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Abstract- The design of pre-stressed beams is more complicated problem specially when dealing with continuous beams. It
is basically a trial-and-error process in an effort to reach the best proportions. Manual computations of the design may take a
time for the engineers to arrive in best design. The study on spreadsheet design on post-tensioned prestressed concrete using
Excel spreadsheet with Visual Basics applications was developed. The program calculates the required prestressing force,
concrete area, steel area, and tendon eccentricities. The developed spreadsheet can compute secondary moments on
indeterminate beams, additional non prestressing bars and shear reinforcement designs. The objective of the study to
simplify the design computation of post-tensioned prestressed concrete were achieved. The traditional approach of iterative
and distinct phases of the design of post-tensioned prestressed concrete was considerably enhanced. The design process had
reduced in its duration and complexity by the interaction of the designer at various stages of the design, and the ability to
selectively automate those components of the design process that were repetitive and time consuming. Proper judgment from
the user/designer could be applied and can be rectified almost instantaneously. The developed program may serve as
academic aid since the computation process was systematically reflected on the spreadsheet. The presence of VBA
applications has improved the program development capability of Excel spreadsheet. The use of VBA GUIs inside the
spreadsheet somehow should be limited because it can result to higher file size and may cause overflow during the
execution.
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I. INTRODUCTION Excel contains a programming language Visual Basic
and it allows users to create procedures sometimes
Prestressed concrete is a method for overcoming  referred to as macros, and build a Graphical User
concrete's natural weakness in tension. Prestressing Interface (GUI) icons, that can perform even more
results in lighter members, longer spans, and an  advanced calculations or that can automate repetitive
increase in the economical range of application of  calculations.
reinforced concrete .1t can be used to produce beams, This study seek to enhance the lengthy and trial-and-
floors or bridges with a longer span than what is  error design computation of post-tensioned
practical with ordinary reinforced concrete. prestressed concrete beams by developing a
Prestressed concrete could be pre-tensioned or post-  spreadsheet with Visual Basic applications. Also, the
tensioned. study attempted to develop an automated design
The design of prestressed beams is more complicated process wherein the user may see and interact on the
problem specially when dealing with continuous  flow of the design and a design computations that can
beams. The design of prestressed concrete is basically  be used not only by the designer but also can serve as
a trial-and-error process in an effort to reach the best ~ classroom instructions for professors handling the
proportions (T. Y. Lin, 1981). Manual computations  subject matter.
of the design may take a time for the engineers to
arrive in best design. Somehow, with the possible  The study aimed the following:

iterations in steps, some values are assumed, the 1. Simplify the trial and error manual
engineer may lose patience and come up with anon-  calculation of post-tensioned prestressed concrete
economical proportion. design by developing a spreadsheet program that will

The Excel Spreadsheet on the other hand is a  enhance the design of post-tensioned prestressed
powerful tool not only in Accounting but also in concrete beam.

Engineering. Spreadsheet is mostly wused in 2. In the spreadsheet developed, user can
modification of the traditional hand written method of  change the design parameters and immediately see
calculations. The equations are solved exactly the  the effect on the results, and the capability to instantly
same way in the computer. The computer only makes  view the acceptable results.

it easier by doing the calculations and keeping a 3. Develop a design aid that adapts to changes
record for reuse. One has only to become familiar  on design codes.
with the Excel functions, many of which are similar 4. Show  almost  entire  computations,

to Microsoft Word. In addition to Excel's extensive procedures and formula to the user that he/she may
list of worksheet functions and array of calculation have proper judgement and understanding in the
tools for scientific and engineering calculations. design of post-tensioned prestressed concrete.
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5. Develop a design aid that can be used for
classroom instructions.
6. Take advantages of the capabilities of to

today’s spreadsheet specifically MS Excel 2013
spreadsheet in the design of post tension prestressed
concrete. The lengthy and trial-and-error computation
will be simplified by simple clicks of Graphic User
Interface (GUI) through Visual Basic which is
embedded in today’s MS Excel software and by
simply scrolling the spreadsheet to easily go back to
the inputted parameters that needs to be rectified.

The following were the set limitations of the
developed spreadsheet.

1. Prestressing force are assumed constant all
throughout the tendon length.
2. The program can only compute moment

loads based on given distributed loads of beam on
simple span beams.

3. For indeterminate beams, live load moments
and any service loads were input parameters from the
user.

4. Critical points on shear design were all user
defined.
5. Only practical tendon layout which is

compound parabolic drapes were available for
continuous beams.

6. Double shaped beams and unsymmetrical
sections with respect to vertical axis were not
considered.

7. The spreadsheet was saved as MS Excel
2013 Macros Enabled. Hence, it will run only to MS
excel with VBA applications.

Il. METHODOLOGY

Program Description

The program developed was a MS Excel
Spreadsheets with Visual Basics forms and macros
that computes the required prestressing force for the
given loads, tendon profile, concrete section and
material properties. It can check the adequacy of the
design and can allow user to have trial-and-error
process and instantly see the effect on the design
upon input change.

Analysis Method

A constant force approach was used in the design or
analysis, in which the effective prestress force was
assumed to be constant throughout the member. This
design employed the concept of moment distribution
method in determining the secondary moment due to
prestressing force. The concept of Elastic Design in
prestressed concrete was used in flexural design
while Ultimate Design concept was used for shear
design.

Design Code

The user could choose from ACI, AASHTO, or PCI
Code in determining the maximum allowable stresses
of concrete and Prestressing steel. The user could also
accept the suggested value or change the allowable
stresses on his/her preferences.

Cross-section Types

Beam cross-section types available are shown in the
figure below. The sections were pre-drawn with
corresponding dimensions which requires an input
from the user. Only symmetrical sections were
considered.
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Figure 1 Beam Cross-sections

Tendon Profiles

The program supports only four types of tendon
profile. Any of these tendon profile may be used but
has constraints on profile elevation at end-span of the
beam. For simple beam end-span profile elevation
was always assumed to be at the elevation of the
centroid of the concrete. For indeterminate beam only
continuous compound parabolic profile elevation was
available considering the practical and realistic
elevation of tendon.
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Figure 2 Tendon Profiles

Programming of Procedure

The programing platform was Microsoft Office 2013
Professional Edition, specifically Excel. The analysis
were done through macros specially programmed for
prestressed concrete design. The user may not see the
step by step computation but may follow through the
necessary step by step output reflected in the
spreadsheet cells. Programing was done by
developing functions or formula inside the cell or
using the Visual Basic Editor. The latter was used on
procedures that are iterative or procedures cannot be
found on Excel list of functions. Also for simplicity
of programing, the Visual Basic Editor is more
preferable especially on cells that varies formula.
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Software Development Flowchart
The design of Prestressed Concrete is generalized in
following flowchart shown in the figure below. The
process differs on different design method used.

Figure 3 General Flow Chart of Design of Post-Tensioned
Concrete Beam
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Figure 4 Elastic Design

Method B (Elastic Design by Magnel Diagram)
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Figure 5 Elastic Design Using Magnel Diagram
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Figure 6 Elastic Design by T.Y. Lin
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Figure 7 Continuous Beam

Debugging

Just like human creation, computer programs are less
than perfect. A series of sample problems different
books were tried and compared in order to attain a
satisfactory results and find out source code errors.
Transferring files to other computer were also done to
detect compatibility problems.

I1l. RESULTS AND DISCUSSIONS

General

The developed spreadsheet program is capable of
computing for the design of post-tensioned
prestressed concrete beam. It can give the required
prestressing force, tendon eccentricities, and shear
reinforcements based on the user’s preferences. The
spreadsheet program (workbook) is composed of
seven sheets. Each sheet contained one design
method.

1. Sheet 1 (Introduction)

2. Sheet 2 (Elastic Design)

3. Sheet 3 (Elastic Design by Magnel)

4. Sheet 4 (Elastic Design by T.Y. Lin)

5. Sheet 5 (Indeterminate Beam)

6. Sheet 6 (Shear Design for Indeterminate Beam)
7.Sheet 7 (Moment Distribution)

Opening the Workbook

The spreadsheet uses macros and Visual Basic
language programming and thereby saved as Macro
Enabled Workbook. Thus, the user must click first the
“Enable Content” Button located below the ribbon of
the spreadsheet. Some program procedures run upon
opening of the workbook, thus the user is suggested
to always enable the macros content of this program.

H
HOME | INSERT ~ PAGELAYOUT  FORMULAS  DATA  RR\

T
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e %
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Clipboard P] Font
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I SECURITY WARNING Macros have been disabled! Enable Content |

Figure 8 Enabling Macros

4.1.2  Workbook Layout

Figure 4.1 shows the main program (sheet) view as it
appears once it is opened. Design method to be
selected appears on the active sheet name located
below the sheet screen as shown in the figure marked
by red annotations. The right side of the screen were
notes and suggestions. Notes and suggestions were
not be printable but will served as a guide and manual
for the user.

TR fi
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Designer Eng Labz
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[Projec Location ligan
Nethod ’f%suc DesignByT ¥ Lin

£l Beam Length:
10 Simple Beam LengthL )=
J08 Loads

12 Live Load:
3 Live Load

W AddLieload Kim

15 Total Live Load (M) 145931 kNm

16 Dead Load:

n Gickrwoigh (W ) 1390 K GiderNomentMg): 146635 Wi
18 Tonpings (Wigppege) 421 ki

1 Add Deadoad 000 ki _

N Tobedlmdy) (LM Output )
u -

2

Max Moment (W)= 06712 kN MgMy= 043540 Largel

Sengh @ 28 i)
b Stiength @ tanster (fe =
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Figure 9 Workbook Layouts

Active Sheet

Input Cells

The cells of spreadsheet were protected. Only cells
allocated for user input can be edited. Input cells were
formatted green and italic fonts, and underlined while
output cells are italics and has a red color font.

Output Cells

The output cellsare protected and cannot be altered.
Output results were preliminary computations,
prestressing force, tendon eccentricity, tendon profile
type, non-prestressing bars, and section properties. A
summary of all design output was formed on the
latter part of the program. A detailed step by step
computation with shown formula is shown for the
user to follow.
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Requwrs—d Pre:

Concrete centmldal stress just after transfer:
£
Foane =3 fro = fio) + o = 743744 WPa
Corresponding initial prestress, Po
P, =Aden= 1837.31 KN
P.=P,n)= 1506.6 KN
: S, M,
Required steel eccentricity. ey = (foope — f”")F+P_ = 445 mm
- )5 WM
€z = (feens + fro D 156 mm
considering the coverings: e3= 406 mm
e =max(e, e;) <€3 = 406 mm
Required Prestress Area: A.=PJF.= 1409.6 mm*

Figure 10 Detailed Computation

Magnel Diagram
Prestressing Force{1/p) 1/Kn

0 0.0002 0.0004 0.0006 0.0008 0.001
i Pomac = 2091.67 kN
e= -360.55 mm
-100 Pomn= 121318 kN
. e= 55014
E 405.84
% User's Choice @nx=  -550.14 mm
2 -
‘_: S Po= 1213.18 kN
£
o
Il Pmax L. emin= -412.20 mm
00 g Po=  1467.55 mm
-~ emin -
500 S [User's Choice:
Pmin, emax IPo = 1830 kN
e o= 400 mm
Effective covering (C,-e)= 101 mm Ok!
Required Prestress Steel Area: A =P/ f,= 1404 mm*

Figure 11 Graphical Method Magnel Diagram

DESIGN OUTPUT SUMMARY
Profie Type: Singla Harp
{ Z
M_
o ST | w
ks

r ! |
| L |

= 1981 m

L= 9.906 m

{mm}

Prestressing Force:
P, (Transfer)= 1672 KN P.(Finall= 1371 KN
Total Steel Area:
= 1283 mm®
Number of Tendons
13 pieces of Tendons.
Non-prestressing Bar
diameter: 16 mm
Number of Bars: 4 bars
Design Code: ACI
Beam Cross-Section: Sid. | - Beam
i = 1016 mm
B1= 4572 mm
BZ2= 4572 mm
Bi= 1524 mm
" = 1524 mm
B5= 1524 mm
BE= o mm
Di= 1143 mm
] 2= 1016 mm
Da= 1524 mm
= BAS mm
Ds= o mm

Figure 12 Design Output Summary

Design Example
The following series figure shown is an example of
beam design using elastic design method.

TDesing of Bridge Girder
[Engr. Lahz
B -
o
[Elastic Design -
Beam Length:
Simgle Beam Length{L ) = 20.00 m
Live Load:
Live Load
Add. Live Load
Total Live Lood (Mye)
Dead Load:
Girder weight (w g ) Girdor Momeni{Mg = 350 Kiem
TORgngs (Wagpungs)
A, Deadicad Kiim
Totl Desd Loisd (Mac) 400.00 KNt
Max. Moment (M) = 1150.00 KNem

Material Properties

Concrete:

Sirength @ 28 days {fc”) = MPa
Strength @ ransfer (fei')= MPa
Medulus of Elasticity(Ec ) = MPa

Prestressing Steel:

Ultimate tensile {fou ) =
Ullimate yield (fpy) =
Modubus of kasticity (Eps ) =

Tendon Strand Type

P

Conerete:
At Transfer
Compression (F..) MPa
Tensian (Fu) MPa
At Final Stage
Copression (Fe) MPa
Tensian () MPa
Sieel:
Jacking Stress (Fy) 14856 MPa
Al Tansfer (Fuo) 1312 MPa
Page 1/8
At Firal Stage (Fu) 0.7 fpu Fu = 13004 MPa

Mif. Cgs of tendens fram Bol. fber =
8, 57,565,652 mm”
£ %Y 65,739,848 i

.mm
mm
mm
mm
mm
mm
mm
mm
mm
i
mm
. mm
1~ BEAM
Section Properties:
Concrele Area (Ac = 285000.00 mm”
Mornert of Inertia (1) = ATEE+T0 mm®
Secsan Modulus (Sb) = rassEm mm’ DK
Sechion Modulus (St ) = ra.308,632 mm” ORI
Geniraid from Botiom (b ) = 600.00 mm
Centroid from Tap (Cf) = 600.00 mm
Bolior Keen Paint (kb = 7858 mm
Tap Kem Peirt (kt) = 7R.58 i
Required Pregiiess Arsa:
Concele centroidal siress just after ransfer:
o,
cont = Voo = fia) + fra = 6.3757 MPa
Comespanding inilial presiress, Po:
P sAl = 1817.1 KN
P, =P n)= 1450 KM
) i 5 M,
Requited sheel eccentricly: o = (f_ — er] P_ﬂ= 535 mm
M
it G My
r:—x!:.-*fn.‘,,:&— 183 mm

Page 28
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considening the coverings: &l 505 mm
&= mafe.e) 8y 8 505 mm
Required Prestress Area: A =P Fan 1385.0 mm’
Huimber of Tendons
Tendend Area = 587 mm®
Murmiber of Tendons = 14.03
Prefiered Mum. of Tendans = i
Total Steel AreajAps) = 13818 mm®
Aclual P, = 161282 MPa
Actual P, = 1486.60 MPa
55 Check:
Ganeral Equation: L
3
f=3t7tz
il Stage: | P = Po, M = Mg) Allowable (MPa)
Top fer: f= 076 MPa  -1.47 oK

Batiom fiber: M= 1348 MPa 1422 ok

Firal Stage: (P = P,, M = Mf)
Tep fier: A= 1025 MPa 1379 oK
Batiom fiber: M= 08 MPa 1379 [

Check for Cracking Moment

Resisting Mormenl up 16 26 stress in ballar Fber:

Mr=Pie+k;)=

Total Resisting Mament for craching:
Moy =Mr+ M=
Faclor of Safely for Cracking:

_Mm_
=3 =

Facior of Safety for Liveload:

Mo =M =My
My

F:

Fs

Thits waedel misan that thas
ek b 8 e 1

1420.12 Khem
4,63 MPa

383.15 KNem

180327 KNemm

e SIS e ok
B

Page 3/8

Tendon Profile Type Type-
o

L

vl m_‘
L T i
L
BINGLE FHARF
[Tenden Prafie: — Suggesisd Dt frowm A {mim]
L= Bl0 BE  Above
YR= 600 mm BS  Above
YMi= 1108 mm ONA 505 Below
L]
Li= 10 meders O NA

Compute Initial Steel Jacking Force (Pi)

Friction Losses

Curvalure Caeflacient ) = 014
Wbl Cosflacient (k) = L.007 radim
Friction Factor:
= 072 radians
(e + KL)% = 265%
Afy = (Mloss)(fs0) = TT.57 MPa  Divicd by tmo sirecs midspan & conskiured
Ao dividid by o if Siwased b sk,
Anchorage Slip Losses
Estimated Anchorage Shp (84 = 4 mm
A4

MA= —Ep= 35.61 MPa

Anchorage S Loss will govern rather than Friction Loss.

Additional Jack Loss (Freyssinet jack)
afj=
Maximun Jacking Force Needed:
feim
Allowable =

Remarks:

55 MPs

1405.61 MPa

148050 MPa

Safel

Page 4/8

Additional Non-prestressed Bars

Fy= 314 MPa
Diamber (mm) = 16 mm
Min. Cane. Cover = 125 mm
Ultimate Moment Fach 14DL 17 1L
Mu= 1B35.00 Khem
o= % = 0.003127
fro= fru 1 -2 22| = 170474 MPa
e = Jpu FAr 3
w,=p rﬁ = ars
A
My oy = B4, fogd {1 — 05w = 2161.00 KNem Mo Req. Steel Reinforcement.
My = My ey
A= o mEer o0
" Bf,d
Ash, = 570.00 mm®
Number of Bars = 3

Concreie:
Strength @ 2B days (fc) =
Tendon Fpu =
Total Prestressing siee] Area =
Prestressing Farce
Po®  14BE.S0 kN
Crifical Distance: aus @us
from the support (x) = 0.60 m 400 m 667 m
Eceniricity (.} ~45.70 mm 150.84 mm 308.14 mm
Tendon Angle (B  0.05891604 radians 0.0589 radians | 0.0589 radians
Loads @ Critical Distance:
M, = w ()L 40.74 KN 224.00 KNm | 31071 KNm
Vo = (welZ){LiZoxje 32.90 KN 21.00 KN 11.67 KN
Mg, = i (W2){L-x)= 83.12 KNm 512 KNm | 71117 KNm
Ve = (W ZHLIZ-x) 7EZ KM 48 KN 26667 KN
Shear load Facior:
14Dl
iTuw
Vus 3 KN
Beam Section
He 1200 mm
bw = 150 mm
Ch= 600.00 mm
ci= 600.00 mm
Acs=  2E5000.00 mim'
le=  A7EE0 mm'
= 167149122 mm
Effective depth:
daC e = 550,30 mm 75084 mm S08.14 mm
d2=Ehe 960 mm 960 mm 950 mm
d = mafd,d47) = 960.00 mm 260,00 mm 960.00 mm
Reinforcement
Shear Rein. Fy (f) = 275 MPa
Diameter = 10 mm
Ma. of Leg = 2
Rein. Area (A) = 157.08 mm®
C,*C,= 600.00 mm 600,00 mm 600.00 mm
1453 429 MPa .04 MPa 10.99 MPa
"-‘EEJ'D' 0.51 MPa 0.51 MPa 0.51 MPa
Cracking Moment (M,,):
My = Z08FE 4 far = fu) 532.58 KN.m B30.71 KNm | 108454 KN
Vo= 008 fed 4 4 S 505.28 KN 141.15 KN 93,86 KN
fimit: 14, Fe'bud = 118.38 KN 118.36 KN 118.36 KN
therefors Vi = 505.26 KN 141.15 KN 118.36 KN
VpsPsing= 87.53 KN 87.53 KN 87.53 KN
Ge=P A= 5.22 MPa 5.22 MPa 5.22 MPa
¥ = (12917 # 030, i 4, = 556,05 KN S56.05 KN 55805 KN
Shear Eorce Ve = Min{icl, Vew) = 505.26 KN 141.15 KN 118.36 KN
Factored shear force V, al
section = 344.98 KN 22020 KN 12233 KN
Vi < L4 L E 4
No Reis i i Reir
Spacing of Stirrups: Required Requived
d
= B4, fuyd = .00 mm 351.71 mm 1622.43 mm
w— ok
Sy ® 0.75h ¢ GO0 = 600 mm 600 mim 00 mm
Minimum Steel Area:
bys
Ap=——z = 86394 mm B83.54 mm 86154 mm
ey
Ay lmd [d
4, -y el am 509.68 mm 505,68 mm 500,68 mm
[ Final Spacing (&1 = 370 mm o2 mm 0 mm

Page 5/8

Page 6/8
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DESIGN OUTPUT SUMMARY
Profile Type: Single Harp
f——— ——
M
. _A
l. N
" S 8
L= 2000 m
Li= 10m
Tendan Profile
Disance Froum theTop Fiber (mim) | From Be Nediral Ass (mo
515 Abave
|{ERight Supeart = 515 Abave
= 1106 Below
= [
Prestressing Farce:
P (Transferjs 1813 KN P, (Finalle 1487 KN
Tatal Steel Area:
Aaw 1382 mm’
Number of Tendons
14 pisces of Tendons
HNan-presiressing Bar
diameter: 16 mm
Mumber of Bars: 3 bars
Design Code: AASHTO
Beam Cross-Section: Sid. | - Beam
He 1200 mm
Bls= 400 mm
B2= 400 mm
Bis 150 mm
Ba= 150 mm
BS= 150 mm
B = 0 mm
D1= 150 mm
Dz= 150 mm
D3= 00 mm
D4= 100 mm
D5= 1 mm
Page /8
Section Properties: "
Canerele Area [Ac)e 2BS000.00 mm®
Momerd of fnertia 1) = 4TEAES10 mm
Secfion Modulus (Sb) =
Section Modulus (St) =
Centreid from Botioen (Cb ) =
Centroid from Tep (Ct) =
Bottom Kerm Poind (kb ) =
Top Kem Pint (kt) =
Shiear Reinfarcement:
Biar diameter: 10 mm
Tistance from e
face of the supparl aHi2 LS L3
Spacing {me) 510 352 510
=end-

1IV. SUMMARY, CONCLUSIONS, AND
RECOMMENDATIONS

The study on spreadsheet design on post-tensioned
prestressed concrete using Excel spreadsheet with
visual basis applications was developed. The program
requires the user to input loads, dimensions, and
design codes, and material properties. The program
then calculates the required prestressing force,
concrete area, steel area, and tendon eccentricities.
The developed spreadsheet can compute secondary
moments on indeterminate beams, additional non
prestressing bars and shear reinforcement designs.

The objective of the study to simplify the design
computation of post-tensioned prestressed concrete

were achieved. The traditional approach of iterative
and distinct phases of the design of post-tensioned
prestressed concrete was considerably enhanced. The
design process had reduced in its duration and
complexity by the interaction of the designer at
various stages of the design,and the ability to
selectively automate those components of the design
process that were repetitive and time
consuming.Proper judgment from the user/designer
could be applied and can be rectified almost
instantaneously. The developed program may serve
as academic aid since the computation process was
systematically reflected on the spreadsheet.
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