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INVESTIGATIONS AND STUDIES FOR THE RICHMOND 
TUNNEL TO BE CONSTRUCTED UNDER NEW YORK 

HARBOR 
BY STANLEY M. DORE,* MEMBER 

(Presented at a meeting of the Boston Society of Civil Engineers, held on September 27, 1961.) 

THE average daily consumption of water by New York City for 
the year 1961 is estimated now to average about 1270 million gallons 
daily with peak summer daily rates of about 1550 m.g.d. By the year 
2000 the average rate is estimated to average about 1800 m.g.d. 

These enormous demands have been and will be met from upland 
surface water supplies developed since 1905 by the Board of Water 
Supply and flowing by gravity into New York City. The Croton 
system built by the City prior to 1893 still furnishes up to about 150 
m.g.d. without pumping and the needs of low service areas can 
theoretically increase that amount, without pumping, to the total 
yield capacity of the watershed to about 330 m.g.d. The Catskill 
supply consisting of Ashokan and Schoharie Reservoirs furnishes a 
safe yield of 565 m.g.d. and the Delaware Supply will furnish a safe 
yield of 800 m.g.d., of which 490 m.g.d. capacity is now obtainable 
from the recently completed Rondout, Neversink and Pepacton Reser
voirs and the remaining 310 m.g.d. capacity will be available by 1965 
from the Cannonsville Reservoir, now under construction. 

The waters from the Croton reservoirs are fed into Jerome 
Reservoir in the Bronx through the Croton Aqueduct. The waters from 
the Catskill reservoirs are fed into Kensico Reservoir about 15 miles 
from the City and Hill View Reservoir at the City line by the Catskill 
Aqueduct and from the Delaware reservoirs by the Delaware Aqueduct 
into Kensico and Hill View Reservoirs. The Neversink tunnel joins 

* Chief Engineer, Board of Water Supply, City of New York. 
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the Neversink Reservoir into the Delaware system, the East Delaware 
tunnel joins the Pepacton Reservoir into such system and the recently 
driven West Delaware tunnel will join the Cannonsville Reservoir into 
that system. 

From Hill View Reservoir, water is fed into New York City by 
Tunnels Nos. 1 and 2 put into service in 1917 and 1936 respectively. 

The population served now is approximately 8 million, not in
cluding transients, and for the year 2000 it is estimated to be nearly 
10 million. The average daily consumption is at present about 150 
gallons per capita. 

New York City corporately consists of five boroughs, Manhattanr 
Queens, Brooklyn, The Bronx and Richmond. The first four of these 
boroughs are serviced in addition to the Croton Supply, by shaft 
connections of City Tunnels Nos. 1 and 2 to the distribution mains. 
The borough of Richmond, which is Staten Island, is serviced by a 
3 6-inch cast iron flexible joint pipe placed in operation in 191 7 and 
42-inch pipe of like design placed in operation in 1925. Each of these 
lines is laid in a trench in the muds and sands of the New York harbor 
bottom. These mains connect indirectly with City Tunnel No. 2 in 
Brooklyn and with the Silver Lake distribution reservoir on Staten 
Island. 

The Board of Water Supply, approaching completion of the 
Cannonsville Reservoir after years of effort in obtaining water from the 
East and West Branches of the Delaware River, an interstate stream, 
through decrees of the Supreme Court in 1931 and 19 54 which provide 
for large compensating dry weather releases to the river below the 
reservoirs as well as for the diversions, turns its attention at the 
direction of the Board of Estimate upon joint request of the Depart
ment of Water Supply, Gas and Electricity and the Board of Water 
Supply, to plans and studies inherent with the transportation and 
delivery to the various boroughs for proper distribution in sufficient 
amounts at adequate pressures. At present the capacities of City 
Tunnels Nos. 1 and 2 are fully used and in times of peak demand 
undesirable pressure drops are experienced in parts of Manhattan, 
Brooklyn and Queens. There is no allowance for a temporary shut
down for emergency repairs to the shaft heads of either tunnel and 
each has now been in service about 30 years. 

The Borough of Richmond is much smaller in population than 
any of the other four, but it has at present a population of about ¾ of 
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a million people (about equal that of the City of Providence, Rhode 
Island). The borough has a surface area of 38,591 acres and is the 
third largest borough in area, only the Boroughs of Queens and 
Brooklyn being larger. Accordingly, its population density is con
siderably lower than the other boroughs being about 6 per acre 
against 116 for Manhattan, about SO for The Bronx and Brooklyn 
and 2 5 for Queens. About 40 per cent of the gross acreage of Rich
mond is still free for future development. The Borough of Queens is 
developing more rapidly at present than any of the others. The growth 
on Staten Island has been hampered by lack of highway transportation 
to the mainland. Under construction is the Verrazano Bridge at the 
Narrows which is scheduled for completion by 1965 and there is every 
prospect of industrial development and a population explosion for 
Staten Island upon completion of that bridge. It is estimated that the 
¼ million population will increase to 590,000 by 197 5 and 700,000 
by the year 2000. 

Richmond is served by the 36-inch and 42-inch cast iron mains 
about 43 and 35 years old respectively, and the present summer 
demands exceed the total capacities of both mains. Only the large 
storage capacity of Silver Lake Reservoir prevents a summer shortage 
now. Injury, damage or failure of either main would be of serious 
consequence. The open Silver Lake Reservoir is subject to pollution 
from sea gulls. Thus the situation in Richmond is critical without the 
expected future growth which will be greatly enhanced by the 
completion of the Narrows Bridge. In November 1960 the Board of 
Water Supply submitted a report to the Board of Estimate based upon 
investigations and studies carried on over a period of years to 
determine a recommended solution to the above problem. 

The investigations and studies indicate that a three stage con
struction program is needed, planned so that completion of the three 
stages will terminate simultaneously in about 5 years. Stage I will 
consist of a concrete-lined rock pressure tunnel from Brooklyn to 
Staten Island nearly five miles long constructed under New York 
Harbor in the bedrock foundations at an elevation about 900 feet 
below mean sea level. This tunnel will be about 10 feet in 
diameter and will connect a down take shaft in the Red Hook section of 
Brooklyn with an uptake shaft in the Tompkinsville section of Staten 
Island, both shafts to be also constructed as. part of Stage I as well as 
the connections in Brooklyn between Shaft 1 7 A of City Tunnel No. 2 
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and the down take shaft, which is located about 2 2 8 feet from Shaft 1 7 A 
and in Richmond between the existing large distribution feeder and a 
connection chamber at or near the uptake shaft. Stage II will consist 
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of a large diameter pipeline ( about 84") laid through the streets of 
Richmond to form a connection between · the new Richmond tunnel 
and the Silver Lake Reservoir area. Stage III will consist of the 
construction in Silver Lake Park of covered underground storage tanks, 
,equivalent to about 100 million gallons capacity to protect the purity 
of the delivered water from pollution and to provide a higher flow line 
than is possible with the present reservoir, thus to create increased 
hydraulic benefit not only in Richmond but cross-harbor to Brooklyn, 
Manhattan and even Queens. With the completion of such a system, 
the Borough of Richmond for the first time will have a system of 
:supply comparable to that of the remaining boroughs. 

This program was approved by the Board of Estimate on Feb
ruary 9, 1961 and $31,100,000 total authorized; $24,170,000 for Stage 
I, $1,380,000 for Stage II and $5,550,000 for Stage III. 

Contracts for Stage I are now in preparation and it is expected 
that this work will be advertised for bids this year. Stage III is planned 
for advertising about 1 year from now and Stage II in about 3 years 
from now, so that all construction will end simultaneously in 4 to 5 
years hence. 

All modern methods, some more feasible than others were in
vestigated in the search for a proper, adequate and economical system 
to augment the supply of water of Staten Island. 

STUDIES OF MAJOR AUGMENTATION TO PRESENT FACILITIES 

To meet the obvious need for major augmentation to the existing 
supply for the Borough of Richmond, several methods were studied and 
analyzed as follows: 

(a). Conversion of Saline Water: Because Staten Island is en
tirely surrounded by salt water and because in recent years growing 
attention has been directed to extraction of fresh water from the 
masses available in the ocean, this method received due consideration. 
An additional reason for careful scrutiny of this method was that, if 
such a source could prove to be feasibly used for Staten Island, there 
were future possibilities of using such a development on Staten Island 
to furnish water for the future needs of the other four boroughs as 
well, which consideration might affect the thinking in connection with 
the aqueduct or aqueducts joining Richmond with the 0th.er boroughs. 

In summary, it was found that the processes so far developed as 
well as other conversion processes under experimentation are not now 
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in the realm of practicability for use on Staten Island and in addition it 
does not appear immediately that any suitable or adequate process of 
this nature for the problem at hand will be forthcoming for many 
years to come. The cost of development alone is prohibitive. In my 
opinion, conversion of saline water as a source of fresh water for 
Richmond should not be considered until all fresh water sources have 
been exhaustively utilized. 

(b). Surface Supplies: The obtaining of water through the cap
ture, storage and distribution of rainfall and runoff from surface areas 
is, next to that of well supplies, the most common of all water 
supply procedures. This requires terrain with broad and reasonably 
undeveloped watersheds for catchment purposes and suitable reservoir 
sites. The Richmond topography does not meet these requirements, and 
if it did the value of its acreage, in one of the world's most important 
metropolitan centers, would preclude its reservation for water supply 
purposes. 

( c). Ground Water Supplies: Only a comparatively small part of 
Richmond is suited to well systems. The island has been thoroughly 
explored by well drills. A small area bordering the Atlantic Ocean of 
about 5 square miles in extent, and a second area of limited extent and 
depth in the center of the island, are at present exploited to the limit 
of the safe yield of these areas. The sinking of additional wells would 
only lead to excessive drawdowns in these aquifers, so that further 
wells should not be developed. 

(d). Large Feeder Connection to New York's Upland Supplies: 
Barring the satisfaction of Richmond's development of sources of 
supply by other methods, there remains the augmentation of the 
Borough's supply by additional connections to the main supply feeders 
of the other four boroughs and the quantity of upland water developed 
and being developed by the City is adequate to so permit. 

The matter then becomes a problem of dependable transportation 
and delivery. Many analyses and studies showed by the following three 
schemes seemed the most worthy of further consideration: 

( 1). The construction of additional siphons ( cast iron or steel) 
across the Narrows, such to be similar in construction to those already 
in place. 

( 2). The construction of a submarine aqueduct, laid in the 
harbor bottom along the most direct route to qe feasible. 
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( 3). The construction of a tunnel from Brooklyn to Richmond 
deep in the bedrock formations under the harbor. 

As a matter of interest, consideration was also given to the 
possibility of carrying supply feeders to Richmond over the proposed 
new bridge at the Narrows but the gradient of the bridge, the risk of 
carrying a rigid pressure line on an extremely flexible framework, and 
especially the very high cost, immediately ruled out further con
sideration of this type of aqueduct connection. 

1. Additional siphons across the Narrows: This would consist of 
from one to ten additional 42-inch diameter flexible joint pipes installed 
progressively as the need increased or concurrently in the interest of 
reduced over-all cost. These would be fed by a 72-inch steel cylinder 
pressure concrete main from Shaft 17 A to the Narrows. The over-all 
length of this route would be 46,000 feet. The cost alone of this method 
was too large even though several other disadvantages made it less de
sirable than the tunnel location. For example, the cost of one such 42-
inch siphon with connections would be $17,300,000, two $22,100,000, 
three $26,900,000 etc. The troublesome location of the onshore connect
ing surface aqueducts and the more vulnerable locations of the siphons 
in the harbor muds and sands were two of the undesirable features. 

2. Single large diameter siphon along most feasible surface route. 
This would consist of a 9 or 10 foot diameter steel cylinder reinforced 
concrete pipe of submarine type where laid in the harbor bottom. The 
complexity and magnitude of the surface conduit problems of Scheme 1 
were also inherent in this one. In addition the cross water installation 
presented problems which might not be satisfactorily solved. The cost 
would be more than that of the tunnel by over $5,000,000. 

3. Tunnel from Brooklyn to Staten Island. This would consist 
of a hard rock tunnel, lined with concrete, about ten feet in finished 
inside diameter extending directly in a straight line between Shaft 1 7 A 

. of City Tunnel No. 2 in Brooklyn to Staten Island. Careful and 
extended analyses indicated this method to be the most satisfactory, 
economical, feasible and dependable. 

INVESTIGATIONS 

The location of the Richmond Tunnel and appurtenances was 
investigated by 8 7 borings of which 60 located the surface of sound 
bedrock and 11 more penetrated deeply into the bedrock under the 
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floor after locating the surface of sound rock. Being approximately 
800 feet apart, the harbor borings produced a record of geologic 
formations across the waist of New York Harbor that had never before 
been attempted and the wealth of boring data obtained has furnished 
data for reports of Engineering Geologists of the Board-Frank E. 
Fahlquist and Thomas W. Fluhr-and has established the soundness 
and suitability of the rock floor between Brooklyn and Richmond 
along the chosen route, for the tunnel being proposed. 

MAKING BORINGS FOR THE RICHMOND TUNNEL IN UPPER NEW YORK HARBOR 

No program of borings can reveal everything concerning sub
surface conditions, and uncertainties remain upon completion. There 
is no doubt that the excavations for the tunnel will pierce numerous 
joints, some of which will contain water seepage and some of which 
may be accompanied by crushed or decayed zones at the faults. 
However, the borings indicate that the formations involved for the 
most part are very hard and sound even though, roof bolting or 
structural type of roof support may be required at· many locations. 
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There exist the hazards of water inflows during excavation. Accord
ingly, the tunnel has been designed to be built 900 feet below sea level 
( about 700 feet below the rock surface as indicated by borings) in 
order to be conservative in the minimizing of the difficulties that might 
be encountered even though there appears to be no likelihood of a rock 
valley of any appreciable dimension existing between borings. Because 
,of the hazards under which the tunnel will be excavated, even though it 
:appears they will not be great, exploration by drilling in advance of 
driving the tunnel heading will be required. The soundness of the 
excavation can accordingly be anticipated and the number, size and 
seriousness of water bearing seams can be predetermined. Thus, where 
desirable, these conditions can be alleviated materially, permitting 
the tunnel heading to be driven into rock formations rendered sounder 
and drier by advance grouting. 

Extensive hydraulic studies were conducted, as the Richmond 
tunnel is at the southerly end of a complicated system of feeder 
aqueducts and distribution mains. The carrying capacities and the 
pressure gradients that might result, not only on Staten Island but in 
the Boroughs of Brooklyn, Manhattan and even Queens, by the 
construction of the new Richmond connection and by elevated storage 
on Staten Island were given serious consideration. As the Richmond 
tunnel will be completed well in advance of the construction of a third 
City Tunnel it will be possible, during peak demand periods, with 
storage of adequate elevation on Staten Island and with a tunnel of 
adequate cross-section, to lessen the draft on Hill View Reservoir 
north of the City and to develop higher pressures in the existing system 
in the southern parts of the City. 

The consideration of the future needs of the Borough of Rich
mond, the results of the hydraulic analyses; and the economics of hard 
rock tunnel construction led to the conclusion that the size should be 
not less than 10 feet in finished inside diameter, particularly as such 
size approaches the minimum cost per foot. 

Related studies indicated the advisability of furnishing under
ground storage of 100 million gallons capacity with a flow line of about 
Elevation 280, which is about 50 feet higher than the existing open 
Silver Lake reservoir of 450 million gallons capacity. The topography 
of the hillside at the existing site is such that the higher underground 
storage can be built adjacent to the site of the present reservoir. 

The selection of shaft sites for the construction of the Richmond 
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Tunnel presented a challenge, but two sites were found and the borings 
verified their suitability. In the populated busy downtown section of 
Brooklyn, Block 521, roughly an acre of land, has been secured with 
relatively low costs and public inconvenience, one gasoline station and 
fourteen house lots were involved. Six houses of slum clearance calibre 
together with eight vacant lots existed in the block. Only thirty-three 
people were inconvenienced by being forced to find better quarters and 
only one business interest~./ the gasolne station) was disturbed. This 
block is only about 230 feet from Shaft 17A of City Tunnel No. 2. 
A land connection beneath Gowanus Parkway will be needed, but 
will be built at a time when a program for widening the parkway will 
be in progress, a year or more hence. 

The second site selected, on Staten Island, is on City property 
under jurisdiction of the Department of Marine and Aviation. The site 
is about 340 feet from the harbor bulkhead line and is undeveloped at 
present although that department has plans for its future use in the 
projected development of port and pier facilities on Staten Island. 
Thus adequate area for shaft construction purposes is available before 
the development program can be initiated, and only a small area for 
shaft access will be needed beyond the construction period, 

Reconnaissance and surveys were conducted to locate an 84 inch 
aqueduct connection between the Richmond shaft and the Silver Lake 
reservoir. The pipe line will, in general, follow the City streets and 
will be about 5000 feet in length. Borings disclosed the feasibility 
and suitability of making the connection. Such connection to Silver 
Lake Reservoir will also be joined with the existing surface distribution 
network in Richmond. Its construction will be complicated by its 
location under railroad tracks and main highways near the shaft site; 
by the crowded condition in some downtown streets in Tompkinsville; 
and by the steep hillside between the waterfront at the shaft location 
and the reservoir site on the hill. 

The results of the investigations, studies and recommendations for 
the Richmond Project are included in a volume entitled "Reports on 
the Increased Water Supply for the Borough of Richmond by the 
Board of Water Supply, City of New York," which was adopted by the 
Board of Water Supply on November 15, 1960. The Board of 
Estimate approved the project for construction on February 9, 1961. 
President Arthur C. Ford, Commissioner Edward C. Maguire and 
Commissioner Herbert M. Rosenberg are the members ofthe Board of 
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Water Supply. Immediate investigations and studies for the Richmond 
Project were under the supervision of the Research and Development 
Department of the Board of Water Supply, over which Mr. Eugene E. 
Farnan, Deputy Chief Engineer, is in charge. His chief assistant is 
Mr. Vincent G. Terenzio, Division Engineer. They were aided in the 
field by Senior Civil Engineer Martin J. Barkin. The writing of 
specifications, preparation of contracts and the design of the tunnel 
and physical structures are under the supervision of Mr. LeRoy 
Ericson, Deputy Chief Engineer. 
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REFUSE AND REFUSE-SLUDGE COMPOSTING 
BY JOHN s. WILEY* 

(Presented at a meeting of the Sanitary Section, B.S.C.E., held on October 4, 1961.) 

THE composting of municipal solid wastes has been shown to be a 
practical sanitary method of treatment in Europe. The compost 
produced is sold as a low-cost soil builder and serves to make this 
treatment process competitive with other methods of solid waste 
disposal. The use of compost has proved beneficial in nearly all phases 
of agronomy, improving physical fertility and yield of cultivated soils 
and permitting land rebuilding or reclamation. European composting is 
conducted in the manner of sewage treatment in the U. S., generally 
in publicly-owned plants and with government assistance both in 
research and development and in plant construction in many instances 
( 1, 2). 

Developmental activities on composting are not as advanced in 
the United States as in Europe, and all plants have been built by 
private concerns, usually with profit 0 making as a primary motivation. 
The author advocates: development and testing of improved methods 
of waste collection and treatment; comprehensive planning of the 
over-all waste-disposal system; sound engineering plans for the specific 
waste-treatment process; and installation and operation of the plant 
to meet public works, sanitation, and health requirements (3). This 
paper presents some of the results of U. S. composting studies, and 
descriptions of two processes of composting widely used in Europe. 

u. s. COMPOSTING STUDIES 

Basic and applied research studies by the University of California 
( 4) and Michigan State University ( 5), and by the Communicable 
Disease Center at Savannah (6) and at Chandler, Arizona (7) have 
shown that composting of organic wastes is technically feasible either 
in mechanical units or in windrows. These studies have dealt with the 
aerobic decomposition of organic wa~tes at between 40 and 70 per 
cent moisture content. Decomposition proceeds largely in the thermo-

* Sanitary Engineer Director, Technical Development Laboratories, Technology Branch, 
Communicable Disease Center, :Public .Health Service, U. S. Department of Health, Educa
tion, and Welfare, Savannah, Georgia.· 
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philic temperature range, above 113 ° F, generally reaching tempera
tures in excess of 140°F, when the wastes contain sufficient readily
decomposable matter. The principal decomposition products are humus 
or humus-forming substances, carbon dioxide, and water. 

The CDC studies showed that 30 to 40 per cent decomposition of 
the volatile solids ( organic matter) in sorted and ground refuse 
occurred in 6 to 11 days in laboratory mechanical units or in 29 to 
43 days in windrows and bins ( Table 1). The various constituent 

m. ....... e of Comnostin.Q': 

Comnostin1t conditions: 

Mean composting time deys: 

Mean number of regrinds: 
Total number of: Units 

Runs 

Constituent 

Total Wet Weight 

Moisture 
Total Solids 

Ash 
Volatile Solids 

(1) Lipids 
( 2) Crude Fiber 
( 3) Total Sugar 
(ls) Starch 
(5) Protein (6.25N) 
(6) Sum (1) to (>) 
('/) V,S,-(b) (Undeter.) 

lfitrogen (N) 
Carbon (C) 

Ratio: C/N 

Table 1 

Summary of Weight Changes in La.boratory and 
Outdoor Composting of Refuse 

Laboratory MechanicaJ. Units outdoor Windrowsand Bins 
/Savannah) /Chandler) 

Continuous mixing natural aeration; 
and aeration intermittent regrindin.O' 

8.8 34.4 

--- 5 
32 units 4 windrows, 25 bins 
13 runs 4 grouns 2 runs 

Average Weight, Change in Total Weight, Change in 
pounds per unit Weight, '/, pounds Weight, '/, 

Initial. Final Initial Final 

40.47* 27.31 -32,5 71,otJOX 42,1,82 -40.2 

21,.58* 15 .85 -35 .5 33,147X 14,336 -56,ts 
15.89 11.46 -27.9 37,933 28,11,6 -25.8 

1.25 1.43 +11,.4 12,511 12,586 + o.6 
14.64 10.03 -31.5 25,422 15,560 -38.8 

1.62 o.3tl -'/6.5 2,500 590 -76,4 
5.66 5 .26 - 7.1 14,14ts 8,tstl8 -37,2 
0.80 0.0000 -99,9 ------- ............. -----
1.32 0.15 -88.6 ------ ------ -----
1.29 1.26 - 2.!~ 1,353 1,131 -16.4 

10.-69 7.05 -34,1 lts ,001 10,609 -41.1 
3.95 2.98 -24.6 '/,421 ,,,951 ;-33,1·· 

0.207 0.202 - 2.h 216.5 ltsl.( -16.4 
'/ ,;)6 5 .47 -31.3 14,235 9,024 -36,6 

38,5 27.1 -29.6 65 .8 49.9 -24.2 

*Includes initial_ moist.ure plus moisture added during composting rililG. 

xDoes not include mo;isture added during composting runs. 

weights were obtained from the initial and final wet weights and the 
analytical results ( not shown). Raw materials consisted of well-sorted, 
ground refuse and •water at Savannah, and grossly-sorted, ground 
refuse and water or raw primary sludge at Chandler. Table 1 shows 
that good decomposition of sugars, starch and lipids occurred. While 
some nitrogen was lost in outdoor composting, there was a negligible 
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loss in the laboratory units. The volatile solids content of the end 
products was slightly more than half crude fiber in both cases. While 
the composts were subject to further decomposition of the more
resistant organics, they were sufficiently stable to remain aerobic 
without additional turning or aeration. The course of temperature and 
pH with time by the two methods is shown in Figure 1. 
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FIGURE 1. 

The closed, insulated units at Savannah permitted running experi
ments In which stoichiometric balance could be obtained ( Table 2). The 
composting materials were slowly stirred and aerated. Incoming air
flows were metered, and measured portions of outlet air were sampled 
continuously for moisture and CO2 and intermittently for 02. Figure 
2 shows temperature, CO2 and H2O discharged, 02 used, and pH 
values with time in a typical laboratory composting run. Good 
correlations were found to exist semi-logarithmitically between tem
perature and (a) CO2 produced, (b) H2O produced and evaporated, 
and ( c) 02 consumed. Correlation coefficients averaged between 0. 7 5 
and 0.85 when the temperatures were plotted arithmetically and the 
lines of best fit were computed by the method of least squares ( 6). 
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TABLE 2 
STOICHIOMETRIC BALANCE 

AVERAGE VALUES FOR 32 DRUMS IN 13 RUNS 

(POUNDS) 

Constituent 

Volatile Solids 
Ash 

Total Solids 
Moisture 

Total Composting Materials 
Oxygen Used 
Water Evaporated 
Water Produced 
Carbon Dioxide Produced 

Total 
Respiratory Quotient 

* Includes moisture added during composting runs. 

Intake 

14.64 
1.25 

15.89 
24.58* 

40.47* 

6.79 

47.26 

Output 

10.03 
1.43 

11.46 

15.85 

27.31 

8.73 
2.60 
8.52 

47.16 

0.91 

The respiratory quotient (vol. CO2/vol. 02) was of the order of about 
0.9 (Table 2). These results agree remarkably well with those 
obtained by Schulze at Michigan State University ( 5). 

Thermophilic aerobic composting should produce minimal health 
and nuisance hazards both during the composting process and regarding 
the end-product. Objectionable odors should not be produced, as in 
anaerobic decomposition, although some volatile constituents should be 
expected in the discharged air. The combined action of time-tempera
ture ( thermal kill) and antibiotic agents produced by the decomposing 
organisms is reported to cause pathogen destruction ( 8). Weed seeds, 
fly eggs and larvae, and plant pathogens are also similarly destroyed 
(8). 

The highly satisfactory results of research on the technical feasi
bility of composting in the U.S. indicates the need for the next step: 
the construction andproving of full-scale composting plants. 

EUROPEAN COMPOSTING 

Perhaps the United States will now look to Europe where 
composting processes, together with specialized equipment, have been 
well demonstrated, not in one or two prototype installations but in 
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dozens of active plants composting refuse and refuse-sewage sludge 
( 1, 9). At least two European processes are believed by the author 
to be worthy of study for adaption to U. S. conditions: the Dano 
biostabilizer method and the rasping system with windrow composting.* 

Dano Method: In approximately 30 installations in Europe, the 
Dano biostabilizer system provides refuse sorting, composting with 
continuous tumbling and aeration for about 3-5 days, and refinement 
and curing of the compost. Process steps are illustrated in Figure 3. 

180 28 

/.',L H!o PR!DucE~ a 
160 

lL. 
0 

140 .. 
LL.I 

~ 120 

~ 
ffi 100 
a. 
~ 

~ 80 

:c 
.c.. 

60 

40 

9 

7 

5 

If~ EVAPORATED-

COMI OST ;; ~ 
'- TEMP. -i-i,' \\ 

/co, ··r\ 
I ~ /\ \ 

~ / \ 

I 
/ ~ I 

_7 / I\ \ "" "-,-- /,-- -. ~\ \ 
I '• '-..... 
! " // ·--

7/ ",/ ' ., 
I " ii·-. 02 USED ~\. ,' 

717 ~:::::--..:. 
1:::-:--::.-:::::; i· i-.. -

-
,.. i...-

I 
I 

I,. I/ 
~ t--

0 2 3 4 

DAYS 
5 6 7 8 

24 

.. 
20 O 

0 z 
16 <( 

(/) 
C 
....I 
0 
en 
I.J 
....I 

~ 
....I 
0 

N > 
0 (D 

12 U ....1 

ci 0 

8 :lo 
' ~ 
0 

4 ' (D 
..J 

0 

TYPICAL LABORATORY COMPOSTING RUN 
FIGURE 2. 

* Reference in this paper to commercial equipment and processes is for identification pur
poses only and does not constitute endorsement by the Public Health Service. 
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THE DANO BIOSTABILIZER COMPOSTING PLANT AT SOEST-BAARN 
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FIGURE 3. 

The biostabilizer, designed to process unground refuse to which 
water, sludge, or nightsoil has been added, is a slowly rotating 
horizontal drum with positive aeration for the composting wastes. The 
latest European design incorporates wet scrubbers for odor control of 
the outlet air. The biostabilizer provides for aerobic thermophilic 
decomposition of the wastes by aeration, mixing, and gradual particle
size reduction caused by the tumbling-shearing action. The drum is at 
least 9 ft. in diameter and may be SO to well over 100 ft. in length. 
It is generally operated· at about ¾ rpm dudng the receiving period 
and ¼ rpm during the remaining time. 

Refuse is sorted to remove salvable and unwanted items by hand 
and magnetic separation. In Europe the unground ref use is then 
charged directly into the drum inlet. The drum provides mixing for 
water, sludge, or other liquid wastes that are also added at the inlet 
end. At some unstallations, difficulty has been encountered in feeding 
large items indicating a need for preliminary grinding of part or all of 
the refuse, perhaps a necessity for U.S. refuse. 

The matter of retention time is largely one of economics. Decom
position is much faster with continuous mixing, aeration, and grinding 
than under conditions of quiescence and natural ventilation. However, 
adequate stabilization of the compost for immediate general distribution 
would require a retention of more than five days. Retention of only 
one day, as at a few installations, merely provides a good start for 
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the decomposition process and requires further active composting by 
another means. Depending on the character of the wastes and other 
factors, retention of 3 to 7 days in a biostabilizer may permit subsequent 
curing of the compost in undisturbed windrows or small piles without 
creating a nuisance or hazard to health. 

Most Dano units have an integral screen section with coarse 
perforations ( about 4 in. diameter) at the discharge end. Refinement of 
the compost may consist of finer screening and ballistic or gravity 
separation designed for removal of hazardous or unwanted materials 
such as glass, metals, cinders, and the like. Curi,ng of compost is 
generally provided last, in windrows or small piles. Drying and bagging 
are usually not practiced, as the compost is generally sold in bulk at a 
price of only $1.45 to $4.40 per ton. 

Rasping System: This system is named for the grinder, a "rasping 
machine," developed by the Dutch V.A.M. (Refuse Disposal Company) 
and made by Dorr-Oliver, N.V., Amsterdam (2). Figure 4 shows the 

THE RASPING SYSTEM COMPOSTING PLANT AT DELFT 
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FIGURE 4. 

steps in the process, which consists of refuse sorting, grinding, and 
refining, followed by windrow composting for 3 to 5 months. 

As in the Dano system, hand and magnetic separation, with 
salvage, are practiced as the first step. The rasping machine is a large 
vertical drum with heavy hinged arms slowly rotating horizontally over 
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alternate plates with pins and holes. The refuse is "rasped" until it 
falls through the perforations, usually Vs to 1,½ in. in diameter. Ground 
refuse falls to a floor beneath where it is scraped to a discharge chute. 
A gate may be opened from without for the discharge of tailings, an 
operation required about once daily under European conditions. The 
rasping machine has a higher first cost but much lower maintenance 
cost and power requirement than the usual high-speed hammermills. 

Rasping machines are· generally followed by roller crushers to 
reduce the particle size of glass splinters, shards, or cinders. The raw 
ground refuse is then refined by means of a ballistic separator in which 
impellers on a high speed rotor fling the materials horizontally or at a 
slight upward angle. The unit provides both grinding and classifying 
with dense and resilient particles being separated from light and pliable 
materials. 

Windrows in which the composting occurs are generally outdoors 
on an impervious surface and are usually 6 to 8 ft. high and 6 to 8 ft. 
wide at the base. The Dutch practice is to turn the windrowed material 
after 6 weeks and allow a total composting time of about 12 weeks. 
A front-end loader is normally used for both turning and loading 
compost. A shorter composting period may be scheduled when more 
frequent and vigorous turning and aeration are practiced. 

Demand for compost usually exceeds the supply in Europe, even 
in the Netherlands where about one-fourth of all city refuse is 
composted and where also the greatest use is made of chemical 
fertilizers. 

REFUSE-SLUDGE COMPOSTING 

Raw sewage solids enhance the composting of refuse, improving 
both the decomposition and the final compost. The raw sludge raises 
the nitrogen content of the refuse and adds in other ways to hasten 
composting. The final compost is improved in both structure and 
nutrient content. There are a number of examples in Europe of plants 
composting refuse with sludge, and several means have been developed 

· in Germany for sludge thickening. Moisture must be added to most 
mixed refuse for optimum composting; and the cost of composting is 
little affected whether water, sludge, or other liquid wastes are used to 
supply the moisture. The composting of all refuse and sludge from 
the same contributory population, however, will require some thicken
ing of the sludge to avoid excessive moisture in the mixture. Reports 
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of two inexpensive means of concentrating either raw or digested 
sludges have been made recently ( 10, 11). 

Waste treatment by composting of mixtures of refuse and sewage 
sludge may have economic advantages in the United States. 
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DISCUSSION 
BY FRANK L. HEANY,* MEMBER 

COMPOSTING, at first glance, appears to be the most attractive 
means of disposal of municipal refuse. Advances in the technique now 
promise, at long last, the use of this method by some of the munici
palities in the United States. 

The other two generally accepted methods of disposal by sanitary 
land-fill and by incineration will continue to be competitive depending 
upon the particular conditions to be met at the municipality under 
consideration. · 

In many cases, annual costs for composting, as well as the 
valuable end product, should provide favorable competition with in
cineration. Sanitary Land-Fill, in most cases, will be cheaper than 
either, but may not be feasible due to shortage of available acreage 
required for land-fill operations. The open dump and the covered 
dump with open raw face are being outlawed in more and more sections 
of the country. 

The effects of improper disposal are well-known to us in the 
Greater Boston Area. Vigorous steps are now being taken by the 
Massachusetts Department of Public Health to correct these con
ditions, now that the Legislature has finally given them the power to 
act. The smells, the persistent fires with their smudge filtering through 
residential areas, the rats, the roaches and the flies are now within hope 
of being eliminated. 

The sanitary engineer's concern with this problem is based upon 
effects on public health and the noxious effects on the environment 
involved in the disposal of rubbish, garbage from municipal sources, 
as well as refuse from industries. 

We might consider the problem limited to the refuse collected by 
the municipalities. This is homogeneous to the extent that it is 
restricted generally by ordnance to ordinary residential rubbish and 
garbage. Even so, cans, wire, and other metal objects many times 
amount to more than 15 percent by volume of this refuse. These cans 
are not washed clean but contain residue of food-stuffs. If not passed 
through an incinerator, this material must be buried with two feet 
of earth cover to prevent breeding of rats and vermin. 

We cannot close our eyes to the refuse being collected by private 
* Senior Engineer, Camp, Dresser & 11:cKee, Boston, Mass. 
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agencies which now finds its way to the Town Dump. Stumps from 
the hurricanes and Dutch Elm ravages, upholstered furniture, refriger
ators, etc.-these items are not suitable for incineration or for compost
ing. It thus appears that a limited extent of sanitary land-fill should be a 
part of most refuse disposal projects. 

The U.S.P.H.S. has sponsored field demonstrations locally to 
prove the ramp type of sanitary land-fill to be feasible with purchase, 
if necessary, of suitable cover material hauled to and stockpiled at 
the fill area. This method can be used, if land is available, even 
adjacent to built-up residential sections. 

A good deal of the present commotion is caused by the mush
rooming of residential single family development in practically all 
communities. In many cases there are no longer any remote locations 
for the old-fashioned dump within reasonable distance on all-weather
type roads. 

The engineering approach is just as necessary for a good solution 
of municipal refuse disposal problems as it is for sewage disposal 
questions. The funds involved are 1mportant. It is fairly common 
for a city of 30,000 to spend $150,000 per year for collection and 
disposal of domestic refuse. Air-pollution, possible spread of disease, 
and destruction of property values through improper handling of this 
problem are factors requiring an increase in the demand by public 
agencies for serious engineering study of this matter. 
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DISCUSSION 
BY JOHN A. BELLIZIA 

IN MASSACHUSETTS the problems of garbage and rubbish disposal 
are becoming more acute each year. The Department of Public Health 
is receiving an ever increasing number of complaints regarding in
sanitary refuse disposal practices and resultant nuisance conditions. 
As the population migrates from the cities to the suburbs, new 
dwellings are being constructed in rural areas containing farms, in
cluding hog farms. These garbage disposal facilities, formerly located 
in isolated areas, were operated without complaint for many years. 
The new suburbanites who find their houses located beside a piggery 
are not reluctant to complain about the odors, flies and rats from the 
piggeries. As a result several communities have found it necessary to 
regulate piggeries out of existence. In a recent court case the Supreme 
Court of the Commonweath upheld the right .of the board of health 
to prohibit the operation of a piggery in the town. Other "bedroom" 
communities are showing interest in similar prohibitory regulations. 

The open face dump, which formerly was practically the only 
means of rubbish disposal utilized in the Commonwealth, is also being 
crowded out of existence. Rules and regulations of the Department of 
Public Health of the Commonwealth adopted in 1961 will eventually 
result in the absolute prohibition of burning of rubbish in open dumps 
in the Metropolitan area. Once burning is prohibited, the increase in 
the number of flies and rats breeding in the unburned rubbish will 
undoubtedly result in such a volume of complaints that the Department 
will find it necessary to prohibit the operation of the open dump. This 
can be done under Section 150A of Chapter 111 of the General Laws 
which provides that the Department may, after due notice and a public 
hearing, modify the assignment of an area for refuse disposal purposes 
upon determination that the dumping ground results in a nuisance and 
a danger to the public health. The Department has found it necessary 
to hold hearings in regard to the operation of open dumps in five 
communities in Massachusetts during the past year, and in every 
instance has recommended that the open face dump be abandoned and 
sanitary landfill installed. Other communities, where sanitary landfill 
is not practical, have installed incinerators with a resulting large 
increase in the tax load on their residents. 

A single composting plant has been operated intermittently by a 
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private concern in the Commonwealth. The plant has engaged in the 
composting of garbage rather than combined refuse. The end product 
is said to be readily salable. The plant is located in an isolated area 
but has been operated in a manner which would create objectionable 
conditions had there been industrial plants or residences nearby. 

The Department is not entirely convinced of the practicability, at 
the present time from an economic standpoint, of the composting of 
either separate garbage or combined refuse. While it is doubtful that 
the Department would encourage the construction of a municipal 
composting plant, there is no doubt that such an installation would be 
approved on an experimental basis. At the present time, however, 
Massachusetts communities and industries seem reluctant to invest 
the necessary funds to construct such a plant. 
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CRITICAL STRAIN ENERGY OF DISTORTION IN 
SOIL AT LIMITING YIELD 

BY J. E. JENNINGS,* B.Sc.(ENG.), S.M., M.I.C.E., M.(S.A.)I.C.E. 

AND 

P. F. KIRCHMANN,** M.Sc.(ENG.), STUD. M.(S.A.)I.C.E. 

(Presented at a meeting of the Structural Section, B.S.C.E., held on November 8, 1961.) 

CURRENT practice in soil mechanics theory and testing makes use of 
the Mohr-Coulomb hypothesis of strength. In applying this hypothesis, 
"strength" has been accepted as the ultimate stress observed at failure, 
commonly referred to as the peak point value in shear testing. The 
practice has led to certain difficulties, as for example a lack of agree
ment in the values of the friction angle, </>, as observed from the slope 
of the rupture envelope in the Mohr diagram and, from the inclination 
of the failure planes in the test specimen. Further attention is given 
to this and other difficulties in a subsequent section of this paper, but 
at this stage it may be stated that they have led many soil mechanics 
workers to view current interpretations and applications as empirical 
procedures. In the attempt to devise a theoretical basis employing a 
new criterion of failure, which it is hoped will give better agreement 
with observed soil behavior, two propositions are made in terms of 
generalized theory of strength of materials as follows: 

( 1) Any soil which is not allowed to undergo significant change of soil 
properties as a result of stress application, will reach a condition of 
yielding when the strain energy of distortion reaches a critical value for 
the particular soil. This critical energy will be defined in terms of a 
surface represented by a parabaloid of revolution which is symmetrical 
about the a1 = a2 = a3 axis in the principal stress space having 
co-ordinate axes a1 , a2 and a3.1 

(2) The stress condition represented by stresses on the paraboloid will be 
defined as the condition of yielding. For stresses in excess of this 
condition the soil behavior will depart significantly from a linear 
relationship between the logarithm of the mean effective stress and the 
strain. 

. * Professor of Civil Engineering, University of VVitwatersrand, Johannesburg, and Visit
ing Professor in Soil Engineering, Massachusetts Institute of Technology, 1961-1962. 

** Assistant E·ngineer, Electricity Supply Commission, Johannesburg. 
1 The subscripts to the principal stresses in this co-ordinate system bear no relation to the 

relative magnitudes of the stresses. 



CRITICAL STRAIN ENERGY 27 

It will be shown that both of the above propositions have a 
theoretical background but that such derivation requires several 
assumptions. Hence, following precedent with previous theories, these 
two statements have preferably been made as propositions: They are 
then examined to see what theoretical bases they might be considered 
to have, and finally, they are investigated experimentally with a set of 
careful laboratory tests. 

LIMITING STRAIN ENERGY OF DISTORTION 

Rendulic ( 1938), in considering the various possible forms of 
limiting stress surfaces, suggested that one of these might be a 
paraboloid of revolution as follows: 

( cr1 - cr2)
2 + ( cr2 - cr3)2 + ( cr3 - cr1)

2 

= a 2 
{ ( cr1 + p) + ( cr2 + p) + ( cr3 + p) } ( 1 ) 

where "a" is a constant and "p" is in an intrinsic pressure giving 
rise to cohesion, i.e., for any particular value of void ratio and with 
constant stress history, "p" may also be considered a constant. An 
almost identical surface has been proposed more recently by Stassi
D'Alia (1959) 2 

( cr1 - cr2) 
2 + ( cr2 - cr3) + ( cr3 - cr1) 

2 

2 2 = 2(1-1/q) <Tc (cr1 + cr2 + crs) + - <Tc 
q 

(la) 

where crc3 is the unconfined compressive strength and q is the ratio of 
unconfined compressive strength to unconfined. tensile strength3 of the 
material. Both expressions (1) and (la) are similar in form. 

Equation ( 1) may be derived by extending the Huber-von Mises 
equation4 if two assumptions be made, namely that the elastic modulus 
is a linear function of the mean principal stress in the material and that 
yielding will take place when the energy of distortion reaches a critical 
value which is constant for the material. The Huber-von Mises 
equation is as follows: 

(2) 

· where V d is the elastic strain energy of distortion, E is Young's 
2 Equation (la) is Stassi-D'Alia's equation modified to the convention compression positive. 
3 As defined later in this paper, the unco·nfined compressive and tensile strengths are the 

strengths when the lateral confining pressures are zero. 
• Timoshenko (1951) ascribes this concept to M. T. Huber in 1904 and to R. von Mises in 

1913. 
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modulus and p, is Poisson's ratio. If these properties are constants then 
the right hand side of the equation is constant and the expression 
represents a right cylindrical surface with axis a1 = a2 = as in the 
principal stress space a1, a2, as. This cylinder circumscribes the 
hexagonal Tresca surface representing the maximum shear strength 
theory of the nineteenth century: the Huber-von Mises theory may 
therefore be viewed as an extension of the maximum shear strength 
theory. Further, since the terms on the right hand side are all 
concerned with elasticity constants, it is clear that this equation can 
only apply if there are real meanings to these terms. Therefore, the 
"yielding" which takes place when stress conditions reach the critical 
surface must be of the nature of an "elastic limit" or "yield point," as 
understood in the behavior of a ductile material such as steel. 

If the assumption is made that Young's modulus is a linear 
function of the mean principal stress am, then: 

E = a Um+ b (3) 

where "a" and "b" are constants. Soil behavior is more dependent on 
effective stresses than on total stresses and, hence, it is better to restate 
this assumption on terms of effective stresses as follows: 

E = a am'+ b 
a = -- ( a1' + a2' + as') + b 
3 

Substituting this in equation ( 2) gives 
6Vct 

1 + ,u 

{ __!__ a ( ai' + a2' + a3) + b } 
3 ; 

(3a) 5 

(4) 

To solve equation ( 4) in terms of the first proposition, two assumptions 
will be made: 

(1) The Poissons ratio for the material remains constant and within the 
range of elastic possibility, i.e., p, will be between O and 0.5. Rauch 
(1957) has shown that this is approximately true for a soil provided 
that the stresses and strains remain within limits set by the approximately 
initial linear section of the stress-strain curve. This conclusion has also 
been reached by other full scale tests at the Road Research Laboratory 
in England. 

( 2) A limiting energy criterion may also be adopted for brittle materials 
5 The prime symbol, as in <F', in this paper will always refer to effective stress. 
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i.e., yielding will be reached when the elastic energy of distortion reaches 
a critical constant value. This assumption depends upon the assumption 
regarding the nature of E. It may be justified if the energy of distortion 
is viewed as some function of the area under the stress-strain curve and 
for the meanwhile it will be accepted that this depends upon some 
quantity such as the mean E over the range of the test. 

29 

If these two assumptions are accepted then equation ( 4) may be re
written for the stress conditions at yield. 

( a1 - a2) 2 + ( a2 - as) 2 + ( as - a1) 2 

= c(ai' + a2' + as') + d (5) 

where "c" and "d" are constants. 

The constants "c" and "d" may be solved in terms of two 
commonly expressed strengths, namely the strength in tension, at, and 
the strength in compression, ac ( compression considered positive). 

For simple tension a1 = -at and a2 = as = 0 

For simple compression a1 = ac and a2 = as = 0 

The two strengths will also be related by ac = qat 

Substituting for c and d in equation ( 5), in terms of ac and q gives: 

( a1 - a2) 2 + ( a2 - as) 2 + ( as - a1) 2 

2ac = 2crc(l --1/q)(a1' + az' +as')+
q 

(6) 

Equation ( 6) expresses the stresses at yielding of the material, and is 
identical to that proposed by Stassi-D'Alia (1959) except the sign 
convention has been changed to make compression positive. The ratio 
q = crc/at is a measure of brittleness or, otherwise, ductility. It is also 
a measure of the position of the apex of the paraboloid of revolution 
with reference to the co-ordinate origin in the stress system a1, a2, as. 

As q approaches 1.0 the material becomes more ductile and the para
boloid apex moves towards minus infinity, giving a cylinder of applied 
stresses as envisaged in the von Mises theory. For values of q 
exceeding 1.0 the paraboloid axis moves nearer to the origin and for q 
equals plus infinity (i.e., a material with zero tensile strength) the 
paraboloid apex is at the origin. For values of q greater than about 
10, Stassi-D' Alia shows that equation ( 6) may be satisfactorily solved 
by placing q equal to plus infinity. 
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For brittle materials in which q is greater than about 10, equation 
( 6) may be rewritten: 

( 0"1 - 0"2) 2 + ( 0"2 - 0"3) 2 + ( 0"3 - 0"1) 2 

= 2crc ( CT/ + 0"21 + O"s') (7) 

This equation will apply to most soils since the compressive strengths 
are in general considerably greater than ten times the tensile strength. 

Working in terms of effective stress in the triaxial test the 
principal stresses applied by the cell fluid pressure are equal, i.e., 
(Tl = (Ts' and equation ( 7) reduces to: 

( CT//crc - CT3'/0"c) 2 = ( CT//CTc + 2 0"3'/0"c) (8) 

If various values of ((Ts'/ O"c) are placed in this equation two solutions 
for ( (Ti' I O"c) result, one in which (Ti' is greater than 0"3' and the other 
with (Ti' less than (Ts'. These represent respectively the axial com
pression and axial extension tests. Figure 1 shows the solution of 
equation ( 8) plotted on a Mohr system of co-ordinates. 6 It will be 
observed that the strength in extension is about 15 % greater than 
that in compression. A similar result has been found experimentally by 
Henkel ( 1959). 
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It will be observed in the work up to this stage that there are two 
implicit conditions, namely that the soil behaves in an elastic fashion 
and that the limiting stress combinations correspond to a yield point, 
i.e., a point where the range of elastic behavior is exceeded. 

THE CONDITION OF YIELDING IN A SorL 

A range of elastic behavior in any material implies some definite 
relationship between stresses and deformations. This relationship should 
be independent of other variables such as time, modes of application 
of load, etc. The stress-strain relationship need not be linear, as for 
example with rubber or where hysteresis effects are important, the 
relationship may be circumscribed by requiring that loadings are 
undirectional. Where time effects are observed a further restriction 
may be applied by allowing sufficient time to elapse and only observing 
the stress and strain conditions at equilibrium. All of these restrictions 
are common in soil mechanics theory and interpretation, and hence 
there is no difficulty in visualizing a condition of yielding in a soil: 
it is to be anticipated, however, that the stress conditions at this point 
of yielding will be somewhat smaller than those applying at ultimate 
failure, currently used for shear strength measurements of soils, and 
generally referred to as the "peak point" criterion. 

If such a relationship between stresses and deformations can be 
found, then yielding of the material may be defined as the point where 
the observed stress-strain curve departs from the curve predicted by 
the behavior relationship. The soils problem resolves itself firstly, 
into one of seeking a relationship which will also have application to 
the type of soil problem encountered in practice, and secondly, into 
finding a test procedure which will enable clear distinction to be made 
of the point at which the test results depart significantly from the 
predicted behavior. 

The previous assumption that Young's modulus will be a linear 
function of mean effective stress allows an initial relationship to be 
derived for stress versus strain. Defining the instantaneous Young's 
modulus in the triaxial test also as the differential of deviator stress 
with respect to strain gives: 

(9) 
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If a drained triaxial test, with constant cell pressure as' is carried out 
slowly to allow complete relief of pore pressure, then 

1 
dad/cl£ =- a( ac1 + 3as') + b 

3 

which by appropriate manipulation reduces to 

dad 
d€= --ad+ C 

( C is a function of a, b and al and is constant) which by integration 
gives 

€ = g log ( am' + k) + h (10) 

where g, k, and are constants. In the initial attempt to use equation 
( 10) k will be taken as zero giving: 

€ = g log am' + h (10a) 

If undrained triaxial tests be carried out with pore pressure measure
ments, similarly with constant cell pressure as, and with slow rate of 
testing to allow full pore water pressure equalization, a similar result 
will be obtained if the assumption is made that Skempton's (1954) 
A = Ap,/ A ( a1 ---:as) is constant over the range concerned. This may 
be a doubtful assumption and the whole mathematics of the undrained 
case with various empirical relationships between A and € requires 
further investigation. Equations ( 10) and 10a) giving a linear 
relationship between strain and the logarithm of the mean effective 
stress are so promising that they deserve investigation experimentally. 
If test results show that there is an initial linear relationship between 
log am' and € then the point of departure from the straight line will 
represent a limit of yielding. 

From previous experience with the testing of soils it is known 
that there are two components of shear strength, namely cohesion and 
friction. Lambe ( 1960) has suggested that the strains required to 
mobilize cohesion are smaller than those required to mobilize friction, 
and hence we should expect that in a soil possessing both cohesion and 
friction, two laws of the type expressed in equations ( 10) and ( 10a) 
will apply. The first section of the €: log am' diagram will apply to the 
cohesion effect and the second section to the frictional effect. A curved 
transition between these two straight lines should be expected. The 
point of interest, namely the point of yielding for the soil as a whole, 
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will be the end point of the second straight line as deduced generally 
in Figure 2. 

MOBILISATION 
0 F COHESION, 

POINT OF DEPARTURE 

FROM ELA ST IC LAW 

I.E. YIELD POINT, 

ZONE OF MOBILISATION 

OF FRICTION. 

TEST CURVE 

FIG. 2 THEORETICALLY DERIVED STRESS: STRAIN 
RELATIONSHIP FOR A SOIL, 

EXPERIMENTAL INVESTIGATION OF THE THEORY 

Consolidated undrained and ordinary drained triaxial tests have 
been carried out on soaked samples of a specially prepared artificial 
soil. The test procedures recommended by Bishop & Henkel ( 19 5 7) 
have been followed. The soil used was a mixture of kaolin and sand 
compounded to give specimens which would show reasonable failure 
planes for observation of the a-angles. The specimens were prepared 
at optimum water content of the soil by compacting to a predetermined 
density. Soaking of the samples was achieved by passing de-aired 
water upwards through the specimen in the triaxial cell until no further 
air bubbles could be seen in the emerging water. The properties of the 
soil and test conditions were as follows: 
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Particle specific gravity 
Liquid limit 
Plastic limit 
Plastic index 
Optimum w.c. 
cv for compacted soil over load increment 

28-42 lbs/sq. in. 
Rate of straining 1 ¼ in. X 3 in. specimens: 
Undrained tests 
Drained tests 

2.64 

31.1% 
23.5% 
7.6% 

16.1% 

1.205 X 10-2 in2 /min. 

2.3 X 10-8 in/min. 
2.5 X 10-4 in/min. 

Stresses and pore water pressures were observed at very small strain 
movements, particularly at the beginning of the tests. Careful correc
tions for area changes and rubber membrane resistance were made for 
all observations. 

Figures 3 and 4 show typical stress-strain curves for the con
solidated undrained and the drained triaxial tests. These are selected 
for values of as, near to the average for each set of tests. The features 
of the theoretical curve Figure 2 can be clearly seen. The normal 
deviator stress-strain curves are also plotted and by transferring the 
yield value on the log am':€ curve, the principal stresses a1y and asy can 
easily be found. It was observed for each set of tests that the yield 
point became more difficult to distinguish at higher values of as. 

Figures 5 and 6 show the Mohr envelopes in terms of effective 
stresses drawn for the consolidated soaked undrained and soaked 
drained triaxial tests. Curved envelopes are found when the stresses at 
yielding are selected and straight line Mohr rupture envelopes result 
when the peak points of the act:€ curves are used. Both envelopes are 
included in Figures 5 and 6. 

Figure 7 shows all the results obtained for the angle of function, 
cf,, plotted against the minor principal effective stress. These values 
are compared with the values observed from the a-planes. Reasonable 
agreement will be seen, confirming the observation that the rupture 
envelope is curved. 

The test results illustrated in Figures 3 to 7 were obtained from 
only one series of carefully conducted tests made with the theoretical 
principles already described in mind. To test the theory, observations 
of stresses at very close strain intervals, particularly over the range 
€ = 0-3 % , are required to demark the yield point clearly and, for 
completeness of any test series, at least six tests at different values of 
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chamber pressure, together with records of a-plane angles are neces
sary. Such detail is not usually observed in most triaxial tests. 
Nevertheless, re-plotting of a limited amount of test data from other 
laboratories appears to show quite clearly that the general law 
described by equation ( 10) is also satisfied for undrained triaxial 
tests with pore pressure measurements, both for normally consolidated 
samples, where am' is decreasing, and for overconsolidated soils, where 
am' is increasing during the test. 

RE-EXAMINATION OF THE MOHR COULOMB THEORY 

Up to the beginning of the twentieth century the theory of failure 
most commonly used was the "Maximum Shear Theory." In this 
theory failure takes place on planes of maximum shear stress inclined 
at 45° to the principal planes. This theory holds well for highly 
cohesive ductile materials but is not valid for brittle materials where 
the angle of inclination of the failure planes to the plane of major 
principal stress is usually considerably greater than 45 °. 

Mohr's hypothesis ( 1914) states that failure depends upon the 
stresses on the slip planes and failure will take place when the 
obliquity of the resultant stress exceeds a certain maximum value. 
He stated that "the elastic limit and the ultimate strength of materials 
are dependent on the stresses acting on the slip planes." Mohr showed 
that the stresses acting on the three principal planes could be represented 
by circles shown in Figure 8. The stresses on any plane within the 
body must then lie within the shaded area of Figure 8. The obliquity 
of stress r/a equals the inclination of the line through the origin and 
the point (a, r). If the circles of stress in Figure 8 represent a 
condition of failure then the tangent to the largest circle represents 
the condition of maximum obliquity. Failure takes place along those 
planes on which the stresses are represented by points A and B. These 
stresses act on planes which are parallel to the direction of the 
intermediate principal stress. Hence the diameter of the largest 
Mohr circle and the values of stresses represented by points A and B 
are independent of the intermediate principal stress, a2. 

The Mohr-Coulomb equation for soils results from this hypo
thesis. As proposed by Taylor (1948), it implies that the soil may 
possess an intrinsic internal stress Pi, as follows: 

rr = (pi tan </>) + a tan </> 

=c+atan<f, (11) 
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where Tf is the shearing stress on the plane of failure at failure 

= Shear strength of the soil 
er is the normal stress on the plane of failure at failure 
cf, is the angle of internal friction 
p; is the intrinsic internal stress in the material 
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c is the cohesion of the material ( or the shear strength when 
er= 0) 

The intrinsic pressure pi for a soil is not a constant but depends 
also upon the void ratio of the soil. H vorslev ( 193 7) modified the 
Mohr-Coulomb equation to take account of variation in cohesion. His 
work still provides the most satisfactory method for determining the 
true angle of friction cf,e and true cohesion Ce. 

Kirchmann (1961) has re-examined Mohr's (1914) work and 
finds that: 

(1) He stated that while the straight line envelope is usually assumed, this 
is merely a simplification of what actually takes place. "It is obvious 
that every material with a high all round pressure will enter a condition 
in which the shearing stress on the slip planes will approach a constant 
and be independent of the size of the normal compressive stress. We 
can conclude that the envelope is concave to the er axis and it approaches 
a line parallel to this axis." Mohr concluded that cf, is not a constant. 
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FIG. 9 MOHR'S CONCEPT OF THE RUPTURE LINE 
USING ELASTIC LIMITS AS FAILURE CRITE81ON 
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He gave measurements of the inclination of slip planes at the elastic 
limits for marble and sandstone. These indicate that cf, becomes 
smaller as the all round pressure increases. Mohr's figure illustrating 
these effects is shown as Figure 9. 

(2) While Mohr states that his hypothesis applies for both ultimate 
strength and elastic limits as definitions of failure of the material, he 
only tested it by using elastic limits from triaxial tests on marble and 
sandstone. It might therefore be presumed that he had in mind a 
hypothesis of failure applying specifically to the strength of materials 
at the elastic limit or the yield point at which the first slip lines just 
appear. The first appearance of slip lines is well below ultimate failure 
of most materials. 

CONCLUSION 

If it is accepted that there is promising agreement between the 
theory and experiment described in the preceding sections of this 
paper, it will be useful to re-state and re-examine the assumptions 
which have been made as follows: 

( 1) The Young's Modulus for any soil may be expressed as a linear 
function of the mean effective stress, equation (3a). Taylor (1948) shows 
that this is approximately true for sandy soils in so far as the initial 
chamber pressure is concerned. However, in undrained tests on over
consolidated soils and with all drained tests, am' increases during the 
shearing process and hence one would expect the normal (a1-a3 ) :e curve 
to have a convex shape. With normally consolidated soils, tested 
undrained with pore pressure measurements, am' decreases during the 
test. This gives the expected concave stress-strain curve and the 
different behavior in the previous cases remains unexplained. This 
point may be a refinement requiring further explanation when more 
thought can be given to the precise nature of Youngs modulus and its 
relationship to applied stress conditions in very brittle and very weak 
materials such as soils. 

( 2) Yielding of soil takes place at a critical and constant value of the strain 
energy of distortion. This is a hypothesis having precedent in the 
Huber-von Mises criterion. It may also be difficult to visualize a 
constant value of this energy for a material with a changing Young's 
modulus, unless the energy is viewed as some portion of the area 
under the stress-strain curve. In view of the hypothetical nature of 
this assumption it can only be tested experimentally. 

( 3) Poissons ratio is a constant for the soil over the range concerned and 
falls within the elastically possible values 0-0.5. This assumption is 
reasonably verified by other experimental work. 

( 4) The soil behaves in an elastic fashion up to the yield point providing 
limitations are applied relating to undirectional loading and sufficiency 
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of time of test to eliminate time effects due to pore pressure dissipation 
or equalization. The elastic law is of a nonlinear type with strain as a 
straight line function of the logarithms of mean effective stress. This 
assumption has a theoretical basis for drained test conditions but the 
basis for undrained tests is still obscure. Nevertheless, experimental 
examination. of available results are very promising. 
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These four assumptions lead directly to the curved envelope in 
the Mohr plot and to the paraboloid of limiting stress at yield in the 
principal stress space. The final and most important experimental test 
is whether the angles of friction measured on the rupture envelopes 
agree with the angles measured from the a-planes. Figure 7 indicates 
good agreement and further work of this nature is required before the 
theory can be generally accepted. 

At the same time as testing the possible limitations which may be 
contained in assumptions ( 1) to ( 4) given above, it is only fair to 
examine the theory in relation to the present applications of the Mohr
Coulomb theory as follows: 

( 1) The Mohr-Coulomb theory takes no account of the value of the 
intermediate principal stress. Habib (1953), in tests which allowed 
this stress to vary between its two extreme limits found that strength 
increased with increase in the intermediate principal stress. The 
proposed theory takes account of this. 

(2) In the Mohr-Coulomb theory there should be no difference in strength 
for a material failing in axial extension or axial compression. Henkel 
(1959) found that strengths in extension were about 15% greater than 
those in compression for equal normal stress on the failure plane. This 
is shown theoretically in Figure 1. 

(3) Gibson (1953) and others have observed that shearing of soils, in 
particular with drained tests, external work is performed by or on 
the soil and that this is reflected in the result as a component part of the 
shear strength. The idea of external work contributing to a basic 
property such as a strength is difficult to accept in any general theory 
of failure of materials. In the proposed theory no such external work 
component is included because strength is defined by a yield point below 
which volume changes are compatible with Poisson's ratio effects. 

( 4) The angle of internal friction, </>, as found from the various Mohr
Coulomb empirical relationships used in soil mechanics seldom agrees 
with the real angle of internal friction for the material as observed 
from the inclinations of slip planes or from some other special form 
.of test devised to yield the "true" parameters. This has been used as 
the ultimate test of the proposed theory and good agreement has been 
found. 

(5) The Mohr Hypothesis does not satisfactorily explain the rupture of 
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brittle materials such as glass and cast-iron when failure takes place 
in tension. In this case ,the surface of rupture is perpendicular to the 
tensile stress and has a smooth, conchoidal appearance as compared 
with rough inclined surface when the same material is failed in 
compression. The curved rupture lines found with the theory proposed 
here offers considerable promise in considering such cases. It also 
offers promise for explanation of the vertical failure planes observed 
when concrete is tested between frictionless plattens. 

On balance, the theory and experiments described in this paper 
appear to deserve attention by research workers in soil mechanics. If 
the basis is correct then opportunity is offered to eliminate some of the 
empiricism which at present surrounds shear strength theory and 
application. The strains involved at yielding are small, of the order 
1-3%, which are much lower than those found with current applications 
of the "peak point" criterion of shear failure, and these may be more 
compatable with the limitation of deformation required in many 
practical structures. 

The full implications of the proposed theory on practical soil 
mechanics problems has not yet been examined properly. At the outset, 
it is to be expected that friction angles and design strengths are 
likely to be lower than those found with current shear test inter
pretation. This will probably be of advantage in those cases where 
structural deformations must be limited, as for example in the design 
for foundation bearing capacity or in problems involving active or 
passive pressure, where structural movement must be kept to a 
minimum. However, in soil mechanics there is a further group of 
problems where deformation is not of great consequence and where 
the engineer is more concerned with ultimate or failure conditions. 
The most important example in this group is the problem of slope 
stability. Here it may be quite permissible also to take into account 
the shear strength component which is due to volume change of the 
soil. These are problems which will require further investigation and 
fortunately there are a number of field records available for re
examination. 
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ENGINEERING GEOLOGY ON THE JOB AND IN THE 
CLASSROOM* / 

BY HARVEY 0. BANKst AND LAURENCE B. JAMEsf 

DISCUSSION 

The author discusses the role of soil mechanics and engineering
geology in foundation and tunnel projects and outlines a course in 
engineering-geology which he proposes be given to civil engineers. 
The uncertainties involved in analyzing a soil sampling and testing 
program in which the geologic characteristics of a site have not been 
carefully considered, are aptly described. Dr. Terzaghi stresses the 
need for full appraisal of these uncertainties, and he proposes a course 
in engineering-geology for the civil engineer which will enable the 
engineer to recognize those aspects of subsurface conditions which 
will require the services of a trained engineering-geologist. He 
expresses the opinion that in the realm of earthwork engineering the 
instances are rare in which an engineering problem will require the 
services of an engineering-geologist, provided civil engineers are 
adequately trained in geology. 

Certainly geologic knowledge is highly desirable for civil en
gineers; however, it would seem questionable that a single course in 
the subject could provide the background required to recognize 
significant geologic characteristics at a site or to decide whether further 
geologic exploration should be considered. In the writers' opinion most 
such appraisals call for the combined judgment of the engineer in 
charge of the project and the most competent engineering-geologist 
available, particularly in connection with projects of significant size. 
The experience of the California State Department of Water Resources 
in design and construction of large hydraulic works has shown the 
wisdom of and advantages of making maximum use of both engineering 
and geologic talent. 

Dr. Terzaghi points to the reliability of the exploration program 
• Paper printed in April, 1961 JOURNAL, by Dr. Karl Terzaghi. 
t Vice President, Leeds, Hill and Jewett, Inc., Consulting Engineers, Los Angeles and 

San Francisco, 
t Chief Geologist, Department of Water Resources, State of California, Sacramento, 

California. 
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and its interpretation as cardinal factors in foundation investigation 
which the engineer often fails to fully appreciate. It is believed that 
planning of the sampling program should be integrated with geologic 
exploration if the results of soils tests are to be meaningful. Probably 
the greatest contribution of the competent engineering-geologist is 
the planning, conducting and interpreting exploration programs to 
pr.oduce a reliable picture of the physical conditions that exist at depth. 
The engineering-geologist's appraisal of surface geology may lead to 
his recommendation that a meaningful sampling program will be 
infeasible because of existing complexities. In such instances his 
further recommendations may be to consider an alternative site or to 
plan a drilling program t,o define some critical zone or structure which 
will control design. Such recommendations may be brief and based 
largely on judgment, but they are of considerable importance and 
consequently should be tendered only by the highly skilled. As 
documented by past failures, the judgment of persons possessing only a 
smattering of geologic background may lead to tragic events. The 
price for competent engineering-geologic assistance is generally in
significant in comparison to the costs of construction and certainly in 
the light of a possible catastrophe. Consequently, it would seem that 
any major engineering project warrants procurement of competent 
engineering-geologic services as well as the best engineering talent 
available. 

The author describes certain shortcoming of geologic investigations 
which he attributes to the geologist's failure to define the ·physical 
characteristics of soils. Herein appears to lie the major difference 
between engineering-geology and the older geologic disciplines. The 
formations and members shown on most conventional geologic maps 
may be physically homogeneous; however, often they are defined by 
age, fossil types, characteristic minerals or other features of the unit 
which are quite unrelated to engineering properties. Obviously the 
conventional geologic map or cross-section can be seriously misleading 
unless the units shown are further differentiated with respect to 
their physical characteristics. The modern engineering-geologist 
attempts to refine his mapping so that the engineering significance is 
brought out. Unfortunately, geologists completely unfamiliar with 
civil engineering problems are occasionally retained on engineering 
projects. Their reports and maps sometimes contain information of 
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purely academic interest which is meaningless to the engineer and 
consequently detrimental to the engineering-geology profession. 

Dr: Terzaghi refers to the remote prospects for obtaining adequate 
information by geophysical methods. In this respects, the experiences 
of the. California Department of Water Resources and U.S. Bureau 
of Reclamati~n who report satisfaction with recent seismic refraction 
methods for delimiting bedrock profiles and measuring elastic modulus 
of foundations are of interest. The former of these organizations has 
developed a technique for delimiting buried serpentine bodies with the 
newly developed nucleonic magnetometer. This procedure appears to 
offer promise and may eventually be adopted to helicopter surveys of 
proposed tunnel alignments in regions where the presence of serpentine 
is suspected. Geophysics was first put to practical use only about 30 
years ago and has undergone considerable devel,opment since that time 
-particularly within the last few years. Dr. Terzaghi's prognostication 
may be somewhat harsh. 

In the realm of rock mechanics, the Bureau of Reclamation cites 
recent successes of considerable economic significance in the design of 
tunnel linings. These are described in reports ~overing the Second 
Annual Rock Mechanics Symposium convened at the Colorado School 
of Mines, 19 5 7. Similarly the Corps of Engineers reports successful 
studies at Garrison Dam which resulted in considerable savings in the 
cost of steel tunnel support. This study is reported in paper No. 3022 
of the ASCE Transactions. In view of these and other recent develop
ments, it would seem that progress is being made in this science and 
that the future promises further. application of rock mechanics in the 
solution of civil engineering problems. 

In the Department :of Water Resources it has been found that 
civil engineering problems involving the interpretation of subsurface 
conditions are sometimes separable into two parts: ( 1) the delimitation 
of strata, zones or lenses of like physical properties, and ( 2) the 
determination of the engineering pr:operties of these bodies. The first 
of these parts is largely geological whereas the second lies mostly in 
the realm of soils mechanics. Where this distinction is found to exist, 
the engineering-geologist may undertake the planning and supervision 
ofthe exploratton program· and construction of the subsurface picture; 
while the foundation engineer selects testing procedures, supervises 
testing and evaluates soil and rock characteristics which govern design. 
Frequently, however, subsurface problems fall in a "gray area" 
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involving both geologic and engineering considerations in planning the 
exploration program to,. minimize uncertainties and yield meaningful 
results. In these instances, of ten an; effective approach can be made 
through coordinating the talents and efforts of engineers and engineer
ing-geologists. This team approach has proven particularly effective 
when team members develop mutua,l interest and respect for each 
others' professions. 

The oourse in engineering-geology outlined by Dr. Terzaghi 
would provide an excellent background in the subject insofar as this 
can be accomplished in 40 lectures.''iConsideration might be given to 
one or two lectures on geophysics, 'its principals and limitations as 
applied to the solution of engineering problems. It is possible that 
one of the major geophysical companies would provide stimulating 
material lecture on this subject in the interest of promoting further use 
of geophysics in civil engineering. 

It is to be noted that there are many other fields of civil engineer
ing in which geology is important and where the services of properly 
trained and experienced engineering-geologists can be used to good 
advantage, including the development and use of ground water supplies, 
hydrology and subsurface disposal of wastes. 

Dr. Terzaghi has done the civil engineering profession a particular 
service in repeatedly calling attention to the importance of geology 
in the proper solution of soil mechanics and foundation problems. 
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DISCUSSION 

BY IAN CAMPBELL* 

Dr. Karl Terzaghi has kindly provided me with a reprint of his 
article on "Engineering Geology on the Job and in the Classroom," 
and has invited me to comment from my background of experience 
both on the job and in the classrooms of a school in which for many 
years some geology courses were a required part of the civil engineer
ing curriculum and some civil engineering courses were required for 
all g~ology majors. 

To read this recount of the changing and developing attitude 
toward geology of such a distinguished engineer is most interesting 
and-to a geologist-most gratifying. Dr. Terzaghi clearly outlines 
both the importance and the limitations of geology in its application 
to engineering problems. Furthermore he implies that the successful 
engineer must not only know some geology but know also what he does 
not kn,ow. This-to know the limitations of one's own knowledge, and 
thus to know when ( and where! ) to seek assistance from colleagues in 
other professions- is to me certainly the beginning and very probably 
the hallmark of wisdom. 

With Dr. Terzaghi's principal thesis, therefore, I am in complete 
agreement. He provides, as an important appendix to his discussion, 
a "lay-out for a one-semester course in Engineering Geology." In this 
he calls attention to that chronic problem of all curricula-the in
sufficiency of time for adequate treatment of the subjects. Dr. 
Terzaghi's selection of the topics to be presented is as good as can 
be achieved under the limitations of a one-semester course. Very 
properly-indeed, I should say, necessarily he presupposes that the 
engineering student will have had a basic course in physical geology 
and so is familiar in a general way with geological principles and with 
geologic materials. He does not discuss the positioning of these courses 
in the over-all civil engineering curriculum, yet this too is important in 
the training program. In many schools, the basic geology course is 
given at the sophomore or even the freshman level; an engineering 
geology course ( if any is given), at the senior or graduate level. In 
this arrangement the intervening years all too often permit all except 
the most dedicated students to forget "all they ever learned about 
geology" by the time they come to the Engineering Geology course. 

* State Geologist, San Francisco, California. 
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As a consequence, a good deal of time that might better have been 
devoted to discussion of applications must be put into a "review" of 
fundamentals. To be sure, if time is available, this is all to the good. 
Fundamentals deserve review and r.ecall and repetition if they are to 
be thoroughly mastered. 

Are there other approaches to these curriculum problems? This 
question raises the broad problem of college curricula in general. Can 
we, in four undergraduate years, pr,operly train and educate an 
engineer ( or a scientist) to the point where he can successfully step 
into the practice of his profession? My answer is, no-save for a few 
exceptional students. There are then, three approaches: 1) admit only 
exceptional students-capable of accomplishing the equivalent of five 
to six years of college and university work in four. (At best, this is an 
approach that only a few institutions-and only a few individuals-can 
successfully take.) 2) Admit engineering students for n,othing less 
than a five or six year program. 3) Urge, require, and even perhaps 
formalize "post-graduate" training on the job. With respect to this 
last, there are indications that both government and industry, as 
employers, are beooming actively concerned with "on the job training," 
"life-time learning" and curricular and educational upgrading of 
employees. Intriguing as this possibility is, and much as it has to 
commend it, nevertheless, I believe the time is far in the future before 
we can accept this as a wholly successful approach to our problem. 

So-in common with many other educators-I would urge the 
need to recognize "2" above as currently the soundest approach. 
Where does this put engineering geology? I would say, "as late as 
possible in the curriculum, preferably in the last graduate year." 
Undergraduate years should be devoted very largely to those things 
that are basic: mathematics, physics, chemistry, English, history, 
economics, etc. Apllied mechanics, soil mechanics, structural analysis, 
hydrology, taken at the graduate level, can then be made far more 
meaningful. And since geology and engineering geology involve 
applications of these-as well as applications of physics, chemistry and 
mathematics-a course in engineering geology can most successfully 
be presented to the student who has previously mastered these more 
basic disciplines. 

Should a course in physical geology be a prerequisite for a 
graduate course in engineering geology? My answer is, no. A course 
in physical geology would be desirable, certainly; but necessary, no. 
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The mature student, well grounded in the fundamentals of science and 
engineering, can grasp the basic principles of geology in an astonish
ingly small fraction of the time that a freshman or sophomore spends 
struggling with strange terminology and trying to read a topographic or 
geologic map. At the graduate level, in a course in engineering 
geology, I believe that principles can be presented ( or reviewed) with 
little loss of time even for the student without any previous training in 
geology, and, in fact, with some enhancement of the total course. 
Particularly for the student who has previously had no geology, but 
as an essential requirement in any case, the course should emphasize 
(as Dr. Terzaghi also points out) as much field work, case history 
demonstrations, and training in "seeing into the third dimension" as 
possible. Yet when all is said and done, it must be recognized that 
neither geologist, nor engineer, can really see any farther below the 
outcrop or the soil cover than can any other taxpayer-he can only 
make a "better educated guess" I 
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DISCUSSION 

BY ARTHUR B. CLEAVES* 

The paper "Engineering Geology on the Job and in the Class
room" by Dr. Terzaghi should have a sobering effect on Civil Engineers 
and Geologists alike. No one is better qualified to discuss the inter
relationships of geology and the applications of various geological 
disciplines to civil engineering projects than he is. Further than that 
he shows soil mechanics in its true relationship to foundation problems 
and its dependence upon understanding of the geological disciplines of 
sedimentation, stratigraphy and structure. As he states, serious failures 
have occurred because of complete dependence on "simplifying assump
tions concerning the mechanical properties of the natural ground," 
where, "basic errors involved in these assumptions depended entirely 
on geological factors!" This writer endorses this statement and can only 
emphasize that too many soils engineers are quite ignorant of, or 
choose to ignore the necessity of the applications of basic geological 
knowledge and experience. 

THE GEOLOGICAL ENGINEER AND THE ENGINEERING GEOLOGIST 

In any discussion of geological engineering, and engineering 
geology it should be made clear that the claim to the title geological 
engineer is made by three distinct and different groups of geologists. 
These are first, the geologists whose training and practice is applied 
to civil engineering projects; second, those geologists whose training 
and practice is applied to mining operation; and a third group that is 
in the petroleum industry. 

This writer is of the belief that disastrous results could accrue 
from the reliance upon mining or petroleum geological engineers for 
advice on many civil engineering projects. This is due primarily to 
the slanting of· the training of such specialists which may ignore basic 
civil engineering subjects and concepts. There are some universities, 
however, that give a geological engineering degree in which the basic 
background is a civil engineering curriculum, with a geological major. 
Further, within the geological major options may be taken in such 
disciplines as geophysics and geochemistry. The programs are suf
ficiently flexible so that the student has a fundamentally sound back-

• Vice Chairman and Professor of Geology, Washington University (St. Louis). 



52 BOSTON SOCIETY OF CIVIL ENGINEERS 

ground which enables him to enter diverse fields of applied and even 
theoretical engineering. 

The single course given to civil engineers in the applications of 
geology to civil engineering, based on a single course in elementary 
physical geology, can do no more than alert the civil engineer to an 
appreciation of the significance of the geological disciplines. The value 
of such a course of forty lectures, as outlined by Dr. Terzaghi, is 
proportional to the experience of the teacher. Because the number of 
geologists qualified to give such an applied course is small Dr. 
Terzaghi's suggestion of visiting, qualified lecturers is excellent. 

The young geological engineer today is one who holds a geological 
engineering degree from a school, accredited probably by ECPD 
examiners. What of the Engineering Geologist? Various definitions 
for this title have been proposed, but one may say broadly that he is a 
person who may have a college degree in some engineering discipline, 
and adequate preparation in geology, or he may be a Liberal Arts 
degree holder, with a major in geology. In the latter case he has 
additional training in various engineering areas and, or by study and 
application, has mastered a reasonable knowledge of engineering 
disciplines. 

In the United States today there are at least five universities 
where highly qualified geologists are training students, undergraduate 
and graduate, in the applications of geology to civil engineering. As 
Dr. Terzaghi point out, in spite of this training, some of these students 
may never contribute satisfactory services because of lack of judge
ment, imagination, or the ability to equate the significant aspects of 
the geological and engineering problems involved. Further than that 
the appreciation by the geologist of his position as an advisor to the 
engineer is never to be forgotten. 

GEOLOGICAL DISCIPLINES IN EARTHWORK ENGINEERING 

One would think that the assistance of the geologist in embank
ment construction would be very minor, especially after the contribu
tions made by the soils engineer. However, as examples, the mineralogy 
and geological origin of the embankment materials may be of 
fundamental significance in the successful completion of an embank
ment. 

The writer has witnessed attempts to achieve required compaction 
in a fill with a sheepsfoot roller when large quantities of tiny mica 
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flakes were present. Compaction was impossible with the sheepsfoot 
roller but when a flat-wheeled roller was used, and the lifts placed in 
four-inch increments instead of six, successful compaction was 
achieved. 

The impact of clay-mineralogy on embankment construction has 
also become an important factor. The clay minerals illite, kaolinite, 
chlorite and montmorillonite in embankments may give extremely 
diverse test results in the fill and the laboratory from those in place 
prior to excavation. More and more research in this clay-mineral, 
geological discipline, promises to be of enormous practical value. 

An instance of the importance of clay-mineralogy in earthwork 
engineering was demonstrated in the excavation and placement of 
the basal (lodgement) till on projects of the St. Lawrence Seaway. 
The tenacity and "toughness" of this type of till was unknown to 
the Seaway contractors, and the clay-mineral content of this till 
was chiefly responsible for the serious excavation and embankment 
costs encountered. The physical properties of this material in place, 
and after excavation and placement in embankments are dynamically 
different. 

Dr. Terzaghi has emphasized the significance of non-homogeniety, 
soil-fabric differences, and similar phenomena in unlithified and often 
non-consolidated natural earth deposits. Because of particle orienta
tion and sedimentation features and their relationships to permeability 
and shear phenomena, recognition of the nature and origin of such 
deposits is of inestimable value in interpreting and planning the soil 
testing program. 

These are but a few of the recognized areas in which sound 
geological work can enormously simplify the answers the engineer 
must have. 

RoLE IN RocK ENGINEERING 

The writer would be remiss not to mention vital roles in which 
geological disciplines are now, and priomise in the future, to contribute 
to underground excavation in rock. Dr. Terzaghi has shown succinctly 
the values of, and the ways in which geological knowledge can be 
applied to rock engineering, especially in relationship to subsurface 
excavation (Terzaghi, 1946). His work in this field is unexcelled. 
He has also indicated the limited applications of both seismic and 
electrical resistivity techniques to the revealing of various types of 
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subsurface earth structures such as fractures, crevices, and solution 
channel and cavity phenomena. Nevertheless, whole new methods of 
approach and techniques are appearing that promise much in ascertain
ing various types of rock structures and problems to be met with in 
underground excavations. The relatively new field is appropriately 
called rock mechanics. Because research in this field has been only 
sporadic and uncoordinated not a great deal has been accomplished, 
but the direction research and study must take is clearly indicated. 
The first great area to be exhaustively explored is that of the basic 
physical properties of rock and the changes that take place in these 
properties under different pressures, temperatures, and subsurface 
environments. The second great area of investigation embraces the 
effect upon excavation, in rock at depth, of unrelieved tectonic 
(mountain building), and rock rebound stresses from crustal unload
ing. The latter, in some areas may come from the melting of the conti
nental ice-caps, but in others it may come from differential unloading 
near the surface by erosion, or even excavation. It is thought by some 
that a shallow, residual or transported soil cover may "insulate" the 
rock and create a dampening effect, and that observable rebound 
occurs when this cover is removed. 

In the case of tectonic stresses the use of especial strain-gage 
techniques in spherical or cylindrical pressure cells, placed in bore 
holes, may, at least give indication of such stress. The application of 
photo-elastic techniques to rock thin-sections taken from rock core 
may offer a method of approach. With a better knowledge of the 
physical properties of rock petrographic techniques may become more 
effective. 

These and other methods, once proved, can be of tremendous 
benefit to the design engineer in that stress phenomena may be 
anticipated in advance of actual tunnel and chamber excavation. Some 
of the fine work in the field of stresses in rock about cavities has been 
done by Dr. Terzaghi (Terzaghi and Richart, 1952), and applications 
of this work were made with success in the construction of the 
"T.1 Underground Power Station in the Snowy Mountains of 
Australia." (Moye, 1959) 

CONCLUSION 

These remarks only amplify and add emphasis to the general and 
modest coverage of engineering geology described by Dr. Terzaghi. 
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His pioneering efforts in this field have lighted beacons which show 
the paths of research and practice that may most usefully be followed. 
Even more, his work emphasizes the interrelationships of geology and 
soil mechanics in their service to civil engineering. 
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DISCUSSION 

BY DON u. DEERE* 

The writer is in full accord with most of the points stressed by 
Professor Terzaghi in his stimulating paper-in particular, ( 1) his 
division of engineering geology into areas concerned with earthwork 
engineering and with rock engineering, ( 2) the suggested requirement 
of a basic course in physical geology as a prerequisite for the engineer
ing geology course, and ( 3) his statement of one of the important 
functions of the engineering geology course being that ". . . of 
focusing the attention of the engineer on the nature and importance of 
the uncertainties involved in the design of foundations and tunnel 
supports on the basis of test results and computation." Professor 
Terzaghi in his visiting lectures at the University of Illinois emphasized 
especially this third point, usually rather dramatically. 

His first lecture, of a series of two or three lectures which he gave 
each semester, was almost entirely geological in nature. He would treat 
a particular genetic type of deposit, residual soil and weathered rock, 
for instance. After discussing the processes involved in the evolution 
of the deposit he would describe in detail the pattern of stratification 
and the lateral and vertical variations. The second and third lectures 
of each series dealt with actual case histories in subsurface engineering 
involving the type of geological deposit previously discussed. The 
effects of the uniformity or inherent lack of uniformity of the deposit, 
and the variations in the significant engineering properties of the 
different geological materials, on the planning and carrying out of the 
exploration program, on the design and the construction of the project, 
and on the reliability of the performance forecast were accentuated. 

The writer can vouch for the success of Professor Terzaghi's 
method of treatment. Apart from the interest and enthusiasm generated 
in the audience-always by-products of Professor Terzaghi's lectures. 
-one gained factual geological information and, more important, a 
philosophy of attack of the engineering problem notwithstanding the 
geological uncertainties involved. In the present paper the writer is 
happy to note · that the author continues to stress the influence of 
geological factors on the uncertainties involved· in the simplifying 
assumptions used in subsurface engineering. 

* Professor of Civil Engineering and of Geology, University of .Illinois. 
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At the beginning of his paper the author defines engineering 
geology as ". . . that small fraction of the sum total of geological 
knowledge which the civil engineer engaged in design and construction 
of subsurface structures such as foundations and tunnels must possess 
in order to practice his profession competently." Even for the 
purposes of the paper this definition seems too restrictive, particularly 
in its exclusion of geologists. The author broadens the scope, however, 
in his later discussion of engineering geology as a profession (pp. 105-
106) in which he apparently recognizes engineering geology as a 
branch of geology and an engineering geologist as a professionally 
trained geologist. 

It is pointed out that an engineering geologist should have mastery 
of the techniques of geological mapping, a sound knowledge of those 
rather elementary geological facts which are needed for practicing 
those techniques, a course in engineering geology for civil engineers 
in otder to become acquainted with those geological facts which are of 
significance in engineering, and an elementary knowledge of foundation 
engineering and soil mechanics. The writer is not in agreement with 
the author's apparent emphasis on the need of a knowledge of only 
". . . those rather elementary geological facts. . . . " A competent 
engineering geologist has to be first of all a competent geologist, 
thoroughly familiar with all branches of geology. Field mapping 
cannot be divorced from interpretation of the geological data, and 
only by interpretation of all the observations by a keen, geologically
trained mind can the geology of a site be worked out. In his 
experience as a consulting engineering geologist-and. in working with 
other engineering geologists on several projects-the writer has found 
that almost every aspect of geology has entered into one or other 
of the projects in some form. These aspects have included principles 
and information from the areas of structural geology, stratigraphy, 
historical geology, geomorphology, and sedimentary petrography, 
among others. 

Only when the geological history at a site is reasonably well 
worked out, including a knowledge of the occurrence of the various 
geological materials and of the rock defects in terms of joints, faults, 
bedding planes, and zones of rock alteration, can the influence of these 
geological features on the contemplated project be assessed. It is the 
ability to make such assessment that distinguishes the professional 
engineering geologist from a professional geologist untrained in en-
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gineering geology. The latter would, of course, be able to work out 
the geology of an area but he would be unable to tell which features 
were of engineering significance. The engineering geologist, on the 
other hand, either by his academic training or by his professional 
experience of long association with engineering projects, can realize 
and point out in his report to the engineer in charge those geological 
features which will have an influence on the project-whether it be 
during the planning, exploration, design and construction, or perform
ance stage. In most cases, however, he can give only a qualitative 
estimate of the influence of the significant geological features. He 
is also aware of the degree to which the geological history of a site has 
to be developed and understood in order to make the significant 
geological observations. 

From the foregoing discussion, and from points brought out in 
Professor Terzaghi's paper, it is apparent that the engineering geology 
of a project site can be handled in one of three ways. On the one hand, 
the work may be carried out by a civil engineer who has had a basic 
course in physical geology and a course in engineering geology similar 
to the one proposed by the author. The engineer would be aware of 
those general geological features which were of engineering significance 
to his project and depending upon his ability and the adequacy of his 
geological training, and upon the complexity of the site geology, might 
or might not arrive at a correct solution. On the majority of cases 
involving small projects and simple geology this approach may be 
justified. 

The second method of attack is simply a modification of the first 
in which, because of the complexity of the project or of the geology, 
the civil engineer seeks the aid of a geologist (but not an engineering 
geologist). The success of this attack is dependent upon the civil 
engineer's ability of asking the significant geological questions to the 
geologist and the correct interpretation of the answers. This method 
cannot be expected to be highly successful in the writer's opinion, 
partially because of the problem of communication between the two 
but, more so, because of the large responsibility placed on the civil 
engineer in an area that is on the borderline \of his realm of knowledge. 

In the third approach to the problem the civil engineer works 
with a competent engineering geologist, who raises the pertinent 
questions himself and also answers them in terms meaningful to the 
engineer. This. method does not depend as much as the others on 
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the civil engineer's knowledge of engineering geology. The greater 
is that knowledge, however, the more will he gain from the engineering 
geologist, the better will be his interpretations, and the more will the 
project benefit. 

In the present practice of engineering geology this third method is 
certainly the preferred one. The writer feels, however, that the ideal 
method has not as yet developed. It is regrettable that the function 
of the geologist is limited to that of an advisory capacity, which is 
almost always the case. Professor Terzaghi states regarding this 
question, "H,owever, under no circumstances should he try, or be 
asked, to tell the engineer how to proceed." The writer has no choice 
but to agree with this statement in view of the present academic divi
sion of displines. 

It is perhaps opportune to point out that engineering firms now 
more than ever before are concerned with rock engineering in deep 
cuts, underground penstocks, pressure tunnels, power plants, missile 
silos, and other underground military installations. Dynamic as well 
as static behavior is important. The writer suggests that a new 
discipline may be need-one that includes a knowledge of the origin, 
occurrence, and variation of geological materials; a knowledge of the 
properties of these materials; and a knowledge of the behavior of 
these materials under the new stress environment imposed by the 
project. This discipline would go beyond what is normally included in 
the individual areas of geological engineering, mining engineering, 
civil engineering, or geology but would include courses in all these 
fields. In addition to several courses in basic geology, courses in soil 
mechanics, foundation engineering, engineering geology, and ground 
water geology would be needed. It is expected that competence in 
geology equivalent to the M.S. degree level would be a necessity. The 
extensive training required for the proposed discipline could only be 
carried out in graduate college, probably at the Ph.D. degree level. 
The prerequisite for such a course of study would logically be a B.S. 
degree in geological, mining, or civil engineering. 

The above course of study (subsurface engineering or perhaps 
geotechnical engineeding?) followed by appropriate experience should 
allow the two positions filled by the civil engineer and the geologist in 
the hypothetical situations previously described to be handled by the 
one so-trained individual. Gone would be the positions of split 
responsibility with the problem of communication and jealousy between 
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disciplines. Instead would be the individual who would have the 
responsibility of working out the geology of the site, of determining the 
engineering significance of the geological features, and of making 
specific engineering design and construction recommendations. The 
writer is of the opinion that such trained individuals are needed and, 
consequently, would go several steps beyond Professor Terzaghi's 
recommended training of the civil engineer. 
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DISCUSSION 

BY VICTOR DoLMAGE* 

Dr. Terzaghi has suggested that I contribute some personal views 
on a question arising out of his recent paper "Engineering Geology 
on the Job and in the Classroom." The question is "What geological 
training ought the civil engineer receive that he might better appreciate 
the practical implications of geological conditions?" My opinions 
are those of a practising geologist who knows very little about teaching 
and almost nothing about engineering curricula. 

GEOLOGICAL TRAINING 

The term "geological training " as understood by a geologist can 
best be explained by the following definition: A geologist is one who 
knows most of what is known about the composition and structure of 
the earth's crust, and also most of what is known about the natural 
processes such as erosion, sedimentation, igneous intrusion, volcanism, 
glacialism, etc., by which the various units of the crust were formed 
and arrived at the places and attitudes in which we now find them. 
Professor Lindgren used to tell us that until one has gone out into an 
unmapped area and come back with a pretty complete account of 
what has happened there from the time the oldest rocks were formed 
down to the present time, he hardly merits the title of geologist. I 
should like to emphasize that little phrase "what has happened there." 
It may sound like a big order, but to the geologist it is routine and 
from my own experience I have learned that when I know "what has 
happened there" I can give pretty good answers to most of the 
questions the engineer might ask. I might suggest here that a good 
approach for the engineer is to present the geologist a list of questions 
he would like answered. This was the method recommended by 
Professor Mead. 

THE CIVIL ENGINEER 

I shall not attempt a definition of the civil engineer except to 
point out that those specializing in foundation and earth works 
engineering will have greater need than the others of an acquaintance 
with geology. From the time a foundation site is selected until the 
structure is completed to the ground level, he will be dealing with 

* Consulting Geologist, Vancouver, B. C. 
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"geological phenomena exactly as nature laid them down in all her 
innumerable varieties and unpredictable moods and which, because of 
their great size and complexity, must of necessity be the concern of a 
number of men." Because of one statement in Dr. Terzaghi's article 
to the effect that in the realm of earth work engineering the instances 
are rare in which an engineering problem requires the services of an 
engineering geologist, I would like to emphasize that of all geological 
phenomena there is none in which nature has displayed to a greater 
degree her freakish unpredictability than in unconsolidated soils, 
particularly glacial and fluvioglacial deposits. 

That neat little parcel of mathematical computations, figures and 
unqualified and numerically precise, answers known as "slope stability 
analysis" made in areas which have been glaciated and whose history 
is unknown to the computor can be the most dangerously comforting 
and misleading of all engineering predictions. One of these which 
came to my attention recently proved, no doubt to the satisfaction of 
the computor, that a certain slope had a specified numerical factor 
of safety in a region in which many slides have occurred and which 
has all the built-in mechanisms necessary and sufficient for future 
slides. 

GEOLOGICAL TRAINING FOR THE ENGINEER 

This problem is just another example of the common inter
disciplinary problem which plagues curriculum committees in many 
University departments. A common answer to the problem is to 
require the students of discipline A to take the introductory course of 
discipline B; in this case Introductory Geology usually catalogued 
as Geology 1. This has been done in some universities but it is my 
opinion, and that of all the engineers I have consulted, that this is the 
wrong answer. It may be an easy one for the curriculum committee 
men, but is a great injustice to the engineering students and· gross 
waste of valuable time. 

I believe, for a number of reasons, that in the time available it 
is nearly impossible . to teach a civil engineer in the classroom any 
useful amount of the science of geology. First, in his crowded under
graduate years he has only a bare minimum of time for s~udies outside 
his own discipline, and any spare time he might find could, very 
probably, be better spent in more advanced work in his own field or in 
extending his knowledge of the basic sciences, physics and matheI?atics, 
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which are so vital to his own discipline and seldom, if ever, learned 
outside the classroom. Second, geology is a natural science embracing 
a wide range of subjects, such as mineralogy, petrography, sedimen
tation, morphology, etc., and these should be taught in a definite 
sequence to be properly understood. Many of these subjects are of 
little or no value to the engineer and are encumbered with elaborate 
and awkward vocabularies. Third, it is an inexact science and requires 
a habit or mode of thinking quite foreign to engineers. Fourth, geology 
is essentially a field subject and in that environment it is lively, 
stimulating, and very appealing to the inquisitive mind, whereas in 
the classroom it is often dull and dry and, to an extent, incomprehen
sible. 

I question whether it is advisable to give the civil engineer any 
formal classroom geological training. Dr. Terzaghihas given the best 
reason and perhaps the only reason for geological training: namely, 
that the civil engineer might better appreciate the implications of 
geological conditions and be fully appraised of wide and unpredictable 
variations common to all geological phenomena. A course of lectures 
might not be the only or the best way of impressing this knowledge 
on the mind of the engineer. 

There are other objections. A little knowledge, and particularly 
if it is simplified or abridged or out of context, is a dangerous thing. 
It may be just sufficient to get the engineer into trouble. If Dr. 
Terzaghi were about to employ a geologist and were asked how much 
engineering he would require the geologist to know I think his answer 
might be "the less the better." I am quite sure that if I as a geologist 
seeking the services of an engineer were asked how much geology I 
would require him to have, my answer would be, "Preferably none, 
but there must be no gaps or weaknesses in his training and experience 
as an engineer." 

I offer the following suggestions with some temerity: 
(1) Do not. attempt in the classroom to teach the engineer any geology as 

such. 
(2) Advise him that in many engineering problems he will do well to consult 

a geologist. 
(3) Give him a number of examples of engineering problems in the solutions 

of which geology played a conspicuous part. 
( 4) Give him some examples of failures that could have been averted by 

.the use of a geologist's knowledge and experiences. In explaining the 
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above examples some geological language and ideas will have to be 
introduced but I believe this could be effectively done. 

(5) I would strongly recommend, that the students be taken on numerous 
field trips and shown many types of foundations in various stages of 
excavation and in a variety of geological settings. The attention of the 
students should be focused on the extreme variations to be found in 
any geological formation and how these might affect foundations. 

(6) Let the engineer learn his geology by working in the field with geologists 
employed on engineering projects. 

We all know that our proficiency in our respective professions 
depends more on what we learn from our practice after graduation than 
what we learned in University and I see no reason why this method 
should not provide most, if not all, the geological education the engineer 
may require. In the field the engineer soon becomes interested in 
geological phenomena and quickly begins to observe features to which 
he was previously completely oblivious. Almost without effort he 
absorbs a knowledge of geology and its functions sufficient to give him 
a good appreciation of the practical implications of geological conditions, 
and it will not be done at the expense of training in his own field. 

(7) I would, however, suggest one exception, namely: soils mechanics 
engineers now work with a soils classification based exclusively on grain 
size, ignoring the wide differences in the chemical and physical properties 
of the many mineral species composing the soils. It would appear to 
me that they would derive considerable benefit from a course in rock 
and soil mineralogy which would emphasize the physical and chemical 
behavior of the minerals, particularly towards water. Some of the 
chapters from Grim's "Clay Mineralogy" could be included in such a 
course. 

ENGINEERING GEOLOGY 

I sometimes question the validity of the term "Engineering 
Geology" as currently used. To me, if it means anything, it means 
geology applied to engineering problems just as economic geology 
means geology applied to the finding and extracting of minerals. In 
both cases it is one and the same kind of geology, not two kinds; the 
same minerals, rocks, soils acted on and produced by the same agents 
and processes. As it is not elementary or simplified or .abridged but 
advanced mature geology learned largely from field experience. 

Like the engineer, the geologist has not the time in his under
graduate years for any engineering other than his courses in surveying 
methods. The small amount of elementary engineering which he 
might squeeze into his program would be of very little value as 
compared to the extra geological or basic science training he could 
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acquire in the same time. If the geologist is properly trained he will 
have a good grounding in physics and mathematics, particularly in 
these days of geophysics and, with this as a basis, he should be able to 
acquire the desirable engineering viewpoint by working with the en
gineer on his problems. In engineering problems let the geology be sup
plied by the broadly trained and experienced geologist. The engineer 
will supply the engineering skills; only a genius could master both 
disciplines. Dr. Terzaghi is such a genius. 
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DISCUSSION 

Bv C. P. DUNN* 

The writer knows. that it is ordinarily a bit out of place to include 
personal remarks in a technical dfacussion. However, the following is 
something that he very earnestly desires to say, and in this case it 
"belongs'': .: . 

On reading "Engineering Geology on the Job and in the Class
room," the impression which comes to the reader is "here is a real 
Engineer-one of the few truly great Engineers whose customary 
habits is original thinking in a straight line toward a correct answer." 
He has originated and organized the science, a part of which is at the 
moment being discussed as "Engineering Geology," and he has carried 
it forward to the point where he has made a certain amount of precision 
available, and he is earnestly disturbed because many of those who 
will follow him have a tendency toward too much dependence on the 
appearance of precision, and are failing to think straight in a way that 
fully encompasses the problems. 

The fields of "soil mechanics," "rock mechanics," and "engineer
ing geology" are extremely important. The structures man builds are 
either in the earth, on the earth, or composed of materials of which the 
earth is built. Engineers find that the. beautiful precision of structural 
design is relatively easy, and is interesting and satisfying work, and all 
too frequently they avoid the discomfort of thinking about the less 
precise problems which are really inseparable from the design of 
structures. 

This man Terzaghi has contributed in very large measure to the 
welfare of humans, worldwide, by his stubborn insistence on paying 
attention to the difficult problems involved in consideration of the 
characteristics of the materials of the earth upon which structures 
rest. He has been the reason for many structures being successful 
instead of failures. No one can say just how much that means in 
dollars and human lives, but the amount is very great. He now appeals 
to those who will carry his work forward to reappraise themselves and 
adopt habits of clear thinking and common sense. Let us not disappoint 
him. 

The writer will not presume to attempt to add anything to the 

* Consulting Engineer, San Francisco, Calif. 
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paper which is under discussion, but it may be constructive to 
emphasize some of the points. 

To quote:-"an evaluation of the inevitable uncertainties involved 
in the interpretation of the results of the subsoil exploration." These 
words deserve to be read a number of times, with emphasis on the 
word evaluation and on inevitable uncertainties. 

The "layout for a one-semester course in engineering geology" 
obviously has a lot of thought behind it. It points up the fact that in 
considerable measure "engineering" and "geology" are inseparable. 
They belong together in the accomplishment of a complete design. 
It is not reasonable to expect one person to be completely skilled in 
both subjects. Therefore, the most successful teacher will be the one 
who can teach the technique of blooding the skills of several people. 

The writer agrees with the thought that "extensive practical 
experience can hardly be expected ( in a teacher). Therefore, some 
of the lectures should be given by visiting lecturers with suitable 
qualifications." On this subject, let the use of visitors be as extensive as 
may be practical. 
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DISCUSSION 

BY CHARLES R. KoLB* 

Dr. Terzaghi's lucid and pertinent observations on those phases 
of geology which the practicing civil engineer should know are 
refreshing and the course of instruction he recommends in the Appendix 
is certainly one that should significantly benefit the young engineer. 
As important as the technical content, are the attitudes such a course 
should instill in the student, e.g., ( 1) an appreciation of the uncertain
ties involved in the assumptions on which his computations are based 
and the dangers inherent in dogmatically applying these computations 
to subsurface engineering problems, and ( 2) a respect for the value 
of an imaginative approach in interpreting the complexities of natural 
stratification, whether in rock or in soil. 

I am inclined to disagree with Dr. Terzaghi's evaluation of the 
role of the geologist or the engineering geologist in the separate fields 
of rock and earthwork engineering. He advises geologic assistance 
in the former field, but on p 106 he states "In the realm of earthwork 
engineering the instances are rare in which an engineering problem 
requires the services of an engineering geologist, provided the civil 
engineer is adequately trained." The thinking that the geologist should 
confine his responsibility to interpretation of rock conditions and 
leave the interpretation of the soil sequence to the engineer is not 
uncommon in many civil engineering circles. Many published geologic 
profiles included in engineering reports leave uninterpreted that part 
of the profile above the sound-rock line. This, I believe, is a wasteful 
misuse of talents of the geologist. Sedimentary rock, after all, is 
only lithified soil and the same principles of sedimentation which can 
be applied in correlating rock strata apply with equal validity of the 
correlation of soil strata. Indeed, they usually apply with greater 
validity since the study of environments of deposition are normally 
conducted in unindurated materials-soil-and principles learned in 
such studies are often used in identifying and correlating rock strata. 

A more specific disagreement with the concept that a geologist is 
not needed in the soil phase interpretation is that it tends to nullify 
my training and that of other geologists like myself who for years have 
worked with engineers on problems encountered in the deep soils of 

* Chief, Geology Branch, Soils Division, U. S. Army Engineer Waterways Experiment 
Station, Vicksburg, Miss. 



ENGINEERING GEOLOGY 69 

alluvial, deltaic, aeolian, and coastal plain areas. This applies equally 
to engineering geologists who have worked primarily in areas deeply 
blanketed with glacial or residual soils. Most of us have spent years 
in studying the processes of sedimentation, weathering, and soil for
mation in such areas and furnishing this knowledge in proper form to 
the engineer for solution of problems of earthwork engineering. 

For years earthwork engineering problems associated with the 
U.S. Army Corps of Engineers' projects within the Mississippi Alluvial 
Valley have had the benefit of geologic interpretation. Much basic 
work has been done in determining the environments of deposition that 
exist within the alluvial and the deltaic plain, the soils associated with 
each environment, and their subsurface distribution and engineering 
characteristics. Methods have been developed for recognizing these 
environments through study of air photos and the use of a limited 
number of borings. An example of the use of geology in determining 
the cause of a particularly persistent earthwork engineering problem 
and the subsequent use of geologic interpretation to prevent reoccur
rence of this problem is in the prevention of seepage beneath the 
massive Mississippi River levees. More than 2000 miles of these 
levees are in existence, many of them are 40 ft high, and they, thus, 
represent a costly and important engineering effort. When water rises 
against the river side of the levee during rising river stages, it causes 
an artesian head in the substratum sand which is always present 
beneath a relatively thin and impermeable topstratum. Seepage 
emerges at and beyond the landward toe of the levee. If the hydro
static pressure in the pervious substratum landward of a levee becomes 
greater than the submerged weight of the fine-grained topstratum, the 
uplift pressure will cause heaving of this relatively impervious blanket 
and it may rupture at weak spots with resulting concentration of 
seepage flow, piping, and the formation of sand boils or mounds of 
sand where the seepage water emerges at the surface. A study1 of the 
occurrence of sand boils along the river indicated that they are largely 
controlled by the distribution of the alluvial environments of deposi
tion. Cognizance of these ge,ologic environments in design can prevent 
costly and often disastrous levee failures. 

Fig. 1 illustrates two examples (taken from WES TM 3-424) of 
the control that shallow, clay-filled swales and deeper clay-filled 

1 U. S. Army Engineer Waterways Experiment Station, "Investigation of Underseepage 
and Its Control, Lower Mississippi River Levees," Technical Memorandum No. 3-424, in two 
volumes, Vicksburg, Miss., October 1956. 
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channel fillings exercise on sand-boil concentration landward of the 
levee. Seepage is normally most severe in those instances where the 
long dimension of these clay-filled environments parallel the levee 
or intersect the levee toe at a small angle. Note that in fig. la seepage 
is concentrated in the sandy ridges within the acute angle where the 
edges of the swales intersect the levee toe. Where the clay bodies are 
deeper and wider; as in the case of the channel fill deposits, the 
severity of underseepage increases. The severe condition shown in 
fig. 1 b is due to channeling of seepage between two arms of an 
abandoned channel fill. Corrective measures used in levee con
struction and maintenance include alignment of levee setbacks so as 
to take advantage of the distribution of the geologic environments, and 
where this is not possible, the use of impervious landside berms or 
pressure relief wells to prevent seepage in potential sand-boil areas. 
Of importance is the selective locaition of riverside borrow pits to 
prevent exposing permeable substratum sands close to the levee. 

It has been my experience that the civil or the soil mechanics 
engineer is usually so burdened with the responsibilities of his job and 
with keeping abreast of the innovations in his field that he has little 
time to master the complexities of sedimentary processes or the 
weathering phenomena that produce the soil mantle. Where the 
experience of the engineer in a particular area is sufficiently com
prehensive or where the project under study is too small to justify 
the expenditure, the services and advice of a geologist may not be 
warranted. Unfortunately, however, it is the novice engineer or the 
so-called "practical" civil engineer who is most inclined, even on major 
projects, to attempt his own geologic interpretations. 

That the results can be embarrassfog and costly has been amply 
illustrated by examples Dr. Terzaghi cites in many of his papers. He 
points out numerous instances in which faulty design can result from 
improper interpretation of borings or the over-simplification of soil 
conditions and the blind application of the principles of soil mechamics 
to these generalizations. In his paper "Past and Future of Applied 
Soils Mechanics,"2 Dr. Terzaghi lists a number of cases, under the 
heading of "Misuse of Soil Mechanics," in which a proper geologic 
interpretation of subsurface soil conditions would have called attention 
to the possible existence or irregularities in the soil profile and. pre
vented costly miscalculations in earthwork engineering. 

2 Terzaghi, Karl, "Past and Future of Applied Soil Mechanics," JOURNAL, Boston Society 
of Civil Engineers, Vol. 48, pp. 110-139, April 1961. 
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There are few people who have reached, or who can hope to 
reach, the enviable position held by Dr. Terzaghi in the fields of both 
geology and civil engineering. Most of us must content ourselves with 
trying to keep up with our particular and more restricted field. I 
concur, therefore, with the passage he quotes from Berkey, that "The 
position of a geologist is analogous to that of an advisor to the court. 
He may formulate the opinion but never render the final decision. . . . 
It is his duty to discover, warn, explain, without assuming the particular 
responsibility of the engineer who has to design the structure and 
determine how to meet all the conditions present." I submit, however, 
that the geologist should "discover, warn, and explain" the intricacies 
of soils as well as the complexities of rock. Let the engineer assume 
the responsibility of designing the structure to meet the conditions, 
but let him utilize the geologist's help in planning subsurface explora
tion and his talents in determin1ng what the conditions are. The two 
disciplines can work together nicely, and as Dr. Terzaghi indicates in 
so many of his writings, a proper assessment of the geologic situation 
can fundamentally alter the engineer's design or radically affect the 
cost or safety of his structure. Where the size of the project a:nd the 
complexity of stratification warrant it, such an assessment of the ge
ologic condition should not be expected of the civil engineer without 
formal and extensive training in geology. 
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DISCUSSION 

BY RALPH B. PECK* 

Every opm10n regarding the place of geology in subsurface 
engineering and regarding the manner in which geology should be 
taught to prospective subsurface engineers is necessarily colored by 
the background of the individual who holds the opinion. The 
writer was trained in both his undergraduate and graduate instruction 
as a structural engineer. As an undergraduate his only exposure to 
geology was a single course in his sophomore year labeled engineering 
geology and consisting of a study of Ries and Watson, lectures covering 
the same ground but including a description 1of the physiographic 
provinces of the United States, and laboratory exercises in mineralogy 
and rock identification. As a graduate student, quite by chance, he 
enrolled in an elementary course in historical geology, fortunately 
taught more with an eye to stratigraphy than paleontology. The 
course fired his interest in geology and introduced him to geologic 
literature. A single three-day field trip in upper New York State 
opened his eyes to the fascination of Pleistocene geology, but it could 
hardly provide more than an eye-opener. Nevertheless, this utterly 
inadequate training in geology probably exceeded that of most civil 
engineering students by 100%. 

After a brief interlude as a structural detailer, the writer had 
the opportunity to study soil mechanics. Yet, although Harvard 
possessed a Department of Geology of highest rank, the demands of 
the formal curriculum in soil mechanics fully occupied the writer's 
time at Harvard so that it can fairly be said that his training in soil 
mechanics did not add to his knowledge of geology. Dr Terzaghi's 
course in Engineering . Geology had not yet been initiated. 

It was only after he began his professiona;l life in the practice 
of subsurface engineering that the writer's further introduction to 
geology began. For three years the writer viewed the glacial deposits 
encountered in tunneling beneath Chicago in half a dozen or more 
tunnel headings almost daily and was faced with the consequences of 
the presence of s,ome of the materials. He found it mandatory to 
learn all that could be discovered from the literature concerning the 
regional geology and, to a lesser extent concerning Pleistocene geology 

* Professor of Foundation Engineering, University of Illh1ois. 
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in general. The information proved enlightening and useful but it 
did not provide all the enlightenment hoped for. Fortunately, at the 
same time, the writer began his personal association on several pro
jects with practicing geologists and had the opportunity to work with 
geologists and to observe their method of operation. The opportunity 
to be continually associated with geologists, as they carried out their 
professional assignments and conducted their research, has provided 
the writer's real education in geology, such as it may be. It has led 
to the conclusion that there are really two aspects of geology: a 
system of knowledge; and a method. 

The results of the labors of several generations of geologists have 
crystallized in a history of our planet with respect to its physical 
development and to the development of the life that it supports. It 
is hard to conceive that a person could consider himself educated 
without an acquaintance with this system of knowledge. The picture 
that the geologist has created of the world in which we live to a con
siderable extent understood, by any intelligent layman. He does not 
need to understamd the techniques used by the geologist in arriving 
at the conclusions. He does not even need to dwell upon the evidence 
for the conclusions. Most of the geology that finds its way into text
books, and even into many professional geological papers, is part of 
the system. It represents the results of the geologist's work, not the 
work itself. It constitutes a body of knowledge consisting of concepts 
and generalizations, certainly of interest to the engineer and often 
very useful to him, but it does not by any means represent the whole 
of geology. 

The civil engineer working beneath the ground surface needs 
a framework based on this knowledge. He needs to know the principles 
of physical geology; he needs to kn.ow the geologic time scale and 
something about the sequence of formations in the earth's crust. This 
information helps him to digest geological literature that may be 
pertinent to an area or a site in which he is working. The processes 
of sedimentation, erosion and weat:hering must be understood if 
reasqnable interpr,etations of exploratory programs are to be made. 
Therefore, in short, the civil engineering student needs the classical 
course in physical geology and some smattering of historical geology. 

But the method of geology is also important to the civil engineer. 
The inspection of a site by a civil engineer is all too often little more 
than a scenic excursion unless the engineer knows what to observe 
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and how to observe it. At the majority of sites there are landforms 
or exposures to be recognized and scrutinized. Their relevance to 
the job at hand may not be immediately obvious. Only by the use 
of geological methods can the significant relations be brought out. 

The writer, while recognizing the immediate and direct importance 
of a knowledge of the geological method, has of ten speculated about 
a most interesting and useful by-product of this knowledge. He has 
concluded that the geological method is a most desirable and possibly 
a necessary prerequisite to the successful pursuit of the observational 
procedure in subsurface engineering. He suspects that Dr. Terzaghi's 
development of this method and his artistry in the practice of it may 
be a consequence of his own training in geology which went consider
ably beyond the elementary courses just mentioned. Indeed, it may 
have been Dr. Terzaghi's association with geologists rather than his 
study of geology, even while still a student, that may have turned his 
mind toward the observational method. 

In the field, the geologist's procedure consists first of all to collect 
facts and evidence. He makes observations. He does not know at 
the time that he makes the observations whether all of them will be 
pertinent or useful, but he examines his exposures in great detail. 
He then organizes his information. Often the organization consists of 
constructing a geologic map on which he simply records all the known 
information. Only then is he ready to study the map and the other 
organized information in order to form hypotheses regarding the 
development of the region. After he has formed hypotheses, he tests 
them against the evidence he has collected. He also sees other tests 
that should be applied and returns to the field to obtain further evi
dence, which he again organizes and compares wit:Jh his hypothesis. 
In this fashion he arrives at a conclusion, which he rarely regards as 
final because he knows that subsequent information will be obtained 
that will require alteration of his concept. 

The civil engineer, and particularly the structural engineer, is 
not trained in this fashion. He is not accustomed to collecting or being 
presented with a mass of detail which must be organized before con
clusions can be drawn or before decisions regarding design and con
struction can be reached. Yet, the application of the observational 
procedure almost always involves precisely this sequence of events. 
Consider for example the work represented by Dr. Terzaghi's analysis 
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of the stability of the Upper Ore Yard in Cleveland.1 The preparation 
of the report on this project followed the gathering of many kinds o.f 
data: innumerable observations of horizontal movement, tilt, and 
settlement of the various constituents of the ore yard; profiles of the 
piles of ore in the year at various dates; determination of piezometric 
levels at various times and places; and a knowledge of the design 
and construction of the facilities themselves. The observations of 
movement alone are recorded on more than 30 sheets of closely 
spaced notations, each sheet over 6 sq ft in area. All this information 
had to be organized, condensed, plotted, and rearranged in several 
ways until it became useful. Before any correlations could be attempted 
between load and movement, the observations of contours of the ore 
piles had to be converted to average loads on various areas considered 
significant with respect to the movement. The work involved in this 
condensation could hardly be regarded as anything more than routine. 
It involved no great pleasure except the knowledge that it had to be 
accomplished before significant relationships would appear, and the 
knowledge that unless one did such work himself he would not be 
likely to get the real feel of the job. After all the data were organized, 
mamy of the conclusions undoubtedly became almost self-evident. A 
few general concepts concerning the relations between stress, strain, 
and time, derived from soil mechanics, probably also assisted in the 
formulation of the hypotheses and conclusions. 

The routine work associated with the ore yard observations 
is not dissimilar to that carried out by the geologist in collecting his 
information concerning dips and strikes, entering it onto maps, and 
studying possible correlations. It might be regarded as standard 
procedure for a working geologist but it is by no means standard pro
cedure for most civil engineers. Civil engineers do not like to do 
routine work of this sort, nor are they likely to see its significance. 
They are likely to feel that it belongs to the range of the subprofessional 
or technician. No geol,ogist would feel this way. · 

Thus, it appears that successful practice of the observational 
procedure, which has been so fruitful in subsurface engineering, 
involves a method which is essentially that of the geologist even when 
it deals only remotely with geological problems. Hence, courses in 
geology could serve a useful supplementary purpose by introducing 

1 Final Report o·n. the Performance of the Ore Yard of .the RFC Plancor 257 during the 
service period 1943 to 1948. Included in "From Theory to Practice in Soil Mechanics," Wiley 
(1960), pp. 299-337. 
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the engineer to a different approach for the solution of problems than 
that to which he has otherwise been exposed. 

As a consequence, the writer feels that ·courses in engineering 
geology for civil engineers should at least include a few well-planned 
field trips in which tJhe methodology of geology is emphasized. Al
though one can hardly add to the present crowded curricula, a summer 
field camp in geology, devoted to developing the geology of an area, 
would be a tremendous asset to the future subsurface engineer. 

While it is too much to be hoped that engineers can receive 
thorough training in the geologic method, much could be accomplished 
if courses in geology were taught with emphasis on the method as 
well as on the organized system of knowledge. Once the engineer 
becomes aware of the manner in which the geologist works, and sees 
through application in engineering courses the manner in which the 
method can be utilized by the civil engineer, he may discover the vital 
contribution that geology has made to civil engineering in the form 
of the observational method. 

It would, of course, be an unwarranted conclusion that geofogical 
field methods should be taught to civil engineers primarily because 
the subject would serve as a means of teaching the observational 
method. This is no more justifiable than would be the teaching of 
French solely because knowledge of a foreign language is helpful to 
the understanding :of English grammar. Nevertheless, the benefits of 
the geological method constitute an extremely useful by-product of 
geological training for civil engineers. 

The writer does not believe that the boundaries of engineering 
geology should be defined too rigidly. The distinctions among applied 
soil mechanics, engineering geiology, and applied rock mechanics are 
more arbitrary than natural. In the graduate program at the Univer
sity of Illinois, all doctoral candidates specializing in soil mechanics are 
expected to take at least two courses in geology at the graduate level 
( out of a normal total of sixteen courses), and many present a full 
minor in geology (four or more courses). Conversely, all doctoral 
candidates in geology who are interested in engineering applications 
are expected to take the two basic courses in soil mechanics, and 
many present full minors in the subsurface aspects of civil engineering. 
These men, on completion of their graduate study, have found a wide 
range of professional activity, in geological surveys as engineering 
geologists, in mining engineering, in underground construction for 
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industrial and protective purposes, in the general practice of founda
tion engineering. The combination of training is fruitful; the ultimate 
success of the man appears to depend little on whether his degree 
is in geology or in civil engineering. The man will eventually carve 
out his own career that may not fit neatly into any definition of engi
neering geology, including that suggested by Dr. Terzaghi. The 
essential ingredients are sound training in the significant aspects 
of both disciplines. 
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DISCUSSION 

Bv CHARLES F. RIPLEY* 

Dr. Terzaghi has opened discussion on an important aspect of 
engineering education and professional practice with his paper, 
"Engineering Geology on the Job and in the Classroom." This is an 
important addition to his recent notable papers on the practice of sub
surface engineering. (Terzaghi 1957, 1958, 1959, 1961) The paper is 
direct and objective, presenting a carefully thought out analysis based 
on his long experience as an educator and as a practising engineer. Be
cause it is concise, it requires more than one careful reading to appre
ciate and understand the context. 

The paper is a valuable reference for all civil engineers, geologists 
and educators concerned with the practice of subsurface engineering. 
No other engineer has so successfully bridged the gap of knowledge 
which formerly existed between the fields of civil engineering and 
geology, as Dr. Terzaghi; in fact his career has been notable for his 
forging of the "missing link." Therefore his opinions serve as a 
welcome guidepost to the civil engineering student and to the recent 
graduate, concerning the extent to which they should seek training 
in geology. Also, for those older and more experienced civil engineers 
not trained in subsurface engineering, but who utilize the services of 
subsurface engineers and geologists, the paper will be helpful in 
clarifying the relative roles of each. 

The comments of this discussor, civil engineer and former student 
of Dr. Terzaghi, are derived from his experience as a consultant in 
the field of subsurface engineering in British Columbia. The over
burden soils here often have great thickness and their geology is com
plex. The soil profiles commonly reveal complex interfingering of 
marine, alluvial and glacial deposits, reflecting a history of repeated 
glaciation and fluctuating ocean levels. Because the geology of the 
overburden varies from one valley to another, and in fact even between 
closely spaced cross-sections in the same valley, the information 
available to the engineer in published geological reports is meagre'. 
The arrangement of the various deposits and the patterns of stratifica
tion at an individual section are usually sufficiently complicated to 
require a professional geologist with extensive field experience in 

* Principal, Ripley, Klahn & Leonoff, Consulting Engineers. 
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Pleistocene geology, to sort out the picture. Therefore the writer has 
obtained the advice of professional geologists on all his major pro
jects. In so doing, he has developed satisfactory ailld harmonious 
working relationships wi:th these consulting geologists, to the better
ment of the ultimate projects. 

The particular services the writer has requested of the geologist 
in connection with problems of foundations for dams and foundations 
for industrial plant sites, have been: 

i. To identify the maj·or deposits and geologic features within the total 
overburden present at a site, which are recognizable from drill holes and 
examination of surface exposures. 

ii. To establish a general picture of the geologic history and sequence 
of deposition of the overburden soils in the particular valley or regional area 
in question. 

iii. To suggest the probable areal extent of the deposits; also the prob
able three dimensional configuration of each deposit in relation to the other 
deposits with which it may be in contact. 

iv. To point out geologic conditions, which from previous experiences 
in the area, the geologist believes may be present and which may be significant 
to the engineering problem. 

At the present time few civil engineers have "adequate training" 
to fulfill these functions, where the geology of the overburden is 
complex. Properly fulfilled, these functions require a more extensive 
training in geology than is given to a civil engineer in his university 
training. Furthermore, they require extensive field experience in 
Pleistocene geology. 

Even though the advice of a professional geologist has been re
quired, the necessity for the writer, a civil engineer, to have and to 
use adequate geologic training on the project has not been diminished. 
The application of his geologic training has been required in a manner 
that is complementary to the work of the geologist. On important 
projects the writer has not attempted to perform the functions of a 
geologist. His knowledge of geology has been used to recognize that 
the site conditions required the examination of a geologist; also to 
select a geologist suitably qualified for the particular problem. The 
other major functions to which his knowledge of geology have been 
applied, include those mentioned by Terzaghi in his paper: 

i. To make sure that he understands the information provided by the 
geologist; in particular, to know the boundaries between fact and conjecture 
in the over-all geologic picture developed by the geologist. 
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ii. To recognize from the geologic information, those aspects of the 
subsurface conditions that are significant to the engineering problem; that 
are significant to the engineering problem; that is, to recognize the strata 
that may be safely ignored· and the strata that require more detailed engi
neering investigation. 

iii. To anticipate the probable range of variations in the hydraulic and 
mechanical properties within the individual deposits, arising from geologic 
factors. 

iv. To assess the uncertainties involved in his design studies and his 
prediction of the soil behaviour which result from his use of test results, 
theoretical analyses, and computations. 

81 

The assistance of the geologist has been obtained in planning the 
exploration program throughout its various stages. The preliminary 
stages are generally directed toward determination of geologic condi
tions whereas the subsequent stages will more often be directed to 
investigation of engineering factors. Subsequently, the geologist has 
been invited to review the conditions exposed at the site during the 
construction stages, after the site has been opened up. This has 
provided an opportunity for him to review the accuracy of his initial 
forecast of the site conditions and. to point out any significant geologic 
fac~ors not previously anticipated. In the relationship described above, 
the services provided by the geologist might appea.r to overlap slightly 
those provided by the civil engineer. However, this is desirable on 
all important projects where geologic factors have a significant in
fluence, in contrast to having a gap exist in the services provided. 
A gap represents an incalculable risk to the safety of the structure. 

Perhaps the strongest statement in Terzaghi's paper and surely 
the one most likely to be misunderstood unless it is read carefully, 
and given appropriate thought, is that on page 106:-"Hence in the 
realm of earthwork engineering the instances are rare in which an 
engineering problem requires the services of an engineering geologist, 
provided the civil engineer is adequately trained." Opinions as ,to what 
is the appropriate role of the engineering geologist in the practice of 
subsurface engineering will vary widely among practising engineers, 
geoLogists and educators, depending upon their educational background, 
and ,their professional experiences. The intended meaning of ,the 
term "engineering geologist" is not clear to this writer. That is, he 
does not know whether the term was intended to refer exclusively to 
a geologist with engineering training, or, to refer more broadly to a 
professional geologist irrespective of his engineering knowledge. 
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The civil engineer should be cautioned about concluding from 
the paper that the services of a geologist are seldom required in the 
realm of earthwork engineering. Dr. Terzaghi's statement contains a 
clear and definite qualification on this point, namely, "provided the 
civil engineer is adequately trained." For the benefit of those civil 
engineer readers who might be inclined to lightly dismiss the all 
important qualifying remark, the following information may be 
useful. During the past 10 years the writer has worked closely with 
Dr. Terzaghi on a dozen major projects in the realm of earthwork 
engineering in British Columbia, each at a different site. In all cases, 
Terzaghi himself either sought or endorsed the writer's seeking of the 
advice of the most experienced geologist in the area. Certainly if 
Terzaghi with his vast experience and training in geology, finds it 
helpful to obtain professional geologic advice in connection with 
earthwork problems, then the average civil engineer should be cautious 
in deciding the extent to which his own limited geologic training is 
adequate for his own problems. The decision on a particular project 
whether professional geologic advice is necessary will obviously depend 
upon three factors: the relative importance of the project, the com
plexity of the regional geology, and the extent of geologic training 
and experience of the civil engineer concerned. 

Terzaghi rightly emphasizes the need of better engineering geology 
courses for civil engineering students. Important as this first stage 
of training is, it can hardly be considered "adequate training," in the 
sense used by Terzaghi. Adequate training of the civil engineer in 
engineering geology can be thought of as a two stage process that 
can be developed only with field experience. The second stage carries 
on from the university course through the professional life of the 
engineer. It consists of developing and maintaining a keen interest 
in geology by persistent and critical observation of the products 
of the various geologic processes, which are evident in the area of his 
work. The engineer should examine virtually every cut slope and 
exposure he passes by, to acquaint himself with as wide a range of 
patterns of stratification and variations within soil deposits as possible. 
He should also develop his knowledge of the geologic processes and 
environments that have given rise to the variations he has seen in 
soil deposits, so that he may better know when and where to expect 
them. This latter knowledge can be most easily developed if the 
engineer has contact in his work with a competent and experienced 



ENGINEERING GEOLOGY 83 

field geologist. Equal benefits from such contact may be derived by 
the geologist, for he will obtain a better understanding of the relative 
engineering significance of the geologic features at a site. 

The technical level of applied problems that the civil engineer 
can capably solve, will depend on his knowledge of geology as well as 
his knowledge of his civil engineering subjects. The solution of 
difficult problems requires the exercise not only of a certain minimum 
level of knowledge, but also of imagination and self-confidence as 
well. Of equal importance is selfrestraint and the understanding of 
his own limitations. He should therefore not hesitate to seek the 
advice of a geologist on projects of importance or with difficult 
geologic conditions. With the increasing use of applied soil mechanics 
in earthwork problems, there is a great need at most universities of 
better courses in engineering geology for the civil engineer. However, 
the university course is not the end point but merely the beginning of 
his geologic training, if he is to achieve "adequate training" in the 
sense used by Terzaghi. 

REFERENCES 

TERZAGHI, K., 1957, Opening Address, Proc. 4th Int. Conf. on Soil Mech. and 
Fdtn. Eng. 1957, Vol. III, pp. 55-58. 

TERZAGHI, K., 1958, Consultants, Clients and Contractors. Journ. Boston Soc. C.E. 
Jan., 1958. 

TERZAGHI, K., 1959 Soil Mechanics in Action. Civil Engineering, 29(2), pp. 69-70. 
TERZAGHI, K., 1961, Past and Future of Applied Soil Mechanics. Journ. Boston 

Soc. C.E. April, 1961. 



84 BOSTON SOCIETY OF CIVIL ENGINEERS 

DISCUSSION 

BY P. J. WEST* 

The writer has been aware in his own experience that the best 
solutions to most subsurface problems usually are obtained by applying 
a blend of both engineering and geologic principles. It was gratifying 
to find that Dr. Terzaghi, early in his professional career discovered 
the necessity to recognize and adequately interpret geofogic factors 
affecting subsurface engineering. He further realized that purely 
qualitative and rather generalized geologic findings could not be 
effectively translated by the engineer into a form which could be 
readily utilized in engineering practice. Hence, he developed methods 
to correlate geologic processes with experimentally determined in
formation on the engineering properties of the products of such 
processes, wherefrom geologic principles could be then applied to 
practical engineering problems. 

The general procedure followed by the author in dealing with 
problems of earthwork engineering as presented in the paper under 
the section entitled, "Role of Engineering Geologist in Earthwork 
Engineering," was of especial interest to the writer. In his association 
with the author on two major hydr1oelectric projects in California 
during the past decade, the writer has been in the fortunate position 
of being able to closely observe the author apply this multiple working 
procedure. 

The author developed such procedure following his realization 
that the nature and importance of the uncertainties associated with 
the results of subsurface exploration depend entirely upon the geologic 
characteristics; and that design assumptions and computations are 
valid only insofar as these characteristics are understood and properly 
evaluated. 

It is the writer's firm belief that students and practitioners of 
engineering geology alike should prepare themselves to apply as 
routine the cardinal points of this procedure to their project in
vestigations. To be capable of doing so, the engineering geologist 
should be equipped with a knowledge of· civil engineering principles 
and practices and must have the fundamentals of geology thoroughly 
in mind. 

* Senior Engineering Geologist, Southern California Edison Company, Los Angeles, 
California. 
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While perhaps being somewhat repetitious, the writer wishes to 
paraphrase the author's words and briefly present the procedure for 
purposes of emphasis, in outline form later in this discussion. Sufficient 
to say, the procedure as witnessed by the writer in its various phases, 
emerges as a most workable and useful guide in coping with problems 
of earthwork engineering. The steps of this procedure should be care
fully considered by both engineers and geologists involved in earthwork 
and foundation design. If rigorously pursued, it forces one, perhaps 
against one's natural reluctance, to recognize the importance of geologic 
factors in rationally evaluating the engineering characteristics of the 
subsoil. 

Presently utilized techniques of exploration, testing, design, and 
construction may vary and undoubtedly improve over the years to 
come, yet the propositions established by the author on which his 
deductive thought processes are based will not undergo any change. 

OUTLINE OF AUTHOR'S GENERAL PROCEDURE IN DEALING WITH 

PROBLEMS OF EARTHWORK ENGINEERING 

First Step 
1. Collect all the information regarding the geologic charac

teristics of the site from resident geologists and from publica
tions, supplemented by a personal examination of the site. 

2. Interpret the findings based on comparison of the products 
of the various geologic processes at the site with the products 
produced by similar processes elsewhere, wherein the engi
neering properties at the latter have been obtained by experi
mental determination. 

3. De;termine the maximum depth at which the seat of potential 
trouble may be located (i.e., compressible layers, aquifer of 
high artesian pressure, avenues for the escape of water from 
a reservoir, etc.) 

Second Step 
1. Estimate the position of the horizontal and vertical boundaries 

of the source of potential trouble by means of exploratory 
borings and the pattern of stratification. 
(a) If the source of potential trouble is relatively homo

geneous, an elaborate subsurface investigation and labora
tory testing program of undisturbed samples may be 
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justified, from which settlement or stability computations 
can be made. 

(b) If a condition of heterogeneity is encountered, very little 
can be gained by accumulating test data in addition to 
those which disclosed the absence of homogeneity. 

Third Step (Providing the usual case of heterogeneity exists) 
1. Evaluate the uncertainties involved in the interpretation of 

the results of the subsoil exploration. ( Such uncertainties 
depend on the geologic characteristics of the site.) 
(a) Design must be based on the most unfavorable possibili

ties compatible with the known geologic characteristics. 
(b) If the project permits modification of the design during 

construction, adopt an observational procedure which 
requires that the gaps in the initial knowledge of the sig
nificant properties of the subsoil be closed by observation 
during construction. 
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CLOSURE TO THE DISCUSSION 

BY KARL TERZAGHI 

When the writer prepared the paper under discussion he was 
fully aware of the fact that many of his statements were strongly 
influenced by his professional background and personal prefer
ences. In order to eliminate these shortcomings of his paper, he invited 
men with very different professional backgrounds to give the readers 
the benefit of their opinions concerning the subjects covered by the 
paper. Among those who responded to the invitation are three who are 
educators as well as consultants, Professors Cleaves, Deere and Peck, 
three professional engineers, Messrs. Banks, Dunn and Ripley, and 
four consulting geologists, Messrs. Campbell, Dolmage, Kolb, Laurence 
and West. All of them are known to the writer as being exceptionally 
competent in the fields of their activity. Therefore the discussions 
turned out to be even more instructive than the writer could reasonably 
have hoped. The following paragraphs contain a summary of the 
opinions expressed by the discussers. 

ENGINEERING GEOLOGY IN THE CURRICULAE FOR CIVIL ENGINEERS 

The place and space which should be assigned to engineering 
geology in the curriculum for civil engineers is still a highly con
troversial subject. This fact is clearly reflected by the diversity of 
opinions. 

According to Messrs. Kolb and Laurence "it would seem ques
tionable that a single course in the subject could provide the back
ground required to recognize significant geologic characteristics at 
a site or to decide whether further geologic exploration should be 
considered." Mr. Dolmage questions "whether it is advisable to give 
the civil engineer any formal classroom ge,ological training" and adds 
that "a little knowledge, and particularly if it is simplified or abridged 
or out of context, is a dangerous thing." Professor Peck is one among 
the many civil engineers who left college without having received any 
geological training and describes in detail how he acquired a working 
knowledge and interest in geology in later life, from observation on 
his jobs and particularly from his personal contacts with the geologists 
assigned to these jobs. This procedure for acquiring a working 
knowledge in engineering geology is strictly in accordance with Mr. 
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Dolmage's recommendations. However for every engineer who learned 
his lesson on the job the writer could name five others who have been 
designing foundations for many years without even suspecting the 
existence and the importance of "geological factors," and without 
realizing the difference between designing a foundation and designing 
a steel bridge. Professor Peck is well aware of this condition. Hence 
when he took charge of the Department of Soil Mechanics at the 
University of Illinois he lost no time in introducing engineering geology 
into the curriculum of his students. Professor Cleaves believes that 
"the single course given to civil engineers in the applications of 
geology to civil engineering, based on a single course in elementary 
physical geology, can do more than alert the civil engineer to an 
appreciation of the significance of the geological disciplines." On the 
other hand Mr. Campbell expressed the opinion that "the mature 
student, well grounded in the fundamentals of science and engineering, 
can grasp the basic principles of geology in an astonishingly small 
fraction of the time that a freshman or sophomore spends struggling 
with strange terminology ... " and adds: "I believe that principles 
can be presented ( or reviewed) with little loss of time even for the 
student without any previous training in geology and, in fact, with 
some enhancement of the total course." Mr. Campbell, presently 
Chief of the Division of Mines in the State of California has taught 
Economic Geology for many years at the California Institute of 

· Technology and his statements, like those of the other discussers, are 
derived from broad experience. 

In spite of the diversity of opinions expressed by the discussers, 
several important statements can be made, none of which is incom
patible with these opinions. 

1. The performance of subsurface structures depends t,o a large 
extent on geological factors. Hence if these factors and their engineering 
implications are not recognized the consequences can, and often have 
been, catastrophic. 

2. On many jobs other than major ones the owners would not 
even consider paying the fees of a geologist in addition to those of the 
architect and the engineer. Hence if the engineer in charge of the 
design of the subsurface portion of the structure in unaware of the 
importance of the geological factors he must be considered incompetent 
and can do a lot of harm. 
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3. Some engineers may, but most of them do not, discover after 
graduation the practical importance of geological factors and acquire 
the capacity to understand and correctly interpret geological reports. 
Therefore a course in engineering geology must be considered an 
essential ingredient of every curriculum of civil engineers who may, 
in their future professional career, be entrusted with the design of 
subsurface structures. 

4. The success of the course depends entirely on the degree to 
which the students have realized the inevitable uncertainties associated 
with forecasts in the realm of subsurface engineering and not on the 
amount of geological knowledge they have acquired. To teach such 
a course most effectively the teacher should be thoroughly familiar 
with both the geological and the engineering aspects of subsurface 
engineering. Yet the demand for such men is far in excess of the 
supply. If no teacher is available with such qualifications an engineer 
who is interested in the subject and has acquired most of his knowl
edge of the geological aspects of subsurface engineering from intel
ligently reading suitable case records is definitely preferable to a 
geologist with very limi.ted connections with the engineering profession 
or none at all. 

5. The application of the principles of geology to problems of 
subsurface engineering requires a "habit or mode of thinking quite 
foreign to that of the engineer" (Mr. Dolmage). In all the other 
courses the engineer is trained in only one mode of thinking and to 
grasp the essence of an entirely different one in the short time allotted 
to the course requires a r·elatively high degree, of maturity. Therefore 
the course should be-t,/1,ug)lt as late as practicable, preferably on the 
graduate level. 

6. Most of the divergencies between the expressed opinions 
center about the question as to how much a student can learn in a 
single course. The answer depends to a large extent on the qualifica, 
tions of the teacher, the degree of maturity of the students and, to 
a large extent, on the mental characteristics of the individual students. 
Some students may be utterly incapable of learning how to think in 
"both modes" though in other fields such as applied mathematics they 
may be outstanding. 

7. The heads of the Departments of Civil Engineering must 
adapt their decisions to the qualifications of the available personnel, 
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the available funds and to the time limitations imposed upon them by 
the crowded curricula. Therefore they have little influence on the 
degree of efficacy of the courses in engineering geology. Yet on 
account of the serious consequences of complete ignorance in this 
field a moderately successful course is definitely preferable to none at 
all. 

As an example of how a course in engineering geology can be 
fitted into the general program for the training of civil engineers the 
writer's course at Harvard University may serve. The crowded 
curriculum rendered it impracticable to make previous training in 
physical geology a hard"and-fast prerequisite. To compensate for this 
limitation the writer gave his course at the very end of the training 
period. Since most of his students were graduates they had already 
reached the level of maturity postulated by Mr. Campbell when he 
made the statements quoted at the end of the preceding summary of 
the discussers. The topics covered by the course are listed in an 
Appendix to the paper. Yet 40 hours are very short and the topics are 
numerous. Therefore he devoted most of the time at his disposal to the 
engineering aspects of geology in the manner described by Professor 
Deere in the first part of his discussion. However he supplemented 
his course by reading assignments in a suitable textbook on physical 
geology, occasional field trips and a few afternoon sessions in the 
Department of Geology where the students had an opportunity to 
examine and identify hand specimens of the most important types 
of rocks. In his first lecture he informed his students that the course 
should be considered an antidote to theoretical soil mechanics and in 
the last one he advised those among them who failed to grasp the 
essence of his teachings to keep away from subsurface engineering. 
Unfortunately some of them did not follow the writer's advice. 
Judging from letters the writer received from former students, years 
after they had started to practice subsurface engineering, some stu
dents have derived from the course lasting benefits, whereas others 
had merely grasped the words but not the spirit and these could 
probably not be improved by educational efforts. of any kind. 

FUNCTION OF THE GEOLOGIST IN EARTHWORK ENGINEERING 

On p. 106 the writer made the following statement: "Hence in 
the realm of earthwork engineering the instances are rare in which 
an engineering problem requires the services of an engineering geofogist, 
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provided the civil engineer is adequately trained." This statement was 
emphatically contested by both geologists and engineers. According 
to Messrs. Banks and Laurence "probably the greatest contribution 
of the competent engineering-geologist is the planning, conducting 
and interpreting exploration programs to produce a reliable picture of 
the physical conditions that exist at depth." They also consider the 
writer's appraisal of the practical value of geophysical methods of 
subsoil exploration too "harsh." Mr. Kolb emphasized the importance 
of the benefits derived from a geological study of sedimentary deposits 
and illustrated his statements by a well-chosen example. Mr. Ripley, 
a consulting engineer whose professional activities are chiefly associated 
with glacial deposits in western Canada takes advantage of geological 
advice on all his projects. He presented a list of the uses he makes 
of his own geological knowledge and another one of the benefits he 
has derived from his co-operation with professionaJ geologists. 
Finally he mentions the fact that even the writer himself took advan
tage of the services of Mr. Dolmage, whenever he operated in the 
formerly glaciated areas of British Columbia. 

Impressed by the unanimity of the reactions to his statement, 
the writer reviewed his own past to discover the source of what began 
to look like a misjudgment. While he ·was a student in mechanical 
engineering he became so interested in geology that he skipped most 
of his classes and attended courses in geology instead. After gradua
tion he entered the services of a general. contractor, hoping for an 
opportunity to keep in c.ontact with his favorite science. His first 
publications, 1906 and 1907, were devoted to purely geological sub
jects, and during the following half-century his interest in geology 
never faded. Thus it became clear to him that his statement was 
biased. He took it subconsciously for granted that once an engineer 
is exposed to geology he cannot help falling in love with it and 
acquiring the geologist's mental attitude towards all those problems 
of subsurface engineering which cannot be solved by mathematical 
procedures. The discussers opened his eyes and he heartily concurs 
with their statements, with the following qualifications. 

The "harsh" attitude of the writer towards geophysical methods 
(Messrs. Banks and Laurence) grew out of a long series of disap
pointments, starting in 1930 with the failure of the electric-potential 
method to furnish any useful information concerning the location 
of the buried rocksurface at a damsite in Algeria. Persistent setbacks 



92 BOSTON SOCIETY OF CIVIL ENGINEERS 

are not easily forgotten and justify a certain degree of skepticism. 
However the writer does not deny that the reliability of the procedures 
may increase as the techniques are improved. 

Professor Cleaves illustrates the importance of the knowledge 
of the mineralogical composition of embankment materials by two 
case records. In both instances the geologist is credited with the 
discovery of properties which could not possibly escape the attention 
of a competent soil-testing engineer. He also describes the benefits 
derived by the engineering profession from clay-mineralogical in
vestigations. These studies aroused the writer's interest as soon as 
he read about them for . the first time, some thirty years ago. At the 
outset he felt as optimistic about them as Professor Cleaves does 
at present. However he gradually found out that two clays with 
identical clay-mineralogical composition can have radically different 
physical properties. Hence he concluded that it is much cheaper and 
more expedient to determine the significant properties of clay by 
direct testing. Clay-mineralogical investigations may furnish very 
interesting information concerning the causes of unusual physical 
pr;operties to a given clay after its properties were disclosed by soil 
tests (see for instance Terzaghi 1958) but so far they have no legiti
mate place in subsoil exploration. 

ROCK MECHANICS 

Messrs. Banks and Laurence call the reader's attention to the 
important contributions of rock mechanics to subsurface engineering, 
and Professor Cleaves refers specifically to the practical value of the 
photo-elastic method and of the procedures for measuring stresses 
in rock. 

Rock mechanics is based on the same reasoning which led the 
writer to establish the fundamental principles of soil mechanics, but 
it started at a very much later date. Therefore by extrapolation its 
future development can be predicted fairly reliably from that of soil 
mechanics, which has briefly been described quite recently by the 
writer in a paper (Terzaghi 1961). 

At the present time rock mechanics is primarily concerned with 
filling the existing gaps in our knowledge of the physical properties 
of the rocks, in inventing new methods of rock exploration, and 
developing new theoretical procedures. Thus a vast store of infor
mation is accumulated, which is of inestimable value as a basis for 
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judgment. However these activities, which are analogous to those in 
soil mechanics in the thirties, divert the attention of engineers from 
the inevitable uncertainties involved in all the forecasts concerning 
the performance of rocks and lead to practices similar to those which 
the writer called in the aforementioned review paper the "misuse of 
soil mechanics." 

The danger of misusing r.ock mechanics is aggravat~d by the 
following fact. The significant physical properties of most rock 
formations which can conceivably be the cause of engineering difficul
ties have a striking resemblance to those of sedimentary deposits with 
an erratic pattern of stratification. Therefor(;) they cannot be deter
mined reliably in advance of construction by any practicable means. 
Some of the engineering consequences of this condition will be 
described by the writer in a paper "Measurement of Stresses in Rock," 
to be published in 1962 in Geotechnique. Therefore those engineers 
who are presently engaged in rock mechanics are strongly advised to 
take advantage of the experiences in applied soil mechanics. 

MENTAL PROCESSES INVOLVED IN SUBSURFACE ENGINEERING 

In his discussion Mr. Dolmage pointed out very aptly that 
geology "is an inexact science and requires a habit or mode of thinking 
quite foreign to engineers." Yet the successful handling of problems 
of subsurface engineering requires efficient reasoning in both domains. 
On account of the importance of this fact three of the discussers con
centrate their attention almost entirely on this aspect of subsurface 
engineering. Professor Peck distinguishes between "system" and 
"method" and emphasizes the importance of thorough acquaintance 
with the "method." Mr. Ripley deals with the role of "geological think
ing" in his professional work, and Mr. West summarizes the successive 
steps in dealing with subsurface problems. All the opinions expressed 
by the discussers concerning this subject are fully in accordance with 
the corresponding statements iri the paper and contribute a valuable 
supplement. The means for introducing the student into the double 
aspect of the subject and to make him familiar with the "method" have 
been discussed under the heading "Engineering Geology in the Class
room." 

ENGINEERING GEOLOGY AS A PROFESSION 

Pr.of essor Cleaves "is of the belief that disastrous results could 
accrue from the reliance upon mining or petroleum engineers for 
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advice on many civil engineering projects." This statement calls for 
qualification. For instance Mr. Campbell is primarily an economic 
geologist. Yet he was an esteemed advisor of the Southern California 
Edison Co. on numerous civil engineering projects. Mr. Dolmage, a 
mining engineer, has been associated with many civil engineering under
takings in British Columbia, and the writer has co-operated with both 
these gentlemen most satisfactorily on major projects involving glacial 
geology. The reason is obvious. If a geologist of any category is 
really competent and the engineer knows enough about geology to 
formulate his questions intelligently it makes very little difference 
in which fields the consµlting geologist operates. · 

At the end of his discussion Mr. Dolmage even questions "the 
validity of the term Engineering Geology as currently used." To him, 
"if it means anything, it means geology applied to engineering problems 
just as economic geology means geology applied to the finding and 
extracting of minerals. In both cases it is the same kind of geology . 
. . . " He continues: "Like the engineer the geologist has not the 
time in his undergraduate years for any engineering other than his 
courses in surveying methods. The small amount of elementary 
engineering which he might squeeze into his program would be of 
very little value .... " 

In contrast to Mr. Dolmage Professor Deere takes Engineering 
Geology very seriously. After reviewing the present relationships 
between engineer and geologist, and their inadequacies he recommends 
a very bold step: The training of engineering geologists who are compe
tent to perform the services of both geologists and engineers. He even 
outlines the curriculum for prospective candidates. 

In the writefs opinion the step proposed by Professor Deere 
is a· dangerous on_e and could lead to very disappointing results, for 
the following reasons. Experience has shown that many individuals 
are unable to acquire the capacity of reasoning equally efficiently in 
the way required by geology and in the realm of exact sciences such 
as engineering. While still at college the student has no. opportunity 
to find out whether or not he possesses this capacity. If he has 
majored in civil engineering without having this capacity he can 
specialize for instance in bridge design and if he has majored in 
geology he can join a geological survey. However if he is a graduate 
"Engineering Geologist" he has no choice and may turn into a public 
danger. 
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Furthermore, the two fields, engineering and geology, are so 
vast, that no one person can be equally competent in both of them. 
This the writer knows from personal experience. His "formal educa
tion" in geology is far above the average and he followed the develop
ments in geology throughout his life as closely as his time permitted. 
Yet he did not even try to become an expert in this field, because every 
attempt to learn still more about geology would have been at the 
expense of his expertship in one of the many domains of civil engi
neering. Hence time and again he considered it indicated to avail 
himself of the advice of a competent geologist. The geologist is in a 
similar position with reference to engineering. 

If a young geologist was born with the qualifications of an 
engineering geologist he will be drawn into this field by the force of 
gravity as Dr. Berkey was, and many after him, without formal 
education in engineering. He will become familiar with the geological 
problems of subsurface engineering through his contact with engineers 
in the field and render most valuable services, provided he does not 
attempt to invade the domains of the engineer. Quoting from Mr. 
Campbell's discussion: "This-to know the limitations of one's own 
knowledge, and thus to know when ( and where! ) to seek assistance 
from colleagues in other professions--,---is to me certainly the beginning 
and very probably the hallmark of wisdom." 
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PAST AND FUTURE OF APPLIED SOIL MECHANICS* 

DISCUSSION 

Bv RALPH B. PEcKt 

One paragraph in Dr. Terzaghi's stimulating paper deserves to 
be reproduced and to hang in the office of every subsurface engineer: 

"Many problems of structural engineering can be solved solely 
on the basis of information contained in textbooks, and the designer 
can start using this information as soon as he has formulated his 
problem, By contrast, in applied soil mechanics, a large amount of 
original brain work has to be performed before the procedures described 
in the textbooks can safely be used. If the engineer in charge of earth
work design does not have the required geological training, imagination 
and common sense, his knowledge of soil mechanics may do more 
harm than good. Instead of using soil mechanics he will abuse it." 

The abuse of soil mechanics has received attention in several 
publications by Dr. Terzaghi and others. It is a matter of serious 
concern to all those engaged in the practice of subsurface engineering. 
Abuse may occur to different degrees and on different levels. This 
discussion is concerned with the possible abuse of soil mechanics in 
the observational procedure. 

The observational procedure so well described in Dr. Terzaghi's 
paper is one of the most notable and useful contributions of applied 
soil mechanics. It of ten permits a very economical solution of a 
difficult problem at an adequate and known factor of safety. As the 
method is popularly understood by subsurface engineers, it consists 
of basing a design or construction procedure on average conditions, or 
on conditions considered to be most probable, rather than on the 
most unfavorable conditions that are compatible with the conditions 
at the site. Field observations are then devised to give adequate warn
ing regarding undesirable deviations from the assumed conditions. If 
necessary, modifications or corrective measures are introduced as 
indicated by the observations. 

• Paper printed in April, 1961 JOURNAL, by Dr. Karl Terzaghi. 
t Professor of Foundation Engineering, University of Illinois, Urbana. 
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One essential feature of the observational method is omitted in 
this conception. The engineer must not only assess the average or 
most probable conditions, but he must also carefully assess the most 
unfavorable c,onceivable conditions. Moreover, he must have a sound 
plan for coping with the unfavorable conditions if they should actually 
develop. This plan may consist, as Dr. Terzaghi suggested in one of 
his examples, of making known to the owner the consequences of 
exceptionally unfavorable conditions, because the owner may be 
willing to take the risk. Under many circumstances, however, the 
unfavorable conditions, if they should prevail, would require radical 
changes in design or in construction procedure. If such changes are 
required, but if the engineer has not planned in advance what they 
should be, the consequences may be serious indeed. The writer 
suspects tha.t some designs and construction procedures that have 
been advocated in the name of the observational procedure have been 
proposed without giving proper attention to the steps that would be 
taken if unfavorable conditions developed. The laws of probability 
indicate that such designs or procedures would be adequate in most 
instances, whereupon the designer gets the credit for proceeding in 
an economical fashion. Such a modus operandi is an abuse of soil 
mechanics and should not be tolerated. 

A second requirement in planning an observational approach to 
a design is that field measurements can be planned and executed that 
will disclose significant unfavorable developments. Considerable in
genuity may often be required in determining what measurements 
should be made and how to make them. The nature of some problems, 
however, may preclude measurements that will give the necessary in
formation in time to permit appropriate action. Under these circum
stances the observational procedure should not be applied. 

As an example, the foundations f,or two grain elevators, A and B, 
may be considered. The soil conditions at both sites were virtually 
identical; indeed the two sites were in close proximity to each other. 
Both structures carried approximately the same loads. Both were 
supported on vertical piles driven through loose fill and relatively s.oft 
cohesive deposits to a firm base. Along one side of each structure was 
a sheet pile bulkhead; against the opposite side was a fill supporting 
railroad tracks. Lateral movements of structure A became per
ceptible after about 20 years of service and were measured from time 
to time. The amount of movement was found to be doubling at 
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about five year intervals, and reached a total of more than one foot. 
Because of the acceleration, the interested parties became alarmed and 
provided additional support for the structure before any serious 
consequences developed. 

On the other hand, structure B gave no visible evidence of 
appreciable lateral movement. Therefore, it was considered to be 
more stable than structure A and no periodic observations or remedial 
measures were considered necessary. Nevertheless, after comparatively 
minor incidents that may have slightly altered the loads on the 
structure or its foundations, the structure suddenly underwent very 
large lateral deformations and within a period of one or two days 
suffered a complete collapse and foundation failure. 

The principal difference between the two structures was the 
presence of a relatively small number to timber batter piles beneath 
structure B. These piles had evidently supplied sufficient resistance 
to prevent the development of the large lateral movements observed 
at structure A. In resisting the movements, however, they were very 
highly stressed. When some relatively minor incident caused one or 
a few of these piles to fail, the subsoil could not quickly accommodate 
itself to the changed conditions and an almost immediate collapse 
occurred. 

Had the writer been requested, prior to the collapse, to investigate 
the stability of structure B, he would quite possibly have suggested 
refined observations, such as careful measurements of lateral move
ments and the installation of slope indicators, to detect the beginnings 
of movement. He would probably have recommended that observations 
be made at frequent intervals and that no remedial measures should 
be taken unless the structure began to accelerate. Had this prescription 
been advocated and followed, it is quite certain that the collapse 
would have occurred precisely as it did. 

The defect in the use of the observational procedure, as suggested 
at site B, lies in the presence of what might be termed brittle and 
rigid elements in the foundation. These elements had sufficient 
rigidity to prevent a movement in the early stages but not sufficient 
strength to withstand the forces that developed as time went by. It 
is doubtful that suitable deformation measurements could have been 
devised to give adequate warning of the failure that occurred, because 
the brittle load-carrying component could not have deformed per
ceptibly before failure. On the other hand, a structural analysis of 
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the behavior of the foundation, even from a qualitative point of view, 
would have led to the conclusion that the batter piles must have been 
highly loaded and that they constituted danger spots. A proper 
analysis and assessment of the conditions would, in other words, have 
led the engineer to the conclusion that the usual observational pro
cedures might be misleading and unconservative in this instance. 

This illustration points out that the subsurface engineer dealing 
with the observational method needs an additional ingredient besides 
a knowledge of the geology of the site and a knowledge of the soil 
conditions. He also needs a good conception of structural behavior 
and of the interaction between soil and structure. He must be especially 
wary of elements that may carry dangerously high loads without being 
able to deflect appreciably in comparison with the deflection required 
to mobilize the strength of the other elements. 

A second type of problem in which current observational pro
cedures may not lead to a sound conclusion involves the stability of 
slopes. During the construction of earth dams, or during the place
ment of fills, it has become rather customary to install pore pressure 
devices in the fill and in the foundati;on materials. One purpose of 
the pore pressure devices is to determine if, or when, the rate of 
filling must be decreased in order to eliminate the possibility of a 
slope or base failure. Under some simple circumstances, for example, 
if the piezometer is located beyond the toe of the embankment and 
registers a pressure approaching the weight of the overburden, a 
fairly clear cut statement may be made regarding the factor of 
safety. In most instances, however, the relationships between the 
measured pore pressures and the factor of safety against failure are 
by no means simple. The pore pressure observations unquestionably 
lead to a better understanding of the subsurface conditions and of the 
stability of the slope. They may not, however, lead directly to an 
indication of the factor of safety. If they are made, but if inadequate 
thought has been given to the way in which they are to be interpreted, 
reliance on them as part of an observational procedure may also be 
considered an abuse of soil mechanics. 

In short, the observational procedure must be planned with 
great care. The engineer must be certain that he can cope with the 
consequences of learning that the real conditions are extremely un
favorable. He must also assure himself that the observations he intends 
to make will actually disclose the state of affairs in sufficent time and 
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with sufficient clarity to indicate the degree of safety. If the engineer 
overlooks these matters, the observational procedure may lead to a 
catastrophe made all the less defensible because the techniques at 
first glance might appear to represent the latest developments in the 
application of soil mechanics. 
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DISCUSSION 

BY JAMES H. STRATTON* 

In my early exposure to soil mechanics in the period of service in 
the Corps of Engineers it seemed for a time that all answers to our 
problems were to be found in the laboratory. There was at that time 
a hierarchy of the blessed, that is, of those with Fecent undergraduate 
and graduate training in soil mechanics, who seemed disposed to set 
themselves apart from the rest of the profession and to deny to others 
the right or duty to raise questions. If one had the temerity to express 
opinion or misgiving, he risked finding himself foundering in technical 
argument based on the mathematics of theory or on the interpretation 
of laboratory results. This was, of course, embarrassing to the un
initiated and scarcely served .to further the practical use of this newly 
gained knowledge. 

While the techniques of modern soil mechanics were still in their 
infancy of application, the Corps of Engineers experienced two dam 
failures, one of which was described in various engineering publications. 
( 1) These incidents, although unfortunate in themselves, proved not 
to be setbacks to soil mechanics and indeed were responsible to a very 
large degree for changes in attitudes. One could sense a new-found 
humbleness on the one side and on the other an agreement that 
explanation of these failures did not lie within the province of 
engineering knowledge that existed before the advent of modern soil . 
mechanics. Both sides recognized that "Acts of God" explanations 
would not suffice, and as a consequence there was instituted a new and 
enlarged program covering explorations and sampling, testing and basic 
research into the behavior of soils and foundations under stress. In 
addition there was stimulated a new interest in observations during 
and after construction. 

In the following years in public service and later in private 
consulting practice, I have witnessed a continuing reconciliation of 
views to the common purpose of furthering the development and use 
of soil mechanics. That Dr. Terzaghi has been largely responsible for 
the reconciliation of attitudes there can be no question, just as there 
is no question that the attitudes of some of his early disciples were 
self-induced aberrations arising both from the conceit induced by 

* Partner, Tippetts-Abbett-McCarthy-Stratton, N·ew York, N. Y. 
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newly gained knowledge and from the resistance offered by old-line 
engineers to change from what to them had been good enough. 

In the section of this paper, Conclusions and Outlook, the words, 
"Once an engineer has left his alma mater his mind is likely to become 
dogmatic. Therefore, he must be warned. against the misuse of soil mechanics 
at an early date." 

express what I deem to be its thesis. 
However, one may fairly assume that Dr. Terzaghi had no thought 

of restricting his message solely to a warning to the young against the 
misuse of soil mechanics since he foresees danger in "ultimate dogmatic 
attitudes" which will stultify both the proper use of available 
knowledge in soil mechanics and its further progress. Failure to heed 
would be to court troubles of the sort he has pictured so vividly. 
His own good fortune in being of a natural philosophical turn of mind 
led him throughout his professional practice constantly to seek fuller 
understanding of the materials, forces and virtually every other 
phenomena in nature he has encountered and thus has protected him 
from the dogmatic tendendes that seem to grow in most of us with 
the accumulation of years. 

There is a rare forcefulness in the writings of Dr. Terzaghi which 
should, and I believe does, have deep appeal not only to those educated 
in soil mechanics, but also to those senior in years in the profession who 
to some degree are responsible for the work of specialists in the field of 
soils and foundation engineering. Such expressions as: 

"Therefore, the misuse of soil mechanics will continue unless the center of 
gravity of the course in engineering geology is shifted from the geological 
facts to their engineering consequences." 

and, 
". . . in applied soil mechanics a large amount of original brain work has to 
be performed before the procedures described in the textbooks can safely be 
used." 

are warnings from which the engineer exposed to soils and foundation 
problems can profit regardless of the level of his responsibility or the 
intimacy of his acquaintance with or the mastery of theory and testing 
techniques and analyses. 

It is our good fortune that Dr. Terzaghi did not restrict his 
interests to the development of theory and soils testing techniques, to 
which in his early years he contributed so much, at the expense of the 
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full use of his natural talent for observation and analytical evaluation, 
in a practical sense, for had he done so this paper and others in recent 
years would not have been possible. 

Dr. Terzaghi shows that time-honored "type solutions," even 
though supported by available theory or the results of experience 
elsewhere, should not be accepted on faith, but only after the "brain 
work" which he commends. His example (Case No. 7) of the 
inadequacies of grouting ( a time-honored practice on which in recent 
years there have been found to have decided limitations) where 
controlled drainage was properly the solution, is a case in point. 
Dr. A. Casagrande in a recent paper has also described the limitations 
of grouting. ( 2) 

It is a tribute to the profession that Dr. Terzaghi not only has 
had the will, but has found the time to exercise his innate attributes 
as a teacher in sharing his knowledge and experience. The citations out 
of his long practice of engineering indicate his unwillingness and 
perhaps inability ever to rest on his accomplishments and successes 
of the moment, or for that matter, on the laurels which have come his 
way because of his great contributions to soil mechanics, which in 
another would surely have led to complacency. His rare faculty of 
fitting each soil and foundation problem encountered and the solution 
he has devised into a framework with a clear glass front are master
pieces in themselves. If viewed through opaque glasses fitted to pre
scriptions related to fixations in theory, idolatry for the results of 
testing or to prejudices or penchants for past solutions in which there 
is no real parallelism, then understanding will be lost and the viewing 
profitless. His command of the language and pungent expression 
serve the good fortune of the reader who doffs his opaque spectacles. 
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DISCUSSION 

BY W. J. TURNBULL* 

The discusser has with great pleasure read Dr. Terzaghi's paper 
on "Past and Future of Soil Mechanics" and must, as always, 
compliment him on the interesting data presented and his very readable 
style of writing. His papers are particularly impressive because the 
principles and points under discussion are brilliantly illustrated by 
,case histories. 

In this paper, Dr. Terzaghi proceeds from a description of the 
"'Old Code" of foundation engineering and the often embarrassing 
consequence of its application through the humble beginnings of 
soil mechanics to its current general acceptance and frequent misuse. 
The latter is of ten the result of improper interpretation of geological 
data, oversimplification of soil profiles, poor soil sampling, inadequate 
testing of the samples, and poor supervision and control of these 
operations. Dr. Terzaghi concludes: "Hence it is not surprising that 
the application of soil mechanics to practical problems occasionally 
leads to very disappointing results." 

In the following section of his paper Dr. Terzaghi then proceeds 
to illustrate how a knowledge of the principles of soil mechanics, 
common sense, and keen observations before and during construction 
can lead to safe and economical design without elaborate field 
exploration) soil testing, or theoretical computations. At the peril of 
appearing to introduce a new subject, the discusser would like to 
broaden the topics of Dr. Terzaghi's paper to a field of soil mechanics 
which all too of ten is being neglected by our best soil mechanics 
practitioners. 

This field deals with proper supervision or control of the 
construction phase of projects. Presumably at the end of the design 
and the beginning of the construction phase the soil mechanics features 
of the design have been integrated into over-all plans and specifications. 
Unfortunately it must be acknowledged that the soil mechanics design 
features of projects still vary from good to poor. Regardless of this, 
if the completed project is not as good as that called for in the plans 
and specifications, then I feel that this also constitutes another type of 
misuse of soil mechanics. 

* Chief, Soils Division, U. S. Army Engineer Waterways Experiment Station, Vicksburg, 
Mississippi. 
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For many years it has seemed to the discusser that it is so sense
less and useless to spend the time and effort to develop a reasonably 
good design and have it nullified to a large extent in construction by a 
lack of understanding or appreciation of the critical features often 
involved in soil mechanics. It is realized there is a need to continue 
basic and applied research in soil mechanics and particularly to widen 
such information among engineers practicing soil mechanics, but it is 
emphasized that there is a need for more soil mechanics engineers who 
have fairly continuous contact with construction to give m.ore attention 
to the follow-through between specifications and plans, and construc
tion. It is felt that many soil mechanics engineers are guilty of 
developing plans and specifications in which the broad-brush treatment 
is given in their development and proper emphasis is not given those 
portions which are critical to the final behavior of the prototype 
structure. Instead, many words may be devoted in the specifications to 
relatively noncritical features of soil mechanics, whereas the treatment 
of a critical feature may be much briefer. As result of this, the 
interpretation of plans and specifications is left more or less to the 
field construction engineers and contractors. On almost every contract 
job, at least with which the discusser has been associated, certain 
problems arise which usually require some change and result in a 
"give or take" proposition between the engineers and the contractor. 
If this "give or take" happens to involve a critical soil mechanics 
feature, all too often the latter is compromised, usually in the interest 
of construction expediency. 

A few examples will be cited demonstrating this poor field control! 
which have happened in the discusser's own practice. In the instance 
of building an important structure, the engineers and contractors were 
careful to do very little concreting in cold weather and that which they 
did do was carefully protected. Iri the reverse,- on the basis of the 
statement that the job must progress, there was no hesitation between 
them in going ahead with earthwork construction during wet winter 
weather when it was impossible to process the soils properly; 'thus the 
resultant soil placement was of very poor quality. Such a condition is 
brought about by the lack of emphasis that we in soil mechanics hav~ 
given to the dangers in stability by compacting soils in· a ·too wet 
state, whereas the concrete designers have more effectively pointed out 
the dangers to the strength of concrete of freezing temperatures. 

On an airfield project, in the interest of construction expediency a 
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contractor was allowed to place plastic fines in an otherwise reasonably 
good nonplastic base course material. The reason, of course, in 
placing the fines in this material was to make it behave better under the 
operations of the compaction equipment. The fines increased plastic 
deformations and resulted in detrimental failures in the pavement. 
The danger of plastic fines, beyond a certain percentage, even in coarse 
granular material, has long been known by soil mechanics engineers. 
This danger limit was incorporated in the specifications but to no 
avail. Again, proper emphasis on and understanding of this critical 
feature were lacking. 

In a third instance, the relatively simple item of improper 
compaction produced detrimental settlement of the finished structure. 
In this particular instance the engineers deluded themselves that proper 
compaction was being obtained, which was brought about by not 
having proper inspection of backfill materials and compaction proce
dures. Proper material and procedures were called for by the 
specifications, but their importance was not emphasized. 

All three of above-cited conditions, which must be considered as 
just plain errors, occurred because of rigid job completion dates and 
the lack of understanding on the part of the engineers of the critical 
features being violated. While these examples are fortunately the 
exception and not the rule, the discusser feels that they do occur too 
often on important projects and that many more engineers engaged in 
soil mechanics should pay more attention to the proper control of 
construction. 

Conditions exist on certain projects which cover a broad range of 
soil conditions, such as several miles of highway construction or 
several miles of canal construction with the appurtenant structures, 
where it is infeasible to completely site-adapt the plans and specifica
tions. In other words, the cost of making sufficient field borings and 
laboratory tests to cover each and every feature of the project in detail 
would be excessive both in money and time. On such projects it is 
necessary to somewhat generalize in the plans and specifications. The 
purpose in such plans and specifications is to give the engineer the 
prerogative of using good judgment when encountering changed or 
unexpected soil conditions. Unfortunately while this is contemplated, 
it often is not explicitly spelled out in the specifications, and the 
engineer in trying to make necessary changes or site-adapt the 
specifications when needed, finds himself again handicapped by a rigid 
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completion date, lack of understanding on the part of the supervising 
engineers and administrators, and their general antipathy toward 
change orders; and sometimes an obdurate contractor, if forced to 
change, may try to take undue financial advantage of such change. 

In this last situation cited, the discusser feels that soil mechanics 
practicing engineers interested in construction are lax in not insisting 
that civil engineers and contractors in general give proper recognition 
to the fact that plans and specifications on such jobs are not completely 
site-adapted and therefore changed soil conditions, to some limited 
degree, must be expected and provided for when these changed 
conditions are encountered. 

The ideas of the discusser on this subject are more broadly 
expressed in a paper, "The Practical Application of Soil Mechanics," 
presented in the panel discussion in Section 7 on "Various Questions, 
Best laboratory-works relationship" of the Fifth International Con
ference on Soil Mechanics and Foundation Engineering. 
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CLOSURE TO THE DISCUSSION 

BY KARL TERZAGHI 

The paper under discussion was primarily written for the purpose 
of calling the reader's attention to the causes of the various kinds of 
"Misuse of Soil Mechanics," and to the available means of preventing 
such misuse. The author's statements were based exclusively on his 
personal experiences and observations. Therefore it is most gratifying 
to have them supplemented by the accounts of three experienced 
engineers with very different professional backgrounds. 

Professor Peck concentrated his attention on the author's descrip
tion of the "observational procedures." He pointed out that the author 
has failed to mention the importance of observations disclosing the 
increase of the stresses in rigid members of a structure in contact with 
bodies of soil subject to progressive deformation and illustrates his 
comments by an example. 

An engineer who is already used to "feel" with the structures he 
designs will not fail to consider the interaction between soil and 
structure and to plan his means for observation accordingly. For 
instance on a job with which the author was associated, one of his 
principal concerns centered about the performance of foundation piles 
embedded in a thick clay stratum subject to progressive deformation. 
He planned his means for observation accordingly. The observational 
records which now cover a period of 15 years disclose very clearly the 
performance of the piles and the influence of the deformation on their 
factor of safety with respect to failure by bending. In this case the 
state of stress in the piles was determined by the settlement of the pile 
heads, their horizontal displacement and the angular displacement of 
the uppermost portion of the piles. Instructions were issued to 
prevent further increase of the deformation of the clay stratum by 
reducing the surcharge on the ground surface next to the pile 
foundation if the stresses in the piles should approach a critical value. 

In connection with the grain elevator B ref erred to in his 
discussion, Professor Peck points out correctly that "a structural 
analysis of the behaviour of the foundation ... would have led to 
the conclusion that the batter piles must have been heavily loaded 
and that they constituted danger spots." Since the piles were embedded 
in plastic material subject to progressive deformation under the weight 
of the railway embankment, the structural analysis would also have 
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shown that the piles would fail by buckling and not on account of an 
increase of the axial load because their two ends are fixed whereas their 
middle portion moves with the soil. The buckling failure is preceded 
by a progressive displacement of the upper portion of each pile by 
rotation about its fixed upper end. Hence if local conditions precluded 
reliable detection of such rotational movement, sound engineering 
w:ould have required the assumption of the most unfavorable possibility 
and the initiation of remedial measures as soon as the source of danger 
was recognized. 

Professor Peck also calls the reader's attention to the fact that 
even the results of field observations may leave a wide margin for 
interpretation. Hence even if observational procedures are used, 
much depends on . the capacity of the engineer to interpret the 
observational data and to adapt his decisions to the residual un
certainties. In the field of applied soil mechanics nothing can safely be 
done without supplementing the standardized procedures by the results 
of original brainwork and common sense. 

Mr. Stratton describes vividly the conceit which grew out of the 
early successes of soil mechanics among those members of the 
U. S. Corps of Engineers who had the benefit of formal training in 
this field and the salutary effects of the first setbacks. 

Mr. Turnbull point out the fact that the benefits derived from 
soil mechanics can be nullified by improper supervision and control 
in the construction phase of a project. This possibility was not 
mentioned in the paper but it was dealt with in detail in an earlier 
one (Terzaghi 1958) under the heading "Design Assumptions and 
Field Conditions," and the writer is grateful to Mr. Turnbull for 
having called the reader's attention to it. If the soil conditions at a 
given site are not very simple, at least minor modifications of the 
project during construction are inevitable. If this necessity arises 
"the construction engineer may make then changes in accordance with 
his own judgment, which he believes is sound, although it may be 
very poor. Important changes of this kind have even been made on the 
job without indicating the change on the field set of construction 
drawings." ( 1.c., p. 8.) 

Still today it is quite common, in connection with foundations and 
dams, to consider construction drawings and specifications to be the 
last word and to turn these documents over to the construction 
superintendent who had no connections with the design; the designer 
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takes it for granted that the project will be carried out strictly in 
accordance with his intentions. In structural engineering this procedure 
is perfectly satisfactory, but in subsurface engineering it can have very 
detrimental consequences. Therefore Mr. Turnbull is perfectly justified 
in stating that it "constitutes another type of misuse of soil mechanics." 

The author wishes to express his gratitude to the discussers for 
their valuable contributions to the paper. 
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MINUTES OF MEETING 
Boston Society of Civil Engineers 
NOVEMBER 15, 1961 :-A regular meet
ing of the Boston Society of Civil 
Engineers was held this evening at the 
United Community Services Building, 
14 Somerset Street, Boston, Mass., and 
was called to order by President James 
F. Brittain, at 7 :00 P.M. 

President Brittain stated that the 
Minutes of the previous meeting Oc
tober 25, 1961 would be published in 
a forthcoming issue of the Journal and 
that the reading of those Minutes would 
be waived unless there was objection. 

President Brittain announced the 
death of the following members:

Albert E. Lochridge, who was elected 
a member December 19, 1906, and who 
died October 3, 1961. 

John C. Moses, who was elected a 
member December 19; 1894, and who 
died October 2 6, 1961. 

The Secretary announced the names 
of applicants for membership in the 
Society and that the following had 
been elected to membership on Novem
ber 13, 1961 :-

Grade of Member-Theodore Criti
kos, Bradford H. Jones, Bruce N. 
Maclver*, James F. Orpin. 

President Brittain introduced the 

* Transfer from Junior 

speaker of the evening, Prof. Earle F. 
Littleton, Head of Department of Civil 
Engineering, Tufts University who gave 
a most interesting talk on "Trends in 
Engineering Education." The talk was 
followed by an interesting question and 
discussion period. 

Twenty four members and guests at-
tended the meeting. 

The meeting adjourned at 9 :05 P.M. 
CHARLES 0. BAIRD, JR., Secretary 

DECEMBER 13, 1961 :-A Joint Meet-
ing of the Boston Society of Civil En
gineers with the Structural Section was 
held this evening at the United Com
munity Services Building, 14 Somerset 
Street, Boston, Mass., and was called 
to order by President James F. Brit
tain, at 7 :00 P.M. 

President Brittain stated that the 
Minutes of the previous meeting held 
November 15, 1961 would be published 
in a forthcoming issue of the Journal 
and that the reading of those Minutes 
would be waived unless there was ob
jection. 

President Brittain announced the 
death of the following member:-

A thole B. Edwards, who was elected 
a member January 25, 1928, and who 
died November 29, 1961. 

The Secretary announced the names 
of applicants for membership in the 
Society and that the following had been 
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elected to membership on December 11, 
1961 :-

Grade of Member-David W. Beach, 
LeRoy E. Christie, Louis D. Pierce. 

President Brittain stated that this was 
a Joint Meeting with the Structural 
Section and called upon Myle J. Holley, 
Jr., Chairman of that Section to con
duct any necessary business of that 
Section at this time. 

President Brittain introduced speakers 
of the evening, John W. Leslie, Chief, 
Engineering Div., N. E. Corps of Engi
neers; Herbert Whittemore and Eu
gene Groden, N. E. Corps of Engineers, 
who gave a most interesting illustrated 
talk on "The Fox Point Flood Hurri
cane Carries, Providence, R.I." 

Discussion period followed the talk. 
Sixty-five members and guests at

tended the dinner preceding the meeting 
and 90 members and guests attended 
the meeting. 

The meeting adjourned at 9 :00 P.M. 
CHARLES 0. BAIRD, JR., Secretary 

STRUCTURAL SECTION 

NOVEMBER 8, 1961.-A regular meet
ing of the Structural Section was held 
this evening in the Society Rooms, and 
called to order by Chairman Myle J. 
Holley, Jr., at 7 :00 P.M., who asked 
Professor Lambe, Head of the Soil En
gineering Division at M.I.T. to intro
duce the speaker. 

Professor Jerre Jennings, Head of the 
Civil Engineering Department, at the 
University of The Witwatersrand, Jo
hannesburg, South Africa,· graduated 
from there in 1933, and took his S.M. 
at M.I.T. in 1936. He is past President 
of the Institute of Civil Engineers in 
South Africa, a past Vice-President of 
the International Society for Soil Me
chanics, and is President of the, South 

Africa Professional Engineering Joint 
Council. He has about 60 publications 
to his credit in foundations, building 
research etc. At present he is Visiting 
Professor at M.I.T. 

Professor Jennings is submitting for 
publication a paper on "Critical Strain 
Energy of Distortion in Soil at Limit
ing Yield." His talk, which unfortu
nately cannot be published here since it 
has been promised back home, was on 
"General Soils and Foundation Prob
lems in South Africa." The major por
tion of his talk was concerned with the 
heaving of clay soils under wetting 
conditions, and resulting cracks in the 
structures. Slides illustrated the results 
of considerable research on soil pres
sures under buildings under dry and wet 
conditions. The clays tend to form 
a dome under the building, forcing the 
middle portion upward, with cracks 
forming near the top. Professor Jen
nings is a strong advocate of predicting 
the possible extent of cracking, deciding 
what cracks are allowable, since it is 
impossible to stop them entirely, and 
then controlling them by such means as 
dividing the structure into separate por
tions which are reinforced to be inde
pendently rigid, or by supporting the 
structures on caissons installed below 
the level influenced by swellings. He 
also spoke briefly of settling conditions 
occurring in sandy soils. There was 
some questions from the floor, before 
the meeting adjourned about 9 :OO P.M. 
The talk was very well received by a 
group of about 50 present, and it is 
unfortunate that it will not be published 
here. It is to be hoped that the Society 
will have copies of the talk for refer-
ence. 

P. S. RICE, Clerk 

DECEMBER 13, 1961 :-A Joint Meet
ing of the main society and the Struc-
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tural Section was held in the United 
Services Building. 

President James F. Brittain opened 
the meeting. There was no business to 
transact. Chairman Myle Holley of the 
Structural Section noted that the clerk 
had forgotten the minutes of the last 
meeting. 

Mr. Brittain then introduced the 
speakers, all from the New England 
Division of the Corps of Engineers, 
who talked on the Fox Point Barrier, 
Providence, R.I., a Hurricane Protec
tion Project for Narragansett Bay. 

The first speaker, Mr. John Leslie, is 
a graduate of M.I.T., and has served 
the Corps for 25 years, the past five 
years as Chief of the Engineering Divi
sion. He took up the general features 
of the project. He cited the property 
loss plus loss of life in Providence from 
the hurricanes of 1938, 1944, and 1954, 
followed by authorization by Congress 
and appropriation of money to the 
Corps for study. This is the first gen
uine Hurricane Project ever designed. 
There were no precedents. Studies in
volved wave action, height of barrier, 
etc. A model was set up at Vicksburg 
100' wide and 200' long, costing nearly 
$1,000,000; a mathematical model was 
studied at Texas A. & M. 

From this work it was decided to 
set up 3 barriers in the Lower Bay, 
about 12 miles below Providence. Be
cause of the cost, $80 to $90,000,000, 
these wait further appropriations. 
Money was set up for a barrier at 
Fox Point, Providence, just below the 
plants of the Narragansett Power Com
panies. This barrier consists of a series 
of earth dykes with a concrete section 
similar to the overflow of a dam. Three 
40' Tainter gates, 40' high, allow pas
sage up river, and gates across Allens 
Avenue and Main Street permit the use 
of these streets. A pumping station, 

215' long, handling 7000 c.f.s., was in
stalled to handle river flow during a 
hurricane. The river takes care of a 
drainage area of 7 5 square miles. The 
normal tidal range is small, from -2.0 
to +2.5, but in order to take care of 
an estimated surge at Newport of over 
11', plus wind, tide, dynamic head and 
freeboard of nearly 14', the top of the 
barrier was set 2 2' above sea level. 
The total cost was estimated at about 
$17,000,000, but came to $15,900,000 
because of some lower bids plus econ
omies affected by the Corps. The bene
fit-cost ratio of 2 .4 is very high. 

Features of the Structural Design 
were given by Mr. Herbert Whitte
more, a graduate of Northeastern with 
nearly 2 5 years experience in the 
Corps. For the past ten years he has 
been Chief of the Structural Section 
of the Design Branch. 

Mr. Eugene Groden, a graduate of 
Cornell University in 1928, came to 
the Corps in 193 5 from General Elec
tric. He has been Chief of the Design 
Branch for 15 years. He spoke on the 
equipment. 

Since these talks will be published 
in the Journal, features covered by Mr. 
Whittemore and Mr. Groden are left 
out of these minutes. 

The talks, illustrated by slides, were 
excellent, and were very well received 
by about 90 present. 

P. S. Rice, Clerk 

HYDRAULICS SECTION 

NovEMBER 1, 1961.-The meeting 
was called to order at 7 :05 p.m. at the 
Society Rooms by Donald R. F. Harle
man. The minutes of the previous meet
ing of the section were read and ap
proved. Mr. Harleman announced the 
next meeting of the section on February 
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21, 1961, at which Mr. Frank Perkins, 
Research Engineer, Hydrodynamics 
Laboratory, MIT will discuss "Field 
Tests of Hydroelectric Transients." 

The Chairman then introduced the 
speaker, Mr. Lee M. G. Wolman, Hy
draulic Engineer, Chas. T. Main, Inc. 
whose subject was "Hydraulics and Hy
drology of the Niagara Power Project." 

After giving a general description and 
historical background of the project, 
Mr. Wolman discussed the use of hy
draulic models in the solution of prob
lems of flow distribution over the falls 
and to the various power plants on the 
United States and Canadian sides of 
the Niagara River. The problems caused 
by ice and the remedial measures taken 
were described and illustrated. Slides 
were also shown of the American devel
opment showing the intake structure, 
aquaducts, forebay, and hydroelectric 
plants. The regulation of flow by the 
pumped storage plant was described. 

Mr. Wolman also described briefly 

the use of digital computers for analyz
ing data and for programming opera
tions of the entire development. 

The meeting adjourned at 8 :40 p.m. 
following a discussion period. Thirty
two people were in attendance. 

RICHARD A. DuTTING, Clerk 

ADDITIONS 

Members 

Theodore Critikos, 100 Massachusetts 
Avenue, Arlington 74, Mass. 

James F. Orpin, 21 Hunt Street, Read
ing, Mass. 

Louis D. Pierce, 382 Middle Street, 
Braintree 84, Mass. 

Junior 

John D. Morrissey, 11 Gordon Road, 
Milton, Mass. 

Deaths 

Athole B. Edwards, November 29, 1961 
John C. Moses, October 26, 1961 
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