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Munich, 22. August 1979
Dr.Ley/Es '

| Research Report No. 881

Testing of the McKay 'Safelok' Rail Fastening System

(McKay Ltd., Australia)
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3 estimate the service life. The tests consisted of

- fatigue tests with clips, including calibration
- fastening system pulsating load test
- fastening system uplift test

- fastening system longitudinal restraint test

2. SYSTEM COMPONENTS

For the fastening repeated-load test a special concrete

sleeper (app. 1) was manufactured by McKay Ltd. The concrete

. . ' 2
strength was in accordance with AS A 1481 at 28 days 50 N/mm”,
the concrete surface was obviously very smooth. The sleeper

“\ has an inclination at the rail seats of 1 in 20 and is

designed for 68 kg/m AREA rail.

R The components of the fastening system (app. 2) are

L161~O~1096 .
~ the spring clip (app. 3) out of silicon manganese spring

et steel, hardened and tempered; they are identified by

letters and numbers

~ the shoulders (app. 4) out of 8,0 mm thick medium carbon
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§Q%§£~ the insulator (app. 5) out of glass filled, light and heat

stabilised nylon

- the resilient pads (app. 6) with a textured surface on both
sides out of high density polyethylene.

All parts have been manufactured by or for McKay Ltd. and sub-

mitted to the Priifamt fir Bau von Landverkehrswegen.

3. CLIP FATIGUE TESTS

In accordance with the recommendations of the Deutsche Bundes-
bahn (DB) pairs of clips have been calibrated up to a maximum

load of 22 kN per pair. The testing equipment is shown in
app. 18.

The first loading was applied in increments of 4 kN and the

corresponding deflections measured. After each step the load

was released to zero and any permanent set measured. The clip
was then loaded without steps 8 times. The 10th loading was

then applied incrementally and the deflections recorded.

Afterwards the pairs were fatigue tested in the same machine
to 5 x 106 load cycles with a maximum load of 22 kN and a
corresponding total deflection of approximately 14,0 mm. The

oscillating deflection was 1,4 mm and from field measurements
it is known that this deflection is about twice as high as

found in very severe track conditions.

At the end of the fatigue test the clips were again re-

calibrated incrementally. Finally an ultimate load test
was done.

Six clips (No. A 28, A 39, D 14, X 23,

D 13 and C 36) were
subjected

6
to the forgoing test and during the 5 x 10" load

cycles no failure occured in any clip. The calibration graphs

are shown in app. 7 to 10. It was evident that the permanent

set at the end of the fatigue test was very small (0,17 mm
to 0,28 mm).
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On the test sleeper assembly (chapter 4.3) the measured
average clip deflection per rail seat-was 11,75 mm and
from the calibration graphs (app. 7 to 9) it can be seen
that this should produce a clamping force of 18 kN. This

was in agreement with the actual uplift test (chapter 5).

FASTENING SYSTEM PULSATING LOAD TEST

Method of Test

A photograph of the laboratory test machine is shown in

app. 19 and the principle of operation is shown in app. 14.

The special concrete test sleeper with reduced gauge (app. 1)
was clamped to the test machine table and a gypsum grout

was used at the interface to ensure a uniform load
distribution. The arms of the test machine applied bi-axial
forces to the rail head as occurs in track having sharp
cdrvature plus heavy axle loads, and the angle between the

force and the vertical was 31,50.

A static incrementally increasing pre-lcad was first applied
to the rail and then pulsating forces were applied at a
frequency of 3 Hz which is equivalent to a single axle
passing over the rail at about 60 km/h. However for bogies
the equivalent speed would be up to 85 km/h. A total of

5 million load cycles were applied in all, while dial gauges
(1/100 mm graduations) were used to measure gauge widening,

translation (flange separation) and tilting of the rail.

To check the behaviour of the plastic pads and insulators
under summer conditions some test phases were done with

the rail temperature elevated up to 60 c.

- CONFIDENTIAL
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VERTICAL FORCE

To determine the vertical force which has to be imposed on
only one sleeper to represent an equivalent axle load the

following points need to be taken into consideration (1):

- THE LOAD DISTRIBUTING CAPABILITY OF THE RAIL

Depends on the bearing capacity of subgrade, sleeper size,
spacing and stiffness of rail. Under medium subgrade con-
ditions with a sleeper contact area of about 10 000 cm2
per meter of track, and spacing of 65 cm plus a rail with
a moment of inertia of 2 000 cm4 the load distributing '
factor results in a mean Value of 0,4, i.e. 40 % of the
axle load is applied to one sleeper. Using another contact‘
area A+, rail with a moment of inertia J+ or different

+ . . .
spacing s the load distributing factor can be corrected

using the equations

oxr

respectively (theory of Zimmermann (1)).

~ THE SCATTERING OF STRESSES AND DEFLECTIONS IN THE TRACK

Depends on track conditions and speed (app. 11). For a
statistical confidence level of P = 68,3 %, which is
sufficient for the design of fastening systems (1), bad
track condiiions and a maximum speed of 60 to 80 km/h

the maximum forces increase to

7 =
max Fmean value x (1 + 1,0 x 0,3)

F =
max 13 x Fmean value
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~ VERTICAL LOAD INCREASE DUE TO CENTRIFUGAL EFFECT IN CURVES

Depends on speed, superelevation, gauge and the height of
the center of gravity of the cars. Even under very severe

(=)

conditions it does not exceed a value of 25 %.

1.051d s for the actual test:

The fastening system under study is designed for 68 kg/m AREA

rrail with a moment of inertia J = 3 940 cm4. Assuming a spacing

of 65 cm and the above mentioned conditions for calculation of
the maximum vertical test forces the axle load has to be

reduced by the factor f:

, . ,
_ %/2 000 B
£f =0,4 g 37940 x 1,3 x 1,25 = g;ii

LATERAL FORCE

To determine the lateral force which has to be imposed on one

\O

sleeper a load distributing factor of 50 % to 60 % can be
assumed. The acting lateral forces in track depend on bogie
construction and distance,radius of curvature, unbalanced

acceleration and coefficient of lateral friction. Some results

of measurements are shown in fig. 1. The forces are mean values,

" the maximum values can be calculated by the same statistical

consideration as outlined before.

Fig. 1: Measured lateral forces (mean values) for an

unbalanced acceleration of ¥ = 0,65 m/s2 (2)

o
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The maximum pulsating forces chosen as follows have been:

a) Qv = 150 kN

75 kN/rail vertical component

1l

46 kN/rail lateral component

Under the assumed conditions this force represents an

equivalent axle load of 27 t.

——

i

b) Qv = 200 kN 100 kN/rail vertical component

Il

61 kN/rail lateral component

This force represents an equivalent axle load of
36 t.

220 kN

Il
Il

c) O 110 kN/rail vertical component

67 kN/rail lateral component

This force represents an eguivalent aXle load of
40 t.

From fig. 1 it is evident that these lateral components
represent maximum lateral forces in the track, only as
occurs with very heavy locomotives in curves with a radius
of about 300 m. The pulsating minimum force remained

constant with

Q = 10 kN = 5 kN/rail vertical component
= 3 kN/rail horizontal component
Results

Separate pad tests

Two pads were separately subjected to a vertical load to
produce a compressive stress and the corresponding deflec-
tions were measured. The results in app. 12 and 13 show

that they are somewhat stiff but nevertheless have sufficient

elasticity to equalize normal variations in the surfaces

CQN x». b*”m :A\L
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'NOT FOR LI3RARY USE.




!

PRUFAMT FUR BAU VON LANDVERKEHRSWEGEN DER TU MUNCHEN, BERICHT NR. 881

__7__

of the sleeper and rail seat. There‘is also sufficient

elasticity to dampen dynamic forces due to wheel flats.

There was a cinsiderable difference in the deflection
characteristics of the two pads which resulted from the
curvature of one pad however this is of no importance

for field use.

The first loading was applied in increments of 25 kN;
after each step the load was released to O kN to get the
- permanent set. The 10th loading was applied without

releasing.

e T ot e i ot S e e et s St "t At S e S o T ot M i o o 2o

Clips D 19, K 13, C 20 and E 22 were used for this test

together with new insulators and pads. The mean actual’

installed deflection for the two outer clips (D 19 and
E 22) was 12,5 mm while the mean deflection for the inner

clips K 13 and C 20 was 11,0 mm.

The difference in deflection was mainly caused by both
rail sections being located against the outer shoulder
thus leaving a small gap between the inner shoulder and

- : rail flange.
S

This results in the clip prongs being positioned further
up the rail flange incline on one side compared to the
other with a consequent deflection difference. By using
the clip calibration graphs (app. 7 to 9) it can be shown
that the mean clamping force per rail seat was 18 kN

(see chapter 5).

During the test phases the fastening system was subjected
to the following load‘cyclés with equivalent axle loads
between 27 t to 40 t. The 5><106 load cycles represent a
total track tonnage of 172 x 106 gross tons (table 1).

~ CONFIDEMTIAL
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Based on a typical track tonnage per day, the tests re-
present a service time of more than 20 years (table 2).
However it must be noted that the pulsating load, tests
only the behaviour under traffic conditions, not the aging

effects (UV-rays, shrinkage of concrete etc.) are tested.

Table 1: Load cycles and cumulative equivalent track
tonnage
106 equivalent | cumulative equivalent
axle load track tonnage temperature
Load cycles
(t) (gross tons)

1 27 27 x 10°
: 6 o
| 2 36 72 x 10 T=20 C
! 0,5 40 20 x 10°
§ 0,25 27 6,75 x 10°
E 0,95 36 34,2 x 10° T=50 to
2 0,30 40 12 x 10° 60 "¢
| 6
! 5,0 172 x 10

Table 2: Test results expressed in daily gross tonnage

and service time

Gross track .tonnage A o . .
represented service time
per day =
25 000 20 years
50 000 ‘ 10 years
100 00O 5 years

The readings of gauge widening and translation (flange

separation) are plotted in app. 14 and twisting of the

rail in app. 15. From the curves it is evident

| : CONFDEMTIAL
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that

- after a bedding-down effect all readings remain nearly

totally constant with growing load cycles

there is only a small increasing of displacements with
rising axle load

- at a temperature of 60 °c and a force representing an
~axle load of 40 t there was only a small increase of
gauge widening, which was not severe as it showed a

declining rate with rising load cycles.

It can be concluded that the fastening éssembly in practice
will behave well for a much longer time than represented by !
the tests. The measured displacements would satisfy the |
requirements of the Deutsche Bundesbahn (DB). At the end
of the pulsating load test no failure of any component of

the system was evident. Photographs of components are shown
in app. 20.

FASTENING SYSTEM UPLIFT TEST

At the end of the pulsating load test without disturbing
the rail fastening assembly a fastening uplift test has been
performed similar to the recommendations of the AREA,
published in 1978, art. 10.9.1.10. In accordance with the
diagram V of that specification a central load was applied
by a threaded rod in the rail-head (app. 21); the in-
clination of the rail seat was egualized by tilting the
tie. The load P at which separation of the rail from pad
occured was checked on the rail seat (clipsD 19 and K 13)
and found to be P = 18 kN. There is a good agreement with
the clamping force determined at the beginning of the

fastening pulsating load test by displacement measurements

CONFIDEMTIAL
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of the clips (see chapter 4.3). So a minimum clamping force

of the system under study of 9 kN per clip can be derived.

The load then was completely released. Afterwards a load
of 1,5 x P = 27 kN was applied. There was no crack in the
concrete or loosening of the shoulder, no component of
the fastening system fractured. The requirements of the

AREA-test therefore have been met.

FASTENING SYSTEM LONGITUDINAL RESTRAINT TEST

The fastening system under study must be able to avoid
excessive longitudinal movement of the rail due to tensile
stresses induced by temperature change and/or traffic. This
is especially important if a break occurs in the continously
welded rail at low temperatures, which could result in a

gap widening at the fracture, if the creep resistance of

the system is too low.

From many field measurements it is known that the longitudinal
friction resistance of half a sleeper in ballast is about

7 N pér mm of track length (1), related to one rail. From

this fact it can be concluded that one fastening system

should have under. very severe conditions {(pads with permanent
‘set, loosened screws, acting vibrations) a minimum creep
resistance of 5 kN. The Deutsche Bundesbahn (DB) normally

requires a safety factor of 71,5.

The fastening system longitudiﬁal restraint test has been
carried out in a special facility, where the tie was held
in a very stiff girder construction (app. 22). By a
hydraulic jack a pulling force parallel to rail axis was
applied to the rail foot with an increase of load of

about 10 kii/min. The forces applied to the rail and the
corresponding rail displacement were measured by electrical

instruments and the results were plotted by an XY-writer.

- CONFIDENTIAL |
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The tests were performed static and with vibrations produced
by a vibrating machine on rail head (app. 22), which produces
a vibration spectrum between 30 Hz. and 120 Hz with maximum

dynamic forces of p 0,8 kN.

The results of the first 3 static and 3 dynamic tests are
plotted in app. 16. It is evident that with the firsﬁ static
and also dynamic test a movement of the pad on concrete
‘surface occurs. It must be mentioned that the concrete sur-—
face of the prototype sleeper was very smooth. With rising
displacement an.increase of the creep resistance occurs,
due to a locking-effect of the insulator and pad on the
shoulder (2nd test). This mainly results from the inter-
action of the insulator curved ends and the shoulder corner
radii which produce a wedging effect on the edges of the 4
rail flange. The movement then occurs between rail and pad

and insulator, respectively.

The results of the second 3 static and 3 dynamic tests,
which were done with new insulators and pads are plotted

in app. 17. A similar behaviour was shown.

It is evident that the dimensions on the locking curves
of the insulator and pad allcow some movement relative to
the shoulder before the secondary resisting effect takes

place.

The test showed that a primary creep resistance of at least
7,5 kN can be expected without the assistance of the
secondary locking device. This value meets the requirements
cf the DB.

However if a small modification was made to the pad and
insulator to bring the curves closer together the secondary
locking effect would be produced with less movement and

a creep resistance of at least 12 kN would result.

CONFIDIMNTIAL
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SUMMARY AND CONCLUSIONS

LOAD DEFLECTION CHARACTERISTICS

L gy vy s i i gl ghus upouusibpun iy ived ot

These have been found for 6 clips by calibration in pairs
as for a single rail seat. The test sleeper assembly
produced a mean deflection of 11,75 mm per rail seat and
the graphs indicate that the corresponding clamping force
was 18 kN. ‘

FATIGUE TESTS

Were done on 6 clips with a maximum load of 22 kN per pair
and a total deflection of approx. 14 mm. The oscillating
deflection was 1,4 mm; 5 x 106 load cycles were applied at
16 2/3 Hz and no failures occured. Therefore the require-

ments of the Deutsche Bundesbahn have been met.

FASTENING SYSTEM PULSATING LOAD TEST

This was done with a special concrete sleeper, 68 kg/m
AREA rail, inclination of rail seats 1 in 20. 5}{106 load
‘cycles were applied in different test phases at tempe-
ratures from 20 to 60 OC with forces which represent axle
loads of 27t, 36 t and 40 t in a curvature of 300 m radius
within the speed range of 60 to 80 km/h. This loading
represents a cumulative equivalent track tonnage of

172 x 106 gross tons. The registrated gauge widening,
translation and twisting of the rails were low and remain
almost constant with rising load cycles and rising axle
load. This shows that the tested fastening system has
excellent gauge holding qualities. The measured displace-
ments satisfy the recommendations of the Deutsche Bundes-

bahn. No failure occured on any component of the system.

1 CONEIDTMNTIAL
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FPASTENING SYSTEM UPLIFT TEST

This was done after the pulsating load test without dis-
mantling the components and the actual clamping force

was found to be 18 kN per rail seat.

CREEP TEST

A minimum creep resistance of 7,5 kN was found which
satisfies the DB requirements. Movement occurred first

between pad and sleeper surface.

The tests also indicated that if a small modification was
made to the pad and insulator a minimum creep resistance
of 12 kN would result due to the additional holding force

of the secondary locking device.

CONCLUSION

The tests showed that with the 'Safelok' system a long
service life can be expected without failures or mainte-
nance. With rail seats inclined at 1 in 20 it is satis-
'factory for axle loads of up to 40 t and minimum curve

radii of 300 m standard gauge or 400 m broad gauge.

i

N R
oy e L
Dr.-Ing. J. Eisenmann Dr.-Ing. %. Leyk %f
o.Prof,. Research Chief Engineer
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% distribution of
measured values

maximurm value

| kS mean_value
| ° — ——
j LT S
| 5
-
@ \
' : n -
- 60 200 kmn/h
37 o 124 mph

speed

maximum value = -mean value x (1+t x 8)

c = standard deviation of mean value
perrnanent way in very good condition s=0,1 x p
permanent way in good condition - 5=0,2 x ¥
permanent way in bad condition §=0,3 *x ¥
¢ = influence of speed:
V < 680 km/h (37mph) : ¢ =1
2 : V-80 (40, Y37
60 <V <200km/h (124mph) @ 7 ﬂﬁ«*m" ; (1,04- 57 )
t = factor,depending on staiisiic&i confidence
interval P |
P = 68,3 o/c 1 ’-21 |
P = 95,4°% t =2
P = 99,7°% t =3
. Mean value and scattering of measurements
TU Miinchen _ _ App. 1
I—— in_function of the speed
? CEE T R ,
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: s : L + A e L RS R S R



1 e o R A R : ! w : , o “ . A : ; W. R
R A N | M [WWJ] NOWOEEEA L e
PN e o ! m “ . , 50 Z0 : ” m _ : ] , I

. i 1 ’ ,» - : S | I S RS Sl [ SR ; s ’ . : : i i ' ' “

- mﬁ. T A i " L o090 ,. - O%0

P PV S R ~
0 ONIAVIT sk

i
. ~
R0 SNV SR
|
e

. 1
Rt _, O b e
\ | : 4 - i R
oo b : ! | | _ _ R
i i : b iw St BSOS : : m, o { w !
ST RPN UMM RS SR « I V | : A _ , _“
- ! : : i | TR R ‘ A i L4760 Oy b -
H i i- i ! H i i A S H i i
ez S T 0 T ML VU ORI A T\ Q!
m u i TR B B S I A A R : , - :
| m W L W ol S
m J 1 | { i ~ ! ” : re ! : : !
T SRS S B B I | m B ==L 1 A
. b | i m i M ! : : «, . w
a L O 109 - w SO T B! NSNS 3 ) i
0. A st SN ] M W M , i e o < _
- A R A B B R N %, A
H : H : : i R ol - . 1 s .
IR IR A RSO SN IS SN S I S A _ = | x? 28T
e W oll caL o p
R 120 i PR TN SIS U ) B : 1 y i
. = ”. m_, : , : _ > o RS
| P : i ! W " SR - 0
T | f_ - Loee 4 - ,r - .‘ , 9 ) Imu '©n\Lm - ' .
T A . 0. S -
oo o w & Z
s S (R ER R ; : o -3 |
i i M | , i | w - m. b e b g i
L R | | . e o) o D] |
TN N RO S S e i et M S | T A 5 0L o a
b e ,, ; | : m , N ; , ;. : . . Pk e
=% A U R R R B N e AT SR R Pt
SR R B T T e A RUTR A A A
! Lo ! ! A w M . : , : L S S m L0 wy
SRR W T e . i A A o oo B
SR At A SR T S R E R - subeon o O
| “, m _ | L | L ! , . , oLy, Baky BupeoT et
, ; “ m | _ o e = U o - oul , ! T I
e e e b ZUILIOOY OT T WILITEL X WMGLLEY A R R
: : ! : ! L U [ : - : ) : ‘ : , R
i ; oo : i | i ! ! B b
SR S S m : Lo _ v : o B Y-S
, W _ m oo | Lo g b _1{ m _. It TR
bbb loN avd H0  NOLVEENYO S e
i ' : ! _ | | A , , . , . i _ m sk 8
," W | | [ | W ,, ‘ 4 , - S
w m. ,_ 4oL A u. : S :




CNMJ: Z0MOS

i

e

; )
e

i S
: ¢
!

Lo

i

| Pl
| P
i , ‘

Co
w.wi

, R, JE—

@zﬂoqo.fwor W

o @za,%._ a_\

{
BN
i

e e e e
: ' ;
S
1

NNUITE SNSRI, SENSE—
T i T

i
t
!

o ey T

! { ..

.. PR SRR
i
1
—t—

b
1

i
B N
i

i
i
i
'

v
o e e

e

!
; t

! i
; ool : i ;
; : ; ‘
.» @ PO i i .
| : : ‘ :
! . ! ; ; : i
# i ! | !
; ' !
e Mt & e i :
“_ e | w i
! [ i H H
! ) i 1
| L
- el J R
{ i H i '
_ : H ~ . m : I
r ; “ R
i H 1 H
| i . .
- § BUURUON SO B i -
R : i i [ _
: i : ! Lo
: B ; : i g
! i ! i i {
! i | A B
H H L - s e
X

ISR SIPRNSI

_ ovavowo

v .
e

N

EEoow oT =

Q,& 40 NOULvEEvD.

1

Eccmmr X Eimbrrq mmbw aCﬁmOAs

\

v

T

| . w
T : : !
g e g g 7 1 N |
| ~ v | | | H H
: ! ! ! ! . _ ﬁ m
i i i ! i i . . |
| | | | . | P S B g PP -
, “ ; m i o | |
i H { [ o S S ; w “
[N YRS IPUEp S _ . _
T i w 4 __ w i ! ;
: . " | .
| ~ : @O . ‘ i
i j } CoL R | _
s L St Tt R w e , q
R S J ek e - “ w m m
: ., | : i |
oL 50 | _
: ! { i
. I
¥
!
b
1
i
]
B U

mcﬁm.oﬂ st hwtm
s E&L@Emn_

S

1
i
i ! } DR S
e e R ,T
|
i

'

1}

i

w . »

-

PR -

'

\

i

i
;
;
i

ISSTIINOD

| [zwuyNT SSZRUS 3N
fu

1
)

MADE N GERMANY

O_ N B .f
|




GAUGE WIDENING

FLANGE SEPARATION)

FASTENING SYSTEM PULSATING LOAD TEST
Equivalent Curve Radius 300 m

COPYR?GH”" RALPH Mci “‘«;’ L 1,3. 22 Aug.

!\;m'r‘ F/“’ \ ...M ‘1{ H —~ -
| |
I
t=-PRELOAD PULSATING LOAD PRELOAD ——stws , - __PULSATING
0. N TEST L [ PULSATING LOAD TEST re——PRELOAD S oAD TEar T PRELOAD—==—PULSATING LOAD TEST r=—STA
=~ EQUIVALENT AXLE LOAD 27t ——ej= EQUIVALENT AXLE LOAD 36t ==——EQU. AXLE LOAD 40t ——={=EQU.AXLE LOAD —=f=- EQU. AXLE LOAD—=f=— EQU. AXLE L
M 361
TEMPERATURE T= 20°C —te—T250 C —sjw T=60"C
8 '
6

77

—_—_——_—.—_——.—.—-

////// %////////////// r///d

7%/

N N SO — T T T 7]
e ! ! | 1 T T T 1 1 T T T T T

0 50 100 150/0 05 10/050 100 150 200/1,0 15 20 25 30/050 100 150 220/3,0 35/0 50 100150/35 375/0 4,0 45 47 501050

FORCE (kN) ~=[105 LOAD CYCLES —= | FORCE [kN] —»= 10° LOAD CYCLES ——= FORCE (kN1—= | 100 LOAD |FORCE [kNI-= 106 LOAD CYCLES —» FORCE
CYCLES
3 ~
‘ 7 .

v 7777 27 7T | _f/{_-—/@j_ e ——— e By

T T T T T ! - T T T 1 T 1 I !
0 50 100 150/0 0,5 10/0 50 100 150 200/10 18 20 25 B 30/0 50 100 150 220/20 AacA N 100 180/285 3 75/0 L 0 e 7 cNIN t:n_g




r=PRELOAD e PULSATING LOAD———==——PRELOAD

f=— EQUIVALENT AXLE LOAD 27t -

TEST

Equivalent

FASTENING SYSTEM PULSATING LOAD TEST
Curve Radius 300 m

=

['=

15

TEMPERATURE T=20'C

EQUIVALENT AXLE LOAD 36t

i PULSATING LOAD TEST

COPYRISHT BAL Tl 22 Augz. 79 |
i S i :' !”; ¢ \g/ ‘f" :J}f
AT J.\ IR
i
= PRELOAD l PULSATING i PRELOAD—""—— PULSATING LOAD TEST | STATIC |
LOAD TEST :
. > EQU. AXLE LOAD LOt——""' EQU.AXLE LOAD —==—EQU.AXLE LOAD—*t=— EQU. AXLE LOA p
A 27’( 36t ]
: i T=50 C T=60 C

rail permanent
displacement

maximum load

—— — ot Wit s,

____._...—-—.—____——-—-—_-——-

e o g cm— ]

rail permanent displacemen

o B

B S e et i IR A ~<s~ - —--=-.-—.] __Pad permanent set
~_ W@ N T o o o T e ST A S O meem e IS T
NN s e, T
9 ] : maximum load :
]JO T Y 1 Y T T T T i ] ] J ' ! ! ' i :
0 50 100 150/0 0,5 1,0/0 50 100 150 200/1,0 1,5 20 25 ‘“ 30/0 50 100 150 220/30 35/0 50 100 150/3,5 375 40 45 47 5,0/0 50 10(
FORCELKN]—= '!06 LOAD CYCLES —| FORCE [kN] — 106 LOAD CYCLES —= | FORCE [kN] —= 105 LOAD FORCE [kN }—= 10 6 LOAI;) CYCLES — FORCE
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PRUEAMT FUR BAU VON LANDVERKEHRSWEGEN DER TU MUNCHEN, BERICHT NR. 881

App. 18

CLIP FATIGUE TESTS
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PRUFAMT FUR BAU VON LANDVERKEHRSWEGEN DER TU MUNCHEN, BERICHT NR. 881
app. 19

FASTENING SYSTEM PULSATING LOAD TEST
(Test phase with rail temperature elevated up to 60 °c)

BRI e, o

pa W M Erm oy 7w .
CanNIEImm A
o o 3 W F Bl o B0 WA
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PRUFAMT FUR BAU VON LANDVERKEHRSWEGEN DER TU MUNCHEN, BERICHT NR. 881

App .20

surface and bottom of pads and insulators after completion

of the fastening system pulsating load test

' COnitn
558N ‘ —:
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PRUFAMT FUR BAU VON LANDVERKEHRSWEGEN DER TU MUNCHEN, BERICHT NR. 881

App. 21

FASTENING SYSTEM UPLIFT TEST

CONFID
COPYRIGHT RALPH McKAY LTD. 22 Aug. 79
NOT FOR LIBRARY USE.
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RESTRAINT TEST

FASTENING SYSTEM LONGITUDINAL

PRUFAMT FUR BAU VON LANDVERKEHRSWEGEN DER TU MUNCHEN, BERICHT NR. 881




