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Load-transfer model of soil mixing anchors based on coupled dual-interface
slips
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(1a. College of Civil Engineering; 1b. Hunan Engineering Research Center for Structural Safety and Disaster
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2. College of Civil Engineering, Hunan University, Changsha 410082, P. R. China; 3. Jiangxi Engineering
Research Centre for Development of Underground Space Technology, Nanchang 330013, P. R. China)

Abstract: The load-transfer modelling of soil mixing anchor is deemed to take the coupling of dual-interface slip
into account. It is essentially caused by the mobilization of bond strength for both the reinforcement-binder and the
binder-matrix interfaces, and the impact of stress and strain conditions of materials adjacent to the interfaces on the
propagation of interface shear stress. A newly developed load-transfer modelling framework of soil mixing anchor
accounting for the coupling of dual-interface slips was presented in this work based on interface characterization.
This framework was established by integrating load-transfer method and shear displacement method, conventionally
used in anchor behavior analysis, to solve for the straining of soil mixing anchor induced by interface shear stress
in axial and radial directions, respectively. Laboratory testing including mechanical characterization of cemented
soils, pullout tests on soil mixing anchor using elementary specimen and model specimen were carried out to
calibrate the parameters in modeling and to validate the predicting capability for the pullout response of the
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presented modelling framework. The concluding remarks obtained in this work can provide insights to the

improvement of design theories and application promotion for the soil mixing anchors.

Keywords: soil mixing anchor; dual-interface; elementary specimen; shear deformation; load-transfer modelling
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Fig.1 Schematic of dual-interface composition of anchor
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Fig. 2 Schematic of deformation mode of elementary anchor
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Fig. 4 Dual interface bond-slip models of soil mixing anchor



RARE, F: A TR @ BB A0 KR LA i BAF BAEA

2 ARIHER

HI Pk o B R RAT iR b, #2532 000
i DA AR 2 5, X 3 () AR T
B R ELA AN AR 9% 2 DA S 3 A 5 RE 7T EA
(SE

_ 2 - du(x)
P(x) = T, Et_ax 3)
aP(x)
== = 21, (x) )

K PQ) NBRLEALKR x AL B3 775w (o) N

TEALFR x AEHINEFS s () ALK x AbFY) T-B S BY

NJTs roNREAR s ECN RGP ERR A
Bz G M@), nrfg

?u(x) _ 2

9x2 Eft(x) (5)

NTITEARHET, G RHAVIZZKRER T-
B FHT AT B-M St 1 7t By DI, HoR S a0
5 s, AHNRIRIE Y

T (x) = k6,(x) + ¢, (6a)

T (%) = k6 (%) + ¢y (6b)

A T, () AALRR x A0 B-M BT /75 8:(x)

M8, () 73 A AR x AL T-B GBI IALFS Al B-

M FIB VN kMlc LA Sk, Mey, 73 718 T-B 5t

THAR YN B-M LAY B35 W6, (o) F1 S, () I T 28
R LA A2 V) S A S B 82705l _E AR

K5 SR D) &k Ron e K

Fig. 5 Schematic of tangential form of interface model

BT T-B FEEIN A B-M AR BN /18T
KHEEARBY R S AR L S 264, iRIER (DA

Tt

N

& T-B S A B-M Fifi 6 457 R R () Ry
HRIEA A

7(x) = f(6(x)) (72)

(%) = g(6m(x)) (7b)

T (%) = 7(x)

AT AT — R x X REFK) T-B SIS BT 26 250
ktiﬂEDCtiU\& B-M ﬁﬁ*ﬁﬂ@]%’?‘%&kmﬂmcmiﬂﬁ
BN

ki = f'(6:(x) (8a)

kmi = g' (8 (x:)) (8b)

ci = T(x) = 6, (x)f'(6:(x:))  (9a)
Cmi = Tm(X) — 8 (%) 9" (B (%)) (9D)

MR 2 AR T, T-B S BT UIALHS 6(x)

A B-M G BTV AZ () 7T 73 2R 7R A
6 (x) = u(x) —uw(x)  (10a)
8 (X) = Upm (¥) — U (x)  (10b)
A U (00) Mt () 7B x AERGEEARAE T-
B FHEIAT B-M F IR FIALAS  w, () J9 25 x Ab
Hh 2 BEARLE B-MFEIH A Sl 17 7 75 o

il 45 VA R i S A 1 il 1 57 3% SR U T BT D) A2
TEAEAZ V) AR, AR AR AR Al ) (R 78 22 ] AR
FIBY AR T 5, R RS S5 K7 T-B FH AN B-M 7t
T AR 22, LR SEARAE B-M F I 8T N 7T 5
AN K RRNLRE, W3R A

P+t
Upe(X) — Uy (X) = fr‘ * bTbG—(br)dT (11a)

frt+tb+bm
Tit+ty

Uy(x) —0=

A s Gy FH Gy 73 T R 5 4 b J2 A P B A 55

ty ARG EEAR S IR 42 225 by B-M S B B 7
AR EESE UL UNINE SRS
Br R(DHAR(11a), H

Ui (X) — Upm (X) = 1y (12a)

XA CoNERSFSERRE SR BT DI B R AR S &

2O g (11b)

C. = Gl‘bln%tb (12b)
B R Q)F(11b), A
Uy (x) — 0= D,y (13a)

A DOAE R SHONH 2 3 R BT ) B SR

_n (ri+tp)? Tittpthn _
b. = G ( (n+tb+bm)2) T+t 05(1
(r+t,)2
(n+tb+bm)2)] (l3b)

BROLA(10)~3(13), AT LA 2
0i(x) = u(x) — 6 (x) — (G, + D)7, (14)
¥R (6N (14), 7TLIB BT T-B A8y
2775 AR 2 18] 1 9% F 3



RARE, F: A TR @ BB A0 KR LA i BAF BAEA

Te(x) = K (x) + €, (152)
YIRS, BT — u R RT3 18
tz TR, AR P AT G vE T I RIE T A,
HrAR K, MC 733N

kik
Ku: tm

-
km+1an‘tb+zqkmcr+ktkmDr

(15b)

_ ckmtCmky
- T
km+1an‘tb+zqkmcr+ktkmDr

B (SN (S) T E AT DU 52 S8 T 43
s T RN

Cu

(15¢)

0%u (%)

P Au(x) + B, (16a)
K AMBONRFE REL W RlERRA
2
A=K, (16b)
2
B, == (16¢)

u TtEt u

TEFEENAE, AJIB RIREAXF S T-B Ft
T A B-M AL A S 8k e fllkys cpy IX
4 SRR RS AR AL S, (o) Fl 8y () K1
SE, T S THAR XL AL R e D) 75 S A A R ()

[10-111

KA

W HAZ IR 7 R (16)BE47 A7 PR 22 73 B fE

3 BiRRE

K T A SE R T B A 1 B AR, A
6 IR, BT RS B n N RS T n - 14
FICHEB BN RITRIEAL,/(n — 1), WH 2
Brihm R 4 AT T, RIS | NS R AR R
RN

x, =L, (17)

K6 HiFFRS B B R B -

Fig. 6 Schematic of anchor discretization

R 2R V6)F& 4 Fooxt B2 1A PR 22 73 1 s ik 5K,

L, BN TER16OERR LR
“ Wl BAEITRE, R L e — Ht) wltea) i
IR Ba 7R, ELART S I AT SR AR 2 5 2 o = Alw(x) + B!
ARHES:, TR, B T T as)
S ARS8 54 o
RETYED SIS, WTUORIBURRINE o panpis mioha MB AT RARER o MIELE.
AT SRR . DB G IR 738 A A o A S D, £
P BT Z BTN, e et ) ’
1 1 1 Xi+1 — Xi-1 Xi+1 — Xi-1 o;
xHy_ﬂm@Ho—(%H_x[ﬂn_%ﬂ+- _ AJM@0+%_xFJMM4)———77——&—0
(19)
RERHL, SRR 45 B 1 Pyt (G5 5 o) VR0 388 (G5 1 e BRI S P T 4 1375 K
o) = (o + A wn) - 2Bl =0 (20)
e = (o A wr) + o o) - B = 0 @1)

A Pyre VE FAE 52107 0 0 7 45 77 O TG

TR 7 B SRR AR B, P 20(18)~X(21)
%] Matlab F2 75 7 FEREAT AR AR, e ELAb 3%
wr.



RARE, F: A TR @ BB A0 KR LA i BAF BAEA

B 7 T A7 2R 330 77 R SR AR A
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Fig. 11 Comparison between predictions and measurements for
mechanical response of soil mixing anchor
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