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The terms Helical Anchors, Helical Piles, Helical Piers, Helical Screw Piles, Screw Anchors and

Screw Piles are often used interchangeably throughout the industry.
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I. Geotechnical Reports & Soil Borings
Virtually all modern foundation designs start with a Geotechnical Report which typically includes

soil borings. A typical soil boring sheet from a Geotechnical Engineer is shown below.
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The Geotechnical Report provides information about a variety of soil parameters which provide the

necessary data about the soil conditions to the foundation design professional. The soil boring sheet

provides information about the depth of the boring, groundwater location, the location of the layers of

specific soil types, blow count values, moisture content and many additional soil strength parameters.

Note: for more detailed information see the “Soil Mechanics” section of “Fundamentals of Helical

Anchors/Piles Part I”.

Only a few soil strength parameters are required to calculate the compression and uplift capacity of

Helical Anchors/Piles. Most soils are comprised of a variety of soil types as shown in Figure No. 1 below.

Figure No. 1
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II. Bearing Capacity of Cohesive Soil
Of the few soil strength parameters which can be used to calculate the compression and uplift capacity

of Helical Anchors/Piles perhaps the most significant is the Standard Penetration Test (SPT) see

Appendix A. The SPT is used to determine the blow count or “N”-value in any specific layer of soil.

Knowing the blow count or “N”-value and which of the two distinct soil types,

[cohesive soils (clay)] or [non-cohesive soils (sand)] will provide the soil bearing capacity.

Consider a layer of cohesive soil with a specific N-value, the equation used to calculate the ultimate

bearing capacity is shown below:

Qh = Ah c Nc [Equation 1-1]

where: Qh = ultimate uplift or compression load on individual helix (lbs)

Ah = projected area of individual helix (ft2)

c = cohesion (kips/ft2 or lbs/ft2)

Nc = bearing capacity factor for cohesive soil = 9 for helical plates (unit less)

The value of Ah is the area of the helical plate which is provided by the helical pile manufacturer.

The value of c is a soil strength value which may be included in the soil boring data and if it is not

provided the value can be calculated from:

c =


଼
The ultimate bearing capacity for a helical plate in a cohesive layer of soil can now be calculated from:

Qh = Ah

ଽ

଼
Note: For simplicity the values of Ah in this course are taken as the gross areas of each size helix as each

manufacturer has slightly different values for both gross helix areas and net helix areas.

Example No. 1

The layers of a cohesive soil (clay) were found to have blow counts or N-values as shown below in

Figures No. 2A & 2B and the area of the 8” diameter helical plate is 0.35 ft2. Using a helical Pile/Anchor

which has a square shaft what are the uplift and compression capacities of the soil against the 8” diameter

helical plate?
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Figure No. 2A Figure No. 2B

To determine the uplift capacity of the anchor shown in Figure No. 2A the average value of cohesion

for a distance of 3 X Dh of the soil above the helical plate must be calculated, this is most easily achieved

by using an Excel Spreadsheet as shown below.

(Dh = the diameter of the helical plate)

The average value of the cohesion, c = 1,550 lbs/ft2

Therefore, using Equation 1-1 Qh = Ah c Nc yields Ah = 0.35 ft2

c = 1,550 lbs/ft2

and Nc = 9

Qh = (0.35 ft2) X (1,550 lbs/ft2) X 9 = 4,882 lbs

The uplift capacity of the soil against the 8” diameter helical plate is 4,882 lbs.

This value is the ultimate capacity, using a Safety Factor of 2.0 yields a working

capacity of 2,441 lbs. ←
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To determine the compression capacity of the pile shown in Figure No. 2B the average value of

cohesion for a distance of 3 X Dh of the soil below the helical plate must be calculated. Notice that all

of the cohesion values between the depth of 6.0 feet and 8.0 feet are 2,000 lbs/ft2, hence,

the average value = 2,000 lbs/ft2.

Therefore, using Equation 1-1 Qh = Ah c Nc with Ah = 0.35 ft2

c = 2,000 lbs/ft2

and Nc = 9

Qh = (0.35 ft2) X (2,000 lbs/ft2) X 9 = 6,300 lbs

The compression capacity of the soil against the 8” diameter helical plate is 6,300 lbs.

This value is the ultimate capacity, using a Safety Factor of 2.0 yields a working

capacity of 3,150 lbs. ← 

At 4.0 ft c =


ૡ
= 1.25 kips/ft2

= 1,250 lbs/ft2

At 4.5 ft c = 1,250 lbs/ft2

At 5.0 ft c = 1,250 lbs/ft2

At 5.5 ft c =
�

ૡ
= 2.0 kips/ft2

= 2,000 lbs/ft2

At 6.0 ft c = 2,000 lbs/ft2

Average equals:
(1,250 X 3) + (2,000 X 2) = 1,550 lbs/ft2
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Fundamentals of Helical Anchors/Piles Part I provides the following formula that correlates a helical

pile’s ultimate capacity to the installation torque:

Qult = Kt x T [Equation 1-2]
Where: Qult = Ultimate capacity (Pounds)

Kt = Empirical Torque Factor (Feet -1)
T = Average Installation Torque (Foot-Pounds)

The basic principle is that the denser or harder the soil is, the greater the amount of torque is required;

or the higher the installation torque, the higher the axial capacity of the helical pile.

The Kt value is not a constant but has a different value depending on whether the shaft is square or round.
If the shaft is round the Kt value is also dependant on the shaft diameter. From the research done by Hoyt and
Clemence, the recommended Kt value for a square shaft is 10 feet-1. For round shafts equal to 3½” in diameter the
Kt value is 7 feet-1 and for round shafts having a diameter of 85/8” in diameter their Kt value equals 4.5 feet-1. Some
of the factors other than the shaft size and shape which can have an effect on the value Kt are the soil conditions,
helix thickness, presents of water table and whether the application of the helical pile is in tension or compression.
The values for Kt vary slightly amongst different helical pile manufactures; the chart below shows some typical
values for Kt.

Shaft Size Kt

Square Shaft 10

2⅞”Ø Pipe Shaft 8

3 ½” Ø Pipe Shaft 7

4 ½” Ø Pipe Shaft 6

8⅝” Ø Pipe Shaft 4.5

To determine the torque required for the ultimate uplift capacity of 4,882 lbs using Equation 1-2

Qult = Kt x T, where Qult = 4,882 lbs and Kt for a square shaft = 10 feet-1

୕౫ ౪ౢ

౪
=
ସ,଼଼ଶ୪ୠୱ

ଵୣ ୲ୣషభ
= T = 488 ft-lbs ←

To determine the torque required for the ultimate compression capacity of 6,300 lbs using Equation 1-2

Qult = Kt x T, where Qult = 6,300 lbs and Kt for a square shaft = 10 feet-1

୕౫ ౪ౢ

౪
=
,ଷ୪ୠୱ

ଵୣ ୲ୣషభ
= T = 630 ft-lbs ←
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Investigating each of the components of Equation 1-1, (Qh = Ah c Nc), provides additional insight into

the influence of Qh, Ah, c, and Nc.

First, rearranging Equation 1-1 to

ܐۿ

ܐۯ
= c Nc results in the term

ܐۿ

ܐۯ
being in the form of

۾

ۯ
or a quotient equivalent to c Nc

the cohesion, c, which is actually the undrained shear strength is either provided by the Geotechnical

Report directly or can be calculated from the empirical formula

c =


଼
and the units are in lbs/ft2 or kips/ft2 which is in the units of stress.

The angle of internal friction,  = 0 for saturated clay soils.

The last component of Equation 1-1, is Nc, the bearing capacity factor for cohesive soil and has been

determined empirically to be = 9 for helical plates when the uppermost helical plate is at a depth of a

minimum of 5 X the helical plate diameter.

Notice that for cohesive soils the bearing capacity is not influenced by the depth of the helical

plate(s) (other than the minimum of 5 X the helical plate diameter).

The actual accuracy of a numerical analysis for helical piles/anchors is usually in the ±25% range, for

this reason a minimum Safety Factor of 2.0 is highly recommended as well as pile load testing.

Example No. 2

The layers of cohesive soil (clay) were found to have blow counts or N-values as shown below in Figure

No. 3 and the area of the 8”, 10” and 12” diameter helical plate are 0.35 ft2, 0.55 ft2 and 0.79 ft2

respectively. What are the uplift and compression capacities of the square shaft helical anchor/pile?

Using Equation 1-1 Qh = Ah c Nc

For cohesion values see Excel Spreadsheet as shown below

Qh12 = (0.79 ft2) X (1,357 lbs/ft2) X 9 = 9,648 lbs

+ Qh10 = (0.55 ft2) X (1,250 lbs/ft2) X 9 = 6,188 lbs

+ Qh8 = (0.35 ft2) X (1,700 lbs/ft2) X 9 = 5,355 lbs

                                                                    ∑ = 21,191 lbs

The sum of the compression capacity of the soil against the 8”, 10” and 12” diameter helical plate

is 21,191 lbs.

This value is the ultimate capacity, using a Safety Factor of 2.0 yields a working

capacity of 10,595 lbs. ← 
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The torque required =
ܜܔܝۿ

ܜ۹
=
ǡૢܛ܊ܔ��

ܜ܍܍�െ
=2,119 ft-lbs ←

The industry standard for the separation between

helical plates in 3 X Dh, where Dh is the helix diameter.

The separation between the helices in Figure No. 3 are:

Bottom 8” plate X 3 = 24” to the 10” plate

Middle 10” plate X 3 = 30” to the 12” plate

The loads shown above on the helical plates now need to be

checked against the manufactures allowable load values to

insure that the connection between the helical plates and the

shaft are below the maximum loads allowable. The shaft

must also be checked for maximum compression capacity.

Figure No. 3
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Water content has an effect on Cohesive Soil Strength

Water content influences the strength of cohesive soils.

As water content increases the result is a decrease in cohesion.

An increase in water content causes a greater separation of the

clay particles and thus easier slippage.

Example No. 3

Consider the soil profile shown in Figure No. 5, where the

Water Table is now located 5 feet below grade at the time

which the soil borings were taken. The layers of cohesive soil

(clay) were now found to have N-values as shown below in

Figure No. 5.

What are the uplift and compression capacities of the square

shaft helical anchor/pile?

Using Equation 1-1 Qh = Ah c Nc

For cohesion values see Excel Spreadsheet as shown below

Qh12 = (0.79 ft2) X (929 lbs/ft2) X 9 = 6,605 lbs

+ Qh10 = (0.55 ft2) X (875 lbs/ft2) X 9 = 4,331 lbs

+ Qh8 = (0.35 ft2) X (1,175 lbs/ft2) X 9 = 3,701 lbs

                                                                    ∑ = 14,637 lbs

The sum of the compression capacity of the soil against the 8”, 10” and 12” diameter helical plate

is 14,637 lbs. This value is the ultimate capacity, using a Safety Factor of 2.0 yields a working

capacity of 7,318 lbs. ← 

The torque required =
ܜܔܝۿ

ܜ۹
=
ǡૠܛ܊ܔ��

ܜ܍܍�ష
=1,464 ft-lbs ← 

The presents of the Water Table has reduced the bearing capacity of that soil for that specific pile

by approximately ⅓.

Figure No. 4
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Figure No. 5
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The graph below shows the relationship between cohesion values and the ultimate capacity of

8”, 10”, 12” and 14” diameter helices. Clearly, Qh = Ah c Nc is a linear relationship between the

product of helix area X cohesion value X 9.
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III. Bearing Capacity in Non-Cohesive Soils
The equations which govern the soil bearing capacity for non-cohesive soils (sand) are discussed

below. Consider a layer of non-cohesive soil with a specific N-value, the equation for the calculation of

ultimate bearing capacity is shown below:

Qh = Ah γD Nq [Equation 1-3]

where: Qh = uplift or compression load on individual helix (lbs)

Ah = projected area of individual helix (ft2)

γ = effective unit weight of the soil (lbs/ft3)

D = Vertical depth to helical plate (ft)

Nq = bearing capacity factor for non-cohesive soil (unit less)

As stated previously the angle of internal friction,  = 0 for saturated clay soils, whereas the

angle of internal friction,  > 0 for sand.

Nq is a soil bearing capacity factor for non-cohesive soils which may be included in the soil boring data,

however, if it is not provided the value for Nq can be calculated from the equations below:

Nq = 0.5(X )/ where  = 0.28N + 27.4

A graph of the relationship between  and Nq is

shown to the right.

Example No. 4

The layers of non-cohesive soil (sand) were found to

have effective unit weights (γ) and N-values as shown below in

Figures No. 6A & 6B and the area of the 8” diameter helical plate is 0.35 ft2.

What are the uplift and compression capacities of the soil against the 8” diameter helical plate?
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Figure No. 6A Figure No. 6B

To determine the uplift capacity of the anchor shown in Figure No. 6A the average value of the

overburden pressure for a distance of 3 X Dh of the soil above the helical plate must be calculated, this is

most easily achieved by using an Excel Spreadsheet as shown below.

(Dh = the diameter of the helical plate)

The average value for the overburden pressure @ 4.0 feet = ((98+98)/2) x 4.0 = 392 lbs/ft2

The average value for the overburden pressure @ 4.5 feet = ((98+98)/2) x 4.5 = 441 lbs/ft2

The average value for the overburden pressure @ 5.0 feet = ((98+98)/2) x 5.0 = 490 lbs/ft2

The average value for the overburden pressure @ 5.5 feet = ((98+104)/2) x 5.5 = 556 lbs/ft2

The average value for the overburden pressure @ 6.0 feet = ((104+104)/2) x 6.0 = 624 lbs/ft2

∑ = 2,503

The average value for the overburden pressure for three diameters above the 8” helix is equal to the

average of the overburden pressures from 4.0 feet of depth to 6.0 feet of depth.
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Therefore, at the depth of 6 feet,

γD = 2,503/5 = 501 lbs/ft2

Therefore, using Equation 1-3 Qh = Ah γD Nq

yields Ah = 0.35 ft2

γD = 501 lbs/ft2

The value for  at 6.0 feet of depth must first be

calculated using N = 16

 = 0.28N + 27.4 or  = 0.28(16) + 27.4

 = 31.88

Therefore, Nq = 0.5(X )/

Nq = 0.5(X .ૡૡ)(.ૡૡ/)

Nq = 16.74

Qh = (0.35 ft2) X (501 lbs/ft2) X 16.74 = 2,935 lbs

The uplift capacity of the soil against the 8” diameter

helical plate is 2,935 lbs.

This value is the ultimate capacity, using a Safety Factor

of 2.0 yields a working capacity of 1,468 lbs. ←

To determine the compression capacity of the anchor

shown in Figure No. 6B the average value of the overburden pressure for a distance of 3 X Dh of the soil

below the helical plate must be calculated, this is most easily achieved by using an Excel Spreadsheet as

shown below.

(Dh = the diameter of the helical plate)

The average value for the overburden pressure @ 6.0 feet = ((104+104)/2) x 6.0 = 624 lbs/ft2

The average value for the overburden pressure @ 6.5 feet = ((104+104)/2) x 6.5 = 676 lbs/ft2

The average value for the overburden pressure @ 7.0 feet = ((104+104)/2) x 7.0 = 728 lbs/ft2

The average value for the overburden pressure @ 7.5 feet = ((104+104)/2) x 7.5 = 780 lbs/ft2

The average value for the overburden pressure @ 8.0 feet = ((104+104)/2) x 8.0 = 832 lbs/ft2

∑ = 3,640
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The average value for the overburden pressure for three diameters below the 8” helix is equal to the

average of the overburden pressures from 6.0 feet of depth to 8.0 feet of depth.

Therefore, at the depth of 6 feet,

γD = 3,640/5 = 728 lbs/ft2

Therefore, using Equation 1-3 Qh = Ah γD Nq

yields Ah = 0.35 ft2

γD = 728 lbs/ft2

The value for  at 6.0 feet of depth must first be

calculated using N = 16

 = 0.28N + 27.4 or  = 0.28(16) + 27.4

 = 31.88

Therefore, Nq = 0.5ሺ ሻȀ

Nq = 0.5ሺ���ǤૡૡሻሺǤૡૡȀሻ

Nq = 16.74

Qh = (0.35 ft2) X (728 lbs/ft2) X 16.74 = 4,265 lbs

The compression capacity of the soil against the

8” diameter helical plate is 4,265 lbs. This value is the

ultimate capacity, using a Safety Factor of 2.0 yields a

working capacity of 2,133 lbs. ←

Example No. 5

The layers of non-cohesive soil (sand) were found to have effective unit weights (γ) and N-values as

shown below in Figure No. 7 and the area of the 8”, 10” and 12” diameter helical plate are 0.35 ft2, 0.55

ft2 and 0.79 ft2 respectively. The pile has a square shafts lead and extensions, hence Kt = 10 feet-1.

What is the ultimate compression capacity of the helical pile?

To determine the compression capacity of the pile shown in Figure No. 7 the average value of the

overburden pleasure for a distance of 3 X Dh of the soil below the helical plates must be calculated, this is

most easily achieved by using an Excel Spreadsheet as shown below.

(Dh = the diameter of the helical plate)

The calculation for the average value of the overburden pleasure for the 12” dia. helix is shown below:
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Figure No. 7
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The average value for the overburden pressure @ 7.0 feet = ((94+94)/2) x 7.0 = 658 lbs/ft2

The average value for the overburden pressure @ 7.5 feet = ((94+94)/2) x 7.5 = 705 lbs/ft2

The average value for the overburden pressure @ 8.0 feet = ((94+98)/2) x 8.0 = 768 lbs/ft2

The average value for the overburden pressure @ 8.5 feet = ((98+98)/2) x 8.5 = 833 lbs/ft2

The average value for the overburden pressure @ 9.0 feet = ((98+98)/2) x 9.0 = 882 lbs/ft2

The average value for the overburden pressure @ 9.5 feet = ((98+98)/2) x 9.5 = 931 lbs/ft2

The average value for the overburden pressure @ 10 feet = ((98+98)/2) x 10 = 980 lbs/ft2

∑ = 5,757

The average value for the overburden pressure for three diameters below the 12” helix is equal to the

average of the overburden pressures from 7 feet of depth to 10 feet of depth.

Therefore, at the depth of 7 feet,

γD = 5,757/7* = 822 lbs/ft2

The average value for the overburden pressure for the 8” and 10” dia. helix is calculated similar to the

above calculation for the 12” helix and the overburden pressures are shown in the chart above where

the 8” & 10” helicals have an overburden pressure of 1,297 lbs/ft2 and 1,062 lbs/ft2.

Therefore, using Equation 1-3 for each of the 8”, 10” and 12” helical plates yields the compression

capacity of the pile shown in Figure No. 7.

The tabulation is shown in the chart below:

Qh = Ah X γD X Nq =

Ah γD N φ Nq

Qh12 = 0.79 ft^2 822 lbs/ft^2 9 29.92 13.0 = 8,457 lbs

Qh10 = 0.55 ft^2 1062 lbs/ft^2 14 31.32 15.6 = 9,098 lbs

Qh8 = 0.35 ft^2 1297 lbs/ft^2 19 32.72 18.7 = 8,467 lbs

Σ = 26,022 lbs ← 

The compression capacity of the soil against the 8”, 10” and 12” diameter helical plate

is 20,022 lbs.

This value is the ultimate capacity, using a Safety Factor of 2.0 yields a working

capacity of 10,011 lbs. ← 

*(Note the “7” is the number of increments shown at top of page, not “the depth of 7 feet”)
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Example No. 6

Consider the helical pile in Example No. 5 as shown below in Figure No. 8 below except now the water

table is located 5 feet below grade which results in the effective unit weights (γ) and the N values to

change. What is the ultimate compression capacity of the helical pile?

Figure No. 8
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To determine the compression capacity of the pile shown in Figure No. 8 the average value of the

overburden pressure for a distance of 3 X Dh of the soil below the helical plates must be calculated, this is

most easily achieved by using an Excel Spreadsheet as shown above.

The average value for the overburden pressure for the 8”, 10” and 12” dia. helices are shown in the

chart below where the 12” helix has an overburden pressure of 292 lbs/ft2, the 10” helix has an

overburden pressure of 391 lbs/ft2 and the 8” helix has an overburden pressure of 517 lbs/ft2.

Therefore, using Equation 1-3 for each of the 8”, 10” and 12” helical plates yields the compression

capacity of the pile shown in Figure No. 8. The tabulation is shown in the chart below:

Qh = Ah X γD X Nq =

Ah γD N φ Nq

Qh12 = 0.79 ft^2 292 lbs/ft^2 7 29.36 12.1 = 2,797 lbs

Qh10 = 0.55 ft^2 391 lbs/ft^2 9 29.92 13.0 = 2,801 lbs

Qh8 = 0.35 ft^2 517 lbs/ft^2 11 30.48 14.0 = 2,531 lbs

Σ = 8,129 lbs ← 

The compression capacity of the soil against the 8”, 10” and 12” diameter helical plate is 8,129 lbs.

This value is the ultimate capacity, using a Safety Factor of 2.0 yields a working capacity of 4,065 lbs. ← 

When the helical plates are below the water table level for a non-cohesive soil the capacity of the pile is

significantly reduced.
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IV. Bearing Capacity of Mixed Soils
Many soils possess a combination of cohesive soil properties and non-cohesive soil properties.

A mixed soil is one that exhibits both cohesion and non-cohesive properties.

When accurate soil property values for mixed soils are produced by a Geotechnical Firm the cohesion
term (c) and the non-cohesion terms (φ and γ)can be used to determine the bearing capacity of these
mixed layers of soil, however, typically this procedure is performed by a Geotechnical Engineer.

When accurate values from the Geotechnical Report are not available and the designer is not adequately
familiar with the soil conditions on the project it is advised
that another approach be taken.
A conservative approach is to calculate the soil bearing
capacity using both

Equation 1-1, Qh = Ah c Nc and
Equation 1-3, Qh = Ah γD Nq and using

the minimum soil bearing capacity value
with the appropriate Safety Factor.

Example No. 7

The layers of mixed soil were found to have effective

unit weights (γ), N-values and cohesion values as shown

in Figure No. 9 and the area of the 8”, 10” and 12”

diameter helical plate are 0.35 ft2, 0.55 ft2 and 0.79 ft2

respectively. What is the ultimate compression capacity of

the helical pile?

To determine the ultimate compression capacity of the

pile shown in Figure No. 9 the analysis shall be calculated

by using Equation 1-1 & Equation 1-3 and the lower of

the two results will be considered the ultimate compression

capacity value.

The ultimate compression capacity of the pile is now

calculated using Equation 1-1.

Figure No. 9

Figure No. 9
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Using Equation 1-3 Qh = Ah γD Nq for each of the 8”, 10”

and 12” helical plates yields the ultimate compression capacity of

the pile shown in Figure No. 9. See Excel Spreadsheet as shown below.

The tabulation is shown in the chart below:

Qh = Ah X γD X Nq

Ah γD N φ Nq

Qh12 = 0.79 ft^2 828 lbs/ft^2 9 29.92 13.0 = 8,504 lbs

Qh10 = 0.55 ft^2 1,025 lbs/ft^2 12 30.76 14.5 = 8,174 lbs

Qh8 = 0.35 ft^2 1,150 lbs/ft^2 8 29.64 12.6 = 5,072 lbs

Σ = 21,750 lbs ←

The compression capacity of the soil against the 8”, 10” and 12” diameter helical plate

is 21,750 lbs. ←

This value is the ultimate capacity.

Figure No. 9

Using Equation 1-1 Qh = Ah c Nc

See excerpt from Excel Spreadsheet as shown to the right

Qh12 = (0.79 ft2) X (1,371 lbs/ft2) X 9 = 9,748 lbs

+ Qh10 = (0.55 ft2) X (1,367 lbs/ft2) X 9 = 6,767 lbs

+ Qh8 = (0.35 ft2) X (1,100 lbs/ft2) X 9 = 3,465 lbs

                                                                    ∑ = 19,980 lbs

The sum of the compression capacity of the soil against

the 8”, 10” and 12” diameter helical plate is 19,980 lbs. ←

This value is the ultimate compression capacity.
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The results of the conservative approach of calculating the soil bearing capacity for Example No. 7

using both Equation 1-1, Qh = Ah c Nc and Equation 1-3, Qh = Ah γD Nq show that in this case the

minimum soil bearing capacity value is from the cohesive case and is 19,980 lbs. ←

Notice that the soil layer in Figure No. 9 between the depths of 11 feet and 14 feet has a lower N
value, a lower density and a lower cohesion value. This phenomenon is known as an inverted soil and
the designer must take precautions when a helix is producing a bearing force which this soil layer
cannot support.
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V. Limitations to the Calculations for Soil Bearing Capacity
When a helical plate is buried deep into the ground the load is transferred to the soil in

“end-bearing” similar to a square or circular pile in compression. Terzaghi’s general bearing capacity
equation is used to determine the theoretical bearing capacity of a helical anchor/pile.

Terzaghi’s general bearing capacity equation for calculating the ultimate helix capacity of the soil is
shown below.
where

Qult = Ah ( cNc + q’Nq + 0.5 ϓ BNγ )

Qult = Ultimate capacity of the soil

Ah = Projected helix area
c = soil cohesion
q’ = effective overburden pressure
B = Footing width (base width)
ϓ = effective unit weight of the soil

and Nc, Nq, and Nγ are bearing capacity factors

For helical plates the term 0.5 ϓ BNγ can be neglected with little error.
For helical anchors/piles the revised Terzaghi’s general bearing capacity equation is shown below:

Qult = Ah ( cNc + q’Nq )

and is referred to as the individual bearing method and is commonly used in theoretical capacity
calculations. The individual bearing method is recognized as one of the methods to determine helical
pile capacity by the International Building Code (IBC).

Example No. 1 through Example No. 7 are all examples of the theoretical bearing capacity of

helical anchor/piles installed into soils with a variation of soil strength properties and in all cases the

analysis was limited to either a cohesive soil or a non-cohesive soil.

By calculating the theoretical bearing capacity of a soil layer and considering the soil layer to be

either a cohesive soil or a non-cohesive soil is in most cases an oversimplification of the actual soil

conditions. Soil layers are rarely an either/or case (either cohesive or non-cohesive) and having only

two different equations to perform an analysis omits an accurate analysis of all soil types which are

neither pure sand nor pure clay.
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In addition, the term for overburden pressure, γD in Equation 1-3 implies that as the depth D

continues to increase so does the overburden pressure. This increase in overburden pressure will continue

to increase as D increases, but only to some depth and beyond that depth the increase of overburden

pressure will begin to diminish. The graph below will illustrate this diminishing of overburden

pressure as compared to a column of water:

A column of water has effectively zero shear while the shear component of a column of sand is a

function of its angle of internal friction.

As stated previously, the water table location may cause a reduction in the soil bearing capacity.

When the water table is below the location of a helical anchor/pile in a non-cohesive soil and there
exist the possibility that the water table will rise to a level above the helix plates the design must be
based on the helical plates being located below the water table. The designer must place the water
table depth at its absolute highest anticipated depth and determine the ultimate bearing capacity of the
soil against the submerged helixes. Because helices at the time of installation may be above the water
table the required torque will be higher that the torque required if the water table were at its absolute
highest anticipated depth. For this reason a helical anchor/pile would require both a higher torque
capacity as well as a higher tension/compression capacity. In other words, the installation of a helical
anchor/pile into an un-submerged soil (dry) requires more torque than the installation into a
submerged soil.
Consider the previously worked Examples No. 5 & No. 6.
If at the time of the installation an ultimate compression load of 25,000 lbs is required by the pile and
the water table is below the helices as is shown in Examples No. 5.
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The bearing capacity (Qult) was found to be 26,022 lbs. and the required installation torque is shown
below:

The torque required =
୕୳୪୲

୲
=
ଶ,ଶଶ୪ୠୱ

ଵୣ ୲ୣషభ
= 2,602 ft-lbs ← 

At some time after the installation the water table was found to have risen to a level of 5 feet
below grade as shown in Examples No. 6 and now the helices are below the water table and the
bearing capacity (Qult) is 8,129 lbs. Clearly, the pile capacity is no longer adequate to resist the
ultimate compression load of 25,000 lbs and the pile will fail.

Consider the same scenario with the exception that at the time of the installation the water table
is now 5 feet below grade. To provide a pile which is capable of resisting an ultimate compression
load of 25,000 lbs the number and diameter of helices on the pile or the pile depth or both will need to
be altered. To obtain a pile which can resist an ultimate compression load of 25,000 lbs with all of the
helices submerged the total area of all of the helices would need to be increased and/or the summation
of the overburden pressure would need to be increased which could only be achieved by placing the
helices at a greater depth. This approach would provide a pile which could resist the required ultimate
compression load with all of the helices submerged. At such time that the water table drops to a level
well below the bottom helix the ultimate compression capacity of the soil would increase significantly
beyond the required load capacity of 25,000 lbs.

The adjacent graph depicts the
theoretical values in overburden pressure
of saturated cohesive soil and
unsaturated cohesive soil vs. depth.
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VI. Uplift & Compression Design Example from Soil Boring Data

Example No. 8

A self-supporting tower foundation design requires that each of the three legs are to be supported by

three individual pile caps with each required to resisting an ultimate compressive load of 36,000 lbs and

an ultimate uplift load of 32,000 lbs. The weight of the pile cap is taken into account for the compressive

and uplift loads. The soil boring data shown below was taken at the tower site within the previous month.

The tower location is at the top of a large hill; hence the presence of a water table is not a concern at this

location.

An Excel Spreadsheet has been

created to tabulate a version of

Equation 1-3,
ܐۿ

ܐۯ
= γD Nq

The value of γD Nq at each 0.5 foot

increment is shown in the chart below.

By “placing” a specific size helical plate

at a specific depth and taking the average

overburden pressure of 3 diameters of the

helical plate below the helix for

compression and above the helix for uplift

and multiplying that average times the

depth, (D) of the plate and multiplying

that product times the value of Nq equals

the ultimate bearing stress which the soil

can resist.

Try an 8”, & 10” helix on a 2⅞”Ø Pipe

Shaft with the depth of the 8” helix at 23

feet.

No Water Table Present
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ELEV.
(ft)

SOIL
TYPE N

ϒ
(lbs/ft3)

OVERBURDEN
(ϒD) (lbs/ft²)

Nc

0.5 SAND 6 88 44 11.7
1.0 SAND 6 88 88 11.7
1.5 SAND 6 88 132 11.7
2.0 SAND 6 88 176 11.7
2.5 SAND 6 88 220 11.7
3.0 SAND 6 88 264 11.7
3.5 SAND 6 88 312 11.7
4.0 SAND 6 90 360 11.7
4.5 SAND 6 90 405 11.7
5.0 SAND 6 90 470 11.7
5.5 SAND 12 98 539 14.5
6.0 SAND 12 98 588 14.5
6.5 SAND 12 98 637 14.5
7.0 SAND 12 98 686 14.5
7.5 SAND 12 98 735 14.5
8.0 SAND 12 98 784 14.5
8.5 SAND 12 98 833 14.5
9.0 SAND 12 98 882 14.5
9.5 SAND 12 98 931 14.5
10.0 SAND 12 98 980 14.5
10.5 SAND 12 98 1029 14.5
11.0 SAND 12 98 1078 14.5
11.5 SAND 12 98 1127 14.5
12.0 SAND 12 98 1176 14.5
12.5 SAND 12 98 1225 14.5
13.0 SAND 12 98 1274 14.5
13.5 SAND 12 98 1323 14.5
14.0 SAND 12 98 1372 14.5
14.5 SAND 12 98 1421 14.5
15.0 SAND 12 98 1470 14.5
15.5 SAND 12 98 1519 14.5
16.0 SAND 12 98 1568 14.5
16.5 SAND 12 98 1617 14.5
17.0 SAND 12 98 1666 14.5
17.5 SAND 12 98 1715 14.5
18.0 SAND 12 98 1890 14.5
18.5 SAND 16 112 2072 16.7
19.0 SAND 16 112 2128 16.7
19.5 SAND 16 112 2184 16.7
20.0 SAND 16 112 2240 16.7
20.5 SAND 16 112 2296 16.7
21.0 SAND 16 112 2352 16.7
21.5 SAND 16 112 2408 16.7
22.0 SAND 16 112 2464 16.7
22.5 SAND 16 112 2520 16.7
23.0 SAND 16 112 2576 16.7
23.5 SAND 16 112 2632 16.7
24.0 SAND 16 112 2688 16.7
24.5 SAND 16 112 2744 16.7
25.0 SAND 16 112 2800 16.7

Determine the compression value of γD Nq for
an 8” helix at the depth of 23 feet.
The following procedure will compute the helical
capacities:
Compute the average value of the overburden
pressure at 3 diameters below 23 feet,

γD=
�ǡૠାǡାǡૡૡାǡૠାǡૡ


= 2,688

the average overburden pressure = 2,688 lbs/ft2

below the D of 23 feet
Nq @ 23 feet = 16.7
therefore, γD Nq = 2,688X16.7= 44,890 lbs/ft2

The 8” helix has an area of 0.35 ft2

therefore,

Ah X γD Nq = 0.35ft2
X 44,890 lbs/ft2 = 15,711lbs

_________________________________
A10” helix would be located 3 X 8” = 24” above
the 8”helix, or at a depth of 21 feet
Determine the value of γD Nq for a 10” helix at
the depth of 21 feet.
Compute the average value of the overburden
pressure at 3 diameters below 21 feet,

γD=
�ǡାǡૡାǡାǡାǡૠାǡ


= 2,492

the average overburden pressure = 2,492 lbs/ft2

below the D of 21 feet
Nq @ 21 feet = 16.7
therefore, γD Nq = 2,492 X 16.7= 41,616 lbs/ft2

The 10” helix has an area of 0.55 ft2

therefore,

Ah X γD Nq = 0.55ft2
X 41,616 lbs/ft2

= 22,890lbs

The ultimate compression capacity of the 8” &
10” helices equal 15,711 + 22,890

= 38,600 lbs > 36,000 lbs required ←

471.pdf



Fundamentals of Helical Anchors/Piles

Compression & Uplift Capacity Calculations

A SunCam online continuing education course

www.SunCam.com Copyright 2022 Thomas B. Watson, III, P. E. Page 30 of 38

ELEV.
(ft)

SOIL
TYPE N

ϒ
(lbs/ft3)

OVERBURDEN
(ϒD) (lbs/ft²)

Nc

0.5 SAND 6 88 44 11.7
1.0 SAND 6 88 88 11.7
1.5 SAND 6 88 132 11.7
2.0 SAND 6 88 176 11.7
2.5 SAND 6 88 220 11.7
3.0 SAND 6 88 264 11.7
3.5 SAND 6 88 312 11.7
4.0 SAND 6 90 360 11.7
4.5 SAND 6 90 405 11.7
5.0 SAND 6 90 470 11.7
5.5 SAND 12 98 539 14.5
6.0 SAND 12 98 588 14.5
6.5 SAND 12 98 637 14.5
7.0 SAND 12 98 686 14.5
7.5 SAND 12 98 735 14.5
8.0 SAND 12 98 784 14.5
8.5 SAND 12 98 833 14.5
9.0 SAND 12 98 882 14.5
9.5 SAND 12 98 931 14.5
10.0 SAND 12 98 980 14.5
10.5 SAND 12 98 1029 14.5
11.0 SAND 12 98 1078 14.5
11.5 SAND 12 98 1127 14.5
12.0 SAND 12 98 1176 14.5
12.5 SAND 12 98 1225 14.5
13.0 SAND 12 98 1274 14.5
13.5 SAND 12 98 1323 14.5
14.0 SAND 12 98 1372 14.5
14.5 SAND 12 98 1421 14.5
15.0 SAND 12 98 1470 14.5
15.5 SAND 12 98 1519 14.5
16.0 SAND 12 98 1568 14.5
16.5 SAND 12 98 1617 14.5
17.0 SAND 12 98 1666 14.5
17.5 SAND 12 98 1715 14.5
18.0 SAND 12 98 1890 14.5
18.5 SAND 16 112 2072 16.7
19.0 SAND 16 112 2128 16.7
19.5 SAND 16 112 2184 16.7
20.0 SAND 16 112 2240 16.7
20.5 SAND 16 112 2296 16.7
21.0 SAND 16 112 2352 16.7
21.5 SAND 16 112 2408 16.7
22.0 SAND 16 112 2464 16.7
22.5 SAND 16 112 2520 16.7
23.0 SAND 16 112 2576 16.7
23.5 SAND 16 112 2632 16.7
24.0 SAND 16 112 2688 16.7
24.5 SAND 16 112 2744 16.7

Determine the uplift value of γD Nq for an 8”
helix at the depth of 23 feet.
The following procedure will compute the helical
capacities:
Compute the average value of the overburden
pressure at 3 diameters below 23 feet,

γD=
�ǡାǡૡାǡାǡାǡૠ


= 2,464

the average overburden pressure = 2,464 lbs/ft2

above the D of 23 feet
Nq @ 23 feet = 16.7
therefore, γD Nq = 2,464X16.7= 41,149 lbs/ft2

The 8” helix has an area of 0.35 ft2

therefore,

Ah X γD Nq = 0.35ft2
X 41,149 lbs/ft2

= 14,402lbs

_________________________________
A10” helix would be located 3 X 8” = 24” above
the 8”helix, or at a depth of 21 feet
Determine the value of γD Nq for a 10” helix at
the depth of 21 feet.
Compute the average value of the overburden
pressure at 3 diameters below 21 feet,

γD=
�ǡૠାǡૡାǡૡାǡାǡૢାǡ


= 2,212

the average overburden pressure = 2,212 lbs/ft2

above the D of 21 feet
Nq @ 21 feet = 16.7
therefore, γD Nq = 2,212 X 16.7= 36,940 lbs/ft2

The 10” helix has an area of 0.55 ft2

therefore,

Ah X γD Nq = 0.55ft2
X 36,940 lbs/ft2

= 20,317lbs

The ultimate uplift capacity of the 8” & 10”
helices equal 14,402 + 20,317

= 34,719 lbs > 32,000 lbs required ← 
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Square shaft and pipe shaft helical anchors/piles from a specific manufacturer are reviewed for

compression capacity, tension capacity and maximum torque rating and a 2⅞”Ø Pipe Shaft (Kt=8)
is found to exceed all of the strength requirements.

The ultimate compression bearing capacity (Qult) was found to be 38,600 lbs.; the required installation
torque is shown below:

The torque required =
ܜܔܝۿ

ܜ۹
=
ૡǡܛ܊ܔ��

ૡܜ܍܍�ష
= 4,825 ft-lbs ← 

The 2⅞”Ø Pipe Shaft has a torque rating in excess of 4,825 ft-lbs.

Figure No. 10

Example No. 9

A cast in place concrete
retaining wall shown in
Figure No. 10 requires a
tieback system to prevent
overturning.
The water table is not a
consideration. The
tiebacks consist of a
2” X 2” square shaft
anchors. What is the
required spacing for the
anchor configuration
shown?
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To determine lateral earth pressures using the Rankine Analysis the following equation applies
when the backfill is horizontal, the wall is vertical with respect to the retaining soil and the wall is
smooth (no friction).

Ps = 0.5 KaϓH
2

(lb/lin ft)
where

Ps is the lateral earth pressure due to soil (lb/lin ft)

Ka is the lateral earth pressure coefficient

ϓ = is the effective unit weight of soil medium (lb/ft
3
)

H = height of retaining wall (ft)

The Structural Design Loads is as follows:
Use backfill ϕ = 32°

Ka =
(ଵି ୱ୧୬  )

(ଵା ୱ୧୬  )
=

(ଵି ୱ୧୬ ଷଶι)

(ଵା ୱ୧୬ ଷଶι)
= 0.307

ϓ = 120 lb/ft
3

H = 18 ft
The lateral soil load per linear foot of the wall is

Ps = 0.5 KaϓH
2

Ps = 0.5 X 0.307 X 120 X 18
2 = 5,968 lb/lin ft

Assuming that the tieback is only required to resist 75% of the lateral load then the value of

Ps = 0.75 X 5,968 lb/ft
2 = 4,476 lb/lin ft

To resist this lateral load with an a anchor shaft at a 30° angle with the horizontal the required load
would be

౩

ୡ୭ୱଷ
=
ସ,ସ

.଼
= 5,168 lbs/ lin ft

The ultimate tension capacity (Qt) of the anchor shown in Figure No. 10 is calculated below:

Qt = (A8 + A10 + A12 + A14) X (qh Nq)
where

A8, A10, A12 & A14 = the projected area of the helical plates (ft
2
)

qh = ϓDh (Dh is depth of helix below ground in feet)

Nq = the bearing capacity factor calculated from the angle of internal friction ϕ = 29° for the native soil 
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A8 = 0.35 ft
2

A10 = 0.55 ft
2

A12 = 0.79 ft
2

A14 = 1.07 ft
2

Nq = 0.5( X )/ = 0.5(X ૢ°)ૢ°/ = 11.6

qh8 = 104 lbs/ ft
3

X (6 ft + (30 ft X sin 30°)) = 104 lbs/ ft
2

X 21ft = 2,184 lbs/ ft
2

qh10 = 104 lbs/ ft
3

X (6 ft + ((28 ft) X sin 30°)) = 104 lbs/ ft
2

X 20ft = 2,080 lbs/ ft
2

qh12 = 104 lbs/ ft
3

X (6 ft + ((25.5 ft) X sin 30°)) = 104 lbs/ ft
2

X 18.75 ft = 1,950 lbs/ ft
2

qh14 = 104 lbs/ ft
3

X (6 ft + ((22.5 ft) X sin 30°)) = 104 lbs/ ft
2

X 17.25 ft = 1,794 lbs/ ft
2

Qt = [(A8 X qh8) + (A10 X qh10) + (A12 X qh12) + (A14 X qh14)] X Nq

Qt = [(0.35 X 2,184) + (0.55 X 2,080) + (0.79 X 1,950) + (1.07 X 1,794)] X 11.6 = 62,274 lbs ←

The ultimate bearing capacity is = 62,274 lbs, using a Safety Factor of 2.0 † yields 31,137 lbs as the
allowable bearing capacity.

From above where the calculated per linear foot lateral load is resisted by the anchor shaft at a 30°
angle with the horizontal the required load would be

౩

ୡ୭ୱଷ
=
ସ,ସ

.଼
= 5,168 lbs/lin ft

Therefore, the spacing of the anchors is equal to
ଷଵ,ଵଷ୪ୠୱ

ହ,ଵ଼
ౘౢ౩

ౢ ౪

= 6 ft ←

For square shafts K୲= 10 feetିଵ

The torque required for the installation of the tiebacks =
୕౫ ౪ౢ

౪
=
ଶ,ଶସ୪ୠୱ

ଵୣ ୲ୣషభ
= 6,227 ft-lbs ←

Note: The helical manufactures specifications for the specific load capacities of the tiebacks shaft and
helical plates must be checked to insure that the anchors will be adequate.
Also, an analysis of the cast in place concrete retaining wall is required to assure that the point loads
from the tiebacks at the spacing determined will not exceed the capacity of the concrete retaining wall.
Also, the uppermost 14” diameter helix must be located at a minimum distance along the tieback shaft
of 5 diameters (5 X 14” = 5’-10”) from the granular fill and 5 diameters below grade
(See Figure No. 10 above).
† Safety Factors for tieback retaining walls can vary from 1.5 for temporary walls to as high
as 3.0 for walls where the load is less predictable.

471.pdf



Fundamentals of Helical Anchors/Piles

Compression & Uplift Capacity Calculations

A SunCam online continuing education course

www.SunCam.com Copyright 2022 Thomas B. Watson, III, P. E. Page 34 of 38

VII. Uplift & Compression Design Example Using the Probe Method
In the nine previous examples the soil properties were derived from soil borings which provided the

blow count values, the soil density and information about the presents and depth of the water table.
Most Geotechnical Reports are derived from soil borings as this method has been used for many
decades.

Because of the many years of empirical data (30+ yrs) associated with Torque vs.
Bearing Capacity, there is another method of estimating the insitu soil strength. This method or
technique is typically referred to as the probe or taking a probe. The probe method is actually very
simple and is described and illustrated below.

Consider that a helical pile supported structure is to be built on a certain plot of land. Rather than
contacting a Geotechnical Firm which could result in not receiving a completed Soils Report for
weeks or even months a helical pile installer is contacted to perform a probe and likely in a more
timely manner. The probe is typically performed by using a square shaft with only one helix as the
rotating square shaft incurs less friction than a pipe shaft and one helix provides more accurate results
than a multiple helix probes. Figure No. 11 shown below depicts the plan view of the helical pile
supported structure with the proposed
locations of the probes. A qualified
helical pile installer would easily be
capable of probing these six locations in
several hours even if the probes were to
be takes as deep as 60 or 70 feet. A probe
was performed at one of the locations
shown in Figure No. 11 and the torque vs
depth chart for the 60 foot deep probe is
shown below using a 1.5” X 1.5” square
shaft with a single 12” diameter helix,

Ah = 0.79 ft2.

Figure No. 11
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Depth
(ft)

Torque
(ft-lbs)

Ultimate Soil
Bearing Capacity

(psf)

Depth
(ft)

Torque
(ft-lbs)

Ultimate Soil
Bearing Capacity

(psf)

1 450 5,696 31 950 12,025

2 450 5,696 32 950 12,025

3 450 5,696 33 1,050 13,291

4 450 5,696 34 1,050 13,291

5 450 5,696 35 1,050 13,291

6 450 5,696 36 1,050 13,291

7 450 5,696 37 1,200 15,190

8 450 5,696 38 1,200 15,190

9 600 7,595 39 1,200 15,190

10 600 7,595 40 1,200 15,190

11 600 7,595 41 1,200 15,190

12 650 8,228 42 1,200 15,190

13 650 8,228 43 1,200 15,190

14 700 8,861 44 1,200 15,190

15 700 8,861 45 1,200 15,190

16 720 9,114 46 1,200 15,190

17 720 9,114 47 1,200 15,190

18 750 9,494 48 1,200 15,190

19 750 9,494 49 1,200 15,190

20 750 9,494 50 1,250 15,823

21 750 9,494 51 1,250 15,823

22 750 9,494 52 1,300 16,456

23 750 9,494 53 1,300 16,456

24 750 9,494 54 1,350 17,089

25 750 9,494 55 1,350 17,089

26 750 9,494 56 1,400 17,722

27 750 9,494 57 1,450 18,354

28 750 9,494 58 1,500 18,987

29 750 9,494 59 1,550 19,620

30 900 11,392 60 1,600 20,253
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The ultimate soil bearing capacity of the soil in lbs/ft2 =
୭୰୯୳ୣଡ଼ ౪

ୌ ୪ୣ୧୶୰ୣ ୟ

Hence, for the ultimate soil bearing capacity at the depth of 30 feet the torque = 900 ft-lbs,

the Kt =10 ft-1 for a square shaft and the area of the 12” probe helix = 0.79 ft
2.

The ultimate soil bearing capacity of the soil in lbs/ft2 =
ଽଡ଼ ଵ

.ଽ
= 11,392 lbs/ft2

To determine ultimate bearing capacity for a helix with an area of Ah ft2 use the following

relationship:

ultimate soil bearing capacity of the soil (lbs/ft2) X Ah(ft2) = ultimate bearing capacity for the helix (lbs)

Example No. 10

Consider the helical pile supported structure which is to be built on the plot of land shown in

Figure No. 11 above will require the piles to have an allowable capacity of 11 kips what should be the

helical configuration to provide that allowable capacity using a Safety Factor of 2.0.

With the allowable capacity of 11 kips and a Safety Factor of 2.0, the ultimate capacity is 22 kips.

Try a square shaft with 10”& 12” helices with the 10” helix installed to a depth of 50 feet.

Ah10 = 0.55 ft2

Ah12 = 0.79 ft2

The ultimate bearing capacity for the 10” helix at a depth of 50 feet (see chart above) is

= 15,823 lbs/ft2
X 0.55 ft2 = 8,703 lbs

and the ultimate bearing capacity for the 12” helix at a depth of 47.5 feet (see chart above) is

= 15,190 lbs/ft2
X 0.79 ft2 = 12,000 lbs

The ultimate capacity of the 10”, 12” helical configuration = 20,703 lbs - no good as 22,000 kips is

required

however, if the 10” helix were to be installed to a depth of 57 feet the ultimate bearing capacity for

the 10” helix at a depth of 57 feet (see chart above) is

= 18,354 lbs/ft2
X 0.55 ft2 = 10,095 lbs

and the ultimate bearing capacity for the 12” helix at a depth of 54.5 feet (see chart above) is

= 17,089 lbs/ft2
X 0.79 ft2 = 13,500 lbs

The ultimate capacity of the 10”, 12” helical configuration is now = 23,595 lbs ← 

Note that the calculations above represent either ultimate uplift or ultimate compression.
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The disadvantage of the Torque vs. Bearing Capacity, or probe method is that a number of soil and
other subsurface parameters are not available as soil samples are not analyzed and data on the
presents/depth of the water table cannot be determined.

VIII. Load Testing & Other Cautions and Considerations
Preliminary Load Tests are recommended to insure adequacy of piles/anchors.

Preliminary torque tests with the recommended pile configuration/s are recommended. For
compression loaded piles, the required specified torque shall be achieved for at least 4 ft below the
bottom helix.

At final depth, the installation torque should be constant or increasing gradually – not decreasing.
Pre-drilling and/or field modifications may be required.

When bearing into cohesionless Sand stratums, Pile Capacities are governed by water depth, and
the depth, thickness and strength of the sand stratum. Variations of any of these properties may
necessitate a different pile configuration and/or depth.

When a boring log does not list the blow count for the different layers but does list the pocket
penetrometer readings or simply tons per square foot values the Geotechnical Engineer should be
contacted to provide the appropriate strength values for those soils.

Blow Counts are assumed to be in accordance with ASTM D 1586 – SPT N60 (see Appendix A)

Soil Conditions may vary from those observed at Boring Locations. Significant variations in soil and
site properties may require different pile configuration and/or depth.

The amount of acceptable piling movement should be determined by the designer and, as such,
determine the maximum amount of acceptable helical pier deflection.”

Load tests with the recommended pile / helix configuration across the site are recommended.
Load tests shall be in accordance with ASTM-D1143, ASTM-D3689 and/or ASTM D3966
(See Appendix B, C and/or D)

Installation torque may increase abruptly at completion. Care should be taken so as not to exceed
the rated torsional capacity of the Pile.
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Designation: D 1586 – 99
AMERICAN SOCIETY FOR TESTING AND MATERIALS

100 Barr Harbor Dr., West Conshohocken, PA 19428

Reprinted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Test Method for
Penetration Test and Split-Barrel Sampling of Soils1

This standard is issued under the fixed designation D 1586; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This test method describes the procedure, generally
known as the Standard Penetration Test (SPT), for driving a
split-barrel sampler to obtain a representative soil sample and
a measure of the resistance of the soil to penetration of the
sampler.

1.2 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For a specific
precautionary statement, see 5.4.1.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

NOTE 1—Practice D 6066 can be used when testing loose sands below
the water table for liquefaction studies or when a higher level of care is
required when drilling these soils. This practice provides information on
drilling methods, equipment variables, energy corrections, and blow-count
normalization.

2. Referenced Documents

2.1 ASTM Standards:
D 2487 Practice for Classification of Soils for Engineering

Purposes (Unified Soil Classification System)2

D 2488 Practice for Description and Identification of Soils
(Visual-Manual Procedure)2

D 4220 Practices for Preserving and Transporting Soil
Samples2

D 4633 Test Method for Stress Wave Energy Measurement
for Dynamic Penetrometer Testing Systems2

D 6066 Practice for Determining the Normalized Penetra-
tion Resistance Testing of Sands for Evaluation of Lique-
faction Potential3

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 anvil—that portion of the drive-weight assembly

1 This method is under the jurisdiction of ASTM Committee D-18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.02 on Sampling and
Related Field Testing for Soil Investigations.

Current edition approved Jan. 10, 1999. Published March 1999. Originally
published as D 1586 – 58 T. Last previous edition D 1586 – 98.

2 Annual Book of ASTM Standards, Vol 04.08.
3 Annual Book of ASTM Standards, Vol 04.09.

which the hammer strikes and through which the hammer
energy passes into the drill rods.

3.1.2 cathead—the rotating drum or windlass in the rope-
cathead lift system around which the operator wraps a rope to
lift and drop the hammer by successively tightening and
loosening the rope turns around the drum.

3.1.3 drill rods—rods used to transmit downward force and
torque to the drill bit while drilling a borehole.

3.1.4 drive-weight assembly—a device consisting of the
hammer, hammer fall guide, the anvil, and any hammer drop
system.

3.1.5 hammer—that portion of the drive-weight assembly
consisting of the 140 6 2 lb (63.5 6 1 kg) impact weight
which is successively lifted and dropped to provide the energy
that accomplishes the sampling and penetration.

3.1.6 hammer drop system—that portion of the drive-weight
assembly by which the operator accomplishes the lifting and
dropping of the hammer to produce the blow.

3.1.7 hammer fall guide—that part of the drive-weight
assembly used to guide the fall of the hammer.

3.1.8 N-value—the blowcount representation of the penetra-
tion resistance of the soil. The N-value, reported in blows per
foot, equals the sum of the number of blows required to drive
the sampler over the depth interval of 6 to 18 in. (150 to 450
mm) (see 7.3).

3.1.9 DN—the number of blows obtained from each of the
6-in. (150-mm) intervals of sampler penetration (see 7.3).

3.1.10 number of rope turns—the total contact angle be-
tween the rope and the cathead at the beginning of the
operator’s rope slackening to drop the hammer, divided by
360° (see Fig. 1).

3.1.11 sampling rods—rods that connect the drive-weight
assembly to the sampler. Drill rods are often used for this
purpose.

3.1.12 SPT—abbreviation for standard penetration test, a
term by which engineers commonly refer to this method.

4. Significance and Use

4.1 This test method provides a soil sample for identifica-
tion purposes and for laboratory tests appropriate for soil
obtained from a sampler that may produce large shear strain
disturbance in the sample.

4.2 This test method is used extensively in a great variety of
geotechnical exploration projects. Many local correlations and

*A Summary of Changes section appears at the end of this standard.
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(a) counterclockwise rotation
approximately 13⁄4turns

(b) clockwise rotation
approximately 21⁄4 turns

FIG. 1 Definitions of the Number of Rope Turns and the Angle for (a) Counterclockwise Rotation and (b) Clockwise Rotation of the
Cathead

widely published correlations which relate SPT blowcount, or
N-value, and the engineering behavior of earthworks and
foundations are available.

5. Apparatus

5.1 Drilling Equipment—Any drilling equipment that pro-
vides at the time of sampling a suitably clean open hole before
insertion of the sampler and ensures that the penetration test is
performed on undisturbed soil shall be acceptable. The follow-
ing pieces of equipment have proven to be suitable for
advancing a borehole in some subsurface conditions.

5.1.1 Drag, Chopping, and Fishtail Bits, less than 6.5 in.
(162 mm) and greater than 2.2 in. (56 mm) in diameter may be
used in conjuction with open-hole rotary drilling or casing-
advancement drilling methods. To avoid disturbance of the
underlying soil, bottom discharge bits are not permitted; only
side discharge bits are permitted.

5.1.2 Roller-Cone Bits, less than 6.5 in. (162 mm) and
greater than 2.2 in. (56 mm) in diameter may be used in
conjunction with open-hole rotary drilling or casing-
advancement drilling methods if the drilling fluid discharge is
deflected.

5.1.3 Hollow-Stem Continuous Flight Augers, with or with-
out a center bit assembly, may be used to drill the boring. The
inside diameter of the hollow-stem augers shall be less than 6.5
in. (162 mm) and greater than 2.2 in. (56 mm).

5.1.4 Solid, Continuous Flight, Bucket and Hand Augers,
less than 6.5 in. (162 mm) and greater than 2.2 in. (56 mm) in

diameter may be used if the soil on the side of the boring does
not cave onto the sampler or sampling rods during sampling.

5.2 Sampling Rods—Flush-joint steel drill rods shall be
used to connect the split-barrel sampler to the drive-weight
assembly. The sampling rod shall have a stiffness (moment of
inertia) equal to or greater than that of parallel wall “A” rod (a
steel rod which has an outside diameter of 15⁄8 in. (41.2 mm)
and an inside diameter of 11⁄8 in. (28.5 mm).

NOTE 2—Recent research and comparative testing indicates the type
rod used, with stiffness ranging from “A” size rod to “N” size rod, will
usually have a negligible effect on the N-values to depths of at least 100
ft (30 m).

5.3 Split-Barrel Sampler—The sampler shall be constructed
with the dimensions indicated in Fig. 2. The driving shoe shall
be of hardened steel and shall be replaced or repaired when it
becomes dented or distorted. The use of liners to produce a
constant inside diameter of 13⁄8 in. (35 mm) is permitted, but
shall be noted on the penetration record if used. The use of a
sample retainer basket is permitted, and should also be noted
on the penetration record if used.

NOTE 3—Both theory and available test data suggest that N-values may
increase between 10 to 30 % when liners are used.

5.4 Drive-Weight Assembly:
5.4.1 Hammer and Anvil—The hammer shall weigh 140 6

2 lb (63.5 6 1 kg) and shall be a solid rigid metallic mass. The
hammer shall strike the anvil and make steel on steel contact
when it is dropped. A hammer fall guide permitting a free fall
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A 5 1.0 to 2.0 in. (25 to 50 mm)

B 5 18.0 to 30.0 in. (0.457 to 0.762 m)
C 5 1.3756 0.005 in. (34.93 6 0.13 mm)
D 5 1.50 6 0.05 − 0.00 in. (38.1 6 1.3 − 0.0 mm)
E 5 0.10 6 0.02 in. (2.54 6 0.25 mm)
F 5 2.00 6 0.05 − 0.00 in. (50.8 6 1.3 − 0.0 mm)

G 5 16.0° to 23.0°

The 11⁄2 in. (38 mm) inside diameter split barrel may be used with a 16-gage wall thickness split liner. The penetrating end of the drive shoe may be slightly rounded.
Metal or plastic retainers may be used to retain soil samples.

FIG. 2 Split-Barrel Sampler

shall be used. Hammers used with the cathead and rope method
shall have an unimpeded overlift capacity of at least 4 in. (100
mm). For safety reasons, the use of a hammer assembly with an
internal anvil is encouraged.

NOTE 4—It is suggested that the hammer fall guide be permanently
marked to enable the operator or inspector to judge the hammer drop
height.

5.4.2 Hammer Drop System—Rope-cathead, trip, semi-
automatic, or automatic hammer drop systems may be used,
providing the lifting apparatus will not cause penetration of the
sampler while re-engaging and lifting the hammer.

5.5 Accessory Equipment—Accessories such as labels,
sample containers, data sheets, and groundwater level measur-
ing devices shall be provided in accordance with the require-
ments of the project and other ASTM standards.

6. Drilling Procedure

6.1 The boring shall be advanced incrementally to permit
intermittent or continuous sampling. Test intervals and loca-
tions are normally stipulated by the project engineer or
geologist. Typically, the intervals selected are 5 ft (1.5 mm) or
less in homogeneous strata with test and sampling locations at
every change of strata.

6.2 Any drilling procedure that provides a suitably clean
and stable hole before insertion of the sampler and assures that
the penetration test is performed on essentially undisturbed soil
shall be acceptable. Each of the following procedures have
proven to be acceptable for some subsurface conditions. The
subsurface conditions anticipated should be considered when
selecting the drilling method to be used.

6.2.1 Open-hole rotary drilling method.
6.2.2 Continuous flight hollow-stem auger method.
6.2.3 Wash boring method.
6.2.4 Continuous flight solid auger method.
6.3 Several drilling methods produce unacceptable borings.

The process of jetting through an open tube sampler and then
sampling when the desired depth is reached shall not be
permitted. The continuous flight solid auger method shall not
be used for advancing the boring below a water table or below
the upper confining bed of a confined non-cohesive stratum
that is under artesian pressure. Casing may not be advanced
below the sampling elevation prior to sampling. Advancing a
boring with bottom discharge bits is not permissible. It is not
permissible to advance the boring for subsequent insertion of
the sampler solely by means of previous sampling with the SPT
sampler.

6.4 The drilling fluid level within the boring or hollow-stem
augers shall be maintained at or above the in situ groundwater
level at all times during drilling, removal of drill rods, and
sampling.

7. Sampling and Testing Procedure

7.1 After the boring has been advanced to the desired
sampling elevation and excessive cuttings have been removed,
prepare for the test with the following sequence of operations.

7.1.1 Attach the split-barrel sampler to the sampling rods
and lower into the borehole. Do not allow the sampler to drop
onto the soil to be sampled.

7.1.2 Position the hammer above and attach the anvil to the
top of the sampling rods. This may be done before the sampling
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rods and sampler are lowered into the borehole.
7.1.3 Rest the dead weight of the sampler, rods, anvil, and

drive weight on the bottom of the boring and apply a seating
blow. If excessive cuttings are encountered at the bottom of the
boring, remove the sampler and sampling rods from the boring
and remove the cuttings.

7.1.4 Mark the drill rods in three successive 6-in. (0.15-m)
increments so that the advance of the sampler under the impact
of the hammer can be easily observed for each 6-in. (0.15-m)
increment.

7.2 Drive the sampler with blows from the 140-lb (63.5-kg)
hammer and count the number of blows applied in each 6-in.
(0.15-m) increment until one of the following occurs:

7.2.1 A total of 50 blows have been applied during any one
of the three 6-in. (0.15-m) increments described in 7.1.4.

7.2.2 A total of 100 blows have been applied.
7.2.3 There is no observed advance of the sampler during

the application of 10 successive blows of the hammer.
7.2.4 The sampler is advanced the complete 18 in. (0.45 m)

without the limiting blow counts occurring as described in
7.2.1, 7.2.2, or 7.2.3.

7.3 Record the number of blows required to effect each 6 in.
(0.15 m) of penetration or fraction thereof. The first 6 in. is
considered to be a seating drive. The sum of the number of
blows required for the second and third 6 in. of penetration is
termed the “standard penetration resistance,” or the “N-value.”
If the sampler is driven less than 18 in. (0.45 m), as permitted
in 7.2.1, 7.2.2, or 7.2.3, the number of blows per each complete
6-in. (0.15-m) increment and per each partial increment shall
be recorded on the boring log. For partial increments, the depth
of penetration shall be reported to the nearest 1 in. (25 mm), in
addition to the number of blows. If the sampler advances below
the bottom of the boring under the static weight of the drill rods
or the weight of the drill rods plus the static weight of the
hammer, this information should be noted on the boring log.

7.4 The raising and dropping of the 140-lb (63.5-kg) ham-
mer shall be accomplished using either of the following two
methods:

7.4.1 By using a trip, automatic, or semi-automatic hammer
drop system which lifts the 140-lb (63.5-kg) hammer and
allows it to drop 30 6 1.0 in. (0.76 m 6 25 mm) unimpeded.

7.4.2 By using a cathead to pull a rope attached to the
hammer. When the cathead and rope method is used the system
and operation shall conform to the following:

7.4.2.1 The cathead shall be essentially free of rust, oil, or
grease and have a diameter in the range of 6 to 10 in. (150 to
250 mm).

7.4.2.2 The cathead should be operated at a minimum speed
of rotation of 100 RPM, or the approximate speed of rotation
shall be reported on the boring log.

7.4.2.3 No more than 21⁄4 rope turns on the cathead may be
used during the performance of the penetration test, as shown
in Fig. 1.

NOTE 5—The operator should generally use either 13⁄4 or 21⁄4 rope
turns, depending upon whether or not the rope comes off the top (13⁄4
turns) or the bottom (21⁄4 turns) of the cathead. It is generally known and
accepted that 23⁄4or more rope turns considerably impedes the fall of the
hammer and should not be used to perform the test. The cathead rope
should be maintained in a relatively dry, clean, and unfrayed condition.

7.4.2.4 For each hammer blow, a 30-in. (0.76-m) lift and
drop shall be employed by the operator. The operation of
pulling and throwing the rope shall be performed rhythmically
without holding the rope at the top of the stroke.

7.5 Bring the sampler to the surface and open. Record the
percent recovery or the length of sample recovered. Describe
the soil samples recovered as to composition, color, stratifica-
tion, and condition, then place one or more representative
portions of the sample into sealable moisture-proof containers
(jars) without ramming or distorting any apparent stratification.
Seal each container to prevent evaporation of soil moisture.
Affix labels to the containers bearing job designation, boring
number, sample depth, and the blow count per 6-in. (0.15-m)
increment. Protect the samples against extreme temperature
changes. If there is a soil change within the sampler, make a jar
for each stratum and note its location in the sampler barrel.

8. Report

8.1 Drilling information shall be recorded in the field and
shall include the following:

8.1.1 Name and location of job,
8.1.2 Names of crew,
8.1.3 Type and make of drilling machine,
8.1.4 Weather conditions,
8.1.5 Date and time of start and finish of boring,
8.1.6 Boring number and location (station and coordinates,

if available and applicable),
8.1.7 Surface elevation, if available,
8.1.8 Method of advancing and cleaning the boring,
8.1.9 Method of keeping boring open,
8.1.10 Depth of water surface and drilling depth at the time

of a noted loss of drilling fluid, and time and date when reading
or notation was made,

8.1.11 Location of strata changes,
8.1.12 Size of casing, depth of cased portion of boring,
8.1.13 Equipment and method of driving sampler,
8.1.14 Type sampler and length and inside diameter of

barrel (note use of liners),
8.1.15 Size, type, and section length of the sampling rods,

and
8.1.16 Remarks.
8.2 Data obtained for each sample shall be recorded in the

field and shall include the following:
8.2.1 Sample depth and, if utilized, the sample number,
8.2.2 Description of soil,
8.2.3 Strata changes within sample,
8.2.4 Sampler penetration and recovery lengths, and
8.2.5 Number of blows per 6-in. (0.15-m) or partial incre-

ment.

9. Precision and Bias

9.1 Precision—A valid estimate of test precision has not
been determined because it is too costly to conduct the
necessary inter-laboratory (field) tests. Subcommittee D18.02
welcomes proposals to allow development of a valid precision
statement.

9.2 Bias—Because there is no reference material for this
test method, there can be no bias statement.

9.3 Variations in N-values of 100 % or more have been
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observed when using different standard penetration test appa-
ratus and drillers for adjacent borings in the same soil
formation. Current opinion, based on field experience, indi-
cates that when using the same apparatus and driller, N-values
in the same soil can be reproduced with a coefficient of
variation of about 10 %.

9.4 The use of faulty equipment, such as an extremely
massive or damaged anvil, a rusty cathead, a low speed
cathead, an old, oily rope, or massive or poorly lubricated rope
sheaves can significantly contribute to differences in N-values
obtained between operator-drill rig systems.

9.5 The variability in N-values produced by different drill
rigs and operators may be reduced by measuring that part of the
hammer energy delivered into the drill rods from the sampler
and adjusting N on the basis of comparative energies. A method
for energy measurement and N-value adjustment is given in
Test Method D 4633.

10. Keywords

10.1 blow count; in-situ test; penetration resistance; split-
barrel sampling; standard penetration test

SUMMARY OF CHANGES

(1) Added note to Section 1, Scope. The note refers to a related
standard, Practice D 6066.

(2) Added Practice D 6066 to Section 2 on Referenced
Documents.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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Designation: D 1143/D 1143M – 07

Standard Test Methods for
Deep Foundations Under Static Axial Compressive Load1

This standard is issued under the fixed designation D 1143/D 1143M; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last
reapproval. A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 The test methods described in this standard measure the
axial deflection of a vertical or inclined deep foundation when
loaded in static axial compression. These methods apply to all
deep foundations, referred to herein as piles, that function in a
manner similar to driven piles or castinplace piles, regardless
of their method of installation, and may be used for testing
single piles or pile groups. The test results may not represent
the long-term performance of a deep foundation.

1.2 This standard provides minimum requirements for test-
ing deep foundations under static axial compressive load.
Plans, specifications, and/or provisions prepared by a qualified
engineer may provide additional requirements and procedures
as needed to satisfy the objectives of a particular test program.
The engineer in responsible charge of the foundation design,
referred to herein as the Engineer, shall approve any devia-
tions, deletions, or additions to the requirements of this
standard.

1.3 This standard allows the following test procedures:
Procedure A Quick Test
Procedure B Maintained Test (optional)
Procedure C Loading in Excess of Maintained Test (optional)
Procedure D Constant Time Interval Test (optional)
Procedure E Constant Rate of Penetration Test (optional)
Procedure F Constant Movement Increment Test (optional)
Procedure G Cyclic Loading Test (optional)

1.4 Apparatus and procedures herein designated “optional”
may produce different test results and may be used only when
approved by the Engineer. The word “shall” indicates a
mandatory provision, and the word “should” indicates a
recommended or advisory provision. Imperative sentences
indicate mandatory provisions.

1.5 A qualified geotechnical engineer should interpret the
test results obtained from the procedures of this standard so as
to predict the actual performance and adequacy of piles used in
the constructed foundation. See Appendix X1 for comments
regarding some of the factors influencing the interpretation of
test results.

1.6 A qualified engineer shall design and approve all load-
ing apparatus, loaded members, support frames, and test
procedures. The text of this standard references notes and
footnotes which provide explanatory material. These notes and
footnotes (excluding those in tables and figures) shall not be
considered as requirements of the standard. This standard also
includes illustrations and appendices intended only for ex-
planatory or advisory use.

1.7 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in non-conformance
with the standard.

1.8 The gravitational system of inch-pound units is used
when dealing with inch-pound units. In this system, the pound
(lbf) represents a unit of force (weight), while the unit for mass
is slugs. The rationalized slug unit is not given, unless dynamic
(F=ma) calculations are involved.

1.9 All observed and calculated values shall conform to the
guidelines for significant digits and rounding established in
Practice D 6026.

1.10 The method used to specify how data are collected,
calculated, or recorded in this standard is not directly related to
the accuracy to which the data can be applied in design or other
uses, or both. How one applies the results obtained using this
standard is beyond its scope.

1.11 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: 2

D 653 Terminology Relating to Soil, Rock, and Contained
Fluids

D 3740 Practice for Minimum Requirements for Agencies

1 This test method is under the jurisdiction of ASTM Committee D18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.11 on Deep Foundations.

Current edition approved Feb. 1, 2007. Published April 2007. Originally
approved in 1950. Discontinued in August 1995 and reinstated in 2007 as
D 1143–07. Last previous edition approved in 1994 as D 1143 – 81(1994) e1 .

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.
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Engaged in the Testing and/or Inspection of Soil and Rock
as Used in Engineering Design and Construction

D 5882 Test Method for Low Strain Integrity Testing of
Piles

D 6026 Practice for Using Significant Digits in Geotechni-
cal Data

D 6760 Test Method for Integrity Testing of Concrete Deep
Foundations by Ultrasonic Crosshole Testing

2.2 American National Standards:3

ASME B30.1 Jacks
ASME B40.100 Pressure Gages and Gauge Attachments
ASME B89.1.10.M Dial Indicators (For Linear Measure-

ments)

3. Terminology

3.1 For common definitions of terms used in this standard
see Terminology D 653 Terminology Relating to Soil, Rock,
and Contained Fluids.

3.2 Definitions of Terms Specific to this Standard:
3.2.1 cast in-place pile, n—a deep foundation unit made of

cement grout or concrete and constructed in its final location,
for example, drilled shafts, bored piles, caissons, auger cast
piles, pressure-injected footings, etc

3.2.2 deep foundation, n— a relatively slender structural
element that transmits some or all of the load it supports to soil
or rock well below the ground surface, such as a steel pipe pile
or concrete drilled shaft

3.2.3 driven pile, n—a deep foundation unit made of pre-
formed material with a predetermined shape and size and
typically installed by impact hammering, vibrating, or pushing.

3.2.4 failure load, n—for the purpose of terminating an
axial compressive load test, the test load at which rapid
continuing, progressive movement occurs, or at which the total
axial movement exceeds 15 % of the pile diameter or width, or
as specified by the engineer.

3.2.5 telltale rod, n—an unstrained metal rod extended
through the test pile from a specific point to be used as a
reference from which to measure the change in the length of
the loaded pile.

3.2.6 wireline, n—a steel wire mounted with a constant
tension force between two supports and used as a reference line
to read a scale indicating movement of the test pile.

4. Significance and Use

4.1 Field tests provide the most reliable relationship be-
tween the axial load applied to a deep foundation and the
resulting axial movement. Test results may also provide
information used to assess the distribution of side shear
resistance along the pile shaft, the amount of end bearing
developed at the pile toe, and the long-term load-deflection
behavior. A foundation designer may evaluate the test results to
determine if, after applying an appropriate factor of safety, the
pile or pile group has an ultimate static capacity and a
deflection at service load satisfactory to support a specific

foundation. When performed as part of a multiple-pile test
program, the designer may also use the results to assess the
viability of different piling types and the variability of the test
site.

4.2 If feasible, without exceeding the safe structural load on
the pile(s) or pile cap, the maximum load applied should reach
a failure load from which the Engineer may determine the
ultimate axial static compressive load capacity of the pile(s).
Tests that achieve a failure load may help the designer improve
the efficiency of the foundation by reducing the piling length,
quantity, or size.

4.3 If deemed impractical to apply axial test loads to an
inclined pile, the Engineer may elect to use axial test results
from a nearby vertical pile to evaluate the axial capacity of the
inclined pile.

NOTE 1—The quality of the result produced by this test method is
dependent on the competence of the personnel performing it, and the
suitability of the equipment and facilities used. Agencies that meet the
criteria of Practice D 3740 are generally considered capable of competent
and objective testing/sampling/ inspection/etc. Users of this test method
are cautioned that compliance with Practice D 3740 does not in itself
assure reliable results. Reliable results depend on many factors; Practice
D 3740 provides a means of evaluating some of those factors.

5. Test Foundation Preparation

5.1 Excavate or add fill to the ground surface around the test
pile or pile group to the final design elevation unless otherwise
approved by the Engineer.

5.2 Cut off or build up the test pile as necessary to permit
construction of the load-application apparatus, placement of
the necessary testing and instrumentation equipment, and
observation of the instrumentation. Remove any damaged or
unsound material from the pile top and prepare the surface so
that it is perpendicular to the pile axis with minimal irregularity
to provide a good bearing surface for a test plate.

5.3 For tests of single piles, install a solid steel test plate at
least 25 mm (1 in) thick perpendicular to the long axis of the
test pile that covers the complete pile top area. The test plate
shall span across and between any unbraced flanges on the test
pile.

5.4 For tests on pile groups, cap the pile group with
steel-reinforced concrete or a steel load frame designed for the
anticipated loads. Provide a clear space beneath the pile cap as
specified by the Engineer to eliminate any bearing on the
underlying ground surface. For each loading point on the pile
cap, provide a solid steel test plate oriented perpendicular to
the axis of the pile group with a minimum thickness of 25 mm
(1 in), as needed to safely apply load to the pile cap. Center a
single bearing plate on the centroid of the pile group. Locate
multiple bearing plates symmetrically about the centroid of the
pile group. Boxes and beams may bear directly on the pile cap
when designed to bear uniformly along their contact surface
with the cap.

5.5 To minimize stress concentrations due to minor irregu-
larities of the pile top surface, set test plates bearing on the top
of precast or cast-in-place concrete piles in a thin layer of
quick-setting, non-shrink grout, less than 6 m (0.25 in) thick
and having a compressive strength greater than the test pile at
the time of the test. Set test plates, boxes, and beams designed

3 Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Three Park Ave., New York, NY 10016-5990, http://
www.asme.org.
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to bear on a concrete pile cap in a thin layer of quick-setting,
non-shrink grout, less than 6 mm (0.25 in) thick and having a
compressive strength greater than the pile cap at the time of the
test. For tests on steel piles, or a steel load frame, weld the test
plate to the pile or load frame. For tests on individual timber
piles, set the test plate directly on the cleanly cut top of the pile,
or in grout as described for concrete piles.

NOTE 2—Deep foundations sometimes include hidden defects that may
go unnoticed prior to the static testing. Low strain integrity tests as
described in D 5882 and ultrasonic crosshole integrity tests as described in
D 6760 may provide a useful pre-test evaluation of the test foundation.

6. Apparatus for Applying and Measuring Loads

6.1 General:
6.1.1 The apparatus for applying compressive loads to a test

pile or pile group shall conform to one of the methods
described in 6.3–6.6 Unless otherwise specified by the Engi-
neer, the apparatus for applying and measuring loads described
in this section shall be capable of safely applying at least
120 % of the maximum anticipated test load. Use the method
described in 6.3 to apply axial loads to either vertical or
inclined piles or pile groups. Use the methods described in
6.4-6.6 to apply only vertical loads.

6.1.2 Align the test load apparatus with the longitudinal axis
of the pile or pile group to minimize eccentric loading. When
necessary to prevent lateral deflection and buckling along the
unsupported pile length, provide lateral braces that do not
influence the axial movement of the pile, or pile cap.

6.1.3 Each jack shall include a hemispherical bearing or
similar device to minimize lateral loading of the pile or group.
The hemispherical bearing should include a locking mecha-
nism for safe handling and setup. Center bearing plates,
hydraulic jack(s), load cell(s), and hemispherical bearings on
the test beam(s), test pile, or test pile cap.

6.1.4 Provide bearing stiffeners as needed between the
flanges of test and reaction beams. Provide steel bearing plates
as needed to spread the load from the outer perimeter of the
jack(s), or the bearing surface of beams or boxes, to bear on the
surface of the test pile or pile cap. Also provide steel bearing
plates to spread the load between the jack(s), load cells, and
hemispherical bearings, and to spread the load to the test
beam(s), test pile, or pile cap. Bearing plates shall extend the
full flange width of steel beams and the complete top area of
piles, or as specified by the Engineer, so as to provide full
bearing and distribution of the load.

6.1.5 Unless otherwise specified, provide steel bearing
plates that have a total thickness adequate to spread the bearing
load between the outer perimeters of loaded surfaces at a
maximum angle of 45 ° to the loaded axis. For center hole
jacks and center hole load cells, also provide steel plates
adequate to spread the load from their inner diameter to the
their central axis at a maximum angle of 45 ° , or per
manufacturer recommendations. Bearing plates shall extend
the full width of the test beam(s) or any steel reaction members
so as to provide full bearing and distribution of the load.

6.1.6 A qualified engineer shall design and approve all
loading apparatus, loaded members, support frames, and load-
ing procedures. The test beam(s), load platforms, and support

structures shall have sufficient size, strength, and stiffness to
prevent excessive deflection and instability up to the maximum
anticipated test load.

NOTE 3—Rotations and lateral displacements of the test pile or pile cap
may occur during loading, especially for piles extending above the soil
surface or through weak soils. Design and construct the support reactions
to resist any undesirable rotations or lateral displacements

6.2 Hydraulic Jacks, Gages, Transducers, and Load Cells:
6.2.1 The hydraulic jack(s) and their operation shall con-

form to ASME B30.1 Jacks and shall have a nominal load
capacity exceeding the maximum anticipated jack load by at
least 20 %. The jack, pump, and any hoses, pipes, fittings,
gages, or transducers used to pressurize it shall be rated to a
safe pressure corresponding to the nominal jack capacity.

6.2.2 The hydraulic jack ram(s) shall have a travel greater
than the sum of the anticipated maximum axial movement of
the pile plus the deflection of the test beam and the elongation
and movement of any anchoring system, but not less than 15 %
of the average pile diameter or width. Use a single highcapac-
ity jack when possible. When using a multiple jack system,
provide jacks of the same make, model, and capacity, and
supply the jack pressure through a common manifold. Fit the
manifold and each jack with a pressure gage to detect mal-
functions and imbalances.

6.2.3 Unless otherwise specified, the hydraulic jack(s), pres-
sure gage(s), and pressure transducer(s) shall have a calibration
to at least the maximum anticipated jack load performed within
the six months prior to each test or series of tests. Furnish the
calibration report(s) prior to performing a test, which shall
include the ambient temperature and calibrations performed for
multiple ram strokes up to the maximum stroke of the jack.

6.2.4 Each complete jacking and pressure measurement
system, including the hydraulic pump, should be calibrated as
a unit when practicable. The hydraulic jack(s) shall be cali-
brated over the complete range of ram travel for increasing and
decreasing applied loads. If two or more jacks are to be used to
apply the test load, they shall be of the same make, model, and
size, connected to a common manifold and pressure gage, and
operated by a single hydraulic pump. The calibrated jacking
system(s) shall have accuracy less than 5% of the maximum
applied load. When not feasible to calibrate a jacking system as
a unit, calibrate the jack, pressure gages, and pressure trans-
ducers separately, and each of these components shall have
accuracy less than 2% of the applied load.

6.2.5 Pressure gages shall have minimum graduations less
than or equal to 1% of the maximum applied load and shall
conform to ASME B40.100 Pressure Gages and Gauge Attach-
ments with an accuracy grade 1A having a permissible error 6

1% of the span. Pressure transducers shall have a minimum
resolution less than or equal to 1% of the maximum applied
load and shall conform to ASME B40.100 with an accuracy
grade 1A having a permissible error 6 1% of the span. When
used for control of the test, pressure transducers shall include
a real-time display.

6.2.6 If the maximum test load will exceed 900 kN (100
tons), place a properly constructed load cell or equivalent
device in series with each hydraulic jack. Unless otherwise
specified the load cell(s) shall have a calibration to at least the
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maximum anticipated jack load performed within the six
months prior to each test or series of tests. The calibrated load
cell(s) or equivalent device(s) shall have accuracy within 1 %
of the applied load, including an eccentric loading of up to 1%
applied at an eccentric distance of 1 in. (25 mm). After
calibration, load cells shall not be subjected to impact loads. A
load cell is recommended, but not required, for lesser load. If
not practicable to use a load cell, include embedded strain
gages located in close proximity to the jack to confirm the
applied load.

6.2.7 Do not leave the hydraulic jack pump unattended at
any time during the test. Automated jacking systems shall
include a clearly marked mechanical override to safely reduce
hydraulic pressure in an emergency.

6.3 Load Applied by Hydraulic Jack(s) Acting Against
Anchored Reaction Frame (See Fig. 1 and Fig. 2):

6.3.1 Apply the test load to the pile or pile group with the
hydraulic jack(s) reacting against the test beam(s) centered
over the test pile, or pile group. Install a sufficient number of
anchor piles or suitable anchoring device(s) to provide ad-
equate reactive capacity for the test beam(s). Provide a clear
distance from the test pile or pile group of at least five times the
maximum diameter of the largest anchor or test pile(s), but not
less than 2.5 m (8 ft). The Engineer may increase or decrease
this minimum clear distance based on factors such as the type
and depth of reaction, soil conditions, and magnitude of loads
so that reaction forces do not significantly effect the test results.

NOTE 4—Excessive vibrations during anchor pile installation in non-
cohesive soils may affect test results. Anchor piles that penetrate deeper
than the test pile may affect test results. Install the anchor piles nearest the
test pile first to help reduce installation effects.

6.3.2 Provide sufficient clearance between the bottom
flange(s) of the test beam(s) and the top of the test pile or pile

group to place the necessary bearing plates, hydraulic jack(s),
hemispherical bearing, and load cell(s). For test loads of high
magnitude requiring several anchors, a steel framework may be
required to transfer the applied loads from the test beam(s) to
the anchors.

6.3.3 When testing individual inclined piles, align the
jack(s), test beam(s), and anchor piles with the inclined
longitudinal axis of the test pile.

6.3.4 Attach the test beam(s) (or reaction framework if
used) to the anchoring devices with connections designed to
adequately transfer the applied loads to the anchors so as to
prevent slippage, rupture or excessive elongation of the con-
nections under maximum required test load.

6.4 Load Applied by Hydraulic Jack(s) Acting Against a
Weighted Box or Platform :

(Fig. 3)
6.4.1 Apply the test load to the pile or pile group with the

hydraulic jack(s) reacting against the test beam(s) centered
over the test pile, or pile group. Center a box or platform on the
test beam(s) with the edges of the box or platform parallel to
the test beam(s) supported by cribbing or piles placed as far
from the test pile or pile group as practicable, but in no case
less than a clear distance of 1.5 m (5 ft). If cribbing is used, the
bearing area of the cribbing at ground surface shall be sufficient
to prevent adverse settlement of the weighted box or platform.

6.4.2 The test beam(s) shall have sufficient size and strength
to prevent excessive deflection under the maximum load, and
sufficient clearance between the bottom flange(s) of the test
beam(s) and the top of the test pile or pile group to place the
necessary bearing plates, hydraulic jack(s), hemispherical bear-
ing, and load cell(s). Support the ends of the test beam(s) on
temporary cribbing or other devices.

FIG. 1 Schematic of Hydraulic Jack Acting Against Anchored Reaction Frame
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6.4.3 Load the box or platform with any suitable material
such as soil, rock, concrete, steel, or water-filled tanks with a
total weight (including that of the test beam(s) and the box or
platform) at least 10 % greater than the maximum anticipated
test load.

6.5 Load Applied Directly Using Known Weights (See Fig.
4, Fig. 5, and Fig. 6):

6.5.1 Center on the test pile or pile cap a test beam(s) of
known weight and of sufficient size and strength to avoid
excessive deflection under load with the ends supported on

FIG. 2 Schematic of Hydraulic Jack on a Pipe Group Acting Against Anchored Reaction Frame

FIG. 3 Schematic Hydraulic Jack Acting Against Weighted Box or Platform
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temporary cribbing if necessary to stabilize the beam(s).
Alternatively, the known test weights or loading material may
be applied directly on the pile or pile cap.

6.5.2 Center and balance a platform of known weight on the
test beam(s) or directly on the pile cap with overhanging edges
of the platform parallel to the test beam(s) supported by

FIG. 4 Schematic of Direct Loading on a Single Pile Using Weighted Platform

FIG. 5 Schematic of Direct loading on a Pile Group Using a Weighted Platform

FIG. 6 Schematic of Direct Loading on a Pile Group
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cribbing or by piles capped with timber beams, so that a clear
distance of not less than 1.5 m (5 ft) is maintained between the
supports and the test pile or pile group.

6.5.3 Place sufficient pairs of timber wedges between the
top of the cribbing or timber cap beams and the bottom edges
of the platform so that the platform can be stabilized during
loading or unloading.

6.5.4 Apply the test loads to the pile or pile group using
known weights. When loading the platform, remove any
temporary supports at the ends of the test beam(s) and tighten
the wedges along the bottom edges of the platform so that the
platform is stable. Use loading materials such as steel or
concrete so that the weight of incremental loads can be
determined with accuracy of 5 %.

NOTE 5— Depending on the magnitude of the applied load and axial
movement, platform stability may be difficult to control at or near a failure
load when applying the load directly. The user should consider using a
different load method when anticipating a failure load.

NOTE 6— The loading apparatus described in 6.5 may allow target rod
level readings directly on the center of the pile top or pile cap to measure
the pile top movement described in 7.2.4. To accommodate the target rod,
use a double test beam with sufficient space between the beams, leave a
hole through the platform, and leave a line of sight between the test
weights for survey level readings.

6.6 Other Types of Loading Apparatus (optional)— The
Engineer may specify another type of loading apparatus
satisfying the basic requirements of 6.3 or 6.4.

7. Apparatus for Measuring Movement

7.1 General:
7.1.1 Reference beams and wirelines shall be supported

independent of the loading system, with supports firmly
embedded in the ground at a clear distance from the test pile of
at least five times the diameter of the test pile(s) but not less
than 2.5 m (8 ft), and at a clear distance from any anchor piles
of at least five times the diameter of the anchor pile(s) but not
less than 2.5 m (8 ft). Reference supports shall also be located
as far as practicable from any cribbing supports but not less
than a clear distance of 2.5 m (8 ft).

7.1.2 Reference beams shall have adequate strength, stiff-
ness, and cross bracing to support the test instrumentation and
minimize vibrations that may degrade measurement of the pile
movement. One end of each beam shall be free to move
laterally as the beam length changes with temperature varia-
tions. Supports for reference beams and wirelines shall be
isolated from moving water and wave action. Provide a tarp or
shelter to prevent direct sunlight and precipitation from affect-
ing the measuring and reference systems.

7.1.3 Dial and electronic displacement indicators shall con-
form to ASME B89.1.10.M Dial Indicators (For Linear Mea-
surements) and should generally have a travel of 100 mm (4
in), but shall have a minimum travel of at least 50 mm (2 in).
Provide greater travel, longer stems, or sufficient calibrated
blocks to allow for greater travel if anticipated. Electronic
indicators shall have a real-time display of the movement
available during the test. Provide a smooth bearing surface for
the indicator stem perpendicular to the direction of stem travel,
such as a small, lubricated, glass plate glued in place. Except as
required in 7.4, indicators shall have minimum graduations of

0.25 mm (0.01 in) or less, with similar accuracy. Scales used to
measure pile movements shall have a length no less than 150
mm (6 in), minimum graduations of 0.5 mm (0.02 in) or less,
with similar accuracy, and shall be read to the nearest 0.1 mm
(0.005 in). Survey rods shall have minimum graduations of 1
mm (0.01 ft) or less, with similar accuracy, and shall be read to
the nearest 0.1 mm (0.001 ft).

7.1.4 Dial indicators and electronic displacement indicators
shall be in good working condition and shall have a full range
calibration within three years prior to each test or series of
tests. Furnish calibration reports prior to performing a test,
including the ambient air temperature during calibration

7.1.5 Clearly identify each displacement indicator, scale,
and reference point used during the test with a reference
number or letter.

7.1.6 Indicators, scales, or reference points attached to the
test pile, pile cap, reference beam, or other references shall be
firmly affixed to prevent movement relative to the test pile or
pile cap during the test. Unless otherwise approved by the
Engineer, verify that reference beam and wireline supports do
not move during the test by using a surveyor’s level to take
readings on a survey rod or a scale with reference to a
permanent bench mark located outside of the immediate test
area.

7.2 Pile Top Axial Movements (See Fig. 7)—
7.2.1 Unless otherwise specified, all axial compressive load

tests shall include apparatus for measuring the axial movement
of the test pile top, or piles within a group, or the pile group
cap. This apparatus shall include a primary measurement
system and at least one redundant, secondary system, using at
least two of the systems described herein.

NOTE 7—When possible use displacement indicators as the primary
system to obtain the most precise measurements. Use the redundant
system(s) to check top movement data and provide continuity when the
measuring system is disturbed or reset for additional movement.

NOTE 8—Pile top movements measured directly on the test pile have
superior accuracy to measurements on the test plate, but with negligible
difference when using a thin layer of grout on a sound pile, or with a test
plate welded to the pile. However, users may wish to verify that the test
plate and pile top do not move relative to each other using additional
indicators (Fig. 7).

7.2.2 Displacement Indicators— Mount a minimum of two
displacement indicators on the reference beams to bear on the
pile top at axisymmetric points equidistant from the center of
the test pile, or pile cap, with stems parallel to the longitudinal
axis of the pile, inclined pile, or pile group. Orient two parallel
reference beams, one on each side of the test pile or pile cap,
in a direction that permits placing their supports as far as
feasible from anchor piles or cribbing. Alternatively, mount the
two indicators on axisymmetric points equidistant from the
center of the test pile, or pile cap, with the stems parallel to the
longitudinal axis of the pile or pile group to bear on the
reference beams.

NOTE 9—For piles having a width or diameter greater than 2.5 ft (0.75
n), and for piles without good lateral support near the top, use four
displacement indicators to compensate for lateral movement or rotation of
the pile top.

NOTE 10—For tests on inclined piles, monitor lateral pile movements as
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described in 7.3to detect instability that may result from gravitational
forces during the test.

7.2.3 Wireline, Mirror, and Scale—Orient two wirelines
parallel to each other and perpendicular to and located on
opposite sides equidistant from the axis of the test pile, or pile
group, in a direction that permits placing the wireline supports
as far as practicable from anchor piles or cribbing. The
wirelines shall include a weight or spring to maintain a
constant tension force in the wire, so that, when plucked or
tapped, the wireline will return to its original position. Use
clean, uncoated steel wire with a diameter of 0.25 mm (0.01 in)
or less for the wirelines. Each wireline shall pass across, and
remain clear of, a scale mounted on the test pile or pile cap
parallel to the axis of the pile or pile group. Mount the scale on
a mirror affixed to the test pile or pile cap and use the wireline
as a reference line to read the scale. Use the mirror to eliminate
parallax error in the scale reading by lining up the wire and its
image in the mirror. Align the wire not more than 13 mm (0.5
in) from the face of the scale.

7.2.4 Surveyor’s Level or Laser Beam—Movement read-
ings obtained using a surveyor’s level or laser beam shall be
taken on a survey rod or a scale and shall be referenced to a
permanent bench mark located outside of the immediate test
area or, alternatively, the surveyor’s level shall be mounted on
an object of fixed elevation (for example a driven pile) outside
of the immediate test area. Reference points or scales used in
taking displacement readings shall be mounted on the sides of
the test pile or pile cap and located on opposite sides except
that reference points may be located on top of the pile cap or
readings may be taken on a single fixed point in the center of
the test pile top, test plate or pile cap (see Fig. 6).

7.2.5 Other Types of Measurement Systems (Optional)—
The Engineer may specify another type of measurement system
satisfying the basic requirements of 7.2.

7.3 Lateral Movements (Optional) Measure the lateral
movements of the top of the test pile or pile group to within an
accuracy of 2.5 mm (0.1 in) using either of the following

FIG. 7 Schematic of Instrumentation of Measuring Axial Pile Movements
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methods: (a) two displacement indicators oriented in orthogo-
nal directions, mounted with their stems perpendicular to the
longitudinal axis of the test pile(s) and bearing against lubri-
cated glass plates affixed to the sides of the test pile or pile cap,
or (b) a surveyor’s transit reading from scales mounted
laterally on two perpendicular sides of the test pile or pile cap
with readings referenced to fixed foresights or backsights. For
tests on inclined piles, orient the indicators or scales parallel
and perpendicular to the vertical plane of the incline and
perpendicular to the longitudinal axis of the test pile(s).

7.4 Pile Compression and Strain Measurements (Optional) :
7.4.1 Measure the compression or strain of the test pile

during loading at locations specified by the Engineer to help
evaluate the distribution of load transfer from the pile to the
surrounding soil.

7.4.2 Determine pile compression using displacement indi-
cators to measure the relative movement between the pile top
and an unstrained telltale rod (Figs. 7-10) bearing at a point
within the pile. Unless located on the pile axis, install paired
telltales in the pile with the rods in each pair oriented
symmetrically opposite each other and equidistant from and
parallel to the pile axis. Terminate telltale pairs near the pile
bottom and at other points along the pile as required. Measure
and record the distance from the pile top to the telltale
termination point(s) to the nearest 10 mm (0.5 in). Install the
telltales in a sheath or casing to insure free rod movement
during the test. The rods shall have a rounded tip that bears on
a clean steel plate affixed to the pile or shall be threaded into a
nut affixed to the pile. Clean the telltale rods prior to installa-
tion, oil them during or after installation, and provide central-
izers to restrain lateral movement but not axial movement at
the pile top. The displacement indicators shall have a travel of
at least a 5 mm (0.2 in) and minimum graduations of 0.01 mm
(0.0001 in) or less, with similar accuracy. Mount a smooth
bearing surface for the indicator stem on the telltale rod
perpendicular to the direction of stem travel, such as a small,
lubricated, glass plate clamped or glued in place.

7.4.3 Other types of telltale (Optional)—The Engineer may
specify another type of telltale for the measurement of pile
compression that satisfies the basic requirements of 7.4.2.

7.4.4 Measure pile strain directly using strain gages in-
stalled along the length of the pile axis. Install single gages
along the pile axis, or gage pairs with the gages in each pair
oriented symmetrically opposite each other and equidistant
from and parallel to the pile axis. Measure and record the
distance from the pile top to the gages to the nearest 10 mm
(0.5 in). The gage type and installation shall be as specified by
the Engineer and shall include temperature compensation as
recommended by the gage manufacturer. Where feasible,
measurement programs involving strain gages should include
calibration of the fully instrumented pile and a complete
history of gage readings starting before their installation in the
pile.

NOTE 11—To interpret strain measurements and estimate pile stresses,
the Engineer will require a depth profile describing the variation of pile
constituents and their strength, cross sectional area, and stiffness. Stiffness
properties may vary with the applied stress, especially for grout or
concrete. Obtain this information from installation records and separate
material property tests as needed.

8. Procedure

8.1 Loading:
8.1.1 General:
8.1.1.1 Apply test loads following one of the procedures

described below for each test method, or as modified by the
Engineer. If feasible, the maximum applied load should reach
a failure that reflects the ultimate axial static compressive load
capacity of the pile(s). Do not exceed the safe structural
capacity of the pile or pile group, or the loading apparatus. Do
not leave a loaded pile unattended.

8.1.1.2 To avoid excessive creep and possible structural
failure of cast-in-place concrete piles, delay load testing after
concrete placement to permit the fresh concrete to gain
adequate strength and stiffness. Use test cylinders or cores of
the pile concrete to determine the appropriate wait time,
recognizing that the test cylinders will generally cure more
quickly than concrete in the pile.

8.1.1.3 The static axial capacity of piles typically changes as
time elapses after pile installation, possibly increasing (setup)
or decreasing (relaxation), depending on the soil or rock
properties and the pore water pressure and soil structure
disturbance induced by installation. This behavior may affect
both driven piles and cast-in-place piles. The Engineer may
specify a waiting period between pile installation and static
testing to investigate time effects. The waiting period may
range from 3 to 30 days, or longer, based on testing (for
example redriving piles) or prior experience.

8.1.1.4 When temporarily dewatering a test site with piles
installed in granular soils, maintain the groundwater level as
near to the nominal elevation as possible and record the
elevation of the groundwater surface during the test. Use the
groundwater surface elevation measured during the test to
correct the axial pile capacity when the groundwater level
during the test deviates more than 1.5 m (5 ft) from the service
groundwater elevation.

8.1.2 Procedure A: Quick Test—Apply the test load in
increments of 5 % of the anticipated failure load. Add each
load increment in a continuous fashion and immediately
following the completion of movement readings for the previ-
ous load interval. Add load increments until reaching a failure
load but do not exceed the safe structural capacity of the pile,
pile group, or loading apparatus. During each load interval,
keep the load constant for a time interval of not less than 4 min
and not more than 15 min, using the same time interval for all
loading increments throughout the test. Remove the load in five
to ten approximately equal decrements, keeping the load
constant for a time interval of not less than 4 min and not more
than 15 min, using the same time interval for all unloading
decrements Consider longer time intervals for the failure load
to assess creep behavior and for the final zero load to assess
rebound behavior.

8.1.3 Procedure B: Maintained Test (Optional):
8.1.3.1 Unless failure occurs first, load the pile to a maxi-

mum maintained load of 200 % of the anticipated design load
for tests on individual piles, or 150 % of the pile group design
load, applying the load in increments of 25 % of the design
load. Maintain each load increment until the rate of axial
movement does not exceed 0.25 mm (0.01 in) per hour, with a
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minimum time adequate to verify this movement rate based on
the accuracy of the movement indicator readings, and with a
maximum of 2 hr. After applying the maximum load and
reaching an overall test duration of at least 12 hr, begin

unloading when the axial movement measured over a period of
1 hr does not exceed 0.25 mm (0.01 in); otherwise allow the
maximum load to remain on the pile or pile group for 24 hr. If
failure occurs during loading, maintain the failure load, or the

FIG. 8 Possible Installation of Telltales for Steel H-Piles
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maximum load possible, until the total axial movement equals
15 % the pile diameter or width. After completing the final load
increment, remove the load in decrements of 25 % of the
maximum test load with 1 hr between decrements.

8.1.3.2 If using the direct loading method described in 6.5,
include in the first load increment the weight of the test
beam(s) and the platform that bear directly on the pile. Before
adding or removing load increments, tighten the wedges along
the platform edges to stabilize the platform. Place or remove
load increments in a manner which avoids impact and main-
tains the load balanced at all times. After each load increment
has been added, loosen (but do not remove) the wedges and
keep them loose to permit the full load to act on the pile as it
moves.

NOTE 12— If negligible permanent axial movement occurs after un-
loading the pile, consider reloading the test pile(s) to a greater load or use

the procedure in section 8.4. If the test pile(s) approach failure during the
maintained loading procedure, consider decreasing the final load incre-
ments to obtain a more accurate failure load.

8.1.4 Procedure C: Loading in Excess of Maintained Test
(Optional)—After the load has been applied and removed in
accordance with 8.3, reload the test pile or pile group to the
maximum maintained load in increments of 50 % of the pile or
pile group design load, allowing 20 min between load incre-
ments. Then apply additional load in increments of 10 % of the
design load for the pile or pile group until reaching the
maximum required load or failure, allowing 20 min between
load increments. If failure occurs continue jacking the pile until
the settlement equals 15 % of the pile diameter or width. If
failure does not occur, hold the full load for 2 hr and then
remove the load in four equal decrements, allowing 20 min
between decrements.

FIG. 9 Possible Installation of Telltales for Pipe Piles
FIG. 10 Possible Installation of Telltales for Timber Piles
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8.1.5 Procedure D: Constant Time Interval Loading Test—
Follow the procedures of , but apply the load in increments of
20 % of the pile or group design load with 1 hr between load
increments. Then unload the piles with 1 hr between load
decrements.

8.1.6 Procedure E: Constant Rate of Penetration Test (op-
tional)

8.1.6.1 The apparatus for applying loads shall have a
capacity as specified and shall be in accordance with section
6.3 or 6.4. Use a mechanical hydraulic jacking system
equipped with a bleed valve, variable speed device, or other
means for providing a smooth variable pressure delivery.

8.1.6.2 Vary the applied load as necessary to maintain a pile
penetration rate of 0.25 to 1.25 mm (0.01 to 0.05 in) per minute
for cohesive soil or 0.75 to 2.5 mm (0.03 to 0.10 in) per minute
for granular soils, or as specified by the Engineer. Continue
loading the pile until achieving continuous penetration at the
specified rate. Hold the maximum applied load until obtaining
a total pile penetration of at least 15 % of the average pile
diameter or width, or until the pile stops penetrating. Gradually
release the final load to protect the load and measurement
systems

8.1.6.3 Control the rate of penetration by checking the time
taken for successive small equal increments of penetration and
then adjusting the jacking accordingly. Alternatively, use a
mechanical or electrical device to monitor and control the
penetration rate so that it remains constant

8.1.6.4 See for measurement procedures. When using a
video recording system, locate all gages for easy reading
within the camera’s field of view, as well as a digital clock
displaying time to the nearest second.

8.1.7 Procedure F: Constant Movement Increment Test
(Optional)

8.1.7.1 Apply test loads in increments required to produce
pile top movement increments equal to approximately 1 % of
the average pile diameter or width. Vary the applied load as
necessary to maintain each movement increment, and do not
apply additional load until the rate of load variation to hold that
movement increment constant is less than 1 % of the total
applied load per hr. Continue loading the pile in such incre-
ments until the total movement equals 15 % of the average pile
diameter or width.

8.1.7.2 Remove the final test load in four equal decrements
after maintaining the final movement increment until the rate of
load variation is less than 1 % of the total applied load per hour.
After removing the first load decrement, do not remove
additional decrements until the rate of pile rebound for the
preceding load decrement is less than 0.3 % of the average pile
diameter or diagonal dimension per hour.

8.1.8 Procedure G: Cyclic Loading Test (optional)— For
the first application of test load increments, apply such incre-
ments in accordance with . After the application of loads equal
to 50, 100 and 150 % of the pile design load for tests of
individual piles or 50 and 100 % of the group design load for
tests on pile groups, maintain the total test load in each case for
1 hr and remove the load in decrements equal to the loading
increments, allowing 20 min between decrements. After re-
moving each maximum applied load, reapply the load to each

preceding load level in increments equal to 50 % of the design
load, allowing 20 min between increments. Apply additional
loads in accordance with. After the maximum required test load
has been applied, hold and remove the test load in accordance
with .

8.2 Recording Test Readings
8.2.1 General:
8.2.1.1 For the required time intervals described below for

each test method, record the time, applied load, and movement
readings (displacement, and strain if measured) for each
properly identified gage, scale, or reference point taken as
nearly simultaneously as practicable. The Engineer may
specify different reading intervals from those given below as
needed to satisfy the objectives of a particular test pile
program. Obtain additional test readings as specified by the
Engineer, or as convenient for testing purposes, i.e. when using
a datalogger to record readings at a constant time interval.
When using the loading procedure described in 6.5, take the
zero-load reading before placing the test beam(s) and platform
on the pile(s). Clearly record and explain any field adjustments
made to instrumentation or recorded data.

8.2.1.2 Verify the stability of the reference beams and load
reaction system (including reaction piles) using a surveyor’s
level or transit and target rod or scales to determine movement.
Record readings taken before applying any test load, at the
proposed design load, at the maximum test load, and after the
removal of all load. Intermediate readings for each load
increment are recommended to provide additional quality
assurance and detect potential failure of the load reaction
system.

8.2.1.3 When using embedded strain gages to obtain incre-
mental strain measurements as in 7.4 record strain readings just
before starting the test and, as a minimum, during the test
whenever recording readings of time, load, and movement. The
Engineer may also require gage readings taken before and after
the pile installation to obtain a complete strain history and
investigate residual stress behavior.

8.2.2 Procedure A: Quick Test—Record test readings taken
at 0.5, 1, 2 and 4 min after completing the application of each
load increment, and at 8 and 15 min when permitted by longer
load intervals. Record test readings taken at 1 and 4 min after
completing each load decrement, and at 8 and 15 min when
permitted by a longer unload intervals. Record readings taken
at 1, 4, 8 and 15 min after all load has been removed.

NOTE 13—The movement measured between readings for a given load
increment provides an indication of creep behavior.

8.2.3 Procedure B: Maintained Test (also Procedures C, D,
and G) (Optional)—Record test readings taken before and after
the application of each load increment or decrement. During
each load interval, provided that the test pile or pile group has
not failed, record additional readings taken at 5, 10, and 20 min
following application of the load increment, and every 20 min
thereafter as needed. After applying the total load, provided
that the test pile or pile group has not failed, record additional
readings taken at 5, 10, and 20 min, then every 20 min up to 2
hrs, then every hour from 2 to 12 hrs, and then every 2 hrs from
12 to 24 hrs as needed. If pile failure occurs, also record
readings taken immediately before removing the first load
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decrement. During unloading, record readings taken at time
intervals of 20 min. Record final readings 12 hr after removing
all load.

8.2.4 Procedure E: Constant Rate of Penetration
(Optional)—Record test readings taken at least every 30 s or at
sufficient intervals to determine the actual rate of penetration.
Operate any automatic monitoring and recording devices
continuously during each test. When the test pile has achieved
its specified rate of penetration, continue to take and record
readings for the duration of the loading, and determine the
maximum load applied. Take and record readings immediately
after unloading and again 1 h after removing all load.

8.2.5 Procedure F: Constant Movement Increment
(Optional)—Record test readings taken immediately before
and after each movement increment with sufficient intermedi-
ate readings so as to determine the rate of load variation and the
actual load required to maintain each settlement increment.
During unloading, record readings taken immediately before
and after the removal of each load decrement with sufficient
intermediate readings so as to determine the rate of pile
rebound. Record final readings taken 12 h after removing all
load.

9. Safety Requirements

9.1 All operations in connection with pile load testing shall
be carried out in such a manner so as to minimize, avoid, or
eliminate the exposure of people to hazard. The following
safety rules are in addition to general safety requirements
applicable to construction operations:

9.1.1 Keep all test and adjacent work areas, walkways,
platforms, etc. clear of scrap, debris, small tools, and accumu-
lations of snow, ice, mud, grease, oil, or other slippery
substances.

9.1.2 Provide timbers, blocking and cribbing materials
made of quality material and in good serviceable condition
with flat surfaces and without rounded edges.

9.1.3 Hydraulic jacks shall be equipped with spherical
bearing plates or shall be in complete and firm contact with the
bearing surfaces and shall be aligned so as to avoid eccentric
loading.

9.1.4 Loads shall not be hoisted, swung, or suspended over
anyone and shall be controlled by tag lines.

9.1.5 The test beam(s), reaction frame, anchor piles and
other anchoring devices, test boxes, and their connections and
supports shall be designed and approved by a qualified
engineer and installed to transmit the required loads with an
adequate factor of safety.

9.1.6 For tests on inclined piles, all inclined jacks, bearing
plates, test beam(s), or frame members shall be firmly fixed
into place or adequately blocked to prevent slippage upon
release of load.

9.1.7 All reaction loads shall be stable and balanced. When
using loading method in 6.5, safety wedges shall be in place at
all times to prevent the platform from tipping. During testing,
movements of the reaction load or system should be monitored
to detect impending unstable conditions.

9.1.8 All test beams, reaction frames, platforms, and boxes
shall be adequately supported at all times.

9.1.9 Only authorized personnel shall be permitted within
the immediate test area, and only as necessary to monitor test
equipment. As best as possible, locate pumps, load cell
readouts, dataloggers, and test monitoring equipment at a safe
distance away from jacks, loaded beams, weighted boxes, dead
weights, and their supports and connections.

10. Report

10.1 The report of the load test shall include the following
information as required by the Engineer and as appropriate to
the pile type, test apparatus, and test method:

10.1.1 General:
10.1.1.1 Project identification and location,
10.1.1.2 Test site location,
10.1.1.3 Owner, structural engineer, geotechnical engineer,

pile contractor, boring contractor,
10.1.1.4 Nearest test boring(s) or sounding(s), and their

location with reference to test location,
10.1.1.5 Insitu and laboratory soil test results, and
10.1.1.6 Horizontal and vertical control datum.
10.1.2 Pile Installation Equipment:
10.1.2.1 Make, model, type and size of hammer,
10.1.2.2 Weight of hammer and ram,
10.1.2.3 Stroke or ram,
10.1.2.4 Rated energy of hammer,
10.1.2.5 Rated capacity of boiler or compressor,
10.1.2.6 Type and dimensions of capblock and pile cushion,
10.1.2.7 Weight and dimensions of drive cap and follower,
10.1.2.8 Size of predrilling or jetting equipment,
10.1.2.9 Weight of clamp, follower, adaptor, and oscillator

for vibratory driver.
10.1.2.10 Type, size, length, and weight of mandrel,
10.1.2.11 Type, size, and length of auger,
10.1.2.12 Type and size of grout pump, and
10.1.2.13 Type, size, wall thickness, and length of drive

casing.
10.1.2.14 Detailed description of drilling equipment and

techniques,
10.1.2.15 Size, type, length, and installation or extraction

method of casings or a combination thereof.
10.1.3 Test and Anchor Pile Details:
10.1.3.1 Identification and location of test and anchor piles,
10.1.3.2 Design load of test pile or pile group,
10.1.3.3 Type and dimensions of test and anchor piles
10.1.3.4 Test pile material including basic specifications,
10.1.3.5 Pile quality including knots, splits, checks and

shakes, and straightness of piles, preservative treatment and
conditioning process used for timber test piles including
inspection certificates,

10.1.3.6 Wall thickness of pipe test pile,
10.1.3.7 Weight per foot of H test pile,
10.1.3.8 Description of test pile tip reinforcement or protec-

tion,
10.1.3.9 Description of banding–timber piles,
10.1.3.10 Description of special coatings used,
10.1.3.11 Test pile (mandrel) weight as driven,
10.1.3.12 Date precast test piles made,
10.1.3.13 Details of concrete and/or grout mix design,
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10.1.3.14 Concrete and/or grout placement techniques and
records ,

10.1.3.15 Concrete and/or grout sample strengths and date
of strength test,

10.1.3.16 Description of internal reinforcement used in test
pile (size, length, number longitudinal bars, arrangement,
spiral, or tie steel),

10.1.3.17 Condition of precast piles including spalled areas,
cracks, top surface, and straightness of piles.

10.1.3.18 Effective prestress,
10.1.3.19 Degree of inclination for each pile,
10.1.3.20 Length of test pile during driving,
10.1.3.21 Final pile top and bottom elevations, and ground

elevation referenced to a datum,
10.1.3.22 Embedded length–test and anchor piles,
10.1.3.23 Tested length of test pile, and
10.1.3.24 Final elevation of test pile butt(s) referenced to

fixed datum.
10.1.4 Test and Anchor Pile Installation:
10.1.4.1 Date installed,
10.1.4.2 Volume of concrete or grout placed in pile,
10.1.4.3 Grout pressure used,
10.1.4.4 Description of pre-excavation or jetting (depth,

size, pressure, duration),
10.1.4.5 Operating pressure for double-acting and differen-

tial type hammers,
10.1.4.6 Throttle setting–diesel hammer (at final driving),
10.1.4.7 Fuel type–diesel hammer,
10.1.4.8 Horsepower delivered and frequency of vibratory

driver during final 10 ft (3 m) of pile penetration,
10.1.4.9 Description of special installation procedures used

such as piles cased off,
10.1.4.10 Type and location of pile splices,
10.1.4.11 Driving or drilling records,
10.1.4.12 Final penetration resistance (blows per inch),
10.1.4.13 Rate of pile penetration for last 10 ft (3 m) s/ft,

vibratory driving,
10.1.4.14 When capblock replaced (indicate on log),
10.1.4.15 When pile cushion replaced (indicate on log),
10.1.4.16 Cause and duration of interruptions in pile instal-

lation, and

10.1.4.17 Notation of any unusual occurrences during in-
stallation.

10.1.5 Pile Testing:
10.1.5.1 Date and type of test,
10.1.5.2 Temperature and weather conditions during tests,
10.1.5.3 Number of piles in group test,
10.1.5.4 Brief description of load application apparatus,

including jack capacity,
10.1.5.5 Description of instrumentation used to measure

pile movement including location of indicators, scales, and
other reference points with respect to pile top,

10.1.5.6 Description of special instrumentation such as
strain rods or strain gages including location of such with
reference to pile top,

10.1.5.7 Special testing procedures used,
10.1.5.8 Tabulation of all time, load, and movement read-

ings,
10.1.5.9 Identification and location sketch of all gages,

scales, and reference points,
10.1.5.10 Description and explanation of adjustments made

to instrumentation or field data, or both,
10.1.5.11 Notation of any unusual occurrences during test-

ing,
10.1.5.12 Test jack and other required calibration reports,
10.1.5.13 Groundwater level, and
10.1.5.14 Suitable photographs showing the test instrumen-

tation and set-up.

11. Precision and Bias
11.1 Precision—Test data on precision is not presented due

to the nature of this test method. It is either not feasible or too
costly at this time to have ten or more agencies participate in
an in situ testing program at a given site

11.1.1 Subcommittee D18.11 is seeking any data from the
users of this test method that might be used to make a limited
statement on precision.

11.2 Bias—There is no accepted reference value for this test
method, therefore, bias cannot be determined.

12. Keywords
12.1 axial static pile capacity; field testing; jack; load cell;

loading procedure; reference beam

APPENDIX

(Nonmandatory Information)

X1. SOME FACTORS INFLUENCING INTERPRETATION OF TEST RESULTS

X1.1 Potential residual loads in the pile which could
influence the interpreted distribution of load at the pile tip and
along the pile shaft.

X1.2 Possible interaction of friction loads from test pile
with upward friction transferred to the soil from anchor piles
obtaining part or all of their support in soil at levels above the
tip level of the test pile.

X1.3 Changes in pore water pressure in the soil caused by
pile driving, construction fill, and other construction operations
which may influence the test results for frictional support in
relatively impervious soils such as clay and silt.

X1.4 Differences between conditions at time of testing and
after final construction such as changes in grade or groundwa-
ter level.
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X1.5 Potential loss of soil supporting test pile from such
things as excavation and scour.

X1.6 Possible differences in the performance of a pile in a
group or of a pile group from that of a single isolated pile.

X1.7 Affect on long-term pile performance of factors such
as creep, environmental effects on pile material, negative
friction loads not previously accounted for, and strength losses.

X1.8 Type of structure to be supported, including sensitiv-
ity of structure to settlements and relation between live and
dead loads.

X1.9 Special testing procedures which may be required for
the application of certain acceptance criteria or methods of
interpretation.

X1.10 Requirement that non tested pile(s) have essentially
identical conditions to those for tested pile(s) including, but not
limited to, subsurface conditions, pile type, length, size and
stiffness, and pile installation methods and equipment so that
application or extrapolation of the test results to such other
piles is valid.

SUMMARY OF CHANGES

In accordance with Committee D 18 policy, this section identifies the location of the changes to this standard
since the last edition (D 4719 – 94) that may impact the use of this test method.

(1) Reorganization following current D18 guidelines including
elimination of the “Introduction” and addition of “Terminol-
ogy” and “Significance and Use”.
(2) Changed title and text to indicate multiple procedures and
include deep foundations that function similar to driven piles.
(3) Inclusion of current D18 caveats, D 3740 and D 6026.
(4) Change Quick Test Method to preferred. Previous Standard
Method now shown as “Maintained Test”. The Engineer my

choose and optional method as provided.
(5) When using jacks, require hemispherical bearings and
load cell(s) for tests over 100 tons.
(6) Include specific requirements for test plates.
(7) Addition of references for pressure gages and displacement
indicators.
(8) Additional requirements for measuring systems and testing
time intervals.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: D3689 – 07

Standard Test Methods for
Deep Foundations Under Static Axial Tensile Load1

This standard is issued under the fixed designation D3689; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 The test methods described in this standard measure the
axial deflection of a vertical or inclined deep foundation when
loaded in static axial tension. These methods apply to all deep
foundations, referred to herein as “piles,” that function in a
manner similar to driven piles or cast in place piles, regardless
of their method of installation, and may be used for testing
single piles or pile groups. The test results may not represent
the long-term performance of a deep foundation.

1.2 This standard provides minimum requirements for test-
ing deep foundations under static axial tensile load. Plans,
specifications, provisions, or any combination thereof prepared
by a qualified engineer may provide additional requirements
and procedures as needed to satisfy the objectives of a
particular test program. The engineer in responsible charge of
the foundation design, referred to herein as the engineer, shall
approve any deviations, deletions, or additions to the require-
ments of this standard.

1.3 This standard allows the following test procedures:
Procedure Test Section

A Quick Test 8.1.2
B Maintained Test (optional) 8.1.3
C Loading in Excess of Maintained Test (optional) 8.1.4
D Constant Time Interval Test (optional) 8.1.5
E Constant Rate of Uplift Test (optional) 8.1.6
F Cyclic Loading Test (optional) 8.1.7

1.4 Apparatus and procedures herein designated “optional”
may produce different test results and may be used only when
approved by the engineer. The word “shall” indicates a
mandatory provision, and the word “should” indicates a
recommended or advisory provision. Imperative sentences
indicate mandatory provisions.

1.5 A qualified geotechnical engineer should interpret the
test results obtained from the procedures of this standard so as
to predict the actual performance and adequacy of piles used in
the constructed foundation. See Appendix X1 for comments
regarding some of the factors influencing the interpretation of
test results.

1.6 A qualified engineer shall design and approve all load-
ing apparatus, loaded members, support frames, and test
procedures. The text of this standard references notes and
footnotes which provide explanatory material. These notes and
footnotes (excluding those in tables and figures) shall not be
considered requirements of the standard. This standard also
includes illustrations and appendices intended only for ex-
planatory or advisory use.

1.7 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in non-conformance
with the standard.

1.8 The gravitational system of inch-pound units is used
when dealing with inch-pound units. In this system, the pound
(lbf) represents a unit of force (weight), while the unit for mass
is slugs. The rationalized slug unit is not given, unless dynamic
(F=ma) calculations are involved.

1.9 All observed and calculated values shall conform to the
guidelines for significant digits and rounding established in
Practice D6026.

1.10 The method used to specify how data are collected,
calculated, or recorded in this standard is not directly related to
the accuracy to which the data can be applied in design or other
uses, or both. How one applies the results obtained using this
standard is beyond its scope.

1.11 ASTM International takes no position respecting the
validity of any patent rights asserted in connection with any
item mentioned in this standard. Users of this standard are
expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are
entirely their own responsibility.

1 These test methods are under the jurisdiction of ASTM Committee D18 on Soil
and Rock and are the direct responsibility of Subcommittee D18.11 on Deep
Foundations.

Current edition approved Sept. 1, 2007. Published October 2007. Originally
approved in 1978. Last previous edition approved in 1995 as D3689 – 90 (95) which
was withdrawn December 2003 and reinstated in September 2007. DOI: 10.1520/
D3689-07.
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1.12 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

D653 Terminology Relating to Soil, Rock, and Contained
Fluids

D3740 Practice for Minimum Requirements for Agencies
Engaged in Testing and/or Inspection of Soil and Rock as
Used in Engineering Design and Construction

D5882 Test Method for Low Strain Impact Integrity Testing
of Deep Foundations

D6026 Practice for Using Significant Digits in Geotechnical
Data

D6760 Test Method for Integrity Testing of Concrete Deep
Foundations by Ultrasonic Crosshole Testing

2.2 American National Standards:
ASME B30.1 Jacks3

ASME B40.100 Pressure Gages and Gauge Attachments3

ASME B89.1.10.M Dial Indicators (For Linear Measure-
ments)3

3. Terminology

3.1 Definitions—For common definitions of terms used in
this standard see Terminology D653.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 cast in-place pile, n—a deep foundation unit made of

cement grout or concrete and constructed in its final location,
e.g. drilled shafts, bored piles, caissons, auger cast piles,
pressure-injected footings, etc.

3.2.2 deep foundation, n—a relatively slender structural
element that transmits some or all of the load it supports to soil
or rock well below the ground surface, such as a steel pipe pile
or concrete drilled shaft.

3.2.3 driven pile, n—a deep foundation unit made of pre-
formed material with a predetermined shape and size and
typically installed by impact hammering, vibrating, or pushing.

3.2.4 failure load, n—for the purpose of terminating an
axial tensile load test, the test load at which continuing,
progressive movement occurs, or at which the total axial
movement exceeds 15 % of the pile diameter or width, or as
specified by the engineer.

3.2.5 telltale rod, n—an unstrained metal rod extended
through the test pile from a specific point to be used as a
reference from which to measure the change in the length of
the loaded pile.

3.2.6 wireline, n—a steel wire mounted with a constant
tension force between two supports and used as a reference line
to read a scale indicating movement of the test pile.

4. Significance and Use

4.1 Field tests provide the most reliable relationship be-
tween the axial load applied to a deep foundation and the
resulting axial movement. Test results may also provide
information used to assess the distribution of side shear
resistance along the pile shaft and the long-term load-deflection
behavior. A foundation designer may evaluate the test results to
determine if, after applying an appropriate factor of safety, the
pile or pile group has an ultimate static capacity and a
deflection at service load satisfactory to support a specific
foundation. When performed as part of a multiple-pile test
program, the designer may also use the results to assess the
viability of different piling types and the variability of the test
site.

4.2 If feasible, without exceeding the safe structural load on
the pile(s) or pile cap, the maximum load applied should reach
a failure load from which the engineer may determine the
ultimate axial static tensile load capacity of the pile(s). Tests
that achieve a failure load may help the designer improve the
efficiency of the foundation by reducing the piling length,
quantity, or size.

4.3 If deemed impractical to apply axial test loads to an
inclined pile, the engineer may elect to use axial test results
from a nearby vertical pile to evaluate the axial capacity of the
inclined pile.

NOTE 1—The quality of the result produced by these test methods is
dependent on the competence of the personnel performing it, and the
suitability of the equipment and facilities used. Agencies that meet the
criteria of Practice D3740 are generally considered capable of competent
and objective testing/sampling/inspection/etc. Users of these test methods
are cautioned that compliance with Practice D3740 does not in itself
assure reliable results. Reliable results depend on many factors; Practice
D3740 provides a means of evaluating some of those factors.

5. Test Foundation Preparation

5.1 Excavate or add fill to the ground surface around the test
pile or pile group to the final design elevation unless otherwise
approved by the engineer.

5.2 Design and construct the test pile(s) so that any location
along the depth of the pile will safely sustain the maximum
anticipated axial compressive and tensile load to be developed
at that location. Cut off or build up the test pile(s) as necessary
to permit construction of the load-application apparatus, place-
ment of the necessary testing and instrumentation equipment,
and observation of the instrumentation. Remove any damaged
or unsound material from the pile top as necessary to properly
install the apparatus for measuring movement, for applying
load, and for measuring load.

5.3 For tests on pile groups, cap the pile group with
steel-reinforced concrete or a steel load frame designed to
safely sustain the anticipated loads.

5.4 Install structural tension connectors extending from the
test pile or pile cap, constructed of steel straps, bars, cables,
and/or other devices bolted, welded, cast into, or otherwise
firmly affixed to the test pile or pile cap to safely apply the
maximum required tensile test load without slippage, rupture,
or excessive elongation. Carefully inspect these tension mem-
bers for any damage that may reduce their tensile capacity.
Tension members with a cross-sectional area reduced by

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Three Park Ave., New York, NY 10016-5990, http://
www.asme.org.
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corrosion or damage, or material properties compromised by
fatigue, bending, or excessive heat, may rupture suddenly
under load. Do not use brittle materials for tension connections.

NOTE 2—Deep foundations sometimes include hidden defects that may
go unnoticed prior to static testing. Low strain integrity tests as described
in Test Method D5882 and ultrasonic crosshole integrity tests as described
in Test Method D6760 may provide a useful pre-test evaluation of the test
foundation.

6. Apparatus for Applying and Measuring Loads

6.1 General:
6.1.1 The apparatus for applying tensile loads to a test pile

or pile group shall conform to one of the methods described in
6.3-6.6. The method in 6.3 is recommended. The method in 6.5
can develop high tensile loads with relatively low jacking
capacity, but does not perform well for tests to failure or for
large upward movements.

6.1.2 Reaction piles, if used, shall be of sufficient number
and installed so as to safely provide adequate reaction capacity
without excessive movement. When using two or more reac-
tion piles at each end of the test beam(s), cap them with
reaction beams (Fig. 1). Locate reaction piles so that resultant
test beam load supported by them acts at the center of the
reaction pile group. Cribbing, if used as a reaction, shall be of
sufficient plan dimensions to transfer the reaction loads to the
soil without settling at a rate that would prevent maintaining
the applied loads.

6.1.3 Cut off or build up reaction piles as necessary to place
the reaction or test beam(s). Remove any damaged or unsound
material from the top of the reaction piles, and provide a
smooth bearing surface parallel to the reaction or test beam(s).
To minimize stress concentrations due to minor surface irregu-
larities, set steel bearing plates on the top of precast or
cast-in-place concrete reaction piles in a thin layer of quick-

setting, non-shrink grout, less than 6 mm (0.25 in.) thick and
having a compressive strength greater than the reaction pile at
the time of the test. For steel reaction piles, weld a bearing
plate to each pile, or weld the cap or test beam(s) directly to
each pile. For timber reaction piles, set the bearing plate(s)
directly on the cleanly cut top of the pile, or in grout as
described for concrete piles.

6.1.4 Provide a clear distance between the test pile(s) and
the reaction piles or cribbing of at least five times the
maximum diameter of the largest test or reaction pile(s), but
not less than 2.5 m (8 ft). The engineer may increase or
decrease this minimum clear distance based on factors such as
the type and depth of reaction, soil conditions, and magnitude
of loads so that reaction forces do not significantly effect the
test results.

NOTE 3—Excessive vibrations during reaction pile installation in non-
cohesive soils may affect test results. Reaction piles that penetrate deeper
than the test pile may affect test results. Install the anchor piles nearest the
test pile first to help reduce installation effects.

6.1.5 Each jack shall include a lubricated hemispherical
bearing or similar device to minimize lateral loading of the pile
or pile group. The hemispherical bearing(s) should include a
locking mechanism for safe handling and setup.

6.1.6 Provide bearing stiffeners as needed between the
flanges of test and reaction beams.

6.1.7 Provide steel bearing plates to spread the load to and
between the jack(s), load cell(s), hemispherical bearing(s), test
beam(s), reaction beam(s), and reaction pile(s). Unless other-
wise specified by the engineer, the size of the bearing plates
shall be not less than the outer perimeter of the jack(s), load
cell(s), or hemispherical bearing(s), nor less than the total
width of the test beam(s), reaction beam(s), reaction piles so as
to provide full bearing and distribution of the load. Bearing
plates supporting the jack(s), test beam(s), or reaction beams
on timber or concrete cribbing shall have an area adequate for
safe bearing on the cribbing.

6.1.8 Unless otherwise specified, where using steel bearing
plates, provide a total plate thickness adequate to spread the
bearing load between the outer perimeters of loaded surfaces at
a maximum angle of 45 degrees to the loaded axis. For center
hole jacks and center hole load cells, also provide steel plates
adequate to spread the load from their inner diameter to the
their central axis at a maximum angle of 45 degrees, or per
manufacturer recommendations.

6.1.9 Align the test load apparatus with the longitudinal axis
of the test pile or pile group to minimize eccentric loading.
Align bearing plate(s), jack(s), load cell(s), and hemispherical
bearing(s) on the same longitudinal axis. Place jacks to center
the load on the test beam(s). Place test beam(s) to center the
load on reaction beams or cribbing, and reaction beams to
center the load on reaction piles or cribbing. These plates,
beams, and devices shall have flat, parallel bearing surfaces.
Set bearing plates on cribbing in the horizontal plane.

6.1.10 When testing inclined piles, align the test apparatus
and reaction piles parallel to the inclined longitudinal axis of
the test pile(s) and orient the test beam(s) perpendicular to the
direction of incline.FIG. 1 Typical End Views of Test Beam(s) and Reaction Pile(s)
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6.1.11 A qualified engineer shall design and approve all
loading apparatus, loaded members, support frames, and load-
ing procedures. Unless otherwise specified by the engineer, the
apparatus for applying and measuring loads, including all
structural members, shall have sufficient size, strength, and
stiffness to safely prevent excessive deflection and instability
up to 120 % of the maximum anticipated test load.

NOTE 4—Rotations and lateral displacements of the test pile or test pile
group, reaction piles, cribbing support(s), or pile cap(s) may occur during
loading, especially for sites with weak soils. The user should design and
construct the support reactions to prevent instability and to limit undesired
rotations or lateral displacements.

6.2 Hydraulic Jacks, Gages, Transducers, and Load Cells:
6.2.1 The hydraulic jack(s) and their operation shall con-

form to ASME B30.1 and shall have a nominal load capacity
exceeding the maximum anticipated jack load by at least 20 %.
The jack, pump, and any hoses, pipes, fittings, gages, or
transducers used to pressurize it shall be rated to a safe pressure
corresponding to the nominal jack capacity.

6.2.2 The hydraulic jack ram(s) shall have a travel greater
than the sum of the anticipated maximum axial movement of
the pile plus the deflection of the test beam and the elongation
of the tension connection, but not less than 15 % of the average
pile diameter or width. Use a single high capacity jack when
possible. When using a multiple jack system, provide jacks of
the same make, model, and capacity, and supply the jack
pressure through a common manifold with a master pressure
gage. Fit the manifold and each jack with a pressure gage to
detect malfunctions and imbalances.

6.2.3 Unless otherwise specified, the hydraulic jack(s), pres-
sure gage(s), and pressure transducer(s) shall have a calibration
to at least the maximum anticipated jack load performed within
the six months prior to each test or series of tests. Furnish the
calibration report(s) prior to performing a test, which shall
include the ambient temperature and calibrations performed for
multiple ram strokes up to the maximum stroke of the jack.

6.2.4 Each complete jacking and pressure measurement
system, including the hydraulic pump, should be calibrated as
a unit when practicable. The hydraulic jack(s) shall be cali-
brated over the complete range of ram travel for increasing and
decreasing applied loads. If two or more jacks are to be used to
apply the test load, they shall be of the same make, model, and
size, connected to a common manifold and pressure gage, and
operated by a single hydraulic pump. The calibrated jacking
system(s) shall have accuracy within 5 % of the maximum
applied load. When not feasible to calibrate a jacking system as
a unit, calibrate the jack, pressure gages, and pressure trans-
ducers separately, and each of these components shall have
accuracy within 2 % of the applied load.

6.2.5 Pressure gages shall have minimum graduations less
than or equal to 1 % of the maximum applied load and shall
conform to ASME B40.100 with an accuracy grade 1A having
a permissible error 61 % of the span. Pressure transducers
shall have a minimum resolution less than or equal to 1 % of
the maximum applied load and shall conform to AS-
ME B40.100 with an accuracy grade 1A having a permissible
error 61 % of the span. When used for control of the test,
pressure transducers shall include a real-time display.

6.2.6 If the maximum test load will exceed 900 kN (100
tons), place a properly constructed load cell or equivalent
device in series with each hydraulic jack. Unless otherwise
specified the load cell(s) shall have a calibration to at least the
maximum anticipated jack load performed within the six
months prior to each test or series of tests. The calibrated load
cell(s) or equivalent device(s) shall have accuracy within 1 %
of the applied load, including an eccentric loading of up to 1 %
applied at an eccentric distance of 25 mm (1 in.). After
calibration, load cells shall not be subjected to impact loads. A
load cell is recommended, but not required, for lesser load. If
not practicable to use a load cell when required, include
embedded strain gages located in close proximity to the jack to
confirm the applied load.

6.2.7 Do not leave the hydraulic jack pump unattended at
any time during the test. An automatic regulator is recom-
mended to help hold the load constant as pile movement
occurs. Automated jacking systems shall include a clearly
marked mechanical override to safely reduce hydraulic pres-
sure in an emergency.

6.3 Tensile Load Applied by Hydraulic Jack(s) Supported on
Test Beam(s) (Figs. 2 and 3)—Support the ends of the test
beam(s) on reaction piles or cribbing, using reaction beams as
needed to cap multiple reaction piles as shown in Fig. 1. Place
the hydraulic jack(s), load cell(s), hemispherical bearing(s),
and bearing plates on top of the test beam(s). Center a reaction
frame over the jack(s), and anchor it to the tension connections
(see 5.4) extending from the test pile or pile group. Design and
construct the test beam(s), reaction frame, and reaction piles or
cribbing, and arrange the jack(s) symmetrically so as to apply
the resultant tensile load at, and parallel to, to the longitudinal
axis of the test pile or pile group. Leave adequate clear space
beneath the bottom flange(s) of the test beam(s) to allow for the
maximum anticipated upward movement of the test pile or pile
cap plus the deflection of the test beam(s).

6.4 Tensile Load Applied by Hydraulic Jacks Acting Up-
ward at Both Ends of Test Beam(s) (Figs. 4 and 5)—Support
each end of the test beam(s) on hydraulic jack(s) centered
beneath the beam web(s) and placed equidistant from the
longitudinal axis of the test pile or pile group. Support the jacks
on reaction piles or cribbing, using reaction beams as needed to
cap multiple reaction piles. Center a reaction frame over the
test beam(s) and anchor it to the tension connections (see 5.4)
extending from the test pile or pile group. Place a single load
cell and hemispherical bearing between the reaction frame and
the test beam(s) (preferred), or alternatively, place a load cell
and hemispherical bearing with each jack beneath the test
beam(s). Design and construct the test beam(s), reaction frame,
and reaction piles or cribbing, and arrange the jack(s) sym-
metrically so as to apply the resultant tensile load at, and
parallel to, to the longitudinal axis of the test pile or pile group.

6.5 Tensile Load Applied by Hydraulic Jack(s) Acting Up-
ward at One End of Test Beam(s) (Figs. 5 and 6)—Support one
end of the test beam(s) on hydraulic jack(s) centered beneath
the beam web(s). Support the jacks on reaction piles or
cribbing, using reaction beams as needed to cap multiple
reaction piles. Support the other end of the test beam(s) on a
steel fulcrum or similar device placed on a steel plate supported
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on a reaction pile(s) or cribbing, using reaction beams as
needed to cap multiple reaction piles. Center a reaction frame
over the test beam(s) and anchor it to the tension connections
(see 5.4) extending from the test pile or pile group. Place a
single load cell and hemispherical bearing between the reaction
frame and the test beam(s) (preferred), or alternatively, place a
load cell and hemispherical bearing with each jack beneath the
test beam(s). If using the latter arrangement, obtain accurate
measurements of the plan locations of the jack(s), test pile or
pile group, and the fulcrum to determine the magnification
factor to apply to the measured loads to determine the resultant

tensile load. Design and construct the test beam(s), reaction
frame, and reaction piles or cribbing, and arrange the jack(s)
symmetrically so as to apply the resultant tensile load at, and
parallel to, to the longitudinal axis of the test pile or pile group.

6.6 Load Applied to Pile by Hydraulic Jack(s) Acting at Top
of an A-Frame or a Tripod (Fig. 7) (optional)—Support an A
frame or tripod centered over the test pile or pile group on
concrete footings, reaction piles, or cribbing, using reaction
beams as needed to cap multiple reaction piles. Using tension
members, tie together the bottoms or supports of the A frame or
tripod legs so as to prevent them from spreading apart under
load. Secure the top of an A frame against lateral movement
with not less than four guy cables anchored firmly to the
ground. Place the hydraulic jack(s), load cell(s), hemispherical
bearing(s), and bearing plates on top of the A frame or tripod.
Center a reaction frame over the jack(s), and anchor it to the
tension connections (see 5.4) extending from the test pile or
pile group. Design and construct the A frame or tripod, reaction
frame, and footings, reaction piles or cribbing, and arrange the
jack(s) symmetrically so as to apply the resultant tensile load
at, and parallel to, to the longitudinal axis of the test pile or pile
group. Leave adequate clear space beneath the A frame or
tripod members to allow for the maximum anticipated upward
movement of the test pile or pile cap plus the deflection of the
A frame or tripod.

6.7 Other Types of Loading Apparatus (optional)—The
engineer may specify another type of loading apparatus satis-
fying the basic requirements of 6.3-6.6.

7. Apparatus for Measuring Movement

7.1 General:
7.1.1 Reference beams and wirelines shall be supported

independent of the loading system, with supports firmly
embedded in the ground at a clear distance from the test pile of
at least five times the diameter of the test pile(s) but not less
than 2.5 m (8 ft), and at a clear distance from any anchor piles

FIG. 2 Typical Setup for Tensile Load Test Using Hydraulic Jack(s) Supported on Test Beams

FIG. 3 Typical Section X-X (Fig. 1) of Test Beam(s) at Test Pile

D3689 – 07

5

 

Copyright by ASTM Int'l (all rights reserved); Mon Jul  5 12:16:21 EDT 2010
Downloaded/printed by
Ali Qzaz () pursuant to License Agreement. No further reproductions authorized.

471.pdf



of at least five times the diameter of the anchor pile(s) but not
less than 2.5 m (8 ft). Reference supports shall also be located
as far as practicable from any cribbing supports but not less
than a clear distance of 2.5 m (8 ft).

7.1.2 Reference beams shall have adequate strength, stiff-
ness, and cross bracing to support the test instrumentation and
minimize vibrations that may degrade measurement of the pile
movement. One end of each beam shall be free to move
laterally as the beam length changes with temperature varia-

tions. Supports for reference beams and wirelines shall be
isolated from moving water and wave action. Provide a tarp or
shelter to prevent direct sunlight and precipitation from affect-
ing the measuring and reference systems.

7.1.3 Dial and electronic displacement indicators shall con-
form to ASME B89.1.10.M and should generally have a travel
of 100 mm (4 in.), but shall have a minimum travel of at least
50 mm (2 in.). Provide greater travel, longer stems, or sufficient
calibrated blocks to allow for greater movement if anticipated.
Electronic indicators shall have a real-time display of the
movement available during the test. Provide a smooth bearing
surface for the indicator stem perpendicular to the direction of
stem travel, such as a small, lubricated, glass plate glued in
place. Except as required in 7.4, indicators shall have minimum
graduations of 0.25 mm (0.01 in.) or less, with similar
accuracy. Scales used to measure pile movements shall have a
length no less than 150 mm (6 in.), minimum graduations of
0.5 mm (0.02 in.) or less, with similar accuracy, and shall be
read to the nearest 0.1 mm (0.005 in.). Survey rods shall have
minimum graduations of 1 mm (0.01 ft) or less, with similar
accuracy, and shall be read to the nearest 0.1 mm (0.001 ft).

7.1.4 Dial indicators and electronic displacement indicators
shall be in good working condition and shall have a full range
calibration within three years prior to each test or series of
tests. Furnish calibration reports prior to performing a test,
including the ambient air temperature during calibration.

7.1.5 Clearly identify each displacement indicator, scale,
and reference point used during the test with a reference
number or letter.

7.1.6 Indicators, scales, or reference points attached to the
test pile, pile cap, reference beam, or other references shall be
firmly affixed to prevent movement relative to the test pile or
pile cap during the test. Unless otherwise approved by the
engineer, verify that reference beam and wireline supports do

FIG. 4 Typical Setup for Tensile Load Test Using Hydraulic Jacks Acting Upward on Both Ends of Test Beam(s)

FIG. 5 Typical Section Y-Y (Fig. 4, Fig. 6) of Test Beam(s)
at Test Pile
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not move during the test by using a surveyor’s level to take
readings on a survey rod or a scale with reference to a
permanent bench mark located outside of the immediate test
area.

7.2 Pile Top Axial Movements (Fig. 8):
7.2.1 Unless otherwise specified, all axial tensile load tests

shall include apparatus for measuring the axial movement of
the test pile top, or piles within a group, or the pile group cap.

FIG. 6 Typical Setup for Tensile Load Test Using Hydraulic Jack(s) Acting Upward on One End of Test Beam(s)

FIG. 7 Typical Setup for Tensile Load Test Using Hydraulic Jack(s) Acting at Top of an A-frame
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This apparatus as described herein shall include a primary
measurement system and at least one redundant, secondary
system.

7.2.2 Displacement Indicators—Mount a minimum of two
displacement indicators on the reference beams to bear on the
pile top at axisymmetric points equidistant from the center of
the test pile, or pile cap, with stems parallel to the longitudinal
axis of the pile, inclined pile, or pile group. Orient two parallel
reference beams, one on each side of the test pile or pile cap,
in a direction that permits placing their supports as far as
feasible from anchor piles or cribbing. Alternatively, mount the
two indicators on axisymmetric points equidistant from the
center of the test pile, or pile cap, with the stems parallel to the
longitudinal axis of the pile or pile group to bear on the
reference beams.

NOTE 5—When possible use displacement indicators as the primary
system to obtain the most precise measurements. Use the redundant
system(s) to check top movement data and provide continuity when the
measuring system is disturbed or reset for additional movement.

NOTE 6—For tests on inclined piles, monitor lateral pile movements as
described in 7.3 to detect instability that may result from gravitational
forces during the test.

NOTE 7—Use three, or preferably four, displacement indicators to
measure and compensate for lateral movement or rotation of the pile top.
Locate indicators around the pile perimeter at axisymmetrical points
spaced equidistant from the centroid of the test pile.

7.2.3 Wireline, Mirror, and Scale—Orient two wirelines
parallel to each other and perpendicular to and located on
opposite sides equidistant from the axis of the test pile, or pile
group, in a direction that permits placing the wireline supports
as far as practicable from anchor piles or cribbing. The
wirelines shall include a weight or spring to maintain a
constant tension force in the wire, so that, when plucked or
tapped, the wireline will return to its original position. Use
clean, uncoated steel wire with a diameter of 0.25 mm (0.01
in.) or less for the wirelines. Each wireline shall pass across,
and remain clear of, a scale mounted on the test pile or pile cap
parallel to the axis of the pile or pile group. Mount the scale on
a mirror affixed to the test pile or pile cap and use the wireline
as a reference line to read the scale. Use the mirror to eliminate
parallax error in the scale reading by lining up the wire and its
image in the mirror. Align the wire not more than 13 mm (0.5
in.) from the face of the scale.

7.2.4 Surveyor’s Level or Laser Beam—Movement read-
ings obtained using a surveyor’s level or laser beam shall be
taken on a survey rod or a scale and shall be referenced to a
permanent bench mark located outside of the immediate test
area or, alternatively, the surveyor’s level shall be mounted on
an object of fixed elevation (for example a driven pile) outside
of the immediate test area. Reference points or scales used in
taking displacement readings shall be mounted on the sides of
the test pile or pile cap and located on opposite sides except
that reference points may be located on top of the pile cap or
readings may be taken on a single fixed point in the center of
the test pile top, test plate or pile cap.

7.2.5 Other Types of Measurement Systems (optional)—The
engineer may specify another type of measurement system
satisfying the basic requirements of 7.2.

7.3 Lateral Movements (optional)—Measure the lateral
movements of the top of the test pile or pile group to within an
accuracy of 2.5 mm (0.1 in.) using either of the following
methods: (a) two displacement indicators oriented in orthogo-
nal directions, mounted with their stems perpendicular to the
longitudinal axis of the test pile(s) and bearing against lubri-
cated glass plates affixed to the sides of the test pile or pile cap,
or (b) a surveyor’s transit reading from scales mounted
laterally on two perpendicular sides of the test pile or pile cap
with readings referenced to fixed foresights or backsights. For
tests on inclined piles, orient the indicators or scales parallel
and perpendicular to the vertical plane of the incline and
perpendicular to the longitudinal axis of the test pile(s).

7.4 Pile Extension and Strain Measurements (optional):
7.4.1 Measure the extension or strain of the test pile(s)

during loading at locations specified by the engineer to help
evaluate the distribution of load transfer from the pile to the
surrounding soil.

7.4.2 Determine pile extension using displacement indica-
tors to measure the relative movement between the pile top and
an unstrained telltale rod (Fig. 8) bearing at a point within the
pile. Unless located on the pile axis, install paired telltales in
the pile with the rods in each pair oriented symmetrically

FIG. 8 Schematic of Instrumentation for Measuring Axial
Pile Movements
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opposite each other and equidistant from and parallel to the pile
axis. Terminate telltale pairs near the pile bottom and at other
points along the pile as required. Measure and record the
distance from the pile top to the telltale termination point(s) to
the nearest 10 mm (0.5 in.). Install the telltales in a sheath or
casing to insure free rod movement during the test. The rods
shall have a rounded tip that bears on a clean steel plate affixed
to the pile or shall be threaded into a nut affixed to the pile.
Clean the telltale rods prior to installation, oil them during or
after installation, and provide centralizers to restrain lateral
movement but not axial movement at the pile top. The
displacement indicators shall have a travel of at least a 5 mm
(0.2 in.) and minimum graduations of 0.01 mm (0.0001 in.) or
less, with similar accuracy. Mount a smooth bearing surface for
the indicator stem on the telltale rod perpendicular to the
direction of stem travel, such as a small, lubricated, glass plate
clamped or glued in place.

7.4.3 Other Types of Telltale (optional)—The engineer may
specify another type of telltale for the measurement of pile
extension that satisfies the basic requirements of 7.4.2.

7.4.4 Measure pile strain directly using strain gages in-
stalled along the length of the pile axis. Install single gages
along the pile axis, or gage pairs with the gages in each pair
oriented symmetrically opposite each other and equidistant
from and parallel to the pile axis. Measure and record the
distance from the pile top to the gages to the nearest 10 mm
(0.5 in.). The gage type and installation shall be as specified by
the engineer and shall include temperature compensation as
recommended by the gage manufacturer. Where feasible,
measurement programs involving strain gages should include
calibration of the fully instrumented pile and a complete
history of gage readings starting before their installation in the
pile.

NOTE 8—To interpret strain measurements and estimate pile stresses,
the engineer will require a depth profile describing the variation of pile
constituents and their strength, cross sectional area, and stiffness. Stiffness
properties may vary with the applied stress, especially for grout or
concrete. Obtain this information from installation records and separate
material property tests as needed.

8. Test Procedures

8.1 Loading:
8.1.1 General:
8.1.1.1 Apply test loads following one of the procedures

described below for each test method, or as modified by the
engineer. If feasible, the maximum applied load should reach a
failure that reflects the ultimate axial static tensile load capacity
of the pile(s). Do not exceed the safe structural capacity of the
pile or pile group, or the loading apparatus. Do not leave a
loaded pile unattended.

8.1.1.2 To avoid excessive creep and possible structural
failure of cast-in-place concrete piles, delay load testing after
concrete placement to permit the fresh concrete to gain
adequate strength and stiffness. Use test cylinders or cores of
the pile concrete to determine the appropriate wait time,
recognizing that the test cylinders will generally cure more
quickly than concrete in the pile.

8.1.1.3 The static axial capacity of piles typically changes as
time elapses after pile installation, possibly increasing (setup)

or decreasing (relaxation), depending on the soil or rock
properties and the pore water pressure and soil structure
disturbance induced by installation. This behavior may affect
both driven piles and cast-in-place piles. The engineer may
specify a waiting period between pile installation and static
testing to investigate time effects. The waiting period may
range from 3 to 30 days, or longer, based on testing (for
example redriving piles) or prior experience.

8.1.1.4 When temporarily dewatering a test site with piles
installed in granular soils, maintain the groundwater level as
near to the ground surface as possible and record the ground-
water surface elevation during the test. Correct the axial pile
capacity for the difference in groundwater level as judged
appropriate, but generally only when the difference exceeds 1.5
m (5 ft).

8.1.2 Procedure A: Quick Test—Apply the test load in
increments of 5 % of the anticipated failure load. Add each
load increment in a continuous fashion and immediately
following the completion of movement readings for the previ-
ous load interval. Add load increments until reaching a failure
load, but do not exceed the safe structural capacity of the pile,
pile group, or loading apparatus. During each load interval,
keep the load constant for a time interval of not less than 4 min
and not more than 15 min, using the same time interval for all
loading increments throughout the test. Remove the load in five
to ten approximately equal decrements, keeping the load
constant for a time interval of not less than 4 min and not more
than 15 min, using the same time interval for all unloading
decrements. Consider longer time intervals for the failure load
to assess creep behavior and for the final zero load to assess
rebound behavior.

8.1.3 Procedure B: Maintained Test (optional)—Unless
failure occurs first, load the pile to a maximum maintained load
of 200 % of the anticipated design load for tests on individual
piles, or 150 % of the pile group design load, applying the load
in increments of 25 % of the design load. Maintain each load
increment until the rate of axial movement does not exceed
0.25 mm (0.01 in.) per hour, with a minimum time adequate to
verify this movement rate based on the accuracy of the
movement indicator readings, and with a maximum of 2 h.
After applying the maximum load and reaching an overall test
duration of at least 12 h, begin unloading when the axial
movement measured over a period of 1 h does not exceed 0.25
mm (0.01 in.); otherwise allow the maximum load to remain on
the pile or pile group for 24 h. If failure occurs during loading,
maintain the failure load, or the maximum load possible, until
the total axial movement equals 15 % of the pile diameter or
width. After completing the final load increment, remove the
load in decrements of 25 % of the maximum test load with 1 h
between decrements.

NOTE 9—If negligible permanent axial movement occurs after unload-
ing the pile, consider reloading the test pile(s) to a greater load or use the
procedure in 8.1.4. If the test pile(s) approach failure during the main-
tained loading procedure, consider decreasing the final load increments to
obtain a more accurate failure load.

8.1.4 Procedure C: Loading in Excess of the Maintained
Test (optional)—After the load has been applied and removed
in accordance with 8.1.3, reload the test pile or pile group to
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the maximum maintained load in increments of 50 % of the
pile or pile group design load, allowing 20 min between load
increments. Then apply additional load in increments of 10 %
of the design load for the pile or pile group until reaching the
maximum required load or failure, allowing 20 min between
load increments. If failure occurs continue jacking the pile until
the settlement equals 15 % of the pile diameter or width. If
failure does not occur, hold the full load for 2 h and then
remove the load in four equal decrements, allowing 20 min
between decrements.

8.1.5 Procedure D: Constant Time Interval Loading Test
(optional)—Follow the procedures of 8.1.3, but apply the load
in increments of 20 % of the pile or group design load with 1
h between load increments. Then unload the pile(s) in decre-
ments of 25 % of the maximum test load with 1 h between
decrements.

8.1.6 Procedure E: Constant Rate of Uplift Test (optional):
8.1.6.1 The apparatus for applying loads shall have a

capacity as specified and shall be in accordance with section
6.3, 6.4, or 6.6. Use a mechanical hydraulic jacking system
equipped with a bleed valve, variable speed device, or other
means for providing a smooth variable pressure delivery.

8.1.6.2 Vary the applied load as necessary to maintain a pile
uplift rate of 0.5 to 1.0 mm (0.02 to 0.04 in.), or as specified by
the engineer. Continue loading the pile until achieving con-
tinuous uplift at the specified rate. Hold the maximum applied
load until obtaining a total pile withdrawal of at least 15 % of
the average pile diameter or width, or until the pile withdrawal
stops. Gradually release the final load to protect the load and
measurement systems.

8.1.6.3 Control the rate of penetration by checking the time
taken for successive small equal increments of penetration and
then adjusting the jacking accordingly. Alternatively, use a
mechanical or electrical device to monitor and control the
penetration rate so that it remains constant.

8.1.6.4 See 8.2.3 for measurement procedures. When using
a video recording system, locate all gages for easy reading
within the camera’s field of view, as well as a digital clock
displaying time to the nearest second.

8.1.7 Procedure F: Cyclic Loading Test (optional)—For the
first application of test load increments, apply such increments
in accordance with 8.1.3. After the application of loads equal to
50, 100 and 150 % of the pile design load for tests of individual
piles or 50 and 100 % of the group design load for tests on pile
groups, maintain the total test load in each case for 1 h and
remove the load in decrements equal to the loading increments,
allowing 20 min between decrements. After removing each
maximum applied load, reapply the load to each preceding load
level in increments equal to 50 % of the design load, allowing
20 min between increments. Apply additional loads in accor-
dance with 8.1.3. After the maximum required test load has
been applied, hold and remove the test load in accordance with
8.1.3.

8.2 Recording Test Readings:
8.2.1 General:
8.2.1.1 For the required time intervals described below for

each test method, record the time, applied load, and movement
readings (displacement, and strain if measured) for each

properly identified gage, scale, or reference point taken as
nearly simultaneously as practicable. The engineer may specify
different reading intervals from those given below as needed to
satisfy the objectives of a particular test pile program. Obtain
additional test readings as specified by the engineer, or as
convenient for testing purposes, that is, when using a datalog-
ger to record readings at a constant time interval. Clearly
record and explain any field adjustments made to instrumen-
tation or recorded data.

8.2.1.2 Verify the stability of the reference beams and load
reaction system (including reaction piles) using a surveyor’s
level or transit and target rod or scales to determine movement.
Record readings taken before applying any test load, at the
proposed design load, at the maximum test load, and after the
removal of all load. Intermediate readings for each load
increment are recommended to provide additional quality
assurance and detect potential failure of the load reaction
system.

8.2.1.3 When using embedded strain gages to obtain incre-
mental strain measurements as in 7.4, record strain readings
just before starting the test and, as a minimum, during the test
whenever recording readings of time, load, and movement. The
engineer may also require gage readings taken before and after
the pile installation to obtain a complete strain history and
investigate residual stress behavior.

8.2.2 Procedure A: Quick Test—Record test readings taken
at 0.5, 1, 2 and 4 min after completing the application of each
load increment, and at 8 and 15 min when permitted by longer
load intervals. Record test readings taken at 1 and 4 min after
completing each load decrement, and at 8 and 15 min when
permitted by a longer unload intervals. Record readings taken
at 1, 4, 8 and 15 min after all removing all load.

NOTE 10—The movement measured between readings for a given load
increment provides an indication of creep behavior.

8.2.3 Procedure B: Maintained Test (also Procedures C, D,
and F) (optional)—Record test readings taken before and after
the application of each load increment or decrement. During
each load interval, provided that the test pile or pile group has
not failed, record additional readings taken at 2, 4, 8, 15, 45,
60, 80, 100, and 120 min following application of the load
increment, and every 60 min thereafter as needed. If pile failure
occurs, also record readings taken immediately before remov-
ing the first load decrement. During unloading, record readings
taken at time intervals of no more than 30 min for each unload
interval. Record readings at 1, 2, and 12 h after removing all
load.

8.2.4 Procedure E: Constant Rate of Uplift (optional)—
Record test readings taken at least every 30 s or at sufficient
intervals to determine the actual rate of uplift. Operate any
automatic monitoring and recording devices continuously dur-
ing each test. When the test pile has achieved its specified rate
of uplift, continue to take and record readings for the duration
of the loading, and determine the maximum load applied. Take
and record readings during unloading, immediately after un-
loading, and again 1 h after removing all load.
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9. Safety Requirements

9.1 All operations in connection with pile load testing shall
be carried out in such a manner so as to minimize, avoid, or
eliminate the exposure of people to hazard. The following
safety rules are in addition to general safety requirements
applicable to construction operations:

9.1.1 Keep all test and adjacent work areas, walkways,
platforms, etc. clear of scrap, debris, small tools, and accumu-
lations of snow, ice, mud, grease, oil, or other slippery
substances.

9.1.2 Provide timbers, blocking and cribbing materials
made of quality material and in good serviceable condition
with flat surfaces and without rounded edges.

9.1.3 Hydraulic jacks shall be equipped with hemispherical
bearing plates or shall be in complete and firm contact with the
bearing surfaces and shall be aligned so as to avoid eccentric
loading.

9.1.4 Loads shall not be hoisted, swung, or suspended over
anyone and shall be controlled by tag lines.

9.1.5 The test beam(s), reaction frame, reaction piles, an-
choring devices, and their connections and supports shall be
designed and approved by a qualified engineer and installed to
transmit the required loads with an adequate factor of safety.

9.1.6 For tests on inclined piles, all inclined jacks, bearing
plates, test beam(s), or frame members shall be firmly fixed
into place or adequately blocked to prevent slippage upon
release of load.

9.1.7 All reaction components shall be stable and balanced.
During testing, movements of the reaction system should be
monitored to detect impending unstable conditions.

9.1.8 All test beams, reaction frames, and test apparatus
shall be adequately supported at all times.

9.1.9 Only authorized personnel shall be permitted within
the immediate test area, and only as necessary to monitor test
equipment. As best as possible, locate pumps, load cell
readouts, dataloggers, and test monitoring equipment at a safe
distance away from jacks, loaded beams, and their supports and
connections.

10. Report

10.1 The report of the load test shall include the following
information as required by the engineer and as appropriate to
the pile type, test apparatus, and test method:

10.1.1 General:
10.1.1.1 Project identification and location,
10.1.1.2 Test site location,
10.1.1.3 Owner, structural engineer, geotechnical engineer,

pile contractor, boring contractor,
10.1.1.4 Nearest test boring(s) or sounding(s), and their

location with reference to test location,
10.1.1.5 Insitu and laboratory soil test results, and
10.1.1.6 Horizontal and vertical control datum.
10.1.2 Pile Installation Equipment:
10.1.2.1 Make, model, type and size of hammer,
10.1.2.2 Weight of hammer and ram,
10.1.2.3 Stroke or ram,
10.1.2.4 Rated energy of hammer,
10.1.2.5 Rated capacity of boiler or compressor,

10.1.2.6 Type and dimensions of capblock and pile cushion,
10.1.2.7 Weight and dimensions of drive cap and follower,
10.1.2.8 Size of predrilling or jetting equipment,
10.1.2.9 Weight of clamp, follower, adaptor, and oscillator

for vibratory driver,
10.1.2.10 Type, size, length, and weight of mandrel,
10.1.2.11 Type, size, and length of auger,
10.1.2.12 Type and size of grout pump,
10.1.2.13 Type, size, wall thickness, and length of drive

casing,
10.1.2.14 Detailed description of drilling equipment and

techniques, and
10.1.2.15 Size, type, length, and installation or extraction

(or both) method of casings.
10.1.3 Test and Anchor Pile Details:
10.1.3.1 Identification and location of test and anchor piles,
10.1.3.2 Design load of test pile or pile group,
10.1.3.3 Type and dimensions of test and anchor piles,
10.1.3.4 Test pile material including basic specifications,
10.1.3.5 Pile quality including knots, splits, checks and

shakes, and straightness of piles, reservative treatment and
conditioning process used for timber test piles including
inspection certificates,

10.1.3.6 Wall thickness of pipe test pile,
10.1.3.7 Weight per foot of H test pile,
10.1.3.8 Description of test pile tip reinforcement or protec-

tion,
10.1.3.9 Description of banding-timber piles,
10.1.3.10 Description of special coatings used,
10.1.3.11 Test pile (mandrel) weight as driven,
10.1.3.12 Date precast test piles made,
10.1.3.13 Details of concrete design, grout mix design, or

both.
10.1.3.14 Concrete or grout, or both, placement techniques

and records,
10.1.3.15 Concrete and/or grout sample strengths and date

of strength test,
10.1.3.16 Description of internal reinforcement used in test

pile (size, length, number longitudinal bars, arrangement,
spiral, or tie steel),

10.1.3.17 Condition of precast piles including spalled areas,
cracks, top surface, and straightness of piles,

10.1.3.18 Effective prestress,
10.1.3.19 Degree of inclination for each pile,
10.1.3.20 Length of test pile during driving,
10.1.3.21 Final pile top and bottom elevations, and ground

elevation referenced to a datum,
10.1.3.22 Embedded length-test and anchor piles,
10.1.3.23 Tested length of test pile, and
10.1.3.24 Final elevation of test pile butt(s) referenced to

fixed datum.
10.1.4 Test and Anchor Pile Installation:
10.1.4.1 Date installed,
10.1.4.2 Volume of concrete or grout placed in pile,
10.1.4.3 Grout pressure used,
10.1.4.4 Description of pre-excavation or jetting (depth,

size, pressure, duration),
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10.1.4.5 Operating pressure for double-acting and differen-
tial type hammers,

10.1.4.6 Throttle setting—diesel hammer (at final driving),
10.1.4.7 Fuel type—diesel hammer,
10.1.4.8 Horsepower delivered and frequency of vibratory

driver during final 3 m (10 ft) of pile penetration,
10.1.4.9 Description of special installation procedures used

such as piles cased off,
10.1.4.10 Type and location of pile splices,
10.1.4.11 Driving or drilling records,
10.1.4.12 Final penetration resistance (blows per inch),
10.1.4.13 Rate of pile penetration in m/s (ft/s) for last 3 m

(10 ft), vibratory driving,
10.1.4.14 When capblock replaced (indicate on log),
10.1.4.15 When pile cushion replaced (indicate on log),
10.1.4.16 Cause and duration of interruptions in pile instal-

lation, and
10.1.4.17 Notation of any unusual occurrences during in-

stallation.
10.1.5 Pile Testing:
10.1.5.1 Date and type of test,
10.1.5.2 Temperature and weather conditions during tests,
10.1.5.3 Number of piles in group test,
10.1.5.4 Brief description of load application apparatus,

including jack capacity,
10.1.5.5 Description of instrumentation used to measure

pile movement including location of indicators, scales, and
other reference points with respect to pile top,

10.1.5.6 Description of special instrumentation such as
strain rods or strain gages including location of such with
reference to pile top,

10.1.5.7 Special testing procedures used,

10.1.5.8 Tabulation of all time, load, and movement read-
ings,

10.1.5.9 Identification and location sketch of all indicators,
scales, and reference points,

10.1.5.10 Description and explanation of adjustments made
to instrumentation or field data, or both,

10.1.5.11 Notation of any unusual occurrences during test-
ing,

10.1.5.12 Test jack and other required calibration reports,
10.1.5.13 Groundwater level, and
10.1.5.14 Suitable photographs showing the test instrumen-

tation and set-up.

11. Precision and Bias

11.1 Precision—Test data on precision is not presented due
to the nature of these test methods. It is either not feasible or
too costly at this time to have ten or more agencies participate
in an in situ testing program at a given site. Each test pile is
unique due to the variable nature of the ground in which it is
embedded. Furthermore, retesting a particular pile commonly
results in different data from the initial testing due to plastic
movement of the ground in which the pile is embedded.

11.1.1 The Subcommittee D18.11 is seeking any data from
the users of these test methods that might be used to make a
limited statement on precision.

11.2 Bias—There is no accepted reference value for these
test methods, therefore, bias cannot be determined.

12. Keywords

12.1 axial static tensile pile capacity; field testing; jack; load
cell; loading procedure; reference beam

APPENDIX

(Nonmandatory Information)

X1. SOME FACTORS INFLUENCING INTERPRETATION OF TEST RESULTS

X1.1 Potential residual loads in the pile which could
influence the interpreted distribution of load at the pile tip and
along the pile shaft.

X1.2 Possible interaction of friction loads from test pile
with downward friction transferred to the soil from reaction
piles or cribbing obtaining part or all of their support in soil at
levels above the tip level of the test pile.

X1.3 Changes in pore water pressure in the soil caused by
pile driving, construction fill, and other construction operations
which may influence the test results for frictional support in
relatively impervious soils such as clay and silt.

X1.4 Differences between conditions at time of testing and
after final construction such as changes in grade or groundwa-
ter level.

X1.5 Loss or gain of test pile soil resistance due to changes

in the soil stress distribution around the test pile(s) such as
excavation, scour, fill, etc.

X1.6 Possible differences in the performance of a pile in a
group or of a pile group from that of a single isolated pile.

X1.7 Affect on long-term pile performance of factors such
as creep, environmental effects on pile material, negative
friction loads, swelling soils, and strength losses.

X1.8 Type of structure to be supported, including sensitiv-
ity of structure to movement and relation between live and
dead loads.

X1.9 Special testing procedures which may be required for
the application of certain acceptance criteria or methods of
interpretation.

X1.10 Requirement that non tested pile(s) have essentially
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identical conditions to those for tested pile(s) including, but not
limited to, subsurface conditions, pile type, length, size and
stiffness, and pile installation methods and equipment so that

application or extrapolation of the test results to such other
piles is valid.

SUMMARY OF CHANGES

Subcommittee D18.11 has identified the location of selected changes to this standard since the last issue
(D3689 – 90 (95)) that may impact the use of this standard (approved Sept. 1, 2007).

(1) Reorganization following current D18 guidelines, includ-
ing addition of “Terminology” and “Significance and Use”.
(2) Change title and text to indicate multiple procedures and
include deep foundations that function similar to driven piles.
(3) Inclusion of current D18 caveats D6026 and D3740.
(4) Change Quick Test Method to preferred. Previous Standard
Method now shown as 9Maintained Test9. The engineer may
choose an optional method as provided.
(5) Require load cell(s) for tests over 100 tons, and hemi-
spherical bearings.

(6) More specific requirements for test plates.

(7) Addition of references for pressure gages and displacement
indicators. Note that these references are ANSI standards that
are maintained by ASME. At some future point, D18.11 hopes
to develop ASTM standards for these references.

(8) Additional requirements for measuring systems and testing
time intervals.

(9) Update Figures and add Figure to show instrumentation.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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