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Abstract: With the advancement of science and technology and the concept of green environmental protection, China's
construction industry is gradually moving towards green and sustainable buildings. The application of glass fiber-reinforced
polymer (GFRP) anchor rods instead of the traditional steel anchor rods and underground anti-floating engineering can not only
save the engineering cost effectively, but also extend the service life of anti-floating structures and prevent the pollution of
corrosion steel bars to underground environment. In order to further explore the changes of mechanical properties of
large-diameter GFRP anti-floating bolts under long-term stress, an indoor full-scale test on GFRP anti-floating bolts is
conducted by applying long-term loads. The test results show that the test bolt does not creep until 38%~45% of its failure load
is applied. Through the standard linear solid model, the creep law of GFRP anti-floating bolts is investigated. The model fits the
stiffness versus time curve, and the fitted curve agrees well with the measured one. Furthermore, the combination of damage
mechanics theory and creep model is used to derive the uplift capacity of GFRP anti-floating anchors, and the accurate
prediction of long-term bearing capacity of GFRP anti-floating anchors is realized, which provides a theoretical basis for the
application of GFRP anchors in anti-floating engineering.
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AR I8 A N R R A E A AL S
YFH50 [— R$F T R 402 40 GFRP HLiF4ifT . At
UCHAT BN 25 mm, 58 7577 PP 33 S 4T 4 5 2 S5 g Ak
LN 3 01, BN 2.1 glem®. 205615 F
HEVAAT A VE RSB N 51 GPa, ~“FIIMRBTIk AR E SN
342 kN, HRIRPIHLHEE N 675 MPa, RGBTSR N
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(2) JR#H+

AYCGRER A C30 7 dh g I B SR 1000
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U AR [ BB 2, RIS SL R i AR 1E TR 28 d
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mm X 100 mmX 100 mm )37 5 R, 5140 2
— IR 28 d AR T4 h R 5RE N 28.8 MPa.
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ARIGAH AR “i/Kp” P-O 42.5 il kR 2k
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SRFE N M30 [P IR, Ke - /b L KERE T 1
0.45, B3 6 > 70.7 mmX 70.7 mmX 70.7 mm [¥) 377
ik, dRifEFRYT 28 d JE 1S - T IPU R RN 35.5
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Table 1 Test parameters

w ETE MK MEK ERE migee
5 B/mm E/mm E/mm FEg JEEY
G1-G4 25 2 500 1300 C30 M30
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eI % 30 em, ALAATE I 1 . AL
SEREIHIE ALK 78 BB SL IR K GFRP S AT T AL
Hr, EABCELF M30 0, ARdEFRYT 28 d JE kAT
KSR AR R0 I 5 i AL 72
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Fig. 1 Schematic diagram of hole position of test piece
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Fig. 2 Schematic diagram of loading devices
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Fig. 3 Creep test process of GFRP anti-floating anchors
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Table 2 Statistical results of counter-pulled tests

Wi HEK SRR RAERE B

95 JE/mm /KN /mm
Gl 1300 266 11.30
G2 1300 231 7.65 N
G3 1300 227 7.20 PR B
G4 1300 220 6.98
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Fig. 4 Displacement-time curves of tested GFRP anti-floating anchors
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Fig. 5 Standard linear solid model
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Table 3 Regression equation coefficient of G1
17 4R /KN ay a a ay10”* LES ¥ RSS
90 1.1962 0.06436 -0.00565 1.50860 0.93677 0.00425
120 1.5893 0.08927 -0.00778 2.06373 0.94608 0.00712
150 2.1805 0.09880 -0.00956 1.54982 0.82454 0.01124
180 2.6259 0.1270 -0.01193 3.46620 0.93477 0.01791
210 3.2676 0.2396 -0.01835 5.98803 0.98725 0.07331
*4 G2 EIFFRERH
Table 4 Regression equation coefficient of G2
17 4R /KN ay a a ay10”* MR R H RSS
120 1.4192 0.06208 -0.00538 1.42269 0.94623 0.00349
150 1.9697 0.06935 -0.00578 1.48587 0.95079 0.00455
180 2.3813 0.11499 -0.01032 2.79126 0.90694 0.01907
210 3.3777 0.15655 -0.01405 3.80348 0.89809 0.03902
240 4.5065 0.34547 -0.02331 7.40548 0.98811 0.18094
*®5 G EIFARERY
Table 5 Regression equation coefficient of G3
17 4R /kN ay a a ay10”* MK RH RSS
90 0.8516 0.06642 -0.0062 1.71991 0.77787 0.01501
120 1.3014 0.11761 -0.01036 2.76950 0.93243 0.01506
150 2.0481 0.12028 -0.00727 1.95009 0.91737 0.00911
180 2.4940 0.14751 -0.01055 2.78375 0.95014 0.01258
210 3.3397 0.19222 -0.01044 3.10581 0.99380 0.03882
3 6 G4 BFAHIERY
Table 6 Regression equation coefficient of G4
17 4R /KN ay a a ay/10”* UES ¥ RSS
90 1.0462 0.06436 -0.00565 1.50860 0.93677 0.00425
120 1.4347 0.08728 -0.00758 2.00884 0.94825 0.00658
150 1.9849 0.09635 -0.00438 1.22507 0.70148 0.01022
180 2.4220 0.17214 -0.01098 3.03600 0.93289 0.01599
210 3.0665 0.24053 -0.01846 6.00744 0.98756 0.07061
¥l (8) AKX (6) a3 ax’ +-+ax" 531 (9) WAL, HEEIE AR
FNP*t* WA} E8 N AR S ~
4= FM + FNPt - N F ﬁ): ARSI Gl G2 IR R S 4Nk 7
10 Fior
3.3 nyen N .
NP oy ENPTE g I3 710 WTLAA L, 4 HRAFFS R Rk )
6 n!

KT BRI 2 AT T y = a, + ax + a,x* +
®T7Gl hFEEHR
Table 7 Mechanical parameters of G1

/N B SRR e K AE, HBEEEM T GFRP #it

Fr /KN {57 #%/mm E/(KN-mm™") E»/(kN-mm") n/(kN-d-mm™)
120 1.42 84.5547 2.7920 16.1082
150 1.97 76.1537 2.4036 14.4196
180 2.38 75.5890 1.5610 8.6964
210 3.38 62.1725 1.1466 6.3877
240 451 53.2564 0.3906 2.8946

=8 G2 hEE&H*E
Table 8 Mechanical parameters of G2

Fr /KN {37 #%/mm E/(KN-mm™") E»/(kKN-mm") n/(kN-d-mm™)
90 1.20 75.2383 2.7280 15.5376
120 1.59 75.5049 1.9525 11.2020
150 2.18 68.7916 1.9382 10.1215
180 2.63 68.5479 1.4793 7.8740
210 3.27 64.2674 0.6393 4.1736
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Table 9 Mechanical parameters of G3
ff /KN {1 #%/mm E\/(kN-mm™") E»/(kN-mm™") 7/(kN-d-mm™)
120 30 922084 14980 5027
150 2.05 73.2386 1.0050 8.3139
180 2.49 72.1732 0.9697 6.7792
210 3.34 62.8799 0.5651 5.2024
# 10 G4 hESHFE
Table 10 Mechanical parameters of G4
ff /KN L #%/mm E\/(kN-mm™") E»/(kN-mm™") n/(kN-d-mm™)
120 e 6412 19901 114574
150 1.98 75.5706 0.9436 10.3788
180 2.42 74.3187 0.7411 5.8092
210 3.07 68.4820 0.6382 4.1575
TR R R AR IR, AR AR AL S5 R 260
W, RO TS, R 57 R0 1 ol
e = 5B 5t — 3 200
3.2 RIsMIE %180-
HRAEFE 4 GERP 5037 BT H (55 I 9] i £ 7T LA 15 =l
B A Z1)F AN R far 28 FH T B9 45 I er 2 - A7 7% ith 120F
2, Wik 6 Fis. 100
SIS h 22 T B AN R Bk R %o
B (i) B AT AL A A U . Fi I 4 v, A G178
ANFAR KT N4k - 7S S5 I i 2R e AR — 5L 260 -
YR “S” Mo, KRALLE 150~180 kN faf#kfE 240
R R A4 /0N s R G2 2 G4 TR 8B T 2201
B0 KM - B RIELLE SR, HilH G2. . f‘;‘;
G3. G4 7E | d [¥I55 ik - B i 2t 34120 HifL, 210l
PRI T GFRP HiiFditt5iRE: LR 2 4 ie a1 = ol
. B 2 Rt 4 AR RIS AT 1 S ih 26 70 B 120
BN R KOE R A —EL, 7 180, 210 kN K lﬁ'
T B E AR ACR, 2R B LEAH [R] I A) B K 0 it
B0, GFRP HUiF- S AL B 2K . (d) ca
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Fig. 6 Load-time isochronal curves of GFRP anti-floating anchors
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Fig. 7 Secant stiffness-times curve of GFRP anti-floating anchors
3 11 GFRP JUREATIRE A IRB N F S H

Table 11 Creep constitutive model mechanical parameters of

GFRP anti-floating anchors
RS A/(mmkN) b/(d") By(mm-kN") #H% £% RSS

Gl 19.2945 1.1885  48.3411 0.9904 0.0399
G2 16.7209  1.1252  56.3922 0.9393 0.1778
G3 12.2128  1.8507  48.2759 0.9538 0.1643
G4 19.7950  0.9584  57.7335 0.9773  0.0635

% 12 GFRP HUFEAT KHARILRIE hF S5
Table 12 Long-term secant stiffness mechanical parameters of

GFRP anti-floating anchors
RIS M(mm-kN") M(mm-kN") P(d") K/(mm-kN")

Gl 67.6356 —-19.2945 0.8414  0.02068
G2 73.1131 -16.7209  0.8887 0.01774
G3 60.4887 -12.2128  0.5403 0.02072
G4 77.5285 -19.7950  1.0434  0.01733

3.3 RERGHIAL

AR K BAVE T GFRP Py 86 AT 0 e e 4 4k
A AT 0 ¥ % 7/ 1 = s WL 4 [ Rl Y et SN O RV 2 2 W
IEARNIRE, 304G BN, ARG T AR AN
it AR EEN ERG A E, WH

., K@®
w(r) =1 0 (12)
X ()N GFRP FUEFHEFFAE ¢ I %4528 & 5
KON t B %] GFRP HUyF T rINIE s K(0)N t=0 i)
GFRP 74T (IR,
1

KS(O):H . (13)
A (10), (13) RN (12) +, \&
M
O N e (19

2t — oo BIA] 153 GFRP Hris fiAT 1)K [a] 453
i, W
N

() =

(15)

GFRP $UiF g A EA R ZI B PR Brdk Ak #8718
F@)=[1-w()]-FO) (16)
X F(O)9 GFRP PUFEFFAE ¢ I %0 R IR R Hi4i &
#711; F(0)N GFRP HUiF4s#F (1A R Brik A& 7 o
AR AT G1. G2+ G3 K G4 1E t=0 I [ %f
SR Lk, RAXIZERI I RAZ (=0 B BER 5T
AT, it E 4 R (=0 B PR IR Brik & 71
LN F(0)=216.7 kN.
P15 GFRP HiF AT A BTR3N8
F(©)=[1-w()]-F(0) , (17)
1, F(0) 2 GFRP $LVFHiFF K BTk & 377 -
WRIE (150, (A7) HERB IR Gl & G2
(R T T 249578 B I K BT kR 3 71 an sk 13
# 13 GFRP #URE K BRI AR NIt EESSSNERTEE
Table 13 Comparison of calculated and measured values of

long-term uplift capacity of GFRP anti-floating anchors

BRI KIS P BAER )

G5 Ea /KN FJ/kKN F,
Gl 0.3991 159.84 266 60.10
G2 0.2965 162.51 231 70.35
G3 0.2529 169.59 227 74.71
G4 0.3428 144.58 220 65.72

WRAER 13 ATEH, AR AR A3 2
GFRP 0 V7 4l AT 1) 46 A2 B3 475 4 & 43 3l 9 0.3991,
0.2965, 0.2529, 0.3428, K Wiprik &% 515 5~
159.84, 162.51, 169.59, 144.58 kN, ZINHAMERITIk
BT 68% o FLIHAT AT AR B I BAR R A,
HfE5 GFRP MRHMEF A <. K GFRP [ 5 A &
BN, HATTESZ R R A BAR 71 )5 Rl RE 2, TESLPR
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