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Zarzuela Hippodrome

« Structure description:

— The roof (CK), formed by a 12,80 m cantilever over the stands on
AB is simply supported. It is linked by the CD tie connecting the
back side of the roof and the gallery floor, thereby compensating for
the DB gallery weight and the rest of the betting room roof under it.
The 4.8 m long transverse frames are braced by a transverse
concrete brace. See next slide.

— The marquee (CK) has variable thickness (14 cm in 5 cm starts at
point) and is generated by three arcs of different radius conforming
three hyperbolas along the roof.
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Zarzuela Hippodrome

* Finite element model description:

A 3D static analysis is performed modeling the columns, arches,
marquee and concrete ties as follows:

— Marquee: Shell elements with quadrangular mesh.

— Dome stand: Shell elements with quadrangular mesh
embedded at the base.

— Back dome: Shell elements anchored to the ties.

— Primary columns: Simply supported at the base in the “X”
axis and formed by beam elements.

— Ties: Truss elements.
— Brace: Beam elements.
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CF ... Zarzuela Hippodrome
« Objective analysis:

We want to know the maximum vertical displacement on the marquee,
maximum axial force in braces and columns and von Mises stresses in the
structural assembly. We also want to design the steel reinforcement
according to Eurocode 2, considering different load combinations including
self weight, live load, longitudinal and transverse snow and wind.

CivilFEM allows the generation of load combinations using the partial
safety factors and representative values of different user-defined actions:

WIND.rcf SELF WEIGHT COMBINATION 1
LATERAL WIND.rcf USE OVERLOAD HARROW COMBINATION 2
SELF WEIGHT.rcf USE OVERLOAD ANTEGRADE COMBINATION 3
SNOW.rcf ! COMBINATION &
USE OVERLOAD ANTEGRADE.rcf .! COMBIMNATION 5

USE OVERLOAD HARROW.rcf COMBINATION &
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Zarzuela Hippodrome

* Objective analysis:

Load combinations are reduced to the following:

Combination 1 Combination 2 |
4| Load case | Coefficient | Load case | Coefficient Combination 3 |
LATERAL WIND 15
- LATERAL WIND 15 4| Load case | Coefficient
SELF WEIGHT 135 —
— SELF WEIGHT 1.35 LATERAL WIND 15
Show 08 | | | SELF WEIGHT 135
USE OVERLOAD ANTEGRADE 15 | [SNOW 15 — '
— USE OVERLOAD HARROW 15 USE OVERLOAD HARROW 15 | USE OVERLOAD ANTEGRADE 1.5
_me i5 WIND 15
Combination 5
Combination 4
| | Load case | Coefficient
| Load case | Coefficient SELF WEIGHT 1.35
|| LATERAL WIND 15 WIND 15
|| SELF WEIGHT 1 LATERAL WIND 15

CivilFeEM
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Zarzuela Hlppodrome

» Objective analysis:

In order to obtain the most unfavdrable streSses CivilFEM allows
performing an envelope:

Envelope MAX TORROUIA

inimu
inimu
inimu
inimu

MINIM. TORROIA
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Zarzuela Hippodrome
* Objective analysis :

CivilFEM also allows checking and structural design of concrete and steel
according to different national and international regulations. In this analysis,

Eurocode 2 is used, and shell elements are designed using “Most
Unfavorable Direction Method".

Unfavourable dir.

Loading Design according to the Most Unfavorable Direction method

Checking/design file name Envelope TOTAL_EC2-08_CMUD
E u
'E"ii x s
M

Maximum stress allowed in reinforcement 0 Pz
Check Interaction
o

CivwilFEM

Orthogonal dir.

Unfavourable dir.

Out-Of-Plane Shear

28 ¢ &2
Check : sign
\beams ~ | [

CEB-FIP
Axial Eending'
Shear Torsion A
- e

In Plane Shear
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Zarzuela Hippodrome

» Vertical displacements (Combination 3):

Y-component of displacement [cm]
CivIiIIFEM
15.8
;2652 X Y z Y-component of disp.
6643 m m m cm
8:22(2)9 2.4D0  -2493  -D553  -0.332
251 -2.400 -2.361 1113 -D.786
-5.561 -2.400 -2.253 -1.678  -1.377
:?162% -2.400 2171 -2.248  -2.085
-14.71 -2.400 2114  -2.820  -2.895
777 2400 2082  -3.395  -3.796
-2.400 -2.076 -3970  -4.782
-2.400 2140  -5118 -7.072
-2.400 2210 -5.689  -B.351
-2.400 -2.305 -6.257  -9.664
-2.400 -2.425 -6.819  -10.990
-2.400 2570  -7.376  -12.317
v -2.400 2,739 7926  -13634
-2.400 -2.933 -8.467  -141933
_l -2.400 3150  -9.000 -16.211
5 -1.800 3150  -9.000 -16.290
-1.200 3150  -9.000 -16.368
-0.600 3150  -9.000 -16.444
0.000 3150  -9.000 -16518
22 0.600 3150  -9.000 -16591
23 1.200 3150  -9.000 -16.663
24 1.800 3150  -8.000  -16.735
25 2.400 3150  -9.000 -16.807

,4‘ Civi[FEMmarc CivilFEM
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Zarzuela Hippodrome

o I\/Iaximpm _axial forces in beams and truss
Combination 3

Axial force [Mp] -
19.13
5.676
-7.782
-21.24
-34.7
-48.16
-61.62
-75.07 | Element Element Node  End At IP O - Axial force
-88.53 = Mp
-102 E_-".: ce 1853 1980 0O -49.183
:1 ;gg ?E__ ce 1853 19491 1 11104
ce 1854 1991 0O 11104
ce 1854 1992 1 13.060
ce 1855 19492 o 13.060
ce 1855 1993 1 2.399
ce 1856 1993 0O 2.399
ce 1856 19894 1 -43 646
ce 1857 1984 0O -43.646
ce 1857 19495 1 -3.135
ce 1858 1995 0O -3.135
\ ce 1858 1996 1 1.565
ce 1859 19496 o 1.565
ce 1859 1997 1 -3.069
ce 1860 1784 1 -47.375
Combination 3}ce 1860 1997 0 -3.063
Beam brace 1861 1784 o -47.375
Beam brace 1861 1999 1 -2.334
Beam brace 1862 159499 o -2.334
Beam brace 1862 2000 1 2.297
Beam brace 1863 2000 o 2.297
Beam brace 1863 2001 1 -3.234
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Zarzuela Hippodrome

« “X” component of stresses (Combination 1):

X component of stress [MPa] _
CiwvilFEM
18.96
14.47
9.977
5.487
0.9976
-3.492
-7.982
-12.47
-16.96
-21.45 e
-25.94 L7547 >, .‘: - e
. e e, 752 —— R
3043 (LR R
', t  MNode End AtIPO-Xcom..
Sayy ey )
VIFa
Y [ ] i
N, 1990 0 -0.299
l " 1991 1 4326
T 1991 0 4326
e ———— _______Combination 1992 N 2047
Beam brace 1855 1992 ] 4.047
Beam brace 1855 1993 1 1519
Beam brace 1856 1993 o 1519
Beam brace 1856 1994 1 -1.946
Beam brace 1857 1994 o -1.546
Beam brace 1857 19495 1 0.785
Beam brace 1858 19495 ] D.785
Beam brace 1858 1996 1 2428
Ream hrars 1R549 10949/ (] T AR ¢
£ ¢
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wi.Marc  Zarzuela Hippodrome

* Column-brace longitudinal reinforcement factor

| | | ] n
Axial+bending-Envelope Min.):
( | | | |
—_— |
Column Concrete
Name Column Concrete Longg:;jlnal reinforcement factor -
Type Concrete section 3.04
- i
Material HA-25 Calumns, truss, ... %%gﬁ
Shape Rectangular 1257)_1,6
Height (b ) 05 m 1960
width (b} 05 m oo
Mechanical cover (mc] 0.05 m U
& Bending + Axial reinforcement
Material B500
[l List of reinforcements 5
= Reinforcement
Mame Reinforcement J
Class Scalable
Point 1 [0.2,025] m (h/Z-mc Total criterion -y
Point 2 [0.2,-0.25] m (h/2-mc e =
Geometry Straight segment 8:2221
. 0.7615
Reinforcem... By amount 07018
N . 0.6422
Distribution  Bars at both ends 0.5826
0.523 —
= 0.4633 — =
N 0.4037 ———
Area 45 cm 0.3441 = =
= Reinforcement (2} 5 "I( \
Mame Reinfarcement (2)
Class Scalable
i

24
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e Zarzuela Hippodrome

« Columns-brace area of Torsional longitudinal
reinforcement. Total Criterion shear-torsion Min-
Envelope.

Pilares Concret : T v
fares Loncrete Total area of torsional longitudinal reinforcement [cm?] -
Mame Pilares Concrete 8.758 .
Type Concrete section ;?g% ~
Material HA-25 Pilares, ti.. Sl
. ) 4.777
Shape Rectangula 3.981
Height [ h ) 05 m %%23
Width (b ) 05 m 0757
Mechanical cove... D.05 m 00006508

VAN

B i i inforcement
= Shear reinforcement
Material Tra . 500

Transverse re... By amount
AngleY reinf. 90 ° ¢' /
5 Transverse ¥ Total criterion

Areaperl... 1 cm¥m civilFe
Angle Zreinf. 90 °

=l Transverse

de [Torsion reinforcement

Material Long. BS00
Longitudinal ... By amount
Longitudinal

Material Tra... BS00
Troncverce re  Bv amount

24
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S vare  Zarzuela Hippodrome

* Reinforcement amount at “Y” in marquee
(Max.Envelope):

Mame Shell 2 marquee Reinforcement amount at Y top [cm?/m] -
Material HA-35 Domes

Geometry Surface? marquee :

Thickness 0.1 m E

Coordinate system Cylindrical EXT 2 E

Offset 0m '

= Bending reinforcement
Angle of reinfor... 0 °
Reinforcement d... Total amount
Braced Reinforc... [
Mechanical cover 1 cm
= X direction, bottom layer
Total reinfor.. 1 cm¥m
= X direction, top layer
Totad-reirior... cmyT
= ¥ direction, bottom layer

CivilFEM

ginfor.. 1 cm?

Reinforcing steel BS00

SUSSNRNNRRRNNNY |
SERERREERRRARNNNNRNNED

= In plane shear reinforcement
Reinforcement d... Total amount
= X direction
Total reinfor.. 1 cm¥m
=

Total reinfor.. 1 cm¥m

< /INGECIBER, s.a.
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I varc  Zarzuela Hippodrome

* Reinforcement amount at “X” in marquee
(Max.Envelope):

Nzme Shell 2 marquee Reinforcement amount at X top [cm?/m] -
Material HA-35 Domes 12.48
. - 1135
Geometry Surface? marquee 10.21
; . 9.076
Thickness 0.1 m £ 7.942
; _ L 6.807
Coordinate system Cylindrical EXT 2 5.673
4.538
Offzet 0Om 3.404 : ; =
. . 2.269 L g = & g
= Bending reinforcement 8.135 £ = = = = =
Angle of reinfor... 0 ° = == = — = =1
Reinforcement d... Total amount = === £ =t
Braced Reinforc... [ Ve
Mechaniczs =
=l X direction, bottom layer
zZ
X direction, top layer
Total reinfor... 1 cm¥m G
1 2
= T e Reinforcement amount at X bottom [cm?/m] h s
Total reinfor... 1 cm¥m
= ¥ direction, top layer
Total reinfor... 1 cm¥m
Reinforcing steel BS00 =

1

= In plane shear reinforcement

1T
[
T

Reinforcement d... Total amount
= X direction

Total reinfor... 1 cm¥m
=

Total reinfor... 1 cm¥m

[
1
i
il
0

i
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Zarzuela Hippodrome
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 Front-back reinforcement amount at “X” “Y”
bottom in dome (Max.Envelope):

Mame Dome front
i 2

Material HA-35 Domes ReLnsf?;cement amount at X bottom [cm?/m] -
Geometry Boveda graderio 39.21
- — 35.29
Thickness 0.25 m 31.37
B _ 27.44
Coordinate sy... Cylindrical GR... 23.52

B 19.6
Offset 0 m 15.68
. - 11.76
= Bending reinforcement 7.841
R 3.921
Angleofre.. O ° 0

Reinforce... Total amount

Braced Rei... [ /
Mechanic... 0.01 m
= X direction, bottom laye H

Total re.. 1 cm¥m

= ¥ direction, bottom layer

Reinforcement amount at Y bottom [cm?*/m]

CiwvilFERNR

= ¥ direction, top layer
Total re... 1 cm¥m
Reinforcin... BS0O0
= In plane shear reinforcement
Reinforce... Total amount
= X direction
Total re.. 1 cm¥m
=

Total re... 1 cm¥m
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