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Full-scale test and mechanism analysis on bearing capacity of
GFRP anti-floating anchor socketed into rock
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Abstract; Based on the laboratory full-scale tensile failure tests on four full-bonded GFRP anti-anchors
socketed into rock, the interfacial adhesion and bearing capacity of the anchor on rock foundation were
studied, from which the micro-failure mechanism of the anchor was revealed. The results show that the
pull-out failure occurred in GFRP anti-floating anchor, attributing to the dilative shear failure from anchor
thread’s interfacial deterioration. The ultimate uplift bearing capacity of GFRP anti-floating anchor with

diameter of 25 mm, concrete of M30, anchorage length of 1. 3 m and 0. 55 m, was 255 kN and 195 kN,
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respectively, indicating that the high bearing capacity of the anchor for anti-floating purpose. The average

bond strength between GFRP anti-floating anchor and grouting body was between 2. 41 MPa and 5. 10

MPa, higher than the recommended values from Technical Code for Engineering of Ground Anchoring

and Shotcrete Support” (GB 50086 —2015).

Keywords:rock foundation; anti-floating anchor; ultimate uplift bearing capacity; average bond strength;

failure mechanism
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Table 1 Mechanical parameters of GFRP anchor
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Fig. 1 Photo of making concrete foundation
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Table 2 Test parameters of anchor rod

ETRE H#/mm A K /mm K /mm
G25-52d-01 25 1 300(52d) 2 500
G25-52d-02 25 1 300(52d) 2 500
G25-22d-01 25 550(22d) 2 000
G25-22d-02 25 550(22d) 2 000
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Fig.2 Photo of pore-forming
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Fig. 3 Diagram of drilling location of anchor

6 SR D 0 26 o K O 4 S 4 X GERP B FF AR 47 5 K 4%
AL FH 2R S AR 5 AL IR & . GFRP B i 4
FEANZCRE B b & AL O RN R 4 TR R
A E 0 E GFRP $i 7 4 FF 5 18 5 1 25 0K 19 A X
.

wa Kl
R |
—~]

[ < ]

i P

GFRPHUZHAT

eIk
| ERRLEN

4 GFRP#EFMEEE
Fig. 4 Loading device schematic diagram of GFRP anchor
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Table 3 Failure modes of GFRP anti-floating anchor

SCNI | wBE/

MEHS N WA
G25-52d-01 279 12.51 FF AR L T 3R A 3
G25-52d-02 246 8. 46 FF A4k L T 3R A 3
G25-22d-01 207 6.62 FRORSR L 9 K AT 2
G25-22d-02 220 7.26 FRORSR L9 3 1A I 2

B 6 GFRP $HFHIFEK
Fig. 6 Damage mode of GFRP anchor rod
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Fig. 8 Average bond strength of anchor and grouting body
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Fig. 9 Interaction between thread and

grouting body of GFRP anchor



%54

GEETF.%. 206 GFRP RIE A AR BT NK B S HE M 83

HESRAR I IT R SR R . 2518 GFRP AT 414K
5 T AR P A X 2l A2 T AR X
WRE GFRP AT R A —EMHEREREE. 4
GFRP $i kTR 3 4L 3 i o AR A i 3 7 40 25 4 L e AR
PRI R 25 1 5 A1 20O 55 . Bl 3 a7 0K 7 AN BB 4
T AR g DR T SR B AT 5 R I R A I Y
ZLEE 2 1k Y 18] 1 78 T 0T i . GERP 4 FT A9 SR S0
JEE 0 G JRE A DU AR ) T SRV R R . R A
GERP i 115 1 35 1 22 18] ) FH LA FHHLBL LA 10,

24k

<«— ' GFRPHit]

Ry T
10 4247 GFRP ST R E#E R EFH
Fig. 10 Fracture of grouting body surround thread
GFRP anti-floating anchor

GFRP i FF 4 B4k 0 A IR 130 B 46l A 4% 199 5
JEWA o ROk . nEk A GERP 4177 4 4
FEAR SRR AR Z W 55 N T /N F ZF R4 e . 5
BB 2T 2 22 5505 B 22 0] 1 766 45 5 B AH LU /N AT R
L5 I A 2 () B Ny 3 p RE BEL H R BE A T R
PRl AT 2 1T A 2 W a0 Ak B R BEL ) AN A T AR
RORA W BEE i 20K 7 1988 & . B & 1 R R
71 K ¥ AR R 2 T B ALK e & 70 JF B 7k 40 32 22
YER . W& GFRP BT FF R 3R IR 80K 4 510 il
BUBR S & I AE — 58 TR BE Y0 B CBY 1 ) W A 1 for
B NI BEAR, FC0 R ] AT IR ORI A B L B &AL
WS A 12k 2VE R 77 A GFRP $1 0 5 FEAF 1 15 8
FARLEE SCE AR B MBS . X R IR AT A
S50 R 1 82 40 15 GERP By I 8 4T 72 4R 57 K
BEIR

5B AT 0 47 28 A% 3% R PR S UL GERP S AT #F
AR I AR 2 [) 5 45 0L 7 %) W {1 o ey 28 7 ST 19 42 v
T ) B8 R TR IR AL Bl AT A DL i 9 5 2Kk AR T )
JEAEZG 45 B ) B A A WL 11, | T e 4K
514 B 29 VR T 5, % GERP 4 AT KT 44 52 41k 2 % 114
ST FE 7 gk o A 1A AL F =1 22 R A i E K
A B B BY %8 A R L T LA V3K IR 5T IR 2 B
RO, FR SR KB EE SN K TREH
55 GFRP #{FF 09 Fh 45 B 77 o 76 3K 1 1 B 57 5 B 3k
KT8 A R PR L B K AKON T 5 | RS 4 B )k E 48 3k
2 o A8 I HE K R Y BB BE L BT L. GERP £ AT

I A [ I A TR B i R S THT I B A O R I
SIE-JIUEE S

HIFFATERQ

AT TR

0=t
GFRPHUVHHIFE
R @ ® ®
2
&
: %
T
i T SRR

B 11 mESERFLEE I GFRP #IiTRENTUNE
Fig. 11 Change law of bond strength along with
GFRP anchorage depth under load

3 #Hig

DGFRP Hi 74T & AR B R, 8 &hF
i Y R 8 2 1T 45 Ak i 5 | S A B K A IR

2)H AR 25 mm, B IR B M30, i [ K B
1.3,0.55 m ) GERP 07 5 FF o % PR H0 48 7K 38 ) ¢
B 255,195 kNG 2 T REBLIR Eok ., Hifh
SN il K BE iy 22d #2755 %) 52d . GFRP i i
BT 1 AR IR R 2R P B e 2 30. 7 %0,

IR A T - GFRP F0 77 4 AT AT 14 5 98 5% 1k
SO RS 9 A F 2. 41~5. 10 MPa Z 1], &
T A 5w R 1 S b TR AR M) (GB
50086 —2015) H 44 4 #T 55 VE 2 & GEE K (R 9 B
M30) (14 76k 45 i J3E #7718

D IEF IR L5 WA FE 48 8 T GFRP #it
T AT 1) A SR AL

S

C1] 2R, kU, AT, %. GFRP 1 8T 76 5L 0k S

M b B 5 [ P RE L IR AT S [T ] BRSNS 3R 5 T
B, 2017, 39(2) . 107-114.
ZHU L, ZHANG M Y, BAI X Y. et al. Field test on
anchorage performance of GFRP anti-floating anchors
in foundation slab [J]. Journal of Civil, Architectural
&. Environmental Engineering, 2017, 39(2): 107-114.
(in Chinese)

L2 ] 5RBISC, SR, BT, 55, WP A AT S0l o 7K 2%
PEREIR IR PP T L)), LR 538 TR, 2016, 38
(Supl): 118-124.

ZHANG M Y, ZHU L, BAI X Y, et al. Experimental



84 P RAREHRERKRE IR

% 40 %

research on load bearing behavior of external anchorage
of steel anti-floating anchors [ J]. Journal of Civil,
Architectural & Environmental Engincering, 2016, 38
(Supl): 118-124. (in Chinese)

[3]1KOU H, GUO W, ZHANG M. Pullout performance
of GFRP anti-floating anchor in weathered soil [J].
Tunnelling and Underground Space Technology, 2015,
49, 408-416.

[ 4] LIU X, WANG J, HUANG J. et al. Full-scale pullout
tests and analyses of ground anchors in rocks under
ultimate load conditions [J]. Engineering Geology,
2017, 228. 1-10.

[ 5 ] BENMOKRANE B, ALI A H, MOHAMED H M, et
al. Laboratory assessment and durability performance
of vinyl-ester, polyester, and epoxy glass-FRP bars for
concrete structures [ J ]. Composites Part B:
Engineering, 2017, 114, 163-174.

[ 6 ] VELJKOVIC A, CARVELLI V, HAFFKE M M, et
al. Concrete cover effect on the bond of GFRP bar and
concrete under static loading [J]. Composites Part B:
Engineering, 2017, 124. 40-53.

[ 7] CARATELLI A, MEDA A, RINALDI Z, et al.
Precast tunnel segments with GFRP reinforcement [J].
Tunnelling and Underground Space Technology, 2016,
60: 10-20.

[ 8] YOST J, DINEHART D, GROSS S, et al. Fatigue
behavior of GFRP and steel reinforced bridge decks
designed using traditional and empirical methodologies
[J]. Bridge Structures, 2015, 11(3): 87-94.

[ 9] XU D, YIN J. Analysis of excavation induced stress
distributions of GFRP anchors in a soil slope using
distributed fiber optic sensors [ J ]. Engineering
Geology., 2016, 213: 55-63.

C10] XU AR . Tk, ZE4E. GFRP #ATH0ff J) 2t fg il

B [)]. B AN %5 TR%M. 2005, 24(20):
3719-3723.
LIUH D, YU X Z, LI G W. Experimental study on
tensile mechanical properties of glass fiber reinforced
plastic rebar [ J]. Chinese Journal of Rock Mechanics
and Engineering, 2005, 24 (20). 3719-3723 (in
Chinese)

CUL] B0, =2 55 2 Msiof. i B 30 0 2F 2k 10 oin OB D 3% 5 #F
s e iRt (J]. A4 %5 TR%Mm,
2006, 25(10) . 2108-2114.

JIA X, YUAN Y, LEE C F. Experimental study on
bond behavior of new type cement grouted GFRP bolts
[ J]. Chinese Journal of Rock Mechanics and
Engineering, 2006, 25(10): 2108-2114. (in Chinese)
[12] Z=E %, m#, WaEM, 55, 2 KOR 45 3 0 4F 4 1 5 2R

B WEAT BRI R R AL ()], A ¥ LR
4R, 2007, 26(8): 1653-1663.
LI G W. GAO L. HUANG Z H, et al. Pull-out model
experiment on failure mechanism of pull-length bonding
glass fiber reinforced polymer rebar [ J]. Chinese
Journal of Rock Mechanics and Engineering, 2007, 26
(8): 1653-1663. (in Chinese)

[13] ZHU H H, YIN J H, YEUNG A T, et al. Field

pullout testing and performance evaluation of GFRP soil

nails [ J . Journal of  Geotechnical and
Geoenvironmental Engineering, 2010, 137 (7).
633-642.

[14]7LIG W, PEI H F, HONG C Y. Study on the stress
relaxation behavior of large diameter B-GFRP bars
using FBG sensing technology [ ] ]. International
Journal of Distributed Sensor Networks, 2013, 9(10) .
1-12.

[15] Emess, sk, XIS, 5. RALE A 4 R 8o B 2F

BHGER A WHOT MR ESER IR L]. &+
2, 2014, 35(9); 2464-2472.
BAIX Y, ZHANG M Y, LIU H, et al. Field test on
load-bearing characteristics of full-thread GFRP anti-
floating anchor in weather rock site [J]. Rock and Soil
Mechanics, 2014, 35(9): 2464-2472. (in Chinese)

[16] VILANOVA I, BAENA M, TORRES L, et al
Experimental study of bond-slip of GFRP bars in
concrete under sustained loads [J]. Composites Part B:
Engineering, 2015, 74(1); 42-52.

[17] BENMOKRANE B, ROBERT M, MOHAMED H M,
et al. Durability assessment of glass FRP solid and
hollow bars (rock bolts) for application in ground
control of Jurong Rock Caverns in Singapore [ ] ].
Journal of Composites for Construction, 2016, 21
(3): 06016002.

(187 SRS AR MR . JG 120—2012[ ST, Jbxt. o

FE @ STl AL, 2012,
Technical specification for retaining and protection of
building foundation excavations: JGJ 120-2012 [S].
Beijing: China Architecture and Building Press, 2012.
(in Chinese)

[19] LI C C, KRISTJANSSON G, H®IEN A H. Critical
embedment length and bond strength of fully
encapsulated rebar rockbolts [ J]. Tunnelling and
Underground Space Technology, 2016, 59 16-23.

[20] ZHENG J J, DAIJ G. Analytical solution for the full-
range pull-out behavior of FRP ground anchors [J].
Construction and Building Materials, 2014, 58.
129-137.

[21] NEMCIK J, MA S, AZIZ N, et al. Numerical



%54

GEETF.%. 206 GFRP RIE A AR BT NK B S HE M 85

[22]

(23]

modelling of failure propagation in fully grouted rock
bolts subjected to tensile load [J]. International Journal
of Rock Mechanics and Mining Sciences, 2014, 71:
293-300.

WAV, EEYE, EEML S RIE S SR B A 4
e SR AT S IR AL i e wr R T ). A
FH5 TR, 2008, 27(5): 1008-1018.

HUANG Z H, LI G W, WANG S ], et al. Field test
on pullout behaviors of anchorage structures with glass
fiber reinforced plastic rods for different surrounding
rock masses [ J]. Chinese Journal of Rock Mechanics
and Engineering, 2008, 27 (5). 1008-1018. (in
Chinese)

AR TE S AR BE ST TRACRME: GB
50086 2015[S]. dbnt: I AL, 2001,
Technical code for engineering of ground anchorages

and shotcrete support; GB 50086-2015 [ S]. Beijing:

China Planning Press, 2015. (in Chinese)

[24] BT, BRI, A 5T UL e L BB R

GFRP i 77 4 #1 1 A2 8 UL 1 SR A2 il B w52 (0],
&S24, 2015, 32(8): 172-181.

BAI X Y, ZHANG M Y, KOU H L. Field
experimental study of load transfer mechanism of GFRP
anti-floating anchors based on embedded bare fiber
bragg grating sensing technology [ J]. Engineering
Mechanics, 2015, 32(8): 172-181. (in Chinese)

[25] ABET . GFRP 4T 7 G FF 6 [5 L L 50 F 52 45 B ik 2

HID]. W7k F& . FHEIRY¥, 2015,

BAI X Y. Experimental study and theoretical analysis
on the anchoring mechanism for GFRP anti-floating
anchor [D]. Qingdao, Shandong: Qingdao University
of Technology, 2015. (in Chinese)

(i HRD)



