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Revised Method and Application of Load Calculation Formula
of Horizontal Stratified Rock Tunnel
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Abstract: In order to study the surrounding rock load calculation method suitable for horizontal
layered surrounding rock tunnel and guide the actual tunnel construction, the paper adopts the method
of theoretical derivation and the numerical simulation load-structure calculation model to optimize the
excavation method and the initial supporting parameters of horizontal layered surrounding rock tunnel.
The results show that; 1) Rock beam structure will be formed when the vault of horizontal layered rock
tunnel collapses. Based on this, a revised method for the calculation formula of vertical load in horizontal
layered rock tunnel is proposed. 2) Based on the mechanical balance and stability analysis model of the

face and taking into account the effect of collapsing vault rock beams, the ultimate thickness of
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horizontal layered sandstone and mudstone rock beams in the working area of inclined shaft No. 1 of
Tongchuan tunnel is calculated to be 1.7 and 2.3 m, respectively. When the rock layer thickness is
greater than the ultimate thickness, the rock beams can replace the advance support to strengthen the
vault; At the same time, the construction method of surrounding rock Il and IV is calculated and
analyzed, and the results show that the stability coefficient of the face of the whole section method
instead of the original step method still meets the standard requirements. 3) After optimizing the initial
supporting parameters of [[[b, [Va and IVb types in the inclined shaft working area of Tongchuan tunnel
No. 1, the maximum spacing of steel supports is 1.8, 1.6 and 1.6 m, respectively, and the corresponding

safety factors of the most unfavorable section are 1.65, 1.63 and 1.57, which are all greater than the

safety factor control standard in the code.

Key words: horizontal stratified rock; load calculation; construction method; initial support;

parameter optimization
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Fig.1 Tongchuan tunnel engineering geographical location map
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Fig. 2 Horizontal stratified wall rock tunnel rock beam

formation diagram
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Fig.3 Schematic diagram of rock beam of collapsed vault
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Fig.4 Schematic diagram of collapsed arch
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Fig.5 Construction diagram of the three-step method
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Fig.6 Dimensions of three-arm drilling rig

AT KT JE AR B T 0 HE R OK O R T
B AR 25 Syt B ot B0 52 L 7E 3F 47 00 ) S 3t T
J& S HETRfr 2k 23 LUK . AR M A R R S5 75
LA T SRR 5 3K B — 2 R B S, AT RE — [l R A2
fr . NSRRI 3 K, AT g4 5 80 W S i iR
BE IV B b A A SR S i SR AR e . L T
XF S B AP SR AT R
3.1.2 MY I TikR I A A%

Bt TR I b)Y K A IV (NVa, IVb) 2% [l



55 3 3

P A A K SRR B T A OB 2 s UE IR D5 Tk R

947

Fr R AW i T2 425 B Ok« [ RS A HE 4
P R IR B R KT 120 m, HE B A ) B
BE T A KT 180 mi IV 4 Bl A 0 HE w1 32 B 1 AR
EE B T AR T 90 mo APHERE 8% F R K T
120 m, #E5% 4l W) #E B8 5 F 1 A KT 160 m.,

I CHb) 25 [l 25 % 91 3 470 2 84 D i o 22 oK ik
5, IV (NVa, Nb) 92 [ 4 40 199 340 89 S 45 ol i i3 19
& 18 U R 5l /iy D22 A MR AR i Ry 118 ALV, a] R
AN
32 ETUERENHENRESN

R A RS 8 i SE o, DL — 5 R T IX S ik 4k
F14) M s T S ) 0 Ry L XA A XD L IV 4% B 2
1B Ik T HE T00 0T B 0 K T 0 SRR T 1 2 4 1 IR AT 4%
Mr B g a5 SR 7 R .

I IV 2 L B b 1 A % o S0 0 250 40 8 11 445
WSCHRC16 T 7R o A K 1 oK 0 s 42 o T AR R
FE)(Q/CR 9218—2015)" X % 38 Ht T9 7T [ F1 7K F
WSS T 1 4 A P HEA T A 30, S5 R N ER 1 R .

B 1 AT, NI IV 2 2 B Bk 1 8 I i 1 b A

20r 4 —— 3L P B A

o SERRIEMAE

—_
W
T

BT YT A2 T B/ mm
©» =

0 5 10 15 20 25 30
90 1 it

451
¢ — FUTE 4% ) A

aak o SRUHIE

35F
30F

25'°°00°°°° °

LT T f& 3 B/ mm

20F

B
0 5 10 15 20 25 30 35
0 T 5

PRI o e e [ B B = I Y €2 2y N o9 4 o | el 1
L, A X B R R T Tk Xk RS
B AT it — 25 A 2 B, DLk 21 42 Tt T D %R
A H Y .
33 MBEITEMAW
FET 2 Mk B - BUE PR R OS5 A Y i
T 5 B AR 0 AR 1 4 i T 3 1 4 R
RREIR B B ki T b & By 2 10 2 & A4 R ff ik
7 NE v SRl TV R O T e S S
o
R A B2 I AR KT | s ) #5745 55 1015
N =Fsin 6, + (F, +Fy,)cos 0, .  (7)
X F, F F ol RS BUE K LA 2 80K 1550, 1)
/4 +o/2Ce HEAENEEM.
0 1 2 U ) 53 il 45 A%
F;=Ntan ¢ + F;cos 0, ; (€))
F,=(F,+F,)sind, . (9
K F o F 43 00 O U W YR TE B B d O AT W
kN,

Wr oy —— L B 1
o SR I IE

g 351
=
i
il
30
Eﬁ @ o ® o, Lo ® e o
EZS °a°°o°° °°o° o o
; R @ o o 5, %s
¥ 20

15

0 5 10 15 20 25 30
W 1 7 5

— FUVE 2
751 o SfR M NAE

~
8 651
]\:\R\
B 60

o e o ? o °
k4 ° ° ° 4 9 o
™~ 9070 ° o ©

199 ©
45179 %a00 ° . ° 2.0% °®

0 5 10 15 20 25 30 35
90 b 1 S

a. M2 e B BB GE HE U ARTE s b, [ 1B BERE TE K P SR TE s e IV 4 Fla Be g B i LRI s d. IV B BLRE 1B K P I R TE |
B7 #AREIZA.NREERBETHEINBERITER

Fig.7 Measured tunnel deformation data of Class Il and Class IV surrounding rock section in the study area
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Table 4 Initial support parameters of inclined well No. 1 working area of Tongchuan tunnel
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