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Calculation of Pullout Capacity for Under-Reamed Ground Anti-Floating Anchors
with Capsule
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Abstract: As a type of anti-floating anchor, under-reamed ground anti-floating anchors with capsule fea-
tures factory-manufactured key components and on-site rapidly assembly technology, enabling efficient
construction and reliable quality control. They have been widely used in anti-floating anchoring engineer-
ing and are favored by many engineers and technicians because of their remarkable features, such as
large anchoring force, small deformation, and multiple anti-corrosion functions. In order to standardize
their design, construction, and quality inspection, the Technical Specification for Under-reamed Ground
Anchors with Capsule (T/CECS 1259-2023) was promulgated and implemented on June 1, 2023.
Addressing key concerns in engineering design, such as determining the ultimate pullout capacity and
load-displacement characteristics of under-reamed ground anti-floating anchors with capsule, this paper
analyzed the field test results. Based on existing methods for calculating the characteristic ultimate pull-
out capacity of the anchor plates in sand and clay, this study proposed respective prediction methods and
calculation formulas for the ultimate pullout capacity of under-reamed ground anti-floating anchors with
capsule. The feasibility of their application without prestress was discussed, offering design guidance for

using them as structural tension members in anti-floating engineering.
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Table 1 Physical and mechanical performance parameters of foundation soils at the test site for under-reamed ground

anti—floating anchors with capsule
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Fig.3 Multi—cycle tension field test results: under-reamed ground
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Fig. 2 Loading system diagram of the field test anti—floating anchor with capsule No. 1
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Table 2 Summary of the field test results of under-reamed ground anti-floating anchors with capsule
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Fig.4 Multi-cycle tension field test results : under—-reamed ground anti—floating anchor with capsule No. 2
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Fig.5 Multi-cycle tension field test results: under-reamed ground

anti—floating anchor with capsule No. 3
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Table 3 Theoretical elastic elongation values of under-reamed ground anti—floating anchor with capsule

BT 9 AL AT 2/ kN

4 m K H H BB 5 A KA
) 90%/mm

4 m A B 135 18 B 2 A SRS 5 (B

mm
15 1360 19.49 43.29
2% 1360 19.49 43.29
3% 1460 20.92 46.47

169



56 SR, A5 U BT BT DL HOR RO R

BSOS B R Y A T A A R A E T
X — A

R A T EOULAR BT A S R B AT B AR
P R PR R 37 9 PR A AILBR R R 1A 3 ()
Kl 4(a) FIE 5(a) B3 1805 Q- il 2 5% 4 — i 2 B
R I =F L hE—E, Wk 6 fn.

R Q/KN

0400 _600 800 1000 1200 1400 1600
1
——2

2 20t 35

=2

(9%}

3240

i;_[

S

601

80F

B6 MMIZALLK Q0-S KR ML

Fig. 6 Curves of load versus total displacement (Q-S) from field tests
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derived from test data

I Ao R, A AR AT BAE ] T T
HRAR AN T 7 AR BT ) IR LR R AT g3 Ry
BT YI IR ) B U8 IR RN i B IR 3 Fh L 1 9 Ky
b 5 5 R BT Uk I8 % S0 A AR - 0 B AR AR i
20 T SRR B U IR 1 Hh 3 AR T 1 K 4y
R 3NH B 1) M AT B B (0A B, 04 B P-S itf
LRI R AME SR MR T A S AT AR A I 9
AP, IR, 2) SRR Y B BE (AB BL) ,AB Bt
P-S I 2R AR FE Lk OC R L AH R T B a5 1 for 21 FR
Ve PR 28, DL P 367 o 3)P-S M4 B &L F BB BL
(BC BY) , il 8 FRAE 58 2 W IR By BE, MH I T C A5 11 7
WFRERE IR 2k

XFEG T 8 AN 9 1 Q(P) =S Hh 28 A8 fL FRAE | 15t B
P Y RBUIR R AT R B BUIR 7 P R AL B S
il 7 A7 158 B T S AR B DD R IR 11 M SR R 48 A

o B, F, Pos o
I T I
| |
4 | |
|
|
g |
o : |
|
- - |
c
1

B9 b LR AR DT DI I8 2 i i 31088 1 £k
Fig. 9 Load displacement curve of the overall shear failure mode of the

foundation

AL Z Ak o X5 A 58 3 BT, 4 2 AR e Ak 70 A 1 T AN
HLEE 55 5% R B U B IR (14 b 55 R 48 ) A AR o)
ZAL

Pl 8 4% 43 10 2% JE 4%, W A FR BT 4k 7K 4% 71 R,
HURSE SR A 2K Q.. BT — A 2, YUk 2R 201 RRIE(E R,
BUE % BBk 2 4 R B0 20, d kel g, 4 %
A IRBU PR B AT PR R A FRE A R L 680 kN B,
otk e 4 R BN 2. 25(1530/680)>2 5[] i 1 ] 5 1
32 THE Y 2 Y IR BTV 8 AT SR 3 R AE
R U680 kN B BT X 1 Ay 4 Sk G2 B8 &, B AT 4 Q=
680 kN 8 A 20 (2) , SR 15 XF 157 i 4l 3k A7 F% it S=
16.34 mm, & 8 A A, 22 Jr LS HURS Sk B A 7%
21,92 mm T XF i 1 fif 2% 765 kN S & 4 IR0 7R
B AP HROR SO R AE R, , 32202 P O A8E A B
Pk 2 4 2 B LA IR /D 05 AR 7 A R RIS

& 3(a) & 4Ca) FIE 5Ca) AT, 1~3 S48 R P
TR PR A FFAE 400 ~ 771 kKN Y5 Bl 2 & s fk . A
IRy gk bR 2 (2) i A A Sk B RS 0 G B
PR IEE 3(a) B 4Ca) ME 5Ca) , 8 N &
1~3 5 52 IR B 77 5 AT B 3R 7K 48007 R AE (A
680 kN i Jif XF i 14 i Sk B3 A7 8% i 4 B Ok 16. 54,
20. 20, 14. 79 mm, 53 S B P HMEN 17. 18 mm,
o g Al g, 2 (2) 3 53 {E (16,34 mm) 1K 56 (8
(17. 18 mm) FEARW) & o [ 1~3 5 2 XY bt 17 4
FE8 A7 B 35 S 2 e AR A, R R GH5T 1~3 5 4 0
TR BT B FE T AR R 48 7 AF 1B L 680 kN B T X6F i
B i Sk SRR A B2 5o 9. 21,10, 36,7, 69 mm, 4
Sk B VE A7 AL E B (H 09 9. 09 mm. f b AT, 7 2 5K
P URBL TR AFF IR RSN A T 22 h AR AN
A T B R R B T R AE A 680 kN, S BR AT fig & AR
(B AT i R B AS B 20. 20 mm , I IRFRS AT X6 7 614
T RIEVE A2 5 A 10. 36 mm, 3% Ff B 2% 1 AT
AR X BT MR 45 R ok B T LR 2 1YL

171



56 SR, A5 U BT BT DL HOR RO R

T S R PP AT A A B b [ B T A
4 m A< H B, A B 4 ST AR BT TR B AT i — 2
JS2 A3 7K B TN T, i BE 08 1 — 25 H) el 4 AT 114 Ao
Ba,

T W A 5 0ok 3 X AT I T BT 4RO 4K
BB AT B L B W 52>, LA B b 380 IR
PUIF AT AR 9 2 20 M, 48 X0 PR B0 A AT
BARMEHAATIHG N LU 3 80 1) %208 IR i 77 # 41
e S NP A RNANG S A N O S R
DT HRNNE , BE A A T ORI B At b R R
TR, SO By il b AR A R Bl Sk B
(Z2I0) B BRAEZEoR o 2) 93X PR 007 4 AT A9 4 Sk
BRI N BRI AR S B AALAS Z HE /N T 0.5 R IR
B B A A Al B0 S 38 R AL (8 L LA R AR BT B
DI W RE J1 o 3) 8 20 (R0 12 5l AT i 2 - B 0 7%
il £ 5 22 A8 T il 2 Y S S R AR LR A%
FEAN R T B B A R BT e VR T BT AR R 207
RN, BAT B B BLdk 22 2 R R, HAE B R A%
g AR 7 R B H A7 s (1] P92 82 1 4 24/
T 1.0 mm, AN 23 5 B PR I A T R 0 9 S AR P
T2 4 AR U0 40 X0 MR BT 2 B AT 10y ) 8 4 A X

B

3 BRYEHFHEFRRAKRABENITE

B Y ARG AT B A SOR-BEFL S 5 AF:
PR BAT , 5 85 ELARDUTE B AT 1 A% BR T4k 7R 2 7 4
FhY B — il 1] A 3 T 5 T L = A R A5 T B AN TR
B XY™ AT BT B B R BT 45 R 28 0 ey A S
F1% S K ) 15 F] R )2 ) R 4 O (LR AR Y A RN T
P [ B S, I 10 P o 3 09 PR T T A AT
JE A B — i He W5 9 FL B AT B R D L, SR T4 5 5
it T 9 T R . HE S R R X 0 N AT
IR RN, AT R R MR R ST A il 1] B 1 S
IR AR BRK 8 - Bl FE W K e R B AR U A
IR A5 A1 AR Y 5 EE G R T R T S TS R Bk
Je -, BE 8 O IR VA B 11 B A 45 44 0 B A 0K 45
BT A O 7 A il [ BBl [ A S 2 56 T Mk 4 e
IR 5 ply 47 A i (] B 0 i 08 7 B A 7 A AR N A7
B, L4 A il ] B AR s 798 7R 4 250 0L A — 1A PR It
e S DRG0 IF BT 3 b R 1) 45 40 BT, R I
VIR 1A O 2k 1 il R ) A T 80R <

U AT 45 A R T, 4 Q™ AT T AT 1) A% BR
ORI 556 BT 9 Al [ B R A AR L

172

i
L i (W
{H
i (W d
A
Il aLrkig E e
I |
h vl |
i (W
~ ol G
1ML p P Kk
1‘7 kbt
)
il ki
Ay et e
~ SD " V
!
!
v v ’

10 SOR-FEEEE G AP R PUIR AT 45 H R &
Fig. 10 Schematic diagram of the support—friction composite
cylindrical expansion anti-floating anchor structure
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Fig. 11 Load- resistance contribution of under-reamed and non-

under-reamed anchor segments
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Fig. 13 Variations of bond stress distribution along the bond length of

a fully—grouted uniform-diameter anchor under loads
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Table 4 Design and calculation parameters for under-
reamed ground anti-floating anchors with capsule

[equation(4) ]

WZGS  Lgm  Lyjm  f, /kPa f /kPa y/(kN-m™)  h/m
@ 18.0 12
@, 18.7 1.1
@, 20.1 1.7
@ 05 65 19.7 0.5
@, 0.7 86 20.1 0.7
® 5.8 55 20.0 5.8
@, 2.0 60 19.9 2.0
@ 1.0 06 65 65 20.3 1.0
@ 1.4 65

x5 By EFFHTRITITESE(T/CECS 1259—
2023 A7)
Table 5 Design and calculation parameters for under-
reamed ground anti-floating anchors with capsule(T/
CECS 1259-2023, two methods)
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Fig. 14 Loading and displacement diagrams of an anchor rod With a

free segment length of 1
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Table 6 Design calculation parameters for non—
prestressed bag—type expansion anti—floating anchors

WZEHS Lfjm  Ljm  f, /kPa  f /kPa y/(kN-m™) h/m

@ 0.5 65 19.7 0.5
@, 0.7 86 20.1 0.7
® 5.8 55 20.0 5.8
@, 2.0 60 19.9 2.0
@ 1.0 0.6 65 65 20.3 1.0
@ 1.4 65
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Fig. 16 Linear relationship between load and plastic displacement

& 15 FE 16 /Y A1 e S L (5) F1aX(6) o

( = 488.20 + 26.635" - 0.175"* (5)
R*=0.9748 ~ 1

Q = 416.51 + 32.828, (6)
R =0.9943 ~ 1

it X (5) A (6), 115 = (4) 13 2Pk K
2 I FRAE(E R,=635 kN JI X I 119 57 % 1 90 14 7 B
Ko e K Anf 48 R,,=1270 kN FT X6 17 14 i 57 % A8 1 o7
Bl 5.72,6.66,39.12,26. 01 mm. Hi Al %1,
Prk & 3% 1 HFAE(E R,=635 kN Fif 7= 2E (1) B 5% hy 98
PRI RS, Uk BH L B A AR 5 v R AR AR R AR — 3, I
K ff 8 R, =1270 kN B (9 3 % £ # 24 13. 11 mm
(39.12-26.01) , 1 2 (1b) T3 A R 0 A K B
HJ2.6m,/NF4m(1/385FBK ).

% M T KA AR BB KA LA R AR A B 2K

176

G 72 52 ), A 3 U AR BT PR B AT OE R A IR S
BT T 32 PR AN G AR T AR R 2RO RR IR (R
(635 kN) , fifi 3k S AL (A2 B ) 75 R 4% 9 52 B %2 K T
5.72 mm, H /N F 5 Wik 56 & K i 2% 1028. 7 kN
(1. 62xR =1. 62x635"°") It Xf 1j (1) & 457 % 24 mm[
A (5) T8, B AE - i K T O PU iR Al E R R F
635 kN B, 3% 4™ (R BT 77 4l AT R A3 300 104 8 Sk 67 7%
FE5.72 ~ 24 mm Z ] R EG A 90 R W, 1o o G0 Al
Sk B B X PUIT L 45 4L Sk B T DA 2 iy

i gk 2 (5) F50 B IR A 2% Q. W 1530 kN, H i
XN AR T S=78 mm. K] 17 R4 T30 (5) 2 il 1Y %
W B fr - B2 B G Rt e, 181 17 (] 8 SR A Tl
VI S VE /R /IR B L I - RN e |
55 SRR 37 % R U 5 R R B DD B IR A b B R 2%
TABAFAEARML Z AL

O/kN

350 500 750 1000 1250 1500 1750

1 688.5

B 17 AU ) 2 Uy AT R A AT T 10 R B AT R LY
i 48~ B e AR
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bladder—expanded anti-floating anchor rod based on test data
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