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Material Properties
Characteristic stre ICP / CEPCO Grade 80MPa Precast (Pretensioned Spun) Driven Circular RC Pile z N/mm2 OT O
Yield strength of longitudinal steel, f, 460 ¥ IN/mm?
Yield strength of shear link steel, f,, 460 ¥ | N/mm?
Type of concrete and density, p. Normal Weight | ¥ 24|kN/m?>
Factor of Safety
FOS (overall base (effective) bearing and shaft (effective) friction), FOS; (usu '
General Piling: 2.0 v
FOS (base (effective) bearing), FOS, (usually 3.0) \ \ '
General Piling (Tomlinson): 3.0 v
FOS (shaft (effective) friction), FOS; (usually 1.5 to 2.0) \
General Piling (Tomlinson): 1.5 v
Loading factor, K (between 1.40 and 1.60 depending on DL to LL ratio) 1.50 BS8110
Note loading factor K multiplies SLS loads for ULS loads for section (reinforcement) design; cl. 2.4.3.1.1
Soil Description
Water unit weight, y,, = 9.81kN/m? 9.8/kN/m?
Soil name User Defined hd ‘
Dry bulk unit weight, yqr, 20.0/kN/m?
Saturated bulk unit weight, yea 20.0/kN/m?
Soil Method(s) of Analysis
Method(s) of analysis ? Undrained [l Drained Empirical
For clays, perform undrained, drained and empirical analyses;
For sands / gravels, perform drained and empirical analyses;
Soil Strength
Soil strength variation with depth function calculation method ‘Manual m
Soil strength variation step with depth, step 1.500{m
Undrained shear strength, S (z) 45.0 + 5.9z|kPa
Note that S, can be obtained from S ,=4.5N (Stroud) or S ,=(0.1+0.15N)x50 (Fukuoka) values; |Tomlinson
Effective angle of shear resistance, ¢' 30.0 + 0.3z|degrees
Note that ¢' = 27.1+0.3N —0.00054N? (Peck, 1974 | Wolff, 1989);
SPT, N(z) 10.0 + 1.3z
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Valid N/A Valid N/A Valid N/A
z Su(2) Su(2) Su(2) $'(z) $'(2) $'(2) N(z) N(z) N(z)
(m) Manual Formula Adopted Manual Formula Adopted Manual Formula Adopted

0.000 0 45 0 27 30 27 0 10 0
1.500 18 54 18 28 31 28 4 12 4
3.000 36 63 36 29 31 29 8 14 8
4.500 50 71 50 30 31 30 11 16 11
6.000 36 80 36 29 32 29 8 18 8
7.500 41 89 41 30 32 30 9 20 9
9.000 41 98 41 30 33 30 9 22 9
10.500 50 106 50 30 33 30 11 24 11
12.000 86 115 86 33 34 33 19 26 19
13.500 99 124 99 33 34 33 22 28 22
15.000 59 133 59 31 35 31 13 30 13
16.500 77 142 77 32 35 32 17 31 17
18.000 90 150 90 33 36 33 20 33 20
19.500 117 159 117 35 36 35 26 35 26
21.000 355 168 355 47 37 47 79 37 79
22.500 375 177 375 48 37 48 83 39 83
24.000 346 185 346 47 37 47 77 41 77
25.500 375 194 375 48 38 48 83 43 83
27.000 450 203 450 52 38 52 100 45 100
28.500 450 212 450 52 39 52 100 47 100
30.000 450 221 450 52 39 52 100 49 100
31.500 450 229 450 52 40 52 100 51 100
33.000 450 238 450 52 40 52 100 53 100
34.500 450 247 450 52 41 52 100 55 100
36.000 450 256 450 52 41 52 100 57 100
37.500 450 264 450 52 42 52 100 59 100
39.000 450 273 450 52 42 52 100 61 100
40.500 450 282 450 52 43 52 100 63 100
42.000 450 291 450 52 43 52 100 65 100
43.500 450 299 450 52 43 52 100 67 100
45.000 450 308 450 52 44 52 100 69 100
46.500 450 317 450 52 44 52 100 70 100
48.000 450 326 450 52 45 52 100 72 100
49.500 450 335 450 52 45 52 100 74 100
51.000 450 343 450 52 46 52 100 76 100
52.500 450 352 450 52 46 52 100 78 100
54.000 450 361 450 52 47 52 100 80 100
55.500 450 370 450 52 47 52 100 82 100
57.000 450 378 450 52 48 52 100 84 100
58.500 450 387 450 52 48 52 100 86 100
60.000 450 396 450 52 48 52 100 88 100
61.500 450 405 450 52 49 52 100 90 100
63.000 450 414 450 52 49 52 100 92 100
64.500 450 422 450 52 50 52 100 94 100
66.000 450 431 450 52 50 52 100 96 100
67.500 450 440 450 52 51 52 100 98 100
69.000 450 449 450 52 51 52 100 100 100
70.500 450 457 450 52 52 52 100 102 100
72.000 450 466 450 52 52 52 100 104 100
73.500 450 475 450 52 53 52 100 106 100
75.000 450 484 450 52 53 52 100 108 100

Note that SPT, N calculated by multiplying SPT, N > 50 by 300/ As x 50 and should be further limited to 100;
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Soil Strength (Limiting Base and Shaft Resistance)
Undrained Analysis
No limit to base and shaft resistance applicable.
Drained Analysis
Gross effective bearing capacity limit, gaimit'(z=L-Lo) W] kPa ote
Jaimit (Z=L-Lo) = Ngstrip-0y'(z=20D-L;) < 15MPa Tomlinson
Ng=e =" tan" (45+ @/2)] | 201.0
0,'(z=20D-Ly) = psurface+Ydry-(Lc+20D) Invalid|kPa
0,'(z=20D-Ly) = psurface"'('}’sat'Yw)-(Lc+20D'Zu)+Ydry-Zu 142|kPa
le(2=20D"LO) = psurfac\e"'('}’sat'Yw)-(‘Lc+20D) Invalid |kPa
( i
Fig. 7.7 L " 1
[ I [
Shaft effective stress limit, t4imit'(z) =1»][=) kPa ote
Taimit (Z2) = Ks.tand'.c,'(z=20D-Ly) < 110kPa Tomlinson
6,'(z=20D-Lg) = Psurface*Ydry-(Lc+20D) Invalid | kPa
c,'(z=20D-L,) = psurface+(Ysat'Yw)-(Lc+20D'Zu)+Ydry-Zu 142|kPa
0,'(z=20D-L,) = psurface+('Ysat'Yw)-(Lc+20D) Invalid | kPa
Empirical Analysis
Gross effective bearing capacity limit, qgimit'(z=L-Lg) (usually 3,000 kPa

Note q gimir '(z=L-L ,) = 10,000kPa (Meyerhof),;

Shaft effective stress limit, t,imit'(z) (usually 150kPa to 400kPa)

Note tmit '(z) = 150kPa (McClelland 1974, Meyerhof 1976);

Note q gimir '(z=L-L o) = 30xN=100 >3,000kPa to 45xN=150 > 6,750kPa (Balakrishnan);

kPa

Note tgmir '(z) = 2xN=100 > 200kPa to 2xN=200 -> 400kPa (Balakrishnan),;
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Rock Strength
Depth of rock level from pile cap base, Ly I  Note |
Unconfined uniaxial compressive strength, q,.c 10.0/MPa
Rock quality index, RQD 70|%
Base effective stress at rock levels, g¢(z>=Lroa-Lo) = a1(que)® ﬁkPa
Parameter, a; = ay 0.30
Parameter, b, 1.00
]
[ |- Using unconfined compressive strength (qu)
| | > fou=ay (9y)""
| ] Teng (1962) 5-8 1.0
Coates (1967) 3 1.0
| Argema(1962) 4.5 fou<10 Mpa) 1.0
| ] CGS(1992) : fha Ksp.D 1.0
Zhang & Einstein (1998) 4.8(mean) 05
| ] Range : 3.0-6.6
Poulos 4.8 0.5
[ Neoh (2002) 0.3 1.0
| CGS : Canadian Geotechnical Society
Ksp : Bearing pressure coeff — spacing & aperture of discontinuities
Shaft effective stress at rock levels, t,'(z>=Lock-Lo) = a(quc)® ') kPa
Note ;' = 0.05q,. | r;' = 100-140kPa weak | 700-1000kPa medium | 1000-1400kPa strong rock;| Neoh
\ \ \ \ \ \ \ \
B a—— e Rock Working Rock ||
— Limestone ;gg:gi ;zlr Egg ‘:g;: f 0% Neoh (1998) socket F"Ctlon H
—] 1000KPa for RQD =70% Granite 1500kPa to 2000kPa |H
] kil ek e Sandstone 1000kPa to 1500kPa | H
|| | Sondsione 0.10-0 Thome (1977) Siltstone 1000kPa to 1500kPa ||
Shale 0.05xQue Thorne (1977)
Granite 1000 — 1500kPa for gue > 30N/mm=~ -

* Note: Lower range to Grade Il and higher range for Grade Il or better

Parameter, a 0.10
Rock socket reduction factor, o = f(qyc) 0.13 Williams and R
Rock socket reduction factor, B = f(RQD) 0.80 Williams and H
Parameter, b 1.00

Method

Rosenberg & Journeaux (1976)

Horvath (1978)

Horvath & Kenny (1979)
Meigh & Wolski (1979)
Williams & Pells ( 1981)
Rowe & Armitage (1987)
Reese & O’'Neill (1989)

Poulos

Zhang & Einstein (1998)

Neoh (2002) : fsa

| * Using unconfined compressive strength (q,)
| > f,, = a(q,)* MPa where q , in MPa

a b
0.375 0.515
0.33 0.5
0.20-0.25 0.5
0.22 0.6
af 1.0
0.45 0.5
0.21 0.5
0.3 0.5
0.4(smooth) 0.5
0.8 (rough)

0.05 1.0

1.0 T T T T T
Rock socket skin friction
o =f=ufg
S o8 ’ e
-] —— Williams and Pells
S 06 —
T Rosenberg and
% 04— //J:r.lrncaut
=2
= ~
S 02 |
=
0 | L 1 1 1 191
1 10 100
Unconfined compression strength g, (MN/m?)

Figure 1 Rock Socket Reduction Factor, a, w.r.t. Unconfined Compressive Strength |

(after Tomlinson, 1995)

Figure 2
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(after Tomlinson, 1995)
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Pile Group Dimensions

Width of pile group (pile cap) in X, Bep 3.000/m

Length of pile group (pile cap) iny, Lep 3.000{m

Pile Dimensions

Pile section shape Circular v \

Pile shaft and base width w.r.t. length (rect. only), %.(D | Dy) 50%

Pile shaft diameter (circ.), width (sq.) or length (rect.), D 600mm E\ 600\mm

‘User-defined, D ser-defined ‘ 600 mm

Pile shaft perimeter, P,, = nD (circ.), 4D (sq.) or (%+1).2D (rect.) 1885/mm

Pile shaft cross sectional area, A,s = nD?/4 (circ.), D* (sq.) or %.D? (rect.) 282743 mm?

Pile base diameter (circ.), width (sqg.) or length (rect.), Dy 600mm v 600 mm

Pile base cross sectional area, Ay, = nDy’/4 (cir.), D* (sq.) or %.D* (rect.) 282743 mm?

| T

| | -

- |_0 Z,

[ | z L

Depth of pile cap base from ground level, L. (>= 0.000m) 0.000/m

Depth of pile z=0 level from pile cap base, Ly (>= 0.000m) | without NSF E 0.000/m

Depth of pile founding level from pile cap base, L (>=L,) ' \ 21.000/m

Note that L, accounts for poor ground near surface level where no contribution of shaft skin

friction capacity is adopted, in fact negative skin friction is considered over L , length if requested,;

Depth of water table from ground level, z, ‘ ‘ ‘ 2.000/m

Note that the soil beneath the water table has an effective submerged unit weight of about

half of the soil above the water table, thus reducing the drained overall pile effective capacity;

Hence use the highest water table forseeable; \ \ \

Enter a negative z , value for water table above ground level, this representing a flood event

or a bridge pier within a sea or river with the ground level being the sea or river bed; ‘

However, a water table above ground level may unconservatively decrease the overall pile

(effective) capacity utilisation, thus consider also the case when the water table is at ground level,;

Pile Dimensions [Pile Capacity Charts]
5 . . e [ 0 [ H 200 MW [ 0 N -
recast Driven Square ile W 300 - - X - W 400 B 450 e
| | |
Insitu Micropile Bored Circular || _ O [ O M 300 0
RC Pile d
| |
Precast (Pretensioned Spun) [ O l 300 [ O W 400 W 450 Il 500 o
Driven Circular RC Pile E 600 m 700 W 800 W 900 m 1000 MW 00 d
| | |
Insitu CFA Bored Circular RC M 300 H 450 El 600 [ 0 M 900 W 1050 0
Pile [ 00 ed
| | |
m 300 MW 450 E 600 W 0 [ 900 W 1050 N
Insitu Bored Circular RC Pile [ 00 [N 0O [ 00 M 1650 W 1800 M 1950 ed
[ 00 M 0 I 2400
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Pile Reinforcement
Pile typ ICP / CEPCO Grade 80MPa Precast (Pretensioned Spun) Driven Circular RC Pile v 80 N/mm2
Precast Driven Square RC Pile or Insitu Bored Circular RC Pile
Pile compression capacity design method SLS Design ﬂ
Cover to all reinforcement, cover, (usually 75) 75/mm
\ \ \ \
[ | Cover for reinforcement = (40mm + values in Table 3.4, BS8110: Part 1)
[ |For example, bored piles (concrete G35) in non-aggressive soil shall required
| minimum cover of (40mm + 35mm) = 75mm
Longitudinal steel reinforcement diameter, ¢, ‘25 M mm
Longitudinal steel reinforcement number, np‘ 15
Longitudinal steel area provided, Aq prov.p = Np.T.0p /4 Y mm?
Shear link diameter, djink,p ‘ 10 M mm
Number of links in a cross section, i.e. number of legs, njnyp 2
Area provided by all links in a cross-section, Agy prov.0 = n|inklp.n.¢|ink,pz/4 mm2
Pitch of links, S, 150f{mm
Estimated steel reinforcement quantity .Y kg/m?
[ 7850 . Asprovp / Aps 1; NO laps; Links ignored;
\ \ \ \
|| BSB8004: 1986 also recommends the following slump details for concrete used in bored pile
—] construction:
[ ] _Table 3 Slump details for concrete used in bored pile construction
|| Typical conditions of use Slump Range
mm in
1 Poured into water-free unlined bore.
|| Widely spaced reinforcement leaving e
ample room for free movement 7510125 3105

— between bars.
|| Where reinforcement is not spaced

widely enough to give free movement
- between bars. Where cut-off level of 100 to 175 4to7

concrete is within casing. Where pile
B diameter is less than 600 mm
|| Where concrete as placed by tremie =

under water or bentonite suspension. 150 to collapse G.ncokapes
Precast (Pretensioned Spun) Driven Circular RC Pile
Effective area of concrete, A 157080|mm?
Effective prestress, fye 5.3|N/mm?
Insitu Micropile Bored Circular RC Pile
Yield strength of API pipe, f, apr 550/ N/mm?
Outer diameter of API pipe, ODap; 177.8/mm
Wall thickness of API pipe, tapr ‘ 9.19 mm
Cross sectional area of API pipe, Axpr = 1.[ODppr>-(ODapr-2.tapr)1/4 N/ARINE
Cross sectional area of grout, A. apr = Aps-Aapr N/A NG
Elastic modulus of concrete, E. = 5500.(f.,/1.5)°> | 40166 N/mm? BS8110
Elastic modulus of steel, E 210000/ N/mm? c. 2.5.3
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Pile SLS Loading (Including Negative Skin Friction)
Surcharge at surface, psurface 0 kPa
Pile SLS vertical load, Fpiey,n 2100|kN
Pile group (pile cap) SLS vertical load, Fyjecap,v 8400|kN
Note that F e, and F pecap,w €an be positive (downward) or negative (upwards),;
Pile SLS vertical (compressive) NSF load, Fyje,v,nsF 1 KN
Note NSF = negative skin friction; Note F pjensF = Pps-Lo. B.[ 0, (2=-Lo)+ 0,'(2z=0)]/2;
Consideration of NSF ? ot Co dered
NSF reduction factor, B 0.30 Meyerhof
\ \
The unit negative skin friction force at any depth can be
2 . Clay
calculated from the equation
0.20-0.25 Garlanger
Jsaeg = PBpPo (7.19) Silt
where p, 18 the effective overburden pressure and B is a 0.25-0.35 Garlanger
reduction factor shown by Meyerhof”*! to be equal to 0.3 Sand
for piles up to l< m long, d»ccrcusmg to 0.2 and 0.1 for 40 0.35-0.50 Garlanger
and 60 m long piles respectively.
\ \ \ \
Effective vertical stress at z=-L, level, ¢,'(z=-Lg) 1] kPa
Case when (z,-L.) >= MAX (B .p, L cap) Invalid
‘le(z='|-0) = psurface+de-Lc N/A kPa
Case when 0 < (z,-L.) < MAX (B cap, L cap) Valid
‘GV‘(Z=_L0) = Psurface t¥dry-Lc 0|kPa
Case when (z,-L_.) =0 \ Invalid
‘Gv‘(z='|-0) = PsurfacetYdry-Lc N/A kPa
Case when (z,-L.)<0Oandz, >=0 Invalid
‘GV'(Z=-L0) = psurface"'(Ysat'Yw)-(Lc'zu)+Ydry-Zu N/A|kPa
Case whenz, <0 ] ‘ Invalid
6,'(z=-Lg) = PsurfacetVsat-Letyw-(-Zu)-vw-(Le+(-24)) N/A|kPa
Note that the above equation reduces to o, '(z=-Ly) = P surface ¥( ¥sat = 7w )-Lc;
Effective vertical stress at z=0 level, ¢,'(z=0) 1] kPa
Case when (z,—L.-Ly) >= MAX (B ap, L cap) Invalid
‘le(z=0) = psurface+Ydry-(Lc+|—0) ‘ N/A|kPa
Case when 0 < (z,-L.-Ly) < MAX (B op, Lcap) Valid
‘GV|(2=0) = psurface+Ydry-(Lc+LO) 0/kPa
Case when (z,-L.-Ly,) =0 \ Invalid
‘le(z=0) = psurface+Ydry-(Lc+|—0) N/A kPa
Case when (z,-L.-Ly)<0Oandz, >=0 Invalid
‘cv'(2=0) = psurface"'('Ysat"Yw)-(LC+L0'ZU)+Ydry-Zu N/A kPa
Casewhenz, <0 \ \ Invalid
6,'(2=0) = Psurfacet7¥sat-(LetLo) +vw-(-24)-Yw- (Lt Lo+ (-2,)) N/A|kPa

Note that the above equation reduces to o, '(z=0) = P surface +( ¥sat = 7w )-(Lc+L o );

Total pile SLS vertical (compressive) load (per pile), Fpiie,v,comp kN
Note Fpi/e,v,comp = MAX(O/ Fpile,v,n)+Fpile,v,NSF;

Total pile SLS vertical (tensile) load (per pile), Fpyje,v tens o] kKN
Note Fpi/e,v,tens = ABS(MIN(O, Fpile,v,n));

Pile ULS Loading (Including Negative Skin Friction)

Total pile ULS vertical (compressive) load (per pile), Fpiev,comp,uis = K-Fpile,v,comp D I\
Total pile ULS vertical (tensile) load (per pile), Fpie,v,tens,us = K-Fpile,v,tens D 14\
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Inclusion of Base Resistance for Soils in All Methods of Analysis | Rocks

Include or exclude base resistance ?

Include Base Resistance

Executive

Summary

Undrained overall pile capacity

Drained overall pile effective capacity

Empirical overall pile effective capacity

Pile axial compression capacity

Pile axial tension capacity

Pile detailing requirements

Undrained overall pile group capacity

Drained overall pile group capacity

Empirical overall pile group capacity

Overall utilisation summary

% Vertical reinforcement in pile

Estimated pile steel reinforcement quantity

[Note that steel quantity in kg/m?> can be obtained from 78.5 x %

Material cost: ‘

concrete, c

Reinforced concrete material cost = c+(est. rebar quant).s

rebar];

units/m?

steel, s

U U
U
U
U
U
A 0/O
N g/m?>
3500 units/tonne

S inits/m?>
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Shaft = 600 mm | Base = 600 mm | CR

D(m) | Du(m) | z(m) “Lnnes B ey | oo
0.600 0.600 0.000 0 0 0 0.0
0.600 0.600 1.500 27 53 83 1.5
0.600 0.600 3.000 81 120 185 3.0
0.600 0.600 4.500 147 198 285 4.5
0.600 0.600 6.000 176 265 271 6.0
0.600 0.600 7.500 224 360 328 7.5
0.600 0.600 9.000 268 463 369 9.0
0.600 0.600 10.500 328 591 452 10.5
0.600 0.600 12.000 449 795 672 12.0
0.600 0.600 13.500 569 975 824 13.5
0.600 0.600 15.000 605 998 731 15.0
0.600 0.600 16.500 702 1191 879 16.5
0.600 0.600 18.000 812 1376 1021 18.0
0.600 0.600 19.500 961 1636 1241 19.5
0.600 0.600 21.000 1530 2508 2484 21.0

22.500 1966 2613 2940

24.000 2336 2719 3187

25.500 2779 2824 3676

27.000 3339 2929 4130

28.500 3846 3034 4505

30.000 4353 3140 4880

31.500 4861 3245 5170

33.000 5368 3350 5451

34.500 5875 3456 5732

36.000 6382 3561 6013

37.500 6890 3666 6294

39.000 7397 3771 6575

40.500 7904 3877 6856

42.000 8411 3982 7137

43.500 8918 4087 7418

45.000 9426 4192 7699

46.500 9933 4271 7980

48.000 10440 4349 8261

49.500 10947 4428 8542

51.000 11455 4506 8824

52.500 11962 4585 9105

54.000 12469 4663 9386

55.500 12976 4742 9667

57.000 13484 4820 9948

58.500 13991 4899 10229

60.000 14498 4978 10510

61.500 15005 5056 10791

63.000 15513 5135 11072

64.500 16020 5213 11353

66.000 16527 5292 11634

67.500 17034 5370 11915

69.000 17542 5449 12196

70.500 18049 5527 12477

72.000 18556 5606 12758

73.500 19063 5684 13039

75.000 19571 5763 13320

Note unlike the chart tables, herewith D and D, can be unique and user-defined and pile shape can be rect.
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g Undrained, Drained and Empirical Overall Pile
i [Effective] (Compressive) Capacity Chart
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Pile Capacity Chart for Undrained Method of Analysis | All D = D,

Undrained Overall Pile
(Compressive) Capacity Chart
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Undrained Overall Pile (Compressive) Capacity,

MIN (Qp / FOS, + Q, / FOS3, P/ FOS;) - Fye (kN)
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Pile Capacity Chart for Drained Method of Analysis | All D = D,
| | | | |

Drained Overall Pile Effective (Compressive) Capacity,

MIN (Qp' / FOS; + Q' / FOS3, P¢' / FOS;) - Fpe (kN)
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Pile Capacity Chart for Empirical Method of Analysis | All D = D,
| | | | |

Empirical Overall Pile Effective (Compressive) Capacity,

MIN (Qp' / FOS; + Q' / FOS3, P¢' / FOS;) - Fpie (kN)
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Undrained Overall Pile Capacity
Base bearing capacity, Q, = App.qe(z=L-Ly) 904 '
Gross bearing capacity, gi(z=L-Lg) = N..Sy(z=L-Lg) YL kPa Terzaghi
Note gross bearing capacity set to 0.0kPa if base resistance excluded;
Bearing capacity factor, N, = 9.0 9.0 Meyerhof
Shaft friction capacity, Qs = | Pps.S4(z).dz 03 PN
Note shaft stress at z level, S ,(z) = a(2).5,(2);
a = 0.80 (driven piles) (Sutton) v Cdq
Shaft adhesion factor, a(z) for S,(z) < 25|MPa 0.80 Compressive §
Shaft adhesion coefficient, K; 0.0000 Ca
Shaft adhesion coefficient, K, 0.0000
Shaft adhesion coefficient, K; 0.8000
Shaft adhesion factor, a(z) for S,(z) = 150(MPa 0.80 Cq
Note that « is 0.30 (under-reamed base piles),; Tomlinson
Note that « is 0.30-0.60 (stiff over-consolidated clay), Whitaker and C
Note that « is 0.30 (heavily fissured clay),; Tomlinson
Note that « is 0.45 (very stiff clay, S, >= 150kPa); Neoh
Note that « is 0.45-0.60 (firm to stiff clay, eg. London Clay), Tomlinson
Note that « is 0.45 (bored piles), 0.80 (driven piles); ‘ Sutton
Note that « is 1-[(S ,-25)/90] (soft to firm clay, 25kPa < S, < 70kPa); McClelland, Nor{
Note that « is 0.50 (firm to stiff clay, S, >= 70kPa); McClelland, Nor
Note that « is 0.80-1.00 (soft Malaysian Clay); Gue and Partn,
Note that « is 1.00 (very soft clay, S, <= 25kPa); Neoh, API

Adhesion factor (o) — Shear strength (S,)
(McClelland, 1974)

Adhesion
Factor

Preferred

Design Line

0.2 |
0 i

25 50 100 125 150 175

Su (kN/m?2)

Adhesion Factor, o(z) [Davis and Poulos]
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Undrained Shear Strength, S (z)
Adhesion Factor, o(z) [Fukuoka]
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S e 052 .o
‘= 0.50 ' 0.33 0.30
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Undrained Shear Strength, S (z)
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Pile weight minus soil weight removed, Fpje = Aps.L.(pc-vary) 3 kN
Note under-reamed base dimensions ignored in calculation of F ,;. as deemed negligible;
Note conservatively, dry bulk unit weight assumed for density of displaced soil;
Combined base bearing and shaft friction capacity, P = Qp, + Qs 07 B
Base and Shaft Capacity Factored Individually
mpressive |Undrained pile base capacity (factored), Qp, / FOS, 301|kN
nd Tensile |Undrained pile shaft capacity (factored), Qs / FOS3 1469 kN
mpressive |Undrained pile base and shaft capacity (factored), Q, / FOS, + Qs | o] KN
Base and Shaft Capacity Factored Together

mpressive |Undrained pile base and shaft capacity (factored), P;/ FOS; 4 I

Tensile |Undrained pile base and shaft capacity (factored), Qs / FOS; 02 I
boke ‘ ‘ ‘
Undrained overall pile capacity for vertical (compressive) load, MIN (Q, / FOS; o] kKN
Undrained overall pile capacity for vertical (tensile) load, MIN (Q, / FOS3, Qs / 02 14\

flund

flund

ers
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s10]0 = s10]0

D Dy, z Su(2) aq(2) Sa(2) Qv Qs MIN (Qp | L=2+L,
(m) (m) (m) (kPa) (kPa) (kPa) (kN) (kN) / FOS, + (m)
0.600 0.600 0.000 0 0 0 0 0 0 0.000
0.600 0.600 1.500 18 162 14 46 20 27 1.500
0.600 0.600 3.000 36 324 29 92 81 81 3.000
0.600 0.600 4.500 50 446 40 126 178 147 4.500
0.600 0.600 6.000 36 324 29 92 275 176 6.000
0.600 0.600 7.500 41 365 32 103 361 224 7.500
0.600 0.600 9.000 41 365 32 103 453 268 9.000
0.600 0.600 10.500 50 446 40 126 555 328 10.500
0.600 0.600 12.000 86 770 68 218 707 449 12.000
0.600 0.600 13.500 99 891 79 252 916 569 13.500
0.600 0.600 15.000 59 527 47 149 1094 605 15.000
0.600 0.600 16.500 77 689 61 195 1247 702 16.500
0.600 0.600 18.000 90 810 72 229 1435 812 18.000
0.600 0.600 19.500 117 1053 94 298 1669 961 19.500
0.600 0.600 21.000 355 3197 284 904 2203 1530 21.000
0.600 0.600 22.500 375 3375 300 954 3029 1966 22.500
0.600 0.600 24.000 346 3115 277 881 3845 2336 24.000
0.600 0.600 25.500 375 3375 300 954 4661 2779 25.500
0.600 0.600 27.000 450 4050 360 1145 5594 3339 27.000
0.600 0.600 28.500 450 4050 360 1145 6611 3846 28.500
0.600 0.600 30.000 450 4050 360 1145 7629 4353 30.000
0.600 0.600 31.500 450 4050 360 1145 8647 4861 31.500
0.600 0.600 33.000 450 4050 360 1145 9665 5368 33.000
0.600 0.600 34.500 450 4050 360 1145 10683 5875 34.500
0.600 0.600 36.000 450 4050 360 1145 11701 6382 36.000
0.600 0.600 37.500 450 4050 360 1145 12719 6890 37.500
0.600 0.600 39.000 450 4050 360 1145 13737 7397 39.000
0.600 0.600 40.500 450 4050 360 1145 14754 7904 40.500
0.600 0.600 42.000 450 4050 360 1145 15772 8411 42.000
0.600 0.600 43.500 450 4050 360 1145 16790 8918 43.500
0.600 0.600 45.000 450 4050 360 1145 17808 9426 45.000
0.600 0.600 46.500 450 4050 360 1145 18826 9933 46.500
0.600 0.600 48.000 450 4050 360 1145 19844 10440 48.000
0.600 0.600 49.500 450 4050 360 1145 20862 10947 49,500
0.600 0.600 51.000 450 4050 360 1145 21880 11455 51.000
0.600 0.600 52.500 450 4050 360 1145 22898 11962 52.500
0.600 0.600 54.000 450 4050 360 1145 23915 12469 54.000
0.600 0.600 55.500 450 4050 360 1145 24933 12976 55.500
0.600 0.600 57.000 450 4050 360 1145 25951 13484 57.000
0.600 0.600 58.500 450 4050 360 1145 26969 13991 58.500
0.600 0.600 60.000 450 4050 360 1145 27987 14498 60.000
0.600 0.600 61.500 450 4050 360 1145 29005 15005 61.500
0.600 0.600 63.000 450 4050 360 1145 30023 15513 63.000
0.600 0.600 64.500 450 4050 360 1145 31041 16020 64.500
0.600 0.600 66.000 450 4050 360 1145 32058 16527 66.000
0.600 0.600 67.500 450 4050 360 1145 33076 17034 67.500
0.600 0.600 69.000 450 4050 360 1145 34094 17542 69.000
0.600 0.600 70.500 450 4050 360 1145 35112 18049 70.500
0.600 0.600 72.000 450 4050 360 1145 36130 18556 72.000
0.600 0.600 73.500 450 4050 360 1145 37148 19063 73.500
0.600 0.600 75.000 450 4050 360 1145 38166 19571 75.000

Note unlike the chart tables, herewith D and D, can be unique and user-defined and pile shape can be rect.
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Drained Overall Pile Effective Capacity
—— |_| _______________
=l | 4
|| L 2,
|| z L
| \ | \
Effective cohesion, c'(z) = 0.0 conservatively 0.0
Effective angle of shear resistance at pile base z=L-L, level, ¢'(z=L-Lg) Y4 degrees
Effective vertical stress at pile z=0 level, ,'(z=0) 1] kPa
Case when (z,-L.-Ly) >= 0‘ Valid
‘GV|(2=0) = psurface+Ydry-(Lc+|—O) 0/kPa
Case when (z,-L.-Lp,)<Oandz, >=0 Invalid
‘le(z=0) = psurface"'(Ysat"Yw)-(Lc+L0'Zu)+Ydry-Zu N/A|kPa
Case whenz, <0 \ \ \ Invalid
6,'(2=0) = Psurfacet7¥sat-(LetLo) +vw-(-Z4)-yw- (Lt Lo+ (-2,)) N/A|kPa

Note that the above equation reduces to o, '(z=0) = D surface +( ¥sat = 7w )-(Lc+L o );

Effective vertical stress at water table z=z,-L-L, level, ¢,'(z=z,-L-Lg) 1) kPa
Case whenz, >=0 \ Valid
‘le(z=zu'|—c'|-0) = PsurfacetVdry-Zu 40|kPa
Case whenz, <0 \ Invalid
0, (z=2,-L-Lg) =0 N/A|kPa
Effective vertical stress at critical‘ depth z=20D-L, level, ¢,'(z=20D-Ly) 42 IGE]
Case when (z,-L_.-20D) >=0 Invalid
|6,'(z=20D-Ly) = Psurtace+Yary- (Lc+20D) N/A |kPa
Case when (z,-L.-20D) < 0andz, >=0 Valid
‘5v|(2=20D'L0) = psurface"'('}’sat'Yw)-(Lc+20D'Zu)+Ydry-Zu 142|kPa
Case whenz, <0 ‘ ‘ ‘ Invalid
0,'(z=20D-L,) = psurface""Ysat-(Lc+20D)+Yw-('Zu)'Vw-(Lc+2‘ N/A|kPa
Note that the above equation reduces to o, '(z=20D-L ) = P surface +( ¥sat = 7w )- (L c +20D)
|
Effective vertical stress at pile ba‘se z=L-L, level, c,'(z=L-Ly) ‘1 kPa
Unit weight, y' | | | | 10.2 kN/m’
Case when (z,—-L.-L) >= MAX (B c.p, L cap) Invalid
o,'(z=L-Ly) = psurface+'Ydry-(Lc+|—) N/A|kPa
Y = Ydry ‘ ‘ N/A kN/m3
Case when 0 < (z,-L_.-L) < MAX (Bc.p, L cap) Invalid
ov'(z=L-Lo) = PsurfacetYary-(Lc+L) ‘ N/A|kPa
Y= Zu/MAX(Bcapl Lcap) . ['Ydry - (Ysat = Yw)1 + (Ysat = Yw) N/A |(N/I'T13
Case when (z,-L.-L) =0 | Invalid
o,'(z=L-Lg) = PsurfacetVary-(Lc+L) N/A|kPa
Y = Ysat -~ Yw | N/AkN/m’
Case when (z,-L.-L)<0Oandz, >=0 Valid
6,'(z=L-Lg) = Psurracet (Ysat=vw) - (Le+L-24) +vary- 2y 234 kPa
Y= Ysat < Yw 10.2|kN/m?
Case whenz, <0 \ Invalid
o,'(z=L-Lp) = psurface+Ysat-(LC+L)+Yw-('Zu)'Yw-(Lc+L+('Zu) N/A|kPa
Note that the above equation reduces to o, '(z=L-Ly) = P syrface +( Vsat = yw)-(Lc+L);
Y = Ysat - Yv‘v N/A kN/m3
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Base effective bearing capacity, Q,' = Ap,.qf'(z=L-Ly) 4241 I\
Gross effective bearing capacity, gf'(z=L-Lg) (<=Gaimit (z=L-Lg)) i [1] kPa Terzaghi
=5c.de-Ng strip-C' | 0/kPa
+5q.dq-Ng strip-0,'(z=L-Ly) 46962 kPa
+1S,.d,.N, strip-Dp/2.7' \ |Exc|ude v 0|kPa
Note gross effective bearing capacity set to 0.0kPa if base resistance excluded;
Note for piles bored in rock, s..d. = 1.2,s,.d, =1.0ands,.d, = 0.7; Gue and Partn|
Note for piles bored in rock, q¢' = 0.3q ,., where Neoh
g ' for weak rock 1500 \kPa Neoh
g ' for medium rock 2400-7300 |kPa Neoh
g ' for strong fresh rock 10000 |kPa Neoh
] ]
e B s
2] = =
.- A
L1 A
Typical valuss of pile bearing capacity factor, N, *
- - .
Note typicézl/y for drivén piles, N ; =20 ( /oo;e sand) to‘100 (very é!ense sand), Neoh
and for bored piles N, = 12 (loose sand) to 40 (very dense sand),;
Equations for bearing capacity {Prandtl, Reissner and Hansen Equations for Soils v ‘
Cohesion Factors | \ \
Shape factor, |8c= (SqMg -1)(Ng -1} ] 1.0 EC7
Depth factor, |d.=1+ 0.4 arctan(IVB) I 1.6
Note D and B in the above equation are L .+L and D,, respectively,
Bearing capacity factor, N stip ‘ \ 183.8
Soils |Ne,strip = (Ngsrrp=1).cotd’ [ e = (g - 1) cot @@ 183.8 EC7 (Prandt.
Rocks |Neserip | Ne J2N. 2N+ DJ N, - [Tan(45°+472) 38.9 Kulhawy and Go
Surcharge Factors Compressive g
Shape factor, [ sq=1+(8/L")sin ¢ | |Exc|ude v 1.0 EC7
Note B' and L' in the above equation are D, and D, respectively;
Depth factor, d, [T +;_m ,(1_:1; e JExclude | 1.0
‘ - — AL E ‘ @) BI cd
Note D and B' in the above equation are L .+L and D, respectively;
Bearing capacity factor, Ngsrip | 201.0
Soils [Ny = & =% tan” {45+ &/2)] 201.0 EC7 (Reissne
Rocks |Ngrp LNg N2 JIN: -[1an-(25°+a/2)] 43.4|  Kulhawy and God
Self Weight Factors | |
Shape factor, |s;=1—0.2(87YL°}] 0.7 EC7
Note B' and L' in the above equation are D, and D, respectively;
Depth factor, |d,=1.0] 1.0
Bearing capacity factor, N, crip 435.3
S0ils |N, strip = 2.0(Ng serip=1).ta] My =2 (Ng- 1) tan ¢, 435.3 EC7 (Hansen
Rocks | Ny erip [Ny - N =(NG-T) ] N [Tan"(45°+4/2) 108.7 Kulha||/vy and God
| | |
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Shaft effective friction capacity, Q' = | Pps:1a'(2).dz 5 kN

Note shaft effective stress at z level, 7,'(z) = Ks.tané'. o, '(z2) (<= timit (2));

Note effective cohesion, c' ignored due to disturbed soil adjacent to pile foundation;

K,.tand' ‘ Manual v | 0.40|
Ks.tand' = kys.(1-sing').(OCR)°">.tans' Variable Burland, Meye
Coefficient of horizontal soil stress, kys | 1.00 Tomlinson
ers Bored and Cast-in-Place Piles (Dense Soil) v
| | |
t | | I | K¢
- B
§ 1.
[ ‘ ‘
O Overconsolidation ratio, OCR 1.0
Effective angle of friction on shaft, &' | 1.00]|¢' degrees
1.00g" (Cast-in-Place Concrete - Soil Interface) v
Effective angle, &' for sandy gravel 40.0 |degrees Neoh
Effective angle, §' for sand ‘ 32.0 |degrees Neoh
Effective angle, &' for silt and clay 21.0-31.0 |degrees Neoh
K..tans' | 0.40
Pile bored in very loose to denselartdn 5' = 0.10-0.35 Meyerhof
Pile bored in loose sand Ks.tans' = 0.15-0.30 Davies and CH
® Pile bored in dense sand Kc.tans' = 0.25-0.60 Davies and Ch
g Pile CFA in chalk Ks.tans' = 0.45 CIRIA574
s |pile bored in clay 10.50-0.80 Poulos
Pile CFA in chalk with N >= 10, q ,. >K Al 6' = 0.80 CIRIA86
Pile bored or driven cast-in-place in cHélktan ' = 0.80 CIRIA574
Pile driven in very loose to densesabah &' = 0.44-1.20 Meyerhof
Pile weight minus soil weight removed, Fpe ‘= Aps.L.(pc-\‘{dry) kN
Note under-reamed base dimensions ignored in calculation of F ;. as deemed negligible;
Note conservatively, c‘lry bulk unit weight as‘sumed for c‘iensity of d‘isp/aced soil;
Combined base effective bearing and shaft effective friction capacity, Pf' = Q.| 018 4\
| | |
Base and Shaft Effective Capacity Factored Individually
mpressive |Drained pile base effective capacity (factored), Q' / FOS, 1414|kN
nd Tensile |Drained pile shaft effective capacity (factored), Q' / FOS; 1118|kN
mpressive |Drained pile base and shaft effective capacity (factored), Q,' / FOS kN
| | |
Base and Shaft Effective Capacity Factored Together
mpressive |Drained pile base and shaft effective capacity (factored), P{' / FOS; 959 kY
Tensile |Drained pile base and shaft effective capacity (factored), Q' / FOS 838 4\
Drained overall pile effective capacity for ve‘rtical (compressive) load, MIN (Q4 )14 KN
Drained overall pile effective capacity for vertical (tensile) load, MIN (Q.' / FO{ ety kN
Drained overall pile effective capacity utilisation = MAX (Fpie,v,comp / (MIN (Qp' 849 0

dman
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s10]0 = s10]0

D Dy, z $'(2) c,'(z) 4 Gsiimit' (Z) q¢'(2) Tatimit (Z) 7."'(2)
(m) (m) (m) (°) (kPa) | (kN/m?) (kPa) (kPa) (kPa) (kPa)
0.600 0.600 0.000 27 0 16.7 10437 0 56.8 0.0
0.600 0.600 1.500 28 30 16.7 15000 456 56.8 12.0
0.600 0.600 3.000 29 50 10.2 15000 869 56.8 20.1
0.600 0.600 4.500 30 65 10.2 15000 1252 56.8 26.2
0.600 0.600 6.000 29 81 10.2 15000 1399 56.8 32.3
0.600 0.600 7.500 30 96 10.2 15000 1719 56.8 38.4
0.600 0.600 9.000 30 111 10.2 15000 1993 56.8 44.5
0.600 0.600 10.500 30 127 10.2 15000 2420 56.8 50.6
0.600 0.600 12.000 33 142 10.2 15000 3532 56.8 56.8
0.600 0.600 13.500 33 157 10.2 15000 4323 56.8 56.8
0.600 0.600 15.000 31 172 10.2 15000 3521 56.8 56.8
0.600 0.600 16.500 32 188 10.2 15000 4374 56.8 56.8
0.600 0.600 18.000 33 203 10.2 15000 5225 56.8 56.8
0.600 0.600 19.500 35 218 10.2 15000 6863 56.8 56.8
0.600 0.600 21.000 47 234 10.2 15000 15000 56.8 56.8
0.600 0.600 22.500 48 249 10.2 15000 15000 56.8 56.8
0.600 0.600 24.000 47 264 10.2 15000 15000 56.8 56.8
0.600 0.600 25.500 48 279 10.2 15000 15000 56.8 56.8
0.600 0.600 27.000 52 295 10.2 15000 15000 56.8 56.8
0.600 0.600 28.500 52 310 10.2 15000 15000 56.8 56.8
0.600 0.600 30.000 52 325 10.2 15000 15000 56.8 56.8
0.600 0.600 31.500 52 341 10.2 15000 15000 56.8 56.8
0.600 0.600 33.000 52 356 10.2 15000 15000 56.8 56.8
0.600 0.600 34.500 52 371 10.2 15000 15000 56.8 56.8
0.600 0.600 36.000 52 386 10.2 15000 15000 56.8 56.8
0.600 0.600 37.500 52 402 10.2 15000 15000 56.8 56.8
0.600 0.600 39.000 52 417 10.2 15000 15000 56.8 56.8
0.600 0.600 40.500 52 432 10.2 15000 15000 56.8 56.8
0.600 0.600 42.000 52 448 10.2 15000 15000 56.8 56.8
0.600 0.600 43.500 52 463 10.2 15000 15000 56.8 56.8
0.600 0.600 45.000 52 478 10.2 15000 15000 56.8 56.8
0.600 0.600 46.500 52 493 10.2 15000 15000 56.8 56.8
0.600 0.600 48.000 52 509 10.2 15000 15000 56.8 56.8
0.600 0.600 49.500 52 524 10.2 15000 15000 56.8 56.8
0.600 0.600 51.000 52 539 10.2 15000 15000 56.8 56.8
0.600 0.600 52.500 52 555 10.2 15000 15000 56.8 56.8
0.600 0.600 54.000 52 570 10.2 15000 15000 56.8 56.8
0.600 0.600 55.500 52 585 10.2 15000 15000 56.8 56.8
0.600 0.600 57.000 52 600 10.2 15000 15000 56.8 56.8
0.600 0.600 58.500 52 616 10.2 15000 15000 56.8 56.8
0.600 0.600 60.000 52 631 10.2 15000 15000 56.8 56.8
0.600 0.600 61.500 52 646 10.2 15000 15000 56.8 56.8
0.600 0.600 63.000 52 662 10.2 15000 15000 56.8 56.8
0.600 0.600 64.500 52 677 10.2 15000 15000 56.8 56.8
0.600 0.600 66.000 52 692 10.2 15000 15000 56.8 56.8
0.600 0.600 67.500 52 707 10.2 15000 15000 56.8 56.8
0.600 0.600 69.000 52 723 10.2 15000 15000 56.8 56.8
0.600 0.600 70.500 52 738 10.2 15000 15000 56.8 56.8
0.600 0.600 72.000 52 753 10.2 15000 15000 56.8 56.8
0.600 0.600 73.500 52 769 10.2 15000 15000 56.8 56.8
0.600 0.600 75.000 52 784 10.2 15000 15000 56.8 56.8

Note unlike the chart tables, herewith D and D, can be unique and user-defined and pile shape can be rect.
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Q' Q' MIN (Qp' | L=2z+L,
(kN) | (kN) |/FOS,+| (m)
0 0 0 0.000
129 17 53 1.500
246 62 120 3.000
354 128 198 4.500
396 210 265 6.000
486 310 360 7.500
563 428 463 9.000
684 562 591 10.500
999 714 795 12.000
1222 875 975 13.500
996 1035 998 15.000
1237 1196 1191 16.500
1477 1356 1376 18.000
1940 1516 1636 19.500
4241 1677 2508 21.000
4241 1837 2613 22.500
4241 1998 2719 24.000
4241 2158 2824 25.500
4241 2319 2929 27.000
4241 2479 3034 28.500
4241 2640 3140 30.000
4241 2800 3245 31.500
4241 2961 3350 33.000
4241 3121 3456 34.500
4241 3282 3561 36.000
4241 3442 3666 37.500
4241 3603 3771 39.000
4241 3763 3877 40.500
4241 3924 3982 42.000
4241 4084 4087 43.500
4241 4245 4192 45.000
4241 4405 4271 46.500
4241 4566 4349 48.000
4241 4726 4428 49.500
4241 4887 4506 51.000
4241 5047 4585 52.500
4241 5208 4663 54.000
4241 5368 4742 55.500
4241 5529 4820 57.000
4241 5689 4899 58.500
4241 5850 4978 60.000 Cq
4241 6010 5056 61.500 Compressive g
4241 6171 5135 63.000 Cq
4241 6331 5213 64.500
4241 6492 5292 66.000
4241 6652 5370 67.500 Cq
4241 6812 5449 69.000
4241 6973 5527 70.500
4241 7133 5606 72.000
4241 7294 5684 73.500
4241 7454 5763 75.000
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Empirical Overall Pile Effective Capacity

Base effective bearing capacity, Q,' = Ap,.qf'(z=L-Ly) VY KN
Gross effective bearing capacity, q¢'(z=L-Lg)=Ksprp.N(z=L-L;) (<= L] kPa
Note gross effective bearing capacity set to 0.0kPa if base resistance excluded;
[Factor for SPT, N value (base effective bearing), Kspr, | 200
Pile (Driven Displacement) in Clay (Martin): 200 v
Pile (bored) in Kenny Hill formation 40 Balakrishna
Pile (bored) in Kenny Hill formation 50 Chiu and Perumal
Pile (drilled shaft) in sand with L < 10m, Q,"' <2900kP{ 57.5L/10 Quiros and Re
Pile (drilled shaft) in sand with L > 10m, Q,' < 2900kP. 57.5 Quiros and Re
Pile (drilled shaft) in sand with L 2 10m, Q,"' < 2900kP 100 Shioi and FukR
Pile (bored) in sand 100 Shioi and Fuk
Pile (driven) in clay 120 Decourt
Pile (bored) in sand 150 Yamashita
Pile in undrained cohesive soil 200 Neoh
Pile (driven) in clay ‘ 200 Martin
Pile (driven) in all soil 300 Shioi and FuK
Pile (driven displacement) in non-plastic silt 38L/D < 300
Pile (driven) in silt ‘ ‘ 350 Martin
Pile (driven displacement) in sand and gravel 38L/D < 380 Meyerhof
Pile in drained cohesionless soil 400 Neoh
Pile (driven) in sand 450 Martin
Shaft effective friction capacity, Qs' = [ Pps.t2'(2).dz J kN
Note shaft effective stress at z level, t,'(z) = Ksprs.N(2) (<= ta5mit '(2));
‘Factor for SPT, N value (shaft effective friction), Kepr s | 2.5
Pile in Undrained Soil (Meyerhof): 2.5 v
Pile in undrained cohesive or drained cohesionless soil 2.0 Neoh
Pile (bored) in meta-sedimentary formation 2.3 Balakrishna
Pile (bored) in Kenny Hill formation 2.5 Chiu and Perumal
Pile (bored) in residual soil 2.6 |  T7an
Pile (bored) in sand 3.3 Wright and Re|
Pile (bored) in clay 5.0 |Yamashita
Pile (bored) in sand 5.0 Shioi and Fuk
Pile (bored or driven) ‘in clay 10.0 Shioi and FuK
Pile weight minus soil weight removed, Fpje = Aps.L.(pcvary) ‘3 kN

Note under-reamed base dimensions ignored in calculation of F ;. as deemed negligible;

Note conservatively, dry bulk unit weight assumed for density of displaced soil;

Combined base effective bearing and shaft effective friction capacity, Pf = Q| 995 4\

Base and Shaft Effective Capacity Factored Individually

mpressive |Empirical pile base effective capacity (factored), Q,' / FOS, 1488|kN
nd Tensile |[Empirical pile shaft effective capacity (factored), Q' / FOS3 1020|kN
mpressive |Empirical pile base and shaft effective capacity (factored), Q,' / FO )14 KN

Base and Shaft Effective Capacity Factored Together

mpressive |[Empirical pile base and shaft effective capacity (factored), P¢' / FOS 997 14

Tensile |[Empirical pile base and shaft effective capacity (factored), Q' / FO 31 kN

Empirical overall pile effective capacity for vertical (compressive) load, MIN ((

Empirical overall pile effective capacity for vertical (tensile) load, MIN (Q.' / F(

Empirical overall pile effective capacity utilisation = MAX (Fpie,v,comp / (MIN (Qy
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s10]0 = s10]0

D Dy, z N(z) as'(z) 7."'(2) Q' Q' MIN (Q,' | L=z+L,
(m) (m) (m) (kPa) (kPa) (kN) (kN) / FOS, + (m)
0.600 0.600 0.000 0 0 0 0 0 0 0.000
0.600 0.600 1.500 4 800 10 226 14 83 1.500
0.600 0.600 3.000 8 1600 20 452 57 185 3.000
0.600 0.600 4.500 11 2200 28 622 124 285 4.500
0.600 0.600 6.000 8 1600 20 452 191 271 6.000
0.600 0.600 7.500 9 1800 23 509 251 328 7.500
0.600 0.600 9.000 9 1800 23 509 315 369 9.000
0.600 0.600 10.500 11 2200 28 622 385 452 10.500
0.600 0.600 12.000 19 3800 48 1074 491 672 12.000
0.600 0.600 13.500 22 4400 55 1244 636 824 13.500
0.600 0.600 15.000 13 2600 33 735 760 731 15.000
0.600 0.600 16.500 17 3400 43 961 866 879 16.500
0.600 0.600 18.000 20 4000 50 1131 997 1021 18.000
0.600 0.600 19.500 26 5200 65 1470 1159 1241 19.500
0.600 0.600 21.000 79 15789 197 4464 1530 2484 21.000
0.600 0.600 22.500 83 16667 200 4712 2092 2940 22.500
0.600 0.600 24.000 77 15385 192 4350 2647 3187 24.000
0.600 0.600 25.500 83 16667 200 4712 3201 3676 25.500
0.600 0.600 27.000 100 17500 200 4948 3767 4130 27.000
0.600 0.600 28.500 100 17500 200 4948 4332 4505 28.500
0.600 0.600 30.000 100 17500 200 4948 4898 4880 30.000
0.600 0.600 31.500 100 17500 200 4948 5463 5170 31.500
0.600 0.600 33.000 100 17500 200 4948 6029 5451 33.000
0.600 0.600 34.500 100 17500 200 4948 6594 5732 34.500
0.600 0.600 36.000 100 17500 200 4948 7160 6013 36.000
0.600 0.600 37.500 100 17500 200 4948 7725 6294 37.500
0.600 0.600 39.000 100 17500 200 4948 8291 6575 39.000
0.600 0.600 40.500 100 17500 200 4948 8856 6856 40.500
0.600 0.600 42.000 100 17500 200 4948 9422 7137 42.000
0.600 0.600 43.500 100 17500 200 4948 9987 7418 43.500
0.600 0.600 45.000 100 17500 200 4948 10552 7699 45.000
0.600 0.600 46.500 100 17500 200 4948 11118 7980 46.500
0.600 0.600 48.000 100 17500 200 4948 11683 8261 48.000
0.600 0.600 49.500 100 17500 200 4948 12249 8542 49,500
0.600 0.600 51.000 100 17500 200 4948 12814 8824 51.000
0.600 0.600 52.500 100 17500 200 4948 13380 9105 52.500
0.600 0.600 54.000 100 17500 200 4948 13945 9386 54.000
0.600 0.600 55.500 100 17500 200 4948 14511 9667 55.500
0.600 0.600 57.000 100 17500 200 4948 15076 9948 57.000
0.600 0.600 58.500 100 17500 200 4948 15642 10229 58.500
0.600 0.600 60.000 100 17500 200 4948 16207 10510 60.000
0.600 0.600 61.500 100 17500 200 4948 16773 10791 61.500
0.600 0.600 63.000 100 17500 200 4948 17338 11072 63.000
0.600 0.600 64.500 100 17500 200 4948 17904 11353 64.500
0.600 0.600 66.000 100 17500 200 4948 18469 11634 66.000
0.600 0.600 67.500 100 17500 200 4948 19035 11915 67.500
0.600 0.600 69.000 100 17500 200 4948 19600 12196 69.000
0.600 0.600 70.500 100 17500 200 4948 20166 12477 70.500
0.600 0.600 72.000 100 17500 200 4948 20731 12758 72.000
0.600 0.600 73.500 100 17500 200 4948 21297 13039 73.500
0.600 0.600 75.000 100 17500 200 4948 21862 13320 75.000

Note unlike the chart tables, herewith D and D, can be unique and user-defined and pile shape can be rect.
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Pile Reinforcement Design
Precast Driven Square RC Pile or Insitu Bored Circular RC Pile
Pile Longitudinal Reinforcement Design
Percentage of reinforcement A, ,rov,p/Aps X 100% N/A|%
Axial compression capacity, Ncap,pile,comp 1Y kN

SLS Design Ncap,pile,comp = 0-251:cu-Aps N/A KN

ULS Design |Ncap pile,comp = 0.35f¢.Aps + (0.67f,-0.35f,).A N/A kN
Note alternatively, SLS design including steel reinforcement can be estimated by N cap, pite,comp BS8004

= 0.275f . Aps + 0.55F,. A proyp With 0.55f, limited to 175N/mm?;

Total pile vertical (compressive) load (per pile), Fpiie,v,comp,(uls) .y kN
SLS Design |F piie,v,comp ‘ N/A|kN
ULS Design Fpile,v,comp,uls N/A KN
Axial compression capacity utilisation = Fyje v, comp, (uis)/ Ncap, pile,comp A .
Axial tension capacity, Ncap pile,tens kN
SLS Design Ncap,pile,tens = 0-55fy-As,prov,p N/A KN
ULS Design Ncap,pile,tens = 0-95fy-As,prov,p N/A kN
Total pile vertical (tensile) load (per pile), Fpiev.tens,uls) oy KN
SLS Design |F piie,v,tens | N/A kN
ULS Design |F piie,v,tens,uis N/AkN

Axial tension capacity utilisation = Fpje v tens,(uis)/ Ncap,pile,tens

Pile Shear Reinforcement Design

Note that pile shear design to be performed

as per column design;

Pile Detailing Requirements

All detailing requirements met ?

Min longitudinal steel reinforcement number, n, (>=6 circ.; >=4 sq.; >=8 re«

Min longitudinal steel reinforcement diameter, ¢, (>=12mm) ‘

Percentage of reinforcement A ,roy,n/Aps X 100% (>0.4% and <5.0%)

Longitudinal steel reinforcement pitch (>=75mm-+¢, but >=100mm+¢, for T4

Min link diameter, ¢jinx,p (>=0.25¢,; >=8mm)

Max link pitch, S, (<=12¢,, <=300mm, <=D)

Require an overall enclosing link.

Circ. pile bar pitch = n.(D-2.cover,-2.djink,p~9p)/Np N/A|mm
Sq. pile bar pitch = 4.(D-2.covers-2.djnk,p~0p)/Np N/A|mm
Rect. pile bar pitch = 4.(0.5D+0.5%D-2.covers-2.djink,p~9p)/Np N/A|mm

N/A
N/A
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Precast (Pretensioned Spun) Driven Circular RC Pile
SLS axial compression capacity, Ncap,pite,comp = 0.25.(fcy~fpe)-Act g kN
SLS total pile vertical (compressive) load (per pile), Fpie,v,comp ] kN
Axial compression capacity utilisation = Fyje v,comp/Ncap,pile,comp 0o 0
Insitu Micropile Bored Circular RC Pile
SLS axial compression capacity, Neap, pile,comp Y kN
‘ ‘ Reinforcement only |Ncap pile,comp = fy,ap1-Aap/2.0 N/A kN
Composite section (strain compatibility) |Ncap,pile,comp = 0.5F, ap1- (AaprtAc apr N/A kN 04 cl. 7.4.4
| | Concrete filled CHS |Neappite,comp = (0-91f, ap1-Appi+0.4 N/A/ kN 400 cl. 11.
SLS total pile vertical (compressive) load (per pile), Fpiie,v,comp kN
Axial compression capacity utilisation = Fyje v, comp/ Ncap,pile,comp A
Pile Installation Tolerance
\ \
—| Foundation Design v
| | Pile Foundations — Tolerances —d
| »  75mm in plan normal _
| s Out-of-position piles have moment induced in
|| head
|| = M=Vd
[ | « therefore more reinforcement required
[ ] + 1 in 75 verticality normal
| - Out-of-vertical piles have lateral force on head
— « H=Vitant
- +  Effects reduce with depth (lateral pile analysis)
\ \ ! \ | \
Moment induced at head due to out-of-position, M = 0.075F i, v,comp,uis J kNm
Lateral force induced at head due to out-of-vertical, H = Fpje v,comp,uis/ 75 42 I
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Group Pile Design

Undrained Analysis

Consideration of NSF ?

Total pile group SLS vertical (compressive) NSF load, Fpiegroup,v,NsF

D P4\ Tomlinson

Note NSF = negative skin friction; Note F pjegroup,v,nsF = Bcap-L cap+ Vary orsat-L o/
\ \

I(,-I"illing --\" +
[ DJ
o . ’ FEEFEL
Soft //%f,: é; A T o”
compressible “ARIEAIIY X 1
3.1 e W | TIT
3.7 \""\
| L=B . . L=B
fe—="" .| Bearing stratum |j=""" .|
for piles
fa) ()

level of bearing stratum is given by

bearing stratum is given by

+ L X B XD,

Fig. 7.29 Pile groups in filled ground.

" = Working load + L X B X D,

» = Working load + L =< B x D

Thus, in Fig. 7.29%a), the total load on pile group at

7
(.ol

where ' is the density of fill and 3" the depth of fill over
which the movement is sufficient to cause drag-down.

In Fig. 7.29(F), the total load on pile group at level of

{7.23a)

where " is the density of soft stratum and D" the depth of
soft stratum over which movement is sufficient to cause
drag-down. However, total load on pile group will not
exceed ultimate skin friction on piles from fill and soft
clay, i.e.

(2 = = Working load + Sif" + Saf", (7.23b)

where
51 = sum of surface area of piles embedded in

fill,

52 = sum of surface area of piles embedded in
soft clay,

7 = skin friction between fill and piles,

§" = skin friction between soft clay and piles.

\
Pile group capacity, Q,=2D(B+L)s+13(s;. N_ BL) | kN

Tomlinson

Note D, B, L, sand s, in fhe above equation are L-L o, B ap, Leap, Sa, Su(z=L-Ly)

and D, respectively; \

Undrained overall pile group capacity for vertical (compressive) log

202135\

Undrained overall pile group capacity utilisation

Note utilisation is (Fpilecap,v + Fpilegroup,v,NSF) / (Qu / Fos‘l)/'

ohesive matenal the following expression can be used

For a group of bored pilesinac
! "‘C wp =~ :'.l:->
where
n = number of piles in group
2, = capacity of a single pile
E: = group efficiency ratic
—1- .: tan-12) min = ,I ) +n(m-1)
S S0 mn
where
D = pile diameter
s = pile spacing
m = number of piles in one direction
= number of piles in orthogonal direction
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18.43m(n— 1) + nlm - 1)

SOmn

The values of £, can be obtained from Table 32.28

Table 3.28
Values for E, for piles spaced at three times diameter

1 090 0856 Q8s 184 083
2 080 076 Q74 073 Q73
3 - 073 a7 Q70 069
- - - 069 068 68
5 = - - 0.67 Q67
6 - - - - 066
Note

For other combinations use 0.65

Drained Analysis

Note there is no risk of drained overall pile group failure if FOS of individual piles

Gue and Partn|

are adequate;

Empirical Analysis

Note perform undrained or drained analysis;
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Scheme Design (Cohesive Soils)

Working pile loads for CFA piles in cohesive soil (C,=50)
|| 900 |
B 800

| = 700
— = 600

| § 500t

H G 400 f———
| | & 300

| ] o

— Pile length (m)

Working pile loads for CFA piles in cohesive soil (C, =100)

— 1800 —— 1
u 1600 |——————F——— |
1400 ——1—
1200 ———
1000L -
800
600 [——

|| 400 ———

Pile capacity

B
—] 5 10 15
|| Pile length (m)

1 WWorking load on pile < 0.25fcu (0. 1fou for continuous flight auger)

Warning: The following relationships apply only to bored cast in place concrete pilesin

London clay. For all other piles check with Geotechnics (which should always be done
anywayl.

= P o _ 05g, xpermeter  9c,,. . xbhase area
Working bearing capacity of siraight shafted pllas » ( = e | - = )
| - I
R _ o 0.35c, x penimeter  9¢, ... X base area
—  Working bearing capacity of large unders reamed piles » | 2 Je — )
- -
“ 'z

L | For straight sided piles higher capacities may be availakle by following the guidelines for Site
Investigations and pile tests in the London District Surveyors Association Publication, Guids
Motes for the Design of Straight Shafted Piles in London Clay (1996

— <, = undrained shear strenath of London Clay

|| Tvpically diameter of under-ream = 3 xdiameter of shaft
Factor of safety : fa=25

3 whichever gives the lowsr capacity

fy
ar f1=1 Tz

finimum spacing of pile shafts = 3 x diameter (ensure under-reams do not encroach)




Job No. Sheet No. \ Rev.

M AV E RI C K|Maverick United
EN GINEE R S|Consulting Engineers XXX 30

Member/Location

Job Title |Structure, Member Design - Geotechnics Piles v2024.07Pro- Ref.
Structure, Member Design - Geotechnics Piles Made by (Y | Date 18/08/2025¢.

5ingle bored piles in clay

Where 4, is the area of the pile base, 4. is the surface area of the pile shaft in the ¢ ay. cis

the average value of shear strength over the pile length and is derived from undrained
triaxia tests, where o =0.3 to 0.6 depending on the time that the pile be ring is left open.
Typically o =0.3 for heavily fissured clay and == 0.45-0.5 for firm to stif

— Lond = 9 where the embedment of the tip of the pile into the clay is more than

n clay). M,
] five diameters. The factors of safety are generally taken as 2.5 for the base znd 3.0 for the
shaft

T clays {e.q,

Negative skin friction

|1 Megative skin friction occurs when piles h

> been installed through a compressible
material to reach firm strata. Cohesion in the soft soil will tend to drag down on the
piles a= the soft layer consalidates and compresses causing an additional load on the pile

This additional load is due to the weight of the soil surrounding the pile. For a group of
piles a simplified method of assess ng the additional load per pile can be basec

— volume  of soil which would need to be supported on  the pile  group
| ':;'.l n Friction -"1-H'I-"_-'|ﬁu'|_ where A 1s the area of the |:||f= group, S s the thickness of the
layer of consolidating soil or fill which has a bulk density of . and W, is the number of

piles in the group. The chosen area of the pile group will depend on the ar angement of
the piles and could be the area of the building or part of the building.
be appied to individual piles, although it can be difficult to assess he
— considered to contribute to the nagative skin friction forces.

This calculation car
v much soil could be

1
| Group action of bored piles in clay

The capacity of groups of piles can be as little as 25 per cent of the collect ve capacity of

the individual piles

A guick estimate of group efficienc B

r; B LT 1 . 191

— f L ST | FILErT ]

E | tan ' - -
I, 5 .-l S0min

—| VWhere O is the pile diameter, 5 is the pile spacing and m and r represent the number of

1 rows in two directions of the i'*.ilr.-' qQroup.

— * ui

f, N (Stroud, 1974) .

fy= 4.5 il P1 = 3

Pile Capacity Design
Single Pile Capacity: In Cohesive Soil Meyerhof SR

g =

f,=2.5N Y s
0.1+0.15N)*50

(kPa) ( )

(kPa)

Correlation Between SPT N and f_,

0




Job No. Sheet No. \ Rev.
M AV E RIC K|Maverick United
ENGINEE R S|Consulting Engineers XXX 31
Member/Location
Job Title |Structure, Member Design - Geotechnics Piles v2024.07Pro- Ref. —
Structure, Member Design - Geotechnics Piles Made by (Y | Date 18/08/2025¢.
Scheme Design (Non Cohesive Soils)
\ \ l

Quick estimate design methods for deep foundations

Concrete and steel pile capacities

Concrete piles can be cast in situ ar prec: 15t, prestressed or reinforced. Steel piles are used
where 'J 10 or lightweight piles are required. Sections can be butt welded tagether and
excess can be cut away. Steol piles have good resistance to lateral forces, bend ng and

|rnpac_1 but they can be expensive and need corrosion protection

Typical maximum allowable pile capaci TI"“_nr._]Ilk"F' 30010 1800 kM for bored piles (diameter 300
1o 600 mmj, 500 to 2000 kM far driven piles (275 to 400 mm souare precastor 275 to 2000 mm
diarmeter steel), 300 to 1500 kN for continuous flight auger {(CFA) piles (diameter 300 to
GO0 mmy and 50 to 500 kM for mini piles {diameter 75 to 280 mm and lengths up to 20 m).
Ihe minimurm pile spacing achievable is norma lly about three diameters between the e pile [aces,

Working pile loads for CFA piles in granular soil (N=15)

2000 - . —— | | +— :
1800 |- — | ‘ | |
= 1600 - ' i - : 900 ¢
> 1400 | - i - - -
£ 1200 — — ' 4 750 ¢
% 00 — 1 : :
z 10 i
S Bﬂﬂ' B | ##ffJfﬂf”rfﬂffﬁﬁiﬁff’1ﬁagﬂ
o T L 1450 ¢
400 J,,f;,,f e 300
15 20 25 30

Plle length (m)

Working pile loads for CFA piles in granular soil (N=25)

2000 -
1800 | — T
1600 -
1400
1200 ————————
1000 — i
800 | — |
€00 —
400
200
0

Pile capacity (kN)

Pile length (m)
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Piles in granular soil

although most methods of determining driven pile capacities require inforrmation on the

resistance of the pile during criving, capacities for both driven and bored piles can be

—  estimated by the same equation. The skin friction and end bearing capacty of bored piles

| will be considerably less than driven piles in the same soil as a result of loosening caused by

the boring and design values af v, N and k. tand should be selected for loose conditions.

M Angl + Al mean Ks tanad

L allenw 3

VWhere N* is the pile bearing capacity factor based on the work of Berezantsev, Ay is the

area of the pile base, A. is the surface area of the pile shaft in the soil, §yis the effective

overburden pressure, k. is the horizontal coefficient of earth pressure, kg is the coefficient
—  of earth pressure at rest, & is the angle of friction between the soil and the pile face, 4 is

L1 the effective internal angle of shearing resistance and the factor of safety, y+=2.0 10 3.

| | Tvpical values of N -

— @ ' 5 20 70

25 | 18 1
1 30 29 24 20

35 69 a3 4%

A0 175 148 130

* Berezantsev (1961) values fram charts for A, based on § calculated from uncorrectad N values.

lypical values of & and &, for sandy soils can therefore be determined based on work Dy

kulhawy {1984) as follows:

File face/soil type Angle of pilefsoil friction

|| Big

0509

Rough {corruga 0.7-0.9

Cast in place « 1.0
1 Precast concrete 0.8-1.0
| ] limberfsand 0,809
L Installation and pile type Coefficients of horizontal soil

stress/earth pressure at rest k. /k,,

Driven piles large displacerment

i piles small displacement

red cast in place piles

letted piles

Although pile capacities improve with depth, it has been found that at about 20 pile

diameters. the skin friction and base resistances stop increasing and "peak’ for granular

soils. Generally the peak value for base bearing capacity 15 110 000 kM/m*~ for a pile length
] of 10 to 20 pile diameters and the peak values for skin friction are 10 kN/m’ for loose

— granular soil, 10 to 25 kN/m* for medium dense granular soil, 25 1o 70 kN/m?* for dense

granular soil and 70 to 110 kN/m* for very dense granular soil.

] Source: Kulhawy, F.H (19841 Reproduced by permission of the ASCE
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Typical values for & andk, in granular material
Angle of Horizontal coefficient of earth pressure, k_
internal and the pile face, & [*)
nnnl: piles concrete piles | piles plllll
26 £3.4 Q393 — Q562 0562 — 1.123 0421 - 0702
27 E7 24.3 Q382 — Q546 0546 — 1.092 0410 - 0683
28 28 252 Q371 -GN 0531 - 1061 02398 - 0663
29 29 26.1 361 - 0515 0515 — 1.030 02865 — 0LE44
30 30 27.0 Q350 — 500 CLE00 — 1000 0375 — 0625
a1 31 27.0° Q339 — 0485 0485 — 0.LOF0 0.264 — 0806
az 32 27.08 Q329 — Q470 0470 — 0.O40 0352 — 0588
23 33 270 Q319 — 0455 0455 — 0.911 0.342 — 0.569
34 34 E7.0® Q308 — 0441 0447 — QLBB2 0337 — 0551
a5 35 27.0° Q298 — Q426 0426 — 0.853 0.320- 0533
i) 36 E27.0° Q289 - 0412 0412 — 0LB24 0.209- 0515
ar ar 27.0° Q279 — G308 0 398 — 0796 0.29%— 0498
£ 38 27.07° D2 — 0384 0384 — 0LFG9 0288 — 0480
24 30 270 QEED — D371 0371 — D741 0278 — 04632
40 40 27.0° Q250 — Q357 0357 — OLF14 0268 — 0447
41 41 27.08 Q241 — 0344 0.344 — QLEBE 0258 — 0430
42 42 270 Q232 — 0331 0.331 — Que62 0248 - 0414
43 43 E7.0® Q223 -0318 0318 — QLE36 0235 - 0.398
44 44 27.0° Q274 — Q305 0305 — 0Le11 0229 - 0382
45 45 E27.0° Q205 —0293 0.293 — 0586 0220 - 0.366
4G 46 27.0° Q196 — GuzBl 0281 — 0561 0210 — 0351
Key
a Itis recommended that & should b= based on loose conditions for precast piks
5000 —
2000 (1) De Beer (18L5)
@ Meyerhof (1353)
1000 :Oriven piles
80O
Bt @ Meyerhof (1853 )
:Bored piles
Loo
@ Skemption (1953 )
200 @Beresuntsev (1861 )
He () Vesic (1953)
100 @ Terzaghi (1863}
80
60
LD
20
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Scheme Design (Rocks)

1.0 INEEERII T T T T 7T T N B T
Rock socket skin friction
= =[i=0p g,
S 08| fi=0Bqu |
=i
-~
= —— Williams and Pells
g 0.6 —
<
=
3 Rosenberg and
2 04k N Journeaux =
3 Y
a ~
-~
3
S oz} —
Horvath ——>"~*§~
.~
S~ —
0 I ol I 11l 1 i s N E |

1 10 100

Unconfined compression strength q,. (MN/m?)

Figure 1 Rock Socket Reduction Factor, o, w.r.t. Unconfined Compressive Strength

(after Tomlinson, 1995)

1.0

k Values of B
0.8
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025115 oz g

0.6 ~J2s-50| 158 l0.2

[50-75| 85 0.2-0.5
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Fracture frequency per metre

,'/\, Upper limit
—N

Values of j
+—7 t

3
4

Rock socket correction factor B

i
_.ﬁ5

0.4
/ '
l Strong rocks |

o.2~—<
U

Lower limit —— 1~ or— - —— - = —

0.2 0.4 0.6 08 1.0

Mass factory = E.,,/E,

Figure 2 Rock Socket Reduction Factor, B, w.r.t. Rock Mass Discontinuity
(after Tomlinson, 1995)

During borehole exploration, statistics of g, can be established for different weathering
grade of bedrock and the rock fracture can be assessed through the Rock Quality
Designation on the rock core recovered or by interpretation of pressuremeter modulus in the
rock mass against the elastic modulus of intact rock, which is equivalent to mass factor J,
which is the ratio of elastic modulus of rock mass to that of intact rock, as in Figure 2
Alternatively, Figure 3 can provide some indications of the modulus ratio of the rock mass
In the some cases, at very small cost, point load test equipment is used to assess and verify
the rock strength on the recovered rock fragment during bored pile drilling after proper
calibration with borehole results.

Limiting upper modulus for”
weak rock - 30000 MPa

10 000 s
///
7 P ’
" (well_ cemenéd) -
e Buynter saridstoné P
e (Foorly cemented) . 4
p > 4 P /’ 7
| 1000‘,,,69'/ // / / A
| 7 ; & /"’
= g §8 ¥
= S v
- K / Mudstone
100 25
5> |
=7
L&
&~
o S
0.1 02. o4 io.'aﬁ 2 4 8810 20 40 6080100
Lower limit of uniaxdal - T, . MPa
str 0.6 MPa

Figure 3 Modulus Ratio Ranges
(after Hobbs,1974)
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Percentage of applied load Q carried in side wall shear
0 20 40 60 80 100
T
100 D Concrete, E

Fig. 7.16 Distnbution of side wall shear stress in relation to socket length and modulus ratio (after Osterberg and Gill

It is also important to optimise rock socket design with due consideration of the load transfer
behaviour of the socket. Figure 5 shows the analytical results of the socket load transfer
behaviour for modulus ratio, Ey/E, ranging from 0.25 to 1000. As shown in the figure, it is
obvious that there is really no reason to extend the socket beyond 5 times the pile diameter
for Ex/Er =0.25 (very competent intact rock) as no load will be transferred below this socket

length.
70 T
| “r
\ # kN
F, soil
| ol \
R | z
TR T T T A S
Ep, Y% =
{ : .
|| h ' | rock *
‘ ‘ 1 | (B %) 1o F
LV ¥
T t i ) T2 « s e .
| de/te
Figure 5 Distribution of Socket Resistance w.r.t. Socket Length and Modulus Ratio

(after Pells & Tuner, 1979)
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Standard Pile Structural Dimensions and Capacities

Precast Driven Square RC Pile or Insitu Bored Circular RC Pi

le

(Grade 45 Concrete)

JKR STANDARD PRECAST SQUARE PILES

— Structural Mai End Plate Anchorage
Size (mm) v v Chickness Le h

| Reinforcemen

() (mim)
— 150x 150 4Y10 10 450
— 175x175 340 4Y12 10 450
—1 200x 200 450 4Y12 12 480
— 250 250 700 4Y16 12 640
4 300 x 300 1,000 4Y20 15 200
— 350x 350 1,350 4Y20 15 200
1 400 x 400 1,800 4Y25 15 1000

Nominal Pile!

mm X oin nm 0

150 x 150

300 w5

100 x

$50 x 4350 155

Dimension

Recommended working load is subject

- - —— —————————————————————
275 feu = Ac + fs = As [ 0.55 fy but not greater than 175N/mm’ II

Lengths (m)

Available

6, 3

6, 3

6, 3

12,9, 6,3

12,9, 6,3

12,9, 6,3

12,96, 3

Mair Pile Shoe

Bars

|
1
sT16 |
186 125 i

to the geotechnica!

Thickness

capacity of the pile at

Joint Plate | Stirrup| Max. Axial

Thickness Siz Lo W

199

cach individual location

ecommernded

Nominal ile Dimension Main Joint Plate | Sirimup | Max. Axial [ Max. Pile
| Size | T | Bars Thickness Size |  Load Length |
| I 2 |
— mm X mm mm mi mm kg/m | No. x dia nm mm mm tonne m }
| ] 250 x 250 | 255 245 250 150 J ST10 3 9 5.0 13 12
x 300 05 | 295 X 216 | 4T1244TI0 4 9 5.0 161 15
| 350 x 350 355 45 150 294 \ 4T12 +8T10 3 12 5.0 219 IS
|| 175 x 375 180 370 75 38| 4TI0+8TI2 s 12 5.0 251 5
400 x 40 405 395 X g4 12112 ‘77 12 5.0 :
[ ] 45 | 155 145 45¢ 186 16T12 s 15 sn

Dia
mm
450
600
900
1,050

1,200

BORED PILE STRUCTURAL CAPACITY

Concrete Grade (MPa)

30 35 40 45
Bored Pile Structural Capacity (kN
1. 100 1.300 1.500 1.700
2,100 2,400 2,800 3,100
4,700 5.500 6,300 7.100
6,400 7.500 2,600 9,700
8,400 0,200 11,300 12,700
10,700 12,500 14,300 16, 100
13,200 15,400 17,600 19,800
19,000 22,200 25400 28,600

50

1,900

3,500

7.900

10, 800

14,100

17,800

22,000

31,800
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Precast (Pretensioned Spun) Driven Circular RC Pile

PROPERTIES OF ICP PILES - STANDARD PRODUCTS

CLASS A (EFFECTIVE PRESTRESS = 4.0 N/mm?)

Recommended Max
— Nominal Nominal Nominal Prestressing Bar Area of Section Bending Moment Structural Axial Working
i i Length | Weight | 7.1mm | 9.0 mm [10.7 mm| i Ultimate Load (For a short strut) | Prestress
mm mm m kg/m no. na. no. mm? x 1000 mm * KNm KNm ton N/mm?
300 60 -12 | 118 6 X = 45,239 373 20.4 34 85 4.
350 60 -12 42 6 = = 54,664 ,506 28. 40. 04 4.
400 65 ~12 78 8 ¥ = 68,408 106 414 61. 30 4.
450 70 =12 | 217 10 = = 83,566 113 57. 86. 58 4.
— 450 90 -12 285 = 8 = 101,788 7.996 69. 111 g1 4.
500 80 -12 274 12 # - 105,558 9,888 79. 115. 00 4.
600 90 -12 375 = 12 = 144,199 16.586 148.. 2221 70 4
CLASS B (EFFECTIVE PRESTRESS = 5.0 N/mm?)
Recommended Max
Nominal Nominal Nominal Bar Area of Section Bending Moment Structural Axial Working | Effective
— Diameter | Thickness | Length | Weight [7.1mm | 9.0 mm [10.7 mm| Concrete Modulus | Cracking | Ultimate | Load (For a short strut) | Prestress
mm mm m kg/m no. no. no. mm? x 1000 mm KNm KNm ton N/mm?
— 250 55 5-12 88 6 = 2 33.694 1,435 149 29.0 62 6.3
300 60 12 118 7 = 45.239 2,383 230 40.6 84 56
350 70 -15 160 g = 61.575 3,778 354 60.8 115 53
| 400 80 =15 209 12 = = 80.425 5.643 53.4 827 150 54
450 80 6-15 242 = 8 = 92,991 7.624 69.3 1112 174 5.1
30 620 | 301 = 10 = 115,925 10,518 95.7 154.5 217 51
600 100 6-20 408 = 14 = 157,080 17,546 162.3 259.6 293 52
700 110 6-46 530 = 20 = 203.889 27.131 263.4 4326 378 57
1 800 120 6-46 667 = 24 = 256,354 39,455 3741 593.. 477 4
900 130 5-46 818 = 28 = 314,473 54,942 508.0 778. 587 2
1000 140 6-46 983 = = 24 378,248 74,056 685.4 1042 706 .2
1200 150 6-36 1286 = B 36 494,801 120,188 1143.6 1877, 920 .5
CLASS C (EFFECTIVE PRESTRESS = 7.0 N/mm?)
i Recommended Max
1 Nominal Nominal Nominal F ng Bar Area of Section Bending Moment Structural Axial Working
Diameter T Length | Weight [7.1mm | 9.0 mm [10.7 mm| Ultimate Load (For a short strut) | Prestress
mm mm m kg/m no. na. no. mm? x 1000 mm?* KNm KNm ton N/mm?
400 80 >-15 208 = 12 = 80,425 747 69.0 148. 145 7.
450 80 -15 242 = 12 = 92,991 734 86. 166.9 169 o
500 90 301 = 15 = 115,925 10,67¢ 119.! 231, 210
600 00 408 = = 14 157,080 17,76 195. 365. 286
— 700 10 530 = = 20 203,889 27,49: 31 608. 368
800 20 667 = = 24 256,354 39,966 45 834 465
900 30 818 = = 28 314,473 55,622 612. 1095. 572
| 1000 40 983 = £ 36 378,248 75,188 857.4 1564. 685
1200 50 -36 1286 = 4 46 494,801 121,360 1335. 2398 901

FORMULA FOR AXIAL LOAD

Where,

N = fcax A
= 1/4(fcu - fpe) x A
N =
A =
fca =
fcu

nmn

Nominal
Nominal
— Class Weight
Thickness (kgm)
1 mm mm
250 55 A &7
4 200 &0 A 17
350 70 A 160
——f 400 80 A 209
B
— 450 80 A 242
B
| so0 90 A 301
B
[ | 00 100 A 408
B
700 110 A 530
|| B
800 120 A 666
| | B
900 130 A 818
— B

CEPCO SPUN PILES

Length

6-12
6-12
6-15
6-15

6- 30

6- 36

10- 36

10- 36

Max Axi
Waorki

1,150
1,500
1,450
1,740
1,690
2170
2,100
2,930
2,860
3,800
3700
4770
4,660
5870
5710

maximum allowable axial load
cross section area of concrete
permissible compressive strength of concrete
specified compressive strength of concrete
effective prestress in concrete

ial

r Load

7.1mm
no.
6
7
9

PC Bar

9. 0mm
no.

12

12
10
16
14
20
20
28

10.7mm
no.

(Subject to change without prior notice)

Based on BS 8004: 1986, the maximum allowable axial stress that may be applied to a pile acting as a short strut
should be one quarter of (specified works cube strength at 28 days less the prestress after losses)

at transfer
30 N/mm?2

Concrete Moment
[ of Inertia
Area Concrete
cm2 x10H mm3
337 17,940
452 H 35,760
616 68,260
804 H 113000
114,980
930 H 171,570
174060
1,159 1 262,990
267,590
1.571 [l 526470
533019
2030 [ 942760
962,460
2 564 [l 1581240
[l 1.599.030
3,145 2,480,720
[ 2,503,530

Concrete Strength
Minimum concrete cube strength:
28 days
78.5 N/mm?2

of prestress

Bmd Bmd
Crack Ult
t-m t-m
1.9 30
30 4.1
47 6.2
72 101
87 15.1
Q.5 114
11.4 170
13.1 15.8
15.6 252
221 26.5
258 373
344 442
40.0 61.8
503 639
554 852
9.3 799
80,1 1118

Effective

PreStress
Nmm2

6.0
53
5.0
54
77
51
73
Sl
T2
53
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Insitu Micropile Bored Circular RC Pile

API PIPE SIZES FOSg, = 2.0
Grade N80 ( f, = 80,000 PSI / 552 MPa )
OD (mm) ickness (m' ID (mm) Qut (KN)  Qay (kN)
114.3 7.37 99.56 1,367 683
7.52 111.96 1,558 779
127.0 9.19 108.62 1,878 939
11.19 | 104.62 | 2,247 | 1,124
12.7 101.6 2,517 1,259
7.72 124.26 1,767 883
139.7 9.17 121.36 2,076 1,038
10.54 | 118.62 | 2,361 | 1,180
8.94 | 150.42 | 2,471 | 1,235
168.3 10.59 147.12 2,896 1,448
12.06 144.18 3,268 1,634
8.05 161.7 2,370 1,185
9.19 159.42 2,687 1,344
177.8 10.36 157.08 3,008 1,504
11.51 154.78 3,319 1,660
12.65 152.5 3,623 1,811
13.72 150.36 3,904 1,952
9.52 174.66 3,041 1,520
10.92 171.86 3,461 1,731
193.7 12.7 168.3 3,986 1,993
14.27 165.16 4,440 2,220
15.86 161.98 4,891 2,446
11.43 196.24 4,116 2,058
219.1 12.7 193.7 4,546 2,273
14.15 190.8 5,029 2,515
10.03 224.44 4,078 2,039
haas | 11:05 | 2224 | 4,473 | 2,237
11.89 220.72 4,796 2,398
13.84 | 216.82 | 5536 | 2,768
973.0 | 1143 | 250.14 | 5185 | 2,592
12.57 | 247.86 | 5677 | 2,838
298.4 | 12.42 273.56 6,160 3,080
339.7 13.06 313.58 7,398 3,699




