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in Hebron City
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Supervisor
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Abstract

The construction design is the most important design for the building after the
architectural design, the distribution of the columns and the calculation of the loads and
maintain durability and best economical way the highest degree of security and safety is
the responsibility of the construction engineer.

The idea of this project can be summarized by preparing Residential commercial
project in Hebron.

The project is consists of ten floors, and the total area of the building is3184 meter
square.

We used ACI-318-14 code and structural designing programs such, ATIR,
AutoCAD (2014), we study some old graduation projects, and the project include
detailed structural study of identified and analysis of the construction elements and the
expected various loads.

God grants success
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List of Abbreviations

e As = area of non-prestressed tension reinforcement.

e Ag=gross area of section.

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

e bw =web width,

e DL =dead loads.

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

o f.'= compression strength of concrete .

o fy =specified yield strength of non-prestressed reinforcement.

e h=overall thickness of member.

e 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.

e LL = live loads.

o M = bending moment.

o Mu = factored moment at section.

e Mn = nominal moment.

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

e Vc = nominal shear strength provided by concrete.

e \VVn = nominal shear stress.

e Vs = nominal shear strength provided by shear reinforcement.

e Vu = factored shear force at section.

e b= width of beam .

o Wu = factored load per unit area.

o ® = strength reduction factor.

® g. = compression strain of concrete = 0.003.

e g = strain of tension steel.
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e €.=strain of compression steel.

® p =ratio of steel area .
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A

Chapter Four

Structural Analysis and Design

4-1 Introduction
4-2 Design method and requirements.
4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping .
4-5 Design of One Way Rib Slab .
4-6 Design of Beam (4).
4-7 Design of Stair (Stair#1l).
4-8 Design of Column (C2).
4-9 Design of Shear Wall (SW,2).
4-10 Design of Footing (FA,C2).
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4.1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels, and
others.

Reinforced concrete is logical union of two materials: plain concrete, which possesses high
compressive strength but little tensile strength, and steel bars embedded in the concrete, which
can provide the needed 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
specifications 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_14).

v" Strength design method:-

In ultimate strength design method, the service loads are increased by factors to obtain the load
at which 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
this 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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NOTE:-

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

v' Code:-
ACIl 2014
UBC 97

v Material:-

Concrete:-B300

- 2 . .
fc'= 30N /mm*(MPa) o\ circular section

but for rectangular section ( f¢'=3070.8 = 24MPa

Reinforcement steel:-
The specified yield strength of the reinforcement ( fy = 420 N/mm? (MPa) ).

v" Factored loads:-

The factored loads for members in our project are determined by:-
Wu=12DL+16LL AClI-code-318-08(9.2.1)

4.3 Check of Minimum Thickness of Structural Member:

Minimum Thickness of Non prestressed Beam or One-Way Slabs Unless Deflections are Calculated.
(ACI 318M-11).

Table (4.1): Check of Minimum Thickness of Structural Member.

Minimum thickness( h)
Simply One end Both end
HIETEEs supported Continuous continuous o
solid one way
slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8
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For Rib :-

hminfor(one end continuous)=L/18.5=4.5/18.5=24.32cm
hminfor(both end continuous)=L/21=5.88/24=28.0cm
For Beam :-

hminfor(one end continuous)=L/18.5=4.25/18.5=22.97cm
hminfor(both end continuous)=L/21=4.67/21=22.29cm
Take h =28 cm for rib

20cm block + 8 cm topping = 28cm

4.4 Design of Topping
v' Statically System For Topping :-

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

Wu

- 40 cm

Fig 4.1: Topping Load.
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v" Load Calculations:-

Dead Load:-

Table (4.2): Dead Load Calculation of Topping.

Live Load :-

L. =4 KN/m?

L. =4 KN/m?x1m=4 KN/m
Factored Load :-

Wy =1.2 x6.5 + 1.6x4=14.2KN/m

Check the strength condition for plain concrete, @M, > My, where g = 0.55
Mn = 0.42 4 \/f/ Sm(ACI 22.5.1, equation 22-2)

_ b.h? _1000.802

= =1 .67 2
3 3 066666.67 mm

Sm

@M, =0.55x0.42x1xv/24 x1066666.67 x107¢ = 1.207KN.m
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2
My = Wi‘ZL = 0.189KN.m (negative moment)
Wy, L? .
My = e = 0.0946 KN.m (positive moment)

gMp>> My = 0.189 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAs minfor slabs as
shrinkage and temperature reinforcement.

Pshrinkage— 0.0018 ACl 7.12.2.1
As = pxbxhiopping =0.0018 x1000x80 = 144 mm?/m
Step (s) is the smallest of:

1. 3h =3x80 =240 mm control ACI1 10.5.4
2. 450mm.

280 280

3. S :380(—) —2.5C =380 (222) - 2.5.20 = 330mm ACI 10.6.4
[ 2420

Take g 8 @ 200 mm in both direction , S = 200 MM <Smax = 240 mm ... OK

4.5 Design of One Way Rib Slab (R1)

Requirements For Ribbed Slab Floor According to ACI- (318-14) .

bW > T0CM. . oeetiii ACI(8.13.2)

B < 3. 5 W o ACI(8.13.2)
Select h=28cm<3.5*14= 49 cm
tf>Ln/12350MM oo ACI(8.13.6.1)

Select tf=8cm
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v Material :-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel fy = 420 N/mm?
v’ Section :-

= B =540mm

= Bw=140 mm

= h=280 mm

= t=80mm

= d=280-20-10-16/2= 242 mm

v' Statically System and Dimensions:-

Units:kN,meter

Live loads - Service

Fig 4.2: Statically System and Loads Distribution of Rib(R1).
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v" Load Calculation:-

Dead Load:-

Table (4.3): Dead Load Calculation of Rib(R1).

Dead Load /rib = 5.3KN/m
Live Load:-

Live load = 4KN/m?

Live load /rib = 4 KN/m? x 0.54m = 2.16 KN/m.
% Effective Flange Width ( b, ):-ACI-318-14 (8.10.2)
be For T- section is the smallest of the following:-

b =L/4=234/4=585cm

be =15+ 16t =15 + 16 (8) = 143 cm

be = be < center to center spacing between adjacent beams = 54 cm. Control
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b. For T-section = 54cm .

spans 1to &
-28.6

Moments:

-18.1 /4 173

1.85 p.99.av¥, 1.76 | 1.76 1.17

Fig 4.3: Shear and Moment Envelope Diagram of Rib (R1).

v Moment Design for (R 1):-

Design of Positive Moment for (Rib1 ):-(Mu=19.0KN.m)

Assume bar diameter g 12 for main positive reinforcement
_ dp 12
d =h- cover - dstirrups—7 =280 —20 10 —— = 244mm
Check if a>hs to determine whether the section will act as rectangular or T- section.
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Mur =0.85. f7. b. hy. (d — L)

:0.85><24><540><80><(244——)x10 6 = 179.78 KN.m

Mn>>% = 10990- 21.11 KN.m, the section will be designed as rectangular section

with be =540 mm.

_ My 19.00x10°
Ri= Zhaz = Joxssoxzasz — 0:00 Mpa
420
= - = 20.6

0.85f! ~ 0.85x24

p:1<1 _ _ﬂ> _ <1 ‘\/1 _M> — 0.001597
m 420 20.6 420

Asreq = p.b.d = 0.001597 x14.0x24.4 = 0.546 cm?

Check for As min:-

\/_

As min =

-318 (10.5.1)

AS min = V24
4(420)

AS min —'—4(bw)(d)
(fy)

AS min =—= (14)(24.4) = 1.139cm? controls

ASmin = 1.139 cm? > Asreq = 0.546 cm?  OK

Use 2 g 12 ,Asprovided= 2.26 Cm2>As,required: 1.139 cm?.... Ok

140-40-16—(2x12) _
1

S=

=60mm>d, =12 > 25 mm OK
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Check for strain:-

_ Asfy  226x420
0.85b f! ~ 0.85X540x24

= 0.861 cm

a 861
X=—=—=1.014cm
B, 0.85

244 —10.14
0.0 (—

d—x
8520'003( x )z 10.14

) = 0.0691 > 0.005 Ok

v" Shear Design for (R 1):-

Vu at distance d from support = 23.9 KN

Shear strength V¢, provided by concrete for the joists may be taken 10% greater than for beams.
This is mainly due to the interaction between the slab and closely spaced ribs.(ACI, 8.13.8).

Ve ==\[fIb,d = V24 X 140 X 244 x 107° = 30.68 KN

oV =0.75%30.68 =24.3 KN
0.5 8 V¢ =0.5%30.68 =15.34 KN
05 2 Vc< Vu< 7] VC

Case (2) for shear design, minimum shear reinforcement is required (4, i), €xception for
Ribbed slab , No shear Reinforcement .

Use stirrups U-shape as montage (2 leg stirrups ) 88 @ 250 mm , Ay = 2 x 50.24 = 100.48 mm?,

_ 2%50.3
V" 025

= 401.92 mm2/Mstip
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4.6 Design of Beam (B4).

v Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?

v" Section :-

= B =80cm
= H=28cm
= d=280-40-10-20/2= 220 mm

v' Statically System and Dimensions:-

Geometry Units:meter,.cm

1 2 3 a 5
E A A A A A —
A T EPl A 14 C A 14 C 1.
Q.25 328 025 142 025 2.88 05, 252 0.5, 22 05
o 353 ' 1e7 3.25 N 3.02 o 27 il
6 7 8
. A . A . A ::[
— A e A — A
05, 2.61 05, 3.71 0.5, 388 9.25
,' 3.11 o 421 N 425 o
I f f !
28]
EGR
AA
Dead load - Senvice Units:kN,meter
64.6 86.8 66.6 66.6 6g.8
35 1.87 335 302 27
68.8 86.8 ae.8
311 421 425
Live load - Servica Load factors: 1.20,1.20/1.60.0.00
L lAe L L ] bl } | feo] | ] ] Jsl | | ] a4 |
353 1.87 azs | 302 27

Fig 4.4: Statically System and Loads Distribution of Beam (4).

40




Chapter 4 structural analysis and design

v" Load Calculations:-

Dead Load Calculations for Beam(B4):-
The distributed Dead and Live loads acting upon (B4) can be defined from the support reactions
of the rib R1.

Dead Load:-

Table (4.4): Dead Load Calculation of Beam(B4).

From Rib 1

The maximum support reaction from Dead Loads for R1 upon B4 is 37.16 KN, The
distributed Dead Load from the R1 on B4.
DL =(31.36/ 0.54) = 58.07 KN /m

Self weight of beam = 8.578 KN / m
DL =58.07+8.578 =66.65 KN / m

Live Load calculations for Beam (B4):-
From Rib1l

The maximum support reaction from Live Loads for R1 upon B4 is 12.95 KN The distributed
Live Load from the Rib 1 on B4.

LL =12.95/0.54= 23.98 KN/m.
Total LL =23.98 KN/m
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Moments: spans 1to 8

-236.6

-133.4 -146.3 "1?"'?.-';".,_153'5

-103.5, 11}4135 _ -91.6 -96.8 , 90,

-212.L2229

Fig 4.5: Shear and Moment Envelope Diagram of Beam (B4).
v" Moment Design for (B4):-

Flexural Design of Negative Moment for(B4):-(Mu=170.7KN.m)

= M,  170.7x10° _49M
"= 0bdZ T 09 x 800 x 2202 P4

fy 420
0.85f!  0.85x24

p:i(l i _M> :L<1 ‘Jl _M> — 0.0135
m 420 20.6 420

As = p.b.d = 0.01355 x800x220 = 2385.77 mm?

= 20.6
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Check for Asmin:-
f ’
Asmin = Y0 (ow)(d) = 2 « 800 * 220 = 513.22 mm?
4( fy) 4+420

Asmin = =2 (bw)(d) = 2% « 800 * 220= 586.66 mm? Controls
(fy) 420

As =2385.77 mm? Controls

Use 5g 25 ,Asprovided= 2454.37 mm2>As,required= 2385.77 mm?... Ok

Check spacing :-

§ = X2 C) = 143.75 mm > dy, = 25mm > 25mm 0K

Check for strain:-

AS.
— fy = 2454.37X420 — 6316 mm
0.85b fc 0.85X800%x24
x=2 =21 _ 7431 mm
B,  0.85
= 0.003 (d _ x) =0 (220 _ 74'31) = 0.0059 > 0.005
& = x ) 7431 ) '
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v" Shear Design for (B 4):-

u=251.5 KN

Ve==\/fc'b, d == =V24& 800 * 220 = 143.7 KN

® V=0.75*143.7 =107.77 KN

143.7—-107.77

Vs = ( 0.75

) = 47.9 KN

vy = 2\/fc'b, d =v24 + 800 x 220 =287.4KN
v < vy
47.9 KN<287.4 KN

shear reinforcement are required

Use 2 leg @ 10
A, =157 mm?
Apfyed 157 % 420 % 220
S = = = 302.85
v 47.9 % 1000 i
d 220
Smax = 5= = 110 mm control
or Smax < 600 mm

Use2leg ® 10 @ 100mm
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4-7 Design of Stair (Stair#1)

v Material :-

= concrete B350

= Reinforcement Steel

1- Design of Flight :-

|
|

65208512148
\| 8szhodesizire

Fig 4.5: stair 1 plan.

Fc' = 28 N/mm?

Fy = 420 N/mm?

v" Determination of Thickness:-

hmin = L/20

hmin = 2.39/20 = 19 cm

Take h=20cm

The Stair Slope by 6 = tan™(2/ 3.6) = 29°
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Dead Load For Flight For 1m Strip:-

Table (4.6 ): Dead Load Calculation of Flight.

Live Load For Landing For 1m Strip =5*1 =5 KN/m
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v" Design of Shear for Flight :- (Vu=37.8 KN)

Assume bar diameter g 14 for main reinforcement

d =h- cover—%= 200—20—12—“= 173 mm

Ve==\/fc'b, d == =V28 %1000 * 173 = 141.25 Kn

6

® Vc=0.75* 141.25 =105.94 KN >Vu = 37.8 KN...... No shear reinforcement are required

v" Design of Bending Moment for Flight :- (Mu=34.02 KN.m)

_ My 34.02x10°
Rn= Obd?  0.9x1000x173%2 1.26 Mpa
Iy ‘20 _ 17,64

m= =
0.85f,  0.85x28

p= l(l -1 _M> = ;<1 _\/1 _w> = 0.00308
m 420 17.64 420

Aseq = p.b.d = 0.00308 x1000x173 = 533.5 mm?/m

Asmin= 0.0018*1000*200 = 360 mm?/m
ASreq =533.5 mm2>As,min:360 mmZ/m

Check for Spacing :-

S =3h =3*200 = 600 mm

S = 380* () — 2.5%20 = 330
E* 420

S =450 mm

S=330 mm ......... is control

Use 12 @ 100 mm , Asprovided= 1130 mm2>As,required = 533.5 mm?... Ok
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Check for strain:-

_ As_fy - 1130%x420 = 23.26 mm
0.85b fc 0.85X1000X%x28
=2 =220 _ 9736mm
B, 085
= 0.003 (d _ C) =0 (173 _ 27'36) = 0.016 > 0.005 0k
& =0. —)=0 5736 = 0. 005 ...

v Lateral or Secondary Reinforcement For Flight :-

As,req: Asymin =0.0018*1000*220 = 360 mm2

Use g10@ 200 mm ,Asprovided= 395 MM?>As required= 360mm?Z... Ok

2- Design of Middle Landing :-

v" Determination of Thickness:-

hmin = L/20
hmin = 4.6 /20 =23 cm

Take h=25cm
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v" Load Calculation:-

Dead Load For (LA1) Landing For 1m Strip:-

Live Load For Landing =5*1 =5 KN/m

Factored Load For Landing :-
Wy =1.2 x8.04 + 1.6x5 = 17.65KN/m

Factored Load From Flight :-

Wia =2 =22 = 18.9 KN /m
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design of Shear:- (Vu=78.4KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —"2—” =250 — 20 —12—“ = 223 mm
Ve :% fc'b, d == %\/28 + 1000 * 223 = 196.67 KN

®* V¢ =0.75* 196.67 = 147.5Kn> Vu = 78.4 KN...... No shear reinforcement are required

v" Design of Bending Moment :- (Mu=84.5KN.m)

Assume bar diameter g 14 for main reinforcement

d =h- cover—dz—bz 250—20—12—4= 223 mm

M, 845x10%
Rn= 25z = sox1o00xzzaz — 188 Mpa
fy ‘20 _ 17,64

m= ; =
0.85f  0.85x28

p= l(l -1 _M> = L(l _\/1 _w> = 0.00466
m 420 20.6 420

Asreq = p.b.d = 0.00466x1000x223 = 1041.0 mm?

Asmin =0.0018*1000*250 = 450mm?

As,req =1041.0 mm2 ......... is control

Check for Spacing:-

S =3h =3*250 =750 mm
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S = 380* () — 2.5%20 = 330
5* 420

S =450 mm

S =330mm ......... is control

Use g12@100 mm ,As.provided= 1130 mm2>As,required: 1041 mm?... Ok

Check for strain:-

Asfy _ 1130x420

~0.85b 71 T 0.85x1000x28 19.94 mm
c= @ _ 1991 _ 23.46 mm
B, 0.85
= 0.003 (d _ C) = 0.003 (223 _ 23'46) = 0.0255 > 0.005 .....0k
& =0. —)=0 T340 = 0. .005 .....

Fig 4.7:Stair Reinforcement Details.
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4-8 Design of Column (C2)

v' Material :-
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

Factored Load:-

Pu =394.8 KN

v Dimensions of Column:-

Assumepg = 0.01
#*Pn=0.65x0.8xAg{0.85 fc (1- pg) + pg * Fy}

Ag=56921.1 mm2

394.8=0.65 x 0.8 X Ag {0.85 * 28 (1 — 0.01) + 0.01 * 420}

Assume Rectangular Section

h =300 mm

b =56921.1/300 =260 mm
Select b =500 mm

Fig 4.8 : Column section
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v" Check Slenderness Parameter:-

m<34—12ﬂ£40
r M 2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor. According to ACI 318 (10.10.6.3) The effective length factor k, shall
be permitted to be taken as 1.0.

R: radius of gyration = \/,IA: ~03h ..o For rectangular section

Lu=35-0.7=2.8m
M1/M2 =1
K=1 for braced frame.

e about Y-axis (b= 0.60 m)

m < 34—12ﬂ <40

r M2
1x2.85 —15.83< 22
0.3x0.60

Column Is Short About Y-axis

e about X-axis (h=0.30m)

kl—u < 34—12m ............... ACI —(10.12.2)
r M?2

1x2.85 _ 31.67 > 22

0.3x0.30

Column Is Long About X-axis
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v Minimum Eccentricity:-

Mux
ey = =0
y Pu

min ey =15+ 0.03xh =15+0.03x300 = 24mm = 0.024m
ey =0.024m

v' Magnification Factor:-

5.——SCM __ >10and <1.4
L _Pu
0.75P.

Cm=0.6+ O.4(Ej =>0.4
M 2

Cm=06+04*1=1>0.4

B El

“ (KLu)?
El

El =0.4 9
1+ B,

E, = 4700,/ fc' = 4700 x /28 = 24870.6Mpa
_1.2DL _ 1.2*(900)

=06<1
Ps Pu 1800
3 3
1, = bxh _ 0.60x0.30 _ 0.00135m*
12 12
£y _ 04x24870x0.00135 _ o o0
1+0.6
2%839
=222 _10.19MN
(1*2.85)
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1 ~1.308>1.0and <1.4

ns —

1800

© 0.75*10190

v" Interaction Diagram:-

ey = eNSnyin

ey 0.0314 0.052

R 06
y_300—2*40—2*10—16_0613
h 300 e

From the interaction diagram chart

from chart A9-a for % = 0.6 » pg =0.01
from chart A9-b for % =0.75 - pg = 0.01

then for %z 0.613 - pg = 0.01

Select reinforcement
Ast = pg X Ag = 0.01 X 300 * 500 = 1500mm?
Select 10 14 with As = 1539mm? > Ast = 1500mm? .

v" Design of the Stirrups:-

The spacing of ties shall not exceed the smallest of :-

Usegl0@ 20 cm

spacing < 16 Xd, =16 X 1.4 =224 cm
spacing <48 X d; =48 x 1.0 =48 cm

spacing <40 cm
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4.10 Design of Shear Wall (SW,7)

v" Material and Sections:- (From Shear Wall 7)

= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness  h=25cm

=  Shear Wall Width Lw=175m

=  Shear Wall Height Hw =29.12m

v" Check of Axial Strength:-

P,.= 1303 KN
~ ) k.lc. 2
0R, = 0.55.0.£'Ag|1 - &) |

oP, = 0.55*0.65*28 *1.75 *250 [1 — (
oP, > P, Checked

0.8(4000—-300)
32%250

)2|=3795.9 KN

v" Design of Horizontal Reinforcement:-

ZFX = Vu = 5634.29 KN

The critical Section is the smaller of:

lw 1.75

- = — = 0.875m....Control
hw B 29.12 1456

2~ oem
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storyheigh(Hw) = 3m.

d=08xLw=0.8x29.12 = 23.3m

5 !
gbl€1n1a}j = QDE; ]2 il(i
= 0.75 % 0.833 x V28 * 250 * 23.3 = 19256.67 KN >V, = 5634.29KN

V.is the smallestof : ........
1— V. = 0.27\/f'hd + 5% = 0.2728 + 0.25 * 2.33 * 1000 +

1303+2.33
4+1.75

1265.93KN .....Control

Ly (017 + 02 l’l—;)

2— V. =|0.05/F. + hd

My  ly
Vy 2

1303

1-75(0-1m*1000+0-2*1.75*o.zs)l 0.250 * 2.33 = 4564.11 KN

0.26

= 10.05v28 = 1000 +

= M,, = 635.508 * 3 + 1293.65 * 3+ 174.86 * 3 + 150.5 x (3.5 — 2.76) = 6423.42 KN.m

M, 1, 642342 1.75
¥ - =0.26
V, 2 563429 2

Vc=1265.93KN
Vu =5634.29 KN > 0.75*1265.93 > % *0.75*1265.93=474.72 KN Needs reinforcement

@ *vc + Qvs = vu

@ * vs=vu-@ * vc

Vs=vu/@ — vc
Vs=(5634.29/0.75)-1265.93= 6246.45 KN

Ayp _ vs _ 314.27
Sh fyd 420%4410

=0.00637 mm?/ m

- Maximum spacing is the least of:

Lw
== %50 =350 mm....... Control

3*h = 3*250 = 750 mm
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450 mm
Take p =0.0025

Try 10 (Ag = 78.5 mm?) two layers

_ App 24785
" hSp 2508y

p =0.0025

Sp==251.2mm

— use P10@250 mm in two layers

v" Design of Vertical Reinforcement:-

- —[0.0025 + 0.5 (2.5 - ) (222 _ 0.0025) ] 300

w Sp*h

Apy 2912 157 *
T -  0.0025 + 0.5 (25 -22) (o 0.0025)] 300
A

4%
—— =0.7245
Sy

Try 12 (Ag = 113.1 mm?) two layers

2%113.1
———— = 0.7245
Sy

Sy=312.2mm

- Maximum spacing is the least of :

LW _ 1750 _ 503 33 mm
3 3

3*h = 3*250 = 750mm

450 mm ....... Control

— use P12@250 mm in two layers
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v" Design of Bending Moment:-

4 (1750) 2 % 113.1 = 1583.45 mm?
= * * . _ .
st =250 mm
ASf)fy ( 1583.45 )420
Py 1303%1000 _
“= lwhfc! - 1750%250%28 =0.1063
¢ wta 0.0543 + 0.1063
l, 2w+0.858, 2%0.0543+ 0.85*0.85
P, c
Astfy Ly

oM, =09 [0.5 * 1583.45 x 420 * 1750(1 + (1 - 0.1932)] = 4233.70 KN < 6423.42KN.m

1583.45 * 420
Mub = Mu-@Mn = 6423.42 —4233.7 = 2189.72 KN.m

Mu-@Mn_  2189.72 2

As add= Ofyd 09420233 24.86 cm

24.86+ p v.c.h = 24.86+0.0025*30*25 = 25.07 cm?
Use 80 20 for Boundary @each side
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4.10 Design of Footing (FA)

v Material :-
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v Load Calculations :- (From Column C2)

Dead Load = 987Kn , Live Load = 557 Kn

Total services load = 987 + 557 = 1544 Kn

Total Factored load = 1.2*987 + 1.6*557 = 2075.6 Kn
Column Dimensions (a*b) =50*30 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400 Kn/m2

Mesh #10@20cm

L d Ld Ld L] LJ L LJ LB (=]
o~

16812 L=1.5 FRINIRIRINIRIN ONONONINENENY
o1z o5 \ i T o

55
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Fig 4.11 :Foot Section.
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Assume h =55cm

Onetaliow = 400 —18*0.25 — 25*0.60 = 384.9kn/m2

v" Area of Footing :-

Lo Pt 1544
- ~3gag9 ™M

qnet—allow

Assume Square Footing
B required =1.25m
Select B=1.35m

v’ Bearing Pressure :-

Qu = 2075.6/2.1*%2.1 = 470.6 Kn/m?

v" Design of Footing :-

1- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column
Assume h =55cm , bar diameter g 12 for main reinforcement

d=550-75-12 =463 mm

B—

Vu=gue (S d) +L

1.35-0.70

VU = 470.6*( — 0.413) « 2.1=382.5Kn
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#VC =¢%*1/fc'*bw *d

pNVC = 0.75*%* 28 *2100*413 =573.6Kn

¢Vc =573.6KN >Vu =382.5Kn
. Safe

2- Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu = 2075.6 — 470.6[(0.7 + 0.413) * (0.4 + 0.413)]|=1216.3Kn

The punching shear strength is the smallest value of the following equations:-

1, 2\ [
¢.\/C =¢g(l+ﬁcj\/fbod
AV, =¢.%[ % +2j\/f7bod

b, /d
V. = ¢%\/ f'b,d
Where:-

4 Column Length (@) 70
¢~ Column Width (b) 40

1.75

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

b, =2*(41.3+70) + 2* (41.3+ 40) = 365.2cm

@s = 40 for interior column
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e =g 2142 1. byd = 0'75*(1+ 2 j* 28*3652*413 = 2992.8Kn
6" 4, 6 1.75

0.75 . ( 40* 413
\Y 2 [ f. b.d = +2 |*\/28*3652* 413 = 3254Kn
e (b /d ) ( 3652 j

4V, =¢_%,/fc'bod =0'—375* 28 %3652 * 413 =1995.3Kn

®Vc =1995.3 Kn>Vu=1216.3Kn

3- Design of Bending Moment :-

Critical Section at the Face of Column

FR = qu- (%) « L = 470.6 * (12222%) *2.1=790.6Kn

Mu = 470.6*1.35*0.8*0.8/2 = 316.3Kn.m

M, __  316.3x10°

Ro= —
" Bbdz T 0.9x2100x4132

= .98Mpa

fy 420
0.85f]  0.85x28

p=1<1 i _m> =L<1 —\/1 _M> — 0.0024
m 420 17.6 420

Asreq = p.b.d = 0.0024x1350x463 = 1782.5 mm?

= 17.65

Asmin = 0.0018*1350*550= 1336 mm?
Asreq > Asmin 1782 mm?
As,req =1782.5......... is control

Check for Spacing :-

S =3h =3*55 =165cm
2.5*75=192.5cm

S= 380*(2 250 ) -

S=45¢cm ......... is control
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Usel6g12in Both Direction, Asprovided= 1808mm?2>As required= 1782.5 mm?Z... Ok

Check for strain:-

_ Asfy  1808x420
0.85b f ~ 0.85x1350x28

= 23,6 mm

18
C=—=—=278mm
B; 085

d—c 463 — 27.8
& = 0.003 (T) = 0.003 (T) = 0.044 > 0.005 ...... 0k

4- Design of Dowels :-

Load Transfer In Footing :-

®Pnb = d(0.85 fc'A, x \/%)

A1=70*40=0.28 m?
A, =210* 210 = 4.41 m?

\/EZ P S SR Ay
A \No.28 A

®PNb = 0.65x (0.85 x 28 x 250 x 2) = 7735Kn
®Pn = 7735 > Pu = 20756........... ok

No Need For Dowels

Load Transfer In Column :-

®Pn.b = 0.65x (0.85 x 28 x 250) = 3867.5Kn
®Pn = 3867.5 > Pu = 2075.6kn.......... ok

No Need For Dowels
As,min =0.005 * Ac = 0.005 * 500 *300 = 750 mm2

Use 10914, Asprovided= 1593 mm2>As,required= 750mm?... Ok
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5- Development Length In Footing :-

Tension Development Length In Footing :-

— 9 Fy YePsiPr
Ldr req = 15 * 77 * fories « db> 300mm

Ktr = 0 (No stripes)

16 110
cb=50+7=58mm Orcb=T=55mm

ktr + cb4 0455
db 16
ktr + cb

a5 =25

=34>125

Ld _ 9 % 420 % 1+x1%0.8
Treq = 10" 1+/28 2.5

=2 -75= 725 mm

* 16 = 365.75 mm> 300mm

Ldr available =

LdT available = 725 mm >ldreq = 365.75 mm........ OK

Compression Development Length In Footing :-

_ 0.24xFy=*dB

Ldereq= “2“22%> 0.043*Fy*dB >200mm
Ldoreq= 222420716 — 304 8~ 0.043*420*16 = 288.96>200mm

\28
LdCreq= 304.8 mm

LdCavaiIabIe =500-75-16—-16 =393mm >LdCreq: 304.8 mm .....
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Lap Splice of Dowels In Column :-

Lsc =0.071xfyxdb = 0.071x 420 x16 = 477.12 mm > 300 mm

elect Lsc =500 mm

10
A°,

3
o
=
A E A
g g
8 ¢ s }‘ bE T
N E
10014
el
¥ " 9
6912 L=1.50m
o ol
10 33 50 32 10

10 115 10

Fig 4.12 :Foot Reinforcement Details.
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