UNKNOWN BRIDGE FOUNDATION CONDITION
ASSESSMENT WITH GEOPHYSICAL AND

NONDESTRUCTIVE TESTING METHODS

By
Paul S Fisk

NDT ENGINEERING Inc.




Introduction

To evaluate the potential damage to a bridge from scour, it is necessary to determine the abutment
wall thickness and condition, their type of footing (spread, piles) the depth to the bottom of the
footing, the material at the bottom of the footing as well as the depth to significant layers such as
rock, dense soils (glacial till, weathered rock etc.) Concrete and or stone abutment conditions as well
as the deck (if desired) are assessed by the application of high resolution sonic/ultrasonic
nondestructive testing techniques;. The foundation materials (natural) are determined by one or
more of the geophysical techniques such as seismic refraction, seismic reflection, perhaps one or a
combination of the electrical techniques such as DC resistivity, ground penetrating radar,
electromagnetic high or low frequency induction. For the purposes of this paper we restrict
ourselves to seismic refraction. This techniques provides the desired depth information as well as
the material mechanical properties such a Young’s modulus from which the strengths can be
estimated. The other techniques are largely influenced by water content rather than the direct
properties of the material. If the other techniques are used they are usually calibrated with the
sonic/ultrasonic and seismic methods at point locations.

All or the equipment used is highly portable, easily assembled and disassembled which is a benefit
since many of the bridges are narrow and provide little opportunity to maintain traffic flow; in
addition the support structures are many times associated with difficult access conditions , steep

banks overgrown with thick brush.

Seismic Refraction Testing

Seismic refraction depends on the refraction of a seismic (compressional) wave from a denser
underlying layer much as the apparent bend of a stick in water at the water- air boundary. Seismic
refraction measurements were made using a 12 channel system with hydro phones or velocity
sensors spaced approximately 10 feet apart; the energy source was selected based on general
overburden type(s). Seismic refractions lines were generally run between the abutments except at
bridges where the river is wide enough to allow data acquisition transverse to the river (parallel to
the bridge). Seismic energy was generated at the ends and center of each line; the time for the
compressional wave to travel from the energy generation point to each of the linear array of sensors
is determined from the recorded “time-history” graphs. From these time-histories a travel time plot
(time versus distance) is constructed ( Figure 1) from which depths are calculated and velocities are
determined. These are shown on Figure 4 as a profile. The sonic/ultrasonic abutment depths and

thicknesses calculated are shown on Figure 3.

The setting of these bridges is in Connecticut which was subjected to glaciation resulting in both
glacial and fluvial deposits in the streams. The glacial materials generally consist of ablation till
directly deposited from the glacier or dense basal till which was over-ridden and highly consolidated
by the glacier. The latter takes on velocity values in the weathered bedrock range. The looser
ablation till has velocity values which are usually indicative of some over consolidation.
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Figure 1

Those sediments that have a velocity value less than that of water take on the water velocity
(5,000ft/sec) when saturated. A brief table of the velocity values for the materials measured are:

silts)(out of the water table)

600 - 1,200 ft/sec.

clays (out of the water table) 3,500 - 4,500 ft/sec
sands and gravels (out of the water table) 1,200 - 1,600 ft/sec.
water saturated sediments 5,000 ft/sec.

ablation till (out of the water table) 2,400 - 3,000 ft/sec.
dense glacial till 6.000 - 7000 ft/sec.

bedrock

10,000 - 14,000 ft/sec.

Bedrock or dense glacial till depths in the range of 2 to 8 feet generally have footings resting directly
on the natural material and have been designated as shallow. Where the glacial till or the bedrock
is much greater than 10 feet, and the top-most materials are in the velocity range of silts and/or clays,
pile foundations are a distinct possibility. Follow up testing using bridge response characteristic
under traffic loads or imposed impacts may establish the presence of piles.

Sonic/Ultrasonic NDT Measurements

Stress wave measurements in the sonic/ultrasonic frequency band are used to make direct







