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Relationship between Design and Construction in Soil Engineering

Relation entre l'Étude et la Construct ion dans les Travaux de Fondations

E .D 'A p p o lo n ia  President, E.D'Appolonia Consulting Engineers, Inc., U.S.A.

OPENING REMARKS

The Chairman, E. D'Appolonia of D'Appolonia 

Consulting Engineers, Pittsburgh, Pa.,

U.S.A., opened Specialty Session No. 3 by 

welcoming the participants. Regret was 

expressed that two key persons were unable 

to be present--co-organizer Gustavo Pérez 

Guerra, because of the recent demise of his 

mother; and panel member Santiago Marchini 

who was recuperating from an injury.

Claudio Mascardi would present the paper 

prepared by Dr. Marchini and would partici

pate as a panelist.

Pleasure was expressed on behalf of the 

Organizing Committee of the Ninth Inter

national Congress on Soil Mechanics and 

Foundation Engineering that many parti

cipants were at the session, and it was 

hoped that similar sessions would be held at 

forthcoming international conferences, as 

there is a need for dialogue between the 

geotechnical engineer and other engineers, 

architects, contractors, and owners. The 

Chairman expressed the feeling that geotech

nical engineering had reached that point 

of development where dialogue and communica

tion in an open, non-adversary manner with 

other members of the fraternity of the 

construction industry were timely and needed.

The Chairman stated that each panelist would 

have 20 minutes to summarize the highlights 

of his paper followed by five to ten minutes 

of panel discussion of his paper. The 

remaining time would be devoted to questions 

or comments from the floor. It was rec o g 

nized because of time limitations that all 

those wishing to participate could not be 

accommodated. The panelists reviewed the 

requests of the participants wishing to make 

a comment and had selected those that they 

felt were most in keeping with the subject.

INTRODUCTION

The Chairman pointed out that Specialty 

Session No. 3 focused on the interrelation

ships between design and construction for 

deep excavations and foundations in soil, 

particularly in urban areas. Because the 

subject is extensive, the discussion was 

limited to engineering and construction 

involving deep excavations, tunnels, u n d e r 

ground chambers and deep foundations such as 

driven piles, cast-in-situ piles, drilled 

piers and diaphragm walls required for build

ings, metros, bridges and similar heavy 

construction. Included in the subject matter 

were problems involving dewatering, heave of 

bottom of excavation, stability of excavation, 

lateral bracing, tie-backs, ground strengthen

ing and improvement.

Emphasis was placed on the interplay between 

design and construction relative to the 

performance of foundations and the influence 

of construction procedures and the schedule 

of construction operations on the prediction 

of foundation behavior. Attention was 

directed to the construction of foundations 

in soft to very stiff cohesive soils and 

loose to very dense cohesionless s o i l s .

Till, indurated clays, soft shales, and 

similar rock were considered. Excavations to 

rock and foundations placed on rocks were 

involved only insofar as the rock may provide 

end-bearing support for piles, drilled piers, 

and similar foundations.

Four basic topics stressing the interrelation

ships between design and construction in soil 

engineering were chosen:

1. Soil P r o p e r t i e s : Mechanisms funda

mental to evaluating real foundation 

behavior were considered by examin

ing a variety of construction 

activities. Effects of construc

tion on the alteration of soil 

properties, soil behavior, and soil 

stresses were emphasized. Case 

histories were presented with ample 

evidence involving simple field 

observations that disclose how soil 

parameters altered by construction, 

influenced the behavior of founda

tions . Included under this topic 

was the importance of anticipating 

construction influences on the 

performance of foundations at 

critical stages of the building 

process and the use of techniques 

that can mitigate detrimental 

construction effects.

2. Design : Planning of construction 

was discussed as well as how



construction procedures require 

modification in the design of 

foundations, especially in complex 

soils and situations. The defini

tion and assignment of risks to 

the engineer, contractor and owner 

and the basis for the distribution 

of risks were considered under 

this topic. Questions were raised 

regarding actual loads imposed on 

the structure because of construc

tion rather than design loads 

assumed by the engineer, particu

larly for piles, tunnels, and 

lateral support systems. This 

topic involved discussion of how 

variations in soil parameters and 

predictions of foundation behavior 

are monitored during construction 

and how design changes because of 

construction are handled.

3. Construction: For deep excavations 

and foundations, the contractor's 

relationship to the engineer and 

owner was described from the con

tractor's point of view. Emphasis 

was placed on the importance of 

having the engineer and contractor 

understand each other's role and 

how their actions interrelate and 

how risks, uncertainties and the 

unexpected in soil behavior are 

handled and resolved. Included 

was a consideration of the effects 

of construction procedures, such

as dewatering, grouting and soil 

freezing, upon the desired end 

product and how they influence the 

contractor's concern for cost, 

schedule and safety.

4. Deep F o u n d ations: For drilled 

piers, piles and similar deep 

foundations, emphasis was placed 

on the coordination of the engi

neer's and contractor's roles to 

minimize disturbance of the in- 

situ soils. Under this topic, 

soil properties determined prior 

to disturbance were related to 

properties determined by the 

interaction of the soil and f oun

dation after c o n struction. Also 

described were procedures used by 

the contractor to minimize distur

bance of soil during installation 

of a deep foundation relative to 

his understanding of the intent of 

the engineer and the limits within 

which such construction can be 

carried out to assure the intended 

deep foundation support. The 

importance of field control and 

monitoring during construction to 

assure an adequate and satisfactory 

end product was emphasized.

The Chairman pointed out that the authors 

selected for the preparation of the papers 

and also to serve as panelists were chosen 

because of their many years of sound,

practical experience with geotechnical 

engineering and foundation construction, and 

also because they have an understanding of 

the constraints and liabilities of the 

engineer as well as those of the contractor. 

Each panelist, because of his varied b a c k 

ground and involvement, was aware of the 

interrelationships between engineer, contrac

tor and owner regarding the definition and 

assignment of risks and how unexpected 

conditions during construction may affect the 

performance of the foundation and its inter

action with the soil and structure. Each 

panelist drew from his personal experiences 

to support his points of view by citing case 

h i s t o r i e s .

The first paper entitled "Effects of Con

struction on Geotechnical Performance" was 

co-authored by Wayne Clough and Richard 

Davidson. Professor Clough of Stanford 

University, California, U.S.A. spoke on the 

subject--soil properties.

He stated that foundation performance is 

often adversely influenced by side effects of 

the construction of the foundation itself, 

and that construction inherently involves 

changes in the stress and groundwater regimes 

and disturbance of the ground. Generally, 

these modifications lead to unwanted m o v e 

ments and effects on soil characteristics.

For example, he indicated that a caisson hole 

drilled without casing or mud support where 

seepage enters the hole, and although the 

seepage water would normally be pumped out 

before concrete is poured, that the temporary 

flow into the bottom and sides of the hole 

will likely soften the bearing soil; further, 

the pressure relief around the open hole will 

loosen the surrounding soil and, as a result, 

adjacent foundations will be settled. More 

distant foundations and utilities will also 

be settled as the groundwater table drops 

with the pumping of water from the hole. He 

stated that the choice of the foundation and 

its construction scheme adversely affected 

the bearing capacity of the caisson and the 

performance of both nearby and distant foun

dations .

He stressed that it was also important for 

the geotechnical engineer to be able to 

anticipate construction influences, know the 

critical stages of construction, and be aware 

of construction techniques which can mitigate 

detrimental influences of construction. The 

intent of his p a p e r  w as to provide informa

tion pertinent to these t a s k s . A  thorough 

literature search was made by his staff, and 

over 150 engineers and contractors were 

contacted for additional published and u n 

published information.

He noted that the effects of construction on 

foundation performance are far reaching; 

every type of foundation scheme involves some 

modification of the stress and groundwater 

regimes and/or changes in soil properties. 

Reasonable design cannot be obtained unless 

the engineer develops knowledge of these 

effects and is able to define critical



stages of construction which are most likely 

to lead to future problems.

The second paper by Victor Milligan, Pre s i 

dent of Golder Associates from Toronto, 

Ontario, Canada, spoke on "The Uncertain 

Equation Between Design and Construction in 

Soil Engineering." His address stressed the 

interrelationships involving design.

He questioned from the engineer's standpoint 

--or as he felt, a constrained philosophical 

standpoint--what are the factors that face 

the engineer and what does the engineer think 

about when he designs and, more importantly, 

what does the contractor actually build? He 

stated that the relationship between the two 

is frequently tenuous and that the division 

of responsibility is clouded by uncertainty. 

He stressed that a good practice may not 

necessarily produce good results.

There is a certain inevitability of movement, 

he stated, of deformation associated with the 

construction of all deep foundations, excava

tions, and tunnels. This too often was not 

known to the owner nor discussed with him by 

the engineer designing the project. He stated 

that many times it is our common conceit that 

most probabilities can be determined or 

assumed within reasonable limits and, conse

quently, as engineers, we apply such p r oba

bilities to our design methods.

Philosophically, he pointed out that the 

engineer's task in design is concerned with 

what can be expected and, based on such 

expectations, what the engineer can predict. 

Quoting from Douglas (1963)* the speaker 

stated that "the engineer has a fundamental 

duty to minimize the unexpected"; and from 

Lambe's Rankine lecture (1973) describing 

predictions in soil engineering, "predicting 

is a key step in the process of creating and 

maintaining a constructed facility." Mr. 

Milligan went on to say that in practice, 

most of our difficulty lies in dealing with 

what was not expected and with our limited 

capacity to predict in accurate quantitative 

t e r m s .

Many problems arise from "the unforeseen, but 

not necessarily unforeseeable, nature of the 

ground" (Muir Wood, 1975), and are compli

cated by an unclear understanding of the 

owner's and engineer's responsibilities. Mr. 

Milligan stressed that the owner's and engi

neer's points of view must at the outset of 

a project be considered jointly, because the 

owner's view of the cost to be expended in 

site investigation may differ from that of 

the engineer; the engineer then has difficul

ty in persuading the owner that such costs 

are essential to the successful completion of 

the project.

*References in V. Milligan's paper entitled "The 

Uncertainty Equation Between Design and Construction 

in Soil Engineering," Relationship Between Design and 

Construction in Soil Engineering, Specialty Session 
No. 3, IX ICSMFE, Tokyo, July 1977.

Mr. Milligan stated that an "idealized" 
pattern of engineer/contractor activities is 

based on the suggestions by Lambe (1970, 

1973); however, it also assumes an idealized 

engineer/owner relationship. The rela

tionship must also consider human error, 

whether by the engineer or by the contractor.

Mr. Milligan commented that engineers could 

further speculate with the increasing com

plexity of construction projects and their 

awareness of unavoidable consequences of 

construction and environmental constraints 

that the present adversary relationships 

between engineer and contractor cannot 

continue. Owners would, in the future, 

contract firstly with consulting engineers, 

then secondly with contractors, but solely 

with engineers/contractors in a joint 

responsibility contract. This might prove 

to be the only method of dealing with "the 

common human heritage of occasional error" 

and recognizing the variability nature of 

the relationship between design and con

struction.

The Chairman introduced Claudio Mascardi of 

the Studio Geotecnico Italiano from Milan,. 

Italy, who discussed the third subject-- 

c onstruction. The title of his presentation 

was "Deep Excavations for Foundations from 

the Point of View of the Contractor and His 

Relationship to the Owner and the Engineer." 

Mr. Mascardi stated that it is a current, 

widespread opinion that the main roles con

cerned with civil engineering projects are 

the following: The owner is the financier; 

the designer is the brain, and the contractor 

is the operator. While the owner's role is 

fairly well defined, the respective roles of 

today's designer and contractor are not so 

easy to determine. In particular, it is the 

contractor who plays the determinant role in 

the successful outcome of the work, being the 

depository of the technology which will 

enable the realization of the construction in 

the best possible way, both from a technical 

and economical point of view.

He stated that the core of the problem is the 

interplay between designer and contractor.

The designer's goal is to design a structure 

that is both technically sound and econom

ically feasible; and it is the contractor's 

aim to execute the work, satisfactorily with 

current, prudent technology at the lowest 

possible cost. Possibly no concurrence of 

opinion may exist between the designer and 

contractor as to what should be the best 

method of construction nor what the cost of 

work should actually be. He stated that this 

discrepancy leads to long discussions, 

reservations, and interruptions.

Mr. Mascardi contended that an open exchange 

of views between designers and contractors is 

desirable, even prior to the design stage, in 

order to know in advance to what extent the 

use of a particular construction procedure 

may affect the behavior of the finished 

structure, particularly its foundations. He 

noted that generally speaking, when the



designer and contractor are both graduate 

engineers, they usually establish a sound 
dialogue regardless of their different 
approaches to a technical problem. It does 
not matter if they work for a designer or a 

contractor. The engineers have a common 

objective--to build a sound, functional and 

economical structure. The engineer may not 

always agree with the contractor, but it is 

the new idea spawned by disagreement that 

becomes important. Mr. Mascardi noted from 

his personal knowledge that the engineer 

knows best the overall project requirements. 

He believes that the contractor knows best 

the capacities of available equipment, 

schedules, costs, and advanced technology. 

Therefore, he concluded, there is the neces
sity and utility of a tight collaboration 

between the engineer and contractor.

The last paper entitled "The Relationship 
Between Design and Construction in Soil 

Engineering--Deep Foundation: Caisson and 
Pile Systems" was presented by Masaaki Endo, 

Director and General Manager of Takenaka 

Technical Research Laboratory of Tokyo,

Japan. Mr. Endo stated that the engineer's 
role is to make predictions. The engineer 

obtains the correct required information and 

makes judgments based on experience and 

knowledge and, sometimes bringing intuition 

into play, takes into account possible unex

pected factors that may be encountered. The 
engineer tries to predict the actual phenom

ena which will occur. Mr. Endo indicated that 

the contractor is more directly involved with 

construction and he must have a good under

standing of the intent of the engineer. The 
contractor should offer his opinions to the 

engineer and, with proper judgment concerning 

natural phenomena, the contractor should 

establish plans which can be realized within 

various restrictive conditions such as con

struction period and cost, and should expe
ditiously carry out the work with care. In 

particular, he noted, there are conditions 

that differ from information obtained for 

prediction, and actual performance upon 

completion of the work may be quite different 

from that intended. He stated that deep 

foundation problems, stemming from changed 

conditions caused by construction, emphasize 

the need for attention to the possibility of 

the unexpected behavior and need to reanalyze 

and revise predictions of performance.

Mr. Endo stated that construction of deep 

foundations causes changes of the ground 

which had been in a state of equilibrium. 

Depending on the nature of the ground, the 

consequences of this disturbance are revealed 
in various adversary manners during and 

following construction. Some may not be very 

serious but there can be others which have 

decisive effects on the ultimate performance 

of the facility. He illustrated this point 

with several case histories of drilled pier 
installations.

He indicated regarding bearing capacity, soil 

properties at the tip of the pile and caisson 
are of the greatest importance for deep foun

dations, particularly for bored piles in 

cohesionless ground. He gave examples of the 

problems of compaction of sandy soils and 

movement of clay caused by driving pile 

groups as well as the heave of adjacent 

ground during excavation and the settlement 

with construction of the facility. Mr. Endo 

gave two examples of driven piles and the 
precision of excavation by the reverse circu

lation method for piles where the engineer 

performed a design, taking into account 

ground alterations that would occur during 

construction.

Mr. Endo stated that in essense, it is neces

sary for engineers to have a respect for 

nature and to continue careful observations 

of various phenomena during construction. He 

concluded that the engineer and contractor 

should understand thoroughly each other's 
points of view and work should proceed on the 

basis of their continuous dialogue during 

construction.

The panel members then discussed the four 

papers presented. This was followed by 

discussion from the floor.

The first discusser was Professor G. A. 

Leonards, Purdue University, Lafayette, 

Indiana, U.S.A. He stated that the panel 

discussion and presentations clearly pointed 

out the need for cooperation between owner, 

designer and builder, and that problems 

develop when such cooperation is not achieved. 

He stated that the panelist made a few recom

mendations regarding how such cooperation 

could be obtained. Professor Leonards, in 

his opinion, stated that the root of the 

problem lies in the initial contractual 

relationship that the owner makes with the 

designer and then, either simultaneously or 

subsequently, with the contractor. He stated 
that in the United States, the conventional 

method is to negotiate design and then bid 

construction. He indicated that there are 

disadvantages when the design is "uncompeti

tive." Uncompetitive designs can result in a 

designer becoming less knowledgeable about 

construction than if he were a contractor 

himself or associated with a contractor. In 
the United States, the designer and the 

contractor, acting separately, are often in 
adversary positions and too often in litiga

tion. Generally, the case evolves about the 

point whether the designer was at fault.

Also, such a role of separate actions by the 
engineer and constructor on behalf of the 

owner tend to discourage innovation. Profes
sor Leonards indicated that the designer 

tends to remain with the things he knows.

He went on to indicate that with "turnkey" 

construction, many of the adversary issues 

are either eliminated or greatly reduced. 

However, there is little incentive to achieve 

the most economical project. Turnkey con

struction concentrates and requires large and 
general capabilities so that diversity of 

thinking is not brought fully into the proj

ect. He felt where construction is combined 

with design that consultants are less



frequently employed when problems of a 

geotechnical nature arise.

Professor Leonards was of the opinion when a 

project is bid for both design and construc

tion, the main disadvantage to the owner is 

the emphasis placed on economy at the expense 

of quality. Further, the owner is often not 

in a position in such cases to evaluate the 

proposal of the design-construct firm. The 

owner may, in certain cases, obtain a better 

design for less money if the design were kept 

separate from construction. Professor 

Leonards indicated that with the design- 

construct approach, the engineer is placed 

under pressure to obtain economy and is often 

forced to reduce factors of safety.

He indicated that under highly competitive 

situations, the design-construct firm may 

undergo a significant cost in preparing a 

proposal as well as a bid and, in many cases, 

design-construct firms cannot afford this 

expenditure. Preparing bids adds to overhead 

and ultimately to the general cost of con

struction. Negotiated contracts are more 

realistic and fair to all parties concerned.

Professor Leonards commented that he found 

more interest and demand for innovation in 

Europe than in the United States because of 

the contractual procedures that the Europeans 

u s e .

To overcome the low-cost bid approach for 

contracting. Professor Leonards suggested 

that an owner should select a consulting 

engineering firm to submit a preliminary 

design to provide a norm for the design- 

construct firms to prepare construction plans 

and bids based on the preliminary design; or 

the design-construct firm may prepare differ

ent designs which would be submitted as an 

alternate, and where the firm has developed 

special skills or innovative construction 

procedures, it could have a cost advantage 

relative to other firms. The owner would 

have to evaluate the benefits of such in

novative techniques and if found sound and 

practical, they could result in a lower cost 

to him.

Professor Leonards suggested that an inter

national group should make a more detailed 

study of this situation of competitive b i d 

ding and develop a better procedure or 

combination of schemes which could be adopted 

to produce a better end product for less 

money without the bad effects of litigation, 

high costs and low factors of safety, all of 

which are detrimental and which are ultimate

ly paid for by the o w n e r .

Dr. A. C. Meigh, Managing Director of Soil 

Mechanics Ltd., London, U.K., commented on 

the contribution made by Professor Leonards. 

Dr. Meigh stated that he encourages an owner 

to allow the contractor to offer an alternate 

to the consultant's design. He stated that 

this encourages innovation and that the owner 

is generally protected, since alternate 

designs to be accepted must have the con

sultant's approval. He noted that Professor 

Leonards also pointed out that there is 

wasted expenditure in the preparation of 

designs by the various design-construct firms 

that were rejected by the owner. Dr. Meigh 

indicated that there is indeed waste, but 

this can be minimized if the owner can be 

persuaded to limit the tender lists to a 

small number.

He noted that target price contracts had not 

been mentioned. He felt that these were 

particularly useful in that they provide a 

basis for negotiated contracts of the design- 

construct type or for other types that yet 

protect the owner against overpricing.

Dr. Meigh then commented on the paper by 

Clough and Davidson. He stated that their 

Table 2 " Effects of Construction on Geo- 

technical Performance, is a most useful 

compendium of the adverse effects of various 

construction activities. Dr. Meigh took 

pleasure in stating that reading this table 

was like a journey down "memory lane," bring

ing to mind many instances of difficulties on 

construction projects. He stated that in 

their admirable Introduction*" the co-organi

zers D'Appolonia and Guerra drew attention to 

the difficulties of predicting accurately the 

effects on performance of construction p r o 

cedures. He noted that regrettably, many 

difficulties arise from failure even to 

consider such effects. What was needed in 

most cases was a common-sense appreciation of 

the nature of the effects rather than an 

accurate prediction.

But returning to Table 2, he stated that the 

question one asks is whether it is complete 

or is it comprehensive. He had insufficient 

time to study it fully, but he saw one omis

sion relating to the effects of pile driving. 

He stated that the authors rightly point to 

the large volume displacements which take 

place when piles are driven into clays of low 

sensitivity, with consequent heave of p r e 

viously driven p i l e s . He felt the authors 

should have perhaps added that in the case of 

driven cast-in-situ piles without permanent 

casings, the displacements can and do lead to 

disruption of the "green" concrete of a dja

cent and nearby piles and, in some cases, the 

formation of horizontal cracks and gaps where 

the concrete had taken its first set. He 

stated that there was a dramatic failure of 

this type of a large piled foundation in the 

U.K., leading to the abandonment of the 

proj e c t .

He commented that the mitigation of the 

adverse effects of displacement of driven

* "Effects of Construction on Geotechnical Performance',' 
Relationship Between Design and Construction in Soil 

Engineering, Specialty Session No. 3, IX ICSMFE, 

Tokyo, July 1977.

**"Introduction," Relationship Between Design and 

Construction in Soil Engineering, Specialty Session 

No. 3, IX ICSMFE, Tokyo, July 1977.



cast-in-situ piles can be achieved by a 

carefully controlled sequence of driving 

which avoids driving adjacent completed piles 

and by the use of a large number of casings 

so that concreting can take place after adja

cent and nearby casings have been driven.

A. Croce, Professor of Foundation Engineer

ing and Earth Construction at the Università, 

Naples, Italy, was interested in Mr.

Milligan's comments about "the uncertain 

equation between design and construction" and 

wished to make a few comments treating the 

extremely interesting paper that Mr. Milligan 

had prepared.

Professor Croce stated that if this "uncer

tain equation" could be written in mathemati

cal terms, the variables would be design and 

construction; the parameters would be physi

cal and geotechnological factors such as 
geometry, loads, mechanical properties, etc.

He stated that it seems that this equation 

had to be understood like a differential 

equation where design and construction are 

linked to each other. The meaning of the 

equation is that design has to pay attention 

to the basic aspects of construction, and 

that construction execution should not forget 

the conceptual framework within which the 

design was made. He indicated that the 

BQundness of this concept finds excellent 

support through many examples described in 

the Proceedings to Specialty Session No. 3. 

However, he stated, like all well-established 

differential equations, their main difficulty 

of solution lies in taking into account the 

proper boundary conditions.

For the present problem, Professor Croce 

noted that "boundary considerations" proceed 

from the outside world and include environ

mental factors, legal rules, economics, 

social and similar factors. He commented 

that these conditions are evaluated and find 

their formulation through the owner. F u r 

ther, the many-colored task of the owner with 

related difficulties was described in Mr. 

Milligan's paper. Professor Croce wished to 

emphasize two points. The owner interacts 

with the engineer in two successive stages-- 

at the time of design and afterward during 

construction.

Generally speaking, the same owner looks to 

the project with different spectacles. At 

the time of design, he takes an optimistic 

attitude about geological and geotechnical 

factors; he doesn't like the designer who 

brings up doubts and asks for time and money 

to perform accurate investigation and testing. 

But when construction is underway and diffi

culties arise, the owner appears surprised 

that the unforeseen conditions exist.

Professor Croce suggested that appropriate 

steps should be taken, gradually of course, 

to change this unfavorable situation.

He stated that one of the fields where the

position of both engineer and constructor is 

very weak is the specification of suitable 

methods to modify in-situ properties of 

soils. A new technical code for design and 

construction of large dams will be soon 

issued in Italy. According to the new code, 

the designer who foresees employing such 

methods--for instance, injection--has to 

perform a complete set of in-situ tests 

before the design is approved. However, the 

owner is to provide the money for such test

ing.

He commented further, however, from the other 

side, it should be recognized that "boundary 

conditions" do not preexist; they are very 

much more a channel that the owner has to dig 

in order to link two different and nonhomo- 

geneous fields. Therefore, it is not easy to 

correlate design and construction, but it is 

ever more difficult to resolve problems, 

difficulties and obstacles which arise from 

the interaction between the owner, engineer, 

and constructor. In other words, he was not 

convinced of the feasibility of splitting the 

whole problem into two sections--that is, 

the engineer versus the contractor, and the 

engineer versus the owner.

He commented, for instance, that sometimes 

the problem arises in order to assure the 

safety of an existing leaning structure--for 

example, a chimney, the solution would be 

essentially technical, considering good soil 

data and a good evaluation of the structure. 

The interaction of the owner with the engi

neer in this case is limited to cost. He 

went on to say that if the leaning structure 

is an old, historical, slender tower like the 

Champanile di Burano in Venice or the Torre 

degli Asinelli in Bologna, the situation is 

quite different. The owner--that is, the 

municipality--has to balance the technical 

aspects of the matter, reasonable safety 

during and long after the execution of reme

dial measures with the indirect but very 

strongly felt interests of citizens who ask 

for a minimum of changes and a maximum of 

safety. Cost becomes a secondary factor.

Even more importantly, if the leaning object 

is the Tower of Pisa, we are at extreme 

limits in the boundary conditions. In this 

case, the boundary conditions of the u n cer

tain equation are so intertwined with the 

cultural interests of people all over the 

world that the owner has the duty to go 

deeply into every aspect of the problem, 

deeper than the engineer and the constructor 

themselves would wish to go. His comments 

relating to the Tower of Pisa were indeed 

interesting.

He stated that in his opinion the problems 

discussed in Specialty Session No. 3 are 

important to the development of soil m e c h a n 

ics, rock mechanics and civil engineering as 

a whole. He hoped that through continued 

sessions such as Session 3 that the Inter

national Society of Soil Mechanics and 

Foundation Engineering would examine the 

possibility of taking appropriate steps in



drawing to the attention of the membership 

the need for developing a better understand

ing among all parties interested and involved 

with geotechnical engineering and construc

tion problems.

Trevor Giddings of Kantey & Templer, Cape 

Town, South Africa, described briefly a 

problem encountered recently in the construc

tion of a large oil storage project where the 

concrete-lined containers were being built on 

a balanced cut and fill of 30 meters and that 

settlement of the embankment during various 

stages of construction and under operational 

loading was critical. The problem was to 

ensure that the relationship between design 

soil parameters and those achieved during 

embankment construction were applicable and 

satisfactory in relation to prediction.

He stated that the site was an ancient sand 

dune with extremely variable calcretes and 

calcified sands due to the periodic and 

variable calcification process during dune 

build-up. The variability of the material 

over short distances made it difficult to 

apply standard compaction control procedures. 

In addition, some breakdown of the softer 

aggregate was occurring in the compaction 

tests, making it even more difficult to 

relate laboratory and field conditions.

He stated that some results of the field dry 

densities (obtained by sand replacement 

method) and the corresponding modified AASHO 

maximum dry density tests of the calcareous 

and calcified fill materials showed wide 

scatter in the data. He commented that at 

this stage of construction, one modified dry 

density test was being performed for each 

field density, and despite carefully con

trolled field compaction trials, the contrac

tor could not generally obtain the specified 

96% compaction.

The construction program was tight and he was 

required to find answers rather quickly.

Since settlement was the controlling factor 

in the design concept, a series of small- 

scale but rapid plate bearing load tests were 

conducted on the fill. He achieved this by 

hydraulically jacking the plate against a 

heavily loaded truck. He commented that 

while perhaps somewhat primitive, the p r oce

dure had the advantage of being mobile, and a 

large number of tests were performed in a few 

d a y s .

Upon the completion of each plate bearing 

test by incremental loading to 6 tons, d e n 

sity tests were conducted in two different 

layers below the plate. A  weighted average 

dry density was determined for the soil 

beneath the plate and, based on a Boussinesq 

stress distribution, the "modulus of elas

ticity" was calculated from the results. He 

commented that despite the scatter in the 

results, a linear trend between the density 

and modulus was possible, and a reasonable 

"elastic modulus" for design was selected.

He went on to say that on the basis of these

results, it was decided that the variable 

calcified fill material, compacted to dry 

densities greater than 1620 kg/m^ would be 

acceptable. A  small percentage of the d e n 

sity test results were below this value. He 

concluded that by using this procedure, the 

construction of the embankments would provide 

a base whose properties assured performance 

within the critical design settlement cri

teria specified for the project.

Chairman D'Appolonia closed Specialty Session 

No. 3 by thanking the panelists and partici

pants and stating that he regretted that time 

did not permit many of the other participants 

to present discussion. He closed the session 

by stating that the successful completion of 

foundation and underground projects requires 

close interplay and integration of input from 

several different parties, notably that of 

the owner, the planner, the designer and the 

contractor. He emphasized that this session 

demonstrated how engineering and construction 

activities should be interwoven to assure 

successful foundations for facilities func

tioning as intended. He aptly closed the 

session by quoting the important and fitting 

statement that Karl Terzaghi" made some three 

decades ago:

. . in earthwork [and foundation] 

engineering the designer has to deal 

with bodies of earth with a complex 

structure and properties of the material 

may vary from point to point. To 

obtain an accurate knowledge of the 

properties of such bodies is impracti

cal. More often than not, knowledge is 

highly inadequate. Yet economic con

siderations require that the factor of 

safety of the foundations should not 

exceed that of the structure and in 

other fields of earthwork engineering it 

is by no means uncommon that the design 

must be made on the basis of a [low] 

factor of safety . . . These require

ments call for continuous vigilance 

during the process of construction. On 

account of the inevitable uncertainty 

involved in the fundamental design 

assumptions, the conception on which the 

design is based is often no more than a 

crude working hypothesis; and if the 

hypothesis is incorrect, failure may 

ensue. Hence, in earthwork [and founda

tion] engineering, success depends 

primarily on a clear conception of the 

uncertainties involved in the fundamen

tal assumptions and on intelligently 

planned and conscientiously executed 

observations during construction. If 

the observations show that the real . . 

conditions are very different from what 

they are believed to be, the design must 

be changed before it is too late. These 

are the essential functions of soil 

mechanics [geotechnical] engineering 

p r a c t i c e ."

*Terzaghi, K., Foreword, Geotechnique, Vol. 1, No. 1, 
June 1948, p. 4.


