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Abstract 

Objective of the project can be summarized in the structural design of all 
structural elements contained in the project, slabs, beams, columns and 
foundations, walls and other structural elements. 

It is worth mentioning the code has been used to determine the Jordanian live 
loads, seismic loads and to determine the use of( UBC-97), As for the structural 
analysis and design of sections has been the use of the U.S. Code 
(ACI_318-08), It must be pointed out that he was relying on some computer 
programs such as: Autocad2010, Office2010, Atirl2. 

We hope after the completion of the project to be able to provide structural 
design for all structural elements of the building is complete. 

After designing this project and the work of what has been said is expected to 
conclude a number of results and projections is to link the information that has 
been studied in the courses different, and the analysis and design of all structural 
elements and the statement of the impact of each of the elements on the other, and 
then the work of structural plans of the Executive will de done Full and detailed for 
each in the next semester. 
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List of Abbreviations 

• Ac= area of concrete section resisting shear transfer. 

• As = area of non-prestressed tension reinforcement. 

• A,=area of non-prestressed compression 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. 

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

• C.= compression resultant of concrete section. 

• C,=compression resultant of compression steel. 

• DL = dead loads. 

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

reinforcement. 

• Ee= modulus of elasticity of concrete. 

• f,=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. 

o Lw= length of wall. 

• M = bending moment. 

• Mu = factored moment at section. 

• Mn = nominal moment. 

e Pn= nominal axial load. 

• Pu = factored axial load 

X 



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

• Ve= nominal shear strength provided by concrete. 

• Vn = nominal shear stress. 

• Vs= nominal shear strength provided by shear reinforcement. 

• Vu = factored shear force at section. 

• We = weight of concrete. 

• W = width of beam or rib. 

• Wu = factored load per unit area. 

• CJ>= strength reduction factor. 

• s,=compression strain of concrete = 0.003. 

• £,=strain of tension steel. 
• E,=strain of compression steel. 
• p = ratio of steel area . 

XI 



sial) A8) dse ) dsel 83 

5 (2014/2015) 44ll @340 JXs 9U±A)" Jsel! 1-1 
23 Ra15 1.all al 3al Aye ,ill @gt<l] 1-3 
23 tl yail A6 Jae D 2-3 
24 s\a9asS le 1tail zl; 9lhai.as Ro_- 3-3 
26 =) ch+c= 2559Yl cs <_ll dlasl 4-3 
40 Dead load calculation 2-4 
40 Dead load calculation 3-4 
42 Calculation of one way dead load (R8) 4-4 

91 sheet metal for 2&3 spans 5-4 

93 vertical member forces 6-4 
94 diagonal member forces 7-4 
94 diagonal member forces 8-4 
95 tension member forces 9-4 
100 HSS 4-10.a 
101 HSS 4-10.b 
102 W shape 4-10.c 
103 W shape 4-10.d 
104 Angle 4-10.e 
105 Angle 4-10.f 

XII 



8 
9 
11 
11 
12 
13 
13 
14 
14 
15 
15 
16 
17 
17 
18 
18 
19 
19 

25 
28 
28 
29 
29 
30 
31 · 
32 
33 
34 
35 

e Re,@yll_ ill zE5y/ e ,3llJe <Lg l gls 5 F =3sl" ·O' = Cs sfC= 2 
as] ll cs all sf cslill 
Ce il? cu all csl csliall 

ssl ,ll s\»syI els 4£.all csl±ill 
CA8\s99I 9ls 45a, all cslial 

c» 
30a+ «151all 33us <ls 

sse 9I g\3l 
cay\e 
9is glsl 
1145 ch als 

1-2 
2-2 
3-2 
4-2 
5-2 
6-2 
7-2 
8-2 
9-2 
10-2 
11-2 
12-2 
13-2 
14-2 
15-2 
16-2 
17-2 
18-8 

1-3 
2-3 
3-3 
4-3 
5-3 
6-3 
7-3 
8-3 
9-3 
10-3 
11-3 

XIII 



List of Figures 

Figure# Description Page 

4-1 One way Rib slab (R8) 38 
4-2 statically system for (R 8) 39 
4-3 Topping load 40 
4-4 One way Rib slab (R8) 42 
4-5 Loads of Rib (R8) 43 

4-6 loads ofrib (shear R 8) 46 

4-7 Beam(B 16) envelope 50 
4-8 Spans Length of One way solid slab (S3) . 57 
4-9 Solid (S3) envelope 57 
4-10 Stair (STIA) 67 
4-11 Envelope diagram Flight (STIA) 70 
4-12 Envelope diagram Of Landing (LIA} 72 
4-13 Envelope diagram Of Landing (LA I) and (LA2) part 2 76 

4-14 Envelope diagram Of Landing (LA I) and (LA2) part 2 78 

4-15 Envelope diagram Of Landing (LA2 ) 79 
4-16 basement wall 82 

4-17 shear and moment diagram for basement wall 83 

4-18 Moment and shear diagram 85 

4-19 Cross section of sheet metal 90 

4-20 static system for purlins 91 

4-21 moment envelope for Purlins 91 

4-22 shear envelop for purling 92 

4-23 support reaction for purling 92 

4-24 Truss system 93 

4-25 weld between vertical member and gusset plate 97 

4-26 weld between diagonal member and gusset plate 98 

4-27 weld between gusset plate and bottom member 99 

XIV 



dsl a! 

~ 

1 

a fall 1-1 . 

.€.9-«l) cal aa) 2-1 

.€ 9-l) @ts.coo 3-1 

.t.Jµ\ ~ J_J~ 4-1 

· U1 J., «Loll 5-1 . 
. t.Jµ\J~ 6-1 

.€.9-all al#la) 7-1 

1 



J}il J..eil l 

: L.JS.J\ 1-1 

-ul~ .Y'.J '-,-lW.J ~yi J.i_,b f'.J:. ~ ~ i)) ~~ J.::.,) u,a'JI ~)WI :.s·~•iJ.J ~ u,a _y, U'l~I.J 
u,a _y, U'l~I .J~I ~, ~lli> ~½U _p.i.J lli> ~yi O.b. ~ .b.l.J uL. ~ lYlUll ~ u,a 

Asal Ae9 sly3 sell le! gig ls&s: • s!le s! g he 

:_8 9yall c5la) 2-1 

,w\..bh:..JI 1- ~l..::..iYI o Uc · ~ c- · "-11 ~\.WI 'l..::..iYI ~\ \..ili..l 1- o iill 1 c4 ~ ~ . ~ cU.J-l .J <...J->""""'-' • ~ • r' .J ~ ~ .J . 

,'i.Jt..-.o.ll ~\.bl\ i)c .1:i\.WI o~lyi 

~I ~l..::..iYI WI ~ 1- o iill 2 . ~ . ~ ~~ .) . 

. ~\ wt!WI ~ ~\.).) ~ i,?ll w\...i__,h.JI ~.J.J ~ .3 

.s5) le • l4ibis3 ,,it.ti}l,4.ail z7al; +1510 tis!] .4 

2 



J}JI J..eil l 

: f..9y.t.JI ~ 3-1 

t . U ~ .Cl\ 4-.l'.iLl..i~I \.k.11 - •·- \ 'Ll..i~I --·· _-:\\ c.1h:il l . _gt · "·11 I~ ~ Ji.a:i:i .J~ ~ - . ~ ~',r. r-:--.J - ~ .J~ 
cilis» ,#Yl ,aill Cyag gs« 9tall sg! Ela y5ST salaisl45 gall " &al93 Al.as 5is" 
~ \...i.J ~lk.11 o~ ~Ll..i~I t=!jjill ~ ~)U;! ~ wlu,t...,\tl.J o.lAc YI.J __,~1.J wU::.)411 ()A ~lk.11 

. \Jsi,ll .);!.=,. c)J c:lfa~I .);!.=,. ()A t.J_µ1 I~ e::lft)' illl~.J' t.f.Jl...u..J I ~I~ (fai.J~ 

J}JI.J ~WI ~I J)G.. ~I ~ ~ ,..bis ~Ll..i)'I ~Ull c)c t.J_µ1 I~ ~I ~ 

c.) e::_p.:il l t.J~.J ~WI ~I c.) e::?I t.J~ ~.fu J)G.. ()A 2015-2014 ~l__,.)11 4.l..JI ()A 

. J_,y, ~' 

: <alalacall 5-1 

. (ACI-318-08) ~I ~Ll..i)'I ~~I c.) ~yYI .)fill .)We.\ .1 

(Atir12 , Safe, Etabs, Stad pro) Ji.a ~Ll..i)'I ~I.J ~I ~IY. fl~I .2 

. Microsoft office Word, Power Point, Excel, Autocade Ji.a c.Sftl ~IY. .3 

: f-9y,t.JI J~ 6 -1 

:-5 leas Aas ,lo <s fall ls s sf: 

.43ls8l5 isl Al6a5 @4A@sill ly: dsYldaill -1 
t . "·" 1...u..J1 . -'1 '=-.. ·w, ' :11 -2 . .J~ t.f.) ~ y ~ . ',r ~ 

.~ ~Ll..i)'I ~lk.11 ~.J ~ : ell asl) -3 
.~Ll..i)'I ~lk.11 ~ ~Ll..i)'I ~\.J ~I : ~1)1 ~\ -4 

w~ .-:11 '\:ill\ • . WI · 1 :11 -5 . - y-, .J~ .(..}l>A ~ 

3 



dsl&a: 

ul~I c4 \+iilji_, ~_;'---4.11 ~1_,lll lY' ~ lY' ~Ll.\ 5\f~ , , 

.~J 0) ~~_,.,.._,.JI~\ J~J., ,4:µc 4-.aj)l\1 ~_;L.- .Jl 

_;~I_, ;;~\tts y..ou.JI o~ ('jjjil y,....i\tl ~')/13 ~ :U_,. ..JI . 

.AYl lats 3ala@Yl els5@=2s &s·3) s )ssal ail &s , 

~ ,.. ~ ,J:;...c.:u 
✓ ~ ·......,..9 iJ.li.9" 

., ,:.r _rc=,WI 

4 



J,'il J,ail l 

wl~I c4 4,:iilji_, ~)--.JI ~1_,.i.\l 0A ~ 0A ~till ~~.., ~.)t.-.JI w~I 4..ual_J.l (1 

.Ass u! \e8 95es ca6ill lS!s <tguls &a 3l A± tall 9gs,pl/ @4lS 2la} &·3-) 

.J~I_, o.l.=';/IS .Y-"'U,J\ o~ ciJjil y.ui.i';/1 ~\II_,~ 4,jfi.J\ ~Llij)'I ->'-"'u.JI 4..ual.J-l (2 

.u\,.Q'JI J,ilc. J '?-l~':/1 y.i4JI ~-' t~..,.JI ',?.Jt.-.JI ~I c4 r~ ':/ ~ yLAc';/1_, 

dASi ,544l1 4ls.ty >9 4 <_5 ggaf,1,4l A59l_y»2Lill A±6r0 ct6as al 53le il (6 
.l.lillll·'·\:911 . ~ ~ .., 

4 



J 9'il Jw:131 

...---...--..--r---""T-....------r----r-r--,--r-.....----,--,:---....,----~-·,,-,...-..---- ·1 ; ..:.,y1'.....ill 

1' 15 S4 13 12 11 10 9 8 7 6 5 4 3 2 1 '. &,1....:":11 
t---4--,.__ ...... _-+---+-4- ....... --+---4--~ ....... --+--+----+-- -··- "t - - ..... - .• ,. ..... I ~1\.u.:..I 
1----1--+----+--+---+--l----+--+----l---l---+---+--+---+--I---; - .. _.J~J, . ·-?.: .. --~ 

, •,i bb;. o)l 4.,.,ii_;..l 
~ ,'--...\1 

1----+-+---+--l----+---l----l--l---+-+---l----lr---+---+-+-4- ' - . . . . , ::-:-!.. • - 
ts"+\ +3? 

o.l.oe- "l/ l e:i.J.f. 
a±yw a 

&3-' 
t ... - . - ~~~,i~~- 

1----+--+----+-+--+--+----+---+--+------,f-----+--+--+-----i,;r-- . .,._ "'"'" .., .. ,.:6,, -.,. . - • - 

l 
1-1,-+----+--+---+--l---+---l---+-+----I--I---+---+--+---+-~- -· .... - -· - . . - 

&3" 7"$ 
t_,_>.:..llu-4.JC 

(2014-2015) ~I.JJ.11 ~ ~ E,..9_µ ~jll J-9~1 (1-1) J-9~ 

5 



2 
,i! Jail)l 

gs- a a _el\ ~.J,11 

• 4.4J£.4 1-2 

.0 93-ll e Rats As.a! 2-2 

• ~-.9µ1 ~.JA3-2 

. J.illll J:1-.,12 u.w=a-.9 4-2 

• J.illll i.:i~l-.9 5-2 

• J.ilill Ji,1.wl -.9 l.s~I u.w=a-.9 6-2 

.J.ilill Ji,l.wl 7-2 

• ~l.LJll 4.1~1 J:1-.,12 u.w=a-.9 8-2 

.A\± JI @Jtall cl4els 9-2 

• ~l.LJll 4.lt...al.l Ji,l.wl-.9 l.s~I ~-.910-2 

• ~u..JI 4.1~ Ji,1.1..JI 11-2 

6 



~\:ill J...:i.i,ll 

Sl! sill \asyl,ts l 5ls laia l$ya6001i 5l9 'iy ,As s-aigll ,, slll el 5 all 3yf 
Lo~ ' ~\J)I .)y-,:> (.)A O.)_y-,:> ~I ~l u_,p.11 o4=-, L)A yA-1_,...ll 0~ Jui\J' oya,I_?- _, ~1_,.J 01..k..ll 

A;All @.lsll sgl llae > «0 48_9 

0\S. I~)_, . Jlo;jl yA,ly lJA '-f.J~ Ail~-' t.....o \.A.)_;9_, ~ '.J\S.91_, ~_,...,_, 09 li.Jlo.JI ~i I~_, 
!~1_,11_, J4=-,11 ~ La (:?'.Jl:i:i ~, ¥_,I.):,,,'-?')~ ":l O.)Lo.JI d~ IA~ LI.9:l .)_,.l:,,,_, ~I~ r1:, _,i 09 ~ 
wh\.WI · .).]~\ 1.:i.1, · - .)! 1. :j · J · •_:11 • Lill •- ~I · -11 ~WI ~li:i.a ~i · -<~ .)3 ~I . lJ-4 - ~ ~ ~.) ~ ~ - _):!-lJ ~ _, • - - • u..,.... -- _, 

.~ill C"' Jclili_, 41:.-.)j La~ 

~~ ~~, tj.Y' fa 4500 u,a) ~ ~L..i.o ~ , ~_,._..:i ~\.bl ~L..:o'/4 ~1_,b ~)l'.j lJA J.ilill 0~ 
. tj.Y' fa 4304.92 

7 



tS Jl.d.o.ll ~;\I 

:8 sh@e 3-2 

&@3 A56 cc\ill @sf6all a yYl cllil @sf Cs sill -alis Ce &als 546 sllas] cs) ls 
.09\ 3ss @alls 5l zlg ll slssls Rhys a ,,all 2Es! @sys all laasl3 <yl 3-ll; 

.. ~ "';. 

. fl)) 

.. ~ ~ ,,---~ - ·-:.-- 

. . ,.... ,. . .,.. .,~""' ; 

- .... <>""' 
,: 

"" 
1 

·-. 
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¼~ ~ .Jy•L ... ~~()A y.fa4 u.a) ()A~-►- y, ~y)I tlUI t_,y:;..J c_jii.o.11 ~__,.JI IAI 
. _p..;JI ~ UC- r70 u.a}JI ~ ~y ,~_;ill ~I y~, ~ ~ 

;.J 

~ , : .. . 
l 

L-----'--.:.....:..c.ii.......C--"-~--"-'-=-·..:..=z,,,-~.--~= 

: ~,JAll ~i 1-3-2 

~k.A_, l)W-111 ~ ~ ~, u.a}1I 'U..W .)jil cr"L...I ~ ~ "i c!.JL.t.J1 4.AIJ.'/ u.a.JI .)~, ~ 0l 
~ -ul_►.I_, t_,y:;..Jl w'-4~ ~~(#ill ~I~~ ~l t_,y:;....11 ~.J:! ~ J) ~_, ~ ~l......:i 

: t_,y:;....114.AIJ.'j u.a) .J~I ~ ~ ~.b\.ii o~ ~ '-4#_,. f'WI (#~I ~It:'" ~l_jill_, J,al.S.:i.11 

Y-J'U_,, rl.c ~ ~l~I ~ ~4 u.a}JI ~.JA 4-u,\.J.:i ~~(#ill --,..ul;JI y, : ~__,.JI '½9lfa..l 
.08391 &6l5 yhs zEal 7l93 < Riss e sf3V 

.~_,...ll ~.:i:,JI ~ _;ill_, ~)I J.;bll 4-u,\y '½9 ~ (#ill --,..ul;JI y, : w)l....:.1__,.JI 4.2 
.J~I ()A <.r""4lll ~~I~ 4,'.il_,hl ~ ()A u.a}JI ~ uc- ~~ (#ill --,..ul;JI y, : ~4i\l ~~1.3 

wl.J"w.i . . .., 
Ra±4,l c AS» c Rslica 33lsf·lges\s ga9YI @hi; @ell ll @syl ; @hsll ,all J4al,4 
·\) als» es55 s st.ti! 3lyl gig) le 1slis gay9I «as lo all 'ss 6l5 &6ss, al... 

.-s39 u! el=l65yl5 @ls al il±alls 7«151all 

: c4JI .J ~1 ~..P- 2-3-2 

~J3..,, 4-:!9 Y.JC.JA A.!1..b ~1..s , ~1 ~ ~ ~, J,a1y.11 L>A c4)'.., ~, ~~ 4-u,\.).:i 0l 
Sls J-eel is55@l»s ,+ 79 5ll @Ek41 » ls 6\3ll shall C» 4las 8s cell sle5 g ell 
~ y,fi Y-J'U (Y.Jl.J , ~.:i:ill ~I A.!li:JI ~ ()A ~I_, , .:i_;,JI f'YI ~ ~I A.!1..b11 ()A~ .J.:l3 
c::4)' Y-J=u ol.cly Y-H9 .i..l ~Ll..i'/1 ~' ~ Jl.:il4_,, ~' 0,.J~ ~ .)y, ~I J.a=-- ~ ~, ~4,,.11 

~ .. -:it.i~l-•-·--:11.1. ,. .1. l<"'".-~.-:.1 : .. ,1 ,_ ..... ,1 
• ~J&-'"' . r---"' .J.Y" ~ ~ ~ ('""'::' ~ ~ ~.., 
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: ~.jk)l 3-3-2 
--' ~ · u... , "l.:Lli .LLA J~ (ii...::, 1.::.. ub. .dJL u ~1 • .. L -1~ • u....i fui --' ~ · u... ' ~- ( J ~ ~ J J ~ .) J . . ~ '-? ~ ( . y ~ ' ~· ( 
le ylaa9e 5ls± Lai Lal elye all Ce al9 593ls all @lll cols ha.alls cc)all G5 Cly bay+o 6 3 
_170) w ·cs"e' "w a± 3UsaYT yl es &4l gsl 66ill ) la t5 @53l55% .J45Ll0 cs9±sa 

. y_,1,-,, (~ 589 

-: <.].ili.ll '-':l.jb J~J 4-2 

wl~ ii~ :i......w..:,.a uc ii}~ .Y'J , ~l..i.i:>. tfa wl~ -y_,,...:i ~\..bJ 0/1_,b ~~ u-a t:Jy:;,..,11 0fo 
.833-40,111Y1-.410,i 2· 2! l 1is 9 <53ia 5il 

-:(-2) ~I 0:lk 1-.:a-2 

: ~lkll ~~ j 
. tj..Y' fa 521.06 0-:lbll I~ ~I........ 

: J,:ilhll c.:.i'il.dlw,I -'-:I 
. ~_p.:ill u-oly:-i • 

• 4,_j~ u _j:- • 

. J.ilill ~ w)l.,W\J ~W1 .JI.# u_j:- • 

. .J4i ~~ • 
. ~4.s_j:- • 

. ~4_;&5. u _j:- • 

: J,:il.bll ~.;JI ~..J= -[ 
• .:i::..I_, J=,.b C:::.J.:i J~ u-a • 
. wlJ-¾...11 kss» XA Cs • 

.0sls ,+)4S 1aa OXS Cy» • 
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• ( -2) -li....,._.i:i.l l ~lb J.iL.- : (3-2) J£ 

-:(-1) 4-i~\ &.t.k 1-4-2 

: ~\.k.l \ ~l.v.l,Q J 
. ej.JA fa 990.06 01\.hll I~ ~b 

: 5\hl) Cs8'Las"id -4+ 

. e-.fJw_j:. • 
.i-el ha • 
. e-c,th.. • 

. o\+a wl.JJ..) • 

: ~lhtl ~.J,11 ~.._fa -~ 
. ~bl\ e;:1.Jhl J)l;. Lr" • 

.9\4 gSl ass,l1 DX5 Ce • 

• ~ \.hi\ . & o ,& .-: • 11 '-IJ.j.jj l..iA!I _J • (.j: I.,?"" ..r_,_.. -~ 
.(f' -3.86) y~ <.G~I ¼?JI Lal (e--3.56) y~ ~_,ll ~I_,, (e- -3.58) y~ ~I ¼;JI 

. ( -1) ~I ~\.hi ~'ii ~I :(4-2) ~I 
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: ~_;'ii (.j:lth.11 2-4-2 
: (.j:lth.11 ~l..,..i.Q - i 

. e3.JA fa 931.23 01l.h.ll I~ :i..,,,.L.i... 

: c}.IU:i.ll i:.i"l~-"I -½-' 
. f'.>J wy::- • 

w\.c ~I :i..c I.! • 

. f"=' \.h.i • 
. o4,, wl.J.J.) • 

: J,:i~ JJ,.a.J,ll 41u...fa -[ 
.A9l5Ill za9I UXA » • 

.49\9 gs as\a»l DA + 9 
')1 1 • .l.c.! I J)t.=,,. · -~ u=-- (.)A. 

• ' th.II · ~ o .~ .-: · 11 1..J.1.1.jjl.WI _J • <.J: <.;r .,r.,,- . , 
. 0.0 01l.h.ll I~ y~ 

~d!=;rlJ,. 11¥<1,i;!;n;;;c:r.;;;-d,l-{C~ 

"0 
.~}JI <,j:11.1:ill ~'JI .6.l...i.J I :(5-2) ~I 

: JJ'lrl <,j:1thll 3-4-2 
: <,j:th.11 ~l....1.4 _j 

• e3.JA fa 897 .93 01l.h.ll I~ :i..,,,.L.i... 

: <,j:th.11 ~~~I -1...:1 
.e5-s_ o 

: (.j:lhtl J~_,114.l.i..J=-[ 
.\51ll z199! DX5 Ce • 

.39\4 gS a=\aal XA + • 
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.JJ'il J:U:ll ~~I ~I: (6-2) JSJ'J I 

: ~\ill c}.llhll 4-4-2 
: J:1-hll ~l...iA _\ 

. c}Y' fa 897.93 0:lhll I~ ~b 

: J:1..k.11 ~~~I -½-I 

. e-..fJ up • 

: &-1.l:ll J~.jll 4-li...J= -[ 
.Al5Ill z1a9Is C> • 

. ~y~\ ~t...-....11 J)L;.. (JA • 

: &.1..k.11 ~ ;_;2µ1 ~\.l..,J\ _J 

.c·3Yl ch» e 7.88 5!All so +gs 

r 7 
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-: JJ.illl u~l...9 5-2 

: @£x41 @45)gl 1-5-2 
~.Jt......JI JiS,11 (jj.fJ ~4.J, ~ ~)I ~.l.JI 4-:!9 ~ .J ~J •J°1)I ~1)1 ~ ~l_,11 o~ ~ 

95 R» less jh ,5i/ cs cyslls ,i) yill yr h))) el + l seal) yl_hall 34isl ys 
. 0\ya'yl esfs @letcll 4la550 cs Ca gall! 3lghsl e 

• 4.#y:;ill ~\_,JI :(8-2) JS 

: ~_;..11 ~I.J,11 2-5-2 
o _,ill ~1)1 o~ p ~_,..,:ill 0,:1..b ~b .)J (j:i y, w'-:,S y,ll ..Y-A .)J A..sh:e. )'y ~ y,-1 ~ 4-:!9 ~ .J 
.JWI ~.J ~\.:i)I _)c yli:ill 4-3.Jh... ~ wb:illl f\..l;.i ~ tj_,ill\ .)c ~ ,4...o~I :il_,..JI ~La tj_,illl ~ 

~ -~·r:...::.. 

: '; ,;!I- ' - - . - - . 

. ,-- -. ,.:, :~~-r.=1 ======== 

• 4:i.;i.11 ~1-.,.11: (9-2) Js 
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: ~WJ\ ~\_jll 3-5-2 
. ~.)Lo.a.JI ~I 4-:!9 ~~I_,~ .fa.I J=-,.lA 4-:!9 ~ _, 

.~Will ~1-.,ll: (10-2) ~I 

• ~~I ~l.jll: (11-2) ~I 

-:5Ai@ll JiJ±alls @s_a cas 6-2 

-: J.ili.ll ~l.1A 7-2 

: J=-,1.l.o o~ _)c J.ilill <$~ 
. e'ls10 8 -+ull ls±al _89 ,,iyall ds al,1 
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-:(-1) 23-10l 5A 1-8-2 

: rY-Lb.ll ~~ _\ 
~.Y' fa 771.32 ~\.hi\ \~ ~\........ 

: 5\hsl) a8Laa.ical- s 
.593\lll e last» o 

. fa. • 

wlAL..::.. • 

(-2 85) 4-9 .~ 11 o~ L..l • -::..U::.. 4-J · ~I\ ' U. . ~ L..l • u'juh)\J 4-9 . • • • _y<.J • ~ - ,Y""""' 0: UC . ~ y:- 

: <3:Lb.ll c.) o.)ji,JI ~LLJ\ -.l 
.c·3Yl ch» = (-4.24) 5All so er3vs 

C. 

. ( -1) ~\ <3:1.l:i .1ii.....w :(12-2) J£ 

-: ~}ii <3:1.l:i 2 -8-2 

: <3:Lb.ll 4.:1.1....."'4 _j 

. ~.Y' fa 770.57 ~I.bl\ \~ ~\........ 
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4rtilll ~I 

: cJ:llhl I <.::.a 'J~ 1-y 
• ~ 0 .fi yJ.., • 

u -·i.s • • _ _>.µ! 

\ca eiyss yell Lile3 sliy al@s zall cs7@ii,ll DXGEyal@ s 3544sll salial <±· • 
. ( 14-2 ) ~ I ~ ~ I.AS ~ 4 ~ 4...9 _j:. J 

: cJ:l\bll J_J,w.Q_j-ll ~..J:i -t 
.«±l51sl z1a9TUA • 

: ~I.bl\ ~ ~.).jWI ~Li.JI -.l 
. (0.0) 0-J\..b.ll fa -.,..i~ 

- '---------'---------+----' 

I[=_ 

. ~}JI &.lbll <}!'ii ~I :(13-2) ~I 

~ ~ .J~\ o~Ll,,.., (.J.l.o w::..:i Lo J~I u,a '½ r'\j Lo ~_ij ~ ~ ~.J'i\ 0-JU:.ll ~'ii ..bi..:.JI 
. ~4~1 4...9 _j:. .J ~~\ w _j:. .J ~)lj\ .J4c w _j:. ~ 

... -~r ... 

I 

-~.J'il cJ:l\bll <}!'ii ~I :(14-2) ~I 
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: £0 @44l5l 1-9-2 

□] , [l ].4,'=H 
l.rm .i.w rru:uu= J.UUrr 1t.•,n lTJl'r~azu::rr .-. ·.:.unrJUu.-r.Y .u.:r. lffr.·u ;, .• :"?'~~ 

• ~y!JI ~l.jll :(15-2) Ji.!JI 

: ~_;ill ~l_j-11 2-9-2 

.c.SyJ ¼;,. Lr" ~\.:i)I ~-'¼;,.Lr" wl.::..:iill e}y. ~ ¼;,.1_,ll ~ ii.:il.... Lr" .)Si e-1~~ e-\J 

IE] 

. ~Jill ~1-.,ll: (16-2) Ji.!JI 
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: ~~I ~l_jll 3-9-2 
, • •.), - ~,, .:i..i.J;. .11 w:i W-1.uil..WI w)ti:..I .)c .:i • - 1 .11 o ·, . 1 . t:.Ul\ .k..)w ."!HJJr_,r - y, . ·- r' -.Y -'&-'..Y-' - 

120 120 

IZ0 

120 

IZ0 

120 

0ZI 

.~Will ~1-.,31: (17-2) ~I 

: ~fa.JI ~1-.,11 4-9-2 
0\5! 5S1a 4A LS9 s ifs! ,-'sll ls all ghi) lg,is 34y6 ll 7gels/ Ag5ll sis 365 

~11 .:i..i.J;. .11 w)ti:..\ . • .. <- • o .).J 11,, 4-.o~\ wl.::..:illl .a.....!;.i l .),l,.:i .:i. -1 .11 o ·, -1 . t.:.Ul\ , .:i..i . ~11 - \.bl i.,r - y ~ .)J . _, c.S..); -- y ~ ..)--' _, _.,,.,.... ~ 

«alix» colsli5_yl 3es <3l4ell cs \al ,all XE s -) &3-0 Ts ss .g-ell coll_s lg; ss5 
. ~I ~ Steel Trusses r'~~ rl:s _, ' J:iS1l 

I! II I 
,= 
I 

so so Im \ i[il st so ' 

m st Wm g [I] 
• ~~I ~1-.,ll: (18-2) ~I 

-: ~1-1.JI __g ~~I ~-.9 10-2 
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2Hltill Jail)l 

-: J.i,I..\A.ll 11-2 

. ~y)I ~Lill /'WI/'\~ .JA.J ~Lill~)\ ~.l.J\ .JA.J <.r-_,l;JI ~.l.o.11,l 
• 4..;_,...,:i11 ~UJ u4.)_y, u4-:_ii.:?. u~~ -2 
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~Ll...l l J-·" a ll 
3 

• "-4~ 1-3 

.,ill) ail) ya cisg) 2-3 

• ~L1j"/I ~ o • t2ill J.:a.lJA 3-3 

.J~~, 4-3 

.A±lsll €:\y\531 5-3 

• J~I ~I.J! 7-3 
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cJtt Jail )l 

~Ll:..ij/1 ~WI ~I.J.l.l c;Ll:..ij/1 ~~ Ju:i.i'il u,a ~'i ~.Jlu..JI ~Ull u,a t:.J_µI ~I.J.) ~ 
cs=ll\» all ass gill Cle 7lsLll llesY! @la Al y us ctii3 ti.as lgi.o93 

. t.Jµ '-?.)~'ii ~4-,.11 ~1.J:!.J LJLr.YI u~ ~ ~ c;Ll:..iJ ~ 

4...i11.g ol.cl o •Ll:..il .)\ .. 11 c- . "·" 61..WI :l....i:iLl:..iYI "'"""WI .Jl.ii:..I . .JLl:..i'il ..•. _-:11 ~ Lr.S .. . .Y'.J .J . ..)"" L,.J.Y-""""' . ~ . ..F~ ~ ~ • r-=-- . ~ 
393\ell ,al.a)Cle Ad\sis ·Cl ) usS» <us:@sl c?j) le bosii 

J,.i1~1.J w\.)A, y1 u-a A.c ~ ~ ~ ~1 ~ ~ ~ U-itS:i.G ~ c;Ll:..i'il ~1 
-:.)\.:ill ~I~~ w\.)A,Y\ o~.J ,..u..i ..?.~I w~I ~ ~ ~.J_;=JI ¼JLl u-a ~' 

.~I ~I wl~ f'.Jfu..J Jly,,.YI ~ <) u,ai ~I LJ~ ~: (Safety)LJLr.YI -1 
-~.)~I ~ J!4 Ll.1J1 LJLr.YI u-a .J.)S fa.I Jj•:-i ./'.J :(Economical)~.)~'il ~I.J -2 d•• ~,,ll ~ .)..?.fi WI<) JL;.. '-Rl ~ :(Serviceability) r-1~'-il oyus; LJ~ -3 

: ·. I\ ~ ~ ~ • i L :Llj · -:11 .b · · · 11 c- I ·l · . ~ ~ 0.! u '"fl"" (.)A I.ff"' Y.t-' L. y ~.J 
Ll.l.J.l \..u..JI •••. _-:11 1- .l:::ilWI 4 '-?.) r-=-- ~ - 

_: u-11.i.!i.i~ 1 e: a , ,.,rn ~ 1 JA 3-3 
• · ~ . • • .. -:L I\ 'Ll:..iYI .... _-:11 J.,.I .~~ ·.<. •• 
-~.) ~ _)A cs', t..r . r-=-- _)A ~ ~ 

-: ,_/.9'./I ~_;.JI .1 
eos &s,gal @st.aYy Aas=s <3-00 sh s Cs<92la0391@.lal,, 3 

61.....,YI :l....i:iLl:..iYI t1lb:ill J-= _,.:; ,c- µ \.A.)Lr.:ic.l ~ w -:I\ Uill .)I .)J.l::,,,j '~I <U.il ~ ~ • ~ r L..J rl:l y.,i I.ff"' y • .JA ~ .J . ..?. 
..u..i w --= -11 u y1 .)wYI , \..l;lll 1--.i . _,-. ~.J . .J r' ~ 

:~llll lb._;.JI .2 
~ '-?ill c;Ll:..ij/I f'\.l:::iill tii.J L9:!9.).J ~ ~, Llil.JI yl_►.i u,a yfe JSJ c;Ll:..ij/1 ~I<) JW:i 
~w.J ~i)I ul.c\.b:sll.J ~YI .l:.!WI ~.J ~ u,a 4.1 A...aj)IJI ~Ll:..ij/I ~wll J-=.J O.J~I 

.cull ys y yi5 

22 



-:JLA..,, ~\ 4-3 

-· I.~.~ ~ ti ·I 11 : .. ,, LI . - -:11 Jb\'1 ~ -~ '-.?-.J _,.i I.S', ~ ~ u,a~ i.,r" ' 

u,a ,¼\.'.i.J 4-.a.ib o.J~ ,LllJI ~ 0fo ~I ~)I ~t.Wl ~1~1 l)j_,ll LP 4,.i"ull Jb\11 ~ 
wt.st....:.}) :if Ji~ JlAc-1 '-fl.J ¼-,9~4 ~bll tbl~lS ~t....:.} ~1-►-Y 4.Sl....:.)'4, ~_,.JI.J )ii.JI~ 

4-ifi.JI -ll_,.JI wlsl'.iS..J,<)Ll:J)'I ~I -l~I ..l:!~ J~ u,a ~~ ~.J ,~I ~ ~\.:i.J fib~ iill 
. t:.J_yii.JI ~ ~ill.ui.JI -ll_,..J.\ ~ ~I wls\.:iSll LJ¼.1:! (1-3) J3~I.J , .iJ 

l.i~I ~\:iS.11 a±5iaal) 5±Lal) ®# 
(kN/m3) dlaial) 

22 5ylaill3 743l 1 
16 J,i)I 2 

25 4-il....,,_y:jl 3 

10 y_,b.11 4 
23 .b)411 5 

• ~~\ Jl_,..Jl ~ .jlll .dJ~I (1-3 ) dse 

kN/m2 1.5 = (Partition) tkl_,ill J\,..6. 1 

, o_►.YI ,ol.'.i\11 ,u,o~Yts 0~ O.J~ ~_,.JI.J )ii.JI~ u,a .J:l-W ~' Jb\11 ~.J 
~ ~\..=,. J.Jb~ 0-a I.A)ii.a o-lk ~.J:l .J Llil.J.I r'l.lil...YI ~ ~ Jb\11 0~ ~ ~.J' wl~\.J 

.c.;-l.JYI -l_,s..11 ~} t.?.)4 o-l~I.J t.Jy;..JI ~ ~I Jb\11 LJ¼.l:! (2-3) J.J~I.J ,~\ wb_,s..11 

el dell 
1±5 5cry'I Asch rlJll 

(kN/m2) r' -· d-luisll 
5 J-lilill 1 
3 <el 2 
5 ~y)I wbl:i....YI.J wl;,._J.WI 3 
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,~., · .. 1, Jtl t ·)I .1~11.5. r ~- 'I 1- ~ -:11 ~I wl .. :.-:11 1.....l..1..1.i ~-~ -:11 Jb ''I . '- ~~ - J&-' I.A.:>,. J Cl:! J ~_,,... l..ul.lAl ~ _JAJ !..r' ~ ~- ~ ... ~ !..r' .s (.)A-UUJ 

3 ss35Y Risi» Ca3 slss}ls 3hill cs Ca eilisf,ss el Ara e @s5ill lasYI5 Ro9YI 
-:,,-l 6S ,A3 3ll leYI le je '8 isl CSA 

:cl dsl 1-3-4-3 

t.S~I c'-:!)1 ~ Y" ~ .)We ';{I~ c'-:!)1 Jbl ~~J'~' ~ ~i t.Sfa. y:fi c'-:!)I Jbl 
~ I.J.W, .)_p._; _;I ~Y ~~ .i.:ibbl ~ LJA -u.§y_; <.f.o.J\11 F uc 1.J.W1 tw) fa. J:!-Ui ~' 

.$±Yl<ly6ill ya ls gaisia sl6f+88,° 

yi;.. ~I~_;, ~'ii c'-:!)1 t.S.J3 rffi ~ Jydl(DIN 1055-5) ~W\11.)§l\ .)Wc\ ~J 

-:l # 5=3l (3-3) 8 03as ,el1siAys ¢Al\ill al\sl ,e 

Height Above the surface(m) 0 to 8 >8 to 20 >20 to 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 ~~I J_;Sll ~ IJ~I c4.Jll ~J ~J-'I ( 3 -3) J...9~ 

y? 

q = 1600 

F y_,......i.a LJA .).l.:>.A tw) ~ c'-:!J.l ~~~I ~I (wind velocity pressure) :q 
.(KN/ m2) ~I <.f.o.JYI 

. (m/sec) c'-:!J.l 41010 a'ill ~ yJI: V 
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cut'i) Jail) 

- 

<J=1-3 AR/ml\o 
- 

- .., 
- 

. 
q-1.1 AN/on] - 

.... 
- -- 

...., 
- - - 

q=0.8 kN l»i · ..,..._ 

g=0.5 RNm} ~ - 

v. 
v. 

V..45.,~ n 

Large 

city renter 
Urbm md 
Suburb an area 

v. 

Open 
terrilin 

DIN l055,T4 
Wind Speed 
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c!ill.lll~I 

:[_,.l.Ll1J~i2-3-4-3 

r1~4 lk.l;!.1.:,.j ~.J, ui..JI ~ ~.J ,~I c::b uc, ~I till) ~ c:::..,illl Jbl ~ 
(.)olt.....ls ui..JI c.1.a ~_;lj .J ~I c::b uc, ~I till) ~l.:i J_;I~ J)I.:.. u.a, ~I ~~I Codes 

W-.WI 1- 1 • • ~.- -:I\ _-::,, W .ll~ • 1..5"""' '1!":'YJ-11.,r" c.5~ - - 

cs") Jsl (H) =l ch e Lt6all slo 
(KN /M2) ( .fa.J4) 

0 h<250 

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

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

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

.) bros 85u8) s €9lll Jal (4- 3) dse 

r.$.J~ r.;~I _; ,~I c::b UC, ~I till) .l;!.l.:,.j ~.J ~\...JI c:::P' Jbl J_;~ ~l bUi...ul 
· -';ltS. - 1~11 Jbl ul...:.. - (:..JWI .llill tui ( 764) ·'-:r c:::..,..... . rl . . .J f 

h-400 
s = 
L 400 

764-400 
s, = 400 
s L = 0.9(KN /m2

) 

:0383 J < sl 3-3-4-3 

4is aiHii • »5.al cay9I c\isl! 7ill As s cay 31093@6sf cs5\558l Ce l3» " cf 
~ _;fu u~ ~~.J ~I ~ .JI.pc ';ll ~ Jb ';ii o~ ~ ji ui ~J , i.Ll.WI ~ y y ~ c.5 ~ 

.Jljljll ~_;~ 4:;,fii ~I )~';ii u.a Jfo:111 Jti14_; w:i~ Jb ~ Jj';ljll ~I 

u41.......=J1 ~ ~~~I~~ j.,..JI ~I ul.J~ 0,i_;b uc, t.J_µ, \~ <) ~_JL1A ~.J 
: Ji.a J.J'':ljll ,·.,,_ ~1.111 l:i'11 l-lh:i1 ,4.b.l . ~ ~I 1• I~~"\ ....,..- . .J I, • • • <JAf '-? ,'t-' - ~ 
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~lj..b_# '-ii~~ tJA (Serviceability)~ ~I~~ .:1_,~ 
_y_,lb.JI ',f.J\..u.JI _JfilJI c.s1c- ~ .)Jj ~I (Cracks) ul••·~1i11 ~_,(Deflection) 

Ll.1JIUWI 1-~11 ~I . ~ . c.,rY' _, 

• 

• 

:~\ t.::.il_;~ "JI 5-3 

gl,tll le YI s er?s @3lR46535 sl_all he sis sY @6syt .fall 5ye 
Rs) y 56l0 4ie_53 la,bl JlsT5 c Rs sllls 35.all5@±_9l @l93 ®3ll es±SE.l9 75e 

)34l des156 Cl Jr-el 2ttsyl ill4y,54y ta ±Sls tgls 2till sis.e le5ya5 
.~I wl....,L...,i ~ 4.A J)!JI (Bearing Capacity 

:6.1\~I 1-6-3 

f\~I ~ .\J~ ~.)Lu.JI w4lb:Wl ok.ly_, ~I~ 4.i\:i:._J\ wylkill (.)A .:1;1~\ .:1_p.._,l t_;l;.j 
:t_,_;.-WI ~ ~\:ill wl.iWI tl.J-ii 

.(One way ribbed slab) ~,_,11 04,.:i':/I wl~ ~I w\.lle .1 
.(Two way ribbed slab) ~4,.:i':/1 wl~ ~I w\.lle .2 

.(One way solid slab )~1_,11 04,.:i':/I wl~ ~I wl.iWI .3 
.(Two way solid slab )~4,.:i':/1 wl~ ~I wl.fu.11 .4 
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cu] Jail) 

(One way ribbed slab) ~l_jll o~~I u\j ~I ul.lk. 1-1-6-3 

()4 u...o ()4 ufi:i:i .J .:1)411 o~ c) wl.fut..11 ~ c) 4-A~I J_;bll ~I <..G.l:..) 

(2-3) ls) s Cs 38 6S 2sl9 slay a:dill 3Sys call lgl crshll 

Stnl'.katl'! & Tem~tlro:' &r's 

1- --...;:::-•----· .,, 
I 

R,t> ----- ..... .:J.),l"t 

.lsl caal) csf cal±a) (2- 3 ) JS) 

(Two way ribbed slabs) ~4,-:i~I u\j ~I ul~ 2-1-6-3 

c) J.=,11 CjJ.fl ~.J 0.!Al~-"4 ~1 u.f. ~ L>-4 ul:;..;_:j ~.J uw_,5"..JI ~ 04 ¼WI~ 
:(3-3) ~I c) ~ Lc6 ,LJ:!All,..:i':/1 c) ~ .J ~_,b 4-U.J yl......::. ~ <.rly_, ,uu.4,.:i';/1 ~ 

m 

" 
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:(One way solid slab) ~1_,11 o~"JI c.::.i1:i ~I c.::.il.l!i:UI 3-1-6-3 

-:(4-3) lsli ts @ell Jae01yS a" 2l 5ls\il ,gs e055.5 

• .i.:..\_jll 04,:i'il u\j ~, ul~\ ( 4 - 3) Js 

: (Two way solid slab )U;!ki4,.:i'lll c.::.i\j ~I c.::.il..l.kll 4 -1-6-3 

.<\s\AS9ls> #de 35#s lee clil gS: 

. Two way solid slab-: ( 5 - 3 ) Jsa 

29 



:\99l 2-6-3 
cs C! 3\5-l cc@"s Cs±sue 0lii0ya\# Ase sys3-is <lg9YI 

.(6-3) ~\, ~\ ~1_,b 

Staircase 

Tempreatuer & Shrinkage Bars 

• [.J.ill -: ( 6 - 3 ) JS,.!JI 

-:.J~I 3-6-3 

(Rectangular) .J~ -1 
. (T-section) .J~J -2 

.(L-section) .J~ -3 
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s@{id 4\Sys <us ) Cle eilsll , ll A» 3Eal @is 'y! 31sJ a) cul l S:s 
.&3\# ca141/ l 33s) 2l (7-3) Sls gall 

KIU i"' f3cJUl 

Rib 

Etonge Block 

• e,J.#1 c) l.~\ ~I e,l;ii - : (7 - 3) ~I 

:5as NI 4-6-3 

.J~I ~J , .J~I ~l o.fu.ll lJA Jb \ti Jilli~ , W1 <) ~.JJ ~1......,l ~ ~ 
~ ~ 1 g OJ a oi ~ ,~1......,i_j ~ J ~ ~ ~~ ,~I l.'.:.)\.....,\.....,l ~j ~ , o.l.oc- \ti ~j lA _)_j~ 
~\ <) ~ J,ok:i.11 ~ lJA (J;!C~ o.l.oc-\tl_j,~ Wl_,ll Jb\11 ~jj°JJ Jii c)c O_J.)\! ufi:il 

: ~Lli,j ;I\ 

.(short column) 5y=ill 5e YI -] 
.(long column) ¼.#I o.l.oc- ~I -2 

~:o.l.oc-':/1 lJA ti~\ 4-.'.i)l..'.i c)c r.;~ tJ_µ1_g ~~I ~I Ji '-f.J~I ~I~ lJA 1..ol 
.(8-3) ~\ <) ~ ¼yJIJ ~jil.lllJ 4l1bl11•oll 
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• o~'il e_l.J,ii-: (8-3) ~I 

La cuss,ital igllil gay +ilsl5 cast.all las3 z_al cy hysi,il !)e 
Jb c.., :i..::...ili L::.iJI 1 • I • ~ ~ ~11 ~'JI · _-.:I\ .ii ~ ti.a · _-.:I\ • I ~ ~ , 4-::,.\..::J\ . ~ l! • ~ '-5--' (.)-Q.J1,l:! ~ ~ (..)-"=-' t.S.r _, (..)-"=-' u.) . ~ _,_, . ~ 

w\.+i .):!9_,:tl ~\ ~ LB-lAlw ~l;.:il ~ u..)_,3 ~1 .. >.u ,Uab ul.J~ 4-Jfi ~l :iJl....:::iJ c::4)1_, Jj';ljll 
.(9-3) lSll <ls cf 3las ## ,till Salls ill daAS 
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Steel bars 

• ~ _;I~ (9-3) JS,.1.11 

~I.WI :U\S ~ o.a ~¼-:i-i"il ~ rJ.J 16 oJo ,.,; 0i "i) ,Ll:.l.JI ~~ .l1c lAl °'J•iiJ l~ La J_,l ~ wl......L.}~I 
5# S Cle R;ill,J" @las l3as3 53sYW » lleYI diy cot.atyl,65 cs ·-) ,s \asyI 

-,-! S 2lgl53s ,o ,s <.hi.a 

(Isolated footing) ~ wl......t.....i -1 
(Compound footing) ~_,~j.o ut.....t.....i -2 

(Strip footing)~~ ut.....t.....i -3 
-~ Wl_,ll Jb\11_, ~ ii_,s_, ~Jill t_,.;l ~ &1~_, ~ tl_,.;l u.a wl......L....i rl~I ~ w_,,..,_, 
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Main Bars 

Square Footing 

Column 

(Expansions Joints) J.lAlll ~I~ 7-3 

. ~ ~ JWI .;A L< @lst,all 5la\ill s f 45 J) 40 UA • 
.5\63A\ill±, 35 l! 30 + • 

.J JjlA$j'j\ J,al_,c _Y,:J'U _)~':/I ~ h';/1.b~ wlsWI 0~ o.)yj ~ .J • 
<a< l/ 3±a2ll . y .J . 

· ,.,~., l.....l.:>,J I ';/I ~,)\.ri...., ';/I ,bj\ -- 11.S ~I 4,jl..... . .! 11 Jl...ac i tlb ~ U;!-= •••• ..)Y-" .J ~ Yo-' ~ ..?-' '-:?.J • 
J)l:;.. L>A oy.JI y y,,j ~ 4-A j)\ll w\.by:i.:.. ':/I hi .J ~l~I ~ wlsWI 

.3410 bole 
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.3±4191 Jals# (11-3 ) JS«Ul 

:\4Ali5al ±ill -Aglsh)&Al] 8-3 

.AutoCAD (2010) for Drawings Structural and Architectural .1 
.Microsoft Office (2010) For Text Edition .2 

Excel .3 
Atir 12 .4 
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Chapter 4 
structural analysis and design 

Chapter 4 

Structural Analysis And Design 

4.1 Introduction. 

4.2 Design method and requirements. 

4.3 the thickness of one way Rib slab . 

4.4 Design of topping. 

4.5 Pos (R 8): Design of one way Rib slab. 

4.6 Pos. (B16): Design of Beam. 
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Chapter 4 
structural analysis and design 

a 

4.1 Introduction: 
Many structures are built ofreinforced concrete: bridges, buildings, retaining walls, tunnels, and others. 

Reinforced concrete is logical union of two materials: plain concrete, which possesses high compressive 
strength but little tensile strength, and steel bars embedded in the concrete, which can provide the needed 

strength in tension. 

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequently 
admixtures. 

Understanding of reinforced concrete behavior is still far from complete, building codes and specifications 
that give design procedures are continually changing to reflect latest knowledge. 

Structural concrete can be classified into: 

• Lightweight concrete with unit weight from about 1350 to 1850 kg/m. 
• Normal weight concrete with unit weight from about 1800 to 2400 kg/m. 
• Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3

• 

4.2 Design method and requirements: 

The design strength provided by a member is calculated in accordance with the requirements and 
assumptions of ACl_code (318_08). 

✓ Strength design method: 

In ultimate strength design method, the service loads are increased by factors to obtain the load at which 
failure is considered to be occurring. 
This load called factored load or factored service load. The structure or structural element is then 
proportioned such that the strength is reached when factored load is acting. The computation of this 
strength takes into account the nonlinear stress-strain behavior of concrete 
The strength design method is expressed by the following, · 

Strength provided > strength required to carry factored loads. 

NOTE: 

The statically calculation and the key plans dependent on the ·j5; ✓ e arc 1tectural plans. 
Code : ACI 2008 

UBC 
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✓ Material: 
Concrete: B300.... Jc'= 30N / mm? (MPa) For circular section 

but for rectangular section (Jc'= 30 * 0.8 = 24MPa). 

Reinforcement steel: The specified yield strength of the reinforcement {fy = 420 N/mm
2 

(MPa)} 

Mild steel : A-36 

Connection Type : Weld , Bolts 

✓ Factored loads: 

The factored loads for members in our project are determined by: 
W,=1.2D,, + 1.6 LL ACl-code-318-08(9.2.1). 

4,3 the thickness of one way rib slab: 

......__ ■ ■ B,F16 
[s 

■

I 1-... ,, ..._ 

p, 
Ps 

's, 
's 

«, 

~ " 1-.. 

~ 
Ps, 

" "- 
II 

', 
ps, 

~-m~ I ~--~~ ~ I I B,F16 I I I I 

filJ RI i 
r-.. t--- "I », R8 

-~-~- 
~ Ju LI 

I I I I I B,Fi?_ I I 
ts-. ,..., 

I'-,. 

:--..I-- 
ps, , 

\ 
st 

..... 
..... r-.. 

I • 
, .... 

I 

Fi 4.1: 
lo, I 

*Check Thickness of one way rib slab 

g One Way Rib slab (R 8) 
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✓ Statically system for (R 8) : 

[All1JEE=EH-H 4 ~ z# --------s.20OO---- 
----s.2000---------4.7000 

. 
~ ) 

Fig 4.2: statically system for (R 8) 

The minimum required thickness is: 

L_ 4700 349 mm 
16 21 

L_5200 248 mm 
21 21 

for two end continuous. 

for one end continuous. 

Take the slab thickness= 35 cm,_27_cm for concrete block, 8 cm, for topping. 
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4.4 Design of topping: 
✓ Statically system for topping : 

. . . f (I ) · dth and span of mold length with both end fixed in the rib Consider the topping as stnp o m w1 , 
Wu 

IT Tl[llL [l»±[I 

------ 40 cm------- 

Fig 4.3: topping load. 

✓ Load calculations: 
Dead load calculations: 

Dead load from: 

Tiles 

Mortar 

Coarse sand 

Topping 

Interior partitions 

3 

Live load: 

L, =5 KN/m 

6xyx ] 

0.03x23x 1 

0.03x22xl 

0.07x 16x1 

0.08x25x 1 

1.5x 1 

---- LL =5 KN/m2 x Im= 5 KN/m 

KN/m 

0.69 

0.66 

1.12 

2 

1.5 

5.97 

Factored load : 

Wu= 1.2 x5.97 + 1.6x5 =15.164 KN/m. 

Check the strength condition for plain concrete, aM, M. rh 0.55 s0» An> -lg WIiereg==.. • 
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M,=0.421,/F! S, (ACI 22.5.1, equation 22-2) 

Sm= b.h2 = ~ = 1066666.67 mm. 
6 6 

0M
0 
=0.55xlx\1'24 x1066666.67 x10-6 =1.232 KN.m 

w.L? M,= 5 =0.202 KN.m 

W.L? M,= =; =0.101KN.m 

oM, >> M,= 0.202 KN. m 

(negative moment). 

(positive moment). 

No reinforcement is required by analysis. According ACI 10.5.4, provide As,min for slabs as shrinkage and 
temperature reinforcement. 

Pshrinkage= 0.0018 ACI 7.12.2.1 

As= pxbxhtopping =0.0018 xl000x80 = 144 mm/m. 

Step (s) is the smallest of: 

1. 3h = 3x80 =240 mm. control ACI 10.5.4 
2. 450mm. 

3. s-so(")-2.sc, = 3eo (;:•
0 
)- 2.5 x 20 = 330mm 

s< zoo (7") = aoo("",)= aoom fs -420 3 

Take 9.8.@ 200 mm in both direction, $ =200.mm.<.Sa.=.240 mm.. OK ·----· . 

ACI 10.6.4 

4.5 Po. (R 8): Design of one way Rib slab. 

❖ Requirements For Ribbed Slab Floor According to ACI- (318-08) 
bw > 10cm ACI(8.13.2) . 

Select bw=l2cm 

h:53.5*bw ACI(8.13.2) 

Select h=35cm<3.5*12=42cm 

tf2: Ln/12:::50mm ACI(S.l3_6_1) 

Select tf=8cm 

but 
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Chapter4 a., 

❖ The effective flange width (b,), according to ACI 8.12.2 is the smallest of: 

b 
L 4000--800 : f h 1b • e :S 
4 
= 

4 
= 800 mm L, is the clear span o t e n . 

• b, <b, +16h; = 120+16x80 = 1400 mm. 
• b, < center to center spacing between adjacent beams = 520 mm. Control 

✓ Statically system and Dimensions. 

Hoe-o- .v Block (28cr ) 

Fig 4.4: One way Rib slab (R 8) 

✓ Load calculations: 
Dead load calculations: 

Dead load from: 

Tiles 

Mortar 

Coarse sand 

Topping 

Interior partitions 

RC rib 

Hollow Block 

Plaster 

6xyxb, 

0.03x23x0.52 

0.03x22x0.52 

0.07x 16x0.52 

0.08x25x0.52 

1.5x0.52 

0.27x25x0.12 

0.27x 10x0.4 

0.03x22x0.52 

3 

KN/m 

0.3588 

0.3432 

0.5824 

1.04 

0.78 

0.81 

1.08 

0.3432 

5.3376 
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Live load: 
Live load /rib= 5 KN/ x 0.52m = 2.6 KN/m. 

Factored load : 

Du= 1.2 x5.3376 = 6.4 KN/m. 

L,=1.6 x2.6 = 4.16 KN/m. m 

W,,= 10.56 KN/m. 

✓ Flexural Design for (R 8): 

Moment for R2: 

[1111,11-l4-14HHHl{HT-± =[HI±'I'+5 
-
---------4.1000--------s.2000 =f5,@(]( 

Moments: spans 1 to 3 
.28.2 -28.2 

.5 

2.08 
25.5 

I 
3.12 2.35 2.35 3.12 

25.5 
I 

2.08 

Fig 4.5: loads of rib (R 8) 

► Design of Positive Moment : 
• Design Span 1 and 3 

M,= 25.5 KN.m. 

Assume bar diameter 0 12 for main positive reinforcement. 

d db 5 12 d=h-cover- Jumps j=350 - 20-10 -j= 314mm. 
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Check if a > hr to determine whether the section will act as rectangular or T - section, 

Mr =0.85.f'.b,.h,(@-") 
= 0.85 X 24 X 520 X 80 X (su-")» 10-6 = 232.53 KN. m 

M,, Mnr » -; = 28.3 KN.m, the section will be designed as rectangular section with b=b, =520 mm. 

Rn= Ma_ 25.5x10° _ 
oia? 6.9xszoi@a F 0.55Mpa. 

m= __fz_ _ 420 _ 
0.85/1 - 0.85X24 - 20•6 

P-- 2_ (1 _ j1 _ 2,m.Rn ) = _1 (l _ 2X20 6XO 55 ) 1 - ~20 . == 0.00133 
m 420 20.6 

As,req = p.b.d = 0.00133x520x314 = 217 mn 

* Check for As,min . 

As,min is the maximum of:- 

As min =0.25 ./Fe b d > 1·4 b d , /y w· - /y w· 

1 A. {z@ · s,min =0.25 420 120 X 314 = 109.88 mm? 

2. As,min ' o X 314 = 125.6 mm2 

s,required 217mm2
. 

Control 

Use 2.0,]2,Bottom .Amott.=.226.2mm2.Aseaaa=217 mm? Ok 
S _ 120-40-20-(2x12) ... ·················· · ·· 

- 1 = 32mm > db = 12 > 25 mm OK 

Check for strain: 

a As.fy = 226X420 _ 
0.85b f! 0.85x520x24 8.95 mm 

a 8.95 c= -= - = 10.5mm B, 0.85 

e, = 0.oos(©) = o.oos(±4-10ssy c 10.5 =0.086 > 0.005 Ok 
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• Design of Span 2: 

Mumm= 8.8 KN.m 
Check if a > hr to determine whether the section will act as rectangular or T- section, 

M,, =0.85.f2.b,.h,.(a-"[) 

= 0.85 X 24 X 520 X 80 X ( 314 - 82°) X 10-6 = 232.53 KN. m 

M,, M.r » -; = 9. 7 KN.m, the section will be designed as rectangular section with b=b, =520 mm. 

R == M,_ 8.8x10° _ 
" oia? 0.9xs203i2 = 0.2Mpa. 

P-- _
1 (1 - j1 - 2.mRn )-±.( 2X20 6XO 2 ) 1-' ii =0.0005 
m 420 20.6 

As rea p.b.d = 0.0005x520x314 = 81.6 mm 

* Check for As,min . 

As,min= 125.6 mm2> As,req=81.6 mm2 

A,=125.6 mm? 

Select 210 Bottom ,with As= 157 mm2 > As,min= 125.6 mm? 

Check for strain: 

As.fy 157X420 
a o.8Sb 1; == o.8sxs2ox24 == 6·2 mm 

a 6.2 c--- -73m - 'B1 - o.8s - · m 

e, = 0.00s () = o.oos (''=) =0.126 > 0.oos Ok 

► Design of Negative Moment: 

Mu= -18.3 KN.m. 

d=314mm 
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• Design of Span 2: 

Mumm= 8.8 KN.m 
Check if a > hr to determine whether the section will act as rectangular or T- section, 

M,, =0.85.f!.b,.h/.(@-"[) 

= 0.85 x 24 x 520 x 80 x ( 314 ]) x 107°= 232.53 KN. m 

Mu . Mm» -; - 9 .7 KN.m, the section will be designed as rectangular section with b=b, =520 mm. 

R = Mu = 8.8xl0
6 

_ " obd? o.9xszosilz = 0.2Mpa. 

g(-)-±(-h-FE")-ooos 
As ea p.b.d = 0.0005x520x314 = 81.6 mm

2 

*Check for As,min. 

As,min= 125.6 mm2> As,req = 81.6 mm2 

A,=125.6 mm? 

Select 2010 Bottom ,with A,=157 mm? > As,min= 125.6 mm2 

Check for strain: 

a As.fy = 157X420 _ 
0.85bf! 0.85xs20x24 6-2 mm 

a 6.2 c=-=-= 7.3mm 'B, 0.85 

e, = 0.00s () = o.oos (''=) = 0.126 > 0.oos Ok 

► Design of Negative Moment: 

Mu= -18.3 KN.m. 

d=314mm 
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Chapter4 - 
design as rectangular section bE=bw=l20mm 

R == Mu == 18.3X10
6 == 1.72M a. 

n 0bd2 0.9X120X3142 p 

p= .!. (1 - / 1 - ~ ) == _1_ (1 - 1 - 2x20.6xl.72 ) == 0.0043 
m A] 420 20.6' 420 

2 
As,req = p.b.d = 0.0043x120x314 = 162.024 mm 

*Check for A,in · 

Arana =162.024 mm> .A,,=.l25.6.mmf, 

Use 20.12. A,aa.=.226.2mm>...A% aaa =162.024 mm OK 

S - 120-40-20-(2X12) - 36 d - 12 25 " 1 = imm> l»= > mm OK 

Check for strain: 

Asfy 226.2x420 
® oss»7] oasx12zoo, = 38.8 mm 

a 38.8 c== - == - = 45.64 mm B, 0.85 

e, = ooos() = ooos(") =0.017> 0.oos o 

✓ Shear Design for (R 8) 

Shear 

-32.9 
-26.9 .23.3 

-17.1 

23.3 
19.2 

26.9 
32.9 

Fig 4.6: loads ofrib (shear RS) 
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Vu max at the face of support = 32.9KN 

Vu at d = 314 mm from the face of support. 

Vu max = 25.2KN 
Shear strength Ve, provided by concrete for the joists may be taken 10% greater that for beams. This is 
mainly due to the interaction between the slab and closely spaced ribs. (ACI, 8.13.8). 

v.'} 2ff?b,a ='/27 x 120 x 314 x 107° = 33.84 KN 

o V, =0.75x33.84 =25.38 KN. 

o V, =25.38KN > Vu =25.2 KN 

Case (2) for shear Design : Minimum shear reinforcement is required. 

Use stirrups U-shape (2 leg stirrups ) o 10 Av= 2 x 78.5 = 157 mm. 

0 Vs min= 0.75 x ffe bwd x 2:..>0.75 x ~ x b d 16 3 w 

o Vs min=0.75x ffi x 120 x 314 x» 10-3=8.65 KN 
OR 

0 Vs min=0.75X 120 x 314 x ½ x 10-3=9.42KN 

0 Vs min=9.42 KN 

V. . ~- smin7, ,,2512.56 KN 

d 
Sae S 5 

< 600mm 

fyx dx A, 
5req =-----=­ 

V,min 

d 284 
5=>3- =157mm 

Control 

Control. 

420 X 314 x 157 
s ------- req 12.56 x 103 

Se, = 1648.5mm > Sax = 157mm 
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4.6 Pos. CB t 6}: Design of Beam , 
✓ Load calculations: 

Dead load calculations: 
self weight of the Beam =0.8x 0.35 x 25 = 7KN /m 

► load calculations from ( R2) : 

( DL =28.99+0.52 = 55.75 KN/m , LL= 15.63+ 0.52 = 30.06 KN/m) 

► load calculations from ( R3) : 

( DL =31.46+ 0.52 = 60.5 KN/m , LL= 15.32+ 0.52= 29.46 KN/m) 

✓ Statically system and Dimensions. 
Geometry Jines meter,en 

2 

C 
iiJ iiJ : : ~ ~ 

0.25 3.65 0.25 3.65 0.25 

3.9 3.9 

~ A 

.. 0 .. 7 

i iiJ : : iiJ iiJ il 

= : 
~ ~ 

3.65 0.25 3.65 0.25 
~ ~ A 

3.65 0.25 3.65 0.25 1.72 

3,9 3.9 3.9 3.9 I. 

{ I 
80. 
A=A 

Los¢.ng 

10,1a group no. 1 
Dead load - Service 

a 

Units:kN.meler 

55.8 55.8 

--- 
55.8 55.8 55.8 55.8 !5.8 

o. 
55.8 

s's' '3S 39 i% 
':: 

sS 
~ 

s's s'' z.t 
.•. s_ 

~ 
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Live load > Service 

30.1 30.1 

30.1 30.1 30 1 

30.1 

3.9 
3.9 3.9 

3.9 

30.1 

3.9 

-+ 
Mo me n i ! S h e 9 r E n v e I o p e (F9ctored) 

Un ts:kN,meter 

Moments: -217. 
-184.2 -180. 

161.5 

1.56 2.34 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.75 2.14 

174.2 
2.4 1.6 

Shear 

-294.2 
-245.4 

-197.6 
-246.4 -260.7 

-211.9 
-255.5 

-209.3 
-258. -253.2 

-220.8 
-269.6 

151.1 
199.9 217.8 204.9 209.1 

266.6 253.7 257.9 255.4 
206.6 195.5 

261.5 244.3 

-211.4 
-457.6 

254.6 
303.4 
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Ch apter 4 

structural analysis and design .... 
Reactions 

a_ 

Factored 

II 111 fl # \i I I ' tt 

Dead? 115.89 333.3 283.28 296.99 292.19 297.68 280.5 342.73 126.91 

LiveR 83.99 227.52 216.83 221.58 218.74 221.89 216.98 230.22 84.53 

Max R 199.88 560.82 500.11 518.57 510.93 519.58 497.48 572.95 211A5 

Min R 105.97 419.96 352.54 375.91 369.56 376.68 348.59 429.02 117.37 

Service 
DeadR 96.58 277.75 236.07 247.49 243.49 248.07 233.75 285.61 105.76 

LiveR 52.49 142.2 135.52 138.49 136.71 138.68 135.61 143.89 52.82 

Max R 149.07 419.95 371.59 385.98 380.2 386.75 369.36 429.49 158.6 

MinR 90.38 331.91 279.36 296.82 291.85 297.44 276.31 339.54 99.8 

Fig (4.7}: Beam(B16} envelope 

✓ Flexural Design for (B 16): 

d=350-40 -10- 18\2 = 291 mm 
h= 350 mm 
Design for positive moment : 

1) Mu = 174.2 KN. m 

Rn A. "_ 174.2x 10 
bd? 0.9 X 800 x 2912 = 2·86 Mpa. 

Jy 420 ,ssn! o.ssa, = 20.6 

-:(-,-=)-±4-. T) m 420 20.6 1 1 - 2X20.6X2.86 420 = 0.00737 

A, = p.b.d = 0.00737x800x291 = 1715.74 mm 

Check for As,min . 

As,min =0.25 .Jl,c b . d > 1·4 b d f 'w - [y w· 

A - ../24 s,nun -0.25 - 800 X 291 - 678 85 2 420 - . mm 

A 1.4 8 /As,min 420 00 x 291 = 776 mm2 

Asa = 776 mm <A, = 1715.74 mm 

Control. 

so 
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2 Ok 2 As a = .1715.24.mm .. , . 

1884 95 mm > r~uir ············ Use 6 0 20.Bottom._As,provig_aj.::' , , ······ 

Check spacing : 

S = 800-40•2-20-(6x20) = 116 mm> d, = 20 > 25 
5 

Check for strain: 

Asfy - 1884.95 X420 = 48.5 mm 
a 0.85b f! 0.85x800x24 

a 48.5 5 c=-=-= 7mm B, 0.85 

s, = 0.oos (°) = o.cos (±) = 00123 > 0.005 

OK 

Ok 

2) Mu= 113 KN.m 

= Mu = 113X10
6 = 1.85 M a. 

KR" ad? 0.9x8oox29i? '{P 

- _!i:_ - 420 - 2 0 6 ffi- I - - ' 0.85f} 0.85x24 

= 2:. (l _ / l _ 2.mRn ) = _1_ (1 _ l _ 2X20.6X1.85 ) = 0.00462 P m ✓ 420 20.6 420 

As= p.b.d = 0.00462 x800x291= 1075.5 mm 

Check for As,min .. 

As,min = 776 mm <A,= 1075.5 mm 

Use 4.0.20Bottom, .Asowet.=.1257mm>.A,reread.=.1075.5.mm...Ok 

Check spacing : 

S 800-40•2-20-(4X20) 207 d = 3 = mm> b = 18 > 25 OK 

Check for strain: 

Asfy 1257 X420 
® o.sso7] 7 oasxsooz4 ° 32.3mm 

a 32.7 c=-=-= 38mm B, 0.85 

(d-c) (291-38) s, =0.003 .=.7 =0.003 s% =0.0199 > 0.005 Ok 
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Design for Negative moment : 

1) M,=- 184.2 KN.m 

= Mu = 184.2 X 10
6 == 3_02 Mpa. 

Rn (/)bd2 0.9 x 800 x 291° 

_.J:x__ 420 -206 m- - - . 0.85f, 0.85x24 

1 
( 

✓ 2 m.R 
) 

l ( l _ 2X20.6X3.02 )-- 0.0078 
- 1- 1- · n = 1- p m 420 20.6 420 

2 
As= p.b.d = 0.0078x800x291 = 1815.84 mm . 

Check for A,in · 

As,min = 776 mm2 <A,= 1815.84 mm 

Use 6 0 20.Top.A,rowaa=.1884.95mm>. Aseat.=.1815,84 mm. Ok 

Check spacing : 

S _ 800--40-2-20-(6x20) _ 116 d _ 20 S 
- 

5 
- mm> b - > 2 OK 

Check for strain: 

As.fy 1884.95x420 
? oas7]7 oasxsooa, = 48.5mm 

a 48.5 c=-=-= 57mm B, 0.85 

e, = 0.00s() = o.0s (±") = 0.0123> 0.o05 oi 

2) Mu= - 149.9 KN.m 

Rn= Mu = 149.9X106 _ 
obd? 0.9x80ox2912 > 2.46 Mpa. 

fy 420 
m= ,sf] ossaa = 20.6 

p= .!._ (1 _ j 1 _ 2.m.Rn ) = _1 ( _ 
m 420 20.6 l 1 _ 2X20.6X2.46 ) 

420 = 0.00626 
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2 

As = p.b.d = 0.00626 x800291 = 1457.33mm · 
2 

A. .=776 mm <A,= 1457.33 mm s,mm 2 Ok 
2 > A . 

00
= 1457.33 mm., . 

Use 5.0 29,Top..Asaea,=.1570,8.mm..:.2asinw...+. 

Check spacing : 

S _ 800--40-2-20-(5x20) _ 150 mm> db = 20 >25 OK 
4 

Check for strain: 

Asfy _ 1570.5 X420 = 40.4 mm 
a 0.85b rf 0.85X800X24 

a 40.4 S c=-=-=47. mm B, 0.85 

e, = ooos(©) = ooos(';]=) = 0.01s4> 0.0os ok 

✓ Shear Design for (B 3): 
1. V,= 254.6 KN 

Ve= ½ffebw d = = ½"24 x 800 x 291 = 190.lKN 

<I> Ve= 0.75x 190.1 =142.57:KN 

1 [7;:i 1 Vs,man 7 4/fc'by d> v,,nan = 5by d 

Vs.min= t6 ffebw d =,{24x 800 X 291 = 71.28 KN 
1 1 smn = 5b, d = 3 X 800 X 291 = 77.6KN control 

Vs1 = ;ffebw d = ;"24 X 800 X 291 = 380.16 KN 
case 4 

0.75(190.1 + 77.6) < 254.6 < 0.75(190.1 + 380.16) 
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shear reinforcement is required . 

Use 2 leg <I> 10 . 

Av =157 mm. 

V,=(V%-0vsx ; =24,6-142.57),'p= 149.37 KN 

S _ Avfyt d _ 157 * 420 * 291 = 128.5mm 
- Vs - 149.37 * 1000 

d 291 5 5 or Smax :5 600 mm Smar s 5=,= 145.5mm 

Use 2 leg <I> 10 @ 125 mm. 

2. Vu= 197.6 KN 

V,=±,[pe,,d== ?424+800»291= 190.1 KN ,'NJ- 6 

<I> Ve= 0.75*190.1 =142.57 KN 

Us,min 77.6KN 

v, < v,, < (v, + V,,min) case 3 

0.75 * 190.1 < 197.6 < 0.75(190.1 + 77.6) 

Minimum shear reinforcement is required . 

Use 2 leg <I> 10. 

As =157 mm. 

d 291 
Sae S 5==,> = 145.5mm 

(control) 

(control) or Smax < 600 mm 

Avfyt d 157 X 420 X 291 
S,ca = Vsmin = 77.6 X 1000 = 247.275 mm > Sax 

take S= 145mm <S,rax = 145.5mm 
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4.9 Po. (S3) :Design One Way Solid Slab : 

• For continuous • 

• B300....f@'=30N/mm (MPa) For circular section 
but for rectangular section (Jc'== 30 0.8 =24MPa). 
• The specified yield strength of the reinforcement {fy =420 N/mm? (MPa)} 
• Live Load (LL) == 5 KN/m. 

Live load(KN/m2) Jc' fy 

LL= 5 KN/m2 Jc'= 24 Mpa fy = 420 Mpa 

Factored Loads :­ 

q= 1.2DL + 1.6L ACI- 318- 08 (9.2.1) 

Slabs Thickness calculation:- 
The overall depth must satisfy ACI Table (9.5.a): 

D> from ACJ-318-08 table (9.5a) 
Min h ( deflection requirement )>: 

- One end continous : 
L 7.1 
==().'3n 
24 24 

For One way solid slab ,will use thickness of slab 35 cm ·h min= 30 cm. 

Thickness of slab provided 

h=35 cm 
Thickness of slab required 

30 cm 
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* Load Calculation:- 
For the one-way solid slabs, the total dead load to be used in the analysis and 

design is calculated as follows: 

Determination of Dead Load : 

Solid Slab Load Calculations/ strip lm wide 

material gama h b KN/m 

RC slab 25 0.35 1 8.75 

Tiles 23 0.03 1 0.69 

Mortar 22 0.03 1 0.66 

Corse Sand 16 0.07 1 

Plaster 22 0.02 1 

Live Load 5 1 

Reaction Support from (S4) 
DL =13.2 KN\m ; LL=5KN\m 

For One way solid slab, as shown in fig. 
Geometry Units:meter,cm 

2 

C 
iiJ 

2 
3 

: iiJ 

0.35 
~ a 

5.85 0.35 ~ 
6.2 

6.57 0.7 

{ 
7.1 

100. 
A-A 
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Loading 

Toad group no. T 
Dead load • Service 

13.2 

13.2 
b b 

' 
7.1 

. 
6.2 

Units:kN,meter 

Load factors: 1.20,1.20/1.60,0.00 

Live load • Service 

5.00 
6. 0 7.1 
6.2 

Fig.(4-8): Spans Length of One way solid slab (S3). 

* Moment and Shear Diagrams:- 
The Development Moment diagrams for beam has width =lm, and the thickness is 35 

cm as following : 
M o m e n ti S h e a r E nve I o p e (Factored) Units:kN,meter 

Moments: spans i to 2 
.433.6 

-117.3 -115.9 

67.3 
97.9 

2.48 3.72 4.26 2.84 

Shear 

.95.5 
.68.3 

Reactions 

Factored 

OeadR 34.79 
UveR 21.91 
MaxR 66.7 
MlnR 30.45 
Service 
OeadR 28.99 
LIveR 13.69 
MaxR 42.68 
MlnR 26.28 

132.15 
66.74 
198.9 
162.37 

110.13 
41.72 
151.84 
129.01 

43.73 
24.61 
68.34 
41.21 

36.44 
15.38 
51.82 
34.86 

_Fig (4-9): Solid (S3) I enve ope 
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* Design of slab:- 
• For shear: 

check whether thickness is adequate for shear; 

V = 92.8 KN/ 1m strip 
u,max 

<I> vc= ! <I> * ffe * bw * d 
6 

= ..!.. * 0.75 * ✓24 * 1000 * 0.324 =198.4 KN / 1 m strip 
6 

<l>Vc = 198 4 > V = 92.8 KN/ Im strip · u,max 

(he thickness of th~:.~~ is adequate enou,. <l>Vc 

92.8 KN 198.4 KN 

• For negative Moment: 
Assume bar diameter <I> 12 for main reinforcement 

d=h-20-d»=350-20- (12/2)= 324 mm 
h d d 

350mm 12mm 324mm 

Mu= -117.3 KN.m 
m= .fy = 420 

0.85 * Jc' 0.85 * 24 

Rn= Mu I d 
b * d 2 

Rn= 117 .3 * 10°/ 0 .9 
1.0 (0.3243 1.24 N/mm (Mpa) 

='a- [{Zn7Bi y 
m / fy 

p= 1 (1- 'I 220.591.24) 
20.59 420 )=0.00305> ,,, =0.0018 

As = p b d=0.00305 1000 324= 988.2 mm?/r 

20.59 

ok 

As(mm2) 
988.2 

m 
20.59 

Rn(Mpa) 
1.24 

p 
0.00305 
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Check Minimum Reinforcement As min ••• (ACI- 318M-08 - (10.5.1)) 

Asmin=p. *b*h ==0.0018*1000*350==630mm
2 

mm 

(control) 

f=ii As min =630 mm <Asreq =988.2 mm .0K 4 
⇒ Use <1>12 / 10 cm , Asprov = 1131 mm/cm 

step ( s) is the smallest of :- <so ()-2.sC 
<sso +(3"")- 2.5 20 = 380(="") 2.520=330 5fy f+420 UDIT 

280 ° <300 ('-) = s00» ({")= 300+ (=?°-)= 3001 ts 
3 
/y ¾* 420 mm control) 

~ 3 * h = 3 350 = 1050 mm 
<450 mm. 

[se @f2 @ 10 ei CIC ii ain directions 

- Check for strain: 

Tension= Compression 

As * fy = 0.85 fc' b * a 
1131 * 420 = 0.85 * 24 * 1000 * a 
a= 23.29m 

C = !!_ _ 23.29 B, 0.8s = 27.4mm 

& = 324-27.4 * 
s 27.4 0.003 

&,=0.032 > 0.005 >ok 

( Temperature and Sh . k rm age): 

~ P = 0.0018 
AS min = Pmin * b * h =0.0018 * 1000 * 350 
Use 10 @ 100 mm = 630mm? 

step ( ) · s is the smallest of :- 

~ 5 * h= 5* 
~ 450 mm. 350 = 1750 mm 

(control) 

• For Positive Moment : 
Assume b d' ar liameter D12 fc : or main reinfo rcement 

(control) 
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d =h-20-d»= 350-20-(12 /2)y= 324 mm 

h 
350 mm 

do 
12 nun 

Mu= +97.9 KN.m 
m = fy = 420 = 20.59 

0.85 * Jc' 0.85 24 
Rn= Mu I </J 

b * d 2 

Rn= 97 .4 * 10 °/ O .9 = 1.03 N/mm (Mpa) 
1 . o ( 0 . 324 ) 2 

p='d- ff.2n Rn y 
m / f» 

= 1 1- 'I 2(20.59)(1.03) ) = 0.00251 
p 20.59 ( 420 

As=p b d = 0.00251 1000 324= 813.24 mm/m 

As (mm2) m Rn(Mpa) p 

813.24 20.59 1.03 0.00251 

Check Minimum Reinforcement As min ..• (ACI- 318M-08-(10.5.l)) 

As min =,,, b h =0.0018 *1000 350 = 630mm 

[As > As min 

~ As min =630 mm <Asreq =813.24 mm2 .0K! 
Use <1>12@100 mm 

step ( s) is the smallest of :- 

(control) 

<sso ")-2.s·c, 
<s80+"")- 2.520 = 380»(-®®) 2.520= 330mm 

3 -»420 
< 300 ( 280 - 280 3 ° r)=300(%,)= 300,° y= 300 mm (control) 
< 450 3 y 3* 420 - mm. 

- Check for strain: 

Tension= Compression 
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A, fy = 0.85 *Jc'* b * a 
1131420 = 0.85 24 1000 a 
a= 23.24m 

c = _!!_ = 23.24 = 27.4mm 
B, 0.85 
_ 324 - 27.4 * 0.003 

6,° 27.4 

6 = 0.032 > 0.005 ~ ok 
s 

Positive Moment : 

Mu= +67.3 KN.m 
m= fy _ 420 =29.59 

0.85 * Jc' 0.85 24 
Rn= Mu I¢ 

b * d 2 

Rn= 67 .3 * 10 -3 / o .9 = 0.712 N/mm (Mpa) 
1.0 * (0.324 )2 

_ 1 (1 ✓ 2 m * Rn ) p-- - 1---- 
m fy 

= _1 _ l _ l 2(20.59)(0.712)) = 0.00173 
p 20.59 ( 420 

As= p * b * d = 0.00173 * 1000 * 324= 560.52 mm2 

As (mm2) m Rn(Mpa) p 
560.52 20.59 0.712 0.00173 

Check Minimum Reinforcement As min ... (ACI- 318M-08- (10.5.1)) 

A · - *b*h S min =9nm 

'As <As mi 
=0.0018 1000 * 350 = 630mm (control) 

Es Asta =630 mm? > Asreq =560.52 mm? 
Use <1>10@ 100 mm 

step ( s) is the smallest of :- 

<8o (")-2.s+c, 
< 3 80 ( 280 ) ..... 
- ~ t - 2-5* 20 = 380 * ( 2 280 ) - 2.5 * 20 = 330mm 3'> -»420 

<300?) =aoo"?y= so'·,9)= 300 mm (@otroD) 
< 450 a'y 5420 - mm. 
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\ b* A, fy = 0.85 * fe a . 
1131420 = 0.85 24 1000 a 
a= 23.24m 

a _ 23.24 = 27.4mm 
C = -;;:- 0.85 

_ 324-27.4 * 0.003 
€,° 27.4 
s =0.032 > 0.005 ~ ok 

s 

Positive Moment : 

Mu= +67.3 KN.m 
fy = 420 - 20.59 

m- 0.85 fc 0.85 24 

Rn= Mu I <p 
b * d 2 

Rn = 67.3+10.7°/0.9 = 0.712 N/mm (Mpa) 
1.0 (0.324 ) 

- 1 (l ✓ 2 m * Rn ) p-- - 1---- 
m fy 

= _1 _ 1 - 1 2(20.59)(0.712)) = 0.00173 
p 20.59 ( 420 

As=p b * d = 0.00173 * 1000 324= 560.52 mm.2 

As (mm2) m Rn(Mpa) p 
560.52 20.59 0.712 0.00173 

Check Minimum Reinforcement As min ... (ACI-318M-08-(10.5.l)) 

As min =,,,b h =0.0018 * 1000 350 = 630mm2 

As <As min 

s As min =630 mm2 > Asreq =560.52 mm] 
Use <1>10@ 100 mm 

step ( s) is the smallest of :- 

(control) 

280 <380 (7;)-2.5 C, 
<380+(?®®,> 
- · ~ t - 2-5* 20 = 380 * ( /80 ) - 2.5 * 20 = 330mm 

3 y -»420 
<300(2Py= 3 2so 3 
° F 300 (E7)= 300(,2P )= 300 mm (control) 
<450 mm. 3 ty 3* 420 
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- Check for strain: 

Tension= Compression 

A. fy = 0.85 *Jc' * b * a 
785.4 * 420 = 0.85 241000 a 
a =16.17m 
c = ®_16.1719,02mm 

B, 0.85 

6 
= 324-19.02 * 0.003 

s 19.02 
s,=0.048 >0.005 >ok 
( Temperature and Shrinkage ) : 

>D = 0.0018 
As min =p . * b* h =0.0018 * 1000 * 350 = 630mm 

mm 
(control) 

Use ct>l0 @ 100 mm 
step ( s) is the smallest of :­ 

<5 * h = 5* 350 = 1750 mm 
<450 mm. . ( control) 
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4.8 Pos. (C 
f_·olumll» . no c TH20;: Desg 

a f=j,' ucaad ~ Place of co umn 

Column 

Col. 20 

Column Dimensions 

50cm*20cm 

Jc' fy 

28Mpa 420Mpa 

C20: 

Dl = 614KN 

L1=213 KN 

Pu= 1077.6 KN 

• In0.5m-Direction(about yaxis) 

klu <34-12 Ml ACI-(10.12.2) 
M2 r 

Lu: Actual unsupported (unbraced) length. 

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

R: radius of gyration = i "' 0.3 h For rectan9ular section 

Tr 



Lu= 3. 7-0.35=3.35 m 

MI/M2=1 ..3) The effective length factor, k, shall be K=I, According to ACI 318-2002 (10.10.6. 
permitted to be taken as 1. 0 · 

klu < 34-12 M 1 
r M2 

Ix 3.35 = 21. 7 < 22 0.3x 0.5 
.• short Column in 0.5m:direction 

ACI - (10.12.2) ............... 

• In 0.5m-Direction (about x axis) 

klu < 34-12 MI AC! -(10.12.2) 
r M2 

Lu: Actual unsupported ( unbraced) length. 

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

R: radius of gyration ~ g"" 0.3 h 
Lu= 3.7-0.35=3.35m 
MI/M2 =1 

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

klu <3419 41 
r M2 
1x3.35 _ 55.g3 > 22 
0.3x 0.2 

..long Coloumn in O .2m : direction 

............... AC! - (10.12.2) 

El 
EI = 0 4--L [AC1 

1+5, ""l 318-05 (Eq.10-1597 
E, = 4700/je' = 4700 /2s = 25135 MG, 
pd 1.2DL 1.2 * 614 _ 

Pu 1077.¢. 0.68 <1 
1,-ah_o.so . 
g 12 12 =0.00033 , 

El== 0.4x25135 x0.00033 
I+ 0.68 - == 1.97 N.m2 
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n? EI 
' (L 
P _3.14° x 1.97 =1.73MN. 
c (1.0 x 3.35) 

AC/318-0S(Eq. 10-13) ········· . 

Cm= 0.6+0.4(::~) AC/ 318 -05(Eq.10 -16) 
Cm = 1 According to AC/ 318 - 05 (10 .10 .6.4) 

Cm O,is = l _ Pu ~ 1 .0 AC! 318 - 05 (Eq. 10 -12) 
0.75 P, 

l »= io.% =12>1 
0. 75 X 1730 

emin = 15 + 0.03 x h = 15 + 0.03 x 200 = 21mm = 0.021 m 
e = emio X Ons = 0.021 X 1.2 = 0.0252 m 
<_0.02s2_, 126 
h 0.2 - . 

Y =500-40x 2-10x 2 -25=375 

}= 0.75 

xpn P, 145 
=-x-- Ag Ag 1000 

x pn 
A, =1.7Ksi 
g 

From the interaction diagram • h 
In C art: 

For!=0.7s _ 
h Ag - 1.6Ksz p=== o.01 
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Select the longitudinal bars: 
2 A, =p XA,= 0.01 x500 300=1500 mm 

.-. use 4 0 25 ~ As= 1963.6 mm2 

1.10.3 Design of the Stirrups: 
The spacing of ties shall not exceed the smallest of- 

spacing ~ 16 x db = 16 x 2.5 = 40 cm 
spacing ~ 48 x d,= 48 x1.0= 48 cm 
spacing ~ least . dim . = 30 cm 

Use 610@20 cm 
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. f Stairs 4-13 Po.(ST1A): Design o 

I I 
I I I 
I I I 

LAT I 

I I I 

o.rt (I) 

®; I 
I I I 
I I I 
I I I 
I I I 
I I I I 

~ 

I 
I LAT 

Part 2» 

' 
I 

Fig (4-10): Stair (STlA) 

NOTE: (Material) 

fc'=30N/mm? (MPa) For circular section B300 .... 

but for rectangular section (fc'= 30 0.8 = 24MPa). 

• Determination of Thickness: 

rise run LL fc' fy 17.5 cm 30 cm 5 KN/m2 24 Mpa 420 Mpa 

- Minimum slab thickness for deflection is (for simply supported one way solid slab) 
h,min = LI 20 

h,min =4.081./ 20 =20.405 cm take h= 25 cm. 
⇒ Use h=25cm. 

0=tan'(17.5 /30)= 30.3° 

h,min (cm) 
25 

0 
30.3° 
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Load Calculations 
• . of Flight: Dead Load calculations 

0.25 x 25 x 1 = 7.24KN/m 
[light = cos 30. 3 

0.03 X 22 = 0.76 KN /m Plaster= cos 30.3 

0.175 X 23 = 2.01 KN/m triangl concrete = 2 

X 22 X 1 = 0.66 KN /m horizontal mortor = 0.03 

0.03 X 23 X 33 = 0.76 KN/m horizontal tile = 30 

0.03 X 22 X 17-5 = 0.39KN /m vertical mortar= 30 

. 0.03 x 23 X 17.5 = 0.40 KN /m vertical tile= 30 

Total load (DL) = 12.22 KN/m 

Live load (LL) = 5.00 KN/m 

Dead Load calculations of Landing : 

material densi h(m bm load Tiles 23 0.03 1 0.69 Mortar 22 0.03 1 0.66 
6.25 

RC 25 0.25 1 Plaster 22 0.03 1 0.66 i 

I.I 

sand 16 0.07 I 
I 

Total load (DL) 9.36 KN/m 
Total load (DL) = 5 KN/n 

Total Factored load,,,, (W = 1.2D1, + 1.6LL) 
For W,,,, W =1.212.22+ 1.65 = 22.66 kK,, 

"or W,, W=1.29.36+ 1.65 = 19.23 kK,, 

Total service dead load = 9.36 

»,, CKNha 
22.66 ., (KN/) 

19.23 
68 
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Ff ht· - Structural System of lig! • 
22.66kN\m 

1 I l l 1 1 l 1 l l l _l ~ 

~ 

r 
37.39 
- 40 ------ 3,30 

Check for shear strength For Flight: 

Assume 0 12 for main reinforcement:- 

d = h-20- db/2 = 250-20-12/2 = 224 mm 
Vu =37.39KN 

¢Ve 0.75*✓'24 *1000*224 = 
137

.l
7
KN Im 

6 

Vu= 37.39 KN <¢Ve= 137.17KN. 

Thickness is adequate enough 

37.39 

40 - 

db mm 
O 12 

h(mm 
250 

d 'mm 
224 

Vu ¢Ve (KN) 

• Design of Flexure: 
37.39 137.17 

Moments: s ns 1 to 1 

45.88 
205 
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Sear - 30.03 

30.03 

Flight (STIA) diagram (4-11): Envelope 

- Design for Flight: 

Mu = 45.88 KN.m 

- IO 9 = 45.88/ 0.9 = 50.98 KN.m/m Mn -Mu · 

d = h - 20 - db/2 = 250 - 20- 12/2 = 224 mm 
Mn "%a 

- 50.98 ·o l.02MPa . too?224° 
fy ] 

0.85xfc' 

420 
m = =20.6 

0.85x24 

!"- ---"l, p-- 1- 1-~ -- -~-- · n f, 20.6 420 

As = 0.00248*1000*224 =5.56 cm/m > As,, = 4.5cm? /m •••• OK ~ ~ 

4s,, =0.0018 + * h = 0.0018 * 100 * 25 = 4.50cm? /m 
Mu(KN.m) m 

45.88 20.6 Rn 
1.02Mpa 

0.00248 5.56 
As,-, cm? 

Use <I> 12 @ 15 cm , As = 7.53 cm2/m str, 

2 As,nt cm 
4.5 
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- Step ( s) is the smallest of :­ 

1. 3*h = 3* 250 = 750 mm 
2. 450mm 

:C:380 (7,0)-2.5 * Cc * ,0 ) 2.5 20 = 330mm 
* 280 )- 2 5* 20 = 380 ( ~* 420 

< 380 ( ~ f-: • 
3 

280 ) = 300 mm ... (control) 3 y 280 3 00 * ( -- <300(") =300(5'= Fzo fs %/y 

_ Check for strain: 

Tension = Compression 

A, fy =0.85 fc' *b*a 
753.3 *420 = 0.8524 * 1000a 
a= 15.51mm 

a 15.51 
c=-=--=18.25mm 

B, 0.85 

6 =224-18.25*0.003 
s 18.25 

e, =0.033> 0.005 >ok s 

• Temperature & Shrinkage reinforcement: 

As Shrinkage = 0.0018x bx h= 0.0018x 1000x 250 = 450mm /m 

Use D 10 @ 15cm, As prov== 5.27 cm2/m strip 

- Step ( s) is the smallest of :- 

1. 5*h = 5* 250 =1250 mm 
2. 450 mm- control 

4s .( 7) S(mm) SShrinkage mm 
h, (mm) 

450 
150 <I> 10 
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. LA1) part 1 : . n for landing ( - Desig 

19.23KN\m 

Of Landing (LlA) Structural System 

Momcms: s ns to 

<"» ~ 30.5 
1.78 

1.78 

c====== Ls?° 
Vu == 32.3 KN!m 

(4-12): Envelope diagralD or Landing (LIA) 

- Check for shear strength (LIA): • 

Assume 0 12 for main reinforcement-, 

d ~ h-20-db/2 =250-20- 12/2 224 nun 

-32.3 T 
l 
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¢Ve= 0.75 • ffe; 1000 * 224 =137.17 KN Im 
Vu= 32.3 KN /m < pVe= 137.1 7 KN/m . 

- Thickness is adequate enough 

- Calculate the maximum bending moment: 

Mu = 30.5 kN.m/m 

Mn = Mu I 0.9 = 30.5 I 0.9 = 33.9 KN.m/m 

d =h-20-db/2 = 250-20-12/2 = 224 mm 

R = Mn 
" b-a? 

33.9 10° 
Rn = 1000 * 224 2 = 0.68MPa . 

fy m =--- 
0.85xfc' 

420 
0.85 24 ° 20.6 

-Fl-,- a] f, 20.6\ '° 420 '= 0.00164 

4s,, = 0.001641000224 = 3 67 2 
. cm /m> 4s,, = 4.50cm? /m .... OK 

4s,,, 0.0018 b * h = 0.0018 I 
·' 1000250=450, 3?/ Use D 10@15cm = mm m 

m 

Mu(KN.m 
30.5 

m 
20.6 As,,,·cm? 

3.67 Asat cm S nun 
4.5 150 
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( ) l·s the smallest of :­ - Step s 
1. 3*h = 3* 250 = 750 mm 
2. 450mm C 

280y 2.5 
< 380 (- - ' C 280 )-2 5 * 20 =330mm fs 380*(- · » 280 y 2 5 * 20 = ~* 420 

< 380 (3% ~ ( ~) = 300 mm (control) 3 * ( 280 ) = 3 00 2 < 300 ( 280) = 300 ?:. /y 3* 420 fs 3 

_ Check for strain: 

Tension= Compression 

A, fy =0.85 fe'b a 
526.7*420 = 0.85*24*1000*a 
a=10.84mm 

a 10.84 
6 c===]2,71mm 

B, 0.85 

c 224-12. 76 * 0.003 
s 12.76 

e, =0.0496 >0.005 >ok s 

• Temperature & Shrinkage reinforcement: 

As Shrinkage = 0.00I8x bx h= 0.0018x 1000x 250 = 450mm /m 

Use 12@ 20 cm , As prov =5.65 cm2/m strip 
- Step ( s) is the smallest of :- 

1. 5*h = 5 250= 1250 mm 
2. 450 mm - control 

As Shrinkage ( cm ) S(mm) d, (mm) 
5.65 200 <I> 12 
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(LA2) part 2: LA1) and 
. for landing ( 12.22kN/m -Design tr(7[T] 

.l.J1111II1J .. 
I 

20.163kN 

20.163kN 3.30 
- 40 

f dead load on flight Reaction support rom 

40 - 

5kN/m 

l.l..1..1.J11111J.1 
r _J 

y 
8.25 

- i 
8.25 
- 40 -- - 3.30 -~ - 40 --. 

Reaction support from live load on flight 

ITTI 111 WJIIU 
9.36+20.163=29.SkN/m 

t 
52 5 t 

52.5 

Structural System Of Landing (LIA) (LIA) part 2 

(dead load) 
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5+8.25=13.3 

3.557 

{ 
23.67 

t 
23.67 

Structural System Of Landing (LlA) (LlA) part 2 

(live load) 

Shear 

-1009 
84.5 " 

100.9 

Moments: s ans 1 to 1 

1.78 

4-131: Envelo 
ram Of Landin LAI and art2 

Vu = 84.5 KN!m 

- Check for sh ear strength ( 
Assume 0 12 £ . LAI) and (LA2) 

or main reinfo part2: 
d == h- 20 orcement:- 

=db/2 = 250 -20 12/2=224 mm 
ove29.75+5@ +10, 
~ 6 =l37.17N/,, 
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¢Ve= 137.l 7 KN/m. = 84.5 KN /m < Vu- · 

. d uate enough - Thickness IS a eq 

d. g moment: . m ben ID - Calculate the maximu 

Mu = 89.8 kN.m/m KN m/m 
= 89.8 / 0.9 = 99.78 . Mn=Mu/0.9 4 

d =h-20-db/2 = 250-20-12/2 = 22 mm 
Mn %.a 
99.78+10° I.99MPa . 

R, = 1000 224° 

fy 

m 

m =---=---=- 
0.85xfc' 

420 
=20,6 0.85x 24 

!A %,-% p=- 1- 1--- =- 1- 1 
420 m f, 20.6 

As = 0.005*1000*224 =11.18 cm/m> As . = 4.50cm2 Im .... OK reg mm 

4s,, =0.0018 * h= 0.0018 1000 250 = 450mm2 /m 

Addition to 0 10/15 in landing, use 0 10/20 at bottom ... select 3010 in 40cm 

Mu KN.m m Rn A 2 A 
2 

S mm 
Scacm spa(cm 89.8 20.6 1.99 M a 0.005 11.18 4.5 15 

• Temperature & Shrinkage reinforcement: 

sw = 0.0018x bx h = 0.0018x 1000 250 = 450,,,°l,, 

Use cJ> 10 ~ 15 cm c/c, As prov °523.33 mm2/m strip 
-Step ( s) is the smallest of :- 
1. 5*h =5 250= 1250 nun 
2.450 mm - contro] 
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As Shrinkage ( mm
2
) 

S(mm) h, (mm) 

150 <I> 10 450 

- Landing (LA3) 

19.23KN\m 

111111111111 Ill 
0.75 

Structural System Of Landing (LA3) 
Shear 

.7.2 

7.2 

Moments: spans 1 to 1 

4-14): _Enyelo 
ram . 

LAI and LA2 art 2 
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) art 1 : . g(LA2 P ·m for landin 
-Design 32N/m 

7.2 19.23KN\r 

Pans 1 to 1 Moments: s 

7 5 

d. g (LA2) part 1 Of Lan in I System Structura 

-------- 

1.06 

<1. 
39.9 

I 
1.78 

Shear 
1.78 I 

7 

40.6 

45.9 
38.8 

Vu=38.8 KNh, 
{4-15): F.nvelope diagram Of Landing {1A2 J 

- Check for shear strength (LIA): 

Assume 0 12 for 'nain reinforcement:, 

"-20-4/2 =250-20- 12/2=224,», 

if%"'~"'137.17KN1m 6 

'®"38-8 KN/ <a% = 137.17 kt,, 
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te enough - Thickness is adequa 

. ending moment: - Calculate the maximum b 

Mu = 38.8 kN.m/m 

= Mu I 0.9 = 38.8/ 0.9 = 43.1 lKN.m/m 
Mn )=224 mm 
d = h-20-db/2 = 250-20-12/2 - 

Mn ®%a 
44.33 * 106 = 0.86MPa . 1o00224° 

fy 
m =--- 

0.85xfc' 

420 
m = =20.6 

0.85x24 

fl5, f 2Tl.,po "[''7'3a'' aa 
As = O 00209* l 000*224 = 4.68 cm/m> As . = 4.50cm /m .... OK ~ ·' 'min 

4s, =0.0018 b * h = 0.0018 * 1000 * 250 = 450mm2 /m 
Use D 10@ 15 cm 

Mu(KN.m 
38.8 m Rn As,,,,cm? 

20.6 0.86 Mpa 0.00209 4.68 Ast cm Smm 
4.5 150 

- Step ( s) is the smallest of :- 

1. 3*h == 3 250 = 750 mm 
2. 450 mm 
<380(")-2.s· c, 
<380 ( ~ )- 2.5* 20 == 380 * (co, 

3ty ~ - 2.5 20 = 330mm 
< 3 00 ( ~) = 300 ( ~ ) = 300 ( 280 ) - 

3 ty ~ 420 - 300 mm ( control) 3 
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te enough - Thickness is adequa 

. ending moment: - Calculate the maximum b 

Mu = 38.8 kN.m/m 

= Mu I 0.9 = 38.8/ 0.9 = 43.1 lKN.m/m 
Mn -224mm d = h-20-db/2 = 250-20- 12/2 - 

Mn ®%.a 
- 44.33 * I 06 = 0.86MPa . 

Rn - 1000 224° 

fy m =--- 
0.85xfc' 

420 
m =---=20.6 

0.85x 24 

fa®pf Es).aw» "('''el' ' so 
As = O 00209*1000*224 = 4.68 cm/m> As . = 4.50cm/m.... OK ~ ·' 'min 

4s,, =0.0018 * h = 0.0018 * 1000 * 250 =450mm /m 
Use Cl> 10@ 15 cm 

Mu(KN.m 
38.8 m Rn As,,,,cm? 

20.6 0.86 Mpa 0.00209 4.68 Ast cm 
4.5 

- Step ( s) is the smallest of :- 

1. 3*h = 3 250 = 750 mm 
2.450 mm 
<380(@")- 2.5+c, 
<380 ( ")- 2.5 20 = 3so » (co, 

3 '{E,)- 2.5 20 = 330mm 
< 3 00 ( ~) == 3 00 * ( ~ )= 3 oo ~ ( 280 ) - 

6 +l -300 mm (control) 3 
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- Check for strain: 

Tension = Compression 

A, fy = 0.85 fc' b a 
526.7*420 = 0.85 24 1000a 
a= 10.84mm 

a 10.84 c=-=--=12.76mm 
B, 0.85 

8 224-12.76*0.003 
s 12.76 

& = 0.0496 >0.005 >ok s 

• Temperature & Shrinkage reinforcement: 

As Shrinkage = 0.0018x bx h = O.00I8x lO00x 250 = 450mm /m 

Use <I> 10@ 15 cm, As prov= 526.67 mm2/m strip 

- Step ( s) is the smallest of :­ 

1. 5*h = 5* 250 = 1250 mm 
2. 450 mm- control 

As ( ") S(mm) d (mm) Shrinkage mm 

450 150 <I> 10 
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4-10 Po. (W) :Basement wall 

4-15.1:- load calculation 

Fc'=28 MPa, Fy=420 Mpa, y5=18KN/m3, qa11=400KN/m
2
, cp=30, 

surcharge =5KN/m2 , wall thickness =20 cm 

0.35.. 

! 

I 
% 3.326, 

3.75 l 
I 
' ; 
I r 
I 

0.3' I -,. 

Fig.(4-16) basement wall 

K=1­ sm¢ = 1-sin30 = 0.5 
W,=K«hy=0.5» . 3.15 * 18 = 28.35KN /m? 

W,,,=K +«P=O - ·5 * 5 = 2.5 KN /m? 

/' · 3.15 

Wsu a 2.5 , 

82 



(Factored): h ar envelop moment and s e Atl. r we have From 

; tto 1 ents; spans 1 

1.73_ -· 
21.1 1.42 

. ·33.7 
-29.2 

18.8 

ent diagram Fig.( 4-17) shear and mom 

B d. gMoment 4-15.2:-Design of en in 
D=250 - 40 - 10/2=205 mm 

~ 

Mn ®°%.a 

21.110° .20.56MPa 
0.9*1000*2052 

m .fy 
0.85xjc' 

420 
m = =17.65 0.85 X 28 

P ==..!_(l-✓l- 2mR,, J = _!__(l- /1 _ 2 * 17.65 * 0.56] == 
0
_
00135 m f, 'i7ss\ y' 4o 

As req = 0.00151000150= 225mm?/m..........control 

P = 0.00135 <pmin = 0.0015.......0 Check for spacing 
3h=3300=900mm 
S=450 

Use <I> IO@ 20 cm , As Prov = 392. 7 mmh, 
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(Factored): d shear envelop moment an AtI. r we have From 

1.73­ 
21.1 1.42 

-33.7 -29.2 

18.8 

ent diagram Fig.( 4-17) shear and mom 

B d" gMoment 4-15.2:-Design of en in 
D=250 - 40 - 10/2=205 mm 

Mn ®°%.a 

~ 2l.l *Hf ==0.56MPa. 
0.9*1000*2052 

.fy m - -- .. 
0.85xjc' 

_ 420 217.6s 
m 0.85 X 28 

,-,,6. =g@s],, mt f, '17ss\ /! , 
As req = 0.00151000150= 225mm?/m..........control 

p == 0.00135 < Pmin == 0,0015 OK Check for spacing 
3h=3300=900mm 
S=450 

Use <I.> IO@ 20 cm , As prov = 392. 7 mmn, 
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For horizontal bars use the half of the min. in each side 

0.5Ash,,,,=0.50.00252001000=250 mm/m 

Use <P =8 
Use for horizontal bare ¢ 8@20 cm in each side 
Use q,10@20 cm for vertical in outer side to hold the horizontal bares 

Check for strain: 

Tension= Compression 

A, fy = 0. 85 * fc 1 * b * a 
392.7 420 = 0.85 28 1000 a 
a= 6.93mm 

a 6.93 c =-=--= 8.153mm 
B, 0.85 
150 -8.153 

e, = 
8

_ 1
53 

* 0.003 = 0.0068 
€, = 0.0068 >0.005 > ok 

4-15.3:-Check for shear 

ov, -?477.% a7s 6' =, 28»1000»150%107°= 
pV, > Vu =99.2KN 

99.2 > 29.2 

The thickness is enough 
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i: & Design Structural Analys s 
Chapter4 --------~ 

Fc = 28MP a 

Fy=420MPa 

t=35cm .shear wall thickness 

Lw = 7.44 m .shear wall width 

85 tory height Hw for one wall= 3. m s 

4 -18 -1: Design of shear 

L Fx = Vu = 307 KN 

· fi ment· Desl·gn of the Horizontal rein orce . 4-18-1-1: 

The critical Section is the smaller of: 

/w = 7. 44 = 3 . 72 m . . . . . . control 
2 2 

hw = 18 .15 =9.075 m 
2 2 
storyheigh (Hw) = 3.85 m 
d = 0.8 x lw =0.8 x 7 .44 = 5. 952 m 

o =a;3 /7%a 
= 0.75 * 0.83 * ffs * 350 * 5952 * 10-3 = 6862KN > Vu 

V, is the smallest of: 

1 1 
1= V=;'ha = [2@» 35o» 59s2> 107° = 1837.2 

[r,, Nd ,, 
2- V,= 0.27 v Jc hd a. 0.27v 28 • 350 • 5952 + 0= 2976.28KN w 

[ 
lw ( 0.1.fi( + 0.2 h)] )] 

3- V=\0.05./f, + M l w hd = [o.osV28 + 7.44( 0.1 v28 + 0 350 * 5952 v.u - _2w 7.68 u 
= 2044.85KN ...cont 4784- 3187.6 M,--3187.5 

3.8s s.8s-275'M% = 3643.7y.,,, 
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• & Design Structural Analysis 
Chapter , 

~ 

Mu lw - 3643.7 7.44 = 8.15 -- 307 2 Vu 2 

1 No need reinforcement 2 9,751837.2 = 688.95KN Vu=307KN< · 

t is required: -Minimum shear reinforcemen I 

Take P = 0.0025 

- Maximum spacing is the least of: 

Lw 
5_7440 1488mm 

5 
3*h = 3*350 = 1050mm 
450 mm ....... Control 
Try 412 (As = 113.1 mm2) for two layers 

Avh 
p = h*S2 = 2*ll3.1 =0.0025 

300*S2 
S2 = 301.6 mm , 412@200 mm 

>used 12@300 mm in two layer 

4-18-1-2: Design for Vertical reinforcement:­ 

•. 2.3s9 
L, 7.44 

Pvmin > 0,0025 + 0.5 ( 2.5 --'f) (p, - 0,0025) > 0.0025 
hw 

For this wall with lw = 3.69 >2.5, Pmin_ o.
0015 

Select <I> 10@250mm. In two layer 
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• Calculating the weight of footing: 

- Weight of footing ( assume hfootlng = 90cm) 
wfooting = 0.9*25 =22.5 KN/m? 

- Required sizes of footing: 

A,required = P,_ 1150 + 720 
4%, 400-5-(0.9 25) 

Try 2.2 2.6Area =5.72 n2 

• 

. f foundation; 4.9 Pos. (F24);: Design o 
. (Under Col. 48): • Design of Isolated footmg 

],, ' aaoMs 28 Mpa 

, 
f 

.fy 

L_ __ ---:-- __ ----1..------------ 
• Load Calculation:- 

- From column (15): (DL &LL) 

* Service dead load ( DL) = l 150KN. 
* Service live load (LL) = 720 KN 
* Column dimensions 25 cm*70 cm 
* Allowable soil pressure = 400 KN/ m2 

DL(KN) LL(KN) Column an. soil pressure 
dimensions 

1150 720 (25*70) cm 400 KN!m2 

5.02 m? 

e ",, 90 cm ooting 
4, A,required 25 KN/m 400 KN/m? 5.02m? 

• 0. 

• Depth of footing and h 
s ear de . Pu =1.2DLA Sign: 

16LL = 1.2115 
. 0 + 1.67 

' 720=2532 KN qu:::::: ~ - • 
57E 12.66 KN,e 
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qu ~ 
Pu Try area 

.532 KN 442.66KN1m2 --- 
~ 

2.2m* 2.6m 
· 

2 
don Shear Strength:- of Footing Base . • Detennme the Depth h 

Shear Strengt Check for One Way , 

(
2.2 _ 0.25 -d)*442.6*2.6=112. Vu=G-;-d J•qu*b= 2 2 

0.75 r;;-;;28 *2 2*d*103 l/c= Nl .. 
6 

Let,¢Vc= Vu 
d = 0.43m. 
hreq = 770 + 75 + 20 = 525mm 

Try h = 600 mm ..... d =600 - 75 -20= 505 
mm 

I 
Cr,Hcor !.eci.cn lor j 
one-way shear >} 

d(mm) 
One-way shear, 

h req(mm) 
0.75 

Try h(mm) 
447 

Tryd (mm) 
525 600 

• for Two Way shear Action (Punching). 
505 

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

».-4f-3 \rs, 6\ 'Nf.b, 

"-+[, +2}yrs 12 b,/ d c 0 

r. -4![74, ,NJ.b, 

Where: 

/Jc== Column Length (~ _ 
750 

Column Width (b) - 25o == 3 
b, = Perimeter of critical Section tak 

en at (d/2) from the loaded area 
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= 2 * ( o 25+0 505)+2*(0. 75+0.505) == 4.02m. 
ho · · 0 505))* 442 66 == I 863.6kN Vu= ((2.2 * 2.6)-((0.25 + 0.505) * (0.75+ . . 

a = 40... . . . . for interior column 
s 

_ I ( ~) lr'b d = 0. - 2) * .J28 * 4.02 0.505 10° = 2238 
¢.Ve - ¢.- 1 + a V fc 1 0 6 3 

6 Pe 
kN _ _!_(~ )Eb d = 0.75 *(40*o.5o5 +2)*m *4.02*0.505*103 =4716.45kN 
hV,=h. + 2 fc O 12 4 02 12b,/d 

ow, -o-Ai'ya = P·{zs+«oz+o.sos+io' = 2685.57v 

Vu=1863.6 KN> '1>Vc 2238 KN OK 

• Bending Moment of both direction. 

h(mm) d(mm) 
600 505 

b(m) 
2.6 j 

9 
Mu -442.66*(2.2/2-0.25/2)*2.6 = 1122.14 KN.m 
m = fy - 420 17 

0.85* Jc' - 0.85* 28 ·65 

Rn= Mu/¢ 1201.36*10-3 /0.9 
bad? 2.6(0.505F ' 1.88 Mpa 

±©.3» 
p ='_a _ I 2(17.65)(2.01) _ 

17.65 420 ) - 0.005 
Asreq = 0.005 (2600) (505) =6565 ? 

mm > As,,, = 2808 2 

As, =0.0018bh= mm ... control 
0.0018 (2600) (600)= 28 2 

Take 14(1> 25 08mm 
' As,provided = 68 6 

s-2200-75*2-14*25 ·t em? > As,required = 65.65 cm2 
13 =l31 mm 

- Step(S) is smallest of: 

I. 3h = 3*600 = 1800 
2. 450 mm .. control nun 
S=131 mm < 

S,max = 459 
mm- OK 
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Mu(KN.m) 

1122.14 

m 

17.65 1.88 Mpa 

p n' )] As,a(mm)]As,(nil[q; As;cat", 
[sos [cao' 6565 

_ Check strain 
. - Compression Tension- 

A x fy =0.85x f,'xb» a 
S 

5 28x2600xa 6860x 420 = 0.8. x 
a= 46.6mm 

C = 46.6 = 54.8 
0.85 

505-54.8 x 0.003 = 0.025 > 0.005 ... ok 6
s = 54.8 

a(mm) c(mm) 

6860 46.6 54.8 0.025 

• Development length of flexural reinforcement: 
Ld for <I> 20: 

9 fy xBxyxA 9 420 lxlx0.8xJ 
20
_
4
58mm Ld = 10 x ffe x ( \t) x db = 10 X..ni x 25 

X ­ 

Available length= ((2200-250)\2) - 75=900 
900mm > 458mm ok 

• Load transfer at {he column-foundation interfa, (Dowels design ): - In footing : 

=a0.8seq, [A,, v-;; 
A1 = 0.25 * 0.70 = 0.175 m2 
A2 = 2.2* 2.6= 5. 72 m2 
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ff= J:;~5 ~ 5. 7> 2 . · .... · .. · · · .. · 

pPn.b = 0.65 x (0.85 x 28 x 0.175) 1000 = 2707 .25 KN 
cI>Pn = 2707 .25 > Pu = 2532 ...••. 
The Dowels are Not needed for footing: 

As,min = 0.005 *Ac= 0.005 250 700 = 875 mm2 

Use 44 12, As,provided = 11300mm2 > As, required= 875mm2 ·....0K, 
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OTruss Design:- 

❖ Load calculation 

1. Dead Load:- 

- Surface layer of steel sheet with thickness of 0.6mm=0.05KN/m2 

(0.6/1000)78.5 KN/m?= 0.05 KN!m2 

- Heat insulation layer of rock wool with thickness of l00mm=0. 1 KN/? 
10 cm* 0.01 KN!m211 cm= 0.1 KN!m2 

- Sheet metal with thickness of0.63mm =0.066 KN!m2 
- Additional for insulation =0.02 KN/m2 

- D.L=0.05+0.1+0.066+.02=0.236KN/m 

2. Snow load 
S=h-400/400 

=650-400/400=0.625KN/m 

Qt=0.625+0.236=0.861 KN!m2 

Fig (4-19) Cross, 3i Section of sheet meta] 
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• I 

0 

'0o 0t : 

¢ : 

• 'ri t 

)..l ~ i8 ~ 
- !J ,. j 

• ;• .(; ' 1 
47,5 231,80 20.80 159.19 t! 

.,. , : · () JC. N ' ! l., 'l 00 

t 93 423 
&63 23 
31 24% t"O c4, 

Table ( 4-5 ) sheet metal for 2&3 spans 

From the table above the bearing load of sheet metal is 3.98 KN!m2 

Qu = 3.98KN!m2 >Qt= 0.861KN/m2 Ok 

Note: the members are A36 (Fy=36 ksi and F,=58 ksi) 

• Purlins design 

Qu=l.5(1.4*0.236) = 0.496 KN/m 

Qu=l.5(1.2*0.236+ 1.6*0.625) =1.925 KN/m ....... Control. 

illl! 111111.~ 1111111.t 1111111111111111111111111111111111111111 mr 
4,0----40---- • 4,0----4,0-- 

Fig (4-20) static system for purlins 

■ Design of Moment Max. Mu == 3.6 KN!m. 
Moments: spans 1 to 

-3.6 

2. I 2. 2. I 2.3 
2. 2. 

Fig (4-21 ) m 
Oment envelope for Purlins 

2. I 2. I 
2.1 2.3 

2. I 2. j 1,92 ,s ] 
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Mu (max)= 3.614.448X 1ooox 1125.4 = 31.86 kip.in 

Mp > Mu 

3 . 3 
0.9*36*Zx=31.86 ~ zx= 0.98 m 

4 . 3 
Select HSS 3 1/2*2*1/8 ~ Zx= 1.3 in 

bit= 14.2 , hit =27.2 

• Check Compact : 

Ap=1.12\ (E/Fy) =1.12\ (29000/36),= 31.8 

Ar=1.4\ (E/Fy) =1.4✓ (29000136) = 39.73 

bit and hit <Ap so Compact section 

• Design of shear stress Max. =4.8 KN 
Shear 

-4.8 

3.4 

-4.3 -4.4 -4.4 .4.4 -4.3 -4.3 

.J. 

4.5 4.3 4.4 4.4 4.4 4.3 4.3 

Fig ( 4-22 ) shear envelop for purling 

Vu= 4.814.448=1.08 kip 
Vp > Vu 

0.9*0.6*Fy*d*tw ~ 1.08 

0.9*G.6.*36*3.5* 1 /8 = 8.505 kip> I.OS .......... Ok 
" Truss design: 
- mtemal l:: Iorce calculation: 

Max support from purlins = 9.25KN 

: 
two» 4,0 :-l- t '.] 
Ig(4-23)supp " o " 

- upport re · action for Purling 
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• EEIE­ 

29.6 m 

Fig (4-24 ) Truss system 

The truss consist of for types of members:- 

1-The vertical members (V) :- 

No.of member Value of force 
KN Kip 

Vl -36.01 -8.1 
V2 -18.81 -4.23 
V3 -12.98 -2.92 
V4 -8.07 -1.81 
V5 -3.76 -0.85 
V6 -.01 -0.002 
V7 3.36 0.76 V8 6.8 
V9 1.53 

VlO 
9.74 2.19 

Vll 
12.64 2.84 

V12 
28.73 6.46 

Vl3 13.12 2.95 
V14 10.4 2.34 
V15 7.43 1.67 
V16 4.3 

0.97 
V17 1.37 0.31 
VI8 -2.94 

-0.66 
V19 -6.8 
V20 -12.02 -1.53 

V21 -17.09 -2.7 

-35.94 - -3.84 
so -8.08 

Table (4-6) vertical 
member forces 
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member (D*):- 2- The diagonal 

No.of member 
KN -11.84 
-52.68 -19.31 

D*l -85.92 -22.88 
101.77 -24.66 D*2 

D*3 -109.7 -24.32 
D*4 -108.19_ -23.53 
ps -j0467 22241 es lo---3g= $l ts av.s 
JJ*8 -86.95 -21.05 

Value of force 
Ki 

D9_ [9364 225 
Do [jo008 23.68 
0*13 -105.35 -24.57 
p4_ [2jo928 [g5 
0*15 -111.3 -24.86 
0*16 -110.56 -23.7 
0*17 -l05.4 -20.75 
0*18 -92.31 -13.88 D*19 -61.72 D*20 

3- Th 

Table (4-7) diagonal member forces 

e dia_gonal member (D):­ 
Value of force 

- 

No.of member 

Kip - 
KN 
36 8.09 - 

DI 

9.65 - 
25.54 D2 

13.77 3.1 - 
D3 

1.39 
ls»» 

D4 6.2 

0.26 1.17 - 
D5 
D6 0.62 0.13 - D7 

6.27 1.41 - D8 
-9.5 -2.13 - D9 
-13.93 -3.13 - D10 
-12.95 

-2.91 -- D11 
-13.61 

-3.05 -- D12 
-14.58 

-3.27 -- DI3 
-10.5 

-2.36 -- DI4 
-7.73 

-1.73 --- DI5 
-4.28 

-0.96 --- DI6 
4.99 

1.12 --- DI7 
11.5 

2.58 --- DI8 
23.45 

5.27 --- D19 
39.47 

8.87 ~ 
Table (4-8) diagonal member faro, 
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4- Th 
(T)­ 

- 
. member . 

Value of force 
e Tension 

--- __[, Kip 
a, 

No.of member ~ 
2.5 --~ 3.67 , TI "16.34 3.87 - - 

17.25 3.47 ell, 
T2 

15.46 
2.65 - 

T3 - 
11.83 

1.54 o 

T4 - 
T5 6.89 

0.11 T6 0.5 
0.17 - T7 0.76 
1.66 T8 

7.41 
2.84 T9 

12.966 
3.74 Tl0 

16.66 
4.25 'TI1 

18.91 
4.19 

'T12 
18.66 

3.27 
T13 

14.55 
0.84 

T14 
3.75 TI5 

- 

rces Table ( 4-9) tension member fo 

■ Design of tension member : 

Bottom member Max. tension = 18.91 KN = 4.25 Kip 
_ Tensile yielding:- 

Pu=<l>*Fy* Ag 
Ag=4.25 /0.9*36 = 0.13 in2 

Try W6*8.5with Ag= 2.52 in2 

- Tensile rupture 

<l>Pn=<l>*Fu*(U*Ag) = 0.75*58*(1 *2.52) = 109.62 Kip> 4.25Kip Ok 

■ Diagonal member Max. tension = 39.47 KN = 8.87 Kip 
- Tensile rupture :- 

Pu=<l>*FY* Ag 

Ag=8.87/0.9*36 = 0.27 in2 
Try L2*2*1/8 with Ag=0.484­ 

<l>Pn=<I>*Fu*(U* A ) =o 7 k 
g - · 

5
*
5
8*0.85*0.48 = 17.75 Kip> 8.87 Kip O ■ D . 

Sign of compression membe,-, 

Y'ertical member y 
T k . ax. compression == 36.01 == 8 1 Ki a e section nember L221g p 
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.2 =0.62in,ry =0.62in . ·A=0,484 in' , rx - · ' Section property. · 
L=1.5m=4.92ft 

d f n factor for slender "Unstiffened element"• 
. Determine of the re uc 10 • 

).= b/t =21(118)===16 

')..,=bit= O.45✓ (E/Fy) =O.45✓ (29000136) = 12.77<b/t = 16 < 0.91(E/Fy) = 26 

Qs=l.34 _ 0.76*16*✓ (36/29000) = 0.91 

KLlr = 1 *4.92*1210.62 = 95.23 

Fe =n2 E/(KL/r)2 = n\2 29000/ 95.232 =31.56 

Fer= Q * Fy * 0.658 (QFy / Fe ) 

= 0.91 * 36 0.658/(0.91 * 36 I 31.56) = 21.22 

<l>Pn= <l>* Fer* Ag = 0.9*21.22*0.484= 9.24 Kip> 8.87 Kip 

Top member Max. compression= 111.JKN= 25.02 Kip 

Assume K.Llr = 75 
4.71✓ (E/Fy) = 4.71✓ (29000136) = 133.68 
Fe =r"2 E/ (KL/r)2=n2 29000/ 75\2 = 50.88 
Fer- Fy 0.658 (Fy I Fe)= 36 * 0.658/\( 36 I 50.88) = 26.77 Kip 

K.Llr= 1*4.92*12lr= 75 -.►0.787 

Ag= Pu I <I>* Fer= 25.02 I 0.9 * 26.77 = 1.04 
Use W68.5with Ag =2.52 in'? 
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a 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 = 1/2 in). 
4. The electrodes having FEXX = 70 ksi. 
5. The shielded metal arc welding (SMAW) is used. 

First: Design of weld between the vertical member and the Gusset 
plate in the corners of the truss:- 

The section of the vertical member is angel (L2*2*1/8) 

Member property Ag= 0.484 in, y = 0.534in 

✓ The value of Max. Compression in the vertical m b . 
Max. Weld size (amax) =t-1/16 =0.5- 1/16 = 7/j,' "®'®ber is Vu= 8.1kip. 
Min. weld size (amin) = 3/16 
Use weld size (a)= 6/16 

• Design strength of weld :- 

DORnw =D te0.6FExx 

=0.750.707(6/160.6870= 8.35 kips 

• Design strength of b ase material :­ 

~ r 1 

Fig: (4-25); weld between vertical 
member and gusset plate 

DRnw=D 0.6 Fy*t = 10.6360.5=10.g8 > 
DRnw=D 0.6 F * - . 8.35 kips 

y t- 0,75*0.6*58*0.5=1 . 
F1=F2=8.1/2=4.05 » J3.05 kips> 8.35 kips 

Lw= 4.05/8.35 = 0.49 
.. .. . . . . . take Lw= 4 in 

8.1 
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Second: Design of weld between the diagonal member and the gusset plate: 

- The section of the diagonal member is angel (L221/8) 
- For the vertical member use the same size and dimension of weld for the 

previous vertical member. 

• The value if Max. Tension in the diagonal member is Tu= 8.87 kip. 

Max. Weld size (amax) =7/16 

Min. weld size (amin) =3/16 

Use weld size (a) =6/16 

8.87 

• Design st ember and gusset plate 

rength of weld:- 

Fi ig: ( 4-26): weld b etween diagonal 

DRnw =a D te0.6FExx 

=O. 75*0. 707*( 6/16)* 
■ D · "0.6879= 

®Sign strength or% 8.35 kips 
ase material;­ 

DRnw=d 0.6 Fy*t === 1 *0 OR ·6*36*0 5- . -10.8 > 8.35 

<l>Rn =<t> *0.6*Fu*t= -0.75*0 6* · 58*0 .5= 13.0 .05 > 8.35 kips 
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• Check for rupture 

Fl = F2 = 4.435 kip 
Lwl= Lw2= Fl/ <I>Rnw= 4.435/ 8.35 = 0.53 take Lw = 4 in 

Third: Design of weld between the bottom member and the gusset plate· 
The section of the bottom member is W-section W68.5 

10.2/2.54 = 4in 
37.5cm/2.54=14.76 in 8.1 

Ru = J[Rv + Ry]2 >J [Rh+ Rx]2 

Py 
Rv== (O 

L 
I 
h = Px/L = 7.27/14.76*2 = 0.25 kip/in 
Ip= 2* (14.76\3 / 12) = 535.93 
Rx=M*y/Ip=0 ~ y =0 
{ ;"i -727434+o.sr sss.9s 

Ru= 0.27 kip/in 
Rnw =Ru 

0. 75*0. 707a*0.6*70 = 0 .27-> 0.0123 in 
Take a= 1116 in 

9.65 

l 
' 

L. 
r 

Fig: ( 4-27): weld b etween gus t 1 se P ate and bottom member 
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y Table 1-11 (continued) <] 

Rectangular HSS I 

' 
X }}­ X ··ins and Properties 

I Dimens1o 
I 
I - y 

Axis X-X Design Area, Wall Nominal 
hit -- Wt A bit I s r z Shape Thick- 

ness, t in. ln.3 In. in? ~ 
lb/ft ln.2 In. 

7.73 18.5 9.40 3.76 1.73 4.83 HSS5x2'/x'Is 0.233 11.33 3.14 
7.51 3.01 1.77 8.79 2.41 11.4 25.7 

3.79 xhl6 0.174 
18.6 40.1 5.34 2.14 1.80 2.65 x«lo 0.116 6.02 1.65 

0.349 14.65 4.09 2.73 11.3 10.4 4.14 1.59 5.71 HSS5x2x/e 
3.87 14.2 9.35 3.74 1.63 5.05 x2/6 0.291 12.67 3.52 

x¼ 0.233 10.48 2.91 5.58 18.5 8.08 3.23 1.67 4.27 x/6 0.174 8.15 2.24 8.49 25.7 6.50 2.60 1.70 3.37 x/a 0.116 5.60 1.54 14.2 40.1 4.65 1.86 1.74 2.37 
HSS4x3x3/a 0.349 14.65 4.09 5.60 8.46 7.93 3.97 1.39 5.12 x/As 0.291 12.67 3.52 7.31 10.7 7.14 3.57 1.42 4.51 x'/a 0.233 10.48 2.91 9.88 14.2 6.15 3.07 1.45 3.81 x/As 0.174 8.15 2.24 14.2 20.0 4.93 2.47 1.49 3.00 x'/o 0.116 5.60 1.54 22.9 31.5 3.52 1.76 1.52 2.11 

HSS4x2½x3/a 0.349 13.37 3.74 4.16 8.46 6.77 3.38 1.35 4.48 x/A6 0.291 11.60 3.23 5.59 10.7 6.13 3.07 1.38 3.97 x¼ 0.233 9.63 2.67 7.73 14.2 5.32 2.66 1.41 3.38 xlo 0.174 7.51 2.06 11.4 20.0 4.30 2.15 1.44 2.67 xho 0.116 5.17 1.42 18.6 31.5 3.09 1.54 1.47 1.88 HSS4x2x3/a 0.349 12.09 3.39 2.73 8.46 5.60 2.80 1.29 3.84 x/o 0.291 10.54 2.94 3.87 10.7 5.13 2.56 1.32 3.43 x¼ 0.233 8.78 2.44 5.58 14.2 4.49 2.25 1.36 2.94 xOhs 0.174 6.87 1.89 8.49 20.0 3.66 1.83 1.39 2.34 xho 0.116 4.75 1.30 14.2 31.5 2.65 1.32 1.43 1.66 HSS3/ax2lx®ho 0.349 12.09 3.39 4.16 3.59 xho 0.291 10.54 7.03 4.75 2.72 1.18 2.94 5.59 3.20 x¼ 0.233 9.03 4.34 2.48 1.22 x/6 8.78 2.44 7.73 12.0 3.79 2.17 1.25 2.74 0.174 6.87 1.89 x'/s 0.116 11.4 17.1 3.09 1.76 1.28 2.18 4.75 1.30 18.6 27.2 2.23 1.31 1.54 HSS3/ax2'ha 1.28 0.233 7.93 2.21 x/is 0.174 6.23 5.58 12.0 3.17 1.81 1.20 236 x% 1.71 8.49 17.1 1.89 0.116 4.32 2.61 1.49 1.23 1.19 14.2 27.2 1.90 1.09 1.27 1.34 

---- 
Note: For compactness -»,,, 

teria, refer to the end of Table 1.19 so 

Table (4-10.a ) HSS 
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Table 1-11 (continued) 
Rectangular HSS 

Dimensions and Properties 
HSS5-HSS3/, 

Torsion Axis Y-Y Workable Flat 
Surface 

Depth Width J C Area Shape I s r z 
fn.3 In. in. in. in.3 ft?I in. in. in. 

0.999 2.95 37/a 7.93 4.99 1.18 HSS5x2½x¼ 3.13 2.50 
4/6 6.26 3.89 1.20 1.02 2.33 - x/s 2.53 2.03 

4.40 2.70 1.22 1.64 4/s - x'ls 1.82 1.46 1.05 

2.28 0.748 2.88 3/o - 6.61 5.20 1.07 HSS5x2x3/a 2.28 
5.99 4.59 1.08 2.10 2.10 0.772 2.57 3/% - x/o 

3/ 5.17 3.88 1.10 x¼ 1.84 1.84 0.797 2.20 - 
xhi6 1.51 1.51 0.823 1.75 4/6 - 4.15 3.05 1.12 
xho 1.10 1.10 0.848 1.24 47/s - 2.95 2.13 1.13 

HSS4x3x3/a 5.01 3.34 1.11 4.18 2ls - 10.6 6.59 1.07 x/s 4.52 3.02 1.13 3.69 2l% - 9.41 5.75 1.08 x'h 3.91 2.61 1.16 3.12 . 27/a - 7.96 4.81 1.10 xls 3.16 2.10 1.19 2.46 3/s - 6.26 3.74 1.12 xls 2.27 1.51 1.21 1.73 3//s - 4.38 2.59 1.13 HSS4x2¼x3/a 3.17 2.54 0.922 3.20 2/s - 7.57 5.32 0.983 x/s 2.89 2.32 0.947 2.85 25/s - 6.77 4.67 1.00 x'h 2.53 2.02 0.973 2.43 27/s - 5.78 3.93 1.02 xhis 2.06 1.65 0.999 .1.93 3M% - 4.59 3.08 1.03 xo 1.49 1.19 1.03 1.36 3'ks - 3.23 2.14 1.05 HSS4x2x3/a 1.80 1.80 0.729 2.31 2/ s - 4.83 4.04 0.900 xls 1.67 1.67 0.754 2.08 2l - 4.40 3.59 0.917 xhe 1.48 1.48 0.779 1.79 2 3.82 3.05 0.933 xhos - 1.22 1.22 0.804 1.43 3/s 3.08 0.950 x'h 0.898 - 2.41 0.898 0.830 1.02 3ls - 2.20 1.69 0.967 HSS3/ax2/ax/ 2.n 2.21 0.904 2.82 xhs - - 6.16 4.57 0.900 2.54 2.03 0.930 2.52 21/s x¼ 2.23 - 5.53 4.03 0.917 1.78 0.956 2.16 2ls xls - 4.75 3.40 0.933 
1.82 1.46 0.983 1.72 x1/a 1.33 1.06 1.01 2% - 3.78 2.67 0.950 1.22 27, - 2.67 1.87 0.967 

HSS3½x2x¼ 1.30 1.30 0.766 x/s 1.58 2% 1.08 1.08 0.792 - 3.16 2.64 0.850 x/ 1.27 2'%% 0.795 0.795 0.818 - 2.55 2.09 0.867 0.912 2, - 1.83 1.47 0.883 

-Flat depth or Width i I 
s oo small lo establish a workable flat. 

- - 

- 

[ 
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w Y kt _Jk 
Table 1-1 (continued} o, r • w Shapes 

d X- 
Dimensions ,,,_ - I] 

Distance -- Web Flange 
Width, Thickness, k Work Area, Depth, Thickness, t t, Kees Kee k, T able Shape A d 2 b, Gage t 

in. in. in. in. - in. in. in. in. in.2 in. in. 
15/,,6 1.33 15/a 1s/,, 5 - 8.28 B¼ 0.935 5½ 9 0.570 9/46 /+6 

71a W8x67 19.7 9.00 
8.22 8¼ 0.810 13/16 1.20 1½ 

l l 
8 0.510 / ¼ x58 17.1 8.75 

81/s 0.685 lifts 1.08 13/% 3/,, 8112 0.400 3/e 3/46 8.11 x48 14.1 8.50 
0.560 9/ts 0.954 1¼ 13/,, 8.25 8¼ 0.360 3/s 3/46 8.07 8/e x40 11.7 

3/6 8.02 8 0.495 ½ 0.889 13/ 13/, 10.3 8.12 81/s 0.310 /66 x35 
3/ts 8.00 8 0.435 7/ts 0.829 11/s ¼ x311 9.12 8.00 8 0.285 5/t6 

8.24 8.06 8 0.285 /46 3/6 6.54 6V2 0.465 7/is 0.859 15ftE 5/s 61/a 4 W8x28 
1/a 6.50 6½ 0.400 3/6 0.794 7/e 9/ts 61/s 4 x24 7.08 7.93 77/s 0.245 ¼ 

W8x21 6.16 8.28 8¼ 0.250 ¼ 1/s 5.27 5% 0.400 3/e 0.700 74% 9/ts 6½ 2l8 
x18 5.26 8.14 81/a 0.230 ¼ 1/s 5.25 5¼ 0.330 5/6 0.630 13/5 ®/s 6½ 2un 

W8x15 4.44 8.11 81/a 0.245 ¼ 'Vo 4.02 4 0.315 5/ts 0.615 1a4,, ·/s 6½ 2'/9 x13 3.84 7.99 8 0.230 ¼ 1/s 4.00 4 0.255 ¼ 0.555 ¾ 9/ts } } x,oc,f 2.96 7.89 77/a 0.170 3/o 1/s 3.94 4 0.205 3/s 0.505 'ho ½ 
W6x25 7.34 6.38 63/a 0.320 /s 3/ts 6.08 6% 0.455 7/ts 0.705 154,, 9/ts 4½ 3½ x20 5.87 6.20 6¼ 0.260 ¼ 1/s 6.02 6 0.365 31s 0.615 7/s 9/ts } J x151 4.43 5.99 6 0.230 ¼ Vo 5.99 6 0.260 ¼ 0.510 ¼ 9/ts - W6x16 4.74 6.28 61/4 0.260 ¼ 1/s 4.03 4 0.405 3/s 0.655 7ls 9/ts 4'/2 249 x12 3.55 6.03 6 0.230 ¼ 1/a 4.00 4 0.280 ¼ 0.530 3 ®/rs 

~ ~ 

x9! 2.68 5.90 57/s 0.170 3/s 1/a 3.94 4 0.215 3/ts 0.465 llfts ½ x8.51 2.52 5.83 57/s 0.170 3/s 'Vo 3.94 4 0.195 3s 0.445 'his ½ W5x19 5.56 5.15 51/a 0.270 ¼ 1/s 5.03 5 0.430 ls 0.730 13/,, /s 3½ 2l x16 4.71 5.01 5 0.240 ¼ Va 5.00 5 0.360 3/s 2® 0.660 ¾ /s 3½ W4x13 3.83 4.16 41/a 0.280 ¼ 1/s 4.06 4 0.345 3/e 0.595 ¾ ½ 25/s 2\V48 

c Shape is slender for compr . . 
, Shape exceeds [ession with F. == 50 ksi compact limit f fl Y • 
g The actual size, combination aor e~ure "'.'ith F :: 50 ksi. 
to ensure compatibility • nd 011entat1on o( fastener com 

· 1ponents should b • 
e compared with the geometry of the cross-section 

Jae 

Table (4-IO c) W h Shape 
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Table 1-1 (continued) ~ 

w Shapes 
Properties - ........ 

Wa- y, 

Compact Axis Y-Y lorstoa 
Axis X-X F's h, e Properties Nom­ Section lnal -- Criteria s z J C, Wt. z I r I s r b, f 

in.® ln.3 in. in.3 in. in. in.' a, 
,__ 

in. in. in. in.? ln.1 lb/ft 2t, t» 
272 60.4 3.72 70.1 88.6 21.4 2.12 32.7 2.43 8.07 5.05 1440 67 4.43 11.1 

75.1 18.3 2.10 27.9 2.39 7.94 3.33 58 5.07 12.4 228 52.0 3.65 59.8 
119) 

15.9 184 43.2 3.61 49.0 60.9 15.0 2.08 22.9 2.35 7.82 1.96 « 48 5.92 
40 7.21 17.6 146 35.5 3.53 39.8 49.1 12.2 2.04 18.5 2.31 7.69 1.12 7s 
35 8.10 20.5 127 31.2 3.51 34.7 42.6 10.6 2.03 16.1 2.28 7.63 0.769 619 31 9.19 22.3 110 27.5 3.47 30.4 37.1 9.27 2.02 14.1 2.26 7.57 0.536 5) ,, 
28 7.03 22.3 98.0 24.3 3.45 27.2 21.7 6.63 1.62 10.1 1.84 7.60 0.537 32 24 8.12 25.9 82.7 20.9 3.42 23.1 18.3 5.63 1.61 8.57 1.82 7.53 0.346 259 
21 6.59 27.5 75.3 18.2 3.49 20.4 9.n 3.71 1.26 5.69 1.46 7.88 0.282 152 18 7.95 29.9 61.9 15.2 3.43 17.0 7.97 3.04 1.23 4.66 1.43 7.81 0.172 122 
15 6.37 28.1 48.0 11.8 3.29 13.6 3.41 1.70 0.876 2.67 1.06 7.80 0.137 51.8 13 7.84 29.9 39.6 9.91 3.21 11.4 2.73 1.37 0.843 2.15 1.03 7.74 0.0871 {«Ii 10 9.61 40.5 30.8 7.81 3.22 8.87 2.09 1.06 0.841 1.66 1.01 7.69 0.0426 39 
25 6.68 15.5 ~ 53.4 16.7 2.70 18.9 17.1 5.61 1.52 8.56 1.74 5.93 0.461 150 20 8.25 19.1 41.4 13.4 2.66 14.9 13.3 4.41 1.50 6.72 1.70 5.84 0.240 113 15 11.5 21.6 29.1 9.72 2.56 10.8 9.32 3.11 1.45 4.75 1.66 5.73 0.101 76.5 L 16 4.98 19.1 32.1 10.2 2.60 11.7 4.43 2.20 0.967 3.39 1.13 5.88 0.223 32 12 7.14 21.6 22.1 7.31 2.49 8.30 2.99 1.50 0.918 2.32 1.08 5.75 0.0903 A7 9 9.16 29.2 16.4 5.56 2.47 6.23 2.20 1.11 0.905 1.72 1.06 5.69 0.0405 17.7 8.5 10.1 29.1 14.9 5.10 2.43 5.73 1.99 1.01 0.890 0.0333 16i 1.56 1.05 5.64 19 5.85 13.7 26.3 10.2 2.17 11.6 9.13 0.316 319 16 6.94 15.4 3.63 1.28 5.53 1.45 4.72 21.4 8.55 2.13 9.63 7.51 3.00 1.26 4.58 1.43 4.65 0.192 446 13 5.88 10.6 11.3 5.46 1.72 6.28 0 3.86 1.90 1.00 2.92 1.16 3.82 0.151 

~ 

l 
,, 

-- 
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Table 1-7 (continued) 

Angles 
l F Properties 
»'l[? 

PNA 
Axis X-X Flexural-Torsikrs] 

Properties 
k Wt. Area, 

z V, J c,, r A I s r y 
i Shape 

in. in.3 in. in. in.3 in. in.4 in.® 
~ In. lb/ft in.2 in, 

1.23 1.24 3.46 0.497 0.301 0.302 
~ ls 11.9 3.50 5.30 1.92 2 L4x3½.x½ 

1.25 1.20 2.66 0.433 0.132 0.134 x3/e ¼ 9.10 2.67 4.15 1.48 26 
xhH6 /4g 7.70 2.25 3.53 1.25 1.25 1.17 2.24 0.401 0.0782 0.0798 20% x¼ 5/a 6.20 1.81 2.89 1.01 1.26 1.14 1.81 0.368 0.0412 0.0419 2tg 

L4x3x5/a 1 13.6 3.89 6.01 2.28 1.23 1.37 4.08 0.810 0.529 0.472 1.91 xh 'ls 11.1 3.25 5.02 1.87 1.24 1.32 3.36 0.747 0.281 0.255 1. x3/s ¼ 8.50 2.48 3.94 1.44 1.26 1.27 2.60 0.683 0.123 0.114 1.97 x2/s 'his 7.20 2.09 3.36 1.22 1.27 1.25 2.19 0.651 0.0731 0.0676 1.98 x¼ /o 5.80 1.69 2.75 0.988 1.27 1.22 1.77 0.618 0.0386 0.0356 1.99 
L3½x3½x½ 7/l 11.1 3.25 3.63 1.48 1.05 1.05 2.66 0.466 0.281 0.238 1.87 xZs 134, 9.80 2.87 3.25 1.32 1.06 1.03 2.36 0.412 0.192 0.164 1.89 x3!a 3h 8.50 2.48 2.86 1.15 1.07 1.00 2.06 0.357 0.123 0.106 1.90 xhis /ys 7.20 2.09 2.44 0.969 1.08 0.979 1.74 0.301 0.0731 0.0634 1.92 x¼ /l 5.80 1.69 2.00 0.787 1.09 0.954 1.41 0.243 0.0386 0.0334 1.93 L3½x3x½ 7lo 10.2 3.00 3.45 1.45 1.07 1.12 2.61 0.480 0.260 0.191 1.75 x?ho 1344% 9.10 2.65 3.10 1.29 1.08 1.09 2.32 0.446 0.178 0.132 1.76 x3/a ¾ 7.90 2.30 2.73 1.12 1.09 1.07 2.03 0.411 0.114 0.0858 1.78 xho /4, 6.60 1.93 2.33 0.951 1.09 1.05 1.72 0.375 0.0680 0.0512 1.79 x¼ /s 5.40 1.56 1.92 0.773 1.10 1.02 1.39 0.336 0.0360 0.0270 1.80 L3/ax2Vxle 7/s 9.40 2.75 3.24 1.41 1.08 1.20 2.52 0.736 0.234 0.159 1.66 x/6 ¾ 7.20 2.11 2.56 1.09 1.10 1.15 1.96 0.668 0.103 0.0714 1.69 x/6 h, 6.10 1.78 2.20 0.925 1.11 1.13 0.0426 1.71 x'Me / 1.67 0.633 0.0611 4.90 1.44 1.81 0.753 1.12 1.10 1.36 0.596 0.0322 0.0225 1.72 L3x3x/a l 9.40 2.75 2.20 1.06 0.895 1.59 0.929 1.91 0.458 0.230 0.144 xho '/, 8.30 2.43 1.98 0.946 1.60 x31a 0.903 0.907 1.70 0.405 0.157 0.100 ¾ 7.20 2.11 1.75 0.825 

1.62 
xhs 'hs 0.910 0.884 1.48 0.351 0.101 0.0652 6.10 1.78 1.50 0.699 

1.64 
x¼ / 4.90 1.44 0.918 0.860 1.26 0.296 0.0597 0.0390 1.23 0.569 0.926 0.0206 1.66 
x/s hs 3.71 1.09 0.948 0.836 1.02 0.239 0.0313 

1.57 
0.433 0.933 0.812 0.774 0.181 0.0136 0.00899 L3x2½x½ 'lo 8.50 2.50 2.07 

1.46 
xs 'y., 7.60 2.21 1.03 0.910 0.995 1.86 0.494 0.213 0.112 x3ls ¾ 1.87 0.921 0.917 0.972 1.66 0.146 0.0777 1.48 6.60 1.92 1.65 0.462 

1.48 
xhis 'is 5.60 1.67 0.803 0.924 0.949 1.45 0.430 0.0943 0.0507 x'h 5 1.41 0.681 0.932 0.925 0.0304 1.51 4.50 1.31 1.23 0.397 0.0560 xls hs 3.39 1.16 0.555 0.940 0.900 0.0161 1.52 0.996 0.899 0.423 1.000 0.363 0.0296 

1.54 0.947 0.874 0.761 0.328 0.0130 0.00705 Note: For compactness . . 
__ l..----' Criteria, refer to the end of Tabi& }; 

4 

Table ( 4-~ ) Angle 

104 



-------- 
Table 1-7 (continued) l Angles 

Properties 
L4-L3 

Axis Z-Z r Axis Y-Y 
oo, [& 

7 z Mp I s r Tan F=s Shape I s r 
in.? in. in.4 in.3 in. Ot ksi 

in.° in.3 in. in. 
0.438 1.80 0.719 0.716 r--- L43/x'Ma 3.76 1.50 1.04 0.994 2.69 0.750 100 1.05 0.947 2.06 0.334 1.38 0.555 0.719 0.755 100 ls 2.96 1.16 
0.281 1.17 0.470 0.721 x/s 2.52 0.980 1.06 0.923 1.74 0.757 099) 

x/a 2.07 0.794 1.07 0.897 1.40 0.227 0.950 0.382 0.723 0.759 0912 

L4x3x51s 2.85 1.34 0.845 0.867 2.45 0.498 1.59 0.720 0.631 0.534 1.0 xl 2.40 1.10 0.858 0.822 1.99 0.407 1.30 0.592 0.633 0.542 1. 
x3ls 1.89 0.851 0.873 0.775 1.52 0.311 1.01 0.460 0.636 0.551 140 
x9/A6 1.62 0.721 0.880 0.750 1.28 0.262 0.851 0.390 0.638 0.554 0 997 x¼ 1.33 0.585 0.887 0.725 1.03 0.211 0.691 0.318 0.639 0.558 092 

L3½x3½x½ 3.63 1.48 1.05 1.05 2.66 0.466 1.51 0.609 0.679 1.00 1.00 
x'/ Ao 3.25 1.32 1.06 1.03 2.36 0.412 1.34 0.540 0.681 1.00 1.0 x3ls 2.86 1.15 1.07 1.00 2.05 0.357 1.17 0.471 0.683 1.00 1.00 x/6 2.44 0.969 1.08 0.979 1.74 0.301 0.989 0.400 0.685 1.00 1.00 x¼ 2.00 0.787 1.09 0.954 1.41 0.243 0.807 0.326 0.688 1.00 0.965 

l3½x3x½ 2.32 1.09 0.877 0.869 1.97 0.431 1.15 0.537 0.618 0.713 1.00 x'/s 2.09 0.971 0.885 0.846 1.75 0.382 1.03 0.478 0.620 0.717 1.00 xlo 1.84 0.847 0.892 0.823 1.52 0.331 0.895 0.418 0.622 0.720 1.00 x/s 1.58 0.718 0.900 0.798 1.28 0.279 0.761 0.356 0.624 0.722 1.00 x¼ 1.30 0.585 0.908 0.773 1.04 0.226 0.623 0.292 0.628 0.725 0.965 
L3'/ax2'/ax'/a 1.36 0.756 0.701 0.701 1.39 0.395 0.782 0.420 0.532 0.485 1.00 x9ls 1.09 0.589 0.716 0.655 1.07 0.303 0.608 0.329 0.535 0.495 1.00 x/so 0.937 0.501 0.723 0.632 0.900 0.256 0.518 0.281 0.538 0.500 1.00 x/A 0.775 0.410 0.731 0.607 0.728 0.207 0.425 0.232 0.541 0.504 09i65 

L3x3x'/2 2.20 1.06 0.895 0.929 1.91 0.458 0.924 0.436 0.580 1.00 1.00 x'ls 1.98 0.946 0.903 0.907 1.70 0.405 0.819 0.386 0.580 1.00 1.00 x3le 1.75 0.825 0.910 0.884 1.48 0.351 0.712 0.581 1.00 1.00 x/Ho 0.336 1.50 0.699 0.918 0.860 1.25 1.00 1.00 xI 1.23 0.296 0.603 0.284 0.583 0.569 0.926 0.836 1.02 1.00 1.00 x/6 0.948 0.433 0.933 0.239 0.491 0.231 0.585 
0st2 0.812 0.774 0.181 0.374 0.176 0.586 1.00 L3x2/ax 'Ve 1.29 0.736 0.718 0.746 0.666 1.00 x'/Hs 1.17 1.34 0.418 0.666 0.370 0.516 

x3/6 
0.656 0.724 0.724 1.19 0.370 0.516 0.671 1.0 1.03 0.573 0.731 0.591 0.329 

1.0 x/, 0.888 0.487 0.701 1.03 0.321 0.514 0.287 0.517 0.675 
xIa 0.734 

0.739 0.677 0.873 0.271 0.437 0.244 0.518 0.679 1.00 

x/6 0.397 0.746 0.653 0.707 0.683 1.0 0.568 0.303 0.753 0.220 0.356 0.199 0.520 09t? 0.627 0.536 0.167 0.272 0.153 0.521 0.687 ~ 

Note: For compactness criteria, refer to the end of Table ;;} l 
s 
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Table 1-7 (continued) 

L Angles 
Properties 

L4-L5 

I Axis Y-Y 
Axis z-z 0, Shape I s r Y z x, I s r Tan F=5 

0: ksi 

in.4 in.3 in. in. in.3 in. in.4 ln.3 in. L4x3½x½ 3.76 1.50 1.04 0.994 2.69 0.438 1.80 0.719 0.716 0.750 1.00 

x3/s 2.96 1.16 1.05 0.947 2.06 0.334 1.38 0.555 0.719 0.755 1.00 
x/s 2.52 0.980 1.06 0.923 1.74 0.281 1.17 0.470 0.721 0.757 0.997 
x¼ 2.07 0.794 1.07 0.897 1.40 0.227 0.950 0.382 0.723 0.759 0.912 

L4x3x% · 2.85 1.34 0.845 0.867 2.45 0.498 1.59 0.720 0.631 0.534 1.00 
x'/ 2.40 1.10 0.858 0.822 1.99 0.407 1.30 0.592 0.633 0.542 1.00 

x3ls 1.89 0.851 0.873 0.775 1.52 0.311 1.01 0.460 0.636 0.551 1.00 

x9/6s 1.62 0.721 0.880 0.750 1.28 0.262 0.851 0.390 0.638 0.554 0.997 

x¼ 1.33 0.585 0.887 0.725 1.03 0.211 0.691 0.318 0.639 0.558 0.912 
L3/ax3/ax'E 3.63 1.48 1.05 1.05 2.66 0.466 1.51 0.609 0.679 1.00 1.00 

xhs 3.25 1.32 1.06 1.03 2.36 0.412 1.34 0.540 0.681 1.00 1.00 

x31s 2.86 1.15 1.07 1.00 2.05 0.357 1.17 0.471 0.683 1.00 1.00 

x/is 2.44 0.969 1.08 0.979 1.74 0.301 0.989 0.400 0.685 1.00 1.00 

x¼ 2.00 0.787 1.09 0.954 1.41 0.243 0.807 0.326 0.688 1.00 0.965 
L3/xx3-'/E 2.32 1.09 0.877 0.869 1.97 0.431 1.15 0.537 0.618 0.713 1.00 

x/s 2.09 0.971 0.885 0.846 1.75 0.382 1.03 0.478 0.620 0.717 1.00 

x/s 1.84 0.847 0.892 0.823 1.52 0.331 0.895 0.418 0.622 0.720 1.00 

x/s 1.58 0.718 0.900 0.798 1.28 0.279 0.761 0.356 0.624 0.722 1.00 

x'/ 1.30 0.585 0.908 0.773 1.04 0.226 0.623 0.292 0.628 0.725 0.965 

L3/ax2'Vax'E 1.36 0.756 0.701 0.701 1.39 0.395 0.782 
0.485 1.00 0.420 0.532 

x®l 1.09 0.589 0.716 0.655 1.07 0.303 
1.00 

x/As 0.937 
0.608 0.329 0.535 0.495 

0.501 0.723 0.632 0.900 0.256 0.518 0.281 0.538 0.500 1.00 

xA 0.775 0.410 0.731 0.607 0.728 0.207 
0.965 

0.425 0.232 0.541 0.504 

L3x3x½ 2.20 1.06 0.895 0.929 1.91 
xls 1.98 0.946 0.903 0.458 0.924 0.436 0.580 1.00 1.00 
x4, 0.907 1.70 0.405 0.819 0.386 0.580 1.00 1.00 

1.75 0.825 0.910 0.884 1.48 
x/s 1.50 0.699 0.918 0.351 0.712 0.336 0.581 1.00 1.00 
x/a 0.860 1.25 0.296 0.603 0.284 0.583 1.00 1.00 

1.23 0.569 0.926 x/6% 0.836 1.02 0.239 0.491 0.231 0.585 1.00 1.00 

0.948 0.433 0.933 0.812 0.774 0.181 0.374 0.176 0.586 1.00 0.912 

L3x2V% 1.29 0.736 0.71g 0.746 x'hs 1.17 0.655 0.724 1.34 0.418 0.666 0.370 0.516 0.666 1.00 

x/s 1.03 0.573 0.724 1.19 0.370 0.591 0.329 0.516 0.671 1.00 

0.731 0.701 x/, 0.888 0.487 1.03 0.321 0.514 0.287 0.517 0.675 1.00 

0.739 0.677 0.873 0.271 0.437 
1.00 

xha 0.734 0.397 0.746 
0.244 0.518 0.679 

xs 0.568 0.303 0.653 0.707 0.220 0.356 0.199 0.520 0.683 1.00 

0.753 0.627 0.536 0.167 0.272 
0.912 

0.153 0.521 0.687 "9"® For compactness cnteria, reter to the end of jar,-, 

~ 
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