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Foreword

This Singapore Standard was prepared by the Technical Committee for Code of Practice for
Foundations under the direction of the then Building and Construction Industry Standards Committee.
It is a revision of CP 4 : 1976.

The major changes in the revised edition of CP 4 : 2003 are as follows: 23 ag’;”ded
ug

(a) Clause 2.2 Design considerations in CP 4: 1976 has been completely revised to address the
local soil/rock conditions in Singapore.

(b) Section 8 in CP 4 : 1976 was replaced by the relevant clauses of Section 9 of BS 8004 :
1986.

(c) Inclusion of a section on durability of timber, metal and concrete structures, which was taken
from BS 8004 : 1986 but modified to suit local needs.

(d) Introduction of a separate section on Safety Precaution which was taken from BS 8004 : 1986
but modified to suit conditions in Singapore.

This code is an adoption of British Standard BS 8004 : 1986 and was implemented with permission of
the British Standards Institution. Acknowledgement is made for the use of Figure 19 of BS 5930 :
1999 which is reproduced as Figure 2.1 in this standard.

Figures 7.6, 7.7, 7.10, 7.12, 7.13 and 7.14 published in this code are adapted with permission from
“ASTM D3689-90 (1995) Standard Test Method for Individual Piles Under Static Axial Tensile Load”
and “ASTM D3966-90 (1995) Standard Test Method for Piles Under Lateral Loads” respectively,
copyright ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428.”

Figures 7.2, 7.3 and 7.4 and Figure 7.11 published in this code are similar to Figures 11.8, 11.9, 11.17
and 11.19 respectively of the publication, “Pile Design and Construction Practice” Fourth Edition, by
M.J. Tomlinson and are reproduced with the permission of Taylor & Francis Books Ltd.

Attention is drawn to the possibility that some of the elements of this Singapore Standard may
be the subject of patent rights. Enterprise Singapore shall not be held responsible for identifying
any or all of such patent rights.

NOTE

1. Singapore Standards (SSs) and Technical References (TRs) are reviewed periodically to keep abreast of
technical changes, technological developments and industry practices. The changes are documented through the issue of
either amendments or revisions.

2. An SSor TR is voluntary in nature except when it is made mandatory by a regulatory authority. It can also be cited in
contracts makingits application a business necessity. Users are advised to assess and determine whether the SSor TR is
suitable for their intended use or purpose. If required, they should refer to the relevant professionals or experts for advice
on the use ofthe document. Enterprise Singapore shall not be liable for any damages whether directly or indirectly suffered
by anyone or any organisation as a result of the use of any SS or TR.

3. Compliance with a SS or TR does not exempt users from any legal obligations.
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Code of practice for foundations

Section One — General

11  Scope

This Code of Practice provides recommendations for the design and construction of foundations for
the normal range of buildings and engineering structures. It serves as a guideline for achieving a
technically sound, safe, and economical solution in the design and construction of these foundations.
In principle, one should consider site geological and subsurface conditions, nature of buildings or

structures to be supported, availability of construction materials, and construction methods and details
in the design of foundations for buildings and structures.

1.2 Definitions

For the purpose of this Singapore Standard, the following definitions apply.

1.2.1 Allowable pile load

The load that may be safely applied to a pile after taking into account its ultimate bearing capacity,
negative friction, pile spacing, overall bearing capacity of the ground below the piles and allowable
settlement.

1.2.2 Allowable net bearing pressure

The maximum allowable net loading intensity at the base of the foundation, taking into account the
ultimate bearing capacity, the amount and kind of settlement expected and the ability of the structure

to accommodate this settlement. It is a combined function both of the site conditions, including all
construction in the vicinity, and the characteristics of the proposed structure.

1.2.3 Anvil
The part of a power-operated hammer which receives the blow of the ram and transmits it to the pile.

1.2.4 Barrettes

A system of piling involving the excavation of large rectangular panels under bentonite. The
techniques used in their construction are very similar to those used for diaphragm walling.

1.2.5 Bentonite suspension/slurry

A mixture of bentonite and water.

1.2.6 Boiling or quick condition

A phenomenon involving soil particles suspended in water when a cohesionless soil mass is
subjected to an upward seepage force under a hydraulic gradient exceeding the critical gradient of the
soil. This phenomenon should not be confused with blow-in or uplift that is associated with a cohesive

soil stratum subject to an excessive upward water pressure from an underlying water-bearing stratum
or aquifer beneath the bottom of an excavation.

10



	Contents
	Foreword
	Section One – General
	1.1 Scope
	1.2 Definitions

	Section Two – Design of foundations
	2.1 General
	2.2 Geotechnical considerations
	2.3 Structural considerations
	2.4 Design in relation to construction procedure

	Section Three – Shallow foundations
	3.1 General
	3.2 Design considerations

	Section Four – Deep foundations
	4.1 General
	4.2 Types of deep foundations
	4.3 Ground movements within and around deep excavations
	4.4 Design considerations

	Section Five – Cofferdams
	5.1 General
	5.2 Materials and stresses
	5.3 Design considerations

	Section Six – Geotechnical processes: groundwater lowering, grouting and other methods of changing the ground characteristics in situ
	6.1 General
	6.2 Site investigations
	6.3 Control of groundwater and ground deformation
	6.4 Methods of dewatering excavations
	6.5 Special methods for excluding water from excavations
	6.6 Methods of improving the physical properties of the ground
	6.7 Ground treatment by grouting

	Section Seven – Pile foundations
	7.1 General
	7.2 Preliminary investigations
	7.3 Design considerations
	7.4 Types of pile
	7.5 Axial load capacity and test loading
	7.6 Special loading tests
	7.7 Integrity testing of concrete piles

	Section Eight - Tide work and underwater concreting
	8.1 Tide work
	8.2 Underwater concreting
	8.3 Diving

	Section Nine – Site preparation for foundation work
	9.1 Preliminary considerations
	9.2 Design of foundations
	9.3 Stability
	9.4 Drainage
	9.5 Work preliminary to demolition shoring and underpinning of existing structures
	9.6 Demolition
	9.7 Shoring
	9.8 Underpinning

	Section Ten – Durability of timber, metal and concrete structure
	10.1 General
	10.2 Timber
	10.3 Metals
	10.4 Concrete

	Section Eleven - Safety precautions
	11.1 General
	11.2 Cofferdams and caissons
	11.3 Excluding water from excavations
	11.4 Pile foundations
	11.5 Tide work
	11.6 Diving
	11.7 Safety precautions connected with demolition, use of explosives andunderpinning

	Annex A - Derivation of charts for the determination of allowable bearing pressures on weak and broken rocks
	Annex B - Recommendations and statutory requirements affecting the safety welfare and health of persons at work
	Annex C - References
	Table 2.1 – Rock strength grade based on uniaxial compression test
	Table 2.2 – Rock weathering classification for Bukit Timah Granite and Gombak Norite (modified from Anon 1970)
	Table 2.3 – Rock weathering classification for Jurong Formation according to Approach 2
	Table 2.4 – Presumed bearing values for foundations under vertical static loading and settlement not exceeding 50 mm – Strip foundations not exceeding 3 m wide, length not more than ten times width, bearing on surface of rock (modified from Tomlinson 1995)
	Table 2.5 – Weathering classification of Old Alluvium
	Table 2.6 – Presumed bearing values for foundations in sands and gravels at a minimum depth of 0.75 m below ground level (modified from Tomlinson 1995)
	Table 2.7 – Presumed bearing values for foundations on clays at a minimum depth of 1 m below ground level (modified from Tomlinson 1995)
	Table 2.8 – Classification of sands and gravels by standard penetration test
	Table 2.9 – Undrained shear strength of cohesive soils
	Table 5.1 – Minimum values for depth of cut-off for cohesionless soils where there is no significant lowering of the external water level
	Table 6.1 – Types of grout
	Table 6.2 – Grout tests
	Table 7.1 – Cement content and cube strength of concrete  for precast reinforced concretepiles
	Table 7.2 – Suggested slump details for typical concreting situations for cast-in-place piles
	Table 10.1 – Natural durability classification of Malaysian timbers (Source: Table 2, SS CP 1 : 2000)
	Table 10.2 – Preservative requirements for treated timber in Singapore
	Table 10.3 – Timbers for specific uses
	Table 10.4 – Resistivity and redox potential values
	Table 10.5 – Concrete exposed to sulphate attack
	Table A.1 – Influence value I for foundation analysis (Lysmer and Duncan 1969)
	Figure 2.1 – Description and classification of weathered rock for engineering purposes (BS 5930:1999)
	Figure 2.2 – Relation between RQD and mean discontinuity frequency (after Priest and Hudson 1976)
	Figure 2.3 – Allowable bearing pressures for square pad foundations bearing on rock (for settlement not exceeding 0.5% of foundation width)
	Figure 5.1(a) – Cofferdams types
	Figure 5.1(b) – Cofferdams using sheetpiling
	Figure 5.2 – Cofferdam showing depth of cut-off (cohesionless soils)
	Figure 6.1(a) – Approximate guide to application of various geotechnical processes to soils Groundwater lowering and compressed air
	Figure 6.1(b) – Approximate guide to application of various geotechnical processes to soils Artificial cementing
	Figure 6.2 – Modes of occurrence of groundwater
	Figure 6.3 – Permeability and drainage characteristics of soils
	Figure 6.4 – Types of garland drain
	Figure 6.5 – Collapse of excavation caused by seepage from steep slopes
	Figure 6.6 – Stable excavated slopes resulting from flat gradient and provision of deep drainage trench
	Figure 6.7 – Reduction of water levels below and excavation by bored well groundwater lowering system
	Figure 6.8 – Multi-stage well point system for deep excavation
	Figure 6.9 – Reduction of ground level before installing well point system
	Figure 6.10 – Design rules for filte
	Figure 7.1 – Types of pile
	Figure 7.2 – Testing rig for compressive test on pile using kentledge for reaction (after Tomlinson 1995)
	Figure 7.3 – Testing rig for compressive test on pile using tension piles for reaction (after Tomlinson 1995)
	Figure 7.4 – Typical rig for compressive test on pile using cable anchors for reaction
	Figure 7.5 – Testing rig for pull-out test on H-section pile using ground as reaction (after Tomlinson 1995)
	Figure 7.6 – Typical set-up for applying tensile loads to pile using hydraulic jack acting between test beam and reaction frame anchored to pile (after Crowther 1988)
	Figure 7.7 – Typical set-up for applying tension loads to pile using hydraulic jack acting at ends of beam anchored to pile (after Crowther 1988)
	Figure 7.8 – Relationship of load, settlement and time in pile loading test using maintained loads
	Figure 7.9 – Penetration in constant rate of penetration tests
	Figure 7.10 – Typical set-up for applying lateral load with conventional hydraulic jack (after Crowther 1988)
	Figure 7.11 – Testing rig for push and pull lateral loading test on a pair of piles (after Tomlinson 1995)
	Figure 7.12 – Example of fixed-head test set-up for lateral test on individual pile
	Figure 7.13 – Typical example of set-up for combined lateral and axial compressive load (after Crowther 1988)
	Figure 7.14 – Testing arrangement for over-water lateral load tests of piles in a bent (after Raymond International)
	Figure 7.15(a) – Schematic of quasi-static load test
	Figure 7.15(b) – Quasi-static /static load vs displacement curves
	Figure 7.16(a) – Schematic of ‘built-in load cell’ test
	Figure 7.16(b) – Load displacement curves of ‘built-in load cell’ test
	Figure 7.16(c) – Constructed equivalent pile top load vs displacement curve



