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Tests on bond strength between grout and tendon of soil anchors
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Abstract: The research results about the bond strength between anchor tendon and grout are few. The test results of 64 soil
anchors in 3 projects show that: (1) The dispersion degree of the ultimate bond capacity between grout and tendon is
tremendous, and its solitary-low phenomenon is widespread. The dispersion degree has nothing to do with the bond length and
is related with the quantity of tendons and tension technique, so that of the calculated bond strength of grout-tendon is
tremendous. (2) The bond strength of grout-tendon is not related with the in-situ conditions, grout techniques and quantity of
tendons, but is able to be improved when drilling with casing pipes and improving the cleanliness of the hole. (3) The
relationship between the grout-tendon bond strength and the grout design strength cannot be verified, neither is the effect of
actual strength of grout and tendon sharp on the bond strength of grout-tendon. (4) The exerting degree of bond strength slightly
decreases with the increase of bond length. (5) The characteristic values of bond strength of grout-tendon are 0.744~0.664 MPa
under the bond length of 3~6 m. (6) The bond length of soil anchors should be more than 8 m. (7) The number of tendons in the
single anchor should not be 2.
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Fig. 1 Structure of reinforced anchor
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Fig. 2 Stripped anchor body
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Fig. 4 P - s curves of anchors with different damaged forms under

synchronous tension
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Fig. 5 P - s curves of anchors with different damaged forms under
separate tension
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Fig. 6 P - s curves of anchors with different damaged forms under

integral tension
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Table 1 Physico-mechanical parameters of soil layers in Test 1
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4% AkN'-m’) f#/MPa B/MPa &/MPa gl ) clkPa

SR RAL 22.0 90 900 40 0.2 24 28

WEEYE [, 8 M3~M18 35 9 3%, S8k 2 fir
7N, F L R B A sk B B 1 m R FD.
R S S8 FLAS ok L e s 0L, K —IRE
F13EH, 42.5R K8, WilHRARIRE S 25 MPa.
M3~M6 5K 5 i B AR Tk hr, % EE E] M8~M18 WL 4k
HERZ KPR R, M12~M18 KA ZAT
JT THU0T 25 4 750 [5) 20 5K o ARG A R 15 & B & 45 77,
M8~M10 3 3 NEEH . 3 /NED R dr DS T L,
M3~M6 i KR H N 500 kN, M8~M10 54 i
BRI R R 200 kN, [ IKBLEA 240
kN

F=2 RE—MERSHE
Table 2 Parameters of anchors in Test 1

HReK Mak e ki
m  HEK B TR

(A I/m  I/m

M3 3 10 12 2 3 S A
M4 4 9 12 2 5 EES
M5 5 8 12 2 6 S A
M6 6 7 12 2 5 S A
M8 8 15 22 5 3 S A
M8 8 15 22 5 3 EiE:Z
M10 10 13 22 5 3 EES
M10 10 13 22 5 3 EEZ
M12 12 11 22 5 6 EEZ
M15 15 8 22 5 6 EEZ
M18 18 5 22 5 4 [&l

IR 3. [FPIKRBINT, EHIEO T &4
i P - s BHZES SRR b I R0, ASCHE o B R
A2 R ABIR, 3508 29 R AN R 2B A Tl 7 o T A A
ARG o AN R R HL Y P - s ihZR KT 4 (2D
Fion, #EmR bR WS R 8 P - s thk il 6

(a) Fizme

x 3 PR S REEHTFENRS . KR —
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BANRA R R Y T 200 kN, VEREREG B4 R BIUR,
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Table 3 Results of Test 1

HERAKA M3 M4 M5 M6 HEFS
320 384 500 500
240 384 370 360

B4R RN 180 360 300 350
240 300 300

120 190 240

R R MR /KN 140 264 310 260
R R AN ZE/% 568 887 934 743
KRR RIKN - 246.7  297.6  332.0 350.0
PSR  RIKN 1233 148.8  166.0 175.0
BAFY R/(KN-m™Y) 41.1 372 332 292
fs/MPa 0.859 0.777 0.694 0.609
(2) W5
AL TR R 1L X FE R B . IO = o 58 DY
R A LR K. KEAE, R
t, T4 30%~45%AREPEE, W, ATENRES. i
JEEEZYIL ) B HINER 4 PR
F4 KRR ZEFEMBENFSH
Table 4 Physico-mechanical parameters of soil layers in Test 2
HE IRt R AEEM BRI
y/(kN'-m?>  /MPa 0/I(°) c/kPa
L 19.5 6.0 14 20

S I S

W= B FR

WA A A REAE R 2 B, i 5 45 A S Al
IMEHATHRA, RS HRE MR, BRA SR
R E L, ARERBHERE, AR
WEEHR, E R, EREEAR RSNV R 1%
P B ) SN T R .

#* 6 MW RR%*

Table 6 Results of Test 2

H- S
HEZIEE MS-1 M52 M53 M54 M55 Ms.g )
e
190 228 228 218 228 228 1
FET RKN 151 199 228 190 210 228 2
151 66 94 190 180 228 3
S1HKN 492 493 550 598 618 684
55505 R W%
N 39 162 134 28 48 0
R MM HRZ/% 23.8 98.8 732 141 233 0
s sy 380 456 456 436 456 456 |
R/Eﬂij;f‘fl 302 39.8 456 38.0 42.0 456 2
(kN'm?) 305 132 188 380 360 456 3
0.794 0.953 0.953 0.911 0.953 0.953 1
%Qﬂ: EER
*f,}i}%f‘ 0.631 0.832 0.953 0.794 0.878 0.953 2
s 0.631 0.276 0.393 0.794 0.752 0.953 3

¥ f/MPa  0.685 0.687 0.766 0.833 0.861 0.953
T8 f/MPa 0.798

7 AR HEFEMENFESY

Table 7 Physico-mechanical parameters of soil layers in Test 3

BT R4 R

WZE EEy WMEE RN
” TOETER ww omm om
Z%  /(KN-m?) /(kN-m>) c/kPa

/MPa /MPa ¢ /(° )
BRRE 185 21.0 25 9 22 25
X 192 24.0 70 13 30 35

R M5 3L 12K, ZHUNR 5 s, RAI=3R
Bl Sk I I U7 OBRAL B WKL, thi s
FRREEE W, —ERAEEE BT, WkE
EUANE, BRJEMNFGE B IRERER, ERENL
2.5 MPa, 42.5R 7K, BCTHHAARRESES 20 MPa. X
3 2% i A A U B K A

®5 R _HRSHR
Table 5 Parameters of anchors in Test 2
X R ML e K
FA L/m  I/m .
/m 2% =B 7R

M5 5 18 22 3 6 R

IR WA 6. B4 P-s HIZL 5K 4 (a) 2K
L, AT o A B A A E R A L BT AR i
PRI P - s fiZR i 5 () Bk,

(3) k=

AL T BRI R 1L X B L — B o el = A
. OBNRBPERRAELE: Wi, 4Et, W@
FRLAE B RALTR AR i, SR E SRR M T, B
FAHNHRT WA RRE L, AMEREEERE
HOREHR, MR, TR . @

BRI LN M3 Je M6 35 2 2%, SNk 8 f
N, M3 FELTRMEE, M6 EEM T2 XIE,
5K F VR B ARG L1 T4 =k s 77 7K i L R T 7K
L, —REKENNERLEFEBR _IREEEK,
WIEF14) 2.5 MPa, 52.5R K, Wit ikom s g
30 MPa.
*8 RW=WMESHE
Table 8 Parameters of anchors in Test 3
HigRAe Wk W ki
Km  #aEk #4 A
PM3 3 7 9 3 5 B
PM6 6 4 9 3 6 LS
R WK 9, Hrp M6-4 Sy T HI& F b i i
W, M6-1. M6-6 &4 1 SFEH R lbr, EAH i AR
s BA R EARIR AR B RO i A A R Y
P-s &k 6 (b) B,

3 WmHEIESER
(1) FIREZR b ORI RS 11 R BB

(A I/m  I/m
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JEIRK, MRS S AF7E. Wi —H, M8-6 f 1
ZHE R N 96 kKN, M10-6 45 1 254 120 kKN, M12-6.
MI12-5 & M12-4 &4 1 564 96,144 }% 163 kN, M15-6
A 124 180 kN, HRFTAH W IAR] T F K5k 4 faf
B, AT 3 AN (RZEPPMED 20 5 RIE 63.5%-
50.0%M% 63.5%; ik, MS-2 H 1 &4 R N
66kN, M5-3 45 1 254 94 kN, XK 243 5l /1A 98.8%
& 73.2% 3 AN REEH LAKT 15 m RHFPKRE
B RIVE R R IL 22 5%, R —HE R TP 1 SRR IR
Fhek 71 B RAR B R IURIL R 0 8 2%, ik 36.4%,
LIBE] 18 m I IX PP G A TH 5

F=9 MW= RE

Table 9 Results of Test 3

HERER M3 M6 RS

440 572 1

382 484 2

FHER RIKN 374 a8 3

323 440 4

308 440 5

418 6
R R RZE/KN 132 154
HE R R AR ZE/% 38.1 340
AR T RN 346.8 453.2
A T35 RIKN 115.6 151.1
BAFI RI(KN-m ™) 385 252
fJ/MPa 0.805 0.526

MR R N : A A 1.5~2.0 m 2238 — NS4,
Exrr . EAA R I, RS, ALY
S)orAAE R, BRG b SOOI SRR T R 2% 10~
20 mm DL 2 A ORI 2 R EER, i 7 (@) PR,
HSERR b3 H R FLERA R AR, w7 (b
Frs. BIEREMSE], AR mNIBERN, fEPAS
THEZ IR E VR . FAS . i R R LR IR A
JiR DRI 1) T 25900, e B 7 AR A% i A AR 1T g 2 4t 1
W 7 (o) Fizm. B AR N8I g ik B a5 L
(1), & JLHIR R T IS, KA T BE R i 2
BB L, TEFEFET AR b B s FLBEAA KA, 3
ZenT et RN LR, RO SN B INFLEE,
I K A BRI SE RS, B A WA
U SR G G R TS RS i 0 A T L B R T AT
B B RS WA ML B FLEE, B, NI
K BT LR s, BTel L Kn) 18 m B A
RAER IS o

R R IR MIR 2, SEBr B B 4 i A0 = A
AR, &S R S ERRE BRI FEE R X

b B PR 7 54 A K B RV R MEE 1S ok, KA
[F) 20 gk fr B R R ERT AR B 2 . 7R iREe — it it 47
THERMNA 5 FNB L RR% e, 54 6
) BEKE 6m, Bk 22m, Hrb B & kK
3R, SEEIED TR R R AN 10 FoR, AEXIRZE &
1A 55.0%~135.5%.

itk L.
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Fig. 7 Condition of lowest anchor tendon
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Table 10 Ultimate bond capacities of some tendons in Test 4

WS FlEEE RIKN "2 55R RIKN 3 4% R/KN
1 168 130 128
2 144 120 115
3 72 96 87
4 67 67 87
5 36 50 74
&it 487 463 491
AR B 22/ % 13.5 86.4 55.0

A —#E R A R Y R BIEUFEEAR K, 2 &4
SRS SIA I ) — N E BRI BRI, HT A
D, AT O R, R 2 AR
AR 1% (A AT KE R, RESIE
BN PRPTRL ST TIREIR, R A R0 1 KA (B
), B i an SRR BR 5 0 N R I (s IS,
BORIBE f5 e pitly ChEIG0); B MR, B fideh
PR, o T T e 45 A fii——1X 21X
— 1 M3~M6 K& 7 4 B 10 B S A B DL AR
HERANE R 2 SN B LR, B2 A i v] Lo 4
FERE R (1) r BT PR TR RS 358 =[98 2 ARA &
W T 1 NGk, R 2 SRR R 7 AT 4k
S I, PURABRESFE R hE, &
52 D1 B, IX PRS2 IS R AT B
R D AE A AR LE W B BT I A

(2) FIRBFEKEHR R MEHBREEHRRAK,
H 5 mEcE Lk kA0 . I —H, M3~M6
W R MR ZEDBIFEIE 56.8%, 88.7%, 93.4%,
74.3%, “F¥) 78.3%; k¥ =rh, M3. M6 #i% R H
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Fig. 8 Relative differences of bond capacity of anchors
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