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Engineer-Contractor Relationship in International Projects

Relation entre l'ingenieur et l'entrepreneur
dans des projets internationaux

Die Beziehungen zwischen Ingenieur und Unternehmer
in internationalen Projekten

Murray S. CHURCH
D. Arch.

Hochtief AG, Int. Div.
Essen, Fed. Rep. Germany

^

äzi

Murray S. Church, born
1934, studied in London.
Has lived in FR Germany
since 1958. State of Baden-
Württemberg Architects-
Department, later partner in
a well known Stuttgart
Architectural Office and
since 1976 Oberingenieur of
the Hochtief AG in Essen.

SUMMARY
The process of engineering design, supervision and construction is still today determined by the
traditional roles played by its participants. Owners, engineering Consultants, construction
managers and contractors must devise more open organizational forms to rationalize the process
eliminating repetition, misunderstanding and unnecessary administrative efforts. Each participant
should be encouraged to organize his part of the process to take füll account of the most efficient
task breakdown and the interface of responsibility with others.

RESUME
Le processus actuel du projet de genie civil, de son contröle et de sa construction reste influence
par les röles traditionnels des partis concemes. Les maTtres d'ouvrage, ingenieurs-conseils,
gestionnaires de la construction et entrepreneurs doivent imaginer des formes d'Organisation
nouvelles afin d'ameliorer le processus et d'eliminer des r6p6titions, des incomprehensions et
des efforts administratifs inutiles. Chaque parti doit etre encourage ä organiser sa partie du
Processus afin de tenir entierement compte de la repartition la plus efficiente du travail et du
partage des responsabilit.es.

ZUSAMMENFASSUNG
Der übliche Projektablauf Planung, Ausführung, Überwachung wird bis zum heutigen Tag durch
die traditionelle Rolle der Beteiligten geprägt. Bauherren, beratende Ingenieure und Ausführende
müssen jedoch neue, unkonventionelle Organisationsformen finden, um durch Verbesserung der
Zusammenarbeit mögliche Doppelspurigkeiten, Fehlinformationen und unnötigen Verwaltungsaufwand

zu vermeiden. Jeder der Beteiligten sollte dazu ermutigt werden, seinen Teil im Rahmen
der Zusammenarbeit so zu gestalten, dass sowohl die Aufgabenteilung als auch die Abgrenzung
der Verantwortungsbereiche nahtlos und effizient sind.

Presented at the IABSE Workshop «Organization of the Design Process», Zürich, 13 May
1986. Further contributions are published in the Workshop Proceedings, available at IABSE
Secretariat.
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1. THE IDEAL RELATIONSHIP

Experienced Contractors have developed their organizational methods
over many years. Such forms are common to most Contractors.
Engineering and Construction Management Consultants prepare tender
drawings and documents with an address in mind within the Contractors

Organization:
clear breakdown into disciplines - structural concrete, structural

steel, architectural, electrical, Communications, plumbing,
heating, Ventilation
clear breakdown into contract administration, logistics and
engineering (see figure 1).

At all phases in the design and tendering process (prior to
formalization of the Engineer/Contractor relationship through Contractor's

contract with the Owner) the engineering Consultants maintain
contact with potential bidding Contractors to assimilate into the
design those forms of construction best suited to the execution of
the project under prevailing local and general conditions:

concrete technology, climate, aggregates, soil conditions,
cement types, formwork and curing, pre-cast construction
availability of structural steel, corrosion protection
government determined monopolies use of locally produced materials,

import restrictions.
logistic influences upon time schedule
time schedule of Owner activities, supply of equipment functio-
nally necessary to project, nominated Systems sub-contractors.

Tendering should best of all take place prior to absolute completion
of the design,in order to permit competing Contractors to

offer their own in-house developed technologies as possible
alternatives, saving cost or time:

an early decision for an agreed pre-cast technology enables the
Contractor to design and erect the pre-casting plant in parallel
to the Architect/Engineer completing his contract/working
drawings (see enclosure 2, example of precast agreement between
Construction Manager, Architect/Engineer and Contractor).

At the outset of the Architect/Engineer's design phase or even
earlier the Owner's project management deeides on a contractual
organizational form for the project. The design approach of the
Architect/Engineer is geared to that decision:

Construction Management controlled projects are those which
characteristically are open ended. Tender packages are broken
down into basic diseiplinary elements. - Structural, fitting-out,
electrical, mechanical and equipment. Alternative technological
solutions and bids are solicited and evaluated up to the latest
possible time in the project schedule. Engineering design is
neutral and proeeeds parallel to the construction (see figure 3)

Turnkey Contract projects should be totally pre-engineered in
all disciplines thus permitting the contractor to complete
construction without further technical clarification in the shor-
test possible time.
Design and Build Contract projects should be pre-determined by a
functional/performance scope of work only. The design and detail
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30 November 1977 (Continued)

d. The bearing pads are set back 80 mm from the face of the supports.

HP* 1-L
=?-

e. A tee chamfer of 15 mn is provided at the base of the stem. A 15 r
radius is used in the flange to web fillet.

h
f. An adjustable screw is used in the flange to ledger girder to keep the

girder from rotating under the eccentric loading.

Flange Tip Connections - Hochtief uses a grouted shear key continuous
along the length of the member with welded connections at two locations
along the length.

3E
GROUTED KEY WELDED

h. Dowel Connection - SOH showed Hr. Felsch a grouted dowel connection with
the dowel cast in the girder element and pipe sleeve cast in the tee stem.
Hr. Felsch feit that the plecement of these dowels would present

project NJIA- ALL ELEMENTS

30 November 1977 (Continued)

a tolerance problem. He suggested an adjustable screw insert in the tee
stem which could be inserted into a grout pocket in the girder.

u \Ä/r™GIRDER

GROUT POCKET

i. Precast Tea Design - Hr. Felsch made the following comments:

1) The precast plant design has assumed only straight tendon arrangement.

2) Hochtief has maximum and minimum effects of shrinkage and creep used in
determining the critical camber cases.

3) The spacing of Strands is closer than SOH had anticipatBd and is, there¬
fore, conservative. Hochtief uses 2 timBS the Strand diameter es clear
between Strands. Therefore, for a 1/2" (B Strand the clear space will be

1" and the center to center spacing will be 1 1/2" (SOM had designed with
2 " center to center)

4) Hochtief uses e Strand equivalent to 250 K. They use a low relaxation
Strand.

j. Sloped Bearing Conditions - Hochtief uses a flat (typicai) bearing päd end

places it out of level with the base of the tee stem to match the pitch of
the tee.
SOH mentioned that wedged bearing plates are also a possibility.

Harped Tendon Requirements - SOH pointed out thet the Administration Building
and portions of the Quarantine Facility required harped tendon arrangements
for the tees to work within the depth. Three possibilities exist to solve this
problem:

1) Increase the tee depth.

H-
jQ
a
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29. November 1977 (Continued)

e. SOH presented a study regarding temperature differentials for Jeddah based
on available weather data.

f. Creep, shrinkage and prestress loss criteria for prestressed/precast ele¬
ments were discussed.

3. SOH stated that any isolated spans in excess of 21.2 meters would be developed
in a system other than precast/prestressed concrete as agreed in the meetings
at SOH-New York on 6 and 7 November 1977.

4. For additional comments, see Attachment C.

30. November 1977

1. See Attachment C for summary comments regarding precast concrete meeting.

2. The following detail items regarding precast concrete were presented by Hochtief's
Hr. Felsch:

a. We requested that a schedule of required concrete Covers, both for prestressing
Strand and mild steel reinforcing, be provided him. (See Attachment 0)

b. Hild Steel Reinforcing - A mesh is used in the web perimeter for shear rein¬
forcing. A lapped second layer is bent from the top of the stem to the opposite
flange typicai. A füll width layer of mesh is laid over the previous layers
in the flange.

Bearing Pads - Elastomeric pads used, laminated with one steel plete.
Allowable bearing pressure of 100 KG/cm2 is used. The Standard päd is 100 mm

(width) x 150 mm (long) x 21 mm (thick). Thicker pads are available for greater
movement requirements.

Skidmore,Owings & Merill

project NJIA PRECAST CONCRETE

3. The gap Joint between precast tee elements was agreed upon as shown below:

15 mm NOMINAL

WIRE MESH

PAPER

P
h
(D

-CONSTRUCTION JOINT

25 mm NOMINAL

4. The precest tee forming system profile was discussed and tentatively agreed
to as shown below:

-LONGITUDINAL-
WELDING

1.5 cm RADIUS
TYPICAL

a) Transverse joints located at 2.5 meter spacing.
b) All welds ground smooth and flush.
c) Longitudinal welds to be located at tangent of radius.
d) Hochtiaf to verify end notify P/D and SOH if any dBviation.
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Consultant's fees no longer seem adequate to cover the extensive
volume of work necessary to produce a completely engineered set
of contract documents.
Many of the disciplines reguired to completely engineer the project

are privy to manufacturing semi-monopolies and not prac-
ticed by Consulting engineers.

Resultingly the tender and contract documents do not adequately
define the works in a balanced coordinated form in all the disciplines

:-
Architectural drawings show a lot of information with regard to
furnishings, are however not coordinated with electrical and
mechanical Services. The constructural details of the fitting-
out trades are not resolved.
Structural dimensions have been determined by rule of thumb
empirical methods and must then be calculated by the Contractor's
engineers.
Central electricity generation plant has been sized by empirical
rule of thumb and assumed diversity factors and therefore under
- or over - dimensioned, whereas an equipment count would have
provided more exaet basis.
Air conditioning design is limited to dimensioning the central
air handling plant providing Single line diagrams and writing
the required conditions into each of the rooms and areas. The
Contractor then designs the duet Systems which prove to be too
volumenous for the ceiling voids and ducts provided.
Communications Systems and specialist equipment design has
either been left completely open to the discretion of the
Contractor and his subcontractors or a manufacturing agency has been
employed by the Consultant in the design phase with the promise
of a subcontract for the work involved.

The last five mentioned examples of lack of information and restri-
ctive practice can in extreme cases lead to a Contractor redesign
starting with the coordination of architectural and structural work
with that of the electrical and mechanical Services.
The Contractor has considerable difficulty with prospective
subcontractors who believe that they have exclusive rights, they are
neither competitive nor cooperative, so that in such cases the
Contractor tries to bring about a redesign with a subcontractor of his
choice.
Most projects are designed by engineering Consultants working a long
way from site of construction. Local conditions are usually only
superficially recognized.

Locally available materials are not usually specified.
Equipment is specified which is readily available in the Consultant

's country of origin which can however neither be supplied
nor serviced locally.
Construction Standards and codes are referenced which only apply
in the Consultant's country of origin. Although government
authorities in most parts of the world have either developed
their own Standards or expressed preference for Standards from
one particular third country - usually where historical or
traditional links exist. The Contractor then has to negotiate an
intermediate Status between the local authorities and the design
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Consultant.
The physical conditions determinand for the use of materials and
methods of construction in widely differing regions are seldom
fully recognized by the Consultants. Typicai hereto are the
problems with concrete in the Middle East - aggressive aggregates,

high sulphate and Chloride content of subsoils, lack of
water, shrinkage and deformation due to climatic conditions.
Standard works have been written on the subjeet - they however
still do not get referenced by the designing engineers.

Many projects to-day have a significantly higher technological
content than in the past when traditionally oriented forms of Cooperation,

contractual and working relationships were devised. Truly
multi-diseiplinary engineering teams capable of overseeing the
entire design and construction process are not found in the Contracting

or the Consultant engineering companies.

Owner's still place design contracts with separate Consultant
engineering Offices for each discipline and do not ensure contractual-
ly that one leading Consultant is responsible for the integration
of the separate work packages into a functionally and physically
coordinated unity. Traditionally architects have taken on the role
of coordination however the willpower and the technological
background are lacking in the profession.

During the construction process a high degree of detail design
coordination has to be undertaken either by the design Consultants or
the Contractor. Both parties showing unwillingness - the designer
because his fee has already been paid and the Contractor because he
did not calculate for such works. The Contractor's shop drawing
production process - originally intended to add necessary details
to the Consultant's working drawings has become a repeat design
process with more detail.
Projects controlled by a separate Construction Management Organization

- a form which is becoming more prevalent - have the added
disadvantage that the feedback process between execution of the
works and the design process is cut off. The Architect/Engineer
provides contract documents, these are then interpreted and/or re-
negotiated by the Construction Manager to achieve optimum cost.
time and functional results. The modifications and clarifications
thereby undertaken may be formalized as change Orders but the
information or reflected experience gained thereby remains privy to
the Construction Manager and the Contractor.
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