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•PROLONGED exposure of personnel to the intense noise produced by diesel-powered 
highway construction equipment can cause partial deafness. This noise-induced hear
ing loss accumulates gradually without being noticed over years of exposure, and the 
susceptibility of individuals to it varies widely. It is permanent and cannot be corrected 
by any known medical treatment or by using a hearing aid. It is a compensable occupa
tional disease in many jurisdictions, and some states have adopted regulations intended 
to control occupational exposures that can cause it. The best method of prevention is 
to eliminate harmful noise exposures by engineering methods or operating procedures. 
Where these measures fail, personal protective equipment can be used as a last resort. 

MODERN NOISE MEASURE 

Noise is a slight, rapid variation in atmospheric pressure. The size of the pressure 
variation, which is measured as the sound pressure level in decibels, increases with 
the loudness of a sound. The rate of recurrence of the pressure variation, which is 
measured as the frequency in cycles per second, increases with the pitch. Most noises 
are the result of many pressure variations at different levels and frequencies occurring 
simultaneously. 

Both level and frequency of a noise must be considered in determining the probable 
effect on hearing. Traditionally, an octave band noise analyzer was used to divide the 
noise spectrum into 8 or 9 contiguous frequency ranges and measure the sound pressure 
level in each of these bands. Octave band analysis is still needed for some engineering 
applications, but is no longer required for appraising noise hazard. Recently, it has 
been shown that the sound level measured using the A-weighting network of a standard 
sound level meter provides an accurate index of noise hazard. Fortunately, the A-weight
ing network makes the meter less sensitive to low-frequency sounds in much the same 
way that the ear is less sensitive to injury by these low-frequency sounds. This prac
ticable single-number evaluation of noise can be made by personnel having little special 
training using a simple sound level meter. 

The A-weighted sound levels in decibels (abbreviated dbA) measured at operators of 
highway construction equipment are given in Table 1. Different levels were found at 
different machines of the same type, and the range is given. Normal operating condi
tions prevailed during these measurements, and much lower levels were usually found 
during lulls in operations. 

NOISE EXPOSURE INCREASES PREVALENCE OF HEARING IMPAIRMENT 

It has already been pointed out that not all persons are affected the same by noise. 
Some retain perfect hearing in noise exposures that cause hearing losses to others. 
Many become hard-of-hearing without noise exposures, due to diseases and other dele
terious influences. Because of these individual variations, the effect of a noise expo
sure on a group is better described by the portion of the group affected significantly 
than by the average effect. For the purposes of this discussion, development of a hear
ing impairment as defined by the American Medical Association will be considered a 
significant effect, and the hearing deficiency of a group will be described by the per
centage of the group having such an impairment to any degree. 
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TABLE 1 

SOUND LEVELS AT OPERATORS OF 
HIGHWAY CONSTRUCTION EQUIPMENT 

Equipment 

Trucks (15-ton up) 

Shovels 

Bulldozers 

Cr anes 

End loaders 

Gr aders 

Scrapers 

Sound Level 
(dbA) 

89-101 

91-107 

102-106 

88-99 

95-97 

91-96 

99-102 

The effects of noise exposures on personnel 
as revealed by various hearing surveys are 
summarized in Figure 1. Each data point indi
cates on the vertical scale the percentage found 
to have impaired hearing in a group exposed 
continuously at work to the A-weighted sound 
level indicated on the horizontal scale. For 
each age group, the curve drawn through the 
data points rises with increasing sound level 
from a minimum value corresponding to the 
incidence of hearing impairment in the general 
population not exposed to harmful noise at work. 

The curves of Figure 1 indicate the risk of 
hearing impairment associated with a particular 
noise exposure. For example, the upper curve 
shows that a group aged 50 to 59 years that has 

been exposed for 33 years to 89 dbA should contain 27 persons with impaired hearing 
for every 100 persons exposed. The lowest portion of the same curve indicates that 20 
out of 100 persons in that age range should have impaired hearing without occupational 
noise exposure. As diseases and other factors that produce hearing impairment in the 
general population likewise affect those exposed to noise at work, the net effect of 33 
years exposure to 89 dbA should be enough to cause 7 more cases of impaired hearing 
in every 100 persons exposed than would otherwise have existed. For the younger age 
groups exposed for shorter periods, the net effect would be even less. 
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Figure 1. Prevalence of impaired hearing in various groups. 
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INTERRUPTING NOISE EXPOSURE GREATLY REDUCES HAZARD 

When harmful noise is interrupted, the ear can rest and recover somewhat from the 
effects of the noise. Periodic interruption of noise, therefore, reduces the hazard and 
permits the ear to tolerate the noise for a longer total duration without increased risk 
of injury. Figure 2 shows how rapidly the total noise duration tolerable increases with 
the number of equally spaced interruptions occurring in a day. Some of the curves 
pass through maxima, indicating that the allowed exposure duration is maximum when 
rest periods having the optimum length of 5 minutes are properly spaced throughout the 
day. 

To determine whether a noise exposure is acceptable according to Figure 2, count 
or estimate the number of times during the day when the sound level drops to 89 dbA 
or less. These interruptions of exposure are presumed to be approximately equally 
spaced. Use the number of interruptions together with the average A-weighted sound 
level in between them to find, from the curves of Figure 2, the total duration of noise 
above 89 dbA that is acceptable. 

As an example, consider the noise exposure of a truck driver who hauls rock from a 
cut to a fill area. Suppose it takes 10 minutes to haul out of the cut during which time 
the average sound level in the cab is 104 dbA and 5 minutes to return to the cut during 
which time the average cab sound level is 98 dbA. When waiting at the shovel for the 
next load, exposure is interrupted because the noise in the cab measures 73 dbA. About 
30 loads are hauled every day, and Figure 2 indicates that 104 dbA interrupted 30 times 
per day should last no more than 200 minutes total. As the noise actually lasts about 
300 minutes total, the exposure should be considered harmful and steps taken to reduce 
it. 
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The incidence of hearing impairment in a group exposed to any noise pattern allowed 
by Figure 2 should be slight. The greatest level allowed for continuous all -day expo
sure (one interruption per day) is 89 dbA, and it has already been observed that the net 
increase in incidence of impairment due to this noise exposure is quite low. Since all 
other patterns of noise exposure permitted by Figure 2 are equally harmful and create 
the same risk for a group exposed, the incidence of hearing impairment resulting from 
any of them should be equally low. 

Interpreting the construction equipment noise levels of Table 1 in the light of Figure 
1, it is clear that some operators might be expected to develop impaired hearing. Hear
ing tests conducted on groups of operators have shown this to be the case. Considering 
the intermittent nature of some construction operations, Figure 2 would imply that the 
hazard of the associated equipment noise would be reduced. Hearing surveys have 
verified this effect also. 

NOISE CONTROL PRINCIPLES CAN BE APPLIED TO 
CONSTRUCTION EQUIPMENT 

The principles of noise control are well understood and can be employed to reduce 
noise of construction operations. The pulsations in atmospheric pressure that the ear 
perceives as noise may originate with an aerodynamic disturbance such as the turbu
lence produced by the engine cooling fan. More often, noise is generated by the vibra
tion of some structure that produces sound waves in the adjacent air. In either case, it 
is obvious that noise generation can be reduced by lessening the disturbance causing it, 
whether it be turbulence or vibration. 

Vibration of a structure is quite dependent on the rigidity that is usually prescribed 
by non-acoustical considerations. Given a structure with its vibration characteristics, 
there are two types of materials that can be used to control vibration. One is a soft 
material like rubber that reduces the transmission of impact or vibration from one 
point to another by yielding rather freely to the impressed forces. The other is a vis
cous or frictional material like automotive undercoating that is applied to the structure 
to create resistance to the vibratory motion. 

Similarly, there are two types of materials to control sound escaping from a source. 
One is a solid material like steel that blocks transmission of sound. It is impermeable 
by the pressure pulsations of the sound waves and unyielding to the forces they produce 
because of the rigidity and inertia. The other sound control material is porous, allow
ing incident sound waves to penetrate and be absorbed or dissipated by resistance to air 
flow through the pores of the material. These materials are utilized in the construction 
of engine exhaust mufflers that effectively minimize the escape of exhaust pulsations. 

Proper use of these materials can reduce equipment noise. It is first necessary to 
analyze the noise source to determine how the noise is generated and transmitted to the 
operator. Then the materials should be used as required to block sound, block vibra
tion, absorb sound, or absorb vibration. 

For highway construction equipment, installation of an effective muffler on the engine 
exhaust provides most of the noise reduction required. The additional noise reduction 
needed can usually be obtained by improving the acoustical effectiveness of barriers 
separating the operator from the engine, and by adding sound-absorbing materials to the 
engine and operator compartments. 

MANUFACTURERS CAN QUIET NOISY EQUIPMENT 

Purchasers should encourage manufacturers of noisy equipment to produce quieter 
products by requesting that noise information be supplied with quotations or by includ
ing a noise specification in purchase requisitions. The manufacturer should accept 
responsibility for providing the noise abatement required, because he is in the best po
sition to develop the modifications needed. Furthermore, under recent decisions in.
valving product liability, a manufacturer may be liable for hearing loss caused by a 
product that is capable of producing noise of injurious levels. The·re is usually a greater 
awareness of the need for quieter products among users and they should help manufac -
turers to understand and meet their noise requirements. 
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This approach has been successful in obtaining quieter construction equipment. In 
purchase orders, maximum octave band levels at the operator location were specified 
that corresponded to a sound level of about 90 dbA. Usually, only minor modifications 
of standard vehicles were necessary to meet this noise requirement. The average 
noise reduction obtained with these modifications was 8 dbA. All major manufacturers 
of construction equipment have supplied quieter models at reasonable additional costs, 
and several are giving careful consideration to noise in the design of future models. 
None of the equipment recently purchased using the noise specification produces harm
ful noise exposures. 

EAR PROTECTION IS LAST LINE OF DEFENSE AGAINST NOISE 

When potentially harmful noise exposures are unavoidable, ear protection may be 
used to reduce noise entering the ears. Two types are available: plugs to be inserted 
in the ears and muffs that cover the ears. Either type must seal off the ears almost 
air-tight in order to be effective. 

Rubber-like plugs for insertion in the ear canal are available in several configura
tions. Up to five graduated sizes are needed for fitting the range of ear canal sizes 
encountered in a large group. There is no reliable way to determine when a plug fits 
the ear canal properly except by a sound reduction test. Hearing thresholds measured 
with an audiometer before and after insertion of the plug will indicate the attenuation 
by the plug of sound entering the ears. The difference between these hearing thresholds 
in decibels should be approximately equal to the noise reduction reported by the manu
facturer when the plug occludes the ear canal properly. 

Recently, a mineral wool composed of very fine fibers has been marketed by at least 
two suppliers for the use as an ear protector. Noise reduction tests have shown that, 
when it is properly packed into the ear canal, it excludes noises as effectively as other 
types of plugs. Individual fitting is not required and greater comfort is reported by 
most users. 

Muffs covering the entire ear afford more reliable ear protection because adequate 
seal of the cushion against the head is readily attainable. Muffs, however, interfere 
with anything worn on the head, particularly those muffs having a band passing over the 
head. Models for attachment to a hard hat are available, which partly eliminates this 
interference. Least interference is encountered with the muffs held in place by a band 
passing behind the head. Individual fitting of muffs is rarely required, and it is easy 
for supervisors to see whether employees needing this type of protective equipment are 
wearing it. 




