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Experiment and analysis on mechanical behavior at root
of large cantilever PC bent cap

HU Zhijian, ZHANG Shenxin

(School of Transportation and Logistic Engineering, Wuhan University of Technology, Wuhan 430063, China)

Abstract: Large cantilever prestressed concrete bent caps (hereinafter referred to large cantilever PC bent caps)
typically incorporate corbels at the root of the cantilever to ensure the mechanical behavior. However, there is
currently a lack of a rational framework for determining the appropriate size of these corbels. In this paper, the
shear stress calculation theory of large cantilever PC bent caps with corbels is proposed by equating the corbels to
arc segments; a 1:4 scaled model experiment is carried out to analyze the influence of corbels on the shear stress
distribution and stress performance of the cantilever root; The formula for calculating the minimum corbel length
ratio under different design parameters of compression edge inclination, cantilever lengths and prestressing level is
given according to the bending and shear strength requirements. The findings indicate that the shear stress
calculation theory proposed in this study for variable cross-section beams with corbels provides a more accurate
representation of the impact of corbels on the longitudinal distribution of shear stress. Additionally, the most critical
location for shear stress has shifted from the cantilever root to the changing position of bottom inclination.
Furthermore, as the corbel length ratio increases, the stress peaks at the upper and bottom edges of the beams
decrease. Therefore, it is essential to control the size of the corbel to ensure the strength of the compression edges.
The formula for the minimum corbel length ratio, as presented in this paper, ensures its effective accuracy when
applied to large cantilever PC bent caps with varying parameters. This formula demonstrates practicality in
construction applications.

Keywords: large cantilever bent cap with corbel; mechanical behavior of cantilever root; calculation of shear

stress; scale model experiment; corbel length
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Fig.1  Sketch of the forces in the micro-section of a large

cantilevered bent cap with a corbel
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cross-section cantilever beams with corbels
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Fig.3  Schematic diagram of internal force calculation under

gravity load

$4 E R K S A B IS v =y,
A

2
0., (x) =ybH, L + 2L

—"2%2”3‘“ B syb(Ltan B+ Hy )x
vb (L -x)*[ (L —x)tan B +3H, ]

Mlq(x) = 6

(13)
1.2 SENKZERTEFRSS
R R 5 R B i iR 1) 32 R il B,

— R E RSB E 2 EA A
o =28, NSRRI RY 2k Bews B2 H, T DIAR I 2 T
s B AR R BB L, B, 1052 e 140 {6 £y
BAER I 75 B BT S5, W 2k Beise it R
S BN NI R BRI L, o TR & B
K L, 50 KB L ARG Ui/ MITek
BIREWA =L, /L VAT B RKE L, 5SEREHFK
JE L1 FU DR AR R4 2k Bk b S S5, 3 2o ]
R/ T2 B R BT DU S B RO 1Y
A

N TR REARIE R 2 I PERE A R/ MIT R BE
BELE A, LAIRIIREORAIE SR 5 52 748 52 JTs 300 40y 3 5
T S AR IR 2 Y i B 25K Oy F AR pRA, 9 S
PR BRI BT S 8O REHE i R /M
LB, BRI AR (K 4) InF

1) Fi A RBE s R S ez ki A B, 1
FERIAT N,y W BRRFKIE L, o O o
BT SHE T B RIE L IrR B g 594
B w2 el wifs B 45, Tk BOR B B s i
[Fi) R 5 2 R AT L A TN 17K VARG, TR
EREE R R SHLR N L BN, TERFITG
AR A 3 BT S EUE 2 KA B,
BT N, SRR L, AR R 12
FE 1 BUTE BTG B N iR S8, LAk 28 55 38
KA SR TR SEHGEN,

2) THEAN R S 8% BN R X AT 3T B
[P o FEREATHERIN, T2 Y A7 10 KR
E e ¥ G UL NN iy A R IR o
Ny VA BB L, ;) A V50 107 3 fr 2 T 200
[Py o TEBIRL A AR IIERD I, 2 B AR
PR TR I 3 R T i {1 € B e L 5t B I
[P, 4 o ) R AREIE 2 T 20 A 50 53 0 5 i 2
0L 5 2B AR 2 1 R T B Al TR 5 A )
FORBREEIE [P, ] A AR i 3
SREFT 2T B

3) HRR MR B KT A, o BGE X
SRBEAE BN i)y Ly W TLLLP ]
J&  BOERI I R/IMITER B EE L A O 0. 05, F /M
RBEKFE H R 0,001, AL, S IRIEAS 2 TR 3D
A 07 B T 2 — FE 0 /N THe i o JBE i T d /s
FRBKEE A R R R — &
7 T3/ T PUhiss B R S/ MIT R BER L, e F
HZ IR B, FUER AT N, LR K i
L, o MOS80 & A HRIR 52 U | 46 b T 19
BUR S/ MR B KL A, A



53 1]

RN, A JGERE PC S IRARAR Z 1 PR RE ISR 5 b - 59 -

l

WAL,

}

N
9 FIBL A 8 RAN,,

]

MABEKEL

GE T

'
FIETTBIP,
[

(0]

1=0

(iufik,m):

¥

{ FFa/ 453 J

it ﬁaw’ om @@=y

it ﬁaw om®=0),5 ’—>

[P m =P 4 (Psml P aml 4

o

a(.,,,k,m)(x:())bolé 1.2[a]

paind

‘T(.,,,l‘,m)(xzo)boxZ [o]

Koy Pihm 4 ‘ T

ﬁ—galwkm)(x:o)bm N ﬁﬁal(kﬁkrn)(x:Ll)mp <

i i

WP, ] NS A

YIsktEL,,, ,=0.05

B4 sMIEBEKELITEEARE

Fig. 4

2 WREABEEAEPC £ ERE

AR SCHCHE M AR B, He i 14 SR R
BT T IEHIE T W5 R i A RO R 57 AR AR
1l PC 35 20 N 1 43 A Je 32 Jitkfig, IR Horh —
B xof BY I A9 43 BT 10 I S AR RS 5 iR Y Tk
BeAR AR % 5 1 A RIS AT X HE BRI
2.1 ABBPCERABHERER
2.1, 1 e R A i

KB PC 5 P4 RUBE Y () B RSH A &
ST, 4 ROSERY g — i 7 8 e sk B | B fn £k
Bl et h B, AR R AV BV B K L =3 m,
PrRBEXMKEL =0.8 m BHEKENL =
2.5 m; 4 RABERCR R S b = 0. 4 m AUSEIE K
T, B v PO AT =5 B2 H, = 0. 4 m, BV AR O =y
BEH, =1 m; — A8 8 B X 3 32 e 3 1A
B=7.8° B IX Wiz i iiff a =15.6°,

45 RS SR FHBT R 38 Bl 29. 3 MPa, fiL iy ok i

Iterative flowchart for the calculation of the minimum corbel length ratio

1 1.73 MPa 4 C40 TR %E+ B3R, 557 oK IR&E 1
1 540 kg /K8 174 kg 7K 621 kg 8> 1 024 kg #l
HHE.60 kg ByEIR LA K 11. 4 kg AMINFAIHE S 1 A8 .
h T RIESEHY 32 7 e Ak R IR T R HE S
3 M 15.2 mm x4 BTN 3o DAARIH 8 A a8
e A AR TN ) AR L 1,
2.1.2 s E

AR AR RS R T TR S 1 28 0y
FLATHZ 15 x 60 cm 1148 DX 3t Jon v 4y 282, () Fsf
FE 5 B T A3 L SRR AR UE 4 RO 2R AR e [
G55 I IR B A E A 6 PR

x1 WEABRE

Tab.1 Configuration of prestressing tendons
P TR HLAS WAL TR I F7/kN
N1 15.2 mm x4 2 458
N2 15.2 mm x4 1 458




- 60 - MoR O T Mk K% %) 57 %
40 L=300 - 85 40 425
L =80
=4 T T
5 s (T = —
e m 7 — k‘li 77|~7-' —— = X g
x . : A e S
T Y N
B R T /A B \ I~ B A1
XA ) YA
N
& o s By BT 28 B
BA7: mm
Bs5 HBREBRTRBMEOGE
Fig.5 Dimensions of the scaled model and prestressing arrangement
[ mame ]
1 TR = AR R ]
IR o Al
[ R
‘ AR A2 N3@A3 | I I I by I I I ‘E-NS A8 A
[ c1 €4 CTC10 Ad | c18c21 |
— c2 g %53 — RRSERALE f
| ﬂﬂﬂ —C13 | Cllimm| ¢l I
N1 \\Cd 6632 c9 céﬁ | c17g czo&éacﬁ/'_, ';
 S— B1 B5. B6 [ S—
N2 N6
R \ﬂ;}‘s%w ) )
—— M T [F e [ ]
ULV ARFLE  FERmLE SORFOR UE LRV
T4 12 T3 T4 |15 6 17 %
(a) LM A B () In#HF e A

6 REMHBERMNSHE

Fig. 6 Loading and measurement point layout of the experiment

T AARAS TOLN B9k 1a) B85 N ) 4 AR FLEE, 7E
248 RPN 22 A7 R G 7 A4S S B i b A B 450 1
ARAE, AR A5 5 4 R €1~ C12 (2R )
C15 ~ C23 (AR ) o L vl 2 A b 2 ) i 30
R B L2 7 B AR A A ] X sk
(R B 17 T 4 A, A )5 7 7 D s D) Ay 7 30 100 A5 A
SFFRIAD 5, HAY T1 ~ T7 904 45 ]SS 80 T3 g 1F )
71, A1 ~ AT P4 RUBE AR T8 T 2% 1 7, B1 ~ B6
I8 4 ROBSRUMN TATIC 2% 1B N ), AR 46 BRI T 2% rh
DR EATE 7 AN KRR o R AR LA
o N1 N7 A 4 RS R (1% 280 i 8 o 1
N iy S 14 57 5 N2 N6 M g A 52 e 3 Ak
HIiF%
2.2 ERTHEBSNEHRELRE

W 7 Fizs 78 ANSYS Hiisr T KBk B
FETE A I S i RS () SR BT, TR+
fii ) SOLID65 FATT | 5-38 5M 77 5 07 7 735 % FH] LINK8
FATCHEAT R UL 5 7 B R o 00 S 48 X B R
SOLID45 FAICAALLAY TN 7 Bl b 5 i 28 s 4
JRi N F3 3 KBS B &R TR B R T
DX I LA K S e AN e o T 445 100 3, 6 2k 4

XS R R ey 8 ) TR r R TN

PRIAT PR TR 7 B g 503 7 A% i 1oy 28 28 b A K
i, 5 N1 N7 DU SR 1oy 202 A% ith e e A T X L,
X EEEE Sl 7 (b) s

A R IT R 7 A RS £k 5 IR 25 SR AV &
TN AR A I S B AR AR — B, AR SCHERTHR
95 A TREL A5 FCIRE A 2 RSN T B K T 4 RO
TR TN, ) 5K P [ K i i ad Bt v A A T ) 45
& R ST 150 kKN /N4 BRI
T2 4% 160 kN, 1A RG24 B Bt A I3 22w /)N
TG A W, PRI LA B 5 e 2 10 A IR o7 280
525 kN B /IN TR0 A0 52 PRl FR AT 28 540 kN,

WE 8 (a) Frows, i o A 2 v 508 Ay 283k 3]
450 kN B, 551 S R4 % AH 52 04 188 ) £ 7 SV 1Y
Jof 7RG 2 g AT 23R F) 500 kN R )
S SVI1 5 KSF I A% SH14 1Y R F1 353K 2 i IR 38
FERRRR, 1 R T A AR T 1 R i AR A N
I FE T2k e 1) A8 57 A0 Ff SE A A& 8 (b) B,
BRI AT A A F) 525 kN B, BS YR BE 4 I R
TR BT R 5 B | A8 52 He 300 00 Ff o7 i VR A
YR AR T A28 FR 5 B R



53

RN, A JGERE PC S IRARAR Z 1 PR RE ISR 5 b - 61 -

Cwmmm g

O 52 1 4

(2) AIRTCERE AR E

500

400

300

T E/KN

200

100 Y
— HRt
0 5 10 15 20 25 30
B U R P E /mm
(b) A BRIC- R AT AL h 22 xT Lb

E7 BARTEETEEREHAARS ML

Fig.7 Schematic diagram of finite element model and comparison of load-displacement curves

WE 8 () Fin, 4 RABRLR 1 2 4% L 5745 54 4%
kA TOUTAT 55000 1T 34 A 7% A7 s i A0 £ A7 e o R R
288 HR R , Y88 % RS 5 i 2
DIAR 52 FE AW A7 B 2448 Ry vpos | B o 5
RS DX ok A% [ A8 A7 e T340 A o7 Ak 1) R ) BY 25
HBEICAS T2k B AR 1 R 00 A8 27 K 0 £ 4k A 1
FifRIX8, 4347 400 kN faiz T, —FBCE i i X 3
L/2 T AR AR R X sk 12 A ) TR R B 1
SRR 1% [ 43 AR 2 ANE 9 FioR . A BROGH R
(IR T BRI RS WIEEAR /N, R T 76 TF 24 X 3L
PR 0, 1 — HLiE AR I 24 DX IR BE A N A R
SRR AR LUREN S, Z RN

AL BB F L el Y N R WS L2 B I RN AR
2 R A Ff AR 1) 2 BN 7 A R 4R — R
Viig X3, L/2 AT 300 mm AR AR X J, L/2
AT = 500 mm 1Y 222204 i XA B 30T, TR B+ 2
PLIV F1 9 SR 18 K =23 C40 TR BE 4 A B 5 B 1)
WA, W0 ITE T P2l DR — s Y L N, S5 A ) 2
Bl BT S LR IR A R B TR BE 1 1 e
RHLIR MRS TR BE 132 TR X, HRSZ 57 ) )
14 [T 3 7R A2 3R B N ) e I g, R R4 Tk 31 2F
AR RN S8y 2 A /EH T 155 R
{27198

400 EREH
< 300 L I §
9 ===
= R
R &
B 200 1
& 8
# =
100
—=—SVI11
0 ——SH14
0 100 200 300 400 500 0 100 200 300 400 500
T E/kN Ff E/KN
(a) I H A w72 - ) 2k (b) R0 JeS FR VR B - AT HR - Ay i 2%
= iBK{Q;i'*YZ? ! T T z’Jjjj F
I W N A B e B j/
H\] L‘\'\:K:.:\::,.,:::,:v::' /T/ / l/u
(c) RIS I L R4 A

B8 I REEN T K IR M =TT HR 7 £k

Fig. 8 Distribution of experimental cracks and stress-strain curves of some measuring points



£ 62 - MoK O L

557 %

5t

10l g

R #7/MPa

20F — V2REIIERTT | s |
FRESR,
x5 .%%%&Eiﬁ
5L , JRIFRRIE |

0 100 200 300 400 500 600 700
1 1) 75 /mm
(a) ERTH DL A7 B [ 43 AR

1.8+
1.6
1.4}
1.2}
1.0[
0.8}
0.6
0.4
0.2F

E R S1/MPa

—— 128
—— 1/2*&%&@

0 100 200 300 400 500 600 700 800
% [\ A7 B y/mm

(QF - TIEXANPIP ]

B9 400 kN £ NRE LN A

Fig.9 Stress distribution of certain concrete sections under a 400 kN load

2.3 BIRAIXTLE
TG G0  F b AT 2007 30 A 90T BTREE 1210
AR A (C1 ~ C12,C15 ~ C23) $h s E A7 a3 54K

SCERE BT S A BR TSR N R A 28T A0 55 1 F1 0
AR PEATXT L, 25 SR AR 10 Fios

120 180} L, Jo
160} -
100 Hh
) < 140+ "~
< g0 < 120} 7
3 2 100} — AT X
& 60 B 80| | == HABKE
40 601 — BT
— HPiE
401 o RIAMEE
20 ol | v RBAMSE
0 05 1.0 15 20 25 3.'0 0 05 1.0 15 20 25 3.0
AL E/m A E/m
(a) 0 kN (b) 25 kN
250 — BT
. 300f R e
200 - = RIS B
o 150 — AT L 2007
a —— HigiHE -
g A Finy ﬁ
&m0 =®
0.
0
50 -100}
0 05 1.0 15 20 25 30 0 05 1.0 15 20 25 30
AR A E/m AL E/m
(c) S0 kN (d) 75 kN
B 10 STMANEPHEITLE

Fig. 10  Comparison of longitudinal distribution of shear stress
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