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Experimental Study on Bearing Characteristics of Pressure-type
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Abstract: Based on an anti-floating anchorage project in Qingdao, this study investigates the mechanical response and
deformation characteristics of six sets of pressure-type equal-diameter cage core capsule anchors under cyclic loading
through field pull-out tests. It aims to explore the influence patterns of different capsule grouting pressures on their bearing
characteristics and load transfer mechanisms. The results reveal that under multi-cyclic loading, the load-displacement curve
of the anchor exhibits a steeper slope in the initial stage due to the compaction effect of the anchor on the grout, and overall
demonstrates typical hysteretic characteristics. The study indicates that the capsule grouting pressure is a crucial factor
influencing the mechanical deformation performance of such anchors. As the capsule grouting pressure increases from
1.0 MPa to 1.5 MPa, the plastic displacement of the anchor under the same cyclic load decreases by 10.70%, the average
ultimate load increases by 6.79%, the resistance to plastic deformation enhances, the bearing performance significantly
improves, and the features of the elastic working stage become more distinct. The research findings offer a significant
theoretical foundation and practical guidance for the optimized design and performance assessment of pressure-type equal-
diameter cage core capsule anchors.

Keywords: Cage core capsule anchor; cyclic loading; capsule grouting pressure; bearing characteristic; load transfer
mechanism
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Fig. 1 Schematic diagram of pressure-type equal-
diameter cage core capsule anchor
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Fig. 2 Actual photo of pressure-type equal-diameter
cage core capsule anchor
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Table 1 Main physical and mechanical indexes of anchored rock formations
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rock interface
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Table 2 Test anchor parameters
PARTEN
f 7. X/ 9 JL |~ X/
B I R I it T ey
e ) . Effective ) Length of the
Diameter of the Diameter of Length of ) Special Capsule
Anchor number anchoring ) extended .
anchor hole the rod body  the rod body anchoring length . grouting
length section
pressure
NMG-1-S1 200 40 7.2 5.5 1.5 0.7 1.5
NMG-1-S2 200 40 72 5.5 1.5 0.7 1.5
NMG-1-S3 200 40 7.2 5.5 1.5 0.7 1.5
NMG-2-S1 200 40 7.2 5.5 1.5 0.7 1.0
NMG-2-S2 200 40 7.2 5.5 1.5 0.7 1.0
NMG-2-S3 200 40 7.2 5.5 1.5 0.7 1.0
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Fig. 3 On-site capsule grouting diagram

R KB NHEE B ST IR B JE AR K
TFEARIE BB 2R A5 bR . AT ALVESR 3¢
JRJG 5 NS R 22 % B 4% 180 mm. 4K 600 mm 1Y
TRSE It o FRSE A3 66T P9I N K U T I R e b
H DRAE ARV , it L 56 B 150 5 A 32 24
AR APT7R . RrIK AR 28 Kb I B4 e ie &
FEL 56 ) [ 2% AR IR 3P ik o B2 58 2K 06 A o4 e 2E
(IR ZEIR QE i

BRI E B0 i s BT ik, EEA
1 O WUE T T T AU R s AR A o
ENFYAE LY TS IVAL S SR e N
1 EAR IR 2220, I B AR IR 2 3 58 il 54T

1500

& 4 K AT A0S R B E (AL mm)

Fig. 4 Test anchor structure diagram (Unit: mm)
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Fig. 5 Schematic diagram of on-site loading device
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Table 3 Cyclic loading and unloading grades and displacement observation interval time

Ffirpr i TRI T HAE 5 B o BRI (Y LL 51/ %
TEH%L The ratio of the test load value to the estimated maximum test load value
Loading WA 3
. iy T e ISR
standard cyclic Initial
Loading process Uninstallation process
number load
4R
) ) 10 30 / / / / / 50 / / 30 10
First cyclic
AR
10 30 50 / / / / 60 / / 30 10
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5 =R
10 30 50 / / / 60 70 / 50 30 10
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S PUEER
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SR ILAEER
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Fifth cyclic
SENTEER
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LIS 8] /min
5 5 5 5 5 =10 5 5 5 5 5
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Table 4 Anti-floating anchor test parameters
liRENEEEY AL B FAGFRET WM R
HFT S AR /m ’ B
mm /mm /MPa /Kn /mm WIRIE
Anchor Length of the . . . L . . .
Diameter of =~ Diameter of  Capsule grouting Limit loading ~ Maximum  Form of destruction
number rod body . .
the rod body the anchor hole pressure capacity displacement
NMG-1-S1 7.2 40 200 L5 1512 25.11 PSR AR
NMG-1-S2 7.2 40 200 1.5 1531 24.70 FREERT TR IR
NMG-1-S3 7.2 40 200 1.5 1520 24.38 FREAR T RBR
NMG-2-S1 7.2 40 200 1.0 1428 25.61 FRSAR T L RBIR
NMG-2-S2 7.2 40 200 1.0 1413 22.71 FREERTT TR IR
NMG-2-S3 7.2 40 200 1.0 1432 28.17 ST AR
1400 1400 1400
1200 1200 1200
1 0007 - 1 000 1000t .
800 800 800
600 600 600
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200 o5 o5 %
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1 400 1 400 1 400
1 200 1200 1200
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{7 /mm {7 /mm A% /mm
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Fig. 7 Load-elastic displacement (Q-S,) and load-plastic displacement (Q-S,) curves under cyclic loading
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Table 5 The cyclic elastic and plastic displacement under the maximum test load

FRANEAE/KN

RS A /mm

T 4 4 , IBPEA B /mm SRR /mm I3 5/%

Maximum Maximum
Anchor number . Plastic displacement Elastic displacement Bounce rate

load value displacement

NMG-1-S1 1260 13.28 7.76 5.52 41.57

NMG-1-S2 1260 15.06 7.83 7.23 48.00

NMG-1-S3 1260 12.77 7.68 5.09 39.86

NMG-2-S1 1260 15.11 8.46 6.65 44.01

NMG-2-S2 1260 14.47 8.83 5.64 38.98

NMG-2-S3 1260 15.83 8.78 7.05 44.54
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