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Abstract

With the rapid development of high-speed railway in western mountainous areas of China, the prob-
lem of external pressure fluctuation caused by high-speed train passing through large slope and high
altitude long tunnel in complex geographical environment has become increasingly prominent. This
kind of pressure fluctuation not only affects the passenger comfort, but also endangers the safety of
the train structure and the efficiency of the train operation. Most of the existing studies focus on the
standard tunnel working conditions in plain area, but there are still insufficient studies on the pres-
sure fluctuation characteristics under the coupling effect of high altitude, large slope and long tunnel,
especially on the dynamic interaction mechanism of double-train intersection. In this paper, a calcu-
lation model of the external pressure of a 400 km/h high-speed train is established based on one-
dimensional characteristic line method, and the influence of altitude, slope and tunnel length on the
pressure fluctuation of the two trains is systematically analyzed, and the mechanism of determining
the most unfavorable tunnel length is revealed. The results show that the fluctuation amplitude of
outside pressure increases significantly with the increase of slope. The pressure fluctuation in the
short tunnel presents a sharp transient characteristic. In the long tunnel, the pressure fluctuation
tends to steady state, but the negative pressure accumulates continuously with the extension of the
tunnel. Through linear fitting, it is found that the peak value of external pressure is positively corre-
lated with slope and negatively correlated with altitude. A multi-parameter coupling formula is estab-
lished to provide quantitative basis for engineering design. The research results reveal the generation
and evolution mechanism of pressure fluctuation in complex linear tunnels, and propose the criterion
for determining the most unfavorable tunnel length, which can provide theoretical support for section
selection, vehicle body air tightness optimization and operation safety evaluation of high-speed rail-
way tunnels in mountainous areas.
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Figure 1. Comparison of the time history curve of external pressure change of a single train passing through the tunnel at a
speed of 413 km/h
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Figure 2. The time history curve of the external pressure of the two trains intersected centrally at different slopes of 27,885m
at 400 km/h
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Figure 3. The maximum external pressure curve of two trains at 400 km/h in a tunnel of different slope and length

B 3. AFIZELL 400 km/h EAREIRE AN FKEREHRZSELFFINE N RERML

Table 1. Maximum external pressure (kPa) of two trains running at the central intersection of tunnels of different incline and

length at 400 km/h
= 1. BHIZELL 400 kiv/h EAREIEE A EKEFEFRRZ ST LEFINENREL I (KPa)
5 % 1 K (m) %0 BRKIEEME I YNVVIRE] KR 7 W Wi
10 3.26 -8.23 11.48
1 500 15 3.25 -8.25 11.50
20 3.23 -8.26 11.50
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25 3.22 -8.28 11.50
30 3.21 -8.29 11.50
10 3.40 -8.22 11.63
15 3.39 -8.23 11.62
2 571 20 3.38 -8.24 11.62
25 3.37 -8.25 11.62
30 3.35 -8.27 11.62
10 3.59 -8.02 11.62
15 3.58 —8.04 11.62
3 642 20 3.56 -8.06 11.62
25 3.54 -8.07 11.61
30 3.53 -8.09 11.61
10 3.54 -8.00 11.54
15 3.53 -8.02 11.55
4 734 20 3.51 -8.03 11.54
25 3.50 -8.05 11.54
30 3.48 -8.06 11.54
10 3.07 -7.83 10.90
15 3.06 ~7.86 10.92
5 856 20 3.05 -7.88 10.93
25 3.04 -7.88 10.91
30 3.02 -7.91 10.93
10 1.59 ~7.74 9.33
15 1.55 -7.77 9.32
6 1500 20 1.53 -7.81 9.34
25 1.50 ~7.83 9.33
30 1.48 -7.87 9.35
10 1.53 -7.70 9.23
15 1.49 ~7.74 9.23
7 2000 20 1.46 -7.78 9.24
25 1.43 -7.82 9.25
30 1.39 -7.88 9.28
10 1.45 ~7.69 9.14
15 1.40 -7.75 9.15
8 2700 20 1.37 -7.81 9.18
25 1.33 -7.88 9.20
30 1.28 —7.94 9.23
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10 1.44 ~7.69 9.13
15 1.40 -7.75 9.15
9 2812 20 1.36 -7.82 9.18
25 1.32 ~7.89 9.20
30 1.27 -7.95 9.23
10 1.39 ~7.69 9.08
15 1.34 -7.78 9.12
10 3500 20 1.30 -7.85 9.14
25 1.24 -7.93 9.18
30 1.18 -8.03 9.21
10 1.33 -7.63 8.96
15 1.26 -7.75 9.00
11 4700 20 1.18 -7.87 9.05
25 1.13 -7.96 9.08
30 1.06 -8.07 9.13
10 1.26 ~7.60 8.87
15 1.17 -7.76 8.94
12 5600 20 1.11 ~7.86 8.97
25 1.03 -7.98 9.01
30 0.94 -8.16 9.10
10 1.21 -7.56 8.77
15 1.12 -7.73 8.85
13 6500 20 1.03 -7.87 8.91
25 0.95 -8.03 8.98
30 0.86 -8.19 9.05
10 1.17 -7.56 8.74
15 1.08 -7.73 8.81
14 7100 20 0.98 -7.91 8.89
25 0.89 -8.07 8.95
30 0.79 -8.23 9.02
10 1.11 -7.51 8.62
15 1.01 -7.71 8.71
15 8100 20 0.90 -7.90 8.79
25 0.80 -8.08 8.88
30 0.69 -8.28 8.97
16 9200 10 1.05 —7.48 8.53
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Figure 4. The time history curve of the external pressure of the two trains crossing the tunnel at different altitudes of 27,885m
at 400 km/h
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Figure 5. The maximum external pressure curve of the two trains at 400 km/h in the tunnel of different altitudes and different
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Table 2. Maximum external pressure (kPa) of two trains at 400 km/h in tunnels of different altitudes and different lengths

7= 2. BHIZELL 400 kivh FEAREIFRAEKEREF R R SLEFINE NRELK I (KPa)

75 B 38 K (m) 4 (m) RN IERAE NV} BRIl
500 3.57 -9.28 12.85
800 3.47 -8.98 12.45
1000 3.40 -8.82 12.22
1 500
1200 3.35 -8.63 11.98
1600 3.22 -8.28 11.50
2100 3.37 -8.25 11.62
500 3.71 -9.21 12.92
800 3.62 -8.93 12.54
1000 3.54 -8.76 12.29
2 571
1200 3.48 -8.59 12.07
1600 3.37 -8.25 11.62
2100 3.21 -7.85 11.06
500 3.89 -9.04 12.93
800 3.78 -8.76 12.55
1000 3.71 -8.59 12.30
3 642
1200 3.66 —8.40 12.06
1600 3.54 -8.07 11.61
2100 3.40 ~7.68 11.08
500 3.90 -9.03 12.92
4 734 800 3.79 —8.74 12.53
1000 3.71 -8.58 12.29
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1200 3.64 -8.39 12.03
1600 3.50 -8.05 11.54
2100 3.32 ~7.63 10.96
500 3.38 -8.87 12.25
800 3.29 -8.58 11.87
1000 3.22 -8.41 11.62
5 856
1200 3.16 -8.23 11.39
1600 3.04 -7.88 10.91
2100 2.88 —7.48 10.36
500 1.67 -8.83 10.50
800 1.62 -8.54 10.17
1000 1.59 -8.36 9.94
6 1500
1200 1.55 -8.18 9.73
1600 1.50 -7.83 9.33
2100 1.44 —7.45 8.89
500 1.59 -8.83 10.41
800 1.54 -8.53 10.07
1000 1.50 -8.35 9.85
7 2000
1200 1.47 -8.19 9.66
1600 1.43 -7.82 9.25
2100 1.36 —~7.42 8.78
500 1.47 -8.88 10.36
800 1.43 -8.59 10.02
1000 1.41 -8.42 9.82
8 2700
1200 1.37 -8.24 9.60
1600 1.33 -7.88 9.20
2100 1.26 —7.44 8.70
500 1.46 -8.88 10.34
800 1.42 -8.60 10.02
1000 1.39 -8.41 9.80
9 2812
1200 1.36 -8.24 9.60
1600 1.32 ~7.89 9.20
2100 1.26 —7.45 8.71
500 1.38 -8.96 10.34
10 3500 800 1.34 -8.67 10.01
1000 1.32 -8.48 9.80
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1200 1.29 -8.30 9.59
1600 1.24 -7.93 9.18
2100 1.18 —7.47 8.65
500 1.25 -9.01 10.26
800 1.22 -8.74 9.95
1000 1.19 -8.54 9.73
11 4700
1200 1.16 -8.36 9.52
1600 1.13 -7.96 9.08
2100 1.07 ~7.49 8.56
500 1.15 -9.04 10.19
800 1.11 -8.77 9.88
1000 1.09 -8.59 9.68
12 5600
1200 1.07 -8.40 9.48
1600 1.03 -7.98 9.01
2100 0.98 -7.53 8.51
500 1.05 -9.07 10.12
800 1.02 -8.81 9.82
1000 1.00 -8.62 9.62
13 6500
1200 0.98 —8.43 9.42
1600 0.95 -8.03 8.98
2100 0.90 ~7.54 8.44
500 0.99 -9.10 10.09
800 0.95 -8.84 9.79
1000 0.94 -8.67 9.61
14 7100
1200 0.92 -8.48 9.40
1600 0.89 -8.07 8.95
2100 0.84 -7.53 8.37
500 0.90 -9.10 10.00
800 0.86 -8.83 9.70
1000 0.84 —8.66 9.51
15 8100
1200 0.82 -8.48 9.31
1600 0.80 -8.08 8.88
2100 0.76 -7.55 8.31
500 0.78 -9.12 9.90
16 9200 800 0.75 -8.86 9.62
1000 0.74 -8.69 9.43
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1200 0.72 -8.52 9.24
1600 0.70 -8.13 8.82
2100 0.66 -7.59 8.25
500 0.66 -9.16 9.82
800 0.64 -8.95 9.58
1000 0.63 -8.78 9.41
17 12,000
1200 0.62 -8.62 9.23
1600 0.59 -8.23 8.83
2100 0.56 ~7.65 8.22
500 0.66 -9.14 9.81
800 0.64 -8.95 9.60
1000 0.63 —8.80 9.43
18 13,000
1200 0.62 -8.65 9.27
1600 0.60 -8.26 8.86
2100 0.57 ~7.69 8.26
500 0.66 -9.16 9.82
800 0.64 -8.99 9.64
1000 0.63 -8.84 9.47
19 14,000
1200 0.62 -8.68 9.30
1600 0.59 -8.31 8.91
2100 0.57 -7.70 8.27
500 0.66 -9.17 9.83
800 0.64 -9.03 9.68
1000 0.63 -8.90 9.52
20 15,000
1200 0.62 -8.74 9.36
1600 0.59 -8.37 8.97
2100 0.57 -7.75 8.31
500 0.66 -9.17 9.83
800 0.64 -9.04 9.68
1000 0.63 -8.91 9.54
21 16,000
1200 0.62 -8.77 9.38
1600 0.59 -8.39 8.99
2100 0.57 -7.76 8.33
500 0.66 -9.62 10.28
22 27,885 800 0.64 -9.63 10.27
1000 0.63 -9.58 10.21
1200 0.62 -9.51 10.13
1600 0.60 -9.05 9.64
2100 0.56 -8.19 8.76
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1) XFAFRESRR UL, BEERBEK IR, SKEMp LM K IERE 2 B TR, &
JEa TR, BN ORI R AE M4 2 R RS Sk B AN ) 2 2R A oK A7 R AE it A S THaE a1 B
XFFANRIRRE, Sk A0 B] 42 2R A oK e WU AR 5 5 T B, T3 B, R AR 4R AR K 7y i i
&S ThEfE BTt

2) #HN 500 m i, FIZEZEAMR R IE R HILAE 734 m BEIE N, BARMEA: 3.90 kPa, 4N K7
JEE HILAE 500 m BEE N, BAREA: —9.92 kPa, FEAME KR FJIGIEE HBLTE 642 m BEE K, BAARHEN:
12.93kPa; ¥4 800 m B, F AR KIES(E HILAE 734 m FEIEN, BAREN: 3.79kPa, FAHMEK
GRS HELAE 27,885 m BEIE N, HEAKME N: —9.86kPa, Z-AMR KK SUGIEE BT 642 m FEIE N, HAk
fE4: 12.55 kPa; 4K 1000 m B, FIZEZESMR KIE KA HILLE 734 m BRIEN, BAR{EN: 3.71 kPa,
ZEAM R AN B A HILAE 27,885 m BEIE N, BEARMEN: —9.83kPa, ZEAMR K I IR IR IR AE 642 m FEIE
W, HARER: 12.30kPa; #4k4 1200 m B, F1 422240 K IE F B HH IRAE 642 m BEIE Y, HARMEH: 3.66
kPa, ZEAMR RSB HILLE 27,885 m FEIE N, BAR(EN: —9.78 kPa, ZEAME K JIEIE(E HILTE 571 m
BEIE N, BARME: 12.07 kPa; #HkN 1600 m B, F 24240 g R IE R AE HILAE 642 m [EIE N, BARME A :
3.54 kPa, ZEAMpKAEAE HIAE 27,885 m FEE N, FARMEA: —9.57 kPa, ZEAMRKIE )G (H HEIAE
571 m FEIEN, BEAREA: 11.62kPa; #2100 m I, FI 44 A K IE RS HHILAE 642 m BEIE N, 1L
WAEN: 3.40kPa, ZEAME KR HILAE 27,885 m BEIE N, EAARMEy: —8.78 kPa, ANy KT Syl
HILLE 500 m BEIEA, HARMEN: 11.62 kPa.

3) MEE MR AIIGIN, (R — R Sk R 25 A0 v ) 2R 2R A0 g e R O A7 AR R B K s 7 06 D B 43 2 ) 14
K FEAG

3.3. ik - KE - WAXAR

AT R AU A T5 2O P 91 R AE BRI A rf A8 S TE B AN RIS TE K P T (51 42 22 A0 ) e i R 3
BETHAE IR A AR Horb, BN 10%0. 15%0+ 20%0+ 25%0 A1 30%0; HEHK A 500 m. 800 m. 1000
m. 1200m. 1600 m F1 2100 m; FIZEHE 400 km/h; P51 ZE7E RIS P A A 2 T 00T AN [F) 3 B 1 e AN
BEIEACSZ 59 642 my 571 m F1 500 m, AN [EJHEAK A S AR BB TE K2 43 7008 734 m. 571 m A1 27,885 m.
A~ 3 fis:

Ho i RYERE, $ 4% H MWK, B ms AP NZESNE DT, BAL Pas WA ZEAEAN RIS S AR BS
T8 P AT 2 8 SUALA IR B 2R 5 R? 23 30N 99.60% - 92.22%F11 97.97%, AN[RIHGHE SASFIEIE A g
Lo A ARE R R 7350109 99.98% 79.28%F11 99.86%

Table 3. The optimum value of the external pressure of the front and rear vehicles and the middle vehicles under the most
unfavorable tunnel length and the slope elevation fitting formula

% 3. kREMTFEAEER TABEKE THENENRERREERBE AR

EASES oA TR A AR MM RE R
B KIE A AP = —3.4694i +3629.184 0.99602
s A SUEE AP = —2.2538i —8845.096 0.92223
SNVl A AP =1.4108i +10992.69 0.97972
R KIEEH AP =—-0.35923H +4074.317 0.99981
% A SUEE AP =0.65208H —10397.53 0.79284
SNVl A AP =—1.08006H +12760.66 0.99863
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4. g

ARSI YERFAE VA SR A R BRI AE 2 R T A T R, RGWEAT T R ORI R
KEEERAEH FEINE ISR, FHLIT EEL R

1) YWEESEJWEE R R PWEESE R R EMR SN L 133, JCHAEREE T, oK 7706 (Bl 45
FERE IR L BT, BRI 10%0, k7RIS JJIEIE(E T 38N 0.5 kPa.

2) HFRERS: AR AR A S M 55 i e AR, (R KBETE AR RS AR B, IR
2100 m B, 27,885 m B&iE R 2 KA R AT1A—8.78 kPa, T 0 MEARAL ZEAR 5 1 it
3) FAFIBEIE K HI5E : J6 BT (500~850 m) K] s 799 2B I RS il M T 77 06 UG A () UG [X i), 1 K B
(>1500 m)H F R HFFE A, WSS A IS SIBIREE A VL 2 A BIE . BF U E 400 km/h T00 N B AN F B
KJEN 571 m (W) 5 734 m (lHR), WA ARIR RS HL.
4) ZHRFEMAEHEA: E LA AR >0.97) TR . WIS E GG HAIBERR, N
AV PRI T AR T A

AT T R T RRE =3 W IS 1, B4 SRR A O8N )1 Rk s S R T
FEIIBEE BT KRR — D4 & =4k CFD i R SR ERLE, IRIWZHIEZ H., BRARSEHSRE
WEFL,  DASCHE T 1 P S B A 1) 2 4B AT 75 K

SE
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