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Analytical Prediction Methodology

Finite Element Method Analysis Including Thermal Effects

» Temperature Analysis
SAFIR-Thermal
Experimental Input

- Mechanical Analysis
SAFIR-Mechanical

Numerical Computation

- Spall Prediction Analysis
MATLAB based
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» SPALL PREDICTION ANALYSIS
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Analytical Prediction Methodology
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Analytical Prediction Methodology
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Analytical Prediction Methodology
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Analytical Prediction Methodology

Mechanical Analysis STRESS
Output
Umech,i(t) =or +op
Etotal,i(t)
Etangent,i (t)

Center of Stiffness

21]? Esecant,n yn An
T ynAn

YEC =

\\m\m\&\

Secant Modulus W
Umech,i
Esecant,i = . ' t ' ' I
no creep,i |

= Spall Condition Satisfied

CICi } American Concrete Institute LEHIGH @ UNIVERSITY TRANSPORTATIONCENTER
/

UNIVERSITY FOR UNDERGROUND TRANSPORTATION INFRASTRUCTURE




Analytical Prediction Methodology
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Analytical Prediction Methodology
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Analytical Prediction Methodology
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Analytical Prediction Methodology

Example Validation Case: Specimen B-3.4-13.3-F3-M
39.7 = 0.3 MPa compressive strength
4.6 £ 0.4 MPa splitting tension strength
37.0 = 3.8 GPa elastic modulus
2372 kg/m3 oven-dried bulk density per ASTM C642-13 [45]
2.94 W/m-K thermal conductivity via Hot Disk per ISO 22007-2 [46]
1.47 mm2/s thermal diffusivity via Hot Disk per ISO 22007-2 [46]
2.05 MJ/m3-K volumetric heat capacity
md - Axial Load: 14.34% of the nominal compressive strength <
m» Spalling Occurred: in 228 seconds at 10 mm of depth 4w
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Analytical Prediction: Validation Example
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Analytical Prediction: Validation Example
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Analytical Prediction: Validation Example
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SPALL PREDICTION ANALYSIS
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Analytical Prediction: Validation Example
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Analytical Prediction: Validation Example

Destgbilization Spall Depth > 7.9 mm| |Avgerage Stress to Capacity = 10%| |Induced Moment < 0
Requirements Cracked

Section

Table 3 - Spall Prediction Output Summary for Specimen B-3.4-13.3-F3-M

Surface Spalled Cracked Section

Model Exp. Fiber Spall Fiber Stress  Stiffness Avg. Stress  Induced

Time  Time Temp. Depth  Temp. CG  Center Center to Cap. Moment Spall
[sec] [sec] [°C] [mm] [°C] [mm] [mm] [mm] [%0] [N-mm]  Occurrence
110 80 2578 [16] 2578 0.80 0.80 0.80 139 0.0 NO
130 100 290 4 32 2513 1.60 1.57 1.65 139 1150 NO
160 130 3342 48 2543 240 240 2.29 13.9 -235.2 NO
190 160 37531 6.4 2579 3.20 3.26 3.09 139 -470.5 NO
220 190 4092 L 7.9 ] 256.8 398 4.12 395 139 -5592 NO
260 230 448.9 9. 251.3 4.77 5.06 4.91 14.1 -551.7 YES
270 240 4583 9.5 258.0 477 511 4.93 15.4 -662.5 YES
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Analytical Prediction: Validation Example

: Prediction
Experimental -
Lo 5 Experimental Temperature
nominal ]
Label Spall ¢ Spall Spall Sl Spall Spall Time Depth | Surface R
) Temp. at . Depth
Time Depth Time Depth Error Error Temp.
Spall | Temp
[%0] [sec] [mm] [*C] [sec] [mm] } [sec] [mm] 1 [C] [*C]
=> B-34-133-F3 | Y 14 228 10 448.9 230 95 § 2 05 | 4489 251.3 4:
B-3.3-13.3-F3 Y 16 204 11 382.0 200 95 1| -4 -1.5 : 382.0 255.7
B-2.9-13.6-F3 N 3 NA NA NA NO SPALL : NA NA I NA NA
B-2.5-07.1-F3 N NA NA NA NO SPALL I NA NA : NA NA
B-0.0-00.7-F3 N 14 NA NA NA NO SPALL NA NA NA NA
B-2.9-06.4-F4 Y 14 384 15 440.8 270 95 | -114 -55 |} 360.7 250.8
B-2.4-06.2-F4 N 15 NA NA NA NO SPALL I NA NA I NA NA
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Aerik Carlton
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Experimentation: Heat Flux Application
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