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ABSTRACT

Key words: exterior wall stone, dry construction method, construction specifications

I. Research Background

In recent years, the exterior walls of high-rise buildings have started to use stone
instead of traditional decorative tiles on exterior walls, accentuating the taste and
status of residents. Hence, stone materials are widely accepted in Taiwan’s building
market. However, the stone materials are much heavier than tiles; in addition,
construction techniques and skills required to execute the work are much more
sophisticated than those of traditional decorative tiles. Furthermore, a couple of
incidents that had caused casualties due to exterior wall material peeling, e.g. one in
Keelung in 2014 and another in Taipei City in 2015, have drawn people’s attention to
the issue of exterior wall safety.

The study of exterior stone wall construction techniques is rarely seen in Taiwan.
Though the Architecture and Building Research Institute, Ministry of Interior, had
conducted a study on exterior wall stone construction specification in 1999, yet many
new techniques and materials have been developed and launched to the market since
then. Therefore, we need a thorough research of frequently seen construction errors.
By comparing with the advanced construction specifications in other countries, we
hope to come up with a set of construction standards that can be used to enhance the
safety of exterior wall decorative materials in Taiwan. It is the goal of this study to
establish the standards for exterior wall stone construction (draft) through studying
related literature and results of direct investigation and expert discussion. This study
contains the comparison and analysis of related literature and construction techniques
from local and international resources, discussion about the inspection and
construction specifications for dry construction methods adopted by European Union,
the United States, Japan and China, presenting current application of exterior stone
walls and common problems and installation errors, and at last, provision of
explanation and strategies to these problems. The study aims to establish exterior
stone wall construction standards that specify how the dry construction method should
be carried out.

I1. Research Method and Process

The study uses three types of research methods: literature survey, direct
investigation and expert discussion. In this study, literature, both domestic and
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overseas, about exterior wall construction methods using decorative stone is collected
and acts as a basis for subsequent analysis discussions and for drafting construction
standards. The foci of this study include: (1) Current application of exterior stone wall
construction techniques and common construction errors. This is done by collecting
real cases, on-site investigation, visits to the cases, or interviewing expert. The results
are analyzed and strategic suggestions for improvement are made. (2) Discussions
among and interviews with members of the public sector (the central and local
governments), private developers (building companies), architects, civil engineers,
construction material providers, contractors and scholars, etc. about feasible strategies
and techniques to enhance the decorative exterior wall safety.

In this study, we review literatures discussing building decorative exterior wall
stones using dry construction method; we also have on-site investigations (20 cases)
and 5 individual case visits. We also collect cases of stone wall construction failures,
find out the reasons and analyze their error types. The two expert meetings, aiming at
establishing construction standards, came up with discussion results and suggestions
to generate a draft “Building Exterior Stone Wall Construction Standards”. Finally,
this study concludes with 4 findings and 3 suggestions as follows.

I11. Important Findings
1. A lack of updated stone material construction specifications and regulations
We have compared 7 kinds of construction specifications. The construction
standards in Taiwan are provided for public infrastructure and buildings, and they are
primarily guidelines instead of regulations with quantitative measurements. Therefore,
in addition to the past studies in the country, our research team also reviews
construction codes and test standards in other countries. We find that Beijing’s
architectural decorative stone materials application code has the most complete
specifications and regulations. The Beijing code contains applications for all
architectural decorative stone materials. We only take from it the part of dry
construction specifications for exterior wall stones. Reviewing local studies, we
discover that these studies were conducted some time ago and did not mention new
techniques now available in other countries. Only some private developers have taken
these new technical standards to themselves. Thus, this study makes an effort to add
the standards left out in current literature, such as the expansion hole location and
required strength, expansion anchor specifications in terms of material, size and
strength, and the size of an expansion hole. With these additional recommendations,
we hope to provide the construction industry updated information to improve the
construction quality of decorative stone walls.
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2. Allack of required construction documents in the building industry

Most of the cases collected have provided with architectural drawings, exterior
wall construction drawings and detail drawings, and anchor arrangement drawings.
However, exterior stone wall problems often result from a lack of structural
calculation of stone weight and the structural design of metal parts. In our
investigation, structural considerations are left out in all cases except two. In other
words, documentation of stone wall construction is not a common practice. Stone
suppliers usually do not provide construction instructions, construction standards, self
checklist and manufacturing certificate if customers do not request for them. This
study, therefore, recommends that certain documents be submitted and listed in the
inspection checklist, e.g. exterior stone wall construction proposal, structural
calculations, construction drawings, etc. to ensure the safety and accuracy of the
subsequent construction work.

3. Main reasons for construction failure are improper material selection and
inadequate construction work.

Based on our investigation, construction failure of exterior stone walls can be
attributed to improper selection of materials and parts, inadequate construction work,
poor architectural design and structural design. Improper material/parts selection
refers to the incorrect size of pins, insufficient structural strength of anchors, incorrect
anchor length, width, thickness and materials, etc. Examples of construction work
inadequacy are like anchors not properly secured, epoxy resin (AB adhesive) overly
used, metal parts inadequately used, stone panels not properly secured, non-metal
anchors used, drilled holes too large, stone panel division drawing different from
metal parts working drawing, epoxy resin not adequately filled in the holes, incorrect
welding, welding slag not properly removed, inadequate antirust process, etc. Poor
architectural design is found when a large gap is formed between the building wall
and the metal frames connecting stone panels due to the structure shape. It often
results in installation failure. As for faults in structural design, we have found the
design of metal frames does not take into consideration the factors of structural safety,
external force, earthquake or wind pressure, etc.

4. A need to establish the framework of exterior wall stone construction
standards

After we review local regulations, construction documents, construction failure
reasons and experts’ opinions, we attempt to establish an outline for exterior wall
stone construction standards that include sections of general principles, materials and
construction work. In the section of general principles, the following is included:
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scope of work, required documents to be submitted (construction proposal, structural
calculations, construction drawings, etc.), quality warranty and shipping information,
storage and process. In the section of materials, characteristics of materials are
specified: stone properties (quality, physical characteristics, surface process, size of
drilled holes, etc.), metal support system (metal types, usage requirements, etc.) and
waterproof sealants. The section of construction work stipulates preparation works,
dry construction method (special construction notes, metal anchors installation
instruction, stone panel installation instruction, sealing process and expansion joint
process), maintenance and cleaning. By establishing these standards, we hope to
provide a frame of reference for the building industry to improve exterior stone wall
construction quality and safety.

I'V. Suggestions

Suggestion #1

Immediately applicable suggestion: To hold “seminars on exterior stone wall
safety check diagnosis and repairing techniques”

Authority in Charge: Architecture and Building Research Institute, Ministry of
Interior

Assistant Authority: None

Since this study focuses on ensuring the quality and safety of dry construction
method of stone walls in new construction projects, it finds inadequate in the area of
exterior stone wall diagnosis and repairing techniques. Additional studies are
suggested to be launched in these areas. Currently, there is not a standard operation
procedure for exterior stone wall safety check diagnosis in Taiwan. Effective safety
diagnoses require professional people and scientific approaches to verify and ensure
the exterior wall safety. Therefore, it is important that a standard operation procedure
be established for exterior stone walls.

There are two traditional ways for constructing exterior stone walls: wet method
and dry method. To diagnose or repair exterior stone walls, one has to find out
existing failure reasons, such as material overloading, insufficient adhesive strength
(wet method), sealant aging, earthquake effect, thermal expansion effect, and metal
parts corrosion, etc, to name a few. Fundamental investigations are very essential for
building up necessary repairing techniques. Therefore, we suggest that related topics
continue to be explored and discussed.

Suggestion #2

Immediately applicable suggestion: To add in the building tracking and
traceability system “the quality control items of building exterior stone wall
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construction”
Authority in Charge: Kaohsiung’s Department of Building Affairs, Taoyuan’s
Department of Urban Development, New Taipei City’s
Public Works Department, Building Safety Traceability
Association
Assistant Authority: Department of Construction Engineering of National
Kaohsiung First University of Science and Technology
(NKFUST), Taiwan Building Renovation Association, Taiwan
Institute of Property Management
From on-site investigations and interviews, we find it extremely important that
stone wall construction work be carried out properly and precisely. Unlike tile walls,
which can be tested of its tensile strength and controlled of its quality, there are no
standards or tests to ensure the safety and quality of exterior stone walls. Additionally,
the supervision of stone wall construction can be very difficult due to the fact that
these construction works are often done on high-rise buildings and not as open as
other types of construction works that can be supervised more easily. Thus, we
suggest that the government authorities work with universities’ construction
engineering departments (e.g. NKFUST’s Construciton Engineering Department),
private professional organizations (such as Taiwan Building Renovation Association,
Taiwan Institute of Property Management) to research and develop a management
system to ensure the quality of exterior stone wall construction work. So far, some
local governments have started to promote a building tracking and traceability system,
including Kaohsiung, Taoyuan and New Taipei City, and in the private sector, there is
the Building Safety Traceability Association. However, they focus more on the safety
of structural items instead of inspecting and documenting decorative materials. We
recommend the abovementioned organizations and building related departments of
local governments to adopt the stone material safety and construction details into a
tracking and traceability system. We also suggest that these departments of local
governments demand documents to be submitted (see the checklist in the attachment
of this study report) when filing for inspection. In doing so, the whole construction
process can be recorded and, as a result, the safety of using decorative stone materials
can be improved.

Suggestion #3

Long-term suggestion: To hold “lectures on exterior stone wall construction
techniques”

Authority in Charge: Stone & Resource Industry R&D Center, Taiwan Marble
Association, Taiwan Stone Industry Union
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Assistant Authority: Architecture and Building Research Institute, Ministry of Interior

From the case study and problem analysis, we find that the main reasons for
exterior stone wall failure include improper selection of materials and parts,
inadequate construction work, poor architectural design and structural design. Among
these faults, construction work inadequacy, especially on the part of workers, has
shown the major impact. However, there are not any stone construction training
programs available in Taiwan at present. Neither does the Workforce Development
Agency, Ministry of Labor, provide related professional training courses.

It would involve many details and could be a difficult task for the Workforce
Development Agency, Ministry of Labor, to certify a technician of exterior stone wall
construction. Therefore, we suggest that private organizations like Stone & Resource
Industry R&D Center, Taiwan Marble Association, Taiwan Stone Industry Union
(perhaps along with the local government) invite stone construction contractors to
give lectures or workshops on exterior stone wall construction techniques. These
professional unions/associations can help set up training course programs held once or
twice a year, and each time 8 hours of lectures are recommended. Recommended
lecture topics include basic knowledge of stone materials, correct construction
methods, influence of incorrect construction work, and selection of connection parts
and materials (e.g. selection of metal anchors, correct use of epoxy resin, special notes
on welding procedure). It is hoped that such construction technique lectures can
improve construction workers’ professional knowledge and help them correctly carry
out their work.
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