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Lalb Ll \geats Aabuadl J—alo 30 ac PNREESEF WD ( Too Large Spans ) dnly
. { Frames ) < jUsY) alas Jlassud W
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Classification of frames according to indetermincy:
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. Statically determinate frames : M\ dadaall ) st — Y
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: Statically indeterminate frames bL&ilinl 3asaall pé < U1 - ¥
a5 WIS af By ¢ LSt saaaall e i Yl JS Gan (F) JS2 Gu
o Adlall A gliadt i Al ) Yl Al IS LS saatll pae

:Advantages of R.C frame as a structural system il jUsY) oUai aladded W3z ¥ — 0

Ot i i lay 2o g4 ((2panlly5 el ) ol goladl Mladlly SUaYY G (5l
— paloy Las cliaiil 550 Moic._.hl.érigidconnection dganll 93 aSH (g el
le—dl shal o ie A0y e gy 5 a8 jay Chualie b dun gall oy Jall Aad Gagias
cAlagl o o aaiadd (U Ja ) saee V) Ad e puSaiyy
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: Dimensioning of R.C frame U jualial dpatigll dafyi : ¢ — o

4wt J1 5 a8l (i (connection ) dhia ) die o giall eUad¥l e o o slaall (s
QYI_-«’_DG(O)JS.:.Q;\,E,cLu.\la_ﬁ«__ml.ﬁqhAA:._n(column).\,.uﬂ_,(Girder)
A1y 55 gaay (WYl Ja ) 2penll iy Aaugin g 3 a5 e aladf <l L
Jas g bl Jsb = 5,a80 ae 5% o o) (a4l ey ¢ claiVl 00 i o

. dla gl die Lagilill e Uy
(V) JS3 AU Gl ady (Sas Addd! dplead) Gl A (e -

L : span of frame=( 12-25m) .
H : height of frame .

h, : clear height of frame = H - 1 i o
2
b: breadth of frame = 30 - 50 cmn .
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span L
t, = =,
£ 12-16 14

i

t, =061 =1,.

t, =0.61g.

t, =t, = for.simplicity.
t, =(0.5 > 0.6)1,.

t, = fromdesign (OR)=0.6t,.
t, =0.5¢,

t, =1t,, = greater of 0.4 t;or L/20

IR hﬂﬂ; ‘ln‘g.:.é_j:b._o

YLl (gaa) dghaid Chagy ) gb 2l gl Alsie b UYH a5 s (V) S8 Cas

Doyt Adaadl oS ¢ Cua

cal it Gedgaa 5SS G G il cliladl -

two ways slabsdlea¥f} ¢ 55 4D GUDL L 09S5 of 2i8) I jaSH gy 2o ol - ¥

com Y agda A paya (st T )um&:mdmu&;gaiqcu_r

a— 0055 e b acluy Cua o jay Cuail bjlue JUaYH gl gl 5 0Ss of auliall (e - ¢
o Aalio Aadlu gy 2 50 2y 30
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— Loads on frame:

[ W e v

s S

: AGY) Galladll al U} (A )UK puia gal
o VY = SO e

el b oY = pall Jaal

L0 X Yo = Ayl sl olad

Y e Jeall ol cansl

H |

L _L

*T12-16 14

t =114.29 = 120cm.

For cantilever tyigger = 120 cm, tgmlic =60 cm , 1, =90 cm.

W, =14g,+1.6p,=14(012%25+0.15)+1.6*0.2=0.95t/m’.

& Jo—all lg—e gis J—aaYt ade y U statical system 13 _jae DS O () A s
i__iLaayl, girder SUaY) 5 5aSs Galad 590 (e g p sall dead of Badlyy ¢ Sl
o el 55 ) A o4 838 pall Jlaa¥l Ll ¢ 5 paSH ali 3 Al bl JlaaY

- Y 5 S e 4y 5t
Distributed load:

w) = o.w of frame girder * 1.4 + slab load

=y . xt, xbx1.4+ (X areaof slabs)w—’"
span

Sow o =25%x1.2x 0.35x1.4+7—gx8[4x2x0.50]= 337t/m".
w, = ow.of cantilever x1.4 + slab load

= 2.5x0.90x0.35x1.4+0+495x 204x2x0.5]=3¢/m".
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Concentrated loads :

P = spacing * ( 0.w of sec. beam *1.4 + slab load ) .

W

P=5x(y *0.25*%*05* 14+ 7 areaofslabs on sec beam * —=- )
span

. R =5[2.5*0.25*0.5*1.4+0‘—:5* %*2]}13.59 ton

P, = 5[2.5*0.25*0.5*1.4+%[?* 2]} =7.89 ton

Jaat ol 8 ay5i g (S 2 ) 53 pall Jaal e 220 a9y s i
.(\n LE,S)UB\S&LQJ}AL;LAJ‘IIEU

weq. = E—‘I.IO
span

*
(A Jaali=3 1‘3‘59*1.1 =28 Um'.
pAdgddlal) o ol ) tps ohaa
Straining actions:
2 o L 3 gealdll
-B.M.D < eliad¥l py3e -
-N.F.D . padll (g 48 - ¥
-S.F.D c AP ganll o4l - ¥
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? (S J g Joees oy -

Sec N, M, N, Sec is designed for
1 soWyL M, only
2 N, only

3 M, & N,

JS—8 alieY Lo Uaill Cuinty dagnia 5 ) geay ladal (g gil) b 3 Ciliiaia auy iy
= 1 an Lagd oo LS ¢ Lple ol

: Design of frame sections : 1 WY GleUndh apanal -

g_.l,_ﬂlq__su):.é.\.uuu(Mu,Nu)hmﬁﬁ&bm&;ﬁm&é
<Al

1 — Section subjected to M, only:

use R - wcurve :

H

-—)
feubd®

Note:

If section subjected to My & N, (- ve ) but N, < 0.04 f,, A..

.. neglect N, and design for M, only .
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2 — Section_subjected to My & N, (-ve : comp. ). e/t <0.05:

. Neglect M, and design for N, only as short column.

N, * 1000 =035 f5 A+ 0.67f, A

3 — Section subjected to M, & N, ( -ve : comp. ) : Bute /t> 0.05 .

.. Design the section for M, & N, as ecc . sec .
.. use interaction diagram .

~.use chart of : £ =0.9.& <=0.60
Jctitll clinia phaddiialy Jalh 5 (VY &;)Mmqs&u,mé,up
5 ( Interaction diagrams )

curve—=p - y = pf., x107

LA = ubt
& As™ =oc As.

« (Interaction diagrams )Jeliill il _yiaia ariied i ald dilaie i g Uaill piy o L
« R-0 G hhadl Jadnlf (S oSl

e, =e+t/2-cover - Mu, = Nues

. R= ;4::'1 —==04 , get.w

As = abd T - MU g 4 o 4
S, L1y,

Y da s Oa salall e jall B g Ul 10 S L ke

YAA



4 — Section subjected to M, & N, (+ve :tension): &e/t <0.5.". Small.ecc.

TI = 13 + Mﬂ' -
2 d-d
Mu
Nu\2 d—d
N, N M, A A R
2 d-d
Nu N
soAs, = h —  * dd
51y,
T As, Nu\z 1
As, = 2 Mu
Loy, a—-d

o U5
5 — Section subjected to My, & N, {(+ve : tension): &e/t >0.5.. Larg.ecc.

Use.R w (curve) :

e, =e—1t/2+cover

LM, =N, xe,.
Mu,; curve
= >
1..bd?

A = a)bdl‘l+L.
5 Ly

YAQ




Design of frame legs : U ol Gi:V -0
Alia of Bad LS ¢ link member Juay yoaic Laalaad ¢S 4l 1) oo (V7 ) US4
ol Ja 5 gall Jan (g Aot bunall Ly 56 § Y1 e b jUsY! e 5aalaio i S

(Yo YO =Y 5a) O aa 08 Sl e b odind) Al 235 Y o g G

gL B e gy 1, = (ac 4} lolhd panai (V€ ) JSS giadl Ja S ppanaily
.(x,y)g»l;ﬂl)lsq.é&&ill&ulﬁ%my d:_)“

2
b, =1 +-5(Iu -1;).

X — direction : -
Top end conditioncase 1 ( tg >ty ).

bottom end condition case 3 ( hinged support ) .

He = K. clear Height (H_)
A, =Helt,,
If : A4,, <10(braced),A,, <15(unbraced)

.. no additional M i.e. ( short column ) .

JAf < 4, >10(braced),A,, > 15(unbraced)

.- Magay €xist ( long column ) .

My = 8N,

Aoty

© 2000
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—direction _ : (Vo -
Top end condition :

t, > b .. case(l)

t, <)b — .. case(2)

Bottom end condition fixed at support .. (case 1 ).

~He=K™* (largerof H; & H; ).
He
Ay = 5

If : 4, <10. braced or:4, <15 unbraced

.. No M,y (short column ) .

JAf 124, >10 praced. or:4, >15 unbraced

.. Maadx -exists ( long column ) .

A*b

Mo, =6N, &5 =
ok 2000

DAY il ey (V1) JS2 (bt ) slad lo( sec.] ) 3 pandl g Ul prana 43
N, = Reaction

Mu.dzrigw = Mu‘]—l + Mm(in.x—dlr) Eu:i“ “‘.\D U‘L"('ﬂ \’J"‘“ » Mul-l C‘i‘
M, gesign = M pup (in.y — dir)

ColaiYl 1 Spladl e Lol pje aap ¥ ka Y
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— Design of link member: shael) pais ppanai i A - 0
dlas Wla Aedall cf ghadll s

. paind Jgb e G0 i oY taw 2a g Y - )

c gl e Ll aie VA M, = My, -

e=M,/N,
Ife/t<0.05..

.. Design as short column & neglect M,, .
Ny * 10° =035, A, + 0.67 f, *A. .

get Ay .

If A= -ve.

. Use Asmin = 0.006 A, .

= Design of tie member: Pl yaie paai: 4 - 0

=1 GRS ol slaf i b oy e (VY ) JSS

brie = Dgirger =30 -4 0cm .

tie =50 - 60 cm .
c(008) Ce W ol ) Muow ) ALAYU N, dad o ol e 2y
2
M, = Wuos.wL

O3—S5 ( posts ) all Glaed Jleatind Ala 6 1add Ny o 32l ppaad (S0 Abadla
(VA dS&)MM!QS@SPQMJJJﬁh@ﬂ&UrJﬂ\qM‘

.. Design.tie. for N, only
N_*100
As,, = N, 71000
17,

- gl o Uail o Asie a9 oy

Yay



Ch eck of shear : Y O || [P W TN O Wy

(14 ds-:')-‘.’-"‘-““-?_,i.‘)‘% my e 58 palll (B gl g Uadl

columndim d

d=0 —-W +—
Qured =0, —W,( 5 2)
*10°
q, = Qu
bd
du_ =22 }7=
= Ye
g, =0.75 Ja
e
q."ll = qH —O'Sqf.'u
If qu > Qeu max-

-. concreie dimensions. are unsafe

.. Increase bord.

IfQu < Qeu
", use Agmin
S Ay i = 3505 area of all branches
Fo 17
. q,-bs
If Qe < Qu < Geumax - We need stirrups . A4, = Y, (area.of .all branches).
L 7s

Yar



Design of hinged Base:

Bearing check:

f=%1>fb-

4,

f, =0.671,17.%0.67 /7. i
}

Ay=b.t, /3.

Ar=(2*h+1,/3).(2h+b).

If f <f, ..safe.
If f> f, increase lead plate width to %
2 — Area of dowels : i ka1 ) Lhiy e paas
Asdmveh = X
0.8f,77,

ASgoweis = area of all dowels.

Y4t



3 — Horizontal stirrups: d( YY) J<& LaY ey

distributed through height ¢, .

T = &. —> &
4 6
As, = T
51y
Asp, = Ap, for all stirrups both branches Number of stirrups = A%
2x0.785
Where 0.785 = A, of 1«1’10
4 — Inclined closed stirrups : (YY) S dyis )l il
A
r-A0 Closed stirrups.
Ys
A, = ﬂ = 0.35£.As =0.534,. where T = splitting force .
af,a!7. Sy

Ag = area of all stirrups for both branches.

Using dt0

.. Number of closed stirrups = A
2*0.785

Yao
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B.MD

For one concentrated load

BMD

For two concen. Loads

BMD

Distributed Load

Sl JBdt S8

Optimum Frame

oy 3550 Jom Aln -

Optimum Frame

K550 fales Bl S -0

w t\m

Optimum Frame
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Statically LG Joanad! iUt
Determinate
Frames .

3 — hinged Frame
L R L

LGt daamadl oyl aB.Y (v) JS&

o b - o
b b o o
. o8 e
Continous Frame Continous Multi—Story Frame

LIS Badas bl Sl LWl 2B (v) S5

Yay




AN
Byt 58 a8 N\ 58 a5

imple beam with Columns R.c Frame
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Mive >>Moe

reriDvrr

Case of too large Girder

Case of too large Column

tg >>tc
’
tc ig

tc >>tg
ic tg

tg=tc

Case of relatively FEqual dimensions

( The best

WUl oy slesl 5,000 sl Bl (o) Ko

case )
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wy
TITJ I rTTFrirlt

7.89 ton 13.68 tom

\ 3 \m* )

+upg= 8.17 t\m

7.88 itom

Y

wy
rrrrrrr { | [T [ [T]

PLIT LTI TTT

(v) J5s

Py A B B Py B P, 5
1 A O
L]
;s'xom
s . e
Weg =<2 *1190
span
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(W) J5%
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N
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— 6y snindl Olloyll Lacs polus Jaolds W -o

1— Connection (1) Valeo,

Closed Moment
e | /

(vv) U5

¥y,




Connection (2)

Opening Moment
/

(

Or

Dozl )l:u:»' T WY
- wla i




3— Comnmnection (3)

[

|'l

(vo) JS&

YyY



4— Conmnection (4) £ alo,

)
/

[
\\-.J
RS

Tzl

/ :
\l
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=\

|
|
ANAVANED l
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Ik
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YAy
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7— Comnmnection 7 :— Intermediate hinge Connection Y &Llo,

() K=

AR




=

\
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Connection 9 :—

99—




10— Connection 10 :—

.

T\.‘

S

IR

O\

(rv) JS&

Yid




11— Conmection 11 :— Connection of Poslts & Tie Wailwo,

\q1" ) vV

Post Rft

! Tie Rft

() J5s

¥Y.



;A glave A tid ¢ cl—ladd add : VP -0

% A da Bl

Qpeal 6 e o ¢ IS 4Gy 4 5k SIS sic e ( braced ) haie Sybiiss 1 gas para

g &Lki.li
Pp =100t PLL=63t
fo, = 250 kg/cm? f, = 2400kg/cm’
H,=40m.

% VY ) A0 e
g Uil Jaoalit e J o5 ¢ JGIS 43 Ayl ZS 13 1 08 U 83 1 gae para

Pp =400 ton . PLL.=400ton .
f, = 3600 kg/cm’ £ = 250 kg/cm’
f,p = 2400 kg/cm’

:‘%\~ l% ‘!‘n'g!
aiyh o Lo ¢ 201 bl (3 ( Unbraced ) wiall iz 3 sanll sasasaill o el o
: hinged  Jaia il 48 jh g Fixed Cada (5 glall
M,=30mt Ho=4.0m
N,=150t.
a o/o\o | “guadd)
Nu =+ 20t . ( tension force ).
M,=50m.t.
Dol WS g Uail uLLuuLth
b=30cm.

fou =250 kg/cm? .
f, = 3600 kg/cm’ .

vy



Normal force & Bending Moments.

15

100 g5

Sec. (3)

: £ 3

e lia P_,JG_,Q._}J_,AG";JHQAJ-AG@}A“ (Frame)_,Ua\Jl

i (1,2,3,4,5 ) pli clelalll pansl - )

.A.B,C (Joil‘lts)ﬂLDLm_,“ d;m].iiw\inru_;uul._ﬁqc__ub_,ﬂl—T

15

730 (11

B iloy

A7 { B
B 7
4 €

NI

Iy

89.0 m.t

24.75 mi

~_

M, =102 m.t

5756 [64.28 m.t

4.5

My=31.5 mt
M, =56.4 m.t
. N B.M.D i34
= —wr—— 2,25
62.15 2 25
240 88.15
N.F.D

¥Yy



H,= 10 ton
—
TV.u,=--90t0')'1, 0.4m
L . 0.9
2.0 0.3j——__ -
0.85 L
s .

[ 1.35 0.3, 1.35
| 3.0 ;

: Frame _Ja) Ja 8 4buaial) 3 35S0 Jiey Lead Plate wala) £ ol fraa gall Joi)) -
. Bearing Stresses (Laaill Cilalgal 248 (e (3823 — 3
. dowels dugthaall LIV are g dablis Caual - ¥
O Jas Jind sie U a1 LSl sae g dabae cual - ¥

o G Ll Asal o - €

rey




P,=14dL.+16L.L
=1.4*100+ 1.6 *63.
= 240.8 ton.

- Braced

-+ Fixation

~K=0.75

H.=0.75*40=3.0m.

H 3

A=—"=——==12<15
b 025

.. Short.
P,=0.35f, Ac + 0.67 f, Ay
Assume A;=1% A, .

4

c

240.8 * 10° = 0.35 * 250 * A+ 0.67 * 2400 * 0

=A.(87.5+16.08)=103.58 A,
oA, =2324.77c’ .

232477
25

Take 25 * 95

93 cm

RA

g

L 25%95 = 23.25¢m?
100

Choose: 12 q’ 16

A schooen = 24.12 cm’.

Yvye

1




Check of Ag min

0.8 ,
ds. =28 4054932186 cm
Smo =700

un

or = %"25‘95 =14.25 cm®

100
: b aiall dabuall cpe JH LagsiS s

As chooen = 24.12> 186 (0.K)

Choose: § 48/m' as stirrups.

Check of volume of stirrups
Vg =area * length=0.503 *(4*20+2%*90+2%15)*5=729.35¢cm’.

Check:

V. =0°—25-‘25‘95‘100

=593.75¢cm’ <V, - 0K

[ ] ®
12016 2
L ®
¥ 95 g
- A
I 568/

YYe



P,=14dL+16L.L
=1.4*400+ 1.6 * 400
=1200t¢.
*.* Short
.. No add moment.
Pu=041,. . Ac+0.76 A, f, > ()
=035f . AL+ 0.67TA f,+138Vgf, o))

: gy (M) Askadd B gyl
Vo =1.0%A,.
Ac=12%A,.

51200 * 10° = A, (0.35* 250+ 0.67 * %)‘30*3600+1.38*L-24oo

120010’
A, = = 8023.5 cm?
4 =956 e

=Zp
4

=Dy =101.09 cm
= 105 cm.

Ay

2
= "'(125) = 8659 cm’

rys




s, =12 48659 = 103.9 cm® = 224{25
100

»D=110cm

2
A= -ﬂ%)—— =9503.3 cm’.

P g glane (1) Qskaad) o e aslad o3y Ua

P,=04 £,. A, + 0.76 A, .
= 0.4 * 250 * 9498.5 + 0.76 * 103.86 * 3600 = 1234.6 t > Pypriics (O0.K).

Check of V,, :

~0.36 f—“(ﬁ - 1]

# . min
p fw A‘
= 36ﬂ[95 033 1) 0.00366
2400\ 8659
Vap.min = /J'P.min ‘Ak
= 0.00345* 8659 = 31.66
10/3
But -V, act = —— 4, =86.6 > min — (OK). $19/5em
100 /
[ _ Dk
- p
*]105* 4 22025
866" > “w e
use t{lO
- A, =0.785cm?
3.14x105 x 0.785 y 105 om 5
= =3 cm. A — A
86.6 110 om

YYv




K =1.6 (case 1,case3 ) E.C.P.
H. = KH,
=1.6%4
=64 m
b =25cm
IZ*=%5-=255>23 £ samdl o Sl das 4y

Increase ( b Jupto 30 cm .

H, 64
Ay =T‘=—=21.33<23 = (0.K)
w10< 2, <23 long col.
o0 Mndd = anav

2 *
b (21.33F*03 _ 0.068m

51 Lagd

“7 2000 2000
M, =P5,
=150*0.068
=1024 tm
Mg = M+ M, ™
=30+ 10.24
=40.24 tm -
(Or) : Mgesy = P. €min =150 * (0.0510r2) .
—
P= 150t
M= 4024

FYA

1&’!—“—“‘4‘_‘9—&“




M
Jab

5
=3\ﬂ S0x10° e,
250x 30

d=09do=09*77=70cm

d,=C,

(4

St=75cm
M 0 5,

P2
e 25
—=""=333>1/2 (Big.
075 (Bigec)
e, =e—~1/2+cover

0.75

= 2.5—T+0.05 =2175m

M, =N,es=20"*2.175=43.5m.t.

» S
Re— Mo __BSMOC
f.bxd®  250x30x(70)

~Sw=0.15
= 0.3
A, =wbd [/ f,+p,/ (fy/y_‘)
=0.15(30) (70) (250/3600) + 20*10’ /(3600/1.15)

—28.26 cm’ (14<ﬁ 16)

As” =03(0.15%30* 7oﬂ) = 6.56cm? = 4<ﬁ‘16
3600

Yva




given:
f,= 180 kg/em’ .
f, = 2400 kg/cm’ .
t — Section.

M, = 102 t.m.

N, =-4.5 ton.

+0.04 £y . bt Wluay Al e S (Sasg Ny &l s pual g

0.04 f,, . b.t=0.04 * 180 * 35 * 130
= 32760 kg = 32.76

N, <0.04f_ bt

- neglect(N,)

B=b,+16*¢t
=35+16*15=275cm.

d=130-5cm=125 cm

... d — Cl Mll
J.B
AC = B _g708
]102 x10"
180% 275
LS 8708 069 <0.125<(E
d 125 d)

Take:§=min =0.125

o J =0825

vy




a=08C.

C
v —==0.125
d

S C=0.125%125=15.625

va= 0.8§

=0.8 ( 15.625)

=12.5<t,, (0OK)
This section is designed as * sec

— Ml'
Y

_102410°
~ 0.825%125°2400
= 41.21em* — 12422.

See.2;
M,=31.5mt
Ny=-45t.

0.04 1 bs=32.76
~4.5<<32.76
.. neglect( Nu)

M,

d=C,
f..B

C =6
C/d =0.044 < (c/d), . take c/d = min = 0.125
J=0.825

31.5*10°

= =12.72 cm?
* = 0.825%125% 2400 o




4 =12.72/35%*125 = 0.003

Check:

=1 _0.00458
1,

¥

min

As

™ =0.00378
bd

Smaller y:1.3u=1.3

&+ 22 4 24135
100

-, A, =0.00378 (35) (125) =16.545 cm® =319+ 3d22

Sec. 3:

Rectangle section:

t=35cm.
M, = 56.4 mt
Ny =-2.25t— Small ( neglected ).

M 56.4*10°

= =0.099
f.bd®  180*35%95?

SLw=0.13

.= w.b.a'f—“=0.l3*35“95"’ 180
£/ 2400

¥

=3242cm® > 9{ 22

Yyy



Sec.4:

N, =-89.15t

Design as a column 35 * 70
H =350 cm

Assume braced
He.=1"*350=350

A= A, =3ﬂ= 10 <15 — No additional moment
b 35
assume u = 0.8% = i= A, =0;8Ac
A 100

c

P, =035 foy Ac + 0.67 A, f,

89.1 *10° = (0.35* 180 + 0.67 * 10.%* 2400 ) A

o A, =1174.47 cm?

0.8,
= ——*1174.47 = 9.4 cm*
= 100

Check:

A <284350 702147 om?
100

- use A, =14.7cm* 64]9

rry



Answer

1 - Bearing check:
A, =b.1,/3=30(90/3) =900 cm’
f=V,14=90%10"/900 =100 kg/cm’
£, =067 £ /y.=111.67 kg/cm’
A, =(2h+1,/3) (2h+b)
=(2* 40 +90/3) (2* 40+ 30) =12100 cm’
0.67 f., /7. A4,/ A =405.4 kg/cm’

S =111674 0.67 £ /y.\J4,/ 4 (0K)
<t Safe Dimension

2 — Area of dowles:
A; dowels =X/(08f;/ ?’,)

=10*10° /(0.8 * 3600 /1.15)
= 4 cm? use 3:ﬁ16) (6 cm®)

3 — Horizontal Stirrups : it will be distributed to height
t=V/5=18t

An=t/(f/y,) =18*10°/(2400/1.15)

= 8.625 cm’ = 7q13/4,

v
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Example(1):

Draw straining action diagrams, and design the critical section, then give full details for
the following frames:

Frame (1):

Data:

ts=12cm wr=1tm
b=35cm ow=1tm
wpp =3 tm fo = 250 kg/cm?

f, = 3600 kg/cm? .
The frame may be considered braced in each direction:

w t\m
|
w t\nt 4m
[T I T T T T T T T T I ITTITITITITId
w t\m® 3m
CIITT] Jr
_,40m
5m
Im] 18m |
1 —
Solution:
¢ = REC0 =140 cm
12> 16
b ppery =1 > 0812 =110 cm
{: owery = 80 em
rmm‘ilver = 100 cm
Loads:

w=3+1+1=5t/m".
w,=15*5=75tm" .

Y



2.5 t/m'
(TTT1T1]

7.5 t/m
[T I T T T PTIT T TITITIITIITTLT
7.5 t/m’
[(IIIT]

gt—A Bl 9t
l119.58 t ”T;O.42 t

Straining Actions

3375

A R q—- -
— ‘ 7 1om,
3375 30375 Vo
72
Aﬁﬁﬁ 45

15
228

UBMD
225
_14.85
w2 \LJ\LL
4 [~ E 60,42
u n
S 9
US.F.D
6042
5 B | R 5
[]
1
119.58 S0.42
UNFD

Yyy



Design of section:

Sec M, N
1 33.75 0
2 33.75 -22.5
3 67.5 0
4 139.5 -9
5 228 -9
6 12 -9
7 12 -60.4
8 60 0
9 45 -90.42
10 0 -90.42
11 72 -119.58
12 0 -119.58

Sec (1):35*100 cm(*"

M, =33.75m.t
N.=0

M, _ 0.0427 -> @ = 0.053

R= ==
S bd

A =awbd Ja =12.24 cm’

Yy

A, . —;—lbd=10.16 cm? < 4, ok

smin
i

(use 4<ﬁ22)

Sec (2):35* 100 cm (I
M, = 33.75 m.t
N.=-2251

NH

=0.026 < 0.04 —> neglect N,

cw br

A, =12.24 cm® —> A, of sec(l)
(use 4¢{22)

YA




Sec (3):35* 140 cm "
M, = 67.5 m.t
Nu=0

bed2 = 0.0423 -5 w=0.051

A, = wbd J;—“- =16.73 cm’ — use (6§{22)
y

Sec (4):35* 140 cm

M, = 139.5 m.t

N,=-9t

N,
St

R=- 0087 w=0113

/. bd’

=0.007 < 0.04 - neglect N,

A, = wbd f;—ﬂ =37.1cm* — use (69‘.{22)

y

Sec(5):35*140 cm T —sec
M, =228 m.t
N, = -9t — neglected as sec (4)

16, +b=227cm

B = Smallest of CLto CL=500cm
08L
———+b5=323cm
S
~B=227cm
d=C, M, - C, =674 mkeg =0.125
fcu B dm
S C=16875cm na=08C=135cm>1,
S 1ake a =1,
Af, / A
M, =202 ——) al \ /
7s { 1 135
o A, =56.46 cm’

.. use (12<ﬁ'25) or (6<ﬁ25 + 8<ﬁ22)

A



Sec (6):35* 140 cm*
M, =12 mt
N, =-91 — neglected

R = M- - =0.0075 > w=0.01
f. bd
A, =33cm’

use 4, . =L _, bd =14.4caP use (44§22)
J,

y

Sec(7):35*110 cm
M, =12 m.t
N, =-60.42 t

N, =0.063 > 0.04

f.bt

e=Mi _ 01986 m % =0.18 > 0.05
!

N,

'}

M. _oon
S.bt
Interaction Diag «=0.6 ¢ =09 £, =3600 kg /cm’

p <1 Tension failure

e, =e+ % —0.05 = 0.6986 m
M, =N, es=4242 mi

- fMI:;P =0, w=0054
A,:wbdf—“-L-— 3
D i

couse A, = 'f—'bd =11.23cm’.

y

(use 4<ﬁ22)

Ye,



Sec (8):35* 100 cm ™

M,=60mt
N,=0t
R= M'2=0.076—)w=0.097
S, bd
i ~ “ ”na | —
A, = wbd f—"=22.]]cm2—>use(5vﬁ25) R
J P
Sec(9): - t
@ ) %
T=80+30‘~2—=100cm
Sec (9):35* 100 cm 6
M,=45mt
N, =-90.42t
N ) ]
¥ =0.103 > 0.04 . 80,
f.ht
e=Mu _0.498 5 € =0.493>0.05
N, t
M,
*_ —0.051
1. bt

Interaction Diagram o«=06 (=09 f,=3600 kg/cm’

p <1 > Tension failure

e, =e+%’—0.05 = 0.948 m

M_=N,e, =857 ms
R=0108—=2>w=0.146
A, =483 cm’

11
A, . =—>bd =10.16 cm’ (44{22)
7 i

y

Yiy



Sec (10):35*80 emd”

M,=0

Nu= -90.42t ( A short col.)
N, =P, =0.35f, A +0.67f, A,
90.42* 1000=0.35*250*35*80+0
Asc =- Vc

~use A, =0.6% A =168 cm’

Sec(11):35* 110 em O

M, =72t

N, = -119.58 ¢
N 01245004

e=Mi_06m —>§=o.547>o.05
M. _ 0.068

S, bt

Interaction diag x=0.6 (=09

p <1 — Tension failure

e, =e+1t/2-005=1.102m
M, =N,e =131.8mt

.67 * 3600 A,

£, =3600 kg /cm’

R=0.137 —=2 345 =0.19
A = wbd& _L=10.3 cm’
by i
11
A, =—bd =1123cm? (44{22)
Ve ﬁ

vey



Sec (12):35* 80 cmd"

N, = -119.58t
Nu= Pu=035fa Ac+ 0.67 1, Ac

Asc = =Ve

cuse A, =06% A, =168 cm’

£ min

Check of shear:

Critical sec is sec (4 ) 35 * 140 cm

Q.= 7485t

Q 2
g, ==L =1584 kg/cm’
= g

g, =075 fé =9.68 kg/cm’
Ve

1
g, =49, —Eqw =11.0 kg/cm’

Assume usin g stirrups 5§ 10/m~ (2 — branches)
A, .1y, 2(0. *2 : 1

7. = Sy 1Y, _ 2(0.785)* 2400/1 15:4.68kg/cm-
- bs 35*20

S Gy =114.68 = 6.32 kg/cm’

bd
I f—q/“}‘-f——SF =13.5cm’ / raw (use 4§22)

Yev
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Example(2):

Draw straining action diagrams, and design the critical section, then give full details for
the following frames:

Frame (2):

Data:

t:=14 cm o.w of sec beams —0.5t\m".
b=35cm owof rame=1t\m’

Spacing bet frames = 5 m.

The frame is unbraced in its direction and braced in the other direction.

7.5t
f 2.00 M ! 2T+ 1
I —— 37— |.| ?
| |
l |
‘ i 8.00
| |
| |
—!J — 2.0t U o
¥ 3 4 4 4 " 4 + 3
Prﬂ’i "zupr
7.5t
— 5 7] 7 ) )
“ w, - 2+ t
0.8+ % [ Ye 27 2
‘1." —~— o
0.8
8.00
L 2.0t B - 56t ~—
Solution: ¥ 12.00 ¥
1200
1, =————=100cm initto120 cm for add loads
12 > 16
t.(upper) =100 cm t.(lower) =70 cm

Lsgry = 80 cm

v



Part -— | — -—
Plan

5
5|

r
BT |t
| !

—_—

Slab Loads:

W, =ow+

5

=476 t/m"”
Beam B, :

= o.w + slab load
=0.25%4.4+1.25*3.525
=476 t/m"

P =R=w,*5=238¢

w

ul

Beam B; :

w,, = ow + slab load

~£=§=1.25—)B=0.6
2x 4

0.14*25+2=235¢t/m’

oW, =0.25x1.4+1.25%x3.525+0.6%3.525*2 =899 +/m"

P=R=w,*5=4491




Beam B; :
w,, = o.w+ slab load

i=1.25——>B=0‘6

2x

W =025%1.442%0.6*3.525*2 =8.81¢/m"

P=R=w,*5=44.1¢

P =owof wall =14[1*2+0.14#25%2%5]=17.7¢
6tlt4t2

w, = o.w + slab load = 1.4*1+21—2*3.525 =845¢/m"

w,=ow=1%*14=14¢/m".
2 2
H =%’—"spacing=£§~)—‘S=101

H,=15%10=15¢




~ ®
»

3
L]
e
hlﬂ-

u.l.!.l!
44,91 441t 1t

TR/ 8.45/m
0.5

-— 3t

Htu.at 184.61
Q525 , 40 ., 40 ., 40 , 254§
L il 1 ki k ki)

F7y ]
11.26
1.1 L.
L’\ 248
31.5
o0
1047
. e.285
U.s.r.n
.,
LYE
+
rr rr
i ! oLy
1848 fais
UNFD
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Design of sections:

Sec(1)35*100cm (1)

M, =1025mt N, +3.751¢ /

e=ﬂ=2.73m
N,

e/t =2.73 > 0.5 Big ecc
e, =e—~1/2+0.05=2.28m
M,=N,6-e, =8.56 mt

R=-Mu 00115 w=0013
fobd

o

A,=wbdf—“'+ N,
P

4, =Lpa—1016cm’
J,

y

=42 cm?

cuse A, = (4{{22)

Sec (2)35* 100 O

M,=19mt Nu=+15t¢

e=127m

-~ | &

=1.27> 0.5 Big ecc
e, =e—1/24+0.05=0.817m

M, =N,e, =1225 mt

R=0.016> w=0.019

A, =wbdf—°"+L=9.18r:m2 <A,
1, Ny,

couse 4, =10.16cm’ use(44:j-22)

Sec(3)35* 1200 m R :
M,=761mt ,N,=13.751¢

e=2045m £505 big ecc
t

e,=e~-1/2+0.05=199m
M, =N e =74.6 mt
R =0.064 -5 w=0.81

4, = whdZe N _ 2384 cmr? (6<ﬁ25)
fy AL

Y

T
-~

ok

~8

Yo.




Sec(4)35*120ecm R

M, =527 mt N, =6.75¢
e=781m e/t =6.5 > 0.5 Big ecc
e,=e-1/2+005=726 m

M, =N, e, = 48.99 mi
R =0.042 - w = 0.051

A, = whd e s N 164 cor? (4cﬁ25)
5 5.

Sec{(5)35*120cm, T

M, =219.1mt N, =+6.751¢
e=3246m e/t >05
e,=e—=1/2+0.05=319m
M, =N,e =2154 ms
B=16¢+b=259cm

M

d=C,_|—" 5 C =63 >takec/d_ =0.125
Jfu B

C=14.375cm a=08C=115cm«<t,

J =0.826 o A, =65.15 cm’

. use (14¢{25)

Sec(6)35* 1200

M,172 mt N, =+6751¢
e=2548m e/t >0.5
e,=e—1/2+0.05=24.93 m

M, =N,e =168.3 mis
R=0.145— w=02

A, = 58.06 cm’ (12<ﬁ25)

(O.K)

Yo



Sec(7)35*120 O

M, =106 ms N, =+15¢
e=T70Tm e/t >0.5
e,=e—t/2+005=6517m

M, =N,e =9775ms
R=0.084—w=0.109

A, =35.26cm? (84f25)

Sec(8)35+1000OQ"

M, = 66 mit N, =-184.641¢
Buckling:

H,=8.0-06=740m.

Top End condition tg >t
Bottom End condition hinged

Table (6-10) - K= 1.6

-
2=167740 1316510 Long
2 2 ¢
_ A _ (1316409 o oo,
2000 2000
Mw =N'. 5 =l4.4 mt
M, =66+14.4=804 ms
N, =0.23 >0.04
fo bt
e=0436 m—> e/t =0.436>0.05
M. _0.092
f1.bt

Interaction Diag <= 0.6 n=09
Comp failure p=18

case (1)
case (3)

£, = 3600

Yov



H=045% > u =1+ )u=072%
M., =0.85+0.0524 =0.93 %
s use A

_ 0.0093

A, 6 *35%100 = 20.44 cm?

A7 =06 A, =12.26 cm®
sec(2)35* 70 cm

N, =-184.6¢ (A, short column)
N, =035 f, A.+067 f A,
SAL =V

= e

couse A o, =0.6% A4 =147 cm’
Check of shear sec (6 )35 * 120 cm

0, =104.71¢
7.0 f‘; = 26. kg /cm’
_ag e _ 2
Qou(moy = 2:2,[7* =284 kg/cm’ >q,  (ok)

c

q., =0.75 Ja 9.684g/cm*
Ye

4. =4, ——%qm =21.16 kg/cm?

Assume usin g stirr (8410/»1')
A S, ly, 2%0.785%*2400/1.15
gy = = =749 kg/cm®
= s 35%12.5 grem
oGy = 21.16—7.49 =13.67 kg/cm’
. q.b. bd »
LA, =2 ——=2485 5¢125
b f,/}’, T cm ( ﬁ )
(OR) Assume usin g 4<ﬁ 25 bent bars
S Gy =10.8 kg/em™
g, =21.16-10.8
qq b‘s 2
A, =—— = 2800 kg/
. 177, use f, g/cm
usin g stirrups 410
= 8§=10.55cm

. usin g stirrups (lO{lO/m)

roy
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Example(3):

Draw straining action diagrams, and design the critical section, then give full details for
the following frames:

Frame (3):

Data:

t.=12cm fo = 250 kg/cm? .
b=35cm f, = 3600 kg/cm’ .

The frame may be considered braced in each direction.

48\ (R.P)
OITTTITITITITITITITIITITI M

Gt—
\V
2t 2t

1t\‘nii‘ @ 28\m> L -

S s
—
I B
b ﬁ ]
T‘h‘;{

mJ)m-—4t

LAmj  8m —k Bm_ b2m se

S

Solution:

Dimensioning:
1600

t Mll'ﬁxr= 80 cm

Yo



2.6
I
I
41.
3 &
— ]
6

41

miom —7 51

641

UBMD
6.14
+
8.055% 55
UNFD o/
55.5
5‘3809 9“\\!3
US.F.D 7.5

yov




Loads:

w,=15* Wyorking

Desi f section:
TR 07 Seciol @
Sec M. N, @T

] 191 -9.05 @
2 39 +2.6 ) ®
3 72 + 6.14 = —+—
4 72 - 55
5 12 0
6 0 64 Oh

Sec(1)35*120 T —sec:

16t,+b=227cm

B = Smallest of C.tod
L +b
10

M, =191 ms

N, =-905¢

N
— =0.009 < 0.04 = neglect N,
Jobt
’ M
d=C, P NB - C, =627 ~Take c/d o= 0.125

5 C=0.125d =14375cm »a=08c=115cm<t, (OK)

J =0.826

4 = fMJ~d = 55.7 cm? Q 2<ﬁ’25)
Sec(ly) : 35 * 120 cm T

M, = 39 m.t

Ny=+261

e=A]:" —15m =< =125>05 Big. ecc
4

e,=e—1/2+0.05=1445m
M, =N,6~e =376 mt
M,
f.bd?

=0.032 > w=10.039

Yo




N,

A,=wb¢:i£‘1+—=11.73f:m2
Sy S
11 .

A, =—bd =123 cm

1 min
y

- use A, (4¢{22)
Sec (3):35* 120 cm OO0

M, =72 mt
Ny =6.141

M,
e =

=11.73 m —»§=9.77 > 0.5 Big ecc

,=e—1/2+0.05=11.176 m
M, =N, e, =68.62 mit
R =0.059 > w=0.074

o, = wbd e Do o265 cm?
5 Ll

Sec (4):35* 100 cm 0"
M, =72 m.¢t
N,=-55t

= 0.063 > 0.04

faubt

M, e

= =131 m - —=1.31> 005
N, t

)

X

f.bt?

= 0.082

Interaction Diag x= 0.6 ¢ =09

p <1 = Tension failure

t
e, = e+§——0.05 =1.76 m

M, =N,e, =9675m¢

R = =0123—25w = 0.171
f.bd?

(use 69‘,{ 22)

f, =3600 kg/cm®

Yo4



/. N, 2
A =whd==2—-—* _=219cm (6422)
5, 1. (ﬁ
Sec(5):35* 80 cm ( Rect)

M,=12mt
R=0.024 -» w=0.029

Ay=53cm?.

As --—-Hbd=8¢:m2

¥
c.use As . “4{19)
Sec(6):35* 70 cm
Ny,=-64t
Design as short column
Nu=P,=0.35f, A; +0.67 f, Ay
64 * 1000=0.35*250*35* 70+ 0.67 * 3600 A,
Ag=-ve
. uS€ Agomin = 0.6 % A, = 14.7 cm’ .
Check of shear:
Q, =55.5¢1

o,

=% =13.79 kg /cm’
q. bd £

g, =075 Jo =9.68 kg/cm®
Ve

1
Tn =40~ 590 =895 kg /cm®

Assume using stirrups 5410 Im” (2 - branches)

A /
Q= A7 4.68 kg /cm*
bs

Gy =8.95-4.68 =4.24 kg/cm?

=7.8 cm® (3<ﬁ22)

ar
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Example (4):

Draw straining action diagrams, and design the critical section, then give full details for
the following frames:

Fra:ge (4):

Data:

t,;=12cm fou =250 kg/cm? .
b= 40 cm f, = 3600 kg/cm’ .

The frame is unbraced in its direction and braced in the other direction.

3t\m>
EREESANSEEE

2_Lm «—;‘m—vkﬂ”——f 58\

m\
LI T T IT I T T ITITIT1T1]

T lomy
3m
I «— 3t
5m
- U "”(7'"’_.3t
m_m_—&m ] 8m 12m:
X ot :
Solution:
Dimensioning:
1
1, = 600 =120 cm
12 > 16
tC(Ilpper) =100 cm & tc(lawcr) =70 cm

iy = Bigger of 0.41g=48cm
-—1—- =80cm
20

! Lay= 80 cm

re




4.580\m

ERENEBEEREN
Loads 7.688\mi
- LE T T T T AT I T T AT T T I T T T ET PTTo]
O
- 4.5t
'101# ‘?Ot

Ultimate Load = Working lLoad = 1.5

Straining Actions

68.25
20. :
s6 72
o] \
15
S 7.5
22.5
)
208 =
~
=
A1
/
208
”"[,m
UBMD

¥at



AN
Wo.m
o 5

4
= ]4.5
|
1
101 70
I yTT
UNF.D
22.6
6oy
18.5 5
18.5 )]
15
5 [ \
iy . 4.5
US.F.D

Yie



Design of section:

Sec M. Nn
1 20.25 0
2 56.25 0
3 72 -30.87
4 208 +5
5 15 0
6 22.5 -70
7 0 70
8 0 -101
Sec (1) 40 * 120 cm 0"
M, =20.25 m.t
N,=0
R=-Me 00155 w=002
£ bd’

A, = wbd jjrr—"‘ = 6.39 cm’

¥y

4, = Mg =14 cm > A4,
g
souse A, . (4¢f22)

Sec (2)40 * 120 cm Q%"

M, = 56.25 m.t

M,
S bd?

R=

A 2
LA =whd == =1693 cm 64122)
7 |

¥

=0.043 - w=0.053

it



Sec (3)40 * 120 em O

M, =72 m.t
Ny, =30.87t
N,
“ =0.026 <0.04 — neglect N,
f.bt
=M 0054 Hw= 0.067
fo b

A =214cm? (6:{22)

Sec (4)40 * 120 cm 0"

M, =208 m.t
N|_|=+5t

M,
N

u

e =

=41.6m—>§>0.5 — Big ecc

e, =e—{/2+0.05=41.05m
M, =N, e =20525mt

Mu.\'

f.bd?

=0.1552 —22 5w =021

A =wbd T s N _ 687 cm (144f25)
S By

As =02 A, =13.74 cm? 44{22)

rayv



Sec (5) 40 * 120 cm O
M,=15mt

Use A, mia = 14 cm® (4 <ﬁ22)

Sec ( 6) 40 * 100 cm D"

M, =225mt
Ny=70t.

Check additional moment due to buckling In plane

H,=5-0.6=44m.
Top End Conditioncase (1)

Bottom End condition case ( 3)

Table(6-10) > K=1.6

tavr =70+30‘§=900m

. L6H, 16x440

il 78 <10
!, 80
no additional moments
N, =0.07 > 0.04
bt
e = M, =0.32 e/t >0.05
N!l
- M 5 2 0.016
S bt

tg >t

Hinge

.. short

1A



Interaction Diag:

o= 0.6 ¢ =09 f, = 3600 kg/cm’

p<1.0 — tension failure
o =e+ % ~0.05 = 0.32 +0.5—0.05 = 0.77

M, =N,e =539 mst

R= M“z =0.0597 —=% 5 w =0.071
S bd

oW

.

5 hin

A, = wb

_0.6%
r bt = 18 cm? (6<H22)

Luse A

Ymin

Sec{(7)40* 70 em

N,=-70t.
Ny =Py, =035 fu Ac +0.67 f; Age
A = - ve

couse A, =0.6% A4, =168 cm’

¥ min

Sec(8)40 * 80 cm

Ny =-101t.
Check on additional moment due to buckling. ( in plane )
H,=8-0.6=74m

Top End condition case (1)t >t
Bottom End condition case ( 3 ) Hinge.

¥ia



Table (6-10) > K =16

_1.6x740

oA
g 80

=14.8 > 10 long

2 4Lb (148 %0.8

= = =0.088 m
2000 2000

M, =N, =885mi=M,

N,

gy = 126> 004
e= "‘; =0088m e/t=0.11>005
sz:’ = 0.014

O

Interaction diagrams «=0.1 ¢ =09

p<1.0

couse A,

M, =025+0052 1, =1.02%

A, =32.6cm’

¥ min

/, = 3600

YV,




Check of shear:

Sec(3)40* 120 cm.

Q, =65t
o q, =14.13 kg/cm’
g.. = 9.68 kg/cm’

4, =4, -0.54g,, =929 kg/cm’

Assume usin g stirr (5({10/m')
A /
g, = LY s 40 kg som?
bs

gy =387 kglcm’

A, _ _Gmbd

= 2
=y 8.04cm®  (3¢22)

A




— ___:_____]J
% I
. =2
g8
g ¢
[ g I
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.Om 50mn

Exampl

* Design curves and Egyptian code are only allowed material.
* Maximum grade is 100 points.

General Data:
Concrete grade : fow =250 kg fem?.
For reinforcing steel : f, = 3600 kg/em’.

Any data pot given may be reasonably assumed.
Question 1 : ( 65 Points ) :

A stadium frame ABCD has two cantilevers BE and CF. The vertical member AB is
hinged at booth ends A and B, while the vertical member CD is hinged only at the
support D. The frame is assumed braced in both direction. Service loads on the frame
are 5 t/ m horizontal project (including own weight of the frame) between E and F. A
horizontal force of 4 tones is also acting at point C as shown in figure.

It is required to:

|1 — Draw the straining actions (B. M. ,NFand S . F)

2 - Design all critical section.

3 — Check shear at section B in girder B.C.

4 — Give full details of reinforcement in elevation and cross section.

—dq.0m 14.0m.

_— 4.0m —-

YVY -



Ulkimmate Load = 1.5*Service Load

5°1.56= 7.5¢

/m’ (H.P)
ANREERESRENEEREERENERREREEERREEN

F

B c 4%1.6= 6t

! T

85.5t 79.5t

1) Straining Actions

B.M.D

Yvi



13.416

85.5 79.5
N.F.D
55.50
26.83
+ X
. \U\“\E
26.83 ~49.5
I
L L
S.F.D 6t
Dimensioning of the Frame
Span 1400
t9=121116= 3 = 117em
~120em
to,= (0.8-~>1) tg= 120cm ¢ o
1
-t
t, = 0.6ty = 75em t
I U
e :Ctel

Yvo




ty=05t; =60 cm

04t;=48cm
taimk) = la.rger of
L/20=70cm
S by = 70 cm
Design of critical Section:
Sec M. Nu Sec .type
1 144.75 - t- sec 3
2 18 _ ki ! i
3 60 | -13.42 | O ' "5
4 60 +13.42 | C
5 42 -79.5 o= 47
6 - -79.5 o*
7 - -85.5 [k 1

Sec 1-1:(T—sec):

M, 144.75 m.t &N,=0.0
16, +b=227 cm
B = Largest of CL to Cp = 500 cm ( spacing bet frames )
0'7—L+b =231 cm
5
L B=227cm

Using (C—-J) curve d =C, ‘% —-C =72

%-:E —>taﬁuz£=E —J=0.826

dmin d dmin

M
A, =—* =4233cm’ 104925
=7 cm (odf2s)

rva



Sec2-2: ([ _sec) (35*120)

M, =18 mt &N, =00

Using (C —J ) curve :

—
d=c M ¢ -80m

Vb

a0
A
ey

—> use §_ =0.125
dmin

J =0.826

1.3 Ay = 6.84 cm’.

Agmin = The greater of

N pd =123 em.
7

y

© A A L, >use A, @ §§25)

sec(3-3)
M, = 60.00 m.t N, =-13.44 ton

0.04 £, A

=42tan > N,
1000

.. Neglect N,

Yvy



Using (R— W) curve :
M,

R=—""—=00518 > w=0.064

o

A, = whd ?—“ =17.9 cm’ (7§{22)

¥

sec(4-4) (35*120) (0* —sec)
M, = 60 m.t

N, =+ 13.42 ton

e= M, =447 > d-d’)
N

= Large ecc

e, =e—t/2+cover =4.47--1-i22+0.05 =392m

M_ =N, -e, =52.6ms

Using{ R— W) curve :

R= M“z =0.0455 — 5y w = 0.057
Sabd
[ ]
A =wbd f,1f, LN 1000 o699 cm?
577,
use (6ﬁ25)

Sec (5-5 ) (35 * 120 ) column sec :

M, =42.00 mt
N, =-79.5 ton
Check additional moment due to buckling

$he

YYA



M
In - plane Buckling: addyr-l-\ M
addzx
1
H =7-—1=640m
o 2 -4 b . ) l ' >
1 =075+[12-0.75]*2 =105 m |
avr 3 ) ta.Lr ‘
* Top End Condition tg=t; > Case(1)
* bottom End condition hinged — Case(3)
-+ The frame is braced in both directions
~.Fromtable (6- 9)E.CP - K=0.9
H.=09*640=5.76 m
H
A =-—==549 <15 — short column
lay
.. No add. Moments due to buckling.
Qut of plane Buckling:
Assuming existence of wall beams at mid - height of frame connecting frames out of
plane,
H+H,=7-0.6-0.6=58
Let H=3m &H,=28m :
a 60cm
Top End condition toeam > b — case (1). , 1
Bottorn End Condition case (1). H,
Fromtable (6-9)E.C.P -5 K=0.75 T
EQcm
H.=0.75*3=225 1
H wall
A= _bi =6.43 <15 — Short column beam H,
.. No add. Moment due to buckling |

Yva



Design of sec (5 —-5):

M, =42 m.t

Ny=-79.5ton.

Assuming tension fatlure

M,
e =

=0.53

e,=e+t/2-cover =1.08

M, =N, e, =8586mi

Use (R - W) cover:

table

R=0.074 Sow=0.09
= 0.5
%
;AE”MdLi_ﬂLl@Ez_n
VR 2

.. The failure is compression failure.

Using Interaction diagram  ( chart No . 25) (x<=0.6)

K="t _0076 &  K£-0033
f bt t

p <1.00 s take p=1.00

u=p f,*107° =0.0025 (for 4, only)

Hmin =0.006  —> short column  (for A, + A4)

U = 9{% =0.00375 (for A, only)

YA



- A, =0.00375%bt =15.75 cm® 54f12)

As =x 4,=06+1575=945cm’  (5¢[22)

Sec(6-6) (35*75) column sec

N, =-79.5 ton
M, =0.0
Short columnn:

N, * 1000 =0.35 fo, Ac + 0.67 £, A

A, ==V, - use A,

A, =0.006 b =15.75 cm’ 64{22)
A =As = 34f22)
sec (7-7) (35*70) Link member
N, =-85.8ton M. = 0.0

Check moment due to buckling

In — Plane Buckling :
Top End condition hinged case (3)
Bottom End condition hinged case (3)

- fromtable (6-9) - K=1

H, =7—1tx =640 m
2

H,=KH,=640m

2.=H‘ =w=9.l4x<15
] 0.7

YA



.. Short Column in t — direction ( No — add . moment )

out of plane Buckling :

Assume that awall beam 25 * 60 is used at mid height of link .

So buckling out of plane will be safe and No additional moment (asinsec 5—-5)
Design as short column:

N, * 1000=0.35 £, A. + 0.67 f, A

Asc='vc

- uSe Agmin = 0.006 A, = 14.7 cm? (14<ﬁ12)

Check of shear:
Q. =155.50 ton

Critical section at d/2 from the link face

Qu design = Q. = wu[@-}- %] = 55.5 —7.5[%] = 48.56 t

q, = % =12.065 kg /cm®

9y = 0.75 Jo =968 kg/cm’
Ve

e =22 |22 = 28.45 30 kg/cm?
7.

Sl <Gy < GQoumm
*. shear reinforcement is needed .

Qs = Gu — 0.5 G = 7.22 kg/cm?

by using VL stirrups only

4, = q.bs _7.22x35x10 _ 038 cm
S, a7y,  2800/1.15

2

use (10{10/»;‘)

YAY
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2.0

2.0

3.0

6.0

4.0 4.0 .40
20\m
AT T T I TTTETTTU T 1]

ol JUs

[H
4t\m
o [T I T T FTT TP T T T FITIT T T T T PIY R LI T L TT TR AT 17791
[ D ?f Fa
e—link
Member
‘Gt A B
63.33 T48.67
2.0 18.0 . 20
/’%
14
4

10.16 m

M, = 199.12 m¢

B.M.D

YAo



1.2

S.F.D

63.33¢ 48.67¢
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4 2
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25 Tsa.n

78,7 24.8
Ffﬁ

12

38.76

NFD

8.85
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3 — hinged Frame

Sec. Elevation

- - 3

Flan

f 4 4
35%130 Frams
35*130 Frams
4 4 4
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