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Development of load anchorage device for pre-stress GFRP soil nail
reinforcement element in slopes and field tests
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Abstract: The fiber reinforced polymer (FRP) bars have the behavior of strong corrosion resistance, high tensile strength and
small elastic modulus, and can be used to replace steel bars, which undergo wearing due to rusting in slope reinforcement. The
pre-stress FRP bars are reasonable, but the bars have low shear strength and cannot be pre-stressed using the traditional rigid
clamp, lest they are crashed to failure. An end anchoring pre-stress locking device is designed for pre-stress application and
retention in the FRP bars. Field tests are conducted to verify the stability of the device. The test results show that the device is
practically feasible and convenient, and it can apply and retain pre-stress in basalt-glass fiber reinforced polymer (B-GFRP)
bars well. Exposure to external factors such as heavy rains and blasting results in the loss of pre-stress. The pre-stress loss is
caused by degeneration of the bonding resulting from external factors, but not by the invalidation of the device. The pre-stress
retention by the device in the B-GFRP bars is 5%~35%, which conforms to the control criterion for the pre-stress loss of the
steel pre-stressed soil nail reinforcement.
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Fig.1 Force analysis of end anchoring specimen
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Fig. 2 Schematic diagram of end anchoring method
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Fig. 3 End anchoring specimen
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Fig. 4 Schematic diagram of pre-stress locking device
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Fig. 5 Schematic diagram of field geology
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Table 1 Mechanical properties of rock from test feild
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Fig. 6 B-GFRP bar section and its surface morphology
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Table 2 Mechanical properties and material composition of GFRP
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Table 3 Parameters of specimens
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Fig. 7 Anchor holder and clip
(3) HFFFAARCEF MR I3 A
ARG R FHLE B-GFRP 48 FF 41 Py B GEF G
Tk AR AR, i R R G A R A
AP EEF M, SR MOI 1) SM125 Sl i 4%
KRG . HAMELE B-GFRP AR KA FR AT 2
WOBLEME, R T SHROCEF M 4 A FBG &K
%, Bil 8 /N FBG s, WK 9,

8 XtHERLEH
Fig. 8 Centering device
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Fig. 9 Distribution of FBG sensors in GFRP
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Fig. 11 Epoxy glue
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Fig. 12 Schematic diagram of corrugated pipe
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Fig. 14 B-GFRP bar pre-stress locking device

s oI, ARIEAORL PR, AT A5
BORT L H BB G I [ I A (1 #5055 A il 1) £ 28
HCPA) B ] B ) Pl B I A AR AR R, B B 1l A
x BIE o P 1S A1 e TR B S I il )
B RFEEI T ) AR

B 15 (a) 7R, FHKE dBOR EDGHIME
S PRV ) 4 280 LA P 8 00 g VAR /DS, (P
FR 1)y BB I () AR AR — 2 1B 15 (b)) s,
B R E 50 om A M IR D0 52 FROAT Al 1) i B8
ANT B AT A, L2 R Al 1 A R P T £
AeApa S n 5 B WA o

AT S 0 3 ARk B n i 28 ) SE B A e
BOGHME B A BB INE L 4.0 m, X823
PR, AN 2 ik P ) vk R AR Hs A Fe [ FLIS 55 AL EE
efih, HRE—@ MR, skbnd R &A= 1, I,
W R Z I AT 7, AR KR IR A 52 4
BTy, AR ALEERT RER VR, T E0BTD GFRP AT
FEAR LS SMBOR RN S 2 TR BRI, s 51 AT
PATIS ) IRV R K o DRII, A0 g 000 1l 1)
BT B I BOGHIME R E )l frad. [F)2E,
AP R R AAI 1 r Bl — E K T B 50 em b
SCHIIN SE PR Al 1 2 o

S MR E B ) i 282058 P ) SeE 232 S 7 38 3
FRERBUE A 61 dIABIRGE, MAERH B 50 cm AbFT
ARl 1 o A AT B 1) S DL S 54 = B I 61 d RIS

IBPIRGGE o E i BER i T K 32%, B[ BE 50 em
ALl 1) 4 AN 19% o ] BOAT Al ) A B AR M I
e Bl ) gy g D R A, PR N R AT B D)%
WA

—— it

z 160 —o— H h B BOLMME R
% 1504
Elm-
= 130}
& ol
10 - G : 2013-09-06
100}
90 1 1 | f i 1 )
50 100 150 200 250 300 350
B JeHRrLEmt A /d
(a)
70T
65
Z etz e
F ool —e— A BESO cmAb Kt
= h
* 557 FELAMIE] : 2013-09-06
50

0 50 100 150 200 250 300 350
BUE 5 RS )/
(b)
15 "1 3R AT A e 767 B 2E 0 B %
Fig. 15 Axial load histories of specimen No. 1
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Table 4 Variation of axial load of specimens
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Table 5 Variation of axial load of specimens
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Table 6 Loss of axial load specimens (%)
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