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Experimental Study on Anchorage Performance
of Steel Bars with FRP Confined Rings

JIN Qiao LI Jinglong ,SUN Li,ZHAO Mingze

(School of Civil Engineering, Shenyang Jianzhu University , Shenyang , China, 110168 )

Abstract; In order to study the performance of reinforcement anchorage connection with FRP re-
strained ring and prepare for the subsequent research, static tensile tests were carried out on 66
specimens. The main parameters considered in the test such as the diameter of steel bar,the diame-
ter of the restraint ring, the thickness of the restraint ring, the strength of concrete and the length of
anchorage. After that, the failure modes and stress-strain curves of the test members were ana-
lyzed. The result shows that the anchorage performance of the steel bar can still be guaranteed
when the minimum anchorage length is 0. 8 ;in addition, there is no slip and local destruction phe-
nomenon between FRP restraint ring and internal grouting material as well as peripheral concrete.
Furthermore , the proposed technique is a reinforcement connection method for fabricated concrete
structures with various good performances including the reliable performance, simple construction
process and good economic benefit, which is suitable for construction industrialization of prefabri-
cated reinforced concrete structures.
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Fig.1 Schematic diagram of rebar connection node
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Table 1 Steel bar material property

M EA/mm  JERGEE/MPa BRI/ MPa
12 449 610
14 410 615
16 435 605
20 447 605
22 455 625
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Fig.2 Schematic diagram of rebar anchorage
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Fig.3 FRP constraint ring
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Fig. 4 The dimension of FRP constrainted ring
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Table 2 No. 1 design scheme of anchorage test specimen

L T 4 A LERSS R W FRP ZJH 1 FRP ZJH I IERE
2 #/mm 1,/mm L/mm L,/mm B JE/mm W42 L,/mm B/

Al 12 420 500 1 160 4 80 1

A2 12 420 500 1 160 4 75 1

A3 12 420 500 1 160 3 75 1

Bl 14 490 570 1230 4 80 1

C30 B2 14 490 570 1230 4 75 1

B3 14 490 570 1230 3 75 1

Cl 16 560 640 1 300 4 80 1

2 16 560 640 1 300 4 75 1

C3 16 560 640 1 300 3 75 1

D1 12 348 428 1 088 4 80 1

D2 12 348 428 1 088 4 75 1

D3 12 348 428 1 088 3 75 1

El 14 406 486 1 146 4 80 1

C40 E2 14 406 486 1 146 4 75 1

E3 14 406 486 1 146 3 75 1

F1 16 464 544 1204 4 80 1

F2 16 464 544 1204 4 75 1

F3 16 464 544 1 204 3 75 1

3 WEREA IR 2
Table 3 No. 2 design scheme of anchorage test specimen

R o WTE R A g WO WHKE FRPAWIF  FRP 25 IERES
= 1%/mm [,/mm L/mm L,/mm B JE/mm W& L,/mm /4

Gl 12 378 458 1118 4 80 1

G2 12 378 458 1118 4 75 1

G3 12 378 458 1118 3 75 1

H1 14 441 521 1181 4 80 1

C30 H2 14 441 521 1181 4 75 1

H3 14 441 521 1181 3 75 1

11 16 504 584 1244 4 80 1

2 16 504 584 1244 4 75 1

13 16 504 584 1244 3 75 1

I 12 313 393 1053 4 80 1

2 12 313 393 1053 4 75 1

13 12 313 393 1 053 3 75 1

K1 14 365 445 1105 4 80 1

C40 K2 14 365 445 1105 4 75 1

K3 14 365 445 1 105 3 75 1

L1 16 418 498 1158 4 80 1

L2 16 418 498 1158 4 75 1

L3 16 418 498 1158 3 75 1
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Table 4 No. 3 design scheme of anchorage test specimen

gy B P BEKE GRKE WIKE PR AMUR  FRPEDIR R
* < 5 &/mm l,/mm L/mm L;/mm BEJE/mm W2 L,/mm A
Ml 12 336 416 1076 4 80 1
M2 12 336 416 1076 4 75 1
M3 12 336 416 1076 3 75 1
N1 14 392 472 1132 4 80 1
C30 N2 14 392 472 1132 4 75 1
N3 14 392 472 1132 3 75 1
P1 16 448 528 1188 4 80 1
P2 16 448 528 1188 4 75 1
P3 16 448 528 1188 3 75 1
Rl 12 278 358 1018 4 80 1
R2 12 278 358 1018 4 75 1
R3 12 278 358 1018 3 75 1
S1 14 325 405 1 065 4 80 1
C40 S2 14 325 405 1 065 4 75 1
S3 14 325 405 1 065 3 75 1
T1 16 371 451 1111 4 80 1
T2 16 371 451 1111 4 75 1
T3 16 371 451 1111 3 75 1
x5 ARG TR
Table 5 Design scheme of anchorage test specimens
gy B PWE BEKE GfRKE  WEKE PR AMUR  FRPEDIDR i
¢ <8 #/mm l,/mm L/mm L;/mm BEJE/mm W2 L,/mm /A
Ul 20 1, =700 780 1 440 4 80 2
c0 w2 20 0.91, =630 710 1370 4 75 2
U3 20 0. 81, =560 640 1300 3 75 2
Vi 22 1, =710 850 1510 4 80 2
C40 V2 22 0.91, =693 793 1453 4 75 2
V3 22 0.8/, =616 696 1356 3 75 2
L4 KERERMHETR
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Fig.5 Test equipment
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Fig. 6 Loading end reinforcement
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Fig.7 Free end reinforcement
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Table 6 Anchor test data sheet with 1.0 [,

gt wReio gk mms e OO g e PERR
7 E  HA/mm E/mm Ji/kN 3RJE/MPa I}Tig:n H/mm /KN J“/mdr:n . v
Al C30 12 420 52.8 462.7 9 81 0 72.8 80/4  AMNENA B BLIT
A2 C30 12 420 51.0 462.7 7 78 0 71.2 75/4 AN B
A3 C30 12 420 53.2 462.7 10 85 0 72.1 75/3 AN
Bl  C30 14 490 63.2 421.7 8 86 0 95.9 80/4 AN pl BT
B2  C30 14 490 68.3 421.7 11 87 0 98.3 75/4 AN BN
B3  C30 14 490 63.2 421.7 9 78 0 92.9 75/3 AN B
c1 Q30 16 560 89.0 443.1 10 81 0 122.3 80/4  ANERAN BT
2 C30 16 560 89.2 443.1 12 86 0 123.4 75/4 AN B
3 C30 16 560 89. 1 443.1 8 73 0 120. 8 75/3 I A A e
DI C40 12 348 52.1 466.5 10 87 0 72.5 80/4  AMIRHA B BRI
D2 C40 12 348 53.2 466. 5 9 79 0 72.6 75/4 AN B
D3 C40 12 348 53.0 466.5 13 89 0 73.1 75/3  AMEERA BRI N
El  C40 14 406 63. 1 413.5 7 74 0 90. 1 80/4 AN BT
E2  C40 14 406 65.7 413.5 10 79 0 95.7 75/4  ANEERA BRI N
E3  C40 14 406 62.1 413.5 9 82 0 94.2 75/3 AN B
FI  C40 16 464 88. 1 440. 1 11 86 0 123.8 80/4  AMEREN AL ALY
F2  C40 16 464 88. 1 440.1 7 74 0 121.6 75/4 AN B
F3 40 16 464 89.3 440. 1 8 78 0 122.9 75/3  AMERERABERL N

®T 0.9 1, Bl HE R
Table 7 Anchor test data sheet with 0.9 [,

G OREE WRBIO WK WS PR OO g s SRR
2 mE  HA/mm  E/mm Si/kN 3RE/MPa N H/mm  J1/kN -
Gl (30 12 378 50.2 453.6 10 81 0 69.3 80/4 ANk hL W
G2 C30 12 378 51.1 453.6 11 86 0 72. 1 7574 MR
G3 (30 12 378 52.6 453.6 8 78 0 72.8 75/3 AN B
HI €30 14 441 62.2 406. 8 9 8 0 93.5 80/4 AN BB
H2 €30 14 441 63.1 406. 8 8 81 0 98.2 75/4  ANERERATBECRL M
H3  C30 14 441 62.5 406.8 12 81 0 89. 1 75/3  AMEERARERLE
I C30 16 504 88.3 439.9 8 78 0 123.3 80/4  AMIRHAM B HLNT
2 C30 16 504 88.5 439.9 10 85 0 116. 1 75/4  AMEARATRERL N
3 C30 16 504 88.6 439.9 9 80 0 120.6 75/3  AMEERAT BRI M
. C40 12 313 49.5 443.9 11 91 0 69. 2 80/4 AN BB
2 C40 12 313 50. 1 443.9 9 83 0 72.4 75/4  ANEERAT BRI N
3 C40 12 313 51.0 443.9 10 76 0 72.0 75/3  AMEERATBERLE
Kl C40 14 365 63. 1 416.7 9 81 0 91.5 80/4 AN BB
K2  C40 14 365 65.2 416.7 8 83 0 97.2 75/4  AMEARATBERL N
K3  C40 14 365 64. 1 416.7 10 79 0 90. 4 75/3  AMEERA BRI N
L1 C40 16 418 88.2 445. 4 7 75 0 123.3 80/4  HMEREN A ALY
L2 C40 16 418 87. 1 445.4 9 86 0 122.7 75/4  ANEERAT BRI N
L3  C40 16 418 93. 4 445.4 10 85 0 122.6 7573 AN
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Table 8 Anchor test data sheet with 0. 8/,
W s LT
GORREL MRBAO WK WS CEERER OO g s S0
2R HfA/mm E/mm JI/kN  3RJE/MPa }?72?“ f/mm  Si/kN an o A
Ml  C30 12 336 55.3 470.7 11 8 0 75.6 80/4 HIFRAR 7 A
M2 C30 12 336 51.2 470.7 10 84 0 72.9 75/4 AR A B o
M3  C30 12 336 53.2 470.7 8 87 0 72.7 75/3 A RN 5 T
NI C30 14 392 62.5 410.0 9 78 0 93.2 80/4  AMNEA BB B
N2 C30 14 392 63.3 410.0 7 15 0 92.0 75/4 A1 A 75 1
N3 30 14 392 63.5 410.0 7 79 0 91.9 75/3 A1 RN 5 4 W
Pl  C30 16 448 88.3 440. 8 10 8l 0 121.8 80/4 TR 75 1 o
P2 C30 16 448 88.5 440. 8 8 78 0 122.3 75/4 A1 AR 75 1
P3 30 16 448 89.2 440. 8 10 86 0 122.5 75/3 SN 5 e
Rl  C40 12 278 54.2 467. 1 9 78 0 73.8 80/4  HMNERBA BB IE
R2  C40 12 278 52.0 467. 1 9 85 0 72.2 75/4 AR A B o
R3 €40 12 278 52.3 467.1 11 83 0 72.5 75/3 HINERAR 5 4 T
S1 C40 14 325 62.2 407.8 7 74 0 90.0 80/4 HINERAR 54 T
S2  C40 14 325 62.3 407. 8 8 78 0 90. 8 75/4 A1 75 1 1
S3  C40 14 325 63.8 407. 8 12 8l 0 97.8 75/3 SRR 5 4 T
TL  C40 16 371 90.2 445.9 9 8 0 123.2 80/4 1R 75 1 s
T2  C40 16 371 89.5 445.9 13 91 0 122.5 75/4 A1 AR 75 1
T3  C40 16 371 89.3 445.9 10 78 0 122.8 75/3 SN 5 e
F9 A AIEE
Table 9 Anchor test data sheet
y 1 2 b it Sal b £ H
G WEEE HRB40O  HEEE MR PHER fﬁj‘"ﬁ‘* (RS BB ﬁffggg/ Bt
BOWMEF HA/mm E/mm H/KN  BRJE/MPa ;%g“l\m B/mm SN T mfn*
145.2  461.0 23 186 0 202. 1 75/3 SRR 7 4
Ul C40 20 580(1.01,)
144.3 461.0 23 186 0 202. 1 75/3 53 J i
144.5  461.0 19 183 0 198.7  75/3  SMEREARHBLHIB
U2 40 20 522(0.94,) 1450
461.0 19 183 0 198.7 75/3 43 Je Pl
143.6  458.6 21 190 0 201. 1 75/3 A1 AR 75 1
U3 C40 20  464(0.81,)
144.7 458.6 21 190 0 201. 1 75/3 A7 Jee i
( : 172.5 4549 28 198 0 238.2 75,3 OMEREIABCHINT
V1l C40 22 638(1.01, o
173.1  454.9 28 198 0 238.2 75/3 Rl
172.2  455.6 32 195 0 238.1 75/3 AN L
V2 C40 22 574(0.91,) ki
174.0 455.6 32 195 0 238. 1 75/3 A3 Jee i
171.8  452.8 29 201 0 237.5 7573 HNERSR I R
V3 C40 22 510(0.81,) F%K@ﬂkfﬂﬁb i
172.8 452.8 29 201 0 237.5 75/3 113 et M
2.2 REERS 2%, Ut B AR A A F Je MRCIR A 5 7 B0 3 1 A8 15 21

9 AR AE 0. 81, YA K 343t
B AR 45 B AE B UE 32 RS TR R
J1 - RiAR R . LA 9 (d) ki, AR Ha]
PIFE 1, B 20 mm F) 50 7555 A8 1 25 (8 K
0. 024 8 T T PR | I 7 5 0 AR SR 4 1
K ZRTERI B RS 0. 024 8 J&, BRIV 1135 %)
458 MPa, Fifi 5 W AR 3G, 07 g 38 K e 34548

0.149 7, 4N fifi i /1 ik #] 640 MPa, Xf [t
HRB400 Z 5 , 077 1 B A FR ik B2 ot X ]
SN R A B, N )RR K e, B )
LURIBEAR , b 25 A o o . S8 DA XN
Fif N T A sk AR ) A AT, BB i AR v AN
PR AT L R B B iR A B B S AR B B, T
F e AW L R
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Fig. 9 Stress strain curves of steel bars under

monotonic tension
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