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Abstract
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with the object of establishing safe operational limits for the structural and other
applications. A series of finite element analyses (FEA) were conducted to assess the
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CERN European Organization for Nuclear Research
CMS Compact Muon Solenoid
UXC55 Underground Experimental Cavern of CMS
X0.5 The floor under CMS detector floor
X0 The floor under X0.5
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Figure 3: Cable trays and Pipes in X0 and X0.5

Figure 4: Transfer NFS Tower and Move Riser with roller
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I The cavern I

CMS detector

I Trenches' location I

Figure 5: CMS Cavern (front view)

I Trenches' location I

Cavern floor

Figure 6: CMS Cavern (up view)
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2. Project Overview

The primary objective of the project is to study the maximum load that
can be handled by the UXC55 Tranches using finite element analyses (FEA)

by design as built model and run it in Ansys software. This study follows
the European safety standards (Eurocodes 0 and 3).

Figure 8: X0
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3. Project Components

3.1. I-beam

There are different sizes of I-beams used in the UXC55 tranches’ structure.

The below figure 9 show

the different sizes.

~

——b— y
E I;V:! l:_:l
hd T j- —
! |
b uj_L_—Ji ]
| y
I-beam Width (b) mm Hight (h) mm
1 200 190
2 160 152
3 200 200

3.2. Bolts

The bolts sizing used in the UCX55 structure as shown in the table below.

Figure 9: I-beam

Bolts Size
1 M12
2 M16
3 M20
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3.3.

C-beam

In the UXC55 tranches’ structure many different C-beam used. The below
figure 10 explain the sizes.

C-beam Width (W) mm Depth (D) mm
1 50 100
2 65 160
3 50 120
4 95 270

Figure 10: C-beam

~
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( 3.4. Steel plate h

There are many steel plates used in the UXC55 tranches’ structure, they
used as a plate to connect some parts as shown in figure 11. Another use
of the steel plates is that used as ribs to increase the strength of the
horizontal I-beam, and the down structure connected to the wall as shown
in figure 12. The table in figure 12 describe the sizes of the steel plates
used in the structure of the UXC55 tranches.

3.4.1.Plate

Plate Thickness (mm)

1 10

Figure 11 : Steel plates
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3.4.2.Ribs )
Ribs Thickness (mm)
1 10
2 8
3 16
Figure 12: Ribs
/




REFERENCE EDMS NO.
CMS-I-EG-0008 v.1

REV. ‘ VALIDITY

0.0 DRAFT

)

Page 12 of 37

L-shape steel

The L-shape steel used in the ends of the UXC55 tranches’ structure to
connect them to the wall as shown in figure 13. Also, they used to connect

the vertical I-beams to the boxes as shown in figure 13. The table in figure
13 show the thickness of the L-shape steel.

L-shape Thickness (mm)
1 12
2 14

Figure 13 : L-shape steel

~N
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T-shape steel

The T-shape connected to the horizontal I-beam as shown in the figurel4.
The table in figure 14 show the thickness of the T-shape.

T-shape Thickness (mm)

1 9

Figure 14: T-shape

~N
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4. Project strategy

The study has two different loading cases. Case one studies the behaviour
of the tranches within a distributed load per m2 (as a standard). Case two
studies the behaviour of the tranches within a concentrated load per
300X100 mm?2 (the size of cherry picker’s wheel).

The study had done to a half of the tranche with two models. Model one
was simple model that almost as one part as shown in figure 15, we did
this model to understand the general behaviour of the UXC55 tranches’
structure. The second model was as built model which describe the
behaviour of the bolts, the joints, the frictional between the beams and
the concrete and etc as shown in figure 16.

Figure 15: Simple model

- T
=\ \"_'__;\ =
N\ \\ \ S\

Figure 16: As built model
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4.1. Case one: Loading zones per one m2

e Zone two

Zone one

N 3 N \
N N
z z
0 dee03 Bee03 0 42403 8e+03 (mm)
— — —
P oo f—— 03

C: third try (m2)
"

Zone three Zone four

I Force 13: 265
Companents: 0.

005 N
0.-26

6504005

N R \\
{ N b N
\ o
‘j 0 50403 Te+03 (mm)
0 350403 e — —
_|§ 5 _)Zﬁe S 1.75e+0: 03

C: third try (m2)

Time: 87336-003 s

b Zone five distributed load (1 m2)

Components: 0,0,.-2.45e+005

o 35e403 7e403 (mn)

—
1752403 525403

Figure 17: load zones per m2
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4.2.

G: new 300mm X 100mem
Force 11

Case two: Loading zones per 300 X 100 mm2

Zone one

G: new 300mm X 100mm
Force 12

Ser03 03 (mm)
— —
175403 5250403
0
175e403

G: new 300mm X 100mm Z th G: new 300mm X 100mm

one three

Time: 8.7336e-003 s Tim

19/08/2025 16:15 19

13:125e+005 N ce 14: 1.165e+005 N
Components: 0,0.-1.25¢+005 Components: 0,0,-1.165e+005
0 35040 70403 (mm)
1.75e+03 5.25e+03 2
175¢403

G: new 300mm X 100mm
Force 15
Time: 87336e-003 5
19/08/2025 16:17 Z f
I e 1520008 one nve

Components: 0,0,-1.2e+005

0 35e+03 7e+03 (mm)
1750403 5250403

Figure 18: Load zones per 300 X 100 m2

356403

356403

5250403

5250403

Zone two

Zone four

Concentrated load (300X100 mm2)

-
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5. Ansys model

5.1. Boundary conditions

5.1.1. Stage one : Simple model

The model almost as one part only the top and the bottom of the vertical
I-beams connected with a bonded connection, also the five I-beams zones
connected to each other and to the concrete and the horizontal I-beam
with the frictional connection. The other parts connected by fixed support
as shown I figure 19. The loads of the hidden I-beam applied to the
structure. Frictionless support applied to the cutted area as the structure
does not in here as shown in figure 20.

Concrete fixation End fixed

C: third try (m2)

Static Structural

Time: 8.7336€-003 s
Items: 10 of 18 indicated
06/08/2025 10:40

A| Standard Earth Gravity: 9806.6 mm/s*

I8l Fixed Support for Concrete (Fixed Support)
& Fixed Support
Bl Fixed Support 2
Bl Fixed Support 3
Bl Fixed Support 4
& Fixed Support 5
8l Fixed Support 6
Wl Fixed Support 7
Bl Fixed Support 8

Fixed to the wall

gravity ‘/<
0 3.5e+03 7e+03 (mm)

1.75e+03 5.25e+03

Figure 19: Boundary conditions

Frictionless
support as the
structure does
notend here

The loads of the hidden I-Beams

sssssss

71

AT

Figure 20: Structure situation
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5.1.2. Stage two: (As built model) h

In this model the concrete fixed by fixed support, the loads of the hidden
I-beams applied, and the dead load added to the gravity as shown in figure
21.

The beam to beam and beam to concrete connected by frictional
connection as shown in figure 26.

The bolts done as extracted beam, then they connected using joints and a
bolt pretension applied to the extracted beam as shown in figure 22, 23,
24, 25.

D: As built modal
Static Structural

Time: 1.s

Items: 10 of 21 indicated
04/09/2025 09:30

A Force 11:0.N Concrete fixation

Bl roce16:51419N | Higden |-beam load
8 rorce 17:62827 N =
B Fixed Support =

[Bl Fixed Support 2 ges> /J‘

. Fixed Support 3 e T
& Fixed Support 4

[H Fixed Support 5 =
[l Fixed Support 6 :

B Fixed Support 7 ‘ o~ \ l/ D Ground fixation

G Gravity +1.35 dead load ‘3
" Y

0 4.5e+03 9e+03 (mm)
I

2.25e+03 6.75e+03

Figure 21: Boundary conditions

Fixed - Beam (Extracted Profile2) To zone four\Down box 4-5
Items: 10 of 566 indicated
04/09/2025 09:34

Bolt joints

Bl Fixed - Beam (Extracted Profile1) To horzintal beam and T-shape\T-shape
. Fixed - Beam (Extracted Profile1) To horzintal beam and T-shape\T-shape
- Fixed - Beam (Extracted Profile1) To horzintal beam and T-shape\T-shape
- Fixed - Beam (Extracted Profile1) To horzintal beam and T-shape\T-shape
. Fixed - Beam (Extracted Profile1) To horzintal beam and T-shape\T-shape
. Fixed - Beam (Extracted Profile1) To horzintal beam and T-shape\T-shape
. Fixed - Beam (Extracted Profile1) To horzintal beam and T-shape\T-shape
Bl Fixed - Beam (Extracted Profile1) To horzintal beam and T-shape\ 7depe
[l Fixed - Beam (Extracted Profile1) To horzintal bea 7 &shi 2 " Be XEH)
o\ Rha e

{

Bl Fixed - Beam (Extracted Profile1) Jo ;IY,‘ al {Bla ",' dBys

4e+03 8e+03 (mm)
I

2e+03 6e+03

Figure 22: Bolt joints
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D: As built modal

Static Structural

Time: 1. s

Items: 10 of 304 indicated
04/09/2025 09:30

I Force 11:0.N Bolt pretension
Bl rorce 16:51419N

B rorce 17:62827 N

B 8ot Pretension: 87920 N

B v-beam down + I-beamBolt Pretension: 87920 N
[ v-beam down + I-beamBolt Pretension 2: 87920 N
B Vv-beam down + I-beamBolt Pretension 3: 87920 N
[ v-beam down + I-beamBolt Pretension 4: 87920

@X

0 4.5e+03 9e+03 (mm)
I

2.25e+03 6.75e+03

Figure 23: Bolt pretension

Figure 24: Bolt joint
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. T-shapeBolt Pretension 83 87920 N

Figure 25: Bolt pretension

Frictional - horzintal beam and T-shape\l-beam 2 To horzintal beam and T-shape\l-beam 3
Items: 10 of 61 indicated
04/09/2025 09:35

. Frictional - zone five\Up plat To horzintal beam and T-shape\l-beam 3 (Contact Bodies) F I’iCt | on le sSsS su p po rt

. Frictional - zone five\Up plat To horzintal beam and T-shape\l-beam 3 (Target Bodies)
. Frictional - zone one\up plat To horzintal beam and T-shape\l-beam 1 (Contact Bodies)
. Frictional - zone one\up plat To horzintal beam and T-shape\l-beam 1 (Target Bodies)
. Frictional - zone three\Up plat To horzintal beam and T-shape\l-beam 1 (Contact Bodies)
. Frictional - zone three\Up plat To horzintal beam and T-shape\l-beam 1 (Target Bodies)
. Frictional - zone three\Up plat To zone three\Shim (Contact Bodies) G
. Frictional - zone three\Up plat To zone three\Shim (Target Bodies) 0
C
D

-

@O .

. Frictional - Multiple To Concrete\Concrete (End) (Contact Bodies)
- Frictional - Multiple To Concrete\Concrete (End) (Target Bodies)

JI 4 G" e
- J \ - N /H \
A J / o~ \ ;
DJ/ S @
N\
0 4e+03 8e+03 (mm)
I

I
2e+03 6e+03

Figure 26: Frictionless support
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5.2. Mesh sizing

Element size 50 mm

Resolution 7

0 3e+03 6e+03 (mm)
S

Figure 27: Mesh
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6. Safety standards (HSE)

This study follows European standards:

e Eurocode 0 (EN 1990) Basis of Structural Design
Which states the following:

1.35 dead load + 1.5 live load

Reduction factor = 0.89

1.2 dead load + 1.5 live load

e Eurocode 3 (EN 1993) Design of steel structures
Which states the following:

o For the Bolt pretention

Fp=0.7*fy*As

Table 3.1: Nominal values of the yield strength £, and the ultimate tensile
strength £, for bolts

Boll class 4.6 4.8 5.0 5.8 i 8.8 1.9
fo (N ) 240 320 300 400 | 180 ) e
fs (N/mm°) 400 400 500 00 | 600 800 1000

Figure 28: Yield strength in different bolt classes
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7.CMS cavern visit

« The current Tranches model has many mistakes and mis parts. For
example, there are many ribs in the horizontal I-beam not provided in
the current model, there is an I-beam in the middle of the Tranches
which does not show in the current model, the Bolts, the joints and etc.

« We visited the CMS cavern to verify the accuracy of the 3D model (As
built modal).

Figure 30: Bolts

Figure 29: Joint and Ribs

Figure 32: Wall fixation

Figure 31: Ground fixation
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7.1. Notes about the real structure

A. The C-beam in zone 3 connected to the ground, only in one side of
the tranche, and that side does not has a C-beam in zone 2, and no
supported C-beam connected to the wall. (the zones shown in the
Figures 17, 18).

"l"".',ﬁ
48700

1‘\

Figure 33: C-beam connected to the
ground

\

Figure 34: C-beam in zone 2

Figure 35: supported c-beam
connected to the wall
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B. The bolts not distributed in a same way, like you can find 5 bolts in
one half of the tranche and the other half may be 10 bolts (same
location).
C. In the middle of one tranche there is an I-beam, but the other
tranche there is a C-beam.
Figure 36: Mid I-beam
Figure 37: Mid C-beam
-
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D. In zone three, one tranche has a C-beam connect the boxes (down),
but the other tranche has two c-beams connected to each other.

Figure 38: Zone 3 down
double C-beams

Figure 39: Zone 3 down one C-beam
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8. Results

8.1. Model one : Simple model

e Case one: Distributed load per m2

*Zoneone |ISERIESEA

C: third try (m2)
Equivalent Stress

L};‘[:‘e::hi?):ivalenl (von-Mises) Stress Th e St reSS S i m u lati 0 n

Time: 1s
06/08/2025 10:37

. 232.74 Max
206.88
181.02
155.16

0 2.5e+03 Se+03 (mm)
I

1.25e+03 3.75e+03

Zone one The force applied: 220 KN

v - - Gvectm Sopton
om pelomaten | The maximum deformation U“ vactona)Defomsaion®? s The direction of the deformation
Global Coordinate System

06/08/2025 10:33
[ Britei
39765

34704

™ 0.89502 Max
030355

[ 028791

24853
087937

n -1.4708

0 250403 56403 (mm) v J
— —

1250403 3750403
[} 35e+03 Te+03 (mm)

175€+03 5.25e+03

_ The directional deformation: -4.4 mm to 0.9mm

~N
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Zone two

| The applied force: 228KN |

C: third try (m2)
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15

06/08/2025 11:17

233.36 Max
. 207.43
1815
155.57

| The stress simulation |

o 3.5e+03

1.75e+03 5.25e+03

The force applied: 228 KN

The directional deformation simulation

C: third try ( m2)
Directional Deformation

Type: Directional Deformation(Z Axis)
unit. mm

Global Coordinate System

06/08/2025 1118
g -
03m38

066005

15215

" B

[ 20003 2403 fmim)

152403 45e403

The directional deformation: -7.39 mm to 1.26mm

7e+03 (mm)

C: third try (m2)
Total Deformation

Type: Total Deformation
Unit: mm

Time: 15

06/08/2025 1117

g
65937

The deformation simulation

[ 350003 7e403 (mm)

175403 5250403

~N
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Zone three

The force applied: 265 KN

C: third try

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s

05/08/2025 15:49

| The stress simulation |

232.09 Max
206.3

180.52
15473
12894
103.15

0 3.5e+03

1.75e+03 5.25e+03

The force applied: 265 KN

The directional deformation simulation |

C: third try (m2)
Girectional Deformation
tional Deformation( Axis)

Unit
Global Coordinate System
Time: 15

06/08/2025 10:19

066722 Max

W s
10369
1889

-
35032
44853

0 15e.03

Te+03 (mm)

1752403 5250403

The directional deformation: -7 mm to 0.667 mm

Te+03 (mm)

C: third try (m2)
Total Deformation
Type: Total Ceformation
Unit: mm

Time: 15
06/08/2025 10:18

The deformation simulation |

0 3se03
1752403

5250003

7e+03 (mm)

~N
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Zone four

The force applied: 225 KN

C: third try (m2)
Equivalent Stress . -
Type: Equivalent (von-Mises) Stress The stress simulation
Unit: MPa
Time: 1s
06/08/2025 11:41

234.56 Max
. 208.5

18243

156.37

. 13031
104.25

78.186

52.124
I 26.062
8.061e-7

0 3e+03 6e+03 (mm)
—

1.5e+03 4.5e+03

The directional deformation simulation

€ third try ( m2)
Directional Deformation

Type: Directional Deformation(Z Axis)
Uit men

Giobal Coordinate System

Time: 15
06/08/2025 11:42
g e
016061

10862
19518
28472
3743

46387
55343
64299
73255 Mi

[ 3ee03 6e+03 (mm)

15403 450403

The directional deformation: -7.3 mm to 0.735 mm

€ third try (m2)
Total Deformation
Type: Tetal Deformation

06/08/2025 11:41
7.3909 Max
| e
57485
48273
41061
Bz
B 24e

16024
g oo
0 Min

The deformation simulation

0 3403 62403 (mm)

158403 a5e403

~N
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Zone five
The force applied: 245 KN

C: third try (m2)
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s

06/08/2025 12:11

| The stress simulation |

. 233.17 Max

207.26
18135
155.44
12954

.| 103,63

| 77722

51815
I 25907
5.3368e-7 Min

0 2.5e+03 Se+03 (mm)

1.25e+03 375e+03

C: third try (m2)
Directional Deformation
Type: Di

The directional deformation simulation

nal Deformation(Z Ads)

Unit:

Global Coordinate System

Time: 15

06/08/2025 12:12

[ Boooha
023472
037115

097703
15829

B s

27947

[ 256403

5e+03 (mm)

1250403 3750403

The directional deformation: -4.6 mm to 0.84 mm

C: third try (m2)
Total Deformation

........
Time: 15
06/08/2025 12:11
" Pyedan
40998

35674
30749

[ o
20499

15374

028
g oo
omin

~N

[ 250403

56403 (men)

1250403 3750403

Zones
(KN)

Maximum load

Max
deformation
(mm)

Max stress
(MPa)

1 (weakest) 220

232.74 4.47

2 228

233.36 7.4

3 (Strongest) 265

232.09 7

4 225

234.56 7.4

5 245

233.17 4.6
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e Case two: Concentrated load per 300 X 100 mm2 h

F: 300mmx100mm Zone one

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s
08/08/2025 14:10

207.82
181.84
155.87
129.89

0 2e+03 4e+03 (mm)
— —
1e+03 3e+03
The directional deformation simulation The deformation simulation

F: 300mmx100mm % 300mmx100mm
Directional Deformation Total Deformation
Type: Directional Deformation(Z Axis) Type: Total Deformation
Unit: mm Jnit: mm
Global Coordinate System lime: 15
Time: 15 )8/08/2025 14:10

08/08/2025 14:10

0.65011 Max
. 0.18092

-0.28827

-0.75746

. 3.6056 Max
3.205

28044

2.4037

2.0031
| | 16025

0 2e+03 de+03 (mm) o 2e+03 4e+03 (mm)
I I

1e+03 3e+03 les03 3e+03

The directional deformation: -3.57 mm to 0.65 mm
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~N

Zone two

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1s
08/08/2025 16:05

| The stress simulation |

. 233.66 Max
207.7

181.73

0.00 1500.00 3000.00 (mm)
| I
750.00 2250.00

F: 300mmx100mm F: 300mmx100mm
Directional Deformation Total Deformation
Type: Directional Deformation(Z Axis) Type: Total Deformation
Unit: mm Unit: mm
Global Coordinate System Time:1s
Time: 1s 08/08/2025 16:05
08/08/2025 16:04 The directional deformation simulation . |The deformation simulation |
. 0.81653 Max . 47212

0.142 4131

-0.53253 3.5409
.10 acg

0.00 1500.00 3000.00 (mm) 0.00 1500.00 3000.00 (mm)

—
750.00 2250.00 750.00 225000

The directional deformation: -5.25 mm to 0.8165 mm _
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Zone three
“The force applied: 125 KN

G: Copy of third try ( m2)
Equivalent Stress

Type: Equivalent (von-Mises) Stress.
Unit: MPa
Time: 1s

11/08/2025 12:47 |The stress simulation |

233.93 Max

. 207.94
18195
155.95

. 129.96
103.97

| 77977

51.985
I 25.992
7.6527e-7 Min

6e+03 (mm)

I
1.5e+03 4.5e+03

The directional deformation simulation The deformation simulation

G: Copy of third try ( m2)
‘Total Deformation
Type: Total Deformation

G: Copy of third try (m2)
Directional Deformation
Type: Directional Deformation(Z Axis)

Unit: mm Unit: mm
Global Coordinate System Time: 15
Time: 15 11/08/2025 12:47

11/08/2025 12:47
4.8341 Max.

. 4.2969
3.7598
3.2227

| 26856
21485

B 1ema

10742
o I 053712
3 0 Min

3e+03 6e+03 (mm)

™ 0.40947 Max

-0.16383
-0737M3
-13104
-1.8837
2457

3033
36036
41769
-4,7502 Min

6e+03 (mm)

1.5e+03 45403

1.5e+03 45403

The directional deformation: -4.75 mm to 0.41 mm
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Zone four

G: Copy of third try (m2)
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s

11/08/2025 13:18

I The stress simulation |

232.21 Max
206.41
180.61

154.8

129

103.2
77.402
51.601
25.801
7.5613e-

G Copy of third try (m2)
Dicectionsi Deformation

Type: Diractional Deformation(Z Axis]
Uit mm

Giobal Coordinate System

Time: 15

/082025 1318

045325 Max
W e
082744
14728
21181
B s
o zaoes

40542
I 46995
5.

[ E

150403

3e+03

1.5e+03

The directional deformation simulation

6403 (mm)
45es03

6e+03 (mm)

4.5e+03

: Copy of third try ( m2)
Total Deformation
Type: Total Defomation
Unit: mm

Time: 15

11/08/2025 1318

S.a267 e

| o
s
25205

The directional deformation: -5.345 mm to 0.46 mm

N

The deformation simulation |

152403 452403

Ge03 (mm

~N
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Zone five
The force applied: 136.5 KN

G: Copy of third try (m2)
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15 I The stress simulation |
11/08/2025 13:52

. 233.29 Max
207.37
181.45
155.53

. 1296
103.68

0 3e+03 6e+03 (mm)
I

1.5e+03 45e+03

The directional deformation simulation The deformation simulation |

ry (m2)

The directional deformation: -3.67 mm to 0.541 mm

Zones Maximum load Max stress Max
(KN) (MPa) deformation
(mm)

1 127.5 233.8 3.6

2 (weakest) 114 233.66 5.3

3 125 233.93 4.8

4 116.5 232.21 5.437

5 (strongest) 136.5 233.29 3.7
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(" 8.2. Model two: As built model )

The model is ready, but the results will be added by another person of
the department.

REFERENCE EDMS NO.
@‘ CMS-1-EG-0008 v.1

s

¢ Final results with the safety factors in both cases

The case The maximum load with the safety
factor

Simple model: Case one per m2 146.67 KN

Simple model: Case two per 76 KN
300X100mm?2

As built model: Case one per m2 Will be added later
As built model: Case two per 300X100 Will be added later
mm?2

The above table present the maximum load on the UXC55 Tranches in both cases
distributed load (m2) and concentrated load (300X100 mm?2).

9. How to improve the results

1. Design a model for every tranche (they are not symmetric).

2. Every half of the tranche also not symmetric.
3. Increase the loading zones or apply the load for the full I-beam platform.

4. Apply the loads of Cable chains, cable trays, pipes and the walking sheet
metals.

10. Conclusion

This study shows the behaviour of the UXC55 tranches in two models,
simple model and as built model. Also, it described the maximum load in
five zones with different loading cases, case one distributed load per m2
and case two concentrated load per 300 X 100 mm2. The study followed
the Eurocodes 0 and 3. Finally, this study very important because it show
the behaviour of the UXC55 tranches under different loading cases that
will ensure both safety and efficiency in load-critical environments.




