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Effect of reinforcing stirrups on the mechanical
performances of reinforcing bar at ends
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(a. School of Civil and Transportation Engineering; b. Development Research Center of

Civil Engineering of Hebei Province, Hebei University of Technology, Tianjin 300401, P. R. China)

Abstract:In order to study the beam end anchorage bar with effect of stirrups on the structural behavior of
beams, static loading tests were carried out for three root anchorage depths of 20D, 25D, 30D,
respectively from the anchorage end without a stirrup anchorage beam. ANSYS finite element simulations
for anchorage depths of 20D, 25D, 30D of the anchorage beam were also conducted to investigate the
flexural mechanical properties, the drawing span load deflection curves, the bar with load stress changes.
It is found that the reaction has no additional effect on the beam stirrups. The cyclic loading tests and FE
simulations show the addition of stirrups at the end of the anchorage can alleviate the concentration and
improve the general ductility, anchorage beam cracking load, ultimate load stress of anchorage end, and
reduce the reinforcement strain, as well as the residual deformation.
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6 8 1‘0 lIZ 1‘4 1‘6

$EEE /mm
b2 —= Pl —<-P2 = P3

E6 BHETHRIAXWPEPI~PIBRFH IREML

Fig. 6 Cyclic loading test beam P1-P3 span

2 4

load - deflection curve

400 .
A
A‘Ao: - ot o
Ax‘ < e
300 A
Z “t ...
- A e
= &
& 200 ..-'
& s
100
0 A A : A N :
2 4 6 10 12 14 16

8
B2 /mm
T —=-P4 *P5 )

B 7 fEARMHILLER P4~Po BhEmH-—REHL
Fig.7 Cyclic loading test beam P4-P6 span

load - deflection curve

1.3.2 PARAT HRXI Rey5 P RATE S IR K
o &8 I LI R B R R IR E S
TR B R . FRAR DERE AR IR BE LA AR SE 2
0 A AL TR AR GE TN AR B BRI . YR OB A R R
TE 21 6 B0 47 48P F S - 0 0 R 10 07 s h ik A
DERE AW O WA A v A 5 R B R B R R
TEREm T SIREE LA ERN . BESRE
PRI R A R R TR B R Y BR R B
Bk TRE . KR 6 Sy 3 AL I
PIASTT T EAT o0 A B — 5 T < 85 R AR A e R B A
S5 TR JEE B SR I /s o A B A A T A A
PREL 317 8 JEE A AL % (1 L2 T i T e o A R 9
PR A O A A9 8 8 ) 38 T R B T 2
AREL A3 A% T3 A [0 st AL S35 i S T ¢ i A5 114 A2 475 2% - 25 v
BR AR L 3 /0N T A 03 i Sk AR i S 7 ) A A 2 L P
LA AL 3 i Sk T i i A3 00 AR A R O DT AL TR R A IR
T B A T o 23 b JHC D D A A i Sk 5 i A T
DA A3 P i Sk 149 32 T AR o 2 TROREL S0 i Sk » AT 2
7o R A RE R oy ot AT DA R — 2 W A A S Sk
5l A3 B B e AL A R 1 A AR L



% 6 18] 79 B, 5 AR AR R P ML A 3% Sk m ik B A AT R AR B 119
e S IR AN VAl 5 B L /)N o BT LA 2R A T R A
060 (i) B AL A5 it Sk o 352 i 57 174 A 97 2% A A9 i Sk 1) iz AR
ol B89 /1N T S 0152 0 A L 4 Sk £ A L O L
ég:g B G 106 P i B BEAT B AR AE— E AL R .
0.35 |
Kow| o2
025 &(180
o020 a ;3}23
0.15 | K 120
100
0.10 | g 80
0 @ @ s 10 120 w0 160 2 23
TESRRI T3 Y = Sl V- S
V. —a—Pl ——P) —+—P3 —v—P4 ——P5 —P6 20 4})@@/& 80 100 20 4%?&/12(1)\1 80 100
B8 ERAERIRRR NSRS ER R (a) BESF SR (b) S077%k 5%
Fig. 8 Residual deflection and cycle number mfgg
curves of beams in cyclic load test &}Zg
,]3120
1.3.3 AR BAHEMAREIEE oM E9 %138
BRI RHG %% . PLP2 PSSR S
20
0

FIREE N 20D, 25D, 30D F A A o Sk oA 4 40 A 19 3
HRAE 7 B2, PALP5.P6 43 il Sy A8 5 % 4 20D,
25D 30D ) A st Sk 035 S A 4R 2 . LR R P
P2 P3 GEfif 48 5 A8 ¥ o Sk 0 AR i R AT LR L S 1E
AT BN AT 50 T3 UCHT il 4R B % far 28 09 3 in ml
R PR 43 JH O AR A v A 43 kg AL A i Sk oA 18 G
i) P1.P2 P31 0 AR B AR Y S A 5357 3 S o 15 4 A9
() P4 P5 . P6 , Uit B 7 918 P £ 2840 30, L A5 o Sk ik
ik A557 T A 800/ N A A A A i Sk AR L A7 A
o B AR I 2K, 6 AR AR 7 T 1) A 63 o Sk B ) A [ AR
JEERE R B TE SR 100 J5 YA 200 5 W ATG 405 25
AL f7 A A o S 7 AR B A LA BT B —
P1.P2.P3 (£ syl —41,P4.P5.P6 [l £k 50 A
— 2 LS AR B Ay A S A v AL A i Sk I AR Y Bz Y
M) PRD 25, A A3 TS G, e A9 i Sk 11 N A% B A T 2K
LRI T/ L AE AR P i Sk 1 AR 5 ey 8l 4R b R B
EE AR P30 A E R il 6 A Rk 25BN 0 AR 7 A2 i
I AR AREE N . BT LA B AR A7 OR R X A A A
TR RE A Sk N AR A AR T . BB T R IR
AE[] s 57 i S 35 4 55 1740 R 77 A% o JF L 6 i Sk 1Y
o7 A% s /N A i Sk A 0 i AT %) A 7 S 1) A
Uiy Sk AR BV P41 i £ B far 200 3, A B R
Pl ZF. P55 P2.P6 5 P3 A& XRS5 2HM
[ o BT8O A5 AR EAT 0 P i 480 I A A7 i Sk i
il 77 P AL AT A L A7 iy S 7 A8 L AR o i R A7 1 A S 2
L F37 s Sk AR B AIG 43. 7 %65 INAR 50 J7 R, B AR
27.5% M2 2 100 J7 W B, BEAK 25. 8% Jm#k &
200 JTUR T, BEAIG 20. 4%, Fh T AE i 92 AR T A A i
3k 7R AZ A7 3R AKOF R A D 18] 25 D0 A i A B
HOR 22 1) BY by 5 A R L DRI n 3 A 1 A St

ZIO 40 60 86 10(|) 2(|) 4(; 6(|) 86 100|
faf BR/KN i ER/kN

(c) 10075 K5 (d) 20077 KB
#: = Pl - P2 - P3 +~ P4 « P5 « P6

B9 BERETHEHTRENE

Fig.9 Cyclic loading anchorage end stress diagram
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Table 2 Finite element simulation beam details

Pos MERREE/mm &0 & gy X
J1 500 7w g
J2 620 75 fiiE=1
I3 750 75 ik
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GJ2 620 P [iE=
GJ3 750 iz g
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Fig. 10 Reinforcement beam mesh
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Fig. 11 Reinforcement units
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Fig. 12 Adding stirrups to local reinforcement units
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Table 3 Concrete cracking load

LS 1 5 - B A B 44 5 TF 24 3/ kN WK/ %
J1 35
GJ1 38 11.4
J2 40
GJ2 44 10.0
I3 40
GJ3 41 2.5
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Table 4 Ultimate load of reinforced concrete beams

Mg R A e PR A7 28 B e P PR B

R #/KN B/ % JE /mm Hm/ %
] 274 6.215

GJ1 310 13.1 8.51 36.9
J2 332 11.2

GJ2 364 9.6 13.55 20. 1
J3 335 10. 89

GJ3 340 1.5 11.3 3.8

RS HEHRKEAXLL

Table 5 The maximum stress contrast of implants

R ey N
P 5 fti/MPa i
J1 323.3
GJ1 419. 36 29.7
J2 456. 4
GJ2 527.6 15.6
J3 470.5
GJ3 523.2 11.
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the implant is simulated by finite element method
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