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LOI CAM POAN
T6i 12 Nguyén Thanh Sang, t6i xin cam doan day 1a cong trinh nghién
clru cua riéng toi. Cac sd liéu, két qua trong luan an 13 trung thuc va chua

ting duoc ai cong b trong bat ky cong trinh nao.

Tac gia

Nguyén Thanh Sang



LOI CAM ON

Loi dau tién, tac gia xin dugc bay to 1ong biét on sau sac dbi véi can bod
huéng dan PGS, TS Nguyén Tuong Lai d tan tinh huéng dan va cho nhiéu
chi dan khoa hoc gia tri, su dong vién va chi bao tan tinh cta Thﬁy la nguén
dong luc to 16n giup tac gia hoan thanh luan an nay.

Tac gia tran trong cam on Vién K¥ thuat Cong trinh dic biét, B mon
Cau duong san bay, B mon Co s& k¥ thuat cong trinh, Phong Sau dai hoc,
H¢ quan 1y hoc vién sau dai hoc, Hoc vién K¥ thuat quan su da tao diéu kién
gitp do em trong thoi gian nghién ciu. Tac gid xin chan thanh cam on céc
gido su, pho giao su, tién si, cac déng nghi¢p BO mon Cau duong san bay, BO
moén Co s& k¥ thuat cong trinh, cadc nha khoa hoc trong va ngoai Hoc vién da
tao diéu kién thuan loi va dong gop ¥ kién quy bau dé hoan thién luan an.

Cubi cung, tac gia bay to long biét on dén gia dinh d3 ludén dong vién,

cam thong va chia sé nhiing kho khan trong sudt qua trinh thuc hién luan an.

Tac gia

Nguyén Thanh Sang
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DANH MUC CAC KY HIEU, CAC CHU VIET TAT
Dién tich miii coc;
Dién tich canh xoén da gidm trur dién tich cua coc;
Vién dau khi Hoa Ky;
Chiéu rong khdi nén cat san san hd khao sat;
D0 nhay cua tham sb cat san san ho;
Hé s6 khong dong nhét;
Heé s6 duong cong phan phéi thanh phan hat;
Luc dinh don vi biéu kién cta cat san san ho;
Luc dinh don vi biéu kién ctia cat san san ho & d bén cuc dai;
Luyc dinh don vi biéu kién clia cat san san hd & d6 bén du;
Kich thudc hat trung binh ctia mau cat san san ho;
Kich thudc hat 16n nhat ciia mau cét san san ho;
D0 chat tuong dbi cua cat san san ho;
Kich thuéc cd sang;
buong kinh cua canh;
bao xa bo;
DPuong kinh ngoai cua coc;

DJ 1éch chuan cua bién ngau nhién;

dy; ds; d, DJ 1éch chuan ctuia goc ma sat trong; goc ma sat ngoai va

trong luwong thé tich ciia cat san san ho;
Mo hinh vt liéu dan hdi tuyén tinh;
Mb dun dan hdi caa thép coc;

M6 dun bién dang cua cat san san ho;

Mb dun bién dang trung binh cua cat san san ho;

E(X), Gi4 tri trung binh ciia bién ngau nhién X;

H¢ s6 rong tu nhién cua cat san san ho;
H¢ s6 rong 16n nhat cua cat san san ho;

H¢ s6 rong nho nhat cua cat san san ho;
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F(x) Ham phan phdi tich luy;

f; Strc khang bén don vi ctia coc;

fi; Strc khang bén don vi doan coc phia trén canh;

fiq Strc khang bén don vi doan coc phia dudi canh;
fi Strc khang bén don vi ciia doan coc gitra 02 canh;
f Ham trang thai gidi han tinh toan strc chiu tai cua coc;
¥a Gi4 tri trung binh ctia ham trang thai gidi han;

H Budc canh (chiéu cao mQt vong canh);

h D0 sau vi tri canh xodn trén than coc;

H, Chiéu cao khéi nén cat san san hd khao sat;

K- Do cung tiép tuyén ciia phan tir tiép xuc;

K, Do cung phap tuyén cua phan tir tiép xuc;

L. Chiéu dai cta coc;

L Chiéu dai cua coc trong nén cat san san ho;

MC M6 hinh vat liéu dan déo 1y tuéng Mohr - Coulomb;
M Téng khéi luong mau cat san san ho thi nghiém,;
N Hé sd phan luc ctua canh khi coc chiu nén;

Nine S6 phép thir hay s6 1an mé phong Monte-Carlo;
P X4c suét an toan dam bao stre chiu tai cua coc;

P, X4c suét sur cd cua cOC;

Py Ap lyc hong budng miu thi nghiém;

Prmax Ap luc nén miu 16n nhat;

P Tai trong tac dung 1én mong coc;

P Strc chiu tai gidi han cua coc;

[P.] Stre chiu tai cuc han cua coc;

Qs Strc khang bén cua coc;

Qs Strc khang bén doan coc phia trén canh;

ors Strc khang bén doan coc phia dudi canh;

Qre Strc khang bén cta doan coc gitra 02 canh;



Q

Q.

Q

dp

q(2)

Rinter

R

Ry, Ro; R3
S

TTGH

Var(X)
Vin

Be

Br

p

Ye

Yunsat

YSat
)

o
5,

111

Strc khang miii cia coc;

Strc khang do phan luc tai canh dudi khi coc chiu nén;
Téng hiéu tmg do tai trong tac dung;

Strc khang miii don vi cua coc;

Phan luc ngang cua nén 1én coc;

Hé s6 suy giam cuong do twong tac giita coc va nén;
Téng strc khang cia két cau coc;

Phan luc gitra coc va dai coc;

Khoang cach cta cac canh xoan;

Trang thai gi61 han;

Chiéu day dai coc;

Chiéu day o ctia phan tir tiép xdc;

Chuyén vi gi61 han cua coc;

Chuyén v1 cuc han cua coc;

Chuyén vi cit ngang;

Chuyén vi dau coc;

Chu vi cua coc;

Chu vi cua canh;

Phuong sai ctia bién ngau nhién X;

Thé tich hop miu thi nghiém;

Chi sb do tin cay;

Chi sb dd tin cay muc ti€u;

Hé sb ap luc ngang;

Trong luong riéng cua thép coc;

Trong luong thé tich cta cat san san hd & trang thai ty nhién;
Trong lugng thé tich ctia cat san san hd & trang thai bai hoa;
Goc ma sat ngoai giira cat san san ho va bé mit thép;
Chiéu day thanh coc;

Chi€u day cua canh;
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Timax Ung suét cat phang 10n nhat;

T sttc khang ma sat gitra nén san ho va két cau coc;
€ Bién dang doc truc ctia mau cat san san ho;

€y Bién dang thé tich cua miu cat san san ho;

& Murc d6 tin cady muc tiéu,

{e} Véc to bién dang;

{de} Véc to s gia bién dang;

1) Ky vong cta bién ngau nhién;

Ps Khéi luong riéng cua cat san san hé;

Gy Ung suét hitu hiéu ciia nén bio hoa;

Ac Bién thién cua ung suat hitu hiéu;

c Ap luc nén cia thi nghiém cat phang;

{c} Véc to ing suit;

{do} Véc to s gia tng suat;

G(X,y) Phan luc nén 1én dai coc;

% Hé s6 Poisson cua cat san san ho;

Ve Hé sd Poisson cua thép coc;

[0) Goc ma sat trong cua cat san san ho;

¢®p GoOc ma sat trong cua cat san san hd ¢ do bén cuc dai;
©; GoOc ma sat trong cua cat san san hd ¢ do bén du;
() Ham phan b xac suit;

U Goc truong nd cua cat san san ho.
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MO DAU
1. Pit van dé nghién ciru

Mong coc ngay cang dugc img dung rong rai trong xay dung cac cong trinh
giao thong, dan dung, cong nghiép, thiry loi. Do ¢6 nhiéu vu diém so véi cac loai
mong khac nhu: kha nang chiu tai 16n, do on dinh cao, ¢ thé xay dung trong
nhiing diéu kién dia hinh va dia chét phurc tap,... Viéc phan tich mong coc nham
muc dich du bdo sat thuc nhat sy lam viée cua hé cong trinh ¢ cac diéu kién
lam viéc khac nhau trong sudt qua trinh x4y dung va khai thac ciia cong trinh.
Céac nghién ciru vé ung xtr ciia méng coc co ban déu dua trén cac két qua
nghién ctru vé tmg xt ctia coc don va xét anh huéng cta hiéu tmg nhom giira
cac coc trong mong [2], [67]. Tiéu chuén thiét ké méng coc & Viét Nam hién
nay quy vé tinh toan sirc chiu tai cia coc don [20].

Nghién ctru sy 1am viéc ctia coc don truyén théng va coc don cai tién
luén 14 hudng nghién ctru thu hat sy tham gia cia cac nha khoa hoc ¢ Viét
Nam ciing nhu trén thé gidi trong nhimg nim qua va sé cang dugc day manh
hon trong twong lai [37], [47], [87], [95]. Méng coc ¢ Viét Nam cho dén nay
chu yéu sir dung coc bé tong cbt thép; coc dng thép tron truyén théng duoc st
dung & mot ) cong trinh bién nhu: cum Dich vu kinh té - Khoa hoc k¥ thuat,
cdu cang, au tau, tru tiéu bao hiéu hang hai.... Thuc tién khai thac cho thay
cong trinh bién str dung mong coc 6ng thép xay dung trén nén san ho tai mot
s6 vung bién déo cta Viét Nam c6 sy suy giam sirc khang hodc strc chiu tai
ctia nén mong nhanh hon sy suy giam do bén cta két ciu dan dén giam tudi
tho cong trinh, nhiéu cong trinh d3 phai sta chira gia cuong két cdu mong.

Nghién ctru vé moéng coc trén nén san hd di dugc cac nha khoa hoc &
Viét Nam nghién ctru tir cudi nhitng nim 90 dén nay.Nhiing nghién ciru gan
day trén thé giéi va ¢ Viét Nam vé coc cai tién da cho thy coc éng thép co
canh xodn gia cudng co thé gia ting dang ké stc chiu tai cia coc trong nén
[12], [35], [94]. Tuy nhién, chua c6 nghién ctru kha thi dugc ap dung vao thuc
tién vé giai phap két ciu coc ong thép cai tién co canh xoan duge xay dung
trong diéu kién dia chat phtrc tap la nén cat san san ho. bay 1a loai nén dic
biét, phan bd nhiéu ¢ ving bién dao xa bd thudc tinh Khanh Hoa [2], [6], [9].



Quy hoach phat trién kinh té bién dao cua Viét Nam da dit ra nhu cau rat 1én
vé xay dung cong trinh ha tang trén cac vung bién déo noéi chung va cac dao,
bai ngﬁm thudc khu vuc ddo xa bd néi riéng. Do do, thuc tién dit ra can ap
dung nhiing kién thirc, cong nghé mdi trong xay dung va ky thuat nén méng
ctia cac cong trinh duge dau tu xay dung trén cac ving ven bién va khu vuc
bién dao xa bo nhim cung c¢b an ninh qudc phong két hop phat trién kinh té,
dic biét 1a kinh té bién trén cac khu vuc thudc thém luc dia cta Viét Nam.

Hién nay tai Viét Nam da cong bd va sir dung tiéu chuan lién quan mong
coc: TCVN 10304: 2014 [20]; TCVN 11520: 2016 [23]; TCVN 12111: 2018
[24]; TCVN 11820:2017 [22]; TCVN 108340:2015 [21] va TCVN
11823:2017 [25]. Tuy nhién, cac tiéu chuin nay chwa dé cap d6i twong thiét
ké coc 6ng thép lam viéc trong truong hop nén cat san san ho, dic biét 1a coc
c¢6 nhiéu hon 01 canh xoan gia cuong trén than coc. Pay 1a co so va 1a dong
luc rat 10n dé tac gia luan an tip trung nghién cru nham dé xuat, kién nghi
nhimg luan ctr khoa hoc va thuc tién vé giai phap thiét ké cac coc cai tién co
kha niang nang cao stic chiu tai, 4p dung cho cong trinh xay dung trén nén cat
san san ho noi riéng, va nén san hd noi chung thudc vung bién déo Viét Nam.
2. Muc tiéu nghién ctru ctiia luan an

Nghién ctru su lam viéc cta coc 6ng thép co canh xodn trong nén cat san
san ho nhim cung cép co s& khoa hoc cho viée tinh toan, thiét ké mong coc
xay dung trén nén san ho. Muc tiéu cu thé la:

1) Lam sang t6 co ché hinh thanh va phat trién ma sat cta vat liéu cat san
san ho v4i bé mit tam thép;

2) Panh gia anh huong cac tham s6 k¥ thuat cta canh xoén trén than coc
(sé luong canh, khoang cach cac canh, do sau vi tri canh, duong kinh canh va
budc canh) dén sy 1am viéc cua coc trong nén cat san san hé;

3) Phan tich tng x1r ctia coc 6ng thép co canh xoan trong nén cat san san
hé khi xét dén sy bién dong ngiu nhién céc chi tiéu co Iy nén cat san san ho.
3. P6i twong va pham vi nghién ciru ciia ludn an

Déi twong nghién ciru: Coc don dang coc 6ng thép c6 va khong co canh

X0dn cua cac cong trinh xay dung lam viéc trong nén cét san san ho.



Pham vi nghién ciru: Nghién ctru bai toan coc don dng thép c6 va khong
cd canh xodn lam viée trong nén cat san san hod déng nhét, hat tho 16n nhat
khong qua 20 mm va chiu tai trong tinh.

4. Phwong phap nghién ctru trong luan an

Phuong phap nghién ciru sir dung trong ludn an 1a nghién ctu 1y thuyét,
mo hinh toan két hop véi thuc nghiém, bao gdom:

- Phuwong phap phan tich, tong hop va ké thira: 4p dung dé nghién ciu
tong quan va hé thong cac két qua di thuc hién boi cac nghién ciru da cong bd
nham phuc vu cho ndi dung luan an, dic biét 1a cac s6 liéu dau vao vé mo
hinh tGng xr cia nén cat san san hd va coc 6ng thép.

- Phuong phap mé hinh toan: ap dung co sd 1y thuyét toan hoc va co hoc
vat ran bién dang, 1y thuyét dan hoi dé xay dung mé hinh sé 3 chiéu theo
phuong phap phan tir hitu han. Phuong phap tinh va thuat giai dé xay dung
chuong trinh tinh toan stc chiu tai cua coc dng thép co canh xoin xét dén su
bién dong ngiu nhién mot sé tham s nén cat san san ho.

- Phuong phap thuc nghiém: Thi nghiém mau cat san san ho va cit san
ho trong phong thi nghiém dé xac dinh tham sé dic trung cua md hinh vat
liéu. Thi nghiém trong phong thi nghiém két hgp ngoai hién truong nham lam
sang tO mg XU trong tac ctia nén cét san san hd voi coc dng thép.

5. Noi dung nghién ciru va cu tric ciia luin an

Pé dat dugc muc tiéu nghién ctru dat ra, tac gia tap trung vao cac noi
dung nghién ctru theo cau tric caa luan an nhu sau:

Mé& dau;

Chuong 1. Téng quan vé coc 6ng thép c6 canh xodn va nén cat san san ho;

Chuong 2. Nghién ctru thuc nghiém xac dinh cac tham sé mé hinh nén
cat san san ho;

Chuong 3. Nghién ctru sy 1am viéce ctia coc 6ng thép co canh xoan trong
nén cat san san ho;

Chuong 4. Nghién ctru tng xtr cia coc 6ng thép co canh xodn xét dén
bién dong tham sb nén cat san san ho;

Két luan va kién nghi.



6. Y nghia khoa hoc va thue tién ciia luin an

Hudéng nghién ctru cta ludn 4n vé su lam viée cua coc dng thép c6 canh
xoan trong nén cat san san hd vira c¢6 y nghia khoa hoc, vira c¢6 tinh cap thiét
vé thuc tién nham danh gia hi¢u qua cta coc cai tién, trong do:

- Y nghia khoa hoc ctia luan an thé hién qua két qua nghién ctru nhim b
sung co s& dir liéu khoa hoc dé tinh toan stc chiju tai cta coc co cac canh
xodn khac nhau trong nén cat san san ho, phuc vu thiét ké mong coc trong
moi trudng nén c6 tinh dic thu khi xdy dung cac cong trinh bién dao, cong
trinh ddc biét nham dam bao an ninh qudc phong.

- Y nghia thyc tién cta lun 4n thé hién & két qua nghién ctru dat duoc s&
g6p phan bo sung nhitng kién nghi két cau coc dng thép duogc cai tién khi bd
sung cac canh X04n phu hop thuc tién, lam tang stc chiu tai cia moéng coc
cong trinh xay dung trong mdi truong nén cat san san ho. Ap dung tryc tiép
cho céc cong trinh xay dung trén ving bién, ddo ciia Viét Nam.

7. Cac két qua nghién ciru dat dwoe ciia ludn an

- Lam sang to co ché hinh thanh va phat trién strc khang ma sat giita cat
san san ho véi tim thép; xac dinh cac tham s6 mé hinh cua cat san san ho lam
sb liéu dau vao cho nghién ctru sy lam viéc cua coc 6ng thép c6 canh X04n
trong nén cat san san ho;

- Panh gia sy lam vi¢c va dé xuét cic tham s canh xodn cia coc 6ng
thép c6 canh xodan nham nang cao strc chiu tai, hai hoa tinh kinh té cta dang
coc dugc cai tién so véi coc tron tron truyén théng;

- Xay dung chuong trinh tinh toan “PileHLC” d¢ phan tich ung xr cua
coc 6ng thép co 02 canh xoan khi xét dén su bién dong ngiu nhién ciia mot sb

tham soO cat san san ho.



Chuwong 1. TONG QUAN VE COC ONG THEP CO CANH XOAN VA
NEN CAT SAN SAN HO

Trong chuong nay, luan 4n trinh bay tong quan dic trung vé san ho va
nén cat san san hd. Phan tich ciu tao, dic diém lam viéc, phuong phap luan va
cac két qua nghién ctru vé coc don ndi chung, coc dng thép duoc cai tién khi
gia cuong canh xodn theo cic ciu hinh khac nhau di thuc hién tai Viét Nam
va trén thé gid1. Phan tich nhitng van dé han ché con ton tai can duoc tiép tuc
nghién ctru, trén co s¢ d6 xac dinh nhiém vu nghién ctru cua luan an.

1.1. Tong quan vé méng coc va coc dng thép co canh xoin

1.1.1. Céu tgo va dic diém lam viéc ciia méng coc

Mong coc la mot loai mong sau, thuong dung khi chiu tai trong 16n va
duoc sur dung rong rai trong xay dyng cong trinh dan dung va cong nghié¢p, ha
tang, giao thong, thuy loi, cong trinh bién. C4u tao ctia méng coc thuong gdom
¢ coc va dai coc, trong d6 coc ¢ chirc nang tiép nhan tai trong cla cong
trinh truyén xuéng qua dai coc. Pac diém lam viéc cua mong coc phu thude

vao 3 yéu to chinh 1a coc don, dai coc va nén.

Su lam viéc ctia mong coc dugc —rh T P t[') _

r o .. L3 1t -_lr-l_r_n_ll+l_- [ Y
hinh thanh trén co ché tuong tac gitra dai o T sz
coc-coc-dat nén mo ta trén Hinh 1.1: A . W A N

T R1 oY), e _R3
(1) - Twong tac gitta coc vanén; [~
d

(2) - Tuong tac gitra coc va coc; Z
(3) - Tuong tac gitra dat va dai mong; 2 Ty
(4) - Tuong tac gitra coc va dai mong.
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P - tai trong doc truc tadc dung méng

coc; Ry, Ry, R; - phan luc cua coc va - “3 : - [~ 4 i
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dai coc; d - duong kinh coc; t - chieu (1 - - am—| = i i e
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day dai coc; q(z) - phan luc ngang

¢!

cua nén lén coc; q, - strc khang mii e .. —
don vi cia coc; o(Xx,y) - phan lyc nén Hinh 1.1. Sy lam viéc cia mong coc khi

1én dai coc; L - chiéu dai caa coc. chiu tai trong doc truc [76]



Trong mot sd truong hop c6 thé bo qua yéu té (2) va (3), vi du khi
khoang cach cac coc dui xa dé khong hinh thanh hiéu Gtng nhém hodc khi kich
thude dai coc bé va nén dit yéu nén phan lyc cia dat ¢ day dai nho, c6 thé
dugc bo qua trong tinh toan. Vi cac cong trinh giao thong thiét ké mong coc
dai cao va dai mém thi khong c6 su twong tac gitta nén va dai mong. Yéu tb
(4) dugc phan anh qua sy truyén tai tir két ciu phan trén va dai coc xudng coc
tai vi tri lién két. Con yéu t6 (1) phan anh su twong tac giita coc voi nén co y
nghia rat quan trong, anh huong 16n dén su lam viéc ciia méng coc va quyét
dinh strc chiu tai cua cac coc trong méng [76].

DU ¢6 ciu tao kha da dang, nhung mong coc déu c6 dic diém chung la
strc khang va kha nang chiu tai ciia méng coc chii yéu duoc phat huy qua coc
trong mong. Pa co nhiéu tai liéu, nghién ctru tap trung vao su lam viéc cua
coc va dé xudt cac giai phap nham ting stc khang cia coc don trong mong
[2], [5], [6]. Tiéu chuan thiét ké méng coc hién hanh tai Viét Nam “TCVN
10304: 2014: Mong coc — Yéu cau thiét ké” ciing quy dinh va chi dan cac yéu
cau tinh todn strc chiu tai cua cac coc don, sau do ké thém céac hé sb trong
truong hop phai xét dén hiéu tmg nhém coc trong méng [20]. Nhiéu tac gia
trén thé gidi ciing tdp trung nghién ctru bai toan 1am viéc cua coc don trong
moéng nhu: Banerjee P.K., Davies T.G. (1978) [40], Barari A., Bagheri E.
(2017) [41], Byrne B.W. (2019) [49].

1.1.2. Yéu cau va phwong phdp ludn thiét ké coc don

Trong thyc tién k¥ thudt cong trinh, viéc thiét ké nén mong cong trinh
n6i chung va thiét ké coc don néi riéng dugc quy dinh béi cac tiéu chuan va
quy trinh thiét ké. Mdi qudc gia déu ban hanh tiéu chuan thiét ké riéng véi
nhimg quy dinh chi tiét tiy thudc vao dic diém riéng vé trinh d6 cong nghé,
dic diém kinh té-k§ thuat ctia qudc gia. Tuy nhién, yéu cau chung khi thiét ké
coc 6 thé tom luogc gom:

(1) bam bao su bén viing, 6n dinh cua ban than két cau coc va cong trinh

dudi tdc dong cua cac loai tai trong;



(2) bam bao diéu kién 1am viéc, khai thac binh thuong cua cong trinh
trong tudi tho thiét ké;

(3) bam bao tinh kha thi trong xay dung;

(4) C6 chi phi dau tu, khai thac hiéu qua;

(5) Bap tng yéu cau phat trién bén virng [5].

Trong cic yéu cau néu trén, yéu cau dau tién lién quan dén kha ning
chiu tai cua ban than két cu cong trinh, méng, nén va thuong xéac dinh theo
trang thai giéi han do bén. Viéc thiét ké nén mong theo trang thai gidi han vé
d6 bén thuong dugce danh gia thong qua sttc khang cuc han cta két cdu mong
va nén roi tién hanh hiéu chinh nhim ddm bao mtc do du trit can thiét dé
khiac phuc su khong chinh xac trong tinh toan, thiét ké do anh huong sy
khong chac chan khi x4c dinh cac tham sb dau vao.

Yéu cau thi hai thuong duoc dé cap dén 1a trang thai gidi han st dung
trong céc tiéu chuan thiét ké, viéc dap umg yéu cau nay thudng gin véi viéc
tinh toan, du bao va khéng ché mirc d6 bién dang, chuyén vl cia ban than
mong va cdng trinh nam trong giéi han cho phép dé khong anh huong dén
viéc duy tri c4c tinh nang cong nghé khai thac van hanh cta cong trinh.

Pé dap tmg yéu cau ddi véi tinh toan, ngudi k¥ su can phai xem xét day
du cac yéu t tuong tac gitta coc don va nén dat. Sy 1am viéc ctia coc trong
nén duoc danh gia thong qua tuong tac cua coc v4i nén va co6 thé phan ra hai
phﬁn: sur truyén tai doc theo than coc tao nén sutc khang bén cua coc; su
truyén tai duo1 miii coc tao nén strc khang miii cua coc. Tuy nhién, do su da
dang cta coc va nén cung voi nhitng kho khin trong viéc xac dinh tham sb
ctia nén dét, nén dén nay viéc phan tich, tinh toan coc chu yéu két hop giita
phuong phép 1y thuyét va thuc nghiém theo nguyén tic thir dan [5], [20].

Viéc phan tich mong coc thudng bit dau bang viéc xem xét coc don
trong mong [1], [21]. Do vay, trong nghién ctru nay, tac gia tap trung nghién
clru twong tac clia coc don dng thép cd canh xoan véi nén cat san san ho. Phan

tich tmg x1r cia coc don dudi tac dung cua tai trong dau coc hoac do chuyén



vi cudng birc cua coc la bai toan co ban trong phan tich méng coc va thuong
duogc thuc hién dong thoi bang ca cac phuong phap 1y thuyét va phuong phap
thuc nghi¢m. Can cu trén két qua du bao ddi vé6i coc don dé tién hanh ché tao
va thi cong coc thur roi tién hanh thi nghiém trén coc thwr tai hién truong dé
kiém chung va hiéu chinh thiét ké d6i voi coc don. Pay 1a quy trinh duge quy
dinh trong hau hét cac tiéu chudn thiét ké mong coc hién hanh trén thé gi6i.

Su phat trién vé khoa hoc cong nghé voi viéc may tinh c6 thé phan tich
va xtr Iy duoc cac bai toan cé dit liéu 16n, nén trong nhiéu nghién ctru va diéu
kién cho phép, khi tinh toan nhiéu cong trinh thuong dya trén cac phan tich
b::fmg mo hinh s két hop thuc nghiém [2], [6].

Do cong trinh va mong coc co thé chiu chju nhiéu tai trong c6 dac diém
khac nhau, nhung khi danh gia tong thé & mirc 46 gan dung co thé dya trén
két qua phan tich tinh nham xac dinh stc chiju tai tinh cyc han cta coc, tir d6
cho phép danh gia kha ning 6n dinh cta coc theo twong quan giita b tham sb
xac dinh bang thuc nghiém vé ti sb giita bién d6 cua tai trong dong véi stc
chiu tai cuc han tinh cua coc [36], [76].

Hién nay, tiéu chuan nhiéu nuéc trén thé gidi va ¢ Viét Nam ciing quy
vé tai trong tinh hodc tinh tuong duwong khi quy dinh va chi dan thiét ké mong
coc cling nhu coc don [20], [22], [31].

1.1.3. Téng quan vé coc ong thép cé cdnh xodn

Hién nay, cac nudc trén thé gidi co ban di xdy dung hé théng céc tiéu
chuan phuc vu thiét ké, thi cong va kiém soat chét luong coc, tham chi xay
dung chi tiét dén céac loai coc khac nhau. Viéc phan loai coc trong cac tai liéu
cling c6 nhiéu cach khac nhau: Theo cong nghé thi cong: coc ché tao sin va
coc dd tai chd; theo dic trung hinh thanh strc khang cua coc trong nén: coc
ma sat, coc chéng, coc két hop chéng—ma sat; theo vat li€u lam coc: coc thép,
coc bé tong, coc bé tong cot thép thuong, coc bé tong cot thép du ung luc, coc
6ng thép nhoi bé tong; Theo cau tao va hinh dang cta coc bao gdm: coc tron,

coc vuong, coc tron, coc hinh chit I, chir H, cac coc vit, coc ¢6 canh xoan.



DU ¢6 nhiéu loai coc khéac nhau, nhung déu c6 dic diém 1a khi chiu tac
dung cua tai trong, thi sttc khang ctia coc don dugc huy dong thong qua stic
khang miii va stc khang bén doc theo than coc; stc khang miii bi &nh hudng
nhiéu boi kich thude (duong kinh) miii coc; stc khang bén phu thudc nhiéu
vao ma sat bén cua vat liéu coc véi nén. Céc nghién ctru 1y thuyét va thuc
nghiém trén thé gid1 da chi ra rﬁng, voi cac coc cai tién c6 tiét dién coc thay
ddi trén than coc (coc vit, coc ¢o6 canh X0dn, coc ¢ md rong miii,...) cO thé
tang dién tich truyén tai ciia coc vao nén va do d6 lam ting strc khang cta coc
[35], [55], [66]. Coc 6ng thép co canh xodn dugc chia lam hai loai: (1) Coc vit
¢ canh xoén lién tuc (screw pile) - 1a loai coc c6 canh xodn lién tuc trén than
coc, thudng chi sir dung cac coc co chiéu dai khong 16n va chi yéu lam coc
neo hay coc gia c6 chong nh6 cho moéng; (2) Coc vit ¢6 canh xoan khong lién
tuc (helical pile) - 1a loai coc ¢6 canh xoan doc 1ap va khong lién tuc trén than
coc, cac vi tri canh xodn co6 thé thay doi trén than coc nén phi hop trong céc
truong hop coc ngén va coc dai, ap dung lam coc chiu luc chinh cho mong.

Coc 6ng thép c6 canh xoan khong lién tuc (helical pile) bao gom mot
hodc nhiéu tim hinh tron xodn theo cac budc khac nhau dugc han vao mat
ngoai coc 6ng thép tron tron & d6 sau nhit dinh va c6 khoang cach phu hop dé
nang cao suc khang, dac bi¢t 1a strc khang nhd. Coc duge thi cong ha vao nén
bang thiét bi khoan xoay ha coc chuyén dung khi déng thoi tao luc nén va mé
men xodn dé dé ha cac coc c6 kich thudc dudng kinh va chiéu sau khac nhau.

Nghién ctru sir dung coc xoan hodc coc ¢o ting cudng canh xoan dé thiét
ké mong coc cho cac tuabin gié ngoai khoi da duoc mot sb tac gia thuc hién
nhu: Prasad Y., Narasimha R. (1996) [100]; Bienen B. va cong su (2012);
Ghaly A., Clemence S. (1998) [65]; Costa J.P.S. (2017) [87]. Tuy nhién, mot
s6 yéu to lién quan dén vi tri ciia canh xoan, anh hudng cia do day cta canh
trén cac loai nén khac nhau va vi tri cia canh xoan lién quan dén dic trung

cua tai trong, dac di€ém cia nén cat san san ho,... chua dugc lam ro.
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Mittal S. va cong su, thuc hi¢n thur nghiém trén coc xoan da chi ra rﬁng
strc chiu tai ngang ting 1én theo s6 luong canh va vi tri ctia canh trong coc
[92]. Prasad va Narasimha da nghién ctru thir nghi¢m trén mo hinh coc c¢6 02
va 04 canh xoan cho thdy strc chiu tai bén ctia coc cd canh xodn ting 1én tir
1,2 dén 1,5 1an so véi coc tron tron. Narasimha S. va cong su (1991, 1993),
Abdrabbo F.M. (2016) chi ra rang, ti 1¢ chiéu sau canh so v&i chiéu sau cua
coc hop 1y tir 1/3 dén 1/2, sb luong canh hiéu qua 1a 02 va khoang cach canh
pht hop bang 3 1an dudng kinh ctia coc [93], [94], [95]. Ngoai ra, con mot sd
nghién clru vé coc ¢ canh nhu Bienen B. va cong su (2012) vé coc don co
canh chiu tai trong 13p trong nén cat [43], Fahmy A. va cong su (2017) [53].

Két qua nghién ctru dé tai khoa hoc cap B6 Giao thong van tai nim 2014
ctia Nguyén Hitu Pau cing cong su cho thiy, trong mot sb truong hop coc
hdn hop 13i cting dng thép c6 canh xoan 1a mot giai phap thiét ké va thi cong

kinh té, c6 thé giam chi phi dén 50% so véi giai phap coc khoan nhdi [4].

-4

1.Khoan 2.M& réng mai 3. Tron wva Kkhuay 4. Hoan thanh coc 5.Ha ldi coc

dinh hwéng va khoan mé dbng th&i phun vika vira Xi _mang sau
coc rong coc Xi mang dé rat can khoan

Hinh 1.2. Cong ngh¢ thi cong coc hdn hop 15i ctrng ong thép cé canh [4]
Tai Nhat ban, phuong phap thiét ké va thi cong coc cai tién dang 6ng
thép co canh vit & miii (coc NS ECO-PILE cua hang Nippon Steel) da dugc
ap dung cho hon 10.000 m dai coc c6 duong kinh tir 600 mm dén 1600 mm
tai hon 240 du an khac nhau [30].

Ti€u chuan vé thiét ké va thi cong moéng coc vit hién nay ¢ nudc ta cod
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“TCVN 11520: 2016: Méng coc vit ¢6 canh don ¢ mili - Yéu cau thiét ké” va
tiéu chuan “TCVN 12111: 2018: Mong coc vit c6 canh don ¢ mili - Yéu cau
thi cong va nghiém thu” 1am co sé phap 1y cho cac k¥ su thiét ké va thi cong
cac giai phap cau hinh coc khac nhau ap dung cho cac cong trinh giao théng
va tham khdo cho céc loai cong trinh khac [21], [24]. Trén co s& do, & Viét
Nam ciing di ap dung thi cong méng tru ciu cua cong trinh cau vuot Hoang
Minh Giam tai tha d6 Ha Nbi va cau Rach Tom tai TP HO Chi Minh. Mét

dang coc c6 canh xoan & miii dugc thé hién nhu Hinh 1.3:

 Coc: L=25m; De=1m

Chifu day coc1.5cm .

1~

cm

~

1 _-__-“-__—I:
{ i
meg_mm canh D=1_5m

Phan mii coc vit

Bwdc canh: 0.3m
Chigu day canh-

Hinh 1.3. Céu tao coc vit ¢6 cAnh xodn ¢ miii [21]

Céu hinh coc cai tién NS ECO-PILE cua hing Nippon Steel 14 dang coc
vit ¢6 01 canh don ¢ miii ¢6 rat nhiéu uu diém so véi coc truyén thong nhu
coc khoan nhdi, coc dong vé mit dinh tinh: Giam thiéu tiéng on va rung dong
do thi cong ha coc bang phuong phap nén va xoay khi sir dung luc ép va md
men xoan; can lyc luong may méc nho; giam thiéu pham vi thi cong; khong
dao dat nén khong co dat thai; khong tao ra nudc thai; khong bi sup do tuong
16 dao; khong anh huéng dén nudc ngam; khong 6 nhiém xung quanh [30].

Theo dir li€u cua tap doan Nippon Steel Viét Nam khi so sanh thoi gian
thi cong ctia mot cong trinh cau c6 40 tru co st dung 01 ca may nhu sau:
Truong hop thi cong coc khoan nhdi, str dung coc dudng kinh D1000, coc dai
35 m thi thoi gian thi cong hoan thanh 160 coc 1a 240 ngay. Nhung khi thi
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cong theo giai phap coc cai tién dang NS ECO-PILE str dung coc D800, dai
30 m, tong c¢6 160 coc thi thoi gian thi cong hoan thanh giam mot ntra con
120 ngay [30]. Pay 1a wu diém co6 ¥ nghia rat 16n trong thuc tién trién khai cac
du 4n dau tu, dic biét 13 cac cong trinh x4y dung trén ving bién dao xa bo cla
nudc ta khi phai thi cong trong diéu kién toi tiét, thuy hai van rat phutrc tap nén
doi hoi phai thi céng nhanh, dam bao khai thac hiéu qua va bén viing.

1.2. Tong quan vé nén san hd va cat san san ho

1.2.1. Pic diém vé nén san hé va cdt san san ho

Nén san ho phan bd pho bién & cac dao, quan ddo va cac ving bién trén
thé gio1 voi chiéu day khac nhau. O Viét Nam, nén san hé tai khu vuc cac déo
xa bo (PSB) thudc tinh Khanh Hoa phan bd c¢6 chiéu day 16n, cac tai lidu
khoan khao sat dia chat da thuc hién véi d6 sau dén 60m van chua théy da
gbc [2], [6], [17], [18]. Cau trac dja chit ting ndng cua cac dao, bii ngdm san
hé thudc khu vuc Bién Pong 13 nén san ho phan 16p, phan nhip; thi tu cac 16p
va nhip thay d6i khong giéng nhau tuy theo khu vuc, do sdu va vi tri hd
khoan. Trong phu luc 1 ¢6 trinh bay mdt s6 tru dia cht va té)ng hop s6 liéu
nén cat san san hé thu thap tir két qua diéu tra co ban cta nha nudc va mot sd
du 4n xay dung cong trinh khu vuc cac DXB nhitng nim gan day.

Theo tong hop cia tai lidu diéu tra co ban ctia nha nuée, cau trac dia
chat chung ciia PXB dugc hinh thanh do cac quan thé san ho phét trién va
chét di theo cac chu ky phat trién cua lich sir Trai Pat trong ky Dé Tu. Pay la
cac quan thé san ho Dé tir (Qy) phat trién ké thira trén nhimg quan thé san ho
da phat trién manh mé trong giai doan Paleogen va Neogen va chiu tic dong
cua cac van dong kién tao va su thay d6i myuc nudce bién qua cac thoi ky khac
nhau, 1am thay d6i méi truong sdng cua san hd. Chinh vi vy, d4 san ho khu
vuc DXB la mot loai da cé nguén géc hinh thanh, kién tric, ciu tao, tinh chat
co 1y khac biét voi cac loai da co6 ngudn gbc khac van duoc 1am nén cong
trinh. Pa s6 cac dao 1a ddo tich tu san hd, c6 ngudn gbe tram tich, két qua cua

qua trinh tich tu va x61 mon; Vat liéu chu y€u la nhirng manh vun ctia khung
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cdt san ho va san pham bién d6i ctia nd — d4 voi san ho két tinh. Pic diém
tram tich ting nong khu vuc cic dao xa bo tinh Khanh Hoa, ndi chung c6 thé
duogc chia lam 3 truong 1a: d4 san ho gan két tt, da san ho x6p dang cuc tang
1an canh nhanh va cat san ho 1an canh nhanh [17], [18].

Mit cét dja chat cong trinh dai di¢n (trong d6 bao gém phan bd 16p $6 2
la cat san san ho) tai ddo ST thudc vung bién dao tinh Khanh Hoa duoc thé

hién trén Hinh 1.4 va cac diém dao khac trinh bay trong “Phuy luc 17,

100, GHI CHU: | - L cét vun san ho;, 2- Lap cét san san ho; 3 - D san ha dang khti, nit né

Hinh 1.4. Mt cit dia chét cong trinh dai dién tai ddo ST [18]

Céc nghién ctru vé cac dic trung co 1y ctia nén san ho dd duge mot sd
nha nghién ctru tién hanh nhu: Airey D. W. va Fahey M. di nghién ctru tng
xtr 1ap ctia cat san hd & vung bién phia Tay Béc ctia Australia va xac dinh céc
tham sd cia md hinh 4p dung cho cat san ho [39]. Xu B. va Zhuge A. (2016)
nghién ctru cac dac trung co 1y cua cat san ho [42]. Wang X.Z. va cOng su
(2011, 2016) nghién ctru dic tinh chdng cat cua cat san ho ¢ ving bién thudce
quan dao Hoang sa [97], [98]. Poulos H.G. (1988) nghién ctru dic trung co
hoc ciia cat san ho & ving bién & Australia [77]. Wang X.Z., Wang X., Jin
Z.C., Meng Q.S., Zhu C.Q. (2016) nghién ctru dic tinh chéng cit ciia nén san
h6 [86]. Mot s6 nghién cliru gan ddy cua céc tac gia nhu Qi W. va cong su
(2022) nghién ctru ung xur dong cua cat san hd ¢ trang thai bao hoa [68]; Wang J.

va cong sur 2023) nghién ctru thue nghiém trong phong va mé hinh sé ing xt ciia
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cat san ho chiu tai trong [69]; Long H. va cdng su (2022) nghién ctru dong luc hoc
su vO hat cta cat san ho [70]; Wang W. va cong su (2019) nghién cuu thuc
nghiém dic tinh chdng cit ctia miu cat san ho [71]; Wang X. va cong su (2018)
nghién ctru anh hudng d6 nhdm bé mit cat cdu dén twong tac giita cat san ho véi
tAm thép [99]. Nhimg nghién ciru trén da dat duoc nhimg két qua co ¥ nghia. Tuy
vay, cac ing xur co hoc cua cat san san ho & khu vuc bién dao xa b tinh
Khanh Hoa thudc chu quyén cta Viét Nam van con kha méi d6i véi cac nha
khoa hoc trong nuéc ciing nhu trén thé gidi, doi hoi can tiép tuc nghién ctu.

Hoang Xuan Lugng (2003-2010) cung cong sy da nghién ctu chi tiét
dic diém dia chat cong trinh ciia san hd mot sb ving trong diém va cac giai
phap thich tmg cho x4y dung cc cong trinh bién phuc vu phat trién kinh té va
an ninh quéc phong. Két qua nghién ctru d chi ra vat liéu san ho ¢ dic diém
don va co tinh tir bién, tac gia khuyén nghi sir dung mé hinh dan hdi cho nén
da san ho, d6i v6i 16p san ho canh nhanh va cat san san ho khuyén nghi s
dung m6 hinh Mohr - Coulomb nhu vt li¢u cat ro1 [7], [8], [9].

Nguyén Thai Chung (2006) di nghién ctru va danh gia nhiing dic diém
quan trong cua nén san ho. Két qua nghién ctru chi ra rang, dic diém noi bat
ctia vat liéu san ho 1a gion, c6 tinh tir bién, quan hé ng suat bién dang tuyén
tinh. Nén san ho phan 16p, lién két giita nén san ho va cong trinh ¢ tinh mot
chiéu, cuong d6 ma sat gitta coc va nén san ho kha nho va co thé suy giam
phu thudc thoi gian tac dung va tin sb cia tai trong [2].

Vii Anh Tuén (2017) cing cong su di thuc hién nghién ctru thue nghiém
va md phong sb tmg xir co hoc cua cat san hd. Két qua cho thay cat san ho c6
goc ma sat 16n hon va gia tri hoa mém thap hon cat rdi thong thuong [14].

Nguyén Tuong Lai (2019) cing cong su dd nghién ctru co ché ma sat
giita coc va nén san ho véi cac tinh chét co 1y khac nhau. Nghién ctru da chi
ra rang mac du c6 hé s6 réng 16n, mo dun bién dang nhé, nhung sirc chéng cat
ctia nén san ho roi kha cao (gdm goc ma sat trong va luc dinh don vi biéu

kién) tuy thudc cap phdi hat, do chat, san ho roi co tmg xir khong tuyén tinh
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va quan hé tmg suit bién dang ctia nén san hé co6 thé duoc moé phong theo mo
hinh Mohr - Coulomb, Cam-Clay hodc Hypoplastic, tuy thudc do chat, cip
phéi ctia san ho va dic trung cua tai trong tac dung [6].

Céc két qua nghién ctru vé san hd va nén san ho chi ra rang, nghién ctru
san hé phuc vu xay dung cong trinh 1a mgt linh vuc phuc tap vi dac thu cua
san ho c6 tinh phan 16p, su phan tan cao, phan bd khong déng déu trén mot
khu vuc rong 16n, tinh chat phu thudc nhiéu vao qua trinh hinh thanh, vi tri
dia 1y, tham chi phan tan ngay trong mdi h6 khoan va trén mot khu vuc [2].

Pic trung rat quan trong va co su khac biét rat 1on so voi nén dat roi
thong thuong 13 stic chdng cit cua san hd ngoai goc ma sat trong co gia tri
kha cao con dong thoi bao gdm luc dinh don vi biéu kién, day 1a lyc dinh do
su cai moc gitta cac thanh phan hat trong hdn hop san hd. Diéu nay lam cho
sttc chdng cit ctia san ho kha 16n. Tuy nhién, do cau trac nén san ho c6 hé sb
r5ng cao, ban than cac hat cat san san ho cling co cAu trac tinh thé réng, don
va d& bi ép v& nén dic trung bién dang va quan hé tng xtr co hoc (quan hé
g suat va bién dang khi chiu tai) phuc tap, phu thuéc nhiéu vao cap phoi
hat, trang thai d6 chit, 6 4m va lich st hinh thanh din dén viéc mé hinh hoa
g xir ctia nén san ho trong cac bai toan co hoc cong trinh van dang 1a thach
thtre 16n ddi véi cac nha khoa hoc [6].

Su khac biét vé dic trung co ly, tinh chét phtrc tap cua san hd so voi nén
dat roi thong thuong néu trén va kho khan trong nghién ctu, dic biét 1a viée
tiép can khu vyc phan bd san ho trén cac dao ndi, ddo chim xa bo thude vung
bién cuia Viét Nam 14 thuc tién cap thiét dit ra can tiép tuc nghién ctru va 1a co
s& ¥ nghia khoa hoc va thuc tién quan trong dé tac gia nghién ctru luan 4n. Do
tinh chat phirc tap cua ddi twong nghién ctru va diéu kién han ché cua trang
thiét bj thi nghi¢ém hién co, nén trong pham vi cua ludn an, tac gia chi tap

trung nghién ctru doi tugng nén cat san san hod vadi cd hat 16n nhat dén 20 mm.
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1.2.2. Nhu cdu si dung coc éng thép trong méng céng trinh xdy dung
trén khu vic nén cdt san san hé

Tt nhitng ndm 90 cta thé ky XX, Viét Nam d dau tu xay dung cac cong
trinh bién ddo tai khu vuc dédo xa bd thudce tinh Khanh Hoa va thém luc dia
phia Nam dap tng nhu cau bao vé chii quyén bién dao va phat trién kinh té
bién. K& tir khi Chién lugc bién duoc thong qua, nhu cau xay dung cong trinh
bién ddo dam bao qudc phong, an ninh két hop voi phat trién kinh té bién
ngay cang duoc chu trong dau tw. Tir nam 2011 dén 2016 Bd Quédc phong va
nha nudc da tién hanh xdy méi hang loat cong trinh nha dan DKI méi trén cac
bai can san ho & thém lyc dia phia Nam; giai phap két cdu chinh van 1a hé dan
thép khong gian trén nén méng coc ong thép dong sau dén 20 m xudng nén
san ho. Tai cac ddo xa bo thudc tinh Khanh Hoa da va dang xay dung hé
théng cong trinh bao dam hang hai (ciu cang, 4u tau, tru tiéu bao hiéu hang
hai), hé théng cong trinh ning luong sach cho cac déo,... day 1a nhimng cong
trinh xdy dung & ving nudc ndng, chiu tac dong thudng xuyén cua didu kién
song gio bat loi va giai phap mong coc c6 dién can séong nho, 46 bén va on
dinh cao 1a mot giai phap hi€u qua so vai giai phdp mong trong luc.

Trong xu thé phét trién xanh, nhiéu dao chim xa bo thudc tinh Khanh
Hoa c¢6 dién tich long ho 16n, do sdu mac nude nhod 4 -15 m 13 mot tiém nang
dé xay dung hé théng ning luong sach, san xuit nhién liéu hydro,... Hién nay
trén thé giéi va & Viét Nam, nhitng cong trinh ning luong sach ngoai khoi &
dd sau < 50 m thi giai phap mong coc van dang 1a giai phap hiéu qua.

1.2.3. Pic diém tdi trong tic dung lén coc cia cong trinh xdy dung
trén nén cdt san san ho

Céc cong trinh bién ddo ngoai tai trong thudng xuyén do trong lugng ban
than két cdu va tai trong tam thoi do cac hoat tai khai thac, con chiu tac dong
thuong xuyén cia tai trong song, gio. Theo két qua tong quan vé thiét ké, xay
dung cong trinh bién & khu vuc cdc DXB trong nhitng nam qua [6], dic trung
khi tuong thuy hai van ¢ khu vuc cac BXB va vung DKI (cum Dich vu kinh

té - Khoa hoc k¥ thuat) 1a dic trung cta gié mua. Trong nim c6 hai mua gid



17

chu dao Pong Bic va Tay Nam, sirc gié trung binh cap 5+6 twong duong
song cap 4+5, strc gid 16n nhat dén cap 7+8 twong duong song cip 5+6, chu
ky song twong tng trong khoang 5+8 s, néu tinh véi song bao chu ky séng co
thé dén 10 s. Thoi gian con bdo di qua vi tri cong trinh & khu vyc cac DXB
thuong chi kéo dai 2-3 h vé6i su doi hudng cua gi6 rat nhanh; thoi gian duy tri
mot dot gié mua manh thudng 3+5 ngady, song gié duy tri 6n dinh vé hudéng
va cuong do.

Ttr cac phan tich néu trén cho thay, ddi véi cac cong trinh xdy dyng &
khu vuc cac ddo xa bo thudc tinh Khanh Hoa va ving bién DKI, khi xét dén
tai trong cho song gi6 can xét hai truong hop:

- Trudng hop gid bio (tai trong thiét ké): song tinh toan twong ng voi
bdo cap 12, 46 cao song 714 m, chu ky séng khoang 10+12 s, s6 chu trinh
13p lién tuc theo mot hudng trong mot con bao <100 lan;

- Truong hop gidé mua (tai trong khai thac): song tinh toan tuong g véi
gi6 cip 6=8, dd cao song 4+6 m, chu ky song khoang 8+10 s, s6 chu trinh lip
lién tuc theo mot hudng trong mot dot gio mua 1000--3000 lan.

Trong linh vyuc xay dung cong trinh, dang tai trong 1ap kha pho bién va
da duoc cac nha khoa hoc trén thé gidi ciing nhu trong nudc dau tu nghién
ctru; gan day nhat, Tiéu ban k¥ thuat TC209 (Technical Commitie 209) cia
Hiép H6i Co hoc dat va dia ky thuat quéc té (ISSMGE - International Society
of Soil Mechanics and Geotechnical Engineering) hop tai Paris nam 2013 da
tong hop nhiéu két qua nghién ctru méi nhat vé thiét ké nén mong cong trinh
chiu tai trong 1ap, dac trung cia cac dang tai trong lap dién hinh dung trong
thiét ké nén mong cong trinh thé hién trong Hinh 1.5 [59].

Theo d6 thi nay, dic trung chu ky ciia tai trong 13p khi thiét ké cong trinh
bién trong khoang 3+30 s véi gia tri trung binh khoang 10 s, s6 chu trinh lip
can khao sat trong khoang 100+3000 chu trinh tiy theo dic trung tan s cia
tai trong. Tai Viét Nam, dac trung phan bd song bién dang diéu hoa trén thém

luc dia phia Nam Bién Pong dugc ding trong tinh toan, thiét ké cic cong
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trinh dau khi ¢6 chu ky song thay d6i trong khoang 3,5 + 12,17 s, sb con song
theo cac hudng tir vai con séng dén hang trim ngan con séng va cé su thay

d6i theo thoi gian trong nam [16].

16° T T T
A I ]
1 ]
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Str thay
déi thuy
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S6 lan Lp tai trong (n)

Khu e thiét ké thirc nghiém
chiu tai trong lip va rng xir cua
néen mong diroc ghi lai

10° 10 100 100 10°
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Hinh 1.5. Diic trung chu Ky va s6 chu trinh Iip ciia mét s6 dang tai trong lip
dién hinh dung trong thiét ké cong trinh [59]

Céc cong trinh bién ddo x4y dung trén nén san hd ¢ khu vuc bién Pong
chiu tac dung cua tai trong song gi6 cd bién dg, chu ky 1dp va hudng tdc dung
thay doi lién tuc dan dén coc mong cua cong trinh chiu tac dung lap phic tap
clia tai trong tir cong trinh truyén xubng, bao gém ca tac dung kéo nho, nén,
ubn, cat...Tuy nhién, cic tiéu chuan thiét ké hién nay ¢ Viét Nam déu quy vé
tai trong tinh hodc tinh trong duong dé tinh toan.

1.3. Tinh hinh nghién ciru twong tac coc don va nén trén thé giéi

Bai toan phan tich sy lam vi¢c ctia coc don trong nén da duoc quan tam
nghién ctru tir rat som trén thé giéi bang ca 1y thuyét va thuc nghiém. Do sy
da dang va phén tan cta nén dat ciing nhu su phirc tap cua bai toan, nén dén
hién nay céc phuong phéap 1y thuyét hay ban thuc nghiém van chu yéu tap
trung vao du bao suc khang cuc han cua coc trong nén, chi c6 mot so it két
qua nghién ctru cho phép du bao quan hé tai trong - chuyén vi ctia coc, ... muc

d6 du bao ctia cac phuong phap van khac biét nhau dang ké, nén trong cac du
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an xay dung cong trinh thuc tién van phai tiép tuc thtr nghi¢m trén coc thuc dé
kiém chimg truéc khi thi cong coc dai tra. Dudi ddy tac gia tong hop mot sd
két qua, phuong phap nghién ctru 1y thuyét va thuc nghiém d6i v6i bai toan
phan tich su 1am viéc cua coc don trén thé gi6i trong nhitng nim qua.

1.3.1. Phwong phdp nghién ciru theo mé hinh hé so nén

Dic diém chung cia cac phuong phap sit dung mé hinh hé sé nén ap
dung trong bai toan phén tich twong tac coc va nén 1a thay thé moi trudng nén
bang lién két bién dang dat trén bién tiép xtic cua coc véi nén. Cac lién két
bién dang ndy c6 quan hé luc véi chuyén vi 1a tuyén tinh hodc phi tuyén va
xac dinh theo cac dac trung ing x1r co hoc cua vat ligu nén [90].

1.3.1.1. Mé hinh diam-cét trén nén Winkler cho phén tich coc don

Theo phuong phap ndy, coc chiu tai trong duoc xem nhu két cdu dam-
¢t chiu ubén nam trén nén dan hoi, con dat nén coi nhu 1am viée dan hoéi duge

thay thé bﬁng mot loat cac 10 xo dan hoi doc 1ap nhau nhu trén Hinh 1.6.
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Hinh 1.6. Phwong phap phan tich coc don theo moé hinh Winkler [90]
(a — khi coc chiu tdi trong ngang; b — khi coc chiu tai trong doc truc)
Mot s 101 giai phan tich coc chiu uén theo mé hinh didm-cot trén nén
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Winkler hodc theo ly thuyét hé sb phan luc nén di duoc trinh bay trong céc tai
liéu nhu: Reese L.C. va Matlock H. (1956); Davisson M.T. va Gill H.L.
(1963) [51]; Broms B.B. (1964) [46]; Hirai H. (2012); Zhang C. (2016) [101].
Nhiéu tic gia xem xét md dun bién dang cta nén va do d6 13 hé sb nén thay
d6i tuyén tinh theo do sdu trong nén dé phat trién cac 16i giai cho chuyén vi
ngang, gdc xoay, md men, luc cit va phan luc nén. Tiéu chuin vé thiét ké
mong coc cua Viét Nam cling st dung mo hinh nay.

Zhang C. va cong su (2016) cho thay tinh kha thi cia viéc sir dung mo
dun hé s6 nén chi dong khi phéan tich hiéu Gmg tuwong tac coc-dat-coc trong
nhoém coc. Ca hai cach tiép can cua Hirai H. (2012), Zhang C. (2016) déu bd
sung tinh lién tuc cho md hinh Winkler c¢6 dién théng qua viéc sir dung 15i
giai ctia Mindlin [101]. Pham Tuin Anh va cdng sy (2016) ciing 4p dung md
hinh hé s6 nén két hop véi 10i giai ciia Mindlin dé nghién ciru hiéu tng nhom
trong méng coc chiu tai trong tinh dé xay dung mo hinh phan tir dic trung
cho mong coc dai cimg cua két cau cong trinh voi nén [1].

Nhuoc diém co ban cia viée st dung mo hinh nén Winkler 13 chi xét
dugc nén dan hoi nén chi pht hop cho cic bai toan coc ngan, chuyén vi bé va
nén van lam viéc trong gidi han dan hoi; diéu nay han ché pham vi sir dung
ctia cac két qua nghién ciru trong cac Gmg dung thuc tién xay dung cong trinh.
Dbi v6i nén cat san san ho c6 dic diém hé sé rong 16n, mod dun bién dang nho,
quan hé tai trong — d¢ lan thé hién tinh phi tuyén rd rét nén khong ding mé
hinh nén Winkler cho bai toan phan tich coc don trong nén san ho.

1.3.1.2. M6 hinh dam-cét trén cdc lién két phi tuyén p-y, t-z va Q-2

Céc phuong phap phan tich ting xtr cia méng coc theo mo hinh dudng
cong p-y va t-z 13 su phat trién ctia phuong phap mé hinh hé s6 nén ra ngoai
gidi han dan hoi dé ké dén kha nang bién dang déo cua nén cho phép coc c6
chuyén vi du truée khi dat dén trang thai pha hoai ciia nén. Theo phwong phép
nay, phan luc cta nén 1én coc duge thay boi cac phan luc 10 xo ¢6 d cung phi

tuyén. Pudng cong p-y dic trung cho su bién dang ctia nén (y) dudi tac dung
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ctia luc ngang tir coc (p) truyén vao; duong cong t-z ddc trung chuyén vi truot
(z) giita coc v&i nén do tac dung cua luc ma sat (t); dudng cong Q-z dic trung
cho chuyén vi theo phuong doc truc tai miii coc do bién dang Iun cua nén.

Céac dudng cong p-y dugc dé xuét khi thyc hién cac thir nghiém trén cac
coc duong kinh nho hon 0,64 m co g.’fm thiét bi do va ha trong ca nén dat cat
va nén dit sét nhu: Matlock H. (1970); Reese L.C. va cong su (1972, 1974,
1975). Céac nghién ctu tiép theo cua nhiéu tac gia da ap dung két qua thi
nghiém ba tryc ciia mau nén trong phong thi nghiém, hoic thi nghiém nén
ngang tai hién truong két hop véi thi nghiém coc thyuc ¢ bd tri thiét bi do trén
than coc dé xay dung cac cong thirc thuc nghiém xéac dinh tham s cta dudng
cong p-y cho dat cat, dat sét & cac trang thai do chat, mot sé nghién ctru cua:
Stevens J.B. va cong su (1979), Robertson P.K va cong su (1989), Gabr M.A.
va cong su (1988), Bransby M.F. (1999) [45]; Georgiadis K. (2012) [54]).

Mic du ¢ nhiéu tac gia dd nghién ctu xay dung dudng cong t-z theo 1y
thuyét nhu Kraft L.M. (1981), Chow Y.K. (1986), McVay M. (1989), va
Randolph M.F. (1994) nhung hién nay, céc tiéu chuan thiét ké mong coc cua
thé gi6i va & Viét Nam van dung cic duong cong quan hé t-z theo thuc
nghiém cho dat roi va dat dinh cua Vijayvergiya V.N. (1977), API (1993) cho
coc ché tao sin va coc khoan nhéi. Theo do, quan hé gitra ma sat bén voi chuyén
vi truot doc theo than coc so véi nén 13 quan hé dan déo 1y tuong clia Vijayvergiya
V.N. (1977) hay dan hoi déo Iy tudng caa API (1993). Gia tri chuyén vi truot 16n
nhét dé huy dong dugc sirc khang ma sat toi han thay doi tir 2,5 mm dén 7,5 mm.

Uu diém cta mo hinh dam-cot trén cac lién két phi tuyén (p-y, t-z, Q-z) la
don gian va dé thuc hién, xét duoc dic trung phi tuyén ctia nén dén phan lyc tu
nén 1én than coc va mili coc nhung nhuoc diém 16n nhat 13 cac quan hé p-y theo
phuong vudng goc véi truc coc va quan hé t-z theo phuong tiép tuyén véi than coc
lai doc 1ap vé1 nhau va chua phan anh dugc tinh lién tuc cia nén. Gan day, mot )
du 4n nghién ciru cia chau Au (PISA - Pile Soil Analysis, SOLCYP) di nghién

ctu thyc nghiém va ly thuyét vé tuong tac cua coc voi nén cat, sét chiu tac dung
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cua tai trong don di¢u va tai trong chu trinh, tir két qua thuc nghi¢m va mo hinh
toan da dé xuit dudng cong thuc nghiém p-y va t-z cho phan tich coc trong dat
cat, sét xét dén anh hudng cac dang tai trong. Tuy nhién, dén nay van chua c6
cong bd nao vé quan hé duong cong p-y va t-z cho coc 1am viéc trong nén san ho.

1.3.2. Phwong phdp phdn tich theo mo hinh lién tuc

Khac v6i cac phuong phap tinh theo mé hinh hé sb nén néu trén, cac
phuong phap tinh theo mé hinh lién tuc thuong xét két cau va nén lam viée
déng thot trong cung mot mo hinh tinh, theo d6 hé két cau coc va nén 1a mot
hé “lién tuc” gdm nhiéu thanh phan c6 dic trung vat liéu va dic trung tng xu
co hoc khac nhau. Vi¢c xét theo mo hinh lién tuc lam tang mirc do phuc tap
cua bai toan phan tich tuong tac coc véi nén. Do vay, cO thé khic phuc duogc
nhuoc diém cta phuong phap phan tich theo moé hinh dam - cot trén cac lién
két phi tuyén p-y, t-z, Q-z néu & phan trén.

Cung voi su phat trién cua may tinh va cac cong cu tinh toan manh, cac
phuong phap s6 di va dang dugc nghién ctru dé giai quyét cic bai toan phan
tich tuong tac ciia két cau véi nén (SSI) trong hon nira thé ky qua, bai toan
phan tich coc don chi 1a mot trudng hop dai dién. Pén nay, cac phuong phap
s6 dugc phat trién va ap dung rdng rii trong nghién ctru mé hinh toan cta céc
bai toan SSI co thé ké dén gém: phuwong phap sai phan hiru han (FDM),
phuong phap phan tir hitu han (FEM), phuong phap phan tir bién (BEM),
phuong phép phan tir rdi rac (DEM), phuong phap hat khong luéi (SPH),
phuong phéap diém vat liéu (MPM). Trong d6, phuong phap FDM va FEM c6
lich sir phat trién va img dung rong rii hon cho cac bai toan SSI, cic phuong
phéap con lai 1a nhiing phuong phap méi dugc nghién ctru tng dung cho céc
bai toan SSI trong khoang hai thap ky gan day.

1.3.2.1. Phwong phdp sai phdn hitu han

Trong linh vuc nghién ctru dia k¥ thuat néi chung va phan tich SSI néi
riéng, hién nay thuong st dung phan mém FLAC do hing Itasca (Hoa ky)

phat trién, phan mém nay co ca phién ban 2D va 3D cho phép giai quyét mot
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16p kha rong cac bai todn theo md hinh phang va moé hinh khong gian. FLAC
st dung cong thuc cua phuong phép sai phan hién (explicit finite difference
formulation) dé mo hinh héa céac bai toan dia ki thuat nhiéu giai doan, chang
han nhu dao tudn ty, san lép va chét tai. Cac thuit toan cia FLAC ¢6 thé mo
hinh hoéa cac bai toan véi tng xtr chuyén vi 16n va bién dang 16n, Gmg xtr phi
tuyén vat liéu, thAm chi ca diéu kién pha hoai xay ra trén moét dién tich lon
hoac su sup dd hoan toan xay ra trén dbi tuong khao sat.

Phuong phép sai phan hiru han duoc sir dung boi mot so tac gia Reese
L.C. (1977); Verruijt A., Kooijman A.P. (1989) [96]; Zhang F. va cdng su
(2000) da nghién ctru giai cac phuong trinh vi phan trong nhiéu van dé lién
quan dén cac coc khoan nhdi, coc dng trong nén dan hdi déo nhiéu 16p.

Muthukkumaran K. va Arun K.S. (2015) da nghién ctru anh huéng cua do
dbc day bién dén tmg xir ngang ctia méng coc cho cong trinh bién ¢ dinh bang
FLAC 3D (dya trén FDM). Cac tac gia két luan rang 6 déc cao hon 1V: 20H
c¢6 anh huong dén Gmg xir ngang cia moéng va do doc 1V:5H c6 thé gay ra su
gia ting 100% md men uén so v4i trudng hop mit dat nam ngang.

Gupta B.K. va Basu D. (2017) da phat trién mot thuét toan phan tich coi
dat 1a moi truong lién tuc dan hoi phan 16p khong dong nhat, trong d6 mé dun
bién dang thay ddi theo d6 sau duoc gia dinh 13 tuyén tinh hodc phi tuyén tinh
trong mdi 16p. Str dung nguyén 1y thé ning cuc tiéu dé xay dung cac phuong
trinh vi phan chuyén vi cia coc va nén roi tién hanh giai bang FDM.

Phuong phap FDM dugc it tac gia 4p dung dé phan tich mong coc ciing
nhu coc don. Vé mat 1y thuyét, FDM dén nay da phat trién manh, c6 thé giai
bai toan véi nhimg két cu c6 hinh dang khéng qua phire tap.

1.3.2.2. Phwong phdp phan tir hivu han

Hién nay c6 nhiéu phan mém phat trién trén co s& 1y thuyét FEM di va
dang duoc tmg dung phd bién nhu: phan mém PLAXIS (PLAXIS 3D — Hoa
Ky, ABAQUS (3DS Dassault System, Hoa Ky), ANSYS (ANSYS Inc., Hoa
Ky). Cac phan mém nay dugc phat trién trén co so 1y thuyét phuong phap
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chuyén vi cia FEM, déu c6 kha ning mé hinh hoa tng xir ctia nén dat, da va
tuong tac cia két ciu voi nén trong diéu kién kha da dang cua thyc tién k¥
thuat vé dang bai toan, diéu kién chat tai va dic trung tng xtr phi tuyén cta
moi truong vat lidu nén. Cac ki thuat FEM gan day da duoc nghién ciru phat
trién manh hon, cho phép mé phong kha thanh cong cac diéu kién phirc tap
trong thuc tidn bao gdm ca cac van dé lién quan dén sy thay ddi cua tai trong
va anh huéng cia né dén tng xtr ctia hé coc-nén. Céc tinh nang chinh cia md
hinh FEM d3 gop phan vao giai quyét thanh cong cac dang bai toan tuong tac
coc-nén bao gom viéc sir dung cic mé hinh vt liéu tién tién.

Mo hinh phén tir hitu han hai chiéu (Bransby M.F., 1999) va ba chiéu
nhu: Najjar Y.M. va cdng su, 1988; Bransby M.F., 1999; Chae K.S. va cOng
su, 2004 [48]; Karthigeyan S. va cong su, 2007; Al-Baghdadi T.A., 2015;
Georgiadis K., 2012 [54]; Fahmy A. va cOng su, 2012; El Naggar M.H. 2017;
Murphy G. va cong su (2018) d3 ap dung dé nghién ctru tuong tac coc-nén
v6i kha nang xem xét cac yéu t6 khac nhau nhu trinh tu gia tai, dic trung tng
XU ciia vat liéu nén, két hop cac loai tai trong, thay d6i dia hinh mat dat.

Karthigeyan S. va cong su (2007) st dung mé hinh FEM ba chiéu da bao
c4o rang tac dong cua tai trong thang ding 1am giam stc khang bén cia coc
trong nén dat sét ddng nhat. Bourgeois E. va cong sy (2010) di s dung md
hinh FEM ba chiéu ctia coc chiu tai trong ngang véi tmg xir dan déo ctia nén
dé hiéu chinh cac dudng cong p-y tinh nham két hop sy suy giam dan dan do
cung do tuong tac coc-nén khi chiju tai trong diéu kién chit tai lién tuc.

Fahmy A. va El Naggar M.H. (2017) nghién ctru tng xtr ctia coc 6ng sat
duc (SCDI) duoc gia cuong véi mot tim xodn trong nén sét théng qua mod
hinh FEM phi tuyén ba chiéu [53]. Sheil B. va McCabe B. (2017) d3 nghién
ctru anh hudng cia tai da chiéu dén ung xir cia coc don trong nén cét bang
mo hinh hypoplastic két hop vdi PLAXIS 3D. Barari va cong su (2017) da st
dung mo hinh FEM ba chiéu dé phan tich twong tac dong luc hoc phi tuyén

dan khoan bién chiu tdc dung dong thoi cua md men va tai ngang.
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Vii Anh Tuén va cong su (2019) ciing da sir dung FEM theo md6 hinh ba
chiéu thong qua phan mém PLAXIS 3D dé phan tich hiéu qua stc khang nho
ctia coc dng thép cd canh ngang phing trong nén cat san ho dua trén két qua
thi nghiém ba truc cia mau cat san ho [35].

Dic diém chung cia FEM khi mé phong bai toan coc don trong nén déu
phu thudc vao kha ning mo hinh héa hé két ciu coc va nén bang tap hop cac
loai PTHH véi cac quy luat ing xtr khac nhau cua vat li€u coc, vat liéu nén va
diéu kién tiép xtc giita coc véi nén. Cac quan hé ing xtr ctia vt lidu nay duoc
xac dinh tir cac thi nghiém co ban nhu thi nghiém mau vat liéu nén, thi
nghiém ma sat gitra mau vat liéu nén véi vat lidu coc, thi nghiém mo hinh coc
trong nén tai hién trudng hodc trén md hinh vat 1y trong phong thi nghiém.
Trong cac tai liéu d3 cong bd, da phan cac két qua nghién ciru déu thuc hién
v6i vat liéu nén 1a cat, sét hay vat liéu tram tich ma co rat it nghién ctru véi
coc trong nén san hd. Cac nghién ctru di cong bd sir dung phan mém dia k¥
thuat nhu PLAXIS c¢6 kha ning mo hinh hoa tng xtr da dang ciia vat liéu nén
nhung lai han ché vé kha niang mé hinh hoa cac loai két cau phurc tap. Tir
phién ban méi gan day cua PLAXIS di dugc hing Bentley cai tién cho phép
nang cao kha ning mo hinh hoa cac d6i tuong két cau phirc tap hon. Do vay,
trong nghién ctru cia minh tac gia s& sit dung phan mém PLAXIS 3D lam
cong cu nghién ctru vé anh hudng cta cau hinh canh xodn dén su lam viée va
g x1r cia coc dng thép cd canh xoan trong moi truong nén cat san san ho.

1.3.3. Phwong phap nghién cvwu thuwc nghiém theo mé hinh vat ly

Nghién ciru thyc nghiém dé giai quyét cac bai toan lién quan dén phan
tich sy lam viéc ctia coc don va mong coc trong nén duoc thue hién tir rat sém
trén thé gidi nham x4c dinh cac tham s dau vao cua vat liéu nén, vat liéu coc,
tiép xtic clia coc vi nén, ... trong cc diéu kién chat tai khac nhau ciing nhu dé
hiéu chinh va kiém nghiém phuong phap 1y thuyét. Tuy nhién, do chi phi thi
nghiém cao va thoi gian kéo dai nén két quad thi nghiém vo1 coc thuc va coc

don & hi¢n truong trong cac diéu kién dia chat va tai trong phuc tap chua dugc



26

thuc hién nhiéu, chi yéu c6 mot sé du an nghién ciru cia chau Au da nghién
ctru nhu PISA [49] hay SOLCYP [72]. Cac nghién ctru trén mé hinh coc trong
phong thi nghi¢m v&i1 mot loai nén cu thé duoc thue hién phé) bién hon do chi
phi phtl hop va kha ning kiém soat dugc cac tham sé vat liéu nén va tai trong
theo muc ti€u nghién ctru (dién hinh nhu Morata G. va cong sy, 2002 [64];
Kim B.T va cdng sy, 2004; Zhu B. va cong su, 2016; Rimoy S., 2013 [88];
Tsuha C. va cOng su, 2012 [89]; Zhu B. va cong su, 2016 [44], Deendayal R.
cung cong su, 2019 [52]; Vu A.T va cong su, 2016; Zainuddin A.Z. va cong
su, 2016; Nguyén Tuong Lai va cong su, 2019 [6]).

Nghién clru ma sat gitra vat liu coc véi vat ligu nén cat, sét cling duogc
thue hién pho bién boi nhiéu nha khoa hoc trén thé gidi; cac thi nghiém duoc
thuc hién trén may cat phang voi cac diéu kién chat tai khac nhau nhu: cat
tinh voi cac mic ap luc phap tuyén khac nhau nham xac dinh co ché hinh
thanh ma sat ciing nhu cuong do ma sat tng véi mire chuyén vi truot giéi han
gitta hai loai vat liéu; cat lip voi ap luc phap tuyén khong doi hoidc ap luc
phap tuyén thay d6i nham xac dinh quy luat bién doi ma sat giira vat liéu coc
v6i vat liéu nén theo diéu kién thay d6i trang thai ctia nén xung quanh coc khi
chiu tai [38], [74], [75], [82].

Céc nghién ctru da cong bd chil yéu cho coc lam viée trong nén cat, sét
thong thuong ma hau nhu rat it cong bd cho coc 1am viéc trong nén cat san
san ho. Trong nghién ctru ndy, tac gia s& tién hanh nghién ctu thuc nghiém
tham s mau cat san san hd va tham s ma sat cia miu cat san san ho véi tim
thép & chuong 2, lam coc dé xac dinh tham sd dau vao cho nghién ctru trong
chuong 3 va chuong 4 cta luan an.

1.3.4. Nghién civu sw lam vigc ciia coc don cé xét dén tinh chit ngdu
nhién ciia nén va tdi trong

Do tinh chat da dang va phi tuyén cua nén dét, duéi tic dung cua tai
trong cling mang tinh ngau nhién cao nén van dé nghién ctu sy 1am viéc cua

coc trong nén c6 xét dén tinh chat ngau nhién cua nén dat va cua tai trong da
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dugc quan tAm nghién ctu tir 1au boi cac nha khoa hoc trén thé gidi cling nhu
& Viét Nam. Kho khin 16n nhat khi phan tich coc trong nén c6 xét dén dic
trung ngiu nhién ctia nén va tai trong 1a ¢6 qua nhiéu tham sé anh hudng cua
nén (loai dat, cép phéi hat, trang thai d6 chat, cac tham sb dic trung cho tinh
chat bién dang va strc khang, lich sir chat tai,...) ma ban thin méi trong quan
ctia cac phan phdi ngiu nhién giita cac dai luong nay ciing chua duoc nghién
ctru ddy du. Vi 1y do nay, nhiing nghién ciru da cong bd vé phan tich ngiu
nhién phi tuyén cua coc trong nén chii yéu duogc thyc hién bang mé hinh don
gian dang dam-cot trén cac lién két bién dang p-y, t-z, Q-z va s6 tham sd ngau
nhién ctia nén duoc xét ciing han ché [60], [61], [62]. Ly thuyét do tin cay két
hop v6i phuong phap moé phong Monte-Carlo 1a phuong phap chinh dugce su
dung trong phan tich twong tac ngu nhién phi tuyén cia coc véi nén dua trén
cac md hinh tién dinh don gian.

Nhitng két qua nghién ctru dugce tng dung vao thiét ké thuc tién nhu
trong tiéu chuan ASSHTO va tiéu chuan EURO code 7 chi méi dimg & muc
xac dinh strc khang ctia coc ¢ trang thai gi61 han vé do bén va trang thai gidi
han vé khai thac ma chua co nghién cuu vé quan hé tai tr(_)ng-chuyén vl clia
coc. Gan day, cing voi su phat trién cia cac thuét toan hoi quy da bién va
phan tich dir liéu 16n (k§ thuat tri tué nhan tao), mot s6 nha khoa hoc di
nghién ctru phat trién cong cu may hoc dé du bao stc chiu tai ctia coc trong
nén tr co so dir lidu thuc nghiém vé nén dat va cac thi nghiém coc & hién
truong va trong phong thi nghiém. Du c6 mot s6 két qua ban dau cho thy
tiém ning ctia nhém phuong phap nay nhung viéc c6 duge co sé dit lidu da
16n va da dang dé 4p dung s& van 1a mot thach thic 10n trong nhirng nim toi.

1.4. Tinh hinh nghién ciru coc don trong nén san hé & Viét Nam

D3 c¢6 mot sd cong trinh nghién ctu trén thé gidi vé su lam viéc cua coc
trong nén san ho, tiéu biéu nhu: Akili W. (1998) ctia Saudi Arabia, Peng Y.
(2021) ctia Qatar va dé tai ma s6 CN110374085B (2021) ciia Trung Qudc.

Tuy nhién, cac nghién ctu nay dugc thuc hién doi véi dia chat san ho & cac
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ving khac nhau, ma chua c6 nghién ctru cia cac tac gia trén thé gidi vé tuong
tac cua coc trong nén san ho & khu vuc cac dao xa bo thudc tinh Khanh Hoa.
Nguyén nhén 13 do yéu cau tuyét ddi trong viéc khong tiép can khu vuc co ¥
nghia quan trong thudc cht quyén va an ninh quéc phong ciia nudc ta.

Trong khi d6 & Viét Nam, cac cong trinh nha gian DKI (cum Dich vu
kinh té - Khoa hoc k¥ thuat) xay dung trén cac bai can san ho & thém lyc dia
phia Nam ciia bién Pong c6 thé coi 1a nhiing cong trinh dau tién sir dung két
ciu coc 6ng thép trong nén san ho tai Viét Nam duogc cac nha khoa hoc thudc
B tu 1énh Cong binh va Lién doanh dau khi Viét X6 thuc hién tir cudi nhirng
nam 80 ctia thé ky XX. Do hiéu biét vé& nén san hd con han ché nén ching ta
chua du bao hét duge hét cac yéu to anh hudng dén cong trinh xay dung trén
nén san ho, hau qua 1a da c6 cong trinh bi d6, nhiéu cong trinh bi rung lic
manh trong qué trinh khai thac nén phai tién hanh gia cé.

Giai doan tir 19902000, nhiing nghién ciru vé moéng coc trong nén san
ho déu coi nén san ho 1a nén dan hoi, coc duoc phan tich theo m6 hinh dam-
cot trén nén Winkler (Nguyén Vin Hoi, Nguyén Hoa Thinh, dé tai KT-03.13).

Giai doan 2000+2015, cac dé tai nghién ctru thuc Chuong trinh KC-09
do Hoang Xuan Luong va cac cong su, du an PTB11 do Nguyén Vin Hoi va
cac cong su da nghién ctru thuc nghiém trén md hinh coc don, mo6 hinh dan
thép khong gian trén mong coc Ong thép tai mot sé dao xa bo thudc tinh
Khanh Hoa; dong thoi véi cac thi nghiém ma sat cia mau 6ng thép voi mau
da san ho trong phong thi nghiém dé xac dinh cudng d6 stc khang ma sat cua
nén san hd véi mot sb6 vat liéu coc bé tong, thép cling nhu su thay doi cua
cuong do strc khang ma sat coc-nén san ho dudi tac dung cua tai trong 1ap [2],
[7]+[11], [13], [16]+[18]. Mac du chi thi nghi¢ém v61 m6 hinh coc nho (duong
kinh coc D60 mm dén D130 mm) va chiéu sau coc thi nghiém nhé nhung da
cung cép s6 liéu khoa hoc budc dau vé sy lam viéc cta coc trong nén san ho;
cac tac gia da khuyén nghi mo hinh phan tich coc-nén san ho c6 xét dén hién

tuong tach-truot cua két cau coc vdi nén. Vi nén san ho roi, anh hudng cua
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cép phéi hat, trang thai d6 chat,... dén su phat trién va bién doi cua suc khang
ma sat gilra coc voi nén chua duoc xét dén.

Giai doan 2006, Nguyén Thai Chung d xay dung chuong trinh tinh toan
theo phuong phap PTHH xét dén tuwong tic mot chicu khi ké dén sy tach,
truot trén bé mat cua két ciu coc 6ng thép voi nén san ho, hé tuong tac coc va
nén 1am viéc trong diéu kién bién dang phéng, cac mod hinh vat liéu gia thiét
g xtr dan hoi tuyén tinh [2].

Giai doan 2016+2020, Nguyén Tuong Lai va cac cong su tai Hoc vién
KTQS da nghién ctru thuc nghi€ém mod hinh coc tai hién trudng vaoi cac ¢d coc
khac nhau (D60 mm dai 2-4 m dén D400 mm dai 21 m) va mé hinh coc trong
nén san ho ché tao trong by dé nghién ctru co ché hinh thanh va bién d6i cua
strc khang ma sat giita coc dng thép véi nén san ho roi dang canh nhanh 1an
cat san va cuc tang (nén thuc té) khi chiu tai trong tinh va tai trong lap.
Nghién ciru sinh ciing 1a thanh vién chinh thuc hién dé tai nay (dé tai mi sé
DTDPL-CN.17/15) va duogc su déng y cua chu nhiém dé tai s& st dung mot )
két qua cho luan 4n. Két qua nghién ctru cho thay gia tri strc khang ma sat cia
coc 6ng thép voi nén san hé phu thudc vao cép phéi hat, d0 chat, quy luat va
lich sir chat tai; dé tai cling dé xuat mot s6 giai phap tang cudng stc khang
cho coc 6ng thép ha trong nén san ho, trong d6 c6 giai phap str dung coc ong
thép c6 canh ngang gia cuong trén than coc nhung chua lam rd anh hudng cta
cAu hinh canh xoan dén su lam viéc cua coc [6].

Giai doan 2011+2019, Vii Anh Tuin da nghién ctru sy lam viéc cia coc
6ng thép tron tron trong nén san ho chiu tai trong tinh va tai trong chu trinh
theo phuong phap 1y thuyét va thuc nghiém khi xét twong tac giita coc véi
nén san ho dugc thay thé bang cac 10 xo bién dang [13]. Pong thoi tac gia
nghién ctru twong tac coc dng thép theo mé hinh thuc nghiém va 1y thuyét (st
dung ca phuong phép céac 16 xo bién dang doc 1ap va md hinh sé 3 chiéu lién
tuc), trong d6 da nghién ctru coc co canh, nhung méi xét dén cac canh phang

nam ngang trong nén cat san hod cé kich thudc hat 16n nhat 1a 4,75 mm, chua
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nghién ctru dbi véi coc ¢6 canh xoén va chua lam rd anh hudng cia cac tham
s6 canh xodn nham dam bao tinh kha thi trong thi cong ha coc ciing nhu lwa
chon cac tham sé canh xoan hop 1y dé ting hiéu qua strc khang cta coc [35].

1.5. Nhirng van dé rut ra tir nghién ctru tong quan

Tir nhitng két qua nghién ctru tong quan trinh bay trong cac phan trén,
tac gia rut ra cac ndi dung da duoc lam ro va mot s6 van dé con ton tai can
tiép tuc nghién ctru chuyén sau nhu sau:

1) Nghién ctru vé coc don 14 co so khoa hoc dé nghién ciru vé mong coc.
Két qua nghién ctru vé strc khang ciia coc don di dat duoc nhiéu thanh tyu
khac nhau trong nén dét cat, sét, nén da phong hoa, nhung nhitng nghién ctru
vé coc trong nén san ho con rat han ché;

2) Cac nghién ctru Iy thuyét da phat trién nhiéu loai mé hinh co hoc phi
tuyén cua vat liéu nén nhim mé phong tinh da dang vé tmg xtr cua vat liéu
nén d6. Céc nghién ctru thyc nghiém duoc tién hanh trong phong thi nghiém
hay véi coc thuc tai hién trudng nham cung cip sb liéu dau vao cho nghién
ctru 1y thuyét va hiéu chinh két qua nghién ctru pht hop véi thuc tién;

3) Coc 6ng thép c6 canh xodn 1 mét loai coc cai tién bang cach ting
dién tiép xuc cta than coc hodc miii coc voi nén, qua d6 cho phép tang stc
khang cua coc. D c6 nhimg két qua nghién ctru thuc nghiém va 1y thuyét vé
su lam viéc cua coc éng thép co6 canh X04n trong nén dat cat va dat sét, nhung
chua c6 nghién ctou kha thi vé su lam viéc cua loai coc nay dugc ap dung
trong thuc tién khi xay dung trén nén cat san san ho;

4) Tai Viét Nam nén san ho phan bd trén cac dao, bai can xa by & bién
Pong va cé tinh phan 16p, phan nhip, thuong gdm: da san hd gin két yéu dén
gfm két tot, canh nhanh san hé 1an cuc tang va cat san, cat san san ho 1an canh
nhanh. Viéc xay dung cong trinh trén nén san hd noéi chung, cat san san hd noi
riéng tai cac khu vuc nay c6 vai trd quan trong ddi véi viée bao vé chu quyén
lanh hai, quc phong an ninh va phat trién kinh té bién dao cta dat nudc;

5) Céc nghién ciru da cong bd cho thay nén san hd co tinh phan tan cao,
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hé s rong 16n, nhung stc chéng cit cao so v&i vt liéu cat san thong thuong,
bao gdm goc ma sat trong va luc dinh don vi biéu kién do anh huéng su cai
moc gitra cac hat khi ¢6 hinh dang gdéc canh. Vit liéu cat san san hé c6 tinh
gion va dé bi ép v& din dén su thay doi tinh chat co 1y khi chiu tai. Co thé su
dung mé hinh vt liéu dan déo 1y tuéng Mohr-Coulomb dé mé phong quan hé
ung suét va bién dang cua nén cat san san ho;

6) Bé c6 thé nghién ctru day du vé giai phap moéng coc trong nén san hod
can tiép tuc dau tu cia nha nude va nd luc cia cac nha khoa hoc. Trong pham
vi mot ludn an tién si, tac gid chon van dé nghién ctru vé su lam viéc trong
nén cat san san ho cua coc don ong thép co canh xoan nhim goép phan bd
sung, hoan thién co s& khoa hoc cho viéc thiét ké mong coc cong trinh trén
nén san ho noi chung, cat san san hd néi riéng.

1.6. Nhiém vu nghién citu ctiia luin an

Véi nhitng van dé duoc rat ra néu trén va muc tiéu nghién cuou dit ra,
luan an xac dinh cac nhi€ém vu chinh sau:

1) Nghién ctru thyc nghiém xac dinh Gng xr ma sat gitta coc ong thép
v6i nén cat san san ho va cac tham sé mé hinh nén dé van dung vao tinh toan
tuong tac cta coc dng thép ¢ canh xoan trong nén cat san san ho;

2) Str dung phuong phép phan tir hitu han dé nghién ctru su lam viéc va
g Xt cua coc 6ng thép dugc cai tién bang cic canh xoan gia cudng trong
nén cat san san ho khi thay d6i cac cdu hinh canh xoan khac nhau nham dénh
gid hiéu qua lam viéc va stc chiu tai cia coc ¢6 canh x04n so véi coc tron
tron, kién nghi cdu hinh canh xo4n hop Iy trong pham vi nghién ctru;

3) Bé xuat mo hinh va xay dung chuong trinh tinh toan stic chiu tai cua
coc 6ng thép co canh xoédn theo 1y thuyét mé phong sé Monte-Carlo dé xét

dén su bién dong mot s6 tham s6 ngau nhién ctia nén cat san san ho.
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Chuwong 2. NGHIEN CUU THUC NGHIEM XAC PINH CAC THAM
SO MO HINH NEN CAT SAN SAN HO

Trong chuong nay, ludn an trinh bay nghién ctru thuc nghiém xac dinh
strc khang ma sat giira coc 6ng thép vai cat san san ho va cac tham sd cia mo
hinh nén cat san san ho. Két qua nhan dugc tir thuc nghiém 1a co s& luan ctr
khoa hoc cua bd s6 liéu dau vao dé nghién ctru sy l[am vi¢c va ing xur cua coc
6ng thép c6 canh xoan trong nén cét san san ho trong cac chuong 3 va chuong
4 cuta luan an.

2.1. Pit van dé nghién ciru

Trong chuong I, tac gia da tong quan vé san ho noi chung, cat san san ho
noi riéng va nhitng dic diém co ban, yéu cau dit ra can tiép tuc nghién ctru
d6i v4i cat san san ho. Trong d6, 1am rd tinh chat phirc tap cia nén san ho va
y nghia thyc tién, khoa hoc to 16n cta viéc nghién ctru cat san san ho trong
xay dung cong trinh khu vuc bién dao xa b trén cac thém lyc dia thudc chu
quyén cta Viét Nam.

Viéc nghién ctru phat trién va hoan thién cac mo hinh vat liéu nén phu
hop voéi cac diéu kién lam viéc ciia cong trinh cu thé trong thuc tién van dang
dugc cac nha khoa hoc va cac co s nghién ctru quan tdm dau tu. Cac phuong
phap va mo hinh tinh toan bai toan tuong tic ciia coc don véi nén da duoc tac
gia luan an tong hop, phan tich & chuong 1. Pbi vai bai toan tuong tac clia coc
va nén san ho khi chiju tac dung cia tai trong tinh c6 thé mdé phong quan hé
phi tuyén cta ung suit véi bién dang theo mé hinh Mohr - Coulomb; mé hinh
Cam Clay; mé hinh tai bén dong hoc Hypoplastic [6], [9].

Trong pham vi nghién ciru cta luan &n, tic gia st dung mo hinh nén Pan
déo 1y tudng Mohr - Coulomb dé md hinh hoa vat liéu cat san san ho, vi day
14 m6 hinh co ban da duoc nhiéu tac gia trén thé gidi va Viét Nam ung dung,
d6ng thoi mo hinh nay c6 thé mé phong dugc quan hé dan déo phi tuyén cua
nén cat san san hé khi chiu tai trong tinh.

Cac tham sO can thiét cua nén cat san san hd theo moé hinh Mohr-
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Coulomb dé phuc vu tinh toan tuong tac ctia coc 6ng thép véi nén cat san san
ho, bao gém: gbc ma sat trong, lyc dinh don vi biéu kién, m6 dun bién dang,
hé sb Poisson, trong lwong thé tich, hé s suy giam cuong do trén bé mit
tuong tac ctia coc voi nén, goc ma sat ngodi clia coc dng thép voi cat san san
hé, strc khang ma sat va cudng do stc khang ma sat gitta coc éng thép voi cat
san san ho. Dé x4c dinh tng xtr va gia tri cac tham sd co ban nay, tac gia tién
hanh thuc nghiém trén thiét bi nén ba truc va cat phang trong phong thi
nghiém Dia k¥ thuat tai Vién Ky thuat cong trinh dac biét, két hop thuc
nghiém xac dinh sttc khang ma sat ciia coc 6ng thép véi nén san ho tai hién
truong & 01 dao ndi xa bo trén bién dong thudc tinh Khanh Hoa trong pham
vi khu vuc cha quyén ctia Viét Nam. Pay 1a van dé c6 ¥ nghia khoa hoc rat
16n, 1am co s& dé van dung nghién ctru itmg xtr cia coc don no1 chung, coc
6ng thép co canh xoan néi riéng 1am viée trong moi truong nén cat san san ho.

Do han ché vé diéu kién thiét bi thi nghiém trong phong, nén nhimg
nghién clru vé tinh chat co hoc ctia san ho hodc cat san hod thuong dugc thuc
hién véi kich thudc hat 16n nhat D,y < 2 mm. Trong nghién ctru ndy, céc thi
nghiém ba truc va cat phéng dugc thue hién dé xac dinh dic tinh stc chéng
cat cua cat san san ho va tham sb tuong tac cua cat san san hd véi coc dng
thép. Can ctr phuong phap phén loai cta dat roi, trong luan an quy udc mau
hdn hop san ho trong nghién ctru ndy bao gdm cat, soi, canh nho co kich
thudc hat tho 16n nhét D, < 20 mm 12 mAu cat san san hod nghién ctru.

2.2. Nghién ciru thwe nghiém twong tic giira cat san san hé va tim
thép trong phong thi nghiém

2.2.1. Co'so thi nghiém

Vién d¢é rat kho khan trong nghién ciru tuong tac gitta coc éng thép va cat
san san ho d6 1a xac dinh dugc chinh x4c img xUr ma sat cua cac 16p cat san
san ho v&i két cAu thép trén bé mit tiép xuc gitta 2 vat liéu. Nhiéu tac gia da
thuc hién nhitng nghién ctru vé tinh chat co hoc cua nén trén bé mat tiép xuc
v6i cac loai vat liéu xdy dung khac nhau [78], [79], [80], [81], [91], [99]. Dbi
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v6i mau san ho néi chung, mot sb tac gia da tién hanh thi nghiém ngoai hién
truong nham xac dinh co ché ma sat gitta coc v6i nén va thi nghiém xac dinh
ma sat cta khoi da san ho nguyén miu véi tm thép hodc két ciu bé tong xi
ming [2], [6]. Tuy nhién, chwa c6 cong bd két qua nghién ctru twong tac cua
vat liéu tAim thép véi mau cat san san ho rdi rac co kich thudce hat tho 16m nhat
dén 20 mm thu thap tir ving bién dao xa bo tinh Khanh Hoa.

Pi c6 nhimg nghién ciru vé tuong tic giita coc va nén nodi chung khi sir
dung phan tir tiép xic hodc xét hé s ma sat giira coc va nén. Mot s6 nghién
ctru va tiéu chuan thiét ké khuyén nghi tinh todn gbc ma sat ngoai gitta coc
v6i nén c6 médi quan hé tuyén tinh v4i goc ma sat trong ctia nén theo biéu
thure: 6=2*/3 [79] hoac 6=¢-5 [31], [33] (trong do: & - gbc ma sat ngoai gilra
coc va nén, ¢ - goc ma sat trong ciia nén nghién ctru). Tuy nhién, trong cac
két qua thuc nghiém da nghién ctru cho thdy goc ma sat ngoai c6 mdi quan hé
phi tuyén voi goc ma sat trong nhu @6 thi Hinh 2.1 va khong chi phu thudc
gbc ma sat trong ma con anh hudng baoi vi tri xac dinh gdc ma sat gifra coc

v6i nén, dang bé mit cua két cdu va truong hop tai trong tac dung [79].

30 Két cau thép Két cau gb
o 45
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“H 40
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Giéc ma sat ngoai cua két cau va nén (d6)
Hinh 2.1. Twong quan phi tuyén giira géc ma sat ngoai va géc ma sat trong [79]
Do vay, nghién ctru xac dinh stc khang ma sat theo phuong phap thuc

nghiém lam co sé tinh toan tuong tac gitta coc ong thép voi céat san san hod cod
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¥y nghia rat quan trong. Dé dat muc tiéu xac dinh Ung xr twong tac gilta mau
cat san san ho va két cdu thép, tién hanh thuc nghiém theo mé hinh xac dinh
truc tiép gdc ma sat ngoai gitta bé mat thép voi cat san san ho thong qua viée
xéac dinh strc khang ma sat theo phuong tiép tuyén va ap luc nén miu giira hai

vat liéu theo phuong phap tuyén, so dd nguyén 1y thé hién & Hinh 2.2:

1 Liwc nén phép tuyén
Tam nén
e
Luwc cit g |
i B Hop cat chira
tep toyen ; - o S
=———p | Mau cat san san ho Thaaen

L Timih

Hinh 2.2. M6 hinh thi nghiém ciit phing xac dinh sirc khang ma sat giira
cat san san hé va tAm thép [79], [80]

Pay 1a phuong phap xac dinh sirc khang ma sat truc tiép giira cat san san
hé voi bé mit tim thép, phuong phap nay da dugc mot sb tai liéu cong b va
cac tac gia da thuc hién nghién ctru trén thé gidi ddi voi cac loai nén va két
cau khac nhau [38], [50], [78], [79], [80], [81], [99].

Theo d6, goi & 1a goc ma sat ngoai gitta bé mit tim thép va cét san san
ho, khi d6 8 duoc xac dinh theo biéu thirc sau [38], [58]:

o =arctan(z,_/ p,...) (2.1)

trong do:

Tmax - UNg sudt cat phang 16n nhat trén dién tich bé mat tim thép,
dugc xac dinh thong qua thyc nghiém, kPa;

Pmax - Ap luc nén mau 16n nhéat hay ung suét phap 16n nhét tac dung
1én mau cat san san hd, duogc xac dinh tir thuc nghi¢m, kPa. Tham $6 nay anh
hudéng dén do chit cia mAu cat san san hd, nén trong qua trinh thi nghi¢m khi
tang ap luc nén dén ppa can gilt on dinh trong mot khoang thoi gian dé mau

cb két trude khi tién hanh thi nghiém cat mau.
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Goi Riner 12 hé 86 suy giam cuong do trén bé mat tiép xuc giira két cau
tAm thép lam coc 6ng thép va mau cat san san ho, khi 6 Riyer duoc xac dinh
theo biéu thtrc sau [73]:

_ tand

inter

: (2.2)
tan @

trong do:

& - gbc ma sat ngoai gitra cat san san ho voi bé mit thép, dugc xac
dinh tir thi nghiém cat phang tinh;

¢ - goc ma sat trong cua cat san san ho, xac dinh qua thi nghiém thi
nghiém nén 3 tryc tinh.

Do sd luong mau thi nghiém han ché, nén cac tham sb thuc nghiém nay
duogc phan tich, xtr Iy s6 liéu theo phuwong phap binh phuong t6i thiéu dé nhan
duogc két qua thuc nghiém trung binh.

2.2.2. Mu va thiét bi thi nghiém

Tham khéao sb liéu cua dé tai doc 1ap cép nha nudec mi sd “DTPL-
CN.17/15” khi tién hanh khoan khéo st ciu truc dia ting theo chiéu sau tai
dao TSL va dao PTA trén khu vuc bién dong thudc tinh Khanh Hoa [6] va két
qua diéu tra, khao sat tai dao NY [18]; dao TC [KTS23], thu thap duoc két
qua vé ciu trac dia chat san ho phan bd & mot s6 hd khoan theo cac 16p sau:

L6p 1 - Lop cat san san hd mau xam trang hodc trang sita: ¢6 thanh phan
12 hon hop cét san 1an canh nhanh san ho, c6 chiéu day tai dao TSL tir 13,0 m
dén 14,0 m; tai dao PTA co chiéu day tir 20,5 m dén 21,0 m; tai dao TC tir
10,0 m dén 16,6 m. Cat san hd co thanh phan chu yéu la cat hat trung min,
mau xam trang, bio hoa nudc.

L6p 2 - Lop da san ho mau xam tring, phong hoa vira - nhe: Lop nay
phan bd tuong ddi 6n dinh, do sau gap ¢ ddo TSL 1a 13,0 m dén 25,0 m va &
dao DTA 14 21,0 m dén 25,0 m.

Hinh tru hd khoan cot dia tﬁng 16p dia chit cét san san ho tai mot sd
diém dao dao TSL va PTA [6], dao TC [KTS] va dao TSL [16], [17]. Mat cat
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dia chat cong trinh tai mot s6 dao NY; STT va ST [18]. Trong do, thé hién su
phan bd thuc té 16p dia tang cat san san ho trén va xung quanh pham vi khao
sat dugc tac gia tong hop va trinh bay chi tiét trong “Phu luc 17

Theo két qua phan b dia chat nhu trén, trong pham vi nghién ctru cta
luan 4n, tac gia thu thap hon hop cat san san ho thudc dia tﬁng lop 1 tai dao
DTA dé ché bi mau thi nghiém. Trudc khi thi nghiém, tién hanh phan loai va
Iwra chon dang hdn hop cat san san hd c6 thanh phan cac hat kich thudc 16n
nhét 14 D, = 20 mm d3 loai bé céc tap chét trude khi st dung dé tao mau va
tién hanh thi nghiém ddi voi nén hdn hop cat san san ho. Pbi véi hdn hop cat
san ho thi cac hat c6 kich thuéce 16n hon 5 mm duoc loai bo trude khi chuan bi
mau thi nghiém cat phang.

Cac dic trung co 1y clia mau thi nghiém cat san san ho va cat san ho
duogc trinh bay trén Bang 2.1.

Bang 2.1. Pic trung co Iy miu cat san san ho va cat san ho thi nghiém

. ) Miu cat san | MaAu cat

STT Dac trung co' ly . .

san ho san ho
1 | Khéi luong riéng hat, ps (T/m’) 2,61 2,71
2 | Hé s6 rong 10n nhat, ey 0,76 1,16
3 | Hé s rong nho nhét, e, 0,46 0,58
4 | Buong kinh hat trung binh, D5, (mm) 0,83 0,36
5 | Do chat twong doi, D, (%) 70,0 70,0

Cong tac thi nghiém xéac dinh thanh phan cip phdi cia mau cat san san
hé dugce tién hanh trude thi nghiém cit phang dé 1ap duong cong thanh phan
hat cling nhu danh gid dugc xu hudng bi v& vun cia két cAu hat san ho khi
chiu tac dong tai trong ngoai. BJ rdy sang duoc st dung trong nghién clru nay
co kich thuédc 16 sang gém: <20 mm; 10 mm; 5,0 mm; 2,0 mm; 1,0 mm; 0,5
mm; 0,25 mm; 0,1 mm va < 0,1 mm. Cac két qua thi nghi¢m ray sang dugc
thuc hién trude va sau mdi mau thi nghiém cat phang tinh.

Phan tich thanh phﬁn hat ctia mau cat san san hé thi nghié¢m tuan thu theo
tiéu chudn [28]. Két qua thi nghiém thanh phan cdp phdi ctia mau cét san san
ho & d6 chit D = 70% duoc thé hién trén Béang 2.2:
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Bang 2.2. Thanh phan cip phdi cac miu cat san san hé thi nghiém

z. . Catphing | Catphing | Nén 3 truc
STT Khoi lwgng trén sang

) 63,5 mm 100 mm 100 mm
1 | Kich thuoc co sang <20 mm 21,68 52,93 492,15
2 | Kich thudc co sang 5,0 mm 13,16 32,12 298,65
3 | Kich thudc co sang 2,0 mm 4,38 10,69 99,55
4 | Kich thudc co sang 1,0 mm 8,77 21,41 199,10
5 | Kich thudc cd sang 0,5 mm 17,94 43,79 407,14
6 | Kich thudc cd sang 0,25 mm 16,31 39,81 370,23
7 | Kich thuoc co sang 0,1 mm 16,95 41,38 384,77
8 | Kich thudc cd sang < 0,1 mm 8,92 21,77 202,45
Tong cong khoi lwong miu (g) 108,11 263,94 2454,05

Trén co sé khoi lugng cac thanh phan mau thi nghiém, theo chi tiéu danh

gia thanh phan cdp phdi ¢ Bang 2.2, tac gia xay dung dudng cong cip phdi

mAu cat san san ho dé thyuc hién thi nghiém cat phang nhu trén Hinh 2.3:

100

0 O
o O

Ti 1€ lot sang tich luy (%)
[
(e

0,1 1,0

10,0
Kich thuéc ¢ sang (mm)

Hinh 2.3. Puong cong cip phdi hat ciia miu cat san san hd

Trong qué trinh thi nghiém, dé dat dugc do chat 70% theo muc tiéu dat

ra, tién hanh can khéi luong cac thanh phan hat theo Bang 2.2 cin ctt vao khéi

lugng thé tich cia mau cat san san ho va thé tich cia mdi hop mau thi nghiém

(tién hanh dam cat san san ho sao cho toan bo khoi lwgng mau da xac dinh
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dugc dua vao toan bd thé tich hop mau). Mic du ¢6 luc dinh don vi biéu kién
do su gai moc giita cac hat trong thanh phan miu thi nghiém, nhung cat san
san ho c6 thé coi 1a dit roi, nén khoi lugng cat san san ho can thiét trong hop

mau thi nghiém tuong tmg d6 chit 70% dugc xac dinh theo biéu thurc sau:

M = P v, (2.3)
-(emax -emin ) ) Dc +emax +1

trong do:
M - téng khdi lugng mau cat san san ho thi nghiém, g;
Ps - khoi luong don vi thé tich, g/cm3;
Cmax - hE $b r5ng 16n nhat ctia mau cat san san ho (€nax=Ps/Vmin-1);
Cmin - hE $b r6ng nho nhét ctia mau cat san san ho (emin=ps/Ymax-1);
D, - do chét tuwong ddi ciia mAu cat san san ho thi nghi¢m, %;
V,, - thé tich hop mau thi nghiém, cm’.

Thi nghiém cit phang mau cat san san hd duoc tién hanh trén may cat
phang tu dong Shearmatic san xuat nam 2017 cua hang Controls - Italia tai
Phong thi nghiém Dia k¥ thuat - Vién Ky thuat Cong trinh dac biét co thong
s6 k¥ thuat co ban ctia may cat phang nhu sau:

- Pap ung tiéu chuan ASTM D3080 va cac tiéu chuan lién quan;

- C6 kha nang tu dong gia tai cho cac cap tai (50 cap), tu dong thuc hién
thi nghiém cit tryc tiép va thi nghiém cit lap chu trinh (t6i da 99 chu ky) tir
giai doan cd két cho dén khi miu bi pha huy hodc véi bién do cat thiét ké, tdc
d6 thi nghiém cit tir 0,001 dén 4.8 mm.

- Thiét bi duoc trang bi cac dau do dién ti: Pau do luc chiu duoc luc kéo
va nén = 5 KN, do nhay danh nghia 2 mV/V, d6 chinh xac + 0,003%. Pau do
chuyén vi dtng do bién dang nén c6 hanh trinh t6i da 10 mm, dién tré danh
nghia 1 kOhm, do tuyén tinh £+ 0,25%, d6 1dp lai 0,002 mm. Pau do chuyén Vi
ngang do hanh trinh cat tdi da 25 mm, dién tré danh nghia 1 kOhm, do tuyén
tinh + 0,25%, do lap lai 0,002 mm. Pau do 4p suat dén 1000 kPa, d6 chinh
xac 0,1 kPa, do nhay danh nghia 2 mV/V.
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2.2.3. Ngi dung va trinh ty thi nghiém

Tac gia tién hanh thi nghiém cét phang tir thang 6 ndm 2021 dén thang
11 nam 2021 va thang 01 nim 2023 nham xac dinh méi quan hé giita ap luc
nén theo phuong phép tuyén va tng suit cit theo phwong tiép tuyén trong qua
trinh chuyén vi cit ngang ctia mau cat san san ho trén bé mit tam thép.

Do khéi lugng thuc hién 16n, mdi miu thi nghiém can thiét hanh theo
trinh tu va yéu cau k¥ thuat chit ché. Trong pham vi nghién cru ctia luan an,
tac gia tién hanh thi nghiém sb luong mau hitu han, sau d6 phan tich, xt Iy sd
liéu va tinh toan cac tham s6 theo phuong phéap trung binh. S6 lwong miu
thuc hién téng cong 1a 44 mau nham dam bao mdi mau cat san san ho thuc
hién duoc tir 3 dén 4 1an & ting cap ap luc nén mau khac nhau.

Cin cir dac diém cua thiét bi thi nghiém cat phang ty dong trong phong
dé tién hanh cac cép tai thi nghiém khac nhau, ting hoic giam dan theo budc
cap tai 1a 50 kPa va 100 kPa. Mdi cap tai twong tmg ap luc ngang tai do sau
cua coc nghién ctru, trong do:

- B6i voi mau cat san ho: Thi nghiém 16 mau tng véi cac truong hop ap
luc nén mau 1a: P, = 100 kPa; 200 kPa; 300 kPa; 400 kPa.

- P6i v6i mau cat san san ho: Thi nghiém 16 mau trén hop mau cod
duong kinh 63,5 mm voéi cac cép ap luc nén mau la: Py = 50 kPa; 100 kPa;
150 kPa; 200 kPa va 300 kPa. Pong thoi, tién hanh thi nghiém 12 mau trén
hoép miu dudng kinh 100 mm tng véi cac cap ap luc nén mau 1a: P, = 100
kPa; 150 kPa; 200 kPa va 300 kPa.

Trinh tu tién hanh thi nghiém cat phang duoc tac gia can ci theo tiéu
chuan “TCVN 4199-1995: Pat xay dung - phuong phap xac dinh stc chdng
cat trong phong thi nghiém & may cat phang” [29], cac budc cu thé dugc tac
gia luan 4n thuc hién trén moi mau thi nghiém nhu sau:

-Bude 1: Xac dinh cAp phdi mau thi nghiém theo d6 chat twong ddi
D=70% xac dinh, can khdi luong céc thanh phan hat twong tng di dugc tinh
toan theo Bang 2.2, thé hién trén Hinh 2.4.
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Hinh 2.4. X4c dinh thanh phéan hat miu thi nghiém theo cip phéi thiét ké
- BuGe 2: Gia cong, ché tao tAm thép co duong kinh 63,5 mm, chiéu day
bang chiéu day 1ong khuén méau thi nghiém cit phang va tim mau dudng kinh

100 mm, lap dat tim thép vao vi tri, Hinh 2.5.

Hinh 2.5. Chuin bi mAu cat san san hd va tAm thép trong khudn chira miu
(hinh a - Mdu dwong kinh D=63,5 mm; hinh b - Mau dwong kinh D=100 mm)
- Buée 3. Ché tao mau thi nghiém hén hop cat san san ho vao khuén

chtrta miu cta may cat phang, dam chit D = 70% bang cach xac dinh thé tich
va khoi lugng ciia mau, lap da tham va tdm ké gia tai, tién hanh bom nudc
vao khuon dé bio hoa mau.

- Bude 4. Lap dit cac dau do chuyén vi, dau do luc theo ca phuong phap
tuyén va phuong ngang ctia miu, sin sang cit mau.

- Buoc 5. Cai dat chuong trinh cit mau, tién hanh cit mau dén pha hoai,

dung cit va thu thap, phan tich, xir 1y s6 liéu thuc nghiém nhan dugc.
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2.2.4. Két qud thi nghiém

2.2.4.1. Thi nghiém cit phing tinh

Thi nghiém cét phang tinh mau cat san san hd va cat san hd trén bé mat
tam thép. Cian cr thiét bi c6 kha ning cit phang vai téc do tir: 0,001 dén 4.8
mm/phut, tac gid lya chon tbc do cit & muc thép la 0,8 mm/phut. Cac thi
nghiém két thiic khi chuyén vi ngang t6i da trong hop cat dat gia tri 7 mm doi
vOi mau cat san ho va 10 mm ddi véi miu cat san san hd. Ap luc nén mau
trong cac thtr nghiém thay do6i tir 100 kPa dén 300 kPa. Bé c6 dugc két qua
trung binh, cac thi nghiém tuong tu Iap lai tir 3 dén 4 1an ctia mdi mau cat san
san ho. Goc ma sat ngoai va hé sé suy giam cudng d6 nhan dugc tir gia tri
trung binh cila cac thi nghiém bang phuong phap binh phuong tdi thiéu.

Phan tich va xur ly sb liéu két qua thyc nghiém, tac gia nhan duogc sy phat
trién strc khang ma sat trén bé mit twong tac ctia mau cat san hd véi tim thép
cing véi sy gia ting chuyén vi cit ngang gitta mau cat san ho voi tim thép

duoc thé hién trén Hinh 2.6:
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Hinh 2.6. Twong quan sitc khang ma sat véi chuyén vi cit ngang
giira cat san hd véi tam thép
Nhan dinh két qua: tir d6 thi trén Hinh 2.6 cho thdy, tuong quan giita stc
khang ma sat véi chuyén vi cat ngang ciia mau cat san ho thi nghiém véi tim
thép c6 dang dan déo tai bén & ca ba cip ap luc phap tuyén (100 kPa; 200 kPa
va 300 kPa) va chuyén vi t6i han dé ma sat dat dén cuong do lon nhét & giai
doan dan déo l1a 1,0 mm, nhung d cung khang truot khac nhau. Vi dd thi trén
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doan chuyén vi cat ngang tir 0 dén 1 mm c6 d6 dbc tang theo cap ap luc phap
tuyén. Sau khi dat dén chuyén vi cit ngang t6i han 1,0 mm thi strc khang ma
sat van tiép tuc ting 1én mot mirc do nhat dinh khi gia ting chuyén vi ct
ngang. Dong thdi, quy luat tai bén cua strc khang ma sat & ba cép ap luc c6 su
tuong ddng nhau, do 6 dbc trén ba d6 thi & giai doan nay gan nhu song song
v6i nhau (cac doan c6 chuyén vi cit ngang 16n hon 1,0 mm).

Két qua nhan duoc ciling c6 quy luat twong déng ddi voi thi nghiém cit
phéng mau cat san san ho trén bé mat tim thép, nhung chuyén v1 t&1 han cua
stc khang ma sat nhan dugc trung binh la 2,5 mm, thé hién trén Hinh 2.7:
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Hinh 2.7. Twong quan sirc khang ma sat véi chuyén vi cit ngang

giira cat san san ho va tim thép

Tir cac do thi tuong quan trén cho thiy trong giai doan dan hoi, ing suat
cit phang tang tuyén tinh véi su gia ting chuyén vi cat ngang. Trong giai
doan dan hoi - déo, ma sat tinh chuyén sang ma sat truot. Trong giai doan
bién cung, cac hat nén trén mat tiép xuc ¢ trang thai ma sat truot, ing suét cét
chi duoc gdy ra boi ma sat trugt trén cac mit tiép xuc, véi sy dich chuyén cat
tang 1én, nhung Ung suat cat ting véi toc do cham hon.

Strc khang ma sat giita mau cat san san hd va tdm thép phu thudc vao
nhiéu yéu t6 nhu 4p luc ngang hay 4p luc nén mau, d6 nham bé mat két ciu,
thanh phan cap phdi va kich thuéc hat cia miu cat san san hd thi nghiém
[81], [82], [83], [84]. Tuy nhién, trong nghién ctru thuc nghiém trén, tac gia
thue hién voi cac miu thi nghiém c6 cung cip phdi cat san san hé va tim thép
c6 d6 nham khong thay d6i. Nén stc khang ma sat trong cac thi nghiém nay
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phu thudc chil yéu vao ap lyc nén mau, ap luc cang 10n thi strc khang ma sat
cang cao, dugc thé hién rd rang trén cac dd thi Hinh 2.6 va Hinh 2.7.

Phén tich hdi quy nhin dugc twong quan phi tuyén gitta 4p luc nén miu
va tng suat cit phang. Goc ma sat ngoai trung binh cua cat san ho 1a 27,9° voi
hé s6 suy giam cuong do trung binh 14 0,53. Trong khi d6, thi nghiém d6i voi
bé mit tiép xtic giita mau cat san san hd v6i tAm thép trong cing mot pham vi
ap luc nén, goc ma sat ngoai gitta cat san san ho véi bé mit tAm thép trung
binh 1 30,66° va hé s suy giam cuong do trung binh 14 0,56.

V& anh huong cia kich thudc hat dugce phan anh tir cac két qua thé hién
trong Hinh 2.6 va Hinh 2.7: ddi véi cat san ho c6 hat nho hon, chuyén Vi toi
han cua strc khang ma sat tinh 1a khoang 1-2 mm, trong khi gia tri nay d6i voi
cat san san ho 16n hon, trong pham vi tir 2-3 mm (trung binh 1a 2,5 mm).
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Hinh 2.8. Twong quan strc khing ma sat va chuyén vi ciit ngang giira cat
san san hd véi tim thép cac trwong hop ap luc nén khac nhau
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Két qua thi nghiém cat phang thé hién mdi tuong quan giita sic khang
ma sat ctia hdn hop cat san san hé va tim thép véi chuyén vi cat ngang dugc
thé hién trén Hinh 2.8. K&t qua da chi ra ring twong quan nay cé thé dugc
biéu thi bang hai ho duong cong. Trong d6, dudng cong bac hai & giai doan
ban dau dé han ché chuyén vi truot c6 quan hé tuyén tinh. Quy luat duong
cong nay rat hitu ich khi tinh toan strc khang bén ctia coc trong nén cat san
san ho. Cac do thi duong cong quan hé trén Hinh 2.8 cho thiy giéi han
chuyén vi truot trong khoang tir 2 mm dén 3 mm (trung binh khoang 2,5 mm).

Tir cac két qua nghién ctru thuc nghiém nhan duoc, tién hanh phén tich
xtr 1y s6 liéu dé xac dinh goc ma sat ngoai va hé sb suy giam cudng do theo
phuong phap binh phuong tbi thiéu. Pay 1a phuong phap xu 1y dir liéu thong
ké da duoc chirng minh hiéu qua va duogc nhiéu tac giad st dung ddi vai cac bd
s6 lidu va giam su phan tan so liéu tir nhiéu thir nghiém khéac nhau. Tong hop
tham sb thi nghiém goc ma sat ngoai va hé sé suy giam cudng do ma st sau
khi phan tich, xtir Iy s6 liéu cat san san ho duoc thé hién trén Bang 2.3:

Bang 2.3. G6c ma sat ngoai va hé sé suy giam cwong dd xac dinh tir thi

nghiém cit phang tinh

Apluwcnén| Ungsuitcit | Goc ma sat giira cat | He so suy
mau 16m nhat san san ho va thép | giam cudng
(kPa) (kPa) (d9) d9 (Rincer)

a) Truong hop dwong kinh mau cdt san san hé 100 mm, cao 20 mm

100 55,75 29,26 0,53
100 57,04 29,67 0,54
150 84,64 29,52 0,54
200 108,41 28,52 0,52
200 112,98 29,53 0,54
300 160,35 28,13 0,51
b) Truong hop dwong kinh mau cdt san san hé 63,5 mm, cao 20 mm
50 33,02 33,44 0,63
100 68,31 34,34 0,65
150 88,76 30,62 0,56
200 116,07 30,13 0,55
300 203,13 34,10 0,64
Gia tri trung binh 30,66 0,56
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Tir két qua thuc nghiém xac dinh goc ma sat ngoai gitra mau cat san san
h6 va bé mat tAm thép trén Bang 2.3, c6 thé thiy duong kinh mau c6 anh
huong nhat dinh dén két qua thuc nghiém d6i vi mau cat san san hd nghién
ctru. Do d6, tham sd goc ma sat ngodi co su bién dong khong chi loai nén
trong thuc t& ma con phu thudc vao phuong phap va thiét bi thi nghiém. Gia
tri gbc ma sat ngoai trung binh s& duoc tac gia sir dung dé nghién ctru co ché
lam viéc cua coc 6ng thép co canh xoan trong chuong 3. Trong khi d6, anh
huodng cua sy bién dong tham sé gbc ma sat ngoai nay dén stc chiu tai cia
coc dugc nghién ctru trong chuong 4 cua luén an.

Do thi twong quan stc khang ma sat véi chuyén vi ¢t ngang phu thudc
vao ap luc nén mau, do d6 doc theo chiéu siu coc co mbi tuong quan khac
nhau, diéu nay gay kho khin cho mé hinh tinh khi x4y dung chuong trinh tinh
toan. Do vdy, tac gia xay dung d6 thi twong quan giita ti sé sttc khang ma sat

va ap luc nén mau véi chuyén vi cat ngang, duogc thé hién trén Hinh 2.9.
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Hinh 2.9. Twong quan ty so giira strc khang ma sat va ap lwe nén miu
v6i chuyén vi cit ngang
2.2.4.2. Thi nghiém cit phing tinh lip
Maic du pham vi nghién ctru cta luan an chi xem xét ddi vai truong hop
tai trong tinh don. Tuy nhién, ngoai thi nghiém cit phang tinh, tac gia dong

thoi tién hanh thi nghiém cét phing tinh 13p nham danh gia tmg xi&r ma sat cua
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mAu cat san san hd véi tim thép sau mdi lan cat lip so véi cat tinh ban déu,
1am co s& luan ct khoa hoc dé tac gia danh gia va dit van dé nghién ctru tng
XU cia coc 6ng thép co canh xodn khi xét dén su bién dong cuia tham sd nén
cat san san ho trong chuong 4 cua luan an.

Cin cwr thiét bj thi nghiém c6 kha ning cit phang véi toc do tir: 0,001
dén 4,8 mm/phit, tac gia thi nghiém 03 mau cit lip trén may cat phang voi
tdc d6 0,7 mm/phut. Theo két qua thi nghiém cat tinh & trén, chuyén v1 to1 han
cua suc khang ma sat 1a 2,5 mm. Do do, bién do cua tai lap trong thi nghiém
lua chon tir 50% dén 80% chuyén vi to1 han cua tai tinh, tuong Uimg chon la
1,6 mm. Ap lyc nén mau theo phuong phap tuyén chon trung binh 1a Py = 100
kPa. Mau thi nghiém c6 cap phdi twong tu truong hop thi nghiém cat tinh. D6
thi trong quan giira strc khang ma sat va chuyén vi cit ngang cia mau cat san
san ho trinh bay trén Hinh 2.10; Hinh 2.11 va Hinh 2.12:

80,0
70,0
60,0
50,0
40,0
30,0

200 —e—Chukyl = - Chukys Chu ky 10
10,0 | — Chuky 15 Chu ky 20 Chu ky 25
—e— Chu ky 29

Strc khang ma sat, t (kPa)

0,0
00 02 04 06 08 10 1,2 14 16 18

Chuyén vi cit ngang, u (mm)
Hinh 2.10. Twong quan strc khang ma sat véi chuyén vi cit ngang
o chu ky cit lap 1; 5; 105 15; 20; 25; 29
Tu két qua nghién ctru trén cac dd thi Hinh 2.10, Hinh 2.11, Hinh 2.12,
sttc khang ma sat ¢6 sy suy giam sau mdi chu ky cat ldp lai so voi chu ky
trudc d6. Pong thoi, stiic khang ma sat & cac chu ky gia tai co ban co sy gia

tang bién thién theo chuyén vi cat ngang, nhung co6 cac giai doan 6n dinh stic
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khang ma sat khi ting chuyén vi cit ngang tir 0,2 mm dén 0,6 mm. Hién
tugng nay co6 thé do su truot twong dbi gitta mau cat san san hd véi tim thép.

80,0
70,0
60,0
50,0
40,0
30,0

20,0 —e—Chuky2 = ¢ Chuky6 ——Chuky 12
100 || ——Chuky16 —*—Chuky22 Chu ky 26
—— Chu ky 28

Strc khang ma sat (kPa)

0,0
00 02 04 06 08 10 1,2 14 16 1,8

Chuyén vi cit ngang, u (mm)
Hinh 2.11. Twong quan strc khang ma sat véi chuyén vi cit ngang
& chu ky cit 13p 2; 6; 12; 16; 22; 26; 28
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Chuyén vi cit ngang, u (mm)
Hinh 2.12. Twong quan strc khang ma sat véi chuyén vi ciit ngang
¢ chu ky cit 1ap 3; 7; 11; 14; 18; 24; 27
Véi nhitng két qua thi nghiém cat phang da dat duogc, tac gia luan an rat
ra nhitng nhan xét nhu sau:
- Goc ma sat ngoai giira cat san san hd véi bé mit tam thép trong céc

truong hop thi nghiém phu thudc vao ap luc nén mau tac dung giira tim thép
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va cét san san ho. Ung suat cat giita tAm thép va cat san san hé ty 18 thuan voi
g sut phap tac dung (trong trudng hop cip phdi thi nghiém nay, hé sd suy
giam cuong do va goc ma sat ngoai thay doi trong bién do hep va co gia tri
trung binh theo Bang 2.3 1a 6 = 30,66° va Riyer = 0,56). Pay la can ctr khoa
hoc dé md hinh sé tuwong tac giita coc dng thép c6 canh xodn véi nén cat san
san ho trong bai todn nghién ctru & chuong 3 va chuong 4 cta luan én;

- Két qua thyc nghiém nhan duoc d6 thi twong quan gitta stirc khang ma
sat va chuyén vi cat ngang. Chuyén vi toi han cta cudng do stc khang ma sat
dat dugc & cac truong hop ap luc nén mau khac nhau cé gia tri trung binh 1a
2,5 mm. Pay 13 co sé khoa hoc dé nghién ciru tng xtr ctia coc 6ng thép co
canh theo phuong phap mé phong sé6 Monte-Carlo ¢ chuwong 4 cua ludn an;

- V61 dg chat cua cat san san ho va tai trong thi nghiém cat tinh 1ap thuc
hién, strc khang ma sat giam dan khi ting s6 chu ky cat phang lap.

2.3. Nghién ciru thue nghiém ma sat giira coc ong thép va nén san ho
trén mo hinh véat ly

2.3.1. Mo ta thi nghiém

Nghién ctru thuc nghiém hién truong ma sat giita coc ong thép voi nén
cat san san ho 1an canh nhanh dugc thuc hién theo nhiém vu cua dé tai cép

qudc gia, mi s6 DPTPL-CN.17/15 [6], ma tic gia 13 mot thanh vién chinh

tham gia thi nghiém, qua trinh ha coc thé hién trén Hinh 2.13.

Hinh 2.13. Ha coc va thi nghiém coc dng thép cé gin thiét bi do tai hién
trweong ghién ciru ma sat coc 6ng thép va nén san hé [6]
Thoi gian thi nghiém hién truong tir 5/2016 dén 7/2016 tai 01 déo ndi xa
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bo trén Bién dong & tinh Khanh Hoa thudc chii quyén ctia Viét Nam. Coc thi
nghiém 1a coc 6ng thép duong kinh 0,2 m; dai 21 m va dugc ha vao nén béng
may khoan ha coc do nhom dé tai thiét ké ché tao (Hinh 2.13).

MBJi coc thi nghiém bd tri thiét bj do trén than coc gém dau do bién dang
doc truc cua coc, dau do ap luc dat va dau do ap luc nudc 16 rong theo
phuong ngang tai 07 vi tri c¢6 chiéu sau khac nhau doc than coc (ky hiéu tir e
dén e, tuong ung vdi do sau cua coc trong nén san hd: z,= 1,0 m; z,=3,5 m;
z;=6,5m;z,=9,5m; zs= 12,5 m; zg= 15,5 m va z;= 18,5 m).

2.3.2. Két qua thi nghiém

Két qua phan tich s6 liéu do bién dang doc truc theo phuong phap binh
phuong tdi thiéu tai cac vi tri doc than coc tuong tng voi chuyén vi dau coc

khi tién hanh thi nghiém nho tinh coc duoc thé hién trén Hinh 2.14.

1.2E-03 zi=10m z2=33m z3=65m =4=03m =z3=123m =z6=133m z7=187m
1.0E-03

E

= B.0E-04

=

T 6.0E-04

{=%¢]

o

= A

= 4.0E-04

bl
—— Chuyé&nvitdihan cda sirc

khangma sat u=2,5mm

o 5 10 _ 15 20 25 30
Chuyen vi (mm)

Hinh 2.14. Twong quan bién dang doc tai cac vi tri do trén than coc
v6i chuyén vi khi thi nghiém nho coc D200 tai dao TSL [6]

Bién dang doc truc cua coc duogc xac dinh tur thuc nghiém thong qua
phan tich va xtr 1y s6 liéu do dugc tir cac Tenzomet bién dang dang mach cau
1/4. Céc bién dang nay phu thudc vi tri chiéu sdu mat cit va tuong tac cua cat
san san ho véi coc 6ng thép. Tir bién dang nhan duoc tai vi tri mdi mat cat cia
coc s€ tinh toan xac dinh strc khang ma sat & cac do sau cua coc theo phuong
phéap gian tiép, xé4c dinh dugc bién thién strc khang ma sat doc than coc khi thi

nghiém nhd tinh coc, két qua thé hién trén Hinh 2.15.
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Hinh 2.15. Twong quan giira sirc khing ma sat véi chuyén vi
khi thi nghiém nho coc D200 tai dao TSL [6]

Két qua nghién ctru trén d6 thi Hinh 2.15 cho thay, chuyén vi téi han cua
stc khang ma sat trung binh 13 2,5 mm, két qua nay kha phu hop véi két qua
nghién ctru xac dinh sirc khang ma sat tir thi nghiém cat phang trong phong
thi nghiém da duoc trinh bay trong phan 2.2.

Trong trudong hop thuc nghi€ém nay, stic khang ma sat xac dinh theo
phuong phap gian tiép thong qua bién dang doc tryc cua coc tai 7 vi tri mat
cit theo chiéu siu cua coc. Trong do, tai doan coc & vi tri lép dat Tenzomet
bién dang la z; = 18,5 c6 stc khang ma sat 16n hon cac do sau khac co thé
dugc giai thich do tai vi tri nay co6 su tuong tac cuc bg cua canh nhanh san ho
hién truong 13n trong cat san san hd vé6i coc 6ng thép.

Ngoai thi nghi€ém coc ¢ hién truong, cong tac thi nghiém trén mo6 hinh
coc trong nén cat san san ho 1an canh nhanh ché bi trong phong thi nghiém
chiu tac dung nén tinh va nén lap dong doc truc & dau coc cling dugc nhém dé
tai thyc hién tir 8/2017 dén 10/2017. Coc thi nghiém 1a 6ng thép dai 3,67 m,
day 3 mm, duong kinh 127 mm duoc dit trong bé chira kich thudce 2 x 2 x 4m
(Hinh 2.16). San h6 duogc da”ip trude dén cao do miii coc, sau do coc duge lép
dit theo phuong thang dimg trong bé tai cao do thiét ké, tiép tuc d6 san ho voéi

cap phdi hat tir 0,05 mm dén 50 mm dé 14p dan tung 16p va dam chat.
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Hinh 2.16. M6 hinh thi nghiém coc don dng thép trong phong
(ky hiéu Al dén A7 la vi tri ld’p dat cdc dau do bién dang)
Két qua thi nghiém cudng d6 strc khang ma sat khi gia tai nén tinh, nén
lap dong véi bién do tai 1ap 30% va 60% cua tai nén tinh 16n nhat thé hién
trén céc Hinh 2.17 dén Hinh 2.19.
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Hinh 2.17. Twong quan giira sirc khang ma sat véi chuyén vi

khi thi nghiém nhé coc dwdong kinh 127 mm [6]
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Hinh 2.18. Bién ddi sitc khang ma sat coc ong thép - nén san hé ciia coc
thi nghiém 127 mm khi gia tai nén 13p P,.,= 0,2 T, tan so 2 Hz [6]
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Hinh 2.19. Bién ddi strc khang ma sat coc ong thép - nén san hé ciia coc
thi nghi¢ém 127 mm khi gia tii nén Lip P,,.,= 0,4 T, tin s6 2 Hz [6]
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Tu cac két qua thi nghiém trén coc thyuc tai hién truong va mé hinh coc
trong phong thi nghiém tac gia nhan thiy: strc khang ma st ctia coc voi nén
san ho tang khi coc bat dau xuit hién chuyén vi trugt trong nén va c6 thé chia
lam ba giai doan:

+ Giai doan 1: khi gia tri chuyén vi < (1,3+1,5) mm thi quan h¢ stc
khang ma sat va chuyén vi 14 tuyén tinh;

+ Giai doan 2: khi gia tri chuyén vi trong khoang (1,5+2,5) mm thi toc
d6 ting strc khang ma sat giam nhung tri s6 stc khang ma sat van tang cho
dén khi chuyén vi dat dén gia tri toi han cua stc khang ma sat (2,5 mm),
tuong quan chuyén vi va strc khang ma sat giai doan nay 1a tuyén tinh;

+ Giai doan 3: sau khi chuyén vi tuong ddi dat dén gia tri té1 han cua suc
khang ma sat thi sitc khang ma sat hau nhu khong ting mac du chuyén vi van
tiép tuc tang (goi 1a cudng do sirc khang ma sat).

Cac két qua nhan dugc tu thuc nghiém, tac gia kién nghi sttc khang ma
sat ctia coc dng thép v6i nén cat san san hd tng véi thoi diém chuyén vi truot
cta coc dat dén 2,5 mm la gid tri cuong dd suc khang ma sat. Cuong do stc
khang ma sét tang theo do sau trong cing mot loai nén céat san san ho rdi va
c6 lién quan dén do chat cta nén, quy lut ting khong phai 1a tuyén tinh.

Két qua thi nghiém cho thdy cudng d6 sirc khang ma sat ctia coc vdi nén
san ho ro1 kha phan tdn va phu thudc nhiéu vao cép phéi hat, d6 chat cta nén,
khi ti 1€ hat to (canh + cuc) tang va do chat tang thi cuong do strc khang ma
sat tang va két qua kha on dinh véi d6 sau khoang 1/3 chiéu siu ¢ mili coc.
Khi thi nghi€m véi tai trong nén 1dp doc truc ctia mé hinh coc trong phong thi
nghiém, nhan théy néu bién d6 tai < 30% suc chiu tai cuc han cta coc (Hinh
2.18) thi ma sat giita coc voi nén san hd c6 xu hudéng giam & do sau gan bé
mit nhung ting voi muc ting khong déu theo cac d6 sau & phia dudi, diéu
nay c6 thé 1y giai do tai trong lap bién do nhé gay rung dong nén quanh coc
va gia tang do chat cia nén quanh coc, trang thai lam vi¢c cta coc luc nay &

pham vi gia ting 6n dinh. Két qua nguoc lai khi bién d6 tai trong nén lap doc
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truc 16n hon, dat khodng 60% surc chiu tai cuc han ctia coc thi strc khang ma
sat coc v6i nén san ho déu giam tai tat ca cac do sau (Hinh 2.19).

Mic du két qua thi nghiém ctia dé tai PTPL-CN.17/15 thuc hién véi loai
nén cat san san ho 1an canh nhanh va cuc tang c6 cp phdi cd hat ciia nén 1én
hon so vé&i dbi tuong nén cét san san ho nghién ctru cua luan an, nhung cé thé
thay quy lut hinh thanh va phét trién stc khang ma sat giita vat liéu coc 6ng
thép véi cat san san ho theo cac cap ap luc phap tuyén do tac gia thyc hién 1a
tin cdy va c6 co so khoa hoc dé ap dung.

2.4. Nghién ctru thuwe nghiém xac dinh tham s6 mé hinh cat san san
hé trong phong thi nghiém

2.4.1. Méu va thiét bi thi nghiém

Cin cir dic diém cua thiét bi thi nghiém bién ché tai phong thi nghiém,
trong pham vi nghién ctru cua luan an, tac gia tién hanh thuc nghiém nén 3 truc
véi cac mau cat san san hd co kich thude hat thd 1én nhit 13 D, = 20 mm (mau
thi nghiém twong tGmg vdi cap ap luc budng 1a Py = 50 kPa; 100 kPa va 150kPa).
Mau thi nghiém duoc xac dinh khi st dung bd sang tiéu chuin cé cac kich
thuoce 20 mm; 10 mm; 5 mm; 2 mm; 1 mm; 0,5 mm; 0,25 mm; 0,1 mm va nhé
hon 0,1 mm. Lya chon mau thi nghiém c6 chiéu cao bﬁng 10 1an kich thudc
hat 16n nhét va chiéu rong bé‘mg 5 lan kich thudc hat 16n nhit. Do d6, kich
thudc mau thi nghié¢m 3 tryc c6 duong kinh 100 mm va chiéu cao 200 mm, do
chat nghién ctru 12 70%, tinh toan va phén tich khoi lwong thanh phan tuong
g voi mdi kich thude c& sang da thé hién trén Bang 2.2 ¢ Phan 2.2. Pong
thoi, xdy dung dudng cong cap phdi ctia mau thi nghiém 3 tryc tuong tu nhu
truong hop thi nghiém cét phing va dugc trinh bay trén Hinh 2.3.

Céc tham sb dic trung co 1y ctia mau cat san san ho bao gom: khéi luong
riéng (ps) duoc xac dinh theo tiéu chuin [26]; hé sb rong 16n nhit (emay), hé
sb rSng nho nhat (€min), duong kinh hat trung binh (Ds), hé sb rSng tu nhién
(e,), hé sb khong ddng nhat (C,) va hé sb dudng cong phan bd thanh phan hat
(C,) xéc dinh theo tiéu chuan [28]; trong luong thé tich tu nhién (Yunsat), trong
luong thé tich & trang thai bdo hod (V) xac dinh theo tiéu chuan [27]. Két
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qua nghién ctru duoc téng hop & trong bang Bang 2.4

Bang 2.4. Tong hop tham s6 co 1y cAc mau cat san san hé thi nghiém

ps (t/m) Dso(mm) | G, C,

2,616 | 0,763
2.4.2. Tham sé thi nghiém

Dac trung cua moé hinh vat li€u cat san san ho can thi nghiém, bao gom:

Tham so Crax Cmin

Gia tri 0,469 0,83 13,20 0,68

cac tham sb dan hoi (m6 dun bién dang E, h¢ sb6 Poisson Vv); cac tham s6 do
bén (gdc ma sat trong ¢, luc dinh don vi biéu kién c¢); goc truong nd ¥ (d).

Viéce xac dinh cac tham sb dic trung cua vat liéu cat san san ho co thé
duoc thuc hién br?lng cac thi nghiém trén mau vat liéu va xem 1a dai dién cho
khéi nén tai hién trudng twong Gng v&i vi tri 1y miu. Thuc hién cac thi
nghiém trong diéu kién thoat nudc trén thiét bi thi nghiém nén 3 truc, gia tai
tinh ctia mau cat san san ho c6 do chat twong ddi 1a D, = 70% véi cac trudng
hop ap luc hong thay doi Py = 50 kPa; 100 kPa va 150 kPa.

2.4.3. Két qua thi nghiém

Phan tich s6 liéu thi nghiém nhan dugc, trén Hinh 2.20 thé hién két qua
g xir cia mau thi nghiém nén 3 truc tinh théng qua dudng cong mdi quan

hé gifra bién dang doc truc vai img suét léch va bién dang thé tich.

ing sudt léch

dang thé tich

Hinh 2.20. Két qua thi nghiém nén 3 truc miu cat san san ho
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Tu két qua nghién ctru trén Hinh 2.20, nhén théy cat san san ho co su
hoa mém phi tuyén sau cuc dinh. Vi tri cta cac dinh nay thay ddi tuy ap luc
budng mau thi nghiém va bién dang doc tryc, trong trudng hop mau cat san
san ho nghién ctru nay vao khoang 3% dén 5%.

1.200

——-50kPa
é’ 1.000 y=1,0535x+29,83 ... 100 kPa
= ®
d
;’: 800 L7 —— 150 kPa
5 2
\;-5» 600 L7 = = = Linear
5 \
7 400 (Puong MC)
g
2200
7
0 [ A

0 200 400 600 800 1000 1200 1400 1600
Ung suat phap, o (kPa)

Hinh 2.21. Vong tron Mohr \ng suit tir két qua thi nghiém 3 truc

Cin cir vao dd thi twong quan giita d6 léch tmg suit q=(c,-6,) va bién
dang doc truc (¢) trén Hinh 2.20, xac dinh dugc do léch ung suat cuc dai
(0, -0,),, (1a gia tri 16n nhét trong cac gia tri do léch tmg suat) va do léch
ung suat du (61' — ag)m (1a gia tri 46 1éch ung suat dat duoc khong d6i mac du
bién dang doc truc van ting).

Pé xac dinh cac tham s chéng cit ciia miu cat san san ho thi nghi¢m,
tac gia stt dung phuong phap binh phuong tdi thiéu. Khi d6, cac tham s
chéng cit cia mau cat san san hd & trang thai do bén cuc dai (goc ma sat
trong @, va luc dinh don vi biéu kién Cp) va O trang thai do bén du (gbc ma sat
trong ¢, va luc dinh don vi biéu kién c,) dugc xac dinh theo cac biéu thuc sau:

n L} L} n 1 n A
n.> (6y;).03;-2.(0};) .2.03;
i=1 i=1 i=1

-1
nY (05)*-(3 03;)?
@,/ =tan( — L ), (2.4)
n.y, (Gli)-63i‘z (o1;) > G3j
2 i=1 i=1 i=1

nz1 (c;if-(__i‘i c3)?
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il(G'n)-il(051)2'205i-2(011)-051

ni:Z‘i (Géi)z'(izzl c3)° | (2.5)

plr—

n A A n A n A
n.> (cy;).03;-2.(01;).2. 03;
i=1 i=1 i=1

2 n n
n> (c3)°-(X 03’
i=1 i=1
Két qua phan tich so liéu thuc nghiém va tinh toan xac dinh cac tham s
chdng cat ¢ trang thai cuc dinh va trang thai du cling nhu goc truong nd cia
mo hinh nén thi nghiém duoc thé hién trong Bang 2.5:

Bang 2.5. Tham s chong cit miu cat san san hd thi nghiém

Tham s6 chdng cit cuc dinh Tham sé chdng cit trang thai du
o () ¢y (kPa) ¢- () ¢, (kPa)
46,49 29,83 44,96 7,09

Tir d6 thi twong quan giita bién dang doc truc va tng suat 1éch trén Hinh
2.20, xac dinh dugc md dun bién dang trung binh (Es() truong hop cuc dinh
tuong img véi Py = 50 kPa; Py= 100 kPa va P, = 150 kPa theo Hinh 2.22:

-!..I

|G1—G3|m.ax

h—‘\__\_‘_

.

¥ [
. [}
1 ~ ELF II.'
’

Ung suat éch [o1-03|

r -

Bién dang doc truc (£1)
Hinh 2.22. Po thi xac dinh md dun bién dang trung binh Es,
Hé s6 Poisson (v) xac dinh theo biéu thic (2.6) va goc trwong nd (y)
dugc xac dinh theo dd thi twong quan giira bién dang doc truc véi bién dang

thé tich & Hinh 2.23:

Uzg—qzl—gv/g:l—tga, (2.6)
2e 2 2
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trong do:

g - bién dang doc tryc ciia mau cat san san ho;

g, - bién dang thé tich ciia mau cét san san ho;

o - goc tao bai truc bién dang doc truc véi dudng nbi giira diém gdc
va diém co bién dang thé tich 16n nhat (bién dang thé tich 16n nhat nay phu
thudc ap luc budng P, trong cac truong hop thi nghiém khac nhau).

\

.

Bién dang thé tich (&v)

.

v o -
s Bién dang doc truc (g)
(Ev )max

Hinh 2.23. P6 thi twong quan bién dang doc truc va bién dang thé tich
Két qua thi nghiém xac dinh dugc mé dun bién dang trung binh E5, va h¢

s Poisson ctia cdc mdu twong Ung véi cac truong hop ap luc budng thi
nghiém khac nhau, dugc thé hién trén Bang 2.6:

Bang 2.6. M6 dun bién dang Es, hé s6 Poisson va géc truwong né

Mo dun bién dang trung binh Es,(MPa) Hé s0 Goc truong
P=50kPa | P=100kPa | P,=150kPa | Poison(v) | ndy (")
22,40 30,86 31,31 0,34 9,52

Tir Bang 2.6 nhan thiy, mé dun bién dang tang khi 4p lyc budng mau thi
nghiém ting. Trong khi d6, hé sd Poisson 6n dinh véi gia tri trung binh la
0,34 va goc truong nd trung binh 13 9,52°. Vi két qua thi nghiém nén 3 truc
cAc mau cat san san ho da thuc hién, tac gia rat ra danh gia nhu sau:

— Céc tham sb stc chdng cit ciia mau cat san san ho nhan duoc tir két
qua thi nghiém ngoai gbc ma sat trong nhu nén dét roi thong thudong con xudt

hién lyc dinh don vi, theo khai niém mét sd tac gid da cong bo két qua nghién
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ctru goi 1a lyc dinh don vi biéu kién, lyc dinh nay duoc hinh thanh do sy gai
moc cua cac hat cat san san ho [6], [97], [98]. Trong d6, theo két qua thi
nghiém thi géc ma sat trong ctia mau cat san san ho nghién ctru 1a ¢ = 46,49°
va luc dinh don vi biéu kién c6 gia tri ¢ = 29,83 kN/m?. Cac tham sb chéng
cat nay phu thudc vao khdi luong riéng kho, cép phéi hat, hinh dang hat va do
bdo hoa. Két qua nghién ctru nay phu hop voi két qua nghién ctru cua tac gia
Wang X.Z. d cong bd d6i véi san hd roi nam 2011 va 2016 véi goc ma sat
trong tir 23,8° dén 56,0° va luc dinh don vi biéu kién tir 24,5 kPa dén 316,2
kPa [97], [98]. Gia tri goc ma sat trong 1a kha 16n va dac biét ¢6 luc dinh don
vi biéu kién cia mau cat san san ho thi nghiém thé hién su khac biét 16n doi
v6i nén dat roi thong thudng.

— O d6 chat tuong ddi 1a D, = 70%, mé dun bién dang trung binh cta
mAu cat san san ho thi nghiém 1 Es, = 30,86 kN/m’ (twong tng v6i cap ap luc
budng thi nghiém 1a P, = 100 kPa), gbc truong nd cta nén 1a y = 9,52 do va
hé sb Poisson la v = 0,34.

— Trén co so cac két qua thuc nghiém nén tinh mau cét san san ho bang
thiét bi 3 truc, phan tich va téng hop s6 lidu thuc nghiém nhan dugc gia tri cac
tham s6 mau cat san san ho thé hién trén Bang 2.7:

Bang 2.7. Tong hop cac tham sé6 miu cat san san hd thi nghiém

Mo hinh v ¢ c Ysat Yunsat E
A%
Mohr- | (d0) | (d6) |(kN/m*)| (kN/m’) | (kN/m’) (kN/m?)

Coulomb | 9,52 | 46,49 | 29,83 20,38 16,80 0,34 |30,86E+3

— Céc tham s nay duoc tac gia tmg dung véo tinh toan @ng xir ciia coc
dng thép co canh xodn trong nén cat san san hd & chuong 3 va chuong 4.

2.5. Két luan chwong 2

Tir nhitng két qua nghién ctru 1y thuyét va thyc nghiém theo ndi dung da
trinh bay & trén. Tuy khéi lugng thi nghiém chwa 16n, nhung trong pham vi
nghién ctru cua luan an, tac gia co thé rat ra mot sb két luan sau:

1) Str dung thiét bi thi nghiém cat phang ty dong trong phong thi nghiém
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Pia k¥ thuat tai Vién K¥ thuat céng trinh dic biét dé cai tién thiét bi bang
cach bo sung tAm thép vao hop mau cua thiét bi thay cho cat san san hé nham
xéac dinh tham sd tuong tic cia mau cat san san ho trong diéu kién cing cip
phéi c6 kich thudc hat thd 16n nhét 1a 20 mm & do chat twong ddi 70% voi
tam thép;

2) Thi nghiém trong phong cic mau cat san san ho co tinh chat tuong tu
trén may thi nghiém nén 3 truc trong diéu kién thoat nudc véi cac truong hop
ap luc hong Py = 50 kPa; 100 kPa va 150 kPa;

3) Xac dinh dugc cac tham s6 cat san san hd theo md hinh Mohr -
Coulomb va lam sang to stc khang ma sat khi nghién ctru tuong tac gitra coc
6ng thép va nén cat san san ho, két qua nghién ctru duoc tac gia tong hop
trong Bang 2.3 va Bang 2.7;

4) Két qua nhan duogc tir nghién ctru thue nghiém cac miu cat san san ho
va thi nghiém ma sét cta coc dng thép tron tron ngoai hién truong 13 luan ct
khoa hoc ctia bo sd liéu tham sb dau vao dé tac gia tinh toan, khao sat nghién
ctru su 1am viéc cta coc dng thép ¢ va khong co canh xodn gia cuong trong
chuong 3. Pong thoi, 1ap luan stir dung mot s6 tham sd tién dinh 1a gia tri muc
tiéu (hay gi tri ky vong) khi xét dén su bién dong ngau nhién mot s6 tham sd
cat san san ho trong nhiém vu nghién ctru img xtr cia coc cong thép c¢6 canh

xodn ¢ chuong 4 cua ludn an.
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Chuwong 3. NGHIEN CU'U SU LAM VIEC CUA CQC ONG THEP CO
CANH XOAN TRONG NEN CAT SAN SAN HO

O chuong nay, luan an st dung phuong phap phan tir hiru han 1 cong cu
tinh toan nghién ctru sy 1am viée ctia coc 6ng thép co canh xoan. Tac gia mo
phong sb bai toan tuong tac 3 chiéu cta coc éng thép c6 canh xodn véi nén
cat san san ho trén phan mém PLAXIS 3D - Version 20.1.0.98 nham d4nh gia
anh huong cua tham s6 canh xodn nhu: s luong canh, d0 sau vi tri canh,
khoang cach canh, dudng kinh va budc canh. Tir 6 két luan va kién nghj cac
tham s6 canh xodn hop 1y cta giai phap thiét ké coc 6ng thép cai tién str dung
& cac cong trinh xay dung trén khu vyc nén cat san san h.

3.1. Muc tiéu nghién ctru va cac gia thiét tinh toan

3.1.1. Muc tiéu nghién curu

D3 c¢6 nhimng cong trinh nghién ctru phan tich sy 1am viéc cta coc dng
thép trong nén san hd noéi chung, nhung déu tip trung nghién ctru dang coc
tron tron truyén thong hodc c¢6 canh ngang phang kho co kha ning thi cong
trong thuc tién, ma chua c6 két qua nghién ctiru duge céng bd va chua duogc ap
dung vao trong thuc té d6i vdi giai phap thiét ké coc c¢6 canh xoan gia cuong
nhim tang hiéu qua khai thac moéng cong trinh, dam bao kha thi khi thi cong
ha coc trong nén cat san san hd. Trong khi d6, thuc tién dit ra doi hoi ngay
cang cao vé giai phap thiét ké c6 két cdu hop Iy nham giam chi phi xdy dung,
day nhanh tién d6 thi cong, nhung dam bao muc tiéu khai thac dat ra.

Do vay, muc tiéu nghién ctru sy lam viéc cua coc 6ng thép c6 canh x04n
nhim danh gid Gmg xtr ctia coc dng thép do trong nén cat san san hd khi khao
sat v6i cac cAu hinh canh xon khéac nhau, 1am co s& luan ¢t khoa hoc dé céc
k¥ su thiét ké can nhic dé xuat giai phap két cAu coc ndi riéng va mong coc
cong trinh xay dung néi chung khi dugc dau tu nghién ciru, thiét ké va thi
cong cac cong trinh nay trén khu vuc thém san ho & cac ddo xa bo tinh Khanh
Hoa, thudc chu quyén cua Viét Nam.

3.1.2. Cdc gid thiét va gidi han nghién ciru

Pé phan anh mot cach khach quan va phu hop véi thue té twong tac cta

coc ong thép vdi nén cat san san hd, thi mot van dé rat quan trong la xac dinh



63

va tinh toan theo mo6 hinh co hoc vat liéu phu hop. Cac mé hinh nay duoc
hinh thanh trén co s& cac nguyén 1y co hoc dua theo két qua thuc nghiém
hoic trén cac nguyén tic 1y thuyét da dugc kiém nghiém.

Trong qua trinh tinh toan, Ung xUr twong tic cua coc dng thép cd canh
x04n v4i nén cat san san ho tuan theo cac gia thiét sau:

+ Coc khong bi pha hoai (dam bao diéu kién strc chju tai cua coc
theo vat li¢u), vat licu két cau coc 6ng thép tng xtr dan hoi, bién dang tuyén
tinh. Coc lién két vao nén theo phuong thang dung va da on dinh.

+ Nén cat san san ho xung quanh coc khong bj pha hoai (dam bao
stc chiu tai cua coc theo dat nén), tinh chét cua 16p vat li¢u nén duoc coi
dong nhat dang hudéng, dan déo phi tuyén. Trong qua trinh lam viéc khong
xem x¢ét thay doi cac tham sb nén cat san san ho ¢ thé xay ra do sy lan truyén
ctia séng chin dong trong nén d6 khi ha coc 6ng thép co canh xodn [15].

+ Khi chju tai, diéu kién lién tuc vé chuyén vi dugc thoa man trén bé
mit tiép xtc gilta cac 16p nén nhung trén bé mit tiép xuc cua két cau va nén
c6 thé xay ra sy truot va tach twong d6i cua két cdu coc so v6i nén.

Trong thiét ké, strc chiu tai cia coc duge tinh toan 1a gia tri nhé nhat
gilra strc chiu tai cua coc theo vat liéu va stre chiu tai cua coc theo dat nén [5],
[20]. Pbi voi cac coc thi cong theo cong nghé dong, ép, xoay ha coc thi st
chiu tai cua coc theo vat liéu thuong 16n hon nhiéu strc chiu tai theo dat nén.
Do vay, Luan an chi nghién ctru strc chiu tai cta coc 6ng thép theo dit nén dé
danh gia su lam viéc va Gmg xtr cta coc dng thép trong nén cat san san ho.

3.2. M6 phéng sé twong tac ciia coc dng thép cé canh xoin trong nén
cat san san ho

3.2.1. M6 hinh twong tdc tong qudt

3.2.1.1. Co 56 Iy thuyét tinh todn

Trong ndi1 dung nghién ctru chuong nay, tac gia st dung phuong phap
PTHH dé tinh toan va danh gia tmg xtr cia coc dng thép c6 canh xodn. Noi
dung co s& 1y thuyét tinh toan duogc trinh bay trong “Phuy luc 4”.

3.2.1.2. M6 td mé hinh tinh

Xét bai toan coc 6ng thép cé canh xodn dd ha 6n dinh vao nén cat san
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san ho bang phuong phap khoan xoay ha coc, coc thing dung trong nén va
chiu tic dung ctia chuyén vi cudng buc doc truc trong ca 2 trudng hop khi kéo
hodc nén tac dung tai dau coc, 1ong coc rong va miii coc bit kin. Khi coc ¢6
canh xodn gia cudng trén than coc thi khong thoa man tinh dbi xtmg truc, nén
can thiét phan tich tinh toan twong tic bang mé hinh s 3 chiéu.

Do viy, md hinh tuwong tic tong quat cua bai toan nghién ctiru nay dugc
tac gia st dung 1a md hinh sb 3 chiéu cua coc éng thép c6 canh xodn 1am viée
d6ng thoi véi nén cat san san ho. Tac gia tién hanh phan tich va giai bai toan
tuong tac theo phwong phap phan tir hira han (PTHH). C4u tao md hinh va
mot sd tham s6 co ban cta coc don éng thép co6 canh x04n, nén cat san san ho

ctia bai toan khao sat thé hién trén Hinh 3.1.

Cocongthép  Tham sé cdt san san hé:
- ... - Loai nén: Hdn hop cat san san ho
- T o6 kich thudc Dy < 20 mm;
M6 hinh: Mohr-Coulomb (MC);
Mo dun bién dang: E;
GOc ma sat trong: @;
Lyc dinh don vi biéu kién: c;
Hé sb Poisson: v;
Trong luong thé tich ¢ trang thai
bao hoa: .

e

Tham sé coc éng thép:
- Mo hinh: Pan héi tuyén tinh (EL);
- Mo dun dan héi: E;
- Heé sb Poisson: v,;
- Chiéu dai coc: L;
- Chiéu dai coc trong nén: L;
- Puong kinh coc: d;
- Chiéu day thanh coc: oy;
- Puong kinh cénh: D;
- Chiéu day canh: &;
- D0 sau vi tri canh trén coc: h;
- Khoang cach canh: S.
Hinh 3.1. M6 hinh bai toan khdo Tdi trong: Nén, kéo tai dau coc, co xét
sat trwong hop coc ¢6 2 canh  dnh hudng tai trong theo phuong ngang.
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Gia tri cac tham sd bai toan khao sat nhu trén s& dugc tac gia trinh bay
trong phan cac md hinh coc éng thép c6 canh xodn va mé hinh nén cat san san
hé. Co ché truyén tai tir coc ra nén cat san san ho gdm lyc ma sat gitta than
coc v&i nén va ap lyc nén ciia canh 1én nén, ap luc tir miii coc xudéng nén khi
coc chiu luc nén. Do dic trung chéng cit ctia nén cat san san ho gém cO goc
ma sat trong va luc dinh don vi biéu kién [6], cac tham $6 nay kha cao so voi
nén trim tich théng thudng nén khi mot phan nén bi dich chuyén theo canh s&
bi ngan can b1 strc khang ma sat cua ban than vat licu nén, gia tri nay lon
hon dang ké so véi stc khang ma sat gifra vat liéu coc véi nén cat san san ho.

3.2.1.3. Diéu ki¢n bién ciia mé hinh

Trong nghién ciru ndy, dé giam khoi luong, thoi gian tinh todn va sb
phan tor mo hinh, tic gia tich mot phan nén céat san san ho khao sat ra khoi
moi truong ban khong gian vo han dé tinh toan. Khi d6, phai dénh gia diéu
kién bién ctia nén cat san san ho tiép giap giita phan tach ra va phan nén vo
han con lai (tirc 1a diéu kién bién & trén toan bo bé mat khong gian cua phan
nén cat san san hd dua vao mo hinh tinh). Bién cd dinh nay dugc chon ¢
pham vi du xa két cdu coc sao cho ty sb gitta tng sudt trén bién khéi nén voi
g sut 16n nhat ctia nén trong vung khao sat c¢6 gia tri du nho chap nhan dé
tinh toan [2]. Pay 1a mot van dé phuic tap can thuc hién giai 1ap nhiéu mé hinh
dé lya chon, dan dén thoi gian va cong stc rat 16n. Trong pham vi nghién ciru
luan an tham khao khuyén céo lua chon kich thuéc khéi nén theo cac nghién
ctru da cong bo, phu thudc vao chiéu dai coc trong nén cat san san hd (L) va
duong kinh cta coc (d).

V&i ddc diém trén, bién khdi nén cat san san ho trong bai toan khdo sat,
tac gia Iya chon sao cho: Chiéu rong khéi nén B > 20*d = 12 m, (trong dé: d
1a duong kinh ngoai ciia coc) [57], chon B = 12 m. Chiéu cao khéi nén H, >
L+20*d=29m, (L 1a chiéu dai coc trong nén) [57], chon H, =36 m.

3.2.2. M6 hinh coc éng thép cé cdnh xodn

Xét coc dng thép tron tron va coc duoc gia cudng bang viée tang cuong
01 dén 02 canh xodn da thi cong hoan thién vao nén cat san san ho bang

phuong phap tao Iuc nén két hop mé men xodn. Coc thiang dung trong nén cat
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san san ho va chiu luc kéo hodc nén doc truc két hop truong hop chiu tai
trong ngang tac dung déng thoi tai dau coc, long coc rong, miii coc va dau coc
duoc bit kin. Do han ché vé diéu kién thiét bj thi nghiém céc tham sb cua vat
liéu thép theo cdc md hinh vat li¢u phuc tap, nén luan an gia thiét coc 6ng
thép c6 ung xtr theo mé hinh dan hoi, phan tich tuyén tinh. Pay 13 mé hinh co
ban duoc st dung phd bién dbi véi két cau coc dng thép cua mong cac loai
cong trinh, cadc tham s6 co ban cua mé hinh gé)m: Mb dun dan hoi, hé sd
Poisson, trong luong riéng (tham khao Bang 3.1).

Tham sb két cAu coc: Khao sat tham s dic trung cua canh x0dn, bao
gém budc canh (chiéu cao 1 vong canh xoan), khoang cach cac canh, dudng
kinh cta canh, sb lwong canh, do sau vi tri cia canh trén than coc dén sy lam
viéc cta coc dng thép trong nén cat san san ho, cu thé nhu sau:

— Duong kinh coc: Theo tiéu chuan TCVN 9245:2012 [19] va TCVN
11520:2016 [23], coc ong thép dang vit c6 canh ¢ miii, duong kinh coc

thuong tir 600 mm dén 1200 mm. Theo sd liéu thu thap cta tip doan Nippon
Steel Viét Nam da thuc hién cho cac cong trinh thuc té sir dung duong kinh
coc thuong duogc lya chon tr 600 mm dén 1600 mm. Trong khi do, cac cong
trinh bao hiéu hang hai ¢ khu vuc dao xa bo tinh Khanh Hoa sir dung mong
coc 6ng thép dudong kinh 400 mm day 16 mm ha siu tir 7 m dén 9 m trong
nén cat san san ho; cac cong trinh DKI stir dung mong coc 6ng thép dudng
kinh 800 +1200 mm day 50 mm ha sau 14+20 m trong nén san hd ngoai hién
truong. Tu dac diém va thuc tién do, tac gid chon duong kinh ngoai cua coc
6ng thép trong bai toan khao sat 1a: d = 0,6 m.

— Chiéu dai coc: Tham khao hinh tru hd khoan tai dao TSL, dao DTA
va dao TC khu vuc bién dong thudc vung bién déo xa bo tinh Khanh Hoa,

chiéu day 16p cat san san hd mau xam trang hodc trang sita (hdn hop cét san
1an canh nhanh san hd, cat co thanh phan chu yéu 13 cat hat trung - min) tai
dao TSL tir 13 m dén 14 m va dao PTA tir 20,5 m dén 21,0 m [6], tai dao TC
tir 10,0 m dén 16,6 m. Do d6i twong nghién ciru 13 cat san san ho phu hop voi
dic diém dia chat tai 16p 1 hoac 16p 2 cua cac hd khoan trén, nén tac gia lya

chon khao sat cac coc 6ng thép co chiéu dai 18 m; 15 m; 12 m; 9 m (tuong
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ung voi chiéu dai coc trong nén cat san san ho 14 17 m; 14 m; 11 m va 8 m)
hoan toan nim trong chiéu siu cua cac 16 khoan. Vi chiéu dai da chon, do
manh cta coc tir 1/15 dén 1/50, pht hop véi kha ning thi cong thyc té ciia coc
c¢6 canh xoan va coc 6ng thép tron tron trong nén cat san san ho nghién ctru.

— Chiéu day thanh coc: Theo sb liéu chiéu day thanh coc tuong tng véi
duong kinh coc ng thép trong thuc té va bang C1-TCVN 11520:2016, chiéu

day phan miii coc c6 canh xoan tir 13 mm dén 18 mm [23]. Két hop tham

khao trén thi truong va san phim ciia cac nha may san xuit cac ong thép co
chiéu day thong dung tai Viét Nam, tac gia Iya chon khao sat trudng hop coc
c6 chiéu day thanh 1 §; =16 mm doc theo toan bd chiéu dai coc.

— Tham s6 cdnh xoan: Theo TCVN 11520:2016, duong kinh canh xoan

thuong 1a: D = (1,5+3,0)d va chiéu day tdm canh xodn tir 20 mm dén 45 mm;

budc canh (chiéu cao mot vong canh xoan) H = (0,5 +1,0)d [23]. Trén co sé
do, tac gia lya chon khao sat duong kinh canh x0dn1a D=09 m; 1,2 m; 1,5m
va 1,8 m; budc canh trong cac truong hop H = 0,3 m; 0,5 m va 0,7 m; khoang
cach canh xodn khéao sat S = (2,0 +5,0)d, tuongung S=1,2m; 1,8 m; 2,4 m
va 3,0 m; chiéu day thép tdm canh xodn 1a 8, = 28 mm; sd canh xodn 12 01 va
02 canh (pham vi nghién ctru luan 4n khao st toi da 2 canh).

Tham s6 mé hinh va tham sb dic trung hinh hoc cta cic coc khao sat
trong nghién ctru cta luin an nay duoc tong hop trén Bang 3.1:

Bang 3.1. Bang tham s6 mé hinh coc ong thép khio sat

Loai coc ong thép trong nghién ciru

Tham s6 ciia coc Coc tron |Cocco01 canh| Coc co 02

tron X0in & miii canh xoén

Eli\l/[\lc/) nle)m dan ho1 vat liéu coc: E, 2.00x10°

- Hé sb Poisson cua thép: v, 0,30 0,30 0,30

-Khi mé hinh theo phan tir vo 0,00 0,00 0,00

- Trong lugng riéng: v, (kN/m”) 78,0 78,0 78,0

- Chiéu dai coc: L. (m) 18;15;12;9( 18;15;12;9 | 18;15;12;9

- Chiéu dai coc trong nén: L (m) 17;14; 11;8| 17;14;11;8 | 17;14;11;8

- Chiéu dai coc ngoai nén: L, (m) 1,00 1,00 1,00
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Loai coc ong thép trong nghién ciu

Tham s6 ciia coc Coc tron |Cocco01 canh| Coc co 02

tron xoin é'mili | canh xodn

- Puong kinh ngoai coc: d (m) 0,60 0,60 0,60

- Chiéu day thép thanh coc: &; (m) 0,016 0,016 0,016

- S6 canh xoan (n) - 1 2

- Puong kinh canh xoan: D = 1,5d; 0,9;1,2: 1,5; | 0,9;1,2; 1,5;

2d; 2,5d va 3d (m) ) 1,8 1,8

- Chiéu day thép canh xoan: 3, (m) - 0,028 0,028

- Budc canh xoan: H (m) - 0,3;0,5;0,7 | 0,3;0,5;0,7

-P0 sau vi tri canh trén coc: h (m) - h/L=1/1 h/L=1/1+1/5

- Khoang céch cac canh: S =2,0d; 1,2;1,8; 2,4 va

3,0d; 4,0d va 5,0d (m) ] ] 3,0

M6 hinh coc trong cac truong hgp cua bai toan khao sat nhu trén dugce

thé hién trén Hinh 3.2.

kS

T
i

Le
Lc

| o B8

=0.6 gh=0,5[ﬁ

D

Coc tron tron

e - =

-

Coc ¢ 1 canh xoén

-

o = =1 -

&06nh

D

Coc co 2 canh xoan

Hinh 3.2. M6 hinh cdc dang coc ong thép bai toan nghién ciru

Trong thyc t€ lam vi€c cuia coc ong thép & moi trudng nén cat san san

ho, ngoai chiu tac dong truc ti€p cua cac tai trong, con anh hudng boi su tac

dong do sy xam thuc moi truong nudc bién. Tuy nhién, trong pham vi nghién

ctru, luan an khong xem xét, danh gia tac dong va anh huong cua yéu to nay

dén su lam vi€c cua coc 6ng thép. Van dé thyc tién dat ra nay s€ duoc tac gia

kién nghi tiép tuc mod rong trong cac nghién citu tiép theo.
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3.2.3. Mé hinh nén cdt san san ho

a) Logi nén: Luan an khao sat doi voi truong hop nén cat san san ho ¢o
cac tham s mé hinh d3 duoc trinh bay trong ndi dung nghién ciu thuc
nghiém tai chuong 2. Py 1a loai nén phan b tip trung & khu vuc dién hinh
trén cac ddo xa bo thudc tinh Khanh Hoa, noi c6 y nghia ddc biét quan trong
dén an ninh quéc phong va kinh té bién cua Viét Nam.

b) Mo hinh tinh toan: Nhu trong chuong 1 va chuong 2 cia luan an, tac
gia da phan tich va trinh bay doi v6i bai toan tuwong tac cua coc voi nén cat
san san ho khi chiu tai trong tinh c6 thé moé phong quan hé phi tuyén cua ung
suat v4i bién dang theo mo6 hinh Mohr - Coulomb; m6 hinh Cam Clay; mo6
hinh tai bén dong hoc Hypoplastic [5]. Trong pham vi nghién ctru cta ludn an,
tac gia sir dung md hinh dan déo 1y tudng Mohr - Coulomb dé mé hinh hoa
vat liéu nén cat san san ho (g xir dan déo, phén tich phi tuyén).

¢) Tham s6 cdc mé hinh nén cdt san san hé: Trong nghién ctru nay, sir
dung phan tir tiép xac md phong trén phan mém PLAXIS 3D dé mé mong
tuong tac coc Ong thép v4i nén cat san san ho c6 hé sb suy giam cuong do
(Rineer) duoc xac dinh 13 gia tri trung binh tir két qua thi nghiém. Bang tham s6
cia mo hinh nén bai toan nghién ctru da duoc tic gia tién hanh thuc nghiém
va trinh bay chi tiét trong chuong 2 ctia Luan 4n, thé hién trén Bang 3.2.

Bang 3.2. Tham s6 m6 hinh nén cat san san ho tinh toan

b ¢ Y Vsat Yunsat E
A A 2 3 3 A4 2 Rinter €o
(d9) | (d6) | (kN/m”) | (kN/m’) | (kKN/m") (KN/m”)
9,52 146,49 | 29,83 20,38 16,80 0,34 | 30,86E+3 | 0,56 | 0,56

Hdn hop cat san san ho 1a nén dat roi, nhung theo két qua thuc nghiém o
chuong 2, tham s chong cat ciia nén ngoai goc ma sat trong con xuat hién lyc
dinh do su cai moc gifra cac hat cua nén cat san san ho, luc dinh nay goi la luc
dinh don vi biéu kién [6], khai niém luc dinh don vi biéu kién cling dugc mot
s6 tac gia nghién ctru trén thé gidi str dung trong cac két qua da cong bd [86],
[97], [98]. Nén md hinh nén cat san san hd cta bai toan nghién ctru nay theo

phuong phéap phan tir hitu han can thiét xét toi lyc dinh don vi biéu kién.
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3.2.4. M6 hinh twong tdc coc éng thép va nén cdt san san ho

* Pidu kién tiép xiic coc ong thép va nén cdt san san ho:

Tham sé twong tic gitra nén cat san san hd véi coc ong thép c6 canh
xodn 1a 2 vat liéu c6 sy lam viéc khac nhau duoc mo phong thong qua phan tir
tiép xtc, day 1a phan tr 40 c6 thé co chiéu day hodc khoéng co chiéu day.
Trong nghién ctu nay, tic gia st dung phdn mém phan tich dia ky thuét
PLAXIS 3D d mé hinh hoa tuong tac ctia nén cat san san ho dong nhat voi
coc dng thép cd canh xodn, str dung phan tir tiép xtc khong chiéu day thong
qua hé s6 suy giam cudng dd Riye phan anh sy khic nhau gitta mo hinh vat
li€u coc bﬁng thép va vat li€u cat san san ho (bai toan khao sat gia thiét coc
6ng thép da ha on dinh trong nén san ho nén khong xem xét sy bién dong strc
khang ma sat do sy thay ddi d6 chit cta cat san san ho khi thi cong ha coc).
Heé s6 nay trén co s& phan tich cac tham s6 nhan dugc tir két qua thi nghiém
cat phéng mau vat liéu cat san san ho véi vat lidu tAm thép trong phong thi
nghiém. Mbi quan hé do duoc thé hién qua biéu thirc sau [73]:

_tand

inter

) (3.1
tan @

trong do:

8 - gbc ma sat ngoai giita cat san san ho v&i bé mit thép coc;
¢ - goc ma sat trong cua cat san san ho.

Qua trinh t6 chire thi nghiém, phén tich va xir 1y s6 liéu dé nhan duoc két
qua thi nghiém cac tham sd cat san san hd dd duoc tac gia trinh bay chi tiét
trong chuong 2 va thé hién trong Bang 2.3 va Bang 3.2. Két qua trung binh
ctia tham sd nay ap dung trong bai toan khao sat 1a: Ry, = 0,56.

Do clng tiép tuyén va do cimg phap tuyén ciia phan tir tiép xtc thuong

dugc xac dinh thong qua hé s6 suy giam cudng do nhu sau [73]:

KT = E ) Riiter’ (32)
tLX
K =11-K, (3.3)

trong d6: K. - 4 cing theo phuong tiép tuyén cia phan ti tiép xtc; K, -
d6 cung theo phuong phap tuyén cta phan tir tiép xtac; G - md dun trugt cia
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phan tir tiép xuc; t, - chidu day 4o cua phan tir tiép xuc.

Khi coc chiu tai trong, trén bé mat tuong tac cua coc 6ng thép va nén san
hé c6 2 thanh phan d6 ctng phép tuyén va do ctng tiép tuyén. Trong trudng
hop xay ra hién tuong tach gitta két ciu va nén san ho thi khong c6 su truyén
luc qua lai gifta coc va nén, khi d6 do cimg phap tuyén va tiép tuyén bang
khong. Trudng hop co su truot gitta két cdu va nén san ho thi do cing phap
tuyén co gia tri xac dinh, nhung d6 cung tiép tuyén giam dan vé do ctng
chéng truot to1 han Xép xilao.

* Lwa chon dang phén tiv mé hinh:

M0 hinh phan tir khoi 3 chiéu d6i v6i nén cat san san ho, phan tir tiép
xtc coc Ong thép va nén cat san san ho dang phan tir a0 khong co chiéu day.
C6 thé mo hinh coc dng thép trong bai toan nghién ctru c¢6 dang phan tir dam
(Beam) két hop phan tir khoi (Solid) hodc Iwa chon dang phan tir vo (Plate)
ddi vai thanh coc va canh xoan. Do mé hinh tinh toan 13 mé hinh lién tuc, nén
cac dang phan tir khac nhau ctia mé hinh tong quéat dugc lién két voi nhau boi
cac diém nut, vi tri cac nat trong mO hinh phu thudc kich thudc phé‘m to va
dang phan tr lya chon trong tinh toan.

Khi mé hinh sb coc dng thép theo phuong phap st dung phan tir vo, toan
bo thanh coc, ne“ip coc, miii coc va canh xoin déu duge chon dang phén tr vo
(Plate) trong PLAXIS 3D - Version 20.1.0.98, so ¢6 m6 hinh hoa tir két cau
coc thuc sang mo6 hinh dugc thé hién trén Hinh 3.3.

o MG hinh o ,
['hanh coc thanh coc_ N!o hinh Phan tuo vo
I i canh xodn canh va
lal 1 thanh coc
Canh xoéflll -
' . Phan tir vo
Miii coc ‘f | T M hinh miii coc
b Sy inmm M A mui CoC i =
Két cau coc thuc MG hinh hoa coc Chon phan to vo

Hinh 3.3. M6 hinh coc theo phwong phap sir dung phan tir vé
Do dic diém coc dng thép co chiéu day nho, rdng & 1ong coc, mo hinh

theo phuong phap phan tir dim gip kho khan khi phai gia thiét ty 1¢ dic trung
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khang udn, dic trung khang nén, nén thudng cé sai sd trong tinh toan. Trong
khao sat bai toan nghién ctru cua luan an s& st dung phuong phap phan tir vo.

Theo phuong phap moé hinh hod nhu trén, md hinh coc va nén dugc thé
hién nhu trén Hinh 3 4.

Hinh 3.4. M6 hinh cgc c6 canh xoan trong nén

((a)-coc co 01 canh o miii; (b)-coc co 02 canh khoang cach S; buoc canh H;
d-dwong kinh coc; D-dwong kinh canh xodn)
3.2.5. Ddnh gid dp tin cdy va lwa chon mé hinh sé khdo sdt
Két qua mo phong sb duoc danh gia va kiém tra d6 tin ciy ctia bai toan
d3 xay dyng theo nguyén 1y cong tac dung vé ndi luc tinh toan nhan duoc tai
dau coc phai trong tng véi tai trong tac dung tai do.
— Panh gia sy lam vi¢c cua coc khi st dung 02 phuong phap mo6 hinh
cua coc 6ng thép tron tron, lam co s& lya chon mé hinh phu hop, trong do:
+ MO0 hinh coc 6ng thép rong bit ¢ dinh va mili coc, sit dung dang
phﬁn tlr v6 trén toan bo chiéu dai coc.
+ M5 hinh coc éng thép rdng bit & dinh va miii coc, st dung phan tir
dam doc truc tim coc két hop véi phﬁn ttr khdi cua coc dic, phuong phap nay da
dugc Kimura M. va Zhang F. (2000) [63]; Kusumaningsih D.A. (2016) [57]
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nghién ctru va ing dung theo mo hinh nay.

— M5 hinh s bai toan nghién ctru trong PLAXIS 3D - Version 20.1.0.98
c6 cac tham sb coc dng thép va nén cat san san ho da duogc trinh bay ¢ trén,
chiu tac dung cua tai trong nén tai dau coc. Két qua khao sat theo 2 phuong
phap mé hinh coc duoc thé hién nhu Bang 3.3 va Hinh 3.5:

Bang 3.3. Tai trong tic dung va ndi luc tai dau coc nhin duoc

- Tai trong nén dau coc (P): -2000,00 | kN | Chénh l&ch (%)
- N6i luc nhan dugce tai dau coc:

+ M6 hinh s6 coc khi sir dung
phan tir dam két hop phan tir khoi

+ MO hinh coc theo phan tr vo | -2000,22 | kN +1,367
00 80 160 240 32,0 40,0 480 56,0
- 0,8
0,7
0,6
0,5
0,4

0,3
- ——Phuong phdp phan tir khéiva dam (2

-1972,66 | kN -0,011

——Phuong phép phan tir vd 0,1

1 1 - 1 - 1 1 1 ) 0’0
Chuyén vi dau coc (mm)

Ty sb tai trong dau coc: Pt/Po

Hinh 3.5. Twong quan giira ti s6 tai trong va chuyén vi dau coc

T két qua trén Hinh 3.5, c¢6 thé thay duong cong twong quan giita
chuyén vi dau coc véi ti s6 cia tai trong tac dung (P,) tang dan trong qua trinh
gia tai voi tai trong 16n nhat (Pg) ciia 2 phuong phap md hinh 1a kha twong
déng. Ngoai ra, tir két qua tinh toan ndi luc dau coc nhan duogc trong Bang 3.3
so sanh véi tai trong tac dung tai dau coc c6 ting va giam do sai s trong tinh
toan, nhung rat nho (0,01% va 1,36%), nén két qua md hinh s theo ca 2
phuong phép 1a phu hop va tin cdy.

Tuy nhién, nhuge diém ciia phuong phap mé hinh sé khi quy d6i tuong
duong mé hinh coc thuc theo phan tir dam két hop phan tir khéi d6 1a lua

chon ty I¢ gitta m6 men khang uén, mé men khang nén cta cdc dang phan tu
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d6 phai thuc hién nhiéu 1an dé tim ty 1¢ phi hop va co sai s6 nhat dinh. Pong
thot, coc 6ng thép co chiéu day thanh coc nho, khi bod sung thém cac cac canh
xoan theo phuong ngang véi tim coc thi viéc xay dung moé hinh sé theo
phuong phéap nay kha kho khan, dac biét dbi voi cac canh xoan gia cuong.

Do vdy, trong ndi dung khao sat cac mo hinh s6 & phan nghién ctu tiép
theo ctia Chuong 3, tac gia Iya chon phuong phap mé phong sé coc éng thép
c¢6 canh xodn va coc 6ng thép tron tron st dung phan tir vo cho ca thanh coc,
dinh, mili coc va cac canh xoan gia cudng. Tong cdng tac gia xdy dung va tinh
toan 16 mo hinh coc dng thép tron tron; 8 mo hinh coc 6ng thép c6 01 canh xoan
va 186 mod hinh coc dng thép c6 2 canh xodn dé phan tich, tong hop sb liéu va
khao sat anh hudng ctia cac tham sd canh xodn trong cac trudng hop khac nhau.

3.3. Khao sat sw 1am viéc ciia coc ong thép c¢é canh xoin chiju tai
trong tinh doc truc

3.3.1. Khdo st 56 lwong va khodng cdch cdnh xodn

Pé danh gia strc chiu tai noéi riéng va su lam viée cua coc 6ng thép co
canh x0in noi chung, tac gia so sanh hiéu qua vé strc chiu tai cia coc co 02
canh xodn so v6i truong hop coc ¢6 01 canh xoan va coc tron tron. Sir dung
cac mo hinh s6 da xay dung & trén dé tinh toan, phan tich két qua khao sat anh
huong cta s6 lugng va khoang cach cac canh cia coc dng thép co canh xoin
chiu tai trong doc truc tai dau coc trong cac truong hop sau:

- Trudng hop (a): coc dng thép tron tron, bit kin dinh va mii coc;

- Trudng hop (b): coc tron nhu trén dugce gia cuong 01 canh & miii;

- Trudng hop (¢): coc ¢6 02 canh sao cho khoang cach ctua canh la S=2d
(d 1a duong kinh ngoai ciia coc) va h/L = 1/1 (h 1a d6 sau vi tri canh xodn
dudi & trén than coc; L 1a chiéu dai coc trong nén);

- Trudng hop (d): coc ¢6 02 canh sao cho S=3d va h/L = 1/1;

- Truong hop (e): coc ¢6 02 canh sao cho S=4d va h/L = 1/1;

- Truong hop (f): coc c¢6 02 canh sao cho S=5d va h/L = 1/1.

Két qua tinh todn tor md hinh da chi ra rang, s6 lugng va khoang cach
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canh xoan anh hudng dén sy phat trién vung bién dang déo trong nén, dong
nghia vdi viéc 1am thay do6i co ché truyén tai cua coc ra nén. Cu thé vdi céac

truong hop khao sat thé hién trén Hinh 3.6 khi chuyén vi dau coc 25,4 mm.

Hinh 3.6. Pham vi pl{zit trién ;fﬁng bién dang‘déo trong nén ciia_cgc tron

tron, coc 1 canh va 2 canh xoéin khi chuyén vi dau coc 13 25,4 mm

O mirc chuyén vi nho, cac canh xodn truyén tai trong bén ra nén cét san
san ho nhu vai tro cta cac dia doc lap. Khi chuyén vi cia coc ¢6 canh X04n
tang 1én (trudng hop u. = 25,4 mm) nhu & trén Hinh 3.6, thi khéi nén trong
pham vi gilta 02 canh phat trién dén gidi han déo ciia vat liéu va khoi nén nay
dich chuyén cung v&i coc va truyén tai trong ra nén nhu mot doan tru dat.
Anh hudng cua sy giam bén ma sét gilta coc voi1 nén tai pham vi nay bi tri¢t
tiéu, strc khang bén ctia doan coc giita cac canh khoi phuc vé gid tri sitc chdng
cit cua nén, nén lam tang dang ké strc chiu tai bén cta coc. Do vay, vai tro
ctia cac canh xodn khéng chi mé rong cuc bo than coc dé tang strc khang phap
tuyén xubéng nén ma con rat hiéu qua trong viéc ting sirc khang bén cia coc.

bicu nay rat c6 y nghia khi thiét ké coc mong cia cac cong trinh c6 tai trong
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gay ra luc nho 16n tac dung Ién méng, dac biét 1a dbi v&i nén cat san san hd ¢6
strc chdng cit rat 1on (goc ma sat trong cao: ¢ = 46,49° va ¢o luc dinh don vi
biéu kién do su gai moc giira cac hat so v6i nén dat rdi théng thudng).

Pé danh gia dinh luong anh huong sd luong va khoang cach cua canh
xodn dén su 1am viéc ciia coc dng thép, tac gia tong hop két qua nghién ciu
vé su phat trién twong quan giita tai trong v6i chuyén vi dau coc trong céc
truong hop md hinh coc dng thép ¢ 2 canh xoin so sanh véi coc ¢6 01 canh
xoan ¢ mili va truong hop coc tron tron ¢ chiéu dai thay ddi twong tng 13
9m; 12 m; 15 m va 18 m. Két qua thé hién trén Hinh 3.7 dén Hinh 3.10:
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Hinh 3.7. Twong quan tai trong va chuyén vi dau coc (dai 18 m chiu nén)
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Hinh 3.8. Twong quan tii trong va chuyén vi diu coc (dai 15 m chiu nén)
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Hinh 3.9. Twong quan tii trong va chuyén vi dau coc (dai 12 m chiu nén)
0 -500 -1000 -1500 -2000 -2500 -3000 -3500 -4000
0.0 | | | | S S
’é\ > === Coc tron tron dai 9 m
g 100 - \ = Coc c6 01 canh xodn
S ‘= Coc02canh,S=12m
5 200 N oS -Zim
= | ’ oc 02 canh, S=2,4m:
€ 300 | N SN —Coe02cinhS=30m
o > N \\
> 1 \ . \
&5 40,0 - \ N
= | \\ N
S 50,0 - \ NS
| \ S
£0.0 [Pc] \ 1,6[Pc " ONTN\2,4[Pe]

Tai trong dau CQ; (kN)
Hinh 3.10. Twong quan tii trong va chuyén vi dau coc (dai 9 m chiu nén)
Két qua phan tich do thi quan hé gitta tai trong va chuyén vi dau coc khi
chiu nén doc tryc trén cac Hinh 3.7 dén Hinh 3.10, c6 thé nhan thiy anh
hudng clia canh xoan lam thay d6i dang ké ung xir ciia coc. Trong truong hop
coc tron khong ¢ canh, d6 cimg chdng chuyén vi dau coc (ti sd giita tai trong
va chuyén vi du coc) bat dau suy giam khi chuyén vi dau coc vuot khoang 2
lan chuyén vi gidi han cua suc khang ma sat gitra vat li€u coc va nén cat san
san ho. Trong khi d6, voi coc cd canh xodn thi do ctimg chéng chuyén vi dau
coc gidm it hon dang ké, dic biét 1a khi coc ¢6 02 canh xodn.
Stic chiu tai nén cua coc ¢ 01 canh xodn ¢ chuyén vi cuc han ([U.] =
60mm) tang tu 1,5 dén 1,6 14n so vé&i coc tron tron, va tang manh dbi voi

truong hop coc ¢6 02 canh xodn thi strc chju tai tang 1én tur 1,9 dén 2,4 1an.
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Hinh 3.11. Twong quan tii trong va chuyén vi dau coc (dai 18 m chiu nho)
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Hinh 3.12. Tuong quan tai trong va chuyén vi diu coc (dai 15 m chiu nhd)
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Hinh 3.13. Tuong quan tai trong va chuyén vi diu coc (dai 12 m chiu nhd)
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Hinh 3.14. Twong quan tai trong va chuyén vi diu coc (dai 9 m chiu nho)

Truong hop coc chiu nhd, su anh huéng cua cac canh X04n tang lén kha
16n. Két qua nghién ctru thé hién trén cac Hinh 3.11 dén Hinh 3.14, d6i véi
coc tron tron khi ting chuyén vi ddu coc tir 50% chuyén vi cuc han nhung tai
trong dau coc hau nhu khong cé sy thay dbi dang ké, chimg t6 da vuot qua
sttc khang cua coc. Nhung trudng hop coc c¢6 canh xoan (ké ca coc 01 canh
don ¢ mii1) khong xdy ra hién trugng nay.

Khi chiu kéo, strc chiu tai ctia coc ¢6 2 canh xodn ¢ chuyén vi cuc han
tang nhanh so voi trudng hop coc ¢6 1 canh va tang rat 16n so véi coc tron
tron (tr 2,6 dén 3,9 1an). Nguyén nhan 1a do truong hop coc c6 2 canh xoan
da phét huy strc khang bén ting va hiéu qua tir sitc chéng cat 16n gilta nén véi
nén cat san san ho (goc ma sét trong 16n), trong khi doan coc tron tron twong
g thi strc khang bén dugc phéat huy tir sitc khang ma sat gitta coc va nén
nho. Strc chiu tai ciia coc co canh xoan ting khi tang chuyén vi dau coc dén
chuyén vi cuc han, nhung truong hop coc tron tron stic chiu tai ctia coc ting
cham. Do d0, tac gia kién nghi thiét ké cau hinh coc 6ng thép tir 2 canh xodn
gia cuong trd 1én nham ting stc khang dbi voi cac cong trinh trén khu vuc dia
chit nén cat san san hd hodc c6 ciu tric dang dia chat tuong tu nén san ho.

Pé danh gid anh hudng cua khoang cach canh dén strc chiu tai caa coc,
tac gia tong hop sé liéu khao sat va xay dung cac do thi tuong quan giira tai
trong dau coc véi ty 16 khoang cach canh va duong kinh coc (S/d) ¢ chuyén vi
g161 han (Ug, =25,4 mm - hinh a) va chuyén vi cuc han ([U.] =60mm - hinh



80

b), két qua khao sat thé hién trén cac Hinh 3.15 dén Hinh 3.18.
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Hinh 3.18. Bién thién tii trong dau coc ciia coc dai 9 m

Tir két qua trinh bay trén cac Hinh 3.15 dén Hinh 3.18 cho thiy, su thay
doi tai trong dau coc cua cac coc co chiéu dai khac nhau ¢ ca truong hop
chuyén vi gi6i han Ug, va chuyén vi cu han [U.] ting khong dang ké khi ty 1é
giita khoang cach canh xoan va duong kinh coc S/d > 4,0, nhung tai trong dau
coc giam nhanh khi S/d < 3,0. Do vay, tac gia kién nghi khoang cach hiéu qua
giita cic canh xodn lyc chon trong khoang tir 3 dén 4 lan dudng kinh ngoai
ctia coc (twong tmg ty 18 S/d = 3,0 dén 4,0).

3.3.2. Khdo sdt dp siu vi tri cdnh xodin trén thin coc

Pé danh gid anh hudéng dd sau vi tri canh x04n trén than coc (luan an viét
gon lai 1a: chiéu sau canh xoén) dén stc chiu tai cua coc, trén co s& do kién
nghi lya chon vi tri cdnh xoan hop 1y, tac gia tién hanh mo hinh s cac bai
toan khao st coc dng thép c6 02 canh xodan dudng kinh D =2d = 1,2 m va
khoang cach cta canh 1a S sao cho S/d = 4 nhu d3 kién nghi & phan 3.3.1.
Nhung vi tri ctia 02 canh thay doi doc theo chiéu sdu coc trong cac truong
hop sau: Truong hop (a): ty s6 h/L = 1/1 (trong d6: h 1a d6 sau vi tri canh trén
than coc, h = 16,8 m; L chiéu dai cta coc trong nén cat san san hd); truong
hop (b): ty s6 h/L = 7/8 (h = 14,875 m); trudng hop (c): ty s6 WL = 3/4 (h =
12,750 m); truong hop (d): ty s6 /L = 2/3 (h = 11,333 m); trudng hop (e): ty
s6 /L = 1/2 (h = 8,50 m); trudong hop (): ty s6 h/L = 1/2,5 (h = 6,80 m);
truong hop (g): ty s6 /L = 1/3 (h = 5,667 m); truong hop (z): ty s /L = 1/4
(h = 4,25 m); truong hop (i): ty s6 h/L = 1/5 (h = 3,40 m).
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Téng hop két qua phat trién ving bién dang déo trong cac truong hop
khéo sat dugc trinh bay trén Hinh 3.19.

@ m O @ ©  ® 10 )
Hinh 3.19. Pham vi phat trién ving bién dang déo trong nén ciia cc coc 2
canh xoin dai 18 m khi chuyén vi dinh coc 25,4 mm

Két qua cho théy, tai cac vi tri cua canh xodn doc theo chiéu sau coc,
vung bién dang déo phat trién & mit bén coc, mili coc va xung quanh pham vi
khéi nén giira 2 canh xodn. Tuy nhién, pham vi anh huéng ra xung quanh c6
su khac nhau nén can xem xét lya chon khoang cach cua céac coc 6ng thép co
canh xodn trong mong coc hop 1y va xét t6i anh hudng cua hiéu tng nhom
coc trong cac hudng nghién ctu tiép theo.
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Hinh 3.20. Twong quan tai trong va chuyén vi dau coc (coc dai 18 m chiu nén)
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Hinh 3.21. Twong quan tii trong va chuyén vi dau coc (coc dai 15 m chju nén))
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Hinh 3.22. Twong quan tii trong va chuyén vi dau coc (coc dai 12 m chiu nén)
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Hinh 3.23. Twong quan tii trong va chuyén vi dau coc (coc dai 9 m chiu nén)
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Két qua trén d6 thi hinh Hinh 3.20 dén Hinh 3.23 tic gia nhan thay, khi
coc chiu nén doc truc, vi tri cua canh xoin trong pham vi khdo sat anh hudng
khong dang ké dén do cung chéng chuyén vi dau coc va stre chiu tai hodc stc
khang cua coc, su khac biét chi khoang 5% dén 10% khi coc dat dén chuyén
vi cuc han tai dau coc.

Khi chiu nho, su khac biét nay phan anh rd rang va kha lon, thé hién trén
cac d6 thi tir Hinh 3.24 dén Hinh 3.27. Do dic trung chdng cit ctia nén san ho
gém c6 gbc ma sat trong va luc dinh don vi biéu kién [5], cac tham sd nay kha
cao so voi nén cat thong thuong nén khi mot phﬁn nén bi dich chuyén theo
canh s€ bi ngdn can badi stic khdng ma sat cia ban than vat liu cat san san ho,
gia tri nay 1én hon so véi strc khang ma sat gitra vat liéu coc véi nén.
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Hinh 3.24. Twong quan tii trong va chuyén vi diu coc (coc dai 18 m chiu nho)
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Hinh 3.25. Twong quan tii trong va chuyén vi dau coc (coc dai 15 m chju nhd)
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Hinh 3.26. Twong quan tii trong va chuyén vi diu coc (coc dai 12 m chiu nho)
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= 30,0 - \
= kY
: 40,0 - N
e(g‘ \\
E 50,0 (N
\
© [Pc]s. 1,8[Pc|

60,0
0 500 1000 1500 2000 2500 3000 3500

Tai trong dau coc (kN)
Hinh 3.27. Twong quan tii trong va chuyén vi dau coc (coc dai 9 m chiu nhd)

Céac do thi tuong quan tai trong va chuyén vi dau coc khi coc chiu kéo tir
Hinh 3.24 dén Hinh 3.27 cho thdy, vi tri canh xodn anh hudéng dang ké dén do
cting chéng chuyén vi dau coc va sirc chiu tai cta coc. Vi tri canh xodn cang
sau thi suc khang nhd cta coc cang lon v6i1 su khac biét co thé tir 1,7 dén 2,1
lan tai chuyén vi cuc han dau coc, su gia tang hiéu qua khong déu. Khi do sau
canh xoén trén than coc 16n hon 1/2 chiéu sau ha coc trong nén thi hiéu qua
gia ting strc khang nho bat dau tang it dan.

Phan tich anh hudng d6 sau vi tri canh xodn dén stre chiu tai cua coc, tac
gia tong hop s6 lidu khao sat va xay dung cac do thi twong quan giira tai trong
dau coc voi ty 1€ do sau vi tri canh va chiéu siu coc (h/L) & chuyén vi gid1 han
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(Ugh =25,4 mm) va chuyén vi cyc han ([U.] =60,0 mm), két qua khao sat thé
hién trén d6 thi Hinh 3.28 dén Hinh 3.35:
3000

2000 -

1800 ‘ : i
0,1 02 03 04\05 06 07 0,8’ 0,9 1p 1,1

________\__r

Ty 1€ do sau vi tri canh va chiéu sau coc (h/L)

Tai trong dau coc (kN)
[\
B
S
()

Hinh 3.28. Bién thién tii trong dau coc ciia coc dai 18 m khi Ugn= 25,4 mm

5000 4738 = === 47— — — <
4572 4654 46031 ~ 4579

4500 D 14712 4657 1 4270
4000 -
3500 -
3000 -
2500 -
2000

Tai trong dau coc (kN)

0,1 02 03 04 \05 06 07 08’09 10 1,1

Ty 1¢ d0 sau vi tri canh va chiéu sau coc (h/L)

Hinh 3.29. Bién thién tii trong dau coc ciia coc dai 18 m khi [U]= 60 mm

2600 2417 » -~~~ T - -7 °~°
2335 - RN
o | 234
< 2200 - ! 2336
o.
© 2000 -
|

= 1800 - :
§ 1600 |
;g 1400 | 1496 : "—+—Co¢ 15 m chiu nén | |
= I kf!T,C,Q!%liD-,m,ChlU,k@Q,}

1200 . = ‘

0,1 02 03 04 \05 06 07 08/ 0,9 1,0 1,1

—_—— - ———

Ty 1€ do sau vi tri canh va chiéu sau coc (h/L)
Hinh 3.30. Bién thién tai trong dau coc ciia coc dai 15 m khi Ugh=25,4 mm
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4800
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4000 -
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3200 -
2800 -
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2000 -
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Tai trong dau coc (kN)
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0,1 02 03 04 \05 06 07 08/ 09 1,0 1,1

Ty 1& d6 sau vi tri canh va chiéu sau coc (h/L)

Hinh 3.31. Bién thién tii trong dau coc ciia coc dai 15 m khi [UJ] = 60 mm
2400

[\®)
\®)
S
je)
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\S]
[u—
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[
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S

Tai trong dau coc (kN)
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1
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0,1 02 0,3 0,4 Q5 06 07 0& 0,9 1,0 1,1

Ty 1& d6 sau vi tri canh va chiéu sau coc (h/L)

Hinh 3.32. Bién thién tai trong dau coc ciia coc dai 12 m khi Ugn= 25,4 mm
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3800 1 14069 4083 1
3965
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1400 T T 1 T —_— ‘” — il pooooe-

0,1 02 03 04 ‘0,5 0,6 07 0,8 09 1,0 1,1

\—————————’

Tai trong dau coc (kN)

——Coc '12 m chiu nén

Ty 1& d6 sau vi tri canh va chiéu sau coc (h/L)

Hinh 3.33. Bién thién tai trong diu coc ciia coc dai 12 m khi [U]= 60 mm
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d L= e,
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Ty 1¢ do sau vi tri canh va chiéu sau coc (h/L)

Hinh 3.34. Bién thién tii trong diu coc ciia coc dai 9 m khi Uy, = 25,4 mm
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S 3200
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B 2800
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i LT TTTT 3@ TN
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4 " 1
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Ty 1¢ d6 sau vi tri canh va chiéu sau coc (h/L)

Hinh 3.35. Bién thién tii trong dau coc ciia coc dai 9 m khi [U]= 60 mm
Két qua thé hién trén dd thi cac Hinh 3.28 dén Hinh 3.35 c6 thé thay, khi

coc chiu tai trong nén, vi tri canh xoan anh hudng khong nhiéu dén chuyén vi

dau coc va strc chiu tai cua coc, sy khac bi¢t chi khoang tir 1,05 dén 1,1 lan

khi coc dat dén chuyén vi gidi han dau coc.

Su khac biét thé hién rd rét khi coc chiu tai trong kéo, vi tri cdnh xodn

cang sau thi strc khang nhd cta coc cang 16m véi sy khac biét ¢o thé dén tu 1,7

dén 2,1 lan, nguyén nhan 1a do cé sy khac bi¢t vé stic khang nho cua coc cod

canh xoan khi chiu nén va chiu nhd. Khi chiu nén thi stc khdng miii phy

thudc khong dang ké vao vi tri cdnh xoan, ma phu thuc phan 16n vao cuong
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dd ctia nén cat san san ho. Tuy nhién, khi chiu nhd thi d6 16n suc khang miii
phu thudéc vao do sau vi tri canh X04n, cang gén bé mit nén thi stc khang
canh xodn s& giam do 4ap lyc nén cat san san ho giam dan. Pong thoi, luc ma
sat thanh bén ciing giam do 4p luc nén ciia nén giam. Do vdy, stic chiu tai cta
coc ¢6 canh xoan khi chju nhd khac nhau 16n khi d6 sau vi tri canh xon thay
ddi. Su gia tang hiéu qua khong déu, khi do sdu canh xodn trén than coc 1én
hon 1/2 chiéu sau ha coc trong nén thi hiéu qua gia ting stc khang nho bat
dau ting it. Tuy nhién ciing can luu ¥ vé mat thi cong ha coc ¢d canh xodn
trong nén hdn hop nhu nén trdm tich cat san san ho thi do sau canh cang 16n
thi cang kho khan trong qua trinh thi céng. Do d6, khuyén nghi chi nén bd tri
d6 sau canh trong khoang 1/2+4/5 chiéu sau ha coc trong nén cat san san ho
hoac cac dang nén co ciu trac dia chat tuong tu.

Ngoai ra, tir 6 thi phat trién pham vi ving bién dang déo xung quanh
coc, dac biét 1a sy mo rong vung bién dang déo ¢ doan coc c6 canh X04n can
dugc quan tdm khi bd tri cac coc don trong méng coc va xét téi hiéu ung
nhom trong trong cac hudng nghién ciru tiép theo.

3.3.3. Khao sdt dwong kinh va buéc cdnh xodn

Trén co s& tham s6 md hinh coc va nén theo bang Bang 3.1 dén Bang
3.2, xay dung cac md hinh s6 va tinh toan ctia coc c¢6 02 canh xoan gia cuong
sao cho khoang cach cia canh 1a S = 4-d = 2,4 m; chiéu sau canh dudi trong
nén 1a z sao cho: z/L = 3/4. Nhung c6 duong kinh canh va budc canh thay doi
sao cho ty 1¢ gilta duong kinh canh (D) va duong kinh cta coc (d) 1a D/d =
1,5; 2,0; 2,5 va 3,0 (twong ung duong kinh canh D = 0,9 m; 1,2 m; 1,5 m; va
1,8 m). Mdi trudng hop duong kinh canh trén xét tuong ung sy thay doi budc
canh sao cho ty sd giita budc canh (H) va duong kinh coc 13 H/d = 0,5; 0,833
va 1,167 (twong ung budc canh 1a H= 0,3 m; 0,5 m; va 0,7 m).

Pé danh gia anh hudng cua duong kinh canh va budc canh, tic gia so
sanh strc chiu tai cia coc c6 2 canh xoan trong cac trudng hop khao sat trén

v6i truong hop coc tron tron ¢6 chiéu dai 1a: L, = 18 m. Két qua mo hinh sd



90

bai toan khao sat duoc tong hop va thé hién trén Hinh 3.36 dén Hinh 3.38:
-200 -800 -1400 -2000 -2600 -3200 -3800 -4400 -5000

e 0,0 ) === Coc tron tron dai 18 m |
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1 £ - ——D=3,0d=1.8 m; H=0,3 m

1% 30,0 N

; i \\

= 40,0 \

~«<@Q

= ] \\

6 50,0 T \ 'c]
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Tai trong dau coc (kN)
Hinh 3.36. Twong quan tii trong va chuyén vi dau coc khi H=0,3 m
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Hinh 3.37. Twong quan tii trong va chuyén vi diu coc khi H=0,5m
-200 -800 -1400 -2000 —2600 -3200 —3800 —4400 —5000

0,0 i —t+——+—— >t

’é g ---Coc tron tron da1 18 m
g€ 10,0 D=1,5d=0,9 m; H=0,7 m
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’(c:g 1 —— D=3,0d=1,8 m; H=0,7 m
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o |
£ 40,0

3 |

é 50,0 1 )

O 1 [Pc]

60,0 -
Tai trong dau coc (kN)

Hinh 3.38. Twong quan tii trong va chuyén vi diu coc khi H=0,7 m
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Téng hop tai trong dau coc khi xét anh hudng ciia dudng kinh canh trong
cac truong hop budc canh H = 0,3 m; 0,5 m va 0,7 m dugc trinh bay trén

Béang 3.4 va Bang 3.5.

Bang 3.4. Tong hop tai trong dau coc & chuyén vi giéi han

Budc canh Dbuong kinh canh D/d (m)

H/d (m) 1,500 2,000 2,500 3,000
0,500 -2.357,18 | -2.584,41 | -2.632,38 | -2.647,24
0,833 -2.350,42 | -2.577,62 | -2.639,21 | -2.657,98
1,167 -2.341,36 | -2.584,27 | -2.646,56 | -2.668,78

Biang 3.5. Tong hop tai trong dau coc ¢ chuyén vi cwe han
Budc canh Duong kinh canh D/d (m)

H/d (m) 1,500 2,000 2,500 3,000
0,500 -3.981,54 | -4.569,02 | -4.787,46 | -4.853,72
0,833 -3.971,49 | -4.560,45 | -4.801,06 | -4.874,58
1,167 -3.944,84 | -4.566,44 | -4.808,24 | -4.886,35

D6 thi twong quan giita ty 1& duong kinh canh va duong kinh coc voi tai

trong dinh coc trinh bay trén Hinh 3.39.

-2700 -5000
Z 2099 647 Z
= 22620 =2 -4780
(] Q
S 5540 . 84560
= =
<3 <3
S 2460 | E‘ 4340
& —e—F=0,3m S -4120
= 2380 e Ho0sm 357y 2341 g
= —=—H=0,7m =~ -3900

'2300 I I I I I I I I

32 28 24 20 16 1.2 32 28 24 20 1,6 12

(a) Ty 1¢ D/d (b) Ty 1¢ D/d

Hinh 3.39. Bién thién tai trong diu coc theo dwong kinh cinh
(Hinh a - triong hop chuyén vi gi6i han 25,4 mm; Hinh b - truong hop
chuyén vi cuc han 60,0 mm)
Céc két qua thé hién trén d6 thi tir Hinh 3.36 dén Hinh 3.39 cho théy, &

mdi truong hop bude canh khac nhau thi strc chiu tai cua coc tang ti 1€ thuan
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v6i sy tang dudng kinh cta canh xodn. Pic diém anh hudng nay thé hién rd
nét khi duong kinh canh xoan 16n hon 2 1an duong kinh cta coc so véi trudng
hop duong kinh cta canh bang 1,5 lan duong kinh ctia coc. Nhung khi ty 16
nay 16n hon 2,5 14n thi strc chiu tai cua coc tang 1én nho. Do vay, tac gia kién
nghi duong kinh cua canh cé thé lya chon tir 2 dén 3 1an duong kinh cta coc.

Pé danh gia anh hudng cua budce canh (H) hay chiéu cao mot vong canh
xodn, tac gia tién hanh khao sat cac truong hop budc canh sau: H = 0,3 m;
0,5m va 0,7 m. Mdi trudng hop budc canh can 1ap mé hinh sé voi dudng kinh
cua canh thay ddi khac nhau: D=0,9 m; 1,2 m; 1,5mva 1,8 m (téng cong 12
mo hinh sd). Sau d6 so sanh voi truong hop coc tron tron dai 18 m dé nhan
xét va danh gia. Két qua duoc thé hién trén cac Hinh 3.40 dén Hinh 3.43.

-200  -800 -1400 -2000 -2600 -3200 -3800 -4400 -5000

/é\ 0,0 ! | ! L | 1 1 1 L F”l 77777 E— Ll 1
g ===Coctrontrondai 18 m
= 10,0 - : | D=0,9 m; H=0,5d=0,3 m |
s 200 - \ =+ =D=0,9 m;H=0,83d=0,5m |
3 ] “  ——D=0,9 m;H=1,17d=0,7 m |
. 30,0 - D b Vet e e R
> J \

£ 40,0 N

2> 1 \

= 50,0 - \

O ] [Pe]Y, 1,7[Pc]

60,0
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Hinh 3.40. Twong quan tii trong va chuyén vi dau coc khi D = 1,5d
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Tai trong dau coc (kN)
Hinh 3.41. Twong quan tii trong va chuyén vi dau coc khi D = 2,0d
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Hinh 3.42. Twong quan tii trong va chuyén vi dau coc khi D = 2,5d
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Hinh 3.43. Twong quan tii trong va chuyén vi dau coc khi D = 3,0d
Téng hop anh hudng ctia budc canh dén sy lam viéc cia coc cai tién
trong cac truong hop dudng kinh canh thay doi theo ty 1& D/d=1,5; 2,0; 2,5 va
3,0 duoc thé hién trén Bang 3.4, Bang 3.5, Hinh 3.44:
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Hinh 3.44. Bién thién tai trong dau coc theo buéc canh
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Két qua khao sat nhan dugc trén cac d6 thi tir Hinh 3.40 dén Hinh 3.44
cho thdy, dudng cong tuong quan giira ty 1& budc canh va duong kinh coc véi
tai trong tai dau coc c6 do déc kha nho (gan nhu nim ngang), ching to stc
chiu tai cua coc voi cac budc canh khac nhau co6 sy thay ddi nho. Do d6, budc
cach trong bai toan khao sat anh huong khong dang ké dén stc chiu tai cua
coc 6ng thép c6 02 canh xodn trong nén cat san san ho.

3.4. Khao sat s 1am viéc ciia coc 6ng thép c¢é canh xoin chju dong
thoi tai trong tinh doc truc va ngang

Trong phéan 3.3, tac gia da khao sat va kién nghi cau hinh hop 1y cta coc
6ng thép khi duoc gia cudng cic canh xodn. Tuy nhién, cac trudng hop khao
sat ndy moi xét trudng hop coc 6ng thép chiu tai trong tinh doc truc ma chua
danh gid anh hudng cua tai trong ngang. Trong khi dé cac cong trinh xay
dung trén cac khu vuc nén cat san san ho, ngoai cac yéu td tac dong chu yéu
lam coc chiu tai trong doc truc thuong xuyén, con co thé xay ra truong hop tai
trong tirc thoi theo phuwong ngang do séng, gio, dong chay, 1am cho coc 6ng
thép khi st dung trong cac cong trinh nay cé thé chiu déng thoi cua tai trong
doc truc va tai trong ngang.

Pé khao sat sy 1am viée cia coc 6ng thép c6 canh xoan khi chju tai trong
theo phuong ngang ddng thoi véi doc truc, tac gia xét coc chiu chuyén vi
cudng buc doc truc tai dau coc nhu ph?m trén va chiu chuyén vi cudng burc
gidi han theo phuong ngang cta coc theo kién nghi ctia Vii Cong Ngit twong
tmg 14 10 mm [5]. Véi chuyén vi ngang gii han ndy, tac gia xac dinh dugc tir
két qua phan tich mo hinh sé tai trong gidi han theo phuong ngang (Pghn)
tuong tng cac truong hop coc 6ng thép cd cac chiéu dai khac nhau (truong
hop coc dai 18 m: Py, = 140 kN khi chiu keéo va -152,1 kN khi chiu nén; coc
chiéu dai 15 m: Pgin = 139 kN khi chiu kéo va -152,2 kN khi chiu nén; coc co6
chiéu dai 12 m: Pgnn = 138 kN khi chiu kéo va -152,5 kN khi chiu nén).

V& mé hinh nén cat san san ho tuong tu nhu phﬁn 3.3 trén, d6i véi coc
6ng thép chi khao sat truong hop coc duong kinh 0,6 m ¢6 2 canh xoén véi do
sdu vi tri canh xoan theo pham vi kién nghi & trén tir 1/2 dén 4/5, nén trong
truong hop nay tac gia chon bang 3/4 lan chiéu dai cla coc trong nén, chiéu
dai coc thay ddi theo cac dd manh khac nhau (Le=18m; 15m; 12 m va 9 m).
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Két qua khao sat tong hop trén dd thi cac Hinh 3.45 d¢én Hinh 3.52:
0 -600 -1200 -1800 -2400 -3000 -3600 -4200 -4800

0,0
10,0
£ 20,0
30,0 -
40,0 -

50,0
\\ [Pc] 1,9[Pc]

60,0 - , ‘ Y
Tai trong dau coc (kN)

@ == Coc tron tron dai 18 m
' —%— Coc 02 canh; S=2,4 m; h/L=3/4:

coc (mm)

én vi dau

Chuy

Hinh 3.45. Twong quan chuyén vi véi tai trong dau coc dai 18 m khi chiu
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Hinh 3.46. Twong quan chuyén vi véi tai trong dau coc dai 15 m khi chiju
nén doc truc va ngang df‘)ng thoi
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Két qua trén d6 thi cac Hinh 3.45 dén Hinh 3.48 cho thiy, khi chiu dong
thoi nén doc truc va theo phuong ngang thi strc chiu tai tng véi chuyén vi cuc
han ([U,] = 60,0 mm) cta coc 6ng thép c¢6 02 canh xodn ting tir 1,9 dén 2.3
14n s0 véi coc tron tron ¢6 cung mo hinh tinh toan. Chtng to hiéu qua rat 16n
tir viéc phat huy sttc khdng ma sat bén va miii ctia doan coc ¢ 2 canh xo0in so
v6i doan coc tron tron truyén thong.

Dbi véi truong hop coc chiu nhd va tai ngang dong thoi, d6 thi twong
quan tai trong va chuyén vi dinh coc cua coc ¢6 2 canh xodn so véi coc tron
tron dugc the hién tir Hinh 3.49 dén Hinh 3.52.
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Hinh 3.49. Twong quan chuyén vi véi tai trong dau coc dai 18 m khi chiju
nhé doc truc va ngang dong thoi
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Két qua nhan duogc trén dd thi twong quan giita tai trong va chuyén vi
dau coc tir Hinh 3.49 dén Hinh 3.52 trong truong hop coc chiu nhd va tai
trong phuong ngang dong thoi cho thdy hiéu qua vé sirc chiu tai cuc han cia
coc dng thép ting 18n rat 16n tir 2,6 dén 3,6 1an so véi coc tron tron cé chiéu
dai, duong kinh twong tmg. K&t qua nghién ciru cling phan anh dugc hiéu qua
vé strc chiu tai cua coc trong trudng hop chiu nhd doc truc va tai ngang dong
thoi 10n hon trudng hop coc chiu nén va tai ngang dong thoi.

3.5. Két luan chwong 3

Mic du luan an chua thé nghién ctru thuc nghiém coc éng thép c¢6 canh
xoan lam viéc trong nén san ho trén mo hinh vat 1y. Nhung voi ndi dung da
thuc hién trén mo hinh sb va cac két qua nghién curu da dat duogc, tac gia luan
an rut ra két luan chinh ctia chuong 3 nhu sau:

1) Lam sang to sy lam viéc ciia coc dng thép co canh xoan khi xét anh
huong s6 lugng va khoang cach canh xodn dén strc chiu tai giéi han va cuc
han ctia coc c6 tir 01 dén 02 canh xoén so véi coc tron tron truyén thong. Tir
sy thay ddi stre chiu tai cta cac coc khi chiu nhd va nén khac nhau, tac gia
kién nghi c6 thé tham khao thiét ké tir 2 cdnh xoan trd 1én va khoang cach cia
canh xoan hiéu qua, hop 1y tir 3 dén 4 1an duong kinh cua coc khi coc dng
thép c6 canh xodn xay dung trong nén cat san san hd co cip phdi va do chit
trong gidi han nghién ctru;

2) Panh gia anh hudng cta do sau vi tri canh xoan trén than coc tuong
g ty 18 gitta do sau canh dudi va chiéu sau coc trong nén 1a 1/1; 7/8; 3/4;
2/3; 1/2; 1/2,5; 1/3; 1/4 va 1/5 dn sy lam viéc cia coc ong thép co 2 canh
xoan. Kién nghi vi tri canh trén than coc hi€u qua ca vé khia canh 1am viéc
cua coc cling nhu yéu t6 thuan loi khi thi cong ha coc co thé tham khao trong
khoang 1/2+4/5 chiéu sau coc trong nén cat san san hd nghién ciru;

3) Lam rd sy 1am viéc cta coc dng thép co 2 canh xodn khi thay dbi
duong kinh canh xoan trong cac trudng hop ty 1¢ gitta duong kinh canh xoin

vo1 duong kinh ngoai cua coc 1a: 1,5; 2,0; 2,5; 3,0. Kién nghi dé hai hoa sure
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chiu tai va kha nang ha coc trong nén cat san san hd, co thé tham khao lua
chon dudng kinh canh xoan khoang tir 2-:-3 1an duong kinh cua coc;

4) Budc canh anh hudng khong dang ké dén stic chiu tai ctia coc dng
thép c6 02 canh x04n noi riéng, su lam viéc cua coc noi chung. Kién nghi, tuy
diéu kién phan bd dia chét nén cat san han ho cu thé va tham khao két qua
nghién ctru su lam viéc cua coc dé lya chon budge canh phu hop thuc tién;

5) Stre chiu tai cuc han cua coc éng thép co 2 canh x04n tang tur 1,9 dén
3,9 1an khi coc chi chiu tai doc truc; tang tor 1,9 dén 2.3 1an khi coc chiu nén
doc truc va ngang dong thoi; trong khi d6 khi chiu nhd doc truc va ddy ngang
déng thot thi stre chiu tai tang tur 2,6 dén 3,6 lan. Nguoc lai, coc 6ng thép c6 2
canh xo0dn co thé giam chuyén vi cuc han dau coc tr 2,8 dén 6,3 14n so véi
coc tron tron khi xét cung gid tri tai trong. Do d6, coc dng thép co 2 canh
xodn lam viéc rat hiéu qua trong nén cat san san ho, khu vuc ma coc 6ng thép
khong chi chiu tai trong thudng xuyén theo phuong doc truc ma con c6 thé
chiu tai trong tirc thoi theo phuong ngang;

6) Can tiép tuc dinh huéng nghién ciru tiép theo bang phuong phap thuc
nghiém coc 6ng thép c¢6 canh xoan trén moé hinh vat 1y thu nho trong phong
thi nghiém, hoac thuc nghiém truc tiép coc thuc ¢ hién trudong nén cat san san
ho trén cac dao xa bo. Lam co so khoa hoc kiém chimg va rat ra nhitng danh

gia, két luan, kién nghi khach quan, phu hop thyc tién.
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Chuong 4. NGHIEN CUU UNG XU CUA CQC ONG THEP CO CANH
XOAN XET DEN BIEN DPONG THAM SO NEN CAT SAN SAN HO

Trong chuong ndy, tic gia su dung ngodn ngit lap trinh phan mém
MATLAB Version 7.6.0.324 dé xay dung chuong trinh tinh toan sirc chiu tai
ctia coc nham danh gid tng xtr ctia coc ong thép co canh xoan xét dén su bién
dong cac tham $6 ngau nhién nén cat san san ho da duoc xac dinh gia tri trung
binh bang phuong phap thuc nghiém ¢ chuong 2. Két qua nghién ctu cia
chuong 4 13 xac dinh dugc cac ham hdi quy bac 4 danh gia ung xir clia coc
6ng thép co canh xodn trong nén cat san san ho qua strc chiu tai cho phép va
suc chiu tai cyc han cua coc. Trong do, goc ma sat trong, goc ma sat ngoai va
trong luong thé tich & trang thai bao hoa bién dong mdt khoang hiru han.

4.1. Pit van dé nghién ciru

Céc két qua nghién ctru dat duoc ¢ Chuong 3 di 1am sang to hiéu qua rat
16n vé su lam viéc cta coc 6ng thép ¢ canh xodn gia cudng so véi coc dng
thép tron tron truyén thong. Kién nghi duoc cic tham sb canh xoan hop 1y
nhu: sb luong, khoang cach, do sau, duong kinh va budc canh x04n trong
diéu kién, pham vi nghién ctru 13 coc 6ng thép trén nén cét san san ho. Tuy
nhién, han ché cua bai toan nghién ctru theo phuwong phap PTHH & chuong 3
la chua phan anh dugc sy lam vi¢c cta coc khi xét dén su bién dong céac tham
s6 ngau nhién ctia nén cat san san ho trong qua trinh khai thac coéng trinh.

Trong khi d6, két qua nghién ctru vé nén san ho ciia cac nha khoa hoc da
cong bd cho thay su phan tan cta tham sb nén [2], [6], [9], dic biét 1a gbc ma
sat trong, trong lugng thé tich, ma sét gilra cat san san ho vai bé mat thép lam
coc. Ngoai ra, trong qua trinh khai thac cong trinh chiu tac dung cua tai trong
theo tho1 gian va co thé co tinh 1dp, 1am cho strc khang ma sat ctia nén cat san
san ho suy giam nhu két qua nghién ciru thyc nghiém & chuong 2. Pong thoi,
thanh phan hat ctia hdn hop vét liéu cat san san ho con c6 thé bi vd sau qua
trinh chiu tai, 1am cho cip phdi va dic trung tham sd ctia nén cét san san hod
trude va sau moi giai doan chiu tai co su bién dong. Do do, tham sb6 nén san
hé néi chung, nén cat san san hod noi riéng co thé thay d6i ngiu nhién theo

thoi gian khai thac cong trinh do tac dong cua nhiéu yéu to.
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Tir phan tich trén, tac gia nhan thiy su bién dong ngiu nhién cua céac
tham sd cat san san ho c6 thé do mot s6 nguyén nhan co ban nhu sau:

— Tinh phan tan ngiu nhién cta vat liéu san ho, su phan b khéng dong
déu vé dia chat tai mdi hd khoan va & cée vi tri hd khoan khac nhau trén pham
vi rat 16n thudc vung bién dao xa bo tinh Khanh Hoa [2], [6];

— Tac dong cia yéu td chi quan trong qua trinh thi nghiém cac tham sb
vat liéu cat san san hd nhan dugc két qua c6 dac diém phan tdn nhu da trinh
bay trong chuong 2. Ngoai ra su thay doi dic trung co 1y ctia nén cat san san
hé do sy bién dong cua ciu trac dia chit sau khi ha coc éng thép on dinh
trong nén cat san san hé so véi trude khi thi cong ha coc;

— Duéi tac dong cta cac yéu to khac nhau trong qua trinh lam viéc cta
coc 6ng thép co6 canh xodn, dic biét 1a chiu tai trong co tinh 1dp va su thay doi
ngau nhién cia tai trong so voi tai trong tiéu chuan thiét ké, 1am cho suc
khang ma sat cia nén cét san san hd nhu két qua thi nghiém cat lip trong
chuong 2 hodc suc chiu tai cua coc cling co su thay doi theo thoi gian khai
thac va tudi tho thiét ké cong trinh [6].

Do cac tham s6 nhan dugc tir két qua thi nghiém 16n, nén tac gia gidi han
pham vi nghién ctru sy bién dong cta 3 tham bién ngiu nhién quan trong co
anh huong 16n dén két qua tinh toan Gmg xtr va sttc khang cta coc dng thép,
bao gdm: Goc ma sat trong va trong luong thé tich ¢ trang thai bdo hoa cia
cat san san hd, goc ma sat ngoai cia cat san san hd véi bé mat thép 1lam coc
6ng thép, trong do:

— Goc ma sat trong cua cat san san ho: 1a tham s6 anh hudng dén sirc
khang bén ctia doan coc 6ng thép co canh xoan.

— Goc ma sat ngoai gilta cat san san ho voi bé mat thép: lién quan dén
sitc khang bén ctia doan coc tron tron trong coc 6ng thép ¢ canh xoan.

— Trong lugng thé tich & trang thai bio hoa: khong chi anh huéng dén
ap luc ngang khi tinh strc khang bén, con thay d6i strc khang miii ctia coc.

Su anh hudng ciia cac tham sb trén trong tinh toan sirc khang cua coc
6ng thép c6 canh xoan dugce tac gia thé hién trong cac biéu thirc (4.1), (4.9),
(4.10), (4.11) va (4.12) khi xay dung chuong trinh tinh todn Ung x1r ctia coc
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6ng thép co canh xodn trong phan 4.2 tiép theo ciia chuong 4.

Céc tiéu chuén tinh toan thiét ké mong coc, dac biét 1a mong coc cua
dang cong trinh giao thong khi tinh toan thiét ké thuong xét cac yéu td anh
huong ctia d6 tin cay sé lidu tinh toan bang cach ké thém hé sd do tin cay
[20]. Tuy nhién, trong thuc t& mdi truong hop c6 diéu kién khac nhau s& anh
huong dén do tin cay cua s liéu. Do cac yéu td chii quan va khach quan ma
s6 liéu tham sb nén khao sat nhu gbc ma sat trong, trong luong thé tich, goc
ma sat ngoai trong tinh toan c6 bién do thay d6i dang ké, dic biét dbi véi
dang nén phtrc tap nhu cat san san ho. Khi do, viéc tinh toan stc khang cong
trinh xét dén hé s6 do tin cay chung cho moi diéu kién 1a chua hop 1y.

Ngoai ra, viéc dinh chuan cac hé sd an toan khi tinh toan theo phuong
phap tmg suit cho phép va phuong phap trang thai gidi han gip nhiéu kho
khan, phtrc tap va tuy thuéc murc d¢ an toan muc tiéu. Pé khic phuc nhiing
han ché trén, mot phuong phap tinh toan thiét ké dang dugc quan tim nghién
ctru va tng dung vao thyuc tién 1a phuong phap tinh toan, thiét ké theo 1y
thuyét do tin cay, nham truc tiép du bao muirc do tin cay hay xac suat su cb doi
voi két cdu coc va viéc lya chon tinh toan, thiét ké trd nén linh hoat. Khai
ni¢m do tin cay suc chiu tai cua coc trong luan an 1a xac suat ma coc d6 dam
bao an toan sir dung theo muc tiéu thiét ké trong sudt thoi gian khai thac theo
tuoi tho tinh toan yéu cau ctia cong trinh.

Pé giai quyét van dé dat ra, viéc sir dung phuong phap tinh toan phan tir
hitu han nhu trong chuong 3 khi xét v6i mot ngudng bién do bién dong cua
cac tham s nén cat san san hd d6 can phai mo phong sb rat nhiéu bai toan
nghién ctru. Khi do dan dén viéc mé hinh hoa va phan tich s6 liéu nhan duoc
tir mo hinh d6 doi hoi khoi lugng va cong sirc rat 1on hodc khé kha thi do phai
thuc hién sd lugng 16n mo hinh va tinh toan, phan tich s6 liéu tuong tac.

Do d6, tac gia sir dung phdn mém c6 ma ngudn md dé van dung uu thé
cta ly thuyét mé phong s Monte-Carlo tinh toan sirc chiu tai cta coc theo 1y
thuyét do tin cay co xét dén su bién dong cua céac tham $6 ngﬁu nhién cua nén
cat san san ho, phuong phap nay thich hop khi bai toan cé cac bién ngiu

nhién doc 1ap v4i nhau [3]. Pay 1a van dé méi va co gia tri khoa hoc, thuc tién
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16n vi chwa c6 nghién ctru duge cong bd theo phuong phap nay vé coc dng
thép ¢ canh xodn xay dung trong diéu kién nén dja chat 1a cat san san ho.

4.2. Xay dung chwong trinh tinh toan Wng xir clia coc ong thép cé
canh xoin trong nén cat san san ho

4.2.1. Xdy dung chwong trinh tinh todn

4.2.1.1. M6 hinh tinh todn

Trong phan nay tac gia xdy dung chuong trinh tinh toan doc lap theo
phuong phap do tin ciy khi ung dung 1y thuyét mé phong sé6 Monte-Carlo dé
xét dén sy bién dong mat s6 tham sb ngﬁu nhién cua cat san san ho vao viéc
phan tich va danh gia Gmg x{r ciia coc 6ng thép c6 canh xodn trong nén cét san
san ho chiu tai trong nén doc truc tai dau coc (co sé tinh toan theo 1y thuyét
suc chiu tai cua coc theo do tin cdy va khai quat ly thuyét Monte-Carlo duoc
tac gia trinh bay trong phu luc 6 kem theo ndi dung luan an).

Pé kiém chung két qua tinh toan theo 1y thuyét do tin cdy, tac gia so
sanh v6i két qua tinh toan tién dinh theo phuong phép trang thai gii han. Do
d6, chuong trinh tinh toan déng thoi bao gdm 02 module stic chiu tai cia coc
theo phuong phép trang thai gi¢1 han va phuong phéap do tin cay nhu sau:

- Theo phuong phap trang thai gii han (tién dinh): Ung dung 1y thuyét
tinh toan strc chiu tai doc truc cta Vién dau khi Hoa Ky (API) [32], [33], [34].
Do bai toan nghién ctru ¢6 Gmg xtr phi tuyén, nén can s dung phuong phap
1ap Newton - Raphson duya trén 10i giai ctia phuong trinh tuyén tinh dé giai bai
toan phi tuyén [2]. Stc chiu tai ctia coc tir chuong trinh xdy dung theo
phuong phap nay duoc kiém chimg véi két qua tinh toan cia bai toan tuong
ty khi so dung phin mém thuong mai PileAXL 2.2 (Piles under Axial
Loading) dugc phat trién boi cong ty Innovative Geotechnics Pty Ltd, Hoa Ky
dé khang dinh do tin cdy va phu hop ciia chuwong trinh da xay dung. Day 1a
phan mém duoc xay dung, phan tich, tinh todn va danh gia sic chiu tai cua
coc theo trang thai gidi han cua API [85].

- Phuong phap 1y thuyét do tin cay: Ung dung 1y thuyét mo phong sb
Monte-Carlo dé xét sy thay doi ngiu nhién cac tham s6 cat san san ho, voi

mdi bd tham sd nén phan bd theo quy luat nhét dinh s& tinh toan dugc tién
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dinh strc chju tai cua coc, nén véi sd phép thir ngau nhién thu dugc tap hop $6
lidu twong tmg vé stic chiu tai cia coc, tAp hop nay phan bd theo quy luat nhat
dinh, xu ly s6 lidu théng ké dé tinh toan duoc stre chiu tai ky vong cua coc.
Do hién nay ¢ Viét Nam chua xay dyng va ban hanh tiéu chuan dé tinh toan
suc chiu tai cua coc theo ly thuyét do tin cdy, nén tac giad van dung ti€u chuan
qudc gia cua Trung Qubc “National Standard of the PRC, GB 50153-2008
Unified standard for reliability design of engineering structures. Beijing:
China Architecture & Building Press” dé tinh toan [56].

Trong bai toan khao sat, nghién ciru img xir clia coc ong thép dai 8 m,
duong kinh ngoai d = 0,6 m, xét ddi vai coc tron tron va coc cd 02 canh xoan
duong kinh 1,2 m (2 1an duong kinh ciia coc), khoang cach canh 1a 1,8 m (3
lan duong kinh cua coc), chiéu sau canh 1a 6 m (3/4 chiéu dai cua coc trong

nén) theo cac kién nghj tir két qua da nghién ctru ¢ chuong 3 (Hinh 4.1)
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Tac gia danh gia Gmg xur cua coc théng qua mdi twong quan giita st
chiu tai cta coc v6i chuyén vi cho phép tai dau coc trong 2 truong hop sau:

- Trudng hop 1: Xét theo diéu kién khai thac cong trinh, stc chiu tai
gidi han cua coc dugce tinh toan qua tuwong quan véi chuyén vi giéi han cho
phép tai dau coc. Chuyén vi cho phép phu thudc vao loai cong trinh va tiéu
chuén 4p dung, trong bai toan khao sat ndy tac gia van dung yéu cau vé do lun
cho phép cua cong trinh giao thong 1a Uy, = 25,4 mm [5] dé khao sat véi
chuyén vi cho phép tai dau coc 1a: 25,4 mm.

- Truong hop 2: Theo diéu kién strc chiu tai cuc han cua coc don, tuong
mg voi chuyén vi cuc han tai dau coc 1a [U,] = 0,1d = 60 mm [5], [33].

Theo mé hinh trén Hinh 4.1, Strc chiu tai ctia coc 6ng thép tron tron khi

chiu tac dung cua tai trong nén doc truc dugc xac dinh theo biéu thirc sau [5]:

[P] = Qe+ Qp, (4.1)

trong do:
QquC.Z:fi.Azi - strc khang bén cua coc; 4.2)
Qp=q,A, - stc khang mili cia coc; (4.3)

qp - stuc khang mii1 don vi cua coc; A, - tiét dién ngang cua miii coc;
U, - chu vi than coc; f; - stc khang bén don vi cua coc; Az, - chiéu dai mdi
doan coc tinh toan strc khang bén don vi f;.

Pbi voi coc co 02 canh xoan, theo két qua phan tich sy phat trién ving
bién dang déo trong nén & khu vuc xung quanh coc va miii coc thé hién trén
Hinh 3.6 va Hinh 3.19. Trong truong hop khoang cach giira 2 canh bang 3 lan
duong kinh cta coc va chiu siu ctia canh bang 3/4 chiéu dai cua coc trong
nén thi phﬁn dat gifra 2 canh la mdt khdi va lam viéc nhu mot coc tru dat. Do
do6, trong bai toan nghién ciru ndy tac gia thuc hién quy doi doan coc trong
pham vi 02 canh nay lam viéc nhu doan coc c6 dudng kinh bang dudng kinh
cua canh, phuong phap nay da dugc cac tdc gia nhu: Byrne B.W., Houlsby
G.T. (2015) [47]; Perko H.A. (2009) [55]; Nowkandeh M.J., Choobbasti A.J.
(2021) [66]; Ali M. (2020) [67] nghién ctru va dé& xuat. Khi do, stc chiu tai

coc can ctr theo md hinh trén Hinh 4.1 dugc xac dinh theo biéu thirc sau:
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[PC] = (th + ch+ Qfd) + (Qp + Qc)a (44)
trong do:

Qg - strc khang bén ctia doan coc phia trén cua canh (doan trén);
Qu =u. > f,-Az,; (4.5)
Qg - strc khang bén cua doan coc phia dudi cua canh (doan dudi);
Qy = ul.Zfid.Azm,; (4.6)
Qg - stc khang bén ctia doan coc gitra 02 canh (doan canh);
Q. =u, Z f.Az,; 4.7)

fi; i, fic - 1an luot stc khang bén don vi ctia doan coc trén canh,
doan coc dudi cua canh va doan coc gio1 han gitra 2 canh;
Azi; Az, Azi. - 1an luot 1a chiéu dai tuong ung cua mdi doan coc
trén canh, doan coc dudi cia canh va doan coc gidi han gifia 2 canh;
u; va u, - 1an luot 13 chu vi than coc twong Gng voi duong kinh cia
coc va chu vi ctia doan c6 02 canh tuong tng véi duong kinh cua canh.
Qp, Qc - lan luogt 13 strc khang ctia mili coc va stc khang do phan luc
cua canh dudi khi coc chiu nén. Q, duoc xac dinh theo biéu thuc (4.8) [5],
[33], va Q. duoc xac dinh theo biéu thuc (4.9) [66]:
Qp=q, A, (4.8)
Q.=2-D-y-(N,-1)-A; 4.9)

D - duong kinh canh; N - h¢ ) phan luc cua canh khi coc chiu nén;
A. - dién tich cta canh xodn d3 giam tru di phﬁn dién tich mat cat
ngang cua than coc; A, - dién tich mii coc.

T biéu thire (4.1) va (4.4) dé xac dinh stc khang bén va strc khang miii
can xac dinh strc khang bén don vi va strc khang miii don vi theo cac phuong
phap, trong d6 phuong phap “duwong cong t - z” va “dwong cong Q - z” dugc
van dung kha phd bién. Pudng cong nay biéu thi quan hé gitta phan luc va

chuyén vi cua cac gbi dan hoi dung phu hop véi vi tri theo chiéu sau va dac
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diém dia chat ctia nén cat san san ho, dugc thé hién nhu Hinh 4.2 [33].

t/tmaxA Q/Qmax

A tmax = f B

1F---- 1 L - _ _

! \

: |

| \

| - |

0 2,5 z,mm 0 0,1 z/ID
Hinh 4.2. M6 hinh dwong cong t - z va dwong cong Q - z [33]
Theo phuong phap dudng cong t - z, JLP
coc duoc md hinh hoa thanh tap hop cac < STtk
phan tir doc 1ap lién két voi nhau bang cac kK,
gbi dan hoi phi tuyén thé hién siic khang £ L
ma sat bén gitta coc va dat (gdi t - z), mot 2 ks
gbi dan hoi phi tuyén dugce dit ¢ mili coc | __% Ky
thé hién stc khang miii (gbi Q - z). TSIk,
So C‘IG m’f) hinh hoa su lam viéc cﬁa} £I Lk,

coc va nén dat theo duong cong t - z thé 17
hién trén Hinh 4.3, d6 ctmg cac gbi dan hdi EI Sl % ks
nay biéu dién mdi quan hé giira phan luc | Rng K

(fi/f,) va chuyén vi ciia mdi 10 xo tuong Hinh 4.3. M6 hinh tinh to4n
ung (ui/up). coc chiu nén doc truc

Tt biéu thuc (4.2); (4.5); (4.6) va (4.7), stc khang bén cua coc phu
thudc vao strc khang bén don vi. Trong do, c6 thé xac dinh strc khang bén
don vi theo phuong phép sau:

- Phwong phdp tinh sirc khdng bén don vi theo hé so dp luc ngang:

Strc khang bén don vi cua doan coc thir 1 dugce xac dinh theo biéu thirc
(4.10) sau [5]:

f.=k.tg(8).0,=B.cy, =B.>_v;h,, (4.10)
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trong do:
Gy =Zyihi - g sudt hiru hiéu cua nén theo phuong ding tai 4o sau

doan coc thtr 1 tinh toan;

§ - gbc ma sat ngoai gitta cat san san ho vai bé mat thép 1am coc;

h; - chiéu dai doan coc thir i tai chiéu sau tinh toan;

v; - trong lugng thé tich cua cat san san hd & trang thai bao hoa tai
chiéu sdu doan coc tinh toan tha i (d4 xét giam trir v, ctia nuéc do anh huong
cua luc drfly néi);

B - hé so 4p luc ngang biéu thi Gmg suat hitu hiéu cua nén tac dung
1én coc theo phuong ngang, xac dinh theo két qua thuc nghiém va tinh toan
theo biéu thirc (4.11) va (4.12):

+ Truong hop coc tron tron, hé s6 ap luc ngang xac dinh nhu sau [85]:

B = k.tg(d). (4.11)

+ Truong hop coc ¢o canh, hé $6 B phu thudc vao vi tri tinh toan strc
khang ma sat doc theo chiéu sau coc. Ddi véi cac doan coc phia trén hoac
dudi doan c6 canh thi p phu thudc goc ma sat ngoai giita cat san san hd vai bé
mit thép 1am coc va dugc xac dinh theo (4.11). O cac doan coc c6 canh thi hé
s6 P phu thudc goc ma sat gitta nén voi nén hay goi 1a gbc ma sat trong cua
nén nghién ctru, nén hé sd ap luc ngang duoc xac dinh theo biéu thire (4.12):

P =k.tg(p), (4.12)

@ - gdc ma sat trong ctia nén cat san san ho.

Strc khang bén don vi ctia coc theo biéu thire (4.10) duoc xdy dung tinh
toan cho nén cat roi (xét luc dinh don vi ¢ = 0). Tuy nhién, theo két qua thuc
nghiém dugc trinh bay trong chwong 2, ddi v6i nén nén cat san san ho thi
ngoai goc ma sat trong con cé lyc dinh, dugc goi 1a luc dinh don vi biéu kién
do su cai moc gilra cac thanh phﬁn hat ctia hon hop nén cat san san hod [6],
[35]. Do vay, dé xét anh huong cua luc dinh don vi biéu kién dén strc chéng
cit clia nén va strc chiu tai ctia coc can bd sung gia tri phan anh sy ting tng
suat hitu hiéu tai mdi vi tri doan coc dang xét. Khi do, stuc khang bén don vi
phat trién tir biéu thire (4.10) duoc xac dinh theo biéu thirc (4.13):
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fi=B<Zvihi+Ac)=B<Zvihi+é>, (4.13)

trong do:

Ac =c/tge - Gmg suat hiru hiéu ting 1én duoc quy doi tir luc dinh
don vi biéu kién, x4c dinh theo phuong phap nhu trén Hinh 4.4 (hinh a tinh
toan stc chéng cit theo géc ma sat trong va lyc dinh don vi biéu kién,
r =0, 1gp+c. Hinh b duoc xay dung khi chuyén truc vé goc toa do “O” va
tinh toan stc chdng cat theo goc ma sat trong nhung tng suét hiru hiéu cua
nén ké thém anh hudng cua lyc dinh don vi biéu kién, 7 = (0, + Ac).120);

¢ - luc dinh don vi bi€u kién cua cat san san ho.

T
———————— uu..“gu‘.hn
| =
— | &
| &
| &
i 0 L& “
Ac+o |
i
(Hinh a) (Hinh b)

Hinh 4.4. M6 hinh tinh sitc chong cit ciia nén xét lwc dinh don vi biéu kién

- Phwong phap tinh todan swc khang bén don vi theo dwong cong
thuc nghiém

Két qua thi nghiém cét phing tinh don xac dinh duong cong twong
quan ty sb giita stc khang ma sat va ap luc nén mau véi chuyén vi cat
ngang duoc thé hién trong Hinh 2.9. T dudng cong nay, xac dinh sic
khang bén don vi ctia coc theo chuyén vi ngang twong d6i ma khong phu
thudc ap luc nén ngang hay khong phu thudc chiéu sau doan coc dang xét,
do da xét ty s giira stc khang ma sat va 4p luc nén mau khi cit phang.
Ham toan xac dinh stc khang ma sat va do thi duong cong thuc nghiém
hiéu chinh 4p dung dé xay dung chuong trinh tinh toan nhu biéu thic
(4.14) ¢ binh phuong hé sb tuong quan R*= 0,9465, va Hinh 4.5 sau:
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f=—=-0,0007-u +0,4614 -4, (4.14)
o)

trong d6: T - stc khang ma st gitra nén cat san san ho va két cdu coc,
(kPa); o - 4p luc nén cia thi nghiém cét phang truc tiép, (kPa); u - chuyén vi

tuong doi gitra nén cat san san hd vai két cau thép coc, (mm).

0,8
(@]
=07 Q
‘§ 0.6 00 *s #y,80 Tmax/o tai chuyén vi ngang u = 2,54 mm
r> 2 o3 §$ P wd
\g /8 0,5 (8 : o Qé §I
fao] RY % o ‘> 3 s I
£ 2 04 1o =10,0907u2 + 0.4613u
%" 5 0 o : R2 = 0,9465
) (=)
i~ ’ |
g 0.2 |
? |
@ 0,1 |
= |
0,0 |

0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 45 50 55 6,0 6,5 7,0
Chuyén vi tuong ddi, u (mm)
Hinh 4.5. Puiong cong thuc nghiém xac dinh strc khang bén don vi
Strc khang miii don vi cta coc duge xac dinh theo biéu thuc (4.15) sau
[31], [33],:

4, =N,o, =[¢"" tan’ (450 +§j].[7/.h], (4.15)

trong do: N, - hé sb strc chiju tai miii coc, phu thudc vao géc ma sat trong
¢ (truong hop khi @ > 40° thi N, = 50);

o - mg suat hiru hiéu theo phuong dimg tai miii coc.

Vi moi gia tri tham s6 nén cu thé, tac gia tinh toan duogc stc chiu tai
tién dinh theo cac cong thie va Iy thuyét & trén, trong luan 4n goi 1a strc chiu
tai clia coc theo trang thai gidi han (TTGH). Khi cac tham s6 nén nay bién
dong trong mdt pham vi hitu han thi stc chiu tai cua coc cling thay ddi. Do

d6, dé danh gia dugc strc chiu tai cia coc cd xét dén su bién dong nay, tac gia
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van dung 1y thuyét do tin cay dé tinh toan. Trong luan &n, danh gia stc chiu
tai cta coc theo 1y thuyét do tin cdy thong qua chuyén vi dau coc gidi han &
trang thai cho phép cua cong trinh (chuyén vi dau coc 13 25,4 mm) [5] va
chuyén vi cuc han (chuyén vi du coc bﬁng 10% duong kinh coc, tuong ung
la 60 mm) [5], [20], [35], [57].

Céc tham sd ngiu nhién ctia nén cat san san hd khao sat: Goc ma sat
trong, géc ma sat ngoai va trong luong thé tich & trang thai bio hoa.

Tiéu chuan khao sat: “National Standard of the PRC, GB 50153-2008
Unified standard for reliability design of engineering structures” cua Trung
Québc [56]. Stre chiu tai cua coc dugc xac dinh sau:

[P]=F"'(1-P), (4.16)
trong do:
[P.] - strc chiu tai can xac dinh cua coc theo ly thuyét do tin cay;
P, - x4c xuit an toan cla coc (phu thuoc dac diém pha hoai két cau
coc cap an toan cua cong trinh);
F(x) - ham phan phdi tich liiy cta stc chiu tai khi tinh toan theo 1y
thuyét Monte-Carlo, d6 thi ham phan phéi tich luy c6 dang trén Hinh 4.6:

I 3
'?-'E-.
5
g .
& Ham phén phéi tich huf
e
=
(1-Ps)
f
0 [Pc] Si¥c chiu tai cua coc

Hinh 4.6. o6 thi ham phén phéi tich luy x4c dinh strc chiu tai ciia coc
Ham phan phdi tich luy F(x) mo ta diy di phan phdi xac suat ciia mot
bién ngﬁu nhién cé gia tr1 X vo1 mot s6 thuc x duoc xac dinh theo xac suit ma
bién ngau nhién X lay gi4 tri nhé hon hay bang x nhu sau:
F(x)=P(X <x), (4.17)
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X - bién ngau nhién nghién ctru trong bai todn surc chiu tai coc;
P, - xac suat an toan, phu thuoc vao cap an toan va dac diém pha
hoai cua két cau coc, xac dinh theo bang tong hop sau:

Bing 4.1. Xdc suit an toan ciia coc theo phan cAp mirc dd an toan [56]

5 X4c xuét an toan, P,
Pac diém pha - = -
Y Cap an toan I | Cap an toan II | Cap an toan III
hoai cua két cau .
(Rat nghiém (Nghiém (Khong nghiém
coc
) trong) trong) trong)
Pha hoai bién hinh
. 0,99989000 0,99931890 0,99605330
tu tu
Pha hoai dot ngdt | 0,99998665 0,99989000 0,99931890

Poi tuong nghién ctu 1a coc don dng thép ciia cong trinh x4y dung trén
nén cat san san hd, nén lua chon truong hop tinh toan véi dac diém pha hoai
ctia coc bién hinh tir tlr, c4p an toan cua cong trinh nghiém trong (twong tng
cap II). Khi @0, theo Bang 4.1 thi P, = 0,9993189. Tur gia trj Py, cin ctr theo dd
thi ham phan phdi tich luy sttc chiu tai cia coc trén Hinh 4.6, tinh toan stc
chiu tai gi01 han Py, va strc chiu tai ¢ trang thai cyc han cua coc [P.].

Két qua tinh toan theo 1y thuyét do tin cay khong chi phu thudc phuong
phép tinh, kha ndng xay dung cua chuong trinh tinh, ma con phu thuoc 16n
vao muc dd tin cay muc tiéu, do 1éch chuan theo murc do tin cay, s6 tham bién
ngau nhién xét trong bai toan va sb phép thtr ngiu nhién. Cac tham bién nay
c6 mbi twong quan theo biéu thuc (4.18):

Xac dinh s6 phép thir ngau nhién trong tinh toén:
m 3
2 2
N,.= d o | = LA 51 (4.18)
4(1-¢) 4(1-0,9)

Nime - s phép thir hay s6 1an mo phong Monte-Carlo;

trong do:

& - muirc d6 tin cay muc tiéu (tir 0 dén 100%);
d. - do 1éch chuén theo murc do tin cay muc tiéu, xac dinh & Bang 4.2;

m - sO tham bién ngau nhién trong bai toan (3 tham s6 goc ma sat
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trong, goc ma sat ngoai va trong luong thé tich ¢ trang thai bio hoa).

Bang 4.2. P 1éch chuin xac dinh theo mirc d tin cAy mong mudn

STT Mikc dd tin cdy muc |DP9 1éch chuan| S6 phép thir ngiu nhién
tiéu g (%) d. Monte-Carlo (N,,.)
1 80 1,282 1.083
2 90 1,645 309.610
3 95 1,960 56.693.912
4 99 2,576 4.565.571.811.400

Do khéi luong khéo sat 16n, thoi gian nghién ctiru c6 han, nén trong luan
an, tac gia khao sat doi vdi truong hop muc do tin cdy mong muén 1a 90%.
Khi d6 d6 1éch chuan twong tGng 13 1,645 thi s6 phép thir Monte-Carlo trong
mdi chwong trinh tinh toan da xay dung 1a: N, = 309610 phép thir.

Vé d6 nhay cua cac tham sb khao sat, tac gia Baecher G.B. va Christian
J.T danh gi4 sy phan bd xac suat ciia mot sd chi tiéu co 1y ctia nén dat co ban
c6 quy luat phan bd chuan. Do bién dong cac chi tidu nay dugc danh gia
thong qua hé sb bién thién hay do nhay (COV). Do khéi lugng thi nghiém can
thiét dé xac dinh d6 nhay ctia goc ma sat trong, gbc ma sat ngoai, trong luong
thé tich bdo hoa ciia cat san san ho doi hoi rat 16n. Do dé, trong pham vi
nghién ctru, tic gia tham khao gia tri d6 nhay ctia mét sb tic gia di nghién
ctru theo Bang 4.3 dé tinh toan (COV = 0,05).

Bang 4.3. H¢ s6 d0 nhay tham s6 dat nén tham khao mot so tac gia

Tic gid Dung Goc ma sat | Luwe dil}h
trong trong don vi

Orr T.L.L, Breysse D. (2008) 0,01 -:-0,1 0,05 -:-0,15 0,2--04
Schweckendiek T. (2007) 0,05 - 0,2
Bakker K.J (2004) - - 0,275
Baecher G.B., Khristian J.T. (2003) - 0,05 -:-0,15 (cat)| 0,2-:-0,5
Phoon K.K., Kulhawy F.H. (1999) | 0,02 -:- 0,13 - -
Phoon K K. (1995) - 0,05 -:- 0,11 (cat) -

Tur gia tri trung binh (hay gia tri ki vong) cua goc ma sat trong, goc ma
sat ngoai, trong luong thé tich ¢ trang thai bio hoa da duoc xac dinh thong
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qua thuc nghiém trong chuong 2, két hop voi 6 nhay tham khao & Bang 4.3,
tac gia xac dinh dugc do 1éch chuin cua tham sb d6 theo cac biéu thirc sau:

d,=COV -g; (4.19)
ds =COV -3, (4.20)
d =COV-y,; (4.21)

trong do:
®, 8, Veu - 180 luot 12 goc ma sat trong, goc ma sat ngodi va trong lugng
thé tich & trang thai bao hoa cua cat san san ho (xac dinh theo két qua thuc
nghiém & trong chuong 2);
d, ds, d, - lan luot 13 d6 1éch clia goc ma sat trong, goc ma sat ngodi va
trong luong thé tich & trang thai bdo hoa cta cét san san ho;
COV - d0 nhay cua cac tham s6, tham khao Bang 4.3, chon 1a 0,05.

Pé danh gia dugc quy luat phan bd cac tham sé mo hinh nén cat san san
h6 nghién ctru, can thi nghiém s lugng mau trong pham vi bai toan nghién
ctru 16n, nén doi hoi thoi gian va cong strc rat 16n. Do vdy, trong pham vi
nghién ctru, tac gia lya chon sy bién dong cua cac tham sb nén cat san san ho
phan bo theo quy lut phan phéi chuan Gauss trén co s¢ tham khao sb liéu thu
thap dugc cua cac nghién ctru vé nén san hé ¢ Viét Nam. Dang d6 thi theo
quy ludt phan phéi nay dugc thé hién trén Hinh 4.7:

95.4%

cal

99.7%

Hinh 4.7. Quy luit phin phdi chuin Gauss
Khi do, pham vi bién dong cua cac tham s6 cat san san ho duoc xac dinh
theo céc biéu thirc sau:
¢—-3d,<¢,, <p+3d,; (4.22)
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5—3d,<6,, <5+3d,; (4.23)
ysat - 3d7 S 7/bd S ysat + 3d}/’ (424)

trong do: Qpg, Opds Pod - 1an luot 1a pham vi bién dong ctia gdoc ma sat trong,
gdc ma sat ngoai va trong luong thé tich & trang thai bao hoa ctia cat san san ho.
Tu do, tac gia tinh toan dugc gia tri do 1éch va pham vi bién dong cua
cac tham sd ma sat trong, goc ma sat ngodi va trong luong thé tich & trang thai
bao hoa cua cat san san ho theo Bang 4.4:
Bing 4.4. P 1éch va pham vi bién dong ciia cac tham so6 cat san san hd

Pham vi bién

Tham s6 khao sat Ky vong| D¢ léch R
dong
GoOc ma sat trong, ¢ (dJ) 46,49 2,32 | 39,52 -:-53,46
Goc ma sat ngoai, o (dd) 30,66 1,53 | 26,06 -:- 35,26

Trong luong thé tich ¢ trang thai bao
hod, Y (T/m’)
V61 nhitng phén tich trén, tac gia ludn 4n xay dung chuong trinh danh

20,40 1,02 | 17,34 -:- 23,46

gia ing xir va tinh todn strc chiu tai cta coc ong thép dai 8,0 m, duong kinh
coc 1a 0,6m di ha 6n dinh trong nén cat san san hd. Bao gém coc tron tron va
coc ¢6 2 canh xodn; khoang céach cac canh 1a 1,8 m; dudng kinh canh xodn la
1,2 m; do siu vi tri canh xoan trén than coc 1a 6,0 m. Thuit toan, so dd khdi
va bang tham s6 mo hinh nhu sau:

4.2.1.2. Thudt toan cia chwong trinh

a) Péi véi module xzc dinh siic chiu tii ciia coc theo trang thdi gidi han

Trén co s& duong cong t-z cho stc khang bén va duong cong Q-z cho
strc khang miii ctia coc, xac dinh duoc quan hé phan lyc va chuyén vi ciia cac
10 xo tai cac vi tri phan chia phan tir coc. Chuyén vi toi han cua cac 10 xo khi
xét duong cong t-z theo két qua thi nghiém & chuong 2 1a 2,5 mm; chuyén vi
t6i han ctia duong cong Q-z 1a 60 mm (10% dudng kinh cia coc dng thép).

Trén co so thudt toan 1ip Newton - Raphson khi xét tinh phi tuyén cta
tuong tac, xac dinh suc chiu tai cta coc 1a tai trong 16n nhét ma ung voi gia tri
do thi chuyén vi dau coc dat g161 han Uy, hoac cuc han [U,].

b) Doi véi module xdc dinh sirc chiu tdi ciia coc theo dg tin cdy

Thuat toan chuong trinh dugc thuc hién theo cac giai doan nhu sau:
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- Giai doan 1: M6 hinh héa cac bién ngiu nhién dau vao tir cac ham phan
phdi xac suét cho trude (sir dung thuit toan ham nguoc).

- Giai doan 2: Tinh toan tién dinh theo céc thé hién dau vao X = (v1, ¢
015 «++e¥Yn> Pny Op) dé nhan cac thé hién dau ra strc chiu tai cua coc la: [P.] =
f(y1, @1, 81, - ¥n,Pn ,8).

- Giai doan 3: Xir Iy thong ké cac thé hién dau ra dé tim cac dic trung
X4c sudt ctia né va kiém tra cac gia thiét thong ké.

4.2.1.3. So dé khoi ciia chwong trinh tinh

Chuong trinh “PileHLC” tac gia xay dung gdm module tinh toan strc
chiu tai cua coc theo phuong phép trang thai giéi han va module tinh toan
theo 1y thuyét do tin cay. So d6 khdi ctia mdi mé dun tinh toan nhu sau:

a) So' dé khéi ciia phin tinh todn sirc chiu tdi theo trang thdi gidi han

Trong module tinh toan strc chiu tai ciia coc theo phuong phép trang thai
gio1 han khi xét cac tham s6 mod hinh 13 cac gia tri tién dinh, thi voi mdi
truong hop tham sd coc dng thép va nén cat san san ho xac dinh, sé tinh duoc
stre chiu tai ctia coc twong tmg theo so d6 khdi nhu trén Hinh 4.8.

Bat dau
tinh toan

Nhap s0 lidu dau vao, bao gérn:

- Tham sd ctia cat san san ho:

- Tham s6 coc dng thép c¢é canh xoan;
- Gié tri tai trong ban diu: P=0:

- 86 phan tr coc;

- Chuyén vi gidi han tai dinh coc (Usn)

v
— 5| Tang s0 gia tai Roirac hod coc
P=P + AP ong thep

Xac dinh tham s phan tit, bao gdm:
- D6 cimg phan tu;

- Vecto tai phﬁn tu;

- Bic trung dd cing nén (dudng
cong t-z va duong cog Q-z)

Xuat két qua
sirc chiu tai

coc 6ng thép
mbi lan tinh

Xac dinh tham sb cuia he¢, bao gbém: [Pc] = P-AP
- B0 cimng tong the;
- Véc to tai tong the. Sai
)
| Tinh {U} theo thuat toan lap I 1<=Umax

Hinh 4.8. So' @6 khéi chwong trinh tinh toan strc chiu tii ciia coc theo

phuong phap trang thai giéi han
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b) So' d6 khoi ciia phn tinh todn svec chiu tdi theo dé tin ciy

Véi co so 1y thuyét va thuat toan da trinh bay, chuong trinh tinh toan
g xur ctia coc ong thép co canh xodn theo phuong phap do tin cdy khi tmg
dung 1y thuyét mé phong sé Monte-Carlo duoc tac gia xay dung theo so do
khéi nhu trén Hinh 4.9:

¢

Nhap tong s6 phép thir Xuét dir lidu strc chiu tai ciia coc

T I

A

Zoex . P’ V& do thi ham mét d6 xac suit va phan
Bat dau thir nghiém ‘ SO
(=0 phoi tich lily
1= i
(Tronz lugng riéng béc hod: g0c ma sdt trong
cla ¢t sgn san b va goc na sat ngodi) Xur ly théng ké dai lugng strc chiu tai
~ - A = . A A . Sal
Mo phong s0 ngau nhién tham so dau vao )
theo Monte-Carlo (trong Iwong the tich ¢ Bing .
trang thai bao hoa; goc ma st trong cua 15 Ne
cat san san ho va goc ma sat ngoai)
A4
Xéc dinh strc chiu tai cia coc dng thép tng . . . . . p -
vdi moi tham s0 tien dinh dau vao cua cat | Sapxep CaS_Wc,d““_m{ cua coc ong thép
san san 1o 7| 1mg véi moi phép thir vao tap hop mau

Hinh 4.9. So' @6 khdi chuwong trinh tinh toan sire chiu tai cua coc khi xét
dén sy bién dong tham sé ngiu nhién nén cat san san hd

Véi so @6 khéi nhu trén, tac gia xay dung chuong trinh tinh toan strc
chiu tai cta coc dng thép c6 2 canh xodn theo mi ngudn mé trong phu luc 7.

4.2.2. Kiém tra d tin c@y chwong trinh tinh todn

4.2.2.1. Twong quan giiva chuyén vi va tdi trong diu coc

Két qua tinh toan tir chuong trinh tac gia xay dung dugc so sanh véi két
qua cua bai toan twong tu khi str dung phdn mém thuong mai “PileAXL” dé
kiém tra d6 tin cdy ciia chuong trinh tinh da lap.

Phuong phdp va ndi dung tinh toan cua chuong trinh tic gid 1ap
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“PileHLC” va phan mém “PileAXL” twong ty nhau, chi khac 14 chuong trinh
“PileHLC” tinh todn dugc stc chiu tai cia coc theo 1y thuyét do tin cay dé
danh gia anh hudng cua bién dong cac tham sb nén cat san san hd, nhung
chuong trinh “PileAXL” khong phan anh duoc yéu t6 nay. Két qua so sanh
thé hién nhu d6 thi Hinh 4.10 va Hinh 4.11.

0,0 300,0 600,0 900,0

1200,0 1500,0

—_—
(o) oo e
!

W
\]
!

=== Chuong trinh PileHLC (xét goc ma sat ngoai)
| ==X @ Chuong trinh PileHLC (duong cong thuc nghiém)

Chuyén vi dau coc (mm)
(\]
~
|

N
(]

= @ =Theo phan mém PileAXL (xét gbc ma sat ngoai)

48 - .
Tai trong dau coc (kN)

Hinh 4.10. Twong quan chuyén vi véi tai trong dau coc theo cic chuong
trinh tinh toan (khi khong xét luc dinh)
0,0 300,0 600,0 900,0 1200,0 1500,0 1800,0

)

—
SN o0
1 1

W
[\
I

=== Chuong trinh PileHLC (xét goc ma sat ngoai)
_| ==X e Chuong trinh PileHLC (duong cong thuc nghiém)
= @ =Theo phan mém PileAXL (xét goc ma sat ngoai)

Chuyén vi dau coc (mm)
I )
S =
|

SN
o0

Tai trong dau coc (kN)
Hinh 4.11. Twong quan chuyén vi véi tai trong diu coc theo cac chwong
trinh tinh toan (xét lwe dinh don vi biéu kién ¢ = 29,83 kN/m?)

Tir d6 thi Hinh 4.10 va Hinh 4.11 nhan thdy, quy luét tuong quan giira
tai trong va chuyén vi dau coc theo chwong trinh tinh toan di xdy dung
“PileHLC” phu hop véi quy luat xac dinh theo phan mém “PileAXL”. Gi4 tri
tai trong khi chuyén vi tai dau coc dat Ugn = 25,4 mm theo phﬁn mém thuong
mai “PileAXL” la P; = 1227,56 kN va chuong trinh tac gid xay dung
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“PileHLC” 13 P, = 1229,48 kN (chénh 1éch két qua 1,6% la chap nhan duoc).
4.2.2.2. Kiém tra quy ludt sirc khdng ma sdt bén ciia coc
Tir két qua tinh todn md hinh trong chuong trinh tinh da 1ap “PileHLC”,
so sanh voi két qua nhan duoc cia phan mém “PileAXL”, tac gia xay dung
duong cong t-z tai cdc mat cat doc chiéu sau coc 1a: -1,0 m dén -8,0 m dé so
sanh, két qua thé hién trén d6 thi Hinh 4.12 va Hinh 4.13.

) 50,0 - . <z

= PileAXL: mat cat-1,0 m

Z 45,0 1+ =—PileAXL: mjt cit-3,0 m 4
) 400 - —— PileAXL: mt cét -5,0 m

a ’ PileAXL: mat cat-7,0 m

= 350 - = PileHLC: matcat-1,0m

= == PileHLC: mdt cdt -3,0 m -
% 30,0 | —m PileHLC: mjt cit-5,0 m

£ 750 - —A=PileHLC: mit cat -7,0 m

bD b

g

é 20,0 ®
5 15,0

(g_ 10,0

o 50 B Sty Sy ey t— ———
a0 B

’§ 0’0 T T T T T T T T T 1

© 0,0 0,4 0,8 1,2 1,6 2,0 2.4 2,8 3,2 3,6 4,0

Chuyén vi tai cac 10 xo dan hoi cua coc, z (mm)

Hinh 4.12. Puong cong t-z tai cic mit cat theo chiéu siu coc

%] 50,0 PileAXL: mit cat -2,0 m k= =

2 45,0 - =—PileAXL: mat cat-4,0 m

2 — PileAXL: mit cat -6,0 m

n 40,0 - PileAXL: mat cat -8,0 m

= || == PileHLC: mat cat -2,0 m .

“= 35,0 . RN

S = ®= PileHLC: mit cat -4,0 m

‘% 30,0 4 =B PileHLC: mat c4t -6,0 m

< == A= PileHLC: mit cat -8,0 m

£ 250 - °

4

§ 20,0

2 15,0 —s -

o 10,0 —

o

%D 5,0

8 0,0 T T T T T T T T 1
0,0 0.4 0,8 1,2 1,6 2,0 2.4 2,8 3,2 3,6 4,0

Chuyén vi tai cac 10 xo dan hoéi cua coc, z (mm)

Hinh 4.13. Puong cong t-z tai cic mit cit theo chiu siu coc
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Tir cac két qua trén do thi hinh Hinh 4.10 dén Hinh 4.13, c6 thé thiy d6
thi twong quan giita tai trong dau coc voi chuyén vi dinh coc va cac duong
cong t-z tai cac do sau khac nhau cta coc dng thép tinh toan theo chuong
trinh xay dung “PileHLC” va phan mém thuong mai “PileAXL” phu hop vé
quy luat va twong dong nhau, chénh 1énh tai trong dau coc khi chuyén vi dinh
coc 25,4 mm 1a 1,6%. Do vay, chuong trinh tac gia xay dung “PileHLC” dé
lam co s tinh todn strc chiu tai ctia coc theo phuong phap do tin cay la c6 do
chinh xac va tin cay cao, lam co s¢ dé khéo sat d6i véi bai toan coc cai tién co
canh xoan théng qua viéc tinh toan strc chiu tai clia coc co xét yéu té ngiu
nhién tham s6 cat san san ho (goc ma sat trong; goc ma sat ngoai gilta cat san
san ho va bé mat thép 1am coc; trong lugng thé tich & trang thai bio hoa). Noi
dung nay dugc tac gia khao sat & phan 4.3.

4.3. Khao sat wng xir ciia coc ong thép c¢é canh xodn trong nén cat
san san ho xét dén su bién dong tham s6 nén

4.3.1. M6 hinh bai todan khdo sat

Tac gia st dung chuong trinh tinh da lap va kiém tra do tin cdy trong
phan 4.2 dé khao sat Gmg xir ctia coc dng thép c6 02 canh xoan da dugc ha 6n
dinh trong nén céat san san héd chiu tac dung cua tai trong nén tai dau coc, khi
xét dén su bién dong cua gdc ma sat trong cua cat san san ho, trong luong thé
tich & trang thai bao hoa cua cat san san hd, goc ma sat ngoai cua cat san san
ho véi bé mit thép lam coc. Pé danh gia hiéu qua cta coc c6 canh x04n, tac
gia khao sat dong thoi ca coc tron tron truyén thng twong tmg. Cac tham sb
chi tiét vé coc khao sat dugc trinh bay trén Bang 4.5.

Bang 4.5. Tham s6 m6 hinh coc 6ng thép c6 canh xoan khio sat

, ., Truong hop coc khéo sat
Tham so6 cua két cau coc

Coc tron Coc ¢6 02 canh

- M6 dun dan hoi cta vat lidu: E, (kN/m®) 2,00x10°
- Trong lugng riéng: v, (kN/m’) 78,0 78,0
- Chiéu dai coc: L, (m) 8,00 8,00

- Puong kinh ngoai coc: d (m) 0,60 0,60
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- Chiéu day thép thanh coc: &, (m) 0,016 0,016
- S6 canh (n) 0 2

- Chi€u sau canh tinh tir mat nén dén tim

- 6,0
canh dudi: h, sao cho h/L = 3/4 (m)
- Khoang céch canh: S = 3d (m) - 1,8
- buong kinh canh: D = 2d (m) - 1,2

Anh huong cua cac tham sb cat san san ho dén stc khang cta coc hodc
strc chiu tai ctia coc duge tac gia trinh by & cac biéu thire tinh toan tir (4.1)
dén (4.12) trong phan 4.2. Do d6, dé khao sat ing xtr cta coc dng thép co
canh xoan khi xét dén sy bién dong cta cac tham s ngau nhién, tic gia st
dung céc tham s6 tién dinh cua mé hinh nén cat san san ho di duoc xac dinh
tir nghién ctru thuc nghiém & chuong 2 va duoc tong hop trong Bang 4.6.

Bang 4.6. Tham so m6 hinh nén cat san san ho khao sat

s : , : , Trong luong | 4
bac | Goc ma | Goc ma sat |Lyc dinh don| , = Mo dun bién
.. .. .2 ... [thétich ¢ trang

trung do |sat trong ngoait vi bi€u kién o dang

fnciy | 0(d0) | 50 | cvm? | TAPAORO L md)

mecay | ¢ (dc :

Yo (RN/m)

Ky vong| 46,49 30.66 29,83 20,40 30,86E+3
Do nhay| 0,05 0,05 - 0,05 -
boléch | 2,32 1,53 - 1,02 -

4.3.2. Két qua khdo sdt

4.3.2.1. Anh hwéng ciia sé phép thir Monte-Carlo

Tac gia khao sat sirc chiu tai cia coc trong cac truong hop sé phép thir
Monte-Carlo khac nhau tir 100 dén 309610. Tham s6 md hinh trong chuong
trinh tinh toan “PileHLC” can ctr theo Bang 4.5 va Bang 4.6, trong truong
hop khao sat nay tac gia tinh toan nhu sau: Xéc suét an toan: Py = 0,99931890
(diéu kién pha hoai tr tur, cép dd an toan két ciu coc 1a cép do II - nghi€ém trong);
Mitrc d6 tin cay muyc tiéu: g = 90%.

Két qua tinh toan strc chiu tai dugc tong hop trong Bang 4.7 d6i véi coc

tron tron va Bang 4.8 truong hop coc ¢6 02 canh nhu sau:
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Bang 4.7. Sire chiu tai giéi han ciia coc tron tron theo s6 phép thir

S6 phép thir Siwre chiu tai gioi han cua coc Py,
Monte-Carlo | Phuwong phap trang| Phwong phap d¢ | Chénh léch
(l4n) thai giéi han (kN) tin cay (kKN) (%)

100 1057,14 1114,11 5,39
1.000 1057,14 1081,50 2,30
3.000 1057,14 1088,02 2,92
10.000 1057,14 1083,78 2,52

100.000 1057,14 1082,88 2,43
309.610 1057,14 1082,57 2,41
Bang 4.8. Strc chiu tai gioi han ciia coc ¢6 02 canh xoin theo so phép thir
S6 phép thir Siwre chiu tai cho phép cua coc Py,
Monte-Carlo | Phuong phap trang | Phwong phap d¢ | Chénh léch
(l4n) thai gi6i han (kN) tin cay (kN) (%)

100 1864,29 1900,46 1,94
1.000 1864,29 1959,27 5,09
3.000 1864,29 1959,50 5,11
10.000 1864,29 1940,07 4,06

100.000 1864,29 1944,59 4,31
309.610 1864,29 1945,95 4,38

Bing 4.9. Sirc chiu tii cure han ciia coc ¢6 02 canh xoin theo so phép thir

S6 phép thir Stre chiu tai cuc han cua coc [P ]
Monte-Carlo | Phuwong phap trang | Phwong phap d¢ | Chénh léch
(1an) thai giéi han (kN) tin cay (kN) (%)

100 2285,71 2449,23 7,15
1.000 2285,71 2322,04 1,59
3.000 2285,71 2325,69 1,75
10.000 2285,71 2329,58 1,92

100.000 2285,71 2329,00 1,89
309.610 2285,71 2329,13 1,90

Biéu dd thé hién tuong quan gitta strc chiu tai gio1 han va cuc han cua
coc ung voi sd phép thir Monte-Carlo theo phuong phap d6 tin ciy so voi
truong hop khi tinh theo phwong phap trang thai gii han thé hién nhu sau:
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Z B Phuong phap d6 tin cdy © Phuwong phap trang thai giéi han

:1800 ] I I I I I

2‘ 1500
5 1200

1000 3000 10000 100000 309610

S6 phép thir Monte-Carlo (1an)

900
600
300

Strc chiu tai gioi
(e

Hinh 4.14. Biéu do twong quan sitc chju tai giéi han ciia coc c6 02 canh xoin
khi xét anh huéng ciia s6 phép thir Monte-Carlo

= 2800 - B Phuong phap do tin cay * Phuong phép trang thai gioi han

2 2400

2000

1600

1200

800

400
0 |

1000 3000 10000 100000 309610
S6 phép thir Monte Carlo (1an)

Hinh 4.15. Biéu d6 twong quan strc chju tai cue han ciia coc ¢6 02 canh xoin

Strc chiu tai cuc han

khi xét anh huéng ciia so6 phép thir Monte-Carlo
D6 thi ham mat do xac suat va ham phan phdi tich luy trong cac truong
hop tinh toan thé hién trong cac Hinh 4.16 va Hinh 4.17.

B thi hbam mat dé xae suat B thi bam phan phdéi tich loy
o2 : T T 100
015 =
ng 60
01 5
E 40
e T 20

o : o : : g
1500 2000 265000 3000 3500 1500 2000 2500 3000 3500
3uc chiu tai cua coc [Pc] (KM) Suc chiu tai cua coc [Pc] (KN)

Hinh 4.16. D6 thi hAm méat dd xac suat va ham phan phoi tich lu§ sirc chiu

tai gidi han caa coc ¢6 02 canh xoan
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B thi him méit do xac svat B¢ thi ham phan phéi tich loy
0.2 100 T T 1
015 50 A R e
ﬁ:_ 1 1 1
O A L Sl e TR
01 E ] s
E i S AR S (R
= = B e

o 0 .
2000 2500 3000 3500 4000 4500 2000 2500 3000 3500 4000 4500
Suc chiu tai cua coc [Pc] (KM) Suc chiu tai cua coc [Pc] (KN)

Hinh 4.17. D6 thi hAm mat dd xac suat va ham phan phoi tich lu§ strc chiu
tai cure han ciia coc ¢6 02 canh xoin

Str dung phuong phap Monte-Carlo dé tinh toan strc chiu tai ctia coc ong
thép tron tron va coc c6 2 canh xoan theo phuong phap do tin cay o diéu kién
gi61 han va trang thai cuc han cua coc déu co gia tri 16n hon so v&i phuong
phap trang thai giéi han. Piéu d6 thé hién khi tinh toan strc chiu tai cia coc
theo phuwong phap trang thai gidi han thién vé an toan hon.

Sb phép thir Monte-Carlo anh hudng dén stic chiu tai va img Xt clia coc
6ng thép c6 canh xodn, phy thudc vao sé tham sé ngiu nhién va muac do tin
cdy muc tiéu. Trong bai toan khao sat, tac gia tinh toan voi 3 tham s6 ngau
nhién, dJ tin cady muc ti€u la 90%, nén lya chon s6 phép thir Monte-Carlo hay
s6 1an tinh toan lap 1 309.310 lan.

4.3.2.2. Ddnh gid anh hwéng cia sé phén tiv két ciu coc

Pé danh gia do tin cdy va tinh chinh xac ctia mo hinh va phuong phap
tinh, tién hanh khao sat sirc chiu tai cta coc dai 8 m trong cac truong hop thay
ddi sd phén tlr coc (sé doan coc) 1a 8; 16; 20; 32 va 40 ph?m tur.

Tham sb md hinh trong chuong trinh tinh toan “PileHLC” cin ct theo
Bang 4.5 va Bang 4.6,. Trong truong hop khao sat nay xét v4i xac suit an
toan la: P, = 0,99931890; muirc do tin cay muc ti€u: e= 90%.

Két qua tinh toan strc chiu tai dugc tong hop trong Bang 4.10 ddi véi coc

tron tron va Bang 4.11; Bang 4.12 truong hop coc ¢6 02 canh xodn.



125

Bang 4.10. Sirc chiu tai giéi han ciia coc tron tron theo sé phan tir

S6 phan tir coc Stre chiu tai gidi han cia coc Py,

mo hinh Phwong phap trang | Phwong phap d¢ | Chénh léch

(phan ti¥) | thai giéi han (KN) tin cay (kN) (%)

8 1057,14 1084,86 2,62

16 1057,14 1083,24 2,47

20 1057,14 1086,68 2,79

32 1057,14 1080,84 2,24

40 1057,14 1085,82 2,71

Bang 4.11. Sirc chiu tai giéi han ciia coc ¢6 02 canh theo s6 phan tir

So phan tir coc

Siwre chiu tai gidi han cua coc Py,

mo hinh Phuong phap trang | Phwong phap d¢ | Chénh Iéch
(phén tir) thai giéi han (kN) tin ciy (kN) (%)
8 1864,29 1931,41 3,60
16 1864,29 1930,50 3,55
20 1864,29 1935,57 3,82
32 1864,29 1932,07 3,64
40 1864,29 1930,61 3,56

Bang 4.12. Strc chiu tai cwe han ciia coc ¢6 02 canh theo s6 phin tir

SO phan ti coc

Stre chiu tai cuc han cua coc [P ]

mo hinh Phuong phap trang | Phwong phap d¢ | Chénh léch
(phén tir) thai giéi han (kN) tin ciy (kN) (%)
8 2285,71 2326,71 1,79
16 2285,71 2330,62 1,96
20 2285,71 2336,94 2,24
32 2285,71 2328,77 1,88
40 2285,71 2325,32 1,73

Biéu do thé hién tuong quan gitra strc chiu tai gidi han va cuc han cua
coc Umg v6i s6 phan tir két cau coc theo phuong phap do tin cay duoc thé hién
nhu trén Hinh 4.18 va Hinh 4.19.
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Hinh 4.19. Twong quan strc chiu tii cwre han ciia coc theo sé phan tir coc
D6 thi ham mat do xac sudt va ham phan phdi tich luy trong cac trudng
hop tinh toan thé hién trén Hinh 4.20 va Hinh 4.21.

B thi him mat 36 xac suat B4 thi ham phan phdi tich 1oy
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Hinh 4.20. D6 thi hAm méat dd xac suat va ham phan phdi tich luy stc chju
tai gidi han caa coc ¢6 02 canh
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Hinh 4.21. D6 thi hAm méit dd xac sudt va ham phan phoi tich lu§ sirc chiu
tai cuc han cua coc ¢6 02 canh

Mic du sb phan tir cia coc trong tinh toan cang nhiéu (kich thudc mdi
doan coc tinh toan cang nho) thi két qua sirc chiu tai ctia coc cang chinh xac.
Tuy nhién, két qua nhan duogc cho théy chénh léch surc chiu tai cua coc theo
phuong phap do tin cay chénh léch khong dang ké so v6i phuong phép trang
thai gid1 han. Do do, trong bai todn khao sat bién dong cua tham s6 nén tiép
theo, tac gia lua chon sd phan tir coc trung binh 1 20 phan tu.

4.3.2.3. Ung xi¥ ciia coc ong thép cé 2 cinh xodn xét bién déng ciia
goc ma sdt trong

Pé danh gia anh hudng biéng dong tham s6 ngiu nhién goc ma sat trong,
tién hanh khao sat strc chiu tai ctia coc trong cic truong hop do 1éch cia goc
ma sat trong khac nhau 1a: 1,63% 1,86% 2,09% 2,32°%; 2,65°; 2,79° va 3,02°.
Tham s md hinh chuong trinh tinh toan “PileHLC” can ctr theo Bang 4.5 va
Bang 4.6. SO phép thir Monte-Carlo 13: 309.610 lan; x4c suat an toan: P, =
0,99931890; murc do tin cdy muc ti€u: & = 90%.

Két qua tinh toan strc chiu tai dugc tong hop trong Bang 4.13 ddi véi coc
tron tron va Bang 4.14; Bang 4.15 trudong hop coc ¢o canh.

Bang 4.13. Strc chiu tai giéi han ciia coc tron tron xét sw bién dong cia
goc ma sat trong

Do léch cia goc Stwre chiu tai gidi han cua coc tron tron Py,
ma sat trong | Phuwong phap trang | Phwong phap d¢ | Chénh léch
(do) thai giéi han (kN) tin cay (kN) (%)
1,63 1057,14 1085,38 2,67

1,86 1057,14 1087,55 2,88
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2,09 1057,14 1080,37 2,20
2,32 1057,14 1083,76 2,52
2,56 1057,14 1084,08 2,55
2.79 1057,14 1084,45 2,58
3,02 1057,14 1076,66 1,85

Bang 4.14. Sirc chiu tai gioi han ciia coc ¢6 02 canh xét sy bién dong ciia
goc ma sat trong

Do 1éch cia goc Siwre chiu tai gidgi han cua coc Py,
ma sat trong | Phuong phap trang | Phwong phap d¢ | Chénh léch

(do) thai giéi han (kN) tin cay (kN) (%)

1,63 1864,29 1931,33 3,60
1,86 1864,29 1932,98 3,68
2,09 1864,29 1932,68 3,67
2,32 1864,29 1945,95 4,38
2,56 1864,29 1932,82 3,68
2.79 1864,29 1934,02 3,74
3,02 1864,29 1929,27 3,49

Bang 4.15. Strc chiu tai cwe han ciia coc ¢6 02 canh xét su bién dong goc

ma sat trong

Do 1éch chaa goc Stre chiu tai cuwe han caa coc [P,]
ma sat trong | Phuong phap trang | Phwong phap d¢ | Chénh léch

(do) thai gioi han (kN) tin cay (kN) (%)

1,63 2285,71 2329,59 1,92
1,86 2285,71 2330,71 1,97
2,09 2285,71 2326,94 1,80
2,32 2285,71 2328,74 1,88
2,56 2285,71 2327,40 1,82
2.79 2285,71 2335,72 2,19
3,02 2285,71 2319,12 1,46

Do thi twong quan giita strc chiu tai cua coc giéi han va cyc han tng véi
ty 1& bién thién gbc ma sat trong va gid tri ky vong (46,49°) theo phuong phap
do tin cay dugc thé hién nhu trén Hinh 4.22 va Hinh 4.23.
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Hinh 4.23. Tuong quan stre chiu tii cuc han cua coc xét bién dong goc ma sat trong
Do thi ham mat do xac sudt va ham phan phdi tich luy trong cac trudng
hop tinh toan thé hién trong Hinh 4.24 va Hinh 4.25.
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Hinh 4.24. D6 thi hAm mat dd xac suat va ham phan phoi tich lu§ sirc chiu
tai gidi han caa coc ¢6 02 canh
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Hinh 4.25. D6 thi hAm mét dd xac sudt va ham phan phoi tich lu§ sirc chiu
tai cuc han cua coc ¢6 02 canh

Két qua tinh toan di xay dung dugc cac ham tinh toan stc chiu tai cla
coc 6ng thép c¢6 2 canh xoan khi xét dén su bién dong hiru han tham sb ngau
nhién gbc ma sat trong ctia nén cat san san ho tir 39,52° dén 53,46".

4.3.2.4. Ung xi¥ ciia coc ong thép cé 2 cinh xodn xét bién déng ciia
goc ma sdat ngoai

Panh gid anh huong su bién dong tham sé ngiu nhién 1a goc ma sat
ngoai, tac gid khdo sat strc chiu tai cua coc trong cac truong hop dd 1€ch cua
gbc ma sat ngoai nhu sau: 1,07 1,23% 1,38% 1,53% 1,69% 1,84° va 1,99°.

Tham sb md hinh trong chuong trinh tinh toan “PileHLC” cin ct theo
Bang 4.5 va Bang 4.6. S6 phép thir Monte-Carlo 1a: 309.610 1an; xac suat an
toan: Py = 0,99931890; mirc do tin cady muc ti€u: g = 90%.

Két qua tinh toan strc chiu tai dugc tong hop trong Bang 4.16; Bang 4.17
va Bang 4.18.

Bang 4.16. Sure chiu tai gidi han cua cgc tron trom

xét swr bien dong cia goc ma sat ngoai

Do 1éch cua goc Siwre chiu tai cho phép cua coc Py,
ma sat ngoai | Phuong phap trang Phuong phap d¢ tin| Chénh léch
(a9) thai gioi han (kN) ciy (kN) (%)
1,07 1057,14 1084,79 2,62
1,23 1057,14 1081,32 2,29

1,38 1057,14 1080,00 2,16
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1,53 1057,14 1082,57 2,41
1,69 1057,14 1072,27 1,43
1,84 1057,14 1067,24 0,96
1,99 1057,14 1064,12 0,66

Bang 4.17. Swre chiu tai gidi han cua coc ¢6 02 canh

xét swr bien dong cia goc ma sat ngoai

Do 1éch ciaa goc Siwre chiu tai cho phép cua coc Py,
ma sat ngoai | Phuong phap trang | Phwong phap d¢ | Chénh léch
(do) thai giéi han (kN) tin cay (kN) (%)
1,07 1864,29 1934,99 3,79
1,23 1864,29 193491 3,79
1,38 1864,29 1933,68 3,72
1,53 1864,29 1945,95 4,38
1,69 1864,29 1930,25 3,54
1,84 1864,29 1929,96 3,52
1,99 1864,29 1928,19 3,43

Bang 4.18. Surc chiu tai cuwe han caa coc c6 02 canh

xét sur bien dong ciia géc ma sat ngoai

Do 1éch cia goc Stre chiu tai cuc han cua coc [P ]
ma sat ngoai | Phwong phap trang | Phwong phap d¢ | Chénh léch
(do) thai giéi han (KN) tin cay (kN) (%)
1,07 2285,71 2332,69 2,06
1,23 2285,71 2329,86 1,93
1,38 2285,71 2329,70 1,92
1,53 2285,71 2326,91 1,80
1,69 2285,71 2327,86 1,84
1,84 2285,71 2325,60 1,75
1,99 2285,71 233438 2,13

Biéu d6 thé hién tuwong quan gifta strc chiu tai ciia coc cho phép va cuc
han tng voi do bién thién goc ma sat ngoai va gia tri ky vong (30,66°) theo
phuong phép do tin cay dugc trinh bay trén Hinh 4.26 va Hinh 4.27.
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Hinh 4.27. Twong quan stic chiu tii cuc han ciia coc xét bién dong goc ma sat ngoai
Do thi ham mat do xac suat va ham phan phdi tich luy trong cac truong
hop tinh toan thé hién trén Hinh 4.28 va Hinh 4.29.
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Hinh 4.28. D6 thi hAm mat dd xac suat va ham phan phoi tich lu§ sirc chiu
tai gidi han cda coc c6 02 canh
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Hinh 4.29. P6 thi hAm méat dd xac suat va ham phan phdi tich luy sic chju
tai cuc han cua coc ¢6 02 canh

Két qua tinh toan da x4y dung cac ham tinh toan stc chiu tai cia coc dng
thép 2 canh xoan khi xét dén su bién dong hiru han tham s6 ngau nhién goc
ma sat ngoai cua cat san san ho vai bé mat thép lam coc tu 26,06° dén 35,26°.

4.3.2.5. Ung xi¥ ciia coc ong thép cé 2 cinh xodn xét bién déng ciia
trong lwong thé tich

Khdao sat strc chiu tdi ctia coc trong cac truong hop do 1éch cua trong
luong thé tich cat san san ho & trang thai bao hoa gém: 0,82 kN/m’; 0,92
kN/m’; 1,02 kN/m’; 1,12 kN/m® va 1,22 kN/m’. Tham s mé hinh trong
chuong trinh tinh toan “PileHLC” cin ctr theo Bang 4.5 va Bang 4.6. Xac suét
an toan: P, =0,99931890; murc do tin cady muc ti€u: g= 90%.

Két qua tinh toan surc chiu tai ctia coc xét bién dong trong lugng thé tich
theo cac do 1éch khac nhau tong hop trén Bang 4.19; Bang 4.20 va Bang 4.21.

Bang 4.19. Swre chiu tai gidi han cua coc tron trom
xét sir bién dong trong lwong thé tich

Do léch trong Siwre chiu tai cho phép cua coc Py,
lwong thé tich Phwong phap trang | Phwong phap d¢ | Chénh léch
(KN/m’) thai gi6i han (kN) tin cay (kN) (%)
0,82 1057,14 1144,53 8,27
0,92 1057,14 1110,15 5,01
1,02 1057,14 1075,82 1,77
1,12 1057,14 1040,24 -1,60
1,22 1057,14 1005,48 -4,89
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Bang 4.20. Svrc chiu tai gidi han cua coc ¢6 02 canh

xét si bién dong trong lwong thé tich

D¢ 1éch trong Siwre chiu tai cho phép cua coc Py,
lrgng thé tich Phuong phap trang | Phwong phap d¢ | Chénh léch
(KN/m’) | thaigiéihan (kN) | tin ciy (kN) (%)

0,82 1771,43 1955,26 10,38
0,92 1771,43 1891,97 6,80
1,02 1771,43 1829,52 3,28
1,12 1771,43 1765,52 -0,33
1,22 1771,43 1704,06 -3,80

Bang 4.21. Swre chiu tdi cwe han cua coc ¢ 02 canh

xét sir bién dong trong lwong thé tich

Do 1éch trong Stre chiju tai cue han cia coc [P,]
lrgng thé tich | Phwong phép trang | Phuong phép d¢ | Chénh léch
(kN/m’) | thai giéi han (KN) | tin cdy (kN) (%)
0,82 2285,71 2499,02 9,33
0,92 2285,71 2411,74 5,51
1,02 2285,71 2327,83 1,84
1,12 2285,71 224214 -1,91
1,22 2285,71 2165,61 -5,25

Két qua tinh toan strc chiu tai cua coc theo phuong phap do tin cy so
v6i phuong phap trang thai gidi han cho thay, d6 1éch cua trong lugng thé tich
& trang thai bdo hoa anh huong dang ké dén tng xur ctia coc. Khi d6 1éch 1a
1,12 va 1,22 thi strc chiu tai cua coc theo phuong phap dd tin cady nho hon
phuong phép trang thai gio1 han, nhung khi d6 I¢ch 1a 0,82 va 0,92 thi chénh
léch gitta 2 phuwong phép tinh toan ting 1én nhanh tir 5,01% dén 10,38%. Do
vay, kién nghi tinh toan vo1 do 1éch trong luong thé tich & trang thai bao hoa
hop ly theo trung binh 1a 1,02.

Do thi tuong quan gitra strc chiu tai gidi han va cuc han cta coc g véi
d6 bién thién trong luong thé tich ¢ trang thai bio hoa va gia tri ky vong (20,4
kN/m’) dugc trinh bay & trén Hinh 4.30 va Hinh 4.31.
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Hinh 4.31. Tuong quan sitc chiu tii cure han ciia coc xét bién dong trong luong thé tich
D6 thi ham mat do xac sut va ham phan phdi tich luy truong hop do
léch trong lugng thé tich 1 1,02 kN/m” thé hién trén Hinh 4.32 va Hinh 4.33.

B thi bam mat dé xse suat B thi ham phan phdi tich 1oy
100 I I
ST e
= E E E
= RRRt e E SEREEPPRI PR P TRt
] ] '
= 1 ; '
= 411----------: """" R e e
£ : : :
G B R i s ane i
i) 0 ' i i
1500 2000 2500 2000 3500 1500 2000 2500 3000 3500
Suc chiu fai cua coc [Pcl (KM ) Suc chiu taji cua coc [Pcl (KM )

Hinh 4.32. Pd thi ham mat d§ x4c suat va phan phoi tich luy strc chiu tai gioi
han cia coc ¢6 02 canh
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Hinh 4.33. D6 thi ham mat dd x4c suit va phan phdi tich luy sirc chju tai cuc
han cuia coc ¢6 02 canh

Két qua tinh toan da xay dung dugc cac ham hdi quy tinh toan strc chiu
tai ciia coc 6ng thép c6 2 canh xoan khi xét dén sy bién dong hiru han tham sb
ngau nhién trong lugng thé tich & trang thai bio hoa ctia nén cat san san ho tir
17,34 kN/m’ dén 23,46 kN/m”.

4.4. Két luan chwong 4

Két qua nghién ctru dat duoc trong chuong 4 cta luan 4n bao gom céc
ndi dung chinh nhu sau:

— Xay dung chuong trinh “PileHLC” nghién ciru Gng x{r ciia coc ong
thép c6 canh xodn trong nén cat san san ho ving bién dao xa bd thudc tinh
Khanh Hoa. Trong do, sir dung 1y thuyét tinh toan theo trang thai gidi han két
hop phuong phap mé phong sé6 Monte-Carlo dé giai lap cac bai toan tién dinh
khi xét dén bién dong ngau nhién ciia tham sd nén cat san san hd. Chuong
trinh tinh todn dugc lap trong mdi truong phan mém MATLAB Version
7.6.0.324 (R2008a) cua hang Mathworks - Hoa Ky theo ngén ngit Fortran;

— Rt ra anh hudng cua sé phép thir Monte-Carlo dén két qua tinh toan
cling nhu khdi lugng phai thuc hién, két qua nhan dugc suc chiu tai cho phép
va cyc han cua coc theo phuong phap dd tin cay chénh léch so voi theo
phuong phap trang thai gi6i han tir 1,59% dén 7,15%;

— Panh gia anh hudng cua sd phan tir mo hinh coc khi md phong sb
Monte-Carlo, két qua tinh toan giita phuong phap do tin cdy va phuong phap
trang thai gidgi han chénh 1éch tur 1,73% dén 3,82%. Xac dinh ham tuong quan
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bac 4 tinh strc chiju tai ctia coc tron tron va coc canh theo sd ph?ln tlr coc;

— Xay dyng ham twong quan bac 4 dé danh gia sy 1am viéc cua coc éng
thép tron tron va coc c6 02 canh xodn khi xét dén su bién dong cua tham s6
ngau nhién goc ma st trong ctia nén tir 39,52° dén 53,46° (gia tri ky vong 1a
46,49%), chénh 1éch tinh toan so v&i phuong phap TTGH tir 1,46% dén 4,38%;

— Lam sang t6 Ung xtr ctia coc ong thép tron tron va coc cd 02 canh
xoan khi xét su bién dong ctia tham sé ngdu nhién goc ma sat ngoai giita cat
san san ho v6i bé mat thép 1am coc tir 26,06° dén 35,26° (gia tri ky vong 13
30,66°) qua viéc xay dyng ham twong quan béc 4, chénh 1éch so véi phuong
phap TTGH tir 0,66% dén 4,38%;

— Xac dinh duoc ham twong quan danh gia tmg xtr cia coc dng thép tron
tron va coc ¢6 02 canh xoan khi xét tham s ngau nhién trong lugng thé tich &
trang thai bdo hoa ctia nén cat san san ho thay d6i tir 17,34 dén 23,46 kN/m’
(gia tri ky vong 1a 20,4 kN/m®), chénh léch so v&i phuong phap TTGH tir
0,33% dén 10,38%.
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KET LUAN VA KIEN NGHI

Tir cac két qua nghién ctru, tac gia luan 4n rat ra nhimg két luan, danh
gia van dé méi, phan tich ndi dung da dat duoc. Déng thoi, 1am rd mot sb han
ché va kién nghi cac nghién ctu tiép cta luan an theo nhu sau:

1. Két luan

a) Két qua dat dwoc trong ndi dung nghién civu ciia lugn dn

1) Lam sang t6 sttc khang ma sat giita bé mat tim thép voi mau cét san
san ho bang thi nghiém cit phang cai tién k¥ thuat trong phong thi nghiém két
hop thi nghiém quy ludt ma sat ngoai hién truong. Xac dinh cac tham s6 mo
hinh cat san san hd & d chat tuong ddi 1a 70% va c6 kich thuée hat thé 16n
nhat 13 20 mm thu thap duoc tir viing bién do xa bo tinh Khanh Hoa.

2) Xac dinh su lam viéc clia coc 6ng thép co canh xoan trong nén cat san
san ho theo phuong phap PTHH. Pong thoi, danh gid anh huong cac tham sb
canh xodn cta coc khi dugc gia cuong trén coc, bao gém: $6 luong canh
X04n; khoang céach canh xodn; do sdu vi tri canh xodn trén than coc; duong
kinh va budc canh xoin. Trén co s& két qua nhan dugc, phan tich va kién nghi
c6 thé tham khao cac tham sb canh xoan nhim nang cao strc chiu tai theo diéu
kién khai thac, hai hoa tinh kinh té ctia coc cai tién so vdi coc tron tron truyén
théng khi st dung trong mong coc cong trinh trong nén cat san san ho.

3) Ung dung 1y thuyét mé phong sé Monte-Carlo xay dung chuong trinh
“PileHLC” dé 1ap cac ham twong quan danh gid Gng xur cia coc 6ng thép
trong nén cat san san ho khi xét dén su bién dong trong mdt bién do hiru han
ctia tham sb ngau nhién nén 1a goc ma sat trong va trong lugng thé tich, tham
s6 ngau nhién cua tuong tac gitta coc voi nén 1a goc ma sat ngoai.

b) Nhitng diém mdi ciia ludn dn ma tic gia di thue hién

Cin ctr vao thuc tién nghién ciru trong nude va qudc té, tac gia nhan thay
mdt sb diém méi trong cac két qua nghién ctiru dat dugc cua luan an nhu sau:

1) Tién hanh céc thi nghiém trong phong va hién trudng nham lam sang
t6 co ché hinh thanh va phat trién sttc khdng ma sat gitta bé mat tam thép voi
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cat san san ho. Cac két qua cho thay, goc ma sat ngoai gitta cat san san ho va
bé mat tAm thép lam coc trung binh Ia 30,66, chuyén vi to1 han cua strc khang
ma sat dat dugc trung binh 1a 2,5 mm.

2) Nghién ciru anh hudng cac théng sb cua coc dng thép cd canh xodn
(sé lugng canh, do sau vi tri canh trén than coc, khoang cach canh, budc canh
va duong kinh canh) va anh hudng sy bién dong cua cac tham sb nén cat san
san ho (goc ma sat trong, goc ma sat ngoai, trong luong thé tich & trang thai
bdo hoa) dén su lam viéc ctia coc va chuyén vi dau coc 6ng thép. Két qua
nghién ctru cho thiy strc chiu tai cuc han cta coc dng thép c6 2 canh xodn
tang tu 1,9 dén 3,9 1an khi coc chi chiu tai doc truc; tang tu 1,9 dén 2,3 1an khi
coc chiu nén doc truc va ngang déng thot. Trong khi do, khi chiu nhd doc truc
va day ngang dong thoi thi stc chiu tai ting tir 2,6 dén 3,6 lan. Nguoc lai, coc
6ng thép c6 2 canh x0én co thé giam chuyén vi cuc han dau coc tir 2,8 dén 6,3
1an so v6i coc tron tron khi xét ciing gia tri tai trong.

3) Ung dung 1y thuyét mé phong s Monte - Carlo x4y dung thuat toan,
chuong trinh duoc goi 1a “PileHLC” dé tinh toan strc chiu tai ctia coc dng
thép tron tron va coc 6ng thép co 02 canh xoan trong nén cat san san ho, khi
xét tinh ngau nhién tham s goc ma sét trong, trong lugng thé tich cuia nén cat
san san ho va goc ma sat ngoai giita coc dng thép véi nén cat san san ho.

2. Kién nghi

a) Cic han ché ciia két qud nghién civu va cdc vin dé luu y

1) Doi véi két cau coc: Méi tap trung nghién ctru Gmg xur vé sttc chiu tai
cua coc don éng thép co tdi da 2 canh xodn doc lap, chua danh giad véi cac coc
6ng thép cé nhiéu canh xoén va hoic dang coc vit c6 tinh lién tyc. Chua dé
cap nghién ctru &én anh huong ciia hiéu tng nhom ddi véi coc canh xodn.

2) Péc diém moi truong nén: Tac gia mbi nghién cliru nén cat san san hd
& d6 chat trong ddi 70% c6 kich thude hat thé 16n nhat 1a 20 mm. Chua lam
16 dbi voi cac truong hop nén san hd khac cé kich thuéc hat 16n hon va sir
dung cadc md hinh nén nang cao phu hop timg trudng hop bai toan tuong tac
cu thé trong thuc tién. Déng thoi, luan an chua thuc hién dugce nhiéu khéi

luong thyc nghiém dé kiém dinh quy luat phan bd cua cac tham sé nén cat san
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san ho khi khdo sat sy bién dong ngau nhién ¢ trong chuong 4.

3) Tinh chdt tai trong tdc dung: Luan an d& cap dén tai trong tinh tac
dung tai dau coc theo phuong doc truc, phuong ngang. Chua dé cip nghién
ctru dén tai trong ldp tinh, l3p dong va tai trong tac dung da phuong.

4) Str dung phwong phdp tinh todn: Két qua nghién ctru danh gia tmg xir
ctia coc Ong thép c6 canh xodn va kién nghj tham khao cdu hinh canh xodn
theo mo hinh s6 1y thuyét, ma chua tién hanh nghién ctru thuc nghiém tuong
tac cia coc 6ng thép co canh xodn trong nén cat san san ho trén mo hinh vat
Iy thu nhé hodc thyc nghiém tryc tiép tai hién trudng. Ngoai ra, trong mo hinh
s6 méi xét cac tham sb tién dinh cia mo hinh nén dan déo 1y tuong dé tinh
toan, ma chua ké dén su bién dong cua cac tham $6 nay trong va sau khi ha.

b) Kién nghi huéng nghién civu tiép theo

1) Can tiép tuc nghién ctru thuc nghiém xéac dinh cac tham sé mo hinh nén
ddy du dé van dung vao bai toan coc 6ng thép co cac canh xodn khi xét toi tai
trong dong co tinh 1ap theo thuc té khai thac cong trinh. Béng thoi, tién hanh
thém nhiéu thuc nghiém vdi cac cip phdi khac nhau dé kiém dinh quy luat phan
b ctia cac tham sb nén cat san san ho nghién ctu.

2) Tiép tuc nghién ciru sy lam viéc clia coc 6ng thép cai tién bang cac canh
xoan trong cac diéu kién nén san ho khac nhau chiu tic dung cac truong hop tai
trong phuc tap dé t6i wu hoa cac tham sb ctia canh xoan.

3) Nghién ctru thuc nghiém coc éng thép c6 cac canh xoan khac nhau theo
phuong phap mé hinh vat 1y trong phong thi nghiém véi ty 18 nhét dinh hodc thi
nghiém hién trudng trén cac coc phu hop thiét ké va thuc tién thi cong nhim
kiém chimg két qua nghién ctru theo thuc nghiém. Pong thoi danh gia su bién

dong cuia tham sO nén cat san san ho sau khi ha coc 6n dinh vao trong nén.
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PHU LUC 2 (CHUONG 1)
TONG HQP MOT SO KET QUA NGHIEN CU'U VE NEN SAN HO
TREN THE GIOI

100 1= . P e
Silicecus sands L
—@—LIon: Riveor =end (coop, Loc, 10803 ';fg
~#—Tojyoura sand (izatharm, 170372 s~
30 1 Calcareous sands % o2
=i Dhire= Day marsl {(Conoge, 155400 : '- » |
— = {Goodvrrn saad (isrnad] . 20000 o L
S? e Goodwrn silk (Sonie, 1303 8 ™ E
2260 - I8
e &
JE LY " &
=] »
“_.ﬁ 7 - - =
e A » .-.-
= g W
o T
¥ s Faim
20 . -
o
IE-4 1E-3 .01 0.1 1.0 10

Cat
Min | T binh | Tha

S

Hinh PL2.1. Cip phdi hat mot so cat thwong va cat san hd trén thé giéi
(Xu B. va Zhuge A., 2016)
Bang PL2.1. Pic trung vt 1y ciia mét so loai cat san ho trén thé gioi
(Xu B. va Zhuge A., 2016)

Ham o ‘. H¢ s6 rong
H¢ so Khoi lwgng
luwgng \ "
Khu vue dong rieng hat G
C3C03 X 3 €min €max
nhat C, (g/cm)
(%)
China 96,7 1,18 2,73 0,75 | 1,26
Ireland 92,5 1,11 2,72 1,62 | 1,98
India 75,0 2,23 2,80 0,75 | 1,07
North-west of
) 94,0 2,43 2,72 1,22 | 1,92
Australia
South-east of
) 88,0 4.6 2,73 0,54 | 1,01
Australia
America 92,0 3.4 2,82 1,00 | 2,97




L0

80

30

Phén tram theo trong hrong (%)

15

10 W+

0

100

10

—&— Sanya-1
—o— Sanya-2
—&— Yongshu
+— Xisha-1
—a— Xisha-2
—e— Nisha-3
#— Xisha-4

—&— Quartz sand

0. 01

Soi

Cat

Sét

Kich thirée hat'mm
Hinh PL2.2. Cip phdi hat ciia mét sd loai canh va cat san ho & QDTS,
QDHS (Wang X.Z., 2011)

Bang PL2.2. Tinh chit va cic tham sb trang thai téi han ciia mét so loai
cat san ho trén thé giéi (Xu B. va Zhuge A., 2016)

Ci hat H‘é s6 | Hé s6 réng [Tham s6 Cam-Clay| Ap luc
Khu vuc De, (m.m) df')ng e | e N N N téi han
nhat C, py (kPa)
Dogs Bay 0,30 2,06 |2,21]1,4810,335/0,013(3,80| 1,07
Goodwyn 0,10 46 [2,04|1,41]0,290|0,017|3,30| 0,81
Ledge 0,27 1,84 |1,2210,88 |0,185|0,006|2,50| 7,05
Point
North 0,23 3,7 | 1,79 1,22 10,220 | 0,014 | 2,67 | 0,86
Rankin
Rottnest 0,17 L5 |1,21]0,84 (0,192 ]0,019|2,40| 6,66
Quiou 0,70 45 11,20(0,78 0,152 - |2,02| 4,61
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Bang PL2.3. Tinh chit va cAc tham s trang thai téi han cia san hé roi
(canh 14n cat san) & QPHS (Yongshu), QPTS (Xisha) va Hai Nam

(Wang X.Z., 2011)
Khoi P Tham s6 sirc khang| Tham s6 strc khang
0
| luwong : cwe dai dw
Vi tri be thé tich 6 chat
i tri e tich & ;
: A Luwec dinh
14y miu am trang tuong d . | G6c ma | Lwe dinh | Géc ma
: A on vl x
(o) thai khé doi .z ..z |sattrong|don vi biéu|sat trong
s | (%) bicu kién R Kién (KP R
(g/cm ) (kPa) (d(.)) cn ( a) (d(.))
1,2 1,50 72 68,2 249
Sanya-1
BH 1,50 39,3 23.8
12,2 1,50 79 126,8 32,5 56,2 30,2
Sanya-2
BH 1,50 24,5 31,2 20,5 28,3
2,3 1,50 73 39,6 34,3 21,3 32,1
Yongshu
BH 1,50 35,9 31,0 18,3 29,9
Xisha-1 |4,43| 1,77 88 3154 42,9 179,3 41,5
Xisha-2 |4,75| 1,77 86 316,2 41,7 193,6 40,6
Xisha-3 |8,64| 1,64 81 16,9 35,5 6,3 28,4
Xisha-4 | 7,76 | 1,36 74 22,5 30,1 8,4 26,1
Xisha-5 |2,28| 1,59 79 133,5 56,0 44,6 54,8
Xisha-6 | 1,00 1,50 77 83,9 55,4 40,2 47,5
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PHU LUC 3 (CHUONG 2)
TONG HQP SO LIEU THUC NGHIEM CAT PHANG MAU CAT SAN
SAN HO TREN TAM THEP TRONG PHONG THiI NGHIEM

Ung suit cit Cl{u);én Ung suit cit Cl{u);én
Thoi vi cat Thoi vl cat
) (ap luc nén 300 kPa) ) (ap luwc nén 200 kPa)
gian ngang gian ngang
N kPa mm N kPa mm
0 37,40 0,000 0,007 0 0,00 0,000 0,000
6 84,73 14,954 0,046 6 5,63 1,779 0,000
12 126,29 28,083 0,048 12 6,49 2,050 0,010
18 188,82 47,838 0,232 18 9,96 3,147 0,010
24 191,16 48,577 0,264 24 78,13 24,683 0,050
30 232,65 61,684 0,341 30 125,53 39,658 0,150
36 286,72 78,767 0,508 36 151,93 47,998 0,260
42 464,36 134,889 0,679 42 171,19 54,083 0,400
48 567,21 167,381 0,905 48 187,43 59,214 0,510
54 592,92 175,504 1,135 54 190,24 60,101 0,620
60 606,17 179,688 1,356 60 193,70 61,195 0,720
66 622,72 184,919 1,572 66 195,16 61,656 0,820
72 634,41 188,611 1,792 72 196,56 62,098 0,930
78 648,83 193,165 1,993 78 198,64 62,755 1,030
84 665,97 198,580 2,208 84 203,99 64,445 1,130
90 668,11 199,257 2,424 90 208,29 65,804 1,240
96 680,38 203,134 2,631 96 215,35 68,034 1,320
102 679,49 202,851 2,842 102 230,06 72,682 1,410
108 665,58 198,456 3,052 108 246,94 78,014 1,510
114 664,08 197,984 3,264 114 256,03 80,886 1,610
120 661,87 197,287 3,481 120 273,78 86,494 1,700
126 663,04 197,656 3,698 126 285,03 90,048 1,800
132 671,61 200,363 3,904 132 293,04 92,578 1,900
138 672,59 200,671 4,118 138 302,57 95,589 2,000
144 690,70 206,394 4,326 144 309,27 97,706 2,090
150 694,21 207,502 4,537 150 318,15 | 100,511 | 2,200
156 701,41 209,779 4,752 156 346,80 | 109,563 | 2,290
162 701,41 209,779 4,968 162 352,86 | 111,477 | 2,390
168 707,26 211,625 5,182 168 367,41 | 116,074 | 2,490
174 697,91 208,671 5,407 174 387,80 | 122,515 | 2,600
180 693,04 207,132 5,620 180 380,61 | 120,244 | 2,690
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Ung suit cit Cl{u);én I'J’ng sut cit Cl{u;;én
Thoi vi cat Thoi vi cat
) (ap luc nén 300 kPa) ’ . (ap lwe nén 200 kPa) .
gian ngang gian ngang
N kPa mm N kPa mm
186 685,05 204,610 5,834 186 378,19 119,479 2,800
192 682,33 203,748 6,044 192 389,27 122,980 2,900
198 686,03 204,917 6,256 198 382,52 120,847 3,000
204 695,38 207,871 6,459 204 388,14 122,623 3,100
210 707,65 211,748 6,668 210 387,28 122,351 3,200
216 706,09 211,256 6,877 216 380,09 120,080 3,300
222 710,96 212,794 7,092 222 385,50 121,789 3,410
228 721,67 216,178 7,298 228 386,58 122,130 3,510
234 733,16 219,809 7,509 234 388,70 122,800 3,610
240 721,48 216,117 7,728 240 388,70 122,800 3,710
246 715,44 214,209 7,942 246 398,23 125,810 3,820
252 709,21 212,240 8,157 252 391,47 123,675 3,920
258 718,17 215,071 8,361 258 390,15 123,258 4,020
264 717,00 214,702 8,573 264 394,89 124,755 4,120
270 722,65 216,486 8,790 270 401,17 126,739 4,220
276 710,57 212,671 9,012 276 406,58 128,448 4,320
282 700,64 209,533 9,231 282 403,90 127,602 4,420
288 699,08 209,040 9,440 288 404,67 127,845 4,530
294 689,92 206,148 9,650 294 405,88 128,227 4,640
300 688,36 205,656 9,857 300 406,08 128,290 4,730
306 692,26 206,887 9,896 306 407,73 128,812 4,840
. ffng sudt cit (ap luc Ch.u);en . I'J’ng sudt cit (ap Cl{u);en
Thoi nén 150 kPa) viedt | Thoi | e nen 100 kPa) | VM
glan ngang gian ngang
N kPa mim N kPa mm
0,00 0,00 0,000 0,000 0,000 0,00 0,000 0,000
6,00 39,78 12,567 0,033 6,000 35,28 11,145 0,070
12,00 45,99 14,530 0,051 12,000 37,66 11,897 0,213
18,00 49,99 15,794 0,054 18,000 43,50 13,743 0,294
24,00 56,99 18,005 0,055 24,000 87,65 27,692 0,344
30,00 58,21 18,390 0,083 30,000 88,52 27,965 0,540
36,00 59,64 18,843 0,128 36,000 92,20 29,128 0,738
42,00 61,64 19,475 0,175 42,000 | 117,74 | 37,196 0,926
48,00 64,08 20,243 0,217 48,000 | 158,86 | 50,187 1,144
54,00 75,97 24,001 0,242 54,000 | 176,39 | 55,725 1,365
60,00 76,92 24,301 0,246 60,000 | 185,91 58,734 1,572
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. Ung suit cit (ap luc Cl{u);en . Ung suit cit (ap Ch.uzen
Thoi nén 150 kPa) vieat | Thei | e nén 100 kPa) | VA
gian ngang gian ngang

N kPa mm N kPa mm
66,00 78,35 24,753 0,246 66,000 | 191,54 | 60,511 1,769
72,00 78,57 24,822 0,246 72,000 | 198,46 | 62,700 1,967
78,00 86,36 27,283 0,247 78,000 | 203,23 | 64,204 2,165
84,00 86,44 27,309 0,269 84,000 | 206,69 | 65,298 2,358
90,00 102,85 32,492 0,306 90,000 | 216,21 | 68,306 2,560
96,00 103,06 32,560 0,352 96,000 | 217,94 | 68,853 2,752
102,00 101,55 32,081 0,398 102,000 | 212,32 | 67,075 2,956
108,00 102,63 32,424 0,450 108,000 | 214,05 | 67,622 3,152
114,00 102,41 32,355 0,501 114,000 | 216,21 | 68,306 3,344
120,00 101,98 32,218 0,544 120,000 | 217,94 | 68,853 3,545
126,00 102,85 32,492 0,596 126,000 | 220,54 | 69,674 3,741
132,00 104,15 32,902 0,645 132,000 | 213,83 | 67,554 3,945
138,00 105,23 33,244 0,688 138,000 | 216,43 | 68,375 4,134
144,00 108,04 34,133 0,744 144,000 | 218,81 | 69,127 4,325
150,00 113,02 35,705 0,787 150,000 | 221,84 | 70,084 4,524
156,00 123,62 39,056 0,834 156,000 | 224,00 | 70,768 4,724
162,00 138,56 43,774 0,878 162,000 | 226,60 | 71,588 4,922
168,00 151,33 47,808 0,937 168,000 | 226,38 | 71,520 5,119
174,00 164,75 52,047 0,987 174,000 | 227,47 | 71,862 5,315
180,00 176,00 55,602 1,040 180,000 | 229,20 | 72,409 5,509
186,00 186,39 58,884 1,103 186,000 | 228,11 | 72,067 5,710
192,00 193,75 61,209 1,155 192,000 | 226,38 | 71,520 5,902
198,00 201,54 63,671 1,215 198,000 | 229,20 | 72,409 6,096
204,00 207,60 65,585 1,271 204,000 | 232,23 | 73,366 6,296
210,00 214,52 67,773 1,332 210,000 | 235,04 | 74,255 6,497
216,00 219,93 69,482 1,384 216,000 | 234,39 | 74,050 6,689
222,00 225,99 71,397 1,438 222,000 | 238,07 | 75,212 6,896
228,00 233,57 73,790 1,490 228,000 | 233,96 | 73,913 7,096
234,00 238,76 75,431 1,543 234,000 | 236,12 | 74,597 7,297
240,00 243,52 76,935 1,590 240,000 | 236,56 | 74,733 7,495
246,00 24591 77,687 1,645 246,000 | 236,56 | 74,733 7,696
252,00 247,64 78,235 1,696 252,000 | 237,85 | 75,144 7,894
258,00 251,32 79,397 1,741 258,000 | 240,02 | 75,827 8,091
264,00 252,18 79,670 1,793 264,000 | 239,37 | 75,622 8,291
270,00 254,78 80,491 1,840 270,000 | 243,48 | 76,921 8,483
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. Ung suit cit (ap luc Cl{u);en . Ung suit cit (ap Cl{u;;en
Thoi nén 150 kPa) vieat 1 Thot | o nen 100 kPay |V
gian ngang gian ngang

N kPa mm N kPa mm

276,00 258,24 81,585 1,886 276,000 | 244,56 | 77,263 8,682
282,00 259,76 82,063 1,938 282,000 | 246,51 | 77,878 8,880
288,00 260,84 82,405 1,988 288,000 | 245,21 | 77,468 9,078
294,00 261,70 82,679 2,037 294,000 | 245,21 | 77,468 9,278
300,00 262,35 82,884 2,082 300,000 | 245,86 | 77,673 9,473

o Thoi O S Chuyén
S& thir tur Thoi gian gian Luec cat ang suat Ap luc vi cat
: (giay) i N) cat (kPa) | nén (kPa) ngang
(phut)

(mm)

1 00:00:00:00 0 6,493 0,000 99,516 0,000

2 00:00:00:06 0,1 17,314 1,378 99,489 0,049

3 00:00:00:12 0,2 17,098 1,351 99,461 0,131

4 00:00:00:18 0,3 17,098 1,351 99,516 0,141

5 00:00:00:24 0,4 17,314 1,378 99,572 0,144

6 00:00:00:30 0,5 20,128 1,737 99,461 0,192

7 00:00:00:36 0,6 19,695 1,682 99,516 0,192

8 00:00:00:42 0,7 59,085 6,700 98,936 0,22

9 00:00:00:48 0,8 135,916 16,487 98,77 0,289

10 00:00:00:54 0,9 224,651 27,791 98,991 0,364

11 00:00:01:00 1 299,102 37,275 99,24 0,443

12 00:00:01:06 1,1 346,283 43,285 99,489 0,527

13 00:00:01:12 1,2 369,224 46,208 99,489 0,619

14 00:00:01:18 1,3 385,023 48,220 99,489 0,713

15 00:00:01:24 1,4 396,927 49,737 99,516 0,802

16 00:00:01:30 1,5 402,337 50,426 99,516 0,903

17 00:00:01:36 1,6 406,233 50,922 99,489 1,001

18 00:00:01:42 1,7 413,592 51,860 99,489 1,091

19 00:00:01:48 1,8 416,405 52,218 99,489 1,189

20 00:00:01:54 1,9 417,92 52,411 99,544 1,286

21 00:00:02:00 2 421,816 52,907 99,516 1,39

22 00:00:02:06 2,1 424,629 53,266 99,516 1,48

23 00:00:02:12 2,2 426,361 53,486 99,516 1,579

24 00:00:02:18 2,3 428,092 53,707 99,489 1,675

25 00:00:02:24 24 428,742 53,790 99,489 1,768

26 00:00:02:30 2,5 430,04 53,955 99,516 1,865
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Thoi ] ) ) ] Chuy’én
S6 thit tur Thoi gian gian Luec cat ang suat Ap luc vi cat
: (giay) i MN) cat (kPa) | nén (kPa) ngang
(phut)

(mm)

27 00:00:02:36 2,6 430,689 54,038 99,544 1,963
28 00:00:02:42 2,7 431,555 54,148 99,544 2,062
29 00:00:02:48 2,8 434,801 54,562 99,544 2,161
30 00:00:02:54 2,9 435,018 54,589 99,544 2,255
31 00:00:03:00 3 436,316 54,755 99,572 2,354
32 00:00:03:06 3,1 434,801 54,562 99,489 2,457
33 00:00:03:12 3,2 432,204 54,231 99,516 2,556
34 00:00:03:18 3.3 434,585 54,534 99,544 2,651
35 00:00:03:24 3.4 431,122 54,093 99,489 2,752
36 00:00:03:30 3,5 430,689 54,038 99,572 2,848
37 00:00:03:36 3,6 435,234 54,617 99,516 2,945
38 00:00:03:42 3,7 435,234 54,617 99,572 3,047
39 00:00:03:48 3.8 437,831 54,948 99,572 3,141
40 00:00:03:54 3,9 436,533 54,782 99,572 3,239
41 00:00:04:00 4 434,801 54,562 99,516 3,342
42 00:00:04:06 4,1 431,772 54,176 99,572 3,441
43 00:00:04:12 4,2 436,966 54,837 99,516 3,538
44 00:00:04:18 4,3 440,212 55,251 99,544 3,639
45 00:00:04:24 4,4 439,563 55,168 99,572 3,74
46 00:00:04:30 4,5 437,182 54,865 99,544 3,841
47 00:00:04:36 4,6 439,779 55,196 99,516 3,941
48 00:00:04:42 4,7 442,376 55,526 99,572 4,036
49 00:00:04:48 4,8 442,376 55,526 99,544 4,133
50 00:00:04:54 4,9 443,026 55,609 99,516 4,237

S6 thir Thoi gian E:: Luc cit I'J:ng suit Ap Iue fz“!llturfge:n‘;

tw (giay) (phiit) N) cat (kPa) | nén (kPa) (mm)
1 00:00:00:00 0 0,216 0,000 99,544 0,00
2 00:00:00:06 0,1 0,216 0,000 99,516 0,00
3 00:00:00:12 0,2 77,481 9,843 99,544 0,016
4 00:00:00:18 0,3 206,471 26,275 98,88 0,07
5 00:00:00:24 0,4 319,662 40,694 99,35 0,132
6 00:00:00:30 0,5 398,225 50,702 99,655 0,201
7 00:00:00:36 0,6 431,988 55,003 100,125 0,289
8 00:00:00:42 0,7 435,451 55,444 100,208 0,384
9 00:00:00:48 0,8 436,533 55,582 100,208 0,48
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S6 thir Thoi gian r;ll:: Lurc cit ['f’ng suét Ap lue Sﬁht uz;:n‘g
tuw (giay) (phiit) (N) cat (kPa) | nén (kPa) (mm)
10 00:00:00:54 0,9 438,264 55,802 100,097 0,577
11 00:00:01:00 1 439,13 55,913 100,097 0,676
12 00:00:01:06 1,1 438,481 55,830 100,069 0,776
13 00:00:01:12 1,2 441,511 56,216 100,042 0,872
14 00:00:01:18 1,3 441,078 56,161 99,986 0,971
15 00:00:01:24 1,4 438,264 55,802 99,876 1,066
16 00:00:01:30 1,5 440,429 56,078 99,765 1,166
17 00:00:01:36 1,6 442,593 56,354 99,682 1,26
18 00:00:01:42 1,7 441,511 56,216 99,516 1,356
19 00:00:01:48 1,8 443,458 56,464 99,516 1,454
20 00:00:01:54 1,9 443,675 56,492 99,516 1,552
21 00:00:02:00 2 442,809 56,381 99,544 1,648
22 00:00:02:06 2,1 443,458 56,464 99,516 1,743
23 00:00:02:12 2,2 445,406 56,712 99,572 1,841
24 00:00:02:18 2,3 445,406 56,712 99,544 1,931
25 00:00:02:24 2,4 446,056 56,795 99,572 2,031
26 00:00:02:30 2,5 446,056 56,795 99,516 2,125
27 00:00:02:36 2,6 445,406 56,712 99,544 2,226
28 00:00:02:42 2,7 443,458 56,464 99,516 2,319
29 00:00:02:48 2,8 445,406 56,712 99,489 2,423
30 00:00:02:54 2,9 445,19 56,685 99,572 2,518
31 00:00:03:00 3 443,458 56,464 99,516 2,617
32 00:00:03:06 3,1 445,839 56,767 99,544 2,715
33 00:00:03:12 3,2 445,839 56,767 99,516 2,81
34 00:00:03:18 3,3 445,19 56,685 99,516 2,909
35 00:00:03:24 3,4 444,324 56,574 99,544 3,009
36 00:00:03:30 3,5 444,757 56,629 99,599 3,109
37 00:00:03:36 3,6 444,757 56,629 99,627 3,207
38 00:00:03:42 3,7 444,108 56,547 99,655 3,305
39 00:00:03:48 3,8 448,003 57,043 99,627 3,405
40 00:00:03:54 3,9 446,705 56,878 99,627 3,504
41 00:00:04:00 4 444,541 56,602 99,516 3,601
42 00:00:04:06 4,1 444,757 56,629 99,599 3,7
43 00:00:04:12 4,2 443,242 56,436 99,544 3,801
44 00:00:04:18 4,3 444,757 56,629 99,544 3,901
45 00:00:04:24 4,4 446,705 56,878 99,516 3,998
46 00:00:04:30 4,5 446,272 56,822 99,489 4,095
47 00:00:04:36 4,6 445,623 56,740 99,516 4,192
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S6 thir Thoi gian r;ll:: Lurc cit ['f’ng suét Ap lue Sﬁht uz;:n‘g
tuw (giay) (phiit) (N) cat (kPa) | nén (kPa) (mm)
48 00:00:04:42 4,7 443,026 56,409 99,516 4,297
49 00:00:04:48 4,8 446,921 56,905 99,516 4,395
50 00:00:04:54 4,9 446,056 56,795 99,516 4,489

STT Th(‘)igian E:: Luec cit I'J;ng suit t&p lwe S;turf;:n‘g

(giay) (phiit) N) cat (kPa) | nén (kPa) (mm)

1 00:00:00:00 0 2,381 0,000 149,565 0,000
2 00:00:00:06 0,1 11,254 1,130 149,316 0,052
3 00:00:00:12 0,2 13,418 1,406 149,15 0,138
4 00:00:00:18 0,3 13,851 1,461 149,482 0,139
5 00:00:00:24 0,4 13,851 1,461 149,565 0,139
6 00:00:00:30 0,5 14,501 1,544 149,261 0,14
7 00:00:00:36 0,6 49,562 6,010 149,15 0,151
8 00:00:00:42 0,7 147,82 18,527 148,265 0,214
9 00:00:00:48 0,8 237,204 | 29,914 148,099 0,288
10 00:00:00:54 0,9 344,768 | 43,616 147,933 0,354
11 00:00:01:00 1 440,429 | 55,802 148,127 0,429
12 00:00:01:06 1,1 512,066 | 64,928 148,542 0,505
13 00:00:01:12 1,2 554,702 | 70,359 148,901 0,591
14 00:00:01:18 1,3 580,457 | 73,640 149,15 0,679
15 00:00:01:24 1,4 597,771 75,846 149,316 0,774
16 00:00:01:30 1,5 611,622 | 77,610 149,344 0,867
17 00:00:01:36 1,6 618,115 | 78,437 149,454 0,962
18 00:00:01:42 1,7 623,742 | 79,154 149,454 1,061
19 00:00:01:48 1,8 628,936 | 79,816 149,454 1,154
20 00:00:01:54 1,9 637,593 80,919 149,482 1,251
21 00:00:02:00 2 645,601 81,939 149,482 1,35
22 00:00:02:06 2,1 647,333 82,159 149,509 1,449
23 00:00:02:12 2,2 654,258 83,042 149,509 1,547
24 00:00:02:18 2,3 654,691 83,097 149,482 1,639
25 00:00:02:24 2,4 652,31 82,794 149,482 1,738
26 00:00:02:30 2,5 659,02 | 83,648 149,509 1,837
27 00:00:02:36 2,6 657,721 83,483 149,482 1,933
28 00:00:02:42 2,7 658,587 | 83,593 149,482 2,035
29 00:00:02:48 2,8 662,482 | 84,089 149,482 2,128
30 00:00:02:54 2,9 656,423 83,317 149,509 2,222
31 00:00:03:00 3 655,34 | 83,179 149,509 2,319
32 00:00:03:06 3,1 659,02 | 83,648 149,482 2,417
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S6 thir Thoi gian r;ll:: Lurc cit ['f’ng suét Ap lue Sﬁht uz;:n‘g
tuw (giay) (phiit) (N) cat (kPa) | nén (kPa) (mm)
33 00:00:03:12 3,2 663,565 84,227 149,509 2,515
34 00:00:03:18 3,3 662,699 84,117 149,537 2,612
35 00:00:03:24 3.4 663,132 84,172 149,537 2,71
36 00:00:03:30 3,5 661,4 | 83,951 149,482 2,81
37 00:00:03:36 3,6 661,184 | 83,924 149,509 2,913
38 00:00:03:42 3,7 660,967 83,896 149,482 3,007
39 00:00:03:48 3,8 662,266 84,062 149,509 3,109
40 00:00:03:54 3,9 662,266 84,062 149,509 3,208
41 00:00:04:00 4 665,08 84,420 149,509 3,3
42 00:00:04:06 4,1 665,729 84,503 149,509 34
43 00:00:04:12 4,2 662,915 84,144 149,537 3,501
44 00:00:04:18 4,3 661,833 84,007 149,454 3,6
45 00:00:04:24 4,4 665,729 84,503 149,482 3,698
46 00:00:04:30 4,5 665,08 84,420 149,454 3,798
47 00:00:04:36 4,6 663,997 84,282 149,509 3,892
48 00:00:04:42 4,7 664,43 84,337 149,482 3,993
49 00:00:04:48 4,8 666,595 84,613 149,482 4,092
50 00:00:04:54 4,9 666,811 84,641 149,509 4,19

STT Th(‘)’.iAgian ;g? Lurc cit I'J;ng suat i&p luc (c:;lt uzge:n‘;
(giay) (phiit) (N) cat (kPa) | nén (kPa) (mm)
1 00:00:00:00 0 3,463 0,000 199,503 0,000
2 00:00:00:06 0,1 15,366 1,516 199,613 0,043
3 00:00:00:12 0,2 15,15 1,489 199,475 0,078
4 00:00:00:18 0,3 14,717 1,434 199,503 0,078
5 00:00:00:24 0,4 15,366 1,516 199,503 0,13
6 00:00:00:30 0,5 17,098 1,737 199,447 0,177
7 00:00:00:36 0,6 17,747 1,820 199,475 0,181
8 00:00:00:42 0,7 110,378 13,620 199,06 0,204
9 00:00:00:48 0,8 244,562 30,713 197,982 0,261
10 00:00:00:54 0,9 375,284 47,366 197,982 0,321
11 00:00:01:00 1 496,699 62,833 198,175 0,381
12 00:00:01:06 1,1 602,749 76,342 198,535 0,448
13 00:00:01:12 1,2 678,931 86,047 198,839 0,519
14 00:00:01:18 1,3 726,545 92,112 199,088 0,6
15 00:00:01:24 1,4 756,195 95,889 199,281 0,695
16 00:00:01:30 1,5 779,136 98,812 199,392 0,785
17 00:00:01:36 1,6 792,555 100,521 199,447 0,879
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S6 thir Thoi gian r;ll:: Lurc cit ['f’ng suét Ap lue Sﬁht uz;:n‘g
tuw (giay) (phiit) (N) cat (kPa) | nén (kPa) (mm)
18 00:00:01:42 1,7 807,488 102,424 199,475 0,973
19 00:00:01:48 1,8 816,795 103,609 199,475 1,07
20 00:00:01:54 1,9 824,153 104,546 199,447 1,166
21 00:00:02:00 2 830,862 105,401 199,503 1,262
22 00:00:02:06 2,1 835,191 105,953 199,503 1,363
23 00:00:02:12 2,2 841,467 106,752 199,503 1,457
24 00:00:02:18 2,3 848,177 107,607 199,503 1,556
25 00:00:02:24 2,4 847,527 107,524 199,503 1,655
26 00:00:02:30 2,5 848,609 107,662 199,447 1,75
27 00:00:02:36 2,6 847,311 107,497 199,475 1,848
28 00:00:02:42 2,7 846,229 107,359 199,503 1,945
29 00:00:02:48 2,8 848,826 107,690 199,503 2,039
30 00:00:02:54 2,9 844,281 107,111 199,503 2,14
31 00:00:03:00 3 846,012 107,331 199,475 2,238
32 00:00:03:06 3,1 852,072 108,103 199,503 2,335
33 00:00:03:12 3,2 848,609 107,662 199,475 2,429
34 00:00:03:18 33 846,012 107,331 199,53 2,52
35 00:00:03:24 3.4 846,445 107,386 199,53 2,622
36 00:00:03:30 3,5 846,878 107,441 199,503 2,717
37 00:00:03:36 3,6 844,714 107,166 199,475 2,816
38 00:00:03:42 3,7 843,632 107,028 199,475 2,918
39 00:00:03:48 3,8 844,497 107,138 199,475 3,016
40 00:00:03:54 3,9 847,744 107,552 199,475 3,113
41 00:00:04:00 4 845,796 107,304 199,503 3,21
42 00:00:04:06 4,1 839,087 106,449 199,503 3,312
43 00:00:04:12 4,2 842,333 106,862 199,447 3,409
44 00:00:04:18 4,3 846,012 107,331 199,503 3,509
45 00:00:04:24 4,4 845,579 107,276 199,475 3,607
46 00:00:04:30 4,5 848,826 107,690 199,503 3,704
47 00:00:04:36 4,6 847,744 107,552 199,503 3,804
48 00:00:04:42 4,7 849,692 107,800 199,475 3,9
49 00:00:04:48 4,8 848,826 107,690 199,447 3,999
50 00:00:04:54 4,9 851,856 108,076 199,503 4,101
51 00:00:05:00 5 851,856 108,076 199,503 4,195
52 00:00:05:06 5,1 854,453 108,406 199,503 4,293
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SO thir | Thoigian |Thoigian| Luec cit I'Jing suat | Ap luc nén S:t ulzfe:nvg
tw (gidy) (phut) (N) | cét (kPa) (kPa) (mlgn) g
1 00:00:00:00 0 29,001 0,000 199,558 0,001
2 00:00:00:06 0,1 50,427 2,729 199,475 0,039
3 00:00:00:12 0,2 50,644 2,757 199,171 0,118
4 00:00:00:18 0,3 51,943 2,923 199,309 0,185
5 00:00:00:24 0,4 51,293 2,840 199,475 0,185
6 00:00:00:30 0,5 51,293 2,840 199,475 0,186
7 00:00:00:36 0,6 53,241 3,088 199,42 0,187
8 00:00:00:42 0,7 104,967 9,677 199,005 0,205
9 00:00:00:48 0,8 220,972 24,455 197,678 0,267
10 00:00:00:54 0,9 344,984 40,253 197,567 0,333
11 00:00:01:00 1 483,93 57,953 197,346 0,387
12 00:00:01:06 1,1 608,159 73,778 197,65 0,449
13 00:00:01:12 1,2 705,768 86,212 198,148 0,522
14 00:00:01:18 1,3 768,748 94,235 198,507 0,596
15 00:00:01:24 1,4 801,645 98,426 198,811 0,679
16 00:00:01:30 1,5 821,123 100,907 199,032 0,77
17 00:00:01:36 1,6 842,982 103,692 199,198 0,864
18 00:00:01:42 1,7 853,587 105,043 199,281 0,961
19 00:00:01:48 1,8 863,11 106,256 199,364 1,06
20 00:00:01:54 1,9 870,252 107,166 199,337 1,152
21 00:00:02:00 2 878,476 108,213 199,42 1,251
22 00:00:02:06 2,1 885,618 109,123 199,447 1,352
23 00:00:02:12 2,2 889,298 109,592 199,447 1,45
24 00:00:02:18 2,3 891,029 109,812 199,475 1,549
25 00:00:02:24 2.4 890,813 109,785 199,447 1,644
26 00:00:02:30 2,5 895,141 110,336 199,447 1,74
27 00:00:02:36 2,6 898,388 110,750 199,475 1,838
28 00:00:02:42 2,7 899,253 110,860 199,447 1,933
29 00:00:02:48 2,8 899,037 110,833 199,475 2,035
30 00:00:02:54 2,9 906,612 111,798 199,503 2,125
31 00:00:03:00 3 902,933 111,329 199,503 2,229
32 00:00:03:06 3,1 903,365 111,384 199,447 2,323
33 00:00:03:12 3,2 899,686 110,915 199,475 2,421
34 00:00:03:18 33 903,149 111,356 199,475 2,52
35 00:00:03:24 34 905,53 111,660 199,503 2,613
36 00:00:03:30 35 905,963 111,715 199,503 2,709
37 00:00:03:36 3,6 902,716 111,301 199,475 2,809
38 00:00:03:42 3,7 904,88 111,577 199,503 2911
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SO thir | Thoigian |Thoigian| Luec cit I'Jing suat | Ap luc nén S:t ulzfe:nvg
tw (gidy) (phut) (N) | cét (kPa) (kPa) (mlgn) g
39 00:00:03:48 3.8 902,933 111,329 199,475 3,007
40 00:00:03:54 3,9 909,209 112,128 199,503 3,108
41 00:00:04:00 4 902,716 111,301 199,503 3,207
42 00:00:04:06 4,1 905,097 111,605 199,503 33
43 00:00:04:12 4,2 912,455 112,542 199,475 3,397
44 00:00:04:18 4,3 907,261 111,880 199,447 3,496
45 00:00:04:24 4,4 904,448 111,522 199,475 3,595
46 00:00:04:30 4,5 905,963 111,715 199,475 3,694
47 00:00:04:36 4,6 911,373 112,404 199,503 3,79
48 00:00:04:42 4,7 910,508 112,294 199,475 3,884
49 00:00:04:48 4,8 910,94 112,349 199,503 3,984
50 00:00:04:54 4,9 909,209 112,128 199,475 4,082
51 00:00:05:00 5 915,918 112,983 199,503 4,177
52 00:00:05:06 5,1 912,023 112,487 199,503 4,27
53 00:00:05:06 5,1 912,239 112,514 199,475 4,272

Thoi gian | Thoi gian | Luc cat [an; Ap Ire nén C,!l uyen vl
STT .n i suat cat cat ngang

(giay) (phut) ™) (kPa) (kPa) (mm)
1 00:00:00:00 0 1,948 0,000 299,555 0,001
2 00:00:00:06 0,1 13,418 1,461 300,136 0,04
3 00:00:00:12 0,2 13,418 1,461 299,887 0,038
4 00:00:00:18 0,3 13,851 1,516 299,859 0,044
5 00:00:00:24 0,4 14,717 1,627 300,136 0,14
6 00:00:00:30 0,5 15,15 1,682 299,5 0,147
7 00:00:00:36 0,6 24,889 2,922 299,472 0,158
8 00:00:00:42 0,7 144,79 18,196 299,196 0,196
9 00:00:00:48 0,8 336,111 42,569 297,372 0,238
10 00:00:00:54 0,9 495,401 62,860 295,989 0,295
11 00:00:01:00 1 637,593 | 80,974 295,824 0,344
12 00:00:01:06 1,1 764,203 | 97,103 296,293 0,403
13 00:00:01:12 1,2 877,394 | 111,522 296,763 0,466
14 00:00:01:18 1,3 977,167 | 124,232 297,261 0,539
15 00:00:01:24 1,4 1054,431 | 134,074 297,676 0,622
16 00:00:01:30 1,5 1104,426 | 140,443 298,035 0,71
17 00:00:01:36 1,6 1139,271 | 144,882 298,367 0,801
18 00:00:01:42 1,7 1164,593 | 148,108 298,588 0,896
19 00:00:01:48 1,8 1182,989 | 150,451 298,726 0,988
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Thoi gian | Thoi gian | Lue cat I{ngc Ap lrc nén C,!l uyen vi
STT on N suat cat cat ngang

(giay) (phiit) ™) (kPa) (kPa) (mm)
20 00:00:01:54 1,9 1191,862 | 151,581 298,864 1,086
21 00:00:02:00 2 1207,229 | 153,539 299,002 1,179
22 00:00:02:06 2,1 1219,132 | 155,055 299,168 1,279
23 00:00:02:12 2,2 1218,05 | 154,917 299,168 1,379
24 00:00:02:18 2,3 1228,655 | 156,268 299,251 1,472
25 00:00:02:24 2,4 1234,066 | 156,958 299,334 1,569
26 00:00:02:30 2,5 1240,558 | 157,785 299,389 1,662
27 00:00:02:36 2,6 1245,969 | 158,474 299,389 1,762
28 00:00:02:42 2,7 1246,185 | 158,502 299,389 1,853
29 00:00:02:48 2,8 1243,372 | 158,143 299,389 1,952
30 00:00:02:54 2,9 1243,156 | 158,116 299,389 2,048
31 00:00:03:00 3 1247,917 | 158,722 299,389 2,148
32 00:00:03:06 3,1 1256,358 | 159,797 299,445 2,245
33 00:00:03:12 3,2 1251,38 | 159,163 299,472 2,342
34 00:00:03:18 3,3 1250,081 | 158,998 299,472 2,441
35 00:00:03:24 3.4 1249,648 | 158,943 299,5 2,535
36 00:00:03:30 3,5 1251,596 | 159,191 299,472 2,632
37 00:00:03:36 3,6 1252,029 | 159,246 299,5 2,728
38 00:00:03:42 3,7 1247917 | 158,722 299,5 2,828
39 00:00:03:48 3,8 1248,566 | 158,805 299,528 2,924
40 00:00:03:54 3,9 1247,051 | 158,612 299,528 3,023
41 00:00:04:00 4 1244,454 | 158,281 299,528 3,122
42 00:00:04:06 4,1 1253,76 | 159,466 299,528 3,215
43 00:00:04:12 4,2 1242,723 | 158,061 299,5 3,315
44 00:00:04:18 4,3 1244,021 | 158,226 299,5 3,414
45 00:00:04:24 4,4 1244,454 | 158,281 299,528 3,506
46 00:00:04:30 4,5 1245,969 | 158,474 299,5 3,606
47 00:00:04:36 4,6 1247,917 | 158,722 299,5 3,7
48 00:00:04:42 4,7 1248,35 | 158,777 299,5 3.8
49 00:00:04:48 4,8 1244,454 | 158,281 299,472 3,903
50 00:00:04:54 4,9 1253,977 | 159,494 299,5 3,995
51 00:00:05:00 5 1260,686 | 160,349 299,472 4,093
52 00:00:05:06 5,1 1256,358 | 159,797 299,445 4,196




29

PHU LUC 4 (CHUONG 3)
TOM LUQC CO SO LY THUYET TiNH TOAN SUC CHIU TAI CUA
COQC ONG THEP THEO PHUONG PHAP PHAN TU HU'U HAN

Phuong phép phan tir hitu han (PTHH) 1a mdt phuong phap tong quat va
hiéu qua cho 10i giai sb ctia nhiéu bai toan ky thuat khac nhau. Vi su phat
trién khong ngimg cua coéng nghé, nén nhiéu két cau coc phuc tap da dugce
tinh toan va thiét ké chi tiét theo phuong phap nay. Co so 1y thuyét va trinh tur
tinh toan strc chiu tai cua coc theo phuong phap PTHH so lugc nhu sau:

4.1. Co sé ly thuyét tinh toan

4.1.1. Phwong trinh cin bing

Phuong trinh can bang tinh hoc cua hé két cau coc ong thép lam viéc
trong nén cat san san ho co xét tinh phi tuyén vat liéu nén khi chiju tac dung
cua tai trong tinh c6 dang:

(K ({v})]-{u}={R}, (PL4.1)

trong do.

Ry véc to ngoai luc tdc dung cua h¢ quy nut, bao gf’)m tai trong
ngoai, ing suét ban dau, bién dang ban dau;
[K({U})]=2[K] o
¢ ¢ -matran do cirng tong thé cua hg¢;
o véc to chuyén vi nat cua hé trong hé toa do téng thé.

Pé giai hé phuong trinh trén, can tim mdi lién hé giita cac yéu t6 trong
d6 va st dung phuong phép ldp dua trén 10i giai ctia hé phuong trinh tuyén
tinh dé tim nghiém. C6 nhiéu phuong phap giai lap khi giai phwong trinh phi
tuyén trén nhu phuong phap Newton-Raphson, phuong phéap giai gan ding,
phuong phap nghiém dan hoi....Trong d6, nhiéu tac gia trén thé giéi da giai
bai toan bang phuong phap Newton-Raphson. Theo d0, tai trong chia ra nhiéu
cap khac nhau, tiép hanh giai 1ap cho timg cép tai dén khi théa mén diéu kién
hoi tu. Cac budc giai bai toan phi tuyén theo phuong phap nay nhu sau:

— Tinh toan so bo:

+ Tinh ma tran co d cung ban dau [Kol;
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+ Xac dinh budc tich phan At va cac tham s6 tich phan a, o vdi cac hé
s6 tinh toan twong tng: a,, ap
+ Xéc dinh céc véc to diéu kién ban dau {Uop};
+ Tinh cac ma tran hé sb phan luc bién [K];
— Tinh tich phan cac budc tai cac thoi diém t =At, 2At,.....
+ Tinh véc to tai trong ngoai {Rua} tai thoi diém (t+At);
+ Dung phuong phap lip giai hé phuong trinh tim véc to chuyén vi
nut {Upia} tai thoi diém (t+At);
+ Tinh tng suat, bién dang, phan luc bién tai thoi diém (ttA¢).
+ Tang budc thoi gian t = t+At va lap lai tir budce 1.
4.1.2. Ldp hé phwong trinh lién hé bién dang - chuyén vi
Trong bai toan bién dang phang, tai mdi diém goém 3 thanh phan bién
dang co ban 1a bién dang doc truc theo phuong x, theo phuong y va bién dang
truot trong mat phang oxy, do do:

&

(o) =le t=[B].{U} . (PL4.2)

&

trong d(’):{g} - véc to bién dang cua phan tir; [8]. ma tran lién hé
chuyén vi-bién dang cua phan tu; WU véc to chuyén vi nat cua phan ti.
4.1.3. Xdc dinh ma trgn dp cveng ciia phin tiv
Ma tran do ctng ctia phan tir duoc xac dinh theo nguyén 1y chuyén vi
kha di sau:
(K] = j h[B]. [D] [B] d4,. (PL4.3)

e
Ae

trong do:
[B]. . ma tran lién hé chuyén vi-bién dang ctia phan tir;
[D]. ma tran dac trung vat li¢u cua phén tr, phu thudc vao loai vat

liéu khac nhau, dbi v6i vat liéu tmg xir phi tuyén thi [D]ekhéng 1a hang s6 ma

phu thudc tng suét, bién dang cua h¢; h, A, - chiéu day, dién tich cta phﬁn tur.
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4.1.4. Ldp moi quan hé teng sudt-bién dang tai mot diém trong phén tir

Ung suét trong phan tir duoc xac dinh tai diém tich phan va lién hé véi
bién dang bf?mg ma tran vat liéu [D] theo biéu thurc téng quat sau:

{o} =[D({g})].{g}, (PL4.4)
trong do:

{o}- véc to (mg suat;

{€}- véc to bién dang.

Hé phuong trinh cin bang d6i véi bai toan tinh di xét dén tmg xir phi
tuyén ctia vat liéu, dugc thé hién qua ma tran vat li¢u [D] c6 céac gia tri trong
ma tran khong phai 1a hang sé.

a) Déi véi coc ong thép

Khi coc gia thiét tinh toan theo mo hinh vat liéu dan hoi tuyén tinh, thi
quan h¢ trng suat bién dang tuan theo dinh luat Hook:

{o}=[D]{¢}, (PL4.5)

trong d6: cic véc to img suat {o}; bién dang {&} va ma tran vat liéu [D]
s& c¢6 dang khac nhau tily theo trang thai ing suat - bién dang diém khao sat.

D061 vai bai toan 3 chiéu thi:

[ 1-v 1% 1% |
1-v 1%
l-v
) E 1-2v 0 0
[P]- (1+v)(1-2v) 2
s 1-2v 0
2
1-2v
I 2 |

T T
{G} = {Ux O-y Gz Txy Tyz sz } = {O-xx ny O-zz O-xy Uyz O-zx } (PL3 6)

T T
{g} = { gx gy gz }/ Xy }/ vz }/ zx} = {gxx gyy gzz gxy gyz gzx }
trong do: E - mo6 dun bién dang (md dun Young); v - hé s6 Poisson.

Mo hinh vat liéu dan hoi tuyén tinh chi xét dén 2 tham sé vat liéu co ban
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12 m6 dun bién dang E (md dun Young) va hé s Poisson v cho trudong hop
vat liéu dfmg hudng; truong hop vat li€u truc hudng s€ can nam tham sb dé
mod ta gdm md dun bién dang E; hé sb Poisson v theo hai huéng va mé dun
truot. Pay 1a mé hinh don gidn va co ban trong cac phép tinh cia moi truong
bién dang, cac 101 gidi voi cac loai mo hinh vat liéu khac thuong dugc xay
dung tir 101 giai ctia mo hinh dan hoi tuyén tinh.

b) Doi véi nén cdt san san hé

Khi str dung phan tir dang khoi 3 chiéu d6i nén cat san san ho, ¢ thé sir
dung phan tir hinh chdp. Viéc mo hinh hdéa méi trudng nén cét san san hd theo
phuong phap PTHH phu thudc vao quy lut tng xir ctia nén khi chiu tai trong
dugc phan anh qua cac md hinh co hoc ctia vat liéu nén, trong nghién ctru nay
tac gia st dung mo hinh dan déo ly tuéng Mohr-Coulomb.

Quan hé g sut bién dang theo mé hinh vat liéu dan déo 1y tuong dugc

thé hién trén hinh sau:

O =Gy

2sin ¢ 2c cos
O ——
l=sin ¢ - 1=-sin ¢

g -—

-2sin ‘¥
0 . | l=sin ‘¥

Evol
Hinh PL3.1. Quan hé trng suat biét dang theo mo hinh vt liéu dan déo ly
twong Mohr-Coulomb
Khi gii cac bai toan dan déo, thay ma tran [D] trong quan h¢ Gng suat
bién dang (PL4.5) s€ dung ma tran [De" } theo quan hé sb gia ung suit
va sb gia bién dang:
{do}=([D* |-[ D" |){de}=[ D" ]{de}, (PL4.7)

trong do:
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D% ] la ma tran vat liéu dan déo;

{do},{de} tuong tmg 1a s gia ing suat va s gia bién dang;

D’ ] la ma tran déo.

Pé tinh dugc ma tran dan déo trude tién ta can biét tiéu chuin déo va
ham thé déo. P6i v6i mo hinh Mohr-Coulomb, ham tiéu chuén déo co dang:
f({o})=0,-0,—(0,+0;)sinp—2csing (PL3.8)
Ham thé déo d6i véi vat liéu dan déo 1y tudng theo tiéu chuidn Mohr-
Coulomb va tuan theo quy luat chay déo lién hop la:
g({a}):al -0,—(0,+0,)siny (PL4.9)
T d6 nhan dugc biéu thirc ma tran dan déo cho vat liéu dan déo Iy
tudng Mohr-Coulomb nhu sau:
K 0 MM K> -3M"GK
|:De[7:| — |: } 1 |:

- . PL4.10
0 3G| KMM +3G|-3M.GK 9G* ( )

trong do: y - géc truong no; G - mo dun truot; K - mo dun bién dang thé
tich.

¢) Twong tdc trén bé mdt tiép xiic coc va nén cdt san san hé

Khi m6 phong sé theo phuong phap PTHH, c¢6 thé sir dung md hinh co
hoc cting mdt mang ludi phan tir lién tuc nhung véi tinh chat co hoc khac
nhau ctia phan tir dé phan chia méi truong. Theo mé hinh nay, coi mit tiép
xuc gitta hai moi trudng khong co chuyén vi twong d6i, luc ma sat va lyc dinh
trén mit tiép xuc 1a vo cung.

Nhung trong thyc té, khi mat tiép xtc gilta hai méi trudng c6 lyc ma sat
kha nhé hodc ung sudt cit tai mat tiép xtc 16n, c6 thé phat sinh trugt tuong
dbi trén mat tiép xtc do.

DPé mo phong phu hop voi sy 1am viée thuc té trong trudng hop nay co
thé st dung phan tir tiép xac khong cé chiéu day dé mo phong mat tiép xuc
giita hai moi truong khong lién tuc 1a coc 6ng thép va nén cat san san ho.

4.2. Trinh ty cac buwéc tinh toan

Khi van dung phuong phdp PTHH nhu trén, trinh tu x4c dinh strc chiu
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tai va suc khang cua coc khi van dung phuong phap hiru han 1a cong cu tinh
toan duoc thuc hién theo cac budc téng quat sau:

— Budc 1: Nhép céc dir liéu dau vao, bao gdm cac thong tin mo ta nit va
phan tir (Iudi phan tir), cac thong sb co hoc cua vt liéu (m6 dun dan hoi, hé
s6 din nhiét), cac thong tin vé tai trong tac dung va thong tin vé lién két cua
két cdu (diéu kién bién);

— Budc 2: Tinh todn ma tran d cing phén tr K va véc to luc nat F caa
mdi phan tu;

— Budc 3: Xay dung ma tran do ctng tong thé K va vécto lyc nut F
chung cho ca hé (ghép ndi phan t);

— Budc 4: Ap dit cac diéu kién lién két trén bién két cau bang cach bién
d6i ma tran d6 cung K va vec to luc nut téng thé F;

— Budc 5: Giai phuong trinh PTHH, xac dinh nghiém cua hé 1a vécto
chuyén vi chung Q;

— Budc 6: Tinh toan céac dai lugng khac (img suat, bién dang, v.v.);

— Budc 7: Luu trir sd lidu tinh toan va in két qua, vé cac biéu do, do thi
ctia cac dai luong theo yéu cau.

Trong bai toan nghién ctru tuwong tac cta coc ong thép véi nén cat san
san ho theo phuwong phap PTHH, dbi véi moi truong nén cat san san ho tac
gia st dung dang phan tir khodi 3D. Con d6i véi két cau coc 6ng thép sir dung
tinh chat ctia phan tir vo, tuong tac cia coc va nén sir dung phan tir tiép xuc
khong c6 chiéu day.

Hién nay, khi cac phan mém chuyén dung phét trién da manh nhu
ANSYS; PLAXIS 3D; ABAQUS; ASTER ....c6 thé mo phong dugc nhiéu
bai toan két ciu coc khac nhau theo muc tiéu dit ra. Do vay, trong pham vi

nghién ctru cta luan an, tac gia sir dung phan mém PLAXIS 3D.
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PHU LUC 5 (CHUONG 3)
KET QUA KHAO SAT SU LAM VIEC CQC ONG THEP CO CANH
XOAN TRONG NEN CAT SAN SAN HO TREN PHAN MEM
PLAXIS 3D VERSION 20.1.0.98

Lc=18 m; d=0,6 m; Lc=18 m; d=0,6 m; Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m; D=1,2 m; H=0,3 m; D=1,2 m; H=0,3 m;
S=4d=2,4 m; h/L=1/1 S=2d=1,2 m; h/L=1/1 S=5d=3,0 m; h/L=1/1
F_Z [kN] u_z [m] F_Z [kN] u_z [m] F _Z [kN] u_z [m]

0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 -7,402 0,049 -7,308 0,049
0,000 0,000 -22,205 0,148 -21,925 0,146
-6,529 0,043 -51,811 0,345 -51,159 0,341
-19,586 0,130 -111,024 0,740 -109,625 0,730
-45,700 0,304 -229,427 1,529 -226,536 1,510
-97,928 0,652 -374,760 2,498 -374,694 2,498
-202,370 1,348 -384,439 2,562 -384,256 2,561
-374,830 2,498 -403,786 2,691 -403,368 2,689
-384,827 2,564 -442.463 2,950 -441,575 2,944
-404,809 2,698 -519,778 3,466 -517,947 3,454
-444.757 2,964 -674,263 4,499 -670,556 4,475
-524,608 3,498 -981,703 6,565 -974,341 6,516
-684,165 4,564 -1.263,088 8,631 -1.254,593 8,558
-1.001,464 6,698 -1.493,328 10,698 -1.486,533 10,599
-1.288,341 8,832 -1.662,179 12,689 -1.680,483 12,641
-1.521,753 10,966 -1.669,884 12,756 -1.682,778 12,689
-1.674,343 12,689 -1.683,421 12,890 -1.690,503 12,755
-1.682,436 12,758 -1.707,314 13,158 -1.704,354 12,888
-1.696,850 12,896 -1.745,764 13,693 -1.729,249 13,152
-1.722,645 13,171 -1.820,045 14,763 -1.772,878 13,681
-1.767,349 13,722 -1.894,696 15,833 -1.811,008 14,210
-1.846,709 14,823 -1.967,935 16,904 -1.849,188 14,739
-1.925,538 15,924 -2.038,564 17,974 -1.888,465 15,268
-2.002,928 17,026 -2.173,155 20,115 -1.927,975 15,798
-2.078,248 18,127 -2.295,640 22,255 -1.966,865 16,327
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Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=4d=2,4 m; h/L=1/1

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=2d=1,2 m; h/L=1/1

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=5d=3,0 m; h/L=1/1

2224085 | 20,330 | -2.409,858 | 24396 | -2.042,628 | 17,385
2364415 | 22,533 | -2.461,033 | 25384 | -2.187,552 | 19,501
2500482 | 24,735 | 2468253 | 25,450 | -2.326,676 | 21,618
2539865 | 25,384 | -2.480324 | 25,582 | -2.460,886 | 23,734
2547431 | 25,452 | 2498490 | 25,846 | -2.563,466 | 25,384
2560332 | 25,589 | -2.526306 | 26373 | -2.570,737 | 25,449
2.580,640 | 25862 | -2.577,749 | 27,428 | -2.583,147 | 25,580
2613,849 | 26,408 | -2.672,443 | 29,538 | -2.604,250 | 25,841
2.677,120 | 27,500 | -2.692,061 | 29,983 | -2.635,118 | 26,363
2.799.865 | 29,684 | -2.699310 | 30,049 | -2.694.683 | 27,408
2816433 | 29,982 | -2.711,344 | 30,182 | -2.815114 | 29,498
2823998 | 30,051 | -2.729,138 | 30,448 | -2.843,333 | 29,982
2.836,797 | 30,189 | -2.752,578 | 30,980 | -2.850,650 | 30,048
2.856,568 | 30,464 | -2.796,865 | 32,044 | -2.863,086 | 30,180
2888117 | 31,015 | -2.885235 | 34,172 | -2.884,079 | 30,443
2947535 | 32,117 | -3.068,580 | 38,428 | -2.914,044 | 30,971
3.062,830 | 34321 | -3.136,647 | 39,980 | -2.971,497 | 32,025
3288254 | 38,729 | -3.143,857 | 40,047 | -3.086,777 | 34,134
3351,184 | 39,979 | -3.155,764 | 40,180 | -3.324,235 | 38,353
3.358,654 | 40,048 | -3.173,109 | 40,446 | -3.415.875 | 39,978
3371,142 | 40,186 | -3.195,045 | 40,979 | -3.423,145 | 40,045
3.389,880 | 40,463 | -3.236,052 | 42,045 | -3.435417 | 40,177
3415355 | 41,016 | -3317,808 | 44,176 | -3.455911 | 40,442
3.463,834 | 42,123 | -3.468988 | 47,978 | -3.484,090 | 40,971
3.560,965 | 44,337 | -3.476297 | 48,046 | -3.537,581 | 42,030
3726220 | 47,976 | -3.488311 | 48,181 | -3.644,398 | 44,149
3.733,755 | 48,046 | -3.505,627 | 48,452 | -3.843,099 | 47,976
3746325 | 48,187 | -3.527,003 | 48,995 | -3.850,451 | 48,043
3764980 | 48,467 | -3.566,720 | 50,081 | -3.862,831 | 48,178
3789784 | 49,029 | -3.645910 | 52251 | -3.883,393 | 48,447
-3.836,880 | 50,152 | -3.812,662 | 56,593 | -3.908,226 | 48,986
3.931,497 | 52,398 | -3.946,757 | 59,975 | -3.956,710 | 50,064
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-4.130,732 56,890 -4.059,326 52,220
-4.269,616 59,973 -4.170,313 54,375
-4.393,855 58,686
-4.460,474 59,972

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=3d=1,8 m; h/L=1/1

Lc=18 m; d=0,6 m;
D=1,2 m; h/L=1/1
(coc ¢6 01 canh xoin)

Lc=18 m; d=0,6 m
(Coc tron tron)

F_Z [kN] u_z [m] F_Z [kN] u_z [m] F_Z [kN] u_z [m]
0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000
-9,259 0,062 -10,213 0,069 -9,775 0,067

-27,778 0,185 -30,638 0,206 -29,324 0,201
-64,816 0,432 -71,489 0,481 -68,423 0,468

-138,890 0,925 -153,187 1,030 -146,617 1,003

-286,995 1,912 -316,520 2,129 -302,944 2,073

-374,892 2,498 -371,356 2,498 -364,939 2,498

-384,405 2,561 -381,878 2,568 -377,025 2,581

-403,420 2,688 -402,909 2,710 -401,180 2,746

-441,435 2,942 -444,952 2,993 -449,465 3,077

-517,424 3,449 -528,989 3,560 -545,963 3,740

-669,259 4,464 -696,892 4,693 -738,643 5,064

-971,810 6,494 -1.029,399 6,960 -1.111,017 7,713

-1.250,814 8,524 -1.318,525 9,227 -1.258,844 9,038

-1.481,056 10,554 -1.426,524 10,361 -1.383,882 10,364

-1.662,148 12,585 -1.596,679 12,628 -1.395,634 11,026

-1.668,604 12,689 -1.596,203 12,690 -1.417,019 12,352

-1.676,328 12,755 -1.603,935 12,763 -1.422,985 12,691

-1.690,029 12,887 -1.616,941 12,908 -1.431,046 12,775

-1.714,470 13,149 -1.635,330 13,199 -1.443,597 12,943

-1.756,824 13,675 -1.667,916 13,781 -1.451,421 13,278

-1.832,259 14,726 -1.690,415 14,363 -1.463,953 13,949

-1.907,507 15,778 -1.713,638 14,945 -1.488,260 15,291

-1.981,573 16,829 -1.739,939 15,527 -1.544,987 17,974

-2.053,652 17,880 -1.795,416 16,691 -1.605,561 20,658

-2.192,839 19,983 -1.903,984 19,019 -1.666,879 23,341
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Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=3d=1,8 m; h/L=1/1

Lc=18 m; d=0,6 m;
D=1,2 m; h/L=1/1
(coc ¢6 01 canh xoz"m)

Lc=18 m; d=0,6 m
(Coc tron trom)

2326,710 | 22,086 | -2.004,422 | 21,348 | -1.712,600 | 25,389
2456,115 | 24,189 | -2.101,090 | 23,676 | -1.720,569 | 25,473
2.528,108 | 25,384 | -2.170,720 | 25,386 | -1.732,790 | 25,640
2535339 | 25,449 | -2.178,174 | 25,458 | -1.739,066 | 25,975
2547605 | 25,579 | -2.190302 | 25,602 | -1.748,098 | 26,645
2568269 | 25,840 | 2206411 | 25,890 | -1.764,920 | 27,984
2597610 | 26361 | -2.226,428 | 26,466 | -1.793,045 | 29,989
2,653,644 | 27403 | 2264497 | 27,617 | -1.801,052 | 30,073
2764983 | 29,486 | -2.344530 | 29,916 | -1.813,363 | 30,240
2.791,866 | 29,982 | 2347647 | 29,985 | -1.819,807 | 30,576
2.799,108 | 30,048 | -2.355,186 | 30,058 | -1.829,174 | 31,247
2811294 | 30,179 | -2.367,435 | 30,203 | -1.846,699 | 32,589
2829913 | 30,442 | -2.383,550 | 30,493 | -1.884,448 | 35274
2.859,100 | 30,967 | -2.402,947 | 31,073 | -1.935,347 | 37,959
2.913,735 | 32,017 | -2.439,505 | 32,234 | -1.975,078 | 39,988
3.020217 | 34,117 | -2.513,853 | 34,555 | -1.983,087 | 40,072
3227649 | 38317 | -2.678,959 | 39,197 | -1.995.418 | 40,239
3308,823 | 39,979 | -2.708,024 | 39,983 | -2.001,871 | 40,575
3315984 | 40,045 | -2.715515 | 40,056 | 2.011,168 | 41,247
3327865 | 40,177 | 2727645 | 40201 | -2.028,349 | 42,590
3345438 | 40,440 | -2.743,420 | 40,491 | -2.065,161 | 45,277
3.368,626 | 40,968 | -2.761,849 | 41,072 | -2.114,765 | 47,964
3412,602 | 42,023 | -2.796281 | 42235 | 2.116,510 | 47,987
3.500,937 | 44,132 | -2.866231 | 44,559 | 2.124,593 | 48,071
3.669,685 | 47,977 | -2.980917 | 47,981 | -2.137,000 | 48,240
3.676,934 | 48,044 | -2.988481 | 48,055 | -2.143,243 | 48,579
3.688,939 | 48,178 | -3.000,669 | 48202 | -2.151,964 | 49255
3.706,566 | 48,445 | -3.016286 | 48,497 | -2.167,716 | 50,609
3772570 | 50,052 | -3.066,461 | 50,265 | -2.201,251 | 53,316
3.859,308 | 52,194 | -3.132,626 | 52,623 | -2.245311 | 56,022
4043227 | 56,479 | -3.282.811 | 57,338 | -2.318,007 | 59,985

-4.195,591 59,973

-3.369,864 59,979
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Lc=18m; d=0,6m;
D=1,2m; H=0,3m;
S=4d=2,4m; h/L=1/1

Lc=18m; d=0,6m;
D=1,2m; H=0,3m;
S=2d=1,2m; h/L=1/1

Lc=18m; d=0,6m;
D=1,2m; H=0,3m;
S=5d=3,0m; h/L=1/1

F_Z [kN] u_z [m] F_Z [kN] u_z [m] F_Z [kN] u_z [m]
0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 9,406 0,063 9,307 0,062
0,000 0,000 28,192 0,188 27,895 0,186
0,000 0,000 65,666 0,439 64,974 0,434
0,000 0,000 140,332 0,940 138,862 0,930
0,000 0,000 288,383 1,943 285,256 1,923
0,000 0,000 369,756 2,498 369,634 2,498
0,000 0,000 379,263 2,562 379,032 2,561
0,000 0,000 398,122 2,690 397,684 2,688
0,000 0,000 435,645 2,946 434,798 2,941
6,409 0,043 510,475 3,458 508,810 3,448
19,217 0,128 659,661 4,483 656,365 4,461
44,779 0,299 954,003 6,532 947,599 6,487
95,751 0,641 1.219,458 8,582 1.211,505 8,514
197,135 1,324 1.419,895 10,631 1.423,461 10,541

369,728 2,498 1.575,710 12,682 1.594,227 12,568
379,771 2,565 1.575,234 12,690 1.602,648 12,690
399,692 2,701 1.582,543 12,755 1.609,851 12,755
439,330 2,971 1.594,982 12,886 1.622,255 12,884
518,372 3,512 1.616,459 13,148 1.644,018 13,143
675,837 4,595 1.652,605 13,672 1.683,753 13,662
985,714 6,759 1.720,676 14,719 1.756,940 14,699

1.258,842 8,924 1.849,938 16,813 1.890,208 16,772

1.468,408 11,089 1.974,076 18,908 2.021,635 18,846

1.596,435 12,690 2.090,880 21,002 2.151,389 20,919

1.604,103 12,759 2.199,307 23,097 2.278,493 22,993

1.617,368 12,897 2.301,571 25,192 2.402,681 25,067

1.640,744 13,174 2.310,215 25,386 2.421,442 25,384

1.683,449 13,728 2.317,112 25,452 2.428,391 25,449

1.758,274 14,835 2.328,156 25,584 2.439,830 25,580

1.899,583 17,049 2.345,782 25,847 2.458,886 25,842
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Lc=18m; d=0,6m;
D=1,2m; H=0,3m;
S=4d=2,4m; h/L=1/1

Lc=18m; d=0,6m; Lc=18m; d=0,6m;
D=1,2m; H=0,3m; D=1,2m; H=0,3m;
S=2d=1,2m; h/L=1/1 S=5d=3,0m; h/L=1/1

2.038,681 19,263 2368429 | 26374 | 2489379 | 26,365
2.175,301 21,478 2.411,930 | 27429 | 2.547,650 | 27411
2.309,024 23,692 2.501,872 | 29,537 | 2.661,225 | 29,503
2.409,095 25,385 2521380 | 29984 | 2.687,048 | 29,982
2.416,515 25,455 2.528,195 30,050 | 2.693,955 | 30,048
2.428,691 25,595 2.538,996 30,182 | 2.705211 | 30,179
2.448,889 25,875 2.554,208 30,446 | 2.723,668 | 30,441
2.480,964 26,434 | 2.579,816 30,975 | 2.752,367 | 30,966
2.542,137 27,553 2.623,064 32,032 | 2.806,785 | 32,015
2.661,312 29,791 2.703,702 34,146 | 2912373 | 34,114
2.671,324 29,983 2.785,520 36,260 | 3.018,052 | 36,214
2.678,778 30,053 2.867,165 38375 | 3.122,991 | 38313
2.690,881 30,193 2.928,598 39,983 | 3.204,783 | 39,979
2.708,929 30,473 2.935,303 40,049 | 3211,619 | 40,045
2.740,674 31,034 | 2.945,793 40,182 | 3.222,678 | 40,177
2.797,449 32,155 2.960,136 | 40447 | 3.239,065 | 40,441
2.905,936 34,398 2.980,420 | 40978 | 3.264.973 | 40,969
3.014,652 36,641 3.016,690 | 42,041 | 3.314,460 | 42,025
3.121,586 38,884 3.084,588 44,166 | 3.410,421 | 44,138
3.172,795 39,979 3.154,208 46,291 | 3.504,549 | 46,251
3.180,075 40,049 3.210,053 47,982 | 3.580,001 | 47,977
3.191,720 | 40,190 3.216,708 48,049 | 3.586,773 | 48,043
3.208,627 | 40,473 3.227,005 48,182 | 3.597,610 | 48,176
3.231,958 41,037 3.239,575 48,449 | 3.613221 | 48442
3.277,504 | 42,166 3.260,132 | 48983 | 3.637,098 | 48,973
3.371,581 44,424 3.293,916 50,050 | 3.682,317 | 50,036
3.466,465 46,682 3.355,023 52,185 | 3.770,432 | 52,162
3.520,288 47,976 3.418,547 54321 | 3.857,584 | 54,288
3,527,481 48,047 3.484,145 56,456 | 3.943,583 | 56,414
3.538,818 48,189 3.550,144 58,591 | 4.028,458 | 58,540
3.553,673 48,473 3.592,972 59,981 | 4.085,101 | 59,976
3.576,339 | 49,040
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Lc=18m; d=0,6m;
D=1,2m; H=0,3m;
S=4d=2,4m; h/L=1/1

Lc=18m; d=0,6m;
D=1,2m; H=0,3m;
S=2d=1,2m; h/L=1/1

Lc=18m; d=0,6m;
D=1,2m; H=0,3m;
S=5d=3,0m; h/L=1/1

3.619,575 50,175
3.705,031 52,444
3.790,524 54,713
3.875,011 56,982
3.957,933 59,251
3.984,022 59,974

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=3d=1,8 m; h/L=1/1

Lc¢=18 m; d=0,6 m;
D=1,2 m; h/L=1/1
(Coc ¢6 01 canh xoin)

Lc=18 m; d=0,6 m
(Coc tron tron)

F_Z [kN] u_z [m] F_Z [kN] u_z [m] F_Z [kN] u_z [m]
0,000 0,000 0,000 0,000 0,000 0,000
9,259 0,062 10,208 0,069 0,000 0,000
27,752 0,185 30,591 0,206 11,775 0,081
64,641 0,432 71,242 0,480 35,281 0,242
138,152 0,925 152,224 1,030 82,143 0,564

283,921 1,912 312,579 2,128 175,458 1,209
369,900 2,498 366,226 2,498 267,760 1,854
379,265 2,561 376,560 2,568 359,646 2,498
397,849 2,687 397,050 2,708 371,572 2,580
434,822 2,939 437,809 2,989 395,212 2,745
508,553 3,444 519,067 3,551 442,218 3,076
655,548 4,453 680,874 4,675 535,843 3,736
945,822 6,471 997,340 6,923 721,408 5,057

1.209,102 8,490 1.265,810 9,170 1.070,758 7,698

1.413,515 10,508 1.343,787 10,295 1.165,969 9,019

1.578,367 12,527 1.474,497 12,544 1.223,729 10,341

1.589,461 12,690 1.480,646 12,691 1.241,942 11,662

1.596,693 12,754 1.487,917 12,762 1.251,744 12,692

1.609,109 12,884 1.499,499 12,905 1.259,297 12,775

1.630,777 13,142 1.516,087 13,191 1.270,092 12,941

1.670,104 13,659 1.544,357 13,762 1.275,864 13,273
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Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=3d=1,8 m; h/L=1/1

Lc=18 m; d=0,6 m;
D=1,2 m; h/L=1/1
(Coc ¢6 01 canh xoz"m)

Lc=18 m; d=0,6 m
(Coc tron trom)

1.742,092 14,693 1.592,838 14,905 | 1.282,776 | 13,937
1.807,214 15,727 1.683,669 17,190 | 1.283,303 | 14,601
1.934,831 17,795 1.775,880 19,475 | 1.291,013 | 15,928
2.061,937 19,863 1.867,579 | 21,760 | 1.308,561 | 17,256
2.187,016 21,931 1.957,331 24,045 | 1328557 | 18,584
2.308,036 23,998 2.008,996 | 25387 | 1348767 | 19911
2.386,607 25,385 2.016,159 | 25459 | 1368015 | 21,239
2.393,504 25,450 | 2.027.275 25,603 | 1385987 | 22,567
2.404,763 25,580 | 2.042,295 25,891 | 1.402,429 | 23,895
2.423238 25,841 2.063,410 | 26,466 | 1.419,947 | 25392
2.451,899 26,361 2.101,612 | 27,616 | 1.427,560 | 25475
2.505,905 27,402 | 2.138460 | 28,767 | 1.438,480 | 25,642
2.608,326 29484 | 2.176,186 | 29,918 | 1.440,921 | 25975
2.632,399 29,983 2.178,514 | 29,986 | 1.443,078 | 26,643
2.639,213 30,048 2.185,771 30,058 | 1.444,025 | 27310
2.650,154 30,179 | 2.197,005 30,202 | 1.446,401 | 27,978
2.667,687 30,440 | 2.210,754 30,489 | 1.451,618 | 28,645
2.690,716 30,963 2.233,261 31,065 | 1.465079 | 29,980
2.735,244 32,008 2.269,006 32216 | 1.465336 | 29,992
2.827,376 34,098 2.336,160 34,519 | 1.473,007 | 30,075
2.920,837 36,188 2.406,746 36,821 | 1.484,021 | 30241
3.012,924 38279 | 2.477,574 39,124 | 1.486,414 | 30,574
3.085,752 39,979 | 2.503,878 39,986 | 1.488249 | 31,240
3.092,463 40,045 2.510,906 | 40,058 | 1.487,177 | 31,906
3.103,071 40,176 | 2.521,612 | 40203 | 1.489,935 | 33238
3.117,992 | 40439 | 2534237 | 40,492 | 1499575 | 34,569
3.140,067 | 40,965 2.551,094 | 41,070 | 1.509,958 | 35,901
3.181,397 | 42,016 | 2.579,104 | 42,226 | 1.520,145 | 37,232
3.259,623 44117 | 2.606,799 | 43382 | 1529375 | 38,564
3337727 | 46219 | 2.665238 45,694 | 1.537,196 | 39,896
3.402,883 47977 | 2.726,022 | 47,985 | 1.537,521 | 39,991
3.409,538 48,043 2.733,018 48,057 | 1.545065 | 40,074
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Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=3d=1,8 m; h/L=1/1

Lc=18 m; d=0,6 m;
D=1,2 m; h/L=1/1
(Coc ¢6 01 canh xoz"m)

Lc=18 m; d=0,6 m
(Coc tron trom)

3.419,925 48,175 2.743,592 | 48202 | 1.553,991 | 40241
3.433,034 | 48,440 | 2755617 | 48,492 | 1.558,127 | 40,574
3.452,228 48,968 2.770,884 | 49,072 | 1.559,073 | 41,241
3.488,577 50,025 2.796,324 50,233 | 1.552,833 | 41,908
3.560,976 52,139 | 2.821,787 51,393 | 1.548,136 | 43242
3.634,293 54,253 2.875,614 53,713 | 1.550,454 | 43,908
3.707,079 56,366 | 2.933,165 56,033 | 1.555,597 | 45242
3,778,894 58,480 | 2.990,808 58353 | 1.559,933 | 46,575
3.828,984 59,976 3.030,859 59,983 | 1.563,238 | 47,908
1.563,346 | 47,990
1.570,878 | 48,073
1.578,124 | 48,240
1.583,835 | 48,573
1.581,080 | 48,907
1.569,905 | 49,574
1.566,180 | 50,241
1.567,692 | 50,908
1.572,934 | 52,242
1.576,921 | 53,576
1.579,947 | 54,910
1.582,557 | 56,244
1.585,026 | 57,577
1.587,409 | 58911
1.589.273 | 59,985

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=4d=2,4 m; h/L=1/1

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=4d=2,4m; h/L=7/8

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=4d=2,4m; h/L=3/4

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=4d=2,4m; h/L=2/3

F Z[kN] | uz[m] | FZkN] | uz[m] | FZ[kN] | uz[m] | F Z[kN] | u_z[m]
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 9,577 0,064 0,000 0,000 0,000 0,000
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Lc=18 m; d=0,6 m; Lc=18 m; d=0,6 m; Lc=18 m; d=0,6 m; Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m; D=1,2 m; H=0,3 m; D=1,2 m; H=0,3 m; D=1,2 m; H=0,3 m;
S=4d=2,4m; h/L=1/1 | S=4d=2,4m; h/L=7/8 | S=4d=2,4m; h/L=3/4 | S=4d=2,4m; h/L=2/3
-6,529 0,043 -28,730 0,193 0,000 0,000 0,000 0,000
-19,586 0,130 -67,038 0,450 -6,284 0,042 -8,901 0,060
-45,700 0,304 -143,650 0,964 -18,852 0,127 -26,703 0,180
-97,928 0,652 -296,823 1,992 -43,989 0,296 -62,307 0,419
-202,370 1,348 -372,212 2,498 -94,262 0,634 -133,513 0,898
-374,830 2,498 -382,068 2,564 -194,795 1,310 -275,885 1,856
-384,827 2,564 -401,765 2,696 -371,380 2,498 -371,171 2,498
-404,809 2,698 -441,140 2,961 -380,998 2,562 -380,418 2,560
-444.757 2,964 -519,851 3,490 -400,221 2,692 -398,900 2,684
-524,608 3,498 -677,131 4,549 -438,651 2,951 -435,849 2,934
-684,165 4,564 -989,940 6,668 -515,472 3,469 -509,709 3,432
-1.001,464 6,698 -1.273,277 | 8,786 -668,978 4,504 -657,305 4,428
-1.288,341 8,832 -1.507,502 | 10,904 -974,454 6,576 -951,529 6,421
-1.521,753 10,966 | -1.676,361 | 12,690 | -1.255,147 8,648 | -1.227,292 | 8414
-1.674,343 12,689 | -1.684,314 | 12,758 | -1.496,734 | 10,720 | -1.471,487 | 10,407
-1.682,436 | 12,758 | -1.698,699 | 12,895 | -1.687,692 | 12,690 | -1.674,253 | 12,400
-1.696,850 | 12,896 | -1.724,888 | 13,169 | -1.695,296 | 12,757 | -1.689,466 | 12,689
-1.722,645 | 13,171 | -1.772,420 | 13,717 | -1.708,988 | 12,890 | -1.696,776 | 12,754
-1.767,349 | 13,722 | -1.813,341 | 14,265 | -1.733,913 | 13,158 | -1.709,832 | 12,883
-1.846,709 | 14,823 | -1.854,468 | 14,814 | -1.780,471 | 13,694 | -1.733,426 | 13,142
-1.925,538 | 15,924 | -1.896,398 | 15,362 | -1.818,776 | 14,229 | -1.776,170 | 13,659
-2.002,928 | 17,026 | -1.980,172 | 16,458 | -1.897,768 | 15,301 | -1.854,560 | 14,694
-2.078,248 | 18,127 | -2.061,485 | 17,554 | -1.978,993 | 16,372 | -2.008,286 | 16,764
-2.224,085 | 20,330 | -2.218,710 | 19,747 | -2.139,605 | 18,514 | -2.160,391 | 18,834
-2.364,415 | 22,533 | -2.369,641 | 21,940 | -2.294,191 | 20,657 | -2.309,888 | 20,904
-2.500,482 | 24,735 | -2.515,7770 | 24,133 | -2.442,752 | 22,799 | -2.599,498 | 25,044
-2.539,865 | 25,384 | -2.597,348 | 25,384 | -2.617,014 | 25,384 | -2.621,997 | 25,383
-2.547,431 | 25,452 | -2.604,840 | 25,452 | -2.624,238 | 25,450 | -2.628,928 | 25,447
-2.560,332 | 25,589 | -2.617,727 | 25,588 | -2.636,640 | 25,583 | -2.640,821 | 25,574
-2.580,640 | 25,862 | -2.639,891 | 25,859 | -2.658,022 | 25,850 | -2.661,369 | 25,828
-2.613,849 | 26,408 | -2.673,504 | 26,403 | -2.693,442 | 26,382 | -2.696,673 | 26,338
-2.677,120 | 27,500 | -2.738,949 | 27,490 | -2.761,282 | 27,447 | -2.763,682 | 27,357
-2.799,865 | 29,684 | -2.871,934 | 29,665 | -2.894,886 | 29,577 | -2.894,679 | 29,394
-2.816,433 | 29,982 | -2.891,735 | 29,982 | -2.920,033 | 29,982 | -2.931,538 | 29,981
-2.823,998 | 30,051 | -2.899,282 | 30,051 | -2.927,298 | 30,049 | -2.938,520 | 30,045
-2.836,797 | 30,189 | -2.912,218 | 30,188 | -2.939,724 | 30,183 | -2.950,427 | 30,174
-2.856,568 | 30,464 | -2.934,330 | 30,463 | -2.961,002 | 30,452 | -2.970,813 | 30,432
-2.888,117 | 31,015 | -2.967,265 | 31,013 | -2.995,821 | 30,990 | -3.005,419 | 30,949
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-2.947,535 | 32,117 | -3.031,187 | 32,112 | -3.062,189 | 32,066 | -3.070,805 | 31,981
-3.062,830 | 34,321 | -3.159,647 | 34,312 | -3.192,970 | 34,218 | -3.198,396 | 34,046
-3.288,254 | 38,729 | -3.426,144 | 38,710 | -3.322,769 | 36,371 | -3.446,724 | 38,176
-3.351,184 | 39,979 | -3.502,791 | 39,978 | -3.539,094 | 39,978 | -3.551,784 | 39,976
-3.358,654 | 40,048 | -3.510,245 | 40,047 | -3.546,288 | 40,045 | -3.558,694 | 40,041
-3.371,142 | 40,186 | -3.522913 | 40,185 | -3.558,480 | 40,181 | -3.570,363 | 40,171
-3.389,880 | 40,463 | -3.544,277 | 40,462 | -3.579,055 | 40,452 | -3.590,059 | 40,430
-3.415,355 | 41,016 | -3.574,716 | 41,014 | -3.608,948 | 40,994 | -3.621,443 | 40,949
-3.463,834 | 42,123 | -3.633,004 | 42,120 | -3.666,725 | 42,077 | -3.680,520 | 41,986
-3.560,965 | 44,337 | -3.749,333 | 44,330 | -3.782,651 | 44,245 | -3.795,839 | 44,061
-3.726,220 | 47,976 | -3.946,284 | 47,975 | -3.987,070 | 47,975 | -4.008,827 | 47,973
-3.733,7755 | 48,046 | -3.953,769 | 48,046 | -3.994,301 | 48,043 | -4.015,790 | 48,039
-3.746,325 | 48,187 | -3.966,436 | 48,186 | -4.006,495 | 48,181 | -4.027,485 | 48,171
-3.764,980 | 48,467 | -3.985959 | 48,467 | -4.026,917 | 48,456 | -4.047,073 | 48,436
-3.789,784 | 49,029 | 4.017,057 | 49,028 | -4.055,877 | 49,005 | -4.077,900 | 48,964
-3.836,880 | 50,152 | -4.075,782 | 50,152 | -4.111,661 | 50,105 | -4.135,734 | 50,021
-3.931,497 | 52,398 | 4.191,209 | 52,399 | -4.223,910 | 52,303 | -4.248,554 | 52,136
-4.130,732 | 56,890 | -4421,637 | 56,893 | -4.456,754 | 56,700 | -4.471,281 | 56,364
-4.269,616 | 59,973 | 4.579,346 | 59,971 | -4.630,961 | 59,971 | -4.657,207 | 59,969

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc¢=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

S=4d=2,4 m; h/L=1/2 S5=4d=24 m; 5=4d=24 m; S=4d=2,4 m; h/L=1/4
h/L=1/2,5 h/L=1/3

FZ[kN] | uz[m] | FZ[kN] |uzm]| FZ[kN] | uz[m] | F Z[kN] | u_z[m]
0,000 0,000 0.000 0.000 | 0.000 | 0,000 0,000 0,000
0,000 0,000 0,000 0,000 | 0,000 | 0,000 0,000 0,000
0,000 0,000 0.000 0.000 | 0.000 | 0,000 0,000 0,000
0,000 0,000 0.000 0.000 | 0.000 | 0,000 0,000 0,000
0,000 0,000 6,105 | 0041 | 0,000 | 0,000 | -8041 0,054
18,776 0,059 48314 | 0,123 | 0000 | 0000 | 24123 | 0162
61,433 | 0413 91571 | 0615 | 20,108 | 0,135 | -120,615 | 0,809
131,640 | 0,885 | -189234 | 1271 | 46919 | 0315 | -249220 | 1,671
272,013 | 1,829 | 371,735 | 2,498 | <100,541 | 0.675 | 372374 | 2,498
371323 | 2,498 | -380,758 | 2,558 | 207,761 | 1394 | -381,531 | 2,559
380,466 | 2,559 | -398,793 | 2,680 | -372,042 | 2498 | -399.835 | 2,683
398,739 | 2,682 | 434852 | 2,922 | 381,027 | 2,558 | -436,405 | 2,929
435272 | 2,928 | 506,933 | 3,408 | -398,988 | 2,679 | -500,466 | 3,422
508306 | 3,421 | -650,977 | 4378 | 434900 | 2,920 | -655.432 | 4407
2654259 | 4405 | 938217 | 6320 | -506,689 | 3403 | 946,619 | 6378
945271 | 6375 | -1.221,418 | 8261 | -650,104 | 4369 | -1235278 | 8,348
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Le=18 m; d=0,6 m; Lc¢=18 m; d=0,6 m; Lc=18 m; d=0,6 m; Le=18 m: d=0,6 m:
D=1,2 m; H=0,3 m; | D=1,2 m; H=0,3 m;

D=1,2 m; H=0,3 m; S=4d=2.4 m; S=4d=2.4 m; D=1,2 m; H=0,3 m;
S=4d=2,4 m; h/L=1/2 WL=1/2,5 hL=1/3 S=4d=2,4 m; h/L=1/4
F Z |[kN] | u_z[m] F Z|kN] |uzm] | F Z[kN] |uz[m] | F Z[kN] | u_z[m]
-1.227,097 8,344 -1.490,602 | 10,202 | -935,339 6,301 -1.506,814 | 10,320
-1.487,708 10,314 -1.697,552 | 12,144 | -1.490,258 | 10,165 | -1.697,797 | 12,292
-1.689,536 | 12,284 -1.742,614 | 12,688 | -1.743,727 | 12,689 | -1.731,366 | 12,691
-1.723,942 | 12,689 -1.749,597 | 12,751 | -1.750,631 | 12,752 | -1.738,425 | 12,755
-1.743,526 | 12,880 -1.784,034 | 13,128 | -1.784,857 | 13,126 | -1.773,025 | 13,136
-1.766,026 | 13,135 -1.825,218 | 13,632 | -1.825,988 | 13,625 | -1.814,072 | 13,645
-1.807,938 13,645 -1.904,640 | 14,638 | -1.905,349 | 14,623 | -1.892,906 | 14,663
-1.888,567 | 14,666 -2.060,809 | 16,650 | -2.060,170 | 16,619 | -2.046,626 | 16,699
-2.045,291 16,707 -2.211,752 | 18,663 | -2.209,984 | 18,616 | -2.195,130 | 18,735
-2.345,521 | 20,789 -2.359,242 | 20,675 | -2.355,668 | 20,612 | -2.338,189 | 20,771
-2.632,595 | 24,871 -2.646,515 | 24,701 | -2.636,749 | 24,605 | -2.479,114 | 22,807
-2.667,656 | 25,381 -2.694,153 | 25,382 | -2.690,565 | 25,384 | -2.655,021 | 25,393
-2.674,345 | 25,444 -2.700,716 | 25,443 | -2.697,119 | 25,445 | -2.661,727 | 25,454
-2.685,925 | 25,568 -2.712,021 | 25,565 | -2.708,377 | 25,567 | -2.673,230 | 25,578
-2.706,212 | 25,817 -2.731,709 | 25,809 | -2.727,903 | 25,812 | -2.693,072 | 25,826
-2.743,074 | 26,315 -2.767,303 | 26,297 | -2.763,100 | 26,300 | -2.727,064 | 26,322
-2.809,900 | 27,311 -2.834,263 | 27,273 | -2.829,191 | 27,278 | -2.789,235 | 27,314
-2.938,558 | 29,304 -2.960,863 | 29,226 | -2.955,396 | 29,233 | -2.911,603 | 29,297
-2.981,389 | 29,979 -3.008,534 | 29,980 | -3.002,593 | 29,982 | -2.954,576 | 29,994
-2.988,136 | 30,042 -3.015,173 | 30,042 | -3.009,186 | 30,044 | -2.961,349 | 30,057
-2.999,750 | 30,168 -3.026,543 | 30,166 | -3.020,434 | 30,167 | -2.972,897 | 30,182
-3.019,950 | 30,421 -3.046,192 | 30,414 | -3.039,783 | 30,414 | -2.992,660 | 30,434
-3.056,391 | 30,926 -3.081,431 | 30,910 | -3.074,361 | 30,908 | -3.026,127 | 30,937
-3.121,800 | 31,935 -3.147,299 | 31,902 | -3.138,890 | 31,896 | -3.089,239 | 31,943
-3.244,950 | 33,955 -3.268,056 | 33,887 | -3.263,158 | 33,873 | -3.211,456 | 33,956
-3.488,047 | 37,995 -3.505,532 | 37,857 | -3.497,134 | 37,824 | -3.451,508 | 37,981
-3.605,175 | 39,974 -3.629,187 | 39,974 | -3.620,535 | 39,977 | -3.569,023 | 39,996
-3.611,835 | 40,037 -3.635,743 | 40,036 | -3.627,067 | 40,039 | -3.575,714 | 40,059
-3.623,164 | 40,164 -3.646,833 | 40,160 | -3.638,065 | 40,163 | -3.586,973 | 40,185
-3.642,509 | 40,416 -3.665,680 | 40,408 | -3.656,645 | 40,410 | -3.605,905 | 40,436
-3.676,736 | 40,922 -3.698,916 | 40,904 | -3.687,529 | 40,906 | -3.635,836 | 40,940
-3.736,556 | 41,932 -3.756,849 | 41,895 | -3.745,195 | 41,896 | -3.692,180 | 41,947
-3.851,215 | 43,954 -3.869,267 | 43,879 | -3.856,999 | 43,877 | -3.802,803 | 43,961
-4.071,659 | 47,952 -4.086,300 | 47,846 | -4.071,266 | 47,839 | -4.020,689 | 47,961
-4.071,870 | 47,970 -4.092,201 | 47,969 | -4.077,476 | 47,972 | -4.022,602 | 47,998
-4.078,815 | 48,035 -4.098,931 | 48,032 | -4.084,146 | 48,035 | -4.029,484 | 48,062
-4.090,475 | 48,164 -4.110,135 | 48,159 | -4.095,246 | 48,161 | -4.041,001 | 48,190
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Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc¢=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

S=4d=2,4 m; S=4d=2,4 m;
S=4d=2,4 m; h/L=1/2 WL=1/2,5 hL=1/3 S=4d=2,4 m; h/L=1/4
F Z |[kN] | u_z[m] F Z|kN] |uzm] | F Z[kN] |uz[m] | F Z[kN] | u_z[m]
-4.109,857 | 48,422 -4.128,732 | 48,413 | -4.113,648 | 48,413 | -4.060,137 | 48,447
-4.141,042 | 48,938 -4.158,859 | 48,921 | -4.142,048 | 48,918 | -4.086,527 | 48,962
-4.196,583 | 49,971 -4.214,566 | 49,936 | -4.195,088 | 49,928 | -4.137,080 | 49,990
-4.304,337 | 52,037 -4.322,381 | 51,967 | -4.299,036 | 51,948 | -4.238,648 | 52,047
-4.517,519 | 56,168 -4.534,857 | 56,029 | -4.506,645 | 55,986 | -4.453,077 | 56,160
-4.711,993 | 59,964 -4.737,771 | 59,961 | -4.711,869 | 59,965 | -4.653,677 | 59,995

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

S=4d=2,4 m; S=4d=2,4 m;
WL=1/1 S=4d=2,4 m; h/L=7/8 | S=4d=2,4 m; h/L=3/4 WL=2/3
F Z|kN] |u zm] | F Z[kN] |uz[m] | F Z[KkN] |u_z[m] | F_Z [KN] | u_z[m]
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 7,009 0,047 8,988 0,060
0,000 0,000 9,484 0,064 21,014 0,141 26,941 0,181
6,409 0,043 28,426 0,191 48,960 0,330 62,755 0,423
19,217 0,128 66,208 0,446 104,676 0,707 134,125 0,907
44,779 0,299 141,492 0,956 215,473 1,461 275,655 1,874
95,751 0,641 290,636 1,975 325,322 2,215 366,249 2,498
197,135 1,324 366,766 2,498 366,374 2,498 375,356 2,560
369,728 2,498 376,375 2,563 375,823 2,562 393,420 2,683
379,771 2,565 395,442 2,693 394,564 2,690 429,359 2,931
399,692 2,701 433,383 2,954 431,852 2,947 501,024 3,426
439,330 2,971 509,040 3,477 506,193 3,461 643,591 4,417
518,372 3,512 659,526 4,521 654,081 4,488 925,130 6,398
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Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=4d=2,4 m;
h/L=1/1

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=4d=2,4 m; h/L=7/8

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=4d=2,4 m; h/L=3/4

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;
S=4d=2,4 m;
h/L=2/3

675,837

4,595

955,737

6,609

945,442

6,542

1.185,048

8,379

985,714

6,759

1.220,592

8,698

1.208,560

8,597

1.402,588

10,360

1.258,842

8,924

1.429,581

10,787

1.419,973

10,652

1.554,547

12,342

1.468,408

11,089

1.580,242

12,690

1.578,936

12,690

1.578,505

12,690

1.596,435

12,690

1.587,460

12,757

1.585,981

12,756

1.585,252

12,753

1.604,103

12,759

1.599,824

12,890

1.597,939

12,887

1.596,577

12,879

1.617,368

12,897

1.621,498

13,157

1.618,721

13,149

1.616,000

13,132

1.640,744

13,174

1.661,224

13,690

1.656,624

13,674

1.651,100

13,637

1.683,449

13,728

1.733,974

14,758

1.727,252

14,723

1.717,674

14,648

1.758,274

14,835

1.871,300

16,892

1.859,972

16,822

1.841,655

16,669

1.899,583

17,049

2.004,624

19,027

1.989,428

18,922

1.965,547

18,690

2.038,681

19,263

2.136,248

21,161

2.118,364

21,021

2.089,602

20,711

2.175,301

21,478

2.266,343

23,296

2.245,838

23,120

2.211,663

22,732

2.309,024

23,692

2.391,332

25,385

2.370,527

25,220

2.330,203

24,754

2.409,095

25,385

2.398,381

25,452

2.380,038

25,385

2.366,341

25,385

2.416,515

25,455

2.409,959

25,587

2.386,984

25,451

2.372,956

25,449

2.428,691

25,595

2.429,261

25,856

2.398,397

25,584

2.383,815

25,576

2.448,889

25,875

2.460,356

26,394

2.417,374

25,849

2.401,856

25,831

2.480,964

26,434

2.520,064

27,470

2.445,339

26,379

2.428,274

26,340

2.542,137

27,553

2.636,354

29,622

2.500,673

27,439

2.480,281

27,359

2.661,312

29,791

2.655,634

29,983

2.615,460

29,559

2.587,607

29,396

2.671,324

29,983

2.662,679

30,050

2.638,563

29,983

2.618,553

29,983

2.678,778

30,053

2.674,114

30,185

2.645,454

30,050

2.625,124

30,047

2.690,881

30,193

2.691,305

30,455

2.656,667

30,183

2.635,813

30,174

2.708,929

30,473

2.721,808

30,994

2.673,602

30,448

2.651,895

30,430

2.740,674

31,034

2.777,079

32,074

2.703,646

30,979

2.680,334

30,941

2.797,449

32,155

2.883,626

34,232

2.757,786

32,042

2.729,332

31,963

2.905,936

34,398

2.989,120

36,391

2.860,165

34,167

2.825,871

34,008

3.014,652

36,641

3.092,809

38,550

2.961,965

36,293

2.923,031

36,052

3.121,586

38,884

3.160,386

39,979

3.062,736

38,418

3.018,973

38,097

3.172,795

39,979

3.167,320

40,047

3.135,689

39,979

3.105,583

39,979

3.180,075

40,049

3.178,386

40,183

3.142,476

40,046

3.112,086

40,044
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Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

S=4d=2,4 m; S=4d=2,4 m;
W11 S=4d=2,4 m; h/L=7/8 | S=4d=2,4 m; h/L=3/4 WL=2/3
3.191,720 | 40,190 | 3.193,569 | 40,455 | 3.153,331 | 40,180 | 3.122,510 | 40,172
3.208,627 | 40,473 | 3.220,411 | 40,998 | 3.168,224 | 40,447 | 3.137,766 | 40,429
3.231,958 | 41,037 | 3.266,979 | 42,085 | 3.194,496 | 40,982 | 3.161,609 | 40,944
3.277,504 | 42,166 | 3.357,944 | 44,260 | 3.241,823 | 42,051 | 3.206,932 | 41,973
3.371,581 | 44,424 | 3.448,594 | 46,434 | 3.331,532 | 44,191 | 3.249,635 | 43,002
3.466,465 | 46,682 | 3.511,945 | 47,978 | 3.418,765 | 46,330 | 3.332,858 | 45,060
3.520,288 | 47,976 | 3.518,804 | 48,046 | 3.484,194 | 47,977 | 3.414912 | 47,118
3.527,481 | 48,047 | 3.529,567 | 48,183 | 3.490,904 | 48,044 | 3.448,853 | 47,978
3.538,818 | 48,189 | 3.541,298 | 48,456 | 3.501,472 | 48,178 | 3.455,291 | 48,042
3.553,673 | 48,473 | 3.562,692 | 49,003 | 3.513,058 | 48,447 | 3.465,486 | 48,172
3.576,339 | 49,040 | 3.604,952 | 50,097 | 3.534,180 | 48,985 | 3.479,133 | 48,431
3.619,575 | 50,175 | 3.690,408 | 52,285 | 3.575,790 | 50,061 | 3.502,836 | 48,948
3.705,031 | 52,444 | 3.774,284 | 54,473 | 3.659,255 | 52,213 | 3.542,352 | 49,984
3.790,524 | 54,713 | 3.855,742 | 56,660 | 3.740,602 | 54,364 | 3.618,178 | 52,055
3.875,011 | 56,982 | 3.934,848 | 58,848 | 3.819,177 | 56,516 | 3.694,053 | 54,126
3.957,933 | 59,251 | 3.975,001 | 59,975 | 3.895,348 | 58,667 | 3.769,414 | 56,197
3.984,022 | 59,974 3.940,778 | 59,974 | 3.843,872 | 58,268

3.904,394 | 59,976

Lc¢=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

S=4d=2,4 m; S=4d=2,4 m; S=4d=2,4 m;

h/L=1/2 h/L=1/2,5 h/L=1/3 S=4d=2,4 m; WL=14

F Z[kN] |u zm] | F Z[kN] |u z[m] | F Z[kN] | u z[m] | F Z [kN] | u_z [m]
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
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Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

S=4d=2,4 m; S=4d=2,4 m; S=4d=2,4 m;
h/L=1/2 h/L=1/2,5 h/L=1/3 S=4d=2,4 m; W1=1/4
0,000 | 0,000 | 7,900 | 0,053 | 0000 | 0,000 | 0000 | 0,000
8,775 | 0,059 | 23,682 | 0,159 | 0,000 | 0,000 | 0,000 | 0,000
26302 | 0,177 | 55,175 | 0371 | 0,000 | 0,000 | 0000 | 0,000
61271 | 0,413 | 117,949 | 0,796 | 26,912 | 0,181 | 0,000 | 0,000
130,961 | 0,885 | 242,628 | 1,645 | 62,692 | 0422 | 8812 | 0,059
269,191 | 1,829 | 366,429 | 2,494 | 134,000 | 0,904 | 26415 | 0,177
366,415 | 2,498 | 366,931 | 2,498 | 275464 | 1,868 | 61,530 | 0,414
375311 | 2,558 | 375,687 | 2,557 | 367339 | 2,498 | 131,514 | 0,886
392,961 | 2,679 | 393,061 | 2,676 | 376,441 | 2,559 | 270,392 | 1,832
428,080 | 2,921 | 427,630 | 2,913 | 394502 | 2,683 | 367.631 | 2,498
498113 | 3,404 | 496,565 | 3,389 | 430,442 | 2,930 | 376,521 | 2,558
637,454 | 4371 | 633,841 | 4339 | 502,114 | 3423 | 394163 | 2,679
913,336 | 6,305 | 905,669 | 6239 | 644,484 | 4410 | 429267 | 2,921
1178279 | 8,239 | 1.171,628 | 8,140 | 926,655 | 6,384 | 499222 | 3,404
1.403,243 | 10,174 | 1.393,449 | 10,042 | 1.203,286 | 8,358 | 638,119 | 4,369
1541,767 | 12,109 | 1,522,414 | 11,944 | 1.405,971 | 10,333 | 912,991 | 6,301
1577779 | 12,690 | 1.568,643 | 12,691 | 1.525.325 | 12,308 | 1.179.266 | 8,233
1,584,255 | 12,751 | 1.575,013 | 12,751 | 1.546,873 | 12,692 | 1.358,654 | 10,165
1,595,049 | 12,875 | 1.585,522 | 12,872 | 1.553,468 | 12,754 | 1.456,705 | 12,098
1613391 | 13,121 | 1.603,071 | 13,113 | 1.564.212 | 12,880 | 1.484,902 | 12,692
1,646,264 | 13,613 | 1.633,965 | 13,596 | 1.581,869 | 13,130 | 1491262 | 12,753
1708385 | 14,599 | 1.691,633 | 14,563 | 1.612,405 | 13,631 | 1.501,370 | 12.875
1.764,154 | 15,584 | 1.743,934 | 15,529 | 1.668,521 | 14,633 | 1.517,281 | 13,119
1.822,879 | 16,569 | 1.797,209 | 16,495 | 1.718,231 | 15,635 | 1.543,423 | 13,608
1.883,566 | 17,554 | 1.906,889 | 18,427 | 1.767,145 | 16,637 | 1.583,584 | 14,586
2,005,379 | 19,525 | 2.119,456 | 22,292 | 1.867,186 | 18,641 | 1.617,287 | 15,564
2.122,867 | 21,495 | 2.274,881 | 25,390 | 1.969,106 | 20,646 | 1.690,444 | 17,519
2.341,904 | 25,387 | 2.281,047 | 25,451 | 2.067,534 | 22,650 | 1.768,912 | 19,475
2.348,167 | 25,449 | 2.290,940 | 25,572 | 2.159,787 | 24,654 | 1.844,068 | 21,431
2358367 | 25,572 | 2.306,849 | 25,815 | 2.191,981 | 25,392 | 1.913,145 | 23,387
2.375,001 | 25,820 | 2.333,705 | 26,301 | 2.198,402 | 25,455 | 1.977,361 | 25342
2.402,176 | 26,316 | 2.380,167 | 27,272 | 2.208,545 | 25,581 | 1.978,548 | 25,388
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Lc=18 m; d=0,6 m; Lc=18 m; d=0,6 m; Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m; D=1,2 m; H=0,3 m; D=1,2 m; H=0,3 m; Le=18 m; d=0,6 m;
S=4d=2,4 m; S=4d=2,4 m; S=4d=2,4 m; D=1,2 m; H=0,3 m;
h/L=1/2 h/L=1/2,5 h/L=1/3 S=4d=2,4 m; W1=1/4
2.449,155 | 27,307 | 2.419,782 | 28,243 | 2.224,533 | 25,832 | 1.984,807 | 25,449
2.541,626 | 29,289 | 2.491,215 | 29,990 | 2.247,360 | 26,336 | 1.994,544 | 25,572
2.574,660 | 29,986 | 2.497,381 | 30,051 | 2.286,729 | 27,344 | 2.009,319 | 25,817
2.580,934 | 30,048 | 2.507,202 | 30,172 | 2.322,868 | 28,351 | 2.021,680 | 26,307
2.591,105 | 30,172 | 2.522,850 | 30,416 | 2.382,699 | 29,992 | 2.045,855 | 27,288
2.607,648 | 30,421 | 2.548,979 | 30,902 | 2.389,111 | 30,055 | 2.073,785 | 28,269
2.635,794 | 30,918 | 2.591,914 | 31,875 | 2.399,219 | 30,181 | 2.121,760 | 29,985
2.683,135 | 31,912 | 2.629,828 | 32,849 | 2.415,074 | 30,433 | 2.127,984 | 30,047
2.769,868 | 33,900 | 2.706,290 | 34,795 | 2.437,287 | 30,937 | 2.137,598 | 30,169
2.857,685 | 35,889 | 2.786,278 | 36,741 | 2.473,359 | 31,946 | 2.152,081 | 30,415
2.945,622 | 37,877 | 2.866,730 | 38,687 | 2.506,811 | 32,954 | 2.166,622 | 30,906
3.032,559 | 39,865 | 2.920,014 | 39,989 | 2.575,827 | 34,971 | 2.187,520 | 31,887
3.037,695 | 39,985 | 2.926,120 | 40,050 | 2.647,688 | 36,988 | 2.209,789 | 32,869
3.043,954 | 40,047 | 2.935,697 | 40,172 | 2.719,782 | 39,005 | 2.257,410 | 34,832
3.053,909 | 40,172 | 2.950,658 | 40,416 | 2.754,783 | 39,992 | 2.307,313 | 36,795
3.069,684 | 40,422 | 2.975,101 | 40,905 | 2.761,130 | 40,055 | 2.356,695 | 38,759
3.095,794 | 40,922 | 3.010,361 | 41,882 | 2.770,985 | 40,182 | 2.386,721 | 39,980
3.134,458 | 41,921 | 3.042,662 | 42,859 | 2.786,146 | 40,435 | 2.392,875 | 40,042
3.207,863 | 43,920 | 3.109,005 | 44,814 | 2.806,443 | 40,941 | 2.402,231 | 40,165
3.285,187 | 45,919 | 3.179,099 | 46,768 | 2.834,330 | 41,954 | 2.415,993 | 40,411
3.363,272 | 47,918 | 3.223,703 | 47,987 | 2.861,608 | 42,966 | 2.428,348 | 40,903
3.365,888 | 47,983 | 3.229,743 | 48,049 | 2.890,147 | 43,979 | 2.434,576 | 41,395
3.372,065 | 48,045 | 3.239,098 | 48,172 | 2.950,472 | 46,005 | 2.438,680 | 41,887
3.381,752 | 48,171 | 3.253,483 | 48,417 | 3.010,869 | 47,992 | 2.450,650 | 42,872
3.396,795 | 48,423 | 3.274,541 | 48,909 | 3.017,198 | 48,055 | 2.469,616 | 43,856
3.419,051 | 48,926 | 3.308,508 | 49,892 | 3.026,924 | 48,182 | 2.491,338 | 44,840
3.456,780 | 49,931 | 3.337,120 | 50,875 | 3.041,666 | 48,437 | 2.535,941 | 46,809
3.522,686 | 51,943 | 3.395,926 | 52,841 | 3.060,683 | 48,946 | 2.561,148 | 47,977
3.591,040 | 53,955 | 3.459,192 | 54,806 | 3.083,641 | 49,963 | 2.567,293 | 48,038
3.661,230 | 55,967 | 3.524,790 | 56,772 | 3.107,089 | 50,981 | 2.576,567 | 48,162
3.731,767 | 57,979 | 3.590,319 | 58,737 | 3.131,940 | 51,999 | 2.590,040 | 48,409
3.801,581 | 59,980 | 3.631,446 | 59,984 | 3.185,188 | 54,035 | 2.601,294 | 48,903
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Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

Lc=18 m; d=0,6 m;
D=1,2 m; H=0,3 m;

S=4d=2,4 m; S=4d=2,4 m; S=4d=2,4 m;
h/L=1/2 h/L=1/2,5 h/L=1/3 S=4d=2,4 m; W1=1/4
3.239,402 | 56,071 | 2.605,051 | 49,397
3.293,366 | 58,107 | 2.607,166 | 49,891
3.342,573 | 59,991 | 2.615,601 | 50,878
2.631,358 | 51,866
2.668,652 | 53,842
2.704,573 | 55,818
2.738,908 | 57,794
2.771,814 | 59,770
2.775,045 | 59,971
d=0,6 m; S=4d=2.,4 d=0,6 m; S=4d=2,4 | d=0,6 m; S=4d=2,4m; | d=0,6m; S=4d=2,4m;
m; h/L=3/4; m; h/L=3/4; h/L=3/4; h/L=3/4;
D=1,5d=0,9 m; D=1,5d=0,9 m; D=1,5d=0,9 m; D=2,0d=1,2 m;
H=0.5d=0,3 m H=0.833d=0,5 m H=1.167d=0,7 m H=0.5d=0,3 m
FZIKN] | uz[mm] | F Z[kN] | uzimm] | F Z[kN] | u zimm] | F Z[kN] | u_z[mm]
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
2951 0,020 -3,409 0,023 4427 0,030 -3915 0,026
-10,228 0,069 -13,280 0,090 -11,744 0,079
0,060
-20,656 0,140 23,864 0,162 -30,987 0,210 27402 0,184
44,264 0,300 -51,138 0,347 -66,400 0,450 -58,719 0,395
91,478 0,619 -105,685 0,716 137,225 0,930 -121,352 0,817
-185,899 1,258 214,761 1,456 278,831 1,890 246,591 1,660
-368,858 2,497 -368,683 2,500 -368,739 2,500 -370,954 2,497
-373,993 2,532 -373,789 2,535 -373,707 2,534 -380,572 2,562
-384,255 2,601 -383,995 2,604 -383,636 2,601 -399,796 2,692
404,773 2,741 404,401 2,743 403,485 2,736 438,227 2,951
445,793 3,019 445,199 3,020 443,171 3,006 -515,045 3,469
-527,787 3,576 -526,753 3,574 -522,508 3,545 -668,539 4,506
-691,536 4,689 -689,617 4,683 -680,953 4,624 973,802 6,580
-1.015,819 6915 -1.012,185 6,901 995,502 6,781 -1.250,990 8,654
-1.159,315 8,028 -1.155,321 8,010 -1.136,772 7,859 -1.489,552 10,728
-1.293,229 9,142 -1.289,037 9,119 -1.268,547 8,938 -1.675,386 12,687
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d=0,6 m; S=4d=2,4 d=0,6 m; S=4d=2,4 | d=0,6 m; S=4d=2,4m; | d=0,6m; S=4d=2,4m;

m; h/L=3/4; m; h/L=3/4; h/L=3/4; h/L=3/4;
D=1,5d=0,9 m; D=1,5d=0,9 m; D=1,5d=0,9 m; D=2,0d=1,2 m;
H=0.5d=0,3 m H=0.833d=0,5 m H=1.167d=0,7 m H=0.5d=0,3 m

-1.414,526 10,255 -1.410,437 10,228 -1.388,818 10017 | -1.682,950 12,754

-1.517,656 11,369 -1.514,086 11,336 -1.496,085 11,095 | -1.696488 12,888

-1.599,169 12,483 -1.596,029 12,445 -1.575,994 12,174 | -1.720985 13,156

-1.603,509 12,611 -1.609,785 12,700 -1.610,791 12,700 | -1.765,344 13,692

-1.606,482 12,688 -1.613,563 12,736 -1.614,483 12,735 | -1.803,346 14,228

-1.610,290 12,723 -1.620,069 12,807 -1.620,829 12,804 | -1.880,874 15,301

-1.616,417 12,795 -1.630,681 12,949 -1.631,805 12943 | -1.960403 16,373

-1.626,360 12,938 -1.650,121 13,234 -1.648,890 13,221 -2.117,695 18,517

-1.645,078 13,224 -1.686,625 13,803 -1.682,275 13,777 | 2.269,181 20,662

-1.680,980 13,796 -1.755,992 14,941 -1.750,128 14,880 | 2414,840 22,806

-1.752,068 14,939 -1.893,518 17,217 -1.818,551 16000 | -2.556,489 24951

-1.822,791 16,083 -2.026,554 19494 -1.951,854 18223 | 2584405 25,380

-1.892,592 17,227 -2.154,745 21,770 -2.077,635 20446 | 2.591,602 25447

-2.028,695 19,514 -2.350,423 25,400 -2.198,765 22,668 | 2.603915 25,580

-2.159,201 21,801 -2.354,039 25435 2315452 24890 | 2.625,054 25,846

-2284,859 24,089 -2.360,083 25,506 2341364 25400 | -2.657448 26,380

-2.353,532 25382 -2.369,364 25,647 -2.344,894 25434 | 2721,042 27,446

-2.363,281 25488 -2.409,574 26,492 -2.359,676 25,640 | 2.875,289 29,978

-2.372,590 25,630 -2463,469 27,620 -2.372,551 25915 | 2.882,539 30,045

-2.386,165 25914 2577117 29,875 -2.397,680 26,463 -2.894,924 30,180

-2412,708 26481 -2.583,900 30,000 -2.448,783 27,561 | -2.916,087 30,449

-2.466,720 27,616 -2.587,548 30,036 -2.557.874 29,756 | 2.948,059 30,987

-2.524,563 28,751 -2.593,603 30,107 -2.570,578 30,000 | -3.010,606 32,064

-2.588,010 29,980 -2.602,010 30,249 -2.574,143 30,035 | -3.138469 34219

-2.591,693 30,016 -2.616,960 30,534 -2.580,059 30,104 | -3.400,646 38,527

-2.597,823 30,088 -2.645,265 31,105 -2.588,219 30,243 | -3.488,266 39973

-2.606,354 30,231 -2.700,947 32,245 -2.602,664 30,521 | 3495438 40,041

-2.621,517 30,518 -2.812,129 34,525 -2.629.910 31,077 | -3.507,567 40,176

-2.650,177 31,091 -2.923,527 36,805 -2.683,429 32,188 | -3.526471 40,447

-2.706,490 32,239 -3.078,404 40,000 -2.790,340 34410 | -3.557421 40,990

-2.818,935 34,533 -3.082,017 40,036 -2.897,873 36,632 | -3.616,715 42,074

-3.043,770 39,122 -3.088,003 40,107 -3.059.457 40,000 | -3.734,200 44,244

-3.084,912 39,976 -3.096,246 40,250 -3.062,989 40,035 | -3.936,180 47,969

-3.088,563 40,012 -3.109,503 40,536 -3.068,822 40,105 | -3.943372 48,038
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d=0,6 m; S=4d=2.,4 d=0,6 m; S=4d=2,4 | d=0,6 m; S=4d=2,4m; | d=0,6m; S=4d=2,4m;
m; h/L=3/4; m; h/L=3/4; h/L=3/4; h/L=3/4;
D=1,5d=0,9 m; D=1,5d=0,9 m; D=1,5d=0,9 m; D=2,0d=1,2 m;
H=0.5d=0,3 m H=0.833d=0,5 m H=1.167d=0,7 m H=0.5d=0,3 m
-3.094,600 40,084 -3.134,930 41,108 -3.077,001 40244 | -3.955443 48,176
-3.102,811 40,228 -3.185,608 42252 -3.089,832 40,522 | -3.973,966 48451
-3.117238 40,516 -3.288,220 44,539 -3.114.238 41,079 | 4.003,758 49,001
-3.144,249 41,092 -3.445,784 48,000 -3.162,801 42,192 | 4.060,589 50,101
-3.196,937 42243 -3.449426 48,036 -3.261,793 44419 | 4.173,289 52,302
-3.301,652 44,547 -3455415 48,109 -3423,339 48,000 | 4.399,876 56,703
-3.456,402 47973 -3.463,026 48,254 -3.426,909 48,035 4.569,022 59,965
-3.460,077 48,010 3476485 48,545 -3432,774 48,106
-3.466,122 48,083 -3.501,951 49,125 -3.440,141 48,248
-3.474,503 48,229 -3.552,080 50,287 -3.453,096 48,531
-3487,512 48,521 -3.652,333 52,610 3471573 49,098
-3.512,184 49,106 -3.853,870 57255 -3.525,837 50,232
-3.561,287 50,275 -3.971498 60,000 -3.622,630 52,498
-3.661,629 52,613 -3.818425 57,032
-3.865,784 57,289 -3.944.841 60,000
d=0,6 m; S=4d=2.,4 m; d=0,6 m; S=4d=2.4 m; d=0,6 m; S=4d=24m; | d=0,6 m; S=4d=2,4 m;
h/L=3/4; D=2,0d=1,2 m; | h/L=3/4; D=2,0d=1,2m; | h/L=3/4;D=2,5d=1,5m; | h/L=3/4;D=2,5d=1,5
H=0,833d=0,5m H=1,167d=0,7m H=05d=03m m; H=0,833d=0,5m
F Z[kN] | uz[mm] | F Z[kN] u_z [mm] F Z[kN] | uzimm] | F Z[kN] | u zlmm]
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
4,658 0,031 4,181 0,028 4363 0,029 -3,203 0,022
-13,973 0,094 -12,542 0,085 -13,088 0,088 9,608 0,065
0,220 -29,265 0,197 -30,539 0,206 -22.420 0,151
-69,866 0471 62,711 0423 -65,441 0441 48,042 0,323
-144,389 0,973 -129,602 0,873 -135,243 0911 99,287 0,668
-293,386 1,977 -263,351 1,775 274810 1,850 201,766 1,358
-370,827 2,500 -370,865 2,500 -371,169 2,500 -371,246 2,500
-375.817 2,534 -375421 2,531 -375,720 2,531 -375,592 2,529
-385,791 2,601 -384,527 2,592 -384.815 2,592 -384,278 2,588
405,733 2,736 402,734 2,715 -403,000 2,715 401,645 2,705
445,605 3,005 439,136 2,961 439,360 2,960 436,370 2,939
-525,312 3,544 -511911 3,453 -512,048 3,451 -505,789 3,408
-684,503 4,621 -657,295 4436 -657,253 4432 -644.477 4,345
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d=0,6 m; S=4d=2,4 m; d=0,6 m; S=4d=2.4 m; d=0,6 m; S=4d=24 m; | d=0,6 m; S=4d=2,4 m;
h/L=3/4;D=2,0d=12 m; | h/1=3/4; D=2,0d=1,2m; | h/L=3/4;D=2,5d=1,5m; | h/L=3/4;D=2,5d=1,5

H=0,833d=0,5m H=1,167d=0,7 m H=0,5d=03m m; H=0,833d=0,5m
-1.000,687 6,776 946917 6,403 946,524 6,395 -920,992 6,219
-1.144,042 7,854 -1.083,615 7,387 -1.083,068 7,377 -1.179,860 8,094
-1.279,034 8,931 -1212416 8,370 -1.211,742 8,358 -1.292,301 9,031
-1.403,272 10,008 -1.330,134 9,354 -1.328,772 9,340 -1.504,508 10,905
-1.518,966 11,086 -1.441,884 10,337 -1.440,053 10,321 -1.672,900 12,700
-1.620,086 12,163 -1.544,776 11,321 -1.542,715 11,303 -1.676 419 12,730
-1.664,735 12,700 -1.634,856 12,305 -1.634453 12284 | -1.682,730 12,791
-1.668,660 12,735 -1.667,378 12,700 -1.669,802 12,700 | -1.694216 12,913
-1.675,661 12,804 -1.670,987 12,732 -1.673457 12,732 | -1.715,796 13,157
-1.688,367 12,943 -1.677449 12,796 -1.679,999 12,795 -1.757427 13,645
-1.711,157 13,220 -1.689,166 12,923 -1.691,880 12,923 -1.796,006 14,133
-1.732,374 13,497 -1.711,080 13,179 -1.714,175 13,177 | -1.873,032 15,109
-1.774,826 14,051 -1.729,239 13,434 -1.756,248 13,687 | -1.950,348 16,084
-1.860,892 15,160 -1.767,613 13,945 -1.796,714 14,196 | -2.026,862 17,060
-1.944,951 16,269 -1.807,952 14,455 -1.877255 15214 | -2.102,235 18,036
2.026475 17,377 -1.888,565 15,476 -1.957,368 16,233 -2.249,150 19,987

-2.184,655 19,595 -1.965,847 16497 -2.036,491 17251 2392319 | 21,938

-2.337,882 21,812 -2.040,539 17,519 -2.114,333 18270 | -2.532483 23,889

-2487,240 24,030 -2.185,646 19,561 -2.266,630 20,306 | -2.639,207 25,400

-2.577,624 25,400 -2327,824 21,603 -2414,863 22343 | -2.642,531 25430

25434 -2.466,975 23,645 -2.560,502 24380 | -2.648,257 25,489

-2.587,659 25,503 -2.584.273 25,400 -2.632,385 25400 | -2.658,193 25,609

-2.598,600 25,640 -2.587,671 25431 -2.635,855 25431 2674910 | 25847

-2.615,582 25913 -2.593,503 25494 -2.641,839 25494 | 2707,199 | 26325

-2.648937 26,461 -2.603,564 25,619 -2.652,241 25619 | 2771,527 27,279

-2.716,329 27,556 -2.620,265 25,870 -2.669,809 25869 | 2901399 | 29,188

-2.856,400 29,747 -2.652,285 26,372 -2.703,758 26370 | 2957577 | 30,000

-2.872,396 30,000 -2.715,639 27374 2.771,297 27371 | 2960947 | 30,030

-2.876,634 30,035 -2.842,346 29,380 2907367 29374 | 2966,729 | 30,091

-2.882,958 30,104 -2.881,587 30,000 -2.950,207 30,000 | -2976,705 | 30213

-2.893,081 30,242 -2.885,012 30,032 -2.953,712 30,032 | 2993329 | 30456

-2.910,146 30,520 -2.890,855 30,095 -2.959,720 30,095 | -3.025334 | 30,942

2943244 31,074 -2.900,834 30222 -2.970,078 30223 | -3.089,024 | 31915

-3.009411 32,182 -2.915,866 30477 2987316 30477 | 3217,770 | 33,861

-3.144,615 34,399 2945282 30,985 -3.020,484 30986 | -3.347519 | 35807

-3.411,155 38,833 -3.004,870 32,001 -3.086,456 32,004 | -3.602,780 | 39,698
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d=0,6 m; S=4d=2,4 m; d=0,6 m; S=4d=2.4 m; d=0,6 m; S=4d=24 m; | d=0,6 m; S=4d=2,4 m;
h1L=3/4;D=2,0d=12 m; | WI=3/4; D=2,0d=1,2m; | WL=3/4;D=2,5d=1,5m; | h/L=3/4;D=2,5d=1,5
H=0,833d=0,5m H=1,167d=0,7 m H=0,5d=03m m; H=0,833d=0,5m
-3.479,241 40,000 -3.067,775 33,018 -3.219,801 34,041 -3.621,837 | 40,000
-3.482,928 40,035 -3.193,995 35,051 -3.354,006 36,077 | -3.625,151 40,030
-3.489,118 40,104 -3439911 39,117 -3.607,478 40,000 | -3.630,790 | 40,091
-3.498,887 40,244 -3.491,253 40,000 -3.610,931 40,032 | -3.640431 40213
-3.513,880 40,522 -3.494,627 40,032 -3.616,813 40,096 | -3.656215 | 40456
-3.543,298 41,079 -3.500,331 40,096 -3.626,877 40223 | -3.686,300 | 40943
-3.602,769 42,193 -3.509,976 40,223 -3.642,180 40479 | 3745622 | 41916
-3.726,132 44421 -3.524,066 40,478 -3.672,103 40,990 -3.863,946 43,862
-3.924,168 48,000 -3.551,291 40,988 -3.732,408 42,011 4,098,335 | 47,755
-3.927,879 48,035 -3.605,812 42,007 -3.856,118 44054 | 4.112,664 | 48,000
-3.934,062 48,106 -3.716410 44.046 4.095,762 48,000 4.116,023 48,031
-3.942.951 48,248 -3.933,629 48,000 4.099,247 48,033 4.121,682 48,094
-3.958,979 48,531 -3.937,042 48,033 4.105,127 48098 | 4.131207 | 48218
-3.989,515 49,097 -3.942,761 48,098 4.115,036 48,228 4.145,057 48,468
4.049,594 50,230 -3.951,546 48,228 4.129,532 48,489 4.171,988 48967
4.169,302 52495 -3.963,664 48,488 4.157,783 49,011 4226483 | 49,964
4407211 57,025 -3.992,618 49,008 4215,037 50,054 | 4341372 | 51,960
4.560459 60,000 4.046,176 50,048 4.335,925 52,141 4.571,439 55,951
4.154,506 52,128 4.578,213 56,314 4.798,016 59,942
-4.374,026 56,288 4,787,463 60,000 | -4.801,061 60,000
4.566,444 60,000
d=0’6‘:;L_S:f2’4m; d=0,6m; S=4d=2,4m; d=0’6“l:jLS::/‘:;=2’4m; d=0,6m; S=4d=2,4m;
h1-3/4; D=3,0d=1,8m; hW1=3/4; D=3,0d=1,8m;
D=2,54=1,5m; H=0,5d=03m D=3,0d1.8m; H=1,167d=0,7m
H=1,167d=0,7m H=0,833d=0,5m
F Z[kN] | u zlmm] | F Z[kN] u_z[mm] F Z[kN] | uz[mm] | F Z[kN] u_z [mm]
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
4157 0,028 3,714 0,025 -3,943 0,027 -1,191 0,008
-12471 0,084 -11,143 0,075 -11,828 0,080 3,575 0,024
0,196 26,000 0,175 27,598 0,186 -8,341 0,056
62,353 0419 55,714 0,375 -59,139 0,398 -17.873 0,120
-128.862 0,867 -115,141 0,775 -122219 0,822 -36,938 0,248
261,846 1,762 233973 1,575 248352 1,671 75,068 0,505
-371,429 2,500 -371,173 2,500 371,347 2,500 -151,326 1,017
-375,966 2,531 -375,232 2,527 -375,469 2,528 -303,788 2,043
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d=0’6':;L_S:j;=2’4m; d=0,6m; S=4d=2.4m; d=0’6“1:;L831=2’4m; d=0,6m; S=4d=24m;
Dasiism | M DRSSt WL=34; D=3,0d=13m;
H=1,167d=0,7m 0540 3m H=0833d=0,5m HELI67¢20,7m
385032 | 250 | 383341 | 2582 | a3700 | 2583 | 371650 | 2500
40315 | 2714 | 399555 | 2601 | 400183 | 2694 | 37580 | 2528
430400 | 2058 | 43197 | 2010 | 433123 | 2917 | 3428 | 2585
SIL863 | 3447 | 496790 | 3348 | 498974 | 3361 | 40L121 | 2699
656614 | 445 | 626205 | 423 | 630550 | 4250 | 434784 | 2925
5052 | 6381 | 88466 | 5973 | S93014 | 6027 | 502089 | 3379
TOSI842 | 7358 | LI32669 | 724 | L3301 | 7805 | 636546 | 4287
1210056 | 8336 | 1240585 | 8599 | -1252205 | 8694 | 904791 | 6102
1327919 | 9314 | 1443911 | 10349 | 1458538 | 10471 | 1159397 | 7917
1440118 | 10292 | 1620046 | 12100 | 1635704 | 12249 | 1270260 | 8825
1544004 | 11270 | 1672489 | 12700 | 1673844 | 12700 | -1480450 | 10640
1636293 | 12247 | 1675819 | 12729 | 1677231 | 12729 | 1659168 | 12456
1676262 | 12700 | -L6817S6 | 12786 | -1683286 | 12787 | -1669386 | 12608
0679912 | 12732 | 1692508 | 12900 | -1694283 | 12903 | -1676627 | 12,700
686475 | 12795 | (1712659 | 13128 | 1714941 | 13135 | -1680.101 | 12,730
1698442 | 1292 | 1751150 | 13585 | -1754088 | 13598 | -1686330 | 12,789
1720955 | 13176 | (1787986 | 14041 | 1792150 | 14062 | -1697658 | 12907
1763451 | 13683 | (1861484 | 14955 | -1867.926 | 14989 | 1718956 | 13,144
1804487 | 14190 | 1934785 | 15868 | -1943101 | 15916 | -1758735 | 13619
1885817 | 15205 | 2007070 | 16781 | 2017008 | 16843 | -1837314 | 14567
1966513 | 16219 | 2078162 | 17694 | 2090002 | 1770 | 1915429 | 15515
2046128 | 17234 | 2217013 | 19521 | 2232398 | 19624 | 1992315 | 16463
2201583 | 19263 | 2352722 | 21348 | 2371483 | 21477 | 2067854 | 17411
2352008 | 21292 | 2486647 | 2074 | 2508082 | 23331 | 2142202 | 18359
249049 | 23321 | 2618780 | 25001 | 2657983 | 25400 | 2215525 | 19307
2646564 | 25400 | 2650381 | 25428 | 2666651 | 25484 | 2500936 | 23100
2650031 | 25431 | 2655770 | 25483 | 2676215 | 25597 | 2639618 | 2496
2656023 | 25494 | 2665108 | 25504 | 2692906 | 2582 | 2668780 | 25400
2666468 | 25619 | 2681322 | 25816 | 2724865 | 26273 | 2672082 | 25429
2684150 | 25869 | 2712373 | 26261 | 2787857 | 27074 | 2677660 | 25487
2718326 | 26369 | 2773725 | 27049 | 2913349 | 28975 | 2687464 | 25602
2786311 | 27369 | 2896436 | 28926 | 2984503 | 30000 | 2704542 | 25833
2023125 | 29369 | 2970849 | 30000 | 2987730 | 30029 | 2737269 | 26295
2066584 | 30000 | 2974034 | 30028 | 2993253 | 30086 | 2801894 | 27219
2970076 | 30032 | 2979473 | 30085 | 3002772 | 30201 | 2930896 | 29066
2976076 | 30095 | 2988821 | 30,199 | 3018664 | 30432 | 2996079 | 30000
2986437 | 30222 | 3004350 | 30426 | 3049317 | 30892 | 2999383 | 30030
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d=0’6':;L_S:j;=2’4m; d=0,6m; S=4d=24m; d=0’6“1:;L831=2’4m; d=0,6m; S=4d=2,4m;
WI~3/4; D=30d=18m; WIL~3/4; D=30d=18m;
D=2,5d=1,5m; H=05d=03m D=3,0d=1,8m; H=1,167d=0,7m
H=1,167d=0,7m H=0,833d=05m

3003720 | 30477 | 3034281 | 30879 | 3110393 | 31812 | 3005050 | 30089
3037011 | 30985 | 3093970 | 31787 | 3234465 | 33653 | 301483 | 30207
3103250 | 32002 | 3215486 | 33603 | 3483034 | 37336 | 3031149 | 30443
3037547 | 34035 | 3459570 | 37234 | 3658090 | 40000 | 3062662 | 30915
3372120 | 36069 | 3640812 | 40000 | 3661263 | 40009 | 3125498 | 31859
3627045 | 40000 | 3643951 | 40008 | 3666666 | 40087 | 3253162 | 33747
3630681 | 40032 | 3649265 | 40085 | 3675934 | 40202 | 3508448 | 37523
3636545 | 40096 | 3658321 | 40199 | 3691205 | 40433 | 3671095 | 40000
3646585 | 40223 | 3673129 | 40427 | 3719391 | 40894 | 3674337 | 40030
3661859 | 40478 | 3701432 | 40882 | 3775503 | 41817 | 3679849 | 40089
3691719 | 40988 | 3757458 | 41793 | 3880065 | 43662 | 3689261 | 40207
3751920 | 42008 | 3869696 | 43614 | 4119530 | 47353 | 3704696 | 40444
3875467 | 44047 | 4095243 | 47257 | 4159791 | 48000 | 3734242 | 40917
4115530 | 48000 | 4140920 | 48000 | 4163009 | 48030 | 3792782 | 41863
4118992 | 48032 | 4144102 | 48009 | 4168445 | 48089 | 3910007 | 43757
A04847 | 48007 | 4149449 | 48088 | 4177631 | 48207 | 4145208 | 47543
2134708 | 48207 | 4158432 | 48204 | 4191233 | 48444 | 4173357 | 48000
4149014 | 48487 | 4172780 | 48438 | 4217819 | 48918 | 4176636 | 48030
2177437 | 49007 | 4200054 | 48905 | 4271695 | 49865 | 4182169 | 48091
4234613 | 50047 | 4254127 | 49839 | 4385217 | 51761 | 4191483 | 48212
4355147 | 52027 | 4363468 | 51707 | 4612849 | 55551 | 4205168 | 48455
4596812 | 56286 | 4586205 | 55444 | 4836259 | 59341 | 4231980 | 48940
4808047 | 60000 | 4806241 | 59180 | 4874587 | 60000 | 4286582 | 49911
4853725 | 60,000 4345087 | 508%2

2462000 | 52823

4695518 | 56,705

4886359 | 60,000
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PHU LUC 6 (CHUONG 4)
TOM LUQC CO SO LY THUYET TiNH TOAN SUC CHIU TAI CUA
CQC ONG THEP THEO LY THUYET PQ TIN CAY
Khi trinh bay strc chiu tai cia coc theo 1y thuyét do tin cdy, trong luan an

dinh nghia “P¢ tin cdy suc chiu tai cua coc la xac sudt ma coc dé bao dam
stec khdng va an toan nhw thiét ké dé ra trong suét qud trinh khai thac”. Stc
chiu tai cua coc phu thudc vao cac yéu t6 nhu: dang tai trong tac dung; dac
diém cia két cau coc va tinh chéat tham s6 nén (trong lugng thé tich, goc ma
sat trong, gbc ma sat ngoai, luc dinh don vi,...). Do cac yéu té ndy trong thuc
té o tinh chét ng?tu nhién, nén suc chiu tai cua coc cling 1a mot dai luong
ngau nhién va theo cac quy luat phan b6 nhat dinh.

Phuong trinh xac dinh strc chiu tai ctia coc don theo 1y thuyét dod tin
cay duoc thé hién theo ham nguoc nhu sau:

[P, |=F'(1-P), (PL6.1)

trong do: [P,] - stre chiu tai gio1 han cho phép cua coc; P - xac suat an
toan cua coc, phu thudc loai va cép cua cong trinh; F - ham phan phéi tich Iy
cua suc chiu tai.

Céc bién ng’fm nhién dau vao cua bai toan ste chiju tai ctia coc co thé 1a cac
tham s6 coc, dic diém tai trong va dac trung cta nén. Con bién ngau nhién dau ra
chinh 14 strc chiju tai ctia coc can tim, strc chju tai nay phan b theo su thay ddi cua
céc bién ngﬁu nhién dau vao. Do d6, dé xac dinh gia tri stc chiu tai trung binh can
xac dinh d6 nhay theo ky vong va do léch cho phép theo biéu thirc sau:

COV:i, (PL6.2)
u

trong do: p 1a ky vong hay gia tri trung binh cta stc chiu tai; d. 1a do

l1éch va do nhay (COV) cua surc chiu tai, xac dinh theo bo s6 liéu thuc nghi¢m

hodc céac két qua da cong bd co du co sd khoa hoc.
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T biéu thic (PL6.1), dé xac dinh stre chiu tai trung binh cua coc tir mdt
tap dir liéu stc chiu tai tinh todn nhan duoc tmg v6i moi gia tri tién dinh cta
cac cac tham s dau vao, can xac dinh va xay dung ham phan phéi tich luy
clia tip hop cdc gia tri strc chiu tai, va cin cir vao xac xuat an toan yéu cau s&
tinh toan dugc stre chiu tai cia coc theo 1y thuyét do tin cay.

Mtrc d6 an toan cta két cAu coc duoc xéac dinh béng x4c xuét su ¢d hay
chi s6 do tin cay nhan duoc tir két qua tinh toan theo ly thuyét do tin cay. pé
du bdo xac suit su cd strc chju tai ctia coc, mot ham trang thai gidi han duogc
xac dinh tng v&i mot dang thire pha hoai dugce xac dinh nhu sau:

f=R-0, (PL6.3)
trong do:
f - ham trang thai gi61 han tinh toan strc chiu tai cua coc;
R - tong strc khang ciia két cau coc;
Q - téng hiéu tng do tai trong tac dong.

Két cau coc 1am viéc an toan theo quy udc cua cac tiéu chuan thiét ké,
hay coc dam bao strc chiu tai cho phép khi téng strc khang cta két cdu coc 1on
hon tong hiéu Gmg do tai trong gdy ra. Tuy nhién, vin c6 x4c suit xay ra khi
hi€u ung tai trong tac dung 16n hon strc khang cua coc.

X4c suat an toan cua két ciu coc dugc thé hién theo biéu thirc sau:

P=P(f>0)=P(R>0)=1-P, (PL6.4)
trong do:
P, - x4c suit su ¢d hay khong dam béo strc chiu tai cua coc;
P, - x4c suét an toan hay kha nang dam bdo strc chiu tai cua coc;
P(f>0) - x4c suat ham trang thai giéi han.

Két cau coc dugc coi 1a dam bao stre chiu tai cho phép (hodc dam bao an

toan trong khai thac) khi thoa méin diéu kién sau:
P <[P], (PL6.5)
trong do:
P, — x4c suat su cb co thé xay ra cua coc;
[P.]- x4c suét su cd cho phép cua coc.

Murc do an toan con co6 thé dugc biéu thi thong qua chi s6 dd tin cdy, 1a
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boi s6 ctia do 1éch chuan gifta gid tr1 trung binh cua ham trang thai gi61 han va
gi61 han pha hoai cua két cAu coc trong nén. Khi d6 mtc do an toan cua coc
dat duoc con duge thé hién qua biéu thuc sau:
L =6, (PL6.6)
trong do:
B, - chi s6 d6 tin cdy, sao cho 0 < B-d. < F;
d, - do 1éch chuén;
£ - gia tri trung binh cua ham trang thai gidi han;
Br - chi sb6 do tin cay muc ti€u, phan anh xac suét su ¢d cho phép
clia coc o thé xay ra.

Mot yéu tb co vai trd quan trong dén két qua tinh toan stc chiu tai cia
coc theo 1y thuyét do tin cdy, d6 1a gia tri ciia cac tham s trong mé hinh tinh,
nhu tham s6 nén dat, dic trung két cAu coc va dic diém cua tai trong tac dung.
Cac tham sb nay co thé coi 1a cac bién ngéu nhién, nén suc chiu tai cua coc
cling co tinh ngau nhién. Bién ngau nhién 1a mot dai luong phy thudc vao két
cuc ctia mot phép thir ngau nhién nao d6. Thong thuong c6 2 loai bién ngau
nhién 1a bién ngu nhién roi rac va bién ngau nhién lién tuc.

Bién ngéu nhién duogc goi 1a ro1 rac néu tap gia tri cua n6 1a mot tap hiru
han hodc v6 han dém duogc ctia cac phan tir. Trong khi d0, cac tham sé ngau
nhién c6 tap gia tri ctia n6 1ap kin mot khoang trén truc s6, hay sd phan tir ciia
tap gia tr1 1a vo han khong dém duoc thi duoc goi la bién ngau nhién lién tuc.

MGdi bién ngiu nhién c6 thé phan bd theo mot quy luat nao do, luat mé ta
phép do xac sudt d6i voi cac gia tri cia mot bién ngau nhién dugc goi 1a phan
bd xéac suit va duoc md ta boi ham phan bd tich luy c6 dang nhu sau:

F (x)=P(X <x), (PL6.7)
trong do:
X - bién ngau nhién tinh toan;
X - gié tri cta bién ngau nhién;
F,(x) — ham phan b tich luy.
Phén bd x4c suat ciia bién ngu nhién roi rac biéu thi thong qua ham tap

trung xac suat, khi d6 ham phan bo xéc suat c6 dang nhu sau:
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F()=P(X<x)=YP(X=x)=Yp(x).  (PL6B)

x; <x X;<x

Truong hop bién ngau nhién lién tuc thi ham phan bd xé4c suét c6 dang:
F(x)=P(X <x)= [ f(&)dE. (PL6.9)

Céac tham sb ctia mé hinh tinh toan strc chiu tai cia coc ¢6 cac bién ngau
nhién cta dit nén, két ciu coc va tai trong 1a roi rac, nén ham phan bd xac
suat c6 dang nhu biéu thirc (PL6.8). Céc gia tri ciia bién ngau nhién ludn dao
dong quanh gia tri trung binh hay gia tri ky vong ctia bién ngiu nhién, tirc 1a
bién ngiu nhién c6 sy phan tan quanh gid tri trung binh, khi bién ngiu nhién
roi rac thi gia tri trung binh cta né biéu thi boi E(X) nhu sau:

E(X) =3 %p(x). (PL6.10)
X

Dic trung cho sy phan tdn ciia bién ngiu nhién 1a phuong sai, doi véi

bién ngau nhién roi rac X thi phuong sai c6 dang sau:

Var(X) =2 3(x; — 14,)” po(x), (PL6.11)

trong do:
L1, — gié tri trung binh cta bién ngiu nhién X.
Pé danh gia mirc d6 phan tan cua bién ngiu nhién X, thudng sir dung
khai niém d6 1éch chuin va hé sb bién thién cta nd, duoc xac dinh theo céac

biéu thuc sau:

d, =/Var(X); (PL6.12)
cov. :i, (PL6.13)
Hy
trong do: dy, — do 1éch chuan cua bién ngﬁu nhién X; COV, — hé sb bién
thién biéu thi mtc do ctia do 1éch chuan so véi gia tri trung binh.
Phén bd xac suét cua bién ngau nhién X c6 thé theo cac dang khac nhau
nhu phan b chuan, phan bd chuan logarit hodc phan bd hinh hoc. Dbi véi bai
toan strc chiu tai cua coc, phan bd x4c suét theo dang phéan bd chuén c6 ham

mat do xac suat nhu sau:
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_ b x—po
fx(x)—d@exp[ 2( y )}, (PL6.14)

trong do:

d, u — twong tng 1a d6 1éch chuan va gia tri trung binh cua bién

ngau nhién X.

Nhu ndi dung nghién ctru da trinh bay ¢ trén, strc chiu tai cia coc co thé
duoc biéu thi qua Xac suat su ¢d cla coc (P.) hoac chi s6 do tin cay (B), két
ciu coc lam viéc dam bao do tin cay khi thoa man biéu thic sau:

P <[P] hoic  B=[B] (PL6.15)

f="1R"10 ip—1-a(p), (PL6.16)

4/d§+d5

dg va dg — 1an luot 13 d6 léch chuan ciia bién ngdu nhién sirc khang

trong do:

ctia coc va bién ngau nhién hiéu g cua tai trong;

LR Va po — lan luot 1a gia tri trung binh cta bién ngiu nhién stc
khang ciia coc va bién ngiu nhién hiéu Gmg cua tai trong;

® - ham phan b xéc suat cta phan bo chuén.

bé giai quyét bai toan strc chiu tai cua coc theo ly thuyét do tin cay dat
ra, c6 thé sir dung phuong phap mo phong sé6 Monte-Carlo dé tinh toan.

Mo phong sb Monte-Carlo 13 mé phong c6 sir dung phuong phap Monte-
Carlo, mot cong cu toan hoc rat manh dé mo hinh héa cac hé théng phtc tap,
trong d6 ¢6 su tham gia cta cac yéu to ngu nhién. Pay 1a phuong phap c6 thé
mo hinh héa céc dai luong ngau nhién cé quy ludt phan bd cho trude, tinh gan
dung tinh phan xac dinh mot 16p, nhiéu 16p. Tu tudng phuong phap da hinh
thanh tr lau va do tinh manh mé& cta né, md phong sé6 Monte-Carlo 1an luot
duoc ap dung vao cac linh vuc khac nhau ctua khoa hoc k¥ thuat. Tuy nhién 161
giai cac bai toan phuc tap theo phuong phép nay trén may tinh doi hoi nhiéu vé
thoi gian cling nhu bd nhé ciia may. Vi vay chi t6i nhitng nim gan day, khi
cong nghé may tinh da dat té1 sy hoan thién vé moi mat, mod phong s6 Monte-

Carlo mo1 thuc su duge st dung rong rai. Phuong phédp Monte-Carlo duogc su
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dung dic bi¢t thuan loi khi nghién ctu cac hé théng duoc miéu ta bﬁng cac
phuong trinh cac bién ngdu nhién phirc tap nhu: tich phan nhiéu chiéu, cac
phuong trinh vi phan, hé phuong trinh ctia cac bién ngiu nhién.

NoGi dung cua phuong phap mo phong Monte-Carlo thuong thuc hién
theo 3 giai doan sau: Trudc hét 1a mo6 hinh héa cac bién ngiu nhién dau vao tir
cac ham mat do hoac ham phan phé)i xac suit cho trude; tiép theo can tinh
toan cu thé theo céac thé hién dau vao dé nhan cac thé hién dau ra; cubi cung la
xtr 1y thong ké cac thé hién du ra dé tim cac dic trung xac suat.

Viéc tao ra cac gia tri ngau nhién duoc tién hanh d6i véi tung bién trong
ham trang thai gidi han tir cdc s6 ngau nhién phan bd doéng nhét c6 gia tri tir 0
dén 1 va thong qua su chuyén doi thich hop dé nhan dugc cac gia tri tuong
g tuan theo ham phan bd x4c suat ciia chinh bién d6. Theo dé, xac suét tich
luy nhan duogc tir ham phan bd xac suit cta bién ngdu nhién X la:

x=F'(u), (PL6.17)
trong do:
X — bién ngiu nhién tinh toan;
F.(x) — ham phan bo x4c suat;
u — gid tri cta bién c6 phan b déng nhat chuan U ndo d6 v4i ham
mat d6 phan b chuan chi thay d6i bién s6 tir 0 dén 1.
F,(u)=u. (PL6.18)

Xéc suat tich luy ctia U < u chinh bang u. Do d6, néu u 1a gia tri cia U,
thi gia tri tuong ung cta X nhan dugc s& ¢6 xac suét tich luy nhu sau:

P(X <x)=P[F;'(U)<x]=PlUSF.(0)]= F, [F,0)]=F,(x) (PL6.19)

Khi d6, néu tap hop cac gia tri cuia phan bd chuan U 1a (uy, ,...,u,) thi
nhan duoc tap hop cac xac suét tich luy thoa man ham phan bd tich luy Fx(x)
c6 dang nhu sau:

X, =F (). (PL6.20)

Vi mdi 1an mo phong s6 ta s& nhan dugc mét tap hop céac gié tri cua

bién X; va gia tri cua cadc ham trang thai thdi han f(X) 1ap lai véi luong 1om lan

mod phong nao do6. Khi do, xac suat sy co cua coc c¢o6 thé dugc du bdo theo
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biéu thuc sau:

c

P~ nf
T (PL6.21)

trong do:
n — tong s6 1an mo phong cia bai toan;
ne— s6 1an mo phong ma khi d6 ham f(X) < 0.

Khi mé phong theo 1y thuyét Monte Carlo, mot van dé dit ra co anh
hudng rat 16n dén két qua tinh toan, d6 1a sd 1an mo phong can thiét 1a bao
nhiéu thi dam bao do tin cdy va tinh chinh xac cta két qua. Theo Vrijling va
Van Gelder (2022) thi, khi d¢ tin cay muc tiéu 1a 95% va sai s6 tuong ddi 16n
nhat 13 0,1 thi s6 1an mé phong yéu cau phu thudc vao xac suét sy cd muc tiéu
va duge biéu thi cong thirc sau:

1
n=400-(——1).
(=D

c

(PL6.22)
Pé mo hinh hoa cac bién ngiu nhién theo phuong phap mé phong sb
Monte-Carlo trong bai toan strc chiu tai cua coc, trong luan an str dung thuat

toan ham nguoc.
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PHU LUC 7 (CHUONG 4)
TONG HQP MA NGUON CHUONG TRINH TiNH TOAN “PILEHLC”
TREN PHAN MEM MATLAB VERSION 7.6.0.324 (R2008A)

function
[SCT]=SucchiutaiPile (NumElel, NumEle2, NumEle3, NumEle, L1, L2, L3,
Lc,U,P,dc, tc,E,Umax, Option)
Fc=0.25*pi* (dc*dc- (dc-2*tc) *2);
if Option==
Le=Lc/NumEle;
else
Lel=L1/NumElel;
Le2=L2/NumEle2;
Le3=L3/NumEle3;
NumEle=NumElel+NumEle2+NumEle3;
end
so_nut=NumEle+1;
so_btd=NumEle+l;
so_ptu=NumEle;
%$Xac dinh bac tu do cho nut
btd nut=zeros(so nut,1);
for i=1l:so_nut
btd nut (i,:)=[1];
end
% So lieu cac phan tu [nut i,nut j]
phan tu=[];
for i=1:so ptu
phan tu(i,:)=[1 i+1];
end
% Xac dinh bac tu do cho phan tu
btd ptu=zeros(so ptu,2);
for i=1l:so ptu
nut i=phan tu(i,1);
nut j=phan tu(i,2);

btd ptu(i,:)=[btd nut(nut i,:) btd nut(nut j,:)];
end
% Xac dinh bac tu do cho ket cau
btd kcau = (l:so _btd)"';

%% XAY DUNG MA TRAN DO CUNG, MA TRAN TAI TRONG, MA TRAN
CHUYEN VI
% Dinh nghia cac ma tran tong the ket cau
%$Ma tran do cung
K=zeros (so_btd,so _btd);
%% Xay dung cac ma tran phan tu

%disp ('=========== Cac ma tran phan tu =============");



if Option==
for

tran

end
else
for

tran

end

for

tran

end

for

tran

end
end
KKC=K;
Pver=500;
Finish=true;
while Finish
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i=1:NumEle
Ke=(E*Fc/Le)*[1 -1;-1 1];

o)

% Tap hop cac ma tran tong the vao ma

edof = btd ptu(i,:);
K(edof, edof) = K(edof, edof) + Ke;

i=1:NumElel
Ke=(E*Fc/Lel)*[1 -1;-1 17;

o)

% Tap hop cac ma tran tong the vao ma

edof = btd ptu(i,:);
K(edof, edof) = K(edof, edof) + Ke;

i=(NumElel+1l) : (NumElel+NumEle?2)
Ke=(E*Fc/Le2)*[1 -1;-1 11;
% Tap hop cac ma tran tong the vao ma

edof = btd ptu(i,:);
K(edof, edof) = K(edof, edof) + Ke;

i=(NumElel+NumEle2+1) :NumEle
Ke=(E*Fc/Le3)*[1 -1;-1 17;

)

% Tap hop cac ma tran tong the vao ma

edof = btd ptu(i,:);
K(edof, edof) = K(edof, edof) + Ke;

%Veto tai trong ngoai
F=zeros (so _btd, 1);

F(l,1)=Pver;
Ul=zeros (so_

Ki=KKC;
Fi=F;

btd, 1) ;

DeltaU=zeros (so_btd,1);
DeltaR=zeros (so btd,1);
Plx=zeros (so _btd,1);
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dolech=1;

NuRe=0;

while (dolech>0.0000001) & (NuRe<200)
NuRe=NuRe+1;

$======Tim do cung tiep tuyen cua tung lo xo======%
for i=l:so btd
P1x (i)=0;
j=1;
while (U(i,J+1)<=U1i(1))&(j<6)
J=3+1;
Plx (1)=P(i,]);
end

Kj:(P(llj-I-l)_P(llj))/ (U(1,3+1)-0(1,3)) >
Plx (1)=Plx(1)+K3*(Ui(1)-U(i,3)):

K (1,1)=Ki(i,1)+K];

if i==so_ btd

3=1;
while (U(i+1,3J+1)<=Ui(1))&(J<6)
J=3+1;
end
Kj=(P(i+1,3+1)-P(i+1,3))/ (U(i+1,3+1) -
U(i+l,3)):
Plx (i)=Plx(i)+P(i+1,3)+Kj* (Ui (1) -
U(i+1,3));
K(i,i)=Ki(i,1i)+K7j;
end
end

DeltaR=Fi-P1lx-Ki*Ui;
%$Giai phuong trinh can bang
DeltaU (btd kcau) = K(btd kcau,
btd kcau)\DeltaR (btd kcau);
Ui=Ui+DeltaU;
dolech=norm (DeltalU) /norm (Ui) ;
end
%disp (NuRe) ;
if Ui (1) <Umax
Pver=Pver+10;
else Finish=false;
end
end
SCT=Pver-10;
End

%% — i ek e i e e - - Y Y Y Y Y Y — — — — — — . — . — . — — ————————— — — 2. O

function [U
P]=Loxonen (n, Phi, Deltams,gama, hi, Lc,dc,NumElel, NumEle2, NumEle



a
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0.173181106546089;

al=0.0268471355437375;
a2=-0.000359256284952918;
a3=5.83950119553873E-06;
b0=11903.1407331009;
b1=-2595.9811456721;
b2=232.838500660711;
b3=-10.9821867081727;
b4=0.287160350457087;
p5=-0.00394434837565516;
b6=0.0000222351844224589;

Kh=1.0;
C=29.83;
if Option==

for i=1:(n-1)

s=s+hi (i,1);

hi(n, :)=[Lc-s];
li=Lc/NumEle;

for i=0:NumEle

%$Xac dinh vi tri cua lo xo

zi=1*11;
k=0;
s=0;
for j=1:(n-1)

s=s+hi(j,1);

if s>zi

k=3-1;
break;

end
end
Lii=11i;
if or (i==0, i==NumEle)

Lii=11/2;
end
[sigmaZ]=Trongluongbanthan (zi, hi, gama) ;
Delta TT=Deltams (k+1,1);
Phi TT=Phi (k+1,1);
gama TT=gama (k+1,1);
Beta=Kh*tan (Delta TT*pi/180);
tmax=Beta* (sigmaZz +C/tan (Phi*pi/180));
Sxg=Lii*pi*dc;



0.00800 11;
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U(i+1,:)=[0 0.00250 0.00300 0.00400 0.00600

P(i+1l,:)=[0 tmax*Sxqg tmax*Sxqg tmax*Sxq

tmax*Sxqg tmax*Sxqg tmax*Sxq];

end
%$Xac dinh do cung mui coc

Ngt=pb6*Phi TT~6+b5*Phi TT~5+b4*Phi TT 4+b3*Phi TT~3+b2*Phi TT
~2+b1*Phi_ TT+b0;

else

if Phi TT>40
Ngt=50;
end
if sigmaZz>150
sigmaz=150;
end
g=sigmaZ*Nqgt;
Qp=0.25*g*pi*dc"2;
U(NumEle+2, :)=dc*[0 0.002 0.013 0.042 0.073 0.1

P (NumEle+2, :)=Qp*[0 0.25 0.5 0.75 0.9 1.0 1.0];

for i=1:(n-1)
s=s+hi(i,1);
end
hi(n,:)=[Lc-s];
1i1=L1/NumElel;
11i2=L2/NumEle?2;
1i3=L3/NumEle3;
% Do cung lo xo Doan Tren
for i=0: (NumElel-1)
%$Xac dinh vi tri cua lo xo
zi=1*11i1;
k=0;
s=0;
for j=1:(n-1)
s=s+hi (j,1);
if s>zi
k=3-1;
break;
end
end
Lii=1i1l;

if (1i==0)
Lii=11i1/2;
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end

if (i==(NumElel-1))
Lii=1.5*11i1;

end

[sigmaZ]=Trongluongbanthan(zi, hi, gama) ;
Delta TT=Deltams (k+1,1);
Beta=Kh*tan (Delta TT*pi/180);
tmax=Beta* (sigmaZ +C/tan (Phi*pi/180));
Sxg=Lii*pi*dc;

U(i+1l,:)=[0 0.00250 0.00300 0.00400 0.00600
0.00800 17;
P(i+1l, :)=[0 tmax*Sxqg tmax*Sxgq tmax*Sxqg
tmax*Sxqg tmax*Sxg tmax*Sxq];
end

o)

% Do cung lo xo Doan Canh
for i=0:NumEle?2
%$Xac dinh vi tri cua lo xo
zi=L1+1*112;
k=0;
s=0;
for j=1:(n-1)

s=s+hi(J,1);

if s>zi

k=3-1;
break;

end
end
Lii=1i2;
if or (i==0,i==(NumEle2))

Lii=11i2/2;
end
[sigmaZ]=Trongluongbanthan (zi, hi, gama) ;
Phi TT=Phi (k+1,1);
Betal=Kh*tan (Phi TT*pi/180);

$tmax=0.66* (sigmaZ+C/tan (Phi*pi/180))* (0.09*exp (0.08*Phi TT))
*tan (Phi TT*pi/180);
tmax=Betal* (sigmaz+C/tan (Phi*pi/180)) ;
Sxg=Lii*pi*D;

U(NumElel+i+1,:)=[0 0.00415 0.00500 0.00600
0.00700 0.00800 171;
P(NumElel+i+1, :)=[0 tmax*Sxg tmax*Sxg

tmax*Sxg tmax*Sxg tmax*Sxqg tmax*Sxq];
end
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% Do cung lo xo Doan Duoi
for i=1:NumEle3
%$Xac dinh vi tri cua lo xo
z1=L1+L2+1*113;
k=0;
s=0;
for j=1:(n-1)
s=s+hi(j,1);
if s>zi
k=9-1;
break;
end
end
Lii=11i3;
if (i==1)
Lii=1.5*11i3;
end
if (i==NumEle3)
Lii=0.5*11i3;
end
[sigmaZ]=Trongluongbanthan (zi, hi, gama) ;
Delta TT=Deltams (k+1,1);
Phi TT=Phi (k+1,1);
gama TT=gama (k+1,1);
Beta=Kh*tan (Delta TT*pi/180);
tmax=Beta* (sigmaz +C/tan (Phi*pi/180)) ;
Sxg=Lii*pi*dc;

U (NumElel+NumEle2+i+1, :)=[0 0.00250 0.00300
0.00400 0.00600 0.00800 17;

P(NumElel+NumEle2+i+1, :)=[0 tmax*Sxg tmax*Sxq
tmax*Sxg tmax*Sxg tmax*Sxqg tmax*Sxq];

end
%$Xac dinh do cung mui coc

Ngtl=b6*Phi TT"6+b5*Phi TT 5+b4*Phi TT"4+b3*Phi TT 3+b2*Phi T
T*2+bl*Phi TT+bO0;
if Phi TT>40
Ngtl1l=50;
end
if sigmaZz>150
sigmaz=150;
end
gl=sigmaZ*Nqgtl;
Op m=0.25*gl*pi*dc"2;
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Phi r=Phi TT*pi/180;

Ngt=exp (pi*tan(Phi r))*((tan(pi/4+Phi r/2))"2)*(l+tan(Phi r))
*(l+pi*tan(Phi r))*((l-sin(Phi r))"2);
if Phi TT>40
Ngt=50;
end
Qp=2*D* (gama TT-10) * (Ngt-1) * (pi*D*D/4-
pi*dc*dc/4)+Qp m;
U(NumElel+NumEle2+NumEle3+2, :)=dc*[0 0.002 0.013
0.042 0.073 0.1 171;
P(NumElel+NumEleZ2+NumEle3+2, :)=Qp*[0 0.25 0.5
0.75 0.9 1 171;
end
end

s ————————— - - - - - . (- ——— 0. O

function Pcl Callback (hObject, eventdata, handles)
global Lc;

global D;

global LI1;

global L2;

global L3;

global U;

global P;

global NumElel;

global NumEle2;

global NumEle3;

global NumEle;

global dc;

global tc;

global E;

global Phi;

global deltaPhi;

global Deltams

global Lech Deltams;

global gama;

global deltaGama

global hi;

global n;

global Option;

Option=get (handles.TH1, 'Value');

% CAP NHAP SO LIEU TU BANG DU LIEU DAU VAO
dc=str2num(get (handles.DK, 'String') ) ;
tc=str2num(get (handles.CD, 'String'));
E=str2num(get (handles.Modun, 'String'));
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Umax=0.01l*str2num(get (handles.CVgh, 'String'));
NMC=str2num (get (handles.NMC, 'String')) ;

[U

P]=Loxonen (n, Phi,Deltams,gama, hi, Lc,dc,NumElel, NumEle2, NumEle
3,Numkle,Ll,L2,L3,D,0ption);
U

P
[SCT]=(SucchiutaiPile (NumElel, NumEle2, NumEle3, NumkEle, L1, L2, L3
,Lc,U,P,dc, tc,E,Umax,Option)) ;

set (handles.SCT, 'String',SCT/1.4);

$% TINH TOAN SUC CHIU TAI THEO Monte Carlo

Pe=[];

for i=1:NMC
% THUC HIEN MO HINH HOA CAC DAI LUONG NGAU NHIEN

o°

Phil=[];
Cl=[1;
gamal=[];
for k=1:n
Phil (k, :)=[norminv (rand, Phi(k,1),deltaPhi(k,1))1];
Cl(k, :)=[norminv (rand,Deltams (k,1),Lech Deltams(k,1))];
gamal (k, :)=[norminv (rand, gama (k, 1) ,deltaGama(k,1))];
end

%% TINH TOAN SUC CHIU TAI THEO SO LIEU DA MO HINH HOA

G

[
P]=Loxonen(n,Phil,Cl,gamal,hi,Lc,dc,NumElel, NumEle2, NumEle3,
Numkle, L1l,L2,L3,D,0Option);
%Xac dinh suc chiu tai
% [SCT]=SucchiutaiPile (NumEle, U, P, Lc,dc, tc, E, Umax) ;
[SCT]=(SucchiutaiPile (NumElel, NumEle2, NumEle3, NumkEle, L1, L2, L3
,Lc,U,P,dc, tc,E,Umnax,Option)) ;
Pc(i, :)=[1i SCT];
disp (i)
end

set (handles.BDL, 'Data', Pc) ;
%% XU LY THONG KE SUC CHIU TAI CUA COC
Pmax=max (Pc(:,2));
Pmin=min (Pc(:,2));

d = (Pmax - Pmin) / (1 + 3.32 *1oglO(NMC)) ;
SK = round( (Pmax - Pmin) / d);
if SK<6

SK=6;

elseif SK>20
SK=20;
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end
d= (Pmax-Pmin) /SK;
hn=[];
X=[1;
for i=1:SK
Pi = Pmin + (1 - 1) * d;
Pj = Pi + d;
dem = 0;
for j=1:NMC
if (Pc(j,2) >= Pi)&(Pc(j,2)<P3)
dem = dem + 1;
end
end
hn(i,:) = [dem / NMC];
X(i,:)=0.5*(Pi+P7j);
end

Pkv=sum(Pc(:,2)) /NMC;

tam=Pc (:, 2) -Pkv;

Delta=sqgrt ( (tam'*tam)/ (NMC-1)) ;

%% VE DO THI HAM MAT DO SCT CUA COC

axes (handles.DThmd) ;

hold off;

bar (X,hn, 'r'");

Shist (Pc(:,2));

hold on;

X=(Pkv-3*Delta) :0.5: (Pkv+3*Delta) ;

plot (X, d*normpdf (X, Pkv,Delta), 'b', 'LineWidth',1.5);
xlabel ('Suc chiu tai cua coc [Pc] (KN)'");

grid on;

axes (handles.axes10);

Shist (Pc(:,2));

hold off;

snormplot (Pc(:,2));
X=(Pkv-3*Delta) : 0.5: (Pkv+3*Delta) ;

plot (X,100*normcdf (X, Pkv,Delta), 'b', 'LineWidth',1.5);

xlabel ('Suc chiu tai cua coc [Pc] (KN)'");
ylabel ('"Ham luong (%) ')
grid on;

%% TINH SUC CHIU TAI THEO LT DO TIN CAY
n2=get (handles.CapCT, 'value')-1;
switch n2
case 0
Ps=0.9998900;
case 1
Ps=0.9993189;
case 2
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Ps=0.9965330;
end
Pc DTC=norminv (1-Ps, Pkv,Delta);

set
set

handles.Pmax, 'String', Pmax) ;

handles.Pmin, 'String', Pmin) ;

set (handles.Pkv, 'String', Pkv) ;

set (handles.DLP, 'String',Delta);

set (handles.Pcdtc, 'String', Pc_DTC) ;

function Pc2 Callback (hObject, eventdata, handles)
% hObject handle to Pc2 (see GCBO)

function pushbutton9 Callback (hObject, eventdata, handles)
% handles structure with handles and user data (see
GUIDATA)

i=get (handles.Layer, 'Value')-1;

global n;

global H;

global Phi;

global Deltams;

global hi;

global gama;

global deltaPhi;

global Lech Deltams;

global deltaGama;

global Option;

—~ o~ o~ o~

if i<n
x=str2num (get (handles.High, 'String'))
H(i,:)=[x];
hi(i,:)=[x];

end

if i<=n
x=str2num (get (handles.Gocms, 'String'));
Phi (1, :)=[x];
X= str2num(g t (handles.DPhi, 'String'));
deltaPhi (i, :)=[x];
X=str2num( et (handles.Lucdinh, 'String')) ;
Deltams (i, :)=[x];
x=str2num (get (handles.DC, 'String'));
Lech Deltams (i, :)=[x];

x=str2num (get (handles.TLR, 'String')) ;

gama (i, :)=[x];
x=str2num(get (handles.DG, 'String')) ;
deltaGama (i, :)=[x];

end



