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Pile Load Testing

The lncremental Static Load Test.
The Constant-Rate-of-Penetration Test.

ASTM’s Quick ML Test (“Quick Maintained Load”).
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Pros versus Cons of load testing a pile

L oad testing is the most
accurate way to determine
the ultimate compressive
and tensile capacities for
deep foundations.

L oad testing is expensive and time-
consuming.



Static Pile L oad Tests.

Static load test involve assembling a full-size prototype foundation at the construction site,
and then slowly load it to failure.

This method is used to determine the ultimate compressive and tensile load capacities for
deep foundations.

Advantaqges of performing static load tests:

1. It allows amore rational design.

2. Considerably more reliable than capacity estimates made by the use of formulas.
3. An improved knowledge of pile-soil behavior.

4. A lower factor of safety may be used on the pile design load.

5. May alow areduction in required pile lengths.

6. May alow an increase in the pile design load.

7. Serves as confirmation that the design load is adequately supported by the pile.



1. Thelncremental Static Load Test.

L oad and unload the test pile incrementally in three cycles, unless an alternative procedure is
specified in the contract documents.

Apply each load increment to the pile in as short a period as physically possible.

The maximum load applied is twice the pile design load (2X) shown on the plans unless failure
occursfirst.

Therequired load is expressed as a percentage of the pile design load shown on the plans or
specified in the contract documents.

Procedure.

Cycle Percent (%) of Maximum Design L oad

1 0, 50, 100, 50, 0

2 0, 50, 100, 125, 150, 175, 200, 150, 100, 50, 0

3 0, 50, 100, 150, 200 (24-hr hold), 150, 100, 50, O



L oad Settlement Curvefor thelncremental Static Load Test.



2. The Constant-Rate-of -Penetration Test.

L oad the pile until either a plunging failure occurs or capacity of the test equipment
(minimum off our times design load) is reached.

Apply the load so that the pile top exhibits constant rate of deflection with time.

L oads may be applied by means of a mechanical loading system, approved by the DCES,
causing a constant rate of deflection with time.

Control the rate by monitoring one of the primary measuring systems at 15-second
intervals*.

 Control the rate by monitoring one of the primary measuring systems at 15-second intervals. Rate of
pile deflection- (in millimeters per minute) is determined by the following relationship:
R=n(PL/AE)

where n = asoil constant (0.1 for granular soils, 0.04 for cohesive sails;
P = pile design load, in MN or as shown on the plans,
L = pile length, meters
A = pile area, square millimeters, and
E = pile modulus of elasticity, GPa.



3. TheQuick Maintained Load Test.

L oad the pile, in increments, until either a plunging failure occurs or atop deflection equal
toB/60+ PL/AE.

Increments are equal to 10 percent of the design load, unless otherwise directed.

Maintain each load increment for 5 minutes.

Continue loading the pile until either a plunging failure occurs maximum deflection is
achieved. After completing this procedure, remove the load in increments of 25 percent of

the normal load is achieved.

Maintain the rebound loads for 1 minute, and read and record all the primary measuring
systems immediately before removing the next load increment.

Measure the pile's final rebound after it has remained at zero load for 1 hour.



Definition of Pile Failure.

There are two commonly used definitions of a pile" failure" : (a) the Swedish Pile
Committee's90% Criteria, and (b) the Davisson Failure Criterion.

(A) Swedish Pile Committee® 90% Criterion:
Pilefailureisdefined astheload that givestwicethe movement of the pile head, as
compareto the movement obtained by 90% of the design load.

(B) Davisson Failure Criterion:
Pilefailureisdefined asthe load when thetotal deformation otz €qualsthe sum of,

(1) the pile shortening «asic Of the entire pilelength L in inches, plus,
(2) a0.15" offset, and plus
(3) the pile diameter D divided by 120 (if D isin inches) or

=D, +015"+D, == +0.15"+

D .
dlastic AE 120

total



Example-1.

What isthe defined failure (of axial deformation) ot Of & precast concrete pile using
the Davisson Failure Criterion, with an equivalent diameter D =14", alength L =28 feet,
supporting adesign load Qa1 =50 tons? Thetest will betaken to 3X (that is, 3Qa). The

elastic modulus of the concrete pileis 3,000 ksi.

L = 28feet = 336 inches
Q.. = FS(Q,,) =(3) (50 tons) =150 tons =300 kips

Dota = Daasic + 0.15" + B = (Q“'t)L + 0.15"+£
120 AE 120
4(300k ) (336in) " " |
(p)(14in)’ (3,000ksi

Therefore, the expected pile axial defor mation under 300 kips should be 0.485 inches.
|f the deflection isless, the pile has successfully passed the test. However, if the pile
attainsthat defor mation before the 3Qa load isreached, the pileisdeemed to have

failed.



Typical test pile plot of load (tons) versus vertical deflection (inches).




L oad testing setup using a hydraulic jack pushing against dead weights as reactions.



L oad testing setup using reaction piles.



L oad testing setup using Dywidag bars and anchors instead of reaction piles.



Dywidag bars.



This photo was taken of one of Miami’s
Metroraill’s auger-cast load tests. It shows an
example of areaction system composed of
Dywidag bars with six anchors serving as
the reaction system.

This set up worked very well, and was only
limited by the reaction beam, to 500 tons.

Note the very light (and inexpensive) setup.



A novel setup for a 540 ton load test.



Open water testing of a 600 ton pile for an offshore platform, Golfo de Fonseca, El Salvador.






A close up of the hydraulic jack set up for the
600 ton load testing of an offshore composite
steel and concrete pile located in the Golf of
Fonseca, El Salvador.






Checking the integrity of a precast pre-
stressed concrete pile by TNO of Delft,
Netherlands.



Experimental tests performed with a drop hammer by TNO of Delft, Netherlands.



A pileisbeing tested up to 10 MN viaa
drop hammer and strain gauges glued to
the pile. Testing is being donein the
outskirts of Tripoli, Libya.



Testing to 500 tons at the Belle Meade lock, L ake Okeechobee.



A 1000 kips load test using 4 large-diameter piles as reactions.















Load cell installed on
the bottom of a 3-foot
diameter drilled shaft.

Thismethod permits
theload testing of very
lar ge loads by using the
finished structure asthe
reaction block.
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An instrumented drilled shaft, will signal the levels of stress along the shaft during aload test.



























