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Abstract

Large-scale underground mines often face complex constraints, such as tight transitions between ore
reserve categories, limited working space, and low utilization rates of existing equipment. Address-
ing the challenge of rapidly enhancing the efficiency of development systems through equipment ret-
rofitting and auxiliary operation innovation, this paper—based on the development projects at the
Tangshan Shougang Malanzhuang Iron Mine—explores the research and application of retrofitting
technologies for excavation equipment and auxiliary operation systems. First, to mitigate the safety
risks associated with traditional underground pipeline installation (which often requires hot work),
a “hot-work-free” installation method using prefabricated hooks was developed. Standardized “J” or
“L” shaped hooks, fabricated on the surface from 20 mm diameter rebar, are secured underground
using expansion bolts, enabling rapid, flame-free installation. Second, to overcome the bottleneck of
insufficient accelerator tank capacity on shotcreting rigs—which previously necessitated frequent
trips to the surface for refilling—a collaborative operational model was pioneered: transporting the
accelerator via a cement tanker. By integrating a dedicated 920-liter container into the system, the
process was shifted from “rig returning to the surface for refilling” to “on-site replenishment from
the tanker”. Furthermore, to address the safety risks and low efficiency inherent in traditional total-
station surveying, a 3D laser scanner based on SLAM (Simultaneous Localization and Mapping) tech-
nology was introduced for the digital measurement of underground spaces. Field applications demon-
strate that the hot-work-free pipeline installation method generates an annual economic benefit ex-
ceeding 1 million RMB. The shotcreting capacity has increased by three truckloads per shift, yielding
an annual benefit of 1.08 million RMB. Additionally, the surveying team has been reduced from four
personnel to one, while the daily capacity for tunnel inspection and acceptance has risen from one
tunnel to ten, resulting in annual savings of approximately 360,000 RMB in labor and related costs.
This technical approach offers a replicable, comprehensive solution for unlocking potential and in-
creasing efficiency in similar aging mines.
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Figure 1. Traditional underground steel-bar pipe securing method
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Figure 2. New type of downhole steel-reinforcement pipe-securing device

2. FAHTIMAEE

4.13. BUHFEBSEH IR

(1) THE T S 1 A

R HE oy S B R, HA AR (S IS AR B ALy ] R i, 53 H A FT R R 3h B0l i AR AT
AL A s T TR p B o . SRR TE SO 1 m HEE 100 Kg, 5 4 MEEEREE 3 KIVEH,
H AR TS, B8

F=0.75 kN
(2) BHRFE
®20 mm $RSCH 1A 2508 T T AR -
A= ”Zz _mx20° 5416 mm
T8 TP A
_md_mX20T e
64 64
AP

DOI: 10.12677/me.2026.146154 1559 i AR


https://doi.org/10.12677/me.2026.146154

[ZBENIE S

d’ _ 7x20°

= =" =7854mm’
32 32

(3) Il IEN IR
BEKRE L=150 mm, & KS4.

M, =FxL=750x0.15=11.3N-m=1.13x10°N-mm

RE N
M 1.13x10°

max

O = = =143.9 MPa#
w 785.4

Q235 M E IR RS o, =235 MPa, FifiHEE o, =375 MPa~460 MPa. 5N Ji/NTJEIRsRE, *
A e 2 R B 150 mm IF 3 30 2 BT R . SEBRgh kb, R <07 Ae “L” AR
WA B KIgE, AR Z s AN EEE S ARG RE 2 AP AR Be il SO, SEPR s N T B
BT RAE . % SRPREERIZ S 10T, HEE T BRSNS RIS 3B K, 20 mm WRSUHR R AR 3R 030 2
R

(4) TR SRS ] TR

W MI12 KR, SAMERBTR I N, =10KN , N, =8 KN . &3 M b8y [ 5% A 1) 158 i) B
J1Ai 8 F = 0.75 KN /N T8 P8R E /), %2R K =8/0.75=10.6, JHEEK.

5 45w

SR FAE R, 020 mm BRSUR TSI HEIRL & M12 BZAKIRAS, 76 1IE W B8 223 T N &S
W RER, ZRRBOKT 100 bR AR IR R RG], Wik 1 T FEdE.

4.1.4. BERHKE

S5fESTZMN, HrLZAARERY: —R B2/ RART, BRI PR KX
—HRSERRYE, MR DAL T ks R AR R . RIS MO R TR S R WS i,
Thei “Blpiia. UiF. ke Sl e @y Tl Bl BET =00, e R R,
HEMISG—, FE T &8 2SS S etk = 257509 5 AR KIEFR, 8% 7 EHE I
W T TAE, BRIK T TSRS SR AABETSRE,  [RIAR F S0 40 SR SC I8 0 7 BUA R[], AR
TMEIS N LG RAR: VR I EG o8, e IR AR SH, o6 17 I RS, %
B COTE B S8 S JE A mVE Bl AT RO, BONIE FEE R IARIE T2, - ER T e
#8100 JiJC.
4.2. HTBERBEEERRFIHS RS
4.2.1. EIFESHT

R BERAEML T ZIR KRR, WK &4 H SRS & S00L, HAei L 4 KR IIH
&, BPHIR T IR G AT IR —YOREST, IR 3 /N, EE MR AE LR, B D)
BRI R B AT R B

4.2.2. RGYERR
M FeE I TP 5 5 & s, A SO IRTE KR HEDE B e/ s 5t N RS A T T e 77 3 ] ik 25
i

ORISR KRR 2R A R], AEANRE I EARTIRERTIR T, TR A 920 L &

DOI: 10.12677/me.2026.146154 1560 ol TAE


https://doi.org/10.12677/me.2026.146154

[ZB NI

IR RS . RGN 3 GUUER SRS T, BT EIL 2760 L, it & ARE %
PLFWER G ERRE . BN, =R THFEM. & “BEBHFME” v “BEEINDET , HE TR
R IR A .

RGBS TARRAE U] :

/@Y@%

Figure 3. Schematic diagram of system integration
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Figure 4. Transformation of mine spraying trolley
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Figure 5. On-site scanning and acceptance
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