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Abstract

Structural Design of a secondary school in Hebron .

Project Team:
Islam Ghassan Hammoury Ibrahim Mohammad Idies

Ameer Talal Nasereddin

Supervisor:
Dr. Maher Amro.

The idea of this project is the structural design of a secondary school intended to be established

in Hebron.

This school composed of two different floors with a total area equals 4486 m?, distributed over
many rooms that serve students, teachers and any person visits this school. It also consists of
Playground and cafeteria.

The project design will provide optimal solutions for both sides of architectural and structural,
so that it is taking into account the aesthetic , functional purposes and to provide comfort and
ease and speed of use, the project will include the construction of the well-known elements of

nodes, bridges, columns, foundations ... etc.

The project will be designed based on ACI 318 - 14 code, will be used for several engineering
programs, such as: AutoCAD 2015, Office 2013, ETABS 2015, SAFE 12, BEAMD, and we
will refer to the references used, and in the end will be to provide detailed structural study,

calculation and analysis of the loads design and construction plans for the units.

Vi
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As =area of non- prestressed tension reinforcement.
e A = area of non-prestressed compression reinforcement.

e Ag = gross area of section.

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

e At =area of one leg of a closed stirrup resisting tension within a (S).

e b = width of compression face of member.

e bw =web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e C, = compression resultant of compression steel.

e DL =dead loads.

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

e Ec =modulus of elasticity of concrete.

e f. = compression strength of concrete .

e 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.

e Lw = length of wall.

e M = bending moment.

e Mu = factored moment at section.

e Mn =nominal moment.

e Pn =nominal axial load.

e Pu = factored axial load

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

e Vc =nominal shear strength provided by concrete.

e \V/n = nominal shear stress.

xii



Vs = nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Woc = weight of concrete. (Kg/m3).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.
&€, = strain of tension steel.

£ = strain of compression steel.

p = ratio of steel area .
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Chapter Four (4)

Structural Analysis and Design

4 — 1 Introduction.

4 — 2 Factored Loads.

4 - 3 Determination of thickness of one way rib slab.
4 — ATopping Design.

4 — 5 Load Calculation for Rib (R004).

4 — 6 Design of rib (R004) in the Ground floor slab.
4 — 7 Design of Beam (0B13) in the Ground floor.

4 — 8 Design of Two way Ribbed Slab (R126).

4 — 9 Design of Stair.

4 — 10 Design of Column (C21).

4 — 11 Design of Footing (F1).

4 — 12 Design of Shear wall (SW2).
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4.1: Introduction

In This Project, there are three types of slabs: one-way solid slabs, one-way ribbed

slabs and two way ribbed slabs. They would be analyzed and designed by using finite

element method of design, with aid of a computer Program called " ATIR- Software" to

find the internal forces, deflections and moments for ribbed slabs, and then hand

calculation would be made to find the required steel for some members.

The design strength provided by a member, its connections to other members, and

its cross-sections in terms of flexure, and load, shear, and torsion is taken as the nominal

strength calculated in accordance with the requirements and assumptions of ACI-code.

NOTE:
*Concrete  B300  ................ {fc’=24 N/mm® ‘MPa)}.

*The specified yield strength of the reinforcement {fy = 420 N/mmz2 (MPa)}.

4 .2: Factored Loads.

The factored loads on which the structural analysis and design is based for our project

members, is determined as follows:

Qu=12DL+16LL ACI-318-14
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4.3 Determination of Thickness for One Way Rib Slab:

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):
-The maximum span length for one- end continuous (for ribs):
L 5190

hpin=—— — —— = 280.54
™ 18.5 185 mm

-The maximum span length for both -end continuous (for ribs):

L 2700
Amin=——" — — = 322.38mm
21 21

-The maximum span length for one- end continuous (for beams):

L 6270

—— = — = 338.92mm
18.5 18.5

Nmin=
-The maximum span length for both -end continuous (for beams):
L 4110

hmin:Z — 1 = 195.71mm

Take slab thickness h=350 mm >338.92mm.
h =35 cm (27cm Hollow block + 8cm Topping).

4.4Topping Design:

4.4.1 Design of Topping for Ribbed Slab:
Topping in one way ribbed slab can be considered as a strip of 1 meterwidth and span
of hollow block length with both end fixed in the ribs.

Table 4.1 (Dead load calculation for topping)

Dead load from: H* o* 1 KN/m
Tiles 0.03*23*1 0.69
mortar 0.02*22*1 0.44
Coarse sand 0.07*16*1 1.12
topping 0.08*25*1 2
partitions 2.3*1 2.3

) 6.55

Live load calculation=5*1=5 KN/m

Total factor load:
Wu = (1.2 *6.55) + (1.6 * 5) = 15.86 KN/m
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—> For a one meter strip Wu = 15.86 KN/m
Assume slab fixed at supported points (ribs):

*lz 5 *0. 2 ) A Toping
Mu =W’1‘2 =1 8520 " =0.211 KN.m/m of strip width R
dMn > Mu-strngth condition,

N

Where ®=(.55—-for plain concrete. Hllow Block  Z7em) ~\

Mn = 0.42% [f7 « S,ACI-318-14
Where Sm for rectangular section of the slab: N
2 %802 N
m = 2o = T = 1066666.67mm”.

Mn = 0.42*/24*1066666.67*10°= 2.195KN.m
®Mn = 0.55 * 2.195= 1.207KN.m

Fig. (4-1) Toping of slab
® Mn =1.207 KN.m>> Mu = 0.211 KN.m

*No reinforcement is required by analysis. Provide As, min for slabs as shrinkage and

temperature reinforcement.

Pshrinkage =0.0018 ACI-318-14
As=p*b*t=0.0018 * 1000 * 80 = 144 mm?/m strip
Try ®8with As = 50.27mm?>.

A, 144
Bar numbers n=—-=——=2.87
As(I)B 5027

Use 3d8/m with As=150.8mm?/m stripor®8@300mm in both direction.

Step(s) is the smallest of:
1. 3h =3*80=240mm — control.

2. 450mm.
3. S=380 (%)-2.5@2380(;48200) — 2.5 %20 = 330 mm.
3
280, _ 280 _
4. S<380 (F)—3OO(§420)—300mm.

Take ®8@200mm in both directions. S = 200mm.
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4.5: Load Calculation for RibR004:

4.5.1: One - way ribbed slab.

For the one-way ribbed slabs, the total dead load to be used in the analysis and

design is calculated as follows:

Shrinkage & Temperatuer Bar's

One way rib slab —\

Hollow Block ( 28cm )

Fig. (4-2) One way rib slab
The effective Flange width (be) is the smallest of:
(8) be < == 2201097 5mm.
Where I, is taken here as the smallest clear span of the rib.
(b) be < by, +16*h¢= 120+16*80=1400 .
(c) be < center to center spacing between adjacent beams
=400+120= 520 *** control .
Take be =520mm.

Tiles 3 cm

Mortar 2 cm

Coarse Sand fill 7 cm

R concrete Topping 8 cm

Concrete block

R Concrete rib

\Plaster 2 cm

e e e e

Fryeseyese ey

TyYPrPIcAlL SECTION IN RIBBEIY SI.AB

Fig. 4-3 (Typical section in rib slab)
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Table 4.2: Dead load calculation for Rib (R004)

=z
o

material
Tile
Mortar
Sand
Topping
Rib
Block

Plaster

0 N o o &~ W DN -

partition

Live load calculations:
LL=5%*0.52 =2.6 KN/m.

Dead load / rib: DL=6.33 KN/m
Live Load /rib: LL = 2.6 KN/m.

4.6 Design of Rib (R004):

H*o
0.03*23*0.52
0.03*22*0.52
0.07*17*0.52
0.08*25*0.52
0.12*0.27*25
0.27*%0.4*15
0.03*22*0.52
2.3*0.52

Y=

Fig.(4-4) Rib location.
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Kn/m
0.359
0.343
0.619
1.04
0.81
1.62
0.343
1.19
6.33 KN/m



By using ATIR program we get the envelope moment and shear diagram as the

follows:-

Fig. (4 - 5)Spans length and section of rib (R004).

Moments: spans 1to 2

Shear

Fig. (4 - 6)Moment diagram for rib (R004)-(KN.m).
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Reactions

Factored

DeadR19.68
LiveR 11.73
Max R 31.4

Min R 18.73
Service

DeadR16.4
LiveR 7.33
Max R23.72
Min R 15.8

Fig. (4 - 7) Shear and reaction diagram for rib (R004)-(KN).
4.6.1 Design of Rib (R004) Positive Moment:

Mnf=0.85*f,/ * b*hf*( d-hf/2)
Mnf=0.85*24*520*80*(314-40)=232.53kN.m

Mnf>>Mu/==41.9/0.9=46.55kN.m

Design section as rectangular
Assume bar diameter ®12 for main positive moment reinforcement.
d: h' COVEI’ - d stirrups. dz_b: 350'20'10'6:314mm

»Mu max positive for span = +41.9kN.m

R_Mu _ 41.9¥10° = 0.908MPa.
"“®opd2  0.9¥520%3142
f 420
=—Y = = 20.588

T 0.85+f]  0.85%24

L1 [y _2Rem _ 1 _ [, 2x0.908+20.588
p=n 1/1 fy) 20588 (L \/1 420 )

=0.00212
As =p*b*d = 0.00212*(520) *(314) = 346.15mm?
*Check for A min:

¥)
V24
42

Asmin= 025 x (120) * (314) =109.88 mm”.
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1.4
/\yMn"E;;;(bm) (d)

As = 412;:)(120) (314) =125.6 mm®. - Control

A=346.15mm’>A_ _ =125.6 mm?

mi

Use 216 with As =402.12 mm?®> A, q= 346.15 mm®. -OK

* Check for Strain:
Ag* 402.12%420
S = 15.92mm
0.85*f;*b 0.85%24%520
_a 15.92 - 18.73
©=085 o085 o/0mm
314-18.73

£5= 0.003* (=) = 0.003* (

)= 0.047> 0.005

18.73

Ok...

4.6.2 Design of Negative Moment for (Rib004):

The maximum negative moment at the face of support Mu = -41kN.m
Assume bar diameter 12 for main negative moment reinforcement.
d= h- cover — d gimps. 2= 350 - 20 - 10 - 6= 314mm.

m = 20.588

R Mu _  41x10° =3g850MmPa.
"“Pbd2  0.9%120%3142

_ta g _2Remy _ 1 |, 2+3.850+20.588
= wfl fy ) “30588 1 \/1 420 )

=0.0102
As =p*b*d = 0.0102*(120) *(314) = 386.17mm?’

*Check for As, min :

Agrin = 0.25 * (Jff_ % (by) * (d)ACI-318 -14
¥)

Asmin® 0252 x (120) * (314) =109.88 mm’.
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1.4
Asmin - E(bw) (d)

As = 412;:)(120) (314) =125.6 mm?. - Control

A=386.17Tmm*> A =125.6 mm?

Sy min

Use 2d16with Ag = 402.12mm?> A = 386.17 mm?. -OK

* Check for Strain:

As*fy _ 40212420

= -—= = 68.99mm
0.85%f b 0.85%24%120
_a _6899
‘=085 o085 Co0mm
£s= 0.003* (%) = 0.003* (*-—--)= 0.0085> 0.005 OK...

4.6.3 Design of shear for rib (004):

ACI — 318 — Categories for shear design:
The maximum shear force at the distance d from the face of support
Vi max =43kN
Use @8 with two legs

V. = (1.1)*§*J7 *b,*d = (1.1)*%*@ *120*314*10°=33.842 KN.
®V, =0.75*33.84 =25.38 KN.
Vsmin ==*/f/ *b,,*d = %* 24 *120*314*10° = 11.53 KN

16
Ve min == *b,, *d = = *120*314*10°° = 12.56 KN ... control.
3 W 3

1

1- -0V, = % * 2538 = 12.69KN < V max = 43kN
2- ®V,:=25.38 KN < V{max = 43kN... control ....
gcpvc =12.69 KN <V max = 43kN

Noshear reinforcement is provided.
But used Minimum shear reinforcement.

Use 2 legs P8 :AVprovied =2*50=100mm?,

S _3Avxfyt _3%100%420
T bw 120

=1050mm.

16Av* 16%100%42
Sreq Tt Y = 197100220 1 143mm.

req — -
bw [fe 120%/24
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_ 314

Smax <= = - =157 ... control...Smy < 600 mm.

N |

Select 2 legs ®8 @150mm.<S,x =157mm

4.7: Design Of beam (0B13) :-

o,

Fig(4 -8) location of beam (0B13).
4.7.1 Load calculation of beam (0B13) :

The distribution Dead load and live loads acting upon the Beam 13 can be difined from

the support reactions of the rib RO04.
Dead load calculation :

From R004 :

WpL from rib Ro04 = % =108.42 KN/m.  onall span

b=1m -- then the own weight of the beam and the weight of the layer

Dead load from: p*b *h KN/m
Tiles 0.03*23*1= 0.69
Mortar 0.03*22*1= 0.66
Coarse sand 0.07*17*1= 1.19
RC Beam 0.45*25*1= 11.25
Plaster 0.03*22*1= 0.66
Interior Partitions 2.3%1= 2.3

y 16.75
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So total factor dead load for all spans =108.42+1.2*16.75 =128.52KN/m
Live looad calculation :

From R004 :

30.88

WL from rib Roos = ——— = 59.38 KN/m.  onall span

So total factor live load for all spans = 59.38+1.6*5 = 67.38 KN/m

From use atir program we find the envolop moment and shear diagram .

Fig.(4 —9) spans and section of beam (0B13)

Moments: spans 1to 2

Shear

Fig. (4 - 10) Moment diagram for Beam (0B13 )-(KN.m).
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=
Reactions

Factored

e —
DeadR313.1 987.07
LiveR 84.05 233.22
Max F397.15 1220.29

Min R303.03 1097.8
Service

DeadR260.92 822.56
LiveR 52.53 145.76
Max F313.45 968.32
Min R254.62 891.76

Fig. (4 - 11) Shear and reaction diagram for Beam (0B13 )- (KN.m).
b=100cm h=45cm
Use ®20 with area As=314.15 mm?,

d= h- cover — d simps. - 450 - 40 — 8 - 2= 392mm.

Check singly section or doubly section:

Mn. = 085 fcxbx*xax(d—a/2)

c=3/7 *d = (3/7) *392= 168mm

a = 0.85*c =0.85*168=142.8mm

@ = 0.65 * 2750 % (0.004 — 0.002) = 0.82Mn__,
=0.85*24*1000*142.8*(392-14.8/2)* 10° =933.95KN .m

® Mn,,, =0.82*933.95=765.84 KN.m>Mu,,, =526.7KN .m

The section must be designed as singly section.
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4.7.2: Design of positive momentfor beam(0B13) :Mu= 526.7KN.m for span 1.

d=h- cover — d simps. 2= 450 - 40 — 8 - 2= 392mm.
m =20.588

Mu 526.7%10°
R= = = 3.808MPa.
®bd2  0.9¥1000%3922

L1 [y _2Rem _ 1 [, 2x3.808+20.588
= «’1 fy) 20588 (L \/1 420 )

=0.0101
As =p*b*d = 0.0101*(1000) *(392) = 3968.03mm>

Agnin = 0.25 * (Jff_ x (by) * (d)ACI-318 -14
y)

Asmin= 0.25 % « (1000) * (392) =1143.09 mm>.
1.4
Asmin - E(bW) (d)

A =—-(1000) (392) =1306.67 mm? _ Control

A=3968.03mm*> A =1306.67mm’

Then As =3968.03

Asreq  1306.67

No. of bar = =
Apar @20~ 314.2

-12.62

Use 13d20 in one layer with A :4084.07mm2>Asreq: 3968.03 mm?. -OK

*Check for spacing between bars:
. 1000-40*2-2*8-13*20

=53.66mm
12
S=53.66 mm>25mm = .......... OK
S>dp,=20mm ... OK
* Check for Strain:
_ As*fjl, _ 4084.07x420 _ 84.08mm
0.85xf-.*b 0.85%24%1000
_a 84.08 _ 9892
“TBT 085 oMM
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£s= 0.003* (%) =0.003 * (==2) = 0.0088> 0.005 > 0.004 Ok..
Positive moment Mu=432.3KN.m for span 2 .

Mu _  432.3x10° =
Rn:@bdz_ 0.9¥1000%3922 3.125MPa.

_l _ _ 2Rpxm — 1 _ _ 2%x3.125%20.588
= fy ) =088 ( \/1 42 )=0.008
A =p*b*d=0.008 * (1000) *(392) = 3179.12 mm?

*Check for A min:
A = 0.25 < (by) * (d)ACI-318 -14
(Fy)
Asmin= 0. 25 Y= % (1000) * (392) =1143.1 mm>.
Asmin = E(bW) (d)
A =—(1000) (392) =1306.7 mm?. _ Control
A=3179.12mm*>A_  =1306.7mm*>  OK.

Asreq 317912 0.4

No. of bar = = -
Apgr @18~ 314.2

Usel1d20 in one layer with A :3455.75mm2>Asreq: 3179.12 mm?. -OK

*Check for spacing between bars:
~1000-40*2-2*8-11*20

=68.4mm
10
S=684mm>25mm = .......... OK
S>dp,=20mm ... OK
* Check for Strain:
Agx 3455.75%420
= _Ah o = 71.14mm
0.85xf-.*b 0.85%24%1000
_a 71.14 — 9370
Cc = ,3 0. 85 . mm
392-83.70

£5= 0.003* (=) =0.003 * (Z-227%) = 0.011> 0.005 > 0.004 Ok..
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4.7.3 : Design of negative moments for beam (0B13) Mu= ( -797.3 ) KN.m
for support 3.

Mu 797.3%10°
R,- = = 5.765MPa
"“®dbd2  0.941000%3922

_ta [q_2Rem _ 1 [, 2x5.765+20.588
= wfl fy) 70588 (1 \/1 420 )

=0.0165
As =p*b*d = 0.0165%(1000) *(392) = 6485.21 mm>

¥)

Asmin= 0.25 % % (1000) * (392) =1143.1 mm?.
_ 14
Asmin - (fy) (bw) (d)

A =—(1000) (392) =1306.7 mm?. _ Control

A=648521mm*>A_ _ =136.7mm*  OK.

AS req 6485.21
Apar @18~ 314.2

No. of bar = -20.6

Use 21420 in tow layer with A =6597.34mm?>Ageq= 6485.21 mm®. -OK

*Check for spacing between bars:
. 1000-40*2-2*8-11*20

=68.4mm
10
S=68.4mm>25mm = .......... OK
S>dp,=20mm ... OK
* Check for Strain:
Ag* 6597.34%420
= _Ashy — 135.82mm
0.85xf.*b 0.85%24%1000
_a 135.82 — 159.79
c= 5 =085 - .79mm

392-159.79

) = 0.00435> 0.005 > 0.004 Ok...
159.79

£5= 0.003* (=) =0.003 * (
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4.7.4 Design of shear for Beam (0B13) :

ACI — 318 — Categories for shear design: critical section of distance d= 392mm from
the face of support.

VU criticat = 600.9KN  at support 2.
Use @8 with 2 legs

Vc :% *Jfd*b *d— = * /24 *1000*392*107= 320.07 KN

Check for section dimension:

600.9

Vs=— Vu VC— — -320 07 =481.13 KN

Vs max = ﬁ*bw*d— *\/24 *1000*392*10°° = 1280.30 KN

Vs<V; max --- the section is large enough.

Find the maximum stirrups spacing:
V= 2% JfZ *bwrd =5 *V24 *1000%392*10° =640.13 KN
V<V, then

==—===196 mm

d _ 392
Smax <600mm or Spax < o=

Check for VSnin:
Vsmin:1_16 \/F * by*d =— *\/_ *1000*392 * 10" =120.02 KN... control ...
vsminzg bw*d == * 1000 *392 * 10" = 130.7 KN

(Ve + Vgnin = 0.75 (320.07+ 130.7) =338.1 KN

d(Ve +V; ) = 0.75 (320.07+ 640.13)= 720.15KN

D(VC + Vemin ) =338.1<V,=600.9 < d(Vc +V; )=720.13
Or  Vemin=120.02 <V;=345.13 < V;/ =640.13
Thenit caselV
Use stirrups (2 legs stirrups) ®8
With Av = 2* 50.27 = 100.54 mm®,

Apfyt*d _100.54%420%392%1073
Vs 345.13

PSreq = =47.96 mm
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S 1eq<Smax=196mm
Take (2 legs stirrups ) ®8 @50MmM<S,¢q<Smaxfor 0.75m from
support then used (2 legs stirrups ) 8 @100mMmM<S,a«

VU criticat = 374.7KN  at support 1.
Use @8 with 2 legs

Ve == * \[f *by*d= < * V24 ¥1000%392*10°°= 320.07 KN

Check for section dimension:

374.7

VS— -Ve=—— -320 07 =179.53KN

Vs max = JF *bu*d = 2 *y24 *1000%392*10° = 1280.30 KN

Vs<Vs max --- the section is large enough.
Thenit casell

Avmm 1* f* >1 bwS
s 16 ¢ fyt =3 fyt
Avmm 1* /—*120 1 120
3 420
0.087<0.095
Av,min —O 095

Use stirrups (2 legs stirrups) 8
With Av = 2*50.27 = 100.54 mm?.

S=1055.65 mm

S< 600 or Ss -= ﬂ =196mm

Take (2 legs stirrups ) ®8 @150mMmm<S;¢q<Smaxfor 0.75m from
support then used (2 legs stirrups ) ®8 @150mMm<S; .
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4.8 Design of two way- ribbed slab (R126):-

1C80 1C82
76 1B59(35*50)™ PR
180! - &IC
Hooo
il ANl I NS
=] LW
Lt L , ol
oL | -4
0 Qoo i
mic73  1C8tm  1csqmm

Fig. (4-12): Two — way Ribbed Slab R126

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

Wp= 1.2 x8.1 =9.72 KN/m?.
W, =1.6x5 =8 KN/m?

W iotat = 9.72 + 8 =17.72 KN/m?.

4.8.1 Moments calculations:
Ma=Cox W x L2 x bs , b =52 cm

Mb = Cp x W x L2 x by, by = 62 cm
la _ 69 _
i 090 Case(1)

» Positive moments : (Table2+ Table 3) :

Cap (:—Z = 0.9) = 0.045
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Maposp = 0.045 x 9.72 x 6.92x 0.52 = 10.83 KN.m
CalL (ll—z = 0.9)=0.045

Magos = 0.045x8x6.92%0.52 = 8.91 KN.m

Mapos= Ma pos,o + Ma pos 1= 10.83 +8.91 = 19.74 kN.m
C.0 (2 = 09)=0.0.29

M, pos,p= 0.029 x 9.72 x 7.72x 0.62 =10.36 KN.m

Co,L (= 0.9) =0.0.29

M, pos.. = 0.029 x 8 x 7.7°x 0.62 = 8.53 KN.m
Mb,p0s=M b posp +M b pos L= 10.36+8.53 = 18.89 kN.m

» Negative moment at Discontinuous edges = (§Xpositive moment )
Ma neg = 2% 19.74 = 6.58 KN.m

Mp neg = 3% 18.89 = 6.3 KN.m

4.8.2 Design of flexure:-

4.8.2.1 Design of positive moment :-

»Short direction

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350 - 20— 8 -12/2= 316 mm.

be <+ clear span + by, = 0.5x400+120 =520 mm ............ Controlled.

< Span/4 = 6900/4 = 1725 mm.
< (16x tf) + by, =(16x 80) +120 =1400 mm.
—bg=520 mm.

Maximum positive moment Mu ) =19.74 KN.m
— M = 0.85f(;*bE*tf*( —%)
= 0.85 * 24 * 0.52 * 0.08 * (0.316 - %) +103 = 23422 KN.m

@Mps= 0.9 x 234.22 =210.8 KN.m
=~ Design as rectangular section.
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Mn=Mu/©=19.74/ 0.9 =21.9 KN.m.
m=—Y_=_*° _5459

T 0.85f, 0.85%24

_ M, _ 21.9%10°% _
Kn = bxd2 ~ 520%316> 0.422 MPa

1 2xKp*
p=—(1- /1—Tm)

_ 1 (1 B \/1 B 2*0.442*20.59> — 0.00102 .

20.59 420
—Asreq = p X bg xd =0.00102 x 520 x 316 = 166.85 mm®.

‘/g by, *d > 2xb, xd
Tfy) * w * = * w *k

_ vz
T 4420
=110.58 mm?< 1264 mm? ............. Larger value is control.

— Asmin = 126.4mm? < As;eq = 166.85 mm?,
« As = 166.85 mm’.
2 312 with As = 226.1 mm?>As,¢; = 166.85 mm?.... OK.
~ Use 2 912
— Check for strain:-(g; > 0.005)
Tension = Compression
A xfy =085 xf.xbxa
226.1 x 420 =0.85 x 24 x 520 x a

Aspin = F
y

%120 %316 > —2 %120 +316
420

a=28.95mm.
c= Bi =222=10.53 mm x Note: f, = 24 MPa< 28 MPa— B, = 0.85
1 .
g, = 0 - 0.003
= 2192993 _ 9003 = 0.087 > 0.005
10.53

~0=09.. 0K
»Long direction

d = depth - cover — diameter of stirrups —diameter of bar — (diameter of bar/ 2)
=350 — 20— 8 -12-12/2 = 304 mm.
be < % * clear span + b,,= 0.5x500+120 =620 mm ............ Controlled.

< Span/4 =7700/4 = 1925 mm.
< (16x tf) + by, =(16x 80) +120 =1400 mm.
—bg= 620 mm.

Maximum moment Mu ) =18.89 KN.m
’ t
—>Mnf=0.85fc*bE*tf*( _Ef)

=0.85 % 24 * 0.62 * 0.08 * (0.304 _ g) +103 = 267.13 KN.m

OMps = 0.9 x 267.13 = 240.42 KN.m
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—0My =240.42 KN.m> My max= 18.89 KN.m.
=~ Design as rectangular section.

Mn=Mu/ @ =18.89/0.9=20.99 KN.m.
m=—Y_=_*° _5459

T 0.85f, 0.85%24

_ M, _ 20.99x10% _
K, = bed? ~ 5200 (304)7 0.366 MPa

1 2xKp*
p=—(1- |1 —Tm)

= — (1 - \/ 1- —2*"'366*2"'59): 0.000879
20.59

420

—As = p x bg xd =0.000879 x 620 x304 = 165.75 mm>.
As = 165.75 mm2 > ASmin = 126.4mm?

~ 2 @12 with As = 226.2 mm?> As = 165.75 mm?2

~ Use?2 @12.

— Check for strain:-(g; > 0.005)
Tension = Compression
A;xfy =0.85x f. xbxa
226.2x 420 =0.85 x 24 x 620 x a

a=7.51 mm.
c=g= 2> =8.83 mm x Note: f, = 24 MPa< 28 MPa— S, = 0.85
T
g = T2 0,003
= 3";";203 -0.003 =0.100 > 0.005
~0=09..0K.

4.8.2.2 Negative moment at discontinuous edges:-

Mu® = (§><positive moment )
As = % = 2251 im2 < Asyin = 126.4 mm?

~ Use 2 910
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4.8.3 Design shear for two way- ribbed slab :

Case (1)

Wa= 0.60 Whb=0.40
»total load on the panel being = 7.7x6.9x17.72 = 941.5 KN
»Load per rib at face of long beam is

VU, face= 941.5 x0.6x.52/(2x7.7)=19.07 KN ... control
»Load per rib at face of short beam is

VU, face = 941.5 x0.4x.62/(2%6.9) = 16.92 KN
The shear strength of one rib in slab is

Vo= (1.1) 2 X /f2 x by, xd = (1.1)x x V24 x 120 x 316 x 10°=34.06 KN.
@V, =0.75 x 34.06 = 25.54 KN .
~@V. =05%x2554 = 12.77 KN .

1
@Vc = 25.54 KN > Vu = 19.07 KN > > @Vc =12.77 KN

No need for shear reinforcement
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4.9 Design of Stair :

ey

W
v 2.65
QA

I~

NI

Q| m
N e
©
O

S 1B60(35°80)

Figure (4-13): stair layout

A Limitation of deflection :
hmin=8.77 /28=31.32cm
selecth=35cm
tan ¢ =15/30
b = 26.56
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e Design of flight :

A Flight Dead Load computation :-
Table 4.4: Loading of Flight.

Plastering (0.03*22*1)/(cos 26.56)= 0.738KN/m

Concrete slab (0.35*25*1)/(cos 26.56) =9.78 KN/m

mortar 22*(0.15+0.3)*1/0.3*0.02= 0.66 KN/m

tiles 27%*(0.15+0.35)/0.3*0.03*1 = 1.35 KN/m

triangle concrete 25/0.3*%(0.15*0.3/2)*1=1.875 KN/m

= 14.403 KN/m

A landing Dead Load computation :-
Table 4.5: Loading of Landing.

Plastering (0.03*22*1)=0.66 KN/m

Concrete slab (0.35*25*1)=8.75 KN/m

mortar 0.02*22*1=0.44KN/m
tiles 0.03*22*1=0.66KN/m
3 = 10.51 KN/m

A Flight live Load computation :
Live =5 KN/m?* 1 =5 KN/m

A Factored load :

A Flight Load computation :
Qu=12*DL+1.6*LL=12*14.403+1.6*5=2528 KN/m

A Landing Load computation :
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Qu=12*DL+1.6*LL=1.2*10.51+1.6*5=20.61KN/m

A Design of shear force :

25.28 KN/m

10.305KN/m 10.305KN/m
| |

2.31 3.9 2.56

Figure (4-14 ): flight system

Max Vu = 75.6768 KN
Assume bar diameter @16 for main reinforcement.

- d=350-20-7=322mm

. V24
@*chO.?S*@bw*d =0.75* p * 322 * 1000 =

=197.18 KN/1m strip
Max Vu = 75.6768 KN < 0.5 @ * V¢ = 98.59 KN

- The thickness is adequate enough
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A Design of moment diagram :

Max Mu = 198.56 KN.m

Mn
Rn=
b*d?
* 6
R = 198567107709 _5 157 Mpa, m= 206
1000 * (322)
Qzl(l- _2mRn)
m fy
1
_ L \/ 2(20.6)(2.127) J = 0.00526
206 420

As req = %* b *d = 0.00536* 100 *32.2 = 17.25 cm#/m.

As min = 0.0018 * b * h = 0.0018*100 * 35 = 6.3 cm%/m

As req > As min

select @16@10 cm

Tension = compression
As*fy=085*f.*b*a

2010*420=0.85*24*1000*a
a=41.38mm
a 41.38

*“p, 085

& :MXO 003
S 48.68 '

£g = 0.0168>0.005

=48.68mm

ok (® =09)
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e Design of Landing :

20.61 KN/m
10.305 kN/m 10.305 kN/m
\ 4 N
2.65 0.6 2.65

Figure (4-15): landing system

Max Mu =53.49 KN.m

Mn

Rn= ——
A

* 6
R = 53.49*10° /0.9 - 057 MPa

1000* (322)°

_2mKn
fy

<<=1(1- 1 )
m

Q= ——(1- Jl—w)=0.00137
20.6 420
Asreq=% *b *d =0.00137* 100 *32.2 = 4.4114 cm?/m.

As min = 0.0018 * b * h = 0.0018*100 * 35 = 6.3 cm?/m

As req < As min

select @10@10 cm
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** shrinkage and temperature reinforcement :

As =0.0018 * b * h = 0.0018*100 * 35 = 6.3 cm*/m

select @10@10 cm

~ ¢10ek10 cm
@10@10 cm

e
i

\B10R10 cm ™=

@10@%10 cm

P10@10 cm

P16@10 cm

310@10 cm @
210 cn

\s10@10 cmgg

#10@10 cm

?10@10 cm
% @®10@10 cm
el

| \p10e10 cm

@10e10 cm

@10@10 cm

Figure (4-16 ): stair reinforcement
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4.10 Design of Column (C21) :

4.10.1 Load Calculation:

p, = 2500KN
nreq = 2500 3846.15KN
a 5
Usep = pg =2%

Pn =0.8*{0.85* fc**(Ag — As) + Fy * As}
Ag =169359.313mm?*

Use 0.6 x 0.3 m with Ag =180000mm2 > Agreq

4.10.2 Check Slenderness Effect:

e In 0.6m-Dirction

kI—u<34—12m ............... ACIl —(10.12.2)
r M2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration =0.3 h = \/L:

Lu=4.18m

M4

M2
K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

—<34—12—2<4O ............... ACI —(10.12.2)

1x4.180
0.6x0.3
..long Coloumn in 0.6m:dirction

=23.22>22<40
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E_I
El =04—% ... [ACI318—-05 ]
1+ 8,

E, = 4700,/ fc' = 4700 x /24 = 23025Mpa

_12DL _1.2*(1610)
Pa = Pu 2500
_bxh® 0.3x0.6°
$T 12
_ 0.4x 23025 x 0.0054
- 1+.77
= 28.09MN.m?

B 72El
" (KLu)?

_3.14% x28.09
° (1.0x4.18)?

Cm=0.6+ 0.4[&j ............ ACI318-14
M2

=0.77

| =0.0054m*

El

................ AC1318-05

=15.87MN.

Cm=1.... According to ACI318—-05
Cm

O, =—7-—2=21.0 ... ACI1318-14
1_ Pu
0.75P,
O = 1 =1.26>1
1_ 2.5
0.75%x15.87

=15+0.03xh=15+0.03x600 = 33mm
€in X Ope =33*1.26 =41.77mm

e

e
e_A7T _5e96<0.1
h 600

min

Short(axial load by interaction diagram)

e In 0.30 m-Direction

Ku _gq_pp ML ACI —(10.12.2)

r M2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration =0.3 h = \/L:
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Lu=4.18 m
ML _

M2
K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

m<34—12E<40 ............... ACI —(10.12.2)
r M2

1x4.18
0.3x0.6

..long Coloumn in 0.30m:dirction

=23.22>22<40

E_I
El =04—°% ... [ACI318 —14]
1+ 8,

E, = 4700,/ fc’ = 4700 x /24 = 23025Mpa
_12DL _1.2*(1610)

=077
s =g, 2500
3 3
| _bxh® _06x030° .o
T 12 12
£y _ 04x23025x0.00135
1+0.77
= 7.02MN.m?
2
2 :”—E'z ................ ACI318-14
(KLu)
142 x7.02
-3 XT02_ 5 950N,
(1.0x 4.18)
Cm=0.6+ o.4[ﬂ) ............ ACI318 14
M 2
Cm=1.... According to ACI318—-05
S o——CM 510 ACI318—14
1_ Pu
0.75P,
1
S, = — s =6.3>1
0.75x 3.96
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. =15+0.03xh =15+0.03x 300 = 24mm
—e. xJ, =24%6.3=151.66mm
_ 151.66

@ O

=0.505

~300-2*40-2*10-25
300

0.6

S| olo

From Interaction Diagram

% = (1000*2000/300*600) *0.145 = .90Ksi
9

g =.015

A, = px A, =0.015x 600 x 300 = 2700 mm*"
. Usel4g16

With A, = 3217mm®> 3150.0k.
e Check for spacing between the bar

_ 600-2*40-2*10-6*16

5
S =80.8mm >40mm
>1.5db=24mmQk

S

4.10.3 Design of the Tie Reinforcement:

S <16 db (longitudonal bar diameter)....................... ACI-7.10.5.2
S <48dt (tie bar diameter).

S < Least dimension.
spacing <16xd, =16x1.6 =25.6cm

spacing <48xd, =48x1.0=48cm
spacing < least.dim.=35cm

Usegl0@ 20 cm
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4 .11 Design of Isolated footing (F1)

4.11.1 load calculation :

From column :

Service dead Load =1610KN

Service live load = 680KN

Soil density =18KN/m? soil depth = 0.65m surcharge 5KN/m?
Allowable soil pressure =450 KN/m?

Assume footing to be about (80cm) thick

_ force service _ 1610+680 — 548 mZ.
gall,net 450—-0.4%x18—0.8%25—-5
A=L?> L=V/A=548=2.34m Take L=2.40m.

***Depth of footing and shear design:
Pu=1.2*1610+1.6*680=2500KN

2500
qu= = 434 KN/m®
2.4%2.4

4.11.2shear Design : Check one-way shear (Beam shear)

| L L

Inclimned crack T

Critical section for

onNne —way shear Tributary area for

Colurmn

One—way shear.

Figure (4-17): one way shear (beam shear for isolated footing)
Vu at distance d from the face of support :

Vu=qu*b (-5 — d )= 434*2.4% (22— d) let Vu=®Vc , ($=0.75)
/1 7 _ /1

vC_(g)w/ngng *d= () *1\/24 * 2400 * d

625%2*(>—-d ) =0.75% (2)*V24 * 2400* d > dq=0.435

d avar = 650-75-14= 561mm 0.561>0yeq =0.435 m ... Ok



check Tow —way shear (punching shear) :

Tributary area for
two-—way shear

Critical section

for two—wa h e
v shear - ﬁlgi /

Two—wav shear.

Figure (4-18): Tow- way shear (punching shear)

Let Vu=dVce, ($=0.75)

VU = 434( 2.40%2.40 - ( 0.3 + 0.561 )( 0.6+0.561) = 2068.44 KN

B =222=2.0 ,bp= 2(0.6+0.561)+2 (0.3 +0.561)=4.044m

Ve=(2) (1%)‘/ Fc' *bo*d where (2 )(1+2>) = 0.33
Ves( S)H(Ee 2)JFC *bo*d  where (S)( (220 +2) = 0,62
Ve= (G )yfe * bo* d where (3)=0333 ... Control

Ve=0.3*+24 * 4044 *0.561 * 10 = 3334.27 KN
®Ve =3334.27*%0.75 =2500.70 KN> Vu=1875.236 KN....... OK

4.11.3 Design for flexural in both direction:

Take steel bars of ®14

L=2.40m h=650mm d=561mm fc' =24 MPa fy=420MPa
R Mu _ 574.182%10° = 0. g44aMPa.

"“dbd2 ~ 0.9%2400%561

1 , 2Rprm, _ 1 2+20.58%0.844 | _
p= E(l - [1- 3 ) = T 1- \/1 - T)—O.OOZOS

As= p*b*d = 0.00205* (2400) *(561) = 2766.14 mm?
Asmin = 0.0018 * b * h =0.0018 * 2000 * 650 = 2340 mm?
As>Agmin not Ok
Use 18014 with As=2770.74mm>.
Step(s) is the smallest of :

(1) 3* h=3 * 650 =1950 mm (2) 450mm ...control
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4 .11 Design of combined footing.F3

Table 4.5 : information about combined footing F3.

Col. Dead load | Live Dead Live load Dim. Of
factor ) service column
Load fac. service
C56 1932 1088 1610 680 60*30
C57 1932 1088 1610 680 60*30

ZTOtal service = 4580 KN

4.11.1 Footing dimensions:

** Footing dim.
(1610+680) *1.7 _

> Mcoi1=0, X= 2580 =0.85m
Azqa’_?et :‘f%z 10.17 m?.

A=BL take L=32m =3B =%=1‘;'27 =3.2m
Take B=3.2 m

P=1.2* 1610 +1.6* 680 = 3020 KN/m
P2u=1.2* 1610+1.6* 680 = 3020KN/M= ¥ (P1,+P,)=6040KN

QU= 5557 58984 KN/

I shear Design
One way shear (beam shear)

Assume h=80cm and steel bar of ®20

davg= 800 — 75 — 20= 705mm
DVE=0.75*(2)*VZ4*3200* 705* 1073= 1381.51 KN
**At column(1) py=3020 KN

Vu=556.82KN

**At column (2) py2= 3020 KN

Vu= 130.54KN

dVe=1381.51KN>V max= 556.82 KN ....0K
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Two — way (punshing shear)

**At colomn(lor 2) p,;=3020KN

d:0'7T05=0.3525m>0.3m

.705
0701 +( 0.6 +0.705)= 3.21 m

2
0.705

VU=3020-589.84(0.3+ 0.3 +*2)*( 0.6 +0.705)= 2286.82 KN
600
B= ;=2 as=30 --edge column.

1 2
30* 0.755

1
—_ + -

(GN((5) +2) =083

§:O.333---- control

(I)Vc:0.75(§)*x/ﬁ* 3210*705*107°= 2771.65 KN

dVe=2771.65 KN>Vu=2286.82 KN ....OK
The thickness h=80 is adequate enough .

**At column (2) p,,=3020KN

as edge bp=2(0.3+ 0.3 +

§:“7T“:o_3525m< 0.65m

two options punching action .

*as edge perimeter :

0.705

bo=2( 0.3 +0.65 +222)+(0.6 +0.705)=3.91 ... Control

*as interior perimeter

bo=2(0.3 +0.705)+2(0.6 +0.705 )= 4.62 m

0.705

VU= 3020 - 589.84 *( 0.65 +0.3 +222)%(0.6 +0.705)= 2017.41KN

600 _

p=—=2.0 =>«as =30.
300

1 2\
2 (1+9)=05

1 40%0.505
12 (C 4.015

) +2)=0.42
§=0.33 --- control
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DVC=0.75*(;)VZ4* 3910 * 705*10°°= 3376.07 KN
dVe= 3376.07KN>V max= 2017.4 KN

OK.... The thickness is adequate enough .

4.11.3Flexural long —direction Mu=-1002.7KN.m

Take steel @20  =>» d =800 - 20 — 75=705KN

R Mu _ 1002.7¥10° = 0.700MPa.
"“®dbd2  0.943200%7052

_1 , 2Rpsm . _ 1 2%20.59%0.700 | _
p —5(1 - [1- 5 ) —20.59(1 —\/1 —T)—0.00169

As =p*b*d =0.00169*(3200) *(705) = 3812.64 mm>

Asmin= 0.0018 * b * h = 0.001 8* 3200 * 800 = 4608 mm?

As < Agnin Ok Take Agmin=4608 mm?>.

Take 23916

4.11.4 Design the flexural reinforcement in the transverse direction
(transverse beams)

For column (1) under

2030\3.2=943.75kn\m

The maximum moment in this transfer beam at the face of columl is
943.7*(3.2\2-.6\2)=797.42kn.m

d=800 — 75- 20 = 705mm

R Mu_ 79742 *10° = 055MPa.
"“®bd2  0.943200%7052

_1 2Rpxm y _ 1 2%20.59%0.55 | _
p=—(1- /1— - ) _20_59(1—J1—T)_0.00134

A =p*b*d = 0.00134*(3200) *(705) = 3034.32 mm?

Aqnin=0.0018*b*h=0.0018* 3200* 800 = 4608 mm?
A<AqminOK Take As= 4608 mm?.

Take 23P16.
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§=2200775710723 . 125.32mm<450 mm  OK

22

The factored load in colum2;

3020\3.2=943.75 kn\m

The maximum moment in this transfer beam at the face of colum2 is
943.7*(3.2\2-.6\2)=797.42kn.m

d=800 — 75- 20 = 705mm

R Mu _  797.42%10° = 55MPa.
"“®dbd2  0.943200%7052

1 2Rpsm | 1 2%20.59%0.55 |
p=—(1- /1— ) _20_59(1—J1—T)_0.00134

As =p*b*d = 0.00134*(3200) *(705) = 3034.32 mm?

Aqmin=0.0018*b*h=0.0018* 3200* 800 = 4608 mm?
A<AqminOK Take As= 4608 mm?.

Take 23®16.

§=2200"T0 1023 125.32mm<450 mm  OK

22

4.11.5Temperature :

A= 0.0018 * 1000 * 800 = 1944 mm?>.
Take 11916 or ®P16@15cm< 45cm ...... OK
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4.12 Design of shear wall (SW?2) :
w=1254m,L,=3.6m

d <0.8*L,,= 0.8 *3.6 =2.88 m ... control

11.5

250.8

|

312.32 '

683.7
3546.5

1144.5

48

Figure (4-19 ): Shear force & moment on the wall from ETABS

Control section from base

L,/2=1.8m...... control
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fc'

Design horizontal reinforcement :

Vc1 Y~ xbxd
Vv, = ‘/2_4 « 200 % 2880 = 470.3KN
A fe' xbxd N, xd
2 = +
4 4xL,
N, = 0.0KN
V,, = /24 x 200 28800 +0.0 = 705.4KN

Mu(l) = 3925.5 - (3925.5-1345.9) / 4.18*1.8 = 3582.65kN.m

=252.97KN

2xN
| ( fc' + » hJ
Vc3= X ><h><d
< > 10
v 24 . 3.6(/24+0.0)| 2002880
c3 T
<1088—> 10

So thickness of wall is safe.

A,, min.=0.0025*s*h

S =316 mm
Smax < L,/5=3600/5=720mm
<450mm

< 3*h=3*%200= 600 mm
Take s = 300 mm < s max
Select @12 -30 cm

Design for horizontal reinforcement :
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e Design of Vertical reinforcement:-

AV = {0.0025+0.5[2.5—|&)*(%—0.0025}*3*h
2

w

AVh =2 ®10 = 158 mm?

*
Avv :{0.0025+0.5[2.5—12'54}*( 2779

> 300200 0.0025)} *s*200

Avv =0.0025*s*h

(M] ~0.43
S

AW =2 @14 = 308 mm?
S=716.3mm
Smax < L,/3=3600/3=1200 mm
<450mm
< 3*h=3%200=600 mm
Take s = 250 mm < s max
Select @14 -25 cm
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e Design of bending moment:

C >( Lw j: 3600 _ oc7 1mm
0.007%600, 42

length of boundary element=C-0.1xL,
length of boundary element =857.1—0.1x3600 =497.1mm

C &71 =428.55mm

" 20= 20

Select Theboundary element = 500mm

*
LW ps, —— = 2154 3600 = 4435mm”
Avs= sl 250
z_ 1
Lw  2+0.85%3* fo* Lw*h/(As * Fy)
z ! 0.115

LW 2+ 0.85x0.85x 24 x 3600 x 200/(4435x 420)

Muv = 0.9 x Fy x 0.5 x AS x LWx(l_[iD
Lw

Muv =0.9*420*0.5*4435x 3600 * (1— (0.115) =824.3KN.m
Muv > Mu

So Boundary is not required .
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Appendix (A)
Architectural Drawings

This appendix is an attachment with this project



Appendix (B)
Structural Drawings

This appendix is an attachment with this project



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 £/20 /24 £128 £/M10

Beams or

ribbed one-
way slabs £M6 £M185 /21 £/8

Motas:
Values glven shall be used directly for members with normalweight concrete

(densi = 2320 k% ) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural |IEhh‘JEIght concrete having unit density, w, |r1 the range
1440-1920 kg/m¥, the values shall be multiplied by (1.65 - 0.603 =) but not

less than 1.09.
b} For f,, other than 420 MPa, the values shall be multiplied by (0.4 + fyf?m:u

Table (5-1) MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED

TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection limitation
Flat roofs not supporting or attached to non- Immediate deflection due to live load L
structural elements likely to be damaged by ¢,180"

large deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L

tural elements likely to be damaged by large £/360
deflections

Roof or floor construction suppoerting or That part of the total deflecticn occurring after )
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of £,480°
damaged by large deflections the long-term deflection due to all sustained

Roof or floor construction supporting or laot?tﬂﬁc?r?j m‘; '{Qggﬁ?'a‘e deflection due to any

attached to nonstructural elements not likely to £/240%

be damaged by large deflections

* Limit not intended to safeguard against ponding. Ponding should be checked by suitable calculations of deflection, including added deflections due to ponded
water, and considering long-term effects of all sustained leads, camber, construction tolerances, and reliability of provisions for drainage.

T Lon?rterm deflection shall be determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur before attach-
ment of nonstructural elements. This amount shall be determined on basis of accepted engineering data relating to time-deflection characteristics of members sim-
ilar to those being considered.

¥ Limit may be excesded if adequate measures are taken to prevent damage to supported or attached elements.

§ Limit shall not be greater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber
does not exceed limit.

Table (5-2): MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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