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Development of Prestress Concrete Structure Analysis by Java Language
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Abstract

The objective of this research is to develop a Java-
based software program for analyzing prestressed concrete
structures. The complexity and steep learning curves associated
with existing structural analysis programs prompt the choice of
Java, renowned for its Object-Oriented Programming (OOP)
principles, facilitating concise code development and ease of
understanding. The investigation draws from the research paper
"JSM as a Toolbox for Structural Analysis and Design
Applications" as a model for program development and
incorporates theoretical insights from "Prestressed Concrete" by

Edward G. Navy.

The software development will primarily focus on
analyzing forces and moments of structural components, with
capabilities to visualize results through images and relationship
graphs. It will also include calculations for stress distributions in
prestressed concrete cross-sections and energy losses during the
prestressing process, encompassing both pre-tension and post-
tension systems. Additionally, the software will assess the
deflection characteristics of components and prestressing
tendons. Validation of the software's functionality has been
conducted through testing against calculation examples
provided in "Prestressed Concrete" by Edward G. Navy.
Key word: Java Language, Prestress Concrete, Structure Analysis
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3.1 NMSATUIN stress TUnENAAYDY prestressed member

3.1.1 Stress before loss due to prestressing + self-

weight (Basic Method)

fr= a5
o= a1+ 52)+ 2

MT=MD+MSD+ML

P, ec M
fo = —A_ec(1+_2b) S_bT



3.2 N33R losses
3.2.1 Elastic shortening (AprS)
Pretension:
AprIS = nfg
fog = —%(1+i—j)+@,n = s

c Eci

Post-tension:

1
AprS = HZ]'Hzix (AprS)]-

3.2.2 Friction Loss (Post-tension only)
Afyp = — f;(na + KL)

3.2.3 Anchorage-seating loss (post-tension only)

_ Aa
Afpp = AEp

3.2.4 Relaxation loss

, (logt, — logty\ (£}
Mpr = f); (—) 2 055

10 foy

3.2.5 Creep loss

Eps
AprR = KcrE_ (fes — fesa)

[o

3.2.6 Shrinkage loss
AfpSH = 8.2X10_6KSHEpS
x (1 - 0.0024%) (100 — RH)

3.3 AU shear

3.3.1 Flexure Shear Strength (V)

V:
Vi = 0.050/f!by,d, + V4 + (M ‘ ) (Mer)

max

> 0.14A/fib,,d,
0.421/f2b,,d,

IA

3.3.2 Web Shear Strength (V)
Vew = (0.290/f2 + 0.3f,)by,d, + V,

3.3.3 Web Shear reinforcement (Vc)

VC = min(Vci, ch?)d
A
Vo= Vo= Vo= ——

3.4 Deflection

3.4.1 Short term

At transfer: E = Eg, P = P;;
Due to prestressing:

2 2
_ Pil 4a )

§ = il G (ee ec)3lz], Harped

p;i?

8= —3m

[ec + %(ee - ec)]; Drape

Due to self-weight:

_ swt
T 384Er

uniform load

At service: E = E, P = Pg;

Due to prestressing:

P12 4 a2

5§ = — SET [ec + (e, — 65)57—2]; Harped
Pl 5

§ = — T [ec + g(ee - ec)]; Drape

Due to self-weight:

s5wspl*
= ; uniform load
384EI

Due to superimposed deadload:

5wgpl* .
= 381[;31 - uniform load

Due to live load:

SWLL]4
384EI

; uniform load

Due to point load at center span

w13
§ = 2
48EI
Due to uniform load
wyl3
5§ = 2
48EI

3.5.2 Long term deflection

- 14 Pl multiplier method wag ACI permissible limit
WalSeuiisuainisinelussezenivesaulnlainud
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4.1 P1SRRIUIARINTUSHATH JSM

4.1.1 Wagunsuanwmalasdaiaeidunsdlifisuauuuniay

USTNNVBIMINAR TINTINITULAAIRILIUIVDIRINDALT

JUN 1 Mm3uanawalassasenlideudiy

4.1.2 Msmunnmussnfianasnelulasiainouninsnuss
4.1.3 pvdeumusuieuiiisty winilufeuiuusadeud
AUABUNIAEALSIENNSasULA

4.1.4 ASAUIAINISTLAIRIVBIATUABUNIADALSS

4.1.5 anansamanaandisineuemthdaildlunisaiuan

4.2 F3THUTUSHNTURASHANNITNI5TINUVBIUSHATY

4.2.1 FWlduldsunsy

4.2.1.1 fvunrauanTRanilfluay

PC fuUs = new PC (fpu , fcPi, fcP, Eys, We, Conctype);
Conctype = “lightweight”, “normalweight”

4.2.1.2 fvunAnaaudRuazssinnuemiigin

4.2.1.2.1 nsgidumidngusail

w—

U 2 fegremihdinguiil
Tsection tsect = new tsection (b, t, bw, hf);
Prestress §lUs = new Prestress (eM, ek, Aps, tsect, pctype);
pctype = “drape”, “harp”

4.21.2.2 nsdiiunihdnguinle

——top

JL

boton

3 3 fednamihdingusiale
Isection isect = new Isection(btop, bbottom, t, bw, hftop

,hfbottom);

Prestress faLUs = new Prestress( eM, eE, Aps, tsect, D, pctype);

pctype = “drape”, “harp”

4.21.23 nadifiiunihiagudun

Prestress faLUs = new Prestress( eM, eE, la, Ct, Cb, A, Aps, D

pctype);

pctype = “drape”, “harp”
4.2.13 fviuausaiinszyhiuanu
4.2.1.3.1 n38 Point load
PointLoad #auUs = new PointLoad(5zeiiksanszsi, A

MUAUBY, AUSILLIR);
4.2.1.3.2 n38 Uniform load
UniformLoad #alUs = new UniformLoad(ALseiiiueu
ALSIUIR);
4.2.1.4 fMvunsuniaued Node Tnadsnuniswasnnsin (X,Y)
Tneflsi Node usnu3e Node fleglushumisiheanegiiiiia (0,0)
uazasnenuy
4.2.1.4.1 fRuUARILULS Node
Joint Nodel = new Joint(#iim X, #ina Y, “Nodel”);
asduiinga (0,0)
Joint Node2 = new Joint(#iia X, fina Y, “Node2”);
4.2.1.4.2 Msademuiien Node Haeos
Pcbeam %amu = new Pcbeam( Nodel, Node2, mat, sect
,ﬁmﬁ'ﬂﬂ’m, sdload, liveload);

mat = dudsiiuaguaudiag il inoundhi
sect = fudsiivmamauAvidaiitmuelineuniig
4.2.1.5 Tdussiirmunlidlinseiiuaule
4.2.1.5.1 wseinszduanu

o

%amu.toad( load case, m’]LLUiﬁLﬁUﬂ"]LLN);

4.2.1.5.2 ussdnaandinsyyifushenu

Honu.loadpc( load case, FnUsTiiuAusa);

4.2.1.6 MuuATiAva9 Support UalAag Node
HoNode.wiln support();

B support = pinned, rollerX, rollerY, free

4.2.1.7 &AlUsunsumuauazLansindifonis
4.2.1.7.1 A1 Eccentric Yasanfisuvitiasing
%amu.interestedpoint();

o819 AB.interstedpoint(5.0); ¥HIBAIILIIABIAITUIA

Eccentric 09a7idlnile 5 lAsU03ATL AB 2910 support



4.2.1.7.2 @1 Losses
Pretension Loss
%amu.pretensionloss();
f19819  AB.pretensionloss (), MN8ANNIIABINTINAT
Pretension Loss ¥83A1U AB
Posttension Loss
%amu.posttensiontoss();
f19819  AB.postensionloss  ();  MUIEAINIIABINTINAT
Posttension Loss ¥83A1U4 AB
4.2.1.7.3 A1 Stress
%amu.Stress();
§29819 AB.Stress(); MUNIAININABINITAIAT Stress U9IATL AB
4.2.1.7.4 AT198UALSIEDUY
Fonu.Shear();
fag1e  AB.Shear(); MuN8ANUINABINITHTIVEDUATLSIADY
VDIAU AB
4.2.1.7.5 #1A" Deflection
%am‘u.Deﬂection(typemember,P,w);
Typemember = "Flatroofs", "Floor Not Supports"
, "Floor Supports, Damaged by large
Deflection”
, "Roof Supports, Damaged by large
Deflection”
, "Floor Supports, NotDamaged by large
Deflection”
, "Roof Supports, NotDamaged by large
Deflection”
#9819 AB.Deflection(“Flat roof” ,P,w); NHN8mIdIndaanIsm

71 Deflection ¥89A1U AB Wazll Type member @i Flat roof

4.2.2.1 AUIAN Eci way Ece
MsAuILMAT Eci way Ece agnuuaiiu 2 nsdidall
. ﬂiiﬁiz‘q Conctype = “normalweight”

. ﬂiiﬁiz‘q Conctype = “lightweight”

4.2.2.2 MumaAn A, Ct, Cb, la, Ib,Stop ag Sbottom
wUansiuIdld 3 nsdisiadl
v o o
. PNARFIN
. mindnile

v A

PP N ST VI V')
. nsdildldmindndloway s

4.2.2.3 AanAN Eccentric Ua9ainluszuzsngg
wusnsAwadle 2 nsdisnd

5] “ ” < a
. N3 pctype = “harp” Wiodin1519879AKUY Harp

. n3al pctype = “drape” #303n152190ALUY Drape

4.2.2.4 AMUINMAT Losses
Tnerluusilflunmseuandissd

MD = DL * (dx/2) * (L-dx); (DL = Dead load)
MSD = SDL * (dx/2) * (L-dx); (SDL = SDL load)
ML = LL * (dx/2) * (L-dx); (LL = Live load)

. Pre-tension losses axdl loss Miiaail
- Elastic Shortening loss

- Creep loss

- Shrinkage loss

- Relaxation

. Post-tension losses a3l loss ﬁLﬁmﬁﬁﬂf
- Elastic Shortening loss

- Friction loss

- Anchorage seating loss

- Creep loss

- Shrinkage loss

- Relaxation

4.2.2.5 MIWIAT Stress
A v oo & . o v
1 Stress NMATNFANIY transfer wag service Iag wuadunth

§in Top waz Bottom

4.2.2.6 NMIATIIAMITUZOU
10y AT UROUMAATY  LaYATLSIIaUNATUADUNSADALSS
aunsafuld  whazthaviegeaniiouiu efezuanauaidy

Foruinmsviegralusfumindanunauninsnusadl

4.1.2.7 nM35u1en Deflection

o mAmsidshilietunnussieiinssshdenuneunia
Sause Watas transfer uay service RmiuaziMsTne I
Anamansinshsseren  Wedluifsuiuinesgiues
ACI Tngazuansuadmsinasniantu Turis transfer, service

uazAnlnwigave nieudunaniteaninuitmulneyursead



4.2.2.8 USuUamsuanatalaseasng
#Idelahnsuiulsinsuanssagilnsiaislyiivwnnume
fna3a Mnfineuusnlulusunsy JSM Aduiisadunseessuni

Inglusunsuaanafuautintsin

feg1ansuansrasulnseaiing

v Sa Ay
Wudilenfe @uainnigluau

udundfe uuanaiumLgn ce.c

4.3 mneaeuUszaninmuedusuny
Taomaffiduazneaouuszavinmusstusunsulagnisiedile
nmsAmanvedusunst TuiSeuiisuainnsdmanen
Tandlu Lecture Tus13v1 2101462 Prestressed Concrete
Design floginAniiléfiauvitunielal Taedl 3 foehedwieluil

o=
12.98" & =18.73" (476 mm)

(b)

sUegalangaunsunIndnusn 1

= Ay o v ™~ =~ 9]
A519% 1 wansAfilaannnsanamlelusunsuSeudiauiuns

Auradlandsegan 1 Tu Lecture
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sUegalangAuABUNINanUSIT 2
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Muradlandsegnan 2 Tu Lecture

o TN AU i
Aildannms Vo
. AL Yaslusunsy ANUAAIA
AU o
(MPa) (MPa) LAaau (%)
Anchorage
59.19 59.19 0
seating loss
Elastic
0 0 0
Shortening
Friction loss 105.63 105.80 0.16
Relaxation loss 24.00 24.15 0.63
Creep loss 38.93 39.10 0.44
Shrinkage loss 25.17 25.16 0.04
Steel
relaxation loss 27.29 27.44 0.55
(at transfer)
Steel
relaxation loss 16.95 17.03 0.47
(at service)
Total loss 264.43 265.16 0.28

itldannnis n15ALI n15ALI i
Aan sl gaalusunsy AUARTA
(MPa) (MPa) wdou (%)
Elastic 66.55 66.20 0.53
Shortening
Relaxation loss 44.70 44.70 0
Creep loss 90.4 89.81 0.65
Shrinkage loss 32.34 32.28 0.19
Steel 38.75 38.80 0.13
relaxation loss (at
transfer)
Steel 20.04 20.17 0.65
relaxation loss
(at service)
increased 11.06 11.04 0.18
stress from topping
Total loss 282.52 280.94 0.56
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Fiaure 7.9 Beam geometry of Examole 4.1

JUseglandaunaunIndausei 3

A19197 3 wansAflaannseuameluswsuUSsusuiuns

Aurndlandsegan 3 Tu Lecture

itldanns a3 s i
Mun Muaseiie voalusunsu puARIAAREY
(m) (m) (%)
Total camper 0.0226 0.0225 (up) 0.44
at transfer (up)
Total 0.0128 0.0129 0.78
deflection at service (down) (down)
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P

I T~ 2 v P a = 1
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Input fu, fcPi, fcP,

om, hftop,

eM, eE

Input. nodel, nodeJ,

Eps, We, Conctype

Find Eci, Ece

Find A, D, Ct, Cb, la,

Ib, Stop, Shottom

Find DL, SDL, LL, r2, fpi, Pi

I

Find MD, MSD, ML

Find eccentri¢ of tendon

<>

O

Find Pretension loss

Find Postetension loss Check Shear Find deflection Find Stress
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