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Wind loading on structures due to
tornadoes and gusts
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Fig. 48. — Trombe sur terre.

Tornado sketch (1869)
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U.S. NUCLEAR REGULATORY COMMISSION March 2007

Revision 1

REGULATORY GUIDE

OFFICE OF NUCLEAR REGULATORY RESEARCH
REGULATORY GUIDE 1.76

(Draft was issued as DG-1143, dated January 2006)

DESIGN-BASIS TORNADO AND TORNADO MISSILES
FOR NUCLEAR POWER PLANTS



Meteorological and topographic conditions, which vary significantly within the continental
United States, influence the frequency of occurrence and intensity of tornadoes. The NRC staff
has determined that the d631 on-h tornado wind speeds for new reactors should correspond to the
exceedance frequency of

‘ calculated as a best estimate), thus usi using the same exceedance
frequency as the original version of this regulatory guide. The results of the analysis indicated that
amaximum wind speed of 103 meters per second (m/s) [230 miles per hour (mph)] is appropriate

for tornadoes for the central portion of the United States; a maximum wind speed of 89 m/s (200 mph)
is appropriate for a large region of the United States along the east coast, the northern border, and western
Great Plains; and a maximum wind speed of 72 m/s (160 mph) is appropnate for the western United States.
‘These geographic wind speed regions are defined by observed tornado occurrences within the two-degree
latitude and longitude boxes in the contiguous United States. Figure 1 shows the three tornado intensity
regions for the contiguous United States at the 10°7 per year probability level, in which the abscissa

is the longitude (degrees west) and the ordinate is the latitude (degrees north).
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Figure 1. Tornado intensity regions for the contiguous United States
for exceedance probabilities of 107 per year



Table 1. Design-Basis Tornado Characteristics

Radius of
Maximum maximum
Maximum Translational rotational rotational Pressure Rate of
wind speed speed speed speed drop pressure drop
Region m/s (mph) m/s (mph) m/s (mph) m (ft) mb (psi) mb/s (psi/s)
I 103 (230) 21 (46) 82 (184) 45.7 (150) 83 (1.2) 37 (0.5)
II 89 (200) 18 (40) 72 (160) 45.7 (150) 63 (0.9) 25(0.4)
111 72 (160) 14 (32) 57 (128) 45.7 (150) 40 (0.6) 13 (0.2)




missiling

The NRC considers the missiles listed in Table 2 to be capable of striking in all directions
_wi ~with horizontal velocities qf\l/'wg‘“ and vertical velocities equal to 67 percent of V,,"* . Barrier design
'should be evaluated assuming a normal impact to the surface for r the Schedule 40 p1pe and automobile
missiles. The automobile missile is considered to impact at all altitudes less than 30 feet (9.14 meters)
ibgve all grade levels w1th1n 0.5 mile (O 8 kilometer) of the plant structures. Table 2 includes a different
size and weight automobile for Region III than for Regions I and I. The heavier automobile used
in the calculations for Regions I and IT will have a lower kinetic energy in Region ITI. This effect is
a consequence of the low maximum horizontal speed V,,,”** of the heavier automobile in the Region III

tornado wind field.




Table 2. Design-Basis Tornado Missile Spectrum and Maximum Horizontal Speeds

Missile Type

Schedule 40 Pipe

Automobile

Solid Steel Sphere

0.168 m dia x 4.58 m long

Region I and II
Smx2mXx13m

(16.4 ft x 6.6 ft x 4.3 ft)

Dimensions 2.54 cm dia
(6.625 in. dia x 15 ft long) Region Il (1 in. dia)
45mx1.7mx1.5m
(14.9 ft x 5.6 ft x 4.9 ft)
Region I and II
1810 kg
¥on 130 kg @00 i) 0.0669 kg
(287 1b) ——— (0.147 1b)
1178 kg
(2595 1b)
Region I and II
0.0070 m%kg
2
& Alia 0.0043 m%kg i AL 0.0034 m%/kg
2 2
(0.0212 f/1b) - (0.0166 fi*/1b)
0.0095 m%kg
(0.0464 ft*/1b)
Region I 41 m/s 41 m/s 8 m/s
g (135 ft/s) (135 fi/s) (26 ft/s)
. . 34 m/s 34 m/s 7 m/s
Vi P (112 ft/s) (112 ft/s) (23 ft/s)
i 24 m/s 24 m/s 6 m/s
L (79 ft/s) (79 ft/s) (20 ft/s)
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(IPCC-AR4 2007 Report)

4 IPCC-AR4 PERSPECTIVE

The 2007 Fourth Assessment report [19] of the Intergovernmental Panel on Climate Change
(IPCC-AR4) in their summary presents the following scenarios concerning frequency and inten-
sity:

Frequency: On a global scale there is no clear trend in the annual numbers of tropical cyclones,
however, the frequency has increased in the North Atlantic, which is a subject of debate, Despite
the apparent statistical linkage between frequency increase and global warming the search for an
underlying mechanism is underway.

Intensity: The report rates the probability of the link between global warming and increase in
the frequency of hurricanes as “mor ~ that there 1s human contribution to the ob-
served trends of hurricane activity since 1970. It is also reported that it is likely (better than 2 to 1
odds) that future tropical storms will intensify with higher wind speeds and precipitation associ-
ated with increasing sea surface temperature,

SBDFRFE? 2 ?



