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1 INTRODUCTION 
 
Recently there has been interest in the interaction be-
tween geotechnical and structural engineers at the 
professional level, (Burland, 2006).  Scott & May, 
(2007) have also written on this topic under the title 
of “Together we stand – divided we fall” and the ti-
tle for this paper intends to identify an opportunity to 
enlarge on, and take forward, their contribution – 
significant parts of the paper will be repeated in or-
der that the educational issues can be drawn out.  In 
this paper a summary of the discussion in the above 
two papers follows.  However, there was little or no 
mention of how the two disciplines are covered in 
University courses, particularly at undergraduate 
level.  This paper therefore makes some observations 
based on the Author’s experience in the United 
Kingdom. 

 
2 STRUCTURAL AND GEOTECHNICAL 

ANALYSIS AND DESIGN 
 

In the papers by Burland (2006) and Scott & May 
(2007) the processes that structural designers and 
geotechnical engineers adopt in order to carry out 
analysis and design are discussed.  A review of these 
is given below. 

 
The discussion that follows will make reference to 
the the upper and lower bound theorems of plasticity 
which can be defined as, see for example Calladine 
(1969): 

 
The lower bound theorem states that: 

 
“Provided you have a set of internal forces that 

are in equilibrium with the external loads and that 

nowhere do you violate the yield criterion then the 
loads will be carried safely”.   

 
And the upper bound theorem states that  

 
“If the plastic collapse load is estimated by 

equating the internal dissipation of energy to the ex-
ternal work done by the applied forces for a postu-
lated mechanism then the estimate of the load will 
either be high or correct”. 

 
It can be seen that use of the lower bound theorem 
results in safe estimates of ultimate failure loads 
whilst the upper bound produces unsafe estimates.  
However, the upper bound theorem does encourage 
the engineer to consider collapse modes.  Both theo-
rems strictly only strictly apply to ductile materials.  
They do not apply to “non-yield” failures such as 
brittle material failure or collapse by buckling. 
 
As indicated above these theorems will form the ba-
sis of analysis and design to resist collapse, which is 
the ultimate limit state.  For the serviceability limit 
state much of the analysis and design will be based 
on linear elastic theory. 

2.1 Structural analysis and design 

Most structural design for the ultimate limit state is 
based on the use of the lower bound theorem.  

 
As mentioned above this theorem strictly applies to 
materials that are perfectly plastic.  But if an elastic 
analysis, which will satisfy equilibrium, is used and 
only a limited amount of redistribution of stress is 
allowed, then the procedure will generally be safe.  

 

Let’s get together. 
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ABSTRACT: This paper attempts to identify the differences and similarities between structural and geotech-
nical engineers.  It concludes that these two branches of engineering need to work more closely.  This could 
lead to significant savings in construction costs and help improve the standing of engineers.  To assist in 
achieving this it is necessary to have a closer integration in the teaching of the two disciplines. 



Elastic analysis has a number of advantages, these 
include that, whilst it is difficult to carry out by hand 
for indeterminate structures, it is relatively easy to 
program and thus numerous computer packages are 
available to the practitioner.  Elastic analysis also 
has the advantage that the results can be used, with 
suitable partial safety factors, to check the structure 
at the serviceability limit state when it assumed that 
any non-linear effects are not significant – and thus 
an elastic analysis is reasonable.  At the ultimate 
limit state any non-linear behaviour is then dealt 
with in the design, member by member.  The design 
against buckling for individual members also often 
uses the member forces obtained from an elastic 
analysis.  

 
But if one is analysing a reinforced structure the 
member stiffnesses can be calculated in a number of 
ways – 
 

 Assuming un-cracked concrete – but ignor-

ing reinforcement. 

 Assuming un-cracked concrete and includ-

ing the reinforcement on a modular ratio ba-

sis. 

 Assuming cracked concrete and the contri-

bution of reinforcement on a modular ratio 

basis. 
 

So in a beam and column structure one engineer 
might assume that all the stiffnesses were based on 
the un-cracked concrete, ignoring reinforcement 
whilst a second engineer might assume that the 
beams were cracked and the columns because of the 
axial load were un-cracked.  This could lead to sig-
nificant differences in the force distribution in the 
structure. Furthermore, no account is taken of the ef-
fect of the variation of cracking along a reinforced 
concrete member, to determine the effect of the 
change of stiffness on the force distribution. Similar-
ly the effects of creep are only considered member 
by member with no attempt made to check on any 
global effect.  These approximations could lead to 
significant differences in the forces at foundation 
level.  

 
The above refers mainly to the ultimate limit state, in 
general the serviceability limit state will also require 
checking and in many cases it may be critical. How-
ever for most structural assessments at the servicea-
bility limit state it will be reasonable to assume line-
ar elastic properties for the structure – although 
some non-linearities may exist, for example as men-
tioned above, in a reinforced concrete structure the 
effects of cracking, creep, etc.  These are usually 
covered empirically in the design checks. 
 
 

2.2 Geotechnical analysis and design 

Burland (2006) defines the geotechnical problem as 
being based on four criteria: 
 

o The ground profile.  
o The mechanical behaviour of the soil. 
o Prediction using appropriate models.  
o Empirical procedures based on judgment 

and experience. 
 

 
The ground profile is the description of the soil pro-
file in terms of strata, ground water conditions etc.  
Burland states that this should be the key outcome of 
a site investigation and argues that this is “far more 
important than measuring the material properties”. 

 
The mechanical properties of the soil are generally 
obtained by either in-situ or laboratory tests or pos-
sibly by back analysing of a failure or in-situ meas-
urements of, for example, settlement.   

 
The predictions using appropriate methods can take 
a number of forms and Burland identifies a hierarchy 
of models from conceptual and instinctive through to 
complex numerical methods.  The point is also made 
that whilst structural engineers rely mainly on the 
lower bound theorem geotechnical modeling has re-
lied on both the lower bound and upper bound theo-
rem.  Two of the advantages of using an upper 
bound approach are that it encourages the engineer 
to consider how the geotechnical structure fails and 
the subsequent analysis is relatively straight forward. 
 
The final criterion, empirical procedures based on 
judgment and experience is considered to be particu-
larly important aspect of ground engineering because 
of the complexity of the ground.  Burland describes 
these processes as based on “well-winnowed experi-
ence” 

2.3 Discussion 

Revising Burland’s criteria for geotechnical design 
for structural design leads to: 

 
o Structural form.  
o The mechanical behaviour of the structural 

materials. 
o Prediction using appropriate models.  
o Empirical procedures based on judgment 

and experience. 
 
From this it can be seen that the two branches appear 
to adopt somewhat similar approaches to analysis 
and design.  The difference in general is that the 
ground profile and the mechanical behaviour of the 
soils are likely to include significant variability.  
They are also already “in place” so this is what the 
geotechnical engineer has to work with.  On the oth-



er hand the structural form and mechanical behav-
iour of the structural materials are likely to be better 
defined.  Indeed the structural form is decided by the 
engineer and the material properties will be specified 
by the engineer.   
 
One area where the structural engineer has to adopt 
an approach similar to that of the geotechnical engi-
neer is in the assessment of existing structures. 

3 EXAMPLES OF INTERACTION OF 
STRUCTURAL AND GEOTECHNICAL 
ENGINEERING 

3.1 Foundation design 

One of the most common areas of interaction is in 
the design of foundations.  Often structural engi-
neers, by adopting the approach of simplifying any 
soil-structure interaction problem down to a straight 
forward elastic analysis, can reduce the interface 
with the geotechnical engineer down to one of ob-
taining a ‘spring stiffness’. This ‘clean’ interface en-
sures the structural engineer becomes divorced from 
the ‘black art’ of geotechnical parameter assessment 
and the process of drilling boreholes and potentially 
obtaining samples of dubious quality. However, an-
yone taking an objective view of this approach will 
appreciate that the technique cannot be expected to 
realistically reflect soil behaviour. Consequently alt-
hough hopefully the foundation analysis may be safe 
the system will usually be over-designed with bend-
ing moments and shear forces incorrectly derived 
and, for example, too many piles put in the ground!  

 
So if the structural engineer adopts the above ap-
proach then the soil-structure interaction problem 
becomes one of finding suitable input for an elastic 
analysis.  So, for example when considering founda-
tions a spring-stiffness is all that is required from the 
geotechnical engineer!   

 
However, even at serviceability loads it is likely that 
the soil will exhibit non linear behaviour and that 
transient behaviour, eg groundwater flow will also 
need to be considered.  In these cases a coupled 
soil/structure analysis is necessary to properly ac-
count for these effects. 

 
It is likely that many structural engineers would ex-
press the view that the approach of using a ‘spring 
stiffness’ has served them well – so there is consid-
erable inertia to embrace change.  Additionally, if 
the structural engineer has the problem described 
above of choosing the relevant stiffness of members 
in a reinforced concrete structure then the choice of a 
linear spring may be adequate!  But with more strin-

gent criteria being required to be met as well as 
structural systems getting more adventurous and 
lighter, and foundations are being built on less suita-
ble ground it is probably time to look at the interac-
tion between ground and structure as a critical ele-
ment. This can only benefit the credibility of 
engineers with both clients and statutory authorities 
by offering design that more closely reflects reality. 

3.2 Design of a dock 

The Author was involved with the upgrading of a 
dock about 10 years ago.  The dock was to be made 
capable of resisting seismic loads and included both 
upgrading of an existing dock and the design of a se-
ries of new buildings.  The analysis and design were 
thus a mix of structural and geotechnical engineer-
ing. 
 
The works comprised an existing dock to which a 
series of reinforced concrete walls were to added, 
Figure 1.  
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 1 Section through dock. (courtesy of Jacobs) 

 
The new system had to be analysed for a seismic 
event using as input of acceleration time histories.  
The soil was modeled as a non-linear material.  In 
order to avoid the spurious reflection of waves the 
boundary condition had to be such that they ab-
sorbed the energy associated with the waves.  The 
software used to carry out the time history analyses 
was excellent for the modeling of the soil but was of 
limited value for the structure. 
 
When the building, Figure 2, was being structurally 
designed and analysed, again for a similar seismic 
event, a different software package was used which 
suffered from not being as suitable for the soil mod-
eling as the software used for the dock, but was ex-
cellent for the structural aspects. 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Schematic of building adjacent to dock.  (courtesy of 
Jacobs) 

 
This particular problem was identified by Scott & 
May who stated that that many of the current soft-
ware tools, for example frame and finite element 
analyses, appear to have been developed for either 
the geotechnical engineer or the structural engineer, 
thereby hindering the interaction between them. This 
though is changing with the increasing availability of 
finite element software that has integrated good 
structural and soil material models within the same 
package.  

4 EDUCATIONAL ASPECTS 

4.1 Joint Board of Moderators  

In the United Kingdom academic courses in Civil 
Engineering are accredited on behalf of the Engi-
neering Council by the Joint Board of Moderators, 
JBM, which represents the Institution of Civil Engi-
neers, The Institution of Structural Engineers, The 
Institute of Highway Incorporated Engineers and the 
Institution of Highways and Transportation.   
 
The mission statement of the JBM(2008) is  
 
“The Board will debate and make recommendations 
on accreditation/non-accreditation of educational 
programmes, for consideration by the JBM member 
institutions, to allow them to publish, and keep up-
to-date, a list of qualifications which they will accept 
as providing the educational base for different 
grades of membership and which will meet the edu-
cational base for the categories of the ECUK Regis-
ter: CEng, IEng and EngTech”.  
 
The Board includes representatives from industry 
and academia and provides guidelines for courses.  
The JBM would expect a degree programmes to con-

tain the three core subjects of structures, materials 
and geotechnics, with a choice of at least two others 
from  for example fluid mechanics, surveying 
transport infrastructure engineering, public health, 
construction management, environmental engineer-
ing and architectural technology. The chosen core 
subjects should be developed to a depth where the 
time spent on them represents at least one third of 
the total curriculum, (JBM 2008). The JBM also 
emphasises that design should also be included re-
quiring that the engineering subjects “should be 
taught in the context of design” (JBM, 2008). 
 
Whilst the JBM makes no further suggestions as to 
how a Department should teach its students it is in-
teresting to note that the subjects of structures and 
geotechnics are listed separately, although there is 
the possibility that design would bring together the 
two subjects, together with other topics. 
 

4.2 Current practice 

All students in a civil engineering course in the UK 
will study basic structural mechanics which includes 
statically determinate structures and basic stress 
analysis including two dimensional stress and strain 
analysis.  It is likely at this stage that two separate 
sets of modules will be followed by the student the 
first set will extend their knowledge of structures 
and structural design to include member and element 
design in steel and concrete structures and possibly 
timber, masonry etc, and further study of structural 
analysis to include statically indeterminate structures 
and finite element analysis. At the end of this part of 
the course the student can carry out a structural anal-
ysis and element and member design.  In addition 
he/she can provide the forces required by a geotech-
nical engineer to ensure that, for example, a founda-
tion is adequate. 
 
The second set of modules will be an introduction to 
geotechnics which is likely to cover material proper-
ties, site investigation, basic stress analysis, the anal-
ysis of compaction, settlement, ground water flow 
etc.  Other topics likely to be covered are retaining 
wall design, foundation and pile design.  It is also 
possible that some finite element analysis of ge-
otechnical problems will be taught.  On completion 
of these components of the course the student can 
determine the effects of forces, given by a structural 
engineer, on the ground - including a calculation of 
the factor of safety against failure and the settle-
ments and displacements.  The student should also 
be able if required to design suitable piles or ground 
improvement techniques. 
 
At this stage the student is equipped to carry out de-
signs which can include both structural and geotech-
nical aspects.  However, the suspicion is that the 



student is not necessarily exposed to such designs or 
when he/she is that much of what is taught in design 
to undergraduates tends to ignore, or simplify, the 
soil structure interaction problem – partly because of 
time constraints and partly because of the different 
exponents of the two disciplines.  Thus an oppor-
tunity to develop some expertise at the interface is 
missed - this situation should, if necessary, be recti-
fied. 
 

4.3 The way forward 

What changes if any should be made and why?  On 
practical grounds there are a number of reasons – 
some already alluded to above why there should be a 
stronger interaction, and thus a change the approach 
to teaching, between structural and geotechnical en-
gineers. 
 
For example Scott & May (2007) argue that the ap-
proach described above of using simple linear 
springs for soil-structure interaction is likely to be 
inadequate with the increasingly necessary require-
ment to build in restricted urban environments. 
Burland (2007) also gives an example where a judi-
cious use of piles leads to a significant reduction in 
the required thickness of a foundation.  Details of 
predicted ground movement profiles are becoming 
mandatory, as is the requirement to show that exist-
ing buildings and services will not be unduly affect-
ed.  A closer liaison between disciplines is required 
and consequently the need to abandon the simplistic 
interface that has prevailed in the engineering pro-
fession.  
 
However, it is often considered that to be come pro-
ficient one has to specialise – this is a major problem 
but engineers need to remember as they develop 
their expertise that they need to also to develop a 
working knowledge of those areas at the boundaries 
of their expertise.   
 
A further aspect that requires consideration is the in-
creasing availability of software that includes ad-
vanced models for both the geotechnical and struc-
tural materials and behaviours.  It is vital to ensure 
that our graduates are able to use such software intel-
ligently, or at the very least are able to identify when 
they need expert advice and assistance.  This prob-
lem has already been recognised by both educators 
(Johnson & May, 2008) and the profession (IStructE, 
2002), (MacLeod 2005) within structural engineer-
ing. 
 
In practice this ability to “know when one doesn’t 
know” is an extremely useful ability for engineers to 
have.  A common approach to the intelligent use of 
software should be adopted in university courses.  

This could also act as a vehicle for the teaching of 
soil-structure interaction. 
 

4.4 How can education respond?  

 
With more integration of geotechnics and structures 
a number of benefits could accrue.  There would be a 
better understanding of the interactions between the 
two areas leading to a better collaboration when in-
volved with real construction problems.  This could 
lead to more economic designs that satisfied the rel-
evant criteria.  It might also be possible to save some 
time within an already crowded syllabus.  It would 
also be useful to ensure that graduates understood 
both the differences and similarities of the two sub-
jects.  For example one major difference is that in 
new construction the ground is already in place so 
the engineer needs to design his/her artifact around it 
whereas as the structural engineer has a relatively 
“clean sheet of paper” for the design of the structure.  
On the other hand the assessment of an existing 
structure is more similar to the usual process of ge-
otechnical design. 

4.5 Barriers to change 

 
The major problem appears to be that the two disci-
plines generally exist separately within the construc-
tion industry so that the educators also consider 
themselves to be either one or the other.  This barri-
er, whilst possibly not too significant, would need to 
be broken down. 

5 CONCLUSIONS 
 
In conclusion, as buildings are being constructed in 
an increasingly crowded urban environment, with 
demands to make them go higher and extend deeper 
into the ground the profession, including educators, 
must reflect on the current self-imposed limitations 
of their design procedures.  Integration of disciplines 
needs to improve if the value our services bring to 
any project development are to be maximised.  
 
Benefits will ensue in not using a multiplicity of ana-
lytical models, when one will do, and in also under-
taking model procedures that more closely reflect the 
construction process. This can only improve the 
standing of the engineer within the project team and 
also increase the profitability of the work we under-
take.   
 
As educators we need to ensure that this integration 
is taken forward in our teaching. 



6 ACKNOWLEDGEMENTS 

The useful discussions with David Johnson of a draft 
of the paper is gratefully acknowledged. 

7 REFERENCES 

Burland, J. 2006. Interaction between structural and geotech-
nical engineers, The Structural Engineer, 84(8): 29-37. 

Calladine, C. R. 1969. Engineering plasticity, Oxford: 
Pergamon. 

Institution of Structural Engineers. 2002. The use of computers 
for engineering calculations. London: IStructE 

Johnson, D. & May, I. M. 2008 The teaching of structural anal-
ysis, In press. 

Joint Board of Moderators, www.ice.org.uk/JBM/about_us.asp 
MacLeod I. A. 2005. Modern structural analysis – modeling 

process and guidance, London: Thomas Teford. 
Scott P and May I M, 2007 Together we stand divided we fall, 

The Structural Engineer, 85(22): 13-14. 

http://www.ice.org.uk/JBM/about_us.asp

