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1.0

2.0

INTRODUCTION

This document presents a summary of commonly applied engineering equations for the design of shallow and deep foundations.

FOUNDATION DESIGN EQUATIONS SUMMARY

Definitions of variables are as follows:-
Allowable (safe) net effective bearing capacity, qgtnet’
Allowable (safe) net bearing capacity, get
Gross effective bearing capacity, gf
Gross bearing capacity, qs
Net (effective) working pressure, qwnet'
Effective surcharge above founding level, po'
Total surcharge above founding level, po
Standard penetration test, SPT, N
Factor of safety, FOS
Water table, WT
Depth of water table from ground level, z,
Depth of foundation founding level from ground level, D
Width of foundation, B
Length of foundation, L
Influence factor, Is = fs.fq
Shape and rigidity factor, fs
Depth factor, fq
SLS pile axial compression capacity, Ncap,pite,comp,sis
Base effective bearing capacity, Qo'
Gross effective bearing capacity, gr(z=L-Lo)
Shaft effective friction capacity, Qs'
Average shaft effective stress, ta'
Pile weight minus soil weight removed, Fpie
Combined base effective bearing and shaft effective friction capacity, Pf
Overall pile effective capacity for vertical (compressive) load, Pcap
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Geotechnical Settlement

Foundation _ Geotechnical Capacity
Tvpe Structural Capacity
yp Cohesionless Soils Cohesive Soils Cohesionless Soils Cohesive Soils
ULS Empirical Empirical Empirical Elastic Elastic Elastic
_ ! 2
8 = Qunet'.B.(1-v?).Is/E & = ane['.B.(l'Vz).IS/E
v=0150.25 v =0.30-0.50
ls = fs.fa Is = fs.fa
fs = 1.12(L/B)%-%° 4 o 15039
Flexible Rectangular Ifs .—b|1.12(L/B) |
’ ’ f, = 0.90(L/B)038 Flexible Rectangular
Omnet’ = k.30N/FOS = k.10N, k = |qmet = k.42.6N/FOS = k.14.2N, k =| qgmet’ = k.30N/FOS = k.10N, k = R? i R " | fs = 0.90(L/B)0-38 5= ' (BIE) Io.Fa.F
0.5 if WT above depth of B 0.67 if WT above ground level 1.0 if WT above depth of B 9! ¢ Eclaggu ar Rigid Rectangular = Qunet Sp-TBTh
S — . —
Flexible Circular fs=1.0
_ Flexible Circular
fs =0.79 _
LS fs =0.79
Rigid Circular Rigid Circular
fa = 1-0.08(D/B).[1+(4/3).(B/L)] fg = 1-0.08(D/B).[1+(4/3). (BIL)]
E = 1000N Normally Consolidated _
E = 2000N Over Consolidated E = 200S.
Excluding soil-structure interaction, the pad ] ] ] ] ] .
footing is designed to resist the ULS Terzaghi Terzaghi Terzaghi Burland and Burbidge Elastic and 1D Consolidation
pressure stemming from the ULS column ' = (af-po')/F
loads. Note that the DL of the pad is NOT Grnet' = (Gf-po)/FOS
included in the analysis. o = So.do.Nosiip.C' + Qnet’ = (qf-po’)/FOS
Sq.0q.Ng,strip.po’ + Sy.dy.Ny,strip.B/2.y' qf = Se.de.Nestrip.C' +
S¢=(Sq.Ng-1)/(Ng-1) Sq.dg.Ng,strip-po’ + Sy.dy. Ny strip.B/2.y Rectangular
dc=1+0.4tan"}(D/B = (af- —TAS = Aoy AH
c Brandtl ( ) Qfnet (Qf po)/FOS Sc=(Sq.Ng-1)/(Ng-1) 5 i 6' _%[mv 'le ]
L - . de=1+0.4tan"(D/B) ov = 4-Gunet o
Ne,strip = (Ng,strip-1).COtd gt = Sc.dc.Ne,strip-Su + po f ) m = (B/2)/z
Tomlinson, N strip
8 = 1.71qwnet.BO7/N4 n=(L/2)/z
sq=1+(B’/L’)sin¢’ Sc = 1+0.2(B/L) - TN
dg=1+2tan¢(1-sing’)2tan(D/B") |de = 1+(0.053D/B)°° for D/B < 4.0/ -l+2t::1 ¢1, a(_zi/n Ld),))sz”:i’n_l(D ) Circular
Reissner, Skempton, Nestip = (2+7) - Tomlinson. Neei 3 = 2A8 = Z[mv.Aov'.AH]
Na,stip = €7 tan?(45°+¢'/2) PSP Acy' = 1.qunet'ls
s,=1-0.3(B'/L") $=1-0.3(B'L)
d,=1.0
d=1.0 Tomlinson, Ny,sui
Hansen, » St
Ny.strip = 2.0(Ng,strip-1).tan¢'
. Geotechnical Capacity Geotechnical Settlement
Foundation .
Type Structural Capacity _ : _ _ ) _ _ '
Cohesionless Soils Cohesive Soils Cohesionless Soils Cohesive Soils
ULS Empirical Empirical Empirical Elastic Elastic Elastic
o gmet’ = k.21N/FOS = k.7N, k = Qinet = K.35.5N/FOS = k.11.8N, k | qgmef = k.21N/FOS =k.7N, k =
5 that f d 0.5 if WT above depth of B = 0.67 if WT above ground level 1.0 if WT above depth of B -~ as that for pads -~ as that for pads -~ as that for pads
- as that for pads Terzaghi Terzaghi Terzaghi Burland and Burbidge Elastic and 1D Consolidation
... as that for pads ... as that for pads ... as that for pads ... as that for pads ... as that for pads
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Foundation

Type

Foundation

Raft

Type

Piled Raft
(note that the piled raft may be a solid raft or a

stripped one- or two-way spanning raft)

Structural Capacity

ULS

Geotechnical Capacity

Geotechnical Settlement

Cohesionless Soils Cohesive Soils Cohesionless Soils Cohesive Soils

Empirical

Empirical

Empirical

Elastic

Elastic

Elastic

Excluding soil-structure interaction, raft
designed as series of pad footings, strip
footings, multi-column footings, combined
footings and strap footings culminating in
an inverted flat slab (in the case of a solid
raft) or an inverted one- or two-way
spanning slab (in the case of a stripped
raft) to resist the ULS pressure stemming
from the ULS column loads. Note that as
with the pad, strip, multi-column and
combined footings the DL of the raft is
NOT included in the inverted flat, one- or
two-way spanning slab analysis.

Including soil-structure interaction, raft
analysed and designed to the ULS column
loads with soil stiffness modelled beneath
the raft as springs based on the modulus
of the subgrade reaction over the pressure

bulb, each sub-soil layer contributing a

spring stiffness connected in series.

... as that for pads

... as that for pads

... as that for pads

... as that for pads

... as that for pads

... as that for pads

SLS

Terzaghi

Terzaghi

Terzaghi

Burland and Burbidge

Elastic and 1D Consolidation

Including soil-structure interaction, raft
analysed to the SLS column loads with soil
stiffness modelled beneath the raft as
springs based on the modulus of the
subgrade reaction over the pressure bulb,
each sub-soil layer contributing a spring
stiffness connected in series. Raft stiffness
modified to limit angular distortion to
distance/350.

... as that for pads

... as that for pads

... as that for pads

... as that for pads

... as that for pads

Structural Capacity

ULS

Geotechnical Capacity Geotechnical Settlement

Cohesionless Soils

Empirical

Empirical

Empirical

Elastic

Elastic

Elastic

Including soil-structure interaction, piled
raft analysed and designed to the ULS
column loads with soil stiffness modelled
beneath the piled raft, along and beneath
the piles as springs based on the modulus
of the subgrade reaction over the pressure
bulb, each sub-soil layer contributing a
spring stiffness connected in series.

... as that for pads and
piles to their respective
stiffness ratios

... as that for pads and piles to
their respective stiffness ratios

... as that for pads and piles to
their respective stiffness ratios

... as that for pads and piles to
their respective stiffness ratios

... as that for pads and piles to
their respective stiffness ratios

... as that for pads and piles to
their respective stiffness ratios

SLS

Terzaghi

Terzaghi

Terzaghi

Burland and Burbidge /
Empirical

Elastic and 1D Consolidation /
Empirical

Including soil-structure interaction, piled
raft analysed to the SLS column loads with
soil stiffness modelled beneath the piled
raft, along and beneath the piles as
springs based on the modulus of the
subgrade reaction over the pressure bulb,
each sub-soil layer contributing a spring
stiffness connected in series. Raft
stiffness, pile size, pile spacing and pile
depth modified to limit angular distortion to
distance/350.

... as that for pads and
piles to their respective
stiffness ratios

... as that for pads and piles to
their respective stiffness ratios

... as that for pads and piles to
their respective stiffness ratios

... as that for pads and piles to
their respective stiffness ratios

... as that for pads and piles to
their respective stiffness ratios
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Geotechnical Capacity Geotechnical Settlement

Foundation Structural Capacity

Type Cohesionless Soils Cohesive Soils Cohesionless Soils Cohesive Soils
ULS Empirical Empirical Empirical Empirical Empirical Empirical
Pcap = MIN (Qr'/3.0 + Qs'/1.5,
P+'/2.0)-Fpie
. . . Qv' = (nDp?%/4 or Dp?).qf'(z=L-Lo)
Pile cap designed employing well qr(z=L-Lo)=250.N(z=L-Lo) R

Pile Cap and Pile
(note that the pile cap may be disconnected individual pile caps, connected solid slab or a connected stripped one- or two-way spanning slab)

proportioned span to depth truss analogy
method and sufficient pile cap and pile
rebar anchorages.

(<=0fiimit'(z=L-Lo))

Zb = Zbe.(Zb/Zbc)
Zbe = 5%.(Db)

Qs' = (nD or 4D).(L-Lo).ta' ... as that for cohesionless soils | ... as that for cohesionless soils ZblZue ... as that for cohesionless soils | ... as that for cohesionless soils
Solid or stripped one- or two-way spanning ta=[1a(z=0) tra'(2=L-L0))/2 Zs = Zse.(ZslZsc)
slab designed to suspend between the pile | @ (#~0)=2.0.N(z=0) (<=raimit(2)) Zse
points. 1ta'(z=L-Lo) = 2.0.N(z=L-Lo) 7675
(<=7aiimit'(2))
Fpile = Aps.L.(pc-vdry)
P = Qb' + Qs'
SLS Terzaghi Terzaghi Terzaghi
Pcap = MIN (Qp'/3.0 + Qs'/1.5,
Pcap = MIN (Qb'/3.0 + Qs'/1.5, P¢/2.0)-Fpile

Precast driven square RC pile or insitu
bored circular RC pile,
Ncap,pile,comp,sls :0.25fcu.Aps

Precast (pretensioned spun) driven circular
RC piIe, Ncap,pile,comp,sls :0.25(fcu-fpe).Ap

Insitu bored circular RC pile
(AP| Micropile), Ncap,pile,comp,sls

P+'/2.0)-Fpie

Qv' = (nDb2/4 or Db?).qf'(z=L-Lo)
gr(z=L-Lo)= Sc.dc.Ncstrip.C'+
Sq.dq.Ng,strip.ov'(z=L-Lo)+
Sy.dy.Ny,S[I’ip.Db/Z."{l
(<=0imit'(z=L-Lo))

Sc:(Sq.Nq'l)/(Nq'l)
dc=1+0.4tan"*((Lc+L)/Db)
Prandtl,

Ne,strip = (Nq,strip-l).COt(l)'

Sq=1+(Du/Db)sing’
dg=1+2tand’(1-sin¢’)?.tan"
1((Lc+L)/Dp)
Reissner,

Ng,stiip = €™’ tan?(45°+¢'/2)

$,=1-0.3(Ds/Db)

Pcap = MIN (Qn/3.0 + Qs/1.5,
P1/2.0)-Fpie

Qb = (nDv%4 or Dv?).qi(z=L-Lo)
gi(z=L-Lo)= Nc.Su(z=L-Lo)
(<=0imit(z=L-Lo))
Nc=9.0

Qs = (nD or 4D).(L-Lo).Sa
Sa=[Sa(z=0)+Sa(z=L-Lo)]/2
Sa(ZZO) = F.(X.Su(zzo)

Qv' = (nDb2/4 or Db?).qf'(z=L-Lo)
gr(z=L-Lo)= Sc.dc.Nc,strip.C'+
Sq.0q.Ng,strip.ov'(z=L-Lo)+
Sy.dy.Ny,S[l’ip.Db/z.'Y'
(<=qimit'(z=L-Lo))

Sc:(Sq.Nq-l)/(Nq-l)
dc=1+0.4tan ((Lc+L)/Db)
Kulhawy and Goodman,

Nc,strip = 2N¢1l2(N¢+1),
Ny=tan?(45°+¢/2)

Sq=1+(Du/Db)sing’
dg=1+2tan¢’(1-sin¢’).tan
L((Lc+L)/Dp)
Kulhawy and Goodman,
Na,stip = N2, Np=tan?(45°+¢/2)

$,=1-0.3(Ds/Db)

=fy.ap.Aari/2.0 (reinforcement only) d,=1.0 (<=Sami(2)) d,=1.0
=0.5fy,ap1.(Aapi+Ac api.Ec/Es)/2.0 (composite Hansen, Sa(z=L-Lo) _5;:"“('; Su(z=L-Lo) Kulhawy and Goodman,
section (strain compatibility)) Nystrip = 2.0(Nagstrip-1).tan¢' e (2—_8 o iZ)u) il Nystrip = NgY2(Ng?-1),
—alimit

=(0.91fy ap.Aapi+0.45fcu.Ac,ap1)/2.0
(concrete filled CHS)

s' = (=D or 4D).(L-Lo).ta'
Ta':[Ta'(Z:o)+‘EaI(Z:L-LO)]/Z
1a'(z=0)= Ks.tand'.ov'(z=0)

(<=7aiimit'(2))

Fpile = Aps.L.(pc'Ydry)
Pi=Qb + Qs

Ny=tan2(45°+¢/2)

Qs' = (TED or 4D).(L-LO).‘Ea‘
‘Ea‘:[‘Ea‘(Z:O)+Ta‘(Z:L-LO)]/2
1a'(z=0)= Ks.tand'.ov'(z=0)

1a'(z=L-Lo) = Ks.tand'.ov'(z=L-Lo) (<=taiimit'(2))
(<="aiimit'(2)) 1a'(z=L-Lo) = Ks.tand'.ov'(z=L-Lo)
(<=talimit'(2))

Ta' = oh'.tand' = Ksov'.tand'
Ks.tand' = kks.Ko.tand' = Kks.(1-
sing').tand'

Fpile = Aps.L.(pc-yary)
Pf = Qb + Qs'

Ta' = on'.tand' = Ksov'.tand'
Ks.tand' = kks.Ko.tand' = Kks.(1-
sing').tand'

Fpile = Aps.L.(pe-ydry)
Pf = Qb + Qs'




