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Abstract

The Structural Design for Extension of “A”- Building
In Palestine Polytechnic University
Al Hariyya Valley Branch

Project Team
Baha'. A. Atawneh Laith. R. Masha'l

Palestine Polytechnic University

Supervisor
Dr. Maher Amro

The aim of this project is to perform the structural design for all
structural elements such as ribs, beams, columns, and foundations and all
other structural elements.

This project has been selected because of the necessity for such project
In Palestine Polytechnic University, it was designed with a capacity that
will cover the shortage in capacity for the pre-built building in Al Hariyya
Valley branch.

This project consists of six floors with an approximate area for each floor
equals 850 m®, where each floor has many functions that differs from one
to another in its goal such as lecture halls, teacher offices, sitting areas
....etc. , that are distributed in an appropriate architectural distribution.

For structural design of this project, Jordanian Construction Code was
used for determining live loads, UBC-97 was used for seismic loads
determination, where ACI-05 code was used for structural analysis and
design for all structural elements, and some of computer software will be
used, such as Autocad2006, Staad-Pro, Atir, and Office2007. .. etc.

The structural design for structural elements in this building was done by
the end of the project.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of nonprestressed tension 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.

DL = dead loads.

d = distance from extreme compression fiber to cancroids of tension
reinforcement.

Ec¢ = modulus of elasticity of concrete.

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.

LL = live loads.

Ld = development length.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

S = Spacing of shear or 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.
e Wc = weight of concrete. (Kg/m?).
e Wu = factored load per unit area.

@ = strength reduction factor.
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Chapter Four
Design and Structural Analysis for Elements

(4.1) Introduction:

Reinforced concrete, also called ferroconcrete in some countries, 1s concrete in
which reinforcement bars or fibers have been incorporated to strengthen a material

that would otherwise be brittle.

Concrete is reinforced to give it extra tensile strength; without reinforcement,

many concrete buildings would not have been possible.

Reinforced concrete can encompass many types of structures and components,

including slabs, walls, beams, columns, foundations, frames and more.

Much of the focus on reinforcing concrete is placed on floor systems. Designing
and implementing the most efficient floor system is key to creating optimal building
structures. Small changes in the design of a floor system can have significant impact
on material costs, construction schedule, ultimate strength, operating costs,

occupancy levels and end use of a building.

If a material with high strength in tension, such as steel, is placed in concrete,
then the composite material, reinforced concrete, resists compression but also
bending, and other direct tensile actions. A reinforced concrete section where the

concrete resists the compression and steel resists the tension can be made into almost

any shape and size for the construction industry.

In this chapter we will describe the structura] analysis and design of all structural

elements such as: slabs, ribs, beams, columns, footing, etc




The design and construction of reinforced concrete building is controlled by the
building code requirements for structural concrete (ACI 318-05) of the American

Concrete Institute.

NOTE:
Fc = 30 MPa for circular section but for rectangular (Fc’=24 MPa)

(4.2) Slabs thickness calculation:

(4.2.1) Thickness of one-way slab:

Min h for one-end continuous = L/18.5
= 625/18.5=33.78 cm

Min h for both-end continuous = L/21
=711/21=33.85 cm

We selected h = 35cm.

(4.2.2) thickness of two-way slab:

Lnx(0.8+£
¥ 1500

36+5p(c,, —0.2)

200 <%m<)
And h must not less than 12cm. ... .. (ACI- 9.5.3.3)

Ln x(O.S + i)

Nt 1500
36+98 9 <@,

And h must not less than 9cm. .. .. (ACI- 9.5.3.3)

Assume minimum thickness of two-way ribbed slab is 35¢m.




e For Beam (9):

A

~i
) ‘M
™

3)(0.65)(0.325)
(0.3)(0.65)

Y =0.325m=32.5cm
O
3
_2x(0.3)(0.325)
% 3
1,=0.0069m"

(

~i

1,

e For Beam (6):

AY

%

_ (2)(0.2)(0.35)(0.175) + (0.4)(0.65)(0.325)
& (2)(0.2)(0.35) + (0.4)(0.65)
Y =0.27m=27cm

~|
™M

~i

Fig. (4.1): Beam (9)

o > bh?
3
e (0.8)(0.27)° - (0.4)(0.38)° L (2(0.2)(0.08)’
3 3 3
1,=0.013m*

e For Beam (10):

= 0

> A

_ (2)(0.15)(0.35)(0.175) +(0.5)(0.65)(0.325)
(2)(0.15)(0.35) +(0.5)(0.65)

Y =0.293m=293cm

~i|

Fig. (4.2): Beam(6)

%
25

Q
Q
Q

2% %e%!

Fig. (4.3): Beam(10)




> o

3

- (0.8)((;.293)3 1 (0.5)((;.357)3 + (2)(0.15;(0.057)

T, =

I, =0.014m"

e For Beam (5):

7oA

>4

(03)(0.85)(0.425)
(0.3)(0.85)

Y =0425m=42.5cm

85

Y=

> bi’ Fig. (4.4): Beam (5)
3

_2x(0.3)(0.425)’

9 3

I, =0.015m*

I, =

1,

e For the Slab:

|
|
M
'
~
39

7 - (2)(02)(0.08)(0.04) +(0.15)(0.35)(0.175)
(2)(0.2)(0.08) +(0.15)(0.35)

= Fig. (4.5): Ri
¥=0.125m =12.4cm ig. (4.5): Rib

7 (055)(0.124) _ (0.55-0.15)(0.044)° , (0.15)(0.226)’

3 3 3
I,=9.15x107*m*

9.15x10™*
el s 3= 8 53X T0

3 0.55




I 0.0069

= 0805
I, 8.534x10

azzl_bz__o;o_w__s_:uz
I, 8534x10
L joond @

> I, 8534x107

I, 8.534x10

Ly

y _Gitdtasta, 0805+4152+41.64+176 . .

m 4 4

@,<2=143<2

Lnx(0.8+l)
A i 1500
36+58(c, —0.2)
" 3.
ﬁ:—“—=£7—=1.079
L, 8.06
8.7x(0.8+%)
o =0.217m=21.7cm

" 36+5x1.079(143-02)

Use an overall depth of 35 cm (27 cm block). = This is OK.




(4.3) Design of slabs:

(4.3.1) Calculation of dead load and live load for one way rib slab:

§—E~Evbf

Plaster

il

Fig. (4.6): Section in one-way ribbed slab.

Hollow Block
R.C Ribs

B

U

045

1. Tiles = (0.55) (0.03) (23) = 0.38 kN/unit
2. Mortar = (0.55) (0.05) (22) = 0.605 kN/unit
3. Sand = (0.55) (0.10) (17) = 0.935 kN/unit
4. Topping =(0.55) (0.08) (25)= 1.1 kN/unit

5. Block  =(0.4) (0.27) (10) = 1.08 kN/unit

6. Rib =(0.15) (0.27) (25) =1.01 kN/unit

7. Plaster =(0.55) (0.03) (22) = 0.363 kN/unit

Total dead load for one way rib = 5.47 kN/unit.

Total live load for one way rib = 5 * 0.55 = 2.75 kN/unit.
Total dead load for one way rib =5.47 / 0.55= 9 95 kN/m2,
Total live load for one way rib = 5 kN/m?.

Factor load From ACI code the equation tell that-

DL =1.2 (5.47) = 6.56 KN/unit rib.

LL = 1.6 (2.75) = 4.4 KN/ unit rib.

qu=12DL+ 1.6 LL=6.56 +4.4=1096 KN/ unit rib
qu=12DI + 1 6 LL.

qu =12 (9.95) + 1.6 (5) = 19.94 KN/m?
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(4.3.2) Calculation of dead load and live load for two way rib slab:

Tiles

v

TS SIS IS KT LS SIS IT LI S IT L [ Momar
R s 80

e 5

+ =

L
~

Sand

R.C Topping

>

—
Hollow Block
R.C Ribs

—]
=

|

iy 108

0.08
027

Plaster

s 01S

Fig. (4.7): Section in two-way ribbed slab.

Tiles = (0.55) (0.55) (0.03) (23) = 0.208 kN/unit
Mortar = (0.55) (0.55) (0.05) (22) = 0.332 kN/unit
Sand = (0.55)(0.55) (0.10) (17) = 0.514 kN/unit

Topping = (0.55) (0.55) (0.08) (25) = 0.605 kN/unit
Block =(0.4) (0.4) (0.27) (10) = 0.432 kN/unit
Rib =(0.15)(1.1) (0.27) (25) = 1.113 KN/unit
Plaster = (0.52) (0.52) (0.03) (22) = 0.2 kN/unit

Total dead load for two way rib = 3.40 KN/unit.

Total live load for two way rib =5 X 0.552 = 1.51 KN/unit
Total dead load for two way rib = 11.24 KN/m2.

Total live load for two way rib = 5 KN/m2.

Factor load From ACI code the equation tell that:
DL =1.2 (3.4) = 4.08 kN/unit rib.

LL = 1.6 (1.51) = 2.42 kN/unit rib.

From ACI code

qu=12DL+16LL.

qu=4.08 +2.42= 6.5 KN/m.

qu=12(11.24) + 1.6 (5) = 21.49 KN/ m2.




(4.3.3) Design of topping for one way ribbed slabs :

Dead load of rib=b X h X D

SONSE027 X 25

=1.01 KN/m

DL = (Total dead load of rib) — (dead load of one rib)
| 547 1.01

= (055 -0.55)=8.11 KN/m?

LL =5 kN/m?

9. =12 (DL)+ 1.6 (LL)
=1.2(8.11) + 1.6 (5)
= 17.73 KN/m?

= For a one meter strip 7 = 17.73 KN/ m
(4.3.4) Calculate of ultimate moment (one-way):

Assume slab fixed at supported points (ribs):
xI*  17.73x(0.4)*

M, =2 = 0.24KN m
2 12
From the ACI code:
Mn= f, xs
bxh* 100x(8)2
§ = TR LR S

6

=oner

S =0.42+24 = 2.06MPq
Mn=0.55xF, xS

Mn = 0.55%2.036x1066.67 x10 = 1.21KNm > 023

So the topping is plain concrete.




shrinkage and temperature reinforcement is required according to ACI(318)-05

code:

According to ACI-code........ (7.12.2.1):

When fy <420 = p=0.0018
As.. =0.0018xbxh

As_. =0.0018x100x8 = 1.44cm”

As =2.00 cm%1m in both directions.

Select 1 @8 /20 cm (5 @8/1m) ....... providad

(4.4) Design of one way rib (#8) at Ground Floor:

A28 ! R2G B34
NS RERER N T [ ———] eas—— ; 8
1 SRR B . =
L .E‘l“i SO it | — | RIS ‘ f_— §
537 N B
— B : ] = f
e 0 Doooaoek] T2 ——— == 1 4
— L) 100000000 1E | ==} ®
——] poo ooononod [ IE ==
== boo nocooogr = =
= 1 = u w]e I0CO00000 o ]
= « ]
”” o ] r ninln P oy = i g :
111 pe == "BEECEHEI0000000 S N 5 ~—=1§
-] [E00CoRdoo00oac Gl Q K
I | — 00 JO0000000 o
I | BO0S0RGooS0000 :
IS { l 20900 CO000000C
! | | 000G 0000000 === '}
“' _‘_—Z B22 e 5|
S Bz Tl ' I I T
- I i | ] —4 |
. Bl h‘l“ ”':} !: }v 2 @ =7 5 2
? i i < — 3 <)
4 L B g e
T 1 =
| s li
LT E == =—
[LEREREE 2 === ]
5590 p2s |\ B o TILI IR — ) === ——
T 3 B24 ~ S— g v |\ Z
577 e L = T3
T30 2
k; :

| 5m | —
#l ] ® e Tt
. ¥ td ts e
3 g4
.

L'g..x — { e ‘a
H.004 o] O g
PYOA i 10.80¢ $.5} TV S 2
048 ; e b5 0004 547 —o24
~ 710 4 741 Y o 0.16
¥ 5.58: J 2 19 )
i e ,(
2 o8

(e ki

Fig. (4.9): Selected rib spans.




e r‘!" 4

. 7
| " 3

" Fig. (4.11): Shear Diagram of Rib.
(4.4.1) Design of positive moment for span#1 for the selected rib at the ground
floor:

In this rib the max. Clear Space of span = 6.3m.

Effective flange width (% ) according to ACL-code (8.10.2):

b5 For T-section is the smallest of the following:

by =L,/4=63/4=1575¢cm
by =12+16t=12+16(8)=140 cm
by =C/C spacing =55 cm........controls

Use Mu max. Positive for all Spans =447 KN.m
Mn=447/0.9=49.67 KN.m

d%a;}., Ehalidd 39 Analy

;. Palestive Polytechnic Univorsity
{PPU}
—w-The Library &sSd) —-

\ ' L\:\\ Jedeidt 3,31

APENSI PR T S SRV A 49




Assume a=t = 8cm
C=0.85 fc xaxbg

C=10.85 (24) (8) (55) =897.6 KN
d=h-cover—®/2=35-2-2/2=32cm

Determine whether the rib will act as rectangular or T-

Mn=T or C (d — 0.5 a) = 897.6 (32 - 0.5 (8)) =251.3 KN.m
Mn available =251.3KN.m > Mn required =49.67KN.m

Then design as a rectangular with by =55cm

u % e
0.85x fc  0.85x24

Mn _ 49.67x10°
R =" = X = 0.88MPa
bxd” 550x(320)

2mRn
:— 1— 1_—_
( 5 )
2(19.6)(1.053),
196(1 \/ —460—)_0.00225

As=pxbxd

As=0.00225x 55x32) =3.96cm?

As —ozs‘/—(bw)(d)> (bw)(d) .................... (4CI-10.5.1)

As,, =0. 25(—)(1 5)(32) > (15)(32)
As,, =147 <1.68............thelarger control

As_. =1.68cm*

So select 216

ASProvx‘ded S 402 sz-




ACI check for reinforcement:
T=C ®
Asxfy=0.85x f, xbxa & P 281¢
4.02x100x400=0.85x24x550%xa 20 15, 20
a=14.33mm 55 '
a 14.33
= B V0% 16.86mm Fig. (4.12): Cross
: ; Section for Rib where
& _0.003 positive moment is
320-16.86 16.86 applied

=&, =0.054 >0.005
And not less than 0.004

Ok .... Singly reinforcement is required.

(4.4.2) Design of negative moment for support #2 for the selected rib at the

ground floor:

Maximum negative moment is M# =47.3kN.m
Mn =473/09=5255KN.m
d=h-c-®/2

=35-2-2/2

=130 cm

By 400

m= T =19.6
085x fc  0.85x24

R o Mn _ 52.55x10°
S obxd L 150%(320)

=3.42N | mm*

o=

. l 2mRn)
m

esiles "
! By

p=i(l—\/l—w)=o.0094

19.6 400

As = (0.0094) (15) (32) =4.52 cm?2
According to ACI-code (10.5.1):




As,y, = 0.25(‘4%—(‘:—)(1 5)32)> %(1 5)32)

As_ =147<1.68..........thelarger controls

As_, =1.68cm’

Select 2 @ 18
AS jeeded = 4.52 cm?

AS provided = 509 sz.

ACI check for reinforcement:
T=C
Asxfy=085 f.xbxa

5.09x100x400=0.85%x24x550x%xa
a=18.15mm

e 800 T ) 35
B, 085
T D003

32022135  21.35
= &, =0.042 > 0.005

And not less than 0.004

Ok .... Singly reinforcement is required.

(4.4.3) Design of shear for the selected Rib at ground floor:

ACI - 318 — Categories for shear design:
VU critical = 43.6 KN
Use @10 with two legs

Av=2x3.14x10*/4=1.57 cm2

1. Vux< -;—CI)VC




l(I)Vc=lx<I>‘/;fszwxd

%
B gt V24 150,350
2 2 6

=147 KN
Length of the region:

1

-V,
Xl= = 44 =1.59m

qu 10.96

Vu> %d) Ve............not control

No shear reinforcement is required

Use 198/20cm.......... the minimum shear reinforcement

%(DVC <Vu<®dVec

®Vec=14.7x2=294KN
Vu>® Ve............not control
Length of the region:

)
< —X1=ﬁ—1.59:1.09m
qu 10.96

X =
Minimum shear reinforcement is required
Use 198/20cm
®Ve <Vu < ®Ve + DVs .

®Vs .. =0.75 (—;—) xbw x d

1
DYs o =075 (E)X-15><0.32x103 =12KN

OVe +@Vs_, =29.4+12=414KN




Vu>®Ve +®Vs,, ... --NOt control

Length of the region:
OVe+ DVsuin _ v _ 1= 4 _150-1.09=1.1m
o o e 10.96

Minimum shear reinforcement is required
@Vs,,, =DPVs,,, =12KN
_DxAvx fyxd i 0.75x1.57 x100 x 400 x 320 B

Sra Vs, 12x10°
e < 4 = z?-: 16¢cm
d
Then Select S=15cm < e ok

OVe+DVs,_. SVuS(DVc+d>><—;-,/fc'xwad

Vs =D “f xbwxd

@Vs =0.75x

24
x150x320 = 58. 79KN

1
OV + D x EJF xbwxd =58.79+29.4 =88 19KN > Vu....... controls.

Length of the region:
X4=17.10-1.59-1.09-1.1=3.32m

DVs,,, +DOVe>Vy
= @Vs,,, =Vu-®Vc=436-294 - 14 2KN

G Oxdvx fyxd _ 0.75x1.57 x 100 x 400 x 320

: Vs, 142 x10° =106.1cm
clwy)
2

S<—= 7 =l6em............ controls.

Select 1 ® 10/ 15 cm.




(4.5) Design of two way rib (RO2) at Ground Floor:

Lx=79m
Ly=94m

L
ae 5.2

L,

h=35cm <h, =12.5cm
qu=215KN | m*
qu=215%x0.55=11.82KN /m
For 1m strip in X & Y directions from tables of solid slabs:
Kfx=37.5

Kfy= 44.8
Ksx=13.5
Ksy=13.9
KAx=1.89
kAy=1.94

gy b 11482x7.9?

Lo =0
vk, 375 TKNm
I 11.82x7.9?
M = qu 3 — : - =1
e 44.8 S.5KN.m
lxz 11.82x7 92
M ¥ qu - = : - —
5 ks 13.5 54.6KN m
Po =Xk 118279
S b K = —
AR 7 13.9 1KN.m

_ %Xk _11.82x79

e s

q,xk 11.82x79

1 R
Y7 kdy o L




(4.5.1) around X-direction:

e for positive moment:

Mn=19.7/0.9=21.9 KN.m
d=h-c-D/2
=35-2-2/2
=32 cm

gt - 400

= _ = =19.6
0.85x fc  0.85x24

B Mn _ 219x10°
" bxd® 150x(320)°

=1.43N / mm*

(1 \/ 2(19.6)(1.43)): S h0ne
196 400

As =0.0036 (15) (32) =1.76cm>

As —025‘/—(bw)(d)> (bw)(d) .................... (ACI -10.5.1)

As_. = ( )(1 5)(32)> (1 5)32)

As,, =147<1.68............ thelarger control
As_. =1.68cm®
.......... controls

So select 212 for rib in x-direction

As,oizea =2.26 cm?.

e for negative moment:

Mn = 54.6/0.9=60.7 KN.m
d=h-c-®2




ik

=35-2-2/2

=32 cm

e 008 06
0.85x fc  0.85x24

6
RPN <10 5 o5/

" bxd>  150x(320)

2mRn
L e L
(1 » )
20996953 _ 011
196(l \f 400 =

As=0.011 (15) (32) =5.28cm’

As, 025‘/_(bw)(d)>14(bw)(d) .................... (ACI-10.5.1)

As_ = o.zs@T‘/z_g)(l 5)32)> :(')—‘;(1 5)32)

As.;, =1.47<1.68............thelarger control
As., =1.68cm*
AS=528cm’.......... controls

So select 2020 for rib in y-direction

AS iz =6.29 cm?,

° Design of shear for the selected Rib in X-direction at ground floor:

Vl.l critical — 49 4 IG\I
Use @10 with two legs

Av =2x3.14x10*/4=1.57 co2

Vu< %CDVC




—:l‘q)VC:—l'xq)'—Zg—wa xd
2 2 6

=l(DVc:le.?Sx—‘/-z:{xISOx320=l4.7IGV
% 2

Length of the region:

1
—o7,
G 141
x1=2_ -

= =1.24m
qu 11.82

Vu > %@ Ve............not control

No shear reinforcement is required

Use 198/20cm......... the minimum shear reinforcement

—;—(DVCSVZIS(DVC
l(I>Vc=—1—x(I)—“fc><b x d
2 2 6 i

®Vc=14.7x2=29.4KN
Vu>® Vc............not control
Length of the region:

oV 2904

SO o P U T
qu 11.82 i

Minimum shear reinforcement is required
Use 198/20cm

OVe <Vu < dVe + Vs, .

Vs, =0.75 (-;_) xbw xd

1
DOVs . = —
Vs 1 =10175 (3 )x0.15x0.32x10° = 12KN




Ve + DV, =29.4+12=41.4KN

Vu>®Ve+®Vs_;, ............not control
Length of the region:

CIe T O o yi- 4 154-124=1.02m
e 11.82

Minimum shear reinforcement is required

CDVs,eq_ =®Vs_. =12KN
’ CI)xAvxfyxd: 0.75x1.57 x100 x 400 x 320 = s

S Vs, 12x10°
i <£:2=16cm
k)
d
Then Select S=15c¢m < 5 ok

4 DVe+dVs, <Vu<®Ve+dx Vf xbwxd

DVs =D “:{c xbwxd

N
3

Vs =0.75 x

x150x320=58.8KN >Vu..... . controls.

Length of the region:
X4=79-1.02-1.24-124=44m

QVs,,, +OVe>Vu

= OVs,,, =Vu-®Ve=494-29 4~ 20KN

o e (I)xAvx]ﬁzxd_0.75x1.57x100x400><320
A 20x10° T

S<—=—=16cm...... .
A controls.

Select 1 @ 10/ 15 ¢m.




(4.5.2)In Y-direction:

e for positive moment:

Mn = 16.5/0.9 = 18.33 KN.m
d=h-c-®/2

=35-2-2/2

=32 cm

Dl o
085xfc  0.85x24

=19.6

6
L Mn ¥ 18.33><102 L5 10N L
bxd® 150x(320)

2mRn
= — (= =ty
o
(1\/ 2(19.6)(1.19))20.0031

"196 400
As=0.0031 (15) (32) =1.47cm®
4s,. =025 ‘/-(bw)(d)> (bw)(d) .................... (ACI-10.5.1)

(#)

As_. ( )(15)(32)_ (1 5)32)
As ., =147<168........... the larger control
4s_. =1.68cm?
As=168.......... controls

So select 212 for rib in x-direction

Aspravided = 226 sz.

e for negative moment:

Mn=53.1/0.9=59 KN.m




10

d=h-c-®/2

=352 00 Gl)p)
=32 cm
S LS
0.85x fc  0.85x24
6
petii SN0 ey
bxd* 150x(320)
2mRn
:—(1— l__’_)
i
(1 \[ 2(19.6)(3.84)):0‘011
" 196 400

As=0.011 (15) (32) =5.28cm”

s, _ozsr(b )(d)>14(bw)(d) .................... (ACT-105.1)

As, = 0.25(47‘/2—(‘:)(1 5)32)> %(15)(32)

As,;, =147<1.68.............thelarger control
As_; =1.68cm*

As=528cm>......... controls

So select 220 for rib in y-direction

A4S, oies =6.29cm?.

® Design of shear for the selected Rib in Y-direction at ground floor:

Vu critical = 48.1 KN
Use @10 with two legs
Av =2x3.14x1.0/4=157 cm?2

Vu< —1—(I>Vc
2)




_l_chc:lxcpl/Zc_xwad
2 2 6

=—1—(I> Vc=—1—x0.75x—\/—§—7—x150x320=14.7KN
2 2,

Length of the region:
1 0174

x1=2 sy 141
qu 11.82

=1.24m

Vu> %tb Vec............not control

No shear reinforcement is required

Use 198/20cm......... the minimum shear reinforcement
%(DVC <Vu<®Ve

ldDVc=—1-x(I)—fi><bw xd
2 2 6

®Vc=14.7x2=294KN
Vu>® Ve............not control
Length of the region:

oy 29.4
X2=—2-Xl=""-124=1.
qu 11.82 2

Minimum shear reinforcement is required
Use 198/20cm

DVe <Vu < dVe + (I>Vsmin

DVs.. =0.75 (%) xbwx d

1
DVss. 1 =0:75(=
s 75(3)><0.15x0.32x103=12KN




Ve + ®Vs,, =29.4+12=41.4KN

Vu>®Ve +®Vs,;, ............n0t control
Length of the region:

OVe+PVsa _ vy x1= 212 _124-124=1.02m
< qu 11.82

Minimum shear reinforcement is required
®Vs,,, =DVs,,,, =12KN
o <I)><Av><jyxd= 0.75x1.57 x 100 x 400 x 320 b

S

req. @Vsmq. 12 X 103
Z = 3—2 =16cm
req. 2
d
Then Select S=15¢m < E ............... ok

OVe+@Vs,, <Vu < OVc +® Vf xbwxd

@Vs:d)\/;f?xwad

DVs =0.75 x : x150x320=58.8KN > Vu

......... controls.

Length of the region:
X4=9.5-1.02-1.24-1.24=6m

OVs,,, +@Ve>Vu

= OVs,,, =Vu-OVc=481-294 = 18.7KN

g :(DxAvxﬁ/xd=0.75x1.57x100><400><320
req. (I)VS 187 2 103 = 8060m

req.
32
S<—=—=16cm........ .
5 controls.

Select 1 ® 10/ 15 cm.




(4.6) Design of beam (B33) at third floor:

TR —_——
ununun;;.,unr-:!!f'I!iL*—:::‘"‘_f —r—h'E -
S e | i - i =
3t 000 wialg == Eaad i
300000 |I'|""" ol |— = i £
_;_A f ;:: uj 0 == j - U=
B e s RiAIAls ——
i urumr"xﬂ‘l !'C = i L
;L__J‘:J‘;.]L a0 i —_"L—. Al
Belsialeis sl aials alure L ‘
000000C 00000004 inl 1
.—"“— =i il — ;:
i =
i L L!l | L ==
T J
I i
L =:
A
[ [
g Eini ik} = _l —
Fig. (4.13): The Selected Beam.
| |

Fig. (4.15): Moment Diagrain

d Beam




Fig. (4.16): Shear Diagram for the Selected Beam.

(4.6.1) Design of positive moment for (span #1):

d=65—4—1—§=59cm

Mu =670.7KN .m

Mi
O B SOTO 8 o o
® 09

Assume that 7 r=a=35cm
Mn, =0.85x f,'xb, xh (d - f,/2)

Mn, =0.85x24x800x350 (590-175) x 106) =2370.5KN .m
Mn cacutates= 2370.5 KN.m > Mnyroviged =670.7

Then Section behaves as a rectangular.

_ Mn

R
bxd?

6
Ry = _670.7x10
800 x (590)>

Ty . 200
085x fc' 0.85x24

=2.41N/mm2.

19.6

1
=il 1_2mRn)
% g




e 8 120190241, _ ¢ o064
@ 0% 400

AS req = pxb X d=0.0064 x 80 x 59 = 30.33 cm?

Use 4D 32
A_provided = 4x8.05= 32.2cm’ (5

ACI check for reinforcement:
T=C

Asxfy=085xf, xbxa o | | Ae%
32.2x100x 400 =0.85x24x800x a i 4 ' //’ %
a=78.92mm = iRl

a 78 92 AR

'31 085 el Fig. (4.17): cross
0.003 section of beam where
: positive moment of
span #1 is applied.

IS I ST

W

30
\
N

&

S

500-92.85 92.85
=&, =0.016 > 0.005

And not less than 0.004

Ok .... Singly reinforcement is required.
As,. =0. 25‘/—(1) )(d)> (bw)(d) .................... (ACI -10.5.1)
N

As_. =0. 25m(400)(590) > —(400)(590)

As =7.22em® >8.27em*.. the larger controls

As,_. =827cm?
_Asprawded =30.33cm’ > As,. =827cm? — ok

(4.6.2) Design of negative moment between span (#1) & (#2):

d=65—4—'1—%=590m

Mu =829KN .m



_Mu 829 o1 1kKN.m

@ 0.9
Mn

Rn =
bxd*

6
S
400 x (590)°

30

N S

20l s 40 ,,,,,,';P,Q__/»

P 400

" = =19.6
0.85x fc  0.85x24

1 2mRn
o=y 1‘7)

e Iél,_(; - \/1— 2(195326.62)) _ 01001
Arteq.=p x b x d=0.021 x 40 x 59 =49 cm?
Use 6 @ 32

A, provided = 6x8.05 = 48 3cm”

(4.6.3) Design of positive moment for (span #2):

d=65—4—1—%=59cm

Mu =423 KN .m
Mu 423
Mn=——=—"=470
o 0.9 KN m

Assume that 7' r=a=35cm
Mn, =0.85x f, xb, xh.(d - f,/2)

Mn, =0.85x 24 x800x350 (590-175)x 10)

Mn calculated™ 23 70.5 ICN.m > Mn provided =470

Then Section behaves as 3 rectangular

Fig. (4.18): cross
section of beam where
negative moment
between span (#1) &
(#2) 1s applied.




Rn=_2_
bxd |
6 | le,;:
ERI00. ) oo N2, kK
800 x (590)° B
= ‘ﬁ) - = 400 = 9.6 "“m"
085x fc  0.85x24 e
2
:——(l— l"‘i—)
Nid

19 6 400

ASreq =p X b x d=0.0044 x80 x 59 =20.84 cm?
Use 3@ 32

A, provided =3x8.05 = 24.15cm”

ACI check for reinforcement:
T=C

Asxfy=0.85xf, xbxa
24.15x100%x400 =0.85x24x800x a
a=59.19mm

=& P e

B, 085

& _0.003
590-69.64 69.64
= &, =0.022 > 0.005

And not less than 0.004

Ok .... Singly reinforcement is required.

As_. =025 ‘/_(bw)(d)> (bw)(d)
V24

As_ =025 m(400)(590) > —(400)(590)

Fig. (4.19): cross
section of beam where
positive moment of
span #2 is applied.

.................... (4ACI -10.5.1)




the larger controls

As_. =7.22cm* 28.27cm’".......

A4s,;, =827cm’

As =24.15cm* > As,, =827cm"............

provided

(4.6.4) Design of negative moment between span #2) & (#3)

Try Design as rectangular section

d=35—4—1—%=29cm

Mu=77.1KN .m
M
B - L s ik
® 09
Ry = M
bxd?
5 2
= 3267X10° _ ) o4t
500 x(290)
= ‘[y - = 400 = 196
0.85x fc  0.85x24
=—(1— TR
by

ol 4. \/ 2(19.6)(2.04)
% 400

Areq=p x b x d=0.0054 x 50 x 29=17281 cm?
Use2 @ 25

) =0.0054

A provided =3x4.91= 9 .82cm?

(4.6.5) Design of shear for the selected beam:

ACI - 318 — Categories for shear design:
Qu(applied on beam)=1.2(55)+1.6(27.6)=110 16
Vu critical — 5942 KN

//

Fig. (4.20): cross

section of beam where

negative moment

between span (#2) &

(#3) is applied.







Use @10 with two legs
Av =2x3.14x10/4=1.57 cm2

ISV =< %‘DVC

=lx0.75x—@x400x590
) 6

=72.26 KN

Length of the region:
l<I>V

e e e

qu 110.16
Vu> %(I) Ve............not control

No shear reinforcement is required
Use 1910/30cm......... the minimum shear reinforcement

2 %(DVC <Vu<®Vc

l<I)Vc:l><<13£xb xd
2 2 6 iy

®Ve="7226x2 =144.52KN
Vu>® Vc........... not control
Length of the region:

)8

144.52
X2=—=_Xl= L5 ol
qu 110.16  66=0.65m

Minimum shear reinforcement ig required
Use 1910/30cm

=70=




3. ®Ve <Vu <®Ve+PVs,

1
Vs, =0.75 (g) x bw x d

@Vs_. = 0,75(—1—)><0.4><0.59x103 = 59KN
Zi3 53

Ve + ®Vs, =59+144.52= 203.52KN

Vu>®Ve +®Vs,, ............not control

Length of the region:

x3= DVt P sy 37 - 29332 4 66-0.65=0.60m
qu 110.16

Minimum shear reinforcement is required

@Vs,,, = DVs,;, =59KN
_ OxAvx fyxd 0.75x1.57x100x400x 590

Sreq. 3 =47 1cm
OVs,,, 59x10
d
K= g =29.5¢cm
2 2
g d
Then Select S =25cm < E ............... ok

4. OVc+DVs, sVuSCDVc+<I>xl,/fc' xbwxd
3

(I>Vs=(I)\/?

xbwxd

DVs =0.75x

24
x400x 590 = 289 04K\

1
OVe+Dx=. fo =
x5 T < B 289.04+144.52 = 433 56 <Vu

Length of the region:

= ilies




_433. 56
~110.16

DV LD J}c‘xwad_m S —0.66—0.65-0.6 =2 (3,

" Gam 110.16

DVs,, +(I)Vc>Vu
—Vu —®Ve =433.56— 144.52 = 289.04KN

= (DVsn,q
D x Avx fyxd _ 0.75x1.57x100x400x 590 _ =9.6cm............. controls.
Sreq. @Vsreq. 289 04 X 10
d 59

S <—=—"==29.5cm.
22

Select 1 @ 10/ 10 cm.
5, (I)Vc+<I)VsmmSVuS<I)Vc+§(D fc xbwxd

@Vc+§®ﬁxwad=l44,52x103+§x0.75x«/ﬂx400x590=722.6 > Vu

Length of the region:
X5=L,-X4-X3-X2-X1=825-203-0.66—0.65-06=431m
OVs,,, +®Ve >Vu

= Vs, =Vu—®Ve =5942-144.52 = 449 68KN

s =CI)xAvxjyxa'__0.75><1.57x100><400x590
req. 53
Vs, 449.68 x10°

=688em............ controls.
d 59

S<—=-14
T 75¢cm.

i Select 1 ® 10/5 cm.

(4.7) Design of Tied Column (C1) at Basement Floor:

Design of concentric column;
From ACI-318....Ch. 10.3.6.2 €quation 2 for tied column:
P, =3523KN

To check is the column short or long:

=




g Dnyign LG .. 4CT —(10.12.2)
o M2

0.3x0.5
.. ShortColoumn

_ Py _3523 _suo0m.

a@m) 65 0.65

P

Assume p, = 0.018

P =08xAg{0.85fc +p,(f, —0.85f,))

n (max)

Fig. (4.21) Tied

Column (C1) section

5420 x 10° = 0.84g,,,{0.85 x 24 +0.018(400 — 0.85 x 24)}

Ag,.. = 2487.81cm?*

When we select square column:

axb=2487.81cm>

a=b=1+/2487.81 = 49.88cm

select (50x 50 cm column) with Ag = 2500cm>

5420000=0.8x 2500{0.85x 24+ p_ (400 — 0.85 x 24)}

0.008> o, =0.0179>0.001........... ok
4, =0.0179*50 * 50 = 44.75cm>
usel 0¢25

A4S pyoized = 49.11cm?

° Column Ties Design:

O (48) tie bar diameter = 48 (1.0) =48 cm

o (16) longitudinal bar diameter = 16 (2.5) =40 ¢m

o least column dimension = 50 cm

s0 select 1®10/40 cm .

=8«

Fig. (4.22) Column
ties

controls




ment Floor:
(4.8) Design of Circular Column (C6) at Base

Design of column without moment: e
From ACI-318....Ch.10.3.6.3 equation for spiral ¢ :
rom = e X

p, = 6240KN

To check is the column short or long:

bt oML cyp ... ACT -(10.12.2)
r M2
=025xD....... or circular columns

1x3.3

025x0.7
.. ShortColoumn

p =P —662—57-9 —8914.3kN.

B oy

=189 <34

Assume p, =0.02

P,y = 0.85x Ag{0.85 fc + p,(f, —0.85£.)}
8914.3x10° = 0.854g,, {0.85x24 +0.02(400 — 0.85 x 24)}
Ag,,, =3746.5cm’

When we select square column:

Ax A8, _ [4x37465
D=\/::\/X\=69cm
% /s

= Select D=70 ¢cm

4, =0.018x3848 5 = 69 30,2
use9¢32

AS prigea = 72.45cm>

~74 -




o Design the Spirals of the column:

4 e
c' K 5 i}\
=0.45x| —=—1|x"— “
ps X[Ac :l jjl y / h
[ B ﬁ% -
. : e S B
e i
D,=h-2xC s e
D, =70-2x4=62cm
- 2 TR, [, NS T,
A, ==x62%=3017.5cm
4 Fig. (4.23) Circular
p =0.45x|:3848'5 _1jx2X —0,0074 Colymt (L) section
: 3017.5 400
o 4xa,x(D,-d,)
P

_4x0.785x(62-1)

g 0.0074 x 642 = 63Cm

SeleCt Smax =5cm

=TSk




nt Wall:

(4.9) Design of Baseme

T NP DA o 7N
A AA AN A // /,//,'/

A STIT NS AN LR S SCSA
v N “/\\(/\?\\\//\ {////\Y/\\///\/ AN A2

3 0"
«5 Cr e <t
KRR | Ja13. 2K]
:0‘,~$‘ “
AR

ST

o

¢

AN
(|
L0
RRRRS
’33»*
N PPP

ea=72.8KN

’,_.
\)
.47

@
i@,

— Ep#60-7KN;

3
1,65

%

SR
|
R

A

&

o
5
< X]
5
K5
5
XIS
{ ‘0:0
KRS
s
SRS
RS
2R
95656

Fig. (4.24) Earth pressure diagrams applied on
basement wall

O attow. = S00KN / m?
Jc'=24Mpa
f, =400 Mpa

(4.9.1)Depth estimation:

h, =(0.1-0.12)}
h=4.95

h,, =495%0.1= 0.5m = S0cm..... Selected

76



(4.9.2)Wall thickness estimation:

e, =KaxyX h
2
—0.33x18x4.45= 26.43KN/m
E,=26.43x1x 0.5x4.45

=58.8KN
e :KaXPD

ap gead

— 0.33 % 8.05 = 2.66KN/m*
E, =11.82KN

> M, =0
=58.8x1.48+11.82x2.23
=113.4KN.m

M, =1.6M,=181.4KN.m

u(wall)

assume p=0.5p_ . =0.5%x0.02=0.01

% 5 o4
0.85x fc  0.85x24
Rn = p(fyx(1-0.5pxm)
Rn=0.01(400x (1-0.5% 0.01x 19.6))= 361
Mn

bx d?

N \/\ _1814x10°
bx 09x1000x3,61 - 2242mm

quforualI —d+C+10 224+30+ 10 264 2mm
h slected — 3 Ocm

=19.6

(4.9.3) Design Against Overturning'
e, =Kaxyxhp

=SBl A oy o 29 4KN/m?2

77



E =29.4x4.95X% 0.5x1= 72.8KN

= / m?
L —033xB.05=2TKN

ap gead

E,=27x495= 13.2KN
ép =K,,xyxh=3x18x1.5:81KN/m

E, =60.75KN
W, =03x25x21.9=1643KN

W, =0.5xLx25=12.5L

W, =(=L-0.15)x 445x18=40.5L —12.02
2 ‘

WEZ=(—;—L—O.15)x1x18=9L—2.7

=72.8x1.65+13.2x2.48=152.85KN.m

Z Overturning Moment

M = 60.75%0.5+164.3x~ L +12.5x 0.5L + (40.5L-12.02)x L L
tanding Moment 2 9
+(9L —2.7)(§L)

=33.517 +78.45L +30.38

M
Standing Moment

Z Overturning Moment

- = MStanding Moment — 2x M

Overturning Moment

= 33.5L° +78.45L +30.38 = 152.85%2
=385 178457 = 27532 =0

= =0m “-Overturning js satisfied
W, =1643KN

W. =25KN

Wi =68.1KN

W= 115, SN

78




(4.9.4) Design Against Sliding:

Fryeacion 1 5

F gyaction
Fgy =¥y +E,
Fp=Wg +Wg, +W,, +W,)tan @
= (68.1+15.3+25+164.3)tan30 =157.4KN

Fgy = 157.4+60.75=164.2KN

Fy=E,+E,
=72.8+13.2=86
Lo =1.91>1.5 = Sliding is satisfied

(4.9.5) Bearing Capacity:

Vertical forces:
V=W, +Wy, +W, +W,
=68.1+15.3+25+164.3=272.7KN |

Horizontal forces:
H=E W=,
=T728+13.2-60.75= 25 25KN “~
ZM =72.8x1. 4+13.2><2.23—60.75><0.25

(4.9.6) FOOTING DESIGN:

Ve, =1.2><(25+164.3)+1.6x(6

HR

8.1+15.3)=360.6KN
§ :1.6x(72.8+13.2~60.7

S)=40.4xy

=79



> 72.8x1.4x1.6+13 2><2.23><1.6—-6O,75x0.25x1.6—68.1x0.575x1_6
My, = 1282805 :

+15.3x0.575x1.6

=137.3KN.m
M 1373 _ 2_y33 ,
ex=7=3'60‘5'0'38>6 = _we can increase width of foundation ¢,

: al f Gmu
solve the problem or to modify the value O
A e tension applied upon the soil so thyt
modification of Zm= have to be done.

max

st @epliy= 385 84
y )

Modification for bearing pressure values:

4y 4x360.6

o = = =387.74KN / m*
3L(B-2e) 3x1x(2-2x038) i

Y V=0

0.5(387.74)(d)(1)~360.6 = 0

=d =1.86m

My, =2032x0.85x1x 233
o il = +0.5x1x(387.74—~210.55)><O.85x0.85(-§-j
=116.08KN .m

h=50€m:>d=50—5-1:440m

Mo X 608
D oo~ 128.98KNm

m:-\fy\:ﬂ
0.85x fc'  0.85504 196

Ry < 128.98x10°
000 =067
00 x 440

~80 <



La- h i
p=— Ui
67
£ [ 20960670), _¢,0017
2Riol 400

As =p><bxd=0.0017><100x 44="17.45cm’
req

As =13.47cm*<15.4

2
AS simnp = dcm

1.3As,,, =9.69cm”...... controls

= Use ®16/20cm
(4.9.7) WALL DESIGN:
M
et BTSN
® 09
e B A
0.85x fc  0.85x24
201.6 x10°
s
1000 x 260>
1 2(19.6)(0.2.98)
=——(-[1- oy v
T \/ 200 ) =0.008

As,. =pxbxd=0.008x100x26=20.8cm2>min As

= Use ®16/10cm

(4.10) Design of Isolated footing (F1):

(4.10.1) Determination of Loads & Area of foot;
ing:

Total factored load for column C1= 3523 KN
Allowable soi] Pressure = 50 KN/m?
Determination of required area of foq

l4oc

ting:

allow

=81 <



_ 3523 _5.03m’
1.4x500

a=b=«/75—-0’3=2'24m

2
select 2.35x2.35= 5.52m" > Areq.

Fig.(4.25)
Isolated footing

(4.10.2) depth Determination by check of punching:

Pumax =3523 KN
Select h = 65¢m
d=65-5-1-1=58cm

b, =Perimeter of critical section taken at | 3
(d/2) from the loaded area

b, =432cm .

Be = proportion of column dim ensions

50-. ——eeeee—— 235

......... interior colump, Fig.(4.26)
Shear critical section

The punching shear strength is the Smallest of:
of:

=80




4320)(580
bd S AsAD 4x/ 3069KN ... controls
o, = 075x\//x—'“ 3

> 4320%580
2) 7 24 _ 0 75x 1+—)J52x———6—-4603KN
oV, =075x| 1+ e % g 1

o 7 b
c1>Vc=o.75><(—~‘*+2 Je X7

b,/d
4320 x 580

40 e = 5654.4KN.

=075 /ﬂj«/ﬁx 12
43200/580
Where:
DY, 2V
Yeritical = Vu ~ O atiow. Acriﬁcal

V... =3528-500x(1.08x 1.08) = 2944 8KN
®Ve=3069KN >V,  =29448KN .. the selected depth is OK

(4.10.3)Determination of bearing pressure :

Resultant moment around x - axis : -
MRx =0

MRY =O l

O_:P_u: 3523 7Y : ! P 2
A B iy

O nax =638KN / m? <l3xl4xe,,

qu=638KN /m?

= 2 . 1
Owax =910KN /m* - the assumption is correct )

Applied Bearing pressure
(4.10.4)Design of Bending:

° design in plain concrete:

ZM(cs) =638x0. G955 0.925

————

W

~188i




o o S A

G, =0.42x[fc' = 0.42x~24 = 2.06Mpa

3

bh
@xMn=055x0; x—é—

235

)

-
~\
I

\

3
=0.55x2.03 x_zié—xg%s—xloﬁ’ =120.1KN.m

235

éx Mn=120.1<Mu = 641 4KN.m

Fig.(4.28)
Moment design section

= not satisfied ............. Design in reinforced concrete

o Design in reinforced Concrete

Mu=641.4kN.m

Mu=ME=§%1'91k=712.7KN.m

¢

» 400

m= = =19.6
085> fc. 0.85%x24

My §. T12475610°

R,= = =0l :
Bxd’  2350x(650)F 2V /mm

= e
B (=l ﬁ))

1 2(19.6)(0.72)
= T e i)\ BL ) o
P 19_6( \/ 66 )=0.00183

As = (0.00183) (235) (58) =24.94 cm?
According to ACI-code (10.5. 1):

J2a

AspElsiging N < 1.4
St @ 00)(23 50)(580)> W(l 5)32)

As. . =41.73cm* <47.72

1.3x A4s,,, =1.3x24.94 =32 4¢cpy?

-84 -




As,, =32.4cm’
As,,, < ASy, = A8,y = ASy, 32.4cm’

Select 1 @ 18/20 cm in both directions.
(4.10.5) Design of Dowels:

@x P, =¢x(0.85x fc'xAg) > pu
=0.65%0.85x24x500% =3315 < Pu =3523KN
= @x P, =¢x(0.85% fc'xAg + Asx fy)
3523x10° —0.65x0.85x 24 x 500> _
@ 0.65x 400 2

= As 8cm’

= Select 4 @ 16
(4.11) Design of strip footing :

Weight of wall = height x thickness of wall x1m widex y,___..

=247x0.30x1x24 __0‘/;
=
D.L =177.84 kN/m v
LL =5kN/m

et
|

&
3
| +
0
y X
T v B KN

(4.11.1)Determination of footing depth:

Assume the footing depth d=40cm.

175

1ro X

|

|

41

Allowable net soil pressure=q,,_ - 7 d :

P “

=500- (18 0.4) S .

= 490 kN/m?2 i

Joocea%l_

0.2 a00

177 84 10 020 080 020 a0
Footing width=—"—"=036m ;¥ S T el T |
& 490

SECTION IN STRIP FOOTING

Fig.(4.29)
Strip footing section

So select 0.7 m width strip footing.

Total load factored (q,)=1.2D+1.6L = 221.41kN

qu 22141
area 0.7x1

net

=316.3KN/m?2.



=428.7d
W7 e sl (PO (D= 4287
q)chd)—g\/wad——. 6

-b
V=@ 5

0.7-03 _ g3 26kN
=316.3x 5
oV =V,
428.7 d=63.26
d=148cm ... Then h=(14.8 +5+0.6+1.2)=21.6 cm so select h=230 ¢y
d=23cm

(4.11.2) Determination of reinforcement for moment strength :

w—bw_w—bw
Mu = (Pnet)( X )
2 4
09 —013%0,7:=03
=3163
( 5 X 0 )
Mu=633KN.m
Mu 6.33
Mn=—2=_"""-703
s 400
me—B 40
0.85x fc' 085x24
R Mn
bxd?
_ T5035710°

—W=0.19N/mm2

1
[0 = ;(] - I—Z’n\Rn)
Vo
-7 - 220G
200 =0.0047 < Prin =0.0018.. ..controls.

Areq=pminx bXd:

- 86 -




2.9 lect (54)10)'
e 3756
# Of bar 0.79

(4.11.3) design of longitudinal bars :

Areq = Ppi X bxd=0.0018x70><23=2.9cm2 ,.....select (5(1)10)

(4.11.4) Design of Dowels

$x P, = $x(0.85x% fc'xAg) = pu

— 0.65%0.85x 24x(300x1000) = 3978KN > Pu =221.41KN ... satisfied

= minimum reinforcement is required

— Asmin = 0.00184g = 0.0018x30x100 = 5.4cm”

=Select 5 @ 12/Im...... for the two faces

(4.12) Design of combined footing (CF2) :

(4.12.1) Determination of Loads & Area of footing:

Fig.(4.30)
Combined footing section

Total factoreq load for co

lumn C16=
Allowable soj] Drestiis - 16= 985 KNy

=87 =




total load
O
= 1 -4Jallow

_3523+985 _ g a4m’
1.4x500

select 2x 4 =8m = Areq-

4.12.2) Determination of depth based one way shear strength:

Mu = 695(0.5)—1480(0.5)= 479.7 KN.m...... calculated in the follg

calculations of moment
1= 810.1 KN/m?....... calculated in the following bearing pressure calculatio

62=325.9 KN/m?...... calculated in the following bearing pressure calculatio

oV, = d)%\/fT bxd=0.75x éJz‘Z x (4000) x (d) = 2449.49d

P 3523
et z :—-—:44038KN/m2
Area 8
¥ 97
B
! PIIBER
A 7 IR R
& 88K RS
é, // //// ?gg::. gt:!:;:;:;;
7/
7
7%,
i T e e
_ Fig(431)
Combined fo

oting's one-way shear
Vu = (Pnet) (one way shear area)

= (440.38)(2)(0.785.g)

=440.33.
o, =y, 8-1.574.

2449 494 = 440.38-1.57d
d= 0.18m

-88.-




Total depth of footing = 18+5+1 = 24 cm.
Select h=30cm sod=24cm
Atd=24cm Vu=440kN

DV, _ 58788 KN > Vu=440kN .......... OK
(4.12.3) depth Determination by check of punching:

Pumax =3523 KN
The value of h taken from one way shear h=30 wasn't satisfied for two way shear

then ;

Select h =70cm
d=70-5-1-1=63cm

b, =Perimeter of critical section taken at (d/2) from the loaded area

b, =452cm
Bc = proportion of column dim ensions 3
50 . | v B
Be=—=1 8 i
50
@, =40......... interior column
——————— o 4‘:0 — ———

Fig.(4.32)
Two way shear critical section for
Combined footing

The punching shear strength is the smallest of:

7 bud 4520
OV -0 4 _ X 630
V,=0.75x+f. x s 0.75x /24 x e 3487KN ... controls

2.\ bd
OV, =0.75x| 1+ = |,/ o = 4520x 630
( ﬂj Jo 52 0-75><(1+T)\/24x Al

c

o zbd
(DVC=O.75x( : +2J T =0,75x(4\0 — 4520x630




il 1441 141 g kN

JEN - LA (o the selected depthis OK

| TRy R AT B VR LU PO TR R AL R :

-‘!':NH“




Where:
QY. =l
V = Vu = O aliow. Am’tioal

Ucritical

v, =3528—500(l.13x1.13)=28

critical

84.6KN

'the selected depthis OK
®Ve = 3487KN >V, =2884.6

(4.12.4) Determination of bearing pressure :

Resultant moment around X - axis : -

M, =3 M, =3523x0.965—985x0.965 = 2449.2KN m
R
N 10

2x43

Ix= =10.67m*

. i

ey 200

S o BV S

Fig.(4.33) Fig.(4.34)
Bearing pressure at edges of Bl ig.(4. .
combined footing €aring pressure diagram

gy=t T M, X 4508 2

449.2x1.035 ;
T B Tm“‘=810.1KN/m
0, =0, =810.1KN /m?
R MY M.x
S e U oo i

2449.2x1.035 2
i 1067 — =3259KN/m
0.4 =O'3 :3259_KN/m2

=00




= 2 - the assumption is correct
o =810.1KN/m" <13x14XTaton. = 910KN /m

(4.12.5) Moment calculation and the required sections for design:

= -2

Fig.(4.35)
Required sections for design

e Moment around X-axis at Section(1-1):

M, =810.1x0.75% 9‘?x4 ~911.4KN.m

Moment around Y-axis at Section(2-2):

- C, —3259
e = C, =7151KN/m’
4 3.215 :

0.785%

M, 5y =T15.1% x2+0.5%(810.1—715.1) x 0.785 ><123—x 2

=479.7KN .m

Moment around Y-axis at Section(3-3):
To find the zero shear:

g0 = 3051, S Cli=3259
4 2 X

=C, =121x+325.9

ZFRy =0=>989 = 0.5(Cs3 —325.9)(x) x 2 ~325.9(x) x 2
=121x* +651.8x—989=0

=> by solving the equation

Ste=1.23m

= C, =121x1.23+325.9 = 474 T3KN | m?

-91-




1528187

123, _375.3KN.m

e

0.5 (474.73-325.9) EEE

— .. no top reinforcement is required

(4.12.6) Design of reinforcement :

o Design of reinforcement For M(1-1):

Mu=911.4KN.m

—%17-9114 1012.6KN.m
@ 0.9

fr 400
085x fc  0.85x24

=196

m=

Mn  1012.6x10°
Rn= = X 2127 N/ mm2

b)(d2 2000)((630)2

(- \/ 2 027
196 400

)=0.0033
A, =P x bxd=0.0033%200x 63 =413 cm?
. —025‘/_(bw)(d) 14
bw
( Nahwody ., (ACT -10.5.1)

——(2000)(63
(400 ! (630) =38 58
) - >“(2000)(630) 44.1cm’

1.34s,,, =53.7cm? > 44 12

=SOD



nter tO center

trweenbars cen .

The dlstancebe everyz
@ g=21.7 oML wse 1bar |

— (400-10)/1 pottom reinf orcement

= select 1818/ 20cm (cen

o Design of reinforcement

M, _ 4197 _ 533KN.m

e o

® 0.9
400

S Eus =196

ST T

Mn.._

6
o M 933XID 0336 N/ mur?
" bxd>  4000x(630)

1 2mRn
=—0-_1- _"’——')
D
o \F 20196(0336) _ 4 00085
19.6 400

A, =px bxd=0.00085x400x63= 21.33 cm?

As,, _ozs\/— (ow )(d)> (b Meln............... (ACI -10.5.1)
As, —025£(4000)(630) 77.15cm* > 0) = 88.20cm’
400) cm® 4—(4000)(63 )=

L3A, =27 73 cm? < A, _...s0it controls

= the number of bars of ®18=11

= The distance between bars center to center

=(200-10)11=15¢m,.__ use 1bar every 15 cm

= select 11®1
8/15cm (center ~center)......bottom reinf orcement

=98



95 L2
Q10 030 % oo 080 X X

DETAIL OF (MAT MF1)

Fig.(4.36) .
Mat foundation section

Dyai=0.2%3.65%7.5%25=136.9 KN/m.
Deeis weight for elevator=20/ (4 X2. 1)=2 5 KN/m.

Total dead load D,=139.4 KN/m.

Total live load Li,=10/(4%2.1)=1.2 KN/m
qu=1.2D+1.6L~169.2 KN/m

Allowable soil pressure = 500 KN/m?2

Total load Pru=169.2x4x7 1 =14213 KN

total load
A s
e

allow

_ 14213

Tk RS 3
1.4x500 2.03m

select2.7x2.7=7 pgp2 >4,

q.

=04



ination by check of punching:

(4.13.2) Depth Determ

Pu=3553 KN....for one wall

Select h =30cm
d=3o-5-1=24cm
g shear strength:

The punchin
1
e s /24 x 2700 240°'=396 8K
oV, = 0.75x—6—\/}:xbxd 0.75x 6f
Where:

oV =3968KN >Vu = GES T s no shear reinforcement is required
. selected depth is OK

(4.13.3)Determination of bearing pressure :

M, =0
My, =0
o= =y SN I \
0 <13x14x0,, ..theassumptionis correct qu=195KN /m?
Fig.(4.37)
Bearing pressure diagre

(4.13.4) Mo i
) Moment calculation at the required sections for design:

Moment around X-axis at Section(1-1):

M =M
a-1) 2-2) :195x0.3x 03
5 X27=237KNm

To
find the valye of the moment wh; h
affec 1 ;
t the top remnforcement we hav
e to

q :
etermine the zerq shear poin-
355.3=195dx2.7 |

=08



0.67" 1
|

=—355.3x(0.67—0.4)+195><2.7><T

_12224KNm

— . 10 tOp reinfor¢

M 3-3)

ement is required

cement ¢

(4.13.5) Design of reinfor
cement For M(1-1)& M(2-2):

Design of reinfor
Mu =23TKN.m

Mu _ 237 _ 96 3KN.m -
Required sections for design

—_——— =

Mn =
® 09
400

s =196

m=—=—+=
0.85x fc 0.85x24

Mn _ 26.3x10° &
bed®  1000x (2407 UGl

=__(1_ 1_2'_”_5"_)
\} A4
2(19.6)(0.45
196(1 \f 430 9y =00012

A —3
g — 0% bxd=0.0012x100x 24 =2.76 cm?

Rn=

Aspy, =0.25— e
(b Ya)=12 (bw)(d) .................... (ACT ~10.5.1)

As =025 f_
(1 000)(240) =8.4cm”

1345, =3.6cn......... control
....... rols

= select ®12/25¢m

=065



tairs:

(4-14) Design of* T
Il

Fig.(4.39): cross section for the staircase
(4.14.1) Determination of Slab thickness:
By limitation of deflection for solid slabs :

h, = % ..... simply sup ported case

3.30
h 2 5 =0.165m = select slab thickness =15cm

req
d=15-2-1=12cm
47153
a=tan™ (=) =27°
( o )=27
(4.14.2) Load calculation:

Vert.ical Tiles = (0.03)(23)(0.15/0.30) = 0.345 KN/m?.

S:::;ti ::tzs: (0.04)(23)(0.33/0.30) = 1.012 KN/m?.

AR mom(g.os)(zz)(o.ls/o.so) =0.330 KN/m?.

e =(0.03)(22) = 0.700 KN/m2.

g 1-5/2)(22)/(Cos(27)) = 0.490 KN/m2.
~13/2)(25)= 1.875 KN/m2.

Sl . O

S o GiBhe g P

=IO



5+1.012+0 33+0.7+o,49+1.875+4.21=8.962 KN/
+1.

=5 /m?
6)(4.0)= 18.75 /m2

(4.14.3) Design against shear:-

hear envelope of the staircase.

The following figure shows the s

qw?&.?SI{N/mﬁm

Qe

it

Vu=32.96K)

q P
\ll ll.l!!ff»'«' g Al

95@

Fig.(4.40): shear diagram of staircase
Vu = Ay=32.95 KN.

¢VC=M
6

Ve = Mw
6 =T73.48KN

We=T348>Vu=3795
... ¢Vc > Vu

critical

10 shear reinforc
ement ; .
€nt 18 required so the depth of stair's slab is OK

-98 -



i qu=18.7" 5 KN \\

Mu=13.18 KN.m

Fig.(4.41): moment diagram of staircase

> My =0
= 4, =32.95KN
> M, =0
= B, =28.93KN

Mumax = 338KNWZ

Mu

Mn=—=""-37
& 09 YT S6KN.m

Rn:ﬂz 37.56*10°
bxd2 1000X(120)2 —261MPa

m=—_ 400

e AN

085xﬁ£"655;51=196

p=1q-

2mRn
L I 2(19.
o \l_\fj)) 19.6 U 1_(9\2())%2'6—1)_) —0.007

99



(4.14.4) Design against bending:

i

qu=18.7 5KN/m

)

Mu=13.18KN.m

Fig.(4.41): moment diagram of staircase

> My =0

= 4, =32.95KN

> M, =0

= B, =28.93KN
Mu,, =33.8KN.m

Mu 338

Mn=——=——=37.
o 0.9 56 KN.m

Mr  37.56*10°

Rn=—o =
bxd> 1000x(120)?

=2.61MPa

i 400
s = =19.6
0.85x fc  0.85x24

1 2mRn 1
e ’1_ o A e RSO 050
e fy T \Il #ho.om

99




7x100x12 =8.41cm?

AS gy =pxbxd=0.00

s = 0.20—-—~

V2R 1 00on120) 2 - (100X12)
oy L0 )2

As., =3.67cm’ 2 4.2cm’
A4S,y = 8.41cm® > ASmin

— Use1®14/15cm...... bottom reinforcement

For top reinforcement:
AS gy = PXDX d=0.007x100x12=8.41 cm?

7 10
As.. = o.zsm(loooxlzo) B (100)(12)

AS, gromp. = 0.0018x b xd = 0.0018x100x12 = 2.16cm”....... controls
Select 3010/1m
= use 1910/20cm ........ top reinforcement

(4.14.6) Design of landing:-

> 77 Tiles (8cm)
= “; AR - o A Ter / 4 Mortar (Scw
A 4 4 Lo
< a A = 4 av< 4 i 5
” : A - < : 4 A 4 : gc a RC (150@
= ; < 4 K < .a e idq. ’ 5 ! <
AT AT L2574 : L7 - — S
——r Plaster (2cm.)

Fig.(4.42): section in stair's landing
e Dead Load calculations:-
hslab=15cm
Dl of Tiles =(0.03)(23) = 0.69 KN/m2.
DI of mortar = (0.03)(22) = 0.66 KN/m2.
Dlofslab = (0.15)(25) =3.75 KN/mz.
DI of plaster = (0.02)(22) = 0.44 KN/m2.
Z D1=5.54KN | m




e lading) =14.8 KN/m

D2 (that comes from the stairs reaction on th

Total dead load = 554+14.8= 20.34 KN/m.

e Live load calculations:-

L1 : Live load on the landing =5 KN/m......-

m the stairs reaction o the lading)=8.25 KN/m

L2 (that comes fro

Total live load =5+8.25=13.25 KN/m

e Total Ultimate Load :-

qu=1.2D+l.6L=(1.2)(20.34)+(1.6)(13.25)=45.61 KN/m

e Bending moment & Shear calculations:

Ly/Lx = 0.56>0.5= " twoway solid slab

the following stiffness ratios was taken from the tables for designing two way

solid slabs depending on the span's length ratio :
Ly/Lx =4.9/2.74=1.8

KFx=11.3

KFy=38.5

KAx= KAy =1.83

g, xL,’ _4561x274’

M, = o
KL 13 = 03KNm.......rve) moment around (x —dir).
v o DXL 4561x274°

By 5 =4 =

Gl 38.5 8.9KN.m.......(+ve) moment around (y — dir).

y =y = faxLe _4561x274
il 15 68.3KN.......applied shear

Ay

e Design against shear:-

Vu =683 KN,
d=15-2-1=12cm



0.75x 24 «1000x120 _ 73 48KN
¢VC:: 6

Ve = 7348 >Vu= 68.3

gve =

¢VC > Vucn‘tical

.. no shear reinforcement is required so t

he depth of stair's slab is OK

o Design against bending:

For moment around (x-direction):

Mu =303KN.m
Mu
=—-= ?,—.LS =33.67KN.m
() 0.9

Mn _ 33.67x 10°

STy =2, 2
bxd® 1000 (120)’ SN

Rn

oo b 0G00I « WY
0.85><fc' 085x24

il 2mRn 1
ot e e 5 [ 2(19.6)(2.34
= # e \/1— 4())3 ))=0.0062

AS(eqy = pxbxd=0.0062x100x12 =7.47 cm? > Asmin

=
Use1®14/20cm ... bottom reinforcement

For moment around (y-direction):

Mu = 89KNm

=109~



a0 £75.6

ﬁ] ~0.85x24

m=0g5x fo

1o a5
o i
p"(l“ % 19.6

=pxbxd=0.0017x100><12 2.04 cm®

24 V24 (1000)(120) = ————(1 00)(12)
(400)

= 0.0018xbxd= 0.00lelOOxl

AS sh.&temp.

AS i —025—=
2 —=216cnr -.......

Select 3010/1m
— use 1010/20cm .. bottom reinforcement
(4.15) Shear wall Design:

(4.15.1) General definitions for seismic Ioad calculations:

a P bl Lo 1 - ~ - - -
he horizontal force on shear wall 15 ZIVET D
=
= e &
i ', ) N
= -, St == LA . i
...... WV —=———dW <4
IR
= desion bass shex
—— e 1S FYY »:.‘: T.i —~— - ~pm o - —~ -
e &
- ai Ee s —
o2 -~ Saumme ~—
= - o n
= NIERS ———
—~l = D
—



400

= 55 fo s 0.85%24

2019609 _ 0,0017
pz__(l_Jl_Z/L—)——l—g’g(l—\//

=pxbxd=0.0017x100><12=2.04cm2

et £19.6

As (req.)

V2R 0001(120) 2 S (100)(12)
s T =0.25a6‘(5(100 X )2 400

=0.0018><b><d=0.0018><100x12=2.16cm2 ........ controls

A ssh, &temp.

Select 3®10/1m

= use 1910/20cm bottom reinforcement

(4.15) Shear wall Design:
(4.15.1) General definitions for seismic load calculations:

The horizontal force on shear wall is given by:

O.11C IxW <V = f{”]{ xW < L xW

R

Where:
o V =The design base shear.

o W=Total seismic dead weight of the building, including the weight of all

permanent structural and nonstructural components ,such as walls, floors,

roofs, and fixed service equipment. In storage, a minimum of 25% of the
floor live load must be included.

R =Nume

rical coefficient depends on the structural system and equal to 5. °
for for concrete structures .
I=Importance coefficient depends upon occu

colleges and universitjes. pancy category and equal to 111

Cv&C.=Coefficient
z * depends on Soil profile t ffici ismic
one factor (Z) . ype coefficient (S), sel



.. ceconds, of the structure in t
.1 of vibration, 18 ¢
ental period 0

o T =elastic fundam
consider

i s calculated according to the following
ati

Pl C,(th

direction under

formula:

Where:
1.
o h. =Height of the structure above the base leve

o C' =Coefficient equal to 0.02 for all reinforced concrete buildings.

The total design base shear V. is distributed over the height of the structure

according to equation:
V::F rn Zl F i
Where:
o F,=The concentrated force applied at the top of the structure and shall be
calculated from the following formula:
F,=0.07xTxV <£0.25V .

The remaining portion of the base shear is distributed over the height of the

structure including the top level n , according to the expression:

V-F)w.h
=
Zi=IWihi

Where
o W.&W, =Portion of Weight for (X&) level.

iy s .
x> M; =Height to (x)&(1) level measured from the base level

Vx:F:+Fx

Where;

=01



. . i seconds, of the structure in the
. od of vibration, 11
¢ fundamental perio

= elasti . .
o T=e der consideration and it is calculated according to the following
direction unaer €
formula: .
T = C't(}ln)3
Where:

o h. =Height of the structure above the base level.

5 C. — Coefficient equal to 0.02 for all reinforced concrete buildings.

The total design base shear V is distributed over the height of the structure

according to equation:
V: F i Zl F i

Where:
o F, =The concentrated force applied at the top of the structure and shall be

calculated from the following formula:
F,=0.07xTxV <0.25V .

The remaining portion of the base shear is distributed over the height of the

structure including the top level n | according to the expression:

V-F)w.h
sz nt xVlx
2owh,

Where

o W, &W, =Portion of Weight for (X)&(i) level.
o h.,h =Height to (x)&(i) level measured from the base level

For calculating the desi
gn value of
be used: ffoar at any level, the following formula shall

V.=F + F
Where; ;
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W —20 1D /?3}'7<: -5_—:5L>! /5
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1 o - ns _0O75 A4 r @ Vi
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of columns jor lastthree floors

Values of different coefficients taken from (UBC code.V2.1997):
R=35
S=SB.....for rock soils
Z=03
Cv&Ca=0.3
I=1
C, =0.02
hn=24.25 m

calculation for other values needed for load calculation:

T=C,(h)" =002x(2425)"* =0219 s

€l 03x1
V = —Y—XW i ik O
RT = 0.219x78479.13 =19546 48KN

=1
9546.48KN > 0.11C,I xW =0.11x 0.3 x1x 78479 13 = 2589 SKN



B 4 —10701.7KN....ccoee

F,=0.07xTxV

— F, =0.07x0.21

o5 Gales 2812
77 = 19546.48KN > TXW =

<025V

9x10701.7 = 164.06 <0.25x% 107

5.9

25%03x178470.13 = 1070LTKN....._.not Og

014 =26754....... ok

— F, =164.06
Vx i F‘ i Fx
_-Flw.h.
i
The values of Fx was calculated for each floor and shown in the following table:
Floorlevel | h; Wi hi Wi Fx Story shees
(cumulative)
6 219 | 69537 | 152286 | 2406.69 2406.69
i 1825 | 9116.6 | 166378 | 2629.40 5036.09
: 146 | 9116.6 |133102.4| 2103.52 7139.61
10.95 | 9345.5 |102333.2| 1617.25 8756.86
2 7.8 0345.5 |68222.15| 1078.17 9835.03
. l‘} . 3.65 | 12180.4 | 44458.46 | 702.61 10537.64
666780.2 | 1053764 |
Chech the values of Fx:

V=T + ' B =164.0
, Z:.F :06+10537.64 =10701.7KN........ OK

=106 -



e calculations from each wall :

(4.15.3) Ratio of load resistanc

¢ B
N

. | waan -
13%
3:2 10 |
5 —— |
. g . 145
i o Sho { | | :
ARSI

Fig.(4.43): Shear wall numbers as used in calculations

Determination of shear centroid:

wall I X X x Iy ly y yxly
1 4.63 0.15 0.69 0.00 | 3.15 0.00
2 0.00 3.40 0.00 786 | 0.15 1.18
3 0.39 6.65 2.59 0.00 | 1.40 0.00
451 0.00 2.10 0.00 185 | 615 | 11.38
: 8.83 2.20 0.18 0.00 | 3.14 0.00
: o'oo 3.15 0.00 015 2.19 0.34
; . 3.15 0.00 0.15 | 3.99 0.61
0.25 25.60 6.40 0.00
5 = : 2.92 0.00
: 26.80 0.00 0
52 1o =i - 44 | 1.55 0.68
= e 28. 17.33 0.00 |-0.06| 000
= == 30-22 7.00 0.00 | 292 0.00
= P = L 000 || 148 |50 SEPNE
5 - 33-1 5.80 0.00 |-056 | 0.00
10 29.13 0.00 || 207 | GIO0ES
69.122 | 11888 12.031

0725



bx I

T

3 12
g b xb*
e 12
Where;

o I, =moment of inertia around x — axIs.

1, =moment of inertia around y — axis.

o
3 X= length between wall's centroid to the y - axis along X - axis
o Y =length between wall's centroid to the X - axis along y -axis

Location of real shear centroid determination:

S xx_69.122

= =22 -9.50m
Sdss 125
S Lk ye o031

Y'= y s £ -1012
I, 11888 o

Where;

o X'=lengthbetween wall' s centroid to the real centroid along x - axis

o Y'=lengthbetween wall's centroid to the real centroid along y - axis
e =12:91m

e, =9.837Tm

Eccentricity is large i e
ty ge mn both directions so that the influence of rotation must t

considered so th
at for each wall there will be on :
of rotation . e part of translation and one pa

=108
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eS| e R
— = . 7.86 ’

3 LA 0.00 0.00
=y 1.85 1.85 0.16

5 0.00 0.00 0.00

6 0.15 0.15 0.01 J

7 0.15 0.15 0.01

8 0.00 0.00 0.00

- 0.44 0.44 0.04

10 0.00 0.00 0.00

1 0.00 0.00 =

12 1.43 1.43 0.12

13 0.00 0.00 0.00

L 0.00 0.00 0.00
5 1.00

o Part of rotation in x-direction (due to Mx") :

_—— 1344.55m*®
_M { I '
Q= 2EBXY 1 g
wall I
1 0 éo 5 Qu=(-My.ly. Y
: 7.86 ela 0.00
- 0.00 1066 0.05
.4 1'85 0.93 s
. 015 = 0.00
e 015 110 0.00
%w = 0.00
1.91
\ 0.00

=1le.




| //E//T 0.0 Ty
9 ’/__,_0,4,—/"’ 1.07 0.00

& o 000 ——rg 0.00
B oy | ow
o /L-g%/f— 57 0.00
_____..1}_’-————/—%0’6””’ 127 0.00

. 7 ' 0.00
e

o Part of rotation in x-direction (due to Mx) :

1, =1344.55m°

MxXIXXX _ 11 888m*

xG) E

wall le X Qyi=(MxdxX'Mly)

1 4.63 -9.35 -0.32

2 0.00 -6.10 0.00

3 0.39 -2.85 -0.01

4 0.00 -7.40 0.00

5 0.08 -7.30 0.00

6 0.00 6.35 0.00

7 0.00 -6.35 0.00

8 0.25 16.10 0.03

190 0.00 17.30 0.00

11 3’2?, s 0.07

12 Set 18.50 0.03

13 = e 0.00

14 0.88 23.65 0.03

s 230 0.15

T . -0.02

part of each wall dye tq Q
X

thzQXlranslaﬁon + metation

= 111 =




| 02
g | o7t
P EELSs
- = 1 009
.
____E___—-———jg;—"
1 00
g | 003 |
o
g | 004
10 | 007 |
11 0.03
12 0.15
13 0.03
14 0.15
Check for final values of Qxot
Sum for walls in same direction =-.02~0.......... ok
Sum for walls in the other direction =1........... ok

e Part of translation in y-direction(due to the load Fgy):

Fy, =1KN
M,'=12.91KN.m

/5
Qy(i) = DX

ZL

Y1, =17275m*

=12



/ FRy X Ix FRy X le7.275
seemmmmmmmet | L0 463 0.64
/ .

1 /f.?%—-’*"’” 0.00 0.00
// .
2 ,/,9,%;/ 0.39 0.05
. 2
3 ”’"’O"Eo’/, 0.00 0.00
s
4 ,,,-9;55—3/’ 0.08 0.01
. 1
- /‘La/ 0.00 0.00
6 0 0.00
. &8 0.00
- 0.00 =
. e 0.25 :
- 0.25
. 5 0.00 0.00
5 0.00
e 0.62 0.09
10 0.62 o
11 0.25 0.25 .
12 0.00 0.00 0.00
= 018 0.18 0.02
14 0.88 0.88 0.12
il 1.00
e Part of rotation in y-direction (due to My') :
1, =1344.55m°
My'xIxx x'
Qg = o
W1aII b X' Qyi=(My x lx x Xk
463 9.35 0.42
2 0.00
5 6.10 0.00
0.39
; = 2.85 -0.01
e ) 7.40 0.00
Gl 0.08
6 0.00 e -0.01
e | .
7 o5 -6.35 0.00
P e e S U .
%@ - 0.00
16.10 0.04

={i8.




17.30 | o
. /999//,/7;;_;5’” 0.09
S " e | oo
/‘E’/""’oﬁé/ 23.65 004
L s s | 280 0.20
- . -0.02
SUM
o Part of rotation in y-direction (due to My")
I ~1344.55m"
_ —Myxlyxy'
yG@) ~ ]m
wall ly y Qyi=(-My xly.y'll
1 0.00 2.14 0.00
“ 7.86 -0.86 0.06
3 0.00 0.93 0.00
4 1.85 514 0.09
> 0.00 213 500
S 0.15 118 0
! 015 3.08 -
2 g'gi 191 ==
v 0.00 0:54 0.00
i 0.00 -1.07 0.00
12 143 1.91 0.00
- 0.00 287 0.03
- g R -1.57 0.00
= ( LY 0.00
0.00

part of each wall dye to Q
y

Qy=Qytranstation + Qi

-114.




T | Gyt

__,___5_.—/-’——6’66"‘
7 | o0
g | 007 ]
P s | 000 |
@ | 047 |
4 | o008
12 0.03
13 0.06
14 0.32
Check for final values of Qytot. :
Sum for walls in same direction =0........... ok

Sum for walls in the other direction =0.98 ~ 1

Ratio calculation for each wall:

% Fxfor any wall =Qxtot for that wall. * shear force applied on the wall

Vo Fx for any wall = Qx,,, for that wall x shear force applied on the wall
Take sample calculation for wall #7-

%Fx, =0.01x1057.64 = 99 82
%Fx, =0.01x9835.03=93 16
“%Fx; =0.01x8756.86 =82 o5
%Fx,=0.01x7139.61= 67 3
oFx;=0.01x5036.00 = 47 79

7oFX, =0.01x2406 69 = 97 g

And the ratios for each wal] |
Y €ach load js shown in the following table
ollowing

=S



/

R i)
%m Quitot % F3 | Qxtot X Fa | Qxtot X Fs | Quq Fe

_—-——"‘1 et S5
wall | Quat &E’.‘.’i—&m — 5270 | 226886 | 160039 | Tea,
T 032 | 8870 | ¥t —riap | 5074.77 | 357951

-490.06 | 699066 6224.30
0.71 ; i b s
§ ol | 02 7145 | 58 4

~— T 90430 | 844.00 5148 | 612.69 o

WA e e | arsa | 9061 | 21

5 | 000 | -45.17 o L
i Too1 | 12245 | 11429 101.76 . :

' ’ 5 67.63 47.70
= Too01| 9982 | 93.16 82.9
s | 003 | 311.35 | 290.59 25873 | 21095 | 14880

//_._———-
___________,___’_’___——

9 | 004 | 371.64 346.86 308.84 251.80 177.61

____________________——-___/——-—‘/

10 | 0.07 | 693.02 646.81 575.90 469.54 331.20
11 | 003 | 357.76 | 333.91 297.30 242.40 170.98 81.71
12 | 0.15 | 1520.73 | 1427.73 1271.21 | 1036.44 | 731.08 | 34937
13 | 0.03 | 320.15 | 298.80 266.05 216.91 153.00 7312

14 | 0.15 | 1606.49 | 1499.38 | 1335.01 | 1088.45 767.77 | 36691 |

ez 22.8KN

o 2R

F8=22.8KN . zrrrrs

g |

020N |l FE=4T.AKN rrrrmm

w |

1S7.83KN

g

rrd  P3=83.95EN rrrrzrr

8|

ozl F2=9S8.16KN \prrrrzad)

R21.78KN

814.94KN

2801.6KN.m, f 3 1
414.78 KN |

wosses FI=99.82KTNE

=116~




7):
(4.15.4) Design of Shear wall (1)

reinforcement:

4 15.4.1) Horizontal (shear)

f ¢ =24 MPa.
J¥ =400 MPa.
h=20 cm. Shear wall thickness.

Lw=2.1 m. shear wall width

Lc=3.65 m. Story height.
d=0.8Lw=0.8*2100=l680mm

Vu=99.82+93.16+82.75+67.63+47 70+22.8=413.86 kN.
Mu=99.82(3.65)+93.16(3.65* 2)+82.75(3%3 65)+67.63(4%3.65)
+47.7(5%3.65)+22.8(6%3.65)
=4315.4KN.m
Pu=25%0.2%21.9%2.1=229.95KN

e Design in plain concrete:

'L—C“lé-i—lszs 3
s S

20 2219
L = D]

=20.86 <32

° Check eccentricity:

Mn 43154
== =137y > 1Y _ 21
Pu e
229.95 6 ¢ 235....not OK then design in reinf. CO"
° Another shear checks

1 KN
e =~ —x+/
c 9<D fc><Lw><h=0.55x1
T 24 x (2100) x (200) =125.74

B6KN

~A5-




reinforced concrete:

o Design in
75 x 24 X (200) x (0-8% 2100) = 207.76KN <V
ove =-16-(I)\/70—'xbxd ~0.75%
OVe+DVs 2 Vu
_, Vs =413.86-207.76= 206.1KN
3
Av ovs | 206.1x10 S i
(?) z(o = pxd ) 03x400x(08% 2100)
req. 2

(ﬂ) _ 00025k =0.0025x20= 0.05.....controls
S Jain

= ﬂ = Z—l =042m........ controls

Smax 5 5
:3h=3x0.2=0-6m
= 450mm = 0.45m

ii;v- =0.05=> 4v,, =2.lem"............ or 2 bars

— select 2012 with As =2.26> Av,, =2.1..............OK

= select 2012/30cm

(4.15.4.2) Vertical reinforcement design:

P, =horizontal reinforcement ratio

ph = _L‘s(h) = M
4 100,z = 000565

g

Pain =0.0025 +0.5(2.5_ 1
25-7-)(p, - 0.0025)

Prin =0.0025+0.5(2.5_ 20
210)(0.00565 —0.0025) = 0.0063

Snin = 0.0063x20x100 = 202

As . =10cm?

A

....... Jor one Sides

=g



2
— select 1016 with As = 2.0lcm

(_4‘,’) —0.05
SV

Av -
_4‘1 = _2,52—0}' = O.201cm > (—TST) : = 005
S 20 i
For 1 m:-

2x2.01X100 _ 501> Ay, =20
20

— select 2®16/20cm

ment design for both ends (boundary) for shear wall

(4.15.4.3) Reinforce
(Heavy loaded shear wall design):

Uniform distribution of vertical reinforcement will be considered

2D16/20 cm => AS ypigeq = 2% 2.01% 210 _ 42 21cm?
20

ds o =400lem® . : :
is the whole horizontal reinforcement in the shear wall

B 1
Iw . [085x B, x foxIwxh) 1 =0116
o | X fe'xLw ] 2+(O.85x0.85x24x2100x200
Asx fy 4221x 400

M, :q)XO'SXAsreq.Xﬁ’(LW(l—ijj

Lw
=09
X0.5x4221x400x (2100 [1-0.116]) = 1410 45 KN .m

M, =Mu-M, =
2 =Mu—-M, =4315.4-1410.45 = 2904 95 KN 1
Cw=h=-20-2c=20-6-2 - 10cm .

ﬁ\?::/i e 2904.95 x 108 /0 9
== X
Cw) 4002100 —109) ~ 40-35¢m’

Sboundapy =

= sel i
ect 9025 with 4s 442> As =40
: =40.35¢cm?>
.................. OK

=119



1916/20cm 1912/30em

9926 1012/300m.
r ° ] ° B S —
a 0/ e = 2 .E\‘
\ 1912/30c™ \ 1916/20cm. 1912/30cm =
,MNMM,MW__M,,”ngJQwﬁwwﬂjwwwwfhW_WMAh
DETAIL #1
SECTION IN SHEAR WALL
Fig.(4.45): shear wall #7 cross section. —

S1201s
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BLE 16+
;IAIBLE 16-K

C ZONE FACTOR Z

TABLE 16-1—SEISM
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3 >
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3p,

“Basic structural SYSIEms are de
rolubited in Seismic Zone:
‘Includes precast concrete co
*Prohibited in Seismic Zones
“Ordmary moment-re
" Tonal height of the
*Prombited in Seism

TABLE 16-N TEMS!
RAL SYS HEIGHT LimiT pon )
i TRUCTU SEISUIC 206e5 5 |
TABLE 16-1 AN oy |
R 5, * 3048 for may
e e ] ESCRIPTION
G SYSTEM D
mrsnALfochRES’sIf“ rless : : : : h:
2 —— T shear panels ¢ three stories or les 4.4 6
BASIC STRUCTURAL SYSTEM Tk framed \\Inll;' \I\::lllzlcfl:\xxllﬁi" structures thiee s
carine wall systen “a Wood structural walls 1.3 2.8 160
BEaNg il) All other l";!""l”""m 15 28 160
2 Shear walls 28 22 63
a Conerele Son-enly bracing
b Masonry .d bearing walls with lclxsx(rlll‘:::lll. 14 27 10
3. Light steel-Tramed be bracing carries gravity 1ol 18 23
1 Braced frames where br e = s
a Steel b — —_—
b. Concrele 7.0 28 210
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cecentrically braced frame (L 65 2.8 63
— : 1. Steel cccentricaliy B < banels - dorics orless 454 4 <
2. Building frame system > l"?h""i,n‘fd,\:;’,l;l-:l\;::llxl:c?l\l\“:"f'b' structures tliree stories or Ie 5o 28 6
a  Wood struciur o
b Al other light-Tramed walls 5.5 2.8 240
3. Shear walls 55 28 160
a. Concrete
b. Masonny 56 2o 160
4 Ordinary braced frames 56 33
ol 56 55 65
b. (‘nncn:(c'h'
: Heavy tunber i s o b 2.4
5 ‘S;xci.:.l concentrically braced frames 6.4 22 240
% 3ed iR NI
- P ent-resisting frame (SMRF) 8.5 2.8 L.
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1 Ordinary moment-resisting frame (OMRE) 15 28 160
a Steel® - 35 28 o8
b. Concrete? X} » : v 65 28 240
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7. Undefinod systoms — ~ See Sections 162967 und 163993
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fined in Section 16296,
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nfeming 1o Section 192127
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4. See Section 163327

he requirements of Section 22
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TABLE 16-0
TABLE 16-0—SEISMIC COEFFICIENT G,
SEISHICZONE FACTOR, Z P
5 202 Z=03 Z=04 ;
SOIL PROFILE TYPE Z=0075 22t = !
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S 0.19 0.30 0.34 0.36 1 0.36\;
S See Foolnote 1
{Site-specific geotechnical investigation and dynamic site response analysis shall be performed to determine seismic coeflicients for Soil Profike Type S
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