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Application of Performance Based Mixture Design (PBMD) for
High Strength Concrete
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Abstract

This paper is a study about application of recently proposed Performance Based Mixture Design (PBMD) for design of high
strength concrete (HSC) to obtain HSC mix proportion that satisfies required performances. The PBMD method which uses
Satisfaction curve based on a Bayesian method is a performance oriented concrete mix proportion design procedure easily
applicable to any condition and environment for a possible replacement to the current prescriptive design standards. Based on
extensive experimental results obtained for various materials and performance parameters of HSC, the application feasibility of
the developed PBMD procedure for HSC has been verified. Also, the proposed PBMD procedure has been used to perform
application examples to obtain desired target performances of HSC with optimum concrete mixture proportions using locally
available materials, local environmental conditions, and available concrete production technologies. The validity and precision
of HSC mix proportion design obtained using the PBMD method is verified with the experimental and ACI presented results to
check the feasibility for actual design usage.

Keywords : high strength concrete, performance based mixture design, concrete mix proportion design, bayesian method, sat-

isfaction curve
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1. Target design strength, slump, water penetration
—> depth, shrinkage, etc
2. Substrate material properties: cement type, aggregate
type, max coarse aggregate size, admixture type
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Fig. 1 Main Procedures of PBMD using Bayesian Method
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Table 1. Concrete Specimen Mix Proportions

Mix proportion
Set Specimen
W/B S/a w SP c SF S G
SP0.0 0.30 0.42 143.0 0.00 476.0 0 764 1047
SP0.5 0.30 0.42 143.0 2.38 476.0 0 764 1047
: SP1.0 0.30 0.42 143.0 4.76 476.0 0 764 1047
SP1.5 0.30 0.42 143.0 7.14 476.0 0 764 1047
SFS 0.30 0.42 143.0 4.76 4522 23.80 764 1047
SF8 0.30 0.42 143.0 4.76 4379 38.08 764 1047
g SF12 0.30 0.42 143.0 4.76 418.9 57.12 764 1047
SF15 0.30 0.42 143.0 4.76 404.6 71.40 764 1047
SWB25W 0.25 0.42 119.0 4.76 437.9 38.08 764 1047
8WB28W 0.28 0.42 1333 4.76 437.9 38.08 764 1047
> SWB32W 0.32 0.42 152.3 4.76 437.9 38.08 764 1047
8WB35W 0.35 0.42 166.6 4.76 437.9 38.08 764 1047
8WB25C 0.25 0.42 143.0 5.72 526.2 45.76 764 1047
8WB28C 0.28 0.42 143.0 5.11 469.9 40.86 764 1047
2 8WB32C 0.32 0.42 143.0 4.47 4111 35.75 764 1047
8WB35C 0.35 0.42 143.0 4.09 3759 32.69 764 1047
8SA40S 0.30 0.40 143.0 4.76 437.9 38.08 698 1047
33 8SA44S 0.30 0.44 143.0 4.76 437.9 38.08 823 1047
14 8SA40G 0.30 0.40 143.0 4.76 437.9 38.08 764 1146
8SA44G 0.30 0.44 143.0 4.76 437.9 38.08 764 972
SWB25W 0.25 0.42 119.0 4.76 4522 23.80 764 1047
SWB28W 0.28 0.42 1333 4.76 4522 23.80 764 1047
* SWB32W 0.32 0.42 152.3 4.76 4522 23.80 764 1047
SWB35W 0.35 0.42 166.6 4.76 4522 23.80 764 1047
SWB25C 0.25 0.42 143.0 5.72 543.4 28.60 764 1047
SWB28C 0.28 0.42 143.0 5.11 485.2 25.54 764 1047
2 SWB32C 0.32 0.42 143.0 4.47 424.5 22.34 764 1047
SWB35C 0.35 0.42 143.0 4.09 388.1 20.43 764 1047
13 5SA40S 0.30 0.40 143.0 4.76 4522 23.80 698 1047
5SA44S 0.30 0.44 143.0 4.76 4522 23.80 823 1047
4 5SA40G 0.30 0.40 143.0 4.76 4522 23.80 764 1146
5SA44G 0.30 0.44 143.0 4.76 4522 23.80 764 972

*W/BS} S/a= 9], w, SP, ¢, SF, S, G& kg/m’
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Table 2. Test Results

Soeci Slump Compressive strength [MPa] Splitting tensile strength [MPa] Flexural strength [MPa]
pecimen [em] 1 2 3 1 2 3 1 2 3
SP0.0 0 59.5 58.6 56.0 473 4.61 4.54 9.93 9.79 9.40
SP0.5 4 60.5 57.9 56.8 4.75 4.71 4.59 10.08 9.69 9.52
SP1.0 12 63.6 59.0 56.7 4.79 4.75 4.61 10.25 9.85 9.51
SP1.5 15 52.2 49.6 453 4.57 4.43 4.34 9.83 9.44 8.95

SF5 11 73.0 71.8 69.3 5.02 4.96 4.89 10.94 10.70 10.41
SF8 8 74.2 72.8 69.6 5.03 5.00 491 11.07 10.85 10.38
SF12 6 714 69.6 68.2 4.98 491 4.86 10.59 10.34 9.77
SF15 4 68.5 66.6 65.1 491 4.87 4.81 10.33 9.99 9.47

8WB25W 3 75.2 74.7 722 5.09 5.03 4.98 11.21 11.11 10.82

8WB28W 6 74.9 73.3 70.9 5.08 5.01 4.96 11.24 11.06 10.61

8WB32W 11 70.9 67.9 65.5 4.95 4.86 4.74 10.54 10.29 9.81

8WB35W 16 66.6 61.4 55.8 4.89 4.71 4.64 8.99 8.21 8.37

8WB25C 2 78.3 77.1 74.8 5.20 5.13 5.07 11.26 11.13 10.94

8WB28C 5 76.6 74.5 72.1 5.11 5.07 4.96 11.19 10.97 10.65

8WB32C 9 71.1 69.5 66.9 4.95 4.89 4.80 10.48 10.23 9.91

8WB35C 11 68.3 63.7 60.6 4.89 4.75 4.61 9.77 9.46 8.99
8SA40S 10 70.9 69.3 67.3 4.97 4.89 4.85 10.79 10.47 10.26
8SA44S 7 74.9 72.1 70.5 5.06 5.01 4.93 11.07 10.89 10.63

8SA40G 6 71.5 68.9 67.3 4.99 491 4.79 10.97 10.70 10.14

8SA44G 10 75.1 72.9 70.4 5.05 4.98 4.93 11.12 10.87 10.67

5WB25W 5 75.0 72.9 71.4 5.05 5.00 4.95 11.18 10.95 10.72

5WB28W 9 73.6 72.0 70.5 5.05 4.98 4.93 11.04 10.85 10.53

5WB32W 14 68.5 66.1 62.1 4.89 4.78 4.73 10.53 10.05 9.72

5WB35W 19 59.2 56.2 52.0 4.57 4.40 4.30 8.92 8.53 8.03

5WB25C 4 76.8 74.3 722 5.13 5.06 4.95 11.32 11.12 10.70

5WB28C 7 74.1 73.4 70.8 5.03 4.99 4.92 11.22 10.96 10.60

5WB32C 12 69.6 65.5 63.9 491 4.86 4.79 10.44 10.31 10.04

5WB35C 14 61.1 59.3 573 4.63 4.52 4.46 9.17 8.90 8.45
5SA40S 12 69.2 66.9 64.7 4.93 4.88 4.76 10.63 10.33 10.09
5SA44S 9 73.8 71.7 70.2 5.03 4.97 491 11.00 10.72 10.53

5SA40G 69.2 67.7 63.6 4.97 4.86 4.78 10.68 10.58 10.30

5SA44G 13 73.5 71.8 70.1 5.04 4.99 4.92 11.04 10.84 10.61
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Table 3. Concrete Material Parameter Values

Concrete material parameter Min value of Max value of Shiﬁed
parameter parameter compatible value
w/b ratio 0.25 0.35 +0.00
Water content (kg/m?) 119.0 133.3 +0.00
Binder content (kg/m?) 408.6 572.0 +0.09
Fine aggregate content (kg/m?) 698.0 822.6 -0.03
Coarse aggregate content (kg/m?) 972.0 1146.0 +0.07
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Table 4. Importance Factors of Concrete Parameters

Parameter Importance Factor
w/b ratio 0.50
Water content (kg/m?) 0.10
Binder content (kg/m?) 0.30
Fine aggregate content (kg/m?) 0.05
Coarse aggregate content (kg/m>) 0.05
0.00
Total 1.00
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Fig. 6 Compressive Strength Satisfaction Curve of Goodness Value of (a) water-to-binder ratio, (b) water content, (c) binder
content, (d) fine aggregate content, (e) coarse aggregate content
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Table 5. Importance Factors for Safety Satisfaction Curve

Parameter Importance Factor
Compressive strength 0.50
Splitting tensile strength 0.25
Flexural strength 0.25
0.00
Total 1.00
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Table 6. Modified Mix Proportion MSF5

Parameter SF5 MSF5 Goodness Value
wi/b 0.3 0.295 0.55
wikg/m?) 143.0 143.0 0.5
b(kg/m?) 476.0 484.7 0.55
S(kg/m?) 764.0 764.0 0.5
G(kg/m?) 1047.0 1047.0 0.5
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Table 7. Additional Tests for SF8 and MSF5

Compressive Strength (MPa) Splitting tensile strength (MPa) Flexural strength (MPa)

SF5 MSF5 SF8 MSF5 SF8 MSF5

1 74.5 73.9 5.09 5.12 11.08 11.18

2 73.3 70.6 5.16 5.09 11.12 10.93

3 72.6 70.9 4.98 4.93 10.89 10.75

4 71.1 71.8 5.05 5.03 10.64 10.61

5 69.1 68.8 4.94 491 10.35 10.42

6 69.9 73 4.86 4.88 10.48 10.52

Mean 71.8 71.5 5.01 4.99 10.76 10.74

Standard deviation 2.08 1.82 0.108 0.101 0.32 0.28
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