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Abstract:

concrete (UHPC) has become one of the hot research

In recent years, ultra-high performance
directions due to its excellent mechanical properties and
durability, but its high cost has always limited its

application in engineering. In order to reduce the cost of
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UHPC, this paper proposes a method based on machine
learning to optimize the mix proportion of UHPC. In order
to achieve this goal, the prediction model of a 28-day
compressive strength and expansion of UHPC was first
established by using artificial neural network (ANN) ,
which was taken as the constraint condition, taking into
account the constraints of UHPC component content,
component proportion and absolute volume, The cost of
UHPC was reduced by using genetic algorithm (GA). The
research results show that the error between the
prediction results of ANN model and the experimental
results is within 10 % , which has good prediction
accuracy. The cost of UHPC optimized by GA is reduced
to $838.8, which is lower than the cost of $1000 mentioned

in the literature.

Keywords: ultra-high performance concrete (UHPC);
machine learning; artificial neural network (ANN); genetic

algorithm; cost
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O 812 0 H g g TR FH AL Sl i &2 2% )
A, Kumbhar 553l i G R 2 48 2 T A
AHRBE BT 38 B A WAL | Cascardi 55 R A
T #1282 (artificial neural network, ANN) %S T
2 A 34 58 R A W) R R IR BE P R B A A
XuSEYHFH ANN &7 T AR EE BT R5RE
SRS R BT O L B AR 0 B Y T A A
ANN = H5 30 ()38 3T B8 7, BOR R A7 25T AT
P . A AFE C 2R TR [ S8
M 50 0] PR o 3 ok 7 A AR e fef R A 2 ) =
B, AT LR R HORT L, i B L B LB

FHALAS 2% 2 D7 AL TR e 1= 0 5B AT L 1] sk
2w HLEE ] Bt m] LX) S G A 5 AT HE
Sobolev 25 fifi 18 4% 8 1= (genetic algorithm, GA)
oAb TP F T 52, O HHOGHRBE + i b 55 5%
BT AL, 1207 vk mT LA 1R EE -l A e adpt
ft.. Chiniforush &R H T —Fp 5k IR EE + 15 A L5
B EERAUR GA AL LA Fei Tt ik 8 5
T 24 59 KBS B /A o Fan 26738 i GA & A X}
UHPC (R HERR S B AT 0 AL 45 21 1 BA B i
MR BE RN IFLBUR ) UHPC B A b Li%E s
FHANN F1 GA X} sy il e+ A pr s vt 17 ik,
PeAbE B s TR E 1 5 % IR A LT 24U 2R 2%
T 25 %.
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S5Y RN IIEIR, BT BT ER 05 MY
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J&UHPC 410 & s 2000 A0 F B 205, DUsiAs R
Ak B, 8 et A5 5k SO0 B AU S AR ) UHPC
Bl A b ASCIY H By i ANN J7 884 UHPC
MW S PEREZ A 2 22 1 G 2, il 1 GA 15 31 BUA B
R EC EE , R4Sl UHPC 0 H]
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1.1 ANN
ANN Z 20 42 80 AR LR A T4 e Skl %
FIRIFFE I S A B A 2 45, T AR A
S AL FRARIRY ABERY K T S (SRR B2 00) 22 (]
AHE BRSSPI RG . B P ALAA A8 R ARG B e —
TR RARLRME R, ANN SRR 2 I [ G B A 1k
R G TR T 22 2 10 22 I 4% [ 2 14 AL TR 24 )

[m]
1.2 GA

G PR F i 92 [E 1 John holland F 20 {H42
70 AR HE |, 5 48 Delong , Goldberg 4 I 44 2 45 i
T — AU . GA B —FPBA IR
SCEEHEA TS I SRR RN AL 2 DL A R R
fif AR
1.3 KX XWIE*

K 47 28 X 56 3iF (k-fold cross validation, CV) Hi
Stone T 1974 4 FF A&, IF 4T 12 W W FH T WL 2% >
Tk, DRSS SR . IR b o
FRAH . A N A-1 AR AR A T 2R, HE
AT R AR 2 YR A [ i AR
U R IETT . FEAMFThIEE A=10. FIH
J7 1R 22 Eyse FUFH G 22 80 R R IT-H il S 5000 14 B -

1
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Z;I: (ymlij}—rm)(yfii)
R= : 2)

Zle(ym/_ﬁ)z z:ﬁzl(yi_E)Z
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2.1 E#el

A5 GB/T 31387—2015TH Mok A TR BE + )1,
UHPC 8RR HE KR YRR 7 H ik LA &
BN, HAL P45 AR 75 30 o 50 B0 A A L
T /2 TAREN HER Al fdi . UHPC feF H )
B A RIS IR K K, A SOk B X = e
PB4 BRI T UHPC 1348 LA SAH SR ST 5
AICEE I B A o RERRER KR (P. 1. 52. 5R) i
DU g S TR AL 2 1A TOKTE B BT
By EE IR A2 S B o R IR T — GOk 1
K, R A 415 m* kg ', HEE IR E 22y al #e it 47
¥y (GGBS) (1 Fe £ 18 LUl 427 m* kg !, 7 H 15
IS AR s B BT HRAR R 13,3 pm, H 1 TR 1L B B
TRBHEE A w B AL 405 kR AL, 200 % B 2
630 kg-m ™, 45 20 BE AR M=3. 345 A 5255 i H
YK 75 kg v A P TR A A PRI A R W) A 7 1 SRR i
WK IR FE 45 00, [ B 40 Yo BT 4R 12
mm, A2 0. 25 mm, #BRPTHismE 1 800 MPa.
2.2 K

H KK B AR S 1 min, 155
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Tab.1 Chemical composition and density of cementitious materials
. L 5 iy
fepm. —— : : : , : - _ HE/
Sio, ALO, Ca0 MgO Na,0 K,0O Fe,0, TiO, SO, p,0, (kgem™)
K 21.39 5.15 61.04 2.82 0. 64 0.62 3. 86 0.85 3.1 0.10 3190
HBEIR 48.54 27.12 3.19 11.08 1.63 2270
7k 26.74 12. 36 41. 34 4.56 3.89 0.03 2750
K 94.57 0.67 0.34 0.23 0.82 0.15 2.07 0.90 2 310
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BT = KR L oK B f )R 2
AT, AR ERE UHPC 19 28 d BUIESRIE 597 R .
w NIEEACEE . R AL B — A 2,3
Ph—A>w,o FREEITA Z R0 e B IS B s m—
MR E Bo SR RS REOCKAG 5 HAE y, 4
K (3R
y:f<2;':1w,.xi+B> (3)
ANN PRk )2 28 T0 B2 S ma A AL T RS B
BT R T FR R FIMSE PEUr A 50 15 05 2, I %t
BT 2 7 A 5~20 64T T M5 25, e H R
MSE{H . 4 FZ 17 40k 15 8], R=0. 88, MSE
4 102. 01 MPa®, R {338 1 H MSE {5/, i
e BORYZ T 5580k 15, I RSR S5 9 REY
N SN
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Fig. 1 Regression of teaching data

BE T ANN B S5H 5 , 38U 2E17 17 200
e, 0 P PN SR e AR 1 W 2% 57 T UHPC 28
d YU HE A" R B A TSI, AR O B4 R (EL L
P 1, e H i B2 A7 JR 8 T A5 R 4 R {0 531

0.947.0. 944, Y438 T 1, FR W8 12 2T JCRAE R
U o N TERA N 45 R RS e M L R4 T T SRR
(TR 3 3 I 4 i ANN X UHPC 19 28 d 4t &
SR JEE R R FE TEA T TR, T4 SR an e 2 ([ 3R,
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(HHEIT , IRZEIITE 10 02N, ANN TN Z5 R R Af

M TARYERZOR S SLBURA B i/ ME . ABEIERY
HeAL H bR UHPC BSAS , B (4) firos o bt

3.3 GAfiLizE BHAHE I 2 TR o
3.3.1 Mk HArek%L
UHPC Be & LA A R AT DUIA S5 A 76 1 2 58
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Fig. 2 Predicted compressive strength of UHPC in different batches
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[ F [ e
800 800
E 600} E 60t
~ ~
Ny 400 + i 400
200 200
O—1 2345678 91011121314151617181920 12345678 91011121314151617181920
FEA G = FEA G 5
a g R g s Xt L b &
B3 AEHtx UHPCH B EMNE
Fig.3 Predicted slump flow of UHPC in different batches
x2 EHBRE
Tab.2 Cost of materials
JEA L K WK i) TEK EINEg S L4t K K
AR/ (61 82 40 36. 80 800 23.57 5000 3400 —
Cmin - C(:'W(‘ + CFI’WFI + CGGBS'WG(}BS + CSi'WSi + EPH@E%O

CoarWin + Cop W + Cop Wep + Cope Wy (4)
KHr: Ce, Cuy Conss Csiy Cra, Copy Cspy Cy 4190
Skl MK T REK VANERE BRET4E = o
IR R A B 0T f LA s W, Wy, Weess, W,
Weas, Weey, Wep, Wwﬁ%“ﬂﬂ7k/ﬂ\*ﬁ¢%jf(\ﬁf{§\ﬁi
JR A E R AT 4E | Ak A K TE 1 m® UHPC

3.3.2 AR

YRR A B AT T N, H R
HARE BBttt . BArsREUs AN &2
FNIR 2 20 A S5 I BR ), FE AR 58 b B i B T
UHPC 5 B 250 P R BE 0] o & 2000 sy
2,
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5 20 - UHPC 28 d $1He 5 B 1% ANN FR0 i
N e T TR R o SR 2R AR
1:(28)=1.,(28) (5)
A . £.(28) 8 UHPC 28 d it [k 58 JEE Y9 ANN 5 ]
{8 ;/..(28) 3 UHPC 28 d HiiJE5m FEER(E . % &
F| UHPC By 3 A S22 58, 78 A 58 H BUR 120
MPa,
P REEE A0 9 UHPC A9 2 2 i ANN Fi
(BN = T TG B9 R . 3 R LY A T -
S=S, (6)
P SAHTRE UHPC §7 B () ANN BUAE ; S, R
B UHPC Y JR B 2R H . % 183 UHPC 1y %
AR TAEVERE , FEAIF ST H B 600 mm.
5w A AR R 19 UHPC 493 & 5 R AE
—ANEHEE P, A ST SR T B 4 b A £ i
VE Ay S R AHTER . 4150 & A AR SE
K (PR BARE R — eG4 25003 3,
Wiw<Wem=<W,, @)
Kb Weon W& A5 & &, 38K K .
GGBS, BE K 418 RE 2T 4 | 850s K57 K .
W oo FI W, A 53 & B R LR
#*3 HBESHITSH

Tab. 3 Statistical parameters of dataset

B R R e/ MH STON:]
KV / (kgem ™) 490 1000
MBI AR/ (kgem ) 0 275
B R/ (kgem ™) 0 275
TR/ (kgem ™) 30 210
AR R/ (kgem ™) 940 1408
L AERF 5 % 1 3.5
WK e % 0.4 2.0
K/ (kgem ™) 142 282
PR /mm 300 920
PUERE/MPa 100. 2 190.8

H 5 He BN 2o ARG X KK B KBS EE B b
FEEAT T 25 . Wi AR A AR 428 (8) —
(10) Frs , B SE KR e KBS LG . BERD LY — 2k
Gt HER 4.

R, <R,<R'. (8)

R Ww<R,<R', €))

Ry <Ry <R (10)
P Rue, Ruy B Ry 4390 R KK TG K B L AEERD
L s RUFTRY 43 5 i LU R BR 5 R . 3 LK
Fo IR 48 K 5K & 2 b, KB USR8 /K 5 I e A4
BT Z .

®4 HIEEZITSH

Tab. 4 Statistical parameters of dataset

I/ ME e KAE S Ju
R, 0. 140 0.477 0.239 0.337
R, 0.120 0. 300 0.171 0. 180
Ry 0. 650 1. 600 1.030 0.950
4 RS

3 Ak e A5 2 1 A AR B I 1 ELG 2 45
LIPS UHPC BL A H, /K8 565. 1 kg-m By
WK 202. 4 kgem *, 8 201. 0 kgem *, FEJK 148. 4
kgem*, 4 & Bl 942. 1 kg-m °, 89 £F 4k (K L 15 &
L A7 U6, S0k oR i 4341, 51 26, K 207. 5 kg
m XY 28 d HTE SR A 135. 1 MPa, 7 % K
603. 2 mm, BAS R 838. 8 0., Hl T.#H UHPC
I RLAS A 1 000~2 620 FET6™, AL 4 R A T I
UHPC A RA .

5 g

AR B FEE AL 2R 2T 177 A4k UHPC Ay
A L, 7 R UHPC 5 FE AL TAEMERG 2544, 15 31 A%
AR UHPC Bl A Fb . 826, @57 UHPC 19 28 d
USRS B R 1, 485 L UHPC B BL G
Fe SO AR B i ANN 27 UHPC 28 d4i /R
SRS R R R ) BUI B AR . 3 i GA Pk B B R
A0S B UHPC A Sy 838. 8 270, KKK#AIL T
UHPC A 7= pliAs

fEE STk A -
J b g SO ST
B BRARSCEAE B E
2 LR A, B
ZEEB ARSI R RS R
AR GORHA i), 18 SCH B
SR GORHA ), 18 SCHT B
HRAH B SCEIT
SR B R L SR B
AR BRI, 7S HE .
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