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ABSTRACT

s study was undertaken to determine the magnitude of ground

.rations produced by traffic and/or construction blasting. Such
pformation could provide a tool in defense of legal claims concerning
hysical damage to nearby properties. An engineering seismograph was
sed to collect vibration data at highway traffic model sites, at
évated structure sites, heavy construction traffic sites, and

Kaffic complaint sites.

The most pronounced earth borne vibrations were found to be from heavy
vehicles traveling on rough pavements at high speeds within ten feet

of the vibration source. Vibration was lowest on smooth pavements
fégardless of the speed and distance from the vibration source, Only
1.6 percent of the traffic model vector sum means exceeded the 0.2
“.in./sec. limiting velocity recommended in AASHTO R8-81. Nomne of the
elevated structure sites or construction site haul traffic gave earth
- borne vibration levels above AASHTQ recommended guidelines. At the
complaint sites, only one close measurement distance (31 feet) gave
levels above 0.2 in./sec.

It was recommended that the Department make routine investigation of
vibration levels due to construction-oriented sources at construction
sites in urban areas within 50 feet of residential and/or business
structures. This routine data gathering will provide base line data
that will protect the Department from possible future litigation due
to vibration induced damages.



IMPLEMENTATION STATEMENT

“undertaken to provide a useful tool for the
1 Section in earth borme vibration litigation. Many
:ﬂé vibrations measured in this research were above
red to be the threshold of human perception, 0.05

nd. When humans feel these vibrations, they usually
vibrations are doing physical damage to their homes and
eﬁ though the earth borne vibrations are below the
city of 0.2 inches per second recommended in AASHTO

énded that the Departiment make routine investigations of
evels due to construction~oriented sources at construction
bqn areas within fifty feet of residential and/or business
" The findings of this research study will be reviewed by
ment’'s Soils and Geophysical Project Advisory Committee as
exact method of implementation either through the Department's
ring Directives and Standards Manual (EDSM) or a construction

vibration induced damages.
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METRIC CONVERSION FACTORS*

To Multiply by

Length
meter (m) 0.3048
millimeter (mm) 25.4
meter (m) 0.9144
kilometer (km) 1.609

Area
square meter (m?) 0.0929
square centimeter (cm?) 6.451
square meter (m?) 0.8361

Volume (Capacity)

_é;foot cubic meter (m?) 0.02832
;1on_§u.s. 11quid3** cubic meter (m?) 0.003785
1lon (Can. Tiquid)}** cubic meter (m?) - 0.004546
nce (U.S. liquid) cubic centimeter {cm?) ¢ 29.57

Mass
_odhée-mass {avdp) gram {g} ‘ 28.35
pound-mass {avdp) kilogram (kg) _ 0.4536
ton imetric) kilogram (kg) 1000
ton {short, 2000 1bs) kilogram (kg) 907.2

Mass per Volume

pound-mass/cubic foot kilogram/cubic meter (kg/m?) 16.02

pound-mass/cubic yard kilogram/cubic meter (kg/m?) 0.5933
pound-mass/gallon (U.S.)** kilogram/cubic meter (kg/m?) 119.8
pound-mass/gallon (Can.)** kilogram/cubic meter (kg/m®) 99.78

Temperature

deg Celsius (C) kelvin (K) tk=(tc+273.15)
deg Fahrenheit (F) kelvin (K} tk=(tF+459.67)/1.8
deg Fahrenheit (F) deg Celsius (C) tc=(tF-32)/1.8

*The reference source for information on ST units and more exact conversion
factors is "Metric Practice BGuide" ASTM E 380.

**One U.S. gallon equals 0.8327 Canadian gallon.
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“ INTRODUCTION

S

the Louisiana Department of

ment! (La. DOTD) has become increasingly
:l_ging?damages to homes and businesses near
. ﬁéér‘highway construction sites. These
used. by ground vibrations created by traffic
on iraétices. Demolition by blasting has
source of vibrations in which litigations have
ith La. DOTD were aware of guidelines

»chers in other states, as well as foreign
the allowable levels of vibrations to prevent
sidences, or historical sites. Since there
data. for Louisiana sites, it was felt the
proposed would provide a data base for defense
t.the La. DOTD as well as contribute to the

éﬂt has generally beeﬂ able to substantiate
practices were not to blame for alleged
e&fb#”homes, businesses, or other bulldings.
“using a limit of two inches per second peak

(o) prévbnﬁing physical damages as propsed by early
tes Bureau of Mines. Several later authors
mmending much lower maximum limits. Work done
2sts that the damage threshold should be placed
nches per second so that the fatigue effects

of application (as from traffic) and the effects
ts on the building are also taken into account.

vy

‘esholds of Damage due to Ground Motion," Proc,
#m on Wave Propagation, and Dynamic Properties of
Mexico 961-9-1967.




In response the American Association of State Highway and
Transportation Officials (AASHTO) adopted AASHTO Designation R8-81,

Standard Recommended Practice for Evaluation of Transportation Related} - Th
- The

~ pre

- enc
- or.
par
" Pea

Earthborne Vibrations, providing guidance for the assessment of
potential or alleged structural damage due to earthborne vibrations
related to transportation facility construction, maintenance or
operations. This is only a Recommended practice to provide guidance
as to allowable limits and not a Standard practice which would be mor

legally binding. The recommended maximum vibration levels in R8-81

- for preventing damage are as follows: :::

the

_ Limiting Velocity olo

Type of Situation (In./Sec.) mot

: res

Historical sites or other critical locations 0.1 vib

Residential buildings, plastered walls 0.2 to 0.3 fac

Residential Buildings in good repair with fro

gypsum. board walls . 0.4 to 0.5 Dep
Engineered structures, without plaster . 1.0 to 1.5

With these much lower limiting values, based on replication and
triggering effects, it was decided that the Department's 2" /sec.
limiting criteria deserved further evaluation.

Again it must be stressed that the lower limits (0.2/sec. for
residential buildings) proposed in AASHTC R8-81 are the basis under
which this research was done and that these limits are set much lower -
. than the U.S. Bureau of Mines limits because of the fatigue and |
triggering effects of transportation related vibration. Vibrations
due to transportation activities are far more restricted in the
dimensions of the area affected but may produce many mores cycles of
application than blasting.



PURPOSE

. . !

The: purpose of this study was to establish whether ground vibrations
produced by traffic and/or construction blasting are of sufficient .
enough magnitude to cause physical damages to nearby homes, business,
or other buildings. These vibrations would be measured in terms of
particle velocity rather than particle displacement or acceleration.

| Peak particle velocity was chosen as the best means of measurement

after the U.S. Bureau of Mines made a statistical analysis of many
reports concerning vibrations to residential structures and came  to
the conclusion that "A given degree of damage to a structure 1s most
closley related to the magnitude of the particle velocity of the wave
motion passing through the earth at the structure location." This
research study was undertaken to determine the magnitude of the
vibration problem, if it does actually exist; and if a problem does in
fact exist, to supply our Legal Section with data to protect La. DOTD
from frivolous suits and to make just settlements in cases if the
Department is found at fault.




SCOPE

i 1
In order to achieve the objectives set forth in the introduction,

which included: (1) The estéblishment of a data base of vibration
measurements taken in Louisiana, and (2) Providing the LADOTD Legal
Section assistance in the defense of legal claims agsainst the
.Department, this research project was set-up to evaluate: (1)
.Factorial pavement traffic data (2) Elevated roadway data (3)
Construction site data, and (4) Complaint site data., It was
;originally intended to include construction explosive blasting as a
vibration source, but due to no blast data being available during the
_ﬂuration of this research project, the blasting evaluation was
;eliminated from the scope of the project.

._To provide a data base of vibration mesurements in Louisiana for legal
ﬁssistance 2s well as contribute to the national data base, this
research will measure vibration magnitudes produced in terms of peak
particle velocity rather than particle displacement or acceleration.
Z?he device used to measure the vibrations will be an engineering
;éeismograph model VS-1600 made by Sprengnether Instruments, Inc. which
_;is designed to measure ground vibrations and air overpressure
f"iesulting from vibration-inducing phenomem, This research will
;'¢oncern itself with actual'physical damage limits, as recommended in
TO}ASHT Designation R8-81, and not with any mental or emotional
i”grievances arising from the vibration sources 1investigated.



METHOD OF PROCEDURE

uipment Description

equipment used to measure vibration for this project was an
neerlng seismOgraph Model VS—1600 made by Sprengnether

i 5T a sub51diary of Dyneer Corporatlon;‘
‘e Modei VS-1600 was designed to measure groﬁnd vibrations
essure resultlng from blasting. It co sists of a
_Scillograph recorder, an. S~4500 triaxi { a

di micrOphone, and a charger for the internal battery. The
rnal rechargeable battery will Operate the VS—1600 for
6ximate1yj30 ho&rs. For long-term unattended monltoring, the

1600 can: be operated by contlnuously trickle-charging the batteries
Y plugging the unit into a'120- volt A. C. line., For easy

nsportation a1l the system components are stored in the portable
itcase style metal container (Figure 1) '

S-1600 can be manually operated or it may be operated in the
matic mode. Under the manual’ peak operating mode, the seismic and
’overpressure inputs are examined for the maximum values, These
_e are retained in the memory until they are manually reset to
o;before vibrations are recelved from the next event, The manual
kioperating mode was the posxtlon in which most of the vibration
ataffor this research project was collected. 1In the automatic.mode
Sﬁlc and air overpressure inputs are examined and maximum values
ained in memory, If any of the seismic channels exceed the trigger
el selected by the operator, the oscillograph recorder is energized
a permanent record of the event is made. This mode was not used

‘cordlng vibration data except where a permanent record was to be
e for the final report. In manual operation, the internal
Toprocessor scans the three geophone outputs to see 1f any one

2eds the trigger level, computes maximum particle velocities on all

:r_lnput channels, routes the data through the delay line, keeps
“on the




S . Model V5-1600 Engineering Seismograph
Made by Sprengnether Instruments

FIGURE 1




“ynternal clock, and displays the information selected from the memory
§ﬁpdﬂfthe liguid-crystal display. This was the mode in which most of
‘the data contained in this report was obtained and recorded in the
*Iiéia book., If a permanent record of the vibration event was needed,
:the vS-1600 was put in the automatic mode. When any of the ground
‘motion input components exceeded the preselected trigger level, the
microprocessor initiated oscillographic recording of the signals from
'{he delay line and continued to monitor the input components. At the
end of the event, when the signals drop below the trigger'tﬁtéShold
1imit, the microprocessor will continue to record for five'sédbnds,
then initiate a seismometer calibration and annotation seﬁﬁénce.

ﬁf%ér recording the calibration pulses, the microprocessor will anno-
ftate the oscillograph record with the date, time, the sensitivity set-
Fting, the maximum inputs received on each channel, and an ID code for
that particular unit. The recorder is turned off and the VS-1600
“returns to the monitoring state. If another event exceeds the pre-
:'elected trigger limit, the process starts all over again and another
'record is made. All the permanent oscillograph records are made on a
Qdirect—write photographic~type paper. ’

g%ij‘:a.té'ACQuisitiOH Setup

‘The V8-1600 is transported to the work site as a complete unit con-
‘tained in the suitcase-style enclosure. After arriving at the site,
the VS-1600 is placed in a horizontal position and opened up. The
 seismometer pickup is removed from the case and the seismometer con-
”ﬁeéting cable is plugged into the right side of the case, If blasting
measurements are to be taken, the microphone is removed from the 1id,
set up and plugged into the microphone connector on the case. The
7ééismometer pickup is approximatelf 5x5x4 inches in size and should be
leveled and firmly attached to the ground or surface of observation,
particularly if either strong shaking is expected or the surface may
8llow the seismometer to slip readily, yielding incorrect readings.
The manufacturer recommends burying the seismometer in order to reduce
the horizontal slip and to maintain a more perfect contact with the



ground or soil. This recommendation was followed for vibration

measurements in soils near roads where the traffic vibrations ware
monitored. The seismometer was weighted down with a sandbag for any
measurements taken inside a structure with a hard floor (as in the
kitchen or bathroom of a home where complaints were received of
vibration problems).

After the seismometer is firmly mounted, the power can be applied to
the VS-1600 system by pulling the power switch over the locking cam
and placing the switch in the ON position. The condition of the
internal battery is displayed for a few seconds. if the battery
voltage displayed is less than 11.5 volts, the batteries need to be
recharged before measurements are taken. If the battery 1is charged,
the internal clock is now set by selecting CLK MODE. The parameter
be set is then selected on the display select switch. This switch
includes day, hour and minute settings. After setting the clock, th
operator then selects the system operating mode. As approximately 9
percent of the readings taken on this project were taken in the PEAK
MODE, this process is decribed. Once, the system sensitivity is
selected so as to ensure that the anticipated seismic levels will no
saturate the recording system (usually sensitivity setting was set o
1.0 in./in./sec., giving a maximum system signal level of 0.64
in./sec.), the MODE switch is placed in the PEAK position. The
microprocessor unit initializes the system and initiates a one-second
delay allowing the internal memory to fill., After the memory is

+ 5 0 P o & 0B = 0 @

filled, the system begins to monitor the four inputs (transverse,
vertical, longitudinal waves, and air overpressure), then computes an
stores the maximum values. There is a one-second delay between the
receipt of & wave front by the seismometer geophone and the actual
computation and display of the peak value. To read the stored memory
parameters the operator places the DISPLAY SELECT switch to the
parameter he wishes to look at. If the seismic channel parameter

velocities (peak transverse Vp; peak vertical VV and peak
longitudinal V1) are selected, the display will read directly in
inches/sec.

10




ge values are recorded in the field book for each event
jtored. The peak particle velocity Vp is manually computed later
by ‘taking the vector sum of the three individual component velocities.

- ) ) )
Vp f'VT + VV + VL

1Tﬁe peak particle velocity vector sum will be of a greater magnitude
than any of the individual component velocities since the individual
.ébmponent wave velocities arrive at the seismometer plckup at slightly
idifferent times and would not arrive simultaneously. On the fourth
'Thannel display (air overpressure) the maximum is dispiayed in volts.
FIt is necessary to use the instruction manual conversions and
microphone calibration data sheet to convert the voltage into air
overpressure. To examine the time at which the last maximum occurred,
the MODE switch is left in the PEAK position and the DISPLAY SELECT
switch is rotated to the time (day, hour, minute) parameter desired,
and the display will show the time at which the last maximum

occurred. The stored maximum values and peak times may be cleared by
moving the PK RESET switch to the MAN position, and the V38-1800 is
then ready to monitor a new set of vibrations. ' ‘

Field Procedure

§ an® sfter becoming thoroughly familiar with the operation of the VS-1600

he engineering seismometer, the researchers designed a model in order to
1 | observe the variables which might affect ground vibration. In this
mory

model the wvariables could be controlled to some degreé'to vield
different traffic vibration situations which would be representative
of Louisiana conditions. The variables investigated included:

11



Geologic Soil Areéa
A. The loose alluvial, natural levee or marshy soils usua
encountered around New Orleans and/or the South Louisi

coast,

B. The hard, firmer coastal plain soils found in North
Central Louisiana,

Pavement Type
A. Flexible -~ asphalt pavement
B. Rigid - portland concrete pavement

Pavement Distress Factor
A. Smooth - normal smooth pavement surfacing
B. Rough - bumpy or pothole-type pavement surfacing

Speeds

A. Low, 20 m.p.h.

B. Medium, 40 m.p.h.
C. High, 55 m.p.h.

Vehicle Weight Range

A. Low, cars up to around 5,000 pounds

B. Medium, light trucks up to 30,000 pounds
C. High, heavy trucks up to 90,000 pounds

Distance from Vibration Source to Seismometer Pickup
A. Ten feet

B. Twenty feet

C. Thirty feet

D. Forty feet

Vehicle Repetitions for Each of the Above Variables
A. First run

B. Second run

C. Third run

12



al désign is depicted in Table 1 and has a total of 864
uns for traffic vibrations. Ninety of these 254 runs
dué to equipment breakdowns, time restraints and/or

@ry_low levels of measured vibrations. Those 90 readings
uns. - Car at 20, 30 and 40 feet on rough flexible
nt on firmer soils in North Central Louisiana.

uns. - Car at 30 and 40 feet on smooth flexible pavement
oose soils in South Louisiana.

uns - Medium-weight dump truck at 30 and 40 feet on
oth flexible pavement on loose soils in South Louisiana.,

ruhs - Heavy-weight lowboy truck at 20, 30 and 40 feet on
mootﬁﬁflexible pavement on loose soils in South Louisiana.

ditions were varied by selecting two of the state's

ge logical soils areas (Figure 2). The first soil area was
liuvial natural levee and marshy soils found in South
here were actually two areas in South Louisiana but both
e n ural levee alluvial soils of the Mississippi River. This
dl levee deposit of gray and brown silt, silty clay,
flne sand. In geologic time this soil is a member of
ne'Epoch Quaternary Period, and Cenozoic Era. The rigid
meht (both rough and smooth; site 1c) sections mesured
aﬁe La. State Route 23 about five miles below the town

ase'ln Plaguemines Parish approximately twenty miles south
ns,

The northbound rough concrete section (Figure 3) was
2.3/4~1nch bump where the concrete slab section adjoins
5 ptlon and the road developed a fairly large bump. The
rete Ssection (Figure 4) was in the southbound lanes of
Tflex1ble asphalt pavement (rough and smooth; site la)
Was;On two-lane La. State Route 308 near the town of

13




TABLE 1

FACTORIAL DESIGN OF TRAFFIC MODEL

-CLASS LEVELS VALUES

Soil Location 2 North South
Pavement Type 2 Asphalt Concrete
Pavement Distress 2 Rough Smooth

Speed . 3 20 40 55
Weight Class 3 Low Medium High
Distance 4 10 20 30

Number of Replications - 3

Total Tests = 2 X2zx9x 3 X3x45x3 = 864

14
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jeonville in Assumption Parish. The smooth asphalt section
yre 5) was approximately two miles north of Napoleonville, while
prough asphalt section (Figure .6) was approximately four miles

ip of Napoleonville. The rough asphalt section on La. 308
fﬁbound was a 2-2 1/2-inch deep pothole approximately five feet

éfand fifteen feet long. Both asphalt sections were on La. 308

bﬁ runs along the natural levee of Bayou Lafourche, which is an old
tributary of the Mississippi River.

second soil area to be investigated was in North Central Louisiana
Séé;Figure 2) and was in the firm, gently sloping to hilly coastal
plgin area, It is made up of brown lignitic clays, silts, and sands.

é a member of the Cockfield formation, Eocene Epoch, Tertiary
od and Cenozoic Era., The rigid concrete pavement and flexible
halt pavement sections (site 2, Figure 2) are both located in this
Stal plain area near the town of Farmerville in Union Parish. The
’6¢ph concrete pavement section (Figure 7) was located about five
miiééfwest of Farmerville on a two-lane section of westbound La. 2,
whiie;the rough concrete section (Figure 8) was located approximately
foufteen miles west of Farmerville on westbound La. 2. The rough
conérete section was actually a thin asphalt overlay over an old
:okep concrete slab which had been ground down at a faulted slab

ﬁti The rough area was about 3/4-1 inch in height at the joint and
wfeet long and the width of the lane or 12 feet wide. No rough,
pure concrete section in this soil area could be found which had
not_been patched or overlaid, so the thin asphalt concrete overlay

descrlbed above was chosen as the rough rigid pavement test spot. The

smooth asPhalt section (Flgure 9) was located on two-lane southbound

This rough spot consisted of two potholes approximately

WO inches deep, The first pothole was four feet wide by eleven feet

_png and was twelve feet away from the second pothole, which was three
f??t wide by five feet long.

17




S 3

. o 8]
Fegi O
Qg Qg
b e Qe
43 0 5w
O LY
& 3 X 8§

-] ]
+ ) 43 o
38 2R ™
B3 R B o8 A o
QD e Q = i

+ D ] + W LG
T A T A
£ 23
Sonuo Sonw
<5 N
B . o .
3 5
ﬁm &S]

e S : : : ‘ : w L W&WW Mwmw WM@
L

-




Smooth Concrete Test Section on La. 2 in North
Loutsiana. 72,800-Pound Lowboy Making Test Run.

FIGURE 7

Rough Concrete Test Section on

La. 2 in North Louisiana. Actually
a Thin Asphalt Overlay Covering an
0ld Concrete Slab.

FIGURE 8




Rough Asphalt Test Section on La. 383
in North Louisiana

FIGURE 10
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Smooth Asphalt Test Section
on La. 15 in North Louisiana

FIGURE 8




r the soil areas and road sites were selected, the low, medium and
_weight vehicles were weighed by DOTD Weights and Standards

éers (Figure 11). These weights were recorded for the various
éles used during the vibration measurements. FEach of the test

ge vehicles would then make three repetitive test runs for each

ed (20, 40 and 55 m.p.h.) at the four pickup distances (10, 20, 30
'0 feet perpendicular to the roadway) and the vibration levels
‘recorded. Figure 12 shows the 23,000-pound dump truck making a

¢ run on the rough asphalt of La. 33 in North Louisiana, Figure 3
ws the 4200-pound car making a test run on the rough concrete

on of La. 23 in South Louisiana., Figure 7 shows the 72,900~-pound
Ddy heavy truck making a test run on the smooth concrete section of
fin North Louisiana. Table 2 presents vehicle and weight data
thé respective test sites.

'}raffic vibration model data was recorded in the field book for
varying conditions described previously, and the vector sums of
vibrations received were calculated manually at a later date. The

br sums by groupings for the individual traffic model test runs
be found in the Appendix.

dition to the traffic vibration model measurements, three

ted roadway structures were measured for vibrations produced by
1 traffic vehicles traveling at high rates of speed. At these
éted sites the seismometer pickup was buried at different

&nces from one of the piers or columns that support the structure
ﬁibrations were monitored in several-minute time intervals. The
“vibrations received during each time interval were recorded, then
Selsmometer was reset and another time interval monitored.

rations monitored were at the prevailing traffic conditions (speed,
ght, ‘type vehicle, etc.) for each site. The first elevated site
onitored was in Baton Rouge, Louisiana, which is in a loessial hill
nd Mississippi terrace geologic soil area. The site was located at
erstate I-110 and U.S. 190 in North Baton Rouge (Figure 13).

brations were measured for several hours over three separate days.
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Recording Truck Weights by DOTD Weights
and Standards Police Officers

FIGURE 11

23, 800~Pound Dump Truck Making a Test Run on the
Kough Asphalt Section on La. 33 in Novth Louisiana

FIGURE 12




TABLE 2
TRAFFIC MODEL TEST DATA

South Louisiana Test Sites

Gross Weight
Vehicle Type (Pounds)  Pavement Type

Plymouth Sedan 4,200 concrete slab
"?#ord Dump Truck 23,000 concrete stab
"”?;InternationaT Lowboy 74,600 concrete slab
1 Plymouth Sedan 4,000 asphalt
~Ford Dump Truck 27,200 asphalt
_International Lowboy 91,100 asphalt

North Louisiana Test Sites

Gross Weight o
- Vehicle Type {Pounds) Pavement Type

“Piymouth Sedan 3,900 concrete siab

80° GMC Dump Truck . 23,300 concrete slab
“International Lowboy 72,900 concrete slab

8 Plymouth Sedan 3,900 asphalt

80 GMC Dump Truck 23,300 asphalt

80 International Lowboy 72,900 asphalt

7§7P1ymouth Sedan 3,900 asphalt

980" GMC Dump Truck 23,300 asphalt

980 International Lowboy 72,900 asphalt

23

Highway
Distress No.
smooth & rough La. 23
smooth & rough La. 23
smooth & rough La. 23
smooth & rough La. 308
smooth & rough La. 308
smooth & rough La. 308
Highway
Distress No.
smooth & rough La. 2
smooth & rough La, 2
smooth & rough La. 2
smooth La. 15
smooth La. 15
smooth La. 15
roﬁgh La. 33
rough La. 33
rough La. 33




The second elevated site was in New Orleans East, which would be i
the coastal marshland soil area on the southern shore of Lake
Pontchartrain. This site was located at Interstate I-10 and La. 4'
Paris Road (Figure 14). Tests were conducted on this site over a tw
day period. The third elevated structure site was located near ’
Ruston, which is in the gently sloping to hilly coastal plain soil
North Central Louisiana, This site was on Interstate I-20 and sev
overpasses (La. 33, La, 151 and La. 544) in the Ruston area. Read

were also taken over a two-day period.

The highway construction sites were tested for vibrations produced
heavy construction traffic under the prevailing conditions at the
sites. The first construction site was a heavy hauling site for
Interstate I-49 about 20 miles south of Alexandria. This constructig
site is in the recent alluvial soils of the Red River near central
Louisiana. Most of the vibrations at this site were produced by larg
dump trucks pulling sixz-axle hauling trailers (Figure 15).
Measurements were taken at 20~ and 40-foot distances of empty and
fully loaded dumps and haul trailers traveling around 20-25 m.p.h.
One hundred ninety-three truck passes were measured over a two-day -

period., The second construction site was a combination constructiq@f
and/or complaint spot in New Orleans. This construction was .
associated with building the Greater New Orleans Bridge No. 2 in the
Mississippi River alluvial soil area. Complaints were received ofim

vibrations from construction activities, particularly from loaded and
unloaded concrete haul trucks traveling through residential areas 1m{
order to reach the bridge site. Figures 16 and 17 show the concreté;
trucks approaching the site and the seismometer in the front yard of;
house adjacent to the bridge construction site. Vibration f
measurements were taken at thirty feet for forty-six passes of emptf
or loaded concrete trucks traveling 20-30 m.p.h. through the .
residential area in order to reach a massive concrete pier pour.

Letters were written to the different La. DOTD districts asking the -
administrators to report any sites where it was felt or reported thaf
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Elevated Structure Testﬂéite in Baton Rouge,
Interstate I-110 and U.S5. 180, Airline Highway

FIGURE 13

Elevated Test Site in New Orleans,
Interstate I-10 and La. 47, Paris Road

FIGURE 14
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Large Four-arle Loaded Dump Truck Pulling a
Stx-arle Haul Trailer at the I-49 Construction Site

FIGURE 15
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traffic vibrations may be of concern. These field sites would be

sites in which the researchers, project engineers, maintenance

engineers, construction engineers, or District Administrators feltg“

there was a need to measure traffic-induced vibrations or from whlch

complaints had been received alleging damages. There were two
complaint sites which were measured during the duration of this
research project and both were in the New Orleans area. The first:
complaint site was a home on Socrates Street (frontage road) which:
parallels Interstate 10 westbound and the bridge structure over the_
Seventeenth Street Canal, which happens to be the parish line betweg

Jefferson and Orleans Parishes., Figure 18 is a rough sketch of they
site. Figures 19 and 20 are photographs showing two views of this}

same site. Vibration measurements were taken for several hours ovéf

two days. The results of the vibration measurements can be found 1i

the Appendix.

The other complaint site was in New Orleans East very near the Parls
Road and Interstate I-10 elevated interchange mentioned before. THQ
house was located at 14180 Kingswood Drive and also backs up to t
Vincent Canal. The complaint was from vibrations produced by traffl
particularly heavy trucks traveling on Interstate 10 where it crosse
the box culvert for Vincent Canal. Figure 21 is a wide- angle view o
the site with I-10 on the left, frontage road in the middle, and tﬂé
complainant's house and the Vincent Canal box culvert on the far .

right. Notice the noise barrier wall erected by the subdivision :
developer between the frontage road and the nearby residences. Thé;
distance from the edge of I-10 to the back of the house is .
approximately 150-~160 feet, - Flgure 22 is a rough sketch of the flom
plan showing the locations where the April 27, 1984, vibration .
measurements were made (sites 1~4). Figure 23 shows the rear bathré
of the home, which was the closest room to I-10. Note the sandbag
holding the seismometer pickup in firm contact with the bathroom i
floor. Figure 24 shows the location of the buried pickup 2-1/2 feet
from the wall of the master bedroom at the rear of the home. .

Vibration measurements were taken for several hours at this site on’
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e 5 D R 3 b

I-10 and 17th Street Canal in New Orleans
Showing Traffic Coming Off the Bridge
Structure for 17th Street Canal

FIGURE 18

I-10 and 17th Street Canal in New Orleans
Showing Complainant Residence. Note
Seismemeter in Foreground of Picture.

FIGURE 20
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Seismometer with Sandbag in Bathroom
of Complainant's Home in New Orleans
East at I-10 and Vineent Canal

FIGURE 23

Seismometer Pickup Buried 2% Feet
From Rear Wall of Master Bedroom
At Complainant'e Home, I-10 and

Vincent Canal, in New Orleans East

FIGURE 24




two different days several months apart. Results of the vibration

Measurements at this site can be found in the Appendizx,
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DISCUSSION OF RESULTS

eméﬁt Data Evaluation

otal number of traffic model ground vibration measurements was
Ofrthe designed 864 measurements identified in Table 1. The

1ﬁé 90 measurements were due to eguipment malfunction, time

r ints and/or very low levels of vibrations measured. The data in
le. 3 and 4 represent the raw means of the individual vector sums in
ber second for each of the various factors defined in Table 1.
:3,represents data gathered in South Louisiana locations while

4 represents those in North Louisiana.

kérmine the effects of the various factors, Analysis of Variance
used to evaluate the measured data statistically. Basically, the

sis: of Variance is a statistical tool to determine whether or not
_n?factors (pavement type, pavement distress, etc.) introduced

hé de81gn of the experiment actually produce significantly

nt results in the variable tested (ground vibration vector

?br example, does pavement type or pavement distress affect the
d;variable: In other words, which of the factors introduced

butes most to the overall variation in the measured
eristic?

ﬁgshows Analysis of Variance results for the ground vibration
The source of vibration are broken down into the main factors
he'interaction of these main factors with each other or what is
-85 the first order interaction of the main -factors. The

¥Sis indicates that by far the largest source of variation in

8 is between locations, pavement distress and vehicle wveights,
e first order interaction terms, the vehicle weights and

ent distress are highly significant. In statistical terms,
ficance is defined as being real and effective. Thus, all the
?Ctors and the interaction terms are significant, meaning that
effect is real and effective and could not have occurred by
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e alone. Of the total variation, 75% of the variation is
counted for by the six main factors.’

ar charts 1 through 8 are charts of the vector sum means for all
ibfation measurements according to the main factors and the first
der interactions. These charts were developed from the data

entified in Tables 3 and 4. These charts and the data in Tables 3
d 4 warrant the following comments:

1. The most pronounced vibrations can be expected from a heavy
vehicle traveling on rough pavement at highway speeds within
ten feet of the location.

2. The magnitude of the vibration is the lowest on smooth
pavements regardless of the speed.

3. Using the 0.2 inches per second limiting velocity as
recommended in AASHTO R8-81, only four vector sum mean
groups, or 1.6% of the total vector sum mean groups, exceeded
this limit. Furthermore, all four of these means were for

the heavy-weight truck on rough concrete in south Louisiana.
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Miscellaneous Vibration Data Evaluation

The data for the other vibration measurement sites, fhr

roadway structures, two highwaj construction sites, g
sites, are contained in the Appendix. At the first o)

at I-110 and U.3. 190 in Baton Rouge, the maximum peak
velocity vector sum recorded during three days of monl
inches per second at distances of 10 and 15 feet from

piling. At the second elevated roadway site in Newl

I-10 and La. 47 (Paris Road), the maximum peak partlcle
vector sum recorded was 0.070 inches per second at 10
supperting pier. Measurements were taken over two day
elevated roadway site was in north Louisiana along I )
overpasses for La. 33, La. 151 and La. 544. Measuxeme
monitored for two days and the maximum peak particle v
sum recorded was 0.081 inches per second at distances
feet from the overpass support column. None of the?éle
structures measured gave vibration levels above the O
second limiting velocity recommended in AASHTO RS—SI.

Two highway construction sites were monitored for héu
vibrations: I-49 near Alexandria and Greater New Oileﬁn
in New Orleans. At the I-49 site, vibration measurem
over two days and 193 truck passes were monitored."

combination. At the other construction site, Greater

Bridge No. 2, 46 concrete truck passes were measuredﬁ

second. This was recorded at a distance of 31 feet.
were 45-50 feet from the edge of the street the concret
traveling on. None of the construction site haul trafﬁ}
gave vibration levels above the 0.2 inches per second 
velocity recommended in AASHTO R8-81. '
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he two complaint sites, only one measurement distance of 31 feet
“the edge of I-10 and Vincent Canal gave vibration levels above
9.2 inches per second recommended in AASHTO R8-81 (0.242

npl mun). This spot was 31 feet from I-10 but still well over 120
oa& - from the complainant's home. None of the measurements takea in
complainant's house or at the edge of his yard measured above the
jnches per second limit. The maximum level measured at the  second
blaiﬂt site was 0.162 inches per second peak particle valocity.

his was measured at a distance of 30 feet and is still below the

ommended AASHTO 0.2 inches per second limiting velocity.  Exzcept
or the above noted case, none of the vibrations measured at either
complaint site were above the 0.2 inches per second limiting velocity
dvocated in AASHTO R8-81.

t both of the complaint sites, except as noted above, the ground
ibrations measured near the homes or in the home were very low, and

t was felt by the researchers that the real complaint problem was the
6ise generated by the traffic as it "bounced" over the rough spot at
the end of the bridge structure or the box culvert. This noise was
f&ther ioud and would be very annoying, particularly at night when the
fésidents would be trying to sleep. All the ground vibrations
measured at both complaint spots, except the one instance noted above
at thirty-one feet, had peak particle velocity vector sums less than
the 0.2 in./sec. limiting velocities recommended in AASHTO R8-81.

In many instances the vibrations measured during this research project
. were above what is considered to be the threshold of human preception,
" 0.05 inches per second. In order to keep complaints and/or legal
suits from being filed, it would be advisable to try to keep vibration
- levels below this threshold even though no physical damage would occur
to the nearby residences or business at levels up to 0.2"/sec. The
human body is aware of vibrations at this level, but it cannot measure
the magnitude of the vibrations. If humans feel the vibrations from
transportation—rélated activities, they usually assume that these same
Vibrations are dbing physical damage to their homes and business even

red

45



though the vibrations are below the 0.2 inches per second limiting
velocity put forth in AASHTO R8-81. This research did not investi
noise vibrations received at the homes or business under question,:
the researchers believe the high noise levels caused by high-speed:
traffic traveling over rough pavement spots was the underlying reas
the complaints of ground Vibration damage were filed. While the n
produced by traffic may be objectionable and a nuisance to persons:
living or working near fhe roadway, the ground vibrations produced.
the traffic model exceeded the AASHTO R8-81 limit of 0.2 inches per
second in only 1.8 percent of the total. vector sum mean groups and:
exceeded the R8-81 limit at only one measurement distance in all oﬁ

the other ground vibration measurement sites investigated in this
research, -
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CONCLUSIONS

on the findings from this study, the following conclusions can

ached:

The most pronounced earth borne vibrations can be expectéa from a
heavy vehicle traveling on rough pavement at highway speeds ...
within ten feet of the source of vibration.

The magnitude of the vibration is lowest on -smooth pavements

regardless of the speed and distance from the vibration source.

Using the 0.2 inches per second limiting velocity as recommended
in AASHTO R8-81, only four traffic model vector sum mean groups,
or 1.6 percent of the total vector sum mean groups, exceeded this

limit.

None of the elevated structures measured gave_earth borne
vibration levels above the 0.2 inches per second limiting

velocity recommended in AASHTO R8-81.

None of the construction site haul traffic gave earth borne
vibration levels above the AASHTO-recommended guidelines.

At the complaint sites, only one close measurement distance of 31
feet from the vibration source gave earth borne vibration levels
above 0.2 inches per second. This spot was still well over 120

feet from the complainant's home. None of the other earth borne

vibrations measured at complaint sites were above this limit.
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RECOMMENDAT IONS

is recommended that at construction sites in urban areas within
+ of residential and/or business structures the Department

lfty fee
ration levels due to construction-

ke routine investigation of vib
riented sources (construction traffic, pile driving, heavy
_mﬁchinery, etc.).  This routine data gathering effort will provide
ase line ddta that will protect the Department from possible future
itigation due to vibration induced damages.
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VECTOR SUM GROUPINGS FOR
INDIVIDUAL TRAFFIC MODEL RUNS

Note Under Vehicle Type:

C is for car, low weight range.
D is for dump truck, medium weight range.

I, is for lowboy truck, high weight range.

«
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DATE

80583
80883
80583
80583
80583
804883
80883
81083
81083
81083

81083
80883
80883
80883
80883
80883
808283
80883
80883
80883

81083

81083
81083
80583
80583
80583
80583
81083
80883
80883
80883
80883
81083
80583
80583
81083
81083
80583
80583
81083
8lo83
81083
81083
81033




== SITE=ELEVATED LOCATIONwI-10SHORT SUP:’ORT AT PARIS RD.O‘VERPASS -

DISTANCE VS LONG VERT TRANS DATE TIME TEMD
10 0.041 0.02 0.03 0.02 122083 . 1245PM . 68
10 0.047  0.03 0.03 0.02 122083 .. 100PM .. 68
10 . 0.047 0.03 0.03 0.02 -122083 .- 130PM - 68
10 - 0,082 0.03 0.03 0.03 122083 . 115PM - 68
20 ' 0.041  0.02 0.03 0.02 122183 . . 1000AM - &8
20 0.041  0.02 0.03 0.02 122183 . 1015AM - &8
20 0.047  0.03 0.03 0.02 122183 . 945aM . 68
20 . 0.047 0.03 0.03 0.02 122183 ~~ 1030AM - 68
40 . 0.030 0.02 0.02 0.01 122183 - 1100AM .68

40 ,0.030  0.02 0.02 0.0l 0122183 .. 1l15AM .68
40 "0.030  0.02 0.02 0.01 122183  1130AM . 68
40 ' 0.037 0.03 0.02 0.01 122183 1045AM 68
80 0.024 0.02 0.01 0.01 122183 1200PM 68
80 0.030 0,02 0.02 0.01 ., 122183 . 11453M . . 68.
80 0.030 0.02 0.02 0.01 122183 1215PM 68
80 0.030 0.02 0.02 0.01 122183 . 1230PM..... 68

-- SITE=ELEVATED LOCATION=I-10TALL SUPPORT AT PARIS RD, OVERPASS -=-

DISTANCE V5 LONG  VERT  TRANS DATE  TIME 'TEMP
10 0,049 . 0.04 0.02 0.02 122083 . . 80 ; 68
10 S 0,049  0.04 0.02 0.02 122083 . 81 4,68
10 © 0.049 0,04 0.02 0.02 122083 . . 83 . 68
‘10 0.070 0.06 ©0.03  0.02 122083 . .68
20 . 0.041  0.03 0.02 . 0.02 122083 .. 90 .68
20 "0.047  0.03 0.03  0.02 122083 ... -, 68
20 0.047  0.03 0.03  0.02 122083 .68
20 0.054  0.04 0.03  0.02 122083 68
40 0.047  0.03 0.03  0.02 122083 €8
40 - 0.047  0.03 0.03  0.02 122083 . 1030AM 68
40  0.052 0.03 0.03 ~ 0.03 122083 ' 1000AM 68
40 0.052  0.03 0.03  0.03 122083 _ 1045AM.. . 68
‘80 © 0.058  0.04 6.03  0.03 122083 ~ 1100aM 68
80 0.058  0.04 0.03  0.03 122083  1115aM . 68
80 ~ 0.058 0.04 0,03 0,03 122083 . 1130AM 68
80 " 0.058 0.04 . 0.03 0.03 1122083 1145AM 68
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------- SITE=ELEVATED LOCATION=I-20AT LA.33 OVERPASS RUSTON -

LOCATION=1I~20AT LA.544 OVERPASS RUSTON -

DISTANCE Vs LONG
15 0.054 .03
15 0.059 0.03
15 0.062 0.03
15 0.068 0.03
20 0.030 0.02
20 0.030 c.02
20 0.030 0.02
20 0.030 0.02
30 0.030 0.02
30 0.030 0.02
30 ¢.030 0.02
30 0.041 0.02
------- SITE=ELEVATED
DISTARCE Vs LONG
10 0.054 0.03
10 0.054 0.03
10 0.054 0.03
10 0.054 0.03
10 0.070 0.04
10 0.080 0.05
20 0.060 0.04
20 0.060 0.04
20 ¢.060 0.04
20 0.081 0.05
30 0.067 0.04
30 0.071 0.04
------- SITE=ELEVATED
DISTANCE Vs LONG
10 0.017 0.01
10 0.017 ¢.01

VERT

CODDO0ODO0OODODOODOO
* 4 8 e & 8 6 B e w 8w »
QOO0 O0OODOOO0O
WRNNNMMMNNMNMNNDGOOMG,M R

VERT

» L] L ]

CO0O0000O0VLOOOO
VT oh s o O U1 3 e i

OO0 000D0O0O0O0OOO0O
*

TRANS DATE
0.02 50184
0.01 50184
0.02 50184
0.01 50184
0.01 50184
c.01 50184
0.01 50184
0.01 50184
0.0l 50154
0.01 50184
0.01 50184
0.02

TRANS DATE
50284
50284
50284
50284
50284
50234
50284
50284
50284
50284
50284
50284

= N-N-N-N-N-N-N. NN ¥
* e o & o a

- L] L] - L] -

=i -E-E-N-R-N-N- NN
WRNNRMMBOMNLOGODMNMDOND

LOCATIONI-20AT LA.151 OVERPASS RUSTON —===

VERT TRANS DATE
0.01 0.01 50184
0.01 6.01 50184
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50184

TIME

945AM
930AM
915aM
L000AM
815aM
830AM
8458M
900AM
7154M
7458M
800AM
730AM

TIME

800AM
BL5AM
830aM
845aM
1045aM
1030AM
915AM
930AM
945AM
900AM
1015AM
10002M

TIME
115PM 76
130BM 76



CONSTRUCTION SITES
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| ~==- SITE=CONSTRUCTION

DISTANCE vs LONG VERT TRANS DATE TIME
20 0.037 0.03 0.02 ~ 0.01 ° 32984
----- SITE=CONSTRUCTION  LOCATION=I-49 HAULING SITE 3AX EMPTY
DISTANCE Vs LONG  VERT TRANS DATE TIME
20 0.054 0.04 0.03 0.02 32984
40 0.030 0.02 0.02 0.01 33084
------ SITE=CONSTRUCTION  LOCATION=I-49 HAULING SITE 3AX TAKK -
DISTANCE vs LONG VERT  TRANS DATE TIME
20 0.03 0.02 0.02 0.01 33084
----- SITE=CONSTRUCTION LOCATION=I-49 HAULING SITE 5AX EMPTY =
D1ISTANCE vs - LONG VERT TRANS DATE TIME
20 0.037 0.03 0.02 0.01 32984
20 0.047 0.03 0.03 0.02 32984
40 0.037 0.03 0.02 0.01 32984
----- SITEmCONSTRUCTION LOCATION=I-49 HAULING SITE 6AX EMPTY —-
DISTANCE vs LONG VERT  TRANS DATE TIME
20 0.030 0.02 0.02 0.01 33084
20 0.030 0.02 0.02 0.01 33084
20 0.035 0.02 0.02 0.02 32984
20 0.035 0.02 0.02 0.02 33084
20 0.035 0.02 0.02 0.02 33084
20 0.041 0.03 0.02 0.02 32984
20 0.044 0.03 0.03 0.01 32984
20 0.047 0.03 0.03 0.02 32984
20 0.047 0.03 0.03 0.02 32984
20 0.047 0.03 0.03 0.02 32984
.20 0.047 0.03 0.03 0.02 32984
20 0.054 0.04 0.03 0.02 32984
40 0.024 0.02 0.01 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.0 33084
40 0.030 0.02 0.02 0.01 33084
40 0.037 0.03 0.02 0.01 32984
40 0.037 0.03 0.02 0,01 33084
40 0.041 0.03 0.02 0.02 32984

LOCATION=I-49 HAULING SITE WATER TRycg
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§
§.

—meww SITE®CONSTRUCTION LOCATION=I-49 HAULING SITE 6AX FULL ===---

DISTANCE vs LONG VERT TRANS DATE TIME TEMP
20 _ 0.030 0.02 0.02 0.01 32984 60
20 0.030 0.02 0.02 0.01 32984 60
20 - 0.035 0.02 0.02 0.02 32984 60
20 0.035 0.02 0.02 0.02 32984 60
20 0.041 0.03 0.02 0.02 33084 60
20 0.047 0.03 0.03 0.02 33084 60
20 0.047 0.03 0.03 0.02 33084 60
40 0.030 0.02 0.02 0.0} 33084 60
40 0.030 0.02 0.02 .01 33084 60
40 0.030 0.02 0.02 0.01 33084 60
40 0.037 0.03 0.02 0.01 32984 60
40 0.037 .03 0.02 0.01 33084 60
40 0.037 0.02 0.03 0.01 33084 80
40 0.037 0.03 0.02 0.01 33084 60
40 0.037 0.02 0.03 ~ 0.01 33084 60
40 0.041 0.03 0.02 0.02 32984 60
40 0.041 0.03 0.02 0.02 32984 . 60

cwm=r SITEmCONSTRUCTION LOCATION=I-49 HAULING SITE 7AX EMPTY --=—--

DISTANCE vs LONG VERT TRANS DATE TIME TEMP

20 0.047 - 0.03 0.03  0.02 32984 60

- SITESCONSTRUCTION LOCATIONSI-49 HAULING SITE 8AX EMPTY ---=--

DISTANCE VS LONG VERT TRANS DATE  TIME  TENP
20 0.041 0.03 0.02 0.02 32984 60
. 40 0.030 ©0.02 0,02 0.01 33084 60

------ SITE=CONSTRUCTION  LOCATION®I-49 HAULING SITE 8AX FULL ====--
DISTANCE Vs LONG VERT  TRANS  DATE TIME & TEMP

0 0.044 0.03 0.03 0.01 33084 60

a=c-= SITEZCONSTRUCTION LOCATION=I-49 HAULING SITE 9AX EMPTY ===———

DISTANCE vs LONG VERT TRANS °~ DATE = TIME TEMP
20 0.030 0.02  0.02 0.01 32984 60
20 0.035 0.02 .02 0.02 32984 60
20 0.037 0.02 0.03 0.01 32984 60
20 0.037 0.03 0.02 0.01 32984 80
20 0.037 0.02 0.03 0.01 32984 60
20 0.037 0.03 0.02 0.01 . 32984 60
20 0.037 0.02 0.03 0.01 32984 60
20 0.037 0.03 0.02 0.01 33084 60
20 0.037 0.03 0.02 0.01 33084 60

P
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s —— SITE"CO)!STRUCTIOR LOCATION=I-49 HAULING SITE. 9AX EMPTY

DISTANCE Vs LONG VERT TRANS ~ DATE TIME
20 0.041 0.03 0.02 0.02 32984 6
20 0.041 0.03 0.02 0.02 32984 ¢
20 0.041 0.03 0.02 0.02 32984 6
20 0.041 0.03 0.02 0.02 32984 é
20 0.041 0.03 0.02 0.02 32984 6
20 0.041 0.03 0.02 0.02 32984 €
20 0.041 0.02 0.03 0.02 32984 6
20 0.041 0.03 0.02 0.02 32984 €
20 0.041 0.03 0.02 0.02 33084 [{
20 0.041 0.03 0.02 0.02 33084 6
20 0.044 0.03 0.03 0.01 32984 8
20 0.044 0.03 0.03 0.01 32984 6
20 0.044 0.03 0.03 0.01 32984 6
20 0.044 0.03 0.03 0.01 33084 6
20 0.046 0.02 0.04 0.01 32984 6(
20 0.047 0.03 0.03 0.02 32984 6
20 0.047 0.03 0.03 0.02 32984 6
20 0.047 0.03 0.03 0.02 32984
20 0.047 0.03 0.03 0.02 32984
20 0.047 0.03 0.03 0.02 32984
20 0.051 0.03 0.04 0.01 32984
20 0.051 0.03 0.04 0.01 33084
20 0.052 0.03 0.03 0.03 32984
20 0.058 0.04 0.03 0.03 32984
20 0.060 0.04 0.0¢ 0.02 32984
20 0.060 0.04 0.04 0.02 32984
20 0.062 0.03 0.05 0.02 32984
20 0.064 0.04 0.0¢ 0,03 32984
20 0.067 0.05 0.04 0.02 32984
20 0.073 0.05 0.05 0.02 32984
40 - 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.033 0.03 0.01 0.01 33084
40 0.037 0.03 0.02 0.01 32984
40 0.037 0.03 0.02 0.01 32984
40 0.037 0.02 0.03 0.01 33084
40 0.037 0.02 0.03 0.01 33084
40 0.037 0.03 0.02 0.01 33084
40 0.037 0.03 0.02 0.01 33084
40 0.037 0.03 0.02 0.01 33084
40 0.037 0.03 0.02 0.01 33084 60
40 0.041. 0.03 0.02 0.02 32984 60
40 0.041 = 0.03 0.02 0.02 32984 60
40 0.041 0.03 0.02 0.02 32984 60
40 0.041 0.03 0.02 0.02 32984 60
40 0.041 0.03 0.02 0.02 33084 60



~-~ SITE=CONSTRUCTION LOCATION=I~49 HAULING SITE SAX EMPTY —ommme
ISTANCE VS LONG  VERT TRANS DATE  TmE  TEw
10 0.047  0.03  0.03 0.0z 32984 '=> 60
(0047 0.03 0,03 0.02 3298 g

— SITE=CONSTRUCTION LOCATION-I-IQ HAULING s:rn oax ruLL ——

VS - LONG  VERT = TRANS DA_:I.‘E TME MR
0.035  0.02 - 0.02 0.02 32984 .- Iﬁso
0.041 _0.03 0.02 - 0.02 3298"“ . f:‘o
0.041 . .0.03  0.02 0.02 - 32984 ' 60
0.047- ' 0.03 = 0.03 .~ 0.02 . 32984 3 60

0.030 -~ 0.02  0.02 - 0.01 33084 - ° “ 60

0.030 0.02 0.02 "~ 0.01 :. 33084 © - 60
0.037.. 0.03 0.02 " 0.01 = 32984 Y 60
0.037.  0.03 0.02 0.01 - 33084 )
0.041 = 0.03 . 0.02 - 0.02 33984*ﬁ«* 3’60

.>}

NATER TRUCK —

vs rf LONG vznr wnnns nnwz

o'.b'as ___o.oz 0.02 u_.oz ‘ 3?_93.@?'

~---“srwz-coxsmnucrzou LOCATION-I-(S HAULING s:ral :
 DISTANCE vsj;‘gmgtows vzar rnaus

g,zo 0.035 -+ 0.02 0.02 - 0.02
o 0.037 . 0.03  0.02 . 0.01
0.037 . ¢0.03 0.02 0,01
0.037 - 0.03 0.02 0.01
0.037 . 0.03 0.0z - 0.01
0.037 . 0.03 0.0z . 0.01
0.041. 0,03  0.02  0.02
0.041 . " 0.03 0902 - 0.02
9;041 ””_0003 - 0,02 - D.02
puo‘l ~ 0003 0.02 - 0.02
0.041. . 0.03 0.02 0.02
0.041 - 0.03. 0.02  0.02
0.047. 0.03 0.03 - 0.02
0.047. .. 0,03 0:03 :00.02
0.052:: . 0,03  0.03 '“0 03
0.060  0.0¢ 0.04 0.02
0.030. - 0.02 . 0.02 0. 01
0.081  0.03  0.02 - 0.02
0.041  0.03  0.02 0.02
0.041 0.03 .02 0.02
0.041 0.03 0.02 0.02
0.044 0.03 6.03 0.01
0.047 0.03 0.02 0.03
0.052 0.03 0.03 0.03

81




------ SITE=CONSTRUCTION LDCATION'I-49 HAULING SITE 10AX FULL

DISTANCE vs LONG VERT TRANS DATE TIME
20 0.030 0.02 0.01 0.02 32984
20 0.035 0.02 0.02 0.02 32984
20 0.035 0.02 0.02 0.02 32984
20 0.035 0.02 0.02 0.92 32984
20 0.035 0.02 0.02 0.02 32984
20 0.037 0.02 0.03 0.01 32984
20 0.037 0.02 0.03 0.01 32984
20 0.037 0.02 0.03 0.01 329584
20 0.037 0.02 0.03 .01 32984
20 0.037 0.03 0.02 0.01 32984
20 0.041 0.03 0.02 .02 32984
20 0.041 0.03 0.02 0.02 32984
20 0.044 0.03 0.03 0.01 32984
20 0.044 0.03 0.03 0.01 33084
20 0.047 0.03 0.03 0.02 33084
20 0.047 0.03 0.03 0.02 33084
20 0.049 0.02 0.04 0.02 32984
20 0.049 0.02 0.04 0.02 33084
20 0.051 0.03 0.04 0.01 32984
20 0.051 0.03 0.04 0.01 32984
20 0.051 0.03 0.04 0.01 32984
20 0.051 0.03 0.04 0.01 32984
20 0.054 0.03 0.04 0.02 32984
20 0.054 0.03 0.04 0.02 33084
20 0.054 0.03 0.04 0.02 33084
20 0.062 0.03 0.05 0.02 33084
20 0.062 0.03 0.05 0.02 33084
40 0.030 0.02 0.02 .01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.030 0.02 0.02 0.01 33084
40 0.033 0.03 0.01 0.01 33084
40 0.037 0.03 0.02 0.0X 32984 60
40 0.037 0.03 0.02 0.01 33084 60
40 0.037 0.03 0.02 0.01 33084 60
40 0.037 0.03 . 0.02 0.01 33084 60
40 0.037 0.03 0.02 o0.01 33084 60
40 0.037 0.03 0.02 0.01 33084 - 60
£0 0.037 0.02 0.03 0.0 33084 60
40 0.037 . 0.02 0.03 0.01 33084 60
40 0.037 0.03 0.02 0.01 33084 60
40 0.037 0.03 0.02 6.01 33084 60
40 0.041 0.03 0.02 0.02 32984 60
40 0.041 0.03 0.02 0.02 33084 60
40 0.041 0.02 0.03 0.02 33084 60
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~=~ SITE=CONSTRUCTIOR LOCATION=GNO BRIDGE #2 CONCRETE TRUCKS ==r=-

DISTANCE Vs LONG VERT TRANS DATE TIME TEMP
31 0.037 0.03 0.02 0.01 21585 55
3l 0.044 0.03 0.03 0.01 21585 55
3 0.051 0.04 0.03 0.01 - 21585 55
3l 0.054 0.03 0.04 0.02 21585 55
3l 0.059 0.03 0.05 0.01 21585 55
3 0.067 0.04 . 0.05 0.02 21585 55
k> | 0.067 0.04 0.05 0.02 21588 55
Kk 0.067 0.04 0.05 0.02 21585 55
n 0.067 0.04 0.05 0.02 21585 55
31 0.071 0.04 0.05 0.03 21585 55
b ! 0.071 0.05 0.05 0.01 21585 55
31 0.073 0.05 0.05 0.02 21585 - 55
3 0.081 0.05 0.06 0.02 21585 55
3l 0.081 0.05 0.06 0.02 21585 55
3 0.081 0.05 0.06 0.02 21585 55
3l 0.084 0.05 0.06 0.03 21585 -1
31 - 0.086 0.04 0.07 0.03 21585 55
31 . 0.086 0.04 .07 0.903 21585 55
kX ! 0.090 0.04 0.07 0.04 21585 55
31 0.090 0.06 0.06 0.03 21585 55
31 0.091 0.05 c.07 0.03 21585 55
n 0.095 0.04 0.07 0.08 21585 55
31 0.097 .07 0.06 0.03 21585 55
al 0.100 0.07 0.07 0.02 21585 : 55
N 0.104 0.06 6.08 0.03 21585 55
31 0.108 .07 .08 0.02 21585 58
kh 0.110 0.07 c.08_ 0.03 21585 L1
3l 0.110 0.07 0.08 0.03 21585 55
31 0.114  0.07 6.08 0.04 21585 55
3l 0.136 0.07 0.11 0.04 21585 55
31 ' 0.151 .11 0.09 0.05 21585 55

- 37 0.030 6.02 0.02 0.01 21384 50
a7 0.030 0.02 0.02 0.01 21384 50
37 0.030 0.02 0.02 0.01 21384 50
37 0.030 0.02 0.02 0.01 21384 50
37 0.035 c.02 0.02 0.02 21384 50
37 0.037 0.02 6.03 0.01 21384 50
37 0.037 8.02 0.03 .01 21384 50
37 0.037  0.02 G.03 6.01 21384 50
37 0.037 0.02 0.03 0.01 21384 50
37 C.04¢ 0.03 0.03 0.01 21384 50
37 0.046 0.02 0.04 0.01 21384 50
37 0.046 0.02 0.04 c.01 21384 50
37 0.047 0.03 0.03 0.02 21384 50
37 0.051 0.03 0.04 0.01 21384 50
a7 0.054 0.03 0.04 0.02 21384 50
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.COMPLAINT SITES
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————— SITEmCOMPLAINT  LOCATION=I-10aT 17TH

DISTANCE Vs LONG VERT TRANS
30 0.090 0.04 0.07 0.04
30 0.097 0.06 0.07 0.03
30 0.09% 0.0s 0.08 0.03
30 0.099 0.05 0.08 0.03
30 0.107 0.05 0.09 0.03
30 0.107 0.05 0.09 0.03
30 0.112 0.06 0.08 0.05
30 0.112 0.06 0.09 0.03
30 0.119 0.05 ¢.10 0.04 81783
30 0.120 0.06 o0.10 0.03 81783
30 0.128 0.07 0.10 '0.04 81783
30 0.132 0.06 0.1 0.04 81783
30 0.140 0.06 0.12 0.04 81783
30 0.162 0.07 0.14 0.04 81783

—————— SITE=COMPLAINT LOCATION=I~10AT 17TH ST.CANAL

DISTANCE vs LONG VERT TRANS DATE
90 0.030 0.02 0.02 0.01 81883
80 0.030 0.02 0.02 0.01 81833
80 0.030 0.02 0.02 0.01 81883
90 0.030 .01 0.02 0.02 81883
90 0.030 0.02 0.02 0.02 81883
90 0.035 0.02 0.02 0.02 81883
90 0.035 0.02 0.02 0.02 81883
90 0.035 0.02 0.02 C.02 81883
g0 0.035 0.02 0.02 0.02 81883
80 0.037 0.02 0.03 0.01 81883
920 0.037 0.02 0.03 0.01 81883
80 0.037 0.03 0.02 0.01 81883
80 0.041 .03 0.02 0.02 81883
90 0.041 0.03 0.02 0.02 81883
90 0.041 0.03 0.02 Cc.02 81883
80 0.041 - 0.02 0.03 0.02 818383
80 0.044 0.03 0.03 0.01 81883
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.SiTﬁ-COHPLAINT LOCATION=I~10@VINCENT CANAL SITE 1-BATHROOM OF HOME

VERT TRANS DATE TIME TEMP

DISTANCE Vs LONG
99 0.030 0.02 0.02 0.01 £2784 1i100aM M
99 0.037 0.02 0.03 0.01 42784 1lo05aM M
99 0.037 0.02 .03 0.01 42784 1110aM M
95 0.037 0.02 0.03 0.01 42784 1115AM M
99 0.037 0.02 0.03 0.01 42784 1120AM M
99 0.037 0.02 0.03 0.01 42784 1125AM M
99 0.037 0.02 0.03 0.01 42784 11408M M
99 0.037 0.02 0.03 0.01 42784 1150AM M
99 0.046 0.02 0.04 0.01 42784 1135aM M
99 0.046 0.02 0.04 .01 42784 1145AM M
99 0.046 0.02 0.04 0.0l 42784 1155AM M
99 0.064 0.02 0.06 ¢.01 42784 1130AM M

SITE=COMPLAINT LOCATION=I-10@VINCENT CANAL SITE 2-DININGROOM OF HOME

DISTANCE vs LONG VERT TRANS DATE TIME TEMP
99 0.030 0.02 0.02 0.01 42784 1220PM M
99 0.030 0.02 0.02 0.01 42784 1230PM M
99 0.037 0.02 0.03 0.01 42784 1205PM M
99 0.037 0.02 0.03 6.0l 42784 1225pPM M
99 0.037 0.02 0.03 0.01 42784 1235PM M
95 0.037 0.02 0.03 0.01 42784 1240PM M
99 0.044 0.03 0.03 0.01 42784 1210PM M

SITE=COMPLAINT LOCATION=I-10@VINCENT CANAL SITE 3~2.5FT.OUTSIDE HOME

DISTANCE vs LONG VERT TRANS DATE TIME TEMP
89 0.054 0.03 0.04 0.02 42784 135PM M
99 0.062 0.03 0.05 0.02 42784 115PM M
99 0.062 0.03 .05 0.02 42784 145PM M
99 0.062 0.03 0.05 -0.02 42784 155PM M
99 0.066 0.02 0.06 0.02 42784 140PM M
99 0.070 0.03 0.06 .02 42784 100PM M
99 0.070 0.03 0.06 0.02 42784 105FPM M
99 0.070 0.03 0.06 ¢.02 42784 110PM M
39 0.070 0.03 0.06 .02 42784 120mM M
99 0.070 0.03 0.06 0.02 42784 150PM M
99 0.079 0.03 0.07 0.02 42784 125PM M
99 0.079 0.03 0.07 0.02 42784 130PM M
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DISTANCE Vs LORNG VERT TRANS DATE TIME
50 0.0856 0.04 0.07 0.03 42784 235PM
50 0.086 0.04 0.07 0.03 42784 240pPM
50 0.096 0.05 .08 0.02 42784 220FPM
50 0.099 0.05 0.08 0.03 42784 225rM
50 0.099 0.05 0.08 0.03 42784 230PM
50 0.103 0.04 0.09 0.03 42784 245PM
50 0.129 0.06 0.11 0.03 42784 215pM

=~ SITE=COMPLAINT  LOCATION=I-10AT VINCENT CANAL 31FT FROM ROADWA

DISTANCE Vs LONG VERT  TRANS DATE TIME
31 0.162 0.09 0.12 0.06 90183 1220pM
31 0.1384 0.11 0.13 0.07 90183 1130AM
31 0.184 0.12 0.13 0.05 90183 1200PM
31 0.190 0.10 0.14 0.08 90183 1120AM
31 0.191 0.11 0.14 0.07 90183 1110aM
3 0.204 0.12 0.15 0.07 90183 11502M
31 0.209 0.12 0.16 0.06 90183 1140AM
3 0.215 0.12 0.16 0.08 90183 1100AM
31 0.225 0.13 0.17 0.07 90183 1045AM
31 0.242 0.12 0.19 0.09 90183 1210PM

=== SITE=COMPLAINT LOCATION=I-10AT VINCEHT CANAL GOFT FROM HOUSE ~~=

DISTANCE vs LONG VERT TRANS DATE TIME TEMP

89 0.083 0.04 0.07 0.02 90183 140PM
99 0.083 0.04 0.07 0.02 80183 1s50pM
99 0.083 0.04 0.07 0.02 90183 200pP~
99 0.088 0.05 0.07 0.02 90183 210PM
99 0.092 0.04 0.08 0.02 90183 130PM
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