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The Upper San Fernando Dam

1 Background

There was a significant earthquake in Southern California in, 1#1th is referred to as the San
Fernando earthquak€&he earthquake occurred on February 9, 1971 at 6:00 a.m. local time and had a 6.6
Richter magnitud.

The earthquake created a liquefaction failure at a water storage facility known as the Lower San Fernando
Dam and Reservoir in the San Fernando community on the northern edge of the greater metropolitan Los
Angeles area. Another facility known as thepdpSan Fernando Dam also suffered some darbagé

was not as serious as at the Lower Dam.

Figure 1 showsanaerial view of the area. The Lower Dam is on the left side of the picture and the Upper
Dam is toward theupper right of the pictur@JS Interstate Freeway 5 is on the right of the picture.

Figure 1 The San Fernando dams and reservoirs
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The earthquake shaking initiated a major failure on the upstream side of th@ldeuphotos irfFigure?2,
Figure3 andFigure4 show some of the conditions after the earthquake. Of significance is the very steep
slide headcarp(Figure2) and very marginal freeboardatiremained after the failure.

These photos are from Professor Ross W. Boul anger
California, Davis, California. The web site link is:

http://cee.engr.uais.edu/faculty/boulanger/

Presumablybased on the names on the photograley were taken by H.B. (Harry) Seed and J.M.
(Mike) Duncan.

The failure led to a perilously close catastrophe. Had the head scarp been slightly lower, the outflow from
the reservoir would have quickly eroded the dam and flooded many communities downstream.
Considering the extremely precarious situgtsmme 80,000 peopla/er anll-squaremile area were

evacuatd while the reservoir wasmptiedover a period of thre® fourdays.
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Figure 4 A close-up view of the slide head scarp
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2 Case history

TheSan Fernando dams have become extremely important case histories for geotechnical earthquake
engineering. Due ttheir significance, the caséavebecome the subject of years of research and
numerougublications

Much of the early research was done bgf€ssor H. Bolton (Harry$eed and his colbgues at the
University of California at Berkeley. Their work led to three papghich provide much of the
background information and early investigation findings. The three papers are:

e Seed, H.B., Lee, K.LIdriss, I.M. and Makadisi, F.I. (1975)he Slides in the San Fernando
Dams duringhe Earthquake of February 9, 19VvJASCE, J of the Geotechnical Engineering
Division, GT7, pp. 655688

o Lee, K.L, Seed, H.B., Idriss, I.M., and Makadisi, F.I. (197%)operties of Soil in the San
Fernando Hydraulic Fill Damsi ASCE, J of the Geotechnical Engineering Division, GT8,
pp. 801821

e Seed, H.B Idriss, I.M., Lee, K.L. and Makadisi, F.I. (1973)ynamic Analysis of the Slide
in the Lower San Fernando Dam dugithe Earthquake of February 9, 197 ASCE, J of
the Geotechnical Engineering Division, GT9, pp.-382

Reference to these papers will be made as Seedhatoaighout this documerithese papers were
published in three consecutive months; July, Atgns September.

3 Purpose

In light of the importance of the San Fernando Dam case ieséordtheir prominence in the literature, it
is important tashowhow GeoStudipand in particular QUAKBEN, can be used to analyze cabike this.
This examplecorcentrates on the Upper Dam

The purpose here is not to replicate all that has been done by, otttereecessarily adopt the exact
conditions presented by others, but to more generally illustrate the features and capabilities of GeoStudio
in the contexbf a famous case history.

The emphasis here is on QUAKEMEcause the cases involve earthquake shaindg;EEP/W,
SLOPE/W and SIGMA/W are also used for various aspects of the analysis.

4 Design and construction

The following diagram shows a sketch of thepdr San Fernando Dam. The dam was constructed

directly on the native streambed alluvium. The main body of the dam was constructed by what is known

as a semhydraulic fill method. The material was hauled to the site by wagons and dumped into a pond
whereit was dispersed by water jets operating from barges. Although there is no mention of it in the
publications, this technique must have created an outer shell of material compacted to some degree by the
construction traffic. The material for this portiontbé dam was obtained from the valley floor.

The hydraulic fill method was used up to EIl. 1200 feet (@p&nd then was toppeaff with compacted
fill to El. 1218 (371m). This resulted in a 16@ot berm on the downstream side.

The conditions in the dowstream toe area are not well known. Seed et al. make the commetitethat,
soil in this area consisted of about 8 ft (2.4) of loose silty sandy fill overlying alluvium. The origin, date,
and method of placing this fill are unknown.
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----- Cross-section before earthquake
Cross-section after earthquake
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Figure 5 Sketch of the Upper San Fernando Dam

5 Effects of the earthquake

Surveys taken after the earthquake revealed that the entire upper portion of the dam had moved
downstream aroundr and the crest had moved downward around thueeters of aneter. Based on
the sketch irFigure5, only the upper rolledill portion moved on the upstream side. Of significarsce
the movement along the surface of the berm. Hreemovements were predominantly in thedal
direction with hardly any settlement.
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Figure 6 Movements associated with the earthquake

There were three piezometers in the dassshown ifFigure?. As indicated by the piezomitirecords,
there was a sudden and draimaicrease in porpressuresEven 24 hours after the earthquake, water
was still running out of the top of Piezometers 1 and 2. This is of significsince these piezometers are
in the core area of the dam, esjally Piezometer 2. The peak in Piezometer 3 was likely higher than
what was measudedue to some dissipation within the 24 hours between the event and the readings.
These piezometers provide definitive evidence that substantial excegy¢sseresesulted from the

shaking.
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Figure 7 Piezometers and pore-pressure responses due to the shaking

The low level outlet conduit was inspected after the earthqaakiethe condition of the conduit provided
some interesting clues altdche movement that occurred. On the upstream tsideconduit was extended
as indicated by the openings notedrigure5. Towardthe downstream toe, however, the conduit was
forced into compressigas indicatd by compression failures.

Also of significance is the observation that at the downstream tdea Bigh pressure ridge had
developed and a concrete ramle was titled and sheed in the downstream directiandicating both
lateral and upward movement

6 Analysis configuration and setup

For the analysis here, the Upizam crosssection was idealizeds shown irFigure8.
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Figure 8 Numerical analysis model of the Upper San Fernando Dam
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6.1 Clay core

Seed et al. present the cr@extion as having a clay core. For the analysis here, the entire hydraulic fill is
treated as one material. The reasons for this, as will be discussed below, is that the results this way give a
picture closer toavhat actually happenedrurthermore, Peter Byrne in his R.M. Hardy Keynote address at
the 2006 @nadian Geotechnical Conference in Vancouver suggested that stratification may have a
significant impact on the potential for liqguefaction. He looked at the ihgddhin layers of clay amongst
layers of loose sand and found ttia impeded drainage resulting from the clay layers had a significant
impact on the liquefaction response of the material in general. It is not difficult to imagine that there was
some gatification at theJpperSan Fernando Dam in the core arespecially considering the semi

hydraulic fill placement procedure us&hsed on these more recent concepts, it is possible that there was
some generation of excess ppressures and associasttength loss in the core ar@ast like in the

remainder of the hydraulic fillThe piezometer records noted earlier strongly suggest this was indeed the
case.

6.2  Soil properties

Soil properties for this analysis here are in large part estinfiftired somewhat by values reported by
Seed et al. In the end turns out that when stability is the main issiese estimated values are adequate
to understand the observed behavior and processes.

Generally, the streambed alluvium, outer staitjtop rolledfill are treatedas somewhat more competent
than the hydraulidill.

All of the details can be viewed and examined in the associated GeoStudio data file.

7 Liquefaction and the collapse surface

Chapterl in the QUAKE/WEngineeringBook presents a section tite Behavior of Fine Sand. This
Section introduces the concept of a Collapse Surféagare9 is one of the diagrams presented in
Chapterl. Fundamentally, any stress point such as Point B could experienced¢lmpdeent of excess
pore pressures during an earthquaikeil the mean effective strepdreaches the collapse surface.
Once on the collapse surfatiee strength may fall down to the stealgite strengtfOn the other hand
the initial stress PoirB in Figure10 may experience the developmenegtess por@ressuresout the
strength willnot suddenly fall since the initial deviatoric stregds below the steadgtate strengthThis
is discussed in more detail in the QUAKE/W Engineering Book.

Collapse surface

Steady-state
strength

p

Figure 9 Stress path of contractive loose sand
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Figure 10 Stress path of dense dilative sand

QUAKE/W has an option to make use of the stestdye strength and the collapse surface tdiigen
elements that can liquefy.

The user specifies the steadtgte strength as;Cand the inclination of the collapse surface.
Cssis multiplied by a factor of two to defingsg the steadystate deviatoric stress.

The slope of the Criticebtate Line (CSL) is computed from,

where ‘1 is the specified effective friction angle.

The slope of the collapse surface is comgtite same wayby substituting the specified collapse surface
angle for ' i. In theg-pospacewe can call the slope of the collapse surfsllige Once M, Mcsand g
have been established, amgn or above the collapse surface can be computed forcuayue.

The rules adopted in QUAKE/W are as follows:

e Ratios of q/pb6 ar e c o mpniid stalicsfresses each el ement

e Ifgislessthang theelemenilquef acti on fl ag i s ipresswes set t
can developbut the element is not flagged as having liquefied regardless of the pore
pressures that develop

e If the gq/pb6 ratio is such that (ttheelenentisess st
flagged as having liquefied even before any earthquake shakingtartedsince any small
amount of shaking could cause the strength to fall down to the sttsdystrength

Elements with initial stress states such thastgreater thagss but the stress poisitinder the
collapse surface are initially marked as not liquefied

e Stress points initially under the collapse surface will move to the left agppEssures
develop during the shakingnd they are then marked as liquefied whensiress point is on
or above the collapse surface
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