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State-of-the-Art Research and Assessment on Strength Properties of
Ultra-High-Performance Concrete (UHPC) according to Admixtures
Combination
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Abstract: Ultrahigh-performance concrete (UHPC) has higher cement and binder contents than normal-strength concrete
for exhibiting high compressive strength. Research has been continuously conducted to reduce the amount of cement in
UHPC and to confirm that fly ash and granulated blast-furnace slag (GBFS) can be employed as alternatives for
cement without reducing the strength by up to 20% and 50%, respectively. Herein, changes in strength and fluidity
were analyzed by replacing cement with fly ash and GBFS in the UHPC mix. The compressive strength of a fly ash—
substituted specimen was the lowest, and a GBFS-substituted specimen showed a strength similar to that before
substitution. Overall, the flexural strength of the GBFS and fly ash—substituted specimens were lower than before
substition. However, their fluidity was higher, requiring less superplasticizers.

Key Words: Ultra-High Performance Concrete, steel fiber, flyash, BFS, structure, material

LAE

2145 Z3ATE(Ultra-High Performance Concrete:
UHPC):= &84 5/do] §45ta UAgte] Ui
T ZIYES HlusiA wj 47| wiio] IRPGE
FIYEQ}L H|ndA /\goﬂ—rﬂ‘ﬂ] (Life Cycle Cost:
LCC) SHo|A 5o, o]} £ SHojA ASE
of9] AHER Az 7T & M% Ao AtmH
ot 7|4 @RI AHIE AR 7|E AHE
o] oA B2 #Holu, WA SHoAN= LT Al

Corresponding author: Kim, Woosuk

School of Architecture, Kumoh National Institute of Technology,
61 Daehak-ro, Gumi, Gyeongbuk, Korea.

Tel: +82-54-478-7591, Fax: +82-54-478-7609

E-mail: kimw@kumoh.ac.kr

Received March 28, 2024 / Revised April 8, 2024 /
Accepted April 9, 2024

CE =Ho didt RS 20249 05Y¥ 31Y7Mx IR
HUYFAE 20244 06830 EEZEIE AMstASUt

0l

Journal of the Korean Society for Advanced Composite Structures

E%_Q_ ;(171—‘81— 2~ 1 ] HH_E_ ]1:]-

AZBopol A AMEFS AA7]7] 95 A
AR, W71E 52 B Qe o AT 214
% faelE HoplAw FUs A8 Utk
Aol E Ae7hE, DREHL, SetolojA Sol
S ST EAYE HFo] B J1E ATE
Astel AWEF Aol e EAEY TRt &
Wol e BAsn TahY xg] mE 234
FIEEQ ZJEEXNS H|T - BAsle 274 =
JEY AMEF AF A7l /xR FEFNA
st

[ o o2 BN rlor rhx

Ty 2adEAA teeH a%:az glom, wg
of 2 Aol gout M| ME B, o5
S4o] W A7t st SREYT Zu4S

el



Jung, Hyunjoo - Kim, Seungki * Kim, Woosuk

Table 1. Summary of Main Parameters Used as UHPC Mix Design Factors

Strength (MPa) Binder Type Reinforced Fiber

Classification Comp. Tensile | Flexural ]ST:}:rcni 11\7;}]]1 GBFS Others g:ﬁg Others
Kim et al. (2016) 80 6 (split) X X X X ZxSF O X
Yang et al. (2019) 200 9 X X X X Zirconium O X
Bae et al. (2019) 120 X X X X X Zirconium, Basalt | O X
Park at al. (2008) 75-110 X X O X X Meta kaolin X X
Kang et al. (2008) 190 X 20~35 O X X X O X
Kang et al. (2009) 180-200 X 16~60 O X X X O X
Choi et al. (2015) 80-200 7~12 | 10~20 O X X X O X
Beushausen and Dittmer (2015) 120 7 (split) 5 O X X X X X
Chen et al. (2021) 120-160 X 20~33 O X X X O X

Zhang et al. (2021a) 130 9 X O X X X X PP, PE
Kim et al. (2017) 100-140 | 25~28 X O X O LCD glass O X
Kim et al. (2006) 100~130 X X O O X X X X
Kang et al. (2010) 95~150 X X O X O Anhydrite X X
Koh et al. (2013) 200 16 40 O X X Zirconium O X
Guo & Han (2014) 160 6~9 X O X X Silica flour O X
Wang et al. (2017) 110~128 X X O O X RCBM?Y X X
Yalginkaya and Yazic1 (2017) 150 X X O O O X O X
Meng et al. (2017) 100~160 X X O O O X O X
Wu et al. (2018) 120 X 36 O O X Slag, Nano-particle | O X
Meng and Khayat (2018) 140~160 | 7~8 9~26 O O X X O PVA
Li et al. (2019) 115 4~18 X O X O Limestone powder | X PE
Ahmad et al. (2019) 140 18 (split) X O X X Natural pozzolan O X
Alsalman et al. (2020) 150 X X O O X X O X
Ahn et al. (2021) 145~170 X X O X O Anhydrite X X
Li & Zhang (2021) 140~155| 10~13 X O X X X O PP
Zhang et al. (2021b) 130 7 X O O X X X PP
Zhou et al. (2021) 180 X 26 O O X X O PVA
Test 120 X 15 O O O Silica flour O X

% GBFS: Granulated Blast Furnance Slag, ZrSF: Zirconia Silica Fume, PP: Polypropylene fiber, PE: Polyethylene Fiber,
RCBM: Recycled Coral Based Materials, PVA: Polyvinyl Alcohol Fiber
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Table 2. Mix Proportion of UHPC

ID Water Binder Sand sf SP Steel Fiber
Cement SF Flyash GBFS S1 S2
U-1 200 800 200 0 0 1400 0 40 51.7 25.8
U-2 200 800 200 0 0 1120 280 45 51.7 25.8
UF-1 200 600 200 200 0 1400 0 40 51.7 25.8
UF-2 200 600 200 200 0 1120 280 45 51.7 25.8
UG-1 200 400 200 0 400 1400 0 35 51.7 25.8
UG-2 200 400 200 0 400 1120 280 40 51.7 25.8
% SF: Silica Fume, GBFS: Granulated Blast Furnance Slag, sfi Silica Flour, SP: Superplasticizer
Table 3. Chemical Composition and Physical Properties of Binder
- ensngy Fineness Lol Chemical Composition (%)
Classification (g/em’) Retent(iot)A’I; 45/m Specztci;l /Sgu)rface (%) Si0, Fe0; ALOs Ca0 MgO
Cement 3.15 - 3,200
Silica Fume 2.20 1.0 - 1.04 96.32 0.41 0.08 0.09 0.55
Flyash 2.20 18 3.46 1.80 60.80 1.30
GBFS 2.90 - 4.17 0.39 37.49 0.16 11.58 36.22 3.02
% L.O.I: Loss of ignition
Table 4. Physical Properties of Aggregates Table 6. Chemical Properties of Superplasticizer
Ccl:tsisoili;l ; Dge;rcm?’ ﬁgg‘:jﬁz Umlt{gmel)ght ARl;i:gp(t;/(;;l Classification Ingredient Type Sé)l;cvlf—tl;
Quartz Sand 2.6 1.23 1,610 0.1 Superplasticizer ~ Polycarbonate Fluid 1.11
Table 5. Physical Properties of Filler Table 7. Physical Properties of Steel Fibers
Clas.siﬁ- Densnsy (;:-;m Chemical Composition (%) Classification DensntSy ST;::;& Diameter Length
cation  (gem’) () §i0, MgO CaO ALO; Fe0, (g/em (MPa) (mm) (mm)
Silica 4 51 104 998 002 002 006 007 51 7.8 2,500 02 163
Flour S2 0.2 19.5
Fol W2 IFS BY, SoolNS W] A§  Th TREALL 1 ULOR 4% 354 BUE
st Ul 19 mm, UF12 195 mm& §-57°] 3% oot Fig. 19] €9 Z29 AF Z79 JHE
A% F718He 2w debgth 1RSHIE A48T B9, UL UFIY 29 o W] us) Edo] A
Beole 24 AAY &2 HRlE diEl 05% & A EEEAT
AA7] ASolE §A f54 ZNE Bt 9%
4 FHolt NRESPI+AYE > Sy 33 UEIE
7HE > A7 £22 HENT ZAYE dFFE Ad ZAdes off Figs. 2~7%
HE7HEROIE Aot 549 Ast 25 % Table 83} 2t} AgrlERo] f50 BE FEE H
ggom, ol mels) Hel ] 05%e S & wad, AeplERol 4ew A Had £
FAE 712 Rkt ols UGH ¥igel 145 o AEglol ZE7E 20~30%7H 2 AHE HY
B5A AR BASH S7MIPE PR AW o o)k ARG uE AertERols AH8d o
sttt AeslEzols ARt Mgl 14% ¢ gom ATHom RS JEUE 120 MPa 452
FAY FE UM STHIRS W, EECINAE AshEA 1A% A Fol F71skA Ul, UFI
AREEE UF27F 7MY w2 £9% E2% 235 HE3 UGl % §-54 Aol 15 TAGol gasA
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Fig. 1 Slump Flow Test Results
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Table 8. Compressive Strength Test Results

Compressive Strength, fx (MPa)

Strain (mm/mm)

1 2 3 Avg. 1 2 3 Avg.
U-1 106.5 105.7 97.7 103.3 0.0040 0.0048 0.0049 0.00457
U-2 125.6 136.0 129.0 130.2 0.0045 0.0040 0.0031 0.00387
UF-1 90.7 101.6 93.3 95.2 0.00255 0.00261 0.00290 0.00269
UF-2 1174 118.7 116.7 117.6 0.00264 0.00241 0.00274 0.00260
UG-1 90.2 94.8 95.7 93.6 0.00398 0.00325 0.00374 0.00366
UG-2 129.9 1243 134.4 129.5 0.00473 0.00254 0.00184 0.00304
150 150
= U-1 u-2
Taxs T 15
= =
ibEn 100 §D 100
% 75 % 75
% 50 % 50
£ £
S 25 4 8 25
0 . v . r r 0
0 0.001 0.002 0.003 0.004 0.005 0.006 0 0.001 0.002 0.003 0.004 0.005 0.006

Strain

Fig. 2 Compressive Strength vs Strain Curve of U-1
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Fig. 4 Compressive Strength vs Strain Curve of UF-1
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Table 9. Flexural Strength Test Results

Flearual Strength, £, (MPa)

Equivalent Flexural Strength, f°, (MPa)

1 2 3 Avg. 1 2 3 Avg.
U-1 9.35 8.35 8.36 8.69 6.66 6.61 6.59 6.62
U-2 15.43 12.98 13.51 13.97 9.93 9.93 9.91 9.92
UF-1 9.92 11.21 10.63 10.58 5.35 5.53 4.53 5.14
UF-2 9.70 11.43 12.40 11.18 6.61 7.31 6.87 6.93
UG-1 11.24 12.97 12.19 12.13 6.73 8.62 7.28 7.54
UG-2 13.78 12.55 12.51 12.94 9.11 8.40 7.79 8.43
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