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Static Load TestsStatic Load Tests
Pile SettlementPile Settlement
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Evaluation Method for 
Deep Foundations

Analytic methods, 
based on soil 
properties from 
laboratory and/or in-
situ tests
Load Testing

Full-scale static load tests 
on test piles
Dynamic Methods, based 
on dynamics of pile driving 
or wave propagation



Concepts to ReviewConcepts to Review
• Shaft and End Bearing Piles

• Resistance to load
– Shaft resistance (Qs )
– Toe resistance (Qt)

• End-bearing piles, toe resistance 
predominates

• Shaft Friction Piles, shaft resistance 
predominates

• For tension piles, shaft resistance 
predominates (toe cannot be in tension)

Ultimate vs. Allowable Capacity
Ultimate capacity is the load required to 
cause failure, whether by excessive 
settlement or irreversible movement of 
the pile relative to the soil

For driven piles, one must also 
consider the resistance to driving, 
which can be different from the 
ultimate capacity

Allowable capacity is the ultimate 
capacity divided by a factor of safety 
(ASD)
Important to distinguish between the two



Prediction and Prediction and 
VerificationVerification

• At what load will the pile fail? (Bearing Capacity)
• How much will pile deflect under service loads? (Settlement)
• The two concepts are not really separated except by custom and 

code

• At what load will the pile fail? (Bearing Capacity)
• How much will pile deflect under service loads? (Settlement)
• The two concepts are not really separated except by custom and 

code

PredictionPrediction on basis on basis 
of site investigation of site investigation 

and laboratory and laboratory 
testingtesting

VerificationVerification by by 
some method of some method of 

load testingload testing



Static Load TestsStatic Load Tests
The most precise – if not 
always the most accurate –
method of determining the 
ultimate upward or 
downward load capacity 
of a deep foundation
Static load tests, however, 
are time consuming and 
expensive; must be used 
judiciously
Object of the test is to 
develop a load-
displacement curve, from 
which the load capacity 
can be determined



Dead Load Test
Considered a reliable 
static test method
Slow and expensive
Dangerous when 
done unsafely
No longer commonly 
used in the U.S.; used 
where labor costs are 
lower



Reaction Pile Systems
Advantages

Can be installed with same 
equipment as production 
piles
Test can be done on 
inclination (batter)

Disadvantages
Reaction piles may pull out
If not done properly, reaction 

pile capacity may result
Flexible system stores energy 

during tests



Static Load ProcedureStatic Load Procedure
(ASTM D1143)(ASTM D1143)

Two categories of tests
Controlled stress tests – the 
most common method
Controlled strain tests

For driven piles, need 
to delay static load 
test to allow pile set-up

Granular soils – 2 days
Cohesive soils – 30 days

Procedure
Set up reaction stand
Apply a test load to the pile
Record the load-settlement 
history for each load applied
Apply the next load
Loads are generally applied in 
increments of 25, 50, 75, 100, 
125, 150, 175 and 200% of 
proposed design load



Static Load ProcedureStatic Load Procedure
(ASTM D1143)(ASTM D1143)

Load test increments in 
time

Slow test – maintains load until 
pile movement is sufficiently 
small
Quick test – each load 
increment is held for a 
predetermined length of time, 
for 2.5 – 15 minutes

Generally requires 2-5 hours 
to complete
May be best method for 
most deep foundations



Static Load Tests: Advantages 
and Disadvantages

Advantages
Gives reference capacity
Relatively slow loading 
minimises dynamic 
components
Can customise to include 
creep effects
Can be instrumented to 
yield static resistance 
distribution & end bearing

Disadvantages
Time consuming
Expensive
Done on specially designated 

piles 
Often done carelessly or 

inaccurately



Static Load Test Static Load Test 
InterpretationInterpretation

At what point of the At what point of the 
measured pile top measured pile top 
load load vsvs deflection deflection 
curve do we define curve do we define 

the failure loadthe failure load
RRuu??

Loading method Loading method 
and curve and curve 

interpretation can interpretation can 
make significant make significant 

differences in result.differences in result.



Davisson’s 
Method



Example of Davisson's MethodExample of Davisson's Method



1.5 Uplift Test1.5 Uplift Test





Equivalent Curve from Equivalent Curve from 
OsterbergOsterberg DataData



OsterbergOsterberg TestTest
Advantages and DisadvantagesAdvantages and Disadvantages

• No reaction load 
needed

• Requires jack load only 
half of test load 

• Shaft is loaded upward 
rather than in 
downward direction

• Tensile vertical strains 
near toe will cause 
cracking in soil

• Maximum movement is 
at the pile toe rather 
than pile top

• Only for specially 
prepared piles



Weaknesses in Static 
Load Capacity Approach

Uncertainties in soil-
pile interface
Multiple interpretations 
of load-deflection 
curve

Pile failure and plunging 
failure not the same

Existence of 
downdrag in piles
Pile capacity must, in 
the end, be settlement 
based



Settlement
Pile axial capacity is 
developed by “mobilizing”
the shaft and toe 
resistance
Without pile deflection, 
there is no axial resistance 
to loading
Pile capacity thus cannot 
be considered without 
considering pile settlement
As with shallow 
foundations, settlement 
must ultimately be the 
main analysis

In the case of “critical”
structures, settlement 
analysis will be 
performed using a “t-
z” method computer 
program
Example of one is in the wave 

equation analysis routine at 
vulcanhammer.info

Another is the ALP program, 
which we will use



t-z Method of Axial Load 
and Settlement Analysis



Settlement Example
• Given

– 16” Square Concrete Pile
– 60’ long
– Water table 40’ below 

ground surface
– Driven into medium SP 

sands
• Find

– Load-settlement curve using 
TAMWAVE software

– Ultimate Capacity Using 
Davisson’s Method

• Solution
– Program returns 120 pcf

unit weight, 32 degree 
internal friction angle (no 
cohesion), N60 = 20

– We will accept these values, 
but have the option to 
change them



Settlement Example



Settlement Example



Settlement Example

Davisson Capacity about 260 kips, at 
intersection of lines
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Group EffectsGroup Effects
• Piles are generally used 

in groups; drilled shafts 
are less frequently so

• Group capacity can 
be less than the sum of 
the individual 
capacities of the piles, 
depending upon a 
number of factors

• Group settlements can 
also be driven by 
different considerations 
than settlements of 
single piles



Stress Zones Stress Zones 
in in 

Supporting Supporting 
SoilsSoils













Group Settlement 
Example

• Pile Group
– 12” Square Concrete Piles, 

50’ long/embedment
– Pile Cap 12’ x 12’ (B)
– Piles arranged in a 5 x 5 

arrangement (25 piles total)
– Total cap load 1250 kips
– Group driven into SW soils, 

typical N160 value of 20

• Find
– Estimated group settlement

• Solution
– Cap area = 144 sq. ft.
– Overall cap pressure pf = 

1250/144 = 8.68 psf
– Influence Factor If = 1-

(50/(8*12)) = 0.479 (must 
be raised to 0.5)

– s = (4)(8.68)(5)1/2(0.5)/20
– s = 1.94”



QuestionsQuestions
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