Performance of Zipingpu CFRD during the strong earthquake
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[Abstract] On May 12, 2008, a strong earthquake with 8.0 Richter scale jolted
Wenchuan County in Sichuan Province of China. More than 60,000 people were
killed. Zipingpu concrete faced rockfill dam, which is only 17 km away from the
epicenter, was survived from the earthquake. But it is also suffered severe damages
during the strong earthquake. By conducting the dam site inspection immediately after
the earthquake, the paper presents the damages and the performance of Zipingpu
CFRD during the earthquake. Preliminary safety assessment was also concluded in

the paper.

1. Introduction

On May 12 2008, a strong earthquake
hit Wenchuan County in Sichuan
Province of China at 2:28 pm, killing
more than 60,000 people. The quake
measured 8.0 on Richter scale, with the
epicenter located at 31.0 degree north
latitude and 103.4 degree east longitude,
according to the State Seismological
Bureau (SSB) of China. The earthquake
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occurred beneath the steep eastern
margin of the Tibetan plateau, where is
also the west edge of Sichuan Basin.
The rupture occurred over a length of
270 km along a north-northeast striking,
west dipping to steep fault beneath and
parallel to the northeast striking
Longmenshan trust belt. The rupture
plane and the aftershock sequence
extend northeast of Longmenshan range,
as shown in Figure 1.

Figure 1 Epicenter and aftershocks of Wenchuan earthquake



Sichuan province locate at southwestern
part of China, where is rich in water
resources and hydropower resources. It
is the most important hydropower
energy base of China. Many hydro
projects and hydropower projects are
constructed or under construction in this
area. Near the epicenter, there are four
major large dams, e.g. Zipingpu
concrete faced rockfill dam, Shapai
RCC dam, Bikou central core rockfill
dam and Baozhushi concrete gravity
dam. As Zipingpu CFRD is the only
high CFRD that sustained such a strong
earthquake until now, the investigation
of the performance of the dam during
the strong earthquake will provide
valuable knowledge of the behavior of
CFRD.

2. General features of Zipingpu CFRD
Zipingpu hydro project is located at
Dujiangyan city, upstream of Minjiang
River, 60 km northwest of Chengdu, the
capital of Sichuan Province. The main

purposes of the project are water supply
and power generation. The total storage
of the reservoir is 11x10°m’ and the
installed capacity is 760 MW. The main
dam is a concrete faced rockfill dam
with the height of 156 m. The elevation
of dam crest is 884 m. The upstream
slope of the dam is 1:1.4. The
downstream are designed with two
slopes to ensure the stability of dam
crest during earthquake. The upper part
of the downstream slope is 1:1.5 and the
lower part of the downstream slope is
1:1.4. The typical dam section is shown
in Figure 3.

According to the original earthquake
intensity map, the basic earthquake
intensity of the dam site area is VII. The
designed earthquake intensity is VIII,
with the peak ground acceleration of
0.26g. The distance from Zipingpu
CFRD to the epicenter is 17 km.

Figure 2 Zipingpu concrete faced rockfill dam
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Figure 3 Typical dam section

3. General safety status of the dam

During the earthquake, the
accemerogram recorded at the center of
dam crest is shown in Figure 4. It can be
noticed that the acceleration at dam crest
has reached 2g. Considering the normal
amplification  factor, the ground
acceleration should be larger than 0.5g,
which is far more beyond the intensity

[EYaveform Analysis — [02-04048 xur]

accepted by the design.

After careful inspection of the dam
immediately after the earthquake,
Zipingpu  CFRD is  considered
structurally stable and safe. But the dam
do sustained a range of damages during
the quake, including cracks at the top
and collapsed workshop.
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Figure 4 Accemerogram recorded at the center of dam crest



4. Performance of the dam during
earthquake

During the construction,
monitoring instruments were installed.
The strong earthquake has damaged
some of the instruments. But most of the
instruments are still in good operation.
Those instruments have provided
valuable information of the dam
performance during the quake.

numerous

4.1 Dam deformation

During the earthquake, significant
deformation was occurred on the dam.
Immediately after the earthquake, an
obvious settlement of dam crest in
riverbed section could be identified even
by eye view (Figure 5). From the
measurement of the mark points of dam
crest, dam crest has a significant
settlement in the moment of earthquake.
The maximum settlement value is 683.9
mm and it is located at the river center
section. After the main earthquake, the
observed settlement of dam crest still
developed. But the rate of settlement
dropped rapidly. On May 12, the

Figure 5 Settlement of dam crest

maximum settlement of dam crest
reached to 744.3 mm. On May 22, the
settlement of dam crest was basically
stable. The maximum displacement of
dam crest in the direction of river flow is
199.9 towards  downstream
direction. The position of the maximum
displacement located at riverbed section.
For the displacement in the direction of
dam axis, the rockfill of abutment areas
are trend to move to the center of the
river.  The horizontal
displacement towards right abutment is
226.1 mm and the maximum horizontal
displacement towards left abutment is
106.8 mm.

From the observed data of the settlement
inside the dam, it can be noticed that the
settlements of rockfill are increased with
the rising of elevation. Higher elevation
presents more  deformation  and
settlement. On EL. 760 m, the settlement
at dam axis due to the earthquake is
106.0 mm. On EL. 820 m, the settlement
at dam axis is 322.5 mm. On EL. 850 m,
the settlement at dam axis is 810.3 mm.

mm,

maximum



During the earthquake, the downstream
part of rockfill dam has a relatively
larger displacement. On El. 766 m, El.
795 m, El. 824 m and El. 854 m, the
observed  horizontal  displacement
towards downstream direction are 69.8
mm, 166.9 mm, 260.5 mm and 274.4
mm  respectively. The  observed
horizontal  displacement
towards downstream direction at dam
crest is 199.9 mm. So there is a big
crack along the downstream side of the
crest road (as shown in Figure 6).

maximum

4.2 Concrete face slab

The strong earthquake has produced
certain damage on concrete face slab,
which include the cracks and ruptures of
the face slab. On El. 845 m, where is the
construction joint of the second stage
face slab and third stage face slab, the
face slabs are overlapped (as shown in
figure 7). The height of the overlapping
is 150 mm~170 mm and the
reinforcement across the joint is bended
into “Z” shape.

Figure 7 The oerléppihé‘éf the second stage and third stage face slabs



Along the vertical joint of the face slab 5
and 6 (left abutment) and the face slab
23 and 24 (riverbed), concrete face slabs
were ruptured by the action of large
compression stress along dam axis.
From figure 8, the spalling of concrete
can be noticed.

By drilling detection, large areas of the
upper part of concrete face slab are
separated with rockfill. The maximum
value of the gap between face slab and
rockfill at the top of the third stage face
slab at left abutment is 230 mm. The

maximum value of the gap at the top of
second stage face slab at right abutment
is 70 mm.

4.3 Parapet wall

As the maximum dynamic response of
the dam occurred at dam crest, the quake
caused many cracks and ruptures of the
parapet wall. Near the abutment, the
originally closed joints were opened. In
riverbed section, the parapet wall was
ruptured by large compression stress (as
shown in Figure 9).

Figure 8 Rupture of concrete slabs along vertical joint

Figure 9 Rupture of parapet wall in riverbed section

4.4 Primetric joint



During the earthquake, primetric joints
have  produced large
displacement. Some of the installed
instruments were damaged. In some
points, the displacements are beyond the
measuring limit of the instrument.
According to the available data, the
measured displacements of the primetric
joint at left abutment (EI. 833) are: 92.85
mm of settlement, 57.85 mm of opening
displacement and 13.42 mm of shearing
displacement. As a comparison, the
displacements at the same position before
the earthquake are: 1.59 mm (settlement),
11.99 mm (open) and 4.67 mm (shear).

relatively

4.5 Leakage

The leakage observation of the dam is
shown in Figure 10. It can be noticed
that the dam leakage has a close
relationship with reservoir water level.
Before the earthquake, the leakage of the
dam is 10.38 L/s (May 10). After the
earthquake, the leakage of the dam was
increased to 19 L/s. The first two days of
after earthquake, the seepage water was
turbid. Now the seepage water becomes
clear.
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5. Concluding remarks

From the performance of Zipingpu
CFRD during the strong earthquake, the
concluding remarks can be drawn as
follows:

(1) The May 12 Wenchuan earthquake
has a very strong scale and very high
density. As a high CFRD near the
epicenter, Zipingpu CFRD is the
only CFRD that sustained such a
strong earthquake. Although the
quake has produced severe damage
on the dam, the dam 1is still
structurally stable and safe. It has
been proven that the design of the
dam is rational and the construction
quality is good.

(2) The performance of Zipingpu CFRD
during the strong earthquake has
demonstrated the safety features of
CFRD during earthquake. As there is
no serious slide of downstream slope,
it shows that the two stage slope
design (1:1.5 for the upper part slope
and 1:1.4 for lower part slope) for
downstream slope is appropriate
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Figure 10 Leakage of the dam



(3) As the maximum dynamic response

of the dam during the earthquake
mainly focus at dam crest, the
damages are occurred on the upper
part of the dam. The forms of
damage of CFRD during earthquake
presented by the performance of
Zipingpu CFRD can be summarized
as: settlement of upper part rockfill,
downstream  slope = movement,
spalling of parapet wall, cracks and
rupture of concrete face slab, gaps of

face slab and rockfill, etc. For the
case of Zipingpu CFRD, the
waterstop system is not seriously
damaged. It has no significant
increase of dam leakage. But it
should be noticed that waterstop
system is one of the vulnerable part
of CFRD upon extreme load case.
Careful structure design and good
construction quality should be
guaranteed.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


