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ABSTRACT:

NDT Engineering, Inc and the Massachusetts Highway Department developed an automated
sonic/ultrasonig bridge deck evaluation system for evaluating the condition of bridge decks with
and without wearing surfaces. This system makes nondestructive measurements to determine
the mechanical properties of concrete by measuring (at the surface) the compressional and shear
wave velocities of a transmitted stress wave generated by a projectile impact energy source. The
deck slab in the thickness direction is evaluated using continuous reflected (resonant frequency)
compressional waves. These measurements determine the presence of vertical cracking as well
as major and minor delamination. In addition, the seriousness of the delamination or vertical
cracking is evaluated further by measuring the average deck concrete strengths through a
developed empirical relationship between the measured stress wave compressional and shear
wave velocity values and the concrete unconfined compressive strength. In addition to the
empirical strengths, the velocity values are used to calculate the moduli values, Young's, bulk and
shear as well as Poisson’s Ratio.

Several bridge deck-testing projects are presented where the sonic/ultrasonic testing system
was used and the results were successfully compared with known flaws or post survey repairs.
The comparison indicates that the sonic/ultrasonic testing will detect cracking, vertical or
horizontal (partial or full deck) and delamination that are not visible and detected by traditional
inspection methods.

INTRODUCTION

Sonic/ultrasonic testing is the most definitive NDT testing technique for the assessment of
concrete. These nondestructive measurements determine the mechanical properties of concrete
by measuring (at the surface) the compressional and shear wave velocities of a transmitted
stress wave generated by a projectile impact energy source. The deck slab in the thickness
direction is evaluated using continuous reflected (resonant frequency) compressional waves.

The concrete strength characteristic and localized anomalous conditions are determined by
direct compressional and shear wave velocity measurements. The transmission velocity values
determine the elastic deformational characteristics of the concrete, including Young's, bulk, and
shear moduli, as well as Poisson's ratio, and provide information to calculate strength values.
High compressional and shear wave velocity values are associated with massive, unfractured,
high strength concrete. The sonic/ultrasonic wave velocities are affected by cracking at both the
micro and macro level, and therefore become a predictor of future deterioration because micro-
cracks under continual loading-unloading and freezing- thawing coalesce to form macro cracks
and finally delamination and spalls. Continuous reflected signals set up a resonance at a
frequency that is related to the concrete thickness and compressional velocity which allow an
assessment of the concrete in the thickness direction and identification of delamination.

The testing presented was done with an automated “roll along” bridge deck testing device
(ATD) developed under contract to the Massachusetts Highway Department. This system uses a
projectile impact energy source and an “L” shaped array of 4 sensors mounted on wheels so that
the whole system can roll along acquiring data at one-foot intervals. At each energy input
position, this device measures along a 2.5 foot line transverse to the bridge axis and
simultaneously along a line 1.3 foot long in the axial direction covering a rectangular area 3.25 sq.
Ft. Measurements are at 1 foot along the bridge axis so that there is overlap of the area covered.

SONIC/ULTRASONIC WAVE MEASUREMENTS
The sonic/ultrasonic measurements are made using systems designed and built by NDT
Engineering specifically for testing concrete. These systems are comprised of an energy source,







