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125319 Ìîñêâà, Ëåíèíãðàäñêèé ïðîñï., 64

Àííîòàöèÿ. Ðàñ÷åò íà ïðî÷íîñòü æåñòêèõ àýðîäðîìíûõ ïîêðûòèé âûïîëíÿåòñÿ ïî ïðåäåëüíûì ñîñòîÿíèÿì. Â
ýòîé ñâÿçè ðàñ÷åòíîé ìîäåëüþ ïîêðûòèÿ ÿâëÿåòñÿ òîíêàÿ ïëàñòèíà íà óïðóãîì îñíîâàíèè, à îïîðà ñàìîëåòà
ðàññìàòðèâàåòñÿ êàê êîìáèíàöèÿ ðàñïðåäåëåííîé íàãðóçêè è ñîñðåäîòî÷åííûõ ñèë. Â ñòàòüå ïðèâåäåíû ðåçóëü-
òàòû èññëåäîâàíèÿ âëèÿíèÿ ïàðàìåòðîâ ñàìîëåòíîé òåëåæêè îñíîâíîé îïîðû íà ðåçóëüòàòû ïðî÷íîñòíîãî
ðàñ÷åòà æåñòêèõ àýðîäðîìíûõ ïîêðûòèé. Óñòàíîâëåíî, ÷òî ïðè ðàñ÷åòå æåñòêèõ ïîêðûòèé ãðàæäàíñêèõ àýðî-
äðîìîâ íà ïðî÷íîñòü ïðîÿâëÿåòñÿ îñîáåííîñòü, íå èçâåñòíàÿ ðàíåå. Îíà çàêëþ÷àåòñÿ â òîì, ÷òî ìîæåò áûòü
íàéäåíî çíà÷åíèå òîëùèíû ñëîÿ ïîêðûòèÿ, òåîðåòè÷åñêè óäîâëåòâîðÿþùåå ïðåäåëüíîìó ñîñòîÿíèþ, íî íåäî-
ïóñòèìîå ïðàêòè÷åñêè. Äàííàÿ îñîáåííîñòü õàðàêòåðíà äëÿ ñàìîëåòîâ ñ øåñòèêîëåñíîé òåëåæêîé (äëÿ ñàìîëå-
òîâ ñ ÷åòûðåõ- è äâóõêîëåñíîé òåëåæêîé ýòà ñïåöèôèêà íå îòìå÷åíà). Âûïîëíåíû è ïðîàíàëèçèðîâàíû ðàñ÷å-
òû áåòîííîãî ïîêðûòèÿ ïðè âîçäåéñòâèè ñàìîëåòà ñ øåñòèêîëåñíîé îïîðîé. Èññëåäîâàíèÿ ïîêàçàëè, ÷òî ñó-
ùåñòâóþùèé ìåòîä ðàñ÷åòà æåñòêèõ àýðîäðîìíûõ ïîêðûòèé íà ïðî÷íîñòü èìååò ñóùåñòâåííûé íåäîñòàòîê,
õàðàêòåðíûé äëÿ ñàìîëåòîâ ñ ðàññìîòðåííîé îïîðîé. Ïðèìåíåíèå äåéñòâóþùåé ìåòîäèêè ïðî÷íîñòíîãî ðàñ÷å-
òà äëÿ òàêèõ ñàìîëåòîâ ìîæåò ïðèâåñòè ê íåâåðíûì ðåçóëüòàòàì, ïîýòîìó îíà íóæäàåòñÿ â êîððåêòèðîâêå.
Êëþ÷åâûå ñëîâà: æåñòêîå ïîêðûòèå àýðîäðîìà, ðàñ÷åò íà ïðî÷íîñòü ïî ïðåäåëüíûì ñîñòîÿíèÿì, èçãèáàþùèé
ìîìåíò, ñàìîëåòû ñ øåñòèêîëåñíîé îïîðîé, ñîñðåäîòî÷åííàÿ ñèëà, ïëàñòèíà íà óïðóãîì îñíîâàíèè.

SPECIAL FEATURE OF CALCULATING THE STRENGTH OF RIGID AIRFIELD PAVEMENTS
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Abstract. Calculation of the strength of rigid airfield pavements is performed according to the limit states. The design
model of the pavement is a thin plate on an elastic foundation, and the aircraft landing gear is considered as a
combination of distributed load and concentrated forces. The article presents the results of the study of the influence of
the parameters of the main support aircraft gear on the results of strength calculation of rigid airfield pavements. It is
established that when calculating the strength of hard pavements of civil airfields, a previously unknown feature
appears. It consists in the fact that the value of the pavement layer thickness can be found that theoretically satisfies the
limit state, but is practically unacceptable. This feature is typical for aircraft with a six-wheeled gear, for aircraft with a
four-and two-wheeled gear, this feature is not marked. Calculations of the concrete surface under the influence of the
aircraft with a six-wheeled gear were performed and analyzed. As a result of the study, it was found that the existing
method for calculating the strength of rigid airfield pavements has a significant drawback characteristic for aircrafts
with the gear considered. The application of the current strength calculation method for such aircraft may lead to
incorrect results therefore, it needs to be corrected.
Key words: rigid airfield pavement, strength calculation by limit states, bending moment, aircrafts with six-wheeled
gear, concentrated force, plate on elastic base.

Ï
ðîöåäóðà ðàñ÷åòà íà ïðî÷-
íîñòü àýðîäðîìíûõ ïîêðû-

òèé â Ðîññèéñêîé Ôåäåðàöèè
ðåãëàìåíòèðîâàíà ÑÏ 121.13330.
2019 «ÑÍèÏ 32-03-96 Àýðîäðî-
ìû». Ñîãëàñíî äàííîìó íîðìà-
òèâíîìó äîêóìåíòó ðàñ÷åò àýðî-
äðîìíûõ ïîêðûòèé ðåêîìåíäî-
âàíî âûïîëíÿòü ïî ïðåäåëüíûì

ñîñòîÿíèÿì, â îñíîâó êîòîðûõ
ïîëîæåíû çíà÷åíèÿ âíóòðåííèõ
óñèëèé – èçãèáàþùèõ ìîìåíòîâ
m, âîçíèêàþùèõ â ðàñ÷åòíîì
ñå÷åíèè îò êîëåñà ñàìîëåòíîé
îïîðû. Íàèáîëåå ðàñïðîñòðà-
íåííûìè âàðèàíòàìè æåñòêèõ
àýðîäðîìíûõ ïîêðûòèé ÿâëÿþò-
ñÿ öåìåíòîáåòîííûå è àðìîáå-

òîííûå, îáëàäàþùèå çíà÷è-
òåëüíîé ïðî÷íîñòüþ è íå òðåáó-
þùèå äîïîëíèòåëüíûõ çàòðàò
íà èõ âîçâåäåíèå ïî ñðàâíåíèþ
ñ æåëåçîáåòîííûìè ïîêðûòèÿ-
ìè.

Ïðåäåëüíîå ñîñòîÿíèå äëÿ áå-
òîííûõ è àðìîáåòîííûõ ïîêðû-
òèé ïðèíèìàåòñÿ ïî ïðî÷íîñòè è
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ìîæåò áûòü çàïèñàíî äëÿ äâóõ
âàðèàíòîâ ïîêðûòèÿ:

� îäíîñëîéíîãî

m mu d� ; (1)

� äâóõñëîéíîãî

m m

m m
u d

u d

,sup ,sup

,inf ,inf

�
�

�
�
�

, (2)

ãäå mu è md – ñîîòâåòñòâåííî ïðåäåëü-
íûé è ðàñ÷åòíûé èçãèáàþùèå ìîìåíòû
íà åäèíèöó øèðèíû ñå÷åíèÿ ïëèòû ïî-
êðûòèÿ, ÌÍ·ì/ì;mu,sup èmd,sup – òî æå,
äëÿ âåðõíåãî ñëîÿ, ÌÍ·ì/ì; mu,inf è
md,inf –òîæå,äëÿíèæíåãîñëîÿ,ÌÍ·ì/ì.

Ñîãëàñíî ðåêîìåíäàöèÿì ÑÏ
121.13330 ðàñ÷åò íà ïðî÷íîñòü
àýðîäðîìíûõ ïîêðûòèé çàêëþ÷à-
åòñÿ â íàõîæäåíèè òîëùèíû ñëî-
åâ êîíñòðóêöèè ïîêðûòèÿ, ïðè
êîòîðûõ áóäåò îáåñïå÷åíî óñëî-
âèå (1) èëè (2). Ìèíèìàëüíàÿ òîë-
ùèíà ñëîÿ ïîêðûòèÿ ïðèíèìàåò-
ñÿ 0,16 ì.

Îñíîâíîé ýòàï ðàñ÷åòà íà ïðî-
÷íîñòü æåñòêèõ ïîêðûòèé àýðî-
äðîìà – îïðåäåëåíèå âåëè÷èíû
èçãèáàþùåãî ìîìåíòà, âûçûâàå-
ìîãî äåéñòâèåì âñåõ êîëåñ îñ-
íîâíîé îïîðû ñàìîëåòà â ðàñ÷åò-
íîì ñå÷åíèè ïëèòû. Ìàòåìàòè÷å-
ñêîé ìîäåëüþ æåñòêîãî ïîêðû-
òèÿ ïðèíÿòî ñ÷èòàòü òîíêóþ îä-
íîðîäíóþ è íåîãðàíè÷åííóþ â
ïëàíå ïëàñòèíó íà óïðóãîì îñíî-
âàíèè Âèíêëåðà. Òåîðåòè÷åñêèå
îñíîâû ðàñ÷åòà òàêèõ ïëàñòèí
äîñòàòî÷íî õîðîøî èçó÷åíû è
ïðèâåäåíû, íàïðèìåð, â ðàáîòàõ
[1–8].

ÑÏ 121.13330 ðåêîìåíäóåò
ðàññ÷èòûâàòü èçãèáàþùèå ìî-
ìåíòû îò ïíåâìàòèêîâ êîëåñ îñ-
íîâíîé îïîðû ñàìîëåòà ìåòîäîì
ñóïåðïîçèöèè, ïðè êîòîðîì èçãè-
áàþùèå ìîìåíòû îò äåéñòâèÿ
êîëåñà, ñîâïàäàþùåãî ñ ðàñ÷åò-
íûì ñå÷åíèåì, è êîëåñ çà åãî
ïðåäåëàìè îïðåäåëÿþòñÿ ïî ðàç-
ëè÷íûì ðàñ÷åòíûì ñõåìàì. Êî-
ëåñî, ñîâïàäàþùåå ñ ðàñ÷åòíûì
ñå÷åíèåì, ðàññìàòðèâàåòñÿ êàê
ðàñïðåäåëåííàÿ íàãðóçêà, à îñ-
òàëüíûå êîëåñà – êàê ñîñðåäîòî-
÷åííûå ñèëû.

Ïðîâåäåííûå èññëåäîâàíèÿ
ìåòîäà ïðî÷íîñòíîãî ðàñ÷åòà áå-
òîííûõ è àðìîáåòîííûõ ïîêðû-
òèé ïðè ðàçëè÷íûõ êîíôèãóðàöè-
ÿõ ñàìîëåòíîé îïîðû ïðèâåëè ê
ñîâåðøåííî íåîæèäàííîìó ðå-
çóëüòàòó.

Öåëü ðàáîòû – ñîâåðøåíñòâî-
âàíèå äåéñòâóþùåé ìåòîäèêè
ðàñ÷åòà íà ïðî÷íîñòü æåñòêèõ àý-
ðîäðîìíûõ ïîêðûòèé, íàïðàâ-
ëåííîå íà ó÷åò êîíôèãóðàöèè
îïîðû ñîâðåìåííûõ è ïåðñïåê-
òèâíûõ ãðàæäàíñêèõ ñàìîëåòîâ.

Ïðè ðàñ÷åòå òîíêèõ áåñêîíå÷-
íûõ ïëàñòèí íà óïðóãîì îñíîâà-
íèè Âèíêëåðà ñëåäóåò ðàññìîò-
ðåòü äâå ðàñ÷åòíûå ñõåìû:

� îñåñèììåòðè÷íîå íàãðóæåíèå
ðàñïðåäåëåííîé íàãðóçêîé, öåíòð
ïðèëîæåíèÿ êîòîðîé ñîâïàäàåò ñ
öåíòðîì áåñêîíå÷íîé ïëàñòèíû;

� êîñîñèììåòðè÷íîå íàãðóæåíèå
ñîñðåäîòî÷åííîé ñèëîé, öåíòð
ïðèëîæåíèÿ êîòîðîé íå ñîâïàäà-
åò ñ öåíòðîì áåñêîíå÷íîé ïëà-
ñòèíû.

Äèôôåðåíöèàëüíîå óðàâíå-
íèå èçãèáà ïëàñòèíû íà óïðóãîì
îñíîâàíèè Âèíêëåðà â ñèñòåìå
áåçðàçìåðíûõ ïðèâåäåííûõ äå-
êàðòîâûõ êîîðäèíàò � � x l,
� � y l ðàññ÷èòàííûõ ïî óïðóãîé
õàðàêòåðèñòèêå ïëèòû l, èìååò
ñëåäóþùèé âèä:

( ) ( , )
( , )

� 	 �4 1W
q

Kse

� �
� �

, (3)

ãäå � � 	



�
�
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�
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4
2

2

2

2

2
�

��

�

��
– îïåðàòîð äèô-

ôåðåíöèðîâàíèÿ; W ( , )� � – ôóíêöèÿ

ïðîãèáà ñðåäèííîé ïîâåðõíîñòè ïëèòû,

ì; q( , )� � – ðàñïðåäåëåííàÿ íàãðóçêà,

ÌÍ/ì2; Kse – êîýôôèöèåíò ïîñòåëè óï-

ðóãîãî îñíîâàíèÿ.

Äèôôåðåíöèàëüíîå óðàâíåíèå
èçãèáà òàêîé ïëàñòèíû ïðè îñå-
ñèììåòðè÷íîì íàãðóæåíèè ïîä
äåéñòâèåì íàãðóçêè, ðàñïðåäå-
ëåííîé ïî êðóãîâîìó îòïå÷àòêó,
ñóùåñòâåííî óïðîùàåòñÿ:

( ) ( )
( )

�4 1	 �W
q

Kse
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�

, (4)

ãäå �4
2

2

2
1
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�
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�

�� �

�

��
– îïåðàòîð äèô-

ôåðåíöèðîâàíèÿ;W ( )� – ôóíêöèÿ ïðî-

ãèáà ñðåäèííîé ïîâåðõíîñòè ïëèòû, ì,
ïîä íàãðóçêîé q( )� , ÌÍ/ì2; � � r l

– ïðèâåäåííûé ïîëÿðíûé ðàäèóñ öåíò-
ðà íàãðóæåííîé ïëîùàäêè.

Äèôôåðåíöèàëüíûå óðàâíå-
íèÿ (3) è (4) èìåþò ìíîæåñòâî
âàðèàíòîâ ðåøåíèé, ïîëó÷åííûõ
ðàçëè÷íûìè ìåòîäàìè â ðàáîòàõ
[1, 2, 4, 7, 8]. Â ÑÏ 121.13330
ïðèâåäåíû òàáëèöû ðåøåíèé
äèôôåðåíöèàëüíûõ óðàâíåíèé
(3) è (4) äëÿ åäèíè÷íîé íàãðóçêè,
êîòîðûå ïîçâîëÿþò âûïîëíÿòü
ðàñ÷åò âåëè÷èíû md äëÿ âñåõ
ñëîåâ ïðîåêòèðóåìîãî ïîêðûòèÿ.

Â ïðîöåññå èññëåäîâàíèÿ áûë
ïðîèçâåäåí ðàñ÷åò íà ïðî÷íîñòü
áåòîííîãî îäíîñëîéíîãî ïîêðû-
òèÿ ïîä íàãðóçêó îò ñàìîëåòà
B–777. Êîíñòðóêòèâíûé ðàçðåç
ïðîåêòèðóåìîãî âàðèàíòà ïîêðû-
òèÿ ïðåäñòàâëåí íà ðèñ. 1. Îñíî-
âàíèå äëÿ áåòîííîãî ïîêðûòèÿ
ïðèíÿòî êîìáèíèðîâàííîå ìíî-
ãîñëîéíîå èç íèçêîìàðî÷íîãî
áåòîíà è ùåáíÿ, âûïîëíÿþùåãî
ïðî÷íîñòíûå è äðåíèðóþùèå
ôóíêöèè.

Ðàñ÷åò äàííîãî âàðèàíòà ïî-
êðûòèÿ íà ïðî÷íîñòü âûïîëíåí
ïî ïðåäåëüíîìó ñîñòîÿíèþ (1) ñ
èñïîëüçîâàíèåì ìàòåìàòè÷åñêèõ
ïàêåòîâ Maple [9] è Matlab [10]. Â
ðåçóëüòàòå ðàñ÷åòà áûëè îïðåäå-
ëåíû äâà çíà÷åíèÿ òîëùèíû ñëîÿ

1 – öåìåíòîáåòîí (Btb 4); 2 – ðàçäå-
ëèòåëü (ÏÏÀ); 3 – öåìåíòîáåòîí
(Btb 12,5); 4 – ùåáåíü (ðàñêëèíöîâ-
êà), Kse = 450 ÌÍ/ì3; 5 – ùåáåíü,
Kse = 270 ÌÍ/ì3; 6 – ñóãëèíîê,
Kse = 50 ÌÍ/ì3

Ðèñ. 1. Êîíñòðóêòèâíûé ðàçðåç
áåòîííîãî ïîêðûòèÿ
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áåòîíà t, óäîâëåòâîðÿþ-
ùèõ óñëîâèþ (1). Äëÿ t =
0,198 ì md è mu ñîñòàâ-
ëÿþò 0,018 ÌÍ·ì/ì, à
äëÿ t = 0,372 ì – 0,6327
ÌÍ·ì/ì. Ãðàôèêè èçãè-
áàþùèõ ìîìåíòîâ ïðèâå-
äåíû íà ðèñ. 2.

Àíàëèç ðåçóëüòàòîâ
ðàñ÷åòà ïîêàçûâàåò, ÷òî
ïåðâîå ðåøåíèå çàäà÷è
(òî÷êà I), ïðè t = 0,198 ì,
ìîæåò óäîâëåòâîðÿòü óñ-
ëîâèþ ïðî÷íîñòè (1)
òîëüêî òåîðåòè÷åñêè (ñì.
ðèñ. 2). Ïðàêòèêà ïðîåê-
òèðîâàíèÿ æåñòêèõ ïî-
êðûòèé ïîä òÿæåëûå ñà-
ìîëåòû ñâèäåòåëüñòâóåò î
òîì, ÷òî ïîêðûòèå òàêîé
íåçíà÷èòåëüíîé òîëùèíû íå
îáåñïå÷èâàåò íåñóùóþ ñïîñîá-
íîñòü äëÿ ñàìîëåòà B–777 è,
ñëåäîâàòåëüíî, íå ìîæåò áûòü
ïðèíÿòà âî âíèìàíèå. Âòîðîå ðå-
øåíèå (òî÷êà II) ïîëíîñòüþ ñîîò-
âåòñòâóåò òðåáîâàíèÿì ê êîíñò-
ðóêöèÿì ïîêðûòèé (ñì. ðèñ. 2).
Ïîÿâëåíèå íåäîïóñòèìîãî ðåøå-
íèÿ îáúÿñíÿåòñÿ îñîáåííîñòüþ
êîíñòðóêöèè øàññè ñàìîëåòà
B-777. Äàííûé ñàìîëåò èìååò
øåñòèêîëåñíóþ òåëåæêó îïîðû ñ

êîëååé, ïðåâûøàþùåé áàçó. Èñ-
ñëåäîâàíèÿ ìåòîäà ïðî÷íîñòíîãî
ðàñ÷åòà, ïðîâåäåííûå ðàíåå, â
îñíîâíîì ðàññìàòðèâàëè îïîðû
÷åòûðåõ- è äâóõêîëåñíûå, äëÿ
êîòîðûõ òàêàÿ òî÷êà ðåøåíèÿ çà-
äà÷è íàõîäèòñÿ â îáëàñòè íåäî-
ïóñòèìûõ òîëùèí (ìåíåå 0,16 ì).
Åäèíñòâåííûì ñàìîëåòîì ÑÑÑÐ
ñ øåñòèêîëåñíîé òåëåæêîé áûë
Òó–154, íî îí íå ÿâëÿëñÿ ðàñ÷åò-
íûì, òàê êàê èìåë ñðàâíèòåëüíî
íåáîëüøîé âçëåòíûé âåñ. Â íà-

ñòîÿùåå âðåìÿ øåñòèêî-
ëåñíóþ òåëåæêó èìååò
òàêæå ñàìîëåò-ãèãàíò
A–380, ñëåäîâàòåëüíî,
äàííûé íåäîñòàòîê ìåòî-
äà ðàñ÷åòà èãíîðèðîâàòü
íåëüçÿ.

Â û â î ä

Ñóùåñòâóþùàÿ ìåòî-
äèêà ïðî÷íîñòíîãî ðàñ÷å-
òà æåñòêèõ àýðîäðîìíûõ
ïîêðûòèé èìååò âàæíóþ
îñîáåííîñòü, êîòîðàÿ çà-
êëþ÷àåòñÿ â òîì, ÷òî ïðè
ðàñ÷åòå ïîêðûòèÿ íà íà-
ãðóçêó îò ñàìîëåòà ñ øåñ-
òèêîëåñíîé îïîðîé âîç-
ìîæíî ïîëó÷åíèå íåâåð-
íîãî ðåøåíèÿ. Áåçóñëîâ-

íî, ýòî ìîæíî ñ÷èòàòü íåäîñòàò-
êîì ìåòîäà, òðåáóþùåãî êîððåê-
òèðîâêè.

Äëÿ èñïðàâëåíèÿ óêàçàííîãî
íåäîñòàòêà íåîáõîäèìû äîïîë-
íèòåëüíûå èññëåäîâàíèÿ è ðàñ-
÷åòû, ó÷èòûâàþùèå ìíîãîâàðè-
àíòíîñòü æåñòêèõ ïîêðûòèé è
îñîáåííîñòåé êîíñòðóêöèé ñàìî-
ëåòíûõ òåëåæåê ñîâðåìåííûõ è
ïåðñïåêòèâíûõ ãðàæäàíñêèõ òÿ-
æåëûõ è ñâåðõòÿæåëûõ ñàìîëå-
òîâ.

1 è 2 – ñîîòâåòñòâåííî ïðåäåëüíûé è ðàñ÷åòíûé èçãè-
áàþùèåìîìåíòû; I è II–ïåðâîåè âòîðîåðåøåíèå çàäà÷è

Ðèñ. 2. Ãðàôèêè èçãèáàþùèõ ìîìåíòîâ
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