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INTRODUCTION 
The SPring-8 storage ring, with a circumference of about 

1.5 kilometres, is built surrounding the hill of Mihara-kuri 
and constructed mostly on hard or medium hard rock. And, 
at some soft areas the ground were refilled with artificial 
rock.  

For each cell of the Chasman-Green lattice there are 
three common girders that load seventeen multipole 
magnets, 10 quadrupoles and 7 sextupoles (fig.1). Total 
number of girders is 144. 

Figure 1: Magnets and common girders of one cell. 

To measure the positions of the magnets we use the two 
points on two end magnets of each girder as reference 
points. The reference points are also used in the alignment 
of multipoles within girders. Total reference points on 
girders are 288. 

The magnets on girders are observed have been 
displaced systematically in certain degree, some far exceed 
the maximum permissible error of alignment. To 
investigate the cause, the shapes of girder surfaces were 
measured during the summer shutdown of 2013. And, the 
girder design was reconfirmed. 

MAGNET DISPLACEMENT ON THE 
COMMON GIRDER  

The precise alignment of the multipoles on girder used 
the laser-CCD camera system. The magnets were adjusted 
to the straight line that connects the two reference points 
for each girder. The linearity error was less than 20μm (σ) 
when the magnet installation was completed in 1995 [1].  

Linearity of magnets within girder was measured 3 times 
in 1996, 2003 and 2009 respectively. It was found that the 
RMS displacements varied 7 μm in horizontal and 13 μm 
in vertical from 1996 to 2003, while there was almost no 
change during 2003 - 2009 in horizontal. On the contrary 
the vertical makes a constant deterioration of ~ 2 μm per 
year (figure 2). 

Figure 2: Linearity errors of magnets within girders 
measured in 1996, 2003 and 2009, with the laser alignment 
system of CCD-camera. 

The rolling of magnets on the girder was also measured
three times in 1996, 2003 and 2009. The results show the
same trend. From 1996 to 2007, RMS tilt changed from
27μrad to 68 μrad in seven years. However there was
almost no change in the following 6 years, from 2003 to
2009 (fig.3).  
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Both the displacements and the tilts of the magnets
illustrate that the position variations of the magnets on the
girders is occurred merely in vertical plane since 2003.
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Figure 3: Tilt of rolling of the magnets on girders, 
measured in 1996, 2003 and 2009 respectively with the 
leveler of Talyvel. 

DEFORMATION OF THE GIRDERS 

If zooming in the linearity errors of the magnets on 
common girders, it can be seen that the magnets were not 
displaced randomly but systematically. It seems that the 
girders have been bent in the vertical. 

To check the 
deformations of girders 
we measured the shapes 
of girder surface with the 
laser tracker in 2013. The 
heights of magnet 
fiducial points were 
measured in the 
meantime for 
comparison (fig.4). 

37 girders were 
measured around the 
ring, because of other 
having large variations 
or having no changes. 
The results are plotted in 
three groups as shown in 
figure 5, according to the 
directions of magnet 
displacements: bent up, 
bent down or no change.  

Figure 5: The shapes of girders (right) are grouped into 3 
according to the directions of magnet displacements, bent 
up, down or no change (left). And, for the colours, red: 
girder A; blue: girder B; green: girder C. 

The results show the girders were bent in the middle. 
And, the followings are made clear. 

• The girders of which the magnet’s linearity had no
change sunk about 0.05mm in the middle of girders A and 
C, and 0.1~0.15mm for girder B. 

• The girders of which the magnets bent down had sunk
about 0.1mm for girders A and C, and about 0.1~0.3mm 
for girder B. And, most of B-girders bent down except one. 

• The surfaces of the girders which the magnet went up
were flat, or bent upward. That occurred almost at A or C-
girders. 

It is evident that before we did the precise alignment of 
magnets, the bent of the girders had occurred already. 
Because the amount of girder sag is larger than that of the 
magnets. 

The girders mount footstool on three baseplates of steel 
which is shown in figure 6. During the installation of the 
ring, the baseplates were adjusted to same levels and then 
the mortar of shrink and non-shrink were filled under the 
plate. After several months dry up of the mortar the girders 
and magnets were set on the baseplates. 
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Figure 4: Measure the shape 
of girder surface and the 
heights of magnets. 
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Figure 6: On of the three baseplates of the girders. The steel 
plates were adjusted to same level and mortar is filled 
under them. 

 
The reason of girder band before alignment is no clear. 

Elastic deformation of the steel support and the mortar was 
about 0.02mm with the conditions shown in the figure, 
small enough comparing to the amount of the girder bend. 
It is considered that after the girders and magnets setting 
on the baseplate, the dry up of the mortar was still in 
progress, and the middle leg of the girder shrunk more 
because of larger load. While, it needs further information 
to make sure of it. 

LONG-TERM VARIATION OF THE 
TUNNEL GROUND 

After magnet alignment, the deformation of the girder 
correlates closely to the deformation of tunnel floor.  

The magnets installation was completed in March 1996. 
From thence we had 14 times of surveys in vertical, and 12 
times in horizontal. The levels of magnet are measured 
with the Wild N3. Standard error is less than ±0.2mm. And, 
the horizontal is measured with the laser tracker and the 
theodolite T3000. Standard error is about ±0.5mm. 

Figure 7 shows the displacement of magnets in level 
measured from 1996 to 2012. 

  
Figure 7: Displacements of magnets in level measured 
from 1996 to 2012. 

 
To compare the variations between individual surveys 

and get rid of the measurement error, we processed the 
data by subtracting a weighted moving average as 

following [2].    

 
where, i: current point; m: 2m is averaging length, total 
number around current point 

In the study of the ground motion, the law of ATL is 
adopted by many researchers. It claims that the relative 
displacement of two separated points grows with time [3].  

 ATL>=< 2σ  
We here calculate variance function between surveys: 
                                                                                    
 

v:  variance of a point from its initial position,  
τ:  time interval in year 

And, examine the dependence of RMS displacement 
(         ) on time interval τ. 

Figure 8 is the correlation of the RMS displacement and 
time interval, averaged for all measurement points. 

   
Figure 8: Correlation of the RMS displacement and time 
interval, averaged for all measurement points. 
 

It is estimated that in the vertical, the average RMS 
displacement varies at a rate of 

σ = 0.028 T (mm)                      
where, T: time interval in year. 

RMS displacement varies from 0.2mm to 0.6mm in 
sixteen years. For the more, the variation is seen no sign to 
slow down. 

For each point the ground deterioration rate can be 
calculated. Figure 9 gives the locations that had large 
movement. At some places of the ring the deterioration are 
around 0.06mm/year, almost located at the RF pits, tunnel 
junctions and SSBT etc. where have underground 
structures. The girders that had large deformations ride just 
on the places above. 
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Figure 9: Locations that had large ground movements, 
some are around 0.06mm/year. 

RECONFIRMATION OF THE GIRDER 
DESIGN. 

The girders should have had little deformation because 
the design criterions was 0.02mm for the sag. While, actual 
bend are 10 times of this value in some girders. Girder 
design is reconfirmed with the ANSYS. With three legs and 
load conditions shown in figure 11, it is confirmed that sags 
for three types of girder are under 0.01mm.  

However, it was on assumption of the ground is rigid. 
Ground movement makes the situation different. Let’s see 
figure 5 once more:  

• Both the magnets and the girder of C37B were bent 
down in the middle for ~0.3mm.  

• C02A and C36B bent up in the middle for about 
0.15mm.  

The shapes of the girders surfaces are plotted in figure 
10, when taking count of the levels of tunnel floor. 

What had occurred is the one of the three legs of the 
girder are ride on the ground where had sunk a lot in past 
years.  

 
 

 
Figure 10: Shapes of the girders surfaces (upper) and 
tunnel floor levels (lower) of the girder C37B and C02A. 

 

 
Figure 11: Deformation calculation of the girder with 3 legs. 
Maximum sag is 0.01mm, for three types of girders. 

 

 
 

Figure 12: Maximum deformations reach 0.3mm on 
assumption of the ground settlement large than 0.3mm. 

 
Because of the floor settlement, the supports of 6-point 

could become 4-point to the extreme and maximum 
deformation of the girders reaches 0.3mm as shown in 
figure 12. Actually, the case of C37B mentioned above just 
verifies the analysis.  

CONCLUSION 
The magnets on girders were observed have been 

displaced systematically. To investigate the cause, the 
shapes of girder surfaces were measured.  

It is evident the girders were bent in the middle. Before 
we aligning magnets on the girders the bend had occurred. 
It is considered due to the uneven shrunk of mortar of the 
girder baseplates. 

After the alignment of the magnets, deformation of 
girders was dominated by the movement of tunnel floor. 
Analysis shows that in average, RMS displacement of the 
floor varies at a rate of 0.028mm per year in the vertical. 
And, floor settlement in short range is one of the causes of 
the girder deformations.  

Settlement of the tunnel floor breaks the assumption of 
girder design that assumes the ground is rigid. So, the 
girder deformation is larger than expected. In extreme case, 
the girders could be bent by 0.3mm, if the number of girder 
supports become 4 due to floor settlement.  

REFERENCES 
[1] S.Matsui, C.Zhang, Proceedings of IWAA95, KEK, 

Japan 1995. 
[2] C.Zhang, S.Matsui, Proceedings of IWAA10, DESY, 

Hanberg 2010.  
[3] Vladimir Shiltsev, Proceedings of IWAA97, APS, 

Chicago, 1997. 

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

c0
1b

1

c0
3b

1

c0
5b

1

c0
7b

1

c0
9b

1

c1
1b

1

c1
3b

1

c1
5b

1

c1
7b

1

c1
9b

1

c2
1b

1

c2
3b

1

c2
5b

1

c2
7b

1

c2
9b

1

c3
1b

1

c3
3b

1

c3
5b

1

c3
7b

1

c3
9b

1

c4
1b

1

c4
3b

1

c4
5b

1

c4
7b

1

Level_large_deviation_location

change rate
R

a
te

 o
f 

c
h

an
g

e
 (

m
m

/y
e

a
r)

Location

rf
 p

it

rf
 p

it

g
ro

u
n

d
 r

e
m

ov
e

d

g
ro

u
n

d
 r

e
fil

le
d

S
S

B
T

 t
u

n
ne

l

-0.4

-0.3

-0.2

-0.1

0

0.1

0 1,000 2,000 3,000 4,000 5,000

Girder_B

C37B
C44B

L
ev

el
 (

m
m

)

Dis. (mm)

The middle leg of girder lies on
 the tunnel juction

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0 1,000 2,000 3,000 4,000

Girder_A

Girder_C02A

Dis. (mm)

The end leg lies on
 the RF pit

-0 .8

-0 .6

-0 .4

-0 .2

0

0.2

0.4

c36a2 c36b2 c36c2 c37a2 c37b2 c37c2

level_junction_avg36

1996
1997
1998
2000
2001
2002
2003
2004
2005
2006
2007
2008
2010

L
ev

el
 (

m
m

)

M agnet

junction

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

c01a2 c01b2 c01c2 c02a2 c02b2 c02c2

level_rf_pit_avg36
1996
1997
1998
2000
2001
2002
2003
2004
2005
2006
2007
2008
2010

L
ev

el

M agnet

Proceedings of the 12th Annual Meeting of Particle Accelerator Society of Japan
August 5-7, 2015, Tsuruga, Japan

PASJ2015  WEP132

- 873 -


