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An Experimental Study on Bonding Properties of Prestressed Strands with

Ultra High Performance Concrete
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( College of Civil Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Ultra-high-performance concrete (UHPC) is a relatively new class of composite material characterized
with its ultra-high strength, high toughness and high durability. There is no design standard about the bonding
performance of UHPC with prestressed strands, which is rather different from that of ordinary concrete. Therefore,
based on the study on the central drawing tests of 36 UHPC with stranded strands under normal temperature natural
curing, with bonding length and thickness of protective layer the research parameters, the load slip curves, failure modes
and bond strength have thus been obtained. The analysis and test data show that the ultimate bond stress between UHPC
and strand is 7.01~11.65 MPa with an average value of 8.78 MPa, which is obviously superior to ordinary concrete.
When the thickness of protective layer of steel strands with a diameter of 15.2 mm is greater than 30 mm, the thickness
of protective layer has little effect on the bonding strength. Compared with that of ordinary concrete, the transfer
length and anchorage length of 1 x 7 strand in UHPC can be reduced by 50%. It is recommended that for UHPC with a
compressive strength greater than 150 MPa, the transfer length of steel strands should be 254 and the anchorage length
35d.
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Table 1 Mixture ratio of UHPC

KYE BERK AR A3 JOKF W/B NET4ERTRB A

1.00 0.25 1.1 0.37 2% 0.16 2%
WAF I 4 HEHATHEIN, BEFUIE U R TR
N w5 LR T, 7RSI R AN W AT AR SR
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JESRIE | B R AN AR BIRE . HR4E GB/T 31387—
2015 (IR TEMRIREEL ) FEIESKR, X UHPC AT
AP, PIrAE R L2 2,
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Table 2 Measured strengths and elastic modulus of UHPC

DESAEIR SEOTIRBURSRIE /MPa BYZUSHRE /MPa 5L /GPa

ERED 157.6 16.8 453
o524t 159.2 15.7 458
LK 158.3 163 459
o544t 152.7 15.8 454

HifE 157.0 16.2 45.6

ARG R AR EAL 15.2 mm F 1 x 7 FREAAIE
WALk, AFRETA 4,140 mm®, SRR
9195 GPa, HBR5EE N 1 860 MPa, i1 Iz 5% &
Jy 1260 MPa.,
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Fig. 1 Specimen sizes
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Table 3 Design parameters of specimens

Foo BAKIES BRI U
N N mmJEE mm HE K
1 U20d-15-n 305 15 3 1
2 U20d4-30-n 305 30 3 1

3 U20d-45-n 305 45 3 1

4 U30d-15-n 457 15 3 2
5 U30d-30-n 457 30 3 2
6 U30d-45-n 457 45 3 2

7 U40d-15-n 610 15 3 3
8 U40d-30-n 610 30 3 3

9 U40d-45-n 610 45 3 3
10 Ul5d-30-n 229 30 3 4
11 U25d-30-n 381 30 3 4
12 U35d-30-n 533 30 3 4
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Fig.2 Physical pictures of test specimens
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Fig. 4 Load-slip curves measured from the tests
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Table 4 Failure mode matrix of different specimens

SR 15d 20d 25d 30d 35d 40d
15 mm - SC - SC - SC
30 mm SC SC SC S SC F
45 mm - SC - S - F

e BPIREE S FREBAIR, SC Rl m W+
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Tab 5 Pull-out test results

R V(AR A Fhebnm s | FhLhon A
PR 2R AN XJJ (4% /mm  MPa  I3{H /MPa

U20d-15-1 116.97 0.325 8.03
U20d-15-2 11319 0.800 7.77 792
U20d-15-3 115.90 0.898 7.96
U20d-30-1 125.57 8.147 8.62
U20d-30-2 141.95 4.489 9.75 9.03
U204-30-3 127.14 1.963 8.73
U20d-45-1 169.67 1.627 11.65
U20d-45-2 154.13 5.192 10.58 10.81
U20d-45-3 148.57 8.852 10.20
U30d-15-1 162.11 1.08 7.43
U30d-15-2 167.99 1.54 7.70 7.73
U30d-15-3 175.97 1.03 8.06
U30d-30-1 207.05 5.59 9.49
U30d-30-2 206.00 4.86 9.44 9.55
U304-30-3 212.09 11.20 9.72
U30d-45-1 207.89 2.84 9.53
U30d-45-2 221.75 2.18 10.16 9.92
U30d-45-3 219.86 7.37 10.07
U40d-15-1 220.28 0.61 7.56
U40d-15-2 204.32 0.26 7.01 7.25
U40d-15-3 209.36 -0.14 7.19
U40d-30-1 218.39 0.01 >7.50
U40d-30-2 220.49 -0.32 >7.57 >7.54
U404-30-3 220.28 -0.19 >7.56
U40d-45-1 217.55 -0.459 >7.47
U40d-45-2 225.11 -0.122 >7.73 >7.77
U40d-45-3 236.45 0.002 >8.12

Ul15d-30-1 101.85 0.684 9.31
U15d-30-2 103.32 0.506 9.45 9.38
Ul15d-30-3 102.58 0.691 9.38

U25d-30-1 161.48 2.526 8.88
U25d-30-2 171.98 1.709 9.45 9.42
U254-30-3 180.40 1.650 9.92

U35d-30-1 228.68 4.643 8.98
U35d-30-2 231.45 1.110 9.09 9.05
U354-30-3 230.78 1.964 9.07

£ 5 PR AR PR IR R, HisE
PRERLESRE N R FH A (1) IFEREE R, e
KA ST FoR. TR S PEEEE AT AR A, AR
SCRIE S A P A AR IR A T 1) UHPC 524 1)
FhEE SR i RME N 11.65 MPa, #/IME A 7.01 MPa,
BRIk 7.01~11.65 MPa, FJ{H°h 8.78 MPa, JrZH 1.11
MPa, SCiik [9-10] W58 T4k S5 miR s . &
BRHREEE R FRZETERE, AT LA TR B TN 1 AN 2
55303 VR B R 4 0L T A i 2 i BR 8 5 1 T ok
5~7 MPa, UHPC 55X 28 £k i) i FR 26 25 10 13k 3] T
7.01~11.65 MPa, A% T REE L, PN S KZLk

5 UHPC RIZFHASTEREN] A3 T 5w .

3 RIPEBEEXFLEEERIRMN

IR 5 T BhAs R R T AR B, PR E
JEXSBEAS R A T WA . &L 6 IR T I RS AL
RIRPFRAS R R AP 2R 5P R AG R S 2R

BasKIE
1L = 15d;

—0—20d; o
<10k A 25d;
& ——30d; v
§ & 35d;
-"—?3 or <« 40d
& gt /

<

e
¥

S

() 1 1 1
0 15 30 45 60

PRAPZ RS /mm
Bo RIPEEEEHREREXR
Fig. 6 Thickness of protective layers and bond strengths
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Fig. 7 Strand stress of different bond lengths
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