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General Information
About The Project




Project Description

This project is a static structure Analysis & design for an Educational Building “Science Research Centers”.

- The building consist of six floors, two of them are basement floors.
- The area of the building it’s about 6000m?2.
- The Basement floor elevation is 5.5m and all other floors are 4.5m elevated .
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SAP 3D Model
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Design Determinants

* Materials

* Concrete:

» For slabs, beams & stairs the compressive strength fc = 28 MPa.
- For columns, shear walls, basement walls, footings & tie beams the compressive strength f'c = 32 Mpa.
» The unit weight of the concrete is 25KN/m3.

* Steel:
- Steel yielding strength fy = 420 MPa.

* Soil:
« Soil bearing capacity is 400KN/m2 .

% Concrete blocks:
- The unit weight of the concrete blocks used is 12KN/m3.
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Design Determinants

Loads

*Dead loads:

Static & constant loads, including the weight of structural elements & super imposed dead loads which including partitions (SDL).
*Live Loads:

Non permanent loads on the structure like weight of people, furniture, water tank & the building content.

% Soil loads:

come from the soil behind the walls that cause inclined pressure along the wall.

*Perimeter Wall:

- The weight of the perimeter wall 25KN/m.

kN/ m?
Stores- Offices
Offices-Labs 4.5 3
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Design Determinants

% Codes:
« The most commonly used code in the modern world that used mainly in Palestine is AC| 318-08 which is used in this
project.

* Load combinations:
- Ul1=14(D.L)
- U2=1.2(D.L)+ 1.6(L.L)
- U3=1.6(S.L)

% Programmes Used :

_u,_ American Concrete Institute®
. E Sap2000-14.2.4 will be used in analysis of the structure. Advancing concrete Rnowledge

. @ SP-Column program design.
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Preliminary Design of Slabs & Beams

% In this Project Two Slab Systems are used which are:

* Two Way Solid Slab for the first two floors.
* Two Way Ribbed Slab for the other floors (3-6).

* Two Way Solid Slab Plan: L
Eclge
*Rectangular Beams (50"60)cm. 10 panelc
— oy
. aZ
*T-section Beams. L . - o = .
. mE Sheor wall
Edge | Interior
. ol ad I o3 Ponel EEEE Bocement wall
: —— Rectangulor-sec
_ILJ T-sec
T 8.7
0,40

e T R T T, T e T o e T e

6.9 6.9 6.9 6.9 6.9 69
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Preliminary Design of Slabs
% Direct Design Method used to get thicknesses & for checks later :

* Three or more spans in each direction..... Ok

% Variation in successive spans 33% (10 - 8.7/10) = 13% <33% .... Ok
% LL/DL<2........ (5/4.5) =1.11<2...... Ok

* LIB<2....... (10/6.9) =1.45<2 ... ...0Ok

i
% Assuming o, =22 ,then h,.. = L"g:i‘;(?;o_)l

% B=Ln "long span’/ Ln "short span"= 9.2/6.1=1.51
* hpyn= 0.2m

Check as,= II"—“' for different panels.

slab

ay = 2.7 , Os =1.74 , g3=2.52, Q4= 3.9
Forall panels (o 22) So,

0.8+ 08+
O%%3500 =92 ©*1409) = 9 20m which is used.

hyin = Ln
min 36+9p8 =
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*

* For Edge panel: o, = 11& =0.853<2

slab

+’ So use Two Way Ribbed Slab with thickness = 35cm

* Two way solid slab with thickness as equivalent = 25cm.

Preliminary Design of Slabs & Beams

=4

]

o2
L 2 L ] L] M = ]
Edge
Corner panel I
adpanel |43 |

Bl ‘heor wall

—— Rectangular-sec(1300%350)
Rectangular-sec(1200%350)
Rectangular—sec(1000%330)

— Rectangular-sec(800%350)
Rectangular-sec(600%350)
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Preliminary Design of Slabs

* Own weight = {(0.552x0.35) — (0.42x0.28)} x25 + (0.42x0.28) x12
= 2.06kN/0.55m? (rib).
= 6.83KN/m?.

* Liveload=3.0 KN/m?.

*  SDL=4.5KN/m?*

Ultimate load=W,_=1.2 (6.83+4.5) + 1.6 (3) = 18.4kN/m?.
V.=115W, xL,/2-W,xd

=1.15x 18.4x9.2 /2 - 18.4x0.31

=91.63kN/m = 50.4kN/rib.

Ve x Y28 X::g:(gm): 33.83kN < Vu= 50.4kN.

Av/s =0.17 mm?/mm >>>>> $=157/0.17= 924mm >S,,.,=150mm
So >>>Use 1010/150 mm Stirrups.

_ 0.75x11

. Minimum Reinforcement in two way ribbed slab (3-6 floors):

AS min = 0.0033X150x%310= 154 mm? (2@ 10mm).
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3D-Modeling & Checks

% Compatibility:
Y The structure works as one unit is verified.
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3D-Modeling & Checks

*Equilibrium: (5% acceptable)

Slab weight =1228.9 *0.20%25 = 6144.5KN

« Columns weight = 1003.75KN

- Beams weight = 1694.41KN

- Basement wall weight = 5880KN
- Shear wall weight =2200.25KN

- Total dead load = 16922.9KN
« Total live load = 1228.9*5 =6144 5KN

%error for dead load = (16899.4 - 16922.9) / 16899.4=0.14 % <5 % ..... OK. &

- For the basement floor, the own weight of the structural element are:

OutputCase | Caselype GlobalFX GlobalFY GlobalFZ
Text Text KN KN KN
DEAD LinStatic 50.326 -203.475 16899.394
LIVE | LinStatic | 43672| -170.694] 61445/




3D-Modeling & Checks

Mo= Wu *I2 *Ln"*2/8 +(o.w(Beam)* Ln"2/8)
=19.46.979.4"2/8 + (0.4070.4725)(1.2)(9.4"2/8)
=1531KN.m

L2/L1=6.9/10=0.69
a3 “L2/L1 = 2.52%0.69 =1.74

Moment Distribution ratios For Column Strip:

% Interior positive moment =84.3%
¥ Interior negative moment =84.3%
v Exterior negative moment =91.9%
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* Moment distribution Results On Frame (Y2) :

3D-Modeling & Checks

0464 0.7M \USN\_ /jﬁ‘!“-{ﬁ\ 016N
0.57M 0.35M 0.57M
—— e
873 536 873
s —
7359 451.87 7359
168.2 156.3 156.3 19.84
1984 1683
137 2413 137
1914
768.15 7133 7133 T68.15
191.4 _,,’f’/ N“xhu__ _,Jf’/
e ———— ——
625.52 3841 625527
135.55 125.9 125.9 -
33.76 __",J’ &R‘H‘“_ T x{ffi_h ,ﬁﬁji
110.38 67.77 10.38

Frame

C.S

M.S

Beam

Slok




3D-Modeling & Checks

Y Taking the moment at the beam to be checked:

Resultant Moment

Moment M3
-714.4680 KN-m
at 0.00000 m

* The moment at the left edge of the beam from sap = 714.46kN.m
% The moment at the left edge of the beam (hand calculation) = 713.3kN.m
So the %Error at the left edge = (Msap — Mcal) / Msap
=(714.46-713.3)/714.46
=0.17%<10%....... OK.
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3D-Modeling & Checks

XThe moment at the right edge of the beam from sap = 701.2kN.m
XThe moment from (hand calculation) = 713.3kN.m
Resultant Moment

%error at the right edge = 1.7% < 10% ...... OK.v Moment M3
-701.2083 KN-m
2t 10.00000 m

* The moment at the mid of the beam from sap = 371.72kN.m
* The moment at the mid of the beam (hand calculation) = 384.1kN.m
%Error at the middle =3.4% < 10%.....0K.+

Resuktant Moment

Moment M3
I71.7242 KN-m
at 500000 m




Static Design/Slabs

column strip & middle strip
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Static Design/Slabs

v Deflection Of Solid Slab:

T

»

IESZSNES00N2Y.5 250 225 200 175 150 125 100 75 50 25NN

Max. Slab Deflection=32.5mm.
Y Allowable Deflection= L/240=10000/240=42mm. v




Static Design/Slabs

: L B

Y X-Direction (M11)
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Static Design/Slabs

% Y-Direction (M11)

% Moment C.S

% Moment M.S

(I®14715cm) T -
(1914/20cm) B




Static Design/Slabs
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Section A-A: Solid Slab Middle Strip Reinforcement

Section B-B: Solid Slab Column Strip Reinforcement
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Static Design/Slabs

column strip & middle strip
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Static Design/Slabs

* Deflection Of Ribbed Slab:

¥

2 e e T [ 1T

=
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e

| L™

;
i
£
bt

\

5 200 -17.5 -150 -125 D0 -7.5

% Max. Deflection Of Slab=30mm. ﬁ SAFE
* Allowable Deflection=L/240=10000/240=42mm. J




Static Design/Slabs
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Static Design/Slabs

:
* Y-direction (M22) ::1
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Static Design/Slabs

6.9

6.9

6.9

6.9

6.9

DOoOooOOOgooooooo
000000000 0000000
[ o |

oc [
D] o o o [

1 [ 0

oooOoooooggooooQg

_|
01000000080000000
2R 00

DO
]l T Ty

ﬁuﬂﬁuﬂu@r

] i LT -
(] o ||
[ g e
0000000000000

(1], f ]

oo ”ﬁ_:;;:LT

10Q00O00FO000O80

DOpOpOoooooDpOopto [

oop 0 o o || mjr=

(n/mjin rﬁEtErm | (1)
[ OOEI00 (] 1

onop Ooodooo O nl

oop o o | |l

(am|

o o o o o o o o o

:_”_:

o o o o o o [ o o [ £
O o [ [ [
T oh 1 T

I000000&R00000000

0l

1©10/15cm

/25'2516

2216

1@10/25cm

0.16m 0.4m 0 16m

0.4m

0.15m

\_1010/15em

0.15m

/2®‘|4

1@10/25cm

2016

BLOCK

0.4m

0. 15m

0.4m

0.15m

SectionB-B: Ribbed slab reinforcement Y-Direction
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Static Design/Beams

v Minimum steel Reinforcement for Beams of the whole structure:

940 891

500%*600 P16
300*200 160 159 3®10

T-sec 540 7128 S5@14
1300*350 290 12441 9@14
1200*350 290 11484 8*14
1000*350 290 957 7P14
800*350 290 765.6 S5P14
600*350 290 5742 4214
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Static Design/Beams

v Minimum Shear Reinforcement For Beams Of The whole Structure.

Av,  0.35bw
* ( S )min. T B

Av min. @10 Max.
Beam Width (mm) /spacing(mm) spacing(d/2)(mm)

400 0.333 1910/470
500 0.417 1910/370
600 0.5 1910/310
800 0.67 2210/470
1000 0.83 2%10/380
1200 1.00 210/310
1300 1.083 210/290
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Static Design/Beams

% Taking Beam X11 in the Basement floor :

J.p5
182.4
20a.a82
292.42

% Shear Force Diagram (KN)

-292.23
-199.85
182,43

-282.85

- E
3

TR

| -285.23

* Bending Moment Diagram (KN.m)

97.5

269,23
214,16
208,77
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Static Design/Beams

* Beams Deflection:

Dellections

Deflection [2-dir)
23.935259 mm

at 5121.88 mm
Positive in -2 direction

(¢ Absolute " Relative to Beam Minimum "~ Relative to Beam Ends

X Max. Beam Deflection= 24mm!

Safe

% Allowable deflection = L/240=6900/240=28mm.




Static Design/Beams

* Reinforcement Detailing of Beam X11:

C4 #11

4310 1 5

c f; /ﬂ‘2 4012 by
) —73m.u.u.50mm (s *

‘ setarisomn (9 —518 i (9 o fen

5 .

G8m
o 4020 —® \_3020

4.5m
% g61m 5
) X
h *
B ——— _—
0.8m 0.8m

Longitudinal Secion BEAM X11 - BASEMENT FLOOR

131 (T) ,E’ﬂ.ﬂ_l_LEl’n (S)
% r ——— 1 1012/ 26 cm
40cm ' 40cm
E 1020/ Tem (B )
§ - o]
W )
40em

Section A-A BEAM X11 - BASEMENT FLOOR




Static Design/Beams

* Steel Reinforcement for Beams in Solid slab(Basement floor) X-Direction:

| Beam | Depth(mm) | Width(mm) | [ |
X1 540 400 8416 7420 8416 110/190
X2 540 400 816 720 8116 110/ 190
X3 540 400 8116 720 9b16 110/ 200 XS g X6 g x17 - %18 = X9 g
X4 540 400 5414 720 S5d14 1010/ 270
X5 540 400 816 7d20 8116 1410/ 200
X6 540 400 7P16 7$20 716 1010/ 200 13
X7 540 400 51016 720 716 110/ 210 —
X8 540 400 816 7d20 8b16 1010/ 170 ¥7 YE %o ¥10 %11
x9 540 400 7016 7020 10D16 1410/ 170 L u u T n L
X10 540 400 6P14 7d20 5db14 1010/ 270
X11 540 400 8116 720 8116 1410/ 180
x12 540 400 516 7120 6116 1910/ 230
x13 160 300 3410 3310 3$10 1010/ 270
X4 160 300 3$10 3910 3110 1910/ 270 X1 g Xe s X3 . ><4. pdes] il
X15 540 500 5016 5db16 51016 1410/ 270
X16 540 500 6916 5116 7916 110/ 250
X7 540 400 6916 7$20 616 19010/ 270
X18 540 400 6116 720 616 1410/ 270
X19 540 400 7$16 7$20 6416 110/ 270
X20 540 400 5414 7020 5¢14 1410/ 270




Static Design/Beams

% Steel Reinforcement for Beams in Solid Slab(Basement floor) Y-Direction.

Bl 540 500 7925 5125 9%20 110/140 - = = =
B2 540 500 5016 5016 5016 110/270 a o El &
B3 540 400 10320 TP20 1018 110/ 150 b * *
B4 540 400 12020 7d20 12020 1410/110 o o -~ o

BS 540 400 11018 7420 1018 110/150 M = = mn S
B6 540 400 10020 720 10018 110/140 — /A
B7 540 400 11420 7$20 11420 1410/120 o

BS 540 400 12020 7®20 12020 1$10/110 [ = = n [
B9 540 500 5016 5116 5216 110/270 |

B10 540 400 10920 720 10420 1010/ 160 N i > I 1N a
B11 540 400 9®25 7020 11020 | 1910/120 A - &
B12 540 400 5014 7920 4916 110/270 M

B13 160 300 3010 3P10 3P10 110/270 " " M "
B14 540 400 10020 7020 10018 1410/ 160

B15 540 400 9020 7020 11018 | 1010/150 . 0 = - =
B16 540 400 12020 7020 11020 1010/120 Fa &

B17 540 400 5114 7420 4916 110/270

B18 540 400 10020 720 10018 110/150

B19 540 400 11020 7®20 11920 1410/ 120

B20 540 400 9020 7420 1018 110/ 140

B21 540 400 5014 TP20 4P16 1d10/ 270




Static Design/Beams

% Steel Reinforcement for Beams in Ribbed Slab X-Direction.

K1 290 1200 10416 7016 10916 2410/ 150

K2 290 800 816 5016 816 2410/ 150

K3 290 800 7016 5016 8016 2010/ 150 K15 K16 K17 K18 K19 _ K20

K4 290 800 5014 5014 5614 | 2010/150 . * * iy .

K5 290 800 8016 5016 8016 2010/ 150

K6 290 1200 9916 6316 10016 | 210/ 150 K= K14
K7 290 1000 7016 7014 9d16 2110/ 150 —

K8 290 1000 10916 6016 10016 2010/ 150

K9 290 1000 8016 9116 1216 2110/ 150 i K7 i K8 s K9 KlO. K11 - Kle il
K10 290 1000 7016 7014 7014 2410/ 150 !

K1l 290 1000 10916 7016 11916 2010/ 150 |

K12 290 1000 8016 7514 816 2410/ 150 I

K13 290 500 ad14 ad14 ad14 110/ 150

K14 290 600 014 ad1d ad14 1010/ 150

Ki5 290 800 5014 5014 5014 2010/150 KI o K2 o KS | __JK4 KOS g K& g
K16 290 800 8016 5016 8016 2010/ 150

K17 290 1000 8016 7014 816 210/ 150

K18 290 1000 7016 7014 816 2010/ 150

K19 290 800 8016 5016 8016 2010/ 150

K20 290 800 5014 5014 5316 2010/ 150




Static Design/Beams

Y Steel Reinforcement for Beams in Ribbed Slab Y-Direction.

1 290 1300 15020 13016 14020 | 2010/150
2 290 1300 9014 9914 9014 | 2010/150 . . . .
13 290 1300 15020 13016 15620 | 2010/150

L4 290 1300 14016 10014 11018 | 2010/150 ilj TR | B
15 290 1300 13020 10016 13020 | 2010/150 ﬂl’

L6 290 1300 14620 12016 15020 | 2010/150 i i | T
7 290 1300 11025 12016 14020 | 2010/150 _ . . L] e 3
290 600 4014 4014 4014 | 1010/150 - < 1
19 290 1300 10016 10014 15020 | 2010/150 - - . -

L10 290 1300 13020 12016 15020 | 2010/150
111 290 1300 15020 12016 15020 | 2010/150
L12 290 1300 10016 10014 10020 | 2010/150
113 290 1300 14620 13016 14020 | 2010/150
L14 290 1300 9014 9014 9014 | 2010/150

LAl

apnem

tr




Design
Of

Columns




Static Design/Columns

* Non-sway (braced) structure because there is no lateral loads.

Finding dimension of the column:

% Assume p=1% >>> As =0.01Ag & ignoring moments .

K @Pn= 0.65*0.8(0.85*Fc(Ag-As)+Fy*As)
>>Ag= 429677.5mm?

... Use column 60*70cm

B

AW

L=5.5m
For column 60*70cm Ag=420000mm?. Puz e95pkN
J So the Dimensions or the Steel Ratio must be increased. — A | “ME&N'“ ! — — —

zpnem



Static Design/Columns

*Slenderness Check:

M1
Slenderness effects can be ignored if &

T<34- 12 <40

E[ cmanﬂn
Tofind K>>>> W = :

E[ ]be‘an‘
leolumn= 0.0126mm?,
lpeam= 0.0116mm?,
W,=0.0 2(0 55 0.76
a= UV .. 0.0116 0.0116Y
* ) )

v So the value of K =0.62
r=0.3h =0.3*700 =210

KxLu _ 0.62x5500

s 16.24

=16.24 < 34-12* -39 85.....0k

KXLu 55.9
r

<40

« So the Columnisa Non-SlenderShort Column.

|.ll
[ Nonsway Frames I




Static Design/Columns

% By taking moment in consideration & using PC-column program design the Dimensions & Reinforcement were as follows:

® &6 6 © 6 0 ©

6.9 6.9 69 6.9 6.9 6.9

c1 Cc3 3 E
@ * » CSI c ' C1|

10

c1 ca c4 ca c4 ol

& » » » . :
2

P b

c1 i

@ 02. 03. 03- CS. Cc1
[
oo
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Static Design/Columns

% Columns Dimension & Reinforcement for floors (1-2):

column Dimension Ultimate Load Mx My Reinforcement Confinement
# (cm) (KN) (KN.m) | (KN.m) #0d AtSupports/ /At midcolumn

1 C1 50*60 2100 222 238 16216 2 @ 10/150 //2 © 10/300
2 c2 60*70 6955 10 114.4 20020 2@ 10/150 //2 @ 10/300
3 c3 60*70 6530 13 73.6 160 20 2(¢10/150 //2 @ 10/300
4 c3 60*70 5366 119.15 25 169 20 2 @ 10/150 //2 @ 10/300
5 c3 60*70 6889 25 92 169 20 29 10/150//2 © 10/300
6 C1 50%60 4490 g6 a5 16016 2@ 10/150 //2 © 10/250
7 C1 50*60 4404 135 209.6 160 16 2@ 10/150 //2 © 10/250
8 ca 80*80 8607 38.5 90 169 25 3¢ 10/150//3 @ 10/400
9 ca 80*80 9332 16.5 37.2 169 25 3¢ 10/150//3 @ 10/400
10 | C4 80*80 7942 120 77 160 25 3¢ 10/150 //3 © 10/400
11 | C4 80*80 8658 70 60 16Q 25 3¢ 10/150//3 @ 10/400
12 | C1 50%60 4500 25 10 16016 29 10/150//2 © 10/250
13 | C1 50*60 4270 87 262.6 16 Q 16 2 @ 10/150 //2 © 10/250
14 | C3 60*70 6167 7.5 335 169 20 2@ 10/150 //2 @ 10/300
15 | C3 60*70 5889 1 315 160 20 2 ¢ 10/150 //2 ® 10/300
16 | C3 60*70 5590 9.5 317 160 20 2 @ 10/150 //2 © 10/300
17 | C1 50%60 4484 82 211 169 16 29 10/150//2 © 10/250
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Static Design/Columns

% Columns Dimension & Reinforcement for floors (3-6):

column Dimension | UltimateLoad Mx My Reinforcement Confinement
# (cm) (KN) (KN.m) (KN.m) #0d At Supports/ /At midcolumn

1| 50*60 2803 270 365 16216 2 ®10/150 //2 @ 10/300

2 | c2 50*60 4050 15 407 20020 2 @ 10/150 //2 @ 10/300

3 | 50*60 3677 34 335 160 16 2 ¢ 10/150 //2 @ 10/250

4 |1 50*60 2976 147 244 16016 2 @ 10/150 //2 @ 10/250

5 | C3 55*65 4651 20 400 16018 2 @ 10/150 //2 @ 10/250

6 | 50*60 2810 177 312 169016 2 ¢ 10/150 //2 @ 10/250

7 |1 50*60 2885 178 330 16016 2 @ 10/150 //2 @ 10/250

8 | C3 55*65 5642 70 161 16018 2 @ 10/150 //2 @ 10/250

9 | ca 70*70 6205 49 48 160 20 3 @ 10/150 //3 @ 10/300

10 | C3 55*65 5216 164 97 16018 2 @ 10/150 //2 © 10/250

11 | C3 55*65 5756 83 137 16018 2 @ 10/150 //2 @ 10/250

12 | Q1 50*60 3063 156 241 16216 2 @ 10/150 //2 © 10/250

13| 50*60 2746 153 298.4 169 16 2 @ 10/150 //2 @ 10/250

14 | CG3 55*65 3400 10 478 16018 2 ¢ 10/150 //2 @ 10/250

15 | €3 55*65 3806 3 471 16018 2 @ 10/150 //2 @ 10/250

16 | €3 55*65 3881 10 470 16018 2 @ 10/150 //2 @ 10/250

17 | 1 50*60 2876 142 320 16016 2 @ 10/150 //2 @ 10/250
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Static Design/Columns

* Columns Reinforcement:

R SRS EE T m L . —
(3‘6:: 1 > ™ l : : . o l » - [
FLOORS =L 1 r = T U Tl | |
[ ------ S :5;0; 1 L.

T i - ' T e » 522t
P T— ] [ " [ vy [ . m—-
BASEMENT [ 2aas 1 | . |
& GROUND T' . T: v—:.— Tt ll..;. = T .
\\,_'jﬂl[l—-’ . * D.D: . ::’ . i L] L L} Ly

@:Prez



Design
Of
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Static Design/Shear walls

* Getting maximum load on shearwall from sap 3D model =900 kN.

% Takinga strip of Im & assume the width of the shear wall=25cm, to ensure the widthis
appropriate.. check will be made as follows:

WK Pminpvertical) = 0.0015, then check capacity (#Pn:
@Pn = B(0.85*f'c(Ag— As) + fy*As)
=0.65(0.85*32(250*1000—-250*1000*0.0015) + 420*250*1000*0.0015)
=4516kN >> 900 KN ..... The width 25cm is appropriate.

Because of @Pn>Pu .....

* Use Pmin(vertical) = 0.0015 » Pmin(horizontal) = 0.0025

K AS,pertical = 375 mm?2 (1 ®12/25cm)

K As, ooy = 625 mm? (1®12/15¢m) Y Check spacing:

S < 3h(thickness)
S < 3(25)< 75cm & the max. spacing used is 25cm < 75¢m .... Ok.+




Static Design/Shear walls

* Footing width=(P,service)/(q,all)=(390+90)/400= 1.2m >>>> use B= 1.25m
_ _ P.=390kN/m
% Footingthickness H: l P.=90kN/m
Vu=qu*L2 N
qu=Pu/B =(1.2*¥390 +1.6%90) / 1.25 = 490kN/m?2. 0pe

L2=11-d , L1=(B-0.25)/2 ,B=1.25m L2 d L1

Vu=490*( (B-0.25)/2 — d) = 245 — 490*d
@Ve =707.12*d =245 —490*d = Vu
d= 205mm >150mm ..... OK.

F 3
m
L 4

H= d+cover =205+ 60 = 265mm ....but H 2 300mm ...so use H=300mm.

zpnem



Static Design/Shear walls

*

Mu=(qu * L12)/2

= (400* 0.52)/2 = SOkN.m

p=0.00233, d=240mm. i \ ]l 1912/25¢cm
VUV

As=560.3mm2 .... (1012/20cm). . 7_1521 2/15cm

As(shrinkage)= 0.0018*1250*300 ,/.
P
= 675mm2 .... (1012/20cm). '_0'85, uon N
1®12/20cm
Y Check Bars Anchorage: 1d12/20cm 0.30

db< 20mm so, Ldt=(0.48xFy)/(VF'c) * db

if Ldt > 650 mm...there is need for hook

1.45

Ldt= (0.48x420)/(v32) * 12 =427.6mm < 650mm ... So, No Need For Hook.
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Design
Of
Basement Walls




Static Design/Basement walls

q.,=400kN/m?. ~27.38
H=5.5m.
@=30°....K_=1-sin30° = 0.5 Y /
\
Using sap14 to analysis the model the result was as follows:
Ys*H*Ko=49.5kN/m?2.
To get thickness of wall:
Vu= QVc
~98.9
1.6*108.7 = 0.75/6x(vV32 x1000x(d))/1000 49,5 0874 —7
>>> d=250mm........ Use h=300mm. L[] (1]
Model S.F.D. B.M.D.
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Static Design/Basement walls

% Main steel (from soil side):
Mu=1.6*98.96=158.34kN.m
p=0.00732
As =pxbxd =1801.8mm2...... (1 ®20/15cm).
Y Main steel (for inner side):
Mu=1.6%44.2=70.72kN.m
p=0.00316
As =pxbxd =777.4mm?2....... (1®14/15cm).

Y Horizontal steel:

As(horizontal)=0.002xbxh
= 600mm?2...... (1 ®12/15cm).
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Static Design/Basement walls

125kN/m

% Basement wall Footing design: 27 AKN/m. o

X
* Assume the following dimensions for the footing of wall (W1)
Mo= (q"H)/2*(H/3) | s
=(54.976.1"6.1)/6 0 bboan
= 340.47kN.m/m.
1,00 -+~ N
* M(Resisting)=27.46.1+409.07 oo Le T T
= 576.21KN.m. '
41.25 1.15 47 44
345 1.15 39.675
- 99 1.8 1782
Bl = 1.15 143.75
299.75 409.07
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Static Design/Basement walls

Basement wall Footing design:
a=(Mgp- M,)/ P

=(576.21-340.47)/299.75 =0.79m P=299.75kN
e=(B/2)-a

]
Mo=340.47kN.m r":\\‘ Mr=576.21kN.m
=2.3/2-0.79=0.36m N A

M= P*e l
=299.75%0.36 = 107.91kN.m A

o= P 4 MxC
A I
=(-299.75/2.3) +{107.91*(2.3/2) /| 2.33/12)}

T oo = -252.71kN/m? < 400kN/m?>...... Ok. v
T in=-7.93kN/m?>0 ... no tension ..... Ok. «




Static Design/Basement walls

* —\
% Heel Design:
Vu=(1.6¥99%1)+(0.6¥1*25%1.2)-(1.6%1*(114.36+7.93)/2 =78.57kN.
_ 075 _, 32 X1000x(540)
OVc = e X 1000 99KN/m2
= 381.84kN > Vu= 78.57kN....Ok

Mu=(1.6%99%12/2)+1.2%(0.6¥25%12/2)

-1.6%{(12%(114.36+7.93)/2)/6} =71.89kN.m/m

p=0.00065 < p,,;,=0.002 ... use As,;,=1080mm? ... (1014/12cm) for both directions.

fm?2

7.93kKN/m2

¥ Toe Design:
Vu=1.6%1%(252.71+146.28)/2 =319.192kN.

146.28kKN/m2
114.36

OVc = 381.84kN > Vu= 78.57kN....Ok

252 71kN/m2

Mu= 1.6*{(146.28*12/2) +( (252.71-146.28)/2)*1*2/3)} =173.7kN.m/m
p=0.0016 < p,,;,=0.002 ... use As,;,=1080mm?... (1014/12cm) for both direction.




Static Design/Basement walls

*

* As shrinkage: isolated material
Sohd s2b20am, [/

ASshrinkage=0.0018*1000*540 = 972mm2,
For both direction in upper side use 972/2 =486mm?2 (1 ®12/20cm).
1®914/15an |
0,30 - isolated material 1@1 2/ 5am
A =1
il
1®14/15cm 1A
1 1®20/15cm
1®12/15cm
LY
1®12/20cm
A— M M 100 —
T ) 1912720cm
0.60 1®14/12cm N — oy -
= 40 | | '| 1@44/12am
\L e B T J‘ s - & CESUF, P L ]
r T4 i e e A .4 | z T &0 ’
.00




Design
Of
Stairs




Static Design/ Stairs

SED Load = 3kN/m?...... Live load = 4kN/m?.
# of running =4.2/0.28=15 — Leo 4.20 1.20

# of rising =2.75/0.18 = 15

=
]
va

-

# of steps for one flight = 15 Steps.

2.35

Thickness of the stairs:

Assume simply supported slab:
hmin = 0.85%(L/20) =0.85%(4.2/20)

=0.18m...... Take h=20¢m with cover 3cm.

Flight Load:
O.W(flight) =0.18%0.28%25%0.5*3 +1*0.2*25 =6.89 kN/m.
Live load =4*cos a = 4%c0s33=3.35 kN/m2.
W uitimate=1.2D.L+1.6L.L

= 1.2(6.89+3) + 1.6(3.35) =17.23kN/m2.
Vu=Wu*L/2=17.23%4.2/2 = 36kN. j
®Vc =112.44kN >> Vu = 36kN. ..... Ok. s/ '

ive load =4kN/m2

4,20

LAl

apnem

tr




M, =W, *L* /8
=17.23%4.22 /8 =40 kN.m
p=0.0038

* Main steel:

As =pxbxd
=0.0038*1000*170
=646mm? .......cceceeeeee. (1 ®12/15cm).

% Secondary Steel:
AS[shﬁnkagefo.OOlebxh
=0.0018*1000*200

@:Prezi

=360mm? ...............(1 ®10/20cm).

Static Design/Stairs

Wult=17.23kN/m2
NN

4,20




Static Design/Stairs

X Stairs Detailing Reinforcement:;

1012 /15cm

1010 /20cm
1012 /150m.

B lejpaisom

1012 /15em
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Design
Of
Footings



Static Design/Footing

* The main function for footing is to carry the whole loads from columns and distribute it over a larger area on the ground.
In this Project we decided to use a Single footing Type due to main reasons:

* Firstly, The Bearing Capacity (qall) of the soil is 400KN/m2. Which is good (Rock Soil Type).

* Secondly, The Total Area of Whole Footing is ( 560 ) m2 and it is less Than 50% of the Area of basement floor( 1200 ) m2.

* And Finally, The Ultimate Moments on the footing is negligible as we compare it with the axial loads.




10
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Static Design/Footings

*
Column Dimensions (60*70)cm.
To get the area of the footing, assume (M=0). Pp=4081kN
l PL=793kN
AF=Pservice/qall = (4081+793)/400 = 12.185m2. — ¥ Mp=85kN.m
Preliminary Footing Dimensions( 3.5*3.5)m. M. =38kN.m
o= Pservice i Mservice xC (check g < qgall).
A I

= (4874/12.185) +{(123*(3.5/2)} / (3.53*3.5/12)

=400 + 18 H]

=418 & 382
400 # 418 ....So, 382 = Pservice/Af = 4872/Af = 382 ~ 4

AF=12.75m2 >>> B=L=3.6m. B
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Static Design/Footings

X Footing Thickness: Pu

P,=6166KN, M, = 163KN.m MU
Finding the ultimate pressure under the footing:

O=Pu + MuyC __}/p’——
Af

omax= 497 kN/m’.
omin = 457 kN/m’.

*Wide beam shear:

Vu £ QVe

0.5(480+497)(1.5-d) = °-675 5 V32 Xlﬂjﬂ:‘gd}xlooo

457kN/m2

d=0.62m>>>>>Try H=0.7m.

497kN/m 2
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Static Design/Footings

Y Check Punching Shear:

* Using simplified method:

360 ——
Vu,p=Qu*AF

=497*(3.6%3.6 =6441.12kN.

0.75 rc xbox xX1000
oV, =2 o YT7€ xbox(d)

_ 075 _ /32 X{(700+620+600+620) X2}X(620)X1000 _ T ' |
==X oo = 4454.2kN. El b.70 160
ol N
Vip> OVt Not good so after some trials, use H=0.9m with d=0.82m L
0.6+d

W:Prezi



Static Design/Footings

* Footing Reinforcement:

x-direction: L1= (3.6-0.6)/2 = 1.5m.
y-direction: L2=(3.6-0.7)/2 = 1.45m.

As the two lengths are approximately same we use the larger one to get moment L=1.5m.
Mu = (qQu*L*2)/2 =(497*1.5%2)/2 =559.2kN.m

p=0.00223 , pmin=0.0018
As=1828.6mm2 , Asmin=1620mm2.

Use for bottom As = 1828.6mm2 >>>>(1 ®18/120mm) for both directions.

Use for top Asmin=1620mm2 /2
= 810mm2 >>>>>> (1 ®14/170mm) for both directions.
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Static Design/Footings

* Check bar anchorage:
dp< 20mmso Lg= o'i::::y *dp e if Lge > 650 mm ... there is need for hook.
L= 20 * 18 = 645mm < 650mm ... no need for

hook but as depth of footing 90cm, hook will be used so

thz O.ZfXF}' * db - 320mm
vEric
> 8*d, =144mm
=2 150mm

Use hook with 1.3* 320=420mm.
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Static Design/Footings

® ® ﬁ:) ® & ® ©
6.9 69 69 69 6.9 6.9
| W1
@ _ — [ in F2 F2 Fal 1l L L
‘ Lt L
W3
o we |
X F3|-—|— F4 F4 . F4 F4 |
@ Jy S— =
@ b &l F'II Fl |
w2
Footing Number Ultimate Axial Load Footing Dimensions Main Reinforcement Secondary
Reinforcement
Column# | Fg Pu (kN {widthxLength=Depth) (m) Longitudinal And Longitudinzl And
Transverse Transverse
235 Fl 6957-6530-6956 3.70%3.70x1.00 818 6014
1018/125 1014/170
4141516 | F2 | 5362-6168-5890-5990 3.60%3.60%0.90 818 6014
1018/125 1014/170
7,13,17 F3 4405-4266-4486 3.00%3.00=0.75 6d18 5014
1018/170 1014/200
89,1011 | F4 8608-9332-7940-8642 4.30%4.30%1.10 918 7014
1018/110 1014/150




Static Design/Footings

3.60
W —0.60 — 7
2 P | .
o ] = a =
0 = 16020 4 ™~ = D
™ E o [ss]
= s 2 o l £
o g
5
2 E
- 060 4~
& C14(60*70)am 1©18/150mm (Lower Steel)
16@20 S— —
380
1010/150mm
o
1@ 14/170mm
1@18/125mm

CTTATT TR e T 0,10

o




Design
Of
Tie Beams




Static Design/Tie Beams

F'c=32Mpa, Fy=420Mpa.
* Wall load=25kN/m.

Ultimate load from ground slab=10kN/m?.

Tie Beam Dimensions: (40¥60)cm. g 3' g ‘l 3
* Tie Beam at Y-direction: :_\ D Ij'_l I ' D
OW. = (0.4%0.60*25) =6.0kN/m.
Wu=1.2(6+25) + (6.9%¥10*0.5)= 72kN/m.
% Flexure Design:
For Mu=207KN.m 207 140 207

0=0.0047<0.0033
As=0.0047*400*550 @A A A F .

=1031mm2. Use (6D16).

For Mu=69KN.m
p=0.0015>0.0033
As=0.0033*400*550
=726mm2. Use (5014).




Static Design/Tie Beams

* Wide Beam Shear:

Vu=237kN.
V.= ((0.75/6)*V32*400*550)/1000 =156kN.
237 182
OV<V,—— So we need Shear Reinforcement. ,/”] -
> 7 ' : r
Ve (V/O) Ve 154 208 182

=(237/0.75)-208 =108KN.
(A,/S)=(108%1000)/(420*550)

=0.47mm/mm > (A,/S)min=0.33mm/mm.

Assume D10 stirrup—-—-—Av=2%*78.5=157mm?2.
$=157/0.47=334mm

W Check Spacing:
Vs=108kN<2*208 - So, S=min(550/2,600)-—-- -5=250mm.
" Use 1010/250mm.




Static Design/Tie Beams

% Detailing Of Tie Beam:

2012 6016 I 5014 1010/250mm
1 i F I |
A [ "
, 7 i
.@
5.00 5,00 5,00

A~ 0,40 —

616

2012 =~

5014

A— 060 —

A-A
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