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Abstract

In view of the practical problems of difficult loosening of the nut-plate connection, excessive equipment
load, prolonged installation time, and fluctuation of anchoring quality during the installation of
threaded steel bolts in coal mines, the rational range of the loosening torque was studied by means of
mechanism analysis, grouped tests, statistical evaluation framework, and literature comparison based
on field investigations. The results show that the loosening torque is essentially a construction starting
torque. Its main role is to ensure that the cover plate can be released smoothly at the initial installation
stage and that the bolt can enter a continuous rotating and mixing state, rather than directly improving
anchoring performance by increasing the torque value. Experiments were designed accordingly: the
average anchoring forces of groups A, B, C, and D were 261.1, 254.3, 258.7, and 218.1 kN, respectively.
When the loosening torque was controlled within 60~120 N'm, the plate could be released smoothly,
the resin mixing process was relatively stable, and the anchoring force met the field support require-
ments. When the torque exceeded 120 N-m, the starting load and operating resistance of the bolting
machine increased significantly. When the torque reached 180~200 N-m, the conventional bolting ma-
chine could hardly release the plate stably, and discontinuous mixing and non-uniform resin distribu-
tion occurred in some specimens, leading to a significant decrease in anchoring force. Combined with
studies on torque control of threaded connections, resin grout mixing and bolt installation quality, the
loosening torque should be determined in coordination with equipment capacity, resin mixing require-
ments, and field operability, rather than being simplistically interpreted as “the larger, the better”. The
results provide reference for product design, on-site construction, and quality control of threaded steel
bolts in coal mines.
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Table 1. Experimental materials and equipment
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Table 2. Grouping schemes based on different breakaway torque values

2. FRIMBHAER TR R

A MBAAEEREN-m  FEREMR aanERil] FRRT B HLA € 5 K 2R
A 60~80 10 B UE B AE T b LT AT 1% ST HUE ¥ 5E
B 100~120 10 AP 2 1) X ]38 7K R e i A
C 140~160 10 7 5% iy LR %o 1 & A7 AT 5 ) R e A
D 180~200 10 PP T 2R T A AR PR 000 Pl R AR

4.3. RESE

% T ZERBSFRE I NG 2 RFERAIRIE - SR AL SR AR ORI B R M
A RN AT eSO R m AR B RE . JEalIRAS . e R tEAM B is T I G, 1kl
I8 750 B ) S BB P s AR g [ A B B SR 5 HEAT gk il s f i 0 M R AT IR 2,
SRR G5 Gk, B ETRREI R .

4.4. BURBSHIH 5T %

B EEUSE £ EERR, HEARR R CV, DU RN AR S EE . AFEFAEA 2
V6] 16 85 [ g 22 S90S FH B0 TR 257 22 43 BT (One-Way ANOVA)BEAT R B s 577 2243 Wik ) s 35 K, ik —
KA Tukey 485 LSD v T 2 H L. BEMAKFE a=0.05, p<0.05 &R EFEE, p<0.0l &K
RN E .

TE SR R R o EC [ 77 VR DX AR I X 5, THERU IR FE S8 IR S AR e ZZ RO AR 53 24 CV_L,
I SUREH M U= (1-CV_I) x 100%. U (g, £UHIES ELTESBYA.

DOI: 10.12677/me.2026.144089 910 ol TAE


https://doi.org/10.12677/me.2026.144089

5. RIEER S
5.1. EWRMREFEBITRE

B AR AN B AT RS W 3. A #H(60~80 N-m) W BERSITRIFA L, £SHLIZAT FHa, TCHIE
AT B 4H.(100~120 N-m) [FIFERERL AT 5, W&AIBITRAIER; C 2H(140~160 N-m)E n] SEHLf
B, AEESHL A B K, HBA SR MERI 325 s D 2H(180~200 N-m) 56 BOxE DA IE AR, B AL ffir
R, HIULA M CARIERR e i T %85 RN, U A S e e a, e L AT E T
AT T R AR, RN D AR B o i 20t T S 1 = B R 2R [16] [17].

Table 3. Cover plate loosening and equipment operating status under different loosening torques
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