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1.0 Summary *

Preliminary tests to identify voids using sonic/ultrasonic testing are encouraging in that voiding
was identified and correlated to drill hole inspection of the duct and tendons. This
sonic/ultrasonic testing is similar in part to the pulse-echo technique but differs in that it has a
broader scope from which the concrete condition is determined. The energy source can be
adjusted to overcome high attenuation; and still provide a wide frequency band for high
resolution. It is capable of defining resonant frequencies for larger elements and at the same
time provide transmission velocity values which determines the relative concrete strength.

1.0 Introduction

The work described is the application of nondestructive techniques using sonic/ultrasonic waves
to locate voids in post-tensioned cable duct grout used for bridge segments. It describes work
performed using sonic reflection and tomography techniques to detect and define the voiding
associated with the grouting of the ducts. This nondestructive testing program was performed on
bridge segments made available by the Central Artery/Tunnel (CA/T) Project Boston MA.

1.2 Problem

The bridge segments designed for post tensioning were either pre-cast (constructed off site) or
cast in place with ducts provided for tendons. After installation, the tendons are tensioned and
then the ducts are grouted to embed the tendons and provide protection against corrosion. In
many cases, the grout injection may leave air voids (sometimes water filled voids) that are a
substantial volume of the duct. At these locations, post grouting may be necessary to insure
against long term corrosion.

1.2.1 Existing Duct-Grout Conditions

The voiding can be classified into four conditions (cases) shown on figure 1:
1) fully grouted duct;
2) slightly voided grout, air entrapment in the order of 6.25mm (% inch);
between the grout and duct wall;
3) voiding which is substantially larger than condition 2, generally 12.5mm (' inch) or
larger and with less than 1meter (~3 feet) of longitudinal extent; the void may be dry of
water filled
4) similar to 3 with greater longitudinal extent the duct may be dry or water filled.




The tendons may be encased by concrete in item 3 and if the voiding is air filled remedial action
may not be required.

If the voiding is water filled, then repair is desirable since the presence of water provides a
medium for corrosion either through chemical action alone or chemical action caused by stray
electrical currents whose electrolytic conduction causes metal depletion.

2.1.1 Reflection and Transmission of the Sonic/ultrasonic Waves

The amount of reflected energy from a boundary between two materials is determined by the
contrast in velocity and density values which is the impedance /. The impedance 7 between
concrete and air is large (air velocity is 1,000ft/sec, concrete velocity is 14,000ft/sec.) which
results is a strong reflection.
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By contrast, the impedance between the host concrete and a fully grouted duct is small

An impulse of sufficient energy and bandwidth imposed on the concrete face gives rise to direct,
refracted, and reflected energy which are be recorded simultaneously. The energy creates a
continuous reflection (pulse-echo) at the resonant frequency of the duct concrete cover and of the
duct itself depending on the duct condition (well bonded, voided) The resonant frequency for a
void or layer such as the concrete overlying the duct is:
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Where f is the resonant frequency (continuous pulse echo), V is the compressional velocity of the
layer, and ¢ is the thickness. A concrete slab thickness of ~0.3 m (1 ft.) would result in a
frequency of 5,000 - 8,000 Hz. for concrete with velocity values of 3,050m/sec to 4,880m/sec
(10,000 ft/sec to 16,000 fi/sec) for a liner acting as a free-free element.

In general, resonant frequencies can emanate from the duct dimensions diameter, length,
circumference, and air column presence; the cover over the duct, the wall, floor, and ceiling.

2.1.3 Description of Segment Sonic Measurements







