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K=0.8, except that lower values may be used 
if it is shown that the floats are incapable 
of submerging at a speed of 0.8 Vso in nor-
mal operations; 

Vso=seaplane stalling speed (knots) with 
landing flaps extended in the appropriate 
position and with no slipstream effect; and 

g=acceleration due to gravity (ft/sec2). 

(g) Float bottom pressures. The float 
bottom pressures must be established 
under § 23.533, except that the value of 
K2 in the formulae may be taken as 1.0. 
The angle of dead rise to be used in de-
termining the float bottom pressures is 
set forth in paragraph (b) of this sec-
tion. 

[Doc. No. 26269, 58 FR 42162, Aug. 6, 1993; 58 
FR 51970, Oct. 5, 1993] 

§ 23.537 Seawing loads. 
Seawing design loads must be based 

on applicable test data. 

[Doc. No. 26269, 58 FR 42163, Aug. 6, 1993] 

EMERGENCY LANDING CONDITIONS 

§ 23.561 General. 
(a) The airplane, although it may be 

damaged in emergency landing condi-
tions, must be designed as prescribed in 
this section to protect each occupant 
under those conditions. 

(b) The structure must be designed to 
give each occupant every reasonable 
chance of escaping serious injury 
when— 

(1) Proper use is made of the seats, 
safety belts, and shoulder harnesses 
provided for in the design; 

(2) The occupant experiences the 
static inertia loads corresponding to 
the following ultimate load factors— 

(i) Upward, 3.0g for normal, utility, 
and commuter category airplanes, or 
4.5g for acrobatic category airplanes; 

(ii) Forward, 9.0g; 
(iii) Sideward, 1.5g; and 
(iv) Downward, 6.0g when certifi-

cation to the emergency exit provi-
sions of § 23.807(d)(4) is requested; and 

(3) The items of mass within the 
cabin, that could injure an occupant, 
experience the static inertia loads cor-
responding to the following ultimate 
load factors— 

(i) Upward, 3.0g; 
(ii) Forward, 18.0g; and 
(iii) Sideward, 4.5g. 

(c) Each airplane with retractable 
landing gear must be designed to pro-
tect each occupant in a landing— 

(1) With the wheels retracted; 
(2) With moderate descent velocity; 

and 
(3) Assuming, in the absence of a 

more rational analysis— 
(i) A downward ultimate inertia force 

of 3 g; and 
(ii) A coefficient of friction of 0.5 at 

the ground. 
(d) If it is not established that a 

turnover is unlikely during an emer-
gency landing, the structure must be 
designed to protect the occupants in a 
complete turnover as follows: 

(1) The likelihood of a turnover may 
be shown by an analysis assuming the 
following conditions— 

(i) The most adverse combination of 
weight and center of gravity position; 

(ii) Longitudinal load factor of 9.0g; 
(iii) Vertical load factor of 1.0g; and 
(iv) For airplanes with tricycle land-

ing gear, the nose wheel strut failed 
with the nose contacting the ground. 

(2) For determining the loads to be 
applied to the inverted airplane after a 
turnover, an upward ultimate inertia 
load factor of 3.0g and a coefficient of 
friction with the ground of 0.5 must be 
used. 

(e) Except as provided in § 23.787(c), 
the supporting structure must be de-
signed to restrain, under loads up to 
those specified in paragraph (b)(3) of 
this section, each item of mass that 
could injure an occupant if it came 
loose in a minor crash landing. 

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as 
amended by Amdt. 23–7, 34 FR 13090, Aug. 13, 
1969; Amdt. 23–24, 52 FR 34745, Sept. 14, 1987; 
Amdt. 23–36, 53 FR 30812, Aug. 15, 1988; Amdt. 
23–46, 59 FR 25772, May 17, 1994; Amdt. 23–48, 
61 FR 5147, Feb. 9, 1996] 

§ 23.562 Emergency landing dynamic 
conditions. 

(a) Each seat/restraint system for use 
in a normal, utility, or acrobatic cat-
egory airplane must be designed to pro-
tect each occupant during an emer-
gency landing when— 

(1) Proper use is made of seats, safety 
belts, and shoulder harnesses provided 
for in the design; and 
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(2) The occupant is exposed to the 
loads resulting from the conditions 
prescribed in this section. 

(b) Except for those seat/restraint 
systems that are required to meet 
paragraph (d) of this section, each seat/ 
restraint system for crew or passenger 
occupancy in a normal, utility, or acro-
batic category airplane, must success-
fully complete dynamic tests or be 
demonstrated by rational analysis sup-
ported by dynamic tests, in accordance 
with each of the following conditions. 
These tests must be conducted with an 
occupant simulated by an 
anthropomorphic test dummy (ATD) 
defined by 49 CFR Part 572, Subpart B, 
or an FAA-approved equivalent, with a 
nominal weight of 170 pounds and seat-
ed in the normal upright position. 

(1) For the first test, the change in 
velocity may not be less than 31 feet 
per second. The seat/restraint system 
must be oriented in its nominal posi-
tion with respect to the airplane and 
with the horizontal plane of the air-
plane pitched up 60 degrees, with no 
yaw, relative to the impact vector. For 
seat/restraint systems to be installed 
in the first row of the airplane, peak 
deceleration must occur in not more 
than 0.05 seconds after impact and 
must reach a minimum of 19g. For all 
other seat/restraint systems, peak de-
celeration must occur in not more than 
0.06 seconds after impact and must 
reach a minimum of 15g. 

(2) For the second test, the change in 
velocity may not be less than 42 feet 
per second. The seat/restraint system 
must be oriented in its nominal posi-
tion with respect to the airplane and 
with the vertical plane of the airplane 
yawed 10 degrees, with no pitch, rel-
ative to the impact vector in a direc-
tion that results in the greatest load 
on the shoulder harness. For seat/re-
straint systems to be installed in the 
first row of the airplane, peak decelera-
tion must occur in not more than 0.05 
seconds after impact and must reach a 
minimum of 26g. For all other seat/re-
straint systems, peak deceleration 
must occur in not more than 0.06 sec-
onds after impact and must reach a 
minimum of 21g. 

(3) To account for floor warpage, the 
floor rails or attachment devices used 
to attach the seat/restraint system to 

the airframe structure must be pre-
loaded to misalign with respect to each 
other by at least 10 degrees vertically 
(i.e., pitch out of parallel) and one of 
the rails or attachment devices must 
be preloaded to misalign by 10 degrees 
in roll prior to conducting the test de-
fined by paragraph (b)(2) of this sec-
tion. 

(c) Compliance with the following re-
quirements must be shown during the 
dynamic tests conducted in accordance 
with paragraph (b) of this section: 

(1) The seat/restraint system must 
restrain the ATD although seat/re-
straint system components may experi-
ence deformation, elongation, displace-
ment, or crushing intended as part of 
the design. 

(2) The attachment between the seat/ 
restraint system and the test fixture 
must remain intact, although the seat 
structure may have deformed. 

(3) Each shoulder harness strap must 
remain on the ATD’s shoulder during 
the impact. 

(4) The safety belt must remain on 
the ATD’s pelvis during the impact. 

(5) The results of the dynamic tests 
must show that the occupant is pro-
tected from serious head injury. 

(i) When contact with adjacent seats, 
structure, or other items in the cabin 
can occur, protection must be provided 
so that the head impact does not ex-
ceed a head injury criteria (HIC) of 
1,000. 

(ii) The value of HIC is defined as— 
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1

t t
a(t)dt2 1

2 1 t

t
2.5

Max
1

2

= −( )
−( )

⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥

⎧

⎨
⎪

⎩
⎪

⎫

⎬
⎪

⎭
⎪

∫

Where: 

t1 is the initial integration time, expressed 
in seconds, t2 is the final integration time, 
expressed in seconds, (t2¥ t1) is the time 
duration of the major head impact, ex-
pressed in seconds, and a(t) is the resultant 
deceleration at the center of gravity of the 
head form expressed as a multiple of g 
(units of gravity). 

(iii) Compliance with the HIC limit 
must be demonstrated by measuring 
the head impact during dynamic test-
ing as prescribed in paragraphs (b)(1) 
and (b)(2) of this section or by a sepa-
rate showing of compliance with the 
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head injury criteria using test or anal-
ysis procedures. 

(6) Loads in individual shoulder har-
ness straps may not exceed 1,750 
pounds. If dual straps are used for re-
taining the upper torso, the total strap 
loads may not exceed 2,000 pounds. 

(7) The compression load measured 
between the pelvis and the lumbar 
spine of the ATD may not exceed 1,500 
pounds. 

(d) For all single-engine airplanes 
with a VSO of more than 61 knots at 
maximum weight, and those multien-
gine airplanes of 6,000 pounds or less 
maximum weight with a VSO of more 
than 61 knots at maximum weight that 
do not comply with § 23.67(a)(1); 

(1) The ultimate load factors of 
§ 23.561(b) must be increased by multi-
plying the load factors by the square of 
the ratio of the increased stall speed to 
61 knots. The increased ultimate load 
factors need not exceed the values 
reached at a VS0 of 79 knots. The up-
ward ultimate load factor for acrobatic 
category airplanes need not exceed 
5.0g. 

(2) The seat/restraint system test re-
quired by paragraph (b)(1) of this sec-
tion must be conducted in accordance 
with the following criteria: 

(i) The change in velocity may not be 
less than 31 feet per second. 

(ii)(A) The peak deceleration (gp) of 
19g and 15g must be increased and mul-
tiplied by the square of the ratio of the 
increased stall speed to 61 knots: 

gp=19.0 (VS0/61)2 or gp=15.0 (VS0/61)2 

(B) The peak deceleration need not 
exceed the value reached at a VS0 of 79 
knots. 

(iii) The peak deceleration must 
occur in not more than time (tr), which 
must be computed as follows: 

t
31

32.2 g

.96

g
r

p p

= ( ) =

where— 
gp=The peak deceleration calculated in ac-

cordance with paragraph (d)(2)(ii) of this 
section 

tr=The rise time (in seconds) to the peak de-
celeration. 

(e) An alternate approach that 
achieves an equivalent, or greater, 
level of occupant protection to that re-

quired by this section may be used if 
substantiated on a rational basis. 

[Amdt. 23–36, 53 FR 30812, Aug. 15, 1988, as 
amended by Amdt. 23–44, 58 FR 38639, July 19, 
1993; Amdt. 23–50, 61 FR 5192, Feb. 9, 1996] 

FATIGUE EVALUATION 

§ 23.571 Metallic pressurized cabin 
structures. 

For normal, utility, and acrobatic 
category airplanes, the strength, detail 
design, and fabrication of the metallic 
structure of the pressure cabin must be 
evaluated under one of the following: 

(a) A fatigue strength investigation 
in which the structure is shown by 
tests, or by analysis supported by test 
evidence, to be able to withstand the 
repeated loads of variable magnitude 
expected in service; or 

(b) A fail safe strength investigation, 
in which it is shown by analysis, tests, 
or both that catastrophic failure of the 
structure is not probable after fatigue 
failure, or obvious partial failure, of a 
principal structural element, and that 
the remaining structures are able to 
withstand a static ultimate load factor 
of 75 percent of the limit load factor at 
VC, considering the combined effects of 
normal operating pressures, expected 
external aerodynamic pressures, and 
flight loads. These loads must be mul-
tiplied by a factor of 1.15 unless the dy-
namic effects of failure under static 
load are otherwise considered. 

(c) The damage tolerance evaluation 
of § 23.573(b). 

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as 
amended by Amdt. 23–14, 38 FR 31821, Nov. 19, 
1973; Amdt. 23–45, 58 FR 42163, Aug. 6, 1993; 
Amdt. 23–48, 61 FR 5147, Feb. 9, 1996] 

§ 23.572 Metallic wing, empennage, 
and associated structures. 

(a) For normal, utility, and acrobatic 
category airplanes, the strength, detail 
design, and fabrication of those parts 
of the airframe structure whose failure 
would be catastrophic must be evalu-
ated under one of the following unless 
it is shown that the structure, oper-
ating stress level, materials and ex-
pected uses are comparable, from a fa-
tigue standpoint, to a similar design 
that has had extensive satisfactory 
service experience: 
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