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Abstract 
Many years ago manual method of design was the only way of preparing 

structural design for constructing high rise buildings, but today, we are in 

computer age where application of software, programmed, has been using 

to ease the stress and sleepless nights of the structural engineers from 

rigorous calculations before deriving the working drawing which will be 

used to determine the kind of reinforcement to use. Nowadays, engineers 

are no more suffering unnecessarily as it were for them by then. Moreover 

the software method is unlike method which takes much time and consumes 

more energy which consequently exult the engineer. The use of software for 

structural designs has lots of advantages, parts of which are good colorful 

design, good packaging which makes the engineer’s work look professional. 

The study compares the costs of manual structural design to software 

structural design of high rise buildings, and proposes the best alternative 

method of designing high rise buildings. From the data gathered and 

presented the major findings of the research confirm that: Software method 

of structural design is faster than manual method in terms of time, more 

costly than manual method of structural design. more dependable when it 

comes to accuracy, smarter and manual method of design cause most 

fatigue to the designer due to the fact that it takes a lot of time. The 
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researchers recommend the use of software for structural design because it 

most reliable in terms of time, speed, accuracy, and cost effectiveness. 

 

Keywords: Cost effectiveness, high rise building, manual method, software 

method and Structural design 

 

 

Introduction 
Cost comparisons of using manual and 

software in the structural design of 

high rise buildings is the process of 

relating the worth of two or more 

different items in order to determine 

their differences (Steven, 

2003).Manual is the system where by 

a device is controlled or manipulated 

by a human operator (not 

automatically, such as by a computer) 

or powered by human or animal 

muscle power (not by an inanimate 

source of power such as an electric 

motor, gas engine, or sail). In order 

word software is software is any set of 

machine readable instruction that 

directs a computer processor to 

perform specific operations. 

Structural design in civil engineering 

is the process of outlining and 

calculating load of structure either 

buildings or bridges in order to fulfill 

the intended purpose for which it is 

erected and to ensure safety of the 

occupant or the users/owner. It is 

integrated with those of other 

designers such as architects and 

building services engineer and often 

supervise the construction of projects 

by contractors on site. High rise 

building: A high-rise building is a tall 

building, as opposed to a low-rise 

building and is defined by its height 

differently in various jurisdictions. It 

is used as a residential, office building 

or other functions including hotel, 

retail or with multiple purposes 

combined. (Gregory, 2004) 

 High-rise buildings became possible 

with the invention of the elevator 

(lift), and is less expensive, more 

abundant building materials. The 

materials used for the structural 

system of high-rise buildings are 

reinforced concrete and steel. Most 

North American style skyscrapers 

have a steel frame, while residential 

blocks are usually constructed of 

concrete. There is no clear difference 

between a tower block and a 

skyscraper, although a building with 

fifty or more stories is generally 

considered a skyscraper. High-rise 

structures pose particular design 
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challenges for structural and geotechnical engineers, particularly if situated in a 

seismically active region or if the underlying soils have geotechnical risk factors 

such as high compressibility or bay mud. They also pose serious challenges to 

firefighters during emergencies in high-rise structures. New and old building 

design, building systems like the building standpipe system, HVAC systems 

(heating, ventilation and air conditioning), fire sprinkler system and other things 

like stairwell and elevator evacuations pose significant problems(Dunleavy, 

1989) 

▪ A Structure: is a series of connected, and interrelated elements that form 

together systems that can resist a series of external load effects applied 

to it, which includes its own self weight, and provide adequate rigidity. 

In civil engineering, a structure is usually made up of Beams and 

Columns. 

▪ Manual is the system where by a device is controlled or manipulated by 

a human operator (not automatically, such as by a computer) or powered 

by human or animal muscle power (not by an inanimate source of power 

such as an electric motor, gas engine, or sail). 

▪ Software is any set of machine readable instruction that directs a 

computer processor to perform specific operations. 

▪ Cost comparison is the process of relating the worth of two or more 

different items in order to determine their differences. 

▪ Structural Design: is the methodical investigation of the stability, 

strength and rigidity of structures, the basic objective in structural 

analysis and design is to produce a structure capable of resisting all 

applied loads without failure during its intended life. 

▪ A Building: is defined as high- rise when it is considerably higher than 

the surrounding buildings or its proportion is slender enough to give the- 

appearance of a tall building. 

▪ High Rise Building: A high-rise building is a tall building, as opposed 

to a low-rise building and is defined by its height differently in various 

jurisdictions. It is used as a residential, office building or other functions 

including hotel, retail or with multiple purposes combined 

 

Objectives of the Study 

To compare costs of manual structural design to software structural design of 

high rise buildings, and propose the best alternative method of designing high 

rise buildings. 
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Literature 

Methods of Preparing Structural Design of High Rise Buildings, namely; 

Manual Method: It is known as hand calculation, and it is the cornerstone of 

engineering it forces the users to apply logic and exercise their mental capacity. 

Regardless of other design method, a quick double check of work by hand will 

help you to be confident in the results and keep the Structural Engineer skills in 

tune. There are a number of obvious limitations to hand calculations, as it is 

generally the slowest of the possible methods. By relying on this approach 

alone, the user is susceptible to inevitable human error. Additionally, if 

assumptions are made about the model to streamline the hand calculations, this 

can lead to inaccurate results (Argo, 2002). 

Software Method: It is the method used to prepare full analysis of structural 

design. It is the most effective and fastest method of designing structures. The 

method helps Engineers to speed up the process exponentially, the user can 

model and design each of the members within one workflow and all internal 

forces, members, materials and sectional properties are automatically pulled 

from the model. Although, its a powerful software, still requires a skilled 

operator to use it to its full potential. The only setback of this method is the lack 

of accessibility, as these programs are fairly expensive and require lifetime 

licenses. However, with cost-effective pricing, this is no longer an issue. 

Additionally, some of these types of software require regular costs and updates 

to keep the design codes up-to-date, although not the case with as updates will 

be pushed automatically to the users (Argo, 2002). 

Basic Principles of Structural Design  

Structural Engineers combine the core principles of structural design with a 

sound background in physics and materials science to ensure that structures are 

built to withstand the loads and forces that they will encounter during their 

usage. Civil Engineers that design structure for construction projects must be 

excellent problem solvers. The decisions that Structural Engineers make during 

the structural design phase of the project will affect everything from the project 

cost and duration to the ultimate safety and viability of the structure. Below, the 

researchers highlight some of the most important factors that structural 

engineers must consider when designing a building (Tyler, 2018). 

Steps to follows when Preparing the Structural Design of an High Rise 

Building with appropriate Calculations of its Components’ Loads 

https://skyciv.com/pricing
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A design process may include a series of steps followed by designers. 

Depending on the product or service, some of these stages may be irrelevant, 

ignored in real-world situations in order to save time, reduce cost, or because 

they may be redundant in the situation. Typical stages of the design process 

include: 

(i)You will draw your architectural plan. 

(ii) Draw the structural plan, that is, finalizes the type of slab, position of beams 

and columns. 

(iii) Depending upon your structure and type of unit, decide load on slabs, that 

is, floor finish, live-load. 

(iv) Start the design of slabs. 

(v) When you are done with slabs, you should go for beams. 

(vi) Calculate the load on beams and group them based on their type and design 

them (load on beams=load from slab wall load-self weight of beam). 

(vii) Calculate the load on columns; end shear from beam is transferred as point 

load on columns and group them based on their type and then go for design. 

(viii) Calculate the load from column to footing and that would act as point and 

then design the footing based on its type. This is the conventional method to go 

for design and is followed when the designer has enough times in hand. If time 

is scarce and the project needs to be initiated, footing should be designed first 

by approximately calculating the load on them and then the columns and other 

structural elements and components (Arun, 2017). 

 

Formulae Used in Designing Structural Components 

Some formulae used for designing structural components are: 

For Column: 0.45fcuAsc + 0.72fyAsy = truly crush load for short column. 

Where; fcu= characteristics compressive strength of concrete, Asc = Area of 

the concrete, fy = characteristics tensile strength of reinforcement, Asy = 

longitudinal Area of reinforcement 

0.4fcuAsc + 0.67fyAsy = axial load for slender column.  

Where; fcu = characteristics compressive strength of concrete, Asc = Area of 

the concrete, fy = characteristics tensile strength of reinforcement, Asy = 

longitudinal Area of reinforcement 

For Slab: 1.4gk+1.6qk=axial load for slab. 

Where; gk = dead load that is (self weight of the structure + weight of the 

finishes),qk = live load that is load (the occupants or the use of the structure). 



374  africanscholarpublications@gmail.com                                                                               

 2021 

 

For Beam: 1.4gk+1.6qk= for the beam and so on (Haward, 2016). 

Where; gk = dead load that is (self weight of the structure + weight of the 

finishes), qk = live load that is load (the occupants or the use of the structure). 

Types of Project Costs 

Direct Cost: The direct costs include heavy equipment, construction materials, 

and labor. All the costs, that can be directly attributed to the production of the 

physical product on site. 

General Conditions: General conditions are the invisible or indirect costs 

needed for project. General conditions can be divided into three types. 

 

Preconstruction costs, construction cost, Organization costs and project, 

Operations costs. These are sometimes referred to as soft costs. 

Pre-construction Costs can include document review, estimating, contract 

negotiations, scheduling, project managers, and any other costs related to the 

planning that takes place before actual construction begins.  

Construction Organization Costs can include consultants, safety directors, 

engineers, project manager’s superintendents, estimators or other related costs 

incurred through the construction phase. 

Project Operations Cost can include temporary toilets, dumpsters, permits, job 

trailers, telephones, temporary power, site signage, security, vehicles and 

equipment, or any other cost related to project operations (Tyler, 2018). 

Profit and Overhead: Overhead refers to operating expenses associated with 

running a business that can’t be linked to any specific business activity. It can 

include rent or mortgage, utility costs, administration and legal expenses, office 

supplies, employee training, business development, insurance costs, or any 

other expenses related to office operations. Profit is the difference between the 

amount earned and the amount spent. Many contractors factor it into their 

estimates as a percentage of the total cost of the project. This percentage can 

vary between contractors as they seek to be competitive. Many factors play into 

determining profit percentage, including project cost, timing and duration of the 

project, risk factors, taxes, financing, as well as the contractor’s workload. 

Different contractors may classify similar items in different categories. For 

example, a contractor’s accountant may want to classify workers’ compensation 

insurance as a direct cost, tying it to labor to monitor exact project cost at any 

given time, while another contractor may choose to classify all insurance as 

overhead. Either way, making sure all   your costs for the project are included 
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in your estimate will always help make the project run much more efficient 

while increasing profits (Dame, 2018). 

 

Other Types of Costs Are: 

Capital Cost: Capital costs are those costs associated with one-off expenditure 

on the acquisition, construction or enhancement of significant fixed assets 

including land, buildings and equipment that will be of use or benefit for more 

than one financial year.  

Construction Costs: Construction costs are those costs incurred by the actual 

construction works themselves, and on some projects may be determined by the 

value of the contract with the main contractor. 

Building Operating Costs: Building operating costs are the costs incurred by 

the day-to-day operation of the building, which might include; utilities costs, 

maintenance and repairs, general and administrative expenses and so on. 

Business Operating Costs: Business operating costs may include building 

operating costs and also other operating costs such as; rent, wages and so on. 

Life Cycle Costs: Life cycle costing is an economic assessment of the 

discounted net present value of life cycle costs, carried out using profiles of 

current and future costs and benefits. There is increasing emphasis on life cycle 

costing to ensure all costs are taken into account during the decision-making 

process, not just those for capital investment.  

Whole Life Cost: Whole-life costs consider all costs associated with the life of 

a building, from inception to construction, occupation and operation and 

disposal. 

Out-turn Costs: Generally this refers to the actual, total construction cost 

calculated at the end of the project, but it may also refer to the cost of a specific 

contract, or to costs incurred over a defined period. This contrasts with cost 

estimates, or target costs, which are calculations of the cost that is expected, or 

the cost that should be achieved (Dame, 2018). 

Structural Engineers Use Structural Analysis to Understand How Forces 

Impact Structures Structural Engineers are primarily concerned with the 

safety and stability of structures that they design. Structural analysis is the main 

tool that structural engineers use to ensure that a structure can withstand the 

various types of forces that it will encounter during its normal operation. A 

Structural Engineer designing a subway platform should ensure that the 

platform will not collapse under the weight of thousands of passengers. A 
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structural Engineer designing a railway system should use materials that will 

not be damaged when a 50,000-lb railway car is used on the tracks. A structural 

designer must ensure that the train station they are building won’t collapse when 

snow collects on its rooftops in the winter. Structural Engineers investigate 

three properties of forces when conducting a structural analysis: Magnitude: 

The size of the force being applied to the structure. Direction: The direction of 

the force. A strong wind would be acting against the side of the building, while 

the weight of a heavy snowfall would act downwards, in the direction of gravity. 

Different systems of materials and reinforcements are required to counteract 

different types of forces. Position: The position on which the force acts. 

Structural engineers must assess the effects of anticipated forces on each area 

of the building, not just on the building as a whole (Tyler, 2018). 

 

Structural Elements Must Remain Stationary 

If you’ve ever tried to build a tower out of rocks at the beach, you may have 

encountered the important structural principle that elements of a structure must 

remain stationary to ensure their stability. The first step is ensuring through 

geotechnical engineering that, the soil beneath the building provides a solid 

foundation for construction. A solid foundation helps ensure that the structure 

itself is immovable and that, it can resist external forces. For a structure to 

remain stationary, the sum of forces acting on it must always equal zero. 

However, civil engineers know that external forces will be applied to the 

structure throughout its operation. These can include live loads such as building 

occupants and furniture or environmental loads like wind, snow and 

earthquakes. In any case, effective structural design requires civil engineers to 

ensure that a building can absorb applications of external force, maintaining its 

own equilibrium. Just like a tree branch that doesn’t bend will break in the wind, 

a structure that can’t absorb external forces is vulnerable to damage and 

instability (Tyler, 2018). 

 

Structural Designers Must Choose Appropriate Materials 

The selection of appropriate building materials is one of the key responsibilities 

of structural design. The ability of a structure to withstand external and internal 

forces and maintain its own state of equilibrium and stability depends on the 

properties of the materials from which it is constructed. Structural engineers 
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choose materials based on a number of measured properties that predict their 

performance in construction applications: 

▪ Strength, a measure of how well a material can resist an applied stress or 

load. The opposite of strong is weak. 

▪ Toughness, a measure of how much energy will cause a given material 

to crack. The opposite of tough is brittle. 

▪ Elasticity is a measure of how much a material can be stretched and still 

return to its shape. 

▪ Plasticity measures the capacity of a material for plastic deformation. 

Plastic deformation occurs when a material is stretched beyond its 

capacity to return to its normal shape. Metals exhibit plastic deformation 

as they crack, making them tougher than other materials that shatter such 

as glass (Tyler, 2018). 

E.B.T(Euler–Bernoulli beam theory)also known as E.B.T(Engineer's Beam 

Theory)or C.B.T(Classical Beam Theory) is a simplification of the linear 

theory of elasticity which provides a means of calculating the load-carrying and 

deflection characteristics of beams. It covers the case for small deflections of a 

beam that are subjected to lateral loads only. It is thus a special case of 

Timoshenko beam theory. It was first enunciated circa 1750, but was not 

applied on a large scale until the development of the Eiffel Tower and the Ferris 

wheel in the late 19th century. Following these successful demonstrations, it 

quickly became a cornerstone of engineering and an enabler of the Second 

Industrial Revolution. Additional analysis tools have been developed such as 

plate theory and finite element analysis, but the simplicity of beam theory makes 

it an important tool in the sciences, especially structural and mechanical 

engineering (Unwin,1989). 

 

Cost of a Project 

The term ‘cost’ in the construction industry generally refers to the amount that 

has to (or will have to) be paid to receive goods or services. It may also have 

wider interpretations, such as the environmental cost or the social cost of a 

particular purchase or action, lifecycle costs (rather than capital costs ), and so 

on. Generally cost is not fixed. There is uncertainty at the beginning of a project 

about precisely what is required, and whilst this is clarified as the project 

proceeds and more decisions are made, even when a firm price has been 

accepted from suppliers, this is likely to change as a result of variations to 
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requirements, events such as exceptionally adverse weather (relevant events), 

the rate of inflation (fluctuations), and so on (Dame, 2018).  

 

Research Methodology  

In order to carry out cost comparison of using manual method to software 

method of carrying out structural design, the researchers used semi-structured 

interviews to collect data, and survey to validate, which can be categorized as 

mixed methods (qualitative and quantitative). Creswell (2003) asserted that, 

when studying areas that the researcher has no knowledge about, the best 

approach is to use qualitative method to collect data, and quantitative method 

to validate 

 

Discussion of Findings from Respondents 

Question 1: In Designing High Rise Building, is it Manual or Software 

Method that is time Effective? 

Discussion: Most of the respondents answered by saying that, software method 

is faster than manual method during structural design, because, it takes little 

efforts to prepare structural design when using software and it enables them to 

regenerate their work whenever there is any error. 

 

Question 2: Use of Manual Method of Designing is more Cost Effective 

than Software Method?  

Discussion: Respondent responded that software method of design is more 

costly than manual method due to its expenses and for the fact that it has good 

colourful package, speed and its reliability. 

Question 3: Which of the Manual and Software Method is more Accurate? 

Discussion: Most of the respondents said that the application of software in 

preparing structural design is reliable than manual method, as it takes little effort 

to prepare the structural design automatically. 

Question 4: Which of the two Methods of Design has Speedy of Designing? 

Discussion: The respondents agreed that, software has speed more than manual 

when it comes to  time management and they can do as many copies as possible 

within a short period of time. 

Question 5: Which of the two Methods of Designing of High Rise Building 

can cause fatigue to the Designers? 

Discussion: The respondents replied that, manual method cause most fatigue to 

them during structural design because it requires all human efforts, and as a 

result of that, their brain used to get stressed over a long period of time  
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Table 4.1: Word Count Method of Data Analysis 

 Words  Frequency 

Software  68 

Manual  55 

Structural  15 

Design  44 

Cost  11 

Accuracy /accurate  4 

Time  37 

Fast  15 

High rise 0 

Effective  2 

Building  1 

Compare  2 

Method  46 

Dependable  1 

Reliable  4 

Fatigue  2 

Tired  1 

High speed  6 

Low speed  1 

Effort 6 

 

Discussion of findings 

From the data gathered and presented, the major findings of the research are 

that: 

▪ Software method of structural design is faster than manual method in 

terms of time, and all most no one of the engineers are still using the 

manual due to its challenge as it takes time to prepare structural design. 

▪ Software is more costly than manual method of structural design, with 

all respect to cost effectiveness software method is more expensive than 

manual method because the software itself being used for the structural 

design is costly on its own. 

▪ Software is more dependable when it comes to accuracy. There is believe 

that, all the formulae needed for the structural design were already been 

programmed in the software. Therefore, software method is more 

preferable than manual method 

▪ Software method is smarter when talking about faster. 

▪ Manual method of design cause most fatigue to the designer due to the 

fact that it takes a lot of time 
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Table 4.2: Extracted Cost From a Bill of Quantity 

S/N  Description Quantity Unit  Rate Amount 

1 Foundation 27 Cub.m 28,000.00 756,000.00 

2 Column  38 Cub.m 30,000.00 1,140,000.00 

3 Beams  15 Cub.m 30,000.00 450,000.00 

4 Lintel 28 Cub.m 30,000.00 840,000.00 

5 Slab 72 Cub.m 30,000.00 2,160,000.00 

6 Window  43 Nr 58,500.00 662,500 

7 Door 70 Nr 22,000.00 796,000.00 

8 Wall  824 sq.m 6,200.00 2,621,000.00 

9 Stair case 25 Cub.m 30,000.00 750,000.00 

10 Floor  72 Cub.m 30,000.00 2,160,000.00 

11 Roof  5050 Cub.m 3,299.00 1,807,750.00 

12 Ceiling  34 Nr 25000 350,000.00 

13 Cantilever  34 Cub.m 30,000.00 500,000.00 

14 Rendering     240 Sq.m 3,500.00 150,000.00 

15 Burglary proof  96 Nr 65,000 64,2400 

 

Table 4.3: Cost Comparison of The Amount Spent On Each Element 

Manually and with the Use of Software  

S/N BUILDING ELEMENTS MANUAL (AMOUNT “#”) SOFTWARE (AMOUNT “#”) 

1 FOUNDATION 196,000.00 378,000.00 

2 COLUMN  240,000.00 380,000.00 

3 BEAM 150,000.00 450,000.00 

4 LINTEL 240,000.00 420,000.00 

5 SLAB 210,000.00 1,080,000.00 

6 WINDOW 234,000.00 220,833.33 

7 DOOR 154,000.00 796,000.00 

8 WALL 148,800.00 327,625.00 

9 STAIR CASE 150,000.00 375,000.00 

10 FLOOR 210,000.00 1,080,000.00 

11 ROOF 164,950.00 361,550.00 

12 CANTELEVER  120,000.00 166,666.66 

13 BURGLARY 585,000.00 1,040,000.00 

14 CEILING  100,000.00 116,666.66 

15 RENDERING 70,000.00 75,000.00 

TOTAL  2,972,750.00 7,267,341.65 
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Discussion: The table above shows that, total amount required to carry out 

structural design of all the building elements in the table manually is 

#2,972,750.00, which is far from carrying it out with software by the amount of 

#7,267,341.65, comparably with the gap among these figures, it is however 

shown that software method of structural design is more costly than manual 

method of structural design. 

 

Conclusions 

The main objective of this study was to investigate the cost comparison of using 

manual and software in the structural design of high rise buildings. The 

researchers carried out a robust review of related and relevant literatures, by 

using various journals from local and international authors, articles containing 

relevant information on cost effect of using both manual method and software 

method were gathered. In addition, semi-structured interviews were conducted 

for 12 respondents. According to the above data the amount required to carry 

out structural design of all the building elements in the table manually is 

#2,972,750.00, which is far from the use of software which is #7,267,341.65, 

comparably, with the gap among these figures, it is however, shown that 

software method of structural design is more costly than manual method of 

structural design. Therefore findings show that software is most dependable in 

most cases.  

 

Recommendations 

From all the above, the researchers recommend the use of software for structural 

design because it is most reliable in terms of time, speed, accuracy and cost 

effective 
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