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Table 1 Mix proportions of ultra high performance cementitious composites

X’Eﬁg*/fﬂéﬁ% wce/% wsi/% wore/% SDSP/% @1)51-‘/% m(;/mb ms/mb mw/mb msp/my, fc/MPa

M, 50 20 30 0 0 0 1.2 0.19 0.02 123.6
MSF3 50 20 30 3 0 0 1.2 0.19 0.02 231.6
MDSF3 50 20 30 0 3 0 1.2 0.19 0.02 201. 4
MGI. 2 50 20 30 0 0 0.6 0.6 0.19 0.02 150. 7
MG1. 2SF3 50 20 30 3 0 0.6 0.6 0.19 0.02 247.5
MGI1. 2DSF3 50 20 30 0 3 0.6 0.6 0.19 0.02 206.7
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Fig. 2 Damage of targets subjected to the first impact
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Fig. 3 Damage of targets subjected to the second impact
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Fig. 4 Damage of targets subjected to the third impact
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Table 2 Penetration depth of targets subjected to multiple impacts

h/mm
LR e
E RN 2] %2 EY %3 WEY
M, 54 77

MSF3 51 54 60
MDSF3 53 58 73
MGI1. 2 31 64 66
MG1. 2SF3 24 43 60
MGL1. 2DSF3 28 33 63

MM, MG, 2 BB S50 25 500 LT A5, 2 s M R AR 2 4 i SRR i PR M Be L M, B AR 420t
2 Wnpl i B A, T MGL. 2 SRR BEZR 2565 3 Wby . N MSF3.MGIL. 2SF3 4K %} [t fil MDSF3,
MGT1. 2DSF3 #{A XS L rT DL B 2F 4 FURLE R 2 A BEA R b 32 S A RS 1 IRBLIE I RIRE ). 28 1
URAZ A ) o 6 AH R £F 48 1 B R 3 o 1 1 00 F o i ACKL B BHIS S IR 19 42 100 TR B 4 s /b T 52, 996
A7.2% . 55 1 AR, e oo B R X - 5E B] TR RON 3 R AR TR IR B . SR MR 2 2k
s J s 5 Fe) AR A0 20 T R 2R R Rl R 3R A ) 1 o k5 KL X AR A8 8 A A DN



5% 6 R P A . R PR RE K TR A B AR 22 R T 1 RE B 5 605

3 BEMEKEEEAMBSRKEMNRESRE

1£ Forrestal B —{2WIFIAI G FERE F L], T. Gomez 255 & JB T 2 AR 11 2 T FR S8 1) 22 5623 2
_ m Noot
h —Znaszln(l -+ S7. jTL 4a @)
K HEEE m AT o N F AR, o0 WK T, o, T #0056 5, O IR A BT
JESRE .S AmERTF, NH FRXFER

8w —1
24V’

A O AL AR R R B A TR A SR IO i S A H R T .
FIA . T. Gomez %w KM 222 A G A X m The targets without coarse aggregates
BRI HE T LA U451 WA S SHKHEAS 2] @ The trgets with course ageregates ////

LIRS IE £ 2 55 I 5 R, il \\\\\
V1 5 T 0. 4 L b R 0 1 25 50 B ' e

DA H % 7 e B R, 0l 2 3 A 2 (D) L AT L 24r
SRR RS 1 ORI . IR A HUIEBIE  « ool
R S5 S R 10— A R A5 1 S v R R R RS -

/5 h AR EI R T AR R T T. Gomez 571 1°[
H AR IR BE 2N 2N LR L 45 4 AR S 5 1) B8 e 12-\-\
SRR R . B AT LR SR R R A i e S
FELE R S0 0 1 8 B TR 7 AR AT 25 8 3 1 X0, X oL o 1o w0 240
SRR ZE AR G . F SR AR AL P R B A B 4240 J/MPa
BLEER —FF Ak 20 7 3™ 25 W R % 1 B5 1 wEmNS Y r mEkXR
HE IR e T30 A AR A B A VR SR 1SR R T T ME Fig. 5 The varying relationship between S and f.
b 2 e 1 A AN ] 25 ) L P9 A Rk et 42 A8 B 1 B on the first impact
1A PERE , F AR T BB R SR E AR R 2 A
ST A B Ok,
AR E R R AR S=32.5—0.20f.+4.0X 107" f? (3)
A ML R R A S=96.8—0.75f. 4+ 0.002f* (4)
Wi 5 52 100 U 5 388 s YRR A AR DN R G R BT B3 IR B AR DD RE B T R, FH P bR R S B
JESRE R B BRI RMEE N O AARIE. J. T. Gomez Z5 R T 52 MKEn A K MBIELA X BIE T 5
JEF S, X AH Y TR A B ASPURRE R — NG, 2% ). T. Gomez 5 1 BB % S
=S(aX In(n) + 1) Ho n Ry ihds B, ok 75 5 22 H 4R
3 3% AN () 24 S 1 50 AT AR G 1 0S40 B L T DA B8R R 1 o fE [ R BN T AR
HORH AR AUUE IE S 3R GB35 211 72 10 2R 0 75 X ARy BRI TE IE . T AR S AN [R] 2 A
FOA R A7) e i B PR T AN — A PR R Bl ot R R ) 1Y) i 0 N L R AR 1 A A R B T R

(2)

_ m Np'v?j
h _ZTcaZlen(l + ST, + 4a (5)
A, S =S(—0.26ln() +1) ,
X B AR R AR, R IIR S T R R
_m Novi
hiZnaZlen(lJﬁ S/f‘cj+6a (6)

A, S =S(—0.62ln(G) +1) .
PEFORIB T XM RAE AT B E S LR AR 20, % g R anE 6 MK 7 i, MWEH



606 DS 1 5 et i %33 %

C2y-s¢ Xﬁ?ﬁ/ﬁ?*ﬂﬁ’**ﬂrﬂﬁlﬂﬁi A AR B RV 5 S B iR 22 B . (B T & A
LB R A R )R AR R R B A5 R L 22 0 U . B DR R R A D R A B AN B 2 4 L
&giﬁ”\‘ﬁl‘ﬂﬂ’ﬁﬁﬁ?Vﬁ%&ﬂ@ﬂ@%ﬁ%xjﬁﬂib BT 2 AR IR BE 15 T T 55 182 5 B2 AT AR G 19 Xk 7 4R 1
75 Ml 2 S 56 R AN sl G M A AR — E R R R 2

(a) The second impact (b) The third impact
0.10[ —e— Theoretical value 0.10r —e— Theoretical value
= Experimental value - = Experimental value
0.08F . 0.081 .
e . -
P R e S 0.06 G
e X " . \.\ g ]
= - <
0.04+ 0.04¢
0.02+ 0.02¢
100 150 200 250 100 150 200 250
J/MPa f./MPa

P 6 A R R A ) R0 R 5 T SR Y O AR

Fig. 6 Penetration depth versus static compressive strength of the targets without coarse aggregates
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Fig. 7 Penetration depth versus static compressive strength of the targets with coarse aggregates
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Resistance of ultra-high-performance cementitious

composites to multiple impact penetration”

Lai Jian-zhong, Zhu Yao-yong, Xu Sheng, Guo Xu-jia
(School of Materials Science and Engineering , Nanjing University of
Science and Technology ., Nanjing 210094, Jiangsu. China)

Abstract: The ultra-high-performance cementitious composites (UHPCC) with the compressive
strength of 120~250 MPa were prepared by using the ordinary concrete molding process and the hot
water curing treatment. The behaviors of the UHPCC with excellent static mechanical properties were
researched by multiple impact penetration tests. The damage of the UHPCC targets during penetra-
tion was analyzed. And based on the multiple penetration model proposed by J. T. Gomez, et al, an
empirical formula of penetration depth in relation to the target compressive strength was modified ac-
cording to the experimental data.

Key words: mechanics of explosion; multiple impact; empirical equation; ultra high performance ce-

mentitious composites; depth of penetration
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