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Analysis of anchorage performance on new tension-compression anchor
III field test
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Abstract: The new tension-compression composite anchor (TC-anchor) is developed to overcome the shortcomings of the
traditional tension anchor (T-anchor), such as stress concentration, insufficient bonding strength between anchorage body and
soil mass, and low uplift bearing capacity. The bearing capacity, load-displacement curves and strain data of T-anchor and
TC-anchor are analyzed, based on the field destructive tests. The results show that the average destructive loads of three groups
of TC-anchor, TC12 -3, TC11-1 and TC21, increase to 2.81, 2.01, 2.52 times those of T-anchor, respectively. The maximum
tension loss rate in the rebar hole is 20.5% and only 6.8% along the free anchorage length, and therefore the tension loss occurs
mainly along the compression anchorage body (CAB). The tension anchorage body (TAB) length of TC12-3 anchor is the
shortest, and therefore the bearing loads of unit TAB length are the highest. The CAB length of TC21-1 anchor is the shortest,
and therefore the bearing loads of unit CAB length are the highest. When the anchor is destructed, the tension bearing
coefficients of TC12-3, TC11-1, TC21-1 are 0.398, 0.470, 0.600, respectively, and the CAB and TAB of TC11-1 are destructed
at the same time, while those of TC12-3 and TC21-1 are destructed successively. The significantly increased anchorage
performance of TC-anchor is mainly due to the decomposition of the loads, the two-way transmission mechanisms of the
interface shear stress and the bearing effect of short anchor. It can be seen from the load-displacement curves that the

TC-anchor has better deformation-resisting capability.
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Therefore, it has significant advantages and broad
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Fig. 1 Structure of tension-compression composite anchor
AR BN R B B R s 52 R AT L A 5
AU, FE 2 e Ut ES A AT  R  RALae TAE
St b, P HIT R IR T, E S A G ) Y
A T X b, B
=

AL LR DR 2 0 ), B A 5 oE AR S
UpapL
DT R A AR AT 10
AE, DAY I B 5 RYBAT 1) 5 20T 7E S T RE R 38
25 KA -

BTN N B R B i ] B SZ S A 1 i ] B A%
i, JE TR AR, B, B BT AE BT N A
(¥ o o A7 W S22 () 82 77 SR R B R 1Y,

B R /7 e (AR
TR, R Sy R G T AR R 5 5 P T L L A A
PR . S94h,  H T S B A5 i

B, A4S BNV A [ BUK FE AR AN 5T, %

TAHAT ST, H R S P [ Bk AL 2005

RAE RN
1 NEESEET
P R AR 2 B 1 s, Ha
R s i ] R S 4k ] B o 2 I R PR A AT

T T ZURAE . 24 [ BT o ]2 18—k

FHEERL SRR, i s 2 A R AT BAT LU R L s
(1) R A8 /0N BT H i ] B AT 52 4 i o] B
S IR ARAE AT 80, 5 [ B T B g [ A i 7 s A
W%@ J& T XA 3, A5 5 T B N U 5 2
FEB, IFTESEFF B BRI R A B A1k BB K, FRmN SRR BG5S .
B, TR [ BT R A R B B AR g
JETENGGAL, FREEATHRER; ESAR GRS T 2 ZOR A
XPATREAT TN Sk hr SHUE, RN SEph s 2 & LAl
FREE L

(2) FHmFEEE R TE 7 KA . T A B R
H TR 1 P B R AP A R 7 . ] B PR A A S 15

AL, AR R I SR AR, R R A
TG R ] B 5 o R ST 1) B L g T DAA 34 )
K, HIERI SR, {3158 577 70 A AR X S N5
F T PR 2R 4 9 B R AR N TR 0 o



848 H O+ T OB % M

2019 4F

(3) MRk A 1w 1T Hhi 5 & TR AT 5
R S5 9m P Te 0 KA, HBY RN o A id, 25
BN 730 B FrRY PR B S50 B, gtk K

B

2 MR HRRIIRE
2.1 DURAWEKRIFR

TG M T M K2 T T IR IX 45 B S0 KRR
Bbt, EYURSIHEHRE 72 m, EEPEE AN+
T o @i X 3 R 858 I o3 26 A 27 b
bB7/RT N vk k- SN a1 L5 A B~ S A
RIEZ) 5.7 m.

WIXMBEE—ENRE L, Sttt BEN
1.10~2.30 m. 37X 25 = 2 AR R 1,
TRAREE R N 1.10~2.30 m, #5825 JE A 13.40~18.0 m,
K. BaOXAt, ZA~ERIR. RHma%E. =
RERE G B KA R B 0 S, KT 2 mm i
Fi& N 5.40%~13.60%, VIHMAEE. LEER
Riv FomBE g, PIVR, BEENIER S . BIEER
B HON 14.30~29.90 i, “FIEHECN 22.09 . %
Bl EREEL, RS T EmEsm, TE
MR . AW RS ZERAREE y =188
KN/m®s FKARPRBIIRIG (55 SN ¢=27.7 kPa, A EEHR
fl 9=23.6° ; WILHE E1,=20 MPa. I7XHZ5 =
BRI R R BRI KA

BUR A2 BRI T B S VE RO 5 R ()
P, SRIGHIAT O B AR BT I 2 R 2 4.0 m &b
FRAD B 2, SR R BT e O B L B S 4
HEE 2 fros. A DG T T2 533 4T
i T T EAME, e FLER D=150 mm, JEHMAR

2280 F%
Bokias Bk
L

80PVC@2000

4000
3

5700

L
1200 | 1500 |

%

[ 2 BRSSP R s AT B E E
Fig. 2 Profile of supports and experimental anchor at southwest

side of foundation pit

H P.O42.5 Ei@rERR EhKYe, KIKEE 0.5, —IREHKIE
JIA/NT 0.6 MPa, JEFRARGREE M30. 5 EF|L
TR AT IR, v/ IV A Tk i X JE 3 S 4 B £
SN, BT RIS AT G — PR AR R U R AT 4 KT
IR .

2.2 R FHRREAHIE

B TR O 258 i T 30 B A BB AT 1 =
WAL TAF, VP8R 7 H&RSEER. BIEEN
R FIWLERAT, N JIHC B S 37 56 B AT i T 1)
PESEIRIN, ARUGRIS 7 2 &0 e RBGH B, i3k
ATIREE T R RSB H e Tl JFE AR
e PR TR R A R AT [ R R, IR EE SR
T 7 i ] B 5 52 66 1 B 4 i) 7 HH ) g 48 % L Ag o

RIS 5 HANM, PrA s s e B B
3.0 m, AHEK 0.5 m, BFLIARE 3.5 m, skfiskK
0.5 m, ALK 4.0 m; #FKFIAER 1.5 m, 54T
EMCRAGE . bR Guhr i BT CRSCREIRR T 85
ML S 5 R CRSCRIPR C 8 &% 140, &4 3
M fr &R SR 3 4, Hd TC12. TC11,
TC21 & 1 41, B4 3 (TC Forhi K& A BT,
FRIGHB FFRRPIEKE L @1 TC12 RonfiEK
FEELA 10 2 RS S A BT , AH R I6 5 AT (1) 52 47
B B T m, AR B 2 m).

ROV HEAHN LA 1 RER 22 mm (1)
HRB400 2R, SBHKEE 6 m, Hliady it
90 KN. &fierfilh s &R = A B AR 6 4h 1 0
(TC21 %A1 TC12 i~ PR PTIR A& EL T 5 54 T
1) 2.6 51 1.8 £5), BUAIRIGHAT AT R A BTN 1
R E4E 22 mm ] HRB400 240 i » 37 & 52 & BUREAT 2K
JERR R FHARAR I (E T, EL4% 90 mm, & 20 mm,
Hh ] FFFLELA% 26 mm.

P 2 A B ARTIERT, W AR o N AN
HMBEBAERIE, WRRERSNHER S, SR
] 58 o AR J5 75 S i ] B A o) AR 35 2% 2 AAH [R180555
WA AE 60 mm, Nk O PR THAEK
JEAR b, #fE SR ST S, s, FXUE
JRERZE o Sl AR i B T RN S SR R
SEIRCNR,  FFEE SO T RO A ] B 52 B ] B oy 4R
Rt B S e, 7 SR B D BN AR fr . AESZ L
B B b, DAL ERAR RS A, RIS 8 cm Bl 3 /ML
R (RPRE R, AT LE A H AR I A A4
R T ASNAR D o AR B b, DU ERCARE
A TIRR 8 em B 1 AR B o FI4h, TR AR
Fi3k 70 em A& (BPEH B BRI 20 cm) Bl 1 ASRAR
o LR S G BT BARRAR i Fhi 5 R 3 Fos



%5

URERHE, SF R E A TR E e T S I e 849

(B L N2 R B, L R EEEE B o E |
BO. tMHEHIEC G, fEAREEE B & 3 hE BohE
PVC B R4, &% PVC B kgBFL 421,
HEE

AT AL 5 2 ML FL N N EL4E 90 mm ] PVC
PR, KIE 4.0 m, 1EAFETRIIFESE, LABiIL
AEMRAE T RBOIAE P B R FLEE AR R L, 7EHATE T
A i P 112 TR RN kA SOV @/ANC (Y S S N =R
HPEHIF AN E KN 0.5 m, HahH PVC KR
AVREFFR I RIS B3 4T e TR 2 77, 1)
KA ZIRERTZ, B RIE ER, HHE
1 h WHHTHNE, PRERARMH S . 25— )E, 18
FLOMANER 110 mm ) PVC B, EEKE 500
mm, WAMSRHE— BN, AT RN EBRE R
BUESRAK S AR EERE S . 5 IR IE ISR AE SR — IR
TEIESERR 6 h JEREAT o RIS AT I K it T an ke 4 B
7No

W BBBB mmm pvemw 2

€16 & &, £,
It &4 €16 sSOL 2 lne i tl

300 50 50 ‘

SHESEARMBITNTRHE
Fig. 3 Layout of strain gauges on TC-anchor

(a) BEFTFTARHIME  (b) BFTATARZIR
4 SEITHESET

Fig. 4 Production and construction of anchors

2.3 IUAKR EHIERE

FEGURIEAT 4 RIFGaI 7K hn ik 56 R
SR RPEY 27N AT o 187 i =#= K 7 NN S R E NP
LTSNS P8 7T & A ot |57 A E R = el S S Rt
INEGEZ 2 kN/min CEFREEIERTRE 30 s Ik 1 kN,
— N, — AN, R ATEmEE 1 kN, S
Fra¥dE G, FaaiEskdn, BHZRBEIR. mEcRH
RCH-20100 70T J7 T (2 F2 200 kN, 472 100 mm),
FahMaR, R THRAH L HBRIUNGSR. skhi)
ISR P s A e AR JE 28 BKY-33 (B2 200 kKND. it
55K ] DH3816N s AN R G, Am#ck 5%
JERIRS « SKHPL ) R SR AT R, R HIRE
B 18] 200 ms. AREQINE LR WA 5 Fios .

(0 RIMTHEK

(a) BEFTIRAL R JIERE (b) BEHEAE
5 BAMELE

Fig. 5 Field loading tests

3 WIWERKESH
3.1 RMIEHERSGT
P TR H AT 7 TRE b TR, Wl 3 MR AT

(CHE 1R, TCI1 # 2 #); JEIATEE B3 oy ik
FEr, 25 G I N3N S 254 0 e DR it T il - 35k
ROCHEFE 3 AR GRAARIE LT B IR0 C 4 1 AR,
DR] 7 e AR AT R A ] 3 S Y0 i s AR i 52 o 4 1] %
IR+ SEEAT R R TC12 4 2 ). B&ICH 3 1
B ARYEEFE . 1AR TC12 BYEEFE. 1 AR TC11 AL AT
3 MR TC21 B I hr ik ilie 45 5%, sk 1 By
TNo

=1 TSR

Table 1 Results of anchor tests

_ R
RAN =/% n. T

ur
J
=i
J

P u/ kN SU/ mim ét,u

t
u

1 T-1 40.5 6.0

2 T-2 357 126 — 40.1 207 —

3 T-3 440 7.7

4  TCI2-3 1128 31.8 040 112.8 — 281281
5 TCI11-1 80.8 18.6 0.47 80.8 — 2.012.01
6 TC21-1 863 163 0.60 2.15

7 TC21-2 1127 152 0.84 101.3 26.1 2.812.52
8§ TC21-3 1048 151 — 2.61

VE: OP, RIBIATEE, SRR R RO GRS, & N FFIR
s 5247 4 i) B ) 32 i AR B R B el [ BB R 3 S B iz b, BT
St e, B WA AR AR T AT AT R A FC LB, SRR EAZ i A
TS 43 4EL705 B 5 e 6 25 A TR 1 O 2 H D @ P, o 46 AL s 2R
WHFF TSR OR WML, pp, JAHHEZ . @n KR (B
JEAL & T M RF R AR 5 B0 BB PRI BR IR Z s 71, Jo P34 RAR
b @ R M BIRFAGT, W BB R & T 0.40 HRE3KEL
TN 104.2 kN,

MR FRTLLE S, dr BRI 3 AR L
Wi, AR ZE 20.7%, BTG E SR A KT 30%!15
K, FHBRfECN 40.1 kKN. TC12 BY45 AT 75
TC12-3 HiFF— A s, HaR40Ch 112.8 kN,
B S BV IR AT E T 2.81 5. T TC12-3
AT IR A 104.2 kN B, 35070 BARSIR, SO RT3k
I PRS2 HE AR R R B & TR B AT 1 104.2 KN B 1) 53240
I RB, HAEN 0.40. TC11 BUEFFUNAE TC11-1



850 H O+ T OB % M

2019 4F

BEFF— R BB, FOBR 4 80.8 kN, Ay Sy B4
PRI 301 2.01 fi5. TC11-1 HiFF i 2 mtR
TRy, MTFSZ PR RN 0.47,

TC21 ZYUHATII 15 3 MR A R , FHX R 2 26.1%
INTF30%, SPIIRIRTT R 101.3 kN, AR AT
IR T 2.52 fiF o Hod /MR 86.3 kN,
NBL I BYEAT Y BER A B0 2.15 s S KR Aur 25
112.7 kN, s Sy B AP S R A 2k 11 2.81 £i% . TC21
RUBSFFRES, TC21-1 #iFF A1 TC21-2 #idT 1) 2 hi &
WARZT N 0.60 A1 0.84,

3.2 faEfrismhsk o

RIS BRI AT B RSN, eilh I
FERBLE S A BT I d A it 2k, il 6 A

M 6 (a) Haf LA, 3 ARF IR FF sk 2
IR R, B i B R E. T1
T3 HEFFREIR IS, AL RS i 2k B B 51 BE R
fiEs T-2 #AFRER I, AR HBL/MIEBERS o 3 HREAT i
G, A 3 e il 2 SR AR HIHE 10 e w3,
IERAET23 W1 . T-1 A1 T=3 S5AFIn4 2 40 kN I5F, A
N 1 SR 43 312979 6.0 mm AT 6.5 mm.

TRALAFER/N
0 10 20 30 40 50 60
T T T T 1

—_
(=4
T

A B /mm
8

13
=4
T

Py
(=
r

(a) THE
FRPLATER/KN
0 10 20 30 40 50 60
- TC11-1
10} - TC12-3
g
E 20t
2
ﬁ 30
#
40F
50
(b) TC11-144FITC12-34%
KRR ER/KN

0 10 20 30 40 50 60
T T T T T 1

/
/l

- TC21-1 T,

£ - TC21-2 ~_ T
A,

2 - TC21-3 s =)

20 - o

5 B

X %

#

w
=}
T

P
(=4
T

(ec) TC214%
6 MG Tk AT R L%

Fig. 6 Load-displacement curves of anchors
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Fig. 9 Bearing loads of tension-anchorage body and compression-
anchorage body under different loads

R 2TCI12-3 AT BTTE
Table 2 Bearing loads for TC12-3 anchor

T K far /KN
i H
85.1 90.1 95.3 100.1 104.2
& 0.246 0.261 0.327 0.386 0.398
P/kKN 20.9 23.5 31.1 38.6 41.5

P./kKN 64.2 66.6 64.2 61.4 62.8
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TC11-1 SHFAEH o ff B4 F R 152 Ak 4 R 3
T B2 ] B R R i ] B P 23 AR AR R 3 BT
s 8 kFR 2 WTLLE R, TCI1-1 #5FFIn# 2] 40 kN
Ja PR R & BETRRE, PFIME 0476, BEILT
ZHiKE R2%0.50, TC11-1 45 FFRERIT (80.8 kKN,
TR R E=0.470, HEZRKE REEAK 6%; 1M
1t 84.5 kN B, &=0.485, ZHhiABMAHMEA WM. H
TCI1-1 #FFREIR 5, 52 4 4[] B AN 7 F 8 ] B3t 2o 4H 1)
o 28k 1S 58 5 7 Aoy 28K 1 35 T gk R4 . w] BLAIE
TC11-1 Hf AR S Sy 52 6 [i] B3 5 7 I i ] B[] ff
TR

R 3ITCI1-1 $EFF 177
Table 3 Bearing loads for TC11-1 anchor

K Far /KN
i B
55.0 65.0 75.1 80.8 84.5
& 0.474 0.471 0.467 0.470 0.485

P/KN 26.0 30.6 35.0 38.0 40.9
P./kKN 29.0 344 40.0 42.8 43.5
e 2B 1.5 me ARREEBAKE 1.5 m.

TC21-1 SAT 78 58 70 it 280 F R 1R 32 o A 3 A 4
L 5% b [ B 7 P ] B 70 PR r U R 4 s
el 8 KAk 4 TUE Y, TC21-1 #FFERIRRT, %
PLACER RBOHXT EEBAEE , TP IMH 0.535, IRTRALK
JERH0.67. BRI, £=0.600, HLZHIKERLMEK
10.4%. HBOIRG, Z2hASRALBIEE I, AR
2 [ B 4B A 28 bR 1

R4 TC21-1 $H#T 53 1ETTE
Table 4 Bearing loads for TC21-1 anchor

K Far /KN
i B
70.0 80.1 86.3 90.2 94.9
& 0.533 0.569 0.600 0.772 0.797
P,/KN 37.3 45.6 51.8 69.6 75.6
P./kKN 32.7 34.6 34.5 20.6 19.3
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Fig. 10 Bearing loads of unit anchorage body under different loads
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