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Abstract: The inclusion of coarse aggregates in ultra—high performance concrete (UHPC) can effectively
address the issues of high shrinkage and high cost associated with UHPC. This study investigated the bond properties
of UHPC with coarse aggregate (UHPC-CA) and steel reinforcement under flexural stress using 12 lap—spliced
beam specimens in 4—point bending tests. The distribution pattern of bond stress along the length of the lap splice
reinforcement has been obtained by milling a slot on the surface of the steel reinforcement and pasting strain gauges
evenly. Key variables studied included coarse aggregate (CA) size, CA content, splice length, and cover depth. The

specimens primarily failed in splitting. The results showed that CA affected the bond performance in two ways: it
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enhanced the mechanical interlock and bonding strength but also increased material inhomogeneity, which may

reduce bond quality. Notably, smaller CA (5~10 mm) had a more significant impact than larger CA (10~15 mm).

Increasing CA content to 800 kg/m’ made the bond stress distribution along the splice length more uniform.

Extending splice length and increasing cover depth improved bonding strength retention and post—peak performance.

A formula was developed to predict splitting bond strength, aligning well with experimental findings.

Key words : ultra—high performance concrete (UHPC) ; coarse aggregate (CA) ; bond behavior; beam test; lap
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Tab.1 Summary of specimen parameters

WA S HRE R/ (kg m™) = /mm  c/mm  c/d, [/d, f/MPa  f/MPa ¢ /MPa 7/MPa WAL
DA-G0-S2-18-C1.5 0 24 42 15 8 147.80 932 1558  7.11 BEZIDEIR
DA-G4-S2-18-C1.5 400 24 42 15 8 15596 832 1233  6.84 BEZL IR
DA-G6-S2-1.8-C1.5 600 24 42 1.5 8 15769 844  13.49 8.59 B SRR
DA-G8-S2-18-C1.5 800 24 42 15 8 15936 8.15 1653  11.46 BEZLR IR
DB-G4-32-1.8-C1.5 400 24 42 1.5 8 16246  7.62 1506  10.77 BEZLRIR
DB-G6-S2-1.8-C1.5 600 24 42 1.5 8 162.60  7.58  14.21 9.21 BEZARIR
DB-G8-S2-1.8-C1.5 800 24 42 1.5 8 165.62  7.69 14.5 10.18 B ZARIR
DA-G4-S2-1.10-C1.5 400 24 42 1.5 10 15596 832 1351 1046 BEZLRIR
DA-G4-S2-112-C1.5 400 24 42 1.5 12 15596 832 1264  10.07 BEZLRIR
DA-G4-S2-1.15-C1.5 400 24 42 1.5 15 15596 832  11.83  11.76  JiMR+8F4mdR

DA-G4-S2-1.8-C1 400 16 50 1.0 8 15596 832  11.11 6.35 BEAAEIN
DA-G4-S2-1.8-C2 400 32 34 2.0 8 15596 832 1315 1007 kAR
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Fig.1 Geometric parameters of the specimen (unit: mm)
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Tab.3 Geometric and mechanical properties of steel bars

WA AR

d,/mm B/C) C/mm f/MPa  f/MPa  E/GPa
6 55 4.0 483 617 200
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Fig.4 Strain gauge arrangement on steel bars (unit:mm)

2 KBEAKRKRER

2.1 IRXEFBIFER

TP A T2 ZER IR AR XA B SR I 7 2 i A
1000 T L 45 ) W S ) 9 R A9 A BE T 1 ) N 1) B AR R
G, [A] IR P53 2, o T35 B A g
H BB SRS A A 1 25 2R i R AR R B D it
B BLEE R, AN IR 5 iR 3R 180 T A i r
NS



174 PN S QRS )

2025 4F

TRTEE,

DA-G4-S2-1.8-C1

(a) REEIIATFAE

(b) BUFRIR SR IE
B5 X3 R T B A BT
Fig.5 Typical failure mode of the pure bending section

of the test beams

RRAE SCHR L7 58 Hh 45 102 500 737 B 24T 24HL I, 95
T2 80 155 A X T S 1 3 AR v o HL ) Bl UHPC-CA 7=
A FR I RN g TR SO 7 S LR A 1) G R
4% | 25 A A U B B (RGBS S A AR I
I HM A, S BUR 5 UHPC-CA 2 8] () B 4550 )
REAG, de 2 oh 1 5 2 A9 107 0 1A R0 A 3 il g
R .
2.2 FHFHERN H-BB

MR 48 12 B R I 0 3 0 o] AT 8 e 5
UHPC-CA FHi Z [8] ()~ -2 /545 0 7, an= (1) P

_ A fd,
T mdlL AL (1)

P TR HE 2 B L N B A 1 - B A 1 T 5 A,
Sy 0 A A TR TR f Sk 2 B R it 4 A5 B4 il ) N T
PR R 7577 17 2 S LA R A7 A A 5 R 0 5 1, R
S EEA

ANFESECT R R 10 - 24 2 25 1 ) -
FihZe an & 6 s , W o] DLE 3 3 25 0
- MR 0 & SR ] Loy R 4 B B . 1) ik
Wy BE, B4l 0 Sy LR RS 0, e R R AR N T 8
/N, UHPC-CA 5 #5 M i A & A AR S 5 2) T
S48 K B B, B for 2R AR S 1 N, B H N ) i
5 UHPC-CA RIHLIRIE A VR FH A% 8 2 57 L,
[ B UHPC-CA 755 ffi i PR [ 55 R T 7= A sk 54 4%, Y4
T I U 60 235 0 B2 o i T A B A R S 4
MR 5 3) B R B8 R By B, W (L for 4805 , #5452 A A9
TR R IRAR R BG5S R, IR T e 4%
AHE DL, BY M R R B R T 4) BRI B, TE B 4G
N - £ 1 i B B s (R B 25 1 ) PR R R

T, IR 2R AR W B 8 45 10 T 19 40% LA I, UHPC—
CA TP 55 50 A3 U B AL B LA B B 4 o) 24 4%
I HEAE T AL [ 4EHF T #9757 55 UHPC-CA Z [H] Y 5%
REREEN ST .

---------- DA-GO-S2-1.8-C1.5
o ==]DA-G4-S2-18-C1.5
= = DA-G6-S2-18-C1.5
DA-G8-52-1L8-C1.5

18

15

12

S EIR 45 RS 1/MPa
=)

0 1 2 3 4 5 6
TEF/mm
(a)5~10mm ‘& RBPR 1%
sl e DA-GO-S2-L8-C1.5
— = —=DB-(G4-$2-18-CL.5
i<k — = DB-G6-S2-18-Cl.5
o :_./ \ DB-G8-S2-1.8-C1.5
s 1t J7 -
B 7 \ .
ﬁ% 9F 4 R
&&\ :o/ ....... —
g o6rdy e
B
3l
0 1 1 1 1 |
0 1 2 3 4 5 6
T /mm
(b)10~15mm F kPRI
sl e DA-G4-S2-1.8-C1.5
— = = DA-G4-S2-L10-C1.5
15k — — DA-G4-S2-L12-Cl.5

DA-G4-S2-L15-C1.5

S EIR 45 RS 1/MPa

()R E
gk e DA-G4-S2-1.8-C1
= o == DA-G4-S2-1.8-C1.5
5L = = DA-G4-S2-1.8-C2
£
§ 12 ,aA\\ -~
2o AN N
\ &
: g1 . -~
g 6F / A ein —
ol j' I ................
3 '::I
0 ' ' ; : :
0 1 2 3 4 5 6

(D PRIPR I



KR

BLAE : A RLE RHE e P RE IR BE L S AT B AS TERERT Y 175

T, BRI
KIEH B

BRARI B

SEYFE SR 1/MPa

|

|

l

1 1

S, S=3

W /mm
()Ml 7 [l &
Bo6 FHFL ARSI

Fig.6 Average bond stress—slip curves
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Fig.7 Influence of CA size and content on 7/f,
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Fig.8 Influence of splice length on z/f,
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Fig.9 Influence of cover thickness on z/f."
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Fig.10 Bond stress distribution along the splice length

with different CA content
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