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Abstract: In order study the calculation method for flexural
capacity of high strain-hardening ultra-high performance
concrete (UHPC) T-beams, a four-point loading experiment
of five girder specimens was conducted and the load-deflection
curve of reinforcement and high strain strengthening UHPC
was drawn. The T-beam failure process was divided into the
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elastic stage, the fracture development stage, and the load-to-
failure stage. Different from common concrete, when the
force of high strain-hardening UHPC beam reach the ultimate
load carrying capacity, the relationship between stress and
strain of UHPC of compressive region is still linear.
Meanwhile, since the contribution of UHPC tensile strength of
tensile region to flexural capacity, after UHPC cracking,
should be considered, an equivalent rectangular stress
coefficient 8 of UHPC of tensile region is proposed. The
calculation method for flexural capacity of reinforced UHPC T-
beams is deduced, based on the flat section assumption. This
method is compared with the foreign calculation method and
the accuracy of each method is analyzed. The results show
that the calculated value of the proposed method fits the test
value well, providing reference for theory analysis and

structural design of reinforced UHPC T-beams.

Key words: ultra-high performance concrete; high strain-

hardening; flexural capacity; method comparison
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%1 UHPCEHEmELL(FESH)
Tab. 1 Mix proportion of UHPC matrix
KR RER BAER BB K BRI AAERTRELR R
1 0.3 0.3 1. 34 0.2 0. 005 0. 025
R2 WMHEBFESH

Tab. 2 Characteristic parameters of steel fiber
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Fig. 1 Midspan cross section and structure diagram of reinforced UHPC T beam{unit: mm)
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Tab. 3 Reinforcement situation of T beam

RS TR

B N WA=/ Y% e 1] B N Sy e
T-1 3¢ 18 1.77 HRB400 430
T-2 4 ¢ 20 2.91 HRB400 430 0@ 50>
44 14 10@100(50
T-3 3¢ 16+3 9 20 3.58 HRB400 430 HRBA0O (HPB300)
T-4 5 22 4,40 HRB400 430
T-5 4@ 20 2.91 HRB600 620
1.3 WiXRE BATHEFR I &4 GRIE 20 C+2 C, B E=95%)

R T IR, BERFP TN 2 4H (6
A~)100 mm X 100 mm X 100 mm 7 7 AR, 3%
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Tab. 4 Compressive strength of UHPC cube

ST AR PR /KN LESRE /MPa
K-1 1564.04 156. 4
K-2 1674.97 167.5
K-3 1423.78 141. 4
K4 1641, 95 164. 2
K5 1 484. 86 148.5
K-6 1 488.76 148. 9

BrE
j 3 100
ol
=
f]
= 50 .
Nz
]
wl o
=
a ReHREA b A

B2 ik H (A6 mm)

Fig. 2 Specimens of axial tensile{unit; mm)
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Fig. 3 Stress-strain of axial tensile

1.4 TIE-ERiRE L

Biffi T J& UHPC 056 52 1) i -85 A H%8 BF il 2%
VLA 5. R ER L B T IR R A2 iR A
KRBT 3 BB B B e R R B B (57

(LEXT 2N

H4 MigmHFEF
Fig. 4 Loading photos onsite
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Fig. 5 Deflection of load-midspan
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Fig. 6 Distribution of tensile stress-strain of section
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SHUE L 5.

WMIEBTIR forx = 138. 5 MPa, 4r F CF130 ~
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Tab. 5 Parameters of reinforced concrete
at each strength

BESR acl ac aafBIE azfBIE
CF80 0.82 0. 87 0.82 0. 87
CF90 0. 84 0. 84 0. 84 0. 84
CF100 0. 86 0.81 0. 86 0. 81
CF110 0. 88 0.78 0. 88 0.78
CF120 0.90 0.75 0.90 0.75
CF130 0.92 0.72 0. 90 0.73
CF140 0. 94 0.69 0. 90 0.71
CF150 0. 96 0. 66 0.90 0. 69
CF160 0. 98 0. 63 0.90 0. 67
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Fig. 7 Ideal relationship between tensile stress-strain
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Tab. 6 Equivalent rectangular stress coefficient
B of UHPC of tensile region
poiti == T-1 T-2 T-3 T-4 T-5
B 0. 95 0. 95 0. 94 0.92 0. 90
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Fig. 8 ACI 544 calculation method for flexural capacity
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Fig. 9 Model Code 2010 calculation method
of flexural capacity
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Fig. 10 Calculation icon of flexural capacity
of reinforced UHPC beam
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Fig. 11 Calculation of flexural capacity of steel
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LT RB R 0. 755.,0. 062 F1 0. 082, X F-H
R (0 RN AT 4 SR+ SRR 45 T
BE K 34378 RN A 4R TR I $5 B2 Bk R AR
Model Code 2010 B Ir N4 IR BEL H R G
MBRRPHGRE fro 28 = s00F 0 RS L
TR RRRTIE R BRI, T E N R
TE$IX UHPC W 5Tk, Hit B E S iR 2 i

——n e TR AT FIAS 5 R B4 B 0. 9040, 039 AN
K A/i s §Z %(_AA SH% 0. 043; CECS 382004 1155 77 5 2 76 R & i 56 Al
JE= oy FEHRZRAR, HBNESRBEZ KT

I I {47 o 22 M1 A8 B R M4 90K 0. 882, 0. 036 Al
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Fig. 12 Calculation of flexural capacity of steel

reinforced concrete t-shaped section
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BIE M., A SCHR TR BN A M R
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2010 A, M., u A E R HHAE , M., s i CECS

FZET ZHX UHPC Mok, Hit B 5K E 2
LIPS 8 A 22 F1 AR 5 R B4 51k 0. 955 F
0. 945.0. 038 1 0. 042.0. 040 1 0. 044 , Tl T K5 fir ds
W HAE R RBCRAR, TS R R, A SCHE
AR TR 5 R X A hr v
s R BB 0. 968.0. 030 F1 0. 031, HAFE
P RV A T B SR N, 8 B e BR AR SCHE HE P TE A T
UHPC 4RI 40 5 K 20 T .
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Tab. 7 Comparison of calculation values of reinforced UHPC T-beam flexural capacity among different methods
kN * m

Mc, ul Mc, u2 Mc,u?z Mc,u4 Mc,uS Mc,uG

PSS M. Mew  Mew Moww Mow Mo Mo Mo M. M. M. Mo Mo
T-1 172.95 169.63 117.74 152.83 163.08 149.92 172.27 0.981  0.681  0.884  0.943  0.867  0.996
T-2 236.45 225.31 171.60 210.23 220.87 205.27 228.61 0.953  0.726  0.889  0.934  0.868  0.967
T3 286.47 269.09 208.88 246.09 260.87 239.72 253.13 0.939  0.729  0.859 0,911  0.837  0.884
T4 297.32 292.71 243.26 279.16 290.91 271.41 278.95 0.984  0.818  0.939  0.978  0.913  0.938
T5 281.63 280.78 231.10 267.47 283.52 260.21 265.02 0.997  0.821  0.950  1.007  0.924  0.941
S H (& 0.968  0.755  0.904  0.955  0.882  0.945
iy 0.030  0.062  0.039  0.038  0.036  0.042
TREH 0.031  0.082  0.043  0.040  0.041  0.044
()W HE 4k iy UHPC BAB AR A RERY, 32 JE X
4 Zig B R =M, ZRIX B E SO S R

(DARFIAC A R B T-1~T-4 35 52, K& T
13 R R A A PR 25 AR 3R ) 7 25 A L B
IR — RE T BE A, 1 FR AR g 4 R e BE A
T-5RIM RTBRB AR T-2 19 1. 2 4%, S R
A 4 O A AT L SEBRAE IREC A R T B R E .

0. 90, 1% T T IEECH; UHPC BRHTLRE )
WEAR, HTBESREER RSN EE, TN

(3) - [ 4T 4k YR B 1 ST 4 %oF 32 B X VR o £ Y
TUBRIE A % 18, (B T 84T 4R 8 L hiim &
WA R, DR A E R AT X e 4R + 19
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