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A Review of the New Masonry Chapter
of the Uniform Building Code

by John Tawreseyl, John Kariotisz, James L. No]and3

SUMMARY

The revision of Chapter 24 - Masonry, which will be included in the 1985 edition
of the Uniform Building Code, has roots reaching back to the formation of The
Masonry Society 1in 1977. This paper traces these roots, describes the
development process of The Masonry Society's Standard Building Code Requirements
for Masonry Construction and its subsequent review and modification associated
with becoming adopted as UBC Chapter 24, and discusses some of the principal new
provisions.

INTRODUCTION

Prior to 1976, the Technical Committee of Western States Clay Products
Association complained that building officials, engineers and architects lacked
understanding of masonry materials, design and construction. It was believed
that a major contributor to this problem was the existing Chapter 24 of the
Uniform Building Code and that a complete rewrite of the chapter would alleviate
the problem.

Previous complete revisions of chapters of the Uniform Building Code have only
been accomplished by recognized professional societies, such as the American
Concrete Institute. This factor, coupled with the makeup of the masonry
industry, led to the formation of The Masonry Society (TMS) in 1977. The
objectives of The Masonry Society are as follows:

1. Publications. Publication of a journal and other documents to provide a
forum for communication, and discussion of research and other developments
in masonry materials, design, and construction.

2. Research. Review and evaluation of research and participation in, or
sponsorship of, research.

3. Education. Advancement of masonry education.

4.  Standards. Development of standards through voluntary consensus
procedures. Review and evaluation of masonry codes and standards, design
methods, materials and construction practices.

The masonry industry in the U.S. is divided two ways: first, between the east
and the west, often exemplified by unreinforced masonry in the east and
reinforced seismic-resistant masonry in the west; second, between brick masonry
and concrete block masonry. Figure 1 presents a diagram of the masonry industry.

1Vice President, KPFF, Seattle, WA, USA; President, The Masonry Society
2Principa], Kariotis & Associates, Pasadena, CA, USA
3Principa1, Atkinson-Noland & Associates, Boulder, CO, USA
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Before the advent of TMS, technical developments and information distribution
were handled by each organization, often in competition with each other.
Moreover, professionals not associated with any of the industry organizations
lacked the opportunity to communicate research results or the opportunity to
participate in the general advancement of the knowledge of masonry.

As a consequence, back in the mid 70's, when the Advanced Technology Council
(ATC) needed a national standard for masonry, they discovered that none existed
and proceeded to write their own. Over the years, the ATC standard for masonry
has evolved and is now part of the Building Seismic Safety Council's standard.
Currently in the trial design phase, it may become a standard for federal
government projects.

The first organizational meetings of TMS involved all the masonry industry
organizations: east, west and brick and block. However, shortly after its
formation the east/west split surfaced, and TMS was Tlabeled a western
organization by many in the industry. The eastern industry still recognizing the
need for a new standard, assisted in the formation of the joint American Society
of Civil Engineers and American Concrete Institute, Committee 530. This group
was charged with the responsibility to write an all-masonry standard. The race
was on. The Building Seismic Safety Council, Committee 530 and TMS were all
involved in writing a National Standard for Masonry.

During the 1late 70's, there was intense competition. There was more
standard-writing activity than ever before and not enough knowledgeable people
to fill all the committees. Consequently, key technical members of one committee
were also members of the others. There was a great deal of interaction between
competing groups and the technology associated with standard writing generally
moved forward.

While each of these efforts operated under different organizational structures,
the process of standard development was surprisingly similar. Upon reflection,
the process appears to fall into three separate phases of development. We have
selected the categories of concept, consensus and convergence to describe each
phase.

THE CODE CHANGE PROCESS
Concept

The concept phase is the phase during which the writing committee produces a
draft of the code that has general acceptance by all members of the writing
commi ttee.

Shortly after formation of The Masonry Society, a standard writing committee was
formed. The first discussions centered on the function and purpose of the code.
Several questions had to be answered such as: Should the code consist primarily
of prescriptive requirements or should it contain performance requirements? How
much trust should the code give to the competence of the engineer, to the
competence of the contractor, to the competence of the inspector and the building
official? Should provisions that could not be enforced be included? What can
the code assume is common knowledge? What format should be used?
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The Masonry Society addressed these issues with some relatively simple criteria.
First, the readers and users of the code were prioritized. The prioritized 1list
follows with the most important user identified as the building official.

The Building 0fficial

The Building Inspector

NDesigner — Architect and Engineer
Contractor

Each code provision generally has a primary user. The criteria agreed upon was
simply to write the provision to address the highest priority user. Thus, a
provision with the building official as the primary user would rely on
prescriptive requirements while one with the designer as a primary user would
rely more on performance requirements.

The greatest comment during the entire process is attributed to one of our
authors, Jim Noland. "This is a great moment. This is our opportunity to be
arbitrary, for in the future if someone wants to change this provision it will
have to be justified." Code writing, for all of the scientific data employed, is
often an arbitrary and judgmental process. TMS recognized this throughout the
process and, as a result, recognized the need for involvment by anyone interested
enough to review the document. The purpose of the effort was to write a better
building code and the purpose of a code is to encourage better and safer
structures. With this goal, each and every reviewer had to be satisfied with the
results. Decisions required unanimous acceptance, or we continued to work on the
provision until it received unanimous acceptance.

Finally, in the event that the form and content of a provision could not be
decided upon, there were two escape mechanisms. The first was to Teave it out
and the second was to use the existing Uniform Building Code language.

To do the first, one must recognize that no building codes written to this date
are all inclusive. It is not possible to write a code that covers all design,
construction, inspection and review decisions.

To do the second, one must accept the reality that all building codes are
imperfect and contain errors. The object is to improve upon the existing
document. If we could not reach unanimous consent on a provision, then we would
leave the provision as it was in the previous code.

Finally, and most importantly, the conceptual phase is an educational phase.
During the initial meetings provisions need to be openly discussed, often without
interference from the meeting chairman. Most dissues have many facets not
immediately obvious to the group. Often it takes several hours for one
individual to get his point across. We saw it many times. After several hours of
often emotional discussion, the committee came up with a complete reversal of the
original opinion or an entirely new concept. As each participating member
gathers more knowledge from the other members, and as the group becomes more
knowledgeable of each member's area of expertise, the process begins to move
forward at increased efficiency and effectiveness. The conceptual phase ends
with the first draft of the document, the first draft that has unanimous support
of the writing committee.
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Consensus

Consensus can be defined in many ways, under a variety of organizational
structures and procedures. In the case of The Masonry Society rewrite of Chapter
24, our perception of the consensus process varied. Originally the concept was
simply a consensus of opinion, although objected to by some. By the end of the
process it meant no objection. In other words all negative opinions were
resolved sufficiently to obtain either an abstention or a "yes" vote.

The first draft of The Masonry Society document prepared by the TMS Technical
Committee was distributed for comment at the first North American Masonry
Conference held in Boulder, Colorado in August of 1977. Additionally, the
Structural Engineers of Southern California and nationally recognized masonry
industry groups were solicited to review the document. Many comments were
returned.

It took two years for the committee to review the comments and to respond to
each. The first draft received extensive modification and The Masonry Society
Technical Committee became sensitive to the number of different views of the
document. No matter how clear a provision seemed, someone found a way to
interpret it differently than it was originally intended. The areas that seemed
to be most sensitive to this phenomenon were the areas of definitions and general
design provisions. We probably spent more hours on these two sections than any
other section of the document.

Following evaluation of the reviews, a new document was distributed to the
membership of The Masonry Society for ballot. With a favorable response, The
Masonry Society published document 401-81 of August of 1981. Under some
definitions this document was a consensus standard, however, it did not have
unanimous support. Which brings us to the next phase.

Convergence

To our knowledge, there was no single professional group of sufficient resource
or stature to reach all interested parties. Because The Masonry Society was a
small group, this was recognized without argument. The Masonry Society actively
solicited additional review and comment by other organizations and individuals.
In November of 1982, the Structural Engineers of Southern California set up an
ad-hoc committee to review the draft. Additionally, efforts continued to involve
the other masonry groups. This effort culminated in a three-day, joint industry,
line by 1ine review in July of 1983.

Moreover, TMS sponsored a three-day review conference in August of 1983. Anyone
who wanted to attend was invited. By this time The Masonry Society had a working
communications network throughout the United States and we were sure that most
interested people were aware of the conference. Over 40 people attended and,
again, they reviewed the document Tine by line.

In October of 1983, The Masonry Society Technical Committee met to review the
data from all the reviewers. Representatives at each reviewing organization were
also in attendance. The resulting document was a consensus of those present.
But, several groups not in attendance were still opposed.
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The Masonry Society then began a series of presentations. In October of 1983,
the structural engineers of Arizona, Oregon and Washington were given the
document along with its background. In November, the document was presented to
the Structural Engineers of Southern California and The Masonry Society
participated in several new committee groups charged with reviewing the
document.

During this period, there were Tliterally hundreds of individuals and groups
reviewing the document 1line by T1ine and reporting back through the various
committees of the structural engineer's and industry groups to The Masonry
Society. In each case, comments were received and given a response, either in
person during a committee meeting, or in writing. As a result of this process,
the document continued to change, although with each review the changes became
less extensive. Thus, the use of the term convergence for this phase.

This phase was the most difficult. An almost unmanageable combination of
political and technical aspects seemed to drive the events. The meetings were
often heated and usually very long. However, towards the end we were dealing
with only a handful of provisions as compared to the thousands contained in the
document. Objections were being resolved by changing the provisions, making the
provision the same as the existing code or by leaving the provision out.

The objections which were easiest to resolve were those based on technical
arguments.  Additional data usually was sufficient to support the original
provision or make appropriate modifications. Unfortunately, during the
convergence process, many of the objections were not technically based. They
seemed to be motivated by pride of authorship, general resistance to change,
competition between geographic regions, ego, and even revenge for previous
confrontations. Probably none of the participants was exempt from expressing
some of these non-technical motivations. Here are some examples. Those who
fought the previous code battles were 1ikely to support outdated compromises to
avoid opening old wounds. The TMS Technical Committee members who wrote the
original proposal resisted improvements because of authorship pride. The
building officials who will spend many extra hours learning a new code and
dealing with the inevitable new ambiguities resisted change because of the extra
work.  The engineers who have had bad experiences with below average local
contractors supported overly restrictive provisions to solve Tlocal problems.
The material suppliers who have previously won advantages over competing
products resisted in order to maintain their advantage. The researchers who seek
recognition for new findings proposed entirely new concepts and were impatient
with the slow educational process. The industry staff engineers who carry the
burden of association politics were compelled to resist progress.

These are only a few examples of the non-technical based motivations that can be
expected in the code change process. They, and many others, combine to fashion a
complex maze of obstacles which prevent general acceptance.

In March of 1984, representatives of the masonry industry groups, the structural
engineers and The Masonry Society met for two days to resolve the last remaining
issues. Happily, issues were resolved and the path was cleared for unanimous
support for the revised Chapter 24. In September of 1984, the International
Conference of building officials approved the document for the 1985 Uniform
Building Code. Of 850 or so Building Officials, there were no objections.
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NEW PROVISIONS

The new chapter is organized with the intent of making it easier to read, easier
to find provisions, and easier to change provisions in the future. Major
sections are as follows:

I. Definitions and Nomenclature
II. Material Standards
III. Mortar and Grout

Iv. Construction Standards

V. Quality Control
VI. Allowable Stresses

VII. General Design Requirements

VIII. General Design Requirements - Areas of High Seismic Risk
IX. Empirical Design
X. Design - Unreinforced Masonry
XI. Design - Reinforced Masonry

XII. Design - Composite Construction

Many felt that the Mortar and Grout Section should be considered part of the
Materials Specification and included in Section II. However, because of the
special importance of the provisions, they were retained in a separate section.
Seismic provisions are all Tlocated in one section which should make the
prov;sions easier to use and easier to modify as new information becomes
available.

As previously mentioned, a great deal of time was spent on definitions. The new
code was based on net area stresses and "bedded area" which is defined as
follows: "Bedded area is the area of the surface of the masonry unit which is in
contact with mortar in the plane of the joint". This is a major departure from
basing allowable stresses on the average area of the unit.

A11 provisions in the chapter are based on the specified dimensions. The
previous code had many provisions based on nominal dimensions. Again, this
change should add clarity and uniformity to the design process.

Grouted masonry is now defined as masonry that is grouted. It may be either
holTow unit grouted masonry or multi-wythe masonry with grouted collar joints.

The difference between head and bed joints is not always obvious. Nevertheless,
most codes allow higher tensile strengths across bed joints than across head
joints. The new definition of the bed joint identifies the bed joint as the
joint under the influence of gravity loads during curing. This definition is
consistent with the difference in allowables.

To our knowledge no previous code had attempted to define stack bond. Yet the
new seismic codes had different provisions for stack bond than for running bond
masonry. The following definition survived our review process: "In bearing and
nonbearing walls, except veneer walls, if less than 75% of the units in any
transverse, vertical plane lap the ends of the units below a distance less than
1/2 the height of the unit, or less than 1/4 the length of the unit, the wall
shall be considered laid in stack bond".
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The new chapter does nothing for material standards, except to list them in a
more convenient format.

The Mortar and Grout Section initiated many comments. There is a major new
approach in this section. The wording for the selection of mortar is intended to
encourage the designer to specify mortar and grout by proportions, not strength.
The designer does this based on laboratory and field experience with the
particular masonry units to be used. There are many reasons for this approach.
Poor correlation between the strength of masonry and the strength of mortar
samples 1is a major reason. Other reasons include evidence of an inverse
correlation between bond and shear strengths and mortar strengths and the
unreliability of mortar testing.

The Construction Section contains many new provisions. One of interest is a
minimum mortar mixing time of 3 minutes and a maximum mortar mixing time of 10
minutes. This provision was written for an inspector. There is considerable
field experience pointing to problems resulting from undermixing and overmixing
of mortar. The overmixing problems are related to a high air content in the
mortar.

The International Masonry Industry All1-Weather Council's Specifications have
been expanded and incorporated into the provisions for construction. Steel
placement tolerances are also included. To our knowledge this is the first time
steel placement tolerances have been included in the masonry code.

One of the more controversial aspects of the new code is the elimination of the
high and the low 1ift grouting concept. Instead the table in Figure 2 has been
substituted. This table is far more comprehensive and represents absolute
minimum values (for the building official). These values do not assure proper
grouting. The proper grouting provision is written in performance language and
is the responsibility of the contractor.

There are also many changes in the Allowable Stress Section, beginning with the
Specified Compressive Strength of Masonry, f'm. There are three methods for
establishing f'm: by prism test prior to and during construction, by field and
laboratory experience based on a minimum of 30 tests of similar masonry, or by an
assumed value which is given as a function of unit and mortar strengths. This is
a major step toward treating the specification of design strength for masonry the
same as current practice for concrete. The designer specifies the strength
capacity required by the structure. He must stay within acceptable ranges by
being familiar with the capacity of the materials he is using. It is up to the
material supplier and the contractor to achieve the strength specified.

The allowable stresses are generally the same as in the existing code except the
cutoff maximum stress values for bending compression have been removed. Shear
stresses have been increased with dead 1oad compression and the shear values for
walls with only in-plane flexural reinforcement have been added.

There was much discussion regarding the unity interaction equation and for all of
the alternative proposals, the unity equation was retained because agreement
could not be reached on any new provisions.

Limitations on anchor bolt spacing were also added with full shear values allowed
at a 12 diameter spacing and half values at a 6 diameter spacing. Also edge
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distance minimums were added at 6 diameters, allowing half values for 3
diameters.

A11 height and thickness limitations, except for Seismic Zones 3 and 4, have been
removed. Instead, the code relies on designs within the allowable stresses to
control the aspect ratio. The one exception is the provision of a maximum
distance of 32 times the least width between lateral supports for beam members.

The revised Chapter 24 has new provisions for effective thickness in cavity wall
construction and a 1imit of L/600 for dead load defiection of members supporting
masonry.

There are many new design provisions applicable to design and construction in
zones of significant seismic risk. They prohibit the use of masonry cement
mortars in Seismic Zones 2, 3 and 4. Increased steel requirements for stack-bond
masonry and a requirement that shear walls designed with shear steel shall be
specially inspected are included.

The Design Section of the new code presents the working stress design equations.
This was believed necessary because of the dwindling number of reference texts
available to cover this information. The area of reinforcement in hollow unit
masonry is limited to 6% of the area of the cell (12% with splices). Bolt
embedment requirements have been clarified. A fin has been defined as a 1/2-inch
mortar projection. Prism h/t correction factors have been adjusted to better
correlate with the available data and finally, new provisions have been added to
address recent problems with composite masonry.

CONCLUSION

In the few paragraphs above, it has not been possible to describe all of the
aspects of the process and results obtained in the seven years of work it took to
revise Chapter 24 of the Uniform Building Code. There are many new provisions
not discussed and there are many aspects of the process not covered, and probably
many aspects still not known to the authors.

We remain enthusiastic about the advent of the revised UBC Chapter 24 and the
success of The Masonry Society. It is only a beginning. We are now writing the
commentary and are already discussing the steps necessary to make the transition
to an ultimate strength design code.
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BRICK PRODUCERS BLOCK PRODUCERS
o0 Brick Institute of o National Concrete
America (East) Masonry Association
o Western States Clay Products
Association (West)

LABOR CONTRACTORS
o Bricklayers and o Mason Contractors
Allied Craftsmen Association of America

INTERNATIONAL MASONRY INSTITUTE

o Masonry Institute of America

o Masonry Institute of Washington
o Masonry Institute of Oregon

o Arizona Masonry Guild

o Others

Figure 1 - Primary Components of the U.S. Masonry Industry
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TABLE NO. 24-H -- GROUTING LIMITATIONS

Least Clear Dimensions3
1 Width
Grout Pour of
Maximum Grout Cell Clean-
Grout Height Space1 Dimensions Outs
Type M(Ft) MM(In) MM(1In) Requi red
Fine .3(1) 19.1(3/4) 38.1x50.8(1-1/2x2) No
Fine 1.5(5) 38.1(1-1/2) 38.1x50.8(1-1/2x2) No
Fine 2.4(8) 38.1(1-1/2) 38.1x76.2(1-1/2x3) Yes
Fine 3.7(12) 38.1(1-1/2) 44 . 5x76.2(1-3/4x3) Yes
Fine 7.3(24) 50.8(2) 76.2x76.2(3x3) Yes
Coarse -3(1) 38.1(1-1/2) 38.1x76.2(1-1/2x3) No
Coarse 1.5(5) 50.8(2) 63.5x76.2(2-1/2x3) No
Coarse 2.4(8) 50.8(2) 76.2x76.2(3x3) Yes
Coarse 3.7(12) 63.5(2-1/2) 76.2x76.2(3x3) Yes
Coarse 7.3(24) 76.2(3) 76.2x101.6(3x4) Yes

]Gﬁout space width shall be increased by the horizontal projection of

the diameters of the horizontal bars within the cross section of the
grout space.

2C1ean-outs may be omitted if approved provisions are made to keep the
grout space clean prior to grouting.

3The clear dimension is the cell or grout space width less mortar projections.

*ror grout pours over 1.5M (5 feet) high, see 2404(f)1.

Figure 2 - UBC Tabhle 24-H
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RESEARCH ON MASONRY STRUCTURES IN FINLAND

T-U WECK Ph.D. (civ.eng.)
Technical Research Centre of Finland, Finland

ABSTRACT The change in the use of masonry structures in Finland has
initiated a revision of the finnish standard for masonry
structures. The basic information needed for the revision was
taken through a large research program in the Technical
Research Centre of Finland. The results of this research are
reviewed.

1. USE OF MASONRY STRUCTURES IN FINLAND

Finland, traditionally a country with forest economy, used mainly wood in prod-
ucts for construction of buildings until the last century. The process of
urbanization in Finland called for rapid development of building technology,
particularly in the field of multi-story buildings, and it was then that masonry
was used predominantly in the construction of these buildings. This continued
up to the 1950's, when reinforced concrete structures began to take the place of
masonry structures.

Due to industrialization of building and element technology the use of masonry
structures as load-bearing walls was finally minimized. On the other hand, a
rise in the total volume of building products reduced this effect in the brick
and mortar industries. After the mid-70's the total building volume has, how-
ever, had a gradually falling trend, but at the same time more attention has
been paid to the quality of buildings and the environment.

In spite of different kind of load-bearing structures and materials, a facade
made of masonry has maintained its highly respected position. Accordingly, it
was only natural that, as increasing attention was paid to the quality of build-
ings, the proportion of masonry facades used in buildings increased.

The use of different materials in Toad-bearing walls of houses built in 1980 is
shown in Fig. 1. The figure can be well applied even today. When comparing it
with Fig. 2, it can be established that the proportion of masonry structures of
all facades is much greater than that of Toad-bearing structures.

The figures clearly show that the timber(-frame) predominates in single-family
and other low-rise houses, which is common in countries where the use of wood
products is traditional. In multi-story apartment buildings the use of wood
products has naturally been reduced because of fire precaution and sound insu-
lation problems.

In Fig. 2 all facade materials except masonry are not separately given, but even
in this case the major part of "other materials" consists of wooden materials.
In the column "other buildings" the facades of Tight cauge steel also have an
important part.

2. RESEARCH

The existing Finnish standard for masonry structures SFS 2803 /1/ deals exten-
sively with masonry structures used as load-bearing structures. Less attention
is paid to climatological and other environmental effects. As is mentioned
above, the masonry structures are mainly used in facades today. Consequently,
when the standard in near future will be revised special emphasis will be laid
on questions closely related to the performance and special characteristics of
the facade.
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On this basis a research program was drawn up in the Technical Research Centre
of Finland (VTT) with the brick and masonry industries in order to solve these
problems. The research program consists of four major subjects:

1. Properties of mortars and their development.

Zs

Development of the frost resistance of bricks and an appropriate method of
testing for their resistance to frost.

w

Problems related to masonry work on site.

4. A review of foreign standards and codes as a basis for the design part of the
standard.

The research program included the total effort of six man-years. The major part

of the work has been completed and the results can be exploited. The different
subjects are discussed more closely below.
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3. DEVELOPMENT OF MORTARS

The purpose of development work was to gain an insight into the properties of

all mortars available on the Finnish market and to identify those properties
which are of great importance to mortars used in facade structures. Such proper-
ties are, for example, frost resistance, water tightness and bond strength.

The typical wall constructions have changed during the last decades as shown in
Fig. 3.

It is essential that the wall has become thinner and thus its capability of
storing water during rain is lowered. Simultaneously, a thermal insulation Tayer
has become thicker. Owing to this the wall is more sensitive to outdoor tempera-

ture and subject to greater frost damage. The thin wall does not offer so much
resistance to external forces, either.
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As a result of the research, a better knowledge of the basic properties of mortar
was acquired. Appropriate test methods for testing mortars were developed. This
forms the basis on which the mortar industry can continue the development of
better products. This task is not, however, an easy one due to the fact that
there are many different types of bricks in Finland. The mortar ought to suit
all types or each type of brick should have its own mortar.

Fig. 3 The most important change in external wall construction.
4. FROST RESISTANCE OF BRICKS

The Finnish climate sets heavy demands on facade materials. As we can see from
Fig. 3 a modern masonry wall is thin and, accordingly, its thermal capacity is
small. Thus the temperature of the wall closely follows the out-door temperature
and the water, which is in the bricks mainly due to the combination of rain and
wind, will several times freeze and melt during the fall, winter and the spring.
This causes tremendous stresses to the wall material. The present Finnish frost
resistance standard, which is quite identical with the German DIN 52252 including
also 25 freezing and thawing cycles, has proved to reflect unsatisfactorily the
real climatological situation.

The development of the test method included an extensive field test. In this
test walls according to Fig. 4 were buildt of different kind of bricks on a field
where the test walls were expecially exposed to climatological stresses. All the
damage to walls was recorded and compared with those obtained in laboratory
tests.

On the basis of these comparisons and complementary laboratory tests in ice
boxes the development of a new test method is in progress.
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Fig. 4 Test wall
5. MASONRY WORK ON SITE

In the research, new ideas of developing bricklayer's scaffolding, devices for
conveying brick stones and mortar, heating equipment for winter masonry and
mechanical spreading of mortar were introduced and possibilities of accomplishing
them were studied. The research as a result of continued developing work carried
out by the industries associated with the construction sectors Ted to the indus-
trial production of adjustable trestle stands suited for use in masonry of small
dwelling houses and partition walls. The trestle stands in Fig. 5 for the sites
of small dwelling houses have been designed so that they, nearly as such, are
also fit for use as a protection against weather. In order to improve the ergo-
nomics of bricklaying the use of a console in conjunction with scaffolding for
elements was developed. This resulted in a scaffold that was accomplished by
changing the present-day structure of the scaffold, in which the use of the
console does not increase the material need for the scaffold compared with
today's need.

For the purpose of succeeding in winter masonry experiments on a mortar tub that
was heated with a Tow-power infra-red radiator were made. By this means the
requirements on winter masonry were met at the same time as the downtime due to
frost could be shortened substantially. The results in Table 1 have been
achieved using a small infra-red radiator seen in Fig. 6. Placing of thermal
insulation around the mortar basin did not give any extra benefits.
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Fig. 5 Combined scaffolding and weather protection.

Table 1. The mortar temperature in basing heated by 3 kW infra-red radiator at a
distance of 0.5 meter. Outdoor temperature -8 O

Time Temperature of mortar in %
min heating no heating
0 20.7 19.0
15 19.2 14.9
25 18.5 10.7
45 17wl S s
60 17.8 7.4
80 152 3.1

100 18.9 2.4

Mechanical masonry, in which a pump and a hose with a nozzle are used for trans-
ferring the mortar, proved to be technically possible in the experiments made.
Mechanical masonry is most suitable for use in large structures. The mechanical
spreading of mortar affects the amount of auxiliary work by cutting out the work
connected with the transfer of mortar and the maintenance of the tubs. The
effect of the mechanical spreading of mortar on the productivity of work and the
applicability to facing brickwork is not only a technical problem. It is closely
connected with worker's attitude and wage systems. It seems that when one wants
to increase productivity one must proceed at a slow pace taking into account even
other aspects than the technical ones.
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Fig. 6 Heating of mortar.
6. BASIS FOR A NEW DESIGN STANDARD

Although the principal feature in revising the standard for masonry structures
is in the functional requirements of a facade, the new standard will naturally
also deal with the design of masonry structures. CIB-model Code /2/ is chosen
as a model for design methods. It has been compared with present design stan-
dards in the Nordic countries as well as those in Europe.

In the Technical Research Centre of Finland research concerning only the basis of
the standard was carried out. The drafting is made in special code-committees.
As an example of the basic work, the effect of different kinds of stress-strain
diagrams on the calculated load bearing capacity of a structure is presented
here. In Fig. 7, the Tinear (according to German DIN-standard), parabolic model
and a curve according to the present SFS 2803 is shown.

In Fig. 8, buckling curves for the linear and the parabolic model are calculated.

This kind of examination helps the code drafting committee to draw conclusions
from the effect of different models on the final design methods.
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/. FUTURE RESEARCH

The research program for the revision of the SFS 2803 is now almost completed.
This does not mean that the research on masonry structures will end. The devel-
opment work within the industry introduces new products the characteristics
features of which must be revealed by research. The overall knowledge of the
future changes in the building process is a must in order to meet them and to
find out the right solutions to them.
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