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Connection of frame beams with anchor roads with GFRP and steel bars
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Abstract: The connection of anchor rods with frame beams can significantly influence the anchoring effectiveness and
technological process. Glass fiber reinforced polymer (GFRP) bar is a good substitute to steel bar owing to its significant
corrosion resistance and high strength characteristics. The connecting quality between GFRP bars and frame beams is a problem
that needs to be studied. Through model tests on anchorage of frame beams, the anchoring effect of GFRP bars, straight steel
bars and bending steel bars is analyzed. The test results show that the device developed for the application of prestressing is
stable, and easy to assemble and disassemble. The anchoring effectiveness of steel bars with bending end is better than that with
straight bars. The anchoring quality of GFRP bars and steel bars is similar. In addition, anchor structure of GFRP bars cannot
follow the existing standards designed for the bending steel bars, and its anchoring thickness needs to be decided by model tests
on anchorage of frame beams for straight bars.
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Fig. 1 Schematic diagram of stretching and locking device
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Table 1 Mechanical properties and material composition of GFRP

bars
VARSI RSy
*&B& £l KA FiE Wi i f)ﬁﬂ%‘ ZZEQ% A
wa omE om0 A dg aw
/KN /MPa /GPa /% /% /%
458.70  852.79  49.72 19 65 10 6
®2 WITRREESH
Table 2 Parameters of anchor rods and steel pipes
¥es WA KE Bt WEK BEE FEBEK
s MK /mm  /mm  FE/mm /mm  E/mm
G150—30 GFRP ff 1500 27.57 760  6.25 300
G120—40 GFRP fi 1200 27.57 460  6.25 400
G130—50 GFRP /i 1300 27.57 460  6.25 500
S150—30 ELFF#RfH 1500 2806 — @ — 300
Z150—30 #rFF4NH 1500 28.06  — @ — 300
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Fig. 2 Built-in FBG sensor
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Table 4 Sensors placement(unit: mm)

A eI E

G150-30 -140, 50, 120, 190, 260
G120-40 -140, 50, 120, 190, 260, 360
G130-50 -140, 50, 120, 190, 260, 360, 460
S150-30 -140, 50, 120, 190, 260
Z150-30 -140, 50, 120, 190, B
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Table 5 Losses of axial load during locking
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/KN /KN /KN %
G150-30 GFRP#;  131.8 128.5 3.3 2.44
G130-50 GFRPf;  129.1 125.8 3.3 2.56
S150-30  EAFAN 98.2 96.1 2.4 2.46
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Fig. 7 Axial force-time curves of specimens
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Table 6 Losses of axial load after locking

R TR B T E/KN i BB/ %
i 0d 7d 67d 70d 0~7d 0~67d 0~70d
G150-30 128.5 105.0 1042 — 183 189 —
G130-50 125.8 117.7 — 1163 6.4 — 7.6
S150-30 96.1 823 — 812 144  — 15.5

B TR SR T FAN AR TS5 N BT, TE8
TR O TERK, AR N B F B ERE,
BRI CBEE, [R, % B e i R I i A R
A 58 A RN A R T (1 A IR

K7 R, 3 MRPFEBUE G 7 d WITRR. 4 2%
BK, 7 d EfHEE TR E. sragmt, —
TR 78R 53 il A AEE 42 2 e (1 B R TR A3 R R 20K
25%~40%, W3R 6 "%, Agkhreie s E i wN
R 8%~20%, TEA TG HEN .

S150-30 3R W 70 d TR IR KA 15.5%»
i G150-30 4N 18.9%, Ja &M K. FEUIXFHZE 5
M RAET: OMERIARFE. TR AN, kS
TR S B2 M P kN, TR 8 N . X
F R AT B AR LB e Rk, ATk JE R, S150-30
A E RN 96.1 kKN, T G150-30 i H 14N
EBEAAERNERS, BUEMEEN 128.5 kN. Fit,
GFRP #iAFHN A1) K, SN SR FMA & @&
SIS AT . S150-30 R AF B EL S BTN 774 2%
(1) R AN IR S SN AR AR T, T A e 2% R TS
TR N Z B IR SN EEF e . ik,
GFRP  f 50 Sy 4l A 9. 3 801 e 2 T AE SR A 2% A
TRARBEARFF BRI e, BLEH T AR B T
71 GFRP T 14 2k«

A, BT RFE 6 mTH, G130-50 W LFTRE: L
B FEEL G150-30 il 2 20 em, JE3 A # %
ZUNTIEN 2.5 fiF. AR, Al FES PR S
IRKIEEIA, TIN5 RAANAN A B 2 1 11 5 A
SE B T YRR 7 T TR PN T B K R A KT 30
cm, R, SCPR 00N AS: B N SR B BN A
RIGLER, RIARISE R W T 2En.

g5 b, A E R E T LASEEL FRP 5 1 TN /75K hr
MEE, TR IR B IAE RV HETE N, B R
FTAFERAE T A £ T FRP 3 8 AT B K 2047
a6 S TAEI O TURE 5K e S Bl
2.2 AT IR S ES R AT

(1) BT 5Pl oA 22 7=

8 JELAT 5 Hr ATl g Bt SR FE ) 20 Ao 1 9
FEATAT B P BN A R AR . 3R T BT AT AR
i, WRENGE (LK S5, 6), 7Nt E. T
VRS, B 10 NIEREESWEIK R B 11 8T
A ST B N BE R R R AT, DA SR 5l )
ZE % DA AT R 5 VR 1 i e Ak T AR 75 28

—A— P=30 kN (ELFTR%)

toof TR0 b

----@---— P=60 kN (FFAT4E)

N N\g — O P=90 kN (EFFNE)
\\ ----B---- P=90 kN (ITF-4R8%5)

FiEHA/KN

-15 -10 -5 0 5 10 15 20 25
AR BE/cm
8 EAT ST IR AT AT (50 - SHEIRE X R Lk
Fig. 8 Axial force-depth curves of anchor rods under different
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Table7 Slippages of anchor rods with GFRP and steel bars
-S150-30 ¥ #/mm Z150-30 ¥ #%/mm G150-30 ##/mm

AN b R g L R
15 0.022  0.000 0.020 0.033  0.000
30 0.050  0.000 0.042 0.089  0.000
45 0.073  0.000 0.071 0.182  0.002
60  0.120 0.021 0.090 0.261  0.028
90  0.187 0.050 0.156 0.489  0.100
110 0.231  0.072 0.190 0.648  0.134
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Fig. 11 Shear stress-depth curves of anchor rods
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Fig. 14 Axial force-depth curves of anchor rods under different loads
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