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CHAPTER 1. INTRODUCTION 

GENERAL. The continued advance in airplane design has created new 
requirements which have been met by the airport designer. As examples, 
i t has been necessary to provide longer and stronger runways, larger 
terminals , and bet ter fuel handling f a c i l i t i e s . The change in design 
from p i s ton to j e t engines has required an increased emphasis on the 
reso lu t ion of the problems assoc iated with the v e l o c i t i e s of a i r 
movement behind airplanes during ground operations. 

2- JET BLAST. In the period of general use of the small p i s ton engine 
transport, propwash was considered disagreeable but not dangerous. 
As the large four engine airplane came i n t o use , i t was found that i t s 
propwash could be to lerated i f reasonable separation dis tances were 
used to d i s s i p a t e the wind force created. With the advent of large j e t 
a i rp lanes , i t was soon rea l i zed that j e t b l a s t v e l o c i t i e s far exceeded 
those of propwash in the same ground operations. These increased 
v e l o c i t i e s were capable of causing injury to personnel and damage to 
equipment and f a c i l i t i e s . Various s tudies and t e s t s have been made 
t o analyze these high-energy j e t b l a s t s and t o determine how best t o 
minimize the ir detrimental e f f e c t s . 

Chap 1 
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CHAPTER 2. BLAST 

3 . BLAST CONSIDERATIONS. 

a . Personnel and Equipment Opera t ions . V e l o c i t i e s above 35 miles per 
hour a r e u n d e s i r a b l e for pe r sona l comfort and equipment ope ra t ions 
i n the t e rmina l a r e a . J e t a i r c r a f t exhaust may cause v e l o c i t i e s 
many t imes g r e a t e r than 35 mi les per hour a t cons ide rab le d i s t a n c e s 
from the ope ra t ing a i r c r a f t . To d iminish the v e l o c i t y e f f e c t s 
c r e a t e d by j e t t h r u s t , the e r e c t i o n of b l a s t fences or inc reased 
spacing between a i r c r a f t parked i n the t e rmina l a rea should be 
cons ide red . 

b . Taxiways. With the p r e s e n t c r i t e r i a of 100-foot-wide taxiways , 
the outboard engines of wide-bodied j e t s extend outward from 
20 f e e t t o as much as 54 f e e t beyond the edge of the pavement. 
For t h i s r ea son , t r ea tment of taxiway shoulders i s recommended 
t o p reven t t h e i r e ro s ion and the blowing of d e b r i s or loose m a t e r i a l 
i n t o fol lowing a i r c r a f t . 

c . Pavement Edge. On the hold ing apron and a t runway ends , the 
j e t b l a s t approaches t h r u s t c o n d i t i o n s of 40 t o 60 pe rcen t of 
maximum cont inuous t h r u s t (MCT). This much t h r u s t i s necessary 
to s t a r t t he a i r c r a f t moving, and i t s u b j e c t s the surrounding a reas 
t o c r i t i c a l v e l o c i t i e s . B l a s t fences and sur face s t a b i l i z a t i o n 
may be used t o p r o t e c t t h e s e a r e a s . Runway shoulders in most 
i n s t a n c e s w i l l a l s o r e q u i r e a s t a b i l i z e d s u r f a c e . 

d. Cargo and Maintenance Areas . Varied t h r u s t cond i t i ons may be 
encountered in o ther p l a c e s , such as the cargo a r ea and the 
a i r c r a f t maintenance apron, depending on ope ra t i ng r equ i remen t s . 
In these a r e a s , b l a s t v e l o c i t i e s may become c r i t i c a l where high 
t h r u s t l e v e l s a re r equ i r ed to i n i t i a t e movement of the a i r c r a f t . 

e . Terminal Areas . B l a s t e f f e c t s of j e t engines i n te rminal f a c i l i t i e s 
must be cons idered in the des ign of a i r p o r t s . S t r u c t u r a l des ign 
f a c t o r s should i nco rpo ra t e wind loads commensurate wi th the 
a i r p l a n e ground ope ra t ing p r a c t i c e s a n t i c i p a t e d i n the v i c i n i t y 
of the t e r m i n a l . 

Chap 2 
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f. J e t B las t P r e s s u r e . J e t b l a s t v e l o c i t i e s a r e i r r e g u l a r and 
t u r b u l e n t i n n a t u r e . For very small a r e a s of 10 to 15 square 
f e e t , they should be assumed to be p e r i o d i c i n t h e i r cyc l e s and 
the v i b r a t i o n s should be cons idered i n b u i l d i n g des ign . Such 
assumptions a r e no t necessary in des ign of l a r g e s e c t i o n s . When 
neces sa ry , t he p r e s s u r e of a j e t b l a s t on a su r face pe rpend icu la r 
to i t may be computed from the exp res s ion : 

P » 0.00255V 2 

where V = the v e l o c i t y i n mi les 
per hour normal to the s u r f a c e , 
and P = pounds per square foot 

4 . BLAST VELOCITIES. 

a « Genera l . F igures 1 through 4 (pages 5 through 8) show the v e l o c i t y 
ve rsus d i s t a n c e from the r e a r of a i r c r a f t for the Douglas DC-8, 
Boeing 727, Boeing 747, and Douglas DC-10 a t va r ious t h r u s t l e v e l s . 
These a i r c r a f t a r e r e p r e s e n t a t i v e of the types common i n a i r c a r r i e r 
u s e . For s p e c i f i c v e l o c i t y da t a on o the r a i r c r a f t , i nc lud ing l a t e r a l 
and v e r t i c a l c o n t o u r s , the manufacturer should be consu l t ed . 

b . Ve loc i ty Peaks. I t has been determined from va r ious s t u d i e s t h a t 
b l a s t v e l o c i t i e s a r e c y c l i c a l . Ve loc i ty peaks can be expected t o 
occur 2 to 6 t imes per second. These peaks a r e not cont inuous 
l a t e r a l l y or v e r t i c a l l y and cover r e l a t i v e l y small a r e a s . The 
maximum v e l o c i t i e s shown i n a l l f i gu re s a r e an average of the peaks . 

c . Heat E f f e c t s . A d e t a i l e d study of the hea t e f f e c t s a s s o c i a t e d with 
j e t b l a s t has no t been Included because the a r e a s where the upper 
l i m i t s of hea t a r e genera ted a r e unoccupied due to b l a s t v e l o c i t y 
t o l e r a n c e l i m i t s . 

Page 4 
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FIGURE 1. MAXIMUM VELOCITY CURVES (DC-8) 



NOTE: 
VELOCITIES SHOWN ARE FOR 3 ENGINES OPERATING 
AND AT A HEIGHT DETERMINED -BY ENGINE HEIGHT 
AND ATTITUDE. 
AT MAXIMUM VALUES, VELOCITIES REMAIN WITHIN 
WING TIP AND MAY EXTEND TO A HEIGHT OF 30 1 

ABOVE GROUND LEVEL. 
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FIGURE 3 . MAXIMUM VELOCITY CURVES (BOEIHG 747) 
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CHAPTER 3 . BLAST FENCES 

5* GENERAL. I t has been found t h a t the d e t r i m e n t a l e f f e c t s of b l a s t , 
such as e r o s i o n , hazards of high v e l o c i t i e s to personnel and equipment, 
and r e l a t e d fumes and no i se r e s u l t i n g from the energy of high v e l o c i t y 
wakes of both p r o p e l l e r and j e t a i r c r a f t , can be s u b s t a n t i a l l y reduced 
or e l imina ted by p roper ly designed b l a s t f ences . Their a p p l i c a t i o n was 
p r i m a r i l y l i m i t e d to s e r v i c e and maintenance a reas before j e t a i r c r a f t 
became widely employed. J e t a i r c r a f t ope ra t i ons have emphasized the 
need for a s u i t a b l e means of d e f l e c t i n g and c o n t r o l l i n g the engine b l a s t 
in o ther a r e a s . 

6. BLAST FENCE CONSIDERATIONS. 

a. Design. Severa l types of b l a s t fences a r e f a b r i c a t e d (see F igures 
5 and 6 on pages 10 and 11 ) , the des ign of which a r e r e a d i l y a v a i l a b l e 
from the va r ious manufac turers . I t should be r e a l i z e d t h a t the 
e f f e c t i v e n e s s of any b l a s t fence depends upon l o c a l c o n d i t i o n s , 
and custom des ign w i l l u s u a l l y be r e q u i r e d t o meet any s p e c i a l 
r equ i remen t s . 

D - Funct ion. Cons ide ra t ion must be given to the l o c a t i o n of runway 
ends and ho ld ing aprons with r e s p e c t t o landing th r e sho lds of o ther 
runways, r o a d s , s t r u c t u r e s , or o ther f a c i l i t i e s i n de termining 
whether b l a s t fences a r e r e q u i r e d . Sudden gus t v e l o c i t i e s s t r i k i n g 
moving v e h i c l e s and a i r c r a f t a r e more dangerous than cont inous 
v e l o c i t i e s of the same magnitude. Crosswlnd gus t s averaging more 
than 20 mi les per hour on a moving v e h i c l e a r e cons idered hazardous . 
In the case of wide-bodied a i r c r a f t , t h i s v e l o c i t y can occur over 
2000 f e e t from the r e a r of the a i r c r a f t a t takeoff . 

c . Loca t ion . The l o c a t i o n of the b l a s t fence has an important bear ing 
on i t s e f f e c t i v e n e s s , and i s determined by i t s des ign and func t ion . 
Genera l ly , t he c l o s e r the fence i s t o the source of b l a s t , the 
b e t t e r i t performs, provided the extended c e n t e r l i n e of the b l a s t 
f a l l s below the top of the fence . I t should not be placed where i t 
c r e a t e s a hazard to a i r c r a f t approaches or d e p a r t u r e s . 

d. Other Types .of B l a s t P r o t e c t i o n . Although the use of fences has 
been e f f e c t i v e , b l a s t p r o t e c t i o n may be gained by o the r methods and 
m a t e r i a l s . Any o b s t r u c t i o n , n a t u r a l or manmade, w i l l a f ford 
some measure of p r o t e c t i o n . Hedges, bushes , and t r e e s can a l s o 
help a t t e n u a t e sound to some e x t e n t . T a l l hedges e s p e c i a l l y may be 
used to advantage in some cases ( e . g . , around engine run-up a r e a s ) . 
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e . Other Cons ide ra t i ons . In s e r v i c e , p a r k i n g , and o ther a r e a s , t he 
foregoing c o n s i d e r a t i o n s may be used as a guide i n e s t a b l i s h i n g 
the need for and des ign of b l a s t f ences . I n t e rmina l a r e a s , 
passenger comfort becomes the c o n t r o l l i n g f a c t o r , s ince b l a s t 
v e l o c i t i e s g r e a t e r than 35 mi les per hour become i n t o l e r a b l e . 
F u r t h e r , loose o b j e c t s on the pavement become p o t e n t i a l m i s s i l e s 
in the wake of a j e t a t t h i s v e l o c i t y and may be thrown cons ide r ab l e 
d i s t a n c e s . 

Page 12 
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CHAPTER 4. BLAST EROSION OF OFF-PAVEMENT AREAS 

7. GENERAL. Drag and u p l i f t forces caused by high-energy j e t exhaust 
from present day j e t a i rcra f t may move boulders several f e e t thick 
and, a t 35 f e e t behind the exhaust nozzle of an engine operating a t 
maximum thrust , can r a i s e boulders 2 f e e t in diameter completely off 
the ground. The forces causing such eros ion decrease rapidly with 
d i s tance , and beyond about 1200 f e e t from the engine of a wide-bodied 
a i rcra f t they a f f e c t only sand and f iner cohes ion less s o i l s . The 
shoulder and b l a s t pad protect ion c r i t e r i a contained in t h i s chapter 
r e l a t e to the airplane design groups s p e c i f i e d in Figure 4 on page 7 
of AC 150/5335-1A, Airport Design Standards - Airports Served by Air 
Carriers - Taxiways. 

8. SHOULDER AND BLAST PAD WIDTHS. 

a. Where paved runway and taxiway shoulders are required for erosion 
protect ion or the operation of maintenance v e h i c l e s , provis ion of 
the following shoulder widths on new and e x i s t i n g taxiways i s 
recommended. 

(1) Runways. 

(a) On 150-foot runways, which are not planned to accommodate 
a i r c r a f t above Design Group I I , a 25-foot wide shoulder 
i s recommended. 

(b) On 150-foot runways, where a irplanes in Design Group I I I 
are planned to be accommodated, the recommended shoulder 
width i s 50 f e e t , with 35 fee t an acceptable minimum. 

(c) On 200-foot runways, a 25-foot wide shoulder i s recommended. 

(2) Taxiways. 

(a) For Design Group I a i r c r a f t , a 20-foot shoulder i s 
recommended. 

(b) For Design Group I I a i r c r a f t , a 25-foot shoulder i s 
recommended. 

(c) For Design Group I I I a i r c r a f t , a 35-foot shoulder i s 
recommended. 

Chap 4 
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b. Where b l a s t pads are required for erosion protec t ion , they should 
have a width equal to the width of runway plus shoulders. The 
length of b las t pads may be determined as fo l lows: 

(1) For a i rcra f t in Design Group II and below, a b l a s t pad 
length of 200 f e e t i s recommended. 

(2) For a i rcra f t in Design Group I I I , a b l a s t pad length of 
400 fee t i s recommended. 

9. SHOULDER AND BLAST PAD DESIGN THICKNESS. The thicknesses of shoulders 
and b las t areas should be such as to accommodate an occasional passage 
of the c r i t i c a l a i rcra f t for runway pavement des ign , and the c r i t i c a l 
axle load of the emergency or maintenance veh ic l e which may pass over 
the area. In addi t ion , the following c r i t e r i a should be applied: 

a. The c r i t i c a l axle load of the emergency or maintenance veh ic l e 
should be considered to be on s i n g l e wheels. The thickness should 
be determined by using the c r i t i c a l load and the procedures of 
AC 150/5320-6A, Airport Paving. If t h i s thickness i s greater than 
that based on paragraph 8b below, then t h i s design thickness 
should be used for shoulder and b las t areas . 

b. The design thickness required for shoulder and b l a s t areas to 
accommodate the c r i t i c a l a i rcra f t should be es tabl i shed by using 
one half of the t o t a l thickness determined by using the procedures 
of AC 150/5320-6A, Airport Paving. 

c . For Design Group II a i rcra f t and below, the recommended minimum 
surface th ickness , i f bituminous concrete on an aggregate base, 
i s 2 inches on shoulders and 3 inches on b l a s t areas. For serv ice 
by Design Group I I I a i r c r a f t , an increase of 1 inch in these 
thicknesses i s recommended. 

d. The use of s t a b i l i z e d bases in shoulders and b l a s t areas i s 
recommended. They should be b u i l t to the standards of 
AC 150/5370-1A, Standard Spec i f i ca t ions for Construction of Airports , 
Including the Ik to 1 equivalency and the minimum thickness noted in 
AC 150/5320-6A. A 2-inch bituminous concrete surface i s the 
recommended minimum on a bituminous s t a b i l i z e d base. 

e . If i t i s advantageous to use portland cement concrete and a 
granular subbase for shoulder and b las t areas , the 6-Inch 
minimum thickness standards of AC 150/5320-6A should be appl ied. 

Page 14 
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f. The same compaction and construct ion c r i t e r i a for subgrade and 
pavement courses in shoulder and b l a s t areas should be used as 
for f u l l strength pavement areas , except the design should be 
based on 50-blow laboratory samples. A Marshall s t a b i l i t y of 
500 minimum and flow of 20 maximum should be adequate. I t i s 
recommended that approximately a 1-inch drop-off be considered at 
the edge of the f u l l strength pavement, shoulders, and b l a s t areas 
to provide a d e f i n i t e l i n e of demarcation. 

DRAINAGE. Drainage capabi l i ty should be maintained or improved in 
the af fected areas . Where pavement edge drop-off and 5 percent 
transverse s lope are present in e x i s t i n g turf areas , they may be 
retained in the paved surface d e t a i l s . I t i s recommended that courses 
of s u f f i c i e n t depth to maintain the p o s i t i v e drainage of granular 
base or subbase courses under the runway pavement be provided. An 
a l t ernat ive i s the provis ion of subdrains at the pavement edge. A 
s u f f i c i e n t number of manholes should be provided in the subdrains 
to permit observation and f lushing of the subdrain system. 

11. SPECIAL CONDITIONS. I t i s recognized that l o c a l condit ions at some 
airport s i t e s may require surface protect ion from erosion in addit ion 
to that recommended in paragraph 8. In such circumstances, i t i s 
recommended that the addit ional pavement be provided. The pavement 
s ec t ion and surface material to be used should be governed by previous 
sa t i s fac tory loca l experience. In approving low cos t materials and 
procedures, maintenance time should be considered, part icu lar ly for 
areas adjacent to t i m e - c r i t i c a l runways. 

12. APRON EDGE TAXIWAYS. When apron edges are designated as tax i routes , 
a taxiway shoulder should be provided. 

13. PAVEMENT MARKING. Where b las t protect ion pavement i s provided, the 
edge of the f u l l strength pavement should be i d e n t i f i e d and b las t 
pads and runway shoulder areas marked in accordance with AC 150/5340-1C, 
Marking of Paved Areas on Airports . 

14. RUNWAY/TAXIWAY EDGE LIGHTING SYSTEM. Where shoulders are added to 
an e x i s t i n g runway or taxiway, the edge l i gh t ing system may require 
modif ication. In new construct ion , edge l i g h t s should be base mounted 
and the cable under the pavement i n s t a l l e d in conduit to permit 
maintenance of the l ight ing c i r c u i t s without cutt ing of the pavement. 
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APPENDIX 1. BIBLIOGRAPHY 

1. The fol lowing advisory c i r c u l a r s may be obta ined from the Department 
of T r a n s p o r t a t i o n , D i s t r i b u t i o n U n i t , 
TAD-434.3, Washington, D.C. 20590. 

a. AC 150/5335-1A, Ai rpo r t Design Standards - A i rpo r t s Served by 
Air C a r r i e r s - Taxiways. 

b . AC 150/5320-6A, (Changes 1 , 2 and 3 ) , A i rpo r t Paving. 

c . AC 150/5340-1C, Marking of Paved Areas on A i r p o r t s . 

2. The following advisory c i r c u l a r may be obta ined from the Super in tendent 
of Documents, United S t a t e s Government P r i n t i n g Off ice , Washington, D.C. 
20402. Make check or money order payable to the Super in tendent of 
Documents. No C.O.D. o rde r s a r e accep ted . 

AC 150/5370-1A, Standard S p e c i f i c a t i o n s for Cons t ruc t ion of A i r p o r t s . 
($3.50) 
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