
This Technical Bulletin discusses the behavior of Geopier Rammed Aggregate Pier® elements when 

subject to uplift (tensile) loads. Tensile loads are often applied to foundation systems when the supported 

structures are subject to wind or seismic loads. Uplift anchors are incorporated into Geopier elements 

to resist these tensile loads. The anchors consist of a steel plate installed at the bottom of the piers 

and threaded bars connected to and extending from the embedded plate to the overlying footing. This 

Technical Bulletin describes structure uplift loading demands, Geopier uplift anchor construction, pull-out 

resistance of individual elements and groups of elements, and load-deflection response.

1. background: structure uplift demands

Buildings are subject to applied lateral loads during 
windstorms and seismic events. The applied lateral 
loads form an overturning moment that must 
be resisted by compression and tensile forces at 
the building foundation (Figure 1). If the applied 
foundation tensile force is greater than the static 
downward force, the footing may lift off the ground 
and lead to structural instability. Geopier uplift 
elements are designed to resist these tensile loads.

The appropriate factor of safety used in the design 
of uplift elements depends on a variety of factors 
including: 1) whether or not a load test is performed 
at the site, 2) the rate of anticipated loading applied 
to the structure, and 3) the directionality of loading. 

Based on the Geopier element uplift test, which 
is usually performed at locations that exhibit the 
weakest soil conditions, a factor of safety of 2.0 is 
usually considered appropriate for the resistance 
of sustained uplift loads. If the elements are used 
to resist seismic loadings, lower factors of safety 
may be used because the dynamic resistance of 
the anchors is greater than the static (tested) 
resistance of the anchors and because loading 
directions reverse over short time periods thereby 
minimizing the possibility of sustained uplift.
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Figure 1.
Building subjected to lateral loads

Figure 2.
Geopier Uplift element
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2. construction

A constructed Geopier uplift element with matrix 
soil stress response is shown on Figure 2. Geopier 
element shafts are excavated to the required 
drill depth and the bottom bulb is constructed 
with open-graded stone. An uplift harness is then 
lowered into the hole to the top of the densified 
bottom bulb. The anchor consists of a round or 
rectangular steel plate with tie rods connected at 
the outer edge of the plate. Typical assemblies 

incorporate either two or four uplift rods. After 
the uplift harness is installed, the remainder of 
the Geopier element is constructed by ramming 
aggregate in thin lifts with a beveled tamper. The 
uplift rods must be spaced sufficiently far apart so 
that the tamper can fit between the rods as the 
pier is constructed. The uplift rods are connected to 
the overlying footing via standard hooks and other 
structural connections.
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Figure 3.
shearing stresses on embedded 

Anchor (after Kulhawy, 1985)
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3. background

A significant amount of research effort has been 
focused on the orientation of the failure surfaces 
that develop during pullout of conventional 
embedded anchors (charlie et al, 1985; Kulhawy 
et al, 1979; Meyerhof & Adams, 1968; Vesic, 
1975; Ghaly et al, 1991). Field observations for 
conventional embedded anchors indicate that the 
rupture surface corresponds to either 1) an upright 
cylinder with a perimeter defined by the footprint 
of the embedded anchor or 2) a surface that, at the 
ground surface, is larger than the perimeter of the 
anchor. Kulhawy (1985) suggests that as upward 
forces are applied, shear stresses develop along 
inclined shearing planes (Figure 3) that satisfy 
Mohr-coulomb failure criterion. With additional 
movement, vertical displacement shearing 
surfaces develop, resulting in continuing upward 

displacements. This shear pattern will propagate 
very close to the interface, essentially defining the 
perimeter of the uplift anchor.

When anchors with small aspect ratios are 
installed in relatively high strength soils, the 
inclined shearing surfaces may daylight at the 
ground surface. This failure mechanism results in 
a conical failure surface. The failure surface then 
is represented by a cylindrical surface at depth 
transitioning into a conical surface that daylights at 
some distances from the perimeter of the element. 
Although Kulhawy has developed solutions for the 
conical failure surface, solutions for a continuous 
cylindrical surface provide nearly the same uplift 
resistance.
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Figure 4.
Individual Geopier Pullout Resistance
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4. pull-out resistance of individual uplift elements

observations of Geopier elements that have 
been pulled completely out of the ground during 
Geopier uplift research efforts indicate that the 
critical shearing surface is cylindrical and occurs 
at the perimeter of the installed element (Figure 
2). Prior to complete pullout failure, radial and 
circumferential cracks are often observed at 
the ground surface. These cracking patterns 
are consistent with the near surface inverted  
conical failure surfaces described in the literature 
for embedded anchors loaded in tension (Kulhawy, 
1985). The approach used to compute the pull-
out resistance of individual Geopier elements is 
presented in Figure 4. When Geopier elements 
are subjected to extreme uplift loads, a cylindrical 
failure surface forms around the elements. The 

ultimate pull-out resistance (Qult) is computed 
as the sum of the weight of the Geopier element 
(W) and the side resistance. The ultimate side 
resistance is computed as the product of the unit 
pullout resistance (fs) and the area of the sheared 
cylinder (As):

 Qult = W + fs As = W + fs π d hs eq. 1.

where W is the buoyant weight of the Geopier 
elment, d is the effective diameter of the Geopier 
element, hs is the shaft length of the element 
(Figure 4). The effective Geopier diameter is 
generally greater than the drilled diameter as a 
result of ramming the Geopier aggregate.

4.1 cohesionless soils
For Geopier elements installed in cohesionless soils, 
the rate of drainage is typically faster than the 
net increases in uplift during cumulative cycles of 
loading. The uplift loading resistance of individual 
Geopier elements is therefore computed using 
drained geotechnical analysis procedures. The 

unit friction (fs) is computed as the sum of the 
drained cohesion intercept (c) and the product of 
the lateral pressure in the soil surrounding the 
Geopier elements (σh') and the tangent of the angle 
of internal friction of the matrix soils (φ'm):

 fs = c + σh' tan (φ'm)                       eq. 2.
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The drained cohesion intercept (c) is often considered 
to be zero for clean sands and gravels.

The ramming action inherent in Geopier construction 
increases the lateral earth pressure in the matrix soils 
surrounding the Geopier elements. The increase in 
lateral stress is dependent upon soil type, drainage, 
overconsolidation ratio, and confinement offered 
by adjacent Geopier elements. Post-construction 
lateral earth pressure is typically computed as the 
product of the geostatic vertical stress in the matrix 
soils (σv’) and the Rankine passive earth pressure 
coefficient (Kp):

 σh' = σv' Kp  ,                   eq. 3.

where:

 Kp = tan2 (45+φ'm /2).              eq. 4.

As shown in Figure 4, the applied lateral earth 
pressure is limited by a value ranging between 
approximately 2,500 psf (120 kPa) to 3,000 psf (144 
kPa) to conservatively account for the maximum 
energy that is typically imparted by the Geopier 
hammer to the surrounding soils (handy 2001).

4.2 cohesive soils
When Geopier elements are installed in cohesive 
soils, the rate of uplift loading may or may not 
be less than the rate of drainage. Therefore, 
the unit friction (fs) is computed as the smaller 
of 1) the undrained shear strength (su) of the 
matrix soils and 2) the drained unit friction of 
the matrix soils using equation 2, above.  
The ultimate uplift capacity (Qult) thus becomes 
the smaller of:

 Qult = (c + σh' tan (φ'm)) π d hs  + W, 
eq. 5.

and

 Qult = su π d hs  + W               eq. 6.

4.3 design of uplift rods
high strength, threaded steel rods, such as those 
produced by Dywidag or Williams, are typically used 
within the uplift harnesses. The allowable tension 
load for each rod (Qrod) is computed as the product 
of the allowable tensile stress of the steel (Fall) and 
the bar cross-sectional area (Arod): 

 Qrod = Fall • Arod = Fall • π • d2
rod /4 eq. 7.

where drod is the uplift rod diameter. Most codes  
suggest the allowable tensile stress may not exceed 
60% of the steel yield strength:

 Fall = 0.60 Fy                             eq. 8.

The design of the uplift bars should consider 
corrosion. Bars may be galvanized, epoxy-coated or 
designed with sufficient sacrificial steel to account 
for corrosion over the design life of the structure.

4.4 design of uplift rods
The design methods described above and selected 
design parameter values should be verified with an 
uplift load test if the elements are used to resist 
significant tension loads.
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5. group effects

The uplift capacity of groups of closely-spaced 
Geopier elements is computed as the smaller of: 1) 
the uplift capacity of a single element multiplied 
by the total number of elements, and 2) the uplift 
capacity of a soil block subject to tension (Figure 5). 
For Geopier elements installed in cohesionless soils, 
the volume of the block is defined by the footprint 
of the overlying footing and sloping sidewalls as 
shown in Figure 5a. The inclination angle of the 
sidewalls of the block (β) depends on the matrix 
soil angle of internal friction and on the lateral 
earth pressure induced by the construction of the 
Geopier element. Values ranging from 15 degrees 
to 20 degrees are often used for β in the design 
calculations. The uplift resistance is computed as 
the buoyant weight of the soil contained within 
the block:

 Qblock = Wblock.                      eq. 9.

For Geopier elements installed in cohesive soils, the 
volume of the block is defined by the area of the 
footing footprint and vertical sidewalls as shown 
in Figure 5b. The uplift resistance is computed by 
summing the total weight of the soil within the 
block and the undrained shearing resistance along 
the edges of the block:

 Qblock = Wblock + su (2B' + 2l') hs, eq. 10.

where B' and l' are the dimensions of the footprint 
of the soil block.
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Figure 6.
Typical Uplift load Test setup
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6. uplift load tests

Uplift load tests are often performed on test 
Geopier elements. The tests are typically located 
at an area of the site containing the weakest 
identified soil conditions. A typical test setup is 
shown in Figure 6. The uplift rods are connected to 
a cross-member on top of the test reaction beam. 
During testing, a jack extends the distance between 
the cross-member and the reaction beam thus 

pulling on the uplift rods and applying tensile loads 
to the Geopier element. load testing is typically 
performed in general agreement with AsTM D-1144 
specifications and from one to four days after test 
pier installation to allow time for the dissipation of 
matrix soil excess pore water pressures. Uplift load 
tests are used to verify the design uplift capacity.

7. uplift load-deflection response

7.1 interpretation of uplift  
load test results
Figure 7 illustrates a characteristic plot of uplift 
test  results. The results typically consist of 
three straight-line segments. The first segment 
corresponds to the seating of the uplift plate and 
rearrangement of aggregate particles within the 
lower part of the Geopier element. The slope of this 
line, designated m1, is generally small. The second 
segment represents upward deflection of the 

bottom plate caused by bulging of the lower portion 
of the pier and movement along the cylindrical 
sides of the element. This segment trends at a 
slope, m2, until shearing failure occurs. The third 
segment is vertical or near-vertical and represents 
conditions at which excessive deflections occur 
with no or minimal additional application of loads. 
The ultimate uplift capacity is interpreted to occur 
at the intersection of the second and third line 
segments.
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Figure 7.
Uplift Test Results

Table 1.
summary of Uplift load Test Deflection

soIl load 
[average of values]

(kips)

seating deflection
[average of values]

(in/kip)

skin friction deflection  
[average of values]

(in/kip)

GRAVel 40-90
[60]

0.005 - 0.006
[0.005]

0.004 - 0.009
[0.006]

sAnD 30-55
[43]

0.004 - 0.007
[0.005]

0.004 - 0.007
[0.013]

sIlT AnD clAY 20-60
[41]

0.004 - 0.009
[0.006]

0.009 - 0.033
[0.015]

7.2 typical deflections
Uplift deflection control is often important 
to maintain structural performance. Table 1 
presents a summary of deflections measured 
for 30-inch diameter elements during uplift 
load tests conducted within gravel, sand, 

and silt/clay deposits. The deflection values 
include the elastic elongation of the uplift 
rods. Table 1 may be used to aid in predicting 
upward deflections for various levels 
of applied uplift loads. In general, uplift 
deflections increase with decreasing matrix 
soil grain size.



PAGe 9

Figure 8.
outward Bulging element
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If the steel uplift plates are installed in soft clay 
or silt that exhibit the tendency to bulge outward 
during uplift load applications (Figure 8), the 
deflections of uplift elements may be greater than 
those presented in Table 1, above. Methods used to 
estimate bulging potential are provided in Geopier 
Foundation company’s Technical Bulletin no. 2: 
Bearing capacity. The ultimate uplift capacity may 
be estimated by the product of the limiting  radial 
stress (σ’r,lim), the Rankine passive earth pressure 

coefficient of the Geopier aggregate material, and 
the cross-sectional area of the element:

 Qult = σ'r,lim tan2(45 + φ'g/2) π d2/4. eq. 11.

The limiting radial stress is computed as:

 σ'r,lim = 2 σ'v + 5.2 su.                eq. 12.

8. summary

Geopier uplift elements resist applied uplift loads  
by developing resistance between the perimeter 
of the elements and the surrounding matrix soils. 
The elements are particularly efficient because of 

the increase in matrix soil lateral stress that occurs 
during construction. The elements are used to 
provide stability to shallow spread footings that are 
subjected to tensile loads.
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