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Experimental study on the flexural behavior of a prefabricated
large-cantilevered prestressed UHPC thin-walled bent cap
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Abstract: In order to reduce the excessive self-weight and solve the difficulty of precast and assembly for conventional
concrete bent caps, a fully prefabricated light-weight prestressed ultra-high performance concrete ( UHPC) large-
cantilevered thin-walled bent cap was proposed. The self-weight can be reduced by about 40%. A 1 : 2 scaled bent cap
was designed and tested to investigate the crack resistance and the flexural behavior. Some parameters, such as
deformation, strain, crack distribution, cracking and failure load were obtained. Based on the test results, the strain
hardening characteristic of UHPC, French UHPC code and Swiss UHPC code, the calculation methods for cracking and
the ultimate bending moment were investigated. Meanwhile, the concrete damage plasticity (CDP) model in ABAQUS
was used to simulate the loading process of the UHPC bent cap. It is concluded that the new UHPC bent cap possesses
excellent deformation capacity and anti-cracking behavior with fine and closely spaced cracks. The cracking and ultimate
bending moment obtained by the proposed calculation method are in good agreement with the test results. It is
recommended that the plastic influence coefficient be 1.0 and 2.0 respectively to calculate the initial cracking
moment. The flexural behavior and placing space can be effectively improved by increasing the prestressing tendons and
decreasing the reinforcements properly. The research results can provide reference for the design and application of the

UHPC bent cap.
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Fig. 17 Tensile constitutive model of UHPC
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FHSfPE O i B, AT A R R T & W N ok
13. 1MPa,, 25 FETBUN o7 A9 A5 13 600 A3 1) 460 5 38 i
PR SPEHEPUAE W, = 0. 1475m’, WU ¥ 5 )3 A 2
BEAYIF 225454 1915, OkN - m,

XFFH UHPC HTpitE e se b Jr 244550, #lim #K
PURSBMER I R A ho/h A, B e e 1
BUAA L ARG S EE R . f,=7. 0MPa,
eo=f/E. =163pe; VIZBHIEMT, 5656 2alid B
SZRIRGT- BRI A &, =233pe, W h /b ~1.8;
P SOFR AR, 43 Be sz hir T 2 735 1w 22 S
N e,=904pe, W h/h =022, FLLEL, £ XFF
SUR A KM ZIRN AR Y 3.5 4%, UHPC 2 hifitny
PR N THRIE b, /b o055 55 I 4 SUIF 44
WHRELE R, Ao 5%t 9 FORTE ho/h, T HITF
PRI TS, JRLRSIT% 6,

£ 6 NS UHPC ZRMAUSE

Table 6 Cracking moment

(kN + m)
- Rl
Vf%*%ﬁ h’(:/hp Ym Mir M:r (:r/M(
0.1 3.849  5853.5 1.27(1.72)
0.2 2.651 4628.0 1.00( 1. 36)
0.3 2.228  4194.5 0.91(1.23)
2 yppe 0.4 2.004  3965.4 4600 0 O-86(1.17)
ZhIRYE 0.5 1. 863 3820.9  (3400.0)9 83(1.12)
1 1.551 3502.5 0.76(1.03)
2 1.367  3314.3 0.72(0.97)
3 1.298  3243.1 0.71(0.95)
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. h =0 1 3078. 3 0.67(0.91
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sz 24
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Fig. 19 Adjusted stress and strain distributions
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Fig. 20 Constitutive relationship of UHPC in French code
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Fig. 21 Calculation icon of flexural capacity
of UHPC in Swiss code

MR 2 RS, Xt UHPC 35 R Hi S 7R ik
Frit ot . s A PR AT M, = 10600 kN -+ m, it
FERNR T PR,

®7 BERHDTHERI L

Table 7 Predicted result of flexural capacity (KN - m)
*m

B , w/,

PEM 10077 0.95
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Table 8 Comparison of the calculation results of the

ultimate bending moment (kN - m)

PR AT DNA!S 32 AN g - N AR

KA IRIRE ) KRR AR )
0.2 10525(1. 1%) 10160( 1. 6%)
0.238 10531(1.3%) 10200( 1. 9% )
0.3 10541(1.7%) 10265(2. 4%
0.4 10556(2. 2% ) 10369(3.2%)
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0.5 10572(2.7%) 10473(3.9%)
0.6 10588(3.3%) 10576 (4. 6%)
0.7 10605(3. 7%) 10680( 5. 3%)
0.8 10622(4.2%) 10783(6.0%)
0.9 10639(4.7%) 10885 (6. 6%)
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Fig. 22 Finite element model and reinforcement frame
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Table 9 Plastic collapse criteria parameters for concrete
damage plastic model for UHPC
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