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Abstract

The Structural Design of Residential Building.

Work Team



|ssa Zaki Bahar Mahmmoud Issa Abeddll Aziz

Palestine Polytechnic Univer sity — 2006

Supervisor:
Dr. Maher Amro

The purpose of this project isthe structural design of aresidential
villa.
The project consists three floors, which is designed according

modern reguirements

The structural design of the building will be carried out according

to the Jordanian code and to the ACI code.

The structural design composed of analysis and design of the
structural members and all of the plans needed to complete the
construction.
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Chapter Four

Structural Analysisand Design

4.1 Structural Key Plans:

The distribution of ribs of the dlabs are shown in the structural key plans (),

the key plans are composed of beams and columns and footings.

4.2 Beams Design Data:

f/ =30(MPa)

f, = 400(MPa)
I vex = 0.0244 From table

o=t _ 1% 50035 butnot lessthan
f, 400
f'

rm=Ye = Y0 50034

™ 4f, 4% 400

r ., =0.0035



4.3 Determination of loads:

The main loads acting on the structure are dead & live loads. Dead Load is
calculated based on the density for each material used in the slab:
The overall depth must satisfy ACI Table 9.5.a

Minh=L/185 for one end continuous span
Minh=295/18.5=15.94cm
Minh=L/21 for interior span

Minh=420/21 =20cm
Use an overal depthof 25cm (17 cm block)

Dead |oad:

Coarse Sand Fill and Tile = 0.10*0.52* 2000 =104 kg/m of rib
Concrete Rib =0.17%0.12*2500 =51 kg/m of rib
Block =0.17%0.40*900 =61.2kg/m of rib
Topping =0.08*0.52* 2500 =104 kg/m.

Plaster = 0.03*0.52* 2200 = 34.32 Kg/m of rib
Partitions =(100)(0.52) =52 Kg/m of rib

Nominal Total Dead Load = 104+51+61.2+34.32+104+52 = 407 Kg/m of rib
Factored Total Dead Load = 1.4*407 = 569.8 kg/m = 5.697 KN/m.

for ribs ultimate dead load = 5.697 kN/m

Factored liveload =2*1.7*0.52=3.4*0.52= 1.8 kN/m



4.4 Design of topping:

Liveload = 200 Kg/m® = 0.2 ton/m’
Dead load = 4.07/0.52 — (0.51/0.52) =6.846 Kn/ m”
W, = 1.4 (684.6) + 1.7 (200) = 1298.2 Kg/ m*

= 1.298 ton/ m’
Assume slab is fixed at support point (ribs)
2
MU = Wu x L
12

2
MU - (1.296><o.4

B ) =0.017 ton.m, for 1 m wide strip
According to ACI (9.5.2.3)

f, =0.7,/f, (MPa) = 0.7/30 = 3.83(MPa) = 38.3(Kg / cm?)

Mn=(f, Xs)

2 2
= bg = 100; 8 =1066.7cm® ... for a rectangular X-section
®Mn = 0.65 (38.3)(1066.7) = 26555.5 Kg.cm , ® =0.65 for plain concrete
= 0.266 ton.m

®Mn = 0.266 ton.m > Mu = 0.01728 ton.m
Reinforcement is not required for structural reasons.
.".Provide Shrinkage & Temperature Reinforcement:
For fy = 400 Mpa, p = (0.0018) (400/400)

p =0.0018

A, =0.0018(100)(8) _ 1 44 erm?/1m

Use ® 8 @ 20 cm on center both ways

Provided Ac=2.5cm ?/1m



4.5 Design of rib (R$):

470 7

™

Figure (4- 1) : SpansLength

Figure (4- 2) : Rib (R4) M oment Envelop

Design of positive moment:

b for T- section is the smallest of the following:

b= L/4 =470/ 4=117.5cm
be = by 4 16t =12 +16(8) = 140 cm

be=c/c =52emeiiiiii, Control

Use Mu max for al spans = 2.06 ton.m
Mn=2.6/0.9=23ton.m

Determine whether the rib will act as rectangular or T — section:
For a=t =8cm

C=0.85 fc*t b.=0.85(0.3) (8) (52) =106.8 ton

d= h-Ct-d/2 = 25-2-12/2 = 22.4 cm



Mn=TorC(d-05a) =106.8(224-0.5(8)) /100 =19.5ton.m
Mn available =19.5ton.m > Mnrequired =2.3 ton.m

be - 52 cm

Design as arectangular with
Asmax.=r *b*d

As max.=0.023*(52) (22.4) = 26.8cm”

) J fc’ 14
As = bw)(d) > =— (bw)(d
min 4(],y)(W)()>fy(W)()

J30

14

Asmin = 12)(22.4) > 12)(22.4
min = 2 a0g) (D@24 = 5, 12)(224)
Asmin=0.92 = 0.94
Asmin=0.94 cm’
fy 400 15.7

m= = =
0.85fc  0.85(30)

Mn  1.325(10) ° 5

bd2  (52)(224) 2

* *
r:i 1o 2mRn | _ 1 1-\/1—2 15.7*5.17 _ 0.00144
m fy 15 .7 4000

As=0.00144 (52) (22.4) = 1.67 cm®

Rn = = 5.17Kg/cm

Use 2d 12mm ,As=226cm’



Design of shear:

Figure (4- 3) : Shear envelopefor rib 4

DV, =O.85(\/f_d}bd :O.85[@j(52)(22.4)(£j =9.04 ton
6 6 1000

Vu=15<f Vc*05=4.52 ton

No shear reinforcement required use minimum shear reinforcement.
Use ®8@20cm .

4.6 Design of beams:

Assume that:
e Thebeam isaedge beam

e L, istheriblength from one side

e L, istheriblength from the other side



Factored Total Dead Load = (H;szx DL

) L +L
Factoredllveload:[ 1; ij LL

Self weight of beam = Bx H x2.5x1.4

Design of beam 2:

- 420 -

Figure (4- 4) : Beam 2

B =50cm H=25cm d=19cm

Figure (4- 5) : Moment envelop of Beam 2



Figure (4- 6) : Shear for beam 4

Design of positive moment:

Mu = 32.5 kN.m =3.25 ton.m
Mn=3.25/0.9 =3.61ton.m

fy 400
m= = =
0.85f/  0.85*30

15.7

M, 361x10°
bd?  50x 20

r = l[1— /1—2m—R”]
m f,

:i[l— \/1_2><15.7><16.25J:0_0042

R, =16.25 (Kgm/ cmz)

4000

A sreq. =0.0042*50*20 = 4.2 cm?
Use4 ® 12 mm As =4.52cm?



Design of Shear:

V, =2.8ton

OV, :0.85(*/?de =O.85(@](50)(20)( 10 j =7.759ton

6 1000
VvV, * 0.5=3.879ton

V, <0.50Vc

No shear reinforcement

Use ® 8 mm stirrups @ 20 cm

4.7 Design of columns:

Column (C-5) :

Total load on column = 106.335 ton.

Design of thelongitudinal reinfor cement:

Pu =106.335 ton.

Type of column: "tied column”.

Assume pg=0.02.

Required Pn = Pu/@ = 106.335/0.7 =151.91 ton.
Pn (max) =0.85A¢[ 0.85(fc’) +pq (fy-0.85*fc’)]



151.91 ton =0.85Ag [0.85(0.30) +0.02 (4-0.85*0.30)]
Required Ag = 460.47 cm?.
Use 20cm* 40cm.

Ag= 800 cm?

Determination of required pg:

Pn (max) =0.85Ag[ 0.85(fc’) +pg (fy-0.85*fc’)]

151.91 ton =0.85* (800 [0.85(0.30) + pg (4-0.85*0.30)]
pg= 0.011

Required As = py* Ag= 0.011* 800 = 8.8 cn’.

Use "8 @ 12" — Ast = 1.13*8= 9.04 cm?.

Design of thetiereinforcement:

Use @ 10 ties.

Spacing < 16*d, (Longitudinal bar diameter) = 16 * 1.4n = 20cm
48* d; (ties bar diameter) = 48* 1.0 = 48.0cm.
Least dimension = 20 cm

Use"3 @ 10" ties @ 20 cm spacing.

Use 20cm*40cm with 8 @ 14 bars. with @ 10 ties @ 20cm spacing.



4.8 Design of footing :

Footing (#2) carrying column (#2) (40*25).

Footing Area:

Total Factored load =617.4kN

Total serviceload =433.26 kN

Column = 40x25 cnr?.

Estimate footing to be about 25 cm thick, in addition to about (10cm) of

blinding concrete .

Assume footing depth 1 m.

0.25* 25=6.25 kN/m?

1*17=17 KN/m?

Net soil pressure =350-6.25-17=326.75 kN/m?

Area(A) = Total Weight / Soil Pressure
= 433.26 kKN / 326.75 kN/m?

=1.325 m°.
Use L=1.2m, W=1.2m, A=1.44m°



Depth based on shear strength:

1 ]
DV, = (I)E\/ f.bd = O.SSX%\@X (120) x (d) = 931.13d

P
Area 144
V4 = (Pnet) (ONe Way share area ) =4.2875* 144* (144— 40 dJ
OV, =V,
931.13d = 4.2875*144* [144‘ 40 dj
d=20.7cm
- Used=21cm

Total depth of footing =21 + 8 + 1.2=30.2 cm
Soselect.. h=31cm ..d =21.8cm

Check thisdepth for two way shear action (punching):
Check the depth for two way shear action, using critical section B-B-B-B with
d=21.8 cm.
V, = P, x(Aeff —(a+d)(b+d) )

( 120*120— (40 + 21.8)(25+ 21.8)) * 10 )
1000

Vu = 4.2875

The punching shear strength is the smallest of:

v, =é(1+ sz\/f» b,d= 05f,bd
v :l( 2s +2j\/f>c’bod= 055 1. byd

° " 12{b, /d




V, =%\/fTbod =0.33 . b,d Control
Where:

b.=a/b=40/25=1.66 .

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

= 2(40+21.8)+(25+21.8) =217.2 cm

a,=40 For interior column

fVc = 0.85* 0.33\/30(217.2)(21.8* 100) /1000 = 727.46kN
fVc>Vu OK

No punching shear failure.

d/2

ds2 dse

d/2

/ 1.20 7

Figure (4- 7) :Two way shear area



Check transfer of load at base of column:

®Pn = ®(0.85fc'Ag)

®Pn =0.7(0.85)(3)(25x 40) = 1785.5ton
®Pn > Pu

.. Dowels are not required for load transfer.
Minimum Dowels = 0.005 * 25 * 40 = 5 cm?
Use 4912

Design for Bending Moment:

Mu=| P, xLx w_b x 0. w_b
2 2 2 2

=| 42.875x1.2 x 1—2—% x 0. Q—% =5.8 ton.m
2 2 2 2

Mn = m:5;8:6.45 ton
¢ 09

_ Mn _6.45x10°
bd? 120x21?

* *
c_Af; fp_2mRn | 1 1_\/1_2 15.7*12.18 | _ 1 q0312
m fy 15.7 4000

RN =12.18Kg/cm?

r,.. =0.002
Req. A, =0.00312 (120) (21) = 7.86 cm?
Use7 ® 12



4.9 Design of strip footing :

Total dead load = height * thickness of wall * 1 m wide *( yc)
= 12*0.4* 1*25=120 KN/m.

Total liveload = 4*3*1=12 kN/m.
gqu=14(120) + 1.7 (12)
=188.4 kN

A sign of footing width :

Allowable soil pressure =350 kN/m?
Assume footing depth 1 m and footing thicknessis 25 cm
0.25*25=6.25 kN/m?
1*18=18 kKN/m?
net soil pressure = 350-18-6.25=325.75 kN/m?

188.45 — 057m

Width of footing =

So select 60 cm width strip footing .
Determined of the contact pressure :

b _ P, _ 1884
" Area 0.6*1

=31.4kN / n?

DV, = cp%\/ft'u”d = 0.85x%@x(100)x (d) = 77.6d

w—bw
2

Vu = (Pnet) ( )



DV, =V,
77.6d = 3.14-31.4d
d=28cm ....Then h=(28+8+2)=12.8cm, sosedecth=25cm.

d= 25-8-2=15cm

Design of reinforcement for moment strength :

_ w-bw,  w—bw
Mu = (Pnet) (——) (—,—)

=31.4* 0.1*0.05 =0.157 ton.m.

Mu, _ 0.157

Mn= —=_"_=0.174ton.m
()] 0.9
m = fy - = 400 =15.7
0.85* fc 0.85* 30
Rn = M_nz
b*d
* 5
Rn = M =74 kg/cm2
60* (15)
1 2mRn
=—(1- 1-
p=— ( y )
p = L (a- \/LM) =0.0018 <pmin=0.002.
15.7 4000
Areg=p* b*d=0.002* 60* 15=3.0cm?
3.0

#0Of bar = > = 4 -—-select (4) bar & 10.
0.79

design of dowles= p*b*d = 0.0015 * 100* 40=6 cm?



use 6 ®12

Design of longitudinal bars :

=0.002* 60 * 40

As=p*b*d
= 4.8 cm?
select 4 12

(2)downand (2) up.

4.10 Design of Stairs:

SElr Beam
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Figure(4-7):

Cross section of stair.




L 240

=—=——=12cm
20 20

Dead load:

3
Plagter — (2:03M)(22on/m)AM) _ (e
cos30

(0.15m)(2.5ton/ m*)(1m)
c0s30

0.3m+ 0.18m
0.3m

Concrete= = 0.43ton/ m

Mortar = ( j(0.0Zm x 2.2ton/ m® x ]m) =0.7ton/ m

~ (O.35m+ 0.18m

](0.03m>< 3ton/ m® x 1m)=0.159ton/ m
0.3m

Tile

Stair = 0.18 *0.5*2.5 =0.225 ton/m

Total dead load = 0.960 ton/m

Factored dead load = 1.4 (0.960) = 1.34 ton/m
Liveload = 0.5 ton/m2.

Factored live load = 1.7(0.5) = 0.85 ton/m
Wu=134+0.85=22ton/m



Design for positive moment:

Ay=Wu* L—ZS:Z.Z * % = 2.64 ton.

maximum moment stair :

2 * 2
Mu:WL =2'2 2.4 =1.6ton.m
8 8
1.6

Mn=—"—=1.77 ton.m
0.9

d=15-2-0.6 =12.4 cm.

* 5
- an _ 17710 ~=115 kg/cm ?
bdZ  (100)(124 )

* *
P 1 {1_@_%}0.0029

Rn

T157 4000
r min = 0.0035

As=0.0035 (100)(12.4) = 4.34 cm?
B Use 912 @25cm

By provide (As min) for the negative Moment Area :"at the top of the edges’

Aspin= 4.2 cm?
B Usedl2.... @25cm.



Landing Design:

(DL) mortar = 0.02* 22 = 0.44 KN/m?
(DL) Plate = 0.03* 22 = 0.66 kN/m?.

(DL) Concret plat=(0.22m)(25kN / m*) = 5.50kN / m?

(DL) Plaster = (0.02m)(22kN / m®) = 0.44 kN / m?

Total dead load per 1 m = 7.04 KN/m
Liveload =5 KN/m.

Factored dead load = 1.4(7.04) = 9.856 KN/m
Factored live load = 1.7(5) = 8.5 KN/m
Reaction of the step's slab = 26.4 KN/m

Wu = Factored dead load + Factored live load+ Reaction of the step's slab
of the stair dlab

Wu =9.856 +8.5 + 26.4

Wu = 44.726 KN/m.

W, * L?
Mu= 4 L KN.m
8
* 2
Mu= 44.726™ (2.7) =41....... KN.m
8
41

Mn= —=45.3KN.m
0.9

d=22-2-0.6=19.4 cm

* 5
M 453*10° ) e 2

" bd?  (100)(19.4 )2
m=15.7

1 \/ 2*%15.7*12.04
r=——|1- [1- &2 =~ ==~
15.7 4000

Rn

....for Im



r =0.0031
A =r bd
r min: 00035

As=0.0035 (100) (19.4) = 6.79cm?
% Use®12....@20Cm.  Asprovided. = 8.04 cm®

Shrinkage & Temperatur e Reinfor cement

As=0.002(100) (15) = 3.cm?
B Used10.... @ 25cm.

4.11 Design of Retaing wall:

Mu = 21.6kN.m
Rn = L
f*p*d?
* 5
n= 2.1710 = 4.4 kg/lcm?
0.9*100* (23)?
1 2mRn
==@1- [1-
p=_ y )
0=t (1- \/1—w) = 0.0011 < pmin = 0.002
157 4000

Areq=p* b* d=0.002*100*23 = 4.6 cm?



4.6
#0f bar = 2 = 5.0 -~---select (5) bar ® 12

useld 12 @20cm.
In the other direction :
Asreg=0.002* 100* 30=6.0cm?
6.0
# Of bar = 1—13 =5.30 ----- select (6) bar ® 12
usel® 12 @15 cm.
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5.8 Shear wall design :

L oad calculation:

Using the Jordanian code to find
V=65.5ton

Horizontal reinforcement:

Vn=21.83ton

Lw=35m
d=08Lw=08*35=28m
h=Wall thickness= 30 cm

\Vc ——“‘fcxbxd
6

Vc =

V30
6

x 300mmx (2800mm) 1 = 76.68ton
10000

Vs=Vn-Vc
Vnh <Vc

.. No shear reinforcement required

.. Provide minimum shear reinforcement
pmin = 0.0025 ACI-11.10.9.2
As min = (0.0025) (30) (100) = 7.50 cmA m
~Use® 10 @ 20 cm

As provided = 7.85 cm? (In two layers)

ne 7.85cm?
30cmx100cm

= 0.0026



Vertical reinfor cement:

Mn = 444.66 ton.m

fy 400

 0.85f/ = 085%30

=15.7

M, 444.66x10°
Rn —

=M _ - 0567 (N/mn?)
bd? ~ 100x 2800

r =0.001

r n(min) = 0.0025+ 0.5(2.5 - %88)(0.0026— 0.0025)

r n(min) = 0.00258 > 0.001

As=(0.00258) (30) (100) = 7.7 cm?
Use 6 ® 14 within the first 40 cm of the wall,
and @ 10 @ 20 cm for therest of the wall.
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L 1 a8 Hasal (Shear Wall)

135, (3.5 kg/em?) lal ytie & 5 Jasis g e "ol Slulill) suecsd &

sl daill o cilulad) sale) a5} Al a3a & gk
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1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL
CONCRETE (ACl 318M-99) AND COMMENTARY CODE
(ACI 318M-99).
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