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Abstract: There is an increasing demand for tools that can simplify the design process and improve the
accuracy and efficiency of the design calculations in structural engineering. This paper presents an Excel
application for the design and analysis of reinforced concrete low-rise structures using British standards and
European codes. The application aims to assist structural engineers in the design process as it provides a set of
pre-programmed calculations for the analysis of slabs, beams, columns, footings and stairs. The application
incorporates the relevant design equations and guidelines from both standards and allows the user to input the
required parameters and generate concise design outputs such as load capacity, stress analysis results and design
recommendations. In developing the application, a combination of VBA programming and yield line method
was used. The application has been tested using different design scenarios and the output compared to manual
calculations. The application offers significant time savings, increased accuracy, and improved efficiency over
manual methods.
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1. Introduction

The design and analysis of structures, such as buildings, bridges, and tunnels, require complex
calculations to ensure their safety and durability [1]. Structural analysis can be done quickly using commercial
software like SAP 2000 and ETABS [2], other software includes RISA 3D, Prokon, SAFE, Tekla structural
designer among others [3]. Manual calculations are time-consuming, prone to error, and require a great deal of
experience and expertise. As a result, there is a need for a user-friendly tool that can assist engineers and
designers in their design calculations. Several excel applications have been previously developed for the design
of structural elements [4].This study presents an Excel application that that has been developed to perform
analysis and design of reinforced concrete low-rise structural elements using British Standards [5] and European
Codes [6].The Application comprehensively performs reinforced concrete structural analysis and design as per
Eurocode and British Standards by calculating reactions, displacements, bending moments, shear forces and
axial forces for static loads on a plane frame structure using the specified tables and Moment distribution
method of analysis. Only distributed gravity loads are considered. The structural elements designed by the
application are slabs, beams, columns, footings and stairs.

We built the application in Microsoft Excel using Visual Basic for Applications (VBA) programming
language, which allowed us to automate the calculations and generate the output data automatically[7].VBA was
used by[8] to design reinforced cement concrete beams using spreadsheets, however, spreadsheets can be used
to design several elements[9].

There are several advantages to using this Excel application for the design of structural elements using
British Standards (BS) and Eurocodes (ECs). Firstly, time-saving: This application significantly reduces the
time required for structural design as it automates the calculations and provide immediate results. Secondly,
accuracy: there is reduced risk of calculation errors that are common in manual calculations. This is because
they use built-in formulas and functions that have been designed to minimize calculation errors. Thirdly,
consistency: all calculations done by the application are consistent and follow the same design procedures
because they are programmed to use the same design codes and procedures for all calculations. Also, flexibility:
this application can be customized to suit the specific needs of the user. This means that users can design
structures based on their own preferences and design criteria. Another advantage is portability: the application
can be easily shared among team members and clients. Lastly, documentation: the Excel application can
generate detailed reports of the design calculations. This can help users to keep track of the design process and
provide documentation for future reference. The results of the spreadsheets can be compared to manual
calculation for validation purposes as done by [10].

The main objectives include:
e To develop an excel application
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e To develop design sheets for slabs, beams, columns, footings and stairs.
e To use structural engineering concepts in the excel sheets.
e To incorporate the use of British Standards and European codes in the design sheets

2. Methodology
2.1 Overview of the Developed Application
The developed Excel application is an excel workbook that consists of 8tabs.Relevant design equations
and guidelines in the application have been obtained from British Standards European code. The green cells in
each of the tabs requires the user to enter or select data from the dropdown. The user can also print the entire tab
or select the cells to print using the “SELECT” and “PRINT PDF” options in each tab.

Tab 1: Home.
This contains the RCC workbook information. It also allows the user to select the desired code between the
British Standards and European codes.

Tab 2: Solid Slab

Presents the design of slabs according to the code previously selected. The sheet designs solid slabs both
one way and two-way slabs which can be continuous, simply supported slab and the cantilever slabs. The excel
performs deflection and cracking checks.

Tab 3: Beam design

Entails the design of beams upto 15 spans. The Excel carries out analysis and design of simply supported
and continuous beams which can either be T-beam, L-beam and R- beam using Moment Distribution Method
for analysis and yield line method to calculate the slab areas. The user can input moments and shear forces
obtained from third party software. The application does design for the critical span and the same reinforcement
details provided for all the spans and also the critical support in which the same reinforcements are also
provided for all the supports.

Tab 4: Beam shear design
Presents the design of shear reinforcement. Maximum shear forces are used in the design and the
reinforcements obtained provided for all spans. The user then checks for deflection and cracking

Tab5: Columns size

The program recognizes three types of columns; perimeter column, internal column and corner column.
Tributary area method is used to determine the load carried by the column. The user should note if the structure
has a roof or roof slab. The user can also perform calculation of tank load on the roof slab if their structure has
any. The user is allowed to selects the type of column section to adopt from either a rectangular, circular section

Tab6: Column design

This tab deals with column design. The user can perform analysis and design of axially loaded columns
with no significant moments acting on them. The program sums up the loads from slabs, beams, walls, parapet if
any and even the column self-weights to get the cumulative axial loads of columns in each story levels. The
reinforcement areas of steel can be directly obtained and the user can directly print the output and start detailing.
The program can be used in column design up to eight story levels.

Tab7: Pad footing
The tab deals with the design of pad footing. Presents the design of rectangular or square footing. The
user is required to check if the punching shear, transverses hear and face shear are satisfactory.

Tab8: combined bases
Besides the calculations, the sheet presents a visual representation of a combined footing.

Tab9: staircase

The tab presents the design of staircases. The strip method (1m width strip) is used for the design. This
Excel also incorporates the check for deflection upon entering the required fields. This tab also shows staircase
plan and side elevation for visual interrogation.
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2.2 Operating the Application
Upon installing and opening the application, a message box is displayed. The user then clicks “OK” to

enable the program.

Microsoft Excel

Hello Engineer emily!, In case of any query, Kindly contact (Kisasati Jacob
Throughc 0726808143 or 0790075143)

Fig 1: Snapshot the Message box

Tab 1: Home.
This tab displays the RCC workbook information button and the code to select button. Upon clicking the

RCC workbook information button, more information is displayed. The user then selects the code to use from
the dropdown.

B FOC APPLICATION e - Excel

EUROCODE 2/

EURICODE 2

Fig 2: Snapshot of the Home Tab

2.2.1Design of Slabs
Tab 2: Solid slab.
This is the first element to design. The user performs the following steps:
1. Enter the story height, average diameter of coarse aggregate, hagq
2. Select whether to calculate the slab thickness or input as per your engineering experience
3. Enter the span length, select cover and then enter the assumed diameter.
4. Select the class of concrete, and the strengths of the reinforcing bars and the density of concrete.
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5. Input the loads on partitions, services and finishes and also the live loads

6. Select the type of panel to design for. Enter the dimensions of the slab. The excel determines the type of

slab based on load distribution i.e., two way or one way

7. Enter the length of the shorter span when designing for a one way or cantilever solid slab.
Select the required areas to determine the size and spacing of the reinforcement.
9. The excel does the overall checks for deflection and cracking then advises if the reinforcements provided
are satisfactory or not.

2

2.86 Two way Slab
[As ceauimen | Provide:
fyv [As provioen 1000

200

Deflection Span

1.35 Effective depth
Concrete density. Area Check:

Actual /0
% Of As req b = A, eq/bd 0.0005

mfactor .

Basic-Ratio Self-weight
Partitions Ref. rebar ratio |p, = (f4)"/? 0.0050
Services/Finishes % of As e b = A, /bd 0.0000

Fotal permanentacions 660 | 75 7.an. K 13

Basic ratio 26

EN 1991-1-1, TB 6.1 & 6.2 Allowable 5/0 cq(7.16.a), T8 7.4N_ | 709.35
Total ultimate actions, n . Deflection is Checked and is OK

Hmin 131

BS 8110-1, CL3.5.3.4

Bsx - 0.0328 118.90 114.00 @ As provided =393
Bsx + 0.0252 2.86 0.0079 119.15 114.00 58 160 Ti0 @ 200 As provided =393
Bsy - 0.0320 3.63 0.0101 118.92 114.00 74 160 T10 @ 200 As provided =393
Bsy + 0.0240 2.72 0.0076 119.19 114.00 55 160 T10 @ 200 As provided =393
One way Solid Slab., Lx: 2.76 0.0077 119.18 114.00 56 160 Ti0 @ 200 As provided =393
Cantilever Solid Slab, Lx: 9.62 0.0267 117.10 114.00 194 194 T10 @ 200 As provided =393

SIMPLY SUPPORTED SLAB ( BS 8110-1, TB 3.13 )

[ 11400 | 150 As provided = 1340

simply supported siab: of 0.0655 | | 117.77

[simply Supported Slab: @ 117.91 114.00 As provided =524

225 250 i CL9.2..1.1 160
10 524 449 393 349 314 I_Ensure deflection ok 393
12 754 646 565 503 452 CL9.2..1.1(3) 6000
16 1340 1149 1005 894 804 731 min spacing ’{:Eurocode 2,CL8.2(2) 25

200

20 2094 1795 1571 1396 1257 1142 [Spacing ProvidedEnsure deflection ok 200
25 3272 2805 2454 2182 1963 CL9.3..1.1(3) 400
32 5362 4596 4021 3574 3217 2925 - | Cracking control is checked & sati Yy

Fig 3 : Snapshot of the solid slab Tab

2.2.2 Design of Beams
When designing for a beam, the user is required to:
Tab 3: Beam Design
1. Type in the beam number intended for design, the height of the beam, width of the beam web, width of
the wall, the unit weight of wall material used
2. Select
o if the beam to design is a T-beam, L-beam or R-beam
e select the number of spans in the beam
3 Enter the span widths of the beam. If L-beam, enter the widths of one side and if T- beam or R-beam
enter the widths of both sides. The program generates the maximum sagging moments, maximum
hogging moments and the maximum shear force in the entire beam.
4 Incorporate Moments and shear forces obtained from third party software if need be. Select whether to
use the moments obtained by excel or the inputted moments.
5 Select design of sagging reinforcement to design for spans. Select design of hogging reinforcement to
design for supports.
6 Enter the class of concrete to use
7 Provide reinforcement details using the area provided. Select the area required to determine the number
of bars and the diameter that can be used.
8 Enter the details of the reinforcement bars as preferred in the first and second layer.
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COMPLETE DESIGN AND CHECKS FOR BEAMS AS PER EUROCODE 2 g s ecr pomrorem

Moyprony: = |
Continuous Beam Dy
Selected Beam Section T SECTION Dy
Beam Longest Span (mm) 5100 Cover, C
Eurocode Gk-slab | 6.60 |n- slab 9.81 kN/m? Beam flange Width, by 1755 d
Masonry Load: (Gk 9.18 |Masonry Load: (n| 12.393 kN/m Designing a Continuous Beam T SECTION d' 41 mm
JBeam load: (Gk) 1.44 [Beam load: (n) 1.944 kN/m 46
135 Analysis type] MDM BEAM DESIGN TO EUROCODE 2
YieldLine-AREAS|1.35GK: Loadd N: Loads fyk 500 N/mm? fyv 250 | N/mm?
6.00 29.61 31.15 fek H N/mm?’ berr 1755 | mm
4.49 27.67 29.02 K 0.006 Kot 0.167 No Comp. rebars
4.56 25.95 27.12 z 406.73 Zoat 388.55  |Zrouse | 3ssss
8.00 32.16 33.96 X 51.13 Xereex 251.54 Yielding checked & OK
37.05 As 0 Asreq 273 mm?
34.83

Select bars
for As rea

First Layer:
Second Layer:

Number of Bars

402

As provipeD:

Select the required Area =)

Bar Size

2

4 5

12 339 452 565 679
16 402 603 804 1005 1206
20 628 942 1257 1571 1885
25 982 1473 1963 2454 2945
32 1608 2413 3217 4021 4825
Figure 4: Snapshot of the Beam Design Tab
Tab 4: Beam shear design
9 Enter the assumed column height and width.
10 Select the number of legs, the diameter and the spacing to use in providing the details of the links.
11 Check if the deflection and cracking control check are satisfactory.
SHEAR REINFORCEMENTS DESIGN AND CHECKS TO EUROCODE 2:
Deflection Span: L [Total height, h 450 mm
Effective depth: d bBuweb 200 mm
beb b 1755 mm
As req ACTUAL CONDITIONS OF THE BEAM Cover, C 25 mm
First Layer: [Actual L/d 12.47 Dy 8 mm
Second Layer: PERMISSIBLE CONDITIONS UNDER SERVICE
As prov 402 fck 25 N/mm? Eurocode 2, & TB 3.1(Row 5)(As nin)
[Assumed col: As reauiren 273 mm? feun | 2.56 | mm?
Neg 75.00 kN As provioen 402 mm? [As min 109 I mm?
N iax 26.95 | KN/m Eurocode 2, CL9.2.1.1(3) (As max)
Y concrete 1.5 AS max =4.0% 3600 mm?
Vo 61.28 KN As rea: 273 mm?
SHEAR GEOMETRY IN DEGREES 1.3 [As provipeD 402 mm?
Use equation (1) [AREA OF REBARS CHECK & VERIFICATION
1 36.2206843 [AS MIN < AS PROV < AS MAX PASS
1 210.4575443 | N/mm?
DIMENSIONS CHECK Allowabe L/d 53.35 BS 8110-1, TB 3.28 (Maximum Spacing)
0.54 N/mm? No moment redistribution, Smax 155
Vg max 1 kN . JEurocode 2, CL8.2 (2 25
Beam dimensions satisfactory DEFLECTION CHECK IS ur Rebars: 102.00
Ve, 48.718 KN SATISFACORY Min Space< Prov Space< Max Space) PASS
(Acvv/s min 0.16 N/mm? Cracking control checked and is
Acw /s 0.38 N/mm? satisfacto
Link spacing
D LINKS: 125 150 175 200 225 250 275 300
“ 8 2.02 1.60 1.34 1.14 1.00 0.90 0.80 0.74 0.68
10 2.52 2.10 1.80 1.58 1.40 1.26 1.14 1.04

2.2.3 Design of Columns

Tab 4: Column Size
The user is required to enter the beam length (m) supporting the slab the column will carry.
The initial size of the column b and h are assumed in mm
Enter parapet wall height(mm) and length(m)

Enter slab area(m?)

In case of tanks supported on the roof slab, enter the tank volume, roof slab thickness and finishing loads

agrwnE

Figure 5: Snapshot of Shear Design Tab

(kN/m?) and live load (kN/m?).
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Wall Loads

N

Neg

Rectangular Section:

Beam, L (m)

Floor-1 1083.52

1083.52

350

Safety Fact Gl 135 Beoncrete Floor-6 0.00 62.37 62.37 = 1287.75
Qk | 1.50 Bwall Floor-5 266.60 266.60 = 64387.58
Load types Sections Loads Floor-4 470.83 470.83 - 200
Beam, h (mm) | 450 Floor-3 675.06 675.06
Beam Loads [Beam, b (mm) Floor-2 879.29 879.29

Column Loadg
column,h (mm

BT b 0914
WAl ) ;

kN

Wall Loads

Parapet, L(m)

Slab, h (mm)
Slab, n (kN/m’)

Slab area (mz)

Slab Loads 86.23

kN

Roof Load

Dead load: Gk = Live load: Qk

Tab 5: Column Design

ocouprwbdE

n =43.52 kN

1287.75

Figure 6: Snapshot of Column Size Tab

Class of concrete to be used.
The cover of the column based on durability and exposure conditions of the column.
The type of column selected from the dropdown arrow.
End conditions of the column
The reduction factor from the dropdown arrow provided.
The area to be used in providing reinforcement in mm?

1287.75

COLUMN SECTIO|

Circular Section:
[Pameter: | 300 |

SELECT:

]

of _Roof

FLOORS Neg

Nea/Bhto [Mea/Bh fo

A.Rea

Floor6 64.85

0.03 ©0.000

Afp /bt
o

140

T 200

200

269.08

0.13 ©0.000

0.05

210

450

350

47331

0.25 0.000

0.35

1470

500

677.54

032 0.000

o

156

bh7fo

2.10

0.735

881.77

0.42 0.000

203

Beam L, short Column height
El

1086.00

0.52 0.000

o
o
o

135053

250

Ko,

189843.75

1518750000 |Stiffness factor, 1Y 0.167

0.125

ic ©.4705075as. 0.157

Area of stabfLoads; n and 1.35gk 28.71

FEM 86.1259: 1283.68

o1

M/bh'Y,

0.20

0.30

2.2.4 Design of Footing
Tab 6: Pad Footing

Figure 7: Snapshot of Column Design Tab

In the design of pad footing, the user undertakes the following steps:
1. Select the ultimate service conversion factor from the options 1.37, 1.4, 1.45, 1.5

2.
3.
4

enter the allowable bearing pressure of the site location
select the desired shape of footing, either the square footing or the rectangular footing
enter the desired dimensions of the footing bearing in mind the calculated areas

A.Provided

Links

Link-Spacing

[Spacing at 1ap]

as2

200

100

=04

200

100

Re_PrROVIDH

200

100

1963

200

100

6434

200

100

as2

|0 |0 |0 |

200

100

5>

200
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o

5. enter the class of concrete, cover and the assumed diameter.
6. Enter the eccentricity values

7. Select the reinforcement bars and spacing

8. Check if the punching shear, transverse shear and face shear are satisfactory

ot Base tccentiay: |

125025

521.59

Max face shear occurs at the face of the column

mm N = (N o/ (Pova)

ez

| Ve

258 N/mm?

- s

Vo< = Vult, FACE shear will not occur and =

SELECT YOUR AREAS:

1356
EEv-EI

5505 | >asa | 3563

aseo6 | aoza | 3574 1 3217 I

: Snapshot of Pad Footing Tab

Tab 7: Combined Bases

The user is required to:
9. Select the class of concrete and the cover
10. Enter the distance between the column centers
11. Enter the column loads from the two columns

12. select the ultimate service conversion factor, enter the bearing capacity of the area
13. enter the desired dimensions of the rectangular footing bearing in mind the dimensions calculated by the

software

14.In the preliminary proportioning, enter the size of the first and second column, the assumed diameter of

the bar.

15. Enter the diameter and spacings in the design of reinforcement

L o | 2coo |

|

Elevation of Combined Footing,

Figure 9: Snapshot of Combined Bases Tab
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Tab 8: staircase
1. The user is required to input the following data

The number of risers in one side of the stairs
Height of each riser

Length of each thread

Effective span

Concrete density to be used

Live load

Strength of steel reinforcement

Strength of shear reinforcements

Strength of concrete

2. Depending on the area of steel reinforcements required and minimum reinforcement needed, the user

chooses the diameter of bar to be used and the spacing of reinforcement to be provided.

3. The distribution reinforcements are provided based on the minimum required area of reinforcement. The
excel checks the deflection and confirms it satisfactory or not.

Thickness of the Waist (Can be taken as Slab thickness)

Hsiae 150 mm

Depth of the Waist To Rebars

dsine 120 mm

Number of Risers in one Side

Height of the Riser

Distance that a Tread Covers

Length between Supports (Effective span)

Concre te density to be used:

Vertical distance for Risers = (No of Risers * Riser height)

Slope of the Stair =V (Lspan” + Z22)

Staircases are designed just as Strip design in Slabs. i.e

(

1.00

15.72

Hsine
A
Tot. a = G
Imposed Load:
e

EN.1991.1.1.2002 Load from EN.1991.1.1.2002 X LSPAN

10.80

T 135 1

LOAD COMPINATION AS PER BS 8110-1, T8 3.5
S

3742 ]

Moment: ™M, Assuming Simply Supported = (N Lsoan) /8

Fy Fyv

K 0.035 K= 0.156

My = 12.63 kNm

Feu I

No Compression Rebars Required T
= 114

| o096 | Z = 0.950

mm

Z
|As requied 255
MAIN REINFORCEMIENTS PROVISION:

T -
As provioro. 393 mm?

SPAN, S 2700

[As min-0.24%bh. 360

DISTRIBUTION REINFORCEMENTS:

200,

2700

o

mm

120

Actual s/d 22.50

D: {1 is

N/mm” and

M/bd 0.88

is i Y

Permissible (5/d): 36.74

Figure 10: Snapshot of Staircase Tab

3. Conclusion

2700

Z=1500

Q/'\
Q/_\

The Excel Application is a very useful tool in the design of reinforced concrete lowrise structural
elements such as the slabs, beams, columns, footings and stairs using British standards and Eurocodes. This
application has been tried using different scenarios and has not only proven to be user- friendly but also is more
accurate, saves a lot of time and paper when compared to manual calculations. Also, the user has the liberty to
input data obtained from other design tools and softwares during the design process to aid in their design.
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