
Ðàñ÷¼ò êîíñòðóêöèè äîðîæíîé îäåæäû

Èñõîäíûå äàííûå

Íàçâàíèå îáúåêòà: Ñòðîèòåëüñòâî àâòîìîáèëüíîé äîðîãè III êàòåãîðèè êàïèòàëüíîãî
òèïà.

Ðàéîí ïðîåêòèðîâàíèÿ: Ïåðìñêèé êðàé
Âûïîëíÿåìûå ðàñ÷¼òû: Íà óïðóãèé ïðîãèá, ñäâèã, èçãèá, ñòàò. íàãðóçêó, ìîðîçîóñòîé-

÷èâîñòü
Äîðîæíî-êëèìàòè÷åñêàÿ çîíà: II - ïîäçîíà 2
Ñõåìà óâëàæíåíèÿ: Ñõåìà 2
Ðàñ÷¼òíàÿ âëàæíîñòü ãðóíòà 𝑊ð: 0,70
Êîýôôèöèåíò óïëîòíåíèÿ ãðóíòà: 1,00
Ãëóáèíà ïðîìåðçàíèÿ ãðóíòîâ, ì: 1,60

Ïðîåêòíûå äàííûå

Òåõíè÷åñêàÿ êàòåãîðèÿ äîðîãè: III êàòåãîðèÿ
Òèï äîðîæíîé îäåæäû: Êàïèòàëüíûé

Òðåáóåìûå êîýôôèöèåíòû ïðî÷íîñòè ïðè çàäàííîé íàä¼æíîñòè𝐾í = 0, 95 [1, òàáë. 3.1]:
Òðåáóåìûé 𝐾ïð (óïðóãèé ïðîãèá): 1,17
Òðåáóåìûé 𝐾ïð (ñäâèã, èçãèá): 1
Êîýôôèöèåíò íîðìèðîâàííîãî îòêëîíåíèÿ 𝑡 = 1, 71

Ðàñ÷¼òíûé ñðîê ñëóæáû 𝑇ñë, ëåò: 15
Øèðèíà ïðîåçæåé ÷àñòè, ì: 9,0

Ðàñ÷¼òíàÿ íàãðóçêà

Ãðóïïà ðàñ÷¼òíîé íàãðóçêè � 2 [1, òàáë. Ï.1.1]:
Äàâëåíèå â øèíå 𝑝, ÌÏà: 0,60
Äèàìåòð îòïå÷àòêà øèíû 𝐷äèí., ñì: 39,00
Ñòàòè÷åñêàÿ íàãðóçêà íà îñü 𝑄, êÍ: 110,00

Ñóììàðíîå ÷èñëî ïðèëîæåíèé íàãðóçêè∑︀
𝑁𝑝 = 3000000 åä.

Òðåáóåìûé ìîäóëü óïðóãîñòè

𝐸òð = 98, 65× (lg
∑︁

𝑁𝑝 − 𝑐) = 98, 65× (lg 3000000− 3, 25) ≈ 318, 36 ÌÏà
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Âàðèàíò � 1

1) Ïîêðûòèå: 5,0 ñì
ÙÌÀ-15 ùåáåíü èç èçâåðæåííûõ ãîðíûõ ïîðîä Ì1200-Ì1400, ìàðêà áèòóìà 90/130,

E = 3300,0 ÌÏà

2) Ïîêðûòèå: 8,0 ñì
Àñôàëüòîáåòîí ãîðÿ÷åé óêëàäêè ïîðèñòûé I ìàðêè èç êðóïíîçåðíèñòîé ùåá¼íî÷íîé

(ãðàâèéíîé) ñìåñè ìàðêà áèòóìà ÁÍÄ-90/130, E = 1400,0 ÌÏà

3) Îñíîâàíèå: 25,0 ñì
Ïåñ÷àíî-ãðàâèéíàÿ ñìåñü, óêðåïëåííàÿ ñòàáèëèçàòîðîì ãðóíòà ”ANT” â êîëè÷åñòâå

0,007% ñîâìåñòíî ñ öåìåíòîì â êîëè÷åñòâå 5%, Ì-80, E = 1100,0 ÌÏà

4) Îñíîâàíèå: 25,0 ñì
Ñóãëèíîê, óêðåïëåííûé ñòàáèëèçàòîðîì ãðóíòà ”ANT” â êîëè÷åñòâå 0,007% ñîâìåñòíî

ñ öåìåíòîì â êîëè÷åñòâå 5%, Ì-40, E = 600,0 ÌÏà

Ãðóíò çåìëÿíîãî ïîëîòíà
Cóãëèíîê ë¼ãêèé
𝐸 = 41, 0 ÌÏà, 𝜑 = 5, 50∘, 𝜑ñòàò. = 18, 00∘, 𝑐 = 0, 00600 ÌÏà

Ðàñ÷¼ò íà óïðóãèé ïðîãèá

Ðàñ÷¼ò ïî äîïóñêàåìîìó óïðóãîìó ïðîãèáó âåä¼ì ïîñëîéíî, íà÷èíàÿ ñ ãðóíòà.
[1, íîìîãð. 3.1]

𝐸í

𝐸â

=
𝐸ã

𝐸4

=
41

600
= 0, 07;

ℎâ
𝐷

=
ℎ4

𝐷
=

25

39
= 0, 64;

𝐸ïîâ

𝐸â

=
𝐸3
ïîâ

𝐸4

≈ 0, 205

𝐸3
ïîâ = 0, 205× 600 = 123 ÌÏà

[1, íîìîãð. 3.1]

𝐸í

𝐸â

=
𝐸4

𝐸3

=
123

1100
= 0, 11;

ℎâ
𝐷

=
ℎ3

𝐷
=

25

39
= 0, 64;

𝐸ïîâ

𝐸â

=
𝐸2
ïîâ

𝐸3

≈ 0, 2775

𝐸2
ïîâ = 0, 2775× 1100 = 305, 25 ÌÏà

[1, íîìîãð. 3.1]

𝐸í

𝐸â

=
𝐸3

𝐸2

=
305, 25

1400
= 0, 22;

ℎâ
𝐷

=
ℎ2

𝐷
=

8

39
= 0, 21;

𝐸ïîâ

𝐸â

=
𝐸1
ïîâ

𝐸2

≈ 0, 2715

𝐸1
ïîâ = 0, 2715× 1400 = 380, 1 ÌÏà

[1, íîìîãð. 3.1]

𝐸í

𝐸â

=
𝐸2

𝐸1

=
380, 1

3300
= 0, 12;

ℎâ
𝐷

=
ℎ1

𝐷
=

5

39
= 0, 13;

𝐸ïîâ

𝐸â

=
𝐸0
ïîâ

𝐸1

≈ 0, 1328

𝐸0
ïîâ = 0, 1328× 3300 = 438, 24 ÌÏà

2



𝐾ðàñ÷ =
𝐸ïîâ

𝐸òð

=
438, 24

318, 36
= 1, 38;

𝐾ðàñ÷ −𝐾òð

𝐾òð

× 100% =
1, 38− 1, 17

1, 17
× 100% = 17, 95%

Ðàñ÷¼ò íà ñäâèãîóñòîé÷èâîñòü

Ãðóíò çåìëÿíîãî ïîëîòíà
Ìàòåðèàë: Cóãëèíîê ë¼ãêèé
𝐸 = 41, 0 ÌÏà, 𝜑 = 5, 50∘, 𝜑ñòàò. = 18, 00∘, 𝑐 = 0, 00600 ÌÏà
Ñðåäíåâçâåøåííûé ìîäóëü óïðóãîñòè âåðõíèõ ñëî¼â [1, ôîðìóëà 3.12]:

𝐸â =

4∑︀
𝑖=1

𝐸𝑖 × ℎ𝑖

4∑︀
𝑖=1

ℎ𝑖

=
2000× 5 + 800× 8 + 1100× 25 + 600× 25

5 + 8 + 25 + 25
= 934, 9 ÌÏà

Óäåëüíîå àêòèâíîå íàïðÿæåíèå ñäâèãà îò åäèíè÷íîé íàãðóçêè [1, íîìîãð. 3.2, 3.3]:

𝐸â

𝐸îáù

=
934, 9

41
= 22, 8;

ℎâ
𝐷

=
63

39
= 1, 62; 𝜏í ≈ 0, 0162 ÌÏà

Àêòèâíîå íàïðÿæåíèå ñäâèãà [1, ôîðìóëà 3.13]

𝑇 = 𝜏í × 𝑝 = 0, 0162× 0, 6 = 0, 0097 ÌÏà

Êîýôôèöèåíò 𝑘𝑑 = 1
Ãëóáèíà ðàñïîëîæåíèÿ ïîâåðõíîñòè ïðîâåðÿåìîãî ñëîÿ îò âåðõà êîíñòðóêöèè

𝑧îï = 5 + 8 + 25 + 25 = 63ñì

Ñðåäíåâçâåøåííûé óäåëüíûé âåñ ñëî¼â, ðàñïîëîæåííûõ âûøå ïðîâåðÿåìîãî

𝛾ñð =
1500× 5 + 2300× 8 + 2000× 25 + 2100× 25

5 + 8 + 25 + 25
= 2038

êã

ì3
= 0, 002

êã

ñì3

Ïðåäåëüíîå àêòèâíîå íàïðÿæåíèå ñäâèãà [1, ôîðìóëà 3.14]

𝑇ïð = 𝑘𝑑× 𝑐𝑛+0, 1× 𝛾ñð× 𝑧îï× 𝑡𝑔𝜑ñòàò. = 1× 0, 006+0, 1× 0, 002× 63× 𝑡𝑔18∘ ≈ 0, 0102 ÌÏà

𝐾ðàñ÷ =
𝑇ïð
𝑇

=
0, 0102

0, 0097
= 1, 05;

𝐾ðàñ÷ −𝐾òð

𝐾òð

× 100% =
1, 05− 1

1
× 100% = 5%

Ðàñ÷¼ò íà ñòàòè÷åñêóþ íàãðóçêó
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Ãðóíò çåìëÿíîãî ïîëîòíà
Ìàòåðèàë: Cóãëèíîê ë¼ãêèé
𝐸 = 41, 0 ÌÏà, 𝜑 = 5, 50∘, 𝜑ñòàò. = 18, 00∘, 𝑐 = 0, 00600 ÌÏà
Ñðåäíåâçâåøåííûé ìîäóëü óïðóãîñòè âåðõíèõ ñëî¼â [1, ôîðìóëà 3.12]:

𝐸â =

4∑︀
𝑖=1

𝐸𝑖 × ℎ𝑖

4∑︀
𝑖=1

ℎ𝑖

=
450× 5 + 360× 8 + 1100× 25 + 600× 25

5 + 8 + 25 + 25
= 756 ÌÏà

Óäåëüíîå àêòèâíîå íàïðÿæåíèå ñäâèãà îò åäèíè÷íîé íàãðóçêè [1, íîìîãð. 3.2, 3.3]:

𝐸â

𝐸îáù

=
756

41
= 18, 44;

ℎâ
𝐷

=
63

34
= 1, 85; 𝜏í ≈ 0, 01 ÌÏà

Àêòèâíîå íàïðÿæåíèå ñäâèãà [1, ôîðìóëà 3.13]

𝑇 = 𝜏í × 𝑝 = 0, 01× 0, 6 = 0, 006 ÌÏà

Êîýôôèöèåíò 𝑘𝑑 = 1
Ãëóáèíà ðàñïîëîæåíèÿ ïîâåðõíîñòè ïðîâåðÿåìîãî ñëîÿ îò âåðõà êîíñòðóêöèè

𝑧îï = 5 + 8 + 25 + 25 = 63ñì

Ñðåäíåâçâåøåííûé óäåëüíûé âåñ ñëî¼â, ðàñïîëîæåííûõ âûøå ïðîâåðÿåìîãî

𝛾ñð =
1500× 5 + 2300× 8 + 2000× 25 + 2100× 25

5 + 8 + 25 + 25
= 2038

êã

ì3
= 0, 002

êã

ñì3

Ïðåäåëüíîå àêòèâíîå íàïðÿæåíèå ñäâèãà [1, ôîðìóëà 3.14]

𝑇ïð = 𝑘𝑑× 𝑐𝑛+0, 1× 𝛾ñð× 𝑧îï× 𝑡𝑔𝜑ñòàò. = 1× 0, 019+0, 1× 0, 002× 63× 𝑡𝑔18∘ ≈ 0, 0232 ÌÏà

𝐾ðàñ÷ =
𝑇ïð
𝑇

=
0, 0232

0, 006
= 3, 87;

𝐾ðàñ÷ −𝐾òð

𝐾òð

× 100% =
3, 87− 1

1
× 100% = 287%

Ðàñ÷¼ò íà èçãèá

Ìàòåðèàë íèæíåãî ñëîÿ ìîíîëèòíîãî áëîêà: Àñôàëüòîáåòîí ãîðÿ÷åé óêëàäêè ïîðèñòûé
I ìàðêè èç êðóïíîçåðíèñòîé ùåá¼íî÷íîé (ãðàâèéíîé) ñìåñè ìàðêà áèòóìà ÁÍÄ-90/130

Íîðìàòèâíîå ñîïðîòèâëåíèå âåñíîé 𝑅0 = 7, 8 ÌÏà
Êîýôôèöèåíò, ó÷èòûâàþùèé ðåàëüíûé ðåæèì ðàñòÿæåíèÿ ïîâòîðíîé íàãðóçêîé 𝛼 =

6, 3 [1, òàáë. Ï.3.1]
Êîýôôèöèåíò, çàâèñÿùèé îò ñâîéñòâ ìàòåðèàëà ðàññ÷èòûâàåìîãî ìîíîëèòíîãî ñëîÿ

𝑚 = 4 [1, òàáë. Ï.3.1]
Êîýôôèöèåíò, ó÷èòûâàþùèé âëèÿíèå íà ïðî÷íîñòü óñòàëîñòíûõ ïðîöåññîâ [1, ôîðìó-

ëà 3.18]

𝑘1 =
𝛼

𝑚

√︁
(
∑︀

𝑁𝑝)
=

6, 3
4

√︁
(3000000)

= 0, 151
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Êîýôôèöèåíò ñíèæåíèÿ ïðî÷íîñòè 𝑘2 = 0, 8
Ïðî÷íîñòü ìàòåðèàëà ìîíîëèòíîãî ñëîÿ ïðè ìíîãîêðàòíîì ðàñòÿæåíèè ïðè èçãèáå

[1, ôîðìóëà 3.17]

𝑅𝑛 = 𝑅0 × 𝑘1 × 𝑘2 × (1− 𝑣𝑟 × 𝑡) = 7, 8× 0, 151× 0, 8× (1− 0, 1× 1, 71) = 0, 783 ÌÏà

𝐸â =

2∑︀
𝑖=1

𝐸𝑖 × ℎ𝑖

2∑︀
𝑖=1

ℎ𝑖

=
3400× 5 + 2200× 8

5 + 8
= 2661, 5 ÌÏà

Îáùèé ìîäóëü óïðóãîñòè îñíîâàíèÿ 𝐸îáù = 305, 3 ÌÏà
Ðàñòÿãèâàþùåå íàïðÿæåíèå îò åäèíè÷íîé íàãðóçêè ïðè ðàñ÷¼òíûõ äèàìåòðàõ ïëîùàä-

êè, ïåðåäàþùåé íàãðóçêó [1, íîìîãð. 3.4]

𝐸â

𝐸îáù

=
2661, 5

305, 3
= 8, 7;

ℎ

𝐷
=

13

39
= 0, 33; 𝜎𝑟 = 1, 44 ÌÏà

Ðàñ÷¼òíîå íàïðÿæåíèå [1, ôîðìóëà 3.16]

𝜎𝑟 = 𝜎𝑟 × 𝑝× 𝑘â = 1, 44× 0, 6× 0, 85 = 0, 737 ÌÏà

𝐾ðàñ÷ =
𝑅𝑛

𝜎𝑟

=
0, 783

0, 737
= 1, 06;

𝐾ðàñ÷ −𝐾òð

𝐾òð

× 100% =
1, 06− 1

1
× 100% = 6, 29%

Ðåçóëüòàòû ðàñ÷¼òà íà ìîðîçîóñòîé÷èâîñòü

Ìàòåðèàë ãðóíòà: Cóãëèíîê ë¼ãêèé
Ãðóïïà ãðóíòà ïî ñòåïåíè ïó÷èíèñòîñòè 2
Âûñîòà íàñûïè 2 ì, óðîâåíü ãðóíòîâûõ âîä 5 ì, òîëùèíà êîíñòðóêöèè 0,63 ì
Ãëóáèíà ãðóíòîâûõ âîä (îò íèçà äîðîæíîé îäåæäû) 𝐻𝑦 = 2 ì+ 5 ì− 0, 63 ì = 6, 37 ì
Âåëè÷èíà ìîðîçíîãî ïó÷åíèÿ ïðè óñðåäí¼ííûõ óñëîâèÿõ è ãëóáèíå ïðîìåðçàíèÿ 1,60 ì

[1, íîìîãð. 4.3]
𝑙ïó÷.ñð.2 = 2, 58 ñì
Êîýôôèöèåíò, ó÷èòûâàþùèé âëèÿíèå ðàñ÷¼òíîé ãëóáèíû çàëåãàíèÿ óðîâíÿ ãðóíòîâûõ

èëè äëèòåëüíî ñòîÿùèõ ïîâåðõíîñòíûõ âîä [1, íîìîãð. 4.1]
𝐾óãâ = 0, 54
Êîýôôèöèåíò, çàâèñÿùèé îò ñòåïåíè óïëîòíåíèÿ ãðóíòà ðàáî÷åãî ñëîÿ [1, òàáë. 4.4]
𝐾ïë = 1
Êîýôôèöèåíò, ó÷èòûâàþùèé âëèÿíèå ãðàíóëîìåòðè÷åñêîãî ñîñòàâà ãðóíòà [1, òàáë. 4.5]
𝐾ãð = 1, 3
Êîýôôèöèåíò, ó÷èòûâàþùèé âëèÿíèå íàãðóçêè îò ñîáñòâåííîãî âåñà âûøåëåæàùåé

êîíñòðóêöèè íà ãðóíò â ïðîìåðçàþùåì ñëîå [1, íîìîãð. 4.2]
𝐾íàãð = 0, 99
Êîýôôèöèåíò, çàâèñÿùèé îò ðàñ÷¼òíîé âëàæíîñòè ãðóíòà [1, òàáë. 4.6]
𝐾âë = 1, 1
Âåëè÷èíà âîçìîæíîãî ìîðîçíîãî ïó÷åíèÿ [1, ôîðìóëà 4.2]
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𝑙ïó÷ = 𝑙ïó÷.ñð.×𝐾óãâ×𝐾ïë×𝐾ãð×Êíàãð×𝐾âë = 2, 58× 0, 54× 1× 1, 3× 0, 99× 1, 1 = 1, 97 ñì

𝑙äîï. = 4 ñì [1, òàáë. 4.3]

Îæèäàåìàÿ ïó÷èíèñòîñòü ãðóíòà 1,97 ñì < 80% îò äîïóñòèìîé 4,00 ñì
Ìîðîçîóñòîé÷èâîñòü êîíñòðóêöèè îáåñïå÷åíà.
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Ñïèñîê íîðìàòèâíûõ äîêóìåíòîâ

1. ÎÄÍ 218.046-01 Ïðîåêòèðîâàíèå íåæ¼ñòêèõ äîðîæíûõ îäåæä.
2. ÎÄÌ 218.5.003-2010 Ðåêîìåíäàöèè ïî ïðèìåíåíèþ ãåîñèíòåòè÷åñêèõ ìàòåðèàëîâ ïðè

ñòðîèòåëüñòâå è ðåìîíòå àâòîìîáèëüíûõ äîðîã.
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