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Structural Design and Details of Applied Sciences College

Project Team
Asmaa Sweity Nidaa Hijii

Dina Maswadeh

Palestine Polytechnic University-2015
Supervisor

M.Sufian AL_turk .

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

for Sciences and Humanities College in Dora in Hebron city .

This building consists of three stories and it contains all activities required for any
person. 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
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
As = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

C; = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

f. = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or in direction parallel to longitudinal reinforcement.

Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

XIIT




Vu = factored shear force at section.
Wc = weight of concrete. (kg/m?).
W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.
€. = compression strain of concrete = 0.003mm/mm.
&, = strain of tension steel.

&, = strain of compression steel.

p =ratio of steel area .
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Chapter 4 4

Structural Analysis & Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Comparison Between the thickness of one way Rib slab and Two Rib slab
4.4 Design of topping.

4.5 Pos (R 6): Design of one way Rib slab.

4.6 Pos. (B 12): Design of Beam.

4.7 Pos.(R2) : Design of two way Rib slab.

4.8 Comparison Between the thickness of one way solid slab and Two solid slab
4.9 Pos. (S38): Design of one way solid slab.

4.10 Pos. (S19): Design of two way solid slab.

4.11 Peos. (C,S222): Design of column.

4.12 Pos. (SW73): Design of Shear wall .

4.13Pos. (F5): Design of foundation.

4.14 Pos. (ST1): Design of stair .

4.15 Pos.(Ch6) Design of Composite beam .

4.16 Pos (10) Design of truss .

33




Chapter 4  Structural Analysis & Design

4.1 Introduction:
Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels, and ¢

Reinforced concrete is logical union of two materials: plain concrete, which possesses high comp
strength but little tensile strength, and steel bars embedded in the concrete, which can provide the

strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequently
admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and spec:
that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit weight from about 1350 to 1850 kg/m°.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m>.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m”.

4.2 Design method and requirements:

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_code (318_08).

v' Strength design method:

In ultimate strength design method, the service loads are increased by factors to obtain the load at
failure is considered to be occurring.
This load called factored load or factored service load. The structure or structural element is then
proportioned such that the strength is reached when factored load is acting. The computation of th
strength takes into account the nonlinear stress-strain behavior of concrete.
The strength design method is expressed by the following,

Strength provided > strength required to carry factored loads,
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Chapter 4  Structural Analysis & Design

NOTE:

The statically calculation and the key plans dependent on the architectural plans.

e S ode: ACI2008
UBC

v Material :
Concrete: B350.... fc'=35N/ mm?* (MPa) For circular section

but for rectangular section ( fc'=35%0.8 = 28MPa) .
Reinforcement steel : The specified yield strength of the reinforcement {fy = 420 N/mm? (M

Mild steel :  A-36

Connection Type : Weld , Bolts

v' Factored loads:
The factored loads for members in our project are determined by:
W,=12Dy+1.6 Ly, ACI-code-318-08(9.2.1).

Fig 4.1: One Way Rib slab R 6)
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NOTE:

The statically calculation and the key plans dependent on the architectural plans.

Y Code: ACI2008

UBC

v Material :
Concrete: B350.. .fC'= 35N /mm*(MPa) For circular section

but for rectangular section ( fc'=35*0.8 = 28MPa ).

Reinforcement steel : The specified yield strength of the reinforcement {fy = 420 N/mm? (MP

Mild steel :  A-36

Connection Type : Weld , Bolts

v' Factored loads:
The factored loads for members in our project are determined by:
W,=12Dy+1.6L;, ACI-code-318-08(9.2.1).

*Check Thickness of one way rib slab:

Fig 4.1: One Way Rib slab R 6)
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Chapter 4  Structural Analysis & Design

NOTE:

The statically calculation and the key plans dependent on the architectural plans.

Y Gode .. ACI2008
UBC

Y Material :
Concrete: B350.. Je'=35N/ mm?*(MPa) For circular section

but for rectangular section ( f¢'=35*0.8 = 28MPa ).

Reinforcement steel : The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}
Mild steel : A-36

Connection Type : Weld , Bolts

v' Factored loads:
The factored loads for members in our project are determined by:
W,=12Dp+1.6L;, ACI-code-318-08(9.2.1).

Fig 4.1: One Way Rib slab (R 6)
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v’ Statically system for (R 6) :

— -
\3
2
1 : . :
= —4
E A
o . 0.8 5.91 o
- . = 6.56 T e
e 6.65 | ey
.
35. l ,
15. 3
A-A
o
0
: Q
Tp)
[ Y
~150——400 150 it po

The minimum required thickness is:

L _ 6650 _ .
185 185 =359.4 mm for end continuous supported.

Select hmin = 350mm
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Two way Rib slab (R 2)
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Rib slab (R 2) :
55.
{ B.
35.
15.

.215
__0.55%0.08%0.04+0.15%0.27%0.2 =12.38 cm
0.55%0.08 + 0.15%0.27

Y.

0e? 2 0272 27 % 0.09122 = 91534.785 e’
=== +0.55%0.08 x0.0838% + 0.15x—— +0.15%0.2 car

T Beam (B,G8 /B,G7/ B,G2 ):
80.

Irib =(0.55 *

60.
50.

¥ __35%80%17.5+25%50%47.5
< 80+35 + 25%50

=26.76 cm

353 3
Ib=80*‘E+80*35*9.262+ 50*% +50 * 25 % 20.74% = 112.871 *10 * cm*

L Beam (B,G1) :
50.
35
GO.
30.

35+50%17.5+25+30%47,5
Y.=

50435+ 25530 _ 26.5cm

3
Iy=50 * 2> +50 x 35 4 92 1 3 , 25°
. =2 *35%9 +3o»=12 +30 %25 % 212 = 69 0 *104 em?
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Ig =20, 9.1534 » 10* =139.8 % 10* cm’
55

Iy, = 2224 9.1534 x 10* = 139.8 * 10* cm’
55

I =425, 9.1534 « 10* = 69.6 + 10* om*

Igy = 4;)?5 £9.1534 * 10* = 67.02 * 10* cm®

_ 112.871+104

= =81
&= 308 107

_ 112.871+104

— ——139.8+ 10* = 81

2

_ 1128714104

69.6« 104 =1.62

3

_ 69.02+10 4

67.02% 104 =1.03

(1 7}

X1+X2+oc3+0c4 L ; o0
== 4 : 7.55

420
7600 (0.8+ ==L

" 36+5%1.007%(1.07-0.2)

=207 mm

The thickness of two way.rib slab is smaller than in one way rib slab S

......................... 2

Take the slab thickness =35 cm, 27 em for concrete block . 8 cm, for topping.
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v Statically system for topping :

Consider the topping as strip of (1m) width, and span of mold length with both end fixeq in theg

e L
v Load calculations:
Dead load calculations:
Dead load from: dxyx1 KN/m
Tiles 0.03x23x1 0.69
Mortar 0.03x22x1 0.66
Coarse sand 0.07x16x1 1.12
Topping 0.08x25x1 2
Interior partitions 1.5x1 1.5
> 5.97

Live load :
L=SKNAn® — 5 1; =5 KN/m? x 1y 5 KN/m
Factored load :

Wy =12 x5.97 + 1.6x5 =15.164 KN/m.
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m

=0.55.
Check the strength condition for plain concrete, @Mn > My, where @

M, =042 % /F! Su (ACI 22.5.1, equation 22-2)
SIS 1000X80 - 15 e o 67 mm?2
y 6 6

oM, =0.55x1x+/28 x1066666.67 x10~¢=3.1 KN.m

M, = Wal? — 0.202 KN. m (negative moment).
12

M,="%2 _ 0101 KN. m (positive moment).
24

oM, >>M,= 0.202 KN.m

No reinforcement is required by analysis. According ACT 10.5.4, provide Ag i, for slabs as shrinkage a
temperature reinforcement.

Pshrinkage = 0.0018 ACI 7.12.2.1

As=pXbxhygpping =0.0018 x1000x80 = 144 mm?/m .

Step (s) is the smallest of:

1. 3h=3x80=240 mm. control ACI 10.5.4
2. 450mm.
= 280 g 280
38 —380( = ) 2.5C, = 380 (ﬁ) — 2.5.20 = 330mm but
280\ _ 280 \
S<300 F) = 300 (;?0) = 300mm ACI 10.6.4
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ACI- (318-08) .

% Requirements For Ribbed Slab Floor According to

bw>10cm............
e ACGT8,13.2)
Select bw=15cm
MRSl bRt ev Bl sl ACKB.13.2)

Select h=35cm<3.5*15=52.5cm

=S 0mm ... .t S i ACI(8.13.6.1)
Select tf=8cm
< The effective flange width (b.), according to ACI 8.12.2 is the smallest of:
mEb: S-;: = % = 1477.5 mm L, is the clear span of the rib.
®  be <by +16hs = 150+16x80 = 1430 mm.
" be <center to center spacing between adjacent beams = 550 mm. Control

v’ Statically system and Dimensions,

One way nb stab —_ Shrinkage & Temperatuer Bars —.

=
s — :
o8 ] %
. 'n “ :
/ e v ‘ z :
Rib — oL z -

Holow Block (28em ) —

Fig 4.3: One way Rib slab (R 6).
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%

v Load calculations:

Dead load from: dxyXbe KN/m

Tiles 0.03x23x0.55 0.3795
Mortar 0.03x22%0.55 0.363
Coarse sand 0.07x16%0.55 0.616

Topping 0.08%25x0.55 1.1

Interior partitions 1.5x0.55 0.825

RC rib 0.27x25%0.15 1.0125
Hollow Block 0.27x10x0.4 1.08
Plaster 0.03x22x0.55 0.363

% 5.739

Table(4-1) calculation of the Dead load for(R6)

Live load :
Live load /rib = 5 KN/m” x 0.55m = 2.75 KN/m.

Factored load :

Dy=1.2 x5.739 = 6.8868KN/m.
Ly=1.6 x2.75=44 KN/m. m
Wu=11.2868 KN/m.
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m

Dead load factored
0.006
0.!
: i sy 3 ¥ : .56~
3 0.
Live load factored R
4 4.40
v W y i/ \
6.65 6.56 7

v Flexural Design for (R 6):

Moment for R1:

Moments: spans 1to 2

61.5
43.7 -43.9
i 2.16,2.21 :
[ Il —=
N f .
1.3314.
7.2 ’\}Li

N

38.6
L 2.66 | 3.99 :
|
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m

Design of positive moment.
M,=39.9 KN.m.

Assume bar diameter @ 12 for main positive reinforcement.
12
d =h- cover - dyimps — 52 = 350 — 20 — 10 — - = 314 mm.
Check if a > hy to determine whether the section will act as rectangular or T- section,
' hy
Mnf=0.85. fc 0 be. hf' (d = ?)

= 0.85 X 28 X 550 X 80 X (314 - ?) % 10~6 = 286.94 KN.m

Mg > My 44.33 KN.m, the section will be designed as rectangular section with b.=b = 550 mm,
%

_ M, _ 399x10¢
™ @bd2 T 0.9x550x3142

= 0.817 Mpa.

Iy 420
m= ;=
0.85f/  0.85x28

A e T R S T
P = (1 1 T ) S (1 1l ) = 0.00198

= 17.65

420

Agreq=p.b.d =0.00198 x550x314 = 341.946 mm>
*Check for A min .

As min 1S the maximum of :-
A =025 p g > 145
Iy fy

V28

L. Asmin=0.25->" 150 X 314 = 148,35 2

2. Asnin=722150 X 314 = 157 myn2 Control
Asrequirea = 341.946 mm?.
US-‘-"--Z-Q-lﬁ:ﬁaa&x@eﬂ..=...4.Q.1.:.9..2...l.Il.m.Z.Z__A_s,;gg,_,mf_34_1_:_9_4_1._5___mmn2.: __________ Ok
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M

150-40-20-@419) _ 58y > dp, = 16 > 25 mm 0K
1

S =

Check for strain:

Asfy _ 401.92x420
0.85b f! ~ 0.85x550x28

= 129 mm

0

i
C= o 15.17mm

g, = 0.003 (d—;f) = 0.003 (31‘;;57'”) = 0.06 > 0.005 ok

Design of Negtive moment.

M,=43.9 KN.m.

Assume bar diameter @ 12 for main positive reinforcement.

d =h- cover - dyimps — =2 = 350 — 20 — 10 — = =314mm.

My _  43.9x10°
@bd?  0.9%150x3142

R,= = 3.298 Mpa.

_ Iy 420 2
T 0857  0.85%28 17.65

L i _2mR, | _ $il 2x17.65%3.298
P (1 Le o )—1765( \/1 T)—000849

Asreq = p.b.d =0.00849 x150x314 = 399 88mm?

*Check for Ag i .

Asmin i the maximum of :-
Asmin=0.25 4L F byd 22, d
y

3. Aunin=025Y2 150 x 314 = 148 35 2

4. Asmin= —420 150 X 314 = 157 mm2 Control
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m

Asrequiea=399.88 mm”.

2 k
Use 2 9.16.. Asprovided = 401.92 mm’ > Asrequied =.392.88 ML ....... Ok

...........................................
...............................

S (150-40-20-2+16) _ pg. 00 < dpi=116 > 25 mm OK
1

Check for strain:
Asfy _ 401.92x420
4=08sp fl 7 0.85x150%28 47.28 mm
B Sdoba
c= i T 55.62mm
&, = 0003 (%) = 0,003 (31’;—;29) = 0.014 > 0.005 ok
v’ Shear Design for (R 6):
Shear
46.8
-38.7
-295
-23.2
1 ; . H
23.7
30.
38.4
46.4
Vumax =38.7 KN

Shear strength V., provided by concrete for the jo;
mainly due to the interaction between the slab a

= 45.69 KN
9 V. =0.75x45.69 =34 3 KN
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M

0.5 g V,=0.5%0.75%45.69 =17.13 KN

Vimin = 150 X 314 X 1073 = 15.7 KN

Vimin=-cV28 X 150 X 314 x 1073 = 15.58 KN Control

1] V0<Vu<ﬂ(Vc+Vs,min)
Case (3) for shear Design : Minimum shear reinforcement

2
Use stirrups U-shape (2 leg stirrups ) o 10 Ay,=2 x 78.5 =157 mm".

d 314
Smar = ; < 600 mm 5 157 mm Control,
Sreq = 3“;wfyf = 202 = 1318.8 MM > Spygx take S = Sy = 150 mm
fe s 16 4, fye _ 157 x 420 x 16 89522 n > f it~ S, . — 1500
q
b 15028

Use2-Lego 10 @ 150° mm, and 2-Leg 2 10 @ 200 mm in the middle space.
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m

4.6 Pos. (B 12): Design of Beam .
v" Dead load calculations:

Total dead load from R 5

Dead load from: dxyxbe KN/m
Tiles 0.03x23x%0.55 0.3795
Mortar 0.03x22x0.55 0.363
Coarse sand 0.07%x16%0.55 0.616

Topping 0.08x25%0.55 1.1
Interior partitions 1.5%0.55 0.825
RC rib 0.27x25x0.15 1.0125

Hollow Block 0.27x10%0.4 1.08
Plaster 0.03x22x0.55 0.363
z 5.739

Table(4-2) calculation of the Dead load for(R5)

Dead load factored = 1.2 * §.739 = 6.8868 KN
Live Load = 5 KN/m?

Live load /rib = 5 KN/m? x 0.55m = 2 75 KN/m.
Live load factored = 1.6 * 2.75 =44 KN/m

MM*;‘*\\;_:?:::’#&»M. -‘-g,\
: " —
( Q\ J.;hu&‘:« sk or s UG

: Palestine Foryiochaig guives,
E esiine Faiytaphaie University

{PPy}

ce \ SEAEN. Jadall g3 1 l‘
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m

Statically system and Dimensions for RS :

2\
1
! A :
2.05 . 0.5
; 0.8 : - } —
' ' 2.7 B
55. f
35.
15.
A-A
Dead load - Factored Units:kN,mete
6.87
2.7 i
Live load - Factored
i
2.7
Support reaction at beam 12 from RS dead =6.87%) 7 /2 =903 Ky — 16.87 KN/m
Support reaction at beam 12 from RS live = 440 *27/2= 5.94 KN =10.88 KN/m
50
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Units;
Dead load - Factored \k"‘meu
e g 16.8 16.8
4 i 6.00 5.00.
. 6,00
TR : gz
16.8 16.8 16.8
¥ r 5
6.00 6.00 Yool WD
Live load - Factored
10.8 10.8 10.8 10.8
: X A ; 1 \
4.05 4.2 ] 42 42
10.8 10.8 10.8
1 L 4 A a l
42 42 4.02
v' Flexural Design for (B12);
Moments e Moment/Shear Envelope (Factored) Units:kN,meter
ments: spans 1 to . S

£2.3 —

511
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aﬁq_——__ﬁ__’—fﬂ

Design of positive moment for B12 :

Max positive moment = 46.5 KN/m
Assume bar diameter g 20 for main positive reinforcement.

20
d =h- cover - dirrups ——flz—b =600:=40— 10— > = 540 mm.

Check if a> h¢ to determine whether the section will act as rectangular or T- section,

Mur=0.85. f;. b. hy. (d — -2)

350

= 0.85 x 28 X 500 X 350 X (540 i —2-) x 1076 = 286.94 KN.m

M. . .
Me>» —2=51.67 KN .m, the section will be designed as rectangular section
@

= M, __  46.5x106
T gbd2 T 0.9x500x5402

= 0.354 Mpa.

Iy 420
m= =
0.85f]  0.85x28

MR, 65X,
p=i(1— 1—2L> 2 (1—J1—w>=0.00085

420 | T 165 420

= 17.65

Asreq = p.b.d=0.00085x500%540 = 229 3 mm>
*Check for A, min .

As min 1S the maximum of :-

Aoin=0268T2 p g5 14)
f; fy

y

g s By
5 AEe =0.25°--300 X 540 = 510.25 mm2
_14 "
6 A =220 200 X 540 = 900 mm? Control
Asrequired =900 mnr’
U_s_@__‘lﬁ..1..8.,.A_s,nr.qyjd.@d..:....1.9.1..7..-3.6..1.1111.1.2._?..A&.rmujmf.Q.Q.Q...I.Il.m.Z_ _______ Ok
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§ = 30-8020-6419) _ 4,66 mm > dy = 18 > 25 mm 0K
Check for strain:
e = e = 35,9 mm
c= Bil =22 = 42.24mm
& = 0.003 () = 0.003 (2222%) = 0,035 > 0.005 Ok

Design of Negtive moment.

M,=40.8 KN.m.

Assume bar diameter o 20 for main negative reinforcement.
d =h- cover - dyimps — 2 = 600 — 40 — 10 — = = 540 mm.

_ M, _ 408x10°
™ 0bd2 T 0.9%x300%5402

= 0.518Mpa.

f 420
m= Y 7 =
0.85f;  0.85x28

AL [ _2mR, \ 1 2X17.65%0.518
P m(l 1 —420 >—F65<1—\/1_T =0.00124

= 17.65

Aszeq = p:b.d = 0.00124 x300x540 = 202.02 2
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*Check for A min -

A min 1s the maximum of :-

T . g2y g
: Iy Iy

7 Asmin =0.2512300 x 540 = 510.25mm”

8¢ Al =f§6300 % 540 = 900 mm? Control

As)required = 900 mmz.

...............................

s=-3‘m'8°;32°“4*1§=42.6mm =dy=18>25mm  OK

Check for strain:

Asfy _ 1017.36%420

0.85b f/ ~ 0.85X500x28 35.9 mm

a=

a _ 359 _
e T 42.24mm

540-42.24

5= W00 (%) 0005 ( 42.24

) = 0,035 > 0.005
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v' Shear Design for (B12):

Shear — 8
-83.6 o 754 74.6 -73.9 -76.6
o 555
-44.9 -47.6
-54.6 _‘% -46.4 45.6 b
ft- H H H H H tH
% v 47.8 44.9 45.6 46.4 431 e
6.
76.7 73.8 74.6 75.3 72. g5
Vumax = 54.6 KN

Vo= Ay/F Byyd = =V/28 x 300 x 540 x 1073 = 142.87 KN

2 V. =0.75x142.87 =107.1525 KN.
No shear reinforcement is required

Use (2 leg stirrups ) @ 8 — 20 ¢m.
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Chapter 4

Two way ribbed slab (R 2)

Fig. (4.4)

101S.

imensi

v Statically system and D

3
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\v’m

v Load calculations:

Dead load calculations:
Dead load from: W =yxV KN
Tiles 0.03x23%0.55" 0.2087
Mortar 0.03x22x0.55> 0.1997
Coarse sand 0.07x16x0.55 0.3388
Topping 0.08x25x0.55” 0.605
Interior partitions 1.5%0.55* 0.454
RC rib 0.27x25%0.15x(0.55+0.4) 0.962
Hollow Block 0.27x10x0.4x0.4 0.432
Plaster 0.03x22x0.55> 0.19965
> 3.4

Table (4.3) Calculation of two way dead load (R 2)
Nominal Tote

DL=3.4/(0.55% = 11.24 KN/m?
Nominal Total live load = 5 KN/m?
Determination of factored dead & live load
Factored dead load = 1.2*Dead load = 1.2*11.24 = 13 488 KN/m?
Factored Live load = 1.6*live load = 1.6*5=8 KN/m?.

W =13.488 + 8 = 21 488 KN/m>
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v' Flexural Design for (R 2) :

Moments calculations :-
M,=C, wl,2bgp and M= Cy wly> bp
LJ/Ly=7.55/7.6=0993=1 ........... Case 3

The moment calculation will be done for the slab middle strip.

*Negative moments :
Caneg (l/l=1)=0
Short direction

Ma—vefca*w*ng*b_,jb= 0.00. KN.m/Rib

Long direction

Copneg (I/1:=1) = 0.076

My =C*W* Ly b, =0.076*21 488%7.6 >*0.55= 51.88 KN m/Rib

*Positive moments :
Short direction
Cap (I/1=1)=0.018

_________ A otlea.T Setaaat Y

Mavep=Co*W* L, by, =0.018%13 488+7 55 240 55=7.612 KN 0

Car(l/=1) = 0.027
Masver =Ca*W* Ly "*bygy =0.02748%7.55%0,55= 6 77 g m/Rib

Masye = M-R.TY.%L_*:.MaWe 0.=.14.38 KN.m/Rib

.......................................
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ﬁf-———_——_——ﬁm

long direction

Chp (Wls=1) = 0.027

_______________________________

*Negative moments at Discontinuous edge (1/3 * positive moments):

M. =1438 s KNm/Rib

c.neg 8

Select 2 @ 10 /rib

Design for Negative and Positive moment:

* Short direction

d=850E0- 10— 19 = 31905
2

Positive Moment:

Midspan: (Mu = +14.38 KN.m/Rib )

M. 14.38x106
Ry= L = =
" Gbaz ~ Doxssoxzizz — 0-3 Mpa.

Iy 420

~ 0857  0.85x28 17.65

1 2.mR 1 ,
= = 1l =il — 22008 P O (P 2X17.65X0.
p m( 420 ) 17.65 (1 1= TH ) = 0.00072

As=pb.d=0.00072x550x312 = 123 55 2.
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m

Check for A min -

_g.g5 YT Sl
Asin <0253 by.d 2 2b,

0125 Y2 = 147.4 mm?
Asmin=0.25 2 150 X 312 = 14
Asmin =—=150 X 312 = 156 mm? Control.

420

As,requi_red =156 mmz.

Check spacing :

= 150—4o—i0—(2><10) =70mm >d, =10>25 OK

Check for strain:
_o.::f:}}c’ T 0.8155::54:)2:23 = 5.04 mm
= Bil = g%: =6mm
s 08 (d—;E) = 0.003 (312_6) =0.153 > 0.005 ok
* Long direction

d=350—20—1o_§=312mm

Positive Moment:
Midspan: (Mu =+19.7KN.m/Rib )

M 19.7x106
R = L — =
" $bdZ — 0oxssoxzizz — 04 Mpa.

fy 420

~ 0857  ossxzs — 17.65
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W/——’A‘

65%04 ) _ 0.00096
1 2mRy )\ _ 1 (4 /1__———-——2>‘17 )_—0.
= (1 —J1 "m0 ) W i76s (1 420

Control.

Ay = p.b.d=0.00096 x550x312 = 164.825 mm".
Check for A min -
Asmjn =O.25 E bw- d ..>_. ﬁbw. d

% Iy Iy

Ag min =o.25% 150 x 312 = 147.4 mm?

Asmin=22-150 X 312 = 156 mm?

As required = 164.825 mm®.

Check spacing :

g — 150-40-20-(2x12)

= =66mm>d,=12>25 OK

Check for strain:

Asf 226.08x420
Y — - —
085bs; . 0.85x550x28 — /20 MM

a 7.25
c= D 8.53mm

A— 312-8,
& = 0.003 (£5) = 0,003 (P22%) = 106 > 0.005 Ok
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Negative Moment :
Continuous edge : (Mu = - 51.88KN.m/Rib )

.88x10°
Ry= e 518 = 3.95 Mpa.
@bd2  0.9x150%3122

G o d20
M= Gesr ~ vesxzs LD

1 2.mR Eioaed i _M):0.0l
P=;,:<1— 1—32)—%(1 \[; 420

As=p.b.d=0.01 x150x312 = 468 mm”. Control.

Check for A min .

Agmn=025T5 p 4> 0
4 Iy Iy

Asmin=0252 150 x 312 = 147.4 mm?

Asmin=7-150 X 312 = 156 mm?

As,required =468 mmz.

I.J_S.Q.Z_ﬁ_.l.fi.IOJ!,.A.s,my.ia_e_diS.QS:éSmm?..?_.-As,r.@quired.—T_468 mm’. Ok

Check spacing :
_ 150-40-20-(2x18)
S = = =54mm>d, =18 > 25 OK
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Check for strain:

As, 8.68x420
fy = = = 59.85 mm
0.85b f!  0.85%x150%28

c=2 = 29,85 70.4mm
B, ~ 0.85
g = 0.003 i‘;—c) = 0,003 (“j—;i"—‘f) = 0.01 > 0.005 0k

v" Shear Design for (R 2):

W, (1/1;:=0.99=1)=0.17

o The total load on the panel being ( 7.6x7.55x21.488 = 1232.98 KN)
° The load per rib at face of the long beam is (0.17x1232.98x0.55/(2x7.6)=7.5844 KN)

Vg =7.5844 — 21.448x0.55%0.285 = 422 KN

Vo= AF byd = %m X 150 x 312 X 1073 = 45.4 KN

o V.= 075X 45.4 = 34.05 KN
Vud < ﬂVc.

No shear reinforcement is required
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Figure 4.5 : One way solid slab (S38)

*Check Thickness of one way solid slab:

v’ Statically system for (S38) :

2
1
. q _
4
0.5 : 5.35 05
I 1 1 ;{
(EaN 5.85 :

The minimum required thickness 1s:

L_ 5850 o
RETT 2.5 mm for simply supported.

Select hmin = 350mm
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*Check Thickness of two way solid slab:

8195
86199

Fig 4.6: Two way solid slab (S19)

v’ Statically system for (S19) :
‘
g sl N
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|
|

solid slab :

{

35

100.

,=0.353/12 =3572.9166 cm*

T Beam (B,G196 / B,G199):
Section of beam according to ACI :
Beff < 8tf + bw
<8%*35+50=330
Beff <2hw + bw

<2*25+4+50=100 control

100.
60.
50.

__35%100%17.5+25%50%47.5
100%35 + 2550

c

=254 cm

i 858 253
I, =100 *—+100 % 35+ 7.92 + 50 %= +50%25%22.12 =125 *10* cm?

66
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L Beam (B,G197,G200) :

hw =25 cm < 4*hf=4*35=140 cm
Beff=bw +hw=30+25=55cm

1

55.

35
@o.

30.

g 7.5
y, —55+35+17.5+30+25+47.5 _ 95.9cm
g 55+35 + 2530

iy = 505+ S e [y ey *515; +30 % 25 x 21.6% = 72.132 *10* cm*
12

External:

Is; =410 * 3572.9166 = 146.5 * 10* cm*

Is; =410 % 3572.9166 = 146.5 * 10% cm*

Internal :

Is3 =860 * 3572.9166 = 307.27 * 10* cm*

Iss =750 * 3572.9166 = 267.968 * 10* cm*

_ 72132%10%4

%1% T ese10r 050

_ 72132x104

1t65e10¢ 139-8* 10*=0.50

12522104

3% 307272108 04

_1252+104 _
T Z6796e 10t 046
C1+0C2+0¢3+ 4

Qfp = —
fi 4 0.465 B

o
=

]
l
[
2

77/

67
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420 )
8100 (0.8+ -

h-36+5*1.05*(0.465—0.2)

=238.29 mm

v *8350"_.fc'= 28N /mm*(MPa)

v’ The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}
v" Live Load (LL) = 5 KN/m?

v Load calculations:

Dead load from: Xy KN/m
Tiles 0.03x23x1 0.69
Mortar 0.03x22x1 0.66
Coarse sand 0.07x16x1 1.12
Interior partitions 1.5x1 1.5
Slab 0.35x25x1 8.75
Plaster 0.03x22x1 0.66

> 13.38

Table(4-4) calculation of the one way solid Dead load for(S38)
Dead load :

Dead load =13.38 KN/m?.

Live load :

Live load = 5 KN/m?.

68
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Factored load :
D,=1.2 x13.38 =16.056 KN/m.
L,=1.6 x5=8 KN/m.
Wu=24.056 KN/m.
Dead load service
T
13.4
5.85
Live load service
T T e R e
5.85
v' Flexural Design for (S38):
Moment for S38:
____________ : .
16.9
16.9
P 2.92 103 j—’/!
: BRI
/
69
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Shear for S38: \7
-56.7 °‘
‘ 56.7
70.4 -

v For shear:

check whether thickness is adequate for shear:

Y, max =56.7 KN/ 1m strip

!

d =h- cover - dyimps — 22 = 350 — 20 — 10 -2 =314mm.
®Ve= é*(D*,/fc'*bw*d

i %*0_75*@*1000*314 =207.7 KN/ 1 m strip

%CDVC= 207.6

= 103.8KN/1m strip

Vi max =56.7 KN/ 1m strip < Ve

The thickness of the slab js adequate enough.

70




L (TE T T

Design of positive moment.

M, = 103KN.m.

Assume bar diameter g 12 for main positive reinforcement.
12:. :
d =h- cover - duimps =2 = 350 — 20 — 10 — - = 314 mm
the section will be designed as rectangular section b = 1000 mm.

My, 103x10% 1.16 M
= = = 1l a.
Ry Pbd2 ~ 0.9X1000x3142 p

m=—22_ = 420 __ 4765
0.85f,  0.85x28

SE e, Ly g 2XATSSXLIC ) 0,002833
p—m<1 e )—17.65<1 Jl 420 )

*Check for As i .
Asmin= 0.0018 x1000x350 = 630 mm?/m
A required = 889.5 mm? /m .

Use 2 12/10.cm , A

step ( s) is the smallest of :-

ssso(%)—z.s*cc

280
S380*(7—)~2.5%20 =380 * (280 i i
e Ok o )=2.5* 20 =330mm

280
= S00{ 7 ) =300 (222)= 300+ 280
3’7y 3* 420

S3*h=3*350=1050m

<450 mm.

7

e
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Asreq = p.b.d =.002833 x1000x314 = 889.5 mm?*/m Control

provided = 11304 mu’/m > A renuiea=889.5 mm? /m .

)=300mm (control)
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( Temperature and Shrinkage ) :

- p =0.0018

AS min=p,. *b*h =0.0018*1000*350 = 630mm*  (control)

Use ®10@ 120 mm
step ( s) is the smallest of :-

<5%*h=5%300=1500 mm
<450 mm. . (control)

- Check for strain:
Tension = Compression

A* fy=085% fr' *p*q
1130.4*420=0.85*28*1000* 4
a=19.948m
a 19.948
= E = ST = 23.468mm
s 314 -23.468
: 23.468

&,=0.037 > 0.005—s ok

*0.003

72
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Dead load calculations:

For 1m strip
Dead load from: dxy KN/m
Tiles 0.03x23x1 0.69
Mortar 0.03x22x1 0.66
Coarse sand 0.07x16x1 1.12
Interior partitions 1.5x1 1.5
Slab 0.35%25x%1 8.75
Plaster 0.03x22x1 0.66
X 13.38

Table(4-4) calculation of the Dead load solid for(S19)

Dead load :

Dead load =13.38 KN/m?.
Live load :

Live load = 5 KN/m?.

Determination of factored dead & live load
Factored dead load = 1.2*Dead load = 1 5% 13.38 = 16.056KN/m?
Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m?

W=16.056 + 8 = 24.056 KN/m>

73
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Statically system for S19
#

e S. 70

v" Flexural Design for (S19) :
Moments calculations :-

M,=C,wl’b and M,=C,wl’b

By =7 7/81=095 ........... Case 3

*Negative moments ;

Short direction

Caneg (1/15=0.95) = 0

Ma-ve._._—.Cp,’fW*ng*b': 0.00. KN.m

Long direction

Cb,neg (la/lb=0.95) o= 0072

Moo =Cot W L ™b 20.072%24.08%8 1 1= 113 657 N

74
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Positive moments :

Short direction

Cop (1¢/1,=0.95) = 0.021

...........................

Car(1/1,=0.95) = 0.031

Mo =Co*W* L, 2*b =0.031*8*7.7 *1=14.7KN.m

Long direction

Cyp (1/1;=0.95) = 0.025

............................................

*Negative moments at Discontinuous edge (1/3 * positive moments):

34.724
Mc.neg = 3 =11.6 KN.m

Select 2 10/10 cm
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Design for Negative and Positive moment:

* Short directionl=7.70

2 ;
d =h- cover - dsmmps—gz2 =850-—20—10—=>= 314 mm

Positive Moment:

M 34,724x10°
Ry=—% = = 0.39 Mpa.
2 Gbdz ~ 0.9x1000x3142 p

i R
s 0.85f! ~ 0.85x28 17.65

=l 58 _ 2.mRy i 1 i _2X17.65X0.39 L
p m<1 1 m) 17‘65(1 J1 e ) 0.000936

A, = p.b.d=0.000936%1000%314 = 293.9 mm? /m .

Check for Asmin -
A min = 0.0018 * 1000* 350 = 630 mm? /m

As required = 630mm?>.

Use 0.12/15 cm_Bottom, Asproyigeq =754 mm? / m > Asrequired = 630 mm?/ m Ok
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- Check for strain:
Tension = Compression

A*f=085*fc'*b*a
754 * 420 = 0.85* 28*1000* a

a=1383m
oo Ll
P 0:8S
£, = 314-1565, 0.003
15:65

g, =0.057 > 0.005—— ok
*long directionl=8.10

d =h- cover - dsmmps—% =350-20-10 —1?2 = 314 mm.

Positive Moment:

M 41.6x106
R = - —_
"= UbaZ — vox1o0ox3iaz — 0469 Mpa.

420
m= f",:
0.85f  0.85x28

= 17.65

=1(1_ |1_2mB \_ 1
P <1 il o > = ﬁ(l — [1 — 2x17.65x0469
As=p.b.d=0.001127%1000x314 = 354 mm? /

Check for A

Asmin = 0.0018 * 1000* 350 = 630 mm? /

As,requined = 63Omm2.

....................

717
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e ) =0.001127

T
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- Check for strain:

Tension = Compression

A*fy=085*%f'*b*a

754 %420 = 0.85*28*1000* a
a=13.3m
c=i=—13—'3=15.65mm

B .85
s 314-15.65
3 15.65
g, =0.057 > 0.005—— ok

*0.003

Negative Moment:

M, 113.657x108
R = 2 — —
"= 3baz = oxio0oxz1az — 128 Mpa.

f; 420
m= Y 7 =
0.85f;  0.85x28

i 2.mR 1
=== Uy | RN % 2X17.65%1.28
P m( ‘ 420 ) 17.65 (1 \/1 B ) = 0.00314

= 17.65

As=p.b.d=0.00314x1000x314 = 985.96 mm® /m
Check for A .
Asmin =0.0018 * 1000* 350 = 630 mm? /m

As required = 985.96mm?.
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- Check for strain:
Tension = Compression

A*fy=085%fc' *b*a
1025.73% 420 = 0.85*28*1000 * a

a=18.1mm

S A 1813 =21.329mm

b
_314-21.329

& =132
g, = 0.041> 0.005—> ok

*0.003

v" Shear Design for (S19):

W, (1/;=0.95) = 0.20

o The total load on the panel being ( 8.1x7.7x24.06 = 1500 622 KN)
° The load at face of the long beam is (0.20x1500.622x 1/(2x7.7)=19.5 KN)

Vg =19.5-24.060%0.285 = 12.643 KN

1.1 5
Ve="&/F bwd = =28 x 1000 x 314 x 10-3 = 304.614 KN
[} V¢= 075X 304.614 = 228.5 KN

Vud < ch.

No shear reinforcement js required
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- Check for strain:

Tension = Compression

A*fy=085*%fc' *b*a
1025.73* 420 = 0.85*28*1000* a

a=18.1mm

Ea i is 1y 21.329mm

A,
_314-21.329

& =" 1329
g, =0.041>0.005—— ok

*0.003

v" Shear Design for (S19):

W, (1/15=0.95) = 0.20

© The total load on the panel being ( 8.1x7.7x24.06 = 1500.622 KN)
° The load at face of the long beam is (0.20x1500.622x 1/(2x7.7)=19.5 KN)

Vi =19.5-24.060x0.285 = 12.643 KN

i 7 kil
Ve="&/F bwd = =28 x 1000 x 314 x 103 = 304.614 KN

g V.= 075X 304.614 = 228.5 KN

Vud < ﬁVc.

No shear reinforcement js required
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5 :
Fig (4.7) Place of column (C,S222)
Column Column Dimensions Je' i
Col. 222 90cm*30cm 28 Mpa 420Mpa

C,S 222:
DL= 582

LL=197

Pu=10136

80
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o In 0.90 m-Direction(about'Y axis)

ﬁ——f

o ML e ACI -(10.12.2)
—t<34-122 -

r
Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

tion
R: radius ofgyration =\/,—%; I s +-.EOT: rectanglﬂaf sec

Lu=48 m

1 =] ¢ i
Il\(/I=I/ML24ccording to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be permitted t, bemﬁ

as 1.0.

Gl ML ACI - (10.12.2)
r M2

1x4.8
0.3x0.90
< short Column in  0.90m:direction

=17.78 < 22

® In 0.3 m-Direction (about X axis)

klu M1
e oA == L CI-(10.12.
- 7 ACI -(10.12.2)

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration = \/jl: ~03h

Lu=48 m
M1/M2 =1

K=1, According to ACI 318-02 :
as 1.0. (1010.6.3) The effective length factor, k, shall be permitted to b¢ ke
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ACI —(10.12.2)

Klu M1
Mu 54 192
: <34 M2

28~ 5388 20
0.3x0.3

.. long Coloumn

in 0.3m:direction

EI =0.4 & le i [ACI318 —05 (Eg. 10 -15)]
1+ 4,
E, = 4700./fc' = 4700 x /28 = 24870 .06 Mpa
e l.iDL _12%(582) _ (91
u 1013.6
Rl 0.90x05 _ 50095 4
R 12
g1 = 042487006 x0.002025 _ ;. oo 2
1+0.69
bl
AT ACI318 - 05(Eq. 10 -13)
3.14% x11.92
P==— " %
SN0 <4.3) & s
- M1
Cm-O6+O4(M—2J ............ ACI318-05(Eq.10~16)
Cni—1..... According to ACI318— 05(10.10.6.4)
Cm

=

T =L (0 R ACI318-05(Eq. 10-12)

0.75* Pc
1
5)1: B s s
e

0.75x5100.9

Cun =1540.03 x h =15 10,03 x 300

= Cua X3, = 0.024 x1.36 = 00326

_ 0.03265
0.30

=24mm = 0.024 m,
Sm

82
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[0/ h =300-2%40-2*10-20/300=06

From the interaction diagram in chart: p= 0.01

Select the longitudinal bars:

As=p xAg =0.01 x900 * 300=2700 mm’

~ use8 @22 = Ag = 3040 mm?
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Fig (4.8) Place of shear wall (73)

//"

TS
4.80
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=

Fc =28MPa

Fy =420 MPa

t=30cm .shear wall thickness

Lw = 8.9 m .shear wall width

Hw for one wall = 5.6 m story height

Design of shear
> Fx=Vu=249KN

The critical Section is the smaller of:

control

storyheigh (Hw ) =5.6m
d=08xw=08x89=712m

Ve is the smallest of :

N,
2=V, =0.25/F"hd + ﬁd = 0.25+/28
w

by (VFZ + 2%
Mo

U __‘w
Vi 2

3=V =|05/F +

= 3602.38KN

—— . S

—

° ° n
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-Design of the Horizontal reinforcement:

L= il
1= Vo =2f'hd = g V28 +300+ 7120 = 18838k :

0.

‘

ST

«~cont

*300+ 7120 + 0 = 2825.66KN ...cont

7120 % 0.1
3.312 02

85
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~ 5.6—445

5.6
My Ly 193275 89 _ 54,
(Amni= 219 2

Vu = 249 KN<0.75*1883.8 = 1412.85 KN Non

- Minimum shear reinforcement is required:

Take P =0.0025

- Maximum spacing is the least of :

EyeEs0 | o coiten

5 5
3*h=3*300 = 900mm

Try ¢ 10 (As = 78.5 mm2) for two layers
*
PRk G 2% 78S — 0.0025
h*S2  300*S2
$2=2093mm , ¢10@200 mm

—use 10@200 mm in tow layer

-Design for Vertical reinforcement:-

B 150
e T

8.9

d h
Py (0.0025 +05 (2.5 - TW) (pr — 0.0025)) %

For this wall wj hl=
all with " 1.71>25 > P =0.764

Select @ 12 @200mm, Iy two layer

—

° Q n
g Chapter 4 Structural AnalySlS& Design

30408 — 16464 _ M, — 16464 _ \/ _ 1932.75KN.m

eed reinforcement

h > 0.0025

4000

Y

B
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- Maximum spacing is the least of :

3*h =3*300 = 900mm

_ 211309 06 05mm =29.60m .
764

Select @ 12 @200mm In tow layer

Srq

-Design of bending moment ( uniformly distribution flexural reinforcement)

M, = 1932.8KN.m

8900
A= ( ) * 2% 113,09 = 10065 mm?

200
& Ast)fy _( 10065 )420_
s (Lwh 7’ = \8o00+300) 28 = %-0°6°
P,
a = ;= 0
Lyhf,
£ w+a 0.0565 + 0

L, 2w +0858;,  2%0.0565+ 085085 0676

P
QMn=¢[O.5ASle1+ i 1__&
P Astfy)( b

= 09105 +10065 + 420 + 8900(1 + 0)(1 - 0.0676)] = 15785, 84 KN.m > My ...Nomed

Boundary Steel

Select @ 12 @200mm for vertical reinforcement
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v Design of Isolated footing (Under Col. 9):

4

Je

28 Mpa

420 Mpa

v Load Calculation:-
- From column (S 9): (DL &LL)

* Service dead load ( DL) = 1852.1 KN
* Service live load (LL) = 767.76 KN

* Column dimensions =50 cm*50 cm

* Allowable soil pressure =400 KN/ m?

DL(KN) | LL(KN) | Column all. soil pressure
dimensions
1852.1 767.76 | (50*50) cm | 400 KN/ m?

v’ Calculating the weight of footing:

%

SKN /2

117 SKN/m2
N

Fig (4.9 Isolated footing (FS)

L
— 1
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Hons = §(cm)
- Weight of footing ( assume foelng

=(.80%25 = 20 KN/m”

wfooli
- Required sizes of footing:

— 1852.1+767.76 = 6.99 m?

ired= £~
A, required e

net

Try 2.8* 2.8Area = 7.84 m2

hfoollng w Jooting qnet A,l‘equil' ed
80 cm 20 KN/m? | 375 KN/m? | 6.99 m?

v" Depth of footing and shear design:
Pu =12DL + 1.6LL = 1.2%1852.1 + 1.6*767.76 = 3450.912 KN

_ 3450912
Uu=- —

Try area

_Z.Sm* 2.8m 3450.912 KN N/

440.167
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f Footing Based on Shear Strength:-

v' Determine the Depth 0

Check for One Way Shear Strength

e 10 g .2-_8_929_d)*440.167*2.8
Vu—(i—g dJ qu b (2 2

¢VC=0—'67§«/2—8*2.8*d*103

Let,¢Vc =Vu
d =0.4595m
h=459.5+100+ 20 =579.5mm

Try h=600mm .....d =600 — 100 — 20= 480 ~

5 Kim®

N

Inclined crac‘-./ I |
|
'
{
Critical section for |
’ ! Tributary area
one-way shear \‘] / one wa:5,£,,

V77
}//

One-way shear.

Try h(mm) Try d (mr)
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for Two Way shear Action (Punching).

h is the smallest value of the following equationg

- The punching shear strengt
_ o M
¢V, =9~ (+ ﬂc)

¢V ¢__(b /d+2] fc bod

gV, = ¢%\/Zbad

Where:

Column Length (a) 50
= Column Width (b) 50
b, = Perimeter of critical section taken at (d/2) from the loaded area

=4 % (0.5+0.480) = 3.92m.

Vu = (3450912 - ((0.50 + 0.480) * (0.50 + 0.480) * 440.167) = 3028.175kN
a, =40....... for interior column

075
oV, =¢. (1+—j\/ bd=—"— ( 1) 28 %3.92*%0.480 *10° = 3733 .7kN

5 0.75,(40%0.480
Pl ¢12[b/d Jfbd‘ i) ( 3.92

1/ [
V,=¢.— = —
oV, =4 : fc b,d .75.3 28’ *3.92%0.480 *1000 = 2489 .122 kN

+ 2)* 28%3.92%0.480*%10° = 4292466kN

Vu=3028.175 KN > @V, =2489.122 KN
2 e BmeRO L2 KN ee.N
Try b=700 mm. ¢= 700-100-20 = 580 mm .

b,=4(0.5+0.580)=4.32 m

1%
u=(3450.912 - ((0.50+0.580) (0.5+0.580)* 440, 167) = 2937.5kN
BV, =g~ \/_:bd-\*ﬁ*432*0580*103

Vu=2937.5 KN < DV =3314.597 KN
(Two Way Shear j OK)

L

=3314.597kN .... Control
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oV, (KN)
3314 5077
I

g Moment of both direction.
d (mm b(m) ‘

v’ Design for Bendin

2.8
700 580 h

d=700-100-20 = 580 mm

Mu =440.167*2.8%1.15%1.15/2 = 815 KN.m
e - 4 1765
0.85* fc  0.85%*28
_ Mulg_ 815*10°/09 _ 5 ger Mpa
b*d?  2.8%(0.580)
2mRn)
V14

L \/1_2(17.65)(0.962))= 0.002338
17.65 420

Asreq =0.002338 (2800) (580) =3798.124 mm>  control

1
=_1- 1-
pi= =

ASwin =0.0018*b*h == 0.0018 (2800) (700) = 3528 mm>

Take 13® 20, As,provided = 408 mm? > As

_2800-100%2—13%20
S= - = 195mm

srequired = 3798.124 mm?

- Step(S) is smallest of:

1. 3h = 3*700= 2100 mm
2.450 mm - control

S=195mm<s’max=450nlm—OK

&//
- EBEE |
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1765 0.962 Mpal 0.002338

Asmin( mm* ) S(mm)

- Check strain

Tension = Compression

A, x fy=085x f,'xbxa
4082x420=0.85x28%x2800xa
a=25.73mm

3 2553 ~303
5

c

_580-303

s

x0.003 = 0.0544 > 0.005...0k

As (mm”*) a (mm) ¢ (mm) £

4082 2573 30.3 0.544

4
Development length of flexural reinforcement:
Ld for @ 20: .
9
== ]j:c x.axkﬂircmxdb:gx 420 1x1x0.8x1
1 10 T x20=458mm
= <28 2.5

((2800-500)\2) - 100=
=1050
U e ok

Available length =
1050mm > 458

93
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dation interface (Dowels design ):

/' Load transfer at the column-foun
- In footing :

' A2
®Pn.b = D(0.85 fc'4; x 7—)
1

Ay =0:50*0.50= 025m

A2—28*28—-784m
7.84 4,
= =56>2.. =2
\} O V4
®Pn.b= O65x(085x28x025x2)x1000—7735KN

®Pn = 7735 > Pu = 3450 912.......... .0k
The Dowels are not needed for footing

As,min = 0.005 * Ac = 0.005 * 500 * 500 = 1250 mm2

Use 16® 20 , As,provided =5024 mm? > As, required = 1250 mm?

94
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Fig (4.10) Stair

180 . 4pp i ai

Section A-A

Fig (4.11) Section of stair

95
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L=04+42+4=5m

heeq =L/ 20

hyeq=500/20= DISHCI L Al s
— Use h=25¢cm.

0 =tan”(2.6 /4.2) =32.2°

Cos 6=0.85

2-Load Calculations at section (A-A):

- Load on Flight(2):

Dead Load:
Tiles = 0.03*22%((0.33+0.16)/0.30) =1.08 KN/m.
mortar = 0.02*23 *((0.16+0.33)/0.3) = 0.75 KN/ m.

Plaster = (0.03*23)/ (Cos 32.2) =(0.82 KN/ m.

Steps = ((0.16%0.3)/2) * 20/0.3 =2 KN/m.

Slab = 0.25 *25/ Cos 32.2 =739 KN/ m.

Total dead load =12.04 KN/ m.
Live load:

Live load for stairs =5 KN/ m?2
Qu=1 2*12.04+1.6*5=21KN/m.

Dead/Live load - Service

04

4
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Chapter 4 Structural AnalysiS &

3 - Design of Shear : |
s Assume @ 14 for main reinforcement:-

So, d =250-20 .14=216 mm = 21.6 cm

Shear Envelope

47,
i e

47.

Vu=47 KN.
txp ¥
¢VC=M'C—6W—‘

_ 0.75*+28*1000*216
6

Vu=47 KN < gVc=1429 KN.

Ve =142.9KN

>>>>No shear Reinforcement is required. So the depth of the stair is OK.

4 -Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

/
4——/—//'1
/-~/
A
25 R
68.2 |
2.6
97
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Chapter 4 structural Analysis & D

Mu =682 kN.m
Mn =Mu/0.9= 68.2/09=158 KN.m.

d=21.6 cm.

L a0 e
% T 420

As,,,= 4¥10°*100*21.6 = 8.64cm"
As 5, =0.0018%b% 1 =0.0018*100*25 = 4.5cm”
As, = 4.5 cm? SAsreq= 8.64 cm®

Use ® 14 >>> 8.64/154 = 5,61
Use®14@175cmcle ............ with As =(100/17.5)*1.54 = 8.8 cm>.

As provided =8.8 > TS 0)




Check for strain:

Tension = Compression

A *ﬁ)=0.85*fc\*b*a

880 * 42
a =15 .3mm
it Loise g g
=0
_ 216 —15.3 4 003

Brv - 50

5 - Secondary reinforcement:

ASShrlnkage

Use @10 @ 17.5CM oo v acsiss

Design of landing (1):

- Load on landing :

Dead Load:
Tiles =0.03%22 = 0.66 kN/m>
Mortar =0.02*23 = 0.46 kN/m>
Slab =0.25%25 =625 KN/m2.

Load from flight=252 KN/m?

Total dead load =33.23KN/m?
Live load:

Load from flight =16.8

\/

-

0 = 0.85 *28 *1000 *a

B g, 035 ~T0to0s' — > ok

Plaster = 0.03*23 = 0.66 KN/m2,

Live load for stairs = 5 KN/ m?

Total live Joad =21.8 KN/m

Chapter 4 Structural Analysis &

—0.0018x b x/ =0.0018x100x 25 = 4.5cm’
With As = (100 /17.5)*0.79 = 4.51 cm?.




-Y Design of Shear :

s Assume @ 14 for main reinforcement:-
So, d =250-20 -18=212mm = 21.2cm.

Shear
126.3
153.2
Vu=126.3 KN.

PAAY.
6

e 0.75* /28 1000212
g

Vu=1263KN < gc=14029 KN

RN

|



ding Moment :

-t Design of Ben ing on the stair

velope act
The Following figure shows the Moment EN

Moments

221

A
os 1 517 2.05

Mu=157.1 kNm.
=Mu/0.9=157.1/0.9=174.56 KN.m.
d=212cm.
= Mn
G’

X =174.56”‘106
" 1000%2122

m = ‘ﬁ)
0.85x f¢'

. 420
0.85x28

aedl 2mK
p_;(l— e 1-2*%17.65%3.884
i e

As,,=10%109*100%97 5 — 21.2cm>

=3.884MPa .

=17.65

A H
ICm

A= 4.5 oy
cm SAsreq= 2120 sz

21

\101’/

_
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Use @ 16 >>>21.2/201= 10.55 with As =(100/ 10)#2.0]

i ve oot renene

As provided=25.45 cm? > ASTEq...oveeerees

with As =(100/15

Use @ 18 @ 10cm c/c For 1 meter from lan

Use® 14 @ 15cm €/C .ovovvnevee

.....
..................

As provided =13.4 cm? > Asreq

Check for strain:

Tension = Compression

As*ﬁz=0.85*fc‘ *h*q
1340*420 = 0.85*28*1000* a
a=23.6mm

a 23.6
x=—=—-=278

5 085 ik

212-27.8
gs [

27.8

&, =0.0198 > 0.005—— ok

*0.003

&/l

)¥2.01 = 13.4 cm? for 1.1m .

A 4

= 2545 szrl




1- load for solid slab S41 :-

Thickness of solid slab = 35¢cm

Live load of solid slab = 5 KN/m2

Fig4.12 : staticity system of solid slab S 41

2-Compute factored load on beam CB,F6:-

Thickness of solid slab 35 cm = 1.15 ft

Length of span 400 cm = 13.2 ft

Density of concert = 25 KN/m3 = 0.159 KIP/ft3

Sum of dead load from slab = 1.15%13.2*.159 =2.42 kip/ft

Sum of dead load from mortar +sand + tiles + plaster + partitions = 1.22 kips/ft
Beam weight = .1 kip / ft

Sum of total dead load = 3.74 KIPS / ft

liveload=.1%13.2=1.3) kip/ft

service point dead load = 72.613 kips

service point live Joad = 28.1 kips

\103_/

;

&



o in
Service dead load ( KN/M )
ervice A ., 'an.
54.5
21 ; 3.5 = 455

Service Live load ( KN/M )

125. pzs. J/125'

|/ ol TR e el & \lE
9% ; 4.1 ; 3.5 } 4.55

Moment ( KN.M )

\

S 94497

8.06 S|

Moment (KN.F ) =6969.3

104
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Compute moment:- 2 kips-ft and length=54.45 ft
Design composite beam with max moment = 69693 kP

3-Select the section,AS,qq * —

Assume a=1in
Assume d=42.99 in

Mu 6969.3 * 12

ASreq = ob *f)’@ + ts— g) " 0.9+50 (122'—9?+ 13.78 — 1/2)

= 53.443in?

selectW40*593 Ag=1744 , d=42.99in

4- plastic neutral axis in the slab :-

CASE 1 : CHECKIF a< hs

157.5in

16.€5in

W40%*593

124.13: Section of composite beam

105
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C=.85fcabe

Be = bo =400 cm = 157.5in control
Be=L/4=165/4= 412.5cm =162.41in
Fc = 28 mpa = 4000 psi

T =As *fy

Fy =50 ksi

85 *4*a*157.5 = 174.4 *50
a=16.284

a=16.284 in > ts=13.78

The compressive force in the slab :-

Cc=0.85FcbEts

=0.85*%4*157.5*13.78= 7379.19 kips

Cs _As fy—o.zs fchets

— 174.4x50-7379.19
St R L0 gl 2
2

= 670.405 kips

the neutral axis is:

=_670.405

Sox(1669) ~ 0-8in<(tf=323 in)

Thuse the PNA is Within f (0] f f nsion po 0
’ the lan the 1 r eel
from the bOt'tOm is g I Cation of the centroid o the tensi rti : i

106
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Chapter 4 gtructural Analys’s & Desig

174.4% 21.495—0.8+16.69%42.59 _ 19 75 in
v 174.4—0.8+16.69

d1=42.99-19.75+13. 78/2 =30.13in

d2=42.99-19.75-0.4 = 22.84in

2 0.85 fc

® e

= G f
——
{ d1=30.13

d>=22.84
i I
Y=$19.75

®Mn =Cc *di+Cs *do

=(7379.19* 30.13+ 670.405%22.84)/12 = 19803.9 kips.ft > Mu ok

&/
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5- Design of studs :
pe=1750%({ 4)= 3500 ks

i i tud
Use connector with 7/8 in diam *31in headed s

From table AISC FORMULA :
he nominal strength Qn per connector =35.5

When fc =4 ksi and diameter 7/8in,t

Check the value Qn from equation :

Qn=0.5*As* (N/Ec* fc)
~0.5%0.601* («/3500*4)= 35.5 ok

The # of shear connectors required for each half span (N) :=-

Ally _ WA 4563
Qn 35.5

N

SAY/ csiievsannisesssesies 246
We needed 492 studs in two raw

Spacing for studs :-

= L __ 544512 :
#INONERAW ~— 246 =2.66 in

Pmax=8*ts=13.78*8=110.24 in
Then pmaxsp

110.24 > 2.66 in oK

“_‘/
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6- Design of corbel

Shear design of the corbel :
e column elemeé

ifferent time with th .
ast at diffe s e

ecrac

[
p

Since the corbel is € e
of the corbel and the column. To avoid

perpendicular with the cracks direction.

"

|
/

v

ANCHORAGE SPLIT NG

s

e Shear friction theory
The basic design equation for shear reinforcement design is

$Vh 2V

Where :

Vn : ultimate shear strength .

Chapter 4 Structural Analysis & Design ____—

nt then the cracks occyrs j, th
de the shear friction reinfore

Vu : nominal shear strength of the shear friction reinforcement .

A 4
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i jon:
win condtio
the ultimate shear force must follows the following

Vu < 0.85 (0.2 fc ) bw d
Vu < 0.85 (5.5) bwd

Calculate the shear force :

MATERIAL

Concrat strength 350 mpa
Steel grade 420 mpa
DIMENSION

b =700 mm

h =700 mm

concrete cover = 40 mm

d =700

DESIGN FORCE

Factored Shear load ( KN)

-1907.

I 3108

1907,
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structural Analysis & Design |

Chapter 4

Vu = 1907 KN

LIMITATION CHECKING
Vu < 0.85 (0.2 fc ) bw d
<0.85* (0.2*28) *700* 660 =2199.12 KN
Vu<0.85(5.5) bwd
<0.85 *5.5 *700*660 = 2159.85 KN
Vu=1907 KN<2159.85  OK
SHEAR FRICTION REINFORCMENT

p=14\ =14*1=14

_vu/e _1907000/0.85

Avf =
fyxu 420%1.4

=2756.7 mm2

flexural reinforcement :

Vu = 1907 KN Nuc =0.20 * 1907 = 381 4

a =0_20m
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Mu:Vu*a+Nuc*(h-d)
Mu = 1907 * 0.20 + 381.4 * (0.70-0.66 ) = 396.656 KN.M

i 396656000/0.85 _ 19g0.54 mm2
420%561

Mu/o __
Fy+(0.85+d)

Af =

TENSION REINFORCMENT

__Nuc__ 381400 00035 mm2
85 fy  0.85%420

An

PRIMARY TENSION REINFORCEMENT

As Primary Closed stirrups
Case (mm2) Reinforcement
(mm?2) Ah Location
(mm2) mm

As > Z*Avf +An

2
>3'2756.7+1068.35 | As=2906.15 | _._______

As=2906.15 mm2

e
sy i vl

2
As 2 Af+An

As=3048.8 | As=1x

2 1980.45 +1068.35 =i 24 g

= 1 3
3048.8 =1+1980.45 :
5*660=440
\J =990.225 mm2
e 00y L NG mm
Bl
e B

L
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the reinforcement of the corbel are:

As = 3048.8 mm2

Ah =990.225 mm?2

Check for Asmin and Asmax

28 E
e ]{—;-*0.04 = 220,04 = 0.00266
30488 _ 00066 > Pmin= 0.00266 ok

~ 7004660
Ah-min = 0.5(As - An ) = 0.5(3048.8 — 1068.35) = 990.225 mm2

Ah = Ah-min = 990.225 = Ah = 990.225 mm2

The reinforcement of the corbel are :

As =3048.8 mm2

Select 5D20,2LEGS with As = 3140 mm2

Ah =990.225 mm2

Select 2 legs (7 D10) with As = 1099 mm2

&—/
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4.16 Truss Design Position (10):-

& Load calculation

1. Dead Load:-

_ D.L=0.40 KN/m?

2. Snow load
S=h-400/400

920-400/400=1.30KN/m>
- L.L=130KN/m?
=  Purlins design

Qu=1.00(1.2%0.4+1.6*1.3) =2.56KN/m .

. Surface two layer of glass with thick2
(16 /1000)*25KN/m>=0.40 KN/m

ness of 8§ mm

Dead/Live
0.4/1.3 0.4/1.3
0.4/11.3 0.4/1.3 0.4/1,
1.15 3
: 3, 3
! 3.
413 4/1
. 401 0.4/1. 0.411.3
T‘L ']
3. \Sv‘yNh—V\y‘
el by R ;
L] R s .
\\3\ 3. 35

Fig (4-14 ) static system for purling

A 4
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= /m.
= Design of Moment Max. Mu =3.3 KN

3.3
Moment 5 25 b g 2.6 25

19 19 17 1.8

. ' 29
5 15|15 15[15 15[15 15]192 g
q.57 | 165 1.35) 1.5 1.5 ! 1.5 : 1.5 ! 15 151 | | { | .
I i T

' 0.57

Fig (4-15 ) moment envel for Purlin

Mu (max) = 3.3/4.448x1000x1/25.4 = 29.21 kip.in
Mp > Mu

0.9%36*Zx=29.2 — Zx=1.109 in3
Select W6x8.5 — Zx=1 56 in3

bA=10.1  h/it=291

® Check Compact Of Flange :
Op=0.38V(E/Fy) = 10.785 |

b/t < Op so Compact Flange .

®  Check Compact Of Web:
Op=3.76V(E/Fy) = 10677 :

bt < Op o Compact Wep

&_’/
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=4.7KN .

s Design of shear stress Max.

Shear . 47

4.4 3.6 39
4.3 4.4 -4.4 o 33 3.3 o
S 3.2 3.3 33 : 1
3.1 341 -
i / / / 4 i H
P H tt T
e 33 3.3 3.4 :
3.2 33 33 .

4.2 7t
4.1 4.3 43 4.4 4.4 4.3 4.5 7

Fig (4-16 ) shear envelop for purling

Vu=4.7/4.448=1.05 kip

Vp2Vu
0.9%0.6*Fy*d*tw > 1.05

0.9%0.6*36*5.83*0.17 =19.267 Kip > 1.05...... ... Ok

®  Truss design:
- internal force calculation:

LOAD =1.2* (Support from purlins+Weight purlins)+ 1.6 Support from purlins

=10.281KN

&/
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0.3 103 0.3
1.15 3. 3.
0.3
0.3 ho.3 h0.3 0.3 .
: - : 35
3 .
——

Fig (4-17 ) support reaction for purling

I Lam (Gt A3
L 22
PR

Sapkat i

i

v -y ) 7
4 i ‘ ! % ‘%
. iy AR
o 4 j
: ¢ 7 wA : i o
A Y a

Fig (4-18 ) Truss system
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The truss consist of for types of members -
1-The Top members (T) :-
WW
____________,___-KN Kip
e e T s -19.88
T2 | -168.307 -37.839
T3 | 241162 54218
T4 | -306.418 268.89
Ts | -364.042 81.844 = i
T6 | -414.008 20308
T7 | -456.282 10258
T8 | -490.830 11035
T9 | -517.62 S
T10 | -536.62 S50
T11 | -547.71 -123.14
T12 | -551.092 S
T13 | -546.729 53
T14 | -534.605 -120.19
T15 | -514.707 115,72
Ti6 | -487.030 -109.50
T17 | -451.575 [101.52
T18 | -408.357 :
T19 | -357.36 -91.81
T20 | -298.685 -80.342
T21 | 232,626 oL
T22 | -157.896 =420
T23 | -76.136 -35.498
7Y

Lable (4-5) Top member forces
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2- The diagonal member (D*):-
Value of force
//r”—\

No.of member 0 ’19_2______\\
D*1 _141.341 :;1;-37
D*2 -124.837 25.91
D*3 _115.266 5
D*4 -103.119 -23.18
1D o 91.121 -20.48
D*6 279.113 -17.79
D*7 -67.104 -15.085
D*8 -55.108 -12.389
D*9 -43.136 9698
DP) 31204 7015 e
Dl -19.322 4344
el 7.654 i
D*13 1481 1.007
D14 16.095 TS
Biig 27.661 6.219
39.168
L 50.606 f‘lggg
Dl 61.947 :
‘ 13.93

ud 5001
220 T 16.464
i3] o 19.974
e e 21.445
D*23 118.111 i
D*M\J 123.06 26.55

' 27.67

Table (4-6) diagonal member forces

119
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3- Thwmé Value of force
No.of member BRI S E
RN e ey ——
B e 27.30
DI 121.427 —
D3 s
D4 94.128 21.162
D5 83.791 18.84
D6 73.230 16.46
D7 62.448 14.04
D8 51.457 11.57
D9 40.269 9.053
D10 28.887 6.49
DIl 17.374 | 3.91
D12 5.809 1.305
DI3 -6.321 1.42
D14 -18.091 4.08
D15 -29.946 673
D16 -41.874 0414
D17 -53.866 12
ST 11
-65.909 -14817
D19 -77.991 :
D21 e -20.26
D22 051 2294
— -114.807
- 124531 281
0. 8T i 27997
: -30.438

Table (4-7) diagonal member forces

&/
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4- The Bottom member (B):-
Value of force
No.of member KN L
15.57 350
g w0 0U® 2 87
B3 182.496 41.03
£ 255.129 57 36
£ 319.902 192
B6 376.761 i
B7 425672 T
o 466.603 O
£ 499,519 1730
B10 524.39 117.90
BI1 541.178 it
B12 549 85 123.62
B13 550.381 123.74
Bl4 542.749 o
BI5 526.939 118.47
B 502.94 113.07
B17 470.752 105.83
L 430.382 5
oD 381.84 .76
= S 85.85
B21 ;25'159 73.10
By 1200363 RS
W 181dT
= 105.70 42.15
L e 19 3591 23.764
B e
4.35
T -
le (4-8) Bo m member force

\\121—_/

A




—

= Design of tension member :

= 123.74Kip
Bottom member Max. tension = 550.381 KN

- Tensile yielding :-
Pu=0*FY*Ag
Ag=123.74/0.9*36 = 3.819 In :

Try HSS 6x6x.25 with Ag = 5.24in

2

- Tensile rupture |
OPn=Q*Fy*(U*Ag) = 0.75*58%(1%5.24) = 227.94Kip > 123.74Kip...... Ok
Use section HSS6%6x.25
= Diagonal member Max. tension = 123.06KN = 27.67 Kip
- Tensile yielding :-
Pu=0*Fy*Ag

Ag=27.67/0.9*36 = 0.854 n2
Try HSS 3x3x.1875 with Ag = 1.89 jn’

- Tensile rupture

(I)Pn=q>*Fu*(U*Ag) =0.75*58%1%1 89 82.215Kip > 27.67 Kap e Ok
Use section HSS3x3x%,1875

® Design of compression mempey :

Top member Max, compressiop = 55

1.092 = 123.90 Kip
Assume KI/; = 75

4.7V (E/Fy) = 4714 (29000/36) < 13368

122
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rp =2 #29000/ 7572 = 50.88.
6 * 0.658"( 36 /50.88)=

Fe =72 E / (KL/K) ki

Fer = Fy * 0.658 /X Fy/Fe)=3
KL/r = 1¥1.00%12/r="15 —1= 0.16

-2
Ag=Pu/®* Fer= 123.9/0.9 * 26.77 = 5.143 m

. 2
Use W10x19 with Ag = 5.62in

Diagonal member Max. compression = 141.341KN= 31.78Kip.

Take section member HSS3x3x.1875
A,=189in’ bt=1420 ,ht=1420 ,r,=1.14

Or=1.4V(E/Fy) =1.4V(29000/36) = 39.735 > 14.2
KL/t = 1%62.2/1.14 =54.56

471V (B/Fy) = 4.71\ (29000/36) = 133.68 > 54.56

Fe=n"2 E/(KL/t)"2 =12 *¥29000/ 54.56"2 =96.15
Fer=Fy * 0.658 ~( Fy / Fe )= 36 * 0.658"(36/96.15)= 30.78 Kip
®* Pn =@ *Ag* For = 9%] 89 * 30.78 =52.353 Kip > 31.78

Use section HSS3x3x,1875

&_/
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Appendix A : Architectural Drawings 6.1
Appendix B : Structural Drawings 6.2
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6.1 Appendix A : Architectural Drawings
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6.2Appendix B : Structural Drawings
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1. American Concrete Institute (A.C.I), Building code Requirement for structura]

concrete (ACI-318M-08).
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