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Damage to Grier St. POC [Br. #53-1158] 
Post-Earthquake Investigation Team Report 
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Seismological Data 

Late in the morning on July 29th, 2008, a M5.4 earthquake shook the greater Los Angeles 
area. The earthquake was the strongest to hit southern California since the 1994 
Northridge earthquake and occurred at a depth of about 9 miles.  The aftershock sequence 
from the earthquake has been about 75 percent less energetic than the average California 
aftershock sequence for a M5.4 mainshock, probably because this event was deeper than 
some southern California earthquakes.   

The event was felt across southern California, with strong shaking reported to the north in 
the Chino Basin and to the west in the Los Angles basin (Figure 1)  California State 
University, Fullerton, located about 10 miles west suffered some damage in its older 
buildings.  A minor landslide near Route 91 in the Anaheim Hills 7 miles to the south 
caused some traffic congestion, but no injuries or structural damage were reported. 

Figure 1 Shake Map. 
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Ground shaking predicted by the latest ground motion prediction equations developed for 
use in the 2008 USGS seismic hazard maps fits well with most observed recordings of 
this event.  The greatest acceleration observed (horizontal PGA) was about 0.44 g 
recorded near Walnut, about 11 km northwest of the epicenter.  Peak velocity measured 
at the Walnut station was 38 cm/sec and the duration was a few seconds. Recordings in 
the greater Los Angeles area had peak accelerations from 0.10g to 0.20g and peak 
velocities were from 5 to 15 cm/sec. There were very few reports of damage. 
According to Sue Hough of the USGS, the earthquake occurred in a complicated tectonic 
region — the wedge sandwiched between the Whittier and Chino Hills faults (Figure 2 
that probably has a lot of small faults with different orientations. The current theory is 
that the wedge described above conceals a structure known as the Yorba Linda trend with 
no surface expression but identified as a linear trend of seismicity by Caltech 
seismologist Egill Hauksson in 1990.  The moment tensor for this earthquake showed a 
mixture of thrust and left-lateral strike-slip faulting on a plane striking 43 deg east of 
north, with has a dip of 58 deg southerly. The preliminary locations of the aftershocks 
suggest that this is the fault plane. Updates to this information may be found at:  

Figure 2 Location of the epicenter of the July 29, 2008 M5.4 Chino Hills earthquake. 

Bridge Description 

The Grier St. POC is located at Post Mile 1.2 on Route 71 in Los Angeles County in the 
city of Pomona. This bridge is a simply supported eight span precast prestressed voided 
slab pedestrian overcrossing bridge.  The precast slabs (two 4 ft. wide slabs placed side 
by side) are supported on rectangular reinforced concrete pier bents and seat type 
abutments.  The top of the pier is only two feet wide, and this seat is shared by adjacent 
spans, making the seat width slightly less than one foot (Figure 3) The two precast slabs 
are doweled and grouted to the piers with 2 - # 8 bars each (total of four grouted dowels 
at each end of a span) at both supporting piers (Pier 4 and Pier 5).  The precast slabs are 
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overlain with AC. Originally constructed in 1958, the bridge was retrofitted in 1998 by 
enlarging the footings and adding CIDH piles at Piers 4, 5, and 6 (see Attachment 1).  

Figure 3 Support Connection at Pier 5. 

Bridge History 

The Structural Maintenance and Investigations (SM&I) Bridge Inspection Report (BIR) 
recorded the following bridge description and history: 

A. BIR 8/23/2000: 

Records showed the structure appears to be in good condition. 


B. BIR 8/13/2002: 
Records revealed a spall due to an over-height hit over the NB lane (Span 5) 
and a similar hit spall over the SB lane (Span 4).  The spall at Span 4 appears 
to be larger than that at Span 5 (200%).  Also, it was noted that the bridge was 
proposed to be removed under project EA 07-21060 in fiscal year 2005. 

C. BIR 8/20/2004: 

Records showed the structure appears to be in good condition. 


D. BIR 8/16/2007: 
Records showed numerous over-height hit spalls over the NB lane (Span 5).  
The report did not mention the three pocket spalls on Span 4 (SB lane), as 
shown in Figure 4 (taken on 8/4/2008). In addition, the bridge has been 
identified as one of the bridges requiring work to comply with the Americans 
with Disabilities Act (ADA) requirements. Note that the earlier contract to 
widen the northern segment of Route 71 wherein this POC was to be removed 
(EA 07-21060) was never completed, and thus the POC remains in service. 
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Over-height hits 

Figure 4 Damage to superstructure from over-height hits in Span 4 

Damage Observations 

Spans 4 and 5 are the main spans crossing Route 71 over the southbound and northbound 
directions. Based on the site visit on 8/4/2008 (after the M5.4 Chino Hills earthquake), 
visible structural damage has been observed at the connections between Span 4 and Piers 
4 and 5. 

Pier 5 Damage 
Concrete spalled at both ends of the top of Pier 5 supporting the Span 4 slab, exposing 
one dowel at each side. The two exterior dowels at each end of the are bent and the Span 
4 slab exhibited a permanent transverse displacement of about 3 to 4 inches (toward the 
Southeast direction), as shown in Figure 5. 
The exposed spalled area of concrete at the Northwest end of the Pier 5 seat exhibits rusty 
yellow stains (Figure 6). The exposed stains indicate that the area was cracked prior to 
the Chino Hills Earthquake.  In addition, rust was observed on the two exterior dowels, 
which are now bent. The previous concrete cracking at the top edges of the Pier 5 may 
be related to the truck over-height hits on the Span 4 slab. 
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Figure 5 Concrete spalls at the southwest corner of Pier 5; note the evidence of 
corrosion on the dowel connecting the superstructure voided slab to the pier 
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Figure 6 Concrete spalls and stains at the northwest corner of Pier 5 (note stains). 

Pier 4 Damage 
Concrete spalls and cracks were observed at the top the piers supporting the Span 4 slab.  
Small pieces of concrete (triangular shapes) had fallen off and cracks were visible at the 
exterior face of Pier 4. Similar to Pier 5, the slab in Span 4 had a permanent offset, 
displacing transversely (toward the Southeast direction) at Pier 4. 
The ground motion pushed the Span 4 slab transversely, bent the dowels, and induced 
transverse displacement on Span 4 (Figure 7).  The major observed failures were bending 
of the dowel bars connecting the super structure slab with the pier, and concrete cracking 
and spalling at the corners of the piers supporting Span 4. 
In addition, no damage was observed at the connections between Span 5 and the 
supporting piers, even though Span 4 and Span 5 share the same design and connection 
details. 
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Figure 7 Concrete cracking and spalling at Pier 4 under Span 4. 

Damage Assessment 

- The dowels may not be strong enough to resist the transverse displacement.  

- The transverse reinforcement for the piers, as shown in the plan and elevation 
details for Pier 5 on the as-built plans, are #4 ties @ 12” with the top one foot of 
the pier apparently not reinforced transversely (unconfined). This is 
substantiated by the fact that there is no evidence of transverse reinforcement in 
the cracked sections near the top of the pier.  The superstructure to pier 
connection dowels are embedded into this top 1 foot of unconfined concrete. 
The lack of confinement allowed cracking and spalling of the top of the pier and 
the subsequent reduction in the dowel shear capacity. 

- It is theorized that previous over-height truck hits on Span 4 may have induced 
cracks at the top of Pier 5.  The ground motions from the Chino Hills 
Earthquake on 7/30/2008 placed further demands on the weakened connection, 
spalling the concrete and resulting in the bending of the connection dowels.   

Actions by Structures Maintenance and Investigations 

The extent of transverse displacement at the piers does not seem to affect the overall 
structural stability, and no imminent collapse is anticipated at this time. The structure is 
currently closed. In addition, Span 4 is supported with temporary falsework at Pier 5.  

Lessons Learned 

The investigators believe the damage noted in Span 4 resulted from the combination of 
previous over-height hits and the Chino Hills Earthquake. Analysis of the connection 
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reveals that the D/C ratio is approximately 0.5 for the undisturbed condition, and thus the 
earthquake was not solely responsible for the damage.  This is further substantiated by 
the fact that only Span 4 and the portions of Piers 4 and 5 supporting Span 4 exhibited 
damage from the earthquake.  Analysis considering pre-existing damage to the dowels 
connecting the superstructure to the piers at the edges where rust staining indicates 
previous damage supports the above as the capacity is much reduced. 

Still, bridges with poor confinement details at the top of the pier and piers with exterior 
dowels that have a small concrete cover should be considered for retrofit. Earthquakes 
that produce higher ground motions or more cycles of motion could cause these 
connections to fail and the girders to fall from their support. 

ATTACHMENTS 

Attachment 1: As Built Plans 

See the general plan for the bridge geometry and dimensions. See the as-built pier 
detail sheet for more information on pier connection details. 
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Attachment 2: Seismic Evaluation of As-Built Dowel Connection 

The following calculation shows the capacity of #8 dowel bars connecting 
superstructure to the piers for lateral shear forces and the estimated demand forces 
exerted on the joint generated by Chino Hill M5.4 earthquake.  

Capacity Analysis (Transverse Direction) 

Capacity of Dowel Bar to Lateral Forces 

1.) Assume the Bridge is in as built condition 

Check the Capacity of the dowels to resist lateral Force 

Assumption: Concrete has aged enough to get ultimate expected strength of  
f’c = 5 Ksi
 
Ec = 4200 Ksi 

Unit Wt = 0.150 Kip/ft3
 

Steel have expected yielding strength 
fye = 68 Ksi , fy = 60 [for shear ] 

Assume there are no cracks in the concrete dowel connections 

There are four #8 bars each embedded 1.25 feet into the bridge pier. 

ld = 1.25’ = 15” 
Avp = 0.79 in2 

db = 1 in 5” 

Required Development Length for # 8 Bar in Tension 

ldb = 1.25 * Acv *fy*/( f’c ) 0.5 = 1.25*0.79*60/(5)^0.5 = 29.97 in 
l’d = 0.8 * 29.97 = 23.9 , Use 24in 

Factor to be used to correct Shear Capacity, f =  ld / l’d  = 15”/24” = 0.625 

Shear Friction Capacity of single dowel bar 

Vn = C * Acv + µ *( Avp *fy + Pc) ----------  ---------Æ 5.8.4.1 (AASHTO LRFD) 


Vn - Nominal shear capacity of single dowel bar 

µ - = 0.6 -Æ [for contact between #8 bar and pre-cast slab] 

C - =0.075 Ksi Use 0.0 Seismic Æ[cohesion between concrete and bar] 

Pc - = 0.0 Æ [No compressive force] 

Acv - Area of concrete engaged with embedded #8 Bar 
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Acv = Л* db * ld = 3.1415 * 1* 15 = 47.1 in2 

Vn = C * Acv + µ *(Avp *fy + Pc) 

f* Vn = 0.625* [0.0 * 47.1 + 0.6 *(0.79* 60+0) ]= 17.775 Kip 

There are four #8 Bars per pier per span 

ΣVn = 4 * 17.775 = 71.1 Kips  at each end of Span / Pier Connection. 

Demand Analysis (Transverse Direction) 

Seismic Demand Force at Pier 5 
COLUMN ELEVATION 

COLUMN PLAN 

2 feet 

8.5 feet 

Top of Pier 2 feet 

6.0 feet 

Bottom of 

Fix bottom 

Pin top 

46 feet 
Span 4 

46 feet 
Span 5 

Chain link Fence AC Overlay 

Pier 6 
Pier 4 

Pier 5 

L = 17 feet 

I strong = Bh3 / 12 = (2*8.53)/12 = 102.3 ft4 -------Æ Top of Pier 

I strong = Bh3 / 12 = (2*6.03)/12 = 36.0 ft4 -------Æ Bottom of  Pier 

Take the Average for simplification of calculation  
I strong = 70 ft4 

E = 4200 ksi 

Super Structure 
Pre-Cast Void Slab 
Area = 673.2 in2 

4’ Wide 1.5’ Deep Void 
Pre-Cast Slab 
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W1 (Weight of Pre-Cast slab per foot length of each Span) 

W2 AC overlay per foot length (1” AC overlay = 0.05 ton/Sq-yd) 

W3 (Chain Link Fence) per foot length = 0.12kip/ft 


W1 = 673.2 /144 * 0.150*2 = 1.40 Kip/ft -------Æ Two slabs side by side 
W2 = 0.05*8/9 *(2 Kip/Ton) = 0.09 Kip/ft 
W3 = 0.12 *2 =0.24 Kip/Ft -------Æ Two chain link fence on each side

 m = ΣW = 1.73 kip/ft  

Take Pier5 

Local Analysis 

Contributory span length of Pier5 is 23feet from span 4 and 23feet from Span5 

m = 46 * 1.73 = 79.6 Kip 

K = 3 E * I *g / L3 

K= (3* 4200*70* 124) * 386.4 /( 17*12)3 = 832415.5 [Kip/in in/Sec2] 

Determine Fundamental Period of Frame in transverse direction 

½ Span 5½ Span 4 

T = 2 * Л * (m/K) 0.5 

T = 2* 3.1415*(79.6/832415.5)0.5 = 0.061 sec 

Compare Sap 2000 Period T = 0.075 Sec 
Pier 5

Using Upper Bound Response Spectrum Data [conservatively] 

Use T = 0.07sec 
Associated Spectral Acceleration 
a = 0.8 * g = 0.8*32.2 = 25.75 ft/ sec2 

Total Force at the joint by Span 4 on Pier 5  
F= 23[ft] * 1.73[Kip/ft] * 0.8 * g  [ft/ sec2] = 31.8 Kip 

Demand Force on Four #8 Bar in [Kip] = 23*1.73*0.8 = 31.8 Kip 

Capacity of Four # 8 Bar in [Kip] = 71.7 Kip

 Capacity / Demand ≈ 2 
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Conclusion: 
As demonstrated by the adjacent undamaged spans, Span 4 would have sustained 

the Chino Hills EQ seismic forces, if prior damage had not occurred at the connections 
(dowels) due to over-height truck hits and due to the poor confinement detail. 

4.5 

Resposns Spectrum M5.4, PBA 0.55, PGA 0.46
 

Upper Bound
 

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

0 0.5 3.5 41 1.5 2 2.5 3 
Period T 

Resposns Spectrum M5.4, PBA 0.42, PGA 0.35
 

Lower Bound 


0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 

0 
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 

Period T 

A
cc

el
er

at
io

n 
a/

g 
A

cc
el

er
at

io
n 

a/
g 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


