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An analysis of
high-rise partition
problems

(Editor’s Note: This article on parti-
tion cracking originally appeared in
the United States Gypsum Com-
pany’s magazine, Form & Function.
Its treatment of a perplexing prob-
lem is so complete that it is reprint-
ed here, with the permission of Form
& Function, to assure that all of
Construction Dimensions readers
will see it.)

The following article appeared in
the August 1977 issue of Con-
struction Dimensions magazine
and is reprinted as another in a
series of historical articles
presented by the Foundation of
the Wall and Ceiling Industry.

Each advance in construction technology brings with it new problems. A
notable example is the high-rise building. The use of flat-plate concrete
construction and exposed exterior columns has provided vertical growth of

buildings economically and efficiently, but has created new problems that only
recently have become well understood.

Not only have significant strides been made in the engineering aspects of building,
but the development and improvement of building materials have also expanded
structural and architectural capabilities of the industry at the same time. The ar-
chitectural result of these technological and material advancements has been that
more and more volume can be enclosed with less and less material. Regardless
of design concept, this can only lead to buildings of less mass and consequently
less overall stiffness.

Where land cost or other considerations have dictated against free lateral ex-
pansion of urban buildings, growth has become vertical. For many years, the need
for vertical growth was confined to central business sections of the cities, and high-
rise construction consisted chiefly of office buildings. But transportation problems
and high land costs produced economic pressures that have made it necessary to
expand residential buildings vertically, too.

As a result, designers and developers have refined their techniques, architec-
turally and structurally, to produce more economical structures without compromis-
ing safety. One such reinforced concrete design is popularly known as the “flat
plate,” in which the underside of a concrete structural slab can be used as the ceiling.

Problems Plague the Flat Plate
As is true with many innovations, the dramatic development of the flat plate

in building construction brought with it a whole new series of problems. The most
elusive of these, and the subject of this article, is partition cracking.

The primary causes of partition cracking as related to the structural frame are
racking, in which the rectangular shape of the partition is forced into a parellelogram
shape, and flexural tension cracking, in which structural force is applied near the
center of a partition. The cracking pattern caused by racking is referred to as Type
A Cracking (Fig. 1) in this article, and that caused by flexural tension is Type
B Cracking (Fig. 2).

Because of a general lack of understanding of the mechanics involved, these
two types of cracking are often confused with each other and with other unrelated
causes of cracking of partitions. Thus, it is first necessary to discuss the mech-
anics of the causes, the differences between the two types of cracking, and the
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characteristics of other types of crack-
ing before we can determine how to
solve the problem.

How, Why and Where
Does Cracking Occur?

Sometimes non-structural elements
in a building suffer as a consequence
of utilizing structural advances to
derive economies. For example, roof-
ing and insulating materials, floor
coverings, ceilings, curtain walls and
partitions frequently experience un-
usual new problems, not only because
the structural elements are less rigid,
but because of economizing on these
non-structural elements as well. Parti-
tions are a prime example. Particularly
in high-rise apartments, extensive par-
tition cracking has occurred with in-
creasing frequency (where suitable
detailing was not provided.)

The pattern of cracking caused by
structural movement depends in part
on the physical properties of the par-
tition, as well as the method of fram-
ing it. If the interaction between par-
titions and building framing is not well
thought out, loads can be transmitted
to the partition as a result of move-
ment of the structural frame. When we

evaluate cracking problems in non-
structural building materials, such as
those used in partitions, many factors
must be considered. Table 1 lists these
factors as they relate to the suscepta-
bility of various materials to crack in
structural movement situations.

The Type A (racking pattern) is
found primarily in the upper floors of
high-rise buildings, usually if exterior
columns are exposed. This kind of par-
tition distress results from racking of
the structural elements that surround
and support the partition. The rack-
ing is caused by thermally induced ex-
pansion or contraction and drying of
the concrete structural frame.

The Type B pattern, which is
predominant near the center of a par-
tition span, is the result of flexural ten-
sion as the wall panel tries to follow
the deflection of the structural (slab)
floor and/or ceiling.

Tensile Cracking is
Not the Problem

Let’s consider the sources of tensile
cracking. Most investigations have
concluded that cracking in partitions
and ceilings results from shrinkage
restraint in the material or to move-

ment in the base or frame which sup-
ports the surface material (e.g.studs
masonry, etc.). This source of crack-
ing has been thoroughly studied and
documented.

However, restrained shrinkage in
partitions is not a primary cause of the
distress which occasionally is en-
countered, and which is discussed in
this article. In the first place, Type A
(racking) Cracking is usually found in
the upper floors of a high-rise struc-
ture, with the intensity of the cracking
increasing floor by floor toward the
top. Conversely, shrinkage problems
would not be restricted to the upper
floors since it can be assumed that
temperature and humidity conditions
are fairly uniform throughout the
building.

Furthermore, shrinkage cracking
displays its own typical pattern which
is dissimilar to Type A Cracking. The
stress pattern in Figs. 1 and 3 clearly
show that the partition is racked and
distorted as the surrounding frame
moves from a rectangular shape into
that of a parallelogram.

Restrained shrinkage cracking dif-
fers from Type B Cracking as well,
although since Type B usually displays
distress throughout the building, it
may lead one to suspect that Type B
Cracking is caused by shrinkage. How-
ever, Type B Cracking is characterized
by vertical cracks which start at the
base of the partition with a wide gap
and gradually decrease in intensity,
disappearing as they move toward the
top of the partition (Fig. 4).

Shrinkage cracks will normally be
uniform in width and intensity from
floor to ceiling. Shrinkage cracks also
can be repaired satisfactorily, prior to
decorating. However, the Type B
Crack does not stabilize for some
period of time after decorating. Even
though it is repaired three or four times
in a 12-month period after construc-
tion, the crack recurs and continues to
widen at the base, increasing in inten-
sity and length, until the deflection in
the structural slab has stabilized.

Differential foundation settlement
can also be eliminated as a possible
source of either Type B or Type A
Cracking. Cracking from this source
would not be confined to upper floors
as Type A is. Nor would it be evenly
dispersed through the structure as
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shrinkage cracks. Instead, it would be
concentrated in the vicinity of the
elements that have settled.

Seismic forces can also be eliminated
as a cause, since the pattern of crack-
ing produced by these forces (Fig. 5),
whether from earthquake or vibration,
is not similar to either type of cracking.

Building Types Involved
When construction difficulties are

encountered, the first investigations
usually center around quality of mater-
ials. It is very unlikely that the crack-
ing problems under discussion here can

be attributed to faulty materials. The
problem is associated too closely with
a particular building type-and too
widespread geographically.

By process of elimination, we have
thus reduced the probable source of
cracking to movement of the structural
framework. This movement may be
brought about by wind, gravity or
volume change in the framework
elements. Although wind cannot be
totally eliminated as a contributing fac-
tor, it is not likely to be the primary
cause of Type A (racking) Cracking,
and definitely not a cause of Type B.

Type A Cracking is usually en-

Fig. 3. Typical racking crack pattern
—column at right of partition (above)
moved up with respect to column at
left. Type A Crack at lower left is wide
at bottom, decreases as it goes up.
Crushing is also evident at ceiling
junction (see insert).

countered in buildings that have ex-
terior columns and/or spandrel beams
either partly or completely exposed to
outside temperature. Since the interior
of the building maintains a fairly
uniform temperature, interior columns
and beams are not subject to much
movement from temperature differen-
tials. Exterior columns and beams,
however, are subject to wide swings in
temperature. Their free movement is
restricted only by the restraint provid-
ed by the remainder of the structure.
Frame restraint reduces the free move-
ment in an amount dependent on stiff-
ness, but total movement can still be
appreciable.

Assuming a 30-story building has
300 lin. ft. of exposed column in steel
or concrete, the free movement from
a 100°F temperature change could be
expressed this way:

= 0.000006 × L × (T - To)
is free expansion, L is column

length in inches, (T - To) is
change in temperature in degrees
F

= 0.000006 (300) (12) (100) =
2.16 in.

Because of the stiffness of the
frame, the total movement is usually
found to be less than half the amount
calculated for free movement (Fig. 6).
The amount can be approximated by
proper structural analysis. As the out-

Table 1. Factors relating to cracking problems in materials for non-structural partition and ceiling assemblies

A. Physical properties of the material C. Material quality

1. Tensile and compressive strengths
2. Tensile strain required for failure
3. Creep and shrinkage properties
4. Coefficient of thermal expansion

B. Causes of tensile stress in the material

1. Drying shrinkage
2. Thermal shrinkage
3. Structural movement of supporting

elements produced by:
(a) foundation settlement,
(b) seismic force,
(c) wind load,
(d) volume changes in supporting

materials, or
(e) gravity loads

1. Comparison of partition
materials to an established
standard (e.g., ASTM)

2. Comparison of supporting
materials to be recognized
standard (e.g., ASTM)
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Fig. 4. Type B Crack (at right) is
caused by sagging upper floor bear-
ing directly on wall. Lower floor also
deflected from wall due to creep in
concrete, so pressure from above
tries to bend partition like a beam.
Flexural cracks are widest at bottom,
run out as they move vertically.

side column moves up and down with
respect to the inside column, cracks,
and gaps can be expected in two cor-
ners of any partition that frames
against columns. Evidence of crushing
will show up in the two opposite cor-
ners (Fig. 3). Diagonal cracks may

Fig. 5. Vibration source, such as
earthquake or blasting, causes this
type of crack pattern.

Fig. 6. Section of 30-story building
shows effect of differences in indoor
and outdoor temperatures. Right side
shows how much differential move-
ment could be expected in top floor-
slab during winter; on left, movement
during summer. Numerical values
assume free movement of exposed
exterior column due to temperature
change. Actually, free movement is
restricted by bending stiffness of
frame, and actual movement will be
considerably less.
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also show up on the face of the par-
tition if the edges are unusually well
reinforced.

In other words, the partition is
forced to become a shear wall, but
does not have sufficient strength to
resist much force. When cracking
caused by movements in exterior col-
umns does occur, partitions paral-
lel to the outside walls are usually
unaffected.

As stated before, Type B Cracking
is a result of floor deflection. This
deflection, particularly in flat-plate
design, increases for some time after
construction, due to creep. It may
amount to 2½ times or more the in-
itial dead-load deflection. The deflec-
tion continues at a decreasing rate un-
til becoming reasonably stable.

Type B Cracks, therefore, usually
can be repaired after a one to two-year
‘period following completion. The
problem should not recur to any ser-
ious extent. On the other hand, Type
A (racking) Cracking cannot be re-
paired by filling the cracks, since the
distress reverses with prolonged
changes in outside temperature. A cor-

ner that is now being pulled apart can
show signs of compression at other
times.

Integral Construction a
serious Problem

Both types of cracking are illustrated
in Figs. 7 and 8, the results of modest
scale-model studies. In both cases,
cracking appears most serious when
partitions are tightly connected to the
structural frame, rather than supported
by some kind of suspension system.
Type B Cracking, which is caused by
sagging floors, is less likely when the
wall connects to a suspended ceiling
than when it is extended to the bottom
of the structural floor. Type A (or
racking) Cracks may still occur when
suspended systems are employed, but
their severity will be reduced.

The Solution Appears
Now that the problem and likely

causes have been discussed, we logi-
cally ask, “What can be done about
it?” The most obvious answer is to
take into consideration, during design

stages, the anticipated structural move-
ment in the frame and deflection in the
floor system.

Based on experience, exposed con-
crete columns and shear walls can be
safely used in structures from six to ten
stories high (in most areas) without
creating excessive stresses on most
non-load-bearing partitions. Beyond
these limitations, a control joint which
allows sufficient movement must be
provided at the periphery of the parti-
tion. A number of control joints can
be detailed to do this, depending on
the materials used in the partition con-
struction and appearance considera-
tions in the finished wall.

The design of this control joint must
not only take into consideration the
movement, but also must maintain the
required fire protection and sound
isolation of the partition.

Initial deflection and anticipated
creep deflection can be calculated. This
can be reduced with a stiffer floor
system, or with pan-joint construction
and a suspended ceiling. If the flat
plate is used, consideration should be
given to a stronger partition, with a
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Fig. 7. In laboratory model of section through two bays of three-bay building
(top), partitions are in direct contact with interior and exterior columns, ceiling
and floor. Photo illustrates effect of moving exterior column up (note wedge)
with respect to interior column. This simulates upper floors in tall building during
summer. Type A Cracks are circled.

Fig. 8. Interior partition of model is loaded by thumb pressure on upper floor
to simulate effect of sagging floor (bottom). A thin Type B Crack appears near
center of wall (circled). Type B Cracks are typically much narrower than Type
A Cracks and may be expected anywhere in building, not just in partitions
at slabs of upper floors as with Type A.

control joint to compensate for deflec-
tion of floor and ceiling.

At the present time, it is not eco-
nomically sound to develop non-load-
bearing partitions that are capable of
resisting stresses imposed by the struc-
tural frame under these conditions.

It seems the only sensible approach
is to make architects and engineers
aware of the problem-so they can
assess it properly beforehand, rather
than blame materials afterwards.
United States Gypsum has developed
partition detailing that can accom-
modate the building movements,
rather than resist them, and still main-
tain past economies.
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