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Abstract: To investigate effect of strain rate on chemical adhesion force and friction on the bonding interface
between carbon fiber-reinforced polymer (CFRP) bars and ultra-high performance concrete (UHPC) under impact
load, both static pull-out tests and longitudinal impact tests with the 4.0 s™' strain rate were conducted on UHPC-
filled anchorage for CFRP smooth bars. Totally, 24 specimens for eight test groups with 20d-35d (d is CFRP bars
diameter) embedded lengths were prepared. The results show that both static and longitudinal impact specimens
fail in a similar pattern, that is, all CFRP bars slide out UHPC regardless of the embedded lengths and load types.
However, the damage on the surface of CFRP bar is slightly severer in static tests than in impact tests. Under the im-
pact, the chemical bond strength at the bonding interface between CFRP smooth bar and UHPC increases, thereby
leading to an improved peak bond strength; however, the residual bonding strength (i.e., friction) at the bond inter-

face decreases. Compared with the corresponding static test specimens, the chemical bond strength and peak bond
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strength approximately increase by 53% and 17%, respectively, while the average residual bonding strength de-

creases by about 38%. Besides, a prediction formula for predicting the dynamic bonding strength between CFRP

smooth bar and UHPC under impact loads was established.

Keywords: carbon fiber-reinforced polymer (CFRP); ultra-high performance concrete (UHPC); impact loads;

bond strength; embedment length
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Fig.1 Smooth carbon fiber reinforced polymers (CFRP) bar

used in the tested
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Table 1 Mix proportion of ultra-high performance concrete (UHPC)

Component Cement Silica fume Quartz flour

Quartz sand Water reducer Water binder ratio

Mass ratio 1 0.25 0.25

1.1 0.02 0.22

1.2 gt

w1 Pk K ob X A R B BB
CFRP f7 . 12 56 vy B L A1 [ 2 vl L =0 o 4L B
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B B 5110 300 mm, 7 PP A Y [ X iy
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k1 200 mm FY & Fr 3R LR AT A BT Rk 4 2
FL iy A0 9 £ £ AN 58 SR 1% UHPC R 25 4 i 4
B, B T Y AR FRE )R 43 538 42 mm Al 3 mm.

i Sy A a) w4 0 1 56 S 0 R 56 i
B 48 [, 4y 5k 20d. 25d. 30d A1 35d (d=
8mm, d Nt ER), WilH/ET 841, 43
A Iegt 24 R, BT KA I 2 s

26 v R 45 R Ly B i B R A A
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1.3.1 #hikitsm

P T R 0 e il R AR IS L D

el

Experimental

fReliable anchorage-UHPC fCF RP bar anchorage
e — T —
20 500 . 300 16IO/200/240/280 20

(a) Configurations and dimensions of static specimens

; Wedge anchorage :CF RP bar : Steel anchorage ;Um»c

200 300 . 160/200/240/280 _42(?__

(b) Configurations and dimensions of longitudinal
Unit: mm

Bl 2 o S bl S SR
Fig.2 Configurations and dimensions of static tensile and longitudinal

impact specimens
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Table 2 Overview of the test specimens

Specimen Length of reliable anchorage/mm Length of test anchorage/mm Free length/mm Length of specimens/mm
S-L160 500 160 300 1000
S-L200 500 200 300 1040
S-1240 500 240 300 1080
S-L280 500 280 300 1120
D-L160 160 300 680
D-L200 Wed 200 300 720
D-1240 ecge type 240 300 760
D-L280 280 300 800

Notes: In specimen codes, the first letter indicates the test type (S—Static tensile test; D—Dynamic impact test), and the second letter is
used to differentiate the anchorage length (160 to 280 mm denoted by L160 to L280). For example, D-L160 means the impact specimen

with a bond length of 160 mm.

KT TR AR FA N, mE 3 R, K5
AR, R HRIIK R A BR A /A 77 1 H
{ii # i1 (Linear variable displacement transducer,
LVDT) 0] £ i [ s 88 5L S 30 i 6k 2 I 28 0 Fn
F 0 7575 4 ) o RS e, 8 R ) A% IR ) i
b gy o AR CHN 7 A E . e BRI
P2 2% ) (GB/T 14370—2015)% 1 ( 5 1k ik 1R
R 7 bR UE ) (T/CECS 864—2021)%, X # 1
AR fer B R 2k, B 2R AT 1 min J5 32K
AERE BB 7 B e RS (E

(b) Reliabl Centre hole Pressure
CHavIe  jack transducer: Experi 1
anchorage - xperimental
anchorage
LVDT - VDT |
I

LVDT—Linear variable displacement transducer
3 WA

Fig.3 Setup of static tensile tests

1.3.2 Zhn phdi s
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B TR, A B SO AR PR b
5| R Y &5 F R AR R — AR 0.1~10.0 713 R
RIS B H bR AR R 4.0 57 38 i T A PRI
I 75 Y e S N 570 kg, w7 R 200 mm
mF, g K BE 20d A 35d 1R F 1Y A F 43 K
3.59s7 Al 4.20s7, ik iE 2 5 I 242k ] 570 kg 1Y
) B 200 mm B whih i E

SN TR O e SN % 2 /Sl WA o W [ B = 93 b <.

Sk T 9 o o O T A HCRE Y SR TR, i X
PR NN 16) 32 33704 ks A3, ol 7 T B e e
AT RO 80 mm, SR T 0 A T I i
LA B 0 3RS A, B A B 5 TR
LU 9 27 03 e 1o 8 T ) A g R A
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Lifting device

Impact hammer

Safety catcher
Reliable anchorage
Nut

Pressure transducer

CFRP bar

Movable frame

LVDT

Fixed frame

Experimental anchorage

Fl 4 il i

Fig.4 Setup of longitudinal impact tests

2 KEERKDH

w7 Ko i g 1 R EEIR MR 3R,
FEARXAE A Bl A B AR R &L R KRR I Tpaxe
5 Tax ML AYUEEDRE S SR 7, AESE KRGS SR 7,
BRAK G50 L ., (R 3 Rk ) o i1 B 5 ARG 45
5i B T A% 15 mm 20X N B RE S5 I ST, P Y
R 45 15 3 ¥ 4E W B (A 15 mm J5 B Wk TR E ).
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Observation of
fixed anchorage

LVDT

H5 SRWSATE
Fig.5 Arrangement of slip measuring point
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ndl (1)

K T IR KER ) (KN); d 2l CFRP DG
(B 753 ) LA (mm); 1A 50 v £ 14 4K B2 (mm)

SCHR [32] 22 SCAK 27 R 445 5 BE SRy 000 06 I 48 Bk
45 W 7 -1 A it Ze b 3R e AR Yk SO A X
M 7. 3 S-L160. S-L200, S-L240 FI S-1.280 iX
4 21 73 08RG 45 N T - R 2 A3 A I 2
H# 0.09mm. 0.10mm, 0.11mm Al 0.11 mm 4t
R A BAR L, JREVRPR MR SR RS
B 0.10 mm Z2 A7, PRI SORE 0 Je 9 1) o ik
1 B A 2 i 3 i B B o #8809 % 0.1 mm A0 X )3
HIREZE N IE, 88 140

Bom SR TG, ARE 4B i
T v 2 0 A L 8 s Y L PN A R A A A
Ko
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33 CFRPtEf5 UHPC #h45ik g Wi F AR
Table 3 Typical results of static and impact tests on CFRP smooth bar and UHPC bonded specimens

Specimen  &/s” /s Tpa/ KN Tmax /KN Tw/MPa  7,/MPa  #/MPa  S/mm  §o/mm  §./mm
S-L160-1 12.35 0.56

S-L160-2 — — 11.61 11.96 2.98 1.24 2.52 0.37 0.46 0.48
S-L160-3 11.93 0.46

S-1L.200-1 14.29 0.49

S-L200-2 — — 15.13 14.72 2.93 1.20 2.50 0.50 0.53 0.56
S-L200-3 14.75 0.60

S-1.240-1 17.74 0.65

S-1.240-2 —_ —_ 17.23 17.30 2.87 1.21 2.50 0.61 0.61 0.65
S-1.240-3 16.94 0.58

S-L280-1 18.56 0.64

S-1.280-2 — — 19.73 19.57 2.78 1.16 2.49 0.66 0.68 0.72
S-1280-3 20.42 0.75

D-L160-1 3.44 14.30 0.97

D-L160-2 3.67 3.65 13.93 13.96 3.47 1.93 1.60 0.77 0.83 —
D-L160-3 3.83 13.64 0.76

D-L200-1 3.95 16.13 0.85

D-L200-2 3.29 3.70 17.15 17.06 3.40 1.87 1.58 0.89 0.91 —
D-L200-3 3.85 17.90 0.99

D-L240-1 3.93 21.21 1.10

D-1L240-2 3.89 3.84 19.19 20.31 3.37 1.79 1.55 0.96 1.01 —
D-L240-3 3.71 20.54 0.98

D-L280-1 4.42 23.40 1.06

D-L280-2 3.86 4.06 22.46 23.48 3.34 1.76 1.52 1.03 1.08 —
D-L280-3 3.91 24.58 1.14

Notes: &, Tpaw So— Strain rate, maximum load, slip of specimen corresponding to the maximum load, respectively; &, Tmax, Tm, Ta) Tr) S0,
§.,—Average value of the strain rate, maximum load, peak bond strength, chemical bond strength, residual bond strength, slip of
specimen corresponding to the maximum load, slip of loading end corresponding the free end start slip, respectively.
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Fig.9 Bond stress-slip curves of CFRP smooth bar and UHPC bonded

specimens under static and impact loading

J1-TE R i 2 vl W 3 S W {ESCHT . S Y B
B A 15mm J5 e g B, HiagBi
F ERE 3E, UE Bh R R A A 2 T
SO e, EEE R EOE R E TG

(2) Toie S g & 3h 1k, i ,
R A2 0.1 mm B, K545 R 77 -1 B ih 2 1
BRMEOCHR, HB B R 45 0 BT i Aokt 25 ) 4
fit; BEfr 23, MR EW K, CFRP S
UHPC 5 17 DA 028 3 () I P O 28 7 TGRS, % 1 1)
AR g5 T e ok, 2 AR Lk, S N
07 325 H 1 R JBORG FS J3 1 Ak 2 R 45 R A SR T
) JEE 4 A FH G [R] 41K Bt B 28 30 36l e ) DA A . 0
B S W Bt IF aR I R, R 1 R Y B O A
MR A= R 45 ) e A e, KhsSs LT 4
0 R BB g 4RI L aX N FR 3 B Al A B F g
3 16 S 0 AN Nz g RS A S, 5 UG A in 2
ity ) T8 B (EL S B R 2305 AT LA HE T i

(3) W% 0.1 mm B, Bl J7 i 14 B KG 45 B ) 8K
w1 R 2 53%; 1T AR A T I B A R 4 8 R AN
HH I R 2 38% . 2B CFRP Y68 A #1 5 UHPC A
T 14 Ak 2R 45 00 LA TE 1 R A8 SR A8, T A T 1)
V1) T Bl JEE 4 g O] S R 7 1) 0 A SRR P
2.5 $#EKEX} CFRP X E A5 UHPC #4557
EiEE. SN
2.5.1 XA 2Rk 45 01 B R

AN TR i 4 BE TR # 7 S g ) o s A 2R
S BE AR AL 4> S A0 18] 10 FIFE 4 TR, AT, 4
B G B 20d 2 W K & 35d I, #R Ry



FEIESC,5 . b /EH T CFRP SGIR 57 5 UHPC K45 1 68 1 i 56 A 5

- 865 -

1k 2% Kh 45 5% B 4 9 R 1.16~1.24 MPa, {4 K
1.20 MPa; 2 [ oo 3 2 19 £ 27 R 45 5 2 D) 43 )
4 1.76~1.93 MPa, ¥J{H & 1.84 MPa, 7Rl B A A
[ T Bl i . S S LA a4 A
PR As Ak, AR Ak BE A /0N 5 T A T Ak 2R 2 R
LA Y OE AR SR AL o AR R AN 4.0
if, CFRP 65 UHPC Ftifi i sh A4k ik 25 0m i
AEAH R B I E R 5 24 48%~56% , YIEIE 4 53%.

4

—=&— Static
— o— Static average
- —®— Dynamic
E 3 L — o— Dynamic average
=
1)
)
2
< 2t
= —— R -
o
O
E
g = I —
< 1 F
O
0 1 1 1 1
160 200 240 280
Embedded length/mm

P10 EE B CFRP GRS 5 UHPC K& I 2 R 25 500 BE 1 50
Fig. 10 Effect of embedded length on chemical bond strength of CFRP
smooth bar and UHPC bonded specimens
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Table4 Comparison of static and dynamic chemical bond
strength between CFRP smooth bar and

UHPC bonded specimens
Embedded length/mm  75,/MPa  74,/MPa  74,/7,
160 1.24 1.93 1.56
200 1.20 1.87 1.56
240 1.21 1.79 1.48
280 1.16 1.76 1.52
Average 1.20 1.84 1.53

Note: 7,, T74,—Static and dynamic chemical bond strength,
respectively.
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Fig. 11 Effect of embedded length on peak bond strength of CFRP
smooth bar and UHPC bonded specimens
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Table5 Comparison of static and dynamic peak bond
strength between CFRP smooth bar and UHPC
bonded specimens

Embedded length/mm  7yn/MPa 74, /MPa  741/7gm
160 2.98 3.47 1.16
200 2.93 3.40 1.16
240 2.87 3.37 1.17
280 2.78 3.34 1.20
Average 2.89 3.39 1.17

Note: 7, T¢m—Static and dynamic peak bond strength,
respectively.
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Table 6 Comparison of static and dynamic residual bond
strength between CFRP smooth bar and UHPC

bonded specimens
Embedded length/mm  7,/MPa  74,/MPa  74,/7,
160 2.52 1.60 0.63
200 2.50 1.58 0.63
240 2.50 1.55 0.62
280 2.49 1.52 0.61
Average 2.50 1.56 0.62

Note: 7,,, 74,—Static residual bond strength and dynamic
residual bond strength, respectively.
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