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This Malaysian Standard, which had been approved by the Building and Civil Engineering
Industry Standards Committee and endorsed by the Council of the Standards and Industrial
Research Institute of Malaysia (SIRIM) was published under the authority of the SIRIM Council
in December, 1992,

SIRIM wishes to draw attention to the fact that this Malaysian Standard does not purport to
include all the necessary provisions of a contract.

The Malaysian Standards are subject to periodical review to keep abreast of progress in the
industries concerned. Suggestions for improvements will be recorded and in due course brought
to the notice of the Committees charged with the revision of the standards to which they refer.

The following references relate to the work on this standard:
Committee reference : SIRIM 491/16
Draft for comment : D112 (ISC D)

Amendments issued since publication

Amd. No. Date of issue Text affected
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FOREWORD

This Malaysian Standard was prepared by the Technical Committee on Concrete Products under
the authority of the Building and Civil Engineering Industry Standards Committee.

This standard consists of two Parts, mainly

Part 1 - Small culverts (Not exceeding 1800 mm width and 1800 mm depth)

Part 2° - Large culverts (Exceeding 1800 mm width and 1800 mm depth).

The term ‘culvert’ is commonly used to refer both to complete conduit made up of a numbef
of units placed end-to-end and to a single unit that may be an integral hollow section or a
combination of a U-shaped section and a slab. For the purpose of this standard, the term ‘culvert’
is used to refer to a single unit, whether integral or made up of two sections. The term ‘conduit’

is then used to designate the assembly of a number of ‘culverts’.

This standard made references to:

(8 AS 1597:1974 — Australian Standard Specification for Precast Reinforced Concrete Box
Culverts.
Part 1: Small Culverts (Not exceeding 1200 mm width and 900 mm
depth).

(b) BS 5400 — British Standard Institute (BSI) - Steel, Concrete and Composite
Bridges.

(¢ MS 1195 — Ccde of Practice for Structural use of concrete.

Part 1: Design and Construction.

(d ASTM C789M — Standard Specification for Precast Reinforced Concrete Box Sections
- 83 for Culverts, Storm Drains and Sewers (Metric).

(e) ASTM C850M — Standard Specification for Precast Reinforced Concrete Box Sections
- 82 for Culverts, Storm Drains and Sewers with less than 0.6 m of Cover

Subjected to Highway Loading (Metric)

(h BD 31/87 — Department of Transport,
Highways and Transport
Departmental Standard BD 31/87
Buried Concrete Box Type Structures.

*(Under preparation)
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SPECIFICATION FOR
PRECAST REINFORCED CONCRETE BOX CULVERTS

PART 1 — SMALL CULVERTS
(Not exceeding 1800 mm width and 1800 mm depth with
a maximum backfill depth of 2 m inclusive pavement, if any)

1. SCOPE

This specification applies to precast reinforced concrete box culverts for conveying water not
under pressure, and for carrying highway vehicle axle loadings permitted by Jabatan Kerja Raya,
(Malaysia).

2. APPLICATION

This specification is intended for culverts of nominal width and depth not exceeding 1800 mm
and 1800 mm respectively as in fig.1 and installed on non-compressible ground with the top
under a height of fill not exceeding 2 metres inclusive of pavement, if any.

However if the height of fill exceeds 2 m, the purchaser shall check with the manufacturer on
suitability of the culvert before ordering.

3. TYPES OF CULVERT

The types of culvert covered by this specification are as in table 1.

4, MATERIALS

The materials used in the manufacture of the culverts shall comply with the following specifications
or requirements, as appropriate: '

4.1 Cement. The cement shall comply with MS 522*, Other types of cement may be used
by agreement between the purchaser and the manufacturer.

4.2 ‘Steel reinforcement. Steel reinforcement shall comply with the following specifications,
as appropriate:

(@) Rolled steel bars and hard-drawn steel wire shall comply with MS 144** and MS 146,

(i) Steel fabric shall comply with MS 145+,

*MS 522 : Specification for Portland Cement (Ordinary and rapid hardening).
**MS 144 : Specification for cold reduced mild steel wire for the reinforcement of concrete (First revision)
*MS 146 : Specification for hot rolled steel bars for the reinforcement of concrete.

**MS 145 : Steel fabric for the reinforcement of concrete
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The reinforcement shall be free from loose rust, scale, oil, grease or any other deleterious matter.

Table 1. Type of culverts

Type of culvert Description lilustration

‘U’ Shape A U-shaped section forming
the invert and with or with-
out DWF drain between the
two walls, and a separate
lid slab or deck

Inverted ‘U’ An inverted U-section or crown
forming the deck and the two
walls, and a separate base slab
or invert (See note below)

1

Uniculvert An integral hollow rectangle
forming the deck, the two walls
and the invert with or without
DWF drain between the two
walls.

NOTE. Upon request, inverted ‘U’ shaped culverts may be supplied with the base slab.

4.3 Aggregates. Aggregates shall comply with MS 29*, When required by the purchaser,
a typical sample of the aggregates shall be submitted to him for approval.

4.4 Water. Water shall be free from harmful amounts of matter injurious to concrete and
its reinforcement and shall comply with MS 28**,

4.5 Admixtures. Admixtures may be used with the approval of the purchaser. The admixtures
shall comply with MS 922 : Part 1+,

5. JOINTS

All faces of culvert sections which adjoin when a culvert is assembled or when culverts are
laid to form a conduit shall be of such form and finish that the interior surface of the culvert
or of the conduit is continuous and uniform.

Joints between culvert sections shall be such as to facilitate the assembly of the culvert and
ensure the accurate and permanent location of the culvert sections.

Unless another type of joint is specified by the purchaser, the joint between adjacent culverts
shall be a plain butt joint.

*MS 29: Specification for coarse and fine aggregates from natural sources.
**MS 28: Methods of test for water for making concrete
*MS 922: Speciication for concrete admixtures

Part 1: Accelerating admixtures and water,
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6. MANUFACTURE

6.1 Concrete mix. The aggregates, cement and water shall be proportioned and mixed
to produce a homogeneous concrete. All concrete shall have a water-cement ratio not exceeding
0.50 by weight. All sections manufactured under the provisions of this specification shall contain
a minimum of 315 kg of cement/m® of concrete.

6.2 Curing. The box sections shall be cured for a sufficient length of time so that the concrete
will develop the manufacturer’'s designed compressive strength in 28 days or less.

6.3 Moulds. The moulds used shall be sufficiently rigid and accurate to maintain the box
section dimensions within the permissible variations given in clause 8. All casting surfaces shall
be of smooth nonporous material.

6.4 Handling. Handling devices or holes shall be permitted in each box section for the
purpose of handling and laying.

7. STANDARD LENGTH

The standard length of culverts shall be 1.0 m.

NOTE. The manufacturers are given a time frame of 4 years from the year of publication of this MS to comply to this clause.

8. TOLERANCES

Where appropriate, the following permissible deviations are given as both plus and minus values
on a specific dimension rather than as a deviation from a maximum or minimum value; working
drawings to be used by the manufacturer should give dimensions and permissible deviations
expressed in this form.

(@) Standard length + 6 mm
(b) Cross section (each direction) — thickness
up to 500 mm + 6 mm
500 mm to 750 mm + 9 mm
additional deviation for
every subsequent 250 mm + 3 mm
(c) Straightness or bow (deviation from intended line) — 6 mm
(d) Squareness. When considering the squareness of a corner, the longer of the two adjacent

sides being checked should be taken as the base line. The shorter side should no vary in its
distance from a perpendicular so that the difference between the greatest and shortest dimensions
exceeds the following:-

Length of shorter sides:
up to and including 1.2 m 6 mm
over 1.2 m but less than 1.8 m 9 mm

For the purpose of this requirement any error due to lack of straightness should be ignored;
squareness should be measured with respect to the straight lines that are most nearly parallel
with the features being checked. ‘

7
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When the nominal angle is other than 90°, the included angle between check lines should be
varied accordingly.

(® Twist. Any corner should not be more than the deviation stated from the plane containing
the other three corners:

up to 600 mm wide and
up to 600 mm in length 6 mm
over 600 mm wide and for any length 12 mm

) v Flatness. The maximum deviation from a 1.5 m straight edge placed in any position
on a nominally plane surface should not exceed 6 mm.

9. COVER TO REINFORCEMENT

Unless a greater cover is specified by the purchaser, the nominal cover to all reinforcement
including links shall be not less than 25 mm.

NOTE. Where aggressive conditions or severe exposure is expected, additional cover or other treatment may be necessary.

10. WORKMANSHIP AND FINISH

The concrete shall be dense and hard and substantially free from chipped edges, laitance and
surface roughness. Culverts shall be free from fractures and cracks wider than 0.25 mm and
residual test cracks wider than 0.15 mm, and from other defects arising from faulty materials
or faulty methods of manufacture. They shall not be coated with cement wash or any other
preparation not specified by the purchaser (also see clause 11).

11. REPAIRS

Box sections may be repaired with the permission from the purchaser. This may be caused
by imperfections in manufacture or handling damage. The repairs should be sound, properly
finished and cured, and the repaired box section conforms to the requirement of this Malaysian
Standard.

12. INSPECTION

All materials, processes of manufacture, and finished culverts shall be liable to inspection and
approval by the purchaser.

13. LOAD TEST REQUIREMENTS

13.1 Proof load test. From each twenty culverts, which shall be called a batch and suitably
identified as such, of each size ordered, the purchaser may select one culvert for proof load
testing by the method given in appendix A. Where the order for any size of culvert is for less
than twenty, one culvert may be selected from the order for proof load testing.
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When so tested, every culvert not mare than 1.00 m long shall sustain a load of 112.5 kN
without developing a test crack greater than that defined in Note 1 below, and on removal of
the load, no crack caused by the load shall be greater than that defined in Note 2 below as
a residual test crack.

NOTE 1. A test crack is defined as one into which the point of a test-crack measuring gauge conforming to the details
given in fig. 2(a) may be inserted to a depth of 2 mm over a length of at least 300 mm at intervals not exceeding 50 mm.

NOTE 2. A residual test crack is defined as one into which the point of a residual testcrack measuring gauge conforming
to the details given in fig. 2(b) may be inserted to a depth of 2 mm over a length of at least 300 mm at intervals not

exceeding 50 mm.

1‘3.2 Ultimate load test. When so specifed in accordance with clause 15, the purchaser
may select the required number of culverts for ultimate load testing by the method given in
appendix A.

When so tested, every culvert not more than 1.00 m long shall sustain a load of 140 kN anywhere
on the culvert slab for a period of 1 min.

13.3  Water absorption. When so specified by the purchaser in accordance with clause 15,
the water absorption of the concrete in culverts shall be determined by the method given in
appendix B, using test pieces cut or cored from culverts that have been subjected to and have
complied with the proof load test.

The number of culverts from which test pieces are to be cut or cored shall be not more than
one in three culverts passing the proof load test, or as otherwise specified by the purchaser.
The number of test pieces taken from each culvert shall be one or as otherwise specified by
the purchaser in accordance with clause 15. The dimensions of the test piece shall be as given
in appendix B.

When so tested, not more than 20 per cent of the test pieces shall show an absorption exceeding
8 per cent. '

13.4 Retests

13.4.1 Load test. Should any culvert fail to meet the load test requirements, the purchaser
shall select two further culverts from the batch represented by the culvert that failed. These
culverts shall be subjected to the proof load test or the ultimate load test, or both tests (see
clause 13.1 and 13.2), as specified by the purchaser.

If both of the culverts meet the load test requirement(s), the batch shall be deemed to comply
with the test requirement(s).

If one of the retest culverts fails, the purchaser may reject the batch or may request that every
culvert in the batch be subjected to the proof load test.

13.4.2 Water absorption. If more than 20 per cent of the absorption test pieces fail to meet
the 8 per cent absorption test requirement, then for each test piece that fails a further test
piece shall be cut or cored from the same culvert from which the piece that failed was obtained.
This test piece shall be tested by the method given in appendix B and the test result obtained
shall be substituted for the original result.
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If not less than 80 per cent of the test pieces then meet the 8 per cent absorption requirement
and all test pieces have an absorption less than 10 per cent, every culvert represented by
the test pieces shall be deemed to comply with the requirement.

13.5 Acceptance. All the culverts represented by those culverts which have been tested and
found to comply with the requirements specified herein shall be accepted subject to final inspection
in accordance with clause 12.

Culverts which have been subjected to the ultimate load test may be accepted for use by the
purchaser provided they comply in all respects with this specification. Culverts which have been
subjected to the water absorption test may be rejected or accepted after repair, at the discretion
of the purchaser.

13.6  Testing facilities. Unless otherwise agreed between the purchaser and the manufacturer,
the manufacturer shall supply all facilities for measuring, inspecting, ‘and testing the culverts
in accordance with this specification.

13.7 Cost of testing and retesting. The cost of testing carried out in accordance with this
specification shall be the responsibility of the manufacturer or the purchaser as follows:

(@ Proof load test and retests. The cost of testing and the cost of culverts tested shall
be borne by the manufacturer.

(b) Ultimate load test and retests. The cost of culverts tested shall be borne by the
purchaser if the culverts meet the requirements, and by the manufacturer if they do not. The
cost of testing if it is the continuation of the proof load test shall be borne by the manufacturer.

(c) Water absorption test and retest. The cost of culverts tested shall be borne by the
purchaser if the culverts meet the test requirements and by the manufacturer if they do not.
The cost of obtaining test pieces from culverts and the cost of testing shall be borne by the
manufacturer.

13.8  Manufacturer’s certificate. As an alternative to requiring tests to be carried out culverts

supplied to his order, the purchaser may accept a certificate giving the results of tests carried
out on culverts of the same design, size and manufacture as those supplied to the order.

14. MARKING

The following marking shall be clearly stencilled on each culvert:

(@) The date of manufacture;

(b) The manufacturer’s name or registered mark;

(c) The sign ‘UP 1’ should be marked clearly at the top of the vertical wall of the culvert;
(d) The lifting points should be clearly marked.

10
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15. INFORMATION TO BE SUPPLIED BY THE PURCHASER

The purchaser shall supply the following information, as appropriate, to the manufacturer:

(@) The type of culvert required (see clause 3).
(b) The required internal dimensions of the culvert.
(c) The length of the culvert if other than 1.0 m is desired (see also clause 7).

(d) Whether the ultimate load test is required (see clause 13.2 and 13.7(b)) and, if the
test is required, the number of culverts to be so tested.

(e Whether the water absorption test is required (see clause 13.3 and 13.7 (¢)) and, if
the test is required, the number of test pieces required and the number of culverts from which
the pieces are to be obtained.

U] Whether a certificate in accordance with clause 13.8 is acceptable.

(9 The required minimum nominal cover of concrete over reinforcement if 256 mm is not
acceptable (see clause 9).

(h The type of end joint, if a plain butt joint is not acceptable (see clause 5).

)] Any other special requirements.

16. INFORMATION TO BE SUPPLIED BY THE MANUFACTURER

Where so requested by the purchaser, the manufacturer shall supply the following information:

(a) Drawing(s) showing all dimensions of the culverts and the proposed thickness of all
sections. '

(b) The mass of individual culverts or sections.

() Installation guidelines.

11
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Appendix A

Method for the load testing of culverts

Al APPARATUS
The following apparatus is required:

(@ Testing machine. A machine capable of applying to a culvert the forces specified in
clause 13 without undue deformation or yielding of the machine. A suitable testing machine
is illustrated in fig. 1. The machine shall be mounted over a sand-bed complying with the
requirements of paragraph (e) below.

(b) Load-measuring device. The testing machine shall be fitted with a load-measuring
device capable of indicating the applied load to within + 2 per cent of the correct load within
the range of use. The device shall have been calibrated within one (1) year by an independent
authority acceptable to the purchaser, and the calibration certificate shall be made available
for inspection by the purchaser on request.

(c) Bearing block. A hardwood bearing block of 320 mm long, 320 mm wide and 100 mm deep.

(d) Rubber pad. A rubber pad of 320 mm long, 320 mm wide and 10 to 20 mm thick
of Shore Durometer hardness 45-55.

(e) Sand-bed. A sand-bed of sufficient area to accommodate the culvert (see fig. 1). The
top and bottom surfaces of the sand-bed shall be level and the sand shall be not less than
75 mm deep.

] Crack measuring gauges. Leaf gauges of the dimensions shown in fig. 2.

A2. LOCATING CULVERT IN TESTING MACHINE

The test culvert shall be positioned on the sand-bed with the component sections properly
assembled as in service (fig. 1). For inverted ‘U’ culverts tests as in fig. 3.

A bed of mortar not more than 5 mm thick or a bituminous felt membrane may be used to
protect the bearing surfaces of the culvert during the application of the test load.

The orientation and position of the culvert under the loading beam of the testing machine shall
be appropriate to the loading conditions specified in paragraph AS.

A3.  APPLICATION OF TEST LOAD

The test load shall be applied vertically to the deck of the culvert through a wooden bearihg
block and rubber pad, with the loading beam and bearing block parallel with a vertical plane

through the longitudinal axis of the culvert as shown in fig. 1. The position of the load on the
culvert deck shall be as nominated by the purchaser.

12
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For proof load testing the load shall be increased uniformly so that the specified value is reached
in 5 min. While subjected to the proof load the culvert shall be examined for crack width. If
crack is present, it shall be checked by means of the test crack-measuring gauge. The load
shall then be released and the culvert again examined to check whether all test cracks have
closed. Any residual crack present, should be measured with the residual test-crack measuring
gauge as in fig. 2.

The ultimate test load shall be applied at the same uniform rate as the proof load until the
culvert sustain the specified ultimate load for a period of 1 minute.

Gauge

Frame

. . i1 - Loading beam
Loading jack—T

oF LOAD
DIRECTION

Rubber pad | | 4 - Timber bearing block
10 to 20 mm 320 x 320 x 100 mm
| positioned with 320 mm
dimension parallel to
the length of culvert

U-shope culvert

Sand-bed 75mm (min) thick
NOTE: Loads may be applied to any specified position on the deck of the culvert.

Figure 1. Load testing machine

lin & toper

T
10m:
A
_—/ R 2 mm
Thickness:

(8) Test-crack measuring gauge 0.25 mm
(b) Residual test-crack measuring gauge 0.15 mm

Figure 2. Crack measuring gauges
13
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Appendix B

Method of test for water absorption of culverts

B1. APPARATUS

The following apparatus is required:

(@) Air-drying oven
(b) A balance sensitive to 0.5 g when loaded to 1 kg.

B2. PREPARATION OF TEST PIECES

From the culverts selected for testing in accordance with clause 13.4.2, the required number
of test pieces shall be cut or cored. The thickness of the pieces shall be the full thickness
of the culvert (wall or slab) from which they are cut. The area of each uncut face shall be
1.0 x 10*- 1.5 x 10 mm? and the cut or cored edges of each piece may be ground smooth.
The pieces shall be free from cracks when tested.

B3. TEST PROCEDURE

Each test piece shall be dried at a temperature between 102°C to 110°C for a period of 4 days.
The drying of each piece shall then be continued until two successive weighings, at intervals
of not less than 2 hours and not more than 24 hours, show an increment of loss not greater
than 0.1 per cent of the original mass of the piece.

The final mass M, shall be recorded.

Each dried piece shall be placed in a suitable receptacle and covered with distilled or rain water.
The water shall then be raised to boiling point and boiled for 5 hours. At the end of this period
the pieces shall be cooled in water to a final temperature of 25-30°C.

When cool, each piece shall be allowed to drain for not more than one (1) min. Any superficial
water shall then be removed by means of absorbent paper or cloth and the mass of the piece
(mass M,) immediately determined.

B4. CALCULATION AND REPORT

The absorption of each test piece shall be reported separately and shall be calculated from
the following formula: ‘

M, - M,
Percentage absorption = — x 100
1

When steel reinforcement is present in the test piece, the mass of the steel M_ shall be determined
and then

H MZ M1
Percentage absorption = —— x 100
M -M

1

15
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Appendix C

Recommended internal dimensions of culverts

Width (A) Depth (B) Width (A) Depth (B)
mm mm mm mm
600 300 1500 600

450 750
600 900
1050
750 300 1200
450 1350
600 1500
760
1800 600
900 300 750
450 900
600 1050
750 1200
900 1350
1500
1200 300 1650
450 1800
600
750
900
1050
1200

X Alternative width ‘A’

Width ‘A’

Depth

e

N\

\——Topered leg
alternative

Figure 4. Culvert dimensions
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INSTITUT STANDARD DAN PENYELIDIKAN PERINDUSTRIAN MALAYSIA

Institut Standard dan Penyelidikan Perindustrian Malaysia (SIRIM) telah ditubuhkan hasil dari cantuman Institut
Piawaian Malaysia (SIM) dengan Institut Negara bagi Penyelidikan Sains dan Perusahaan (NISIR) di bawah
Undang-Undang Malaysia Akta 157 pada 16hb. September 1975:Akta Institut Standard dan Penyelidikan
Perindustrian Malaysia (Perbadanan) 1975. Institut ini diletakhak dengan kuasa untuk memamju dan
menjalankan penyelidikan perindustrian dan untuk menyedia dan memajukan standard-standard bagi barangan-
barangan, proses-proses, amalan-amalan dan perkhidmatan-perkhidmatan; dan bagi mengadakan peruntukan
bagi perkara-perkara yang bersampingan atau berkaitan dengan maksud-maksud itu.

Satu daripada tugas-tugas Institut ini adalah menyediakan Standard-Standard Malaysia dalam bentuk
penentuan-penentuan bagi bahan-bahan, keluaran-keluaran, kaedah-kaedah ujian, kod-kod amalan yang
sempurna dan selamat, sistem penamaan dan lain-lain. Standard-Standard Malaysia disediakan oleh
jawatankuasa-jawatankuasa perwakilan yang menyelaras keupayaan pengilang dan kecekapan pengeluaran
dengan kehendak-kehendak yang munasabah dari pengguna. la menuju ke arah mencapai kesesuaian bagi
maksud, memudahkan pengeluaran dan pengedaran, kebolehsalingtukaran gantian dan pelbagai pilihan yang
mencukupi tanpa pembaziran.

Standard-Standard Malaysia disediakan hanya setelah penyiasatan yang lengkap menujukkan bahawa sesuatu
projek itu disahkan sebagai yang dikehendaki dan berpadanan dengan usaha yang terlibat. Hasil ini berasaskan
persetujuan sukarela dan memberi pertimbangan kepada kepentingan pengeluar dan pengguna. Standard-
Standard Malaysia adalah sukarela kecuali is dimestikan oleh badan-badan berkuasa melalui peraturan-
peraturan, undang-undang persekutuan dan tempatan atau cara-cara lain yang sepertinya.

Institut ini beroperasisemata-mata berasaskan tanpa keuntungan. la adalah satu badan yang menerima bantuan
kewangan dari Kerajaan, kumpulan wang dari bayaran keahlian, hasil dari jualan Standard-Standard dan
terbitan-terbitan lain, bayaran-bayaran ujian dan bayaran-bayaran lesen untuk mengguna Tanda Pengesahan
SIRIM dan kegiatan-kegiatan lain yang berhubung dengan Penstandardan, Penyelidikan Perindustrian dan
Khidmat Perunding.

STANDARDS AND INDUSTRIAL RESEARCH INSTITUTE OF MALAYSIA

The Standard and Industrial research Institute of Malaysia (SIRIM) is established with the merger of the
Standards Institution of Malaysia (SIM) and the National Institute for Scientific and Industrial Research (NISIR)
under the Laws of Malaysia Act 157 on 16™. September 1975: Standards and Industrial Research Institute of
Malaysia (Incorporation) Act 1975. The Institute is vested with the power to provide for the promotion and
undertaking of industrial research and for the preparation and promotion of standards for commodities,
processes, practices and services; and to provide for matters incidental to or connected with those purposes.

One of the functions of the Institute is to prepare Malaysian Standards in the form of specifications for materials
and products, methods of testing, codes of sound and safe practice, nomenclature, etc. Malaysian Standards are
prepared by representative committees which co-ordinate manufacturing capacity and production efficiency with
the user’s reasonable needs. They seek to achieve fitness for purpose, simplified production and distribution
replacement interchangeability, and adequate variety of choice without wasteful diversify.

Malaysian Standards are prepared only after a full enquiry has shown that the project is endorsed as a desirable
one and worth the effort involved. The work is based on voluntary agreement, and recognition of the community
of interest of producer and consumer. The use of Malaysian Standards is voluntary except in so far as they are
made mandatory by statutory authorities by means of regulations, federal and local by-laws or any other similar
ways.

The Institute operates entirely on a non-profits basis. It is a grant aided body receiving financial aid from the
Government, funds from membership subscriptions and proceeds from sales of Standards and other
publications, fees and licence fees for the use of SIRIM Certification Mark and other activities associated with
Standardization, Industrial Research and Consultancy Services.
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