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I. INTRODUCTION

With today's increased environmental "conciousness", #here
followed an increased concern about construction and kighway
traffic induced earth-borne vibrations and their possible
adverse effects on buildings and its occupants. Prior to the
mid-1960's, there had been little data and information on such
vibrations. However, since the early 1970's several publications
(2,3,4,5) about such earth-borne vibrations and its effects on
buildings and their occupants have been printed. In light of
these new publications, and in relation to them, this report
compiles and summarizes Caltrans' earth-borne vibration data
acquired over 17 years. It provides an overview of vibration
damage and intrusion within the range associated with traffic

and construction activities and provides vibration levels which

- should not be exceeded to avoid damage and intrusion.

www.fastio.com
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IT, CONCLUSIONS

“1. Architectural damége,is probable when vertical ground
vibrations generate soil particle vertical velocity that exceeds
.1965 in./sec. within the normal frequency range (1-100 Hz) of

'soils., Intrusion is probable when such velocity exceeds ,0984
in./sec. ‘ -

2. Earth-borne vibrapioné created by normal highway vehicular
traffic wiii not cause architectural damage to buildings, nor
will earth-borne vibration intrusion occur. Such vibrations
compiled for this repdiﬁ aré well below architectural damage
level of .1968 in./seq; and intrusion level of .0984 in,/sec.

3. Earth-ﬁbrne vibrations created by highway construction
vehicular equipmént aré.an impfobable cause of architectural
damage to buildings. In géneral, they are an order of magnitude
below architectural démage level. However, with today's (1975)
'iarge construction wvehicular equiprent discretion or special
care should be exercised when they are operated "near" buildings.
"Near" is usually within a range of 10' to 25', depending on the
specific equipment. At that distance, or closer, vibrations may
approach the intrusiog?level.

4, Pavement breakiné?machines produce.vibrations above archi-
tectural damage levelfand discretion should be applied in their
use adjacent to buildings. Intrusion from such vibrations will
‘occur. :

5. Earth-borne vibrations created by train passages, in general,
' may approach the threshold of architectural damage level.

6. In-house activities often create larger building vibrations
" than those caused by adjacent vehicular traffic and construction
activities.

ClihPDF - www .fastio.com
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ITI. IMPLEMENTATION

Earth-borne vibration levels determined in this study for
various moving vehicular equipment and potential resultant
damage and intrusion effects are used as the primary criteria

in assessing transportation generated vibration concerns v01ced
by the public and industry.

ClibPD WL lastio.com
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IV. GENERAL DISCUSSION

YW Backgrc‘)u‘nd_r Ly
' Vehicular traffic andjhighway construction activities create
earth-borne vibrations which often "trigger" people's reaction
‘resulting in complaints about vibration intrusion into build-
ings and/or building damages. This report is confined to such
vibrations. Earth-borne ground surface vibrations are created
by vehicular trafficéénd highway construction activities.

They are created by interactions between the vehicle's tires

or tracks and the road or ground surface. Pavement expansion
joints, expansion cracks, and rough pavement are all causes of
vehicle-pavement intefactions causing ground surface vibrations.
Earth-borne vibrationé from construction activities are usually
generated by pile drilling, pile driving, pavément breaking, and
moving vehicular construction equipment.

Earth-borne vibrations are borne mainly by three waves: P-waves
(compression), S-waves (shear) and Raleigh waves (surface}. It
is the Raleigh wave which is reported throughout this report
and is generally the "culprit" in vibration complaints. This
is reported by Miller and Pursey {(1954) (1) and others (2,3).

It would seem to those who are familiar with the physical laws
pertaining to dynamics that acceleration, or perhaps displace-
ment, would be the primary factor influencing architectural
damage and intrusion potential. Experience and studies by
independent authoritiés (2,3,9), however, indicate consistently

'that peak particle velocity within the range of normal earth
vibrations correlates best with damage and intrusion whereas
acceleration and displacement do not. Therefore, it is peak

particle velocity which is reported throughout this report.

ClihPDF - www .fastio.com
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Particle velocity is further defined to mean the vertical
velocity at which the soil particles or other materials vibrate
locally as opposed to the propagation velocity of vibrations. .
The latter being the speed which vibrations travel through the
ground away from its source.

Messrs., Leonard and Whiffin (2) present a summary of the
"reaction of people and damage to buildings at various vibra-
tion levels." It is reporduced herein as Figure 1 (1,2) with
Caltrans' added notations of vibration levels "av%, "g“, "we",
"D", "E", and "F" in in./sec. Furthermore, Messrs. Leonard
and Whiffin (2) have proposed a peak particle velocity of

5 mm/sec. (.1968 in./sec.) as the "threshold at which there
is a risk of architectural damage to normal dwelling-houses
with plastered walls and ceilings." Architectural damage (2)
is defined as cracking of plaster or other brittle materials
as opposed to structural damage which impairs the structure's
functioning. Architectural damage is shown as level "E" in
Figure 1-1. It is the criteria used in this report to evaluate
the effects of the compiled vibration data. '

Considering earth-borne vibrations created by dynamite blasting,
Messrs. Duvall, Johnson and Nicholls (4) classified 5.4 in./sec.
particle velocity as a minor damage level and defines it as
"formation of new fing cracks either in plaster or dry wall
joints or the opening of o0ld cracks." For no damage or safe
blasting criteria, they élassify its level as 2 in./sec. of
particle velocity. It is of interest to note that they reported
some normal in-house activities generated vibrations that were
between the levels of 2 -~ 5.4 in./sec. That is, some in-—house
activities created vibrations at the minor damage level of 5.4

in./sec.

www.fastio.com
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CoﬂSidér that a ground dynamite blast sends forth a single
vibration pulse, wheréas traffic and construction vibrations
are almost of a continuous nature. Because of its almost
continuous nature, it is probable that smaller, continuous
vibrations, over a sipgle large vibration pulse, would be

equally damaging over‘an extended period. Thus, Messrs.

‘Duvall, Johnson and Nicholls (4) set a safe dynamite blast
" level of 2 in./sec., Whereas Messrs, Leonard and Whiffin (2)
set a safe traffic vibration level of .1968 in./sec. or an

~ order of magnitﬁde:below safe blasting vibrations.

7“+B.  Caltrans' Experiénce

"The compilation of these vibration data presented herein are

the results of investigating specific complaints or concerns

' about earth-borne vibrations over a 17~year period. Caltrans

‘conducted its first vibrations investigation in 1858. It

involved a manufacturing plant making water pumps in El Cerrito.
Since that initial complaint, it has conducted 22 additional

vibration investigations to date. Figures 2-7 is a compilation

i of the data from these investigations. In the 23 vibration

investigations, a large amount of data were collected. However,

for brevity, only the data from a common series of the most

severe vibration recordings or an unusual datum point from

éabh investigation is tabulated in the compilation.

The 23 investigations covered almost all of California in several

" geographical areas: .

1) Los Angeles Basin

2) San Francisco Bay Area
3) Sacramento Valley Area
4) Salinas Valley Area |
5) Petaluma :

6) San Jose
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These vibration investigations involwved:

1) Private Houses and Apartments

2) Manufacturing Plants

3) Aerospace Companies

4} Machine Shops

5) Art Gallery

6) Move Studio

7) Medical-~Dental Building

8) Computer Data Processing Company
9) Grain Silo

Investigations involved measuring vibrations inside buildings
and structures as well as outside ground vibrations caused by

vehicular traffic, trains, and highway construction activities.

The usual concerns voiced were allegations that vehicle induced
earth-borne vibrations would damage a building or structure.
However, unusual concerns also included allegations such as:

1} Vibrations "electrified" the air in a bedroom
"robbing" its occubants of sleep.

2) Earth-~borne vibrations shook a dentist's drill.

3) Earth-borne vibrations may adversely affect
"sophisticated" star-tracking space instruments.

Of the 23 vibration investigations, all except three have been
resolved without litgation. One remains unresolved (1975) con-
cerning a proposed freeway routing close to a major aerospace
manufacturing facility.

wavwlastio.com
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“The original‘researoh ﬁropoSal stated that:

"The proposed work will be in essence a survey of
vibrations emanatlng from various types of hlghways,
highway structures and vibrations emanating from in-
progress highway construction., Soil samples or
conditions and geological formations will be obtained
for each test location. On finished highways a test
vehicle of known axles and axle loads will be used at
various speeds to.induce vibrations into the surrounding
earth. Three seismometers will be located at wvarious
distances normal to' the pavement edge to record the
induced vibrations from the passing test vehicle. The
three (3) seismometers will also show the attenuation
distances from the pavement. This test procedure

will be carried out at different highway sections,

i. e.,'cuts, fills, level sections, undercrossings,
overcr0551ngs and elevated structures."

“"Essentially, the ‘same test method will be used to
record in-progress highway construction vibrations.
Vibration§ emanating from pile driving, slope cutting,
scraping, filling or any highway construction producing
large vibration vs., distances with different highway
conflguratlons w111 be studled "

In light of the'erchitgorurel.démage level proposed by Leonard
‘and Whiffin (2), and Caltrans' compiled vibration data being

below it in practioallﬁ'all”oases, it would be superfluous to

“conduct a series of vibration ihvestigations to reaffirm what
has been revealed over the past 17 years. Rather than conduct

"a series of repetitiveaihveetigations, the intent of the
‘original proposal was eccomplished by utilizing these wvibration

test data compiled over 17 years as listed in Figures 2-7. The
apparent typlcallty of the low levels of vibrations found are

“further conflrmed by other workers in the field such as
”"References 3, 4, and S '

Furthermore, additional work in an attempt to correlate vibration

. “data with all variables (highway structures, geological formations,

ClibPD
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traffic speed, distances, axle weights, construction equipment,
soil saturation, seasonal changes, etc.) would also be super-

. fluous because of the low-level vibrations revealed in the
studies which would be improbable of producing damages or

intrusions into buildings or structures.

ClihPD www.fastio.com
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V. DISCUSSION OF THE COMPILED TEST DATA

As previously stated,ibnly‘the’most severe vibration data from
a particular series or vibration data of special interest from
‘each of the 23 vibration investigations are compiled in Figures
2-7. These compiled data are further grouped and plotted in 4
graphs (Figures 8, 9, 10, and 11).

A, Vehicular Traffic Vibration Level

' Figtre 8 is a plot oftthe compiled highway and street-traffic
“induced ground vibrations at various distances from its source.
It represents a portion of the 17 years of accumulated vibration
data, specifically of vehicular traffic vibrations.

These data points represent a broad spectrum of vehicular egquip-
ment and their vibration manifestation upon a broad spectrum of
highway structures and ground formations. The broad spectrum
éange of highway struéutres includes elevated fills, elevated
structures, depressed ‘highways and level sections of highways.
The range of vehicular equipment includes a Caltrans lowboy

(see Figure 12}, trucﬁs, buses,; and typical street and highway
vehicles.

The Caltrans lowboy wés_ldaded'to its legal maximum axle weight
limits, as annotated in Figure 12, to record the amount of ground
vibrations it would generate with its legal load. It was used

in several investigations at various speeds both on city streets
and highways. Earth-borne vibrations created by it and its
attenuation with distances are plotted in Figure 8. It shows
that maximum legal axle load, such as the lowboy, produced earth-
borne vibrations well below the criteria of level "E" (Figure 1-1)
for architectural damége. That is, the lowboy generated earth-
borne vibrations about 1/10th of level "E".

10
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Considering the wide spectrum of vehicular traffic, geologic
formations and highway structures that data in Figure 8 repre-

sents, it is of interest to note that not a single vibration
data point approached the architectural damage level "E" of
.1968 in. /sec. (5 mm/sec.). The largest wvibration, .056
in./sec., ploted in Figure 8 appeared on the ground 17 feet
from the passage of a £ill haul truck., It was recorded in a
San Mateo area, composed of San Francisco Bay f£ill, and was
especially conducive to vibration emanations because of its
mud-like character resulting in low frequency (3 cps) of
vibrations. This then was the largest ground vibration caused
by vehicular traffic recorded in 17 years of vibration investi-
gations. In relation to the architectural damage level of
.1968 in./sec. it is about 1/3rd of the architectural damage

level,

It would seem that large vibration levels would occur on the
ground closest to highway structures. Indeed, a relatively
large level (,043 in./sec.) was recorded on the ground directly
beneath a causeway. Directly on a concrete viaduct, the vibra-
tion level was .021 in./sec. and directly on the ground beaneath
it, it was .010 to .013 in./sec. The smallest recorded vibration
beneath a freeway structure was .006 in./sec. Recalling that
.1968 in./sec., is the criteria for architectural damage, the
"ratio" tabulation below shows that vibrations closest to its
source were still only a fraction of the architectural damage
criteria level "E"

Vibration . \
in./sec. (V) 2210 = ergiiavel VBV
Beneath Yolo Causeway .043 .218
On Santa Monica Viaduct L.021 .106
Beneath Santa Monica Viaduct .013-.010 .066-,05
Beneath Foothill Fwy Structure .006 .030

11
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Beyond 50 feet from its vi%fétfgnlsource, ground vibrations had
attenuated to a range of .023 in./sec. to zero. From these com-
piled data, '&il highway'ﬁﬂd‘street tréffic vibrations were below
the architectural damage level "E" of .1968 in./sec. The paragraph
below is quoted from Leonard and Whiffin (2): \

"Vibrations are mainly generated by fluctuations of
wheel contact loads as vehicles travel over road sur-
face irregularities. Irregularities of the order of
20 mm in amplitude can cause peak particle velocities
in the ground of up to 5 mm/s.. At this level "“archi-
tectural damage" may occur in buildings. However,
before this level is reached, vibrations become
intrusive and even annoying to occupants of buildings
(at about 2.5 mm/s) and complaints may result.”

The 20 mm amplitude road surface irregqularities edquates to .7872
inches and the 5 mm/s peak particle velocity equates to the
frequently stated .1968 in./sec., California's highways are
generally built -and maintained with less than .3 inch irregular-
ities which is reflected by the generally low earth-borne vibration
levels found emanating from highway traffic. In the case of newly
placed concrete pavements, all pavement surface irregularities
.3 inch or higher, over a fixed distance, are summarized into a
Profile Index. Exceeding the Profile Index requires the pavement
contractor to grind dbwn the bumps that are above .3 inch to meet
the specified maximum Profile Index. Locating high pavement
irregularities in excess of .3 inch and Profile Index calculation
methodology is described in Test Method No. Calif. 526-r. It is
part of Caltrans' Stahdara Specifications for constructing smooth
- riding concrete pavements.

B. Highway Construction Vibration Level

Figuré g plots the ground vibrations at various distances caused
by highway construction equipment. The largest vibrations were

caused by an EMSCO pavement breaking machine: 2,88 in./sec. and

ClihPDF - www .fastio.com
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.275 in./sec, at respective distances of 10 and 38 feet from it.
They were the highest velocities recorded in the 23 vibration
investigations to date. Other than the EMSCO vibrations, all
the other construction ground vibrations were well below the
.1968 in./sec. velocity damage threshhold criteria "E". For
example, a Catepillar D-9 produced .091 in./sec. of vibration
velocity at a distance of 10 to 25 feet. Other than the EMSCO
created vibrations, it was the largest but still less than 1/2
the architectural damage level "E". Excluding the two EMSCO
pavement breaking wvibration data points, the wide range of
construction equipment creating vibrations emanating over
distances of 5 to 200 feet and over a wide range of ground
conditions shows these vibrations to be less than 1/2 the
architectural damage level "E". Thus, these data show it is
highly improbable that construction equipment, other than pave-
ment breakers, would create sufficient vibrations to approach
the architeétural damage level. 1In general, it can be stated
that the vibration level from highway construction is approxi-
mately .02 in./sec. or 1/10th the architeectural damage criteria
level.

Nondamaging earth-borne vibrations from construction aequipment
were also reported by L. M. Brown (5). His report states in

the conclusion:

"Although the principal conclusion of the vibra-
tion measurements undertaken by 0, R. F. from 1964
to 1968 is the negative one, that the measured
vibrations from construction equipment did not
cause damage, it is felt that the data obtained
can serve a wider purpose."

This further supports Caltrans' finding that earth-~borne vibra-
tions from construction equipment are generally nondamaging.

13
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C.  Train Vibration Level

Vibration effects of railroad trains were the concern on three
investigations and are herein compared with vibrations emanat-

ing from highway activities.

Grouhd vibrations caused by-trains are plotted in Figure 10.

In general,'almost'ali of the vibrations are above .02 in./sec.
but below the architectural damage level of ,1968 in./sec. 1In
examining'Figures 9 and 10 together, it is quite apparent that
train vibrations are generally conSLderably larger than those
created by constructlon equlpment Con51derlng the compiled
data which lnclude results of only three train vibration studies,
it appears, however,‘that v1brat10ns from trains would generally
be below the archltectural damage level "E". From the data, it
cannot'be'ooncluded that train vibrations will not reach or

exceed the threshold’ of archltectural damage and intrusion

'T:levels.

CM:)PI)!—

D. In~House Activities Vibration Level

l,In—house act1V1t1es w1th its resultant building vibrations are

plotted in Flgure 11." These are vibrations caused solely by

activities within bu;ldings and not by any external vibration
sources. These “in-ﬂouse“ source building vibrations appear
to be much more significaﬁt factors in the creation of archi-
tectural damage when compared to vibration levels created by

external v1brat10n sources. If the in-house created vibrations

in comparison are equal or larger than those created by outside
sources, then the "demaging" effects of earth-borne ground vibra-
tions. are very'questionable. ‘

Figure 11 shows that two vibration data points plot above the
architectural damage level. These were both roof vibrations

14

www . fastio.com


http://www.fastio.com/

ClibPD

wavwlastio.com

Oof commercial buildings and were found to be many times greater
than those emanating from vehicular traffic or construction
activities,

Floor vibrations caused by kitchen disposals and fdotsteps were
also many times larger than those created‘by vehicular traffic
and construction activity ground vibrations. As indicated,
in-~house activities generally created equal or larger vibrations
than those caused by vehicular traffic and construction activities.
It is, however, generally accepted that vibrations from normal
in-house activities are improbable causes of architectural damage.,
This lends further credence to our conclusion that vibrations
created by wvehicular traffic and construction activities, being
of a lower magnitude are a highly improbable cause of archi-
tectural damage,

The following three paragraphs are quoted from the report
"Blasting Vibrations and Their Effects on Structures"” by
Messrs. Nicholls, Johnson, and Duvall (4) of the United States
Department of Interior, Bureau of Mines, Report #656, 1975,
Page 21:

"The normal activities associated with living in
and maintaining a home give rise to vibrations
that are, in some instances, capable of causing
minor damage to plaster walls ang ceilings in
localized sections of the structure. To complete
the study of vibrations from gquarry blasting and
their effects on structures, instrumentation was
pPlaced in several homes to record the vibrations
from walking, door closing, jumping, and operating
mechanical devices, such as an automatic washing
machine and a clothes dryer. The vibration levels
of some of these activities are listed in Table 3,1.

"The data in Table 3.1 indicate that walking, door
closing and the operation of an automatic clothes
washing machine and dryer do not normally generate
vibrations that approach a damaging level. It is
interesting to note that the vibrations from these
Sources are approximately the same as those generated
by a quarry blast and felt at a scaled distance of
100 ft-1b* (see Sections 4.3 and 6.4).

15
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"Jumping in a room generates vibrations that are
potentially damaging. = "Heel drops", made by standing
on the toes and suddenly dropping full weight on the
heels, can also be potentially damaging. However,
the large amplitude vibrations resulting from these
more violent activities are localized and do not affect
the entire structure as do ground vibrations. Thus,
although the potential for causing damage is present,
it is confined to a small specific area within the
structure, and the probability of damage is thereby
reduced, " i

These data in Table 3.1, stated in the above quote, shows the
 following range of vibrations from normal activities in a room:

Particle Velocity in Room

Activity i (Vertical, in./sec.)
Walking ; .00770 - 0.187
Door Closing : .0100 - 0.0558
Jumping © 4219 - 5.00
Automatic Washer i .00400

Clothes Dryer ‘q , N .00500

Heel Drops ‘ 3 ‘ .0100 - 3.500

i

Note that the fitst paragraph dﬁotéd above states that normal

activities are "capable of causing minor (architectural) damage
to plaster walls, ceilings...”. The above listed activities of

walking, jumplng, and heel"’ drops created larger vibrations than

' ground vibrations created by wvehicular traffic and construction
“aétivities. Thus, Duvall's report further supports Caltrans’
findings that vehlcular traffic and construction activities are

ﬂ”f:an improbable cause of archltectural bulldlng damage.

ClibPD

m{ff earth-borne vibrations are an improbable cause of architectural
*:Eﬁuilding damage, what are the probable causes? For residential
'’ construction the cracking of plaster walls and ceilings are
generally caused by settling of foundations, drying out of
'J“green" lumbe;,"alterﬁéte shriﬁkage"and expansion of lumber as

16
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the atmospheric humidity fluctuates. Forty potehtial causes

of cracks in walls and ceilings, other than from vibrations,

are listed in Bulletin 442 "Seismic Effects of Quarry Blasting"

of the United States Department of the Interior, Bureau of Mines.

They are:

1. Building a house on a fill.

2. Failure to make the footings wide enough.

3. Failure to carry the footings below the frost line.

4. = Width of footings not made proportional to the loads they
carry. ‘

. The posts in the basement not provided with separate footings.
. Failure to provide a base raised above the basement floor

line for the setting of wooden posts.

7. Not enough cement used in the concrete.

8. Failure to protect beams and sills from rotting through
dampness.

9. Setting floor joists with one end on masonry and the other
on wood.

10. Wooden beams used to support masonry over openings.

11. Mortar, plaster or concrete work allowed to freeze before
setting.

12, Braces omitted in wooden walls.

13. Sheathing omitted in wooden walls (except in "back-plastered"
construction}.

1l4. Drainage water from roof not carried away from the foundations.

15. Floor joists too light.

16. Floor joists not bridged.

17. Supporting posts too small.

18. Cross beams too light.

19. Subflooring omitted.

20. Wooden walls not framed so as to equalize shrinkage.

21. Poor materials used in plaster.

www fastio.com
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32. Plaster gpplied t&% thin.
23, Laths_placed too-diose together.
‘24. Laths run behind studs at corners.
25. Metal reinforcement omitted where wooden walls join masonry.
27. Metal lath omitted on wide expanses of ceiling.
28. Plaster applied difectly on masonry at chimney stack.
29. Plaster applied oﬂ laths that are too dry.
- 30. Too much ‘cement 1n the stucco.
231. Stucco not kept wet until set.
'32. Subsoil drainage not carrled away from walls.
"33, First coat of plaster not properly keyed to backing.
34. Wood beams spanne@jtoo long between posts.
35. Failure to use doﬁble joists under unsupported partitions.
[36. Floor ‘joists placed too far apart.
37. Too few nails used
- 38. Rafters too light or too far apart.

39, Failure to erect trusses over wide wooden openings.

TR, Earth-borne Vibraﬁion Tntrusion Level

A criteria for v1bratlon 1ntrusxon level is difficult to formmlate
for it involves a subjectlve resporise rather than an objective
-measurement For a glven vibration, it involves people's psycho-
logical response to it whlch may vary from stoical acceptance to
violent objectiion. The follow1ng paragraph is gquoted from
"Vibration and Acoustlc Measurement Handbook" by Blake and Mitchell,
7 page.504, Spartan Boocks, 1972:

"The standards arlse from phy31cal considerations,

such as soil stress or the malfunction of a particular,
sensitive machine. Measurement and experience are our
guides. Standards also arise from the complaints of
persons. This is a far more difficult category because
in practice the reaction of the person is psychological
rather than physidlogical and, therefore, unpredictable.
The eminent Scottish engineer, Nasmyth, made engines in

18
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the same building in which wineglasses were made.
Nasmyth, as the transmitter, felt no nuisance; but
his neighbor did. The severity of the vibration
then depends on the point of view. The receiver,

. unless he identifies himself with the interest of
the transmitter, may be supersensitive and beyond
placation, particularly as he will tend to expect
and seek out and tune his receptive apparatus to
its utmost, at which it may easily detect motions
in the range 0.00005 in peak-to-peak, depending on
frequéncy. The receiver tends to be more tolerant
and to identify himself with the transmitter if he
considers the source activity to be justified rather
than arbitrary.”

Nevertheless, Leonard and Whiffin (2) state, "....., vibrations
become intrusive and even annoying to occupants of buildings
{(at about 2.5 mm/s) and complaints may result." Other workers
in the field have proposed similar levels. Therefore, this
report uses 2.5 mm/s as the criteria for vibration intrusion.

The intrusive lewvel of 2.5 mm/s equates to .0984 in./sec. and
is shown as level "D" in Figure l-1. In examining these compiled
data for our studies (Figures 2-7), there are only seven daté
points which exceed the intrusion level "D" of .0984 in./sec.

They are:

1. .243 in./sec., air conditioning equipment mounted on rooftop.
2. .942 in./sec., rooftop vibration from exhaust fan.

3. .126 in./sec., on ground directly beneath railroad bridge.

4, .153 in./sec., 6' from diesel locomotive.

5. 2.88 in./sec,, 10' from Emsco pavement breaker.

6. .275 in./sec., 3'-2" from Emsco pavement breaker.

7. .125 in./sec., vibrations on bedway of a mill.

Numbers 1, 2, and 7 are self-induced in-house activity vibrations,
larger than level "D", and not attributable to highway activities.

Train vibrations 3 and 4 are intrusive but attenuate to 6 feet
and beyond to below that level.

19
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T R . : i

Pavement breaking is  an “earth—shaking“ affair and its vibra-

tion data 5 and 6 shows it to be so.

For the above, assuﬁing the criteria is correct, there were no
vehicular traffic vibrations that were intrusive. Pavement
breaking, while genéfating vibrations that are intrusive, is

a special construction activity and should be given special
consideration to minimize its adverse effects. In general,
highway constructioﬁ“activities do not produce "intrusive"
vibration levels. Of the equipment studied, Caterpillar Models

D=9 and 727 approached most closely to the intrusion level.
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VII. LIST OF FIGURES

Reaction of People and bDamage to Buildings at
Various Vibration lLevels.

Compilation of Selected Vibration Data (1958-1975) .

Vibration at Various Distances Caused by Highway
and Street Vehicular Traffic.

Vibrations at Various Distances Caused by Construction
Equipment.

Vibrations at Various Distances Caused by Trains,
Building Vibrations Caused by In-Building Activities.

Caltrans' Lowboy Tractor and Trailer Rig.

23


http://www.fastio.com/

-sbewep , TRIN3OS}TYOAR, OZTWFUTU

pTnosa ‘-o3@ ‘jusuinesal muﬂﬁﬂmu
STqTXoTF ‘STTem O buiurl
se yons ysTtury o sedA3y Teroeds

+sBUTTTeO pue sTTes paasiseTld
{§3TM $OSNOY ~ DUTTTSMp TEUIOU O3
abewep ,TeIN3DOITYDIE, JFO YSTI

® ST @I8Yl} YOoTym 3e PIOYSSIUL

sbuTp1Ing
TewIou o3 Sbewep ,[eIANG
-093TYUOIR, JO YSTI ou ATTen3aia

vmuumﬁnum
a¢ pInoys. sjuswnuou JuIdTOUE
pue SUInRI YOTYM O3 UOTIBIA]TA

ay3 JO ToadT Ioddn pIPUSUNODIY

*adiy Aue jo wmmﬁmv_

mmnmo o3 ATeyTITun SUOTIRIGTA

*adA3 Auw jO mmmEmv
ssned 03 ATSMTITUN SUOTIBIQTIA

(suoTjeaqra

3o spotasd 3aoys
A1eaTzetax o3 pojoalqns
pue sebpTaq uo HuTpuels
a1doad 103 payYsTIgeise
SToA®T 9Uy3 YiTs seaabe
sty3) sburpirng ut aydoad
03 butdouur SUOTIRIAIATA

o1doad
Aouue 03 utbeq suoTIRIGTL

SNONUTIUOD YOTUM JB TBAT

manﬂummoumﬂ SUOTIBIQTIA

. uorsnajur 3o A3rlrqissod
»tqoﬂnmmoumm JO pToYsaayL

.aowmnuucﬂ ou

- o1dosd Kq epqrideoasdur

S (g961°) @

5°¢ (v860°) d

0°C S (L8LO") D

ST°0 ©3 0 {6500° -0) ¥
s /unt

sburpiInNg uO 3I0VFIA

Ll

uoT3o®aY URUMH

0es/ut muwuoﬁw>

»¥£3TO0TBA
9TOoT3IIRd qESd

aToT3aed eod

:oaumunab SNOTIRA 3}E mmcdvﬁann ou mmmﬁmw vﬁm a1doad jO uoT3ORdY

-1 wuﬂmﬂm

BTOADT _
:Axeumng y

onsT worARAAT -

wiyfastio.com

lihPDF -

C


http://www.fastio.com/

ST SOUBMOTTI® OU 3INC UOTIOW punoxb ayjz 03 sadzed oanfea ay3z ‘sburprIng Iog

*sjusuoduod TeIN3ONIIS jo 3IvaFFe burdyrTdwe =y3 I03J pepnloutr

*pa23en3Ts ST.

uosiad oy3 YOTYM 3° JUTOd JY3 3IB IBYF ST ONTRA 9Y3 ‘poUIIOUCO DI SUOTIORST URIMY SIoUM

"UOTIOSITP TedTIABA 3Y3 uT A3TooTea o1oT3aRd 3eed Sy3z UC poseq DIR UEMTOD STYJ UT SIDqUNU ayL

‘paeuce] pue UTFITUM Aq ,SUOCTI

: *obeuep
Teanljonils Ioutw ATqrssod

pue abewep ,[eanjoslTysIe,
osned pinos JIng ‘orizeay

wox3y pejosdxs AfTewIou ueysz
T9AST I93e81b ® 3B SUOTIRIQIA

*¥

"TL6T ‘pueibug ‘saypysiieg ‘suIoyimol)d 8TI§dT 3xoday THY ‘'THAL

*sebpraqg uo buryrem oydoad
swos ©3 afqeildedow
~Un pu®e SUOTIRIQTA

snonurjuod 03 pajzoslqns .
e1doad Aq juesestdun
PRISPTSUOD SUOTFRIGTA

BIqTA POONPUT-OTIIeIL, 3O AsAIng ¥, JO Tz obed woaz pejoeajxyg

ST - 01

(S06S° -L€6E") 4

sHutpTINg uo 30933

v

8 /uni

uUoT3IOoesy ueumy xxA2TOOTBA
_ 810T3aRg YPad

o9s/ut A3T00T°9A
97o13aRg Head

sT8ADT

UOT3IBIQTA SnotIeA je sburpying o3 sbewep pue aydosd jo uotjoesy

g-1 oinbrd

: Axeuning

T2A9T UOTIRIQIA

www.fastio.com

ChhPD


http://www.fastio.com/

0 02 v00° seTebuy sOT ’°pald
TITY3004 UO AOQMOT WOIF TEWIOU ,6Z SUOTIRICTA
© 8T y10° soTebuy soT ‘°pATd
TITUY300d U0 AOgMOT WOIJF TRWIOU ,§ SUOTIRIQTA
00 000" abpe juawsased
*Amg *3S USPTOD WOII TPWIOU ,Gp SUOTIRI|TA
o) 8¢ 800" abpe juswaaed
*Amg °3g USPTOD WOXF TRWIOU ,G§ SUOTFRIQIA
® 9T LZ0" abpo jusuwsaed
*Amd 35 USPIOD . a  aS°E " 0TZ~¥I-L0 Fuerd
00 000" " " w  19€ o *bzu jusumIlsuy
o LT L00" JONPETA UWOJILF Tewlou , 8T n pue juetd
o) 9T 070" posﬁmab yjesuaq AT3oaaIp punoxd uo " TeoTInaoBRWIRY]
© 0T 120" JOoNpeTA BOTUOH mucmw UO SUOTIBIQTIA Z96T ‘uer
[0 LT 110" Aemssne) OTOX JO
: ‘ uotloas [ITF PO3IRAS[S ﬁamﬁnoqu woxJ Aeme ,00T
o LT 910" KAemosned OTOX 3O
UOT3109S [TTJ DPOIBASTS (TRUIOU) WOIF -ABME .,Gg - e, O
00 000" M 1STT u A 08-0eS5-£0
(0] A £20" mmsmmnmo Eouu Tewxou ,gg9 UOT3IRNUD33E coaumunﬂb ‘g-DeS-£0
o} LT o A1 _ _ Aemoasne) AzoTTed 3IIY
070X Yy3jeausq AT3IOSITP PUNOIL UO SUOTIBIQTA 6S6T °3°0 .
08-eI¥-¥0
— —_ querd °*BIW
8561 ~uer
S3UTOd
Pe330Td
Jo oos/ut . 1I0J P91IONPUOD
sToquiAs  2ZH _ A3TOOTSA 3eed SUOT3R00T JUSWRINSESK J10/PUB 92INOZ UOTIRIATA Apnaig uoT3RIGTA
SUOTIRIAGTA : :

z muﬁmﬁm

o 'SLeT - 8S6T

.mmmmaaa NOIIVM¥IA QHIOATIS 4O NOIIVTIAWOD, LR

wavwlastio.com

libPD

C


http://www.fastio.com/

v 1€ ok dozjoox uo pejunocuw juswdinbes bfutuoriTpucO aty

v 6 600" UOoTIOW UT saed g Y3ta o] Huryaed dojzyoox uQ

-] Y44 610" SATIOWODOT TOSSTP WOXF g9

& €€ 3 SATIOWODOT TSSITP WO ,9

v 0S 600° stoy s1Td Is3jPUWRTP ,.ZZ BUTTTTIP WOxF £

0] 61 AL JonpeTa

BOTUOlK ®3jues y3jeauaq ATIO9ITP SUOTIIRIQTA OTIFel]

[0) vl szo* OTFjeal 3I99a38 IBMOTJ TEOOT WOIF ,GT

00 000" femoaag 1oQgIeH JO

UOT308s pojeaals uo ydu gy butob Aogmol woxy ,7g

[0} 0z 010" ‘ Lemosax I0qIRH JO UOT3IOSS

pessaadsp uo ydu ¢y butob Aogmol woxy ,zT
0] 1}4 Sgo " Aemso1g JoqaevH IO SOT-Y'I-LO
UOT309s [9aA8T w0 , £S5, u o 1 LE *0D @ordsoasy
© (1¥4 y10° *35 ssoN uep uo ydw gy butob Aogmor woay ,gT €961 °300
SOV-VI-LO
o) 4 Soo ™ I0suss woly ,8 Aemesag obarg ues woxz SWOH 23®ATXJ
dueIzyo *pATd epoAindag PUT)TX® ueA BTXE ¢ 296T AR

v 09 980" suTyOERW

: buryew TT1d s, Teorinooevureyd UO SUOTIBRIGTA

. A4 610° Terrtdas3ed g-d woaz , 007 SUOT3IRIqTA
. i ST0* IeTTTdaa3e)d g-g WOIF ,0Z SUOTICIQTA 0TZ~-vI-L0 3ueTd
v 0¢ §00° o910y ‘byu jusumajzsut
9T71d I93oWETp ,Z¢ BUTITTIP WOXZ ,08 SUOTIRIQTA pue juetld
v 9t 116 aToYy IeoTInSorRUIRYJ
9TTd I932WRTP ,2¢ BUTTTTIP WOIF ,0p SUOTIBA]qTA ¢96T ‘uep

S3UTOd
Pa3301d

3o _ oes/ut :I03 pejonpuo)
sToquAg ZH A3100T8A ERd Apnis uorieaqra

SUOTFRIqTA

SUOTIRD0T JUSWIINSESR I0/pUB 8DINOG UOTIRIAGTA

¢ sanbrtg

SL6T - B8S61
VIVQ NOILVYEIA QILOFTIS IO NOILYIIAWOD,

wavwlastio.com

libPD

C


http://www.fastio.com/

p @oanb1g

| VIVQ NOIZIVWEIA QALOATES 40 NOILVIIAWOD,

v £ £G50" mma@ﬂﬂnﬂ Hmunmﬁlﬂmoﬂ@ms 2U3l JO JI00TJ U0 HbUuTHTeM
(0] 1% Z10" " W u " 1 08T
o] € S¢0° _ w u SE  T6-WS-y0 burpIINg
o £ ST0° xosuu Hsms TITITF woxd ,LL Telus(g-TedTpan
0] £ 96G* : yonay Tuney TITF WOLF LT L96T °3°0
v L2 vzo" ssaxd yound doys
SUTYDBW S,0TPN3S WOIJ I0OTF U0 SUOTIBIGIA
b £ET 200" " " 1£TC
. €1 £00° s,6-0 “mﬁﬁﬂmumumu 50um Tewxou ,0¥T
® 0¢ S00” (s,Iv9 pPue T1g£9
‘129) maw>oE£unmw Je7ITdaale) woxz Teuwxou ,00T
| S°1 £00° (s,T¥9 pue
1£9/129) sasaouyiaed xeiirdiajle) wolj Tewaou ,g
o) oF LOO" IBTTRIF 3 Joayuel Jo obessed Y3Tm 2In30onI3s Aemesig
. o0baTQ ues pPolEASTS WOIF TRWIOU ,f punoab ug Z-YI-L0
o £€ 900" Aemsaag euowod JO UOTIODS OTPnIs ataow Ioley
1113 pojeas[s uc Is[rell pue Iaddoy 320X woII 06§ L96T umwm
mownmqtho
@ 6z SE€0° sueT 9pPTISINOC U0 }Oniy ‘*obpe jusweard woay , ¢ SWOH @3e'ATId.
PO31ED0T JOSUDS UOTIBATA UY3ITM I9ddoy 3O0x 3TXe g - 99T AInp
v 65 £€90° wn um@aﬂum TesasaTUn S monm SUTYOBW UQ SUOTIBIYIA . TOT-uaA~-L0 doys
(o] 0z TZo- ‘Kemdoxg eanjusp — suTyoen soedsoidy
- uo ydw g5 butob monxoﬂ woxg -, 8 SUOTIVIQTIA PO6T UOABW
s3uTod
pe330Td
: Jo oas/ut $I0J poloNnpuod
sTOoquAs 2H A3To0ToA Jead SUOT3EO0T JUSWRINSEON I0/pUe 80aINOS UOTIRIQTA Apn3g uoTieaqra
SUOTIRIQIA : o .
GL6T - 8S6T

www . fastio.com

ClibhPDF -


http://www.fastio.com/

v 0S 26" ' uRZ 3ISTRYXS WOIZ suoIjeaqia doljooy
(o) S £00° : 2an3onI3s Aemssiy sacge 03 TewIOU , (0T
o S 900° 2In3onais Aemosad TTITYIOOS YIeOUuaq SUOTIRITIA
1o} 'y 800" *I0sSuss woxjy ,g*tc abessed 0TZ-VI-L0
I9XTU uﬂm:muu pue ‘pald TITY3IOOJ FO gano Ag JueTd
) 0S 550 obessed utea3 saoqe woxl ,00T *HBIN OTIBWSOD
@ 09 9¢T”’ obptTaq proalTed yjesusq AT3ISSITP punoxb ug 69617 *3I20
v 8 890" 3T U0 SIsUOT3
-TPUCD IT® WOIJ ICOT3F SUIURZZDW UO SUCTIRIQTA
O (4 100" xoaowylaes spied gy 0g-2 PIIONT wWOIF ,0ST
v 6 900" 3Tq z9bne W8T UITA butTrTap a1td woas ,0vI
® ST t£10° peads TIn3 HButoh
3 pPOpROT 1G9 JIdaoumjzaes IelirdIiezed woxI ,QST
(6] £ 100" *AmJ BOTUOW BIURS JO UUNTOD SPTSIN0C 03 TRWIOU ,§9
© £ £10° Aemooxg
B0 TUOH BIUBS JO UCTIDOS PBIRASTS yIeduaq AT3o09aT1q
© 0T £00° SUTT qaND DA0QE WOIF ,GG SOT-VI-L0
1 100" *Ang TeraodwI pue *SAY STPIY JO ISUIOD *0p oovdsoxay
OTFFex] Ied y3TM *AmH Terasdul uo gano woIy ,G 696T YoIeK
00 000" . snq woxy ,8T
Io0sues Y3lTm 399138 L3T0 uo abessed suq Ls11oal 08z-4S-¥0
00 000" Teuuny ybnoaysy Jusujaedy
butob suteal yita IITH ox=ajzoag jo doj up 896T °*ACON
sjurtod
. PP330Td
Jo Des/urt $303 po3OoNpuUo)
sToquisg ZH A3TooTan yeed SUOT3E00T JUSWRINSEIN JI0/PUE 3DINOS UOTIRIGTA Apnas uoTIRIAqTA
suoT3ieIqta . ‘

¢ @anbtg

SLel - 8561
VILVd NOILVYEIA JELOUTES J0 NOILYTIILWOD,

wvvwfastio.com

ChhPDF -


http://www.fastio.com/

v 09 p60° butuunx
ﬁmmommﬂw JUTS WOIJ SUOTIRIQIA IOOTF USYDJITY .
v T 810" ZOOTF UdYOZTY uo DbuTHTeM S-¥1-L0
o VT €10° T u " u n " " 0L sewoy 83eATId
© v 1€0° *Amg euy muumm JO SueT mﬁampso WoX3F TePuIOoU ,QOF zL6T "huv

v T 600" I00TJ puz uo buTyfesm wWOII SUOTIRIAGTA
© AN £T0” UOTIeDOT 2A0(E WOIF Tewrtou ,Qf 08¥-4S-%0
® vl 0£0" *I0SUSS WOoXI ,§ *OTFFeal asnoy jusujaedy
sng pue mxosuu U3TM gIND *SAY UOSPIRUYDTY UQ ZL6T ATnp
- _ 86T/TOT-UOKH-S0
) 1 150" ydu +0g butob (saed g) urei3x rebuassed woIy QT OTTS
] 1 9¢0° _ ydu o5 - oy butob uteab sjzsaouod
(saeo 3ybToay +0TT) UTRI3 UYbTex3y woxy ,G°L TL6T °"AON

v i 010" JI0O0TJ SSNOY U0 DUTTem WOIF SUOTIRICTA

® 01 roQ-” °3g sTouexy "3s uo

Jsaounjjxes xerTrdasie) woi ,fy SUOTIBRIACIA

® ot YA *31g sIouexj °35 uo
IoaouylIes IeTTTdaojze) woxF ,5T SUOTIRIATIA SE/T-HS~¥0
v <1 FA s - JO0TT SOWOH 93BATId
v R4S 900° wﬁon wﬁﬂm =mﬁ maaaﬂanﬁ Eoum 101 TL6T *9=4
v v c00°* sda3s3003F AaevsH gTT=~UDA=LD
o] .S -S040’ IsaTteIl @cm Jaddoy judwed Jo abessed Bwoy ¥3BATIJ
h o y3iTm TOpTnoOys uo obpe juouwssed gTTYS WOIIF ;§ 0L6T °"AON

sS3uTogd
pP®330T1d
Jo oas/ut ‘ _ $1X03 pPO3ONPUOC)
sToquAg ZH A3TO0T8A Yead SUOT3ED0T JUSUSIANSE, A0/pue 30IN0S UOTIBITA Apnayg uoT3iRIqIA
SUOTIRITA , .
SL6T - BG61
«ama onammmH> QaELOITIS Jd0 onquHmsou

g aanbry

www fastio.com

ClibhPDF -


http://www.fastio.com/

I0T-U0S-§( ouoy

- ¥00° ®bpe jusweaed woiry .,y - ,T gINO WO SUOT3IBIqTA  ojeatad Axo3s om

- €00* 10073 pug uo sde3s300I WOII SUOTIRIGTA 20074 SL6T Ainp

) T-UOW-50

. = 160" S,LZL pue 8§,6-0 awoy ajeATId
SIeT[TdI9ole) WOXF Avme 1S5C~01 SuUOT3RIqIA GL6T Ael

L8~-TOS~%0

- 5zZT" ITTW TIBUUTOUTD JO Aempeq UOC UOTIRIAQTA doys sutyoey

- AL uot3jeaado ut doys yzim UOTIRIQTA X0OT4 GL6T A®vW

Z8~WS-p0

_ _ |WoY 93RATI4
Q T 6EQ” "Amy Tesy outweD 13 woig +ST1 EL6T °*Oag
08¢~TOS-¥%0

_ SWoY 83eATId

© 1 100° (s3edaed zo peor yzm ¥onx3l) dwex yyo woay +gg €L6T "osq

_ 082-35-70

- - - - - - doys autyoery
_ E€L6T ‘uep

[ ] 14 GLe"® u u u n n n 1 8E Hlﬁlho

a8 ¥4 g8 ¢ Jusweaed 938I0uU0d buryeeiq zodumgs Ooswy wox3y ,0f ‘00 buissevoxd

O] T 100" I0SUas 031 ,§ elep Jo9anduo)
qano 399135 epsaindes v ToA9l UOTIBIqTA ZL6T *4AON

§3UTO0d
pa3301d
Jo ‘ oss/ur tI03 pajonpuo)
sToquig ZH A3Io0oTea qead SUOTJIEDOT JUSWSINSEIN X0/pue 8dInosg uoTIRIqTA Lpn3ig uvotjeaqra
_ SUOTIRIQTA
SLET -~ B8S6T
L ®anbig YLVd NOILVYHIA QILOTIIS J0 NOILYTIIQWOD,

www fastio.com

ChhPDF -


http://www.fastio.com/

;

j

NOILVHEIA

E:

Figure 8

STAAIT

1334 - HOEN3S W04 3JONVISIQ

oot 05

ol

00

200

o

or

oz’

— 0 O 0
B s s e |..m .
m I
v t
e e m
i i
i i
- .|||t.h—4®.|
- H - ﬂl -1
| a7
— e e mn e S | m o
e e g o | o0& -
gl—- i
© o
] o P a1 o]
o || I 0 ¢ o
5 1
o o ot |
——- :
o J_V Lo
. - ©
ST ISR SN I
2 AR N N Y
(1 | ST I A o i
Py :
i { iy 1 ;
L . |
" Pl __ | oAaT] ebowdg [oihiobiypay i !
! i R j ' : ; i
Hr g iy cplbaumangl S LT . :\\. ) .T»M.HH..H_!.}._] o —iTT T T
Kogmo = @1 ! . _ ! . o m _
|| I ey I ; i _ ; . h i

J134VHL MYINDIHIA L13FUIS ONV AVMHOIH A

8 03SNVD SIONVLSIC

SNOIYYA 1V SNOILVHBIA

oo’

900"

800

og"

(93S/°NI1) *ALID0T3A 31D1LYVd

WAL lastio.com

ClibPDF -


http://www.fastio.com/

Figure 9

S$I13AI

'NOILVHSEIA

001

o
n

I~} T kil o - " - .
. b ; i : T
: H ” ! i i : i ' i

: : : : : : H
: | S A i u ! Pl
: H i : : i H H [t 1 : ¢
. L < f ; i Vo :
t FE i ' N ! ; i i
H o i ! . m . 1 H ! H F
f Pt ; ' ; oL
i i P i

. : i B ;
.. - - : i . e RO R
H 1 .

N : :

m i ) B £ _
! o ”
: : i : . HE .
R = N ¥ . PR T - = e - LT T PREPY Y S e
. ' : j : : ! ] i
L i : H : :
P : w : P ‘

. . LI
B e et T B 5 L.ul‘k:..ﬂi, - - ..'.. ...... - e

N W _
- ) N .
_ e m I*r e . |¢i.rl - [V

I . - -4 - -
s ! __ : ] . : :
e EE Tty SR N S A |

w A ; ]

R e

v
|

4 MR s s e e

1007

'
i
f
)
i
5
j
'
:

- {200

I SV RURIOPR

T

]
|

560 8 $80 40)
ON393T

—— —

7 ebowog |pinjoay ,.*9:*_

S - . e !..mr- e - R [T ,44%11..@7 - -WI.: . Jm ———ie - e o 1900°
A Tt i EEIos S E e i N U S
A B RO S S S “ P - e e o --.Wf.‘ e T - t —— e _ - —{800"°
o e it L TR e e S, —— e e et e e e E PIE S e e e
P —— - B USSR S 1 o
_ I vy SR R i
. ; : : . : u i 1 m_ “
i @ P . : ; BRI ! w “
! O ; ! ! b ! ; i
3 | : ! . : : ! ! : ' .
H + A _ “ Py } ]
S il e d - i I s uva SN, Y
_ R “ i W L T !
: I | P . “
: Lo ; ; i ® [l i ,. :
-t - R T e Bl T R N SN S W e R v
SR ; _ : i : t i
[ H : . v . { H ' f i
- —p—d _“ : -t ‘- e em - + i m $0
Pl “ i : S : “
O S SN R e P S SN S i ;
; T ; ” T T ._
T SR 0 S S T R S :E....i!-:-..:.we..,".fm..-4.|.1I. e Yo
- { . : : H . ;—n . : !
o ed i . e i e TS SR SIS WS SO SRR
Joy0aN Juswasod W i . | . LT T s
s3joy 3y1d mE:IQ 7 - - R - l.fwwi.wl.flxmr = Bt _, - Ch e e
SIBAOWYIIDF pUINT [ 7Y T T e e st ; - 10l
SIan0WY4I0T J0) @ j : , ;
° i . ; i

— ST : - T T T T T T T e — —
“ i = |
i \H ; o
23S/NI 887 @
INIWdIND3 NOILONYLISNOD A8 Q3SNVD SAINVASIA SNOINYA 1V SNOILYHEIA

.

('O3S/°NI) *ALIDOI3A I19ILuVd

www . fastio.com

libPD

C


http://www.fastio.com/

o

Figure

'§173ATT

NOILYHEIA

1334

O
[le ]

- HOSN3S WOYZ FONVLISIQ

fee e — — A————t
e

ol g
. |

h _96._ mmcE (T4

1DIN}OBIIYDIY

—_— e e j—— —— ——

0

100"

200°

1P00°

49007

20

{90

80
or

X ' , f y ' ) . '
H _ . i : " !
; _ P .Y ” f A ! , . :
. [ i , ! ; i 1 ; :
! . . ‘ oo ; : ,.
) ¢ : ! M P 1 : .
s 3 1 ' ! '
; : . o . : et e
: ; s , H .
i X . ! ! " :
i ' u i _
* . ! ! :
4 i : : . . o
- 13 - |..u_ - - ¥ - .ﬂ - + - e f - ...
., - _ _ i . ; ;
_ ; : . ! b : ] : f
: i § . b )
P - B T e e T T B o . ede . . . D s - .
: I ! ; b N : ? |
I : i ' i i £ ' | _
oo e wad .- .” | JR— . JPI.! o i e s e _” R QP PRTRY S5 l.lm.-.. sy . .i:...Tl|q -
; P ;o . m ”,
R - nnd S I...". [ - - L T T TR 3 —t -
) i H H i 3 . :
i i : : : ; D . - .
SV SUSPUUIN SN DU SR SO A - RS SR SO - SRR T T §
. i - i
[P — [P PRI ———— e i - —— e PRPISURNESPU S 1 - L - - e e
. . . N — 1 . ‘.l T
S - — S J—— - . , . . :
: _ ) . M ! i + H i
! ; : : ; | B | ~ i
! : ; : i i :
: ' m . ! H ‘ _ _
: : i .o ; ) i 1
! d Eo : cor : : |
, : i ] “ Do ; :
i H : H H 3 i
SRS S PO e . RN e s B ot S B s e R
N N . . 1 i _, : H 13 . 1 H
; ; : ! : ; I t
” . - h L m w m !
; Lo . ; : PN i
——d - B —— e g ORI S B I = T il
X . ' . i R t i i :
: o i : ;
_ W - P L :
. 1 - 3 N - .. .
e T LT e T = ved g ~ e b : 1
s i . ] ! : ¢
: . i A R L ; ’ ; : Y S » i 5
] B I R R Bt H : LR e e bt e .0 bt - b— S e e
L___ w : i ; i ! i . ;
: _— i i t } _
b e B . - . b an
o ' : ! ' i ! :
PR B F R L R o B —_— e ia s T e -
- . — L H + m .- - st g - - R
—_ e e P - .. * : R
eam i e P - B P R U S — - P
m m _

oe’

SNIVHL A8 Q3SNVD._ SHONYLSIQ SNOI¥VA LV SNOILVHSIA

oe’

(93S/'NI) *ALI20713A ID1LMVd

wavwlastio.com

libPD

C


http://www.fastio.com/

Figure i

NOILVHEIA

S73A37

L om i L wdbve

00! 0& ¢]] ]

: . “ ' , " :
| L] b ! | M !
P L m | i N
i 1o | i i ! |
! i H 1 :
R T U P H ., [ BN - aw — e .._r.!..l e e l.m _ L..I.....Ti l.‘l .”. .
m P vm“oa 8simaayjo M_ w mawhﬁ Do 4
_mm_m_c_z :o_:zn; uooE m., R
S S e ke S U S S ARG SO N S SR
TR S PP free e ] borie mm e e e e e O Tt AN U —
B 7 ]
e ; TR SR U { ! ! H i
; Epor f H ! ,m ; h
b — e b L __ do — S S el [T S
T { : i : : ;
j s s R + w ‘., 1 ” - 4 Sy — [P S d,.‘t._? .“ SREEE - hn e i
m —_———— |..Tu.lni!|lll|n|i.Li!n ) .|.w. RS S ..l.;wr..li.‘ IT....IIrI!I..I.T-)II e e 4 ! A R U Uy TR
! | . S : T' S S -
3 - :

S-S T U S
|

” .q
i

Ilzll sde}sipog —

. |

m | | |
: {

N

!

:

%Sm oo ¥

; .&mco_:v%o 41b ) suIuDZ2¢

2

i
+

lnlmii s

T

M i
e e e 4.;4“.....LIJ‘..:..._ —— |_.|i

SR S I - |

o . k-

4
i i
m

| p
“|osodsip Waliojiy

o

i I

b

! x\\_“m AB| umchu E;Eom:__ohq_ N
.lllllll..l..lll.....l,l.llll..hlltlllllll.llll g
. |I|T|I|.|.I|| PR P - u ——a e l.wi.fl.?.‘.l . e - J ._ 1 % 4
i P b i i Co W m
n m H ! 1
. Jauiyppiod 1pY uciioigIA Joo i i
. ( :4_ v J; 1A Jood o | m m

B S

e o e ) dmem e etk a—— e

100°

1¥00°

Jso0

10

120°

20"

80
or

oz’

(U0} 1SNoURs ) oL )
U0IDIGIA JOOI “D3S/Ul 216" ﬁ

.mu_.:>_._.o< ONIQTINE-NI A8 d3SNVD SNOILYMSIA 9NIQIiNG

og’

200’

900

(028/°NH) *ALIDOT3A 31)11¥vd

www.fastio.com

ChhPD


http://www.fastio.com/

Caltrans Lowboy Tractor and Trailer Rig

Control Test Truck

California Division of Highways Lowboy

Front Axle 1 9,560 pounds
- Tractor Axle 2 and 3 24,380 pounds
Prailer Axle 4 and 5 35,160 pounds
Total Weight ° 69,100 pounds
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