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Bond behavior between ribbed steel bar and ultra-high ductile cementitious composite

YU Qiong, WEI Jinwen, ZHANG Liang, XU Xuejing, YU Jiangtao

(College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: Ulira-high ductile cementitious composite (UHDCC) , a new type of fiber reinforced concrete, exhibits
ultra-high ductility and strain hardening ability during stretching. In this study, pull tests were conducted on 45
specimens whose ribbed steel bars were all anchored in UHDCC. The influences of anchorage length, pouring
method, protective layer thickness, 90-degree hook, and other parameters on the bonding performance were
investigated, and a theoretical basis for the bonding strength of the force-bearing members using UHDCC was
provided. Results show that all the specimens did not split due to the restraint of the fiber in the UHDCC. The
pouring method of UHDCC had significant impact on the bonding strength, and the bonding strength of the
specimen poured vertically was greater than that of the specimen poured horizontally. As the anchorage length of the
specimen increased from 4d to 6d, the bonding strength tended to increase due to the strain hardening of UHDCC.
When the anchorage length was longer than 6d, the anchorage length of the central anchoring specimen (with a
thicker protective layer) had little effect on the bonding strength. However, the bonding strength of the eccentric
anchoring specimen ( whose restraint of UHDCC to the ribbed steel bar decreased due to the thinner protective
layer) decreased with the anchorage length increased. A 90-degree hook with the length of 4d was added at the end
of the steel bar when the length of the straight anchor section was 4d, and the ultimate bearing capacity was
increased by 67% . However, when the length of the straight anchor section increased, the effect of the 90-degree
hook on the ultimate bearing capacity began to decrease. When the absolute anchorage lengths were the same, the
bearing capacity of the specimens without hooks was greater than that of the specimens with hooks. For the
specimen whose steel bar had a 90-degree hook, the anchorage length must be guaranteed. Based on the test
results, the bond-slip mechanism between ribbed steel bar and UHDCC was analyzed, and the equation of bonding
strength between UHDCC and ribbed steel bar without 90-degree hook was given.

Keywords : ulira-high ductile cementitious composite ( UHDCC) ; anchorage length; bond slip; anchorage with
hook ; protective layer thickness
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Tab.1 Material and mix proportion of UHDCC

20, AR L/ wm fid At Jfig/(g- L)
RERRER KU 30 ~80 1.00 500. 00
FEK 0.1~1 0.27 135.93
) 5 ~100 1.83 913.50
HER 106 ~212 0.92 457.95
K 0.62 309. 88
PE 214k 0.04 20.00
WK 0.01 7.00
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Tab.2 Properties of PE fiber
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Fig. 1 Shape and dimensions of reference specimens ( mm)
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Tab.3 Basic parameters of the first batch of

experimental specimens

R g2
CES N TR g

d/mm [,/mm ¢/mm

Al 3 12-12d-5.84-T 144
A2 3 12-10d-5.84d-T 120
it [
3 A3 3 12-8d-5.84-T 12 9% 69 M
KB
A4 3 12-6d-5.84-T 72
A5 3 12-4d-5.84-T 48
psr Bl 3 12-10d-5.84-P 120 )
, 12 69 AT
FR B2 3 12-44-5.84-P 48
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Fig.2 Pouring directions
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Tab.4 Basic parameters of the second batch of

experimental specimens

. Wi i R
BRI s owe ok ome
" [N e T b2 B
WZ 4 % B
d/mm l,/mm  ¢/mm
DI 2 12-6d-2.5d 30
B 2 12-6d-3.54 42
B 12 72
D3 2 12-6d-4.5d 54
i3
A4 3 12-6d-5.8d 69
(900 FI 2 W-12-10d-2.5d 120
) F2 2 W-12-8d-2.5d 96
. 12 30
HiE 3 2 W-12-6d-2.5d 72
KE p 2 woi2-4d-2.54 48
El 2 12-12d-2.5d 144
(B @ 2 12-10d-2.54 120
i)
B3 2 12-84-2.5d 12 9% 30
A
g DI 2 12-6d-2.5d 72
B4 2 12-4d-2.5d 48
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Tab.5 Properties of steel bar

A d/mm RS PN R £,/ MPa
12 63.00 391.63
14 87.08 403.72
16 105. 46 407.39
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Fig.3 Schematic of test equipment and steel reaction frame
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Fig.4 Arrangement of measuring points for extensometer
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Fig.5 Failure types of UHDCC specimens

R BRI (4d ~ 6d) I, — B B Ak
WA, DL S (a) CHPoC i T, B9 A% J8 1L P o 2
58) S5(b) (LR4PZIEEE S 30 mm B, B H4 1,
A B EEE) S () (2 #i 1, #9730 JH 4 2
58%) .

BEH LIS 6d ~ 10d IR & A2 A S UHDCC
RIS IR, WL S (d) (oL lE ) (5 (e) (AR
JRIESE Sy 30 mm i, ERAEIR) 5 () (I o

B R A (10d ~ 12d) i, A A 40 A 1 W ke
IR ILIENS (g) ((Ch) iR PFER TG RE4E

6 Sy A 2SS A [R] i [T B B8 7 — s i
2, ] LA K A A A0 4k D R + A AR R
UHDCC HEFE BRI AR (A3 -2 (A4 -2 AS - 1),
iy 33K B I AR B HE T BB , (LRGP 249, i
AR — E 7K IR BN R T T DAY 382 3l (ke A Ay
), MG BE A R AR, WS 58 4 8 O B
Hohial e UHDCC JREE T REJE o AR AN Tl 7 B il
IR AL /DN , B B R AT 28, 3l A
(189 15 DR P S 0 oty S 40 0 DB T ) 9 2 R R,
EPN:ILTVE



- 136 - woR BT K ¥ 554 %

F6 IXHMIFRR

Tab.6 Failure types of specimens

K6 B P,/kN
" w A WS R = , eI 7,/MPa
ek Jet i WAL k2 A3
A5 12-4d-5.84-T A5-12 e 19.98  23.09 11.91
A4 12-6d-5.8d-T A4-123 AR 1 K UHDCC HETEBE 3R 36.18  47.34  32.13  14.21
L ] 2. B
TR 3 ) gaosiga-T  A3-123 kit & UHDCC HEE R 44.16  52.84  48.93  13.45
(T + N
B ., A2 -1 1 JE I SR AL
& ER)) A2 12-10d-5.84-T @Mk ‘ f ) 67.61  62.20 61.80 14.13
St A2-23 Ak B UHDCC HEB R
i Al 12-12d-5.84-T Al-12 WAL W 66.65 67.12 12.33
B2 -1 AR H B UHDCC TR B IR
B2 12-4d-5.8d-P N o 19.19  19.56 12.62
" N B2 -2 AR
wH I
Bl 12-10d-5.84-P Bl -123 Y ks 53.40 48.78 51.73 11.35
A4 12-6d-5.8d-T AM4-123 AT K UHDCC 4ETE B0 36.18  47.34  32.13  14.21
MR Cl 14-64-5.84-T  Cl-123 N ki &% UHDCC LRI 47.64  57.64 16.63
€2 16-6d-5.8d-T @2-12 ARG K 30 mm JEEIAEIEREER 46.07  52.92 13.68
DI 12-6d-2.5d-T DI -12 i e 39.92  43.55 15.38
) D2 12-6d-3.5d-T D2-12 A K 25 mm SEFEETERER  44.46  37.40 15.09
LR 2R N
D3 12-6d-4.5d-T D3-12 R K 30 mm JEEHER AR 44.91  43.14 16.23
A4 12-6d-5.84-T A4-123 AR L K UHDCC HETB B3R 36.18  47.34  32.13  14.21
Hi= \ \
ot MR F4 W-12-4d-2.5d-T F4-12 N FfiH % 70 mm JEEHEIEREER  35.01  33.39 18.91
% (30 mm F3 W-12-6d-2.5d-T F3-12 ARG K 15 mm JEEMEIEREER  50.46  54.85 19.41
T2 + F2 W-12-84-2.5d-T F2-12 Y ®WHkH 56.09  60.47 16.11
90° 45 4 ) 1y 10 _ _ P
FI W-12-10d-2.5d-T Fl1-12 TR 64.29  66.25 14.44
F4 12-4d-2.5d-T E4-12 N kil 22.37  18.40 11.27
Ay ..
WEKE ) 2 _eq-2.54-7 DI-12 N kS 39.92 4355 15.38
30 mm
{;‘L%FJ: E3 12-8d-2.5d-T E3-12 AR 1 K UHDCC #ETE 3 48.95  56.02 14.51
= +
) E2 12-10d-2.5d-T E2-12 Y Mtk % UHDCC T8 mEh 56.33  59.59 12.82
El 12-12d-2.5d-T El-12 AR L K UHDCC HETE B3R 67.53 64.53 12.17
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Fig.7 Variation of bearing capacity and bonding strength
with anchorage length
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Fig.8 Variation of bonding strength of grouting material
with anchorage length
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Fig.9 Comparison of bonding strength under different

pouring methods
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Fig. 10 Influence of protective layer thickness of different
materials on bonding strength
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Fig. 12 Relationship between anchorage length and bearing
capacity of specimen with 90-degree hook
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Tab.7 Bearing capacity improvement after adding 90-degree

hook under the condition of equal straight anchor length

wn SEE KB R SETHE %“%xfn%@éjj
P,/kN AP/kN RIS TR/ %
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Fig. 13 Comparison of load—slip curves between hook group

and straight anchor group under the condition of equal
straight anchor length
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Fig. 14  Comparison of load—slip curves with equal

absolute anchorage length
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Tab.8 Comparison of test value and calculation value of

ultimate bonding strength of direct anchorage
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