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Bonding properties of UHPC-high strength rebar based on beam test
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Abstract: To study the bonding properties of high-strength steel bars and ultra-high-performance concrete
(UHPC), nine groups of lap beams were designed and fabricated. The influences of specific variables on the
bonding properties were analyzed, including lap length, steel fiber volume content, and mechanical anchoring
measures. The experimental results show that the tensile steel bars in the lap section of the lap beams connected
with UHPC have better performance on the bonding properties with concrete. Increasing the lap length promotes
peak load but the average bonding strength of the lap beams on the contrary. With the increase of steel fiber volume
content, the peakload and bond strength of the lap beams increase. Mechanical anchoring adopted lap beams show
a higher peak load and bonding strength, where bent hooks treated lap beam shows the highest enhancement, with
peak load and bond strength improved by 212.4% and 199.4%, respectively, and it is worth mentioning that the
hooked lap steel bars yielded. Based on the equilibrium condition of axial force and bending moment at the peak
point, the maximum tensile stress of the steel bar in the lap beam was calculated. A calculation method of the
average bonding strength between the steel bar and UHPC was then established. The proposed method calculation

results were compared with the centre pull-out test and brace lap test results subsequently.
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Table1 Parameter design of beam lap test specimen and results of reinforcement stress calculation
Number Type L Lap form Vi/vol% Peak load/kN Jfs/MPa Yield or not
Bl C80 3d Straight rebar lap 2 23.5 — Not
B2 UHPC 3d Straight rebar lap 2 95.2 187 Not
B3 UHPC 8d Straight rebar lap 2 207.8 449 Not
B4 UHPC 12d Straight rebar lap 2 231.1 494 Not
B5 UHPC 3d Straight rebar lap 3 145.3 302 Not
B6 UHPC 3d Hook treatment 2 297.4 560 Yield
B7 UHPC 3d Anchor plate 2 124.1 257 Not
B8 UHPC 3d One side weld 2 124.3 257 Not
B9 UHPC 3d Two side weld 2 188.0 403 Not

Notes: Type—Type of post-cast concrete in lap section; UHPC—Ultra-high-performance concrete; L—Lap length (Lap form-different
mechanical anchorage measures); V;—Fibre volume fraction; f,—Calculated tensile strength of rebar.

| B g

(b) Beam keyway

(a) Strain gauge bonding
4 R RER

Fig.4 Specimen fabrication diagram
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Fig.5 Schematic diagram of dumbbell type specimen (Unit: mm)
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Table 2 Material properties of UHPC

Vi/vol% feu/MPa J./MPa fi/MPa
2 123.3 113.2 6.22
3 135.6 122.7 7.01

Notes: f.,,—Cubic compressive strength; f.—Prismatic com-
pressive strength; f,—Tensile strength.

R3 WA NF MR

Table 3 Mechanical properties of reinforcement

Strength grade zi;nlmeter/ Yield strength/ Ultimate strength/

MPa MPa
HPB300 8 357 529
HRB500 20 560 715
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1—Displacement meter; 2—Concrete strain gauge; 3—Pressure sensor;

4—Reaction beam; 5—Hydraulic jack; 6—Distribution beam;
7—Test beam
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Fig. 6 Layout of test loading device and measuring point
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Fig.7 Layout of reinforcement measuring points

WK, WS G D IR B LS TEREAS T &5 1L,
PR AR T B TR, R I R RS
3798

2.1.2 J5 % UHPC (B2~B9)

(1) AR 48 # K (B2, B3, B4)

i 8(b) iz, il B2 (3d) n#k & 41 kN i,
PRIR TR BEAL IS — Sk Aksngk, R’
BT RBCZ AR B M sk, SRR R
gem I AEAH AR E 95 kN (W 17 4%) mF, il
SUBERCRE NI RSN A, 5 R S T Ak 25

A58, WS UHPC #4598 iR kIR R AW,
TR AR, ErhE N, IR

&l 8(c). &l 8(d) it , i 1 B3 (8d) i B4
(12d) MR B IEAARAL, Y985 T J5 e X e 4%
FERRBE L REBOT R B X IR R N
i 5 UHPC Zh 5B AN RS o M IRAR ) 22 5% &=
BRIAEIR B T R B I i e HoE , M
53 2R B IEA G, % UHPC #4 4% X 35,
AL SRS S . 3 AN R 2 R A R
JE R, D P 32 R R A B AN T B A A L
WAL, WA R LR RC S ™4 T
WH, I TR RN, AN A
# UHPC 7402, S EUN A 5 UHPC 1A 34 %
S5 AR /N, DT AR AR 78 43 & 4% UHPC 1Y = Bh 45
Fetk, UL NP REEIR R YR 2 UHPC 1 22 1,
e & k4 TR,

(2) RIRIHHLT 445 & (B2, B5)

WE 8(e) iz, 4 B5 (3vol%) /il 2 54 kN
b, Az s R At B AR — Ak sk, bS5
e A b A B ) BBk s W T AR Ak
R 5l B2 (2vol%) AHBL A BEIRRRAE 5 2K
145 kN (W 7 #0) BF, XX, 2 hr G ik
FE MR, e 5 ] LU 3] — i Flit i 25 il e 4k
A5 B2 IR AH LI R B W3 £ . BLF i i i3y
Jn, AT DAAR 5 S e A I 5 R v A VR BE 1 0 B 4
PERE, DRIULEE — 4 488 I AE T 28 b Bt 3
L TR B AR, A 435 B XN 5 UHPC
TR vEren sE A B, 0 2 i A il e g B ik
A BA 3

(3) AN [m1 4 [l 4 e (B6~B9)

tn & 8(f)~8(i) i/~ , i 14 B6. B7. B8 Fl B9
43 5 SR F 90°25 45 . i [T Al B TE D0 X RN B T 0
S 4 B 7] (R AT G T it Ak 3

WA B6 Nk = 37 kN B, IR ER 5 Ge At 1w Ab
TS BT BRI 1) Sk AkendR, TR P B
AN R A i Ak, AR TR TE
O 264 kN B, A2 H0 907k, Gt B A% U8
WA MR E 297 KN (W AR B, 24k
ANEEIEIN, ARSI, 5 2 R KR EE - R,
TR I RS ) 3 7 R IR RRAE . X Be #E
BT HE AL BE 25 W BB S BN R B
TP AE, AAAES A B K, RS R
Z TR B7. B8 FI1 B9, [H A2 i\ AE g &



- 5532 -

EaMB=ER

DI R Y o — o ——

= -
Y e ——— —

€8 UHPC-f it AR L b R R

Fig. 8 Schematic diagram of UHPC-high strength rebar beam lap test specimen failure
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Fig.9 Load-deflection curves of UHPC-high strength rebar beam lap test specimen
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Fig. 10 Strain analysis of plane section of UHPC-high strength rebar beam lap test specimen
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Fig. 11 Strain analysis of steel bar in lap section of UHPC-high strength

rebar beam lap test specimen
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h—Beam height; b—Beam width; ho —Effective height of beam;

d’ —Distance from the point of action of the combined forces of the
compression reinforcement to the outer edge of the beam; As —Cross-
sectional area of tensile reinforcement; Ag —Cross-sectional area of
compression reinforcement; x; —Height of compression zone of beam
section; m —The depth of the extreme UHPC tensile fiber below the
neutral axis; &t —Calculated tensile strain of UHPC; &, —Compressive
strain of UHPC at the extreme compression fiber; £&s —Actual strain in
tensile reinforcement; sg —Actual strain in compression reinforcement;
fy —Yield stress of tensile reinforcement; f)f —Yield stress of
compression reinforcement; f; —Measured uniaxial tensile strength of
dumbbell specimens; 0 —Compressive stress of UHPC at the extreme
compression fiber; Ts —Combined force of tensile reinforcement;
Tuupc —Combined force of UHPC in the tension zone; Cs —Combined
force of compression reinforcement; Cyppc —Combined pressure of
UHPC in the pressure zone
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Fig. 12 Schematic diagram of reinforcement stress calculation
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Table4 Test comparison of UHPC-high strength rebar beam lap test

Center pull-out test

Brace lap test Beam lap test

Number Type L  Vy/vol% Lap form

Tu2/ Tul Tu3/ Tu2

Tu/MPa  Failure mode T7u/MPa Failure mode T7u3/MPa Failure mode

Bl C80 3d 0 Straight rebar lap 19.2 SPF
B2 UHPC 3d 2 Straight rebar lap 35.6 SPF
B3 UHPC 8d 2 Straight rebar lap 20.8 SPF
B4 UHPC 12d 2 Straight rebar lap 14.4 RF
B5 UHPC 34 3 Straight rebar lap 49.7 SPF
B6 UHPC 3d 2 Hook treatment — —
B7 UHPC 3d 2 Anchor plate — —
B8 UHPC 3d 2 Onesideweld  — —
B9 UHPC 3d 2 Two sideweld — —

12.1 SPF — BOF 0.63 —

23.1 SPF 15.6 BOF 0.65 0.68
16.2 SPF 14.0 BOF 0.78  0.86
12.3 RF 10.3 BOF 0.85 0.84
27.6 SPF 25.2 BOF 0.56 091
50.7 RF 46.7 BEF — 0.92
25.2 SPF 21.4 BOF — 0.85
27.1 SPF 21.4 BOF — 0.79
28.4 SPF 33.6 BOF — 1.18

Notes: All the above specimens are made of HRB500 grade rebar, diameter is 20 mm, the concrete protective layer is 1.5d; 7,,—Bond
strength obtained by center poll-out test; 7,,—Bond strength obtained by brace lap test; 7,;—Bond strength obtained by beam lap test; SPF
and RF represent the splitting pull-out failure and steel bar rupture failure respectively; BOF and BEF represent the bonding failure of steel

bars and the bending failure of lap beams respectively.
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Fig. 13 Influence of lap length on bond strength
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Fig. 14 Infulence of steel fiber content on bonding strength
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Mechanical anchoring measures
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Fig. 15 Influence of mechanical anchoring measures on bond strength
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Table 5 Lap length calculation of UHPC-high strength rebar

Vi/vol%  Mechanical anchoring measures
Lap
length 3 Straight Hook Anchor  Oneside
rebarlap treatment plate weld
lSy 9.8d 11.6d 6.7d 9.4d 8.6d
lsu 13.7d 16.0d 10.9d 13.6d 12.6d

Notes: ly,—Minimum lap length of steel bar yield; ;,—Minimum
lap length of steel bar rupture.
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