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Ultimate capacities determined by load test and predicted by the pile analyser 

Les capacités ultimes établies par des tests de chargement et prévues par le ‘pile analyser'

K.G.SELBY, Chief Foundations Engineer, Ministry of Transportation of Ontario, Toronto, Ontario, Canada 

M.S.DEVATA, Chief Foundations Engineer, Ministry of Transportation of Ontario, Toronto, Ontario, Canada 

P.PAYER, Senior Foundations Engineer, Ministry of Transportation of Ontario, Toronto, Ontario, Canada 

D.DUNDAS, Senior Foundations Engineer, Ministry of Transportation of Ontario, Toronto, Ontario, Canada

SYNOPSIS: The accurate prediction of ultimate capacity is critical to the effectiveness and economy 
of piled foundations. Results from five test programs, conducted between 1977 and 1981, present 
ultimate capacities, determined by load test and predicted by the pile analyser, for compressively 
loaded piles. In addition, ultimate capacity predictions from static formula and various dynamic 
formulae are presented. As a summary, the predicted ultimate capacities are compared with the 
actual ultimate capacity determined by load test.

1 INTRODUCTION

One of the most important problems in 
geotechnical engineering is bridging the gap 
between theory and practice - a problem which 
is particularly acute in the field of piled 
foundations. Ultimate pile capacity is a 
function of subsurface conditions, pile 
characteristics, and the Interaction between 
these two components. Additionally, especially 
where pore pressures may develop, the variation 
of conditions with time Is a critical factor. 
In dynamic analyses, the characteristics of the 
pile hammer system also influence predictions 
of ultimate capacity.

Traditionally, static formulae have been 
utilized to predict design loads, while dynamic 
formulae have been used to control actual pile 
driving. Unfortunately, this approach often 
resulted in unreliable results.

Since the mid 1950's, the Ministry of 
Transportation of Ontario (MTO) has approached 
the problem of piled foundations by conducting 
a large number of pile load tests - more than 
200 to date - In which detailed subsurface 
investigations were also carried out. This 
approach resulted in a large bank of 
information from which test results could be 
extrapolated to other sites with similar 
subsurface conditions.

However, in recent years, the development of 
wave equation analysis, and the pile analyser, 
has provided the geotechnical engineer with a 
tool to potentially improve the accuracy of 
dynamic ultimate capacity predictions, and 
hence, the economics of piled foundations.

In order to assess the potential of the pile 
analyser, MTO has carried out five pile load 
testing programs, during the period from 1977 
to 1981, in which ultimate capacity predictions 
were made using the pile analyser, manufactured 
by Pile Dynamics Inc. A total of 26 piles, of 
various types and lengths, were driven and 
tested at five sites with different subsurface 
conditions.

This paper presents the results of these 
testing programs, and provides comparisons 
between ultimate capacities predicted by static 
formula, dynamic formulae, the pile analyser, 
and actual load tests.

2 PROCEDURE

After detailed site investigations were carried 
out to determine subsurface conditions, 
predictions of ultimate capacity were computed 
by static formula. Next, pile driving was 
carried out In strict accordance with MTO 
specifications. Hammer system and pile driving 
details were carefully recorded to permit the 
subsequent calculation of predicted ultimate 
capacity by dynamic formulae. During pile 
driving operations, electronic measurements of 
velocity and acceleration of the pile top were 
recorded and processed by the pile analyser. 
Predictions of ultimate capacity, based on both 
the normal and CAPWAP methods developed by Case 
Western Reserve University, were provided by an 
Independent geotechnical consultant. Finally, 
the piles were load tested by monitoring 
movement under compressive loading to determine 
the actual axial capacity in accordance with 
ASTM D-1143-74.

3 CASE HISTORIES

All sites under consideration are located in 
southern Ontario, Canada, within the area 
bounded by the cities of Toronto and London.

The geology of this area is characterized by 
relatively thick overburden, composed of 
lacustrine and glacial deposits, and relatively 
high groundwater levels. The Following are 
summaries of specific subsurface conditions 
encountered at each site. Tables 1 to 5 
present pile details, predictions of ultimate 
capacity by static formula, dynamic formulae 
and the pile analyser, and, actual ultimate 
capacity determined by load test.
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The subsoil consists of 2 m of sand fill, 
overlying clayey silt, with the groundwater at 
2 m below ground surface. Generalized
properties of these strata follow:

3.1 Site #1

Oepth (■) Description 
Fro« - To
0-2
2-10*

Sand (Fill) 
Clayey Slit

'N' values

22
19-57

Rp - * - »L
(X)

- 10 - 
10 20 30

Grain Size (X) 
Gr Sa SI Cl 
10 70 ( 2D)
5 10 50 35

A total of three piles were tested at Site #1:

- Piles #1-1, #1-2 and #1-3 were Size 36 
treated timber piles.

Table I presents pile details, and predictions 
of ultimate capacity by various methods for 
these tests.

Table I. Ultimate bearing capacity (in kN) by 
various methods. (Site #1)

Pile Pile
Type

Pile
Length
(m)

Static Formula 
Meyerhof &
Tool Inson

Dynamic Forajla Nave EquationLoad

HI ley Janbu Gates Normal CAPHAP

1-1 Titter
(Size 38)

6.6 502 1104 774 623 881 - 801

1-2 Timber 
(Size 38)

4.7 320 1246 702 613 890 - 640

1-3 Timber 
(Size 36)

3.5 374 1104 572 494 783 - 640

3.2 Site #2

The subsoil consists of 3 m of sand, overlying 
10 m of varved silty clay/silt, overlying silt, 
with the groundwater at 9 m below ground 
surface. Generalized properties of these 
strata follow:

Table II. Ultimate bearing capacity (in kN) 
by various methods. (Site #2)

Pile Pile
Type

Pile
Length
(■)

Static Formula 
Meyerhof &
Tomi Inson

Dynamic Forula Rave Equation Load

HI ley Janbu GatesNormal CAPNAP

2-1 Timber 
(Size 36)

13.5 1200 996 620 907 641 - 601

2-2 Timber 
(Size 36)

9.1 694 970 639 847 401 - 334

2-3 Timber
(Size 36)

7.6 463 792 553 563 418 - 667

3.3 Site #3

The subsoil consists of 6 m of clayey silt, 
overlying 4 m of silty sand, overlying 12 m of 
clayey silt till, then silty sand to sandy 
silt. Generalized properties of these strata 
follow:

Depth (■) 
From - To

Description 'N' values "P ■■ * -
(X)

»L Grain Size (X) 
Gr Sa SI Cl

0-6 Clayey Silt 5-10 15 25 35 0 5 60 35
6-10 SIIty Sand 26-35 20 - 0 30 65 5
10-22 Clayey Silt 15-60 10 10 25 5 25 45 25
22-36* Silty Sand to 10-100 - 15 - 10 50 30 10

Sandy Silt - 15 - 10 20 60 10

A total of five piles were tested at Site #3:

Pile #3-1 was a steel H section (310 HP 
110) .

Pile #3-2 was a concrete-filled closed end 
steel tube pile ( 324 mm I . D .  x 6.3 mm wall 
thickness).

Piles #3-3 and #3-4 were 'Hardrive' 
precast concrete piles (305 mm x 305 mm).

Pile #3-5 was a Size 30 treated timber 
pile.

Table I I I  presents pile details, and 
predictions of ultimate capacity by various 
methods for these tests.

Depth (ra) Description 'N' values up ■- « - wL Grain Size (X)
From - To m Gr Sa SI Cl
0-3 Sand 18-29 - 10 - 10 75 (15)
3-13 Varved Clayey 18-35 15 20 35 0 5 50 45

SI It/SIIt - 20 - 0 5 85 10
13-18+ Silt 10-32 - 25 - 0 0 90 10

A total of three piles were tested at Site #2:

- Piles #2-1, #2-2 and #2-3 were Size 36

Table III. Ultimate bearing capacity (in kN) 
by various methods. (Site #3)

treated timber piles.

Table II presents pile details, and predictions 
of ultimate capacity by various methods for 
these tests.

Pile Pile
Type

Pile
Length
(a)

Static Formula 
Meyerhof &
Tomi Inson

Dynamic Formula Nave EquationLoad
Test

Hlley Janbu Gates Normal CAPNAP

3-1 Steel I? 
(310 x 110)

34.9 4183 2296 2065 1593 3560 - >3560

3-2 Steel Titte 
(324 x 6.3)

32.7 3008 1869 1638 1922 3026 - 2002

3-3 Concrete 
(305 x 305)

34.8 5055 2492 1833 1566 3560 - 2002

3-4 Concrete 
(305 x 305)

16.6 1531 3409 2768 1477 2136 - 2225

3-5 Timber 
(Size 30)

8.7 1246 2420 1931 1246 712 - 890
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The subsoil consists of 10 m of basically 
sanitary landfill, overlying layers, from 3 to
8 m thick, of clayey silt and silty sand. The 
groundwater is 7 m below the ground surface. 
Generalized properties of these strata follow:

3.4 Site #4

Depth («) 
Fro« - To

Description 'N' values * -R -
(X)

"L Grain Size (X) 
Gr Sa SI Cl

0-10 Sanitary 2-5 10 20 25 5 40 40 15
Landfill - 20 - 10 80 (10)

10-13 Clayey Silt 10-45 15 20 30 0 25 60 15
13-18 Silty Sand 30-50 - 15 0 50 40 10
18-26 Clayey Sand 19-50 10 20 30 0 15 55 30
26-31 Silty Sand 25-100 - 20 15 50 30 5
31-37+ Clayey Silt 15-45 10 15 20 5 25 50 20

A total of six piles were tested at Site #4:

Piles #4-1 and #4-3 were steel H sections
(310 HP 110).

Piles #4-2 and #4-4 were concrete-filled 
closed end steel tube piles.

Pile #4-5 was a Size 36 treated timber 
pile.

Table IV presents pile details, and predictions 
of ultimate capacity by various methods for 
these tests.

Table IV. Ultimate bearing capacity (in kN) 
by various methods. (Site #4)

Pile Pile
Type

Pile
Length
(■)

Static Foriula 
Meyerhof &
ToilInsor

Dynaalc Foriula Have EquationLoad
Test

HI ley Jantxi GatesNornal CAPWAP

4-1 Steel HP
(310 X 110)

14.8 1869 1290 1513 979 1024 1157 1558

4-2 Steel Tiira
(324 X 6.3)

14.7 1646 1513 1824 1246 1513 1602 1424

4-3 Steel HP
(310 X 110)

27.6 2625 1958 2002 1558 3249 2892 2715

4-4 Steel TLbe 
(324 X 6.3)

27.4 2403 1335 1157 1824 2314 2581 2403

4-5 Tlnber 
(Size 38)

12.7 756 756 335 846 534 623 712

4-6 Cererete 
(305 X 305)

14.6 1513 1602 2581 1335 1424 1513 1780

3.5 Site #5

The subsoil consists, generally, of layers of 
sand grading to silty sand, sandy silt then 
silt, with depth. Shale bedrock, overlain by
2 m of clayey silt, was encountered at the 
locations of piles #5-1, #5-2, #5-0 and #5-9 at 
a depth of 39 m. Bedrock was not encountered 
at the locations of piles #5-3, #5-4, #5-5, 
#5-6 or #5-7. The groundwater is 2 m below 
ground surface. Generalized properties of 
these strata follow:

(for PI les

Depth (a) 
From - To

«5-1. »5-2, «5-8, 

Description

•5-9)

'N' values *>- » -
(X)

*1 Grain Size (X) 
Gr Sa SI Cl

0-3 Silty Sand 20 - 15 - 10 50 30 10
3-13 Sand 8-40 - 15 5 70 20 5
13-23 SIIty Sand to 25-30 15 0 55 40 5

Sandy Slit 15 0 25 70 5
23-37 Silt 35-65 - 20 0 15 75 10
37-39 Clayey Silt 60

39+ Shale Bedrock 100+

(for Piles •5-3, »5-4, 15-5, •5-6, *5-7)

Depth (■) Description 'N' values * - II -"L Grain Size (X)
Froi - To (X) Gr Sa SI Cl
0-14 Sand 20-137 - 15 - 5 80 10 5
14-33 Silty Sand to 30-75 20 0 55 40 5

Sandy Slit 20 0 30 65 5
33-48+ Silt 30-75 20 0 10 85' 5

A total of nine piles were tested at this 
site.

- Piles #5-1, #5-2, #5-3, #5-4 and #5-5 were 
steel H section piles (310 HP 79).

Piles #5-6 and #5-7 were steel H section 
piles (310 HP 110).

Pile #5-8 was a Size 36 untreated timber 
pile.

Pile #5-9 was a Size 36 treated timber 
pile.

Table v presents pile details, and predictions 
of ultimate capacity by various methods for 
these tests.

Table V. Ultimate bearing capacity (in kN) by 
various methods. (Site #5)

Pile Pile
Type

Pile
Length
(■)

Static Fornula 
Meyerhof &
ToalInson

Dynaalc Formula Nave EquationLoad

HI ley Janbu GatesNorial CAPWAP

5-1 Steel HP
(310 X 79)

39.6 2620 1312 1675 1735 1670 1406 >2313

5-2 Steel HP
(310 X 79)

39.6 2620 1503 1683 1795 1730 2158 >2313

5-3 Steel HP 
(310 X 79)

14.6 1775 2385 1833 962 840 641 1148

5-4 Steel HP 
(310 X 79)

40.0 3180 1471 1578 1397 1980 1602 >2313

5-5 Steel HP 
(310 X 79 )

31.4 2660 1908 1605 1139 1510 1090 1602

5-6 Steel HP 
(310 X 110)

14.6 1810 1734 1990 973 950 B01 650

5-7 Steel If 
(310 X 110)

45.3 3010 1325 1586 1282 2380 2003 >2313

5-8 Tinter 
(Size 36)

10.1 676 1887 1005 896 400 400 823

5-9 Tinter
(Size 36)

10.5 685 1702 1049 980 645 510 650
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4 SUMMARY OF RESULTS

Results of the testing programs are summarized 
in Table VI, which presents the percentage 
variation of the various predictions of 
ultimate capacity in relation to ultimate 
capacity determined by load test.

Based on these results, it can be observed 
that all of the methods of predictions under 
consideration are erratic, as illustrated 
below:

Table VI. Percentage variation of ultimate 
capacity predictions in relation to load test 
results.

Prediction 
Mathod 
Static

HI ley

Janbu

Gates

Analyser

- Noria I

- CAPHAP

Range of 
Variation (1) 
-50 to +178

-44 to +203

-52 to +206

-55 to +51

-57 to +78 

-44 to +23

Results Within 
201 Variation 

461

311!

31X

271

461

471

Results Over 
501 Variation 

271

271

231

121

121

01

However, the pile analyser predictions were 
relatively less erratic, with a lower 
percentage of results outside an acceptable 
range of variation. It can also be observed 
that the CAPWAP analysis generally provided 
more accurate results then the normal Case 
Method, at the cost of a longer period of time 
required for analysis.

The effects of pile length and pile cross- 
section were considered, but no clear trends 
were observed. In view of the change of soil 
conditions with time (after pile driving), the 
correlation of dynamic observations with long 
term capacity requires further clarification.

In summary, the pile analyser has shown 
potential, but has not yet demonstrated a 
sufficient accuracy to supersede the current 
MTO approach of extrapolation of load test 
results. The attractiveness of a dynamic 
method that accurately predicts ultimate 
capacity for compressively loaded piles is 
undeniable. Such a method would permit 
positive proof testing of pile performance 
during construction, and result in improvements 
in the cost-effectiveness of piled founda
tions. However, for these benefits to be 
realized, the method would have to be 
economically competitive, and also compatible 
with the scheduling and operations of the 
contractor.
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Pile
•

Static Forula Dynailc Formila Nave Equation

Meyerhof & ToilInson HI ley Janbu Gates Noria 1 CAPNAP

1-1 -37 +33 -3 -22 +10 _

1-2 -50 +95 +22 -4 +39 -

1-3 -42 +73 -11 -23 +22 -

2-1 +50 +24 -23 +13 -20 _

2-2 -26 +4 -10 -9 -57 -

2-3 -31 +19 -17 -16 -37 -

3-1 <+18 >-36 >-42 >-55 0 _

3-2 +50 -7 -18 -4 +51 -

3-3 +152 +24 -8 -22 +78 -

3-4 -31 +53 +24 -34 -4 -

3-5 +40 +172 +117 +40 -20 -

4-1 +20 -17 -3 -37 -34 -26
4-2 +16 +6 +28 -13 +6 +13
4-3 -3 -28 -26 -43 +20 +7
4-4 0 -44 -52 -24 -4 +7
4-5 +6 +6 +31 +19 -25 -13
4-8 -15 -10 +45 -25 -20 -15

5-1 <+13 >-43 >-28 >-25 >-28 »39
5-2 <+13 >-35 >-27 >-22 >-25 >-7
5-3 +55 +108 +60 -16 -27 -44
5-4 <+37 >-36 >-32 >-40 v-14 >-31
5-5 +144 +19 0 -29 -6 -32
5-6 +178 +167 +206 +50 +46 +23
5-7 <+30 >-43 >-31 >-45 <+3 >-13
5-8 +9 +203 +61 +44 -36 -38
5-9 +5 +162 +61 +51 -1 -22
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