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Study on the Optimum Mix Ratio of Fly Ash based Ultra — high Performance Concrete
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Abstract: The fly ash partially replaces cement to prepare UHPC. The effects of fly ash — based mineral admixture FA - ad, the
type and content of superplasticizer, sand, the ratio of fly ash to sand, the ratio of cementitious materials, the water — binder
ratio and the content of steel fiber on the fluidity and mechanical properties of UHPC are studied, and the mix proportion of
UHPC is optimized by combining the above factors. The results show that FA —ad, a mineral admixture based on fly ash, has
the greatest influence on the fluidity of UHPC. SD ~600P ~ 02 water reducing agent has the best effect; The sand — cement ratio
of 1:1 is more suitable, the optimum content of mineral admixture is 25% , the optimum water — binder ratio is 0. 18, the
optimum dosage of steel fiber is 2%.
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Table 1 Chemical composition of cement, fly ash and FA —ad /%
p s Si0, Al, Oy Ca0 Fe, 05 MgO S0, MgO Na, O S0, K,0 HoAs
K 22.7 6.4 55.6 4.4 2.8 2.8 2.8 0.4 — — 2.1
B 43.3 37.8 3.8 4.3 L5 7.8 1.5 — — — —
FA - ad — 26.5 4.8 5.3 1.3 0.7 1.3 1.4 56.5 2.2 —
. W
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K —R G, i LR 3 7 kA7 Ay, ik
PR L 40 mm x 40 mm x 160 mm [ = BE AR
PUHTEE K A 100 mm x 100 mm x 100 mm A% 57 7732
. $RBRHE GB/T 50081—2019 (IR %E 1+ 43 )y
PRI Iy Al ) AT ZEVASRY . HEE YR
FEAR IR (3 38 R B A W e i 5 T vk AR )
GBT 50080—2016 #f 17 I ik, 77 %= Pk ug & I T/
CECS 10107—2020 (#mPEaeiREE L HARZK)
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2.1 FA -ad 5t UHPC B 4569 % v

T FA - ad S RERAG 10% BOKIEETiRYE, W

5 30 min 1 60 min 171, Kb RH B R
MRS R A 2 P 3.
x2 WHBLAL

Table 2 Material mix proportion /g
eIkl K e FA-ad UK K K
SP1 6000 0 18 1.8 1 680
SP2 5400 600 18 1.8 1 680
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Table 3 Workability test result of pressed stock

B/ s
42 L AR
e WG 30 min 60 min USSR
SP1 31 44 52 BHIRE. AWK
SP2 15 13 13 —
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Fig. 1 SEM of FA - ad electron microscope
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3 MIRRTK F B A 1% | 2% F1 3% BHHEG Py
FERE, ARG B EE e, I E R WK S, B
PaRBKG AN, HAL T LAEOK FITEE & 2% B34 a)
fit UHPC $EE 2093 8 B i 200 mm D) I+, /EFHACR
B4 I A SD ~ 600P ~ 02 > PC1030 > PC1021 >
PC1051 > P4-Ry87K5H] . Hrr SD ~600P ~02 ys 7K 51 75 H]
14 1% IHERNE UHPC $EEYIRia a0 R 145 230 mm,
*4 UHPC EAEFRELL

Table 4 UHPC base mix ratio / (kg/m®)
K BAK REK FA-ad  HEF4E w K
750 100 50 100 156 1000 180
x5 RESMOFIERER
Table 5 Use of different admixtures

%' K24 4 WoKGHIHE/ % AW RE/mm
WRI1 [i'RS 2 155

WR2 PC1030 2 230

WR3 PC1021 2 220

WR4 PC1051 2 205

WR5 2 250

WR6 SD ~600P ~ 02 3 260

WR7 1 230

2.3 smAtAas S R e
HHEEA LR 22 S 1 TR 1 P M R AL Ak
iR, FERCEEA RS —E SO, MRS 4
A . FENER Y. /P K ANE K A A Y
IO T 9 FIEEAM BHERCAL &, AL & LW
6, M6 ME 2 A%, RHEE BRI AR
fy¥Ehn, UHPC Jishte i K, UHPC 4t if 5
BRIGREAG; ER ORI, A K H K
W) UHPC 3t 20 P R0 0 B 80 s 35 > 34 in a5 K
SREKB R s UHPC Wishte, EBE K i 8UR
B BCEEM R SR AN, 8P A R
AU Y 25% B, AT L) O s A 2E bR
{BAER UHPC,
F6 REMEHEARBEELL / (kg/m*)

Table 6 The cementitious material constitutes the mix ratio
w5 KU MUK REK WedE W K IR
Ul 820 100 80 156 1000 180 15
U2 770 150 80 156 1000 180 15
U3 720 200 80 156 1000 180 15
U4 800 100 100 156 1000 180 15
U5 750 150 100 156 1000 180 15

8 700 200 100 156 1000 180 15
u7 780 100 120 156 1000 180 15
U8 730 150 120 156 1000 180 15

U9 680 200 120 156 1000 180 15
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Fig. 2 Effect of cementitious material composition on
properties of UHPC
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Table 7 UHPC mix ratio with different water binder ratio

ER R R (kg/m®)

S
i AT S R R FA —od W% B WOKH K

Uuwl 0.15 750 100 50 100 156 1000 20 150
uw2 0.16 750 100 50 100 156 1000 20 160
Uuw3 0.17 750 100 50 100 156 1000 20 170
Uuw4 0.18 750 100 50 100 156 1000 20 180
Uws 0.19 750 100 50 100 156 1000 20 190
Uwe 0.20 750 100 50 100 156 1000 20 200
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Fig. 3 Effect of water — binder ratio on properties of UHPC
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Table 8 UHPC mix ratio with different lime sand ratio

G5 UK OBMUR  REK FA-ad WE4E @ K

HS1 700 100 100 100 156 1000 180
HS2 630 90 90 90 156 1100 180
HS3 560 80 80 80 156 1200 180
HS4 630 90 90 90 156 1100 162
HS5 560 80 80 80 156 1200 144
HS6 560 40 80 120 156 1200 144
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Fig. 4 Effect of lime sand ratio on properties of UHPC

2.6 AL RA B 6 H T

7 UHPC W8 AR ZF 4 ) 2/ R it
SVERT, R TR A A me T . X7 Fb
ANFATR B N LT Y35 AT T He#, B A W
29, K5 AWNEYEE X HUPC Jiish k28 d HiE
S A ARG 45 5 . UHPC 7 3 [ BE N £ 4B i 1
AN RAEAG s BULT 4E 45 5 % UHPC 4 ) 24 Mk e A 3%
KI5, UHPC $i R 5% 5 Y BEAK 2T 4k 45 1 1 3% K
BEREE, Wi, RS HE S e, WE
UHPC 4 124 R, 2B, RN 4En
B, UHPC At &2 3 5, 25 B 2 1L i

100 w,
©




33

XERESE : OBy = PERB TR BE - IO 5 LU AR T 5T 15
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Table 9 Mix design of the influence of steel fiber dosage
on the properties of UHPC

MR (kg/m?)

(5) KX UHPC HA BRI, KK L
MR UHPC #4590 B J s PE i by, (H T e 5 B2 B
JKBE L R3S RTTFEAR , e DK B L 0. 18,

(6) f&mBLr 4l nl A %3k = UHPC [958 )%
{H2FEAR UHPC WS TERE, S A, it
BEN2% .

WA R BEK FA-ad B K
SF1 0 720 120 80 80 1000 180
SF2 0.5 720 120 80 80 1000 180
SF3 1.0 720 120 80 80 1000 180
SF4 1.5 720 120 80 80 1000 180
SF5 2.0 720 120 80 80 1000 180
SF6 2.5 720 120 80 80 1000 180
SF7 3.0 720 120 80 80 1000 180
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Fig. 5 Effect of steel fiber dosage on properties of UHPC
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