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Abstract

Bridge expansion joint anchored concrete is subject to large impact extrusion load, so it should
have high mechanical strength and good resistance to deformation toughness. In order to improve
the impact resistance of anchorage concrete, a free drop hammer impact tester was independently
developed in this research. We prepared hybrid fiber concrete of C50-steel fiber-polypropylene
fiber-toughening agent, and compared it with ordinary concrete, steel fiber concrete, and poly-
propylene fiber concrete. The impact resistance of four kinds of concretes was tested, based on
which the impact resistance of hybrid fiber-toughening agent concrete was further analyzed. The
results show that compared with ordinary concrete, when steel fiber is added, the initial crack
impact energy consumption increases by 5.2 times, and the final crack impact energy consumption
increases by 5.3 times. When polypropylene fiber was added, the impact energy consumption of
the initial crack was increased by 4.7 times, and the impact energy consumption of the final crack
was increased by 4.4 times. When the hybrid fiber-toughening agent was added, the initial frac-
ture impact energy consumption increased by 9.7 times, and the final fracture impact energy con-
sumption increased by 9.3 times. It can be found that after adding fiber and toughening agents,
concrete can absorb more impact energy between the initial crack and final crack. Under the con-
dition of the designed mixing proportion, the mixture of hybrid fiber and the toughening agent has
a positive hybrid effect on impact resistance.
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TREE TG OURE R, SR RIS SRR . JURTEIE RIS K B ket i I R S v
T R AN IR L, TR T ROEC & EE et S e A AR D DL AR, R VR e K 52 R
TR, AR bR T (TR R AN BE TE 70 g R [ VRt P i D R 3 S VR - ARA
f0 2 SR PR AE T A e I 7 A R R S R B S5 A I B T i R A IR Sl AE B R R S B
173 WA E I N MY i S 2 e o 719 0187/ W IS SN o 9 T R m w1 R i K= 0 W S R S OO
RERTNIER

MR, LR EBE L BT FUBBIR N, Do R B LA M R it TR RE. LI SF 2R by
PIEFEH TRV AR LT AR s B L Ao i VERE, 2N LO%NET4ERS, FHLF4EdgsmiR it 1T
Jer 1 18.8%, IXEWRENEENG R 1IRE L PToh i ERE. T HEOR KA L, BRI R EYLr
YEMT RN ] TR B 5K b, Horb DUR TG LT 4o o RIRAE[3IW T 1 AR IR BE LB NN

DOI: 10.12677/hjce.2022.1111132 1186 +ATHE


https://doi.org/10.12677/hjce.2022.1111132
http://creativecommons.org/licenses/by/4.0/

EHLHL 55

I YER T2V RE , LR DA R HpUR SRR L FUhn s fE « Hidrom e A kg [H 41243 Al-Rousan
SE[A153 W T BRI A AR R o BORT s R B R B LB I PERE I RE I, A AT T 52 JIAR o S 8L I B[R]
om A, SRR, R EAETRE - RS BN 0.90%0, T LU 2 ook ke ARk af itk
REAGL R i far B BE 77, 110 H. 1.29% R 2T 2 FH B AR ) 1 BE 250G AN 0 0.99% 2T 4 F .

FE— LG EH, RANLT YL S SRR LT 4t [F) I TR eE g b, iR S [5]R FE R B AN - SR
IR AR AT YE )5, v PR RETR G 1 (3L 7 (AT 9 B PT i vy 36.3%, Hli-Co T 5 S W B2 /e 31.9%, B BTHL
5 L P 12 15 539%; Rai Baboo S5[613 id v AR G IE 14K - SRR A% A1 45 T di TR Ak 1) 2 Ve RE AT
PRI, JFEESL T A AEIRERE - 1 UOR SN BER SR 2 (M 2 tE e 22 AEWIPETT T, Yap 257158 H)
PEFEARIICR L TR AER NN B 1R i T IRBE L ITINE, ANETYE S RN Ia 274 7 ) i & o B 0.99% A7
0.19Itf, AR EF 4 1R A B E Fi BRI Bk A 56 B AR BN S R P ey o 1T — S8 F T R EILTR A £ 4V
1 70 s 9 P POV 2% SR g 0 B o 5 P R BRTHE AN K[ 7], Liang SF[8IRBUR M - XA T 4EiR &
I 2P AR IR RO, L 2:1 BOSUE R bt . AT, NN ER4E ] DUBR i e L BOR R, (HIX
Pk RESETH S BL A sz, JUHIR AR EFYEIR Bt H AP AEIR IO TG T . R, 5 SR A4 LR
ARETHE R T Mg g S At [ VR e L), 2% R L P o M RE 5O ORI & B BET T2 Y

AHE T LA IE C50 /K TREE L ONFEA, BRI I ANSRLT e SR IR T 4, IR T AP 4EpT e TR Bt
SRR S, FINSRA T A TR . XA IR A AR R AR R, AT B
AT RSB B R AR 250y, AR L AR PR AN, AT BA- 73 2 SO0y TR B AR e L A i b, R
I PERESR T ] BEINAR R [9] - R B0 FUBC & B Beit 1 4 Rk e it t: C50 + ANET4E + R4 + 1§
R Bl RER A e = e N L GER2Y) = N S R0/ dmm ST APNY A R0 O o = [ s - -3 S WL a7
B MBS EE AT 1 4 Rl LI pTr i ERe,  DAGRIB 2SR ERIE T b de e RE RO RE R, R4S
BRI LRk BEBON A RS BT % -

2. BRI
21 #BRAER

RIGWF TR AR C50 [RTREE A A Ik VR e L, 8 R AN [ I £F G R (H P AR 2T 4 9 Bk 1 R4
RYE)RIIFIF, AL 4 PRt YmIRAL L. ANAFYERE . RVRL 4RGN T 4 + BINIG
HYE + SEPRRR AL 4R EE L o AR DUE RO R, A4 2 2R FR L Ve 9 0.5%~1% [10] [11] [12]
[13]. TN LT4E M BRI Vi 0.5%0~1%olF [14] [15] [16] [17], XFVE#ET-45 A M RERI SR THAH XS H i .
SEA SR TR YOk, RIS AT [ SEBRRR R, 1o SO0 SOk B AR 1 7 TRIE L TP AR 4T 4 R0 SR TS I 27 4k (1145
NS89 50 kg 1 0.9 kg, #eH A BRI 55 0.64%F1 0.98%0, B E/F G AHKTURHIIB L LU
B, W5 B M ARHRE 256 1% K e T B 1 8% ATHUE, BImuw = m x £8%. 4 MBI R ik
BAMEL BN EWE 1R,

Table 1. Experimental blending schemes

# 1 AWBEAR

T RS Sk R+ BAME BNE
1 C50 / /
2 C50 LT Y Vi = 0.64% (50 kg/m®)
3 C50 KRRt V; = 0.98% (0.9 kg/m?)
4 C50 Y + BINIBAYE + HEH Vim =0.64%, Vix =0.98%0, My =M 8%
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2.2. EEREBETERME

KIR: EFXT C50 mamiREE L, ISR AIVE R A P.042.5 YW EERR KIS, BT K Ve R 1] 7 e
MARTTAE AR A1) “FHE R MKYE, 1% dh & BB =V Re 3 A & il IR R #h /K e A vEE )
(GB175-2007) (A K52

okl MERER A TE 2 A & BIEER) A0 N X, SR 2.4%, JUFERIEL 2.68, [FIAS & TiH:
RUEFRIIFFE CABPRRE TR ARMIE) (TG/T F50-2011) A s FHAERLR AR FE XA R A
f) 5~20 mm EELEHECHEA, Horb 5~10 mm 15 30%, 10~20 mm 5 70%. X5 AT P RE AT 4% T AR P R 1Y)
e (ARG THARMNE) TG/T F50-2011) K .

Ke WRIEHACHRAK, FE CERARERR/KERRAE) (GB175-2007) 1) E 3K

WK : SR FH L 78 B A0 A PR B 2E 72 () HT-HPC SRR IR m ME RS UK 71, 15 8 9 IR KHI 1.0%,
SRR A CGREE AN (GB 8076-2008) H [ EK .

23 BERRLANEAL

X T C50 FEHETREE L AL & L, IG5t 225 Sk T2 s F 8T, KK LR EY 0.32, /5 R HYX 36%,
Bi & b 2 FioR. IR 2 4, B4 34, bruEFRA 7 d F128 d 5, MRS AR E
SRIEME . W3 7 d PUKSRE(E Y 48.9 MPa, 28 d HiLIEHEEE A 55.2 MPa. WAL, TR WAL & Lt B b
S JE ORI PR, MOBHZIL A LR R i VR e - LA L T %

Table 2. Mix ratio of C50
2. FHAEREL C50 MELALL

kL & K b e K IRIK )
JEURE R (kg/m?) 485 652 1158 155 4.85
=] 1:1.34:2.39:0.32:0.01

2.4, MHHIF

AARIG A 2 BT 1Ry OFiE, B ERTSITA TR, FER5, FRIASBOK AR AT
F, AKFAIAKHERE, FKEM K E R, 50K A b I, RN TR @8
FEIRIG, MRPE (AR TAR/KYE MoK YR iR & IRIGHIFE) (ITG 3420-2020) K J7¥2:5¢ B RvE ke, e rp Py A
TREE LR B S ME I AE 30~50 mm X [H], S5&REME, Hoe RARERS) & BB A 7 . @i
B, RS TR SR A N, HORIE—E I E R, RSB E TR & LiRs), HRRmEXK,
PRENGERGUTAB R 2 RELGWEEE, YREANHE, FoRIFEgRS, AR,

BT B e T o e, AR A 4R TR AE I8 7 VAR 1E ) (CECS 13:2009) #1 ACI-544.2R-1989-R1999
AR, A RT3 BA% 150 mm, 5% 63 mm (£3 mm) R GHE, Ak (A BR LREKIE K
VEVREE TR FENITG 3420-2020) H HH 7 1 [ A3 iy Co 0 e 3 52 45014 (©150 mm x 150mm) i[5 #4: 5h Oo brt
SRR AT (9150 mm x 300 mm) ) &1 o

3. pubEHiE
3.1 (AR SHE

1E (AR TREAKYe Sk Je iR EE R Ie ALY (JTG 3420-2020) 4, HETAIAL B —Fa 2ok g g 31
W BE RIS T2, A S R E IR L ST 4R B+ & S HEE I — TR 5 i ——v% s
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15 (Drop-weight test) [18], Ff&5A RIEHE TR 2 4% 00 B R AR e CF kTR 00 77 A AR AE)
(CECS 13:2009) 4 )i ikin ik, B FEIFR 7 —MH T RS Lo ae i s,
E 1R, 1% HE HE MRS FEA S 1) AR/ RSN 4.5 kg 2 Sl ik, phas
(T ks B 1 S 500 mm; 2) ELARSA 63 mm I SRENER; 3) W 1 E S AL KSR, T

—
] N 4-Skg i e ot e
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Figure 1. Design drawing of drop-weight tester
E 1. BfEEp ROt E
H IR KR EE LDt iRk gn A, 72U RS B EAa S5 & SehrAd: = s AR A . 138

| >R Y B el By, o 2 R RO AT A B F T A B A Il + 0 A5, IR 3% 7 (4
YLV e+ I6 T VAR AE) (CECS 13:2009) HAH A R b, g 1 AIe it Fl - #H RSF S8, T
EACE) I T R IR e i B Y, BAR & AR AR 3 A RS 5 56 R R e 1 P25 A SGI6 AA8 R AR R
XHHERTLABIREE 3 Fn. @5 IERE™] KEME, Ikl T CCSR-150 RUK IR A+ il f, H3:
ERRSHINE 4 s, SenlEl 2. 18 3 ME 4 Frs.

Table 3. Comparison of tester size
= 3. MR xRE

i ACI 544.2R.89 ENFE

B 5T 10 Ib (4.54 kg) 45 kg
AN 18 in (457 mm) 500 mm
&R EAR 2.5in (63.5 mm) 63 mm
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Table 4. Technical parameters of CCSR-150 tester
% 4. CCSR-150 IR I Ui R& %

BARFEbR ZH
Frife i g 4.5 kg (+20 g)
FriE H 220 V %22 V/50 Hz
RIS R4 63 mm
TAEMERIR 10~40 (°C)
RSN R 900 x 600 x 1430 (mm)
TCAEPR B AR XS 30%~80%
FHEE 75 kg

Figure 2. Horizontal substrate with fixed bracket

2. HEIE AR FEAR

Figure 3. Controller of tester host
3. I ENIZFIFE

Figure 4. Tester host
B 4 3 EN
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3.2. MRAFE

FIFH B E R B HE PRI, K 28 d WA bR AE AR E B R b, DT AT,
PRI EZE 500 mm Hg bR e 2R b REITaR ), Mk EERE e R4, EHAEST
¥, BB AR TR B TR B AL T ANER, AR E B P BE SO — R . AR B AR R
FAFAR AR, ORI IS — R R REGES, it IREOD SOV T O Ny SR A B
A SR BIIR, DRSEBET T — bl 3, Bk 5 4 A FEE E S P AR 3 A B
I, Kz BOE O 2R P B Nopo IS A 288 o o805 28 2Ry (CRRCRT AR SR SR Uk - 1Y
MarFERE . FTRAZIR A () 5 A K (2) 7 v A MR B R s FE AR S A R AR RE .

W, = N,mgh @
W, = N,mgh 2

X W——HIR P FEREQ):
W,—— &R FERE ()
Ny ——3R ) L B s UK
Ny—— SR B IR IS 1) b s TR
m——P R & (kg), B m = 4.5 kg;
g——E Ik E, B g =9.81 m/s;
h——rpai i %, B h=05m.

4. BRS5VWL
4.1 MRMEFGP TR

FIRRIGHT FUT 5, W RANIAS 4 MBS TELTT SRR EE L IR P T R Ny 28 28 T Noo SR 70931
A R(OMAK(Q), THESRIWIR M EFERE Wy AR EAERE Woo 2Pl IR & ZLRE I
K5 R, BEEAR B IR ST R WAL 5 MK 6 .

Figure 5. Initial (left) and final (right) crack diagrams of various blending schemes

B 5. 2B RMVIRE () FLRE(R)
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Table 5. Drop-weight test results of various blending schemes

5 BBEARMAPERELER

EIES: A
Bl i & W EE mm
PR B Ny PR FERE Wo/d PPk N, philikERE Wold
C50 i@ R At + 62 26 566.53 31 676.89
C50 + 44 63 160 3486.34 193 4267.35
C50 + W ImeT4E 64 146 3215.23 168 3708.18
C50 + W&F4E + WML + )5 63 278 6128.80 320 6972.68
7000 P
A
6000
5000 +
= L
W 4000
1
£ 3000 |
2000
1000
0 Y
C50 C50+4N C50+% C50+H4R+5 413
e Wk

Figure 6. Initial and final crack impact energy of various blending schemes

El 6. BIZEHRMVRREFIPEFERE

W FE R AN R T AR RE W] 0 | AR AL TR B L AETT R AT AT e FE R B i PR e . 45
R, AL R PIMERRE, G DT PERERIRIR T, JIMAANLT4E)E, VIR M diAEREsR
THT 5.2 4, ZRMPIFEREIET T 5.3 . MIMARWIGL4E)n, VIR GFEREIRTE 1 4.7 i, AR
FERESRTT 1 4.4 1%, PUAN 5 MO LT S TRt 0] 5 S YRt = bl AR RE A SR TG B - MM TR 2R T 4 + 3
WG, WIRhEFERESET T 9.7 ff, ARphlTRERERTT 1 9.3, A T KIEEE ST

IR N YEA SR BIAR R e R FT st i R RS A AN FIRR L ROER T, ANAT4EA T BRI AT 4,
Probi e ST R . JUHARIS BT C50 + ANET4E + RIIGLT4E + MR TT R, Probdithag
AU, FLATIRAN LS (R FEREFEAL T PRI N YD £ 4 I b o FE REZ AT

4.2. FRERHUPTIEEE

X I RR P PEREHE , IR A RFERE S RAEREM Z(E19], XM /> FEREZ [ W] R BLIR Bt
TIEFFIRERLS, R LAk ST i T AR RE /). 4 FRIEE T IR A LR Y BE AT LA 2 1) v i g
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BEME T Pse W, ASINEF4E Rl R AR IR GUR W AR B Z i e EAR D, R
WL, BN YRR EE TR A R RIFIITIrh i tERe, BB RIGTLENSZE — i, XEH
NI T YERE A R AR B “ hrlbr 7 [19], TOANET4E— 5 I HTHoom B sy 5 TRl o i A4 5 4 [
[20], 55— J5 HIEMETAEFVE R R, RERG S BIR IF EREAML PR I [21]. ASCE SR T C50 + 4ZF4E
+ RMGEYE + HAWHT SRAETT R PRI I RE B B K, i it T il ke ke £, DLW A 21 4R A )
FIRIFE RIFRTT TR LRIBIE, A2 AETT 25 T LUK B 2 b i e &

900

800 |
- 700 |+
=
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H
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Figure 7. Impact resistance after initial crack of various blending schemes
7. BBEHRFARBHGUPTERE

4.3. CTHEHESE REAAUER AN R Y
YR DT D EREROIRTIRE L, W PR o RBORRAL, 2 R PR s i HIR IS RO I
PRA] AT 4R 2 O, R BOR AL . 2T 4R35 RECR M A X (3)THEL[20] [22], LR A RN AR B T80T 1%
AR FH ZE (VR0 E BT 18] [23] [24], ASCR A A (@) T 7.
f

ai:f_' 3)
f—f,
- 0 4
IB Z(fi_ O)ri “
Vi
ri=_
V
2n=1
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Horbre o NEPHENTIR R B SRR R B VIR IRET YEIR BT ) A RS fo iR et )
FUERESHG VRS | A AERRE L RS B CE (R B R T B S IR IR AT A, RO
JIFIERESHBORAT IS AL ) Vi TR IR T4 | TREE L LT AEAAR v NIRRT YRR B L rh T 21 e 1) Sk
Ho > LINP AR, a< 1A RN .

Table 6. Fiber reinforcement coefficient of various blending schemes

6. BB RMAYHERRY

L WIES C50 C50 + 4 C50 + & C50 + 4N + B + Hi¥
\ . GRS 1.00 5.50 5.62 10.69
LY R R AL
AR 1.00 6.23 5.42 10.10

BB T7 R0 R EOT R AR 6 Fron. 0, 0T AN o far 28 28 T F 40 B ST B B
RIS Y. B RNIGYE. RN IR 4E R IR AP RE 5], 2R e sm 2077y 5.50. 5.62.
10.69. BANLFAEXIWIRATIIPIrh iV ERESRTT EUK, B NETYE S B R AT e IR TR B 350, T8
IR AR LT AEMIE DI AR T 10 15, ROREINEZE o X T MIR ol 7 3 2 VR e iR A R i 4t 7,
BN YE FI5 TEI £T HE A [R] N 12 AN 2T 2 5 3 A 21 AN 0770 10 2T i 39 55 3 5003 70 - 6,23, 5.42
A110.10, W] ILEBANLTAENT A R PTrR dr M RESRTE ORI T 5B IR LT 4, S INNETHEIR A IR 2T 4 A
BEIFIT RO AR, R A R IR R L TR b R BRI T 9 e £

A LSRRI A (4) P ATH AR RIRI R I AT 4R A RN R 80 1.26, 450N 1.10,
BIRT 1, LT YRS PG 2T 4 2 AR DL B B A IEIR IR . — D7 T, G050 A N AT LR VR e 1=
I, ARORARER: J1—JiTH, R SCHTHIEC & EERT LTS 70 R AL AE R SE IR T eI AL 5 . AN AT 4
SRR R, AT DLBR R AR L ARG BN, ARG SR I BUR S AR AT RIS T 4ER AR
SEVELF, ERONEREEY el BOR B 2/E 1 [23] [25]. fEWTHRAREI4ERIRC S LU, N RIIN 25 B 2T SR8 5 2
KRR 2 2800 2 H

4.4. S SR AL HERHEE IR

TR AR B ASEH B Z R A RL, A2 0 E i o e 800 W2 (L A e dm TR - 9 T
JRERCRGEM LI . RSN AT, PREEMILIA AL AN gk b, BETIREEY e, HEBIR. R’
e prob R RE IR T — 7 HAE TR MR B L 5B, S — T HAE T IR miR st L I .

WICHE TERR A G PR 2 — R s 0 TR G, EERE A5 . TR R
LRl ditERe, EERENAWA: 1) EMRERZIERN, REWSIEKIE R IFTEIL T &K e n
H[26]; 2) WEWHFEKP LR EWABIL AL, W% TP KT, jab T 5 R
W N BRI EDR, PRI AERAERCR, S m iR iR I [26] -

YIRS S =LA A, AR TR sk I . TREEEA S KR 2R m[20] [25]
R “E ARG, R R ORKIsh i RE R . [N, ZF4ER)FEE AT UG TR RE - B S AF R PIME AN
P, BETSRTHIA T ERE . LT e R R, RO R 4Es M RN, ROPEgE . Xtk
FEASAATTAE SOU SR S AN 2 AR BRI BOR AN FIRE L O o 1) 8 JiR 2% T E OGS e o 1k RE PR 4 S L AR
M g AT EAE AT, N ERSLIR A g5 T AN SR T e, B BIL RN, REE
B2 Ay B, K N e RS 1 [20]. RPTIGETER SR R, BT S OSEE, 2 op
tr AEE A LSS RE[25];  TAWLT Esf PERC B B, ARG N T Ao IR B T I BE T BE 5 o B i
g, Reg—bkRE, BTHRRENAR, RN e 2 RS LA Ll N4
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Figure 8. Crack resistance model of steel-polypropylene fiber reinforced concrete
8. W - RAGLTLER B LR ZUREY

2> B8 BRI E Y, E— DRI . ARt TR SN AR G AN O AR S 1) Hh BRI R 8
AR, RGN RIIN (A8 R EUAA S, AERERE KR Py B AR, 3871 1 b b se.

5. &hig

1) BFEIFRME HEERT IR, WAEHETTE, R e, R T 5, ReIRLT
HRBADLTR B - 52 b far # AR F I R, B R AR S FH AR E

2) MO ARSI AT LUK IR $ S g - B ae A 2 b e e &, G R [ VRt L 1 oo T s i
IR SCAT BT IR & b, TR IR RERRIRTT T 4.7-9.7 i, AZPHAEREIETT T 4.4~9.3 fi.

3) AR philFERE IR RERE B 2 T DAV IR EE L i Broh i e RE . m RS WIS 4k R 2
forh BERLIR /N, R ISP, T 2F 4R B AR, rTRIE S S AR b e,
TIN5 (VR A 4T YR LIRS (P T RE SR

4) AR A Y R RN L AR VR I BN R AL, P CAER AN 3 BT 27 4 6 VR i o R ) 1 s B R AT
AR WRRECN 5.50~10.69, Hrrbdi R ACRIRTH R E WIRMARNR AN R 50 1.26 A1 1.10,
PBIRT 1, RIHAL R B IETR A8
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