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Analysis of anchorage performance on new tension-compression anchor:
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Abstract: The anchorage mechanism of a new tension-compression composite anchor is studied based on the assumption of
triangular distribution of the shear stress between anchorage body and rock mass. The formula for calculating the uplift bearing
capacity of the tension-compression composite anchor and the bearing capacity ratio of tension-compression composite anchor
to tension type anchor (BCA) are derived. The analysis results for BCA show that the value of BCA increases with the increase
of the anchorage length. BCA has the maximum value of 2.0 when the anchorage length coefficient k; = 2.0. The curve, which
is like a bowl, of BCA is symmetricalyl distributed over the compacted anchorage length coefficient k,. The value of BCA
increases first and then decreases with the increase of 4, and it has the maximum value when &, = 0.5. The maximum value of
BCA no longer continues to increase with the increase of the anchorage length when k; =2.0, but the value range of k,
expands, with which BCA has the maximum value. The calculated value of the derived BCA agrees better with the test one as
compared with the model test results of tension-compression composite anchor. The uplift bearing capacity of
tension-compression composite anchor can reach 2.0 times that of the tension type anchor under the same anchorage length. So
the tension-compression composite anchor has a very good prospect in engineering application.
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Fig. 1 Structure of tension-compression composite anchor
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Fig. 2 Simplified model for shear stress along anchorage length
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Fig. 3 Curves of stress transfer on anchorage length for /,<</,
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Fig. 4 Stress transfer curve on the anchorage length for /<[, <2/,
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Fig. 5 Curves of stress transfer on anchorage length for /,>2/,
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Table 1 Formulae for bearing capacity ratio N
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TC300-12-3  76.80 1.62
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TE: RAVREE N &R A BT R SUIROR O 54 BT ROk
BIrrEa .

6 & i

(1) $7 52 A BT B T 7 B 2 A 7 s i ] B
AISZ R E B, BEIRIN /4R 4, R A ik 5 4+
PRSI RE 45 5 T 7890 RAE, ARE IR E S

(2) Y4 [ B BEAN R b s St 8] K BE 2 F5 T
AR R “IURME” IR, N AR BEAR ] B
FE feo (PBG I S 3G K58, HAE k=0.5 B 5K
N ELR A [ B BE 3 i g ok, HY k=2, k=0.5
By Npa=2.00

(3) 4l B B I I A R 2 505,
AR R PRI IR, N A B 7RO A [ B R
FE ke PR HE N S 1G K, IA B e KA 2.0 R RFFANE,
B J5 ek /N s VA o 8 ] B B R B N 3K, (H
KA 2.0, HAEEE BOBAS, &, 0T BALEBE KIX[H]
WAL IR B KA 2.0,

(4) ASCHES I s R A AT 5 8 1 ) Y
AT ARB 2, SRRERILEYI& . AR
W ST 5 30 B B A R AT A 3 — 2P BRI A0 T
FEN BRGS0 e -

SE -

[1] ERZE. ATMHEMIVRES KED]. LARTEZEM, 2001,
34(3): 7 - 12. (CHENG Liang-kui. Present status and

anchorages[J]. China Civil
Engineering Journal, 2001, 34(3): 7 - 12. (in Chinese))

2] B 9, NEE, K& WTE SRR @2
MR =R R, A%, 2009, 30(7): 2053 -
2058. (JIA Qiang, YING Hui-qing, ZHANG Xin.

development of ground

Construction of basement in existing buildings by static
bolt-pile[J]. Rock and Soil Mechanics, 2009, 30(7): 2053 -
2058. (in Chinese))

B1 B 4K, x| b, Xeaite, & RS L AREIAT AR BRI
BANRIGHT ST ()], 5 1%, 2012, 33(12): 3645 - 3652.
(GUO Gang, LIU Zhong, DENG Yi-bing, et al. Model test
research on bearing capacity characteristics of underreamed
ground anchor in sand[J]. Rock and Soil Mechanics, 2012,
33(12): 3645 - 3652. (in Chinese))

(4] %6 W, x| PR, ZEOKER, SR I OREE R R SRR ML A
RNRIGWTC[I). A 55 TR, 2013, 32(8): 1677 -
1684. (GUO Gang, LIU Zhong, LI Yong-kang, et al. Model
test research on failure mechanism of underreamed ground
anchor[J]. Chinese Journal of Rock Mechanics and
Engineering, 2013, 32(8): 1677 - 1684. (in Chinese))

[5] kPRI, EWEZR, FMAR, S5 MVTIN& 8T i s At
FHEEWB BRI A Ji%, 2011, 32(3): 789 - 796.
(ZHANG Hu-yuan, WANG Xiao-dong, WANG Xu-dong, et
al. Bond-slip model for bamboo-steel cable composite
anchor[J]. Rock and Soil Mechanics, 2011, 32(3): 789 - 796.
(in Chinese))

(6] WA, 5KIEoT, EVEENE. AATING = & AT s ke
RIGHF 7T, AR TR, 2011, 44(12): 108 - 115.
(WANG Xiao-dong, ZHANG Hu-yuan, LU Qing-feng.
Laboratory study of the static properties of bamboo-steel
cable composite anchor[J]. China Civil Engineering Journal,
2011, 44(12): 108 - 115. (in Chinese))

(7] B, SR, 2200HE, & oAU AT AERD b AR
WA, &+ J15, 2011, 32(7): 1957 - 1962. (CAO
Jia-wen, PENG Zhen-bin, PENG Wen-xiang, et al. Model test

Rock and Soil
Mechanics, 2011, 32(7): 1957 - 1962. (in Chinese))

(8] &3CHE, 5k O, B AT RIRAE T TTE

study of inflated anchors in sands[J].



128

PR, S R A B AT S R LR A 2295

). A7, 2013, 34(6): 1696 - 1702. (PENG Wen-xiang,
ZHANG Xu, CAO Jia-wen. Calculation method for ultimate
bearing capacity of inflatable anchor[J]. Rock and Soil
Mechanics, 2013, 34(6): 1696 - 1702. (in Chinese))

91 % B, 5 4N, 5k X, A BEPAEATIE RORS
TN, & TREZER, 2014, 36(3EF] 2): 205 - 211.
(LIU Zhong, GUO Gang, ZHANG Yi, et al. Construction
technology and engineering applications of capsule-type
under-reamed ground anchor[J]. Chinese Journal of
Geotechnical Engineering, 2014, 36(S2): 205 - 211. (in
Chinese))

[10] XTAO Shu-jun, CHEN Chang-fu. Mechanical mechanism
analysis of tension type anchor based on shear displacement
method[J]. Journal of Central South University of Technology,
2008, 15(1): 106 - 111.

(117 FR8EA, 2. TN ) B AT AR FOBLHIBIE 5ET]. 6 A 2
5 T2, 2006, 25(9): 1876 - 1880. (He Si-ming, LI
Xin-po. Study on mechanism of prestressed anchor bolt[J]. J
Chinese Journal of Rock Mechanics and Engineering, 2006,
25(9): 1876 - 1880. (in Chinese))

[12] TREA, H4E, FIEEE. BRas T8 70 2R 6 1 B 41
BRI AL[T). A 1785 TRk, 2006, 25(1): 117
- 121. (He Si-ming, TIAN Jin-chang, ZHOU Jian-ting. Study
on load transfer of bond prestressed anchor rope[J]. Chinese
Journal of Rock Mechanics and Engineering, 2006, 25(1):
117 - 121. (in Chinese))

[13] YANG S T, WU Z M, HU X Z, et al. Theoretical analysis on
pullout of anchor from anchor-mortar-concrete anchorage
system[J]. Eng Fract Mech, 2008, 75(5): 961 - 985.

[14] BENMOKRANE B, CHENNOUF A, MITRI H S. Laboratory
evaluation of cement-based grouts and grouted rock
anchors[J]. Int J Rock Mech Min Sci Geomech, 1995, 32(7):
633 - 642.

(15] B &, S&ME, $8i8, 55 L 28T Rk iR shag
W] AL TR, 2012, 34(5): 936 - 941. (DUAN
jian, YAN Zhi-xin, GUO Rui-jian, et al. Failure analysis of
soil anchors induced by loose interface under pullout load[J].
Chinese Journal of Geotechnical Engineering, 2012, 34(5):
936 - 941. (in Chinese))

[16] FLEESE, RERK, & M, 55 LAFFAH AR R ALELRT

F[I]. LAESI%E, 2000, 17(3): 80 - 86. (KONG Xian-bin,
SHE Yue-xin, LI Wei, et al. The mechanism study of
soil-anchor interaction[J]. Engineering Mechanics, 2000,
17(3): 80 - 86. (in Chinese))

(17] 5k ¥k, W4, W M BT I S T R AR AT 5
M. &4 h%E TR, 2005, 24(7): 1134 - 1138,
(ZHANG Jie, SHANG Yue-quan, YE Bin. Analytical
calculations of critical anchorage length of bolts[J]. Chinese
Journal of Rock Mechanics and Engineering, 2005, 24(7):
1134 - 1138. (in Chinese))

(18] intchl, Pi&7, a1 45, 5. MRS SMET: b
, Z1.201420450678.5[P]. 2014. (TU Bing-xiong, JIA
Jin-qin, YU Jin, et al. A tension-compression composite
anchor: China, Z1.201420450678.5[P]. 2014. (in Chinese))

[19] SERRANO A, OLALLA C. Tensile resistance of rock
anchors[J]. International Journal of Rock Mechanics and
Mining Sciences, 1999, 36(4): 449 - 474.

[20] KILIC A, YASAR E, ATIS C D. Effect of bar shape on the
pull-out load capacity of fully grouted rock bolt[J].
Tunnelling and Underground Space Technology, 2002, 18(1):
1-6.

[21] #8i8), o, B &, 55 FHEFmPR 2
BFFHLAR 2 FI T[], PR AR, 2012, 43(10): 4003
-4009. (GUO Rui-jian, CHEN Wen-wu, DUAN Jian, et al.
Pullout mechanical analysis of soil anchor based on softening
behavior of interface[J]. Journal of Central South University,
2012, 43(10): 4003 - 4009. (in Chinese))

[22] JUFF42, S, TOURE ) R ] B A T v 2 O 400 02
AT A TRRAER, 2009, 28(10): 1976 - 1985.
(YOU Chun-an, ZHANG Yu-bao. Analysis of interfacial slip
mesomechanics in anchorage section of prestressed anchor
cable[J].
Engineering, 2009, 28(10): 1976 - 1985. (in Chinese))

23] & HE, REIME, SRIEAE, S BEAT I S K AT
IO, E %, 2010, 31(9): 2991 - 2995. (LONG
Zhao, ZHAO Ming-hua, ZHANG En-xiang, et al. A

Chinese Journal of Rock Mechanics and

simplified method for calculation critical anchorage length of
bolt[J]. Rock and Soil Mechanics, 2010, 31(9): 2991 - 2995.
(in Chinese))



