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PHAN TiCH HOA LONG PAP VAT LIEU PIA PHUONG
DUOI TAC DUNG CUA TAI TRONG PONG

Nguyén Quang Hiing
Truong Dai hoc Thuy loi

Toém tit: Hién tuwong hoa long thuong xay ra doi véi vat liéu roi la hién tuwong ma suc chiu tdi cua
vt liéu bi giam nhé ciing voi sw gia tang dot ngot dp lec mede 16 rong do tac dung cia tdi trong
déng va dic biét la tai trong do ddng ddt gdy ra véi thoi gian xay ra rat nhanh. Hién twong ndy
la mét trong nhitng hién twong phd hoai nguy hiém nhdt doi véi ddp vat liéu dia phirong khi chiu
tac dong cia tdi trong dong. Bai bdo nay trinh bay cdc co s6 1y thuyét dong liee hoc ciing nhir cach
gidi bai todn phi tuyén dong lec doi véi ddp vit liéu dia phwong nham xdc dinh diéu kién héa long
ciia ddp vat liéu dia phwong trén nén khéng phdi la da.

Tir khéa: Ddp vit liéu dia phirong, g sudt chinh, dp lwc miede 16 rong, héa long

Summary: Liquefaction phenomenon often occurs for loose materials is the phenomenon that the
load capacity of the material is reduced with the sudden increase in pore water pressure due to
the effect of dynamic loads and especially loads gravity caused by earthquakes with very fast time.
This phenomenon is one of the most dangerous destructive phenomena for local dams when
subjected to dynamic loads. This paper presents the dynamical theory bases as well as how to
solve dynamic nonlinear problems for local material dams to determine the liquefaction conditions
of local material dams on non-rock ground.

Keywords: Embankment dam, Main stresses, Pore water pressure, Liquefaction

1. PAT VAN PE

DPdi v6i nén cling nhu cong trinh vat li¢u dia
phuong c6 déc tinh vat li¢u roi chiu tac dong
clia tai trong dong trong diéu kién khong thoat
nude lam cho 4p luc nudce 16 rong ra ting dan
t6i giam nho Gng suat hiéu qua. Diéu nay dan
t6i modul khang cét cling nhu cudng d6 khang
cit ctia vat liéu giam nho, néu qua trinh nay nay
phat trién t6i han ap lyc nudce 16 rdng phat trién
bang Ung suét tong, Gmg suit hiéu qua cua vt
liéu 6’ = 0 s€ lam cho cac hat vat li¢u khong con
lién két véi cac hat xung quanh, lac nay vat li¢u
hoan toan khong con kha ning chiu lyc dan téi
hu hong nén ciing nhu cong trinh. Hién tuong

thiéu kha ning xay ra hoa long. Mot sb hu hong
dap vat liéu dia phuong do hi¢n tugng hoda long
nén va dap c6 thé ké dén nhu dép Sheffield xay
randm 1925 v&i gia tdc nén 0.15g.[3]. Noi dung
bai bao nay trinh bay cac co s Iy thuyét dong
lue hoc ciing nhu cach giai bai toan phi tuyén
dong luc ddi v6i dap vit lidu dia phuong nhim
xac dinh diéu kién hoa long cua dap vat liéu dia
phuong trén nén khong phai 1a da.

2. PHUONG PHAP NGHIEN CUU

2.1. Phuwong trinh cin bing dong va phwong
phap giai

(a ) Thiét lgp phwong trinh can bang dong

nay dugc goi 1a hoa long. [1-2] Tir d6 c6 thé
thay rang viéc nang cao Ung suat hi¢u qua trong
vat li€u dia phuong dong nghia véi viée giam
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khac, van dé hét sirc quan trong can duoc xem
xét dén 1a luc quéan tinh va lgc can. Khi str dung
phuong phap phan tir hiru han (FEM) dé giai bai
toan dong, c6 thé tir diéu kién cén bang nut dé
thiét 1ap nén hé phuong trinh can bang cua toan
hé.tlr véc to gia toc dong dit theo hai phuong
trong luc va phuong ngang
WI(t)} = {ul (t),w! (1)}, khi d6 véc to chuyén
vi cia chét diém dugc dinh nghia {u(r), w(r)},

van toc va gia tbc dugc dinh nghia:
W' @), W' ()}, {u"@),w"()}. Khi d6 véc to
chuyén vi, van tc va gia tdc duge dinh nghia la
{0()},{0'(¢)},{0"(t)} Khi d6 phuong trinh can
béng duoc thé hién nhu sau: [4]

[MIi"©}+[CHE O3 +K1 60 =—AMIG1 80} (1)
Trong do:

[M]-ma tran khéi luong ;

[C]-Ma tran can tong thé

[K]-Ma trdn cung tong thé. Trong do:
E=2(1+v)G, G la phi tuyén phu thudc vao
bién dang y

[1 0 0 ]
01 0
1 00
[G]-Ma tran chuyén tri, [G]=|0 1 0
1 0 0
0 1 0]

(b) Gidi phirong trinh cdn bang déng
Gia thiét trong khoang thoi gian [(1 — At),¢] gia
tdc bién doi theo quy luat tuyén tinh. Khi d6 ta
co:

n n " " T
{6 }t = {6 }I—At +({5 }t _{5 }t—At)E

(0<7<AY) (2)

Tich phan cong thirc (1) thu dugc van tdc va
chuyén vi tai thoi diém t nhu sau

07, =10, + 50" + S0, O)

(8, =10} 0+ +; B +é @A (4)

Ttr hai cong thirc (3) va (4). Sau khi bién déi thu

duoc: gia tdc tai thoi diém t::
" 6

{5 }t = F{é‘}t - {A}t—At (5)

Trong do:

6 6
- o ’ " Sa
VI Ry vi G R Y I (5a)

Thay cong thure (5) vao cong thuc (3) thu
duoc:
3
o'y, =—1{0}, - {B 6
{ }t Al{ }t { }t—At ( )

Trong do:
3 i At "
B} :E{é‘}z—m +2{0"}, +3{5 Yoa (62)

Thay cong thure (5) va (6) vao cong thic (1) thu
dugc phuong trinh can bang:

(K} {5}, ={R}, (7)
Trong do:

— 3 6

(K} =K1+ = [Cl+ [ M] (7a)
(R}, ={R}, +[C1{B},_,, +[M1{4}, ,, (7b)

Néu nhu tai thoi diém ¢ — Az, cac tham sb déu
da biét, c6 thé st dung cong thuc (5a),(6a) thay
vao cong thire (7b) tim duoc {R},, tirdo dua
vao cong thirc (7) tim ra dugc {J}, tai thoi
diém tinh toan t.

2.2 Ma trin khéi lwong, ma trin cian va ma
tran cirng tong thé

(a) Ma trén khoi hrong

Ma tran khdi luong (Lumped Mass Matrix)
duoc xay dung trén nguyén tic coi gia tdc trong
mdi phan tir 1a nhu nhau, tir khdi lvong phan tir
duoc phan phdi vé& cac diém nut, ma tran tap
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hop khéi lugng cac diém nat nay dugc goi 1a
ma tran khéi luong [M],

Ma tran khéi lwong [M] duoc cho riang co ciing
quy luat phan phéi voi chuyén vi trong phan tur
vé cac diém nat. Chinh vi viy nén cach xay
dung ma tran khéi lugng tong thé [M] tir cic ma
tran khoi lwong phan tir [m]e tuong tu nhu dbi
v6i ma trin cing tong thé.

(b) Ma tran can [C].

Gia thiét lyc can cung phuong nhung nguoc
chiéu véi chuyén dong, khi d6 ma tran can phan
tr dugc xac dinh nhu sau: [c]le=oa[m]e . Vi
quan niém la lyc can do ndi ma sat sinh ra thi
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luc can va tdc do tién dang 1a ty 18 thuan véi

nhau , khi d6 [€I" =Bk k& hop ca hai didu
(] = alm] + BIK]

nay s€ thu dugc

a=o,p = 4

a

khong chi phu thudc vao dac tinh vat li€u cta

phan tir ma con phu thudc vao tng suit cét ciia

phan tir va c6 thé duge xac dinh tir dudng cong
A

thuc nghiém 2

» / luc can don vi phan tir, 4

7 Pé co thé xac dinh

A C LA n ,
duoc gid tri “mex co thé su dung cong thuc
kinh nghiém cua hardin va cong sy nhu sau:

[3]

Bang 1: Céng thirc kinh nghiém xac dinh 4___

L0a1 dé.t A max

(%)
Cat kho Amax =33.1 51gN
Cat bio hoa Amax =28-1 51gN
Dit phu sa bao hoa A =29=4(0,)"* +0.7f" ~1.51gN

Céc loai dét c6 tinh dinh bdo hoa

Apae =31=(3+0.031) (/)" +1.5" —1.5lgN

N-S6 chu ky thtr nghiém tai trong dong, ddi vai
mit cit day dap co thé lya chon s lugng dao
dong twong mg vé6i gia tde trung binh theo
phuong phép lich str thoi gian.

- tAn sb dao ddng tuan hoan , di véi mat ci
- thn s6 dao dong tudn hoan , d t cht
day dap co thé st dung tan sé dao dong trung
binh tai vi tri xay dung dap.

©w - Ung sut hiéu qua trung binh (105Pa)

1+2K
, ‘ o, =( Hol
, Po61 véi nén dap 3 , Doi
o = o +0,+0,
r.. A ~ m
v6i than dap 3

Trong qué trinh tinh toan, bién dang cit (tiép
tuyén) thay d6i din t6i luc can ciing thay d6i

theo, ¢ thé str dung phuong phap lip dé tim
cuc can nay.

(c) Ma trdn cimg tong thé

Ma tran cimg tong thé trong bai toan dong vé
hinh thirc twong tw nhu ma tran cing tong thé
trong bai toan tinh, tuy nhién gia tri modul E
duogc thay thé boi 2(1+v)G, trong d6 G 1a gia
tri phi tuyén tinh. Khi str dung mé hinh Hardin
va Drnevic [5] ¢ thé biéu dién G duéi dang
sau:

G 1
G . 7 y ®
w1+ 2 [+ aexp(—b)]

r r
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Bang 2: Hé s6 a,b

Loai dit Modul can tleg tuyén . b
(modul cat)

Cat kho G, 0.5 0.16

Aoy 0.60(N"° =1) 1-NV2
Cat bao hoa G, -0.201gN 0.16

Aoy 0.54N"° -0.90) 0.65(1-N""?)
Pit dinh G 1+0.251gN 0.13
bao hoa d

Aoy 1+0.20/°° 0.2f exp(~c’,)+2.250", +0.31gN

7. Bién dang cat dong. y,- Bién dang cit

—= . G,.—G

max

(c!)* hodc

max 2 max

_ 2
G =222 0CRY (0], (100
+e

, ela do rong, OCR la do cb két,
déo, Ip 1a tham sb.

ala chi so

Bang 3: Quan hé ova Ir
0| 20 | 40 | 60 | 80
0 [0.18 | 0.30 | 0.41 | 0.48

Ip >100

0.50

a

K, - dugc xac dinh bang thi nghiém trong

2, max
phong ddi v6i bai toan bién dang nho.

- Ung suat hiéu qué trung binh trang thai
tinh. D4i v6i bai toan dap, gia tri nay 13 ing suat
trung hiéu qua trung binh ctia phan tir tai trang
thai tinh.

(d) Cdc nguyén nhdn anh hwdng téi modul cdit G

Khi thiét 1ap ma tran do cing ph:‘?m tir ,viéc lua
chon gia tri G can phai chii ¥ mot sé diém sau:

- Pbi v6i dat c6 d6 rdong nho va co6 ham luong
sét cao, dudi tdc dong cua tai trong dong ap luc
nuéc 16 rdng khong phat trién nhiéu (o, khong
thay d6i) nén dan téi gia tri G, 1a hang sd. Do
vay nén G chi phu thudc vao bién dang cit y

ma thoi.

4

- Déi voi dat xép khong du d6 chat hoac cat bao
hoa khong du do chat: Trong qué trinh chiu tac
dong cua tai trong dong, 4p luc nudc 16 rong
phét trién manh mé& 1am giam stc chiu tai caa
cbt dat dan toi gid tri G giam nho, lac nay ngoai
su phu thudc vao bién dang cit » ma G con phy

thudc vao sy thay doi ciia o, .

2.3. Phuong phap tinh toin ap lwc nuée 16
rong chiu tic dung ciia tii trong dong

(a) Phuong phap dwong cong thuc nghiém

Su thay doi ung sudt dong (hoic gia toc dong
dat), sb chu ky dao dong, va d6 cb K. déu la
nhiing nguyén nhan quan trong gay ra su thay
ddi ap luc nude 16 rdng trong qua trinh chiu tai
trong dong. Thong qua thi nghiém rung dong,
dua vao sb chu ky dao dong n da thiét 1ap duogc

Tyr O, u
~ dj
quan  hé (a,(=—L)~K (=—1)~—L) dugc
O O3 O
thé hién trén hinh 1.
1.0 1
0.8 n_—_'_lolgg )ﬂ n.‘ r~
I P04 AE L
CE) 0.4. // o 7
- Vf/
0.2 % =
0 0.1 0.2 0.3

T ar
el

aqg

Loa
O3

~Tar

0‘ L. Kok R R

Hinh 1: Duong cong thuc nghiém xac dinh
ap lyc nuoc lo rong
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Bang 4: Quan h¢ s6 chu ky
va thoi gian dao dong

Cép dong Hleg t
5.5~6 5 8
6.5 8 14
7.0 12 20
7.5 20 40
8.0 30 60

Néu goi t 1a thoi gian chiu tac dung tai trong
dong cua cong trinh , neqla s6 dao dong thi req
s& dugc xac dinh theo bang 4.

Chia nho thoi gian chiu tdc dong cua tai trong
dong thanh cac thoi doan nho AT(1~ 2s), so

. n
lan dao dong cta thoi doan nay 1a An = :q AT

. nhu vay sb 1an dao dong dugc tinh tich liy tir

cic thoi doan dao dong n=> An va thong
1

thudng trong tinh toan , d6i voi mdi thoi doan
dao dong lai dugc chia nho thanh khoang 100
budc thoi gian tinh todan nhé véi d§ 16n
At =0.01~0.02s . Do vay trong mét thoi doan
doan tinh toan giai ra dugc ung suét cat tiép
tuyén tai cac phan tor o, . Dua vao s6 dao dong
X \ ~ u 2 3
n tién hanh tra quan h¢ o, ~ K, ~ -~ détimra
0,5
U,

, tr do tinh ra duoc u, =0,—,
o, O

Uy

o =%(Uy+02)—udo St dung bién dang

cat trung binh y, di biét cia thoi doan trudc
ciing nhu gia tri o cia thoi doan dang xét dé
tinh toan dugc cac gia tri modul G cua phan tir
va thiét 1ap ma tran ctng phan tir méi. Dua vao
budce thoi gian Af tién hanh tinh toan phan Gng
dong trong thdi doan nay dé tim ra bién dang
cat trung binh y,, vatinh toan lai modul G. Tién
hanh 13p lai qua trinh nay tir 2 dén 3 1an s& dat
dugc do chinh xé4c theo yéu cau. Cudi cung sir
dung cac gia tri Gmg suét cit dong va cac
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nghi¢m tim duogc ¢ thoi doan dang xét tién hanh
tinh toan tiép cho thoi doan tiép theo.

(b) Phuong phap cong thure kinh nghiém

Phuong phap nay cling tuong tu nhu phuong
phép duong cong thuc nghiém, chia nhé thoi
gian chiu tac dong cua tai trong dong thanh cac
thoi doan AT véi sb lan dao dong trong thoi
doan 1a An. Khi d6 ap lyc nuéc 16 rong ting
thém trong thoi doan AT dugc xac dinh theo
cong thirc sau:

Au o,(1-ma)

1
— 1
.= 1 (n/n)?*® An 9)
ﬂ&ql\/l—(n/n,)g

o) - Ung suét phap c6 két dong dugc xac dinh
béng thi nghiém mét truc hodc ing sut phap cd
két dong duogc xac dinh bang thi nghiém 3 truc
. o
khi K, =—L=1.
03
n,-S6 lugng dao dong can thiét dé hoa long.
Duya vao ty 1¢ (mg sut cat dong cta ting phan
tir ,dwa vao diéu kién ty 16 K =1 dé trara s6
luong dao dong can thiét dé hoa long ;
n- Thoi gian tinh toan dongduoc chia thanh cac
n
eq

thoi doan An, An= AT ;

a -Ty 1é gita ing suat tiép va tng suat phéap.
m- Ty 1& gidm ap luyc nudc 16 rdng duge tra
duong cong kinh nghiém phu thude vao a ( doi
voi cat m=1.1~1.3.

6- Hé sb xac dinh theo thuc nghiém, thong
thuong d6i véi dat cat thuong lwa chon 12 0.7.
Dua vao cong thurc (9) sé tinh toan dugc Au,
tai thoi doan j, Tir trudng tng suat tinh téng
ban dau sau khi triét tiéu ap luc nudc 16 rdng

J
ZAu ,thu dugco! . Dya vao gia tri Gmax
1

tinh toan dugc va G c6 thé thiét lap dugc ma
tran cirng tong thé va giai bai todn phan Ung
dong.
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2.4. Tiéu chuén héa léng
(a) Tiéu chudn 1

Ddi voi thi nghiém chan dong ba truc:
xay ra hién tugng hoda long

Ke g 1r o 4 J4 ~ u
Doi voi thi nghiém cat chan dong don:

: xdy ra hi¢n tugng hoa long

Trong d6: ug : ap luc 16 réng dong

o3 " ap luc b két xung quanh cua thi nghiém.
o0 ap luc cd két truc dimg cua thi nghiém.
(b) Tiéu chuan 2

Trong thi nghiém cat tuan hoan, khi bién dang
doc tryc (thi nghi¢ém chén dong 3 truc) hodc
bién dang cét (thi nghiém cit 1 truc) dat dén 5%
hodc 10% , c6 thé cho 13 hoa long.

Dua vio nhiing dinh nghia trén day vé hoa 1ong,
o day o khong thé goi 13 héa long ma dung hon
phai goi l1a pha hoai . Thi nghiém da ching
minh, khi K, =c1/63 <1.5, hai tiéu chuan trén
day vé co ban la twong ddng. Trudc khi xay ra
chan dong, khi hiéu s6 ung suit chinh trong
dat twong ddi 16n (cac g suat chinh khéc biét
twong ddi 16m) thi ap luc 16 rdng khong dat
dugc 100% do hoa long. Tai dudong bién cia
dap vat liéu dia phuong, mat nghiéng cua dap
(mai dap) cling thudc vao tinh trang nay hinh
thirc pha hoai héa long cuia dét cat bio hoa dudi
mat dat 1a dat cat sti nude (nude bi ép ra ngoai)

MC S22

Sede; 1/400

nhung mai doc hodc nén dap khong phai 12 hinh
thirc nay. Tuy nhién mat nén hodc 1a than dap
chi can phét sinh 30~40% d6 héa 1ong, mai dap
hodc than dap c6 thé phat sinh truot & quy mo
16n. S di nhu vay 1a vi khi dao mai dat nghiéng
hodc 1a thiét ké mai dap , néu khong xét dén ap
luc 16 r(~3ng chin dong, hé s6 6n dinh trong
khoang 1.3~1.4 thi khi phat sinh 30%-40% do
hoa 1ong, mai dap s& mat 6n dinh.

(c) Tiéu chuan 3

Lay ap luc 16 rong gioi han cua can bang cuc
han lam tiéu chuan, khi u,dat dén gid tri u,, coi
1a hoa 1ong.

Gia tri u,, duogc tinh nhu sau:

0, <94 =>u”=si ia+o+ta)~(a-0+)
sing, 2sing, (10)
007G, _Si(a+G-0)(G+0 1)
“sing, 7 2singj,

Trong d6: ¢ la goc ma sat dong, cac ki hiéu
khac nhu da giai thich & trén.

Trong cAc tiéu chuan da trinh bay & trén , cuong
d6 chong cat 7, tinh dugc tir tidu chuan 3 nho
hon rat nhidu so véi tiéu chuan 1 va tiéu chuén 2.
C6 thé n6i rang : cting voi 1 gia tri 7y , dung tiéu
chuén 3 thu duge sb l:;?ln chan dong dat dé’l} muc
d6 phé hoai la phé nhajlt. Do vay, vi ti€u chan hoa
long khf)ng thong nhat, viéc cac dinh chinh xac
7, 1a hét strc khong hop 1y.

3. KET QUA VA THAO LUAN

3.1. So liéu dau vao

Hinh 2: Mdt cdt dap vat lieu dia phuong
dung trong nghién curu

Hinh 3: lwéi phan tir ding trong tinh todn
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Vi du dung dé nghién ciru & day 1a mot dap vat  liéu dip dap va nén dugc cho & bang 2. Pong
liéu dia phuong c6 mat cat ngang dap dugc cho  dat dung trong nghién ctru 1a dong dat cap 8.
¢ hinh 2 va cac chi ti€u co ly cia céc loai vat

Bang 2: Chi tiéu co 1y dip va nén

TT Loai dat Ex=Ey (Mpa) Ux=Lly v (KN/m?) kx=ky (107 m/s)
1 Loai I 30 0.25 19.1 3
2 Loai II 30 0.25 19.1 4.5
3 Loai III 30 0.25 21.0 1
4 Loai IV 30 0.25 21.0 1

CAp dong dat duoc xét dén trong nghién ctru 13 cp 8 theo phd phan tmg ngang (hinh 4) va phd gia
téc nén (hinh 5) nhu sau [13]:

Ranpasas Speckam |

Hinh 4: Phé phan img diing trong nghién ciru Hinh 5: Phé gia téc nén theo phwong
ngang

Céc két qua phén tich chuyén vi va ting suit tinh tai thoi diém trudc khi xay ra dong dat duge thé
hién trén hinh 6 va hinh 7.

3.2. Két qua tinh toan

Hinh 6: Véc to chuyén vi tinh trudc khi Hinh 7: Véc to wng suat tinh truoc khi
chiu tac dong cua tai trong dong chiu tac dong cua trong dong

100
e ® e iR
z — B5 e30
2 % AT o0 & .
= o -

— R
20 -40.004
, :
0 1 z 387‘1 ()4 5 3 7 -SOIOO -6d.00 -40|00 -QdOO 0.60 20‘00 40?00 60.‘00 80?00 106.00
9 G

Hinh 8: Sy phat trién ap lyc nuoc lo rong Hinh 9: Phan bo hoa long trong
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tai mot so phan tw

Hinh 8 va hinh 9 thé hién qua trinh phat trién ap
Ire nude 16 rong tai mot sé vi tri trong than dap
cling nhu sy xuét hién cac ving hoa long trong
than dap va nén. Nhitng két qua nay ciing thé
hién tinh hinh chiu lgc cua dap vat liéu dia
phuong dudi tac dung cua tai trong dong. Phan
bd ving héa 16ng xdy ra trong than dap dudi
tac dung cia dong dat cho thiy rd trang thai
phé hoai ctua dap cling nhu sy phat sinh nhitng
ving nguy hiém trong than dap nghién ctru khi
chiu tac dung cua tai trong dong.

4. KET LUAN

Duya trén phuong trinh cin bang dong, bai bao

TAI LIEU THAM KHAO

[1]
[2]

Prentice-Hall, 1981
[3]

[4]

than dap va nén

da xay dung phuong phép giai cling nhu cach
xac dinh cac thanh phﬁn ma trdn can, ma tran
khéi lwong, ma tran clmg tong thé ciing nhu cac
budc giai bai toan dao dong ddi véi dap vat liéu
dia phuong. Bén canh d6, ndi dung nghién ctru
cling dua ra tiéu chuan vé hoa 10ng 1a mot trong
nhitng ti€u chuin pha hoai chua dugc dé cap
dén trong cac hé thong tiéu chudn k¥ thuét xay
dung dap ¢ Vi¢t Nam. Thong qua mdt vi du tinh
toan minh chiing vé dap vat liéu dia phuong voi
chuén pha hoai héa 1ong, két qua nghién ctru da
cho thdy mot bic tranh twong ddi rd nét vé vé
hoai dap vat liéu dia phuong dudi tdc dung cta
tai trong dong.
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