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BASIS OF DESIGN

» Surefoot is a newly developed footing system. With its
unique pile configuration, the system is able to distribute
load to a larger volume of soil and thereby achieving
higher load resistance compare to the traditional
concrete systems. Furthermore, Surefoot is easy to
handle on-site, the installation of which requires only
man-held-lightweight tools and can be done in 15 to 30
minutes. As the installation does not require excavation
and concrete grouting, disturbance to the local
ecosystem, topography, landscape, drainage pattern is
minimal. Also, steel footings have embodied energy
approximately 20% lower than concrete systems of similar
size and application.




BASIS OF DESIGN

The Surefoot system does not fall into the conventional footing
categories of shallow foundation; semi-deep or deep foundation.
The unique shape of each Surefoot which contains four to ten
inclined micropiles, makes the interaction of the system with
surrounding soil complicated.

Due to the layout of micropiles in the Surefoot system, including
spacing, orientation and group effects, they behave like
reticulated micropiles, therefore the group effect is disregarded.



BASIS OF DESIGN - COMPRESSION

» The combination of bearing capacity and skin friction of
micropiles resist the gravity forces imposed on Surefoot system
(Figure 20). The bearing capacity of each micropile can be
estimated based on the bearing capacity of shallow foundations
using methods developed by Terzaghi or Meyerhof. Skin friction
(only on the outer wall of the pipes) can be estimated using
available deep foundation or pull-out theory.

BASIS OF DESIGN - TENSION

» The resisting forces against upward active forces are the skin
friction of each micropile plus the passive force



BASIS OF DESIGN - COMPRESSION

Interaction between 5oil and Pipe
RN, Yy + (Vertical Component)




BASIS OF DESIGN - TENSION

Interaction between Soil and Pipe Passive Forces
(Vertical Component) {Vertical Component)




FACTUAL MECHANISMS OF BEARING
THEORY AND SHALLOW FOUNDATION

» Terzaghi (1943) and Meyerhof (1951) bearing theories are the most
used theories for evaluating the bearing capacity of shallow
foundations. Both theories are based on the arguments that (1) The
soil bearing strength is contributed by unit weight (y), cohesion (c),
friction (¢), total and effective overburden pressure at foundation
level (Po and P'o) and geometry of the foundation (width (B)),
where y, D and c are not interactive; (2) loading leads to general
failure. The mathematical form is shown as equation (1) whereNc, N
q, and Ny are capacity factors.

/ . BYe
Gugross = CNe + Py(Ng — 1) + —EN, + P,




MECHANISMS OF BEARING THEORY
AND SHALLOW FOUNDATION

» The difference between Terzaghi and Meyerhof is the soil
movement or failure pattern on which they premised. Terzaghi
considers 3 zones of soil movement and interaction as shown in
Figure 2; whereas Meyerhof assumes a slightly more complicated
pattern, by which he argued that the soil above foundation level
also has contribution to the capacity. To account for the difference,
the numerical values of Meyerhof’s capacity factors are different to
those of Terzaghi. The depth (D) of the foundation is considered
only in determining the Meyerhof’s capacity factors.
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Figure 2: Soil movement and failure pattern; Terzaghi (left); Meyerhof (right)



MECHANISMS OF BEARING THEORY
AND SHALLOW FOUNDATION

From Surefoot’s Design Principles (V2). The capacity per pile
under compression loadings refers to the following formulae

Quic = Guic * Ashafe

Quie = CN:Scd. + quSqdq + O.SVBIN},Syd},

where: C = soil cohesion
q = Df,
D¢ = Embedment depth,
B or B’ = footing width
L = footing length.

Ashaft = Pile external surface area in m2

(kPa)



MECHANISMS OF BEARING THEORY
AND SHALLOW FOUNDATION

N, = e™Ptan? (45 + 9/2)

N. = (N, — 1)cot®

N, = (N, — 1) tan(1.40)

S;=1+022"2.5
1-sin® L
B, _ _ _
Sq=S5,=1+01K,=  5,=S,=1forp =0
d.=1+02/K,~
B
D. _ _ _
d,=d,=1+0.1 Kp§= dyg=d,=1forg=0




FACTUAL MECHANISMS OF SKIN
FRICTION AND FRICTION PILE

» Skin friction is the resistant force provided by adhesion and
friction of the soil along pile’s axial direction. Alpha (a) and
lambda (A) methods are the most common technique used
to calculate skin friction for pile founded in clay (Vanapalli
et al., 2012).

» The Lambda method is a wholly empirically based solution
developed by Vijayvergiya and Focht (1972). It is derived
from direct observation of the behaviour of vertically
driven-pipe-piles in clay. For its simplicity and that it is
fairly accurate from field observation, Lambda method has
been used extensively in practice for pipe-pile design
(Poulos et al., 1980).



MECHANISMS OF SKIN FRICTION
AND FRICTION PILE

» From Surefoot’s design Principles, the friction capacity per
pile is as follows:

Qshart = 2 f X Asnast

f=2A00"y + 2¢,)

where: o'y = Mean effective vertical stress for the entire embedment length
A = factor that varies with the length of pile.

Ashaft = Pile external surface area in m2




BASIS OF DESIGN - AXIAL FORCE
The force is transferred
from the pile cap onto
the micropiles

/A



BASIS OF DESIGN - BENDING MOMENT

Since the bending moment applied
transforms into a pair of forces, and the
difference in the capacity between
piles under compression load and piles
under tension load is wide, it is more
conservative to disregard the effect of
piles under compression and only design
the bending moment being resisted by
the piles under tension loading, with a
new neutral axis now closer to the
compression side.

—
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Surefoot Design Principles

Introduction

Surefoot engineering principles are based on current piling methodology. Total resistance is calculated by using
a combination of skin friction and bearing along the length of the pile for compression; lateral pressure and soil
weight for tension; and soil’s elasticity modulus acting as a non-uniform spring system for shear displacement.

This document has been prepared specifically for consulting engineer’s or certifiers who are using the Surefoot
design spreadsheet V5.9.6 for preliminary design assessment and is intended to provide detailed design
information that forms the basis of the capacities calculated using the spreadsheet.

Design capacity calculations are based on the working stress method using soil properties derived from widely
accepted geotechnical data for skin friction, bearing pressure and various other parameters.

Galvanised steel piles (steel tube) of 32 Nominal Bore (overall diameter of 42.4mm) with wall thicknesses of
2.6mm to 4.0mm are driven through the Surefoot plate to the design embedment depth.

Soil properties, pile section properties, Surefoot plate properties and various parameters used for design are
tabulated in Appendix A and a worked example can be found in Appendix B.

Further information can be found in the “Resources” section on the Surefoot website which can be downloaded
from http://www.surefootfootings.com.au/#!resources/cjgif.

Surefoot Spreadsheet — Explanation of required data and reported values

The spreadsheet requires the following parameters to be entered as the basis of design:

Applied Moment (M) — Applied bending moment in kKNm (ultimate load)

Tension or uplift (Ny) — Applied tension/uplift force in kN (ultimate load)

Compression or gravity (Nc) — Applied compression/gravity force in kN (ultimate load)

Shear Force V) — Applied horizontal shear force in kN (ultimate load)

Soil Density (1) — Soil's consistency or density in KN/m3.

Cohesion (Cu) — Frictional resistance on cohesive soils. (kPa)

Angle of friction ®) — Soil's angle of friction. (degrees)

Surefoot Type — The selected size of Surefoot for design. (SF50 to SF600)

Pile Size — The selected size of piles for design. (2.6 to 4.0mm wall thickness)

Pile Embedment — The physical length of the piles considered for design.

Total Embedment Required — Total length of the piles plus the standard distance (100mm) out of the
ground.

Pile forces are reported based on the applied loads resolved by the pile angle of 25 degrees from vertical. The
reported force is for each pile thus will vary depending on what Surefoot size is used. Forces are separated into
three categories based on the applied loads entered by the user:

Axial Load — Axial Compression (Gravity) or tension (Uplift) force per pile in kN.
Axial Load from Moment — Axial force per pile from vector components of applied moment in kN.
Shear Force — Sum of horizontal components of loads plus applied shear force in kN.

Design capacities and stress ratios are reported based on design assessment of the pile cross section and
resistance within each relevant soil layer:

Gravity Capacity — Total shaft friction capacity plus point bearing capacity in kN.
Uplift Capacity — Total shaft friction capacity plus cone pull out capacity in kN.
Bending Moment — Section moment capacity based on pile cross section in KNm.

Bending Moment — Nominal shear yield capacity based on pile cross section in kN.
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Design Procedure
Section 1 — Resolving applied loads for design force per pile
(1.1) Pile axial forces from applied vertical loads:
N
Ny = o (kN) <Eq. 1-1>
Np = Nv * cos(25) (kN) <Eq.1-2>
Nn = Ny * sin(25) (kN) <Eq.1-3>
where: N = applied axial force ( Nc comp.) Or Nt (tens)) in KN
N, = vertical component from axial force ( N¢,v comp.) OF Nty (tens.)) in kKN
Nn = horizontal component from axial force ( Nc,h comp.) OF Nt (tens))) in KN
N, = axial force per pile (Ncp (comp.) OF Nt (tens,) in KN
Dn = number of piles from Surefoot type
(2.2) Pile axial forces from applied moment:
M Mx 103 x Y*i N Ea. 1.4
e — <Eg.1-4>
Y Y (o Yi YH) (N) a
Mp = My * cos(25) (kN)  <Eq.1-5>
Mn = My * sin(25) (kN) <Eq.1-6>
where: M = applied bending moment in KNm
M, = vertical component from applied moment in kN
My = horizontal component from applied moment in kN
M, = axial force per pile from applied moment in kN

Dnm number of piles from Surefoot type resisting moment
Yi, Y*i = lever arms based on Surefoot size & effective piles (refer Table Al)

(2.3) Pile forces from applied shear:

where:

Vo = pl + max(Nen, Nen) + Mh (kN) <Eq.1-7>

<
I

applied shear force in kN
total horizontal shear force per pile in kN
max. horizontal component (N¢» compression or Ny tension) in kN

Vs
Ny
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Section 2 — Design capacities
(2.1) Section moment capacity of pile. (AS4100 Clause 5.2)
OMs = ¢ fy Ze X 106 (kNm) <Eq.1-8>
where: 10) = Capacity factor for bending from AS4100 Table 3.4, = 0.9
fy = vyield strength of pile in MPa
Ze = effective section modulus of pile, (x103 mm?)
(2.2)  Shear yield capacity of pile for a circular hollow section. (AS4100 Clause 5.11.4)
¢Vw = ¢ 0.36 fy Ae X 103 (kN) <Eq.1-9>
where: 0] = Capacity factor for shear from AS4100 Table 3.4, =0.9
fy = yield strength of pile in MPa
Ae = effective sectional area taken as gross area Ag. (mm2)
(2.3)  Pile capacity under compression. (Gravity loads)
(2.3.1) Pile friction capacity from compressive loading
Qshart = X f X Asnast (kN)  <Eq.1-10>
f =0y + 2¢,) (kPa) <Eq.1-11>
where: oy = Mean effective vertical stress for the entire embedment length
A = factor that varies with the length of pile.
Ashaft = Pile external surface area in m2
(2.3.2) Pile bearing capacity
Quit = Guit * Asnafe (kN)  <Eq.1-12>
quit = cN;Scd. + qNySqd, + 0.5vB'N, S, d, (kPa)  <Eq.1-13>
where: c = soil cohesion
q = Dy,
Dy = Embedment depth,
B or B’ = footing width
L = footing length.
Ashaft = Pile external surface area in m2
N, = e™Ptan? (45 + ®/2) <Eq.1-14>
N, = (N, — 1)cot® <Eq.1-15>
N, = (Nq — 1) tan(1.40) <Eq.1-16>
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1+sin® B
Sc=1+02——x*— <Eq.1-17>
1-sin® L
B- — — —
Sq =Sy =1+0.1K,— Sq=S,=1forg =0 <Eq.1-18>
D
d.=1+02/K, > <Egq.1-19>
D- — — —
dg=d, =1+01/K,= dg=d,=1forg=0 <Eq.1-20>
(2.3.3) Total pile capacity under compression. (Gravity loads)
Qshaft +Qult
= kN <Eq. 1-21>
Qc < (kN) q
where: SF = Safety factor for compression
(2.4) Pile capacity under tension. (Uplift loads)
(2.3.1) Pile friction capacity from tension loading
Qsnast = X f X Ashast (kN)  <Eq.1-10>
f ="y +2¢,) (kPa)  <Eq.1-11>
where: oy = Mean effective vertical stress for the entire embedment length
A = factor that varies with the length of pile. (0.4)
Ashaft = Pile external surface area in m2
(2.4.1) Passive Earth Pressure applied to pile:
Qp = 0p * Ashase (kN) <Eq.1-22>
op = Kpo,, + 2G4/ K, (kPa) <Eq.1-23>
] _ 1+sin@
where: K, = 1—sing
oy = Soil’'s shear stress (y * 2)
Z = Average depth per layer of soil
Cy = Frictional resistance on cohesive soils.
Ashaft = Pile external surface area in m2
(2.4.2) Total pile capacity under tension. (Uplift loads)
Qshaft + Qp
Qt = — (kN)  <Eq.1-24>

SF

where: SF = Safety factor for tension
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(2.5) Pile bending moment check for lateral forces. (Horizontal loads)
(2.5.1) Bending moment of pile with applied lateral load using Winkler's Model:
H
Mgp = 2 (kN.m)  <Eq.1-25>
4 k
A= (mnm™') <Eq.1-26>
4Ep Iy
k=ksxD (N ymz) <Eq.1-27>
— L N/mm2
ks = 5o (4mmt)  <Eq.1-28>
where: E, = Elasticity Modulus for the pile material
I, = Second moment of area of the pile section
D = Diameter of pile
Vg = Poisson coefficient for the soil. (0.4 average)
Es = Elasticity Modulus for the soil.

(2.5.2) Total pile capacity for bending moment. (Lateral Loads)

M
M =— kN. <Eq.1-29>
t e (kN.m) q

where: SF = Safety factor for moment
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Appendix A
Table Al — Surefoot Plate Properties
Surefoot Nom. Plate Plate Product Number of | No. piles resisting | Yi & |Z(pumYiY*i)
Model Dimensions Thickness Weight piles (pn) moment (Pnm) Y*i
(Gr. 250 MPa) (mm) (mm) (kg/each) (each) (each) (mm) | SeeNote (1)
SF50 274 4 2.5 3 1 227 51529
SF150 262 x 262 8 5 4 2 200 80000
SF300 382 x 382 10 15 6 2 328 296410
SF400 482 x 482 10 25 8 3 333 395640
SF500 482 x 482 10 25 12 4 345 702666
SF600 632 x 632 10 40 16 5 488 1607622
Notes: (1) Includes contribution of additional piles (where applicable) multiplied by their lever arm distances.

Table A2 — Pile Section Properties

Designation Wall Gross | Internal | Mass | External |Internal | Yield Moment | Radius | Effective
for 32NB Thick. | Section | Section per | Surface |Surface| Strength of of Section
(Nominal Bore) Area Area meter | Area Area Inertia | gyration | Modulus
O/A Diameter
(Do ;424) t Ag Agi Ase Asi fy |xx/|yy rxx/ryy Ze
(mm) (mm) | (mm?) (mm?) | kg/m m?2/m m?2/m (MPa) | x10%mm?* mm x103mm?3
32NB 2.6 2.6 325 1087 2.55 0.133 0.117 350 0.0646 14.1 4.12
32NB 3.2 3.2 394 1018 3.09 | 0.133 | 0.113 250 0.0762 13.9 4.93
32NB 4.0 4.0 483 929 3.79 | 0.133 | 0.108 250 0.0899 13.6 5.92
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Appendix B — Worked Example

Estimate the capacity of a SF300 pile cap, with 6/32NBx2.6mm piles (2100mm total length) driven through the

following layers:

7

Fill

e 100mm of fill KRS
o Cu=0kPa //
o O=15° . //
o y=16 kN/m?
o Es=10MPa /4

e  Firm Silty Clay to 2100mm. /

Cu= 75 kPa
o=0° I
y= 18.5 kN/m?
Es= 40MPa

O O O O

e Applied working loads from the superstructure are as follows:

Compression (Gravity)* (New) = 40 kN
Tension (Uplift)* (Ntv) = 15 kN
Applied shear force* (V) = 3.0 kN
Applied bending moment* (M) = 15 kNm

¢ *Ultimate loading from Structural Analysis

Step 1 — Checking applied forces to the piles

Stiff Silty Clay

(1.1) Pile axial forces from applied vertical loads:
For compression (Gravity load)
Ne 40
Neyy=—= — =6.66 (kN)  <Eq.1-1>
Pn 6
Ncp = Ngv * cos(25) = 6.66 * cos(25) =7.36 (kN) <Eq.1-2>
Nn = My * sin(25) =2.82 (kN) <Eq.1-3>
For tension (Uplift load)
N, 15
Ny = p—t =3 =2.50 (kN) <Eq.1-1>
Ntp = Nev * cos(25) = 2.50 * cos(25) =227 (kN) <Eq.1-2>
Nn = My * sin(25) =1.06 (kN) <Eq.1-3>
(1.2) Pile axial forces from applied moment:
Mx 103 X Y*i 1.5% 103 x 328
My, = = =1.66 (kN <Eq. 1-4>
VT S (pam Yi YH) 296410 (k) 9
Mp = My * cos(25) =150 (kN) <Eq. 1-5>
Mn = My * sin(25) =0.70  (kN) <Eq.1-6>
(2.3) Pile forces from applied shear:
Pandoe Pty. Ltd. trading as Unit 3/36 Latitude Blvd. Ph: 1300 397 122 Email:  info@surefootfootings.com.au
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Step 2 —

\% 3
Vo = o + max(Neh, Non)+Mp = - +2.82+0.70

Checking design capacities

(2.1)

2.2)

(2.3)

Section moment capacity of pile. (AS4100 Clause 5.2)

PMs = ¢ fy Ze X 106 = 0.9 x 350 x 4.12x103 x10-6

=4.02 (kN) <Eq.1-7>

=130 (kNm) <Eq.1-8>

Shear yield capacity of pile for a circular hollow section. (AS4100 Clause 5.11.4)

PVw= ¢ 036 fyAdex 1073 =0.9x0.36 x 350 x 325x1073

Pile capacity under compression. (Gravity loads)

(2.3.4) Pile friction capacity from compressive loading
f=20",+2c,)
fi=04@,*xL1+2%0)
fo=04(,*L2+2%75)

QShaft = Zf X AShaft

Qshast = 032 (2 xmx1* L1) +66.3 % (2*m * 7 * L2)

(2.3.5) Pile bearing capacity

N, = e™%Ptan? (45 + ¢/2)

qu — entanlStan2(45 + 15/2)

Ngz = e™@0tan?(45 + 0/2)
N, = (Nq — 1)cot®

N = (N, — 1)cot15
N., = 5.14

N, = (N, — 1) tan(1.40)

N,; = (3.94 — 1) tan(1.4(15)
N,; = (1 — 1) tan(1.4(0)

1+sin® " B
1-sin® L

S, =1+0.2

S, =1.01
S, =1.01

B, _ _
Sq=S8,=1+01K,%  S;=S,=1forg =0

Sq1 = 1.01

=36.86 (kN) <Eq. 1-9>

(kPa) <Eq.1-11>

= 0.32
= 66.3

(kN)  <Eq.1-10>

= 16.7kN

<Eq.1-14>

= 3.94

<Eq. 1-15>

=10.98

<Eq.1-16>

=1.13

<Eq.1-17>

<Eq.1-18>
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Sq2 = 1.00
D
d.=1+02/K,~ <Eq. 1-19>
d., = 1.01
d., = 1.19
dg=d,=1+0.1/K, g; dy=d,=1for@ =0 <Eq.1-20>
dg = 1.01
dgz = 1.00
Quit = cN;Scd; + qNgS,d, + 0.5vB'N, S, d, (kPa) <Eq.1-13>
Quier = 12
Quitz = 481
Quit = 38.6kN (kN) <Eq.1-12>

(2.3.6) Total pile capacity under compression. (Gravity loads)

Qshaft +Qu1t 38.6kN
Q.= = (kN) <Eq.1-21>
SF SF

(2.6) Pile capacity under tension. (Uplift loads)

(2.3.2) Pile friction capacity from tension loading

Qsnaft = X f X Asnast = 16.7kN

(2.4.3) Passive Earth Pressure applied to pile:
op = Kyo, + 20, /K, (kPa) <Eq.1-23>
Op1 = Kpoy + 2C, /Ky = 1.70 %y, * L1 + 2% 0xV1.70 = 2.72

0pz = Kp0y, + 2C JKy = 1.00 * v, * (Ly + L) + 2 # 75 +y1.00 = 183.53

(2.4.4) Total pile capacity under tension. (Uplift loads)
QP = (O-pl + GpZ) * AShaft = 6.7kN

_ Qshaft + Qp

Q¢ - (kN) <Eq. 1-24>
Q __ Qshat +Qp __ 16.7kN
YT sk SF

(2.7)  Pile bending moment check for lateral forces. (Horizontal loads)

(2.5.3) Bending moment of pile with applied lateral load using Winkler's Model:

Pandoe Pty. Ltd. trading as Unit 3/36 Latitude Blvd. Ph: 1300 397 122 Email:  info@surefootfootings.com.au
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Since the highest deflection and the highest bending moment occurs in the top of the pile, then the
check is done only on the first soil layer.

— 2B .
s = 5aa (kN) <Eq.1-28>
2+10
ks1 = 42.4%(1-0.42) 0.2
k=ks;*xD (kN) <Eq.1-27>

k=ks*42.4=71

/ kN <Eq. 1-26>
aE 1, (kN) q

= \/ = (0.0034
4%x200000%x64600
My = 220 — 0.59kN.m
2%.0034

(2.5.4) Total pile capacity for bending moment. (Lateral Loads)

0.59kN.m

Mt -
SF

PILE DESIGN CAPACITY SUMMARY

Load Description Pile Force Design Capacity Stress Ratio Status
Gravity Capacity Nep = 7.55 kN Qc = 55.28 kN 13.65 % OK
Uplift Capacity Nip = 3.77 kN Q¢ = 2337 kN 16.13 % OK
Moment Capacity M’p = 0.59 kNm dMp = 1.30 kNm 45.16 % OK
Shear Capacity Vp = 4.02 kN ¢Vw = 36.86 kN 10.90 % OK

HENCE, ADOPT SUREFOOT SF300 WITH 6/32NBx2.6mm GALVANISED
PILES AT 2100mm TOTAL LENGTH FULLY DRIVEN INTO FIRM SILTY CLAY

Pandoe Pty. Ltd. trading as Unit 3/36 Latitude Blvd. Ph: 1300 397 122 Email:  info@surefootfootings.com.au
Thomastown, VIC. 3074 Fax: (03) 9998 1964 Website: www.surefootfootings.com.au
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CORROBORATION OF FORMULAE

» From Surefoot’s database, we have gather information from
all the installations and projects done up to date.
Nonetheless, the two major testings that we have done to
international Standards have been the following:

» Braybrook testing (done to ASTM D1143), for static compression
and tension loading

» Fingal testing (currently in progress), for static compression,
tension, cyclic, long term and lateral loading.




This test was performed by
Swinburne University under the
Victorian Government’s Innovation
Voucher Program for Research

The test was done in Braybrook,
Victoria, usually a site of clays with
a high plasticity level.

The site consisted on two layers of
soil, which were:

A layer classified as fill with a
standard depth of 400mm

A layer of silty clay with a depth of
up to 10m.
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Table 2. Triaxial UU tests results

BH No. | Depth (mm) U:tc::i;tehd(:::?r Soil Type
1 500-600 16 Fill
2 400-500 8.5 Fill
3 700-800 27 Clay
3 850-950 19.5 Clay
5 1100-1200 26 Clay
5 1200-1300 18.5 Clay
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Executive Summary

Swinburne University of Technology was engaged by the State Government of Victoria
(Department of Economic Development, Jobs, Transport and Resources) and Surefoot
Pandoe Pty Ltd to undertake the research project titled “Evaluation of innovative concrete-
free footing system for residential construction”. The project was funded under the
“Innovation Voucher Program — Business R&D Voucher Application IVP-BRD-264A.1".

The aim of this project was to test a range of new Surefoot footing systems under field
conditions to determine their maximum axial compressive and tensile load capacity.
Securing quality field test data will not only provide greater confidence for this newly
developed footing system, but will also be used to review and update the current design
procedure. This project was conducted in several phases, as set out below:

Site selection,

Design and development of testing system
Field testing

Analysis of field test results, and

vk e

Review of design procedure

The primary focus of this project was to develop and build the field testing device, perform
the field tests, and conduct a back-analysis of the results to gain a better understanding of
the behaviour of this new footing system. In the future, these results should lead to an
improved cost-effective design method and provide greater confidence for clients and
customers.
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Introduction

A new innovative concrete-free footing system known as Surefoot is gaining popularity due
to its cost-effectiveness and quick and easy installation method. It requires only light-weight
(hand-held) power tools to install, minimum site access and causes minimum soil
disturbance during installation. Furthermore, the overall carbon-footprint is much lower
when compared to traditional reinforced concrete footing systems.

Surefoot is essentially a steel plate (acting as a micropile group cap) with a number of steel
micropiles attached. The micropiles are steel tubular sections (40 mm in diameter) driven at
an angle (typically 25° from the vertical) through guiding sleeves, which are attached to the
top plate as shown in Figure 1. These steel micropiles are driven into the ground by a light
(hand-held) jackhammer. As a result, Surefoot does not require excavation, drilling or any
concrete. Together, all of these benefits make Surefoot a viable sustainable alternative to
traditional footing techniques in a wide range of applications.

The concept of the new Surefoot system was inspired by the supporting action of a tree
root. When roots spread through soil, a much larger area is engaged that provides greater
resistance.

_~ CONNECTION TO
SUPERSTRUCTURE

ADJUSTABLE BASE

SUREFOOT
PILE CAP
INDIVIDUAL
/) MICROPILE
(CHS SECTION)
_—— SURROUNDING
N\ SOIL
‘\
e
25—

Figure 1: A typical Surefoot system with surrounding soil and connections
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The Surefoot footing system comes in a range of different capping system configurations
and micropile numbers based on design load, load type and site conditions. The embedment
depth can also change based on design load and soil conditions. SF50, SF100, SF200, SF300,
SF400, SF500 and SF600 are available Surefoot footing products.

Some of Surefoot’s advantages are summarized below:

- Ability to support various types of loading such as compression, tension, lateral loads
as well as bending moments and shear forces

- Installation time ranges from 10 to 30 minutes per footing

- Applicable in all wind categories

- Applicable in any penetrable soil such as sands, silts, clays, fine gravels and even rock

- Flexibility in design may satisfy specific project requirements

- Applicable in on-shore and off-shore projects

- Minimal soil and site disturbance (i.e. no costly spoil removal)

- Restricted site access is often not an issue.

- Possibility of reusing the major structural parts several times and recycling the
hollow micropiles

- Low carbon footprint when compared to traditional reinforced concrete footings

- Cost and time effective

Surefoot’s engineering principles are based on a combination of shallow and deep
foundation design principles. It uses the theory of bearing capacity of a shallow foundation
plus the skin friction and toe resistance of a deep foundation, which is believed to
contribute to the overall capacity of the Surefoot system. Due to Surefoot’s different
mechanism of operation compared to conventional micropiles or shallow footings; field-
testing was considered the most reliable approach to ascertain a true bearing capacity of
this innovative footing system.

To evaluate the ultimate capacity of the Surefoot system under compression and pull-out
resistance, and to assess the overall performance of the system; a series of static pile load
tests were performed. This series of load tests covered various geometric configurations and
foundation depths. Compression and pull-out tests (with the addition of creep tests) were
performed. These tests were all conducted in a quaternary basaltic clay geological formation
in Melbourne’s western suburb of Braybrook.

This report presents results of site classification, in-situ and laboratory strength testing of
the soil, along with the field static load tests on the Surefoot system. The field test results
were analysed using a range of methods to determine the most reliable method and
anticipated failure load. This not only satisfied the required confidence for this newly
developed footing system, but the results of the study were used to review the current
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design procedure. The design review will help to make the current design more rational and
consequently more competitive in the market.
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Project Methodology

This project can be divided into five main parts: (i) site selection and geotechnical
investigation, (ii) development of testing system, (iii) field testing, (iv) analysis of field test
results and (v) review of design procedure.

A residential site in Braybrook (Victoria) was selected for this project. The geological maps of
this area revealed the upper soil layer to be basaltic clay deposits derived from quaternary
volcanic basalt. The geotechnical investigation of the site involved drilling several holes
across the site, logging the ground encountered, and collecting disturbed and undisturbed
samples for testing. Laboratory testing of the soil’s strength parameters comprised of a
series of unconsolidated undrained triaxial tests and consolidated undrained triaxial tests. A
series of dynamic cone penetrometer (DCP) tests were also performed during the field
investigation to assess the strength of the soil in-situ.

The field testing system was designed and manufactured based on the Standard Test
Methods for Deep Foundations under Static Axial Compressive Load (ASTM 1143-1994) as a
benchmark. This involved construction of the load beams, assembly of the hydraulic loading
system and associated instrumentation for monitoring and calibration.

Two current Surefoot systems (SF100 and SF300) at two different embedment depths (1200
and 1500 mm) were tested under compression and pull-out conditions. Creep testing was
also performed on these footings. Details and dimensions of SF100 and SF 300 systems are
shown in Figure 2 and Figure 3.

Weld pipe sides to Base (x8)
No weld on top
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Figure 2: Surefoot SF100 dimensions (in mm) and details
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Figure 3: Surefoot SF300 dimensions (in mm) and details

Upon completion of the field testing, all field and laboratory results were analysed with two
main objectives. The first objective was to obtain the maximum bearing capacity of the
Surefoot footing system in compression and pull-out. The second objective was to review
the current design procedure and contrast the design assumptions with field data. Figure 4
shows a general overview of the project.
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[ Project Planning ]

[ Site Selection ]
Field Testing Initial Design
System Design review

[ Field Testing System ]

Manufacturing

Field Testing Geotechnical
Investigation

[ Field Data Interpretation ]

and Back-Analysis

Figure 4: The flow chart of the project

Evaluation of Innovative Concrete-Free Footing System for Residential Construction 11



Site Description and Geotechnical Investigation

The geotechnical investigation is an important part of each construction project. Strength
parameters of the soil and evaluation of bearing capacity are directly related to the
foundation response. Without a clear understanding of the soil properties, a safe and
economic design of any footing system is unlikely.

The selected site was located at Braybrook, Victoria. Figure 5 shows aerial photographs of
site at different times during 2010. It can be seen that the site is divided into three blocks
with one house on each. Between October and December in 2010, the houses were
demolished and the ground levelled. These photos, combined with visual observation of the
disturbed samples gathered (using hand and powered augers) suggest the presence of 300
to 700 mm of fill material. The geological and geotechnical investigation carried out on site
confirmed that the soil layer below the fill material was Quaternary basaltic clay.

s e

Evaluation of Innovative Concrete-Free Footing System for Residential Construction 12



Due to access issues and existence of delicate instrumentation on the site (due to another
parallel research project being undertaken), the two highlighted locations in Figure 6 were
selected for this project as option 1 and 2. After much evaluation of the site, option 1 was
selected for testing. This was mainly due to crane and truck accessibility needed to move
the loading beams between tests vs. current instrumentation on the site.
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Figure 6: Initial field testing location options

Once the location on the test site was confirmed, 14 Surefoot footings of various size were
installed to perform static compression and pull-out load tests. Table 1 shows the
specification of the installed footings. It is important to note that every possible effort was
made to satisfy the minimum distance required between test footings and reaction footings.
This was measured in terms of influence radius of each system during installation according
to ASTM 1143-1994 (Figure 7).

The geotechnical investigation of this project included DCP (Dynamic Cone Pentrometer)
tests, UU (Unconsolidated Undrained) and CU (Consolidated Undrained) triaxial tests from
undisturbed specimens obtained by a professional registered driller. Six UU tests and a
series of four CU tests were performed to estimate the undrained and drained shear
strength parameters of the soil at a depth of between 500 mm and 1500 mm. In addition, a
total of seven DCPs were performed from the ground surface down to a maximum depth of
1700 mm in the centre of each Surefoot, as well as at other locations around the tested
footings.

The depth of the undisturbed samples chosen for laboratory strength testing was based on
the depth of influence of the Surefoot systems. The location of the bore holes and thus the
samples are shown in Figure 7 and Figure 8.
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Table 1: Specification of the installed footings

Number | Type Ntfmbe.r of | Embedment Type
micropiles Depth (mm)
R1 SF400 9 1600 Reaction Pile
R2 SF400 9 1600 Reaction Pile
R4 SF400 9 1600 Reaction Pile
R5 SF400 9 1600 Reaction Pile
R6 SF400 9 1600 Reaction Pile
R7 SF400 9 1600 Reaction Pile
R8 SF400 9 1600 Reaction Pile
R9 SF400 9 1600 Reaction Pile
R10 SF400 9 1600 Reaction Pile
R11 SF400 9 1600 Reaction Pile
Tl SF300 6 1500 Test Pile
T2 SF300 6 1200 Test Pile
T3 SF100 4 1500 Test Pile
T4 SF100 4 1200 Test Pile

The results of the DCP tests, UU triaxial tests and CU triaxial tests are presented in Figure 9,
Figure 10 and Figure 11, Table 2 and Table 3.

Figure 9 and Table 2 show that the average undrained shear strength (Su,y.) of fill material is
around 12 kPa. For Braybrook clay, the undrained shear strength is around 23 kPa and
shows some variations with depth. However, site observation showed that the organic
material such as root plants spread through a deeper layer down to 1 m. The in-situ
moisture content of soil samples was measured in the laboratory as a field index with
results varying from 13% to 23%.

Figure 11 shows the results of CU tests. The stress-strain curves of Braybrook clay suggest
softening behaviour for confining pressures above 50 kPa. However, for confining pressures
below 50 kPa the behaviour is stress-hardening; typical of over-consolidated clays. Assuming
a nominal depth of 0.75 m for the soil samples and an average density of 17.4 kN/m?, the
Over-Consolidation Ratio (OCR) for Braybrook clay would be around 3.8.

Comparing the undrained shear strength values reported in Table 2 with Table 5 of AS 1726
(Standards Australia, 1993) suggests that the fill material can be described as “Very Soft”
while the underneath clay is described as “Soft”.
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Figure 8: Layout of Surefoot footings — top plate only (dimensions in mm)
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Table 2: Triaxial UU tests results

BH Depth (mm) Usr't?:i;tid(i::)ar Layer
1 500-600 16 Fill
2 400-500 8.5 Fill
3 700-800 27 Clay
3 850-950 19.5 Clay
5 1100-1200 26 Clay
5 1200-1300 18.5 Clay

Table 3: Triaxial CU tests results for samples at a depth of 500 to 1000 mm.

Cohesion Internal Friction Modulus of Elasticity,
(kPa) Angle (°) Eso (MPa)

Effective Strength 0 34

Parameters
9 -19
Total Strength

13 14

Parameters
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Field Test Program

The field loading test procedure used in this project conforms to the requirements of FHWA
(2005), ASTM 1143 (1994) and D3689 (1990) for testing individual piles and micropiles
under static axial compression and tension loads, with some modifications to suit the
innovative and non-conventional aspects of the new Surefoot footing systems.

Pile design in terms of load capacity and settlement under service loads is usually based on
empirical and semi-empirical methods using the results of a geotechnical investigation.
These estimated values should then be confirmed by field pile load tests.

Since the primary goal of this project was to evaluate the ultimate bearing and pull-out
capacities of the Surefoot footing system, the Quick Maintained Load Test Method (QM
Test) procedure with some modification was selected as the most appropriate. This test
method is fast and economical and only requires 3 to 5 hours for each test. It is important to
note that this test method represents almost pure undrained conditions in the soil during
failure and it cannot be used for estimating settlements.

The Quick Maintained Load Test Method (QM Test), as recommended by FHWA (2005) and
ASTM 1143 (1994), consists of the following main steps:

(i) Load the pile in 20 increments to 300 per cent of the design load (i.e. each
increment is equal to 15 per cent of the design load assuming a factor of safety
of 3).

(ii) Maintain each load for a period of 5 minutes with readings taken every 2.5
minutes.

(iii) Add load increments until continuous jacking is required to maintain the test
load (Failure Criteria).

(iv) After a 5 minute interval, remove the full load from the pile in four equal
decrements with 5 minute intervals between decrements.

The slight modifications applied to this method for this project were (i) the increments of
loading were around 10 per cent and each loading step was held for 15 minutes, and (ii) an
additional creep stage of 10 minutes was added to the final stage of loading to investigate
the soil/system sensitivity to the creep.

The ultimate failure load is defined when a sustained load causes the pile to plunge or settle
rapidly. However, to achieve true plunging (i.e. ultimate failure) the vertical movements
required may exceed the allowable recordable settlement of the system. Many engineers
define the failure load mathematically as being at the point of intersection of the initial
tangent to the load-settlement curve and the tangent to the extension of the final portion of
the curve. These definitions for defining failure rely on engineering judgment of project
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engineers. The following interpretation methods to evaluate failure have been used in the
past for analysing various pile load tests.

(i) Vander Veen’s method (1953)

(i) Brinch Hansen’s 90 per cent criterion (1963)
(ii) Brinch Hansen’s 80 per cent criterion (1963)
(iii) De Beer’s method (1967)

(iv) Fuller and Hoy’s method (1970)

(v) Chin’s method (1970, 1971)

(vi) Davisson’s method (1972)

(vii)  De Beer and Wallays’ method (1972)

(viii)  Mazurkiewicz’s method (1972)

(ix) Butler and Hoy’s method (1977)

It is worth mentioning that some of these methods are not applicable to the Surefoot
system. However, the next section will discuss and analyse the test results and illustrate the
ultimate capacity of the Surefoot footing system.

Creep tests are normally conducted as part of the ultimate, verification and/or proof tests.
Creep is defined as a time dependent deformation of the soil/structure under a sustained
constant loading. It could be considerable in organic and soft soils such as clays and young
fine deposits. The creep test consists of measuring the movement of the pile under constant
loading over a specified period of time. This test ensures that the footing system will
maintain the service load throughout the life of the project without causing damage or
failure. Creep-displacement criterion is usually defined as an allowable displacement of 2
mm per log cycle of time in minutes.

Micropiles are often designed to support tension and compression loads. In this condition,
both loading condition should be tested. It is suggested that the tension test be performed
prior to the compression test (FHWA, 2005). This will allow the system to reseat during early
stages of compression testing in the event some net upward residual movement occurred
during tension test.

Load-hold duration is another important consideration. If soil is not sensitive to creep such
as sand, gravel or rock, the maximum test load may be held for only ten minutes. For piles in
creep-sensitive soils, the maximum load hold duration may increase up to 100 minutes or
even 24 hours depending on the type and magnitude of design loading, nature of the soil
and type of the super-structure.

Appendix | provides details of the loading system.

Evaluation of Innovative Concrete-Free Footing System for Residential Construction 21



Test Results

This project included four compression and four pull-out tests on four different Surefoot
footings. Table 4 shows the program and details of the Surefoot systems tested.

Table 4: Details and testing program

Order | Test Surefoot No. of Length of

Tested | Pile ID | Description | Micropiles | Micropiles Test Type
1 T1 SF100-1200 4 1200 Compression
2 T1 SF100-1200 4 1200 Pull-out
3 T2 SF100-1500 4 1500 Pull-out
4 T2 SF100-1500 4 1500 Compression
5 T3 SF300-1200 6 1200 Pull-out
6 T3 SF300-1200 6 1200 Compression
7 T4 SF300-1500 6 1500 Pull-out
8 T4 SF300-1500 6 1500 Compression

Note: Length of the micropiles listed is the total inclined length

First, the maximum bearing capacity and pull-out resistance of each system were predicted
based on available design theory and results of the geotechnical investigation. From this,
the loading increments were calculated. After reaching the ultimate load, a creep stage of
10 minutes was conducted to ascertain the system performance under sustained loading.
Finally the system was unloaded in four steps.

It is common to conduct a compression and pull-out test on the one footing system.
However, it is important to allow the soil to relax and reset between pull-out and
compression test. This relaxation time depends on the type of soil, degree of saturation,
water table level and the effective stress situation. Apart from the first Surefoot system
(SF100-1200), all Surefoot systems were subjected to the pull-out test first and then the
compression test according to FHWA (2005). This allowed the system to reseat during early
stages of the compression testing in the event some net upward residual movement
occurred during tension test. For this project with the consideration that the lengths of the
micropiles were less than 2 m, it was decided that 2 to or 3 days would be sufficient time for
the excess pore pressures to dissipate and the soil to reset.

All data sheets from the tests are provided in Appendix Ill.

Although it was mentioned previously that there are different failure criteria available for
interpreting the field test results, the results showed that continuous jacking to maintain the
test load was the best way to capture the ultimate capacity of the system. It is also worth
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mentioning that during the first compression test on the SF100-1200 Surefoot system, the
screws that joined the surface plate to the pins failed first before the system reached its
maximum bearing capacity. This issue was fixed by driving new screws with a 24 kN shearing
capacity for the remaining Surefoot systems. After this remedial fix, the contact between
the cap plate and pipes remained rigid and no further problems were observed for the
following six tests. It should be also noted that all Surefoot top cap plates were place well
above the ground level to avoid any contact between them and soil during the loading. This
assures that the load applied is purely transferred to the soil through the micropiles

The settlement or upward movement of each main Surefoot system under load was
measured using four digital Linear Variable Differential Transducers (LVDTs) with a travel of
50 mm located at 4 corners of the top cap. The support for each compression test was
provided by four reaction Surefoot systems. To ensure that the reaction footings did not
move significantly or experience pull-out failure, the movement of each reaction pile was
also monitored using one LVDT. To limit any equipment or human error, an automatic
backup system was employed to monitor the deformations in parallel to the primary
measurements. This backup system consisted of five digital LVDTs connected to a GDS data
logger. Applied loads to the system were measured by a 500 kN load cell with a portable
readout unit. All measuring instruments were calibrated before starting the first test.
Appendix Il shows the detail of the load testing for each stage through a range of photos.

Figure 12 to Figure 19 show the load-settlement and creep plots for each test. These plots
were used to determine the ultimate capacity of Surefoot system based on methods
mentioned in previous section.
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Figure 13: Pullout test result for SF100-1200
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Figure 19: Pullout test result for SF300-1500
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These test results show the identification of three distinct zones during compression loading
for each test, except for the first one (SF100-1200-C). The first zone is related to reseating
the system to compensate for the upward displacements due to the initial pull-out test.
After this, the system shows greater strength and the slope of the loading zone increases. In
the last zone, deformations start to increase again until the system reaches the ultimate
capacity and eventual failure.

It was observed that 57 to 84 per cent of displacements were permanent after unloading
which shows a considerable plastic deformation in the soil when ultimate bearing capacity
was reached. In addition, measured creep settlements were well below the creep criteria.

Table 5 and Table 6 present the maximum and average ultimate bearing and pull out
capacities of each tested system obtained using different methods. It is important to note
that these ultimate bearing capacities are calculated for these Surefoot systems based on
loading and soil conditions for this particular project.

Table 5: Analysis of ultimate bearing capacities

SF100 | SF100 | SF300 | SF300
No. Method 1200 1500 1200 1500
Q(kN) | Q(kN) | Q(kN) | Q(kN)
1 Mazurkiewics (1972) 68 102 84 140
2 Fuller and Hoy’s (1977) 60 - 50 90
3 Butler and Hoy’s (1977) 58 - 45 75
4 Brinch Hansen’s 80% Criterion (1963) 73 108 108 -
5 Chin-Konder Extrapolation (1971) 83 123 80 -
6 DeBeer (1968) 50 80 70 100

Table 6: Analysis of ultimate pull-out capacities

SF100 | SF100 | SF300 | SF300

No. Method 1200 1500 1200 1500

Q(kN) | Q(kN) | Q(kN) | Q(kN)
1 Mazurkiewics (1972) 52 32 52 80
2 Fuller and Hoy’s (1977) 40 28 40 75
3 Butler and Hoy’s (1977) 32 23 32 62
4 Brinch Hansen’s 80% Criterion (1963) 55 35 55 83
5 Chin-Konder Extrapolation (1971) 60 42 55 93
6 De Beer (1968) 40 28 20 65

Table 7 and Table 8 show the bearing and pull-out capacities of Surefoot system per number
of micropiles and unit length of each micropile.
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Table 7. Ultimate bearing and pull-out capacities of Surefoot system per number of pipe in
Braybrook clay

(a) SF100 & SF300 (1200 mm embedment depth)

Surefoot Tvoe Number of Ultimate Bearing Q/n
yp micropiles (n) Capacity (Q) (kN) (kN)
SF100-1200 4 73 18.25
SF300-1200 6 70 11.7
Number of Ultimate Pull-out Q/n
Surefoot Type micropiles (n) Capacity (Q) (kN) (kN)
SF100-1200 4 48 12
SF300-1200 6 43 7.2
(b) SF100 & SF300 (1500 mm embedment depth)
Number of Ultimate Bearing Q/n
Surefoot Type micropiles (n) Capacity (Q) (kN) (kN)
SF100-1500 4 95 23.75
SF300-1500 6 120 20
Number of Ultimate Pull-out Q/n
SurefootType | . ropiles(n) | Capacity(Q) (kN) | (kN)
SF100-1500 4 35 8.75
SF300-1500 6 78 13

Table 8. Ultimate bearing and pull-out capacities of Surefoot system per length of

micropiles for 1200 & 1500 mm embedment depth in Braybrook clay

e e e P
SF100-1200 4.8 73 15.2 t
SF100-1500 6 95 15.8
SF300-1200 7.2 70 9.7
SF300-1500 9 120 133 t

Ave. 6.75 89.5 13.25
Surefoot Type JZ:EL.L.Z'?&? (or::) g;z::?tt: (Z")'lﬁ‘&t) (k(I\II;Ir-n) Trend
SF100-1200 4.8 48 10
SF100-1500 6 35 5.8 ‘
SF300-1200 7.2 43 6 t
SF300-1500 9 78 8.7

Ave. 6.75 51 7.55
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The results of the pull-out test on Surefoot footings SF100-1500 and SF300-1200 were
below the expectation with respect to the other results. This was also the case for the
compression test on footing SF300-1200. This may be due to variation in soil properties for
that particular location or existence of an old structural element (i.e. a stump or part of an
old footing) from the demolished building. Based on the limited test results, the following
conclusions can be drawn.

e Although increasing the number of micropiles increases the overall ultimate capacity
of the system, it seems that the ultimate capacity of each micropile decreases. This
may be due to the group effect of reticulated micropiles, which needs further
investigation.

e Overall, the ultimate pull-out capacity of the Surefoot system in Braybrook clay was
around 57 per cent of the ultimate bearing capacity. This may change under different
soil conditions. The ultimate bearing and pull-out capacities of each micropile with
an embedment depth of 1.2 to 1.5 m in soils similar to Braybrook are about 13 and 7
kN/m length of micropile, respectively.
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Design Philosophy

The Surefoot system does not fall into the conventional footing categories of shallow
foundation; semi-deep or deep foundation. The unique shape of each Surefoot which
contains four to ten inclined micropiles, makes the interaction of the system with
surrounding soil complicated. This section provides a review of the current assumption and
theory for designing Surefoot systems.

It is important to note that the concept presented here is solely developed to explain the
noticeable bearing resistance experienced in the field testing of the Surefoot system in
Braybrook Clay. Other phenomena such as the arching effect of soil, reinforcing effects of
micropiles and the increased stiffness of soil confined by Surefoot micropiles has not been
considered in this report. Due to the layout of micropiles in the Surefoot system, including
spacing, orientation and group effects, they may behave like reticulated micropiles.

Gravity Forces:

It seems that the combination of bearing capacity and skin friction of micropiles resist the
gravity forces imposed on Surefoot system (Figure 20). The bearing capacity of each
micropile can be estimated based on the bearing capacity of shallow foundations using
methods developed by Terzaghi or Meyerhof. Skin friction (only on the outer wall of the
pipes) can be estimated using available deep foundation or pull-out theory. Another
resisting force is bearing capacity at the micropile tip. However, due to the small diameter
of the micropiles, this capacity was not considered, which in turn provides some minor
additional margin of safety.

Uplift or Pull-out Forces:

Surefoot systems may experience uplift or pull-out forces under wind loading. The resisting
forces against upward active forces are believed to be the skin friction of each micropile plus
the passive force (Figure 21).

Horizontal Forces:

When a Surefoot system experiences horizontal active forces, some micropiles act in
compression and some in tension.
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Active Forcel Active Force 1 Ground Surface

Bearing Capacit Interaction between Soil and Pipe
g Lapacity + (Vertical Component)

Figure 20: Resisting forces against the gravity active forces

Active Force Active Force Ground Surface

1

Interaction between Soil and Pipe Passive Forces
(Vertical Component) (Vertical Component)

Figure 21: Resisting forces against the uplift or pull-out forces

To investigate the accuracy of the current theory, the ultimate bearing and pullout

capacities of SF300-1500 under compression and tension loads are calculated and compared
with the field results.

The bearing capacity, friction resistance and passive force of each micropile are calculated
using Terzaghi, Meyerhof, A and Rankine methods, respectively, considering two soil layers
of fill (400 mm) and Braybrook clay with 12 and 22 kPa undrained shear strain respectively
regardless of the local failure effects.
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A) Terzaghi's Ultimate Bearing Capacity Equations:
Guit = ¢N; + qNySq,d, + 0.5yBN, (1)

where N, Nq and Ny are bearing capacity factors derived from earth pressure coefficients,
which are dependent on the soil’s friction angle, ¢.

B) Meyerhof's Ultimate Bearing Capacity Equations (1963):
Quit = cN;Scd. + qN,S,d, + 0.5vB'N, S, d, (2)

Where: c is soil cohesion, g = Dy, Dy is embedment depth, B or B’ is footing width and L is
footing length.

N, = e™"Ptqn? (45 + ¢/2>

N, = (N, — 1)cot®
N, = (N, — 1) tan(1.40)

__ 1+sing®

Se=1+02K,7; andK, = =2

B
Sq=S,=1+01K,%  S;=S,=1forg=0

d. =1+ 02K, %
dg=d,=1+01/K, 2 dg=d, =1for@ =0
C) A Method for Determining Frictional Resistance:
Qsnafrt = X f X Asnart (3)
f =0y +2c,) (4)

Where: ¢’ is mean effective vertical stress for the entire embedment length and A is factor
that varies with the length of pile. A can be chosen from Figure 22.

D) Rankine’s Passive Earth Pressure — Cohesive Soils:

o, = K,0, + 2¢,/K, (5)
. _ 1+sin®
Where: Kp = 1sing
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Figure 22. Variation of A with pile embedment length (Das, 1995)

Table 9 shows the ultimate bearing and pullout capacities determined based on the current
theory and the explained methods. It can be seen that Terzaghi’s method is conservative
while Meyerhof’s method determine the ultimate bearing capacity higher than the
measured value in the field. In this analysis, the ultimate capacity of Surefoot footing was
determined based on the contribution of each micropile individually. It seems if the
confining effect of micropiles as a group is also considered, the accuracy of calculation
increases. Table 10 presents input parameters used for calculating the bearing capacities in
this example.

Table 9. Ultimate bearing and pullout capacities of SF300-1500 based on the field data and
design approach

Determined Value Measured Value
. X . . Ultimate Ultimate Field Field
Bearing Bearing Skin Passive . .
. . . Bearing Pullout Bearing Pullout
Capacity Capacity Friction Forces . . . .
Capacity Capacity Capacity Capacity
Method (kN) (kN) (kN)
(kN) (kN) (kN) (kN)
Terzaghi 47.5 75.2
27.7 19.31 47.01 101 76
Meyerhof 182 209.7
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Table 10. Input soil properties for calculation of ultimate bearing and pullout capacities

) Thickness Internal Undrained Shear . 3
Soil Layer L . . Density (kN/m>) A
(m) Friction (), (°) | Strain (Su), (kPa)
Fill 0.4 0 12 17.4 0.45
Clay 0.4-1.36 0 23 17.4 0.45
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Conclusion

The main aim of this research was to better understand the behaviour of the Surefoot
system under vertical loading. Four compression and four pull-out tests were performed to
evaluate the bearing capacity and pull-out resistance of two different sized Surefoot
systems with different embedment depths. The results of the static tests were used to back
analyse the ultimate capacity for each system using various methods.

The following points are of particular importance in terms of Surefoot performance:

- The significant resistance of Surefoot system against imposed loads obtained in the
field tests is believed to come from a combination of skin friction of individual pipes,
bearing resistance of soil underneath the piles and the passive resistance of soil
under pull-out forces.

- Field test results revealed the identification of three distinct zones during
compression loading for each test (except for the first load test where compression
was performed before pull-out (SF100-1200-C). The first zone is related to reseating
the system to compensate for the upward displacements due to the initial pull-out
test. After this, the system showed greater strength and the slope of the loading
zone increased. In the last zone, deformations increased again until the system
reached ultimate capacity and eventual failure.

- Field results suggested that 57 to 84 per cent of displacements were permanent
after unloading, which showed a considerable plastic deformation in the soil when
ultimate bearing capacity was reached.

- Measured creep settlements were well below the creep criteria.

- Comparing field results of SF100 and SF300 suggest that although increasing the
number of micropiles increases the overall ultimate capacity of the system, the
ultimate capacity of each micropile seems to decrease. This may be due to the group
effect of reticulated micropiles, which needs further investigation.

- Overall, the ultimate pull-out capacity of the Surefoot system in Braybrook clay was
around 57 per cent of the ultimate bearing capacity. The ultimate bearing and pull-
out capacities of each micropile with an embedment depth of 1.2 to 1.5 m in soils
similar to Braybrook are about 13 and 7 kN/m length of micropile, respectively.

- Applying a reasonable factor of safety to the calculated ultimate bearing capacity of
Surefoot is a viable alternative to assure safe performance of structures and limiting
the settlement.
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Appendix L. Field Test System Details
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Appendix II. Photos Album

Site preparation prior to installation
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Installation of reaction piles for field testing
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Beams to mount LVDTs on
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Hydraulic loading system and load cell screen
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Pull-out test set-up

Beam seating on timber cribs for pull-out test
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LVDTs and the mounting beams for pull-out tests
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Braybrook clay
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Shelby tubes and extracted specimen

Presence of organic matter in extracted clay specimen
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Extracted clay specimen from Shelby tubes
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Failure band on triaxial specimen of Braybrook clay
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Appendix III. Data Sheets

Swrefoot Footing Under Static Axial Compression Load

Quick Load Test Method :D3689/D3689M [Modified) Supervisor:
Date: Start Time: Finish time:
Footing System: SF 100 Embedment Depth {m): 1.3
Anticipated Failure Load (AFL) {(kN}): 100 Weather:
Hydraulic Jack: Remarks:
Anticipated Duration of Test Time{min): 180
Test Load Tm ﬁxem D:r:lt:’m Setloment o) :MF_
Stage | {%AFL} B Gage 1 Gage 2 Gage 3 Gage 4
&N} | {Mpa} {min} r . . . {mm}
{mam} {mm} {mm} {mmm}
1 5 {AL} 5 15 sec .08 0.1 0.17 011 0115
2 10 10 0 0.15 0.2 0.32 0.21 0.22
2 2.5 0.15 0.21 0.32 0.21 0.2225
2! 5 0.15 0.21 0.33 0.22 0.2275
2] 7.5 0.15 0.21 0.33 0.21 0.225
2 10 0.16 0.22 0.35 0.23 0.24
3 10 20 i} 035 043 6 naz 0.4s
3 25 036 043 .61 04575
3 5 036 044 .63 044 04675
3 75 037 044 0.63 047
3 n 037 044 63 naa 047
4 10 30 0 0.5 0.61 0.81 0.58 0.625
4 2.5 0.52 0.63 0.84 0.6 0.6475
4 5 0.55 0.66 0.87 0.62 0.675
4 7.5 0.52 0.65 0.87 0.63 0.6675
4 10 0.55 0.66 0.87 0.62 0.675
5 10 a0 a 0.7 084 18 078 085
5 25 073 DE8 111 08 088
5 5 074 0.89 112 081 0.89
5 75 074 0.89 112 0.82 0.8925
5 10 .74 0.89 112 0.81 .89
6 10 50 0 0.93 1.11 1.35 0.99 1.095
6 2.5 0.95 1.12 1.4 1.03 1.125
6 5 1 1.18 1.43 1.06 1.1675
6 7.5 1.02 1.2 1.46 1.08 1.19
6 10 1.02 1.2 1.46 1.08 1.19
7 10 =] i} 132 166 198 147 16075
7 25 143 187 221 163 1785
7 5 144 19 226 166 1815
7 75 145 191 23 169 18375
7 10 148 195 234 172 18725
8 10 70 0 1.8 2.44 3 2.24 2.37
8 2.5 2.09 2.81 3.4 2.6 2.725
8 5 2.18 2.9 3.51 271 2.825
8 7.5 227 2.99 6.6 278 3.6675
8 10 2.32 1.05 2,68 2.84 2.9725
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Surefoot Footing Under Static Axial Tension Load

Quick Load Test Method :D3689/D3689M (Modified) Supervisor:

Date: Start Time: Fnish time:

Footing System: SF 100 Embedment Depth {m): 1.3

Anticipated Failure Load {AFL) {(kN): 80 Weather:

Hydraulic Jack: Remarks:

Anticipated Duration of Test Time{min): 180

Test Kted Tﬁt Pr(::sg: re Dl:lr:l;jon Setlement o) Displ;cmz-mnet
Stage | {%AFL) (kN) {Mpa) {min) Gage 1 Gage 2 Gage 3 G:r)ge 4 {mmi
Reading {mm) | Reading {mm} || Reading {mm) | Reading {mm)

1 5{AL) 5 40 sec 0.02 o i n 001
2 10 10 0 0.05 0.01 0.04 0.03 0.0325
: & HILE 0.01 0.05 0.04 B
z J L 0.01 0.05 0.04 JET
2 75 0.06 0.03 0.08 0.04 0.0525
2 10 0.06 a7 o B 0.0675
2 15 0.06 T 256 G 0.0725
3 10 15 0 012 012 o7 - 01275
2 . b 014 02 0.11 .
3 5 016 016 o 013 01675
3 75 017 P i s 0175
3 10 018 016 on 017 0.1825
3 15 025 0.15 oz 0.3 onx
4 10 20 0 032 735 n3E 733 028
4 25 0.42 0.25 0.03 0.41 0.2775
2 o e 026 032 0.41 LEEE
4 70 Bag 0.26 032 0.41 LTS
4 10 0.44 0.27 033 0.41 03625
4 15 0.44 05 555 4 038
5 10 =3 0 056 om 046 051 04925
5 25 053 o5 05 062 05725
5 5 065 o5 051 065 0585
5 75 or1 o 056 0.68 062
5 10 07 0.0 066 0.0 0.685
5 15 072 0.9 0.66 0.69 069
6 10 30 0 0.82 7 o7E e 0.765
6 25 0.91 Dl 0 163 0.8425
6 5 0.98 i e G 0.9025
€ 70 102 091 0.88 0.93 L2
6 10 1.03 761 73 6% 095
6 15 1.03 0.93 0.93 0.97 0.965
7 10 a5 0 117 107 105 11 10075
7 15 128 1.19 1.15 10 121
7 5 135 178 12 179 1275
7 75 137 139 174 ;1 13025
7 10 14 13 125 138 133
7 15 146 132 127 139 136
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Surefoot Footing Under Static Axial Tension Load

Quick Load Test Method :D3689/13689M (Madified) Supervisor:

Date: Start Time: Finish time:

Footing System: SF 100 Embedment Depth {m): 1.3

Amnticipated Failure Load {AR) {kN}): 30 Weat her:

Hydraulic lack: Remarks:

Anticipated Duration of Test Time{min): 180

est Load Tﬁt HS:sngm D:r::?on = Dis;ﬂg‘::-rmet
Siage | {%AFL) (kN) {Mpa) (min) Gage 1 Gage 2 Gage 2 Gage 41 {mm
Reading (mm} | Reading {mm) | Reading {mm} | Reading {mm}

8 10 40 0 1.63 1.49 1.43 1.56 1.5275
8 2.5 18 1.62 1.56 1.63 1.6525
g 3 Lew 1.67 1.61 1.88 L
8 7.5 1.97 1.72 1.65 1.91 1.8125
¢ 4y — 1.76 1.69 1.93 —
8 15 211 18 1.73 204 1292
9 10 1 0 229 i i 554 21025
9 25 254 27 S iy 23675
2 2 2l 239 235 272 g
9 75 295 256 247 257 27125
9 10 304 265 255 297 28025
9 15 3.19 277 267 an 2935
10 10 50 0 26 a5 LT T3 3.3425
10 25 44 a5 255 fiz 4.0925
10 5 4.68 411 3.09 461 4.3475
10 7.5 4.32 s foE fa 4.4925
10 10 4.88 436 4.26 434 4.585
10 15 5.06 o3 o s 4.7525
1 10 55 0
11 25
1 5
11 15
1 10
1 15
12 10 60 0
12 2.5
12 5
12 1.5
12 10
12 15
13 10 65 0
12 25
13 5
12 15
12 10
13 15
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Surefoot Footing Under Static Axial Compression Load

Quick Load Test Method :D3689/D3689M (Modified) Supervisor:

Date: Start Time: Finish time:

Footing System: SF 100 Embedment Depth {m): 1.6

Anticipated Failure Load {AFL) (kN): 150 Weather:

Hydraulic Jack: Remarks:

Anticipated Duration of Test Time{min}): 180

Test Load Load Gage Hold Settdement {mm) Ave.
Target |Pressure| Duration Displacermnet
Stage | {%AFL) {:‘) M) i) Gage 1 Gage 2 Gage 3 Gage 4 p;mm)
pa, Reading {mm) | Reading {mm) | Reading {mm) | Reading {mm}

1 |s@an| s 0 sec 008 o T adi 0.1225
2 10 10 0 0.26 55 e G5 0.3125
2 25 031 0.39 0.44 0.3 0.36
z 3 3 0.4 0.45 031 asw
2 7.5 0.32 T e 136 0.3775
2 1w 22 0.41 0.47 033 22
2 15 0.34 0.42 05 036 0.405
3 10 17 0 088 006 1 053 09175
3 25 103 ik P13 e 10625
3 5 105 11 115 058 L0725
3 75 1.06 112 116 099 1.0825
3 10 107 i i o 1095
] 15 111 116 12 104 11275
4 10 24 0 1.85 13 3 s 1.895
4 25 2.06 2.08 22 204 2.095
4 5 213 230 55 o 2.1575
4 7.5 2.16 2T 23 2is 2.1925
4 10 2.18 DA nem i 22125
4 15 22 2 2zE 2o 2.2825
5 10 3 0 3.08 a1 299 217 3.16
5 25 345 am 163 15 3505
5 5 352 351 360 157 3555
5 75 355 as a7 16 361
5 10 3.59 257 - 262 36275
5 15 162 16 176 265 36575
b 10 38 4] 4.67 458 4.67 463 4.6375
€ 25 Rl 4.87 4.93 439 LTS
g : S 4.92 4.99 4.97 G
6 7.5 5.09 AGT = 3 5.02
6 10 51 4.98 5.03 5.01 5.03
6 15 5.14 5 5.06 5.05 5.0625
7 10 a5 ) 6.06 . 58 SA7 5.9075
7 25 6.47 - 6.14 619 6.2575
7 5 6.56 631 62 625 i
7 75 6.62 635 673 629 6.3725
7 10 664 637 675 632 6395
7 15 67 6.4 608 635 6.4425
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Surefoot Footing Under Static Axial Compression Load

Quick Load Test Method :D3689/D3689M (Modified)

Date:

Footing System: SF 100

Start Time:

Embedment Depth {m): 1.6

Supervisor:

Finish time:

Antidpated Failure Load (AFL) {kN): 150 Weather:
Hydraulic lack: Remarks:
Antidpated Duration of Test Time{min): 120
Test | lLoad T:::t P.S:Tm D:::jm =tenentimm) Dis;u:zmmt
Siage | {%AF) ) (Mpa) {min) Gage 1 Gage 2 Gage 3 Gage 4 (mm)
Reading {mm) || Reading {rrm) | Reading {mm) | Reading {mm}
8 10 52 0 7.43 < wn e 7.1375
8 25 7.89 7ag wam 573 7.51
8 5 8.01 i, 7.31 7.42 7.61
8 7.5 8.08 577 51 5w 7.6775
8 10 8.14 . 73 s 7.7325
8 15 8.23 7E1 503 wim 7.815
9 10 50 0 858 S a4a 456 84725
9 25 954 916 857 277 201
9 5 268 879 S T, 2145
9 75 974 e — 29 919
9 10 277 936 876 208 0N75
9 15 am 04 &79 am 9575
10 10 66 0 10.27 153 553 05 9735
10 25 10.82 o 571 5T 10.22
10 5 10.99 T s e 10365
10 7.5 11.21 10GE I 0 10585
10 10 11.24 10.68 10.08 10.42 10.605
10 15 1134 o, B 54T 10,6875
1 10 y=) 0 12.07 1149 10.81 1126 11.4075
1 25 1287 1225 1153 1.2 121405
1 5 1312 129 1.7 1216 12385
1 75 1327 1264 11.95 1235 125525
1 10 1336 1273 12.m nm 1262
1 15 1358 1391 12.19 1250 13.075
— - 2 u 14.49 14.15 13.4 13.84 ——
12 25 15.66 14.97 14.25 14.71 14.8975
— ? 16.12 15.4 14.62 15.09 Leitre
12 75 16.37 15.64 14.9 15.39 15.575
— — 165 15.75 15.07 15.55 Leilre
12 15 16.75 15.97 15.26 15.77 15.9375
13 10 a o 1813 17.19 1671 1735 7.3
1 25 19.03 1740 17.74 1832 181275
13 5 19566 17.56 1844 19.04 18675
1 7.5 2028 17.68 1923 19.85 1926
13 10 2079 1778 1971 2036 19.66
1 15 2079 1778 1971 2036 1966
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Surefoot Foating Under Static Axial Compression Load

Quick Load Test Method :D3689/D3689M (Modified) Supervisor:
Date: Start Time: Finish time:
Footing System: SF 100 Embedment Depth {m): 1.6
Anticipated Failure Load {AR) {kN): 150 Weather:
Hydraulic Jack: Remarks:
Anticipated Duration of Test Time{min}: 130
i Load Tﬁt Prg::m DLII-Ir:I: on Setement o) Disp:i"cz-mnet
Stage | {%AFL) & Gage 1 Gage 2 Gage 3 Gage 4
{kN) {Mpa) {min) Reading {mm) | Reading {mm} | Reading {mm) | Reading {mm} {mm)
14 10 94 0 22.79 21.63 22.91 22.58 22.4775
14 2.5 25.52 22.96 23.79 24.53 242
14 5 26.62 23.04 24.81 25.58 25.0125
14 7.5 27.4 238 25.56 26.31 25.7675
14 10 27.89 24.28 26.06 26.82 26.2625
14 15
15 0
15 25
15 5
15 75
15 10
15 15
16 0
16 2.5
16 5
16 7.5
16 10
16 15
1 0
1n 25
n 5
1 15
1n 10
n 15
12 0
12 2.5
12 5
12 7.5
12 10
12 15
12 0
12 25
12 5
12 75
12 10
12 15
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Surefoot Footing Under Static Axial Tension Load

Quick Load Test Method :D3639/D3689M (Maodified) Supervisor:

Date: Start Time: Finish time:

Footing System: SF 100 Embedment Depth {m): 1.6

Anticipated Failure Load (ARL) {kN}): 100 Weather:

Hydraulic Jack: Remarks:

Anticipated Duration of Test Time{min): 180

Test Load Tli;ﬁt Pr(::jm Dlll-lr:t‘ldon Setlement ) Disd::-rmet
Soge | A | oy | (Mpa) | qmin) ey Cage2 e o {mem)
Reading {mm) | Reading {mm) | Reading {mm) | Reading {mm)

1 S{al) | 35 40sec 0 0 0 0 0
2 10 7 0 018 0.1 041 0.13 013
2 23 017 0.17 015 01 JHETE
2 5 017 0.17 015 0.13 0.155
2 73 0.18 0.16 015 0.13 0.155
2 10 0.18 0.16 015 0.13 0.155
: = 0.18 0.16 014 0.13 B
3 10 14 o aai i i i 025
3 25 037 0.27 027 0.26 02925
3 5 040 03 029 03 03225
3 75 040 0.30 029 0.30 03225
3 10 041 0.30 029 031 03275
3 15 044 03 031 03 03525
4 10 A 0 061 0.53 048 0.51 0.5325
4 25 0.69 0.61 055 0.57 0.605
% : 071 0.65 059 0.59 Dz
4 75 071 0.65 059 0.59 0.635
4 10 075 0.65 061 0.62 0.6575
9 B 076 0.69 0.63 0.64 e
5 10 28 o 096 a0l o2 o 0.8775
3 25 113 11 097 0.94 1.085
3 3 117 117 103 0.98 L0875
5 75 122 12 106 1@ 11275
5 10 124 13 108 105 115
s 15 127 126 111 108 118
6 10 35 0 158 1.58 1.42 136 1.485
6 23 252 246 211 2 22725
6 5 3.29 31 376 2.9 3.2625
6 75
6 10
6 15
7 10 o
7 25
7 5
7 75
7 10
7 15
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Surefoot Footing Under Static Axial Tension Load

Quick Load Test Method :D36389/D3689M (Modified) Supervisor:
Date: Start Time: Finish time:
Footing System: SF 100 Embedment Depth {m): 1.6
Anticipated Failure Load {AR) {kN): 100 Weather:
Hydraulic Jack Remarks:
Anticipated Duration of Test Time{min): 180
Settlement y
Load Load T:im(e‘t Pr::m D:::I?on erent trmd Dis| Ii;cmimnet
Cycle | {%AR) (krfl) () P Gage 1 Gage 2 Gage 3 Gage 4 p(n‘m)
Reading {mm} | Reading {mm) | Reading {mm} | Reading {mm}
7 by 329 31 376 29 )
1 329 EXE] 176 29 3265
3 EE 315 38 E} 33125
5 as an 386 301 3395
6 38 328 393 303 351
10 489 345 476 309 39225
15
20
- v U 3.39 427 3.09 3.1 BED
25 332 4.19 3.09 3.02 3
o 331 419 3.09 3.02 ST
2 T, 0 301 39 3.00 269 s
25 292 4 3.00 29725 3.198125
5 292 3R1 3.00 29775 3198125
- v v 212 2.95 3.09 2.2825 LBl
23 2.06 2.88 3.09 22425 2SS
o 2.03 2.86 3.09 2.2225 LS
19 214 278 3.09 2.0925 LSS
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Surefoot Footing Under Static Axial Compression Load

Quick Load Test Method :D3639/D3689M (Modified)

Supervisor:

Date: Start Time: Finish time:

Footing System: SF 300 Embedment Depth {m}): 1.3

Anticipated Failure Load {AFL) {kN):110 Weather:

Hydraulic lack: Remarks:

Anticipated Duration of Test Time{min): 180

Test Load Tl:r:gt Pr:sgl‘:m D :l :t(ijon Sevementtm) D'lspll:::mmt
Stage | {%AR) {kN) (Mp) {miin) Gi_ige 1 Gage 2 G:dge 3 Gfige 4 {om)
Reading {mm) | Reading {mm) | Reading {mm) | Reading {rmm)

1 5{al) 5 30 sec 022 017 0.02 007 012
2 10 10 0 0.47 0.39 0.09 0.21 0.29
2 2.5 0.52 0.43 01 0.22 03175
2 5 0.53 0.45 01 0.22 0.325
X 7.5 0.54 0.42 0.1 0.23 0.3225
e 10 0.55 0.42 0.1 0.23 0.325
2 i1l 0.55 0.43 01 0.23 03275
3 10 20 0 1.69 143 117 132 14025
3 25 192 163 136 15 16025
3 5 1.96 1.66 14 1.64
3 15 199 168 142 156 16625
3 10 201 1.7 144 16825
3 15 203 1.72 146 161 1705
4 10 30 0 4.45 412 4.1 412 41975
4 2.5 5.06 4.76 4.55 4.58 47375
4 2 5.12 4.81 4.6 4.64 47925
4 75 5.17 4.85 4.66 4.7 4.845
4 10 5.18 4.86 4.48 471 4.8075
4 15 5.2 4.88 4.7 473 48775
5 10 A0 0 686 6.5 6.01 6.02 62475
5 25 12 678 6.19 623 66
5 5 726 683 6.2 627 6.645
5 75 73 686 6.25 631 6.68
5 10 732 648 6.28 634 6.705
5 15 FE S 691 6.9 635 6.725
6 10 50 0 8.23 7.8 7.04 7.09 71.54
6 25 8.45 8 7.25 7.28 7.745
6 2 8.5 8.05 7.31 7.33 7.7975
6 7.5 8.52 8.07 7.36 7.37 7.83
6 10 8.54 8.09 7.38 7.4 7.8525
6 15 8.58 8.13 7.45 7.46 7.905
7 10 &0 0 926 883 ¥ 82 865
7 25 852 9.16 a62 851 87025
7 5 963 926 a5 863 90675
7 I5 969 931 3.8 8n 91325
7 10 975 Q37 389 877 9.195
7 15 979 943 896 885 92575
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Surefoot Footing Under Static Axial Compression Load

Quick Load Test Method :D3689/D3689M (Modified) Supervisaor:

Date: Start Time: Finish time:

Footing System: SF 300 Embedment Depth {m): 1.3

Anticpated Failure Load {AFL) (kN): 110 Weather:

Hydraulic Jack: Remarks:

Antidpated Duration of Test Time{min): 180

Feli Load Load Gage Hold Settlement {mm} Ave.
Stage | {%AR) T?k':;’t p;:::;e D‘(‘:I:;'" Gage 1 Gage 2 Gage3 Gage 4 Dis";:r:;"""t
Reading {mm} | Reading {mm)} | Reading {mm} | Reading {mm}

8 10 70 0 10.57 10.34 9.04 0.8 10.1625
8 25 11.47 g o T 11.005
E : 7S 114 11.1 10.91 e
4 = U5 11.53 11.25 11.06 7229
8 10 12.01 11.66 11.37 11.19 11.5575
8 15 12.21 s s fsE 11.755
9 10 20 o 13.93 T e FEE] 136125
9 25 15.98 15.56 15.37 152 15535
9 5 16.52 16.15 15.97 158 1611
5 i L 16.49 16.34 16.14 1545
9 10 172 16.81 16.66 1647 ik
9 15 17.64 1722 171 1691 17.2175
10 0
10 25
10 5
10 7.5
10 10
10 15
1 o
1 25
1 5
1 75
1 10
1 15
12 0
12 25
12 5
12 7.5
12 10
12 15
13 0
13 25
13 5
13 75
13 10
13 15
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Surefoot Footing Under Static Axial Compression Load

Quick Load Test Method :D3689/D3689M (Madified) Supervisor:
Date: Start Time: Fnish time:
Footing System: SF 300 Embedment Depth {m):1.3
Antidpated Failure Load {AFL) {(kN}): 110 Weather:
Hydraulic lack: Remarks:
Antidpated Duration of Test Time{min): 1380
Load . T:xﬁt Pr(:fzre D:::jon erentim) D'lspl;chi-rmet
Cycle | {%AR) ) (Mpa) (min) G:clge 1 Gage 2 Gage 3 G:r)ge 4 )
Reading {mm} | Reading {mm) | Reading {mm} || Reading {mm)
70 0 1755 16.3 17.06 1686 17.05
1 1756 16.74 17.08 16.88 17.065
3 1756 16.74 17.08 1689 17.0675
5 1756 16.74 1711 1691 17.08
6 1757 16.75 17.13 1692 17.0925
10 1757 16.75 17.14 1692 17.095
15
20
25 50 ] 17.16 16.37 16.78 16.57 16.72
2.5 17.14 16.36 16.77 16.56 16.7075
5 17.13 16.34 16.73 16.53 16.6825
25 a5 0 1681 16.06 16.41 1622 16375
25 16.72 1592 1633 1615 1628
5 16.7 1591 163 1612 162575
25 15 0 16.02 15.23 15.7 15.63 15.645
2.5 15.92 15.08 15.59 15.53 15.53
2 15.89 15.04 15.52 15.47 15.48
25 0 0 1485 14.08 14.95 1491 14.685
5 14.78 12497 1483 148 14595
10 14.72 1397 14.755 1468 1453
15 14.72 12497 14.75 1468 1453
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Surefoot Footing Under Static Axial Tension Load

Quick Load Test Method :D3689/D3689M (Modified) Supervisor:

Date: Start Time: Finish time:

Footing System: SF 300 Embedment Depth {m): 1.3

Anticipated Failure Load {AFL) (kN): 80 Weather:

Hydraulic Jack: Remarks:

Anticipated Duration of Test Time{min}: 180

Test Load Tli;:::t pr(:fj re| D l:-lr(a)ll‘idon Setlerment trrd Di spll::-rmet
Stage | {%AFL) ) {Mpa) (min) G:dge 1 Gage 2 Gage3 Gfige 4 (om)
Reading {mm) | Reading {mm) | Reading {mm) | Reading {mm}

1 5{AL) 4 40 sec 0.08 0 0 005 0.0825
2 10 8 0 0.1 0} 0 0.06 0.04
2 2.5 0.1 0 0 0.08 0.045
2 5 0.1 -0.02 -0.05 0.08 0.0275
2 7.5 0.11 -0.08 -0.1 0.08 0.0025
2 10 0.11 0.13 -0.18 0.08 -0.03
2 15 0.11 -0.11 -0.13 0.08 -0.0125
3 10 16 0 03 011 0.12 022 0.0725
3 25 035 -01 011 026 01
3 5 039 -01 011 029 0.1175
3 75 039 -01 011 0.2 0.095
3 10 039 -01 0.1 03 0.1225
3 15 042 -01 0.1 033 0.1375
4 10 24 0 0.65 0 0.01 0.55 0.3025
4 2.5 0.69 0.05 0.06 0.58 0.345
4 5 0.7 0.07 0.07 0.6 0.36
4 7.5 0.7 0.07 0.07 0.6 0.36
4 10 0.7 0.08 0.07 0.6 0.3625
4 15 0.79 0.08 0.09 0.71 0.4175
5 10 32 0 1 029 0.32 092 0.6325
5 25 107 0324 037 099 0.6825
5 5 1.09 035 0.37 099 07
5 75 11 o 0.29 099 072725
5 10 1.15 044 0.45 107 0.7775
5 15 12 058 0.58 114 0875
3 10 40 0 1.55 0.86 0.89 1.46 1.19
6 2.5 1.68 1.01 103 159 1.3275
b 5 1.72 1.03 1.05 163 1.3575
3 7.5 1.8 1.07 1.08 1.64 1.3975
b 10 1.81 112 11 1.66 1.4225
3 15 1.93 1.19 1.16 1.77 1.5125
T 10 48 0 329 212 2n 336 2745
Fi 15 25 588 1465 4.44 561 5145
T 1 5 6.07 491 473 579 5375
Fi 75
Fi 10
T 15

Evaluation of Innovative Concrete-Free Footing System for Residential Construction



Surefoot Footing Under Static Axial Tension Load

Quick Load Test Method :D3689/D3639M (Mcdified) Supervisor:
Date: Start Time: Finish time:
Footing System: SF 300 Embedment Depth {m):1.3
Anticipated Failure Load {AR) {kN}): 80 Weather:
Hydraulic Jack: Remarks:
Anticipated Duration of Test Time{min}: 180
foad foad T:::t n:fjm DlIJ-I:hdon ek ) Displzz-mnet
Cycle | {%AFL) (kN) (Mpa) (min) Gage 1 Gf:ge 2 Gf:ge 3 Gage 4 T—
Reading {mm} | Reading {mm} | Reading {mm} | Reading {mm)}
7 0 607 491 473 579 5375
1 607 491 473 579 5375
3 607 491 473 579 5375
5 607 491 473 579 5375
[ 609 493 476 58 5395
10 609 492 477 58 5395
15
20
25 27 0 5.98 493 474 5.74 5.3475
25 592 4.92 4.7 5.67 5.3025
5 5.93 4.92 4.7 5.67 5.305
25 20 0 575 476 451 548 5125
25 566 468 445 542 50525
5 566 468 445 542 50525
s 10 0 5.37 4.4 417 Sl 4.7725
25 5.29 433 411 5.08 4.7025
5 531 43 4.09 5.08 4,695
25 0 0 502 401 38 476 43975
5 493 395 375 471 4335
10 429 391 in 467 4295
15 49 388 367 467 428
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Surefoot Footing Under Static Axial Compression Load

Quick Load Test Method :D3689/D3689M (Modified) Supervisor:

Date: Start Time: Finish time:

Footing System: SF 300 Embedment Depth {m): 1.6

Anticipated Failure Load {ARL) {kN): 180 Weather:

Hydraulic Jack: Remarks:

Anticipated Duration of Test Time{min): 180

flest foad Tli;ﬁt Pr(::sgzre D:I r(a)lt(ljon evlerent rm) Disd:z-rmet
Siage | {%AH) g Gage 1 Gage 2 Gage 3 Gage 4
(i) {Mpa) {mmin) Reading {mm) | Reading {mm) | Reading {mm) | Reading {rmm) {mm)

1 5{AL) T 1min 0.14 0.17 013 0.14 0145
2 10 15 0 0.41 0.48 0.43 0.41 0.4325
2 25 0.45 0.53 0.5 0.47 0.4875
2 9 0.46 0.53 0.52 0.48 0.4975
2 TS 0.47 0.54 0.53 0.49 0.5075
2 10 0.47 0.55 0.53 0.5 0.5125
2 15 0.48 0.55 0.54 0.51 0.52
3 10 30 0 133 154 142 135 141
3 25 147 167 153 146 15325
3 5 153 173 158 151 15875
3 75 153 175 159 152 15975
3 10 155 176 16 153 161
3 15 158 179 163 15 164
4 10 45 0 2.64 2.92 2.61 2.54 2.6775
4 2.5 2.83 3.11 277 2.71 2.855
4 5 287 3.15 28 2.75 2.8925
4 7.5 2.89 3.17 2.82 2.76 291
4 10 292 3.2 2.84 2.19 2.7875
4 15 2.94 3.22 2.85 2.8 2.9525
5 10 60 0 443 145 411 437 43525
5 25 4199 487 443 481 47715
5 5 509 4.96 452 49 4875
5 15 511 4.98 454 4.96 48975
5 10 513 499 456 497 49125
5 15 514 501 457 499 49375
b 10 75 4] 6.49 6.29 5.49 6.01 6.07
6 25 6.9 6.69 5.72 6.27 6.395
6 2 6.97 6.77 5.77 6.32 6.4575
6 7.5 7.03 6.83 5.82 6.37 6.5125
6 10 7.05 6.86 5.83 6.39 6.5325
6 15 7.09 6.9 5.86 6.41 6.565
Fi 10 %0 0 85 82 659 734 16575
Fi 25 876 88 683 76 F905
T 5 a387 850 692 1.0 8.0075
Fi 75 888 856 6595 I3 303
T 10 891 86 699 1.76 8.065
Fi 15 399 867 T02 il 3175
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Surefoot Footing Under Static Axial Compression Load

Quick Load Test Method :D36389/D3689M (Modified) Supervisor:

Date: Start Time: Finish time:

Footing System: SF 300 Embedment Depth{m}: 1.6

Anticipated Failure Load {(AR) {kN): 180 Weather:

Hydraulic lack: Remarks:

Anticipated Duration of Test Time{min): 180

et i T:;:::t hgzsgSm Dl:lr:l;jon i DispI:::mnet
Stage | {%AH) o) {Mpa) min) Gage 1 Gfige 2 Gage 3 G:dge 4 oo
Reading {mm) | Reading {mm) | Reading {mm) | Reading {mm)

8 10 105 0 102 57 BT S 9.2575
: 5 e 10.06 8.44 9.54 2y
‘ g e 10.23 8.62 9.74 2
8 7.5 10.92 a5 53 s 0.94
¥ 1 lilte 10.37 8.79 9.94 Inee
8 15 114 G A 1GGE 102025
9 10 120 0 1324 iitGT Sor 5§55 177
9 25 1499 T e e 12975
9 5 1557 12.84 11.03 1423 134175
2 75 i 13.0 nn 14.52 13.66
2 10 1654 1316 1135 1469 0
9 15 1637 13.14 1157 1499 140175
10 10 135 0 19.99 15.08 12.97 1851 16.6375
10 25 20.81 - B a7 17.185
10 5 21.16 15.79 13.32 19.5 17.4425
e 763 A3 16.02 13.46 19.73 IrHzes
Iy — L 16.23 13.57 19.97 ]
10 15 224 AR BT 0 18.2325
1 0
n 25
11 5
1 75
n 10
11 15
12 0
12 25
12 5
12 7.5
12 10
12 15
13 0
12 25
13 5
13 75
12 10
13 15

Evaluation of Innovative Concrete-Free Footing System for Residential Construction



Surefoot Footing Under Static Axial Compression Load

Quick Load Test Method :D3689/D3639M (Modified) Supervisor:
Date: Start Time: Finish time:
Footing System: SF 300 Embedment Depth {m): 1.6
Anticipated Failure Load {AFL) {kN}): 180 Weather:
Hydraulic Jack: Remarks:
Anticipated Duration of Test Time{min): 180
i . T;::t P:sgsre D::t?nn Semlemert{mm) Dis pI::::rmet
Cycle | {%AR) . Gage 1 Gage 2 Gage 3 Gage 4
(i) {Mpa) {min) Reading {mm} | Reading {mm} | Reading {mm) | Reading {mm} {mm}
90 0 2196 16.79 13.76 1593 18.11
1 2196 16.79 13.76 1593 18.11
3 2193 16.16 13.76 1992 17.9425
5 2193 16.16 13.76 1992 17.9425
6 2193 16.16 13.76 1592 17.5425
10 2192 16.16 13.76 1991 17.9375
15
20
25 90 0 21.96 16.79 13.76 2126 18.11
25 21.945 16.475 13.76 19.925 18.02625
5 21402 16.16 13.76 F192g:Y 17.9425
25 60 1] 214 1561 134 1933 17.435
25 2134 1554 132 1527 17.3375
5 2133 1554 13.19 1925 17.3275
25 30 0 20.72 14.78 11.62 18.26 16.345
2 20.63 14.7 11.53 18.19 16.2625
5 20.63 14.69 11.51 18.16 16.2475
25 0 0 19.74 1354 985 16.44 14.8525
5 1963 13.44 968 1627 14.755
10 19.7 13.5 964 1622 14.765
15 1968 1348 959 16.17 1473
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Surefoot Footing Under Static Axial Tension Load

Quick Load Test Method :D3689/D3639M (Mcdified) Supervisor:

Date: Start Time: Finish time:

Footing System: SF 300 Embedment Depth {m):1.6

Anticipated Failure Load {AR) {kN): 150 Weather:

Hydraulic Jack: Remarks:

Anticipated Duration of Test Time{min}: 180

Test foad T:::t n:fjm DlIJ-I:hdon ek ) Displzz-mnet
Slage | {%AFL) (kN) (Mpa) (min) Gage 1 Gf:ge 2 Gf:ge 3 Gage 4 T—
Reading {mm} | Reading {mm} | Reading {mm} | Reading {mm)}

1 5 {AL) 5 30sec 002 004 004 0105 00375
2 10 15 0 0.14 0.18 0.15 0.17 0.16
2 25 0.15 0.19 0.18 0.18 0.175
2 5 0.15 0.19 0.16 0.18 0.17
& 75 0.15 0.19 0.16 0.18 0.17
2 10 0.15 0.19 0.17 0.18 0.1725
X 15 0.15 0.19 0.17 0.19 0.175
3 10 25 0 029 037 024 028 0295
3 25 03 038 024 029 03025
3 5 031 04 025 03 0315
3 5 031 04 025 03 0315
3 10 032 04 025 03 03175
3 15 031 041 025 03 03175
4 10 35 0 0.44 0.56 0.41 0.46 0.4675
4 25 0.44 0.56 0.42 0.47 0.4725
4 5 0.45 0.57 0.42 0.47 0.4775
4 75 0.45 0.57 0.42 0.47 0.4775
4 10 0.45 0.57 0.42 0.47 0.4775
4 1l 0.45 0.57 0.42 0.47 0.4775
5 10 45 0 061 073 057 062 06325
5 25 062 074 061 064 06525
5 5 062 075 061 D64 D655
5 75 062 075 061 064 DB55
5 10 062 075 072 075 0.7
5 15 062 075 072 075 071
6 10 55 0 0.79 0.95 0.85 0.88 0.8675
6 25 0.86 1.06 0.89 0.92 0.9325
6 5 0.89 11 0.94 0.96 0.9725
6 75 0.91 1.12 1.01 1.01 1.0125
6 10 0.91 112 1.03 1.03 1.0225
6 1l 0.91 1.13 1.03 1.03 1.025
7 10 65 0 11 139 14 136 13125
7 25 126 159 16 151 149
7 5 126 16 16 151 14525
7 s 128 162 161 151 1505
7 10 131 166 163 153 15325
7 15 136 171 166 156 15725
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Surefoot Footing Under Static Axial Tension Load

Quick Load Test Method :D3689/D3689M (Modified) Supervisor:
Date: Start Time: Finish time:
Footing System: SF 300 Embedment Depth {m): 1.6
Anticipated Failure Load {AFL) (kN): 150 Weather:
Hydraulic Jack: Remarks:
Anticipated Duration of Test Time{min}: 180
Test Load Tli;:::t pr(:fj re| D l:-lr(a)ll‘idon evlement trrd Di spll::-rmet
Stage | {%AFL) (k) (M) {min) G:dge 1 Gage 2 Gage3 Gfige 4 (o)
Reading {mm) | Reading {mm) | Reading {mm) | Reading {mm}
8 10 75 0 1.98 232 2519 219 2.17
8 2.5 2.3 2.62 2.48 248 2.47
8 5 23 2 2.54 253 2535
8 7.5 2.39 2.73 2.58 255 2.5625
8 10 2.4 2.73 2.59 2.56 2.57
8 15 241 2.73 2.61 258 2.5825
] 10 80 0 284 318 3.07 3.06 3.0375
] 25 176 53 4.12 397 4545
] 5
9 75
9 10
9 15
10 10 0
10 2.5
10 2
10 7.5
10 10
10 15
11 10 0
11 25
11 5
11 75
11 10
11 15
12 10 0
12 2.5
12 2
12 1.5
12 10
12 15
13 10 0
13 25
13 5
13 75
13 10
13 15
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Surefoot Footing Under Static Axial Tension Load

Quick Load Test Method :D3639/D3689M (Modified) Supervisor:
Date: Start Time: Finish time:
Footing System: SF 300 Embedment Depth{m): 1.6
Anticipated Failure Load {AR) {kN): 150 Weat her:
Hydraulic Jack: Remarks:
Anticipated Duration of Test Time{min): 180
L Load Tngt pr(:age ’ Hol‘;i Settlement {mm) " in‘\ﬂm 5
Cyde | {%AR) ;:f‘) “:s u;e ;’:n;’" Gage 1 Gage 2 Gage 3 Gage 4 'Sp{:’n":ﬂm"
i Reading {mm) | Reading {mm) | Reading {mm) | Reading {mm)
FL 0 63 614 465 513 5555
1 63 614 465 513 5555
3 641 621 460 52 56275
5 648 626 471 526 56115
6 651 6328 474 53 57075
10 6.6 633 4.79 541 57825
15
20
25 50 0 6.47 6.11 4.59 5.21 5.595
25 6.43 6.06 4.57 52 5.565
5 6.42 6.06 4.57 i 5.5625
25 25 0 595 557 4.08 465 5.0625
25 588 549 401 457 49875
5 588 549 400 458 4199
25 ] 0 4.24 574 3.33 3.86 4.2925
25 511 4.54 3.18 3.77 4.15
5 511 453 3.17 3.79 4.15
15 5.1 452 3.17 3.79 4145
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FOOTINGS
- 3namsuomnusmlam
Galvanised Pipe Light, Madiam, Hoavy

Leat capacity:

THE RANGE | =

flalzng patearn
160mm centres x 4x 22mm heles

Miors Plles:
4 x I2N8 [Nominadl Bore) 240D
Gabansad Pipe Light, Medium, Heavy

Load capachy: Up 1o 100kN

MNowiwge alallstion ime
10 mmtes approx

$400 —

Baling pattern

Beoteng patmarn

138350 PC0 x & 1 120 Polis 233-300 PCO x & x 220 holes
N0 IS50PCD x & x deram Polin 250-400 PLD x & x 26rmm holes
Mero Pes, Miceo Pites

& x NG INamind Som) 42400
Galvonised Pips Light, Mockom, Heavy

Load copacity: Up to 160kN
Aversge instailatmn tme: 15 minstes

12« IZNE Noming Bare| 42400
B ab ‘Mw.“ e ‘“""

Load casachy:
Up 1o 300k

Avarage natallatien e 25- 30 minutes sgpros

5600 “UESSS Surefoot Load capacities

Smgten are indicative and are dependent

e on soil type and pile embedment
depth, for specification, please

contact Surefoot directly.

¥ 2 12N8 Mominat Bare] £2.400
Gabanisod Ppe Light, Madium, Heaw

Loed Ccapotiry: wtnw
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