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FIGURES

Figurel. View toward the East, across the Grand Avenue Bridge, toward the River Bank Lofts building.
Figure2. River Bank Lofts building, partial basement floor plan simgwibration sensor locations
(blue dots) and proximity to Grand Avenue and the bridge.
Figure3. River Bank Lofts building, partial 6th floor plan showing vibration sensor location (blue dot).
Top floor location is directly abowis location.
Figure4. Locking mechanism at the center joint on the south side of the Grand Avenue Bridge.
Figureb. View of interior in Unit 002 (Photo taken on January 15, 2009).
Figure6. View of interior in Unit 002 (Photo taken on January 15, 2009).
Figure7. View of the interior in Unit 002 (Photo taken on January 15, 2009).
Figure8. View of the interior in Unit 002 closeup of corner shown in Figure 7 (Photo taken on
January 15, 2009).
Figure9. View of the interior in Unit 602 (Photo taken on January 15, 2009).
Figurel0. View of the interior in Unit 602 (Photo taken danuary 15, 2009).
Figurell. View of the interior in Unit 602 (Photo taken on January 15, 2009).
Figurel2. View of the interior of Unit 602 (Photo taken on January 15, 2009).
Figurel3. View of the interior of Unit 602 (Photo taken on January 15, 2009).
Figurel4. View of the interior of Unit 602 (Photo taken on January 15, 2009).
Figurel5. View of the interior of Unit 602 (Photaken on January 15, 2009).
Figurel16. Typical view of easbound truck crossing the mlatidge joint.
Figurel7. Schematic plan view at the east end of the Grand Avenue Bridge showing vibration
measuremenbcations.
Figure18. Event triggered by eastbound city bus. Top 4 traces located at the basement level. Bottom 4
traces at the top floors.
Figurel9. Event triggered by westbound city bus. Top 4 tracesténl at the basement level. Bottom 4
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Figure20. Vertical Accelerations Measured on the Ground Floor near Column 8L at the River Bank
Lofts.

Figure21. Vertical Accelerations Measuredtine BasemenGouth End of Unit 002, at the River Bank
Lofts.

Figure22. Vertical Accelerations Measured on the Top Floor above Unit 602 at the River Bank Lofts.

Figure23. Vertical AcceleratiorAmplitude versus Frequency Measurmedhe Basement near
Column 8L at the River Bank Lofts.

Figure24. Vertical AcceleratiorAmplitude versus Frequency Measureghr the South End of Unit 002
at the River Bank Lofts.

Figure25. Vertical AcceleratiorAmplitude versus Frequency Measumdthe Top Floor above Unit 602
at the River Bank Lofts.

Figure26. Vertical Accelerations Measured Along North Side of Grand Avenue at Location A.

Figure27. Vertical Accelerations Measured Along North Side of Grand Avenue at Location B.

Figure28. Vertical Accelerations Measured Along North Side of Grand Avenue at Location C.

Figure29. Vertical Accelerations Measured Along North Side of Grand Avenue at Location D.

Figure30. Amplitude versus Frequency Plot\éértical Accelerations Measured Along North Side of
Grand Avenue at Location A.

Figure31 Amplitude versus Frequency Plot\éértical Accelerations Measured Along North Side of
Grand Avenue at Location B.

Figure32. Amplitude versus Frequency Plot\éértical Accelerations Measured Along North Safe
Grand Avenue at Location C.

Figure33. Amplitude versus Frequency Plot\éértical Accelerations Measured Along North Side of
Grand Avenue at Location D

Figure34. Portion of 1910 drawing (CDOT Refererde. 1660210020 1) showing north portion of
General Plan of the Grand Avenue (formerly Indiana Street) Bridge.

Figure35. Drawing of the grand Avenue Bridge structure, circa 1910, provided by DCOT.

Figure36. Drawing of the grand Avenue Bridge structure, circa 1910, provided by DCOT.

Figure37. Drawing of the granéwvenue Bridge structure, circa 1910, provided by DCOT

Figure38. Looking at the underside of the sidewalk, at the northeast corner of the vault beneath the Grand
Avenue Bridge east approach.
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GRAND AVENUE BRIDGE
Vibration Investigation at the River Bank Lofts

550 North Kingsbury Street, Chicago, lllinois

INTRODUCTION

Wiss, Janney, Elstner Associates, Inc. (WJE) performed a vibration investigation at the request of the
Chicago Department ofransportation, Division of Engineering (CDOT), at the River Bank Lofts
condominium buildingat 550 North KingsburyStreet adjacent to the Grand Avenue Bridge. The
investigation was prompted by complaints by several condominium owners who claimed that certain
traffic on the bridge produced vibratiotisat were disturbing in their unitsThis investigation was
performed unde€ontract Number 12140 and Specification Number C968990037

BACKGROUND

The River Bank Lofts condominium building is located on the east bank of the North Branch of the
Chicago Riverandon the north side of West Grand Avenéa overall view looking eastacross the
bridge toward thevuilding is shown in Figurel. The building,adjacent to the northeast corner of the
Grand Avenue Bridgavasreportedlyconstructedhs a cold storage facilityith wood timber framing and
brick masonrywalls. It is six stoties tall with an occupiedasement levethat opens to patios along the
east bank of the Chicago Riverhe 6th floor condominium units each have a spiral stairway that leads to
roof-level roons. Portions of the architectural drawings that show floor piaws of the basement and

6th floors are shown in Figuré&and3. A thick masonryfirewall extendseastwestacross the building
approximately 55 ffrom the southeast corner of the building and #3fom the southwest cornein
drawings for the Grand Avenue Bridge, provide by CDOT, the River Bank hoitding is referred to as
the ARail ways Terminal & Ware House Cos Bl dg. o

The Grand Avenue Bridge is a bascule bridge that was ditgh 1913 sometimeafter the River Bank

Lofts. Copies of selected original drawings of the bridge are shown in Figdtbsough37. At the time

that the design drawings were made, the street was referred to as Indiana Street. Thedoridigesisd

of two tilt-up leaves that meet at the cendéthe river. A belowgrade vault area at each bank houses the
counterweights that balance the rotating bridge
leavesmeet at the center of the river aadyn vertically and horizontally. They aheld in this alignment
position with a locking mechanism that is intended to release when the isriddee raised

The bridge was originally constructed wélocking mechanisnocated below the pavement dettkwas
designed so that it could be oped from the bridge house that is located at the river edge. The original
mechanisnfailed andit waseventuallyreplaced by mechanisms that weneuntedon the steel support
framing above the deck on the north and south sides of the biiilgecurrent dcking mechanism is
shown in Figured. It consists oR steel frames bolted to the vertical bridge frame element on either side
of the mid-bridge joint. Each frame has a rectangular opening that allows passage of a steel beam that
slides across the gap beten the frames. It is intended to limit the relative verticallementbetween

the ends of thewo bridge leaves.

The buildingwas converted to apartments in 1995. ®beupants of the building noted the occurrence of
impulsive vibrations from the timéhat they moved into the building. The vibrations are reportedly
experienced by occupants on all seviwors in all of the units south ahe firewall. Occupants of

d
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Unit 602and 002 who face the Chicago River, met with representatives of WJE, CDOTharditding
management company on January 15, 2009 to discustbtiadion issuesThey described the history of

the problem and characteristics of the events while the visitors observed the vibration occurrences, first
hand. The worst events are reporteccaused by eastbound city busses they pass the middle of
thebridge. The unit owners have noted that an earlier modification to the center locking mechanism
alleviated the problem for a short time, until a series of heavily laden construction vehistesl over

the bridge and, apparently broke the locking devices. Whilgteron the 6th floor, the visitors noted that
perceptible vibration occurrenceppeared tacoincide with busses traviglg east over the joint at
themiddle of the bridge.

SCOPE OF WORK

WJE was directed to develop a scope of work that wdaltlimentthe vibrations thathe unit owners

were experiencing and identify their source. WJE proposed to monitor vibrations on the ground floor and
the top floor with vibration sensors andvebcam directed at the bridge for a sufficient period to capture

a representative sampling of traffigVhile the monitoring equipment was installed at the site, a
construction vehicle of known weight was to drive over the bridge in a controlledhtesldition to the
monitoring effort, WJE proposed to review any available drawings of the building and bridge in order to
identify possible connectivity between the building and the bridge structure.

MEASUREMENT EQUIPMENT

Vibrations were measured withPCB Model 356A17tri-axial accelerometei@nd2 PCB Model353B33
singleaxis accelerometers connected to a National Instruments (NI) cDAQ &ia&aisvith 2 NI 9233
4-channel data acquisition modul@sis constituted eighthannels of vibration datdhe cDAQ system

was connected to a laptop PC running a dynamic data acquisition program developed by WJE in the NI
LabVIEW programming languag&he laptop PC was also connected to a Logitech Quickcam Pro 4000.
The system continually scanned the outputhef 8 accelerometei a rate of 2000 scans/second and
evaluated incoming data every secomh@lso captured imagefrom the webcam at a rate of tpwtures

per second.

The system stored the peaéceleration from each of the eigtitannels and theassociated frequencies
every 20 seconddf a preset trigger level was exceeded by any channel the system storest@oiO
waveform file of the vibration data and tB6 photos that were being collected from the webearhe
time of the event. This allbwed for subsequent revieand classificationof captured events with
coinciding photographs of activity on the bridge.

Measurements in the River Bank Lofts

The accelerometsrwere located in the basement and 6th floor units identified in the drawings as
Units 002. The exterior walls of both of these units are on the west side of the building and face the river.
In the basement unit, a-axial accelerometer was placed on the hardwood #8drcent to the northwest
corner ofcolumn?7L, asidentified on the drawing in Figur2 A second, singlaxis, accelerometevas
mounted on the floor at the base of a bar near the south end of the unit, as shown & Pigoi@graphs

of the interior surfaces in Unit 002 are shown in Figures 5 thr8ugh

In Unit 602, the triaxial accelerometer was placed on the hardwood floor approximiQdtynorth of
Column 7L, as shown in Figur8. The singleaxis accelerometer was placadthe roof levebbove the
6thfloor measurement location on th#l of the window in thewall facing the river. The sensors were
attached to the floors with petrol wax and secured in position, in some cases, with duthéagiagle
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axis sensors were oriented to measure vertical vibrafingographs of the interior surfaces initlG02
are shown in Figuresthroughl5.

The webcam was mounted on the handrail of the Unit 602 balcony. It was oriented to provide a view of
the east 2/8f the bridge, including the joint at the middle. Figifisshows thedield of view provided by
thewebcamCables from all of the sensors were routed to the data acquisition system, which was located
in the southwest corner of Unit 60Phe laptop PC controller of the monitoring system was connected to

a cellular modem, which provided an interbasedcommunication link to the system. This allowed WJE

to observe the status of the monitor and control the operation of the program.

Measurements at Street Level

After monitoring in the building for twalays, the system was relocated to street ltweineaure
vibrations at foutocationsalong the north curb of Grand Avenughe measurement locations are shown

in Figurel7. Location A was on the east end of the raised concrete curb. Locations B, C, and D were on
the concrete sidewaljust north of and built integrally with the fixed framing that supports the east
approach roadwayThe numbers in parentheses after the location designations indicate the channel
numbers (0 through 7) in the data acquisition systéear the end of the $& period a material hauling

truck, identified asthe test truck,was directed to pass over the bridge in a controlled matinmade

four passes in each direction, driving over observed discontinuities in the pavement Jinitaoeluded

the joints inthe roadwaya manhole cover in the westbound lane east of the east abutment, and a steel
plate along the south edge of the eastbound lanes

Also, during this test period WJE and CDOT personnel examineabtheedecklocking mechanisms on

the north andsouth sides of the bridge, the steel gratings at several areas of the bridge deck, and the
structural framing of the bridge deck and sidewalks expos#te counterweight and machinery vaait

the east end of the bridge.

VIBRATION MEASUREMENT RESULTS
Measurements in the Riverbank Loft Units

The monitoring system was installed on May 27, 2009, and began monitordj @ m. The program
stopped operating at 10:98m.thatevening after 13 hourdue to a memory issue on the controlling PC
It wasrestarted on May 28, 20Q& 8:17a.m, andafter 15.5 hoursstopped agaimt 11:40p.m. It was
restarted a6:06 a.m.on May 29, 2009, andiasstopped2.5 hours latefor relocation to street level at
8:44a.m.The system monitored at street level fro18%a.m.until 10:56a.m.on May 9, 2009.

During the firsthour of monitoring, the traxial accelerometer on the floor of Unit 602 became
disengaged from the floor and rotated such that thewessit sensor was measuring vertical vibrations

and the veital sensor was measuring the aasst vibrations. It was held in that pdsit, suspended
approximately 1/2n. above the floor, by the duct tape that had been used to secure it. The result was that
the vibrationamplitudes measurddr that sensor wereot considered valid aftdr0:33a.m. on May27.

Prior to 10:33.m, the system captured several vehicle passages, including eastbound and westbound city
busses. Review of those events verified that the magnitude and frequency characteristics ofaibie top f
accelerometer closely matched the responsiee 6th floor location.

In 31 hours of monitoring within the building, the system captwddtal of 1902 waveform events.
Each of the captured events was reviewed and categorized as to what type of vehicle triggkeed it.
events were categorized as eastbad{i®) or westboundWB), and further categorized threedifferent
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vehicle groupsOf 1,902 captured event@30events wereclearlyidentified aseing caused by one of the

six vehicle categories listed below. Another 217 events were clearly produced by activity within the
building units and 677 events were produced by unidentified activity. Many of the unidentifiets ev
were justcontinuationsof events that were cateigzed as particular vehicleShere were 78 events
triggered by intermittent cable connections or other elecsmaices

The distribution of eventby vehicle categorys shown in the following tdb. The summary table also
lists themaximumand averagerertical acceleratioramplitudes and associated frequencies attviloe
basement locations and the top floor locatibhe data presented in this table demonstrates that the
magnitude of vibrationsneasurd on the top floor is at least thrémes larger than the basement level.
The table also demonstrates that the eastbound city bus produces the largest,\ilhoatinsignificant
vibrations are also produced by other vehicle and directionalarédeg

The images captured with the waveform files helped to verify that the largest externally produced
vibrations originated from eastbound busses or heavy trucks travelling in the right, or south, lane when
they pass over the joint at the middle thE bridge The heavy eastbound vehicles produce a large
vibration event, lasting approximately 2 seconds, when they travel in the furthest south eastbound lane.
Otherwise the heavy vehicles produce loaemplitude, but longer duration events. Heavy velsicl
travelling in the westbound direction produlosver-amplitude but stillperceptible levels of vibration

lasting up to 10 seconds and beginning as the vehicles are adjacent to the River Bank Lofts building.

The vibration amplitudes from the triggeredhise-related events are graphically presented
Figuresl7, 18, and19, as plots of peak vertical acceleration versus time for the nominal&y5
monitoring period These plotslemonstrate the relative distribution wéhiclerelated vibrationevents
over time The data points are grouped by vehicle type in order to shewelative magnitude of
vibrations produced by the various categories of vehicles.

Summary of Vibration s Measured in the River Bank Lofts Building( g 6 s )
Basement South Basement Middle Top Floor
No. of g, max Hz g, max Hz g, max Hz
Category Events | g, avg g, avg g, avg
: 0.0067 0.0048 0.0249
EB City Bus 163 00041 9.5 00033 9.5 00171 9.1
. 0.0050 0.0036 0.0179
EB SemiTruck 49 0.0021 9.6 0.0017 9.5 0.0084 9.1
0.0051 0.0033 0.0153
EB Truck 228 0.0019 9.5 0.0014 9.5 0.0076 9.1
. 0.0046 0.0042 0.0129
WB City Bus 204 00019 9.5 00015 9.5 0.0071 9.1
. 0.0059 0.0048 0.0196
WB SemiTruck 68 00019 9.3 0.0016 9.5 0.0073 9.1
0.0035 0.0037 0.0157
WB Truck 216 0.0016 6.8 0.0012 7.1 0.0057 9.1

A typical waveform event produced by an eastbound itmgacting the mid-bridge joint is shown in
Figure 20. A typical waveformeventproduced by a westbound bpassing by the River Bank Lofts
building and onto the bridgess shown in Figure21. These two plots demonstrate the difference in the
vibration responses produced by the same vehicle travelling in different directions on the bridge.
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In the waveform display in these figures, these@ondacceleration waveforms of aight sensors are
displayed in a single plot window with a vertical spacing of Gh2tgveen tracesvhere 1g is acceleration
due to gravity 9.8 m/$ or 386.04 in/se9). The individual sensor designations are listed belowm ftop
to bottom:

Basement Unit 002, near Column 8L, horizontal, nedbth

Basement Unit 002, near Column 8L, horizontal, -eaest

Basement Unit 002, near Column 8L, vertical

Basement near south end of Unit 002, vertical

Unit 602, 10 ft north of ColumBL, horizontal, nortksouth

Unit 602, 10 ft north of Column 8L, horizontal, eastst

Unit 602, 10 ft north of Column 8L, vertical

Top floor, 10 ft north of Column 8L, vertical

ONoOrLNE

Measurements at Street Level

The vibrations measured at street level were obtained in ortietpgevaluate the vibrations entering the

building and the source of the predominant vibratiétstures captured with the webcam were used to

assist with the subsequent categorizationhef @éventsThe events captured by the system were sorted

into the same categories of eastbound and westbound trucks and busses, as well as cars and the test truck.
A summary of the vibrations captured by the system during this test period is provideidaiiaphthe
amplitudeversustime and amplitudeersusfrequency plat for each of the four monitored locations.

The vibration levels that were measured in the captured events are summarizedliowiregftable.

Vibration s Produced by the Test TruckAlong the North Edge of Grand Avenug( g 6 s )

Location A Location B Location C Location D

Category g, max Hz g, max Hz | g max | Hz | g, max Hz
EB Bus, Truck or Semi 0.0069 | 9.8 | 0.0116 | 5.8 | 0.0263| 9.3 | 0.0137| 5.7
WB Bus, Truck or Semi 0.0109 | 7.6 | 0.0122 | 7.7 | 0.0250| 7.9 | 0.0135| 6.5
oD TestTruck, Between | 00020 | 5.8 | 0.0034 | 5.8 | 0.0083| 98 | 0.0047| 9.8

EB Test Truck, Right Lane
Over Steel Plate

WB Test TruckRight Lane,
Left Wheel on Manhole 0.0024 | 6.1 | 0.0060 | 6.9 | 0.0079| 94 | 0.0023| 6.2
Cover

WB Test Truck Left Lane,
Right Wheel on Manhole 0.0022 | 7.0 | 0.0035 | 6.8 | 0.0041| 85 | 0.0011| 5.0
Cover

WB Test Truck Abutment &
Transition to Bridge Deck
WB Test Truck, Left Lane,
Right Wheel on Manhole 0.0026 | 6.4 | 0.0092 | 64 | 0.0130| 8.7 | 0.0050| 6.5
Cover

WB Test Truck, Left Lane,
Right Wheel on Manhole 0.0037 | 6.5 | 0.0020 | 5.0 | 0.0057| 9.5 | 0.0040| 9.6
Cover

0.0013 | 5.7 | 0.0061 | 7.0 | 0.0102| 91 | 0.0047| 6.4

0.0017 | 6.4 | 0.0040 | 6.6 | 0.0051| 6.6 | 0.0033| 6.6
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The frequencies listed in this table for the normal traffic were taken as the average frequency of all the
events in the respective categopcations Athrough Dresponded afrequencies fromapproximately

6to 9.5Hz, likely the natural frequencies dig different locations of the sidewalk framirigpcationC
responded most often about9 Hz and had the largest magnitudes of vibratidkely because this
location is next to the bridge pinion; vibrations from the bridge roadway apparently transnitautbly

through the pinion and into the adjacent fixed framing and sidewalk framing

Comparison to Perception Thresholds

The International Standards Organization (I%@®@rnational Standar@63l-1i Mec hani cal Vi br at
Shock - Evaluation of HumarExposure to Whol@ody Vibration- Pa r t 1: Gener al Req
provides a means of evaluating transient (short duration) vibrations egtrd to human perception.

This standard definethe mean threshold of perception asfrequencyweighted peak actaration of

0.015m/<* (0.0015 g, peak)The frequency weighting functions are defined in the ISO standard, which
includes a statement t hat Afoccupants of resi den
magnitudes are only slightly above the pertcei o n t Atr9d $Hh thé ttiresbold of perception is

0.0015 g, which corresponds to a peak particle velocity of 0.010 in/s. Previous experience that we have
with vibrationrelated complaints from occupants in buildings suggests that a threshalildfid/s is

applicable to rumblingor pseuddransient,vibrations. This experiencgupports the use of the 0.004.5
frequencyweightedthreshold for incidence of complaints from randombgcurring transient vibrations.

Thevibration amplitudes fromehiclerelatedevents are plotteish Figures23, 24, and25 as peakvertical
acceleration versus frequency for each of3neonitoring locations. These plots show thatbasement
level locations were excited at frequencfemm approximately 5.5 t®.5 Hz. The top floor location
responded almost exclusivelyatproximately9 Hz. The plots also demonstrate that most of the vehicle
related vibration events exceeded the ISO threshold of perception for transient viblbrgtaoagnificant
margin and & such are expected to be disturbing to building occupants

Vibrations producedy activity within the condominium unitgypically occurred at higher frequencies

and did not typically excitsignificant amplitude responge the range of 5.5 to 9.Hz. Because they
occurred at higher frequencies they did not have as much potential for exceeding the perception threshold.
They werelikely the result of localized impactsear the sensoor activities such as vacuuming or
possibly household pets disturbing gensor.

Results from Street Level Tests

The accelatiors measured along the north side of Grand Avenue are presented graphically in the
amplitudeversustime plots of Figures26 through 29 and the mplitudeversusfrequency plots of
Figures30through33. The comparison of the frequency pléds the street level measurements indicates

that the ground vibrati@measured at LocatisrA throughD occurin the frequency range of%Hz to

9.5Hz. This isessentially the same range of frequencies as those measured in the basement locations of
Unit 002. However, the magnitude of vibration in the basement locationgeasrallysmaller than the
magnitude measured at street leswice it is farther from theibration sourceLocation C responded

most often at 9.5 Hz, which closely corresponds withfteguencymeasured at the top floor location

above Unit 602The magnitude of vibration measured at Location C was very similar to the magnitudes
measured at thtop floor.
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EXAMINATION OF THE BRIDGE STRUCTURE

Three possibly relevant observations were made about the bridge structure during the street level
monitoring period.

1) The first observation was the comparison of the dbiolé locking mechanisms ondmorth and south

sides of the bridgeThe mechanism on the north side of the bridge has a much tighter fit between the
beam and the rectangular frame that it slides through than the mechanism on the south side. On the north
side mechanism, the gap betwdlea top of the sliding beam and the frame is filled with steel shim plates

that are welded in place. On the south locking mechanism, there is a clear gap of at least 1/8 in. in the
frame on the west side of the joint.

The mechanisms were closely obsérwghile several large vehicles passed over the bridge. When a
heavy eastbound vehicle passes over the bridge in the furthest south lane (closest to the south edge), the
eastend of the west leafrops with respect to the west end of the eastjlsafas he heavy wheel of the

truck or bus reaches the end of the west [Eai was visibly evident when watching the gap between the
frame on the west side of the joint and the beam that slides throtitisiproduces astep as the wheel

travels toward theast leaf. It causes the wheelrtgpactthe edge of the east le&in the north side of the

bridge, the same phenomenon did not appear to occur.

2) There are twareas in the east leaf where the driving surface consists of steel grating. The grating is
welded to the structural steel framing below it. The CDOT engineer observed that the welds between the
one of the grating sections and the transverse beam below it were broken. This caused the vehicles to
produce an impacting noise as they passed overdtiag

3) We examined the area below street level, in the chamber surrounding the bridge counterweight and
pinion gear. The examination revealed that the vault betaw the bridge and thRiver Bank Lofts

building share a common wall. The sidewalk along the north edge of Grand Aveinugirisct contact

with the south wall of the building. THixed framing andsidewalkframingwest of the abutment, shown

in Figure17, comprise the roof of the vaulindthe sidewk framing is in direct contact with and may

gain secondary support frotine south wall of the building. It was apparent that any vibrations occurring

on the bridgeor in the pavement of the approach skatuld readily transmit into the building through

this contact.

CDOT provided WJE with a compact Disc containing all of their available drawings of the Grand Avenue
Bridge. Selected original drawing$ated 19101913 areshown in Figure 34 through37. Thesedrawings
showthe proximiy between the RiveBank Lofts lilding and the sidewalk framin@he plan drawings
appear to show that thpgimary structural framing of thieridge is independent from (i.e., not structurally
connected to) the building wall. However, there are no sections indicating the ohtbe separan.
Observations made during the visual examinatnmlicatethat the sidewallstructure is in direct contact

with and may gain secondary structural support ftbm south wall of the buildingas shown in the
photograph in Figur88.

All three of these items were examined by the CDOT Engineer and remedial actions were determined at
the time of the examination. At the locking mechanism on the south end of the joint, the gap between the
frame on the west side of the joiabhd the slidindbeam will beclosed by inserting an appropriately sized

steel shim plate and welding it into positidine broken welds between the grating and the framing were

to be repaired soon after the testing was completed. The north edge of the sidewalk id itutdrele
separated from the sdutvall of the River Bank Loftsuilding and if necessarysupported by columns
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bearing on the floor slab below. Details of the sidevga&lgaration/modificatiomwarrant further study by
CDOT.

DISCUSSION

Vehicles travelling o Grand Avenue and on the Grand Avenue Bridge produce vibrations therhitra
into the River Bank Loft bilding. At both the basement and top floor levels of the building, vibration
amplitudes are large enough to be considered percepiitliékely distubing to occupantdHowever, he
magnitude of vibrations on the top floor of the buildiagignificantly larger than at the basement level
The trafficinduced vibrations on the top floor occur primarilyagproximately9 Hz, while the vibrations

at thebasement level occuat frequencies in the range of 5.5 to 9.5 Hihe review of the captured
vibration events indicate that the largest vibrations occur when eastbound busses otdasedlyrucks
travelling in the right lanesrossthe joint at themiddle of the bridge where the east and west leaves of the
bridge meetLesser, though still abov@aireshold vibrations are caused by other heavy vehicles travelling
in both the eastbound and westbound directions over the bridge.

The fact that the tofioor responds to the traffimduced vibrations almost exclusively at 9 Hz indicates
thatit is, or at least is very close tthe fundamental frequency of the building framing systnthe
location of the sensolt could be dscribed as the frequency at which thamingresponds with the least
amount of resistance. External dynamic forfresn impactsor other transient sourcesay occur at a
variety of frequenciesbut the response of a structure to these forces temactwat the fundamental
frequency of the structurer sometimes a multiple thereoAt the basement level, the frequency of the
response occurs in a range from approximately 5.5 to 9.5 Hz, likely due to the more complicated vibration
attenuation characteristio$ the supporting soil and grattevel structure at the basement.

The magnitude of the response at the top floor is notably larger than the response at the basement level.
Vibrations from sources external to the building apparently transmit quite regdilyrough the vertical
masonry walls and then affect the upper level floors that are supported by the walls. On the other hand, to
reach the basement level floors, the vibrations likely transmit primarily through the soil and grade
supported elements hich tend to dampen the vibrations somewhat.

CONCLUSIONS AND RECOMMENDATIONS

The investigatiorof vibrations in the River Bank Loftsuidding, north ofthe Grand Avenue Bridge,
demonstratethatheavyvehicles travelling othe bridgeproduce perceptibland likely disturbindevels

of vibration within the building. The largest magnited# vibration occur when eastbound busses or
heavy trucks drive over the south end of the-bridge joint The cause of tiselarge vibrationevens

was identified as abse fitin theremedial locking mechanison the south end of the joint between the
east and west leaves of the bascule bridge. The looakofits differential vertical movement between
the east and west leaves of the bridgehe wheels of the heavghicles pass from the west leaf to the
east leafWhen the wheels hit the west edge of the east leaf, the impact produces a dynamic response in
the west leaf ofbridge structurgwhich is transmitted into the building due to the continuity of the
sidewalk framing and building wall. Other heavy vehicles travelling in both directions on the bridge
causdesser, though stibovethreshold vibrationsvithin the building.

The largest magnitudes of vibration occur dretupper floors of the buildinghefundamental frequency

of thefloor structureappears to be very close to the frequency of the vibrations produced on the bridge by
impactson the roadway andt themid-bridgejoint. The basement level condominium unit responds to
the same range of frequencies that are produced in the bridge strbatwaereduced levels.
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Although westbound and eastbound trucks and busses all produce vibrations with magmatLicieslid

be conglered perceptibleit is our understanding thahe complaints from building occupants are
attributed only to the vibrations typically produced by impacts from heavy vehicles at the south end of the
mid-bridgejoint. This suggests that the actual distumta threshold is higher than what we have used in
this evaluation. Théncidence of complaints could be significantly reduced, or eliminated, by tightening
the gap in the locking mechanism on the south side of the bridge. This significantly reducehe
occurrences olynamicenergyenteringthe building.

Given the results of this study, it would also be prudent to keep the adjacent roadway surfaces in good
condition in order to limit rumbling and localized impacts on the roadway from heavy vekibties,
could also produce perceptible levels of vibrations within the building.

Separation of the sidewalgtructurefrom the south wall of the building would further reduce the
magnitude of dynamic energy enteriting buildingfrom the bridge structure.d8ause the sidewalks are
primarily supported by framing thabes not appear to Ibearing on the building wall, would likely not

be necessary to provide any additional vertical support for the short span of sidewalk slab that extends
north of the laseastwest girder Whatever gap is produced between the structures should be filled with a
soft elastomeric expansion joint materialprevent water ingressd limit vibration transmission
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Figurel. View toward the East, across the Grand Avenue Bridge, toward the River Barbuildiits).
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Figure 2. River Bank Loftduilding, partial basemerftoor plan showing vibration sensor locations (blue dais)l proximity to Grand
Avenue and the bridge



