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CHAPTER 1. INTRODUCTION 

Sindhuli Road (B. P. Highway) has many multi-cell-shaped-causeways which have been designed and 
constructed as waterway crossing structures on the widely flat alluvial fans in the Lower Himalayan and 
the Siwalik Hills. By allowing occasional overflow on its slab and easy repairability for damage on RC 
members by debris or sediment flow, they become economical structures and can be used for bridges of 
small to medium length with lower height. 
Based on the proven causeway on the Sindhuli Road, a RC continuous slab bridge (hereinafter called as 
RCSB) has been adopted for structural type of the Mamti Bridge on SROM 2 Project (The Project for the 
Operation and Maintenance of the Sindhuli Road Phase 2). 
Because of these accomplishments, JICA Expert Team was asked to establish the planning and design 
manual for RCSB. This manual complies with the Nepal Bridge Standards as well as the Indian, Japanese 
and other relevant standards.  
In this manual, general planning, design procedures and conditions for RCSB are regulated, and three 
standard bridge types of length are summarized. 
 

  

  
  Source: JICA Expert Team 

Figure 1-1 Photo of RCSB on Sindhuli Road and its feeder line 
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CHAPTER 2. ADVANTAGE OF THE RC CONTINUOUS SLAB 

BRIDGE (RCSB) 

2.1 CHARACTERISTICS OF THE RCSB 

a) The concept of RCSB is similar to the multi-cell box culvert, only the difference which top slab 
(superstructure) and wall/bottom slab (substructure) are structurally separated. This is why occasional 
attack by large debris or boulder to superstructure would not harm the whole structural system. 

b) Due to the separation of superstructure and substructure by movable support on the walls, there is no 
burden on substructure due to temperature changes. 

c) The continuous deck slab superstructure can eliminate the need of reinforcing bars connecting to the 
substructure. This idea avoids dense reinforcement and complicated formwork, ensuring better quality, 
constructability and repairability. 

d) Raft foundation is not required any increase against scour depth by any factor as in case of open 
foundation as stipulated in IRC SP-13. 

e) It is possible to carry out construction by all staging support without using heavy machinery such as 
large cranes, and then higher safety during construction works is expected. 

 

2.2 APPLICABILITY OF RCSB 

(1) RCSB is suitable for the location where: 

a) The river channel/stream is relatively flat, and the sedimentary layer of the riverbed is thick, and 
scouring is likely to occur, 

b) The river has a deep groundwater level during dry season and can be excavated without any 
dewatering or slope protection work, 

c) Geological condition of the foundation is relatively soft at shallow layer, open foundation at 
deep level can be established, or pile foundation can be considered, and 

d) Land use condition around the bridge location restricts the road elevation to keep lower as much 
as possible not to harm the social impact. 

(2) RCSB is NOT recommendable for the location where: 

a) Incised river, steep terrain, natural rocky bottom for waterway, 

b) River with much amount of driftwood and/or debris flows including large sized boulders, and/or 

c) River with constant flow and/or shallow water depth in dry season. 

 

2.3 STANDARDIZATION OF RCSB 

Based on the economic comparison, RCSB might be most economic bridge when the total height of 
structure is relatively low (less than 10m or around).  

In this manual, overall design procedures and methods are described for RCSB. Especially for the bridge 
length of 20m, 30, and 40m, the length which might be frequently planned and adopted, general drawings 
and reinforcement bar arrangement are prepared. 
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Table 2.1 Alternative List of Typical Bridge with Design Conditions 

Type 
SN 

Span 
length 

Span arrangement Total 
height 

Inner 
height 

Sub-grade 
reaction for 

design 

Remarks 

1 20 m 10m + 10m 10m 9.6m SPT N=10  

2 30 m 3 @ 10 m 10m 9.6m SPT N=10  

3 40 m 12m + 16m +12m 12m 9.3m SPT N=10  
Source: JICA Expert Team 

 

The elevation view of the RCSB is shown in Figure-2-2 for one case of two-cell type and Figure 2-3 and 
2-4 for two cases of the three-cell type. 

  

CLAY SILT SAND GRAVEL SOFT TO HARD 

SUITABLE UNSUITABLE 

INCICED, STEEP TERRAIN 

SUITABLE UNSUITABLE 

FLAT AREA  

 

CONSTANT RIVER FLOW 

SUITABLE UNSUITABLE 

LOW WATER LEVEL  

(1) GEOLOGY AT RIVERBED 

(2) TERRAIN AT RIVER LOCATION 

(3) RIVER FLOW DURING DRY SEASON 

  Source: JICA Expert Team 

Figure 2-1 Suitable location for RCSB 
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  Source: JICA Expert Team 

Figure 2-2 Cross Section of Standard RCSB two-cell Type 
 

 
  Source: JICA Expert Team 

Figure 2-3 Cross Section of Standard RCSB three-cell Type  
 

 
Source: JICA Expert Team 

Figure 2-4 Cross Section of Standard RCSB three-cell Type (Mamti Bridge) 

Bridge Length 20840 (25840)
20 Girder Length 20800 (25800) 20

Span Length 20000 (25000)
10000 (12500) 10000 (12500)
Top Slab: TS

900 (1100)

9200 (11700) 9200 (11700)

Outer Wall  Inner Wall Outer Wall 9600
(9300)

12000

Haunch 500 x 500
1500(1600)

11100 (10900) : Vertical clearance + embedded depth

(1500)
800 1400

400 400

Bridge Length 40840
Slab Length 40800
Span Length 40000

12000 16000 12000
Top Slab

1100

11200 15200 11200

Outer Wall  Inner Wall Inner Wall Outer Wall 9300

12000

Haunch 500 x 500 Bottom Slab (Raft Foundation)

1600
10900 : Vertical clearance + embedded depth

800 1500
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CHAPTER 3. SITE CONDITION SURVEY FOR BRIDGE LOCATION 

3.1 PRELIMINARY SURVEY FOR SUITABLE BRIDGE LOCATION 

When choosing the location of a bridge along the highway-class road, engineers often need to reach a 
compromise between the simplest river intersection and the shortest road alignment. In that case, the 
choice of location is an economical decision. The most economical and potentially longest-lived bridge 
site is: 

- It is located straight on the river. 

- Beyond the disturbing effects of larger tributaries. 

- There are well-defined banks. 

- There is a reasonably straight approach road. 

- Allow square intersections as much as possible. 

- The bearing layer of the foundation is good condition. 

- The ground water depth is deep in the dry season, making it suitable for open excavation with 
dewatering. 

On this site, the maximum slope of the approach road will not only be suitable for the type of vehicle that 
may travel on the road, but also provide a vertical curve and viewing distance on the bridge.  

A Bridge located at right angle (90 degree) to the direction of river flow will provide the shortest 
economical superstructure. The standard drawing is also prepared based on such planning of the bridge. 

When crossing an alluvial fan, the bridge should be located as near to the throat of the fan as possible 
where the tributary stream has sufficient gradient to be self-scouring. If this is not practicable and the 
crossing has to be located across the body of the fan, there will be a requirement for extensive training 
works to confine the flood flow and for the regular removal of sediment from under the bridge. Bridge 
crossings over alluvial rivers nearly always require river training works to stabilize the channel flow 
within the bridge waterway opening. 

 

3.2 SURVEY OF EXISTING INFORMATION/MATERIAL 

In designing substructures, it is necessary to recognize the geotechnical structures at the site, determine 
approximate sub-structural dimensions and foundation arrangements, perform necessary ground surveys, 
and obtain design information. Preliminary surveys should be performed to identify geotechnical 
structures and the contents of the principal surveys.  

Surveys of existing information are conducted to comprehend the outline of the geo-graphical and 
geotechnical features at the site through existing geotechnical investigation data, geographical maps, 
aerial photographs, current and past satellite photo-graphs (Google Earth). Accordingly, historical surveys 
should be performed at the first stage of the preliminary surveys in order to understand the approximate 
geotechnical structures and so that the results can be used in other surveys. 

1) Data and Information Collection 

Correction of the topographical map and metrological rainfall data, etc.  

2) Surveys of Existing Ground Information  

Existing geological maps and geographical should be collected for the survey of the geographical 
and geotechnical structures. Furthermore, it is often possible to define the outline of the geotechnical 
layers by collecting borehole data and in-formation on wells near to the investigation site.  
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3) Surveys of Other Information  

In addition to the above, the following information is needed for the bridge planning.  

a) Cadastral maps (check for right of way, forest area, private land etc.), land condition maps, land 
use maps, land classification maps, old maps, etc.  

b) Wide area information including aerial photographs, remote sensing data, GPS, etc.  

c) Information on disasters such as river floods, floating debris, slope failures, land-slides.  

d) Laws, regulations, and guidelines on environmental protection including noise and vibration.  

e) Information on active faults 

 

4) Collection of Construction Records  

Collation of information on bridge type, scale, subsidence and slope, and construction records of 
existing bridge structures near the candidate survey site can provide an overview of the geotechnical 
layer at the bridge location. 

 

3.3 SURVEY PLANNING 

In order to understand the approximate properties of the proposed bridge site, and to obtain 
necessary for preliminary design and principal survey plan, the following data collection and surveys 
shall be performed. 

Survey of Existing Information 

a) Site Reconnaissance 

b) Test pits survey (alluvial plain in Terai) 

Site reconnaissance is used to evaluate subsurface geology from the properties of rocks and soils 
observed at the surface. In other words, geological plans are prepared by combining sectional 
geological maps made from rock outcrops and other properties along rivers and roads in the survey 
area. Furthermore, the existence of landslides, and other geographical and geological features 
adverse to the construction should be examined in the geographical observation.   

When choosing the location of a small bridge, engineers often need to reach a compromise between 
the simplest river intersection and the shortest road alignment. In that case, the choice of location is 
an economical decision. The cheapest bridge sites and potentially the longest-lived sites are: 

 

3.4 TYPES OF SURVEY 

In order to understand the approximate properties of the proposed bridge site, and to obtain 
necessary for preliminary design and principal survey plan, the following data collections and 
surveys shall be performed. The following surveys shall be performed for the design and 
construction of the Raft Foundation for the bridge:  

a) Surveys of river characteristics (discharge)  

b) Topographical survey (sub-contract survey) 

c) Geotechnical survey (sub-contract survey)  

d) Surveys of construction conditions  

Table 3-1 shows the principal objectives and contents of various survey of 1) to 4). 
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Table 3.1 Survey Points 

Survey Method Principal Objectives Survey Items Remarks 

1.Survey of River Characteristic 

Survey of River 
Characteristics 

Understanding 
rivers/channel/stream, degree 
of change 

a. Current river/channel bed and bed gradient, 
conditions 

b. Current channel velocity, flow rate, water 
quality, maximum wave height in flood, 
difference between high and low water levels, 
increase in water levels by rainfall, change in 
water flow by scour, backwater effects behind 
pier/wall 

c. Observation of floating debris, boulders in 
debris-flow and their past records 

d. Conditions of management of rivers and ponds 
and future plans 

e. Change in water flow by scour 

f. Aggradation of the riverbed 

g. Backwater effects behind existing bridge pier 

 

Flood-flow condition in rainy 
season/flood 

a. Positioning of the flood water 

b. Past record of the waterway 

c. Occurrence of flowing and drifting substance  

d. Water utilization for irrigation channel, 
agriculture 

Determination of the 
bridge end positioning 

Ground water 
level by Test 
pits survey 

Test pits survey for bridge 
location at open excavation in 
alluvial plain in Terai area 

a. Test pits by manual 

b. Test pits by auger-hole 

For selection of the 
proposed bridge site 
considering 
construction ability to 
avoid sand boiling for 
open excavation 

2.Topographical Survey 

Survey of 
Waterway 

Assume channelization bed 
line and gradient 

a. Waterway profile 

b. Waterway cross section 

c. Road center cross section 

 

3. Geotechnical Investigations 

1. Boring 

2. Sampling 

3. Sounding  

4. Ground water 
survey  

i) Overview of ground, 
structures, and properties of 
soil layers (preparation of 
layers geological maps and 
bore logs) 

ii)Rotary boring 

iii)Core tube sampling 

iv)Measurement of ground 
water table in situ 

v)Measurement of pore-water 
pressure 

a. Survey of geography and geology 

b. Type of soil by coring 

c. SPT (Standard Penetration Test) N-value for all 
types of soil and/or soft soils 

d. DCP (Dynamic Cone Penetration) test for gravel, 
boulder (convert to SPT N-value) 

e. Underground water level 

f. Record for past damages 

Flat Plain area 

Soft soil must be done 
by Standard 
Penetration Test 
(SPT) method not 
done by DCP test. 

 

 

 

 

Survey of 
ground water  

Study of construction methods 
and working procedure 

In case of open excavation 
with dewatering by pump,  

a. Underground water level 

If available 

b. Water quality test 

c. Pore-water pressures 
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d. Flow direction and velocity 

Soil Test In situ and/or laboratory a. Sieve grading test Particle size analysis 

4. Survey of Construction Conditions 

Survey of 
Exiting 
Information 

General reference material for 
design and construction of 
sub-structures 

a. Design documents and construction records from 
typical construction examples 

b. Records of experiences from persons concerned 
and opinions of experts 

c. Past evidence of flooding, geological structures, 
and land use situation from aerial photographs 

Study of construction 
methods, machines, 
equipment and 
working procedures 

Survey of 
Surrounding 
Environment 

i) Study of the effects of 
construction works on 
environment 

ii) Study of construction 
methods, machines, and 
working methods 

iii) Study of 
measures for protecting 
surrounding environment 

a. Present houses, construction works on vibration 
levels, ground environment movement, water 
level  

b. Generation of noise, vibration change in well 
water, and traffic change likely to occur during 
construction due to construction methods 
machines and operation methods adopted   

c. Existence of historical   

d. monuments and sites of cultural heritage 

e. Existence of special environments including 
forests, riverheads 

 

Survey of 
Construction 
Environment 

i) Understanding various 
restrictions and conditions 
on construction works 

ii) Study of interactions 
between adjacent structures 
and the substructures 
concerned 

iii) Study of 
construction methods, 
location of operation 
facilities, machines, and 
procedures 

iv) Study of 
protection measures at the 
construction site and safety 
measures of construction 
operations 

v) Weather forecast for 
construction period 

a. Working area; working space: width, alignment, 
traffic volume, and traffic restrictions on access 
roads 

b. Locations, amounts, and procedures for disposal 
of excavated soil and stabilities 

c. Location and availability of electricity, water 
supply, sewerage, etc. 

d. Location, type, and scale of adjustment structures, 
buried structures, cables, etc. 

e. Records of rainfall, temperature and humidity, 
wind direction, freezing and melting, etc. 

“Industrial safety and 
hygiene law, 
Ordinance on 
industrial safety and 
Hygiene and related 
regulations should be 
fully understood. 

Source: JICA Expert Team, referred to Specifications for Highway Bridges IV Substructure, Japan Road 
Association 

 

3.4.1 Analysis of Satellite Photograph System 

Useful information is available from the satellite photography system (Google Earth), which has 
coordinates and altitude, such as current waterway conditions and bed gradients, flood routes, traces 
of flood routes, revetments, land use conditions such as houses, cultivated land, access routes, and 
quarrying site.  

In addition, by checking past records on the system, engineer can obtain information on evidence and 
traces of waterways (channel course and width of channel, water retention status, boulders, 
driftwood, etc.). At this time, it is important to consider the time when the satellite photo was taken 
in the rainy season or the dry season. 
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It is necessary to conduct a field survey to verify the information obtained from existing survey data 
and satellite photos and to observe and estimate the mechanism of channel change or shift. 

 

3.4.2 Site Condition Surveys  

Once the engineer has identified a likely site for the bridge, the engineer needs to obtain field 
information on the local terrain and river conditions in addition to the soil information (by 
geotechnical survey) and hydraulic data. The key points of field in-formation relate to: 

- Observation of both site condition in rainy/flood season and dry season 

- Water levels and location of waterway in flood 

- Gradation of riverbed and catchment area of the river 

- Vertical clearance requirements 

1) Water levels and location of waterway in flood 

Information is needed on the highest known flood level (HkFL), the ordinary flood level (OFL) in 
rainy season and the low water level (LWL) in dray season at the pro-posed site.  

The ordinary flood level (OFL) is the level to which the river normally rises during the wettest part 
of the year. 

The low water level (LWL) is the level prevailing in the river during dry season. If there is little or 
no flow in dry season, the period during which the riverbed remains dry should be noted. The LWL 
affects the dewatering method and its scale by open excavation or planning cofferdam for excavation 
in dry season. 

Especially, the HkFL with positioning of the waterway while flooding should be determined by local 
observation wherever possible, supplemented by inquiries in the locality including DOR site 
engineers. 

The LWL affects the dewatering method and its scale by open excavation or planning cofferdam plan 
for excavation in dry season. The silt marks that high floods generally leave on tree trunks and 
housings can remain visible for several years. However, it is imperative to ask people who have lived 
in the area for a long time, especially about their recollections of particularly high floods and concern 
information.  

2) Catchment area 

River basin ranges can be used to determine areas included in plans and sections and to estimate 
peak flood discharges for bridge design (design flood discharge). If topo-graphic maps (1/25,000 
scale maps taken by the research department), aerial photographs are collected and/or Google Earth 
is used, mark catchment limits and specify the total area. Based on this catchment area, it is also 
possible to estimate the required bridge length by assuming the design flood discharge. 

3) Vertical and horizontal clearance requirements 

The waterways below the superstructure must be designed to pass through design floods and floating 
and/or rolling debris carried over them. The height of the bridge superstructure should consider the 
removal of suspended matter during floods. Drainage channels and other alluvial channels may 
require regular dredging. When rivers are full, river maintenance equipment is unlikely to move, but 
this is the time when trees and other floating debris can be carried by floods. Experience from other 
structures on the similar river and local surveys will help record driftwood, boulders, sediments and 
identify the required clearance between the design flood level and the underside of the 
superstructure. 
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3.5 PARTICULAR SURVEY FOR BRIDGE LOCATIONS 

For surveys in specific cases under the following conditions, special attention shall be given to existing 
data, geography, geology, and environment:  

1) Alluvial fan in hilly terrain 

2) Alluvial plain in Terai plain with soft ground and shallow ground water table 

3) Test pits survey in the alluvial plain 

For design stage survey, it is necessary to perform surveys of the construction conditions. At the 
construction stage, supplementary surveys of the construction should be implemented, as needed, only 
after fully understanding the results of the surveys obtained at the design stage. Furthermore, during 
construction, various surveys need to be performed for the purposes of construction management. 
Basically, geotechnical investigations should be performed at each bridge foundation location. For the raft 
foundation of large size bridge, a couple of surveys should be conducted diagonally at both ends. In cases 
of complex or simple geographical variations, however, the number of survey points can be increased or 
decreased, respectively.  

The ground to which the RCSB can be applied is plain terrain on flat ground and alluvial fan in hilly 
terrain. So, it does not mention incised river, rocky ground with steep geographic features in mountainous 
area, which cannot be applied. 

 

3.5.1 Survey of alluvial fan in Hilly Terrain 

When the design and construction of substructures are undertaken in hilly terrain, it is important to 
evaluate the ground conditions (mainly sedimented gravel, sand, and boulder) and study the 
construction methods. As the geotechnical conditions and construction conditions in hilly terrain will 
differ from those for plain field, specific evaluation methods should be employed to take the ground 
features into account.  

1) Survey of Existing Materials  

When debris flows, rolling/floating boulders, landslides, and slope failures are likely to occur, 
existing information focusing on the results of geological surveys should be collected as needed. 
Furthermore, with reference to past disasters that occurred nearby, substructure types, construction 
methods, and subsidiary construction methods shall be examined.  

2) Survey of Geography and Geology  

The designer must carefully examine the locations and number of investigation sites, as mountainous 
areas often have steep geographic features, and the structure of the geotechnical layers is generally 
complex. Accurate information on the geography and geotechnical structures should be obtained by 
increasing the number of surveys and boreholes.  

In general, as alluvial fan in hilly area are deposit sedimentation ground, the survey items and their 
evaluation procedures will differ from those for ground.  

3) Survey of Construction Conditions  

A study of the construction conditions is of primary importance in the design of sub-structures in 
alluvial fan in hilly terrain. For example, the construction methods, the selection of appropriate 
machinery, temporary works designs, and the design of access roads are important items. Surveys of 
the surrounding environment as well as construction sites are also necessary. 

 

3.5.2 Surveys of Soft Ground   

It is generally difficult to evaluate the geotechnical conditions of soft ground, and such an evaluation 
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would have a significant effect on surrounding structures and ground, as well as the design of the 
structures concerned. Therefore, careful surveys of soft ground should be performed in consideration 
of the following points. 

1) Survey of Existing Materials   

An overview of the ground conditions should be first obtained from available information in 
geotechnical bore logs or geological profiles. In cases of soft ground, mo1e detailed studies are 
necessary. Therefore, it is important to carefully collect and examine existing geological data when 
making a ground survey plan. At the same time, a study of previous construction including structural 
scales, evaluations of geotechnical parameters and types of auxiliary construction methods 
introduced will provide valuable information for planning the design and construction.   

2) Geotechnical Investigations   

When designing and constructing structures on the soft ground, detailed investigations of 
consolidation settlement, negative skin friction, lateral ground movement and the stability of 
retaining and cofferdam walls are needed. As a result of these studies, it is important to evaluate the 
appropriate geotechnical parameters.   

Surcharges on fills, eccentric earth pressures during construction, ground creep, and the lowering of 
groundwater levels may cause specific changes of the ground properties. In such cases, it is 
necessary to increase the number of test sites and investigations in order to comprehend conditions 
such as the variation, thickness, and structure of soil layers, and to ensure the adequacy of 
geotechnical parameters evaluated from the tests.  

3) Surveys of Surrounding Environment  

At sites on soft ground, a significant number of additional works including enlargement of 
foundation works for main structures, temporary works such as cofferdams, and soft ground 
improvement works may be required. In addition, environmental effects such as propagation of 
ground vibration, large ground displacement, contamination of underground water and other 
problems are likely to arise. Accordingly, surveys on adjacent facilities and buried structures need to 
be performed. 

As ground conditions differ from one site to another, adequate geotechnical investigations should be 
selected in accordance with the type and scale of the foundations, and the design stages. It is possible 
to perform effective geotechnical investigations by re-viewing survey items and accuracy, and by 
distinguishing between the preliminary and principal surveys. 

 

3.5.3 Test Pit Survey in the Alluvial Plain 

Test pits and augur-holes in the proposed bridge site for confirmation of the under-ground water table 
and soil type in each layer (Bridge Branch/DOR). 

If the site is an alluvial plain (Terai Plain) and open excavation is assumed in the foundation work, it 
is desirable to confirm the possibility of sand boiling and/or spring water by test pits when selecting 
the bridge position (candidate site). Since the foundation work will be in the dry season, the test pit 
survey must be conducted in the dry season as well. 

The test pit, which requires the bottom to be at least 1m square, is a cheap and easy underground 
exploration method. The pits are usually dug by hand, but most of the material can be removed using 
a mechanical excavator before the sides and bottom are squared and cleaned for inspection. This 
survey method provides excellent data on underground conditions within the depth of excavation of 
the pits, allowing clear images of soil stratification, the presence of lenses or pockets of weak 
materials, ground water table and its condition. The maximum practical depth at which a pit can be 
excavated is approximately 3 m. Below a depth of about 1.5 m from ground level, the sides of the pit 
need to be supported or excavated at a safe cutting slope angle. 



SROM2   Planning and Design Manual for RC continuous Slab Bridge 

 

3-8 

3.5.4 Survey of River Characteristics and Water Utilization   

Surveys of river characteristics and water utilization shall be performed in terms of Future River, 
water utilization and transportation plans, etc.   

Bridge and girder fall are often caused by damage to the bridge substructures during flooding. 
Surveys of river characteristics and water utilization are performed to avoid bridge damage due to 
river flows, and to minimize the effects of substructures on water utilization and shipping.   

Therefore, when planning a bridge over a river, sufficient coordination with the river control 
organizations should be established. Further, related laws, especially Ordinance on Structures on 
River Management Facilities," should be conformed to, because it specifies regulations on the 
locations of abutments and piers, their configurations, embedment depths of foundations from the 
planned riverbed, span lengths, clearances, and other factors. Regulations on embedment depths of 
foundations, however, indicate minimum requirements from the viewpoint of river management. It 
should be noted that these regulations do not guarantee the long-term stability of foundations against 
scour.   

The stability of bridge foundations against the effects of scour is one of the most important aspects to 
be considered in the maintenance and management of bridges. The amount of scour during flooding 
will be affected by water depth, flow velocity, riverbed gradient, riverbed materials, configurations 
and intervals of bridge piers, angles between river flow and the bridge axis, etc. Appropriate surveys 
must be performed to estimate the amount of scour.   

Surveys of river characteristics consist of reviews of water level, flow, velocity, cur-rent and past 
waterway center lines, movement of the riverbed (degradation and ag-gradation), flood history, high 
tides, and surges. Further, for a river improvement plan, the planned high water level and dredge 
elevation should be identified, and the locations and embedment depths of substructures should be 
determined. Moreover, the elevations of riverbeds at bends and rapid streams will drop temporarily 
during flooding and recover to the original following the drop in water level. Therefore, the results of 
surveys performed during normal conditions will sometimes underestimate the amount of lowering 
of the riverbed. 

Additional surveys on backwater actions behind piers, flowing timbers, drift ice, debris flow, 
dynamic water pressures, currents, wave heights, sand accumulation, changes in flow due to tidal 
differences, etc. should be performed.   

Furthermore, surveys on water use situations such as irrigation and hydraulic pow-er generation, 
fishing rights and shipping should be conducted, and co-ordination with related organizations and 
groups need to be fully secured. 

 

3.5.5 Topographical Survey for Hydrological and Hydraulic Study 

Topographic survey shall be done for hydrological analysis for bridge waterway and hydraulic study 
for bridge design. The detailed activities of topographic survey are presented as follows. 

1) Benchmark setting and report of BM location 

2) Raw data (coordinate table: X, Y, Z) from the topographic survey 

3) Check/validation sheet for accuracy of the topographic survey  

4) Digital Elevation Models (DEMs) having one (1) meter grid spacing 

5) Contour lines with an interval of one (1) meter 

6) Topographic maps prepared at a scale of 1:500 

7) Longitudinal profile and cross sections of planned road prepared at a scale of 1:500 

8) Water course profile and cross sections of river/stream at 200 m or more at U/S side and 100 m 
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at D/S side prepared at a scale of 1:500 

 

3.5.6 Evaluation of Geotechnical Parameters for Foundation Design  

Geotechnical parameters for design shall be established by evaluation of the results of geotechnical 
investigations. The principal survey to identify ground conditions, construction conditions, and 
geotechnical parameters for the detailed design of foundations shall generally consist of the 
following: 

1) Boring by rotary drilling 

2) Sampling 

3) Sounding: SPT N-value test 

4) Underground water survey 

In order to obtain the information necessary to design and construct economical and safe 
substructures, these ground surveys should be performed at each abutment, pier location, or raft 
foundation (of the Bridge). For a large raft foundation, it is preferable to carry out at two points on 
the diagonal. In cases of complex or simple geographical variations, the number of survey points 
may be increased or decreased, respectively. 

 

3.5.7 Survey of Construction Condition 

The following surveys of construction conditions shall be performed:   

1) Survey of existing information   

2) Survey of surrounding environment   

3) Survey of construction environment   

At the design stage, attention is not usually paid to surveys of construction conditions. However, the 
safety and reliability of the construction should be carefully investigated at the design stage because 
such considerations are important.  

At the construction planning stage, selection of the construction methods, scales, construction 
seasons and periods and schedules are necessary.  

 

1) Surveys of existing information 

Examples of substructures close to the new bridge site are useful when examining overall procedures 
for the design and construction. Accordingly, the collection of design documents, construction 
records and related information of actual examples is desirable. Reviewing the experiences of 
persons involved in previous similar projects is also recommended.  

2) Surveys of surrounding environment  

During the construction of substructures, land subsidence, soil excavation in ground-water, oil dust, 
noise and vibrations affect the surrounding environment. Therefore, it is necessary to investigate the 
quality of well, the location of buildings, houses, cultivated land, etc., the impact of excavation, and 
the traffic conditions around the candidate bridge site in advance. It is also necessary to evaluate the 
extent of the impact of construction on the surrounding environment. The location of the bridge 
should be carefully considered, especially in environments with wells and irrigation canals, including 
handling during construction. In addition, cultural and historic buildings, heritage, and riverbanks 
should be carefully considered. 

3) Survey of construction environment  
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When choosing the type, scale, and method of construction of the foundation, it is necessary to 
investigate all the types and arrangements of construction facilities and machines, materials, work 
procedures, geography of the construction site, and work-space and area. Therefore, it is necessary to 
conduct field surveys and various information surveys to understand these factors. 

The presence of adjacent or underground structures near the new construction site al-so has a 
significant impact on the construction of certain types of foundations, so lo-cation, type, embedding 
depth, etc. must be investigated. Especially for adjacent structures, it is necessary to collate their 
design documents with construction records. In some cases, the interaction between the new 
substructure and adjacent structures may need to be investigated by performing geotechnical survey 
to determine the embedding depth of the foundation. 
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CHAPTER 4.  PLANNING OF RCSB 

4.1 UNDERGROUND WATER CONDITION AT ALLUVIAL PLAIN 

 
 

The soft soil in the Terai Plain is alluvial deposits of fine to medium textured as sand, clay, silt, gravels, 
and coarse fragments. High groundwater potential zone are spread in Terai Plain as shown in Figure 4-1, 
underground water level survey is considered indispensable when selecting the bridge position.  

As shown in figure 4-2, the bridge construction at these locations were canceled while the excavation 
because the excavated area of the raft foundation was filled with water. Water level stays in the dry season 
and sand boiling at the high underground water table at the sandy soil bed. 

 
 

As the preliminary bridge site selection, it is necessary to confirm the water level of the candidate site for 
the bridge in the dry season with test pits or hand auger-holes boring survey on the premise that the 
foundation work will be conducted by open excavation with dewatering pump method in the dry season. 
If the groundwater table by test pit survey is high, it shall be changed the bridge position, excavate by 
temporary coffer-dam work, or consider other type of bridge with pile foundation or pile bent. 

There was a case where the construction of a box-type causeway has required site and design changed by 
sand boiling. In the construction of the slab bridge in the Terai Plain (refer to photos below), the bridge 
construction at this location was canceled while the open excavation because the excavated area of the 
raft foundation was filled with spring water due to sand boiling at the high ground water table with sandy 
soil bed. 

Very loose and uniform grain sized fine sand with rapidly changing ground water table tends to suffer 
large subsidence under load, and in this case, it is assumed that the SPT N-value and safe bearing capacity 
of bearing strata were lower than the minimum requirement. Sand boiling occur when water under 
pressure wells up through a bed of sand.  

As same as the above paragraph 1), if the soil condition and groundwater table cannot be confirmed by 
geological survey or excavation work by other project near the site or the expert knowledge, it is 
necessary to confirm them by test pits by shovel or borehole investigation at the site. 

 

Source: Groundwater Resources of Nepal SpringerLin 

Figure 4-1 Preliminary Ground Water Potential Map 

Legend
Highly productive aquifer 
Moderately productive aquifer
No ground water potential

A bridge is planned in an alluvial plain, for selection of the proposed bridge site, it is 
required to confirm the underground water table and condition in dry season for 
construction of foundation by open excavation method to avoid sand boiling and spring 
water. 
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Trouble case due to high 
groundwater: 

A box type causeway was 
planned on the moist sandy soil 
ground in the Terai Plain 
(alluvial plain). 

The open excavation work was 
conducted during the rainy 
season, but a large amount of 
spring water was generated. 
Subsequent sand boiling of 
groundwater continued, and 
construction was suspended. 

The position of the bridge was 
moved to the upstream side, the 
length and depth of the bridge 
were minimized, and the 
riverbed prevention measures 
were combined to complete the 
work. 

  Source: JICA Expert Team 

Figure 4-2 Troubles due to high ground water level 
 

4.2 BEARING GROUND CONDITION 

 
In the design of bridge foundations, the bearing capacity of the foundation base needs to be proved by 
geological survey. In the design of the Raft Foundation, the SPT N-value and soil material type is 
confirmed by drilling borehole survey.  

1) Sub-grade below the slab bridge shall be equal or more than SPT N-value 10 

Raft foundations of the slab bridge are found to be quite suitable for small bridges where the founding 
strata is soft and has Safe Bearing Capacity up to 100 kN/m2 stated in Clause 13.5.13, IRC: SP13-2014. 

Tables 4-1 and 4-2 show the relationship between safe bearing capacity and SPT N-value according to the 
type of soil. In addition, Table 4-3 summarizes the design constants on alluvial fan in hilly terrain and 
plain areas that are the targets of the slab bridge construction. 

However, if the geological condition cannot be confirmed by geological survey or excavation work by 
other project near the site or the expert knowledge, it is necessary to confirm the safe bearing capacity by 
borehole investigation or plate loading test at the site. 

2) It is required to confirm the ground water table in the alluvial plain to avoid sand boiling 

In the construction of the slab bridge at the alluvial fan of the hilly terrain on the Sindhuli Road, the 
ground water table is deep and riverbed gradient is relatively steep, the riverbed material is sedimented 
dense gravel and coarse sand with high permeability, so there was less influence of spring water while 
excavation of the raft foundation. 

  

To apply the slab bridge, the following points must be satisfied. In addition, it is desirable to 
confirm the design conditions by geotechnical survey. 

1) Sub-grade below the raft foundation shall be equal or more than SPT N-value 10. 

2) It is required to confirm no sand boiling in the ground water at plain area. 
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Table 4-1 Safe Bearing Capacity 

Type of soil/rock Safe Bearing Capacity 
kN/m2 

Rocks Residual deposits of broken bed roack 880 
Soft rock 440 

Cohesionless 
soils 

Gravel, sand and gravel 440 
Coarse sand  440 
Medium sand, loose gravel 245 
Fine sand and silt 150 

Cohesive soils 

Hard or stiff clay 440 
Moist clay and sand-clay mixture 100 
Soft clay 100 
Very soft clay 50 

Source: IS:1904 

 

Table 4-2 Type of Bearing Stratum and Safe Bearing Capacity 

 
Type of bearing stratum 

 
Relative density 

Safe bearing 
capacity 
kN/m2 

Reference value 
Uniaxial 

compressive 
strength 
kN/m2 

SPT 
N-value 

Gravel Very dense 600 - - 
Not dense 300 - - 

Cohesionless 
soils 

Dense 300 - 30 ~ 50 
Midium dense 200 - 20 ~ 30 

Cohesive soils Very hard 200 200 ~ 400 15 ~ 30 
Hard 100 100 ~ 200 10 ~ 15 

Source: Japan Road Association 

 

Table 4-3 Design N-value for Spring Support of Foundation Base below Raft Foundation 

Location of 
River Type of Soil 

N-value for Spring Support of 
Foundation Design 

Assumed SBC 
kN/m2 

SPT N-value for 
design 

Alluvial fan Gravel, granular soil 
(Deposit sedimentation) 

Cohesionless 
soil 440 30 

Terai Plain 

Fine sand and silt Cohesionless 
soil 150~200 15~20 

Soft clay Cohesive soil 100 
10 

Min. 
requirement 

Source: IS: 1904 and Japan road association 
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4.3 RIVER CONDITION FOR RCSB 

4.3.1 Considerations for incidental large debris-flow  

 
The nature of debris-flow is governed by the gradient of riverbed based on the flow movement 
material of gravel or mud as mentioned in Table 4-4. 

Debris flow occurs when water-laden masses of unconsolidated soil and fragmented rock move 
down mountainsides in response to gravitational attraction, funnel into stream channels, entrain 
objects in their paths, and form thick, muddy deposits on valley floors. 

“The Study for the Design Criteria on the Transit Roads over Devastated Rivers, 1982, Technical 
Center for Sediment Control and Landslide, Japan” recommended a design policy for the bridges to 
be constructed at rivers with debris-flow. It classified debris-flows and its characteristics as shown in 
Table 4-4 and Table 4-5. 

Table 4-4 Riverbed Gradient and Types of Debris-flow 
Riverbed Gradient Type of Flood 

1/3（35％）20° 
Debris-flow Occurrence section 

 

Debris-flow Passing section 

1/4（25％）15°  

Debris-flow Stopping, Sediment-flow Passing section 

1/5（17％）10 °  

Debris/Sediment-flow Stopping section 

1/20（5％）3°  

Sediment-flow Stopping section 

1/60（2%）1°  
Flood-flow section 

Source: The Study for the design criteria on the transit roads over devastated rivers, 1982, Technical Center 

 

  

Since the slab bridge has a short span and a limited horizontal opening width, the principle 
is that there are no occurrence debris-flows that will be obstacles after construction. 
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Table 4-5 Deposit Characteristics of Debris Flow in Alluvial Fan/Plain 
Flow Type Characteristics of Flow 

Debris-flow  The flow is divided into large boulders at the tip of debris-flow and a 
subsequent part of sediment-flow 

 A maximum boulder dia. of 1.5 m or more exists 
 There is as welling in the center part of debris-flow 
 There are traces flowing down from the upstream and high straightness 
 Deposit relatively thick 
 There are 2 types of movement material as gravel or mud 
Mainly observed in Himalayan hilly terrain 

Sediment-flow  Traces of stratified structure carried by the flow can be seen 
 There is boulder with a maximum particle diameter of 0.5 to 1.0 m around, 

while there are many fine-grained substances 
 Existence of sprayed deposits widely 

Mud-flow  Existing of layer upon layer deposit 
 Studding of boulder dia. 0.5-1.0m 
 Existing of fine materials 
 Existing of sprayed deposits widely 
Mainly observed in Siwalik hilly terrain 

Flood-flow  Relatively uniform grain size and flat deposition surface 
 Flowing and bedding structures are seen 
 The maximum gravel diameter is about 0.1 to 0.2 m 
 Widely dispersed and deposited, relatively thin 
Mainly observed in Terai Plain 

Source: The Study for the design criteria on the transit roads over devastated rivers, 1982, Technical Center 
 

The nature of debris flow is governed by the gradient of riverbed based on the flow movement 
material of gravel or mud as mentioned in Table 4-6 below, same way riverbed grading, and nature of 
debris-flow is presented in Figure 4-3. 

 

Table 4-4 River Gradient and Nature of Debris-flow based on Material Type 
Gravel Type Debris-flow Mud Type Debris-flow General flow 

material Bed gradient Nature of Debris Flow Bed gradient Nature of Debris Flow 
steeper than 
35% (>1/3) 

Debris-flow occurrence section Boulder larger 
than 1.5m 

35~25% 
(1/3~1/4) 

Gravel type Debris-flow 
passing section  

35~25% 
(1/3~1/4) 

Mud type Debris-flow 
passing section 

25~17% 
(1/4~1/5) 

Gravel type Debris-flow 
stopping and 
Sediment-flow passing 
section  

25~17% 
(1/4~1/5) 

Mud type Debris-flow 
stopping and Sediment-flow 
passing section 

Boulder size 
0.5~1m 

17~5% 
(1/5~1/20) 

Gravel type Debris-flow 
stopping and 
Sediment-flow passing 
section 

17~3% 
(1/5~1/30) 

Mud type Debris-flow 
stopping and Sediment-flow 
passing section 

Scattering 
boulder size Max. 
0.5~1m, mostly 
granular material 

5~2% 
(1/20~1/60) 

Sediment-flow stopping 
section 

3~2% 
(1/30~1/60) 

Sediment-flow stopping 
section 

2~1% 
(1/60~1/100) 

Flood-flow section Max. granular 
size 0.1~0.2m 

Source: JICA Study Team based on the Study for the design criteria on the transit roads over devastated rivers, 
1982, Technical Center 

The tributary or river that crossing the bridge is flowing mainly gravel material and located where 
the normal gravel type debris-flow stopping, and sediment-flow section overlap. 
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The possibility of constructing bridge piers or inner wall of the slab bridge at locations of debris-flow 
is required as shown in Table 4-7. 

 

Table 4-5 Bridge Pier/Wall Construction Possibility in River 
Type of debris Flowing point Possibility of constructing pier in river 

Gravel type 
Debris-flow 

Flowing section Not recommendable 
Stopping section Not recommendable 

Mud type Debris-flow 

Flowing section Not recommendable 
Stopping section Practicable 

Sediment-flow 
Flood-flow 

Sediment flow section 
Flood flow section Practicable 

Source: The Study for the design criteria on the transit roads over devastated rivers, 1982, Technical Center 

 

Based on above consideration at normal debris-flow section, the following detailed and modified 
bridge inner walls for the slab bridge construction possibility proposed in Table 4-8.  

  

Source: JICA Study Team based on the Study for the design criteria on the transit roads over devastated rivers, 
1982, Technical Center 

Figure 4-3 Riverbed Gradient and Nature of Debris-flow 
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Table 4-6 Bridge Construction Possibility in Debris-flow 

Type of flow Crossing section Typical riverbed 
gradient 

Typical normal boulder 
size 

Possibility of constructing 
inner wall of slab bridge 

Gravel type 
Debris-flow 

Occurrence section >35% (>1/3) Boulder larger than 
1.5m (Max. 10m) 

Not recommendable 
Passing section 35~25% (1/3~1/4) Not recommendable 

Stopping section 25~17% (1/4~1/5) Boulder size 0.5~1m Not recommendable 
Mud type 

Debris-flow 
Passing section 35~25% (1/3~1/4) Less boulder Practicable 

Stopping section 25~17% (1/4~1/5) Practicable 
Normal  

Debris-flow Stopping section 17~5% (1/5~1/20) Scattering boulder size 
Max. 0.5~1m, mostly 

granular material 

Practicable: according to 
some conditions  

Sediment-flow Sediment flow  5~2% (1/20~1/60) Practicable 

Flood-flow Flood flow 2%~ (1/60~) Max. granular size 
0.1~0.2m Practicable 

Source: JICA Study Team based on the Study for the design criteria on the transit roads over devastated rivers, 
1982, Technical  Center 

 

4.3.2 River flow with debris and boulders 

 
 

The debris-flow is divided into a gravel type debris-flow and a mud type debris-flow, and the state of 
each flow is schematically represented as shown in Figure 4-4. Gravel type debris-flow is occurred 
in mountain or hilly stream with rich sand, gravel, and rock, on the other hands, mud type 
debris-flow occurred in stream mainly much contain silt, clay, and fine particles. In the gravel type 
debris flow, boulders are concentrated at the tip of flow, but there is no boulder concentration at the 
tip of mud type debris-flow. In addition, although the subsequent flow is in the state of flood flow, 
there are some disaster cases where some amount of gravel and debris is flowing out. 

 

 

 

 

 

 

 
Source: JICA Study Team based on the Study for the design criteria on the transit roads over devastated rivers, 
1982, Technical Center 

Figure 4-4 Pattern Diagram of Flow Type and Maximum Wave Heigh 
 

If the debris-flow is in a stopping section, it would be liked to consider that it is possible to install a 
bridge pier (inner walls for the slab bridge) in the river or channel so as to meet the following 
conditions, it might be possible to adopt a slab bridge. 

If the debris flow is in a stopping section, it is considered that the piers (walls) of the slab bridge can 
be installed in the waterways to satisfy the following conditions. 

1) It has been confirmed that the river channel is stable year by year, and the size and amount of 

 
   

Gravel type Debris-flow Sediment-flow Mud type Debris-flow Flood-flow 

In river with debris-flow, if the boulder size is medium and the river stream tends to 
stabilize riverbed and bank year by year, it may be possible to adopt the bridge. 

Tip part
Boulder
Pebble

Max. wave 
height

Tip part

Max. wave 
height

Bore part

Max. wave 
height

Water 
height
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boulders tend to decrease. 

2) The maximum size of boulder deposited in recent years is equal or less than about 0.5 m in 
diameter. (Based on the diameter of the 10th largest boulder in the surrounding area) 

3) If the height of the bridge girder is increased by a long span without inner walls, the social 
impacts such as on the surrounding area will increase (such as in connection with houses, access 
road and approach roads). 

On the Sindhuli Road, many box-shaped causeways with a structure similar to the RCSB had been 
constructed in alluvial fan. As shown in the photos below, some of the box type causeways 
constructed in the river with debris-flow carrying boulders have gabion-wired boxes or jacketing 
concrete to protect inner walls. 

 

 
 
 
 
 
 

  

Installed protective measures 
(gabion blocks) on the upstream 
side of the inner walls in river 
where dia. 1m boulder flows are 
observed. 

Same case as the left side photo. 
To protect walls by gabion walls 
for dia. 1m boulder. 

A case where the base of the 
intermediate wall is protected by 
reinforced/plain concrete 
against the sediment flow. 

  Source: JICA Expert Team 

Figure 4-5 Troubles due to debris flow 
 

4.3.3 Floating obstacles (driftwood) 

 
Since the slab bridge has a short span length of 10~16 m, in principle there is no driftwood that 
blocks the limited openings and if unavoidable, long span bridge should be considered instead of the 
slab bridge. 

The presence, scale and type of driftwood shall be confirmed by traces of damage caused by 
driftwood in the past and interview survey to local residents. 

It has been reported that driftwood generated during a sediment-related disaster blocks the span of 
the bridge and raises the riverbed and/or water level, which increasing damage. There are two types 
of driftwood, log-shaped and rooted ones. In the former, the driftwood flows down when it is 
submerged in the water, whereas in the latter, it floats on the water surface and flows down, causing a 
collision with the bridge super-structure. Since it is easy to do so, there is a high probability that 
obstruction will occur, so special attention is required. 

It is desirable to consider the use of reinforced concrete girder bridges with a span of 25 m or more 
in order to secure the horizontal opening on the safe side where there is a risk that the flood flow will 
be obstructed by driftwood while maintaining a margin height as a bridge. 

Driftwood includes log-shaped driftwood and rooted driftwood, whereas the former flows down 

To avoid applying the slab bridge to rivers where driftwood (especially rooted driftwood) 
flows down. 
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when the driftwood is submerged in the water, whereas the latter floats down on the water surface 
and flows down, which makes collisions with bridge superstructure easier. Therefore, special 
attention is required because there is a high probability of blockage for the short span length of the 
horizontal opening of the box type bridge. 

 

 
 
 
 
 
 

 

A case where log-shaped 
driftwood was confirmed on the 
upstream side of the box type 
causeway in the alluvial fan in 
hilly terrain. 

The opening of the submersible 
slab bridge was blocked by 
rooted driftwood during 
mud-flood (photo: outside 
Nepal) 

Source: JICA Expert Team 

Figure 4-6 Troubles due to floating obstacles 
 

4.4 DETERMINATION OF RCSB OUTER WALLS AND BRIDGE LENGTH 

4.4.1 Positioning the Outer Walls and Bridge Length 

 
Bridge length is determined by the location of the abutments (outer walls in case of RCSB). The 
location of the outer walls is dependent on bridge opening requirements, and the method used to 
terminate the approach embankment and transition to the structure. The abutments are determined in 
such a manner as to produce optimum bridge economy within the constraints of horizontal clearance 
requirements, stream flow requirements and aesthetics. 

The engineer should choose trial positions for the abutments (so-called outer walls) of RCSB, 
bearing in mind the guidelines in the introduction to this chapter and Figure 4-7. A configuration of 
outer walls (abutments) and inner walls (piers) should be selected, and the length of waterway 
measured, i.e., the distance between the outer walls, measured perpendicular to the flow, minus the 
sum of the inner walls’ widths. 

  

The engineers should choose trial positions of the abutments (outer walls) and which 
location of them must be determined from the flow path during floods in the past rainy 
season and while flooding. 
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Source: JICA Study Team 

Figure 4-7 Linear Waterway 

It is necessary to make a judgment based on on-site surveys, hearings from site engineers and 
residents around the site, and damage historical records regarding the position and the width and 
course of the flood flow path during rainy season. 

Experience from other structures on the same river, together with inquiries locally, will help to 
determine the required clearance between the design flood level and the underside of the 
superstructure. 

It is required to select the configuration of the abutments and the length of the total span of the 
bridge and measure the length of the channel. In other words, it is the distance between the 
abutments measured perpendicular to the flow minus the sum of the inner walls’ width. 

The hydraulic data required for the design process mentions relate to design flood level, flow volume 
and velocity as below. 

- peak (maximum) flood level, flow volume and velocity, 

- bed characteristics - particle size, vegetation, 

- channel shape and flood plain width, 

- sedimentation and meander characteristics, and 

- clearance of floating debris. 

Using these measurements and the flow and velocity estimates or calculations outlines in 4.4.2, 
engineers can determine if the width of the Lacey's regime waterway is a bridge length that almost 
satisfies the total span length. Alternatively, it can be confirmed that the bridge length is secured as a 
supercritical flow flowing through a river channel with a steep riverbed gradient outline in 4.4.3. If 
these prove unacceptable, a different configuration of abutments location and total length of bridge 
span should be tried. 

 

Length of waterway:
L = l1 + l2 + l3

W

Inner Wall

WLLWL

l1 l2 l3

Unrestricted width 
of flow: W

Outer Wall

Bridge Length
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To assume flood plain width 
while the flood  

To assume flood plain width To assume flood plain width 

  Source: JICA Expert Team 

Figure 4-8 Flood plain width 
 

4.4.2 Bridge length by Lacey’s Regime Theory 

 
It is desirable to determine the linear waterway* (hydraulic opening width) of the river at bridge 
section to pass to the downstream side safely. The width is generally determined considering the 
following points. (Source: H10: Hydrology Manual for Roads and Bridges, WECS, GON 2018)  

- The contributing watershed area, 

- The magnitude and frequency of the design flood, 

- The roadway alignment and profile, and 

- Physical and environmental constraints. 

The hydraulic design process for sizing the bridge waterway opening shall include the evaluation of 
water surface elevations in the main channel for existing conditions and for proposed conditions. A 
comparison of the elevations between these two conditions shall be made to identify the effects of 
the bridge on the waterway. These results shall clearly identify and mitigate any backwater effects 
caused by the project.  

As per Clause 104.3 of IRC:5-1998, linear waterway (bridge opening width) should be nearly equal 
or wider than Lacey’s regime waterway given by the following equation: 

W = CQP
1/2   --- Lacey’s Regime Formula  Clause104.3, IRC:5-1998 

Where,   
 W = Regime width (m) equal to effective linear waterway* under regime 

condition 
 C = a constant usually taken as 4.8 for regime channels but it may vary 

from 4.5 to 6.3 according to local conditions. 
 QP = Peak flood discharge of normal flood flow (m3/s) 

*: linear waterway, i.e., distance between abutments minus width of piers, measured perpendicular to the flow 
(m) 

If the assumed designed opening width of the bridge is much smaller than the result of the Lacey’s 
regime waterway width, then it should be considered relocation of the bridge or increase the length 
of the bridge by adopting other type of bridge to ensure the opening of the linear waterway. However, 
if the site is in a hilly terrain, in the 4.4.3 determine if the initially assumed bridge length is 
appropriate or not. 

The linear waterway of the bridge W should be equal to Lacey’s regime waterway given by 
the equation of W=4.8QP

1/2 as stated in IRC:5-1998. 
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4.4.3 Bridge length at waterway in hilly terrain 

 
In a hilly or mountainous terrain where the river flows in gorges with steep bed slope, the flow is 
usually in supercritical state when depth (y) is small and velocity of flow (V) is very high, in 
supercritical flow, Froude’s number of flow, defined as Fr = V/(gy)1/2, is more than one (1.0). 
Lacey’s regime waterway in such situations is very high compared to liner waterway at HFL. Thus, 
the minimum waterway under the bridge will be determined by the liner waterway at HFL and not by 
Lacey’s regime waterway. In fact, Lacey’s regime condition is not valid in such a terrain at all 
(Source: Mazumdar S. K., Determination of Waterway under a bridge in Himalayan Region – Case 
Studies, Article). 

Fr = V/(g y)1/2     --- Froude’s Number of Flow  
Where,   
 Fr = Froude’s number of flow (-) 
 V = Velocity of flow (m/s) 
 g = Acceleration due to gravity 9.81 (m/s2) 
 y = Flow water depth (m) 
Judgement,  
   Fr > 1.0 Supercritical flow: No restriction of Lacey’s regime waterway 
   Fr = 1.0 Critical flow: No restriction of Lacey’s regime waterway 
   Fr < 1.0 Sub-critical flow: The waterway restricted Lacey’s regime waterway 

 

For supercritical flow (Fr >1) minimum waterway under the bridge will be determined by the linear 
waterway at HFL corresponding to design flood discharge. 

 

4.5 DETERMINATION OF RCSB HEIGHT 

4.5.1 Peak Flood Discharge 

 
All permanent bridges shall be designed for a discharge of 100-years return period. For the 
calculation of design discharge empirical formulas especially developed for other catchments shall 
not be used (stipulated in 3.2 Design Discharge of Nepal Bridges Standards - 2067 (2010), DOR). 
Therefore, the peak flood discharge, de-signed HFL and velocity, which is the basic condition for 
determining the scale and size of the waterway crossing structure, is based on the observation data of 
a Rainfall Station near the target point of the bridge construction. The peak flood discharges in the 
tributaries are estimated using Rational method. For this, at first, time of concentration of flow in 
rivers and then basin rainfall intensities are determined by hydrologist with hydrological analysis. 

The hydrologist is required to analyze a design flood level (DFL), a design flood discharge i.e., flow 
volume, and a design velocity, on which to base calculations of waterway geometry, foundation, 
scour protection depth and vertical clearance. For the procedure of the design flood discharge 
analysis, refer to ANNEX B Design report for Mamti Bridge. 

 

  

The peak flood discharge (QP) at 100-years retune period in the river is required for 
estimate of the adequated linear waterway of the bridge by hydrological analysis. 

The slab bridge located in a hilly terrain with steep bed slope, for supercritical flow 
(Froude’s number >1) minimum waterway under the bridge will be determined by the linear 
waterway at HFL.  
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4.5.2 Vertical clearance height under slab girder 

 
The vertical clearance height of the bridge shall be equal to or greater than the sum of the respective 
heights shown below and in the Table 4-11 in the two cases of the Case-1 against stopping of 
debris-flow and passing of sediment-flow and Case-2 against the deposition of debris-flow shown in 
Figure 4-6. 

When confirming the appropriateness of vertical clearance in each standard drawing of the slab 
bridge, refer to the assumed vertical clearance height shown in Table 4-9. 

 

Table 4-7 Flow Type and Reference Vertical Clearance Height to be Secured for the Bridge 

Flow 
type 

State of flow 
at river 
crossing 

point 

Vertical clearance to be secured considering Assumed 
vertical 

clearance 
height for 

debris-flow 

Case-1 
Passing debris flow/sediment flow 

Case-2  
Deposition of debris 

flow/sediment flow 

Gravel 
type debris 
flow 

Passing Deposit sedimentation (not 
consider) 

Deposit sediment height 
(5-6m) 

Around 
8~10m 
 
N.A. for 
the slab 
bridge 

Maximum wave height of debris 
flow (5-10m) (based on analysis) 

Height of peak flood flow  
(based on analysis)  

Margin for debris flow (1-3m) Margin for flood (0.6-0.8m) 
Freeboard for bridge (1-2m) 
by NBS 2067 

Freeboard for bridge (1-2m) 
by NBS 2067 

Stopping Deposit sedimentation (not 
consider) 

Deposit sediment height 
(5-6m) 

Around 
8~10m 
 
N.A. for 
the slab 
bridge 

Maximum wave height of debris 
flow (5-10m) (based on analysis) 

Height of peak flood flow  
(based on analysis) 

Margin for debris flow (1-3m) Margin for flood flow 
(0.6-0.8m) 

Freeboard for bridge (1-2m) Freeboard for bridge (1-2m) 
Normal 
debris flow 

Passing/ 
stopping 

Deposit sedimentation (not 
consider) 

Deposit sediment height 
(3-5m) 

Around 
4~6m 

Maximum wave height of debris 
flow (3-5m) (based on analysis) 

Height of peak flood flow  
(based on analysis)  

Margin for debris flow (1-3m) Margin for flood (0.6-0.8m) 
Freeboard for bridge (1-2m) Freeboard for bridge (1-2m) 

Sediment 
flow 

Passing 
and 
stopping 

Deposit sedimentation (not 
consider) 

Deposit sediment height 
(Max 1.5m, Ave. 0.5m) 

Around 
4~5m 

Height of peak sediment flow  
(based on analysis) 

Height of peak flood flow  
(based on analysis) 

Margin for sediment flow 
(0.6-0.8m) 

Margin for flood flow 
(0.6-0.8m) 

Freeboard for bridge (1-2m) Freeboard for bridge (1-2m) 
Flood flow - Deposit sediment height (Max 1m, 

Ave. 0.3m) 
 Around 

3~5m 
Height of peak flood flow  
(based on analysis) 
Margin for flood flow (0.6-0.8m) 
Margin for freeboard (1-2m) 

Source: JICA Study Team based on the Study for the design criteria on the transit roads over devastated rivers, 
1982, Technical Center 

 

 

Assumed vertical clearance height above the design riverbed of the bridge considering two 
cases of debris-flow 
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For passing debris-flow For Stopping debris-flow 
Source: JICA Study Team based on the Study for the design criteria on the transit roads over devastated rivers, 1982, 
Technical Center 

Figure 4-9 Vertical Clearance to be Secured 
The structurally preferable inner opening height (height between top slab soffit and top of bottom 
slab) of the slab bridge is around 9.0 to 9.5 m at the maximum (Total slab bridge height will be 12 m), 
and when calculated backwards, the vertical opening height above the upstream side riverbed is 
expected to be about 5.0m and 3.5m for scour depth between D/S side of bed and top of the raft 
foundation. 

 

4.5.3 Scouring Dept 

 
It is required to confirm the sieve grading of the riverbed to analyze the scour depth. 

To design the depth of the raft foundation, the following scour depth equation can be considered. It is 
also recommended to check the appropriate method of scour depth equations with Bridge 
Branch/DOR and consider it according to the terrain and type of bed material. 

Three kind of the scour depth equations are recommended to design for the depth of raft foundation 
as below equations. 

a) Equation-1 Lacey’s Regime Equation (1930) stipulated in Clause 110.1.3., IRC:5-1998, 
IRC:78-2014 

b) Equation-2 Scour Depth Calculation by Farraday and Charlton Equation 

c) Equation-3 Scour Depth Calculation by Blench Equation (1969) 

 

For purely alluvial streams which are contracted beyond Lacey’s regime waterway width 
(W) at the bridge site, the value of Lacey’s scour depth may be computed by using the 
below formula.Lacey’s Regime Condition for Scour in Boulder Strata: Mean scour depth 
Rs = 1.34 (q2/f)1/3     for Lacey’s Regime Condition in Boulder Strata --- IRC:78-2014 
Where,   
 QP = Peak flood discharge at 100 years retune period (m3/s) 
 QF1.3 = 30% increased design discharge at 100 years retune period for foundation (m3/s) 

by Clause 703.1.1, IRC: 78-2014 
 Rs = Mean scour depth by Lacey’s regime condition = 1.35(q2/f)1/3 
 q = Discharge intensity = (Design discharge QF1.3/ width of river L) (m3/s/m) 
 f = Silt factor = 1.76√m 
 m = Size of bed materials in mm, 50% materials are smaller (mm) D50 

Assumed scouring depth below the downstream side bed of the bridge considering Lacey’s  

Regime Equation and other equations.  

Free Board for bridge

Superstructure
Road level

Peak flood-flow height

Sediment deposit height

Margin for bouncing 
boulder/particle

Free Board for bridge

Superstructure
Road level

Maximum wave height of 
debris-flow at tip part of 
flow

Margin for bouncing 
boulder/particle



SROM2   Planning and Design Manual for RC continuous Slab Bridge 

 

4-15 

Calculation for these equations will be required the data of sieve grading by field and laboratory testing 
for estimation of size of bed material in mm smaller than 50% and 90% of passing sieve. 

 

4.6 DETERMINATION OF THE RCSB DIMENSION 

Based on the results of the above study, if the RCSB is judged to be suitable for the proposed site, 
topographical and geological conditions. 

A definition sketch showing various aspects of vertical clearance with embedded depth by scouring based 
on the hydraulics requirement for clearance and raft foundation are presented in Figure 4-6 below. 

 

 
  Source: JICA Expert Team 

Figure 4-10 Definition Sketch of Vertical Clearance of the bridge 
 

However, the required height of the inner clearance height varies greatly depending on the river and 
various conditions. The maximum height is about 12m, and the standard range is estimated to be between 
10m and 12m in height. In preparing the standard design drawings, it is necessary to determine the 
structural height uniformly, and assuming Table 4-10, the structural height is set to 12m for bridge lengths 
of 20m, 30m and 40m, its span 10m for 20m and 30m, and 12m+16m+12m. 
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Table 4-8 Total Structure Height for Typical Drawing for RCSB 
 Vertical Clearance Opening Height 

(Assumed) 
Alluvial fan Alluvial 

plain 
 Bridge length (Typical drawing) 20m, 30m, 40m 
 Span length 2@10m, 3@10m, 

12m+16m+12m 
 Bed grading 3%~7% 1%~2% 

1 Vertical 
clearance 
(assumed) 

Vertical clearance above design bed 
level at U/S side (A) 4.0~5.0 m 4.0~4.5 m 

2 Difference in elevation of the riverbed 
between the U/S and D/S side (B) 0.5 ~ 0.8 m 0.1 ~ 0.2 

m 
3 Embedded depth below design bed 

level at D/S side up to the bottom of 
foundation (C) 

4.0~5.0 m 4.0~4.5 m 

4 Raft foundation (bottom slab) thickness 
minus (D) 1.4 ~ 1.6 1.3 ~ 1.5 

 Inner height total (=inner wall height) 
A+B+C-D 9.1~9.4 Around  

 Top slab thickness 0.9, 1.1m 0.9, 1.1m 
 Total stricture height for typical drawings (around) 11.5m 11.0m 
 Total structure height for typical drawings 12.0 

 Source: JICA Expert Team 
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CHAPTER 5. STRUCTURAL DESIGN OF RCSB 

5.1 DESIGN CONDITIONS 

Design criteria for designing RCSB is described in the table below. 

Table 5.1 Design Criteria of RCSB 
No. Items Description Remarks 

1. Design Standards 
1-1 Principals Nepal Bridge Standards-2067, Department of Roads 2010 AD 
1-2  Nepal Road Standard 2070, Department of Roads 2013 AD 
1-3  Standard specifications for road and bridge works, 2073, 

Department of Roads 
2016 AD 

1-4 Supplementals IRC: 5-1998 Standard Specifications and Code of Practice 
for Road Bridges Section I General Features of Design, 
India 

 

1-5  IRC: 6-2017 Standard Specifications and Code of Practice 
for Road Bridges Section II Loads and Stresses, India 

 

1-6  IRC: 21-2000 Standard Specifications and Code of 
Practice for Road Bridges Section III Cement Concrete 
(Plain and Reinforced), India 

 

1-7  IRC: 78-2014 Standard Specifications and Code of 
Practice for Road Bridges Section VII Foundation and 
Substructure, India 

 

1-8  IRC: 89-1997 Guidelines for Design and Construction of 
River Training and Control Works for Road Bridges, 
India 

 

1-9  IRC: SP13-2004 Guidelines for the Design of Small 
Bridges and Culverts, India 

 

1-10  IS 456:2000 Plain and Reinforced Concrete - Code of 
Practice, India 

 

1-11  IS 1786:2008 High Strength Deformed Steel Bars and 
Wires for Concrete Reinforcement - Specification, India 

 

1-12 References Hydrological Manual for Infrastructures, H10; Hydrology 
Manual for Roads and Bridges June 2018, WECS (Water 
and Energy Commission Secretariat) 

 

1-13  The Study for the design criteria on the transit road over 
devastated river, 1982, Technical Center for Sediment 
Control and Landslide, Japan 

 

    
2. General Condition 
2-1 Design Life 50 years 1-1 p.2 
2-2 Basis of Design Working Stress Method 1-6 
2-3 Bridge 

Classification 
Culvert 1-1 p.4 

    
3. Road Condition 
3-1 Road 

Classification 
Equivalent to Feeder Road 
(Important bridge I=1.0) 

1-2 

3-2 Horizontal 
Alignment 

Liner (R=∞)  

3-3 Longitudinal 
Gradient 

Level  

3-4 Crossfall 2.00%  
3-5 Width 11.00m (1.75+7.50 (dual lane) +1.75)  
3-6 Pavement Asphalt concrete, t=50mm  
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3-7 Typical Cross 
Section 

 

 

    
4. Loadings 
4-1 Dead Load Concrete (cement-reinforced) 25.0 kN/m3 

Steel (rolled or cast) 78.0 kN/m3 
Concrete (asphalt) 22.0 kN/m3 
Stone masonry (lime mortar) 24.0 kN/m3 
Earth (compacted) 20.0 kN/m3 
Water 10.0 kN/m3 

1-5 p.8-9 

4-2 Live Load - One Lane of IRC Class 70R Loading of Wheeled and 
Tracked (uniform strength load) 

- Two Lanes of IRC Class A Loading, and 
- One Lane of IRC Class A Loading, whichever 

governs 
Special vehicle Loadings are not considered. 

1-1 p.3 
1-5 p.10 

4-3 Braking Effect 20% of live load 1-5  
4-4 Live Load 

Surcharge 
Equivalent height of earth leveling L=1.2m 
WL2=K0xWL1=0.5x1.2x19.0=11.4kN/m2 

1-5, 1-7 

4-5 Footpath Load 50kN/m2 (500kg/m2) 1-5 p.24 
4-6 Seismic Load kh=0.18 1-5 p.63 
4-7 Temperature Not considered (temperature load are not required to 

design due to isolated superstructure of top slab) 
 

4-8 Wind Load Not considered  
4-9 Load Combination 1-5 p.7 

4-10 Impact 10% for 70R Tracked Vehicle 
25% for 70R Wheeled Vehicle and Class A (span 12m) 
20% for 70R Wheeled Vehicle and Class A (span 16m) 

1-5 p.30 

4-11 Earth Pressure Ordinary condition KA=0.30 (Coulomb’s formula) 
Seismic condition Ca=0.51 (dynamic active earth pressure) 

1-5 p.47 

5. Materials 
5-1 Concrete Main body of RCSB M30 fck=30N/mm2  

Precast footpath slabs, Parapet post and base, road kerb 
1-10 

Load 2 3 5 10 13 14 18 2
Combination Dead Load Live Load Vehicle Impact Braking Effort Earth Pressure Temperature Seismic Permissi

LC- G Q Qim Fb Fep Ftc Feq %
I 1 1 1 1 1 10

IIA 1 1 1 1 1 1 11
VI 1 0.2 Q x 1 0.2 1 1 15
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 M35 fck=35N/mm2  
Approach slab M30 fck=30N/mm2  
Retaining wall M20 fck=20N/mm2  
Lean concrete  M15 fck=15N/mm2 

*Specified characteristic compressive strengths are value of 
150mm cube specimen at 28 days 

5-2 Reinforcing Bar Fe500 (Min. 0.2 percent proof stress 500N/mm2) 1-11 
5-3 Backfilling 

material 
Riverbed sand and gravel γt=19.0kN/m3 
 γsat=10.0kN/m3 

 φ=32 degree 

 

Source: JICA Expert Team 

 

5.2 ACTUAL LOAD VALUE TO THE STRUCTURAL ANALYSIS MODEL 

5.2.1 Dead load calculation on deck slab surface 

(1) Self weight of RCSB 

 Depth (m)  Width (m)  Unit weight  Subtotal 

Top slab 1.100 x 1.000 x 25.0 kN/m3  = 27.5 kN/m 

Wall Dw x 1.000 x 25.0 kN/m3  = 25.0 Dw kN/m 

Bottom Db x 1.000 x 25.0 kN/m3  = 25.0 Db kN/m 

 

(2) Carriageway area 

   Thickness (m)  Unit weight  Subtotal 

Asphalt concrete   0.075 x 22.0 kN/m3  = 1.65 kN/m2  

Overlay by AC   0.050 x 22.0 kN/m3  = 1.10 kN/m2  

Total unit weight (kN/m2)       2.75 kN/m2 

Unit weight in 1m width       2.75 kN/m 

 

(3) Footpath area without footpath loading 

 
Source: JICA Expert Team 

Figure 5-1 Detailed cross section of deck slab 
 Thickness (m)  Width (m)  Unit weight  Subtotal 

Parapet post     150 kg/m = 1.50 kN/m 
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Parapet post base 0.300 x 0.365 x 25.0 kN/m3 = 2.74 kN/m 

Precast footpath slab 0.150 x 1.100 x 25.0 kN/m3 = 4.13 kN/m 

Road kerb 0.325 x 0.365 x 25.0 kN/m3 = 2.97 kN/m 

Utility     100 kg/m  = 1.00 kN/m  

Total unit weight (kN/m)       12.34 kN/m 

Unit weight in 1m width     12.34 / 1.750 = 7.05 kN/m 

 

(4) Footpath area with footpath loading 

     Unit weight  Subtotal 

Parapet post base 0.100 x 0.365 x 25.0 kN/m3 = 0.91 kN/m 

Precast footpath slab 0.150 x 1.100 x 25.0 kN/m3 = 4.13 kN/m 

Road kerb 0.325 x 0.365 x 25.0 kN/m3 = 2.97 kN/m 

Utility     100 kg/m  = 1.00 kN/m  

Total unit weight (kN/m)       9.01 kN/m 

Unit weight in 1m width     9.01 / 1.500 = 6.00 kN/m 

 

5.2.2 Footpath loading 

Footpath loading is calculated by the formula on IRC:6-2017. 

P=P1-(40L-300)/9 

Here,  P1 Basic footpath loading P1=500kg/m2 

  L Span L=16, 12, 10 m 

Table 5.2 Footpath loading by spans 
Span (m) Footpath loading (kg/m2) Footpath loading (kN/m2) 

16 462 4.52 
12 480 4.70 
10 489 4.79 

Source: JICA Expert Team 

 

5.2.3 Live load calculation on carriageway 

Live loads are considered these loadings of IRC:6-2017. 

- Class 70R Tracked Vehicle 

- Class 70R Wheeled Vehicle 

- Class A Train of Vehicle 

1) Class 70R Tracked Vehicle 

One set of uniformed distribution load will be loaded to the center of the span (point of 
moment max) as per IRC:6-2017 Section 204.1.1. 
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(a) Longitudinal arrangement  (b) Transversal arrangement 
Source: IRC:6-2017 

Figure 5-2 Class 70R Tracked Vehicle 
 

Span length l0 = 10, 12, 16 m 
Concentrated load P = 350 kN (35t) 
Thickness of top slab  1.100 m 
Thickness of asphalt  0.050 m 
Width of deck slab b = 11.000 m 
Breadth of tyre bw = 0.840 m 
Breadth of load on slab bl = 0.940 m = 0.840+2x0.050 
Effective width bef = α･a(1-a/l0)+bl  (IRC:21-2000 305.16.2) 

 α= (below table) (IRC:21-2000 305.16.2) 
 

Table 5.9 Calculation of constant α on IRC:21-2000 
l0 b/l0 α for continuous slab 
 0.1 0.40  
 0.2 0.80  
 0.3 1.16  
 0.4 1.44  
 0.5 1.68  
 0.6 1.84  

16 0.688 - 1.946 
 0.7 1.96  
 0.8 2.08  
 0.9 2.16  

12 0.916 - 2.174 
 1.0 2.24  

10 1.1 2.28 2.280 
 1.2 2.36  
 1.3 2.40  

Source:JICA Expert Team 

Distance of the center of gravity 

 a = 5.0, 6.0, 8.0 m = l0/2 

 

Then the effective width is;bef = α･a(1-a/l0)+bl  = 6.640 m (l0=10.0m) 

     = 7.462 m (l0=12.0m) 

      = 8.724 m (l0=16.0m) 
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Source:JICA Expert Team 

Figure 5-3 Effective width to transverse direction of Class 70R Tracked Vehicle 
 

Effective widths to transeverse direction are;  8.750 m (l0=10.0m) 

     9.161 m (l0=12.0m) 

      9.792 m (l0=16.0m) 

Unit weight loads by Class 70R Tracked Vehicle are; 

 700 kN / (6.870 x 8.750)  = 11.64 kN/m2 (l0=10.0m) 

 700 kN / (6.870 x 9.161)  = 11.12 kN/m2 (l0=12.0m) 

 700 kN / (6.870 x 9.792)  = 10.41 kN/m2 (l0=16.0m) 

 

2) Class 70R Wheeled Vehicle 

(a) Longitudinal arrangement  

 (b) Longitudinal wheel arrangement  (c) Transverse wheel arrangement 
Source: IRC:6-2017 

Figure 5-3 Class 70R Wheeled Vehicle 
 

4.570m 

6.870m 

Slab 
1.10
0m 
+As
phalt 
0.05
0m 

2.900m 1.750m 
1.200m 

3.370m 
< bef/2 

bef/2 m 

effective width 

2.060m 

45° 

Breadth of tyre 
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Span length l0 = 10, 12, 16 m 
Concentrated load P = 85, 60, 40 kN (17/2t, 12/2t, 8/2t) 
Thickness of top slab  1.100 m 
Thickness of asphalt  0.050 m 
Width of deck slab b = 11.000 m 
Breadth of tire bw = 0.860 m (considering L type wheel) 
Breadth of load on slab bl = 0.960 m = 0.860+2x0.050 
 
Effective width bef = α･a(1-a/l0)+bl  (IRC:21-2000 305.16.2) 

 α= (below table) (IRC:21-2000 305.16.2) 

 
Table 5.4 Calculation of constant α on IRC:21-2000 

l0 b/l0 α for continuous slab 

 0.1 0.40  

 0.2 0.80  

 0.3 1.16  

 0.4 1.44  

 0.5 1.68  

 0.6 1.84  

16 0.688 - 1.946 

 0.7 1.96  

 0.8 2.08  

 0.9 2.16  

12 0.916 - 2.174 

 1.0 2.24  

10 1.1 2.28 2.280 

 1.2 2.36  

 1.3 2.40  
Source: JICA Expert Team 

 

Distance of the center of gravity 

 a = 5.0, 6.0, 8.0 m = l0/2 

Then the effective width is;bef = α･a(1-a/l0)+bl = 6.660 m (l0=10.0m) 

     = 7.482 m (l0=12.0m) 

      = 8.744 m (l0=16.0m) 
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Source: JICA Expert Team 

Figure 5-4 Effective width to transverse direction of Class 70R Wheeled Vehicle 
 

Effective widths to transverse direction are; 8.630 m (l0=10.0m) 

     9.041 m (l0=12.0m) 

      9.672 m (l0=16.0m) 

Unit weight loads by Class 70R Wheeled Vehicle (P=170kN) are; 

 85 x 4 kN / (4.280 x 8.630)    = 9.48 kN/m2

 (l0=10.0m) 

 85 x 4 kN / (4.280 x 9.041)    = 8.79 kN/m2

 (l0=12.0m) 

 85 x 4 kN / (4.280 x 9.672)    = 8.21 kN/m2

 (l0=16.0m) 

Unit weight loads by Class 70R Wheeled Vehicle (P=120kN) are; 

 60 x 4 kN / (4.280 x 8.630)    = 6.50 kN/m2

 (l0=10.0m) 

 60 x 4 kN / (4.280 x 9.041)    = 6.20 kN/m2

 (l0=12.0m) 

 60 x 4 kN / (4.280 x 9.672)    = 5.81 kN/m2

 (l0=16.0m) 

Unit weight loads by Class 70R Wheeled Vehicle (P=80kN) are; 

 40 x 4 kN / (4.280 x 8.630)    = 4.33 kN/m2

 (l0=10.0m) 

 40 x 4 kN / (4.280 x 9.041)    = 4.13 kN/m2

 (l0=12.0m) 

 40 x 4 kN / (4.280 x 9.672)    = 3.87 kN/m2

 (l0=16.0m) 

 

1.370m 

4.280m 

Slab 
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0m 
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phalt 
0.05
0m

2.790m 1.750m 
1.200m 
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45° 
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0.610m 0.610m 
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3) Class A Train of Vehicles 

 
(a) Longitudinal arrangement  

 

 

 

 

 

 

 

 

 
(b) Section (c) Plan of Train of Vehicle  (d) Sectional Arrangements 

Source: IRC:6-2017 

Figure 5-5 Class A Train of Vehicle 
 

Span length l0 = 10, 12, 16 m 
Concentrated load P = 114, 68, 27 kN (11.4, 6.8, 2.7t) 
Thickness of top slab  1.100 m 
Thickness of asphalt  0.050 m 
Width of deck slab b = 11.000 m 

 

Table 5.5 Breadth of Tyre and Load on Slab 

Axle load P (kN) 114 68 27 
Breadth of tyre bw1 (m) 0.500 0.380 0.200 
Contact length of tyre bw2 (m) 0.250 0.200 0.150 
Breadth of load on slab bl (m) 0.600 0.480 0.300 

Source: JICA Expert Team 

 
Effective width bef = α･a(1-a/l0)+bl  (IRC:21-2000 305.16.2) 

 α= (below table) (IRC:21-2000 305.16.2) 
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Table 5.6 Calculation of constant α on IRC:21-2000 
l0 b/l0 α for continuous slab 
 0.1 0.40  
 0.2 0.80  
 0.3 1.16  
 0.4 1.44  
 0.5 1.68  
 0.6 1.84  

16 0.688 - 1.946 
 0.7 1.96  
 0.8 2.08  
 0.9 2.16  

12 0.916 - 2.174 
 1.0 2.24  

10 1.1 2.28 2.280 
 1.2 2.36  
 1.3 2.40  

Source: JICA Expert Team 

 

Distance of the center of gravity a = 5.0, 6.0, 8.0 m = l0/2 

 

Table 5.7 Unit weight loads by Class A Train of Vehicles 
Effective width (m)  Unit weight loads by Class A Train of Vehicles 

Span l0 
(m) 

Axle load (kN)  Span l0 
(m) 

Unit weight loads (kN/m2) 
114 68 27  114 68 27 

16 9.192 9.072 16  16 6.61 3.00 1.71 
12 8.561 8.441 12  12 7.10 3.22 1.84 
10 8.15 8.030 10  10 7.46 3.39 1.94 

Source: JICA Expert Team 
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Source: JICA Expert Team 

Figure 5-6 Effective width to transverse direction of Class A Train of Vehicle (P=11.4t) 

 
Source: JICA Expert Team 

Figure 5-7 Effective width to transverse direction of Class A Train of Vehicle (P=6.8t) 

 
Source: JICA Expert Team 

Figure 5-8 Effective width to transverse direction of Class A Train of Vehicle (P=2.7t) 
 

5.2.4 Coefficient of foundation bed reaction 

Reactions from earth are considered as spring support. The vertical coefficient of bed reaction is 
assumed by the formula based on Japanese Highway Bridge Standards shown in Table. In this 
Manual, Case II is adopted. 
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Table 5.8 Coefficient of foundation bed reaction 
Soil case Description Vertical coefficient KV 

Case I Percentage of sandy soil is greater than 
cohesive soil 

 

Case II Equal percentage of sandy soil and 
cohesive soil 

 

Case III Percentage of cohesive soil is greater than 
sandy soil 

 
Source: JICA Expert Team 

 

 
Here,  KV: Coefficient of foundation bed reaction (kN/m2) 

 α: Correction factor,  α=1, when using N value in normal condition 

 E0:  Modulus of Elasticity of soil (kN/m2) 

  E0=2,800N=2,800x10=28,000 (kN/m2) 

 N: SPT-N value (times), in this Manual N-10 is adopted. 

 BV: Converted width of foudation, √(BxL) when B>L, √(BxB) when B≦L 

 B: Bottom slab length (longitudinal, m) 

 L: Bottom slab width (transverse, m) 

 

Table 5.9 Calculation result of the reaction 

RCSB type B (m) L (m) BV (m) KV0 (kN/m2) KV (kN/m) 
20m 23.4 11.0 16.04 93,333 4,720 
30m 34.0 11.0 19.34 93,333 4,102 
40m 44.2 11.0 22.05 93,333 3,718 

Source: JICA Expert Team 

 

5.2.5 Earth pressure 

Lateral earth pressure is considered to the outer walls. Backfill earth is supposed to be non-cohesive 
material like sand and/or gravel. 

At ordinary conditions (without seismic case), Coulomb’s formula is adopted for the active pressure. 

 
Where, 

φ: Angle of internal friction of soil (30 degrees) 

α:  Angle which earth face of the wall makes with the vertical (0 degree) 

1/ 2
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β: Slope of earth fill (0 degree) 

δ: Angle of friction between the earth and earth fill should be equal to 2/3 of φ subject to a 
maximum of 22.5 degrees (20 degrees) 

 

𝐾஺ ൌ
𝑐𝑜𝑠ଶሺ30ሻ

𝑐𝑜𝑠ଶሺ0ሻcos ሺ20ሻ
⎣
⎢
⎢
⎢
⎡

1

1 ൅ ൜
sin ሺ50ሻsin ሺ30ሻ
cosሺ0ሻ cos ሺ20ሻ ൠ

ଵ ଶ⁄

⎦
⎥
⎥
⎥
⎤
ൌ 0.297 … ൌ 0.30 

 

At seismic condition, dynamic active earth pressure on IRC:6-2017 is described as 

 
Where, 

Av: Vertical seismic coefficient (here 1/2 of Ah is considered Av=0.09) 

φ: Angle of internal friction of soil (30 degrees) 

λ:  tan-1(Ah/(Ah/(1±Av)))  (=0.164, 0.195) 

α:  Angle which earth face of the wall makes with the vertical (0 degree) 

β: Slope of earth fill (0 degree) 

δ: Angle of friction between the earth and earth fill should be equal to 2/3 of φ subject to a 
maximum of 22.5 degrees (20 degrees) 

Ah: 0.18 (Zone V of India) 

 

𝐶௔ ൌ
ሺ1 േ 0.09ሻ𝑐𝑜𝑠ଶሺ30 െ ሾ9.38,11.19ሿሻ

cos ሺሾ9.38,11.19ሿሻ𝑐𝑜𝑠ଶሺ0ሻcos ሺ20 ൅ ሾ9.38,11.19ሿሻ

ൈ

⎣
⎢
⎢
⎢
⎡

1

1 ൅ ൜
sin ሺ50ሻsin ሺ30 െ ሾ9.38,11.19ሿሻ
cosሺ0ሻ cos ሺ20 ൅ ሾ9.38,11.19ሿሻ ൠ

ଵ ଶ⁄

⎦
⎥
⎥
⎥
⎤
ൌ ሾ0.51, 0.40ሿ 

 

Ca=0.51 is adopted for active earth pressure. 
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5.3 DESIGN CALCULATION PROCEDURE 

Design calculation of RCSB is carried out by both frame analysis software and sectional analysis software. 

 
Source: JICA Expert Team 

Figure 5-9 Flowchart of the RCSB design calculation 
 

5.3.1 Determination of general dimension of RCSB 

General dimension of RCSB (bridge length, spans, height, etc.) are determined by the bridge plan 
mentioned in Section 4 of this Manual. 

Bridge width shall be planned and determined by the road condition. In this manual, 11.0m of width 
including 7.5m of carriageway and 1.75m of footpath on both side is considered. 

Assumption of the dimension of RCSB members 
- Top slab depth 
- Outer wall thickness 
- Inner wall thickness 
- Bottom slab depth (Raft foundation) 

Conducting frame analysis 

Conducting sectional analysis 

Possibility of 
Rebar arrangement? 

No 

Recalculation 

Arrangement of Rebar 

END 

Determination of general dimension of RCSB 
by natural condition (Section 4 of this manual) 

START 

Yes 
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5.3.2 Assumption of the dimension of RCSB members 

Because conducting the frame analysis needs the assumption of the section properties, such as stiffness 
and dead load per unit length, sectional dimension of the RCSB members shall be required. 

The designer needs to recalculate the series of the design analysis with changing the sectional 
dimension if the sectional stresses exceed the material strength. 

 

5.3.3 Conducting frame analysis 

1) Input of nodes and elements 

For the first step of the frame analysis, the coordinates of the member and principal points on the axis 
line, which is called “node” in general, will be inputted. The member will be expressed as the 
connection of two nodes, which is called “element” in general. 

Frame analysis of RCSB is carried out by 2-dimensional model, because the profile shape of the RCSB 
has the same dimension like extruded mold. 

 

2) Input member (sectional) data 

The property of the section assumed previously, e.g. dimension of the section, material, 
tension/compression strength, unit weight, Young’s modulus, Poisson’s ratio, shear modulus of 
elasticity, linear coefficient of expansion, etc., will be assigned to all the elements. 

By this operation, dead load of the element will automatically be inputted in some software. 

 

3) Input boundary condition (bearing) 

For the calculation of raft foundation like RCSB, the boundary condition between foundation and 
bearing layer is assumed by the spring. Coefficient of foundation bed reaction is calculated by the 
formula mentioned in the section 5.2.4. 

4) Input loadings 

Dead load, live load, earth pressure and seismic loads are inputted to the program. 

Live loads of Class 70R Tracked Vehicle, Class 70R Wheeled Vehicle, and Class A Train of Vehicle in 
IRC:6-2017 are arranged to be loaded to the unfavorably position of the structure. 

 

5) Arrangement of the individual loadings to combination loadings 

In the previous step, loadings are recognized individually to the program. Operation of the 
combination of individual loadings are needed. 

 

6) Conduct analysis 

Although there might be a small difference in each analysis program, basic input items are mentioned 
above. Design engineer can conduct frame analysis. 

 

5.3.4 Conducting sectional analysis 

From the result of the frame analysis, design engineer can conduct sectional analysis by using the 
result of sectional forces obtained by the frame analysis (maximum/minimum bending moment and 
shear force). 
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- Reinforcement bar can be arranged properly (application of cover, pitch, maximum reinforcement 
bar ratio and related condition) inside the section against tension and shear stress 

- Compression stress will not exceed the strength of concrete 

If the compression stress of concrete, tensile stress or shear stress of reinforcement bar exceeds the 
material strength, recalculation of frame analysis shall be needed after the review of the sectional 
dimension or, in some cases, material strength. 
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CHAPTER 6. SUPPLEMENTAL INFORMATION 

6.1 COUNTERPLAN FOR DEEP-EMBEDDED BOTTOM SLAB 

By using this design manual, the bottom slab of RCSB will be embedded relatively deep level to prevent 
from the damage by souring. On the other hand, one of the necessary design conditions for planning the 
bottom slab is ground water level. If the ground water level is shallower than planning depth of the 
bottom slab, construction works need large capacity of drain pump, and sometimes it makes difficult to 
execute the excavation work as well as main body work. 

To avoid such extra work, it is better to plan the shallower bottom slab (around 50cm) with apron at 
bottom slab level. This measure can prevent the shallow bottom slab from the damage of scouring. The 
design of apron and river training work shall carefully be planned and designed by experienced and 
skilled engineer. 

As mentioned in Section 3 of this manual, it is better to conduct test pit survey to monitor the ground 
water level especially during dry season. 

 
Source: JICA Expert Team 

Figure 6-1 Design planning of bottom slab 
 

  

Embedded depth 
Apron Apron 
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6.2 DISCHARGE DIAGRAM 

Figure 6.2 shows the discharge diagram of the RCSB in this Manual.  

 
Source: JICA Expert Team 

Figure 6-2 Discharge diagram of RCSB 
 

6.3 BEARING CONDITION AND ANCHOR BAR DESIGN 

Bearing condition of top slab (superstructure) of Mamti Bridge was fix at one abutment and move at 
another abutment for longitudinal direction. Movement of transversal direction will be fixed at two 
abutments with anchor bars. Vertical load would be supported by elastomeric bearing. 

 
 

 

 

In this manual (standard drawing attached), bearing condition was changed to fix at intermediate wall and 
move at abutments to ensure the horizontal strength of anchor bar. 
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Figure 6-3 Bearing condition of Mamti bridge 



SROM2   Planning and Design Manual for RC continuous Slab Bridge 

 

6-3 

 
 

 

 

Horizontal Bearing capacity of anchor bar is not uniformly determined. Here “Handbook for Bearing 
Design of Road Bridges” in Japan is applied. 

Shear capacity of anchor bar is described as 

𝜏௔ ൌ
𝜎௦௔
√3

ൌ 115ሺ𝑁/𝑚𝑚ଶሻ 

Here, 
τa: Shear capacity of anchor bar (reinforcing bar) 

σsa: Allowable stress of reinforcing bar (200N/mm2 for SD345 or F500) 

 

Numbers of anchor bar are required to . 

RCSB type Top slab weight (kN) Horizontal seismic force 
(kN, k=0.18) 

Shear capacity of an 
anchor bar (kN, D25) 

Required nos of 
anchor bar 

20m 5,390 970 
58.3 

16.6 
30m 8,085 1,455 25.0 
40m 11,858 2,134 36.6 

 

21 nos of anchor bar (20@500=10,000) on an intermediate wall will be sufficient for the horizontal force. 

 
 

 

 

If the shear capacity of anchor bar would be deemed as emergency case, ultimate strength of the 
reinforcing bar might be used for the shear capacity (τa=500N/mm2). 

 

Movable 
direction 

Source: JICA Expert Team 

Figure 6-4 Bearing condition of RCSB 

Wall width 11,000 
20@500=10,000 500 500 

Source: JICA Expert Team 

Figure 6-5 Anchor bar arrangement of RCSB 
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ANNEXURE 

ANNEX A :Standard drawings 
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ANNEX B: Design report for Mamti Bridge 

 











































CONSTRUCTION SEQUENCE OF RCSB ( REFERENCE ) 

Before Construction Works Step-5 Wall Concrete Casting Stage-2.1 (Outer Wall)

Step-1 Structure Excavation (Stage-1 and Stage-2) Step-6 Wall Concrete Casting Stage-2.2 (Inner Wall)

Step-2 Footing Concrete Casting Step-7 Supporting Frame Installation

Step-3 Wall Concrete Casting Stage-1 (bottom to riverbed) Step-8 Slab Concrete Casting

Step-4 Backfilling to Riverbed before Rainy Season Completion of Construction Works

 CLIENT: Support by  REMARKS:
GOVERNMENT OF NEPAL JICA EXPERT TEAM

MINISTRY OF PHYSICAL INFRASTRUCTURE AND TRANSPORT THE PROJECT FOR THE OPERATION DESIGNED BY APPROVED BY
DEPARTMENT OF ROADS AND MAINTENANCE OF THE NAME: T. Hayakawa

CHAKUPAT LALITPUR, KATHMANDU SINDHULI ROAD, PHASE 2 SIGNATURE: SCALE DRAWING NO REV. NO
DATE: Sep-22 SCALE OUT M-6  

Construction schedule of RCSB (Reference)

CONSTRUCTION SEQUENCE OF RCSB ( REFERENCE )

RIGHT BANK

Outer wall

LEFT BANK

Inner wall

Top Slab

Bottom Slab

Stage-1
Riverbed level

Stage-2
Footing level

Step Work Item 

Step-4

Step-7

Left Bank
Right Bank

Precondition 1. No constrction work inside river is conducted during June to September (rainy season)
2. Efficiency is calculated as 0.75.

1 2 3 4 5 6 7 8 9 10 11 252421

86

18 19 20 22 23

14. River Bank Protection

12

6 7 8 9 10 11

13 14 15 16 17

2022

9

2023

10 11 12 1 2 3 4 3 45 10112 2 5 7

2. Construction of Detour
1. Mobilization

2021

Step-1 

Step-5

Step-6

Step-2

Step-3

Step-8

Calender 

Contract Period

15. Demolition of Detour and Site Cleaning

13. Approach Road
12. Surfacing and Railing 

11. Slab Work (Rebar and Concrete)

7. Backfilling

5. Footing Const (Rebar, Form, Concrete)

3. Structure Excavation (stage 1) and River Bed Leveling
/Demolision of Existings

4. Structure Excavation (stage 2) with Dewatering

10. Supporting for Slab (H=5.8m) and Dismantling
9. Wall Const part 2 (riverbed to top) Mid wall W2
9. Wall Const part 2 (riverbed to top) Mid wall W1
8. Wall Const part 2 (riverbed to top) Abutment A2
8. Wall Const part 2 (riverbed to top) Abutment A1

6. Wall Const part 1 (bottom to riverbed)
Abutment and mid wall
(Scaffolding, Rebar, Concrete)

Start Date Oct 5 End Date Oct 524 months
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CONSTRUCTION OF THREE BRIDGES
(GHYAMPE, MAMTI AND BHYAKURE)

LOCATED BETWEEN CH.111+400 TO CH.119+700
OF BP HIGHWAY

DESIGN CALCULATION

MAMTI BRIDGE

Name of Bridge Mamti Bridge
Location CH. 113+900
Structure Type RC continuous Slab
Length of Bridge 40 m
Total Structure Height 12 m
Structure Size

Span Arrangement 3-spans: 12m+16m+12m
Inner Opening Size 11.2mx9.3m+15.2mx9.3m+11.2mx9.3m
Profile Level
Skew 90°
Horizontal alignment ∞

Sub-structure Type Cellular Mat Foundation
Foundation Type Raft Foundation
Wearing course (FH) Asphalt Concrete 0.050 m ~ 0.075 m
Ground Condition Gravel Boulder

File Name BridgeDesignCal-01_Mamti_(RC-con-Slab_12+16+12)_200314_Ver.6
Print Out Data 2020/3/14



 



CONSTRUCTION OF THREE BRIDGES
(GHYAMPE, MAMTI AND BHYAKURE)

LOCATED BETWEEN CH.111+400 TO CH.119+700
OF BP HIGHWAY

DESIGN CALCULATION

CH. 113+900   Mamti Bridge

Contents
1 1
2 6

2-1 6
2-2 6
2-3 7
2-4 7
2-5 8
2-6 9

3 37
4 38

4-1 38
4-2 39
4-3 40
4-4 41
4-5 42
4-6 43
4-7 44
4-8 48

5 51
6 52
7 82
8 127
9 128
10 130
11 130
12 132

Annex Design Calculation Output Data by SAP 2000
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6) Load Combination and Permissible Stress
IRC: 6-2016 Clause 202.3

Load 2 3 5 10 13 14 18 21
Combination Dead Load Live Load Vehicle Impact Braking Effort Earth Pressure Temperature Seismic Permissible

Stresses
LC- G Q Qim Fb Fep Ftc Feq %

I 1 1 1 1 1 100%
IIA 1 1 1 1 1 1 115%
VI 1 0.2 Q x 1 0.2 1 1 150%

Design Case for Stability of Abutment and Sectional Force for Foundation
Load Case I DL + Live Load + Temperature
Load Case VI DL + 20% of Live Load + Seismic (Kh=0.15)

7) Material Unit Weight IRC: 21-2000
Reinforced Concrete γc = 25.0 kN/m³
Asphalt Concrete γac = 22.0 kN/m³
Water γw = 10.0 kN/m³
Plane Concrete = 24.0 kN/m³
Base Course = 19.0 kN/m³
Intensity of Utility Load for Superstructure = 1.0 kN/m

8) Back Filling Material Properties
Back Filling Material Riverbed sand and gravel
Unit Weight of Back Filling Soil γsub = 19.0 kN/m³
Submerged Unit Wt. of Soil γsub = 10.0 kN/m³
Angle of internal friction of soil Φ = 32 ° (degree)
Coefficient of Earth Pressure at Rest K0 = 1-sinΦ = 0.50  Clause 214.1.3
The coefficient of at-rest earth pressure shall be taken as no movement structure such as closed box cell.
The centre of pressure exerted by the backfill is located at an elevation of 0.33 of the height of the wall.

9) Bearing Ground Properties
Bearing ground Material Boulder, Gravel and Glanulaer Soil
Soil Density Very Dense
SPT-N Value > 30~60
Ground Water Table Elevation Confirmed

Design for Raft Foundation
Design N-value for spring of foundation base below raft foundation

Mamti SPT-N value = 30 ° (degree)
Located at alluvial fan, sedimental deposit by glandular soil and boulder

10) Live Load (Q) IRC: 6-2016 204
Carriageway Width = 7.5 m
Combination of Live Load Number of Lanes for Design Purposes

= 2 Lanes
Load Combination One lane of Class 70R or two lanes for Class A
IRC 70R Tracked Vehicle = 700 kN
IRC 70R Wheeled Vehicle = 1000 kN
IRC Class-A Train of Vehicle (2 Lane) = 1080 kN

Refer to figure in Annex-1

2



11) Footpath Load IRC: 6-2016 206
Footpath Width = 1.5 m at both sides
for effective span of 7.5 m but not exceeding 30 m

Live load P = P1-(40L-300)/9
for pedestrians P1 = 500 kg/m2

Effective span L = 12 m
P= 500-(40x12-300)/9 = 480 kg/m2 4.8 kN/m²

12) Braking Effect (Fb) IRC 6-2016 211.2
Longitudinal Forces Percentage of the Train Load = 20 %

13) Live Load Surcharge IRC 6-2016 214.1.1.3
Live load surcahrge shall be applied on abutments and retaining walls

14) Vertical Impact Effect (Qim) IRC 6-2016 208
for IRC 70R Tracked Vehicle

10% up to a span of 40m = 10%

for IRC 70R Wheeled Vehicle
RC bridges, 25% up to span of 12m and Fig. 3.6 for spans exceeding 12m

12 m Inpact at 12 m= 25%
16 m Inpact at 16 m= 20%

for IRC Class A for impact factor fraction for reinforced concrete bridges
I = A/ (B + L) = 4.5 / (6.0+L) L = length of span

12 m Inpact at 12 m= 25%
16 m Inpact at 16 m= 20%

15) Seismic Load
IS1893 (Part1) Criteria for Earthquake Resistant Design - General Provisions and Buildings
IS1893 (Part3) Criteria for Earthquake Resistant Design - Bridge and Retaining walls
IRC 6-2016 Section: II Loads and Stress 219.5.１ Horizontal Seismic Zone
IRC 6-2016 Section: II Loads and Load Combinations 219.5.１ Horizontal Seismic Zone

Horizontal Seismic Coefficient
Zone Factor

(Seismic Zone: 5 ） Z = 0.36
Importance Factor V: Very Severe

(Important bridges: 1 ） I = 1.0
Response Reduction Factor Normal bridge

(Superstructure, reinforced concrete 3.0) R = 3.0
(Column 4.0) R = 4.0

Response Spectra for 
(Type of Soil: 2 ） Medium Soil sites, 10<N<30
Time Period (S) T = 0.2 s
For Medium Soil sites

Average Response Acceleration Coefficient Sa/g = 2.50
Design Horizontal Seismic Coefficient Z/2.I/R.Sa/g

(Superstructure, reinforced concrete 3.0) =(0.36/2)x(1.0/3.0)x2.50= 0.150
(Column 4.0) =(0.36/2)x(1.0/4.0)x2.50= 0.113

Maximum Seismic Coefficient for Seismic Zone V according to IRC: 6-2016
Kh = 0.15

IRC: 6-2016 Section: II Loads and Load Combinations 219.5.2 Live load components
The horizontal seismic force in the direction perpendicular to the traffic shall be calculated 
using 20 present of live load
The vertical seismic force shall be calculated using 20 present of live load
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16) Design Method
Allowable Stress Design : Serviceability Check 

17) Software Used
for RC-continuous Slab bridge
2-Dimensions Frame Analysis Program (Calculation for sectional force and moment)

18) Reference Codes
NS Nepal Road Standard - 2070 (2013)
NS Nepal Bridge Standards - 2067 (2010)
NS Nepal Standard for Deformed Steel Bars and Wires for Concrete Reinforcement

IRC Standard Specifications and Code of Practice for Road and Bridges
Section I - General Features of Design IRC: 5-1998
Section II - Loads and Load Combinations IRC: 6-2017 
Section III - Cement Concrete (Plain and Reinforced)IRC: 21-2000
Section VII - Foundation and Substructure IRC: 78-2014

Standard Specifications for Road and Bridge Works - 2075(2018)
NORMS for Rate Analysis as per Specifications for Road and Bridge Works - 2075 (2018)

4



*1  Live Load Café for 10) Live Lord Clause 204.1
(1) 70R Tracked Vehicle

Longitudinal Arranegement
Transversal Wheel Arranegement

(2) 70R Wheeled Vehicle

(2) 70 R WHEELED VEHICLA
Transversal

Longitudinal Arranegement

Longitudinal Wheel Arranegement Transversal Wheel Arranegement

(3) Class A Train of Vehicles

Longitudinal Wheel Arrangement and distance between track and track

Live Load Combination
Table 2 Clause 204.3

S.l. No.

1) 1

2) 2

Section of Train Vehicle Plan 3)~6) - - -

5.3 m and
above but
less than 9.6
m

One lane of Class 69R or
two lanes for Class A

Carrigeway
Width

One lane of Class A
considered to occupy 2.3 m.
The remaining width of
carrigeway shall be loaded
with 500 kg/m1

Less than 5.3
m

Number of
lanes for
design

purposes

Load Combinartion
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2  Design Load Calculation

Load Combination and List

Load 2 3 5 10 13 14 18 21
Combination Dead Load Live Load Vehicle Impact Braking Effort Earth Pressure Temperature Seismic Permissible

Stresses

G Q Qim Fb Fep Ftc Feq %
I 1 1 1 1 1 100%

IIA 1 1 1 1 1 1 115%
VI 1 0.2 Q x 1 0.2 1 1 150%

List of the Load and horizontal force for Input Data

1 Self weight of strucure 2-1  Self weight of strucure
2 Dead load on deck slab surface 2-2  Dead load on deck slab surface
3 Live Load Surcharge 2-3  Live Load Surcharge
4 Earth Pressure 2-4  Earth Pressure
5 Footpath Loading 2-5  Footpath Loading
6 Live Load and Braking Effect 2-6  Live Load and Braking Effect 

1) 70R Tracked Vehicle-12-70t
2) 70R Tracked Vehicle-16-70t
3) 70R Wheeled Vehicle-12-17t
4) 70R Wheeled Vehicle-16-17t
5) 70R Wheeled Vehicle-12-12t
6) 70R Wheeled Vehicle-16-12t
7) 70R Wheeled Vehicle-12-8t
8) 70R Wheeled Vehicle-16-8t
9) Class A Train of Vehicle-12-11.4t

10) Class A Train of Vehicle-16-11.4t
11) Class A Train of Vehicle-12-6.8t
12) Class A Train of Vehicle-16-6.8t
13) Class A Train of Vehicle-12-2.7t
14) Class A Train of Vehicle-16-2.7t

2-1  Self weight of strucure

Calculated in programe SAP 2000

2-2  Dead load on deck slab surface ( Unsubmerged Case,  α = 1.000 ) ES Surcharge (Gravitiy)

1)  Load at Carridgeway Area
Thick Unit weight

Asphalt Concrete 0.075 x 22.00 kN/m3 = 1.650 kN/m²
Overlay by AC 0.050 x 22.00 kN/m3 = 1.100 kN/m²

Total Unit Weight = 2.750 kN/m²

Input data for the program 2.75 kN/m DL-Sface-AC

2)  Load at Footpath Area
a. Footpath Area

Parapet Post 150 kg/m = 1.50 kN/m = 1.500 kN/m
Parapet Post Base 0.300x0.365x 25.00 kN/m3 = 2.738 kN/m
Precast Footpath Slab 1.100x0.150x 25.00 kN/m3 = 4.125 kN/m
Road Kerb 0.325x0.365x 25.00 kN/m3 = 2.966 kN/m
Utility 100 kg/m = 1.00 kN/m = 1.000 kN/m

Total Unit Weight = 12.329 kN/m
Unit Weight 12.329/1.750 = 7.05 kN/m
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b. Footpath Area with footpath loading (width = 1.5m)
Parapet Post NON = 0.000 kN/m
Parapet Post Base 0.100x0.365x 25.00 kN/m3 = 0.913 kN/m
Precast Footpath Slab 1.100x0.150x 25.00 kN/m3 = 4.125 kN/m
Road Kerb 0.325x0.365x 25.00 kN/m3 = 2.966 kN/m
Utility 100 kg/m = 1.00 kN/m = 1.000 kN/m

Total Unit Weight = 9.004 kN/m
Unit Weight 9.004/1.500 = 6.00 kN/m DL-Sface-FW

2-3  Live Load Surcharge
Live Load Surcharge at wall

WL2 = Ko x WL1 = 0.50 x 1.2 x 19.0 = 11.400 kN/m2

Coefficient of pressure at rest Ko = 0.5
Wet Unit Wt. of Soil γt = 19.0 kN/m³
Equivalent height of earth for live load surcharge as per Clause 714.4, IRC: 78-2014

D = 1.2 m

2-4  Earth Pressure
(Unsubmerged case)
This pressure is the lateral pressure on the outer wall of the bridge from base course and soil.
The pressure on the top of the wall is: (Use Ko = coeffiecient of pressure at rest.)

Wh1 = Ko x { Wd1 + (tAC + tTS) x γt } = 0.5 x { 2.750+(0.050+0.550)x19.0 }
= 7.1 kN/m²

Coeffiecient of pressure at rest Ko = 0.5
Wet Unit Wt. of Soil γt = 19.0 kN/m³
AC wearing corse thick = 0.050 m
Top Slab Thickness = 1.100 m
Top Slab thick upper half = 0.550 m

(Note: Centerline of top slab is assumed to be the base point.)
Soil pressure at different height along the culvert wall.
Total height of bridge taken from centerline of top of slab to centerline of bottom slab.

Total Height of the Bridge dOW = 12.000 m
Top Slab Thickness dTS = 1.100 m
Height of Wall (with bearing height) dOW = 9.300 m
Bottom Slab Thickness dBS = 1.600 m

Height = 9.300 + 1.10 + 1.60 L97 = 12.000 m
Htotal = 9.300 + 1.10 /2 + 1.60 /2 = 10.650 m
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EP-Both
Point Point Frame Height Thick Pressure

No. No. m m kN/m² = Wh1 + Ht x γt x Ko =
Center of Top Slab 101 207 0 12.3 7.1 = 7.100

206 206 0.55 0.550 17.1 12.3 = 7.100 + 0.55 x 19.0 x 0.5
205 205 1.05 0.500 36.1 17.1 = 7.100 + 1.05 x 19.0 x 0.5
204 204 3.05 2.000 86.4 36.1 = 7.100 + 3.05 x 19.0 x 0.5
203 203 8.35 5.300 95.9 86.4 = 7.100 + 8.35 x 19.0 x 0.5
202 202 9.35 1.000 100.7 95.9 = 7.100 + 9.35 x 19.0 x 0.5
201 201 9.85 0.500 108.3 100.7 = 7.100 + 9.85 x 19.0 x 0.5

Center of Bottom 4 10.65 0.800 108.3 = 7.100 + 10.65 x 19.0 x 0.5
Total 10.650

2-5  Footpath Loading IRC: 6-2016 206

for effective span of 7.5 m but not exceeding 30 m
Live load P = P1-(40L-300)/9
for pedestrians P1 = 500.0 kg/m2  =
Effective span L = 12.0 m

P = 500-(40x12-300)/9
= 480 kg/m2  = 4.80 kN/m2
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2-6  Live Load and Braking Effect 

2-6-1 Live Load 70R Tracked Vehicle - Side span 12.0m (70.0ton)

Live Load Distribution as per width 

1) Load Combination
Load Case 70R Tracked Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 70.0 ton
Span Location Side span Span Length l0 = 12.0 m

2) Transverse Direction
Thickness of Top Slab = 1.100 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.840 m

Calculation bw = 0.093 m = (150+(p-1)x57)/1000 p = 0 ton
bw = 0.840 m = Max(0.840, 0.093)

Breadth of Load on slab bl = 0.940 m = 0.840 + 2 x 0.050
bef = α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0 = 0.917
α = 2.174 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.917 2.174

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0.917 2.174
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 6.000 m

bef = 7.462 m = 2.174 x 6.0 x (1 - 6.0/12.0) + 0.940
bef = 7.462 m

bef /2 = 3.731 m
> 2.060 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 3.370 m = 1.750 + 1.200 + 0.840/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 9.16 m = MIN(3.731, 3.370)+2.060+3.731

Load 350.0 kN One side of 70R Tracked Vehicle

1.750 1.200 2.900
2.060 Figure: Cross Section

0.840 1.220 0.840

350.0kN   350.0kN
Footpass Carrigeway

Pavement

Top Slab

(3.731>) 3.370 2.060 3.731
Effective width = 9.16

2-6-1 Live Load 70R Tracked Vehicle - Side span 12.0m (70.0ton)
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3) Longitudinal Direction

Tyre Contact Length = 4.570 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 4.570 + 2 x (1.100+0.050)

= 6.870 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel < 92.285 m Not OK Consider Overlap Width

4.570

350.0 kN

0.050

1.00

1.000 0.050 4.570 0.050 1.000
EffectiveW per wheel = 6.870

Impact Factor, I = 10.0% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 350 kN
Effective width = 7.462 m
Effective length = 6.870 m

q = 7.51 kN/m2 = 350.0x(1+0.100)/(7.462x6.870)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 700 kN

Effective width = 9.160 m
Effective length = 6.870 m

q = 12.24 kN/m2 = 350.0x2x(1+0.100)/(9.160x6.870)
Note: Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 700 kN = 2x350.0

Effective width = 9.160 m
Effective length = 99.155 m = 6.870+92.285

q = 1.70 kN/m2 = 700.0x2x(1+0.100)/(9.160x99.155)
Note: Not Critical

Total load along sp = 84.09 kN/m = 12.240x6.870

Braking Effect Lo qi = 2.23 kN/m2 = 20% x MAX(7.51, 12.24, 1.70)/(1+10%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL70RTEnd1 700 Gravity 12.24 9.160 6.870 84.09
Braking Load Brak70RTEnd X-direction 2.23 9.160 6.870
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2-6  Live Load and Braking Effect 

2-6-2 Live Load 70R Tracked Vehicle - Center span 16.0m (70.0ton)

Live Load Distribution as per width 

1) Load Combination
Load Case 70R Tracked Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 70.0 ton
Span Location Center span Span Length l0 = 16.0 m

2) Transverse Direction
Thickness of Top Slab = 1.100 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.840 m

Calculation bw = 0.093 m = (150+(p-1)x57)/1000 p = 0 ton
bw = 0.840 m = Max(0.840, 0.093)

Breadth of Load on slab bl = 0.940 m = 0.840 + 2 x 0.050
bef = α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0 = 0.688
α = 1.946 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.688 1.946

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0.688 1.946
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 8.000 m

bef = 8.724 m = 1.946 x 8.0 x (1 - 8.0/16.0) + 0.940
bef = 8.724 m

bef /2 = 4.362 m
> 2.060 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 3.370 m = 1.750 + 1.200 + 0.840/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 9.79 m = MIN(4.362, 3.370)+2.060+4.362

Load 350.0 kN One side of 70R Tracked Vehicle

1.750 1.200 2.900
2.060 Figure: Cross Section

0.840 1.220 0.840

350.0kN   350.0kN
Footpass Carrigeway

Pavement

Top Slab

(4.362>) 3.370 2.060 4.362
Effective width = 9.79

2-6-2 Live Load 70R Tracked Vehicle - Center span 16.0m (70.0ton)
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3) Longitudinal Direction

Tyre Contact Length = 4.570 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 4.570 + 2 x (1.100+0.050)

= 6.870 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel < 92.285 m Not OK Consider Overlap Width

4.570

350.0 kN

0.050

1.00

1.000 0.050 4.570 0.050 1.000
EffectiveW per wheel = 6.870

Impact Factor, I = 10.0% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 350 kN
Effective width = 8.724 m
Effective length = 6.870 m

q = 6.42 kN/m2 = 350.0x(1+0.100)/(8.724x6.870)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 700 kN

Effective width = 9.790 m
Effective length = 6.870 m

q = 11.45 kN/m2 = 350.0x2x(1+0.100)/(9.790x6.870)
Note: Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 700 kN = 2x350.0

Effective width = 9.790 m
Effective length = 99.155 m = 6.870+92.285

q = 1.59 kN/m2 = 700.0x2x(1+0.100)/(9.790x99.155)
Note: Not Critical

Total load along sp = 78.66 kN/m = 11.450x6.870

Braking Effect Lo qi = 2.08 kN/m2 = 20% x MAX(6.42, 11.45, 1.59)/(1+10%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL70RTCentre 700 Gravity 11.45 9.790 6.870 78.66
Braking Load BR_70RTCen X-direction 2.08 9.790 6.870
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2-6  Live Load and Braking Effect 

2-6-3 Live Load 70R Wheeled Vehicle - Side span 12.0m (17.0ton)

Live Load Distribution as per width 

1) Load Combination
Load Case 70R Wheeled Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 17.0 ton
Span Location Side span Span Length l0 = 12.0 m

2) Transverse Direction
Thickness of Top Slab = 1.000 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.860 m

Calculation bw = 0.578 m =(150+(p-1)x57)/1000 p = 8.5 ton
bw = 0.578 m = Min(0.860, 0.578)

Breadth of Load on slab bl = 0.678 m = 0.578 + 2 x 0.050
bef= α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0= 0.917
α = 2.174 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.917 2.174

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0.917 2.174
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 6.000 m

bef = 7.200 m = 2.174 x 6.0 x (1 - 6.0/12.0) + 0.678
bef = 7.200 m

bef /2 = 3.600 m
> 1.930 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 3.239 m = 1.750 + 1.200 + 0.578/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 8.77 m = MIN(3.600, 3.239)+1.930+3.600

Load 85.0 kN One side of 70R Wheeled Vehicle

1.750 1.200 2.790
1.930 Figure: Cross Section

0.860 1.070 0.860

85.0kN   85.0kN
Footpass Carrigeway

Pavement

Top Slab

(3.600>) 3.239 1.930 3.600
Effective width = 8.77

2-6-3 Live Load 70R Wheeled Vehicle - Side span 12.0m (17.0ton)
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3) Longitudinal Direction

Tyre Contact Length = 0.610 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 0.610 + 2 x (1.000+0.050)

= 2.710 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel > 1.370 m Not OK Consider Overlap Width

0.610

85.0 kN

0.050

0.90

0.900 0.050 0.610 0.050 0.900
EffectiveW per wheel = 2.710

Impact Factor, I = 25.0% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 85 kN
Effective width = 7.200 m
Effective length = 2.710 m

q = 5.45 kN/m2 = 85.0x(1+0.250)/(7.200x2.710)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 170 kN

Effective width = 8.770 m
Effective length = 2.710 m

q = 8.94 kN/m2 = 85.0x2x(1+0.250)/(8.770x2.710)
Note: Not Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 170 kN = 2x85.0

Effective width = 8.770 m
Effective length = 4.080 m = 2.710+1.370

q = 11.88 kN/m2 = 170.0x2x(1+0.250)/(8.770x4.080)
Note: Critical

Total load along span = 48.47 kN/m = 11.880x4.080

Braking Effect Load qi = 1.90 kN/m2 = 20% x MAX(5.45, 8.94, 11.88)/(1+25%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL70rWRight1 170 Gravity 11.88 8.770 4.080 48.47
Braking Load BR_70RWRight1 X-direction 1.90 8.770 4.080
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2-6  Live Load and Braking Effect 

2-6-4 Live Load 70R Wheeled Vehicle - Center span 16.0m (17.0ton)

Live Load Distribution as per width 

1) Load Combination
Load Case 70R Wheeled Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 17.0 ton
Span Location Center span Span Length l0 = 16.0 m

2) Transverse Direction
Thickness of Top Slab = 1.000 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.860 m

Calculation bw = 0.578 m =(150+(p-1)x57)/1000 p = 8.5 ton
bw = 0.578 m = Min(0.860, 0.578)

Breadth of Load on slab bl = 0.678 m = 0.578 + 2 x 0.050
bef= α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0= 0.688
α = 1.946 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.688 1.946

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0.688 1.946
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 8.000 m

bef = 8.462 m = 1.946 x 8.0 x (1 - 8.0/16.0) + 0.678
bef = 8.462 m

bef /2 = 4.231 m
> 1.930 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 3.239 m = 1.750 + 1.200 + 0.578/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 9.40 m = MIN(4.231, 3.239)+1.930+4.231

Load 85.0 kN One side of 70R Wheeled Vehicle

1.750 1.200 2.790
1.930 Figure: Cross Section

0.860 1.070 0.860

85.0kN   85.0kN
Footpass Carrigeway

Pavement

Top Slab

(4.231>) 3.239 1.930 4.231
Effective width = 9.40

2-6-4 Live Load 70R Wheeled Vehicle - Center span 16.0m (17.0ton)
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3) Longitudinal Direction

Tyre Contact Length = 0.610 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 0.610 + 2 x (1.000+0.050)

= 2.710 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel > 1.370 m Not OK Consider Overlap Width

0.610

85.0 kN

0.050

0.90

0.900 0.050 0.610 0.050 0.900
EffectiveW per wheel = 2.710

Impact Factor, I = 21.0% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 85 kN
Effective width = 8.462 m
Effective length = 2.710 m

q = 4.48 kN/m2 = 85.0x(1+0.210)/(8.462x2.710)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 170 kN

Effective width = 9.400 m
Effective length = 2.710 m

q = 8.07 kN/m2 = 85.0x2x(1+0.210)/(9.400x2.710)
Note: Not Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 170 kN = 2x85.0

Effective width = 9.400 m
Effective length = 4.080 m = 2.710+1.370

q = 10.73 kN/m2 = 170.0x2x(1+0.210)/(9.400x4.080)
Note: Critical

Total load along span = 43.78 kN/m = 10.730x4.080

Braking Effect Load qi = 1.77 kN/m2 = 20% x MAX(4.48, 8.07, 10.73)/(1+21%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL70rWCen 170 Gravity 10.73 9.400 4.080 43.78
Braking Load BR_70RWCen X-direction 1.77 9.400 4.080
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2-6  Live Load and Braking Effect 

2-6-5 Live Load 70R Wheeled Vehicle - Side span 12.0m (12.0ton)

Live Load Distribution as per width 

1) Load Combination
Load Case 70R Wheeled Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 12.0 ton
Span Location Side span Span Length l0 = 12.0 m

2) Transverse Direction
Thickness of Top Slab = 1.000 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.000 m

Calculation bw = 0.435 m =(150+(p-1)x57)/1000 p = 6 ton
bw = 0.000 m = Min(0.000, 0.435)

Breadth of Load on slab bl = 0.100 m = 0.000 + 2 x 0.050
bef= α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0= 0.917
α = 2.174 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.917 2.174

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0.917 2.174
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 6.000 m

bef = 6.622 m = 2.174 x 6.0 x (1 - 6.0/12.0) + 0.100
bef = 6.622 m

bef /2 = 3.311 m
> 1.930 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 2.950 m = 1.750 + 1.200 + 0.000/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 8.19 m = MIN(3.311, 2.950)+1.930+3.311

Load 60.0 kN One side of 70R Wheeled Vehicle

1.750 1.200 1.930
1.930 Figure: Cross Section

0.000 1.930 0.000

60.0kN   60.0kN
Footpass Carrigeway

Pavement

Top Slab

(3.311>) 2.950 1.930 3.311
Effective width = 8.19

2-6-5 Live Load 70R Wheeled Vehicle - Side span 12.0m (12.0ton)
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3) Longitudinal Direction

Tyre Contact Length = 0.610 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 0.610 + 2 x (1.000+0.050)

= 2.710 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel > 1.520 m Not OK Consider Overlap Width

0.610

60.0 kN

0.050

0.90

0.900 0.050 0.610 0.050 0.900
EffectiveW per wheel = 2.710

Impact Factor, I = 25.0% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 60 kN
Effective width = 6.622 m
Effective length = 2.710 m

q = 4.18 kN/m2 = 60.0x(1+0.250)/(6.622x2.710)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 120 kN

Effective width = 8.190 m
Effective length = 2.710 m

q = 6.76 kN/m2 = 60.0x2x(1+0.250)/(8.190x2.710)
Note: Not Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 120 kN = 2x60.0

Effective width = 8.190 m
Effective length = 4.230 m = 2.710+1.520

q = 8.66 kN/m2 = 120.0x2x(1+0.250)/(8.190x4.230)
Note: Critical

Total load along span = 36.63 kN/m = 8.660x4.230

Braking Effect Load qi = 1.39 kN/m2 = 20% x MAX(4.18, 6.76, 8.66)/(1+25%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL70rWLeft2 120 Gravity 8.66 8.190 4.230 36.63
Braking Load BR_70RWLeft2 X-direction 1.39 8.190 4.230
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2-6  Live Load and Braking Effect 

2-6-6 Live Load 70R Wheeled Vehicle - Center span 16.0m (12.0ton)

Live Load Distribution as per width 

1) Load Combination
Load Case 70R Wheeled Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 12.0 ton
Span Location Center span Span Length l0 = 16.0 m

2) Transverse Direction
Thickness of Top Slab = 1.000 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.000 m

Calculation bw = 0.435 m =(150+(p-1)x57)/1000 p = 6 ton
bw = 0.000 m = Min(0.000, 0.435)

Breadth of Load on slab bl = 0.100 m = 0.000 + 2 x 0.050
bef= α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0= 0.688
α = 1.946 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.688 1.946

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0.688 1.946
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 8.000 m

bef = 7.884 m = 1.946 x 8.0 x (1 - 8.0/16.0) + 0.100
bef = 7.884 m

bef /2 = 3.942 m
> 1.930 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 2.950 m = 1.750 + 1.200 + 0.000/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 8.82 m = MIN(3.942, 2.950)+1.930+3.942

Load 60.0 kN One side of 70R Wheeled Vehicle

1.750 1.200 1.930
1.930 Figure: Cross Section

0.000 1.930 0.000

60.0kN   60.0kN
Footpass Carrigeway

Pavement

Top Slab

(3.942>) 2.950 1.930 3.942
Effective width = 8.82

2-6-6 Live Load 70R Wheeled Vehicle - Center span 16.0m (12.0ton)
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3) Longitudinal Direction

Tyre Contact Length = 0.610 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 0.610 + 2 x (1.000+0.050)

= 2.710 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel > 1.520 m Not OK Consider Overlap Width

0.610

60.0 kN

0.050

0.90

0.900 0.050 0.610 0.050 0.900
EffectiveW per wheel = 2.710

Impact Factor, I = 21.0% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 60 kN
Effective width = 7.884 m
Effective length = 2.710 m

q = 3.40 kN/m2 = 60.0x(1+0.210)/(7.884x2.710)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 120 kN

Effective width = 8.820 m
Effective length = 2.710 m

q = 6.07 kN/m2 = 60.0x2x(1+0.210)/(8.820x2.710)
Note: Not Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 120 kN = 2x60.0

Effective width = 8.820 m
Effective length = 4.230 m = 2.710+1.520

q = 7.78 kN/m2 = 120.0x2x(1+0.210)/(8.820x4.230)
Note: Critical

Total load along span = 32.91 kN/m = 7.780x4.230

Braking Effect Load qi = 1.29 kN/m2 = 20% x MAX(3.40, 6.07, 7.78)/(1+21%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL70rWLeft2 120 Gravity 7.78 8.820 4.230 32.91
Braking Load BR_70RWLeft2 X-direction 1.29 8.820 4.230
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2-6  Live Load and Braking Effect 

2-6-7 Live Load 70R Wheeled Vehicle - Side span 12.0m (8.0ton)

Live Load Distribution as per width 

1) Load Combination
Load Case 70R Wheeled Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 8.0 ton
Span Location Side span Span Length l0 = 12.0 m

2) Transverse Direction
Thickness of Top Slab = 1.000 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.000 m

Calculation bw = 0.321 m =(150+(p-1)x57)/1000 p = 4 ton
bw = 0.000 m = Min(0.000, 0.321)

Breadth of Load on slab bl = 0.100 m = 0.000 + 2 x 0.050
bef= α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0= 0.917
α = 2.174 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.917 2.174

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0.917 2.174
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 6.000 m

bef = 6.622 m = 2.174 x 6.0 x (1 - 6.0/12.0) + 0.100
bef = 6.622 m

bef /2 = 3.311 m
> 1.930 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 2.950 m = 1.750 + 1.200 + 0.000/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 8.19 m = MIN(3.311, 2.950)+1.930+3.311

Load 40.0 kN One side of 70R Wheeled Vehicle

1.750 1.200 1.930
1.930 Figure: Cross Section

0.000 1.930 0.000

40.0kN   40.0kN
Footpass Carrigeway

Pavement

Top Slab

(3.311>) 2.950 1.930 3.311
Effective width = 8.19

2-6-7 Live Load 70R Wheeled Vehicle - Side span 12.0m (8.0ton)
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3) Longitudinal Direction

Tyre Contact Length = 0.610 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 0.610 + 2 x (1.000+0.050)

= 2.710 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel < 3.960 m Not OK Consider Overlap Width

0.610

40.0 kN

0.050

0.90

0.900 0.050 0.610 0.050 0.900
EffectiveW per wheel = 2.710

Impact Factor, I = 25.0% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 40 kN
Effective width = 6.622 m
Effective length = 2.710 m

q = 2.79 kN/m2 = 40.0x(1+0.250)/(6.622x2.710)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 80 kN

Effective width = 8.190 m
Effective length = 2.710 m

q = 4.51 kN/m2 = 40.0x2x(1+0.250)/(8.190x2.710)
Note: Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 80 kN = 2x40.0

Effective width = 8.190 m
Effective length = 6.670 m = 2.710+3.960

q = 3.66 kN/m2 = 80.0x2x(1+0.250)/(8.190x6.670)
Note: Not Critical

Total load along span = 12.22 kN/m = 4.510x2.710

Braking Effect Load qi = 0.72 kN/m2 = 20% x MAX(2.79, 4.51, 3.66)/(1+25%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL70rWRight1 80 Gravity 4.51 8.190 2.710 12.22
Braking Load BR_70RWRight1 X-direction 0.72 8.190 2.710
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2-6  Live Load and Braking Effect 

2-6-8 Live Load 70R Wheeled Vehicle - Center span 16.0m (8.0ton)

Live Load Distribution as per width 

1) Load Combination
Load Case 70R Wheeled Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 8.0 ton
Span Location Center span Span Length l0 = 16.0 m

2) Transverse Direction
Thickness of Top Slab = 1.000 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.000 m

Calculation bw = 0.321 m =(150+(p-1)x57)/1000 p = 4 ton
bw = 0.000 m = Min(0.000, 0.321)

Breadth of Load on slab bl = 0.100 m = 0.000 + 2 x 0.050
bef= α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0= 0.688
α = 1.946 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.688 1.946

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0.688 1.946
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 8.000 m

bef = 7.884 m = 1.946 x 8.0 x (1 - 8.0/16.0) + 0.100
bef = 7.884 m

bef /2 = 3.942 m
> 1.930 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 2.950 m = 1.750 + 1.200 + 0.000/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 8.82 m = MIN(3.942, 2.950)+1.930+3.942

Load 40.0 kN One side of 70R Wheeled Vehicle

1.750 1.200 1.930
1.930 Figure: Cross Section

0.000 1.930 0.000

40.0kN   40.0kN
Footpass Carrigeway

Pavement

Top Slab

(3.942>) 2.950 1.930 3.942
Effective width = 8.82

2-6-8 Live Load 70R Wheeled Vehicle - Center span 16.0m (8.0ton)
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3) Longitudinal Direction

Tyre Contact Length = 0.610 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 0.610 + 2 x (1.000+0.050)

= 2.710 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel < 3.960 m Not OK Consider Overlap Width

0.610

40.0 kN

0.050

0.90

0.900 0.050 0.610 0.050 0.900
EffectiveW per wheel = 2.710

Impact Factor, I = 21.0% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 40 kN
Effective width = 7.884 m
Effective length = 2.710 m

q = 2.27 kN/m2 = 40.0x(1+0.210)/(7.884x2.710)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 80 kN

Effective width = 8.820 m
Effective length = 2.710 m

q = 4.05 kN/m2 = 40.0x2x(1+0.210)/(8.820x2.710)
Note: Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 80 kN = 2x40.0

Effective width = 8.820 m
Effective length = 6.670 m = 2.710+3.960

q = 3.29 kN/m2 = 80.0x2x(1+0.210)/(8.820x6.670)
Note: Not Critical

Total load along span = 10.98 kN/m = 4.050x2.710

Braking Effect Load qi = 0.67 kN/m2 = 20% x MAX(2.27, 4.05, 3.29)/(1+21%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL_Cl_ALeft2 80 Gravity 4.05 8.820 2.710 10.98
Braking Load BR_Cl_ALeft2 X-direction 0.67 8.820 2.710
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2-6  Live Load and Braking Effect 

2-6-9 Live Load Class A Train of Vehicle - Side span 12.0m (11.4ton)

Live Load Distribution as per width 

1) Load Combination
Load Case Class A Train of Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 11.4 ton
Span Location Side span Span Length l0 = 12.0 m

2) Transverse Direction
Thickness of Top Slab = 1.000 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.500 m

Calculation bw = 0.418 m =(150+(p-1)x57)/1000 p = 5.7 ton
bw = 0.418 m = Min(0.500, 0.418)

Breadth of Load on slab bl = 0.518 m = 0.418 + 2 x 0.050
bef= α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0= 0.917
α = 2.174 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.917 2.174

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0.917 2.174
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 6.000 m

bef = 7.040 m = 2.174 x 6.0 x (1 - 6.0/12.0) + 0.518
bef = 7.040 m

bef /2 = 3.520 m
> 1.800 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 3.159 m = 1.750 + 1.200 + 0.418/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 8.48 m = MIN(3.520, 3.159)+1.800+3.520

Load 57.0 kN One side of Class A Train of Vehicle

1.750 1.200 2.300
1.800 Figure: Cross Section

0.500 1.300 0.500

57.0kN   57.0kN
Footpass Carrigeway

Pavement

Top Slab

(3.520>) 3.159 1.800 3.520
Effective width = 8.48

2-6-9 Live Load Class A Train of Vehicle - Side span 12.0m (11.4ton)
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3) Longitudinal Direction

Tyre Contact Length = 0.250 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 0.250 + 2 x (1.000+0.050)

= 2.350 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel > 1.200 m Not OK Consider Overlap Width

0.250

57.0 kN

0.050

0.90

0.900 0.050 0.250 0.050 0.900
EffectiveW per wheel = 2.350

Impact Factor, I = 25.0% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 57 kN
Effective width = 7.040 m
Effective length = 2.350 m

q = 4.31 kN/m2 = 57.0x(1+0.250)/(7.040x2.350)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 114 kN

Effective width = 8.480 m
Effective length = 2.350 m

q = 7.15 kN/m2 = 57.0x2x(1+0.250)/(8.480x2.350)
Note: Not Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 114 kN = 2x57.0

Effective width = 8.480 m
Effective length = 3.550 m = 2.350+1.200

q = 9.47 kN/m2 = 114.0x2x(1+0.250)/(8.480x3.550)
Note: Critical

Total load along span = 33.62 kN/m = 9.470x3.550

Braking Effect Load qi = 1.52 kN/m2 = 20% x MAX(4.31, 7.15, 9.47)/(1+25%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL_Cl_ALeft2 114 Gravity 9.47 8.480 3.550 33.62
Braking Load BR_Cl_ALeft2 X-direction 1.52 8.480 3.550
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2-6  Live Load and Braking Effect 

2-6-10 Live Load Class A Train of Vehicle - Center span 16.0m (11.4ton)

Live Load Distribution as per width 

1) Load Combination
Load Case Class A Train of Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 11.4 ton
Span Location Center span Span Length l0 = 16.0 m

2) Transverse Direction
Thickness of Top Slab = 1.000 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.500 m

Calculation bw = 0.418 m =(150+(p-1)x57)/1000 p = 5.7 ton
bw = 0.418 m = Min(0.500, 0.418)

Breadth of Load on slab bl = 0.518 m = 0.418 + 2 x 0.050
bef= α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0= 0.688
α = 1.946 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.688 1.946

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0.688 1.946
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 8.000 m

bef = 8.302 m = 1.946 x 8.0 x (1 - 8.0/16.0) + 0.518
bef = 8.302 m

bef /2 = 4.151 m
> 1.800 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 3.159 m = 1.750 + 1.200 + 0.418/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 9.11 m = MIN(4.151, 3.159)+1.800+4.151

Load 57.0 kN One side of Class A Train of Vehicle

1.750 1.200 2.300
1.800 Figure: Cross Section

0.500 1.300 0.500

57.0kN   57.0kN
Footpass Carrigeway

Pavement

Top Slab

(4.151>) 3.159 1.800 4.151
Effective width = 9.11

2-6-10 Live Load Class A Train of Vehicle - Center span 16.0m (11.4ton)
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3) Longitudinal Direction

Tyre Contact Length = 0.250 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 0.250 + 2 x (1.000+0.050)

= 2.350 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel > 1.200 m Not OK Consider Overlap Width

0.250

57.0 kN

0.050

0.90

0.900 0.050 0.250 0.050 0.900
EffectiveW per wheel = 2.350

Impact Factor, I = 20.5% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 57 kN
Effective width = 8.302 m
Effective length = 2.350 m

q = 3.52 kN/m2 = 57.0x(1+0.205)/(8.302x2.350)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 114 kN

Effective width = 9.110 m
Effective length = 2.350 m

q = 6.42 kN/m2 = 57.0x2x(1+0.205)/(9.110x2.350)
Note: Not Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 114 kN = 2x57.0

Effective width = 9.110 m
Effective length = 3.550 m = 2.350+1.200

q = 8.50 kN/m2 = 114.0x2x(1+0.205)/(9.110x3.550)
Note: Critical

Total load along span = 30.18 kN/m = 8.500x3.550

Braking Effect Load qi = 1.41 kN/m2 = 20% x MAX(3.52, 6.42, 8.50)/(1+21%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL_Cl_Acen 114 Gravity 8.50 9.110 3.550 30.18
Braking Load BR_Cl_Acen X-direction 1.41 9.110 3.550
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2-6  Live Load and Braking Effect 

2-6-11 Live Load Class A Train of Vehicle - Side span 12.0m (6.8ton)

Live Load Distribution as per width 

1) Load Combination
Load Case Class A Train of Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 6.8 ton
Span Location Side span Span Length l0 = 12.0 m

2) Transverse Direction
Thickness of Top Slab = 1.000 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.380 m

Calculation bw = 0.287 m =(150+(p-1)x57)/1000 p = 3.4 ton
bw = 0.287 m = Min(0.380, 0.287)

Breadth of Load on slab bl = 0.387 m = 0.287 + 2 x 0.050
bef= α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0= 0.917
α = 2.174 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.917 2.174

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0.917 2.174
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 6.000 m

bef = 6.909 m = 2.174 x 6.0 x (1 - 6.0/12.0) + 0.387
bef = 6.909 m

bef /2 = 3.455 m
> 1.800 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 3.094 m = 1.750 + 1.200 + 0.287/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 8.35 m = MIN(3.455, 3.094)+1.800+3.455

Load 34.0 kN One side of Class A Train of Vehicle

1.750 1.200 2.180
1.800 Figure: Cross Section

0.380 1.420 0.380

34.0kN   34.0kN
Footpass Carrigeway

Pavement

Top Slab

(3.455>) 3.094 1.800 3.455
Effective width = 8.35

2-6-11 Live Load Class A Train of Vehicle - Side span 12.0m (6.8ton)
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3) Longitudinal Direction

Tyre Contact Length = 0.200 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 0.200 + 2 x (1.000+0.050)

= 2.300 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel < 3.000 m Not OK Consider Overlap Width

0.200

34.0 kN

0.050

0.90

0.900 0.050 0.200 0.050 0.900
EffectiveW per wheel = 2.300

Impact Factor, I = 25.0% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 34 kN
Effective width = 6.909 m
Effective length = 2.300 m

q = 2.67 kN/m2 = 34.0x(1+0.250)/(6.909x2.300)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 68 kN

Effective width = 8.350 m
Effective length = 2.300 m

q = 4.43 kN/m2 = 34.0x2x(1+0.250)/(8.350x2.300)
Note: Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 68 kN = 2x34.0

Effective width = 8.350 m
Effective length = 5.300 m = 2.300+3.000

q = 3.84 kN/m2 = 68.0x2x(1+0.250)/(8.350x5.300)
Note: Not Critical

Total load along span = 10.19 kN/m = 4.430x2.300

Braking Effect Load qi = 0.71 kN/m2 = 20% x MAX(2.67, 4.43, 3.84)/(1+25%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL_Cl_ALeft2 68 Gravity 4.43 8.350 2.300 10.19
Braking Load BR_Cl_ALeft2 X-direction 0.71 8.350 2.300
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2-6  Live Load and Braking Effect 

2-6-12 Live Load Class A Train of Vehicle - Center span 16.0m (6.8ton)

Live Load Distribution as per width 

1) Load Combination
Load Case Class A Train of Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 6.8 ton
Span Location Center span Span Length l0 = 16.0 m

2) Transverse Direction
Thickness of Top Slab = 1.000 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.380 m

Calculation bw = 0.287 m =(150+(p-1)x57)/1000 p = 3.4 ton
bw = 0.287 m = Min(0.380, 0.287)

Breadth of Load on slab bl = 0.387 m = 0.287 + 2 x 0.050
bef= α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0= 0.688
α = 1.946 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.688 1.946

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0.688 1.946
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 8.000 m

bef = 8.171 m = 1.946 x 8.0 x (1 - 8.0/16.0) + 0.387
bef = 8.171 m

bef /2 = 4.086 m
> 1.800 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 3.094 m = 1.750 + 1.200 + 0.287/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 8.98 m = MIN(4.086, 3.094)+1.800+4.086

Load 34.0 kN One side of Class A Train of Vehicle

1.750 1.200 2.180
1.800 Figure: Cross Section

0.380 1.420 0.380

34.0kN   34.0kN
Footpass Carrigeway

Pavement

Top Slab

(4.086>) 3.094 1.800 4.086
Effective width = 8.98

2-6-12 Live Load Class A Train of Vehicle - Center span 16.0m (6.8ton)
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3) Longitudinal Direction

Tyre Contact Length = 0.200 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 0.200 + 2 x (1.000+0.050)

= 2.300 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel < 3.000 m Not OK Consider Overlap Width

0.200

34.0 kN

0.050

0.90

0.900 0.050 0.200 0.050 0.900
EffectiveW per wheel = 2.300

Impact Factor, I = 20.5% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 34 kN
Effective width = 8.171 m
Effective length = 2.300 m

q = 2.18 kN/m2 = 34.0x(1+0.205)/(8.171x2.300)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 68 kN

Effective width = 8.980 m
Effective length = 2.300 m

q = 3.97 kN/m2 = 34.0x2x(1+0.205)/(8.980x2.300)
Note: Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 68 kN = 2x34.0

Effective width = 8.980 m
Effective length = 5.300 m = 2.300+3.000

q = 3.44 kN/m2 = 68.0x2x(1+0.205)/(8.980x5.300)
Note: Not Critical

Total load along span = 9.13 kN/m = 3.970x2.300

Braking Effect Load qi = 0.66 kN/m2 = 20% x MAX(2.18, 3.97, 3.44)/(1+21%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL_Cl_Acen 68 Gravity 3.97 8.980 2.300 9.13
Braking Load BR_Cl_Acen X-direction 0.66 8.980 2.300
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2-6  Live Load and Braking Effect 

2-6-13 Live Load Class A Train of Vehicle - Side span 12.0m (2.7ton)

Live Load Distribution as per width 

1) Load Combination
Load Case Class A Train of Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 2.7 ton
Span Location Side span Span Length l0 = 12.0 m

2) Transverse Direction
Thickness of Top Slab = 1.000 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.200 m

Calculation bw = 0.170 m =(150+(p-1)x57)/1000 p = 1.35 ton
bw = 0.170 m = Min(0.200, 0.170)

Breadth of Load on slab bl = 0.270 m = 0.170 + 2 x 0.050
bef= α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0= 0.917
α = 2.174 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.917 2.174

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0.917 2.174
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 6.000 m

bef = 6.792 m = 2.174 x 6.0 x (1 - 6.0/12.0) + 0.270
bef = 6.792 m

bef /2 = 3.396 m
> 1.800 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 3.035 m = 1.750 + 1.200 + 0.170/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 8.23 m = MIN(3.396, 3.035)+1.800+3.396

Load 13.5 kN One side of Class A Train of Vehicle

1.750 1.200 2.000
1.800 Figure: Cross Section

0.200 1.600 0.200

13.5kN   13.5kN
Footpass Carrigeway

Pavement

Top Slab

(3.396>) 3.035 1.800 3.396
Effective width = 8.23

2-6-13 Live Load Class A Train of Vehicle - Side span 12.0m (2.7ton)
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3) Longitudinal Direction

Tyre Contact Length = 0.150 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 0.150 + 2 x (1.000+0.050)

= 2.250 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel > 1.100 m Not OK Consider Overlap Width

0.150

13.5 kN

0.050

0.90

0.900 0.050 0.150 0.050 0.900
EffectiveW per wheel = 2.250

Impact Factor, I = 25.0% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 14 kN
Effective width = 6.792 m
Effective length = 2.250 m

q = 1.10 kN/m2 = 13.5x(1+0.250)/(6.792x2.250)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 27 kN

Effective width = 8.230 m
Effective length = 2.250 m

q = 1.82 kN/m2 = 13.5x2x(1+0.250)/(8.230x2.250)
Note: Not Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 27 kN = 2x13.5

Effective width = 8.230 m
Effective length = 3.350 m = 2.250+1.100

q = 2.45 kN/m2 = 27.0x2x(1+0.250)/(8.230x3.350)
Note: Critical

Total load along span = 8.21 kN/m = 2.450x3.350

Braking Effect Load qi = 0.39 kN/m2 = 20% x MAX(1.10, 1.82, 2.45)/(1+25%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL_Cl_ALeft2 27 Gravity 2.45 8.230 3.350 8.21
Braking Load BR_Cl_ALeft2 X-direction 0.39 8.230 3.350
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2-6  Live Load and Braking Effect 

2-6-14 Live Load Class A Train of Vehicle - Center span 16.0m (2.7ton)

Live Load Distribution as per width 

1) Load Combination
Load Case Class A Train of Vehicle As per IRC 21-2000 Section 305.4.2
Wheel load 2.7 ton
Span Location Center span Span Length l0 = 16.0 m

2) Transverse Direction
Thickness of Top Slab = 1.000 m
Thickness of AC (Wearing) = 0.050 m
Span Width b = 11.000 m
Breadth of Tyre by given bw = 0.200 m

Calculation bw = 0.170 m =(150+(p-1)x57)/1000 p = 1.35 ton
bw = 0.170 m = Min(0.200, 0.170)

Breadth of Load on slab bl = 0.270 m = 0.170 + 2 x 0.050
bef= α . a (1-a / l0)+bl As per IRC 21-2000 Section 305.16.2

for, b/l0= 0.688
α = 1.946 As per IRC 21-2000 Section 305.16.2 Table

b/Lo Simple Continuous b/l0 Continuous
0.688 1.946

0.1 0.40 0.40 0
0.2 0.80 0.80 0
0.3 1.16 1.16 0
0.4 1.48 1.44 0
0.5 1.72 1.68 0
0.6 1.96 1.84 0.688 1.946
0.7 2.12 1.96 0
0.8 2.24 2.08 0
0.9 2.36 2.16 0
2.0 3.00 2.60 0

Distance of the center of gravity : a
a = lo/2 = 8.000 m

bef = 8.054 m = 1.946 x 8.0 x (1 - 8.0/16.0) + 0.270
bef = 8.054 m

bef /2 = 4.027 m
> 1.800 m Distance between wheel and wheel

Not OK Consider Overlap Width
Footpath width bfootpath = 1.750 m
Outer edge of wheel C = C = 1.200 m

bfootpath + C + bw/2 = 3.035 m = 1.750 + 1.200 + 0.170/2
As per IRC 21-2000 Section 305.16.2

For Overlap
Effective width W = 8.86 m = MIN(4.027, 3.035)+1.800+4.027

Load 13.5 kN One side of Class A Train of Vehicle

1.750 1.200 2.000
1.800 Figure: Cross Section

0.200 1.600 0.200

13.5kN   13.5kN
Footpass Carrigeway

Pavement

Top Slab

(4.027>) 3.035 1.800 4.027
Effective width = 8.86

2-6-14 Live Load Class A Train of Vehicle - Center span 16.0m (2.7ton)
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3) Longitudinal Direction

Tyre Contact Length = 0.150 m As per IRC: 6-2016 Section 204.1.1
Effective W per wheel B = 0.150 + 2 x (1.000+0.050)

= 2.250 m As per IRC: 21-2000 Section 305.16.3

Check for Overlap of the Next Wheel
Distance of next wheel > 1.100 m Not OK Consider Overlap Width

0.150

13.5 kN

0.050

0.90

0.900 0.050 0.150 0.050 0.900
EffectiveW per wheel = 2.250

Impact Factor, I = 20.5% Span upto 40m As per IRC 6-2016 Section 208.3

Unit Weight Load
1) Transverse Tyre 1 = No Overlap Longitudinal = No Overlap

Load = 14 kN
Effective width = 8.054 m
Effective length = 2.250 m

q = 0.90 kN/m2 = 13.5x(1+0.205)/(8.054x2.250)
Note: Not Critical

2) Transverse Tyre 2 = Overlap 2 Longitudinal = No Overlap
Load = 27 kN

Effective width = 8.860 m
Effective length = 2.250 m

q = 1.63 kN/m2 = 13.5x2x(1+0.205)/(8.860x2.250)
Note: Not Critical

3) Transverse Type both = Overlap Longitudinal = Overlap
Load = 27 kN = 2x13.5

Effective width = 8.860 m
Effective length = 3.350 m = 2.250+1.100

q = 2.19 kN/m2 = 27.0x2x(1+0.205)/(8.860x3.350)
Note: Critical

Total load along span = 7.34 kN/m = 2.190x3.350

Braking Effect Load qi = 0.36 kN/m2 = 20% x MAX(0.90, 1.63, 2.19)/(1+21%)
As per IRC 6-2016 Section 211.2

Load Effective width Effective length Total Load

kN kN/m/m m m kN/m
Live Load LL_Cl_ALeft2 27 Gravity 2.19 8.860 3.350 7.34
Braking Load BR_Cl_ALeft2 X-direction 0.36 8.860 3.350
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4  Input Data for 2-Dimengion Frame Model  (Input Data)

Spring support of ground for raft foundation

Reactions from earth were considered as spring supports, calculated using the below formula. 
Reaction coefficients are shown in below.

           < Vertical Coefficient of Raft Foundation Bed Reaction (Square Footing) >

Case I
- % of Sand higher than Cohesive Soil

Case II
- Equal % of Sandy and Cohesive Soil

Case III
- % of Cohesive Soil higher than Sand

Hence, α : the method of calculation E0, the correction factor
Eo : Modulus of Elasticity of soil (kN/m²)
α = 1 (Case of using N value in normal condition)
N-value = 30 °  (Assumed)
Eo = 2800 x N = 2800x30 = 84000 kN/m²
Kvo = 1/0.3 x 84000 x 1 = 280000 kN/m³

Total Width of bottom Slab (B) = B = 44.2 m
Length (transverse) of bottom slab (L) = L = 11.0 m

Bv If B>L, Bv=Sqrt(B x L); If B<L, Bv = Sqrt(B x B)
= 44.2^(1/2)x11.0 = 22.0 m

Kv Case I = 280,000x(22.0/0.3)^(-1/2) = 32,697 kN/m³
Case II = 280,000x(22.0/0.3)^(-3/4) = 11,173 kN/m³
Case III = 280,000x(22.0/0.3)^(-1) = 3,818 kN/m³

Our Soil Case = Case II

Hence, 
for Unit Length = (only if B < L)
Soil Case = Case II
Kv (B x L) = Kv = 11173 kN/m³

Distributing Kv(B xL) along three nodes on the base of raft foundation, used in SAP Model
Coefficient Nodal Point L Spring Value of Subgrade Reaction

m Formula kN/m
1-4, 33~36 0.7 11173x0.7 = 7,000

5~32 2.0 11173x2.0 = 22,000
Kh 36 - (Infinitely rigid) 10000000000

Kv

1/ 2

0 0.3
v

V V
BK K


   
 

3/ 4

0 0.3
v

V V
BK K


   
 

1

0 0.3
v

V V
BK K


   
 

0
1

0.3voK E  
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4  Input Data for 2-Dimengion Frame Model
4-1  Nodal Point and Frame Data
(1) Nodal Point (2) Frame

Point X Y Point X Y Frame Joint-I Joint-J Length Frame Joint-I Joint-J Length
1 0.00 0 101 2.10 10.650 1 1 2 0.50 101 101 102 12.000
2 0.50 0 102 14.10 10.650 2 2 3 0.50 102 102 103 16.000
3 1.00 0 103 30.10 10.650 3 3 4 1.10 103 103 104 12.000
4 2.10 0 104 42.10 10.650 4 4 5 0.40 201 4 201 0.800
5 2.50 0 201 2.10 0.800 5 5 6 0.50 202 201 202 0.500
6 3.00 0 202 2.10 1.300 6 6 7 2.00 203 202 203 1.000
7 5.00 0 203 2.10 2.300 7 7 8 2.00 204 203 204 5.300
8 7.00 0 204 2.10 7.600 8 8 9 2.20 205 204 205 2.000
9 9.20 0 205 2.10 9.600 9 9 10 2.00 206 205 206 0.500

10 11.20 0 206 2.10 10.100 10 10 11 2.00 207 206 101 0.550
11 13.20 0 301 14.10 0.800 11 11 12 0.50 301 13 301 0.800
12 13.70 0 302 14.10 1.300 12 12 13 0.40 302 301 302 0.500
13 14.10 0 303 14.10 2.300 13 13 14 0.40 303 302 303 1.000
14 14.50 0 304 14.10 7.600 14 14 15 0.50 304 303 304 5.300
15 15.00 0 305 14.10 9.600 15 15 16 2.00 305 304 305 2.000
16 17.00 0 306 14.10 10.100 16 16 17 2.00 306 305 306 0.500
17 19.00 0 401 30.10 0.800 17 17 18 2.00 307 306 102 0.550
18 21.00 0 402 30.10 1.300 18 18 19 2.20 401 24 401 0.800
19 23.20 0 403 30.10 2.300 19 19 20 2.00 402 401 402 0.500
20 25.20 0 404 30.10 7.600 20 20 21 2.00 403 402 403 1.000
21 27.20 0 405 30.10 9.600 21 21 22 2.00 404 403 404 5.300
22 29.20 0 406 30.10 10.100 22 22 23 0.50 405 404 405 2.000
23 29.70 0 501 42.10 0.800 23 23 24 0.40 406 405 406 0.500
24 30.10 0 502 42.10 1.300 24 24 25 0.40 407 406 103 0.550
25 30.50 0 503 42.10 2.300 25 25 26 0.50 501 33 501 0.800
26 31.00 0 504 42.10 7.600 26 26 27 2.00 502 501 502 0.500
27 33.00 0 505 42.10 9.600 27 27 28 2.00 503 502 503 1.000
28 35.00 0 506 42.10 10.100 28 28 29 2.20 504 503 504 5.300
29 37.20 0 29 29 30 2.00 505 504 505 2.000
30 39.20 0 30 30 31 2.00 506 505 506 0.500
31 41.20 0 31 31 32 0.50 507 506 104 0.550
32 41.70 0 32 32 33 0.40
33 42.10 0 33 33 34 1.10
34 43.20 0 34 34 35 0.50
35 43.70 0 35 35 36 0.50
36 44.20 0

Check 44.20
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4-2  Elevation of Structure and Frame

Size of RC Concrete Slab on Raft Base
Span Arrangement + + m

Firstd Span 1st Cell L = m        x H = m
Center Span 2nd Cell L = m        x H = m
End Span 2 3rd Cell L = m        x H = m

20
20 20

for Approach Slab

101 102 103 104

Haunch 500 x 500

Nodal point 1 4 13 24 33 36

0.0

20

12.00 14.00 12.00

11.20
15.20
11.20 9.30

9.30
9.30

4480

2500
220

1000

400 400
480 400

5480

120002100

9300

1100

16000
4001100

12000

1600

12000

15200 11200
2100

220
800

400 1100 1000400 4001000 400 40011200

44200

2520

20

597.865

800

10650

320

480

40000 400

1500

550

300

220

40800
40840
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4-3  Joint Spring

Joint X Li L average U1 U3
m m kN/m kN/m

1 0.00 0.25 0.67 7,000
2 0.50 0.50 7,000
3 0.50 0.80 7,000
4 1.10 0.75 7,000
5 0.40 0.45 7,000
6 0.50 1.25 7,000
7 2.00 2.00 2.07 22,000
8 2.00 2.10 22,000
9 2.20 2.10 22,000

10 2.00 2.00 22,000
11 2.00 1.25 0.76 7,000
12 0.5 0.45 7,000
13 0.40 0.40 7,000
14 0.40 0.45 7,000
15 0.50 1.25 7,000
16 2.00 2.00 2.03 22,000
17 2.00 2.00 22,000
18 2.00 2.10 22,000
19 2.20 2.10 22,000
20 2.00 2.00 22,000
21 2.00 2.00 22,000
22 2.00 1.25 0.76 7,000
23 0.50 0.45 7,000
24 0.40 0.40 7,000
25 0.40 0.45 7,000
26 0.50 1.25 7,000
27 2.00 2.00 2.07 22,000
28 2.00 2.10 22,000
29 2.20 2.10 22,000
30 2.00 2.00 22,000
31 2.00 1.25 0.67 7,000
32 0.50 0.45 7,000
33 0.40 0.75 7,000
34 1.10 0.80 7,000
35 0.50 0.50 7,000
36 0.50 0.25 1.E+10 7,000
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4-4  Load Combination and Permissible Stress IRC 6-2014 Clause 202.3

Load 2 3 5 10 13 14 18 21 Analysis
Combination Dead Load Live Load Vehicle Impact Braking Earth Pressure Temperature Seismic Permissible Stresses

(G) (Q) (Qim) (Fb) (Fep) (Ftc) (Feq) (%)
I 1 1 1 1 1 100%

IIA 1 1 1 1 1 1 115% N.A. *
IIIA 1 1 1 1 1 1 133% N.A. *
VI 1 0.2 Q x 1 0.2 1 1 150%

  note. *: IIA and IIIA with temperature load are not required to design due to isolated superstructure of top slab 

Marks Direction Service Seismic
Load Case LC-I LC-VI

Impact Impact
Permissible Stress 100% 150%

G Dead Load Body Gravity 1 1
G Dead Load Surface AC pavement Gravity 1 1
G Dead Load Surface Footway Gravity
Fep Earth Pressure Longitudinal 1 1
Q Live Load 70R Tracked Gravity 1 0.2

(LL) 70R Wheeled Gravity 1 0.2
Class A Track(s) 2 lanes Gravity 1 0.2
Class A Track(s) 2 lanes Gravity 1 0.2

Qim Live Load 70R Tracked Gravity 1 LL x 10% LL x 1 LL x 10%
Vertical Impact 70R Wheeled Gravity 1 LL x 25% LL x 1 LL x 25%

Class A Track(s) 2 lanes Gravity 1 LL x 25% LL x 1 LL x 25%
Class A Track(s) 1 lanes Gravity 1 LL x 25% LL x 1 LL x 25%

Fb Braking 70R Tracked Longitudinal 1 LL x 20% 0.2 LL x 20%
Effect 70R Wheeled Longitudinal 1 LL x 20% 0.2 LL x 20%

Class A Track(s) 2 lanes Longitudinal 1 LL x 20% 0.2 LL x 20%
Class A Track(s) 1 lanes Longitudinal 1 LL x 20% 0.2 LL x 20%

Q Footpath Load Gravity 1 0.2
Feq Seismic Longitudinal 1
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4-5  Load Combination Cases

Loaded on Input to SAP2000 Direction Case Load Pattern

Dead Load Body Automatically Gravity DC DC
Dead Load AC pavement & overlay w/o Footpath load Case-1 Gravity DL-Sface-AC DL-Sface-AC
Dead Load Footpath with Footpath load Case-2 Gravity DL-Sface-FW DL-Sface-FW
Earth Pressure both side of outer wall Longitudinal (x) EP-Both EP-Both
Live Load 70R Tracked on side span Gravity L-1-7T-Side L-1-7T-Side

on center span L-2-7T-Cent L-2-7T-Cent
70R Wheeled on one side span L-3-7W-Side L-3-7W-Side

on one side span-2 L-4-7W-Side2 L-4-7W-Side2
on center span L-5-7W-Cent L-5-7W-Cent
on center span-2 L-6-7W-Cent2 L-6-7W-Cent2
on center span-3 L-7-7W-Cent3 L-7-7W-Cent3

Class A (by 2 lane) on one side span L-8-CA-Side L-8-CA-Side
on both side span L-9-CA-Side2 L-9-CA-Side2
on center span L-10-CA-Cent L-10-CA-Cent

Braking Effect 70R Tracked on side span Longitudinal (x) B-1-7T-Side B-1-7T-Side
on center span B-2-7T-Cent B-2-7T-Cent

70R Wheeled on one side span B-3-7W-Side B-3-7W-Side
on one side span-2 B-4-7W-Side2 B-4-7W-Side2
on center span B-5-7W-Cent B-5-7W-Cent
on center span-2 B-6-7W-Cent2 B-6-7W-Cent2
on center span-3 B-7-7W-Cent3 B-7-7W-Cent3

Class A (by 2 lane) on one side span B-8-CA-Side B-8-CA-Side
on both side span B-9-CA-Side B-9-CA-Side
on center span B-10-CA-Cent B-10-CA-Cent

Footpath Load 70R Tracked on side span Gravity F-1-Side F-1-Side
on center span F-2-Cent F-2-Cent

70R Wheeled on one side span F-3-Side F-3-Side
on one side span-2 F-4-Side2 F-4-Side2
on center span F-5-Cent F-5-Cent
on center span-2 F-6-Cent2 F-6-Cent2
on center span-3 F-7-Cent3 F-7-Cent3

Class A (by 2 lane) on one side span F-8-Side F-8-Side
on both side span F-9-Side2 F-9-Side2
on center span F-10-Cent F-10-Cent

Earthquake Load input Parameter Longitudinal (x) EQ EQ
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4-6  Load Data for Dead Load and Erath Pressure

Input Dat

(1) Dead Load: Surface Load on Top Slab

Frame LoadPat Dir RelDistA RelDistB AbsDistA AbsDistB FOverLA FOverLB
Text Text Uitless Uitless m m kN/m kN/m
101 DL-Sface-AC Gravity 0 1 2.75 2.75
102 DL-Sface-AC Gravity 0 1 2.75 2.75
103 DL-Sface-AC Gravity 0 1 2.75 2.75
101 DL-Sface-FW Gravity 0 1 6.00 6.00
102 DL-Sface-FW Gravity 0 1 6.00 6.00
103 DL-Sface-FW Gravity 0 1 6.00 6.00

(2) Earth Presure to Outer Walls

Frame LoadPat Dir RelDistA RelDistB AbsDistA AbsDistB FOverLA FOverLB
Text Text Uitless Uitless m m kN/m kN/m
201 EP-Both X 0 1 108.3 100.7
202 EP-Both X 0 1 100.7 95.9
203 EP-Both X 0 1 95.9 86.4
204 EP-Both X 0 1 86.4 36.1
205 EP-Both X 0 1 36.1 17.1
206 EP-Both X 0 1 17.1 12.3
207 EP-Both X 0 1 12.3 7.1
501 EP-Both X 0 1 -108.3 -100.7
502 EP-Both X 0 1 -100.7 -95.9
503 EP-Both X 0 1 -95.9 -86.4
504 EP-Both X 0 1 -86.4 -36.1
505 EP-Both X 0 1 -36.1 -17.1
506 EP-Both X 0 1 -17.1 -12.3
507 EP-Both X 0 1 -12.3 -7.1
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4-7  Load Data of Live Load

Live Load Case Live Load Load Condition LoadPat
1 Live Load - 1 70R-T M-Max at first span: max load at moment max point (0.42L) of side span L-1-7T-Side

Load at moment max point (0.42L) of side span
2 Live Load - 2 70R-T M-Max at center of center span L-2-7T-Cent

Load at center of center span
3 Live Load - 3 70R-W M-Max 2-17ton axles at first span L-3-7W-Side

Max 3rd & 4th axles at moment max point (0.42L) of first span
4 Live Load - 4 70R-W M-Max 2-17ton axles at end span L-4-7W-Side2

Max 3rd & 4th axles at moment max point (0.42L) of end span
5 Live Load - 5 70R-W M-Max 2-17ton axles at center of center span L-5-7W-Cent

Max 3rd & 4th axles at center of center span
6 Live Load - 6 70R-W M-Max 3rd 17ton axle at center of center span L-6-7W-Cent2

Max 3rd axles at center of center span
7 Live Load - 7 70R-W Shear-Max at edge of center span L-7-7W-Cent3

Max 4th axles at end of center span
8 Live Load - 8 Class A M-Max 2nd axles of 1st Train at first span and 2nd Train L-8-CA-Side

1st Train at first span
2nd Train at end span

9 Live Load - 9 Class A M-Max 2nd axlesof 1st Train at end span and 2nd Train L-9-CA-Side2
1st Train at first span
2nd Train at end span

Live Load - 10Class A M-Max 2nd axles at center span L-10-CA-Cent
One Train at center of center span

1 Live Load - 1 70R-T L-1-7T-Side M-Max at first span: max load at moment max point (0.42L) of side span
Load at moment max point (0.42L) of side span

6.87 m

12.24 kN/m

0.42 L
L =

2 Live Load - 2 70R-T L-2-7T-Cent M-Max at center of center span
Load at center of center span

6.87 m

12.24 kN/m

L =

3 Live Load - 3 70R-W L-3-7W-Side M-Max 2-17ton axles at first span
Max 3rd & 4th axles at moment max point (0.42L) of first span

4.28 m 4.28 m

10.97 kN/m 10.97 kN/m

0.42 L
L = 12000 16000 12000

40000

40000

0.5 L
12000 12000

12000 16000 12000
40000

10

16000
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4 Live Load - 4 70R-W L-4-7W-Side2 M-Max 2-17ton axles at end span
Max 3rd & 4th axles at moment max point (0.42L) of end span

4.28 m 4.28 m

10.97 kN/m 10.97 kN/m

0.42 L
L =

5 Live Load - 5 70R-W L-5-7W-Cent M-Max 2-17ton axles at center of center span
Max 3rd & 4th axles at center of center span

4.28 m 4.28 m

10.97 kN/m 10.97 kN/m

L = L =

6 Live Load - 6 70R-W L-6-7W-Cent2 M-Max 3rd 17ton axle at center of center span
Max 3rd axles at center of center span

4.28 m 4.28 m

10.97 kN/m 10.97 kN/m

L = L =

7 Live Load - 7 70R-W L-7-7W-Cent3 Shear-Max at edge of center span
Max 4th axles at end of center span

4.28 m 4.28 m

10.97 kN/m 10.97 kN/m

0.5 L
L = L =

12000
40000

12000 16000 12000
40000

12000
40000

12000

12000 16000 12000
40000

0.5 L

0.5 L
12000 16000

16000
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8 Live Load - 8 Class A L-8-CA-Side M-Max 2nd axles of 1st Train at first span and 2nd Train
1st Train at first span
2nd Train at end span

20 m

3.75 m 3.55 m

8.88 kN/m 2.30 kN/m

0.42 L 0.42 L
L = L =

9 Live Load - 9 Class A L-9-CA-Side2 M-Max 2nd axlesof 1st Train at end span and 2nd Train
1st Train at first span
2nd Train at end span

20 m

3.75 m

8.88 kN/m

0.42 L
L =

10 Live Load - 10 Class A L-10-CA-Cent M-Max 2nd axles at center span
One Train at center of center span

20 m 20 m 20 m

3.75 m

8.88 kN/m

0.42 L 0.5 L 0.42 L
L = L = L =12000 16000 12000

40000

12000 16000 12000
40000

12000 16000 12000
40000
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Input Data
(1) Live Load (2) Braking Effect (Direction X) (3) Footpass Load (under Footpath area)
Live Load (70R-T. 70R-W, Class A) without Impact

Case Live Condition Frame LoadPat AbsDistA AbsDistB FOverLA Frame LoadPat AbsDistA AbsDistB FOverLA Frame LoadPat AbsDistA AbsDistB FOverLA
Load FOverLB FOverLB FOverLB

Text Text m m kN/m Text Text m m kN/m Text Text m m kN/m
1 70R-T M-Max at first span 101 L-1-7T-Side 1.605 8.475 12.24 101 B-1-7T-Side 1.605 8.475 2.23 101 F-1-Side 0 10.8 4.8

103 F-1-Side 1.2 12.0 4.8
2 70R-T M-Max at center span 102 L-2-7T-Cent 4.565 11.435 12.24 102 B-2-7T-Cent 4.565 11.435 2.23 102 F-2-Cent 3.2 12.8 4.8
3 70R-W M-Max 2-17ton load 101 L-3-7W-Side 0 0.785 8.18 101 B-3-7W-Side 0 0.785 1.31 101 F-3-Side 0 10.8 4.8

 at first span 101 L-3-7W-Side 0.690 4.970 10.97 101 B-3-7W-Side 0.690 4.970 1.76 103 F-3-Side 1.2 12.0 4.8
4th & 5th axles at 0.42L 101 L-3-7W-Side 5.110 9.390 10.97 101 B-3-7W-Side 5.110 9.390 1.76

4 70R-W M-Max 2-17ton load at end span 102 L-4-7W-Side2 10.315 13.225 4.15 102 B-4-7W-Side2 10.315 13.225 0.66 101 F-4-Side 0 10.8 4.8
 at first span 102 L-4-7W-Side2 14.275 16.000 8.18 102 B-4-7W-Side2 14.275 16.000 1.31 103 F-4-Side 1.2 12.0 4.8
4th & 5th axles at 0.42L 103 L-4-7W-Side2 0 2.705 8.18 103 B-4-7W-Side2 0 2.705 1.31

103 L-4-7W-Side2 2.610 6.890 10.97 103 B-4-7W-Side2 2.610 6.890 1.76
103 L-4-7W-Side2 7.030 11.310 10.97 103 B-4-7W-Side2 7.030 11.310 1.76

5 70R-W M-Max 2-17ton load at cent span 101 L-5-7W-Cent 7.355 12.000 4.15 101 B-5-7W-Cent 7.355 12.000 0.66 102 F-5-Cent 3.2 12.8 4.8
 at center span 102 L-5-7W-Cent 0 -1.735 4.15 102 B-5-7W-Cent 0 -1.735 0.66
4th & 5th axles at center of 102 L-5-7W-Cent -0.685 3.745 8.18 102 B-5-7W-Cent -0.685 3.745 1.31
 center span 102 L-5-7W-Cent 3.650 7.930 10.97 102 B-5-7W-Cent 3.650 7.930 1.76

102 L-5-7W-Cent 8.070 12.350 10.97 102 B-5-7W-Cent 8.070 12.350 1.76
6 70R-W M-Max 3rd 17ton axle 101 L-6-7W-Cent2 9.565 12.000 4.15 101 B-6-7W-Cent2 9.565 12.000 0.66 102 F-6-Cent 3.2 12.8 4.8

 at center span 102 L-6-7W-Cent2 0 0.475 4.15 102 B-6-7W-Cent2 0 0.475 0.66
 center of cent span 102 L-6-7W-Cent2 1.525 5.955 8.18 102 B-6-7W-Cent2 1.525 5.955 1.31

102 L-6-7W-Cent2 5.860 10.140 10.97 102 B-6-7W-Cent2 5.860 10.140 1.76
102 L-6-7W-Cent2 10.280 14.560 10.97 102 B-6-7W-Cent2 10.280 14.560 1.76

7 70R-W S-Max at cent span 101 L-7-7W-Cent3 11.005 12.000 4.15 101 B-7-7W-Cent3 11.005 12.000 0.66 102 F-7-Cent 0.0 16.0 4.8
Edge of 4th at end 102 L-7-7W-Cent3 0 1.915 4.15 102 B-7-7W-Cent3 0 1.915 0.66
 of cent span 102 L-7-7W-Cent3 2.965 7.395 8.18 102 B-7-7W-Cent3 2.965 7.395 1.31

102 L-7-7W-Cent3 7.300 11.580 10.97 102 B-7-7W-Cent3 7.300 11.580 1.76
102 L-7-7W-Cent3 11.720 16.000 10.97 102 B-7-7W-Cent3 11.720 16.000 1.76

8 Class A M-Max 2nd axles at first span 101 L-8-CA-Side 3.160 6.910 8.88 101 B-8-CA-Side 3.160 6.910 1.42 101 F-8-Side 0 10.8 4.8
1st Train at first span 101 L-8-CA-Side 10.185 12.000 4.03 101 B-8-CA-Side 10.185 12.000 0.64 103 F-8-Side 1.2 12.0 4.8

102 L-8-CA-Side 0 0.685 4.03 102 B-8-CA-Side 0.000 0.685 0.64
102 L-8-CA-Side 4.185 6.685 4.03 102 B-8-CA-Side 4.185 6.685 0.64

2nd Train at end span 103 L-8-CA-Side 9.710 12.000 2.30 103 B-8-CA-Side 9.710 12.000 0.37
9 Class A M-Max 2nd axles at end span 101 L-9-CA-Side2 1.308 3.808 4.03 101 B-9-CA-Side2 1.308 3.808 0.64 101 F-9-Side 0 10.8 4.8

1st Train at first span 101 L-9-CA-Side2 7.308 9.808 4.03 101 B-9-CA-Side2 7.308 9.808 0.64 103 F-9-Side 1.2 12.0 4.8
2nd Train at end span 103 L-9-CA-Side2 0.832 4.382 2.30 103 B-9-CA-Side2 0.832 4.382 0.37

103 L-9-CA-Side2 5.083 8.833 8.88 103 B-9-CA-Side2 5.083 8.833 1.42
10 Class A M-Max 2nd axils at center span 101 L-10-CA-Cent 6.300 8.800 4.03 101 B-10-CA-Cent 6.300 8.800 0.64 102 F-10-Cent 3.2 12.8 4.8

One Train at center span 102 L-10-CA-Cent 0.300 2.800 4.03 102 B-10-CA-Cent 0.300 2.800 0.64
102 L-10-CA-Cent 6.075 9.825 8.88 102 B-10-CA-Cent 6.075 9.825 1.42
103 L-10-CA-Cent 10.525 14.075 2.30 103 B-10-CA-Cent 10.525 14.075 0.37
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4-8  Combination of Load

(1) Combination of Service Load Condition (LC Case-I)

1) S-1~S-10 at Carridgeway Area 2) S-11~S-20 at Footpath Area (with footpath loading) 

Combo Combo CaseName Scale add Remarks Combo Combo CaseName Scale add Remarks
Name Type Factor Impact Name Type Factor Impact
S-1 Liner Add DC 1 S-11 Liner Add DC 1
S-1 DL-Suface-AC 1 S-11 DL-Suface-FW 1
S-1 EP-Both 1 S-11 EP-Both 1
S-1 L-1-7T-Side 1.1 10% add 10 % of impact S-11 L-1-7T-Side 1.1 10% add 10 % of impact

S-1 B-1-7T-Side 1 S-11 B-1-7T-Side 1
S-11 F-1-Side 1

S-2 Liner Add DC 1 S-12 Liner Add DC 1
S-2 DL-Suface-AC 1 S-12 DL-Suface-FW 1
S-2 EP-Both 1 S-12 EP-Both 1
S-2 L-2-7T-Cent 1.1 10% add 10 % of impact S-12 L-2-7T-Cent 1.1 10% add 10 % of impact

S-2 B-2-7T-Cent 1 S-12 B-2-7T-Cent 1
S-12 F-2-Cent 1

S-3 Liner Add DC 1 S-13 Liner Add DC 1
S-3 DL-Suface-AC 1 S-13 DL-Suface-FW 1
S-3 EP-Both 1 S-13 EP-Both 1
S-3 L-3-7W-Side 1.25 25% add 25 % of impact S-13 L-3-7W-Side 1.25 25% add 25 % of impact

S-3 B-3-7W-Side 1 S-13 B-3-7W-Side 1
S-13 F-3-Side 1

S-4 Liner Add DC 1 S-14 Liner Add DC 1
S-4 DL-Suface-AC 1 S-14 DL-Suface-FW 1
S-4 EP-Both 1 S-14 EP-Both 1
S-4 L-4-7W-Side2 1.25 25% add 25 % of impact S-14 L-4-7W-Side2 1.25 25% add 25 % of impact

S-4 B-4-7W-Side2 1 S-14 B-4-7W-Side2 1
S-14 F-4-Side2 1

S-5 Liner Add DC 1 S-15 Liner Add DC 1
S-5 DL-Suface-AC 1 S-15 DL-Suface-FW 1
S-5 EP-Both 1 S-15 EP-Both 1
S-5 L-5-7W-Cent 1.25 25% add 25 % of impact S-15 L-5-7W-Cent 1.25 25% add 25 % of impact

S-5 B-5-7W-Cent 1 S-15 B-5-7W-Cent 1
S-15 F-5-Cent 1

S-6 Liner Add DC 1 S-16 Liner Add DC 1
S-6 DL-Suface-AC 1 S-16 DL-Suface-FW 1
S-6 EP-Both 1 S-16 EP-Both 1
S-6 L-6-7W-Cent2 1.25 25% add 25 % of impact S-16 L-6-7W-Cent2 1.25 25% add 25 % of impact

S-6 B-6-7W-Cent2 1 S-16 B-6-7W-Cent2 1
S-16 F-6-Cent 1

S-7 Liner Add DC 1 S-17 Liner Add DC 1
S-7 DL-Suface-AC 1 S-17 DL-Suface-FW 1
S-7 EP-Both 1 S-17 EP-Both 1
S-7 L-7-7W-Cent3 1.25 25% add 25 % of impact S-17 L-7-7W-Cent3 1.25 25% add 25 % of impact

S-7 B-7-7W-Cent3 1 S-17 B-7-7W-Cent3 1
S-17 F-7-Cent 1

S-8 Liner Add DC 1 S-18 Liner Add DC 1
S-8 DL-Suface-AC 1 S-18 DL-Suface-FW 1
S-8 EP-Both 1 S-18 EP-Both 1
S-8 L-8-CA-Side 1.25 25% add 25 % of impact S-18 L-8-CA-Side 1.25 25% add 25 % of impact

S-8 B-8-CA-Side 1 S-18 B-8-CA-Side 1
S-18 F-8-Side 1

S-9 Liner Add DC 1 S-19 Liner Add DC 1
S-9 DL-Suface-AC 1 S-19 DL-Suface-FW 1
S-9 EP-Both 1 S-19 EP-Both 1
S-9 L-9-CA-Side2 1.25 25% add 25 % of impact S-19 L-9-CA-Side2 1.25 25% add 25 % of impact

S-9 B-9-CA-Side 1 S-19 B-9-CA-Side 1
S-19 F-9-Side2 1

S-10 Liner Add DC 1 S-20 Liner Add DC 1
S-10 DL-Suface-AC 1 S-20 DL-Suface-FW 1
S-10 EP-Both 1 S-20 EP-Both 1
S-10 L-10-CA-Cent 1.25 25% add 25 % of impact S-20 L-10-CA-Cent 1.25 25% add 25 % of impact

S-10 B-10-CA-Cent 1 S-20 B-10-CA-Cent 1
S-20 F-10-Cent 1
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(2) Combination of Seismic Condition (LC Case-VI)

1) S-1~S-10 at Carridgeway Area 2) S-11~S-20 at Footpath Area (with footpath loading) 

Combo Combo CaseName Scale add Remarks Combo Combo CaseName Scale add Remarks
Name Type Factor Impact Name Type Factor Impact
Q-1 Liner Add DC 1 Q-11 Liner Add DC 1
Q-1 DL-Suface-AC 1 Q-11 DL-Suface-FW 1
Q-1 EP-Both 1 Q-11 EP-Both 1
Q-1 L-1-7T-Side 0.22 10% add 10 % of impact Q-11 L-1-7T-Side 0.22 10% add 10 % of impact

Q-1 B-1-7T-Side 0.2 Q-11 B-1-7T-Side 0.2
Q-11 F-1-Side 0.2

Q-1 EQ 1 Q-11 EQ 1
Q-2 Liner Add DC 1 Q-12 Liner Add DC 1
Q-2 DL-Suface-AC 1 Q-12 DL-Suface-FW 1
Q-2 EP-Both 1 Q-12 EP-Both 1
Q-2 L-2-7T-Cent 0.22 10% add 10 % of impact Q-12 L-2-7T-Cent 0.22 10% add 10 % of impact

Q-2 B-2-7T-Cent 0.2 Q-12 B-2-7T-Cent 0.2
Q-12 F-2-Cent 0.2

Q-2 EQ 1 Q-12 EQ 1
Q-3 Liner Add DC 1 Q-13 Liner Add DC 1
Q-3 DL-Suface-AC 1 Q-13 DL-Suface-FW 1
Q-3 EP-Both 1 Q-13 EP-Both 1
Q-3 L-3-7W-Side 0.25 25% add 25 % of impact Q-13 L-3-7W-Side 0.25 25% add 25 % of impact

Q-3 B-3-7W-Side 0.2 Q-13 B-3-7W-Side 0.2
Q-13 F-3-Side 0.2

Q-3 EQ 1 Q-13 EQ 1
Q-4 Liner Add DC 1 Q-14 Liner Add DC 1
Q-4 DL-Suface-AC 1 Q-14 DL-Suface-FW 1
Q-4 EP-Both 1 Q-14 EP-Both 1
Q-4 L-4-7W-Side2 0.25 25% add 25 % of impact Q-14 L-4-7W-Side2 0.25 25% add 25 % of impact

Q-4 B-4-7W-Side2 0.2 Q-14 B-4-7W-Side2 0.2
Q-14 F-4-Side2 0.2

Q-4 EQ 1 Q-14 EQ 1
Q-5 Liner Add DC 1 Q-15 Liner Add DC 1
Q-5 DL-Suface-AC 1 Q-15 DL-Suface-FW 1
Q-5 EP-Both 1 Q-15 EP-Both 1
Q-5 L-5-7W-Cent 0.25 25% add 25 % of impact Q-15 L-5-7W-Cent 0.25 25% add 25 % of impact

Q-5 B-5-7W-Cent 0.2 Q-15 B-5-7W-Cent 0.2
Q-15 F-5-Cent 0.2

Q-5 EQ 1 Q-15 EQ 1
Q-6 Liner Add DC 1 Q-16 Liner Add DC 1
Q-6 DL-Suface-AC 1 Q-16 DL-Suface-FW 1
Q-6 EP-Both 1 Q-16 EP-Both 1
Q-6 L-6-7W-Cent2 0.25 25% add 25 % of impact Q-16 L-6-7W-Cent2 0.25 25% add 25 % of impact

Q-6 B-6-7W-Cent2 0.2 Q-16 B-6-7W-Cent2 0.2
Q-16 F-6-Cent 0.2

Q-6 EQ 1 Q-16 EQ 1
Q-7 Liner Add DC 1 Q-17 Liner Add DC 1
Q-7 DL-Suface-AC 1 Q-17 DL-Suface-FW 1
Q-7 EP-Both 1 Q-17 EP-Both 1
Q-7 L-7-7W-Cent3 0.25 25% add 25 % of impact Q-17 L-7-7W-Cent3 0.25 25% add 25 % of impact

Q-7 B-7-7W-Cent3 0.2 Q-17 B-7-7W-Cent3 0.2
Q-17 F-7-Cent 0.2

Q-7 EQ 1 Q-17 EQ 1
Q-8 Liner Add DC 1 Q-18 Liner Add DC 1
Q-8 DL-Suface-AC 1 Q-18 DL-Suface-FW 1
Q-8 EP-Both 1 Q-18 EP-Both 1
Q-8 L-8-CA-Side 0.25 25% add 25 % of impact Q-18 L-8-CA-Side 0.25 25% add 25 % of impact

Q-8 B-8-CA-Side 0.2 Q-18 B-8-CA-Side 0.2
Q-18 F-8-Side 0.2

Q-8 EQ 1 Q-18 EQ 1
Q-9 Liner Add DC 1 Q-19 Liner Add DC 1
Q-9 DL-Suface-AC 1 Q-19 DL-Suface-FW 1
Q-9 EP-Both 1 Q-19 EP-Both 1
Q-9 L-9-CA-Side2 0.25 25% add 25 % of impact Q-19 L-9-CA-Side2 0.25 25% add 25 % of impact

Q-9 B-9-CA-Side 0.2 Q-19 B-9-CA-Side 0.2
Q-19 F-9-Side2 0.2

Q-9 EQ 1 Q-19 EQ 1
Q-10 Liner Add DC 1 Q-20 Liner Add DC 1
Q-10 DL-Suface-AC 1 Q-20 DL-Suface-FW 1
Q-10 EP-Both 1 Q-20 EP-Both 1
Q-10 L-10-CA-Cent 0.25 25% add 25 % of impact Q-20 L-10-CA-Cent 0.25 25% add 25 % of impact

Q-10 B-10-CA-Cent 0.2 Q-20 B-10-CA-Cent 0.2
Q-20 F-10-Cent 0.2

Q-10 EQ 1 Q-20 EQ 1
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(3) Combination of Envelope

Combo Name CaseName Scale Case
combination Factor

S-envelope S-1 1 Service Load (LC I) condition at Carridgeway Area 
S-envelope S-2 1
S-envelope S-3 1
S-envelope S-4 1
S-envelope S-5 1
S-envelope S-6 1
S-envelope S-7 1
S-envelope S-8 1
S-envelope S-9 1
S-envelope S-10 1
S2-envelope S-11 1 Service Load (LC I) condition at Footpath Area
S2-envelope S-12 1 with footpath loading
S2-envelope S-13 1
S2-envelope S-14 1
S2-envelope S-15 1
S2-envelope S-16 1
S2-envelope S-17 1
S2-envelope S-18 1
S2-envelope S-19 1
S2-envelope S-20 1
Q-envelope Q-1 1 Seismic Load condition (LC VI) at Carridgeway Area 
Q-envelope Q-2 1
Q-envelope Q-3 1
Q-envelope Q-4 1
Q-envelope Q-5 1
Q-envelope Q-6 1
Q-envelope Q-7 1
Q-envelope Q-8 1
Q-envelope Q-9 1
Q-envelope Q-10 1
Q2-envelope Q-11 1 Seismic Load condition (LC VI) at Footpath Area
Q2-envelope Q-12 1 with footpath loading
Q2-envelope Q-13 1
Q2-envelope Q-14 1
Q2-envelope Q-15 1
Q2-envelope Q-16 1
Q2-envelope Q-17 1
Q2-envelope Q-18 1
Q2-envelope Q-19 1
Q2-envelope Q-20 1
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5  Section Force Arrangement

Section Force Arrangement from Output Data by SAP 2000

SN Frame Position Load Position Sectional Force Member Service Condition (with Live) Load Comb. I Seismic Condition  Load Comb. IV B H Check for Bending for Shear Reinf. Req for Stirrups

Frame x Case A (P) S (V2) M(M3) Frame x Case A (P) S (V2) M(M3) Cover Dia ctc. Dia low ctc.
no. m - kN kN kN-m no. m - kN kN kN-m mm mm mm mm mm mm nos. mm

1 Top slab at
Center/Carriageway

End span Load Positive BM-Max Slab 101 4.5 S-3 149.3 2.6 468.5 101 4.5 Q-4 45.6 12.6 363.0 1000 1100 75 25 125 12 2 200

2 Top slab at
Center/Footpath

End span Load Positive BM-Max Slab 101 4.5 S-13 148.0 6.7 568.3 101 4.5 S-13 148.0 6.7 568.3 1000 1100 75 25 125 12 2 200

3 Top slab at
Inwall/Carriageway

End span Load Negative BM-Max Slab 102 16 S-5 166.7 331.0 796.1 102 S-15 148.4 370.4 885.8 1000 1100 75 25 115 12 2 200

4 Top slab at
Inwall/Footpath

Center span load Negative BM&Shear-
Max Slab 102 16 S-15 170.0 380.0 907.8 102 16 Q-15 153.5 319.2 961.8 1000 1100 75 25 115 12 2 200

5 Bottom slab at
Outwall

End span load Negative B-Max Slab 4 S-3 473.4 386.9 1083.0 4 Q-3 691.8 500.5 3080.3 1000 1600 75 32 125 12 2 200

6 Bottom slab at Side
span center

End span load Positive B-Max Slab 6 S-3 473.4 272.1 756.3 6 Q-3 691.8 432.8 2638.7 1000 1600 75 32 125 12 2 200

7 Bottom slab at Side
span center

End span load Shear Max Slab 6 2 S-13 474.6 369.6 108.5 6 2 Q-13 691.3 520.6 1672.4 1000 1600 75 32 125 12 2 200

8 Bottom slab at
Inwall

End span load Negative BM-Max Slab 13 S-15 467.1 434.0 1073.4 13 Q-15 772.4 483.8 1492.1 1000 1600 75 32 125 12 2 200

9 Bottom slab at
center

End span Load Positive BM-Max Slab 18 S-14 480.7 50.7 754.8 18 Q-14 775.1 12.7 630.8 1000 1600 75 32 125 12 2 200

10 Bottom slab at
Inwall2

End span load Negative BM-Max Slab 24 S-15 466.5 372.4 1018.1 24 Q-15 848.1 481.3 994.1 1000 1600 75 32 125 12 2 200

11 Outer wall Base End span Load Positive BM-Max Wall/
Column 201 S-3 602.1 473.4 813.5 201 Q-3 562.7 691.8 3014.0 1000 1500 75 32 120 12 2 200

12 Outer wall Base End span Load Positive BM-Max Wall/
Column 201 S-4 529.2 472.3 802.0 201 Q-4 548.1 691.5 3011.7 1000 1500 75 32 120 12 2 200

13 Outer wall Base Center span load Positive BM-Max Wall/
Column 201 S-7 516.4 463.9 712.3 201 Q-7 545.5 689.9 2993.8 1000 1500 75 32 120 12 2 200

14 Outer wall 2 Base End span Load Positive BM-Max Wall/
Column 501 S-3 529.6 459.4 665.3 501 Q-3 509.7 233.5 1616.0 1000 1500 75 32 120 12 2 200

15 Outer wall 2 Base End span Load Positive BM-Max Wall/
Column 501 S-4 580.3 454.2 609.0 501 Q-4 519.9 232.4 1627.3 1000 1500 75 32 120 12 2 200

16 Outer wall 2 Base Center span load Positive BM-Max Wall/
Column 501 S-5 514.5 446.8 530.5 501 Q-5 506.7 230.9 1643.0 1000 1500 75 32 120 12 2 200

17 Inner wall Base End span Load Positive BM Wall/
Column 301 S-3 763.9 7.1 75.5 301 Q-3 655.6 84.1 828.6 1000 800 75 25 125 12 2 200

18 Inner wall Base End span Load Positive BM-Max Wall/
Column 301 S-4 685.1 6.9 73.6 301 Q-4 639.9 84.0 828.2 1000 800 75 25 125 12 2 200

19 Inner wall Base Center span load Positive BM Wall/
Column 301 S-7 777.1 6.2 66.0 301 Q-7 658.3 83.9 826.7 1000 800 75 25 125 12 2 200
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6  Section Check and Rebar Computed for Top and Bottom Slab

1 Top slab at Center/Carriageway - End span Load  - Positive BM-Max

1) Force and Design Condition

B H Cover Re-bar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1100 75 25 125 1013

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-149.3 -2.6 468.5 -45.6 -12.6 363.0

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Concrete Grade M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data:
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending Moment (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(468.5x1000x1000)/(1.326x1000)} = 594 mm
594 < d = 1013 mm, OK

Seismic = = SQRT{(363.0x1000x1000)/(1.5x1.326x1000)} = 427 mm
427 < d = 1013 mm, OK

Area of reinforcement required, 
Overall depth of member = 1100 mm
Effective depth of member: d = 1100-75-1/2x25 = 1013 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = 468.5x1000x1000/(240x0.902x1013) = 2137 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 363.0x1000x1000/(240x0.902x1013)/1.5 = 1103 mm2
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Actual area of steel provided:
Used re-bar diameter = 25 mm
Area of re-bar: Ar Ar = 490.9 mm2

Used re-bar spacing: s s = 125 mm
As = B/s x Ar = 1,000/125x490.9 = 3927 mm2

At Service 3927 > 2137 mm2, OK
At Seismic 3927 > 1103 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0039 =3927/(1000x1013)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.39 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 125 mm

Using 25 mm ɸ. 125 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 2.6 kN
Seismic Vue = 12.6 kN
Seismic(S) Vu(e) = 12.6/1.5 = 8.4 kN

Seismic(S) Vu = 8.4 KN
B = 1000 mm
d = 33 mm

Shear Stress τv τv = Vu/Bd = (8.4x1000)/(1000x33) = 0.255 MPa
Percentage area of tension steel, 100Ast/bd = 0.0039x100 = 0.390 %

Design Axial Force
Seismic(S) Pu = 149.3 kN

fck = 30 MPa
H = 1100 mm

Ag = B x H = 1000x1100 = 1E+06 mm²
IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.275 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor, d = 1+5P/(Ag x fck)
= 1+(5x149.3x1000)/(1100000x30) = 1.02

1.02 < 1.5, OK  Not exceeding 1.5
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Design shear strength of concrete, τc = 0.275x1.02 = 0.281 MPa
Seismic(S) tc = 0.281 > 0.255 N/mm2, OK

Not Req. Stirrup
Permissible Shear Stress in Concrete = 0.275 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.390 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.390 0.275
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups not required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 0.255-0.281 = -0.026 MPa
Vus = (V - τc x b x d) = -0.026x1000x1013/1000 = -26.3 KN

No Shear Reinf. Req. DISCARD SHEAR CALC. BELOW
ØvVs required = -26.3 kN
Dia. of re-bar used = 12 mm
Area of re-bar = 113.1 mm2

No. of leg = 2
 fy = 500 MPa

Permissible Direct Compression stress (σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(-26.3x1000) = -881.58 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1013.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4·b·s/(0.87·fy)
=0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s = 200 mm
Dia. of re-bar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Avmin = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm², OK

Stirrups Using 12 mm dia. 200 mm space. OK
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6  Section Check and Rebar Computed for Top and Bottom Slab

2 Top slab at Center/Footpath - End span Load  - Positive BM-Max

1) Force and Design Condition

B H Cover Re-bar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1100 75 25 125 1013

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-148.0 -6.7 568.3 -148.0 -6.7 568.3

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Concrete Grade M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data:
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending Moment (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(568.3x1000x1000)/(1.326x1000)} = 655 mm
655 < d = 1013 mm, OK

Seismic = = SQRT{(568.3x1000x1000)/(1.5x1.326x1000)} = 535 mm
535 < d = 1013 mm, OK

Area of reinforcement required, 
Overall depth of member = 1100 mm
Effective depth of member: d = 1100-75-1/2x25 = 1013 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = 568.3x1000x1000/(240x0.902x1013) = 2592 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 568.3x1000x1000/(240x0.902x1013)/1.5 = 1728 mm2
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Actual area of steel provided:
Used re-bar diameter = 25 mm
Area of re-bar: Ar Ar = 490.9 mm2

Used re-bar spacing: s s = 125 mm
As = B/s x Ar = 1,000/125x490.9 = 3927 mm2

At Service 3927 > 2592 mm2, OK
At Seismic 3927 > 1728 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0039 =3927/(1000x1013)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.39 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 125 mm

Using 25 mm ɸ. 125 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 6.7 kN
Seismic Vue = 6.7 kN
Seismic(S) Vu(e) = 6.7/1.5 = 4.5 kN

Seismic(S) Vu = 4.5 KN
B = 1000 mm
d = 33 mm

Shear Stress τv τv = Vu/Bd = (4.5x1000)/(1000x33) = 0.136 MPa
Percentage area of tension steel, 100Ast/bd = 0.0039x100 = 0.390 %

Design Axial Force
Seismic(S) Pu = 148.0 kN

fck = 30 MPa
H = 1100 mm

Ag = B x H = 1000x1100 = 1E+06 mm²
IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.275 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor, d = 1+5P/(Ag x fck)
= 1+(5x148.0x1000)/(1100000x30) = 1.02

1.02 < 1.5, OK  Not exceeding 1.5

56



Design shear strength of concrete, τc = 0.275x1.02 = 0.281 MPa
Seismic(S) tc = 0.281 > 0.136 N/mm2, OK

Not Req. Stirrup
Permissible Shear Stress in Concrete = 0.275 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.390 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.390 0.275
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups not required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 0.136-0.281 = -0.145 MPa
Vus = (V - τc x b x d) = -0.145x1000x1013/1000 = -146.9 KN

No Shear Reinf. Req. DISCARD SHEAR CALC. BELOW
ØvVs required = -146.9 kN
Dia. of re-bar used = 12 mm
Area of re-bar = 113.1 mm2

No. of leg = 2
 fy = 500 MPa

Permissible Direct Compression stress (σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(-146.9x1000) = -157.83 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1013.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4·b·s/(0.87·fy)
=0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s = 200 mm
Dia. of re-bar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Avmin = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm², OK

Stirrups Using 12 mm dia. 200 mm space. OK
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6  Section Check and Rebar Computed for Top and Bottom Slab

3 Top slab at Inwall/Carriageway - End span Load  - Negative BM-Max

1) Force and Design Condition

B H Cover Re-bar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1100 75 25 115 1013

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-166.7 331.0 -796.1 -148.4 -370.4 -885.8

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Concrete Grade M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data:
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending Moment (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(-796.1x1000x1000)/(1.326x1000)} = 775 mm
775 < d = 1013 mm, OK

Seismic = = SQRT{(-885.8x1000x1000)/(1.5x1.326x1000)} = 667 mm
667 < d = 1013 mm, OK

Area of reinforcement required, 
Overall depth of member = 1100 mm
Effective depth of member: d = 1100-75-1/2x25 = 1013 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = -796.1x1000x1000/(240x0.902x1013) = 3630 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = -885.8x1000x1000/(240x0.902x1013)/1.5 = 2693 mm2
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Actual area of steel provided:
Used re-bar diameter = 25 mm
Area of re-bar: Ar Ar = 490.9 mm2

Used re-bar spacing: s s = 115 mm
As = B/s x Ar = 1,000/115x490.9 = 4269 mm2

At Service 4269 > 3630 mm2, OK
At Seismic 4269 > 2693 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0042 =4269/(1000x1013)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.42 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 115 mm

Using 25 mm ɸ. 115 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 331.0 kN
Seismic Vue = 370.4 kN
Seismic(S) Vu(e) = 370.4/1.5 = 246.9 kN

Seismic(S) Vu = 246.9 KN
B = 1000 mm
d = 33 mm

Shear Stress τv τv = Vu/Bd = (246.9x1000)/(1000x33) = 7.482 MPa
Percentage area of tension steel, 100Ast/bd = 0.0042x100 = 0.420 %

Design Axial Force
Seismic(S) Pu = 166.7 kN

fck = 30 MPa
H = 1100 mm

Ag = B x H = 1000x1100 = 1E+06 mm²
IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.284 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor, d = 1+5P/(Ag x fck)
= 1+(5x166.7x1000)/(1100000x30) = 1.03

1.03 < 1.5, OK  Not exceeding 1.5
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Design shear strength of concrete, τc = 0.284x1.03 = 0.293 MPa
Seismic(S) t c= 0.293 < 7.482, Not OK

Stirrups required
Permissible Shear Stress in Concrete = 0.284 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.420 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.420 0.284
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 7.482-0.293 = 7.189 MPa
Vus = (V - τc x b x d) = 7.189x1000x1013/1000 = 7282.5 KN

Provide Shear Reinforcement
ØvVs required = 7282.5 kN
Dia. of re-bar used = 12 mm
Area of re-bar = 113.1 mm2

No. of leg = 2
 fy = 500 MPa

Permissible Direct Compression stress (σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(7282.5x1000) = 3.18 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1013.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4·b·s/(0.87·fy)
=0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s = 200 mm
Dia. of re-bar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Avmin = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm², OK

Stirrups Using 12 mm dia. 200 mm space. OK
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6  Section Check and Rebar Computed for Top and Bottom Slab

4 Top slab at Inwall/Footpath - Center span load - Negative BM&Shear-Max

1) Force and Design Condition

B H Cover Re-bar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1100 75 25 115 1013

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-170.0 380.0 -907.8 -153.5 319.2 -961.8

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Concrete Grade M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data:
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending Moment (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(-907.8x1000x1000)/(1.326x1000)} = 827 mm
827 < d = 1013 mm, OK

Seismic = = SQRT{(-961.8x1000x1000)/(1.5x1.326x1000)} = 695 mm
695 < d = 1013 mm, OK

Area of reinforcement required, 
Overall depth of member = 1100 mm
Effective depth of member: d = 1100-75-1/2x25 = 1013 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = -907.8x1000x1000/(240x0.902x1013) = 4140 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = -961.8x1000x1000/(240x0.902x1013)/1.5 = 2924 mm2
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Actual area of steel provided:
Used re-bar diameter = 25 mm
Area of re-bar: Ar Ar = 490.9 mm2

Used re-bar spacing: s s = 115 mm
As = B/s x Ar = 1,000/115x490.9 = 4269 mm2

At Service 4269 > 4140 mm2, OK
At Seismic 4269 > 2924 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0042 =4269/(1000x1013)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.42 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 115 mm

Using 25 mm ɸ. 115 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 380.0 kN
Seismic Vue = 319.2 kN
Seismic(S) Vu(e) = 319.2/1.5 = 212.8 kN

Seismic(S) Vu = 212.8 KN
B = 1000 mm
d = 33 mm

Shear Stress τv τv = Vu/Bd = (212.8x1000)/(1000x33) = 6.448 MPa
Percentage area of tension steel, 100Ast/bd = 0.0042x100 = 0.420 %

Design Axial Force
Seismic(S) Pu = 170.0 kN

fck = 30 MPa
H = 1100 mm

Ag = B x H = 1000x1100 = 1E+06 mm²
IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.284 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor, d = 1+5P/(Ag x fck)
= 1+(5x170.0x1000)/(1100000x30) = 1.03

1.03 < 1.5, OK  Not exceeding 1.5
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Design shear strength of concrete, τc = 0.284x1.03 = 0.293 MPa
Seismic(S) t c= 0.293 < 6.448, Not OK

Stirrups required
Permissible Shear Stress in Concrete = 0.284 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.420 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.420 0.284
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 6.448-0.293 = 6.155 MPa
Vus = (V - τc x b x d) = 6.155x1000x1013/1000 = 6235 KN

Provide Shear Reinforcement
ØvVs required = 6235.0 kN
Dia. of re-bar used = 12 mm
Area of re-bar = 113.1 mm2

No. of leg = 2
 fy = 500 MPa

Permissible Direct Compression stress (σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(6235.0x1000) = 3.72 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1013.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4·b·s/(0.87·fy)
=0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s = 200 mm
Dia. of re-bar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Avmin = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm², OK

Stirrups Using 12 mm dia. 200 mm space. OK
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6  Section Check and Rebar Computed for Top and Bottom Slab

5 Bottom slab at Outwall - End span load - Negative B-Max

1) Force and Design Condition

B H Cover Re-bar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1600 75 32 125 1509

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-473.4 386.9 1083.0 -691.8 500.5 3080.3

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Concrete Grade M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data:
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending Moment (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(1,083.0x1000x1000)/(1.326x1000)} = 904 mm
904 < d = 1509 mm, OK

Seismic = = SQRT{(3,080.3x1000x1000)/(1.5x1.326x1000)} = 1244 mm
1,244 < d = 1509 mm, OK

Area of reinforcement required, 
Overall depth of member = 1600 mm
Effective depth of member: d = 1600-75-1/2x32 = 1509 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = 1083.0x1000x1000/(240x0.902x1509) = 3315 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 3,080.3x1000x1000/(240x0.902x1509)/1.5 = 6286 mm2
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Actual area of steel provided:
Used re-bar diameter = 32 mm
Area of re-bar: Ar Ar = 804.2 mm2

Used re-bar spacing: s s = 125 mm
As = B/s x Ar = 1,000/125x804.2 = 6434 mm2

At Service 6434 > 3315 mm2, OK
At Seismic 6434 > 6286 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0043 =6434/(1000x1509)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.43 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 125 mm

Using 32 mm ɸ. 125 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 386.9 kN
Seismic Vue = 500.5 kN
Seismic(S) Vu(e) = 500.5/1.5 = 333.7 kN

Seismic(S) Vu = 333.7 KN
B = 1000 mm
d = 33 mm

Shear Stress τv τv = Vu/Bd = (333.7x1000)/(1000x33) = 10.112 MPa
Percentage area of tension steel, 100Ast/bd = 0.0043x100 = 0.430 %

Design Axial Force
Seismic(S) Pu = 473.4 kN

fck = 30 MPa
H = 1600 mm

Ag = B x H = 1000x1600 = 2E+06 mm²
IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.288 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor, d = 1+5P/(Ag x fck)
= 1+(5x473.4x1000)/(1600000x30) = 1.05

1.05 < 1.5, OK  Not exceeding 1.5
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Design shear strength of concrete, τc = 0.288x1.05 = 0.302 MPa
Seismic(S) t c= 0.302 < 10.112, Not OK

Stirrups required
Permissible Shear Stress in Concrete = 0.288 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.430 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.430 0.288
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 10.112-0.302 = 9.810 MPa
Vus = (V - τc x b x d) = 9.810x1000x1509/1000 = 14803 KN

Provide Shear Reinforcement
ØvVs required = 14803.3 kN
Dia. of re-bar used = 12 mm
Area of re-bar = 113.1 mm2

No. of leg = 2
 fy = 500 MPa

Permissible Direct Compression stress (σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(14803.3x1000) = 1.57 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1509.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4·b·s/(0.87·fy)
=0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s = 200 mm
Dia. of re-bar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Avmin = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm², OK

Stirrups Using 12 mm dia. 200 mm space. OK
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6  Section Check and Rebar Computed for Top and Bottom Slab

6 Bottom slab at Side span center - End span load - Positive B-Max

1) Force and Design Condition

B H Cover Re-bar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1600 75 32 125 1509

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-473.4 272.1 756.3 -691.8 432.8 2638.7

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Concrete Grade M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data:
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending Moment (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(756.3x1000x1000)/(1.326x1000)} = 755 mm
755 < d = 1509 mm, OK

Seismic = = SQRT{(2,638.7x1000x1000)/(1.5x1.326x1000)} = 1152 mm
1,152 < d = 1509 mm, OK

Area of reinforcement required, 
Overall depth of member = 1600 mm
Effective depth of member: d = 1600-75-1/2x32 = 1509 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = 756.3x1000x1000/(240x0.902x1509) = 2315 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 2,638.7x1000x1000/(240x0.902x1509)/1.5 = 5385 mm2
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Actual area of steel provided:
Used re-bar diameter = 32 mm
Area of re-bar: Ar Ar = 804.2 mm2

Used re-bar spacing: s s = 125 mm
As = B/s x Ar = 1,000/125x804.2 = 6434 mm2

At Service 6434 > 2315 mm2, OK
At Seismic 6434 > 5385 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0043 =6434/(1000x1509)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.43 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 125 mm

Using 32 mm ɸ. 125 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 272.1 kN
Seismic Vue = 432.8 kN
Seismic(S) Vu(e) = 432.8/1.5 = 288.6 kN

Seismic(S) Vu = 288.6 KN
B = 1000 mm
d = 33 mm

Shear Stress τv τv = Vu/Bd = (288.6x1000)/(1000x33) = 8.745 MPa
Percentage area of tension steel, 100Ast/bd = 0.0043x100 = 0.430 %

Design Axial Force
Seismic(S) Pu = 473.4 kN

fck = 30 MPa
H = 1600 mm

Ag = B x H = 1000x1600 = 2E+06 mm²
IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.288 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor, d = 1+5P/(Ag x fck)
= 1+(5x473.4x1000)/(1600000x30) = 1.05

1.05 < 1.5, OK  Not exceeding 1.5
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Design shear strength of concrete, τc = 0.288x1.05 = 0.302 MPa
Seismic(S) t c= 0.302 < 8.745, Not OK

Stirrups required
Permissible Shear Stress in Concrete = 0.288 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.430 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.430 0.288
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 8.745-0.302 = 8.443 MPa
Vus = (V - τc x b x d) = 8.443x1000x1509/1000 = 12741 KN

Provide Shear Reinforcement
ØvVs required = 12740.5 kN
Dia. of re-bar used = 12 mm
Area of re-bar = 113.1 mm2

No. of leg = 2
 fy = 500 MPa

Permissible Direct Compression stress (σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(12740.5x1000) = 1.82 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1509.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4·b·s/(0.87·fy)
=0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s = 200 mm
Dia. of re-bar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Avmin = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm², OK

Stirrups Using 12 mm dia. 200 mm space. OK
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6  Section Check and Rebar Computed for Top and Bottom Slab

7 Bottom slab at Side span center - End span load - Shear Max

1) Force and Design Condition

B H Cover Re-bar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1600 75 32 125 1509

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-474.6 369.6 108.5 -691.3 520.6 1672.4

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Concrete Grade M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data:
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending Moment (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(108.5x1000x1000)/(1.326x1000)} = 286 mm
286 < d = 1509 mm, OK

Seismic = = SQRT{(1,672.4x1000x1000)/(1.5x1.326x1000)} = 917 mm
917 < d = 1509 mm, OK

Area of reinforcement required, 
Overall depth of member = 1600 mm
Effective depth of member: d = 1600-75-1/2x32 = 1509 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = 108.5x1000x1000/(240x0.902x1509) = 332 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 1,672.4x1000x1000/(240x0.902x1509)/1.5 = 3413 mm2
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Actual area of steel provided:
Used re-bar diameter = 32 mm
Area of re-bar: Ar Ar = 804.2 mm2

Used re-bar spacing: s s = 125 mm
As = B/s x Ar = 1,000/125x804.2 = 6434 mm2

At Service 6434 > 332 mm2, OK
At Seismic 6434 > 3413 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0043 =6434/(1000x1509)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.43 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 125 mm

Using 32 mm ɸ. 125 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 369.6 kN
Seismic Vue = 520.6 kN
Seismic(S) Vu(e) = 520.6/1.5 = 347.1 kN

Seismic(S) Vu = 347.1 KN
B = 1000 mm
d = 33 mm

Shear Stress τv τv = Vu/Bd = (347.1x1000)/(1000x33) = 10.518 MPa
Percentage area of tension steel, 100Ast/bd = 0.0043x100 = 0.430 %

Design Axial Force
Seismic(S) Pu = 474.6 kN

fck = 30 MPa
H = 1600 mm

Ag = B x H = 1000x1600 = 2E+06 mm²
IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.288 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor, d = 1+5P/(Ag x fck)
= 1+(5x474.6x1000)/(1600000x30) = 1.05

1.05 < 1.5, OK  Not exceeding 1.5
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Design shear strength of concrete, τc = 0.288x1.05 = 0.302 MPa
Seismic(S) t c= 0.302 < 10.518, Not OK

Stirrups required
Permissible Shear Stress in Concrete = 0.288 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.430 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.430 0.288
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 10.518-0.302 = 10.216 MPa
Vus = (V - τc x b x d) = 10.216x1000x1509/1000 = 15416 KN

Provide Shear Reinforcement
ØvVs required = 15415.9 kN
Dia. of re-bar used = 12 mm
Area of re-bar = 113.1 mm2

No. of leg = 2
 fy = 500 MPa

Permissible Direct Compression stress (σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(15415.9x1000) = 1.50 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1509.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4·b·s/(0.87·fy)
=0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s = 200 mm
Dia. of re-bar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Avmin = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm², OK

Stirrups Using 12 mm dia. 200 mm space. OK
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6  Section Check and Rebar Computed for Top and Bottom Slab

8 Bottom slab at Inwall - End span load - Negative BM-Max

1) Force and Design Condition

B H Cover Re-bar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1600 75 32 125 1509

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-467.1 434.0 1073.4 -772.4 483.8 1492.1

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Concrete Grade M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data:
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending Moment (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(1,073.4x1000x1000)/(1.326x1000)} = 900 mm
900 < d = 1509 mm, OK

Seismic = = SQRT{(1,492.1x1000x1000)/(1.5x1.326x1000)} = 866 mm
866 < d = 1509 mm, OK

Area of reinforcement required, 
Overall depth of member = 1600 mm
Effective depth of member: d = 1600-75-1/2x32 = 1509 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = 1073.4x1000x1000/(240x0.902x1509) = 3286 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 1,492.1x1000x1000/(240x0.902x1509)/1.5 = 3045 mm2
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Actual area of steel provided:
Used re-bar diameter = 32 mm
Area of re-bar: Ar Ar = 804.2 mm2

Used re-bar spacing: s s = 125 mm
As = B/s x Ar = 1,000/125x804.2 = 6434 mm2

At Service 6434 > 3286 mm2, OK
At Seismic 6434 > 3045 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0043 =6434/(1000x1509)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.43 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 125 mm

Using 32 mm ɸ. 125 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 434.0 kN
Seismic Vue = 483.8 kN
Seismic(S) Vu(e) = 483.8/1.5 = 322.5 kN

Seismic(S) Vu = 322.5 KN
B = 1000 mm
d = 33 mm

Shear Stress τv τv = Vu/Bd = (322.5x1000)/(1000x33) = 9.773 MPa
Percentage area of tension steel, 100Ast/bd = 0.0043x100 = 0.430 %

Design Axial Force
Seismic(S) Pu = 467.1 kN

fck = 30 MPa
H = 1600 mm

Ag = B x H = 1000x1600 = 2E+06 mm²
IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.288 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor, d = 1+5P/(Ag x fck)
= 1+(5x467.1x1000)/(1600000x30) = 1.05

1.05 < 1.5, OK  Not exceeding 1.5
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Design shear strength of concrete, τc = 0.288x1.05 = 0.302 MPa
Seismic(S) t c= 0.302 < 9.773, Not OK

Stirrups required
Permissible Shear Stress in Concrete = 0.288 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.430 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.430 0.288
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 9.773-0.302 = 9.471 MPa
Vus = (V - τc x b x d) = 9.471x1000x1509/1000 = 14292 KN

Provide Shear Reinforcement
ØvVs required = 14291.7 kN
Dia. of re-bar used = 12 mm
Area of re-bar = 113.1 mm2

No. of leg = 2
 fy = 500 MPa

Permissible Direct Compression stress (σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(14291.7x1000) = 1.62 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1509.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4·b·s/(0.87·fy)
=0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s = 200 mm
Dia. of re-bar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Avmin = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm², OK

Stirrups Using 12 mm dia. 200 mm space. OK
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6  Section Check and Rebar Computed for Top and Bottom Slab

9 Bottom slab at center - End span Load - Positive BM-Max

1) Force and Design Condition

B H Cover Re-bar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1600 75 32 125 1509

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-480.7 -50.7 -754.8 -775.1 12.7 -630.8

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Concrete Grade M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data:
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending Moment (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(-754.8x1000x1000)/(1.326x1000)} = 755 mm
755 < d = 1509 mm, OK

Seismic = = SQRT{(-630.8x1000x1000)/(1.5x1.326x1000)} = 563 mm
563 < d = 1509 mm, OK

Area of reinforcement required, 
Overall depth of member = 1600 mm
Effective depth of member: d = 1600-75-1/2x32 = 1509 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = -754.8x1000x1000/(240x0.902x1509) = 2311 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = -630.8x1000x1000/(240x0.902x1509)/1.5 = 1287 mm2
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Actual area of steel provided:
Used re-bar diameter = 32 mm
Area of re-bar: Ar Ar = 804.2 mm2

Used re-bar spacing: s s = 125 mm
As = B/s x Ar = 1,000/125x804.2 = 6434 mm2

At Service 6434 > 2311 mm2, OK
At Seismic 6434 > 1287 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0043 =6434/(1000x1509)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.43 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 125 mm

Using 32 mm ɸ. 125 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 50.7 kN
Seismic Vue = 12.7 kN
Seismic(S) Vu(e) = 12.7/1.5 = 8.5 kN

Seismic(S) Vu = 8.5 KN
B = 1000 mm
d = 33 mm

Shear Stress τv τv = Vu/Bd = (8.5x1000)/(1000x33) = 0.258 MPa
Percentage area of tension steel, 100Ast/bd = 0.0043x100 = 0.430 %

Design Axial Force
Seismic(S) Pu = 480.7 kN

fck = 30 MPa
H = 1600 mm

Ag = B x H = 1000x1600 = 2E+06 mm²
IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.288 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor, d = 1+5P/(Ag x fck)
= 1+(5x480.7x1000)/(1600000x30) = 1.05

1.05 < 1.5, OK  Not exceeding 1.5
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Design shear strength of concrete, τc = 0.288x1.05 = 0.302 MPa
Seismic(S) tc = 0.302 > 0.258 N/mm2, OK

Not Req. Stirrup
Permissible Shear Stress in Concrete = 0.288 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.430 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.430 0.288
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups not required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 0.258-0.302 = -0.044 MPa
Vus = (V - τc x b x d) = -0.044x1000x1509/1000 = -66.4 KN

No Shear Reinf. Req. DISCARD SHEAR CALC. BELOW
ØvVs required = -66.4 kN
Dia. of re-bar used = 12 mm
Area of re-bar = 113.1 mm2

No. of leg = 2
 fy = 500 MPa

Permissible Direct Compression stress (σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(-66.4x1000) = -349.18 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1509.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4·b·s/(0.87·fy)
=0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s = 200 mm
Dia. of re-bar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Avmin = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm², OK

Stirrups Using 12 mm dia. 200 mm space. OK
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6  Section Check and Rebar Computed for Top and Bottom Slab

10 Bottom slab at Inwall2 - End span load - Negative BM-Max

1) Force and Design Condition

B H Cover Re-bar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1600 75 32 125 1509

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-466.5 372.4 1018.1 -848.1 481.3 994.1

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Concrete Grade M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data:
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending Moment (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(1,018.1x1000x1000)/(1.326x1000)} = 876 mm
876 < d = 1509 mm, OK

Seismic = = SQRT{(994.1x1000x1000)/(1.5x1.326x1000)} = 707 mm
707 < d = 1509 mm, OK

Area of reinforcement required, 
Overall depth of member = 1600 mm
Effective depth of member: d = 1600-75-1/2x32 = 1509 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = 1018.1x1000x1000/(240x0.902x1509) = 3117 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 994.1x1000x1000/(240x0.902x1509)/1.5 = 2029 mm2
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Actual area of steel provided:
Used re-bar diameter = 32 mm
Area of re-bar: Ar Ar = 804.2 mm2

Used re-bar spacing: s s = 125 mm
As = B/s x Ar = 1,000/125x804.2 = 6434 mm2

At Service 6434 > 3117 mm2, OK
At Seismic 6434 > 2029 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0043 =6434/(1000x1509)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.43 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 125 mm

Using 32 mm ɸ. 125 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 372.4 kN
Seismic Vue = 481.3 kN
Seismic(S) Vu(e) = 481.3/1.5 = 320.9 kN

Seismic(S) Vu = 320.9 KN
B = 1000 mm
d = 33 mm

Shear Stress τv τv = Vu/Bd = (320.9x1000)/(1000x33) = 9.724 MPa
Percentage area of tension steel, 100Ast/bd = 0.0043x100 = 0.430 %

Design Axial Force
Seismic(S) Pu = 466.5 kN

fck = 30 MPa
H = 1600 mm

Ag = B x H = 1000x1600 = 2E+06 mm²
IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.288 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor, d = 1+5P/(Ag x fck)
= 1+(5x466.5x1000)/(1600000x30) = 1.05

1.05 < 1.5, OK  Not exceeding 1.5
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Design shear strength of concrete, τc = 0.288x1.05 = 0.302 MPa
Seismic(S) t c= 0.302 < 9.724, Not OK

Stirrups required
Permissible Shear Stress in Concrete = 0.288 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.430 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.430 0.288
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 9.724-0.302 = 9.422 MPa
Vus = (V - τc x b x d) = 9.422x1000x1509/1000 = 14218 KN

Provide Shear Reinforcement
ØvVs required = 14217.8 kN
Dia. of re-bar used = 12 mm
Area of re-bar = 113.1 mm2

No. of leg = 2
 fy = 500 MPa

Permissible Direct Compression stress (σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(14217.8x1000) = 1.63 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1509.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4·b·s/(0.87·fy)
=0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s = 200 mm
Dia. of re-bar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Avmin = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm², OK

Stirrups Using 12 mm dia. 200 mm space. OK
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7  Section Check and Rebar Computed for Wall (Column)

11 Outer wall Base - End span Load  - Positive BM-Max

1) Force and Design Condition

B H Cover Rebar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1500 75 32 120 1409

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-602.1 473.4 813.5 -562.7 691.8 3014.0

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Permissible compressive stress of concrete M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(813.5x1000x1000)/(1.326x1000)} = 783 mm
783 < d = 1409 mm, OK

Seismic = = SQRT{(3,014.0x1000x1000)/(1.5x1.326x1000)} = 1231 mm
1,231 < d = 1409 mm, OK

Area of reiforcement required, 
Overall depth of member 1500 mm
Effective depth of member: d = 1500-75-1/2x32 = 1409 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = 813.5x1000x1000/(240x0.902x1,409.0) = 2667 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 3,014.0x1000x1000/(240x0.902x1,409.0)/1.5 = 6588 mm2
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Actual area of steel provided:
Used rebar diameter = 32 mm
Area of rebar: Ar Ar = 804.2 mm2

Used rebar spacing: s s = 120 mm
As = B/s x Ar = 1000/120x804.2 = 6702 mm2

At Service 6702 > 2667 mm2, OK
At Seismic 6702 > 6588 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0048=6,702/(1,000x1,409.0)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.48 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 120 mm

Using 32 mm ɸ. 120 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 473.4 kN
Seismic Vue = 691.8 kN
Seismic(S) Vu(e) = 691.8/1.5 = 461.2 kN

Seismic(S) Vu = 461.2 kN
B = 1000 mm
d = 1409.0 mm

Shear Stress τv τv= Vu/Bd = (461.2x1000)/(1000x1,409.0) = 0.327 MPa
Percentage area of tension steel, 100Ast/bd = 0.0048x100 = 0.480 %

Design Axial Force
Seismic(S) Pu = 602.1 kN

fck = 30 MPa
H = 1500 mm

Ag = B x H = 1,000x1,500 = 2E+06 mm2

IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.304 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor d = 1+5P/(Ag x fck)
= 1+(5x602.1x1000)/(1500000x30) = 1.07

1.07 < 1.5, OK
 Not exceeding 1.5
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Design shear strength of concrete, τc = 0.304x1.07 = 0.325 MPa
Seismic(S) tc= 0.325 < 0.327, Not OK

Stirrups required
Permissible Shear Stress in Concrete = 0.304 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
M-30 100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.480 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.480 0.304
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 0.327-0.325 = 0.002 MPa
Vus=(V-τcxbxd) = 0.002x1000x1,409.0/1000 = 2.82 kN

Provide Shear Reinforcement
ØvVs required = 2.82 kN
Dia. of rebar used = 12 mm
Area of rebar = 113.1 mm2

No. of leg = 2 nos.
 fy = 500 MPa

Permissible Direct Comp. stress(σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(2.82x1000) = 8221.81 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1,409.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4*b*s/(0.87*fy)
A vmin = 0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s s = 200 mm
Dia. of Rebar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Av,min Av = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm2, OK

Stirrups Using 12 mm dia. 200 mm space. OK
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5) Check for Walls as Column: Using IRC 21: 2000- 306

The Abutment section will be designed for the Case A and the section adequacy will be checked 
for both the cases. As the moment of inertia of the Abutment along Y-Y axis is greater than 
along X-X axis, the design needs to be done for stresses along the X-X axis only.

At Seismic Condition
Seismic Axial Thrust, Pu at Middle Pu = 602.1 kN

Moment, Mue Mue = 813.5 kN-m
Eccentricity, e e = 813.5/602.1 = 1.35 m

Seismic Axial Thrust, Pu at Middle = 562.7 kN
Moment, Mue Mue = 3014.0 kN-m
Eccentricity, e e = 3,014.0/562.7 = 5.36 m
Length of pier, L L = 9.150 m

Check for Column Type
Effective length of column, le le = 1.2 x L = 9.150 = 10.98 m
Lateral Dimension, D (H) D = 1.50 m
Ratio of effective length to lateral dimension of pier = 10.98/1.50 = 7.32 m

7.32 < 12 m, Short Column

Minimum area of steel = 0.80 %
Maximum area of steel = 6.00 %
Assume percentage area of steel = 0.0048x100x2 = 0.96 %
Gross area of concrete, Ag Ag = 1000/1000x1.50/100 = 1.500 m²
Net area of concrete, Ac Ac = (1-0.960/100)x1.50/100 = 1.486 m²
X-sectional area of steel, As

As = 0.960x1.500x1000x1000/100 = 14400 mm²
Equivalent Area of Concrete = 1.49x10^6+(1.5x10-1)x14400 = 2E+06 mm²
Equivalent Moment of Inertia 

= 1000x1500^3/12+(1.5x10-1)x14400(1500/2-50)^2 = 4E+11 mm4

Section modulus, Z = 380,034,000,000/(1,500/2) = 5E+08 mm³
Therefore, direct stress, σco, cal

σco = 602.1x1000/1,687,200) = 0.35 MPa
Bending compressive stress, σc, cal

σc = 813.5x10^6/506,712,000) = 1.60 MPa

Check
fck = 30 Mpa

i) Combined stress= (σco,cal/σco)+(σc,cal/σc)
= 0.35/(1.5x10.0)+1.60/(1.5x7.5) = 0.17

0.17 < 1.0, OK

ii) Condition for tensile stresses to be within limit,
(σc,cal-σco,cal) <= 0.25 x (σc,cal+σco,cal)

= 1.60-0.35 = 1.25 MPa
= 0.25x(1.60+0.350) = 0.49 MPa

1.25 > 0.49 N/mm², Not OK
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(σc,cal-σco,cal) <= 0.75 x 7-day modulus of rupture of concrete
7-day modulus of rupture of concrete = 1.5x0.56xSQRT(fck)

= ROUNDDOWN{1.5x0.56xSQRT(30)} = 4.60 MPa
= 1.60-0.35 = 1.25 MPa
= 0.75x4.60 = 3.45 MPa

1.25 < 3.45 N/mm², OK

iii) Resultant compressive stress= = 1.60+0.35 = 1.95 MPa
= 1.5x10.0 = 15.0 MPa

1.95 < 15.0 N/mm², OK

Thus provide both side of wall layers of steel Giving reinforcement area of = 14400 mm²

Design for Lateral Tie
Diameter of lateral tie should be greater than ФL/4

ФL/4 = 32/4 = 8 mm

Pitch of lateral tie < least lateral dimension of column = 1500 mm

< 12 x dia of smallest longitudinal bar = 12x32 = 384 mm ctc.

Provide Φ 10 @ 300 mm ctc.
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7  Section Check and Rebar Computed for Wall (Column)

12 Outer wall Base - End span Load  - Positive BM-Max

1) Force and Design Condition

B H Cover Rebar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1500 75 32 120 1409

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-529.2 472.3 802.0 -548.1 691.5 3011.7

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Permissible compressive stress of concrete M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(802.0x1000x1000)/(1.326x1000)} = 778 mm
778 < d = 1409 mm, OK

Seismic = = SQRT{(3,011.7x1000x1000)/(1.5x1.326x1000)} = 1231 mm
1,231 < d = 1409 mm, OK

Area of reiforcement required, 
Overall depth of member 1500 mm
Effective depth of member: d = 1500-75-1/2x32 = 1409 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = 802.0x1000x1000/(240x0.902x1,409.0) = 2629 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 3,011.7x1000x1000/(240x0.902x1,409.0)/1.5 = 6583 mm2
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Actual area of steel provided:
Used rebar diameter = 32 mm
Area of rebar: Ar Ar = 804.2 mm2

Used rebar spacing: s s = 120 mm
As = B/s x Ar = 1000/120x804.2 = 6702 mm2

At Service 6702 > 2629 mm2, OK
At Seismic 6702 > 6583 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0048=6,702/(1,000x1,409.0)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.48 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 120 mm

Using 32 mm ɸ. 120 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 472.3 kN
Seismic Vue = 691.5 kN
Seismic(S) Vu(e) = 691.5/1.5 = 461.0 kN

Seismic(S) Vu = 461.0 kN
B = 1000 mm
d = 1409.0 mm

Shear Stress τv τv= Vu/Bd = (461.0x1000)/(1000x1,409.0) = 0.327 MPa
Percentage area of tension steel, 100Ast/bd = 0.0048x100 = 0.480 %

Design Axial Force
Seismic(S) Pu = 529.2 kN

fck = 30 MPa
H = 1500 mm

Ag = B x H = 1,000x1,500 = 2E+06 mm2

IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.304 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor d = 1+5P/(Ag x fck)
= 1+(5x529.2x1000)/(1500000x30) = 1.06

1.06 < 1.5, OK
 Not exceeding 1.5
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Design shear strength of concrete, τc = 0.304x1.06 = 0.322 MPa
Seismic(S) tc= 0.322 < 0.327, Not OK

Stirrups required
Permissible Shear Stress in Concrete = 0.304 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
M-30 100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.480 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.480 0.304
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 0.327-0.322 = 0.005 MPa
Vus=(V-τcxbxd) = 0.005x1000x1,409.0/1000 = 7.05 kN

Provide Shear Reinforcement
ØvVs required = 7.05 kN
Dia. of rebar used = 12 mm
Area of rebar = 113.1 mm2

No. of leg = 2 nos.
 fy = 500 MPa

Permissible Direct Comp. stress(σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(7.05x1000) = 3288.72 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1,409.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4*b*s/(0.87*fy)
A vmin = 0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s s = 200 mm
Dia. of Rebar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Av,min Av = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm2, OK

Stirrups Using 12 mm dia. 200 mm space. OK
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5) Check for Walls as Column: Using IRC 21: 2000- 306

The Abutment section will be designed for the Case A and the section adequacy will be checked 
for both the cases. As the moment of inertia of the Abutment along Y-Y axis is greater than 
along X-X axis, the design needs to be done for stresses along the X-X axis only.

At Seismic Condition
Seismic Axial Thrust, Pu at Middle Pu = 529.2 kN

Moment, Mue Mue = 802.0 kN-m
Eccentricity, e e = 802.0/529.2 = 1.52 m

Seismic Axial Thrust, Pu at Middle = 548.1 kN
Moment, Mue Mue = 3011.7 kN-m
Eccentricity, e e = 3,011.7/548.1 = 5.49 m
Length of pier, L L = 9.150 m

Check for Column Type
Effective length of column, le le = 1.2 x L = 9.150 = 10.98 m
Lateral Dimension, D (H) D = 1.50 m
Ratio of effective length to lateral dimension of pier = 10.98/1.50 = 7.32 m

7.32 < 12 m, Short Column

Minimum area of steel = 0.80 %
Maximum area of steel = 6.00 %
Assume percentage area of steel = 0.0048x100x2 = 0.96 %
Gross area of concrete, Ag Ag = 1000/1000x1.50/100 = 1.500 m²
Net area of concrete, Ac Ac = (1-0.960/100)x1.50/100 = 1.486 m²
X-sectional area of steel, As

As = 0.960x1.500x1000x1000/100 = 14400 mm²
Equivalent Area of Concrete = 1.49x10^6+(1.5x10-1)x14400 = 2E+06 mm²
Equivalent Moment of Inertia 

= 1000x1500^3/12+(1.5x10-1)x14400(1500/2-50)^2 = 4E+11 mm4

Section modulus, Z = 380,034,000,000/(1,500/2) = 5E+08 mm³
Therefore, direct stress, σco, cal

σco = 529.2x1000/1,687,200) = 0.31 MPa
Bending compressive stress, σc, cal

σc = 802.0x10^6/506,712,000) = 1.58 MPa

Check
fck = 30 Mpa

i) Combined stress= (σco,cal/σco)+(σc,cal/σc)
= 0.31/(1.5x10.0)+1.58/(1.5x7.5) = 0.17

0.17 < 1.0, OK

ii) Condition for tensile stresses to be within limit,
(σc,cal-σco,cal) <= 0.25 x (σc,cal+σco,cal)

= 1.58-0.31 = 1.27 MPa
= 0.25x(1.58+0.310) = 0.47 MPa

1.27 > 0.47 N/mm², Not OK
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(σc,cal-σco,cal) <= 0.75 x 7-day modulus of rupture of concrete
7-day modulus of rupture of concrete = 1.5x0.56xSQRT(fck)

= ROUNDDOWN{1.5x0.56xSQRT(30)} = 4.60 MPa
= 1.58-0.31 = 1.27 MPa
= 0.75x4.60 = 3.45 MPa

1.27 < 3.45 N/mm², OK

iii) Resultant compressive stress= = 1.58+0.31 = 1.89 MPa
= 1.5x10.0 = 15.0 MPa

1.89 < 15.0 N/mm², OK

Thus provide both side of wall layers of steel Giving reinforcement area of = 14400 mm²

Design for Lateral Tie
Diameter of lateral tie should be greater than ФL/4

ФL/4 = 32/4 = 8 mm

Pitch of lateral tie < least lateral dimension of column = 1500 mm

< 12 x dia of smallest longitudinal bar = 12x32 = 384 mm ctc.

Provide Φ 10 @ 300 mm ctc.
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7  Section Check and Rebar Computed for Wall (Column)

13 Outer wall Base - Center span load - Positive BM-Max

1) Force and Design Condition

B H Cover Rebar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1500 75 32 120 1409

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-516.4 463.9 712.3 -545.5 689.9 2993.8

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Permissible compressive stress of concrete M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(712.3x1000x1000)/(1.326x1000)} = 733 mm
733 < d = 1409 mm, OK

Seismic = = SQRT{(2,993.8x1000x1000)/(1.5x1.326x1000)} = 1227 mm
1,227 < d = 1409 mm, OK

Area of reiforcement required, 
Overall depth of member 1500 mm
Effective depth of member: d = 1500-75-1/2x32 = 1409 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = 712.3x1000x1000/(240x0.902x1,409.0) = 2335 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 2,993.8x1000x1000/(240x0.902x1,409.0)/1.5 = 6543 mm2
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Actual area of steel provided:
Used rebar diameter = 32 mm
Area of rebar: Ar Ar = 804.2 mm2

Used rebar spacing: s s = 120 mm
As = B/s x Ar = 1000/120x804.2 = 6702 mm2

At Service 6702 > 2335 mm2, OK
At Seismic 6702 > 6543 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0048=6,702/(1,000x1,409.0)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.48 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 120 mm

Using 32 mm ɸ. 120 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 463.9 kN
Seismic Vue = 689.9 kN
Seismic(S) Vu(e) = 689.9/1.5 = 459.9 kN

Seismic(S) Vu = 459.9 kN
B = 1000 mm
d = 1409.0 mm

Shear Stress τv τv= Vu/Bd = (459.9x1000)/(1000x1,409.0) = 0.326 MPa
Percentage area of tension steel, 100Ast/bd = 0.0048x100 = 0.480 %

Design Axial Force
Seismic(S) Pu = 516.4 kN

fck = 30 MPa
H = 1500 mm

Ag = B x H = 1,000x1,500 = 2E+06 mm2

IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.304 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor d = 1+5P/(Ag x fck)
= 1+(5x516.4x1000)/(1500000x30) = 1.06

1.06 < 1.5, OK
 Not exceeding 1.5
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Design shear strength of concrete, τc = 0.304x1.06 = 0.322 MPa
Seismic(S) tc= 0.322 < 0.326, Not OK

Stirrups required
Permissible Shear Stress in Concrete = 0.304 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
M-30 100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.480 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.480 0.304
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 0.326-0.322 = 0.004 MPa
Vus=(V-τcxbxd) = 0.004x1000x1,409.0/1000 = 5.64 kN

Provide Shear Reinforcement
ØvVs required = 5.64 kN
Dia. of rebar used = 12 mm
Area of rebar = 113.1 mm2

No. of leg = 2 nos.
 fy = 500 MPa

Permissible Direct Comp. stress(σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(5.64x1000) = 4110.90 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1,409.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4*b*s/(0.87*fy)
A vmin = 0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s s = 200 mm
Dia. of Rebar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Av,min Av = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm2, OK

Stirrups Using 12 mm dia. 200 mm space. OK
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5) Check for Walls as Column: Using IRC 21: 2000- 306

The Abutment section will be designed for the Case A and the section adequacy will be checked 
for both the cases. As the moment of inertia of the Abutment along Y-Y axis is greater than 
along X-X axis, the design needs to be done for stresses along the X-X axis only.

At Seismic Condition
Seismic Axial Thrust, Pu at Middle Pu = 516.4 kN

Moment, Mue Mue = 712.3 kN-m
Eccentricity, e e = 712.3/516.4 = 1.38 m

Seismic Axial Thrust, Pu at Middle = 545.5 kN
Moment, Mue Mue = 2993.8 kN-m
Eccentricity, e e = 2,993.8/545.5 = 5.49 m
Length of pier, L L = 9.150 m

Check for Column Type
Effective length of column, le le = 1.2 x L = 9.150 = 10.98 m
Lateral Dimension, D (H) D = 1.50 m
Ratio of effective length to lateral dimension of pier = 10.98/1.50 = 7.32 m

7.32 < 12 m, Short Column

Minimum area of steel = 0.80 %
Maximum area of steel = 6.00 %
Assume percentage area of steel = 0.0048x100x2 = 0.96 %
Gross area of concrete, Ag Ag = 1000/1000x1.50/100 = 1.500 m²
Net area of concrete, Ac Ac = (1-0.960/100)x1.50/100 = 1.486 m²
X-sectional area of steel, As

As = 0.960x1.500x1000x1000/100 = 14400 mm²
Equivalent Area of Concrete = 1.49x10^6+(1.5x10-1)x14400 = 2E+06 mm²
Equivalent Moment of Inertia 

= 1000x1500^3/12+(1.5x10-1)x14400(1500/2-50)^2 = 4E+11 mm4

Section modulus, Z = 380,034,000,000/(1,500/2) = 5E+08 mm³
Therefore, direct stress, σco, cal

σco = 516.4x1000/1,687,200) = 0.30 MPa
Bending compressive stress, σc, cal

σc = 712.3x10^6/506,712,000) = 1.40 MPa

Check
fck = 30 Mpa

i) Combined stress= (σco,cal/σco)+(σc,cal/σc)
= 0.30/(1.5x10.0)+1.40/(1.5x7.5) = 0.15

0.15 < 1.0, OK

ii) Condition for tensile stresses to be within limit,
(σc,cal-σco,cal) <= 0.25 x (σc,cal+σco,cal)

= 1.40-0.30 = 1.10 MPa
= 0.25x(1.40+0.300) = 0.43 MPa

1.10 > 0.43 N/mm², Not OK
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(σc,cal-σco,cal) <= 0.75 x 7-day modulus of rupture of concrete
7-day modulus of rupture of concrete = 1.5x0.56xSQRT(fck)

= ROUNDDOWN{1.5x0.56xSQRT(30)} = 4.60 MPa
= 1.40-0.30 = 1.10 MPa
= 0.75x4.60 = 3.45 MPa

1.10 < 3.45 N/mm², OK

iii) Resultant compressive stress= = 1.40+0.30 = 1.70 MPa
= 1.5x10.0 = 15.0 MPa

1.70 < 15.0 N/mm², OK

Thus provide both side of wall layers of steel Giving reinforcement area of = 14400 mm²

Design for Lateral Tie
Diameter of lateral tie should be greater than ФL/4

ФL/4 = 32/4 = 8 mm

Pitch of lateral tie < least lateral dimension of column = 1500 mm

< 12 x dia of smallest longitudinal bar = 12x32 = 384 mm ctc.

Provide Φ 10 @ 300 mm ctc.
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7  Section Check and Rebar Computed for Wall (Column)

14 Outer wall 2 Base - End span Load  - Positive BM-Max

1) Force and Design Condition

B H Cover Rebar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1500 75 32 120 1409

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-529.6 -459.4 -665.3 -509.7 -233.5 1616.0

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Permissible compressive stress of concrete M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(-665.3x1000x1000)/(1.326x1000)} = 708 mm
708 < d = 1409 mm, OK

Seismic = = SQRT{(1,616.0x1000x1000)/(1.5x1.326x1000)} = 901 mm
901 < d = 1409 mm, OK

Area of reiforcement required, 
Overall depth of member 1500 mm
Effective depth of member: d = 1500-75-1/2x32 = 1409 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = -665.3x1000x1000/(240x0.902x1,409.0) = 2181 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 1,616.0x1000x1000/(240x0.902x1,409.0)/1.5 = 3532 mm2
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Actual area of steel provided:
Used rebar diameter = 32 mm
Area of rebar: Ar Ar = 804.2 mm2

Used rebar spacing: s s = 120 mm
As = B/s x Ar = 1000/120x804.2 = 6702 mm2

At Service 6702 > 2181 mm2, OK
At Seismic 6702 > 3532 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0048=6,702/(1,000x1,409.0)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.48 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 120 mm

Using 32 mm ɸ. 120 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 459.4 kN
Seismic Vue = 233.5 kN
Seismic(S) Vu(e) = 233.5/1.5 = 155.6 kN

Seismic(S) Vu = 155.6 kN
B = 1000 mm
d = 1409.0 mm

Shear Stress τv τv= Vu/Bd = (155.6x1000)/(1000x1,409.0) = 0.110 MPa
Percentage area of tension steel, 100Ast/bd = 0.0048x100 = 0.480 %

Design Axial Force
Seismic(S) Pu = 529.6 kN

fck = 30 MPa
H = 1500 mm

Ag = B x H = 1,000x1,500 = 2E+06 mm2

IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.304 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor d = 1+5P/(Ag x fck)
= 1+(5x529.6x1000)/(1500000x30) = 1.06

1.06 < 1.5, OK
 Not exceeding 1.5
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Design shear strength of concrete, τc = 0.304x1.06 = 0.322 MPa
Seismic(S) tc= 0.322 > 0.110 N/mm2, OK

Not req. stirrup
Permissible Shear Stress in Concrete = 0.304 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
M-30 100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.480 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.480 0.304
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups not required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 0.110-0.322 = -0.212 MPa
Vus=(V-τcxbxd) = -0.212x1000x1,409.0/1000 = -298.71 kN

No Shear Reinf. Req. DISCARD SHEAR CALC. BELOW
ØvVs required = -298.71 kN
Dia. of rebar used = 12 mm
Area of rebar = 113.1 mm2

No. of leg = 2 nos.
 fy = 500 MPa

Permissible Direct Comp. stress(σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(-298.71x1000) = -77.62 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1,409.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4*b*s/(0.87*fy)
A vmin = 0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s s = 200 mm
Dia. of Rebar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Av,min Av = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm2, OK

Stirrups Using 12 mm dia. 200 mm space. OK
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5) Check for Walls as Column: Using IRC 21: 2000- 306

The Abutment section will be designed for the Case A and the section adequacy will be checked 
for both the cases. As the moment of inertia of the Abutment along Y-Y axis is greater than 
along X-X axis, the design needs to be done for stresses along the X-X axis only.

At Seismic Condition
Seismic Axial Thrust, Pu at Middle Pu = 529.6 kN

Moment, Mue Mue = 665.3 kN-m
Eccentricity, e e = 665.3/529.6 = 1.26 m

Seismic Axial Thrust, Pu at Middle = 509.7 kN
Moment, Mue Mue = 1616.0 kN-m
Eccentricity, e e = 1,616.0/509.7 = 3.17 m
Length of pier, L L = 9.150 m

Check for Column Type
Effective length of column, le le = 1.2 x L = 9.150 = 10.98 m
Lateral Dimension, D (H) D = 1.50 m
Ratio of effective length to lateral dimension of pier = 10.98/1.50 = 7.32 m

7.32 < 12 m, Short Column

Minimum area of steel = 0.80 %
Maximum area of steel = 6.00 %
Assume percentage area of steel = 0.0048x100x2 = 0.96 %
Gross area of concrete, Ag Ag = 1000/1000x1.50/100 = 1.500 m²
Net area of concrete, Ac Ac = (1-0.960/100)x1.50/100 = 1.486 m²
X-sectional area of steel, As

As = 0.960x1.500x1000x1000/100 = 14400 mm²
Equivalent Area of Concrete = 1.49x10^6+(1.5x10-1)x14400 = 2E+06 mm²
Equivalent Moment of Inertia 

= 1000x1500^3/12+(1.5x10-1)x14400(1500/2-50)^2 = 4E+11 mm4

Section modulus, Z = 380,034,000,000/(1,500/2) = 5E+08 mm³
Therefore, direct stress, σco, cal

σco = 529.6x1000/1,687,200) = 0.31 MPa
Bending compressive stress, σc, cal

σc = 665.3x10^6/506,712,000) = 1.31 MPa

Check
fck = 30 Mpa

i) Combined stress= (σco,cal/σco)+(σc,cal/σc)
= 0.31/(1.5x10.0)+1.31/(1.5x7.5) = 0.14

0.14 < 1.0, OK

ii) Condition for tensile stresses to be within limit,
(σc,cal-σco,cal) <= 0.25 x (σc,cal+σco,cal)

= 1.31-0.31 = 1.00 MPa
= 0.25x(1.31+0.310) = 0.41 MPa

1.00 > 0.41 N/mm², Not OK
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(σc,cal-σco,cal) <= 0.75 x 7-day modulus of rupture of concrete
7-day modulus of rupture of concrete = 1.5x0.56xSQRT(fck)

= ROUNDDOWN{1.5x0.56xSQRT(30)} = 4.60 MPa
= 1.31-0.31 = 1.00 MPa
= 0.75x4.60 = 3.45 MPa

1.00 < 3.45 N/mm², OK

iii) Resultant compressive stress= = 1.31+0.31 = 1.62 MPa
= 1.5x10.0 = 15.0 MPa

1.62 < 15.0 N/mm², OK

Thus provide both side of wall layers of steel Giving reinforcement area of = 14400 mm²

Design for Lateral Tie
Diameter of lateral tie should be greater than ФL/4

ФL/4 = 32/4 = 8 mm

Pitch of lateral tie < least lateral dimension of column = 1500 mm

< 12 x dia of smallest longitudinal bar = 12x32 = 384 mm ctc.

Provide Φ 10 @ 300 mm ctc.
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7  Section Check and Rebar Computed for Wall (Column)

15 Outer wall 2 Base - End span Load  - Positive BM-Max

1) Force and Design Condition

B H Cover Rebar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1500 75 32 120 1409

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-580.3 -454.2 -609.0 -519.9 -232.4 1627.3

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Permissible compressive stress of concrete M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(-609.0x1000x1000)/(1.326x1000)} = 678 mm
678 < d = 1409 mm, OK

Seismic = = SQRT{(1,627.3x1000x1000)/(1.5x1.326x1000)} = 905 mm
905 < d = 1409 mm, OK

Area of reiforcement required, 
Overall depth of member 1500 mm
Effective depth of member: d = 1500-75-1/2x32 = 1409 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = -609.0x1000x1000/(240x0.902x1,409.0) = 1997 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 1,627.3x1000x1000/(240x0.902x1,409.0)/1.5 = 3557 mm2
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Actual area of steel provided:
Used rebar diameter = 32 mm
Area of rebar: Ar Ar = 804.2 mm2

Used rebar spacing: s s = 120 mm
As = B/s x Ar = 1000/120x804.2 = 6702 mm2

At Service 6702 > 1997 mm2, OK
At Seismic 6702 > 3557 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0048=6,702/(1,000x1,409.0)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.48 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 120 mm

Using 32 mm ɸ. 120 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 454.2 kN
Seismic Vue = 232.4 kN
Seismic(S) Vu(e) = 232.4/1.5 = 154.9 kN

Seismic(S) Vu = 154.9 kN
B = 1000 mm
d = 1409.0 mm

Shear Stress τv τv= Vu/Bd = (154.9x1000)/(1000x1,409.0) = 0.110 MPa
Percentage area of tension steel, 100Ast/bd = 0.0048x100 = 0.480 %

Design Axial Force
Seismic(S) Pu = 580.3 kN

fck = 30 MPa
H = 1500 mm

Ag = B x H = 1,000x1,500 = 2E+06 mm2

IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.304 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor d = 1+5P/(Ag x fck)
= 1+(5x580.3x1000)/(1500000x30) = 1.06

1.06 < 1.5, OK
 Not exceeding 1.5
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Design shear strength of concrete, τc = 0.304x1.06 = 0.322 MPa
Seismic(S) tc= 0.322 > 0.110 N/mm2, OK

Not req. stirrup
Permissible Shear Stress in Concrete = 0.304 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
M-30 100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.480 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.480 0.304
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups not required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 0.110-0.322 = -0.212 MPa
Vus=(V-τcxbxd) = -0.212x1000x1,409.0/1000 = -298.71 kN

No Shear Reinf. Req. DISCARD SHEAR CALC. BELOW
ØvVs required = -298.71 kN
Dia. of rebar used = 12 mm
Area of rebar = 113.1 mm2

No. of leg = 2 nos.
 fy = 500 MPa

Permissible Direct Comp. stress(σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(-298.71x1000) = -77.62 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1,409.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4*b*s/(0.87*fy)
A vmin = 0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s s = 200 mm
Dia. of Rebar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Av,min Av = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm2, OK

Stirrups Using 12 mm dia. 200 mm space. OK
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5) Check for Walls as Column: Using IRC 21: 2000- 306

The Abutment section will be designed for the Case A and the section adequacy will be checked 
for both the cases. As the moment of inertia of the Abutment along Y-Y axis is greater than 
along X-X axis, the design needs to be done for stresses along the X-X axis only.

At Seismic Condition
Seismic Axial Thrust, Pu at Middle Pu = 580.3 kN

Moment, Mue Mue = 609.0 kN-m
Eccentricity, e e = 609.0/580.3 = 1.05 m

Seismic Axial Thrust, Pu at Middle = 519.9 kN
Moment, Mue Mue = 1627.3 kN-m
Eccentricity, e e = 1,627.3/519.9 = 3.13 m
Length of pier, L L = 9.150 m

Check for Column Type
Effective length of column, le le = 1.2 x L = 9.150 = 10.98 m
Lateral Dimension, D (H) D = 1.50 m
Ratio of effective length to lateral dimension of pier = 10.98/1.50 = 7.32 m

7.32 < 12 m, Short Column

Minimum area of steel = 0.80 %
Maximum area of steel = 6.00 %
Assume percentage area of steel = 0.0048x100x2 = 0.96 %
Gross area of concrete, Ag Ag = 1000/1000x1.50/100 = 1.500 m²
Net area of concrete, Ac Ac = (1-0.960/100)x1.50/100 = 1.486 m²
X-sectional area of steel, As

As = 0.960x1.500x1000x1000/100 = 14400 mm²
Equivalent Area of Concrete = 1.49x10^6+(1.5x10-1)x14400 = 2E+06 mm²
Equivalent Moment of Inertia 

= 1000x1500^3/12+(1.5x10-1)x14400(1500/2-50)^2 = 4E+11 mm4

Section modulus, Z = 380,034,000,000/(1,500/2) = 5E+08 mm³
Therefore, direct stress, σco, cal

σco = 580.3x1000/1,687,200) = 0.34 MPa
Bending compressive stress, σc, cal

σc = 609.0x10^6/506,712,000) = 1.20 MPa

Check
fck = 30 Mpa

i) Combined stress= (σco,cal/σco)+(σc,cal/σc)
= 0.34/(1.5x10.0)+1.20/(1.5x7.5) = 0.13

0.13 < 1.0, OK

ii) Condition for tensile stresses to be within limit,
(σc,cal-σco,cal) <= 0.25 x (σc,cal+σco,cal)

= 1.20-0.34 = 0.86 MPa
= 0.25x(1.20+0.340) = 0.39 MPa

0.86 > 0.39 N/mm², Not OK
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(σc,cal-σco,cal) <= 0.75 x 7-day modulus of rupture of concrete
7-day modulus of rupture of concrete = 1.5x0.56xSQRT(fck)

= ROUNDDOWN{1.5x0.56xSQRT(30)} = 4.60 MPa
= 1.20-0.34 = 0.86 MPa
= 0.75x4.60 = 3.45 MPa

0.86 < 3.45 N/mm², OK

iii) Resultant compressive stress= = 1.20+0.34 = 1.54 MPa
= 1.5x10.0 = 15.0 MPa

1.54 < 15.0 N/mm², OK

Thus provide both side of wall layers of steel Giving reinforcement area of = 14400 mm²

Design for Lateral Tie
Diameter of lateral tie should be greater than ФL/4

ФL/4 = 32/4 = 8 mm

Pitch of lateral tie < least lateral dimension of column = 1500 mm

< 12 x dia of smallest longitudinal bar = 12x32 = 384 mm ctc.

Provide Φ 10 @ 300 mm ctc.
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7  Section Check and Rebar Computed for Wall (Column)

16 Outer wall 2 Base - Center span load - Positive BM-Max

1) Force and Design Condition

B H Cover Rebar Space d
Φ ctc.

mm mm mm mm mm mm
1000 1500 75 32 120 1409

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-514.5 -446.8 -530.5 -506.7 -230.9 1643.0

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Permissible compressive stress of concrete M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(-530.5x1000x1000)/(1.326x1000)} = 633 mm
633 < d = 1409 mm, OK

Seismic = = SQRT{(1,643.0x1000x1000)/(1.5x1.326x1000)} = 909 mm
909 < d = 1409 mm, OK

Area of reiforcement required, 
Overall depth of member 1500 mm
Effective depth of member: d = 1500-75-1/2x32 = 1409 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = -530.5x1000x1000/(240x0.902x1,409.0) = 1739 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 1,643.0x1000x1000/(240x0.902x1,409.0)/1.5 = 3591 mm2

107



Actual area of steel provided:
Used rebar diameter = 32 mm
Area of rebar: Ar Ar = 804.2 mm2

Used rebar spacing: s s = 120 mm
As = B/s x Ar = 1000/120x804.2 = 6702 mm2

At Service 6702 > 1739 mm2, OK
At Seismic 6702 > 3591 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0048=6,702/(1,000x1,409.0)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.48 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 120 mm

Using 32 mm ɸ. 120 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 446.8 kN
Seismic Vue = 230.9 kN
Seismic(S) Vu(e) = 230.9/1.5 = 154.0 kN

Seismic(S) Vu = 154.0 kN
B = 1000 mm
d = 1409.0 mm

Shear Stress τv τv= Vu/Bd = (154.0x1000)/(1000x1,409.0) = 0.109 MPa
Percentage area of tension steel, 100Ast/bd = 0.0048x100 = 0.480 %

Design Axial Force
Seismic(S) Pu = 514.5 kN

fck = 30 MPa
H = 1500 mm

Ag = B x H = 1,000x1,500 = 2E+06 mm2

IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.304 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor d = 1+5P/(Ag x fck)
= 1+(5x514.5x1000)/(1500000x30) = 1.06

1.06 < 1.5, OK
 Not exceeding 1.5
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Design shear strength of concrete, τc = 0.304x1.06 = 0.322 MPa
Seismic(S) tc= 0.322 > 0.109 N/mm2, OK

Not req. stirrup
Permissible Shear Stress in Concrete = 0.304 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
M-30 100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.480 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23 0.480 0.304
0.50 0.31
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups not required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 0.109-0.322 = -0.213 MPa
Vus=(V-τcxbxd) = -0.213x1000x1,409.0/1000 = -300.12 kN

No Shear Reinf. Req. DISCARD SHEAR CALC. BELOW
ØvVs required = -300.12 kN
Dia. of rebar used = 12 mm
Area of rebar = 113.1 mm2

No. of leg = 2 nos.
 fy = 500 MPa

Permissible Direct Comp. stress(σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(-300.12x1000) = -77.25 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(1,409.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4*b*s/(0.87*fy)
A vmin = 0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s s = 200 mm
Dia. of Rebar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Av,min Av = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm2, OK

Stirrups Using 12 mm dia. 200 mm space. OK
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5) Check for Walls as Column: Using IRC 21: 2000- 306

The Abutment section will be designed for the Case A and the section adequacy will be checked 
for both the cases. As the moment of inertia of the Abutment along Y-Y axis is greater than 
along X-X axis, the design needs to be done for stresses along the X-X axis only.

At Seismic Condition
Seismic Axial Thrust, Pu at Middle Pu = 514.5 kN

Moment, Mue Mue = 530.5 kN-m
Eccentricity, e e = 530.5/514.5 = 1.03 m

Seismic Axial Thrust, Pu at Middle = 506.7 kN
Moment, Mue Mue = 1643.0 kN-m
Eccentricity, e e = 1,643.0/506.7 = 3.24 m
Length of pier, L L = 9.150 m

Check for Column Type
Effective length of column, le le = 1.2 x L = 9.150 = 10.98 m
Lateral Dimension, D (H) D = 1.50 m
Ratio of effective length to lateral dimension of pier = 10.98/1.50 = 7.32 m

7.32 < 12 m, Short Column

Minimum area of steel = 0.80 %
Maximum area of steel = 6.00 %
Assume percentage area of steel = 0.0048x100x2 = 0.96 %
Gross area of concrete, Ag Ag = 1000/1000x1.50/100 = 1.500 m²
Net area of concrete, Ac Ac = (1-0.960/100)x1.50/100 = 1.486 m²
X-sectional area of steel, As

As = 0.960x1.500x1000x1000/100 = 14400 mm²
Equivalent Area of Concrete = 1.49x10^6+(1.5x10-1)x14400 = 2E+06 mm²
Equivalent Moment of Inertia 

= 1000x1500^3/12+(1.5x10-1)x14400(1500/2-50)^2 = 4E+11 mm4

Section modulus, Z = 380,034,000,000/(1,500/2) = 5E+08 mm³
Therefore, direct stress, σco, cal

σco = 514.5x1000/1,687,200) = 0.30 MPa
Bending compressive stress, σc, cal

σc = 530.5x10^6/506,712,000) = 1.04 MPa

Check
fck = 30 Mpa

i) Combined stress= (σco,cal/σco)+(σc,cal/σc)
= 0.30/(1.5x10.0)+1.04/(1.5x7.5) = 0.12

0.12 < 1.0, OK

ii) Condition for tensile stresses to be within limit,
(σc,cal-σco,cal) <= 0.25 x (σc,cal+σco,cal)

= 1.04-0.30 = 0.74 MPa
= 0.25x(1.04+0.300) = 0.34 MPa

0.74 > 0.34 N/mm², Not OK
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(σc,cal-σco,cal) <= 0.75 x 7-day modulus of rupture of concrete
7-day modulus of rupture of concrete = 1.5x0.56xSQRT(fck)

= ROUNDDOWN{1.5x0.56xSQRT(30)} = 4.60 MPa
= 1.04-0.30 = 0.74 MPa
= 0.75x4.60 = 3.45 MPa

0.74 < 3.45 N/mm², OK

iii) Resultant compressive stress= = 1.04+0.30 = 1.34 MPa
= 1.5x10.0 = 15.0 MPa

1.34 < 15.0 N/mm², OK

Thus provide both side of wall layers of steel Giving reinforcement area of = 14400 mm²

Design for Lateral Tie
Diameter of lateral tie should be greater than ФL/4

ФL/4 = 32/4 = 8 mm

Pitch of lateral tie < least lateral dimension of column = 1500 mm

< 12 x dia of smallest longitudinal bar = 12x32 = 384 mm ctc.

Provide Φ 10 @ 300 mm ctc.
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7  Section Check and Rebar Computed for Wall (Column)

17 Inner wall Base - End span Load  - Positive BM

1) Force and Design Condition

B H Cover Rebar Space d
Φ ctc.

mm mm mm mm mm mm
1000 800 75 25 125 713

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-763.9 7.1 75.5 -655.6 84.1 828.6

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Permissible compressive stress of concrete M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(75.5x1000x1000)/(1.326x1000)} = 239 mm
239 < d = 713 mm, OK

Seismic = = SQRT{(828.6x1000x1000)/(1.5x1.326x1000)} = 645 mm
645 < d = 713 mm, OK

Area of reiforcement required, 
Overall depth of member 800 mm
Effective depth of member: d = 800-75-1/2x25 = 713 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = 75.5x1000x1000/(240x0.902x713.0) = 489 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 828.6x1000x1000/(240x0.902x713.0)/1.5 = 3579 mm2
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Actual area of steel provided:
Used rebar diameter = 25 mm
Area of rebar: Ar Ar = 490.9 mm2

Used rebar spacing: s s = 125 mm
As = B/s x Ar = 1000/125x490.9 = 3927 mm2

At Service 3927 > 489 mm2, OK
At Seismic 3927 > 3579 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0055=3,927/(1,000x713.0)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.55 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 125 mm

Using 25 mm ɸ. 125 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 7.1 kN
Seismic Vue = 84.1 kN
Seismic(S) Vu(e) = 84.1/1.5 = 56.1 kN

Seismic(S) Vu = 56.1 kN
B = 1000 mm
d = 713.0 mm

Shear Stress τv τv= Vu/Bd = (56.1x1000)/(1000x713.0) = 0.079 MPa
Percentage area of tension steel, 100Ast/bd = 0.0055x100 = 0.550 %

Design Axial Force
Seismic(S) Pu = 763.9 kN

fck = 30 MPa
H = 800 mm

Ag = B x H = 1,000x800 = 800000 mm2

IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.322 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor d = 1+5P/(Ag x fck)
= 1+(5x763.9x1000)/(800000x30) = 1.16

1.16 < 1.5, OK
 Not exceeding 1.5
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Design shear strength of concrete, τc = 0.322x1.16 = 0.374 MPa
Seismic(S) tc= 0.374 > 0.079 N/mm2, OK

Not req. stirrup
Permissible Shear Stress in Concrete = 0.322 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
M-30 100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.550 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23
0.50 0.31 0.550 0.322
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups not required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 0.079-0.374 = -0.295 MPa
Vus=(V-τcxbxd) = -0.295x1000x713.0/1000 = -210.34 kN

No Shear Reinf. Req. DISCARD SHEAR CALC. BELOW
ØvVs required = -210.34 kN
Dia. of rebar used = 12 mm
Area of rebar = 113.1 mm2

No. of leg = 2 nos.
 fy = 500 MPa

Permissible Direct Comp. stress(σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(-210.34x1000) = -110.23 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(713.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4*b*s/(0.87*fy)
A vmin = 0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s s = 200 mm
Dia. of Rebar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Av,min Av = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm2, OK

Stirrups Using 12 mm dia. 200 mm space. OK
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5) Check for Walls as Column: Using IRC 21: 2000- 306

The Abutment section will be designed for the Case A and the section adequacy will be checked 
for both the cases. As the moment of inertia of the Abutment along Y-Y axis is greater than 
along X-X axis, the design needs to be done for stresses along the X-X axis only.

At Seismic Condition
Seismic Axial Thrust, Pu at Middle Pu = 763.9 kN

Moment, Mue Mue = 75.5 kN-m
Eccentricity, e e = 75.5/763.9 = 0.10 m

Seismic Axial Thrust, Pu at Middle = 655.6 kN
Moment, Mue Mue = 828.6 kN-m
Eccentricity, e e = 828.6/655.6 = 1.26 m
Length of pier, L L = 9.150 m

Check for Column Type
Effective length of column, le le = 1.2 x L = 9.150 = 10.98 m
Lateral Dimension, D (H) D = 0.80 m
Ratio of effective length to lateral dimension of pier = 10.98/0.80 = 13.73 m

13.73 > 12 m, Long Column

Minimum area of steel = 0.80 %
Maximum area of steel = 6.00 %
Assume percentage area of steel = 0.0055x100x2 = 1.10 %
Gross area of concrete, Ag Ag = 1000/1000x0.80/100 = 0.800 m²
Net area of concrete, Ac Ac = (1-1.100/100)x0.80/100 = 0.791 m²
X-sectional area of steel, As

As = 1.100x0.800x1000x1000/100 = 8800 mm²
Equivalent Area of Concrete = 0.79x10^6+(1.5x10-1)x8800 = 9E+05 mm²
Equivalent Moment of Inertia 

= 1000x800^3/12+(1.5x10-1)x8800(800/2-50)^2 = 6E+10 mm4

Section modulus, Z = 57,758,666,667/(800/2) = 1E+08 mm³
Therefore, direct stress, σco, cal

σco = 763.9x1000/914,400) = 0.83 MPa
Bending compressive stress, σc, cal

σc = 75.5x10^6/144,396,667) = 0.52 MPa

Check
fck = 30 Mpa

i) Combined stress= (σco,cal/σco)+(σc,cal/σc)
= 0.83/(1.5x10.0)+0.52/(1.5x7.5) = 0.11

0.11 < 1.0, OK

ii) Condition for tensile stresses to be within limit,
(σc,cal-σco,cal) <= 0.25 x (σc,cal+σco,cal)

= 0.52-0.83 = -0.31 MPa
= 0.25x(0.52+0.830) = 0.34 MPa

-0.31 < 0.34N/mm2, OK
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(σc,cal-σco,cal) <= 0.75 x 7-day modulus of rupture of concrete
7-day modulus of rupture of concrete = 1.5x0.56xSQRT(fck)

= ROUNDDOWN{1.5x0.56xSQRT(30)} = 4.60 MPa
= 0.52-0.83 = -0.31 MPa
= 0.75x4.60 = 3.45 MPa

-0.31 < 3.45 N/mm², OK

iii) Resultant compressive stress= = 0.52+0.83 = 1.35 MPa
= 1.5x10.0 = 15.0 MPa

1.35 < 15.0 N/mm², OK

Thus provide both side of wall layers of steel Giving reinforcement area of = 8800 mm²

Design for Lateral Tie
Diameter of lateral tie should be greater than ФL/4

ФL/4 = 25/4 = 6.25 mm

Pitch of lateral tie < least lateral dimension of column = 800 mm

< 12 x dia of smallest longitudinal bar = 12x25 = 300 mm ctc.

Provide Φ 10 @ 300 mm ctc.
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7  Section Check and Rebar Computed for Wall (Column)

18 Inner wall Base - End span Load  - Positive BM-Max

1) Force and Design Condition

B H Cover Rebar Space d
Φ ctc.

mm mm mm mm mm mm
1000 800 75 25 125 713

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-685.1 6.9 73.6 -639.9 84.0 828.2

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Permissible compressive stress of concrete M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(73.6x1000x1000)/(1.326x1000)} = 236 mm
236 < d = 713 mm, OK

Seismic = = SQRT{(828.2x1000x1000)/(1.5x1.326x1000)} = 645 mm
645 < d = 713 mm, OK

Area of reiforcement required, 
Overall depth of member 800 mm
Effective depth of member: d = 800-75-1/2x25 = 713 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = 73.6x1000x1000/(240x0.902x713.0) = 477 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 828.2x1000x1000/(240x0.902x713.0)/1.5 = 3577 mm2
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Actual area of steel provided:
Used rebar diameter = 25 mm
Area of rebar: Ar Ar = 490.9 mm2

Used rebar spacing: s s = 125 mm
As = B/s x Ar = 1000/125x490.9 = 3927 mm2

At Service 3927 > 477 mm2, OK
At Seismic 3927 > 3577 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0055=3,927/(1,000x713.0)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.55 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 125 mm

Using 25 mm ɸ. 125 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 6.9 kN
Seismic Vue = 84.0 kN
Seismic(S) Vu(e) = 84/1.5 = 56.0 kN

Seismic(S) Vu = 56.0 kN
B = 1000 mm
d = 713.0 mm

Shear Stress τv τv= Vu/Bd = (56.0x1000)/(1000x713.0) = 0.079 MPa
Percentage area of tension steel, 100Ast/bd = 0.0055x100 = 0.550 %

Design Axial Force
Seismic(S) Pu = 685.1 kN

fck = 30 MPa
H = 800 mm

Ag = B x H = 1,000x800 = 800000 mm2

IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.322 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor d = 1+5P/(Ag x fck)
= 1+(5x685.1x1000)/(800000x30) = 1.14

1.14 < 1.5, OK
 Not exceeding 1.5
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Design shear strength of concrete, τc = 0.322x1.14 = 0.367 MPa
Seismic(S) tc= 0.367 > 0.079 N/mm2, OK

Not req. stirrup
Permissible Shear Stress in Concrete = 0.322 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
M-30 100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.550 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23
0.50 0.31 0.550 0.322
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups not required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 0.079-0.367 = -0.288 MPa
Vus=(V-τcxbxd) = -0.288x1000x713.0/1000 = -205.34 kN

No Shear Reinf. Req. DISCARD SHEAR CALC. BELOW
ØvVs required = -205.34 kN
Dia. of rebar used = 12 mm
Area of rebar = 113.1 mm2

No. of leg = 2 nos.
 fy = 500 MPa

Permissible Direct Comp. stress(σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(-205.34x1000) = -112.91 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(713.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4*b*s/(0.87*fy)
A vmin = 0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s s = 200 mm
Dia. of Rebar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Av,min Av = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm2, OK

Stirrups Using 12 mm dia. 200 mm space. OK
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5) Check for Walls as Column: Using IRC 21: 2000- 306

The Abutment section will be designed for the Case A and the section adequacy will be checked 
for both the cases. As the moment of inertia of the Abutment along Y-Y axis is greater than 
along X-X axis, the design needs to be done for stresses along the X-X axis only.

At Seismic Condition
Seismic Axial Thrust, Pu at Middle Pu = 685.1 kN

Moment, Mue Mue = 73.6 kN-m
Eccentricity, e e = 73.6/685.1 = 0.11 m

Seismic Axial Thrust, Pu at Middle = 639.9 kN
Moment, Mue Mue = 828.2 kN-m
Eccentricity, e e = 828.2/639.9 = 1.29 m
Length of pier, L L = 9.150 m

Check for Column Type
Effective length of column, le le = 1.2 x L = 9.150 = 10.98 m
Lateral Dimension, D (H) D = 0.80 m
Ratio of effective length to lateral dimension of pier = 10.98/0.80 = 13.73 m

13.73 > 12 m, Long Column

Minimum area of steel = 0.80 %
Maximum area of steel = 6.00 %
Assume percentage area of steel = 0.0055x100x2 = 1.10 %
Gross area of concrete, Ag Ag = 1000/1000x0.80/100 = 0.800 m²
Net area of concrete, Ac Ac = (1-1.100/100)x0.80/100 = 0.791 m²
X-sectional area of steel, As

As = 1.100x0.800x1000x1000/100 = 8800 mm²
Equivalent Area of Concrete = 0.79x10^6+(1.5x10-1)x8800 = 9E+05 mm²
Equivalent Moment of Inertia 

= 1000x800^3/12+(1.5x10-1)x8800(800/2-50)^2 = 6E+10 mm4

Section modulus, Z = 57,758,666,667/(800/2) = 1E+08 mm³
Therefore, direct stress, σco, cal

σco = 685.1x1000/914,400) = 0.74 MPa
Bending compressive stress, σc, cal

σc = 73.6x10^6/144,396,667) = 0.50 MPa

Check
fck = 30 Mpa

i) Combined stress= (σco,cal/σco)+(σc,cal/σc)
= 0.74/(1.5x10.0)+0.50/(1.5x7.5) = 0.10

0.10 < 1.0, OK

ii) Condition for tensile stresses to be within limit,
(σc,cal-σco,cal) <= 0.25 x (σc,cal+σco,cal)

= 0.50-0.74 = -0.24 MPa
= 0.25x(0.50+0.740) = 0.31 MPa

-0.24 < 0.31N/mm2, OK
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(σc,cal-σco,cal) <= 0.75 x 7-day modulus of rupture of concrete
7-day modulus of rupture of concrete = 1.5x0.56xSQRT(fck)

= ROUNDDOWN{1.5x0.56xSQRT(30)} = 4.60 MPa
= 0.50-0.74 = -0.24 MPa
= 0.75x4.60 = 3.45 MPa

-0.24 < 3.45 N/mm², OK

iii) Resultant compressive stress= = 0.50+0.74 = 1.24 MPa
= 1.5x10.0 = 15.0 MPa

1.24 < 15.0 N/mm², OK

Thus provide both side of wall layers of steel Giving reinforcement area of = 8800 mm²

Design for Lateral Tie
Diameter of lateral tie should be greater than ФL/4

ФL/4 = 25/4 = 6.25 mm

Pitch of lateral tie < least lateral dimension of column = 800 mm

< 12 x dia of smallest longitudinal bar = 12x25 = 300 mm ctc.

Provide Φ 10 @ 300 mm ctc.
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7  Section Check and Rebar Computed for Wall (Column)

19 Inner wall Base - Center span load - Positive BM

1) Force and Design Condition

B H Cover Rebar Space d
Φ ctc.

mm mm mm mm mm mm
1000 800 75 25 125 713

Service Load Condition Seismic Condition
Pu (A) Vu (V2) Mu Pu (A) Vue Mue

kN kN  kN-m kN kN  kN-m
-777.1 6.2 66.0 -658.3 83.9 826.7

Section Specification and Design Assumption
Reinforcing Bar Grade Fe500

Permissible flexural tensile stress  fy  = 500 MPa
Permissible flexural tensile stress σst = 240 MPa
Permissible direct compressive stress σso = 205 MPa

Permissible compressive stress of concrete M-30
Permissible compressive stress fck = 30.0 MPa
Permissible direct compressive stress σco = 7.5 MPa
Permissible flexural compressive stress σc = 10.0 MPa
Basic permissible tensile stress σt = 0.67 MPa
Maximum permissible shear stress τmax = 2.2 MPa

Design of Data
Modular ratio m = 10
Neutral axis depth factor, n = (mσc)/( mσc+σst)

n = 10 x 10 / (10 x 10 + 240) = 0.294
Lever arm factor  j = (1-n/3) = = 1 - 0.294 / 3 = 0.902
Moment of resistance coefficient

R = ½ x n x j x σc
= 1/2 x 0.294 x 0.902 x 10 = 1.326 MPa

2) Check for Bending (by single reinforcement method)
Depth of section required = SQRT{M/(RxB)}

Service = = SQRT{(66.0x1000x1000)/(1.326x1000)} = 223 mm
223 < d = 713 mm, OK

Seismic = = SQRT{(826.7x1000x1000)/(1.5x1.326x1000)} = 645 mm
645 < d = 713 mm, OK

Area of reiforcement required, 
Overall depth of member 800 mm
Effective depth of member: d = 800-75-1/2x25 = 713 mm
Service: Area of tension reinforcement req. = Mu/(σst x j x d)

Seismic = 66.0x1000x1000/(240x0.902x713.0) = 428 mm2

Seismic: Area of tension reinforcement req. = Mue/(σst x j x d)/1.5
Seismic = 826.7x1000x1000/(240x0.902x713.0)/1.5 = 3571 mm2
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Actual area of steel provided:
Used rebar diameter = 25 mm
Area of rebar: Ar Ar = 490.9 mm2

Used rebar spacing: s s = 125 mm
As = B/s x Ar = 1000/125x490.9 = 3927 mm2

At Service 3927 > 428 mm2, OK
At Seismic 3927 > 3571 mm2, OK

3) Check for Reinforcement Ratio: IRC 21: 2000 - 305.19
ρmin = 0.12% of bt x d
ρmin = 0.0012
ρmax = 4% of bt x d
ρmax = 0.0400
ρuse = 0.0055=3,927/(1,000x713.0)

GOOD for Minimum Ratio, OK
GOOD for Maximum Ratio, OK

IRC 21: 2000 - 303.4 0.12 < 0.55 < 4.0 %, OK
smax = 150 mm
Provided Spacing, S provided = 125 mm

Using 25 mm ɸ. 125 mm max. center to center spacing OK

4) Check For Shear: Using IRC 21: 2000 IRC 21: 2000 - 304.7
Design Shear Force

Static Vu = 6.2 kN
Seismic Vue = 83.9 kN
Seismic(S) Vu(e) = 83.9/1.5 = 55.9 kN

Seismic(S) Vu = 55.9 kN
B = 1000 mm
d = 713.0 mm

Shear Stress τv τv= Vu/Bd = (55.9x1000)/(1000x713.0) = 0.078 MPa
Percentage area of tension steel, 100Ast/bd = 0.0055x100 = 0.550 %

Design Axial Force
Seismic(S) Pu = 777.1 kN

fck = 30 MPa
H = 800 mm

Ag = B x H = 1,000x800 = 800000 mm2

IRC 21: 2000 - 304.7.1.3.3

Permissible Shear Stress in Concrete = 0.322 MPa
IRC 21: 2000 - Table 12B

Shear strength increment factor d = 1+5P/(Ag x fck)
= 1+(5x777.1x1000)/(800000x30) = 1.16

1.16 < 1.5, OK
 Not exceeding 1.5
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Design shear strength of concrete, τc = 0.322x1.16 = 0.374 MPa
Seismic(S) tc= 0.374 > 0.078 N/mm2, OK

Not req. stirrup
Permissible Shear Stress in Concrete = 0.322 MPa

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
M-30 100Ast/bd M-30 Tension Steel Design shear

(1) (4) 0.550 Strength of Con.

% N/mm²
0.15 0.20
0.25 0.23
0.50 0.31 0.550 0.322
0.75 0.37
1.00 0.41
1.25 0.45

Thus Shear stirrups not required. IRC 21: 2000 - 304.7.1.4
Minimum τv = 0.078-0.374 = -0.296 MPa
Vus=(V-τcxbxd) = -0.296x1000x713.0/1000 = -211.05 kN

No Shear Reinf. Req. DISCARD SHEAR CALC. BELOW
ØvVs required = -211.05 kN
Dia. of rebar used = 12 mm
Area of rebar = 113.1 mm2

No. of leg = 2 nos.
 fy = 500 MPa

Permissible Direct Comp. stress(σco) σco = 205 MPa
Spacing Required =113.1x2x500x205/(-211.05x1000) = -109.86 mm
Used Spacing, s s = 200 mm

IRC 21: 2000- 304.7.1.6
smax = Min(d/2, 300mm) Max. stirrup space. Allowed 

IRC 21: 2000- 304.7.1.5
smax = = MIN(713.0/2, 300) = 300 mm

OK, Stirrup spacing less than maximum allowed

Actual Vs Vs = (113.1x2x205x1000/200)/1000 = 231.9 kN
fy≤ 415 MPa

Avmin = 0.4*b*s/(0.87*fy)
A vmin = 0.4x1000x200/(0.87x415) = 221.6 mm2

Av provided = 2x113.1 = 226.2 mm2

GOOD, Stirrups OK for Minimum Requirement

Used Spacing, s s = 200 mm
Dia. of Rebar Used = 12 mm
Area of Bar = 113.1 mm2

No. of Leg = 2 nos.
Av,min Av = 221.6 mm2

Av, provided = 2x113.1 = 226.2 mm2

226.2 > 221.6 mm2, OK

Stirrups Using 12 mm dia. 200 mm space. OK
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5) Check for Walls as Column: Using IRC 21: 2000- 306

The Abutment section will be designed for the Case A and the section adequacy will be checked 
for both the cases. As the moment of inertia of the Abutment along Y-Y axis is greater than 
along X-X axis, the design needs to be done for stresses along the X-X axis only.

At Seismic Condition
Seismic Axial Thrust, Pu at Middle Pu = 777.1 kN

Moment, Mue Mue = 66.0 kN-m
Eccentricity, e e = 66.0/777.1 = 0.08 m

Seismic Axial Thrust, Pu at Middle = 658.3 kN
Moment, Mue Mue = 826.7 kN-m
Eccentricity, e e = 826.7/658.3 = 1.26 m
Length of pier, L L = 9.150 m

Check for Column Type
Effective length of column, le le = 1.2 x L = 9.150 = 10.98 m
Lateral Dimension, D (H) D = 0.80 m
Ratio of effective length to lateral dimension of pier = 10.98/0.80 = 13.73 m

13.73 > 12 m, Long Column

Minimum area of steel = 0.80 %
Maximum area of steel = 6.00 %
Assume percentage area of steel = 0.0055x100x2 = 1.10 %
Gross area of concrete, Ag Ag = 1000/1000x0.80/100 = 0.800 m²
Net area of concrete, Ac Ac = (1-1.100/100)x0.80/100 = 0.791 m²
X-sectional area of steel, As

As = 1.100x0.800x1000x1000/100 = 8800 mm²
Equivalent Area of Concrete = 0.79x10^6+(1.5x10-1)x8800 = 9E+05 mm²
Equivalent Moment of Inertia 

= 1000x800^3/12+(1.5x10-1)x8800(800/2-50)^2 = 6E+10 mm4

Section modulus, Z = 57,758,666,667/(800/2) = 1E+08 mm³
Therefore, direct stress, σco, cal

σco = 777.1x1000/914,400) = 0.84 MPa
Bending compressive stress, σc, cal

σc = 66.0x10^6/144,396,667) = 0.45 MPa

Check
fck = 30 Mpa

i) Combined stress= (σco,cal/σco)+(σc,cal/σc)
= 0.84/(1.5x10.0)+0.45/(1.5x7.5) = 0.10

0.10 < 1.0, OK

ii) Condition for tensile stresses to be within limit,
(σc,cal-σco,cal) <= 0.25 x (σc,cal+σco,cal)

= 0.45-0.84 = -0.39 MPa
= 0.25x(0.45+0.840) = 0.32 MPa

-0.39 < 0.32N/mm2, OK
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(σc,cal-σco,cal) <= 0.75 x 7-day modulus of rupture of concrete
7-day modulus of rupture of concrete = 1.5x0.56xSQRT(fck)

= ROUNDDOWN{1.5x0.56xSQRT(30)} = 4.60 MPa
= 0.45-0.84 = -0.39 MPa
= 0.75x4.60 = 3.45 MPa

-0.39 < 3.45 N/mm², OK

iii) Resultant compressive stress= = 0.45+0.84 = 1.29 MPa
= 1.5x10.0 = 15.0 MPa

1.29 < 15.0 N/mm², OK

Thus provide both side of wall layers of steel Giving reinforcement area of = 8800 mm²

Design for Lateral Tie
Diameter of lateral tie should be greater than ФL/4

ФL/4 = 25/4 = 6.25 mm

Pitch of lateral tie < least lateral dimension of column = 800 mm

< 12 x dia of smallest longitudinal bar = 12x25 = 300 mm ctc.

Provide Φ 10 @ 300 mm ctc.
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8  Summary of Section Check and Rebar Computed 

1) Section Check and Reinforcement Computed (IRC)
Check Check for Bending Moment Check for Shear Strength of Concrete

Location Main Rebar at Service (I) at Seismic (IV) at Service (I or IV) by Shear Strength Stirrups Stirrup

Arrangement Stress Ratio Stress Ratio Stress Ratio Stress Arrangement

1 Top slab at Center/Carriageway - End span Load  - Positive B-Max Φ 25 mm - ctc. 125 mm 3927 > 2137 mm2, OK 54% 3927 > 1103 mm2, OK 28% 0.12 < 0.39 < 4.0 %, OK 10% tc = 0.281 > 0.255 N/mm2, OK Not Req. Stirrup Φ 12 mm - ctc. 200 mm

2 Top slab at Center/Footpath - End span Load  - Positive B-Max Φ 25 mm - ctc. 125 mm 3927 > 2592 mm2, OK 66% 3927 > 1728 mm2, OK 44% 0.12 < 0.39 < 4.0 %, OK 10% tc = 0.281 > 0.136 N/mm2, OK Not Req. Stirrup Φ 12 mm - ctc. 200 mm

3 Top slab at Inwall/Carriageway - End span Load  - Negative B-Max Φ 25 mm - ctc. 115 mm 4269 > 3630 mm2, OK 85% 4269 > 2693 mm2, OK 63% 0.12 < 0.42 < 4.0 %, OK 11% t c= 0.293 < 7.482, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

4 Top slab at Inwall/Footpath - Center span load - Negative B&Shear-
Max Φ 25 mm - ctc. 115 mm 4269 > 4140 mm2, OK 97% 4269 > 2924 mm2, OK 68% 0.12 < 0.42 < 4.0 %, OK 11% t c= 0.293 < 6.448, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

5 Bottom slab at Outwall - End span load - Negative B-Max Φ 32 mm - ctc. 125 mm 6434 > 3315 mm2, OK 52% 6434 > 6286 mm2, OK 98% 0.12 < 0.43 < 4.0 %, OK 11% t c= 0.302 < 10.112, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

6 Bottom slab at Side span center - End span load - Positive B-Max Φ 32 mm - ctc. 125 mm 6434 > 2315 mm2, OK 36% 6434 > 5385 mm2, OK 84% 0.12 < 0.43 < 4.0 %, OK 11% t c= 0.302 < 8.745, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

7 Bottom slab at Side span center - End span load - Shear Max Φ 32 mm - ctc. 125 mm 6434 > 332 mm2, OK 5% 6434 > 3413 mm2, OK 53% 0.12 < 0.43 < 4.0 %, OK 11% t c= 0.302 < 10.518, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

8 Bottom slab at Inwall - End span load - Negative B-Max Φ 32 mm - ctc. 125 mm 6434 > 3286 mm2, OK 51% 6434 > 3045 mm2, OK 47% 0.12 < 0.43 < 4.0 %, OK 11% t c= 0.302 < 9.773, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

9 Bottom slab at center - End span Load - Positive B-Max Φ 32 mm - ctc. 125 mm 6434 > 2311 mm2, OK 36% 6434 > 1287 mm2, OK 20% 0.12 < 0.43 < 4.0 %, OK 11% tc = 0.302 > 0.258 N/mm2, OK Not Req. Stirrup Φ 12 mm - ctc. 200 mm

10 Bottom slab at Inwall2 - End span load - Negative B-Max Φ 32 mm - ctc. 125 mm 6434 > 3117 mm2, OK 48% 6434 > 2029 mm2, OK 32% 0.12 < 0.43 < 4.0 %, OK 11% t c= 0.302 < 9.724, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

11 Outer wall Base - End span Load  - Positive B-Max Φ 32 mm - ctc. 120 mm 6702 > 2667 mm2, OK 40% 6702 > 6588 mm2, OK 98% 0.12 < 0.48 < 4.0 %, OK 12% t c= 0.325 < 13.976, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

12 Outer wall Base - End span Load  - Positive B-Max Φ 32 mm - ctc. 120 mm 6702 > 2629 mm2, OK 39% 6702 > 6583 mm2, OK 98% 0.12 < 0.48 < 4.0 %, OK 12% t c= 0.322 < 13.970, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

13 Outer wall Base - Center span load - Positive B-Max Φ 32 mm - ctc. 120 mm 6702 > 2335 mm2, OK 35% 6702 > 6543 mm2, OK 98% 0.12 < 0.48 < 4.0 %, OK 12% t c= 0.322 < 13.936, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

14 Outer wall 2 Base - End span Load  - Positive B-Max Φ 32 mm - ctc. 120 mm 6702 > 2181 mm2, OK 33% 6702 > 3532 mm2, OK 53% 0.12 < 0.48 < 4.0 %, OK 12% t c= 0.322 < 4.715, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

15 Outer wall 2 Base - End span Load  - Positive B-Max Φ 32 mm - ctc. 120 mm 6702 > 1997 mm2, OK 30% 6702 > 3557 mm2, OK 53% 0.12 < 0.48 < 4.0 %, OK 12% t c= 0.322 < 4.694, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

16 Outer wall 2 Base - Center span load - Positive B-Max Φ 32 mm - ctc. 120 mm 6702 > 1739 mm2, OK 26% 6702 > 3591 mm2, OK 54% 0.12 < 0.48 < 4.0 %, OK 12% t c= 0.322 < 4.667, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

17 Inner wall Base - End span Load  - Positive B Φ 25 mm - ctc. 125 mm 3927 > 489 mm2, OK 12% 3927 > 3579 mm2, OK 91% 0.12 < 0.55 < 4.0 %, OK 14% t c= 0.374 < 1.700, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

18 Inner wall Base - End span Load  - Positive B-Max Φ 25 mm - ctc. 125 mm 3927 > 477 mm2, OK 12% 3927 > 3577 mm2, OK 91% 0.12 < 0.55 < 4.0 %, OK 14% t c= 0.367 < 1.697, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

19 Inner wall Base - Center span load - Positive B Φ 25 mm - ctc. 125 mm 3927 > 428 mm2, OK 11% 3927 > 3571 mm2, OK 91% 0.12 < 0.55 < 4.0 %, OK 14% t c= 0.374 < 1.694, Not OK Stirrups required Φ 12 mm - ctc. 200 mm

2) Check for Column (IRC 21: 2000- 306)
Check Type of Member Check For Column: Using IRC 21: 2000- 306

Location Combined Stress Condition for tensile stresses
to be within limit,

7-day modulus of rupture of
concrete Resultant compressive stress

Stress Ratio Stress Stress Ratio Stress Ratio

11 Outer wall Base - End span Load  - Positive B-Max Column 0.17 < 1.0, OK 17% 1.25 > 0.49 N/mm², Not OK 1.25 < 3.45 N/mm², OK 36% 1.95 < 15.0 N/mm², OK 13%

12 Outer wall Base - End span Load  - Positive B-Max Column 0.17 < 1.0, OK 17% 1.27 > 0.47 N/mm², Not OK 1.27 < 3.45 N/mm², OK 37% 1.89 < 15.0 N/mm², OK 13%

13 Outer wall Base - Center span load - Positive B-Max Column 0.15 < 1.0, OK 15% 1.10 > 0.43 N/mm², Not OK 1.10 < 3.45 N/mm², OK 32% 1.70 < 15.0 N/mm², OK 11%

14 Outer wall 2 Base - End span Load  - Positive B-Max Column 0.14 < 1.0, OK 14% 1.00 > 0.41 N/mm², Not OK 1.00 < 3.45 N/mm², OK 29% 1.62 < 15.0 N/mm², OK 11%

15 Outer wall 2 Base - End span Load  - Positive B-Max Column 0.13 < 1.0, OK 13% 0.86 > 0.39 N/mm², Not OK 0.86 < 3.45 N/mm², OK 25% 1.54 < 15.0 N/mm², OK 10%

16 Outer wall 2 Base - Center span load - Positive B-Max Column 0.12 < 1.0, OK 12% 0.74 > 0.34 N/mm², Not OK 0.74 < 3.45 N/mm², OK 21% 1.34 < 15.0 N/mm², OK 9%

17 Inner wall Base - End span Load  - Positive B Column 0.11 < 1.0, OK 11% -0.31 < 0.34N/mm2, OK -0.31 < 3.45 N/mm², OK -9% 1.35 < 15.0 N/mm², OK 9%

18 Inner wall Base - End span Load  - Positive B-Max Column 0.1 < 1.0, OK 10% -0.24 < 0.31N/mm2, OK -0.24 < 3.45 N/mm², OK -7% 1.24 < 15.0 N/mm², OK 8%

19 Inner wall Base - Center span load - Positive B Column 0.1 < 1.0, OK 10% -0.39 < 0.32N/mm2, OK -0.39 < 3.45 N/mm², OK -11% 1.29 < 15.0 N/mm², OK 9%
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9  Horizontal Rebar Check

9-1. Distribution Reinforcement check in Top and Bottom Slab:
IRC 21: 305.18 — Distribution Reinforcement in Slab

- Reinforcement for shrinkage and temperature stresses normal to flexural reinforcement shall
be provided in structural slabs where the flexural reinforcement extends in one direction only.
- Area of shrinkage and temperature reinforcement shall provide at least the following ratios
of reinforcement area to gross concrete area,

but not less than 0.0012:
(a) Distribution reinforcement to resist moment for 0.3 times live load and 
0.2 times Dead Load......... Case a
(b) = 0.0012 Case b

1) Top Slab
Minimum Distrib reinforce = 0.0012
Assume unit width, B B = 1000 mm
Thickness of slab = 1100 mm
Area of reiforcement required Asreq. =0.0012x1000x1100 = 1320 mm2

This area of steel is equally distributed on each face of the slab, so each face (either top
or bottom) will have to have half of the above 
required steel area. i.e = 660 mm2

Used re-bar Diameter = 12 mm
Used re-bar Area = 113.1 mm2

Used spacing, sused = 150 mm
Actual area of Steel Asact. = 753.98 mm2

Area of steel OK, CHECK THE ALLOWABLE SPACING

- Shrinkage and temperature reinforcement shall be spaced not farther apart than five times 
the slab thickness, nor farther apart than 450 mm.

5 times slab thickness = = 5500 mm
Maximum Allowable spacing  = = 450 mm
OK, SPACING PROVIDED IS GREATER THAN ALLOWABLE SPACING

FINAL DISTRIBUTION REINFORCING IN TOP SLAB:
Using 12 mm diameter @ of 150 mm max. spacing OK

2) Bottom Slab
Minimum Distrib reinforce = 0.0012
Assume unit width, B B = 1000 mm
Thickness of slab = 1600 mm
Area of reiforcement required Asreq. =0.0012x1000x1600 = 1920 mm2

This area of steel is equally distributed on each face of the slab, so each face (either top
or bottom) will have to have half of the above 

required steel area. i.e = 960 mm2

Used re-bar Diameter = 16 mm
Used re-bar Area = 201.06 mm2

Used spacing, sused = 175 mm
Actual area of Steel Asact. = 1148.9 mm2

 Area of steel OK, CHECK THE ALLOWABLE SPACING

- Shrinkage and temperature reinforcement shall be spaced not farther apart than five times 
the slab thickness, nor farther apart than 450 mm.

5 times slab thickness = 8000 mm
Maximum Allowable spacing = 450 mm
OK, SPACING PROVIDED IS GREATER THAN ALLOWABLE SPACING
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9  Horizontal Rebar Check

9-1. Distribution Reinforcement check in Top and Bottom Slab:
IRC 21: 305.18 — Distribution Reinforcement in Slab

- Reinforcement for shrinkage and temperature stresses normal to flexural reinforcement shall
be provided in structural slabs where the flexural reinforcement extends in one direction only.
- Area of shrinkage and temperature reinforcement shall provide at least the following ratios
of reinforcement area to gross concrete area,

but not less than 0.0012:
(a) Distribution reinforcement to resist moment for 0.3 times live load and 
0.2 times Dead Load......... Case a
(b) = 0.0012 Case b

1) Top Slab
Minimum Distrib reinforce = 0.0012
Assume unit width, B B = 1000 mm
Thickness of slab = 1100 mm
Area of reiforcement required Asreq. =0.0012x1000x1100 = 1320 mm2

This area of steel is equally distributed on each face of the slab, so each face (either top
or bottom) will have to have half of the above 
required steel area. i.e = 660 mm2

Used re-bar Diameter = 12 mm
Used re-bar Area = 113.1 mm2

Used spacing, sused = 150 mm
Actual area of Steel Asact. = 753.98 mm2

Area of steel OK, CHECK THE ALLOWABLE SPACING

- Shrinkage and temperature reinforcement shall be spaced not farther apart than five times 
the slab thickness, nor farther apart than 450 mm.

5 times slab thickness = = 5500 mm
Maximum Allowable spacing  = = 450 mm
OK, SPACING PROVIDED IS GREATER THAN ALLOWABLE SPACING

FINAL DISTRIBUTION REINFORCING IN TOP SLAB:
Using 12 mm diameter @ of 150 mm max. spacing OK

2) Bottom Slab
Minimum Distrib reinforce = 0.0012
Assume unit width, B B = 1000 mm
Thickness of slab = 1600 mm
Area of reiforcement required Asreq. =0.0012x1000x1600 = 1920 mm2

This area of steel is equally distributed on each face of the slab, so each face (either top
or bottom) will have to have half of the above 

required steel area. i.e = 960 mm2

Used re-bar Diameter = 16 mm
Used re-bar Area = 201.06 mm2

Used spacing, sused = 175 mm
Actual area of Steel Asact. = 1148.9 mm2

 Area of steel OK, CHECK THE ALLOWABLE SPACING

- Shrinkage and temperature reinforcement shall be spaced not farther apart than five times 
the slab thickness, nor farther apart than 450 mm.

5 times slab thickness = 8000 mm
Maximum Allowable spacing = 450 mm
OK, SPACING PROVIDED IS GREATER THAN ALLOWABLE SPACING

128



FINAL DISTRIBUTION REINFORCING IN BOTTOM SLAB:
Using 16 mm diameter @ of 175 mm max. spacing OK

3) Outer Walls
Minimum Distrib reinforce = = 0.0012
Assume unit width, B = = 1000 mm
Thickness of Wall = = 1500 mm
Area of reiforcement required Asreq. = = 0.0012x1000x1500 = 1800 mm2

- This area of steel is equally distributed on each face of the walls, so each face will have 
to have half of the above.
required steel area. i.e = 900 mm2

Used re-bar Diameter = 16 mm
Used re-bar Area = 201.06 mm2

Used spacing, sused = 175 mm
Actual area of Steel Asact. = 1148.9 mm2

 Area of steel OK, CHECK THE ALLOWABLE SPACING

- Vertical & horizontal reinforcement shall be spaced not farther apart than three times
the wall thickness, nor farther apart than 450 mm.

3 times wall thickness = 4500 mm
Maximum Allowable spacing = 450 mm
OK, SPACING PROVIDED IS GREATER THAN ALLOWABLE SPACING

FINAL DISTRIBUTION REINFORCING IN WALLS:
Using 16 mm diameter @ of 175 mm max. spacing OK

4) Inner Walls
Minimum Distrib reinforce = 0.0012
Assume unit width, B B = 1000 mm
Thickness of Wall = 800 mm
Area of reiforcement required Asreq. = 0.0012x1000x800 = 960 mm2

- This area of steel is equally distributed on each face of the walls, so each face will have to 
have half of the above 
required steel area. i.e = 480 mm2

Used re-bar Diameter = 16 mm
Used re-bar Area = 201.06 mm2

Used spacing, sused = 200 mm
Actual area of Steel Asact. = 1005.3 mm2

 Area of steel OK, CHECK THE ALLOWABLE SPACING
- Vertical & horizontal reinforcement shall be spaced not farther apart than three times
the wall thickness, nor farther apart than 450 mm.

3 times wall thickness = 2400 mm
Maximum Allowable spacing = 450 mm
OK, SPACING PROVIDED IS GREATER THAN ALLOWABLE SPACING

FINAL DISTRIBUTION REINFORCING IN WALLS:
Using 16 mm diameter @ of 200 mm max. spacing OK
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10  Return Walls

Return wall will be monolithic with backwall. They are joined together as shown. The load acting on the wing
walls would be earth pressure and is designed to withstand a live load equivalent to surcharge of 1.2 m height
of earth fill according to IRC: 78-2000.

b1: cantilever length of return wall = 2.520 m
h1: base of return wall height = 5.480 m
h2: tip of return wall height = 1.000 m
t: thickness of return wall = 0.400 m

Average value of earth pressure =  1/2γs×(h1/2+h2/2+1.2)²×tan²(45-Ф/2)
= 1/2x19.0x(5.480/2+1/2+1.2)^2x(tan(45-35/2))^2 = 50.8 kN

Acting at a distance from wing wall bottom = 0.5x(5.480+1.000)/2 = 1.62 m
Moment due to earth pressure = {50.8x(2.520-0.600)^2}/2 = 93.6 kN-m/m

Depth required = SQRT{93.6x1000x1000/(1.326x(0.5x(5.48+1.0))x1000)} = 148 mm
Effective depth provided = 0.400x1000-50-16/2 = 342 mm

Thus, provide Φ 16 mm - ctc spacing of 150 mm
Giving reinforcement area of = (πx16^2/4)x0.5x(5.48+1.0)x(1000/150) = 4343 mm²
Area of reiforcement required = 93.6x1000x1000/(240x0.902x342) = 1264 mm²
Return Wall 4343 > 1264 mm², OK

Return Wall: area of main steel required Φ 16 mm - ctc spacing of 150 mm

Return wing wall: Distribution Reinforcement

Required area of distribution reinforcement = 0.12 % of Area
And, as distribution bar, provide Φ 10 mm - ctc spacing of 200 mm
Giving reinforcement area of = (πx10^2/4)x(1000/200-1) = 314 mm²

Area of distribution reinforcement req. = (0.400x1000x1000x0.12/100)/2 = 240 mm²
Return Wall for Distribution bar 314 > 240 mm², OK

Return Wall: area of dist. steel required Φ 10 mm - ctc spacing of 200 mm
in the fillet joint, provide Φ 12 mm - ctc spacing of 200 mm

The wing wall would be properly anchored to the abutment, backwall and abutment cap.

11  Approach Slab

IRC: 6-2016 214.2
Reinforced concrete approach slab with 12 mm dia. 150 mm ctc in each direction both at top and bottom 
as reinforcement in M-30 grade concrete covering the entire width of the roadway, with one end resting 
on the structure designed to resting on the structure designed to retain earth and extending for a length of 
not less than 3.5 m into the approach shall be provided
The approach slab is resting over the abutment and the other end supported by the soil underneath. 
It should be designed on the basis of elastic base theory, which is complicated. Hence the dimensions and
reinforcement is provided as per the standard design practice.
Length of slab = 3.500 m Width of slab = 7.500 m
thickness of slab = 0.300 m Self weight /m width = 0.300x25.0 = 7.5 kN/m2

Weight of pavement = 0.075x22.0 = 1.7 kN/m2

Total udl = 9.2 kN/m2

Max moment in longitudinal Direction due to Self Load
= 9.2x(3.5-0.25x2)^2/8 = 10.4 kN-m/m
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Maximum Bogie Live Load = = 20 t
= 200 kN

Max. Bogie Load

Max moment in longitudinal Direction due to Bogie Load of 200 kN
= {200x(3.5-0.25x2)/2-200x1.22/2}/7.5 = 23.7 kN-m/m

= 10.4+23.7 = 34.1 kN-m/m
Effective depth provided (length-covering-half of re-bar) = 300-50-12/2 = 244 mm
Effective depth of slab required = SQRT{M/(Rxb)}

= SQRT{34.1x1000x1000/(1.326x1000)} = 160 mm
Approach slab: Effective depth of re-bar 160 < 244 mm, OK

Thus, provide Φ 12 mm - ctc spacing of 150 mm

Giving reinforcement area of = (πx12^2/4)x(1000/150) = 792 mm²
Area of reiforcement required = 34.1x1000x1000/(240x0.902x244) = 646 mm²
Approach slab: Area of reiforcement required 792 > 646 mm², OK

Thus, provide Φ 12 mm - ctc spacing of 150 mm

Maximum moment transverse direction IRC: 21-305.18
= 0.2x10.4+0.3x23.7 = 9.2 kN-m/m

Effective depth of approach slab required = SQRT{M/(Rxb)}
= SQRT{9.2x1000x1000/(1.326x1000)} = 83 mm

Effective depth provided = 244-12 = 232 mm
Permissible Flexural Tensile stress (σst) = 240 MPa

j = 0.902
Area of reiforcement required = 9.2x1000x1000/(240x0.902x232) = 183 mm²

Thus, provide Φ 12 mm - ctc spacing of 150 mm
Giving an Steel Area of = (πx12^2/4)x(1000/150) = 792 mm²
And, as distribution bar, provide Φ 12 mm - ctc spacing of 150 mm

Maximum shear force = 9.2x3.5/2+200/7.5 = 42.8 kN/m
Shear stress = 42.8x1000/(232x1000) = 0.184 MPa
Percentage area of steel = 100x792/(232x1000) = 0.341 %

Permissible Shear Stress in Concrete IRC: 21-2000 Clause 304.7.1.3.3. Table 12B
M-30 Area of steel shear stgh.

100AS/bd MPa
0.15 0.20
0.25 0.23
0.50 0.31
0.75 0.37

0.341 0.259

Permissible shear strength of concrete = 0.259 MPa

Approach slab: Shear stress of concrete 0.184 < 0.259 MPa, OK
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12  Reinforcement Arrangement

20 20

on footpath (Side) Approach Slab
Φ 25 mm - ctc. 115 mm Φ 12 mm - ctc. 150 mm

Retune Walls on carrigeway (Mid)
Φ 16 mm - ctc. 150 mm Φ 25 mm - ctc. 125 mm

on footpath (Side) on footpath (Side)
Φ 25 mm - ctc. 115 mm Φ 25 mm - ctc. 115 mm

on carrigeway (Mid) on carrigeway (Mid)
Φ 25 mm - ctc. 125 mm Φ 25 mm - ctc. 125 mm

Φ 25 mm - ctc. 125 mm Φ 25 mm - ctc. 125 mm
Φ 32 mm - ctc. 120 mm Φ 32 mm - ctc. 120 mm

Haunch 500 x 500 Φ 32 mm - ctc. 125 mm

Φ 32 mm - ctc. 125 mm Φ 32 mm - ctc. 125 mm

400 400

Tension side Re-bar (Main bar)
Compression side Re-bar

2220 40840
280 400 40800

44200

400
300 400 40000 400

9300

550

1000 300 1100
300

5440
4440

10650
12000

1500

1600

800
1000 1100 11200 400

300

1000
2100 12000 16000 12000 2100

15200 400 400 11200 400 1100

800
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