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Optimized Schemes on Shear Strengthening of Deep T -Cross-sectional
RC Beams with Surface Embedded CFRP Bars
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Abstract: Due to its ultimate bearing capacity mainly controlled by the shear force, the deep T beam
is prone to brittle shear failure and cause structural disaster. How to scientifically figure out the distri-
bution of internal force flow in beams and adopt corresponding reinforcement measures to improve the
shear capacity of active beams and reduce structural disasters has become a hot research topic. Surface
embedded CFRP reinforcement technology is emerging as a result of its advantages of good encapsula-
tion, excellent overall bonding performance, high construction efficiency and no increase in the weight
of the structure. Based on the model of "tension and compression bar", the distribution law of internal
force flow in deep T beam was studied numerically, and two reinforcement schemes, namely simple
and optimized, were developed accordingly. Two groups of corresponding deep T beams were con-
structed and verified experiments were carried out. By comparing the key parameters such as shear ca-
pacity and crack width in the theoretical calculation, numerical simulation and confirmative experimen-

tal results before and after the reinforcement of deep T beam, the results show that the two presented
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reinforcement schemes increases the shear capacity of deep T beam by 45% and 65%, which fully

demonstrates the feasibility of the proposed reinforcement schemes and their principle. Based on the

above research results, an invention patent has been applied to complete the corresponding reinforce-

ment theory and technology and to guide the engineering practice.

Keywords: deep T-beams; distribution of internal force flow; NSM-CFRP bars; shear capacity; opti-

mized schemes
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Fig.1 The parameters of the experimental beams
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Fig.5 The No.1 CFRP bars' force analysis of simple and optimized reinforcement conditions

T 5876 (4200 WY E MY s T AL AL NI 5 A A Behr g B CFRP fify A4 B0 4f 3t & 4% 1 LB 5 2 68 5 1 O 4k Jn [
MR 1800 FLMAT A S TS 19, LI HRCEGHIZIE 1T CERP A BRI PR R A 3L
BRI AR ST AU B BTN [ 7 SRR BERE 4RTF TR T R PITRE .

366



34 REHERE RETE MR NST

S HTEL 6(a) (D) AT LLE H 24 o Jim [ 2 0 4% &
270 KN B SR B (5280 ) , R 0 [ L 77 2R R AR A i [
AP 4y 5 M 2.89.1.16,0.83 mm, a7 B4 K A4k
[ % % 3 5 R n [ % 03 Sl AR 1.49 £ . 2.48 4% 52
25 100 S 35 n 2k & ) 1) 24 4% W B EE AT 0.2 mm Il A
4 4 T P BRAE B, R o [ 7 58 K B Ak o [ 22 A )
P 5 W IR 407 28 40 901 SR 270,390,445 kN, 15 BH 1 %E Y

ImE H, CERP #i ¥ % 4% 1 s ALV HT, 4 e 52 i 9 2
T T A 200400 ) 242 15 o 8 I R SR i ) K e

2045 NI T 00 B A = b R A PE FI AR E T
(1% A R i 2 4SS 40055 U X BE o AT R 2 A L
DAL T [ J 2 1) BL BT 18 IR Ao 48 52 oK Jon i1 232 S 42
75 4520 6520 , DL Al T [F 5 A4 4 5 I A 28 R g B
T e AN P 150, WA J7 S P TR
PO BT R 2 Ty, HL A A hn 18 J7 58 8 fag o 1 5
HAL

—=— RN E R
—e— NG LI E " y
500 [ —— fE L E LA 5001 Wi FRAERE N
L —v— RS R s ie g . -
0T« fi et ot 0 i
00T —>— RACMEARLRE o g™y 4007 PTG i A ©)
350 - .ﬂ 350 e
Z A Z y o T T yex
= 300 P | ¥ o300p RSt v ®
Fid N ;.(;.;'//H Find v Y& e =
& 20 | ,)I.‘x’ & 2%0 //:A:, a ,jr”'""f"/{+ 20 [ AR (R
200 20083 e IR A
150 F 150 —a— f] B [ AU
100 | @ ® 100} v ﬁiﬂﬂ@%i%ﬁ
sol 2 5ok <« ARAIE RAEME
£ 1 1 1 1 ' . , . 7;” B ﬁtwbu@%i%ﬁ
00 0.5 1.0 1.5 2.0 2.5 3.0 3.5 00 0.04 0.08 0.12 0.16 0.20
B / mm FHAZREEFEE / mm
(a) BB B SLI0 S HEILE (b) FIEREETE FESLH SHUIME
FI6 A T 00 SRR S0 10 D B KRk ) 24 4% B R X L Kk e
Fig.6 The comparison of middle span deflection and incline crack width under three conditions
Fz2 KME.EHARMRUME RN =ZRETHENS KB EI
Table 2 The summary of experimental and simulation three level loads on three working conditions
Hf7 kN
g i F 2L 2R BEIT LR B W i 4R R
TM - o T : — - - — — B0 R/ %
PO BBEME Rl e BERE KRE Al SEEE RE
R T 22 70 60 80 160 180 200 260 275 270 —
{5 B [ 32 — 140 160 — 240 260 — 400 390 45
HE AT [# 5 — 200 190 — 280 300 — 450 445 65
FEEIN A5 58 T 2RI IE R
p (2) S50 43 A = Fh T A0AE FH T B8 T 32 9 4 T L7
4 F 18

PATA] S T B2 0], AR 46 - AT TH R AL
i I B E o BT BN D7 AR B R i [ 5 N A
JO7 A a3 A DT ) RE AT R4 g B R I 1 5 =X
B Jr 3 e S 6 6, 45 R 3R ] o A R B [
J7 AT, Ee AR BE G AT RO I R B R By, By 5k
PrUfeE o BARESIEIT .

()BT 22 ) 1 R 22 i 81 i 4 R T 38 A2 880
(89 3 o3 A B ST Z AL Hi e AUE 2 Bk [ 5
E Y% V9@ R e U R S S B R SR S SE NSRS
TR 32 Sy ke TR R T RAY A1, 3Rk ARt

A5 CFRP #i 52 J1 (85 v b B ) 1) 4 4% 55 & K bt BY
AR AT TR bR, WGP A 0 [ 7 58 B RE R Ak R Y
W EE B2 T+ 5% 0 B B 7R 2 0, R 5 Y e B R
15y P T 45% .65,

(3)2Fp i Jy Z& v, oAk [ J7 28 i CERP
R H O A BT R KRR 7 a5 A (A5 6 22
A2 15 AL o T A A B o R AR

S LHK
(1] 4RA% IR B+ 45 H % 3 3E « GB 50010—2010[S]. b

367



[2]

[4]

[5]

(6]

[7]

[8]

368

s E SR Tl A, 2010.

Design specification for reinforced concrete structures:
GB 50010—2010[S]. Beijing: China Building Industry
Press, 2010.

Dias S J E, Barros J] A O. Shear strengthening of RC
beams with NSM CFRP laminates : Experimental re-
search and analytical formulation[J] .Composite Struc-
tures, 2013,99:477-490.

Tetta Z C, Bournas D A. TRM vs FRP jacketing in
shear strengthening of concrete members subjected to
high temperatures [ J]. Composites Part B, 2016, 106:
190-205.

IR &, 0  FRP 29 305 77 1R 58 LA b 35l ith 47
WFFELT]. B R T AR 244, 2018, 38(1) : 14-20.

Bai Y L, Han Q. FRP constraints reinforcement in the
reinforced concrete column buckling behavior research
[J]. Journal of Disaster Prevention and Mitigation Engi-
neering, 2018,38(1) :14-20.(in Chinese)

Mihaylow B I, Hunt B, Bentz E C, et al. Three-paper-
meter kinematic theory for shear behaviour of continu-
ous deep beams[J]. ACI Structural Journal, 2015, 112
(1):47-58.

Hanoon A N, Jaafar M S, Hejazi F, et al.Strut effective-
ness factor for reinforced concrete deep beams under dy-
namic loading conditions [J].Case Studies in Structural
Engineering, 2016,6:84-102.

Tuchscherer R G, Birrcher D B, Williams C S , et al.
Evaluation of existing strut and tie methods and recom-
mended improvement [ J].ACI Structural Journal,, 2014,
111(6):1451-1460.

EH B ANSYS TR EE AT (M. b st AR 3Z
i Hh AAE, 2003.

Wang X M. Numerical analysis of ANSYS engineering

[9]

[10]

[11]

[13]

structure [ M ]. Beijing: China Communications Press,
2003.(in Chinese)
B BR, B LT AR RCT EBO JCTE 1 T AR R
AR JE M 5 4 5% [T 1. Journal of Experimental Mechanics,
207,32(2):152-162.
Zhao M Zh, Wang Zh Y. On the facial expression defor-
mation measurement based on 3dimentional digital im-
age correlation methord[J].Journal of Experimental Me-
chanics, 207,32(2) :152-162.(in Chinese)
FE [m) £F 24 14 55 SHORL B 1 Pk BE U 96 O s - GB/T3354—
2014[S 1. Ab5T: i AR 1 AL, 2014,
Test method for tensile properties of directional fiber re-
inforced plastics: GB/T3354—2014[S].Beijing: China
standard press, 2014.(in Chinese)
FULZR CFL Y5 RC B2 FLIi J1 2447 AR (D] T 4R
AR HE TR 4, 2008.
Deng J D. Study on interface mechanical behavior of
CFL reinforced RC beams [ D ].Guangdong: South Chi-
na University of Technology,2008.(in Chinese)
Ford B LS 6 H AL R AR T FRP-m iR 5+
A9 Rl 5 0 A 1 [T 1. B KO8R TR 2 4k, 2017, 37 (1)
128-133.
Wang S Y. The FRP under severe environment and
load-bonding durability of high-strength concrete [J].
Journal of Disaster Prevention and Mitigation Engineer-
ing,2017,37(1):128-133.(in Chinese)
TREE 455 7 IR . GB/T 50152—2012(S .t
A0 E SR Tl A, 2012,
Standard for test methods for concrete structures: GB/
T 50152—2012 [S]. Beijing: China Building Industry
Press, 2012.(in Chinese)

(ALFr . R &



