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4070493321 CIVIL ENGINEERING
## - MAJOR .
KEY WORD:OPTIMUM DESIGN / POST-TENSIONED FLAT PLATE / SIMPLEX METHOD
ADINAN TEERANUPATANA : OPTIMUM DESIGN OF POST-TENSIONED CONCRETE FLAT PLATES
BY THE SIMPLEX METHOD. THESIS ADVISOR : PROF. THAKSIN THEPCHATRI , Ph.D. 100 pp.

1SBN 974-332-646-4.

This research presents an optimum design method of post-tensioned concrete flat plates with shear
reinforcement. The three dimensional structure is idealized into two dimensional one by the Equivalent Frame

Method. The Displacement and Direct Stiffness Methods are employed in analyzing the equivalent frame.

The Simplex Method is used in the optimization process having the cost of flat plate as the objective
function. The computation will start with a feasible solution. Constraints thus obtained will consist of non-linear
terms. The linearization of such constraints is done by using the first and second terms of Taylor series. in the
linear programing solver process, the computation will repeat until the optimum value is obtained. Solution
convergence is accomplished by specifying the difference of the two consecutive values of cost to be less than
0.05%. However, it has been found that the solution may not converge due fo the method used in the linearizing

the constraints. in such case, the solution will be the minimum cost of flat plate selected from the total

computation values.

From the study, it has been shown that the Simplex Method can be successfully used in optimizing
a post-tensioned concrete flat plate. From the selective examples, it has been found that the cost ratio of
concrete : prestressing systehw s rebar is 61:27:12 and 51:42:7 for unbonded and bonded prestressing
systems respectively. tn addition, the cost of slab with bonded prestressing system is about 18 percent

higher than the one with unbonded prestressing system.
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1. AnwdEndansimasiadiving  sunsluniseenuuulasieieredudauanuas i
TneAslasedaudaiiauwin (Equivalent Frame) e ¥ lundiemsinusanss@ndrasnaandausalaeds
mﬂqmmu@aﬁwﬁnum}n (Load Balancing) WaZAMMMMENBHRIENRIaNN$ALIRINAIATALSS

2. AnmnnsesnuuLLELAsuTI IS NEMY Aambouseinealfuardasmus
2994197511 ACI-1995

3. Ansnasuduiusansiaulsiiiuadevdnsamanlasaine e Aaamnesiuneuin
BIIUIERANBNRIINAABALTY  LUANLATHETINAN T A UAYa DN LU NN AY (Optimum
Design) TauruRuAaLTINEAS ALY

4. W ldsunsupanRamasainnisansdnesi

5. WBuufeunanBrmeiily  anlusunsudi®dn  lunsdlilildnséunnsanuuyating
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4. Rarsaun i aeuninanuseean Tudqaussdainge  wildiinisuanFranaelsiviimin
TETTIS STt
L 3 A . . X v
5. RanTINNTneaen  wuuldewasluafen (Simple Parabola) lTuusiavdesiumintie 1d
< o A - o
AanrannisiAenaueeantsluan (Reversed Parabola) fivdianiiaian

s o a X
6. TURATNHAURINNIFALTIRL AN e (Extra Prestress)
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2.2 2 ARANUIELLINUBIARUNTALAZAIAR AL

o

- ] , o , 2 2 al oAy X
n. ARUNIA ﬂq“/ﬂ«nﬂLL?\‘]@@LL@S‘WNQHLL?Q@QWﬂﬂuluﬁlﬂﬁﬂﬂuﬂ?m HAANU

ANnzotusy e lAUNIANaUNISRENAAIAILINAFUIEAINNATN  NITUARIYeY

G <4 < -~ o 3 1 a T ' dy
ARLNTA NITALTINABUNTE LATNITANIHLINAIIAIRIABALLIN mmlumummlﬂu

wiatundpiiauangn 0.60f,’
. dn
widagusaRRiRauengs 0.80 /£
P , ° o a o - ' -
dle  f) Ae ddednlszdbraspeuninanediausdlupeurin  (n/msaw)

1 v v
anazldu whouslursuriandiniadengoiomeaausspediocliinu Asiellidl
' o ala i
wiasusedaifouanga a1n ACI-95 Iduafluasensdife
aa il do X o e
nsdRasndminussnasifudwinusynasiindau 0.45 £

- LY g
NIUNRINTUNUIRUNLITIVINTINYIUUA 0.60 fc'

174
< o o

v v i
lunAdeilfidenlden 0.45 £ ' dFuRarsanthvinusmneaionedWddidaendty

t
& mia

e undnfitouenga o Aumiaialumwiauiviaen(Nilson, 1987) 0.30 f '

. an
wdatusamefEuengn 1.60 ff

Wie f'ha MAsdalszduaesnauriniienty 28 Ju (NN/AT.T.)

2. andause aveifiealdfe aadnusadinduainse 270 uarAHNIAIEIU ACH iula

e luaIne AL AeilAe

wiotusshnuzalaliin 0.94 1 wdlinnnndndn 0.80f
: ey A
wihsuseiud ideusdlliaaunialaiiiu 0701

<l o o R o &
LHB fpu = NRIANTERLIRIRIAD AT

o a8

f, = ANAIAIATINURIRIAT AW

2.2.3 udltUINARBAARAN (Elastic Flexural Stress)

nismsragaunitus lumidming® wildnnanniadsil
0 = Ga+o-dl+cll+0b

............ (2.2.3.1)

= MUBIRTIVIIUUA

g
)
Q
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O, = WiaguNanaan

©

|, = yiatuaanuminussnad

Q

O, = wisrussnninusYnas

G, = wiaturanangatiwinumn

]
=l

2.2.4 wdni@dudawmiian Bunuliasiiga (Minimum Bond Reinforcement)

3 as [l Z E74 oo @ 1R P 9 «l & o 2/ P
@'WW‘LILLNNWHI?ﬂ']uﬂ‘E]uﬂi‘MﬂﬂLLNﬂ’]ﬂﬂ@\i LL‘L]UhJF.IC’]Lﬂuﬂ’l’i:’,lﬂﬂ\'il]mﬂﬂm‘iﬂlﬁ‘ﬂ’]muﬂﬂ‘ﬂﬁﬂ

‘n?
The

vonlumwiuannastafudoniasusiclureuiinluan wldouiy 0.53 ./ " nnumsau.

a2 ¥ da X a v Yy a e o =
LL?G@QVN“NWV]Lﬂm‘ﬂuluﬂ@un?ﬂﬂ’ﬂﬁﬂﬂnLLﬂUlﬂLﬂﬂﬂLa?NmLW]u AR

A= T/(0.5f)

20000y T LN e (2.2.4.1)
Wa T = usedelumauns o annazldau (nn.)
y = 9282 MNUNUALUNeRaARNNTS (19.)
f= Andeparlsrdumaaudnidingssumn (NN./AT.94.)

vHnnlunudaumiawasdesddumdniauilaqlundarfanisluasnda
As =0.00075n (2.2.4.2)

- -1
LR h = ATNUUIUNUNY (3.)

| = A2INE19T2980 TR AN NTUIRALAAN NI RINDETNIMAN  (T.)

4
< o’ A 1 1 - <a
wanuGuiifasdaFuslilnfunduinawasaigs Taevindlsifin 1.5 h anfauihaasa

Tuwsiazfidne wardmaudaslitenndn 4 @y Tuusazhanne Tnasvazvinedadlaini 30 au.
2.2.5 NMasfuunAnlszdatespeunia (Ultimate Flexural Strength)

wmsgu ACH lsigmarindslaansfsry (Nominal Moment Strength) dwmiuguuiisad e

] 9 =l & = ar I o nsdl
HUNT BATHIVAMATHNETTNANTLUNGAY AIUAD



LN

M =Af (d-ar)+Af (d-a2) (2.2.5.1)

= (ALt ASL )/ (0851 b)
] o Ay

a = ANANTLR ML MALNEE ALY

A -SSRV o : <
Aps = Wuwuuﬁﬂfﬂ“l}‘ﬂ\'i@')ﬂ’ﬂﬂLLN'LHHQNLLN@\‘]

d = srtzainfouaniefuussdaaniieqaguitoeaundniadniuusns

d, = szazaniuandeiuundasuigaguitesaimandaus
= midaausshaszylunandauss (Nominal Strength)

o g g o .
b = AMNNII2aIRantin FULNEANEIANLIGR

13
wd

ansgu ACH Rl AmiseussRcluandaus (f) ) WunsdifuselszAvdrafianlaifioandn 0.5 £, Al

Haula

N duiuiussuuusetiawmiien (Bonded Prestressing Tendons)

o= LA (Bl pf 6+ @/ d)o-a)]}F . (225.2)
_ '
o = pf /f,
o' = p'f/f
_ '
®, - P» PS/f
Y, = fogauinAniefesriuindeannaesmdnidindauss Aansnndsil
0.40 dla f /f HAnlideendy 0.85
0.28 da f /f  HA*lidesnd1 0.90
B, = 0.85 @m¥u £ < 280 nn./mg. Ty,
= 0.85-0.05(f'-280)/70 dwmiuf' >280 nn./ms.au.
ustlaifoendn 0.65
p = gnadauudnidiuiuuspvieiuiivida (= A /bd)
p’ = gnsdaumdnidiuiuundasanuiviiisin (= A’/ bd)
P, = RN AIURNINE ALIIFRNUAVIN AR (=A./bd)
d < ' a s o .
O+ (O-0)—=< 030 Fund@umanandianna (Under reinforcement)
dp
[ d < ' o~ -3 ° !
OF(O-0")— < 010 Gund idFundnandiangasin(Much under
d

reinforcement)



d o m
O+ (- ') — 2> 1.00 BZund) @INUanuIn (Brittle Failure)
d
P

¢ o 4 : )
2. damfuiuszunfusdamiien (Unbonded Prestressing Tendons)

2.1 uusnmdoudasseudnaansennumnliuinndy 35

£, = f,+t700+f'7(100p) L (2.2.5.3)
S fDY
< f,+4200 (nn./me.94.)

9.2 AMNFUEATIAUTTTUINUAFBANNUININNGT 35

. ’
o = fo T TO0NUILEOBDAN T N e R (2.2.5.4)
< f
Py
< f,+2100 (nn./m3.gu.)

d‘l @ g v a o asay d; a o o = v as d'nl -3 oy 2
WatlasiudlfdanPifidasaninani@iuiuusss lunthdanimanidiutas mummgm

as

ACl Tl Tinsmeagaunidafntissdeaaaurimailatatnaias 1.2 wnreslnsudinumanFg

oM, 12m (2.2.5.5)
c, = -(QP)/A+M_/S
bh? QLhP
Mcr = Gcr *
6 6
C,= 20 .,/f (NN/BTAN) s (2.2.5.6)

2.2.6 NMAFLLRaUL L RU1DIARUNTA

nMIAAsaLfnIRaTIIIRATaL s dauIRTannsy  waznaraensdne T ldanss

(Unbalanced Moment) 1181 1ata1Aaseideutaai LT 119801 ke

\% M c
Vo= —“+L— ............ (2.2.6.1)

Ac J
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wﬁ?{ v, = WtE RN dueanuLL (NN./B1T. %N
Vo= usadeudindoufiuings (nn.)
A = FuRIusuday b, * d (R3.T.)
b, = Lz’q’umugﬂmﬂwﬁwﬁmﬁnqm%LLNL%ﬂw‘?;?:ﬂz di2 Mnutiian (3.
d = AvuAnsAviustewtina Selitianndn 0.8h (13.)
luidle h fia Anuvusuiy
Y, = ﬁﬂmwmiumusﬂﬂauﬂ‘aﬁ&‘qdwimLL‘NL?iauﬁ'?@ﬂﬁi@maqmm@umuﬁu
M, = T Luum“lﬁauqaﬁﬁmdwﬁum (nn.-14.)
c = szazainqeaudicemidmingafuusse (T3.)
lufferasinagelufianaiitng T
J = Polar moment of inertia a8euAATNG A (1.
1
A1y, = —_— (2.2.6.2)
Tl
3\ b,
Toefidn b, b, . A, J , ¢ sadid ludumissing uanslugt 2.2.6.1
Amitusdeuiineifrasneurinfiansasituaaunindausanifan
v, = ¢ (093 ff +03f +V /(bd) (2.2.6.3)
il f. = wieungaluseuniaudsnindngnyduussdn
v, = LLNﬂaéz%ﬂ‘ﬁwamnmmé’ﬂLmv“iuﬁqﬁﬂ?‘mqﬁ

o 3 o0 o A al [P 4
= FIAAAANIDINIRUDAUNANNINL 0.85
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A & Ay e a
NUNARUNTAUUINAINT A

Ay =2(a+b)d

c C 3
o
FX0)
, a
c=c =—
2

P \ 1
gﬂ‘ﬂ 2.2.6.1 1 UAMAT b, , b,, A, J. 6 angignnely (Interior Column)

Py

R
/
/

A

T

b=co#%)

U7 2.2.6.1 1 uamsA b, ,

- < 3 o o a
NUNAUNTAUUIRAINGH

Re

As =(a+b)d

A Jic

J __ad(a+4b)+d3(a+b)/a

o} 6

J a’d(a+4b)+d®(a+Db)
¢! 8(a + 2b)
P
LHA

2
a
G —
2(a+b)

, ala+2b)

c =
2(a+Db)

b, A, ,J, CI2IAYN (Corner Column)
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& o oY woa  a
WUNABUNTANUIFIAINT A

‘_L.i A, =(a+2b)d

(VD) |

a1 Jic

J o _ad(a+6b)+d3

c c 6
-
($133]
, a
c=¢ =—
2

4 U o’
g‘ﬂ‘w 2261 AudA b, , b, , A, , J, C 1DUATTRLILTNAAAUIULAY (Edge Column Bending

Parallel to edge)

A Al oy e oa A
NUNARUNTAUUIRAINT A

¢ As =(2a+b)d
& | A1 Jic
|
\ J  2ad(a+2b)+d°(2a+b)/a
R i
// / E, xb\q’ Cc 6
7"!{?7_ d i J 2a%d(a+ 2b)+ ¢ (2a+b)
<, —_——
I A 8(a+b)
:02+2d/2 / V/ D
2
a
L.%—— C —
2(a+ b)
, a(a+b)
c =
(2a+Db)

- ! o R
g‘i_l'w 2.2.6.1 3 LAn3AN b, ., b2 , AC ,J, ¢ 19UANIRLILNAASNaNTaY (Edge Column Bending

Perpendicular to edge)
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02,7 ANNTLBUFITBIADUNTA

AnIsaudagNnsnAwnildlnansaInnfeT il Geazidlunnsudusaludoaiis

LiAANISALWATANIUAGIYRIARUNIR A uiunsudusaludasfifianMsAL LA N TUARTBIARURTA LAY
N v
annrnAndldannanntsaesalls

D
|

w= (0, +8, )oss(1+Ccry (2.2.7.1)

dla O, = Ansudwsaiiiassiniuinussynasi

k74 i
O, =  Amsuguzesiiuiiesanaindaus
Cr

o 3
AT TRINNSAL
2.2.8 AM7goyidaussdnluNurauniafausy (Loss in Prestress)

;7 b 1
Anagoyduundaluiusaunindausauielfiiu 2 dssinvde  msgyBuusdaBuuandaina

X o Y o
muummnmiﬁmmmmmm Lm:ms@cy@mwmmmwmamm
o ‘ A X
n. n’ligtyl,ammﬂmmmn (Immediate Losses) iNA%UIUAYATN

negoy\dausedranusaBuaniu (Friction Loss) asngsnAuanelaeail

T = Toe-““““’ ............ (2.2.8.1)
fo T = useBdlusondaussiazes x

T, = ustidluaondauniiauatio

kK = duissAnioeuda (@mmﬁ 2.2.8.1) (FiDLNm3)

o= &uilse@vapanaitle (@mﬁqﬁ 2.2.8.1)

@, = sguﬁi,ﬂ?i‘ﬂu‘lﬂﬂmaqmé”mu,m (iTiAeI)

aufuldonisiuanfen oL = 8yix laeh y = szezmn (sag)
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A197971 2.2.8.1 Andutlsr@valeiiawasdndsz@nt At

FUAUBIAIADA LI Auilsr@Ansoauia Aurlsr@nspnuila

k (slaLums) 5!

o 2 L g -

AruFusaniuaas ausaTiaTiuseEawiien

919

{ Grouted Tendon in Metal Sheathing )

A2ANRNAYGS (Wire Tendons ) 0.0033 - 0.0049 0.15-0.25
VIaWUANA143g9 ( High-Strength Bars ) 0.0003 - 0.0020 0.08 - 0.30
aomsnataanidu ( Seven-Wire Strand ) 0.0016 - 0.0066 0.15-0.25

dwfutagiuanadausiafusiamiln
( Unbonded Tendon Pregreased )

AANIAIEY (Wire Tendons ) 0.0010 - 0.0066 0.05 - 0.15

aafnAgiadu ( Seven-Wire Strand ) 0.0010 - 0.0066 0.05-0.15

nsgayidsusedaanmsidfizesdnasatin (Loss Due to Anchorage Take-up) Nsafiuidnfiaes
< 3 vl o -3 k%4 nll AI =S ¥ ° 3 n" v o
anatioin Ik insgrydaussdn  lunsdwnssendnirecduanetin  azdasinvusAtiaanafasiu

' ol & - ¥ . '
wisasflausrarnaoiild Tnevallscevdnfaesduanatinetd 6 un. megyidaundaainniadinfiaes

bt

Q‘ P ° Yo al
AnanatinAuanelsfail
OP = 2xa/L (2.2.8.2)
e x = (VAEL/a)®
- os ps
a = Amsgiduusdadiaseinusudaani
. J
V = dmisdhivesdnaneta
FUYS -~
A= WuiwihAnzesaindaus
E,= lgdatiavguantaindaus

negayidausednifiasainnisnasauuudanafinaasnaunin (Loss Due to Elastic Shortening -

ES) aN1s0AIUInlFanaNnnTsall

AunFufusruusadauranunFustiawmiien

ES = 0.50(E,/E,) e (2.2.8.3)

f
i’ cpa
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9 1 o P < i
AMTUNUTTULRIADALTILL LN LINE A LU

ES = O050E/ENf, (2.2.8.4)
e fron = miqaLmé”mm&"ﬂluﬂaun?mmwﬁamﬁmLm

c‘ir = fcpi_fg

o = miqslLLN’luﬂ@un‘%m“?{amquﬁdqwmmmé’qu iasinnesauss

f, = mifmLmluﬂaun‘%‘mﬁamquﬁdqwmmmﬁﬂLLN Lﬁmmnﬁ'\uﬁnumnm‘?‘imm‘tﬂma%q
ANUUAINTTEAUT

q. m‘é‘qm@ﬂuﬁ‘ammmmm’l (Long Term Stress Losses)

nsgeyiReusadaifiasainnisALaeIpaunin(Loss: Due to Creep of Concrete - CR)ANIN

Arunnaldisail

o [ 134’ o v < dl
ATUTUNUTELLAIADALLI wu Fusstiamiien

CR= MEE/E L (h AVAR ™ ... (2.2.8.5)
|73 1
ANFUNUITLLANASARLLILILSE AuTleg
CR = 1SEIEN Sk S R SY (2.2.8.6)
" , - - = % ¥, g
wile f.= winuslupeuniniqeaudtonasandausuiiasaninuinasiidfindou

(Superimposed Load) UAIaINN1IDALI

n9gnyRtusedaiiasaINnIIuARIT84AuNIs(Loss Due to Shrinkage of Concrete - SH)

gunsoanndleeail

SH = (8.2%10°) K, E, (1-0.0024 (V/S) )(100-RH)  .oocovens (2.2.8.7)
e K, = fdulszAvanmsmasaseseeurin ( qmmﬁ 2.28.2)
RH = drpoaidudasing (%)
Vs = Sandaulunassenuiing (Tn.)

n9gryidausesaiiasannisARLLsRs (Loss Due to Steel Relaxation - RE) &1N190AMI
RE = [K -J(SH+CR+ES)IC ... (2.2.8.8)

P | P 2 o P
LB Kre' Jd ANTAINAINITARTHLIIAIUDIRIADALLTY ( ARITNN 2.2.8.3)

@)
Il

ArATeIinEusINIVEauRn ( gRnTeTi 2.2.8.4)



s 2.2.8.2 ArduilszAvinsadarasnenrin (K, )
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222 10RIRINNNTLNTUTUIA S ALTI(T1)

Andulsr@nanisuadiraspaunin (K )

f————

1
3
5
7
10
20

30

60 Juauly

0.92
0.85
0.80
0.77
0.73
0.64
0.58
0.45

‘J U i o
A19197 2.2.8.3  ANASTILBINITAREUNANIRIRIAEANS (K, J)

ANMNNTRINIAB AT Tinrasnndaus K, (Nn./A9.4.) J

NAUARIUUUILILT RIAFINALINTA 270K 1399.0 0.15
(Stress Relieved) AIAFNABINTA 250K 1295.5 0.14
AANNAIGINTA 240K 1231.6 0.13

AANAIGIINIA 235K 1231.6 0.13

NYTAATEILTIAIAN AAFNALQLNTA 270K 350.0 0.040

(Low Relaxation) AIARLNALINTA 250K 323.6 0.037
a2AMNAIgaINTA 240K 307.4 0.035

AIANIRIGUNTH 235K 307 .4 0.035

L




AN 2.2.8.4 AAsTiIeduitLsInIsutiaua (C)
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/ £ adpdausviRaRandtNTiln | acndausnesdnfiinduotile
HaupaIEmdILL ARELSIRIAN
o0 L 1.28
ot | 1.22
o8 | . 1.16
orr | . 1.11
076 | __lNRRES 1.05
0.75 1.45 1.00
0.74 1.36 0.95
0.73 1.27 0.90
0.72 1.18 0.85
0.71 1.09 0.80
0.70 1.00 0.75
0.69 0.94 0.70
0.68 0.89 0.66
0.67 0.83 0.61
0.66 0.78 0.57
0.65 0.73 0.53
0.64 0.68 0.49
0.63 0.63 0.45
0.62 0.58 0.41
0.61 0.53 0.37
0.60 0.49 0.33
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2.3 guaatwmiinusmn (Load Balancing)

waAnaansdauNldaugaiuwinusnazitunisaausenie Tuping

WA wuaueen
unanssnaLAudatussine e ludesfeen Wildlaendne - Wansandudiusessndauss 11a ds 8
usanseinfilanevieaasdng ifluusede P Auandluglii 2.3.1

917 2.3.1 Tudouranindnus
ANV AL AU U

d d0
dQ =2Psin — =~ 2P — = PdO

2 2

AIULIAUANT AN w HANMNL

1 d%
N —_—

R dx
v ¥ dzy
Fady w = P——



19

granpfaunadednenrifaonniuadegl 232 Ty, LN Idldaunsiteduansusamin

o

X
wUNUIIVNONL

v
o o

satiugugaiminusmn w, wdwninnszaneiaue (Uniform Load ) naaatoania

8P(e, —
w, e, TR (2.3.1)

2
[

4 .
e P = urameluduandaung

ANE9189tudn luiirnnalaseaienRasan



20

P o o A f .
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5 41 ARWILATRILEUNL (Slab Stiffness)

A1 (Bud@uuede) ansnsodwnmndleanssainauaiitmuald i 2.4.1.1 waseql

Fanarmiinmasiuiiningagl A-A

-

. =712 ()’ (1) (2.4.1.1)
il L, =Awnduredas (13.)
h = A2 NULTaIY (1.)

77 2.4.1 A uanaidaaasiuBuuiag s (e B-8) lunsditidlumusRuve Fall

o

AN tAsaALAN | il
— 2
= oWl P RN TN (2.4.1.2)

Tt ¢, = AoNRNTeIMingn

L1
A B 14 L, .
nl L | |
A B + h « Ly
c, %
A’ G 2/ o
N. NUARAUNTE 9. BUIBR A-A
L2
" L ,
(1-c,)?2 l s
e ﬁ_l L,
1
g J DA
C 2
A. MNGim B-B 3. BulueideasNuieLwn

o vow A4 awo -
7R 2.4.1.1 widnrasiuie A mainiua
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77 2411 wansdousesiuiviiefiGundiuiuiuiitmin (Equivalent siab) fisfaaenain
wa feenarasadeidinadid aunlad (Column Analogy) tHeiunsanANgsenlunIsATuI N An

uuRFeLwiag Rice Tauwa e

K, =4 E/(L-c/2 . (2.4.1.3)
Tagf K, = afniuazeuduiuiewh (nn.- 31.)
E, = lugdatiaueuzasiu (Nn./ms.9x.)
L, = AHe1szudAudnatadn (13.)
C, = AMNNTNTRIME AN (13.)

2.4.2 AN UAT9941 (Column Stiffness)

1 v v
i 2.4.21 wasspldsuazuidnrena Alumuisua@areaa Tudoeszudiaiy aunsn

A laansanuiindnaiaaasn saduazls

F=FF2rge ™ " LI (2.4.2.1)

doulumfBuuadaludouiog lunulitiadifiatwintu 0o andulditaeduiounTad Auam

WIAARWILATENAATY (U7 2.4.2.1)  dwiReaiulunsiivasivg Rice IHiaua il

K, = 4E1/(L,-20) L (2.4.2.2)
Tagil K, = afwuaiiesainnisdaaedian (nn.-Ta1.)
E, = Tugdatiavgurauan (NN./F5. 3.

L, = AMNEIIaNMIRAINAINAINY (13.)
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v I = o<
—f _________________ L qj
Ic
Lc
I I [T F"‘QL"‘L L_j
1

77 2.4.2.1 uamguazuiinedan
2.4.3 ahviugreudaniauwia (Equivalent Column Stiffness)
1 274 1 - 1] 1
Al 2.4.31 usmsdeussnduasiuiagiuiuFandnafisuvinielsenaufasdauaenani

! ! L & da o < - Yy = 5 &, X
ﬂq3:%mauumxmmudqummwuwmmnuLmLm:ﬂu‘afan‘lﬂmnmemamaL?ﬂnmummwum’] Fudau

#5uuseia (Attached Torsional Member) Anginiuarasanfiauwind § Al Tadmali

/K, = V/ZK +1/2K e (2.4.3.1)
e K, = afuszeaaniisuwin (nn.-aw.)
K, = ainiuaredudouiiiiusdn (NN./A9.94.)
i 3
K = 9E,C/L,(14c,/L,))°) . (2.4.3.2)
el C = X [1-0630dy)1Xy/3 (1. ")
X = ANMNULNTAIAY = h (1.)
y = aundrezeauiug =40 (13.)
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eA: fan 65: fon
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o 4 d . an
17 2.5.1.2 ugaslassaFreiuildlunsfrwananandian

Y ' 4 -
AN luus (Moment Area) Nl 2 sraziARaud t,, 18930 B uwidulAdanadia

' £
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Y osr ol

) < o -l v v
LABTAIUNANITD mmm‘immqﬁgmmuim AU

B Mx Mx
tg, = —dxmEE—F £ LR N, (2.5.1.1)
A El El
. & d_o Mx o . da X oyyo X
Tnentsuedudouiediuans Y, — fanuisoAusnigeiiiaauldsil
El
itBA‘
0, =f, =— == USROS (2.5.1.2 1)
L1
el
6, =f,=—"— . (2.5.1.21)
L1
lhususeafuleld M, = 1 ezl f5.f,, Al
I
AB
0, =f, :——l ............ (2.5.1.2 )
L
1
itBA‘
0, =fe=—"7— . (2.5.1.29)
L

- Py o a X o
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2

waldrandnnandDa/n (Flexibility) wdnfianusnatuanainiualéised

—
» fan  fas Kaa  Kap
[K]=[F] = = (2.5.1.3)
o Tos Kea  Keg
o o _ 2
LA TR Det =f,,fs —fan
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Det
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Kgg ==
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annwingsaauiuay ﬂﬂﬂﬂ AU
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0, + M, +gM, =0, =0
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'
o
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{+ (C,2ZLIN, mquLmumumwm:uuﬁLmﬁmmﬁm}

il c, = MAaaesuneuREauSaLs s hlidmeiiRansnn . (um)
Cope = 1MANTMANTAAUATAUIFRLINDIARUMTA (L/au.u.)
A Muivarnaiuneurin (MN31UNR9)
h AN TEIRLARUNTR (m3)

Cen mm‘mwhd"aqu,am'ﬂmwiﬂﬁwﬁ’nﬂmmmé"mu,s\a (uw/nn.)

C, MAnAuNTaIMIAtRIaseinTeRIdaLs (uw/nn.)

C, ArpsTiuanspaduIs A ENnTssmaaiTunn (nn.Aumg)

b, ANETsRanSaussluAa Y (Aantudung) (wm9)

Ny, AUILAINEAUI (v&w)

C, A9 ATARAUAZATUIIARLTIN TR ImANIETY (UWALLH.)
L, mmmqlmwia:fimﬁm‘%um&mﬁu (m9)

A, ﬁuﬁlummam?fm%umﬁnLeﬁu (GRER Ny
Coner 'mm‘muﬂ'ﬁa@Lmzﬁhmwi@*gm?imuﬂﬁq (U n/e)

N, Frunudnanaia (19)
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o = amuAdaguazAtusriegaresanetinlang (U m/m)
o <2

N, = [7uuaNatialane (1)

C,. = $1ANTINANTRARAT AL LRITAUFIAIAD ALTIFIDAIINEND (UNANAST)

Coe = TIANPNANTEAUATAIUIIFIRANNENITAAUBTINAI AT LTS (UW/m9)

Cy = awmmuﬂ‘ﬁm«gme'wLLwifamwmqmﬁmﬁmmﬁmmmé’mm (LN/LHET)

2.7 ARNNITUARLIYA

AANNTIBLAT AT NWANT  wARIANANRUSTZMININITR LS AV NaaINaIRE R

o ﬁl‘ A’ ol -3 =Y 4!’ al v o o o
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h = (AR VOO P L O V1D 1A (2.7.1.1)
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'
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g < (CLP) / (bh) < 35
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el O = AvAsiiilasannmegeaifeussialusandnus
P = ussdelusandauseanizis
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b =  AHNdTeUELAY

£ 7
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befi 2 = szevanfinenedasing
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g R el v o .
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2 7.2 FadnfaRantnzanaus

¥ d' - é’ k2 1 d’ 3
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On On
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_ * *
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uazlunguiinesazlé
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oLhP « x| OL(P)  O(P) || NN
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6 oh or JP—P
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621 :f2(h 1P )_GZ2h _G23P
druFuvaauseitany
bh’G OhP bh’C
LS - +MbI+MdI+MI| = >
6 6 6
(G TG NO S—(G,, + G+ GpP) + My + My + M, S(G +G,NGC e (2.7.2.3)
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12 =2c, +2¢, +8d

Od

_ * *
Hy =8, )_H12d

@ENgUR 2.2.6.1 1 (1@yN)

A, =S,(d)=(a+bd=c,d+c,d+d°
0s, (d)
~s, (") + 2 (d—d”)
0Od
=H,, +H,,d

_08,(d)

2 Py =o1+02+2d

_ * *
H,, =S, )—H22d

e H

o u
meugﬂﬂ 2.2.6.1 A (18118 LUNAAALIUUIAL)

A, =S,(d)=(a+2b)d=cd+2c,d+d°

~S,(d )+ as(;(d) (a—d")

d
=Hj, +H,,d
d- 0s, (d)
v Hy, = =c, +2¢c, +2d
Od

N * *
Hy, =8,5(d )—Hazd

(2.7.4.12 1)

(2.7.4.129)

(2.7.4.12 )



Lm;mugﬂﬁ 2.2.6.1 4 (1@139ULNAASIRINTAL)

A, =S,(d)=2(a+b)d=2c,d+2c,d+3d°

0 x
%S, (d )+ Sa“(jd) (a—da*)

=H,+H,d (2.7.4.129)

y 05, (d)
ol H,, = 5 =2¢, + 2¢, +6d
d

_ * *
Hy =8,(d )—H,d

. . . P 0.8P
dmiungn —A_ =——A_1
h d
o
@NgUN 2.2.6.1 0 (nneilu)

{18 d=0.8h wasuanuduRufiiludaduldninaumdaansail

8P
S, (P,d) =——2(a+b)d=1.6P(c, +c, + 2d)
d

*
« » | Os.(Pd) OsPa)| PP
RS (P .d )+
op Od d—d
=H,, +Hg,P +H,d

............ (2.7.4.13 n)
¥ 0S4 (P.d)
el Hy, =———=1.6(c, +c, +2d)
op
0s(P.d)
g = ———=32P
0Od
_ * ok * *
Hy, =S, (P .d )—H,P —Hgd
meugﬁﬁ 22619 (@)
S¢(P.d)=0.8P(c, +c, +d)
*
x x| Osg(Pd) Os Py [ PP
RSP ,d )+ *
o Od d—d
=Hg, tHeP+Hed (2.7.4.13 1)

_ 084(P.d)

el H, =
opP

=0.8(c, +02 4+ d)
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0S4 (P.d)
Heg =————=0.8P
0Od
_ * * * *
Hgy =Sg(P .d ) —H,P —Hd

meugﬂﬁ 2.2.6.1 A (@ I8LUWNARTLIULRL)

S, (P,d)=0.8P(c, + 2¢, +2d)
*
. |:aS7(P,d) 887(P,d):| P—P

*
~S, (P .d )+

opP Od d—d
=Hy, PP dolledba W ™ e (27413 /)
r 0s, (P,d)
agh  H, =————=08(c, +2¢c, +2d)
72 aP 1 P
_ 0s,(P.d)
=gy @

_ * * * *
H,=S,(P ,d )—H,P —H,d

meugﬂﬁ 2.2.6.1 4 (LA 1AULNARFAIRINTALY)

84 (P.d)=1.6P(c, +c, +1.5d)

& Pss(P,d) 5SS(P,d):| p—p"

*
~S,(P ,d )+

o Od d—d
=Hup THAPHAd s (2.7.4.13 %)
r 0S4(P,d)
el Hy, =———=16(c, +c, +1.5d)

op

0S, (P, d)

g = ———=24P

0Od

e * ok * %
Hgy =S4(P ,d ) —Hg P —Hgd

81 83

AINNFULAIAUANAUS ANNFIUVUUET FRedunng 2.7.4.12 0 19 2.7.4.13 9 garunsaidieuan

N3 ugmangy T A, Rl

0.3¢

T,A, =085 093\/ H ; T Hy 08h)+—(H T H,PHH,L,080 ¢ (2.7.4.14)
L
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e XY Ranmuudadn uay nuuald d = 0.8h wald maumun (h) Wusauds
. e 4 A X
A Fu wheusdeuiiatu

T, = “Vu_ + ———YVMUC
Ac J

Ac
TUIAC = VU + (YVMU)
Jic

A - ° € -1
dudungn —= Uszainmuaruduius Iiidu@aduldnuiumiaadal
J/c

@eNgf 2.2.6.1 0 (@naelu)
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A, 6(c, +c¢, +2d) k,
::Z1(d): 2 = 5
Jlc (c, +d)c, +3c, +4d)+d°  kyk, +d
0z,(d)
~z ")+ (d—a")
Od
=B, +8., ¢ K Fasiransd A"y ™ (2.7.4.15 1)
i & 0z (d) 12 2k, (k4 + 4k, +2d)
AEIN = = —
12 2 2.2
0d  kykg +d (k kg +d°)
* *
B11 :Z1(d )°—B12d
meugﬂﬁ 2.2.6.1 9 (L@43)
A 6(c, +c, +d) k
c =Zz(d)= 1 2 > — 1 -
Jic (¢, tc, +d)d K k. 4 -4
(c, +0.5d)(c, +4c, +25d)+— — ——— T2"3
(c, +0.5d) Kg
* (d) *
RZ,(d )+ 3 ( n )
Od
=B, +Byd Ll (2.7.4.15 1)
2c,d+2c,d+3d° K,
2k,| 0.5k, + 2.5k, + ——
4 0z ,(d) 6 kg (kg)
Inei = = - d
0d i, +t k
273 4
Kg Kokg +-=
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_ * *
821 —Z2(d )—822d

mnmwgﬂﬁ 2.2.6.1 A (MEIURLLTNARTWWURL)

A 6(c, +2c, +2d) - K,
__C-::Zs(d)z > = >
Jic (c, +d)c, +6¢c, +4d)+d koky +d

RZ,(d )+—(d—d

Od
=By, +Bpd (2.7.4.15 @)
; 0Z.(d) 12 2k (k. + 4k, + 2d

Taeft B =—2 = _ 1( 3 2 )

2 - 2 2\2
Od Kk, +d (k2k3 +d )
*

%k
By =Z,5(d ) —By,d

AANIUR 2.2.6.1 9 (1@ TRLILINARAIRINTAL)

A 6(2c, +c, +2d) k
Jlc (2c, +c, +2d)d” | L Ke
(2¢c, +d)(c, +2¢c, +2.5d)+ 2"3
(¢, +0.5d) Ke
0zZ,(d)
~z, (05— (a—d")
Od
=B,, +B,,d et (27415 9)
4c,d+2c,d+6d° Kk,
2k, | ky + 2.5k, + -
y 0z, (d) 12 ks (ke)
¥l B, = = — 2
0d ok, +ot
273 4
Kg Kokg + K

_ * *
By =Z,(d )—B,d

anaNdnRusdeie  usrmanlizinausadauanuninusmnangsioresuiiA N

o ly o i 1
dsrnauiunis s liaugadudflfainsauiivds snnsadauaunisludls

v,)
T A, =525 h+ (V) FY M, By, +B,,080) (2.7.4.16)
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Tunsmin wanedsudaenfunsadeu

T, = 0.85 {1.59,/f," }

T pudunusaNannig A, 3N 2.7.4.12 Rzl

!
T,A, =0.85{1.59 £ (Hy, +HX20.8h)} ............ (2.7.4.17)
Tefl A = Wuiifuusadlenb, *d
b, = usaugtlaewmihiadngaiuusudeuiisyes d/2 aanuian
d = anudnler@vdnsaaiingn 3dlidenndn 0.8h

lwdia h Ao ANMNLHLRY

\ { = = . &
v, = &ndowzasluanilisugatedialaausation Mressatauauazuiuiug
M, = Tusmdflisugansasdiadae
¢ = szazaingagutitemesmifningaiuusiiey

Tfsuaslnagaluiipnianana T

J = Polar moment of inertia 184utNFARANE A

PIunuwmanidindaaniunsuden

4
A, VA, —085(0.534/f A,

v
S 0.85n fy d

Awfurrudnlsr@nina d = 0.8h lunsdlusa@ouiaudfauaaduiuslidy v A Tuds

[
@

Wudngaunasludladad

4
nA, _ Vi —0.85(0.534/f, )(Hy, -+ H,,0.8h)

—= . (2.7.4.18)
g 0.85f d
Yy
AuFurudauniaian (One Way Shear)
T, < 1/(b0.8h) Vv, < T, e (2.7.4.19)

Taanisiansontd 1/( b0.8h ) luaAnlusaudenuun
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v 14
Tuudainimdnanga aniuidnauga

80LPa
WE—== Sl SRS (2.7.5.2)
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- - i 1 &
anuuaAadatdiondau (Superposition) et lugiliauanaesdulss@vniliasannsld

3 Ag o 8(X’Pa <l b A’
w =1 luusardaaiuguiuw = ansadenaduannas il
L
m,. (80Pa,) m,. (80Pa,) m_ . (8CLPa )
1@ 1 2@x 2 @
Mpax = - Pt ..o (2.7.5.3)
L1 L2 Ln
*
P—pP
*
- % % * aMbal(P,a1,..,,an) aMba[(P,a1,....an) 8Mbal(P,a1, an) || 8T &
~Mba,(P 18y e an)+
opP aa1 aan
%
an - an
=T, +T,P+T,a, +..+ T1(2+n)an ............ (2.7.5.4)

Togfl  m Ao dnlsvByiveduwudifiduni x ilesananmnsfuiwinnszaasitase

Ce A X
WL TiavUee LUt n

3 oM, (P.a,....a,) My, (B0a)  m,g (80a,) . M.« (80a,)
12 P - 2 2 2
P L1 L2 Ln
_ oM, (P.a,...a ) My, (BOP)
13 - 2
aa1 L
. _aMbal(P,a1,...,an) _ M (BOP)
12+
(2+n) aa L2



*

. * ok * * *
T =My (P hagna ) = TP =Ty = = Tiogna,

¥
NI M, Nnlnedfiateiuainannisnesiu
M = My, - (LP)e

Wan3nun ngu Pe

e—e

* % |:a(Pe) a(Pe)ji P_P*
+

Pe~P e *
opP Oe

=T, + TP+ Tyue

al a(Pe)
g T, = =e
Oop
_6Pe)
o = =
Oe
_ * %k %* *
T21—P e —T22P —T%e

fetfuanms 2.7.5.5 aztlszanouldag lug i Baduls

M = M., - O (T, + TP+ T,e)

............ (2.7.5.7)
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g =05+ 10 p (2.8.1)
a} & 9]
aeh € AavaLaanaa 1
S
N AaanuuitdnAtyansAnauifeng

2

AINENNT (2.8.1) Haunudi N azldd &, Awmisai 2.8.1 dsid

A 1 | o d o o o Q
A9 2.8.1 uaasAnaLaauanlifuanwiid Ay vasAney

N €
2 0.5
3 0.05
4 0.005
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L3 - 1 1 o ‘4 o’ o ° [ 3 o 3
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G nan A TR AT Bnsi Aritlfann | dnitldann | Anitldann
PTI ADAPT Al
(t-m) (t-m) (t-m)
1 dlesanndminusmnad Afsnansiandud 1 -1.58 -1.55 -1.73
2 Lf‘immnﬁmﬁnmmnmﬁ fifananaiandui 2 Fudhe -10.55 -10.68 -10.50
3 | dlesembmihussyned ftenanaiandnd 2 e 12.99 -13.09 13,12
4 | dlesanntiwninussynas Aifenanaiandudl 1 -0.65 -0.65 -0.72
5 Lf’i‘admn'ﬁwﬁnnmn% fitananaiandiul 2 frudne -4.39 -4.45 -4.38
6 Li’immnﬁwﬁnmmm? fifananaiandudl 2 Fruamn -5.41 -5.47 -5.47
7 Lﬁﬂqmnﬁwﬁnmmﬂmﬂ fvsiandi 1 -0.83 -0.73 -0.89
8 Lfimmnﬁ'mﬁnumnmﬁ futinandud 2 Frudne -9.29 -8.44 -8.28
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REPORT SHEET
DEPARTMENT OF CIVIL ENGINEERING CHULALONGKORN UNIVERSITY

——————— SUMMARY ———————
Elastic Stress Pass.
Ultimate Shear Strength Pass.
Ultimate Flexural Strength Pass.
Flexural Strength > 1.2Mcr Pass.
——————— SYSTEM ——————
System Unbonded
Frame type Interior Frame Type

——————— MATERIAL PROPERTY -—--—-—-
Slab Concrete Strength

At 28 Days ,kg/cm*2. 280
Column Concrete Strength

At 28 Days ,kg/cm”2. 350
Unit Weight Concrete ckg/m"3. 2400
Prestress Steel Data
Ultimate Strength ,kg/cmn2. 18730
Yield Strength +kg/cmn2. 16850
Elastic Modulus +kg/cm”2. 1970000
Each Strand Area ,mmt2 . 98.71
Jacking Force +kg. 137500.0
Number Tendons ¢ 10
Jacking Steel Stress +kg/cm”2. 13929.69
Ratio jacking stress to ultimate strength 0.744
Min Top CGS of Tendon Cover ,cm. 2.5
Min Botom CGS of Tendon Cover ,cm. 2.5

Mild Steel Data
Yield Strength of Flexural Steel, kg/cm”~2. 4000

Min Top CGS of Steel Cover ,cCm. 258
Min Botom CGS of Steel Cover ,cm. Peash
——————— GEOMETRY e e
Number Span 3
Span (From Left) Length (m.)
1 5.0:7
2 7.61
3 5.17
Left cantilever length s 0
Right cantilever length ;M. 0
Slab thickness , CI. 16.5
Bay width(L2) Interior L. 3.04
Bay width(L2) Exterioxr ,Mm. 3.04
Top column height M. 2.61
Bottom column height T 2.61
Column dimensions
Column Top column ,Ch. Bottom column
Cl{pParl.) C2(Perp.) Cl(parl.) C2 (Perp.)
1 30.50 35,50 30.50 35.50
2 50.80 35.50 50.80 35.50
3 50.80 35.50 50.80 35.50
4 30.50 35.50 30.50 35.50
——————— LOADING T
Slab self weight , kg/mn2 396
-Span # 1
Uniform superimposed load , kg/m"2 73.7
Uniform live load , kg/m~2 196
-Span # 2
Uniform superimposed load , kg/m"2 73.7
Uniform live load kg/m"2 196
-Span # 3
Uniform superimposed load , kg/m"2 73.7
Uniform live load , kg/m"2 196

——————— ALLOWABLE STRESS  —~------
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AT TRANSFER

Allowable compressive stress = 120.00 ksc.

Permisible tensile stress = -22.63 ksc.

AT WORKING

Allowable compressive stress At Column = 84.00 ksc.

Allowable compressive stress At Midspan = 126.00 ksc.

Permisible tensile stress = ~-26.77 ksc.
Note

CL. = Center Line of Column

FC. = Face of Column
MPM. = Maximum Positive Moment
——————— RESULT AT WORKING e
Span # 1
Prestress steel force = 110000 kg. Strand = 1.64 tendon/m.
P/A = 10.9¢6 Kg/cm”2 Balance load (kg/m”2) = 360
Distance to Maximum Positive Moment from left , m. 1.90
At FC. Left MPM. At FC. Right
DL+SDL+LL+BL ,t.m -0.45 2.36 -6.13
Top stress , ksc. 9.33 (0.11) 19.53 (0.15) -11.26 (0.42)
Bottom stress, ksc. 12.60 (0.15) 2.40 (0.02) 33.19 (0.40)
At CL. Left MPM. At CL. Right
DL+SDL PR -1.73 3.92 ~10.50
LL ,tom -0.72 1.64 -4.38
BL PR 1.48 =3.19 7.26
DL+SDL+LL+BL ,t.m -0.96 2.36 -7.62
At FC. Left MPM. At FC. Right
DL+SDL t.m ~-0.89 3.92 -8.28
LL SL.m -0.37 1.64 -3.46
BL ,L.m 0.82 -3.19 5.61
DL+SDL+LL+BL ,t.m -0.45 2.36 -6.13
Span # 2
Prestress steel force = 110000 kg. Strand = 1.64 tendon/m.
P/A = 10.96 Kg/cm"2 Balance load (kg/m~2) = 285
Distance to Maximum Positive Moment from left , m. 3.80
At FC. Left MPM. At FC. Right
DL+SDL+LL+BL ,t.m -8.26 .31 -8.26
Top stress ,ksc. -18.99 (0.71) 33.86 (0.27) -18.99 (0.71)
Bottom stress, ksc. 40.91 (0.49) -11.93 (0.45) 40.91 (0.49)
At CL. Left MPM. At CL. Right
DL+SDL tom -13.12 7.56 -13.12
LL ,t.m -5.47 3,15 -5.47
BL ct.m 8.17 -4.39 8.17
DL+SDL+LL+BL ,t.m ~1D.42 B o3l -10.42
At F@, Left MPM. At FC. Right
DL+SDL (t.m -10.45 7 .58 -10.45
LL ,tom ~4.36 B e=lB -4.36
BL ,t.m 6.55 -4.39 6.55
DL+SDL+LL+BL ,t.m -8.26 6.31 -8.26
Span # 3
Prestress steel force = 110000 kg. Strand = 1.64 tendon/m.
P/A = 10.96 Kg/cm”2 Balance load (kg/m"2) = 360
Distance to Maximum Positive Moment from left , m. 3.27
At FC. Left MPM. At FC. Right
DL+SDL+LL+BL ,t.m -6.13 2.36 -0.45
Top stress ksc. -11.26 (0.42) 19.53: (0.18} 9.33 (0.11)
Bottom stress, ksc. 33.19 (0.40) 2.40 (0.02) 12.60 (0.15)
At CL. Left MPM. At CL. Right
DL+SDL ytom -10.50 3.92 -1.73
LL ,L.m -4.38 1.64 -0.72
BL s t.m 7.26 -3.19 1.48
DL+SDL+LL+BL ,t.m -7.62 2.36 -0.96
At FC. Left MPM. At FC. Right
DL+SDL ,t.m -8.28 3.92 -0.89
LL ,t.m -3.46 1.64 -0.37
BL ,tom 5.61 -3.19 0.82
DL+SDL+LL+BL ,t.m -6.13 2.36 -0.45
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Span # 1
Distance to Maximum Positive Moment from left , m. 1.98
At FC. left MPM. At FC. right
1.4* (DL+SDL)+1.7*LL+ M2 @FC,t.m -0.42 9.59 -16.47
Secondary Moment @CL ,t.m 1.48 1.29 0.98
Moment capacity 0.9Mn ,t.m 19.84 (0.02) 18.33 (0.52) 19.59 (0.84)
Span # 2
Distance to Maximum Positive Moment from left , m. 3.80
At FC. left MPM. At FC. right
1.4* (DL+SDL)+1.7*LL+ M2 QFC,t.m -20.15 17.83 -20.15
Secondary Moment @CL ,t.m 1.89 1.89 1.89
Moment capacity 0.9Mn ,t.m 20.17 (1.00) 19.84 (0.90) 20.17 (1.00)
Span # 3
Distance to Maximum Positive Moment from left , m. 3.19
At FC. left MPM., At FC. right
1.4* (DL+SDL)+1.7*LL+ M2 QFC,t.m -16.47 9.59 ~0.42
Secondary Moment @CL ,t.m 0.98 1.29 1.48
Moment capacity 0.9Mn ,t.m 19.59 (0.84) 18.33 (0.52) 19.84 (0.02)
——————— STEEL RESULTS e
Span # 1
Left end Mid span Right end
Steel rebars, top cm™~2 2317 7.91
Steel rebars,bottom cm"™2 10.03
Tendon height , CI. 8.25 4.45 13.96
Drape = 6.65 cm.
Span # 2
Left end Mid span Right end
Steel rebars, top crat2 10.74 10.74
Steel rebars,bottom cm"2 10.03
Tendon height ,CIn. 3.9 2.54 13.96
Drape = 11.42 cm.
Span # 3
Left end Mid span Right end
Steel rebars,top cm”t2 7.91 23.17
Steel rebars,bottom cm"2 10.03
Tendon height ,Cm. 13.96 4.45 8.25
Drape = 6.65 cm.
——————— SHEAR RESULT ===
TWO WAY SHEAR
Ratio > 1 require shear reinforcement
Stress must be less than maximun capacity (kg/cm"2) = 22.61
FACTORED ACTIONS <=-- PUNCHING SHEAR STRESS (Kg/cm™2) -——>
shear noment due to due to allow- STRESS
Column (T) (T.m) shear moment TOTAL able RATIO
1 11.90 0.89 7.33 1.41 8.75 15.08 0.58
2 42.17 4.62 14.17 3.34 17.51 16.02 1.09
3 42.17 4.62 14.17 3.34 17.51 16.02 1.09
4 11.90 0.89 7.33 1.41 8.75 15.08 0.58
U-Stirrup Reinforcement Data
Yield Strength of Shear Steel , kg/cm"2. 2400
Column Area stirrup Length No. of Sections
per section (cm"2) (cm. )
1 0.00 0.00 3
2 17.09 62.05 4
3 17.09 62.05 4q
4 0.00 0.00 3
ONE WAY SHEAR
Span Left (kg/cm”™2) Right (kg/cm"2)
1 1.19 ( 0.08 ) 1.92 ( 0.12 )
2 2.28 ( 0.14 ) 2.28 ( 0.14 )
3 1.92 ( 0.12 ) 1.19 ( 0.08 )
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——————— TENDONS STRESS REPORT e

AT WORKING STAGE
(Loss included Creep , Shrinkage , Relaxation and loss at transfer)

SPAN Left end Midspan Right end
1 0.800 0.800 0.800
2 0.800 0.800 0.800
3 0.800 0.800 0.800
——————— COSTS REPORT —————
Concrete Cost 18.01 m*3 @ 1800.00 = 32413.32
Tendon&Jacking Cost 139.09 kg @ 28.50 = 3964.06
Anchorage Cost 10.00 item @ 56.00 = 560.00
Fix-end Cost 10.00 item @ 56.00 = 560.00
Bar chair Cost 179.50 m @ 4.80 = 861.60
Flexural Steel Cost 110.55 kg @ 17.00 = 1879.30
Shear Steel Cost 55.82 kg @ 17.00 = 948.97
Duct Cost 179.50 m @ 6.00 = 1077.00
Total 42264.25

Note. Do not forget to consider cost in the another direction!

——————————————— End et i
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ROBLEM L AAMY
E CONV
1 26.282
”, . 2.5900
3 42697.0 10.76
4 42402.2 0.6953
B GRZT$»4 0.2305
6 4Z22P28.2 0.1212
T 42201.3 0.0638
8 42161.9 0.0936
9 42154.0 0.0186
STOP FOR SOLUTION

ANALYTIC OPTIONS
LOWE

THICKNESS ,m.

ECCENTRIC ,m.

JACKING FORCE ,RATIO

ME

i Kg«

LIMIT CONTROL
WX IMUM CYCLES SIMPLEX

CONVERGENCE , %

Concrete Cost
Tendon&Jacking Cost
Anchorage Cost
Fix-end Cost

£ chalr Cost
"lexural Steel Cost
Shear Steel Cost
Duct CostT

2
N N R

5

192
169
.169
<469
L1639
- 168
v 169
0.169
CONVERGED

=
loNoNeoNoNoNeRoNaN e ]

R BOUND
.05
.05
-5

P
176726
141899
134692
120601
120678
117617
116356
115982
115893
115872

UPPER BOUND

.85
PLa)
L5
4000C

20
U5

COSTS REPORT

TeES:
kg
ftem
item

Nota. Do not forget to consider cost

END
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13.00

1800.00 =
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50
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[N el

9]

K Mo
{
'
)
0
O
(0} 0
o ¢
0 0
[SEE

DRAPE
.200
-150
.130
i kS
119
.119
:119
L1119

.0BO
. 064
.024
022
- 031
.038
.032
.041
. 044
.044
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CYCLE 'HK B NO. TENDON ES SH FX Mcr
0 f. L7 176530 13.00 0o 0 0o o0
3L 0.X7 142601 10.00 0O ¢ 0 o0
z Qs l 1277128 09.00 o ¢ o o
3 .17 1277840 09.00 6 0 o o
4 % o 127883 09.00 0O 0 0 @
5 2. 17 127636 69.00 6 0 o ¢
) 0.17 129397 10.00 0 0 0 «
7 }. 17 128876 09.00 0 0 0 0
8 .0 0.17 177932 09.00 0 0 o 90
3STCP SOLUTION CONVERGED
ANALYTIC OPTIONS
LOWER BOUND UPPER BOUND
THICKNESS ,m. .02 .02
ECCENTRIC ,m. .01 » 01
JACKING FORCE ,F o .8 b
» kg 40000 40000

SEDCIEGT N S ey ==

8 1800.00 = 33385, 62

He 28550 = 3567.65

g 55.00 504.00

@ 56.00 = 504.00

@ 4.80 775.44

@ 17.00 = 20356.41

e 17.08 v 80B.46

@ 6.00 : 869.30
Total 42559.87

Note. Do not forget to consider cost in the another direction!
——————— END o=
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DEEARTMENT OF CIVIL ILALONGKORN  UNIV

Project : TEST THESIS Engineer : ADINAN
Floor £ .3 i line 1=l
Date : 7/17/99 11:04:10 PM

Filename : C:\ADIPRO\SIMPLEX\DATA\DATAT}

——————— SUMMARY ——————-
Stop at cycle
Elastic Stress
Ultimate Shear Strength
Ultimate Flexural Strength
Flexural Strength > 1.2Mcr

System Unoeonded

Frame type Interior Frame Type
Analysis Optimum Options
Optimum design.

Change thickness.

Shear Reinforced.

Slap Concrete

At Tra 200

At 28 Days 280
Column Concrete Strength

At Transfer 240

At 28 Days 350
Unit Weight Concrete 2400

Prestress Steel Data
Ultimate Strength cgyem™E . 18730

Yield Strength 2 16850
Elastic Modulus 2 13870000
Each Strand Area smm~2 . 9Bt
Jacking Force T d= R L2932
Number Tendons b B ol
Jacking Steel Stress  kg/om™~2 14400
Ratio Jacking stress to 5trength Q.769
Min Top CGS of Tendon ZaB
Min Botom CGS of Tendon 2.h
Mild Steel Data

Yield Strength of Flexural 4

Yield Strength of Shear Steel
Min Top CGS of Steel >
Min Botom CGS of Steel

——————— GEOMETRY e
Number Span a
Span (From Left) L¢ )

1 1

2 Sl

) %
Left cantilever length M. 0
Right cantilever length P Q
Slak thickness + CT0 17.0
Bay width{L2) - iol 5 3.04
Bay width{L2) 5 s Tt 3.04
Top column hei . « &k
Bottom column ! 2.061
Column dimensions

Colurmnn Top column Bot
ci{Parl.) ) Cl(Parl.) )

1 30.5Q 30:.-50

2 2.8 5Q0.80

3 iR 0. G

4 30 5 30.50




——————— OADING

Slab self welight ckg/m™2 408

-Span # 1

Uniform superimposed load ckg/m~2 78,3
Uniform live load ,kg/m”2 1496

-Span # 2

Uniform superimposed load ckg/m™2 73.3
Uniform live load L kg/m"2 196

-Span # 3

Uniform superimposed load cKg/mn2 73.3
Uniform live load ckg/m"2 186

ALLOWABLE STRESS
AT TRANSFER

Allowable compressive stress = 120.00
Permisible tensile stress -22.63
AT WORKING
Allowable compressive stress At Column = 84.00
Allowable compressive stress At Midspan = 126.00
Pernisible tensile stress = =28.77
Note
CL. = Center Line of Column
FC. = Face of Column
MPM. = Maximum Positive Moment
——————— RESULT AT TRANSEER
Note. SDL is not included in this stage (SDL = 0)
Span # 1
Prestress steel force = 109256 kg. Strand = I
P/A = 10.57 Kg/cm™2 Balance load
Distance to Maximum Positive Moment from left , m.
At EFC. Left MPM.
DL+LL+BL ,Lom =0.79 2.88
Top stress ,ksc. 7.64 (0.06) 28 39 (Q.1E)
Bottom stress, ksc. 13401 @, 1A QU755 (Q,01)
At CL. Left MPM.
DL ,tom -1.44 =P
LL yL.m -0.83 1272
BL ,t.m 0.93 =2 20
DL+LL+BL SL.m -1.34 2.88
At FC. Left MPM.
DL ,L.m -0.72 i
LL PR -0 51 T2
BL ,t.m 0.44 =220
DL+LL+BL Lo =0, 79 2.88
Span # 2
Prestress steel force = 113611 kg. Strand = 1
P/A = 10.99 Kg/cm™2 Ralance load
Distance to Maximumn Positive Moment from ieft , m.
At FC. Left MPM.
DL+LL+BL ,t.m -6.67 4.70
Top stress s Kksc. =Jiz Q8 =53 2F. 04 (0.23)
Bottom stress,ksc. 33.49% (0.28) —~5.0b WOEZZ)
At CL. Left MPM.
DL sLom =11, 3% 5.57
LL ,t.m -5.47 3.16
BL Kk, 8.50 =5.03
DL+LL+BL ,t.m -8.35 4.70
At EFC. Left MPM
DL ,L.m -9.07 657
Ly PR -4.36 3.16
BL ,E.m 6.75 -5.03
DL+LL+BL PRI -6.67 4,70
Span # 3
Prestress steel force = 115264 kg.
P/A = 11.15 Kg/cm™2 e
Distance to Maximum Positive Moment from left , m.
At FC. Left MPM.

.48

.48

79

ksc.
ksc.

ksc.
ksc.
ksc.

tendon/mn.

(kg/m~2) 27¢

2.24

At FC. Right
-5.48
-7.99
29.41

10.35)
(0.25)

At CL. Right
-9.17
-4.40
6.58
-6.99

At FC. Right
-7.24
-3.48
5.24
-5.48

BN

tendon/m.

(kg/wm~2) 3.7

3.80

At FC. Right
-6.49
-10.87 {0.48)
33.43 i0.28)

At FC.
~9.07
-4.3¢6
6.94
-6.49

Xiaht




Left

BL P o
DL+LL+BL

RESULT AT WCRKING
Span # 1
Prestress
B/A 10.

Distance to

@ W 9

Mas

=
=
-

DL+SDL+LL+RBRL , =, 58
Top stress , ke 22.28 (0.18)
Bottom stress, -2.16 (0.08)
a8 MPM
DL+SDL y Tadn J.58
LL FEam L. T0
BL SR =7 A
DL+S8DL+LL+BL ,t.m Z.B8
A MPM.
DL+SDL P 3.98
LL CE.M 1,74
BL rLam =011
DL+SDL+LL+BL ,%.m 3.58
Span # 2
Prestress steel force = 108286 kg. Steand = 1.
P/A = 10.48 Kg/cm™2 Balance load
Distance to Maximun Positive Moment from left , m.
At FC. Left MPM.
DL+SDL+LL+BL ,t.m -8.62 P
Top stress 5 =12.25 (9° 234, L8:2S5)
Bottom stress,k 39.64 ( 41) =10:39 [Q.39)
At Left MPM.
DL+3DL PR ) T35
LL # T B.47 3. 88
BL yE-m E-11 -4.79
DL+SDL+LL+BL ,t.m -10.80 s 1L
B
5
79
L4
1 = 1.
Balance load
Distance to M=z Positive Moment fror t
AL 1 Left
DL+SDL+LL+BL ,t.m -6.73
stress s K5C. -12.21 (0.46)
stress, ksz. 33.74 (0.40)

At CL. L

JL.m -10.7

CLam -4, 3¢

SLom
LL+BL ,t.m -B.

At L. Ri
~1.44
-0.83
1458
1.1

tendon/m.
(kg/m"2)

oo
o illa

256

At FC. Right
-8.51
=3.4
4.97
~7.01

48 tendon/m.
(kg/m™Z) 225
3.80

48 tendon/m.
{(kg/m*2}) = 2

3.02
At X Right
-0.80
7.58 {4.09)
13.44 3.16)

ight




LL ,tom —-3.4% 1.70

BL SE.m 5.75 —2.46

PL+SDL+LL+BL ,t.m -6.173 3.24
——————— RESULT AT ULTIMATE

Span # 1

Distance to Maximum Positive Moment from left , m.
At FC. left

1.4*(DL+SDL)+1.7*LL+ M2 @FC,t.m -1.24
Secondary Moment @CL ,t.m 0.90

Moment capacity 0.8Mn ,t.m 20.49 (0.06)
Span # 2

Distance to Maximum Positive Moment from left
At FC. left

g

1.4*(DL+SDL)+1.7*LL+ M2 @QFC,t.m -20.61
Secondary Moment @CL ,t.m 119

Moment capacity 0.9Mn ,t.m 20.6%L (1.00)
Span # 3

Distance to Maximum Positive Moment from left
At FC. left

, m.

1.4% (DL+SDL)+1.7*LL+ M2 @EC,t.m -17.78
Secondary Moment @CL ,t.m -0.02
Moment capacity 0.9Mn ,t.m 20.38 (0.87)
——————— STEEL RESULTS

Span # 1

Left end Mid span
Steel rebars,top cn™2 24.48
Steel rebars,bottom cm™2 11,98
Tendon height ,cm. 8,50 &.30
Drape = 5.20 cm.
Span # 2

Left end Mid span
Steel rebars,top cm™2 LL:27
Steel rebars,bottom ¢m”™2 10.34
Tendon height ccm. B LEREE Cpsle
Drape = 12.00 cm.
Span # 3

Left end Mid span
Steel rebars,top cm”™2 B.A5
Steel rebars,bottom cm™2 1138
Tendon height o, 14.50 602
Drape = 5.48 cm.

——————— SHEAR RESULT e

TWO WAY SHEAR

Ratio > 1 require shear reinforcement
Stress must be less than maximun capacity (kg/cm™2)

FACTORED ACTIONS <~-- PUNCHING SHEAR ST
shear moment due to due to
Column (T) {T.m) shear mowment TOTAL
1 11.97 1.42 T2 25 927
2 42.96 3.68 13.81 2555 16.46
3 43.02 3.90 13.94 2. 89 16.63
4 11558 1.26 7.10 .91 9.01
SUM 109.9¢

U-Stirrup Reinforcement Data

Yield Strength of Shea , kg/cm”~2. 2400

Column Length No.
{cm.)
1
2 14.1
3 14.67 58.01
4 0.00 0.00

ONE WAY SHEAR

-J.o
J.54
-.86
2.07
MPM. At FC
9.00 —3
0.%1 —3.
17.16 (0.52) 12,
3.80
MPM. At £C.
17.91 =20
1.71 1.6
20.51 (0.87) 21,
3.10
MPM At EC
gL iz =1
0.63 1.0
17.70 (0.52) 1
Right end
8.15
14.5G
.
Right end
11.58
14.50
Right end
2b.43
8.50
= 22461
RESS

of Sections

W ok un W
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Span Left (kg/cm™Z) ight 3/
1 1.16 { ©.08 ) 1. }
4 2 5 ( 0.14 ) Fa- ) w
3 Legd ( @<k ) 1.1%8 + 2.0R
TENDONS STRESS REPORT @ ——=———-
Strand stress show in percent of jacking stress
{Loss included Friction , Wedge Set and Elastic Shortening}
Coefficient of angular friction (meu) /radian 0, 1000
Coefficient of wobble Iriction (K) aul 0.2030
Mode of stressing Left end
Pnchorage set ,mm 8.00
SPAN Left end Midspan Right end
1 0.834 0.854 J.865
2 0.865 0.8 c.811
3 0+94% 0.901 &.891

AT WORKING STAGE
included Creep , Shrinkage ,
Left end

T 0.793
2 0.824
3 0.870

REPORT
g 1800.¢0

donsgJacking Cost
Anchorage Cost

L -end Cost

chalr Cost
exural Steel Cost
Shear Steel Cost
Duct Cost

Note. Do not forget
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COST THICKNESS | JACKING FORCE NO. TENDON DRAPE (m.)
m. kg. SPAN 1 SPAN 2 SPAN 3

61344 0.25 170940 13 0.056 0.098 0.071
58680 0.24 164944 12 0.050 0.146 0.070
56573 0.23 161442 12 0.054 0.097 0.055
53695 0.22 149925 11 0.060 0.087 0.043
51517 0.21 148524 11 0.078 0.132 0.047
48584 0.20 137590 10 0.070 0.127 0.070
46010 0.19 128592 9 0.047 0.134 0.061
44531 0.18 128072 9 0.089 0.130 0.068
42560 0.17 127932 9 0.052 0.120 0.055

14 - E———

13 ' '
5 12 -
Q
g 11
=
o 10 -
z

9

8 T T s T T T T 1

0.25 0.24 0.23 0.22 0.21 0.20 0.19 0.18 017

THICKNESS (m.)

guuans annduiussrndndiuauaantes e ufiuinTanLaTA NBUN I UA I

65000
60000 -

55000 -

COST

50000 -

45000

40000 , ,

0.25 0.24 0.23 0.22 0.21 0.20 0.19 0.18 0.17

THICKNESS (m.)

suuans pudniusszudienaneesimaufiminzasuaran i inaun Ll
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"ROELEM E}(AM&_‘Z

CYCLE COST CONV
0 61264.0
1 50326.5 21.733
2 45787.2 9.9140
3 45906.2 0.2593
4 46441.7 1.1531
5 46533.6 0.1975
6 46543.4 0.0211
7 46544.9  0.0033
8 46545.2 0.0006
3 46545.3  0.0001

STOP FOR SOLUTION

ANALYTIC OPTIONS

LOWE
THICKNESS ,m.
ECCENTRIC ,m.
JACKING FORCE ,RATIO
1 Xgs

LIMIT CONTROL
MAXIMUM CYCLES SIMPLEX
CONVERGENCE , %

Concrete Cost
Tendon&Jacking Cost
Anchorage Cost
Fix~end Cost

Bar chair Cost
Flexural Steel Cost
Shear Steel Cost
Duct Cost

Note.

THK

] .2
(P
Q.72
©,177
@7
0.177
0.178
0,178
o

178

CONVERGED

R BOUND
.05

05

;.
302000

E NO. TENDON ES SH FX I
/ 1L3.00 g ¢ ¢
09.83 o 0 0
1077 1 1 3
10.48 1 1 0
09.93 1 1 0
09.81 0 1 o0
09.7¢9 o 1 0
09.79 o 1 ¢
09.79 0 1 0
09.7%9 o 0 O
UPPER BOUND
.05
.05
1-5
36000
10
05
m*3 4 1800.00 = 3497183
kg €@ 28.50 = 3880.85
item & 5 = 548.24
item & 5 548.24
m 24 = 843.51
kg @& 2611.15
kg ¢ = 2187.03
m é = 1054.39
46545.25
er cost in the ancther direction!

=

OOCOOOCO0O0DC Tl

. 079
.090
~095
. 096
.0%6
-09%¢
.096
.03%6

for =

v
1 a g

Wk

£ §=3

|l
RN N B N RO
M o~ o~ ~d

w

.QBG

.082
082
.082
.082
.082
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CONV THK 4 NO. TENDON ES SH FX Mcr DRAFE
- 0.1#4 16 13.00 6 0 0 O 060 . 130
o3 q.: 0.175 11.00 o] I 0 O .g66 .12
A 0. 0.175 1 0oL 11.00 0o u 0 0 L063  W1E5
-3 6} 0.175 155717 L1009 0O 1 0 o0 .073 .125
] 1.0647 0.18 141446 10.00 0 0 0 @ .087 .130
S/ 0.09%4 0.18 142517 1.0.00 0 0 0 o .088 .130
" : 0.196 139498 11.00 6 0 o0 0 081 .146
= 0.19 143164 10.00 0 0 0 O .08%6 .140
el 0.2 143471 106.02 0O 0 0 O .098 .150
9 48610.1 0.19 143576 10.00 c 0 0 O .081  .140
10 46919.1 0.18 142968 10.00 0 0 0 0 .Q83 130
STOF FOR MAXIMUM LOOP
ANALYTIC OPTIONS
LOWER BOUND UPEER BQUND
THICKNESS ,m. .02 1
ECCENTRIC ,m. .01 .
JACKING FORCE ,RATIO .8 L
kg 30000 30000
LIMIT CONTROL
WIMUM CYCLES SIMPLEX 10
CONVERGENCE , % .05
——————— COSTS REPORT e
Concrete Cost 19.64 m*3: B 1800.00 = 35360.06
Tendon&Jacking Cost 139.09 kg B zEesq = 3964.06
Anchorage Cost 1i0.00 item @ 56.00 = 560.00
Fix-end Cost 10.00 item @ 56.00 = 560.00
Bar chair Cost 179, 50 m @ 4.8 = 861.60
Flexural Steel Cost 148.24 kg @ 17 Q0 = eERG.LE
Shear Steel Cost 118.60 kg @ 17.00 = 2016.28
Duct Cost 179.50 m @ 6.00 1077.00
Tota 46919.11
Note. Do not forget te consider cost in the another direction!

——————— END ———meee



PLEX\ DATA\DATAI

_______ SUMMARY

SYSTEM

MATERTAL

Slab Concrete Str

igth
At Tran X /M
AL 28 Ry EE

o
y Concrele

AL y B
AL P :
Unit Weight Concre

Yield h
Elastic Modulus
Each Strand Area
Jacking Force P Kg.
Number Tendo
Jacking Steel .
Ratic Jjacking stress to ultimate s
Min Top CGS of Tendon Co
Min Botom CGS

Min Top
Min Botom

N\E

Number Span
Span Length {(m
1 -
2 7T.61
3 B5.%7
(M.
+1i.
T 155
Bay width(LZ]} + M 3.04

Bay width(L:
Top column jh
Bottom column height

) W

Column

> 3
3 35,
1 3D .

oo
IR

N

EXAM3 1

[l i el oo

O B

NN




——————— LOADING -

Slab self weight LTkg/mt2 420
-Span # 1

Uniform superimposed load cRg/m 2 5
Uniform live load ckg/m"2 400
-Span # 2

Uniform superimposed load ,kg/m"2 75
Uniform live load ,kg/m~2 400
-Span # 3

Uniform superimposed load ,kg/m~2 75
Uniform live load  kg/m2 400

——————— ALLOWABLE ST

=
X
[n]
w
w

AT TRAMNSFER

Allowable compressive stress = ksc.
Permisible tensile stress = ksc.
AT WORKING
Allowable compressive stress At Column = ksc.
Allowable compressive stress At Midspan = ksc.
Permisible tensile stress ksc.
Note
CL. = Center Line of Column
FC. = Face of Column
MPM. = Maximum Positive Moment
——————— RESULT AT TRANSFER Frr———
Nete. SDL is not included ip this stage {SDL =
Span # 1
Prestress steel force = 132914 Kg. Strand = 1.8l tendon/mn.
P/A = 12.49 Kg/cm™2 Balanc= _oad (kg/m™2) = 433
Distance to Maximum Positive Moment from left , . vt
At £C. Left MPM. At FC. Right
DL+LL+BL ,L.m -0.93 S B -7.27
Top stress s Kksc. 9.18 (0.08) 2515 w113, 2] ~-10.72 (0.
Bottom stress, ksc. 1515 £0.13) .84 (2. 324 36.10 (0.30
At CL. Left MPM. At CL. Right
DL ,L.m ~1.45 &35 ~9.46
LL ,t.m -1:85 L -9.01
BL ,L.m 1.87 ~3:59 9.35
DL+LL+BL ,t.om -1.5% 3.31 -9.12
At FC. Left MEM. At FC. Right
DL ,t.om -0.71 3= -7.47
LL ,L.om =104 3.53 =-T.12
RI, ,t.m Q.79 ~3. 58 7.33
DL+ LILA+BL ,C.m =093 3. 31 -7.2
Span # 2
Frestress steel force = 139511 kg. Strand = 1.8l tendon/m.
P/A = 13.11 Kg/cm™2 Balancz load (kg/m™~2) = 396

Distance to Maximum Positive Moment from le s 3.80
At FC. Left At FC. Right
DL+ LL+BL £ Bl -9.32 -9.32
Top stress ,ksc. -17.34 (0.77) = o) =1p6:5he (05
Bottom stress, ksc. 42,71 (0.38) 41) 13.54 (0.3
At CL. Left izt
PR | =115 T2
pisam =%l LG
PR | 13,15
3 €. o i A ]
At FC. Left MPM. At FC. Right
,L.m -9.33 6.77 -2.33
S e | -8.89 6.45 -R.R9
LL.m 8.90 -6.2¢% 2,90
fGom -9.32 6.93 ~9.32

teel torce = 140601 kg.

1 Kg/cm™2

<irmum Positive Moment from
FC. Left




- -7.2
’ =8:8%: | )
ss, 36.93 { )
AL CL. Le
DL ,tem -4.46
LI, ,T.m -9.01
BL ,t.om 3.35
DL+LL+BL L, t.m -9.13
At FC. Left
,L.m =-7.47
,T.m ~-7.12
2, ,t.m 7.32
DL+LL+BI, ,t.om -7.27
————— RESULT AT
.}e ss steel force = 126222 kg.
P/A 11.86 Kg/cm~2
Distance to Maximum Positive Moment from

DL+SDL+LL+BL ,t.m

Top stress s kKsc.
Bottom stress, ksc.

DL+SDL ,L.m
LL e
BL ,T.m
DL+8DL+LL+BL ,t.m

DL+SDL P S
LL SLom

lae
[y
ot
=

Span 4 2

At FC. Lefc
-1.12

Prestress steel force = 132735 kg.

P/A = 12.48

DL+SDL+LL+BL ,t.m

Top stress tksc.
Bottom stress,ksc.
DL+SDL ,L.m
LL t.m
BL, £.m

DL+SDL+LL4BL ,t.m

T88S8 ST
B/A = 12.58

LOop stres:s

DL+EDL ,T.m

s KSC.

Bottom stress, ksc.

Kg/cm™2
Distance to Maximum Positive Moment

At FC. Left

e
. Left
-B.%3

-15.91 (0.59)
41.64 (0.50)

from

Moment from

3.31
23.88 (0.20)
2.55 (0.902)

MEM.
Sirlond
3.85
=309
3.31

MPM.
3.35
3.55
~3.59
3.31

NORKING

Strand = 1
Balance load

=W
3
K3
o

Strand = 1
Balance load
left , m.
MPM.

8.44

39.66 (0.31)
=14.7% [0.55

~0.93
10.06 (0.08)
16.04 (0.13)

At CL. Right
-1.45
-1.65
1.56
-1.54

At FC. Right
-0.71
-1.01
0.79
~0.93

.81 tendon/m.
(kg/m~2) = 411
2.28
At FC. Right
-8.93
-16.74 (0.63)
40.85 (0.49)

At CL. Right
-11.12
-8.99
8.87
-11.25

At FC. Right
-8.78
-7.10
6.95
-8.93

.81 tendon/m.
{kg/m~2) = 377
3.80
At FC. Right
=}l 42
-23.94 (0.89)
) 49.68 {0.59)

MPM. At CL. Right
T-91 =13°.82
6.44 -11.16
=-5:98 10.61

B.44 -14.37
MPM. At EC. Right
TGt =11.00
6.44 -8.893
=Ha.88 .47

8.44 -11.42
Strand = 1.81 tendon/m.
Balance load (kg/m"~2) = 411
Iett 7 M. 2. 89

MPM. At FC. Right
4.08 g e %

25.72 (0.20)
-0.57 (0.02)

MPM.
4.04
3.52
-3.48
4.08

MBPM.
4.04

8.8Z (0.11)
16.00 (0.1%)

At CL. Right
-1.73

89



LL sLam =
B HEom
DL+SDL4LL+BL ,t.m 3
——————— RESULT AT ULTIMATE -

Span # 1
Distance ©o Maximum Positive Moment from left , m. p ]S

At FC. left MEM. AT
1.4* (DL+SDL)+1.7*LL+ M2 @FC,t.m ~1.46 12.94
Secondary Moment @CL ,t.m 1.5l 1.24
Moment capacity 0.9Mn ,t.m 21.86 (0.07) 21,03 (0.62} 24.38 (0.96)
Span # 2
Distance to Maximum Positive Moment from left , m. 3.80

At EC. left MPM. At FC. right
1.4* (DL+SDL)+1.7*LL+ M2 QFC,t.m ~27.958 24.43 -28.45
Secondary Moment GCL ,t.m 2:59 =gl 2,658
Moment capacity 0.%Mn ,t.m 27.95 [(1.00) 24.98 (0.98) 29.43% (0.96)
Span # 3
Distance to Maximum Positive Moment from lef = B h

Rt FC. lsft
L.4% (DL+SDLI41.7*LI4 M2 @FC,t.m £3.99

32

Secondary Moment @CL ,t.m 0.
Moment capacity 0.9Mn ,t.m 2

——————— STEEL RESULTS e

pan # 1

Left end Mid span Right end
Steel rebars,top cm”™2 22444 9.43
Steel rebars,bottom cm™2 10.64
Tendon height R 8.75 auZh 15.00
Drape = 6.63 cmn.
Span # 2

Left end Mid span Right end
Steel rebars,top cm”™2 18.54 15,67
Steel rebars,bottom cm™2 1:1
Tendon height e, 15.00 18.00
Drape = 12.50 cm.
Span # 3

Left end Mig Right end
Steel rebars,top cm”™2 10.45 23.7
Steel rebars,bottom cm™2 10.64
Tendon height ¢ s 15.00 5.64 8.75
Drape = 6.24 cm.

TWO WAY SHEAR

Ratio > 1 require shear reinforcement
Stress must be less than maximun capacity (kg/em®2) = 22.61

FACTORED ACTIONS

shear moment
Column (T {(T.m)
1 16.41 1,56
2 58.44 5 R
3 58.6% B3
4 16.31 1.51
SUM 142.84

U-Stirrup Reinforcement Data

Leld Strength of Shear St
Column Area stirru

per section {(om™2)
0. 00

No. of Secticns

=)

1 3
2 3563 4
3 36.00 3 4
4 0.09d G. L 3

T WAY SHEAR



Spatl Left (kg/em™2) Right

: .54 ( ©0.10 ) 2 )
2 2.98 ( D.18 ) 2

3 2.52 ( D.15 ) 1 )

——————— TENDONS STRES3 REPORT e
AT TRANSFER STAGE

Strand stress show. in percent of jacking stress
(Loss included FEriction , Wedge Set and Elastic Shortening)

Coefficient of angular friction (meu)} /radian 0.1000
Coefficient of wobble friction (K) /m 0.0030
Mode of stressing Left end

Anchorage set ,mm 8.00

SPAN Left end Midspan Right end
1 0.823 0.845 0.859
2 0.85¢ 0.887 0.914
3 0.914 0.89%4 0.883

AT WORKING STAGE
(Loss included Creep , 1} , Relaxation and loss at transfer)
SPAN Left end Midgpan Right

and
1 0.781 0.803 0.816
2 0.816 0.844 0.871
3 0.871 051851 0.840
——————— COSTS REPORT s ek
Concrete Cost 19,180 m*3 @ 1800.00 = 34377,84
Tendon&Jacking Cost 1535 00 kg @ 28.50 = 4360.47
Anchoradge Cost 11,40 item & 56400 = 616.00
Fix-end Cost 11.00 item @ 56.00 - 616.00
Bar chair Cost o7 .45 m @ 4.80 - 947.76
Flexural Steel Cost 134.00 kg @ 17.00 - 2278.08
Shear Steel Cost 119420 kg @ 1L7.00 = 2026.40
Duct Cost 197,45 m € 6.00 1184.70
Total 46407.25

Note. Do not forget to consider cost in the another direction!
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PROBLEM EXAM3

CYCLE CO8T CONV

THK P NO. ES SH FX Moo DRAPE
0 66595.8 0.25 193838 8] ¢ 0 L2780 L1700 078
1 54361.0 22.5066 0.2 156699 0 ¢ 0 0O .870 (120 .0869
2 51398.72 5.7643 QuliF? 175020 11.83 1 1 0o 0 JET3 (09 L0687
3 51581.1 0.3546 0.178 175166 11.84 1 0 0 © L4073 .098 086
4 51564.0 0.0333 0.178 175564 1187 1 0 0 0O .073 .098 . 065
5 B1566.3 0.0044 0.177 175908 11.88 L 1L @ 0 U738 08T L0866
6 51569.6 ©.0064 6.178 175376 11.86 g 10 @ D .27 .0928  .065
STOP FOR SOLUTION CONVERGED
BANALYTIC OPTIONS
LOWER BOUND UPPER BOUND
THICKNESS ,m. .05 85
ECCENTRIC ,m. .05 .05
JACKING FORCE ,RATIO .5 145
1 Kg. 40000 40000
LIMIT CONTROL
MAXIMUM CYCLES SIMPLEX 20
CONVERGENCE , % .05
——————— COSTS REPORT S
Concrete Cost 19.40 m*3 @ 1800.00 = 34912.23
Tendon&Jacking Cost 164.92 kg @ 28.50 = 4700.25
Anchorage Cost LY:.86 item @ 78.00 - 924.86
Fix-end Cost 11.86 item @ 4.80 = 56.91
Bar chair Cost 212.84 m @ 4.80 = 102, 6l
Flexural Steel Cost Eln il kg @ 17.00 = 1638.26
Shear Steel Cost 128.57 kg @ 17.00 = 2185.76
Duct&Grout Cost 212.84 m g 28.80 = 6129.68
Total 51569 .57

Note. Do not forget to consider cost in the another direction!
——————— END T



PROBLEM E

CYCLE COST CONV TH
0 56048.6 0.18
1 ‘E5laesd.:2 8.0157 0.175
2 'B3ATT.R 2.4219 0.192
F 81921.7 2.4181 0.18
4 B51947.5 0.0497 0.175

STOP FOR SOLUTION CONVERGED

ANALYTIC OPTIONS
LOWER BOUND

THICKNESS ,m. .02
ECCENTRIC ,m. .05
JACKING FORCE ,RATIO .8

L kq. 40000

LIMIT CONTROL
MAXIMUM CYCLES SIMPLEX
CONVERGENCE , %

Concrete Cost 198.10
Tendon&Jacking Cost 180.82
Anchorage Cost 13.00
Fix-end Cost 13:00
Bar chailr Cost 233,386
Flexural Steel Cost i ot
Shear Steel Cost 118.58
Duct&Grout Cost 233.35

Note. Do not forget to consider cost

IENDON B

UPPER BOUND

Il
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34377.84

5183.28
1014.00
62.40

1120.08
1483.61
2015.78
56720.48

51947 .47
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DEPARTMENT OF CIVIL ENGINEERING CHULALONGEORN UNIVERSITY
2t : TEST THESIS Engineer ADINAN
: 3 Gride line 1-1
Date 7/18/99 Time 1:40:15 PM
Filename C:\ADIPRO\SIMPLEX\ DATA\DATAIN\EXAM3 2

——————— SUMMARY
3top at cycle
Elastic Btress
Ultimate Shear Strength
Ultimate Flexural Strength
Flexural Strength > 1.2Mcr
——————— SYSTEM

System

Frame type

Analysis Optimura Options
Optimum design.

Change thickness.

Shear Reinforced.

Slab Concrete Strength
At Transfer
At 28 Days

Column Concrete Strength
At Transfer

MATERIAL PROPERT

(kg/om™2.
ckg/cm"2.

s kg/foem™2.

At 28 Days 6/ emt2,
Unit Weight Concrete L kg/mn 3.
Prestress Steel Data
Ultimate Strength ‘kg/cm™2.
Yield Strength ckg/cmn2.
Elastic Modulus  kg/cm™2.
Each Strand Area ,am”™2 .
Jacking Force iR
Number Tendons 5
Jacking Steel Stress kg/cm”2.
Ratio jacking stress to ultimate strength
Min Top CGS of Tendon Cover ,cm.
Min Botom CGS of Tendon Cover ,cm.

Mild Steel Data

Yield Strength of Flexural Steel, kg/cm”2.
Yield Strength of Shear Steel ckg/cm~2.
Min Top CGS of Steel Cover ,cm.
Min Botom CGS of Steel Cover ,cm.
——————— GEOMETRY
Number Span 3
Span (From Left) Length (m.
1 B
2 781
3 5.3
Left cantilever length = (1 ¢}
Right cantilever length S 0
Slab thickness ,Cm. 1 Fred
Bay width{L2) Interior P 3.04
Bay width(L2) Exterior S0 3.04
Top column height , M. 2.81
Bottom column height ,m. 2.61
Column dimensions
Column Top column ,cm.
Cl(Parl.) C2(Perp.)
1 30.50 35.540
2 50.80 35.50
3 50.80 35.50
4 30.50 35.50

Pass.
Pass.
Pass.
Pass.

Bonded
Interior Frame Type

YES
YES
YES
Y  ———————
200
280
240
350
2400
18730
16850
19870000
98.71
192279
3. 0
14984
0.800
4
4
4000
2400
R
]
)
Bottom colurmn
Cl(Parl.) C2 (Perp.)
30.50 J8,:50
50 35.50
50 35.50
30 35.50
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——————— LOADING ——————
1f weight  kg/m~2 420
B
superinposed load ckg/n~2 75
live load ,kg/m~2 400
2
Uniform superimposed load ckg/m~2 75
Uniform live load ,kg/mn~2 400
-Span # 3 :
Uniform superimposed load L kg/m"2 75
Uniform live load  kg/m~2 400

——————— ALLOWABLE STRESS =
AT TRANSFER

Allowable compressive stress = 120.00 ksc.

Permisible tensile stress = -22.63 ksc.

AT WORKING

Allowable compressive stress At Column = 84.00 ksc.

Allowable compressive stress At Midspan = 126.00 ksc.

Permisible tensile stress = SEBETT ksc.
Note

CL. = Center Line of Celumn

FC. = Facte of Column

MPM. = Maximum Positive Moment

——————— RESULT AT TRANSFER ———————
Note. SDL is not included in this stage (SDL = 0)

Span # 1
Prestress steel force = 156705 kg. Strang = 2.14 tendon/m.
P/A = 14.73 Kg/cm™2 Balance load (kg/m"~2) = 322
Distance to Maximum Positive Moment from left , m. 2 3%
At FE. Left MPM. At FC. Right
DL+LL+BL ,t.m =1.23 4.47 3,5
Top stress s Ksc. 10.38 (0L 0% 2914 (0.24) -12.16 (0.54:
Bottom stress, ksc. 1888 O-1E) 0.32 (0.00) 42.68 (0.36}
At CL. Left MPM. At CL. Right
DL SE.m -1.45 Xva9 -9.48
LL PR -1.65 .25 =9. Bk
BL ,Eom 1.04 -2.47 .82
DL+LL+BL ,Etom —2 .96 4.47 -10.85
At FC. Left MEBEM-= At FC. Right
DL cL.m -0.71 3.39 =7, &7
LL ,tom =1 Qs D), =T L2
BL PR 0.48 =2 .47 6.08
DL+LL+BL ,Lom ~1 .23 &.,47 —BL3%
Span # 2
Prestress steel force = 164370 kg. Strand = 2.14 tendon/m.
P/A = 15.45 Kg/cm™2 Balance load (kg/m™~2) = 354
Distance to Maximum Positive Moment from left , m. 3.80
At FC. Left MPM. At EFC. Right
DL+LL+BL (t.m =10.38 =3 -10.83
Top stress ,ksc. -18.26 (0.81) 39.20 (0.38) =18, 42 [C8L
Bottom stress,ksc. 48.64 (0.41) =B: 30 {0,37) 50,38 (0.42:
At QL. Left MPM. At CL., Right
DL B M -11.72 6.77 =1L 72
LL L .M o 5 A Y 6.45 ~-11.16
BL tom 9.86 =G 9.5
DL+LL+BL 2T =L3.-02 =i =1 3.89
At FC. Left MPM. At FC. Right
DL ,t.m -9.33 Ga7¢ = <)
LL ytom -8.89 6.45 -8.:39
BL FE.m 7.84 -5.85 7.859
DL+LL+BL ,t.m -10.38 7.37 -10.63
Span # 3
Prestress steel force = 161286 kg. Stranad = 2.14 tendon‘m.
P/A = 15.16 Kg/cm™2 Balanve load (xkI/m~2) = 280

o 7

Distance to Maximum Positive Moment from left , m. 7.34
At FC. Left MPM. At FC. Right



D ,L.m
,t.m
BL PRV (i}
DL+LL+BL ,E.m
PL PR Tt
LI cLom
3L SL.om
DL+ LL+BL ,L.m
Span # 1

-12.8% (0.5%7)
44.40 (0.37)

At CL. Left
-9.46
-39.01
7.07
-11.40

At FC. Left
=7.47
-7.12
5.70
-8.89

Prestress steel force = 146841 kqg.

P/A = 13.80 Kg

/cr™2

4.94
31.08 (
-0.76 |

8]
W

O O

<

MEM .
3.3%
3.88
-2.00
4.94

MEM.
3.39
3.55
-2.00
4.94

RESULT AT WORKING

Strand =
Balance lca

O N

Distance to Maximum Positive Moment from left , m.

DL+SDL+LL+BL ,t.m

Top stress rksc.
Bottom stress,ksc.

DL+ SDL PR
LL ,T.m
BL ,L.m
DL+SDL+LL+BL ,t.m
DL+SDL ytom
LL yLom
BL ,L.m
DL+SDL+LL+BL ,t.m
Span #§ 2
Prestress steel £
P/A = 14.42 Kg
Dis

DL+ SDL+LL+BL ,t.m
o

Bottom stress,ksc.

p stress ,ksc.

At FC. Left
-1.42
8.87 (£.11)
18.00 (0.21)

At CL. Left
B S
~1«&7
0.99
-2, 48

At FC. Left
~0.86
=303
0.47
=1.4%8

orce = 153377 kg.
/em™2

At FC. Left
-12.54
-26.17 (0.98)
54.66 (0.65)

MPM.
E.21
30.60 (0.24)
=2.99 40110

MPM.
4.07
. -
2. 37
2l

MPM.
4.07
3551
8. 373
§e2l1

Strand = 2
Balance lozad

tance to Maximum Positive Moment from left , m.

MPM.
8.94
43.23 (0.34)
1440 (C.54

At €L. Leftt MPM.
DL+3DL ,L.m —13.82 FiEs
LG ,t.om =11.16 6.44
BL ,t.m 9.24 -5.47
DL+SDL+LL+BL ,t.m =15.74 8.94
At FC. Left MPM.
DL+SDL ,t.m ~11.00 7.97
I plem -8.89 6.44
BL Fum 7.35 —5 .47
DL+SDL+LL+BL ,t.m =P B4 8.94
force = 151167 kg. Strand = 2
Kg/cm™2 Balance >:oad
Distance to Maximum Positive Moment from left , m.
At FC. Left MPM.
=10:58 5.65

DL+SDL+LL+BL ,t.m

A
3332

DL+SDL ,t.m

,Kksc.

-19.20 (0.72)
48.80 (0.58)

At CL. Left
-11.12
-8.99
6.62
-13.50

At FC. Left
-8.78

32.42 (&.2¢)
-4.00 (0.1

MPM.
4.07
3.51
-1.94
5.65

MEM.
4.07

-1.36

10.68 (0.09;
19.47 (0.16)

At CL. Right
-1.45
-1.65
0.82
-2.28

At FC. Right
-0.71
-1.01
0.35
-1.36

.14 tendon/m.
(kg/m~Z) = 302
2.24
At FC. Right
-106.19
-18.34 {0.69)
47.36 (0.56}

At CL. Right
-11.12
-8.99
7.14
-12.98

At FC. Right
-8.78
-7.10
5.69
-10.19

.14  tendon/m.
(kg/m~2) = 332
3.80
At FC. Right
-12.78
-26.08 (0.97)
) 56.25 (0.67}

At CL. Right
-13.82
-11.16
8.99
-15.98

At FC. Right
-11.00
-8.89
7.12
-12.78

.14 tendon/m.
{kg/m~2) = 263
2§83

At FC. Right
=1.54
9.31 (0.11)
19.24 (0.23)

At CL. Right
-1.73
-1.67
0.78
-2.62

At FC. Right
-0.86
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L ,t.m -7.10 3.51
L. 5.33 -1.94
ML 4SDI FBL ,t.m -10.55 5.65

——————— RESULT AT ULTIMATE

iistance to Maximum Positive Moment from left , m.

At FC. left MPM
1.4%(DL+SDLY+1.7*LL+ M2 @GFC,t.m -1.99 L2.25
Secondary Moment @CL ,t.m 0.99 2.56
Moment capacity 0.9Mn ,t.m 19.16 (0.10) 24.64
Span #§ 2
Distance to Maximum Positive Moment from left , m.

At FC. left MPM.
1.4* (DL+SDL)+1.7*LL+ M2 @FC,t.m -28.38 23.88
Secondary Moment @CL ,t.m 2.17 1.77
Moment capacity 0.9Mn ,t.m 2921, (@97 30.45
Span § 3
Distance to Maximum Positive Moment from left , m.

At FC. left MPM.
1.4%{DL+SDL)+1.7*LL+ M2 @FC,t.m =25.15 11.81
Secondary Moment QCL ,t.m -0.87 i
Moment capacity 0.9Mn ,t.m 29 .38 (0. 86 23,25

——————— STEEL RESULTS T
Span # 1
Left end Mid span
Steel rebars,top cm”™2 6.79
Steel rebars,bottom cm"2 10.64
Tendon height ,cm. 875 6.92
Drape = 4.16 cm.
Span # 2
Left end Mid span
Steel rebars,top cm”™2 8.39
Steel rebars,bottom cn™2 10.64
Tendon height ,Ccm. 13.42 4.00
Drape = 9.46 cm.
Span # 3
Left end Mid span
Steel rebars,top cm”™2 8.39
Steel rebars,bottom cm”~2 10.64
Tendon height ,Ccm. 13.50 ¥ a2z
Drape = 3.51 cmn.
——————— SHEAR RESULT S
TWO WAY SHEAR
Ratio > 1 require shear reinforcement
Stress must be less than maximun capacity (kg/cm™2: = 22.
FACTORED ACTIONS <-—-— PUNCHING SHEAR STRESS
shear moment due to due to a
Column (T) (T.m) shear moment P
1 16.34 203 2 ¢ 2.93 12,20
2 58.48 5.23 18.27 3.46 21, %3
3 58.81 5.23 18.37 3.46 2122
4 16.22 27725 3L B A5 L2058

SUM 149.84

U-Stirrup Reinforcement Data

Yield Strength of Shear Steel , kg/cm"2. 2400
Column Area stirrup Length No.
per section (cm™2) {cm.)

’ 0.00 0.00
2 34.18 85.98
3 34.64 86.52
4 0.00 0.00

ONE WAY SHEAR

W e W

-1.03
0.35
-1.54
2.11
At FC. right
-24.38
-0.07
(0.50) 29.21 (0.83)
3.80
At FC. right
-29.12
1.37
(0.78) 29.60 {0.98)
3.06
At FC. right
-2.21
0.78
[0,521) 19.32 (0.11)
Right end
8,35
13.42
Right end
8.85
13.50
Right end
7.11
8.75
61
(Kg/cm™2) —--->
llow- STRESS
able RATIO
15, 08 0.82
16.86 i.29
17.00 1.28
15:08 0:83

of Sections

98
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stress show in percent of jacking stress
included Friction , Wedge Set and Elastic
ie
A

of angular friction (meu) /radian

ient of wobb

le friction (K} /m
stressing Left end
Anchorage set ,mm 8.00
SPAN Left end Midspan Right end
1 0.791 0.815 D.845
2 0.841 C.855 0.876
3 0.872 0.B839 0.834

AT WORKING STAGE

|Loss included Creep , Shrinkage , xation and loss at transfer)
SPAN Left end Midspan Right end

1 0.743 C.764 ).803

2 0.788 .798 0.835

3 0.818 786 0,790

——————— COBT
Concrete Cost P10 m™ 24
Tendon&Jacking Cost 180,58 8
Anchorage Cost 13.00 0
Filx-end Cost 13,00
Bar chalr Cost 233,35 8
Flexural Steel Cost B4 89 8
Shear Steel Cost 114.54 18
Duct &Grout Cost 23398 48
s

Note. Do not forget to consider tlont
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