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Section 1 General 
Friction piles are load tested to determine the maximum load carrying capacity of the pile. The 

maximum load capacity will be either the "maximum test load" or the "failure load" based on the 

method of interpretation of the load test.  This document does not apply to point-bearing piles 

bearing on rock.    

Standard Specification Article 606.08 (regarding Test Piles) establishes the procedures to be used 

in performing a load test. From these results, the designer shall determine the safe load capacity 

of the pile. 

See the Standard Specifications (the “Specifications” hereafter) for additional information 

regarding load tests.   

Section 2 Location of Load Tests 
13-201.00 Determining Optimum Location 

The cost of load tests can be significantly affected by their location. For instance, it is much easier 

to load test a test pile in an abutment fill or a pier in a shallow excavation on the bank than one 

inside a cofferdam or in a stream bed. The locations selected by the designer shall be, in his 

estimation, the most economical locations that will give reliable results. Due to the contractor's 

construction sequence or other unforeseen reasons, it may be beneficial to occasionally relocate 

a load test pile. If, in the opinion of the designer, the relocation will provide equally reliable 

results, the relocation can be allowed.  

In some locations, such as in stream beds, it may be advantageous to the contractor to drive test 

piles through the overburden without excavating to the pile cut-off elevation. This procedure 

would be satisfactory for all test piles including those to be load tested, provided the additional 

pile length required to extend through the overburden is furnished at no cost to the project. 

When calculating pile capacity for this case, the designer shall deduct any frictional resistance 

from the soil above the bottom of footing elevation. It may be necessary to require that the 

contractor pre-drill a hole down to this elevation before driving the pile. 

13-202.00 Load Tests at Cofferdams 
When a different pile type is only being used in pier footings in deep cofferdams (for instance, 

steel piles at the piers and concrete piles at the abutments), it would be too difficult to perform 

the load test within the cofferdam. The designer shall designate the load test to be performed on 
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the stream bank at ground elevation with a test pile which will be discarded after the load test or 

possibly included in a pier footing at that location. 

13-203.00 Concrete Piles in Hard Driving Conditions 
For concrete piles, to prevent driving in excess of fifteen (15) blows per inch which might damage 

the pile, jetting or pre-drilling may be necessary when a minimum pile tip elevation is required 

due to scour, liquefaction, or a soft stratum underlying a hard stratum.  Steel piles may be a 

better pile type in this situation. 

13-204.00 Economy of Load Tests 
The number and length of piles shown on the plans is an estimate based on available soil data 

and is used to establish quantities and cost estimates. The length of the test piles shown on the 

plans shall be 10’ longer than the estimated length of the other piles at each substructure.  The 

number and length of piles determined by the designer from test pile and load test results will 

usually be reasonably close to that shown on the plans. However, it may occasionally be 

necessary to make changes in the number or length of piles. Normally the load-carrying ability 

of the pile increases as it is driven. In cases where there is no significant increase in the load-

carrying ability of the pile with an increase in pile length, it is more economical to add piles to the 

foundation than to drive longer piles. For instance, 10 piles 30 feet long would be more 

economical than 8 piles 50 feet long. If the solutions provide equivalent load-carrying capacity, 

the designer shall select the most economical alternative. 

Changing the number of piles can usually be easily implemented in abutments. For pier footings, 

it may be more difficult to add piles because of the close spacing of the pile pattern. Also, 

displacement piles at close spacing may become difficult to drive as the material between the 

piles becomes compacted, especially in cofferdams. For these reasons, when possible, the 

designer should use a pile spacing greater than the minimum in pier footings.  The spacing of the 

pile grid in a footing should be such that there will be a 5’ available dimension in the diagonals of 

the pile grid. 

Section 3 Static Load Test Requirements 
13-301.00 Load Test Apparatus 

The vast majority of the time, load tests for friction piles will be static load tests.  Dynamic testing 

is not a standard method used in the State of Tennessee yet, but it is expected that this method 

will become more common in the future.   



13-3 | TDOT STRUCTURAL DESIGN GUIDELINES 
 

FRICTION PILE LOAD TESTS   SDG 13 

The pile load test apparatus for applying loads and measuring movement shall meet the 

requirements of ASTM D1143, Standard Test Methods for Deep Foundation Elements Under 

Static Axial Compressive Load.  The template for Bridge Plans Notes (No. 22 regarding Friction 

Piles) allows a reduction in the required clearances in the test setup if there is insufficient room 

within an excavation. To prevent this problem, the designer should avoid locating load tests in 

deep or confined excavations if at all possible. 

The contractor selects the jacking method used in the load test. Normally, the load is applied by 

jacking against a reaction beam which is attached to hold-down piling. Hold-down piling should 

not be installed with vibratory hammers since only the frictional resistance of the soil develops 

their capacity to resist the test load. If there is some doubt about the ability of the hold-down 

piles to resist the total applied uplift force, it would be to the contractor's advantage to preload 

the test pile before beginning the load test. Preloading is not a requirement, but it could be 

beneficial to the contractor and even prevent a load test from being invalidated due to equipment 

malfunctions. When a preload has been applied, it shall be indicated on the load test report.  

Details of a typical load test apparatus, showing the reaction beam, hold-down piles, jack, gauges, 

and calibration certificates are shown in Figures 2 through 5.  At least two gauges capable of 

reading to one-hundredth of an inch shall be used to record the test pile settlement. Similar 

gauges are also required to monitor the hold-down pile movement. All gauges shall be attached 

to supports that are independent of the loading platform and test pile apparatus.  

Should noticeable movement of the hold-down pile(s) occur, the load test shall be discontinued 

until the contractor can make the necessary corrections to insure support of the anticipated 

maximum applied load. Failure of the hold-down system invalidates the load test and requires 

the contractor to perform an additional load test at no extra cost to the project. 

Unless specified otherwise on the Plans, a minimum waiting period of 3 days shall be observed 

between installing the last pile in the load test system and commencing the test. 

13-302.00 Number of Load Tests 
A test pile shall be required for each substructure for each bridge.  If static load testing is 

specified, a minimum of one load test is required for each pile type and size used for each bridge 

or set of dual bridges.  If the log of borings indicates a significant difference in subsurface 

conditions, or if a given substructure is more than 500 feet from a load test, an additional load 

test may be specified on the plans or added during construction by the designer. 

The number of load tests and test piles shown on the plans is based on the assumption that all 

test piles are to be driven with the same make and model pile driver (hammer) as was used for 



13-4 | TDOT STRUCTURAL DESIGN GUIDELINES 
 

FRICTION PILE LOAD TESTS   SDG 13 

the load test pile. Should the Contractor elect to drive some test piles with a different make or 

model hammer, he must furnish the necessary additional load tests at his cost. 

13-303.00 Function of the Load Test 
The purpose of a load test is to correlate the test pile driving resistance to the actual failing 

(ultimate) load established by the load test. Article 606.14 of the Specifications presents the 

formulas, called driving equations, to be used in determining the bearing value of a pile for 

different types of hammers. From the results of the load test, a "K factor” is calculated using 

Equation (1). 

                                                                      𝐾𝐾 =  𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐿𝐿𝐿𝐿𝑆𝑆𝐿𝐿
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑆𝑆𝐷𝐷 𝐿𝐿𝐿𝐿𝑆𝑆𝐿𝐿

                                                                       (1) 

The term “Safe Load” refers to what the designer determines to be the failing load from the load 

test.  The term “Driven Load” refers to the bearing capacity of the load test pile calculated from 

the driving equation. The maximum value of the K factor shall be 1.5. 

For example, if a test pile were driven to a bearing capacity from the driving equation of 100 tons 

and the failing load from the load test of that pile was 125 tons, the K factor would be 1.25. If 100 

tons were the actual required bearing by design, the contractor would be instructed to drive 

piling to a minimum bearing of 100/1.25 = 80 tons by the driving equation. The adjusted driving 

equation has been correlated with the load test and may be applied to any pile of the same pile 

type and size driven near this location with the same make and model hammer. If for any reason 

the contractor elects to drive some test piles with a different make or model hammer, an 

additional test pile and load test shall be required, at the contractor's expense, to determine the 

K factor to be used in the driving equation for the second hammer.  It is permissible by the 

Specifications to drive production piles with a different hammer. This is only allowed with the 

approval of the designer prior to the designer specifying production pile bearings and lengths 

based on the results of the test pile driving log. 

The correlation between load test, test pile, and Specifications driving equation enables the 

designer to establish pile lengths with sufficient confidence to allow regular piles to be driven 

with a different hammer than that used to drive the test piles. There may be some specific cases 

where the designer will specify slightly longer piles when he knows that a hammer substitution 

will be made. 

 

 



13-5 | TDOT STRUCTURAL DESIGN GUIDELINES 
 

FRICTION PILE LOAD TESTS   SDG 13 

Section 4 Static Load Test Procedures 
13-401.00 Methods for Performing Static Load Tests 

The methods for performing two types of pile load tests are provided in the Specifications - the 

Quick Load Test and the Maintained Load Test. The Quick Load Test is preferred because it takes 

only 1 to 2 hours to complete. However, when the soil conditions are such that long term 

settlement is of concern (e.g., predominant presence of clay layers), then the Maintained Load 

Test should be performed. The Specifications direct the contractor to perform the Quick Load 

Test unless otherwise noted on the Plans.  

13-402.00 Quick Load Test 
The full test load shall be 200% of the pile design load shown on the plans. The load is applied in 

approximately equal increments of 10% to 20% of the pile design load, and at intervals of 5 

minutes throughout the load test. Readings of time, load, and movement are taken and recorded 

immediately before and after the application of each load.  Please note that deviating from this 

applied pile loading increment (loading other than 10%-20% of the design pile load) should be 

considered as grounds for rejecting the load test. 

The load is applied until either a plunging failure occurs or the full test load is reached. Plunging 

failure occurs when continuous jacking is required to maintain the test load. After the final 

holding time, or immediately after plunging failure occurs, the applied load is removed in five 

approximately equal decrements with intervals of 5 minutes between decrements. Readings shall 

be taken after the removal of each decrement and five minutes after the complete removal of 

the test load. 

Results from the Quick Load Test shall be analyzed in accordance with Davisson's failure criterion 

(see FHWA Manual on Design and Construction of Driven Pile Foundations Volume II, pages 16-

18). The failing (ultimate) load is defined as that load which produces a settlement of the pile 

head (for piles 24” or less in diameter) equal to: 

                                                                   𝑠𝑠𝑆𝑆 =  ∆ + �0.15 + 𝑏𝑏
120
�                                                               (2) 

Where: 

sf = measured pile head movement at failure (inches) 

Δ = elastic deformation of pile per Equation (3) (inches) 

b = pile width or diameter (inches) 
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The elastic deformation, Δ, for a pile of uniform cross-section is computed from: 

                                                                                ∆ = 𝑄𝑄𝐿𝐿
𝐴𝐴𝐴𝐴

                                                                            (3) 

Where: 

Δ = elastic deformation of pile (inches) 

Q = test load (kips) 

L = pile length below dial gage or LVDT (linear variable differential transformer) measurement  

      location (inches) 

A = pile cross-sectional area (in2) 

E = modulus of elasticity of pile material (ksi) 

The steps for the construction of a test plot are: 

1) Calculate the elastic compression of the pile (Δ) when considered as a free column. 

2) Determine the scales of the plot such that the slope of the pile elastic compression line is 

approximately 20°, and plot the line. 

3) Plot the pile head movement versus the applied load observed during the load test. 

4) Plot the failure criterion line (Sf) parallel to the elastic compression line.  The interpreted 

failing (ultimate) load (Qf) is the intersection of the failure criterion line with the observed 

load-movement curve. 

5) If the load-movement curve does not intersect the failure criterion line, then the 

maximum applied test load will be assumed as the maximum capacity of the pile. 

6) If plunging failure occurs, the failing (ultimate) load shall be the load applied just before 

the load at which the plunging failure occurred. 
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Figure 1. Typical Load Settlement Plot for Quick Load Test 

For piles larger than 36” in diameter, additional pile tip movement is necessary to develop tip 

resistance.  For these larger piles, the failure load can be defined as the load which produces 

movement at the pile head equal to: 

                                                                           𝑠𝑠𝑆𝑆 =  ∆ + 𝑏𝑏
30

                                                                        (4) 

13-403.00 Maintained Load Test 
The full test load shall be 150% of the pile load shown on the Plans. It shall be applied in maximum 

increments of 25% of the pile load as shown on the plans and at time intervals such that the rate 

of settlement does not exceed 0.120 inches per hour for a minimum interval of two hours.  Similar 

to quick load tests, deviating from this applied pile loading increment (greater than 25% of the 

pile load as shown on the plans) shall be considered as grounds for rejecting the load test. 

Each 25% increment load shall be gradually applied over about a five-minute interval to prevent 

driving. Gauge readings shall be recorded before and after application of the 25% increment 

loads. It is essential that jack and gauge readings be carefully monitored to control the rate of 

settlement. 
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The allowable rate of settlement can be proportioned and checked over thirty-minute intervals: 

0.06 in. for thirty minutes, 0.12 in. for sixty minutes, 0.18 minutes for 90 minutes, and 0.24 in. for 

120 minutes. If the allowable rate is not exceeded at the first thirty-minute interval, the contractor 

may apply the next load increment. If the rate of settlement is exceeded over a thirty-minute 

interval, then it must be checked at thirty-minute intervals until the rate of settlement has 

decreased to below the allowable limit or until the two-hour time period has elapsed. 

If, over a two-hour period, beginning just prior to application of a load increment, the rate of 

settlement for the two-hour period exceeds allowable limits, the applied load shall be reduced 

until the rate of settlement is within allowable limits. 

The failing load shall be defined as the minimum load that produces one of the following 

conditions: 

1) Rate of settlement exceeding 0.12 inches per hour per load increment for a two-hour 

period 

2) Settlement occurring during the last twelve hours of the full load test period 

3) A permanent net settlement after rebound in excess of one-quarter (1/4) inch 

The most common mode of failure under condition 1 is continual settlement at no increase in 

applied load. Settlements which just barely exceed the allowable limits should be carefully 

examined to ensure that the pile was not actually driven due to rapid application of the load. 

Failure under condition 2 seldom occurs. However, even if the overall settlement is relatively 

small, but the settlement has not stabilized, ultimate failure could occur over a longer period of 

time.  

Failure under condition 3 is easily recognized. By proportioning loads and settlements, the 

designer can determine the approximate load that will produce 1/4-inch net settlement. Most of 

the rebound which occurs when the test load is removed is due to relaxation of the compressive 

stresses in the loaded pile. See Equation (3) for the elastic deformation of a pile. 

Should failure occur due to continual settlement at no increase in load or the total settlement 

over a two-hour period exceeds the allowable, the applied load shall be decreased until the 

settlement stabilizes. Gauge readings shall be recorded immediately after the load is decreased 

and at the end of the two-hour waiting period. The load shall then be removed and a final gauge 

reading taken. 
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A failing load test does not mean that a test pile has experienced structural failure. It means that 

the test pile has experienced settlement in excess of the allowable limits and is still capable of 

supporting a safe load capacity which will be determined by the designer. 

If failure does not occur due to condition 1, the load test shall be carried to completion in 

accordance with the Specifications. The information from this portion of the test will be used by 

the designer to evaluate possible failure under conditions 2 and 3. 

13-404.00 Adjusted Driving Equation 
The example in Figures 7, 8, and 9 uses the following adjusted driving equation: 

                                                                        𝑃𝑃 = 𝐾𝐾 �2𝑊𝑊𝑊𝑊
𝑆𝑆+0.1

�                                                                         (5) 

This equation is applicable to single acting steam or air hammers and diesel hammers with 

unrestricted rebound. The applicable driving equations for various hammers are given in 

Specifications Article 606.14. It should be noted that K does not appear in the Specifications 

equations. To avoid misuse of the equations and possible errors in application, the adjusted 

driving equations, with appropriate K values, will be used only by Structures Division personnel. 

Construction personnel shall apply the driving equations exactly as they appear in the 

Specifications.  

After reviewing the load test, the designer will determine the applicable K value and revise the 

required bearing accordingly.  Past experience, based on the correlation of many load tests 

with test pile driving logs, indicates that K varies from about 0.40 to a maximum value of 1.50 

depending on the soil conditions and the hammer. In the following example, the required 

bearing shown on the plans was 100 tons. The load test indicated that any pile driven near the 

location and with the same make and model hammer as was used for the load test pile would 

be capable of supporting 1.5 times the bearing value indicated by the non-adjusted 

Specifications driving equation.  Using Equation (5): 

𝑃𝑃 = 1.50 �
2𝑊𝑊𝑊𝑊
𝑆𝑆 + 0.1

� 

2𝑊𝑊𝑊𝑊
𝑆𝑆 + 0.1

=  
𝑃𝑃

1.50
=  

100 𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠
1.50

= 67 𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠 

The Construction office was directed to instruct the contractor to drive 85’ piles to a minimum 

bearing of 67 tons as calculated using Equation (5). This pile length is longer than the pile length 

required for only bearing because the pile was required to reach a minimum tip elevation.  
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Figures 2 through 13 show various information related to load tests, including examples of both 

a Quick Load Test and a Maintained Load Test.   
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Figure 2. Jack Calibration Certification Letter 
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Figure 3. Calibrated Gauge Readings for Actual Loads 
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Figure 4. Cross-Section of Load Test Apparatus 
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Figure 5. Plan of Load Test Apparatus 
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Figure 6. Example Sketch Showing Location of Test Pile to Be Load Tested 
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Figure 7. Tabulation of the Driving Log for a Quick Load Test Pile 
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Figure 8. Tabulation of Quick Load Test Data 
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Figure 9. Graphical Plot of Quick Load Test Data 
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Figure 10. Tabulation of the Driving Load for a Maintained Load Test Pile 
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Figure 11. Tabulation of Maintained Load Test Data 
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Figure 12. Graphical Plot of Maintained Load Test Data 

 

 

 

 

 

 

 

 

 



13-22 | TDOT STRUCTURAL DESIGN GUIDELINES 
 

FRICTION PILE LOAD TESTS   SDG 13 

 

 

Figure 13. Graphical Plot of Driving Log vs. Soil Resistance 
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Section 5 Setting Friction Pile Lengths 
13-501.00 Setting Friction Pile Lengths for Bridge Plans 

Setting lengths for friction piles on the bridge plans is based on analysis of the bore information 

from the foundation data provided by the Geotechnical Section. 

Below is an example of the calculation of the estimated pile length at an abutment for a set of 

bridge plans. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Skin Friction and End-Bearing Values Based on Pile Depth 
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There are two separate components to friction pile resistance – side friction and end bearing.  

These will both be given in the foundation report at each boring location.  An example of how 

this information is reported is shown in Figure 14.  The theoretical frictional pile resistance is 

calculated along the depth of the bore based on the skin friction resistance (Fs) and the end 

bearing resistance (Qb) for the specific soil material along the bore.  For example, the top layer 

of the bore shown in Figure 14 specifies an Fs value of 0.06 Tons/ft2 and a Qb value of 3.52 

Tons/ft2.  Since this is a 14” prestressed concrete pile, the end area is (1.16 ft)2 = 1.3611ft2, and 

the perimeter area for a 1’ deep section is 4 x 1.16 ft x 1ft = 4.66 ft2.  Thus, for the first 1’ deep 

section the frictional bearing resistance would be 0.06 Tons/ft2 x 4.66 ft2 = 0.28 Tons.  The end 

bearing resistance would be 3.52 Tons/ft2 x 1.3611ft2 = 4.79 Tons.  Note that if this were a steel 

pile, the value of Fs would be reduced by 1/3 because steel/soil interfaces only have 2/3 of the 

frictional resistance of concrete/soil interfaces.  Note that down the length of the pile, the skin 

friction resistance is cumulative, but the end bearing resistance is not.  A spreadsheet is the 

usually the most efficient platform for estimated pile length and capacity calculations.  An 

example of these calculations is shown in Figure 15. 
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Figure 15. Example Pile Length Calculation Using a Spreadsheet 
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13-502.00 Setting Friction Pile Lengths for Bridge Plans to Account 
for Minimum Tip Elevations 

Where the potential for scour exists at a substructure location, the minimum tip elevation of the 

pile shall be adjusted to provide adequate resistance for a scour event.  Hydraulics shall identify 

a scour elevation on their hydraulic layout that shall also be included in the preliminary layout.  

Office policy is to set a minimum tip elevation such that the soil layers below the scour elevation 

(discounting all soil layers above) will provide a resistance equal to or greater than the maximum 

Service Limit State pile reaction.  The aforementioned soil layers are defined in the bore 

information provided the Geotechnical Section (see Figure 14).   

The potential for liquefaction around piles shall also be considered when determining minimum 

tip elevations.  The boring information supplied by the Geotechnical Section shall identify layers 

in the bore that have the potential for liquefaction.  When one or more liquefiable layers are 

present, office policy is to set the minimum tip elevation where the “good” (non-liquefiable) layers 

under the liquefiable layers provide a resistance equal to or greater than the sum of the 

downdrag force and the maximum Service Limit State pile reaction.  The downdrag force on the 

pile is defined as the sum of the negative skin friction resistance along the length of the pile where 

the soil is moving downward relative to the pile.  The designer shall specify pile lengths based on 

the Strength and Extreme Event Limit State requirements and the specified minimum tip 

elevation, whichever is deeper.  Office policy is that the downdrag force will not increase the 

specified driving load up from what meets the Strength and Extreme Event Limit State 

requirements.  Studies have been done that justify waiving the effect of downdrag forces on the 

driving load if the minimum tip elevation is set to provide a theoretical resistance of the “good” 

layers equal to or greater than the sum of the downdrag force and Service Limit State pile 

reaction. 

13-503.00 Determining Length of Production Piles based on Test 
Pile Driving Logs 

After receiving a test pile driving log from the construction office, determine the length of the 

production piles to be used at that particular substructure where the test pile was driven. The 

following steps shall be followed: 

1. Look in the plans and verify the P.C.O. elevation for the test pile being reviewed.   

2. Determine the actual required bearing. This is the design load on the plans (usually 

100 tons) divided by the K factor you calculated when you analyzed the load test pile 

data (see Section 13-404.00).  As office policy, K shall not be taken greater than 1.5, 
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which equates to a minimum actual required bearing of 2/3 the design load.  This 

would be 67 tons for a design load of 100 tons. 

3. Determine the depth below the P.C.O. elevation on the driving log that the test pile 

will achieve a bearing equal to or greater than the actual required bearing from step 

2. Calculate the pile tip elevation at this depth.  If a minimum tip elevation is specified 

on the plans, check that it has been reached.  If it has not been reached, extend the 

pile tip to the minimum tip elevation.  Also, if the pile tip is in a layer than is less than 

5’ from a layer beneath that has a smaller end bearing capacity, extend the pile into 

the weaker layer until the actual required bearing from Step 2 is reached.     

The length of the production piles will also be affected by the type of seismic attachment that the 

contractor proposes to use.  If the contractor is going to expose the prestressing strands in the 

top 2’ of the piles, then this extra 2’ shall be included in the production pile length.  Lengths for 

production piles shall be given in 5’ increments.  Since the contractor is waiting on instructions 

for pile length and minimum bearing, the designer determining this information shall respond to 

the Construction Office as soon as possible. 

13-504.00 Reviewing Reported Final Bearings of Driven Production 
Piles 

The contractor (via the Construction Office) shall submit the final bearings and lengths for all the 

piles at a particular substructure to the Structures Division.  If any of the driven piles do not 

achieve the bearing or length specified by the Structures Division based on the test pile, then the 

Structures Division will provide further instructions.  The Structures Division may specify adding 

additional piles to the substructure if any of the final pile bearings are inadequate or if any of the 

pile tips do not reach the specified minimum tip elevation. 

If additional piles are required in a pile footing, piles can be added in the diagonals of the pile 

grid if the grid spacing in either the transverse or longitudinal direction is less than 5’.  However, 

the length along the diagonals of the pile grid must be at least 5’ if piles are to be added in the 

diagonals. 

When a contractor reports final pile bearings and lengths, review and submit either approval of 

the piles or further instructions for any piles back to the Construction Office.  All piles in a 

substructure element shall be approved before the contractor can pour the concrete 

surrounding these piles (e.g., abutment beams, bent footings, or pile bent caps).  Since the 

contractor is waiting on this approval, the designer reviewing the pile data shall respond to the 

Construction Office as soon as possible.  
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