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Study on Mechanical Properties of Ultra-High Performance Concrete with Granite

Manufactured Sand after Heating and Cooling Treatment

LI Gang',ZHOU Feilong', LU Qiuju',DU Kun*,LIU Kai*
(1. PowerChina Roadbridge Group Co., Ltd., Beijing 100160, China; 2. School of Resources and Safety Engineering,
Central South University, Changsha, Hunan 410083, China)

Abstract: Due to the frequent occurrence of building fires, the mechanical properties of concrete, as the most
widely used construction material, are severely challenged under high temperatures. To explore the effect of
granite manufactured sand content on the performance of ultra-high performance concrete (UHPC) after heating
and cooling treatment, three types of UHPC specimens with different manufactured sand contents (0, 50%, and
100%) were prepared in this study. Then, the effects of manufactured sand content, heating temperature, and
cooling regime on the P-wave velocity and uniaxial compressive strength of UHPC were obtained through
experiments. The results indicate that the P-wave velocity and compressive strength of UHPC both increase
slightly with the increase in manufactured sand content. When the specimen is heated from a room temperature
of 25 °C to 300 °C, the corresponding P-wave velocity and compressive strength decline gently. When the target
temperature is raised to 600 °C and 900 °C, the corresponding P-wave velocity and compressive strength
decrease sharply. In addition, it is revealed by the investigation of cooling regimes that the decrease in P-wave
velocity and compressive strength of the specimens under water cooling is greater than that under natural
cooling, indicating that secondary damage to the specimens is caused by the thermal shock induced by water
cooling.

Keywords: granite manufactured sand; ultra-high performance concrete; heating and cooling treatment; P-wave

velocity; uniaxial compressive strength

Yr#s B H#3:2025-04-01 f&[E HHEF:2026-02-26

ELTH WS AR ERESEFLE R A (45 :20231J40735)
EEB N 2, 5 181, TR .E-mail: 916246403@qq.com
*EAEAEE X, 5, WL B ##% E-mail: kailiu30@csu.edu.cn



74 o 4

AT S 2026 5

0 7l

KRR g A AL T TR I Y R B A H R
By ¢, H e IR R RO TR AL R S P e Y R
JuomE T WEE A DL B AR s RS
PLmAE LRSS TR T Z N . SR,
TR B 1 45 F 7R A2 KT i AT 28 2% 1 T 1 RE AT 4K
FETE PR 8 o VR BE LA ORLTE iR AR TR B N — Fh 3
N R ROR I SR SR UNINE 2 { I o N = I 8- g )
Yo, 7= A e ) R A ) v RR IR AR SE — R A
) A SR T T TR bR R 2 R
I 0t LA 1 22 A M RIS AP A B T K AP Y R o
B 22 K U8 O P BB TR #E + (Portland Cement-
based Ultra-High Performance Concrete, UHPC ) J& —
i B A ar MR K e A A MR, B R L BUE Y
TR &5 ) DL B 9 g 24 1 AR, AR R L O R
BE RSB R RS MR 5 O
TR A R H UHPC BB A 250 £ FH 2 S 45 A 1
B ARPERET L [ TRk B T TR S ER SR
(AR L | N S N 7 N o 2= v S NG O ) i R
R R AR 4 UHPC Y R, B 58 0 8 3
V2 H S AL UHPC (9 7 2 M 8 7228 £k K 468 03 i IR
FROEELA H MW TR X

o YL 353 R4 200~1 000 °Cix — i X ],
[l P4 Ah 2 5 0 9 32 B A v A e B b R B Y
M AR 4K, T B AR b ) ok AR e
FELENTZR A AT BB ST A5 R R I UHPC 19 5% 4% 38 B2
FE R R IF AR RS R | 7E 300 ‘C & 400 CHI & &)
— N G B B SRS RS B 2R A AT
FEA AR B A, WE ST T BROK B SR AR T G A SO A
HAFR X UHPC &l )24 e i sz e, 45 R R W,
HEFRP N FE RS T UHPC 89 )24 7% BE ; Chen 251
X e I IS 1) UHPC 7 M Re ik 47 7 il 3 i oY
g5 £ W UHPC 7£ 300 °C 400 °C 500 “CF iy 5% 42 9t
F i B2 e R R B i B AT B ST R T Y IR
JE TR 3 600 °C B, 3R 4% 7 27 P R ) ¢ B i ok T B
. 5ugE e A SCHLE P X UHPC M 8 3l #
F7 25V RE 1Y 52 W i R 122 40 R ) A AT RS . I R
SRR 2 R s L A R AR R SR D L ) C80 TR
&I T 1 SHPB this Jy 2l g . 25 3R 0 AL
D VR AR - 1 0 R 1 T AR R B T R AR DR B
Shen %5l & H B R 58 FE R 120 MPa 19 #IL i 70 TR #E
o TR P I R R = AW NN R (B R =8 S R

nu\‘

UHPC 1 1] 471 5 1 38 38 45 2R AL il 20 46 o %
&3 0 H F i % UHPC, 98 i 8F 98 7 ML 6 & %
UHPC g i & S # tae r 52 m o i 45 R & . bl
il B0 B AW D IS, BT A5 1 UHPC Bt % 5% B 5 {0
WA C ] 09 UHPC Bt Hs 58 B2 AR 3, #L#I 2> UHPC B
A sy tge, TR Z ZRep AT N, R
AL S UHPC B 3l ) 4 PR RE D7 A% 2 1 [ N 4h
H W 2 09T B2 SCHL Y UHPC 78 & i %
G 0 128 BE I o R 5 D U

T ARG IR Y A S AL UHPC /9 ) 2% P i
FAR RO, A A58 8 S il &t 3 Fh A [6] 48 11 5 L
il 70 & 5 i UHPC 3R RE | 88 5 4 3L 44 22 3% & I
300 ‘C 600 CLA K& 900 °C, Fifi 5 il i3 [ 4R % F1 FE K
S N W AW = RS N~ B 1B B BB
e SO Bl 0 K 0 A5 B AL D S L ARG B &
Ay X5 TR R AR A ek 3R I BT S Y P I R
SRR ) R M R . e AR R IRE P ik R
Ak it a3 AT G v LS IR B R

1 K uy£&it

N BB 5% & BEAIL ] 400 BE 25 1 B 5 5 e Vi
T SRR o R R b AR Y B R
WY, 76 e RN R AR B A KA b2 i il
B B D TR B, T R R B Y R SR R B
do BBAR, TP AE HE— 2048 AR B A B AR A
W 7K R AR, e R T T K R BT R i B T TR R
PR . Ry AR A 5Tk G 5 A LA AR O 20 4R
Rk il 2 UHPC,

1.1 RSBV EE UHPC #l &

WL UHPC (1) ) % % 55 22 LUT LR A 8
IKUE VEE K VL B I AR L ROK L AN R
SR RE Y TR B R R ORL R B RNk A T
TRING AR, Ak CaCO, FAN K Si0,, PL K £F 4
RE, WAK 27 4 PP £F 4 FN 3% 35 £4F 48 %5 . UHPC (1 1l
BHEARAELLTILA i © i LB R, ks
e SN = S RS B i O A S 879
B 5 @ Mok JFORPRLAR G IE , 8 A 9 K b R AT i 20k
KR SR B bR 00 HE R B O IRk g4 O ek
A ORE B R0 45 48 s @D B A IE BB 2F 2 4R A R
B

AP 50 il 4 UHPC It 09 B 4 B 46 - 42.5R
BE R £R 7K e BE K R SR A b 987K R L 9 K Bk TR 45
[ Y 80 2F 4 DL KoK o R, Sh T F 5% 4K 5 2 B



% 34 FM,F R BIH ARG RRRRE LGRS E N FHAEHTT 75

bt UHPC 191 B8 5% Wi, A U 56 DL AE 55 25 BIL il b
SRR AR A, 4 B AR R 0,502 . 100 % il £
3R A UHPC iR . 2 10 45 F J50RL 1) B4k
BB, 2 2 0 AR R 56 TR Y R SR A AL B
E AL A PR R A0 A R L A 0L AN A A S
PERES . B 1 KR ED AL B A AL /D 9 R 4%
I3
F®1 HNANHY UHPCHE &L

3 R.5RKBEXRYIEHZER

Table 3 Basic physical and mechanical properties

of 42. 5 R cement

WIEWE ]/ uERfE] ) deE DUUTHREE/MPa HUESRJE/MPa

min min {43 3d 28d 3d 28d

122 185 A 5.6 8.5 28.6 61.3
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Table 4 Main chemical components and contents of

Table 1 Mix proportions of UHPC with granite 42. 5 R cement %
manufactured sand SiO, Al,0, Fe,O, CaO MgO bak &
gﬂhﬁ;/(kg.m”*) 21.86 4.25 2.66 63.59 2.19 1.75
MU 42 5R 1R KK FERE WK GrRER L
R ; H K 4 2 b A =
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Table 5 Main chemical components and contents of
MON100 750 415 1030 0 16 63.1 156 190 silica fume 0
M50N50 750 415 515 515 16  63.1 156 190
U ’ e ’ Sio, ALO, Fe,0, Ca0 MgO skt
[~ [~ |~
M100NO 750 415 0 1030 16 63.1 156 190 92,53 0.82 0.32 195 0.40 3.45
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Table 2 Performance parameters of natural sand and

granite manufactured sand
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Figure 1 Grading curves of natural sand and granite

manufactured sand
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Table 6 Main parameters and properties of steel fibers

"R KE/ W/ R A % A

iy
’ mm mm (kg+m ®)  H/GPa  JE/MPa

24

MF15 0.12 15 7 800 210 4 295
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Figure 2 Schematic diagram of heating and cooling

scheme for UHPC specimens
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Table 7 Measurement results of average P-wave velocity of

UHPC with different manufactured sand contents after
heating and cooling treatment

N ggﬂg\-;/ P/ (mes™)

Vo Vi Voo Vi
MON100-25 4312 4312 4312 4312
MS50N50-25 25 4 329 4 329 4 329 4 329
M100NO0-25 4 346 4 346 4 346 4 346
MON100-300 4261 3803 4155 3630
M50N50-300 300 4302 3841 4311 3796
M100NO0-300 4 336 3 894 4 343 3799
MON100-600 4221 2284 4 265 2058
M50N50-600 600 4 287 2 326 4299 2 064
M100NO0-600 4 344 2 356 4 318 2087
MON100-900 4313 1701 4 327 1562
M50N50-900 900 4 452 1737 4 389 1582
M100NO0-900 4410 1759 4425 1591
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Figure 3 Variation of average P-wave velocity of

specimens with temperature
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Figure 4 Decrease rate of average P-wave velocity of

specimens under different cooling regimes
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Figure 5 Average P-wave velocity of UHPC specimens with
different manufactured sand contents after heating and

natural cooling treatment
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Table 8 Quasi-static uniaxial compressive strength of

UHPC under different temperatures and cooling regimes

S E S Sl 40 R 58 BE /M Pa
b 5 L i e
C H A% o, BKBH o,
MON100-25 106.5 106.5
M50N50-25 25 114.3 114.3
M100N0-25 126.7 126.7
MON100-300 99.8 101.2
MS50N50-300 300 106.2 107.9
M100N0-300 118.7 120.8
MON100-600 49.4 38.7
MS50N50-600 600 52.2 405
M100N0-600 56.3 438
MON100-900 20.6 15.2
M50N50-900 900 21.2 15.6
M100N0-900 22.4 16.4
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Figure 6 Uniaxial compressive stress—strain curves of
UHPC after heating and natural cooling treatment
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Figure 7 Comparison of quasi-static compressive strength

of UHPC under different cooling regimes
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Figure 8 Comparison of quasi-static compressive strength

of UHPC with different manufactured sand contents
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Figure 9 Comparison of thermal damage under natural

cooling and water cooling
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