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Abstract

Structural Design and Details of Technioal College

Project Team:
Al- Montaser billah Abu Argoub Thab Daraweesh
hahammad Abu Awad Yousef Al-Sweity
Supervisor:

D, Nasr Younmis Abboush:

The main ides of this project is to prepare all structural design and execulive
details for The Technical College,
This building consists of Four Stores, a rool and three subsidiary busldings it

contains all activities required [or any person,

Thss building 3= a reinforeed conerele structure, and it was designed

accordmg to the AC-cod=08,

The project contains the structural analysis for vertical and horizontal loads

and the suuctural design and details for each member in the project.
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List of Abbreviations

* Ac=area of concrete section resisting shear transfer.

*  As=aren of non-prestressed tension reinforcement.

* A= area ol non-prestressad compressivn remtorcement,
* Ag=gross aren of section,

o Ay =area of shear reinforcement within & distance (S).

¢ At =urca of one lzg of a closed surmup resisting tension within a (8).
= b =width of compression face of member.

s hw = wch widtl, or diamster of circular section.

s (= gompression resultanl ol coperete seehon.

¢ (= compression resultant of compression steel.

* DL = dead loads,

o d = distance from extreme compression Liber 1o sentroid of tension L

reinforcement.

»  Ee= moadulus of elasteity of conerete,

* o= compression strength of conerete

» Ty =specified vield strength of non-prestressed reinforcement.

o h — overall thickness of member.

» Ln = length of'clear span in leng direction of two- way construction,
measured face-to-face of supports in slabs without heams and face 1o face of
beam or other supports in ather cases.

» LL =live loads.

»  Lw = length of wall.

s M =bending momenl,

»  Mu - [aclored moment al section.

»  Mn =nominal moment.

s Pn=nominal axial foad.




s Pu - factored avial load

e $=Spacing of shear or in direction parallel 1o longitadingl reinforcement.
e Ve =nominal shear strength provided by conerete

= Vo= pominal shedr stress,

e Vs =nominal shear strength provided by shear remforcement.

s Vu=factored shear force at section.

+  We—weight of concrate, (Kgfm?).

s W — width of beam or nih.

o  Wu - [actored load per unil area

o @ — strength reduction factor.

« .= compression girain of concrete = D.003mm/mim.
s £ = straun of tension steel.

e f,=strain of compression steel.

» p = matio of steel area .
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Chapter Four

Structural Analysis & Design

4.1 Introduction.

4.2 Delermination of Factored Load.

4.3 Determination of ‘T hickness For one way Ribbed slahb,
4.4 Load calculation for one way Ribbed slab.
4.5 Design of Topping and rib (R1, )

4.0 Diesign of beam (B2, (3)

4.7 Design of two-way ribhed slab (R3. 8)

4.8 Design of one-way solid slab fur theatre
4.9 Desien of footing Fl

4.10 Design of basement wall

4.11 Design of stairs (51)

4.1Z Design of long column (C4)

4.13 Design of short column (C7)




4.1 Introduction:

In This Project, there ars two types of slabs: one-way ribbed and two-way ribbed slabs. They
would be analyzad and designed by using finite element methnd of design, with aid of a compurer
Program called " ATIR- Software” to find the intemnal farces, deflections and moments for ribbed
slabs, and then hand caleulslion would be made 1o find the reguired Reinforcement lfor sume

IMEImiDeTs,

The design srength provided by 2 member, 115 cennsctions to other members, and its cross-
sections in terms of Nexure, snd load, and sheer 15 taken as the nominal strenpth ealeulated in

aeeordance with (he reguirements and sssumplions of ACkcode.

4.2 Factored Loads:

facrored loads an which the structural analysis and desipn is hased for our project

members, 18 detennined ns fallows:




gu=1.2D+ LiL ACT— 318 - 08 (9.2.1)

4.3 Determination of Thickness for Onec Wuy Ribbed Slab:-
‘I he structure may cxposed to different londs cuch as dead and live loads. The value ut'the

Joad depends on: the strugture type and the intended usc,
The overzll depth must satisfy ACT Table (9.5.a)
For Rib (R1. G} in ground flocs, as shown in fiz(4.1),

Fig. (4-1) Rib (1, G} in the Ground Noor

Minimum thickness for one way ribbed slab:




i = _3_:-&_0 =(.183m {One end continuous)

185 185
i 670
i i 0.319m (Both end continupus)

For Rib (1, G) in the Ground floor 32 e control, (24cm block +8cm topping).
4.4 Load Calculation for One-Way Ribbed Slab:
# One - way ribbed slab,

For the one-way ribbed slabs, the total dead lond to use in the analysis and desipn
calculated as follows:

Ot wary i stab Shvwiae B Torger dies Bors -\

Fig. (4-2) One-Way ribbed slab




4.5.1 Topping Design:

The Topping in rihbed slab can be considered os a strip of 1 meter width and span of
hollow block Iengrh with both end fixed in the ribs.

Dead Load Calealadions: w=120L + 1.oLL

1
Pread load l'.ll

from:

Tiles {.03%22%] | 0.69 | Al
Mortar {.02%22%] .44
Coarse sand 0.07*17*1 L1s
| opping 0.08%25%1 2.00 1
Partitions 1:5%1 [ 1.5
3 582
Table 4.1 (Dead load caleulalion tor topping) -

Fig. (4-3) Topping monmenl
Live Load Calculation =2 %1 =2 KN/m = }lopping

Total Factored Load:
Wu = (12 x582) + (1.6 ¥ 2) = 10.1BKN/m

Assame slab fived at supported points (ribs);

w, =7 10,18 =0.4°
M, = -

m
: =5 N bt St i
T 3 {11357 K = 0 Strip width
@M, = M, — Strength Candition,

Where® = 055 = For Plain cancite

My = 042,/ fc % 5, ,Sm For rectangular section of the slab

- ® e
HT": — M = 1 (}ph 6660~

M, =042=1% y24+1066666s107% = 2454 KN.m

=

M, = 0.55 x 2454 =135KN.m

OM, = L3SKN.m = M, =0.1397 KN.m




NO reinforcement is required by analysis. Provide As nin for slabs as shrinkage
and Temperature reinforcement.

As = pht = 0.0018 x 1000 x 90 = 44 mm*/m strip
Try @8 with A5 = 50.27 mm?
Use 40Bfm with As = 20imm®/m — 0B @250mm in both direction

Stepis) is the smallest of:
1. 3h=3 %80 =240 mm - Contral
2, 450 mm

R B= 350(%) — 250 =< 300 (%)

280 280
§ =380 =— |~ 250, < 300 57—
7420 7420

§=330mm > 300 mm
Use & 8@ 200mm in bath directions. § = 200mm < Smax =240 mm

d:n.z Dead Load calculations for | p..q1oud From §xyb EN/m
rib (R1.G)
Tiles 0.03=2%=0).52 0.359
Mortar (0.03=22x0,52 0.343
Coarse Sand QO07=17=0.52 06149
Topping (LOR=25:0).52 1.040
Live Load calculations: >
RC Rip 0.24%25%0, 12 0.720
=} e
LL=2%0.52=1.04 | Hollow Black 024101040 0,960
Dead Load / rih: 5.164 KN/m | Plaster 0.03%22:0.52 0.343
Live Load /rib: 1.040 KN/m 1
| Interior Partitions 1.5%0.52 {0,780
¥ 5.164

Table 4.2 Dead load caleulations for rib (R1.

45




Effective Flange widith ( b, ) ACE3I&8 1] (810.2)

be For T- section is the smallest of the following:
B, =L/4=216/4~54m

L dth =520
B, =12 +161=12=16 () = 140 cm it e

b, =2 em  Control By

b, For T-section =32 cm .

Figure 4.4 rib (R1, G) detailing

Structural Auglysis of (Rib 1. (). 1he envelope shear and moment disgrams (tor all lazd
combinations). Using the structural analysis and design programs, we ebtain the Envelope
Mement diagram for Rib/

Geomeltry Unlis:mater om

1 2 3 4 5 a
1 g - 4. - 5
D A Al —— A = A o .

A‘ EE ) = el 'nj B - AI =1 Af I—J
. 27 07 5.45 0.7 6. 0.7 54 0T 26T 07
a4 ' 6.15 = 6.7 61 YU aa
§ — } {
52,
a8
32
1z
A-A
Figure 4.5 rib (R1, G) spans
46
F .
-

ol oplanid giaiiiy faale
‘%.-"{-i’ = Palostine Pofrledinic Unkinrsity
3 (PFO)
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o R ror el MU, | L




Momenti8hear Envalope [Fattomd) LbiskNmater
Figure 4.6 monignt on Tk (R, @)
=30 =29
=Y 212 o =21 207 it =21 9.8
138 . az2 A A19 . 183
188 105 S A 181 J
L f- ] .' 1'&1| {1 '--I I / 1=; Il b -! -‘-'H 1y 3 |
|"x‘_\_ -t -11E ] o __." I | "t!? . 2 ] | ﬁ.zﬂl"k - =1 1 "‘--._|__.-L|
2%, e Tar . 038 a8 2
145 4 14.6
118 221 | 308 3.08 3.35 335 | 808 s0s | 248 1.48]
Figure 4.7 &near on rib (=1, G) S
=164 -27
: : 232
=194 -21.3 _,-"' -22. __:if A8 A
43 = i ¢ —‘
" L - -8
; o | ._.-' ‘__-"- _.-'f '3.3 ___,-'
| -"f i -"'-‘ i i /-. i i .-"/ i i -"n §
RLHE i = =TT ik T - {55 T T |
o # 2
SR % e o
) e e TR |
— 18.3 = on = 2 19.2
L i | 262
Table 4.0 raactions on rid (R, )
Factored
5 B 71 T gy bt H
DeadR &7 3525 44 46 44.26 48 6.65
LiveR FA-g T.52 g.02 859 747 2.2
Max R  B.81 4277 5345 5125 42,37 Bas
Min R 574 3678 £&7| 4765 3636 568
Service
DeadR  5.58 2837 05 36.88 29.08 584
LiveR  1.38 47 564 g2 4 BT 1.37
Max R E.87 4.07 42,69 425 33.7B BEZ
Min R 4.58 3031 3921 B4, an, 485

Design rib (R1, G) for positive moment:
Assume bar diameter ¢12 [or main positive reinforeement
d = h— cover = dsirrups — °/
d =320-20— 10— 12/, = 284mm
The maximum positive moment in all spans of rib (R1, G) M,=17.1 KN.m

o Checkifa=hr




. | by
Moy = 085fcbhy(d =)

M (.85 x 25 x 520 x 80| 284 i 8 215.70KN/ Mo 2
| i S RN SR R ( ?)_ PR = 0
= 19KN.m

| —a <y

1he section will be designed as rectangular section with b = 320mm

Bi= L A 0.230MP

"= obd D9x520x284% “
5 420
m= = =19,
M= GB5f, D@5x25 L0
1 r 2% 0230x19.96
e Y - | = 0.000550
P= 1976\ Ty 320 6
A. = phd = 0.0005506 x 520 % 284 = 81.31mm*
s (Check Ap nip':
[§. 1.4
Agmin = 0.252 Je b.d < —b,d
ATk
V25 %
As.mt‘n =025 = mx RZ0 % 284 = 101.43mm
1.4
< A min = 520 % 284 = 113.6mm?* - control

i US: 2¢lﬂ \Tith Ati: 5.57:[1[[]2 b r"lgrrfq; I. 13.6:“-“112
o (Check for strain:

_ ok AEYX4E0 oo
® = 0B85f:b 085%x25%520
F,=0.85

— — 5,96 —

e =8y =>"p5=101mm

=€ 284 - 7.01

_noyd—ey 284 - 7.01\ _ -~
eﬁ—l‘].ﬂﬂﬂ( - )_n.uoa( — ) = 0.1185 5 0.005 - okay




ad. So. for all spans with positive

1Jsually, oo reinforcement less than 2410 can us
2410 for each rib.

moments equal or 1ess fhan M,=17.1KN.m, use
e Design rib (R1. G) for negative momieit
Assume bar diameter §12 for main negative reinforcement

d = h — cover — dsyirrups = db[‘l

4 =320~ 20— 10— 17/, = 284mn
According ta ACI % 9 2 - for all beams built integrally with suppors, d

on moments af Tace of support shall be permitted.
The muximum negative moment at the face of support Mu=-2 | 2KN.an

esign hased

R 212 X107 _ 5 434mP
“'mhd-ﬂ.axlzﬂ}tm&z- : 3

-
= 1 " 2R,m
m 1] Iy

1 ot 2 x2.434% 1976\ _ o (oeqe
= 120 i

A, =pbd = 0.00617 x 120 X 284 = 210.32mm* — Control

\25
w 520 X 284 = 101.43mm*

Agmin = 0.25 % 420
1.4 ; ; 5
< Asmin = 1720 ¥ 520x 28B4 = 113.6mm

{se 2012 with A 226, 2mm’
e Check for stramn:
Asfy 2262 %420 _ o0
L= e e 20
08550 085x25x%120 =

5,085
oY ar26). . =
L‘—ﬂfﬂ; ——3‘?2 /u_85—43.33mrn
. = 0.003 ”‘r""]Fﬂﬂua M}—uum}nu% ok
e (-: i ( 383 ) : ol
Use 2¢12.

2412 for each support.
for shear:
distance d from the support Vu=

M= -212KN.m, use
¢ Designrib(RL G)
The maximum ghear force at

21 3KN

% “pndaunlh SISy 43 i
i - o .
HT '%_ polesline Polyiasinis Urlvereily
- X [(PFD] l
Gt £ The LIDIOTY ! —

s

..............?':.i.-?k‘\\. e _;_'_-r-l‘-p'."l_,.‘




' Shear strength, Ve, provided by concrete for ribs may be taken 10% greater than
that for beams. This is mainly due to the interaction between the slab and the
closely spaced ribs (ACl-code section 8, 13.8)

1 1 .
Vo=11xg [Fabyd = 11X 2% 1 X JZ5 % 120 % 284 x 1072 = 311.24KN

oV, = 0.75 X 31,24 = 2343

1 2343 ;
SV =—— = 11715KN <V, = 2131

Mimimum shear reinforcement is required except for concrete joist construction.
S0, no shear reinforcement will provided.
¢ Load Calculations for beam (B2, G):
WD from Rib (R1, G) on beam (B2, G
The maximum support reaction (factored) from dead loads for rib (R1, G) upon
beam (B1, G} is 35.25 KN. The distributed dead load to beam (B2, G):
29.37

W, = 0o = 56.48KN
Assume the width of the beam b=1m then the own weight of the heam can be
calculated as:

Wooam = 8 X¥ % b = 0.5 % 0.7 x 24 x 1 = BAKN
Total Load = 56,4848, 4=64 88KN
e Live load caleulation for beam (B2, G):
The maximum support reaction for rib (R1, G) upon beam (B2, G)

W, = =L = 9.04KN

0.52

And the u:alu_cs will be entered on the computer program to have:

GCEgmairy Umismelorcm

Al

B
=,
B

_—
: ; ;
:p ]
| 1
Te

o
4
|

: 57
£.15 . 6. . 6.2

6.4
=
5.,.. |
. Tigure 4.8 beam (B2, G) spans
A—A

Leading

=
ih

|

| 50




Figure 4.9 Loads on beam (B2, G)

Dead load - Sarvice Unite:kN metzr
| | | I |
B \, | 41,1 | | ara| | | 438 | | 45 | | |
- h gt - l —£ : X .1 =4 l j— 3y ¥
f‘—'—ﬁ 3 g it - &0 —— % ~
- Live losd - Barvica Load faclors; 1.20,1.201.60,0.00
"% e T e ¥ Y s e P |
1 T T K3 T 513 i €2 i
l
The moment and shear diagrams will be:
Momant Ghear =nvelopa (Fackred) urrskMmelsr
~ Flgure 410 momant for baam (B2, G)
326.6 b
SR 31,
as7S | -263. SRR M1 [ 285
N 4844 1813 ;
s : W 4 .
148 | 187 133 ¢ A
145 | W 2o L Ned 143
a5 F e 148 : 148 - ,
3 , = . HH : ; i .' i
; S e e W 1.06 7 12z, ¥
442 I ~. == Fq3 Ml .58 ' 54T
T ____.-v” 124. 4454 T x o
2419 287.3
| 288 | 384 3.38 zyr | 28 355 | 172 248 |
T - T T T =i T | 1
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Table 4.4 reactions on baam (B2, G)
Factored
=1 il idw i i
L Tt T+ T I
DeadR  158.74 465.82 10583 533.46 190.33
LiveR 2982 84,16 8483 1027 4043
MaxR 18836 549,98 £80.75 §36.16 230,46
Min R 15608 497.48 41827 £70.86 185.98
Bervice
Bﬁdn 13228 35819 32904 44455 15861
LivgR  18.51 528 53.02 64.19 25080
MaxR 43079 44079 s82.3¢ 508.74 183,69
MinR 12089 407.98 244 53 467.8 15553




4.6 Design of the heam:

iy 18
d = h—cover — dsgirrups = = 500 —40 —38 = A43mm

Degian of beam (B2, (i) for flexure:
Check whether the section will be act as singly or doubly reinfurced:

Maximum nominal moment strength from strain condition £ = 0.004
3 3
c= Ed = 5443 = 189.85mm £; = 0.85

a= fBc=085x18985=161.37mm

My = 085 zab (d — —) _ 0.85 % 25 % 16137 x 700 x (443—
— 869.69KN.m

161, 37)
2

@ = 0.82
M, = 380.6KN.m < @M, = 713.1KN.m
Desion section as singly reinforced concrete section:

P My, 380.6 x 10 1 078MP

R obd? | 09 %700 %4432 !
s L 4 E 2x3.078x19.76| e s 1
T 19.76 N 420 =

A, = pbd = 7.95 % 107 x 700 X 443 = 2466.4mm*

p—
425 5
Agpin = 025X o % 700 % 443 = 92291mm

14
Asmin = 423"‘ 200 % 443 = 1033.67mm?

A, = 24664mm* > Ag i = 1033.67mm?®
—allse 10418 with As = 2544, 69mm*
Check lor strain:

Agfy 2544,69 x 420
- = 71.85mm
® = GA5fb  0.85 % 25 % 700 A7

=085
C= a‘{ﬁl = 71-35;‘0_85 = B4.5Zmm




443 — 84.52
85.52

a
My = Asfy (d = 5) = 2544.69 X 420 (443 . ) « 10-* = 435.07KN.m

@M, =09 x 435.07 = 3156KN.m 2 M, = 280.5KN.m — nkay

¢ Check for placement:
< 700 —40 x2-8x2—-10x18
b —

£ = 0.003 (ii_;i) - n.nna( ) — 0.0125 > 0.005 - okuay

= 47.1mm > 25mm — okay

9
» Design heam (B2, () for shear:
Critical scetion at d from the face of support
Viona=278 8K

1 1
v = Eﬂqrﬁ-bwd =X 1x V25 x 700 x 443 x 1072 = 252.6KN
i
Check or section dimensions:

V.= b V B 262.6 = 119.13KN
T ¢ Q78 e

2 2
Ve = gv’ﬁbwd = ,3_1-.5?1 % 700 % 443 X 107° = 1033.67KN

V, < V. oy — the section is large enough
Find the maximum stirrups spacing:

I —
if<l:= E,\,’fﬁhwd then Spax = 7 or Soay = 600mm

1
Vi= gmﬁ % 700 x 443 x 10~% = 516.83KN

-V, =18047KN <V; = 51683KN
Then Spmay = 4:3 = 221.5— control
OF S 5 600mm
o Check for Vi mm
o L s
g,min 16\ c fyr

But niot less than

s

— contraol

v = 3
f i
¥t

1

e
Vsmin = T [eh,d = Ew'zﬁ s 700 % 443 % 1073 = 96.91KN

1 1
Vi = Ebwd =X 200 X 443 % 10~ = 103.36KN — cantrol
oV. < V, = (¥ + Vepnin)




075 x 252.6 = 189.45KN < 2798KN < 0.75 % (2526 + 103.36) = 266.97KN
Or V. = 180.4TKN > Vyin = 103.36KN — case IV
Compute the surrups spacing required 10 resist the shear forces:
J'1‘|.'- I|I|"F-: A‘Lff:.-:.d
T _E g =———=103.6mm
s fpd Vs
Use 2legs stirrups o8/@ 1 00mm
4.7 Design of two-way ribbed slab (R3, 8):
1. The thickness of the slab 1s
h=32¢m (24cm bluck and scm topping)
2. Load calculations:

Material [Thickness  Density | Load calculations | Load(KN/rih)
| Liles em 22 32+0.03=0.52:052 | 0.178 i

Mortar Zem B 22x0.02x(.52%0.52 0.119

Sand Tem L6 16:0.07%0.52=0.32 0.303

IC topping Scim 25 25x0.08x0.3270.52 (.541 |

RC rib 24em 25 25x().24%0.5220.52 0.662

Concrete block | 24em | 9 9x0).24x0,12(0.420.52) | 0.346

Pluster 2em |22 32%0.02040:040 | 0.119

Partitions 1. 5KN/m | 1.5%0.52%0.52 0.406

Table 4.5 dead load caleulations far b (R, 8) | ¥ 2 674

Total dead load = 2.674KN/rib
Live load of the stab = 2KN/m?
DL = J—EEL — 9OKN/m*
= e
W, = 1.2 x99 = 11.88KN/m*
Iive Load of the slab:

LL=3K’\[am-
W, =16%x20= 2.*1-H¢"H'fm3 | .
w = 11.88 + 2.4 = 14.28KN/m?
M, = Cowlz M, = {:bwf_g Cp ey =0.025
Laily =090 -
g 2
? r..l ] -'D.C'IE- ?
- cin =0.015 iy
-__; al =G.l136 '-.-;
Cyp =0022

. s

Figure 4.12 coeffecients Jor (R3, 5)

.
=




we use the tables to find the coef fecients Ca, Ch
L=Tam b= 6.6m

2
VI,, =09
From tables we find :

Tl lnads will be by caleulations using the
previous facters:

Mg pos = 0.026% 11.88 % 6.6% % 0.52
40,036 % 2.4 % 6.6° % 0.52

= @95KN.m
My neg = 0068 X 14.28 % 6.6 x 0.52

= 22.00KN.m
My pae = 0015 % 1188 % 7.3? x 052
10022 %24 % 7.32 % 0.52
= G3TKN.mM
My peg = 0026 % 14,28 % 7.3% % 0.52
=99KN.m

Fignra 4,1 F-munien: digranr o rihiiRE &)

Design for ncgative moment:
d = h — cover — Oysirrups — d*’*,fz
Assume bar diamoter | 4mum for main reinforcement:
4= 320 — 20— 8 — 14/, = 285mm
Aceording to ACI g 9.2 — for all beams built integrally with supports, design hased

on moments at face of support shall be permitied
The maximum negative moment at the face of support Mu= 22 0KNm

My 22.0 % 10°
pbd 0.9 x120% 285%

B, = = 25MPa



1 2R m
p=—1 3= ‘1—

m N Iy

1 3 '1 2x25x206 6.0064
= — - _ | =
P=208\ 420

A, = phd = 0.0064 x 120 X 285 = 218.88mm* - Control

/24
Agmin = 0,25 X %{;j % 120 x 285 = 99.7mm”

1.4
= Agmin = 335 % 120 x 285 = 114mm* — control

Use 2412 with A= 226.2mm”* > 218 .88mm”
e Check for strain:

_ Afy 2262 % 420 AL
0= @sfb - DESx2hx1z0 oo
[5,—0.85

= - 38,81 =
&= ﬂ/ﬂi = 38 !(}.85 = 45.66mm

d—c¢ 285 — 45.66
£ = IJ.[IHS[ = ) = 0,003 (W) = (0.0157 > 0.005 = okay

Analysis the T-section rib for different two bars 2¢10 (positive moment):

d =320 — 20 — 8 — 10/, = 287mm
Azﬁp]u =2x7B5H= 157mm?*

1.4
> Aguntn = 7o % 120 %X 285 = 114mm?

Ay, _ 157 = 420

4= 085fb  0.85 X 24 x 520
—srectangular section

;. = 6216 =7
c= fﬁl = jﬂ.BE = 7.313mm

= fpllemm < .‘:.Alr = 80rrm

6.216 :
) w 10°% = 1B.72KN.m

Check for strain:
d—rc 1857 —="7.313
£ = 0003 (—C—) = 0.003 (————
—=0.9
M. =pM,=0.9x18.72-16.84KN.m
e Design for negative -11 47TEN.n

= 0. ; —
7313 ) 114 » 0.005 — okay




M, 995

=t a——="LV05KN,
M, -~ 0.9 11.05KN. m
Assume 2610 to be used
d=28Tmm
o My A0S
= obd - 120xZ872 o0
m=20.6
1 " g 2x112 %206 000074
=206 420 -

N

A, = 000274 X 120 % 287 = 94, Smm’

Agmin = 114mm* — we use it
Use 2610 with 4, = 157mm?* > 114mm*
s Shear Design:

w, = 14.28,W, = 0.83 (from table)
the tatal load on the panel = 6.6 % 7.3 X 14.28 = 668.01KN /m?
0.52 % 0.75 x 668.01 21? BRKN
the total load per vib =

X7 rih
'ru,{—la‘.rm wuf:-;d-—il'?B'ﬁ' 1428}{4’.}523-:{1235—1%?3}%’

2|
=1L1X jl\_.jihw —-llxﬁxlxxzclxlznxaaaxl

] A —ﬂ?5x5ﬂ 716 = 23.03KN
1 23.03 !
chc — 11.518KN <V, =15.73

+No shear reinforcement are required

0~3 = 30.716KN

4.8 Design of one-way solid slab for the theatre:

minimum thickness = 74 {ene end continuous)

Use h=220mm
Assume bar diameter ¢14 Tor main reinforcement
d = 220 — 20 — 14/, = 193mm

Muterial | Thickness | Density | Load Calculation [ 1oad(KN/m)
Tiles Iem 22 | 0.03x22 0.66
Mortar | 2cm 22 0.02x22 0.44

| Sand Tem 16 00716 11,12 |




'RCslab | 22em |25 0.22x25 5.50
Plaster 2¢m | 22 0.02x22 0.44 |
I_Partitinns 2KN/m | 2 2
Tablc 4.6 ceed load calon'atiims for theatre <lab ¥ 10.16
Live load = 4KN/m
Seemeiry Untsometercm
1 2 a 4 5
1 2 3 4
et} £ =i A ~ T " s Fria Al %
e A_l T A Tt i Ai LT A1 |
07 4.8 0.7 185 OF 24 0.7 448 0.7
— = : ——
56 2,65 26 5.15
_— ' : i
5 8 7 8
E g T
—t——y A == 'FF b s | Al | g
e ) A e A I § ""I  S—
0.7 21 07 24 0.7 4.55 0.7
| — - e
28 5.4 5.25
ir —
22, . :
Figure 4.14 theatre one-way solid slab spans
T00.
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Figare 4,15 dead load on the Bold Sk of 1he theatra
DH-I'.‘I load - Servico

U_nils:kﬂ:mdlr

DL ] laf [T 1] e, | e P T
W g L ]h' =g — E'F l I
55 2,55 22 515 1
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Figure 418 five load on the golid slab of the theatra
Liws load - Service Lpad fagtors: 4.20,1.2011.80.0 a0

|

_,—_,—_,.'—___

’_'_T__T_"__'_T_____P_'__'_I .
‘| | | o || ! P T I (I S o | )
| 28 = T a3 |
| |——————r——————F——————————. e
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Moment/Shear Emalupe{Fstran‘- Liryita b mater

Figura 4.17 e sment pn one-was solid elalc of the theatrs

= 40.2

I \ 30,8 .'\'-.. -353.9 -33.8 -334 318 A
f i : _22_1 . 0.4 _.JIEIT A ‘:1,1 B '-Ll'

1Bl 4.7 reeciions on on Tway song sa0

|| -
Factored
\ ‘r"r——————ﬂ-H-——H-f'—-—i-H————-——-ﬂ——'—H————P‘l‘l'——-— -+
DeadR 25468 £0.546 7.82 5028 in w4 14,87 58 27 224
| Liver 149 aga3 gors 3288 j226 2242 36.48 1411
|| Max R 38.0% 8.3 2B.6T f234 B1.2 37.29 94.75 35,52
minR 2344 781 13 5762 espd 1161 EE.58 21,89
|| Servica
De=dR 19.5% 50.8 6.8 413 an7a 123 43 At 1B.ET
\ LveR 912 2195 1247 2028 046 1401 228 B.EZ
‘hha’:R 2167 7476 10967  BLID gnos 2641 7436 27.48

L_h'-ln R 1933 5594 an 48.53 51 10.55 54, 1835

i —




1. Check for shear:
V. max = 49.6KN fm strip

1

V=g x1x V727 % 1000 x 193 x 107 = 157.6KN
@V, = 0,75 x 157.6 = 1182KN
1 1182

E*PVr =
The thickness is adequate.

2. Slab design for negative moment:
M,=492KN.m

49.2
M, = s S54.6KN.m

Assume bar diameter §14
d = 220 — 20 — 14/, = 193mm

5 M, 548X 10°
n= whd 1000 % 1937

_ ] 1 |1 2 % 1.466 % 20.6 — 0.00363
P=206 J 420 -
A4, = 0.00363 x 1000 X 193 = 699.8mm”
p = 0.00363 > Pmin = 00018 — okay

Use 5614/m —h14/200mm
A~ 76976998 —okay
The sicp is the smallest of:

1] 3h=3x220=660mm

= 1.466MPa

m=20.6

2) 450mm
3) s =380 (E:f-{f — 250, =380 (‘iizu) — 2.5 %20 =330mm
$ 3
i 260 280 d
< 300 (__-) =300 gl — 300mn — control
Is 3 w420

s =200 < §;pax = 300 = okay
o Check strain:
Ay 7697 %420
@ =0Bsfb  0.85x 24 X 1000

= 15.8mm




c=2/p = 158/, e = 18.6mm
yd—c 287 — 18.6
. ) = {!.{}[IE( . ) = {).028 > 0.005 — ohay

Es = 'D.Uﬂ'j(

184.6
» Design for positive moment:
M —42.TKN.m
12.7
M, = 09 = 47 AKN,m

Assurnc bar diameter ¢14
d = 220 — 20 — 14/, = 193mm

M, AT 4 % 108

= = =127M
Rn = Thd 1000 x 1932 LEIMES

m=2(.6

L}

) = 0,00313

2x 127 = 206
1—- |1- -
420

P= 706
A, = 0.00313 x 1000 X 193 = 604.9mm*
o= 000363 > pin = 0.0018 — okay
Use 6¢12/m -—¢12/160mm
A= 678626049 —akay
§—160<300 —okay

4.9 Design of footing (F1)

Tactored load Pu=S00 KN (I aad from column (BO-C* 7

Ypoil weight = 18 KN/me | s

Calumn dimentions =30%30 ¢cm v

Allowable soil pressure = 400 KN/m’ | \ -
el 30cm d |7

(4.11.2) Design of Footing Aren- C,| E — #

: 2 7

Allowable net soil pressure= 400-18%0,6-0.3%25=367.. \

Area (A) = Total Weight / Soil Pressurc L™ -
= 500 KN / 367 KN/n* ll | /

=115m L

Try1.10% 1.10 Area= 121’ l

1.10m O.4m

Select Toul Geometry 1.10 % 1.1G
Fiusiire o, [0 foiing Fi

For the design of the reinforced concrete member factored load

must beused




PES{NKN
= o 413.22KN
S R

e One-way shear (heam shear)

V, at distance d from the face of the support:

| a : 1.1 03
V= aub(5-3 - d) = 413:22 (-5~ )
let ¥, = @V ={i.?5>¢%:-:1 x 24 % 1100 x d
41322 x 1.1 (1.1 03 d) = 1

0is L2 2 6

—d = 0.1613m
Assume cover = 75mm, steel bars 020
h=0,162 H0.075+ 0.020-0.257m
\7se h=300mm >257 —okay
Then d=300-75-20=203mm

o ‘Two-way punching shear:
Let¥, = I} (@ = 0.75)

v, = 413.22(1.1 x 1.1 = (03 + d)(03 + d)) = 394.61KN

w1 xVZEx1100xd

300
5=ﬁ=1,bﬂ=z{u.z+D.21}5)+1{_u.3+u.2£15)=z.uzm
L (142) <05
3 S
1
E—ccmtmi
1 (nﬁd_k_z)_ 1 (WMEUE-!—E\J—[H{]B
12\B, / 12\ 2020 o

1 |
ST =5X 77 % 2020 % 205 % 107% = 676.22KN

Ve = 0.75 % 67622 = 50717KEN = W, = 204.61KN = okay
The thickness is adequate.
o Design for flexure in any direction:
Take steel bars of 20
b=l 1m  h=300mm ¢=205mm fe=24MPa [, = 420MPa

0.4
M, = 41322 % 1.1 x04X N = 36.36KN.m

. 16.36 % 10°
3.9 % 1100 x 2057

= (.874MPa




S ‘ 2x0874x 206

=S e )
P=5a5\ L J 420

4, = 0.00213 x 1100 x 205 = 480.315mm”
= 000118 x 1100 x 300 = 594mm?* — control

Hsrmi?t :
—take 6§12 with As= 678 6mm” =394mm-*—okay
1100 - 75 x2—6x 12

5

5 =

Step (s) is the smal lest:
1} 3h=3=300=500mm
2) 450mm — contro]
g=175.6mm=450mm — okay

The design of the other direction of the other direction of the footing is the same,

because we have square footing with square column.

4.10 Design of basement wall:
Weight of the backfill=1 SEN/m’,

Angle of internal friction = AN

f=24MPa, [,—420MPa

The wall spans vertically and will be considered as
fixed al the bottom end and propped at the top. A
span of L=4m, as shown in the figure. For these
data, the different lateral pressures on Im length of

the wall are as follows:
o (1—-51n¢1 . 1—-:sin35) _ 971
& l+ﬁim;ﬂ) B (1+ﬁin35 i
h,{due surcharge) = 5/15 = D278m

¢ Due active soil pressure
B, = Cawh = 0271 % 18x 4= 19.512KN/m*
H, = P,h/2 = 19512 % 4 /2 = 39.03KN

e Due surcharge:

P, = Cawh, = 0271 X 18 X 0.278 = 1.36KN/m?

i, = P.h = 136 X 4 = 5.44KN

H, s due to triangular loading, whereas H. is due 1o uniform loads.

= 175.6mm

= 0.00213

3&Tm

l 1

m 4

Bas=meni Wall

Fagure 420 favemoht i} elimeRr
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Using the computer progratis.
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Maximum positive bending moment within the span oceurs al the section of zero
shear.
Assume wall thickness h=300mm

14
d=300—-75 -5 = 218mm

Assuming ¢4 diameter of the bar
@ = 0.9 for flexure

M=36.2m
M, 36.2 % 10° |
Ry = hd ~ 09 % 1000 x 218 USeoh fa
m=20.6
1 | 2x0846% 206
P 1H\11_ L = 0.00205

A, = 0,00205 * 1000 x 218 = 448.6mm”
Agmiin = 0.0015 x 1000 x 300 = A50mm?

V24
AS,T.I‘I['TH ) e Iz_ﬂ b lﬂnﬂ w218 = 635?]‘1”12

1.4 .
< Agmin = 155 % 1000 % 218 = 727mm?® — control

Use ¢p14@200mm

Longitudinal reinforcement use minmum ralio
As=0.002=10007200~400mm"
Use ¢12@250mm in each side of the wall.




4.11 Design of stair (S1):
[-24MPa, [,~420MPa, live load=2KN/m*
Assume a rize of 175mm. and a run of 300mm

1. Structural system: [f no stringer beam
is, used one of the four possible y = —3
solutions shown in figure may '
adopted. When no immediate supports
are used, the flight of stairs will be
supported al the ends of the upper and
lower landing this structural system
will be adopted in this example.
Minimum slab thickness [or
deflection is for simply supported
one-way solid slab
B = 1/20 = 5.7/20 = 0.285m = 28.5¢m
In the case presented here, where the
slah ends are cast with the supporting
beams and additional negative
reinforcement provided, the minimum
thickness is assumed to be
B = /28 = 5.7/28 = 0.204m = 20.5cmn
Take hy=250mm
3. Loads: the applied live loads are
based on the plan arca (horizontal
projection). while the dead load 18 )
bascd on the sloped length to
transform the dead load into the
horizontal projection, the figure below
| explains how:

=

51

]

Figure 4.22 Stair Plan




& Flight Dead Load compulation:

rise TS
f = tan’ 1(—-—") = fan " ['37—“ = 30,26"

L

g KN/ LL

A75 mm 1
3 " . |
ot w KN fm .
7 !
o L
o= 3038
| Figure 4.23 flight deail tpad compuiation | wel=qLs
L i
70 cosd
i Lyaltey [henzlty 1 " —
al WK
Wateri YN/ Wym
175 + 035
Tiies a7 z-.-x{“_—_-i—] % BD3 R L= 1T
[E]
e
martar 22 21 % [”_-%E w002 % 1 = 0657
Lagir e 35 2 o {M:] = 2184
P 5 = = xi=2 A
Reirdarced Coborois = T w0251
. 5 e w 11230
walld sleh =% 10,267
A s X031 _ o
aier l ) _—————-# s O.7id
LTE"' Dead oad, KN/ 1230
= B e ) R =~ |
s Table 4.5 flight dead 1oad caleutations for stair s1
— —————— Toawe —
Cuality aty ¥r-nv
lal
Mgl KK/ II1’ -I.I'.-ullr "
..1'1'5 13 a3 B3 1= 0ES
rartar L IZxif2xl = DA
Reinforce Concrebe solid slsb 25 26 x iyl =515 |
Flastar L 23 o mad sl = 0ok
l Tozal Dead Load an
== e e s EEe ]
Table 4.9 landing dead load caleulations [nr stair sl |




Live load —IKN/m"
1.2x12.303+1.6%3=1 0 56KNmM

Total factored for flight=1 2D+1.6L7
Total factored for landing= | 2D+ 61=1.2x8.01+] 6x3=1442KN/m
19.56KN/mM 7 21KN/

- {__T__L_t__[-l ik = S

l
‘ / ;
R=37.22KN

.--‘”‘f“
&1_————— 35m — ——-+——{".';ﬂ'|- '—"'—I".;

e —

[ T 1L = __Fipure .24 loading on thestair 81

4, Check for shear strength: assume bar diameter ¢ 14 for main reinforcement
. 4

d=250—-20——7% 223mm

Assume beam width of 30cm
W, = s — 7.21(0.15 + 0.223) = 34 53KN

1 =
V. =075 % 7 % 1% V24 % 1000 X 223 ¥ 10-3 = 124.66KN

V= 11.53KN < 059V, = 62.33KN

_. the thickness is adequalc envugh
s Calculate the maximum hending moment and steel reinforcement:
o 1.5+ 3.5 3.5 35
M, = 3722 D'i-?-“ 231 %15 X (-——E'——) — 189,56 K-—i—?ﬁf-d—.—

= 72.54KN.m

Assume bar diameter ¢ 4 {or main reinforcement — d=223mm

- M, 7254%10° L G MP
n = obd 09X 1000x 198 €
m=2(.6
A 1 1 X 72 x 1.65 % 20.6 _ 0.0036
P =706 420 "
A, = 0.0036 x 1000 x 223 = §02.8mm®
Agmin = 00018 % 1000 x 250 = 450mm*

As = Asmin ~ okay

Use 6014/m —o14/1 S0mm
al3]




Step (s) is the smallest:
1) 3h=3x230-750mm
2} 450mm — control

3) 5 =380 (%) - 2.5€, = 380 (;*“' ) — 2.5 % 20 = 330mm

ij =l

280
= 300mmt — control

280
< 300 (-——) = 300
Js £ %420
s = 180 < Spq, = 300 = okay
6. Shrinkage and temperature reinforcement:

= 0.0018 x 1000 x 250 = 450mm?*

As{yh.irlmugﬁ & LEMpeTuluTe)
Use 3¢p14/'m —¢14/300mm
Step (s) 1s the smallest:
1} Sh=5%250=1250nun
2y 450mm — control
s=300mm < Sye—4+30mm —okay
If the slub will be cast monolithically with its supporting beams, additional
reinforcement must be provided at the top of the upper and lower landings.

7. Design of landing: Considering a 1-m length of the landing, the load on the
landing shown in the next figure. The middle will carry 4 full load, whereas
the two 1.5-m lengths on each side will carry hal the ultimate load.

1442 KN'm

s nxx R R
R=15+14KH T ‘!. 0Em .I. 15m R=15.14KN
IEmM
| Ficure 425 loads on landing on the stair 51 __l

M -1514(3"3 721:-:15:-:(1'5+D'5) 1442xﬂ'5xu'6

= 15.25KN. m/m
Assume bar diameter ¢14 for main reinforcement

14
d=230—20— 14—?-: 209mm




- M, 1825x10° o oom
n=obd 091000 2095 =
m=20.6
1 2 % (0.39 x 20.6
g= ﬁ_ﬁ- 1- — 420 = (1.00094
A =10 t}nugq % 1000 % 209 = 196 46mm?
A i = 0.0018 X 1000 X 250 = 450mm?
Az = As.mm okay

Use 3¢14/m —¢14/300mm

Step (s) is the smallest:
1) 3h=3x250=750mm
7} 450mm — control

Suac=200 —control

§=Suma —OKAY

4.12 Design of Short Column:
Column (C7) in the Ground Flaor ol the Medicel Colloge.

4.13.1 Load Calculation:

P =5000 KN,

¢P|1;Pu {!Erﬂﬁf for tied column).

letp=0.02

A =002 Ay

B Pre = GOB[0.85F (A — A) + Af,] = 065 x 0.85[0.85 x 24(A4, —0.024,) +
0.02 x 4204,]

9090.9% 10°=28.44,

Agreq —wuuz e,

"‘E ﬂ_ - 565 7T mim

Take a =600 mm LA, = 3600000 mar > Agre ok,

4.13.2 Check Slenderness Effect:

In bach direction:

B 34— 12X = ACI{10.12.2)
L ¢ Aciual Unsupported Length .
o
r Radius OF Gyeation = 0.3h = [~

K= 1.0, According to ACI 31808 {10.12.2) the cifective length factor (K) shall be permitted 1o
be taken as 1.0

10




1a=4-031=5.68 m.

%10
LS

r=03 x 0.6 =0.18

L0368
L < 34— 12% 1.0
204 <22 . short column in both directions.

4.13.3 Sclect the longitudinal hars:

b Proe =065 % 0.85[0.85% 24250000 — A.) +x 4204,]
Asran=3452.7 mim* ey $22 wath As=380.1 e
Use 16 $22 with A =b081.6 )’ > Ay reg ok

_ A5 _ 80816 _ o
P~ 28 zsoooa 0.0243
4.13.4 Design for ties:

Use ties 10 with spacing shall not exceed the smallest ol
- 48%d, =48 x 10 =480 mm,

- 16 % dy=16% 22 =352 mun, ConL
. The lesst din. Of the colunn = 600 mum,
Use d10 @300 mm.
- 71 e
2o :j_l_!ﬁ'ﬂi_ L']
| :-.P_"".ll'i e L2 |
= tl__-. L ] _!_.1 d
—‘Nl ”"ii I SRR e
e 5
1| jjl
)

r ; 5 ]
Fisure 426 section column |

4.13.5 Check for code requirements:

- clear spacing between longitudinal bars = m&_"n”‘;nﬂ’“'ﬁ = 73.6mm
73.6mm > 40mm
1.5 dh =35 mm. Ok
. Gross reinforcement ratio =0.0243, 6.0] =00243 <008 ok
_NO of bars = 16 = 4 hars for square columns,
_ Min ties diameter: 10 for $32 lungitudina] bars and smaller.
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5. BUILDING CODE REQUIREMENTS TOR STRUCTURAL. CONCRETE fAClK-
118M-02) AND COMMENTARY CODE (ACIL -318-02).

& Uniform Building Code (UBC-97)-




e

TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end | Both end
supporied | continuous mn‘tlnuousl Cantllever

Members not supporting or attached 10 parlllinns ar
other construction likely to be damaged by large

Member daﬂecﬂﬂns

Solid one-
way slabs | €120 (124 £/28
|

Beams or ‘

ribbed one-
way slabs gre | EN8S5 £ 121

£E/8

Notes
\Fa‘auns given shall be u;gddirenw for members with normalweight poncrete

Iden& w, = 2820 H and md@ 420 reinforcement. For other cond-
lions, the -.'a1ues shnﬂ rnndnfi&d a5 foliows:

a) For structura] tg!;hueigh‘l ennorete having unit densiy, we, in the range
1 £40-1020 kyym®, the values shall be mutliplied by (1.65 =0 Boaw,.) but nat

lees than 1.

b) For £, other than 420 MPa, the values shall be multptied by (0.4 + f, /7001

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

ONE-WAY SLABS UNLESS DEF LECTIONS ARE CALCU LATED)




TABLE 8.5/b) — MAXIMUM PERVISSIBLE COMPUTED DEFLECTIONS

Tupe o marber I Dsflecstion fo b cansrkazd
Fal roots ot siperiing o gifachsd 1 pie imrediate defection duste lhe load L .
sgiricqural clemwenls fsly 10 96 Gamased by | L%
lerge defectiorg
Pl e £opparting o alched 10 nongTLe- Immediale deflection dug- 1o T o L
bl elemeits By b be camaged by laigs 1850
defieelens
Rl ot Tl COPENLCHON Spparng 1 That part of e falsl deflcclion sceuming ali=
gt o onetuciral elereris Bkaly b attatmeit o horATLC0:E! aements (A o 450
dareed by fuos deflecting B E:mm ﬁmmwm:;m
Rl e Yo corabuchion SUpperirg ol & immedine deflection us n eny
O ars ek sty | PO G oy s
g draped by fargo defieclors |

~ o o e Ty g g o, Forarg 193 ba checiad by il caks 7 et K Wil Setectom ts B perdad
water, il coneidating - o of f susained kact e, oo der iemacar ] bl of provistand B ARG

*Len Wmﬂﬂhmﬂ:ﬂhmﬁmﬂﬂzfHEAE.Mmum:I:qmmfxﬂswglumg:-_:c:whdmlbr-
e o noreEuctu skmerts T wnogct i e et o bials o mrenta angiaceeny ' TR b iTa-delecin T TR o mamoets
i I Thoa beingg sonieideesl,

iy b i g 94079 e K ST =gk B D4pperid o M shar,

l._ni.-hil;h_ mmmmmur-:--amjrdwmhwmbemwdimhrmﬂsdaﬂ-dlbm-:*a:mﬁ*mm
GEs T

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS)
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