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The purpose of this chapter is to provide guidelines on the application and 
use of the stress wave timing inspection method in locating and defining 
areas of decay in timber structures. Practical procedures for field testing,
workable forms for gathering evaluation data, and guidelines for interpreting
data are provided. This information was derived from research that quanti
fied the ability of stress wave timers to detect decay in wood, from laborato
ry and field studies of deteriorated timber bridges, and most importantly
from the experience of timber bridge inspectors familiar with the use of these 
devices. Properties of wood and important aspects of wood deterioration are 
also reviewed to provide those who are unfamiliar with wood the basic infor
mation necessary to detect decay. 

These guidelines are intended for inspectors. Explanations are given of the 
operation and use of stress wave equipment for the nondestrictive testing of 
timber structures. 

Principles of Stress Wave Nondestructive 
Testing for Condition Assessment 

As an introduction, a schematic of the stress wave concept for detecting
decay within a rectangular wood member is shown in Figure 9.1. First, a 
stress wave is induced by striking the specimen with an impact device that is 
instrumented with an accelerometer that emits a start signal to a timber. A sec
ond accelerometer, which is held in contact with the other side of the speci
men, senses the leading edge of the propagating stress wave and sends a stop
signal to the timer. The elapsed time for the stress wave to propagate between 
the accelerometers is displayed on the timber. 
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Considerable confu
sion exists in regards to 
the terms ultrasonic 
and sonic. The velocity 
at which a stress wave 
travels in a member is 
dependent upon the 
properties of the mem
ber only. The term 
ultrasonic and sonic 
refer only to the fre
quency of excitation 
used to impart a wave 
into the member. All 
commercially available 
timing units, if cali-

Figure 9.1 -Stress wave timer. 

brated and operated 
according to the manu
facturer's recommen
dations, yield compara
ble results. 

The use of stress wave velocity to detect wood decay in timber bridges and 
other structures is limited only by access to the structural members under 
consideration. It is especially useful on thick timbers or glulam timbers >89 
mm (>3.5 in.) where hammer sounding is not effective. Access to both sides 
of the member is required. 

Because timber is an organic substance, material properties and strength 
vary in accordance with the direction timber is hammered compared with the 
cell structure orientation. Hammering the end grain of a beam or post will 
cause a primarily longitudinal shock wave along the length of the cell struc
ture in the timber. Hammering the side or top of the beam will cause a wave 
across or transverse to the timber cells. The timber cells are arranged in rings 
around the center of the tree. 

The velocity at which a stress wave propagates in wood, as well as other 
physical and mechanical properties, is a function of the angle at which the 
fibers of wood are aligned. For most structural members, fibers of the wood 
align more or less with the longitudinal axis of the member (Fig. 9.2). 

Stress wave trans
mission times on a per 
length basis for various 
wood species are sum
marized in Table 9.1. 
Stress wave transmis
sion times are shortest 
along the grain (with 
the fiber) and longest 
across the grain (per
pendicular to fiber). For 
Douglas-fir and Sou
thern Pine, stress wave 
transmission times par- Figure 9.2 -Three principal axes of wood with respect 
allel-to-the-fiber are ap- to grain direction and growth rings. 
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proximately 200 µs/m 
(60 µs/ft.). Stress wave 
transmission times per
pendicular to the fiber 
range from 850 to 
1,000 µs/m (259 to 305 
µs/ft.). 

Effect of Ring 
Orientation 

Researchershave de
termined that the long
est transverse-to-grain 
transmission times are 
found at a 45° orienta
tion to the annual rings. 
The shortest is about 
30% faster in a path that 
is radial (Fig.9.3).Table 
9.2 and Figure 9.4 show 
the stress wave trans
mission time for wood 
of good quality at 12% 
moisture content. These 
values can vary ±10% 
for species variation. 
These times are based 
on an assumed stress Figure 9.3 -Transverse stress wave paths and trans-
wave transmission time mission times: (a) timber, (b) glulam beam. 

Table 9.2-Typical stress wave transmission times for 
nondecayed Douglas-fir at 12%moisture content. 

Path length Stress wave transmission time (µs) 

(mm) (in.) Radial Tangential 45" to grain 

64 (2.5) 43 51 64 
89 (3.5) 60 71 88 

140 (5.5) 94 112 139 
184 (7.25) 123 147 183 
235 (9.25) 157 188 234 
292 (11.5) 195 234 290 
342 (13.5) 229 274 340 
394 (15.5) 264 315 392 
444 (17.5) 297 355 442 
495 (19.5) 331 396 492 
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of 668 µs/m radially, 800 
µs/m tangentially, and 995 
µs/m at 45° to grain. 
Effect of Decay 

The presence of decay
greatly affects stress wave 
transmission time in 
wood. Table 9.3 summa
rizes stress wave trans
mission values obtained 
from field investigations 
of various wood members 
subjected to degradation 
from decay. Stress wave 
transmission times per
pendicular to the grain

Figure 9.4 -Transversestress wave transmission are drastically increasedtime compared with annual ring orientation. when the member is 
degraded. Transmission 
times for nondegraded 
Douglas-fir are approxi
mately 800 µs/m (244 
µs/ft.), whereas severely
degraded members exhib
it values as high as 3,200 
µs/m (975 µs/ft.) or 
greater. 

stress wave transmission 

times implies a 50% loss in 
strength. A 50% increase 
indicates severely decayed
wood (Fig. 9.5). Trans
verse travel paths are best 
for finding decay Parallel 
to-grain travel paths can 
bypass regions of decay. 

Weight loss is not a 
good indicator of decay 
because considerable 
strength loss can occur 
without significant weight
loss. 

Effect of Moisture 
Figure 9.5 - Relationship between stress wave trans- Content 

Considerable work hasmission time and fungal degradation (Pellerin et al. been completed to ex1985) (1 lb./in.2 = 6.9 kPa). amine the effect that 
moisture in wood has on 

stress wave transmission time. Several studies have revealed that stress wave 
transmission times perpendicular to the grain of wood follow a relationship 
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Figure 9.6 -Transverse stress wave transmission 
times in Southern Pine and red oak piling. 

(Fig. 9.6). At moisture 
contents less than approx
imately 30%, transmission 
time decreases with de
creasing moisture con
tent. Corrections for vari
ous moisture content val
ues are sumnnarized in 
Table 9.4. 

Also, at moisture con
tent values greater than 
approximately 30%, little 
or no change in trans
mission time occurs. Con

sequently, there is no need to adjust the measured values for wood that is tested 
in awet condition. 

Effect of Preservative Treatment 
Treatment with waterborne salts has almost no effect on stress wave 

transmission time. Treatment with oilborne preservatives increases the 
transmission time by about 40% more than that of untreated wood. Round 
poles are usually penetrated to about 37 to 6 1 mm (1.5 to 2.5 in.), except at 
their ends where the treatment fully penetrates the wood. Table 9.5 was cal
culated to show expected travel time for round poles treated with oilborne 
preservatives. Although these data illustrate the effect oilborne treatments 
have on transmission time, these values should not be used to estimate the 
level of penetration. 

Table 9.4 - Stress wave transmission time adjustment 
factors for temperature at various moisture contents for 
Douglas-fir. 

Adjustment factors 
Moisture 
content -18°C -3°C 27°C 49°C 

(%) (0°F) (38°F) (80°F) (120°F) 

1.8 0.94 0.95 0.97 0.98 

3.9 0.95 0.96 0.98 0.99 

7.2 0.93 0.98 1.00 1.01 

12.8 0.97 0.99 1.00 1.01 

16.5 0.99 1.01 1.03 1.05 

23.7 1.05 1.07 1.09 1.14 

27.2 1.07 1.10 1.12 1.17 
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Table 9.5 - Stress wave ttransmission times for round 
poles treated with oilborne preservatives. 

Stress wave transmission time (µs) 
for various levels of penetration 

Pole 
diameter Full 

(mm) 37 mm 61 mm penetration 

294 222 240 300 

343 254 271 350 

392 286 305 400 

441 321 338 450 

490 350 370 500 

539 386 403 550 

588 422 436 600 

Interpretation of Stress Wave Velocity Readings
The guidelines in this chapter are useful in interpreting readings that are 

less than those for sound wood. Voids and checks will not transmit stress 
waves. Knots will act as parallel-to-grain wood but are usually oriented per
pendicular to the long axis of timber. 

Based on the direction and length of the stress wave path in the wood, 
moisture content of the wood, and whether or not preservative treatment is 
present, the velocity and travel time for sound wood can be determined. For 
the transverse direction, the annual ring orientation and the existence of sea
soning checks should be recorded. 

Measurement of Stress 
Wave Transmission Time 

General Measurement 
Several techniques can be used to measure stress wave transmission time 

in wood. The most common technique uses simple time-of-flight-type meas
urement systems. Two commercially available systems that use this technique 
are illustrated in Figures 9.7 and 9.8. 

With these systems, a mechanical or ultrasonic impact is used to impart a 
wave into the member. Piezoelectric sensors are placed at two points on the 
member and used to detect passing of the wave. The time required for the 
wave to travel between sensors is then measured. 

Commercial Equipment
The following types of commercial equipment are available to measure 

stress wave transmission times in wood. The manufacturer, method of opera
tion, key considerations, and specifications for this equipment are also given. 
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Figure 9.7 - Technique used to measure im
pact-induced stress wave transmission times in 
various wood products. 

Figure 9.8 - Ultrasonic measurement system 
used to measure stress wave transmission times 
in various wood products. 

Figure 9.9 - Necessary orientation of acceler
ometers. 

Sylvatest Duo 

Manufacturer-Metriguard,

Inc.; P.O. Box 399; Pullman, WA 


fax (509) 332-0485; www.metri
guard.com 
Method of Operation - A me
chanical stress wave is induced 
in a member by a hammer or 
other means and is detected with 
accelerometers at two points a
long the propagation path (Fig. 
9.7). The timber starts when the 
wave front arrives at the first 
accelerometer. The timer stops
when the wave front arrives at 
the second accelerometer and 
displays the propagation time 
between accelerometers in 
microseconds. 
Key Considerations - It is 
imperative when using this 
equipment that the accelerome
ters are oriented as shown in 
Figure 9.9. 
Specifications 
Power requirements: 9-V battery 

Resolution: ±1 µs 
Dimensions: 23 by 15 by 20 cm 
(9 by 6 by 8 in.) 
Weight: 2.3 kg (5.0 lb.) (includ
ing hammer and accelerometers) 
A variety of testing techniques 
can be used to obtain values for 
velocity of stress wave transmis
sion in wood members in the 
field. Figure 9.10 illustrates im
portant aspects of field test set
ups for several commonly used 
techniques. 

Manufacturer - Concept Bois Technologie; 40 Rve de Jordils, CH-1025 Saint 
Sulpice, Switzerland; telephone +41-21-697-0850; fax +41-21-697-0852; 
www.cbs-cbt.com. 

Method of Operation - The Sylva test unit utilizes an ultrasonic pulse gen
erator to impart a stress wave into a member. Two transducers are placed 
a fixed distance apart on a member. A transmitting transducer imparts a 
wave into the member, and a receiving transmitter is triggered upon sens
ing the wave. The time it takes the wave to pass between the two transduc
ers is then coupled with various additional information, such as wood 
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species, path length, and geometry 
(round or square section), to com
pute modulus of elasticity (MOE). 
This unit also measures damping 
characteristics of the member. 
Specifications 
Power requirements: rechargeable 
batteries 
Dimensions: 20 by 10 by 4 cm (8
by 4 by 1.5 in.) 
Weight: 1.6 kg (3.5 lb.) (instru
ment only) 56 N (12.6 lb.) (instru
ment with accessories) 
Electronic Hammer 
Manufacturer -IML, Inc.; 1950 
Bassett Lakes Blvd., Suite 2212, 
Kennesaw, GA 30144; telephone:
(888) 514-8851; fax: (770) 514
8351; www.imlusa.com. 
Method of Operation -The elec
tronic hammer is an instrument in 
which the time it takes a stress wave 
pulse to pass through a member is 
measured. It uses an impact to in
duce a wave to flow in the member. 
Specifications 
Power requirements: 7.2-V re
chargeable battery 
Weight: 4 kg (8.8 lb.) 
James “V” Meter 
Manufacturer -James Instru
ments, Inc.; 3727 North Kedzie 
Avenue; Chicago, IL 60618; tele
phone: (800) 426-6500 or (312)
463-6565;fax: (312) 463-0009. 
Method of Operation-The 

Figure 9.10 -Important aspects of field set- James “V” Meter utilizes an ultra-
ups for commonly used techniques. sonic pulse generator to impart a 

stress wave into the member. As 
illustrated in Figure 9.11, two transducers are placed a fixed distance 
apart on a member. As the transmitting transducer imparts a wave into a 
member, the timer unit begins timing passage of the wave. When the wave 
reaches the receiving unit, the timer stops and displays the transit time in 
microseconds. 

Key Considerations-Couplingof the transducers is key to obtaining reliable 
results. The surface of the members should be free of debris, mud, or dirt. 
A coupling agent, provided by the manufacturer, is often used to facilitate 
the measurements. 
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Figure 9.11 - Ultrasonic measurement system 
used to measure stress wave transmission times 
in various wood products. 

Figure 9.12 -General procedures used to pre
pare and use stress wave timing methods for 
fieldwork. 

Specifications 
Power requirements: recharge
able NI-CAD 

Field Considerations and 
Use of Stress Wave 

Methods 
Stress Wave 
Transmission Time 

Figure 9.12 outlines the 
general procedures used with 
stress wave nondestructive eval
uation methods for field work. 
Before venturing into the field, 
it is useful to estimate stress 
wave transmission time for the 
size of the members to be in
spected. Preceding sections 
provided information on vari
ous factors that affect transmis
sion time in wood. This infor
mation can be summarized, as 
a starting point, by simply us
ing a baseline transmission 
time of 1,300 µs/m (400 µs/ft.). 
Transmission time, on a per 
length basis, less than this 
would indicate sound material. 
Conversely, transmission time 
greater than this value would 
indicate potentially degraded 
material. Using this value, you 
can estimate the transmission 
time for a member by knowing 
its thickness (path length) and 
the following formula: 

where Tbaseline is baseline transmission time (µs), and WTD is wave trans
mission distance (path length) (m). 



Figure 9.13 -Typical field data acquisition form. 

Field Measurements 
Field use should be conducted in accordance with the instructions pro

vided by equipment manufacturers. In the field, extra batteries, cables, and 
sensors are helpful. Testing should be conducted in areas of the member that 
are highly susceptible to degrading, especially in the vicinity of connections 
and bearing points. 

The baseline values provided serve as a starting point in the inspection. It 
is important to conduct the test at several points at varying distances away 
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Figure 9.14 - Examples of summary form (top) and data summary form 
(sections) (bottom). 

from the suspect area. In a sound member, little deviation is observed in 
transmission times. If a significant difference in values is observed, the mem
ber should be considered suspect. 

Data Analysis and Summary Form 
When data have been gathered, it is useful to present them in an easy to 

read manner. Figure 9.14 illustrated various data summary forms. From 
these, the presence and extent of degradation can readily be seen. 
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