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Notation

Ag: Area of the bottom helix.

A,,: Area of helix n.

Ar: Area of the top helix.

c¢: Cohesion/undrained shear strength.

d: Diameter of the shaft.

D = B = L: Diameter of the helix (Perko 2009), assuming the helix is always circular.
Dy: Diameter of the top helix

d., dq, d,: Shape factors refined by Hansen (1970) and Vesic (1973).
fs: Unit skin friction.

H: Embedment depth of the top helix.

H,ss. Effective shaft length.

haepern: Depth at which the effective stress is being calculated.

hgwe: Depth of the groundwater table.

h,,: Height of the water table above depth z.

K: Scaling factor.

n: number of segments

m: Number of helical plates.

N¢, Ny, N,: Bearing capacity factors.

N¢, Ng, Ny: Adjusted bearing capacity factors.

P,: Ultimate capacity.

Qneiices: Capacity of the helices.

Qs (segment)- SKin resistance of the segment

q': Effective overburden stress.

q.:+ Ultimate bearing pressure of the soll

s: Spacing between two helical plates.

Se» Sq» S+ Shape factors refined by Hansen (1970) and Vesic (1973).
fswe: Ultimate shear stress acting on the cylinder of soil between the helices
t: Thickness of a soil segment

z: Current elevation

zy . Elevation of the helix.
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Zs: Elevation of the ground surface
zyr: Elevation of the water table

a: Adhesion factor

Yw: Unit weight of water.

y: Unit weight of the soil.

u: Height reduction factor.

¢: Internal friction angle of the soil

All the above and other notations are defined within the text.
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1. Introduction

1.1. Calculated Capacities

Ultimate compressive capacity: Calculated using limit state analysis, where the capacity is calculated
using both the individual bearing method and the cylindrical shear method are computed for the pile
under compression, and the limiting (lowest) capacity is the ultimate calculated capacity of the pile.

Ultimate uplift capacity: Calculated using limit state analysis, where the capacity is calculated using
both the individual bearing method and the cylindrical shear method are computed for the pile in uplift,
and the limiting (lowest) capacity is the ultimate calculated capacity of the pile.

2. Capacity Calculations

2.1. Helical Pile Capacity
2.1.1. Individual Plates Bearing Method

2.1.1.1. Compression

The compressive capacity calculated using the Individual Bearing Method is as follows: RSPile sums all
individual helix plate’s capacities and the skin friction along the shaft in the following equation:

n m
Qult = qult (shaft) + Qbult (helices) = z fsultiﬂDiti + z QIJultjAj
i=1 j=1

The term f;,,;;; for shaft friction is discussed in section 2.2.

The second summation term defines the bearing capacity provided by the helical plates:
m
Qpuit (helices) — Z qbultjAj
Jj

Where:
Aj: Area of each helix j
n: number of segments of the embedded part of the shaft until the first helix

D;: The diameter of the shaft segment i (Instead of #D; use perimeter for squares)

dpuej- The soil ultimate bearing pressure, is calculated using Meyerhof's (1951) modified version of
Terzaghi’s (1943) formula:

Qpue = cN.' + q},(Nq’ — 1) + 0.5yDN,’
Where:

c¢: Cohesion (undrained shear strength if ¢ = 0).
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qy: Effective overburden pressure, calculated by:

ny
qy = [z Vitz] — Yw max(zyr — zy, 0)
i=1

Where:
ny: Number of segments from ground surface until the helix.
i: The segment number being calculated, starting from ground surface.
y;: The bulk unit weight of the soil in segment i.
t;: The thickness of segment i.
Y. The unit weight of water.
zyr. Elevation of the water table.
zy: Elevation of the helix.
y (in the third term): Unit weight of the soil at the helix elevation.

A major assumption in RSPile helical pile capacity calculations is that the bearing soil
is the same as the soil at the level of the helix.

N/, N;', N,": Meyerhof’s (1951) modified bearing capacity factors, given by:

N,' = Ngsq,dg4, and in the equation, it is (N; — 1) to change from gross to net end

bearing.

N, = N.s.d,

N, = Nys,d,
Where:

N¢, N4, N,: Meyerhof's redefined bearing capacity factors, given by:

N, = e™®tan?(45 +§)

N, = (N, — 1)cotp
N, = (N, — 1)tan (1.4¢)
Where:

¢: The angle of internal friction of the soil, in degrees.

Se» Sq. Sy- Shape factors refined by Hansen (1970) and Vesic (1973)

14laB g N
e T TN, LN,

B
Sq =1+Ztan¢ =1+ tang

B
s, =1-04,=06
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Where:

B the width of the footing, L the length of the footing, are both = D: the diameter
of the helix (Perko 2009), assuming the helix is always circular.

d., dg, d,: Depth factors refined by Hansen (1970) and Vesic (1973).
d. =1+ 04K
dq = 1+ 2Ktang (1 — sing)?
d, =1
Where:
K: Scaling factor.
dn
B’
arctan (%), for C%H >1

d
for FHsl

Where:
dy: The depth from the ground surface to the helix = z;3 — zy
The user shall choose a value for N.. The program default for will be 9.

For authors Hanson (1970) and Vesic (1973), if followed, a value of 10 is suggested.

2.1.1.2. Uplift

The uplift capacity calculated using the Individual Bearing Method is as follows: RSPile sums all individual
helix plate’s capacities and the skin friction along the shaft in the following equation:

n m
Tuie = Tswie shafe) T Touie (retices) = Z fsweimD;t; + Z QouitjAm
i=1 j=1
The term f;,,;;; for shaft friction is discussed in section 2.2.

The bearing capacity provided by the helical plates for uplift is the same as for compression and is
calculated through the summation of all individual helical plate’s capacities:

m
Tyuit (hetices) = Z GbuitjAm
=
Where:

qpuej- The soil bearing pressure, is calculated using Meyerhof’s (1951) modified version of
Terzaghi’s (1943) formula:

qpuie = cN.' + quN,' + 0.5yDN,’
Where:

c: Cohesion (undrained shear strength if ¢ = 0).
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qy: Effective overburden pressure at helix level, calculated by:

ny
qy = [Z Vitz] — Yw max(zyr — zy, 0)
i=1

Notations are as explained previously
N/, N;', N,": Meyerhof’s (1951) modified bearing capacity factors, given by:

N, = Ngs,d,, in the equation there is no longer a deduction of 1 from N," because
gross and net uplift capacity are assumed equal.

Nc’ = Ncscdc
N,' = Nys,d,
Where:

N¢, N4, N,: Meyerhof's redefined bearing capacity factors, given by:
— pmtang 2 ¢
Ny,=e tan (45+E)
N, = (N, — 1)cotp
N, = (N, — 1)tan (1.4¢)

Se» Sq. Sy- Shape factors refined by Hansen (1970) and Vesic (1973)

—14teB_gy M
ST TN TT TN,

B
Sq =1+Ztan¢ =1+ tang

B
s =1-04,=06

Where:

B = L = D: The diameter of the helix (Perko 2009), assuming the helix is
always circular.

d., dg, d,: Depth factors refined by Hansen (1970) and Vesic (1973).
d, =1+ 04K
dy = 14 2Ktang (1 — sing)?
d,=1
Where:

K: Scaling factor.

d d
A , for il <1
k=48 B
t (d” ) o
arctan|—|, or —
B f B
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Where:

dy: The depth from the ground surface to the helix = z;g — zy

2.1.2. Cylindrical Shear Method
2.1.2.1. Compression

The capacity in compression calculated using the Cylindrical Shear Method is the bearing capacity of the
bottom helix and the skin friction along the soil cylinder between the top and the bottom helices, in
addition to the shaft friction:

m
+ Z fsultj”Djtj + Qpuit BAB

Jj=1

n
Quit = Qsue (shart) T Qsuit (soil cylinder) T Qpuit (bottom helix) = [Z fsuei™Dit;
i=1

The first term 7 fq,.,;mD;t; and the second term YT £, ;mD;t; which are the shaft friction and the soil
cylinder friction, respectively, are discussed in sections 2.2. and 2.3.

The ultimate bearing capacity provided by the bottom helix is calculated using:
Qbuit (bottom hetix) = qbuie 4B
Where:
Ag: The area of the bottom helix.

dpuiej- The soil ultimate bearing pressure, is calculated using Meyerhof’s (1951) modified version of
Terzaghi’s (1943) formula:

qpue = cN.' + q;;(N,' — 1) + 0.5yDN,’
Where:
c: Cohesion (undrained shear strength if ¢ = 0).

qy Effective overburden pressure, calculated by:

nH
qu = [Z Vitil = Yw max(zyr — 2y, 0)
i=1

Where:

ny: Number of segments from ground surface until the helix.

i: The segment number being calculated, starting from ground surface.
y;: The bulk unit weight of the soil in segment i.

t;: The thickness of segment i.

Yw: The unit weight of water.

zyr: Elevation of the water table.

zy. Elevation of the helix.

y (in the third term): Unit weight of the soil at the helix elevation.
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A major assumption in RSPile helical pile capacity calculations is that the bearing soil
is the same as the soil at the level of the helix.

N/, N;', N,"- Meyerhof’s (1951) modified bearing capacity factors, given by:

N,' = Ngsqdg4, and in the equation, it is (N — 1) to change from gross to net end

bearing.

N, = N_s.d,

N, = Nys,d,
Where:

N¢, N4, N,: Meyerhof's redefined bearing capacity factors, given by:

N, = e™%tan?(45 + %)

N, = (N, — 1)cotg

N, = (N, — 1)tan (1.4¢)
Where:

¢: The angle of internal friction of the soil, in degrees.

Se» Sq» Sy- Shape factors refined by Hansen (1970) and Vesic (1973)

L NeB_ N
ST TN TT TN,

B
Sq =1+Ztan¢ =1+ tan¢

B
s, =1- 0.42 = 0.6
Where:

B the width of the footing, L the length of the footing, are both = D: The diameter
of the helix (Perko 2009), assuming the helix is always circular.

d., dg, d,: Depth factors refined by Hansen (1970) and Vesic (1973).
d, =1+ 04K
dy =14 2Ktang (1 — sing)?
d, =1
Where:

K: Scaling factor.

d d
A , for A <1

K = B B

- d
arctan (—H) for 251

B/’ B

Where:
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dy: The depth from the ground surface to the helix = z;5 — zy

N.'is taken instead as 10 according to Perko 2009.

2.1.2.2. Uplift

The ultimate capacity in uplift is calculated using the Cylindrical Shear Method, which sums the bearing
capacity of the cylinder of soil based on the top helix diameter and the skin friction along the soil cylinder,
and along the shaft is the following equation:

n

Z fsueimDit;

+ + Qpuie AT

n
Tuie = Towie (shart) T Tsuie (soil cylinder) T Tyure (top helix) = [Z fsweimD;t;
i=1

Therefore, the uplift capacity provided by the soil cylinder is calculated using:
Tyuit (top hetix) = Quie TAT
Where:
Ar: The area of the top helix.

qvue T- The soil bearing pressure, is calculated using Meyerhof’s (1951) modified version of
Terzaghi’s (1943) formula:

Qpuer = cN' + quNy" + 0.5yDN,’
Where:
c¢: Cohesion (undrained shear strength if ¢ = 0).

qy: Effective overburden pressure, calculated by:

ny
qy = [Z Viti] — Yw max(zyr — zy, 0)
i=1

Notation is as previously mentioned.
y (in the third term): Unit weight of the soil at the helix elevation.

A major assumption in RSPile helical pile capacity calculations is that the bearing soil
is the same as the soil at the level of the helix.

N/, N;', N,": Meyerhof’s (1951) modified bearing capacity factors, given by:
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N, = Ngs,d,, in the equation there is no longer a deduction of 1 from N," because
gross and net uplift capacity are assumed equal.

Nc’ = Ncscdc
N," = Nys,d,
Where:

N, Ng, N,: Meyerhof's redefined bearing capacity factors, given by:
N, = e™a%tan?(45 + i)
a 2
N, = (N, — 1)cotp
N, = (N, — 1)tan (1.4¢)

Se» Sq. Sy- Shape factors refined by Hansen (1970) and Vesic (1973)

_q4la By N
e VA AL

B
Sq =1+Ztan¢ =1+ tan¢

B
s, =1- 0.42 =0.6
Where:

B = L = D: The diameter of the helix (Perko 2009), assuming the helix is always
circular.

d., dg, d,: Depth factors refined by Hansen (1970) and Vesic (1973).
d, =1+ 0.4K
dq = 14 2Ktang (1 — sing)?
d, =1
Where:

K: Scaling factor.

d d
A , for A <1
K = B B
B dy dy 1
arctan (F)' for B >
Where:

dy: The depth from the ground surface to the helix = z;3 — zy

N.'is taken as input as discussed above.
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2.2. Shaft Skin Friction

The shaft friction is calculated through an effective depth H, ;. For compression, H,;, = the depth from
the minimum of (the pile head elevation and the ground surface elevation) to the embedment depth of the
top helix. For uplift, H,sr = the depth from the minimum of (the pile head elevation and the ground surface

elevation) to a distance = u * D; above the top helix, where the height reduction factor u is between 1.4
and 2.3. This height reduction factor will be obtained through user input.

1 l

'1 Surface heave 1
N ) e T
Vol ijf_ il lli
Section ":"n-:‘ - Hl H : :
h :-6 _L i
i ;g-ﬂ,‘ or
| ak it .
."L A “—.,ﬂ i
"!“ i [ e i
Top plan o ~: Tensile cracks ::_Lut 1 : :
4 [[ﬂ 4
R o
R
i oh
i [
|
{0}
(a) (b) ©

Figure 1: This illustrates the full shaft length to the top helix compared to the effective shaft length.

Total skin friction is the summation of the skin friction of all shaft segments, each of which is computed by
calculating the unit skin friction and multiplying it by the surface area of the segment.

In cohesive soils the skin friction on the shaft can be calculated using the equation:

n
Qsuie (shaft) = Z fsueiTD;t;
i=1

Where:
n: is the number of segments from ground surface to a depth equal to Heff.
fsuiti (shagey = @ * ¢: The unit skin friction.

Where:
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a: The adhesion factor.
¢: The cohesion or undrained shear strength of the soil.
t;: The thickness of the shaft segment i.

D;: The diameter of the shaft segment i (Use perimeter if square).

In cohesionless soil the skin friction on the shaft can be calculated using the equation:

n
Qsuit (shaft) = Z fsueimD;t;
i=1

Where:

n: is the number of segments from minimum of pile head elevation and the ground surface
elevation to an elevation for the depth of Heff.

fsuiti (shafey: The unit skin friction is given by:

ng
fsuiti (shagey = Ki Z Yiti| —vw max(zyr —2;,0) (tand;
i=1

Where:

K;: Ky =1— sin¢;

§;: The angle of friction between the soil and the shaft 2/3 ¢; to 3/4 ¢,

But K; and §; are user input for the soil types.

¢: The angle of internal friction of the soil, in degrees.

y;: The unit weight of the soil of segment i.

t;: The thickness of segment i.

z;: The depth of segment i.

Yw+ The unit weight of water.

zyr- Elevation of the ground water table.

ng: Number of segments from ground surface until that point.
t;: The thickness/height of the segment of the shatft.

D;: The diameter of the shaft segment.

2.3. Shear Stress along the Soil Cylinder

2.3.1. Compression
In cohesive soil the shear strength along the soil cylinder can be calculated using the equation:

Qult = qult (shaft) + qult (soil cylinder) + Qbult (bottom helix)
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The third term was previously defined in section 2.1, and the first term is defined in section 2.2.

For the second term,

n
Qsuit (soil cylinder) = Z fsultiT[Diti

i=1

fsutti (soit cytinaery = ¢: the undrained shear strength of the soil if ¢ = 0.
t;: The thickness of segment i.
D;: The interpolated diameter of the soil cylinder at the respective depth

n: number of segments of the soil cylinder
In cohesionless soil the shear strength along the soil cylinder can be calculated using the equation:

fsutti (soit eytinaery = Ti> Unit skin friction, calculated using the equation cited in Perko 2009:

i
T; = (0.09¢°08¢1) lz yjtj] — Y max(zyr — z;,0) ¢ tang;
=1

Where:

(0.09¢°°8%): The equation obtained from the regression using Mitsch and Clemence
recommended values, as shown in Figure 2:
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Angle of Internal Friction, @ | 25 | 3 | 3 | 40 | 45

Coefficient of Lateral Pressure, K, | 07 | o9 | 15 | 23 | 32
6.0
3
- Best Fit
g 2.0 1 008
a * Mitsch and Kn = 0.09¢
E 4.0 - Clemence
- (1985)
o
O
+ 3.0 1
-
Ic
= 2.0
2
=
s 1.0 -
o
o
0.0 T T | | |
20 25 30 35 40 45 50

Angle of Internal Friction (deg)

Figure 2: The factor representing the lateral earth pressure coefficient from recommended values of
Mitsch and Clemence (1985).

i: The segment number being calculated, starting from ground surface.

¢;: The angle of internal friction of the soil, in degrees at the elevation of segment i.
y;: The unit weight of the soil of segment j.

t;: The thickness of segment ;.

z;: The elevation of segment i.

Yw+ The unit weight of water.

zyr- Elevation of the ground water table.

2.3.2. Uplift

In cohesive soil the shear strength along the soil cylinder can be calculated using the equation:

n
Z fswei™Dit;
7

The third term was previously defined in section 2.1, and the first term is defined in section 2.2.

+ + qpuitAr

n
Tuie = Toure (shaft) T Touie (soil cylinder) T Tyt (top helix) = |Z fswei™D;t;
i
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So, for the second term,

fsuiti (soit cytinaery = ¢: the undrained shear strength of the soil.

t;: The thickness of segment i.

D;: The interpolated diameter of the soil cylinder at the respective depth

In cohesionless soil the shear strength along the soil cylinder can be calculated using the equation:

n
qult (soil cylinder) — g fsultiT[Diti
i

Where:
t;: The thickness of segment i.
D;: The interpolated diameter of the soil cylinder at the respective depth

fsuiei snafry = Ti: Unit skin friction, calculated using the (Perko 2009) equation:

ng
T, = (0-09e°-°8"’i){ > m] ~ Yo max(zyr — 7,0) {tang;
i=1

Where:

(0.09¢%°8%): The equation obtained from the regression using Mitsch and Clemence
recommended values, refer to Figure 2.

i: The segment number being calculated, starting from ground surface.

¢;: The angle of internal friction of the soil, in degrees at the elevation of segment i.
y;: The unit weight of the soil of segment i.

t;: The thickness of segment i.

z;: The elevation of segment i.

Yw: The unit weight of water.

zyr: Elevation of the water table.

ny: Number of segments from ground surface until the helix.
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