w  om
Landitanaad

1. MNaaman., A.E. "Summary Review of FIP Symposium in DBucharest,
Romania, "Pil Journal, V.Z5,No.8,Nov.-Dec.1980,pp.24-27

2. Lin,T.Y.,and Burns,N.H., Design of Prestressed Concrete Structures,

srd John Wilew

Spns I[ns.,New Yorl, 1982
et.e WiLth Addinbtions of High
L." Research Studies in Lhe

; :iu & ,W. Ernst & Schn,Berlin,

of x ois at Chicago, Department

of  MatbrifEfndind feport. N.78 June 1978 .182.pp.

—

Reinforceed Concrebe,"”
- pPp-35-51
sis and Design of

y Sablafs Serviceabilily

8. Hognestad. E., ~§%v;givpj ., "Concrete Skress
Dt 'f‘"“*‘“_"7*7ﬁﬁfv‘f3ign. "ACl Journal

7. Naaman, "Sorviceability Based

T
‘ ]
uf Partially Prestressed Beams, Part 1:

NN P} iini A
A Y

Concrete Institute, Detroit, 1968

Desig

(=4
.

9. Burns,N.H., " Moment Curvature Relationship for Partially
Prestressed Concrete Beams, "PCI Journal , V.9 No.i ,
Feb. 1964 ,pp.52-632
1. Nawy, E.G., and Chiang, J.Y., "Suviceability of Post - Tensioned
Beam, "PCl Journal , Jan - Feb 1980, pp.75 - 95



35

11. CEB - ¥Ib, Model Code for Concrete Structure, Paris, 1978
pp 1 - 347
12. Magura,D.D., and Hognestad.E., "Test of Partially Prestressed

roncrete Girders" Journal of Structure Division , ASCE,

No.ST 1 , Feb. 1968 , p.3227-343

13. Lin,T.Y¥., "Partial FProshuess:ng pesign Philosophy and Approach”

ymposium originiged by ACI, CEB,
atle iphia, 1976 ,published in FIP

14. Nawy,E.G., legtion Control of

"pcl Journal , V.22 ,

15. ALl Commekee | L e \\|euL in Reinforce Concrete

{ACI nerete Ins. .Detroit, 1982

16. Moushafa.S.E. -11\\ rest.ressed Concrete Flexural

Member" PC e,No.3, May.-Jun. 1977, pp.12-29

17. Siriaksornsd. Nagnan, 4. ! iceability Based Design of
pa‘u“:??_______Tf___________?__—fdi-I:culputarized Design
and Eﬁl ra n%s‘, "pcl Journal , V.24

No.2 ‘Har.- Apr.1979 , pp.-64-849

o R H I RIATYRAR we rses

9 prestessed ech1nns by Strnln Eulpattihity PCI Journal,

A RNFEIRT NN

partially Prestressed Beams, "Journal of Structural

Engineering , v.111 , No.T7 , July 1985 , pp.1602-18B17
V.52, Dec.1855, pp.455 - 4738

20. Cohn, M.Z. and Bartlett, M., "Computer Simulated Flexural Tests
of Partially Prestressed Concrete Sections,

"Journal of Struckture Division, ASCE, No. STiZ,

Dec. 1982, pp. 2747 - 2765

TiN{g2En



36

21. Furlong, R.W. "Deign of Concrete Frames by Assigned Limit Homent.
"ACI Jounal, Vol.87, No. 4, April 1970, pp.341 - 353
2.  Naaman,A.E., and Siriaksorn,d., "Reliability of Partially

Prestressed Beams at Serviceability Limit State,

"pcl Journal, V.28 , No.1 , Jan.-Feb.1983

AULINENINYINT
ARIAINTAUUM TN



AULINENINYINT
IR TN TN



4 = L # =
ANT19M 3.1 udRedanadRIa1e SmImLAanIESY uardA PPR

38

" - ' w o
FIUIMUAEINIABEY | 9798 | A1 PPR maemunfan
- i - d" W [ - -y
#rad1atan | Tadaanne imant iy AIRBAUTY SLET
(Lfiw)
1 0
2 0.210
3 0.511
4 0.774
5 1.00

ﬂumwﬂmwmm

SPP 1 = I‘Iﬂl}lﬁﬂllli’l"'ﬂi'ﬂm"llt‘ll 1

9 W'W RIMTNTIRETA Y



29

°
e
- M.M Pra
>
b 0165000 | oL 2 8 oL Sdds (s
,. _,.JI. Ay -
pLLO  [e86E000 0 , wm IS 0L oL |reds (v
: il B o
LSO 1252000 |t 9 ™ b oL edds (e
ire
FA] £SZI00'0 | L09EIO -r, z! oL Zdds (2
0 0 ©80810'0 |91'S6 0 ze oo oL bedS (1
(620 (0] E.u0) | @.uo) (U]
Hdd sdd sd Ad sdy sy sdg Lle q TIdWVS
(€ 2
mmmrr=¢m_w91==r1 m :urulvu-umatui 2°8 wvrrrl




-4 -
R17140 3.3 BRT1EIuNENTBIRALUNTR

eunin 1 u° AuutadounduAne 7 Al

) st sdumeunTugas xfituen
AULINENINYINS
PAATUAMINYAE

40



41

4 .
A17749N 3.4 lIﬂ11HIiIHIIii1li11ﬂﬂiﬂlﬂﬂ;i!ﬂﬂiiﬂiﬂﬂiﬂ

- an [ all 3 i 4& = ‘ []
NAABUIIUIU 4 RI8879 TRA ¥ 2 RIBBIINARAY Dial Gage LWanIA1

&y 4
A1 ANAUT I8 IMIIBLTILALAIINLATAR LHANIAY Young’s Modulus (E_)

i'li'n!ﬂmi'uu Stress - Strain Relationship Relationship ii:ﬂﬂ 3.17



42

Specimen | Weigth g, Ultimate Load
o\

4 o
1RA i aaanadiidvany ah (£.") = 415.3 an/mT.Tn.

il
WA young’s ; ﬂ = 2.1x10° nn/R1.1n
ﬁ::_

| ;'_ . = I‘:’d

ﬂUU?ﬂﬂﬂiWﬂﬂﬂ‘i
QW?Mﬂ?ﬁUNWY)’ﬂB’IﬁB



o &
777490 3.5 wan1inadauinan (Rebar)

Fruoutudunneday 6 u

43

DB 12 . 3 §u
| ‘
DB & ‘ 3 i'll
-‘I ‘ )
Specimen| Size of E c— ] Weight |Elongation
No Bpecuan —~ E a) | (gm) (cm)
”1::;;/ . zﬁgii;;
1 DB12 B|308.0 1.8
2 pB12 33.6]309.2 1.8
3 DB12 _ .9(312.5 1.7
4 DB18 | _Beti- 412,40 g .5|517.5 | 1.5
5 527.2 1.5
] .5|520.5 1.7

ﬂumm&mw HIN7
ﬂmmmmumwmaﬂ

f, (average) for DB18 6,318
f_ (average) for DB12 = 7,080 kse
9 (average) for DB1B = T,114 ksc

Young’s modulus (E)) = 2 x 10° ksc




217747 3.6 EuIREBIRIBETY SPP1 - SPPS

k———o 200 -————3——— 200 -

P

g

44

e S

///m\*
1 4\

‘\\\

#



B —

A1114M 3.7 WANITNAFAUA28879 SPP1

45

. w
AAun

uta(x100)

(nm.)

NTTUEURT

4 =
n1anqna1q

{(x0.05) (du.)

ﬂ11ﬂ1ﬂi1|aq
111:1?u
(x0.001) (1n.)

o o ~N & ok G N = O

H
Jaaxen D

-]

@02

S

¢

PRIFINTUUPT

STRAIN

x16°

ERBRNBBEEBER o
52888880000

- =k
o o

e =

§iEEagnsygsgss.n,

-

1

e I

= = ADJUST STRAIN GUAGE



-
A1779N 3.8

Wan 1 TNARAUAIAANY SPPZ

46

3-
5

WT9(x100)

inn.)

aﬂﬂ‘lﬂﬂbﬂﬂ-‘-ﬂ

1
12
13
14
15
18

SRR TN AN

ATTHBUAD

d =
ﬂ}ﬂﬂini1i

(x0.05) (1u.)

82 E5BBBBNYBIITZ o

2328888 8BBcoco0oo0o0ocoo @

MINANUBIgATBITY
(x0.001) (14.)
REMARK
1 2
CRACK




A1974M 2.9 WANITNARBURIEEY SPP3

REITUCE NIINTARINAY

UT9(x100) 5 _

A ﬂ‘:ﬁﬂ\lﬂi'ﬂ “Illlilﬁ'ﬂl
4 .

A7Aun (x0.05) (1u.) (x0.001) (7u.) REMARK
1 2 \ 2 1 2

0 free ~42.1 éﬁ ~97 22
1 0 1 | — -e7 22
2 1 — -97 22
a 2 -97 22
4 a1 -a7 2
5 4| = 4 ) = -97 23
6 5.1 : -97 25
g 5.2 5 -97 s
8 8 & -o7 25
9 7.2 W ~97 26
10 7.9 ;‘r}{ -97 27
1 9.2 -2 28
12 10 10 Poo S -315 -92 20
13 1.1 14400~ 218 -80 28
14 122 P -a2 28
15 18.1 -81 27
18 14.1 -81 2685
17 15.2 m 15.2 206 -81 24
18 16.1 ;182 26 206 -81 20
19 | 47 ~81 14
- ANYINYEINEINT: -

He 19 56.6 80.4 -81 -9
2L o 20 ¢ 1, 2 -84
=) 71l 0)) Eh ) el 2 V)
24|19 22 11.2 129 ‘ -77

= = ADJUST STRAIN GAGE




-+ w
RTTI9N 3.10 NANTTIRHBUAIAATY SPP4

48

dndruit

uT(x100}

(nn.)

o~ @ s @

-a
10
1
12
13
14

**-:!DJUETEﬂHalHEFH!E

ammmmwﬁwm ¢)

N1TUALRD

4 -
ﬂ!lniﬂiTﬂ

_ixﬂ.ﬂsliiu.l

AL |

MINgAIuBIgRT AT
(x0.001) (H.) REMARK
1 2
1 -98
1 -86
-%0 -83| cRack
-6 -8
-99 -80
-9 -7
-80 -80
-85 -80
-85 ~80
-2 -80
-a2 -80
=T0 — 80
-68 -81
-80 -88
-54 -101
—45 ~-101

0 )

1
d

o




49

A17747 3.11 wan1TnAdau#1as1e SPPS

N1TUALAT N1TNTARIDAY
uT(x100) d
nanienany wiaeiy
dniun e (X0,05) (14.) (x0.001) .y | K
N7
1 - *~ﬁ§%& . 1 2
0 iree | 0 0
1 0.0 -8 =
2 1.1 -%0 o
a 2.0 -33 81
4 3.1 -a2 61| CRACK
5 42 -73 0
8 5.0 -8 a2
7 80 -8 &0
a 7.0 -28 s7
g 8.5 -8 57
10 8.0 28 .
" 160, -10 50
S

Ly
T
A
** = ADJUST STRAIN GAC

AULINENINYINS
PIAATUAMINYAE



50

- -r L]
n-rnﬁ 4.1 a7 nEuiud TN 190 TIUAEN 1 TUBURI189A78AY SPP1

NO| LOABNKE) 4 DEF(CM)

1 N G 5.1725
— . ,
,j‘: 5 ———— nuuu

215 . 4.7175

A7) =

) | " '-».:-
\ \ c L

i |
T
W

DEF = ‘n'mnurmnﬁunq

ﬂ%ﬂ*’é ?‘I'E}WEW Eﬂﬂ‘i
QWI AINIURIINA Y



51

4 L ‘ 4 - -
R1TI9N 4.2 A INANWUTTENI 1AL TIUREN 1 TUBLRITBIR 18819 SPP2

D{fail)(CM)

11.2625

9800

bl

= ||

2.8963
3.4022
4.1089
5.0289
5.5571
5.3953
7.4913
8.1361
8.9321
8.8321
92,3115
10.2314
11.1713
11.8830
12.59443
14,0775

= A17d I‘III'IH‘! ﬂi"I'l

AU EJQ%H-W%M'] 17
awwmnimum'swmaﬂ



52

- - ]
219198 4.3 A2INFUHUTTENI1 U TINAEN T TUBURIIAIRIB81Y SPP3

DEF (CM)

D(fail)(CM)

|

0= __"d. 175
,‘10 575

k‘-l-‘

1,705
1,820

AU ?{ﬂﬂﬁ'
ATl

31ITN7

DEF = I'I"I"lll‘lll'll“ﬂﬁ*llll'ﬂ

4
D(flﬂhﬂ'l'ﬂllll'!‘l‘l‘!ﬂlll

3

2.5751
3.0777
3.4959
3.9574
4.5218
4,9651
4.9651
5.2804
5.7683
6.0938
56.6673
7.0857
7.5561
2.0839
8.6437
B.8545
9.4869
9.9461
10.3186
11.44986
11.9248
12.5829




53

A1T19M 4.4 RINFuELETENT 1M TINAZ AT TUEURIDAIRI8E19 SPP4

D(fail) (CM)

3.6163
9.1563
10.0563
11.2188
13.3913

2.0255
3.2605
3.2605
3.5508
4.0466
4.7769
5.7304
6.2396
7.6968
7.6068
B.1782
8.9831
10.0216
11.9623
12.9873

i¥ |

n:fﬁa-mnm-mi

ﬂﬂﬁl?ﬂﬂﬂ'ﬁwmﬂ‘i

Qﬁﬁﬁ@ﬂ‘imﬂﬁﬂﬂmﬁﬂ



] ] - L
a1919M 4.5 A uENiNd TENI 1 TINAEN T THAUAI DB A8 Y

D(fail) (CM)

819375
\,9.3825
'8.3825
10.8475

1.2511
1.4044
1.5778
1.8222
2.0687
4.4422
6.1667
3.3400
8.3400
9.6422

SPP5

AULINENINYINT

PIAIATUAMINYAE

54



55

PLEUSUMLULUNENLLY = 4HQ

Ll
NLYEULUNBNLLU=([F23)Q yweucy

s

LE¥000°0
ZOor000'0
S9E000'0
P#E000'0
9Ze000'0
1080000
£82000'0
€42000'0
4S2000°0
1920000
120000
§12000°0
#¥81000°0
081000°0
2910000
L¥L0O000
LZ10000
4010000

(wo/pw.)
(wiong

ooOFeLL |€LP000'0 |OOOPO® |0SME'SL |O20'® 8
oOreLL | 9420000 oze'z Ll

00FE L1 PE000'0 gee'Z ol
oOFELL  |OZE000°0 ozr'z -1
o0PeLL |Z06000°0 oez's v
00PELL | 2220000 s0e 0L {0202 el

oore Ll 0% 028"} zi

. oorell  |ErZ000C 090’} L
o DD !_.ﬂ_ (+]%
EET 00 sl ]

VOO0 1812’} e

184000 g20'} L

_.4.“ A E -

i Pl ove s

¥ ol v

gz €

9% z

0 1

(5)7)]

avol |ON

1dds %r‘:.

_.E_ucﬂ__._r:cr#ﬂ-.:v:-:r-.tr.tnﬂ:w:n_ﬂ_..#rm.lﬂ_.whzm_:h:rrc 2°y ﬂ-.rr_r:

‘1..-




56

PLEURUMLULUNENLLY = 43Q

]
mmmmpwrn=m=rr=uﬂaﬁuhwn sy

9880000 | I1B¥'I¥E 89100000 ol
11SE0000 | 18P'1O8 29100000 Sl
9620000 | 18P'O0L 29100000 ri
01 L80000 e LEL 29100000 1%
£9820000 |18P'649 29100000 (4
12020000 | LOP'ZYO 89100000 ¢ 11
g1$20000 | IBY'E09 89} ol
12920000 | I8P'E09 89100 8
LIEZ000'0 | 18Y'1eS el ®
IPIZ000°0 | 1B¥'STS 89l L
29810000 | 18P 18P 8ol @
ZeoL000'0 | 18P PP o9l s
£6¢10000 | 18P'SOP S 100X L 4
0szZI0000 | 18P L9e g9l €
$00L000'0 | 18¥'LEE 89100000 |0 z
8800000 | LBF'IZe 89100000 |O !
(wo/peJ) wooM (wiofpw)
(viong | Cviovw |  COg ON
o
2dds supaLEkER
upLLLM

=uuIﬂrr::rr:r#vtrnrrcrmnuﬂlﬂz‘nrvrﬂﬂnrnalzmnrﬂﬂ LY
a'p A ' ’ ' P r




00Z'2

<H§sRyREs
rrerrrre e o0

SRREETHA

Q
-
w0

°8R3935

| TR

2228588 T

~NOTWO
-

ruoTVOoONOQ0




S8

[
WILUEULMENLLU=([TEIA MLEUMUMEULUMENLLY = 48
e 1. L] _.l ., g

14k

s

g8£000'0 |68Z8SS 80000000 | 000802
LSE000'0 |66Z0SS S000000'0 | 000602
88Z000'0 |BBZOES 20000000
820000 |B520LS
+PZ000'0 | BEZSFOP Q | O006C ¥STIL0 EPZ000°0 ¥
8220000 |B8ZSLy 90000000 18 . LD *TO00 .. :
0SZ000'0 |BBZSLy 2000000 0 ' | DD0S0C OBC O 3-.¢:., mu... -
9910000 |G6ZISr | 800K 0G0 Z1ot 9810000 |0oC
LLLODO'D | BETYEF
cv1000'0 |862ZSiy 90000000 | 00080
L2 —.g.n ﬂ—.ﬂ ...... .\.....,.m.- ; OO KD A
9010000 |B8BZ0LE D00 | |Q0002
4800000 88ZrSe | 9000000 0 0000
9600000 |66ZFSE ) WiNE
L80000'0 |8520LE

65z101
65z 101

48E000'0 | 0008HE eLe8'Z
9560000 | 0000
i OO0

§EERY

RitEitidt

- 2w WL o =
- — =
i
- r : e E
0 D O O
L) II &
11 I3 -

J

(wopes) | (WOo'ON
(wiovg | Civioun

o A

9

-
2
@
-
=

=

-.m-__.—_m.ﬂI_____.__r-—._._—.Fﬂrﬂ?t#:rﬁ:—.ﬂhﬂ'lﬂ:-H#EFF‘HBH’.!“I-FI ﬂ.._ﬁﬂ-'_..n_-.i
ntpE o ' ’ ' r



59

o
°@

S CT

__.7\. = v#%ﬂﬂﬂ%—.f: = 430

Wit u; WNBNLLU= (TFS

Vs arl

008/Z0000 |6820Lr e | |e8zig ks oL
9.0pZ0000  |682Z2ZSY QOS0Z | 862101 1| 9L9V200¢ 00 n_- ., = 8
9/DP20000 | CBZTS 00080 S A Te | - T, ..;.;..;:; | -_ 10 L]
£688.L10000 B820er | 900000 0 .__.H AR A LO EEEIQno D ."n..f.. 40 L
0SPZI0000 | 6620HF “ |oooeoz  {ss2aar | 0seeI00 D, " HO0M0: iy ‘o =480 9
= 2 == EE
SEOY00000 | E8ZILE DOSZ | | | 80 SORSO000C "o ’L 180 v
20800000 652058 CODAUE 5. ] |8 OGO 00 ] . s 00 e
80000000 |68Tiee | 9000000— | 000E0 i g L0 - 00 O ' .-_,,..,‘. w ' 2
26200000 | B5201E 86210 SO0 1isz L | !

(woypel) oo | (uope) | (oo | (oD (wofpel) ol (o] dmmummw (5,7

GvioDd |Gviouw| Galg | Govow | Caw 4 W (redq @1 oN

ﬂw-._n.

§dds -._____-un.t

#:n:ﬂhl:rr:-.rwurwvurarﬂ:rtﬂﬂ_____l__:-::.vrﬂﬂa—.n:l:m:r-.: or°v ___-.r___.-__-



A TRt IRanida

_dadbdiey (Strain Compatibility) masiie

[}
HLHURURE

1191

€
A uiuiugie

4
119N 4.11

H14 SPP1

i — e -— ‘v
Al 1. dINENINEINT

Wiﬁl ?

Aialahcnie

bipiiaialit

U

ae

60



61

_E__: Tww.
_.,E;_%, |

il s |

24dS MLEBLMMER (A9TTTAEIRdROD UTBIIS) KERMGER

Iﬂw____a_:.Fumw—__.....u_.._-___.ﬂ..m“vﬂ—.ﬂrFtr..___nﬂ_sﬂ_____lu#—.v—.m.t_ﬁhw-—ql.:_m#rr:_ Nn-# “vrrrl



B2

£d4dS PLRELMAAR (Aqr71qrqudeo) uIBI9S) mﬁ-

I-r.__,_:r_.u-r:rr-_..!.:__..lﬁv:.F#rﬁ:r:n:s!—:;ﬂ—.»rﬂlnrhﬂluﬂn..rl 4 B ﬂ#rrrt
- 4 - g ' ¥ ' G




63

o>
W (5 dag
?

Fal=s alje o] ,.__ . - '
ﬂ,
vdds tLRELHMER (£qr11qTrqudNe) #-...ﬁ”ﬂ.‘

FENENRINLELLHALDNARERLLY $T°F UGLLLM
:HWI.Hrﬂlﬁﬂ:rruriﬂnru“vuwzrr:rw L] ’ LBLI 0 nig “




64

o

008000 = od3
=043
B
=od3
(b0 = o0dz
SZI000 = 0d3

'0=23d3
=0d3

NINneIN?

= 6§43
ol * = 0d3

$9a3
BUPBRON = W

AT

0 = W uewon 3

J,.I_._ ﬂ
AN

_FW

GAdS SLRRLMGAR (Aqr11qryedwo) urBIYS) © LTS

u-r:‘nrr:hﬂcrwcrlr=rwwvwrnrr:rTna=W==ﬂ=rvrwﬂurw=ﬂnm=rﬂm iy
= [ A

ubLLLY
r




65

RO
0R'n
840
98'n
LG0

salIny

30
030
5L
L4780
€30

(s.paNINWN

i LEOCEE
| 1k 1205

Sdd€
pdds
€dds
24dE
Ldds

4

INOEPBLYWI

IwenN

‘o —
AT m.ﬁ.w;_.n.%___.ﬁ

NEPWULLULER (JUaWOY En-_hﬂ_._%__&,:i

=

P

LY 8T Y w-rpe-



66

2 gdds
aL'l sz pdds
s2'L sz
be'L sz gdds
280 sz
180 [+ 2dds
£9°0 a2
990 &2 Ldds

- (unjBuoeds yoeio JuwjBusncs | sweu
1831
di4—-€30

- C
=_
Q.ﬂ_.




AULINENINYINT
ARIANTAUUNINGIAY



i’

.ﬂmss 'rl'.‘

Stress-Strain Relationships for Concrete
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Analysis of Sections for Flexure
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Concrete strain
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ANALYSIS OF M — O DIAGRAM FOR RECTANGULAR secTion ( SPP3 )

b 7O cm.

1 15 am. Pp = 0.00262123

da 12 oL Pa = 000882143
dpa = 10.9 om. ty = S580.08 oo
tna = ke Apo = 2.000 om. 2
En [ Aa = 7.410 am. ™2
1 kea. A = 1NS0.00 om. "2
) |- 1968750  om.~4

EPo = 00,0020

{z} ti

lﬂ'ﬂ- EPoa + EPpa =

’QW’F@W‘?WWW’JMW&H

sireess due o F Hl-

M kac.

oresa in cono ot sleel level foo = 28,04 koo,
M raq’ = 180688 kg,

oirecs due o T+ M flop = 65.15 koc.
ot = 2451 1502

EPtop = 0.0003102 rad.

EPbol = —0.000118 rad.

curatura = 0.0000284 rad. jom.



(3)ifnlasnutnaihfulsnongn [ M = M)

ot = Ir = —1.99(Ic) ~0.5= —40.55 e,
Mor = 297655 kg.cm
rad,
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