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Mores Se Jf" ate; MF 'in 1905. Between 1923-

BONIE :ur{ d five degrees in geology, from

Brovil, J:e onto, and Harvard Universities.

=HIS ear y.career included two years as an
==nstruc or at Lafayette Collage, two years
= |th the Pennsylvania Geological Survey,
"and three years as Chief Geologist with the
— Pennsylvania Turnpike Commission, with
whom he maintained a working relationship
for over the next 22 years.
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‘5 In1883 Andrew Carnegie teamed with William
-Vanderbuilt to build the South Penn Railroad more or less
along the same alignment as the old Forbes Road

e By 1885 609% of the grade was completed, including 9
tunnels (4.5 miles), but the project fell into financial
problems and was absorbed by the competing
Pennsylvania Railroad.




another world war tnggered
considerations of how steel
could be transported from
Pittsburgh to the docks in
Philadelphia

Pennsylvanla Turnpike Commission was

—CI a eEFby the State’s General Assembly to consider the
—-.:constructlon of a high speed highway between Pittsburgh
: and_ Philadelphia that could support heavy truck traffic.

The commission decided to utilize the partly-completed
South Penn Railroad alignment as a means of hastening the
project, using 7 of the 9 existing tunnels. Their goal was to
complete the super highway in just 20 months !
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numerous coal fields and steep escarpments
requiring tunnels




g 3
g ¢ :
- 5 .
o 7 - R ™ 2
7] / / 0 7 ks Sy 3
5 p /, o P - \\ > &
'. 7 3 z / 7 N D
<,/ Om X 7/ ke
2% l /7
17
/ /;//////4;; " €-0lIs 'W 777 SRR S
9 //7/ 117, “’* SN Y PR
207000 05=x NS
/22 & ///I/’ 'g. \ S ‘\\ N
NGO NNNNSS = CCInRy
2 0 _ A NN
2 - l = S = g ¢ MILES o
r J
"g &=
S e
© / \ o
= S 1/ B
- - \ \
== V €0ls N\ o
== 3 o AR
- "’— ‘ \ r.."-o
" - \. \

| R R e st Tt 1o e ot et 1 St e eaan B Bt ]

¢ These are some of Art Cleaves’ early cross
sections along the turnpike’s proposed

alignment




e

Snapr m‘g~the geology inside the tunnels abandoned by
= the South Penn Railroad, which had been excavated
—52% years earlier.

- o New tunnel alignments were explored using hollow
core diamond drilling

e A horizontal hole 1450 ft long was advanced from the
old Tuscarora Tunnel, a record at the time for
horizontal drilling.
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‘o Geologic strip map along the Pennsylvania
Turnpike where it crosses Bedford Narrows,

published in the Guidebook to the Geology of
the Pennsylvania Turnpike released in 1949,



e This cut was 153 ft dee
and 2,475 ft long,
making it the deepest
cut in the eastern USA

e It exposed a thick
sequence of Chemung
sandstone and shale,
which grade into
Catskill red beds at the
east end



Jo: coal measures east of the
_,;; u :njjik'e’s Laurel Hill Tunnel. Note tar-coated
m‘p drain pipes at lower left of left photo.

® Close- -up view of the mined out coal seam,
showing Its thickness an character. These
rooms were backfilled with stacked rock where
the alighment passed them.
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¢ Interbedded Catskill sandstone with interbeds
f thin shale exposed in west portal of the
Rays Hill Tunnel.



A_'West Portal of the Rays Hill Tunnel in the
Catskill red beds, as completed. The ridge in
background iIs underlain by the Pocono
sandstone.



e The Arona Landslide developed in a cut made in
the Conemaugh formation. Vertical joints
played a role in controlling the orientation of
the crown scarp.
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TIie-‘Mt Dallas Cut across Raystown Branch, seen from
the south, near Everett.

e Tussey Mountain is structurally controlled by steeply
east-dipping sandstone and quartzite of the Tuscarora
formation, which are more resistant than the
limestones to the west and shales to the east
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‘s-Rock fill embankment 98 feet high supporting

- the Pennsylvania Turnpike, west of the Clear
Ridge Cut. Note massive reinforced concrete
culvert structures carrying the local stream and
tunnel for secondary highway crossing.



““was complete

in 1940, just 20
Nonthsarter

construction

began.

e It was heralded
as one of the
great
achievements of
that time, and
served as a
model for the

Interstate

Highway

program 20

years later

e



‘i’:Bé‘Eween 1940 46 he worked on a series of applled
- geology problems associated with highways, dams,
airfields, and tunnels, including service with the
Office of Scientific Research & Development during

the Second World War in the Solomon Islands,
Hawaii, California, and Florida.
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' ..r;CIeaves Jomed the faculty at Washlngton
== tfy—m St. Louis as an Associate Professor of
:r-\ o bglcal Engineering. Promoted to full professor in
- 1949 and remained there until retiring in 1974,

. T erry West enrolled at Wash U’s geology program in
1954 thru 1958.

e Image at left shows Professor Cleaves inspecting
drilling of caissons for the new Earth and Planetary
Sciences Building under construction in 1969
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L TerryaWest enroll

Loms In
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— o He received his B.S. in
geological engineering and
A.B. in geology
concurrently, in 1959.

® From 1959-61 he worked
with Professor Art Cleaves

-,féi'izy-‘and Sh|rley

~“West,shortly after on an M.A. _degree_in _
- their marriage in geology, with a minor in

1957, while he was
attending Wash U in
St. Louis.

civil engineering.
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 fi gur n the

Sering -
Geology Division of the Geologlcal
- Society of America in 1947

cJ-n,u,; red the division’s bylaws and serving on
SHEOMm _lttee for Teaching Aids and on that for

- -..—-‘-""

| repared a chapter in the 1950 text “Applied
== e ¢ lmentatlon,” one of the early seminal works in
,,.applled geology.

- o- Soon thereafter Cleaves was named chair of the EGD
committee examining the “Influence of Geological
Factors on Tunnel Construction,” and served as the
EGD chairman in 1953
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FO‘rl.:e‘f’tf-Fling ground coniing into the working face of
~ _the Kittatinny Tunnel on the Pennsylvania Turnpike.
~ Right: Roof failure in the West Allegheny Tunnel in the

late 1940s

¢ Cleaves also consulted on numerous dam sites, mines,
missile silos and oil wells all over the United States,

Venezuela, Lebanon, and Italy.



Geology in GeologyAnigss
Engineering Engineering

JOHN R. SCHULTZ, Ph.D. = n t € early 19505 -
s Cleaves colla borated with
Chcago, Minois John R. Schultz, chief
ARIETUR. TS CLEAHES, B, geologist with Harza
Wk e Engineering Co. of
Chicago, and E. J. Yoder, a
research engineer at
or ). Yo R B Purdue, to write the text
Bty Uibrestgs Loy T Geology in Engineering.
) | It was published by John
Wiley in 1955 and

New York - JOHN WILEY & SONS, Inc. remained in print for over
London - CHAPMAN & HALL, Lzd. a decade.




Surface of glacier

Most of the figures
in the textbook
were based on the
author’s personal
experience

The cross section at
upper left is just as
important today as
it was back in 1955,
illustrating the
potential pitfalls of
liner interpolations
between adjacent
boreholes.
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-.'-_Simple hypothetical section through a

retreating escarpment, showing the natural
particle sorting that occurs with increasing

offset from the receding cliff face. Where is
the demarcation between "slide debris” and
Ysoil”?
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1. Debris slide
2. Debris fall

Rockslide Rockfall

h%iéxtbook was released three years before Varne's
-now-famous classification scheme, in HRB SR29.
® In these sketches Schultz and Cleaves tried to illustrate

the different kinds of slope failures.

¢ The example at upper left is from the Ozarks in
Missouri, in highly overconsolidated weathered
residum.



Engineering |
Practice e ,____“:‘- —

A -
- ——————4
950s,Cle ,J‘./:‘:D“_/‘_/J

19 as chail an of the

-;;.-;Commlttee on Landslide
* Investigations of the Highway
Research Board.
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S=1his 1@) rest grew out of his work with the
H—\; sylvania Turnpike, which continued each
~'e immer, between terms.

1,5.0 Tn-1958 he and Shailer Philbrick co-authored the

- chapter “Field and Laboratory Investigations™ for

- HRB Special Publication 29, Landslides in
Engineering Practice, which became the standard
work on the subject for the next two decades.



'%{;e of the more useful contributions of his

-v‘

~ chapter in HRB SR29 were these graphical
methods for estimating the maximum depth
of slippage of a slump landslide, which have
been in general use over the past 50 years.
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leaves i
,J: —"'i'.—"é' - Legget Kiersch
SEALITE=1958 GSA annual meeting in St. Louis, Professor Cleaves
=—arranged a televised panel discussion on influence of
s==—geohazards, such as landslides along the Mississippi River
~terraces in the St. Louis area, comprised of himself, Robert

- Legget, and George Kiersch. This panel discussion focused

= considerable attention on the importance of engineering

(e[=To) [o]e VA
e Shortly afterwards, he became a registered professional

engineer in Missouri, and achieved fellow member status in
GSA, ASCE, and NSPE.




‘ we Landslide s
LANDSLIDE _ Thyvesti :

INVESTIGATIONS Qe Hiandbook

highway location and design > =

n 1961 Professor
Cleaves prepared the
“Landslide
Investigations: A Field
Handbook for use in
Highway Location and

7 A Design,” published by
S Sy the U.S. Bureau of
U.S. DEPARTMENT OF COMMERCE Pu blic Roads_

BUREAU OF PUBLIC ROADS

WASHINGTON : 1961
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Length - Horizontal distahce, crown to toe.
Width =~ Horizontal distance, flank to flank,
Height = Vertical distance, toe to crown.

-
-~

above terrace.

=

il

| Radial Cracks

|

\

—\

e
r

Depth - Thickness of slide mass, between

foot and crown, (Foot is line of intersection

between the lower part of the surface of
rupture and the original ground surface.)

¢ Potential slide due to storage of water in stream bank after a flood,

' '"Bank storage'' water can cause overstressing of the soil in stream bank
1
|
!
1
|
L

Flood Water

Surcharge

Slope design in inclined rock strata where the highway
parallels the strike, A steep slope may be permitted on
the right, where the rocks dip away from the excavation,
On the left, the lower slope should be parallel or flatter
than the rock dip, Because it is uneconomical to make
this gentle slope to the full depth of the cut, the upper cut
slope is made steeper than the dip of the strata and a
bench is provided to catch debris slides,

Potential failure in unconsolidated sand and
gravel overlying impervious shale. Excess
water from the washing and screening plant
or a combination of heavy rain and the sur-
charge of stockpiled material may cause
failure., Vibrations due to blasting of imper-
vious material may also be a contributing
factor.

Pervious

Impervious

Figures from Cleaves’ 1961 field handbook, showing landslide
nomenclature, highway cuts, rapid drawdown conditions, and
perched groundwater impacts.




This rock fall is due

to the undercutting of the
river bank on the outside
of a bend. Such falls are
also common on lake and
sea cliffs. It should be
kept in mind that highway
location close to the edge
of cliffs and scarps can
be hazardous.

Creep is the slow. impercentible movement of soil downslope. Here the offset

Protection for highways in mining
regions requires "slushing' (limited
filling with sand or similar material)
of the mined=-out areas beneath the
pavement and shoulders,

Sections.and block
diagram illustrating
bank undercutting,
slope creep, and
mine collapse,
and/or subsidence.




Slide scars such as these are
easily recognizable features of
slope instability, Generally
they appear as spoon-shaped
depressions with hummocky lips
on the downslope side, Exca-
vation into such slopes should
be avoided when possible,

P also emphasized
remedial measures
for troubled cut
slopes, as pictured
here.




A siphon installation has been An interceptor drain of the sand-filter,
used in the State of Washington perforated-pipe type. This condition
for lowering the water table and Section 8" Pipe typifies the importance of differential
stabilizing landslides. It has permeability in the landslide problem.

the depth limitations of all Water moving through the pervious lime-
siphons. [‘ Pesiorations stone and coa! is pre_vented from moving imeston
 — eriorations downward by impervious shale and clay. \ \
0 Wwater Level \\\\\\\\\\\\\\Q\

T

Butterfly Check
Valve 45°

\\\\\
A

Perforated Pipe

This drain is removing water from a sandy
8" Perforated Casing layer beneath a clayey loess and emptying it
into another permeable sand, which is above
the permanent ground water table, A row of
piles, to the right, had been used in an attempt
to prevent sliding,

S SNk section|| Back Filled

~—~ . Tigj
\_ \"‘snfl_ GI'OUnd
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~ NG s
LN Limit of Slide =~

. — B @ e @ e 0 e

l«—Piling \

R ¥ Outlet

Use of interceptor trench, pervious blanket arnd perforated-pipe drains to stabilize
foundation for sidehill fill on portion of Dunsmuir Freeway, U.S. Hwy. 99, Northern
California, Bottom of longitudinal trench, outlet trench, and upslope side of trench
have 3 ft, blanket of gravel,

Graphical depictions of various drainage stabilization schemes

that had been employed along highways prior to 1961.
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ShElgnaniofifa nine-member committee on Slo‘)e
Staplitysand Erosion Control set up by the Building
Research Advisory Board of the National Research
souncilfand National Academy of Sciences.
committee included member with backgrounds in

= —engineering geology, soil mechanics, soil agronomy,
~—landscaping and planting, construction and sanitary
- engineering to focus on slope stability and erosion

problems.

e The committee was charged with providing the FHA
with the most up-to-date information which would lead
to more responsible construction practices in the
residential housing industry.

——
———
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 Geology Case Histories No 7.

» f1971 the Wash U geology program
= was re-designated as the Dept. of
Earth & Planetary Sciences, a few
years before Cleaves retired in 1974.



.
SRetirement Yyear

SHONAY m ay,-1974—‘h'e was named

LERUERFS ationalieonmittecongiunneling o
Tacnnulde YO ‘the National Research Council.

HENEmained an active consultant on a wide range
WIiPro] J—‘f“"s ‘and maintained his residence in St.

I JJJ_)J '-;- _;_" :.:';r;_* -

SRS, ﬁathryn died in February 1983, at age 73

- o-.‘—-\

—o=] _atyears later, Professor Cleaves died of a brief
= :lllness while visiting his son Emery in Baltimore
~ ~onJune 6, 1985, at age 79.

" e Son Dr. Emery T. Cleaves served as Director of the
Maryland Geological Survey from 1993-2007
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