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Classification

• Bridges

• Small: L < 30 m Span < 10 m

• Minor: L < 60 m

• Major: > 60 m

• Culvert: Cross Drainage Structure < 6 m in 
Length
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Preliminary Design

• Location

• Hydraulic design to determine required 
length and profile grade

• Type selection

• Geotechnical Design

• Structural Design



Location of Bridges & Culverts
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Stream Gage Data
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Flood-Frequency Rating 
Curve
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Rational Method
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Q  kc C  I  A

Q = discharge (cfs or m3/s)
kc = constant (1.0 for English units or 

0.00278 for metric units)
C = Runoff Coefficient
I = Rainfall Intensity (in/hr or mm/hr)
A = Drainage Area (acres or hectares)



Drainage Area Delineation
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Peak Runn-off
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Peak Run-off
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Manning’s Equation

0
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n
Q  1.486  A R

2
3  S

n = Roughness Coefficient 
A = Area
R = Hydraulic Radius = A / P 
P = Wetted Perimeter
S = Hydraulic Gradient (channel slope)



Coefficient of Rugosity



Cross Sections
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n1
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Velocity Distribution in a Stream



Constriction in a Valley
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Opening Length

Bridge Deck/Roadway



Encroachment by Roadway Fill

Flood elevation 
before encroachment 
on floodplain

Fill Fill

Bridge Opening Encroachment

Backwater

Encroachment
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Scour Depth (IRC 78-2000)





Max. Depth of Scour for Design 
of Foundations



Hydrometer Analysis



Subsurface Geologic Profile



Culverts

24

• Definition - structure to convey surface 
runoff through embankments, near ground.

• Round pipe, rectangular box, arch, ellipse, 
bottomless, or other shapes.

• Concrete, steel, corrugated metal, 
polyethylene, fiberglass, or other materials.



Culverts

• End
treatment 
includes 
projected, 
flared, & 
head and 
wing walls
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Culverts are smaller bridges, normally with one span built 
across small streams, drains or sewer carrying road on top



Concrete Box Culvert
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Box culvert with fish passage

28



Corrugated metal horseshoe culvert
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Triple Box Culvert
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Culvert or Bridge?

Fall 2009 CE154 32



Definition Sketch
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Culvert Design - Basics
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 Top of culvert not used as pavement surface 
(unlike bridge), usually less than 6 m span

 > 6 m use a bridge

 Three locations
Bottom of Depression (no watercourse)

Natural stream intersection with roadway 
(Majority)

 Locations where side ditch surface drainage must 
cross roadway



Hydrologic and Economic Considerations
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• Alignment and grade of culvert (with 
respect to roadway) - important

• Similar to open channel

• Design flow rate based on storm with 
acceptable return period (frequency)



Culvert Design Steps
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 Obtain site data and roadway cross 
section at culvert crossing location 
(with approximation of stream 
elevation) – best is natural stream 
location, alignment, and slope (may be 
expensive though)

 Establish inlet/outlet elevations, 
length, and slope of culvert



Culvert Design Steps

37

 Determine allowable headwater depth (and 
probable tailwater depth) during design 
flood – control on design size –
f(topography and nearby land use)

 Select type and size of culvert
 Examine need for energy dissipaters



Headwater Depth
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• Constriction due to culvert creates increase in 
depth of water just upstream

• Allowable level of headwater upstream usually 
controls culvert size and inlet geometry

• Allowable headwater depth depends on 
topography and land use in immediate vicinity



Types of culvert flow
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• Type of flow depends on total energy available 
between inlet and outlet

• Inlet control
– Flow is controlled by headwater depth and inlet 

geometry
– Usually occurs when slope of culvert is steep and 

outlet is not submerged
– Supercritical, high v, low d
– Most typical
– Following methods ignore velocity head



Types of culvert flow
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• Outlet control
– When flow is governed by combination of headwater 

depth, entrance geometry, tailwater elevation, and 
slope, roughness, and length of culvert

– Subcritical flow
– Frequently occur on flat slopes
– Concept is to find the required HW depth to sustain Q 

flow
– Tail water depth often not known (need a model), so 

may not be able to estimate for outlet control 
conditions
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Pipe Culvert in BC Soil
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Waffle Slab 
for 

Expansive 
Soils



Classification of Bridges

Based on Mechanics
• Beam

• Cantilever

• Arch

• Suspension

• Cable-stayed

• Truss



Classification of Bridges

Material
• Concrete

• Steel

• Timber

• Composite



Classification of Bridges

Support

• Simply Supported

• Continuous

• Fixed

• Cantilever



Crossings – Skew and Square





Cable-Stayed Bridge



Components of Bridge

1. Caisson/Raft
Foundation

2. Bridge Pier

3. Bearing

4. Deck Slab

5. Roadway

6. Railing

7. Abutment

2

1
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3 4
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1 1
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Bridge Design Process
Bridge Survey
• flood plain cross sections
• inspection reports
• existing bridge (scour, etc)
• water elevations
• photos
• existing roadway profile

Geotechnical Report
•soil / geological 
formations
• slopes and grading
• foundation problems
•soil prop.’s - phi 
angles etc

Factors affecting choice of 
superstructure
• location, city or rural
• span length
• vertical clearance
• maintainability
• environmental concerns
• transportation to site issues
• cost
Factors affecting choice of 
substructure
• location and geometry
• subsoil conditions
• height of column
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Substructures
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The substructure transfers the superstructure loads to the foundations.
Abutments
• Integral Abutment
• Non-Integral Abutment
• Semi-Deep Abutment - used when spanning divided highways to help shorten span
• Open C.C. Abutment - beam supported by columns and footings
Piers
• Open Concrete Piers - beams supported by columns and footings (or drilled 

shafts) or a concrete diaphragm (Pre-Stressed Girder)
• Pile Cap Bent - beams supported by piling
• Hammer Head Bent - single oval or rectangular column and footing.

• Spread footings - are used when rock or soil can support the structure.

• Piles - rectangular c.c. supported by HP or Cast in Place piles

• Drilled Shafts/Well Foundations - holes drilled into bedrock filled 
with concrete



Maximum Depth of Scour for 
Design of Foundations

• Piers: 2dm

• Abutments: 1.27dm with Approach 
Retained or Lowest Bed level or 2dm with 
Scour ALL Around

• Flood with Seismic Combination 90% of 
the above

• For Raft or Open Foundations: 1.27dm for 
Straight Reach & 1.5dm in Bends



Design Limits

• Max. Bearing Pressure in Rock: < 3 MPA

• Differential Settlement: 1 in 400

• Factor of Safety Without

• Against Overturning 2.0

• Against Sliding 1.5

With EQ.

1.5

1.25

• Against Deep Seated F 1.25 1.15



Other Project Considerations: 
In-Water Work Periods 
Environmental Restrictions
Noise or Vibration Constraints
Construction Access/Traffic Control



Exploration  
Log



Subsurface Geologic Profile



Foundation type depends on 
combinations of:

Foundation Materials & Conditions 
Structure Type & Loads 
Performance Criteria
Site Conditions/Construction Constraints
Extreme Event Effects
Seismic Loads (Liquefaction Potential) 
Scour Depths
Costs & Construction Time





Shallow Foundations
Spread Footings (on engineered fill) 
MSE Abutment Wall
Deep Foundations

Driven Piles
Drilled Shafts/Bored Piles 
Micropiles

Types of Foundations



Typical Isolated Footings
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Column Footing

3
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Footing

4

Pile Cap Column Footing



Spread Footing Design 
Settlement
Bearing Resistance
Sliding Resistance 
Overturning (eccentricity)
Overall Stability (slope stability)



Thin Weak Deposit



Footing Depth

• 1. Depth of Erosion/Scour

• 2. Fill/Uncompacted

• 2. Zone of Moisture Changes

• 3. Organic Matter

• 4. Maximum Depth of Unsupported 
Excavation



Contact Pressures



Effect of Raising Water 
Table

• The Foundation may Float

• Additional Settlement due to reduced 
Effective Stress



Zone of 
Fluctuation  

in 
Expansive 

Soils



Identification of Expansive Soils; 
Min. Pressure Reqd. and Swell 

Potential



Reinforced Soil Structures for 
Bridge Approaches & 

Abutments



Contents
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• Externally/Internally stabilized

• Reinforced soil walls & Reinforced soil 
slopes

• Extensible versus inextensible 
reinforcement

• Role of facing

• Reinforced soil walls



Equilibrium of a Wedge of 
Soil
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Externally Stabilized Retaining 
Structures

W

N

T

Pa

N

T

W

Pa Mass Gravity

Externally Stabilized Retaining Structures

Masonry
PCC
Gabions / Cribs

RCC

Cantilever 
Counterfort  
Buttressed

Embedded

Sheet piles 
Bored piles 
Diaphragm walls
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Mass Gravity Retaining Walls

76
Crib Retaining Walls

Gabion Retaining Walls

RR Masonry Retaining WallsPCC Retaining Walls



RCC Retaining Walls
Cantilever Retaining Wall
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Counterfort Retaining Wall Buttress Retaining Wall



Internally stabilized retaining structures

N

T

W

Fi = Pa

N

T

W

Internally Stabilized Retaining Structures
 Reinforced soil walls
 Anchored earth walls
 Soil nail walls

Fi

Pa
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Reinforced Soil Walls

Retained FillReinforced Fill

Reinforcement

Foundation Soil
Leveling Pad

Drainage Bay

Perforated Pipe

Crash Barrier
Pavement

Coping 

Facing –

Reinforcement  
Connection

Facing
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Anchored Earth Walls
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Soil Nail Walls
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Mixed Type of Retaining 
Structures

N

T

W

Pa = Pa(ext)+Fi
N

T

W

Pa(ext)

Mixed Type of Retaining Structures
 Anchored sheet piles
 Tie-back retaining walls

Fi

Pa
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Tie-back Retaining Walls

84



Reinforced Soil Walls & 
Reinforced Soil Slopes

ReSSDI-2020 85



Fill Retention Options
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Space available
for construction

(1) Conventional
Retaining Wall

(2) Reinforced Soil
Retaining Wall

(3) Reinforced Soil
Slope





 = Safe slope angle
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Definition of 
Reinforced Soil Wall and Slope


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  70 : Reinforced Soil Wall
 < 70 : Reinforced Soil Slope



Reinforced Wall, Steep & Shallow Slope

RS Wall RS Steep Slope RS Shallow Slope

Slope face angle > 70 45 - 70  45

Critical failure surface Planar Two-part wedge Circular arc

Embedment below GL Min. H/20 Usually not required

Facing Required Required Not required

Reinforced fill % Fines  15, PI  6 % Fines  50, PI  20

>70

45-70
<45

45-/2

Reinforced Soil Wall
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Reinforced Soil
Steep Slope

Reinforced Soil
Shallow Slope



Cost comparison – Walls vs.
Slopes

2
1

Reinforced Soil Wall Reinforced Soil Slope

Facings for Steep Slopes

Welded Wire Mesh Bagwork

Facing
 Precast concrete discrete panels
 Precast concrete segmental blocks

 Gabions
 Welded wire mesh with stone fill

Select granular fill
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Advantage - reinforced soil 
slopes

• Most economic solution in many cases

• Use locally available soils

• No need of concrete panels or blocks

• Faster construction

• Sustainable and aesthetically pleasing

ReSSDI-2020 89



Stress-strain behaviour of 
soil and reinforcement
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Based on structure stiffness

Sr > 20 MPa,
Inextensible
Sr < 20 MPa,
extensibleReSSDI-2020 91



Reinforcement types
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• Inextensible
– Steel strips

– Welded steel bar mats

– Welded steel wire mesh

• Extensible
– Geogrids

– Geotextiles



Strain in reinforcement at design 
loads (BS 8006)
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• Extensible Reinforcement: sustains 
design loads at strains greater than 1 %

• Inextensible Reinforcement: sustains 
design loads at strains less than 1 %



Geostrips / Polymeric Straps

• Made of high 
tenacity polyester 
filament yarns

• Elongation at break 
typically 10-12%

ReSSDI-2020 95



Tension in the Reinforcement

Inextensible Reinforcement Extensible Reinforcement

Tension in
Reinforcement

Maximum
Tension Line

Failure Plane
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Coherent Gravity & 
Tie-back Wedge Method

H

0.3 H

0.2 H

0.4 H

45-/2

K0

Ka

1.2 + log Cu

6 m

 tan 
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CG CG CG
HA Strips

TB TB

TB

Maximum Tension Line /
Critical failure surface

Earth Pressure
Adherence Factor



FHWA/AASHTO/ IRC
Guidelines
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Why facing?
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Fi = Pa
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Formwork during construction

β

Β > 45,
formwork is
required

ReSSDI-2020 10
0



Assist reinforcement in retaining the 
active zone

Influence zone 
of reinforcement

Active zone
Fa

ci
ng

Reinforcement

Co
nn

ec
tio

n
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Larger the reinforcement
facing & steeper the face
angle, more important this
role of facing



Surficial instability and erosion

Surficial instability

Surface  
erosion

Important factors:

 Slope face angle
 Reinforcement spacing
 Water
 Apparent cohesion, 

gradation, compaction 
of fill

102



Aesthetics



Facing Options – Walls

ReSSDI-2020 104

• Full-height concrete panels

• Discrete/Segmental concrete panels

• Segmental concrete blocks

• Welded wire mesh

• Geocells

• Gabions

• Full-height Rigid facing



Facing Options –
Reinforced Soil Steep Slopes 

(45<β<70)

ReSSDI-2020 105

Wrap-around with 
vegetation

• With temporary 
formwork

• Bagwork facing

• Sacrifical welded  
wire mesh cages

Without Wrap-around

• Welded wire mesh 
with stone

• Gabions

• Geocells



Facing Options –

ReSSDI-2020 106

Reinforced Steep Slopes (β45)

• No facing required

• Short length (1.2 -2.0 m) secondary 
reinforcements at 0.3 to 0.4 m spacing, 
to facilitate compaction and ensure 
surficial stability

• Vegetation for erosion control



Standard Model

ReSSDI-2020 107

• Extensible/in-extensible reinforcement with 
vertical spacing in the range of about 400-
800 mm.

• Different types of facings; contribution of 
facing to stability usually ignored

• Designed using tie-back wedge/coherent 
gravity/simplified methods



Geosynthetic Reinforced Soil 
Walls with Closely Spaced 

Reinforcements
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Effect of reinforcement
spacing

45+/2

8 m

Pa = 197
kN/m

c = 0
 = 32
 = 20 kN/m3

1  𝑠i𝑛32
𝐾𝑎 = 

1 + 𝑠i𝑛32
= 0. 307

𝑃𝑎 = 0. 5 𝐾 𝑎  𝐻2 = 197 𝑘𝑁

Pa = 197
kN/m

Pa = 197
kN/m

40 layers of reinforcement

40

∑ 𝑇i = 197 𝑘𝑁/𝑚

i=1

10 layers of reinforcement

800 mm

200 mm

Ti = 197 kN/m
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v

h

Sv

h = Ka v

Tension in reinforcement (T)
= h Sv = Ka v Sv

Failure plane (Same as 
for unreinforced soil)

45+/2
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Ka = (1-sin)/(1+sin) 
(Same as for 
unreinforced soil)

Reinforcement as tie-backs



Effect of closely spaced 
reinforcement
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Sv

Usual reinforced soil walls 
Sv = 400 – 800 mm (Typ.)

Sv  300 mm
Reinforced soil behaves as a
real composite material

ReSSDI-2020 110



Effect of Close Spacing 
of Reinforcement

• Even relatively weak 
reinforcements 
(here cotton bed 
sheets) can support 
large loads
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Effect of close spacing 
of Reinforcement

6 m high Geosynthetic Reinforced Soil 
Structure Loaded to 1000 kPa vertical stress
– NO FAILURE
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Effect of Close Spacing 
of Reinforcement

9 m high GRS with 30 negative batter supporting 
surcharge 113



GRS Integral Bridge 
Abutments

115



FHWA suggested typical specs 
for GRS Bridge Abutments

• Vertical spacing = 200 
mm

• Facing: Segmental 
concrete Blocks of 200 
mm height

• Reinforcement: Woven 
polypropylene 
geotextile with tensile 
strength of 70 
kN/m

• Fill: Well-graded 
granular fill with   38
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GEOTECHNICAL ENGINEERING

IS A SCIENCE

BUT ITS 
PRACTICE

AN ART


