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L esso n s  Learned  fro m  th e  

St. Fran cis  D am  Failu re

By J. David Rogers, Ph.D., P.E., P.G., M.A.S.C.E.

T
h e St. Francis D am  (Fig u re 1), a cu rv ed  c o n c re te

grav ity  structure 209-fe e t hig h, lo cated  in  th e  m o u n 

tains ab o u t 35 m iles n o rth  o f  d o w nto w n Lo s A ng e 

les, failed  catastro p h ically  n ear m id n ig h t ju st b e fo re  M arch 

12, 1928. Th e failu re released  3 6 ,1 8 0  acre-feet o f  w ater d o w n 

San Francisq u ito  C any o n  o n  a tu rb u len t 55-m ile  jo u rn ey  to  

the Pacifica O cean  near V entura, k illin g  4 5 0  p eo p le . A s th e  

d ead liest A m erican civ il eng ineering  failu re o f  th e  20th  c en 

tury, th e  c ity  o f  Lo s A ng eles p aid  m o re  th an  $7 m illio n  in  

restitu tio n  to  th e  v ic tim s' fam ilies and  affected  land o w ners. 

The su d d en failu re o f  a new  co ncrete  d am  co nstru cted  b y  a 

rep u tab le p u b lic  ag ency  had  en o rm o u s rep ercu ssio ns w ith in  

the civ il eng ineering  p ro fessio n , esp ecially  in  C alifo rn ia.

Th e c ity  o f  Lo s A ng eles and  its c h ie f  w ater eng ineer, W il 

liam  M u lh o llan d , c am e  to  n atio n a l p ro m in e n c e  b e tw een  

1 9 0 6 - 1 3  w ith  th e  c o n stru c tio n  o f  th e  2 3 7 - m ile  lo n g  Lo s 

A ng eles-O w ens Riv er A q u ed u ct, th e  lo n g est w ater c o n v ey 

ance sy stem  ev er co nceiv ed  u n til th at tim e. D esig ned  to  p ro 

v id e 2 5 8  m g d , th e  c ity  su ffered  w ater sho rtag es in  th e  early  

1920s b ecau se  o f  a reg io nal d ro u g ht. M u lh o llan d  d ev ised  a 

5-y ear p lan  to  increase m u n ic ip al sto rag e b y  6 7 ,0 0 0  ac -ft in 

Lo s A ng eles b y  co n stru c tin g  e ig ht new  d am s. H e had  alread y  

b u ilt 22  hy d rau lic  fill earth  d am s, b u t h is last tw o  d am s w ere 

m ass co n crete  b ecau se  th e ir m o u n tain o u s sites w ere d ev o id  

o f  su ffic ien t clay  o r w ater to  c o n stru c t hy d rau lic  fills.

The St. Francis site w as w o nd erfu l fro m  a to p o g rap h ic  p er

sp ectiv e, ly ing  ju st b e lo w  a b ro ad , tree-filled  g len in the Sierra 

Pelo na b etw een the San G ab riel and  San A nd reas faults. Th e 

linear cany o n w as structu rally  co n tro lled  b y  th e  an c ien t San 

Fran c isq ito  Fau lt, ju x tap o sin g  p re -C am b rian  Pe lo n a Sc h ist 

ag ainst O lig o cen e V asquez  fo rm atio n  (th en  called  the Sesp e 

fm ), an arko sic  san d sto n e  and  co n g lo m erate . M u lh o llan d 's 

su b o rd inates d esig ned  the tw o  co ncrete  d am s u sing  th e  m eth 

o d s th en  in  u se— w h ic h  ig n o red  fo rm al c o n sid e ratio n s o f  

hy d rau lic u p lift b en eath  th e  d am  and  assu m ed  th e  co ncrete  

to  b e  im p erm eab le. (These assu m p tio ns w ere p ro v en erro n e 

o us in the years fo llo w in g  th e  St. Francis failu re.) Th e city 's 

co ncrete d am  d esig ns w ere relativ ely  crud e, in  th at they  lacked  

g ro ut curtains, g ro uted  co n trac tio n  jo in ts, in ternal d rains, o r 

insp ectio n  g alleries. There also  w as n o  eng ineering  g eo lo g ic  

in p u t reg ard ing  th e  su itab ility  o f  th e  fo u n d atio n s o r ab u t

m ents fo r su ch hig h structures. Th e shear key  excav ated  alo n g  

the u p stream  heel w as o n ly  3 x 3  feet d eep , and  th e  slo p in g  

ab u tm ents w ere n o t p ro v id ed  w ith  step p ed  shear keys.

Fig u re  1 . S t. F ra n c i s  D a m  w as  a  cu rv e d  c o n c re te  g rav i ty  a rch  

s tru c tu re  2 0 9  f e e t h ig h ,  c o n s tru c te d  b e tw e e n  A p ri l  1 9 2 4  a n d  

M ay  1 9 2 6  (W .L . H u b e r C o l l e c ti o n ,  U .C .  W a te r R e s o u rce s  C e n te r  

A rch iv e s ,  B e rk e le y , c o l o ri z e d  b y  P. H o rto n ) .

P o te n ti a l  P ro b l e m s

T h e  Ju ly  1 9 2 3  p lan s sp ec if ied  a 5 0 0 - f t rad iu s o f  cu rv a 

tu re fo r th e  m ain  stru ctu re, rising  175 feet h ig h  ab o v e  th e  

stream b ed  w ith  a m ax im u m  b ase  w id th  o f  141 ft, su ff ic ien t 

to  sto re  3 0 ,0 0 0  ac -ft o f  w ater, w h ic h  eq u aled  th e  am o u n t 

c o n su m e d  b y  Lo s A n g e le s ' c itiz e n s  in  1 9 2 2 - 2 3 . Sh o rtly  

b e fo re  c o n stru c tio n  b eg an  in  A p ril 1 9 2 4 , th e  reserv o ir cap ac 

ity  w as in creased  to  3 2 ,0 0 0  ac-ft, so  th e  d am  w as raised  10 

feet, w ith o u t in c reasin g  th e  b ase  w id th . In  Ju ly  1 9 2 5 , th e  

d am  w as raised  an  ad d itio n al 10 feet b ec au se  o f  Lo s A ng eles' 

m e te o ric  g ro w th — n o w  to  a c ap ac ity  o f  3 8 ,0 0 0  ac -ft, b u t 

ag ain  w ith o u t in c reasin g  th e  b ase  w id th .



Th e d am  w as co m p leted  in M ay  1926, 

u sin g  1 3 0 ,5 0 0  yd s^  o f  c o n c re te  w ith  an  

average co m p ressiv e streng th ( f c )  b etw een 

1760  and  2 4 3 0  p si. Th e  city  b eg an  filling  

the reserv o ir o n  M arch 1, 1926, b u t it w as 

n o t f illed  to  cap ac ity  u n til ju st fiv e d ays 

b efo re  th e  failure, in M arch 1928. O n  the 

d ay o f  the failure (M arch 12th ), M u lho lland  

p erso n ally  in sp ec ted  th e  d am  alo n g  w ith  

h is assistan t c h ie f  eng ineer, H arv ey  N an 

N o rm an. They  o bserv ed  n o th ing  to  reg ister 

alarm , y et tw elve ho u rs later the d am  failed .

W h y  th e  Fai lu re  O ccu rre d

T h e  d am  failed  c atastro p h ic a lly  ju st 

b e fo re  m id n ig h t o n  M arch 12, 1928 , k ill 

ing  nearly  450  p eo p le. A  d o z en p anels w ere 

ap p o inted  to  inv estigate the failure by  v ari

o u s ag enc ies and  in terested  p arties. Th ey  

p o inted  to  the d am s inad eq uate fo u nd atio n  

as the cu lp rit— sp ecifically , the tend ency  o f  

the V aquero s fo rm atio n  to  slake p ro fu sely  

u p o n saturatio n, and  alleged  hyd raulic p ip 

ing  o f  this m aterial alo ng  the San Francis-

Fig u re  2 .  G ro u n d  v ie w  l o o k i n g  u p s tre a m  a t re m a in s  o f  th e  S t. Fra n ci s  D am  a f te r its  

u n tim e l y  f a i l u re  in  M a rch  1 9 2 8 .  N o te  th e  d ra m a ti c  f au l t c o n tra s t  b e tw e e n  th e  V as q u e z  

c o n g l o m e ra te  a t e x tre m e  l e f t w i th  th e  s i l v e ry  P e l o n a  S ch is t.  T h e  S an  Fra n c i s q u i to  f au l t 

p i e rce d  th e  d a m 's  ri g h t a b u tm e n t a n d  w as  b l a m e d  f o r th e  d a m 's  co l l a p s e  (C .H .  Lee  

C o l l e c ti o n ,  U .C .  W a te r R e s o u rce s  C e n te r A rch iv e s , B e rk e le y , c o l o ri z e d  b y  P. H o rto n ) .
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quito  fault, ab o u t halfw ay up  the right ab u tm ent (Figure 2) . The 

m o st cited  inv estigatio n w as that o f  the co m m issio n  ap p o inted  

by  C alifo rnia G o v erno r C.C. Young, co m p rised  o f  fo ur eng ineers 

and  tw o  geo lo g ists. The co m m issio n  co nv ened  in Los A ngeles 

o n  M arch 19— a w eek after the failure. They  sp ent o ne d ay at the 

d am  site, tw o  days rev iew ing d o cum ents, and  tw o  days w riting  

its report, w hich w as released  o n  M arch 27.

Su b seq u en t stu d ies I hav e m ad e su g g est th at th e  d am 's 

u ntim ely  d em ise w as m o re co m p lex  than  o rig inally  tho u g ht, 

inv o lv ing  the p artial reactiv atio n  o f  an an c ien t b ed ro ck  lan d 

slid e w hich  co m p rised  the d am 's entire left ab u tm en t. A  Ste 

v en 's W ater Stag e Reco rd er o n  th e  d am 's su rv iv ing  cen tral 

b lo ck  (Fig ure 3)  reco rd ed  a slig ht d raw d o w n o f  the reserv o ir 

p o o l fro m  8 :00  p m  o nw ard , w hich  d ro p p ed  w ith  increasing  

sev erity  d uring  the last 40  m in u tes o f  th e  reco rd . Th e 1928  

inv estig atio ns assu m ed  the gage reco rd ed  sim p le  o utflo w , b u t 

p o st-failu re im ag es sho w  a m assiv e ten sio n  crack at the d am 's 

up stream  heel, c o n tain in g  the gage attend ant's w o o d en  access 

lad d er (Fig ure 3 ) . This suggests that the d am 's heel w as in ten 

sio n  and  tilting  d o w nstream  w hen the d am  failed . A fter the 

failure, M u lh o llan d  testified  th at the facto r o f  safety  ag ainst 

o v erturning  "w as in excess o f  4 ,"  b u t the rep eated  h e ig h ten 

ing  o f  the d am  w ith o u t co m m en su rate  increases in the b ase 

w id th created  a d ang ero u s situ atio n . A  sim p le  ch eck  o f  fu ll

reserv o ir p ressure insid e the heel crack sho w s th at the o v er

tu rn ing  fac to r o f  safety  w o u ld  hav e b een  red uced  to  0 .7 7 ! The 

Stev ens G ag e actu ally  reco rd ed  a h a lf  d eg ree o f  cantilev er tilt, 

w hich  I co n firm ed  u sing  a 2D  fin ite  e lem en t m o d el.

So u th e rn  C a lifo rn ia  Ed iso n  C o u n ty 's  70 KV L an c aster 

p o w er lin e  ran alo n g  San Fran c isq u ito  C any o n , p ast th e  d am . 

It w as d estro y ed  at 11:57-1/ 2 p m  w h ere it cro ssed  th e  d am 's 

left ab u tm e n t 4 0  ft ab o v e th e  d am  crest. Phy sical ev id ence 

su g g ests th at th e  en tire  le ft ab u tm e n t d e tac h ed  itse lf  as a 

m assiv e lan d slid e  carry ing  a p o rtio n  o f  th e  d am  o n  7 0 0 ,0 0 0  

yd^ o f  sch ist (Fig u re 4 ) . Th is fo rm ed  a tem p o rary  lan d slid e  

d am  w h ich  th e  o u tp o u rin g  reserv o ir q u ick ly  en larg ed , reach 

ing  a p eak o u tflo w  o f  ab o u t 1.7 m illio n  cfs.

Lessons Learned
M u lho lland  su b seq u ently  faced  crim inal p ro secu tio n  by  the 

Los A ng eles C o u nty  D istrict A tto rney , and  w illing ly  accep ted  

resp o n sib ility  fo r the d isaster, stating : "D o n 't b lam e  any o ne 

else. W hatev er fau lt there w as o n  the jo b , p u t it o n  m e. If  there 

w ere any  erro rs in ju d g m en t— and  it's h u m an  to  m ake m is 

takes— the erro r w as m in e ."  W h en  all o f  th e  fo ren sic  inv es 

tig atio n s w ere c o m p le ted , th e  m o st o ften -c ited  c o n c lu sio n  

ab o u t St. Francis cam e fro m  the Los A ngeles C o u nty  C o ro ner's 

Inquest, w hich  ad d ressed  the need  fo r p eer rev iew  o f  any  criti-
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Fig u re  3 .  U p s tre a m  f a ce  o f  th e  re m a i n i n g  p o rti o n  o f  S t. F ra n c i s  

D a m , a f te r th e  f a i l u re .  T h e  b ro k e n  S te v e n s  G ag e  ca n  b e  s e e n  n e a r  

th e  cre s t,  b e n t to w a rd s  th e  l e f t a b u tm e n t,  i n d i ca ti n g  o u t- ru s h i n g  

w a te r f l o w  in  th a t  d i re c ti o n .  A  p ro m i n e n t  c ra ck  u p  th e  u p s tre a m  

h e e l  is  s e e n  a t l o w e r ri g h t h a n d  s id e  (C .H .  L e e  C o l l e c ti o n ,  U .C .  

W a te r R e s o u rce s  C e n te r A rch iv e s ,  B e rk e le y , c o l o ri z e d  b y  P. 

H o rto n ) .

p anel, head ed  b y  retired  C o rp s o f  Eng ineers G eneral W illiam  

Siebert, to  rev iew  th e  Bureau  o f  R ec lam atio n s d esig n o f  Bo u l

d er D am . Th e p anel end ed  up  selecting  the Black C any o n site, 

o rd ered  th e  f lo o d  sto rag e increased  to  9 .5  m illio n  ac -ft by  

increasing  th e  d am  heig ht an o th er 25 ft (to  730  ft), increased  

the fo u n d atio n  b earing  p ressure to  40  tsf, and  o rd ered  ch an 

n e l d iv ersio n  and  sp illw ay  cap ac ities increased  b y  an o th er 

35  p erc en t. Sh o rtly  after th e ir f in d in g s w ere released , th e  

$165  m illio n  Bo u ld er C any o n  Pro jec t— the largest fed erally - 

fu nd ed  p ro jec t in h isto ry  at th at tim e (D ecem b er 1 9 2 8 ) — w as 

ap p ro v ed  by  C o ng ress,

Th e fo llo w ing  year in 1929, C alifo rnia enacted  p ro fessio nal 

reg istratio n fo r civ il eng ineers. The St. Francis traged y  also  d rew  

atten tio n  to  the im p o rtance o f  eng ineering  g eo lo g ic  inp u t in 

site se lec tio n , w h ich  b ec am e stand ard  p ractice, as d id  eng i

neering  g eo lo g y  in  the civ il eng ineering  curricu lum . A  v ig o r

o u s d ebate erup ted  ab o u t the d ev elo p m ent o f  hyd raulic up lift 

b e n e ath  d am s, w h ich  c o n tin u ed  in to  th e  early  1950s. Th e 

d estab iliz ing  im p acts o f  hy d raulic u p lift o n  steep -sid ed  ab u t

m ents w as n o t fu lly  ap p reciated  u ntil after the M alp asset D am  

failure in D ecem b er 1959. The failure to o k  years to  unravel.

T h e  th ree -d im en sio n al c o m p lex ity  o f  b lo c k y  d am  fo u n 

d atio n s u n d er seep ag e fo rces c o n tin u es to  ev o lv e. Th e siting  

o f  d am s ag ain st lan d slid es w as n o t sp ec if ic  to  St. Francis. 

In  fact, sin c e  Ro g ers' first artic le  ap p eared  in  1992 , Sch u s 

ter ( in  p ress)  h as c o m p ile d  a list o f  2 5 4  A m erican  d am s 

g reater th an  3 5 - f t h ig h , m o st o f  w h ich  w ere u n kn o w in g ly  

co n stru c ted  ag ainst o ld  land slid es. M any  o f  these  are b e in g  

re-ev alu ated  in lig h t o f  th ese  recent rev elatio ns. O

/ . David Rogers, Ph.D., P.E., P.G., M. A.S.C.E., holds the Karl. 

F. Hasselmann Missouri Chair in Geological Engineering at the Uni

versity of Missouri-Rolla. He can he reached at rogersda@umr.edu.

cal structure. It stated : "A so u nd  p o licy  o f  

p u b lic  safety  and  b u siness and  eng ineering  

ju d g m en t d em and s th at th e  co n stru c tio n  

and  o p eratio n  o f  a g reat d am  sho u ld  nev er 

b e  left to  the so le  ju d g m en t o f  o n e  m an, 

no  m atter ho w  em inent, w ith o u t... check 

ing  b y  ind ep end ent exp erts." H eed ing  this 

ad m o n itio n , C alifo rn ia 's  state  en g in eer 

(w hich  later b ecam e the D iv isio n  o f  Safety  

o f  D am s— th e  n atio n 's p reem in en t d am  

safety  ag en cy ) w as g iv en rev iew  p o w ers 

o v er all no n-fed eral d am s.

T h e  St. Fran c is  D am  fa ilu re  a lso  

a f fe c te d  th e  Bo u ld e r C an y o n  P ro je c t 

w h ic h  w as th e n  o n  th e  v erg e o f  b e in g  

ap p ro v ed  b y  C o ng ress in  1928 . Th e Bo u l

d er D am  p ro je c t c a lle d  fo r a m assiv e  

curv ed  co n crete  grav ity  arch  d am  700 feet 

h ig h  w h ich  w as b e in g  p ro m o ted  b y  so u th 

ern  C alifo rn ia w ater in terests, in c lu d in g  

M u lh o llan d . Tw o  m o n th s after St. Francis 

failed , C o ng ress n am ed  an in d ep en d en t

Fig u re  4 .  A erial  o b l iq u e  v iew  o f  th e  S t. Fra n d s  D am  f ailu re  tak e n  th e  f o l lo w in g  m o rn in g , 

l o o k in g  u p s tre am , th e  le f t ab u tm e n t lan d s l id e  is d e a rl y  v is ib le , e xte n d in g  a lm o s t 2 0 0  f ee t ab o v e  

th e  re s e rv o ir p o o l  e le v atio n  (S p e n s e  A erial  P h o to  C o l l e ctio n , U C LA  G e o g rap h y  D e p artm e n t) .
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