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Field experimental study of basement structural dynamic properties of the
heavy-haul railway tunnel in broken surrounding rock
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Abstract: In this study, dynamic pressure response of base structure of Fu Yingzi tunnel along Zhangjiakou to Tangshan was
simulated through field large-scale excitation test under the class V rock conditions when the heavy haul trains with axle weights of
250 kN, 270 kN, and 300 kN passed. Dynamic pressure attenuation values at measuring points were presented when axle weight was
reduced. According to the earth pressure time history chart of field measurement, horizontal and vertical distributions of dynamic
pressure of the measuring points in each structural plane were analyzed. The results indicate that dynamic pressure of each measuring
point in heavy haul line of double line tunnel is greater than passenger train line, and the dynamic pressure of the corresponding
measuring points below the railway track under different axle load of heavy haul trains is greater than other measuring points. Stress
concentration is found to appear in the structure and surrounding rock at corresponding heave haul position, which is more likely to
cause the structure to crack or hole generation in wall rock under the condition of broken rock compared with the test results on the
surface of class IV grade surrounding rock. Train load attenuates drastically due to cushioning of the bed structure and inverted arch
filling as it vertically transfers, but there is only small attenuation in inverted arch. Current designed basement structure thickness
cannot meet the demand of lifting axle load.
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Fig.1 Design lining sectional drawing of class V
surrounding rock (unit: cm)
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Table 1 Test section structure parameters in Fuyingzi
tunnel of class V surrounding rock

4t PR GPa TARALE %/ (KN/m’)
IS 28.0 0.16 23.0
R 31.0 0.20 23.0
[EES TS 28.5 0.20 23.0

it 31.0 0.20 23.0

TEIR 33.5 0.20 25.0
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Fig.2 Field excitation test of heavy haul railway tunnel
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Table 2 Test parameters for different train parameters
under class V surrounding rock condition
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/Hz  #%& /KN /KN
/KN / (km/h)
300 120 140  B-05 300 500
270 80 90  B-03 270 300
250 110 110 B-02 250 280
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Table 3 Test section parameters of surrounding rock in
Fuyingzi tunnel
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IV 2% 3.6 0.33 22.5 0.450 55
V % 2.0 0.24 20.3 0.012 38

2.4 ARRRBRAAR

BT AR T ZW 2 pr Ttk K
M APE IR EH Ao S K (RIS B 7 BRI
RIS O B A RSN, b T S IA
K mRER A AR, M, 1B DGR e i
FUL, Ol TR RIS ZE S AR A R S AR ki b
B 445 K4 [R) 31 s, 7SI o A % AR B %07 S I 30 P
77, (ETCHEER S, ApEtIase 2 Atk m,
P55 A el A 3 e RO et s gk, ik
Mk 3 s

R N

Q
=
=2\ \a ==

bT
—<GT3  gr4 G
B3 BERGUEREMESER

Fig.3 Schematic diagram of the sensor layout
in basal structure
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Fig.4 Typical process diagrams of dynamic pressure in left
track line under 270 kN axle load
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Table 4 Dynamic pressure peaks of each measuring point
in ballast bed under different working
conditions (unit: kPa)

B 1044t/ kPa FIFEE %
T 1 TH 2 T8 3 T2 TH3
CahEh 300 kN) (Rl 270 kN) (FllEE 250 kN) B THL 1 BT 2
153.200 115.400 95.800 2467 1698
169.200 125.200 108.200 2600  13.58
30.448 31.379 28.448 -3.06 9.34
78.725 52.857 44275 3286 1624
110.409 72.272 58.045 3454 19.69
79.878 54.489 45.857 3178 15.84
21.224 19.938 18.020 6.06 9.62
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Fig.5 Variations of dynamic pressure of ballast bed under
different working conditions
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Table 5 Dynamic pressure change of each measuring point
in invert arch filling under different working
conditions (unit: kPa)

&1 s A/ kN TEIRFERE %
T 1 TH2 T8 3 T2 TH3
CalEh 300 kN) (Rl 270 kN) (FliEE 250 kN) & TH0 1 B T0 2
26.957 18.070 14.456 3297 20.00
39.200 27.940 20352 2872 27.16
46.132 32.892 26314 2870 20.00
27.965 18.576 14.861 3357 20.00
16.789 10.752 7.602 3596 2930
11.038 8.727 6.982 2094 20.00
2299 1.709 1367 2566  20.01
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Fig.6 Measured dynamic pressure amplitude of each
position in the upper surface of invert arch under
different working conditions
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Table 6 Dynamic pressure change of each measuring point
in surrounding rock under different working
conditions (unit: kPa)

&) i 17810/ kN FEIRFELE %
T 1 T 2 T3 TH2 TH3
(il EE R 300 kN) (BliFh 270 kN) CREH 250 kN) ATl 1 B0 2
4929 3.150 2.720 36.09 13.65
10.661 7.563 7.050 29.06 6.78
9.556 6.789 8.431 2896  —24.19
20.150 14.605 12.684 27.52 13.15
10.661 7.163 9.730 3281  -35.84
8.496 5247 5.198 38.24 0.93
6.339 4.137 2310 3474 4416
4748 3324 1.659 29.99 50.09
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Fig.7 Dynamic pressure amplitude of each position in the
surrounding rock under different working conditions
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Table 7 Dynamic pressure change of each measuring point at the surface of class IV and V surrounding rocks

300 kN 270 kN 250 kN
HP=Y ALy VIZFAS) vV REAZ) KR VIZFEAS)  VRREAES) KR VIZFEAS) VRRAES) KR
& 41/ kPa & 41/ kPa /% & 43/ kPa & 43/ kPa /% & 41/ kPa & 43/ kPa /%
JEHE 3.028 4929 62.78 2.786 3.150 13.07 2433 2.720 11.80
LM SR 7421 10.661 43.66 5.295 7.563 42.83 5.083 7.050 38.70
Je gk 8.054 9.556 18.65 6.587 6.789 3.07 5.734 8.431 47.04
JELR kAT BIE 18.475 20.150 9.07 13.548 14.605 7.80 10271 12.684 23.49
R 5.845 10.661 82.40 5.054 7.163 4173 4.051 9.730 140.19
A ki e 4.964 8.496 71.15 4.896 5.247 7.17 3.562 5.198 45.93
FR A HE 4398 6.339 44.13 4528 4.137 -8.64 2417 2310 -4.43
Ak 2.987 4748 58.96 3215 3324 339 1352 1.659 22.71
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Fig.8 Dynamic pressure amplitude vertical propagation of
feature location under different conditions
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Table 8 Comparison between additional dynamic stress and gravity stress under the basement structure
in class V surrounding rock

W VR RE 300 kN 270 kN 250 kN
0.0 169.200 0.0 / 125.200 0.0 / 108.200 0.0 /
0.3 79.878 7.5 10.65 54.489 7.5 7.27 45.857 7.5 6.11
1.8 46.132 42.0 1.10 32.892 42.0 0.78 26.314 42.0 0.63
2.1 20.150 48.9 0.41 14.605 48.9 0.30 12.684 48.9 0.26
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