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Tinh toan coc chiu tai trong ngang va mémen
theo phuong phap POULOS

Calculation of piles subjected to lateral load and moment by POULOS method

Tom tat

Phuang phap tinh toan coc chiu tai trong ngang
va momen theo tiéu chuan hién hanh con han ché
vé s6 lugng. D& nang cao dd tin cdy cho cong tac
thiét ké va nghién ciiu can cung cip thém phuong
phap tinh toan thuc hanh. Hién nay, nhiéu phuong
phap tinh toan coc chiu tai trong ngang da duoc
nghién citu va cong bé. Bai bao dé cap dén phuong
phap Poulos dé tinh toan coc don chiu tai trong
ngang va mémen & dau coc. Phuong phép nay ¢6
thé ap dung dugc cho trudng hgp coc dau tu do
hoac coc dau ¢6 dinh. Bai bao da chi ramét s6 han
ché ciing nhu pham vi ap dung cia phuong phap,
dua gii phap dé c6 thé ap dung cho phit hgp thuic
té. Bén canh do, bai bao da cung cap két qua thi
nghiém hién truong dé dai chiéu danh gia db tin
cay phuong phap tinh.

Tir khéa: coc chiu tdi trong ngang, phuang phdp poulos,
tdi trong ngang, stic chiu tai ngang, lién tuc dan hi

Abstract

The method of calculating piles subjected to horizontal
loads and moments according to current standards is
limited in number. In order to improve the reliability of
the design and research, it is necessary to provide more
practical calculation methods. Currently, many methods
of calculating piles subjected to horizontal loads have
been studied and published. The paper refers to the
Poulos method to calculate the single pile bearing lateral
load and the moment at the pile head. This method can
be applied to the case of free-headed piles or fixed-
headed piles. The paper has pointed out a number of
limitations as well as the scope of application of the
method, giving the solution to be applicable for practical
application. In addition, the article provides field test
results to compare and evaluate the reliability of the
calculation method.

Key words: laterally loaded piles, Poulos method, lateral
load, horizontal load capacity, elastic continuum methos
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1. Dt van dé

Hién nay, cac phuong phap phan tich coc chiu tai trong ngang co thé
dwoc phan loai lam ba nhém chinh la: nhém phwong phap dadm trén nén
Winkler (beam-on-Winkler foundation methods), nhém phwong phap lién tuc
dan héi (elastic continuum methos) va nhém phuwong phap sé (numerical
methods) [4]. Theo tiéu chuan trong nwéc hién hanh, tinh toan coc don chiu
tai trong ngang va mémen dwoc chi dan & phu luc A TCVN 10304-2014 [1]
hodc phu luc G TCXD 205-1998 [2], day la mdt phwong phap tinh toan don
gian thudc nhém phwong phap dam trén nén Winkler. Dé c6 thém két qua
tinh toan dbi chiéu, so sanh trwdc khi tién hanh thi nghiém hién truwdng thi
viéc cung c&p thém phuwong phap tinh toan thwe hanh la can thiét. Bai bao
gi&i thiéu phuong phap Poulos thudc nhém phwong phap lién tuc dan hoi
tinh toan cho coc don chiu tai trong ngang trong hai trudng hop: coc cé dau
tw do va coc c6 dau cb dinh.

2. Tinh toan coc don chiu tai trong ngang va mémen - phwong phap
Poulos [3]

Xét coc don cé chidu dai L, dwdng kinh d, chiu téi trong ngang H va mé-
men M & dinh, coc nam trong khéi dét ban khéng gian ddng nhat nhw hinh
2.1.Dau coc sé lam viéc nhw dau ty do hay ddu cb dinh phu thudc vao quan
hé dd cltrng gitra coc- dai coc va loai lién két dwoc quy dinh trong tiéu chuan.
Théng thwéng, trong méng coc dai cieng thi coc dwoc coi la diu cb dinh.
Coc c6 dau tw do khi chiu lwc tac dung & dAu coc thi dau coc cé chuyén vi va
goc xoay. Coc cé dau cb dinh khi chiu lwc tac dung & dau coc thi dau coc co
chuyén vi nhwng khéng xoay duorc.

2.1. Coc déu tw do
Chuyén vi ngang, p, & dinh coc
p=I H +1 M
THE ] TME 2
EL EL

s s (1)

Trong d6: L - chiéu dai coc; H, M - Ian lwot 13 tai trong ngang, moé-men &
dinh coc.

E, - md dun bién dang cla dét.

Hé s6 Ioy va loy tra hinh 2.2 va hinh 2.3 theo hé sb udn cia coc Kg,
KRzEplp/ E5L4

Goc xoay 0, & dinh coc
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Hinh 2.1. Coc don chiu tai trong ngang
(a) dau coc tu do; (b) dau coc cd dinh
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Hinh 2.5¢. Chi 88 tromg ngang
Hinh 2.5. Phan b6 ap luc ngang doc theo
- L =

than coc

Hinh 2.4 Hé s0 Igy

Trong d6: Cac dai lwgng H, M, L, Es c6 y nghia nhw cong
thire (1)

Heé sb lgy = Iom (hinh 2.3). Hé sb lgy tra hinh 2.4.

Phan bb ap lwc ngang doc theo than coc

Phan bd ap lwc ngang dién hinh doc theo than coc dwoc
cho bé&i hinh 2.5a,b,c dwa theo két qua nghién clru thuc
nghiém.

Mé-men trong coc

Sw phan b mé-men dién hinh doc theo than coc duwoc
chi trong hinh 2.6 dwa theo két qua nghién ctru thwc nghiém.

2.2. Coc déu cb dinh
Chuyén vi ngang, p, & dinh coc
H

PehEL

3)
Trong dé: Cac dai lwgng H, L, Eg cé y nghia nhw cong
thire (1)
loF tra hinh 2.7 theo hé sb ubn cla coc K.
Phan bd ap lwc ngang doc theo than coc
Phan bd ap lwc ngang dién hinh doc theo than coc dwoc
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Hinh 2.6. Phan b6 m6-men doc theo than coc
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Hinh 2.8. Phan bo ap lu'c ngang doc theo than coc

cho bdi hinh 2.8
M6-men trong coc
Sw phan bd mé-men dién hinh doc theo

L]

than coc dwoc chi trong hinh 2.9 b 2y
Lwu y khi ap dung phwong phap
Poulos tinh todn coc chiju tai ngang va i
mé-men:
- T hinh 2.2 + 2.9, gia tri hé sb Poison
v = 0,5 (hé sb n& hong o). Hé sé nay anh =

hwéng nhé dén chuyén vi va géc xoay cua
coc.

- Phuwong phap phu hop cho trwdong
hop nén dat ddng nhét, coc c6 ti sb L/d=10.

- Cong thic (1), (2), (3) dwoc xay dwng
cho trwdng hop nén dat ddng nhét, vi vay
khi nén dat gdm nhidu I16p can quy di vé
nén dong nhét. Nghién ctru cho thdy, khi ==
coc chju tai trong ngang tac dung & dinh
thi chi mot phan I&p dat phia trén (gan dinh
coc) lam viéc, pham vi d6 goi 1a chidu day
tang dat chiu luc, h,,. Day 1a mét dai lwong
c6 y nghia déc biét quan trong khi quy dbi
nén khéng ddng nhét vé nén déng nhét. Tiéc rang hién chua
tim dworc tai liéu ndo néu rd y twdng co hoc dé xac dinh nd
ma chi thu thap dwgc mot sd dang khac nhau clia céng thire
tinh h,,. Duéi day xin trich ddn mét céng thire tinh h,,[5]:
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Hinh 2.9. Phan b6 m6-men doc theo than coc
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Hinh 2.10 Két qua thi nghiém nén ngang coc 11HA193 [8]

h,, =3,5d+15

Néu trong pham vi hah c6 moét I¢p dat thi dung E; cla
I&p dat d6. Néu trong pham vi hah chira nhiéu I&'p dét thi xac
dinh Ey, trong pham vi hah nhw sau [6]:




Bang 2.1. Bang chi tiéu co ly cac I6p dat [7]

Trong pham vi hy, chiva 2 16p dat:
E, = Ehy(2h,, —hy) +E,(h,—h,)?

t 2
hah

Trong pham vi h,;, chtra 3 16p dét:

Etb

_Eh,[2(h,+h,)+h]+Eh,(2h, +h,)+E,h’

®)

2
hah

(6)

2.3. Vi du tinh toan

Coc thi nghiém BTCT duc s8n 11HA 193(B30) dai 53m,
tiét dién 0.5x0.5m dwoc ha vao nén dat bang phwong phap
ép, dau coc tw do. Nén dat co sb liéu nhw bang 2.1. Tinh
chuyén vi ngang tai dinh coc theo phwong phéap Poulos voi
céac cAp tai trong ngang tac dung & dinh 1an lwot 1a 0.825T,
1.65T, 2.475T, 3.3T, 4.125T, 4.95T.

STT Tén 16p dét :]' N | kpa (% kioa
1 Céat cép phéi kém (SP-SM) 3,8 19,50 0 26,77 23800
2 Sét vb co nau vang (CH-CL) 1,4 18,86 26 17,12 9230
3 Sét béo xanh xam (CH-CL) 11,3 18,70 18 12,10 7210
4 Sét xam xanh (CL) 4,6 19,09 23 18,20 6470
5 Sét nau vang (CL) 13,1 19,76 36 18,53 11880
6 Cat pha sét (SC) 3,6 19,49 12 22,17 10660
7 Sét nau vang (CL) 5,5 19,76 36 18,53 11880

Bang 2.2. Chuyén vi ngang tai dinh coc véi H=4,95T
Tén Ky hiéu Cach tinh Gia tri Pon vi
Lwe ngang dinh coc H Déu vao 4.95 T
Md&-men dinh coc M PAu vao 0 Tm
Canh dai thuc té coc looc DPau vao 0.5 m
Canh ngén thuc té coc Beoc Déau vao 0.5
Chiéu dai thuc té coc L Pau vao 53
Chiéu day tAng dét chiu luc han 3,5d+1,5 3.25 m
Mb dun bién dang chung ctia dat E. Pham vi h,, 2.38E+03 T/m?
M6 dun dan héi clia bé tong coc khi nén E, B30 3.25E+06 T/m®
Mé-men quan tinh tiét dién ngang clia coc lp Ip=bcoc oo/ 12 5.21E-03 m*
Tisb L/d L/d 106 -
Hé sb ubn doc Ky Kg Kr=E,l,/ EsL* 9.01E-07 -
Hé sb anh huéng Iy loH Tra hinh 2.2 30 -
Hé s anh huéng lom lom Tra hinh 2.3 600 -
Chuyén vi ngang p cla dinh coc p Cong thirc 1 1.177E-03 m
Bang 2.3. Két qua chuyén vi ngang tai dinh coc theo cac cap tai
STT Tai trong Thi nghi;fam hién trwdng P?ulqs
(kN) Chuyén vi, mm [8] Chuyén vi, mm

0 0,00 0,000 0,000
1 8,25 0,135 0,196
2 16,50 0,285 0,392
3 2475 0,420 0,589
4 33,00 0,605 0,785
5 41,25 0,800 0,981
6 49,50 1,120 1,177
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Két qua tinh toan: Tinh toan cho trudng hop tai H=4,95 T
duwoc thé hién tém tat & bang 2.2 (trong pham vi h,,=3,25m
chi cé 16p dét 1 nén E, = E, = 23800 kPa). Két qua thi nghiém
hién trwdng thé hién & hinh 2.10. Tdng hop két qua tinh toan
va thi nghiém hién trwéng cho céc trwdng hop tai dwoc thé
hién & bang 2.3.

Nhan xét két qua:

Tinh toan theo phwong phap Poulos cho két qua tinh
toan kha tin cay va thién vé an toan. Két qua tinh toan phu
thudc nhiéu vao viéc tra hé s6 anh hudng |, low va thong sé
E cua I&p dat gan dinh coc.
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3. Két luan

- Bai bdo da gi¢i thiéu mot phwong phap tinh toan thuc
hanh kha don gidn va tin cady cho coc don chiju tai trong
ngang va mo-men tap trung & dinh coc. Phuwong phap
Poulos phu hgp cho nén déng nhat va coc co ti sb L/d=10.

- Khi nén nhiéu Iép, d& ap dung phuong phap Poulos ta
can xac dinh pham vi chiéu day tang dét chju luc, hah dé quy
ddi nén nhiéu I&p vé nén ddng nhéat twong duong./.

5. Nguyén Ba Ké, Nguyén Van Quang, Trinh Viét Cuong. Hudng dén
thiét ké méng coc. NXB Xay dung, Ha Noi, 1993.

6. Phan Diing, Mgt s6 vin dé can hiéu diing dé tinh diing coc chiu
luc ngang theo TCXD 205:1998, 2010, tr 5-6.

7. Investigation report plant area, No.11/2010-PMC2-C-RPT-2000.

8. 8. Report on result of pile testing, Document No: LP1-UGCE-
11UDH-C-M1A-CIR-0001, 2015.

Pac diém canh quan d6 thi Ha Noi

ra cac khu mai, tao cadnh quan hién dai cho dé thi Ha N6i ma
khéng pha v& nhitng canh quan truyén théng. Méi quan hé
gitba cli - mai o thé cé khong gian chuyén tiép (bang cay
xanh, mat nwéc va cac yéu té canh quan tw nhién khac...)

- Tang cwdng cac quang trwdng, veon hoa trén cac truc,
tuyén giao thong.

- M& cac truc khong gian I&én hwéng ra cac vang canh
quan tw nhién nhw cac hd I&n, séng, khu cong vién... dé té
chtrc thanh truc cam thu canh quan vira két hop véi nhiéu
loai hinh sinh hoat khac.

4. Két luan

Bb cuc khong gian d6 thi cn phu hop va triét dé khai
thac cac déc diém canh quan tw nhién. Cac truc khong gian,
so dd mang khéng gian khéng chi dam bao cac yéu cau vé
b cuc theo nguyén ly nhan thirc thj gidc ma con tao lap méi
quan hé gira cac yéu t6 nhan tao va cac yéu té tw nhién.
Ha Néi dwoc thién nhién ban tang cho mot hé sinh thai song
nwéc véi mot khung tw nhién da hinh thanh b&i mdi quan hé
sbng, hd, va kénh mwong. Céng nghiép héa va dé thi héa
v&i cac hoat dong clia con ngwoi dang phu 1én trén d6 mot
I&p bui ma chiing ta can c6 thdi gian dé& 1am sach tré lai, gitp

(tiép theo trang 17)

canh quan ctia Ha Noi khéng chi cé ban séc cla lich st voi
hinh anh phé c6, phé cii, ma con la ban séc cla thién nhién
v&i canh quan séng hd trong 16ng thanh phé. V&i vi tri va vai
tro 13 tha d6 cdia ca nwdre, Ha Noi 1a noi tich tu sau dam nhét
nhirng gia tri tw tuéng cda dan téc. Nhirng gia tri d6 dwoc
cha 6ng ta van dung trong moi linh vrc d&i séng, trong dé cé
nghé thuat té chirc cadnh quan. Day la diéu cbt 16i d& dam bao
duy tri tinh truyén théng va d&c trwng cho canh quan db thi
Ha Noi trong béi canh qudc t& hod manh mé nhw hién nay./.
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