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Structural Design for Hebron’s Chamber of Commerce & Industry
Project Team

Ayat Tamimi Rana Zaro Nidaa Natshe

Palestine Polytechnic University — 2007
Supervisor

Eng. Khaleel karameh

Abstract

The main idea for this project isto design all the structural elements of Hebron's
Chamber of Commerce & Industry according to the (ACI 318M-02) code and

prepare of all detailed workshop drawings for all of the structural elements of the
buildings.
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Symbol

As Area of tension steel

Ag Gross area of section

Av Area of shear reinforcement within a distance S

b Width of compression face of member

bw Web width

bo Perimeter of critical section of slabs & footings

d Distance from extreme compression fiber to centroid of longitudinal
tension reinforcement

DL Dead |loads

E Modulus of elasticity

fc Compression strength of concrete

fy Yield strength of reinforcing steel (MPa)

h Overall thickness of member

I Moment of inertia resisting externally applied factored loads

k Effective length factor

Ka Active lateral pressure coefficient

L Length of clear span of member

Ld Devel opment length

LL Live loads

Lu Actual unsupported length in column

Mn Nominal moment at section

Mu Factored moment at section

Pn Nominal axial load

Pu Factored axial load at section




R Radius of gyration

S Soacing of shear reinforcement measured in direction parallel to
longitudinal reinforcement

t Thickness of flange

Vc Nominal shear strength provided by concrete

Vn Nominal shear stress

Vs Nominal shear strength provided by shear reinforcement

Vu Factored shear force at section

r Ratio of tension reinforcement area to concrete gross sectional area

® Strength reduction factor

() Angle of internal friction of soil

et Net tensile stain strain in extreme tension steel at nominal strength

db Diameter of longitudinal reinforcement

dt Diameter of lateral reinfocement
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For one end continuous beam:
hm'n = L/185
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= 300/ 18.5
= 16.2cm

For two end continuous beam:

hin = L/21

= 415/21

=198cm........... controls

For ssimply supported beam:

hm'n = L/16

= 250/16
=15.6cm

For cantilever beam:

Does not exist in dab

Sdlect thickness of dab of 20 cm
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F—= E 1 E 1 a = E 1 E 1 E 1 6Cm gab
_
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3cm plaster
12cm 50cm 12cm 50cm
ral) Cilaall oAb gail) ) Sl Bang p(V-£) JS&
b LS Adliadl) il laal Cuall Jaal) il (S
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+ + = 538y alall ) Jaal
+ * * + * * —
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+ L T T T 328y LalAl) Cunall Jasll
/ =

oo xR % = gk el cudl aall
/ =

2 glad) AaBl) avanali (€-£)
Ll (2 Al o Sl A s (5 sk (e gl 1) (Bldal) 5amy Al ) 3y glal) AaSU) apenad (S
DL = (3.97 - 0.14*0.12* 25)/ 0.62 = 5.73 kN/ n?
LL = 1.5 kN/ n?
Wu=12DL+ 1.6LL
= 1.2*573+ 1.6*1.5
Wu = 9.28 kN/ n?

Assuming that the slab is fixed at support points:

Mu = Wu*L?% 12
= 9.28* 0.5% 12

Mu = 0.193 KN.m
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fr = 0.7 (fc)*®
= 0.7 (24)°° = 3.43 MPa

S=b*h% 6
= 1* 0.06% 6 = 0.0006 n?

®Mn = d*fr*s
= 0.55*(3.43* 1000)* 0.0006

®Mn = 1.13kN.m

(PMn =1.13kN.m) > (Mu = 0.193 kN.m)

Then, shrinkage & temperature reinforcement is required with (p = 0.0018) as

follows:
As = p*b*h
= 0.0018*100*6

As= 1.08 cn? (for Imwidth of slab)

As= 1.08*0.25/1
As= 0.27 cn? @ 25 cmof dab

Select ® @25 cmin both directions (As= 2.5 cm?)
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1- Determination of the value of moment required:

Mn ;e = Mu/ ®
= %1/09
= 8.44 kN.m

2- Determination of the value of the effective depth:
Assuming that ®10 longitudinal bars & stirrups are to be used.

d = h- clear cover — stirrups diameter — half diameter of bar used
=20-2-1-05

= 16.5cm

3- Checking if rib acts as a T-section or rectangular one:

Assuming that a = t, then:

Mn=0.85* fc *a*b* (d-a/2)

= 0.85* 24000 * 0.06 * 0.62 * (0. 165 - 0.06/2)
= 102.45 KN.m

(Mn

102.45 kN.m) > (Mn ;o = 8.44 kN.m)

Then section will act as a rectangular one with width 62 cm & depth of 16.5 cm.
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4- Determination of the amount of reinforcement required:

m=__Y = 420000/ (0.85* 24000) = 20.6
0.85* fc
Rn = f*'g—fdz: 7.6/(0.9 % 0.62 * 0.165%) = 500.28 kN/ 7’

p = (Um) (1 - (1- 2m* Rn/fy)®)
= (1/20.6) (1 - (1- 2* 20.6 * 500.28/(420000))°°)
= 0.001206

As=p*b*d

= 0.001206 * 62 * 16.5
= 1.23cn?

5- Checking Asyin:

fc¢ 14
bw)(d) 3 =—(bw)(d)........... ACI-10.5.1
4(fy)(W)() fy(W)() ( )

Asmin=

= (24)*° * 12 * 16.5/ (4*420) 3 1.4*12*16.5/420
0.577 cn? 3 0.66 cnt
Asyin = 0.66 cn?

6- Checking of maximum reinforcement:
According to (ACI-10.3.5), the net tensile strain in extreme tension steel

shall not be less than 0.004. Then (gt) of rib can be determined & checked as

follows:
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T=C
Asfy = 0.85* fc* a*b
1.23*420= 0.85* 24* a* 62

a=041cm

a=b* .. (ACI-10.2.7.1)
0.41= 0.85*c
c=0.48cm

From symmetry of triangles:

gt = (0.003 * d/ ¢)/ - 0.003
= (0.003 * 16.5/ 0.48)/ - 0.003

et=0.1

7- Decision:

(et=0.1) > (etmax = 0.004) ......... OK

(As= 1.23 cn) > (Asyin = 0.66 cn?) ......... OK
Select 210 (1.57 cm?)

For the 6™ span (Mu=7.1 kN.m), then it's reinforcement will be as follows:

Rn = 7.1/(0.9 * 0.62 * 0.165%) = 467.37 kN/ n?

p = (1/20.6) (1 - (1- 2* 20.6 * 467.37/(420000))°°)
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= 0.001126

As= 0.001126 * 62 * 16.5
= 1.15cn?

Decision:

(As= 1.15 cn) > (Asyin = 0.66 cn?) ......... OK

et for this span & for the rest ones will absolutely be larger than et .

Select 210 (1.57 cm?)

For the 1¥ span (Mu=5.3 kN.m), & it's reinforcement will be as follows:
Rn = 5.3/(0.9 * 0.62 * 0.165%) = 348.88 kN/ n7
p = (1/20.6) (1 - (1- 2* 20.6 * 348.88/(420000))°)

= 0.000838

As= 0.000838* 62 * 16.5
= 0.86 cn?

Decision:
(As= 0.86 cnT) > (ASyn = 0.66 cn?) ......... OK

Select 210 (1.57 cm?)

For the 2™ span (Mu=4.7 kN.m), & it's reinforcement is as fol lows:

Rn = 4.7/(0.9 * 0.62 * 0.165%) = 309.38 kN/ nt
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p = (1/20.6) (1 - (1- 2* 20.6 * 309.38/(420000))°)
= 0.000742

As= 0.000742* 62 * 16.5
= 0.76 cn?

Decision:
(As= 0.76 cn?) > (ASyn = 0.66 cn?) ......... OK

Select 210 (1.57 cm?)

For the 5" span (Mu=3.4 kN.m), & it's reinforcement will be as follows:
Rn = 3.4/(0.9* 0.62 * 0.165% = 223.81 kN/ n?
p = (1/20.6) (1 - (1- 2* 20.6 * 223.81/(420000))°)

= 0.000536

As= 0.000536 * 62 * 16.5
= 0.55 cnr

Decision:

(As = 0.55 cm?) < (ASyin = 0.66 cm?)

Minimum reinforcement is required, then:
Select 210 (1.57 cm?)

For the 3" span, minimum reinforcement is required, then:
Select 210 (1.57 cm?)
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1- Determination of the moment strength of section:

Mn = 10.2/0.9 = 11.33kN.m

2- Determination of reinforcement required:

Rn = 11.33/ (0.12 * 0.165%) = 3468 kN/ n¥

p = (1/20.6) (1 - (1- 2* 20.6 * 3468/(420000))°°)
= 0.009112

As=p*bw=*d

As= 0.009112* 12* 16.5
= 1.8cn?

2- Determination of Asyin:

60



(f0)®® *bw*d/(2 fy) [ (fc)*° * bf *d/ (4 fy)
(24)°° *12*16.5/(2 * 420) [ (24)°° * 62 *16.5/ (4 * 420)
1.15[ 2.98

Asyin = 1.15 en?

3- Checking of maximum reinforcement required:
T=C

As*fy = 0.85* fc* a*b

1.8*420=085*24* a* 12

a=31lcm

a= b*c
3.1= 0.85*c

c=3.65cm

From symmetry of triangles:

gt = (0.003 * d/ ¢)/ - 0.003
= (0.003 * 16.5/ 3.65)/ - 0.003

et=0.01

4- Decision:

(et = 0.01) > (stmax = 0.004)

(As= 1.8 cn?) > (ASpin = 1.15 cnr)
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Select 212 (As = 2.26 cm?)
For the 4™ support, the amount of reinforcement required is as follows:
Rn = 9.4/ (0.9*0.12 * 0.165%) = 3197 kN/ n?
p = (1/20.6) (1 - (1- 2* 20.6 * 3197/(420000))°°)
= 0.008281

As=p*bw=*d
As= 0.008281* 12 * 16.5

= 1.64 cn?

Decision:

et for this span & the rest ones will absolutely be larger than et ,.
(As= 1.64 cn?) > (ASpn = 1.15 cn?)

Select 212 (As = 2.26 cm?)

For the 6" support, the amount of reinforcement required is as follows:
Rn = 8.8/ (0.9*0.12 * 0.165%) = 2993 kN/ n?
p = (1/20.6) (1 - (1- 2* 20.6 * 2993/(420000))°°)
= 0.007744
As=p*bw=*d
As= 0.007744* 12* 16.5

= 1.53 cn?

Decision:
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(As= 153 cn?) > (ASpn = 1.15 cnt)
Select 210 (As = 1.57 cm?)

For the 2" support, the amount of reinforcement required is as follows:

Rn = 8.5/ (0.9¥0.12 * 0.165%) = 2891 kN/ n?
p = (1/20.6) (1 - (1- 2* 20.6 * 2891/(420000))°°)
= 0.007456

As=p*bw=*d
As= 0.007456 * 12 * 16.5
= 1.48 cn?

Decision:

(As= 1.48 cn?) > (ASmn = 1.15 cn?)
Select 210 (As = 1.57 cm?)

For the 3" support, the amount of reinforcement required is as follows:

Rn = 5.7/ (0.9*0.12 * 0.165%) = 1939 kN/ n?
p = (1/20.6) (1 - (1- 2* 20.6 * 1939/(420000))°°)
= 0.00486
As=p*bw=*d
As= 0.00486 * 12* 16.5
= 0.96 cn?

Decision:

(As= 0.96 cn?) < (ASpin = 1.15 cn?)

Minimum reinforcement isrequired
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Select 210 (As = 1.57 cm?)
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1- Determination of section shear strength:

@

FV, :o.V5§ijbd
6 %

= 0.Y5 (24)°5 * 1000 * 0.12 * 0.165/ 6

= 12.13 kN

2- Determination of reinforcement needed:

(Vu= 1212 kN) < (FV.=12.13 kN)

According to (ACI-11.5.5.1), no minimum shear reinforcement isrequired.
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DR= 20.01 kN
LR=10.01 kN

UJ_,LAS&)}A\)@\JA;L_’MUSN?.\Q\DMUA

DL = 20.01/ 0.62
= 32.3kN/m

LL = 10.01/ 0.62
= 16.1 KN/ m
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1- Determination of initial thickness of beam:

hmin = L/ 18.5

\wwi/21
0.60 m= 60 cm

Beam is going to be designed as a T-section with h=65cm, bw=50cm, bf= 80cm,

tf=24cm as follows:

2- Determination of the effective depth:

Assuming that ®25 longitudinal bars are to be used.
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d= 65-4-1-1.25
= B8.75 cm

3- Checking if the beam acts as a T-section or rectangular one:
Assuming that a = t, then:
Mn=0.85* fc *a*b* (d-a/2)

= 0.85* 24000 * 0.24* 0.8 * (0. 588 - 0.24 /2)

= 1833 kN.m

Mnreq = Mu/® = 719.9 kN.m

(Mn = 1833 kN.im) > (Mn ;¢ = 719.9 kN.m)

Then section will act as a rectangular one with width of 80 cm & depth of 65 cm.

4- Determination of reinforcement required:

For the 2™ span:

Rn = f*';)"—fdz: 647.9/ (0.9 * 0.8* 0.5882) = 2603 kN/ n?

p= (Um) (1 - (1- 2m*Rn/ fy)>?)
= (1/20.6) (1 — (1- 2*20.6* 2603/ (420000))")
= 0.00665

As=p*b*d

= 0.00665 * 80 * 58.75
= 31.26 cn?
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5- Checking AS pin:

As min = ;/(E()t(bw)(d) 3 %(bw)(d) ........... (ACI-10.5.1)

= (24)°°* 50 * 58.75/ (4 * 420) 3 1.4* 50 * 58.75/ 420
8.57 cn? 3 9.79 cnt
ASin = 9.79 cn?

6- Determination of maximum reinforcement required:
T=C

Asfy = 0.85* fc* a*b

31.26*420=0.85* 24* a* 80

a=8.05cm

a= b*c
8.05= 0.85*c

c=947cm
From symmetry of triangles:

gt = (0.003 * d/ ¢)/ - 0.003
= (0.003 * 58.75/ 9.47)/ - 0.003

et = 0.0156
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4- Decision:
(et = 0.0156) > (etmax = 0.004) ................ OK
(As= ¥\.26 cn?) > (ASmin = 9.79¢nP) ......... OK

Select 25 (34.36 cm?)

sl dlalal) o gil) pd and (2-4-1)
Aied CulS a8 g o ) b sl 8 S juall 138 dgle Jsaanll 2o s dag S
(21.25 mm) & sl lagd dauills 4 - sansall (adY 5 gl dadl Auills Wl (20,7 mm)
A g sanall 2all e 4y juallo 50l dad
sl ejﬂ‘ ddhata ‘"’_3, edd) psanal (T'_i_i)
For the 3rd support:
2- Determination of reinforcement required:
Rn = 968.6/ (0.9 * 0.5* 0.588%) = 6225.5 kN/ nt
p = (1/20.6) (1 — (1- 2* 20.6 * 6225.5/(420000))%)
= 0.01826
As=p*bw=*d
As= 0.01826 * 50 * 58.75

=5..¢¢ cnr

2- Determination of Asyin:
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(fc)®° *bw* d/(2 fy) [ (fc)*° * bf *d/ (4 fy)

(24)°° *50*58.75/(2 * 420) [ (24)°° * 80 *58.75/ (4 * 420)
17.13[ 13.71

Asyin = 13.71cn?

3- Determination of the maximum reinforcement required:
T=C

As*fy = 0.85* fc* a*b

5:.44*420=0.85* 24* a* 50

a= 20.77cm

a= b*c
20.77= 0.85*c

c=24.44cm

From symmetry of triangles:

gt = (0.003 * d/ ¢)/ - 0.003
= (0.003 * 58.75/ 24.44)/ - 0.003

et = 0.00421

4- Decision:

(et = 0.00421) > (etmax = 0.004) ................ OK

(As= 53.74 cn?) > (ASpin = 13.71 cn)
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Select 11925 (As = 54 cm?)

For the 2" support:

Rn = 876.3/ (0.9 * 0.5* 0.5875%) = 5642 kN/ n?
p = (1/20.6) (1 - (1- 2* 20.6 * 5642/(420000))°°)
= 0.01610

As=p*bw=*d
As= 0.01610 * 50 * 58.75
= 47.29 cn?

Decision:

(As= 47.29 cn?) > (ASpin = 13.71 cn)
Select 10025 (As = 49.1 cm?)

:uall) 5 68 M jual) araal (E-£-1)
(el Agall) QAN 5 38 5l die pual) i

1- Determination of section shear strength:

(7]

FV, :o.VSg" fe

= 0.Y5 (24)>>* 1000 * 0.5 * 0.5875/ 6
= 180 kN
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2- Determination of reinforcement needed:
(Vu= 451.3kN) > (FV,=180 kN)

Shear reinforcement is required.

Assuming that ®10 stirrups are to be used:
® Vn=Vu

dPVn=>dVc+dPVs

451.3=180+ ® Vs

® Vs= 271.3 kN

Vs=361.73 kN

(Vs= 361.73kN) < (0.33* (fc)>> * bw* d = 474.9 kN)

S=d/2=58.75/2=29.4cm ......... controls
S=60cm

Select S=25cm

Vs=Av*fy*d/' S
361.73 = Av* 420 * 1000 * 0.5875/ 0.25

Av = 3.66 cn?Y

Select 310@ 25 cm stirrup (Av = 4.71 cm?)
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(Vu= 433.8kN) > (FV,=180 kN)
Shear reinforcement is required.
dVn=>dVc+dVs
433.8=180+ ® Vs

® Vs= 253.8 kN

Vs=338.4 kN

Select S=25cm

Vs=Av*fy*d/' S
338.4= Av* 420 * 1000 * 0.5875/ 0.25

Av = 343 cn?

Select 3010@ 25 cm stirrup (Av = 4.71cm?)

(el gl A1 5 58 e juanl) il

(Vu= 418.8kN) > (FV_,=180 kN)
Shear reinforcement isrequired.
dPVn=>dVc+ dDVs

418.8= 180+ @ Vs

® Vs= 253.8 kN

Vs=238.8 kN
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Select S=25cm

Vs=Av*fy*d/' S
238.8 = Av* 420 * 1000 * 0.5875/ 0.25

Av = 2.42 cn?

Select 210@ 25 cm stirrup (Av = 3.14 cm?)

() Agall) Al 358 )0 Nie jueal) el

(Vu = 319.7kN) > (FV,=180 kN)
Shear reinforcement isrequired.
dPVn=dVc+ dVs
319.7=180+ ®d Vs

® Vs= 139.7 kN

Vs =186.3 kN

Select S=25cm

Vs=Av* fy*d/ S
186.3 = Av* 420 * 1000 * 0.5875/ 0.25

Av= 1.71cn?

Select 210@ 8cm stirrup (Av = 3.14 cm?)
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Vu=320.4 kN

Shear will be similar asthat in the first span.
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1- Determination of ultimate load on column:
Loads of floors:

DL = 4183 kN

LL = 1258 kN

Self weight of column = 330 kN

Loads on column:

DL = 4519 kN

LL = 1258 kN

Pu= 1.2DL + 1.6LL

Pu = 1.2(4519) + 1.6(1258)

Pu = 7435.6 kN

2- Determination of dimensions of column:
Assuming that tied square column is to be used:

Assuming p,=0.02

Po = Pn = Pu/® = 7435.6/ 0.65 = 11439.4 kN

PO ax =0.8 Ag[ 0.85(fc’) +pq (fy-0.85%fc’)] ......

sy aadli (0.%)

AUl @l shadll e Uil (C7) axanad (S

..... ACI 10.3.6.2

11439.4 =0.8Ag [ 0.85(24000) +0.02 (420000 - 0.85* 24000)]

Ag = 5036.4 cnt

Dimension of column = (5036.4)*° = 70.97 cm
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Try 70 cm* 70cm column (Ag = 4900cn)

3- Determination of reinforcement required:

11439.4 =0.8* 0.49 [ 0.85(24000 ) + p, (420000 - 0.85* 24000)]
p= 0.022

4- Decision:

(Prin= 0.01) < (pg= 0.022) < (Prrex = 0.08)

As= py* Ag= 0.022*4900 = 107.8 cn?

Use 22 @ 25 (As = 108.02 cnr)

5- Distribution of barsin section:

bars are to be distributed as shown in fig (4.15):

Checking of spacing between bars:

According to ACI (7.6.3) spacing between bars should be the larger of:
15db=3.75cm

4cm ... Controls

Minimum spacing between bars= 4 cm

Checking of spacing between bars:

70-4*2-1*2-7*2.5/6 = 7.08cm
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(Spacing = 7.08 cm) > (minimum spacing requird = 4 cm)

6- Distribution of lateral tiesin section:

Assuming that ®10 ties are used:

According to ACI (7.10.5.3), maximum clear spacing between bars must be less

than or equal to 15cm.

In the two vertical sides, clear spacing between two adjacent bars = 7.08cm
Clear spacing between three adjacent bars =14.16 cm < 15cm

Stirrup isto be added enclosing the three intermediate bars.

In the two horizontal sides, clear spacing between two adjacent bars = 9 cm <
15cm

Two intermediate stirrups are to be added, each enclosing two bars together.

22025

? 14.16 < 15cm

70cm

L—M
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7- Checking of denderness effect on column:

<40 ACI 10-12-2

Qﬂ9_1*295/(03*07) =1405 £ (34- 1flll——34 1211 =22
a2

<40
Slenderness effect will beignored

7- Distribution of lateral Tiesalong elevation of column:
Spacing < 16*d,= 16* 2.5=40cm........... Control
< 48*d, = 48* 1.0 = 48.0cm.

< Least dimension = 70 cm

Use 3 & 10 ties @40 cm spacing
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1- Determination of thickness of wall:

Vu = ®dVce
74.9=0.75* (24)°>* 1000* 1* d/ 6
d=12.23cm

Total thickness of wall (of negative moment) = 12.23 + 8 + 0.7 = 20.93 cm
Total thickness of wall (of positive moment) = 12.23 + 4+ 0.7 = 16.93 cm

Select wall thickness of 25 cm

48 yray Al Jaall N A8LaYL 45 )5 e Aaalill @Y1 (5 8l am & gull Ol jax aranal (S
: LIS S T g gl 5 Aal ) Al al 2

ysoil=18 kN/m?
=250

Height of retaining wall = 6.6m

rob LS 5 apanaill duilly

1- Determination of coefficient of active earth pressure:

Ka= 1-sin ®/ (1+sin ®)
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= 1-sin 25/ (1+sin 25) = 0.405

2- Determination of values of lateral loads acting on wall:

Soil active lateral pressure= ka*h*yE
= 0.405*6.6* 18 = 48.1kN/n?

Live load active lateral pressure= ka* LL
=0.405 * 5=2.025 kN/nv

A b yatas LS (il o Jal) ciliinia JS5 (S cilal Lol (m je 1 (5 5ill il Jac
WS (L)



Dead load - Service Units:kN,meter

- W

3.15 3.22 ’!‘
Live load - Service
3.93 3.93
Moments
-40.3
| 0-6}1.64 |
- 1 1 1 ]
e —T
{ | 0 56 1 b7 | I
‘ ! 5.9
| 1.26 4%‘-4 1.89 | 2.09 | 1.13 |
Shear
749 788
-8.4
H —— —
49 452
639 643
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3- Determination of positive main reinforcement required (vertical

reinforcement):

M, = 41.4 kN.m.
M, = 41.4/ 0.9 = 46 kN.m.

Assuming that ®14 bars are to be used:
d=h- 4(cover)_ @/2

=25-4-0.7 =20.3cm

Rn= M./b.d?
Rn = 46/ (1*0.203?)
Rn =1116 kN/m°

¢ ¢
r :151- 1- 2mR, B
mg fy ¢
= * * c
r :igl- \/1- 27206716 _ 6 00273
20.6 420000 ¢

As= 0.00273*100*20.4 = 5.57 cn?

Decision:

As.;, = 0.0012* 100* 25=3 cn?

(As= 5.57 cn?) > (Asyin = 3 cnr)

Used14 @ 20cm (As=7.7 cnr)
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4- Determination of negative main reinforcement required (vertical
reinforcement):

Mu = 40.3 kN.m
Mn = 40.3/ 0.9 = 44.8 kN.m

d= 25-8-0.7= 16.3cm

Rn = 44.8/(1*0.163?) = 1686 kN/m®
p= 0.00803

As = 0.00803*100*16.3 = 13.09 cn?
Decision:

(As= 13.09 cn¥) > (Asmin = 3 cnr)

Use @14 @ 10 cm (As = 15.4 cn)

5- Determination of secondary reinforcement (horizontal reinforcement):

Shrinkage & temperature reinforcement is to be used in two layers:
Assuming that ®12 barswill be used:

r =0.002
As=p (b) (h)
=0.002 (100) (25)

= 5cn?

Use ®12@25cm  (As=4.52cnT)
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1- Determination of the thickness of dab:
Sab thickness = L/20 = 521/20 = 26 cm

Select dab of 20 cm thickness

2- Determination of the angle of inclination of dab:

8 =tan™ (1.7/3)
0 =295, cosO =0.87

3- Determination of loads of dab:

Weight of plaster = (22*0.03)/0.87 = 0.76 kN/n?

Weight of slab = (25*0.2)/0.87 = 5.75 kN/n?

Weight of stair = 25*(0.17/2) = 2.13 kN/n¥’

Weight of the horizontal mortar = 22*0.03 = 0.66 kN/n?

Weight of the vertical mortar = 22*0.17*(0.03/0.3) = 0.37 kN/n?
Weight of the horizontal plate = 23*0.03*(0.33/0.3) = 0.76 kN/n7
Weight of the vertical plate = 23*0.17*(0.015/0.3) = 0.2 kN/n?

DL=0.76+5.75+ 213+ 0.66+ 0.37+ 0.76 + 0.2

DL = 10.63 kN/m?
LL =5kN/m?
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Moments:

2.35 57.2 2.35

Shear

456 -48.7

487 46.6
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4- Determination of reinforcement required:

Mu = 57.2 kN.m

Assuming ®16 bars are going to be used:
d=20-2-0.8=17.2cm
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Rn=57.2/(0.9* 1* 0.172% = 2148 kN/ n?

p = (1/20.6) (1 - (1- 2* 20.6 * 2148/(420000))°°)
= 0.005416

As=p*b*d

= 0.005416 * 100 * 17.2
= 9.32cn?

ASyin = (24)%°* 100 * 17.2/ (4*420) 3 1.4*100*17.2/420
5.02 cn? 3 5.73 cn?

As,i, = 5.73 cn?

Decision:

(As= 9.32 cn) > (Asyin = 5.73 cn)
Use ®16 @20 cm (10.05 cm?per 1m of slab)

Determination of amount of distributors required:

ASiaribuas = 0.2 Ashot = 0.2%10.05 = 2.01 cn?
ASyigriputers =0.0018*100*20 = 3.6 cnf ........... controls

Use ®12 @25 cm (4.52 cm?per 1m of slab)

5- Checking of shear strength of section:

@
FV, :o.V5§ijbd
6 T

(7]
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= 0.Y5 (24)°°* (1000) * 1* 0.172/ 6

= 105.3 kN
FV, = 1053 kN
VU = 46.6 kN

(FV, = 105.3kN) > (Vu = 46.6 kN)

NO shear reinforcement isrequired
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1- Determination of loads on footing:

Loads from column:
Total dead load = 4519 kN
Total liveload = 1258 kN

Knowing that a 1 m overburden soil is above footing, then:
Weight of pedestal = 12.25 kN

Total dead load = 4531 kN
Total liveload = 1258 kN

Serviceload = 5789 kN
Factored load = 7450 kN

The allowable soil pressure = 5 kg/cn? =500 kN/nv

Assuming that soil is of density equals to 18 kN/m®
Weight of soil = 18*1 = 18 kN/m2

Assuming that footing depth = Y)+ cm
Weight of footing = 1.10*25 = 27.5 kN/m2

2- Determination of dimensions of footing:
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P.«= 500 — 18 — 27.5 kN / n?
Po= 454.5 kN/ ?

Required footing area = Total service load / Soil Pressure

= 5789/ 454.5
= 12.74n7Y

Try 3.6 m*3.6 m, Area = 12.96 m?

3- Determination of depth of footing satisfying one way shear action:

Vu =® Vc

™~
fvc=0.75* C*L*d

= 0.75* %m * 1000* 3.6* (d) = 2204.5%d

P.« = factored ultimate load/ Area = 7450/ 3.6° = 574.8 kN / n?

According to (ACI-11.1.3.1), for one way shear action; critical section of shear

will be at a distance (d) from face of column.
One way shear area = (footing width-column width)/2 -d
= (3.6-0.7)/2-d = 1.45d
V, = P *one way shear area = (574.8)(3.6)(1.45-d) = 2069.3 (1.45-d)
Vu = ®Vc
2069.3 (1.45-d) = 2204.5*d

d=70.2cm

Assuming that ®16 bars & 8cm cover are used:
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Total depth of footing = 70.2 + 8 (cover) +0.8 (bard) = 79 cm <100 cm ----- OK
4- Determination of depth of footing satisfying two way shear action:
According to (ACI-11.12.1.2), for two way shear action, critical section of shear
will be at a distance (d/2) from face of column.
Checking of section shear strength with effective depth of 85 cm:
Two way shear area = area of footing — area enclosed by critical section

= 12.96 — (0.7+0.85)°

= 10.56 7’

Vu= Pnet * Agr. = (574.8)(10.56) = 6069.9 kN

According to ACI (11.12.2.1), the punching shear strength is the smallest of:

05 1.%,d
T g 062y .%,d
= %E%Od = 0.33\/E¢b0d .............. Control
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Where:

b.=a/b=70/70=1.

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 4*(70+85) =620 cm

a, =40
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dVe = 0.75%0.33* (24)°°* 6.2 * 0.85 = 6454.4

(Ve = 6454.4 kN) > (VU = 6069.9) ........... OK

Total depth of footing = d+ cover+ half diameter of bar

= 85+8+(1.6/2) = 93.8cm

Select depth of footing = 95 cm

Revised effective depth = 95 -8 -0.8 = 86.2 cm

5- Checking of load transfer at base of column:

®Pn = (0.85fc’) Ag
®Pn =0.65 (0.85* 24000)(0.70%0.70) = 6497.4 kN

Decision:

(®Pn = 6497.4 kN) < (Pu = 7450 kN)

Dowelsarerequired for load transfer.

Excess Pu =7450 — 6497.4 = 952.6 kN

Required As = excess Pu/®{fy-0.85fc’}
= 952.6/{0.65(420000-0.85* 24000)}= 36.7 cn?
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Compare to minimum required As:
According to ACI (15.8.2.1), minimum reinforcement of dowels required equals:
Asmin = 0.005 * Ag = 0.005*(70*70) = 24.5 cn?
As=36.7 cm2
825 bars are required as dowels, As = 39.27cnr?
In practice, all column bars are used as dowels, and must be developed above &
below the junction of column & footing as follows:
According to ACI (12.3.2), the development length must be the larger of:
0.24 fy* db/(fc)®> = 0.24*420* 2.5* 10°/(24)°° = 51.4 cm .... Controls
0.043(mn?/N) fy*db = 0.043* 10°%* 420000* 0.025=45.15 cm
20 cm

Available length of embedment = 95 - 8 — (2¥2.5) — 2.5 = 79.5cm

(Available embedment = 79.5 cm) > (requied embedment = 51.4 cm) .... OK

6- Design of bending moment strength:
The moment at the face of the column:
Mu = 0.5 Pnet * footing width* ((footing width — column width)/2)?

= 0.5* 574.8* 3.6* ((3.6-0.7)/2)°
= 2175.3kN.m
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Rn = 2175.3/(0.9*3.6*0.862%) = 903.6 kN/n"

p = 1/20.6 (1-(1-2* 20.6* 903.6/420000)°°) = 0.0022
Required A = 0.0022 * 360 * 86.2 = 68.27 cn?

Use 3416 (As = 68.34 cn)

Checking of available spacing between bars:

Available spacing = (360 — 8(2) — 34(1.6))/ 33
=878cm>25cm .......cooenn. OK

Development Length (L):

*
L, = 12 -2 b1 d, = 127420 -1+ 1° 1 1.6 = 65.84cm
25./fc 25% /24
Available embedment = (360-70)/2 - 8
=137cm>6584cm ............... Ok
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1- Determination of loads on footing:

Dead loads:

Weight of wall (D.L.) = 28.44* 0.2* 1* 25 = 142.2 kN/m
Dead load of beams = 1122.72/6.1 = 184.05 kN/m

Dead load of ribs = 273.72/ 6.1 = 44.87 KN/m

Total dead load = 371.12 kKN/m

Live loads:

Live load of beams = 423.1/6.1 = 69.36 kN/m
Liveload of ribs= 141.56/6.1 = 23.21 kN/m

Total live load = 92.57 kN/m

Total factored dead load = 371.12* 1.2 = 445.34 kN/m
Total factored liveload = 92.57 * 1.6 = 148.11 kN/m

Ultimate service load =463.69 kN/m
Ultimate factored load = 593.45 kN/m

2- Determination of width of footing:

Allowable soil pressure = 420 kN/nv

Assume footing thicknessis 35 cm
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Weight of concrete = 0.35* 25 = 8.75 kN/ n?’

Net soil pressure = 420 kN/ m? — 8.75 kN/ n?= 411.25 kN/ n?

Width of footing =total service load/net soil pressure
=463.69/411.25

= 112.75¢cm

Select 120 cm width of footing

3- Determination of footing thickness:
Vu = ®Vc
Vu = Pnet * critical section area
Pnet = Factored total load/area = 593.45/(1.2* 1)= 494.5 kN/nv
Vu = Pnet *((footing width-wall width)/2 —d )* 1
=4945* ((1.2-0.2)/2 - d)
= 494.5* (0.5- d)
®Ve = 0.75%(24)*°* 1000* 1*d/6 = 612.4*d
Vu = ®Vc
494.5% (0.5- d) = 612.4*d

d= 2234 cm

Assuming that ®16 bars are used:

Total depth of footing = 22.34+8+(1.6/2) = 31.14cm< 35¢cm ......
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Select footing with depth of 35 cm

Revised d = 35— 8- (1.6/2) = 26.2 cm

4- Determination of reinforcement of footing:

According to (ACI-15.4.2), the critical section of wall footing for bending moment
strength occurs at halfway between middle & edge of wall, then:

Mu = 0.5* Pnet * (footing width/2-wall width /4)?
= 0.5* 494.5%(1.2/2 - 0.2/4)**1
= 74.8 kN.nVm

Rn = 74.8/(0.9%1*0.262°%) = 1210.8 kN/n?

(p = 0.002974) > (pmin = 0.0018)
As = 0.002974*100%26.2 = 7.79 cnf

Select P16@ 25 cmbars (As = 8.04 cnv)

5- Determination of development length of main reinforcement:

Ly = 12ty “a’ b’ 17 d,

25,/ fc'

Ld = 12*420* 1* 1* 1* 1.6/(25* (24)*°) = 65.8 cm> 30 cm

Available embedment = 59.5 cm

90 degree hook is going to be used
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6- Determination of the longitudinal reinforcement:

According to (ACI-10.5.4), shrinkage & temperature reinforcement isrequired.
Assuming that ®12 are used:

As= 0.0018 *120 * 35 = 7.56 cnv’

Spacing between bars shall not exceed:

3*35=105cm

60cm......... Controls

Use 7®12 bars (As= 7.92 cnr)

Spacing between bars = (120 -8(2) — 7(1.2))/ 6= 159cm< 60cm .... OK
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