
 1 

 2 
 3 

 4 

VERSATILITY AND ADAPTABILITY OF PRECAST CONCRETE BUILDINGS 5 
 6 

Mikayla Bladow, EIT, Clemson University, Clemson, SC 7 
Brandon E. Ross, PhD, PE, Clemson University, Clemson, SC 8 

 9 
 10 
ABSTRACT 11 
 12 

Obsolescence is one of the most common yet least understood issues facing the build 13 

environment. Obsolete buildings no longer meet the functional requirements of owners and 14 

are often demolished before the end of their usable life.  This practice can have a negative 15 

impact on economic, social, and environmental sustainability.  Adaptability is a primary 16 

strategy for mitigating obsolescence, and precast concrete structures have many properties 17 

that are inherently adaptable.  This is recognized in PCI’s Discover High Performance Precast 18 

campaign. Versatility, a concept directly related to adaptability, is one of the pillars of the 19 

campaign.  This paper discusses the many benefits of high performance precast concrete that 20 

make it an ideal material for adaptable design.  In particular, precast structures are assessed 21 

relative to sixteen different strategies for creating adaptable buildings.   These enablers of 22 

adaptability were identified through a previous literature review conducted by the 23 

authors.  Through comparisons with these enablers, the adaptability of precast concrete is 24 

highlighted and recommendations are made for advancing precast concrete to even greater 25 

levels of adaptability. 26 
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INTRODUCTION  44 
 45 
Obsolescence occurs when an object, often still fully functional, is no longer used because its 46 
services are out of date or unneeded1. This concept, when applied to buildings, is one of the 47 

greatest concerns facing today's built environment. Obsolete buildings are often demolished  48 
even while they are still structurally sound; many owners decide that it would be simpler to 49 
start with a new building, customized to their desired use, rather than to try to change an 50 
existing building to match their needs. A 2003 study of building demolitions in Minneapolis 51 
revealed that obsolescence was the culprit in approximately 60% of demolitions2.  This trend 52 

leads to wasted resources. As discussed in this paper however, there are methods to combat 53 
the obsolescence of buildings. 54 
 55 
Adaptability, in the context of buildings, is defined as the ease with which buildings can be 56 

physically modified, deconstructed, refurbished, reconfigured, and/or repurposed3. 57 
Adaptability is the key to mitigating obsolescence. It allows for the modification and 58 

extended service life of buildings that would otherwise be demolished due to obsolescence. 59 
For adaptability to be most effective it must be incorporated from the initial stages of design. 60 

Rather than designing buildings for a fixed set of demands, an adaptable building is designed 61 
with an understanding it will change throughout its service life4. Measures are put into the 62 
design that allow for easy adaptation, thus making it fiscally and/or logistically viable to 63 

preserve and adapt rather than demolish.  Adaptable buildings offer many benefits and can 64 
contribute to economic, environmental, and social sustainability5. 65 

 66 
As defined by the U.S. Government6, a high performance structure is one which “integrates 67 
and optimizes on a lifecycle basis all major high performance attributes.” According to PCI, 68 

high performance precast concrete is inherently capable of creating such buildings through its 69 

versatility, efficiency, and resilience7.  Precast concrete be created into virtually any aesthetic 70 
appeal. It also allows for structural versatility. Pretensioned members can be both lighter and 71 
stronger than reinforced concrete members, meaning that fewer members are required for a 72 

structure. Because of potentially longer spans, precast allows versatility in placement of 73 
columns and bearing walls.  Precast concrete systems can contribute to both space and 74 

energy efficiency and can reduce impact on the surrounding environment. Finally high 75 
performance precast concrete is a resilient material; it can be designed to withstand multi-76 

hazards (storm, earthquake, blasts) and maintain a long service life7.  77 
 78 
General strategies for creating adaptable buildings -called enablers- have been widely 79 
reported; however, there is a dearth of information linking these adaptability enablers to 80 
precast concrete buildings.  This paper explores characteristics of the precast industry and 81 

precast buildings which are inherently adaptable.  In particular, this paper: 82 

 Introduces sixteen different enablers of adaptable buildings; 83 

 Describes the benefits of precast concrete with respect to each enabler; and 84 

 Recommends areas where precast systems and the precast industry can enhance 85 
potential for adaptability. 86 

 87 
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ADAPTABILITY ENABLERS 88 
 89 
Adaptability enablers are those strategies, practices, processes, and conditions that facilitate 90 
adaptation. Eleven design-based adaptability enablers (Table 2) and five process-based 91 

enablers (Table 3) were identified during a literature review previously conducted by the 92 
authors. Design-based enablers are manipulations to the design that increase the potential for 93 
adaptability. These are enablers that are within the control of building designers.  Process-94 
based enablers are characteristics of design, supply, construction, and operation systems that 95 
increase the systems’ abilities to adapt and accommodate change. These enablers do not 96 

relate the actual design, but relate to events and processes that occur during design and/or 97 
over the building lifecycle. Process-based enablers, such as increasing interaction between 98 
the designers, owners, and the supply chain, can lead to new ways of delivering adaptable 99 
buildings. 100 

 101 
The subsequent sections of this paper discuss each enabler in the context of precast concrete.  102 

These discussions are meant as a primer to introduce adaptability concepts at a high level.  A 103 
more comprehensive discussion of enablers and an expanded list of references can be found 104 

in the aforementioned paper from the authors3.   105 
 106 
  107 



Bladow and Ross 2016 PCI/NBC 

4 

 108 

Table 2: Design Based Enablers of Adaptability3  

(Words in bold are shorthand labels for enablers) 

Layering of building elements to allow maintenance, adaptation, or replacement with 

minimized effect on other elements  

Accurate as-built plans, models, and documentation  

Reserve capacity in the structure and/or foundation (technically a robust design strategy, 

although often listed as an adaptability enabler)  

Modular/interchangeable components, connections, and layouts  

Design for deconstruction (DfD) and provide deconstruction plans  

Simple framing systems (e.g. larger but fewer members, repeating layouts and grids)  

Common component sizes and details throughout  

Access for assessment and replacement of component  

Durable, non-toxic materials that can be reused  

Mechanical connections that allow components to be readily disassembled  

Open floor plans that are free of structural, mechanical, and other obstructions  

 

Table 3: Process-Based Enablers of Building Adaptability3  

(Words in bold are shorthand labels for enablers) 

Early and active involvement of owners in planning process  

Feedback channels for designers to learn from previous works   

Integration of supply chain and design team   

Supply chain can adjust to changing requirements over building lifecycle   

Codes and standards that reward adaptability 

 109 
 110 
DESIGN-BASED ENABLERS 111 
 112 
LAYERING 113 
 114 
Building components and systems are modified and replaced at varying rates. The elements 115 
of a building can be reduced to six main categories: stuff, space plan, services, skin, 116 

structure, and site4. The lifespan of these elements ranges from one-day for stuff to eternity 117 

for site (Figure 1). By physically and functionally separating elements into different 118 

categories, maintenance, adaptation, and replacement can occur with minimal effects on the 119 
other elements in the system.  120 
  121 
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 122 

 123 

 124 
 125 

Fig 1. Variable Age of Building Layers (After Brand4) 126 
 127 

By facilitating shallower floor systems, precast-pretensioned members can allow space for 128 

building services to be placed outside of the structural members. This allows for services to 129 

be replaced and maintained without affecting the structural system. When services must be 130 
integrated within precast systems, access points (see “access”) should be provided.  131 

 132 
In some precast systems the structure and skin are integrated into wall panels.  On one level 133 
this works against the layering concept; however, perhaps more importantly, precast walls 134 

are incredibly durable and provide a solid location for anchoring new facades or adding other 135 
new “skin” as fashions and functional needs change. 136 
 137 
Open floor plans, another enabler (discussed later), is a special case of the layer enabler.  138 
Pretensioning allows longer spans which can separate the building structure from internal 139 

building features.  For example, a clear span double-tee roof allows building interiors to be 140 

free of structure and open for adaptation to the services, space plan, and stuff layers.   141 
 142 
 143 

 144 
 145 
 146 
 147 

Site: Eternal 

      

Stuff: 1 day-1 month 

Space Plan: 3-30 years 

Services: 7-15 years 

Skin: 20 years 

Structure: 30-300 years 
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PLANS 148 

 149 
Clear and accurate information on the as-built and current state of a building minimizes 150 
uncertainties of a remodel and adaptation projects. Designers are able to make appropriate 151 

decisions based on plans, models, photographs, material test reports, maintenance records 152 
and any other documentation4.  153 
 154 
Because of the importance of the locations of the strands within pretensioned concrete, it is 155 
critical to keep accurate plans of each member. This information is documented on shop 156 

tickets. Because precast concrete is cast in a plant, quality control and material testing are 157 
well documented.  Shop tickets and material test reports provide a comprehensive package of 158 
information which will significantly reduce uncertainty associated with any building 159 
modifications. It is important that this information is transferred from fabricator to owner to 160 

any new owners through the lifespan of the building to minimize uncertainty in the future 161 
caused by lack of information.  162 

 163 
RESERVE 164 

 165 
As the functionality of a building adapts the design loads may change. Structures can be 166 
designed from the initial stages with a reserve capacity so that they are able to support 167 

possible load changes to individual members or the entire structure9. Reserve capacity can 168 
also be beneficial when an adaptation project requires a building to comply with modern 169 

codes.  In such cases structures with reserve capacity are less likely to require retrofit in order 170 
to be code compliant.  Reserve capacity is also beneficial when building services are 171 
modified and the locations and/or size of equipment changes.  172 

 173 

It can be challenging to employ this enabler when dealing with pretensioned members. To 174 
satisfy serviceability criteria prestressed members are designed based on expected load. It is 175 
not advisable to prestress members for loads that they may never experience.  The premise of 176 

designing for adaptability is that future changes are difficult to predict, and that designs 177 
should be able to handle a range of possible changes.  One approach is to prestress members 178 

based on given design loads while also providing non-stressed strands or other reinforcement 179 
to carry ultimate loads that may be applied in the future.  Another approach is to provide 180 

members that are large enough to support a range of service stress levels.   181 
 182 
Providing reserve capacity in precast members that are not prestensioned is straight forward; 183 
members can be sized for serviceability and strength requirements associated with higher 184 
load levels.  Providing reserve capacity in pretensioned and non-prestressed structures will 185 

lead to higher initial costs.  For this reason it is critical that owners be involved early in the 186 
project (see “owners” enabler) to navigate the balance between adaptability and initial cost. 187 

 188 
 189 
 190 
 191 
 192 
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MODULAR 193 

 194 
Modularity is the creation of a building system from standardized and interchangeable 195 
subcomponents10. The subcomponents can be rearranged to create different building 196 

configurations.  Modular components with short life spans can be removed, revitalized, and 197 
reused in other projects.  198 
 199 
The modular enabler is most effective when applied to those layers of the building that 200 
change at the fastest rates.  However, modularity can also play a role in the structural layer.  201 

Because of standardization within the precast industry, modularity is natural. Precast 202 
concrete buildings are created in module form and then assembled on site, with the pieces 203 
fitting together using standardized connections. It is possible to design the modules and 204 
connections so that they can be swapped and/or configured in alternate ways.  205 

 206 
In one example of the modularity of precast concrete, an entire jail was constructed with each 207 

individual cell being a module created off site. These modules were then repeated, in rows 208 
and in columns being connected by crane until the entire jail was completed11. Similar 209 

concepts could also be applied to enable adaptability. 210 
 211 
SIMPLE 212 

  213 
Simplicity within a building structure can be accomplished through the use of fewer 214 

members (and thus fewer connections) and through the use of repeated layouts and grids. A 215 
simple layout makes it easier to understand load paths which can assist designers when 216 
designing any future changes12. Relative to other structural systems, pretensioning facilitates 217 

longer spans and/or greater member spacing.  This means that simple buildings can be 218 

designed to have fewer but stronger precast members.  219 
 220 
COMMON 221 

 222 
Commonality involves using standard component sizes and construction details throughout 223 

the entire building. Repetition allows for any replacement and adaptation schemes to be 224 
applied throughout and also allows for stockpiling of replacement components13.  225 

 226 
Commonality and standardization are hallmarks of the precast industry.  Using common 227 
member sizes lowers the first cost of a building and can also benefit future adaptability.  228 
Although replacement of structural members does not occur at the same rate as other building 229 
components (see “layering”), commonality can allow for stockpiling of components for 230 

critical connections such as those that are designed for replacement after extreme load events.  231 

 232 
 233 
 234 
 235 
 236 
 237 
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ACCESS 238 

 239 
Building elements that are likely to wear out and need replacement should be easily accessed, 240 
and access points can be designed into a building. This allows for regular assessment, 241 

maintenance, and replacement to be performed on specific systems (e.g. electrical, plumbing) 242 
without damaging any adjacent systems. Access should also be provided for assessing 243 
elements such as electrical fuses or structural members that are designed to absorb damage in 244 
extreme events14. 245 
 246 

In some precast buildings, particularly for industrial occupancy, buildings systems are 247 
exposed. Exposed HVAC, electrical, and plumbing allows for easy assessment without 248 
causing any damage to other components. Access can also be provided for assessing critical 249 
structural elements following extreme load events.  When designing access points, the type 250 

of evaluation should be considered.  Visual inspections may require a different degree of 251 
access than evaluation using non-destructive evaluation equipment.  The same access 252 

provided for assessment can also be designed to facilitate removal and replacement of critical 253 
elements (see “DfD” enabler).  254 

 255 
MATERIALS 256 
 257 

Building components that are long lasting have potential for reuse.  For a component be 258 
reused it is important that it is made from both durable and non-toxic materials. The material 259 

must be durable enough to outlive the functional life the building it is housed in and maintain 260 
capacity for use in another project12. Toxic materials such as asbestos are not good 261 
candidates for reuse.  Additionally, toxic materials are expensive to remove and can 262 

discourage owners from remodeling existing buildings.   263 

 264 
Precast concrete is a durable material that can be designed to withstand extreme weather, 265 
military level blast, earthquake, as well as any ordinary day-to-day wear. Because of its 266 

durability precast concrete it is ideal for promoting adaptability, both in remodel/repurpose 267 
projects and in deconstruct/reuse projects. When adaptations require removal of individual 268 

members, the durability of precast members increased their potential to be reused on a 269 
different project. Also, concrete is a non-toxic material which also makes it a good candidate 270 

for reuse.   271 
 272 
Other properties of concrete, including precast concrete, contribute to adaptability. Concrete 273 
has high thermal mass which helps buildings maintain comfortable and uniform 274 
temperatures.  This can allow for a reduction in the energy use of the building, contributing 275 

to the high performance of the structure.  Thermal massing is a passive feature that is less 276 
likely to be affected by changes in building services technology.  Conejos et al.15 notes that 277 

buildings with high performing services are likely candidates for adaptation.  278 
 279 
 280 
 281 
 282 
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CONNECTIONS 283 

 284 
Connections between different elements within a structure should be designed to allow for 285 
easy removal and replacement of components as needed. Connections should not deter from 286 

the reusability of the components, such as drilling holes or coating with difficult to remove 287 
adhesives16. Bolts are typically better than welds for encouraging adaptability. 288 
 289 
For precast members, it is possible to use bolted connections which facilitate component 290 
removal and replacement. Mechanical splice mechanisms, such as those used for precast 291 

concrete piles, can also be utilized to connect precast building members. Figure 2 shows a 292 
method for connecting precast concrete members that utilizes a bolt and plate system. Should 293 
an owner decide to remove the components shown in the figure, the connections could be 294 
removed by simply unfastening the bolt. This does not cause any damage to the members and 295 

would allow for the components to be installed at another location in the same condition as 296 
when it was removed. To maximize the adaptability of this connection, openings for the bolts 297 

should be left ungrouted. 298 
 299 

 300 
Figure 2 – Precast concrete beam-to-column removable connection17  301 
 302 
OPEN 303 
 304 

Keeping the floor plan open and free of structural, mechanical, and other obstructions, makes 305 
it possible to adapt the space easily to a desired function. This is especially important in 306 
rental spaces where each tenant may be interested in a unique layout18. The open floor plan 307 

allows for the adaptations to occur at the stuff, space, and services layers.  308 
 309 
The nature of pretensioned concrete allows for longer beam spans than many other structural 310 
systems making it easier to create open floor plans. The increase in span means that fewer 311 

supporting columns are necessary, so it is possible to reduce the obstructions and concentrate 312 
structural elements at the exterior walls of the building.  313 
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DESIGN FOR DECONSTRUCTION (DfD) 314 

 315 
DfD involves creating a plan for the end life of the building as part of initial design. The end 316 
of life plan describes the methods for the removal, reuse, and/or disposal of various 317 

components in a system that will result in a low environmental impact and in monetary 318 
recovery by the building owner.  319 
 320 
DfD focuses on the sequence and load path both during construction and deconstruction. It is 321 
important that the building elements can be removed without being damaged and without 322 

damaging any of the other elements. DfD has been described as a design philosophy separate 323 
from adaptability19; however deconstruction and adaptability both rely on enablers such as 324 
layering of building systems and use of mechanical connections.  325 
Because precast members are typically constructed offsite and then transported to the 326 

building site, they include features that can also be leveraged for DfD. Lifting hoops, tie 327 
down points, and transportable sizes can all contribute to DfD and reuse.  Recycling, another 328 

facet of DfD, is generally less desirable than reuse but is preferable to scrapping of building 329 
materials.  Concrete and steel, the primary materials in precast systems can both be recycled. 330 

 331 
In one example of a deconstruction project, an entire apartment building in the Netherlands 332 
was deconstructed and the components reused to build a single family dwelling. The project, 333 

located in, involved the reuse and renovation of six apartment buildings. Plans dictated that a 334 
sand grout be used to connect the various precast concrete members. The contractor planned 335 

to disassemble the components at the location of the sand grout; however the grout was much 336 
stronger grout than had been intended, and deconstruction resulted in partial damage to the 337 
components as well as additional expense8. In spite of these complications, the precast 338 

members were still successfully reused for the single family dwelling.  339 

 340 
Deconstruction has also been utilized in the United States.  The Centennial Olympic stadium 341 
in Atlanta, GA was designed to become the Braves stadium after the Olympics in 1996. 342 

Some of the seat units were removed during the stadium transition and were then reused to 343 
build two high school stadiums20. 344 

 345 
PROCESS-BASED ENABLERS 346 
 347 
OWNER 348 
 349 
Because of their financial stake in a building, owners have paramount ability to affect 350 
adaptability21. Thus early involvement from owners is critical. Adaptability can be included 351 

as a topic in initial planning meetings allowing owners to decide features that would best 352 
contribute to the function of the building and that will facilitate future adaptation. 353 

Adaptability also can be leveraged as a marketing tool by building designers and suppliers; 354 
describing a project or system as adaptable can engage interest and support from potential 355 
owners. 356 
 357 
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Precast fabricators are in a good position to implement this enabler because they are often                   358 

involved with owners early in projects.  Additionally, the approach of precast fabricators to 359 
produce building systems – rather than just components – presents an opportunity for 360 
fabricators and owners to integrate adaptability at a holistic level.  361 

 362 

FEEDBACK 363 

Buildings are constantly evolving based on current trends and owner needs; they are started 364 
but are never finished4. By returning to previous projects, designers and suppliers can learn 365 
how owners have adapted buildings. When reviewing previous works, the following 366 
questions should be asked: What types of adaptations are owners requiring? What could have 367 

been done during initial design to make these adaptations easier? What lessons-learned can 368 
be applied to future designs? By adopting this mindset, designers can learn from their 369 
previous works and apply that knowledge to future projects.  370 

 371 
Precast fabricators can benefit from visits to previously completed projects. There is always 372 
something that can be gained from learning how owners adapt and personalize their 373 
buildings. Precast buildings, just as buildings of any material, are constantly changing over 374 

time so revisiting them can provide designers and fabricators with lessons learned and 375 
thereby improve the adaptability of future projects.  376 

 377 
INTEGRATION 378 
 379 

The process of creating adaptability falls within the domain of designers, contractors, 380 
suppliers, operations personnel, owners, and occupants.  The more integrated these parties 381 

are the greater the opportunity for adaptation22. The precast industry is already highly 382 

integrated; often designers, fabricators, and erectors work within the same company. This 383 

integration can lead to a streamlined delivery of adaptable building projects.     384 
 385 

ADJUST 386 
 387 
Supply companies are most effective at facilitating adaptability when they can adjust to 388 

changing economic, technical, and social conditions22. Adapting a building often requires a 389 
supply of replacement parts, particularly for elements that are routinely replaced (see 390 
“Layering” enabler).  Suppliers that can quickly fabricate or that stockpile parts can 391 

contribute to adaptability.  Suppliers that do not remain in business or that discontinue 392 
products lines can hinder adaptability.  In short, suppliers must be committed and able to 393 
support their product lines even as technology, construction trends, and owner requirements 394 
are continually changing. 395 

 396 
As a part of the ‘structure’ layer precast concrete elements are not routinely replaced; 397 
however, the precast industry can still contribute by supporting maintenance and extended 398 

life precast structures. The Maintenance Manual for Precast Parking Structures23 is a good 399 
example of how the industry can support the entire life of precast buildings.  400 
 401 



Bladow and Ross 2016 PCI/NBC 

12 

It is also important that supply chains can adsorb, confirm quality, and distribute reused and 402 

recycled building components and materials.  The ability of supply chains to adjust is critical 403 
because reused components and recycled materials can vary in size, quality, quantity, and 404 
geographic location.  The precast industry could work towards standards and guidelines in 405 

support of a niche market on QA/QC and resale of reused precast concrete element.  Creating 406 
a closed-loop supply chain is a worthy challenge for the construction industry and one that 407 
can have positive impact on sustainability12.   408 
 409 
CODES  410 

 411 
Codes and standards are the driving force in many design decisions and industry trends. For 412 
example, development of “green” building standards such as the USGBC LEED program23 413 
have significantly altered how designers, contractors, and owners talk about and value their 414 

buildings24. Codes, standards, and legislation promoting adaptability could have similar 415 
effect on industry practices25. As evidenced by the discussions in this paper, the precast 416 

industry is well-positioned to benefit from such codes, standards and/or legislation.   417 

 418 
 419 
PATH DEPENDANCE OTHER CONSIDERATIONS 420 
 421 

Adaptability is about making present decisions in such a way that those decisions do not limit 422 
future decisions.  In other words, adaptability mitigates path dependence.  Precast parking 423 

structures are one example of path dependence. Often parking structures are designed so the 424 
entire interior is sloped in a continuous ramp from base to top floor. This type of design is 425 
useful for parking garages; however sloped floors tend to limit functional use to parking. If  426 

parking is no longer desired, the sloped floors create a challenge for building reuse.  A more 427 

adaptable approach is to design a flat floor structure and placing ramps on the exterior of the 428 
garage.  In keeping each of the floors level, it is easier for the building to be adapted to 429 
different functions after the parking structure is no longer desired. In this situation, the ramps 430 

located on the exterior can be removed using DfD concepts.  431 
 432 

This idea for a parking structure shows one way that ingenuity of design creates the potential 433 
for the adaptation. This doesn’t mean that external ramps are always the best approach for 434 

parking structures; such decisions must be made on a case-by-case basis.  By focusing on 435 
adaptability from the beginning stages of the project, designers and owners can select 436 
building features and designs that limit path dependence and allow for many different types 437 
of adaptation and use.  The key is in making present decisions that expand future 438 
possibilities.  439 

 440 
Additionally, when designing a building for future reuse and adaptability, it is also important 441 

to consider which adaptability characteristics will have the largest effect on the overall 442 
environmental impact the structure. In one study 27 the environmental benefits of reusing 443 
different elements of a precast structure were evaluated.  The study found that the benefits of 444 
reusing beams and columns were almost negligible compared to the significantly larger 445 
benefits of reusing floor slabs. This study showed that it is possible for owners to focus on 446 
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specific components for reuse, rather than the entire structure, and still maintain a reduced 447 

environmental impact. By focusing on adaptability of individual components (e.g. the floor 448 
slabs), it may become a more manageable step for owners to consider adaptability in their 449 
projects.    450 

 451 

SUMMARY AND CONSLUSIONS 452 
 453 
In this paper sixteen enablers of adaptability were introduced and discussed in the context of 454 

precast concrete buildings. The enablers were further divided into design-based and process-455 
based enablers. These enablers of adaptability can mitigate obsolesce within the built 456 
environment, an issue that often leads to demolition of buildings prior to the end of their 457 
usable life. Versatility, one of the pillars of PCI’s High Performance Concrete campaign, 458 
speaks to how adaptability can be affected precast concrete systems.  The precast industry is 459 

well positioned to offer adaptable buildings that are resistant to obsolescence. 460 

 461 
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