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Abstract. This study compares traditional cast-in-place concrete, precast con-

crete elements, and prefabricated modular systems in the context of multistory 

building construction in Norway. Traditional casting remains dominant due to its 

flexibility, familiarity, and adaptability to on-site changes, despite being labor-

intensive and susceptible to environmental conditions. Precast elements, pro-

duced off-site and transported for assembly, offer improved quality control, re-

duced labor requirements, and faster construction but face logistical and custom-

ization limitations. Prefabricated modular construction, though rarely used in 

Norway, presents significant advantages, including shorter construction time-

lines, improved safety, reduced labor costs, and consistent factory-controlled 

quality. However, it suffers from limited flexibility and greater transport com-

plexity. A case study of a three-story office building in Randaberg is used to 

compare the structural performance, cost, time efficiency, customizability, instal-

lation logistics, and safety aspects of each method. Structural elements were an-

alyzed in accordance with Eurocode standards. The study finds that a hybrid ap-

proach combining precast and traditional methods is currently the most practical 

solution for Norwegian conditions. While modular construction offers promising 

benefits, broader implementation depends on further research, standardization, 

and increased industry confidence. This study focuses also on optimizing con-

struction practices in Norway and highlights the potential of modular solutions 

in addressing housing and labour challenges, particularly in repetitive-use build-

ing types. 

Keywords: Concrete structures, module construction, prefabricated elements, 

comparative study, cost and construction efficiency, structural performance, ap-
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1 Introduction 

Modular construction focuses on making prefabricated modules and elements with pre-

installed services in order to reduce the construction time, whilst also maintaining the 

structural performance and safety of the building. Though this have not been used much 

in Norway, it can be observed from other countries that this method has many ad-

vantages and disadvantages. To name a few, the construction time is faster, the cost can 

be reduced, inventory spacing can be managed more easily, labour cost can be reduced, 
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labour safety can be improved, while still satisfying the structural requirements for the 

job. Furthermore, modular construction may be a more affordable solution to the hous-

ing crises in underdeveloped countries and a solution for cheaper student housing [1,2].  

The use of prefabricated construction methods has been less common in Norway 

than in other countries such as China and North America [2]. This is partially due to 

the lack of knowledge and confidence in the construction method, and due to the coun-

try’s extensive length and mountainous terrain make transportation less optimal. In or-

der to boost the confidence for build owners to use prefabricated manufacturing, it is 

important to study and analyze the many advantages, disadvantages and limitations of 

traditional construction and prefabricated construction methods. Factors such as instal-

lation, transportation and efficiency will affect the overall cost of the project. Therefore, 

it is important to compare these factors in each of the construction methods. It is of 

utmost importance that the structural performance of constructions is of high quality 

and safe for workers. Prefabricated element construction is used to some degree in Nor-

way, but the use of full-scale modules with pre-installed services is almost completely 

excluded in the construction industry in Norway. However, it may become more in-

cluded in future projects if contractors become more familiar with the method. A mix 

of precast elements with cast-in-place elements are sometimes used in projects in Nor-

way. 

The objective of the paper is to analyse and compare above mentioned three con-

struction methods with respect to their potential in Norway. This includes a design cal-

culation of the critical beam and column element of the model building in accordance 

with appropriate Eurocodes. This specifically includes a comparison of casting/mold-

ing approaches, transportation, installation, fabrication of elements, inventory manage-

ment, installation services, customizability, cost and time efficiency, inspection and 

safety control, application and the connecting/jointing methods for assuring structural 

performance of the building 

2 Existing Construction Methodology  

In-situ cast concrete is installed by preparing a formwork with the required reinforce-

ment ready, which is termed as traditional casting or monolithically casting methodol-

ogy. Later, this formwork is filled with the design concrete mix and vibrated thoroughly 

to remove any air bubbles trapped in the mix. After 28 days, the mix has reached the 

required design compressive strength [1] and the formwork can be removed from the 

hardened concrete element. 

Prefabricated elements are created using a near identical approach. Instead of using 

a formwork at the installation place, the concrete mix is poured into a reusable mould 

in an off-site factory or on-site mini factory. Using this method, it is possible to use a 

vibrating floor or formwork vibrator as an external vibrator, instead of the traditional 

on-site vibrator. Another alternative is to use a self-compacting cement mix to reduce 

vibration work. When the element is ready, it can be transported to the installation place 

and connected by appropriate joining methods. If the element is not fabricated at the 

construction site, one must also consider adequate safety of transporting the element. 
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When using prefabricated modules, an entire module is cast as a combination of 

linear and planar elements [2]. The module is fitted with electrical work and piping 

services either during casting, or after casting, depending on whether internal or exter-

nal services are desired in the finished build [2]. Later, the full module is transported to 

the installation place. The difficulty of transporting such modules will depend on the 

size and complexity of the module. Bigger modules may not be stacked as efficiently 

as smaller modules. Heavier modules are also more difficult to transport due to diffi-

culty of fulfilling weight limitations on trucks in Norway. Typically, the module width 

can be up to 4.2 m according to [2], but lengthwise it can be up to 16 m. 

Modular construction uses volumetric units composed of planar and linear concrete 

elements to form a full-sized module [2]. Manufacturers would require specialized 

workers who are familiar with the process and disciplined in the new construction 

method. Further optimalization of this construction method requires some degree of 

flexibility in planning of modules, while retaining some standardization of components 

for efficient manufacturing. For production, some degree of standardization is encour-

aged for flexibility in module design, economic manufacturing and material procure-

ment. The contractors must decide for themselves whether modular construction or pre-

cast element construction is the most economical and practical solution for their project. 

The modules should be “standardized wherever possible” to make the casting, striking, 

lifting and installation process as simple as possible [2]. 

3 Considered Case Study Building 

This case study focuses on a three-storey building constructed by Harestad Bygg AS in 

Randaberg, Norway (see Fig.1). The building includes a fitness centre on the first floor 

and office spaces on the upper two floors. For analysis and comparison purposes, vari-

ous simplifications and assumptions have been made. For example, walls are modeled 

without openings and are assumed to carry no vertical loads, while beams, columns, 

and slabs are assigned uniform material properties (see Fig.2). 

The structure is treated as free-standing, despite being connected to another building 

in reality, to maintain symmetry in the analysis. Structural components are modeled in 

Revit 2023, with standard dimensions applied: 610x610 mm columns, 400x600 mm 

beams with pin supports, and 225 mm thick slabs. Only critical elements are identified 

as the central beam and column on the first floor due to the building’s symmetry are 

designed according to Eurocodes using Smath software for flexibility in calculations. 

Regarding modular construction, the same design principles as traditional reinforced 

concrete are followed. However, a key distinction is the installation method. Entire 

modules are installed at once, unlike precast elements, which are typically installed 

individually. Despite this, all designs must comply with Eurocode requirements. These 

assumptions and limitations ensure a manageable and focused analysis, though they 

may limit the full accuracy of real-world conditions. 
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Fig. 1. Considered case study building 

 

 

 
 

Fig. 2. 3D view of building without walls modelled in Revit. View direction from South- East 

toward North-West. 

4 Principles of Modular Construction and Case Study 

Application 

Lawson et al. [2] highlight both general and specific principles related to the planning 

of modular construction buildings. This covers various types of modular structures, 

construction layouts, and the dimensions of example buildings. For instance, it dis-

cusses grid planning for different building types. The case study in this study is a three-

storey office building. For office buildings, module lengths typically range from 6 to 
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12 meters, with increments of 600 mm. An internal planning dimension of 1500 mm is 

commonly used for office layouts [2]. Furthermore, the typical internal module width 

for office buildings is 3.6 meters, although this is only indicative. Actual dimensions 

may vary depending on the building’s specific requirements. External modules are gen-

erally "250 to 300 mm wider than their internal dimensions" [2]. 

4.1 Example Layout of Case Study Using Modular Form 

In order to fit as many modules of the same size as possible, the width of the building 

has been increased from 17.4 m to 17.6 m. As previously stated, the office modules can 

have lengths between 6 and 12 m. Thus, allowing the length of the building to stay the 

same, with only minor adjustment to the width. An example layout of the building using 

corridor design with a stabilizing core can be seen in Fig. 3 below. Greater detail about 

the modules can be found in Table 1 below. 

  

 
 

Fig. 3. Modular layout of office building (Office modules,  Corridor modules (blue), Corridor 

modules (green), WC pods, Meeting room modules (module 7), Core modules, or Traditionally 

cast the entire core) 

 

The modules can be stacked vertically across three storeys to match the case study 

building. While not necessarily optimal, this layout is chosen for simplicity. Alterna-

tively, the 'Open Area Storage' module could span floors 1 and 3, and be removed from 

floor 2, allowing that space to be used for a larger bathroom serving the entire building. 

Assuming an installation rate of 6–10 modules per day, the total installation time is 

estimated at 5–7 days. At approximately £2,000 per unit [2], the total cost is £82,000 

or around 1,115,423 NOK [3]. Compared to the original 1,419,400 NOK cost, this rep-

resents a 21.4% reduction, aligning with the 20% theoretical savings reported by Law-

son et al [2]. 
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Table 1. Details of modular layout of office building 

 

Module Dimensions in me-

tres (L x W x H) 

Conforms to Description 

1-6 3.6 x 11 x 4 Module width and 

length for offices, 

page 70 in [2] 

Two separate offices with a 

corridor splitting the two 

apart 

Corridor 

(blue) 

11 x 2 x 4 One side less than 

2,55 m for transport 

Corridor which allows access 

to the other office modules 

Corridor 

(green) 

2 x 12.8 x 4 One side less than 

2,55 m for transport 

Corridor for access to the 

building after entering from 

the core. May require division 

into two modules 

Core 4 x 2.4 x 4 One side less than 

2,55 m for transport 

Core with stairs and lift. Ac-

cess from the bottom floor to 

the top floor. Module consists 

of two modules of given di-

mension to form the core. Al-

ternatively, it can be cast tra-

ditionally for structural integ-

rity 

WC 2 x 2.4 x 4 [2] page 52 for typical 

bathroom module di-

mensions 

Bathroom pod 

Open area 

storage 

8 x 2.4 x 4 One side less than 

2,55 m for transport 

Combination of two modules 

to form one room used for 

storage. 

Module 7 10 x 2.4 x 4 One side less than 

2,55 m for transport 

Meeting room. Combines two 

modules of given dimension 

two form one room 

5 Comparison: Casting, Installation and Transportation 

The construction of concrete structures can be achieved through three primary methods: 

traditional casting, precast elements, and prefabricated modules, each with unique ben-

efits and limitations. Traditional casting, or cast-in-place concrete, is especially 
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effective in areas difficult to access with large precast elements. Its flexibility allows 

for on-demand adjustments and repairs on-site without waiting for new deliveries. 

However, it requires substantial inventory space, making it less suitable for tight urban 

environments. Additionally, Norway’s cold climate presents challenges, as freezing 

during the hydration phase can severely compromise concrete strength. Solutions like 

heated formwork and antifreeze admixtures can mitigate some of these risks, though 

controlled factory environments offer more reliable outcomes. 

Precast elements are factory-made components transported to the site and installed 

using cranes. This method reduces on-site clutter and speeds up construction but de-

pends on efficient logistics and transport planning. To meet Norwegian transport regu-

lations, elements must not exceed width and height limits of 2.55 m and 4.5 m, respec-

tively. Techniques like tilting elements during transit and using standardized, stackable 

designs can help comply with these rules and improve transport efficiency. Neverthe-

less, delays can result in costly crane downtime, making scheduling critical. 

Prefabricated modules further integrate construction by combining multiple compo-

nents into single units. These modules face similar transport constraints due to their size 

and weight. Calculations show that modules can remain within legal transport limits if 

appropriately dimensioned (e.g., max 6.5 m in length and 2.55 m in width). Factory 

fabrication enhances quality control and accelerates production using rapid curing tech-

niques. However, modules must be carefully secured during transport to avoid damage, 

as repairs can delay the entire project. Weather protection and structural reinforcement 

during lifting are also key considerations in modular construction logistics. 

The key findings are systematically compared in Table 2 below. To facilitate a com-

prehensive comparison of various construction methods, advantages and disadvantages 

are organized in a keyword-structured format. This approach enhances clarity and ena-

bles a more precise evaluation of critical factors and performance characteristics asso-

ciated with each method. 

Table 2. Comparison of casting, installation and transportation. 

Factor or 

quality 

Traditional Casting Precast elements Prefabricated modules 

Reachability 

for tight 

spaces 

Good No, but can be ig-

nored if project is 

planned carefully 

No, but can be ignored 

if project is planned 

carefully 

Element con-

struction 

On-demand casting, 

can fix element mis-

takes on-site 

Depend on deliver-

ies 

Depend on deliveries 

Inventory On-site inventory must 

fit all equipment and 

materials.  

 

No need to include big 

space for storage of el-

ements.  

Some inventory for 

storage of elements. 

 

Can use on-site 

mini factories if de-

sired. 

 

No inventory for stor-

age, modules are con-

nected directly from 

transport 

 

Site must be fitted to 

include installation 

cranes. 
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Site must be fitted 

to include installa-

tion cranes.  

Weather ef-

fect 
Weather effects is unfa-

vourable 

Freezing and Thawing 

cycles need more atten-

tion in Norway. Total 

Betong mention small 

measures reduce this 

risk. 

Controlled environ-

ment in off-site fac-

tory lead to igno-

rance of weather ef-

fects 

Controlled environment 

in off-site factory lead 

to ignorance of weather 

effects 

Transportation Transportation of equip-

ment. 
Stack elements for ef-

ficient transport.  

 

Must keep size within 

transport limitation.  

 
Bigger elements take 

more volume of 
trucks due to inclina-

tion 

Size and weight of mod-

ules make it unfavourable 

to stack modules. 

 

One module at a time 

should be transported. 

 
Difficulty to transport 

modules of sufficient di-
mension and still achiev-

ing required structural per-

formance 
Lifting and in-

stalling 

Install directly, no lifting 

points required 
Additional steel for 

lifting points must be 

considered 

 
Must be designed for 

induced tension dur-

ing lifting.  

Additional steel for lifting 

points must be considered 

 
Must be designed for in-

duced tension during lift-

ing.  

    

Damages Only one element would 

need re-casting 

Only one element 

would need replace-
ment 

Damage of module would 

create big holdup in the 
entire project 

6 Comparison: Customizability 

Customizability plays a vital role in ensuring each construction project retains a sense 

of uniqueness. Different construction methods offer varying levels of adaptability, each 

with specific strengths and limitations in customization. Traditional casting is highly 

flexible in shape and form since unique moulds are created for each element, although 

it typically includes less finishing detail. Design patterns can still be added to the sur-

face to enhance appearance. Precast elements, particularly those used by Veidekke Pre-

fab, allow for extensive customization through reusable moulds and interchangeable 

finishing panels. Using magnetic wooden panels enables alterations in shape, slope, and 

dimensions, providing both variety and visual interest. In contrast, prefabricated mod-

ules offer limited customizability. Their design favors repetition and standardization to 

maintain cost and time efficiency. While facade finishes can be varied for a customized 
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look, significant alterations reduce the modular system’s economic benefits. Thus, 

while all methods offer some level of customization, the extent and efficiency vary 

significantly across them. 

A degree of customization is often desired in construction. Construction methods 

differ in their ability to accommodate customization, impacting element dimensions 

and finishes. Table 3 provides a concise summary of a comparative overview of how 

cast-in-situ concrete, precast construction, and modular approaches allow for modifi-

cations. while some techniques provide greater flexibility, all methods incorporate tai-

lored design considerations. Evaluating these differences helps in selecting the most 

suitable approach for a given project. 

Table 3. Comparison of customizability 

Factor or quality Traditional Casting Precast elements Prefabricated modules 

Custom pattern By rolling pattern 

over newly cast 

concrete 

By pattern panels 

which is applied to 

mould 

Custom modules re-

duce the advantages 

of faster construction 

by reducing the repet-

itiveness of modular 

construction. 

Is possible, but not 

recommended prac-

tice. 

Dimensions Each mould created 

for each specific el-

ement. 

Desired dimensions 

are easily achieved. 

Highly adaptable fac-

tory moulds. 

Desired dimensions 

can be achieved, but 

standardisation is rec-

ommended. 

Best to use the same 

dimensions for the 

moulds to increase re-

petitiveness 

Outside finish Facades Facades Facades 

7 Comparison: Cost and Time Efficiency 

Cost and time efficiency are critical considerations for construction projects, influenc-

ing both planning and execution. Traditional casting, while capable of high-volume 

concrete placement as demonstrated by Total Betong, involves substantial labor hours, 

site preparation, and material handling, which contribute to higher total project costs. 

Estimated costs from a case study show traditional casting reaching over 1.4 million 

NOK, with key expenses in concrete, steel reinforcement, and formwork. Although 
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suitable for specific large-scale elements, it often requires more time and labor com-

pared to off-site alternatives. 

Precast elements, as used by Veidekke Prefab, offer significant gains in time effi-

ciency and moderate cost reductions due to factory-based production and better coor-

dination. Comparative analysis from ENECA shows that precast methods can cut con-

struction time by up to 210 days and reduce labor hours fivefold, with only a slight 

increase (about 5%) in material cost. However, precast methods can incur higher trans-

portation costs, especially when site and factory are far apart. 

Modular construction offers the highest efficiency in both time and cost. It enables 

simultaneous site preparation and factory fabrication, reducing project timelines and 

material waste. Studies show potential savings of up to 20% in overall costs and 25% 

in labor costs. Modular methods also eliminate the need for formwork and scaffolding, 

further reducing on-site labor and resource demands. However, like precast elements, 

modular systems face logistical challenges and increased transport costs that must be 

managed for optimal efficiency. 

Table 4 below shows a shortened comparison of the research connected to cost and 

time efficiency of each construction method. To get a better idea of which factors to 

consider when discussing how optimal each method is, the comparison below gives a 

clearer idea well. 

 

Table 4. Comparison of cost and time efficiency 

 

Factor or quality Traditional Casting Precast elements Prefabricated modules 

Production effi-

ciency 

1750 m3 in 13.5h 

was the largest pro-

ject for Total 

Betong. 

Can produce more if 

necessary, but more 

labour workers are 

required. 

300-400 m3 per day. 

Specialized and well-

coordinated workers 

is necessary to 

achieve this. 

6-10 modules per day.  

4-5 man-hours per m2 

floor area. 

ENECA Com-

parison 

More labour hours. 

Slightly higher cost 

per m2. 

More construction 

days. 

Less labour hours. 

Slightly lower cost 

per m2. 

Less construction 

days. 

N/A 

Transportation 

cost 

N/A Transportation of ma-

terial + Shipping of 

elements. 

Transportation of mate-

rial + Shipping of mod-

ules. 
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Highly dependent on 

relative distance to 

construction site. Not 

as high if on-site mini 

factories are used, but 

then weather effects 

must be considered 

for quality. 

Multiple elements can 

be stacked to reduce 

the number of trips 

needed. 

Highly dependent on 

relative distance to con-

struction site. 

Fewer modules can be 

stacked, possibly lead-

ing to more trips re-

quired. Difficult to 

compare with elements 

because many elements 

will form one module 

anyways. 

On-site and fac-

tory efficiency 

Workers must wait 

to cast elements un-

til foundation is cre-

ated. 

Foundation can be 

made while elements 

are being constructed 

elsewhere. 

Foundation can be made 

while modules are being 

constructed elsewhere. 

Material waste Spillage and some 

unforeseen waste 

must be accounted 

for. 

Controlled environ-

ment, exact amount of 

concrete needed. 

Less waste. 

Controlled environ-

ment, exact amount of 

concrete needed. 

Less waste. 

ISY Calculus el-

ement cost 

Lower for smaller 

elements. 

Hollow-cores are 

generally more ex-

pensive. 

Lower for bigger ele-

ments. 

Hollow-cores are gen-

erally cheaper. 

N/A 

On-site re-

sources 

Necessary. Necessary, but re-

duced. 

Basic equipment, but 

vastly reduced. 

8 Comparison: Inspection and Safety Control 

Inspection and safety control play a vital role in ensuring structural integrity and worker 

safety across construction methods. In traditional casting, after the mix has hardened 

into structural concrete, the element is ready for quality control. For on-site casting, this 

control has to be performed quickly after hardening, so that the work can continue to 

expand on the element. This timing is critical, as subsequent construction phases like 

placing a new column on a slab depend on the quality and safety of the previously cast 
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element. However, these inspections are often constrained by on-site conditions such 

as weather and workspace limitations, which can affect the consistency and safety of 

the concrete. 

In contrast, precast elements benefit from controlled factory environments, which 

eliminate weather-related variability and allow for thorough inspections before the el-

ements are transported. These elements are checked for cracks and other defects in op-

timal conditions, ensuring they meet quality and safety standards prior to arriving on-

site. This approach reduces risks during installation and improves overall site safety. 

Modular construction further enhances safety and inspection efficiency. Modules are 

fabricated entirely in factories where conditions such as humidity, temperature, and 

ventilation are optimized for concrete curing. This controlled setting not only improves 

quality and reduces material defects but also separates the most hazardous work from 

the construction site. The absence of labour-intensive processes like formwork and 

striking significantly lowers on-site safety risks. Furthermore, factory-produced mod-

ules exhibit better consistency in texture, strength, and finish, minimizing delays and 

rework. Ultimately, the superior inspection environment and safety protocols of precast 

and modular methods offer clear advantages over traditional casting, especially in chal-

lenging climates like Norway. 

A safe and stable working environment is critical to all construction projects. Con-

tractors must follow rules and regulations for health, safety and environment and ensure 

that the working conditions are well suited for the on-site workers. A summary of the 

key points discussed regarding inspection and safety-control is presented in Table 5 

below. 

Table 5. Comparison of inspection and safety control 

 

Factor or quality Traditional Casting Precast elements Prefabricated modules 

Quality control Must be done before 

connecting new ele-

ments onto the pre-

vious. 

Can be done before and 

after transportation. 

Easier to perform be-

cause it is not placed in 

the place of installation. 

Can be done before and 

after transportation. 

Easier to perform be-

cause it is not placed in 

the place of installation. 

Safety of work-

space 

Workers and ele-

ments are both on-

site, must be careful 

around the non-

hardened element. 

Incidents can occur. 

Elements are mostly 

separated from on-site 

workers, therefore they 

are safe. 

Modules are mostly 

separated from on-site 

workers, therefore they 

are safe. 

Quality of product Must consider 

weather effects. 

 

Weather do not affect 

the element. 

 

Weather do not affect 

the module. 
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Faster water evapo-

ration, faster shrink-

age strain and big-

ger cracks. 

Higher accuracy and 

quality than in-situ. 

Higher accuracy and 

quality than in-situ. 

9 Comparison and Discussion: Applicability 

The choice of construction method is highly context-dependent and should be guided 

by the project's scale, location, and functional requirements. With growing urban pop-

ulations, particularly in metropolitan areas, high-rise buildings are increasingly favored 

over low-to-medium-rise structures [4]. In Norway, where population density varies 

significantly from densely populated cities like Oslo to smaller towns such as 

Randaberg. Selecting the appropriate construction approach requires careful evaluation 

of applicability. 

Traditional concrete casting remains the most widely used method in Norway due to 

its adaptability and ability to accommodate design revisions during the construction 

process [5]. This flexibility is particularly valuable in projects where unexpected 

changes may occur, making prefabrication less efficient or cost-effective. 

Precast elements, on the other hand, are commonly used in low-rise industrial and 

commercial buildings. Their use is constrained by the logistics of transportation and 

crane capacity, but companies like Veidekke Prefab have successfully implemented this 

method in buildings up to 10 storeys. Precast methods offer faster assembly and higher 

quality control but require careful planning and suitable equipment on-site. 

Modular construction shows great promise, particularly for buildings with repetitive 

room layouts such as hotels, prisons, and student housing. Though its application in 

high-rise buildings is still limited due to engineering challenges such as structural sta-

bility and joint performance recent studies and projects demonstrate viable solutions. 

These include placing vertical load-bearing modules around a concrete core and clus-

tering modules to enhance lateral stability [6]. Case studies have confirmed the feasi-

bility of this method in buildings up to 32 stories tall [2], underscoring its potential in 

high-density urban development. 

The applicability of each method depends on specific project constraints and goals. 

A summary of the key considerations for method selection is provided in Table 6. 

 

Table 6. Comparison of Applicability 

 

Factor or quality Traditional Casting Precast elements Prefabricated mod-

ules 

Building height Low, medium and 

high. 

Single-storey indus-

trial buildings, car 

Potential for high-

rise, but low to 
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parks and low-rise of-

fice buildings. 

Veidekke constructed 

10 storeys building 

with precast elements. 

medium rise is most 

common. 

Adapts to revi-

sions 

Yes. Changes can 

be made during 

construction. 

Revisions will hurt 

the progress plan. 

Revisions will hurt 

the progress plan. 

Common Norwe-

gian practice 

Yes. To some degree. 

 

Used in some con-

structions, or as a mix 

of precast and and in-

situ cast. 

Very little or in 

small parts. 

 

Business have used 

modules sometimes, 

but not to the same 

degree as with full 

volumetric frame 

modules. 

Construction type All types can be 

constructed. 

Industrial buildings, 

car parks and low-rise 

office buildings most 

common. 

Buildings with a 

high number of re-

petitive rooms. Such 

as prisons, hotels 

and secure accom-

modations. 

10 Comparison and Discussion: Structural Performance 

Structural performance is a fundamental consideration when selecting the most appro-

priate construction method for any project. It encompasses the stability, integrity, and 

robustness of a building under various design loads, and is especially influenced by the 

joining and connection techniques employed. The effectiveness of these connections is 

critical in cast-in-place concrete, precast elements, and prefabricated modular systems. 

Traditional casting relies on direct joining and anchoring of structural elements, 

providing continuous load paths and strong monolithic behavior. The anchorage length 

of reinforcement is calculated based on national standards [8], and when executed 

properly, this method ensures high structural integrity and seismic resistance. 

Precast elements, although manufactured under controlled conditions, depend heav-

ily on the design and execution of their joints. Mechanical devices or in-situ cast joints 
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are commonly used to connect components on-site. However, studies indicate that pre-

cast structures may not achieve the same level of continuity and integrity as cast-in-

place concrete, particularly under seismic loads [9]. Weaknesses at the joints have his-

torically contributed to catastrophic failures, such as those seen in the 2009 L’Aquila 

earthquake. 

Modular construction, while offering potential advantages in terms of efficiency and 

quality control, presents unique challenges in connection/joint design. The lack of 

standardized joining techniques has limited industry confidence and hindered wide-

spread adoption, especially for high-rise applications [10]. Common connection meth-

ods, such as bolted plates, can face issues with alignment, corrosion, and sleeve grout-

ing [11]. Nonetheless, recent studies have shown that with proper design, bolted con-

nections can achieve structural performance comparable to monolithic beams up to 

88% in experimental tests, exceeding calculated strength requirements under ACI 318-

19 [11]. 

Moreover, modular systems benefit from their inherent structural stability, requiring 

less reinforcement than traditional approaches [12]. Corner connections in modular 

units play a crucial role in maintaining overall building integrity, effectively distrib-

uting loads and energy from abnormal events. Additional advantages of modular con-

struction include improved fire resistance, acoustic insulation, and thermal mass [2]. 

Field applications, such as the Kiwi renovation project in Randaberg, have validated 

the practical efficiency of modular connection techniques, confirming their potential 

when executed correctly. Thus, while structural performance varies between methods, 

advancements in connection design continue to enhance the viability of modular and 

precast systems in modern construction. 

Common for all three methods, is the connection method being the determining fac-

tor for overall structural performance of the construction. The three methods may use 

different connection types, but they must all be designed to withstand forces and 

achieve structural safety. Researchers point to the existence of earthquakes to be a com-

mon failure for many constructions. This should therefore be considered. Norway is 

located such that there is a very small chance of destructive earthquakes occurring. Ta-

ble 7 below give a clearer comparison between the three construction methods with 

regards to the structural performance. 

 

Table 7. Comparison of structural performance 

 

Factor or qual-

ity 

Traditional Casting Precast elements Prefabricated modules 

Connection type Direct joining and an-

choring. 

Easy to grout connec-

tion sleeves. 

Plates and bolts with 

filling. 

Easy to grout connec-

tion sleeves. 

U and I bolted plates. 

Difficult to grout connec-

tion sleeves. 
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Guidelines Equations and recom-

mendations from [8] 

and [13] 

Equations and recom-

mendations from [8] 

and [13] 

Lack guidelines for modular 

connection. 

Additional rein-

forcement 

Anchoring. Connection reinforce-

ment. 

Less reinforcement needed 

to achieve stability. There is 

an inherent structural stabil-

ity of modules. 

11 Overall Discussion and Practical Perspective 

Each construction method presents distinct advantages and limitations that must be con-

sidered when determining the most optimal approach for a given project. In Norway, 

traditional casting remains the most widely used and trusted technique. Its adaptability, 

tolerance for minor measurement deviations, and compatibility with frequent on-site 

revisions make it particularly suitable in a national context where such challenges are 

common. However, this method also comes with disadvantages, including higher ma-

terial wastage and vulnerability to environmental conditions, particularly during the 

concrete hardening stage. These issues can influence both project quality and timeline 

if not carefully managed. 

Precast concrete elements offer a middle ground, combining off-site production with 

the flexibility to adapt to changes more easily than modular construction. This method 

is especially effective for projects involving repeated structural elements, as it enables 

standardization and efficient mass production. However, the practicality of this ap-

proach is limited by logistical constraints, such as the dimensional and weight limita-

tions of Norwegian roads. Any deviation from standardized components requires re-

casting specific elements, which is still more efficient than having to rebuild entire 

modules as in modular construction. Therefore, for larger projects or those in urban 

environments, precast elements can offer improved efficiency and reduced on-site labor 

requirements. 

Modular construction, while promising in terms of time savings, safety, and quality 

control, faces significant barriers to adoption in Norway. Although countries like the 

UK and Australia have demonstrated successful implementation of modular construc-

tion for high-rise and specialised buildings (e.g., hotels and prisons), the Norwegian 

market remains skeptical. Challenges include the rigidity of modular systems, lack of 

market trust, difficulty with transporting large modules across mountainous terrain, and 

the substantial investment required to establish production facilities. Moreover, once a 

module is manufactured, any changes in the project’s progress plan could necessitate 

replacing an entire unit leading to increased cost and delays. This lack of flexibility 

remains a critical limitation compared to traditional and precast approaches. 

Insights from a recorded conversation with experienced professionals at Total 

Betong confirm many of these points. They highlight several benefits of prefabricated 

methods, such as potential savings in cost and time, enhanced safety, and the ability to 
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conduct early quality inspections in a controlled factory environment. However, they 

emphasize that these advantages are heavily reliant on optimal conditions particularly 

the assurance of timely deliveries. Based on their experience, prefabricated elements 

can occasionally be slightly more economical but are not significantly cheaper than 

traditional in-situ cast concrete. They also emphasize that hybrid solutions, which com-

bine precast and in-situ methods, have proven effective in cases where traditional cast-

ing alone does not meet project requirements. 

Despite their openness to prefabrication, the Total Betong team highlights several 

real-world challenges: the Norwegian climate and soil conditions hinder standardisa-

tion, and architects and build owners often resist modular designs due to their repetitive 

forms. Ultimately, the greatest benefit of traditional casting lies in its adaptability to 

project changes without disrupting timelines or increasing costs a flexibility that pre-

fabricated methods struggle to match. Even with well-prepared plans, the uncertainty 

of delivery logistics remains a critical concern. 

While the theoretical benefits of prefabrication such as reduced construction time, 

enhanced quality control, and good structural performance are well documented, these 

advantages have yet to translate into widespread practical application in Norway. The 

limited number of industry players, high production costs, and past business failures 

suggest a market that is not yet fully prepared for a shift toward prefabrication. 

Ultimately, while traditional casting may appear more expensive on paper, it aligns 

better with current industry practices and stakeholder expectations in Norway. Build 

owners and architects tend to favour tried-and-tested methods over newer, less familiar 

alternatives. Safety and reliability remain paramount, and traditional methods provide 

both. If prefabricated elements or modular solutions are to gain ground, significant ad-

vancements in research, regulation, and industry confidence are required. 

Given these constraints, a hybrid approach by combining in-situ cast elements with 

precast components may offer the most viable and efficient construction solution under 

current conditions. This strategy leverages the benefits of both methods while mitigat-

ing their respective drawbacks. Looking ahead, as research evolves and construction 

practices modernise, there may be greater potential for prefabrication to play a larger 

role in the Norwegian construction sector. 

12 Conclusions 

Choosing the most suitable construction method for a given project in Norway requires 

careful consideration of a variety of factors, including practicality, adaptability, cost, 

and logistics. Traditional in-situ casting remains the most trusted and widely used 

method, particularly due to its flexibility and reliability in dealing with project revisions 

and Norway’s challenging environment. However, prefabricated methods such as pre-

cast elements and modular construction offer attractive benefits including time and cost 

savings, improved safety, and quality control when used under ideal conditions. 

Despite their potential, prefabricated solutions face significant barriers in Norway. 

Transportation limitations, variable climate, lack of standardization, and limited market 

trust all contribute to the current dominance of traditional casting. Moreover, revisions 
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in construction plans can be costly and difficult to accommodate in prefabricated meth-

ods, making them less adaptable during execution. Still, combining prefabricated com-

ponents with traditional casting has proven to be an effective hybrid strategy in practice. 

To increase the viability of prefabricated construction in Norway, more research and 

development are needed. Areas such as standardized design and connection methods, 

sustainability, factory production layouts, and structural behavior of modular systems 

should be further explored. With continued innovation and standardization, a gradual 

shift toward more prefabricated alternatives may be possible, leading to more efficient 

and sustainable construction practices in the future. 
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