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~ TINH TOAN CONG TRINH BEN TUONG CUCONEO
VA CO KHOP O TUONG MAT BANG BIEN PHAP KHU AN CUA
PHUONG PHAP MA TRAN CHUYEN TIEP

CALCULATING THE SHEET PILE WALLS WITH AN ANCHOR
AND A FRICTIONLESS HINGE ON THE WALL BY THE ELIMINATION
TECHNIQUE IN THE TRANSFER MATRIX

~ Phan Dang
Portcoast consultant corporation (PORTCOAST), Thanh phé Ho Chi Minh

T6m tidt: Sau mong coc, fwong cir 1a logi két cdu dwoc sir dung réng réi trong xay duwng cong
trinh bén cang. Trong diéu kién muee nuweéc thiét ké trieoc bén dao dong 1én, mue nweée thap duy tri dii
dai dé nang cao hiéu suat si dung vt liéu reong mat; mét trong nhiing giai phap hop 1y la dung két
Cdu twong cir €6 neo va ¢ khop & trén ftwong mat. Phan tich chuyen Vi - ngi luc cua két cau cong trinh
bén nhir thé c6 thé dwoc thyc hién trén so do dam lién tuc gom hai phan: Phan dam trén géi cieng va
khép chiu &p luc ngang cuia ddt dap va phan dam nam trong dat nén Winkler, ¢6 hé s6 nén khéng doi
theo chiéu sau. Vdn dung bién phéap khir dn trong ma tran chuyén tiép cé thé giip ta thu dwoc 16i gidi
cuia bai toan dam lién tuc phirc hop dat ra. Mét vi du bang sé da dwoc trinh bay dé minh hoa cho thudt
toan kién ngh.

Tir khoa: Twong cir, dam trén goi tira ciing va c6 khap, bién phap khiz, ma trdn chuyén tiép.

Ma phéan logi: 11.2

Abstract: After the pile foundation, the sheet pile wall is a type of structure widely used in harbor
construction. In conditions where the design water level in front of the berth fluctuates greatly, the low
water level remains long enough to improve the efficiency of using surface wall materials; one of the
most_reasonable solutions is to use a structure with an anchor and a hinge on the surface wall.
Analysis of displacement - internal force of such a berth structure can be performed on a continuous
beam diagram consisting of two parts: the beam on the rigid support and the frictionless hinge under
pressure of the embankment and the beam in the ground Winkler with modulus of subgrade reaction is
constant with depth. Applying the measure of elimination in transition matrix can help us obtain the
solution of the complex continuous beam problem. A numerical example has been presented to
illustrate the recommendation algorithm.

Keywords: Sheet pile walls, beam on rigid support and frictional hinge, measure of elimination,
transition matrix.

Classification code: 11.2

chénh 16n va rat Ion gitta muc nudc cao va
muyc nudc thap, thoi gian duy tri muc nuéc
thip du dai dé thi cong phan dam mi cua
tuong cu ty do phia dudi.

Cong trinh bén & hinh 1c la két ciu
tuong cir c6 neo va tuwong mat cé khaop, co
thé duoc tinh toan theo so do dam lién két
khong dan hoi (gdi cing hodc khop) tai céc
nt trung gian, bang bién phép khir an cua
ma tran chuyén tiép da duoc dé cap trong [1]
va duoc chi dan thyc hanh trong [2]. Noi
dung cha yéu cua bai béo trinh bay cach tinh
chuyén vi - ndi luc tuong cir co neo va tudng
mit cd khép ap dung bién phép khir 4n trong
ma tran chuyén tiép.

1. Gidi thiéu

Tuong cur la mot trong nhirng loai cong
trinh bén (CTB) dwoc st dung nhidu nhat
trong xay dung, dac biét 1a d6i voi cong trinh
bén cang. V& mat két cu, c6 hai loai co ban:
Tuong cu tu do (hinh 1a) va tuong cir 6 neo
(mdt hoic nhiéu ting neo, md ta tai hinh 1b).

Van dung vao thuc té thiét ké, ta cd thé
t6 hop don gian tuong cir ¢ neo véi tuong
cur tu do dé tao ra mot CTB tudng cir ¢ két
cau lién hop nhu biéu dién & hinh 1c. Trong
truong hop nay, dam mii cta tudng cir ty do
¢ cau tao dac biét dé cho chan phan cir c6
neo tya I&n ma khong bi chuyén dich ngang
ra phia nudc. Két cau CTB tudng cir nhu thé
rat thich hop véi noi xdy dung cang c6 do
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Hinh 1. So do két cdu cong trinh bén nrong cir.
a) Tuong cu khdng neo;
b) Tuong cir c6 neo;
c) Tuong cir O ket cau lién hop.
2. Giai thuat ma tran chuyén tiép -
Bién phap khir an
2.1. So d6 tinh toan
Hinh 2a 1a mot CTB tuong cur lién hop
c6 so do ket cau nhu hinh 1c duoc dat trong
hé toa d6 Oxyz véi cac diém dic trung:
T: Binh cu;
A: Vi tri gan neo;
B: Vi tri muc nuéc ngam tinh toén:;
K: Vi tri khop;
0: Muc mit dat day bén;
C: Chan cu.
Khai niém vé céc loai ma tran trinh bay
tai [2], [3].

P
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Hinh 2. Céc so do tinh toan cia twong car lién hop.
a) So do tinh toan ket cau; o
b) So do tinh toan theo ma trgn chuyen tiep.
Toan bo phan chiéu cao tu do caa cir To
chiu tac dong cua ap luc chu dong cua khdi
dat dip. Phan cir trong dat nén Winkler dic
trung bai hé s6 nén k (KN/m®) = const; hoic
bién d6i tuyén tinh theo chiéu sau z. Hinh 2b
la so do tinh toan cua phuwong phap ma tran
chuyén tiép c6 05 nhip voi cac ma tran
chuyén nhip: L1, L2, L3, La va Ls, hai nat
dang lién két khong dan hoi: Na va Nk.

Céc véc to trang théi tai hai dau cua mdi
nhip &ij cling duoc biéu thi trén so do nay,
trong do ta chu y dén véc to trang thai tai tiet
dién dinh cur T: eo1 va véc to trang thai tai tict
dién chan ctr C: €15 phan anh diéu kién lién
ket tu do cho trudc tai cac tiet dién nay (hinh
2b).

Sau day s& giai thiéu cach van Wdung’ biér]
phap khtr an trong ma tran chuyén tiep de
phan tich chuyén vi - ndi luc trong twong mat
cua trong cur ¢O ket cau lién hop.

2.2. Bién phap khir 4n

» Véc to trang thai o

eor ={ur o1 M1 Qr 1}

={ur pv 0 0 1} (1)

Trong d6 chuyén vi ngang ur va géc
xoay ¢7 la thdng an so.

» Véc to trang thai &11

- Ma tran chuyén nhip (MTCN) L1 c6
cau truc:

a, 8, a; a, a,
aZl a22 a23 a‘24 a

i ©)
L= Ay Ay A Ay G,
8y dp 3 8y 8y

0 0 0 0 1
-Ma tran tuyén an (&ng voi ur va o1):

(3)

OO oOoOrOo
R OOOOo

a; &y &,
8y 8y 4, 4
en=LTy=]a, a, I ( )
a’41 a‘42 a‘4p
0 0 1
-Khir 4n ur tir diéu kién chuyén vi ngang
tai goi neo A:ua =0
u,=a,u; + a12fT+ alp: 0 (5)
Up = 'u%l(an fr + a1p)
-Thé (5) vao (4) ta nhan duoc dang moi
cua e11:
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0 0
a;l a;p 6
&1 = a';l a‘;p ‘q?[ ‘ ( )
a4
0 1
Trong do:
. _ a, . a,
a, =4aj;, _;iajv ajp =, —;:ajp )
Véij=2,3, 4.

Véc to trang thai eo.
Khi chuyén qua gdi cang A ta thém an
Ra vao (6):

0O 0 O
a;l 0 a;p ¢T
. . 8
o= |8, 0 a5 ||R, ®)
a, 1 a,|| 1
0O 0 1
. Ai* :{0 a;1 a;l 321 0}
bat A=f0 0 0 1 0} ©)
A={0 a, a, a, L
Ta viét lai go2:
ez = A {pti+ A, {Ra}+ A, (10)
» Véc to trang thai e12 va €o3:
€12 = €03= L2eo2 (11)
» Véc to trang thai 13:
€13 = LsLaeo2 (12)
pit:
B, = L3L2A1* ={b11 b12 b13 b14 0} 13
B, =LLA ={b21 bzz b23 b24 0} ( )

Bs = LstAg :{blp b2p b3p b4p 1}
Ta viét lai e13:
€13 = B1{p1} + B2{Ra} + Bz (14)
e Tir (12), khir 4n Ra theo diéu kién md
men trong khép K: Mk =0
Ra = -(1/b23)(b13 T + b3p) (15)
e Thé (15) vao (14) ta c6 dang mai cua
£13.
by b
b,, b,
wels St e
by by,

0 1

Trong do:

. . b
bu:blj_b_ssz'; by, =bjp_ﬁbsp (17)
23 23

Voij=1,2, 4

Pit: Bl*z{bl*l b1*2 0 b1*4 O}} (18)

5, b, 0 b, 3
Ta viét lai dang thic (16):

e13 = B, {p7} + B;
» Véc to trang thai cos
Khi chuyén qua khép K ta b6 sung thém

an sb goc xoay ¢k bang cach sir dung ma tran
chuyén nat Nk c¢6 cau truc:

(19)

1 000 O
0100 ¢
N,=[0 010 0 (20)
0001 O
0 00O0 1
Véc to trang thai cos & bang:
€04 = Nke1s (21)
Trién khai (21) va dat thém:
B,={0 1 00 0} (22)

Néu cht y dén (19), ta viét lai gos:
es = By {p1} + B, {pk} +B; (23)
» Véc to trang thai e14 va eos:

e14 = €05 = Lacos (24)
» Véc to trang thai e1s:
€15 = LsLagos (25)

Trong d6 Ls 1a MTCN ctia doan cir nam
trong dat nén Winkler dac trung boi hé so
nén k = const, KN/m?.

bat:

Cl*: L5L4B1*:{C11 C, C3 Gy O}

C; = LSLAB; ={ey ¢y C5 €y O}

C; = L5L4B; :{Clp Cop Cgp Cup i

Ta viét lai (25):

€15 :Cl* {¢r}+C1* {¢K}+C3 (27)

Tu diéu kién lién két chan cir tu do:

Mc=0;Qc=0

(26)

(28)
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Ta lap hé phuong trinh sau:
Cyuth +Coap +Cyp =0
Couéy +Couh +C,, =0 }
Nghiém (29) la cac goc xoay tai dinh cur
o1 Vva tai khop ¢k chinh la cac dap so can
tim.

(29)

2.3 Trinh tw tinh toan
> Giai doan chuan bj

- Tinh c&c MTCN Lu, L2, L3, L4 va Ls.
CAu tric cua cac ma tran tir L1 dén L4 xem
cong thace (6 - 15), ma tran Ls theo cong thac
(6 - 20) trong [2];

- Xéc lap cac matran A, A, A, theo (9);

- Xac lap cac ma tran Bi, B2, Bs theo
(13);

- X&c lap cac matran
B, theo (22).

» Tim gi& tri cac goc xoay ¢t vVa ¢k:

B, , B, theo (18) va

- Xéc lap cac ma tran C;,C,,C, theo
(26);

- Lap hé phuong trinh (29) tir diéu kién
lién két chan cir;

- Giai hé (29) thu cac goéc xoay ¢t va
PK.

> Tinh chuyén vi - ndi luc trong tuong
mat caa tuong cu lién hop:

Véc to trang thai co1: T (5) ta tinh duoc

urvaeor ={ur ¢t 0 0 1} (30)
Véc to trang thai e11:
e11 = Lieol (31)

Véc to trang thai eo2: Tur (15) ta tim
dugc phan lyc goi neo Ra. Lap ma tran
chuyén nat tai A:

1000 O
0100 O (32)
N,={0 0 1 0 0
0001 R,
0 0O0O0 1
Do do6: €02 = NaLieo1 (33)
Véc to trang thai e12:
€12 = L2NaL1eo1 (34)
Véc to trang thai gos:
£03 = €12 (35)

Véc to trang thai e1s:
€13 = LsL2NaL1eo1 (36)
Véc to trang théi eos: Dién gia tri px da
biét vao (20) ta xac lap duoc ma tran chuyén

nat Nk tai khép K.

€04 = Nk LsL2NaLieo1 (37)
Cac véc to trang thai e14 va €os:
€14 = €05 = LaNkL3L2NaLigor (38)
Véc to trang thai e1s:
€15 = LsLaNkLsL2NaLieo1 (39)

Biét dwoc véc to trang thai cua tiét dign
tai hai dau mat moi nhip (doan) ta dé dang
tim duoc chuyeén vi - noi luc tai mot tiet dién
bat ky cho trudc trén nhip do.

3. Vidu
3.1. Pau bai

Mot tudng cir ¢6 két cau lién hop vai mot
tang neo tai A va tuong mat co khop tai K
cung véi cac so liéu cho truac (hinh 3a). Cha
y rang phan cu tu do bén dudi chju tai kha
I6n nén dung cir SKZ24 ¢6 d6 cang lon hon
cr SCZ21IN ¢ phia trén. Vi tri dat neo va
muc nudC ngam cach mat dat lan luot 1a 2 m
va 3 m. bat dap: Cat trung; dat nén: Dat sét,
v6i chi so SPT = 15 va hé so nén hang so k =
25000kN/m?3. Y&éu cau phan tich chuyén vi -
ndi luc CTB tuong cur da cho bang bién phap
khtr an ciia ma tran chuyén tiep.

3.2. Giai

> So db tinh toan cua két cau (hinh 3b)

a) Taz0 b ) )
1_lllllllll'.‘a-m'“ J[_T-pT_g,
5 | 7=18 N | n=2 | L

@320 3 J_ A eu
4 44 Pa
* | =1 u K
) L - B Ps
s |[cuscz2iNg Cir SCZ 21N A4
¥=9kN/m 1;=3
@ =32 |
ke TRl P
|
“Cir SKZ 24 l4=3
Dm c18 0 |
e o T?'!"'.T’Ij:
FJ'!I nen:
SPT;N =15 Cir SKZ 247
k = 25000kN/m’
li=6
Théng 36 cir sCZ 21N| sKz ’
3.5 713,90
206,40
oz

L 150,28
ién, cm 152 2028
Dién tich tiet dién, cm®m | 14629 |41213

Hinh 3. So @6 két cdu va tinh toan
cua tuwong cur lién hop.
a) Sor do két cau;
b) So do tinh toan;
¢) So do tinh toan ciia phwong phip MTCT.
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Chon goc ma sat ngoai & = Yp = 16°, hé
s6 ap luc dat chu dong Ka = 0,267; ta tinh
duoc cudng do &p luc dat cha dong pa
(KN/m?) tai d6 sau cua cac diém dic trung
cho ¢ bang 1.

Bdng 1. Phan bé cuong dé dp luc dat chi dong.

Piém z,m Pai
T 0 5,35
A 2 14,97
B 3 19,79
K 6 27,0
0 9 34,22
> Tinh c4c ma tran chuyén nhip
1 -2,0 6510° 4,310° -0,000157821
0 1 -6510° -6510° 337.10"
L=/0 0 1 2 -17,112
0 0 0 1 -20,321
0 0 0 0 1
1 -1,0 1,62756.10° 542519.10° -2,16134.10°
0 1 -32551110° -162756.10° 8,7759.10° |-
L=[0 0 1 1 -8,238637138
0 0 0 1 -17,37940045
0 0 0 0 1
1 -30 549947.10° 519947.10° -0,001109348
0 1 -3466311.10° -519947.10° 0,001497951 |
L=l0 0 1 3 -132,351 |’
0 0 0 1 91,843
0 0 0 0 1
21,1 48,3  -1510° 1,9.10° 0,0
47,8 211  56.410° 1510° 0,0].
L =|-3309815,4 4137041,6 -211 483 0,0/
-1208382,6 33098154 -47,8 211 0,0
0,0 0,0 0,0 00 1

Tinh cac ma tran phu tro:
A={01000}
A,={0 0010

A;:{o 3,365.10% -17,112 -20,321 1}:

B,={<4 100 0};
,={3,724.10% 2,604.10* 4 1 0};

B3:{
{

1,923.10° 1,446.10% 258,868 -107,886 1};

4100 0}

B:
B,={0 100 0}
Bs

{3,220.10-3 -2,379.10° 0 -43,215 1}
» Tim goc xoay ¢t va ¢k
- Tinh cac ma tran C™:

C1={-99,019 355,657 27305749,610;
17768493,413 0}

C>={-14,816 164,453 14066487,916 -
6934963,133 0}

C;={8,724.10'1 -6,588.10* —18536,835;
11426,094 1}

- Hé phuong trinh dang (29):
27305749,610¢, +14066487,916¢, — -18536,835 = 0
27305749,610¢. +14066487,916¢, —-18536,835 = 0
17768493,413¢_ +6934963,133¢p, + +11246,094 = 0

- Nghiém la céac gdc xoay (10%rad.):

o1 = 1,214; gk = -2,225;
> Xac dinh cac an sd con lai:

Chuyén vi ngang dinh cir; ut = 2,444.1072
m;

Phan luc géi neo: Ra = -64,671kN/m.
» Tinh chuyén vi - ndi luc tudng mit:
- Véc to trang thai dinh cu:

£y = {2,444.10° 1,214.107 0 0 1}

- C4c ma tran chuyén nit Na va Nk:

10 0 O 0
01 0 0 o |

N,=/0 0 1 O 0
0 0 0 1 64671
0 00O 1
1000 0
010 0 -2225107|:

Ne=(0 0 1 0 0
000 1 0
0 00O 1
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Bdng 2. Chuyén vi - ngi luc tai cdc diém ddc trung (hinh 3b).

CV-NL T Ax A- B K+ K K- 0 C
u,cm 2,444 -5,42.1017 | -5,42.10°7 -1,254 -4,535 - -4,535 -1,124 -2,394.107?
p,rad. |1,214.102 | 1,248.102 | 1,248.102 |1,240.102 |9,763.10° |-0,02225 | -0,01249 | -8,745.10% |1,282.10*
M, KNm 0 -17,112 -17,112 18,950 0 0 0 -261,994 0
Q, kN 0 -20,321 44,351 26,971 -43,215 - -43,215 -135,058 0
80 8.0 8.0
70 MKNm g 70 QKN g 7.0 p. KN/m?
6.0 6.0 /
50 50
40 40
30 30
20 20
10 10
00 0.0
10 10
20 20
30 30
A0 -40
50 -5.0
60 6.0
70 70
80 80
oy Mt 00 MTCT oo - —
100 o SAP2000 -100 Q- SAPZ000 -100 o SAP2000
110 110 110
2§8§e°° 0§ & 9 ° g8 g8 g
-~ ™~ o)

Hinh 4. Biéu dé chuyén vi - ngi luc tirong mdt ciia tiwong cir lién hop.

Véc to trang thai tai cac diém dic trung
trén tuong mat duoc trinh bay tai bang 2.
Khi d3 biét gi4 tri véc to trang thai tai cac
diém dic trung ta d& dang tinh duoc chuyén
vi - nodi luc tai mot tiét dién bat ky trong
nhip. Hinh 4 minh hoa cac biéu d6 chuyén
vi ngang, md men, luc cit va phan luyc nén
trong tudng mit cua tudng cir co két cau
lién hop da cho theo phuong phap kién nghi
va SAP-2000.

4. Két luan

Tuong mat cua tuong cir ¢4 neo va cd
khép theo ma tran chuyén tiép duoc chuyén
vé so dd dam co céc lién két khong dan hdi:

Piém gan neo A trén tuong mat duogc
dat mot gdi cimg, do do trong lién két nay s&
c6 phan luc neo Ra.

Khép K trén tuong mat 1a lién két cho
phép nidt c6 chuyén vi tu do, tai d6 khong
phat sinh phan luc nhung xuét hién bién
dang ngang chua biét géom chuyén vi ngang
Uk va goc xoay ¢k.

Giai thuat ma tran chuyén tiép ung dung
bién phép khir an va chén an da duoc thiét
lap dé phan tich chuyén vi - noi luc ddi voi
két cAu CTB tuong cur lién hop theo so dd
dam c6 céc lién két khong dan hoi.

Téc gia dua ra mot vi du bang s duogc
trinh bay tém tit da dé minh hoa trinh tu
tinh toan va cach ap dung céc cong thic ma
tran chuyén tiép da duoc xay dung.

Chuyén vi - noi luc trong két cdu thu
duoc bang bién phap kht an - chén an kha
phi hop vai két qua tinh theo SAP2000.

Trén co s& do, cho phép hoan thién loi
giai theo huéng chon so d6 tinh toan hop ly,
4p dung bién phap khir 4n dé phan tich
tuong cir c6 nhiéu tang neo O

Tai liéu tham khao.
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