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Overview 

 

 The 2017 Code is an updated version of the 2004 Foundation Code which was 
promulgated in 2004 by the Buildings Department; 

 

 As a code of practice, the Code contains provisions for design, site investigation, 
construction practice and testing; 

 

 In parallel, the Building (Construction) Regulations (the most updated version 
promulgated in 2012) does contain provisions for foundation work which have been 
incorporated in the Foundation Codes. Of course the Foundation Codes contain 
more details than the Regulations. It is an intention of the Government that detail 
provisions of the engineering requirements be placed in the Codes of Practice while 
leaving the B(C)R to contain only principles; 

 

 The Foundation Codes tend to be local codes embracing recognized local practices; 

 

 

 

 

 



Overview 

 

 Unlike the Concrete Code and the Steel Code which are largely based on the British 
Standards BS8110 and BS5950, the Foundation Code draws lesser materials from 
BS8004; 

 

 References, especially structural element design are also made to other local design 
codes such as the Concrete Code and the Steel Code; 

 

 Comparing with the 2004 Code, the 2017 Code also explicitly allows design of 
structural steel sections for foundation elements to be based on the limit state 
design. However, in order to avoid overstressing steel beyond yield strength during 
loading tests (which requires at least twice the allowable working load), some 
further limitations on section design have to be imposed. 

 

 

 

 

 



Allowable Bearing Pressure 

 

 An important content in Chapter 2 is the provision on the “allowable bearing 
pressure” of ground to the foundation both in the 2004 Code and 2017 Code; 

 Basically, the 2004 Code has expanded the table “safe bearing capacities of ground 
under foundation” of the old Building (Construction) Regulation – 1985 in 
constructing its Table 2.1. (The current B(C)R has removed this table). The 2017 
Code has further expanded the table by adding the item for sedimentary rock; 

 The allowable bearing pressure is used to check against working load (or 
characteristic load); 

 The allowable bearing pressure can be taken as the ultimate bearing capacity 
divided by a factor of safety of 3; 

 The allowable bearing pressure can however, be based on “Presumed Values” listed 
in Table 2.1 which depends on the strength / quality of the soil / rock only; 

 

             

 

  



Allowable Bearing Pressure 

 

 However, it should be noted that the allowable bearing capacity of a building 
structure should depends also the dimensions and adjacent surcharge of the 
foundation which affects the ultimate bearing capacity involving failure of shear 
surface. The foundation dimensions also directly affects settlement; 

 So strictly speaking it would be a trial and error process for foundation design – 
trying the foundation dimensions against allowable bearing pressure which varies 
with foundation dimensions. The process is tedious; 

 Thus, like BS8004:1986, the concept of “Presumed bearing value” is used in the 
Code depending on quality and strength of the soil / rock only which are now 
universally acceptable and are normally conservative values. 

             

 

  



Ultimate bearing capacity depends also 

on footing plan width and depth 

(related to surcharge) 

Settlement again depends also on 

footing plan width 



Extract from 

BS8004:1986 

Extract from 

BS8004:2015 



Allowable Bearing Pressure 

 

 BS8004:1986 also has a table of presumed allowable pressure as similar to our 
Foundation Code but emphasized that the values are for preliminary design. The 
designer should then review his design afterwards; 

 But in the updated version of BS8004:2015, the requirement of review is not 
included and reference made to BS EN 1997-1 for the presumed values; 

 Nevertheless, both the 2004 and 2017 Codes retain the provision of “Rational 
Design Method” for deriving the allowable bearing pressure if presumed values are 
not to be used; 

 In addition, in the 2017 Code, the bearing capacity equations are added for the 
user’s estimation of bearing capacity for shallow foundations (depth  3m) which 
are dependent on the foundation dimensions and basic parameters of the soil, 
though the depth restriction is not found in other Standards such as BS8004:2015 
(6.4.1.2) or the Eurocode 7 (6.5.2.2 and Annex D). 

 

  





2.2.2 – Presumed Values of 
Allowable Bearing Pressure 

 

 Comparing with the 2004 Code, the 2017 Code contains following revisions / 
additions: 

  

 2.2.2(5) 

 Presumed values of 100kPa (if dry) or 50 kPa (if submerged) be used for minor 
temporary structures on horizontal ground. Presumably SI in accordance Section 
3 by 2.2.2(1)(a) can be exempted. The Code gives examples : fencing and 
hoarding. 

 

 This is a new sub-clause but is more or less a current practice; 

 By “temporary”, permanent structures such as planter boxes, small manholes or 
even light covered walkway have been excluded; 

 By 4.2.2(2), plate load tests can be exempted even bearing capacity equations 
are used to determine allowable bearing pressure; 

 



 
 Category 2 in Table 2.1 

 

 The category specifies the presumed allowable bearing pressure for meta-
sedimentary rock which is an addition to the previous code. 

 

 Under 85% TCR, the presumed allowable bearing pressure of meta-sedimentary 
rock is 3000kPa which is also a ceiling value, being equivalent that of volcanic 
rock of 50%TCR; 

 

 So the clause is useful for structure founding on meta-sedimentary rock. 

 

2.2.2 – Presumed Values of 
Allowable Bearing Pressure 



 

 Note (5) under Table 2.1 

 

 The note re-defines TCR :  

     (1)   Length of each core-run becomes 1m in 2017 Code vs 1.5m in 2004 Code; 

     (2)   TCR to be calculated on consecutive core-runs. There is ambiguity in the 

             2004 Code that TCR can be based on consecutive core-runs or the “worst 

             1.5m run”.    

 

 Under 85% TCR, the presumed allowable bearing pressure of meta-sedimentary 
rock is 3000kPa which is also a ceiling value, being equivalent that of volcanic 
rock of 50%TCR; 

 So the clause is useful for structure founding on meta-sedimentary rock. 

 

2.2.2 – Presumed Values of 
Allowable Bearing Pressure 
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2017 : Shorter core-run, generally higher 

risk of failure because (i) more core-runs, 

though may be offset by shorter core length 

and (ii) smaller denominator for TCR 

calculations 



2.2.4 – Bearing Capacity Equation 
Method 

 This is a new clause in the 2017 Code quoting the bearing capacity equation method for 
determination of “ultimate bearing capacity of shallow foundation” (depth of bottom level  
3m) 

 

 The equations were developed by Vesic based on theoretical approach which are listed in 
Geoguide 1 –     qu = cNc + qNq + 0.5BN 

 

 By the approach, generally higher bearing capacities are resulted and the bearing capacity 
increases with foundation plan dimensions (by 0.5BN), as in contrast with the presumed 
values dependent only on quality of rock or soil. 

 

 The bearing capacity factor qNq, q can be very large for deeply seated footing, thus 
contributing substantially to qu. However, the Code limits to the use of the equation to 3m 
depth foundation.   

  

 The Code also limits the qu to 3000kPa or roughly qallowable = 1000kPa 

 

  







2.2.4 – Bearing Capacity Equation 
Method 

 The Code puts forward an equation in 2.2.4  (found in Craig’s Soil Mechanics) 

       𝑞𝑎 =
𝑞𝑢−𝑞0

𝐹
+ 𝑞0        𝑞0 = 𝛾𝑠𝐷𝑓 

 

 The equation is actually derived from   𝐹 =
𝑞𝑢−𝑞0

𝑞𝑎−𝑞0
 

 

 

 By the equation, it is applying factor of safety to the “net ultimate bearing pressure” 
and “net allowable bearing pressure” which are the values after deduction of the 
overburden soil pressure; 

 

 It should be noted that the Code defines 𝑞0 as the  pressure of the soil originally 
exists above the base of the foundation, and the final value of 𝑞𝑎 is regardless of 
whether there will be backfill after foundation construction. 

 

 

 

 

 

  

Df 



2.2.4 – Bearing Capacity Equation 
Method 

 The definition appears reasonable as both 𝑞𝑢 and 𝑞𝑎 are properties of the soil and 
foundation dimensions and should be independent of backfill.  

 

 So in case there is backfill, the backfill should be taken as additional load on the soil 
stratum; 

 

 The reason why the same 𝑞0 is deducted from 𝑞𝑢 and 𝑞𝑎 in the definition of 𝐹 is 
because 𝑞0 can be determined with high certainty; 

 

 Strictly speaking only 𝑞𝑢 can be defined physically in terms of shear failure, rupture 
while 𝑞𝑎 can entirely be defined by the equation; 

 

 Now take an example when 𝑞𝑢 = 300kPa and 𝑞0 = 30kPa, with 𝐹 = 3, 𝑞𝑎 =
120kPa which is 40% 𝑞𝑢 while by the current practice, it may become 300/3 =
100kPa. Both do not include soil surcharge. 

 

 

 

 

 

  



2.2.4 – Bearing Capacity Equation 
Method 

 

 Nevertheless, it should be noted that “plate load test” is required when 𝑞𝑎 is 
determined by this method unless the structure is a minor temporary one 
according to 4.2.2(2)(b).   

 

 

 

  







2.2.4 – Bearing Capacity Equation 
Method 

 The 2017 Code contains a 
figure which extends the use 
of the Bearing Capacity Factor 
Approach to irregular footing; 

 

 Smaller 𝑞𝑢 will generally be 
resulted due to smaller 
dimension B value 
(contribution of 0.5BN); 

 

 So the approach is 
conservative. 



2.3.1 – Estimation of Settlement 

 
 General formulae in the determination of settlement for granular soils and 

cohesive soils are added in the 2017 Code. These are text book materials which 
are also current practice. 

 

 That of granular soil are immediate settlement or elastic settlement by treating 

soil as an elastic materials;  𝑆𝑒 =
𝑞𝑛𝑒𝑡𝐵𝑓𝐹0

𝐸𝑠
 

 

 Settlements of “Fine-Grained Soils” (or cohesive soils) are that due to 
consolidation. The Code gives formulae for “primary consolidation” but not for 
“secondary consolidation” (due to creep, as the phenomenon is not expulsion of 
water, some one consider this not a consolidation and Craig calls it secondary 
compression instead). 



Extract from Bowles 

“Foundation Analysis 

and Design” for 

Secondary 

Consolidation 



2.3.1 – Estimation of Settlement 

 
 Correlation of Young’s Modulus of soil with SPT N in the absence of laboratory or 

insitu test is included in the 2017 Code, Es = SPTN  where Es is in MPa, but 
limited to shallow foundations with bearing pressures  250kPa; 

 

 The correlation of E with SPTN varies significantly among different researches 
and testing as revealed by Table 6.10 of GEO 1/2006 publication. Nevertheless, 
the discussion in 6.13.2.5 of the publication comments that the correlation can 
be used; 

 

 As 250kPa refers to very light structures, do we need to carry out laboratory or 
insitu tests for the E values every time when bearing pressure > 250kPa? 

 





2.3.2 – Acceptable Settlement and 
Rotation 

 The Code has listed limiting settlements and rotations for foundation design for 
buildings not “sensitive to movement” as  

 (a)  maximum total settlement  30mm; 

 (b) differential settlement between vertical elements  1:500 

 (c) angular rotation due to transient loads  1:500 

 

 Remark :  

 The limiting values are generally in the same order of other national standards. 

 (a) is deemed to be satisfied for buildings founded on rock (presumed value 3000kPa) and 
soil with SPTN  200. So practically not applicable to all high-rise buildings. But it may be a 
problem for light buildings of large plan dimensions founded on soil if the Es value is low. Say 
a square plan building 30m x 30m with total bearing pressure 100kPa (2 storeys + raft footing) 

founded on soil of 50MPa (SPTN = 50), the settlement is 𝛿 =
𝑞𝐵

𝐸
𝐼𝑠 =

100×30

50000
× 0.85 = 51mm 

> 30mm 

 

 

 

 

 

 

 

  



2.3.2 – Acceptable Settlement and 
Rotation 

 Remark :  

 

 The differential settlement in previous code is 1:300, also in some old specifications (HD’s old 
specifications) which is too large and not suitable for our comparatively rigid rc buildings. 
The value is now increased to 1:500. But even so, it is suspected many stiff structures like the 
deep lintel beams cannot tolerate such differential settlement : M = 12EI/L2; 

 

 The limiting angular rotation of foundation due to transient wind load has been taken as 
1:750 as under table practice which was difficult to achieve for buildings of narrow base 
width. Now the criterion is relaxed to 1:500 but still sometimes it is not easy to satisfy, 
especially for the so called “tooth-pick” buildings. 

 

 In addition, it is not explicitly stated that the rotation of the foundation needs not be 
included in the analysis of the superstructure. If the limit of 1:500 is reached by the 
foundation, no margin for the superstructure if to comply with Concrete Code requirement 
of 1:500 building top deflection. 

 

 

 

 

 

 

 

  





1500kN 1500kN 

If pile load is 1500kN due 

to wind load and  pile 

Length = 40m, elastic 

shortening / lengthening for 

the 305× 305× 223 pile is 
𝐹𝐿

𝐴𝐸
=

1500×40

0.0284×205×106 =

10.3mm 

 
If the pile spacing is 𝐿 =
8m, the cap rotation is 

  
10.3 × 2

8000
=

1

388
>

1

500
 

 

So fails the criterion 



H 

H 



2.3.2 – Acceptable Settlement and 
Rotation 

 

 Remark :  

 

 Theoretically, the angular rotation should be included in the calculation of lateral deflection 
of the superstructure. The angular rotation magnifies the lateral deflection by 𝐻 × 𝜃. 
If 𝜃 = 1: 500, then 𝜃 alone will exhaust all the limit in deflection imposed by the Concrete 
Code 2013. 

 

 But as a trade practice, the analysis of the superstructure is often independent of the 
foundation analysis and BD accepts the deflection purely by superstructure analysis in which 
the walls and columns at the foundation level are assumed to be total restrained from 
translation. 

 

 

 

 

 

 

 

  



2.4.4 – Reclaimed land with consolidation 
substantially completed 

 This is a new sub-clause in the 2017 Code. 

 

 A table indicating 95% degree of consolidation is contained in the Code which can 
be used in the absence of a detailed consolidation assessment 

 

 

 

 

 Theoretically, it makes some difference in the rate of consolidation whether the 
bottom layer is permeable or impermeable in terms of the length of the drainage 
path. But this seems not considered by the 2017 Code. 

 

 In addition,  there is theoretical approach taught in text books to calculate 
consolidation under known value of coefficient of consolidation cv.  



Extract from Crag’s Soil 

Mechanics, 

 

𝑢𝑖 is the water pressure 

due to the surcharge which 

is a function of time. 



2.5.4 – Resistance to Sliding, 
Uplift and Overturning 

 The provisions are for stability check which are actually found in the old Building 
(Construction) Regulations. Basically the provisions are also identical in the 2004 
and 2017 Codes; 

 

 Since factors of safety against overturning are different for different types of loads, 
the following can be used to check adequacy of the stability moment (mostly 
provided by the dead weight of the structure which should be 90% of the total 
dead load and possibly anchors if any) 

 
1.5 𝑜𝑟 1.1 × 𝑀𝑢𝑝𝑡ℎ𝑟𝑢𝑠𝑡 + 1.5𝑀𝑤𝑖𝑛𝑑 + 2𝑀𝑠𝑜𝑖𝑙 ≤ 𝑀𝐷𝑚𝑖𝑛 

 

 Checks against sliding and uplift follow the same principle; 

 

 This is global stability check by statics. Strictly speaking, the stiffness of the 
structure is not a concern, so long the structure remains intact. 

 

 

 

 

 

 

 

  





2.5.5– Materials and Stresses 

The followings in the 2017 Code are highlighted : 

 

 Comparing with the 2004 Code, in the 2017 Code, the restriction of concrete grades to 20D 
for design in cast-in-place concrete foundations of least lateral dimensions  750mm is 
removed; 

 

 In the 2017 Code requirements for concrete to be applied to grout are added in 2.5.5(3); 

 

 In the 2004 Code, the design of steel pile is based on the working stress method, i.e. the 
stresses in the pile due to working loads are worked out (by the elastic theory) and then 
compared with the allowable stresses of the steel. In such an approach, the allowable 
stresses due to purely axial loads are smaller than that with axial load coupled with bending 
because lesser area of the section is under maximum stress in the latter. So in the 2004 Code, 
the allowable working stress for driven piles due to axial load is 0.3fy and can be increased to 
0.5fy if bending is included.  

 

 

 

 

 

 

 

 

  



2.5.5– Materials and Stresses 

 

 However, in the 2017 Code, the increase in allowable working stress for driven piles from 
0.3fy to 0.5fy under bending is removed;  

 

 In addition, the 2017 Code limits “axial stress” to 30% of fy which is different from 2004 Code 
limiting “stress” to 30% of fy instead. The 2017 Code intentionally refers “axial stress” to that 
due to axial load only (free from moment), leaving extra capacity to resist moment by the 
limit state method. (As otherwise axial load + bending moment can give combined stress can 
easily exceed 0.3fy which will lead to more piles or larger sections). So by the 2017 Code 
should use limit state design to check axial load + bending; 

 

 Instead, use of the limit state design in accordance with Steel Code 2011 is emphasized in 
the 2017 Code.  

 

 

 

 

 

 

 

 

  



2.5.5– Materials and Stresses 

Comparison in steel design by the working stress method and limit state design in case of a 
305×305×223 S450 driven H-pile under full axial load of 3663kN: 

 

 

 

 

 

  

Working Stress Method to Foundation Code 
2004 :  

 

The spared strength to resist bending about 
the major axis is  0.5 − 0.3 𝑓𝑦. So the 

maximum working moment about the major 
axis that can be resisted 

 

𝑀𝑤 = 0.5 − 0.3 𝑓𝑦𝑍𝑥 = 0.2 × 430 ×

3119 × 103 × 10−6 = 268.23kNm 

  

 

 

 

 

 

 

 

  

Limit State Method to Foundation Code 
2017 (using Steel Code 2011): 

 

𝑃𝑐 = 𝑓𝑦𝐴 = 430 × 28400 × 10−3 =

12212kN 

𝑀𝑐𝑥 = min (1.2𝑓𝑦𝑍𝑥, 𝑓𝑦𝑆𝑥) = 430 × 3653 ×

103 × 10−6 = 1571kNm 

 

Assume overall 𝛾𝑓 = 1.5, check 
𝑃

𝑃𝑐
+

𝑀𝑥

𝑀𝑐𝑥
≤ 1 ⇒

1.5 × 3663

12212
+

1.5𝑀𝑥

1571
≤ 1 

⇒ 𝑀𝑥 = 576kNm >> 268kNm 

 

 

 

 

 

 

  



2.5.5– Materials and Stresses 

 Increase of design moment is similar for socketed pile. Socketed pile initially has no 
spared capacity for moment according to the 2004 Code if the axial load is up to 
0.5𝑓𝑦𝐴.  However, according to the 2017 Code and using limit state design, the 

extra 𝑀𝑥 is 

 

 
𝑃

𝑃𝑐
+

𝑀𝑥

𝑀𝑐𝑥
≤ 1 ⇒

1.5×6106

12212
+

1.5𝑀𝑥

1571
≤ 1  

 ⇒ 𝑀𝑥 = 262kNm 

 

 So the 2017 Code allows more economical design in this case. Previously designers 
using the 2004 Code tend to use “stiffeners” at the top portion of the pile to resist 
moments instead of adding piles or using larger sections for the entire pile lengths 
if the section is not sufficient. Usually stiffeners are only required at top portions 
with short lengths as the moments diminish quickly down the piles. 
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2.5.5– Materials and Stresses 

 

 Allowable bond stresses between steel and grout in the 2017 Code are decreased 
by one third as compared with the 2004 Code : 

  

600kPa  400kPa (when grouting in dry) ;  

480kPa  320kPa (when grouting in water) 

 

 It is also clarified in the 2017 Code that the surface area for calculation of allowable 
steel/grout bond stress should be the “total external surface area” of the steel 
section, i.e. not the circumcised rectangular section. So for the 305×305×223 pile, 
the total surface area for one metre length is 1918×1000×10-6 = 1.918m2). 

 

 

 

 

 

 

  



2.5.5– Materials and Stresses 

 

 In the 2017 Code, shear studs (or steel sections or other substitutes) be used to 
enhance bonding, but limited to overall allowable stress to 600kPa (when grouting 
in dry) and 480kPa (when grouting in water). So the maximum (residual) stress be 
provided by shears studs or other substitutes are 600 – 400 = 200kPa and 480 – 320 
= 160kPa for dry and in water respectively. 

 

 Often contractors prefer transverse bars along the length of the pile to shear studs 
likely because of the availability. 

 

 

 

 

 

 

  







2.8 – Foundations Design in 
Scheduled Areas 

 

 The 2017 Code has significant enrichment in giving some details for foundation 
design in Scheduled Area Nos. 2 and 4 – marble area. 

 

 Some aspects are highlighted “ 

1) Determined Bulk Excavation Limit (DEBL) – limiting extent of bulk excavation ; 

2) A pile redundancy is provided for the uncertainties which the driven piles can be 
affected by karst features beneath the pile toe or damaged sustained during 
driving;   

3) Limit on increase of vertical stress at marble surface. 

 

 

 

 

 

 

 

  



3.3.(2) – Geological Study (under 
Site Survey) 

 

 The 2017 Code has a requirement of developing a geological model and ground 
model. “Key elements” of the geological and ground models in respect of 
foundations are given mainly on the recognition of potential geological and/or 
geotechnical complexity together with uncertainties and factors warrant attentions. 

 

 

 

 

 

 

 

  



3.4 – Ground Investigation 

 

 A paragraph is added at 3.4.1 requiring an existing GI not complying with CoPSS 
should be ascertained before use. 

 

 3.4.4 is a new clause requiring good qualities samples for testing and the testing 
requirements are listed. 

 

 3.4.6 – The last paragraph is a new one, stating that more extensive ground 
investigation works are normally required for Scheduled Areas No. 2 and 4. 

 

 

 

 

 

 

 

  



3.6 – Ground Investigation within 
the Scheduled Area 

 

 3.6 is a new clause in the 2017 Code giving some general requirements on ground 
investigation within the Scheduled Area. 

 

 

 

 

 

 

 

  



4.2 – Allowable Bearing Pressures 
and Settlement 

 A flow chart has been added in the 2017 Code in the use of “plate load test” for 
design of shallow foundations. 

 

 By 4.2.2(2), the followings require plate load test 

a) qa based on Table 2.1 > 300kPa (only Cat. 4(a) and 4(b) when dry, SPTN>30) unless 
qa – q0 < 50kPa  (if qa = 299, q0 > 250 implying 250/20 = 12.5m soil surcharge if  = 
20 – difficult to achieve) 

b) qa determined by the bearing capacity equations except for footings of minor 
temporary structure; 

c) Determination of Es greater than 1 times the SPTN value. 

 

 So plate load test is difficult to escape. 

 

 

 

 

 

 

  





5.1.6 – Piles providing resistance against 
uplift, overturning and buoyancy 

 

 Two conditions of “deemed to satisfy” requirements for stability check of individual 
piles against uplift and overturning for pile foundations are stated in this clause. 

 

a) Dmin + 0.9Ru – 2.0Ia – 1.5Ua(or1.1Up) – 1.5Wk  0 (check by ultimate load) 

b) Dmin + Ra – Ia – Ua – Wk  0  (checked by allowable load) 

 

 Both conditions are listed in the 2004 Code, but in different clauses. The 2017 Code 
puts them together under the same clause 5.1.6.  

 

 Comparing with 2.5.4 on global stability, the check is more stringent. 

 

 Currently both a) and b) are checked. Generally, a) is more critical. 

 

 

 

 

 

 

  





5.1.6 – Piles providing resistance against 
uplift, overturning and buoyancy 

 

 The last paragraph in 5.1.6 of the 2017 Code states that “global stability” check in 
accordance with 2.5.4 requires consideration of stiffnesses of all structural 
members and the interaction of the structural members with the subgrade and 
bearing strata. However, the stability check is in fact a “static problem”. The 
stabilizing forces depends generally on the weight of the structure and the gravity 
centre. They can be fully effected so long the structure does not disintegrate. 
Similarly the de-stabilizing forces such as the wind loads, soil loads and water uplift 
are also independent of the stiffnesses of the structure. So the stiffnesses of the 
structure and their interaction of the ground should not be a concern. 

 

 

 

 

 

 

  



5.1.7 – Pile Group Settlement 

 

 Comparing with the 2004 Code, 5.1.7 is a new clause in the 2017 Code. 

 

 It is specified in the clause that the “equivalent raft” method may be used to 
estimate pile group settlement.  (The method is NOT the only one accepted by the 
Code); 

 

 The method is fully described in Tomlinson’s “Pile Design and Construction” and has 
been in use in the current trade practice;  

 

 Strictly speaking, the method can only be used for soil strata with no horizontal 
variation in soil geology. 

 

 

 

 

 

 

  







5.3.2(1) – Driven Piles 

 Set criteria (already implemented in current practice) for H-piles are listed in the 2017 Code : 

1. Final set  25mm per 10 blows and  100mm per 10 blows 

2. When the calculated final set is between 50mm and 100mm per 10 blows, the final set 
should be taken as 50mm per 10 blows; 

3. Final set will not be accepted if (cp+cq)/L > 1.15 where cp, cq  are in mm and L in m.  

 

 Some discussions : 

1. Final set  25mm per 10 blows was from Civil Engineering Practice 4 (ICE, 1954) so as to 
discourage Contractors from using light hammer with large drop height which can easily 
damage concrete piles.  

2. The Final set  25mm per 10 blows criterion was later abandoned in CP2004 and BS8004 
and replaced by Final set  50mm per 10 blows with unknown reasons; 

3. Under Final set  25mm per 10 blows and  50mm per 10 blows, the set table becomes 
very narrow. So the 2017 Code allows the upper limit to extend to  100mm per 10 blows 
but capped at 50mm per 10 blows; 

4. The criterion (cp+cq)/L > 1.15 is to control the driving stress to be < 80% of yield stress.  

 

 

 

 

 

 

 

 

 

  





Only Zones D and E are applicable zones.   

Zone A : S  100; 

Zone B : S  25; 

Zone C including Zone C1 and C2 is for cp+cq > 1.15L.  Zone C1 is with S ≥ 50 and Zone C2 is with 50  S  25 

which is acceptable in the previous practice when the new restraint cp+cq > 1.15L is not imposed; 

Zone D is for 50  S  25 and cp+cq  1.15L; 

Zone E is for 100  S > 50 and cp+cq  1.15L. 



5.3.2(1) – Driven Piles 

 

 The Hiley Formula is listed in the 2017 Code with : 

 

1. the hammer efficiency Eh set to  0.7 for drop hammer; 

2. cc, the temporary compression of the hammer cushion  5mm when plastic 
cushion < 200mm thick is used. 

 

 

 

 

 

 

 

 

  



5.3.2(2) – Non-driven Piles 

 

 Bearing derived from ground for non-driven piles: 

 

 The 2004 Code generally allows piles socketed into rock to derive bearing from a 
combination of end-bearing and friction / bond. The 2017 Code however, explicitly 
allows only LDBP to do so (under some limitations). For other piles, the use of both 
shaft friction and end-bearing would requires justification that settlements under 
working load conditions are acceptable and adequate to mobilize the required shaft 
friction and end bearing simultaneously; 

 

 

 

 

 

 

 

  



5.3.3 – Ground Resistance for 
Piles subjected to Uplift Forces 

 

 The clause states clearly methods to determine ground resistance from as the 
lesser of  

 

1. Shaft friction / bond; 

2. Anchorage by effective weight of soil mass/rock cone 

 

 The dimensions of the anchorage weight of soil mass/rock cone are given. However, 
for exact determination, the geometry is very complicated. 

 

 It should be noted that the weight of soil mass/rock cone so assessed contribute to 
the “ultimate anchorage”. 

 

 

 

 

 

 

 

 

 

  













5.3.3 – Ground Resistance for 
Piles subjected to Uplift Forces 

 

 For the friction and bond along the pile shaft, Table 2.1 can be used for bond with 
rock. For friction of pile with soil, 3 methods are indicated 

 

1. Uniform shaft friction : allowable 10kPa for SPTN  10, ultimate value : 20kPa; 

2. Effective stress method (the beta approach) 𝜏𝑠(ultimate value) =𝛽𝜎𝑣< 120kPa with 
SPTN 20, soil density 20kN/m3 and 𝛽 ≤ 0.2 

3. Empirical method by correlation with SPTN values, basically 𝜏𝑠(ultimate value) 
=0.75𝑁< 60kPa (with no trial pile) 

 

 

 

 

 

 

 

 

 

 

  





5.3.4 – Ground Resistance for 
Piles subjected to Lateral Load 

 Two tables are added (Actually in use in the industry for long time) :  

 

 

 

 

 

 

 

 

 

  

From GEO Publication 

1/2006 (Table 6.11) 

From GEO Publication 

1/2006 (Table 7.2). The 

variation is a linear one as  

𝑦 =  0.15𝑥 − 0.2 . 

Actually from Canadian 

Foundation Engineering 

Manual 1978, but not 

found in the updated 

versions (1992 & 2006) 



5.4.2 – Socketed Steel H-piles 

 

 Item (a) under “Design Principle” in the 2004 Code indicating that the allowable 
axial working stress due to combined axial load and bending to 50% of the steel 
yield stress has been removed. 

 

 The removal is OK as the original provision in 2004 Code is rather meaningless as 
the allowable axial working stress for socketed pile is already 0.5fy (stated in 
2.5.5(4)). 

 

 Anyhow, inclusion of check for bending can be carried out by limit state design.   

 

 

 

 

 

 

 

 

 

  



5.4.6 – Small Diameter Bored Piles 

 

 Design and construction of Continuous Flight Auger Pile (CFA Pile) has been added 
as sub-clause (2). 

 

 CFA pile is formed by augering into the ground, lower a reinforcement cage into the 
hole and subsequently fill up by grout. 

 

 In the design aspect, both end-bearing and friction are used. 

 𝑅𝑏𝑐 = 𝜇𝑁𝑎𝑣𝑝𝐿 + 5𝑁𝑏𝐴𝑏  

      without trial pile : 𝜇 = 1; with trial pile can be 1.6 

 

 This type of pile becomes a popular one for low-rise building.  
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610mm Dia. CFA pile 



5.4.7 – Large Diameter Bored Piles 

 

 LDBP can utilize both end-bearing and rock socket friction in total pile capacity 

 

 Main revisions of the 2017 Code, comparing with the 2004 Code are on the limited 
diameter of bell-out and depth of rock socket 

1. Maximum Bell-out dia. from 1.5D to 1.65D; 

2. If using bell-out, socket length from 2D < 6m to 1D <3m ; 

3. If no bell-out, socket length can remain as 2D 

       (1 and 3 are very close) 

 

 The revision arises from doubts in mobilization of both end-bearing and friction. 
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Pile Diameter (m) 

Comparing LDBP Capacities - 2004 Code vs 2017 Code 

2004 Code - 1.5D bellout + 2D shaft friction 2017 Code - 1.65D bellout + 1D shaft friction

2017 Code  - no bellout +2D shaft friction

1.5D bell-out +2D shaft friction (2004) very close to 1.65D bell-out +1D shaft friction (2017)  



5.4.8 – Mini-Piles 

Comparing with the 2004 Code, the following revisions / additions are found in the 
2017 Code :  

 Imposing limits on bar no. (5 no.) and pile dia. (450mm) and load bearing capacity 
(2350kN); 

 Clarify that the allowable stress of steel bars as 0.475fy. 0.475 likely from 0.5x0.95 
with 0.5 to account for loading test (twice working load) and 0.95 as the partial load 
factor 𝛾𝑓. So 5T50 gives 2331kN; 

 Imposing minimum bar spacing (20mm) and minimum bar cover (30mm); 

 Specifying geometric shape of parameter (round square for 4T50 and circular for 
5T50); 

 Trial pile required if bearing relies on friction on soil; 

 Highlighting that lateral stability be duly considered if pile passes through weak soil 
and cavity; 

 Limiting use of raking pile in consolidating soil. 

 

 

 

 

 

 

 

 

 

 

 

  







5.4.11 – Steel H-pile driven to 
bedrock 

 

The following revisions / additions are found in the 2017 Code as compared with the 2004 Code 

 Stating that the clause applies only to steel H-pile driven to bedrock not steeper than 25o to 
the horizontal; 

 The allowance of increase of allowable stress to 0.5fy with bending is deleted and requires 
reference to 2.5.5(4) for design (limit state design) 

 Under sub-clause 2(b), the requirement of monitoring driving stress by PDA (or other 
methods) is moved to sub-clause (5) with substantial enhancement ; 

 Sub-clause 3(c) is added to caution avoidance of constructing end-bearing piles on steeply 
sloping bedrock surface. Also, construction of H-pile at bedrock (even not steeper than 25o 
to the horizontal) should be by gradual increase of drop height. 

 Sub-clause (5)(d) has been substantially enhanced in the use of dynamic load tests (PDA and 
CAPWAP) to (i) verify 10% of the working piles (half selected from piles of greater depth); (ii) 
measure driving stress to  0.75fy; (iii) to verify integrity of 20% or more working piles (at 
lower stress level but  0.3fy; (iv) in case of weak soil (SPTNave  20 for at least 5m). 

 

 

 

 

 

 

 

 

 

  



5.4.12 – Steel H shear pile 

 

This is a new clause for the use of a pile type popularly in use in the industry for 
resisting shear. It is not required to found on strong stratum. 

 

The clause cautions 

 shear piles should be adequately embedded in the pile cap to ensure compatibility 
of rotation and displacement – rigid joint; 

 compatibility with other foundations – load bearing pile, pile cap etc. 

 

 For study of embedment, a finite element analysis by  SAP2000 shows that an 
embedment of 400mm for the popularly used 305×305×223 pile in thick pile cap 
is adequate, under the case of adequate surround on 4 sides and even one side 
with some 500mm concrete side cover; 

 

 

 

 

 

 

 

 

 

 

 

  



5.4.12 – Steel H shear pile 

 

Study of Embedment Length of H-Shear Pile in Pile Cap 

 

 For study of adequate length of embedment of the H-pile to achieve “rigid joint connection”, 
a finite element analysis by  SAP2000 in which the pile cap is simulated as assembly of “brick 
elements” and the popularly used 305×305×223 pile as assembly of plate elements; 

 

 Different embedment lengths have been tried and the rotations of the pile under the same 
bending moment are plotted. At 400mm embedment length where the curve “flattens”, it is 
reasonable to assume that the “maximum embedding capacity” of the pile has been reached 
by which we can imply that “rigid joint connection” has been achieved as further increase in 
embedment length will not decrease rotation. It should be borne in mind that zero rotation 
meaning strict fixed connection can never been attained because the pile cap can never be 
infinitely stiff (even with great structural depth) and the rotation of the pile actually takes 
place with local deformation of the pile cap which is near the bottom level. The upper 
portion of the cap is not anticipated to help decrease the rotation. 

 

 

 

 

 

 

 

 

 

 

 

 

  



5.4.12 – Steel H shear pile 

 

Study of Embedment Length of H-Shear Pile in Pile Cap 

 

 In addition, it is not possible to achieve the conventional “rigid joint” connection by equating 
the rotation of the pile cap to the rotation of the pile. As shown in the Figure, the rotation of 
the pile cap as a 3-dimensional structure can have different rotations (or curvatures) at 
different levels. In the Figure, the rotation decreases from bottom to top and is almost zero 
at mid-depth. However, our conventional analysis of a piled foundation is by simulating the 
pile cap as a “plate element” having unique rotations for any points on the same vertical line 
irrespective of the depth. So we have to rely on the “flattened” rotation in the plot for 
determination of the required embedment depth for “rigid joint” connection; 

 

 The scenario with 500mm cover on a vertical side of the pile is also tried. The rotations do 
not differ significantly from that of 4 sides under thick cover. So the 500mm vertical cover 
should be considered adequate. 

 

 

 

 

 

 

 

 

 

 

 

  



5.4.12 – Steel H shear pile 

Rotation of pile 

Rotation of cap at 

mid-depth 

Rotation of cap at 

three quarter-depth 



5.4.12 – Steel H shear pile 

500mm side cover 



5.4.12 – Steel H shear pile 

 

Study of Embedment Length of H-Shear Pile in Pile Cap 

 

 A comparison with an ordinary frame structure is also carried out. It seems the rigid joint 
assumption adopted in simulating a frame structure by line elements can be well justified; 

 

 

 

 

 

 

 

 

 

 

 

 

  



Rotation of column centre fibre = 0.00133 

Rotation of beam centre fibre = 0.00107 



5.5 – Pile Caps 

This is a new clause for “Pile Cap” in the 2017 Code : 

 

The clause emphasizes on : 

 

 the use of “flexible cap” analysis with consideration of interactions among piles, 
pile caps and soil (seems to forbid the use of rigid cap). (However, it should be 
noted that the rigid cap can achieve more economical layout for pile as by careful 
planning, every pile under the cap can be stressed to the maximum stress level 
close to the maximum). The clause says “The distribution of pile loads through the 
pile cap should generally be carried out by flexible cap analysis  ……”; 

 

 However, the Concrete Code 2013 6.7.3.1 says “Pile caps can be designed as rigid or 
flexible, taking into account various factors including pile spacing and arrangement 
and pile cap thickness ……..” 

 

 

 

 

 

 

 

 

 

 

 

  



5.5 – Pile Caps 

 

 compatibility with other foundations – load bearing pile, pile cap etc. 

 

 Minipiles must be designed as pinned to the pile caps and stability be achieved; 

 

 Reinforcement design to follow Concrete Code 2013. Reinforcement spacing for pile 
cap thickness  800mm be increased to 400mm but with trimming down to 250mm 
by additional bars. 

 

 

 

 

 

 

 

 

 

  





6.5 – Re-use of Existing 
Foundation 

 

The clause has been completely re-written in the 2017 Code as compared with the 
2004 Code with emphasizes on the “Comprehensive testing schemes” to verify the 
existing foundation prior to re-use.  

 

Requirements are given to different types of foundations : Large diameter bored piles; 
small size concrete pile; steel pile; concrete footings. The requirements include visual 
inspections, core-drilling, dynamic test, re-driving of pile as appropriate. 

 

 

 

 

 

 

 

 

  



7.2.3 – Monitoring Plan 

 

 The 3 “A” – “Alert”, “Alarm” and “Action” Levels are explicitly added as contents of 
the “Monitoring Plan” with illustrations by examples. The 3 “A” levels are already in 
use in the industry for long time (PANP APP-18) 

 

 

 

 

 

 

 

 

  



7.2.4 – Ground Settlement 

 

 This is a new clause in the 2017 Code stressing the importance of ground 
settlement monitoring and gives typical numerical examples for normal buildings 
for the 3 A Levels. 

 

 

 

 

 

 

 

 

  



7.2.6 – Vibrations 

 

 This clause has been substantially enhanced in the 2017 Code, with categorization 
of vibrations – “continuous”, “transient” and “intermittent”. 

 Limits of ppv for protection of buildings are listed; 

 Again the limits have been adopted in the industry for long time (PNAP APP-137). 

 

 

 

 

 

 

 

 

  



7.2.6 – Vibrations 

 

 A formula, copied from BS5228-2:2009  𝑣𝑟𝑒𝑠 = 𝑘𝑝
𝑊𝑒

𝑟1.3  is listed for assessment of 

ground-borne vibration. The value 𝑘𝑝 may be estimated as 1.5 as a start (3.0 when 

driven to bedrock) and then verified by back analysis of field measurement. 

 

 Though it is often a specification to limit the ground velocity as a control of 
vibration caused by construction, acceleration should be a more direct measure 
which is more directly related to “forces” created to the structures. In fact, 
acceleration should be an input parameter in dynamic analysis of structures. 
Vibrograph can measure acceleration directly. 

 

 

 

 

 

 

 

 

  



7.4.2 – Test Boring 

 

 This is a new clause in the 2017 Code explaining why test boring is required when 
the drilling bit advances ahead of the steel casing and the drill hole is larger than 
450mm – excessive overbreak and water drawdown; 

 

 Parameters to be assessed by test boring – (i) safety and suitability of the boring 
method; (ii) water drawdown and ground settlement; (iii) range of anticipated rates 
of advancement; 

 

 Contents of boring proposal are listed in the clause. 

 

 

 

 

 

 

  



7.5 – Construction Tolerances 

 

 Permissible deviations are listed in the 2017 Code, clarifying that not all piles have 
75mm construction deviations on plan as adopted in the previous practice. 

 

 

 

 

 

  



7.8 – Foundation Works in 
Scheduled Areas 

 

 A new sub-clause in relation to performance review and settlement monitoring for 
Scheduled Area Nos. 2 and 4 has been added in the 2017 Code. 

 

 

 

 

 

 

  



8.1 – Testing of Foundations and 
Ground – General  

 

 The clause describes the purpose of testing of foundations and ground in general. A 
new paragraph is added in the 2017 Code requiring that except SPT and proof test 
by core-drilling, all tests specified in Chapter 8 should be carried out by a HOKLAS 
accredited laboratory. 

 

 

 

 

 

 

  



8.2 – Plate Load Test 

 Both 2004 and 2017 Codes stipulate that plate load test is to determine allowable bearing 
capacity and to estimate settlement; 

 

 The procedures for the loading test comprising increment and time for maintaining loads are 
essentially identical; 

 

 The 2004 Code however only stipulates the test will be acceptable if the maximum 
settlement of the plate does not exceed 𝑆𝑝 given by an equation : 

𝑆𝑝 = 3 × 𝑆𝑓 ×
𝐵 + 𝑏

2𝐵
×

𝑚 + 0.5

1.5𝑚
 

 where 𝑆𝑓 is the allowable settlement of footing under allowable working load. 

 The equation is actually correlating the actual settlement of the footing to that of a 

 plate of much smaller dimensions. It might be the oldest one proposed by Terzaghi (1955). 

 But  𝑆𝑓 is not well defined by the 2004 Code. 

 

 

 

 

 

  



8.2 – Plate Load Test 

 

 Plate Load Test in the 2017 Code serves two purpose :  

1. To verify allowable bearing capacity; and  

2. To back-analyze Young’s Modulus for settlement estimation of the foundation. 

 

 For verification of bearing capacity, the 2017 Code appears to be clearer by 
stipulating that so long the settlement does not exceed 0.15B (B is the dimension of 
the test plate which is either square or circular) under the test load, the test will 
pass with arrival of the allowable bearing capacity with the use of the “bearing 
capacity factor” 

 𝑞𝑢 = 𝑐𝑁𝑐 + 𝑞𝑁𝑞 + 0.5𝛾𝐵𝑁𝛾  

 But for cohesionless soil, 𝑐 = 0 and during plate load test, no adjacent surcharge 

 𝑞 = 0, 𝑞𝑢 = 0.5𝛾𝐵𝑁𝛾 

 

  

 

 

 

 

 

 

  



8.2 – Plate Load Test 

 

 Ultimate Bearing Capacity 

      For the formulae given in the 2017 Code 

 Square plate :  𝜁𝛾𝑠 = 1 − 0.4
𝐵

𝐷
= 1 − 0.4 × 1 = 0.6 

 So the ultimate bearing capacity is 𝑞𝑢 = 𝜁𝛾𝑠0.5𝛾𝐵𝑁𝛾 = 0.3𝛾𝐵𝑁𝛾 

 As 𝑞𝑎 =
𝑞𝑢

3
= 0.1𝛾𝐵𝑁𝛾 ⟹

𝑊𝑡

𝐵2 = 0.1𝛾𝐵𝑁𝛾 ⟹ 𝑊𝑡 = 0.1𝛾𝐵3𝑁𝛾 

 Circular plate : Approximation is by finding a square of same area of the circle. 

 The equivalent side of the square is 
𝜋

4
𝐵,  

        ∴ 𝑊𝑡= 0.1𝛾
𝜋

4
𝐵

2

𝐵𝑁𝛾 = 0.025𝜋𝛾𝐵3𝑁𝛾  

 

 

 

 

 

 

 

  



8.2 – Plate Load Test 

 Back-calculation of soil E (Young’s modulus) value 

  

 There are established coefficients 𝐼 by the continuum theory for calculation of  

      settlement of soil by a rectangular footing  as   𝑆 =
𝑝𝐵

𝐸
1 − 𝑣2 𝐼 

 𝐼 depends on the L/B ratio of the rectangular plate. From Poulos & Davis “Elastic  

 Solutions for Soil and Rock Mechanics”  𝐼 =  1/1.13 

 For circular plate   𝑆 =
𝑝𝐵

𝐸
1 − 𝑣2 𝜋

2
   (from Equation 7.8 of Poulos & Davis “Elastic  

 Solutions for Soil and Rock Mechanics” ) 

  

 These formulae are listed in the 2017 Code. 

 So by the measured S, E can be back-calculated. And E will be used to verify against 

 design values used in settlement calculations.  

 

 

 

 

 

 

 

  



1.13 



8.6 – Sonic Logging 

 

 Comparing with the 2004 Code, the last sentence in the first paragraph of the 2004 
Code reading “The test should be carried out by a HOKLAS accredited laboratory” is 
deleted in the 2017 Code. However, it was declared in 8.1 only SPTN and core-
drilling are exempted from HOKLAS accredited laboratory. But HOKLAS accredited 
laboratory should be required for the sonic logging test as BD has stated the 
requirement added in their approval appendix. 

 

 

 

  



8.7 – Sonic echo tests 

 

 The sentence “The test should be carried out by a HOKLAS accredited laboratory” 
originally at the end of the first paragraph of the 2004 Code is removed in the 2017 
Code. However, by 8.1 which states that exemption from HOKLAS accredited 
laboratory applies only to SPTN and core-drilling, HOKLAS accredited laboratory is 
required for sonic echo tests. 

 

 

 

  



8.9 – Dynamic load test for driven 
piles 

 

 The following changes are identified in the 2017 Code as compared with the 2004 
Code: 

 

1. Title revised with the words “for driven piles” added; 

2. Though the 1st and 2nd paragraphs have been rewritten, but effectively the same 
contents; 

3. An item (c) as a purpose of the test “to differentiate piles with lower pile 
capacities within a large group of piles” is added. 

 

 

 

  



8.10 – Dynamic load test for 
driven piles 

 

 The following changes are identified : 

 

1. Title revised from “Tension Test” to “Tension Loading Test”; 

2. The requirement of keeping reaction pile be the larger of 3 pile dia. and 2m 
remains but “correction of pile interactions be made if the requirement cannot be 
met”; 

3. Test procedures added, essentially same as compression tests with load reversed; 

4. The requirement of ignoring grout but including casing for the calculation of 
elastic extension of mini-pile and socketed piles added; 

5. The use of “reaction pads” in lieu of “reaction piles” added. 

 

 

 

  







8.11 – Lateral load test 

 

 Comparing with the 2004 Code, a standard loading procedures for lateral load test 
is added in the 2017 Code as Table 8.1. 

 

 The test takes approximately 4 hours which is significantly less than vertical load 
tests. 

 

 

 

  



The End, Thank You 


