L ol 53S0 5 Aaaigl) dls
4o jlazall g duiaal) daigll 3 ks
(e Auia
DOl Al g g e
AN aranail) g Jalail) b a) AN g Sl AU el A jRal)
"L.Uu u.},m_‘

Comparison between 2D & 3D Structural Analysis & Design
“School Building Case”

Julad)_ ot
Jard) (3 -0
duas gl daaf Ciada Cudidll 3 gana (s A g JAle daa
Bage alas dana Ua s e dada
sl i)

daa) A dda daaa 0
2 2017— N o5



s Al Cpaa ) All) avy

L o8 43l g Asig) Al
(e Auria
ALY aaall s Jalall 8 dag¥) SE g Al AU aldad s A jal)
" e et
Comparison between 2D & 3D Structural Analysis & Design
“School Building Case”

Jard) (3 -0
duac gl daa) Ciada Cudidll 3 gana (s A g JAle daa
3395 alas dada 0D e dada

138 23385 o3 (dinaal) Liadll glinc pan 28 gy 5 g 5 el Mo (o il SELY) Cilgaa 55 e <Ly
a2l s _ilall by o185l L ol 3 g Auigh) A0S 8 & jlamall g Aiaall duaighl 5 5000 ) & 5 il

o A
Bl iy 8 g9 sual) Ui ydia o 53
Al o s daaf e Ak daaa 2

22017— ds¥) o sis



P K— '
o plagade Al Jea sena Ui 0B SV alaall

P OlaY ) Ll e Sl Jaall s JIS Sl slall ey .

M) Wlgal g Uil Sl i) sleall s yuall oy
gty i (prlanddl LS g3 Al Faual ) Uiy Alda e Ui i 3 alal) gy S Ui ),

e Sy (sl

50 ddigl) AS AL SAL adiy deal) 13 agd g il cuai alall Al

L lanall il il
. Gban g i g8 il g Liilibaa | gile (pa Wil gl 5 Lilhacal ) Janll 138 (52455 WS

coe

MAS JLaall i Y- Galandi LY il Ja) (e padlia) 1ped e S Y1 Ll cuda Y,

) g

W Oalisall (5l Lkl S da (e agi jan | saia (e Lages e SYI i Vg,

i



Ity S

OS5 el ald 4y V) a6 La g codie (Y L 0a dand (e Lag caliad V) Lide Juad Y
il La g Jlda g udall ras e dae 5 ¢ )1 (05 SIAN 0,83 e dae g« lansW1 5 (315 5Y1 2ae
ol s aall eyl g il 34l eliadsl W 1S e Tuda 1588 Taas ¢ lgall 5 Jl)

Dl (Al (e JS () Lild je g U a5 Liliiel apdae 5 (b S5 s Jan a5 LS
liall g g ydall JS pastia i e g b

Al A gall g o piall M deal dp 4 da deae 0" ) Juzaldll Ldlial Al (ads
Vs 58 o laga DA als e prm dan IG5 Wala g ale g alll ol e aaai e AL o5 1 54
2l Gk ) Ll 3291

Liiae sl aRdga 5 agi g | us 58 88 ailSay (IS 4 jlarall 5 Al duurigh 5 s ol (S
Al Hall 3 yid ) sda WiDa ) Bac Lusa g

Axiay Uiy Y g caladl 3 s2Ua 18 535 Lal st g o W sl cpll o) 32 ) Liidlae )9 LiDla ) S
Al duslid)

Loy le N sl 3 501 sall il Liilgal 5 LY SN JS6 s J sl s
)



£ s dead) dadla
LY aranatll 5 ALY Judaill o) jal o ciliala Bae (e () S A jde e e Bl g8 & g il

apaaill s Jalatll 8 slag¥) U alasV) O alad G A3 Ul o sulal) el aladiuly il
Ge ey o Sl saely Hsuay Cliie Ga g g i) Lgging Gl AGLEY) ualiall
ALY aaliad)
ge sie ll 4590 sa Allea) daliay (5ol sla A3 (ga 5 piiall () oS5

aliall L) a Cogas g eclaladiall (g jlanall aily Sl JiaTs il ya Bae (ge g 5yl ()5S g
Iy amy 55 5 puiall Ay jlanall ulllaiall aa ol ¥ JS Ciltie 5 ) g 5 Baac ) (e AaliSal) ALY
Cans B ey Lagin 43 518al) 5 (555 Sl (5 lally ALY jualiall LGS aparaill 5 Jilaill Als e
Gl Dlaa gill g il 488 e du0an Cllalade S5 e Leadlls (e 5 450 apaail) zal Ll
Al el o) L A

iy Jalaill dually Lal edad) Jleal) ol 5o, 258N aladial w430 ,SAL paall (e
gl G o dldieVse (ACI_318M-14) Soxe¥) a8l aladinl 18 alalid) speais
e s ETABS2016, Autocad2007, Office2013, :Jw

G sl s adll



Abstract

The project is a school building to be designed and analyzed using 2D & 3D
systems. Our goal is to have a comparison between the 2D & 3D systems results
for the different structural members; slabs, beams, columns, foundations and walls.

This case of project is a school building that composed of 3 floors and has an
approximate area of 1590 m? per floor.

It is worth mentioning that the Jordanian Code of Loads will be used for dead,
snow, wind and live loads. UBC-97 and/or IBC codes will be used for seismic
loads. ACI 318 14 will be used for the structural design.

It should be noted that some computer programs such as: Autocad2007,
Office2013, ETABS2016 and others will be used during the process of working
out the project.

We hope after the completion of the project to be able to provide structural
design for all structural elements of the building is complete, and reach to results
and recommendations regarding the comparison between the two adopted systems
(i.e. 2D &3D).
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.

e Ag=gross area of section.

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

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

e C.=compression resultant of concrete section.

e C, = compression resultant of compression steel.

e DL =dead loads.

e d=distance from extreme compression fiber to centroid of tension reinforcement.
e Ec=modulus of elasticity of concrete.

e f.: = compression strength of concrete.

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

o 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.
o LL =live loads.
e M = bending moment.
e Mu = factored moment at section.

e Mn = nominal moment.
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Pn = nominal axial load.

Pu = factored axial load.

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

Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.

€ = strain of tension steel.

&= strain of compression steel.

p = ratio of steel area.
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Chapter Four Structural Analysis and Design

4-1 Introduction

Many structures are built of reinforced 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:-

0 Lightweight concrete with unit weight from about 1350 to 1850 kg/ma3.

0 Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.

0 Heavyweight concrete with unit weight from about 3200 to 5600 kg/ma3.
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Chapter Four Structural Analysis and Design

4-2 Design Method and Requirements

The design strength provided by a member is calculated in accordance with the requirements
and assumptions of ACI_code (318M_14).

v" 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 architectural plans.

e Code:-
ACI-318-14M .
Jordanion Code for Live Load.

e Material:-
Concrete:- B300
fc'=30N /mm?(MPa) For circular section

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

Reinforcement steel:-

The specified yield strength of the reinforcement {fy = 420 N/mm?2 (MPa)}.

v" Factored loads:-

The factored loads for members in our project are determined by:-

Wu=12DL+16Lc ACI-code-318M-14(5.3.1b)
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Chapter Four Structural Analysis and Design

4-3 Check of Minimum Thickness of Structural Member

Table 4-1:- Minimum Thickness of Non prestressed Beam or One-Way Slabs Unless Deflections are
calculated. (ACI 318M-14) table (7.3.1.1)

Table (4-1): Check of Minimum Thickness of Structural Member.

For solid slab :-
hminfor (one end continuous)=L/24=6.53/24=28cm
hminfor(both end continuous)=L/28=3.7/28=14cm

hminfor (one end continuous)=L/24=6.13/24=26cm

Take h =30 cm for solid.

For Beam:-

hminfor(simply supported) = L/16 = 11.3/16 = 71cm , for B(140) . Take h =80 cm

hminfor(one end continuous) = L/18.5 = 10.74/18.5 = 59cm , for B(004) . Take h =70 cm

hminfor(simply supported) = L/16 = 6.49/16 = 41cm , for B(013) . Take h =50 cm
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Chapter Four Structural Analysis and Design

4-4 Design of One Way Solid Slab

1] ="  ops 4000000 |
- - g
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o i
“in 1
™ £ -3 o= )
-
I cem e Ef 1
m
e £ ml pu— [ 571 Tk

Fig 4-1: One Way Solid Slab.

« Material:-

= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v" Slab Thickness Calculation:-

The overall depth must satisfy ACl Table (7.3.1.1):

Min h (deflection requirement):-
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Chapter Four Structural Analysis and Design

-For One end continuous:-

L _22_0475m
24 24

For One way solid slab, will use thickness of slab 30 cm.

v" Load Calculation:-

For the one-way solid slabs, the total dead load to be used in the analysis and design is calculated

as follows:-

-Load Calculation for the Horizontal Slab: - (For one Meter Strip)

Tiles 0.03*23=0.69

mortar 0.03*22=0.66

Coarse sand .05*%17=0.85

RC concrete 0.3*25=7.5

Plaster 0.02*22=0.44

Table (4-2): Dead Load Calculation of Horizontal Solid Slab.

Live load =5 kN/m
-Load Calculation for the Solid Slab (S009):- (For one Meter Strip)
DL =10.14 kN\m

LL =5 kN\m
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Moments: spans 1to 3

Fig 4-2: Shear and Moment Envelope Diagram of Solid Slab (S 009).

v" Moment Design for (S 009):-

Spacing between Bars Is the Smallest of:-

5380(%")—2.5%

<380 * (222) _2.5% 20 =380 * (22— ) — 2.5 * 20 = 330mm
gfy 5* 420
280 280 280
< == x (280, _ * _
<300 ( *s ) =300 (éfy ) =300 (2* 220 ) = 300 mm (control)

<3 *h=3*300=900m

<450 mm.
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4.4.1 Design of Positive Moment for (S 009) :- (Mu=75.5 kN.m)

Assume bar diameter ®14 for main reinforcement

m = fy - = 420 =20.6
0.85%fc  0.85%24

R = Mu/ ¢
b*>d?
6
Rn = 75.5*10°/0.9 =1.125 N/mm? (Mpa)

1000%* (273)2

p= (- [_2m*Rn,
m fy

1 \/1_ 2(20.6)(1.125)

== (1-
P= 506 420

) =0.00275

As=p*b*d=0.00275* 100 * 27.3 = 7.53 cm?
Check for As min:-
AS min=p,. *b*h =0.0018*100* 30 =5.4cm’

ASreq= 7.53 cm?” Asmin=5.4cm?  OK

Use g 14/200m, As, provided = 7.7 cm? > AS, required = 7.53 CM2 .... Ok

Check for strain:

Tension = Compression

41



Chapter Four Structural Analysis and Design

A, * fy=085* fc' *b*a
770* 420=0.85* 24*1000* a
a=15.85mm

c=2 =155 1465mm

B, 085
. _273-1865
71865
&, =0.041>0.005——> ok

*0.003

4.4.2 Design of Negative Moment for ( S 009 ):- (Mu=60.2 KN.m)

m = fy - = 420 =20.6
0.85* fc 0.85*24

R = Mu/ ¢
b*>d?
6
rp= 00-2%10°/0.9 - 0.9 N/mm? (Mpa)

1000* (273)2

p=i(1_ l_2m*Rn)
m fy

1 \/1_2(20.6)(0.9)
420

) =0.00219
As=p*b*d=0.00219* 100 * 27.3= 6 cm?
Check for As min:-

AS min=p, . *b*h =0.0018%100*30 =5.4cm?

Asreg= 6 cm?> Asmin=5.4cm?>  OK

Use g 14/20 cm, As provided = 6.16 cm? > As required = 6 cm?.... Ok
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Check for strain:-

Tension = Compression

A *fy=0.85*fc'*b*a

616*420=0.85*24*1000*a

a=12.68mm

c=i=@=14.92mm
p, 085

o 273-14.92

* 14.92

&, =0.0519>0.005— - ok

*0.003

4-5Design of Beam

s Material :-

— concrete B300

= Reinforcement Steel
¢+ Section :-

= B =600mm

= h=500 mm

Fc' = 24 N/mm?

fy = 420 N/mm?

= d=500-40-10-18/2= 441 mm

43

Structural Analysis and Design



Chapter Four Structural Analysis and Design

v' Statically System and Dimensions:-

| "] ] L 1 L
_ A T T

- (il

col4

coiz

sl
2
Fig 4-3: Statically System of Beam (B 029).
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Fig 4-4: Moment Envelope Diagram of Beam (B 029)
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Fig 4-5: Shear Diagram of Beam (B 029).

v" Load Calculations:-

Dead Load Calculations for Beam (B 029):-

The distributed Dead and Live loads acting upon B 029 can be defined from the support reactions of
the (S 005).

From (S 005)

The maximum support reaction (factored) from Dead Loads for (S 005) upon
(B029) is 51.2 KN/m,
self weight = 9 KN/m
DL =51.2+ 9=60.2 KN/m

Live Load calculations for Beam (B 029):-
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Distributed Live Load from the (S 005) on B 029.

LL =33.6 KN/m

v Moment Design for (B 029):-

4.5.1 Flexural Design of Positive Moment for (B 029) :-( Mu=395 KN.m)

Determine of Mn,max
d =500 — 40 -10 — 18\2 = 441 mm

—3d—3 441 =189
c=zd==. = mm
a=B.c =189 % 0.85 = 160.65 mm

Mnmax = 0.85fab (d - 2 ) = 0.85*24*160.65*600*(441-160.65/2 ) *10°= 709.22 KN.m
2

® Mnmax = 0.9 *709.22 =638.3 KN.m > 395 kN .m

Design as singly reinforcement

M,  395x10°
T @bd?2 ~ 0.9 X 600 X 4412

Rn = 3.76 Mpa

420
m= 2 = =206
0.85f,  0.85x24

pzi<1_ 1 — Zm-Rn ) :L<1_\/1_w ) = 0.00998
m 420 20.6 420

As = p.b.d = 0.00998x600x441 = 2640 mm?

Check for Asmin :-
f /
Asmin = Y10 (bw)(d) = — 2% 600 441 = 771.6 mm?
4( fy) 4* 420
ASmin = ﬂ(bw)(d) = £*600*441: 882 mm?  Controls
(fy) 420
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As,min =882 mm2 < As = 2640 mmz

Use 11 g 18 Bottom, Asprovided = 2794 mm? > As required = 2640 mm? ... Ok

Two Lavers(L1:69g18,1L2:5918)

Check spacing :-

__600—40*2—20—(6X18)
- 5

S

=784mm>25>d,=18 OK

Check for strain:-

As f 2794 x420
a=—2> = = 95.87 mm
0.85b f;  0.85X600x24
a 95.87
c=—=—-=112.8 mm
B, 0.85

441-112.8
112.8

e, = 0.003 (=%) = 0.003 ( ) =0.00873 > 0.005 0k

4.5.2 Flexural Design of Positive Moment for (B 029 ):-(Mu=251 KN.m)

Determine of Mn max
d =500 — 40 -10 — 18\2 = 441 mm

—3d—3 441 =189
c=zd=5. = mm

a=B.c =189 % 0.85 = 160.65 mm
Mnmax = 0.85f’ab( d - % ) = 0.85*24*160.65*600*(441-160.65/2 ) *10%= 709.22 KN.m

® Mnmax = 0.9 *709.22 =638.3 KN.m > 251 kN .m

Design as singly reinforcement

M, 25110

Rn = -
"= BbdZ 0.9 X 600 x 4412

= 2.37 Mpa
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_fy 420
T 0.85f]  0.85x24

p:i<1_ 1_m> <1_\/1_M)=0.00602
m 420 20.6 420

=p.b.d =0.00602x600x441 = 1591 mm2

= 20.6

Check for Asmin :-
ASmin = ~——— ( w)(d) = /24 *600* 441 = 771.6 mm?
4(f ) 4*420
ASmin = ¥y )(b w)(d) = 0*600*441 882 mm2  Controls

Asmin = 882 mm? < As = 1591 mm?

Use 7 g 18 Bottom, Asprovided = 1778 mm? > As required = 1591 mm? ... Ok

Check spacing:-

600—40%2—20—(7x18)
6

S=

=62.33mm >25>d, =18 OK

Check for strain:-

_ Asfy 1778 %420

= - = = 61.01 mm
0.85b f!  0.85Xx600x24

a 61.01

c=—=——=71.78 mm
B,  0.85

d—c 441 - 71.78
& = 0.003 (T) = 0.003 (W) = 0.015 > 0.005 Ok

4.5.3 Flexural Design of Negative Moment for (B 029 ):-(Mu=446.9 KN.m)

Determine of Mn max
d =500 —40-10 — 18\2 = 441 mm
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—3d—3 441 = 189
c=-d=z. = mm

a=B.c =189 «0.85 = 160.65 mm
Mnmax = 0.85f:ab( d - % ) = 0.85*24*160.65*600*(441-160.65/2 ) *10%= 709.22 KN.m

® Mnmax = 0.9 * 709.22 =638.3 KN.m >446.9 kN .m

Design as singly reinforcement

M, 446.9 x 10°

Rn = =
"= 3bdZ 0.9 x 600 x 4412

= 4.26 Mpa

f 420
=2 = = 20.6
0.85f]  0.85x24

p=1(1_ 1 — 2mRn ) =L<1_\/1_w ) = 0.0115
m 420 20.6 420

As = p.b.d = 0.01095x600x441 = 3044.65 mm?

Check for Asmin :-

f [
Asmin= Y (bw)(d) = —Y2%_*00* 441 = 771.6 mm?
a(fy) 4%420

Asmin = =2 (bw)(d) = =4 *600*441=882 mm?  Controls
) 220

As,min = 882 mm2 < As = 289712 mm2

Use 12 g 18 Bottom, Asprovided = 3048 mm? > As required = 3044.65 mm? ... Ok

Two Layers (L1 :6918,.L2:6918)

Check spacing :-

_ 600-40%2—20—(6X18)
- 5

S

=784mm>25>d,=18 OK
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Check for strain:-

Asf 3048 x420
=—2 = = 104.6 mm
0.85b f/  0.85X600x24
a 104.6
c=—=——=123.04 mm
B 0.85

c 441 — 123.04
& = 0.003 (T) = 0.003 (—

17304 > = 0.0078 > 0.005

v" Shear Design for (B 029):-

1. Vu=-396 KN

Ve==\/fc'by d == =V24 % 600 * 441 x 1073 = 216.045 KN

® V= 0.75*216.045 =162.03 KN

Ok

1 1
® Vsmin > 0.75 (g) * pw *d =0 .75* (§ )*600*441*10°2 = 66.15 KN Controls

® Vsmin >0.75 (%) *bw * d=0.75%(

@
16

O Ve<Vu < Ve + @ Vsmin

162.03<396 < 228.18...... not satisfied

Cases 1 &2&3 is not suitable

Case 4 :-

vy = 2\fc'b, d=3V24+ 600 x 441 =432.09 KN

Q)(vc + Us,min) <y < Q)(vc + 1.75!)

50
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Chapter Four

0.75(216.045 + 78) < 396 < 0.75(216.045 + 432.09)

shear reinforcement are required
Use 2 leg @ 10

As =157 mm?

Ve=Vn— Ve = ﬁ—zls 045 = 311.95 kN.

Apfye d B 157 x 420 * 441

Structural Analysis and Design

S= .~ 311,95 + 1000 =101.22 mm control
Smax = Czl %— 220.5mm 0T Smax < 600 mm
Use 2 leg @ 10 @100mm

2. Vy=269 KN

\/ﬁb d== —\/_*600*441*10 3 = 216.045 KN

® Vc=0.75*216.045 =162.03 KN

1 1
® Vsmin 2 075 () *bw *d =0.75* (3 )*600*441*10 = 66.15 KN

® Vsmin >075(\/f_) *bw*d= 075*(\/_

D Ve<Vu <P Ve + d Vsmin
162.03<269 < 228.18...... not satisfied
Cases 1 &2&3 is not suitable

Case 4 :-

vy = \/fc'b, d=V24 + 600 + 441 =432.09 KN

51
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(v, + Us,min) <v < 0w+ vs’)
0.75(216.045 + 78) < 269 < 0.75(216.045 + 432.09)

shear reinforcement are required

Use 2 leg @ 10
As =157 mm?
Vs =Va— Ve = =2 — 216.045 = 142.62 kN.
5‘_A,,fytd_157*420*441_203 trol
= Ty, 14262+1000 < 0™M contro
d 441
Smax = 5= = 220.5mm OT Spax < 600 mm

Use 2 leg @ 10 @200mm
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4-6 Design of Column
s Material :-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v Load Calculation:- (From Column Group A)

Service Load :-

Dead Load = 294 KN
Live Load = 190 KN

Factored Load :-

Pu=1.2x294 + 1.6x190 = 656.8 KN

v" Dimensions of Column:-

Assumepg =0.01
$#*Pn=0.65x 0.8x Ag {0.85 fc (1- pg) + o9 * Fy}
656.8=0.65x 0.8x Ag{0.85*24(1-0.01) +0.01*420}

Ag=51774mm?2

Take rectangular section
B =500 mm

H =250 mm

v" Check Slenderness Parameter:-

m < 34—12ﬂ <40
r M2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor.

R: radius of gyration = \/'IA\: ~03h. ..o For rectangular section

Lu=3.6-0.3=33m
M1/M2 =1
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K=1 for braced frame.

e about X-axis (b= 0.25m)

Ku _g4-12ML _ 4o

r M2
_1x33 _ 38.6> 22
0.3x0.25

Column is Long About X-axis

e about Y-axis (h=0.5m)

w < 34—12ﬂ <40
r M2
1x3.3

—=219<22
0.3x0.5

Column is short About Y -axis

v" Magnification Factor:-

5. =—CM __ ~10and<1.4
Pu

"~ 0.75P,

Cm=0.6+0.4 M1 >04
M 2

Cm=0.6+04*1=1>0.4

B 7%El
T (KLu)?

54
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E.l
El =04—%
1+ B,

E, = 4700,/ fc' = 4700x~/24 = 230252Mpa
_12DL _ 1.2*(294)

=0.54<1
Ps Pu 656.8
3 3
1, = bxh _ 0.5x0.25 — 0.00065m"
12 12
£y _ 0:4x230252x0.00065 _ 4 o001 oo
1+0.54
2%389
=2 227 _353MN
@*3.3)
.. = 1 =1.33>1.0and <1.4
T 656.8 = =
0.75*3.53

v" Interaction Diagram:-

Assumepg =0.02
ey =e,;, X0, =0.024x1.33=0.032m

ey _0032 .5
h ~ 025
_ * _ * —
7 _250-2%40-2%10-25
h 250
* *
ForZ — 0.544andpg = 0.02= 2" PIX _#"PNY _ 5 53ks)
h Ag Ag
*
Pny = 2.23% 1000, 03%03 _, 15N

145 0.65
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As = pg * Ag
As =0.01*25*50=12.5cm?2

SelectlOgl4 — Asprov=15.4cm?2

v" Design of the Stirrups:-

The spacing of ties shall not exceed the smallest of:-

spacing<16xd, =16x1.4=22.4cm
spacing<48xd, =48x1.0=48cm
spacing < leastdim =30cm

Usegl0@ 20 cm

Cl )] )

Fig 4-6: Column Reinforcement.
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v Columns Groups :-

Structural Analysis and Design

Group # Floor # Columns Dimension | Reinfocement
GF 046 , 055, 065, 088 , 090
1stF 101,114, 128 146,180,182, 18§, 190
201,202,203 ,206, 207,208, 211,213,214
,217,218 219,220, 221,222 1226, 227,
228 230,232 /233 /234 235 236,237,240
Group A (0-299)kN 241 247 243 246 247 248 249 250 | 20 10014
251,252,253 ,254 256,257,258, 259, 260
,262 267,268,269 ,270,271,272 273,
276,277 ,280,281,282 283 284 285 286
2nd F , 287,288,290
Group # Floor # Columns Dimension | Reinfocement
001,003,006, 007,008,014, 028, 041, 042
,051 0589, 067,071,080,081,082, 083,
GF 084,085, 086,087,092
102,103 ,106,107 , 111,113, 117, 118, 119
,120 121 122 126 127 129,130,131,
132,133,134 135,136, 140 , 141 142 143
Group B (300-599)kN , 147,148 149 150,151,152, 153,154, 30=50 10014
156,157 , 158,159 | 160,161,162, 167,
168,169,170 171,172 173 176 177,181
, 183,184 185,186, 187,192
1stF
204 206,209,210, 212,215, 216,223,224
,225 229 238,239,244 1245 263 264,
2nd F 266,275,278, 279
Group # Floor # Columns Dimension | Reinfocement
002 ,011,013,017,018,019,020, 021, 022
,026 027,029, 30,031,032 ,033,034, 035
,036, 040,043,047 ,048, 049,050, 052 ,
053,054,056 , 057 , 058 ,060 ,061 ,062 , 068
GF 069,070,072, 073,076, 077
Group C (G00-899)kN 104 105 109 110 112 115 116 123 124 | =250 10916
J125 137 138,139 144 145 166 174,
1stF 179
289 291
2nd F
Group # Floor # Columns Dimension | Reinfocement
004,005 ,009,012,015,023, 024 037,
GF 038,039,044 045, 074,075,078, 079
Group D (900-1199)kN 15 F 164 175 178 35=50 12316
2nd F /
Group # Floor # Columns Dimension | Reinfocement
GF 010,016, 025, 063, 064 , 066
Group E (1200-1500)kN [1stF / 45%50 12016
2nd F /
Group # Floor # Columns Dimension | Reinfocement
GF 089, 091
Group F (1200-1500)kN  [1stF 189 191 55x65 20918
2nd F /

Fig 4-7: Column Groups Information.
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4-7 Design of Stair

m b
R | »
D L] o
Filght -
[~ —
0y - WTJ s
(‘Y‘; anding :;% AJ\ ff ndifg %
-1
Filght U\.I\
L= —
-1
\ o N
c,c 3,3 c,c
P 7 7 r
r 4 4 F

Fig 4-8 : Stair Plan.

s Material :-

= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
1- Design of Flight :-

v" Determination of Thickness:-

hmin = L/20
hmin = 5.5/20 = 27.5 cm

Take h=30cm
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The Stair Slope by 6 = tan™*(15 / 30) = 25.56°

v" Load Calculation:-

+4.1m
v |
Y
_ 18m
+2.3m
30cm Concrete
3cm Tiles
2cm Morter
3cm Plaster les 1.8m
& H Pl
{55 +0.5m
22m 33m 22m

Fig 4-9: Stair Section.

Dead Load For Flight For 1m Strip:-

27*0.03*1*(0.35+0.15/0.3 ) = 1.35 Kn/m

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

25*0.5*(0.15*0.3)*1/0.3 = 1.88 Kn/m

25*0.3*1/ cos 26.56° = 8.38 Kn/m

22*0.03*1 / cos 26.56° = 0.74 Kn/m

Table (4-3): Dead Load Calculation of Flight.
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Live Load For Landing For 1m Strip = 5*1 =5 Kn/m

Factored Load For Flight :-

Wy = 1.2 x13.01 + 1.6x5 = 23.61 Kn/m

v" System of Flight:-

T 17T 17T T T T T T1
Total factered Lewd =23.612 kN/m
+ v v v v v b ¥

58.96kN

38.95kN1 ) 1 3 J 3 lJ 1

/ V.4 / /
4 7 7 7

Fig 4-10 : Statically System and Loads Distribution of Flight.
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1- Design of Shear for Flight :- (Vu=38.96Kn.m)

Assume bar diameter g 14 for main reinforcement

d:h-cover—dz—”= 300—20—12—2= 274 mm

Ve =% fc'b,d == %\/24 * 1000 * 274 = 223.7Kn
® V¢= 0.75*% 223.7=167. 8 KN > Vu = 38.96 Kn ...... No shear reinforcement are required

2- Design of Bending Moment for Flight :- (Mu=76.4 Kn.m)

My, _ 764x10°

R.= =
" @baz 0.9X1000x2742

= 1.13 Mpa

f 420
=2 = = 20.6
0.85f]  0.85x24

p=1<1_ 1 — 2mRn ) =L<1_\/1_M ) = 0.00272
m 420 20.6 420

Asreq = p.b.d = 0.00272x1000x274 = 745 mm?

Asmin = 0.0018*1000*300 = 540 mm?

ASreq =745 mm? ......... is control

Check for Spacing :-

S =3h =3*300 =900 mm

S = 380%( ) — 2.5%20 = 330
S =450 mm
S=330 mm ......... is control

Use g12 @ 125 mm , Asprovided = 791 mm? > As,required = 745 mm?2... Ok
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Check for strain:-

Asf 791x420
= = =16.29 mm
0.85b f  0.85x1000x24
a 16.29
c=—=——=19.16 mm
B, 0.85

274-19.16
19.16

e, = 0.003 (=5) = 0.003 ( )=004>0005 ... 0k

3- Lateral or Secondary Reinforcement For Flight :-

As,req = As,min =0.0018*1000*300 =540 mm2

Use g12@ 200 mm , As.provided = 565 mm? > As required = 540 mm&... Ok
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2- Design of Landing :- (For First One Meter)
v" Determination of Thickness:-

Take h=30cm

v" Load Calculation:-

Dead Load For Landing For 1m Strip:-

22*0.03*1= 0.66 Kn/m

22*0.02*1= 0.44 Kn/m

25*%0.3*1 =7.5 Kn/m

22*0.03*1 = 0.66 Kn/m

Table (4-4): Dead Load Calculation of Landing.

Live Load For Landing For 1m Strip = 5*1 =5 Kn/m
WRr=Rs1/B =38.96/2.2 =17.71 Kn/m
Total Dead Load From Landing = 19.11 Kn/m, factored
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v" System of Landing:-

L L
Flight Load =17. ?L{N;"MJ \;thf Load =17.7kN/m
r v w + . 4 4 + v ¥ N
L L
Lclndlng Loud —19.1 12 kN/m

Y V WV VW ¥V WV V vV ¥V Vv ¥ N

AN AN

1,9 U,1 1,9

/ 7 /

Fig 4-11 : Statically System and Loads Distribution At First 1m of Landing.

1- Design of Shear :- (Vu=70.89 Kn)

Assume bar diameter g 14 for main reinforcement
d:h-cover—%= 300—20—12—2= 274 mm

1 7 1
Ve = g,/fc b, d== g\/24 + 1000 * 274 = 223.7 Kn

®* V= 0.75* 223.7 = 167. 8 Kn > Vu = 70.89Kn ...... No shear reinforcement are required
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2- Design of Bending Moment :- (Mu=68.27 Kn.m)

Assume bar diameter g 14 for main reinforcement
d:h-cover—dz—”= 300—20—12—2= 274 mm

My __ 6827x10°
" @bd2 ~ 0.9x1000%2742

Rn = 1.01 Mpa

420
m= 2 = = 20.6
0.85f]  0.85x24

p=1<1_ { — 2mRn ) =L<1_\/1_w ) = 0.00246
m 420 20.6 420

Asreq = p.b.d = 0.00246x1000x274 = 676.1 mm?

Asmin = 0.0018*1000*300 = 540 mm?

Asreq = 676.1 mm? ......... is control

Check for Spacing :-

S =3h =3*300 =900 mm
280

S =380%( 3 ) —2.5%20 =330
5* 420

S =450 mm

S=450 mm ......... is control

Use 820 @ 150 mm , Asprovided = 678 mm? > As required = 676.1 mm?... Ok

Check for strain:-

_ Asfy _ 678x420

= - = = 13.96 mm
0.85b f, 0.85x1000%x24

a 13.96
C=— = ——
B, 085

= 16.4mm

274-16.4
16.4

e, = 0.003 (=5) = 0.003 ( ) =0.047 > 0.005 ......0k
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Dw1ze20,L=52

{De12@20
Fiwi s

; Nl - -
. 12“1'-".'_.5_.L='|45I:L|—hnnk:l (21 2820,L=205

11 2820, L=350
12815 . _
e 12812.5,L=380

2.2m y 2.2m

1281 2.5,L=62F
160 T.B h

12812.5,l=310 k L@20,L=550
270 BB 280 T.8B

&0
=l Bp  ie12812.5,L=146{U—haok}

2820, =200

T

2812.5,l=360
Z5% B.B

Fig 4-12 : Stair Reinforcement.
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4-8 Design of Shear Wall

13,6

3,0

ot

Fig 4-13 : Shear Wall 1.

% Material and Sections:- (From Shear Wall 1)

= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness  t=25cm

= Shear Wall Width Lw=55m

=  Shear Wall Height Hw =13.6 m
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COULMNS CALCULATION

no b h bh3/12 | hb3/12 no b h bh3/12 | hb3/12
1 0.25 0.5 | 0.002604 | 0.000651 31 0.25 0.5 | 0.002604 [ 0.000651
2 0.25 0.5 | 0.002604 | 0.000651 32 0.25 0.5 | 0.002604 | 0.000651
3 0.25 0.5 | 0.002604 | 0.000651 33 0.5 0.25 | 0.000651 | 0.002604
a 0.5 0.25 | 0.000651 | 0.002604 34 0.5 0.25 | 0.000651 [ 0.002604
5 0.25 0.5 | 0.002604 | 0.000651 35 0.5 0.25 | 0.000651 [ 0.002604
6 0.25 0.5 | 0.002604 | 0.000651 36 0.5 0.25 | 0.000651 | 0.002604
7 0.25 0.5 | 0.002604 | 0.000651 37 0.5 0.25 | 0.000651 [ 0.002604
2 0.25 0.5 0.002604 | 0.000651 38 0.25 0.5 0.002604 | 0.000651
9 0.5 0.25 | 0.000651 | 0.002604 39 0.25 0.5 | 0.002604 | 0.000651
10 0.2 0.5 | 0.002083 [ 0.000333 40 0.25 0.5 | 0.002604 [ 0.000651
11 0.2 0.5 | 0.002083 [ 0.000333 a1 0.25 0.5 | 0.002604 | 0.000651
12 0.25 0.5 | 0.002604 | 0.000651 12 0.25 0.5 | 0.002604 | 0.000651
13 0.25 0.5 | 0.002604 | 0.000651 a3 0.5 0.25 | 0.000651 [ 0.002604
14 0.25 0.5 0.002604 | 0.000651 44 0.5 0.25 0.000651 | 0.002604
15 0.5 0.25 | 0.000651| 0.002604 a5 0.5 0.25 | 0.000651 | 0.002604
16 0.2 0.5 | 0.002083 [ 0.000333 a6 0.5 0.25 | 0.000651 [ 0.002604
17 0.2 0.5 | 0.002083 | 0.000333 a7 0.5 0.25 | 0.000651 | 0.002604
18 0.2 0.5 | 0.002083 [ 0.000333 a8 0.5 0.25 | 0.000651 [ 0.002604
19 0.25 0.5 | 0.002604 | 0.000651 49 0.5 0.25 | 0.000651 [ 0.002604
20 0.25 0.5 | 0.002604 | 0.000651 50 0.5 0.25 | 0.000651 | 0.002604
21 0.25 0.5 | 0.002604 | 0.000651 51 0.5 0.25 | 0.000651 [ 0.002604
22 0.25 0.5 | 0.002604 | 0.000651 52 0.5 0.25 | 0.000651 [ 0.002604
23 0.25 0.5 | 0.002604 | 0.000651 53 0.5 0.25 | 0.000651 | 0.002604
24 0.25 0.5 | 0.002604 | 0.000651 54 0.5 0.25 | 0.000651 [ 0.002604
25 0.25 0.5 | 0.002604 | 0.000651 55 0.5 0.25 | 0.000651 | 0.002604
26 0.2 0.5 | 0.002083 | 0.000333 56 0.5 0.25 | 0.000651 | 0.002604
27 0.5 0.25 | 0.000651 0.002604 57 0.5 0.25 | 0.000651 [ 0.002604
28 0.5 0.25 | 0.000651 | 0.002604 58 0.5 0.25 | 0.000651 | 0.002604
29 0.5 0.25 | 0.000651 | 0.002604 59 0.5 0.25 | 0.000651 | 0.002604
30 0.5 0.25 | 0.000651 0.002604 60 0.5 0.25 | 0.000651 [ 0.002604

no b h bh3/12 | hb3/12

61 0.5 0.25 | 0.000651 | 0.002604

62 0.5 0.25 | 0.000651 | 0.002604

63 0.5 0.25 | 0.000651 | 0.002604

64 0.5 0.25 | 0.000651 | 0.002604

65 0.5 0.25 | 0.000651 | 0.002604

66 0.5 0.25 | 0.000651 | 0.002604

67 0.5 0.25 | 0.000651 | 0.002604

68 0.5 0.25 | 0.000651 | 0.002604

69 0.5 0.25 | 0.000651 | 0.002604

70 0.5 0.25 | 0.000651 | 0.002604

71 0.5 0.25 | 0.000651 | 0.002604

72 0.5 0.25 | 0.000651 | 0.002604

73 0.5 0.25 | 0.000651 | 0.002604

74 0.5 0.25 | 0.000651 | 0.002604

75 0.5 0.25 | 0.000651 | 0.002604

76 0.5 0.25 | 0.000651 | 0.002604

77 0.5 0.25 | 0.000651 | 0.002604

78 0.5 0.25 | 0.000651 | 0.002604

79 0.5 0.25 | 0.000651 | 0.002604

80 0.25 0.5 | 0.002604 | 0.000651

81 0.25 0.5 | 0.002604 | 0.000651

82 0.5 0.25 | 0.000651 | 0.002604

83 0.5 0.25 | 0.000651 | 0.002604

84 0.5 0.25 | 0.000651 | 0.002604

85 0.5 0.25 | 0.000651 | 0.002604

86 0.5 0.25 | 0.000651 | 0.002604

87 0.5 0.25 | 0.000651 | 0.002604

88 0.25 0.5 | 0.002604 | 0.000651

89 0.25 0.5 | 0.002604 | 0.000651

90 0.25 0.5 | 0.002604 | 0.000651

91 0.5 0.25 | 0.000651 | 0.002604
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SUM Columns in X Direction SUM Columns in Y Direction

0.124479 0.166713542

COULMNS CALCULATION

B = X Direction , H =Y Direction .

SHEAR WALL CALCULATION

B H BH3/12 HB3/12

0.25 7.85 20.15569 0.020442708
5.48 0.25 0.014271 6.856941333
SUM 20.16996 6.877384042
SHEAR WALL CALCULATION

Table (4-5): Shear Wall Enough Calculation.

If bracing elements resisting lateral movement of a story
have a total stiffness of at least 12 times the gross lateral
stiffness of the columns in the direction considered, it shall
be permitted to consider columns within the story to be
braced against sidesway.

Fig 4-14: ACI 318-14M require .

| = BH3/12
. % for walls 20.16996
Check In X Direction = 573 = =162
= for Columns 0.124479
. . % for walls 6.8774
Check In Y Direction = 533 = =41.2

= for Columns 0.167

This calculation for one story, Shear wall is enough in both directions.
So the required reinforcement will be at minimum in Horizontal & Vertical directions.

v" Design of Horizontal Reinforcement:-

Minimum ratio for horizontal reinforcement = 0.0020 Table 11.6.1 ACI 318-14M

A required = p.t.b = 0.0020 x 250 x1000 = 500 mm?/m for 2 layers
500/2 = 250 mm?/m for one layer .

69



Chapter Four Structural Analysis and Design

Use $10 mm As=79 mm?

250

—=3.16 ....Use4¢10/m
79

AS provided =395 mm?2/ m > As required = 250 mm?/m....... Ok.
- Maximum spacing is the least of :

Lw _ 5500

— =1100mm

5 5
3*h = 3*250 = 750mm
450 mm ....... Control

S =1000 mm /4 Bars = 250 mm

Use ¢$10/200 mm for two layers.

v" Design of Vertical Reinforcement:-

Minimum ratio for horizontal reinforcement = 0.0012 Table 11.6.1 ACI 318-14M
As required = ptb =0.0012 x 250 x1000 = 300 mmzlm

Use $10 mm As=79 mm?

30-38 ...Use5610/m

79

AS provided =395 mm?/ m > As required = 300 mm?/m ....... Ok.
- Maximum spacing is the least of :

Lw _ 5500

— =1100mm

5 5
3*h = 3*250 = 750mm
450 mm ....... Control

S =1000 mm /5 Bars = 200 mm

Use ¢$10/200 mm for two layers.
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Vactical bars in both side

Fig 4-15 : Shear Wall Reinforcement.
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4-9 Design of Mat Foundation

Fig 4-16 : Mat Foundation.

% Material and Sections:- (From Mat)

= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

= Mat Foundation Thickness t= 60 cm.
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v Method of Design for Mat:-

we analyzed and designed the mat foundation using CSI SAFE 2016 and the result.

900
800
700
600
500
400
300
200
100

-200
-300
-400

Fig 4-17: Moment in X Direction.
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E+3

150
135
1.20
1.05
090
075
060
045,
030
0.15
0.00
0.15
-0.30
-0.45

Fig 4-18: Moment in Y Direction.

The deflection was between 1.5 to 7 mm.

.. | 150
u eaemE. -2.00
¢ .2.50
300
350
-4.00
450
500,
550
6.00
650
700
750
800

Fig 4-19: Deflection in mm.
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We did check to determine the approximately value of bearing capacity B/C by using trial and
error.

We used Terzaghi (1943) equation to calculate the Qui, and use F.S=3

Qut=CNc+YDNg+0.5y BNy
Quit= 529.8 KN/m?
Qai= 176.6 KN/m?

While the allowable B/C of the soil was 176.6 KN/m?2, ™" Reaction stresses from the soil on the
foundation was as in the picture below: Max stress is =157.85 KN/m?,

III'I'|

H

-15
-30
-45
-60
-75
-90
-105
] =120
-135
i -150
-165

Fig 4-20: Stress reaction form the soil on the man foundation KN/m?.
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v Check of Punching in Mat Foundation :-

By trial and error, the reasonable thickness of the mat was 60 cm making sure that punishing
shear over Vu not exceed 1.0 the it dose reach 0.9128 for maximum result so there is no
need for drop panel or drop caps.

.'_
0457 _+_n.?u54 _+_n.m1_2+_n.1a?3 0.7026
.|_
=t
0.4283
- _
i -+
| b.5434 0.5387 | 04274 0.4272 0.530 04404
Qo |ty pigom || it
.'_
J 02830 01
.'_
0,2832 0,27k
- -
.'_
_|_
| 0.1 L 07128 L 04788 L 07108 L 02777
T T T [ 1 :I:i _
LV BT T BT T BT

Fig 4-21: Punching Shear Result.

v Reinforcement in Mat Foundation :-

The main reinforcement was at the minimum according to ACI code Section 7.12.2 is
represented by ®16@20cm both direction top and bottom with some additional ®16@20cm
in top reinforcement as shown in the drawings.
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20¢16@ 20cm T.8
O O o O
o
—
E
17
o =
(=
E -l
=
= $16@20cm T.B
n both direction
O O O O O O
=T [
! il
! 1
[ !
5 7
| =] =0
— 111
E 1-'-
7] =
= |-
=
=
= O 0 O =]

Fig 4-22: Top Reinforcement for Mat.

O ] O = O
$16@ 20cm B.B
In both direction
O AT
i ki
! )
! ]
b !
O | | O O |
] O
= O
= O 0 O =]

Fig 4-23: Bottom Reinforcement for Mat.
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qan| KPS | RS
LAS@L...C\S\ oS8 30 cm a\u‘;a ‘;_“d\ Lal 30 ga gall Cladell raldatl) fp CaDAA) Lﬁ‘ Sllia uSg(d
RUPRENpgar
Slabs Comparison
Slab # Reinforcement 2D Reinforcement 30
Max + f [mm®/m] Max - f [mim?fm] Max + f [mm?*/m] Max - f [mm?/m]

X Direction | Y Direction| X Direction | ¥ Direction || X Direction | ¥ Direction | X Direction | Y Direction
5001 540,00 770,00 540,00 1078.00 540,00 770,00 540,00 1078.00
5002 540,00 770,00 540,00 1078.00 540,00 770,00 540,00 1078.00
S003 540.00 770.00 540.00 1078.00 540.00 770.00 540,00 1078.00
S004 770.00 540.00 1078.00 540.00 770,00 540,00 1078.00 540.00
2005 770.00 540.00 1078.00 540.00 770,00 540,00 1078.00 540.00
S006 540.00 770,00 540.00 1078.00 540,00 770.00 540.00 1078.00
S007 540.00 770,00 540.00 1078.00 540,00 770.00 540.00 1078.00
S008 540.00 770,00 540.00 1078.00 540.00 770.00 540.00 1078.00
5009 770.00 540.00 1078.00 540.00 770,00 540.00 1078.00 540.00
5010 770.00 540.00 1540.00 540.00 770,00 540.00 1540.00 540.00
5101 540.00 770,00 540.00 1078.00 540,00 770,00 540.00 1078.00
5102 540.00 770,00 540.00 1078.00 540,00 770,00 540.00 1078.00
5103 540,00 770,00 540,00 1078.00 540,00 770,00 540,00 1078.00
5104 770,00 540,00 1078.00 540,00 770,00 540,00 1078.00 540.00
5105 770.00 540.00 1078.00 540.00 770.00 540.00 1078.00 540.00
5106 540.00 770,00 540.00 1078.00 540.00 770.00 540.00 1078.00
5107 540.00 770,00 540.00 1078.00 540.00 770.00 540.00 1078.00
5108 540.00 770,00 540.00 1078.00 540,00 770.00 540.00 1078.00
5109 770.00 540.00 1078.00 540.00 770.00 540.00 1078.00 540.00
5110 770.00 540.00 1540.00 540.00 770.00 540.00 1540.00 540.00
5111 1078.00 540.00 1540.00 540.00 1078.00 540.00 1540.00 540.00
5201 540.00 770,00 540.00 1078.00 540.00 770.00 540.00 1078.00
5202 540.00 770,00 540.00 1078.00 540.00 770.00 540.00 1078.00
5203 540.00 770,00 540.00 1078.00 540.00 770.00 540.00 1078.00
5204 770.00 540.00 1078.00 540.00 770,00 540,00 1078.00 540.00
5205 770.00 540.00 1078.00 540.00 770.00 540.00 1078.00 540.00
5206 540.00 770.00 540.00 1078.00 540.00 770.00 540,00 1078.00
S207 540.00 770,00 540.00 1078.00 540.00 770.00 540.00 1078.00
5208 540.00 770,00 540.00 1078.00 540.00 770.00 540.00 1078.00

5200 770.00 | 540.00 | 1078.00 | 540.00 770.00 540.00 | 1078.00 | 540.00
5210 770.00 | 540.00 | 1540.00 | 540.00 770.00 50.00 | 1540.00 | 540.00
$211 | 1078.00 | 540.00 | 1540.00 | 540.00 1078.00 | 54000 | 1540.00 | 540.00

'E' 540 mm3/m 12/200

g 770 mm?fm ©14/200

g 1078 | mmim (©14/150

= 1540 mmfm ©14/100

Table {5-1): 5labs Comparison 2D & 3D,
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Beam Reinforcement Area 2D & 3D (mm?2)

Type Beam # Span1l |Support2| Span2 (Support3 Span 3 |Support4| Span4 [Support5 Span5
Max +ve | Max -ve | Max +ve | Max -ve |Max +ve| Max -ve | Max +ve | Max -ve | Max +ve
2D B001 1078 3048 2032
3D B001 1540 3302 1792
2D B002 4318
3D B002 2286
2D B003 924 924 924 924 924
3D B003 616 1232 924 1232 924
2D (B004+B006| 3048 3556 1608 3556 1809
3D (B004+B006| 2794 3302 1608 3302 1608
2D B005 565 565 565
3D B005 452 565 452
2D B007 1005 1005 1005
3D B007 1005 1206 1005
2D B008 1407 1206 804 804 452 804 452
3D B008 1407 1005 603 1005 804 1005 804
2D B009 2794
3D B009 2032
2D B010 2412
3D B010 1407
2D B011 804 1206 1407
3D B011 804 804 804
2D B012 1005 804 804 804 603
3D B012 1005 804 804 804 603
2D B013 3048
3D B013 1778
2D B014 565 565 565 565 452 565 452 565
3D B014 452 565 452 904 339 904 339 904
Span5 |Support6| Span 6 [Support 7| Span 7 |Support 8 Span 8 [Support9 Span9
Max +ve | Max -ve | Max +ve | Max -ve |Max +ve| Max -ve | Max +ve | Max -ve | Max +ve
2D B014 678 616 678 1608 678 1608 2412 2794 2412
3D B014 678 770 678 804 678 804 804 762 804
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Spanl |Support2| Span2 [Support3 Span 3 |Support4| Span4 [Support5 Span5
Max +ve | Max -ve | Max +ve | Max -ve [Max +ve| Max -ve | Max +ve | Max -ve | Max +ve

Type Beam #

2D B015 1016

3D B015 1016

2D B018 1016 1016 1016 1016 1016 1016 1016 1016 1016
3D B018 616 616 616 616 616 616 616 616 616
2D B019 339 462 339 462 565

3D B019 226 462 226 462 339

2D B020 565 616 452 565 452 616 565

3D B020 452 616 452 678 452 616 452

2D B021 1016 1016 1016 1016 1016 1016 1016

3D B021 616 616 616 616 616 616 616

2D B022 565

3D B022 339

2D B023 565

3D B023 339

2D B024 924

3D B024 616

2D B025 616 616 616

3D B025 462 462 462

2D B026 1005

3D B026 603

2D |B027+B028| 3810
3D (B027+B028| 3048

2D B029 4064 3048 1778

3D B029 1778 1778 1016

2D B030 616 616 616 616 616

3D B030 616 616 616 616 616

2D B031 616 616 616

3D B031 462 616 308

2D B032 1407 1608 1407 1608 1005 1206 1005 1206

3D B032 603 603 603 603 603 603 603 603

2D Span5 |Support6| Span6 [Support7| Span 7 |Support8| Span8 [Support9 Span9
3D Max +ve | Max -ve | Max +ve | Max -ve [Max +ve| Max -ve | Max +ve | Max -ve | Max +ve
2D B032 1005 1206 1005

3D B032 603 603 603

2D (B033+B034| 4572 4318 1005 1005 1005 1005 1005 1005 1005
3D ([B033+B034| 3048 1778 804 804 804 804 804 804 804
2D B035 3556 4020 1005 1005 804 1005 804 1005 804
3D B035 1778 1608 603 804 603 804 603 804 603
2D B036 770 770 770 770 616 770 616 924 924
3D B036 616 616 616 616 462 616 462 616 616
2D B037 1206 1524 804 1005 804 1005 804 1524 1206
3D B037 1206 1524 804 1005 804 1005 804 1524 1206
2D B038 770 1206 1005 1206 1005 1206 1407 1524 1407
3D B038 770 1206 1005 1206 1005 1206 1407 1524 1407

2D (B040+B041| 8478
3D (B040+B041| 2826

Table (5-2): Beam Reinforcement Area 2D & 3D (mm2).
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Axial Load Comparison (Corner Columns)
2D 3D

Columns SW SD Total Dead Live SW SD Total Dead Live

Type kN kN kN kN kN kN kN kN
Corner | C001 -158.9 -234.4 -393.3 -56.7 -173.6 -232.6 -406.2 -57.1
Corner | C101 -101.2 -148.9 -250.1 -36.6 -107.8 -147.0 -254.8 -39.5
Corner | C201 -49.3 -72.5 -121.8 -17.6 -53.8 -73.1 -126.9 -18.4
Corner | C003 -204.8 -309.1 -513.9 -75.8 -202.7 -291.9 -494.6 -72.9
Corner | C103 -131.6 -198.7 -330.3 -48.7 -123.8 -195.9 -319.7 -50.5
Corner | C203 -61.1 -93.2 -154.3 -23.1 -57.3 -96.3 -153.6 -24.1
Corner | C005 -763.9 -401.6 -1165.6 -333.3 -718.4 -407.8 -1126.2 -307.1
Corner | C105 -507.8 -270.1 -777.9 -221.4 -487.9 -267.9 -755.8 -206.8
Corner | C205 -252.5 -137.0 -389.5 -109.9 -250.5 -135.6 -386.1 -105.8
Corner | C008 -125.2 -221.8 -347.0 -36.3 -152.2 -229.3 -381.5 -47.8
Corner | C108 -81.2 -141.9 -223.1 -24.3 -95.5 -147.1 -242.6 -29.0
Corner | C208 -37.5 -66.3 -103.8 -11.7 -43.6 -69.7 -113.3 -13.7
Corner | C012 -586.1 -361.8 -947.9 -264.5 -624.7 -385.6 -1010.3 -262.4
Corner | C112 -389.1 -240.8 -629.9 -175.4 -418.9 -255.7 -674.6 -176.2
Corner | C212 -196.3 -123.7 -319.9 -88.7 -214.7 -130.0 -344.7 -90.5
Corner | C014 -127.8 -210.6 -338.4 -43.9 -147.0 -216.7 -363.7 -51.5
Corner | C114 -79.3 -135.4 -214.8 -27.3 -92.5 -139.3 -231.8 -32.4
Corner | C214 -39.8 -69.4 -109.2 -13.7 -46.6 -71.0 -117.6 -16.4
Corner | C019 -323.5 -307.0 -630.5 -168.2 -400.5 -316.9 -717.4 -183.2
Corner | C119 -216.5 -206.2 -422.7 -113.5 -267.5 -210.1 -477.6 -122.4
Corner | C219 -104.7 -100.0 -204.8 -55.3 -134.5 -106.4 -240.9 -61.6
Corner | C027 -266.6 -329.5 -596.1 -100.7 -265.0 -310.8 -575.8 -100.2
Corner | C127 -178.3 -222.4 -400.7 -68.3 -175.8 -208.0 -383.8 -67.3
Corner | C227 -90.6 -113.7 -204.3 -35.2 -89.1 -106.0 -195.2 -34.7
Corner | C028 -141.0 -148.3 -289.2 -56.7 -102.0 -140.0 -242.0 -35.2
Corner | C128 -91.4 -97.8 -189.2 -36.8 -64.0 -90.0 -154.0 -22.3

Corner | C228 -45.8 -49.3 -95.1 -18.4 -32.0 -44.0 -76.0 -9.5
Corner | C037 -432.7 -343.5 -776.2 -230.5 -535.6 -375.9 -911.5 -255.1
Corner | C137 -288.3 -229.3 -517.7 -154.4 -357.5 -248.4 -605.9 -170.2
Corner | C237 -142.1 -114.6 -256.7 -77.2 -179.8 -124.2 -304.0 -85.8
Corner | C043 -201.3 -283.6 -484.9 -114.2 -266.8 -279.0 -545.8 -107.7
Corner | C143 -132.0 -187.2 -319.2 -75.2 -180.1 -183.0 -363.1 -73.3
Corner | C243 -63.7 -91.7 -155.3 -35.9 -87.8 -91.8 -179.6 -35.2
Corner | C045 -510.1 -279.5 -789.6 -247.2 -580.0 -292.5 -872.5 -214.4
Corner | C145 -337.9 -185.7 -523.6 -164.0 -379.3 -192.9 -572.2 -138.2
Corner | C245 -167.7 -93.0 -260.7 -81.9 -188.2 -99.2 -287.4 -75.1
Corner | C046 -114.0 -100.1 -214.1 -41.2 -114.0 -126.6 -240.6 -34.0
Corner | C146 -87.0 -67.4 -154.4 -26.6 -87.0 -86.8 -173.8 -28.0

Corner | C246 -32.0 -33.8 -65.8 -13.1 -32.0 -44.0 -76.0 -8.0
Corner | C080 -78.7 -174.2 -252.8 -43.8 -116.5 -181.9 -298.4 -33.6

83



il gill g il el Juadl)

Corner | C180 -51.7 -116.5 -168.2 -29.6 -78.0 -121.6 -199.7 -23.4
Corner | C280 -26.0 -58.4 -84.4 -14.9 -40.5 -61.2 -101.7 -12.6
Corner | C083 | -181.6 -226.4 -408.0 -75.2 -166.7 -226.5 -393.2 -63.5
Corner | C183 | -120.2 -151.2 -271.4 -49.9 -108.7 -149.8 -258.5 -41.3
Corner | C283 -59.0 -75.6 -134.6 -24.9 -53.5 -75.0 -128.4 -20.7
Corner | C088 -89.3 -142.9 -232.2 -35.8 -95.0 -160.8 -255.8 -24.0
Corner | C188 -79.0 -142.9 -221.9 -35.8 -85.0 -160.8 -245.8 -24.0
Corner | C288 -39.8 -71.5 -111.4 -18.1 -40.0 -80.5 -120.5 -27.9
Corner | C092 -90.2 -136.7 -226.9 -33.8 -100.0 -152.0 -252.0 -18.0
Corner | C192 -77.8 -136.7 -214.6 -33.8 -87.0 -152.0 -239.0 -18.0
Corner | C292 -39.3 -68.6 -107.8 -17.1 -41.0 -75.0 -116.0 -8.0
-8793.3 -8522.6 -17315.9 | -3935.8 | -9541.8 -8766.2 -18308.1 | -3778.5
Total Corner -21251.7 -22086.5
Axial Load Comparison (Edge Columns)
2D 3D
Unique Name SW SD Total Dead Live SW SD Total Dead Live
Type kN kN kN kN kN kN kN kN
Edge C002 | -401.4 -485.1 -886.5 -189.7 -504.1 -444.2 -948.3 -216.9
Edge C102 | -273.8 -334.1 -607.9 -130.7 -337.2 -333.5 -670.7 -145.1
Edge C202 | -140.5 -172.8 -313.4 -67.6 -173.5 -168.8 -342.3 -74.7
Edge C004 | -590.4 -340.7 -931.1 -236.8 -556.4 -361.7 -918.1 -218.9
Edge Cc104 | -390.3 -229.0 -619.3 -155.9 -367.9 -239.9 -607.8 -144.6
Edge C204 | -194.2 -114.6 -308.8 -78.0 -180.8 -119.3 -300.1 -70.8
Edge C006 | -149.2 -290.6 -439.8 -63.2 -197.7 -277.3 -475.0 -78.4
Edge C106 | -101.3 -193.0 -294.3 -43.1 -131.8 -184.5 -316.3 -52.4
Edge C206 -49.9 -94.9 -144.8 -21.5 -65.4 -92.2 -157.6 -27.1
Edge C007 | -226.9 -324.0 -550.9 -99.5 -335.0 -324.1 -659.1 -137.0
Edge C107 | -153.3 -219.9 -373.3 -67.7 -224.0 -215.8 -439.8 -92.0
Edge C207 -78.9 -114.0 -192.9 -35.4 -112.0 -109.2 -221.2 -46.0
Edge C009 | -569.9 -307.1 -876.9 -256.9 -579.2 -309.4 -888.6 -244.7
Edge C109 | -381.3 -204.0 -585.3 -172.5 -386.9 -206.9 -593.8 -162.7
Edge C209 | -190.1 -101.7 -291.8 -86.3 -195.6 -103.1 -298.7 -80.5
Edge Co13 | -421.1 -388.7 -809.8 -186.5 -379.8 -366.8 -746.6 -160.3
Edge C113 | -279.5 -262.1 -541.6 -124.2 -255.1 -245.4 -500.5 -107.5
Edge C213 -132.7 -129.7 -262.4 -58.7 -123.9 -121.4 -245.3 -51.7
Edge C015 | -569.1 -333.4 -902.5 -247.8 -466.0 -289.0 -755.0 -177.9
Edge C115 | -378.0 -224.6 -602.5 -164.8 -308.0 -190.0 -498.0 -117.8
Edge C215 | -189.2 -114.0 -303.2 -83.0 -155.0 -97.0 -252.0 -59.5
Edge C020 | -268.1 -347.4 -615.5 -135.6 -374.6 -350.1 -724.7 -171.7
Edge C120 | -183.7 -235.8 -419.6 -94.2 -243.7 -232.2 -475.9 -112.3
Edge C220 -96.5 -124.1 -220.6 -50.2 -118.6 -117.6 -236.2 -54.7
Edge C033 | -382.5 -383.3 -765.8 -154.6 -378.6 -369.1 -747.7 -160.6
Edge C133 | -252.7 -255.2 -507.8 -102.8 -249.4 -245.2 -494.6 -106.5
Edge C233 | -126.1 -127.7 -253.8 -51.8 -124.5 -123.2 -247.7 -53.6
Edge C034 | -398.5 -377.1 -775.6 -209.7 -390.0 -341.0 -731.0 -184.0
Edge C134 | -263.5 -251.1 -514.6 -139.6 -260.0 -227.0 -487.0 -123.0
Edge C234 | -130.7 -125.5 -256.2 -69.8 -130.0 -114.0 -244.0 -61.0
Edge Cc038 | -132.2 -493.7 -625.9 -242.9 -466.0 -362.0 -828.0 -194.2
Edge C138 -88.1 -329.1 -417.2 -161.9 -331.8 -241.0 -572.8 -130.3
Edge Cc238 -44.1 -164.6 -208.7 -80.9 -151.0 -120.0 -271.0 -62.3
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Edge C039 | -454.7 -347.1 -801.8 -208.8 -562.2 -385.9 -948.1 -247.3
Edge C139 | -310.1 -233.7 -543.8 -143.6 -373.2 -256.6 -629.8 -164.1
Edge C239 | -154.8 -117.1 -271.9 -72.2 -184.0 -127.6 -311.6 -80.7
Edge C040 | -490.0 -380.7 -870.7 -228.7 -442.4 -359.4 -801.8 -190.7
Edge C140 | -321.1 -252.2 -573.3 -151.0 -295.5 -234.5 -530.0 -127.4
Edge C240 | -159.1 -125.6 -284.6 -74.7 -144.6 -119.0 -263.6 -61.9
Edge C041 | -266.3 -308.6 -575.0 -110.8 -300.1 -308.3 -608.4 -127.3
Edge C141 | -174.9 -205.0 -379.9 -72.6 -195.2 -205.3 -400.5 -82.4
Edge C241 -82.4 -102.2 -184.6 -34.0 -87.6 -101.7 -189.3 -36.1
Edge C042 | -273.9 -336.7 -610.5 -122.9 -234.5 -301.9 -536.4 -98.7
Edge C142 | -182.6 -225.4 -408.0 -82.4 -152.9 -202.7 -355.6 -66.1
Edge C242 -91.9 -114.4 -206.3 -42.1 -73.3 -103.0 -176.3 -33.4
Edge C047 | -386.1 -363.8 -749.9 -202.4 -385.2 -356.8 -742.0 -193.4
Edge C147 | -255.9 -242.9 -498.8 -135.2 -257.2 -237.6 -494.8 -129.2
Edge C247 | -127.1 -121.5 -248.6 -67.6 -127.7 -118.6 -246.3 -63.9
Edge C050 | -396.7 -405.7 -802.4 -205.7 -384.7 -391.3 -776.0 -193.6
Edge C150 | -259.1 -266.8 -525.9 -135.1 -250.6 -257.9 -508.4 -126.8
Edge C250 | -128.6 -133.3 -261.9 -67.5 -124.3 -128.8 -253.1 -63.4
Edge C051 | -106.5 -286.0 -392.5 -91.0 -147.0 -264.3 -411.3 -58.7
Edge C151 -72.4 -193.1 -265.5 -61.0 -101.5 -176.7 -278.2 -42.3
Edge C251 -38.1 -100.3 -138.4 -30.0 -51.3 -89.0 -140.3 -18.9
Edge C053 | -420.1 -406.5 -826.6 -218.4 -384.0 -353.0 -737.0 -197.3
Edge C153 | -278.2 -270.8 -549.0 -145.5 -255.6 -234.7 -490.4 -132.5
Edge C253 | -138.2 -135.3 -273.5 -72.7 -127.2 -117.0 -244.2 -66.5
Edge C054 | -389.7 -364.8 -754.4 -202.9 -316.0 -334.6 -650.7 -150.4
Edge C154 | -255.5 -242.4 -497.9 -134.8 -227.3 -232.6 -459.9 -113.5
Edge C254 | -126.8 -121.2 -248.0 -67.4 -112.8 -116.3 -229.1 -56.8
Edge C058 | -248.2 -225.8 -474.0 -123.5 -271.4 -260.5 -531.9 -131.2
Edge C158 | -175.5 -163.5 -339.0 -89.2 -191.9 -185.2 -377.0 -94.1
Edge C258 -87.0 -81.9 -168.9 -44.7 -95.1 -92.9 -188.0 -47.1
Edge C059 | -107.6 -262.4 -370.0 -101.6 -175.5 -251.6 -427.1 -57.7
Edge C159 -70.5 -174.3 -244.8 -67.3 -121.4 -167.1 -288.5 -41.4
Edge C259 -33.6 -86.1 -119.7 -33.0 -57.0 -82.9 -139.9 -18.3
Edge C061 | -365.1 -350.9 -716.0 -187.4 -389.2 -358.1 -747.2 -199.2
Edge Cl61 | -241.6 -234.0 -475.6 -125.0 -259.1 -238.9 -498.0 -133.8
Edge C261 | -119.9 -117.1 -236.9 -62.5 -129.2 -119.5 -248.7 -67.2
Edge C062 | -382.7 -361.4 -744.1 -200.8 -394.6 -360.7 -755.3 -199.0
Edge C162 | -255.4 -243.5 -498.9 -135.2 -264.1 -240.5 -504.6 -133.3
Edge C262 | -126.8 -121.8 -248.6 -67.6 -130.9 -119.9 -250.8 -65.9
Edge C066 | -673.4 -666.8 -1340.3 -357.0 -658.2 -568.2 -1226.4 -305.8
Edge C166 | -419.0 -419.7 -838.8 -224.8 -431.2 -372.3 -803.5 -200.1
Edge C266 | -208.6 -209.8 -418.3 -112.3 -217.9 -189.4 -407.3 -100.9
Edge C067 | -105.3 -260.3 -365.6 -99.7 -136.8 -254.6 -391.4 -58.6
Edge C167 -69.7 -173.8 -243.6 -66.6 -93.4 -169.4 -262.9 -42.0
Edge C267 -34.2 -87.2 -121.4 -33.5 -46.5 -84.5 -131.0 -18.5
Edge C069 | -369.1 -353.6 -722.7 -189.7 -377.6 -348.6 -726.3 -192.7
Edge C169 | -244.4 -235.9 -480.3 -126.5 -250.5 -231.8 -482.3 -129.0
Edge C269 | -121.3 -118.0 -239.3 -63.3 -124.7 -115.8 -240.5 -64.7
Edge C070 | -413.3 -388.2 -801.4 -216.6 -453.2 -381.7 -834.9 -232.6
Edge C170 | -265.9 -249.4 -515.2 -139.4 -298.4 -251.5 -549.9 -153.1
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Edge C270 -132.0 -124.6 -256.6 -69.7 -148.7 -125.8 -274.5 -76.2
Edge C071 -117.9 -302.7 -420.5 -116.0 -159.5 -283.2 -442.7 -62.7
Edge Ci171 -77.9 -201.6 -279.5 -77.3 -110.2 -188.6 -298.8 -44.6
Edge C271 -38.0 -100.7 -138.7 -38.6 -56.4 -94.5 -150.9 -20.5
Edge C073 -421.7 -410.0 -831.6 -219.2 -435.2 -398.8 -834.0 -226.1
Edge C173 -279.1 -273.1 -552.2 -146.0 -292.9 -268.0 -560.9 -153.5
Edge C273 -138.5 -136.5 -275.0 -73.0 -146.3 -134.0 -280.4 -77.2
Edge C074 -288.8 -264.6 -553.4 -141.6 -287.6 -320.1 -607.7 -116.6
Edge C174 -220.1 -216.3 -436.3 -114.6 -214.4 -273.4 -487.8 -89.0
Edge C274 -109.5 -108.2 -217.7 -57.4 -104.7 -136.5 -241.2 -43.1
Edge C079 -505.0 -502.4 -1007.4 -266.0 -529.7 -487.2 -1016.9 -264.1
Edge C179 -391.8 -404.3 -796.1 -213.2 -422.9 -403.6 -826.5 -216.4
Edge C279 -195.0 -201.9 -397.0 -106.6 -210.3 -201.4 -411.6 -108.0
Edge Cco81 | -373.8 -301.8 -675.6 -183.3 -323.3 -298.3 -621.7 -146.3
Edge C181 -240.4 -197.8 -438.2 -117.5 -205.3 -195.0 -400.4 -92.0
Edge Cc281 -113.3 -95.5 -208.9 -54.9 -92.1 -93.6 -185.7 -40.5
Edge C082 -91.1 -237.0 -328.0 -6.8 -121.5 -242.4 -363.9 -60.6
Edge C182 -60.9 -158.0 -218.9 -5.3 -81.0 -162.0 -243.0 -41.3
Edge C282 -30.9 -79.0 -109.9 -2.9 -40.5 -82.2 -122.7 -21.8
Edge C084 -131.2 -169.5 -300.7 -80.7 -93.4 -154.6 -248.0 -106.9
Edge C184 | -118.9 -169.5 -288.3 -80.7 -81.0 -154.6 -235.6 -106.9
Edge C284 -58.6 -84.8 -143.4 -40.4 -40.3 -77.6 -117.9 -53.4
Edge €085 -71.5 -263.7 -335.2 -64.8 -253.5 -179.2 -432.7 -94.5
Edge C185 -61.2 -263.7 -324.9 -64.8 -241.1 -179.2 -420.3 -94.5
Edge C285 -30.4 -130.9 -161.3 -32.2 -115.1 -84.7 -199.8 -44.4
Edge C086 -160.2 -206.0 -366.2 -99.3 -159.9 -204.9 -364.8 -102.6
Edge C186 -147.9 -206.0 -353.8 -99.3 -147.5 -204.9 -352.4 -102.6
Edge C286 -72.9 -102.9 -175.8 -49.6 -72.3 -102.2 -174.5 -51.1
Edge Cco87 -171.3 -221.3 -392.6 -106.8 -160.7 -217.5 -378.2 -107.9
Edge C187 -158.9 -221.3 -380.2 -106.8 -148.3 -217.5 -365.8 -107.9
Edge C287 -78.2 -110.3 -188.5 -53.2 -72.6 -109.8 -182.4 -54.9
Edge C089 | -892.0 -418.9 -1310.9 -418.8 -810.6 -385.7 -1196.3 -355.7
Edge C189 -862.5 -418.9 -1281.4 -418.8 -781.1 -385.7 -1166.8 -355.7
Edge C289 -423.9 -209.2 -633.1 -208.9 -389.4 -193.1 -582.5 -177.2
Edge C090 -73.6 -154.7 -228.2 -6.3 -95.7 -168.1 -263.8 -18.2
Edge C190 -63.3 -154.7 -217.9 -6.3 -86.0 -168.0 -254.0 -18.2
Edge C290 -32.9 -77.7 -110.6 -3.8 -44.5 -84.2 -128.7 -10.1
Edge C091 -886.5 -413.5 -1300.0 -417.0 -790.8 -373.5 -1164.3 -344.4
Edge C191 -857.0 -413.5 -1270.5 -417.0 -761.4 -373.5 -1134.9 -344.4
Edge C291 -421.1 -206.5 -627.6 -208.0 -379.5 -186.8 -566.3 -171.5
-29306.1 | -29114.2 | -58420.4 | -15105.5 | -30826.7 | -27796.6 -58623.3 | -14213.8
-73525.9 -72837.1
Axial Load Comparison (Middle Columns)
2D 3D
Unique Name SW SD Total Dead Live SW SD Total Dead Live
Type kN kN kN kN kN kN kN kN
Middle | C010 | -1086.3 -262.4 -1348.7 -449.0 -963.6 -243.2 -1206.8 -412.4
Middle | C110 -717.1 -172.7 -889.9 -298.0 -701.8 -173.2 -875.0 -303.7
Middle | C210 -354.6 -85.2 -439.8 -149.0 -346.6 -83.6 -430.2 -150.3
Middle | €011 -651.5 -142.9 -794.5 -322.4 -625.8 -173.7 -799.5 -268.8
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Middle | C111 | -437.3 -98.3 -535.6 -217.0 -415.4 -118.2 -533.6 -178.2
Middle | C211 | -220.6 -50.3 -270.9 -109.9 -200.5 -56.9 -257.4 -89.8
Middle | CO16 | -1152.4 -279.7 -1432.1 -564.0 -879.7 -181.4 -1061.1 -374.5
Middle | C116 | -757.1 -184.6 -941.7 -371.6 -574.5 -117.4 -691.9 -246.0
Middle | C216 | -372.2 -91.0 -463.2 -182.9 -290.5 -59.7 -350.2 -125.2
Middle | C017 | -702.4 -165.2 -867.6 -340.9 -650.3 -139.1 -789.4 -280.4
Middle | C117 | -477.8 -112.6 -590.4 -232.8 -435.1 -93.7 -528.8 -187.9
Middle | C217 | -246.5 -58.3 -304.8 -120.6 -209.4 -44.3 -253.7 -89.9
Middle | CO18 | -585.7 -135.6 -721.2 -286.4 -621.6 -150.9 -772.6 -279.5
Middle | C118 | -395.8 -95.3 -491.1 -195.1 -438.1 -111.8 -549.8 -199.7
Middle | C218 | -193.6 -46.6 -240.2 -96.0 -220.9 -56.2 -277.2 -101.7
Middle | C021 | -525.8 -132.0 -657.8 -264.0 -538.6 -129.9 -668.5 -249.8
Middle | C121 | -347.0 -87.2 -434.3 -175.0 -320.0 -71.4 -391.4 -149.8
Middle | C221 | -173.9 -43.9 -217.8 -88.2 -163.3 -36.9 -200.2 -72.3
Middle | C022 | -429.7 -100.2 -529.9 -200.5 -513.9 -121.5 -635.4 -231.4
Middle | C122 | -288.1 -68.0 -356.1 -135.7 -324.5 -73.3 -397.8 -142.2
Middle | C222 | -141.9 -33.9 -175.8 -67.5 -158.9 -35.8 -194.7 -69.6
Middle | C023 | -790.0 -199.1 -989.0 -384.7 -877.9 -212.3 -1090.2 -404.3
Middle | C123 | -517.9 -131.1 -649.1 -252.0 -557.7 -134.4 -692.1 -255.3
Middle | C223 | -257.4 -65.4 -322.8 -125.6 -278.6 -67.4 -346.0 -128.0
Middle | C024 | -659.1 -161.7 -820.8 -340.1 -908.3 -235.1 -1143.4 -439.5
Middle | C124 | -424.8 -104.0 -528.8 -218.3 -577.6 -148.6 -726.1 -278.1
Middle | C224 | -208.9 -50.7 -259.6 -107.5 -285.2 -73.4 -358.6 -137.5
Middle | C025 | -988.4 -211.9 -1200.3 -506.0 -805.3 -213.9 -1019.2 -469.2
Middle | C125 | -624.3 -141.1 -765.4 -357.0 -526.8 -140.3 -667.1 -312.8
Middle | C225 | -261.9 -70.5 -332.4 -179.0 -263.1 -69.7 -332.8 -156.4
Middle | C026 | -712.6 -186.5 -899.0 -379.0 -623.6 -176.5 -800.1 -309.7
Middle | C126 | -469.8 -122.1 -591.8 -250.8 -417.4 -117.5 -535.0 -208.7
Middle | C226 | -230.5 -58.2 -288.7 -123.6 -212.9 -57.1 -270.0 -107.2
Middle | C029 | -624.8 -158.8 -783.6 -298.0 -524.7 -130.6 -655.3 -253.9
Middle | C129 | -412.4 -105.2 -517.5 -199.8 -346.9 -86.1 -433.0 -168.0
Middle | C229 | -205.8 -52.6 -258.4 -101.2 -172.2 -42.6 -214.8 -83.5
Middle | C030 | -527.6 -123.8 -651.5 -280.2 -667.4 -183.3 -850.7 -327.4
Middle | C130 | -350.4 -82.7 -433.0 -186.6 -443.2 -123.9 -567.1 -217.1
Middle | C230 | -175.6 -41.6 -217.2 -93.6 -226.2 -61.1 -287.3 -111.0
Middle | C031 | -434.0 -113.9 -547.9 -226.4 -622.5 -187.3 -809.8 -309.6
Middle | C131 | -290.1 -77.8 -367.9 -152.6 -412.8 -126.0 -538.8 -205.3
Middle | C231 | -146.4 -39.3 -185.7 -77.7 -212.4 -64.3 -276.7 -105.8
Middle | C032 | -474.9 -126.6 -601.5 -251.4 -610.8 -192.4 -803.2 -313.6
Middle | C132 | -316.6 -84.5 -401.1 -168.6 -404.1 -125.8 -529.9 -205.5
Middle | C232 | -162.1 -43.4 -205.5 -86.9 -209.8 -62.5 -272.3 -104.9
Middle | C035 | -634.9 -179.4 -814.3 -423.4 -598.5 -171.9 -770.4 -316.5
Middle | C135 | -423.4 -120.0 -543.4 -283.1 -394.3 -113.2 -507.5 -208.3
Middle | C235 | -211.0 -60.1 -271.1 -141.6 -198.7 -56.9 -255.6 -104.9
Middle | C036 | -634.9 -179.4 -814.3 -423.4 -564.4 -153.6 -718.0 -290.3
Middle | C136 | -423.4 -120.0 -543.4 -283.1 -377.1 -103.2 -480.3 -193.9
Middle | C236 | -211.0 -60.1 -271.1 -141.6 -188.6 -51.2 -239.8 -96.9
Middle | C044 | -621.8 -159.9 -781.7 -324.9 -587.2 -168.2 -755.4 -300.5
Middle | C144 | -412.9 -106.0 -518.8 -216.2 -388.9 -113.1 -501.9 -199.2
Middle | C244 | -203.8 -50.9 -254.7 -107.2 -192.7 -55.2 -247.9 -99.2
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Middle | C048 -651.5 -186.0 -837.5 -441.1 -669.8 -198.1 -867.9 -359.3
Middle | C148 | -426.1 -122.5 -548.5 -290.4 -444.8 -131.8 -576.6 -238.6
Middle | C248 -211.2 -60.9 -272.1 -144.4 -225.9 -66.9 -292.8 -121.4
Middle | C049 | -651.5 -186.0 -837.5 -441.1 -614.5 -176.3 -790.8 -322.4
Middle | C149 | -426.1 -122.5 -548.5 -290.4 -408.8 -117.8 -526.6 -214.4
Middle | C249 -211.2 -60.9 -272.1 -144.4 -207.4 -59.8 -267.2 -109.1
Middle | C052 | -842.2 -257.2 -1099.4 -486.2 -718.4 -246.1 -964.5 -403.1
Middle | C152 | -558.6 -171.1 -729.7 -323.4 -472.0 -164.5 -636.5 -265.3
Middle | C252 | -278.0 -85.4 -363.4 -161.4 -233.3 -82.5 -315.8 -131.4
Middle | C056 | -420.0 -111.4 -531.4 -265.5 -476.0 -134.0 -610.0 -244.6
Middle | C156 | -296.3 -78.0 -374.3 -186.4 -358.3 -100.4 -458.7 -186.7
Middle | €256 | -149.1 -39.6 -188.8 -94.6 -179.6 -50.6 -230.3 -94.2
Middle | C057 -420.0 -111.4 -531.4 -265.5 -464.4 -112.9 -577.3 -239.5
Middle | C157 | -296.3 -78.0 -374.3 -186.4 -359.7 -103.1 -462.9 -186.9
Middle | C257 | -149.1 -39.6 -188.8 -94.6 -179.1 -51.5 -230.7 -93.5
Middle | C060 | -732.9 -223.0 -955.9 -421.0 -704.8 -243.2 -948.0 -399.3
Middle | C160 | -488.0 -149.2 -637.2 -281.4 -464.0 -162.8 -626.8 -263.6
Middle | C260 | -243.8 -74.9 -318.7 -141.1 -230.0 -81.8 -311.8 -131.1
Middle | C063 | -1200.0 -350.5 -1550.5 -828.4 -1012.3 -295.7 -1308.0 -547.7
Middle | C163 | -784.6 -231.1 -1015.6 -546.0 -668.8 -196.1 -864.9 -361.8
Middle | C263 | -390.0 -115.1 -505.2 -272.1 -345.1 -101.3 -446.4 -187.2
Middle | C064 | -1200.0 -350.5 -1550.5 -828.4 -987.9 -303.8 -1291.7 -524.7
Middle | C164 | -784.6 -231.1 -1015.6 -546.0 -651.7 -199.9 -851.6 -346.1
Middle | C264 | -390.0 -115.1 -505.2 -272.1 -336.3 -103.5 -439.8 -179.0
Middle | C068 | -749.7 -227.5 -977.2 -431.4 -706.9 -234.7 -941.6 -400.5
Middle | C168 | -496.3 -150.7 -647.0 -286.6 -463.6 -156.0 -619.5 -263.4
Middle | C268 -245.7 -74.3 -320.0 -142.2 -227.8 -77.5 -305.3 -129.8
Middle | C072 | -812.1 -244.7 -1056.8 -467.0 -730.9 -266.7 -997.6 -411.0
Middle | C172 | -547.3 -166.7 -714.0 -315.9 -488.1 -182.8 -670.9 -275.1
Middle | C272 -279.4 -87.4 -366.8 -162.3 -249.2 -94.9 -344.0 -140.9
Middle | C075 | -850.1 -217.7 -1067.8 -418.4 -666.6 -181.3 -847.9 -310.4
Middle | C175 | -825.0 -217.8 -1042.9 -419.1 -612.2 -170.0 -782.2 -292.1
Middle | C275 | -410.1 -108.8 -518.9 -209.2 -305.6 -85.2 -390.8 -146.2
Middle | C076 | -545.4 -145.9 -691.3 -347.9 -677.0 -173.8 -850.8 -333.5
Middle | C176 | -361.8 -97.7 -459.5 -233.0 -491.7 -127.7 -619.4 -245.3
Middle | C276 -180.4 -49.0 -229.4 -117.0 -247.9 -63.9 -311.8 -123.6
Middle | C077 | -545.4 -145.9 -691.3 -347.9 -684.2 -188.2 -872.4 -335.2
Middle | C177 | -361.8 -97.7 -459.5 -233.0 -499.5 -136.8 -636.3 -247.8
Middle | C277 -180.4 -49.0 -229.4 -117.0 -251.8 -68.3 -320.1 -124.8
Middle | C078 | -859.6 -216.7 -1076.3 -414.9 -640.3 -180.1 -820.4 -295.4
Middle | C178 | -832.0 -216.6 -1048.6 -415.9 -584.8 -166.6 -751.4 -276.2
Middle | C278 -414.3 -108.2 -522.5 -207.5 -293.4 -84.1 -377.5 -139.0
-45998.6 | -12207.3 | -58205.9 | -25796.4 | -44505.3 | -12413.6 | -56918.9 | -22266.3
-84002.29 -79185.2026
Table (5-3):Axial Load Comparison ( 2D & 3D).
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Corner columns

Ratio
SW SD Total Dead| Live

2D/3D 2D/3D 2D/3D 2D/3D
Ccoo1 92% 101% 97% 99%
C101 94% 101% 98% 93%
C201 92% 99% 96% 96%
Cco03 101% 106% 104% 104%
Cc103 106% 101% 103% 96%
C203 107% 97% 100% 96%
C005 106% 98% 103% 109%
C105 104% 101% 103% 107%
C205 101% 101% 101% 104%
€008 82% 97% 91% 76%
C108 85% 96% 92% 84%
C208 86% 95% 92% 85%
C012 94% 94% 94% 101%
C112 93% 94% 93% 100%
C212 91% 95% 93% 98%
Cc014 87% 97% 93% 85%
Ci114 86% 97% 93% 84%
C214 85% 98% 93% 84%
C019 81% 97% 88% 92%
C119 81% 98% 89% 93%
C219 78% 94% 85% 90%
C027 101% 106% 104% 100%
C127 101% 107% 104% 101%
C227 102% 107% 105% 102%
C028 138% 106% 120% 161%
C128 143% 109% 123% 165%
C228 143% 112% 125% 194%
C037 81% 91% 85% 90%
C137 81% 92% 85% 91%
C237 79% 92% 84% 90%
co43 75% 102% 89% 106%
C143 73% 102% 88% 103%
Cc243 72% 100% 86% 102%
C045 88% 96% 91% 115%
C145 89% 96% 92% 119%
C245 89% 94% 91% 109%
co46 100% 79% 89% 121%
C146 100% 78% 89% 95%
C246 100% 77% 87% 164%
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C080 68% 96% 85% 130%
C180 66% 96% 84% 126%
C280 64% 95% 83% 119%
C083 109% 100% 104% 118%
C183 111% 101% 105% 121%
Cc283 110% 101% 105% 120%
€088 94% 89% 91% 149%
C188 93% 89% 90% 149%
C288 100% 89% 92% 65%
C092 90% 90% 90% 188%
C192 89% 90% 90% 188%
C292 96% 91% 93% 214%
92% 97% 95% 104%
96%
|
Edge columns
SW SD Total Dead Live
2D/3D 2D/3D 2D/3D 2D/3D
C002 80% 109% 93% 87%
C102 81% 100% 91% 90%
C202 81% 102% 92% 91%
co04 106% 94% 101% 108%
C104 106% 95% 102% 108%
C204 107% 96% 103% 110%
C006 75% 105% 93% 81%
C106 77% 105% 93% 82%
C206 76% 103% 92% 79%
C007 68% 100% 84% 73%
C107 68% 102% 85% 74%
C207 70% 104% 87% 77%
€009 98% 99% 99% 105%
C109 99% 99% 99% 106%
C209 97% 99% 98% 107%
Cco13 111% 106% 108% 116%
C113 110% 107% 108% 116%
C213 107% 107% 107% 113%
C015 122% 115% 120% 139%
C115 123% 118% 121% 140%
C215 122% 118% 120% 140%
C020 72% 99% 85% 79%
C120 75% 102% 88% 84%
C220 81% 106% 93% 92%
Cc033 101% 104% 102% 96%
C133 101% 104% 103% 97%
C233 101% 104% 102% 97%
C034 102% 111% 106% 114%
C134 101% 111% 106% 114%
C234 101% 110% 105% 114%
C038 28% 136% 76% 125%
C138 27% 137% 73% 124%
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C238 29% 137% 77% 130%
C039 81% 90% 85% 84%

C139 83% 91% 86% 88%

C239 84% 92% 87% 89%

€040 111% 106% 109% 120%
C140 109% 108% 108% 119%
C240 110% 106% 108% 121%
co41 89% 100% 95% 87%

C141 90% 100% 95% 88%

C241 94% 100% 97% 94%

co42 117% 112% 114% 125%
C142 119% 111% 115% 125%
C242 125% 111% 117% 126%
co47 100% 102% 101% 105%
C147 99% 102% 101% 105%
C247 100% 102% 101% 106%
C050 103% 104% 103% 106%
C150 103% 103% 103% 107%
C250 103% 104% 103% 106%
C051 2% 108% 95% 155%
C151 71% 109% 95% 144%
C251 74% 113% 99% 159%
C053 109% 115% 112% 111%
C153 109% 115% 112% 110%
C253 109% 116% 112% 109%
C054 123% 109% 116% 135%
C154 112% 104% 108% 119%
C254 112% 104% 108% 119%
C058 91% 87% 89% 94%

C158 91% 88% 90% 95%

C258 91% 88% 90% 95%

C059 61% 104% 87% 176%
C159 58% 104% 85% 163%
C259 59% 104% 86% 180%
Co61 94% 98% 96% 94%

Cl6l 93% 98% 96% 93%

C261 93% 98% 95% 93%

C062 97% 100% 99% 101%
C162 97% 101% 99% 101%
C262 97% 102% 99% 103%
C066 102% 117% 109% 117%
C166 97% 113% 104% 112%
C266 96% 111% 103% 111%
C067 77% 102% 93% 170%
C167 75% 103% 93% 159%
C267 73% 103% 93% 181%
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C069 98% 101% 100% 98%
C169 98% 102% 100% 98%
C269 97% 102% 99% 98%
C070 91% 102% 96% 93%
C170 89% 99% 94% 91%
C270 89% 99% 93% 91%
C071 74% 107% 95% 185%
C171 71% 107% 94% 173%
C271 67% 107% 92% 188%
C073 97% 103% 100% 97%
C173 95% 102% 98% 95%
C273 95% 102% 98% 94%
Cco74 100% 83% 91% 121%
C174 103% 79% 89% 129%
C274 105% 79% 90% 133%
C079 95% 103% 99% 101%
C179 93% 100% 96% 99%
C279 93% 100% 96% 99%
C081 116% 101% 109% 125%
C181 117% 101% 109% 128%
C281 123% 102% 112% 135%
C082 75% 98% 90% 11%
C182 75% 98% 90% 13%
C282 76% 96% 90% 13%
Co84 141% 110% 121% 75%
C184 147% 110% 122% 75%
C284 146% 109% 122% 76%
C085 28% 147% 77% 69%
C185 25% 147% 77% 69%
C285 26% 155% 81% 73%
C086 100% 101% 100% 97%
C186 100% 101% 100% 97%
C286 101% 101% 101% 97%
Co87 107% 102% 104% 99%
C187 107% 102% 104% 99%
C287 108% 100% 103% 97%
C089 110% 109% 110% 118%
C189 110% 109% 110% 118%
C289 109% 108% 109% 118%
C090 77% 92% 87% 35%
C190 74% 92% 86% 35%
C290 74% 92% 86% 38%
C091 112% 111% 112% 121%
C191 113% 111% 112% 121%
C291 111% 111% 111% 121%
95% 105% 100% 106%
101%
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Middle columns

SW SD Total Dead| Live
2D/3D 2D/3D 2D/3D 2D/3D
C010 113% 108% 112% 109%
C110 102% 100% 102% 98%
C210 102% 102% 102% 99%
co11 104% 82% 99% 120%
Cl11 105% 83% 100% 122%
Cc211 110% 88% 105% 122%
Cco16 131% 154% 135% 151%
Clie 132% 157% 136% 151%
C216 128% 152% 132% 146%
Cco17 108% 119% 110% 122%
C117 110% 120% 112% 124%
Cc217 118% 132% 120% 134%
Cc018 94% 90% 93% 102%
C118 90% 85% 89% 98%
Cc218 88% 83% 87% 94%
Cc021 98% 102% 98% 106%
C121 108% 122% 111% 117%
C221 106% 119% 109% 122%
Cc022 84% 83% 83% 87%
C122 89% 93% 90% 95%
C222 89% 95% 90% 97%
Cc023 90% 94% 91% 95%
C123 93% 98% 94% 99%
C223 92% 97% 93% 98%
c024 73% 69% 72% 77%
C124 74% 70% 73% 79%
C224 73% 69% 72% 78%
C025 123% 99% 118% 108%
C125 119% 101% 115% 114%
C225 100% 101% 100% 114%
C026 114% 106% 112% 122%
C126 113% 104% 111% 120%
C226 108% 102% 107% 115%
C029 119% 122% 120% 117%
C129 119% 122% 120% 119%
Cc229 120% 123% 120% 121%
C030 79% 68% 77% 86%
C130 79% 67% 76% 86%
C230 78% 68% 76% 84%
Cc031 70% 61% 68% 73%
C131 70% 62% 68% 74%
C231 69% 61% 67% 73%
C032 78% 66% 75% 80%
C132 78% 67% 76% 82%
C232 77% 69% 75% 83%
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C035 106% 104% 106% 134%
C135 107% 106% 107% 136%
C235 106% 106% 106% 135%
C036 112% 117% 113% 146%
C136 112% 116% 113% 146%
C236 112% 117% 113% 146%
C044 106% 95% 103% 108%
C144 106% 94% 103% 109%
C244 106% 92% 103% 108%
€048 97% 94% 97% 123%
C148 96% 93% 95% 122%
C248 93% 91% 93% 119%
C049 106% 106% 106% 137%
C149 104% 104% 104% 135%
C249 102% 102% 102% 132%
C052 117% 105% 114% 121%
C152 118% 104% 115% 122%
C252 119% 103% 115% 123%
C056 88% 83% 87% 109%
C156 83% 78% 82% 100%
C256 83% 78% 82% 100%
C057 90% 99% 92% 111%
C157 82% 76% 81% 100%
C257 83% 77% 82% 101%
C060 104% 92% 101% 105%
C160 105% 92% 102% 107%
C260 106% 92% 102% 108%
C063 119% 119% 119% 151%
C163 117% 118% 117% 151%
C263 113% 114% 113% 145%
C064 121% 115% 120% 158%
C164 120% 116% 119% 158%
C264 116% 111% 115% 152%
C068 106% 97% 104% 108%
C168 107% 97% 104% 109%
C268 108% 96% 105% 110%
C072 111% 92% 106% 114%
C172 112% 91% 106% 115%
C272 112% 92% 107% 115%
C075 128% 120% 126% 135%
C175 135% 128% 133% 143%
C275 134% 128% 133% 143%
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Cc076 81% 84% 81% 104%
C176 74% 76% 74% 95%
C276 73% 77% 74% 95%
077 80% 78% 79% 104%
C177 72% 71% 72% 94%
Cc277 72% 72% 72% 94%
C078 134% 120% 131% 140%
C178 142% 130% 140% 151%
C278 141% 129% 138% 149%
103% 98% 102% 116%

106%

Table (5-4):Axial Load Comparison Ratio.
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Shear Wall Comparison
Reinforcement 2D mm2/m Reinforcement 3D mm2/m
Wall inside outside inside outside
V. H. V. H. V. H. V. H.
W1&W?2 300 250 300 250 311.4545 250 311.4545 250
W3&W4 300 250 300 250 312.4841 250 312.4841 250

Shear Wall Comparison
Wall VvV 2D/3D | H2D/3D | V 2D/3D | H2D/3D

inside outside
W1&W?2 96% 100% 96% 100%
W3&W4 96% 100% 96% 100%

Table (5-5):Shear Wall Comparison.
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Reactions of Columns Comparison ( Corner Columns)
Reactions 2D 3D
Columns Name SW SD Total Dead Live SW SD Total Dead| Live
Type kN kN kN kN kN kN kN kN

Corner Cco01 -158.9 -234.4 -393.3 -56.7 -173.6 -232.6 -406.2 -57.1

Corner C003 -204.8 -309.1 -513.9 -75.8 -202.7 -291.9 -494.6 -72.9
Corner C005 -763.9 -401.6 -1165.6 -333.3 -718.4 -407.8 -1126.2 -307.1

Corner C008 -125.2 -221.8 -347.0 -36.3 -152.2 -229.3 -381.5 -47.8
Corner C012 -586.1 -361.8 -947.9 -264.5 -624.7 -385.6 -1010.3 -262.4

Corner C014 -127.8 -210.6 -338.4 -43.9 -147.0 -216.7 -363.7 -51.5
Corner C019 -323.5 -307.0 -630.5 -168.2 -400.5 -316.9 -717.4 -183.2
Corner C027 -266.6 -329.5 -596.1 -100.7 -265.0 -310.8 -575.8 -100.2

Corner C028 -141.0 -148.3 -289.2 -56.7 -102.0 -140.0 -242.0 -35.2
Corner C037 -432.7 -343.5 -776.2 -230.5 -535.6 -375.9 -911.5 -255.1
Corner C043 -201.3 -283.6 -484.9 -114.2 -266.8 -279.0 -545.8 -107.7
Corner C045 -510.1 -279.5 -789.6 -247.2 -580.0 -292.5 -872.5 -214.4

Corner C046 -114.0 -100.1 -214.1 -41.2 -114.0 -126.6 -240.6 -34.0

Corner C080 -78.7 -174.2 -252.8 -43.8 -116.5 -181.9 -298.4 -33.6

Corner €083 -181.6 -226.4 -408.0 -75.2 -166.7 -226.5 -393.2 -63.5

Corner €088 -89.3 -142.9 -232.2 -35.8 -95.0 -160.8 -255.8 -24.0

Corner €092 -90.2 -136.7 -226.9 -33.8 -100.0 -152.0 -252.0 -18.0
-4395.6 -4211.1 -8606.7 -1957.7 -4760.7 | -4326.9 -9087.6 | -1867.8

-10564.4 -10955.3
Reactions of Columns Comparison ( Edge Columns)
2D 3D
Unique Name SW SD Total Dead Live SW SD Total Dead| Live
Type kN kN kN kN kN kN kN kN

Edge C002 -401.4 -485.1 -886.5 -189.7 -504.1 -444.2 -948.3 -216.9
Edge c0o04 -590.4 -340.7 -931.1 -236.8 -556.4 -361.7 -918.1 -218.9

Edge C006 -149.2 -290.6 -439.8 -63.2 -197.7 -277.3 -475.0 -78.4
Edge C0o07 -226.9 -324.0 -550.9 -99.5 -335.0 -324.1 -659.1 -137.0
Edge C009 -569.9 -307.1 -876.9 -256.9 -579.2 -309.4 -888.6 -244.7
Edge C013 -421.1 -388.7 -809.8 -186.5 -379.8 -366.8 -746.6 -160.3
Edge C015 -569.1 -333.4 -902.5 -247.8 -466.0 -289.0 -755.0 -177.9
Edge C020 -268.1 -347.4 -615.5 -135.6 -374.6 -350.1 -724.7 -171.7
Edge C033 -382.5 -383.3 -765.8 -154.6 -378.6 -369.1 -747.7 -160.6
Edge C034 -398.5 -377.1 -775.6 -209.7 -390.0 -341.0 -731.0 -184.0
Edge C038 -132.2 -493.7 -625.9 -242.9 -466.0 -362.0 -828.0 -194.2
Edge C039 -454.7 -347.1 -801.8 -208.8 -562.2 -385.9 -948.1 -247.3
Edge C040 -490.0 -380.7 -870.7 -228.7 -442.4 -359.4 -801.8 -190.7
Edge C041 -266.3 -308.6 -575.0 -110.8 -300.1 -308.3 -608.4 -127.3

Edge C042 -273.9 -336.7 -610.5 -122.9 -234.5 -301.9 -536.4 -98.7
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Edge co47 -386.1 -363.8 -749.9 -202.4 -385.2 -356.8 -742.0 -193.4
Edge C050 -396.7 -405.7 -802.4 -205.7 -384.7 -391.3 -776.0 -193.6
Edge C051 -106.5 -286.0 -392.5 -91.0 -147.0 -264.3 -411.3 -58.7
Edge C053 -420.1 -406.5 -826.6 -218.4 -384.0 -353.0 -737.0 -197.3
Edge C054 -389.7 -364.8 -754.4 -202.9 -316.0 -334.6 -650.7 -150.4
Edge C058 -248.2 -225.8 -474.0 -123.5 -271.4 -260.5 -531.9 -131.2
Edge C059 -107.6 -262.4 -370.0 -101.6 -175.5 -251.6 -427.1 -57.7
Edge C061 -365.1 -350.9 -716.0 -187.4 -389.2 -358.1 -747.2 -199.2
Edge C062 -382.7 -361.4 -744.1 -200.8 -394.6 -360.7 -755.3 -199.0
Edge C066 -673.4 -666.8 -1340.3 -357.0 -658.2 -568.2 | -1226.4 | -305.8
Edge C067 -105.3 -260.3 -365.6 -99.7 -136.8 -254.6 -391.4 -58.6
Edge C069 -369.1 -353.6 -722.7 -189.7 -377.6 -348.6 -726.3 -192.7
Edge C070 -413.3 -388.2 -801.4 -216.6 -453.2 -381.7 -834.9 -232.6
Edge C071 -117.9 -302.7 -420.5 -116.0 -159.5 -283.2 -442.7 -62.7
Edge C073 -421.7 -410.0 -831.6 -219.2 -435.2 -398.8 -834.0 -226.1
Edge Cco74 -288.8 -264.6 -553.4 -141.6 -287.6 -320.1 -607.7 -116.6
Edge C079 -505.0 -502.4 -1007.4 -266.0 -529.7 -487.2 -1016.9 -264.1
Edge Cc081 -373.8 -301.8 -675.6 -183.3 -323.3 -298.3 -621.7 -146.3
Edge C082 -91.1 -237.0 -328.0 -6.8 -121.5 -242.4 -363.9 -60.6
Edge co84 -131.2 -169.5 -300.7 -80.7 -93.4 -154.6 -248.0 -106.9
Edge C085 -71.5 -263.7 -335.2 -64.8 -253.5 -179.2 -432.7 -94.5
Edge €086 -160.2 -206.0 -366.2 -99.3 -159.9 -204.9 -364.8 -102.6
Edge €087 -171.3 -221.3 -392.6 -106.8 -160.7 -217.5 -378.2 -107.9
Edge C089 -892.0 -418.9 -1310.9 -418.8 -810.6 -385.7 -1196.3 -355.7
Edge C090 -73.6 -154.7 -228.2 -6.3 -95.7 -168.1 -263.8 -18.2
Edge Co91 -886.5 -413.5 -1300.0 -417.0 -790.8 -373.5 -1164.3 -344.4
-14142.4 | -14006.2 | -28148.7 | -7217.9 | -14861.5 |-13347.7| -28209.2 | -6785.4

-35366.6 -34994.6
Reactions of Columns Comparison ( Middle Columns)
2D 3D

Unique Name SW SD Total Dead| Live SW SD Total Dead| Live

Type kN kN kN kN kN kN kN kN
Middle €010 -1086.3 -262.4 -1348.7 -449.0 -963.6 -243.2 | -1206.8 | -412.4
Middle Cco11 -651.5 -142.9 -794.5 -322.4 -625.8 -173.7 -799.5 -268.8
Middle Co16 -1152.4 -279.7 -1432.1 -564.0 -879.7 -181.4 -1061.1 -374.5
Middle Cco17 -702.4 -165.2 -867.6 -340.9 -650.3 -139.1 -789.4 -280.4
Middle Cco18 -585.7 -135.6 -721.2 -286.4 -621.6 -150.9 -772.6 -279.5
Middle C021 -525.8 -132.0 -657.8 -264.0 -538.6 -129.9 -668.5 -249.8
Middle C022 -429.7 -100.2 -529.9 -200.5 -513.9 -121.5 -635.4 -231.4
Middle €023 -790.0 -199.1 -989.0 -384.7 -877.9 -212.3 | -1090.2 | -404.3
Middle C024 -659.1 -161.7 -820.8 -340.1 -908.3 -235.1 | -1143.4 | -439.5
Middle €025 -988.4 -211.9 -1200.3 -506.0 -805.3 -213.9 | -1019.2 | -469.2
Middle €026 -712.6 -186.5 -899.0 -379.0 -623.6 -176.5 -800.1 -309.7
Middle €029 -624.8 -158.8 -783.6 -298.0 -524.7 -130.6 -655.3 -253.9
Middle €030 -527.6 -123.8 -651.5 -280.2 -667.4 -183.3 -850.7 -327.4
Middle Co31 -434.0 -113.9 -547.9 -226.4 -622.5 -187.3 -809.8 -309.6
Middle C032 -474.9 -126.6 -601.5 -251.4 -610.8 -192.4 -803.2 -313.6
Middle C035 -634.9 -179.4 -814.3 -423.4 -598.5 -171.9 -770.4 -316.5
Middle C036 -634.9 -179.4 -814.3 -423.4 -564.4 -153.6 -718.0 -290.3
Middle co44 -621.8 -159.9 -781.7 -324.9 -587.2 -168.2 -755.4 -300.5
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Middle co48 -651.5 -186.0 -837.5 -441.1 -669.8 -198.1 -867.9 -359.3
Middle C049 -651.5 -186.0 -837.5 -441.1 -614.5 -176.3 -790.8 -322.4
Middle C052 -842.2 -257.2 -1099.4 -486.2 -718.4 -246.1 -964.5 -403.1
Middle C056 -420.0 -111.4 -531.4 -265.5 -476.0 -134.0 -610.0 -244.6
Middle C057 -420.0 -111.4 -531.4 -265.5 -464.4 -112.9 -577.3 -239.5
Middle C060 -732.9 -223.0 -955.9 -421.0 -704.8 -243.2 -948.0 -399.3
Middle C063 -1200.0 -350.5 -1550.5 -828.4 -1012.3 | -295.7 -1308.0 -547.7
Middle C064 -1200.0 -350.5 -1550.5 -828.4 -987.9 -303.8 -1291.7 -524.7
Middle C068 -749.7 -227.5 -977.2 -431.4 -706.9 -234.7 -941.6 -400.5
Middle C072 -812.1 -244.7 -1056.8 -467.0 -730.9 -266.7 -997.6 -411.0
Middle C075 -850.1 -217.7 -1067.8 -418.4 -666.6 -181.3 -847.9 -310.4
Middle C076 -545.4 -145.9 -691.3 -347.9 -677.0 -173.8 -850.8 -333.5
Middle Co77 -545.4 -145.9 -691.3 -347.9 -684.2 -188.2 -872.4 -335.2
Middle C078 -859.6 -216.7 -1076.3 -414.9 -640.3 -180.1 -820.4 -295.4
-22716.9 | -5993.4 | -28710.3 | -12669.5 | -21938.2 | -6099.8 | -28038.0 |-10957.9
-41379.854 -38995.8669

Table (5-6):Reactions of Columns Comparison.
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