enables construction work with higher safety and reliability under poor ground and 
construction conditions than the caisson method  

 Enables economical foundation structure because the optimum section can be easily 
secured for the design load  

Below shown is the comparison of merits and demerits of construction work in rivers among the 
pile foundation (steel pipe soil cement pile method), caisson method (opened caisson and 
pneumatic caisson methods), and steel-pipe sheet pile method. 

(2) Foundation ground 

1)  Selecting the bearing stratum 

The quality bearing stratum is the one that can support the load from the foundation. No specific 
description can be made on the bearing stratum because it differs depending on the importance of 
structure, scale of load acting on the foundation. Target stratum is as follows:  

 Rock mass 

 Clayey soil with the N value of 20 or more (unconfined compression strength “qu” of  
0.4N/mm2

 (4kgf/cm2) or more) 

 Sand and gravel strata with the N value of 30 or more 

The following points must be taken into account when the bearing stratum is to be selected:  

 In sand and gravel strata, due care is necessary because the N value when the gravel is hit 
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tends to be excessively higher.  

 If the stratum is considered the quality bearing stratum, the bearing capacity or 
settlement must be reviewed when the stratum is thin or there is a weak or compression 
strata exist below the bearing stratum.  

2) Considerations for the soft ground 

Though there is no clear definition, the soft ground may often refer to the clayey soil stratum 
with the N value of 2 or less and the sandy soil stratum with the N value of 10 or less.  

The following points must be taken into account when the foundation is planned in the soft 
ground:  

 Liquefaction and fluidization of sandy soil stratum 

 Lateral movement of abutment 

 Negative skin frictional force in the course of consolidation settlement 

 Liquefaction of the sandy soil stratum  

When the groundwater level is 10 m or less from the site ground surface and when the alluvial 
saturated sandy-soil stratum is located at 20 m or less from the ground surface liquefaction may 
occur during earthquake. If such possibility exists, the low efficiency FL for liquefaction should 
be calculated. The soil stratum for which the calculated value is 1.0 or less is considered to suffer 
liquefaction.  

For the sandy soil stratum which is considered to develop liquefaction, reduction of the soil 
constant must be made. 

 Lateral movement of abutment 

This is a phenomenon in which the abutment develops mainly the substantial displacement in the 
bridge axis, inclination, and settlement of the back embankment under the effect of eccentric load 
during or after construction. 

Where there is any possibility of lateral movement, the lateral movement judgement criteria (I 
value) must be calculated. As a reference, with I values of 1.2 or more, it is determined that the 
abutment may suffer lateral movement. In such an event, it is necessary to consider the methods 
of enhancing the resistance force of abutment by means of soil improvement or by increasing the 
rigidity of foundation structure, or the method of reducing the eccentric load. 

Negative skin friction in the course of consolidation settlement 

The caisson foundation or pile foundation to be provided in the ground where the consolidation 
settlement is expected must be considered by taking into account the effects of negative skin 
frictional force (N: negative friction). Due attention must be paid on the negative frictional force 
because this force acts as a load instead of acting as a help to the bearing capacity. 

6.6 DESIGN METHODOLOGY 

6.6.1 Introduction 

This section provides an overview of the design methodology adopted in this Manual to achieve 

the objectives listed below. 

(1) Design Objectives 

The most suitable functional bridge structure for a particular site is one which best achieves the 
following objectives: 

 Structural strength and stability 
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 Serviceability 

 Durability 

 Ease of Construct ion 

 Financial acceptability 

 Aesthically Pleasing form 

To achieve these objectives a design process is used as described below. 

(2) Design Process 

The overall purpose of the design process is to invent a structure which will satisfy the above 
objectives. The design process is iterative in nature. It begins with a definition of the problem and 
moves to a useful solution after many intermediate trials and modifications. This process is 
illustrated in Figure 6.6.1. 

 
Figure 6.6.1 The Design Process 

The major factors in this process are dealt with in this Manual as follows: 

1) Selection of Structural Form 

The definition of site conditions and design constraints and the invention of viable alternatives 
from which the final structural form is chosen is the first major factor in the design process and 
are discussed in Section 6.1-6.5. A bridge structural system consists of a superstructure and 
substructure. All feasible superstructure types must be considered in the preliminary phases of the 
project. All distances and weight limits should be verified by the Designer in the area. Prior to the 
submission of the Span Arrangement, the Designer shall meet with the Client to discuss the span 
arrangement alternatives that shall be included in the submission. 

2) Design Philosophy 

There are two basic approaches for ensuring structural safety allowed by the Bridge Code. These 
two design philosophies are known as "Working Stress Design" and "Limit States Design". 

They both give similar answers, but they use different design load values and a different 
description of the safety factor. 
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These two approaches are discussed in Section 6.6.2. For the good reasons stated in this Section, 
the "Limit States Design" approach is used throughout this manual. 

Recently, international community mostly adpotes the limit states design (LSD) as shown in 
Table 6.6.1. The Eurocode was scheduled to convert to the LSD format in early 2010. The U.S. 
and the European Union LSD design codes use a calibration coefficient to convert from tabulated 
strength properties in allowable stress design (ASD) to reference design values in LRFD. Japan 
also recently transitioned to the LSD format for its bridge design code. 

All codes use the same basic structural equations for flexure and shear, but they use different 
adjustment factors to modify reference design values or specified strength values. All codes 
consider the ultimate limit states (ULS) and service limit states (SLS). 

Table 6.6.1 International Bridge Design Codes 
Region/ 
country 

ISO United States Euro Japan 

Code ISO 2394 
AASHTO LRFD 

Bridge Design 
Specifications 

Eurocode 
Standard 

Specification of 
Highway bridge 

Design 
Methodology 

Partial factors 
format 

LRFD (Load 
Resistance Factor 

Design) 

Partial factors 
format 

Partial factors 
format 

Year 1986 1994 2007 2017 

All respective bridge design codes have dedicated sections for each type of material (wood, steel, 
and concrete, including resistance values) and design factors (loads, load factors, and analysis 
methods). The bridge designer shall provide a national annex that includes nationally determined 
parameters (NDPs) with respect to load duration, partial factors for material properties, deflection 
limits, damping ratios, and other geographically specific data (i.e., climate, earthequaque, snow 
loads) and all the requirements must exceed the minimum requirements set by each bridge design 
code.  

3) Design Loads 

Loads on Bridges 

All loads that are expected to be applied to the structure shall be considered in the bridge design. 
These loads shall include but not be limited to permanent loads, live loads, water loads, 
construction loads, wind loads, ice loads, earthquake effects, earth pressure, vehicular collision 
force, force effects due to superimposed deformations, friction forces and vessel collision forces. 
These loads are summized in Section 6.7.  

Load Combination 

In Limit States Design a given design load has three separate values as follows: 

 a nominal value 

 a probable maximum value called the "normal" value 

 a probable minimum value called the "relieving" value 

The normal and relieving load values are found by factoring the nominal load as described in 
Section 6.9.  

4) Analysis Methods 

Analysis involves the idealization of the structure and foundation under the action of the design 
loads as a numerical model. From this model the individual member forces and deformations and 
the overall structural stability can be calculated.  
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6.6.2 Design Philosophies 

The Bridge Code allows either "Working Stress Design" or "Limit States Design" to be used, in 

the design process. 

(1) Working Stress Design 

"Working Stress Design" is an elastic approach which is used to assess strength or stability by 
limiting the stresses in the structure to permissible stresses of about one half of the actual strength 
of the structure under working loads. 

These permissible stresses are obtained after making some allowances for the non-linear stability 
and material affects on the strength of isolated members and are in effect expressions of their 
ultimate strength divided by a safety factor, SF: 

 
Working stress     Permisslble stress  =  ultimate stress / SF 

1) Non-Uniformity of Safety Factor 

One major criticism of the working stress design method is the lack of efficiency in the achieving 
a consistent level of safety when the safety factor is applied to the material alone. This statement 
is best illustrated by the following example. 

Two reinforced concrete retaining walls are constructed. One restrains water the other earth and 
traffic loads. Both walls are designed by the working stress method and therefore will have the 
same safety factor. However, both will have a different actual margin of safety due to the 
certainties in occurrence of the loads acting on the wall. 

In order to minimize this inconstancy many codes of practice stipulate load combinations with 
different factors for each load in the comqination i.e. a "Hybrid Working Stress Design". 

2) Conclusion 

In spite of any deficiencies, the working stress method is simple and conservative and for this 
reason its use has been allowed in the bridge codes. However because of its lack of efficiency 
noted above and because all new bridge codes are moving to a Limit States approach and because 
it is already well understood, it has not been used in the Design Manual. 

(2) Limit-States Design Method 

“Limit States Design” is the term used to describe a design approach in which all of the ways a 
structure may cease to function are taken into account. 

1) Different levels of loading and ways of failure 

Such failure events are usually grouped into two main categories (or limit-states): 

 ultimate or collapse limit-state and; 

 serviceability limit-state 

Ultimate Limit-state 

Violation of the ultimate limit state occurs when safety of the structure is endangered through: 

 unlimited deformation 

 overturning 

 instability 
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Serviceability limit-state 

The serviceability limit state is a less serious condition related to deflection, cracking and 
spalling, durability and vibration. The design level of these actions is chosen so that they: 

 do not make the bridge unfit for use 

 do not cause public concern 

 do not significantly reduce the service life of the bridge 

2) Uniformity of Safety Factor 

In limit-states design the margin of safety is more uniformly applied throughout a structure 
through the use of partial safety factors. Unlike working stress design in which the safety factor is 
applied to the material alone, in. limit-states design the safety factor is split between the load and 
the material allowing the uncertainties in each to be accounted for i.e. 

Strength reduction factor  ×  nominal capacity     load factor  ×  nominal load 
 

using Code terminology : 

KR   ×   nominal capacity       KU   ×   nominal load 
 

or 
 

R’       S’ 
 

In theory, these partial factors are determined from statistical analysis as illustrated in Figure 
6.6.2 below. 

 
Figure 6.6.2 The statistical meaning of partial factors 

In practice and in view of the lack of actual load and capacity data a semi-probabilistic approach 
partly based on statistical analysis and partly based on correlation with previous designs has been 
used in the Code. The load factors for various load combinations, and permanent loads are given 
in Table 6.9.1 and Table 6.9.2. 

(3) Conclusion 

It is now generally recognized that a Limit States Design philosophy is a more rational approach 
than the Working Stress Design approach. Designs produced by application of Limit States 
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principles will, in the main, be more economical and will result in bridges of more uniform 
capacity or strength reserves. For this reason the limit-state design method is used exclusively in 
the Design Manual. 

6.7 LOADS ON BRIDGES 

6.7.1 Permanent Loads 

Permanent loads are those that remain on the bridge for an extended period of time, perhaps for 
the entire service life such loads include: 

 Dead load of structural components and nonstructural attachments (DC) 

 Dead load of wearing surfaces and utilities (DW) and future overlays and planned 
widenings. 

 Dead load of earth fills (EV) 

 Earth pressure load (EH) 

 Earth surcharge load (ES) 

 Locked-in erection stresses (EL) 

 Downdrag (DD) 

6.7.2 Vehicular Live Load 

AASHTO LRFD specification recommends vehicular live loading on the highways of bridges or 
incidental structures, designated HL-93, consist of a combination of the: 

(1) Design truck 

(2) Design tandem 

(3) Design lane 

(1) Design truck 

 

Figure 6.7.1 Design Truck 
The design truck (shown in Figure 6.7.1) is a model load that consists of front axle weighs 35 kN, 
and the drive axle of 145 kN is located 4300 mm behind, and the rear trailer axle is also 145 kN 
and is positioned at a variable distance ranging between 4300 and 9000 mm. 
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(2) Design tandem 

The second configuration is the design tandem and consists of two axles weighing 110 kN each 
spaced at 1200 mm. 

(3) Design lane 

The third load is the design lane load that consists of a uniformly distributed load of 9.3N/mm 
and is assumed to occupy a region of 3000 mm transversely. This load is the same as a uniform 
pressure of 3.1 kPa applied in a 3000 mm design lane. 

Figure 6.7.2 Design Tandem and Design Lane Load 
Application of Design Vehicular Live Loads [A3.6.1.3.] 

 The load effects of the design truck and the design tandem must each be superimposed 
with the load effects of the design lane load. 

 For both negative moment (tension on top) between points of contra-flexure under a 
uniform load on all spans, and reaction at interior supports, 90 percent of the effect of 
two design trucks spaced a minimum of 15000 mm between the lead axle of one truck 
and the rear axle of the other truck, combined with 90 percent of the effect of the design 
lane load. The distance between the 145 kN axles of each truck shall be taken as 4300 
mm. 

 

Figure 6.7.3 Application of Design Vehicular Live Loads with multi-spans for maximum 
negative moment 

Deck and Railing Loads 

The deck must be designed for the load effect due to the design truck or the design tandem, 
whichever creates the most extreme effect. The two design vehicles should not be considered 
together in the same load case. The deck overhang, located outside the facia girder and 
commonly referred to as the cantilever, is designed for the load effect of a uniform line load of 
14.6 N/mm located 300 mm from the face of the curb or railing. The traffic barrier system and 
the deck overhang must sustain the infrequent event of a collision of a truck. The deck overhang 
and railing design is confirmed by crash testing as outlined in AASHTO [A13.7.2]. The 
appropriate multiplier to be used prior to superposition is shown in Table 6.7.1. 
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Table 6.7.1 Load Multipliers for Live Loads 

Live load 
Combination 

Design Truck
Design 

Tandem 
Two Design Trucks or 

Tandem with 15m Headway 
Design Lane

1 1.0   1.0 

2  1.0  1.0 

3   0.9 0.9 

6.7.3 Dynamic Loads 

The dynamic load allowance (IM) is an increment to be applied to the static wheel load to 
account for wheel load impact from moving vehicles. Dynamic effects due to moving vehicles 
may be attributed to two sources: 

 Hammering effect is the dynamic response of the wheel assembly to riding surface 
discontinuities, such as deck joints, cracks, potholes, and delimitations, and 

 Dynamic response of the bridge as a whole to passing vehicles, which may be due to 
long undulations in the roadway pavement, such as those caused by settlement of fill, or 
to resonant excitation as a result of similar frequencies of vibration between bridge and 
vehicle. 

Table 6.7.2 Dynamic Load Allowance (IM) 

Component IM (%) 

Deck joints-all limit states 75 

All other components  

 Fatigue and fracture limit states 15 

 All other limit states 33 

All other components in Table 6.7.2 include girders, beams, bearings (except elastomeric 
bearings), and columns. These factors are to be applied to the static load as 

UL+I = UL (1 + IM) 

Where UL+I is the live-load effect plus allowance for dynamic loading, UL is the live-load effect 
of live load, and IM is the fraction given in the Table 6.7.2. 

6.7.4 Centrifugal Force 

As a truck moves along a curvilinear path, the change in direction of the velocity causes a 
centrifugal acceleration in the radial direction. AASHTO [A3.6.3] gives an expression for the 
force on the truck directed toward the center of the curve (outward on the bridge) as following 
equation. 

CE = CW 

Where C=f ሺ ሻ	

f = 4/3   for combinations other than fatigue and is f = 1.0 for fatigue; 

 v      the highway design speed in meters/second, 

R  radius of curvature of traffic lane in meters, and 

CE applied at the assumed center of mass at a distance of 1800 mm above the deck surface. 
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Figure 6.7.4 Centrifugal Force for Highway Bridge 
Lane load is neglected in computing the centrifugal force, as the spacing of vehicles at high speed 
is assumed to be large, resulting in a low density of vehicles following and/or preceding the 
design truck. Centrifugal forces shall be applied horizontally at a distance 1800 mm above the 
roadway surface, and transformed as a couple to the girder. 

6.7.5 Longitudinal Forces Due to Braking and Traction 

Braking Force: BR 

Based on energy principles, and assuming uniform deceleration, the braking force determined as 
a fraction of vehicle weight is: 

 

Where a is the length of uniform deceleration and b is the fraction. Calculations using a braking 
length of 122 m and a speed of 90 km/hr. (25 m/sec.) yield b = 0.26 for a horizontal force that 
will act for a period of about 10 seconds. The factor b applies to all lanes in one direction because 
all vehicles may have reacted within this time frame. 

The braking force shall be taken as the greater of: 

 25 percent of the axle weights of the design truck or design tandem or, 

 percent of the design truck plus lane load or 5 percent of the design tandem plus lane 
load 

These forces shall be assumed to act horizontally at a distance of 1800 mm above the roadway 
surface in either longitudinal direction to cause extreme force effects. 

6.7.6 Vehicular Collision Force 

Abutments and piers located within a distance of 15m to the edge of the roadway shall be 
investigated for collision in accordance with the AASHTO LRFD (see AASHTO 3.6.5). 

6.7.7 Earthquake Effects 

The Owner shall classify a bridge’s importance category for seismic design. These classifications 
shall be based on the following: 

 A bridge may be classified as “critical” which shall be designed based on a 2500 year 
return period event. 

 All national highway bridges are classified as “essential” unless a direct road detour is 
near the bridge. An “essential” bridge shall be designed based on a 475 year return period 
event. 

 All other bridges shall be designed based on a 50 year return period event. 
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6.7.8 Temperature Effects 

For force effects due to temperature change, the temperature range for bridges designed in Lao 
PDR, unless otherwised directed by the Client, shall be as follows: 

 Steel or Aluminum  –5 °C to 50 °C 

 Concrete   0 °C to 40 °C  

 Wood   0 °C to 35 °C 

6.7.9 Construction Loading 

Construction loading shall be in accordance with the structure system of bridge. This loading 
shall include, but not be limited to, the erection and handling of girders and the effects of deck 
casting. 

6.7.10 Wind Forces on Bridges 

Wind loading offers a complicated set of loading conditions which must be idealized in order to 
provide a workable design. Although the problem of modeling wind forces is a dynamic one, 
with winds acting over a given time interval, these forces can be approximated as a static load 
being uniformly distributed over the exposed regions of a bridge. 

The loading on a bridge due to wind forces is specified by AASHTO based on an assumed wind 
velocity of 160 km/h. With regard to the superstructure, wind forces are applied in a transverse 
and longitudinal direction at the center of gravity of the exposed region of the superstructure. 
AASHTO LRFD offers a set of wind loading values for truss and girder bridges based on the 
angle of attack (skew angle) of wind forces. Conventional slab on stringer bridges, however, with 
span lengths less than or equal to 38.1 m can utilize the following basic loading. 

(1) Wind Pressure on Structures: WS 

 Transverse loading 

Table 6.7.3 Transverse Wind Pressure on Structures 

SUPER STRUCTURE 
COMPONENT 

WIND WARD LOAD 
(MPa) 

LEEWARD LOAD 
(MPa) 

Trusses, columns, and arches 0.0024 0.0012 

Beams 0.0024 NA 

Large flat surfaces 0.0019 NA 

 Longitudinal loading = 0.57 kN/m2
 

The total wind loading shall not be taken less than 4.4 N/mm in the plane of a windward chord 
and 2.2 N/mm in the plane of a leeward chord on truss and arch components, and not less than 
4.4 N/mm on beam or girder spans. 

(2) Wind Pressure on Vehicles: WL 

When vehicles are present, the design wind pressure shall be applied to both structure and 
vehicles. Wind pressure on vehicles shall be represented by an interruptible, moving force of 1.46 
N/mm acting normal to, and 1800 mm above, the roadway and shall be transmitted to the 
structure. When wind on vehicles is not taken as normal to the structure, the components of 
normal and parallel force applied to the live load may be taken as specified in Table 6.7.4 with 
the skew angle taken as referenced normal to the surface. 
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Table 6.7.4 Wind Pressure on Vehicles with the Skew Angle 

Skew Angle 
(Degrees) 

Normal Component 
(N/mm) 

Parallel Component 
(N/mm) 

0 1.46 0.00 

15 1.28 0.18 

30 1.20 0.35 

45 0.96 0.47 

60 0.50 0.55 

 Longitudinal loading=0.58 kN/m2
 

The transverse and longitudinal loads are to be placed simultaneously for both the structure and 
live load. 

(3) Vertical Wind Pressure (effect of overturning)  

To account for the effect of overturning, AASHTO specifies a vertical upward wind force of 

9.6*10-4 MPa times the width of the deck, including parapets and sidewalks, shall be considered 
to be a longitudinal line load. This force shall be applied only for limit states that do not involve 
wind on live load, and only when the direction of wind is taken to be perpendicular to the 
longitudinal axis of the bridge. This lineal force shall be applied at the windward quarter-point of 
the deck width in conjunction with the horizontal wind loads. This load may govern where 
overturning of the bridge is investigated. 

6.7.11 Distribution of Live Load 

The following parameters determine how loads are distributed in a bridge superstructure 

 Type of floor 

 Spacing between stringers 

 Spacing of secondary members 

 Stiffness of primary members 

 Stiffness of secondary members 

 Type of bracing employed 

 Size and position of loads 

In order to simplify the computation of load distribution, AASHTO LRFD chose to utilize a 
distribution factor based on some of the above referenced criteria; type of floor, stringer spacing 
and stiffness, deck thickness and bridge span length. To account for the effects of load 
distribution, a load distribution factor (DF) is computed and applied to live load bending 
moments. Distribution will also vary depending on whether longitudinal or transverse members 
are being analyzed. AASHTO LRFD offers tabulated and well organized distribution factors 
based on the above criteria. 

6.7.12 Multiple Presences 

The multiple presence factors have been included in the approximate equations for distribution 
factors. the extreme live load force effect shall be determined by considering each possible 
combination of number of loaded lanes multiplied by a corresponding multiple presence factor to 
account for the probability of simultaneous lane occupation by the full HL- 93 design live load. 

The factors specified in Table 6.7.5 shall not be applied in conjunction with approximate load 



6-43 

distribution factors, except where the lever rule is used or where special requirements for exterior 
beams in beam-slab bridges. 

Table 6.7.5 Multiple Presence Factors 

Number of Design Lane Multiple Presence Factor m 

1 1.20 

2 1.00 

3 0.85 

More than 3 0.65 

6.8 FATIGUE LOADS AND SERVICIABILITY REQUIREMENTS 

6.8.1 Fatigue 

(1) Magnitude and Configuration 

The strengths of various components of the bridge are sensitive to repeated stressing or fatigue. 
When the load is cyclic, the stress level that ultimately fractures the material can be significantly 
below the nominal yield strength. The fatigue strength is typically related to the range of 
live-load stress and the number of stress cycles under service load conditions. 

The fatigue load shall be one design truck or axles with a constant spacing of 9000 mm between 
the 145000N axles and a load factor of 0.75 for finite load-induced fatigue life (Fatigue II) and 
1.5 infinite load-induced fatigue life (Fatigue I). The dynamic load allowance shall be applied to 
the fatigue load. Since the fatigue and fracture limit state is defined in terms of accumulated 
stress-range cycles, specification of load alone is not adequate. Load should be specified along 
with the frequency of load occurrence. The frequency of the fatigue load shall be taken as the 
single-lane average daily truck traffic (ADTTSL). This frequency shall be applied to all 
components of the bridge, even to those located under lanes that carry a lesser number of trucks. 

In the absence of better information, the single-lane average daily truck traffic shall be taken as: 

ADTTSL = p x ADTT 

Where: 

ADTT = the number of trucks per day in one direction averaged over the design life  

ADTTSL = the number of trucks per day in a single-lane averaged over the design life  

p = taken as specified in Table 6.8.1. 

Table 6.8.1 Fraction of Truck Traffic in a Single Lane 
Number of Lanes Available to Trucks p 

1 1.00 

2 0.85 

3 0.80 

Note that the number of stress–range cycles is not used in the structural analysis directly. The 
fatigue truck is applied in the same manner as the other vehicles and the range of extreme stress 
(actions) are used. The number of stress–range cycles is used to establish the available resistance. 

6.8.2 Pedestrian Loads 

The AASHTO [A3.6.1.6] pedestrian load is 3.6 × 10 3 MPa, which is applied to sidewalks that 
are integral with a roadway bridge. If the load is applied to a bridge restricted to pedestrian 
and/or bicycle traffic, then a 4.1 × 10 3 MPa live load is used. 
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6.8.3 Deflection 

Service load deformations may cause deterioration of wearing surfaces and local cracking in 
concrete slabs and in metal bridges that could impair serviceability and durability, even if 
self-limiting and not a potential source of collapse. Bridges should be designed to avoid 
undesirable structural or psychological effects due to their deformations. AASHTO LRFD 
provides two alternative criteria for controlling the deflections. 

(1) Limiting computed deflection 

Vehicular load, general span length/800 

Vehicular and/or pedestrian loads span length/1000 

Vehicular load on cantilever arms span length/300 

Vehicular and/or pedestrian loads on cantilever arms span length/1000 

(2) Limiting span–to–depth ratios for superstructures with constant depth 

AASHTO recommends typical minimum depth for a given span length. Deflections of bridges 
can be estimated in two steps as instantaneous deflection and long time deflection. The live load 
portion of Load Combination Service I of Table 6.9.1 should be used, including the dynamic load 
allowance, IM. 

6.9 LOAD COMBINATIONS 

6.9.1 Load Factors and Load Combinations 

The load factors for various load combinations and permanent loads are given in Table 6.9.1 and 
Table 6.9.2, respectively. Explanations of the different limit states are given in the sections as 
follows. For all limit states, both global and local, the basic design expression must be satisfied in 
the AASHTO (2004b) LRFD Bridge pecifications: 

ηi γi Qi   φ Rn =Rr 

where Qi is the force effect, Rn is the nominal resistance, γi is the statistically based load factor 
applied to the force effects, φ is the statistically based resistance factor applied to nominal 
resistance, and ηi is a load modification factor. For all nonstrength limit states, φ = 1.0. 

(1) Service Limit State 

The service limit state refers to restrictions on stresses, deflections, and crack widths of bridge 
components that occur under regular service conditions AASHTO [A1.3.2.2]. For the service 
limit state, the resistance factors φ = 1.0, and nearly all of the load factors γi are equal to 1.0. 
There are four different service limit state load combinations given in Table 6.9.1 to address 
different design situations AASHTO [A3.4.1]. 

(2) Fatigue and Fracture Limit State 

The fatigue and fracture limit state refers to a set of restrictions on stress range caused by a 
design truck. The restrictions depend on the number of stress-range excursions expected to occur 
during the design life of the bridge AASHTO [A1.3.2.3]. They are intended to limit crack growth 
under repetitive loads and to prevent fracture due to cumulative stress effects in steel elements, 
components, and connections. For the fatigue and fracture limit state, φ = 1.0. 

(3) Strength Limit State 

The strength limit state refers to providing sufficient strength or resistance to satisfy the 
inequality of the equation shown in 6.9.1 for the statistically significant load combinations that a 
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bridge is expected to experience in its design life AASHTO [A1.3.2.4]. Strength limit states 
include the evaluation of resistance to bending, shear, torsion, and axial load. The statistically 
determined resistance factor φ will usually be less than 1.0 and will have different values for 
different materials and strength limit states. 

(4) Extreme Event Limit State 

The extreme event limit state refers to the structural survival of a bridge during a major 
earthquake or flood or when collided by a vessel, vehicle, or ice floe AASHTO [A1.3.2.5]. The 
probability of these events occurring simultaneously is extremely low; therefore, they are 
specified to be applied separately. The recurrence interval of extreme events may be significantly 
greater than the design life of the bridge AASHTO [C1.3.2.5]. Under these extreme conditions, 
the structure is expected to undergo considerable inelastic deformation by which locked-in force 
effects due to TU, TG, CR, SH, and SE are expected. 
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Table 6.9.1 The Load Factors for Various Load Combinations 

  

Table 6.9.2 Load Factors for Permanent Loads, yp 
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6.10 BRIDGE DESIGN DOCUMENTATION 

The bridge design documents shall include the following sections give a brief description about 
each submission. 

6.10.1  Design Report 

A design report is a preliminary engineering study of proposed alignments for a project. The 
report will be subject to cheduled review. The Bridge Designer’s tasks are to provide the 
necessary bridge information, cost estimates, and sketches for the report to be developed. This 
requires the Bridge Designer to look at existing conditions (geometry, major utilities, 
right-of-way, existing and/or adjacent structures, etc.), historical data, hydraulic opening, and 
proposed alignments to assist in the development of the report. The Bridge Designer should 
develop a cost and a plan and profile drawing for each alternate. These drawings are simple line 
drawings with minimal details (stationing, grades, vertical and horizontal curve data, etc.). The 
cost estimates shall be based on historic data for similar structures on a cost per square foot basis. 

(1) Preliminary Study /Conceptural Design Stage 

The Bridge Designer should have meetings with the Client to discuss on the feasible structural 
systems and span arrangements that should be included in the report. The purpose of this meeting 
will be to eliminate or add additional alternates for further consideration. This will save 
considerable time in the stage of bridge design. The Client will make this final decision on what 
alternates should be studied and designed. For the meeting, the Bridge Designer should provide 
the following: 

 Preliminary line and grade. 

 Draft site plan for each recommended alternate showing both plan and profile views. 
Abutment location should be fairly accurate at this time. Piers should be located for each 
alternate being studied. 

 Discussions on why alternates were chosen and others were not. 

 Location of utilities, environmental concerns, roads, railroad tracks, etc. 

 Include any obstacles that may influence recommendations. 

 Superstructure types being considered. 

 At this time, no preliminary cost estimates, or girder analysis should be completed. 

(2) Outline /Basic Design Stage 

The following contnts should be included in the report. 

 Alignment, grades, typical sections, and superelevations used shall be documented. 

 Consider all viable construction materials. Equal treatment between alternates is essential 
in ensuring competition and optimum cost-effectiveness. 

 Uniformity of design criteria, material requirements, and appropriate unit costs shall be 
considered and documented. 

 Hydraulic study (if crossing a waterway) should be included in justifying the proposed 
span arrangement, scour features, and the grade. 

 Discuss constructability, any special staged construction, clearance criteria (if crossing a 
road, railroad, or navigable waterway), freeboard (if crossing a waterway), and 
maintenance of traffic requirements. 

 A description of the proposed superstructure depth and preliminary superstructure type 
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utilized in the study, for each alternative span arrangement. 

 All proposed computer software to be used during the phase of study and final design 
phases of the bridge project. 

 Deck drainage, superstructure joint, and bearing device requirements. 

 Special environmental, aesthetic, and utility considerations. 

 A description of the assumed foundation type used for cost estimates and geotechnical 
data. 

 A preliminary total structure cost estimate for each span arrangement studied. 

 Note proposed right-of-way limits, construction easements, and future maintenance 
operations. 

 A detailed discussion documenting the Designer’s recommended bridge layouts, and the 
reasons for their selection. In most cases, the Bridge Designer is encouraged to 
recommend advancement of at least one concrete and one steel superstructure alternate. 
However, more than two alternates may be advanced. 

 Unit prices shall be submitted for approval for all pay items that may be used during the 
plan development process. 

The decisions on what alternates are advanced is based on several factors: 

 Cost of each alternate (cost differences of 10% or less from the final engineer’s estimate 
be desired) 

 Future maintenance costs 

 Aesthetics 

 Environmental concerns 

 Constructability 

 Redundancy 

 Additional construction costs inherent of complex structures 

All of these factors shall be taken into consideration, with present cost being the primary concern, 
to determine the recommended alternates. The ultimate decision is made by the Client. 

(3) Detialed Dsign Stage 

The Final Detailed Design Report shall be submitted to the Client for approval prior to 
submission of the tender documents including detiled drawangs, specification and estimate 
(priced BoQ) for comments and approval. At this stage, the plans and design shall be 100% 
complete. They should be ready to go to contract if no comments are given. 

 Plans (Drawings A3 size) 

 Detailed cost estimate 

 All applicable special provisions 

 Contract completion time chart 

 Reference to standard bridge and roadway drawings 

 Final Hydraulic Report 

 Strucutral Anyalyis including table of loads and factors to be adopted. 
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6.10.2 Establishing Contract Duration 

The Designer is responsible for the development of a contract duration time bar chart. This 
document is to be used as a starting point in determining contract duration, and should be 
augmented with outside sources of information, past experience with work of a similar nature, 
and good engineering judgment. 

6.10.3  Engineer’s Cost Estimate 

The Engineer’s Cost Estimate shall be an accurate reflection of the anticipated costs of the 
various items of work that are contained in the construction project. The Client provides annually 
references unit bid prices for the relevant bridge construction projects. It is advisable to consult 
past projects of a similar nature and scope near the project that is being estimated to arrive at 
realistic cost data. 
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1.  Units of Measurement 

The standard units or measurement to be used are essentially based on the International 
System (SI) units. 

Multiples and sub-multiples of the SI units are formed either by the use of indices or 
prefixes. The definitions of applicable prefixes are shown in table below. 

Table.  Definitions of Prefixes 

Prefix Symbol 
Factor 

(Symbol x Factor) 

Mega 
Kilo 

Hector 
Deca 
Deci 
centi 
Milli 
Micro 

M 
K 
h 
da 
d 
c 
m 
µ 

106 
103 
102 
101 
10-1 

10-2 
10-3 
10-6 

 

Table.  Basic Units, Multiples and Sub-Multiples 

Quantity Unit Symbol Multiples 

Length meter m km, m 

Mass kilogram kg Mg, g, mg 

Time Second s day, hour (h), minute (min.) 

Area square meter m2 km2, hectare, mm2, (1h=10,000m2) 

Volume (solids) cubic meter m3 cm3, mm3 

Volume (liquid) liter l ml 

Density kilogram per cubic meter kg/m3 kg/m3, mg/m3, l, kg/l, g/ml 

Force newton N MN,kN, lN=lkgm/s2, l, kgf=9,81N 

Pressure and stress newton per square meter n/m2 kN/m2, N/mm2 

Velocity meter per second m/s km/h, 1 km/h=l  mp/3.6 

Angle degree or grad o or g 
Minute ('), second ("), (360 degree 
circle), (400 degree circle), 

Temperature degree Celsius oC  



 
 

 
2. Definitions, Abbreviations and Glossary of terms. 

AADT (Average Annual Daily Traffic) - The total annual traffic in both directions on a 
road link divided by 365 (the number of days in the year). 

ADT(Average Daily Traffic) - the total traffic volume during a given time period in 
whole days greater than one day and less than one year divided by the number of days 
in that time period. 

AASHTO - Abbreviation for American Association of State Highways 
andTransportation Officials. 

Acceleration Lane- A speed change lane to enable a vehicle entering a roadway to 
increase its speed to merge with through traffic. 
Access Control- The regulated limitation of access that is achieved through the 
regulation of public access rights to and from properties abutting the road facilities. 

Access Road - The lowest level of road in the network hierarchy with the function of 
linking traffic to and from rural areas, either direct or adjacent urban centers, or to the 
Collector road network; a feeder road or a tertiary route. 

Accuracy - The degree of agreement between a measured value and a true value. 

ACV - Aggregate Crushing Value 

ADL - Average Least Dimension 

Adverse cross fall - Cross fall on a horizontal curve that tilts away from the center of 
the curve. 

Adverse grade - On a long descending grade, a short section of ascending road and 
vice versa. 

Aesthetics - In highway engineering, aesthetic judgments have to do,primarily with the 
road as a whole and the roadsides, including screening out unpleasant views. 

Approach - All lanes by which vehicles may lawfully proceed toward an intersection. 

Arterial road - A main route primarily for the movement of through traffic, connecting 
national orinternational centers; a primary route. 

ASTM - Abbreviation for American Society for Testing and Materials. 

Auxiliary lane - The portion of the roadway adjoining the travelled way for weaving, 
truck climbing, speed change, or for other purposes supplementary to through traffic 
movement. 

Axle load - The total load transmitted by all wheels on a single axle extending across 
thefull width of the vehicle. 

Back slope - In cuts, the slope from the bottom of the ditch to the top of the cut. 



 
 

BS - British Standard 

BST - Bitumen surfaced treatment prefixed by either S (for single) or D (for double). 

Bridge - A structure normally exceeding 6 meters clear span measured along the 
centerline of the roadway, which carries traffic over a watercourse or opening. 

Camber - The convexity given to the curved cross-section of a carriageway or a 
shoulder.  

CBR - California Bearing Ratio 

Centre line - The axis along the middle of the road. 

CR - Crushing Ratio  

Curvilinear alignment- A flowing alignment in which the majority of its length is 
composed of a series of curves 

Design class- The classification (grouping) of roads for geometric design purposes 
according to traffic and road function. 

Design speed - A selected highest safe speed (normally the85th percentile vehicle 
speed) for the purpose of design in correlation with the geometric features of a specific 
road. 

Design load - The load that must be supported by the structure. 

Design period-The number of years of intended service life of a structure before the 
first major rehabilitation,  a time of 10 to 20 years from the start of construction, is 
normally used. 

ESA - Equivalent Standard Axle 

ESAL- Abbreviation for Equivalent Single Axle Load, normally referring to an 8- ton 
or 80 kN standard single axle load. 

Eighty-fifth percentile speed - The speed at or below which 85 % of the vehicles are 
being operated. 

Environment - The totality of man's surroundings, -social,-physical,-natural, and 
manmade 

Environmental Design - The location and design of a road that includes consideration 
of the impact this has on the community or region based on aesthetic, ecological, 
cultural, sociological, economic, historical, conservation and other factors. 

Feeder road - A classified (versatile) road which services all other road categories 
mainly providing access to land, e.g. privately owned properties, industrial or 
commercial developments or recreational areas, but also services as "feeder - access" to 
and from local roads, villages and towns and to/from and between other major roads. 



 
 

FI - Flakiness Index 

Functional Classification - The grouping of individual roads in a road network system 
according to their purpose or function and the type of traffic they will serve e.g. in 
terms of being classified as "Arterial", "Collector" or "Access" or alternatively 
"National", "Provincial", "District", "Access/Local". 

Geometric Design- Guidelines for limiting values of road alignment and cross-section 
design including the visible elements of the road, such as alignment, grades, sight 
distances, widths, slopes, etc., 

Gradient- The rise or fall on any length of road in the alignment profile and with 
respect to the horizontal distance. 

HF - Hubbard Field 

Horizontal alignment - The horizontal geometries of the roadway 

Horizontal curve or curvature - A curve or succession of curves, normally circular, in 
plan. 

ISO - International Standard Organization 

K- value - The ratio of the minimum of the length of vertical crest curve in  meters to 
the algebraic difference in percentage of gradients adjoining the curve... 

Kerb - A border, flush or up-standing, of stone, concrete or other material laid or 
formed at the edge of a carriageway, shoulder or footway. 

LAA - Los Angeles Abrasion 

Lane - A portion of the travelled way (carriageway) providing for a single lane of 
moving vehicles in one direction. Los Angeles Abrasion 

Level (terrain) - Flat or gently rolling terrain with largely unrestricted horizontal and 
vertical alignment. See "Terrain" for definitions. 

LL - Liquid Limit  

MC - Moisture Content 

MDD - Maximum Dry Density 

Median - The portion of a divided road separating the carriage way for traffic in 
opposite directions. 

Median lane - A speed-change lane within the median to accommodate left-turning 
vehicles 

Mountainous (terrain) - Terrain that is rugged and very hilly with substantial 
restrictions in both horizontal and vertical alignment. See "Terrain" for definitions. 

Network (hierarchy) - The classification of roads according to Arterial, Collector and 



 
 

Access or National, Provincial, District and Access roads. 

OMC - Optimum Moisture Content 

Operating speed - The highest overall speed that a driver can travel on a given road, 
under favorable circumstances, without exceeding the safe speed as determined by the 
design geometries. 

Optimum - The best quantity, number or condition. 

Passenger car unit (pcu) - A unit for converting the equivalence in terms of effect on 
capacity of different vehicle types in relations to one normal passenger car. 

Pavement - The part of the road designed to withstand the weight or loading by traffic. 

Pavement Design- The arrangement of materials in depth (or in thickness) to best 
accommodate the anticipated loading 

Pavement structure - The combination of wearing course, base course and sub-base 
placed on a sub-grade to support the traffic load and to distribute it to the roadbed. 

Percentile - The percentage of the total below which the given number of values fail. 

PL - Plastic Limit 

PI - Plasticity Index 

PM - Plasticity Modulus (Product of PI and % passing 0.425 mm sieve) 

Profile - A longitudinal section of a highway, drainage course, etc. 

Profile grade - The trace of a vertical plane intersecting the top surface of the proposed 
wearing surface, usually along the longitudinal centerline of the roadbed. Profile grade 
means either elevation or gradient of such trace according to the context. 

Rate of pavement rotation - The ratio of the change of cross fall to the time taken to 
travel along the length of a transition curve when travelling at the design speed. 

Rest area- A roadside area with parking facilities separated away from the 
roadside,providing motorists with opportunities to stop and rest for short periods. 

Residual value - The value of a road which remains at the end of its economic 
evaluation period; normally taken as the difference in cost between rebuilding the road 
at the end of its life using the structure remaining from the initial project, and the 
building cost if the first project were not to take place. 

Resurfacing - The placing of one or more new wearing courses(e.g. bitumen) on an 
existing surface. 

Reverse curve - A curve consisting of two arcs of the same or different radii curving in 
opposite directions and having a common tangent or transition curve at their point of 
junction. 



 
 

Right-of-way - The physical extent of the right of access that is granted in association 
with a road. 

Roadbed - Any layered area, in cut or in fill, having the sub grade as the top layer, 
upon which the road pavement, consisting of sub base, base course, shoulders and 
wearing course is placed. 

Roadside - A portion of the right-of-way outside the roadway. 

Roadway - The portion of a road, including shoulders, for vehicular use. 

Rolling terrain - Terrain with low hills introducing moderate levels of rise and fall 
with some restrictions on vertical alignment. See "Terrain" for definitions. 

Sag curve - A depression formed in the vertical curve by the junction of two gradients. 

SG - Specific Gravity 

Shoulder - That part of the verge adjacent to the carriageway, and substantially at the 
same road level, designed for the accommodation of stopped vehicles for emergency 
use and for lateral support of the upper pavement. 

Sight distance - The length of roadway ahead at which an object becomes visible to the 
driver 

Single axle load- The total load transmitted by all wheels through the axle extended 
across the full width of the vehicle. 

Slope - The face of an embankment or cut section; any ground whose surface makes an 
angle with the plane of the horizon. 

Speed environment - The speed below which 85 percent of vehicles are driving on the 
longer straights and large radius curves of a section of road where speed is not 
constrained by traffic or geometric elements. 

SS - Standard Specification for Road Construction 

SSS - Sodium Sulphate Soundness 

Stabilization - Modification of soils or aggregates by incorporating a material that will 
increase load-bearing capacity, firmness and resistance to weathering or displacement. 

Stage construction- The construction of a road instages as traffic develops. 

Structural pavement section - The designed layers of specified materials, normally 
consisting of the wearing course, base course and sub base placed over the subgrade. 

Subbase - The layer or layers of specified or selected material of designed thickness 
placed on a subgrade to support the base course. 

Subgrade - The top layer of embankments or in cut (excavated areas) controlled to a 
specified depth (thickness), on which the pavement (including shoulders) is constructed 



 
 

or the top of the roadbed on which the pavement structure is constructed. 

Substructure - For bridges, all of that part of the structure constructed below the deck 
bearings. 

Super elevation - The inward tilt or the transverse inclination given to the cross-section 
of a carriage way through the length of a horizontal curve to partially offset the 
centrifugal force of a vehicle passing through the curve. 

Super elevation run-off - The length of road over which super elevation is reduced 
from its maximum value to zero. 

Superstructure - For bridges, the entire structure except for the sub structure. 

Surface treatment - Application(s) of bituminous material and aggregate. 

Sustained grade - A continuous road grade of appreciable length and consistent or 
nearly consistent gradient. 

Taper - A transition length between a passing place, auxiliary lane or climbing lane and 
the standard carriage way. 

Terrain - The classification of "flat" or "level", "rolling" and "mountainous' terrain is 
defined by both subjective description and by the average ground slope. The average 
ground slope is measured as the number of 5 meter contour lines crossed per kilometer 
on a straight line linking the two ends of the road section. (The slope can be 
interpolated using other contour intervals on a proportional basis). 

Terrain Classification; 

Flat or Level; (0 -10 five meter ground contours per kilometer). Level or gently rolling 
terrain with largely unrestricted horizontal and vertical alignment. 

Rolling; (11 - 25 five meter ground contours per kilometer). Rolling terrain with low 
hills introducing moderate levels of rise and fall with some restrictions on the vertical 
alignment. 

Mountainous; (Greater than 25 five meter ground contours per kilometer). Rugged, 
hilly and mountainous terrain with substantial restrictions in both horizontal and 
vertical alignment. 

Traffic analysis period- A common analysis period (usually20 years) used in road 
design. 

Traffic markings - A traffic control device consisting of lines, patterns, words, 
symbols or colors on the pavement or adjacent to the roadway. 

Traffic sign - A traffic control device mounted on a support above the level of the 
roadway that conveys a specific message by means of words or symbols. 

Transition - A section of variable width required when changing from one width of 
travelled way to a greater or lesser width road, 



 
 

Transition curve - A curve in which the radius changes continuously along its length, 
used for the purpose of connecting a straight with a circular curve, or two circular 
curves of different radii. 

Transverse - At right angle to the longitudinal direction. 

Travelled way - Synonymous with Carriage way. See Carriage way. 

Traverse - In surveying, a series of interconnected straight lines. The lengths of the 
lines and the angles of deviation between them are measured as the traverse develops. 

TS - Tensile Strength 

Typical cross section - A transverse section of a proposed road showing the lateral 
dimensions and functional and structural elements of the road. 

Vertical alignment - The direction and course of the centerline in profile. 

Verge - That part of the road outside the carriageway and generally at substantially the 
same level. It may contain footpaths, cycle tracks or ditches. 

Vertical curve/curvature - A curve/succession of curves, normally parabolic, on the 
longitudinal profile of a road to provide for change of gradient 

Wearing  course (Surface course) - The top layer of the pavement. 

Weathering - The decomposition of natural material 

Weaving- The crossing of traffic streams moving in the same general direction 
accomplished by merging and diverging. 

Weaving sections - Road segments where the pattern of traffic entering and leaving at 
contiguous (same) points of access resulting in vehicle paths crossing each other. 

UC - Uniformity Coefficient 

UCS - Unconfined Compressive Strength 

UH - Vibrating Harmer 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX-C 

PROJECT PROCEDURE AND DESIGN ACTIVITY 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

As mentioned in preface, this manual is utilized for Preliminary Design for Feasibility 
Study (F/S) and Detailed Design (D/D). Required activitis and dwarings of Preliminary 
design for Feasibility Study (F/S) and Detailed Design (D/D) are detailed in Figure A.2 and 
A.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.1 Project Procedure 

 
 

Preliminary Design for Feasibility Study (F/S) 

Preliminary design is conducted for providing cost estimation and 
economic analysis for the Feasibility Study (F/S).  

Detailed Design (D/D) 

Detailed Design is conducted for project budget and bid preparation. 

Procurement (Tender/Bidding) 

Announcement of Bids, Bids, Evaluation of Bids, Contract Negotiation and 
Contractor Selection 

Construction 

Operation & Maintenance 

Master Plan (M/P) 

Prioritized projects are planned based on socio-economic demands. 
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APPENDIX-D 

RISK ASSESSMENT PROCEDURE AND GUIDELINE 

TRANSPORT SECTOR 
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APPENDIX-E 

LOW VOLUME RURAL ROAD  

ENVIRONMENTALLY OPTIMISED DESIGN MANUAL 
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Visual assessment

Fines content

Schmidt Hammer

Hand Sample Index Strength
Field Durability

Aggregate Pliers Test: 

Field Plasticity Test:    













































































































Slope Maintenance Manual 

Slope Maintenance Site Handbook 
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