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Abstract 

b v7zdqBMz Gh qmz "¼G7zdq d2F vz £TEE 2¼BYzN BF qmz £q¼TdqT¼2k Nz£BpF Gh 2kk 
£q¼TdqT¼2k zkzE zFq£ dGFq2BFzN BF qmz "¼G7zdq_ £k2v£_ vz2E £_ dGkTEF £ 2FN hGTFN2qBGF£_ 
&2kk£ 2FN Gqmz¼ £q¼TdqT¼2k zkzE zFq£c 

Qq B£ &G¼qm E zFqBGFBFp qm2q &z m2Mz T£zN qmz WG¼N2FB2F dGNz qG Nzqz¼EBFz qmz 
kBMz kG2N£_ £zB£EBd kG2N£ 2FN qG Nzqz¼EBFz qmz T£z Gh laO D,¥� ~_ } £ hG¼ qmz £q¼TdqT¼2k 
2F2k°£B£ 2FN Nz£BpF Gh £zdqBGF£ m2£ vzzF qmz T£z Gh qmz a c[ c DGNz 
»3@(d0, ! l b! )a (« E T£q vz "GBFqzN GTq qm2q mz &2£ ¼zk°BFp GF £GE z dGE "Tqz¼ 

"¼Gp¼2E £ £Tdm 2£$ } TqGd2N\: u\ _ b hhBdz\ : u1_ } qB¼ Mcuucj c 

S z mG"z 2hqz¼ qmz dGE "kzqBGF Gh qmz "¼G7zdq qG vz 2vkz qG "¼GMBNz £q¼TdqT¼2k 
Nz£BpF hG¼ 2kk £q¼TdqT¼2k zkzE zFq£ Gh qmz vTBkNBFp B£ dGE "kzqzc 

}hqz¼ Nz£BpFBFp qmB£ "¼G7zdq BqR£ z½"zdqzN qG p2BF 2 M2¼BGT£ ¼z£Tkq£ 2FN qG kBFx 
qmz BFhG¼E2qBGF qm2q m2Mz vzzF £qTNBzN BF qmz NBhhz¼zFq dGT¼£z£ _ 2FN qmz 2F2k°£B£ 2FN 
Nz£BpF Gh 2kk £q¼TdqT¼2k zkzE zFq£ 2FN qmz £q2qzE zFq Gh qmz BE "2dq Gh z2dm Gh qmz 
zkzE zFq£ GF qmz Gqmz¼_ 2FN qmzF qmz &G¼x Gh £q¼TdqT¼2k "k2F£ Gh qmz o½zdTqBMz 2¼z - Tkk 
2FN Nzq2BkzN hG¼ z2dmc 
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4
Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Factored Loads.

4.3 Slabs Thickness calculation.

4.4 Load Calculation.

4.5 Design of Topping.

4.6 Design of Rib (3).

4.7 Design of Tow Way Ribbed Slab.

4.8 Design of Beam (BOIS).

4.9 Design of long column.

4.10 Design of Isolated Footing.

4·11 Design Of combined Footing.

4.12 Design of Strip footing.

4.13 Shear wall (No 1) design.

4.14 Design of stair (4)
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4.1 Introduction:
b

'It f reinforced concrete: bridges, buildings, retaining walls, tune]
Many structures are m o ' e s,

and others.

R
. ti d t logical union of two materials: plain concrete, which possesses hi h

em orce concre e1s id d · gcompressive strength but little tensile strength, and steel bars embed e 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 ofreinforced 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 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.

4.1.1 Design method and requirements:

d
The design strength provided by a member is calculated in accordance with the requirements

an assumptions ol ACI_code (318_08).

4.1.2 Strength design method:

In ultimate strength design method, the ser5- .
load at which failure is considered to b ' . rvice loads are increased by factors to obtain thee occumng. ·

This load called factored load or fact d .
then proportioned such that the strength . ore service load. The structure or structural element is
this strength takes into account he si,,,,"""when factored load is acting. The computation.of

ess-strain behavior of concrete.
The strength design m th d •e o ts expressed by the following,

Strength provided > strength re .
quired to carry factored loads.
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4.2 Factored loads:
:. roject are determined by:

The factored loads for members in ou P
ACI-code-318-08(9.2.1).

W,=1.2 D, + 1.6 LL

NOTE: 
f! = 24Mpa. 
fy = 420 Mpa 
fye = 420 Mpa, will be used at design and calculations.

4.3 Slabs Thickness calculation:­

According to ACI-Code-318-08 table 9.5(a), the minimum thickness of non- prestressed
beams or one way, slabs unless deflections are computed for simply supported one-way rib given as
follow:

For rib (R3), as shown in fig. (4 .1)

iaala67--.ag,,±==
j IN

□□om□□□□□oomo□ooo o □□om□□□□□ ~•t1□0to0ElEl□□
O□□□□□m□o□o□□□o□omoo□oo □□oooomoooo□□□□□□omoooo□□□ooom□□oo 

- ..
Fig (4-1): Rib(3)

at the ground floor slab. 
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h» for Simply supported =L/16

longest simply supported cont is 5.11 m
h» =5110/16 = 319mm

hmm for one-end continuous = L/18.5
longest one-end cont. is 6.50m.

h, =6500/18.5 = 351 mm

hmin for both-end continuous = L/21.longest both-end cont. is 7 ·017 m

h= 7017/21 = 334 mm

For Ground floor slab, use thickness of slab 32cm.

4.4 Load Calculation:­
For the one-way ribbed slabs, the total dead load to be used in the analysis and design is

calculated as follows:

table(4-1) calculation of total load ofrib(3)

~ [Ura&jAnTSSV] ~
Tile 23 3 

Mortar 22 2
Sand 16 7

Topping slab 25 8 
Hollow block 9 24

Rib 25 24
Plastering 22 2 
partition 1KN/m

Fig (4-2) Typical section in ribbed slab)
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r =1.2DL + 1 .6ll 

4.5 Design of Topping:

4.5.1 Calculation of Dead load

- Design For Im strip:
Tile =23*0.03*1=0.69KN/m
Mortar = 220.021=0.44KN/m
Sand =16*0.07*1=1.12 KN/m
Topping= 25*0.08*1=2 KN/m
Partition=11=1 KN/m

D.L total = 5.25 KN/m 

w/
12

40 cm

Fig (4-3) Typical section in Topping.

4.5.2 Calculation of live load

L.L total = 5KN/m

Wu= 1.2D.L + 1.61.L
= 1.2*5.25 + 1.6*5 = 14.3 KN/m

Check <l>Mn > Mu 
Mu = w,I 2

= 14 .30 .4 2
_

12 12
- 0.19kN .m 

Mn =0.42,/ye'» s 

bh?
S=

6

Mn=0.42/+h
6

=0.42-55% 10.08°
- · -vL.) 6 *103 = 2.24kN.m 

=0.55 for plain concrete
</>*Mn= 0.55* 2.24 = l.232kN.m. 
6Mn =1.232> Mu = 0 ..19KN.m.
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t t b rovided.

Shrinka e and tem erature reinforcemen mus e 
For the shrinkage and temperature reinforcement:
p= 0.0018 AC-318-08 (7.12.2)
As = pb5h = 0.0018*1000*80 = 144mm

2 
/lm. 

As ( 8) =50.27mm2
So number ofbars =144/50.27 = 2.86
select mesh ~ 8120cm, ASprov = 2.51 cm/m > ASmin=1.44 cm/m

Then use 4 8 @ 20cm for practical purposes in both directions. 

4.6 Design of Rib (3):­

Materials:- 
Concrete B300, Fe'= 0.8*30 = 24 N/mm2 =24Mpa
Reinforcement Steel, fy = 420 N/mm =420 Mpa

4.6.1 Design constant:-
- b,For T- section is the smallest of the following:

b E =Ln/4= 3.25/ 4 =0.8125 m
b/ - bw+ 16 tf= 12 + 16 (8) = l.4 m
E = c/c spacing between beams =O 52 m

. Control ... 52cm · 
- Regmrements for Slab Fl . 
bw > 10cm ~~~ Accordmg to ACI- (318-08). 
Select bw=12cm ..... ··· ··· .. · ·· · · ·· ··· ... ACI(8.13.2)

h<3.5bw
Select h=32cm<3.512-42'·---------%ACI (8,13.2)tf>Ln/12>50mm
Selecttf=8cm ··············· ········· ··· ...... ··· ....ACI(8.13.6.l)
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4.6.2 Calculation of Dead load:

~~
Tiles 230,030.52 = 0.3588 KN/m

Mortar 220.020.52
Sand 160.070.52

= 0,2288 KN/m
= 0,5824 KN/m

To in 25*0.08*0.52
Block 100.240.4

= 1.04 KN/m
=0.96KN/m

Rib 25*0.24*0.12 = 0.72KN/m
Plastering 220.020.52 =0.2288 KN/m
Partition 10.52 =0,52 KN/m

Table (4-4) calculation of the total load for (R3). 

Total dead load = 4.6388 KN/m/rib 

4.6.3 Calculation of Live load:­

From Jordanian live loads table live load for hospital and school is 5 KN/m2

Total live load= 5*0.52 = 2.6 KN/m/rib
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System:­
One -way ribbed slab.

2
1 1 il

~ C ~
3.3 0.8 

0.3
I I 3.85

52.:35

12.
A=A

2 3
f,J 

~ :J
2.9 0.6
3.6 {

Fig. (4-5) Spans Length ofRib (3).

Loading:-
By using ATIR program, we get the envelope moment and shear diagram as the following:-

D.L total= l.2*4.6388 =5.566KN/m/rib L.L total= 1.6*2.6=4.16 KN/m/rib

Loading
oa group no.

Dead load - Service Units:kN,meter

4.70 4,ko
I,

I, I, I3.85 , ~ '
3.6

ooll®

Live load - Service
Load factors: 1.20,1.20,1.50,o.oo

L.4T[TT4L
Fig. (4-6): Rib 3 geometry.
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Moments: s ans 1 to 2 .47.1

11.9

10.

1.54 2.31
2.16 1.44

~

Shear
-23.3

16.3 -14.
-8.

10.8
15.3 15.4

22.4

eactions

Factored

~;,itR 8.~31~-----------+-+-+----------~

LiveR 6.97
MaxR 15.28
Min R 7.46
Service
DeadR 6.92
Live® 4.36
Max R 11.28
MinR 6.39

26.28
19.39
45.67
35.52

7.43
6.58

14.01
6.32

21.9
12.12
34.02
27.68

6.19
4.11
10.3
5.5

Fig. (4-7) Rib 3 Envelope.
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4.6.4 Flexural Design: -

4.6.4.1 Design for positive Moment for Rib (R3):­

Use Mu max. Positive for span Mu=11.9 KN.m.(spanl)
Determine whether the rib will act as rectangular or T-section: 
For a= tr= 8cm
Assume 0=0.9
d =h-cover--dia. of stirrups -db/2 =320-20-8- 12/2 = 286 mm.
Do.Mnf= 0.9*0.85 * le *tr* bE *(d- tr12)

=0.9* 0.85 (24) (0.08) (0.52)(0.284-0.08/2)*10
3

<1>.Mnf = 187.89KN.m 
DMnf' =187.89 KN.m > Mu=l 1.9 kN.m

Rectanglular section 

Design as a rectangular with b E = 52cm
As= p.be .d
m = fy 420

0.85 * Jc' = 0.85 * 24 = 20.59

kn Mu/d
b d?

11.9*106 /0.9
0.52+(0.284° 0.3lS Mpa

·''-% '{ 4m f = 20 1 -1 - 2 * 20 . 59 * 0 . 315 J.59 ""''' = Q,9007558
As = p.be .d = (0 0007558 * * 420
Tea ass 2a 1ok1s,,,,,9 2so)- 1124mo

Check Minimum Reinforcement A . 
AS .4re .s, g mm ... (ACl-318M-08 

min=-'' (bw)(d) _ 244»4y?9286) = 100.0mm?

As • 1.4nun=(bw)(d) _l.4»o,290286) = 114.4% °
For 2410,As=157 mm2>114.4 . mm (control)

· , OK

(10.5.1

Check for Tension . 
Tension= compre . steel yielding· # 3ssion =
As fy = 0.85 * fc * b * a
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24 520 a157 420 = 0.85
a = 6.22mm

a _ 6.22 == 7.31mm

"5,° oss ACI-318M-08(10.2.7.3)=0.85..... f,<28MPa ......,
-u.s 286-73l,3903= 0.114
s,=(d-x)/xx0.003= q.31

8 = 0.114 > 0.005
s . 

u : Moment for Rib (R3):4.6.4.2 Design for Negative

rt Mu=- 8.9 KN.m Use Mu max. negative for suppo •
Design as a rectangular with b= 12 cm

m = fy 
0.85 fc

420 = 20.59
O .85 * 24

Mu 6_ 8.910°/0.9, 1.021 Mpakn= __'f/_ 2

b*d2 0.12*(0.284)

o-'@-,f 2i)m Jy 

= _1_(1- ✓l- 2(20.59)(1.021) )=0.00249
p 20.59 420

As= 0.00249 (120)(286) =85.63 mm?
Then use 2<D 10,As=l57 mm2

Check Minimum Reinforcement As min ... {ACI- 318M-08- {10.5.1)) 
. ffe .fii, - 

Asmm= 4(Jj;) (bw)(d) = 4(
420

) (120)(286) = 100.0mm2 

Asin,,,@w@) ={[,,82ox2soy= 14.Ar «controp
For 24010,As=157 mm2>114.4, OK

so
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Check for Tension steel yielding:

Tension = compression
As fy =0.85 f, b a
157 420 = 0.85 * 24 * 520 * a 
a= 6.22mm 

a 6.22
x = -=--= 7.31mm

9, 0.85
B=0.85..... le <28l\1Pa ....... ACI-318M-08(10.2.7.3)

286-7.31 903 0.114
& =(d-x)/xx0003=---x0. = .

s • 7.31

s, =0.114> 0.005
ok 

4.6.4.3 Design shear for Rib (R3):-

Factored shear forces at d=0.286 m from support
Vumn! =16.3 KN (From Shear Envelop)
Determine shear strength provided by concrete(□ Ve). 

4Vc/2 <V, <pV,

l.l<PVc= l.l*<P* .ffo' bw*d
6

= 1.1 * 0.75 * -ri: 0.12 0.28610°= 23.12 kN

<P Ve= 23.12 >Vu= 16.3 kN
Min shear reinforcement is requ · d f
Use<P8/50 cm·Montage rre except or concrete joist construction.
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3cm ttles

Z2cm mote

7cm sand

cm to;_-50
24cm block

(3 :8/50cm

Fig (4-8): Reinforcement of Rib (3). 
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4.7 Design of 'fow Way Ribbed Slab:­

4.7.1 Determination of Thickness for Two Way Rib Slab :

· L o□□oo□ood□□

oo□□rn□□□ooo□□m□□□ooo□□m□□□it;LLD
bit' I__

ODO□Owt.JD□□
oooo□□m□□□□□□□□moo□□□□□□om□□□□□□□□om□□□□□□□□□OJ□□□

( i'-'bl

□□□□□□□on□□tiithit5
DIE "··LII□□□-d□00 I

Fig. (4-9): Two waye rib slab in ground fl oor. 

}.2
3.

Y = 40*8* 4+35 *12 *17.5
40*8+ 35 *12 = 11.66cm

I rib= 52 X (11.66f
3

I rib= 77682.2Icm4

I =_!_ 3 1s <bh'=-80(52)°12 12 = 937386 6 4. cm 

(40) 3.66°_ 12x(23.34)'
3 3

/------52--- 

2

\Q

Long direction right L =563
Is= (77682.21 X (563.4 + 60).4 cm

)/52= 931290.3 4. cm 
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. f L =563.4 cmLong direction le t
4

563.4 30))/52 = 465645.1cm 1,=77682.21«(>,

d. u· L = 534cm 4
short tree on / 52 = 887369.86cm
I,= (77682.21x (534 + 60)) =

lb 937386.6 = 1.056
,=T = 887369 .86

s 

lb _ 937386.6 = 2a,=7 465645.1
s 

lb 937386.6 = 1.056
,=T 887369 .86

s 

1,_9373866 _,
,=T - 931290.2

a, +a,+a, +a,_1,056+2+1.056+l_+ 97g
0,,= 4 4
a < 2-------1278 < 2
According to ACI-code:
h = In(0.8+ fy/1400)
" 36+5(a,,-0.2)

La - 563.4 -1 055,, ssi"
h = 228.63mm > 125mm m 

First trial thickness h=350mm>228.63mm -ok
Take slab thickness h=350 , 80mm - topping , 270mm concrete block.
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4.7.2 Load Calculation:­

Determination of Dead load:- 
1
b 

N Parts of slao. 
1 Tiles 
2 Mortar 

Calculation 
0,030.520,5222 = 0.178 KN. 

3 Plaster 
4 Sand 

0.020.520.52+22 = 0.119 KN 
0.02*0.52*0.52*22 = 0.119 KN

5 To in
6 Block

0.07*0.52*0.52*16= 0.303KN
O.OS*0.52*0.52*25 = 0.541 KN
0,40,40.279 = 0.3888KN 

7 Rib
8 Partions 

o.52+0.4 *0.27*25*0.12= 0.7452 KN 
0.52*0.52*1.5 = 0.4056 KN 
2.7996KN 

Table (4-10) Calculation of two-way dead load. 

Total Dead Load= 2.7996 KN/Rib.
2.7996/(0.52),= 10.353 KN/m
Nominal Total live load= 5 KN/mr

4.7.3 Determination of factored dead & live load :­
Factored dead load= 1.2*Dead load= 1.2* 10.353 = 12.424 KN/m2•

Factored Live load= 1.6*1ive load= 1.6*5 = 8 KN/m.

4.7.4 Flexural Design: -

4.7.4.1 Design for Negative moment:

d = 320- 20 - 8 - 14 = 285 mm
2

L/L, =5.634/5.34 = 1.055..........Case 4.

Ca neg=0.071 Cb neg=0.071

Ma-ve=Ca"WLa-0.07121.4245.634?+
fy '0,52=25.1 KN m/Rib

I_'' 420 '
0.85*Jc' - 0.85 * 24 = 20.6

Rn= Mn 
b d?

(25.1/0.9)10 3
0.12 * (0.285)2 = 3.16 Mpa.
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.[5,p=m(l- [l7
25.1620.60, 0.00822

= _l_(l - l- 420
p 20.6 

2
As= 0.00822*120*285 = 281.124 mm 

_F pgya)y> '#owa)Asmin - 4(/y) fy 

- 99 73 >114As = ·
mm 2 

A = 114 mm. ,>Sa» -114mmAs= 281.124mm2 > Asmm-

<I> 14 As= 307.87 select (2) bars 

4. 7.4.2 Check for strain 

As+fy
a = 0.85fc'*b 

_ 307.87•420 = SZ.BZmma - o.85•24•120

C=a/31=52.82/0.85=11.1± Y mm

4. 7.4.2 Design for Positive moment: 
10d = 320 - 20 - 8 - - = 287 mm
2

Ca pos/d1=0.032
Caposm=0.035

Ma+ve= ( Ca dl*Wdl*La
2•0.s2J+(Ca u •w n*La'•0.52) 

= (0.032* 12.424 •5 .634 *0.52)+(0 .035•8• 5 .634 '•o .52)= l 1.2KN.m/Rib 
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fy 420 =20.6
m = · o.85 240.85*Jc 

Mn (11.2/0.9)*10-3 = 0.29 Mpa
Rn= b d 2 - 0.52(0.287)

1 p;mRn) p= -(1- 1---
m fy 

----~ 1,_20.29920.99, 0.000695.
p=-(l - l 420

20.6

2
As= 0.000695*520*285 = 103.8 mm 

[ 14» "37r,®@)> ',(@«f@)

As min= 99.73 ~ 114 
As... =114 mmmm
As= 157mm2> A8min =114mm2 OK
As =[57mm

Select 2 bars D10

Check strain 

Tension= Compression
4 xjy=0.85xfc 'xhxa 
157 X 420 = 0.85 X 24 X 520 X a 
a= 6.22m 

6.22
C oss 7.316 

287-7.316
6,= 7315 0.003=0.114> 0.005..o0

s,=(d-c)/cx0.003_ 287-6.22
6.22 x 0.003 = 0.135

€,= 0.135 >0.005= 6= 0.9. 
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4.7.4.3Design Discontinuous edge:

l J, 2l[57-52.33 mm< As,=114 mmAs= - s -- . mm
3

s.pos 3
Select As=114 mm2

Select 2 bars <I> 10.

Used As=157 mm

4.7.4.4Design for shear:

The shear in the slab calculated by using tributary area for shear :
Vud = wuxbf(In/2-d) 
Vud = 21.424x 0.52x (5.34/2-0.285) = 26.57KN 

Ve= llf[c x bwx d 
6

Tf: 1.1 r;;-; ''©=N24x 120x 28510--3 = 30.7KN

¢Ve= 0.75*30.74 = 23.04
6Vc 2Vud
~- 1 1 ffe s mm ==-bw x d ~ - x Jc' x bw x d 

3 16
TT. • 1
yS mm =;x120 X 285 x10--3 = 11.4

> 1 r;:;-;- <% v24 X 120 X 285 X 10--3 = 10 .473

case 3

¢Ve = 23.04 < Vu = 26 .57 < "'(V. Tr. • =@ 'c +Vs min) = 31.6

Case 4:-

Vs' = ~ * 0 75 ~fc' b 3 ' VIC nw»d

ovs' = ±. 0.7s2A
$ Vs'+$ Vc=41.88+23.01=64.9k , * 0.12 * .285 * 1000 = 41.88KN

<I> Ve + <I> Vs min =3 l.6<44.47<"' V ' ,h 
W 's'+ Vc=64.9

Provide minimum sh .ear reinforcment,
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· =190 mmUse 278 for stirrups Av,278

Amin 1w11@ 0,0952
,sfyt 3420

100_ 0.0952 ~ s = 1050 mm
s 

s max <d/2 and <600

s max= 285/2 = 142.5 mm< 600mm

Use 2-leg O8@100mm

4.8 Design of Beam (BO15):­

□□□□□ □□□□□□ □□□□□ □□□ElEl El
□□ □□□□□□□rn□o□o □□□□□rn□oo □□□□□rn□□□□□□□□□rn□□□□□□□□□rn□□□□

■
I 

I 
I 

Material:- 
Fig. (4-ll): location Beam BOIS. 

⇒ concrete B300
⇒ Reinforcement Steel
⇒ Section:-
> Be=800mm
=> Bw=800mm
=> h=320 mm
=> d=320-40-10-18/2=261 mn

Fe' = 24 N/mm?
fy =420 N/mm?
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Loading:- 

Reaction from Rib(R3) ,
D.L =21.44/0.52 =41.23 KN/m.
L.L =12.02/0.52 =23.12.KN/m

4.8.1 Calculation of Beam dead load

Dead load of beam = selfweigh of beam = 25*0.8*0.35 = 7 KN/m 

Geometry Units:meter,cm

1 2
1 2

3 4

C
~ !

3: i= J
~ ~

0.2 2.23 0.2
~

2.43
4.13 0.4 1.3 0.4
4.43 1.7

35,1

80.
A=A

Fig (4-12): Beam (015) at the ground floor slab.
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Loading

,oaa group no. ,
Unity;

Dead load - Service =<""

5 .0
57.0 5 .o

' R:As

----, ,__,

I ~~ 

, _.,. --
r-

~Li~ve~lo~a~d.:_- ~Se~rv~ic::_e __:L:.:
0
.::ad:.:f:::ac:,::to~rs~:21.~200,'1 ,0.201,55p

31.5 3 .5

4.43 1.7
2.43

Fig. (4-13): Beam (015) geometry.

Moments: s ans 1 to 3

0.85

-180.1
-157.9 -152.3

43.

1.58
142.2

2.21 2.22 1.36
Shear

-284.5
-222.3~::,.__J

26s.% 33A.A
150.7

212.9
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Factored 
I I I 1-j

H
I I I 295.1 

3.5%

48.7 
307.15 202.26 42.65DeadR 204.92 497.36 

UveR 55.86 512.07 335.25 
46.23

Max R 104.56 376.65 
-36.71 

MinR 24.95 
Service 

245.91 2.98 
DeadR 40.58 255.96 126.41 26.66 
LiveR 34.91 128.08 372.33 29.64

Max R 75.49 384.04 271.01 22.2
MinR 25.74 299.39 

Reinforcement (r.m ?\

Fig. (4-14) Beam Envelope. 

4.8.2 Check whether the section will be act as singly or doubly reinforcemen
section:

d= h - cover - d • - db stirrup 3

d 18 = 320 - 40-10-5= 261 mm.
3 3 x = - d = - x 261 = 111 85 mm7 7 . . 

a=8,. c =0.85 x 111.85= 95.07 mm.
pmax = 0.85(fc'/Fy) B,(3/7)
pmax = ~.85*(24/420)*0.85*(3/7) = 0.0l 77
assume smgly reinforced section .
Mn= (T or C) *(d-a/2) ·

Mn= 0.85*24*800*95.07*(261-95.07/2) = 331.19 KN.m

Kn = (Mn)/(bd?)
Kn= [(331.9)*10"6] /(800*2612) = 6.07 Mpa

m= Fy/(0.85*Fc')
m= 420/(0.85*24) =20.58

1preq=(1- 'j 2Kn-m
m - ) Fy 

preq = (1/20.58) * ( 1- .Ji (2 * 6 67 * 20 ~-
' 1.58)/420 =0.0179

pmax> preq
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t section.foremen> ly reinction as smgDesign the se

4.8.3 Flexure design:

t·itive momeni.• c r post 14.8.3.l Design 10

span 1:

For M, =+43 KN.m
Mu 

k» oa?

43x10° 0.876 Mpa 
kn = 0.9xsoox2612

fy
m= ,gsf]

m= 420 = 20.58
0.85X24

1'_ 2.m.kn ) p= - 1 420m 

_~(i _ l _ 2X20.58X0,876 ) = 0.002133. preq- 20.59 420

As= p.b.d =0.002133 X 800 X 261 = 445.42 mm2

, FE,,a>#5..aAs min -0.25 w· - f w· ·· fy y

As min =0.25 fE_ 800 X 261 == 608.8mm2' 420

%.a =,,800 x 261 = 696 mm? control.
As, min > As,req so AS,min control

Let use <D 16, with A,=200.96 mm?
696

n =~ = 4 bars, With A, = 803.84mr?
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2
Use 4<I> 16, with A,=803.84 mm

Check for placement of bas: 

_8o0-40x2-0x2-41¢ 212mm > 25mm
3

Check for the strain: 

As.fy 803.84x420 20.69a- _ ---- == . mm 
0.85b f! 0.85x800x24

ok 

x= !!:... =~= 24.34mm
B, 0.85

s, = 0.o03() = 0.00a(2-21@9) = 0.0292 > 0.005 Ok
X 24.34

0=0.9,
OM,- 04., (d-5) =09x803.84 x 420(261- "") = 76.16 KN >
43KN.m

span 2
For M,, =+142.2 KN. m
kn = 142.2x106

_
o.9xsoox2612 - 2.899 Mpa 

preq = 2:. (1 _ l _ 2.mkn )
m 420

p= -2:_ (1 - 1 _ 2X20.58X2.899 )
20.58 420 = 0.00747,

As= p.b.d =0.00747 X 800
X 261 156

As,min =0.25 ,fl,; b d 1.4 == 0.74 mm2
F W• >-b d 'Y f W· 

A · =O 25 ff4 Y s,nun • - 800 X 26
A . - 1.4 420 1 = 608.8m, 2s,min 7=800 m

• 420 x 261 == 696 mmz

As,req.> As .min

control
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Structural A

A,- 1560.74mm? _554.34 mm
Let use Ol8,w1thAs- ." - 1780.38mm .

_ 1560.74 == 7 bars, with As - 
n - 254.34

2
74 18,with A,=1780.38 mm

check for placement : 

8_aoo-4ox2-1ox2-1x1s == 95.67mm > 25mm
6

ok 

Check for strain: 

Asty _ 1780.38X420 = 4S.Smm 
a 0.85b fl 0.85X800X24

x=£-53.9mmB, 0.85

e =o00s(=) = oooa([") = 0.011s> 0.0os o
0=0.9,
0 Mna0As.fy (d - ~) = 0.9 X 1780.38 x 420 (261 - 45;48) = 160.34 KN : 

span3
For Mu=+8.4 KN. m 
kn= 84x10° _

0.9x800x2612 0.171 Mpa 

on=±(-[Ea )
m 420

p= 2o~a (1 - / 1- zx20.saxo.171 )
✓ 420 ::::: 0.00041.

A, = p.b.d =0.00041 800
X 261 = 85.5 mm2
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rE , a>,.d
As » =0.25, w fy 2
y .8 m 

- {24 800 X 261 == 608. m 
As,min -0.ZS 420 2 

,=±g00 x 261 = 696 mm
As,mm 420 

As,req. < As min

A,- 696mm2 2
Let use <I> 16,with A,=201.06 mm 2

- 696 = 4 bars, with As = 804.24mm .n - 210.06

24 <I> 16,with A,=804.24 mm

check for placement : 

q. .800--40x2-10x2-7x18 _ 95.67mm > 25mm
6

Check for strain: 

control

ok 

As.fy = 1780.38X420 = 4S.Smm 
a 0.85b ff 0.85X800X24 

x=.~ = 53.9mmB, 0.85

e, =0.00a(©") = o.003(2152°) = 0.0115> o.005 o
X 53.9 '0=0.9,

OM,-04,,, (d-;)=0.9x 1780.38x 420(261-") = 160.34 KN >
4.8.3.2 Design for negative moment:

For Mu= -157.9KN.m

k 157.9x10°
" 6sxsozsi = 3.22 Mpa
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( 
z.m.kn ) 

preq = ~ 1 - 1 - 420

(
ZXZ0.58X3.22 ) ::: 0.00839 

- _l_ 1 - 1-- 420preq - 20.sa

- 1751.7 mmz·A = b d =0.00839 X 800 x 261 =s p..

A,,a . < As Required

As=I751.7 mm2'

Let use <I> 18, with A,=254.34 mm

2_ 1751.7 = 7 bars, with As = 1780.38mmn - 254.34

use 7 @ 18, with A,=1780.38 mm

Check for placement: 

g. 800--40x2-10x2-7x18 _ 95.67mm > 25mm ok 
6

Check for strain: 

As.f y _ 1780.38X420 _ 
45

S a=--~ - ---- - . mm 0.85b f! 0.85x80ox24

x= .!!:... = ~ = 53.9mmB, 0.85

s=0.aos() =o.oos(®£?") = o.011s> o.0os o0=0.9,

OM,-04.,, (d-])=09x1780.39x 420(261- ±9) - 160.24KN >M,,=157.9KNm 2

ForMu=-141.lKN.m
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141.1x10
6 = z.s7 Mpa 

kn = o,9xsoox2612

we=4(--£ )

l ( 2X20.58X2.87 ) :: 0,00742 
Preq-- 1- 1-20.58 420

As= p.b.d =0.00742 x 800 X 261 = 1549.3 mm?

Asmin.< As Required

As,=1549.3mm2

Let use <P 18, with As=254.34 mm2

n 17517- 7 bars,with A, = 1780.38mm?.
254.34

use 7018, with A,=1780.38 mm2

Check for placement: 

s- 800-40X2-10X2-7X18
- 6 = 95.67mm > 25mm ok 

Check for strain: 

a_ As.fy 
1 
= 1780.38X420 _

0.85b f! 0.85x800x24 45.8mm 

x=.©45i4_
'.Bi - 0.85 - 53.9mm

s = 0.003 ({-) = o.ca (#-sasy
0=0.9, 53.9 :::: 0.0115 > 0.005 Ok 
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420 (261-"") = 160.24w 5
(d ) = 0.9x 1780.39 XM,-04,, 2

M,=141.1 KN.m

4.8.3.3 Design the beam for shear:

V - 234.4 KN. 18 261 m um. _&320-40-10-E= mr.d= h - cover -d,tirrup 3
V. =3I7.d = -/2A x 800 x 261 x 107° = 170.5 KN

0 Ve= 0.75*170.5= 127.875 KN·

4.8.3.4 Check for section dimensions:

V = uy,= ~- 170.5 = 142 KN s 'C 0.75

V. =FfE.a =2ix 800 x 261 x 107° = 681.93 KN, 3 -V Jc 3

V, <V so the section is large enough.

4.8.3.5 Check for the case of shear:

Vu=234.4 KN At critical section distance d fr f: f
om ace o su ort

Region (1):
Vn-< 9Ve

2

<l>Vc/2=127.875/2=63.94 KN

Region( 2):
pVe
-<Vu <<I>Vc 2

, not Region 1.
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Not Region (2)

Case 3:
<I> Ve < Vu < <I> Ve + <I> Vs min

<I> , * _ 0.75 f24 *goo* 261 == 47.9KN
<I> Vs . ~ - ~ * bw d - 16mw j5

<I> 0.75 * 261 * 800 = 52.2KN(control) pVs. 2-bw * d =-. 'a 3 3
:. <I> Ve+ <I> Vs min = 52.2 + 127.87 = 180.1.1.KN

not Region ( 3)

Case 4:-

@Vs' =
1 * 0.75,Jk' * bw * d3

(/)Vs' = ~ * 0.75\/24 * 0.8 * 0.261 = 255.73KN
3

<I> Vs'+<I> Vc=127.87+255.73=383.6KN

<I> Ve + <I> Vs min =180.l<Vu=234.4<<I>Vs+ <I>Vc 383.6

·'Region # (4)

Vs=(Vu/ <I> )-Vc=(234.4/0.75)-l 70.5=142 KN
Use 4-leg <I> 10 @125mm
Av Vs "9= +a

Av= (n/4) *(10)2 *4 =314 mm?
s=(Av* fy*d)/Vs
s=(314420261)/(142 )=242.4mm

Check for max. spacing
Smax=d/2=261/2=130.Snun controlS,,,=600mm
Use 4-leg ~ l0@130nun
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Fig. (4-15) Detail of BOIS. 
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y •

a"1
L., - --- --

< 8p

Fig. (4-16) Section in BOIS. 

4.9 Design of long column (C64):

For one Floor (servies)
Du= 255.96 KN
Lu= 128.08 KN
For two Floor (servies)
D,=511.92 KN
Lu= 256.16 KN

PuTotal= 1.2(511.92) +l.6(256.16) == 1025 KN 

4.9.1 Check the slenderness effect:

(Non-sway system)

ACI(10.12.2) 
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f .3 X 0 4 :::: 0.12.5° 0.3h :::: o. .

-$ ~ h == 0.3 X 0.35 == 0.105.r- - ~ 0.3
A 

L,=4.18m

kLu _ 1 x 4.18_ 34.8 > 34 - 12 = 22
7 0.12

kh_ 1 x 4.18 = 39.8 > 34 - 12 = 2 2
r 0.105 . . .

So the column is long at x and y directions.

4.9.2 Calculate emin ,Mmin:

emin =15 +0.03h =15+0.03x350 25.5mm.
Mmin= Pu x emin=1025x0.0255 =26.1375KN.m

E, =4700,/77 = 4700/24 =23025.2 Mpa.
I _b.h

3 = l 429 xlQ'°' 4s 12 · mm.

A _ Du 614.3
Pdns - Pu 1025 ==0.6<1.

E.I -0.4Ec 1B == 0.4X23025.2Xl.429
1+Bans 16 =8225.75KN. m2

4.9.3 Determine of E I b .
u er uckhng load:

pP,=EI _r®x8225.7s
(Klu)2 (4.18)2 == 4646.46KN
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agnifier factor:
4.9.4 Calculate the moment m

c,-0s+04({) =1
Cm -~1~- := 1.416 > 1o, P 7025

1 u 1- 6O.?SPc 0.75X4646.4 

ok 

The magnified (e) and (M):
e = ~ e... =1.416 x25.5 =36.lmmUns mm · ·
M = OnsMmin =1.416 x41.4 = 58.62KN.m.

e/h = 36.1/350=0.103
d-d'/h=(350-80-20-20)/350=0.65.
¢Pn/ Ag= 1025/(400*350)
=1.33

From the interaction diagram constructed in PCA _ COLUMN program:
p= 0.01.

As =p xAg = 0.01 (350400) =1400 mm
1400 

Io16 201.0, 84916

Use 8q>16

4.9.5 Design the stirrups:

The spacing of ties shall not exceed the all
- 16%d,=16816=256 mm sm lest of:
- 48xd,=48 x10 =480 mm control.
- Least diminution of th

Use <I> 10@250 c column = 350 mmnun.
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4.9.6 Check for code requirements:
. . 350-40X2-10X2-3X16 

- clear spacing between long1tudmal bars= 2 =101m

101 mm>40mm
>1.5 d=24 mm. ok

- gross reinforcement ratio= 0.0308 0.01 < 0.01<0.08 ok
- NO ofbars= 10> 4 bars for square columns.
- min ties diameter: <I> 10 for <I> 32 longitudinal bars and smaller.

Fig (4-17): C (64)De

4.10 Design of I ]Isolated Footing (F2):­

4.10.1 Determination of Loads:

Total factored load = 1025KN

Total services load== 768. ~ KN
Column Di :nnens1ons == 40*35Seil. Cm.

01 density == 18 KN/ 3m.s .erv1ce surcharge= 5Kn/m2,
Allowable soil pressure = 400 KN
Assume footing t be Vm2,

o e about (50 cm) thick
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:= .5=12.5KN/m2.Footing weight = 25x 0.
. == o 4 x18= 7.2 KN/m2.

Soil weight above the footing '
2

=400-7.2- 12.5 = 380.3 KN/mJallow ·

4,10.2 Determination of Footing Area:

768.1 2A=--= 2.02m
380.3

Try 2.00 2.0 m with area= 4 m2 >Areq = 2.02m2
Determinatequ = 1025/3.24 = 316.35 KN/m2

4.10.3 Determination the depth of footing ba§ed! on shear strength:­

Assume h = 50 cm.
d = 500-75-20 = 405 mm

4.10.4 Check for one-way shear strength:­

Vu = 316.35 * (1;8 -0.35 /2-0.405) * 2.3 = 232.833.KN
1#Ne=9;[et,ay

6.Vc = 0.75+±#,/54 1800+405.-4466 = .42KN 
.Vc = 446.42KN > Vu =232.833KN
:. Safe 

Inclined crack 

I
Critical section for ,• Tr
one-way shear - or
Peno

co1,mol] d 

One-way shear. 

4.10.5 Check for two-wa Fig (4-18): One waye shear.
. Y shear action (punchi; ­

The punchmg shear strength. ng).-
Is the smallest value of th .

e following equations:
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Critical section
for two-way shear

Where:

Column Length (a) _ 40 =1.l43
c Column Width (b) 35

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

b, =2(d+al)+2d+a2) = 2(0.405+0.4)+2(0.405+0.35) = 3. I2m 

~ . . I a = 40 for interior co umn s 

B = 400/350 = 1.143.

Two-wav shear.

Fig (4-19): Two-wayei

w,-s#[ja.Pa+an.us)y ai-s.1+o.aas = 21z.co

!es..j7% .an.rors,,yW% =,5],,'?lfbd-5 3> +2l2a+s.12+o.40s = 2782.688
1 f7 0.75

, =hjyf.b,d="/24+3.120.405 = 1607.11.8Kn
r/J.Ve = 1607. llKn .... Control 

Vu= 316.35 * ((2.0 * 2.0)-(0.4 + 0.405) * (0.35 + 0.405)} = 1264 BkN 
r/J.Vc >Vue satisfied · 
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. a· a Moment:4.10.6 Design of Ben!in

w-fa-[4$]s#f)
(
2.0 0.35JJxo.s(2.0 - 0.35J =161.5 Kn.m

-(316.35xl.5x 2- 2 2 2 

Mn= 161.5/0.9 = 179.4KN.m
d = 500-75-20 = 405 mm 

Mn _ 179.4x10° _ 9,546Mpa
Kn= b*d2 - 2000x4052

m Fy = 420 = 20.59
0.85/c' 0.85x 24

1 ~-s"N'%>
p

.' a- h_2x20,59x0.546,2 0,0013
p 20.59 ( 420

As = 0.0013 x 2000 x 405 = 1053 mm 2 / m req 

Asmin = 0.0018* 2000* 500 = 1800mm / m
As min =1800mm? /m "2::. Asreq = I 053mm2 Im 

. 1800#of bar in on meter= -- 11.7
153.94

Use 12014 with As =1874.25 mm2 >As req=1800
In tow direction
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Check of strain 

A *ffi=0.85*/c'*b*a 
s *1847.2*420 = 0.85*24*2000 a 

a= 19.01

c = !!:__ = 19.01 = 22.37mm 
B, 0.85

, _405-22.37% 9.,003 = 0.0513
s 22.37

Es = 0.0513 >0.005>ok

4J.0.7 Development Length of main Reinforcement for Mu :

La,, 024f9,, 0.24420.,,4"'(l)req rz r;;-:; . - 28.8cm . 
-vfc -v24

L'1<2)req = 0.044 xfyxdb = 0.044 x420 x 1.4 = 25.87

Ldaa = 28.8cm>L<1<2)req=25.87cm-¼control

Available Ld =(500-75-2 * 14)= 387 mm.

Available Ld = 38.7cm >L<1<i)req=28.Scm

a,,,s2.,,h,
q 10 2./f, ltr + cb * db 

db 

ld - 9 420 1 * 1 * 0 8Te(g " >kw» g '

lO 1 * ill 2.5 * 14 = 345.8 mm
Ldavailable= 500-75= 425mm

Ldavailable= 425 mm >Id _ 395
8req - . mm

Use the column bars as da towels
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4,10.8 Design the column - footing joint:

Total factored load= 1025KN.
The allowable bearing on the base of the column is:
¢(0.85fcAl) = 0.65 * 0.85 * 24 * 400 * 350 = I 856.45Kn 

The allowable bearing on the footing is:

¢(0.85/cAI) (A2" = 0.65*0.85*24*400*350*2 = 3712.8Kn a
Total factored load= 1025Kn<3712.8Kn

4s,,, = 0.005* Ag= 0.005* 400* 350 =700mm / m

Ad Pu-¢Pnb 
owels= ¢Fy > o.005Ag 

Use 66 14 ,or use the same reinforcement as in the column if larger.

0.3500
ITTM-il:mF-~~~L 

t224,L=2.40

Figure (@-20-Foals,,,.,). Footing's D . etails.
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4.11

4.11.1

Design Of Combined Footing :
combined Footing :location and load of

• 3•
\

~o

\

Fig (4-21 ) : location Of combined footing 

loads are from columns (C96 and C93 )
service load pu = 411.14+ 191.1+ 1160+547 = 2340 Kn.

4.11.2 Design of bearing :

2340\Areq = 400
Areq = 5.85 m2

select A*B = 4.9 * 2.4 m.
Allowable bearing capacity= 400 Kn\m2•

-0.3-

l O.45­

t J

fio ( 4-22) . c .• ' 'ombined, ,,00ting load distribution. 

I1.00
1
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14 * (0.9)= 1650.2 Kn.mMRo = 1707 * (1.3)-632. '
e = MR.o \Pu = 1650.2 \2340 = 0.7 m.
a\6 = 4.9\6 = 0.81 >0.7

so max bu = Pu\AB (1-6e\A) = 368.2 KN.m
: 400= 520 > Max bu= 368.2 Safe1.3* allowable bearing capacity= l .3

4.11.3 Design against sliding :

H=O.O
so design Against sliding is not required.

4.11.4 Design One Way Shear :

factored load :
Pu(from C93) = 1.2 (1160) + 1.6 ( 547) = 2267 .2 Kn\m
Pu (from C96) = 1.2 (441.14)+ 1.6 (191.1) = 835.13 Kn\m

sum of Factored load= 2267.2 + 835 .13 = 3102.3 Kn\ m
MRo = 2267.2 ( 1.3)- 835.13 (0.9) = 2196 Kn.m

e = MR.o\Pu = 2196 \ 3102.3 = 0.7

max bu= 489.9 Kn\m.
min bu= 37.7 Kn\m.

assume h = 1.00 m
d = 1000 - 50 -25 =925 mm.

Vu (at critical section ) from C93 :
bu (at critical section )=(489.9-37 7)\4 9

*
· . 4.85+ 37.7 = 485.3 Knfm. 

Vu =(485.3 0.05 ) + (489.9 - 485 3)\2 *
% 0.05=244 Kn,

0*Vc = 0.75 * ~ x ff4 X 
Vc > Vu 6 2400 x 925 == 1359.SKn

so h=1.00 m
safe.

4.11.5 Design Against p .
unching shear;

Pu = 2267 .2 kn
-Critical Parameter bO i»

= 4 (450 + 925 ) = 5500 mm.
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a2

a\?

b

Fig (4-2.3) : critical parameter of column .

bu(l) = (489
·
9
-

37
·
7
) x 3.01 + 37.7 = 315.5 Kn\m 

4.9

bu(2) = (489
·
9
-

37
·
7
) x 4.39 + 37. 7 = 442.8 Kn \m

4.9

Vu= (2267.2) - (315
·
5
;

442
'
8
) X (0.925 * 0.45)2= 1551 Kn

• From Punching Shear Equations
0 *Ve= 3388.75 Kn> Vu= 1551 Kn so Safe

4.11.6 Design Of Bending Moment:

-0.3-
-0.45-

r
1 01

'l

fig (4-24)­s moment D;
'agram of :combined Footing
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. • moment:• Design of positive

f column C93 :
Max + Mu At face o 37 7 = 399.9 Kn. _489.9-4779 3,925 + '·
uDys <(

S
(
489.9-399·9) X 0 975 X 2.4 X - XO g·0.97 + ..:..:..:..-- • 3 • I 2.4xX 2Mu(D) = 399.9 X 0.975 X . 2

525Kn.m 

Fy _ 4oo = 19.6
ID = 0.85XfCl - 0.85X24

Mu_ s2sx10" 9,25 Mpa
Kn= bxd2 - 2400X9252

1 ( 2 x Kn x m) = _1 (1 _
P = m 1-Vi-- Fy 19.6

As(req) = 0.000628 * 240 92.5 = 13.94 cm2•

As(min) = 0.0018 * 100 *240 = 43.2 cm2 Ctrl

select 14 0 20 with As(prov) = 43.2 cm2 > As (min).

2 X 0.25 X 19.6 
1 _ 400 = 0.0006;

• Design Of Negative Moment : 

Calculate (X), Where (X) Is The Location Of Max Neg. Moment;

At Vu=0.0

815.13-(67.7) +2.4) (f."l+)-(E) ·z4) = o.0
X? + 0.82 (X) -7.52 =0.0

X =3.1m

bu(Neg M ) ( 489.9-37.7)(
u = 4.9 3.1) + (37.7) = 324 Kn\m

Nes Mu=37.7(G.19x2444(3±-3771,(s, a9=
-37.7Kn.m 2 2 X j X24-835.13 X • 

m =19.6,
Kn=0.018 Mpa,
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2 X 19,6 X O.D18) = 0.000046 2a-- 400 2 < As(minm) = 43,2 cm .P = 19.6 Ox 92.5 = 1.019 cm
- 0.000046 x 24

As(req)- · 2 > As(req) ·
(p ov) == 43.9 cmselect 14020 with As r

§t ·n footing.4.12 : Design of rip

-20-+.jA·I F6
7ml
IL='

8,5------- 

Fig. (4.25): location of Strip footing .

4.12.1 Load Calculation :
H (slab)= O.35m

H (5±ll) = O.15m

Weight ofwall (D.L.) =height Thickness • J m wide y, = 8* o .3 25 = 60 KN/m

Allowable soil pressure =400 KN/nn?

Assume footing thickness is O .25 m.
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ll = 1500 knReaction force from wa
Pn = 1500 I 6.6 = 227 kn/m

A - Pn = 227 = 0.567m2 
qall 400

=>B=1.2m
Take B=120 cm.
Pu= 1.4*227 = 317.8 KN/m

_Pu _317.8 264.8Km2
qu- A lxl.2 

Assume h=35 cm

h= 350mm
d = 350-75-10 = 265mm 

v;, = 1 X (0.6-0.15 - 0.265)x 264.8 = 48.9kn 

oV,=0.7s2-,ff&.,d = 0.75!/27 10002 0.265x 10°
6 6 

= 172.28kn
6V,>>V,

So No Shear Reinforcement

v,-2648as1["?]- sso»
M 2,_26.8

n 0.9 0.9 - 29.8kn/m 

Kn= Mn = 29.8xIQ6 _

b * d2 1000 x 2652 - 0.424Mpa m = JY = 420 = 18 .3
0.85fc, 0.85(27)

·±-­
P == _J__(l _ l1 _ 2 x 18 .3 x 0.424 ) = 0.00102

18.3 420
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2 

A s,,y = 0.001 (1000) (265) = 265 mITT

As min for shrinkage and temperature:

As min =0.0018*b*h
2 

=0.0018*1000*300=540 mm

Asreq = 450mm2 

#ortar ±._
. 113.1
Select <l> 12 / 25 c/c with AS prov. 452.4m.m

2
/

4.13 Shear wall (No 1) design:

(P2)

Wall( I )

2B045) ■

Fg (4-26)· Tl:·he shear wall
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SH(1)P1

CO
GO
no.____ Ul

M KN.M

nO
J
Cf\ 
U

GO
(X)
n.)

V KN L \./=5.1

Fig (4-27): shear and moment for the shear wall.

Shear wall thickness, h = 30 cm.

Story height, Lw = 0 .1 m

4.13.1 Check max shear strength permitted:

oV,=0.75 3x0.83%,/f] xh-a

let that d= 0.8 L, =0.8 x O.' = 4.08 m

0V o,m,x9l.75 x0.83xff4 X300x4.08 =3 732.72 KN > Vu =382 KN ok · 

4.13.2 Calculate shear strength provided by concrete:

Critical section for concrete is the smallest of:
Lw s.1

2" ==3=.55m
cont. 
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}:hw -~ ::= 5,05m=- 2
_ Story height == 5 m.

Ve is the smallest of : KN 
1 f7i - '!.ffi X 300 X 4.08 == 999.4

- Ve==-..; fc h d - 6 499KN 6 f1l a hd_ 0.27-/24 x 300 x 4.08 + 0.0 = l
V ==0 25 Ef h +- - · -v £.'1'

e • Jc 4ly,

[ 
Lw( O.lA[tj+o.z:i:)]

- V{0.055/77+ @-e hd
Vu 2

Mu at critical section= 3325 KN.m
3325_ 5.} 6,15 > 0.0 ok.
382 2

_ v =[o 05...;'24 ,s@rot)] so x 4.08 = 793.5 KN .... , cont. 
e • 6.15

4.13.3 Determine required horizontal reinforcement:

Vu =382 KN.
0.50V, = 0.5x0.75x793.5= 297.56 KN.
V,> 0.50V, need reinforcement.

V,= V,- v,=" v--793.5=-284.16KN
£1 0.75 ' · ·

Negative vs use minimum reinforcement

(Avh/s)min = 0.0025h
0.0025*300= 0.75

Select <I> 14/ 2 legs with av =307.87 mm?

307.87 0,=75
max. spacing is the smallest of
Ly 5.1 ·- s == 5 == 1.02m

- 3h=0.9m,
- 450mm

► s =400 mm.

cont.

For horizontal reinforcement use <I> 14@ 
400mm. 
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:. 'vertical re inforcement:
4.13.4 Determine reqmred v

Sh _ 5.05 +? 4,98m.
-- 5.1lo

. > 0 0025 + 0.5(2.5 - I;hw) (pt- 0.0025)~ 0.0025.Pv,mm · Ly

take p,= 0.0025.
max spacing is the least of,
- Lw = 5.1 = 1. 7m 

3 3
- 3h=0.9m.
- 450mm cont.

Select <I> 14 @400mm. In tow layer

4.13.5 Design for flexure (uniformly distributed flexure reinforcement):

Check moment strength based on required vertical reinforcement for shear,
The uniformly distributed vertical reinforcement <I> 12@250mm.

5100
Ast- 300 X 2 X 113.09 = 3845.06 mm2

_ (Ast) {y ( 3845.06 ) 420
W - Lwh fd = 5100 X 300 24 = 0.0439P,t===()()fl""

~ = w + a _ 0.0439 + 0.0
Lw 2w + 0.8SP1 - 2 X 0.0439 + 0.85 X 0.85 = 0.054

·M-sat (1+,-)(1- ,±9]
Asfy Lw 

=0.9[0.5 X 3845.06 X 420 x 5100(1
- O.OS4)] x 107°=3506.11 KN moM,>M. · ·Ir u,

Use 4 12@250 for vertical reinfor
10rcement
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4.14 Design of stair (4). 

ii
ii

Ee]I"7,' '[ sow-s+-ss I?

l..,,c;;'t<Le'., '~""'*;;-,:±_;_~ilf~"'7'CFP'W\['?'7f'IV%<c7:-"

Figure (4-28): stair plan

.:g • .114.1 Determination of Slab Thickness:

For Flight: 

L=4.70m.

ha = L/ 24. 

hreq = 4.70 / 20 = 0.235 cm.
Useh=25 cm.

The stair slope by 0 =tan-1 G~~) == 26_56_

4.14.2 Load Calculations:

For Flight: 

Dead Load for flight:

Tiles ==(A5+ 0.35)
0.3 0.03%1 == 1.35 KN Im 

Morar = 22(A5 +a
0.3 * o.02 * 1 == 0.66 KN Im 

stair stips == ~ (0.15 * 0.35)
0.3 2 * 1 = 2.1875 KyIm 
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(
25 * 0.25 * 1) == 6.98 KN/m

stab = cos 26.56

(
o.o3 * 1) = o.738 KN /m

Plaster= 22 cos 26.56

Dead load sum=ll.915 

Live load for flight: 
Live load for stairs =5 KN/ m

2
·

For landing:- 

Dead Load for landing:
Tiles= 23*0.03*1=0.69KN/m
Mortar= 22*0.02*1 =0.44KN/m
Slab= 25*0.25*1=6.25KN/m
Plaster= 22*0.02*1=0.66KN/m
Total dead load= 8.04KN/m.
Live load:

Live load for stairs =5 KN/ m2.

Geo m et r Y Units:meter,cm 

load group no. 1 
Dead load - Service Loading

Live load -Service
j l l l I I I lj l l l l l JJ

Load factors: 4.20,1.2°

I ls
3.9 l J J

Fig. (4~29) Geometry

92

J J 9



• Design
Structural A 

-----------~

Moments: spans 1 to 1 

·~----------
235 58.

I
2.35

Shear

36.1

Fig. (4-30)Moment & shear on flight

4.14.J Design of Shear for flight:

• Assume 016 for main reinforcement:-

So, d = 250-20-8 = 222 mm.
Take d= 222 mm 

• Vu= 43.3 KN.

6

• ov%_975\/241000222+163
6 =1366KN

• Vu= 43.3 KN <0Vc =136.6KN,

• Vu= 43.3 KN <O.50Vc = 68.3 KN

Depth is ok since there is no shear R . ~
cIntorcement,
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. Moment for Flight:
4,14.4 Design of Bending

Mu= =58.0KN.m. - 64 44 KN.m.
M IO 9 == 58.0 I 0.9 - ·Mnreq = 'U ·

d=222 mm.

Mn R.°3.a
_ 644410_, .31MPa.

R,, - 1000* 22i2

fy 
m =

0.85xfc' 

420 20.588
0.85 X 24 

= _!_(!-✓!- 2mR,, J = 1 (l - /1 _ 2 * 20.588 * 1.31) = 0.003226
P mi f, 20.588 -V 420

m 

As req = 0.003226*1000*222= 716.214 mm...control
Asmin=0.0018*250*1000=450mm2

S=201.06/716.214=0.2807 m

N=716.214/201.06=3.562.

Check for spacing 

3h=3*250=750mm cont.
S=450

·-3o(, 30
0.667 * 420 - 2·5 20 = 330mm

Use l<I>l6 @25 cm
or

Use 4<I> 16/m.

·=moo(, ®0 y0.667 » 425, = 300mm

Check for strain: 

Tension= Compression
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A * fy = 0. 85 * Jc 1 * b * a 
s04 .24 420 = 0.85 * 24 * 1000 * a 
a= 16.558mm 

c- 9_16.558 _ 79 48mm
B, 0.85

_ 222 - 19 .48 * 0. 003
6,F 19.48

6 = o 0311 >0.005 > oks • 

4.14.5 Design of landing:­

Same thickness =25 cm

Dead load= 8.04 KN/ m

Live load= 5.0 KN/ m

Load from flight =ti. 1\/'I'.r='I' •. r'\KN/m

Load ='I'• .n+ (A.•£) ='I' A.£ KN/m.

Geometry Units:meter,cm

2 

load group no. 1 
Dead load - Service 

Unlts:kN,m
28.4 

' 1--. 28.4 
2.3 \8.04

0.2
2.3 
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Liue load - Seruice Load factors: 1.20,1.2011 

t
~ I I I I I I I lsoo:li I I I I ~ I Ii I

'4.8 

Fig. (4-31) Geometry

M o m e n t / S h e a r E n v e I o p e (Factored) Units:kN,meter

Moments: spans 1 to 1 

2.4 115.5 
I

2.4 

Shear 

.84.3 -

[.~
98.6 

Fig. (4-32)Moment shear on landing

• Assume O1A for main reinforcement:-

So, d = 250-20- '\ =22) mm.

• Vu= M.rKN.
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• ¢Ve o.1s•✓24•1~00•221•10-' = 13533 KN

• Vu= 84.3 KN <0Vc = 135.'f'f KN.

Depth is ok since no shear reinf is required.

4.14.6 Design of flexure for landing:­

Mu = 115.5KN.m.

Mnreq = 115.5 / 0.9 = 128.33KN.m.

d=221 mm.

R = Mn 
" b.d?

, 1283310_3627MPa." 100022f
fy 

m 
0.85xfc' 

420m =20.588
0.85 X 24

p --] I (i- 1 2 * 20.588 2.627 J-m\ f, 20.588 420 =0.00672.

As req = 0.00672*1000*221 = 1485.33 mm2·Cont.

As min= 0.00181000250=450mm
S=254.47/1485.33=0.l 72 m.

Check for spacing

3h=3250=750mm
S=450
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(
280 )s = 380 ---- - 2.5 * 20 = 330mm

0.667 * 420

(
280 )s =300 ==300mm0.667 » 420

Use 64 18/ m. or 1 4018 @15 cm

Check for strain: 

Tension= Compression

A, fy = 0. 85 fc 1 * b a
1526 .82 420 = 0.85 24 * 1000 a
a= 31.43mm 

a 31.43
c=-=--= 36.98mm 

9, 0.85
& = 223 - 36.98 * 0.003

s 36.98

& , = 0.015 > 0.005 ~ ok 

4.14.7 for shrinkage and temperature reinforcement:

As min= 0.0018*1000*250=450mm2

Assume 012 for main reinforcement:-

N=450/113.095=3.98

Take 1012 @250 mm.
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TABLE 9.5(a)}--MINIMUM THICKNESS OF 
NONPRESTRESSED BEAMS OR ONE-WAY SLABS 
UNLESS DEFLECTIONS ARE CALCULATED 

Minimum thickness, h 
Simply One end Both ends

supported continuous continuous Cantilever
Members not supporting or attached to partitions or
other construction likely to be damaged by large

Member deflections.
Solid one-
way slabs €r20 €/24 e/28 €I10
Beams or
ribbed one-
way slabs e 116 t118.5 e 121 t I8
Notes:
Values given shall be used directly for members 1:.rith normal1,•✓eight concrete

(density we = 2320 kg/m3) and Grade 420 reinforcement. For other condi­
tions. the values sha II be modified as follows:
a) For structural lightweight concrete having unit density. w,, in the range

1440-1920 kg/m?, the values shall be multiplied by (1.65 - 0.003w,) but not
less than 1.09.
b) For f, other than 420 MPa. the values shall be multiplied by (0.4 + f,y /700}. 

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR 
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED 
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