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Procedures for Measuring the Inclination of Deep Foundations.
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The Economic Benefits of Testing Driven Piles
By Patrick Hannigan, P.E. and Brent Robinson, PhD, P.E.

We have all heard grumbles that the only thing testing does is
increase driven pile foundation cost. In actuality, several modern
codes reward the increased reliability and reduced uncertainty
obtained through more reliable testing methods with higher
resistance factors in LRFD (Load and Resistance Factor Design)
codes or lower factors of safety in ASD (Allowable Stress Design)
based codes. Two good examples of this philosophy are
incorporated into the AASHTO LRFD Bridge Design Specifications
(2020) which govern highway design practice in the USA, and
the Australian Standard, AS 2159-2009: Piling - Design and
Installation (2009). The codified testing philosophy in these
documents saves money by lower pile capacity and thus shorter
piles, or higher loads per pile resulting in fewer piles for the project.

The AASHTO LRFD Bridge Design Specifications state that the
uncertainty in “nominal resistance” (e.g., ultimate capacity) is
strictly due to the reliability of the resistance determination method
used in the field during installation. AASHTO Table 10.5.5.2.3-1
(Figure 1) lists resistance factors for different driven pile resistance
determination methods. Piles could also be driven to a
predetermined depth based on the AASHTO resistance factor for the
static analysis method. However, the AASHTO resistance factors for
static analysis methods range from 0.35 to 0.50 depending on the soil
conditions and analysis method which are substantially less reliable
than most field methods.

AASHTO Table 10.5.5.2.3-1 AASHTO
-~ ) o Resistance
Condition / Resistance Determination Method Factor
Nominal Bearing | Driving criteria establish by successful static load test of 0.80
Resistance of | at least one per site condition and dynamic testing* of at
Single Piles least two piles per site condition, but not less than 2% of the
— Dynamic production piles.
St‘;rt‘li'ﬁ: ;Q‘e’st Driving criteria establish by successful static load test of at 0.75
Methods, @dyn least one per site condition without dynamic testing.
Driving criteria establish by dynamic testing* conducted on 0.75
100% of production piles.
Driving criteria establish by dynamic testing*, quality control 0.65
by dynamic testing* of at least two piles per site condition,
but no less than 2% of the production piles.
Wave equation analysis, without pile dynamic measurements 0.50
or load test but with field confirmation of hammer
performance.
FHWA-modified Gates dynamic pile formula (End of Drive 0.40
condition only).

Figure 1. - AASHTO Table 10.5.5.2.3-1
*Dynamic testing requires signal matching, and best estimates of nominal resistance are
made from a restrike. Dynamic tests are calibrated to the static load test, when available.

In the Australian Piling Standard, a geotechnical strength reduction
factor, @, is determined based on a site’'s average risk rating,
foundation redundancy, the percentage of piles tested, and the
selected test type. As shown in the Figure 2, the geotechnical
strength reduction factor for a moderate risk site ranges from 0.62
to 0.90 dependingon test type, percentage of piles tested

and group redundancy. Hence, the higher the percentage of piles
tested (up to a limiting value), the greater portion of the geotechnical
strength that can be used for the driven pile foundation.
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Figure 2. Geotechnical strength reduction factor for moderate risk

Using the AASHTO code as an example, consider one site
condition that covers five substructure locations each containing
18 piles. The soil conditions for these five substructures are
similar. Figure 3 presents the soil conditions along with the
nominal and factored resistance versus penetration depth for a 16
inch (406 mm) diameter closed-end pipe pile. The foundation piles
have a required factored resistance of 600 kips (2,667 kN) per pile.
The estimated pile penetration depth for the required nominal
resistance varies from 110 ft (33.5 m) if a static load test and 2%
PDA testing (minimum 2 piles) (2,, = 0.80) is performed, to 137
ft (41.8 m), if only the Gates dynamic formula (@, = 0.40) is used.

The total foundation cost of a given field testing method can be
quantified based on the total pile length costs, testing method costs,
and the schedule impact cost associated with the testing method.
These costs will vary depending upon a project's geotechnical

conditons  and  associated  design  construction,  and
contract delivery costs.
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Figure 3. Nominal and factored resistance vs pile penetration depth



However, these estimated costs can Test Method Required | Estimated | Estimated Pile | Estimated | TestMethod |  Cost of Total Total

be compiled to determine the Nominal Pile Length | Foundation Cost Testing Schedule Schedule Foundation Cost
L t of . field Resistance (ft) at $110/ ft Cost Impact Impact at Testing, and Rank

economic impact of a given fie (Kips) (days) | $5,000/day | Schedule Cost

testllng method on a drl\{en Pile ™ static LT & 2% PDA 750 10 $1,089,000 | $55,000 11 $55,000 $1,199,000 | 3

project. As observed in Figure 4,

testing, when rationally selected, will [ static LT 800 112 $1,108800 | $50,000 10 $50,000 $1,208800 | 4

usually reduce, rather than increase,

) 100% PDA 800 112 $1,108,800 $54,500 5 $25,000 $1,188,300 | 2

the total foundation cost.
2% PDA 923 117 $1,158,300 $5,000 1 $5,000 $1,168,300 1
For additional information about| Wave Equation 1200 127 $1,257,300 $1,500 0 0 $1,258,800 5
Dynamic Testing Driven Piles, Visit [ Gates Dyn. Formula 1500 137 $1,356,300 50 0 0 $1.356,350 | 6

www.grlengineers.com.

Figure 4. Estimated economic impact of various driven pile testing methods
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