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INCIDENTS / ACCIDENTSSQl

CONTRIBUTED TO 100 AIRPLANE ACCIDENTS

* JAN 1978 —JAN 2009 \

100 OVERRUN ACCIDENTS / INCIDENTS @
US RUNWAYS WITH SLUSH, ICE, OR SNOW

OVERRUN TYPE|[INCIDENT |ACCIDENT |
LANDING 67 21 /
TAKEOFF 4 8 |/
TOTAL 71 29




SNOW REMOVA

* PLOWING AND CHEMICAL TREATME

 EXPENSIVE: S4M BUDGETED FOR
AIRSIDE/RUNWAY SNOW REMOVAL AT
MSP (Paul Sichko)



OBJECTIVES

» DEVELOP AN ANTI-ICING RUNWAY PAVEMEN \

— USE SOLAR ENERGY (photovoltaic cells to
produce DC current)

—CONDUCTIVE CONCRETE PAVEMENT
—CONCRETE AS A HEAT MASS

—CONTINUALLY KEEP SLAB AT ABOVE |
FREEZING TEMPERATURE |
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ELECTRODE LAYOU-
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25 mm (1”) DIAM.
GALVANIZED STEEL
THREADED BARS

3.05 m
(10%)

4 ;‘

-

102 mm |3 sp @373 mm (102 mm

@47 (@14.7) 4)
1.22 m (47)
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ANTI-ICING SYSTEMW

_. DAQ SYSTEM

BATTERY STORAGE (4 - 12V)

(8- 200 Watts)
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CONDUCTIVE CONCRETE




CONDUCTIVE CO \N'CR

(CONDUCTIVITY K = 1/ELECT
e ELECTRICAL CONDUCTIVITY & THERMAL
CONDUCTIVITY

» NORMAL WEIGHT CONCRETE (6-11 kQ*m
236 — 433 kQ*in ) \

e CONDUCTIVE CONCRETE (0.00114 kQ*m
0.045 kQ2*in) |

e K (cond. conc) =5260 * ¥ (normal conc.)
e STRENGTH, CONDUCTIVITY, & WORKABILITY
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TRIAL MIX BATC

MIX

GRAPHITE POWDERJRAPHITE POWDE| STEEL FIBER | CEMENT | FLY ASH COARSE FINE
(%) DESIGNATION (38 mm (1.5")| (TYPE 1) AGGREGATE | AGGREGATE | (%)
(%) (%) (%) (%) (%)
1 24.9 A60,A99,A625 1.5 15.1 5.4 26.6 0.8 23.7 | 2.0 |0.40
2 24.9 A4012 1.5 15.1 5.4 26.6 0.8 23.7 | 2.0 |0.40
3 19.9 A4015 1.5 15.1 5.4 26.6 5.8 23.7 | 2.0 [0.40
4 19.9 A4071 1.5 15.1 5.4 26.6 5.8 23.7 | 2.0 |0.40
5 19.9 A4071 2.5 15.1 5.4 26.6 4.8 23.7 | 2.0 [0.40
6 19.9 A4071 3.5 15.1 5.4 26.6 3.8 23.7 | 2.0 [0.40
7 17.2 A4071 5.0 15.1 5.4 26.6 5.0 23.7 | 2.0 |0.40
8 17.2 A4071 2.7 15.1 5.4 26.6 7.2 23.7 | 2.0 |0.40
9 BFS 7.2 A4071 2.7 11.9 0.0 36.1 21.4 18.7 | 2.0 |0.35
10 BFS 17.2 A4071 2.7 18.8 0.0 31.0 4.5 23.7 | 2.0 [0.40
11 17.2 A4071 2.7 15.1 5.4 26.6 7.2 23.7 | 2.0 [0.40
MIX UnWt UnWt f'c f'c El. Resistivity|El. Resistivity
(pcf) [(KN/m?)| (ksi) (MPa) (ohm-in) (ohm-cm)
28 day | 28 day 28 day 28 day

1 137.1 21.6 2.75 18.95

2 137.1 21.6 3.10 21.36

3 138.3 21.7 4.15 28.59

4 138.3 21.7 5.60 38.58

5 137.4 21.6 5.10 35.14

6 136.4 21.4 na na

7 135.6 21.3 na na

8 137.8 21.7 5.85 40.31 253 643

9 BFS | 133.8 21.0 4.80 33.07 1778 4516
10 BFS| 129.6 20.4 5.70 39.27 711 1806

11 137.8 21.7 6.15 42.37 156 396
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330 MM x457 mm x 64 mm
(137 x 18” x 2.5”)
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OVERLAY MAT TESTING (48 VOLTS) ' \
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Explain the shape of the graph.
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TEMPERATURE (INITIAL @ 12:30 aM /

FINAL € 6:00 AM)

‘ ‘ A
HOUR HEAT | [lsiewes [fauscs §ane oo
31.9 °C 31.9 °C 31.0 °C
' | 1
TEST 34.4 °c/ 34.6 °C/ 34.6 °C/
32.2| °C 32.2 °C 31.:1I °C
34.8 °C/ 34.8 °c/ 34.2 °C/
TIME 12:30 AM 34-4I°C 33.9 °C 32.a|°c
AMBIENT TEMP 28.8 C (83.8 F)
34.7 °c/ 34.8 °c/ 34.3 °c/
CONTROL MAT TEMP 31.3 C (88.3 F) 38.3 %0 317.6 °C 33.4 °C B
VOLTAGE INPUT 50.2 V ! ! ! uwy
34.8 °c/ 34.8 °c/ 34.9 °c/ =
TIME 6:00 AM 39.6 °C 39.0 °C 33.6 °C 7 -
BAMBIENT TEMP 24.0 C (75.2 F) 34.6 °c/ 34.6 °C/ 34.0 °C/
CONTROL MAT TEMP 28.8 C (83.8 F) 39.9 °¢ 39.5 °C 34.0 °C
VOLTAGE INPUT 32.7 V 34.7 °c/ 34.7 °c/ 34.8 °F/
39.ﬁ °C 40.3 °C 34.1 °F
| |
34.8 °c/ 34.8 °c/ 34.3 °C/
42.3 °C 42.3|°C 34.3| °C
33.9 °c/ 34.5 °c/ 33.9 °c/
43.7 °C 44.3 °C 34.4 °C
| | v
El E? E3 Ed

1.22 m (4'-0")

M
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FINITE DIFFERENCE

TEMPERATURE

B g3.6 F (28.7 C)
82.8 F (28.2 C)

g2.1 F (27.8 C)
8l.3 F (27.4 C)
g0.5 F (27.0 C)

0.35 m (14 in)

0.3 m (11.8 in)

0.25 m (9.8 in)

0.2 m (7.9 in)

0.15 m (5.9

0.1m (3.9

0.05 m (2.0

0




FUTURE WORK
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FUTURE WORK
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CONCLUSIONS

SNOW REMOVAL IS EXPENSIVE W
ENTAILS PLOWING & CHEMICAL TREATMENT" (8

ALTERNATIVE APPROACH- SOLAR ENERGY &
CONDUCTIVE CONCRETE

CONDUCTIVE CONCRETE UNIFORMITY

MONITOR TEMPERATURES DURING 2011- |
2012 WINTER SEASON.
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