CHAPTER 7
High-rise Buildings

7.1 Frames: functions and selection criteria 

Review Task 1, p175
What are the main reasons for choosing a frame structure as opposed to a loadbearing form of construction for multi-storey buildings? 

There are several reasons why we might select to use a framed structure rather than a traditional loadbearing structure for multi-storey buildings; these include the following:

The ability of a loadbearing structure to cope with the accumulated loads from a multi-storey building relies on the increasing of the mass of the structure at the lower levels. Hence, there is a limit to how high we can build with such structures before the crushing strength of the materials is exceeded and there is a need to increase the volume of the structural elements. Thus, we would produce a building with very thick walls, which is uneconomic in terms of space generated and materials/labour costs of construction. This also has a significant implication in terms of speed of erection. In contrast, framed buildings are quick to erect, can support high loads from tall structures with relative ease, and offer a flexible and economic structural form.

In addition, the cellular nature of loadbearing construction limits flexibility in floor layout during the building life as internal walls are likely to be loadbearing. In contrast, a framed solution offers the potential to create larger open floor plates that can be remodelled in many different ways.

The separation of the loadbearing function of a framed structure from the enclosure function of its cladding allows for the facility to upgrade the building during its life by applying new claddings, new internal layouts, and different services. Thus, the building is flexible in use.

7.2 Frames: forms and materials 

Review Task 2, p214
Identify the quality control issues that would need to be addressed during the manufacture and construction of reinforced in-situ concrete, reinforced precast concrete, structural steel and timber frames.

All component manufacture, assembly and site operations involve a requirement for effective quality control. The various forms of framed building that are noted above share a common requirement to ensure that the final product is ‘fit for purpose’ and achieves its desired performance requirements. As such, the aspects of quality associated with design strength, dimensional accuracy, and durability are common to all. However, these may be manifested in different ways. In particular, the following should be considered:

in-situ concrete: Since the production of an in-situ concrete frame is based entirely on site, there is an enhanced need to ensure consistency in quality of materials and workmanship. As such, the issues of consistency of concrete mix relative to design strength, positioning, and connection of reinforcement, etc., must be closely monitored. Casting using formwork must be considered from the point of view of ensuring that there are no voids in the concrete, etc. Generally, the QA issue with this form are related to ensuring the consistent quality of materials and workmanship are adhered to on site.

precast concrete: Since pre-cast concrete frames are produced in a factory environment, it is generally accepted that their manufacture is subject to effective quality control at that stage. However, the issue noted above in respect of consistency of design strength and correct placing of reinforcement, etc., are still valid. The site-based quality issues that must be addressed relate primarily to the process of assembly of the pre-manufactured components. Ensuring that the correct fixings are used to connect structural elements, dimensional accuracy, etc. must all be taken into account.

structural steel: Like pre-cast concrete, steel frames are delivered to site as a kit of parts. The strength of the individual members is much less subject to quality assurance implications since steel is a material of uniform strength and does not require the creation of a mix like concrete. However, the issues associated with the robustness and appropriateness of fixings, and the need to ensure correct placing and dimensional accuracy are still valid. In addition, it is essential that the steel is protected from corrosion and the use of site-based welding may significantly affect this.

Timber: The durability of timber frames is subject to the effective exclusion of moisture from the structure. In the past, the inappropriate use of fixings that penetrate DPMs and DPCs together with the cutting of timbers to expose untreated sections has resulted in a lack of durability. Hence, in addition to the generic items noted for the other frame forms, this issue of effective site practice to avoid moisture penetration is of particular concern when using timber.

What safety precautions would need to be taken when constructing the four different types of frame to ensure the safety of site operatives?

It must be remembered that when constructing buildings of these types the operatives will be subject to certain risks associated with them. There are a series of generic risks on any construction site, including issues such as falling debris, materials, operatives falling from height, use of deleterious materials, etc. In addition, there are some that are more specific to the construction of framed buildings. The risks and the possible ways of avoiding them may be summarized as follows:

Working at height: Use of safety harnesses, barriers to prevent falling, etc., provision of appropriate and secure/stable working platforms.

Working with large suspended components that may cause impact injury: Operatives to wear high-visibility clothing to ensure that they are seen by crane operators, etc., appropriate restraints to secure items being lifted.
Use of electrical equipment such as welders, cutters, saws, etc.: Use of transformers to step down voltage (normally 110 volts), appropriate earthing of equipment.
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