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Foreword

Publishing information

This British Standard is published by BSI Standards Limited, under licence from The British
Standards Institution, and came into effect on 31 May 2022. It was prepared by Subcommittee
B/509/1, Road restraint systems, under the authority of Technical Committee B/509, Road equipment.
A list of organizations represented on these committees can be obtained on request to their
committee manager.

Relationship with other publications

This British Standard covers assessment, maintenance and repair of masonry highway parapets for
bridges and other structures previously included in BS 6779 which was withdrawn in 2017.

Information about this document

Copyright is claimed on Figure 3, Figure 4, Figure 5, Figure 6, Figure 10, Figure 11, Figure C.1, Figure
D.1, Table 4, Table 5, Table 6, Table 7, Table 8, Table D.2, Table D.3, Table D.4 and Table E.3. Copyright
holder is Department for Transport, Great Minster House, 33 Horseferry Road, London, SW1P 4DR.

This publication can be withdrawn, revised, partially superseded or superseded. Information
regarding the status of this publication can be found in the Standards Catalogue on the BSI website at
bsigroup.com/standards, or by contacting the Customer Services team.

Where websites and webpages have been cited, they are provided for ease of reference and are
correct at the time of publication. The location of a webpage or website, or its contents, cannot
be guaranteed.

Use of this document

As a code of practice, this British Standard takes the form of recommendations and guidance. It is not
to be quoted as if it were a specification. Users are expected to ensure that claims of compliance are
not misleading.

Users may substitute any of the recommendations in this British Standard with practices of
equivalent or better outcome. Any user claiming compliance with this British Standard is expected to
be able to justify any course of action that deviates from its recommendations.

Presentational conventions

The provisions of this standard are presented in roman (i.e. upright) type. Its recommendations are
expressed in sentences in which the principal auxiliary verb is “should”.

Commentary, explanation and general informative material is presented in smaller italic type, and does
not constitute a normative element.

Where words have alternative spellings, the preferred spelling of the Shorter Oxford English
Dictionary is used (e.g. “organization” rather than “organisation”).
Contractual and legal considerations

This publication has been prepared in good faith, however no representation, warranty, assurance
or undertaking (express or implied) is or will be made, and no responsibility or liability is or will
be accepted by BSI in relation to the adequacy, accuracy, completeness or reasonableness of this
publication. All and any such responsibility and liability is expressly disclaimed to the full extent
permitted by the law.
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This publication is provided as is, and is to be used at the recipient’s own risk.

The recipient is advised to consider seeking professional guidance with respect to its use of this
publication.

This publication is not intended to constitute a contract. Users are responsible for its correct
application.

Compliance with a British Standard cannot confer immunity from legal obligations.
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Introduction

There are a large number of reinforced and unreinforced masonry parapets present on the United
Kingdom (UK) highway network. Reinforced masonry parapets generally contain steel reinforcement
usually anchored into the supporting structure. Unreinforced masonry parapets are built directly
onto the supporting structure without any special provision for anchorage.

Accidental actions from an errant vehicle impacting with a masonry parapet might cause individual
blocks or sections of masonry to become dislodged and ejected. Therefore, an assessment of the
possible injury or damage risk from ejected masonry can be used to determine the acceptability of an
existing masonry parapet at a particular site.

Masonry parapets are in situ construction works, which were usually constructed to protect
pedestrians and livestock from steep drops. As traffic has changed, they are now called upon to
contain errant vehicles. As masonry parapets are of solid construction, they provide effective
pedestrian protection without modification, subject to satisfying the minimum height requirements
specified in BS 7818:1995, Table 1.

The standards and guidance for masonry parapets have developed since the 1990s. The history that
has led to the publication of BS 8779 is as follows, in chronological order.

A guidance document for unreinforced masonry parapets was published in 1995 - County Surveyors’
Society Guidance Note, The assessment and design of unreinforced masonry vehicle parapets, Report
No. 1/95 [1].

This informed the development of the first standard for masonry parapets - BS 6779-4, Highway
parapets for bridges and other structures - Part 4: Specification for parapets of reinforced and
unreinforced masonry construction. This was mainly a design standard, but it also contained some
assessment and maintenance information.

With the availability of enhanced numerical simulation models and the introduction of Eurocodes,
further guidance was considered to be necessary. In 2012, Guidance on the design, assessment and
strengthening of masonry parapets on highway structures [2] was published. This document is
referred to as Masonry parapet guide [2] in this standard.

Since BS 6779-4 was considered to conflict with certain Eurocodes in respect of design, the standard
was withdrawn in 2017.

However, the sections in BS 6779-4 (withdrawn) on assessment, maintenance and repair do not
conflict with the Eurocodes and given the large number existing masonry parapets, are still relevant.

Consequently this British Standard has been produced to give recommendations for the assessment,
maintenance and repair of existing reinforced and unreinforced masonry parapets.

In the case of unreinforced masonry parapets, individual blocks or sections of the masonry might
be dislodged and mobilized by a vehicle impact. Most of this masonry is propelled away from the
highway, but some can come to rest on the highway in the immediate vicinity of the parapet. An
assessment of the possible injury or damage risk from mobilized masonry can be used to determine
the acceptability of the use of an unreinforced masonry parapet at a particular site.

Vehicle containment levels are related to defined vehicle impacts. For unreinforced masonry
parapets, only vehicle containment levels applicable to cars are considered explicitly in this British
Standard. Containment levels for cars are similar to those for normal containment (as defined

in BS EN 1317-2:2010, Table 2). Higher levels of containment cannot generally be achieved by
unreinforced masonry parapets.
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Key objectives of BS 8779 are to ensure that existing masonry parapets are capable of:

e providing levels of containment to limit the penetration by errant vehicles and reducing the risk
of such vehicles overtopping the parapet or overturning;

e  protecting other highway users by either redirecting vehicles on to a path close to the line of the
parapet or arresting the vehicle motion with acceptable deceleration forces; and

e  protecting those in the vicinity of a parapet by ensuring any masonry ejected does not lead to
disproportionate consequences.

The recommendations and guidance given in this British Standard form part of the process for the
management of parapets on highway structures, principally bridges and retaining walls.

1 Scope

This British Standard provides recommendations and guidance for the assessment, maintenance and
repair of existing reinforced and unreinforced masonry parapets.

This British Standard is applicable to unreinforced masonry parapets of 10 m or greater in length or,
if the parapet contains movement joints, with a minimum parapet panel length between joints of 10
m and to reinforced masonry parapets with parapet panels 2 m, or greater, in length.

This British Standard is intended to be used by highway authorities, railway authorities, designers
and contractors.

NOTE  These include County, District and Unitary Councils, Network Rail, Transport for London and their
respective supply chains.

This British Standard relates to highway structures only.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes provisions of this document.!)

[N1] COLLINS.]., ASHURST, D., WEBB, J., GHOSE, A. and SPARKES, P. Hidden defects in bridges.
Guidance for detection and maintenance. CIRIA Report C764. London: CIRIA, June 2017.

[N2] NATIONAL HIGHWAYS. Design Manual for Roads and Bridges. CS 454 - Assessment of highway
bridges and structures. London: March 2020. [Available from: https://www.standardsforhighways.
co.uk/dmrb/search/0b0a95ee-7a5e-4a90-90e0-a774806b5508]

[N3] NATIONAL HIGHWAYS. Design Manual for Roads and Bridges. CS 455 - The assessment of
concrete highway bridges and structures. London: January 2021. [Available from: https: //www.
standardsforhighways.co.uk/dmrb/search/1f91c68f-a74a-41c9-abfa-8e17066b12f7]

[N4] DEPARTMENT FOR TRANSPORT(DfT). Managing accidental rail obstructions by road vehicles.
TAL 06/03. London: DfT, September 2003. [Available from: https://www.gov.uk/government/

]

ublications/managing-accidental-rail-obstructions-by-road-vehicles-tal-0603

D Documents that are referred to solely in an informative manner are listed in the Bibliography.
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3.1.1

3.1.1.1

3.1.1.2

3.1.1.3

3.1.14

3.1.1.5

3.1.1.6

3.1.2

3.1.2.1

3.1.2.2

3.1.2.3

3.1.2.4

3.1.2.5

3.1.2.6

Terms, definitions, symbols and abbreviated terms

Terms and definitions

For the purposes of this British Standard, the following terms and definitions apply.
General

masonry

assemblage of structural units which are bonded together with mortar so as to act compositely
masonry parapet

parapet constructed of brickwork or stone or concrete blocks, with or without mortar

NOTE  Masonry parapets may be constructed using a variety of materials and may be unreinforced or reinforced.
parapet

barrier installed on the edge of a bridge or on a retaining wall or similar structure where there is
a vertical drop, and which might include additional protection and restraint for pedestrians and
other road users

parapet panel

longitudinal length of parapet between adjacent vertical joints that form a structural discontinuity
in the parapet

reinforced masonry parapet

masonry parapet with additional reinforcing elements incorporated

unreinforced masonry parapet

masonry parapet which does not incorporate reinforcement

Parapet function and impact events

car

saloon car with a mass of 1 500 kg and height of centre of gravity between 480 mm and 580 mm
containment

ability to prevent a breach of the vehicle restraint system when impacted under specified conditions

divergent width

distance, measured at right angles to the direction of travel, through which a vehicle could diverge on
an errant course, prior to striking the parapet

errant vehicle

vehicle which is out of the control of the driver

fatal accident

accident in which one or more persons is killed or dies within 30 days of the accident

hazard zone
area of highway or adjacent land where occupiers could be at risk of injury following a vehicle impact

with a parapet
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3.1.2.7 heavy goods vehicle (HGV)

four-axle rigid tanker or equivalent with a mass of 30 000 kg and a height of centre of
gravity of 1.65 m

3.1.2.8 impactspeed

vehicle speed at impact corresponding with a particular level of containment which, for the purposes
of assessing the adequacy of existing parapets, might be a site-specific level of containment

3.1.2.9 large goods vehicle (LGV)
vehicle over 3 500 kg in weight

3.1.2.10 road restraint systems

vehicle restraint system and pedestrian restraint system used on the road
3.1.3 The structural assessment process

3.1.3.1 appointing authority

authority empowered to appoint or commission an assessment of a highway structure involving the
assessment of masonry parapets

NOTE  The appointing authority can be a road authority, a rail authority, a canal authority, or a private owner of
a highway structure that has masonry parapets.

3.1.3.2 approval in principle (AIP)
document which records the agreed basis and criteria for the detailed design or assessment of a
highway structure

3.1.3.3 technical approval authority
organization responsible for agreeing the AIP and subsequently accepting the relevant certificates

NOTE  Normally this is the relevant highway authority in the UK.

3.2 Symbols
For the purposes of this British Standard the following symbols apply.

AADT average daily two-way daily

is the spread of debris

debris

B is the parapet thickness required

is the thickness determined from chart x 1 920 in kg/m?

ppet

d extent of debris spread
EF site environmental factor
f is the characteristic cube compressive strength of concrete
fi is the characteristic compressive strength of masonry
f, is the characteristic shear strength of masonry
fy is the characteristic tensile strength of steel reinforcement
g, is the acceleration due to gravity (g, = 9.81 m/s?)
Documents
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H is the vertical distance from the top of the traffic face of the parapet to the datum for assessment
considerations (m)
L is the length of parapet panel in metres (m)
Lo is the total slowing distance to safer speed
m is the mass of vehicle in kilograms (kg)
direct is the number of vulnerable vehicles directly struck by falling debris
ndirect is the number of vulnerable vehicles not able to slow down to a safe speed in time to avoid
hitting debris
N is the total number of vehicles affected by the errant vehicle impact event
Q* is the applied assessment load in kilonewtons (kN)
Q, is the nominal load in kilonewtons (kN)
r is the radius of curvature in metres (m)
R* is the member assessment load resistance (kN)
S* is the applied assessment load effects (kN)
S, is the spacing of vehicles
T, is the return period (from 8.2.3, converted into hours)
v is the vehicle speed in metres per second (m/s)
v, is the road speed in km/h
w is the divergent width in metres (m)
a is the angle of incidence in degrees (°)
Yppet is the actual effective density of masonry parapet in kg/m?
Ya is the partial safety factor for load
Yes is the partial safety factor for load effect
Y., is the partial factor for material strength
Youn is the partial safety factor for compressive strength of masonry
u is the coefficient of friction between vehicle tyres and road surface (assumed to be 0.7)

Full document details: BS 8779:2022
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3.3 Abbreviated terms
For the purposes of this British Standard, the following abbreviated terms apply.

AIP approval in principle

ALARP as low as reasonably possible

ASI accident severity index

EPSRC Engineering and Physical Sciences Research Council
FAR fatal accident rate

HGV heavy goods vehicle

LGV large goods vehicle

4 Assumptions and process

4.1 Assumptions - competence and appointment

The assessment and inspection of a masonry parapet should be undertaken by an appropriately
qualified and experienced person, who is experienced in the assessment and management of
masonry parapets, referred to as the assessment engineer.

The assessment engineer should be appointed by the appointing authority.

NOTE A suggested process for masonry parapet assessment is shown in Eigure 1.
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Figure 1 — Flowchart showing a suggested process for masonry parapet assessment

START

Appointing authority appoints the assessment
engineer and provides information
in accordance with Clause 4

|
Assessment engineer reviews available
information, plans and arranges inspection
and testing

)

Undertake inspection and testing
and review results

Is sufficient

information available No
to undertake the
assessment ?
Yes Unreinforced No
masonry parapet ?
Unreinforced masonry parapet Reinforced masonry parapet

1 v

Determine the parapet containment in
accordance with Clause 6

Determine traffic speed

1

Determine theoretical impact speed from Clause 7

1

Determine the parapet containment from Clause 7

1

Undertake FAR risk assessment Clause 8

Is there a
reasonable likelihood the
masonry would be ejected
by a vehicle impact ?

Does the parapet
have the required
containment ?

Does the parapet Yes
have the required

containment ?

No

Does the FAR risk
assessment score show that
further measures are
required ?

Undertake ALARP risk assessment

i

No Prepare inspection and assessment report
including recommendattions for repair,
strengthening and mitigation measures

1

Provide the inspection and assessment report
to the appointing authority

FINISH
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4.2 Process - information
The appointing authority should provide the assessment engineer with the following information:
a) therequired containment of the parapet;
b) records of the parapet and supporting structure, including plans and drawings;

c) previous inspection reports, including details of any remedial works that might have
been undertaken;

d) restrictions and/or protection that apply to the structure and the masonry parapets;
NOTE  This can include planning restrictions such as listed building protection.

e) existing and expected traffic flows, including a breakdown of the different classes of traffic
including cyclists and pedestrians;

f) existing and expected traffic speeds to be used for assessment;

g) records of vehicle impact and traffic accidents, together with any follow up remedial
measures; and

h) requirements for access and traffic control measures to permit access to both the traffic and
non-traffic face of the masonry parapets.

Traffic control measures should include all types of traffic, including road, rail, canal, pedestrians
and cyclists.

Where it is not feasible for the appointing authority to provide all or some of this information, the
appointing authority should advise how this information is to be obtained.

4.3 Process - inspection and assessment

The inspection and assessment of a masonry parapet should be undertaken at the same time that the
supporting structure is being inspected and/or assessed.

NOTE  In the case of a masonry parapet the supporting structure is usually a bridge or a retaining wall.
The provided containment of a masonry parapet should be assessed in two stages:

a) the ability of the masonry parapet to restrain errant vehicles should be assessed by structural
calculation in accordance with Clause 6 for reinforced masonry parapets and Clause 7 for
unreinforced masonry parapets; and

b) afatal accident rate (FAR) risk assessment should be undertaken to determine the risk from
masonry being ejected by vehicle impact.

4.4 Process -reporting

The assessment and inspection report by the assessment engineer should include, as a minimum,
the following:

a) for reinforced and unreinforced masonry parapets:

1) condition of parapet, impact performance and, if necessary, requirements for further
investigation; and

2) drawings, sketches or photographs of damaged areas;
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b) for reinforced masonry parapets:
1) characteristic strength of masonry used for assessment;
2) level of containment achieved by the parapet in its current condition; and

3) resistance of the parapet components listed in Clause 6, including bending and
shear resistance;

c) for unreinforced masonry parapets:
1) form of construction and strength of masonry used for assessment; and

2) parapet performance or level of containment taking into account impact speed and road
geometry (see 7.3, 7.4 and 7.5);

d) risk assessment:
1) FAR (fatal accident rate) risk assessment;
2) ALARP (as low as reasonably practical) risk assessment, if undertaken; and

3) all assumptions, with reasons, made by the assessment engineer about the likelihood and
consequences of vehicle impact with the masonry parapet;

e) recommendations for mitigation measures, repair, renewal and future monitoring; and

f) adequacy of parapet for the traffic conditions required by the appointing authority.

4.5 Process - measures resulting from the assessment

The assessment and inspection report should include recommendations for monitoring, mitigation
measures, repairs or replacement, if the parapet being assessed does not meet the criteria in
Clause 6, Clause 7 and Clause 8 of this British Standard.

NOTE  Whilst detailed consideration of further measures is too large a subject to practically address in this British
Standard, in general terms for mitigation measures, repair and replacement it is necessary to take account of:

a) thescale of the works and the impact of these on services (cables; ducts; pipes etc.) that might be in place
under the footway or carriageway surface;

b)  the working space required to undertake the works and the expected duration of the works; and

¢)  the need to comply with local planning requirements, including those applying to a listed structure which
could involve the use of specific materials.

In the case of renewal, consideration can be given to the installation of parapets that conform to

BS EN 1317-2:2010. However, replacement parapets are bespoke products produced to individual manufacturing
company specifications that require the company’s installation specification to be implemented which might require
the installation of a minimum length of parapet; the manufacturer’s specified edge beam or an area of footway or
verge to place the product on. These requirements need to be discussed and approved by the owner of the bridge

or retaining wall structure as forces are transferred by the bespoke product to the supporting structure. The
supporting structure might need enhancement to support such parapets.

In addition to replacement of the parapet, other measures, including speed restrictions, lane narrowing, etc., can be
considered so that the masonry parapet can be retained.
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5 Inspection for assessment
COMMENTARY ON CLAUSE 5

Masonry parapets are usually assessed either as part of the process to assess the load carrying capacity
of the structure supporting them; or to determine if they are suitable to acceptably contain an errant
vehicle, (see 3.1.2.4), impacting with the parapet at an angle of 20° to the parapet face.

5.1 General
The inspection for assessment should be used to:
a) determine the form of construction of the parapet;
b) determine the condition of the parapet to be assessed and its supporting structure;

c) determine if further testing and investigation is needed and, if so, identify further testing and
investigation to be undertaken; and

d) inspect the surrounding site to provide the information necessary to undertake the
risk assessment.

The guidance in CIRIA Report C764 [N1] should be used to identify hidden elements in
masonry parapets.

5.2 Unreinforced masonry parapets
COMMENTARY ON 5.2

The purpose of an unreinforced masonry parapet is to contain a vehicle in the event of impact, to
prevent the vehicle passing through the parapet. The central measure of the containment capacity of
an existing parapet is its impact resistance, which results from a combination of inertia and integrity.
When the vehicle hits the parapet, the kinetic energy transferred from the vehicle mobilizes a section of
parapet. The inertia of the section depends on the size and mass of the masonry units (bricks or stone
blocks) and how they combine to form the section. The parapet’s ability to maintain this inertia during
impact on the parapet further depends on its integrity, determined by the parapet’s mechanical strength
and the way it is bound together. The amount of kinetic energy transferred to the parapet depends on
the speed of the vehicle and its mass. The assessment method in Clause 7 assumes that the unreinforced
parapet is only maintained in place on the supporting structure (e.g. a bridge deck or a retaining wall)
by friction at the parapet/support interface.

Even if the main body of the parapet stays intact, impact often causes some masonry to detach, and
this can create risks to the area surrounding the parapet and those using it. Examples of this could

be damage to an exposed gas main, or injury to a driver of a vehicle travelling under the structure
supporting the parapet. A certain degree of masonry detaching is considered acceptable, but how much
depends on these risks. Therefore, the assessment method proposed in this British Standard includes

a risk assessment (see Clause 8) to assess the acceptability of the effects of detached masonry for the
parapet concerned and its situation.

The inspection for assessment should examine the parapet to determine its form of construction, size,
integrity and condition.

The existing masonry bonding plays a central part in how a section is mobilized, so the bond should
be inspected along with the quality of any mortar binding the masonry units, bricks or stone blocks.
The inspection should probe as much as possible into the more hidden areas of the parapet and

its make-up.

NOTE  For example, water seepage at carriageway level might erode the base of a masonry parapet at its
interface with the supporting structure, but this might be hidden by decorative masonry such as a string course on
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the outer face. This can reduce the friction at the base of the parapet, leading to more energy being available to
cause movement and potential break-up of the parapet during an impact event.

6 Assessment of reinforced masonry parapets

6.1 Reinforced masonry parapets

The assessment process described in CS 454 [N2], section 2 should be followed for the assessment
of a reinforced masonry parapet. The condition of the parapet should be determined in accordance
with Clause 5.

Once the form of construction has been established, the impact performance of the parapet should be
determined in accordance with 6.2 and 6.3.

NOTE 1 The acceptable values for structural static impact resistance given in this British Standard are taken
from BS 6779-4 (withdrawn). These structural static impact loads are based on an impact speed of 110 km/h
for cars and 64 km/h for goods vehicles, both with an impact angle of 20° for an errant vehicle impacting with a
masonry parapet.

NOTE 2 Masonry parapets are structural elements of highway structures and the assessment of masonry parapets
are part of the assessment process for the whole structure.

NOTE 3 CS 454 [N2] gives values for the characteristic strength of brick and stone masonry that are applicable to
masonry parapets.

Reinforced masonry parapets should be assessed in accordance with 6.2 and 6.3 to determine the
level of containment.

Wind actions should not be deemed to act in combination with actions from vehicle impact
on parapets.

For parapets of greater parapet panel length than 3.5 m, the forces and moments given in 6.3 should
apply. The assessment should be checked for punching shear in accordance with 6.4.

NOTE 4 The difference between height for structural considerations and parapet height is illustrated in Figure 2
together with potential difference between top of parapet for height considerations and top of traffic face of parapet
for impact considerations.
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