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Abstract: In view of the energy occurrence structure of “rich coal, poor oil and little gas” in China, and the situation that coal will occupy
the dominant position of energy consumption for a long time,The development history of frozen shaft mechanized drilling and blasting is
reviewed in the field of coal mining in China. As the main construction method of shaft construction, the application of dynamite greatly
improves the drilling efficiency of frozen shaft. The application of supporting large mechanized equipment such as umbrella drilling, rock
grabbing machine loading, large derrick and equipment hoisting, and large formwork building, greatly improve the wellbore completion
speed; Shaft drilling rig, reverse drilling rig and shaft boring machine as special shaft sinking methods under special formation conditions,
also have their own application range. Aiming at the characteristics of water-rich weakly consolidated formation and the development
trend of smart mine in western China, there are shortcomings in using freezing & borehole-blasting method and large drilling equipment to
develop the shaft of weakly consolidated formation at kilometer level, while using freezing & shaft boring machine is one of the trends of
ultra-deep shaft construction. Combining with the construction cases of freezing & shaft boring machine abroad, reasonable suggestions
are put forward for shaft excavation of water-rich weak consolidated rock formation in western China. The freezing wall thickness and
strength are calculated according to the current design theory, the permanent shaft support adopts double-layer reinforced concrete wall
structure, the rock-breaking form of shaft boring machine under low temperature environment, and the method of hierarchical slag dis-
charge to realize the parallel operation of digging - supporting - transporting. Finally, the next research focus of this construction method is
put forward. The synergistic mechanism between shaft wall structure and weakly consolidated surrounding rock should be clarified to real-

ize optimization of shaft wall structure, and the support - operation cooperation mode of shaft boring machine to improve shaft excavation

and support efficiency and improve informatization level. Realize shaft driving towards mechanization and intelligence.

Key words: special sinking; mechanical rock breaking; freezing well walls; shaft boring machine

0 5l

RETR R0 R R E 2R 8l 7, Hoh ik A R TR
A PG — UK REIRIH R A4t 3 A, AT SRR RIS
S HAT R 33.1%., 28.9% F1 24%M, KRR E BR
REVR BT, 2022 AF BRI P AL T 8 025 Mt,
e e [ R ER B A T B A T SR TP 44, S
T Bk 4 250 Mt A1 1103 Mt, H. A 5
TH P e T Ak 50 o i ofn . FRE K
REVRIRAFHA R, 20, DR %S, e T3
B DU B B REVR A8 o I LUK TR IR 1 1 7 9%
i T 60%, FLILESH7E R R B K — BEHI
TRMERACAR , 0% 7E RE R 22 4 ol R 2 P 25 YRR
BEVE R . B I PrAE IR 2 0, 2025 A SR ST 9%
T2 8 039 Mt, Horb i [EH SR &Ik 4 337 Mt, &
Bk 5 LA 2022 4EHY 52.96% FHER & 53.95%%, R
it DU REVE ALK, R B R R A R i
Feor RN SEE UGB R | NG R XU X
8T IR 2 AT OR R, [ HE sh J0  F T g
VR, ST RE IR b7 FL i i, bR BLaE
TRk AR L A . [RIRSHER R i R B e A
B AP 53 MR OGP IR H AU S it R 4
eI =R, 2 ] O [ N B T R
SRR

H I, B AR AR 7= R 2 AR | i
JEE TF R A5 4 R B VR R A o, AR 15 ~ 30 AR IR

2

il

RETR L R EA L . R RSO, T EE
FLE R GEIRBEVR T 70% 4 A E 2 000 m LATR, HAT
JEBTF R B 2E8% 1500 m LR, 17 2 000 m ¥; 4
JEH LSRR E 2215 1 500 m, T 2 000 m, T[]
2500 m. AL, 2 000 m AGIEAR KK A FL IR
VEBE, 07 LRI EE U R AR % R b T R G S iF
AR IIARFE . PRI IR S I T RS IR 1 L 28
AR, MR ST FH B 40— 1T i 22 11 I B8 52 2% 1
Fa gt WA i b 45 4 | = i L b ) 4E, S
— 7 TA1 5 B DR TR T 4 19 2 28 B AH S AR [
WGEIE , HE . b, 3 Mo AR RS, IkAh,
DIVRE | [ B MR B0 L I R HAZ L
HoR, WA EE B KF, 2858, Semeli. EpSE
U TR R T B AR AR S

N T AR S DU Tl A A Ml AR S A
K577, IR A A RRRIA . A IR A
WHARNE R MRS T NI AR T BT A 75 1) i s P 9
JRREVR . Wb [ R S TR e e i B R R
Z—, Hat s mrl, ste | kb A R R
H A, B0 B Re A B MRS, R R T &
(B2 TR ROCHE TR, HEsh iy ati m ML Ak . 2%
LR A B 2 S VY N Y S SR

1 FREHEHBEEHEAR

ST R IR B2 T Az —, i
AR, BTN IR T R Y 4591 MR



WARIHA: A5 - UREE LI TRTHLAR A i R BRIR B e T 4

2024 455 9 A

] T AEE R 1 R RS A T g, R E
FE 1970—2023 4F: i) 8 5 e AE EE 1 T K G 80
O 150 4%, WIVREE 1341.6 m IREPE DRI
1505 m AR LS ERA™ 5. 1527 m BB IR0 8T
FHL 15518 m LIS I 1915 m i =1L
S EHERIIE, TR LA S A B R A
Kozt o MR & AT SR AR I e, A A
9 B R g e R B R A R 2 000 mo Z PR T
SEFRGE, R R TR T AR 4 | VR IREE
4, TR TR A b 2 FE R P, KT Y. B
iy K Hofln A7 SR L BRI | R A S
HEI = RS, I, SRR e 4t
BRI A LA S AARCE B A A A2 8 G E 2 .

A H T Z I Zw, BRI $2
FHRS A4S Ty R EAKEE A ) 47, (AE S A&
REGIHHTE . AR N 2 HE 2R, s
BORRIREE R, FLE A 3T, b SR 15
TE HEARMATKERRE,

1974 4F JFUBE B | 16 4 . — AL 1R 2R 4T 57
et THURAL O ERHIFIOC, IS T R RHIF SRR,
1983 AEFF U5 S8 B A AR A Vel () 7 WL AL i
B HESY, B0 T T T2, BizdioR 1
1992 4ETE R AL Toll 100 TUHH AR BEF TR T
eSO E R SR R R T
KGRI DR ) G S R M e 8 5 Bk
T 4.2 m RV S EAE L KL FLE i Tk %, ik
137 Tl RS, BUS T RAFMECR, IR T R
FRHL, BEITCA L W0 A5 B B R LA 55

H AT, FoE S I AR IR ARG L &, ¢
PRHLJZ A T ARSI B 3RE 5 T 2R
FEH TR RS, T TR 1500 m Zisr I gy
KHEFARE T2, e T 37 I 5 4055 H 2 [l R
Fa . PHR AR K BB 16 MRS, SRIE T ks B B
T ST T AR IEBIE M, ST S ki
AT EAERTE] . 250 _ERZEA R, 1R T 2 24 i
AT BRI TR, I BB R T R8T

W AR R,
1.1 FEERSEREHELITRZREEIR

19 128397, PEAA ) i XT38 4 7 1) JH 24
PR AR & TP B T kAT 7%
TN 2 B T2 . 1862 4F3E [ g /R 4 1L
T UCR PN T RG24 T &K s 2 13 9 42,
£ 1883 4F N T HiJZ R &t TR Rt f5, IEXE
R A T AR AR, 1883—1914 4E 1],
L k| S E S T 270 ANSr RS
04, B KRS R BE Ny 415 my — Kk . — S0 ) 74 7
B R AR TR, UG RS E R A
it 750 SRR I T AN TR GRS T,
KUREEIREEIRE] 960 mo [E ARSI I TR 45 TR B/
PPRZ IR & R, A 1R,

1000 | —m— 4R

] R E R R -
L
800 |
| |n
E —
5 600 — L
Ry L
& 400 /'
| |
200 + II
L

1880 1900 1920 1940 1960 1980 2000
Ay
H1 ENITIHHAGTEREREFRERERREAS
Fig.1 Domestic and overseas development trend of freezing
depth of shaft/alluvial thickness
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Table 1 Incomplete statistics of frozen construction shaft in China between 1995 and 2019
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i T4 . MRz SRS A B EOR, R TR
BRI I 2 T 2R
124 AZFBHIFEETEKR

T 1 187 S 4 TR AR 7 B, AR 4R - 5 D 1T T
ARANTR, R KSR AR AT 8T B S HAP, [BIAR SCHAEAH
R — B ] P IR I e it T 22 A R A i it , I
BUWTE R T FRUERIAR BTEE | AL R, 2 1324
SR, WA T A e PRl FH Ay Bt G B &
Wrir B = R, BT B T RS AR AP EOR, (R
WM AT AR 32, FF28 80 R FH A i - Bl 08 [ R
JERE, I e et R it — D4R T i A BERS K T I
A AP SR, HORIRREAR 1 I8 N S v g, {H2:
TR I BE 25 40 F A6 7™ F (0 T K B R, B 35 R 2
(1) 22 FE AL SR SR R Y K TR, it A i) p I BE ) 28 5
AR BE AR

IRER A K LR AEE A K DA 6 FH T 58 550 b T
IR, H & L BB R TR R AR,
FEREE AU B, AR BN T R S
Fue o FIR A PR B TR 5 1 55, %8
FE R AKT 1.0 m, RN Z )G, BESE A
H/NT 2.0 my B2 B A< IR A 28 L Rt
FICEM MK EREET Al IE, DFHIE R4 T RE
1 AR & R W AR AR R 15X R A iE X TR BE £, TR
e RABOS A RIER T, i858 4.8 m DL, HIEAL
LA T S B AR TR A VR 7 XBUR T 8047 L P AT
YEME 7 58, FLT et o) /0 s TR R, ARk A
7SR AR LR A HUMAC R R, e T oL
e A

H AT, 7 I R RE 8 SR FH MY 7 R 51 K



WARIHA: A5 - UREE LI TRTHLAR A i R BRIR B e T 4

2024 455 9 A

8l =0 e 4 @ AR, Bo R 2.5 ~ 5.0 m, 3 AR
Bl K 4.5~ 8.5m, Jiife ly 6.03 ~24.70 t, HAT A /)
58 WIEER, ARTE /N SEARBO B RS . —HE—m)
IERAE IR, HBEHA /D, HRE B T i 47, )R B 1]
AU By BE 5 AR FRE ] Y 30% T R E] 15% ~ 20%.
T 45 AR I 7 35— RS 45, b TR B
T TRt Ak 1 1) Ik, ) PR V0 i i A e e
SR T HE N R CA B R | I AR
[T Re P R A AR AR EE THIIL, S T — IR Bty 4.6 m
E RGP AR, W2 T H AR 8~ 12 m, IRJE
1500 m GRS R MY,
1.3 FREREEHEERN BRI

Rk A 1883 ARSIk, Il T e
KRR FERE, O 4K R 12 e KRS
F/ RS EERAR TR Z —, RGP R 4T
BTG NP . LA TRt RO RE R R TR
i THREEW TEZ —, ATHEGREFEARBLE S
MITATAT - TF 40 0, A5 1) R 2 KR 5T
TSI 208 (U2 Bl VR 45 I S5 B A
W™K, 1 228 [ i th i 347 B

1) Ml )23 () 881 3 [ S B H i XS R IR, 2
AET 800 m LATR IR B R A2 4, TR T 11 11 2
FREE 2 HP A 20 K K, Tovk R 8 v
Py Gl I K HUR, ) 2, AR
6 F A 6B (i B T B

2) AL T 2R ST IS A T R A
W IH-HEE T I 40% ~ 60%, 1M &h s fL 5 3 s
BT 1/4 2247, JHDE 85K T 800 m J5,
PERJZ AR | A A S B A A LRSS |
PRk S X 8 K

3) it i T2 I R AR A 0 O SROR BN
IS, BT AR Z | HURALFR EEAG, 0 TR

SRIFEHLEG

KABZIR T, TAEKRE, PUkibd It &gtk
I s ] AT TR SR

4) 1A S S ). SUZ N IREE - (R A
FPRE S k) 32 A vh T R R ARG A R 09 5 s,
FERESZ FTHILE 5 A IR, DS M7 TR ST I VRS I BE
THF, HREE LR, $E TR FHZ R ANREE - R

bifi 5 R )N 7 0 YR A5 R VR B R e SR )
25 BT, B I T e 2 25 el A i =,
g SR I HURAL . B e T, anEe 102 4k
£ Ry 9 PG Jeg O 4 2 T, A %) 0 B A« R SR
AP T 2718, 2023 AT UERIEHE T2, IF T
RARVEM O K T o PRI AL, -8
LI R TBM AR R A B B 32 B2 (9% B A 1
PR BArnll S5 B4R R AR
FEEHL AR TF =X TBM 439 24T 500 m 247 FF- AT
A FRIR W JZ BRI R E e, H P83 Ry
SAF) 50 m(EH A2 8.5 m)Fl 710 m; HUAT | AZAkIA S
H R N AREWEI AT TBM i Tk T — &
IR ARMERT . H 1T e 2 BT TE AR R B
AT 800 m L 7 FH-H:- i i FE At T, -4l ML AE B
HZ W T T — 280, (U7 B KSR, A )2
Fh RS I A 2 [ N o TS S )

2 HMEBEEF RS HERE N

20 42 60 AFAX, AR MU A ¥ H2 A
W5, REAIF MU TR L2 I RAL.
RIS BEL . FOTREHIL . R FRE 5 AL S5 2,

SEHFH IR A B L EOR R L
T 3 38 RAEI IR EEE MO R AR 1% | SR AT
B L 28 0 S AL AN FLA BEIE B 0 B S 32
A 8 AL — YAl T I AT A4 i 2E AL B
B U R ROR M, s 2 BR.

HEHE A 2 4

— BIEBEE -

Bkt R 5t
BSRBUE RS

sy

B AEE R 5

SCIE gy

ST

NHFINEEE

—|

BB A S
REVREN ) R L

s

| BIRERENLEE  —

|
|
|
|
kM R% |
|
|
|
it R |

looon

W4y

B2 HLAREE S 4R & R

Fig.2 Technical classification of mechanical rock breaking drilling method
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WD R AEL A BT, SRR I R0R | 46 T R
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ey e
B3 “d4k 599 57 B HFEAH
Fig.3 “Zhongtie No.599” shaft boring machine
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B4 “gas” BIHFEHNL
Fig.4 “Shouchuang” shaft boring machine

s “BWs” EHFEHA
Fig.5 “Shuchang” shaft boring machine
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He “&ir1E” BH4matil
Fig.6 “Jinshajiang No.1” shaft boring machine

3.2 BESNRE+RHFEHETRG

1) K Jansen I HEY, hinds KR R4S
1 Jansen i X A5 5 4= K i K AR PR R4, A0 H 4
F5 2 5573, REE N 1030 m, SR VRS H- R gE L
J7 AT AR, B R SR R 458 B K e
#e, SR G R IR SELEEA T Pt

FERE A A TS (A KCE R Seib ), R
2550 120 MPa. VR4 Bk FIAUZ HBELS R 913 12
Bt Rl s, 2 BOR IR EE B0, — AR
YR EE+ (), AERSS BORH PET. £ TAS A
[if] o MR AR T W) S SR AR 4Ehnss iR e+, A
BT RN L BR, AT 2 AN N A EFET 87
I X3k N TAE, 2 4E TR BE 1 58 5 an il 7 B .
ZIH T 2010 4FHF T, B MRS E 3 m/d, B
LB FFE I HES R 40 mP /b, ELZS I RG] LUK
e RRAE 250 mm 1Y i L B 30 moS B, SEBRDY
FH R B — i, B HA RS < 150 mm., fiji%k
fEE 25 m 2240, HFREMESEIELT | {RAA A % .

Y

B7 SfpRBEE AL
Fig.7 Fiber reinforced concrete of the inner shaft wall
2) A2 i Nezhinsky #5350 5, 12350 H
FL4E 2 25 750 m PRAYSLIFIER, 280 R 2T

Bl . &k AR EMH s, BT 150 m
PR EE L b ok 26T, i R VR S5 vk + e -4
B T, VRESIRE 165 m(42 MRZSFL), ] 2 & SBR
R =X e 4l AL ) 20 Sl it T, I 42 AR R K
12 m, SBR B HAALANE] 8 Fios

/4 8 Nezhinsky 4f 3%~ SBR % # 1 ¥ 4L
Fig.8 SBR shaft boring machine in the Nezhinsky potash mine

I H B S T 5 580 s R AP BE Ry AR 1%
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iy Sa
450
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R

s

REELE )R
L — 600~750

B9 HEXPEMTE
Fig.9 Shaft support structure diagram
WY Es TRET 2017 48 11 A IR IR, (48R 2
Bhifl . i T TR G BE | RE | KA 4
11
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e H e 5t
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25, 2, 18 2 S T2 170 m ARZRES 2wt
B E R MR AR TR I, R )R AR 22 S 20
FEYH, I W 2™, T E R It (K 10),
i SR FHRCA S2. 75 K B TR BE - SECH IR R PR AR S 4
HEBEER T 4 J8 o SRR IR g O, 1 IX Bt T
I T2 A GE SR BE ARV S R4, e B Bk 46
TSR HAd AR Al BESE I T2 1H1 A A2 8, s
SR EAlAE] 7 m/d 2R (H SRR R A 7
9 3.95 m/d. EFIE 320 m REE S, 45 k4 2E, DK
FRIT A ) L @SR EA K PERE A A s Sk
RS F PRSI TN FH-fAT

B 10 EREBEFHIRER

Fig.10 Well wall collapse in non-frozen section
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Fig.11 SBR shaft boring machine in Woodsmith potash mine
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Table 2 Part technical comparison of the freezing & shaft sinking construction cases
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Table 3 Construction adaptability characteristics of different types of shaft boring machines
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