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(1) In the neutral position during
symmetrical flight conditions; and

(2) By the following deflections (ex-
cept as limited by pilot effort), during
unsymmetrical flight conditions:

(i) Sudden maximum displacement of
the aileron control at VA. Suitable al-
lowance may be made for control sys-
tem deflections.

(ii) Sufficient deflection at VC, where
VC is more than VA, to produce a rate
of roll not less than obtained in para-
graph (a)(2)(i) of this section.

(iii) Sufficient deflection at VD to
produce a rate of roll not less than one-
third of that obtained in paragraph
(a)(2)(i) of this section.

(b) [Reserved]

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as
amended by Amdt. 23–7, 34 FR 13090, Aug. 13,
1969; Amdt. 23–42, 56 FR 353, Jan. 3, 1991]

§ 23.459 Special devices.
The loading for special devices using

aerodynamic surfaces (such as slots
and spoilers) must be determined from
test data.

GROUND LOADS

§ 23.471 General.
The limit ground loads specified in

this subpart are considered to be exter-
nal loads and inertia forces that act
upon an airplane structure. In each
specified ground load condition, the ex-
ternal reactions must be placed in
equilibrium with the linear and angu-
lar inertia forces in a rational or con-
servative manner.

§ 23.473 Ground load conditions and
assumptions.

(a) The ground load requirements of
this subpart must be complied with at
the design maximum weight except
that §§ 23.479, 23.481, and 23.483 may be
complied with at a design landing
weight (the highest weight for landing
conditions at the maximum descent ve-
locity) allowed under paragraphs (b)
and (c) of this section.

(b) The design landing weight may be
as low as—

(1) 95 percent of the maximum weight
if the minimum fuel capacity is enough
for at least one-half hour of operation
at maximum continuous power plus a
capacity equal to a fuel weight which

is the difference between the design
maximum weight and the design land-
ing weight; or

(2) The design maximum weight less
the weight of 25 percent of the total
fuel capacity.

(c) The design landing weight of a
multiengine airplane may be less than
that allowed under paragraph (b) of
this section if—

(1) The airplane meets the one-en-
gine-inoperative climb requirements of
§ 23.67(b)(1) or (c); and

(2) Compliance is shown with the fuel
jettisoning system requirements of
§ 23.1001.

(d) The selected limit vertical inertia
load factor at the center of gravity of
the airplane for the ground load condi-
tions prescribed in this subpart may
not be less than that which would be
obtained when landing with a descent
velocity (V), in feet per second, equal
to 4.4 (W/S)1⁄4, except that this velocity
need not be more than 10 feet per sec-
ond and may not be less than seven
feet per second.

(e) Wing lift not exceeding two-thirds
of the weight of the airplane may be
assumed to exist throughout the land-
ing impact and to act through the cen-
ter of gravity. The ground reaction
load factor may be equal to the inertia
load factor minus the ratio of the
above assumed wing lift to the airplane
weight.

(f) If energy absorption tests are
made to determine the limit load fac-
tor corresponding to the required limit
descent velocities, these tests must be
made under § 23.723(a).

(g) No inertia load factor used for de-
sign purposes may be less than 2.67, nor
may the limit ground reaction load fac-
tor be less than 2.0 at design maximum
weight, unless these lower values will
not be exceeded in taxiing at speeds up
to takeoff speed over terrain as rough
as that expected in service.

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as
amended by Amdt. 23–7, 34 FR 13090, Aug. 13,
1969; Amdt. 23–28, 47 FR 13315, Mar. 29, 1982;
Amdt. 23–45, 58 FR 42160, Aug. 6, 1993; Amdt.
23–48, 61 FR 5147, Feb. 9, 1996]

§ 23.477 Landing gear arrangement.
Sections 23.479 through 23.483, or the

conditions in appendix C, apply to air-
planes with conventional arrangements
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of main and nose gear, or main and tail
gear.

§ 23.479 Level landing conditions.

(a) For a level landing, the airplane
is assumed to be in the following atti-
tudes:

(1) For airplanes with tail wheels, a
normal level flight attitude.

(2) For airplanes with nose wheels,
attitudes in which—

(i) The nose and main wheels contact
the ground simultaneously; and

(ii) The main wheels contact the
ground and the nose wheel is just clear
of the ground.

The attitude used in paragraph (a)(2)(i)
of this section may be used in the anal-
ysis required under paragraph (a)(2)(ii)
of this section.

(b) When investigating landing condi-
tions, the drag components simulating
the forces required to accelerate the
tires and wheels up to the landing
speed (spin-up) must be properly com-
bined with the corresponding instanta-
neous vertical ground reactions, and
the forward-acting horizontal loads re-
sulting from rapid reduction of the
spin-up drag loads (spring-back) must
be combined with vertical ground reac-
tions at the instant of the peak for-
ward load, assuming wing lift and a
tire-sliding coefficient of friction of 0.8.
However, the drag loads may not be
less than 25 percent of the maximum
vertical ground reactions (neglecting
wing lift).

(c) In the absence of specific tests or
a more rational analysis for determin-
ing the wheel spin-up and spring-back
loads for landing conditions, the meth-
od set forth in appendix D of this part
must be used. If appendix D of this part
is used, the drag components used for
design must not be less than those
given by appendix C of this part.

(d) For airplanes with tip tanks or
large overhung masses (such as turbo-
propeller or jet engines) supported by
the wing, the tip tanks and the struc-
ture supporting the tanks or overhung
masses must be designed for the effects
of dynamic responses under the level
landing conditions of either paragraph
(a)(1) or (a)(2)(ii) of this section. In
evaluating the effects of dynamic re-

sponse, an airplane lift equal to the
weight of the airplane may be assumed.

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as
amended by Amdt. 23–17, 41 FR 55464, Dec. 20,
1976; Amdt. 23–45, 58 FR 42160, Aug. 6, 1993]

§ 23.481 Tail down landing conditions.

(a) For a tail down landing, the air-
plane is assumed to be in the following
attitudes:

(1) For airplanes with tail wheels, an
attitude in which the main and tail
wheels contact the ground simulta-
neously.

(2) For airplanes with nose wheels, a
stalling attitude, or the maximum
angle allowing ground clearance by
each part of the airplane, whichever is
less.

(b) For airplanes with either tail or
nose wheels, ground reactions are as-
sumed to be vertical, with the wheels
up to speed before the maximum verti-
cal load is attained.

§ 23.483 One-wheel landing conditions.

For the one-wheel landing condition,
the airplane is assumed to be in the
level attitude and to contact the
ground on one side of the main landing
gear. In this attitude, the ground reac-
tions must be the same as those ob-
tained on that side under § 23.479.

§ 23.485 Side load conditions.

(a) For the side load condition, the
airplane is assumed to be in a level at-
titude with only the main wheels con-
tacting the ground and with the shock
absorbers and tires in their static posi-
tions.

(b) The limit vertical load factor
must be 1.33, with the vertical ground
reaction divided equally between the
main wheels.

(c) The limit side inertia factor must
be 0.83, with the side ground reaction
divided between the main wheels so
that—

(1) 0.5 (W) is acting inboard on one
side; and

(2) 0.33 (W) is acting outboard on the
other side.

(d) The side loads prescribed in para-
graph (c) of this section are assumed to
be applied at the ground contact point
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and the drag loads may be assumed to
be zero.

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as
amended by Amdt. 23–45, 58 FR 42160, Aug. 6,
1993]

§ 23.493 Braked roll conditions.

Under braked roll conditions, with
the shock absorbers and tires in their
static positions, the following apply:

(a) The limit vertical load factor
must be 1.33.

(b) The attitudes and ground con-
tacts must be those described in § 23.479
for level landings.

(c) A drag reaction equal to the verti-
cal reaction at the wheel multiplied by
a coefficient of friction of 0.8 must be
applied at the ground contact point of
each wheel with brakes, except that
the drag reaction need not exceed the
maximum value based on limiting
brake torque.

§ 23.497 Supplementary conditions for
tail wheels.

In determining the ground loads on
the tail wheel and affected supporting
structures, the following apply:

(a) For the obstruction load, the
limit ground reaction obtained in the
tail down landing condition is assumed
to act up and aft through the axle at 45
degrees. The shock absorber and tire
may be assumed to be in their static
positions.

(b) For the side load, a limit vertical
ground reaction equal to the static
load on the tail wheel, in combination
with a side component of equal mag-
nitude, is assumed. In addition—

(1) If a swivel is used, the tail wheel
is assumed to be swiveled 90 degrees to
the airplane longitudinal axis with the
resultant ground load passing through
the axle;

(2) If a lock, steering device, or shim-
my damper is used, the tail wheel is
also assumed to be in the trailing posi-
tion with the side load acting at the
ground contact point; and

(3) The shock absorber and tire are
assumed to be in their static positions.

(c) If a tail wheel, bumper, or an en-
ergy absorption device is provided to
show compliance with § 23.925(b), the
following apply:

(1) Suitable design loads must be es-
tablished for the tail wheel, bumper, or
energy absorption device; and

(2) The supporting structure of the
tail wheel, bumper, or energy absorp-
tion device must be designed to with-
stand the loads established in para-
graph (c)(1) of this section.

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as
amended by Amdt. 23–48, 61 FR 5147, Feb. 9,
1996]

§ 23.499 Supplementary conditions for
nose wheels.

In determining the ground loads on
nose wheels and affected supporting
structures, and assuming that the
shock absorbers and tires are in their
static positions, the following condi-
tions must be met:

(a) For aft loads, the limit force com-
ponents at the axle must be—

(1) A vertical component of 2.25 times
the static load on the wheel; and

(2) A drag component of 0.8 times the
vertical load.

(b) For forward loads, the limit force
components at the axle must be—

(1) A vertical component of 2.25 times
the static load on the wheel; and

(2) A forward component of 0.4 times
the vertical load.

(c) For side loads, the limit force
components at ground contact must
be—

(1) A vertical component of 2.25 times
the static load on the wheel; and

(2) A side component of 0.7 times the
vertical load.

(d) For airplanes with a steerable
nose wheel that is controlled by hy-
draulic or other power, at design take-
off weight with the nose wheel in any
steerable position, the application of
1.33 times the full steering torque com-
bined with a vertical reaction equal to
1.33 times the maximum static reaction
on the nose gear must be assumed.
However, if a torque limiting device is
installed, the steering torque can be re-
duced to the maximum value allowed
by that device.

(e) For airplanes with a steerable
nose wheel that has a direct mechani-
cal connection to the rudder pedals,
the mechanism must be designed to
withstand the steering torque for the
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maximum pilot forces specified in
§ 23.397(b).

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as
amended by Amdt. 23–48, 61 FR 5147, Feb. 9,
1996]

§ 23.505 Supplementary conditions for
skiplanes.

In determining ground loads for ski-
planes, and assuming that the airplane
is resting on the ground with one main
ski frozen at rest and the other skis
free to slide, a limit side force equal to
0.036 times the design maximum weight
must be applied near the tail assembly,
with a factor of safety of 1.

[Amdt. 23–7, 34 FR 13090, Aug. 13, 1969]

§ 23.507 Jacking loads.

(a) The airplane must be designed for
the loads developed when the aircraft
is supported on jacks at the design
maximum weight assuming the follow-
ing load factors for landing gear jack-
ing points at a three-point attitude and
for primary flight structure jacking
points in the level attitude:

(1) Vertical-load factor of 1.35 times
the static reactions.

(2) Fore, aft, and lateral load factors
of 0.4 times the vertical static reac-
tions.

(b) The horizontal loads at the jack
points must be reacted by inertia
forces so as to result in no change in
the direction of the resultant loads at
the jack points.

(c) The horizontal loads must be con-
sidered in all combinations with the
vertical load.

[Amdt. 23–14, 38 FR 31821, Nov. 19, 1973]

§ 23.509 Towing loads.

The towing loads of this section must
be applied to the design of tow fittings

and their immediate attaching struc-
ture.

(a) The towing loads specified in
paragraph (d) of this section must be
considered separately. These loads
must be applied at the towing fittings
and must act parallel to the ground. In
addition:

(1) A vertical load factor equal to 1.0
must be considered acting at the center
of gravity; and

(2) The shock struts and tires must
be in there static positions.

(b) For towing points not on the
landing gear but near the plane of sym-
metry of the airplane, the drag and
side tow load components specified for
the auxiliary gear apply. For towing
points located outboard of the main
gear, the drag and side tow load compo-
nents specified for the main gear apply.
Where the specified angle of swivel
cannot be reached, the maximum ob-
tainable angle must be used.

(c) The towing loads specified in
paragraph (d) of this section must be
reacted as follows:

(1) The side component of the towing
load at the main gear must be reacted
by a side force at the static ground line
of the wheel to which the load is ap-
plied.

(2) The towing loads at the auxiliary
gear and the drag components of the
towing loads at the main gear must be
reacted as follows:

(i) A reaction with a maximum value
equal to the vertical reaction must be
applied at the axle of the wheel to
which the load is applied. Enough air-
plane inertia to achieve equilibrium
must be applied.

(ii) The loads must be reacted by air-
plane inertia.

(d) The prescribed towing loads are as
follows, where W is the design maxi-
mum weight:

Tow point Position
Load

Magnitude No. Direction

Main gear .............................. ........................................................... 0.225W 1
2
3
4

Forward, parallel to drag axis.
Forward, at 30° to drag axis.
Aft, parallel to drag axis.
Aft, at 30° to drag axis.

Auxiliary gear ......................... Swiveled forward .............................. 0.3W 5
6

Forward.
Aft.

Swiveled aft ...................................... 0.3W 7
8

Forward.
Aft.
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Tow point Position
Load

Magnitude No. Direction

Swiveled 45° from forward ............... 0.15W 9
10

Forward, in plane of wheel.
Aft, in plane of wheel.

Swiveled 45° from aft ....................... 0.15W 11
12

Forward, in plane of wheel.
Aft, in plane of wheel.

[Amdt. 23–14, 38 FR 31821, Nov. 19, 1973]

§ 23.511 Ground load; unsymmetrical
loads on multiple-wheel units.

(a) Pivoting loads. The airplane is as-
sumed to pivot about on side of the
main gear with—

(1) The brakes on the pivoting unit
locked; and

(2) Loads corresponding to a limit
vertical load factor of 1, and coefficient
of friction of 0.8 applied to the main
gear and its supporting structure.

(b) Unequal tire loads. The loads es-
tablished under §§ 23.471 through 23.483
must be applied in turn, in a 60/40 per-
cent distribution, to the dual wheels
and tires in each dual wheel landing
gear unit.

(c) Deflated tire loads. For the deflated
tire condition—

(1) 60 percent of the loads established
under §§ 23.471 through 23.483 must be
applied in turn to each wheel in a land-
ing gear unit; and

(2) 60 percent of the limit drag and
side loads, and 100 percent of the limit
vertical load established under §§ 23.485
and 23.493 or lesser vertical load ob-
tained under paragraph (c)(1) of this
section, must be applied in turn to
each wheel in the dual wheel landing
gear unit.

[Amdt. 23–7, 34 FR 13090, Aug. 13, 1969]

WATER LOADS

§ 23.521 Water load conditions.

(a) The structure of seaplanes and
amphibians must be designed for water
loads developed during takeoff and
landing with the seaplane in any atti-
tude likely to occur in normal oper-
ation at appropriate forward and sink-
ing velocities under the most severe
sea conditions likely to be encoun-
tered.

(b) Unless the applicant makes a ra-
tional analysis of the water loads,
§§ 23.523 through 23.537 apply.

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as
amended by Amdt. 23–45, 58 FR 42160, Aug. 6,
1993; Amdt. 23–48, 61 FR 5147, Feb. 9, 1996]

§ 23.523 Design weights and center of
gravity positions.

(a) Design weights. The water load re-
quirements must be met at each oper-
ating weight up to the design landing
weight except that, for the takeoff con-
dition prescribed in § 23.531, the design
water takeoff weight (the maximum
weight for water taxi and takeoff run)
must be used.

(b) Center of gravity positions. The
critical centers of gravity within the
limits for which certification is re-
quested must be considered to reach
maximum design loads for each part of
the seaplane structure.

[Doc. No. 26269, 58 FR 42160, Aug. 6, 1993]

§ 23.525 Application of loads.

(a) Unless otherwise prescribed, the
seaplane as a whole is assumed to be
subjected to the loads corresponding to
the load factors specified in § 23.527.

(b) In applying the loads resulting
from the load factors prescribed in
§ 23.527, the loads may be distributed
over the hull or main float bottom (in
order to avoid excessive local shear
loads and bending moments at the lo-
cation of water load application) using
pressures not less than those pre-
scribed in § 23.533(c).

(c) For twin float seaplanes, each
float must be treated as an equivalent
hull on a fictitious seaplane with a
weight equal to one-half the weight of
the twin float seaplane.

(d) Except in the takeoff condition of
§ 23.531, the aerodynamic lift on the
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