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Abstract 

The Structural Design for Extension of A"- Building 
In Palestine Polytechnic University 

Al Hariyya Valley Branch 

Project Team 
Baba'. A. Atawneh Laith. R. Masha'I 

Palestine Polytechnic University 

Supervisor 
Dr. Maher Amro 

The aim of this project is to perform the structural design for all 
structural elements such as ribs, beams, columns, and foundations and all 
other structural elements. 

This project has been selected because of the necessity for such project 
In Palestine Polytechnic University, it was designed with a capacity that 
will cover the shortage in capacity for the pre-built building in Al Hariyya 
Valley branch. 

This project consists of six floors with an approximate area for each floor 
equals 850 m2

, where each floor has many functions that differs from one 
to another in -its goal such as lecture halls, teacher offices, sitting areas 
....etc., that are distributed in an appropriate architectural distribution. 

For structural design of this project, Jordanian Construction Code was 
used for determining live loads, UBC-97 was used for seismic loads 
determination, where ACI-05 code was used for structural analysis and 
design for all structural elements, and some of computer software will be 
used, such as Autocad2006, Staad-Pro, Atir, and Office2007 .... etc. 

The structural design for structural elements in this building was done by 
the end of the project. 
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List of Abbreviations 

• Ac = area of concrete section resisting shear transfer. 
• As = area of nonprestressed tension reinforcement. 

• Ag = gross area of section. 

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

• At = area of one leg of a closed stirrup resisting tension within a (S). 
• b = width of compression face of member. 

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

• DL = dead loads. 
• d = distance from extreme compression fiber to cancroids of tension 

reinforcement. 

• Ee = modulus of elasticity of concrete. 

• Fy = specified yield strength of non-prestressed reinforcement. 

• h = overall thickness of member. 

• I = moment of inertia of section resisting externally applied factored loads. 

• Lo = 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. 

• LL = live loads. 
• Ld = development length. 

• M = bending moment. 

• Mu = factored moment at section. 

• Mn = nominal moment. 

• Po = nominal axial load. 

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

• V c = nominal shear strength provided by concrete. 

• Vo= nominal shear stress. 
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• Vu= factored shear force at section. 

• We= weight of concrete. (Kg/m3). 

• Wu= factored load per unit area. 

• <I>= strength reduction factor. 
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.:i..,.....;r._,.JI ~U:,..i'Jl\ ~u u.a .i.!_,s L. _, ~}:JI ~U:J\ ~ ~I ~Li.\ J ~~,~~I ~1_,.bll 

~L..bc.'J .d..l_,b... ~Li.\ c,i .., L.S ,U:i~ ~4 ~ ~i t- ~1_,14 t.....:i~ w..,.) ~i '-i.il1 .., "-:!9 

~ o~ ~ i.l...+.!9 ~' ~j ~' 0.a 4:i} .. ,,..J1 JjS!I r4-=.Y ~ <!.J.l'.i_, ~1_,11 ~ JiW 
. . 
IJ--:- ~lb~~ '-§.ill_, 0:!:!,i+JI ~ ~1)1 ~4 ~I_, ~l_,11, •• c'iic ~j 'l/y,..c_, u1Y2YI 
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~ 4.Jt.-... lhi.J ~i .J L.S ~I~~ t....... ~Wll u.a b_,.i 1.Albci.J ~I.J ~.Jt.-... ~.J 

. Rell) sa i Rs.als llas 

wb:iill .J 4.4JJ.l j...b).S ~I.,..,~\ J;S.ll ~ ~J 4.9l....a )'4 ~I u.a ~\ .J t _,.i u.a ~\ _,ll ufo 

~ ~ ~1_,ll o.lA i.p9 ~\ ui o.fi.'.l ..>.!.i;,.11 u.a.J .~1_,.6.11 ~ ~Llu.J wylWll _Jl.fo uc- ~ 

.4:!iytll.J ~__;;JI ~1_,ll i.p9 ~ .JA ~ u,&.11 ' 'sh 

.(-83l) 393+e es!l :(2-4)J<.±2J 

- 19 - 



is » 3-y/ 3es±el Rel yll Retta Agel) sass ·Ciel er -el" 3) cg 3 S sgell 

.4051l yes z583 52all JSl 4tssY i#YI z 3±ll 

□□

DD 

□□

□□□□□□ □ □ Efl 
□□□□□□ □ □ 0 
□□□□□□ □ □ □
□□□□□□ □ □ ffi1 

oa□o□o □ □ E1 II 

.~Wll ~1_,ll :(2-5)~1 

e051ll yes 2s' @i al Es ,±5ls ·@sals Sy l re !5 3c-'9 keel;ll sis s 

oW.l.>4 ~ ~1_,ll Y:[J_jj ~i ~ ~ 4.4..::JI., ub:iill Y:[J_jj ~ ~ i.s.ft,'11 u~l_,ll ~ 
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- 11"" {7 : ~~ ' . . '. [ . . I l ~ , · ' t , · t 
\ • • • • r • • , • r l ....------, 

; • l 

p-=f7 
L;_LJ 

.461 44s/3¥ :(2=6)J<.±J 

c __ 
I cJ I u 

i !11111! II II !Iii EH=~ 11 ii 
..---,_..-- ~ -: 

·»» &4sl3 :(2-7)J<.± 

21 



:ts~\ (2-7) 

J>-YI ~ ~.lb.YI J.l4:il ~I~~ ~1_,bll ~ ~ w~_, ~ ~l.lll wb.UI t..J 

c el ci is5Tellis Ss 5/:a 4Ls sls @lll Jal ca3e ,# '!3e +/a51N 3 res? U 
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.t.JL (3-1) 

-~~~, (J e • ail\ uJA (3-2) 

·ail) pail) Jslya (3-3) 

.J~~, (3-4) 

.4lal) cal3li681 (3-5) 

.~ tl_,s.J\ ~~~\ ~l.ia,l\ (3-6) 

.t. ,; i ·:: ,l\ ~\,>.J\ (3- 7) 



:~Ji.Ji (3-1) 

L....ilJ-lll Lb..)-G ~j Jli,iYI c.)o ~y ,~\:ill ~I ~ ~ 1.#Jl-..JI u.-a_,ll c.)o r-~YI ~ 

'\ 6y\,c .2a10 ale! 389 &9- 9340 <is,ll ) des he! » ls ,gall Ast.gyI 

.4..uLli.iYI u.JI 4.il.S.l _•,"\I -11 ~ . Y- ,- 

~ ,(Serviceability) rl~YI or-US u~.J ,(Economical)~.:il..o:i9--YI 4.ilS.'il l.; ,(Safety)uloYI 

o_»i.JI (Cracks) i.:--11ii ~;11.J ( Deflection).:ij\jll .b~I ~ ~ c.)o ~~I~ .:i.;~ 

d sYlA 45l3!A Allis!A 43ti» 33 s3 2'e YI cslltl, A,ll 5is5 5_Si ,-5855 

~ Loi , '.:iii11J ~I .l1c. J~YI ~ ~_:,:i ~.J Lll..JI ~ cfaaJ..:i; .l9 ~\ AjJ\.b.ll wlji_j.JI_; 
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~l_p\r~ ~ ui .b~ ~I 4.;,Bio tbti.o_, "'-½II .:ii_,... J;i.;b UC- ..1;J..,., ~-WS:il l <) .:i~~I 

.~_, J,.,.Si ~ ~Ll.i")'I 

l s,,is991 355ll ,,1s5.aly c5 Rt.y! yalial gls 5 $30 5sll3 A54l las'Yl gas5 Alas 

fJO • a,~ (ACI-05) ~.;,o\rl .:ifill r'~,.,, (U.B.C) r'~' r:i .lis JJ'jjl\ Jbi ~~ <) 
.~l...i _fa.ll ~I.WI 

:J-es y) (3-4) 
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:444l l Jlaes8l (3-4-1) 

» -9Y1 A stall s As5ills 53l3 3Jill eye » 455 9955 5ll A.9lsll asYI ,83 

is ca dsy3 ,1till ls 5$3/ Alsll s ill 9l Al±ll JLyT 1gr skgsls c Alis» Cle Jryts 

I No. Material 
· - · : Specific Weight 

.. :.,: . .. -~,ll)J _, 
... ·•;, 

,,', ,• ',J 

1. Tile 23 

2 Sand 17 

3 Reinforced Concrete 25 

4 Hollow Block IO 

5 Plaster 22 

6 Mortar 22 

:46l) JLas') (3-4-2) 

Jl-=.,i ~ ~YI O~.J ,c,si+JI y,t:, ~ A-9_,.J\.J jl.li.JI ~ • ·- -:I\ .11 . l,1. ~ - U"' ._»u.i c..r u~:i ~ .J 

~ ~ ~ YI o.l.\ ~ .l...'.w .J H~l.a..JI .J ,o JP.. YI .J ,i!J1jj\ .J '<>°~"YI UC- ~-WI ~\~ 'ii 
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l 3al5al As J-a9I :(3-2)Use 

NO. Type of Area 
Live Loads .•. ',,'. . .;.••, 

"A 

<N/mn) .- .. ,•, ,• ... . · .. . - 
:·,· 

1 Lecture halls 5 

2 .. Roof (including snow loads) 2 

3 Cafeteria 5 

4 Stairs 5 

5 Corridors 4 

6 Laboratories 3 

7 Ateliers 5 

8 Offices 2 

9 Work Shops 5 

10 Elevator 10 
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).l..-.i.JI ~, ia I-;;,-; ~.J ,~Jill Jbi.J ~}ii d_wl Jbi.J c'-:!)1.J ~.}ill ~ J..,...tj.J 

: ~ W: ~ ji .J 4.p.ll Jb YI ().o "_►. Jfw .J ,r.S .fa Y ~ ().o ol;....i~I .J 

·c\) Jsl (3-4-3-1) 

V,=V.S,.$, $, 

V=35m/s 

S1=1.1 

S2=0.99 

S3=1.05 

=>Vz= 35xl.lx0.99xl.05 = 36.38m/s 

q = 0.613 (V,) 

q = 0.613 (36.38)° = 811.31N /m? 

P = C genara/ X q 
p= C,.4 
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Ce=- 0.25 

Ci= - 1.0 

p = -0.25x811.31=-202.83N/m2 

p = (- 025 +1)x 811.31 = 608.SN I m2 

22.54KN/m,--- 
\ :i 3 

} 

15.08KN», RESULTANT 

l 
! I I 

I 

' ' 

g•0.B9KN/m 
' RESULTANT gz.26KN/m. 

! 

WEST SOUTH 
ELEV AT/ON ELEV AT/ON 

·cl:i)I J_....J :(3-l)JS,:JI 

:gill Jasl (3-4-3-2) 
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0 250>h 

(h-250) /1000 500 > h > 250 

(h-400) I 400 1500 > h > 500 

(h- 812.5)/ 250 2500 > h > 1500 

s' wsl3-lch+e al ziiy)! 31si as±s 5y'all z 9lll las! Use gl] llri.al 

:29'\S <3l Jes] cat.aa ,5 ea\Bl} all ts3 (,900) 

SL = (h-400) / 400 
SL = (900 - 400) / 400 = 1.25 KN/m2 

·0X Jasf (3-4-3-3) 

.Jljljll l!J .l:I. ~ ~I I · ~I · t1li:ill ll:i,\~ w:i.l:I. . 11. • J ·~jll : .. I\ 4-.a ti.a .J • ~ J ~ U"' ~ 'P' . .J u~ ~ J ~ .J 
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.~I wl...iU ~ A...a j)UI (Bearing Capacity ) ~Jill ~ 

:c»lial) (3-6-1) 

·&3! 2± &2\6l/ cs#sill zJ3 

.(One way ribbed slab) .l::..l_,11 o4w"'\'1 wl.'.l ~I <.::ii.lie • 1 

.(Two way ribbed slab) (.J:!i\4w"'\'1 wl.'.l ~I wl.lic .2 

.(One way solid slab) .l::..l_,11 o4w"'\'I wl.'.l ~I wl.li.JI .3 

.(Two way solid slab) (.J:!i\4w"'\'I wl.'.l ~I wl.li.JI .4 
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(One way ribbed slab) ~1_,ll o\+i')'I ~\j ~\ ~,~ (3-6-1-1) 

4 y_,.bll u.o ~ u.o ufi:i:i.J .u4ll 01\ c} ul.fu.11 ~ c} ~~I J_;b.11 ~ tS~J 

.(3-1) JS i cs 38 S as!3 sla5le @:laill Cy5Sy3 ·y-al 

(Two way ribbed slabs)~~')'\ ~\j ~\ ~,~ (3-6-1-2) 

c} J,.:JI 6!j..,S ~., LJ:"\..;,.:i4 ~I ufi ~ u.o ~ 4-.iSl_, wl.ifi.JI ~ u.o ¼UI ~ 

la yfy9 4Cy8le5l i cuas9 Cy#sh /S/ 51s% isl 4555 las ai ge!y9 ,labs©yl e 

·t_,_;.t.J\ 11\ c} L,~, JS11 t_,.ill 
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(One way solid slab) ±sll) als?)') chi @5%al) cs)sial) (3-6-1-3) 
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.aslll s\»591 c»ls A£..al s±£,ll :(3-4)J<.l 

(Two way solid slab)~~~\ ~\j 4•e,ool\ ~IJ.ia.1 1 (3-6-1-4) 

o.l......iJ I ob• .,.'j ~Lll ).w.c.11 c.).c fa.i C:::.J.lll ~ c)c. oJi:,.JI JkYI uj\£ Jh ~ r~ 

~y ~~ .J wl.lia.11 c.).c t.,ill 11\ ~ ~j ~~\ ~ ~~ .l.ic. .J ,4:i-c.Jli.c ~1_,ll ol+i""il ul~ .a,., ocll 

-~~\ ~ y ~)\ ~~_,ill tJ.J:! ~ ~ ~ JkYI .d...i-.,li.c ~ 
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:~\_;.rJI (3-6-2) 

~ u_,_,..,_, ,~l y,c, c)-'91...!ill j ~i)l Jli:i,i'JI ~ c"::IJ-li ~ ~Jl-.JI dbb.; ell 

. ~Ll.ij <':: I J}il c:,.o 0:P- y ~ 

---1R 6; cfi :2 still » chill ,a5 bS ,A5 ls)l :yffy h) gf± 5 

-~'J_,ill ~jji ~ t} 4..i..o\,.;,. ,~ ~ ~ J.o~I Ai uS}_, 'J~I 

·c"::J.lll :(3-6)~1 

sY1 J3 se'ii /443 53eyl lJ cstaeyl » JleYl Jiy 4,65 A6] y»alic 28 3 

. --11 ,_ ~, J\ :_ll 4.... \iJ .tiisYI .l.l.l:JI -~ -.l...-:l 
~ <.s-' t:Y (".r' -' ~ ~ <.J • • C..--;:-::.I UfoJ 't_,_µ\ t} "J~ J~-' 
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:o~'il (3-6-4) 

.J~I c.s--1I o.lla.1I u.a Jb YI ~ ~J H:.il...il...i YI ~J ~I Jbi Jsj <.) ~ )I y.o.lJI ~ 

• isl,Fu®u bi! 3ais 5el6 c cal.ala] l 53eYI gl 334 33ell glip , 

tl_,_j ~j ~~ L..i ,4=k- Wl..,ll Jb\11 tj.J_fi_, Jsj ~ o.)Jli (j_,s:;.I c.J4~! 16 •.:·· ai ~ ~ii 

.¼_,bl! o.l.4c.YI_, o~I 0.1.=YI :LJ:!C-_J,i ~ ~ 0.1.=YI 

s- 3 seSl 3sll 3sll s Jhsial gs» yse I\Sal s±e YI g-A\EJ 

. 4-;_;IJ.II _, A l.: bi ., • JI L..i\ 0.1.= y I u.a LJ:!C' _,.i ~ (,i .fo..:. 
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:(,)4il \ ul,;~ (3-6-5) 

J._.ijj., ,~I wl...il...ai (.J-0 i~ ~I ,.lcl....:..JI ulJ.l.;,,,.J '[J-lll W;H c.,IJ~ ~I c.,IJ.l.;,,, ~ 

JJ~J-J1 ~Y .d::,fi Lt.w, ~ cfoA ..ll ~, ~'-11 c,.)4Al1 i.s~ ~.,ti.. ~J ~L..:aJ ~_;11 0,J.,YI 

c.,-. .d al;.; Q uSLai c} C.,IJ.l.;,,,11 01' ~ ~L..:aj ~ ..ll_J 'CJ:!.l.cl...:i... ~~, c} lA...>9ji c.r-1.).1.J 'cl:!)1_, 

·d3» l estetas Cle 'li; Cl 

- 36 - 



""~;/I~~ 140.:o•ol J ;/j ,Ll..i.JI ""~ .lic. t.Al.:•ri: i~ Lo J_,i ~ wl..a\...}j\ c,i <.).o rc,)4 

ulJ~I.J o~\'I <.).o Jb\'I ~ wl..al..a\tl f'_,;:; ~ ,~\ ~ ~Llu)'I _y..o\.Wl 4J\S ~ <.).o 

.¼yt wl..al..ai _,i 4 .J.l J... .Ji ~ wl..aU ufi:i .is .J .~jill ~J :U...6..11 

< 6lyll Je'I3 alas5 553 A3$ z5 LG5 alls Ass% gs » ttal ,4assl ,49 cs,» , 

-u.al..ai ~ ~ 
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. .l_fo u,,L...i :(3-10)~1 

c..fa}il ~ y..,..._..ila ~ t_,_;.:WI u.o ~Y:" ~.J:! ..uµ ,c..fa}:/1 ~ y~ ~'j i_;1:u 

Us y AS5yF ,call de 3 sgliio 3las pl1sfal gs Si] ls) A±,ll 5bl i 95>3° 3A3 

·,S2 3-9l 3,<ll ass2 ,l 9lac l t5is cl-ai» 

.AutoCAD (2006) for Structural and Architectural Drawings .1 

-Microsoft Office (2007) For Text Edition .2 

-Atir Software for Structural Calculations .3 
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.STAAD.Pro Software for Structural Calculations .4 

Prokon Software (2005) for Structural Calculations .5 
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Chapter Four 

Design and Structural Analysis for Elements 

(4.1) Introduction 

( 4.2) Slabs thickness calculation 

(4.3) Design of slabs 

( 4.4) Design of one way rib 

( 4.5) Design of two way rib 

( 4.6) Design of beam 

( 4. 7) Design of Tied Column 

( 4.8) Design of Circular Column 

(4.9) Design of Basement Wall 

(4.10) Design of Isolated Foundation 

(4.11) Design of Strip Foundation 

(4.12) Design of Combined Foundation 
( 4.13) Design of Mat Foundation 
( 4.12) Design of Stairs 

(4.12) Design of Shear Wall 



Chapter Four 

Design and Structural Analysis for Elements 

(4.1) Introduction: 

Reinforced concrete, also called ferroconcrete in some countries, is concrete in 

which reinforcement bars or fibers have been incorporated to strengthen a material 

that would otherwise be brittle. 

Concrete is reinforced to give it extra tensile strength; without reinforcement, 

many concrete buildings would not have been possible. 

Reinforced concrete can encompass many types of structures and components, 

including slabs, walls, beams, columns, foundations, frames and more. 

Much of the focus on reinforcing concrete is placed on floor systems. Designing 

and implementing the most efficient floor system is key to creating optimal building 

structures. Small changes in the design of a floor system can have significant impact 

on material costs, construction schedule, ultimate strength, operating costs, 

occupancy levels and end use of a building. 

If a material with high strength in tension, such as steel, is placed in concrete, 

then the composite material, reinforced concrete, resists compression but also 

bending, and other direct tensile actions. A reinforced concrete section where the 

concrete resists the compression and steel resists the tension can be made into almost 
any shape and size for the construction industry. 

In this chapter we will describe the structural analysis and design of all structural 
elements such as: slabs, ribs, beams, columns, footing, etc. 
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The design and construction of reinforced concrete building is controlled by the 

building code requirements for structural concrete (ACI 318-05) of the American 

Concrete Institute. 

NOTE: 

Fe= 30 MPa for circular section but for rectangular (Fc'=24 MPa) 

(4.2) Slabs thickness calculation: 

(4.2.1) Thickness of one-way slab: 

Minh for one-end continuous= L/18.5 

= 625/18.5 = 33.78 cm 

Min h for both-end continuous = L/21 

= 711/21 = 33.85 cm 

We selected h = 35cm. 

(4.2.2) thickness of two-way slab: 

orfos .] 
Minh= 1500 

36+5P(am -0.2) ;0.2 <°» <2 
And h must not less than 12cm (ACI- 9.5.3.3) 

or[os. ,] 
Minh 1500 

36+ 9B ·2<°» ' 
And h must not less than 9cm ..... (ACI- 9,5.3.3) 

Assume minimum thickness of two-way ribbed slab is 35cm. 
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• For Beam (9): 

LA.Y y 
LA 

y (0.3)(0.65)(0.325) 
(0.3)(0.65) 

Y = 0.325m= 32.5cm 

> » I, 
3 

2 x (0.3(0.325) I, 
3 

lb =0.0069m4 

• For Beam (6): 

- LA.Y y 
S. 

y (2)(0.2)(0.35)(0.175) + (0.4)(0.65)(0.325) 
(2)(0.2)(0.35) + (0.4)(0.65) 

- 
Y = 0.27m= 27cm 

>» I, 
3 

l _ (0.8)(0.27)
3 (0.4)(0.38)3 (2)(0.2)(0.08)3 

b---'-~+---+----..:._ 
3 3 3 

lb =0.0I3m4 

• For Beam (10): 

- LAY y 34 
y (2)(0.15)(0.35)(0.175) +(0.5)(0.65)(0.325) 

(2)(0.15)(0.35) +(0.5)(0.65) 

Y = 0.293m= 29.3cm 
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ID 
D 

Fig. (4.1): Beam (9) 

20 eo 2C 
, .. - 3() 

Fig. (4.2): Beam(6) 

1:-- ,J 
30 

Fig. (4.3): Beam(l0) 



3 

(0.8)(0.293)3 + (0.5)(0.357)3 + (2)(0.15)(0.057)3 
J 3 3 3 

lb =0.014m4 

• For Beam (5): 

= 2# y 
SA 

y (0.3)(0.85)(0.425) 
(0.3)(0.85) 

Y = 0.425m = 42.5cm 

3 

2 X (0.3)(0.425)3 I, 
3 

lb =0.015m4 

• For the Slab: 

I,= 9.15x10'm 
9.15x10 

Is = ---x 5.13 = 8.534 x10°m 
0.55 
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Ln' oo' 
! 

z 30 )' 

Fig. (4.4): Beam (5) 

+.2r 
3« 

y (2)(0.2)(0.08)(0.04) + (0.15)(0.35)(0.175) 
(2)(0.2)(0.08) + (0.15)(0.35) 

Y =0.125m = 12.4cm 
I (0.55)(0.124)

3 
(0.55-0.I5X0.044)3 (0.15)(0.226)3 

s 3 +---.:...>.-_t_ 
3 3 

T ge 
I ~ co I ) 

_,,.. 
! ; 
coy ~I I I 

I ! I 
- ~ .... ...... 

-- 20 . 15 ! 20 
55 

Fig. (4.5): Rib 



a = lb = 0.0069 - 0.805 
1 I 8.534 x10° s 

- lb - 0.013 -1,52 7ss3410° s 

0.014 = l 64 
3 • 8.534 x10 

a = lb = 0.015 = 1.76 4 I 8.534x10° s 

a a1 +a2 +a3 +a4 _ 0.805+1.52+1.64+1.76 1.43 4 = 4 

am <2=31.43 <2 

Ln «os .4,y 
⇒Minh= 1500 

36 +5(, -0.2) 

/J= La = 8.7 = 1.079 
L, 8.06 

sr-fas.®9] 
1500 h,, = --~--,------=0.217m=21.7cm 

36 + 5x1.079(1.43-0.2) 

Use an overall depth of 35 cm (27 cm block). ⇒ This is OK. 
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( 4.3) Design of slabs: 

(4.3.1) Calculation of dead load and live load for one way rib slab: 

Tiles 

01s 04a 0IS 

Fig. (4.6): Section in one-way ribbed slab. 

1. Tiles = (0.55) (0.03) (23) = 0.38 kN/unit 

2. Mortar = (0.55) (0.05) (22) = 0.605 kN/unit 

3. Sand = (0.55) (0.10) (17) = 0.935 kN/unit 

4. Topping = (0.55) (0.08) (25) = 1.1 kN/unit 

5. Block = (0.4) (0.27) (10) = 1.08 kN/unit 
6. Rib = (0.15) (0.27) (25) =1.01 kN/unit 

7. Plaster =(0.55) (0.03) (22) = 0.363 kN/unit 

Total dead load for one way rib= 5.47 kN/unit. 

Total live load for one way rib = 5 0.55 = 2.75 kN/unit. 
Total dead load for one way rib =5.47 / 0.55= 9.95 kN/m2. 

Total live load for one way rib= 5 kN/m2. 

Factor load From ACI code the equation tell that: 

DL =1.2 (5.47) = 6.56 KN/unit rib. 

LL= 1.6 (2.75) = 4.4 KN/ unit rib. 

qu = 1.2 DL + 1.6 LL= 6.56 + 4.4 =10.96 KN/ unit rib 
qu = 1.2 DL + 1.6 LL. 
qu=1.2 (9.95)+ 1.6 (5) = 19.94 KN/m? 
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(4.3.2) Calculation of dead load and live load for two way rib Slab: 

R.C 'Topping 

I follow Block 
.C Rib» 

Laster 

0us 04o 0IS 

ass 

Fig. (4.7): Section in two-way ribbed slab. 

1. Tiles = (0.55) (0.55) (0.03) (23) = 0.208 kN/unit 

2. Mortar = (0.55) (0.55) (0.05) (22) = 0.332 kN/unit 
3. Sand = (0.55) (0.55) (0.10) (17) = 0.514 kN/unit 

4. Topping = (0.55) (0.55) (0.08) (25) = 0.605 kN/unit 

5. Block = (0.4) (0.4) (0.27) (10) = 0.432 kN/unit 

6. Rib = (0.15)(1.1) (0.27) (25) = 1.113 KN/unit 

7. Plaster = (0.52) (0.52) (0.03) (22) = 0.2 kN/unit 

Total dead load for two way rib= 3.40 KN/unit. 

Total live load for two way rib = 5 x 0.552 =1.51 KN/unit 
Total dead load for two way rib = 11.24 KN/m2. 

Total live load for two way rib= 5 KN/m2. 

Factor load From ACI code the equation tell that: 

DL =1.2 (3.4) = 4.08 kN/unit rib. 

LL= 1.6 (1.51)= 2.42 kN/unit rib. 

From ACI code 

qu = 1.2 DL + 1.6 LL. 
qu =4.08 + 2.42= 6.5 KN/m. 

qu = 1.2 (11.24) + 1.6 (5) = 21.49 KN/ m? 
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(4.3.3) Design of topping for one way ribbed slabs : 

Dead load of rib= b x h x D 

=0.15 x 0.27 X 25 
= 1.01 KN/m 

DL = (Total dead load of rib)-( dead load of one rib) 
5.47 1.01 

= ( 0.55 0.55 )= 8.11 kN/m2 

LL= 5 kN/m2 

4% = 1.2 (DL) + 1.6 (LL) 
= 1.2 (8.11) + 1.6 (5) 
= 17.73 KN/m? 

D> For a one meter strip q" = 17. 73 KN/ m 

(4.3.4) Calculate of ultimate moment (one-way): 

Assume slab fixed at supported points (ribs): 

M. gx 
» 12 

17.73 x (0.4)2 = 0.24KN.m 
12 

From the ACI code: 

Mn= f.,x s 

S b xh? 100 X (8)2 3 
= -- = --- = 1066.67cm 

6 6 

t.-osa,[j 
f,= 0,4224 = 2.06MPa 

Mn =0.55x F, x S 

Mn = 0.55x 2.036x1066.67x10 = l.21KN.m > 0.23 

So the topping is plain concrete. 
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shrink age and temperature reinforcement is required according to ACI(3 l 8)-05 

code: 

According to ACI-code (7.12.2.1): 

When fy < 420 ~ P = 0.0018 

4s,,, 0.0018xb xh 

Asmin = 0.0018 x 100 x 8 = I.44cm2 

Select 1 <1>8 /20 cm (5 <I>8/lm} As provided= 2.00 cm2
/lm in both directions. 

( 4.4) Design of one way rib (#8) at Ground Floor: 

Fi · 4.8 : the selected rib. 

I CTti ~ 1 
~ 

C 
. T] l 

4--t L,J J .o l:..µ 
30 }.a0} 

0.4¢ 
4..0! {0.so} 

}} 
4.78 j.} 

7.1 
5.A7 6.a0}} 

TA r.-.sa 0.15 
.2 t 

Fig. (4.9): Selected rib spans. 

- 48 - 



4.10 : Moment Dia am of Rib. 

Fig. (4.11): Shear Diagram of Rib. 

(4.4.1) Design of positive moment for span#l for the selected rib at the ground 
floor: 

In this rib the max. Clear Space of span =6.3m. 

Effective flange width ( ) according to ACI-code (8.10.2): 

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

b, = Le / 4 = 6.3 / 4 = 157.5 cm 

b, = 12+ 16 t=12+ 16(8)= 140 cm 

b, =C/ C spacing = 55 cm controls 

Use Mu max. Positive for all spans= 44.7 KN.m 
Mn= 44. 7 / 0.9 = 49.67 KN.m 

(Jlaf hi&is'h asalg 
·'¥, Palest}ue Polytechnic Univorsity 
} (PPuy_ 
~ .. The Library ~, - 
.s.A.3±oz 
................................ ~,~) 
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Detennine whether the rib wil l act as rectangular or T -section: 

Assume a = t = 8cm 

C=0.85 f' xaxb, 

C= 0.85 (24) (8) (55) = 897.6 KN 

d = h- cover- q/2 = 35 -2-2/2 = 32 cm 

Mn= Tor C (d- 0.5 a)= 897.6 (32- 0.5 (8)) =251.3 KN.m 
Mn available =251.3KN.m > Mn required =49.67KN.m 

Then design as a rectangular with »= 55 cm 

m = fy = _4_0_0 _ = 19.6 
0.85x fc' 0.85 X 24 

Mn 49.67x10° 
5aF sso(@2by? =9.88MPa 

I ✓ 2mRn p=-(l- 'l- ) 
m fy 

p = _1_(1- l 2@9.69@.053), 
19.6 400 '=0.00225 

As=pxbxd 

As= 0. 00225 x 55 x 32) = 3. 96cm 2 

As, -o2s'(a)> '' ooa) (jy) - fy Ad ····················(ACJ -10.5.1) 

s,-02s,sys)» !#asr) 
400 400 

AS. = 1 47 <1 68 th I mm • • • • •• • •· • •· • •• e arger control 

4s, =1.68cm 

As > A.smm ok 

So select 2<f> 16 

As provided =4.02 cm?. 
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ACI check for reinforcement: 

T=C 

Asx fy =0.85x f,x bx a 
4.02 X 100 X 400 = 0.85 X 24 X 550 X a 
a= 14.33mm 

C-? _14.33_ 16.86mm 
B, 0.85 
€, 0.003 

320-16.86 16.86 
⇒ es = 0.054 > 0.005 

And not less than O. 004 

Ok .... Singly reinforcement is required. 

( 4.4.2) Design of negative moment for support #2 for the selected rib at the 

ground floor: 

Maximum negative moment is Mu = 47.3 kN.m 

Mn= 47.3/ 0.9 = 52.55 KN.m 

d = h-c-ct>/2 

=35- 2- 2/2 
= 32 cm 

m = fy = _4_00_ = 19.6 
0.85 x f 0.85 X 24 

R = Mn 
n bxd2 

52.55 x 10° 
3.42N /mm 

150 x (320)° 

I ✓ 2mRn p=-(1- 1- ) 
m fy 

=.' a-y. 2@9.696.42), 
19.6 400 =0.0094 

As= (0.0094) (15) (32) =4.52 cm2 
According to ACI-code (10.5.1): 
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Section for Rib where 
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As,, 03s,'?8,6s62)> "-is6a) 
mo (400) 400 

As. = 1.47 < 1.68 the larger controls 
nun 

As . =1.68cm nun 

As> Asmm••· ok 

Select 2 <I> 18 
2 As needed= 4.52 cm 

As provided = 5. 09 cm2• 

ACI check for reinforcement: 

T=C 

Asxfy =0.85 /'c xbxa 
5.09 X 100 X 400 = 0.85 X 24 X 550 X a 
a= 18.15mm 

c=®_18.15_21,35mo 
9, 0.85 

0.003 
320- 21.35 21.35 
=> &,= 0.042 > 0.005 

And not less than 0.004 

Ok .... Singly reinforcement is required. 

(4.4.3) Design of shear for the selected Rib at ground floor: 

ACI- 318 - Categories for shear design: 

Vu critical= 43.6 KN 

Use <1>10 with two legs 

Av = 2x3.14 x10°/4 =1.57 cm2 

1. Vu<±povc 
2 
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!av%-!a.'s, «a 
2 2 6 

1 1 ✓24 O =-pVc=--x0.75 x--x 150x32 
2 2 6 

= 14.7KN 

Length of the region: 

1 
4/, 14.7 

X2 = ''=l.59m 
qu 10.96 

1 Vu> -<I> Ve not control 
2 

No shear reinforcement is required 

Use 148/20cm......... the minimum shear reinforcement , 

2. ±pVe <Vu<©Ve 
2 

<I> Ve= 14.7 x 2 = 29.4KN 
Vu> <I> Ve not control 

Length of the region: 

xo..% y1-.29_1.s9=1.09 
qu 10.96 

Minimum shear reinforcement is required 

Use 1 48/20cm 

3. <I> Ve =5: Vu =5: <I> Ve + <I> Vs nun 
1 

<l>Vsmin = 0.75(-) x bw x d 
3 

1 ©Vs,, =0.75,)x.15x 0.32x 10° = 12KN 

<l>Ve + <l>Vsmin = 29.4 + 12 =41.4KN 

-53­ 



not control Vu>pVc+@Vs®®--­ 

Length of the region: 

<I> Ve + <I> Vs min X3=----- 
qu 

41.4 -l 59-1.09=1.lm X2-X1=-- · 
10.96 

Minimum shear reinforcement is required 

<l>Vs = <I>Vs . = 12KN req. mm 

_@xAyx fyxd _0.75x1.57x100x 400x 320_ 395.6cm 
S% @s. 12x10 req. 

d 32 S <=-=l6cm req. 2 2 

d Then Select S = 15cm < - ok 
2 

4 <1>1r.c + <I>Vs . :s; Vu :s; <I>Vc + <I> ![e bw x d • re min 5VJ© 

<I>Vs = <I> ffe x bw x d 
3 

47 <I>Vs = 0.75x--xl50x320 = 58.79KN 
3 

<l>Vc+<l>x.!.ffe x bwxd = 58.79+29.4 = 88.19.KN > Vu controls. 3 

Length of the region: 

X4 = 7.10-1.59-1.09-1. 1= 3.32m 

<l>Vsreq. +<l>Vc ~ Vu 

⇒ <l>Vsreq. = Vu -<l>Vc = 43.6-29.4 = 14.2KN 

_ <l>xAvxfyxd _ 0.75xI.57xIOOx400x320 
a s,' 142i0 ·=106.1cm 

d 32 
S :s; 2 = 2 = 16cm controls. 

Select 1 <I> 10 / 15 cm. 
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( 4.5) Design of two way rib (R02) at Ground Floor: 

Lx= 7.9 m 

Ly= 9.4 m 

L, 9.5 ==12<2 L, 7.9 
h = 35cm < hmm = 12.5cm 

qu = 21.5KN / m 
qu = 21.5 x 0.55 = 1 l.82KN Im 
For Im strip in X & Y directions from tables of solid slabs: 

Kfx= 37.5 

Kfy= 44.8 

Ksx= 13.5 

Ksy= 13.9 

KAx=l.89 

kAy=l.94 

M. _g,xlx 
Fx - k 

fx 

M, -4%xl _11,82x79° 
k 44 8 -16.5KN.m 
fy · 

q,xlx _11.82x 7.9° 
ktx 13_5 = -54.6KN.m 

M, 

11.82x 7.9° 
37.5 =19.7KN m 

11.82x 7.9° 
13.9 =-53.1KN.m 

qu xix_ ll.82x7.9 
qAx kAx 1.89 =49.4KN 

q,xl _11.82x 7.9 
qAy kAy 1.94 = 48.IKN 
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(4.5.1) around X-direction: 

• for positive moment: 

Mn= 19.7/ 0.9 = 21.9 KN.m 

d = h-c 4/2 
= 35- 2-2/2 
=32cm 

m - fy = 400 = 19. 6 
0.85 x fc 0.85 X 24 

_Mn _ 21.9x10°_1,43N /mm? 
Rn - b X d2 150 x (320)° 

I ✓ 2mRn p=(l- 'l- ) 
m fy 

= a p), 2@9.690.43), 0.0036 
p 19.6 ( 400 

As= 0.0036 (15) (32) =1.76cm 

{e 14 V ) ­ As, =257,y)>,,@-..MC1-10.s.19 

Ac..-ozs,7;sy)- !#ospo 
mm 400 400 

As min = 1. 4 7 < 1. 68 the larger control 

4s,, =1.68cm 
As= 1.76 controls 

So select 24012 for rib in x-direction 
As provided = 2.26 cm? 

• for negative moment: 

Mn= 54.6/ 0.9 = 60.7 KN.m 

d = h - c - <I>/2 
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= 35-2 - 2/2 

=32cm 

fy _ 400 = 19.6 m----;-- 
- 0.85 X jc' 0.85 X 24 

Mn _ 60.7x10° _ 3.95 /mm 
~ = b X d2 - 150 x (320)° 

I ✓ ZmRn ". %? 
1 _ 2(19.6)(3.95)) = 0.011 

p=(l- 'l 400 19.6 
2 As= 0.011 (15) (32) =5.28cm 

As -o 25 ffe(bw)(d)~ ~(bw)(d) .(ACJ -10.5.1) min > . (jy) jy 

As, = 0as,'?,1s,6)> ".6sf6a) 
nun (400) 400 

As min = 1.47 < 1.68 the larger control 

As . = l.68cm2 
nun 

As=5.28cm.......... controls 
So select 2420 for rib in y-direction 
4s,%aa =6.29 cm?. 

• Design of shear for the selected Rib in X-direction at ground floor: 

Vu critical= 49.4 KN 
Use <I> 10 with two legs 

Av = 2x3.14x 10°/4 =1.57 cm2 

1. Vu<±pve 
2 
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!av%-!as, a 
2 2 6 

=±aovc-!xo7s,21 .1s0% 320 =14.7KN 
2 2 6 

Length of the region: 

I 
-dV, 14.7 

XI= 2 --·-=I.24m 
qu 11.82 

I 1 Vu> -<I> Ve not contro 
2 

No shear reinforcement is required 
Use 148/20cm......... the minimum shear reinforcement 

2. ±poVe<Vu<@Vc 
2 

I I ffe pVc=--xp:xb, xd 
2 2 6 w 

<I> Ve= 14.7 x 2 = 29.4KN 

Vu> <I> Ve not control 
Length of the region: 

@V, 29.4 
X2 = - -XI=-- -1.24 = 1.24m 

qu 11.82 

Minimum shear reinforcement is required 
Use 1 48/20cm 

3. <l>Ve ~Vu::; <l>Ve + <l>Vs . 
mm 

1 <l>Vsmin =0.75(-)xbwxd 
3 

I 
4Vs,, = 0.75(€) 0.15x 0.32x 10° = 12KN 
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<I>Vc + <I>Vs . = 29.4 + 12 = 414KN mm 

Vu> <I>Vc + <I>Vsmin not control 

Length of the region: 

@Vc + 4Vs,,, X3 = ____::;_ 
qu 

X2- Xl _41.4_124-1.24=1.02m 
11.82 

Minimum shear reinforcement is required 

<I>Vs =p/s.. = 12KN req. mm 

S = <I> x Av x Jy x d 0.75 x 1.57 x 100 x 400 x 320 125.6cm 
wa. pe 12x10° YS,4 

d 32 S <-=-=l6cm req. 2 2 

d 
Then Select S = 15cm < - ok 

2 

e 4. ©Vc+@Vs,, <Vu<@Vc+bx-xbwxd 
3 

re <I> Vs = <I>-- x bw x d 
3 

{a 
pVs = 0.75 x-

3
-x 150 x 320 = 58.8KN > Vu controls. 

Length of the region: 

X4= 7.9-1.02-1.24 -1.24= 4.4m 

<I> Vs req. + <I> Vc > Vu 
=>bWs,, = Vu -<I>Vc = 49.4- 29.4 = 20KN 
S = <I>xAvxfyxd _ 0.75xl.57xIOOx400x320 
« @Ws,, 20x10° ·=75.6cm 

d 32 
S < - = - = 16cm trol 2 2 con os. 

Select 1 <I> 10 / 15 cm. 
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(4.5.2)In Y-direction: 

• for positive moment: 

Mn= 16.5/ 0.9 = 18.33 KN.m 

d = h - c - <I>/2 
=35- 2-2/2 
=32cm 

m= fy = 400 = 19. 6 
0.85x fc' 0.85x24 

_Mn _ 18.33x10° _ 1.19N/mm '5a isox(@2) 
I ✓ 2mRn p=-(l- {l-) 
m fy 

= _1_(1- 1 2(19.6)(1.19)) = 0.0031 
p 19.6 400 

As= 0.0031 (15) (32) =1.47cm? 

ffe 1.4 As.=@j,y@@)> ,@wf@)..1(4CT-10.5.1 

As,, 0as?sj6a)> #.6sa) 
mm (400) 400 

As min = 1.47 < 1.68 the larger control 

4s,, =1.68cm? 

As= 1.68 .......... controls 

So select 2<I>12 for rib in x-direction 
As provided = 2.26 cm2. 

• for negative moment: 

Mn= 53.1/ 0.9 =59 KN.m 
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d = h - c - <I>/2 

= 35--2-2/2 
=32cm 

fy _ 400 = 19.6 
m = 0.85xjc' - 0.85x24 

Mn 5910° - 3.84N /mm 
R, = b X d2 = 150 x (320)° 

I ✓ 2mRn "."%? 
1 2@9.693.84), 0.0ll p= (l- 'I 400 19.6 

2 As= 0.011 (15) (32) =5.28cm 

As, = 0.25 f:i (bw Xd) ;e ~ (bw Xd). · · · · ··········· · · . .( ACI - I0.5. I) 

e, sos,(6sa)> ' asp) 
mu (400) 400 

As . = 1.47 <1.68 the larger control nun 

4s,, =1.68cm 

As=5.28cm.......... controls 
So select 2<I>20 for rib in y-direction 

As provided = 6.29 cm2. 

• Design of shear for the selected Rib in Y-direction at ground floor: 

Vu critical = 48.1 KN 

Use <I>IO with two legs 

Av = 2x3.14 x 1.0/4 =1.57 cm2 

1. Vu<±pove 
2 
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!ave- !%s, 2a 
2 2 6 

=!aove-!ors,24.7s0 320 =14.7KN 
2 2 6 

Length of the region: 

1 
-dV, 14.7 

XI= 2 --·-=l.24m 
qu 11.82 

1 Vu> -<I> Ve not control 
2 

No shear reinforcement is required 
Use 148/20cm......... the minimum shear reinforcement 

2. ±pc <Vu<@Ve 
2 

1 1 ffe pVc=-xp-:xb. xd 
2 2 6 w 

<1.> Ve= 14.7 x 2 = 29.4KN 

Vu> <1.> Ve not control 
Length of the region: 

xa- ®% y,, 294 124=1.24 
qu 11.82 

Minimum shear reinforcement is required 
Use 1 48/20cm 

3. <1.>Vc ~ Vu ~ <I>Vc + pVs. 
nun 

I 
<1.>Vsmin = 0.75 (-) x bw x d 

3 

1 
@Vs,, =0.75 (€)x 0.15x0.32x 10° = 12KN 
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pVc + @Vs, =29.4+12= 41.4KN mm 

<I>rf. not control Vu> <I>Ve + ySmin • • .. ··· · •· ·· 

Length of the region: 

_pWc+@Vs xy2-1-.-#,_124-1.24=1.02m 
X3------'-- 11.82 qu 

Minimum shear reinforcement is required 

<I> Vs = <I> Vs . = 12KN req. mm 

S _ <I>xAvxfyxd _ 0.75xl.57xl00:400x320 =l2S.6cm 
req. - <I>Vs 12 X 10 req. 

d 32 S <==l6cm req. 2 2 

d Then Select S = 15cm < - ok 
2 

4. p Ve + <I> Vs min s; Vu s; <I> Ve + <I> .fjJ x bw x d 
3 

e <I>Vs =D:xbw x d 
3 

{24 
DVs= 0.75 x -3-x 150 x 320 =58.8KN > Vu controls. 

Length of the region: 

X4 =9.5-1.02-1.24-1.24 = 6m 
@Vs,, +4Ve > Vu 

⇒ <I>Vsreq. = Vu-<I>Vc =48.1- 29.4= 18.7 KN 

S = <I> x Av x fy x d 0.75 x1.57 x 100 400 x 320 
"» @s, 18.710° ·80.6cm 
d 32 

S < - = - = 16cm cont+], 2 2 ·············· trO S. 

Select 1 <I> 10 / 15 cm. 
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33) at third floor: (4.6) Design of beam (B 

Teal 
I 
} 1.6n0. -2460 dn 2 95 

Fig. (4.14): Selected Beam S ans. 

Fig. (4.15): Moment Diagram for the Selected Beam 
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Fig. ( 4.16): Shear Diagram for the Selected Beam. 

(4.6.1) Design of positive moment for (span #1): 

d = 65 - 4-? = 59cm 
2 

Mu= 670.7KN .m 

Mu _ 670.7_ q4s 2KN Mn------ . .m 
<I> 0.9 

Assume that T1 = a = 3 5cm 

Mn, = 0.85x f'xb, xh,(d-f,/2) 

Mn, =0.85x 24 x 800x 350 (590-175)x 10°) = 2370.5KN m 

Mn calculated= 2370.5 KN.m > Mn,rowasa =670.7 

Then Section behaves as a rectangular. 

Rn= Mn 
bx a? 

Rn = 670. 7 X 10
6 

2.4 1 N/mm2. 
800 x (590)° 

= y 49 2 19.6 
0.85 x fc 0.85 X 24 

I ✓ 2mRn p =-(1- [l- ) 
m fy 
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1 2(19.6)(2.4l)) = 0.0064 
p=-(l- l- 400 

19.6 - 30.33 cm? 
b d = 0 0064 X 80 X 59 - . As req. = p X X . 

Use 4<I> 32 

A .Ad 4x8 05 = 32.2cm ,proviae= ' 

ACI check for reinforcement: 

T=C 

Asx fy =0.85xf] x bx a 
32.2x lO0x 400 = 0.85 x 24x 800x a 
a= 78.92mm 

C = .:!__ _78 92_ 92.85mm 
fJ.. o.85 

0.003 &, ­ 
590-92.85 92.85 
=>8 = 0.016 > 0.005 s 

Fv o ! ] [ 
o }L l p 

& 
20 40 20 v - d 

80 k 

And not less than O. 004 

Ok .... Singly reinforcement is required. 

As -025ffe(bwVd)>~(bwXd). (ACl-10.5.l) min - • (Jy) A! - .fy 

As . = 0.25 ✓'24 (400)(590) ~ l.4 (400)(590) 
mm (400) 400 

As . = 7.22cm > 8.27cm2 
.•••.•• the larger controls mm 

As min = 8.27cm? 

As provided = 30.33cm2 > 4s, =8.27cm ok 
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Fig. ( 4.17): cross 
section of beam where 
positive moment of 
span #1 is applied. 

(4.6.2) Design of negative moment between span (#1) & (#2): 

d = 65-4-1-~= 59cm 
2 

Mu =829 KN .m 



Mn= Mu = 829 = 921.1KN m 
<I> 0.9 

Mn 
Rn bx d 

92.1.1 x 10
6 
_ 6 62.KN /m Rn= 2 - • 

400x{590} 

y _ 400 =19.6 m - - 0.85x fc' 0.85x 24 

I ✓ 2mRn ".@%? 
_ 1,_ 2@9.66.62),_ 0.021 P--(1 1 400 19.6 

Areq.=p x bx d=0.021 x 40 x 59=49cm2 

Use 6 4 32 

A, provided = 6x8.05 = 48.3cm2 

(4.6.3) Design of positive moment for (span #2): 

d = 65- 4 -1- 2 = 59cm 
2 

Mu=423KN.m 

Mu 423 Mn===470KN.m 
<I> 0.9 

Assume that 7, = a = 3 5cm 
Mn, = 0.85x .f,xb, xh,(d-f,/2) 

Mn, =0.85x 24x 800x 350 (590-175) 10° 

Mn calculated= 2370.5 KN.m > Mn provided =470 
Then Section behaves as a rectangular. 
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Fig. (4.18): cross 
section of beam where 

negative moment 
between span ( # 1) & 

(#2) is applied. 



Mn Rn 
bxd2 

Rn 470 X 106 = 1.69 N/mm2. 
800 x (590)° 

m = fy , = 400 = 19 .6 
0.85x/c 0.85x24 

I ✓ 2mRn p=-(1- 1- ) 
m fy 

= _l_ (1- 1 2(19.6)(1.69)) = 0.0044 
p 19.6 400 

4 16 

~---=-_--, 
[ 
t 

l -- -- -- - 
2032 

v 20 v R 7 
40 
80 

v 20 V 7 

Fig. (4.19): cross 
section of beam where 
positive moment of 
span #2 is applied. 

As reg.= p x b x d = 0.0044 x80 x 59 = 20.84 cm2 

Use 34 32 

As provided = 3 x 8. 05 = 24 .15cm2 

ACI check for reinforcement: 

T=C 

Asx fy =0.85xf] x bx a 
24.15 xl00x400 = 0.85x 24x800xa 
a= 59.19mm 

c="_59.19. ,9.64mm 
9, 0.85 

0.003 
590-69.64 69.64 
=>&,= 0.022> 0.005 

And not less than O. 004 

Ok .... Singly reinforcement is required. 

fr 14 As.=0257,y®k@)> ,ow@....4c1- 10.s.19 

-/24 1.4 
As min = 0.25 ( 400) ( 400)(590) ~ 400 

( 400)(590) 
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2 h larger controls As. =7.22cm? > 8.27cm' ......the nun 

As . = 8.27cm nun 

7 2 ok A =2415cm2 >As· =8.2 cm············· S provided · nun 

b tw n span (#2) & (#3): (4.6.4) Design of negative moment e ee 

Try Design as rectangular section 

d = 3 5-4 - I - 2 = 29cm 
2 

Mu =77.IKN .m 

Mu 77.1 Mn===85.67KN.m 
<I> 0.9 

Rn= Mn 
bx d? 

R,. 85.67x10°_ 9.04N /mm 
500 x (290)° 

m= y _ 400 19.6 
0.85 x fc' 0.85 X 24 

! , p = m (1- 1- fy ). 

='a- • 2@9.692.04), 0.0054 
19.6 400 

A req = p x b x d = 0.0054 x 50 x 29 = 7.81 cm? 
Use 2 <I> 25 

A,provided = 3x 4.91= 9.82cm? 

(4.6.5) Design of shear for the selected beam: 

ACI- 318- Categories for shear design: 

Qu(applied on beam)= 1.2( 55)+1.6(27.6)=110.16 
Vu critical = 594.2 KN 
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Fig. (4.20): cross 
section of beam where 
negative moment 

between span (#2) & 
(#3) is applied. 





Use <1>10 with two legs 

Av= 2 x 3.14 x 10/4 =1.57 cm2 

I 
1. Vu<-pVc 

2 

1 1 [e .a pVc=-xp:xb,x 
2 2 6 

=!os, 28 ,a00 % sso 
2 6 

=72.26KN 
Length of the region: 

'or 
XI= 2 C 

qu 
72.26 = 0.66m 
110.16 

1 Vu> -<I> Ve not control 
2 

No shear reinforcement is required 
Use 1<1>10/30cm the minimum shear reinforcement 

2. 'ovcs Vu <pVc 
2 

I I ffe -pVc=-xp-:xb, xd 
2 2 6 w 

<I> Ve= 72.26 x 2 =144.52KN 
Vu> <I> Ve not control 
Length of the region: 

xa- % y- 44.s2 
0.66 = 0.65m qu 110.16 

Minimum shear reinforcement is required 
Use 1@10/30cm 
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3. <I>Vc ~ Vu ~ <I>Vc + <I>Vsmin 

1 
<I>Vs. =0.75(-)xbwxd 

mm 3 

<I>Vs. = 0.75(-!. )x0.4x0.59xl03 = 59KN 
nun 3 

<I>Vc + <I>Vs . = 59 + 144.52 = 203.52KN 
nun 

Vu > <I> Ve + <I> Vsmin not control 

Length of the region: 

X3 = <I>Vc+<I>Vsnun X2-XI = 203.52 -0.66-0.65 = 0.60m 
qu 110.16 

Minimum shear reinforcement is required 

4Vs, =@Vs, =59KN 

S,, <I>xAvxfyxd 
4Ws, 

d 59 S <5 2 = 29.5cm 

0.75xl.57x100x400x590 = 41_Icm 
59x10° 

d Then Select S = 25cm < - .ok 
2 

4. <I>Vc + <I>Vsmin ~Vu~ <I>Vc + <I> x !... ..fjJ" x bw x d 
3 

<I> Vs = <I> ffe x bw x d 
3 

(54 
@Vs =0.75x+, x 400x 590 = 289.04KN 

<lWc+<!>x½..fiJ" xbwxd = 289.04+ 144.52 = 433.56 < Vu 
Length of the region: 
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1 [,, d 433.56 . 
<I>Vc+<l>x-...;Jc xbw' y3-X2-X1=-0.66-0.65-0.6=2.03, 

X4= 3 - 110.16 
110.16 

<l>Vs + <l>Vc?: Vu 
" .p, .bVe = 433.56--144.52 = 289.04KN ==>p's =Vu- Ve= · req. 

d O 15 1 57 x100 x 400 X 590 - 9 6 l <I>xAvxjj,x . x · -.ch contro s. 
S,,= Vs. = 289.04x10° req. 

d 59 S<-=-=29.5cm. 
2 2 

Select 1 <I> 10 / 10 cm. 

5. <l>Vc + <l>Vsmin ~Vu~ <l>Vc + ! <1>,fiJ x bw x d 
<l>Vc + 2 <I>,fjJ x bw x d = 144.52x 10° + 2 x 0. 75 a » 400 x 590 = 722.6 > Vu 

3 3 

Length of the region: 

X5 =L,-X4-X3-X2-X1= 8.25-2.03-0.66-0.65-0.6 = 4.31m 
Ds,, +4Ve 2Vu 
⇒ <l>Vsreq. = Vu -<l>Vc = 594.2-144.52 = 449.68.KN 
S req = <I> X Avx fyxd = 0. 7 5 X 1. 5 7 X 100 x 400 X 5 90 _ 

· <l>Vsreq. 449.68xl03 -6.18cm controls. 
d 59 

S ~-=-=I4.75cm 4 4 . 

Select 1 <I> 10 / 5 cm. 

( 4. 7) Design of Tied Column (Cl) at B asement Floor: 
Design of concentric column: 

From ACI-318....Ch.10.3.6.2 equation 2 for tied column: 

P,=3523KN 

To check is the column short 1 or tong: 
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klu < 34-12 Ml ~ 40 ACI -(10.12.2) 
- M2 o .3 x h. for rectangular columns 

1 X 3.3 = 22 < 34 
0.3 X 0.5 
. ·. ShortColoumn 

_, _3523_ 54201N. 
pn(max) - 0.65 - 0.65 

Assume Pg= 0.018 

P, =0.8xAg{0.85.fc+,f,-0.85f,)} n(max) • 

rt- % ] 

> J 
10625 \]] 

'' >---50--· 

I 

50 

Fig. (4.21) Tied 
Column (Cl) section 

5420 x 10° = 0.84g,,{0.85 X 24 + 0.018(400- 0.85 X 24)} 

Agreq = 2487.81cm2 

When we select square column: 

ax b = 2487.81cm 

a= b =/2487.81 = 49.88cm 

select (50 x 50 cm column) with Ag =2500cm 
5420000 = 0.8 X 2500 { 0.85 X 24+p, 400- 0.85 X 24)} 
0.008> p, =0.0179 > 0.001............ ok 
A, =0.01795050 = 44.75cm 
usel0¢25 

As provided = 49 .1 lcm 2 

~ 

L =188 

42 

S/ t=6e yo 
42 

• Column Ties Design: 

Fig. (4.22) Column 
ties 

o (48) tie bar diameter= 48 (LO)= 48 cm 

o (16) longitudinal bar diameter = 16 (2 5) = 40 
1 · cm controls 

o east column dimension = 50 cm . 

so select I <I> 10/40 cm . 
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(4.8) Design of Circular Column (C6) at Basement Floor: 

Design of column without moment: 
From ACI-318.... Ch. 10.3.6.3 equation for spiral column: 

pP, = 6240KN 

To check is the column short or long: 

klu MI ,5 34-12 M
2 

~ 40 .ACI -(10.12.2) 

r = 0 25 x D fi · ul I . . or ctrc ar co umns 
1 x3.3 

0.25 X 0.7 = 18.9 < 34 

• ·. ShortColoumn 

p = P. _6240 
n(max) ----=8914 3kN 0.7 0.7 · · 

Assume , = 0.02 

,c., = 0.85x Ag{0.85 f%'+,,-0.85/,)} 

8914.3 x10°= o 85A { . grcq 0.85 X 24 + 0.02( 400- 0.85 X 24)} 

4Ag,,= 3746.5cm2 

When we select square column: 

D=✓4xAg.,,, =✓4x3746.5 
Jr Jr = 69cm 

D> Select D= 70 cm 

With Ag,, = Fx _ ox 70 
4 4 =3848.5cm? 

8914.3x 10° = 0.85x 3848.5{0.85 
0.008> p, =0.018> "°?24+0,(400--0.85x 24)} 

g · > 0.001 
4,=0.018x3848.s = co5,_" 
use9p32' cm 
As pravidcd = 72.45cm2 
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• Design the Spirals of the column: 

Ps =0.45x[Ag -l]xfc' 4. fy 

A = !!_x D 2 
C 4 C 

D,=h-2xC 
D=70--2x4= 62cm 

Ac =: X 622 = 3017.5cm2 

,= 0.45 X (3848.5 1] X 24 _ 3017.5 400 - 0.0074 

S _ 4xas x(D -d ) 
max - c b 

P xD
2 

S C 

S = 4x0.785x(62 l) 
max 6 0.0074x 64° 7 .3cm 

Select S,, = 5cm 

l co 
r--... 

l 
Fig. (4.23) Circular 
Column (C6) section 
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ment Wall: ( 4.9) Design of Base 

au=8.05KN/m?KN 
[T" 

Do 
Ln 
,--, Ep.:;: 

I ,__/_- -►

Ea 13.2K 

I 

t.n 
co 

Ln 
(J\ 

~ 

Fig. ( 4.24) Earth pressure diagrams applied on 
hasement wall 

a-allow.= 500KN I m2 

fc'=24Mpa 

f, =400Mpa 

(4.9.l)Depth estimation: 

hp =(0.I-0.12)h 

h =4.95 

h, = 4.95 x 0.1 = 0.5m = 50cm I d ..... se ecte 
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timation: (4.9.2)Wall thickness es 

=Kaxyx h e, 
-26 43KN/m = 0.33 X 18 X 4.45 - . 

E = 26.43 X 1 X 0.5 X 4.45 
a 

=58.8KN 

e, =Kax P, 
ap 4,ad 

? 

= 0.33 x 8.05 = 2.66KN/m 

E =11.82KN a 

3,-9 
= 58.8 X 1.48 + 11.82 X 2.23 
= 113.4KN.m 

M = 1.6M = 181.4KN.m u(wa/1) · A 

P _ o Sp = 0.5 x 0.02 = 0.01 assume - . max 

m - fy = 400 = 19 .6 
- 0.85 x fe' 0.85 X 24 

Rn= p(fyx(l-0.5pxm) 

Rn= 0.01(400x (1-0.5 x 0.01 x 19.6)) = 3.61 
Mn Rn= bx d? 

,[ [si.@i0.4.2an v~ Vo.9xlOOOx3.61 

hreqforwa/1 • = d + c + 10= 2244 30 + 10 = 264.2mm 
ha =30cm 

(4.9.3) Design Against Overturning: 

ea ==Ka X r X h 

=0.33x 18 x 4.95 == 29.4KN/m2 
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E = 29.4x 4.95 x 0.5 x 1 72.8KN 
a 2 

= 0.33x8.05 2.7KN / m e. =Kax P, 
ap 4,ad 

E = 2.7 x 4.95 =13.2KN 
ap 

- K x r x h = 3 x 18 x 1.5 = 8 IKN / m 
Cp = pP 

E, = 60.75KN 
W = 0.3 X 25 X 21.9 = }64.3K.N 

w 

W,= 0.5 x L x 25 = 12.5L 

W = (_!_L-0.15) x 4.45 x 18 = 40.SL -12.02 
El 2 . 

1 W= (-L-0.15)x lxl8 = 9L-2.7 
2 

"M = 72.8 x 1.65 + 13.2 x 2.48 = 152.85.KN.m 
Z1 Overturning Moment 

M. =60.75x0.5+164.3x2-L+l2.5x0.5L+(40.5L-12.02)x2r Z1 3tar mg oment 2 9 

2 + (9L - 2.7)(
9 
L) 

= 33.5L2 + 78.45L + 30.38 

L M Standing Moment > 
2 "M = 

Z1 Overturning Moment 
⇒ M, =2xM tan mg Moment Overturning Moment 

⇒ 33.5L2 + 78.45L + 30.38 = 152.85 X 2 
⇒ 33.5L2 + 78.45L-275.32 = 0 
=>L= 2m 

W,,=164.3KN 

W,= 25KN 

WEI =68.IKN 

W,,=15.3KN 

:. overtur11:ing is satisfied 
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· t Sliding: (4.9.4) Design Agains 

F'cR)reaclion ;?: 1.5 
F'cA)aclion 

F, =F,+E, (R) 

F -(~ +WE2 +Ww +WF)tan<I> 
r'' 4KN 

64 3)tan30 = 157.4 =(68.1+15.3+25+1 . 

Fc.R) = 157.4+60.75 =164.2KN 
F, -E +E (A) ·a ap 

= 72.8+ 13.2 = 86 

164.2 = 1.91 > 1.5 
86 

:. Sliding is satisfied 

(4.9.5) Bearing Capacity: 

Vertical forces: 

V =W, +W,,+W, +W, 

= 68.1 + 15.3 +25+ 164.3 = 272.7KN 
Horizontal forces: 

H =E,+W,-E, 
= 72.8 +13.2- 60.75 = 25.25KN < 

LMc = 72.8xl.4+13.2x2.23-60.75x0.25-68.lx0.575 + 15.3x0.575 
=86.04KN.m 

M 86.04 b 2 
e=-_=--=032<-=--=033, atisfie] V 272.7 · 6 6 - · ·········sa 8.Jle 

(4.9.6) FOOTING DESIGN: 

', =12x(25+164.3)+1.6x (68.1-+ 15.3) = 360.6kc; 

H, = l.6x(72.8+ 13.2-60.75)== 40.4KN 
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xl 6-60.75 x0.25 xl.6-68. lx 0.575 xl.6 LM Cu = 72.8xl.4xl.6+ 13.2x 2.23 . 

415.3x0.575 x 1.6 

=137.3KN .m 

_ M _ 137.3 = 0.38 > 2 = 0.33 . h ex - y 360.6 6 ... we can increase widt of foundation to 

al f O"max 
solve the problem or to modify the v ue o 

Pu 6e 24 
O,, = A (I - ,;-) = -25 · .. .. .. tension applied upon the soil so that 

modification or V» have to be done. 

%., ..a,9= 58s.s4 
max A b 

Modification for bearing pressure values: 

o' 4W 4x360.6 .=387.74KN /m? < 
max 3L(B- 2e) 3 X 1 X (2- 2 X 0.38) 

Sr-o 
0.5(387.74)(d)(l)-360.6 = O 

=>d=1.86m 

Mu. = 203.2x0.85x!x o;s +0.5x!x(387.74-210.55)x 0.85x0.8s(! J 
= 116.08.KN.m 

h= 50cm⇒d= 50-5-l=44cm 

M» ± "®_ 116.08 
<I> - 0_9 =128.98KN.m 

m= fy 400 
0.85 xfe o.ss» 24::: 19.6 

R» 28.98 x 10 
1000 X 4402 ::: 0.67 
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[ aw, 
'3 

2(19.6)(0.67)) = 0.0017 
__ l_ (1- 1 - 400 

p- 19.6 !OOx44=7.45cm' 
b d=0.0017x As = px X req 

=13.47cm? <15.4 As,, 
2 = 9cm AS3, semp 

2 .controls 1 3As = 9.69cm ...... . req 

⇒ use <I>l 6/20cm 

(4.9.7) WALL DESIGN: 

Mu 181.4 = 201.6KN.m Mn--- 
- <I> 0.9 

fy - 400 = 19.6 
m= 0.85xjc' - 0.85x24 

_ 201.6 X 10
6 

= 2.98 
Rn 1000 x 260° 

__ I_ l- l- 2(19.6)(0.2.98)) = 
0

_
008 "is6 4oo 

As =pxbxd=0.008xlOOx26=20.8cm2>min As req 

⇒ Use<I>l6/10cm 

(4.10) Design of Isolated footing (Fl): 

( 4.10.1) Determination of Loads & Area of footing: 

Total factored load for column Cl= 3523 KN 
Allowable soil pressure = 500 KN/m

2 

Determination of required area of footing: 
A = total load 

req. l .4cr allow 
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3523 = 5.03m2 

== I.4x500 

a= b =,/5.03 = 2.24m 
3 A 

2 35 2 35 = 5.52m > req. select . x · 

c;R.. Sl./1.i? tf.V •JS,, 

[, l= ] 
nos., 7 ,w:,,-,-.µ:,.-. 

LOOPING 
(S!r!Jlftlf) 

- - - =iJ 

a1O ' 4#.6#} 8#.j r 

Fig.(4.25) 
Isolated footing 

(4.10.2) depth Determination by check of punching: 

Pumax =3523KN 

Select h = 65cm 

d = 65 - 5 -1-1 = 58cm 

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

b, =432cm 

Bc = proportion of column dim ensions 
50 Be==] 
50 

as == 40 interior column 

The punching shear strength . th 
is e smallest of: 

~ 
I ; 
f 

In 
(') 
C\J 

---- 235 - 

Fig.(4.26) 
Shear critical section 
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4320 580 3969KN g b d ix= .controls 0 75 
X _!!...- :=:. 0.75x 3 

<I>V ::. · x 3 C I 

( 2) r;:;; 4320 X 580 

( 
z Jr-;;- bod ::.0.75x 1+- ✓24X 6 =4603KN 

ao,=075«]1+, [NG 

-a-,{}, 3Ji g 
( 

40 ) r;;; 4320 X 580 - 5654 4KN 
_ ----+2✓24x - · 
- 0.75' 43200/ 580 12 

Where: 

..=.-@a.daca 
V == 3528-500x(l.08x 1.08) = 2944.8.KN 

u,rlJJtaJ 

<f>Vc == 3069KN >V, = 2944.8.KN 
crlJJtal 

( 4.10.3)Determination of bearing pressure : 

Resultant moment around x - axis : - 

M, =0 
X 

M, =0 y 

p 
G= y 

A 
3523 

2.35 x 2.35 = 638KN / m? 

:. the selected depth is OK 

- ... 

A1 AA AI AI4Ta 
I 

a max = 638KN /m <1.3 x 1.4 X a 
a/low. 

a max =910KN /m2 h :. t e assumption is correct 

( 4.10.4)Design of Bending: 

• design in plain concrete: 

I I 
_.___, - ---•· i- ~ - 

qu=638KN/m? 
Fig.(4.27) 

Applied Bearing pressure 

lM(C.S) = 638 x 0.925 x ~ 
2 x2.35 == 64I.4KN.m 

-83. 



G, <o, 
O"T = 0.42xj]c' =0.42x✓'24 = 2.06Mpa 

th xMn =0.55x0, , 
=0.55x2.03,235x0.65°,j° = 120.1KN m 

6 
xMn =120.1 <Mu =641.4.KN.m Jt----235--~ 

Fig.(4.28) 
Moment design section 

~ not satisfied Design in reinforced concrete 

• Design in reinforced Concrete 

Mu=64l.4kN.m 

Mu 641.4k Mu=, ·7127KN.m 
v, 0.9 

m = fy _ 400 19 .6 
0.85 X jc 0.85 X 24 

R Mn 712.7xl06 
_ 2 

" bxa? 2350x (6sOF ° 9.72N/mm 

'-f@ p=-(1- 1---) 
m fy 

1 2(19.6)(0.72) 
P = -(I- ]'''''')=() 00183 19.6 400 . 

As= (0.00183) (235) (58) =24.94 cm 
According to ACI-code (10.5.1): 

As,-0as,,ssoysso)> !" rspa) 
400 400 

4s,, = 41.73cm2 < 47.72 

1.3 x As,,,= I.3 X 24.94 = 32 4cm2 l · ············contro s 
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4s,, =32.4cm 
2 As <As. ⇒As =As. 32.4cm req min req min 

Select 1 <I> 18/20 cm in both directions. 

(4.10.5) Design of Dowels: 

x P,. =x (0.85 x fc'xAg) ~ pu 
= 0.65x0.85x 24x 500°= 3315 <Pu = 3523KN 
⇒¢xPn =¢x(0.85xfc'xAg+Asxfy) 

3523 x10°-0.65x 0.85 x 24x 5002 8cm2 ⇒ As=----------- 
0.65x400 

=? Select 4 <I> 16 

( 4.11) Design of strip footing : 

Weight of wall = height x thickness of wall x 1 m wide x y concrete 

= 24.7x0.30x 1 x 24 

D.L = 177.84 kN/m 

L.L = 5kN/m 

(4.11.l)Determination of footing depth: 

Assume the footing depth d=40cm. 

Allowable net soil pressure = 4,»w r d 
= 500-(18x0.4). 
= 490kN/m2 

ir curd Sal Lev. «!5» 

f : : : ·_·, ... · .. 

o 1'15 p±up±gr ygq 
<u11.. ) I 

- 1et2rm/2er r 

F : idth 177.84 ootmgwt t =--=0.36m 
490 

So select 0. 7 m width strip footing. 

Total load factored (q, ) = 1.2D +1.6L = 221.41.kl\ 

s : 
SECTION IN STRIP FOOTING 

Fig.(4.29) 
Strip footing section 

_ qu 221.41 
2 Pnet - --= 

0 7 1 
=316.3KN/m area . x 
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1 C 1 J24 x (700) x (d),= 428.7d 
ow, =45/.,4=0.757 

w-bw 
Vu = cPnet )( z ) 

o 7-0.3 kN =316.3x 2 =63.26 . 

4V,=V, 
428.7 d = 63.26 
d = 14.8 cm .... Then h = (14.8 +5 + 0.6 + 1.2) = 21.6 cm so select h = 30 err 
d=23cm 

(4.11.2) Determination of reinforcement for moment strength: 

w-bw w-bw Mu = (Pnet)(--)(--) 
2 4 

-s163(7-=93,9.7-0.3, 
2 4 

Mu = 6.33 KN .m 

M» 2 @ _6.33 
<I> os 7.03KN.m 

m = fy _ 400 
0.85x/c' - 0.85x24 =19.6 

Rn= Mn 
bx d? 

_ 7.03x 10 
700 x (2so? 7 9.19 N/ mm? 

p ~__!_(I-✓!- 2mRn m) fy 
1 i55®-.h1.. 209.66.19j 

400 ) =0.0047< = 
Areq= p. x b Prnin -0.0018 .... controls. 

nun X d=0.0018 70x 23 == 2 9 . cm? 
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2.9 _5 7 select (5 <t> 10). 
#Ofbar==-- · ..... 

0.79 

(4.11.3) design oflongitudinal bars : 

Areq = p,, x bx d=0.0018x 70x23=2.9cm.select (5<1> 1 O). 

(4.11.4) Design of Dowels 

bx P, = bx (0.85x fc'x Ag) > pu 
= 0.65 x0.85x 24x (300x 1000) = 3978KN > Pu = 221 AIKN .... .satisfied 

⇒minimum reinforcement is required 

⇒ Asmin = 0.0018Ag= 0.0018x30xl00 = 5.4cm
2 

⇒ Select 5 <I> 12/lm for the two faces 

(4.12) Design of combined footing (CF2) : 

(4.12.1) Determination of Loads & Area of footing: 

.,, 
SECTION IN (CF> 

- · .c .. CJ C1£.;) 

Fig.(4.30) 
Combi med footing section 

Total factored load s 1or column CT= 
Total factored l d 1- 3523 KN 

oa for colu 
Allowable soil mn C16= 985 KN 

Pressure = 59 KN/me 
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total load 
1.40 ,u» 

_ 3523 +985 == 6.44m
2 

1.4x 500 

select 2 X 4= 8m > A,,, 

(4.12.2) Determination of depth based one way shear strength: 

Mu = 695(0.5)-1480(0.5)= 479.7 KN.m calculated in the follo 

calculations of moment 
ol = 81 o .1 KN/m2 •••.•• calculated in the following bearing pressure calculatim 
cr2= 325.9 KN/m2 •••••• calculated in the following bearing pressure calculatim 

1 r:, 1 ~ ©W,=d7yf.bxd=0.75x;/24 x (4000)x (@) = 2449.49d 

P _3s23 a ,==440.38KN/m rea 8 

- 400 -~-----Y 
. Fig.(4.31) 

Combined footing's o ne-way she 
Vu= (Pnet) ( ar one way shear area) 

=( 440 3 8)(2)(0 . ·785-d) ==440 38 
<I>V == V · -l.57d. 

C U 

2449.49d = 440 38 1 · -.57d 
d=0.18m 
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Total depth offooting = 18+5+1 = 24 cm. 

Select h= 30 cm sod= 24 cm 

At d= 24 cm Vu= 440 kN 

<I>Vc = 587.88 KN > Vu= 440 kN OK 

(4.12.3) depth Determination by check of punching: 

Pumax =3523KN 
The value ofh taken from one way shear h=30 wasn't satisfied for two way shear 

then; 

Select h = 70cm 

d =70-5-1-1= 63cm 

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

b, =452cm 

Bc = proportion of column dimensions 

50 
Bc=-=1 

50 

as = 40 .interior column 
,!'------ 400 ------J' 

Fig.(4.32) 
Two way shear critical section for 

Combined footing 

The punching shear strength is the smallest of: 

a. =0.7s. [' b,d p,, 4520x 630 
w c - . XiJJc X-=0.75x-v24x----=3487KN z 3 3 .... .contro s 

pV,= 0.75 X (1 + 2.Jg X bod = 0 75 ·[- 2J ~24 4520 X 630 Pc c 6 . 1 °Vk4 X 6 = 5231.4KN 

or -on[,",a\/r £2%sf40 5\, .4soso e b.ld \NJ.X =3.75x]+2 /g4 ' =8806.4 o 12 4520/630 IV24X 12 

- 89. 



, IJ JI J1 
\ 

'T l'l ·. 
I I 

(he selected depth is OK 



Where: 

'.,=.-o4 
V = 3528-500(1.13 x 1. 13) = 2884.6KN 

UcriJkaJ , 

<I>Vc = 3487KN > V. = 2884.6 UcrlJkal 

:. the selected depth is OK 

(4.12.4) Determination of bearing pressure: 

Resultant moment around x - axis : - 

MRx = IM x = 3523 x 0.965 - 985 x 0.965 = 2449 .2KN.m 

M, =0 y 

2x4° Ix= 12 = 10.67m4 

g 
cu 

I 
l (i) 

J 
400------" 

A 

•·. II,·, 

,. ' 
, . 

[?0Ea, 
[I 11 l 1111 r 11 1 fl 1 LDR. 
qu = 325.9KN/m· 

810.fJf;'//m' 

. Fig.(4.33) 
Bearing pressure at edges of 

combmed footing 
. Fig.(4.34) 

Bearing pressure diagram 

o._ M .Y M X 
l - -+-=-+ y· 4508 A Ix ly =-+ 2449.2xI.035 

8 10.67 == 810. IKN / m2 

a2 =a,= 810.IKN lm2 

6._, MY MX 3jr+y° 4508 Ix ~ = 8 _ 2449.2 x 1.03S 
a4 = a3 = 325 9KN 10.67 == 325.9KN I m2 

·Im? 
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O,, =81 O. IKN / m' d.3 x 1. 4 x er•"••· = 9 I oKN Im' : . the assumption is correct 

(4.12.5) Moment calculation and the required sections for design: 

2! 3 f ? 
i i 

7 " i i 

I ! i 
\_,)·-re-- -------m------t-------~------- ---<i) 

~ i - l ! , 
! I --½,--~--i~ ----- 

Fig.(4.35) 
Required sections for design 

• Moment around X-axis at Section(l-1): 

M
0
_
1
) =810.lx0.75x 

0
-~
5 
x4=911.4.KN.m 

Moment around Y-axis at Section(2-2): 

810.1-325.9 C,-325.9 4 3o1s >C,=715.1KN/m 

0.785° • M,,-,i =715.lx 2 x 2+0.Sx(SI0.1-715.l)x0.785' x 2 x 2 

=479.7.KN.m 3 

Moment around Y-axis at Section(3-3): 

To find the zero shear: 

810.1-325.9 cs, -325.9 
4 x ⇒C..,=121x+325.9 

J % =o=>989 =0.5(€,,-325.996) x 2- 325.9(c) x 2 

=>121x + 651.8x-989 = 0 
⇒ by solving the equation 

=>x=1.23m 
⇒ Cs, = 121 x 1.23 + 325 .9 = 474 .73KN / m2 
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1.232­ 91.23x 
== 989(0. 195)- 325. . 2 

% Mas" 1.23, ,__375.3KN.m 1.23xx2= 
0 5 X (474.73- 325.9) X . 3 

· • required inforcement is =>. n0 top re 

. forcement : (4.12.6) Design of rem 

. ofreinforcement For M( 1-1): o Design 

Mu=911.4KN.m 

Mu,, _911._1012.6KN.m 
Mn==~- 0.9 

fy - 400 = 19.6 
m= 0.85xjc' - 0.85x24 

Mn 1012.6xl0
6 
=l.27N/mm2 

Rn bxd2 = 2000x(630)2 

I ✓ ZmRn ".,"" 3 
=-1-(1- 1- 2(19.6)(1.27))=0.0033 

19.6 400 

A =px bxd=0.0033x200x63=41.3cm2 req 

_ - ,y,,- -,a). «cr-10.s.1 Asmm -0.25 (b,) \: w Ad ~ fy \: Ad .(A . · 

✓24 14 
2 As,, = 0.25-(2000)(630) = 38.58cm2 ~-·-(2000)(630) = 44.1cm (400) 400 

l.3As,eq. = 53.7cm2 ~ 44.lcm2 

As,, =44.1cm? 5] 
mm • •···•• ...... contro s 

⇒ the number of bars of p18= 18 
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tocenter 
een bars centet' 790cm 

di tance betw e 1 bar every 
The s 21 7 cm.......156 .om re inf orcement 0)/18=== • ) botto === (400-1 ter _ center • · · · · · 

120cm (cen select 18418 
=>s rM(2-2) 

inforcement For 
• Design of re 

Mu =479.7KN .m 

Mu,_ 4797 • 533N.m M= , 0.9 
fy _ 400 == 19.6 

m= 0.85xjc' - 0.85x24 

06 I 2 Mn 533 x 1 = 0.336 N mm 
R7,,4° 4000x (630)° 

ae, p= m (1- 1- fy 

1 _ 2(19.6)(0.336)) = 0.00085 
=-(l- l 400 19.6 

b d-o 00085 x 400x 63 =21.33 cm? A =px x - . req 

[ .A.a), .(ACI-10.5.19 Asmin = 0.25 t;) (bw Xd) ~ fy bw Ad ·· 

2 r;;-; 1.4 (630)=88.20cm A . =0.25--vL_-'+(4000)(630)=77.15cm2 ~-(4000)( - · 
snun ( 400) 400 

1.3Areq = 27.73 cm2 <A,, .so it controls 
⇒ the number of bars of <l> 18 = 11 

⇒ The distance between bars center to center 
= (200-10)/11 = 15 cm ....... use 1 bar every 15 cm 

⇒ select 11 <l> 18 / 15cm ( center - center) bottom re inf orcement 

-93. 



ti·on· t founda . :mg of ma 
(4.13) Des1g f foundation: 

& Area o . . n of Loads 
( 4.13.1) Deternunatio 

-- 
±1at2mem/20cm 

.1st6mm/20cm _Ag LEV, +5r - pRSu. --- --~ - -l -· --- - . I = - ..- - \r- - ] sh/goer, 

DETAIL OF (MAT MF1} 

I 

rat om/z0er 
1 
-' '<-12-:--;-.-r./.20c, .... 

Fig.(4.36) 
Mat foundation section 

Dwan=0.2X3.65X7.5X25=136.9 KN/m. 

Dselfweigbt for elevator=20/( 4 X 2.1 )=2. 5 KN/m. 

Total dead load D=139.4 KN/m. 

Total live load Lto1=10/(4X2.1)=1.2 KN/m 
q,=1.2D+1.6L=169.2 KN/m 

Allowable soil pressure = 500 KN/m2 

Total load PRu=l69.2X4X2.1 =1421.3 KN 
A _ total load 

req. 1 4 
· (jallow 

1421.3 
= 1.4 X 500 =: 2.03m2 

select 2. 7 x 2. 7 == 7.29m > A 
req. 
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. . b check of punching: 
(4,13.2) Depth Determination ? 

p4 = 355.3 KN....for one wall 

Select h = 30cm 

d=3 o - 5 - 1= 24cm 
The punching shear strength: 

<1/V, = 0.75 x ¼.fl x bx d=0. 75 x : ./24 x 2700 x 240 = 396.8KN 

Where: 
<1/V., = 396.8KN >Vu= 355.3 no shear reinforcerrent is required 

:. selected depth is OK 

(4.13.3)Determination of bearing pressure: 

P, 1421.32-., 
a=-=---=195KN I 2 

A 2.7x2.7 m ] 
er < L3 x 14 x er . th . . j j \ ] ] ] ] ] j ] j ] J 

allow. • • e assumptioms correct] qu==195 KN/m 
Fig.(4.37) 

Bearing pressure diagram 

(4.13.4) Moment calculation at the . reqmred sections for design: 

Moment around X . -axIs at Section(l-1 ): 

M,%=M,,, =195x05, 9.3 .Xx2.7 23 2 . = .7KN m 
To find the value of th e moment /hi h 
affect the top rein£ w c orcement w h 
determine th e ave to 

e zero shear . 
355.3=195d2 7 'Point: 
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==> d = o.61m o.672 

o.49+195x2.7%, 
- -355.3 )( (0.67 - . M,3 

2224J(N.m . d = « · muire •nforcement is req . no topre1 :=> .• 

. forcement : 
( 4.13.5) Design of rem 

. f inforcement For M(l-1)& M(2-2): 
Design o re 
Mu =23.7:KN .m 

Mn - Mu= 23.7 = 26.3:KN.m 
- <t> 0.9 

fy - 400 == 19.6 
m = 0.85x Jc' - 0.85x 24 

Mn _ 26.3x10° _ 0.456N/ mm? 
Rn= bx d2 - 1 OOOx (240)2 

1 pi 
"% 

==-1-(1- 1- 2(19.6)(0.456)) = 0.0012 
19.6 400 

A,= px bxd=0.0012xl00x24=2.76cm2 

; 
0 

Iii 
y 

i 
I 6- 'l-y 
lb» 

r---41-- 270 --- 

/ > 
Fig.(4.38) 

Required sections for design 

As,;,, =0.25 'f.:i (bwXa);, 1; (bwXa). ··········<ACI -10.5.1) 

Asmin = o.25 (!) (1000)(240) = 7.35cm2 2 1.4 (1000)(240) == 8.4cm2 

400 
1.3As =3 6c 2 req. · m controls 

⇒ select <l)l2/25cm 
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f stairs: (4-14) Desig! o 

. for the staircase Fig.(4.39): cross section 

. f Slab thickness: (4,14.1) Determination o 

• for solid slabs : By limitation of deflection 

h ~ ~ ..... simply sup ported case 
ra 20 

,3.30 = 0.165m ⇒ select slab thickness= 15cm h < 20 
d =15-2-1= 12cm 

35,y.2 a=tan' '5," 

(4.14.2) Load calculation: 

1. Vertical Tiles= (0.03)(23)(0.15/0.30) = 0.345 KN/m2• 

2. Horizontal Tiles= (0.04)(23)(0.33/0.30) = 1.012 KN/m. 
3. Vertical mortar= (0.03)(22)(0.15/0.30) = 0.330 KN/m. 
4. Horizontal mortar= (0.03)(22) = 0.700 KN/m?. 
5. Plaster = (0.02(22)/(Cos(27)) = 0.490 KN/m? 
6. Steps= (0.15/2(25)= 1.875 KNh? 

7. Slab==(0.15)(25)/Cos 27 == 4.210 KN/m2 . 
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Total dead load = o.345+ l. 0 12+0.33+0. 7+0.49+ l. 875+4.2 l =8. 962 KN/m'. 

Live load for stairs == 5 KN/m 
qu =(1.2)(7. O)+(J.6)( 4. 0) 18.75 KN/m? 

Design for 1m strip 

qu = 18.75 KN/m. 

(4.14.3) Design against shear:- 

The following figure shows the shear envelope of the staircase. 

[l l l l l l l l l l Ill l I Ill 
qu=18.75KN /m 

, 
1. 

Vu=32.95Kl 

Fig.(4.40): shear dia 
Vu= Ay=32.95 KN. gram of staircase 

ow.E«a,«a 
6 

</>Ve= 0.75x✓24xlOOOxl20 
6 = 73.48KN 

</)Ve = 73 48:,, >Vu= 32.95 
:. </>Ve > Vu 

critical 

.. no shear rein£ orcement is req urred so the d epth of stair's slab is OK 
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. t bending: 
: agains ( 4.14.4) Design jg.75KN /m, 

q\ r ( 

• of staircase Fig.(4.41):'moment diagram 

S=0 
⇒ A =32.95KN y 

3,-9 
=>B =28.93KN y 

Mu = 33.8KN.m max 

Mu 33.8 
Mn=-=-=37.56KN.m 

<l> 0.9 

Rn Mn 37.56*106 

=-=----=2.61MPa bxd? 1000x(120)° 

m = fy 400 
0.85 X fc' == 0.85 X 24 = 19·6 

P: _1_(1-✓I- 2mRn )- I (I \- 2(19.6)(2.6 I))= 0.007 
m fy - 19 .6 - 400 

99 



(4.14.4) Design against bending: 

l l I l l l l l I I l I I l l l l l l 

qu=18.75KN/m 

Fig.( 4.41 ): moment diagram of staircase 

=>4,=32.95KN 

5.-9 
=> B,=28.93KN 

Mu, 33.8KN.m 

Mu 33.8 Mn===37.56KN.m <!> 0.9 . 

Mn 
Rn bx d? 

37.5610° 
1000x (120)° 

2.61MPa 

m = fy 400 
0.85 X jc' = 0.85 X 24 =19.6 

l ~mRn 1 p = -(1- 1---) = -(1- l 2(19.6)(2.61) 
m fy 19.6 400 ) = 0.007 
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=pxb x d =0.007X 1oox 12=8.4l cnt2 
As a) 

A . = o 25 ✓24 (1000)(120) ~ ~(lOO)(l2) 
smm . (400) 400 

As . = 3.67cm2 
~ 4.2cm

2 

mm 

As,,, =8.41cm > As,, 
⇒ Use 1 <I> 14/15 cm bottom reinforcement 

For top reinforcement: 
As = pxb x d= 0.007x 100xl2 =8.41 cm

2 

(req.) 

As . = 0.25 ../24 (1000)(120) ..aoo02) 
mm (400) 400 

Assh.&temp. = 0.0018xb xd = 0.0018x 100xl2 = 2.16cm2 
········controls 

Select 3<1>10/lm 
⇒ use l<I>l 0120cm top reinforcement 

( 4.14.6) Design of landing:- 

:•··· .... a. .s 4' @¢ , 
e S 

• <1 
<1 .· .. . ·.l.i ·- 

<1 • 

A . · .. _. <1 ·4 
<I 

<1 ·"- A 4 A 

Tiles 3cm 
Mortar 3cm 

R.C 15cm 

Fig.(4.42): section in stair's landing 

• Dead Load calculations:- 

hslab=15cm 

Dl of Tiles = (0.03)(23) = 0.69 KN/m? 
Dl of mortar= (0.03)(22) = 0.66 KN/m? 

Dl of slab = (0.15)(25) = 3.75 KN/m?. 

Dl of plaster= (0.02)(22) =0.44 KN/m?. 

LDl = 5.54KN I m .for 1 m strip 
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. . n the lading) == 14. 8 KN/m 
D2 (that comes from the stairs react1Ol ° 

Total dead load =5.54+14.8 = 20.3 KN/m. 

• Live load calculations:- 
Ll : Live load on the landing= S KN/m ... ···.for Im 

st
rip. 

· · the lading)=8.25 KN/m 
L2 (that comes from the stairs reaction on · 

Total live load =5+8.25=13.25 KN/m 

• Total Ultimate Load :- 
qu== l.2D+ 1.6L==(l.2)(20.34)+(1.6)(13.25)==45.61 KN/m 

• Bending moment & Shear calculations: 

Ly/Lx == 0.56 > 0.5=>.. two way solid slab 
the following stiffness ratios was taken from the tables for designing two way 

solid slabs depending on the span's length ratio : 

Ly/Lx =4.9/2.74=1.8 

K.Fx=ll.3 

K.Fy=38.5 

KAx= KAy =1.83 

M, Bx L, _45,61x 2.74° K, jj3 =30.3KNm.......(+ve) moment around(x-dir). 

M, ±4,xL,,_45.61% 2.74° » K, 38.5 -S.9KN.m .......+ve) moment around (y- dir). 

V. =y, _4,xl, _45.61 2.74 
Fx Fy ==68.3KN '< K, 1.83 · ...... .applied shear 

• Design against shear:- 

Vu=68.3 KN. 

d=15-2-1=12cm 
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4{r@.»4 
¢Ve== - 6 

o.7s /25 x1000x120 _ 73 48KN 
dVc= 6 
Ve = 73.48 > Vu= 68.3 

:. ¢Ve> Vu critical 
: . no shear reinforcement is required so the depth of stair's slab is OK 

• Design against bending: 

For moment around (x-direction): 

Mu= 30.3KN .m 

Mu 303 Mn==-"=33.67KN <I> 0.9 · .m 

Rn= Mn _ 33.67xl06 

bx d? 1000 x (120)2 = 2.34KN / m 

m = fy 400 
0.85 fe 0.85 X 24 = 19.6 
1 ~ p=-(1 2mRn 1 ,% ,')-.za-y_ 209.62.399 

19.6 400 ) = 0.0062 
As, = b (req.) - p X X d = 0.0062 100 x xl2=7 47 2 

⇒Usel<l>l4/20cm . cm > Asmin 
......bottom rein f uuorcement 

For moment around ( -di y- rrection): 

Mu = 8.9KN m 

Ma- @ 8s 
<I> == 09 == 9.89KN . .m 

Rn- Mn 9.8 -,;;;p == · 9x10° 
1000 x (129F ° 9.69KN / n? 
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fy 400 == 19.6 
~-- == --vi m == 0.85 x Jc' 0.85 x 219.69.6) - 0.0017 

1 iBl,. ! a--[- aoo 
p==;(l- 1- fy 19.6 

b d 
== 0 0017 x 100 x 12 == 2. 04 cm2 

A,., ==pX X · 
n.;,(req.) 

- 5 .J24 (1000)(120) ~ ~(100)(12) 
As,, =0.2 (400) 400 

== 
0 

OOlSxbxd = o.0018xlO0x12 = 2.16cm2 
•..•••.. controls 

As sh.&temp. . 

Select 3<l>l 0/lm 
⇒ use l<l>l0/20cm bottom reinforcement 

(4.15) Shear wall Design: 

(4J.5.1) General definitions fo:r seismk foad rakulatno.ns: 

The horizontal force on shelli'" wall is given by: 

o.1c.1 <r. !225C4.y 
< RT R "" 

V!bere: 

------ -- -------~--.:::.: -----._:--::, 



fy _ 400 19.6 
m == 0.85 x Jc' - 0.85 x 24 

219.69.69 - 0.0017 
I f ZmRn) ~ _l:__(1- 1- 400 

p == m (1- 1- fy 19.6 
= 2.04 cm 

d=0 0017xl00xl2- . 
As =pxbx · (req.) 

28 oooaao)> 'aooy2) 
As,, =0.-°760) 400 

16 2 controls 8 100x12= 2. cm ········ = 0.0018xbx d = 0.001 X AS, semp 

Select 3cf>l0/lm 

⇒ use 1410/20cm....... bottom reinforcement 

( 4.15) Shear wall Design: 

(4.15.1) General definitions for seismic load calculations: 

The horizontal force on shear wall is given by: 

C.1 25CJ 0.11C .IxW <V= "xW < x 
. a RT R 

Where: 

o V = The design base shear. 

o W=Total seismic dead weight of the building, including the weight of all 
permanent structural and nonstructural components ,such as walls, floors, 

roofs, and fixed service equipment. In storage, a minimum of 25% of the 
floor live load must be included. 

o R =Numerical coefficient depends on the structural system and equal to 5.5 
for for concrete structures . 

o l=lmportance coefficient depends upon occupancy category and equal to 1 in 
colleges and universities. 

o C,&C,=Coefficients depends on Soil profile type coefficient (S), seismic 
zone factor (Z) . 
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'b tion in seconds, of the structure in the 
ntal period of Vil ral 9 

0 
T =elastic fundame . . alculated according to the following 

: and it 1s C 
direction under consideration 

formula: 

Where: 

, h, =Height of the structure above the base level. 

C . 1 t O 02 for all reinforced concrete buildings. 
0 1 = Coefficient equa o · 

d 
· b hear v is distributed over the height of the structure 

The total lesign vase s 

according to equation: 
n 

V=FSF i=l 
Where: 
o F,=The concentrated force applied at the top of the structure and shall be 

calculated from the following formula: 

F, =0.07xTxV <0.25V 
The remaining portion of the base shear is distributed over the height of the 

structure including the top level n, according to the expression: 

pV -Fhw.h, 
' 2"w.h 

Where 

o W,&W,=Portion of Weight for (x)&(i) level. 

o h,,h,=Height to (x)&(i) le ·] 
1 eve measured from the base level. 

For calculating the design l 
be used: value of shear at any level, the following formula shall 

Where; 
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. . in seconds, of the structure in the 
al eriod of vibration, 

0 T =elastic fundament pe . . lculated according to the following 
. ° and it is ca 

direction under cons1derat1on 

formula: 
r-ch) 

Where: 

% h, =Height of the structure above the base level. 

C . 1 t O 02 for all reinforced concrete buildings. 
0 , = Coefficient equa o · 

• b h v is distributed over the height of the structure The total design ase s ear 

according to equation: 

Where: 
o F, = The concentrated force applied at the top of the structure and shall be 

calculated from the following formula: 

F, =0.07 TV <0.25V 

The remaining portion of the base shear is distributed over the height of the 

structure including the top level n , according to the expression: 

,- hw.h, 
> w.h 

Where 

0 Wx & W.=Portion of Weight for (x)&(i) level. 

o h,,h, =Height to (x)&(i) level measured from the base level. 

For calculating the design value of h 
s ear at any level, the following formula shall 

be used: 

Where; 
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.. ➔ - .,,. - .. ,..:r :--- --rr----:;., -;;;J,r 
±cii fun 5715E 5 77+' "J° g I ·- -,~ .I - ;/ ,I ~ _ f!J. >I ,,! J.. ,\. )' ..0-, ,i-,- J~ I _:_.rr .) 
.,1, - - 'T , __., ' ~. J . _, 
'fr tasenan: fir wttiau ruin' 4 F " / =Q.1.24 ><EJ_;iJ+;).9.5 r-7-;;:,J .. -;, 'J . .25 Y5 r.:7-::::..::. 

=11524427 ± ±Ty)(Dr =.r=± 
ti/I = (11.24x92BD+::9..9.:> x:,;,_-::-..J : " __ :, X.::> x 'r::.--..,J ,= mJ. /~70 
1 far .sfrr:ilai Jloars ..,-;:ithazr....r:olu.mns e Lgg3)(2r < s;-z; r. =l124x9280+9.95x885)+9255x551.7)= 5523.16K 

.fir, 1ast floor wif/wuu:oiumr.s W =11624-42+4 x3790.75+ .6.625 .. 1.6= 53415-:53.KlV 
Jor..allj/oors 

W =20_19x33x25=1665A:5.KN 
qf coiumr.s .for jir:stfM.ee floors 

w qfr:o1umr.sfor1astfhreej1oor:; = 1}_82 x33 x25 = 975A8YJV 
~

0
w
1
=53415.58+ 1665.46+975.48= 56056--52.KN 

W = W
1111

_=L4*56056.52= 78479.BKN 

Values of different coefficients takenfrom (UBC code.V2.1997): 

R=5.5 

S =SB ..... for rock soils 

Z=0.3 

Cv&Ca=0.3 

I=l 

cl =0.02 
hn=24.25 m 

calculation for other values needed £ 1 d . or oa calculation: 
{ 1 \314 

T =Ch.) = 0.02x(24.25)3'4 =0.219 s 

V = CJ xW- 0.3xl 
RT - 5.5 x 0.219 x 78479.13 = 19546.48.KN 

V = 19546.48.KN > 0.llC I W _ 
a x -0.llx0.3xlx78479.13=2589.8KN ........ .Ok 
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Sc 1 2.sxoJxl x78479.13 == 10101.1KN notOK 
2. a xW == :--- 

y =19546.48KN > R 5.5 

... V = 10701. 1 KN controls 

F, =0.07T xV <0.25V 
164.06 <0.25x 10701.7 = 2675.4...... ok 

⇒F =0.07x0.219xl0701.7= · - · 
t 

=> F, =164.06 

V.=F+F, 
r. Ew.h, 

2w.h 
The values ofFx was calculated for each floor and shown in the following table: 

Floor level h, W, h, W, F, Story shear 
a cumulative) 

6 21.9 6953.7 152286 2406.69 2406.69 

5 18.25 9116.6 166378 2629.40 5036.09 
4 14.6 9116.6 133102.4 2103.52 7139.61 
3 10.95 9345.5 102333.2 1617.25 8756.86 
2 7.3 9345.5 68222.15 1078.17 9835.03 
1 3.65 12180.4 44458.46 702.61 10537.64 

SUM 666780.2 1053764 

Chech the values of Fx: 
n 

V =F, + "f Fi= 164.06+ 10537.64 = 10701.7.KN .......... OK 
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:. from each wall : 
3stance calculations 

(4.15.3) Ratio of load res1S 

2 
6 

I: 
3 

~~ 
12 13 

I 

10 

9 
8a {11 

14 

# 

Fig.(4.43): Shear wall numbers as used in calculations 

Detennination of shear centroid: 

wall h, X 

1 4.63 0.15 0.69 0.00 3.15 0.00 

2 0.00 3.40 0. 00 7. 86 0.15 1.18 
3 0.39 6.65 2.59 0.00 1.40 0.00 
4 0.00 2.10 0.00 1.85 6.15 11.38 
5 0.08 2.20 0.18 0.00 3.14 0.00 
6 0.00 3.15 0.00 0.15 2.19 0.34 
7 0.00 3.15 0.00 0.15 3.99 0.61 
8 0.25 25.60 6.40 0.00 2.92 0.00 
9 0.00 26.80 0.00 0.44 1.55 0.68 
10 0.62 27.95 17.33 
11 

0.00 -0.06 0.00 
0.25 28.00 7.00 

12 
0.00 

0.00 
0.00 2.92 

30.55 0.00 
13 0.18 

1.43 -1.51 .2.16 
33.15 5.80 

14 0.88 
0.00 -0.56 0.00 

33.10 
SUM 

29.13 
7.275 0.00 2.27 0.00 _ 

69.122 11.888 12.031_ 
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bxh3 

I.-5 
hx b? 

I,-% 
Where; _ axis. 

nt o+ inertia around x 0 J =mome 'J 
X • 

. und y - axis. = oment of inertia aro 
I,=mo is along x-axis 
o wall' s centroid to they - aX1 

X = length between . . s 
o Y = length between wall's centroid to the x - axis along y -aX1 
0 

Location of real shear centroid determination: 

• 2» 69.122 _ 9.50m 
>'. 7ans 
2» _ 12.031_ 1.012m '>7usss ' 

Where; 

o X'=length between wall' s centroid to the real centroid along x - axis 

o Y'=length between wall' s centroid to the real centroid along y - axis 

ex =12.9lm 

e, =9.87m 

Eccentricity is large in both directions so that the influence of rotation must b 

considered so that for each wall there will be one part of translation and one pa 
of rotation . 
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- ..... ,,,.,. ; ·z l 
"' r,, -'",~ -~-~ ... .. :, e Al 

-· ~...,,I 
,J .. ._. t ___ ,,,._,, ....,.,,,.y,,,.. ~- 

I ~ '"'" 4 g: I ,. r•n :') r,- 64.8 
0s an, 4£, A.¢ I «er, .... vv .• :J. ...... J ' - . ..,_, 

~ ••• . J •. _. -r . ..).; 
~ C:A4 G.54 0.?4 - ,. ,., o.0 

e :;_:x, I .30 ,,. "0 .l 
j 

.J.J I 

I B.96 8.00 -1.07 O.OJ I ~ .......... '29.4€ 1 I 0.S2 14 .45 . ..J\J 

I 
I 

I 

I 1 0.25 e.5 4,63 0.00 1.91 0.00 0.00 85.56 ' 

44 0,00 2.05 0.00 iA3 -?.37 -3.39 8.03 0.00 ,.., 

t3 0.18 23.65 4.1A 0.00 -1.57 0.00 0.00 97.88 

14 0.88 ?3.60 20.77 0.00 1.27 0.00 0.00 490.1-2 

SUIVi 64.53 1280.03 

l = v I .x'2 + v 1 ,2 
w L :c L y.Y 

I,= 64.525+ 1280.025=D44.55m6 

TorqueMT duetoqx ➔Mx I 

Mx '=FRx xeY =l x9.87=9.87KN.m 

TorqueMT duetoq ➔M 1 
y y 

My'=FRy xex =lxl2.91=12.91.KN.m 

• Part of translation in x-directjon d t h ue o t e load F, : 

F,, =1KN 

M,'= 9.87KN.m 

Q FRx.I 
x(i) = ---1'... 3 
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-- Ill xx' ly 'I I ly.y' yyY I(X' 
Maas x· ' 

wall I 2.14 ~ 0.00 0.00 - 
:: -9.35 -43.29 0.00 404.n 

t 463 <f \ ,-.:, - 7.861-0.86 -6.76 5.81 0.00 
e 0.00 .6.10 0.00 

;ii( o.oo o.93 I o.co , O.C0 3.17 - 
1 l 2.85 -1.11 

~ 0.39 11.85 ~ 5.14• j 9.5~ 

i l 0.00 -r.40 0.00 
-48.38 O.C3 

4 O.C0 - 
f -7.SO 

o.co 2.13 'J l"'>r'""' 4.2B 
s I O,CB -0.58 

_i..,c_,; 

" 
- 

i 
.,j' ~ 8 0.18 o-"' 

6 I 0,00 6.35 o.co 0.15 l. j . 
_L. .l 

I 
.J.C8 

' 
. I OJ-:7 I ~ ;,,,-,. I - 

- J 0,00 --o.35 0.00 0.15 3.CS ..2 O.OJ 

• 
1- 4.03 0.00 '.9 0.00 Q_QG l 64.80 

~ 0.25 t6.10 I 

4 
I . -· 0.=2 0.24 J_"'i:3 

~ 0,00 '17,S0 0..O0 0.44 .04 0.00 
' 

,,- 0.62 14-45 &96 0.00 -·1.07 o_oo 0.00 129.461 
10 
11 0..25 18-50 4.63 0.00 1.-91 0.00 0.00 85.56 

12 (100 21,05 0,00 1A-3 -2.37 _;3..39 8.03 0.00 

13 0.18 23.65 4.14 0.00 -1.57 a.oo 0.00 97.88 

1-t ' O.S8 23.60 20.77 0.00 1.27 0.00 0.00 490.1? 
. 

! 
SUM 64.53 12BD.03 

I, =64.525+ 1280.025= 1344.55m 

Torque M, due to.q,=>M,' 

'1f/=F_~ xeY =lx9.87=9.87KN.m 

Tor .. ~ue1fT duetoq,. ➔11 • 
- y 

M,'=F, xe, =1x1291=1291» - LA.]7l 
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wall 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

, 
13 
14 

SUM 

7.86 7.86 0.66 
0.00 0.00 0.00 
1.85 1.85 0.16 
0.00 0.00 0.00 
0.15 0.15 0.01 
0.15 0.15 0.01 
0.00 0.00 0.00 
0.44 0.44 0.04 
0.00 0.00 0.00 
0.00 0.00 0.00 
1.43 1 .43 0 .12 
0.00 0.00 0.00 
0.00 0.00 0.00 

' ·''.' 
:; ... ; .. _,. ·. 

# 1.00 

• Part of rotation in x-direction (due to Mx') : 

I, =1344.55m 

_ - Mx'xly x y' 
(Q=" " XI I 

o 
ll.888m4 

wall I »4 
' ' 

' ' ·,Y' ,. y ' ' Q,=(-M,I,.Y'/l] 
1 0.00 
2 

2.14 0.00 
7.86 

3 0.00 
-0.86 0.05 

4 0.93 0.00 
1.85 - 

5 0.00 
5.14 -0.07 

6 0.15 
2.13 0.00 

7 - 1.18 0.00 0.15 - 
8 - 3.08 0.00 o.oo - 

- 1.91 0.00 - 
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9 
0.44 
0.00 

10 
0.00 11 

12 
1.43 

13 0.00 

14 0.00 

SUM 

0.00 

1.91 

0.00 
0.00 

2.37 
-1.57 
1.27 

0.02 
0.00 
0.00 
0.00 

d Mx') • Part of rotation in x-direction ( ue to . 

I = 1344.55m6 

a, 

_Mx'xIx XX' _11.888m' 
Q.%= 1 

an 

A b 
% x l ' Q,=(M-.1.x'/l) wall : 

1 4.63 -9.35 -0.32 

2 0.00 -6.10 0.00 

3 0.39 -2.85 -0.01 

44 0.00 -7.40 0.00 
5 0.08 -7.30 0.00 
6 0.00 -6.35 0.00 
7 0.00 -6.35 0.00 
8 0.25 16.10 0.03 
9 0.00 17.30 0.00 - 

10 0.62 14.45 0.07 
11 

ee 

0.25 18.50 0.03 
12 0.00 

Je 

13 
21.05 0.00 - 

0.18 23.65 0.03 14 0.88 
SUM 23.60 0.15 - 

-0.02 

part of each wall due to Q, 
Q.=Q, +Q xtranslation 'xrotation 
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Ille\Nelle@lewd!II 

- C><tot wall - 
,__ -0.32 1 - 

2 o.71 - 

- -0.01 3 - 

4 0.09 
o 0.00 5 
t ., 6 0.01 

.. 
0.01 T 

:·, _, . 
. . ·, 0.03 8 », 

- .. 
0.04 9 ·_.,,·: 

· 10 :, .. · . 0.07 
· 11 I 0.03 

12 ,. ... 0.15 

13 .. 0.03 

14 0.15 

Check for final values of Qaa : 
Sum for walls in same direction= - .02 ~ 0 ok 

Sum for walls in the other direction = 1 ok 

• Part of translation in y-direction(due to the load FRy): 

F,, =1KN 

M,'=12.91KN.m 

2/.=727s' 
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F, x h Fy x 1/7.275 
l 

wall 4.63 0.64 -- 
1 

4,63 0.00 - 
0.00 

0.00 
2 0.39 0.05 - 
3 

0.39 
0.00 

0.00 0.00 

4 0.08 0.01 - 
5 0.08 

0.00 0.00 
- 

6 0.00 
-: ·, . 0.00 

0.00 0.00 
:7 
.. 0.25 0.25 0.03 
8 
9 0.00 0.00 0.00 

10 
» 0.62 0.62 0.09 

.. 11 0.25 0.25 0.03 

12 0.00 0.00 0.00 

13 0.18 0.18 0.02 
.. 

14 0.88 0.88 0.12 

SUM 
. , . -~- . : . . . . . • ~ ·: • '! ... 

::::,·· .:; ;33 ; " 1.00 
• Y . . . . . 

. . .. ., ' .2 + 

• Part of rotation in y-direction ( due to My') : 

I, =1344.55m 

Q _ My'xlx xx' 
y(i) - I 

a, 

wall l, 
1 

. -x'' , .. Q,=(M, x l, x X'Ih 
4.63 

2 
-9.35 -0.42 

0.00 
- 

3 0.39 
-6.10 0.00 

4 -2.85 
lee 

0.00 
-0.01 

5 -7.40 
Jee 

0.08 
0.00 

6 -7.30 
e 

7 
0.00 

-0.01 

~ 
-6.35 

osg 

..____ 0.00 
8 ~ -6.35 

~ 

0.00 
16.10 0.04 ~ 
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9 
0.00 

17.30 0.00 

10 
0.62 

14.45 0.09 

11 
0.25 

18.50 0.04 

12 
0.00 

21.05 0.00 

13 0.18 
23.65 0.04 

14 0.88 23.60 0.20 

SUM 
-0.02 

• Part of rotation in y-direction ( due to My') : 

I, =1344.55m" 

_- My'xly x y' 
Q% = I, 

wall ly y' 
e » , a,=(-My x,y'/l ' ., . • 

1 0.00 
; % %> 

2 

2.14 0.00 

7.86 -0.86 

3 0.00 

0.06 

4 

0.93 0.00 

1.85 
5 

5.14 -0.09 

0.00 
6 

2.13 0.00 
0.15 

7 0.15 
1.18 0.00 

8 
3.08 0.00 

0.00 
9 

1.91 
' 

0.44 
0.00 

~ 10 
0.54 

0.00 
0.00 

11 
-1.07 

0.00 
0.00 

~ 12 - 1.91 
1.43 

0.00 

13 - 
' 

-2.37 
0.00 

0.03 

L 
14 -1.57 

SUM - ~ 
0.00 - 

- [woo»a, 1.27 - 0.00 

part of each wall d 
Q,=c @ueto Q, 

0.00 

yQyranstaoa + Q yrotation 
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4 

14 

0.06 
0.04 
0.09 
0.01 
0.00 
0.00 
0.07 
0.00 
0.17 
0.08 
0.03 
0.06 
0.32 

Check for final values of Qytot. : 

Sum for walls in same direction = 0 ok 

Sum for walls in the other direction = 0. 98 ~ 1 ok 

Ratio calculation for each wall: 

% Fxfor any wall =Qxtot for that wall. shear force applied on the wall 

% Fx for any wall = Qx tot for that wall x shear force applied on the wall 

Take sample calculation for wall #7: 

% Fx, =0.01x1057.64= 99.82 

%Fx, = 0.01 x 9835.03 = 93.16 

%Fx, = 0.01 x 8756.86 = 82,95 

%Fx, =0.01x 7139.61= 67.63 

%Fx, =0.01x 5036.09 = 47 76 

% Fx, =0.01x 2406.69 = 22.8 

And the ratios for each w ll b 
a Y each load is shown in the following table: 
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lot x Fs QOaot x Fa Oxtot x Fs Ga z F, 
last x Fz 

wall QGaot lat x F -2268.86 -1600.39 -- 
.3125.42 2782.79 -764.8; 

1 -0.32 -3348.70 5074.77 3579.61 -- 6224.30 1710.65 

2 0.71 7490.06 6990.66 -58.25 -41.09 -- 
-85.98 -80.25 .71.45 -19.64 

3 -0.01 612.69 432.18 - 
844.00 751.48 206.53 

0.09 904.30 4 -30.61 -21.59 - 
5 0.00 -45.17 -42.16 -37.54 -10.32 

82.96 58.52 - 
122.45 114.29 101.76 27.97 

6 0.01 67.63 47.70 - 
0.01 99.82 93.16 82.95 22.80 

7 .. 210.95 148.80 - 
8 0.03 311.35 290.59 258.73 71.11 

9 0.04 371.64 346.86 308.84 251.80 177.61 84.88 

10 0.07 693.02 646.81 575.90 469.54 331.20 158.28 

11 0.03 357.76 333.91 297.30 242.40 170.98 81.71 

12 0.15 1529.73 1427.73 1271.21 1036.44 731.08 349.37 

. 13 0.03 320.15 298.80 266.05 216.91 153.00 73.12 

14 0.15 1606.49 1499.38 1335.01 1088.45 767.77 366.91 

22.0KN zzzz2111A 

70.2KN 

~ 
Y ? 497.83KN zzzzrzrrl 

[J fj $ 

Z 221.70N o ~ 
: QI[ 

Fig.(4.44)M>''- · · oment& Sh . 
ear Diagrams for shear wall. 

B3.22KN.m 

./ 

1// 1652NM.m. 
/ ?; 

2801.5KN.m · . .,~ 

4315.<tKN.m / ~ 

P4=67.63 

·F3=83.9S 

B 

• KN : 
I 
S 
I 

~ 

~ 
I l 

F2=9S.t6KN 

F1=99.82KN 
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f Sh 
r wall (#7) : 

(4.15.4) Design o ea 
) reinforcement: 

(4,15.4.1) Horizontal (she 

Jc' =24 :MPa. 

!Y ==400 :MPa. 
h=20 cm. Shear wall thickness. 

Lw=2.1 m. shear wall width 

Lc=3.65 m. Story height. 
d=0.8Lw=0 .82100=1680mm 

Vu=99.82+93.16+82.75+67.63+47.70+22.8=413.86 kN. 
Mu=99.82(3.65)+93. 16(3.65 X2)+82.75(3 X3.65)+67.63(4 x 3.65) 

+47.7(53.65)+22.8(6% 3.65) 

=4315.4KN.m 
Pu=25 x 0.2 x 21.9 x 2.1 =229. 95KN 

• Design in plain concrete: 

Le 3.65 
,;= 0.2 =18.25 <32 

2H 2x21.9 
Lw = 2.1 = 20.86 < 32 

• Check eccentricity: 

Mn_4315.4_ Lw 
Pu 229.95 -18.77m >-== 2.10.35 6 6 ········not OK then design in reinf. Cone. 

• Another shear check: 

aovo = ±a/? 9 -..JJC xLwxh == o 55 1 x-x A2a 
<l>Vc == 125.74 < Vi 9 x (2100) x (200) = 125.74KN 

u= 413.86KN 
..not safe the : en design in reinf. concrete 
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• Design in reinforced concrete: 

sn, ±a/pe xix@= 0.75%± 2a x (200) x (0.8 x 2100) = 207.76KN <V 
6 ~~ 6 u 

<I>Vc + <I>Vs ~ Vu 
s Vs = 413.86- 207.76 = 206.1KN 

(
Av) ( <I>Vs J 206.lxl0

3 

- == == ------- = 0 041c 
S), \0.75% fyd) 0.75 400 (0.8x2100) m 

(A;) . = 0.0025h = 0.0025 x 20 = 0.05 ..... .controls 
llllJ1. 

S 
Lw 2.1 

max === - === - === 0 42m. control 5 5 · ········ uO S 

= 3h = 3 x 0.2 === 0.6m 
= 450mm = 0.45m 

Av ,=005=3 Av, =2.1cm req. ' m · · · · ·······.for 2 bars 

⇒ select 2<1>12 with As == 2 26 . >Av = 2 1 
⇒ select 2<1>12/30cm ""· . ·················DK 

(4.15.4.2) Vertical · ~ rem,orcement de . s1gn: 

A = horizontal rein£ orcement ratio 

A = As(h) = 2.26 X (100 / 20) 
Ag 100x20 = 0.00565 

Pmin = 0.0025 + 0.5(2 hw ° ,,%-0.002s) 
Pmm = 0.0025+0.5(2 20 
A .5- 2!0)(0.00565-0 

S,% =0.0063 20 . 0025) = 0. 0063 
A x 100 = 20c 2 

8mm = 10cm2 fi m ····••.for both . 
·-J0r one sis 1sides 

Iles 
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2 

1<1>16 with As = 2.01cm 
::::> select 

#L­ 
» a«20l.%or-[';'] =995 
s 20 S nun. 

For 1 m :- 
2x2.0lxl00 == 20_1 > Asroin == 20 ...... .Jor both sides⇒ OK 

20 
⇒ select 2416/20 cm 

(4.15.4.3) Reinforcement design for both ends (boundary) for shear wall 

(Heavy loaded shear wall design): 

Uniform distribution of vertical reinforcement will be considered 
210 

2<I>l6/20cm ⇒ As provided= 2x 2.0lx-= 42.2lcm
2 

20 

As,a =42.21cm . :. : . . . . . .is the whole honzontal reinforcement in the shear wall 

z = 1 1 
Lw 2+(0.SSx/J1 xfc'xLwxh) = 

2
+(0.85x0.85x24x2100x200) O.ll

6 

As x fy ) 4 221 x 400 

«-sos,-sf»-;]] 
=0.9x05x4221x400x(2 :[ 2100x[1-0.116]) = 1410.45.KN 

M,=Mu--M. m 
2 ,=4315.4-1410.45 = 2904.95KN 

Cw =h--24%. m = '4-2c=20-6 -2=10cm 
As _ Mu/(J) 2 boundary - :-::--- - 904.95 x10° / 0 

.fy(bw-Cw) - .9 400(2100- l00) = 40.35cm2 

⇒ select 9<1>25 w 'th l As-44 2 
- . > As = 40.3 5cm 2 .0 K 
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9026 

9025 
1M6 /ZOom ft/>12/30cm ·----.__ }'f" 

• • 
• • • . -- . ti 
O 

{6/20cm.'\ 1912/30cm 
~----------- 2.1-=-o _ 

DETAIL #1 
SECTION IN SHEAR WALL 

toH2 socm 

Fig.(4.45): shear wall #7 cross section. 
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.a8ail) (5-1) 

-~~jiJI (5-2) 



:~l.lll l (5-1) 

:1. .I\ "t:', 

.-4l less @ldl 5yill yh e 4) hos9,- cs! <is's ,40 @le .l 

· ~~I ~I ~IY. ~ c)S ~ .:iWc'j\ r~ ~I (Y~I ~ .2 

:i.:i~ji.11 (5-2) 

.Aal1al gel 

121 



r1,;.:;.. 4 ~_J/ ,.,13)'1 <Y 01> YI" ,_/J ~1 ;'}j, <>' ~ '?i _j,Y r"" Jh,} -4 

.~_,lb.JI ~~I~~ ~6.All (::-4 .)_ii.JI t.Jlll 

-~ uW,, ,:,I if½ ,_,;w.1 ,j!U. 17I y\..,,. ('! r1 J ,j!I .,b lG.... ;'i", o',11 ~I .,b]I ,.ic .S 

.) _, ( 400 M pa) tY Ji,, 'J t _,.;.,;. ,tp.1 J; "-- JLll .)\,, .J.►. r ,; > .... 11 r,,wll ; '} j, . 6 

.,%.a10l 52la] c,es <sill Is ®y ' Ole 

,4,j\....._fa.ll ~ ult-1.)11 4Jj:/ ~I ~\.iii <.·,\5.J..J I ')I I . , s?= <. e'±sid .7 
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(S,) JA o s Al\ 8 
11' L)-" 3 , 2 ~ ~).J .JA w u~ tfi.L..YI ~ 

1.0 1 
·de 

~, J~I ts-hi~) u.,...Q\yJl ~_;-11 (folr.YI 

1.1 2 
.(J:till 

0.9 
~lW4 ) J:)l.:il4 "ly,,i u.,...Q\_,.JI u.a ~I (folr.YI 

3 
• c.S y. YI ~~\ 
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; ±,,9 st.sil ti (Sa) dl-all l 
ull #J3+ s c92 

3% gl€ 9' 
~ j@it) <ig 

, Ail 
» Ail) cy}) 

s Ail) 
~ 

~ 

\i:l) 

; ~ e! i ±» 
I ~ ·pr! 

, ~ er! (H) 
~ ~ 

J 

0.72 0.73 0.78 0.83 
Js 

0.55 0.60 0.64 0.63 0.67 
0.47 0.52 0.56 l 

sos, 

0.50 0.55 0.60 0.60 0.65 0.70 0.70 0.74 0.79 0.78 0.83 0.88 5 

0.58 0.62 0.67 0.69 0.74 0.78 0.83 0.88 0.93 0.90 0.95 1.00 10 

0.64 0.69 0.74 0.78 0.83 0.88 0.91 0.95 1.00 0.94 0.99 1.03 15 

0.70 0.75 0.79 0.85 0.90 0.95 0.94 0.98 1.03 0.96 1.01 1.06 20 

0.79 0.85 0.90 0.92 0.97 1.01 0.98 1.03 1.07 1.00 1.05 1.09 30 

0.89 0.93 0.97 0.96 1.01 1.05 1.01 1.06 1.10 1.03 1.08 1.12 40 

0.94 0.98 1.02 1.00 1.04 1.08 1.04 1.08 1.12 1.06 1.10 1.14 50 

0.98 1.02 1.05 1.02 1.06 1.10 1.06 1.10 1.14 1.08 1.12 1.15 60 

1.03 1.07 1.10 1.06 1.10 1.13 1.09 1.13 1.17 1.11 1.15 1.18 80 

1.07 I.IO 1.13 1.09 1.12 1.16 1.12 1.16 1.19 1.13 1.17 1.20 100 
1.10 1.13 1.15 1.11 1.15 1.18 1.14 1.18 1.21 1.15 1.22 120 1.19 
1.12 1.15 1.17 1.13 1.17 

a 

1.12 1.16 1.19 1.22 1.17 1.20 1.24 140 
1.14 1.17 1.19 1.15 1.18 

gal 

1.16 
1.21 1.18 1.21 1.24 1.19 1.25 160 

1.19 1.20 
1.22 

1.17 1.20 1.23 
1.18 

1.19 1.22 1.25 1.26 180 
1.21 1.22 1.20 1.23 

1.18 1.21 1.24 1.21 1.24 1.26 1.21 1.24 1.27 200 
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1.00 

1.05 

0.95 

0.83 

Sul ,+ z!±Y's &38! J- &al Jy) cal.till 3l 4491 .3 

.Aye -) 

(JW4) 

0 250 > h 

( h - 250 ) / 1000 

(h-4o0] 7aoo I 
500 > h > 250 

1500 > h > 500 

2500 > h > 1500 
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- - 
- - - iy\) ------ le-e:;+! la J+' 9 g •\j,.\,laWI ;___,..; l_,..; ...,,_,.,. g!' 

G-' 3tu 
J.'W c, ELEVATION tlilJI i.a)l - e;-t)' PLAN - JP' ...,, i c ct:: c, 3 

w •I .:I'- ~ 
-0.5 -0.2 +0.7 0 t= il 2 1 -0.5 

-~->-1 
3 w - 0.8 

$ H 
+0.7 -0.5 -0.5 90 0.25w -0.2 

.,. 
1 } - - 0 -~- -0.6 -0.6 0.25 +0.7 tr _[]_ / 2 2 1 

s 4>->-- -1.0 "w 3 
-0.1 +0.7 -0.5 -0.5 90 ---- 5 - 
-0.6 -0.6 - +0.7 0 

0.25 2» 

□-1.1 - 90 
wo\~ 

+0.7 -0.6 0.25 -0.6 $ 
L--- 
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TABLE 16-1 
TABLE 16,K 

I 
I , I 
I o,m I 

I. · r· t6 ., . f tlr sc•si111c ,oHc r.JJP m igurc -~ 
'.\OT[: The ,cr.c ,!mil he ,k1cn11111cd rom • · 

NEFACTORt TABLE 16,1-SEISMIC ZO 
I w 2/1 f)]II 

O 15 I 20 
7 
1 

TABLE 16-J-- SOIL. PROFILE TYPES 
OPERTIES FOR TOP 110 FEET (10 .m1 fl)f11) Of S01l PROrlLE 

SOIL PROFA.E NAMEICENERIC 
DESCRIPTIOU 
l!Jrd Rock 

Ver) Dense Soil nnd Son R,ick 

Su t Soil Profile 

&,fl Soil Profile 

AYER/,OE SOIL PR 1 . r 
'l•ndard p.,,w1,.t1ion T~I. N (01 .iCH for j Undr.Ulll'd "h•ar Smngit,. l'uPll 
"cu!tesionless •oil l•ycrsJ jl:10\'.JtJlaal) !kPa) 

;;, 5.0110 
(1_51111) 

L5t~J 10 5 .<NJ!J 
(761J tu 15l~l> 
[.21l!l to 2.5011 
('.lWlo 761lJ 
(.<)ll!o l,2U!I 
( I 80 10 '.!Glli 

<(rlJII 
l[RU) 

>50 

1., Ii) 5tJ 

< Jj 

1 ltMJi 
1.11!.I() !o 2.1111!1 
(50 In IUiJJ 
< l.iill'J 
(511J 

,\1,· Snil Rcquning Si1c-sr,ccific E\'JluJlion Sec S.."i:licn 1629.,:\. I. 
'Soil Pro-ile Type S also-irclles ny soil prefile with raze thaa Ifget {3448 mu} of seft clay defined as a soil with a plasticity ind. PF»29.,4 > # pgr;art 

:nid ,,, -: 5110 p,f (2-1 nJ} The Pl;is:ici1y lmb. I'/. anu lhc moislurc ,tr.1l~n:. "••'. ,hall be J\.'lcrmincd in a-.-cc1d;mcc with ;rppro,t-c na(ion;il slan.!ards. 

TABLE 16-K--OCCUPANCY CATEGORY 

occur ANCY CArE<>ORY 
I bicm,,11 Group I. ll1111in.1 I Occ11pnnc1c, h.11 mg ;1111,~r; nnd cmcr,,,:n~, lrc:iln>•m ::r~n, V • V • I .\,: 

File ar,I poli,~• s1niioM 
Gsra~cs and •~cltcn; for <:n11:1~ui::y ,ch:c!c,; ar1\l c:n::l';cnc,· ;iircr.tll 
S~JC.ur.:-< nnd sheller,. 1r. cn:crgcn~}-pn:jlnrcdnc:.ss ccalcr, · 
,\1-t::IIOU C'O!l lr(l! tOlh'l3 
Su-ucturcs und ~~uipnL~ll in , • . . 
fo:ilit,• , .. 'd' . . . ~'Ohmm,nt ,um,111111«:atwn ccn!cn; w1d other 
,1.: , .. s~~f\111\ ,or~ncrgt,n.') r..::spo.rsc 
St;Jnab}· P"""·il11cr;itin~ equipment for Cat.:«o I f T . 
fan's r other s:met.res sorta.min) hon,"°'> acthities 
tire-suppression matenislor cg±,,, "'ar sapportiag water at tker 
l. 2 or 'J <1mc1cr.:s • . ' en fCi]111:cil for th: pro1e.~t1(11l ()f Crac,·,,'I.._ 

I: as, fa,oisaos " 
filites suptin., '\> 'd Jecupangics tnd struetaiesthe }, VUTg fox or plosive chert#ea's r shsae'''> herein hursirg or 

Nanl),.ildrns SUl1Zlcr-:s-1-..~1,-rn ' . ' 
·whose sis.sir lg;"w.a cant.es or as sc 
~.11!cln13 to b.., ~l15"1fictl l" l G li ,11 !Ill a h,11ld1r.i;. ,1011ld ~fl<.: ll•m 
G ,-,, t(l.tj? .1>1\1<,~nl lor~') •· ·• 
,rou11 ,\, 1)111,ions 1 1 0 1 , 1 0 

' · - 'uccupane 

f:cult.es­ 

Build " '<5met: Jeupanees 
"' mg, hou,111.; Gro ,1, E o· - 

grater than 70std;er(' '7®910as I aid 3 Occupancies with 4, 
A-r. 'o a5apacity aildirgs housing Group --) 
1ri1h l capaci1,· en:·i:i.- lh:n ,0,t(lJr..:,cs used' for cull~~c or •tdui' ~t1 . . Gmup I D • ·. - • ' · s1uJc11ts • • , c 11~.111011 

'. . l\ts1nns I a.1rl 2 0cc1• J ., • 
pa:1cnL-;. h1.t no: ia~lud,d. ('- .p. n,.cs \\1th_.,,, or mor: l\.'Si ·, • . 
Grr.111 I, ll111<11'1 ' u,: m .. 1cg,11y I . a,nl lnCilr,JCll~tc;! 1 - 1: .... 11panc1~ 
W stets with an vapae 9ya,,, 
Structures and equip.neny '? eater thtr 5.0001 persons faciliti, ,. trqm,1cr~•cr.cr. . , , 

,s tut mdudcd 'l (', " · -ling S:J!lon, Jrcd tl 
~<l:llmr,:d o:,~rnii.,- •· rucgory I or lJlc~on· J ,b ·: c ier Pt:hhc 111ili1i· 

S1:n:b,rl All ' .. " ., ~ . -- c,c,tud.n:quircdfor • 
o,..e ).UJ-....n r .. , l,ou~m., tx•, .. - 

°'7'\!l1p:inc\ 
structures' 

OCCUPANCY OR FIJNCllONS OF S TRUCTVRE 
SEISMIC 

lllPORTANCE 
FACTOR, I 

I :!5 

1.25 

I.W 

SEISl!IC 
L\1J'ORTAr,CE1 
FAC'fDR, ~ 

I 50 

I 00 
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Wl'IO 
U,l>ORTANCE 
FACfOR. I.~ 

I 15 

1110 

I.OIi I o 11111 
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TABLE 16-N 

N-STRUCTURAL SYS 
HEIGHT LIMtr FOR TABLE 16· SEISMIC ZOE5 3 

111.0,,, .. ,, 

LAfERAL,.fORCE-RESISTINO SYSTEM DESCRIPTION 
R s4, ,.,_ 304.a tor n», 

2.8 
BASIC STRUCTURAL svsw~• T ta@ was ii·bQ}"pk,,res ice stones or le8 

S.S liS 
-1 5 :?,8 65 

L. Bearing wall system! »''ii&or structural panel »; 
b ,\11 o1hcr light-lmlllc,I wn > <J.5 2.8 16() 

2 Shear walls ,J.5 '.!.8 160 a. Concrc1c 28 ::!,1 65 
b. Mu.;;onl'}'. .. J b • · 1,. w;ills \\rth tc11sio11-unl) t,rn,·rug 

sinuses-hiat "","5},, caries granny load 4.<I 2.:2 160 J II r.iccoJ I r.unes " ,etc m , 2.8 2.2 - a. Stcd J 28 '2.2 li5 b. Concrete · 
c Heavy timber 7.0 2.8 rn, 

2. Building frame system Sier cccirri&aiiy traced frame tE 6.5 2.N 65 jiwimed wafts with3k"["",,,scares itaes stones or less a Wmxl s1r111:urrnl pane \\ll s o 5,0 28 65 
b. All uiher light-rrnrm:d walls 

5.5 2.8 3. Shear walls 2-10 
a. Concrete 5.5 2.8 l!i{J 
b. ,\!asonl) . 

4 Ordinary braced frames 5.6 2.2 16(J 
a Steel 5.6 2.2 - b Conerete 56 22 65 c H.:nvy limrn!r 

5. Spcdal \.-Om:cutric:illy bi:at:\.-tl frames 6.-1 22 2-10 a Steel 

J. Momcnt•rcsisting frame I. Spccs'll momcnL-,csisLing frame (SMRF) 
8.S 2.8 N.L. system a. Steel 
8.5 2.8 N.L. b. Concrc1c·1 

2.Masonry moment-resisting wall (mm~ (7'·!1\-IRWFJ . · , 6.5 2.8 u,a 
3 Concrete intermediate moment-resisting frame (IMRFf 55 2.8 - 
.1. Ordina!\' lllOlllli ll-CCSi.,Liu:; fr:lsuc (01',,IRf). · 

,).5 a Steel 1.& 160 
b. Concrete? 3.5. 2.8 

S. Special truss moment frames of srecl (STMI') 6.S 2:8' :wr 
I. Dual systems I. Shear nails 

:r Concrclc "11lr SMRF 8.5 Vl' NL. I>. Concrcrc nirh srcd OMRF 4.2 2.8 160 C. Concrete "·ith concn:tc IMRr-! 6. 5 2.8 160 d. M1mrnry with SMRF 5.5 2.& 160 C MU5olll) "!lh slce) OMRF -12 1.8 16U r. :\fuwmy 1111h cuncrcrc IMRFJ ./.2 2.11' g Masonry with masonry MMRWE - 
2. Sts"<I EllF . 6.0 2.8 160 
a. With steel SMRF 

ll.5 2.8 NL. h. \Vi1hs1cd O.\tRF 
3. Ordinnry hrai:cd fralll\$ -1.2 2.8 160 

a. Steel wi1h .<l~cl SMRF 
b. Sled wilh steel OMRF 6.5 2.8 N.L. 
c Cn11crc1c 1111h cnncn:1c SMRJ:1 .J.2 2.& 16{1 
d. Concrete \\ilh cuncrc1e IMJU-3 (i 5 2.8 

·I. Spccml COI\Wllrically braced fr.uncs 4.2 :!.8 - 
a. Stwl 1111h stc<l SMRf 

5. Cantilevered column building 
b Steel with steel OMRF 7.5 2.8 N.L. 

sysll!ms .. l.'Canhlcvcn:d column ~lc.:m..:nls 4.2 2.8 160 

6. Shear \\all.fmnH.· inkrnctiou 1.2 :?.O 357 
systems I Concrc1c8 

7. Undefined systems 55 2 8 lbO 
N.L. nu limit s.,, Sccrion., 11\2'1.6.7 :md 1629.9.2 

'See Section 1630.4 for cembination of s: .. 

TEMS1 

Basic structural sys1er.±%3.sr {EgIiral systems 
3p,,, s., , 8lems are defined in Section 1629.6 
'roltbited in Seismic Zones 3 and 4.'°"" 
'eludes precast concrete conforming to Section 1931 3 
"rohibited in seismic Zones 3and 4.eseer,, '-LL7, 
Ordinary moment-resisting fumes ins" permitted in Section 1631 2, 
T,)!nl hi:i!.!111 of1h•~ huildi... . . ..... rn11c Zone 1 n1cc1int! lh·· n: 
'omacio see ,' """# levers.t cot,' ""®rmens or secon 2211.6 y se a.Rte ors 

°--9, ·ad 4, See Section 1633.27, "< @ ueat s 
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TABLE 16.0 

"--5 TABLE 16-0-SE~ z MA -=gFi3-i; Z=0.2 O.J2\ 0.2·1 Vs?ft# -535if SOIL PROFILE TYPE O 06 0.20 UAO:\, =~-+-~· ~=r=-~o r· 0.3J >, '·"' ·' 02, o.m; 
.I, '"' '·'

8 
018 O.l6 0 '61 

\· . 0.22 O '4 0.36 .J • " on a; 

SD 9 O.lO I I ' I 
; 0l9 Seefotioel . ,m,;,,,, foe SollPrulil" '1" ' ;. . ·rfi ·<l to dclfrmm~ se1sn11c c0c ,. . · I ·sis shall be per tore "/· • . I drnamic si1rn-sponse nna) . h · al investigation an , ' 'Site-specific geotechnica ig 

1997 UNIFORM BUILDING CODE 
TABLE16-R 

TABLE 16-R-SEISMIC COEFFICIENT Cv 

SEISI.IC ZONE FACTOR, Z 

Z=O.( 

SOIL PROFU TYPE Z=D.075 Z=0.15 Z=0.2 Z=0.3 s 0I8 0.12 0.16 0.24 OJ2\. $ 0.08 0.15 020 0.30 OAO\. ~- 0.IJ 0,15 0.32 5 056\ SD 0.18 OJ1 
OAO OSI 0,/J.l.\;, S 0.26 0.50 
0.6-1 0.8:1 0.%\, .~ >l! f OO!oot I 
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