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TOM TAT

Trong phan tich két ciu bén trén va méng coc 1am viéc ddng thoi, khai niém “dwdng cong p-y” ngly cing

TU KHOA
Tuong tac coc- dat

Pudng cong p-y duwge ing dung rong rai dé mé phong tong téc két chu coc va dAt ndn. Mb hinh tinh thiét 1ap theo phivong

Tai trong ngang phép niy quan niém dit khong phai 12 vat liéu dan hoi tuyén tinh, quan hé giita phan lic cua dit 1én thanh
M0 hinh phi tuyén coc va chuyén vi coc 13 quan hé phi tuyén; phu thudc vao cc thong sb cta dAt nén, coc va tai trong tic
dung 1én coc. Trong bai bdo nay, tac gia trinh bay phén tich bai toan coc chiu tai trong ngang dya trén co
s& 1y thuyét “dwdng cong p-y” d& mé phéng tiwong tic coc- dAt; trong d6 phin tit coc divge md hinh nhw

mét dim lién tuc dit trén nén dan hi.
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ABSTRACT

The concepts of “p-y curves” to simulate pile-soil interaction has increasingly been applied to structural

P-y curves problems that consider superstructure and pile foundation working simultaneously. The model

Lateral load established by this method assumes that the soil is nonlinear elastic material, the relationship between
Nonlinear modeling the reaction of soil and the pile displacement is nonlinear; it depends on the parameters of the soil, piles
and load acting on the pile. In this paper, the author presents an analysis of the pile foundations under
lateral loading based on the “p-y curves” theory to simulate nonlinear pile-soil interaction; in which the

pile element is modeled as a continuous beam placed on elastic base.

1. Gi6i thidu

Tinh todn coc don chiu tai trong ngang da dugc nhiéu tac gia
nghién citu [1, 2, 3, 4, 5], va dwgc chia thanh hai phwong phap phd
bién, d6 13 1) Tinh toan kha ning chiu tai ngang cuc han dua trén ap
lure d4t va 2) Tinh toan theo chuyén vi cho phép dia trén phan tich mo
hinh nén ¢6 ké dén twong tic gitta coc va dat. Véi phwong phap tinh
toan thi¢ hai, dva trén mé hinh nén twong tac, coc duge phan tich nhu
két cAu dAm trén nén dan hdi, cu thé 1a m6 hinh nén Winkler; 6 d6
twong tac gifta coc va dét (goi tit 1a twong tic coc - dit) dugc mé
phoéng bing cac gbi tiva 10 xo hai chidu chiu kéo va nén. Bay 14 phwong
phép co hoc két cAu ¢b dién, 1y thuyét tinh toan twdng minh. Tuy nhién
d6 phiic tap ctia bai toan ciing nhu mite d6 chinh xac ctia két qua tinh
phu thudc vao viéc mé hinh gbi 16 xo trong tng. M6 hinh vat liéu ctia
16 xo vé ban chét 13 dudng quan hé giita tai trong (p) va chuyén vi
ngang (y), trong ly thuyét tinh goi d6 14 mé hinh dwdng cong p - y.
Hién nay 6 nhidu mé hinh dudng cong p-y di dugc dé xudt cho twong
ing céc didu kién dit nén va tai trong khac nhau, nhu mé hinh
McCelland va Focht (1958), MatLock (1970), Lymon C.Resse (1974) va
mot sb tac gia khac [6, 7, 8, 9]. Phan 16n nhitng mé hinh nay di dugc
kiém chitng qua thi nghiém hién trwdng va dwa vao nhidu tiéu chuén,

quy pham chi dan thiét ké. Viéc thiét 14p mé hinh twong tic coc- dét
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chi tiét véi @6 chinh xdc cao thie hién duge nhe sy trg gitip ctia mot
sb ph?in mém tinh toan manh nhu PLAXIS, ABAQUS, FLAC, ... trén nén
tang ctia phitong phap phin ti hitu han. Tuy vy mé phong méi trudng
dAt phi tuyén v&i diéu kién bién v6 han 12 kha phtc tap, phin nio ciing
da han ché viéc ng dung rong rii cdc mé hinh dit nén nay.

Trong bai bao nay, tic gia gi¢i thiéu hai mo hinh don gian cta
Matlock [10] va Reese [11] dutgce thiét 1ap sin d& mé phong duwong
cong p-y cho tiong ting nén dt sét pha cat chiu tai trong tinh, ngin
han. Ung dung phuong trinh sé ctia cdc mé hinh nay dugc thé hién
béing bai todn coc chiu tai ngang st dung phAn mém Sap2000 dé phan
tich quan hé phi tuyén coc - dét cho twong tng & mot didu kién dia
chét nhat dinh. Trén co s& két qua tinh toan thu dugec, tic gia dua ra
mét sb nhan xét, kién nghi vé diéu kién 4p dung mé hinh tinh trong

thirc hanh thiét ké méng coc sau.
2. Pudng cong p-y va tuong tac coc - dat

Tuong tic coc — dt duge mé phong bing cac gbi twa ma & d6
st 1am viéc ctia dAt xung quanh coc sé thay thé béng cac gbi 10 xo tai
diém giita mbi doan coc trong dit, hé sé dan hdi k cta 10 xo thay dbi
phi tuyén theo quy luit ctia dudng cong p - y tai mdi d6 siu twong ting.
Pudng cong p -y dwgc xem 13 quy ludt Gng x ctia dét tai d6 sau dang
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xét. Quy luat nay tai mbi vi tri 14 dc 1ap, khong phu thude vio tng xi
tai cac vi tri khac. Du@i ddy la hai mo hinh dwong cong p -y cho tuong
Gng nén dat sét pha do Matlock (1970) va Reese (1974) dé xuit.

2.1. Puong cong p-y cia ddt sét mém c6 két thwong chiu tdi trong tinh,

ngdn han

Tt thi nghiém nén tinh ngang coc trong d4t sét mém, Matlock
[10] dé xuét xay dung dudng cong p —y ctia dit sét mém cb két thuong
theo quan hé (1):

1

P_,s[2 )
PiO’S[ysuj M

Trong d6: P, P, 1a phan lyc va sitc khéng cuc han cua dat 1én mot
don vi chidu dai coc dang xét. Gi4 tri P, duoc léy theo (2):
P, =N,F, (2)
Vi P, 12 hé s6 ap lwc dAt, hé s6 nay phu thude vao gée nghiéng B
gitta phwong ngang va mét dat, d6 16n P, xéc dinh theo (3); (4) hoéc (5):

1 .
B =|—F—| V06 >0 3
h [(Htan(ﬂ))J s @
p=| —P) | s peo @
[\15 cos (% +pf D
P=1 v6i f=0 5)
N, la 14y gia tri 16n hon trong hai gia tri trong cong thic (6) va (7):
N,=9C,B (6)
N,=3C,B+yZB+JZC, )

Véi:  C,: Sttc khang cit khong thoat nude.
B: buong kinh (v6i coc tiét dién tron) hodc canh coc (véi coc tiét dién
vuong).
y’: Khéi lwong don vi ¢6 hiéu trung binh ctia cac 16p dit tinh tit bé mit
dén vi tri dang xét.
Z: D6 sau doan coc dang xét
J: Thong sb khéng thit nguyén, phu thudc loai dit: J=0,5 v&i sét pha
yéu, J=0,25 v6i sét déo citng va nia cting.

Trong cong thiic (1), y 1a chuyén vi ngang, y.: chuyén vi ngang
ctia coc khi P=1/2 sttc khang ctc han ctia dit, y. = ys, tinh theo (8):

Vs =2,5Bs¢y, ®

Vi g5, 12 bién dang ctia dit trong thi nghiém nén 3 truc khi itng suét

bing 50 % tng suit pha hoai.
2.2. Puong cong p —y ctia ddt sét pha cdt, chiu tdi tinh ngdn han

bé xay dung duwdng cong p - y dic trung cho dét sét pha cat,
Reese va Grubbs [12, 13] tién hanh thi nghiém cho loai dht sét pha véi
ndi ma sat ¢, lwc dinh C,, khéi lvgng don viy.

Tai céc do sau coc trong dAt khac nhau, 13n lugt tinh cac dai Iwvong:

a=2, b=45+2, K,=04, Ka:tanz(45—£j 9)
2 2 2

S,=7Z, S,:% (10
: :ta:‘(“T(f)w)(mzmn(b)m(a)) an

S, =K,Z tan(b)[tan((p)sin (6)- tan(a)] (12)
S,=K,B (13)

Sy =K,ByZ(tan" (b)-1) (14

S, =K,ByZtan* (b) 15)

Trong d6 B 14 duwdng kinh coc (véi coc tiét dién tron) hay canh
coc (v&i coc tiét dién vuéng).

Phan Iye t6i han trén don vi chiéu dai coc Py, xc dinh theo (16):
B, = AsPump + By (16)
Trong d6: thanh phén Ivc ma sat P, duoc léy theo gia tri nho

hon trong hai dai lugng (17) va (18):
R,=SU(SI+S2+S3—S4) 7))
P,=5,+S5, (18)
Trong cbng thic (16) trén thanh phan lyc dinh Py, duoc léy
theo cong thiic (2), hé s6 Ag dugc lay theo két qua thuc nghiém, 1ap

thanh bang tra v6i cac tham chiéu.

3. Tinh toan dudng cong p- y cho céc tridng ho'p nén dit

-6-7-05m
—B-7=15m
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Hinh 2. Pudng cong p-y cho dit sét pha cit mé hinh Reese.

Phén tich bai todn coc don chiu tai trong ngang trong nén dit sét
pha cb két thuong véi cac théng sb chinh sau: 1) Coc 6ng thép tron c6
duwong kinh ngoai B = 500 mm, bé day t = 12 mm, chidu dai coc trong
dit L = 40 m, momen quén tinh I = 3,15 x 10*m*, mé dun dan hdi E
= 2x10° MPa; 2) Dét sét pha ciu tao gdbm 3 16p, trong d6 16p 1- Sét
pha cét trang thai déo, day 15 m, ¢ =15°, C, = 15 kPa, 16p 2- Sét pha
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trang thai nita cting, day 5 m, $=21°, C, = 15 kPa va 16p 3- DAt sét
trang théi cting, stic chéng cit khong thoat nude C, = 40 kPa. 3) Tai
trong tic dung 1én dau coc: Lue thing ditng N = 100 kN, Iyvc ngang H
= 100 kN, mdé men M = 50 kNm. So’ dd coc va tai trong tac dung lén
coc thé hién trén hinh 3a.

Gia thiét dAt nén dugce chia nho thanh nhidu 16p, chiéu diy mdi
16p 12 0,5 m cho cac 16p dAt trong pham vi tit mat dt xudng t6i do sau
10 m va twong ting 1a 1 m ddi v&i nhitng d6 sau trén 10 m. Dya vao cac
thong sb da cho ta 1an lwot tinh toan cac gia tri dwa vao tham sb dudng
cong p-y theo hai mé hinh Iy thuyét ctia Matlock va Reese & phin 2 bing
céc cong cu toan hoc co ban. Két qua qua dudng cong p — y dic trung
cho dAt sét pha ¢6 két thuong tai mot s cac d6 sau khac nhau twong Gng
v6i tiing mo hinh duge minh hoa trong hinh 1 va 2 duéi day. Cac thong
s6 dudng cong p — y dugc khai bao cho phan tif Support trong so' db tinh
mé phong boi Sap2000 dé tinh toan ndi Ive va chuyén vi ngang cua coc

theo cac didu kién cu thé ctia bai to4n néu trén.
4. Két qua tinh toan va nhan xét

Biéu dd mémen ubn (M;) va chuyén vi ngang (U,) cta coc tinh
toan theo hai mé hinh dwdng cong p- y dugce thé hién trong hinh 3. Két
qua tinh cho thdy mé men ubn dat gia tri cic dai kha gan vi trf dau
coc, cu thé trong bai todn nay khoang cich d6 xAp xi mot phan tw chiéu
dai coc trong d4t. Biéu dd mé men hinh 3b phan 4nh r6 phan d4t nhan
tai trong ngang chu yéu 12 16p dit trén mit, diéu nay phit hop véi két
qua thi nghiém da duoc trinh bay trong [18].
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Hinh 3. So dd coc trong dét va két qua tinh todn coc chiu tai

a) So' db coc

trong ngang.

Hinh 3b va 3c ciing cho thiy, viéc st dung duong cong p -y dé
mo phong twong tac gitta coc va nén dét theo cac mé hinh thire nghiém
ctia Reese va Matlock cho ra két qua tinh kha twong ddng nhau ca vé

mo men va chuyén vi ngang ctia coc. M6 men udn trong coc 13 twong
dwong nhau cho ca hai mé hinh trong pham vi tit 0 — 12 m ti mit dit,
pham vi tit 12 m dén hét chidu dai coc két qua m6 men ubn 13 16n hon
khi tinh v&i mé hinh Matlock. V&i chuyén vi ngang ctia coc, theo ca hai
mé hinh tinh tuy x4p xi nhau vé gia tri cuc dai tai diu coc nhung tinh
theo mé hinh Matlock gia tri chuyén vi ngang phan bé doc theo chidu
dai coc 12 16n hon, d6 déc nhé hon. Pidu nay c6 thé 1y giai dugc khi
ma trong mb hinh Matlock cac tham s6 ctia duong cong p- y khong xét
dén anh hudng cac hé sb ¢ va C, ctia dit nén.

Bang 1 tdng hop gia tri mé men va chuyén vi dAu coc theo cac
mé hinh dwdng cong p — y trong Sap 2000 va két qua tinh theo cong
thite tinh trong chi din phu luc A cua tiéu chudn Viét Nam TCVN
10304: 2014 [17].

Bang 1. Két qua tinh todn mé men va chuyén vi diu coc.

Tham chiéu tinh M6 men cuc dai Chuyén vi ddu coc
todn (kNm) (mm)
Mo hinh Reese 242,3 26,81
Mo hinh Matlock 228,1 25,43
TCVN 10304: 2014 285,9 31,09

Bai todn cho két qua mé men va chuyén vi diu coc tinh theo
TCVN 10304: 2014 16n hon so v&i tinh bing Sap2000 trong ca hai
mo hinh. Viéc tinh theo TCVN 10304: 2014 dugc thuc hién tuong
dbi don gian theo cac cong thie da 1ap, tuy nhién c6 thé thiy twong
tac gifta coc va nén dit duoc xac dinh thong qua hé sé ty 1 K, chon
theo bang 14p sin, phu thudc vio loai d4t va c6 pham vi bién thién
kha rong. Phuong phap tinh dua trén cdc duong cong quan hé p-y
chinh xac va khéach quan hon do dugc thiét 14p dwa trén cic théng
s6 ctia dAt nhu cac hé s ¢, v va C, cia ¢4t nén; bén canh d6 cac théng
sb ctia coc nhu kich thude va hinh dang coc, chiéu sau coc trong dit

ciing dugce xét dén.
5. Két luan

Bai bdo nay thao luan dic trung twong tic gitta coc va nén dét
12 hé s6 nén v6i hai mé hinh dudng cong quan hé giita tai trong va
chuyén vi do Matlock (1970) va Reese (1974) dé xuét dang dugc st
dung kha phd bién hién nay trong phan tich méng coc sau chiu tai trong
ngang. Phwong phép xéc dinh hé s6 nén st dung dudng cong quan hé
p -y la phvong phép hién dai, khoa hoc va cé do tin cdy cao, da dugc
nhidu té chitc kién nghi st dung. Hién nay nhiéu phin mém tinh to4n
nén méng da tich hop sin thu vién cic dudng cong nay, do dé viéc
tinh todn trd nén thuén loi va don gian. Tuy nhién, dé ¢6 nhitng két
qua tinh toan chinh xac trong didu kién dia chit Viét Nam, cin c6 nhiéu
thf nghiém dé xiy dung thu vién dudng cong p — y cho phit hop véi
titng diéu kién dia chit khac nhau.
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