Question No. 1

Fig. (1) Shows a sectional elevation of a column in a building braced in two directions.

It is required to:

1- Design the column knowing that:
Pu = 2900 KN F cu =25 N/mm 2 Fy =360 N/mm?

2- Determine the moment design if there are Mu = 200 KN.m and -100 KN.m in t (1050 mm)
direction.

0.6 m
S 4
- , 1050 mm,
6.0 m EI
Q Sec X-X
X X
v
0.6m
7 4
Fig. (1 I+
Given:
- Braced column -b.=250 mm & t. = 1050 mm
-H{=6m - Nu =2900 KN
-M =200 KN.m -M,=-100 KN.m
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Solution
1- Braced Column

2- Calculate Slenderness ratio

In plane (t — direction) Out of plane (b — direction )
KxH KxH
ﬂ’in:ﬂ“t:He: s ﬂ“out:ﬂ“b:He: .
t t b b
- For (K) - For (K)

For upper part — partially fixed — Case (2) For upper part — fixed — Case (1)
For lower part — partially fixed — Case (2) For lower part — fixed — Case (1)

- From table (K = 0.85) - From table (K = 0.75)
- For (Ho) - For (Ho)
w=Hi{—t=6-0.6=54m o=Hi—t=6-06=54m
t=O'85#5'4:4.37<15 Ay :m=16.20>15
1.05 0.25
. Column is short in plane ~ Column is Long in out of plane
Lower end Braced Columns Unbraced Columns
GnGondition
65;2;’3 Lower end Condifion Lower end Condition
"é‘zb?‘? Case(1) | Case(2) | Case(s) || Case(1) | Cuse(2) | Case(s)
Case(1) 0.75 0.80 0.90 1.20 1.30 1.60
Case(2) 0.80 0.85 0.95 1.80 1.50 1.80
Case(3) 0.90 0.95 1.00 1.60 1.80 —_
Case(4) — — — 2.20 — —

- The column is long at out of plane

3- Calculate M aq4 due to Buckling

S _(A)?xb _(16.20)*x 0.25
out b 2000 2000
M, =Nux &, =2900x 0.033=95.70KN .m

(out)

=0.033m

M 2 = 200 M, =200
)=
4- Calculate M pesign P @
M, =100 Py
Ty y y
. e .
al 4 2 - E] T _+2900 T
e r () w a7 T oo - :
¥ 4 10';]
— 1050 — — 1050 —
inifial momeni Buckling Final Momeni

2|Page Prepared By Eng / Ahmed Khalil



Muy = 95.70 KN.m

Toget Muy

- For braced column
— M, =200KN .m

M, +M , =[-0.4x 100+0.6x

200]+95.70=175.70KN .m

M, =maxof M
- M1+ 2""““ =100+0.5x95.7=147.85KN .m
—>Nuxe_ . =2900x 0.05x 0.25=36.25KN .m
Mu, = 200 KN.m
Mu = 200
e
S
Wy
O
1L v
= — 1050 ——
=
Final Momeni
- TO qet M Design
Mu
Mu\x __ 9570 _,o0cg | \y _ 200,
b 0.25-.05 a 1.05-.05
Mu Mu
b \X > a\y
_ b
Muy =Mu, +B()Muy
3
R, - 2900x 10 _0.442 )
25x 250x 1050 _ *
— =
p=09- 2242 ‘;42_0 68 —% p=0.45 et BT (o I [V
200 ”& Y
Mu —05.70+0. 45(—)200 113.70KN .m - — 1050 —
=
e Final Momeni
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5- Design of section (250 x 1050) mm

Mu = 113.70 KN.m & NU (comp) = 2900 KN
o _Mu_11370
Nu 2900

— (Use I.D
3:%:0.16<0.5(small Eccentricity ) ( )

b 0.25

_b—-2cover 250-2(50)
ST, T 30
take>=08 & a=1 & fy=360

=0.6

Nu x 10° 2900x 10° Mu x 10° 113.7x 10°
fcuxbxt 25x1050x 250 fcuxtxb 25x 1050x 250

\ From Chart —» p=14 ‘f

As=(px fcux10)xbxt
As=As'=(4x 25x 10™*)x 250x 1050=2625mm?

AS (o) =AS +As ' =5250mm?
0.25+0.52
AS iy = o =020 0092(6.20) o5y 4050 2867.55mm?
100 100
AS iy <AS gy —>take As 0y =5250mm*

As=As' :§:2625mm > > useldgpl6

§ e andy AL g SV A FLl € pag -
6- Details of R.F.ts

£~ o . o I
B RS ]| RS ™
=N o o o o
g
S 44165
et |
1050 mm
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Question No. 2

For the shown frame in Fig. (2), it is required:
1- Draw the N.F and B.M
2- design the critical section

3- Draw details of reinforcement. (with convenient scale).
100 KN 100 KN

|

50 KN 50 KN

3m
! 3.5m | 1.5m | “15m | 1.5m ],__
Solution
Data:
Feu= 25 N/mm? St. 360/520 b =350 mm
Section (1-1) » Mu = 1.5 x 200 = 300 KN.m Nu = 1.5 x 300 =450 KN
Section (2-2) » Mu = 1.5x 500 =750 KN.m Nu = zero KN
Section (3-3) > Mu = 1.5x 75 =150 KN.m Nu = zero KN
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00

200 -

200

75

N.F.D

300 200

Section (1-7) > Mu = 1.5 x 200 = 300 KN.m Nu = 1.5 x 300 =450 KN

- For rectangular section

1) - Get (t;) — due to moment (Mu =300 KN.m)
- Assume C1 =3.5 — (Rec —sec)

Mu x 10°
d =c, [o4 XD
fcux B
6
d=35 [200%10° 4 _648.1mm
25x 350

take d =650mm — 1,=650+50=700mm

- Get (t2) — due to compression force (Pu =450 KN)
Pu x 10° =0.35x fcu x Ac +0.67x fy x As

Ac=bxt, , As=0.01Ac=0.01(bxt,)

Pu x 10° =(0.35x fcu x b +0.67x fy x 0.01x b)t,

450x 10% =(0.35x 25x 350+0.67 x 360x 0.01x 350)t,

t,=115.2mm
t,=t,=700mm
wt=(1.1-1.3)t,=(770—910) mm
~t=850mm & b=350mm

2) Check (K)

Nu x 10° 450x 10°

= = =0.06>0.04
fcuxbxt 25x 350x 850
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- Design moment & compression force (M + Ncomp)

3) Design (M+ Ncomp) & (Rec-sec)

e=w=@=o.67m
Nu 450

e 0.67

—=——=0.8>0.5(Big Eccentricit
t 0.85 (Big Y)

4) Design tension failure (Big Eccentricity)

t
e, =€ +E—cover

e, =0.67 +0'—§5—0.05:1.O45m

Mu, =Nu x e, =450x 1.045=470.25KN .m

6
d =c, MU X100y _g50_50-800mm
fcux B
6
s00—c, [470.25x10
25x 350

C,=3.451 _fromehat . 5_0 778

Mu, x 10° Nu x 10°
As =

TfyxJxd fV
Vs

o 470.25x 10°  450x 10°
- 360
360x 0.778x 800 4 15

AS i 11 bxd =21« 350x 800-855.55mm?
fy 360

=661.231mm?

As <AS (i

Take As=As =855.55mm? — Use6¢16

(min)

As'=(0.2As)=0.2x 855.55=171.11mm* — use 2412

G_b-25 350-25 _
$+25 16+25
Take n=7bars

4) Details of R.F.Ts

AV 4
AV 14

" — ZIﬁZ

=
=
L=

L eZ1gT

350 mm
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Section (2-2) > Mu = 1.5 x 500 = 750 KN.m Nu = zero KN

3) Design (M-only) & (Rec-sec) & (t —> 4« slas)

6
d=c, MUX10" 4 _g50_50-800mm
fcux B
6
800-C, 750x 10
25x 350

C,=2.73<2.78 take C, =3

6
d =3 [120x10 d =878.3mm

25x 350

taked =900mm t =950mm
Cc,=3 —fromehat . j_0.743

6 6
As — Mu x 10 _ 750x 10 _3115.5mm?

fy xJxd 360x 0.743x 900
AS iy 1L by d =21 & 350 900-962.5mm?
fy 360

As>As i, (k) — Use9¢22
As'=(0.2As)=0.2x 3115.5=623.1mm? — use 6¢12
n:b_25 :350—25 6.9

¢+25 22+25
Taken=6bars

Section (3-3) > Mu= 1.5x75=150 KN.m Nu = zero KN

— use 4916
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Question No. 3

30 m N

30 m

(+8.00)

K/////(+5aa)

|
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o
7
- 0.75
7
é
Z
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7
7
7
7
7
|
| 30 m _—
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@ Design the Saw Tooth Slab

* Loads on the Slab. (One Way Slab)
ts = 120 mm

Take

(wS)work%ng = 8.0 kN\m H.P.

(Ws)v.r. = 1.5+8.0
= 12.0 kN\m® H.P.

= 11.08 kN\n'

(Wg;) = 12.0+ Cos 23.2
=11.03 kN\m

Ws1i

NN
M\_/\_J’&\_/ﬁ"

wL
0 =73.51

% Design the Slab.
able alols (o 4l any,d

Mdes M cos O
12.40 kENm\m®

13.51 + Cos 23.2 =
L =12.4 kNam\m® 5 L5 =120 mm » d= 100 mm

Sec. @ M,
—> Ci= 4.49 — J= 0.819

&
_ 12.4010
100 =Cq 25 #1000
- 420.56 mi\m (G #H10\m

A 12.40410°
S = 0.819+ 360 =100

Prepared By Eng / Ahmed Khalil
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2] (250+700)

3
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(350«1200)
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* Design the Beam. B (250%700)

w = 0- W'(bEEm)+ ws * a kN\ﬂi:

W =420 +11.03«x83 = 42.8 kN\m B

M_wLL
8

R, -WL _ 162.96 kN K
2

]

285.2 kN.m ‘RI

2

280
Sec. ® ., = 285.2 kN.m T—Sec.

C.L.—C.L.= 3.8m = 3500 mm
B=13 16ts+b =16+140+250=2490mm B=1773 mmy

L
K=+ b =10« 75'5"5 +250=1773 mm

6
. 650 =C, \/235-2*’0 > C;=8.10 — J =0.826
25 1773

. 6
* 'A s = 285.2+10 = 1475.5 mmz
0.826 » 360 * 650

Check Asmin,. Ag =1475.5 mm®

req.

Monin. b d = (a.zzsar VEo ) bd = (o,zzst /26 )250 +650 =507.8 mni’
Fy 360

#Asg > Wb d wTake Ag=As = 1475.5 mi (6 $18

s mn-b-25 _ 250-25_523_50bars
$:25 18+25
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Loads on the Arch Girder.

Take o.w.(4rch) =17.5 kNM\m (U.L)
S =R Ry+ oow.(4rch)x @ =2 (162.96) + 17.5 (3.5) = 387.17 kA

387.17 387.17 387.17 387.17
l 381?. f?'l 38l?'. 1?1 3817. f?’l

|= 30 m =|

M, - 10840.7 kN.m

P=-T = 0.95 %: 0.95% "'-’33‘:‘]0-7 = 3432.88 kN

M = 0.05 M,=0.05(10840.7) = 542.03 kN.m

|
542.03
B.M.D.
Frriilid
34382.88 kN
==
N.F.D. 4
(A1
e 3482.88 kN
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* Design of Arch Gurder.

Sec. ® b-0.35m , t=1.20m

P = o095 %:o.ss* fg":"'7 = 3432.88 kN

M = 0.05 M, = 0.05 (10840.7) = 542.03 kN.m

_ M _ 542.08 _ . e _0.158 use )
€=5= 343288 015%™ o f =2 - 013 <os xe, LD
C - 1.2 -0-2_ 0 831..!.82 ECCS D . A.ds P

=S = 0.83=, esign Ai age 4—24
P,  3432.88+10° _ 0.327
E, bl 25+350+1200 ) } 0 —1.0

M 542.03+ 10" -

v _ - = 0.043

E.bt? 25+350+41200

- —4 _3
W PsFox10 - 1.0425510 = 2.5+ 10

-3
ds-As=Hsbat=2.5¢104+350+1200 = 1050 mn?

s, =45+ As = 2100 mnf

o 2
theck Asg,= 28 +bet= 0.8 435041200 = 3360 mai > As, .,
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* Design of Tie. ~0.35—

Sec.@ (850« 350) K 0.5,
I 18828 |b_...1
Neglect o.w. of Tie.

_ M, _ 10840.7 _

= 0.95 > =0.95% ———" = 3432.88 kN

Ag T _ 3432.88410° 2
= = = 10966 q8#28
F\bs 360\ 1.15 mm (8428

* Design of the hangers. (350 +350)

Take 0.W.(hanger) = 3.50 kN (U.L)
T = 0.W. (hanger) + R1
= 3.50+ 162.96 = 166.46 kN

Ag- T _ 166.46410° _ .. . -
F\bs 360\ 1.15 e 8F12

* Design the Post. (354 ,350)

Take O0.W.(Post) = 3.50 kN (U.L)
P =o.w.(rost) + R,
= 3.50+ 162.96 = 166.46 kN

4s - @FID>
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Question No. 4

Using arch slab system to cover the following area, that shown in figure.

1It’s required to:

1- Complete analysis and design for different elements.

2- Details of reinforcements for arch slab and its supports.

Data:
Fcu = 30 N/mm?
Fy = 360 N/mm?
L.L wy = 1.60 KN/m? (H.P)
D.L i) = 5.40 KN/m? (H.P)

Foundation level = -2.0 m

Spacing between columns = 6.0 m

Clear height of column =5.0 m

1- Concrete Dimensions for beams & slabs

F- 8 _5som
658

t, =10cm @sec(3—-3)
t,=12cm @sec(2-2)
t.=1l4cm @sec(1-1)

- Horizontal beam (b x t)
b =250 mm &t =600 mm

- Vertical beam (b x t)
b=250 mm &t =600 mm

- Hangers & Ties (b x b)

b =250 mm
- Spacing (S)
S=6.0m

- Distance between hangers (a)

a=3.0m

- Column (b x tc)

22| Page
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Statical System
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0.60 m =600 mm

6/(10 - 12) taket.=

400 mm &t

be=

w 08T

MOPULA

wn (09 ¥ 0§7) WEAG-TA

wut (09 X (0) uwnjo)

ww (S X 0§7) Weaq

wnu (0§Z X 057) Emﬁ>

wwt ((0f X 0ST) 1SUSHNS
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120m

60m| 1| HZ-beam (250 x 600) mm VL-beam (250 x 600) mm |

Tie (250 x 250) mm

G0 m

0 i

2- Loads of Slabs

- Dead Load
Wsu o, ,=5.40 KN /m?

- Live Load

Wsu, ,,=1.60 KN /m?

Wsu = Wsu o.L t Wsu (L) = 5.40 + 1.60 = 7.0 KN/m?
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- Section (1) at support Wsu = 7.0 KN/m'
| ] | | | | | | | | |
M=0&Pu=Nu

f
2.50

W, xL 7.0x18 H
R, =—% — = =63KN /m" max
max 2 2 —_— i
2 2
Ho M W xL? 70x18 _1i34kN /m: / TR o
f  8f 8x 2.5 Su
———F— 180m
P, =y H 2 +R 2, =/113.4% +63” =129.725KN
——1000—
Pu x 10°=0.35x fcu x Ac +0.67x fy x As | :
129.725x 10°=0.35x 30x 1000 140+0.67x 360x As s E' A E
As =—5556.70mm? Pil
A _ 0.8 b Pu Pu
s (min) _ﬁx X tS X N.F.D. X
0.8

s(min) —

A =——x1000x 140=1120mm ?
100

AStotal :AS min =10¢12/m I
As=As'=5¢12/m"

———1000 |
140 2 o > 2 o o Sﬂfﬂkﬂ?
T v, S T v s5#12\m
s#10\m )’
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4- Design for vertical beams & horizontal beams

- Design of Vertical beam

W / y kN/m
I D N
A JAN VAN
L e 1 g ) ¢ 1 \«ﬁ“
Ry \53%‘
$
OW Ly | peany 14X 25 0.25x 0.60=5.25KN /m"
OW L\ 7 peam) 14X 25X 0.25x 0.60=5.25KN /m"
Y =R, ,=63KN /m"
WL =OW L | peam) TOW Ly 7 _peam) +Y #Sz
W, =525x 2+63=73.50KN /m" N ‘?;3’ AN AN
RVL ZWVL X S wz
— — 12
R, =73.50x 6=441KN E%
- Section (1) (Rec — section) Z/

d =t —=50mm =600-50mm =550mm
W, xS 2 _ 73.50x 62

M, = = 264.60KN .m
10 10
6
550=c, 264.00x10° _ gu | C, =2.93 fromet_, 3 -0.734
30x 250
6
5, = 20800x10" __\0r0 66 mm?
360x 0.734x 550
As . _ L 250x 550 —420.14mm?
As, >As .
Use 5 ¢ 22
_b-25 _250-25 .

n= = =
¢p+25 22+25
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- Section (2) (Rec — section)

W, xS? 7350x 6°
12

M, =220.50KN .m

6
550=c, \/ 223?(5?(0;5100 ¢, =321 e 5076

o __220.50x 10°
> 360x 0.76x 550

As,>As ..
Use 4 ¢22
- Section (3) (Rec — section)

W, xS? 7350x 6°

=1465.30mm?

M, =110.25KN .m
24
6
550=c, [FL0-2X107 g o 454 memew g _gg)0
30x 250
6
s, = 110.25x10°  _ oo o
360x 0.819x 550
As,>As ..
Use 4916
. . ng O——— l_ -.)—r!‘\
- Design of horizontal beam 12 (_@) 60 }g},—ﬂ
2 w L 4
W, :Hmax:WSUX L ®_'_>.W L <
8f ( 6.0 _WHZ:Hmax
W,, =113.40KN /m" O>—— — p———>
Ry =W, XS ( 6.0 ||
R,, =113.40x 6=680.40KN %% L r
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- Section (1) (Rec — section)
d =600-50mm =550mm

W,, xS? 113.40x 6°
10

6
550=C, \/40562)(4;5;0 ©,C, =2.35<2.78

Takec, =3.0 2 5 3 =0.743

M, = =408.24KN .m

6
d =30 [208:24X10° 4 200mm
30x 250
6
s, - 20824x10° ;05 35mm?
360 0.743x 700
As _ L 250x 550 =420.14mm?
360
As, >As .
Use 6¢ 22

- Section (2) (Rec — section)
W,, xS? 113.40x 6°

M, = =340.8KN .m
12
6
700=c, 340.8x 10 ® 5 C, =328 MM, 3=0.767
30x 250
6
s, = o08X10" _10s 01 mm?
360x 0.767x 700
As,>As .
Use 5¢ 22
- Section (3) (Rec —section)
2 2
M 3:WHZ XS :113.40x 6 _1704KN m
24
Use 4 ¢ 16
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5- Design of Tie (b x b)

T, =1.10x R, b
—9
T,. =1.10x 680.40=748.44KN T
A _Ttie X 103 _1 15 E::j Ib
S ——FV Vs =4 _
s
748.44x 10° )
As = 360 =2390.85mm
1.15
Use 8 ¢ 22
6- Design of Hangers (b x b)
T =0W I e TOWL 4 Xa I~ Hanger
OW L e =14X 7, X b X b x f Tie —‘ d
OW t 1y =1.4X 25X 0.25% 0.25% 2.50=5.50KN
oWt ,,=14xy xbxb 1 |
OW I 4, =1.4x 25% 0.25x 0.25=2.1875KN /m" as r-m
T =5.50+2.1875x 3.0=12.10KN 250
T x 10° — -
- = 7
As=—g 7, =1.15 C U
7 .
12.10x 10° , 1912
As = 360 =38.653mm
1.15
Use 4 ¢ 12
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