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Old mill buildings vs current design loads—

A survival approach

Raymond S. Milman, Chief Engineer, Structural Dept., Middough Associates, Inc., Cleveland, Ohio

UPGRADING existing mill buildings is a high priority task.
Companies are modifying their technology and facilities to
increase production and reduce product cost. A significant cost
benefit is realized with the modification of existing mill build-
ings and structures vs new construction.

Mill building modification usually involves upgrading
capacities of existing cranes or installation of additional
cranes. This means that additional loads will be applied to the
existing structures which have to be checked for the new load
conditions and brought into compliance with requirements of
presently active design codes.

Design work associated with upgrading existing mill build-
ings, especially old mill buildings, presents a challenge for the
design engineer. Old mill buildings are considered in this
article as those designed prior to 1969, when the first edition
of the Guide for the Design and Construction of Mill Buildings,
AISE Technical Report No. 13 was published. (The first edi-
tion of AISE Technical Report No. 13 and the subsequent
second edition, 1979, contain the current recommendations for
steel mill building design loads and load combinations.)

Design codes and techniques (structure modeling, deter-
mination, application and distribution of design loads) used
in the past have changed significantly. Design codes presently
used (eg, AISC, AISE and others) establish various design
criteria, many of which were not (or only partially) recognized
in the original design of existing mill buildings.

Currently, it is common for the design engineer to encounter
significantly overstressed conditions when current design
criteria are applied to existing mill buildings and their
original cranes. However, many of these buildings have per-
formed satisfactorily for many years and do not show any sign
of distress in the regions that have been theoretically over-
stressed during that time. In such cases, modification of
existing mill buildings to handle additional crane loads could
require a substantial reinforcement with an associated long
downtime period for the mill operation and large capital
expenses. Such decisions could make a modification project
economically unacceptable.

The following inequality defines the theoretical overstress
condition in terms of the allowable stress design (ASD)
method,
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The left side of the inequality is the required strength (design
forces or moments) which is a function of loads and the design
model of the structure. The right side of the inequality is the
allowable strength which is the nominal strength divided by
a factor of safety. When the two sides of the inequality are
divided by the appropriate section property (eg, area or section
medulus), the inequality is converted into a relationship be-
tween design and allowable stresses. The theoretical over-
Stressis a condition when the design stress is greater than the
allowable stress. To eliminate the theoretical overstress situa-
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tion, the design engineer could use one of the following tech-
niques separately or in combination:

* Reduce safety factor.

* Increase section properties.

* Improve design model of building.

* Review and revise design loads and combinations.

Reducing the safety factor is difficult for the designer unless
it can be proven that the particular loading combination that
creates the overstress condition has a low probability of occur-
rence and/or a short duration of action (similar to combina-
tions which include wind or earthquake loads). This approach
is undesirable because the designer will go against a common
tendency to increase the required safety factor for old strue-
tures.

Increasing the section properties of the structure means
reinforcement.

Improving the design model of the building has the objective
of obtaining more realistic load distributions which would be
expected to lead to a design force reduction. Changing the
building design model could require some modifications in the
real structure that are less expensive and more convenient to
perform than direct reinforcement of the overstressed members.

Some design loads and combinati r ded by cur-
rent design codes are unduly conservative, especially loads
generated by the crane or trolley motion. Some load combina-
tions recommended by design codes include at least two in-
stantaneous impact type loads with a probability of
coincidence close to zero. Such combinations, after approval
by the mill building owner, can be excluded from consideration
or used with a substantially reduced safety factor.

Optimal structural design of mill building modifications
should minimize the total cost of the project. The project cost
consists of a direct cost of building modifications and losses
associated with downtime in the mill operation required to
accomplish the modification.

An advanced structural model and critical review of crane
loads and lcad combinations can help achieve the optimal
design in existing mill building modification projects.

Historical review of mill building design models

In early days, designers did not have the benefit of the
knowledge which extensive research and computerized
analysis provide today and, instead, had to depend of common
sense. Because designers had no practical means of dealing
with indeterminate building structures, they made the struc-
tures statically determinate by assuming pinned ends and
designing columns and trusses as simple elastic structures.

At the beginning of the 20th century, Ketchum!2 proposed
solutions for statically indeterminate mill building frames.
Utilizing Ketchum's formula, the designer was able toanalyze
the building as a statically determinate planar frame.
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For many years, Ketchum's books on steel mill building
design were the only textbooks for students and the hand-
books for design engineers. Many mill buildings were built
using his recommendations and many are still providing de-
pendable service. However, analysis of these buildings using
present design codes predicts significant overstressed condi-
tions, mainly due to increased design load factors.

In 1956, Murray described a new approach in mill building
design called the space frame concept.? Murray proposed two
different models for mill building frame design: Model No. 1, for
crane and roof loads and Model No. 2, free to sway frame, for
wind loads. In Model No. 1, the crane column was taken out of
the space frame and analyzed as a free body or isolated member,
The column was considered as fixed at the base and pinned at
a point midway between the knee-brace and the bottom chord
of the roof truss. No side sway of the pin was allowed. Utilization
of the Murray approach provided more economical mill building
column design in comparison with the plane frame model.
However, all buildings experience side sway. The side sway may
be small for multi-bay stiff buildings with well developed bottom
chord bracing or it may be large in tall, 1 or 2-bay flexible
buildings. Large side sway also occurs at building end bents and
at bents located next to temperature expansion joints. The
Murray single-column model neglects the side sway effect. This
results in underloading of the lower part of the column and
overloading of the upper part due to crane loads in comparison
with a contemporary 3-D building model which includes side
sway provisions.

In summary, mill buildings designed prior to the late 1950's
were most likely designed as plane framed structures. Strong
columns and weak bottom chord bracing are typical features
of these buildings. Changing the building model from a plane
into a space frame allows for crane load sharing. Such a model
change would require modification of the bottom chord brac-
ing and probably a few minor column modifications.

Mill buildings designed after the late 1950’s may have been
designed as a plane frame, but with much stronger bottom
chord bracing. The possibility exists that a particular mill
building design was based on the Murray space frame concept.
In this case, the designer faces a difficult problem to bring the
existing building into compliance with the current design
codes without significant reinforcement and/or rationalizing
design loads and combinations.

Computer modeling of mill building frame

It is now commonly accepted that mill buildings are space
structures.

Crane runway girders deliver crane loads directly to two or
three transverse bents simultaneously (Fig. 1). These local-
ized crane forces are then distributed from the loaded bents
in the form of reactive forces to adjacent transverse bents
through horizontal diaphragms (eg, bottom chord horizontal
bracing, floors, etc). In this transaction, the crane acts as a
rigid link between two sides of the runway.

It is possible to develop an elastic 3-D finite element com-
puter model of a mill building. However, such a model, even
for a mid-sized mill building, could easily consist of a few
thousand nodes and elements (Fig. 2). Many design companies
are not equipped with computers and programs to perform
such an analysis. In addition, it is inconvenient to work with
a large program when many changes can be expected before
the final solution is obtained. '

An alternative approach, which provides a high degree of
accuracy, is to resclve the 3-D mill building frame problem
into 2-D problems using a series of 2-D stiffness computer
analyses (Fig. 3).

Each transverse bent is modeled as a planar frame. [nterac-
tion between bents is provided by a horizontal diaphragm (roof
truss bottom chord bracing or floor framing) which is con-
sidered as a horizontal continuous frame on a series of elastic
supports with linear elastic stiffnesses equal to the lateral
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(vertical or horizontal)

Fig. 1 — Crane loads on mill building adjacent transverse bents.

stiffnesses of the transverse bents at the level of the horizontal

diaphragm. Reactive forces from crane-loaded bents at the

horizontal diaphragm level are distributed by the horizontal

diaphragm between all bents which are used as elastic sup-

ports for the diaphragm. The solution can be formulated as a

sequence of steps (Fig. 3):

¢ Step No. 1—Develop a planar model of each transverse

bent and apply horizontal load T = 1 kip at the horizon-
tal diaphragm level (the bottom chord bracing in the
example). Run the analysis and determine the frame
horizontal displacement at this level. The reciprocal of
this displacement is a linear elastic spring constant for
the horizontal diaphragm support. Prior to Step No. 2,
the design crane loads (vertical and horizontal) have
to be determined for the analyzed and adjacent bents
(Fig. 1).

Fig. 2 — Mill building space frame.
TOTAL NO. OF JOINTS = 1134
TOTAL MO, OF MEMBERS = 2120
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Fig. 3 — Space frame analyses using 2-D frame models (for crane
loads only).

* Step No. 2—Place a horizontal support (vertical roller)
at the horizontal diaphragm level into each plane
frame model of the transverse bents subject to crane
loads. Determine the horizontal reaction R, at these
supports due to the crane loads only.

Step No. 3—Develop a planar model of the horizontal
bottom chord bracing on elastic supports. Sometimes,
the continuity of the bottom chord bracing is inter-
rupted by repair bays or temperature expansion joints.
In such cases, the longitudinal spread of the space
frame is defined by the continuity of the existing or
modified bottom chord bracing. To insure load sharing,
bottom chord bracing must be stiff enough to transfer
loads. Tension rods (often with large sag) should be
replaced with angles or tees. Apply horizontal reac-
tions from Step No. 2 to the bottom chord model as
external forces and determine the reactions at all elas-
tic supports, These reactions will show the distribution
of crane loads between transverse bents.

Step No. 4—Remove the vertical roller (Step No. 2)
from the planar model of the bent. Apply an external
reactive force at this point equal to R, - r, as deter-
mined in Step No. 3 for the crane loading of interest.
The bent is now modeled as a planar, free to sway,
frame with an external reactive force at the bottom
chord bracing level which represents the resistance of
the entire space frame to sway motion of a single frame.
This is the space frame sharing effect, which helps to
substantially reduce column bending moments in com-
parison with simple free to sway mill building frames.
The effect of the crane side thrust distribution using
different frame models is shown in Fig. 4.

The degree of load sharing varies and depends on the relative
stiffness of the bracing to the bents and position of the
analyzed bent in the space frame.
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Prior to analyzing an existing mill buildip, :

concept, the designer should perform the plangar?sﬁg t:)h:wt]?
frame analysis of the original building frame and :iet.ermine'
the need for column reinforcement. The designer should then
decide whether bottom chord modification is required to
change the building design model. (The author hda fas
perienced cases when the existing building columns being
analyzed as part of a planar frame, satisfactorily resisted the
current design load and, thus, required no modifications.)

Evaluation of crane loads

All overhead traveling cranes operate dynamically, simul-
taneously generating and being under the action of forces
which include steady-state and time-varying com ponents.
The steady-state part of the total crane loads is represented
by the static loads such as the weight of the crane bridge,
trolley, lifting hanism, other equig and the lifted
load. At each moment of crane operation, the static crane
wheel loads can be determined by applying the laws of statics.
Dynamic forces are time varying in direction and/or mag-
nitude. Crane dynamic loads are introduced by the crane work
and by the inertia of the masses, which are put into motion.
The crane operation generates forces due to load lifting, trol-
leying, crane travel and friction. The inertia forces are those
that result from overcoming the inertia of the load and crane
component in leration and deceleration pr
for all functional motions.

Fig. 4 — Crane side thrust effect on different frame models.
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For any defined condition, the crane dynamic forces can be
leulated with re: ble accuracy, but it is seldom possible
to define the operating condition accurately. This is especially
true for the dynamic forces in a coupled system such as a mill
building/crane. Interaction between the building and crane
develops through the runway, crane rails and crane wheels,
which makes the analytical definition of the system relatively
complicated. Apparently, this is the reason why no adequate
methods of describing crane dynamic forces have been
developed since the first mill buildings were designed.
Current design codes define crane dynamic farces as a per-
centage or factors of known static loads such as lifted load,
trolley and bridge weight, wheel load, etc. A similar approach
was used by Ketchum at the beginning of the century in the
General Specifications for Steel Frame Mill Buildings.
Dynamic forces determined by using design code recommen-
dations do not reproduce a reasonable approximation of the
actual forces because they do not include in their determina-
tion such variables as motion characteristics of the crane and
its components and the stiffness of the craneway support
structures. This can be demonstrated by the following ex-
ample. §

TABLE | Vertical Impact

Total vertical
Source Description Impact, kips
Ketchum? 25% X wheel loads— arz
s for runway girders
only
Alsc? 25% X wheel loads— arz
for runway girders
only
AISE Technical Report No. 13'  25% X wheel loads— arz
for runway girders
and bullding frame
AISE Standard No. 8" 0.2 X wheel loads 297
CMAAM 1 X wheal loads 223
0.15 = | = 0.005 (holst
speed fpm) = 0.5
0.005 X 21.5 = 0.11
German Standard DIN 4132 0.1 X wheel loads—Ifor 149
building structure
0.2 X wheel loads—for 297
runway girders H2
Crane Class (ladle
cranes)
USSR Standard SNIP 2.01.7- 0.1 X wheel loads—for 143
85" runway girders only.
No Impact on bulld-
Ing structure
Heist operation analyses Uplift with max. accal- 52

eration 0.1 g. This is
10% of lifted load or
3.5% X wheel load
Max. lowsring speed 182
with full load and In-
stantaneous stop
(conservative case).
This Is approximataly
11% of wheel loads
Crane wheal Jump due 24
te vertlcal rall mls-
alignment (Y In.
Jump). Crane travel
spesad max. 4 Ips

Crane lravel analyses
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Example of dynamic force calculations

Dynamic forces have been determined using different design
code requirements and simplified dynamie analyses based on
thg stiffness and mation characteristics of the crane and
buﬂd:.ng: The simplified dynamic analyses included a few
assumptions: all vertical and horizontal (from straight side
thrust) wheel loads were equal on one crane side; and the
lateral stiffnesses of the crane girders were not taken into
account. Longitudinal horizontal dynamic forces were not
included in the example because of the simplicity of their
determination. These forces cannot exceed the sum of crane
traction forces which equal the vertical loads on drive wheels
times the coefficient of static friction for steel on steel, or the
crane runway stop collision force.

A 250-ton ladle crane, positioned to produce the maximum
column load, was used.

Vertical impact — Vertical impact forces result from crane
longitudinal travel and hoisting operations. The variety of
crane vertical impact forces determined for the same crane
using different design sources is illustrated in Table L.

Several tests performed on mill cranes®!s show that impact
during real operating conditions did not exceed 7% of the crane
static loada.

It is difficult to develop a realistic analytical model or simu-
late a test load condition that results in a 25% impact factor
for crane loads. A drop-off load case should be excluded as
nonrealistic. Griggs® proposed that this conservative design
impact factor should be called an overload factor rather than
a dynamic impact factor.

Lateral side thrust — Lateral crane straight side thrust
forces (Fig. 5) are the result of trolley operations: acceleration
or deceleration; friction forces due to start of trolley travel or
braking; and collision with the trolley stop. The straight side
thrust force for the 250-ton ladle crane based on various
design sources is shown in Table II.

There is a noticeable nonconformity between two AISE docu-
ments, Technical Report No. 13 and Standard No. 6, in the
determination of lateral side thrust forces (Table II). In
reality, the forces applied by the crane to the runway are equal
to the reactive forces from the runway to the crane.

Fig. 5 — Crane lateral forces (general concept).
STRAICHT SIDE THRUST
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Skewing forces — Crane skewing forces are the least inves-
tigated dynamic forces (Fig. 5). These forces originate from the
tendency of the crane to meander as it travels in the lon-

TABLE Ill Crane skewing forces

gitudinal direction. The reason for such a tis
dynamic asymmetry which generates different traction forces
on the two sides of the runway, imperfections in cranes and
improper runway maintenance. Information for the evalua-
tion of skewing forces can be found in references 13 and 16.
Skewing forces determined for the 250-ton ladle crane based
on various design sources are shown in Table III.

Crane skewing forces always provide a local horizontal bend-
ing for craneway girders and building columns. They only
generate a horizontal twist on the overall space frame of the
building. (Only space frame analyses could provide accurate
distribution for the frame forces due to crane skewing.)

The lateral loads from crane skewing could be more un-
favorable than the lateral loads from trolley operations for
crane girders and their connections to columns. The prob-
ability of the peak magnitudes of the trolley lateral forces and
the crane skewing occurring simult
Zero.

The absence of a crane skewing force provision in AISE
Technical Report No. 13 and AISC specifications?, and exces-
sively high, straight side thrust forces in comparison with
other design codes, suggests that the skewing force provision

TABLE Il Lateral straight side thrust

Ketchum? No provision for crane 2
skawing

Aisc* No pravision for crane _
skewing

AISE Technical Report No. 13 No provision for crane o
skewing

AISE Standard No. 5" Two forces sach +149
10% X (fully losded
crane weight)

CMAA™ Sum of skewing lorces 439
F = S, X whesl load
S. = coefficient which
Is function of span to
wheel base ratlo

German Standard DIN Sum of skewing forces +121

ly is practically 15018" vs stearing force
USSR Standard SNIP IF6~74*2  Sum of skewing forces %77

&.60,7-85  F =0.1X wheel load

Total side
Source Description thrust, kips
Ketchum? 0.2 X lifted load 100
nIsc? 0.2 (trolley weight + 188
Iitted load)
AISE Technical Report No. 13*  Largest of 188
20% (trofley
weight + lifted 148
load -

10% (entire crane
welght + lifted
load)

40% lifted load e

0.2 (trolley weight + ~ B4

litted load) X r

r = ratio of number ol
driven wheels to total
number of wheels

(7.8 X a t/sec?)% X 116
vertical load

ey = 1 H/sec?

AISE Slandard No. 8"

CMAA™

German Standard DIN 4132™
DIN 15018"

USSR Standard SNIP 2.01.7-
85
Trolley operation analyses

1.5 X 0.2 X (min. trol- 51

ley driven wheal
load)

0.05 (trolley weight +
lited load)

Max, friction forces due
to the stari of trolley
travel or due to brak-
Ing before driven
wheels start skid-
ding. Coafficlent of
frictlon lor wheal on
rall was laken as 0.2

Trolley collision lorce
al 50% max. Irolley
spead Kyunpers =
22.3 kflin.

Trolley collision lorce
at full max. trolley
speed (conservative
case)

42

84

45

1]
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is built into the total side thrust force. Such an approach
creates an excessively conservative design case for the build-
ing frame analysis.

It appears that no one (at least in the U.S. and Canada) has
measured crane skewing forces.

During the last few years, two field tests were performed in
the U.S. and Canada on steel mill plants. The magnitudes of
vertical impact and lateral side thrust forces determined
using test results were substantially below the same forces
determined in accordance with the AISE Technical Report No.
13 and the AISC specification?. The results of these tests were
successfully used in the projects of upgrading the existing
steel mill plants.

At the present time, in the absence of rational methods for
crane dynamic force determination recommended by the
design codes, thére are two basic alternatives which can be
exercised by the design engineer in cooperation with the steel
mill owner to determine realistic crane forces for the par-
ticular crane and building, an analytical and a field test
method.

In the analytical method, crane dynamic forces should be
determined by dynamie analyses using motion and stiffness
characteristics of the crane and the building.

In the field test method, the most severe crane operation
conditions should be simulated to produce the maximum
impact and side thrust forces. The system of strain gages
installed on the crane girders and the crane makes it possible
to determine the stress fluctuation due to various crane ac-
tions producing dynamic forces. The recorded stresses then
can be transformed into forces which caused these stresses.

The second method is more precise because it eliminates all
analytical assumptions which cannot be avoided in the first
method. The cost of the field test will be easily recovered later
by savings received from the elimination or reduction in the
building reinforcement and downtime required to perform the
reinforcement.

Load combinations

Engineering judgment is required in selecting realistic load
combinations, especially when the designer deals with an
existing mill building. The goal is to include in each load
combination only those loads that can be reasonably expected
to occur simultaneously. In addition to static vertical loads,
crane loads include a group of instantaneous dynamic leads:
vertical impact; horizontal longitudinal forces; horizontal
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straight side thrust; and horizontal skewing forces, Consider-
ing more than one of these instantaneous dynamic forces at
their peak value in one load combination creates a load case
with a low probability of occurrence. The instantaneous char-
acter of vertical impact and side thrust forces is illustrated in
Fig.6and 7.

To determine the probability of simultaneous occurrence of
two or more instantaneous dynamic forces, it is necessary to
take into account various other parameters. These include the
position of the crane bridge, position of the trolley and the
percentage of maximum load being lifted at any time. For a
given structural member under consideration there is only one
combination of these three parameters, out of an infinite
number of combinations, that results in the maximum re-
quired strength.

Current design codes select this single combination of crane
bridge and trolley position along with 100% of maximum lifted
load to which several instantaneous dynamic factors are then
applied. Commonsense dictates that the greater the number
of parameters, which can vary, the lower is the probability
that any one combination may occur. Especially, when several
parameters are instantaneous.

Fig. 7 — 250-ton ladle crane horizontal side thrust test. (Load cells
installed on crane wheel truck pin.) 3
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AISE Technical Report No. 13 Guide for Desi 5
struction of Mill Buildings was develope?by eng“ma::wﬁ:-
ing for the steel industry and reflects, at least judgmentally,
the operation of steel mill cranes. This explains why the
g:qior‘!tylof stegl nuil owners in their specifications for upgrad-
ing existing mill buildings require compliance with this docu-
ment. This is a difficult problem because, in addition to
conservative crane loads, the report recommends the use of
excessively conservative load combinations with a probability
of occurrence close to zero. This conservatism regarding crane
dynamic loads can be considered as a defensive measure
against some abusive usage of cranes and/or improper main-
tenance of cranes and craneways. However, it is difficult to
explain conservative load combinations that combine already
conservative loads to create an extremely conservative solu-
tion. Such an approach is not economically feasible for the
upgrading of existing mill buildings.

A new, revised edition of AISE Technical Report No. 13,
which will be issued in 1991, includes a new Supplement I
Suggested Procedure for Inspecting and Upgreding of Existing
Structures. Supplement II contains valuable recommenda-
tions concerning the upgrading of existing mill buildings. This
revised edition recognizes that recommended crane runway
loading requirements may be somewhat conservative and
encourages the designer to exercise engineering judgment in
the analysis of existing structures.

The design engineer, in consultation with the steel mill
owner, should develop load combinations that meet the
specific criteria of a particular plant operation.

The author would recommend the exclusion of any combina-
tion of instantaneous dynamic crane loads which originate
from different functional processes. Examples include: hoist
operation and trolley travel; crane and trolley travel; hoist
operation and crane travel; trolley bumper collision and hoist
operation; ete.

The following suggestions are based on a review of original
and current U.S. and some foreign structural design codes,
technical literature and more than 25 years of the author's
experience on various industrial projects

* Dynamic loads due to vertical impact should not be
combined with any other crane dynamic loads. A 25%
vertical impact factor should be included only in crane
girders and their connection to column analyses. No
vertical impact should be used in fatigue analyses of
crane runway girders. The vertical impact factor used
in framing analyses (one crane case) should be
eliminated or reduced. The magnitude of the reduced
impact factor should be not more than 10% of the crane
static loads.

The straight side thrust and skewing forces should be
considered in separate load combinations.
Longitudinal crane dynamic forces can be considered
separately from other crane dynamic forces or can be
considered as a part of the skewing force case.
Simultaneous occurrence of maximum vertical load
from more than two cranes in the vicinity of one column
(eg, two cranes in each adjacent aisle) and dynamic
loads from one crane has a low probability of occur-
rence. In such a case, the total crane vertical loads from
more than two cranes should be reduced by using an
appropriate reduction load factor (Example: USSR,
SNiP 2.01.7-85 uses a factor of 0.8).

If several crane dynamic loads at their peak values are
combined in one load case (eg, vertical impact and
straight side thrust, straight side thrust and skewing,
etc), the allowable stresses should be increased by 33%,
similar to load cases that include wind and seismic
loads.

Separation of crane dynamic loads into different load com-
binations could produce a substantial increase in load com-
binations. This should not be considered a problem since
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present computer programs could provide a force envelope
(maximum and minimum forces from all load combinations)
for each framing member.

Exclusion of unrealistic loading cases from structural
analyses of existing mill buildings does not require any
sacrifice of present safety standards but creates an oppor-
tunity to develop an effective upgrading project.

Conclusions and summary

One experienced engineer wrote that the design of a mill
building is 90% judgment and 10% perspiration. While the
exact percentages are debatable, especially for upgrading
existing mill buildings, sound engineering judgment should
form an important part of the structural design for the
upgrade of existing mill buildings.

Some basic questions that must be resolved by the design
engineer are:

* What building design model best fits the existing struc-
ture? What minor frame modifications can be imple-
mented to change the behavior of an existing structure
to minimize or eliminate member reinforcement?

* How should crane runway girders with restrained
supports and knee braces be treated? Remove, neglect
or consider the knee brace effect on girders and
columns? What should be done with fatigue sensitive
details? Fix them or monitor them and see what hap-
pens?

* How to create load combinations that will include all
possible realistic loads occurring simultaneously? How
many instantaneous crane dynamic forces should be
included in one load combination? How to consider the
probability of simultaneous maximum loads from
several cranes working in the vicinity of a particular
column?

All these and many other questions (omitted from this ar-
ticle) have to be answered by the design engineer and ap-
proved by the steel mill owner prior to detailed analyses and
design.

A mill building modification project will inevitably require
the solution of many problems which were not discussed in
this article. Even for the problems which were discussed, there
is no direct and clear solution. In all stages of the project, the
design engineer should continuously use sound engineering
judgment to achieve the best results.

Two important parts of the structural design of mill build-
ings have been considered; building modeling and crane loads.
Each of these subjects requires further development and im-
provement. Accurate methods of crane load determination
and better understanding of soil-structure interaction should
help in the future development of more rational criteria for
mill building design.

Since 1980, the design approach presented h, been
fully used in numerous steel mill modiﬁmr:io:-::rnjacr;::
U.S. and Canada. Implementation of this approach resulted
in achieving a reliable building modification with minimum
cost required to perform it.
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Mannesmann Demag Receives Contract from Sidmar

Sidmar NV, Gent, Belgium, has awarded Mannesmann Demag Sack GmbH, Dusseldorf, a major order to modernize and
expand the cold rolling mill. The scope of supply includes all equipment for handling the hot coils from the hot strip mill to
the pickling section, a new turbulence pickling section, modernization and expansion of the existing 4-stand tandem mill
and an additional 6-h stand. The entire facility is to be designed as a continuous cold rolling mill and will have an annual
capacity of 2 million tonnes of cold rolled steel strip. The electrical equipment has been awarded separately to GEC of the
U.K. Extensive conversion measures on the tandem mill will be started in the fourth quarter of 1991 and concluded in the
second quarter of 1993. The new pickling installation will be in as July 1992, A

May 1991

Iron and Steel Engineer 35



