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What should we all learn from historic failures 
of engineering systems? In 1977, British civil 
engineers P.G. Silby and A.C. Walker published 
a memorable article, “Structural Accidents 
and Their Causes,” in the Proceedings of the 
Institution of Civil Engineers in London. Their 
most sobering conclusion was that spectacular 
failures of particular types of structures (e.g., 
dams, bridges, storage tanks, ship hulls, and crib 
walls) tend to occur in roughly 30-year cycles. 
They attributed this conclusion to the memory 
of such events waning with time, while, in the 
meantime, designers become increasingly 
daring, striving to “push the limits,” when, for 

example, the scale of a structure is enlarged or 
extended without sufficient consideration of 
load distributions during construction sequenc-
ing. Some of the oft-forgotten considerations 
include unanticipated impacts of aging, effects 
of cold weather, structural modifications, or 
unanticipated loading conditions. Overlooking 
any of these factors can eventually lead to 
spectacular failures, particularly consequential in 
the case of dams. I summarize here the lessons 
learned from a few noteworthy late 19th and 
early 20th century dam failures that advanced 
the engineering of dams and the foundations 
they bear upon.
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Section of St. Francis Dam concrete monolith 
remaining after its failure in March 1928.
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Spectacular failures of particular 

types of structures (e.g., dams, 

bridges, storage tanks, ship hulls, and 

crib walls) tend to occur in roughly 

30-year cycles.

Bilberry Dam (1852) and  
Dale Dyke Dam (1864)
In Great Britain, failure of the 
92-ft-high Bilberry Dam in 1852 and 
the 285-ft-high Dale Dyke Dam breach 
of 1864 led to the deaths of hundreds, 
killed livestock, destroyed scores of 
buildings and structures, and resulted 
in vast property damage in their 
downstream valleys. These failures 
led engineers to begin recognizing 
problems associated with the build-up 
of internal hydrostatic pressures 
in earthen dams, and the need to 
exercise more care in evaluating the 
geohydrology of dam foundations. In 
1880, this awareness motivated William 
H. Penning of the British Geological 
Survey to publish Engineering Geology, 
the first textbook on the subject.

Lower Texas Colorado River 
Dam (1900)
Constructed in 1890-1893, the Lower 
Colorado River Dam at Austin, TX, 
was 66 ft high with a crest length of 
1,091 ft. The cyclopean concrete gravity 
dam was intended to safely pass floods 
of up to 250,000 cfs, a world record 
at the time. In its first seven years of 
operation, the dam’s reservoir lost 48 
percent of its storage capacity through 
siltation. In April 1900, the dam was 
subjected to an overflow of 220,000 cfs, 
which overtopped the crest by 11 ft 
and undercut the dam’s toe. The dam 
was founded on Edwards Limestone, 
which contained seams of shale that 
proved critical in the undermining 
process. After spilling for seven hours, 
a 500-ft-long section of the dam slid 60 
to 80 ft downstream, draining the res-
ervoir and destroying the powerhouse.

The dam’s short life and sudden 
failure pointed to the need for 

improved assessments of sedimenta-
tion, channel scour, faults, and karst 
features in the foundation. When gates 
in the replacement structure were 
later damaged by flooding in 1915, and 
later by vessels carried over the dam 
crest in 1935, a decision was made 
to construct two much larger dams 
upstream and a replacement structure. 
Building on past lessons learned, the 
replacement structure, christened 
the Tom Miller Dam when completed 
in 1940, included a modern grout 
curtain, uplift relief wells, a reinforced 
concrete spillway, and energy dissipa-
tion aprons to better resist toe erosion 
during high flows.

Austin/Bayless Dam (1911)
The Bayless Dam near Austin, PA, was 
built in 1909 as a cyclopean concrete 

structure for a pulp paper mill. The 
dam, with a maximum height of 
56 ft and a crest length of 544 ft, was 
intended to retain a reservoir of up to 
45 ft deep. Only six weeks after com-
pletion, the dam began manifesting 
distress when its central portion crept 
31 in. downstream, opening up several 
axial cracks. Initial leakage was small 
enough to maintain the reservoir, but 
increased seepage was noted flowing 
into the channel 10 to 12 ft down-
stream of the dam’s toe. Desperate to 
do something quick and easy to reduce 
the hydrostatic load on the structure, 
the owner dynamited a 4-ft-deep notch 
in the dam’s crest, which lowered the 
reservoir until the dam’s designer, civil 
engineer T. Chalkley Hatton, could be 
summoned to suggest reinforcement 
measures. Hatton brought in famed 
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dam engineer Edward Wegmann, 
who proposed placing puddled clay 
against the dam’s upstream toe and 
a large rockfill buttress against the 
downstream face. But these measures 
were too expensive for the owner, who 
instead decided to repair the v-notch 
in the dam’s crest. The reservoir was 
then filled to a depth of 2 ft below 
crest, resulting in 600 gpm of seepage 
through the dam’s toe. The dam func-
tioned properly until September 30, 
1911, when it failed catastrophically, 
unleashing a flood that drowned 78 
people in Austin and Costello, PA, a few 
miles downstream.

Post-failure assessments revealed 
that the dam was founded on inter-
bedded sandstone and shale partings. 

Hatton had designed the dam to sit 
on a 4-ft-wide cutoff wall extending 
11 ft beneath the dam’s upstream heel, 
through a series of relatively thin beds 
of silty sandstone with shale seams. 
But the dam’s owner felt this was 
unwarranted and reduced the cutoff 
wall to a 4-ft-wide by 4-ft-deep shear 
key, while heightening the dam by 2 ft 
without Hatton’s permission. Forensic 
work 95 years later revealed that 
about 76 percent of the dam’s length 
slid downstream, displacing eight 
monoliths 12 to 136 ft downstream 
from their original positions. Test 
pits excavated in 2005 revealed that 
the blocks likely translated on a 
0.3-ft-thick seam of shale sandwiched 
between 2-ft-thick beds of siltstone 

and flaggy sandstone. This failure 
pointed to the folly of letting owners 
overrule their own engineers on virtu-
ally every aspect of the dam’s design, 
construction, and operation.

St. Francis Dam (1928)
Built between 1924 and 1926 to 
supply water to Los Angeles, CA, the 
St. Francis Dam was a mass concrete 
gravity arch structure with a maxi-
mum height of 205 ft, an arch radius 
of 500 ft, and a concrete volume of 
more than 130,000 cy, designed and 
constructed under the direction of the 
Bureau of Waterworks & Supply Chief 
Engineer William Mulholland.

The dam’s principal shortcomings 
included:
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 o  Abutments were constructed in 
shallow excavations just 6 to 15 ft 
deep.

 o  It was not outfitted with a grout 
curtain or seepage cutoff wall.

 o  While the highest portion of the dam 
was founded on 10 uplift relief wells, 
neither abutment had relief wells, 
and both failed.

 o  The dam’s concrete was not vibrated 
during placement, which led to 
aggregate segregation and open 
voids along cold-pour joints.

 o  The concrete mass was bereft of any 
contraction joints to accommodate 
expected shrinkage of 1/2 percent 
during curing.

 o  An inactive fault passed beneath the 
dam’s right abutment.

 o  The Vasquez sandstone located in 
the upper two-thirds of the right 
abutment was subject to disintegra-
tion upon submersion because it 
contained gypsum.

During the first year of operation, 
four prominent contraction (tension) 
cracks formed transverse to the dam’s 
axis, likely in response to cement heat 
of hydration. When seepage through 
these fissures increased noticeably in 
early 1928, Mulholland had the cracks 
caulked with oakum to prevent loss 
of cement grout injected into these 
cracks from the dam’s crest. Sealing 
of the transverse shrinkage cracks on 
the dam’s downstream face would 
have engendered development of full 
hydrostatic pressure between adjacent 
blocks of the main dam.

A few days after the reservoir 
reached its highest level, the dam 
failed catastrophically near midnight 
on March 12-13, 1928. The resulting 
flood swept down the canyon below 
with an initial depth of 140 ft, 
destroying LA’s powerhouse 1.4 miles 
downstream, and killing over  
430 people during its 52-mile  
rampage toward the Pacific Ocean.

Recent geological studies have 
demonstrated that the St. Francis 
Dam was also unknowingly built 

against a Pleistocene landslide 
formed within the Pelona Schist. 
Approximately 740,000 cy of this old 
slide mass was reactivated during the 
failure sequence, carrying the left side 
of the dam across the downstream 
face, toward the right abutment. 
The failure pointed to the need for 
sound engineering geologic input, 
considerations of hydraulic uplift 
and relief, and external peer review of 
structures whose failure could have 
grave consequences.

All of these projects encountered 
unforeseen subsurface conditions. 
In 1913, the most sought expertise 
was blasting to aid excavation. Karl 
Terzaghi offered his services as a 

“blasting consultant” on reclamation 
and riverine navigation projects in 
Oregon, after he discovered he could 
make considerably more money than 
he could as an engineer, even with a 
doctorate degree! 
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Bayless Dam on Freeman Run, Austin, PA. The dam burst on September 30, 1911.
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