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Step 2- Tensioning of pre-stressing steel against hardened concrete
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1-singp 1-sin30
K, = = =0.33

" l+sing 1+sin30
qs=0.33x19x8x1=50.16%
(Seelid) SB b )8 O
Js Y @ = 0.8 X (Ko — Kg) X ¥ X H
Mo omb » qs = 0.2 X (Kge — Kg) Xy X H

Cos?(¢=B-6)
YCosOCos?BCos(5+B+6)

Kgpe =



www.icivilir glroc (uwaigo ¢ [jbeaidiils gols | Uy

. Sin(p+6)Sin(p—-60-i) -
p=[1+ \/Cos(5+,8+9)COS(i—.3)]
Kn

0 = Arctan(l_K )

495 il ot coys K = 0.54 = 0.5 x 0.25 = 0.125

©lod ) o
@| 30 | 6|29 K,. | 0.39
gl o |ilo
67.12

Jys YU g5 = 0.8 x (0.39 — 0.33) X 19 X 8 = 7.296 %

J3 b o gs = 0.2 X (0.39 — 0.33) X 19 X 8 = 1.824 %

W
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JIs (2, : pgw Juas
b e 58k o ¥
(Cate) ol )i O
el 5 by @b &5 m)b (ALl S a5l b cute iied 5 8o (Slib sl
M@\,Jo = Max(Mminr Mu)

KN.m

M, = 40.498 (T) @ )b Sy Jab )
M,in = 1.33M,,

1000%2252 KN.m

M = V1¥3Scfr = 1.6 X 0.75 x ———— % 0.97V/32 = 55.56 (—)

KN.m

Mpin = 1.33 X 55.56 = 73.9 (=)

KN.m

M., = Max(73.9,40.498) = 73.9 (T)

1000

225

)l Ve s a4 5, S 5l edlatnl (5,8 L
d, = 225 — 25(cover) — ? =190 mm

M. M. 73.9x10°

.= =~ = = 1200.45 mm?
Pfy(de—3)  ¢fy(0.9de)  0.9x400(0.9x190)

A, (920) = 314.15 mm?

1000
S=

= X 314.5 = 261.69 mm | «Js ki S=250 mm
1200.45

Aginew) = % X 314.5 = 1256.6 mm?
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1 3 Ko dbold Lol 3]
S> Max(1.5¢,37.5mm) o.k
S< Min(1.5t 0k, 450 mm)
$=250< Min(1.5 x 225,450 ) o.k
Pl NI J RS
T=C == Af, = 0.85f,ab—— a=—o L =18.48 mm

M, = 0.9 x 1256.6 x 400 (190 - %) x 1076 = 81.73 KN.m

M, = 40.498 < M, = 81.73 KN.m

USE @20@250

(cite) Vb ojis ©
gl 2 gy Gl S b AUk S 4l 58 b ke ped 3,81 (2 4
M@\,b = Max(Mminr Mu)

KN.m

M, = —43.86 (T)- IS L -V Jas |l
Mpin = 1.33M,

1000%x2252
6

KN.m

M., = y1¥3Scf = 1.6 X 0.75 X x 0.97V/32 = 55.56 (— )

Miin = 133 X 55.56 = 73.9 (=)

KN.m

M, = Max(73.9,43.86) = 73.9 (T)

225

1000
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ey Ve ylad a4 5 Ko jleolatwl 45,8 L
d, = 225 — 35(cover) — ? = 180 mm

M M 6
b NS 73.9X10
Ag=—""F~r—"" = = 1267.14 mm?

A, (920) = 314.15 mm?

5=—220 %3145 =247.9mm | <isa. > $=225 mm
1267.14

Ag(newy = 5or X 314.5 = 1397.78 mm?

;W 5, Ko dold bl I
S> Max(1.5¢,37.5mm) o.k
S< Min(1.5t 30k, 450 mm )
$=225< Min(1.5 x 225,450) o.k
Pl S )RS

= 20.55mm

) ~ \ _ 1397.78x400
T=0 == 4y = 0.85fcab——> a = g 000

M, = 0.9 x 1397.78 x 400 (180 — =) x 10~ = 85.4 KN.m

M, = 43.86 < M, = 854 KN.m

USE @20@225
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I g5 5,5k b ¥
c o sln 3Kl 45 bl 1 il o 00 g Cute o 3)Sha ] soys I3 s 3,Khae
WJ)]DM&B‘)J)W)JDW

3840
7 < 67%[A;(long)]

5=1450+400=1850 mm

oM s (5 U5 4 (25 5 6yl Jl ) b I 5 5, b 4 ol bl il aloll oy

3840
T = 89% < 67%I[A;(long)]  Not ok
A, = 0.67(A;(long)) = 0.67(1256.6) = 841.992 mm*
)V b8 b (60 Kol oolaiwl (5,8 L
USE @l16@225
I Gyl 35k (b v
Ppd o g i dmls 9 Bk 5l (SAS gex 5 Sl 05 )b
2
1) As > 0.75bh _ 0.75X1000X225 —0.172 mm
2(b+h)fy,  2(1000+225)x400 mm

2)0.233 < A, < 1.27

2

Ag = 0233
mm

USE @16@450
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ol (2o e Juad

DS L (g A Sl e JAS 9 (Bl Gl g9 v

Oliee b cél S 5l am 0 )0 dgzge 85 ST g (S Gl o L Cojge jlzeyd Jaie jo 8 b cdls pl
el (o0 duloo Iy b S Slasd e 9 (S5 g (9 p

e=y,—0.1h =699 — 0.1 X 1600 = 539 mm

fo < 0.5\/E = 0.5V45 = 3.35 Mpa

Fr  Fre My+M, M +M, ;+08M, 4y

fo =~ + +
Ag Sbg Sbg Spe
Fe F¢(539) (1473.1875 + 1922.0625) x 10°
= - - +
fo = = 71187s ~ 35208241 315208241
(202.5 + 501.1875 + 0.8 x 2022.24) x 10°
+ < 3.35
462083241

F =2 4001.6 KN

AU sl a8 Sy b b LS 0 5,0 a5 S,k

F
A—f < 0.6f,, = 0.6 x 1860 = 1116 Mpa

s
4001.6 x 103
Aps = TET: = 3485.6 mm?
3485.6
n= 987 = 36.3 = 40

oeSee o0l 3> 399 BT Ve BME ya 950 a5 M ¥ I Il
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AFpr = AFpp + AFpy + AFpgs + AFpyr

AFpgs(Mpa) Sl gla JSG e ) Q40 &)

AFpp = fpj(kx + pa)

fpj = 0.9f,, = 0.81 X 1860 = 1507 Mpa

;de&uﬁ‘ww v

AFp,(Mpa) s Sousals Sl (250 <l

AFpr(Mpa) Giis 5 Sad gan ) o3l cina )l o &l

Sl 51 b cdl o

8xd
k=66x10"7 — [=02 a=—
mm L
Awd 0ylos sy p Joe dr(mm) x(mm) a(rad) AFPF(Mpa)

L

il 15000 0.0333 24.95
1 2 350-100=250

L 30000 0.0666 49.91

L

2 15000 0.0666 35
2 600-100=500

L 30000 0.1333 70.01

L

X 15000 0.1 45.06
3 2 850-100=750

L 30000 0.2 90.19

L

- 15000 0.1466 59.1
4 2 1100-100=1000

L 30000 0.2933 118.24

Y4
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oo (52,95 6 1 o

AFpy ==X E,
A=3 —-6mm
AFpr(L/y) A
= P 2 x= [=XE,
/2 m
wod oo | AFpp(L/y)(Mpa) m x(m) Sie Jdb | AFpy(Mpa)
1 24.95 0.00166 | 18.86 18.86 31.33
2 35 0.00233 | 15.92 15.92 37.12
3 45.06 0.00300 | 14.035 14.035 42.1
4 59.1 0.00394 | 12.25 12.25 48.25
Sa¥! Fah 2ligS 51 bl 8l O
2
N—1 _ Apsfpp(Igtemdg)—emMgAg
AFPES = 2N X 2 AglgE;
ApS(Ig+emAg)+—Ep
4-1
AFppe = — X
PES = 3.4

40x98.71x1507(220198370529 +599%X711875)—599x1922.0625X103x711875

711875X220198370529X4800v33.75
197000

40x98.71(220198370529+5992x711875)+
AFPES == 3132 Mpa
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OV 9 (S oa 3l ol Ol d cdl O

fpjA
AFppr =10 mgps YnVst + 83VnVst + Afpr

A

yn=17—-001H=17-001x70=1

35 35
Vst T+fe, 743375

= 0.86

1507%40x98.71

AFprr =10 711875

x1x086+83x1x086+17=160.26 Mpa

2k oy O

teo )l Conly Cowo 1Y 9 ) sla B8 dwd 5 Dgnh 00uiS o Cuowo I Y 9 ¥ sla P8 awd &Sl (5,8 L

Al sil-co Cuoww Ay bwg Ay Lbl-Cuwly Cuonw
a)w
s AFpp AFp, AFpps | AFppr | AFpp | AFpy | AFpgs | AFpir AFpp AFp, AFpgs AFppr
2*31.32=
3 49,91 0 31.32 | 160.26 | 24.95 | 31.33 | 31.32 | 160.26 0 62.64 31.32 160.26
2%37.12=
Al 0 74.24 31.32 | 160.26 35 37.12 31.32 160.26 70.01 0 31.32 160.26
2*42.1=
Y 90.19 0 31.32 | 160.26 | 45.06 42.1 31.32 160.26 0 84.2 31.32 160.26
2%48.25=
£ 0 96.5 31.32 | 160.26 | 59.1 48.25 31.32 160.26 | 118.24 0 31.32 160.26
oSSk 70.05 85.37 31.32 | 160.26 | 41.02 39.7 31.32 160.26 94.25 73.42 31.32 160.26

Cuows (slesl )0 bl e &S D9 o asudie dild (slotl jo oud a8 )5 a3y e 40 j0 b il awnlie b
25 o0 2y ol pll 2 bl g Sl Iy 55 Sl gl I canl iy cs

v
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Fi=
F, =

Fi=
F, =
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ST o S g5 dawline V
Aoy by glie O

[1507 — (41.02 + 39.7 + 31.32)] x 40 X 98.71 x 1073 = 5507.9 KN
[1507 — (41.02 + 39.7 + 31.32 + 160.26)] x 40 X 98.71 X 1073 = 4875.2 KN

o5 4S8 gais O
[1507 — (94.25 + 73.42 + 31.32)] X 40 X 98.71 X 1073 = 5128.5 KN
[1507 — (94.25 + 73.42 + 31.32 + 160.26)] X 40 X 98.71 x 1073 = 4531.8 KN

b 5 Jms v
b L8 o

WIS BN

fpj < 0.9fp, = 1507 Mpa

5507.9x103
40x98.71 1394.97 < 0.9f, = 1507 Mpa 0.k
L cél olod jlamy .Y
fpe < 0.72f,, = 1339.2 Mpa
4875.2x103
20x98.71 1234.7 = 0'72fpu = 1339.2 Mpa 0.k

» O
0055 By g S 51 aws — (65 Lid) g ol —ailrd Jawg pd Wi L)

FL' _Fl-e

M . .
fog == 3= 5o +35- < 06f,=06x3375=2025

fbg =

g

5507.9x10%  5507.9x10°%599 , 1922.0625x10°
- - + =-12.1>-20.25 o0.k
711875 315208241 315208241
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W ol g 51 g — (owindS) po3 comly — o3 Jauwg )3 i .Y

fo < 0-5\/2 = 0.5V45 = 3.35 Mpa

F  Fre M, + M,., Mau,gt? M5+ 08Myp M

fo=—"F—-—"—+ +
b Ay Spg Shg Spe

4875.2 x 10> 4875.2 x 10 x (599) (1473.1875 + 1922.0625) x 10°

= - - +
b 711875 315208241 315208241
(202.5 + 501.1875 + 0.8 x 2022.24) x 10°
+ =-0.31<335 o0.k
462083241
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$)158 @55 Jalosi Jolpe v
o WLl 1) ped fuad 1> oud duols (sla )l s 5 03505 (iludie |y gt dws glyls S 1581 5y 5> ]
PON

SAP2000 v14.2.2 Advanced - Project-Cloumn - [Y-Z Plane @ X=0] -a
UR File Edit View Define Bridge Draw Select Assign Anslyze Display Design Options Tools Help _ax

D HE o/ &P PP@E@PL M dw wewFer ¢6 PHE %A nfedt-w O T- @3-

-2 Flane @ =0 K000 Y1292 Z6/26 |GLOBAL  ~|[KN.mC ~
SAP2000 v14.2.2 Advanced - Project-Cloumn - [3-D View] - 8
B File Edit View Define Bridge Draw Select Assign Analyze Display Design Options Tools Help - @ X

DE D& wol g ' P PP PAL M dwme nCér &P IUE % nFafked T @

el

- BEBAG i,/

3D View XOJOD YO/00 20/00 |GLOBAL v ||KN,m.C =
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A5 gl p5 g a4 Slhu g Sl (6y95e 5l g ST i (w2 g Jdod I

P(KN)

M, (KN.m)

M, (KN.m)

YYAY,Q

AN

YA+ A

SAP2000 v14.2.2 Advanced - Project-Cloumn - [ Moment 3-3 Diagram (D+EQx+0.3EQy)]

File Edit View Define Bridge Draw Select Assign Analyze Display Design

Options  Tools  Help
DE HE o 2 & »r D 2P@DL Mi3dy & e mBér +8 WE 4 _

1774 - nd

Right Click on any Frame Element for detailed diagiam

&= [GLoeal | [COENEN -

SAP2000 v14.2.2 Advanced - Project-Cloumn - [ Moment 2-2 Diagram  (D+EQy+0.3EQx)]

B4 Fle Edit View Define Bridge Draw Select Assign Analyze Display

Design  Options  Tools Help
D B o f & »P PP2EO I 3dw wpwle ¢4 WE % nfrd-o

Right Click on any Frame Element for detaled diagiam

< | = |Glosal | TN ~

y Cen 0 K e
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5 SAP2000 v14.2.2 Advanced - Project-Cloumn - [ Axial Force Diagram  (1.25D+1.75L)1 - a
U File Edit View Define Bridge Draw Select Assign Anslyze Display Design Options Tools Help -8 %

D@ ¥ o« 71 & > D O2PEPO I 3y ewwGd ¢+ @ 6 mbrft-nd _ IT- B~

Fiight Click. on any Frame Element for detailed diagiam | = |GLORAL  ~|[KN.m [ ~

Z Qe ol Ol

Sl 801, ol 1 o 51 o3 lasu!

s.elyas.hashemian@gmail.com


http://icivil.ir/omran/?utm_source=header&utm_medium=header&utm_campaign=general-header

Ogiw y9il)l (2 lb v
11 0 48,8 s )3 terle YO (P32) (b pan 3,Shie yolS g 25l o y0 V.0 (gt jlab 4Sil 4 a0 g5 L

1500275
Yh=""1500

D9 (o0 b Sl 3)90 3)8he (e 25 (o GRS, 905 51 1Y

M, = /22512 + 780.8%2 = 2382.6 KN.m
N, = 2387 KN

M, _  2382.6x10° — 0.898

- 2
Agh x22x1500
N,  2387x103
= e = 135

4

Ag

Db e E\)sim.\ p =0.01 O e o g cpl ) salial b
2
As = pAg = 0.01 x T X 29 = 17671.45 mm?

4, (932) = 804.247 mm?

1767145
T 804.247

= 2197 = 24

USE  24¢32
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= SAP2000 v14.2.2 Advanced - Project - a
File Edit View Define Bridge Draw Select Assign Anabze Display Design Options Tools Help
D@ HS o« 7/ & » 2 P@@PP I 3dw =2 v Gar ¢+ # B %, izt o I- @-

_ 3-D View =R ==
%

N

A%

E

¥0/00 Y000 20/00 [GLoBAL  ~|[kN.mC |

3D View
B SAP2000 v14.2.2 Advanced - Project-Abutment - g
File Edit View Define Bridge Draw Select Assign Analyze Display Design Options JTools Help
D HE 2= ¢ & + 2 2222 M 3dw w e nwbe &8 B %4 nfrit-nd T~ 8-
Frame Span Loads (SailHoriz) (As Defined) o ||[=] = Frame Span Loads (EQw) (As Defined) = | =

Joint Loads (DEAD) (As Defined)

Frame Span Loads (EQs) (As Defined) = || =

3D View

| = |GLOBAL  w||kN.mC  +

A5 & oy sla )bl ol
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ol Gty o5 slo (295 T 5l ey

T=0.25497 sec  :ojlw 3 0yl Cowds )

SAP2000 v14.2.2 Advanced - Project-Abutment - o
Eile Edit View Define Bridge Draw Select Assign Apalyze Display Design Options Tools Help

DE g oo F r P LERREP M ddwy e w Gy & F WE B bt o I B

Deformed Shape (MODAL) - Mode 1-T = 0/25497; f = 3/92199

Riight Click on any joint for displacement values Start Animation ‘ & | = ”GLUBAL leN, mC -

“t

M=1651.34 KN.m  4sS a o3,ly ,SJ yiSlas 9)0] Cawds .

SAP2000 v14.2.2 Advanced - Project-Abutment - a
Eile Edit Yiew Define Pridge Draw Select Assign Apahyze Display Design Options Iools Help

D@ "dE o 7 ' D PEPREP M iy e e w a4 F TE % obpd-d T~ B

i Moment 3-3 Diagram (D+EQw+SoilHoriz+EQs)

B [ B4g

Right Click. on 2ny Frame Element for detalled diagram &= [soesl ~ffkumc ¥
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)P YY s a5 S 5l eslitwl (5,8 L
d, = 1400 — 75(cover) — = = 1307 mm

M M 6
b b 1651.34X10
Ag=—""Fg ~r——" = = 3899.6 mm?

Ay(¢36) = 1017.876 mm?

s=318‘;‘;°6 x 1017.876 = 261.02 mm | < > $S=250 mm

Agtnew) = 5o X 1017.876 = 4071.5 mm?

USE @36@250
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1. LRFD Design Example for Steel Girder Superstructure Bridge ,
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Units - 2012

3. Bridge Engineering — Design ,Rehabilitation and Maintenance of
Modern Highway Bridges — Demetrios E.Tonias.
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