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Project Abstract 

The main aim of this project is to prepare detailed structural planes and shop drawings 

For all structural elements. The project is a three stories Green School in Hebron city. 

The building has a unique architectural design. Functional , Aesthetic , and Practical use 
is considered in the building design. 

Miscellaneous structural elements will be used accommodated with the architectural 
functional purposes of the building. 

Autocade , Staad pro , Safe and Etabs software are used for the structural analysis and 
design process. 

] RC I " \g©1' 4 X; " 4 and the Jordanians code are used For the structural design. 



List of Abbreviations 

• Ac = area of concrete section resisting shear transfer. 

• As = area of non-prestressed tension reinforcement. 

• I 4) <BC< n§ VnVfkBCpdBCppC& QnP kBCppKnV BCKV§nBQCP CVd. 

• 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. 

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

• " 4) QnP kBCppKnV BCpmMd<Vd n§ QnVQBCdC pCQdKnV. 
• " 4) QnP kBCppKnV BCpmMd<Vd n§ QnP kBCppKnV pdCCM. 
• DL = dead loads. 

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

• Ee = modulus of elasticity of concrete. 

• Jc' = compression strength of concrete . 

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

• h = overall thickness of member. 

• Ln = length of clear span in long direction of two- way construction, measured 

face-to-face of supports in slabs without beams and face to face of beam or other 

supports in other cases. 

• LL = live loads. 
• Lw = length of wall. 
• M = bending moment. 

• Mu = factored moment at section. 

• Mn = nominal moment. 

• Pn = nominal axial load. 

• Pu = factored axial load 
• » = Spacing of shear or in direction parallel to longitudinal reinforcement. 

• V c = nominal shear strength provided by concrete. 

• Vn = nominal shear stress. 



• Vs= nominal shear strength provided by shear reinforcement. 

• Vu = factored shear force at section. 

• W c = weight of concrete. (Kg/m©s. 

• W = width of beam or rib. 

• Wu= factored load per unit area. 

n b ) strength reduction factor. 

• Be= compression strain of concrete= 0.003mm/mm. 

• a l ) pdB<KV n§ dCVpKnV pdCCM. 

• a4) pdB<KV n§ QnP kBCppKnV pdCCM. 
C k ratio of steel area . 
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1- .l:;.sh.:i -:I\ o -<~. ·11 J .L 11 · .ll~I ,q - ":i.:i..ull 4.ii..l.w::." I · · 4-..., .l.o Lli.il. _g '- • ~ -11 o .<. · -' 1~ i.s- '-.? ~ ~ (.)-'I - .f_JJ -· - ~~ .J ~ -~1...JY--, ~l.>""""-'-' 

c"<Ass5ji·;las Zia5.$ cls @aaS5 &sy ¢ ,lill so 3> #sfs·38ylll {ll

~JYI ~w,JI ¼3 4-...,.J.l.JI o~ ufo ~ ~i ~ ~w,J L>"l....'il _»-::..J, ~I~ 4/1;:ll L>"}.l.JI ~

4-◊.)\il\ J4;.. 'ii - - ~ 4.hJI .l:;.sh..i - · -:"'1 L ~y1 ~- . <J.Jb- -J -· i.r- Y-J - ~ y:...J~ J
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&90l #¢ 2.3

w1_,11 
11 
~ O.J_p,. _ 4..o1)1 r-.? fa. 11 

~ ~ ,t1J.:J1 ¼~~I)~,~~ cfol1 ~_.,...11 ~ 

&3-illy tglay sills593/3! de\sl 21$l eats le go/9l&,has 3 .A5l &s% »ll J
hi -- · ~ 20 .-:-.: -11 A!_.,...11 ~L....a ; I.~ . _qli:iJYI . __ y.i ~ .J (..J-""""' I.... ~ .J-r.,r 

C

.b.llJgnl ~µWI

7



,-All Jaill

t9 yJI ~.J ,ii.J~I L>"I.J ~I '#~_j.JI t:.JLl..ll L>" t.fo:l i.,r _.) t)-..;, <3:!_;b UC c.fo.JI t9 y,ll ~) J.,._... ..,JI ~:U

. J_p-6. ¼.l.o ~" 0.J:l! ~I.J" ~l).J ~li:ilYI t:.JLl..ll ~

!·:, ~ 

I 

-:i .. . -i
lat:,:.=-.--., -~- .A, J. i,lJ

~~l~i 2.3.1 

:\3.,3'<iyal Class ctlls slygs alas gs5 s .5e g5340l.el Ai65l1 @pl] •
,r-i)I..... .J ~ ~_y,ll ~) ~l_,ll
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,All Jaill

site plan

Cl.LJll .J ~I J.s~ 2.3.2 

~.,,
533Al

. C~I .J ~I ~.,p. ~-,:i o~ :(4-2) ~ 
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\still l! J;sill@aall c9hay gals 383 Rall ,sl dssl c Acy) Usha 3 35e_59 @3all ya
,® +0l ,55 l5hall s's yl es? 30499 @lJs.349 @a\all @Salls z--lU lg» ls±43 ¢ Relall

~WI o__foll ~~I~I .:.l_)i f~ .J ~~Io__foll

: ~}JI J:thll 2.4.1 

Growd flooor 

. ~.}JI ~I.bl! .l:ii.ww :(5-2) JW, 

~~Lull t-.Jii 

..,».ui 4S_;=JI ~wl..>-~~~i;~I ~ly.11~ti -u~I.) ~ ~y.w:, .1;y 'i 0:!UJI I~ ~I.ill

~ ~WI 0
~ tJfo.J, ~I.WI~~U:JI , 2r (4018 )~lhll I~ ~_fo.JI ~l.....JI ~.J .4J~ 

:~I wu:. I_;ill

10 



,-All Jill

o.lA> f~ ~, y_,....b. oMI o.k. ~ ~~ 0~1.J ~l! ~I AJW:."/L,, o~ o~I.J ~l! ~I~~ 

. ~I ~I ~l_)I_, 4.......J.WI y~ ~I 

:Fil_ya\s.all cits@ o

. 4.!fa ~~ 25J~~ wlcl! 5~ ~I.hi! l.lA> '-?~ 

: C_;.wwJ I • 

Cyr-· f5s's) &«isall cUsL& s @wall cs\still ca @ilia» cslllis ala sly ,151099
.f8.25 «tc.W) t4.l ~, ~l.)YI 0-o ~,k. _fi.Y ~~.., 4.....,~ ~ d.Sy,JI 0fo

uy;..Jl AJ_;c- ~»_, C", .4.J_,\..hll ~ _, .u...ll o..fi., r~I o..fi. ~ ~y)I ~YI 0,o -l;!..lltll .4.JUI o.lA> ~ 

'5_p.l wlbt..;.j_, ~_).WI ~y)I w~Llull f~-' ~_)l:.. 0-o y,.YI.., 4....._J.WI ~b (.)A l.d.~I u)l:...l.a 4-1.., 
1- .11 •• -;_ .11 ~1 ·11. _,~~­ · ~ C-:-- .JS~ 

: JJ'il '3:lhll 2.4.2 

~ ~_,:i ~ '~4~ .lC-~-', ~I_, J$..::JI ~ ~ ~lyl o.lc. <.5:i_>b ,:;c. J,i\..h.111~ u-1) J~_,ll ~ 

.~WI_, y)lhll ~..? JM....:i 4-9~_, ~.JA 0,o _fol 
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,All Jill

First Flooor 

.J_,'il J:~l .blw.ci :(6-2) ~ 

~ 4S~I ~~~~ j~J , ~)'ii~ C.,... fa 4,35 y_,.....l.., wl~ 2i4 l 40 ~l..hll I~~l......a ~ 

~ · . JS,..::u 4.c. . - -11 ~ l..hll I~ . _j o.:i - -11 wlc.1 .:11 ~ll:i · W)I.JI · ~ ,~, .i..i~I .~Jd--'-'I~ . .)..,.... .J ~ ~ y;...,.... Y" .J ~ UC- ..r 

:2-SY'l d-ts3 <ta)all s3s Cy: 7S_36I

. 4.lfa y!U:. 25 J ~~ wk.l.9 5 ~ ~l..hll I~ 1.f ~ 
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,-All Jail)

: o.;IJ"JI • 

: ~lill ~tkll 2.4.3 

4.iit....S ·l:i..J , · YI -L ... · - 8 25 - lb.Ill" · 2 3818 - lb.II r-- 1 ~ --=-= -11 ~w1 ; 1.~ . .) -.J ~.) ~- L}Q y.o . ~ ~ y~ r' ~ ""&-' ~ ~

~ j__,.JI.J <.iilhll I~ ~ o..:l_p..__,.JI wlc.l_j.ll ujlJ:;.J U:H W)LJI UC- ~ ,~I 4.J~I_) U:H A.Sy,.!! 4-1~ 

:al d-ti ,ills ±lill s's ye 5Sys lg» Ce: ls;

Second Ground 

.c;lil1 J:ilhll .bi- :(7-2) ~ 
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Sl) c" °us?J3+ elell cols56lli c «1@,,a11 @\ills <<930) s3Sall cAgel gS6S
esXhAl sic As5yI Asta y» yg as A6ti.all 5,LAU A-ls ,s Riles yhll 5¢LaYl » Se as
~ ~ I .b. 4S uk.:ii.11 - Los; , ~1..bll · ~.:. ~, ~ · • < L)G.. 1- &li..;JI - - Los; , · .lJI - -· ..r ~ ~ IY-...r"-"' - ..,~ - (.5""- -· • ',? _,.i::,.J l.J:!-'-".) .., 

, I · •_.:. 11 o t.-.11 · .)Li.. ..A j ...c~, · - I_ -:I\ . ,I_ -:II 1.-..1.i..ol.WI - . -11 -- 1\ .~ -~1 ~h.....il \_' -_) S- °'N""97'9.' "9'?'2:2' ·3

General notes

Palestine
Polytechnic
Univerersity

Northern site Elevation

Green School 

AlooSolameh 

Front site Elevation
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seal) cc.iagl)

: ~_;i.11 ~l_,11 2.5.1 

~1_,ll ~ ~-' , ~ ~b.11 ~Liill ~)I (>~I ~~-'~)I ~l_,.11 ~ ~l_,ll o~ ~ 

rl~I ~ .l! _, , ~~I ~~ ~~ '/4 ~ jk. o.ll...S r~ <:?~I_, ~I _r.>-=J I u,o LJ:!C- _,.i rl~I

~ .l!_J ' ~I 4-;~I_, ~I 0~~'11 0-o ~ ✓-6i J~'i ~u.JI ~ji.14_, o..):!,lS w6.~ w6.:iil l

~~I ~I 1- ~I ~I w6.:iil l l.....,l..,..j · 1 \.ull• -· • U"""" .., . c4u.o 

: 4WJI~l_,11 2.5.2 

~'ii J:iS.1 1 (>l.l'.i ~ w; . 4-:l.l_;:i ~I ~_,ll ~ ~u.JI ,.....f)l:i~I ~1_,ll o~ .):,U.11 k~ 

~ ✓-61 .J:!.fJ ~~~<:?~I_, w6.:iil l Js..;,_, ~ ~ ~1)1 ~~I .):u.J I ~I~ <:?~I_, ,~i)I_,

.;i._ • w6.:iil l 1! ·.... -:l ·- - 11 . . . l~'i ~~'iw 4-.oWI ~, ~ 4-.o ·."'11\ o~~'il · ·.< .. ·-. u-o ~~ .JA ~ ~ u-o ~ JJ r . . . J""' . u-o ~ 

~'ii .ll~'il ~~ ',r"'i.J .)1~4~I~~I wlj_,__»ll r'~' ~ w; .<.S~i ~ u-o .:i.:1.:i)I ~..,

. YI~ -- .:.11 .O) =r °'

>.,,,,,1,_]gr-+H

Southern site Elevation

:'.:1.x1 :du, 

Back site Elevation
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: ~y!JI~l_,31 2.5.3 

_)_,:il ii~ ~~j wbt........ rl~I ti ~:u.., ' ~l.fa::JI \+i~t......, 4..,..,_;.lJI ½-IC)Lo ~ ~1.,11 0~ Jhi

cs&l ± sa: ls &6l» 4! cs 4sXll; c\std le ADA] Jail C-a3 55lsyl eft<J
. ~~I c\.J~ ~I yl....S.)' ."6.!t.....,.)'L,i Jj,JI ~ .k-t.....:i ~I__,~I _p.-:,JI u.o LJ:!CY rl~I ti.J, 4..1~ 

: ~~I~l_,31 2.5.4 

sss5 3ll eiyi.al Agsle ¢ -ill lit @»y @stUA sf le acli,ls gi) lgsls ) 3a5
..<j J)lil...l 1- ~ ~ • •• < L)L;.. wl:..:iilw ~ ' ~ 4.J - o~l....,.I uq .-:I ~ ·.'\I 11 wl:..:iill ,_~ ~ - _y..:. .JJ!r' - . - -.J - _..J&-J .J . ..,r.;-.,.. _y,,, ~ 

~\...;.jl Uc. l~I - ' : .. llc.1i..!i:iJ~·)IJ14.9'UJI . - 1-1~y,.:.··- ·,·'"11Wi. ·.< .. -- • ~ r' ~ .J ~ - .) Y.:9 _JJ .J ~ 'T':i...r"-l.J ~ U"' ~ .fa! 

. ~YI~I /.s.:l\+o .J ~I fa ~4 ~ ~1.,11 ~.fol ' ~I _p.-:,JI 0.o L):!C _,.il ."6.!t.....,.)'l,i ~~
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,-A') Jail)

~.Jl:.. 0.o -4.S_;=Jl! !~ 4-,..,.J_wl J:..b -4.SyJI _,I ,J:..1-lll o~"\i ~I ~.JL:.. u.o ~I_,..., o..)c 'i~i -4.SyJI hl:i 

~) . ~1..lll '½y.,u,oJ ~ 'F.JL:....11 y_,....:i.JI ~ .J#. J_) ~.P.-J r.kl 1.foj uJ.... ~~¼.kb c)) 4-,..,.J,wl 

-4.S_;:,-ll ~4 Loi. ~I c)).., U'° ~..,yJ1.., J_,;...lll ~.?- e:Al O_JJ~ 1~.., ~Loi ~)l:j 0.o ~ J_,;...lll ~ 

.~I ~1_,bll 0H Lo ~I.J -4.S_p,._, .l:..1_,ll ~lbll J:..b_, ~i -4.S_p,. c)) ~ ~I J:,.b 

~ ~w ~~yic -4.S_p,. ~lbll I~ ~ ~J:l lfil.., ul~I ~ ~ ~ hl:i ~}JI ~lbll ~ -4.S_;.:Jl! 

_;.a'il ~~.., .(.)'l:!yill ukt:9_, ½-U1S.JI_, 4.fa\Sll ~ 4.:Jfi ~..►.JI I~ ¼-I=,_,~ ~~ I~_, c,>Q.)'il y~ 

- I - LI\ o~ . .J ~I ulcl .:I\ · · '- ·le~ -~~, - I - LI\ . ...sw . .J .:i..ik:JI -4.S ·- I\ ·· l:~ . ~ ~ .2b' s '?0fr0!1?g'gs?r # ·'6-'S-7- + =

~Loi hl:i ~i ~ ¥4~1 ..)c~I_, ~ly';I J)L:.. u.o ~ ~j..s ~1__,bll 0H ~1)1 .4.S_;.:J4 ~ ~-' 

-2)ls.ll «s.a9 La ls_9 ., {giy 31449l 65_s3 5ylghAVJ5ls Ai491ass de-·339 8s isl ± 53%5%

.(10 

Section A-A 

~~,. ,-a
Section B-B jjmlLLTTiltQU~
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. '-4.li..ll 3.1 

Alal) i] 3Li5.39']• - .J • 3.4 

• J~I J,..=l.;i 3.6 
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3

. t..~, 3.1 

Lal) cs),y\55,91 3.,4. - ..) . . 

~Wi.i'll lAII. _ . ~ 3.5 

.31410¥ Jass 3.6
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cltti) Jail ]

~Jlo 3.1 
~JJ ¥Lli.l)'I ~WI 4..u.l.J.l! ~Lli.l)'I ½,-1-i~ Jti:u'il 0-o ~'i ~.Jt.-..J I ~w.ll 0-o tJ_;.;..J I 4..u.ly ~

~ ~Lli.l)~ (!J_j..ll ~ J...Wll 42•§ J~I uk, UJ......J I JbYI~ 4..u.ly ~ ~ '1,¥.) ~J

. tJyt.Jl <.#.)~'JI ½,-1-i l;JI ~1_.>:!J C}..AYI w41,6:i... ~

le \4ii Aly\5 5\sly»9 s3! lyall 3y.al) y,ti,01 @665yI ya1isl 3lisJ,ti5yl ca50 elayLS

.9ell ,ca0Cle .hAilsis sCl is) S: "s? @ls! ca.j]

, ...i~"il ... , e • oil! u~ 3 2-.;,- ,. (.. . 
ti.a .tuLli.l"I 4-1.u, ': · 11 I . :t1 . . .. . -- I ~. l.:iil 11 t.....,j . It" ~. 'Lli.l"I - . A. -~1, L_O ,. I f' J J - f J - ~ i..,r .Y"' ~ U"' U.)l.a J (.)A-1.o L......i.ci (! . IS 1..,1""' ~ '-F i r-----' -,-:: 

~ti.lL;iJ ,(!_,!:il l J c::4)1 J Jj'ijll _.>:.U'U 0-o ¼ Jbi ~IJ ~J ~ Jbi 0-o ~)-~I wlji_j...1 I ~

· 1- Ui .tuLli.l'JI WI .lJ.w --~ ~. - . ~ - ~

wb~)'I J <.S..,il l ~ uk O_J.)ls ¥Lli.l)'I ~I..Wl ~ti.a .)~I~~~:( Safety) uLAYI •

.4is 7,il]
' ~ .ill ' . .:. II -lis\S ~I :i.wU... • l..li,o ~Lull .)' - · L . 1 ·-;: ,-;:_ ~ - ·(C t) ~, • U.O r' <.j (.)-Q...,,..... - J · C""" J . JA '-':!~ LJC- ~~ • OS 

. .i.4i
'-;-J-i.;,,..'. J ( Deflection) ~lj .b>,IA <.ii ~ ~ 0-o (Serviceability) ~ ~I~ .)~ •

_y_,l.h.J I <.j.Jt.-..J I .):.W I uk, ~ Ji:fJ ~I (Cracks) 1.-,1gg ;II 
, ... "u~, 1 . :11 . , ,, • 

• l...:.wul - • i..r_,... J ~

19 



u,o 4.il ~ ,~I.J t1h:i}I ~ rW'/ ~ /.fall y.;y r+4.J ~.J ~ _►. 4-;_):.:JI 4.....ilyll .J,iw 

*~~\..,;.j'/1 ~I.WI 4.....il .J..:i ~~ ,t1h:iJI wyl...c u,o 0~ Lo ~i ~) J~_,ll Se ls
.~I.WI J,..a.11 ~_>,b.J u-o':/1.J (»WI~I~) J~_,ll~ ~ uk Wl_,ll Jl..=YI ~.J

~~13.3.1

e! <+ss us9 le &sill las'yl def gls 59ls 95S5 l Lg.af , gl &±syI yat:all syy
.4/'J:)1 Jl..=YI.J ,~I JbYI ,~I JbYI :JbYI 0~ U-0.J 01....!ilJI 

yl) JsYI 3.3.2

"-4~1 Jl_,Jl ~ .J,lll lil!iill (1-3) JJ~I 

Ai5ad1 72it&ty
r!Jll~~liJL.ll

(KN/m3) dalial)
22 ..6)411 1 
23 4.,j _,.JI 2
25 ~I 4.,jl.., y,..11 3
9 y_,b.11 4
23 5l-ill s 
17 J..i)I 6
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w ti__' .. I u,__ ~I 3.3.3 

, 4,1a r-_►. w;/~I _,I , ~I ~;/~I~wlr-Ll:u)'I_, ¼YI 4--l ~fa ~I Jk..'il ~_,

: ~~_, ,o_?y.ll_,~j_,.Jl Jk..'il ~~~l...:

.oLl:.1..11~ <.Y=11..:.....;;y1 uU) .1 

. oLl:.1..11 ~ .)jj wljlfal 4,.lc 4~I o_►.YlS ,~~' Jk..YI .2 
~§Jiti....,;l\ w;/';I_, o_►.')'I_,, w~I i..:.,\.Jis ,y,.'; w!J u-a ~lAi ~~~,.., ,~LJI Jk..'il .3 

~I Jk..YI ~~ (2-3) J_,~I_, ,wl~I_, o_►.')'I_, i..:.,t:iYI _, 4.,jy...J\ .:il_,.Jl_, ,~•.i~oll J#.

.~.:i.J'il .:ifill ~~I rl~l ~..,_i ~ bLo:icl

lJas#} (2-3) ds+el
,-el Jes.l)

1a5.£8I @a.cl ~_;JI 
(KN/m2) 

r ... 
dlaial]

5.0 (wl.J-J w\.dj) (.).11.Jl.wl 1 
2.5 (ch-!) c:lll 2 

4Ji.::H ~~I 3.3.4 
:~ Ji..ui ~ YI 0~ J ,~1 ..l.ic. .)\..[Jc ;/I ~ I.A~U (JI ~~I Jk.,YI L)A i..:.,l\.:il \ t..,_ill ~

C~I 3.3.4.1 
~, <.S~I c4J1 ~y,, ~ .:il..o:ic.;11 ~ c4Jt Jk.,1 .:l:!-Ail..,,is4J1 ~~i t.Sfa. .; :fJ cl:)' J.....=.. i 
A..-9 • 4....,,,,oij Ll'.WI .:i i 4-ui "h...i 4.:ibbl ~ · ~ -- -'I -L... · Ll.Wl ~W I ·.. · ....1...~-"" <.r ..r:-.., .., ..)A i..r . . .. l.)-0 ..,.. .., ~ c..- (.JC ~ .) ~ ...)¾Ul

• <.S ~ 'ii wlfa.JI u,a .:1;!.:ia.ll_,~_,i e;!iy, 
~ 44. ~ l.:U_, '~;/I CY)I <.S_; ~ i)c. J~ (DIN 1055-5) ~W;/1.:ifill .:il..o:ic.l ~_,

-: i)! '-4 ~_,.JI (3-3) ~.J J_,~I rl~l.u, ~I ~.:ii.it.JI
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Height Above the surface(m) 0 to 8 >8 to 20 >20to 100 >100
Wind Speed (m/sec) 28.3 35.8 42 45.6 

Wind velocity Pressure (KN/ m2 ) 0.50 0.80 1.1 1.30 

DIN 1055-5 ~W';/1 ~ftll uk bWc.l c4)1.b...;., .J ~Y-" ( 3-3) J~
y?

q = 1600 

~.J':11 ~ ~..,_...1o 0-o ~~ tu:i) uk c4)l ~41~1.hi....:J 1 (wind velocity pressure) :q 

(KN/ m? ) <sA0
(m/sec) <\:±400 a¢yI ; V

.4 sys40 44409 Cl <i;y/yec·) he z<!1 (1-3) lsll ys
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v. 

v. 

urge 
city amter 

v. 

Open 
Suburban area terrain

[.jl:i.11 3.3.4.2 
1- bt....:ic.l .1~11 .h i ~~ •.<'._. ' .1~11 .<1 ~ I! WI I.I . ~ ·I ·.C. -:11 h '11 . .-.a.cs " 6l 181 2s 9''> ? 6+!! es) OoX ,

-- -'I - L ... · oLll.o.11 tti:i I • -~ c_-LJC- .) 

,e::_,llil .6"1......:i.1 ~ y.JI ~I ~ • 

.,,-992 3< es'ch» = &\6599F ±s zll lael &6 Cy ,Nil J3as 3
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/ti) Jail )

cs!'l Jesh (H) ~}II ~ ~ l.ll..11 _,k. 
(KN /m2) (J±la)

0 H<250 

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

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

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

h-400 
s = 

£. 400 

st= 970-400 = 1.43kN lm2 
400 

Jj"Jjll 3.3.4.3 
- 1. :- -·-·,4.i . .:. _,, . l,, wt.i.JJ ~I .d.S ·- 11 ~, 4.J...ii ~i w ·1 ,ia-1 . J ·Yjll -·-c.S.J! ~ ~ -~ L}.-Q.)X • •• ~ • • • • .).J • .) ~ (.)C- .) ~ 

lRs3lia Cl.al lss ,a10 2is lieYI Ce lles'yhs'so 56.95 yl .,e;9 till gle _yi af
Jljljll i.!:.J .h ~ ~I I · 'JI · . u~-11 11-:11. ~.h J6. . _j J ·y :tt• :J . - .J _;,,-c (.)A <J:!-LlLll '-1"'-•-::J ..,- .J .,,)'" 

<6Lt5yI let.sllle 'kliy ,gill iRcJ30 gaill las 5eh e &3-#4iali» ,4.3
. I I '...... A \i, 'j ais • 'I . I
-~ ...,-- ( .j "6--'

(Serviceability) ~ ~I ~ ~~ •
. Y.,,1.h.JI ($.Jl-..JI _fo,i.JI ~ l:,L yji <ii1' (Cracks) 1-'.'.-,liiV,iJI ~_,(Deflection) 

.Wu.Jl UWI I .:11 1" ~11 •- . t.,r"Y" :J~
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:@±all cs3\iiYI 3,4
4J~ 4.l ~I Jl.=YI ~ ~ ~.., ,~_,..Jl ~~I i.:.it....lyll J=, ~ <.jY ~Ll..i)'l 4......ly}I ~

eiya @iyls? j,wll~_ji_, wLo_,1,.-JI c1h,:i_,, ~-.,;JI 04,JI_, .)~I_, ~_jill 4......I.J..lJ ~_,.JI w~L:

Bearing)l de55# Cle d-eel!38 ,iylaigl43,4y Lo 1Sls t,ale c\ill sec @;al
fa JSJ <Y>.U .#400 <.jJl.....:J ~_,..Jl ,y_jill ~ o_,; ujlS_, ~I wl...L...i ~ ~j)IJI (Capacity 

·t:Y' 

• ~ ... tt J.,j .c · t1 L_jW:a.,i"'JI 1-All 3 5 •er:--..,-... ... ~ . 
..l 4.J I - I 1- l:.!W <I 1....A.J'°tS:i:i -:11 4.JjLl.,i'jl 1..WI · ~ · o..l\.c. t.1.JI ~ · -<-:-: ~.., ,.) yu.a..o i.s- ~ ~ - . ~ c..)A ~ c..)A ~ • 1...- • u.,....... 
«lat \sly 5±aYl3 33-ells shill c ya\ill s's 8l C+s s-ell 4ls.0 456.as gill

• I.Afa._, wl...L...YI_,

~jois:
\ slab

'loor olumn

25 



cut) Jail)

: ~l:ill ~WI t.Jy:...1I <.i.fi=...:.., 

~,~, 3.5.1 

~WI i)) ~ o.}j.JI JbYI ~ ~i)I <.S-.,ill Ji; i)c. oyl.ill ~Ll'.j)'I ~WI c.):. O.J4c ~

.8365 2) go539 63as93333-' dis! gs Alls zttoyI

: ~ I.., ~ , w......JI ~L..,_jJI wl.fu..11 04 Jl-,:i...,YI WLl o~.., ~ t 1_,.ii ~ji 
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Chapter 4 Structural Analysis & Design

Chapter 4 

Structural Analysis & Design 

4 

4.1 Introduction. 

4.2 Determination of Slab Thickness. 

4.3 Determination of Factored Load. 

4.4 Design of Topping. 

4.5 Design of Rib 1. 

4.6 Design of Tow way Ribbed slab. 

4. 7 Design of Beam (16).

4.8 Design of Tow way Solid slab. 

4.9 Design of Long Column. 

4.10 Design of Stairs 1 . 

4.11 Design of stairs 2. 

4.12 Design of Shear wall. 

4.13 Design of Isolated Footing. 

4.14 Design of strip Footing. 

4.15 Design of Mat Foundation . 

4.16 Design of Truss. 

4.17 Design of truss column. 

4.18 Design of footing under truss column .
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4.1 Introduction 

The project consists of several structural elements that will be designed according to 

the ACI code and by using the finite element method using much computer software such 

as ATIR" and "SAFE" to find the internal forces, deflections and moments for the all 
structural element in order to design it. 

4.2 Determination of Slab Thickness 

Figure (4-1): Ground Floor Slab. 

According to ACI-Code-318-05, the minimum thickness of non prestressed beams or 

one way slabs unless deflections are computed, given in table (9.5-a), as follows: 

h,, for one-end continuous = L1/18.5

=645/18.5 = 34.8 cm.
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hmin for both-end continuous = L2/21 

= 510/21 = 24.3cm 

hmm for Simply supported= L4/16 

= 450/16 = 28.2 cm 

We selected h = 3 5cm . 

4.3 Determination of factored Load 

4.3.1 Determination of Dead load 

Tiles 3 cm
Mortar .2 cm
Coarse Sand Fill 7 cm 
R Concrete Topping 7cm
Concrete block

Concrete Rib
Plaster2 cm

Tiles

Mortar

Coarse Sand Fill

Topping

Block

Concrete Rib

partitions

0.03 x 0.52 x 23 =0.3588 kN/m /rib

0.02x 0.52 x 22 =0. 2288 kN/m / rib

0.07x 0.52 16 =0.5824 kN/m/rib

0.07 x 0.52 x 25 =0.91 kN/m /rib

0.28x 0.40 9 =1.008 kN/m / rib

0.28x0.12x 25 = 0.84 kN/m / rib

1.0x0.52 =0.52 kN/m / rib
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Nominal Total Dead Load =4.45 kN/m of rib

Nominal Total live load= 50.52 = 2.6 kN/m of rib

Total Dead Lad (service)= 4.45/0.52 = 8.56 kN/m?

Total live load = 5 kN/m

4.3.2 Determination of factored dead & live load 

Factored dead load= l.2*Dead load= l.2*4.45 = 5.34 KN/m of rib. 

Factored Live load = l .6*live load = 1.6*2.6 = 4.16 KN/m of rib. 

4.4 Design of Topping: 

Used fy = 420 MPa & Jc' = 24 MPa 

Dead load of topping = Was, + W,+ W,%a+ W,%%sr + W,,roes

= 0.91 + 0.3588 + 0.5824 + 0.2288+0.52 = 2.6 KN/m 

Total Dead Load= 2.6/0.52 = 5.0 KN/m?

Live Load= 5 KN/m. (for First and second story while its 2.5 KN/m for the Roof) 

qu = 1.2 DL + 1.6 LL 

= 1.2 * 5.0 + 1.6 * 5 = 14.0 KN/m?. (Total Factored Load) 

Ma 9/ _14.0x(0.4) _ o.187V.m
12 12 

Mn = o.4afe",bx?
6 
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p,,, 1000 70°=0.42 v2+=1.68kN.m.
6

¢ x Mn = 0.55 * 1.68 = 0.924kN.m.
xMn= 0.924kN.m > Mu = 0.187kN.m. 

No structural reinforcement is required. 

Therefore, shrinkage and temperature reinforcement must be provided 

p = 0.0018 ACl-318-02 (7.12.2) 

As min = p x bx h = 0.0018x 1 000x 70 = l26mm2 /Im. 

Use 1<1>8/20 cm, with As =250 mm2/lm in both directions. 

As =2.5cm /m > As min = 1.26cm2 Ok 

4.5 Design of Rib (Rl) at ground slab: 

Using "Atir" software for the following values of the envelope moment and shear diagram:

1 2 3 1 2 

C n = R

JA
A50.5 6.45 0.8 5.8 0.5 I I

I I7.4 6.45

Figure ( 4-2): Rib 1 geometry. 
I 

52. 

35. 

12. 

Figure (4-3): Rib Section 
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Dead load - Service

4.45 4, .5

~~ ' ~
7.4 6.45 

live load - Service

2.60 

7.1 6.45

Figure (4-4) : loading of Rib 1 
Moments: 

39.6 31. 

2.84 4.26 3.87 2.58 

Figure ( 4-5) : Moment Envelop of rib 1. 

-41.5
-34.6

27.4
22. 

-24.3
-18.8 

39.1 
32.3 

Figure ( 4-6) : Shear Envelop of rib 1. 
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Effective Flange width ( bE) ••••••••••••••••••••••••••• A CI-318-02 (8.10.2) 

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

b, =L/4=6.45/4= 161 cm

b, = 12 + 16 t = 12 + 16 (7) = 124 cm 

b, < center to center between rib = 52 cm

Control 52cm 

s Check rectangular section or T-section 
bw = 12cm, h = 35cm 
d = 350- 20 - 8-- 6 = 316mm 

Mu,,= 40 KN .m

Mn,=0.85 24 0.52 0.07 (0.316 -"") + 10 = 208. 7 KN .m

d Mn,=0.9 208.7 = 187.8 KN .m >> Mu,,

Rectangular section 

4.5.1 Design of Positive moment of rib 1: 

4.5.1.1 Design of Span I 

Mu= 39.6 KN .m

Mu 39.6
Mn==--== =44KN.m

<I> 0.9 
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4s,, = 110.6 < 126.4 the larger is control 

2 4s,, =126.4cm

Mn Kn=ba?

Kn= 4410° =0.85 Ma
0.52 (0.316° P

m = .fy 
0.85 * Jc' 

420 
0.85*24 

20.6 

I ✓ 2mKn p = - (1 - 1- ) 
m .fy 

=".)..220.690.85),3.07 +1o
P 20.6 420 

A req =pb * d = 2.07 10° 520 * 316 = 339.8 mm2 

339.8 mm> As,,, =126mm?

339.8Use D 16>>#of bar= = 1.69 
201 * Note AcJ>16 = 201 mm2

Then we select (2) bars D 16 As provided = 2201 = 402mm
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Tension = compression 

As fy=0.85 f. b a

402 *420 = 0.85 * 24* 520*a 
a= 15.9mm 

a 15.9 
x=-=--=18.7mm 

B, 0.85
c = 316-18.7 X0.003 

s 18.7

e, = 0.048 > 0.005

⇒ Ok 

4.5.1.2 Design of Span 2 

Mu= 31 KN .m 

Mu 31 
[In=== 34.4K.N .m 

<I> 0.9 

Kn= Mn 
b a?

Kn= 34.4 103
-------,- = 0.66Mpa 
0.52 (0.316)°

fy 
m='= Q)6

0.85 * fe' 0.8524
420

P ~ ..!.._ (I _ ✓I - 2mKn ) 
m fy 
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P = _l_ (1 _ l 2(20.6)(0.66) 3 20.6 420 )=1.6 10

A req =pb * d = 1.6 10° 520 316 = 263 mm2

263 mm> As,, =126mm

263 
Use p 14>> # of bar= = 1.7 * Note Aii14 = 1.54 cm2 

154 

Then we select (2) bars <D 14 A,provided = 2 *154 = 308cm2 

• Check for yielding 

Tension= compression 

As fy = 0.85 f, * a 

308*420 = 0.85* 24* 520*a 
a= 12.19mm 

a 12.19 
x = - =-- = 14.34mm 9, 0.85
• _316-14.34 yo,003

s 14.34

e, = 0.063 > 0.005

=> Ok

4.5.2 Design of Negative moment 

4.5.2.1 Design of support (I)

Mu= 40 KN .m

Mu 40 
Mn==--= =44.44KN.m

<I> 0.9 
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Mn 
Kn=-- ba?

44.4410°
Kn= ----- = 3.7 Mpa 

0.12 (0.316)

m-4200.85 fc' 0.85 * 24 

I ✓ 2mKn p=-(1- 1- )
m fy 

20.6 

=-a.). 220.693.7), 9.s+ 1o°
° 20.6 420 

A req =pb * d = 9.8 10° 120 * 316 = 371.6 mm2

371.6 mm2 >4s,, = 126mm2 

371.6 Use d 14 >>#of bar= = 1.85 
201 * Note Aas = 20lmm2

Then we select (2) bars <l> 16 A,provided = 2 * 201 = 402mm2 

• Check for yielding 

Tension= compression 

As * fy = 0.85f * a 

402 *420 = 0.85 24120a
a =68.97mm 

a 68.97 
x = - = -- = 81.14mmB, 0.85
._316-81.14 gg,003

s 81.14

&5 = 0.0087 > 0.005 

⇒ Ok 
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4.5.3 Design of shear for Rib (Rl): 

ACI - 318- Categories for shear design: 

Vu= 34.6 kN 

Use <1>8 with two legs 

Av = 2x 50 =100 mm

1. Iteml : <I> Ve ~ Vu 

{D Vc= <l>--x b x d6 w 

54=pVc= 0.75xx120x 316 
6

= 23.22 kN 

Since <I> V c < Vu

Not control 

2. Item 2 

1 
-@Vc<Vu <@Vc
2

D Vc= 23.22 kn 

!ave±?32? 2 11.561Kn
2 2 

Not control 
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3. Item 3 

©Ve <Vu<@Vc+@Vs.mm 

p
p Vsmin ? X bw X d 

3 

1 
cDVsmin = 0.75 (-) X 0.12 X 0.316 x10° = 9.48kN 

3 

cJ) Vs . ~-1 x ..ffu' x bw x d mm 16 

@Vs,,='-\/240.12x0.316x10° =11.61KN control
m 16 

<l>Vc + <l>Vsmin = 11.61 + 23.22 = 34.83kN

Vu= 34.6kN < <I> Ve+ <I> Vs min = 34.83kN control 

Minimum shear reinforcement is required 

Av > .!_ bw 
S - 3 fy 
req 

,14F,
S, 16 f

d S,,, 5-<600
2
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4v.1w,s _3x2xso10°x420_j.9s»
3 fy req 0 S «12

Av l !fa' 
?'Xbwz>S16 fy req S,

2x50x10° x16x 420_3.14m
242.12

d 316 S,, <--<600=>S,,,==158mm
2 2 

d Then Select S = 15cm < - .ok 
2 

4-6 Design of Tow way Ribbed slab: 

Safe program has been used in the design of tow way ribbed slab , so when we make the 

Dead Load calculation we make no accounts for Rib and Topping weights because the 
program add them. 

4-6-1 Dead Load Calculation : 

Tiles = 0.03*0.7*0.7*23 = 0.338 KN. 
Mortar = 0.02*0.7*0.7*22 = 0.216 KN. 
Sand = 0.07*0.7*0.7*16 = 0.549 KN. 
Block = (10\100)\(0.50.2)= 1 KN/m2.
Plaster = 0.02*0.7*0.7*22 = 0.216 KN. 
partition = 1.00 * 0.7 *0.7 = 0.49 KN. 

Dead Load =1.81 kN

Dead Load per unit area= (1.81 / 0.7*0.7) + 1=4.7 KN/m
Live Load = 5 KN/ m

46 



Chapter 4 Structural Analysis & Design

Figure (4-7) : Two way ribbed slab(rib distribution). 

4.6.2 Design of Moments: 

Figure (4-8) : Two way ribbed slab(rib reinforcment). 
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0
p

208@20cm
L=158

Section (A-A) & (B-B)

Figure (4-9) :Section in Two way ribbed slab. 

4.6.3 Design of shear: 

From Safe Program we took the value of Vu . 

Vu= 105 KN 

ffe Ve= -- bw*d 
6

54= 2000.560 = 91.44 KN 
6

p Vc= 0.75 91.44= 68.58 KN 

1.1 * <l> Ve= 68.58 1.1 = 75.44 KN

<I>Vc $ Vu 

Item 1 &2 is not suitable . 

• Item 3
pVe <Vu <pVc+@oVs.,

mm

<I>p/s,,, ?-xbwxd
3
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1
ds,, =0.75 (-)x 0.2x 0.560 x 10° = 28.0kN

3 

p Vsmin ~-
1 fi bw x d 
16 

p Vs . =-
1 
x JM x 0.2 x 0.560 x10 = 34.3 KN mm 16 control 

<l>Vc + <l>Vsmin = 75.44+ 34.3 = 109.74kN 

Vu=105kN <@Vc + 4Vs,,, =109.74kN control-------------a.........J 

Av lbw ->--
s -3 fy req

Minimum shear reinforcement is required . 

Av 1 ffe 
-~---xbw 
S, 16 fy

4v.1"s_ 23x2x50x10° x420_ 6.6s»
S, 3 0.2

4y 1ff',, .% 2xsoioxi6 420----x w⇒ =--------=0.69m S,, 16 » /24x.2
d 560 

S, <- ~ 600 ⇒ S ==280mmmax 2 max 2 

d Then Select S = 20cm <- nk 
2

2 leg <I> 8 / 20 cm c/c 
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4. 7 Design of Beam (16) : 

1 2
1 

C ~ :A0.3 6.85 0.3 I I
7.15 I I

70. 

7
50. 
AA

2

7.55 
7.85

a 
I

Figure ( 4-10) : Beam (16) Geometry. 

57 3. ~
' ' ' ' ' !/ y V V ~ ~ I l I ,1, / w \II I \ I I " I I

' ,, / I y !/ ' • I I, ' I {10 01 N 
be bi d) '/ ' dr ' ,v 'I ' ' ~

7.15 7.85 

Dead Load 

38.5 IQ
' ' I II ¥ II •v l II ~ V II w le l \ I/ w \ ,, ' \ / l/ } by

7.15 ' 7.85 

Live Load 

Figure (4-11): loading of Beam (16) 
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4. 7 Design of Beam (16) : 

2
2 3

~ ~[----.') --=-----~--J 
0.3 
I I

6.85 7.55 
7.15 

0.3 
I I

7.85 
0.3 
H

70. 

[
"_

50. 
AA

Figure (4-10): Beam (16) Geometry. 

57 3] ~' ' '
V V I I V I I '~ I J " . ., " ~ •v w

J \ I IV w I I U / I N/ ,10 0 N 
I I/ le V I lr V V

.

7.15 
7.85 

Dead Load 

3 5.5 K' ( '/ h ' 'I/ ' ' V \U ' [y le ' ,,
'II \U l/ ' y y 'II " ' " 'V _' I'

'
7.15 

7.85 

Live Load 

Figure ( 4-11) : loading of Beam (16) 
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.892.4

F.>
494,

634.
2.86 4.29 4.71 3.14

Figure (4-12): Moment Envelop for Beam (16). 

353. 

608.6

Figure (4-13): Shear Envelop for Beam (16). 

• Check rectangular section or T-section 
bf = 70cm, h = 70cm 
d = 700 - 40--10--10= 640mm 

Mu,,,= 634 KN .m

Mn,= 0.85 24 0.7 0.35 (0.64 - 2?E) + 10°= 2324 KN .n

d Mn,=0.92324 =2091.0KN.m >> Mu,, ..........Rectangular

Design for Flexure:- 
■ For Negative Moment:­ 
Mu 

M,807.5/ 0.9 = 897.2 KN.m 
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Mn,
Kn= bw*d2 

897.210° _ 4.38 MKn=-----;;- - . pa 
0.5 (0.64)°

m = .fy = 420 - 20.6 
0.85fc' 0.8524

I ✓ 2mKn p=-(1- 1- )
m .fy 

_ 1 _ 2(20.6)(4.38)) = 0 0119p=(l- '] -.:.....___ .
20.6 420 

As= p bw * d = 0.0119 * 500 * 640 = 3808 mm2

ffe 1.4, ,y,/) _-ii,y\@)>,'w)@).........4c1,10.5.19
as,, 2 s28,(socs)> "(socs)

""" 4(420) 420

As min = 9.33 < 10.67 the larger is control 

4s,, = 10.67cm2 

38.08 cm> As, = 10.67cm2 

38.08Use <I> 25 >>#of bar= - = 7.76 
4.91

Then we select (8) bars cl> 25 A,provided =17 4.91 = 39.28cm?
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• Check for yielding 

Tension= compression 

As fy = 0.85 f,bw * a 

3928 *420 = 0.85 * 24 * 500 * a 
a= 161.74mm 

- a - 161.74_ j90.28x------ . mm 
B, 0.85

c = 640 -190.28 X0.003 
s 190.28 

e, = 0.007 > 0.005

• For positive Moment :­ 

Mu =634KN .m 

Mu 
M,634 I 0.9 = 704.4 KN.m 

Kn= Mn,
bw d?

K» 704.410°
0. 7 (o.64° 2.46 Mpa 

fy 
"ass-n " oss+, ®6

420 

I J 2mKn p = -(1 - 1- )
m fy 

P = _!__ (1 _ ,_220.62.469 )=
20.6 420 =0.00626

As== P * bw * d == 0.00626 * 700 * 640 = 2804.5 mm?
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- ffe (b X ) > ~( X ) (AC1 -10.5.1)Asmin - 4(.fy) W " bw d . 

s?4 (socs)>(socs)» 4(420)' 420

As min = 9.33 < 10.67 the larger is control 

Asmin = I0.67cm2 

28.045 cm> As, =10.67cm

28.045 Use <I> 25 >>#of bar= -- = 5.71 
4.91 

Then we select ( 6) bars <I> 25 A,provided = 6 * 4.91= 29.46cm°

• Check for yielding
Tension= compression 

A,,fy=0.85 f, bw a

2946 * 420 = 0.85 * 24 * 500 * a 
a= 121.3mm 

a 121.3 
X===]42,7mm

B, 0.85
%_640 -142. 7 X0.003 

s 142.7

e, =0.010 > 0.005

Mu = 494 KN .m

Mu 
M,494/ 0.9 = 548.9 RN.m 

54 



Chapter 4 Structural Analysis & Design 

Mn,
Kn= bw*d2 

= 548.9 * 10-3 = 1.91 Mpa 
Kn 0.7 (0.64)°

m = fy = 420 .20.6
0.85 *Jc' 0.85 * 24 

'p =(l- 1- ) 
m fy 

= _1_ 1 - 1- 2(20.6)(1.91)) = 0.00478 
P 20.6 ( 420 

As= p * bw * d = 0.00478 * 700 * 640 = 2141.5 mm2

ffe 1.4, ,y,7) _,y\®@)>,'wf@).....04C1 -10.5.1)

As_..s?8,socs)> 'f,(socs)
""" 4(420) 420

As min = 9.33 < 10.67 the larger is control 

4s,,, =10.67cm

21.41cm> As,,, = 10.67cm2 

21.41Use <l> 25 >>#of bar= - =4.36
4.91

Then we select (5) bars D 25
As provided = 54.91 = 24.55cm2 
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• Check for yielding 

Tension= compression 

A * fy = 0.85 f., bw * a SW C 

2455 * 420 = 0.85 * 24 * 500 * a 
a= IOI.Imm 

a IOI.I 
X===]]8,9mm

B, 0.85

,,_640-118.9 g.003
s 118.9

&, = 0.013 > 0.005

Design of shear for beam (16):

Ve = 0.756/24(b(@)/6 = 0.75(✓'24)(500)(640)/6 = I96KN 

Vu=509 KN

DVc <Vu.

Category 3: 

DVc <Vu< DVc +DVs

min Vs > 0.75(1/3)(b)(d) = (1/3)(0.75)(500)(640) = 80KN 

mintf>Vs ~ (1116)(./fo')(b)(d) = (1116)(✓'24)(500)(640) = 98KN is Control

DVc + min DVs = 294 KN

Vu = 509KN > DVc +DVs = 294KN

So not in the Category (3).
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Category 4: 

<!>Ve+ ¢ 13 ffe (b)(d) = 196 + (0.75 / 3) /24 (6ooy64o) = 588 KN 

Dvc +DVsmin =294 <Vu=509 <@Ve+63[f&' (by(d) =588 KN

(Av Is)= Vs/ (Fy d)

Vs = (Vu / ¢ ) - Ve

Vs = (509/ 0.75)-261 = 417.7 KN

(Av/s) = 417.7 /(420640) = 1.55410

Try ¢ 10, 2 legs

S=(279 10°)/1.55410°

S = 101.7 mm 

S<d/2<600

S<(640/2)<600

S<320<600

So use 10 @ 10 cm c/c , 2 legs .
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4-8 Design of Tow way Solid slab: 

4-8-1 Determination of Loads : 

Plaster = 0.02 23 = 0.46 kN/m

Slab = 0.15* 25 = 3.75 kN/m2 

D.L = 4.2lkN / m?

From TANK L.L =l0kN /m2 

quo =1.2 D.L =1.2*4.21= 5 kN/m

Vt.= 1.6 L.L = 1.610 =16 KN/m?

qu = 21KN/m
For Im Strip in X & Y direction 
qu = 21 KN Im 

Lb= 5.3m 
La= 4.0m
Lb 5.3- = - = 1.325 < 2.0 La 4.0 
:. Tow way 

T pa+n /or f =D
I 

I 

B.B 012/20 1=400

i . 
[p-1sci];

,
I 
a 

I I I I I I
I I I I I
I I I I I I I

I<
. 

cm

select h = 150 mm

b = 100cm,h = 15cm 
d =150-20-12 = 118mm 

4-8-2 Designs of moment 

=> Design of positive moment: 
Lal Lb = 4.0/5.3 = 0.75 

From table (12-4)

Case (I)
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C,=0.061 

C,,, =0.019

M,=C,2 4»@a)?

M,, = C, 4% a)?

From table (12-5) 

C,,,=0.061

C,,, =0.019

Ma,LL = ca.LL * q uL * (La) 2 

Mb LL = Cb LL * q uL * (Lb) 2 . .

{(0.0615(4.0)) +(0.06116 (4.0))} = 20. 5 KN.m 

{(0.019*5*(5.3) 2) +(0.019*16* (5.3)2)} = 11.21 KN.m 

Ma,pos= 20. 5 KN .m

• M,,,
[VIh=

<I>
20.5 
-- =22.8 KN .m 
0.9 
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4s,, = ~ (bXd);,, ~ (bXd} (ACJ -10.5.1) 

y28 (qooos)> 'rooo)is)As "" 4(420) 420

4s,,, = 344 < 393 the larger is control 

As, =393mm

Mn Kn=b a?

Kn= 22.810° 1.64 M a 
1 *(0.118)2 P

m-"> 4200.85 fc' 0.85*24 

I ✓ 2mKn p=-(1- 1- )
m fy 

20.6 

p= 1 (1 - 1 2(20.6)(1.64) ) = 4.08 10°
20.588 420 

As req =pb * d = 4.08 10° 1000 * 118 = 481.44 mm2 / m 

481.44 mm 2 > As min = 393mm2 

Note Aaz = 1.13cm?
Use 1 <I> 12 @ 20 cm c/c 

• Check for strain 

Tension= compression 

As * fy = 0.85 * fc * b * a 
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565*420 = 0.85 24 1000 a 
a =11.63mm 

a 11.63 c=-=--=13.7mm 
B, 0.85

, 2118-13.7, yo.003
s 13.7 

8s = 0.023 > 0.005 

⇒ Ok 

Mb,pos= 11. 21 KN .m 

_ Ma,pos _ 11.21 
Mn- --- -- = 12.46KN m 

<I> 0.9 . 

, £E,oy» 'eoxa)
mm 4(fr) - ff d ·········· ··········(ACJ -10.5.1) 

✓2A 14 
(soy@®001s)> ,,5, 00o0)} 1s)

4s, = 344 <393 the larger is control 

As . = 393mm- mm

Kn= Mn 
ba?

12.4610°
Kn= 1(0.118F 0.895 Mpa 

m = fr - 40
0.85 * Jc' 0.85*24 

20.6 
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­p= - (1- '1- )
m fy 

1 2(20.6)(0.895) p=(l- 'I'''')=2,1810°20.6 420 . 

As req =pb * d = 2.18 10° 1000 * 118 = 257 .24 mm2

257 .24 mm 2 < As min = 393mm

* Note Aaoo = 0.79 cm?

Use l<I> 10 @20 cm c/c 

• Check for strain 

Tension = compression 

As fy = 0.85 *fc * b * a 

395*420 = 0.85* 24*IO00*a 
a= 8.13mm

a 8.13 c=-=--=9.56mm 
B, 0.85
118--9.56

6,' 9.5% X0.003

e,=0.034 > 0.005

4.8.3 Design of shear: 

La/ Lb= 4.0/5.3 = 0.75 

From Table (12-6):

Case (1)
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W,= 0.76

W, =0.24

Y,= 21 * 4.0 *0.76 = 63.84 KN control 

Y',,= 21 * 5.3 *0.24 = 26.7 KN 

Shear at distance d :- 

= 21 ( 4\2 - 0.3\2- 0.118 )

=36.37 KN. 

Ve= ./fe' b * d 
6

54,1000 0.118 = 96.34 KN

<I> Ve= 0.75 96.34= 72.3 KN 

<I>Vc ~ Vu 

.:.No Shear Reiforcemnt Required
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4.9 Design of Long Column (C61) : 

4-9-1 Design of the longitudinal Reinforcement: 
Pu= 3586 KN. 

So, its axially loaded
Type of column: "Tied column".
Assume pg = 0.02. 

pu Dn=
<I>

, 3586 _ 5517KN.
0.65 

Pn,,=0.80.4g[0.85 fe' + pg(Fy-0.85+ fe)]
5517 = 0.80.4g[0.8524 + 0.02(420- 0.85 24)]

2Ag reg = 0.24m . 

Use 0.6m 0.4m.
Ag= 0.6*0.4 = 0.24 cm2•

-Determination of required pg :­

Pn,, =9.804g[0.85+ fe' + pg(F»-0.85fe')]

5517 = 0.80 * 0.24 [0.85 24 +pg(420-- 0.85 * 24)] 

pg= 0.02. 

pg > (Pmm = 0.01) ··············································· (ACI-Cod-10.16.8.6) 
Required As = Pg *Ag= 0.02 2400 = 48 cm.
Use 16 020 As roviaea = 50.24 cm
As max= 0.08*2400 =192 cm?.
As » = 0.012400 = 24 cm?,
As max> As> As mm OK. 
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4-9-2-Check Slenderness Effect: 
a) In 60 cm direction (about Y-axis) :

(KLu/ r) <(34-12[M1/M2])

$40 ACJ 10-12-2. 
Lu: Actual unsupported (unbraced) length. 

K: effective length factor (K= 1 for braced 

frame). 

r: radius of gyration =0.3 h = .JI I A . 

MI/M2 = 1 for the interior column. 
Lu=3.9m. 

(13.9/0.30.6)) < (34- 12[1])
21.7< 22 short in the 60 cm 

0.6m , 

direction. 

b) In 40cm direction (about X-axis) : 

(KLu/ r) <(34- 12[M1/M2l)

<40 ACI 10-12-2. 
Lu: Actual unsupported (unbraced) length. 

K: effective length factor (K= 1 for braced frame). 

r: radius of gyration =0.3 h =WllA . 

MI/M2 = 1 for the interior column. 
Lu=3.9m. 

(13.9/(0.3 0.4m) < (34- 12[1l)

32.5 ~ 22...........long in the 40 cm direction. 

-Slenderness effectmust be considered. 

o = C,
ns 1- ~

0.75 + p
C 

~ 1.0 A.CJ (10.12.3) eq(J0.9). 

C, =1.0 (for single curvature - braced frame) A.C.1(10.12.3.1),
P, =(1.2DL) + (1.6*LL). 
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P = 3586 KN. II 

p = 1r

2

EI A.C.I(J0.12.3)eq(J0.10). ° (KL,)

EI = large of: 

(0.2E1,+E,1,)
EI= . 

1+ Bd ··························································eq (1) 

Or 

EI= 0.4Eclg ······ eq (2) 1+Bd

E,= 4700,/feeN/mm®.

»_470024_ 93.03 MPa
c 1000

I = moment of inertia of gross concrete section about centroidal axis, neglecting s
Reinforcement, mm 4 •

,_bh _ 600400°_ 3200000000mm'.
g 12 12 

Ise = Moment of inertia of reinforcement about centroidal axis of member cross section, 

mm4
• 

I,=24,x) = 2(6314115°) = 49831800mm
Es = 200000 Mpa.

factored 
Ba

axial dead load 
factored axial total 

2600.16 
load = 3586 =0.725 .

From equation 1 and 2 we select the large value: 

EI- ((0.2 23.03 3200000000) + (200000 *49831800)) 1+0725=5.7910°N.mm?
(control). 
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; 9.423.03 3200000000 _ , 7]+°
I+ 0.725 

p__n?5.7910°_ 37571 KN .
C (1.0 * 3.91000)

__ l_.0 __ =l.15 
6,= 3586

1-----
0.75 37571

2 N.mm 

~ 1.0 OK. 

e. = 15 + (0.03 * h) = 15 + (0.03 *400) = 27 mm mm 

e used for the design = 1.15 27 = 31.05 mm. 

the value of e is too small to use the inter action diagram . 

so as we found above use Use 16 0 20

4-9.3 Check for spacing between the bar: 

600--240- 210-- 220-- 520S=------------ 
5

4S=72 mm 2--M.A.S
3 

> 40 mm

~ 1.5db = 30 mm

4-9.4 Design of Tie Reinforcement: 
Use O 10 ties. 

1) Spacing (S) ::; 1 6d,, (Longitudinal bar diameter) = 1 6 20= 320 mm .... control. 
2) 48d, (ties bar diameter)= 48 1 0= 480 mm. 
3) Least dimension = 490 mm. 
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Use "0 10" Ties @ 25 cm spacing. 

16020

10@25
L=190 60 

32 s2

52

9

010@
L=120

32

14 

Fig. (4-14):Section of column (C61). 
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4. 10 Design of Stairs 1 : 

Determination of Slab Thickness: 

L = 0.4+2.7 +0.9 = 4 m. 

h, = L/ 20
he, =400/20 = 20 cm

=> Use h = 20cm. 

_ _L___ , - 
®©-I- 
" 4]

4. 10 .1 Load on Flight: 
Dead Load:

Tiles = 0.03*27*((0.3+0.17)/0.30) = 1.27 KN/ m2. 

mortar = 0.02*22 *((0.17+0.30)/0.3) = 0.689 KN/ m2. 

Plaster= (0.02*22)/ (Cos 29.53) = 0.51 KN/ m2• 
Steps == ((0.170.3)/2) 25/0.3 = 2.125 KN / m?,
Slab =: 0.20 25/ Cos 29.53 =5.75 KN/ m2. 

Total dead load = 10.34 KN/ m2•
Live load: 

Live load for stairs =5 KN/ m.

Factored load 

qu =1.2*10.34 + 1.6*5 = 20.41 KN/ m?.

For one meter Strip, qu = 20.41 KN/ m . 
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4. 10 .2 Load on landing: 
Dead Load: 

Tiles = 0.03*22 = 0.66 kN/m
Mortar = 0.02*22 = 0.44 kN/m?
Slab = 0.2025 = 5 KN/m?.
Plaster = 0.02*22 = 0.44 KN/m?
Sand = 0.0716 = 1.12 KN/m?.
Total dead load = 7.66 KN/m?.

Live load: 

Live load for stairs= 5 KN/ m.
Factored load 

qu =1.27.66+ 1.6 5 = 17.2KN/ m.
For one meter Strip, qu = 1 7 .2 KN/ m . 

Design of Flight :­

4. 10 .3 Design of Shear : 

• Assume 0 12 for main reinforcement:­ 
So, d = 200-20 -6 =174 mm

Shear

-29, -31.6

I I

Figure (4-15) : Shear Envelope
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Vu=33.9 KN. 

o77-6,+a¢Ve 
6 

mv, _ 9-75+,24 1000174_ 306.6KN
6 

Vu= 33.9 KN < ¢Ve= 106.6 KN . 

>>>>No shear Reinforcement is required. So the depth of the stair is OK. 

4. 10 .4 Design of Bending Moment: 

The Following figure shows the Moment Envelope acting on the stair

Moments: spans i to i

38.7 
2. 

Figure (4-16): Moment Envelope 

Mu= 38. 7 kN.m 

Mn = Mu I 0.9 =38.7/ 0.9 = 43 KN.m. 
d= 174 mm.

K = Mn 
" b.a?

43 10°
1000174? F\-42MPa .

m fy 
0.85 x fc'
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420 = 20.6 
0.85x24 

p=_!_(1_ J1_ 2mK,J=-1-(l- 1 2*20.6*1.42J=3_5l*l0-3 
m\ f, 20.6\ 420

4s,,,= 3.5110° 100174 = 610.74 mm

m 

As min =0.0018 * bh = 0.0018 * 1000 200 = 360mm

As,, = 360 mm <4s,,= 610.74 mm

Use¢ 12 >>> 610.74/113 = 5.4 

Use 1 ¢ 12@ 17.5 cm c/c with As =(100 / 17.5)*1.13 = 646 mm2•

As provided= 6.46 > As req OK. 

Check for strain: 

Tension= Compression 

As * ff = 0.85fc 1 * b * a 
646 *420 = 0.85 24 1000 *a 
a=13.3mm

a 13.3 
x=-=--=15.6mm 

B, 0.85
_168-15.6.35&,= .0(J3

15.6 
cs = 0.03 > 0.005 ~ ok 

4. 10 .5 Secondary reinforcement: 

As Shrinkage= 0.0018xbx h = 0.0018xIOOOx 200= 360mm2 

Use <1>10@ 20 cm ...... 
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4. 10 .6 Design of landing :­

-Reaction (factored) of the staire on the landing= (1.2*15.6)+(1.6*8)=31.52 KN Im. 

-Factored Total load/m. = Factored (D.L) + Factored (L.L) + Reaction of the satire= 

(l.2*7.66) + (1.6*5) + 31.52 = 9.2 + 8+31.52 = 48.72 KN/m.

Design of Bending: 

Mu= qu x L2 48.72x 3.42 = 70.4.KN.m 
8 8 

Mn = Mu _704_ 78.2.KN.m 
¢ 0.9 

Assume 0 16 for main reinforcement:- 

d = 200-20-.8 =l 72mm. 

K = Mn 
" b-a?'

K _ 78.2 10°
"1000 1793 > 2.64 MPa.

·%''-PF}-«s»
4As,,,= 0.00676 x 1000 x 172 = 1162 .7 mm ?

/fe'. 14 4s,, = 4(.fy) (bw)(d) ~ j;(bw)(d) 

../24 14 ⇒ As min---(1000)(172) ~---(1000)(172) 
4(420) 420 

A4%%= 501.62 573.3

73 



Chapter 4 Structural Analysis & Design

> Asmin = 573mm..........Control 
As, =1162.7mm > As, =573cm?req.

Use 1 ¢ 14@ 12.5cm 

Secondary reinforcement: 

Ass,, . ka = 0.0018x bx h = 0.0018x 1 000x 20 =360mmnrn ge

Use 1 612 @25 cm

4. 10 . 7 Design of shear: 

Vu quxL 48.72x3.#_ g2.8KN
2 2 

oveJ,+a
6

gv, _9.75+ [@@ 1oo0172_+s.3kN
- 6 - .

¢.Ve = I 05.3KN > Vu =82.8KN

No shear Reinforcement is required. 

4.11 Design of Stairs 2 : 

4.11 . I Determination of Slab Thickness: 

L = 0.9+2. 7 +0.9 = 4.5 m. 

ha, = L/ 20

hreq = 450 / 20 = 22.5 cm take h= 25 cm. 
⇒ Use h= 25cm.
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4.11 .2 Load on Flight: 
Dead Load:

Tiles = 0.03*27*((0.3+0.17)/0.30) = 1.27 KN/ m?
Mortar = 0.02*22 *((0.17+0.30)/0.3) = 0.689 KN/ m?
Plaster = (0.02*22)/ (Cos 29.53) = 0.51 KN/ m?
Steps = ((0.17*0.3)/2) * 25/0.3 = 2.125 KN/ m2. 

Slab = 0.25 *25/ Cos 29.53 = 7.18 KN/ m?
Total dead load = 11.8 KN/ m2• 

Live load: 

Live load for stairs =5 KN/ m.

Factored load 

qu =1.2*11.8 + 1.6*5 = 22.16 KN/ m?

4.11 .3 Load on landing: 
Dead Load: 

Tiles = 0.0322 = 0.66 kN/m?
Mortar = 0.0222 = 0.44 kN/m°
Slab = 0.2525 = 6.25 KN/m?.
Plaster = 0.0222 = 0.44 KN/m?.
Sand = 0.0716 =
Total dead load 

1.12 KN/m?
= 8.9 KN/m?.

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

Factored load 

qu =1.28.9+ 1.6 5 = 18.68 KN/n?,
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4.11 .4 System and Loading : 

11.8 
4.45 4.45
/ I ' I I 'V 'I/ I / / ' I ' I \./ \/ I /

I ' I 
I\ ' q I I

0.9 2.7 0.9 ----l 

Dead load 

--0.9 ----+-------2.7--------+---0.9 

Live load 

Figure ( 4-17) : Loading on stairs. 

4.11 .5 Design of Shear: 

• Assume 0 12 for main reinforcement:­ 
So, d = 250-20 -6 = 224 mm 

Shear 

-35.6 -38.3

I l
Figure ( 4-18) : Shear Envelope 
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Vu=35.6 KN. 

%/r5+6, a6Ve = 'N:Ac '
6 

¢Ve= 0.75*✓24 *1000*224 = 137_2KN 
6

Vu= 35.6 KN < ¢Ve= 137.2 KN. 

>>>>No shear Reinforcement is required. So the depth of the stair is OK. 

4.11 .6 Design of Bending Moment: 

The Following figure shows the Moment Envelope acting on the stair 

Momenta: 

=-------- 
2.25 50.9

I 2.25

Figure ( 4-19) : Moment Envelope 

Mu= 50.9 kN.m 

Mn =Mu/ 0.9 =50.9/ 0.9 = 56.55 KN.m. 
d=224 mm.

K = Mn 
" b-d?

56 5510°
, j560-2247 °\-13MPa.

m fy 
0.85 x fc'
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m 420 =20.6 
0.85x24 

p =f]_1_(1- l 2 * 20.6 * 1.13 J = 2. 77 * 10-3 m f, 20.6 420

As,,= 2. 77 10° 1000224 =620.5 mm

As . = 0.0018 * bh= 0.0018 * 1000 250 = 450mmmin

4s,,= 450 mm < As,,= 620.5 mm

Use <I> 12 >>> 620.5/113 = 5.5 
Use 1 <I> 12@ 17.5 cm c/c with As =(100 / 17.5)*1.13 = 646 mm.

As provided= 6.46 > As req OK. 

Check for strain: 

Tension= Compression 

4., fy = 0.85 *Jc' * b * a 
646*420 = 0.85*24*IO00*a 
a= 13.3mm 

a 13.3 
x=-=--=15.6mm 

B, 0.85
,_168-15.036,96
s 15.6 3

e,=0.03>0.005>ok

4.11 . 7 Secondary reinforcement: 

As Shrinkage= 0.0018xbx h == 0.0018xIOO0x 250= 450mm2 

Use 610 @ 17.5 cm ...... 
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4.11 .8 Design of landing by using Safe: 

-Reaction (factored) of the stair on the landing: 

D.L=20 KN/m, L.L=9 KN/m.

-Loads on the Landing:- 

D.L=8.9 KN/ m, L.L=5 KN/ m?.

.---: -

•
Figure ( 4-20) :Top and side view for Landing. 

4.11 .9 Check for two way shear action (Punishing):

The punching shear strength is the smallest value of the following equations: 

L
i

J _

I 

I 

"

r.-4,,-\7,12 b,/d '·
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Where: 

Column Length (a) Dr]
Column Width ( b) 

b0 = Perimeter of critical section taken at ( d/2) from the loaded area 

d =250--20--12= 218mm
b, =nD=3.14 (0.3 + 0.218) = 1.63m 

0, 40 for interior column 

¢.Ve = </J. .!..(1 +2-J.ft:b0d = 0.
75 

*(1 +2-) * ✓'24 *1.63 * 0.218 10° = 652.81KN6 B, 6 1.0

1 [.7 0.75
W, =jyf. b,d=_'/241.630.21810° = 435.2KN

¢ .V c = 435 .2 KN ..... Control 

Vu d = A Vu - Acr ( Wu ) 

A Vu = 268 . 44 KN From Safe 
Acr = 1r * D2 \ 4 

= 3.14 * (0.3 + 0.218)2 \ 4 
= 0.211 m2

Vu d = 268 .44 - (0.211 18 .68 ) = 264 .5KN

h .Vc = 435 .2KN > Vu d == 264 .5KN . 
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4 -12 Design of shear wall :- 

6382.7KN.m 

i· •

F=350.15 KN

l 
t

'"'"""" j
... 

·~•..<N r
t

Shear&Moment Diagram 

Fc=24MPa 

Fy=420MPa 

Figure (4-21): Shear and moment diagram. 

t=30 cm .shear wall thickness 

Lw = 8.9 m .shear wall width 

Hw for one wall= 3.9 m story height 

4-12- 1: Design of the Horizontal reinforcement: 

Sa = Vu = 798.4KN 

4-12- 2: Design of shear 

The critical Section is the smaller of: 

/w 8. 9 =, =, =4.45 m •. control 
hw>= 11 . 7 

2 = 5 . 85 m

d = 0 . 8 x lw = 0 . 8 x 8 . 9 = 7 .12 m
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reV =--xbxd 
Cl 6 

V = -✓-24 x 0.3 x 7.12 *IO 3 = 1744 KN (control ) 
cl 6

[ye»t»@ N,xaV - -.!....::.---+ a7 4 4xL,
Assume N 

11 
= 2690 KN 

-✓'24x0.3x7.12 *103 + 2690 x7.12 =3154 KN 
Vc2 = 4 --------=-- 4 X 8.9 

-[ ffe +ill"EE} ®
(M 11 _ ~) = O. 7 > 0 

V. 2
:.V,, =Will apply

-[-✓-24 + 8.9(-✓'i.4 + 51 s), 0.3 X 7.12 X 10° = 15423
''a= 5 o7] io

Vs = Vn - Ve I 
:. = ( 640 .4 I 0 . 75 )- 1744 = -890
use min 

( ;~ ) min = 0 .0025 h = 0 . 0025 * 300 = 0 . 75 mm 

s 2 $ Lw = 8900 I 5 = 1780 mm 
5

S 2 < 3 * h = 3 300 = 900 mm control 
select -> d10 in both 
158 side - ➔ As = 158 mm 2
--- 
S2 0 . 75 ⇒ S 2 = 21 cm 

Select - ➔ S 2 = 20 cm < S min = 90 cm
use - ➔ ¢ l O @ 20 cm ( c I c ) in both side 

.3KN 
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4-12- 3: Design for Vertical reinforcement:­ 

~= l l.? =1.32<2.5 
L, 8.9
Avn = 0.0025 x S, x h,

s, <±L, =±x 8900 = 2967 mm
3 " 3

s, < 3 x h = 3 x 300 = 900mm 

Select ¢10 With area As =158mm in both side 

158 = 0.0025 x SJ x 300 
:. S1 = 210.7mm 

Select S, = 20cm < 21.07 cm 

~ Select ¢ 10 / 20 cm c I c both side 

Select 24 10 / 20cm. In tow layer 

4-12- 4: Design of bending moment: 

( 
Lw ) 8.9 C> ---- =-=2.12m 

0.007*600 4.2 

length of boundary element= C-O. l x L 
w

length of boundary element= 2.12-0.1 x 8.9 =1.23m

c,-.©.2°.10s
2.0 2.0 

Select The boundary element =1.25m

Lw 89 Avs=As,=,-xAs,>=--"x158=7031mm?
s» .2
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z I 
Lw 2+0.85 BfcLwh/(As Fy)
Z 1- - ---------------;---- = 0.057 Lw 2 + 0.85 x 0.85 x 24 x 8.9 x 0.3 /(7031 x 1 o-6 x 420) 

w-o9xros»as«twp-[{ya]]>
Mu = 0.94200.57031x10° x 8.9+(j 9-9775 2 11490 KN.m

2

Mus,,,, =6382.7--11490 = -5107.3KN.m

So we don't need the boundary element 

4-13 Design of Isolated Footing: (F6) 

fc'= 24MPa

fy= 420 MPa 

Total factored load =3586 KN

Total services load =2783KN.

Column Dimensions =6040 cm.

Soil density= 18 Kg/cm3.

Allowable soil Pressure === 250 KN/m2.

Assume footing to be about (60 cm) thick. 

live load =5 KN/m2.

4,,=250- 5 - 0.418 - 0.6025- 0.1525 = 219.05 kN,3
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Area (A)= Total Weight/( Soil Pressure*) 

= 2783 KN/ 219.05 KN/m2

= 12.7 m

Use L=3.7 m,B=3.7m, A=13.69 r?

4-13-1 Determine the depth based on shear strength: 

P
q,,11 =-"- = 3586/13.69= 261.9 KN / m

Area 

4-13-2 Check one way shear at distanced: 

Assume (h) =60 cm 

d =60--7.5-2= 50.5cm 

<l>V > V 
C - ll 

or, s!ff5.a 97s..,,.=;V/.¢ °,-V243.70.5051000 = 1144.2KN

(
L-a JVu=4,x],--@[xB

no .as-f37-0s ,]
YU= 6 • X 2 -0.505 X3.8::: 1040.KN 

<l>Vc = 1144.2 > V =1040
II 
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4-13-3 Check this depth for two way shear action (punching): 

Vu =q1111 x((BxL)-(a+d)(b+d)) 

Vu= 261.9x ((3.7x 3.7)-(0.6 + 0.505)(0.4 + 0.505)) = 3323.5KN 

The punching shear strength is the smallest of: 

1a V=- f b d 
C 3 ·'< O 

Where: 

1,= a/b=60/40= 1.5

=0.33.[Zb0d Control 

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

= 2 { (0.6+0.505) + (0.4+0.505)} =4.02 m 

,=40 for interior column 

tpVc = 0. 75x 0.33/24 4.02 0.505 X 1000 = 2461.5KN

<l>Vc = 2461.5 <V, = 3323.5 

The Depth is not big enough . 
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So Take h=75cm 

d = 75-7.5-2 = 65.5cm 

Vu=4,x((Bx L)-(a+ d)(b +d))

Vu= 261.9x ((3.7x 3.7)-(0.6 + 0.655)(0.4 + 0.655)) = 3238.6KN

b, = 2{(0.6+0.655) + (0.4+0.655)} =4.62 m 

</JVc = 0.75x 0.33/24x 4.62 X 0.655 X 1000 = 3669KN 

<PVc = 3669 > V,, = 3238.6 

4-13-4 Design for Bending Moment: 

-p 4 g]=261.9x3.7x[557/l]5j=1164 KN.m

Mn= 1164/0.9 = 1293 KN.m 

Kn= Mn/ b.d = 0.815 Mpa

fy 420 
m 0.85/c' == 0.85(24) = 20.6

»-lf---]-,,[-,-23-555 ]V IY o . 6 \/' 420 = 0 . 002 

As= 0.002*3700*655 = 4847 mm2•
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As min= 0.0018*3700*750 = 4995 mm2
•••••••••••••••••••• control. 

Use 25 6 16 (for both directions). 

4-13-5 Check transfer of load at base of column (Design of dowels): 

In column: 

pPn = <'P(0.85/c'Ag) 

<'PPn = 0.65(0.85 x 24 x 0.4 x 0.6 x 1000) = 3182.4KN 

pPn = 3182.4 < ~ = 3586 

Dowels are required for load transfer. 

As= [(Pu-Pn)\ <'P ]\Fy 

= [(3586-3182.4)\0.65]\420 

= 1478 mm 2
••••••••• Control 

But the minimum reinforcement of dowels: 

As= 0.005 (400 x 600) = 1200 mm

In footing: 

A;=0.,40.6= 0.24 m

Ag=3.7 3.7 = 13.69 m
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[A,= ✓13·69 = 7.55 > 2 VAi 0.24 .,yo
pPn = 0.65 x (0.85 x 24 x 0.24 x 2) x I 000 = 6364.8KN 
pPn= 6364.8 > Pu = 3586 ok 

4-13-6 Development Length : 

In column: 

Ld for¢ 20: 

L = fy db ' 4(re = 
4
~ x 20 = 428.7mm 4/24

L,= 0.043 x db x fy =0.043*20*420 = 361.2 mm

..L, = 428.7mm

In Footing: 

Available embedment = 750-75-(2 x20) =635mm > 428.7 

.·. OK. 
mm 
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4-13- 7 Development Length : 

Category (A), item 2 applies, 

Ld for¢ 16: 

L = J_ x _j)!_ x ax /J x r x A x db .°, 420 x 1 x 1 x 0.8 x 1 x 20 = 493 .8mm 
'wF [,) @a 75

Available embedment = ((370-60)\2)-7.5=147.5 cm 

= 1475mm > 493.8 mm ok 

, 
/ 2!" 

IY
y 

V 
{ { {>
.... 17 
b-'

[]J 3.., .. = r;; 
~

I l'J a4a ··- ~375

2s

25916 L=425

25Jl1 6 l=425 I 

; 145 145
145 i:.n 145

Fig. (4-22): Top view and section . f . 
in ooting (F6). 
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4. 14 Design of strip Footing no 20: 

4. 14.1 Determination of load: 

From Etabs: 

Total Service load = 349.5 KN/m. 

Total factored load = 446.5 KN/m. 

Soil density= 18 Kg/cm3. 

Allowable soil Pressure = 250 KN/m2. 

Assume footing to be about (30 cm) thick. 

live load =5 kN/m
qallow =250 - 5- 0.4*18 - 0.3*25 = 230.3 kN/m

_ 349.5_ .2
A - 230.3 - 1.52 m 

==> For one meter strip 

B = 1.6 m , h = 30 cm 

d=300- 75- 20 = 205 mm 

qn = 446.5/ 1.6 1 = 279 kN/m'

4. 14.2 Check of One Way Shear: 

Vu = 1(0.65-0.205)279 = 124.16 kN 

ovc= 9/rc-a­
0. 75 ,,:

Vc= ,V24%0.205% 1 = 125.5 kN

Vc > Vu
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4. 14.3 Design of Bending Moment: 

In transverse direction:- 
Mu = 2790.65/2 = 58.94 kN.m 

M»58.94 65.5KN.m 
0.9 

Kn= Mn 65.510° l.56U a 
bd? 1 0.2052 'P 

fy 420 = 20.6 m , 
0.85 * Jc 0.85 * 24 

3'­ 2xmxKnJ 
f,

=-1_(1 _✓1 2x 20.6x 1.56] = 3_87 *l0_3 ""20.6\ 420
As,, = p*b*d = 3.87 10° 205 *1000 = 793.35 mm /m I 

As Shrinkage = 0.0018 * b * h = 0.0018 * 300 * 1000 = 540mm / m
AsReq. = 793.35 > As Shrinkage = 540mm /m

Use h 14
No.= 793.35/154 = 5.15 

d 14 at 20 cm c/c

Check of strain: 
As * fy = 0.85 * fc * b * a 

924*420 = 0.85 241000a
a= 19.02mm 

a 19.02 
x =- =-- = 22.38mm9, 0.85

205- 22.38
&, 22.3g ·X0.003

e, =0.024 > 0.005

=> OK
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In longitudinal direction: 

Asmin = 0.0018 * B * h 

Asmin = 0.0018 * 1600 * 300 = 864 mm

Use h 14
No. = 864/154 = 5.6 , Use 6 bars 

Use 6 ¢ 14

4. 14.4 Development Length of main Reinforcement: 

ld = .2... * ..!x...... * t/Jet/JSt/lt * db req 10 J 17 ~ 
VJc db

9 420 1 * 1 * 0.8 
ldreq· = - *----=- * ---- * 14 = 346 mm 10 1 * ff4 2.5 

Ld available= 800 - (300/2) - 75= 575mm 

Ld available= 575 mm<ld,,, = 346mm 

So use Id= 575 mm 

8@25cm

]0 ]6Q 

r- 
l:'$- s
0.85­ <Do

('t\ .- <c-
]SQ 1Q

Figure (4-23) Strip Foot· D . mg etad 
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4.15 Design of Mat Foundation :- 

:

J

©

@

Fig.(4.24) Mat footing 

4.15 .1 Design of shear : 

._ __ 

Fig.(4.25) shear in X-a; .+l1rection
94 
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+I1,. !
i ! I
j I i

s 4

1.00

0.75 

0.50 

Fig.( 4.26) shear in Y-direction 

d = 50- 7.5-1.4 = 41.1cm 

¢.Ve= 0.75 * ! * ffe * bw * d 
¢.Ve= 0.75 * ! *.fii *1000 *411 *10-3 = 251.7KN 
Vu,, in x direction= 126KN Im= 126 1= 126KN
'/u,,in y direction =160KN /m = 1601= 160KN
¢.Ve= 251.7 KN> Vu in both direction OK 

4.15.2 Design ofbending moment

By using the SAFE software to analyze the foundation, the moment result is as in the 
following chart: 
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j '. :
I 

_L 400. 

! 350.
I 

300. 

250. 

I 200. _ _J_

- ' IJ__ 50. 

100. 
I

}[
i-;--- 
' 
I 

l 
0. 

-50. 

100
I

150.[TT»'="Ha,]'
-- -·· 1 

T ' IT TT]j+

Fig.(4.27) Moment in X-direction 

!4'4I / I , '
·-·- I II ---•--- - 
I 

j
L 
I

I I I

L! I

Fig.(4.28) Moment i y . . D -direction
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h = 50 cm 

d=50--7.5-1.4= 41.1cm.
Fy=420Mpa. 

Fe'= 24 Mpa 

4.15 .2.1 Design of Negative Moment in x direction 
-Ve Mu max = 150 KN .m Im 

Mn= Mu = 160 = 177 .8KN .m 
h 0.9

Mn 177 .8 * IO 6 - 1 053 MRn=--=-----. pa 
b.d? 1000 *4112

m= [y =20.6 
0.85 fc'

p = __!__(1 _ ✓-l -_-2-.m-.K-n-J = _l _(1 _ /1 _ 2 * 20 .6 * 1.053 ) =2.58
10 

-J 

m .fy 20.6 \V' 420
As = p h d = 2.58 * 10-3 * 1000 * 411 = 1060 mm 2 req

Shrinkage & temperatur e = 0.0018 * b J} = 0.0018 * 1000 * 500 = 900 mm 2

As ,.9 = 1060 mm 2 .......... Control 

100 ( n- .* ] Select ¢16@ lScmz> As= z= 1340 mm 2 > As . = 1060 mm 2 15 4 mm 

4.15 .2.2 Design of Positive moment in x direction 
+ ve Mu max = 250KN .m / m

Mu 250 Mn===277.8KN.m0.9
Rn = Mn = 277 .8 10 6 = 1 b.d? 100041j? .64Mpa

m = fy = 20.6
0.85fc'

7-4'Pp.,,,Fray,,,,,
m fy 20.6' 420 =4.08--10

As,, =pbd = 4.0810° 1000 411 = 1677?
Shrinkage & temperature =0.0018*b*h=0.0018*1000* , 

500 = 900mm4s,, =1677mm?.........Contro/ 

or.-·wySelect¢18@15cm ⇒As=-* --- = 169
4 

2 

15 4 mm' > As,, =1677,»?

in both direction 

in both direction 
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0,1 D.t 2.2 0.1

{ 
~ 8/1 

e 
s

g2 9-50.3 /1..7 

5.5

,..M.,
rNp
I I

6 

CD
U Stirups L=155 cm

/¢16/15 around 7
BO

Section (1-1)

Figure ( 4-29) :Plan and section for mat foundation. 
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4.16 Design of Steel : 

Truss: 

In architecture and structural engineering, a truss is a structure comprising one or more
'. le ·its st1 ted with straight members whose ends are connected at jointstr1angular units construct 4;q

referred to as nodes. External forces and reactions to those forces are considered to act
only at the nodes and result in forces in the members which are either tensile or 
compressive forces. Moments (torques) are explicitly excluded because, and only 
because, all the joints in a truss are treated as revolute. 

A planar truss is one where all the members and nodes lie within a two dimensional
plane, while a space truss has members and nodes extendmg mto three dimensions.

Truss type: 

The type of truss that will be use is Pratt Truss (Figure 4-30).

The design uses vertical members for compression and horizontal members to respond to 
tension. What is remarkable about this style is that it remained popular even as wood 
gave way to iron, and even still as iron gave way to steel. The continued popularity of the 
Pratt truss is probably due to the fact that the configuration of the members means that· 
longer diagonal members are only in tension for gravity load effects. This allows these 
members to be used more efficiently, as slenderness effects related to buckling under 
compression loads (which are compounded by the length of the member) will typically 
not control the design. Therefore, for given planar truss with a fixed depth, the Pratt
configuration is usually the most efficient under static, vertical loading. 

Different types of trusses shown in the figure 4-31. 

(a)

(b) 

(c)

Figure 4-30 : Pratt truss
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~~~
ingpost Double Fink Inverted 

~~~
Queenpost Double Howe Piggyback 

~~ ~
Fink Hip ~ 

~ ~ Studio 
/D±/Ts scissors

Howe ~ 

~ ~ Cathedral 
Fan Mono pitch ~

~ ~ SloplngFlat 
Mo..,.odQuooopoot ~ ,,1SJ::?J\ 
~ Dual Pitch Gambrel 4D<mes>>o» V\L]

Flat Stub

Figure 4-31 : types of truss

The figure 4-32 shows plan of the sports hall that is wanted to do truss system in it. 

Figure 4-32 plan of truss systern . th
In ie sports hall
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Figure 4-33 shows a gross section of the components that is located over the purlin, and it 

is as the following: 

1. Surface layer of galvanized steel sheet with thickness of 0.6 mm. 

2. Heat insulation layer of Rock Wool with thickness of 100 mm and specific weight 

of 100 kg/m.
3. Specific kind of ducts, its dimension taken from some tables depending on 

numbers of spans and the dead and live loads that can it supports. 

Figure 4-33: cross section of the materials over purlins 

Table 4-1 shows the value (ty ·igh
es Ype, we, it, support load) for duct that will be use to carry 

the live and the dead loads, consult the number and the length of spans. The figure 4-34 is
gross section in the duct that will be use. 

o 135 115co , ... 
«j . I
,.J I: 250

~ .ls4[1000

Figure 4-34: cross sectio f h n o t e duct sh . ows its entire dimension 

.I
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guuuunynunuuunngumuumuu
b, b, b, b,

Stirtzweite L[m] 1,00 1,20 1,40 2,00 2,20 2,40 2,60 2,80 3,00 
t,, maxf Endauffagerbreite: b,. = 40 mm Zwischenauflagerbreite: b, 2 60 mm

0,63 6,5 * 5,63 4,69 4,02 3,41 2,70 2,18 1,80 1,55 1,55 1,19 1,07 
U150 5,63 4,69 4,02 3,41 2,70 2,18 1,80 1,55 1,55 1,19 1,07 
U200 5,63 4,69 4,02 3,41 2,70 2,18 1,80 1,55 1,35 1,19 1,07 
L/500 5,63 4,69 4,02 3,41 2,70 2,18 1,80 1,53 1,55 1,19 1,07 

0,75 7,5 * 7,16- 5,96 5,11 4,56 5,44 2,79 2,30 1,98 1,75 1,55 1,38 
L/I50 7,16, 5,96, 5,11 4,56 3,44 2,79 2,30 1,98 1,75 1,55 1,38 
L/200 7,16, 5.96 5,11 4,56 3,44 2,79 2,30 1,98 1,75 1,55 1,38 . , 
U300 7,16, 5,96 5,11 4,56 5,44 2,79 2,30 1,98 · I,75 1,55 1,32 0,88 8,8 * 10,15 8,44 7,24 5,81 4,60 3,72 3,19 2,77 2,42 2,14 1,91 
L/15O 10,13 8,44 7,24 5,81 4,60 3,72 3,19 2,77 2,42 2,14 1,91 LJ200 10,13 8,44 7,24 5,8,! 4,60 3,72 3,19 2,77 2,42 2,14 1,91 U300 10,13 8,44 7,24 5,8,1 4,60 3,72 3,19 2,77 2,40 1,92 1,56 1,00 10,0 * 12,94 10,78 9,24 7,14 5,64 4,65 2,36 3,98 5,44 3,01 2,66 L/150 12,94 10,78 9,24 7,14 5,64 4,65 3,98 5,44 3,01 2,66 2,36 U200 12,94 10,78 9,24 7,14 5,64 4,65 3,98 5,44 3,01 2,66 2,36 L13oo 12,94 10,78 9,2A 7,14 5,64 4,65 3,98 5,44 2,75 2,20 1,79 1,25 12,5 * 21,49 17,91 15,96 10,68 9,15 7,65 6,50 5,59 4,86 4,27 53.78L/150 21,49 17,91 13,96 10,68 9,15 I

7,65 6,5Qi 5,59 4,86 4,27 3,78 L/200[21,49[17,91 15,96 10,68 9,15
7,65 6,50 5,59 4,86 4,16, 336LI50g]21,49[17,91 15,96 10,68 9,15 I
7,61 5,72 4,40 5,46 2,17 2,25 

Table 4-1: values of the ch
osen duct
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Load calculations: 

I-Dead load: 

0.6 KN/ 2 I-Load of galvanized steel sheet= 7,,, X75 = 0.05 m 

2- Dead load of heat insulation =0.lm x I KN/m3 = 0.1 KN/m2. 

3-Self weight of corrugated sheet (FROM TABLE 5.1) = 0.1 KN/m2. 

>Total dead load =0.25 KN/m2 

2-Snow load: 

Depending on the table of the snow load which it depends on the height of the building 
over the sea level which is 970 m, the snow load is :

h-400 
s ---- 
L - 400 

970- 400s,==],43kN/m2400 

3>Total live load =1.43 KN/m2

Total load (q, = dead load + live load =0.25 + 1.43
· · =l.68 KN/m2). 

Depending on the table 9.1, bearing load of th d . . 
e tuct with thickness of 1mm

q,=1.79 KN/m > q, = 1.68 KN/m2 :. ok 
By using the previous dead and live loads d t . 

1. d h e ermine the max :ti thpurnns, anc then apply these values as • reactions on the
a Inear load on the length of the purlin. 
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• Design of purlins:- 

KN 
q, = 3[1.4 D. L] = 3[1.4 X 0.25] = 1.05,2

q,, = 3[1.2 D. L X 1.6S] = 3[1.2 X 0.25 + 1.6 X 1.43] =/7.77 SI 

qu = 7.77 kn/m2

5

- Design of moment:- 

37.7 1 
Mu [max] = 37.7 kn. m = 4_448 X 1000· X

25
_
4 
= 333.7 kip. in 

,M, > M,

0.9 X 36 X Zx = 333.7 kip. in =>Zy= 10.3 in3 

select HSS 6 x 4 x 3/8 ⇒ Zx = 11.9 in3 

b h 
-=8.5,-= 14.2t t 

Check Compact: 

<,= 1.12 /E = 1.12 jsooo - [7 as =31.8

<,-= 1.40 Ii.= 1.40 Jzaooo _ [D ss =39.73
b 
7=8.5 <4,= 31.8,

% compact section 
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_ Design of Shear:- 

38.7 _ g.7 ka
Mu [max] = 38. 7 kn. m 4.448 . LP 

0,V, > V,

0.9 x 0.6 x Fy x d X tw ~ 8.7 kip 

0. 9 x 0.6 x 36 x 6 x ~ = 43. 7 4 kip > 8. 7 kip :. ok

lb kn 
self weight of the section= 23.3 ft= 0.34 m 

• Design the members of the truss:- 
39.5
KU 

39.5
KN 

39.5
KN 

39.5
KN 

39.5
KN 

39.5
KIi 

!:
KIi 

The truss consists of four types of members:- 

1) The vertical member (V) 

The section of these members are double angle 

(2LS X 3 X 7 /16) 

These member d s are unter compression.
NO. of member Value of compression force 

Kn Kips VI (Max) 215.49 48.44V2 169.29 38.06V3 127.40 28.64V4 82.62 18.57V5 39.32 8.97 V6 3.35 0.75
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. Design of Shear:- 

38.7 - 8.7 k:
M,pa] = 38.7 kn.m 7448 p

0,V, > V,

0.9 X 0.6 X Fy X d X tw ~ 8.7 kip 

0. 9 X 0.6 X 36 X 6 X ~ = 43. 74 kip > 8. 7 kip 

lb kn 
self weight of the section = 23.3 7-,,

:. ok

• Design the members of the truss:- 

The truss consists of four types of members:- 

1) The vertical member (V) 

The section of these members are double angle 

(2LS X 3 X 7 /16) 

These members are unde r compression.
NO. of member Value of compression force 

Kn Kips V1 (Max) 215.49 48.44V2 169.29 38.06V3 127.40 28.64 V4 82.62 18.57V5 39.32 8.97V6 3.35 0.75
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Structural Analysis & Design

. Design of Shear :­

38.7 7k- 38 7 kn m = -- = 8. ip
Mu [max] - · • 4.448 

0,V, > V,

0. 9 X 0.6 X Fy X d X tw ~ 8. 7 kip 

0.9 X 0.6 X 36 X 6 X ¾ = 43.74 kip > 8.7 kip 
lb kn 

self weight of the section = 23.3 ft = 0.34 m 

:. ok

• Design the members of the truss:- 
39.5
KN 

39.5
KN 

39.5
KN 

39.5
KN

39.5
KN

tU 
JQI 

B1 B2

The truss consists of four types of members:- 

1) The vertical member (V) 

The section of these members are double angle 

(2LS X 3 X 7 /16) 

These members d are under compression.
NO. of member Value of compression force 

Kn Kips VI (Max) 215.49 48.44V2 169.29 38.06V3 127.40 28.64V4 82.62 18.57V5 39.32 8.97 V6 3.35 0.75 
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2) The Diagonal members (D) 
The section of these members are double angle 
(2L5 X 3 X 7 /16) 
Th e members are under tension force. es 
NO. of Value of tension force 
member Kn Kips 
DI (Max) 417.77 93.92
D2 290.89 65.39 
D3 190.09 42.73 
D4 90.77 20.41 
D5 0.97 0.22 

3) The top members (T):- 

The section of these members are pipe

(HSS10 x 0.5) .
These members are under compression force. 

NO.of Value of compression force 
member Kn Kips Tl 391.60 88.08T2 660.31 148.44T3 835.47 187.82T4 919.89 206.80I5 (Max) 922.14 207.36

4) The bottom members (B)

The section of these members are . 
(HS$10x 0.5) Pipe
These members are under Tension ;

Iorce,
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NO.of Value of tension force 
member Kn Kips 
Bl 9.64 2.17 

90.00 B2 400.36 
B3 665.67 149.65 
B4 838.92 188.60 
B5 (Max) 922.64 207.42

• Design of tension members:- 

1) Diagonal members:­

Max. value of tension= 417.77 KN (93.92 Kips).

Check: 

• Gross section yielding:- 
(/)t Pn = 0. 9 X Fy X Ag 

</)t Pn = 0.9 x 36 x 6.62 = 214.49 kip > 93.92 kip :. ok 
• Tensile rupture strength:- 

(/)t Pn = 0.75 X Fu X Ae 

t Pn = 0.75 x 58 x (0.85 X 6.62) = 244.77 kip > 93.92kip : ok

2"°) Bottom members:­

Max. value of tension= 922.64 KN (207.42 Kips).
Check: 

• Gross section yielding:- 

-»-93%%%222%a.,
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• Tensile rupture strength:- 

0 75 X Fu X Aet Pn = . 
58 Co 85 x 13.9) = 513.95 kip > 207.42kip : ok(/)tPn = 0.75 X X · . 

Structural Analysis & Design

• Design of compression members:- 

1) vertical members:­

Max. value of compression = 215.49 KN (48.44 Kips).

Take section member

(2L5 x 3 x 7/16)LLBB (3/8 Separation) 

Geometric properties: (table 1-15 and table 1-7)

(2L5 x 3x 7/16)LLBB > Ag=6.62in, r, = 2.51, r,= 1.23, H = 0.644

Single angle( LS X 3 x 7/16) >J =0.220, X = 0.772, r, = 0.831.

Length of the member = 1.5m (4.92 ft)

- Check the slenderness of angle: 

0.45 JEIFy = 0.45 Jz9ooo;36 = 12.77 

b 5 

7°77=11.43 <12.77
16

: Qs= 1.0
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Q = Qa x Qs = 1.0

K x L, _ 1.0 X 4.92 = 37.14
( r )x - 1.59 

K x L. _ 1.0 X 4.92 = 48.01
( r )y - 1.23 

4.92 X 12 
8 a=---= 19.6 

3

K x L K x L 2 oc? a 2 ¢,O= '€, 0% +0.82 447'
h 2 X 0.722 + 0.375 

K-> = = 1.09 2rib 2 X 0.832 

5, = [a.o-+ o.s2 @.09°,19.68,
r 1 + (1.09)2 0.832 

Kx L 
( r )m = 50.54 

n? x E rr2 X 29 x 103Fey= --- (7,y. 50.54y7 = 112.05ksi.

Fez= G xJ 11200 x 2 x 0.220
Axr,° 6.62 x (2.51)2 = 118.16 ksi.

Fe _ Fey+ Fez 4
- 2H l - 1 _4Fey x Fez x H 

(Fey + Fez)?
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[ 

4 X 112.05 X 118.16 x 0.644
Fe= 112.05 + 118.16 1 - 1- (112.05+ 118.16)2 

2 x 0.644

Fe= 72.02 

0.44QFy = 0.44 X 1.0 x 36 = 15.84 < 72.02 
:. Fcr = Q x 0.658@Fy/Fe) Fy

Fcr = 1.0 x 0.658@6/72.02) 36 = 29.02

(/)Pn = X Fer X Ag 

Pn = 0.9 x 29.02 x 6.62 = 173.9 kip > 48.44 kip :. ok 

2°) Top members:­

Max. value of compression= 922.14 KN (207.30 Kips).

Take section member Pipe (HSS 1080.5) ...... (see table 1-13)
Length of the member= 3 m (9.84 ft)

- Check the slenderness of pipe: 

E 29 x 103
0.11 X- == 0.11 Xr88 61 Fy 36 .

D 
7=21.5 < 88.61 
:. Qs = 1.0 

Q= Qa x Qs :.::: 1.0 
K xL KxL,%=-),_ 39x9.84x 12

r 3.38 = 34.93 
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r? x E
Fe= - 

(/-°

Structural Analysis & Design

r? x 29 X l0
3 = 234.59ksi. 

(34.93)°

Pn =

36 = 15.84 < 234.59 0.44QFy = 0.44 X 1.0 X - .

=Qx 0.6580v/Fe) Fy:. Fcr= ·

0 658(36/234.59) X 36 = 33.76 Fer= 1.0 x · 

Pn = (/) x Fer X Ag 

0.9 X 33.76 X 13.9 = 422.34 kip > 207.30 kip • ok

• Design of weld:- 

The calculations of weld based on the following:

1 ). Fillet Weld is used. 
2). The plates are A36 (Fy = 36 ksi, Fu = 58 ksi). 
3). The plate thickness is (t= 0.5 in). 
4). The electrodes having FExx = 70 ksi. 
5). The shielded metal arc welding (SMAW) is used. 

• (1")- Design of weld between the vertical member and the Gusset 
plate in the comers of the truss:­

The section of the vertical member is double angel (2L5 x 3 X7 /16) 

For single Angle L5 x 3 x 7 / 16 >>Ag= 3.31 in2, y = 1.72. 

The value ofMax. compression in the vertical member is Vu=48.44 kips,
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Check: 

• Gross section yielding:- 
(/Jt Pn = 0.9 X Fy X Ag 

(/)t Pn = 0.9 x 36 x 6.62 = 214.49 kip> 48.44 kip :. ok
• Tensile rupture strength:- 

(/Jt Pn = 0.75 X Fu X Ae 

(/)t Pn = 0.75 x 58 x (0.85 x 6.62) = 244.77 kip > 48.44kip : ok

M Id . ( ) 1 7 1 6 . aX. wel SlZe @max, =[ =---==- lll,
16 16 16 16

Min. weld size (a,,,=° in.
16 

:. Use weld size (a) = -in.
4

• Design strength ofweld:­
</)Rnw = </) X te x 0.6 x FExx 

Rnw = 0.75 x (0.707 X ¼) X 0.6 X 70 = 5.57 kips. 

• Design strength of base material:­ 

Rn = x (0 6 X F ) . y X t= 1.0 x 0.6 X 36 X 0.5 

= 10.8 kip> 5.57kip .·. ok 
Or Rn= x (0.6 X p ) 

u,xt=0.75 x0.6x 58 x 0.5
= 13.0S kip> 5,S7kip .·. ok 
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Vu/2 48.44/?_ 4.35 in
Lw onnw 5.57 

Lw1=

Lw3=

:. use 4.5 in. 

Vu Fl x d = 0Xy
2 

48.44 X 1. 72 - Fl X 5 = 0 
2 

Fl = 8.33 kips. 
Vu F3=== F1

48.44 _ 8 33 F3=•- 2

F3 = 15.89 kips 

F1_833 4.5 m : use 2in.Rnw 5.57

F3 _ 15.83 = 2.84 in • use 3 in. Rnw 5.57
(2+ 3) . 

L= , =2.5in2 

x 0.722
U = 1 - =] - _ -- - = 0.71 

L 2.5 

(/)t Pn == 0.75 X Fu X Ae 

tPn =0.75 x58x (0.71x 6.62) = 204.46 kip > 48.44kip :. ok

Select plate size = 74.50.5 in.
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% (2")- Design of weld between the vertical member and diagonal 
member and the gusset plate:- 

The section of the vertical and the diagonal member is double angel

(2L5 X 3 X 7/16).

The value if Max.Tension in the diagonal member is Tu = 93.93 kips.

The value of Max. compression. in the vertical member is Vu= 39.13 kips.

For the vertical member use the same size and dimension of weld for the
previous vertical member.

For Diagonal member Tu=93.93 kips.

Check: 

• Gross section yielding:- 
t Pn = 0.9 x Fy.x Ag 

tPn = 0.9 x 36 x 6.62 = 214.49 kip> 93 93k · k 
• Tensile rupture strength:- · lp .. 

0 

t Pn = 0.75 X Fu X Ae 

0t Pn = 0. 75 x 58 x (0.85 X - 6.62) = 244.77 kip > 93.93kip : ok
Max. weld size (a ) _ t 1 7 1 max - - - - 6

16 - 1 - - = - in 6 16 16 "

Min. weld size (a ) = 3 •min" 1]
16 "

:. Use weld size (a) =- i,,
4 ·

Rnw = 0.75 (0.707 X 1 
Vu /4) x0.6x 70 = 5.57kips.
5Xy-F1xd =o

114



Chapter 4 
tural Analysis & Design Struc 

93.93 ,1.72 _ F1x 5 = 0 
2 

Lw1 = 

Lw3 = 

F1= 16.16 kips.

Vu F3= 5= F1
93.93 - 1616 R3 ·- 2 

F3 = 30.81 kips 
F1 16.10_ 2.9 in

Rnw 5.57
F3 = 30.81 = 5.53 in 

Rnw 5.57

L2@+9_45m
2

X 0.722 
U = ]-- = 1 - -- = 0.83 

L 4.5 

• use 3 in. 

:. use 6 in. 

(/)t Pn = 0.75 X Fu X Ae 
(/)t Pn = 0.75 x 58 x (0.83 X 6.62) = 239.01 kip> 93.93 kip : ok

1.5tana= , > a=26.6°.
Tux cosa = 93.93 x cos26.6 = 84 kips (shear force on plate) 

Lw _ Vu/2 _ 84/2 .
ORnw 557 7.54in use 8 in
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Y
{1a Table 1-7 (continued) a

' Angles t Properties 
«'l3

FNA
Flexural-Torsional

Axis X-X Properties
k Wt. Area,

y 1 J c, I;Shape A I s r Y

In. lb/ft in.2 in.' in.3 In. In. in.3 In. in. in.® In.

L6x4x7/e 1/% 27.2 7.98 27.7 7.13 1.86 2.12 12.7 1.44 2.03 4.04 2.82 
xSl 1¼ 23.6 6.94 24.5 6.23 1.88 2.07 11.1 1.38 1.31 2.64 2.85 
x5/s 1o 20.0 5.86 21.0 5.29 1.89 . 2.03 9.44 1.31 0.775 1.59 2.88 
yO/ls 1/is 18.1 5.31 19.2 4.81 1.90 2.00 8.59 1.28 0.572 1.18 2.90 
x½ 1 16.2 4.75 17.3 4.31 1.91 1.98 7.71 1.25 0.407 0.843 2.91 
x/s 154, 14.3 4.18 15.4 3.81 1.92 1.95 6.81 1.22 0.276 0.575 2.93 
x3/a 7ls 12.3 3.61 13.4 3.30 1.93 1.93 5.89 1.19 0.177 0.369 2.94 
xls 13pg 10.3 3.03 11.4 2.n 1.94 1.90 4.96 1.16 0.104 0.217 2.96 

l6x3½x½ 1 15.3 4.50 16.6 4.23 1.92 2.07 7.49 1.48 0.386 0.779 2.88 
x3/s 7ls 11.7 3.42 12.9 3.23 1.93 2.02 5.74 1.41 0.168 0.341 2.90 
xls 134, 9.80 2.87 10.9 2.72 1.94 2.00 4.84 1.38 0.0990 0.201 2.92 

L5x5x7/s 13h% 27.2 7.98 17.8 5.16 1.49 1.56 9.31 0.802 2.07 3.53 2.64 
xSh 1 23.6 6.94 15.7 4.52 1.50 1.52 8.14 0.698 1.33 2.32 2.67 x5/s 1Ms 20.0 5.86 13.6 3.85 1.52 1.47 6.93 0.590 0.792 1.40 2.70 x'h 1 16.2 4.75 11.3 3.15 1.53 1.42 5.66 0.479 0.417 0.744 2.73 x"ho 15j,, 14.3 4.18 10.0 2.78 1.54 1.40 5.00 0.422 0.284 0.508 2.74 x®ho 7ls 12.3 3.61 8.76 2.41 1.55 1.37 4.33 0.365 2.76 x/6 1344, 10.3 3.03 0.183 0.327 7.44 2.04 1.56 1.35 3.65 0.307 0.108 0.193 2.77L5x3½x¾ 1/6 19.8 5.81 13.9 4.26 1.55 1.74 xls 1ls 16.8 4.92 12.0 7.60 1.12 1.09 1.52 2.36 3.63 1.56 1.69 x½ 15j,5 13.6 4.00 6.50 1.06 0.651 0.918 2.39 9.96 2.97 1.58 1.65 5.33 x/ho 13j,, 10.4 3.05 7.75 2.28 1.59 0.997 0.343 0.491 2.42 

1.60 4.09 xls 3p 8.70 2.56 6.58 1.92 0.933 0.150 0.217 2.45 
x¼ 1.60 1.57 3.45 /6 7.00 2.06 5.36 1.55 0.901 0.0883 0.128 2.47 1.61 1.55 2.78 0.868 0.0464 0.0670 2.48 L5x3xha ho ,12.8 ,3.75 9.43 2.89 1.58 1.74 x/s "l 1j.3_1 3.31 aai] 2ss[+.ss jie 5.12 1.25 0.322 0.444 2.38 --,.....__x/ 13/, 9.80 2.86 4.53 'T.a 0.220 9304[2397.35 2.22 1.60 ~ ~xls ¾ 8.20 2.40 6.24 1.87 1.61 1.67 3.93 1as 0.141 0.196 2.41 xh /,s 6.60 1.94 5.09 1.51 1.62 1.64 3.32 1.15 0.0832 0.116 2.42 

L4x4x3/ 1% 18.5 5.44 2.68 1.12 0.0438 0.0606 2.43 
xh 7.62 · 2.79 1.18 1.27 1 15.7 4.61 5.02 0.6796.62 2.38 1.20 1.02 1.12 2.10 xh 71s 12.8 3.75 1.22 4.28 0.576x"/is ho 5.52 1.96 1.21 1.18 0.610 0.680 2.13 11.3 3.31 4.93 3.50 0.468xl ¾ 9.80 

1.73 1.22 1.15 0.322 0.366 2.16 2.86 4.32 1.50 3.10 0.413x/is % 1.23 1.13 0.220 0.252 2.18 8.20 2.40 3.67 1.27 1.24
2.69 0.357 0.141 0.162 x¼ 51a 6.60 1.11 2.19 1.94 3.00 1.03 1.25 2.26 0.300 0.0832 0.0963 1.08 2.21 

Note: For compactness criteria, refer to-the end of Table 1--7,
1.82 0.242 0.0438 0.0505 2.22 ~

- 
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DIMENSIONS AND PROPERTIES 1-43

Table 1-7 (continued)
Angles 
Properties 

L 
L6-L4

Axis Y-Y Axis z-z 0,

Shape I s r X z X, I s r Tan F, = 36
o ksl

in.' ln.3 in. in. ln.3 In. in. in.3 in. 
L6x4xho 9.70 3.37 1.10 1.12 6.26 0.665 5.82 1.90 0.854 0.421 1.00 

xOh 8.63 2.95 1.12 1.07 5.42 0.578 5.08 1.66 0.856 0.428 1.00 
x51a 7.48 2.52 1.13 1.03 4.56 0.488 4.32 1.42 0.859 0.435 1.00 
xS/A6 6.86 2.29 1.14 1.00 4.13 0.442 3.94 1.30 0.861 0.438 1.00 x½ 6.22 2.06 1.14 0.981 3.69 0.396 3.55 1.17 0.864 0.440 1.00 x/is 5.56 1.83 1.15 0.957 3.24 0.349 3.14 1.04 0.867 0.443 0.973 x3ls 4.86 1.58 1.16 0.933 2.79 0.301 2.73 0.908 0.870 0.446 0.912 xls 4.13 1.34 1.17 0.908 2.33 0.252 2.31 0.769 0.874 0.449 0.826 

L6x3½x½ 4.24 1.59 0.968 0.829 2.88 0.376 2.58 0.914 0.756 0.343 1.00 x3/s 3.33 1.22 0.984 0.781 2.18 0.287 2.00 0.714 0.763 0.349 0.912 xhis 2.84 1.03 0.991 0.756 1.82 0.241 1.70 0.609 0.767 0.352 0.826 l5x5x7/a 17.8 5.16 1.49 1.56 9.30 0.802 7.56 2.14 0.971 1.00 1.00 x3p 15.7 4.52 1.50 1.52 8.14 0.698 6.59 1.86 0.972 1.00 1.00 xhs 13.6 3.85 1.52 1.47 6.92 0.590 5.61 1.59 1.00 x/ 11.3 3.15 0.975 1.00 1.53 1.42 5.66 0.479 4.60 xhs 10.0 2.78 1.30 0.980 1.00 1.00 1.54 1.40 5.00 0.422 x3/ 8.76 2.41 4.08 1.15 0.983 1.00 1.00 1.55 1.37 4.33 0.365 xho 7.44 2.04 1.56 1.35 3.65
3.55 1.00 0.986 1.00 0.983 0.307 3.01 0.850 0.990 1.00 0.912 l5x3½x¾ 5.52 2.20 0.974 0.993 4.07 xSh 4.80 1.88 0.582 3.22 1.22 0.744 0.464 1.00 x/ 0.987 0.947 3.43 0.493 2.744.02 1.55 1.00 0.901 1.05 0.746 0.472 1.00 xSl 2.79 0.400 2.253.15 1.19 1.02 0.854 2.12 0.862 0.750 0.479 1.00 xhis 2.69 1.01 1.02 0.829

0.305 1.74 0.670 0.755 0.485 0.983 x¼ 2.20 1.77 0.256 1.47 0.816 1.03 0.804 1.42 0.207 0.569 0.758 0.489 0.912 l5x3x½ 2.55 1.13 1.19 0.463 0.761 0.491 0.804 x/is ] 0.824 0.746 2.08 0.3752.29 l 1.00 ] 0.831 ] 0.722 [ 1a2] oasr ] 1.55 0.645 0.642 0.357 1.00xl 2.01 0.874] 0.838 0.698 1.37 lossI os 0.361 l 1.00 xhs 1.72 0.739 0.846 0.673
1.57 0.28 1.20 0.503 0.646 0.364 0.983 xl 1.31 0.2411.41 0.600 0.853 0.648 1.01 0.,428 0.649 0.912 1.05 0.194 0.368 L4x4x/4 7.62 2.79 0.825 0.350 0.652 0.371 0.804 1.18 1.27x5ho 6.62 2.38 1.20 5.01 0.679 3.25 x½ 1.22 4.28 0.576 1.15 0.774 1.00 1.00 5.52 1.96 1.21 1.18 2.76 0.975xhs 4.93 1.73 3.50 0.469 2.25 0.774 1.00 1.00 1.22 1.15 3.10 0.797 0.776 1.00 xls 4.32 1.50 0.413 2.00 1.001.23 1.13 2.68 0.706 0.777 1.00 xhis 3.67 1.27 0.357 1.73 1.001.24 1.11 2.26 0.613 0.779 1.00 x'/ 3.00 1.03 0.300 1.46 1.001.25 1.08 1.82 0.242 0.517 0.781 1.00 1.18 0.997 Note: For compactness criteria, refer to the end of Table ·j7 0,419 0.783 1.00 0.912 
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la
y

LLBB

Table 1-15 (continued)
Double Angles 

Properties

y
Ip-

hf?
Y

SLBB

LLBB SLBB

Shape

Axis Y-Y

Radius of Gyration Os 0, 
wea]""""7",,,}_]r [n@es\tots]LLBB Angles Angles

• I Sepa in Sepa­[ysates-]Sw#"e.5",}a ail}.'iseal iii},in? 0 3/% 3/4 0 3jg 3p4 in. In.

2L6x4x7/s 
x¾ 
yh
x/6
x½ 
xls
x3/s 
x/s

16.0 1.57 
13.9 1.55 
11.7 1.53 
10.6 1.52 
9.50 1.51 
8.36 1.50 
7.22 1.49
6.05 1.48 

1.71 
1.68 
1.66 
1.65 
1.64 
1.62 
1.61
1.60 

1.86 
1.83 
1.80 
1.79 
1.77 
1.76 
1.75 
1.74 

2.82 
2.80 
2.77 
2.76 
2.75 
2.74 
2.73 
2.72 

2.96 
2.94 
2.91 
2.90 
2.89 
2.88 
2.86 
2.85 

3.11 1.00 
3.08 1.00 
3.06 1.00 
3.04 1.00 
3.03 1.00 
3.02 1.00 
3.00 1.00 
2.99 1.00 

2L5x5x7/e 16.0 2.16 2.30 2.44 2.16 2.30 
x¾ 14.0 2.13 2.27 2.41 2.13 2.27 
x5/e 11.8 2. 11 2.25 2.39 2.11 2.25
xh 9.58 2.09 2.22 [2.36 2.09 2.22
x

7
/,s 8.44 2.08 2.21 2.35 2.08 2.21 

><3/e 7.30 2.07 2.20 2.34 2.07 2.20 
xls6.13 '2.06 [2.19 [2.32 2.06 2.19

1.00 1.86 
1.00 1.88 
1.00 1.89 
1.00 1.90 
1.00 1.91 
0.973 1.92 
0.912 1.93 
0.826 1.94 

1.00 1.00 1.10 
1.00 1.00 1.12 
1.00 1.00 1.13 
1.00 1.00 1.14 
1.00 1.00 1.14 
1.00 0.973 1.15 
0.998 0.912 1.16
0.914 0.826 1.17 

2L6x3½x½ 9.04 1.27 1.40 1.54 2.82 2.96 3.11 1.00 1.00 1.92 1.00 1.00 0.968 
x
3
/s 6.88 1.26 1.38 1.52 2.80 2.94 3.08 1.00 0.912 1.93 0.998 0.912 0.984 

X
5
h6 5.78 1.25 1.37 1.50 2.78 2.92 3.06 1.00 0.826 1.94 0.914 0.826 0.991 

1.49 1.00 1.00 1.49 
1.50 1.00 1 .00 1.50 
1.52 1.00 1.00 1.52 
1.53 1.00 1.00 1.53 
1.54 1.00 1.00 1.54 
1.55 1.00 0.983 1.55 
1.56 0.998 0.912 1.562L5x3½x¼ 11 6 1 39 1 5 

[sis liz kW,, /]"[233 '247 2.62/1.o0 /1.00 /1.ss 1.00 I1.00 /osz4
x» [ii \is lido H '5jg '?45 2.s9 1.o0 /1.00 /1.ss 1.00 I1.00 lo.s7
rs [6.io li.s li.as li.so [a, [,j!" 257/1.00 I1.o0 I1.s81.00 I1.0o /1.00
xhs [s.12 1.s2 li.4 hi.so [zzs [SC] 254 1.00 [0.s83]1.sg'1.00 ] 0.98s] 1.02

1/ . . • • · 8 2 52 1.00 O 9 
x [4.13 11.31 l1.43 11.57 [2.23 [2.37 2.51 \35, "?]1.60 [0.998] 0.912] 1.02

215x3x/a [7.511.11[1.24 /1.39 2.35 5® ' [0.804]1.61 0.894[0.804]1.03
• [eafro [i fH3 [5E}[3}{g?{g[g4g?lgle:l
» [s3a his iz liss [zasEy 5?]1®91.oo i1.s@ I1.o i1.oo jas
x/s [4.81 I1.08 l1.21 I1.35 [z.a2' <© /1.00 [0.983[1.60 I1.00 ]0.983] 0.838
x¼ 3.88 1.07 1.1g · · 2.46 2.60 1.00 · · · · 

1.33 2.30 2.44 2.58 1.00 0.912 1.61 0.998 0.912 0.846 
0.804 1.62 0.894 0.804 0.853 

2.44 1.00 1.00 
2.41 1.00 1.00
2.39 1.00 1.00
2.36 1.00 1.00
2.35 1.00 1.00
2.34 1.00 0.983
2.32 0.998, 0.912

Note: For compactness criteria. refer to the end of Table 1-7
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DIMENSIONS AND PROPERTIES 
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Table 1-15 (continued) IDouble Angles 
Properties 2L6-2L5 

Flexural-Torsional Properties Single Angle
Long Legs Vertical Short Legs Vertical Properties 

Shape Back to Back of Angles, in. Back to Back of Angles, In. Area, r,A 0 3/6 3[ 0 3/5 3j

i H i H 7 H n H 7 H r, H in.2 in. 
2L6x4x/ 2.96 0.678 3.04 0.694 3.12 0.710 3.10 0.952 3.23 0.956 3.37 0.959 7.98 0.854 

yAl 2.97 0.673 3.04 0.688 3.12 0.705 3.09 0.949 3.22 0.953 3.35 0.957 6.94 0.856 
xls 2.98 0.669 3.05 0.684 3.13 0.700 3.08 0.946 3.21 0.950 3.34 0.954 5.86 0.859 
xls 2.98 0.667 3.05 0.682 3.13 0.697 3.07 0.945 3.20 0.949 3.33 0.953 5.31 0.861 
x/h 2.99 0.665 3.05 0.679 3.13 0.695 3.07 0.943 3.19 0.948 3.32 0.952 4.75 0.864 x?/s 2.99 0.663 3.06 0.678 3.13 0.693 3.06 0.942 3.19 0.946 3.31 0.950 4.18 0.867 xOh 2.99 0.662 3.06 0.676 3.13 0.691 3.06 0.940 3.18 0.945 3.31 0.949 3.61 0.870 x/s 3.00 0.661 3.06 0.674 3.13 0.689 3.05 0.939 3.17 0.944 3.30 0.948 3.03 0.874 

2L.6x3/xV 2.94 0.615 2.99 0.630 3.06 0.646 3.04 0.964 3.17 0.967 3.31 0.969 4.52 0.756 x3lo 2.95 0.613 3.00 0.627 3.07 0.642 3.02 0.962 3.15 0.965 3.29 0.967 3.44 0.763 x/6 2.95 0.612 3.00 0.625 3.07 0.641 3.02 0.960 3.14 0.964 3.28 0.966 2.89 0.767 2l5x5x7/e 2.85 0.845 2.96 0.856 3.07 0.866 2.85 0.845 2.96 0.856 3.07 0.866 8.02 0.971 x3l 2.85 0.840 2.95 0.851 3.06 0.861 2.85 0.840 2.95 0.851 3.06 0.861 6.98 0.972 xls 2.85 0.835 2.95 0.846 3.06 0.857 2.85 0.835 2.95 0.846 3.06 5.90 0.975 0.857 x'/ 2.85 0.830 2.94 0.842 3.05 0.852 2.85 0.830 2.94 0.842 3.05 0.852 4.79 0.980 x"/6 2.85 0.828 2.94 0.839 3.05 0.850 2.85 0.828 2.94 x/s 2.84 0.826 0.839 3.05 0.850 4.22 0.983 2.94 0.838 3.04 0.848 2.84 0.826x/6 2.84 0.825 2.94 0.838 3.04 0.848 3.65 0.986 2.94 0.836 3.04 0.847 2.84 0.825 2.94 0.836 3.04 0.847 3.07 0.990 2L.5x3/Sh 2.49 0.699 2.57 0.717 2.66 0.736 2.60 0.943 x/o 2.49 0.693 2.57 0.711 2.66 2.73 0.949 2.86 0.953 5.82 0.744 0.730 2.59 0.940 2.71x/ 2.50 0.688 2.58 0.705 2.66 0.724 0.945 2.85 0.950 4.93 0.746 x/6 2.51 0.683 2.58 2.58 0.936 2.70 0.942 2.83 0.947 4.00 0.750 0.700 2.66 0.718xhis 2.51 0.682 2.58 2.56 0.933 2.69 0.938 2.81 0.944 0.698 2.66 0.716 3.05 0.755 xh 2.52 0.680 2.5 2.56 0.931 2.68 0.937 2.810.696 2.66 0.942 2.56 0.758 0.714 2.55 0.929 2.67 0.9352L5x3x'/242.44 [0.628/ 2.51 [0.646] 2.58 2.80 0.941 2.07 0.761 
x"his ] 2.45 [0.626] 2.51 [0.644]2.5e{g[ 0.962] 2.68 [0.966 2.81 0.969/3.75 0.6422.54 ossijz.sils" 2.45 [0.624] 2.51 [O.2]2.59

0.661 2.53 2.80 [0.968/.3.31 [0.644ls] 2.46 [0.623] 2.52 /0.640] 2.5e
0.659 2.52 0.959] 2.66 [0.953 2.79 0.967 2.86 0.646 x'h 2.46 [0.622] 2.52 [0.638] 2.59
0.657 2.51 0.958] 2.65 [0.952

2.78 0.965/ 2.41 0.6490.957/ 2.64 [0.95;
2. 77 0.9641 1.94 0.652

Note: For compactness criteria, refer to the end of Table 1.7
~
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ttAs

( ", Table 1-13
I Round HSS \.. Dimensions and Properties Agog

HSS20.000- 
HSS10.000 

Design Nom­ Torsion 
Wall lnal Area, I s , z 

Shape Thick­ wt. A Oft J C ness, t 
ln.3 In.• in.in. lb/ft in.2 In.• in.3 In. 

HSS20.000x0.500 0.465 104.00 28.5 43.0 1360 136 6.91 177 2720 272 
x0.375' 0.349 78.67 21.5 57.3 1040 104 6.95 135 2080 208 

HSS18.000x0.500 0.465 93.54 25.6 38.7 985 109 6.20 143 1970 219 
x0.375! 0.349 70.66 19.4 51.6 754 83.8 6.24 109 1510 168 

HSS16.000x0.625 0.581 103.00 28.1 27.5 838 105 5.46 138 1680 209 
x0.500 0.465 82.85 22.7 34.4 685 85.7 5.49 112 1370 171 
x0.438 0.407 72.87 19.9 39.3 606 75.8 5.51 99.0 1210 152 x0.375 0.349 62.64 17.2 45.8 526 65.7 5.53 85.5 1050 131 x0.312' 0.291 52.32 14.4 55.0 443 55.4 5.55 71.8 886 111x0.250' 0.233 42.09 11.5 68.7 359 44.8 5.58 57.9 717 89.7 

HSS14.000x0.625 0.581 89.36 24.5 24.1 552 78.9 4.75 105 1100 158 X0.500 0.465 72.16 19.8 30.1 453 64.8 4.79 85.2 907 130_ x0.375 0.349 54.62 15.0 40.1 349 49.8 4.83 65.1 698 100 x0.312 0.291 45.65 12.5 48.1 295 42.1 4.85 54.7 589 84.2 x0.250' 0.233 36.75 10.1 60.1 239 34.1 4.87 44.2 478 68.2 HSS12.750x0.500 0.465 65.48 17.9 27.4 339 53.2 4.35 x0.375 0.349 49.61 70.2 678 106 13.6 36.5 262 41.0 x0.250' 0.233 33.41 4.39 53.7 523 82.1 9.16 54.7 180 28.2 4.43 36.5 359 56.3 HSS10.750x0.500 0.465 54.79 15.0 23.1 199X0.375 0.349 41.,59 37.0 3.64 49.2 398 74.1 11.4 30.8 154 28.7 3.68x0.250 0.233 28.06 7.70 46.1 37.8 309 57.4 106 19.8 3.72HSSl O.OOOx0.625 0.581 62.64,17.2] 17.2 191 25.8 213 39.6 
x0.500 ] 0.46s ] 38.3 3.34 ~so.re[as[2isj5;{ 383 76.6 31.7x0.375 0.349 38.58 10.6 'z8.7 123 3.38 I zsamlss l 

x0.312 24.7 ;--0.291 32.31 8.88 34.4 105 3.41 32.s 247 49.3 x0.250 0.233 26.06 7.15 42.9 85.3 20.9 3.43 27.4 209 41.9 x0.188! 0.174 19.72 5.37 57.5 64.8 17.1 3.45 22.2 171 34.1 13.0 3.47 16.8 130 25.9 

'Shape exceeds compact limit for flexure wth F_= 42 ke; - 
Y iI, ~
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Chapter 4 
tural Analysis & DesignStruc 

. f T ss Column :- 4,17 Design o1 ru

4-17-1 System and Loading :­

Vertical Load from truss : 

P. =75 KN.D.L

P, = 165 KN. L.L 

- Horizontal Load from wind :­

P. = 5 I * 0.8 * 0.5 W.L • 

=2.04KN/m 

D.L=75KN
L.L=165KN

8 m

Figure (4-35): Fixed free column. 

4-17-2 Section :

We choose circular section for this column and its diameter is 50 cm.
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Chapter 4 
Structural Analysis & Design 

4-17-3 Design:­

By using STAAD.Pro program design we define the section and enter the load and get 

the design. 

We use 10 0 16 with area of steel 2010 mm?.

10016

I IQ I 

Figure (4-369: S, c. .· vection in truss column.
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Chapter 4 
Structural Analysis & Design

4.18 Design of footing under truss column :- 

4-18-1 Materials 

Jc'= 24 MPa 

Jy =420 MPa 

4-18-2 Section : 

8Ie
t\l t\l 

JP , 300 
32 J9

4-18-3 Loading :

• Vertical Load ( F rom Truss ) :­
D.L=75KN .
L.L = 165 KN. 

• Lateral Load ( w·ind Load ) ·
Wind load= 2.04KN\m .
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Chapter 4 

The value of moment from wind load :­
M = 2.04 * 8 * 4 
=65.0KN.m 

4-18-4 Design : 
By using SAFE program design we define the section and enter the load and get the 

design. 

act'''··3{{{d,,,,,f@
10¢16 L=285 I

I

10
t(l 

125 

Structural Analysis & Design 

50

$8620cm

3n0
320 

125 10
1D0

Figure (4-37):Section in footin 
g under truss column. 
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NIMUM THICKNESS OF 
TABLE 9.S(a)-:-MI ·EA, MS OR ONE-WAY SLABS NONPRESTRESSED B ' , · · . . , . 
UNLESS DEFLECTIONS ARE CALCULATED 

Minimum thickness, h 
Sim I' One end Both ends .

sups&'ea coriiuous continuous Cantilever
Members not supporting or attached to partitions or
other construction likely to be damaged by large

Member deflections.
Solid one­
way slabs e/20 €/24 €128 €I10
Beams or
ribbed one­
way slabs £/16 e 11 s.s € /21 t I8
Notes: . t .

1
·

1
t tValues given shall be used directly for members \Vlt,1 normaiweighi concre ~

(density iw, = 2320 kg/m?) and Grade 420 reinforcement. For other condi­
tions, the vilues shall be modified as follows:
a) For structural lightweight concrete having unit density. W,, the range

1440-1920 kg/m, the values shall be multiplied by (1.65 - 0.u03w,) but notless than 1.09.
b) For f, other than 420 MPa, the values shall be multiplied by (Ow4 + tynooi 

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR 
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED 
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· M THICKNESS OF 
TABLE 9.5(a)-MINIMU,: SOR ONE~WAY SLABS 
NONPRESTRESSED BEAM-_ ·. - . 
UNLESS DEFLECTIONS ARE CALCULATED 

Minimum thickness, h
s· I One end Both ends . . -imp!}', tinuous continuous Cantileversupporte contunt ...

Members not supporting or attached to partitions or
other construction likely to be damaged by arge

Member deflections.
Solid one­
way slabs e/20 e124 t/28 e110 
Beams or
ribbed one­
way slabs €I16 t/18.5 € I21 t I8
Notes: • I · I t t Values given shall be used directly for membe~s with normalweighl conere ~

(density w, = 2320 kg/m) and Grade 420 reinforcement. For other condi­
tions, the values shall be modified as follows:
a) For structural lightweight concrete having unit density. W,, I the range

1440-1920 kg/m3, tne values shall be multiplied by (1.65 .... 0.u03w,) but notless than 1.09.
b) For f, other than 420 MPa, the values shall be multiplied by (0.4 + fyl7ooi 

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