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Structural Design for Public Library
"PUBLIC LIBRARY"

Project Team
Mohmmad Ahmad Abufar
Ibrahim awlad Mohmmad Fuad Yousef AL Awawda

Palestine Polytechnic University-2014

Supervisor
Eng. Khalil Krameh

The main idea of this project is to prepare all structural design and

executive details for a public building in Hebron city.

This building consists of Five-storey and basement, which contains
several sections such as the Department of the University administration

and Student Affairs and the multi-purpose hall and the garage.

This building is a reinforced concrete structure, and it was designed
according to the ACI 318-08.

The project contains the structural analysis for vertical and horizontal
loads and the structural design and details for each member in the

project.

We use in our project some programs such as Autocad2007, Etabs2013,BeamD, And

office .
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Fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.
I = moment of inertia of section resisting externally applied factored loads.

Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supports in slabs without beams and face to face of
beam or other supports in other cases.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

S = Spacing of shear in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

W = width of beam or rib.

® = strength reduction factor.

p = ratio between area of concrete to area of steel .
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Chapter Four

Structural Analysis and Design

4. 1 Introduction.

4. 2 Factored Loads.

4. 3 Determination of thickness of one way rib slab and two Way Rib
Slab.

4. 4 Topping Design.

4.5 Load Calculation for Rib (46a).

4. 6 Design of rib (46a) in the ground floor.

4 .7 Design of Beam (B113) in the ground floor.

4. 8 design of two way rib slab

4.8.1: Load Calculation for Two way Rib

4.8.2: Moment calculation using (coefficient method)
4.8.3: Design Rib for Flexure

4.8.3.1 Design of Rib (negative moment in discontinues edge)

4.8.3.2 Design of Rib (positive moment)

4.8.4: Design for Shear

4.9: Design of Column C2

4.9.1: Determine Dimension Of Column

4.9.2 Check Slenderness

4.9.3 Calculate the minimum eccentricity and minimum moment and
Compute EI

4.9.4 Calculate the moment magnifier factor

4.9.5 Select Reinforcement
4.9.6 Design of Ties

4.10 Design of Isolated Footing (F4)
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4.10.1 Calculate the weight of footing, soil, and the surcharge load:
4.10.2 Required Size Of Footing

4.10.3 One Way Shear (Beam Shear)

4.10.4 Two Way Shear (Punching Shear)

4.10.5 Design for Flexure:

4.11: design of Basement wall

4.11.1:- load calculation

4.11.2:-Design of Bending Moment
4.11.3:-Check for shear

4.12: Design of Stairs (ST1A)

4.12.1 Determination of Thickness

4.12.2 Load Calculations

4.12.3 Check for shear strength For Flight
4.12.4 Design of Flexure:

4.12.5 Design for Flight:

4.12.6 Check for strain:

4.12.7 Design for landing (L2A):

4.12.8 Check for shear strength (L2A):
4.12.9 Calculate the maximum bending moment
4.12.10 Check for strain

4-13:Design of shear wall (SW25):-
4.13.1 Design of shear
4.13.2 Design of bending moment:
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4.1: Introduction

In This Project, there are three types of slabs: solid slabs, one-way ribbed and
two-way ribbed slabs. They would be analyzed and designed by using finite element
method of design, with aid of a computer Program called " ATIR- Software" to find
the internal forces, deflections and moments for ribbed slabs, and then hand

calculation would be made to find the required steel for some members.

The design strength provided by a member, its connections to other members, and
its cross-sections in terms of flexure, and load, shear, and torsion is taken as the
nominal strength calculated in accordance with the requirements and assumptions of

ACI-code.

NOTE.:
*Concrete B300 ...... { fc=24 N/mm? (MPa) for rectangular section }

* The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}.
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4.2 Factored Loads:
The factored loads on which the structural analysis and design is based for our

project members, is determined as follows:

Ou=1.2DL + 1.6L ACI — 318 - 02 (9.2.1)

4.3 Determination of Thickness of Slabs:
4.3.1 Determination of Thickness for One Way Rib Slab:

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):
-The maximum span length for one- end continuous (for ribs):
L 680
18.5 185

= 36.7cm

hmin—

-The maximum span length for both -end continuous (for ribs ):
L 760

hmin=— = — = 36.1cm
™21 21

-The maximum span length for cantilever (for ribs):

L 245
hmin =— = — = 30.6cm
8 8

Take slab thickness h=35cm. (deflection will be checked )
h =35cm (27cm Hollow block + 8cm Topping).

4.3.2 Determination of Thickness for two Way Rib Slab:

_ 52x8% 4 + 1227 %21.5 1166
Ye = 52 + 84 1227 = 1l.6bcm

52%11.663 + 12 % 23.343 — 40 * 3.663
lip = 3 = 77682.21 cm*
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bh3 40%303
Ibeam = 1z = 12 =90000 cm*

- For short direction L (clear span ) =8.80 m

o (1%+ 171+ bw)

[. =
S bf
77682.21 (82ﬁ +0+ 40)
I = = = 717066.6 cm*

-For long direction L (clear span) =10.25m

Irib (% + bw)

Nize 301

!
i
s = f E :
1025 o '
77682.21(——+40 g
I, = 5(2 ) _ 825373.5 cm* :
[ !|
I 90000
a, =2= = 0.125 Fig. (4-1) panel of two way rib slab
Is 717066.6

_ly_ 90000 _
%2 =157 8253735
a, + a2 0.125 + 0.109
Apm = ———— = . = 0.117

arm = 0.117 < 0.2 The minmum slab thickness of slab will be as shown

in table {9.5.(c)} for

slab without interior beams .
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TABLE 9.5(c)—MINIMUM THICKNESS OF SLABS

WITHOUT INTERIOR BEAMS*

Without drop panels¥ With drop panels¥
Interior Interior
Exterior panels panels Exterior panels panels
Without With Without With
edge edge edge edge
f,. MPat| beams | beams® beams | beams$
280 £,133 £,/36 £,/36 £,/36 £,/40 £,/40
420 £,/30 £,/33 £,/133 £,/33 £,/36 £, 136
520 e,/28 e,/31 e,/31 e, /31 £,134 e,134

“For two-way construction, £, is the length of clear span in the long direction,
measured face-to-face of supports in slabs without beams and face-to-face of
beams or other supports in other cases.

TFor f,, between the values given in the table, minimum thickness shall be
determined by linear interpolation.
*Drop panels as defined in 13.2.5.
SSlabs with beams between columns along exterior edges. The value of affor
the edge beam shall not be less than 0.8.

L
hmin=——

33

1025
33

L, = 10.25m

= — = 31.06cm

Take hg,;, for ony way & two way rib slab 35 cm
8 cm topping and 27 cm block.

Effective Flange width ( b)

b: For T- section is the smallest of the following:

be =L/4=3.05/4=76.25 cm

by =bw+16t=12+ 16 (8) = 140 cm

b, =bw+Lc/2 =12+40 = 52 cm

Control ...

37
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4.4 Design of Topping:
4.4.1 Design of Topping for One-Way Ribbed Slab:

Table (4 — 1) Calculation of the total dead load on topping

No. Dead load Calculation
1 Tile .03*23*1 = .69KN/m
2 mortar .03*22*1= .66KN/m
3 Coarsesand | .07*17*1=1.19 KN/m
4 topping .08*25*1 = 2 KN/m
5 | Interior partitions | 2.3 *1 =2.3 KN/m
6.84 KN/m

Live load =4 *1 KN/m

Wu = (1.2 * 6.84) + (1.6 * 4)
= 14.60 KN/m

Assume slab fixed at supported points (ribs):  Holowsiock (27m)

(el &
u=—_ _ g
12
* 2
Mu _14.50704° _ 0.194 KN.m /m of strip width
f.'=24Mpa
Mn =0.42x,/ fc'Sm ACI-318-02 (22-5.1) Fig. (4-2) topping
*h?2 * 2
Sm= b 6h = 10006 80" _ 1066666.67 mm?®

Mn = 0.42 x /24 *1066666.67 = 2.194 KN.m
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® Mn =0.557*2.194=1.2 KN.m
® Mn=12KN.m>Mu=0.194 KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature
reinforcement must be provided.
For the shrinkage and temperature reinforcement:

p =0.0018 ACI-318-02 (7.12.2)
As=p*b*h=0.0018 * 100 * 8 = 144 mm?/1m
Smax = 3*h =3*80 =240 mm __ control

Smax = 450 mm

Smax = 380+ 280 —2.5*20=330mm
—*420
3
Smax = 300* 2280 =300mm
5*420

Use 1 8/ 20 cm, with Asprovided = 251 mm?/1m both directions.

4.5 Load Calculation:

£ First: One - way ribbed slab.
For the one-way ribbed slabs, the total dead load to be used in the analysis and

design is calculated as follows:
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One way rib slab Shrinkage & Temperatuer Bar's

| |
12cm ‘J e

)

Hollow Block (27 cm )
Fig. (4-3) One way rib slab

Calculation of the total dead load for one way rib slab is shown in the following
table:
Table (4 — 2) Calculation of the total dead load for one way rib slab.

No. Parts of Rib Density KN/m?3 Calculation
1 Tile 23 0.03*23*0.52= 0.358 KN/m
2 mortar 22 .03*22*.52 =0.343 KN/m
3 Coarse sand 17 .07*17*0.52 =0.618 KN/m
4 topping 25 .08*25*0.52 = 1.04 KN/m
5 RC rib 25 0.27*25*0.12 = 0.81 KN/m
6 Hollow block 10 0.27*10*0.4=1.08 KN/m
7 plaster 22 .03*22*0.52=.343 KN/m
8 | Interior partitions 2.3*0.52=1.19 KN/m
5.79 KN/m

Nominal Total Dead Load:

D.L. totar =.359 +.343 + .619 + 1.04 + .81 + 1.08+.343+1.196 =5.79 KN/m of
rib

Live load =4 * 0.52 = 2.08 KN/m of rib

Factored dead Load = 1.2* 5.79 = 6.94 KN/m

40



Factored live Load =1.6 *2.08 =3.32 KN/m

4.6 Design of Rib (46a):

%&m: B7 240300 W cw  BIECA30D

S

—

_B48d40

BE.E(BG/{ED)
B7 3040%300

B7SCE0%30)

©

r—,

Ll

%
5
20

Bastsonan,

4%

Fig.(4-4) Rib location

By using ATIR program we get the envelope moment and shear diagram as the

follows:-
2 6.55 m 2 3.55m 2 465m 2
Moments: spans 1to 3
-43.2
308 . 349
-18.8 3
155 _-13.
| 1'25\ | J5 |
\ \ \ \
f— li — +H+ 1
1.11 0.5
— }—]( 4.4
8.
23.8
262 41 3.93 | 213 142 2.56 . 209

Fig. (4 - 5) Moment diagram for rib (46a)-(KN.m).
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Shear

-43.
-36.2

-23.
-17.4 -17.4

23.5 22.6
30.2 29.4 29.9

24.2

Fig. (4 - 6) Shear diagram for rib (46a )-(KN).

4.6.1 Design of Positive Moment for (Rib 46a):

» Determine whether the rib will act as rectangular or T — section:
For a=t=8cm assume bar diameter 14 mm

d = h —cover —ds-db/2 = 350 — 20 — 10-14/2 =313 mm

Mnf = .85 *24*520*%80(313-80/2) 10° = 231.67 KN.m

M available = 231.67 KN.m >> M required = 41.1/.9 =45.66 KN.m

ht >a

Design as a rectangular with b =52 cm

This design for 6.55 m span.

* 6
_Mn _ 411710 _ 5 g96mpa
bd? .9*520(313)
o fy 4
0.85fc’  0.85(24)

kS *
poLfq fp_2mRn)_ 1 1_\/1_2 20.58*0.896 | _ 5021833
m fy 20.58 420

As =0.0021833*(520) (313) = 355.36 mm?

RN

=20.58
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\/_

As min = (b w)(d) ACI-318 (10.5.1)
As min = ‘@ (120)(313) =109.52 mm?
4(420)

1.4
A's min =—— (bw)(d
S min (fy)(W)()

As min :%(120)(313) =125.2 mm? __ control

As=355.36 mm? = Asmin =125.2 mm?. OK
Use 2®16 with As = 401.92 mm?

Check for strain:

_ As*y _ 401.92*420

a=——=1591Imm
.85 fcb .85*24*520

C=15.91/.85=18.72 mm . d = 350-20-10-16/2=312 mm.

£, = .oos(ﬂ) g, = .003(M) =.047 >.005__ OK
c 18.72

4.6.2 Design of rib for negative moment: Mu =-34.9 KN.m
Assume bar diameter 14 mm . d= 350-20- 10-14/2 =313 mm ..

Mn  34.9*(10)°
bd? .9*120(313)2

o fy 420
0.85fc’  0.85(24)

*x *
p:i(l— 1_2mRnJ= 1 (1_\/1_2 20.58 3.298j=0_008616

Rn =

= 3.298 Mpa

=20.58

m fy 20.58 420
As =.008616*(120) (313) = 323.26 mm?

\/_

As min = (b w)(d) ACI-318 (10.5.1)
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As min =—~"_(120)(313) =109.52 mm?

V24
4(420)

. _ 14
A =——(bw)(d
S min (fy)( w)(d)

As min :%(120)(313) =125.2 mm? __ control

As=2355.36 mm? = As min = 125.2 mm?. OK
Use 2®16 with As = 401.92 mm?

Check for strain:

_ As* fy a 401.92*420

a= = =68.95mm
.85 fcb .85*24*120

C=68.95/.85=81.125 mm . d = 350-20-10-16/2=312 mm.

£ = 0039=5 &, = 003(3L2=8L125y hhe5. 005 OK
c 81.125

4.6.3 Design of rib for negative moment: Mu =-15.5 KN.m
Assume bar diameter 14 mm . d= 350-20- 10-14/2 = 313 mm .

_ Mn _ 155*(10)°
bd? .9*120(313)?

oy a0
0.85fc'  0.85(24)

>* >*
p:i[l— L 2mRnJ 1 [1_\/1_2 20.58 1.465}20_003623

Rn

=1.465 Mpa

20.58

m fy | 20.58 420
As =.003623*(120) (313) = 136.1 mm’

. 4/ fc'
A = (bw)(d ACI-318 (10.5.1
s min 4(fy)( w)(d) ( )

V24

As min =—Y2%_(120)(313) =109.52 mm?
4(420)
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.14
A =——(bw)(d
S min (fy)( w)(d)

As min :%(120)(313) =125.2 mm? __ control

As=136.1 mm? = Asmin =125.2 mm?. OK
Use 2®10 with As = 157 mm?

Check for strain:

_AsTly a= 277420 o6 93mm
85 fch 85*24*120

C=26.93/.85=31.68 mm . d = 350-20-10-16/2=312 mm.

e. = 00335 g, =.00312 3168y _ 4066~ 005 oK
c 31.68

4.6.4 Design of positive moment Mu = 23.8 KN.m
Assume bar diameter 14 mm  d= 350-20-10-14/2=313 mm

* 6
rRn=MN _ 238710)" _ 519 mpa
bd?  .9*520(313)
oy 40
0.85fc’  0.85(24)

* *
s Afy_ fp_2mRn)__1 1_\/1_2 20.58*0.519 | _ | 101051
m fy 20.58 420

As =0.00125%(520) (313) = 203.74 mm?

AS min = ‘/(_

(%) (bw)(d) ACI-318 (10.5.1)

2

AS min =
4(420)

A =——(bw)(d
S min (fy)(W)()

(120)(313) = 109.52 mm?
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As min :%(120)(313) =125.2 mm? __ control

As=203.74 mm? = As min =125.2 mm?. 0K
Use 2M12 with As = 226.1 mm?

4.6.5 Check for strain:

As* 1*
-8 fy a—M:&%me

a= =
.85 fcb .85*24*520

C=8.952/.85=10.53 mm

£, = .oos(ﬂ) g = .003(w) =.086 >.005__OK
o 10.53

4.6.6 Check for shear :

Vu at distance d from the face of the support:
Vu=36.2 kN

Ve=11x=/fcbwd

Ve=1.1+ %\/ﬁ %120 % 313 *103 =33.73 KN
®Ve= 75+ 1.1 2\/2_ %120 * 313*10%=25.3 KN
VU=36.2KN >® Ve = 25.3 KN

Vu 36.2

Vs=2X — e Vs =322 _3373=1451 KN
o .75
Vs min = =./fc bw d Vs min = =+/24 x 120 * 313 *10° = 11.5 KN
Vs min =§ bw * d Vs min = § %120 * 313 *10% = 12.52 KN
Vs min=12.52 KN control

Vs =1451 KN >Vsmin OK
Vs=2\[fcbwd Vs'=2\[f24 « 120 + 313*10° =23 KN

Vsmin<Vs<Vs  case(lV)
Use 2 leg @ 8 As = 2 * 50.24 = 100.48 mm?

o= As+fyt=d _100.48+420%313
T Vs T 14.51%1000

=910.34 mm
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Smaxz% Smaxz% = 156.2 mm

Use2leg®8 S=150mm<Smax OK

4.7 Design of Beam (B 113):-

Fig. (4 — 7) Beam location (B113)

Table (4 — 3) Calculation of the total dead load for beam 113.

Quality
density
No. Dead load KN/m?3 Calculation
1 Tile 23 .03*23*.4 = .276 KN/m
2 Mortar 22 03*22*.4= .0.264 KN/m
3 Coarse sand 17 07*17*.4=0.476 KN/m
4 RC beam 25 0.6*0.4*25=6 KN/m
Plaster 22 .03*%22*4=0.264 KN/m
5 | Interior partitions 2.3*.4 =0.92KN/m
8.2 KN/m
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_ WD fromrib

WpL=——F— +82...... Service.

0.52
LL =4*0.4=1.6 KN/m.

W == WL from rib +2 .... Service
0.52

Fromrib 1

WL =238 = 41 5 KN/m
0.52

W =225 - 2567 KN/m
0.52

From rib 2

WL =22 - 42.86 KN/m
0.52

W =222 - 9542 KN/m
0.52

Fromrib 3

WoL =222 =19.21 KN/m
0.52

W =25 = 1048 KN/m
0.52

Fromrib 4

8.75

WopL = E =16.82 KN/m

4.62

WL = E: 8.88 KN/m

Fromrib 5

WL =228 - 19.76 KN/m
0.52

W =28 — 886 KN/m
0.52
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Fromrib 6

W oL -‘Zi’_lsez KN/m

W L —r—888KN/m

Wall load = .2 * 4 * 25 =20 KN/m

Fig. (4 — 8) beam loads from ribs and ( dead +live) + wall load .

-186.8 -195.7
114& -167.7 1781

-272.9

-226.3 -227.3

56'

(1:89

-435.1
-378.2 .356.9

[n 1 1 | 1
92! o9 "’|31\/‘ ) ;
W }_? 'ﬁ|—| 1233 iTH 37.5 1.64 53
188.8 176.3
396.8
3.45 345 | 318 257 | 414 276 |

212 |1.3sI
I I

Fig. (4 — 9) Beam envelope moment values (KN.m)

4.7.1 Design of Positive Moment Mu = 188.8 KN.m

b =400 mm,
h =600 mm
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Assume bar diameter 16 mm . d= 600-40-10-16/2 =542 mm .

Mn  188.8*(10)°
bd? .9*400(542)°

fy 420
0.85fc'  0.85(24)

x> *
oLy fp_2mRn)_ 1 1—\/1—2 20.58*1.785 | _ 1 54454
m fy 20.58 420

As =.004454*(400) (542) = 965.65 mm>

Rn = =1.785Mpa

i
bw)(d ACI-318 (10.5.1
(fy)( w)(d) (10.5.1)

V24
4(420)

AS min =

AS min =

A =——(bw)(d
S min (fy)(w)()

As min :%(400)(542) =722.66 mm? __ control

As=965.65mm? = As min = 722.66 mm?. OK
Use 5®16 with As = 1004.8 mm?

Check for strain:

As* fy a4 1004.8*420

= - O8TAY 51 71mm
85 fcb 85%24* 400
C=51.71/.85 =60.84 mm
¢, =.003(¥) - 003(W) —.0237>.005_ OK

4.7.2 Design of negative Moment Mu = 178.1 KN.m
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Assume bar diameter 16 mm . d= 600-40-10-16/2 =542 mm .
Mn  178.1* (10)6
bd? .9*400(542)°

fy 420
0.85fc'  0.85(24)

x> *
p-Lfy fp_2mRn)_ 1 1—\/1—2 20.58*1.684 | _ 0 1541901
m fy 20.58 420

As =.0041901*(400) (542) = 908.43 mm?

Rn = =1.684 Mpa

i
bw)(d ACI-318 (10.5.1
(fy)( w)(d) (10.5.1)

V24
4(420)

AS min =

AS min =

A =——(bw)(d
S min (fy)(w)()

As min :%(400)(542) =722.66 mm? __ control

As=908.43mm? = As min =722.66 mm? . OK
Use 5®16 with As = 1004.8 mm?

Check for strain:

As* fy a4 1004.8*420

= - O8TAY 51 71mm
85 fcb 85%24* 400
C=51.71/.85 =60.84 mm
¢, =.003(¥) - 003(W) —.0237>.005_ OK
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4.7.3 Design of positive Moment Mu = 176.3 KN.m

Assume bar diameter 16 mm . d= 600-40-10-16/2 =542 mm .

o 6
rRn=Mn _ 176.3%10)" _; 567 yipa
bd?  .9*400(542)
oty 420
0.85fc'  0.85(24)

* *x*
pzi 1_ [ 2mRn)_ 1 1—\/1—2 20.58*1.667 | _ 5 5041459
m fy 20.58 420

As =.0041459*(400) (542) = 898.83 mm?

=20.58

AS min =

I

bw)(d ACI-318 (10.5.1
(fy)( w)(d) (10.5.1)
V24

As min =—Y2"_(400)(542) = 632.2mm?>
4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

As min :%(400)(542) =722.66 mm? __ control
As=898.8mm? = As min = 722.66 mm?. OK
Use 5®16 with As = 1004.8 mm?

Check for strain:

As™* fy ~1004.8*420

- a=————=51.7Imm
.85 fcb .85*24*400

C=51.71/.85=60.84 mm
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e. = 00335 e, = 003220084 _ 49375 005 oK
c 60.84

4.7.4 Design of negative Moment Mu = 227.3 KN.m

Assume bar diameter 16 mm . d= 600-40-10-16/2 =542 mm .
_ Mn _ 227.3*(10)°
bd? .9*400(542)°
m= fy = 420 = 20.58
0.85fc’  0.85(24)

RN

= 2.149 Mpa

m fy | 20.58 420

x* x
p:i(l— 1_2man 1 (1_\/1_2 20.58 2.149}20_005418

As =.005418*(400) (542) = 1174.79 mm?

fc'
A in=——(bw)(d ACI-318 (10.5.1
s min = £ (ou)(@) (105.1)
As min = V24 (400)(542) = 632.2 mm?

4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

As min :%(400)(542) =722.66 mm? __ control

As=1174.79mm? = As min = 722.66 mm?. OK
Use 6d16 with As = 1205.76 mm?

Check for strain:

As™* fy a4 1205.76* 420

a= —————— =62.1mm
.85 fcb .85*24*400
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C=62.1/.85=73.01 mm

g, = .oos(ﬂ) &, = .oos(w) =.0192 >.005__ OK
c 73.01

4.7.5 Design of positive Moment Mu = 123.3 KN.m

Assume bar diameter 16 mm . d= 600-40-10-16/2 = 542 mm .

Mn  123.3*(10)°
bd? .9*400(542)
o fy 420
0.85fc'  0.85(24)

Rn =

=1.165Mpa

>* >*
p:i[l— L 2man= 1 (1_\/1_2 20.58 1.165]20_00286

m fy 20.58 420

As =.00286*(400) (542) = 620.01 mm?

i
bw)(d ACI-318 (10.5.1
(fy)( w)(d) (10.5.1)

J24
4(420)

AS min =

AS min =

.14
A =——(bw)(d
S min (fy)( w)(d)

As min :%(400)(542) =722.66 mm? __ control

As=620.01mm? < As min = 722.66 mm?
Use 4®16 with As =803. 84 mm?2> Asmin = 722.66 mm?

Check for strain:
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As™* fy a4 803.84*420

= = =41.37mm
85 fcb 85 24%400
C= 41.37/.85 =48.67mm
e. = 00335 e = 003224887y 030> 005 oK
c 48.67

4.7.6 Design of negative Moment Mu = 378.2 KN.m

Assume bar diameter 16 mm . d=600-40-10-16/2 =542 mm .
Mn 378.2"‘(10)6
bd?2 9* 400(542)2

fy 420
0.85fc'  0.85(24)

kS S
oLy 2mRn) 1 1_\/1_2 20.58*3.576 ) _ 509429
m fy 20.58 420

As =.009429*(400) (542) = 2044.24 mm?

Rn =

= 3.576 Mpa

As min = (b w)(d) ACI-318 (10.5.1)

G
A

@

As min = (400)(542) = 632.2mm?
4(420)

A =——(bw)(d
S min (fy)(W)()

As min =%(400)(542) =722.66 mm? __ control

A's=2044.24mm? > As min = 722.66 mm?. OK
Use 11®16 with As =2210.56 mm?

Check for strain:
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As* fy ~2210.56*420

a= a=————=113.77mm
85 fch 85%24* 400
C=113.77/.85 = 133.85 mm
e, = .003(3=5 g, = 0032213385 _ 40915 005 OK
c 133.85

4.7.7 Design of positive Moment Mu = 396.8 KN.m

Assume bar diameter 16 mm . d= 600-40-10-16/2 = 542 mm .
_ Mn _ 378.2*(10)°
bd 2 9* 400(542)2

ooty 40 _
0.85fc'  0.85(24)

kS S
oLy 2mRn) 1 1_\/1_2 20.58*3.752 ) _ J 509952
m fy 20.58 420

As =.009952*(400) (542) = 2157.72 mm?

Rn = 3.752 Mpa

20.58

fc'
A in=——(bw)(d ACI-318 (10.5.1
s min 4(fy)( w)(d) ( )

As min = REZN (400)(542) = 632.2 mm?
4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

As min =%(400)(542) =722.66 mm? __ control

As=2157.72 mm? > As min = 722.66 mm?. OK
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Use 11d®16 with As =2210.56 mm?

Check for strain:

* *
LAty L _221056%420 o
85 fcb 85%24*400
C=113.77/.85 = 133.85 mm
e, = 0033 =5 g, = 0032213385 _ 00915 005 OK
o 133.85

4.7.8 Check for shear :

-298.3
pa

EL Ht
l7 79.9

155.2

-239.4
189.7 223.1

>

235.2

-220.3 K
-170.7 -167.3

-105.2

1J:
SOL//
169.5
219.1

-113.2

H :ri
107.6 102.3

157.2 d

e
v 326.1

400.4

Fig. (4 — 10) Beam shear values (KN)

Vu at distance d from the face of the support:
Vu max = 326.1 kN

Ve=11x=/fcbwd
Ve = %\/ﬁ % 400 * 542 *10° = 177.01 KN
@ Ve = .75%177.01 = 132.75 KN

Vu=326.1 KN >® Vc =132.75 KN

_Vu

_ 3261

-~ 177.01 = 257.79 KN

Vs Ve Vs

Vs min = =./fc bw d Vs min = <v24 * 400 * 542 *10° = 66.38 KN
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Vs min =§ bw * d Vs min = § * 400 * 542 *10% = 72.26 KN
Vs min=72.26 KN control

Vs =257.79 KN>Vsmin=7226 OK

’—l '—l *10-3 —
Vs'=2fcbwd Vs'=Zv24 % 400 * 542 *10°=354.03 KN

Vsmin<Vs < Vs' case(lV)
Use 4 leg @ 8 As = 4 * 50.24 = 200.96 mm?

As*fytxd 200.96%420%542
gz Asfytrd - = 177.45 mm
Vs 257.79x1000
Smang Smax:¥=271mm
Usedleg® 8 S=150mm<Smax OK

4. 8 design of two way rib slab:

4.8.1: Load Calculation for Two way Rib Slab:
Table (4 — 4) Calculation of the total dead load for two way rib slab.

No. Parts of Rib DensityKN/m? Calculation
1 Tile 23 .03*23*.52*.52 = 0.186 KN/m
2 mortar 22 .03*22* 522 = 0.178 KN/m
3 Coarse sand 17 07*17*.52*52 =0.321 KN/m
4 topping 25 .08*25% 52* 52 = 0.54 KN/m
5 RC rib 25 27*%25*.12 (.52+.4)=.745 KN/m
6 Hollow block 10 27*10*.4*.4 =.432 KN/m
7 plaster 22 .03*22*,52*.52=.178 KN/m
8 | Interior partition 2.3*.52*.52=.621 KN/m
r= 3.2 KN/m
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1?& Cta it o %-— Fig. (4 — 12) two way rib slab
Fig. (4 — 11) two way rib slab
32 KN
PL=%52v05z = 11832

Wp =1.2*11.83 =14.19 KN/m?

Live load = 4 KN/m?
W = 1.6*%4 = 6.4 KN/m?

w=1.2*11.83+1.6*4=20.59KN/m?

4.8.2: Moment calculation using (coefficient method)
M, =Ca w2

l, 62
m ==z M

Note: All Coefficients take From Tables In Appendix

Positive Moments (Panel 1):
Cap = 0.036 > M,p = 0.036 * 14.19 * 6.2 * 6.2 * .52 = 10.21 KN.m/rib
Car = 0.036 > M, = 0.036 * 6.4 * 6.2 * 6.2 * .52 = 4.6 KN.m/rib

M, pos = 4.6 + 10.21 = 14.61 KN.m/rib

Cpp = 0.036 —» Myp = 10.21KN.m/rib
Cpp = 0.036 = My; = 4.6 KN.m/rib
My pos = 4.6 + 10.21 = 14.61 KN.m/rib
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Note: Negative Moments at discontinuous edges = %x positive moment

o e

-4.87

2 e il

Fig. (4 — 13) moment diagram

4.8.3: Design Rib For Flexure:

4.8.3.1 Design of Rib (negative moment in discontinues edge)
Mu= 4.87 KN.m

Assume bar diameter 12 for main negative moment reinforcement.

d = h- cover —dggirrups — 2 = 350 — 20 — 8 — 2 = 316 mm

m = fy 420 _ 20.59
0.85+f, 085%24
Mu 4.87 106
Rn = $paZ = 09+ 120 #3162 O-4>1Mpa
1 2R, *m 1 2 x.451 % 20.59
p=—(- [1- = =5 (1= [1- 0 — 0.001086

As = p*b*d = 0.001086 * 120 * 316 = 41.2 mm?
*Check for As, min:
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Agmin = 0.25 * \éf_c * bw* d

y
V24
Asmin=  0.25 -~ * 120* 316=110.57 mm2.
1.4 1.4
Agmin = — *by, *d=—— % 120 * 316 = 126.4 mm?> .... contral
fy 420

As:4l.2< Asmin:126.4mm2
Use 2@ 10 with A, = 226mm?
As prov:157 mm2 >As req:126.4mm2

Check for Strain:
As*fy 157%420

a= —= = 26.93mm
0.85%f,*b 0.85%24x120

B= 085

_a _2693__
“=085 085 Cooomm

&= 0.003* % = 0.003* 3£8318_ 4 926 > 0.005 ok

31.68

4.8.3.2 Design of Rib (positive moment)
Mu= 14.61 KN.m

Assume bar diameter ®14 for main positive moment reinforcement.

d = h- cover —dggisrups — = = 350 — 20 — 8 — = = 315 mm

b a0
M= 085«f, 085+24 “
Mu 14.61 % 10°

R. = _ = 0314 M
N PbdZ 0.9 %520 = 3152 pa

2R, *m 1 2% 0.314 *20.59
1- [1-

= 0.0007534

1
= —(1- [1- =
P =l f, 2059 420

As = p*b*d = 0.0007534* 520 * 315 = 123.41mm?
*Check for As, min:

fe
Asmin = 0.25 * \{‘___ * bw*d

y

Asmin= 0.25 4—@3 + 120* 315=110.22 mm>.
_ 1.4 _ 1.4 2
Asmin = — *byw *d=——* 120 * 225 = 126 mm ... contral
fy 420
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A=1234mm* <A, . =126 mm?

Sy min
Use 2@ 10 with A; = 157 mm?

As prov = 157mm? > Ag 1o = 126mm?

Check for Strain:
10
d= 350—20—8—7=317mm
Ag* ¥
a = sf;lz _ 157+420 — 621 mm
0.85xf;*b 0.85%24%520

B= 0.85

_a 6.21 _ 731
€=085 085 'ormm

317-7.31_
7.31

&= 0.003* ? = 0.003* 0.127> 0.005

4.8.4: Design for Shear:

Panel: m=1.0
W, =0.5
Wb = 05

o The total load on the panel being (6.2 * 6.2* 20.59 = 791.47 KN)
e The load per rib at face of the long beam is (0.5 *791.47 *0.52 / (2 * 6.2)= 21.83
KN
The shear critical section is at distance d from the beam face:
Vud = Vu face — Wy * by ¥ d = 21.83 — (20.59  0.52 * 0.317 ) = 18.43kN
The shear strength of rib in the slab is:
Vv, = 1.1*%* JEcxby, xd = 1.1*%* V24 %120 % 317 * 1073 = 34.16kN
@V, = 0.75 * 34.16 = 25.62kN
@V, = 25.62kN > V,; = 18.43kN

Vs min ==*\[f *b,,*d = —*/24 *120*317%10° = 11.64 KN

Vs, min =§ *p,,*d = § *120*317*10°3 = 12.68 KN... control

1 1
5OVe == %075 34.16 = 12.81kN < Vyq = 1843kN < O(V; + Vs in)

= 35.13 kN

Provide minimum shear reinforcement
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Use 208 for the stripe Ay 595 = 2 * 50.25 = 100.5 mm?
Ayage 1b, 120
s 3f, 3x420

=0.0952 — s =1055.25mm

d
Smax < 5 < 600 mm

225

Smax < T =112.5 <600 mm

Use 2LP8 @ 10 cm c/c for the distance of 1m from the face of suppurt,
and 208 @ 30 cm c¢/c in the middle space

4.9: Design of Column C2:

Design a tied column (C4) in Ground Floors Which Have the following loads:
Pp =2300 KN PL =520 KN (Fc =24 MPA , Fy = 420 MPa)

4.9.1: Determine Dimension Of Column:
Pu=1.2DL+1.6 LL = 1.2 (2300) + 1.6 (520) = 3592 KN

A
Assume : 001 < py = A—St < 008 , pg=0.02 D> Ay = pgiy
g

= 0.024,

Select Column Dimension:
OPymax = P = 00.8[085Fc (A, — Age )+ Ase /]
® = 0.65 — For Tied Column
3592 X 103 = 0.65 X 0.8 {0.85 = 24(Ag — 0.02Ag) + 0.02Ag X 420}

3592X 103

Ay = ——— — = 243360.43 mm? Ay =hx*
0= 5o wogg = 24336043 mm >»» A, =hx*b

We Will Use Rectangular Section With: b =50cm ,h =50 cm

4.9.2 Check Slenderness:

KL,
r

< 3412 (Ml) < 40
< =) <

Lu=4.0-0.18=3.82m
M1/M2 =1.0 (Braced Frame with Mmin)

K = 1.0 (For column in nonsway frames)
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KL,
r

KL, 1.0 x 3.82
rx _ 03 x05
KL, 1.0 x 3.82
ry 03 x05

< 34-12%x1.0=22 < 40

= 25.46 > 22 — Long Column for bending about x — axis

= 25.46 > 22 — long Column for bending about y — axis

4.9.3 Calculate the minimum eccentricity and minimum moment and
Compute ELI:

emim = (15 + 0.03h) = 15 + 0.03 * 500 = 30 mm
Myyin = PU* ey = 3592 X 0.03 = 107.76 KN.m

E;. =4700,/fc =4700Vv24 = 23025.2 MPa

bh® _ 500 x 500

I, = = 5.2 x 10° mm?

9712 12
1.2 DL 1.2 x 2300
Bans = Topr v 16LL = 3592 0768
_ OAEdy _ 04x230252x52x10° o
1+ Buns 1+0.768 ' '

4.9.4 Calculate the moment magnifier factor:

2El 2 X 27088.47

= = 36636.69 KN

P. =
¢ T (KLw? (1.0 x 2.7)2

M1
Cn =06+ O.4m =06+04x1.0=1.0

5. .= Cm 1.0 =1.15 > 1.0
ns — 1 Pu_ L 3597 = 1. > 1.
0.75P. 0.75 X 36636.69

The magnified eccentricity and moment:
e = emin X Ops = 30X 1.15 =34.51mm
M, = §,,M, = 1.15 X 107.76 = 123.92 KN.m

e 3451

= =0.069
h 500

From Interaction Diagram

#P, 3592 g 145
A .5*.5 1000

¢]

=2.08 Ksi
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4.9.5 Select Reinforcement:

Ast= pgAg

From diagram A-9b and A-9c

380
Y= % = 0.76

pg(y=0.75) =0.0103 >0.01 ok

Pa(y=0.90) = .010 >0.01 ok
pg(y=0.76) = .0102 >0.01
As=pg*Ag  As=.0102*500*500 = 2550 mm?

Take 8020 With As ~ 2550 mm?2.

4.9.6 Design of Ties:
Use @ with spacing of ties shall not exceed the smallest of:
1.48 times the tie diameter, 48ds= 48 X 10 = 480mm

2.16 times the Longitudinal bar diameter, 16dpr = 16 X 20 = 320mm— Control

3. The least dimension of column = 500mm

Use 10 @ 200 mm.
4.10 Design of Isolated Footing (F4):

Determine the base area and overall thickness for a spread footing with the following

Condition, and design the footing:

P
_ _ !
Total Service Load Pn = 2985 KN A
500mm

Total Factored Load Pu = 4000 KN surcharge }

5 KN/m \ S00mm
Service Surcharge = 5 KN/m?

4l -

Allowable soil pressure ga = 400 KN/m?
Soil Density = 18 KN/m?®
Concrete Density = 25 KN/m?®

h‘.ﬂ"")

Concrete Cover = 75 mm

Fc =24 MPa, Fy =420 Mpa g

oS a I AP

v <3

Fig. (4-14) Isolated Footing

Diameter Of bar = 20 mm

4.10.1 Calculate the weight of footing, soil, and the surcharge load:

Assume Thickness of Footing = 75 cm
Wrooting = -75 % 25 = 18.75 KN /m?
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Wspi = .5 X 18 =9 KN/m?

Total Surcharge load =9 + 18.75 + 5 = 32.75 KN /m?
= 400 — 32.75 = 367.25 KN /m?

Net soil pressure , Qg per =

4.10.2 Required Size Of Footing:

A= o _ 2985 = 8.12 m? A= 12
T Qanet 36725 4T -
»>» L=+VA=+812= 2.85m
P, = 4000 KN
_ R _ 2000 492.45 KN/m?
W= AT g2~ /m

4.10.3 One Way Shear (Beam Shear):

Vu at distance d from the face of support:

V= qub (L J—d) = 49245 x 3.5 X (2'85 05
u - qu 2 - . . 2 2
Let Vi, = OV, (@ =0.75)

1
Ve = <Febud = V24 x 2850 x d

492.45 x 2.85 <2.85 0.5 >
0.75

1
=_—/24 x X
> > G 24 x 2850 xd
>>» d=0.523m

h=523+75+14 =612mm
Take h = 650 mm

)

Critical section for
one-way shear

s

&

Tributary area for J
one-shear

[—
o
~I
th

AN

Fig. (4-15) Critical Section for One Way

Then , d =650—75—14 =561 mm

4.10.4 Two Way Shear (Punching Shear)
Vu at distance d/2 from the face of support:

— Q)VC , (Q) — 075) Tributary

Let V,

//4—/

Critical
shear
Upcnmeler

. 1 061m
area for -
shear /

Fig. (4-16) Critical Section for Two Way Shear
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V, = 492.45 x (2.85 x 2.85 — (.5 + 0.561) (0.5 + 0.561))
V, = 3445.56 KN

500
b=coo=1
b, = 2(.5+0.561) + 2(0.5 + 0.561) = 4.244 m
as = 40 — interior column
Ve = %(1 + %) VFch,d = %(1 + %)m X 4244 x 561 x 1073 = 5831.9 KN

@V, = 0.75 X 5831.9 = 4373.96 KN > V, = 344556 KN — OK

4.10.5 Design for Flexure:

Take Steel Bars of Diameter 14 _ . 3
Frjtﬁa:“senctl ion X /
B=2.85m, h=0.65m, d =650 -75 — 14/2 =573 mm ki
2
Mu = 492.45 x 2.85 X — = 968.84 KN.M
R — Mu _ 968.84x10° 115 Mp !
"= ObdZ~ 09x3550 x9152 a Tritutary srse
Fy 420 /
M= 08sfc 08sxza 200 |
- ) 1.175m
Fig. (4-17) Critical Section for Moment
1 ) ) 2mRn\ 1 ) 2 % 20.6 x 1.15 — 0.00282
P=m fy |~ 206 420 -

As = pbd = 0.00282 x 2850 X 573 = 4606.9 mm?

ASpin = 0.0018bh = 0.0018 X 2850 X 650 = 3334.5 mm?
As > Asin SO, Take As = 4606.9 mm?

Use 30014 in both directions
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4.11: design of Basement wall

4.11.1:- load calculation

Fc’=28 MPa, Fy=420 Mpa, Ys=20KN/m?, qall=400KN/m?, ¢=30,
surcharge =5KN/m? , wall thickness =30 cm

- i QJQ_
:
- :
" |
: [ 4 00m
& IF_E_“ 4,50 ﬁ;&
I il m
; iwﬁ-ﬁ;”}m‘ | il | T'-r_%ﬁﬂl

Fazement Wall

Fig.(4-18) basement wall
K=1-sin¢g =1-sin30=0.5

Wy=Kxh*y=0.5x4%20=40KN/m?
Woy, =K*P =05%5=25KN/m?
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Fig (4-19) basement wall loads

From Atir we have moment and shear envelope:

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1

2.2 55. 1.8

Shear

-70.
-61.3

3g. 373

Fig.(4-20) shear and moment diagram

4.11.2:-Design of Bending Moment
D=300 — 40 - 10=250mm
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R, = an
b-d

_ 55%10°
" 0.9%1000%* 250’

__ v
0.85 fc

420
m=——_
0.85x24

1 2mR, * *
ool ho _ 1 1—\/1—2 20.58*0.977 | _ 1 00035
m f, 20.58 420

p = 0.00235 > pmin = 0.0015 .......0K

=0.977MPa .

=20.58

As req = 0.00235*1000*250= 587.5 mm?/m
Chick for mim .

1 1
PV, = 0-25mw/fc’ *bx*xd= O.ZSEM* 1000 * 250 = 724mm2/m

v 1.4 bsd 1.4
= — % * =
PV 420 420

Check for spacing

3h=3*300=900mm

S=450

Use @ 14@ 18 cm for inside , As prov = 850 mm?/m _ ok

Use ¢10@20 cm for vertical in outer side to hold the horizontal bares

* 1000 * 250 = 833.3 mm2/m .... controal

For horizontal bars use the half of the min. in each side
0.5*Ashmin=0.5*0.0025*300*1000=450 mm?/m

Use ¢ =8

Use for horizontal bare ¢ 8@15 cm in each side
Check for strain:

Tension = Compression
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A * fy =0.85* fc' *b*a
850*420=0.85*24*1000* a
a=17.5mm
c=2 _175_50588mm
B, 0.85
855

SS =

20.588

&, =0.01108 > 0.005——> ok
4.11.3:-Check for shear

*0.003=0.0334 > 0.005— ok

0.75
PV, = %\/F #bxd =—=V2451000 250 10~ = 153.09KN

0.5 ¢ V= 0.5%153.09= 76.54KN
Vu = 50KN

Vu < 0.5¢Vc
50 <76.54

The thickness is enough

4.12: Design of Stairs (ST1A)

1,53 3,90 1,55

Fig (4-21) : Stair (ST1A)

4.12.1 Determination of Thickness:
Height=4.5m

Rise =4.5/28 =16 cm
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height

rise

run

LL

fc'

fy

4.5m

16 cm

30cm

5 KN/m2 |24 Mpa

420 Mpa

- Minimum slab thickness for deflection is (for simply supported one

way solid slab)
h,min =L/ 20

h,min =4.675/ 20 = 233cm

= Use h = 20cm.
0 = tan’}(16 / 30) = 28.07°

............. take h=20 cm.
h,min (cm) 0
20 28.07°

4.12.2 Load Calculations

plaster =

concrete =

mortar = (

Stair = (

Tile = (

0.0
cos

0.25*25
cos 28.07

3*22
28.07

=0.748

5.66

0.3+0.16

0.3+0.16,, 25

0.35+0.16

* Y _ 9o
2 ) 0.3

Live load (LL) =5 KN/m

Dead Load calculations of Flight :

)*0.02*22 =0.675

)*0.03*27 =1.377

Total load (DL) = 10.46 KN/m
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Table(4-5)Dead Load calculations of Landing

material gama h(m) b(m) KN/m
tiles 22 0.03 1 0.66
mortar 22 0.02 1 0.44
RC 25 0.25 1 5
plaster 22 0.03 1 0.66

Total load (DL)
Live load (LL) =3 KN/m2

Total Factored load,,,, (W =1.2DL + 1.6LL)
For Wy, » W =1.2*10.46+ 1.6*5 = 20.552 KN/m

FOr Wy, g, » W = 1.2%6.76+ 1.6*5 = 16.112 KN/m

W gigne (KN/m) Wianging (KN/m)
20.552 16.112

20,552 KN/ m

40KN

4UKNT

0,773 3.9 0.7/732

Fig(4-22)Structural System of Flight
4.12.3 Check for shear strength For Flight:

Assume @ 14 for main reinforcement;-
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d=h-20-db/2=200-20-14/2 =173 mm
Vu =40KN

_ 0.75*/24*1000*173
6

vu=40 KN < 0.5* gvc=52.95 KN.

NC =105.9KN /m

Thickness is adequate enough

db (mm) h(mm) d (mm) Vu (KN) | ¢vc(KN)
@14 200 173 40 105.9

4.12.4 Design of Flexure:

Moments: spans 1to 1

| 2.337 37.35 2.337 \

40

40

Fig (4-23): Envelope diagram Flight (ST1A)

4.12.5 Design for Flight:

* 2
My = agwp 3375 20-552%2.3375

Mu = 30.35 KN.m
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Mn =Mu /0.9 =30.35/0.9 =33.72 KN.m/m

d=h-20-db/2=200-20-14/2=173 mm
R = Mn
b-d?

* 6
o _ 3372*10

=——>=12MPa
" 1000*173°

_
0.85x fc'

420
m =
0.85x24

1 2mR * *
p=—1- [1- n :i 1—\/1—M =0.0029465
m fy 20.6 420

As,,= 0.0029465*1000*173 =509.75 mm/m > As_. = 450mm?
/m.... OK

=20.6

As... =0.0018*b*h =0.0018*1000* 250 = 450mm?/m
Use ® 14 then,

N=509.75/154=331 ., S= % =1 -0230

Mu(KN.m) | m Rn p ASreq( AsSmin( S(mm)
mm? mm?
30.35 1.2Mpa | 0.00294 450 250
20.6 509.75

Take 4®14/m with As = 616mm2/m strip OR
Use 1® 14 @ 25 cm c/c

- Step ('s) is the smallest of :-
1. 3*h =3*200=600 mm
2. 450 mm
<380 (%)—2.5* Ce
<380 * (%)—2.5* 20 =380 * () — 2.5 * 20 = 330mm
37y

254
3
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< 300 (22) =300 * (22) = 300 * ( 28‘2’0)=300 mm ... (control)

2
fS Efy 5*4-

4.12.6 Check for strain:

Tension = Compression

A *fy=0.85*fc' *b*a
616*420=0.85*24*1000*a
a=12.68mm
c= a_ @ =14.92mm
B 085

. 173-14.92

: 14.92
g, =0.03178 > 0.005—— ok

*0.003

616 12.68 14.92 0.03178

Temperature & Shrinkage reinforcement:

ASpriniage = 0-0018x b x h = 0.0018x 1000 x 250 = 450mm?2/m

n=450/154=292 S=H=— =0.34m

Take 3 ®14/m with As =416.7 mm2/m strip OR
Use 1® 14 @ 30 cm c/c

- Step ( s) is the smallest of :-
1. 5%h =5* 200 = 1000 mm
2. 450 mm — control

450 300 3 D 14

WRB= 40 KN/m WRA =40 KN/m

4.12.7 Design for landing (L2A):
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19 KN/m 19 KN/m

20.992KN/m

\

Py

50-7KNT T50.7KN
1375 0,30 1,375

Fig(4-24) Structural System of Landing (L2A)

Moments: spans 1to 1

1.52 48.3 1.52

Shear !

-50.6

50.6

66.3

Fig (4-25): Envelope diagram Of Landing (L2A)

Vu =50.7 KN/m
4.12.8 Check for shear strength (L2A):

Assume @ 14 for main reinforcement:-
d=h-20-db/2=200-20-14/2 =173 mm

_ 0.75*+/24*1000* 223
6

Vu=50.7 KN /m < 0.5* ¢gvc=52.97 KN/m .

=105..9KN /m

AN

77




- Thickness is adequate enough

4.12.9 Calculate the maximum bending moment:

Mu=50.7*1.525 — 19*1.375*008375 —

Mu = 36.71 KN.m/m
Mn =Mu/0.9=36.71/0.9 =40.78 KN.m/m

d=h-20-db/2=200-20-14/2=173 mm

_ Mn
" b-d?

R

R 40.78*10°
" 1000*173?

~ 0.85x fc'

1
pP=—
m

fy

420
m =
0.85x24

o

=1.36MPa .

=20.6

1 1_\/ 2*20.6*1.36
20.6 420

16.112*1.5252

J =0.003353

As,.. = 0.003353*1000%173 = 580.23 mm2/m> As,,, = 450mm?/m....

OK

As_. =0.0018*b*h = 0.0018*1000* 250 = 450mm? /m

Use @ 14 then,

n=580.23/154=376 , S=L=_1 =0261m
n 3.76
Take 4 ®14/m with As, provided = 616 mm2/m strip OR
Use 1P 14@ 25 cm c/c
MU(KNm) m Rn P ASreq( ASmin(
mm®) mm? S(mm)
40 20.6 |1.36Mpa | 0.003353 | 580.23 450 250
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Step (' s) is the smallest of :-
1- 3*h = 3* 200 = 600 mm
2- 450 mm
3- <380 (%")—2.5* Ce
<380 * (%)-2.5* 20 =380*(%)—2.5*20=330mm
3/y 3
< 300(2;;50) =300 * g) = 300 * ( zjgo) =300 mm (control)

2*
37y 3

4.12.10 Check for strain:
Tension = Compression

A *fy=085*fc'*b*a
616*420 = 0.85*24*1000* a

a=12.67mm
c= 2 1287 1) omm
B, 085

g = 2837149 44 003

14.9
g, = 0.04189 > 0.005——> ok

As (mm?) a (mm) ¢ (mm) &,
616 12.67 14.9 0.04189

Temperature & Shrinkage reinforcement:

ASprinage = 0-0018 b x h = 0.0018 %1000 x 250 = 450mm?
1 1
n=450/154=292 , S=>-=_-"-=0.34m
n 292

Take 3 ®14/m with As =416.7 mm2/m strip OR
Use 1® 14 @ 30 cm c/c

Step ('s) is the smallest of :-
1. 5*h =5* 250 = 1250 mm
2. 450 mm — control

ASShrinkage( mm2 ) S(mm) n db (mm)

450 300 3 D 14
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4-13:Design of shear wall (SW25):-

fig(4-26): Place Of (SW25) form Etabs Program

Fig (4-27): Moment and shear diagram (SW25)
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4,3

4,3

4,3

4,3

Fig (4-28): Section Of Shear Wall (SWC4)

fc' = 24MPa
fy = 420 MPa

t=20 cm , shear wall thickness
Lw = 7.9 m, shear wall width

hw for one story wall = 4.5 m story height
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fc' (MPa) fy (MPa) t (cm) Lw(m)

hw(m)

24 420 20 7.9

4.5

4.13.1 Design of shear:

- Design of the Horizontal reinforcement:

- The critical Section is the smaller of:

w79 _

=3.95m...... control
2 2
hw _ 4+45%x4 _11m
2 2

storyheight =4.5m
d=0.8xlw=0.8x7.9=6.32m

vu (KN) | Story height(m) d (m)

264.6 4.5 6.32

5
DVmax = Qg f'hd
= 0.65x0.83x% +/24 x200x6.32 = 3340.7KN

* *
Vcl= V24 220 032 =1032KN

Nu=DL + LL = 4098.3.7 KN

Nu*d

V2 =0.27x~/24 xh*d +
4w

4098.3*6320

Vc2 =0.27 x~/24 x200*6.32 + 1+9.7

82




- Moment at critical section:

3137*2627 _ Mu™*2627

4 4-252
Mu = 2920 KN.m

Mu Lw_ 2920 7.9 =7.08 (+ve value)

Vu 2 2646 2
7.9%(0.1% /24 + 70.2**4098)
V3 = (0.05%V24 + e 7.9%02 "y = 581 8§ KN.....
Control
dVn,max(KN) Vc (KN) Mu (KN.m)
3340 581.8 2920

- Determine required horizontal shear reinforcement:

Vu =264.6 KN >%*O.75*581.8 =218.17 KN No need

reinforcement

- Minimum shear reinforcement is required:
Take p =0.0025

- Maximum spacing is the least of :

Lw _ 7900 _ 1580mm

5 5
3*h = 3*200 = 600mm
450 mm ....... Control

Try ¢10 (As = 78.5 mm2) for two layers

_ Avh _ 2*785
h*S2  200*S2
S2=314mm , take ¢10@25 mm

=0.0025

o
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- Determine vertical shear reinforcement:

w2 )78
I 7.9

h
Pomin > 0.0025 + 0.5 (2.5 - TW) (p, — 0.0025) > 0.0025
h

IVVVV: 2.78 >2.5 , pmin = 0.0025

For this wall with

Select @ 10 @250mm. In two layer

- Maximum spacing is the least of :

tw _ 7900 _ 9633 3mm
3 3

3*h = 3*200 = 600mm

450 mm ....... Control

Try $10@ 250mm (As =78.5 mm2) for two layers

4.13.2 Design of bending moment:

Mu = 3137 KN.m
7900

Ast = 2—0*2*78.5 =4961.2 mm2
_ Ast ,fy _ 49612 420 _ 0.05495
Lw*h fc' 7900*200 24 '
o= Pu _ 40983  _ 0.108

 Lw*h*fc'  7900%0.2*24

© oo _(wra) _ (005495+0.108)
Lw  2w+0.85%4 2*0.05495+0.85%0.85

) =0.19575
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B, c
OM,, = 0 |0.545.f, L, (1 + —)(1 — —
Astfy lw

= 0.9%(0.5*4961.2%420%7900%(1+ (209871000 yyyc(q

4961.2*420
0.19575)* 10°°
® Mn = 17673 KN.m >> Mu = 2920 KN.m

Try $10@30250 mm

—use ¢p10@250 mm for vertical reinforcement
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1. American Concrete Institute (A.C.1. 318-08) .
2. Uniform Building Code (UBC-97).
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