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ABSTRACT 

 

The number of students at German Civil Engineering Universities amounts to about 40,000. This is the 

number of students trained annually in Civil Engineering at the two types of universities the Universities of 

Applied Sciences or Fachhochschule and the Technical Universities or Technische Hochschule/Technische 

Universität (Fig. 2). The universities give priority to the education of generalists and therefore only a. part of 

the students become geotechnical engineers by gaining experience as trainees within the industry. To 

compensate for the lack of geotechnical experts, BILFINGER BERGER AG has established their own 

training and education program which is presented in this paper. 

 

1 INTRODUCTION 

 

BILFINGER BERGER AG is one of the leading 

construction companies operating world wide and 

has a long and strong tradition in Geotechnical 

Works mainly Foundation Engineering and 

Tunnelling. The company recruits annually young 

civil engineering graduates from universities from 

Germany and other countries. These graduates 

generally have a good knowledge in the design of 

geotechnical structures, rock and soil mechanical 

issues but are less experienced in operative work-

related topics. 

German universities train civil engineers in 

geotechnical matters randomly only and to our 

knowledge, none of them have a faculty for 

geotechnical sciences or geotechnical engineering’s. 
The number of lectured term-week-hours varies 

from around 8-45 hours for the bachelor and less 

than 80 hours for the master degree (RWTH Aachen 

and TU Darmstadt). Only a limited knowledge of 

geotechnical sciences can be accumulated by the 

students during such limited hours. The University 

in Karlsruhe has not yet switched to the 

Bachelor/Master degree system. Graduates receive 

the “Diplom Ingenieur” degree , an old German 
university title, corresponding roughly to the Master 

degree MSC or MICE (chartered engineer in UK). In 

Karlsruhe the percentage of lectured term-week-

hours in geotechnical sciences versus total lectured 

term-week-hours is: 

- in the terms 1-3     3 % 

- in the terms 4 and 5   15% 

- in term 6       63% 

- in the terms 7 and 8   70-100% 

The compulsory total lectured term-week-hours are 

164 for a 8 terms course of studies after which the 

students graduate to “Diplom Ingenieur” if they have 
past successfully the diploma examination. 

This situation is similar on the other technical 

universities in Germany. It should be known that the 

average duration of studies on German technical 

universities is more than 11 terms which would then 

cover up to 300 term-week-hours (Fig. 1). 

After having graduated, the students from other 

civil engineering universities only become 

geotechnicians by being trained and educated by 

their employers, such as the construction industry, 

administrations and consulting companies. It has 

been  a desire of German construction companies 

with a geotechnical portfolio to improve this 

situation for a long time. However, the construction 

industry in Germany has finally taken the initiative 

to compensate for these deficits. BILFINGER 

BERGER AG as one of the leading German 

construction companies in geotechnical works 

started in 1969 and still continue today to improve 

the knowledge of young civil engineering graduates 

to enable them to become  geotechnical .engineers

. 

 



Figure 1: Average training time at German civil engineering universities  

 

 
 

 Generally, young graduates who are employed by 

BILFINGER BERGER AG have to follow an 

introduction training (on the job) for about one year 

in which they are getting familiarized with how 

construction sites are managed, how tenders are 

prepared and how construction costs are estimated 

and learn about the methods used and the 

organization of the company. After this period of 

time they are seconded to one of the subsidiaries or 

departments of the group and improve their 

knowledge attending courses and lectures which are 

part of the continuous education program of 

BILFINGER BERGER AG. 

  For young civil engineers who are employed in 

foundation engineering departments at BILFINGER 

BERGER AG a special training  program has been 

in place for more than 4 decades dealing with topics 

such as construction technologies and materials, 

quality assurance, controlling instruments and 

managerial skills. In 1969, the first geotechnical 

training of young civil engineers took place. After 

this first attempt,  the theoretical and practical 

courses have been constantly developed and updated 

with new technologies, modern equipment and tools, 

construction methods and materials. Special 

handbooks have been edited which cover all special 

geotechnical works and are regularly updated. The 

lectures for the continuous education are based on  

these handbooks.  

 

2 REQUIREMENTS OF THE CONSTRUCTION 

INDUSTRY REGARDING THE UNIVERSITY 

EDUCATION OF GRADUATES 

 

Young civil engineering graduates have had lectures 

in geo-engineering sciences at the universities to an 

extent, which generally does not satisfy the demands 

of the Construction Industry with the exception to a 

certain extent of the graduates from the Technical 

University in Karlsruhe and from the Technical 

University Graz, Austria. The professional activities 

of the young engineers employed by the construction 

industry are less related to sciences and theory than 

to practical project management which requires 

knowledge in the fields of soil and/or rock 

mechanics and geotechnical works technologies in 

addition to what they have learned at the university. 

From the construction industry’s point of view the 
following knowledge is considered desirable and it 

would be appreciated if the universities would 

include at least some of the below topics in their 

Reinforced Special Studies: 

 



 Figure 2: Overview of the total number of Civil Engineering Students at German Universities 
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2.1 Geotechnical Works Technologies  

 

In early 1990 CEN established the Technical 

Committee 288 (TC 288) financed by the European 

Foundation Engineering Industry and led by the 

European Federation of Foundation Contractors 

(EFFC) which deals with the establishment of 

standards for the following geotechnical works: 

- Bored Piles (EN 1536) 

- Diaphragm Walls (EN 1538) 

- Grouted Anchors (EN1537) 

- Soil Nailing (EN 14490) 

- Sheet Piling (EN 12063) 

- Displacement Piles (EN12699) 

- Grouting (soil and rock) (EN12715) 

- Jet Grouting (EN 12716) 

- Micropiles (EN 14199) 

- Deep Soil Mixing (EN 14679) 

- Deep Vibration (EN 14731) 

- Cut off Walls and Ground Water 

Management (not yet to be 

standardized) 

Some of these works are already part of the 

university curriculum, but the knowledge of 

graduates is often limited to earth-mechanics and/or 

static/dynamic calculation matters. More detailed 

knowledge is required of modern construction 

technologies and the relevant equipment and tools 

with their capacities and application limits with 

regard to: 

- the soil/rock conditions,  

- geometrical dimensions 

- presence of ground water 

- on and/or off shore  

- underground works 

- environmental conditions 

 

2.2 Tunnelling Technologies such as: 

 

Some universities have their own faculty for 

tunnelling as the Ruhr University Bochum, Germany 

and Technical University Graz, Austria. However 

the following main topics should be trained at least:  

- Hard Rock TBM, 

- Slurry or Hydro Shield 

- Earth Balanced Pressure Shield  

- Drill and Blast 

- Road Header 

- NATM  

- Tunnel Lining and Support Structures 

- Shafts, Access Galleries,  

- etc. 

 



 

2.3 Cost Estimates and Tender Preparation 

 

Each construction project starts with a tender or 

offer which has to be submitted according to the 

conditions of the client/owner. A major part of the 

Tender is the estimate and the price calculation for 

the Bill of Quantities. Nowadays computer software 

is used to estimate the costs. However, the basics of 

the estimate have to be known by the young 

graduates. They include direct/prime costs (labour, 

staff, material, equipment, subcontracted works etc.) 

and indirect costs (site installation, site offices and 

auxiliary services, etc.), overheads and general 

expense, residual value of purchased equipment, risk 

analysis, risk and profit margins and the structure of 

a top sheet. 

If a tender is successful, i.e. the contract has been 

awarded, the work estimate and finally the work 

execution estimate have to be prepared. The latter 

provides the basis for effective commercial/financial 

controlling of the construction site. Often these 

documents are prepared by the estimators and not by 

the geotechnical engineers. However, it is part of the 

geotechnical engineer’s responsibility on site to 
read, understand, check and update these documents. 

This knowledge is essential for every engineer from 

his first hour in a construction company since 

without cost control there is no assured future. 

 

2.4 Contract Forms and Conditions 

 

The standard civil engineering contracts are re-

measurement contracts based on a bill of quantities 

(BOQ) with unit rates and lump sums and standard 

contract conditions which differ slightly in Europe 

from country to country. 

Besides this type of contract BOT (built, operate, 

transfer) PPP (public, private partnership) and 

BOOT (built, operate, own, transfer) contracts have 

been used by clients for some time. 

Companies with activities abroad very often are 

confronted with FIDIC or FIDIC-Type contracts. In 

the international construction market, design and 

construct (D+C) or design and build contracts are 

becoming more and more common. These types of 

contracts are very often turnkey and lump sum 

contracts. In this type of contracts the responsibility 

and risks born by the construction company are 

much more extended in comparison with a re-

measurement contract. In the international 

construction market, the following types of contracts 

are used also: 

- Cost plus Fee Contracts 

- Alliance Contracts 

- Managing Contracts 

As there is no project without a contract in the 

construction industry, the knowledge of university 

students should be expanded to include at least the 

basics of these types of contracts.  

Contract Conditions are generally subdivided in : 

- Technical Conditions, often called Scope 

of Works and/or Technical Criteria 

- Commercial and Financial Conditions 

- Legal Conditions 

From the Industry’s point of view, graduates have 
partially knowledge in the first category. There are 

more deficits in the latter two. Basics of commercial, 

financial and legal aspects should be part of the 

university education to a much larger extent than 

they are today. 

 

2.5 Work Preparation for the Construction Site 

 

Following a contract award, preparation of the site 

works which have to be executed starts generally 

with the review of the original estimate, and a work 

estimate and/or the work execution estimate are 

established. This part of the work preparation is 

completed by the building or construction program 

and the detailed planning of the work sequence. 

Critical Path Analysis (CPA) are part of the 

planning. Graduates should be familiar with these 

steps and should at least have worked with a 

building program software with CPA. and should 

know to read and understand work execution 

estimate for a smaller project at least. 

The construction industry in Germany needs 

better educated graduates in geotechnical sciences. 

Today and over the last decades the Construction 

Industry has spent a lot of time and money to 

compensate for the lack of knowledge of civil 

engineering graduates. Each company provides 

training and education to young employees. There 

are little differences between the training and 

education programs of the major German foundation 

engineering companies. However, construction 

companies would like to limit the training and 

education of graduates to the company’s specific 
technologies and expertise as well as to managerial 

skills. It is a matter of fact, that economically 

speaking the University is the best place to provide 

training on topics relevant to every company. 



3 TRAINING OF GRADUATES FROM 

UNIVERSITY STUDIES IN GEO-ENGINEERING 

 

3.1 BILFINGER BERGER AG’s Continuous 
Education and Development Program 

3.1.1 Introduction Training 

 

Young university graduates employed by 

BILFINGER BERGER AG all follow an 

introduction training on the job in the first year of 

their employment through which they are guided by 

a mentor. This program includes: 

- Site Management with training on 

domestic sites under the Project 

Manager’s supervision approx. 8 months 

- Training in the cost estimate  

and in-house design depart- 

ments under the Department  

Manager’s supervision approx. 2 months 

- Service Departments (Human Resources,  

Commercial Department,  

Controlling),      approx. 0.5 months 

- Mechanical Department and  

Yard        approx. 0.5 months 

- Construction Management on 

International Projects  

Abroad      approx. 2 months 

for which foreign language  

training is offered 

- Executive Management with the 

presentation of the overall  

organization        approx. 3-4 hours 

 

3.1.2 Continuous Education Program 

 

After the first period of introduction into the 

professional activity the young graduates are 

seconded to one of the construction sites or technical 

departments: Their knowledge will be improved by 

practical, operational activities and by the 

company’s Continuous Education Program. It 
depends on their knowledge and the type of work 

they perform to which of the courses they will be 

sent. 

Table 1 gives an overview of the overall 

participation in the education program of 

BILFINGER BERGER AG. 

The major focus of the development of young 

engineers is on training and the day to day business. 

This is often improved by education off job and job 

rotations. The transfer of knowledge is audited 

systematically after participation in an education 

program.  

 

Table:1 Continuous Education at BILFINGER 

BERGER AG in 2007 
 
Training Courses Number of Number of    Total  
 Trainings Participants    Days _________________________________________________ 

Standard trainings 
 Professional Knowledge 25 406 1.219 
 Methods 23  287 588 
 Social Behavior 30 311 649 
 Customer Management 3  31 62 
 Leadership/Management 14  59 235 
 All standard trainings 95  1.094    2.753 _________________________________________________ 

Unit Based, Regional Trainings 107 2.643   2.979 _________________________________________________ 

Group-Wide Executive 
Development Trainings 15   247    885 _________________________________________________ 
Total 217 3.984        6.617 _________________________________________________ 
2007 compared to 2006 + 33 % + 31 % + 27 % 

 

In the last two years (2006 and 2007) 

BILFINGER BERGER AG focused on the 

following continuing education topics for young 

civil engineers: 

 Knowledge Methods which include 

- Site Management,  

Basics Seminar     5 days 

Advanced Seminar      5 days 

- Contract Law and Legal Aspects  

Basic Seminar      2 days 

International Contract  

Law and FIDIC      1 day 

- Estimation 

Basics        3 days 

- Project Management  

Basics        2 days 

Tender Preparation    3 days 

Legal Aspects      1 day 

- Commercial Aspects for  

Engineers       2 days 

- Decisions in Complex  

Situations       2 days 

- Time and Stress Manage- 

ment         2 days 

 Social Behaviour 

- Chair/Leading Meetings  2 days 

- Conflict Management   3 days 

- Presentation Training   2 days 

- Team Competence    3 days 

 Customer Orientation 

- Acquisition      2 days 

- Basics for Salesmen    2 days 

 Leadership and Management 

- Management by objectives  2 days 

- Appraisal/performance  

Review        2 days 

- Team leadership     3 days 

- Recruiting/job interviews  1 day 



With the exception of the courses in Customer 

Orientation which are conducted predominantly by 

external trainers the lectures/courses of the 

education program have been presented in 2007 by 

over 70 in-house trainers, who commit themselves to 

this job in addition to their day to day business. 

 

3.1.3 Geotechnical Works Training Program  

 

University graduates have generally a good 

knowledge in the design of geotechnical structures 

and in soil and rock mechanical issues. They have 

lesser knowledge of operative work-related topics, 

which, however, constitute the daily business in the 

construction industry. To compensate for these 

knowledge gaps BILFINGER BERGER A.G. has 

established since an education program for young 

graduates decades ago. 

In 1969, BILFINGER BERGER held the first 

seminar for geotechnical engineers on bored piles. 

Since then the education program has been steadily 

developed. Handbooks have been written and edited 

which are updated regularly with new technologies, 

equipments, tools, materials and standards. In-house 

training seminars are held during the winter time for 

young civil engineers who have decided to become 

geotechnicians. The courses/lectures are presented 

over 5 days on which yearly 15-20 participants are 

taught in theoretical background and practical 

exercises in the different geotechnical works. The 

education program for the young geotechnicians 

comprises the following main topics: 

 Geotechnical Works 

- Soil and rock anchors, soil and rock 

nails, mini- or micropiles, with focus 

on: 

Boring Equipment and Tools,  

Types of anchors and nails for 

temporary or permanent use,  

Prefabrication of permanent anchors 

with double/triple corrosion 

protection,  

Transport and installation of long 

anchors, ,  

Boring against groundwater under 

pressure,  

Grouting, prestressing,  

Reception and quality assurance 

- Grouting and Jet Grouting in soil and 

rock with focus on:: 

Boring equipment and tools, trailer 

mounted compact units 

Drilling rods (single, double, triple),  

Nozzles, tube à manchette 

High pressure pumps, jetting 

parameters 

W/C-Ratios, 

Grout characteristics and quality of 

grouted soil,  

Spoil recycling for jet grouting,  

Quality assurance 

- Bored Piles and Bored Pile Walls 

with focus on: 

Technology: 

Fully or partially cased, uncased 

piles, with oscillator, rotator, vibrator 

for the casing and Kelly bars with 

auger and bucket or grab and chisel, 

rotary drilling 

Bottom and/or skin grouted piles 

Continuous Flight Auger Pile (CFA), 

Secant, contiguous or non-contiguous 

pile wall 

Construction Materials: 

Concrete, tremie pipes, concrete 

pumps, reinforcement cages 

(minimum requirements for stability), 

continuous cages for CFA piles, 

spacers,  

Verticality control and checking 

system, inclinometers 

Sonic logging devices  

Pile Load Tests: 

Vertical on compression and tension 

with dead load, anchored steel 

structure, Osterberg cells, PDA tests 

Horizontal and bending tests 

- Driven Piles with focus on: 

Drop and vibratory hammer types: 

Classical free fall, hydraulical free 

fall hammers 

Hydraulic or pneumatic impact 

hammers 

High frequency vibrators 

Precast or cast in-situ piles 

Splices for precast piles 

Driving criteria, PDA Tests,  

- Cut-off walls with focus on: 

Slurry/cut-off walls, single or double 

phase with plastic sheath  

Secant pile wall, sheet pile wall 

Jet grouting and grouting wall 

Mixed in place and ground freezing  

Horizontal cut-off, jet grouting, 

grouting 

- Diaphragm Walls with focus on: 

Type of equipment, excavator, 

mechanical or hydraulical grab with 

chisel or hydro cutter 



Bentonite and polymer plant, 

recycling units 

Guide walls 

Verticality control, built in 

inclinometer 

Bentonite characteristics during 

excavation and before concreting, 

sand content 

- Specific contract conditions for 

geotechnical works with focus on: 

Underground and work accident risks 

prevention 

 Construction Material Characteristics 

- Cement/Concrete for all types of 

piles, diaphragm walls 

- Reinforcement for geotechnical 

structures 

- Grout for soil and rock grouting, 

cement, polymer, silica, bentonite, 

etc. 

- Slurry for diaphragm and cut-off 

walls, bentonite and polymer 

 Subsoil conditions and contractual 

responsibility 

 General subcontract conditions for 

geotechnical works 

 

 

 

Figure 3: One of BILFINGER BERGER AG’s foundation engineering sites in Frankfurt 

 
 

 

 

4. Conclusions 

 

German construction companies with a 

geotechnical portfolio such as BILFINGR 

BERGER are faced with the problem of a lack of 

geotechnicians who have received in-depth 

professional training. In general, young 

graduates from German universities have only  a 

basic knowledge in geosciences, with a few 

exceptions. It is the desire of the industry to be 

able to recruit better and professionally educated 

geotechnical engineers. Graduates in civil 

engineering should have attained a level of 

professional knowledge which allows to limit the 

training provided through company training 

programs to company specific matters. 

BILFINGER BERGER AG has long since 

started to compensate for the lack of knowledge 

of young geotechnical graduates by providing in-



house training and education program as 

presented above. 
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