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FOREWORD

The Structures Design Manual for Highways and Railways sets out standards and
provides guidance for the design of highway and railway structures in Hong Kong. The
Manual was first published in August 1993 with its second edition released in November
1997. It has been widely used as a reference for highway and railway structural works by
practitioners.

The third edition incorporates a new Chapter 19 on Design Checking. It also
includes revisions to Wind Loading Design in Chapter 2, Parapet Design in Chapter 15 and
Aesthetics in Chapter 17 which are based on recent studies, as well as minor amendments as a
result of new research information, refinements in design methods and feedbacks on the
previous editions.

The Bridges and Structures Division of Highways Department will regularly review
and improve on the content of this Manual so that all design standards and guidance will be in
line with the most up-to-date practice. We welcome any comments on this Manual for further
improvements.

( MAK Chai-kwong )
Director of Highways
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CHAPTER 19. DESIGN CHECKING

19.1 GENERAL

This chapter sets out the guidelines for carrying out independent checking on the
design of new highway structures and the associated modification of existing highway
structures by consultants or contractors employed by the government. The design checking
stipulated below shall also apply to public highway structures which are designed by public
organizations (other than the government), private organizations or their agents. These
guidelines do not modify the contractual or legal responsibilities of any party for the work
carried out including without limitation the Designer and Checking Engineers as defined in
Clause 19.2.
19.2 TERMINOLOGY

The terms adopted in this chapter are defined as follows :

Project Office The office in charge of the project or the developer in the
case of a private development.

Designer The professional, the team of professionals, the company
or the organization being responsible for the design.

Checking Engineer = The professional, the team of professionals, the company
or the organization separate from the Designer being
responsible for the independent check of the design.

19.3 OBJECTIVE

The objective of the independent checking is to ensure :

(a) compliance of the design with the Project Office’s requirements, relevant
design standards and statutory requirements;

(b) wvalidity of design concepts, methods and assumptions;

(c) applicability, accuracy and validity of the computer programs and models used
in the design;

(d) accurate translation of the design into drawings and specifications; and

(e) practicality and adequacy of key details.
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19.4  CLASSIFICATION OF HIGHWAY STRUCTURES

For design checking purpose, all highway structures shall be classified into
Categories [, IT and III as shown in Table 41. This classification is not rigid and each case
shall be decided on its merits having regard to the cost, complexity, safety, durability and
consequences of failure. The Designer shall determine and agree with the Project Office the
proposed Category for the highway structures being designed. If necessary, the Project Office
or the Designer may approach the Chief Highway Engineer/Bridges and Structures for advice
and/or decision on any matters relating to this classification.

The Project Office shall arrange with the Designer the checking of a highway
structure by a Checking Engineer appropriate to its Category. The Category shall be identified
early. As the design evolves, the Designer shall ensure the structure is appropriately classified
and seek the agreement of the Project Office to amend its Category and checking
arrangements when necessary.

19.5 CHECKING ENGINEER

The requirements of the Checking Engineer in each category of highway structures
are outlined below :

(a) For Category I structures, an independent check shall be carried out by a
qualified professional in the same organization as the Designer who may be
from the same design team.

(b) For Category II structures, an independent check shall be carried out by a
checking team in the same organization as the Designer but shall be
independent of the design team.

(c) For Category III structures, an independent check shall be carried out by a
checking team from a separate independent organization.

For Categories II and III structures, the Checking Engineer shall be strictly excluded
from having direct involvement in the design of the concerned project. In all cases, the
Checking Engineer must have sufficient knowledge and experience relating to the type of
structures to be checked. The Checking Engineer proposed or appointed by the Designer shall
be approved by the Project Office in advance. The Checking Engineer shall exercise
reasonable and professional skill, care and diligence at all times in the design checking and
that the safety and integrity of the structures shall not be compromised in any way.

Should the Project Office be dissatisfied with the Checking Engineer at any time, the

Project Office may, having given reasonable notice of dissatisfaction, order the dismissal and
replacement of the Checking Engineer.

196 COMMENT BY THE CHIEF HIGHWAY ENGINEER / BRIDGES AND
STRUCTURES

For Category III structures, the Designer shall at the commencement of the design
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forward his design approach statement including design concept, design philosophy and
outline of mathematical modelling of the structure to the Chief Highway Engineer/Bridges
and Structures for comments and make a presentation if required. The Designer shall take
account of the Chief Highway Engineer/Bridges and Structures’ comments in his design.

The comment by the Chief Highway Engineer/Bridges and Structures will be
provided from the viewpoint of design standards and for public interest. It will not relieve the
responsibility of the Designer or the Checking Engineer in any way.

19.7 CHECKING PROCESS

Irrespective of the Category of structures, all design calculations, drawings and
specifications shall first be self-checked by the Designer prior to the checking by the Checking
Engineer. Also, any computer programs including those developed in-house and spreadsheet
applications used in the structural analysis shall be verified and validated by an appropriate
method, and the Designer shall be responsible for such verification and validation.

It is a good practice to start the design checking as early as possible so that the design
and checking can proceed together. Also, any disagreements or points of differences can be
resolved earlier as the design progresses.

Table 42 gives details of the design checking required for each Category of highway
structures.

The independent design checking for Category Il structures shall be carried out
without reference to the design calculations. It is incumbent upon the Checking Engineer to
establish the validity of the design assumptions independently. The Checking Engineer would
require documents including the design memorandum/manual, drawings, specifications,
ground investigation results and other relevant design information for him to carry out the
checking. The design memorandum shall contain sufficient information detailing the
assumptions made in the design to enable the Checking Engineer to carry out his own
independent analysis and assessment and to make direct comparison between his own results
and the Designer’s design. Major difference in design assumptions should be brought to the
attention of the Designer. Although the methods of analysis need not be the same, the
Designer and the Checking Engineer should consult with each other to ensure that their
calculated results are comparable.

In the event that the design checking reveals errors, omissions or ambiguities in the
design, the Checking Engineer shall inform the Designer who shall in turn seek agreement
with the Checking Engineer on the course of action required to rectify the design deficiency.
The Designer shall make all necessary changes to the design and associated documents, and
re-submit them to the Checking Engineer for further review and agreement.

Should the Designer disagree with the Checking Engineer’s view, he shall promptly
refer the case to the Project Office. Where necessary, advice from an independent expert or

the Chief Highway Engineer/Bridges and Structures may be sought.

It must be emphasized that an independent check shall not in any way absolve the
Designer from his responsibility and liability for the proper design of highway structures. The
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independent checking procedures stipulated herein are additional to any in-house design
checking by the Designer.

19.8 HIGHWAY STRUCTURES DESIGN AND CHECK CERTIFICATE

When the design checking has been completed and all necessary amendments to the
design calculations, specifications and drawings have been made and checked by the
Checking Engineer, the Designer and the Checking Engineer shall sign the Highway
Structures Design and Check Certificate as per the standard form appended in Table 43 or as
per other form as agreed with the Chief Highway Engineer/Bridges and Structures. Unless
there are justifiable reasons acceptable to the Project Office, the Designer shall exercise every
effort to ensure that no drawings shall be issued for tendering or construction until the
Highway Structures Design and Check Certificate has been accepted by the Project Office.

For Category III structures, a full set of the design submissions and the Highway
Structures Design and Check Certificate shall be submitted to the Chief Highway
Engineer/Bridges and Structures for audit and record purpose before construction commences.
Should the Designer or the Project Office have any difficulties to comply with this
requirement under exceptional circumstances, they should seek the special agreement from the
Chief Highway Engineer/Bridges and Structures.

For all categories of structures, any amendments to the design deemed necessary
which have structural implications following the issue of the Highway Structures Design and
Check Certificate shall be checked and certified by an appropriate Checking Engineer. The
Designer shall notify the Chief Highway Engineer/Bridges and Structures in case such
amendments deviate significantly from the original design intent.

An alternative design by a contractor shall also be subject to design checking if it is
to be implemented.
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Table 41 - Classification of Highway Structures

Category Description
Simple Structures
Structures which contain no departures from or aspects not covered by
current standards adopted by Highways Department, and which are either
! a) Single simply supported span of less than 20m and having less than 25°
skew
b) Buried concrete box type structures with less than 8 m span
¢) Retaining walls with a retained height of less than 7 m, or
d) Noise barrier with a maximum height of 3 m.
Intermediate Structures
I
Structures not within the parameters of Categories I and III.
Complex Structures
Structures requiring sophisticated analysis or with any one of the following
features :
- a) High structural redundancy,

b) Unconventional design aspects,

c) Any span exceeding 80 m,

d) Skew exceeding 45°,

e) Continuous structure with spans exceeding 65 m,
f) Difficult foundation problems, or

g) Difficult construction techniques/ problems.
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Table 42 - Scope of Design Checking

Category Scope of Design Checking

a)  Check compliance with design codes and standards.

b)  Carry out arithmetic check on the design calculations.

|

¢) Carry out spot checks on critical structural elements. Repetition of numerical
calculations is not required if the Checking Engineer can validate the structural
adequacy by alternative method or comparison with other similar completed structures.

d) Ensure that the design is correctly translated into the drawings and specifications.

a) Carry out comprehensive check on drawings with reference to the design calculations.
The check will include but not be limited to the design concept, the compliance with
design code and standards, the derivation of loadings, method of analysis and design
assumptions, the structural adequacy of individual structural elements, stability of the
structures and sequence of construction.

b) Check/Confirm the applicability, accuracy and validity of all computer programs used

II by the Designer.

¢) Check the numerical model, its applicability, input parameters and boundary
conditions.

d) Carry out separate analytical check on critical structural elements without reference to
the design calculations.

e) Ensure that the design is correctly translated into the drawings and specifications.

a) Derive all loading, design concept, criteria, assumptions and parameters, and sequence
of construction from the design document i.e. drawings, design memorandum,
specifications, site investigation records, etc.

b) Check the compliance with design codes and standards, and limitations if any.

c¢) Check the applicability, accuracy and validity of all computer programs used in design

I checking.

d) Construct computer models, input boundary conditions and parameters and carry out
independent structural analysis.

e) Prepare an independent set of design check calculations.

f)  Ensure that the design is correctly translated into the drawings and specifications.

-373 -




Table 43 - Highway Structures Design and Check Certificate

HIGHWAY STRUCTURES DESIGN AND CHECK CERTIFICATE

Agreement No. : (if appropriate)

Project Title

Project Office :

1. This Design and Check Certificate refers to submission No. which
comprises

(a) Highway structures covered by this Certificate
(nature and description of the submission)

in respect of :
(description of the highways structures to which the submission refers)

(b) Contents of this submission are listed in Schedule A below.

2. Designer’s certification
I/ We certify that

(a) the design of the highway structures, as illustrated and described in the documents listed

in Schedule A below, complies with the standards set out in the Agreement or
(any form of agreement as appropriate) and with amendments
agreed to by the Director’s Representative or (any relevant
authorities as appropriate);

(b) all reasonable and professional skill, care and diligence have been exercised in
designing the highway structures, as illustrated and described in the documents listed in
Schedule A below; and

(c) a self-check has been undertaken and completed to confirm the completeness, adequacy
and validity of the design of the highway structures as illustrated and described in

documents listed in Schedule A below.

Signed :

(Name)
(Position)
(Organization)
(Date)
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Table 43 - Highway Structures Design and Check Certificate (Cont’d)

3. Checking Engineer’s certification

(a) I/ We certify that the design has been independently checked in accordance with
the Structures Design Manual for Highways and Railways using all reasonable
skill and care and that I/we am/are satisfied that the design checked complies in all
respects with the agreed design criteria.

(b) I/ We further certify that [ am/are satisfied that the checking of the above design is

completed.
Signed :

(Name)
(Position)
(Organization)
(Date)

Schedule A

Submission No. comprises the followings :

Documents : (Title, reference number and revision)

Drawings :  (Title, drawing number and revision)

Others : (Please Specify)
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