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Tém tat: Trong thoi gian qua d xdy ra nhiéu sw cé cong duéi dé trén nén cdt do x6i ngam va
phan lom cdc sw c6 déu xdy ra ¢ cdc cong c6 gia cé nén bang coc bé tong cot thép. Dé phan tich
dwoc hién twong tham dwdi ddy cong qua dé trén nén cat cé xét dén trang thai irng sudt khi ¢é va
khéng cé coc bé tong cot thép, trong nghién ciru ndy, moi quan hé todn hoc giita cdc yéu to thity
liee, cong trinh, dat nén da dwoc thiét ldp dwa trén phwong phdp phan tich thir nguyén. Trén co
s0 do, mot mo hinh thi nghiem da dwoc th iét ké dé thuc hién cdc sé ri thi nghiém voi cdac diéu
kién khac nhau. Két qua nghién cuu thye nghiém sé giup thu dwoc cac dir liéu can thiét phuc vu
cong tac thiét ké, canh bdo an toan.

T kh(’)a:Céng dudi dé, mo hinh thi nghiém, x6in gﬁm, nén cat, coc bé tén g cdt thép, trang thai
rng suét

Abstract:There were many incidents of under-dike culverts on sand foundation due to internal
erosion issues recently; and most of the incidents occurred at those culverts with the foundation
supported by reinforced concrete piles. With the aim to analyze seepage in the foundation under
the culverts in consideration of stress state in cases with or without reinforced concrete piles, in
this study, a mathematical relationship among factors of the hydraulic dynamics, structures, and
soil is established based on the dimensional analysis method. On this basis, a physical
experiment model is designed to perform a series of tests with different conditions. The
experimental results will help to obtain the necessary data for design and safety warnings.
Keywords:Under-dik e culvert, expermental model, internal erosion, sand foundation, reinforced
concrete piles, stress state

1. PAT VAN PE

Céng dudidé 1a mot hang muc quan trong cua
hé théng dé dong bang séng Hong Céng gom
nhiéu kiéu, nhiéu loai khdc nhau dam bdo cac
nhiém vu tuéi, tiéu, ldy phu sa, ngin triéu,
ngin 1ii. Trong thoi gian qua, hang loat sy cd
da xay ra d6i véi cong dudi dé nhu cong Mai
Trang, Vinh M6, cong Nhan Hién, cong A27,
cong Van Trai (Ha Noi), cong Tac Giang (Ha
Nam), v.v... v gan ddy nhat, trong tran bo s6
11 nam 2017, d3 xay ra 19 su c6 céng dudi dé
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& cac tinh ddng bang séng Hong - Thanh Hoa.

Céc két qua diéu tra [1] da chi ra rang, 25%
cac sy cb cia cong dudi dé lién quan dén van
dé tham va phan 16n cac sy ¢b déu xay ra & cac
cong co gia cd nén bang coc bé tong cdt thép.
Piéu d6 cho thdy, ngoai tac dung gia ting strc
chju tai cia nén va gilt d§ lin cua cong trinh
trong pham vi cho phép, hé thong coc dudi
day céngdi co anh huong khéngnho dén dién
bién thdm cta nén céng, ddc biét d6i véi nén
cat nhay cam vé thim, théng qua su thay doi
trang thai ing suat va do rong ciia dat. Bé lam
sang to van dé nay, can thiét phai co nhiing
nghién ctru trén mo hinh vat 1y véi nhitng diéu
kién vé thuay luc, trang thai Gng suat, dat nén,
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v.v... khéc nhau.

Bai viét trinh bay két qua nghién ciru, thiét 14p
phuong trinh thyc nghiém cling nhu mé hinh
vat 1y dé nghién ciru hién tuong tham dudi day
cdng qua dé trén nén cat co xét dén trang théi
ung suét o; va o3 khi co va khong ¢6 coc bé
tong cot thép.

2. NOI DUNG, MUC TIEU NGHIEN CUU
VA CACH TIEP CAN

2.1. N§i dung nghién ciru

— Lap phuong trinh nghién ctru thuc nghi¢m;
— Thiét lap céc sé ri thi nghiém;

— Thiét ké mé hinh thi nghiém.

2.2. Muc tiéu nghién ciru

Xéc dinh gioi han bat dau x6i ngam va dién
bién qua trinh x6i ngdm cua dat cat trong cac
diéu kién ung suat, thay luc khac nhau théng
qua khéi lwong dat bi x6i theo thoi gian.

2.3. Cach tiép c4n

Hién nay, co ba cach tiép can dé nhan dién thoi
diém bat dau x6i ngim, D. Marot et al (2014)
[2]: (1) Qua sy thay d6i gradient thay luc; (2) Tir
su gia tang cua hé s thim; va (3) Dya vao do
duc ciia dong tham thoat ra khoi mau thi nghiém.

Trong nghién ciru ndy, cach tiép can thu ba,
dua trén do duc ctia dong thdm va khdi lwon g
dat dong thadm man g theo khi thoat ra khoi mau
thi nghiém, duoc lya chon dé phan tich hién
tuong x6i ngam cho cong trinh cong dudi dé.

3. THIET LAP PHUONG TRINH NGHIEN
CU'U THU'C NGHIEM

X6i ngdm lién quan dén sy dich chuyén cia
cac hat min ra khoi két cau dét hat tho duéi tac
dung ciia dong thim. Su dich chuyén nay lam
cho d6 rdng trong dat ting lén, tao nén su tap
trung dong chay va trong nhiéu trudng hop,
ong x6i ¢6 thé hinh thanh giy mat an toan cho
cong trinh.

Di c6 nhiéu nghién ctru vé sy khéi dau cua
qua trinh x6i ngdm dua trén cac thi nghiém

thdm 1én hodc xuéng mot hudéng Su khoi dau
va dién bién ciia qua trinh x6i ngdm phu thudc
vao nhiéu yéu t6: ty 1& hat min va hat tho
(Honjo va cong su, 1996; Terzaghi, 1939), su
phan bd kich thudc hat (Kézdi, 1979; Kenney
va Lau, 1985; Li va Fannin, 2008; Wan va
Fell, 2008; Indraratna va cong su, 2011;
Chang va Zhang, 2013; Moraci va cdng su,
2014), hinh dang hat (M arot va cong su, 2012;
Li, 2008), d6 rdng cua dat (Li, 2008), ing suat
gi6i han (Bendahmane va cong su, 2008;
Moffat va Fannin, 2011), gradient thuy luc
(Skempton va Brogan, 1994; Sterpi, 2003),
van toc dong chdy (Perzlmaier va cong su,
2007), goc tham (Richards va Reddy, 2012,
2014). Trong céac nghién clou cua minh,
Istomina (1957), di chi ra rang, h¢ sé dong
nhét cta dit, Cu, c6 thé duoc sir dung nhu mét
chi sé dic trung cho su on dinh bén trong cua
dat. Theo T6 Xuan Vu (2002), x6i ngdm chu
yéu phat trién trong dat roi, phyu thudc vao
murc d6 khong déu hat va gradient thim.

Vé anh huong cla trang thai ung suat dén xoi
ngam, cac nghién ciru cia Terzaghi da chi ra
su thay d6i ciia rng suat hiéu qua c6 thé giy ra
su sép Xép lai hat trong két cau dat va qua do,
anh huong dén qua trinh x6i ngam. Trong khi
d6, Fell va Fry (2013) cho ring, ngoai hinh
dang dudong cong thanh phan hat va gradient
thiy luc, trang thai ing suét la mot diéu kién
hinh thanh x6i ngdm; Garner va Famin (2010)
ciing dé xut ba diéu kién co ban giy nén hién
twong x6i ngam la tinh nhdy xo6i cua dét,
gradient thuy luc va trang thai ing sut t6i han
[2]. Céc thi nghi¢m cia Bendahmane va cOng
su (2008) cho théy, tdc do x6i ngdm trong dat
sét pha ting gip do6i khi Gng sudt giéi han
giam tr 150 dén 100 kPa. Qua nghién ciru xoi
ngam cho 04 loai d4t, Moffat va Fannin (2011)
da két luan réng gradient thuy luc cuc bd tang
lén khi tang ung suat. Két qua nghién ciru cia
Luo va cac cong su (2013) da chung minh
rang gradient thuy luwc ¢6 mdi quan hé tuyén
tinh dén ng suét gidi han.
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Céc tac dong chu yéu cia coc gia ¢d nén (coc
bé tong cot thép) 1a sy 1am chdt va thay doi
g sudt xung quanh coc trong qua trinh dong
coc. Cac tac dong nay phu thudc vao do chat
tuong d6i cua cat, khoang cach gitra cac coc va
hinh thure, kich thude coc [3]. Bé‘mg ky thuat
chup X quang, Robinsky va Morrison (1964)
da nghién ctru sy dich chuyén va lam chat cat
xung quanh cic coc. Nam 2003, Kobayashi va
Fukagawa da sir dung k¥ thudt tia X dé mo ta
su di chuyén di xung quanh coc trong quéi
trinh dong va dua ra két luén rang su chuyén
dich bi anh huongbdi d§ chat ban dau cua cat.
White va Bolton (2004) cho rang sy dich
chuyén cta dat xung quanh coc chi yéu theo
phuong ding, trong khi sy dich chuyén theo
phuong ngang giam dan toi khoang cach 5D
(D 1a duong kinh coc) tinh tir tim coc.

Tu céac phan tich trén, voi muc dich, pham vi
nghién ctru, cac dai luong vat 1y anh huodng
dén x6i ngdm dudi cong qua dé c6 gia cd nén
béng coc bé tong cdt thép duogc gidi han nhu
trong Bang 1 dudi day.

Bang 1. Cac dai lwgng nghién ctiru

Dai luong Ky Tho
hiéu nguyén
D06 nhét cua nudc H [ML-1T-1]
Gia t6c trong g [LT2]
trudng
Gradient thay luc J
Luu lugng thdm q [L2T-1]
don vi
Ung sudt thdng| o [ML-1T-2]
dung
Ap luc hong o3 [ML-1T-2]
KhGi lugng riéng| pa [ML-3]
cla dat

EECGITN;CH|  CONGNGHE
Hé s6 tham cula Ka [LT-1]
dat

Do rong cla dat Na

Hé s6 khong déu| Cua

hat

Toc do xdi chadat| my [ML-3T-1

Trong Bang 1, téc do xoi 1a dai luong dic
trung cho kha ndng x4i cua dét, duoc biéu thi
bang khoi lwong dét bi cudn rdi khoi vi tri ban
dau trén mot don vi thé tich, trong mot don vi
thoi gian.

— Do chénh cdt nuoc thuong ha lvu AH [L] va
chiéu dai duong vién thim L, [L] khong dugc
xét dén vi chung da thé hién qua gradient thim i:

(1

i =—

L

t

— Ung suat thang dung o; bao gom trong
luong cua toan bd cong trinh va trong luong
ban than cia dat nén;

— Yéu to coc gia ¢d6 nén dugc xem xét cung
véi cac yéu to ing suat va do rong cua dat;

—Yéu t6 kich thude hat dwoc xem xét théng qua
hé sb khong déu hat Cyq [khong thir nguy énl;

c % 2)

ud
d]O

trong do: dgy 1a duong kinh hat, cidc hat co
duong kinh nho hon hodc bang chiém 60%
khéi luong; dio 14 duong kinh hat, cac hat c¢6
duong kinh nho hon hodc bang chiém 10%
khéi lrong

Ung dung ly thuyé Buckingham [4] dé thiét
lap phwong trinh thé hién méi lién hé giira cac
yéu tb voin = 11 dai luong bién d6i nhu sau:
f(mx’/uapdﬁ0-130-37kd9q’g’iﬂcud’nd): 0(3)
Chon 03 dai lugng chtra cac thr nguyén co
ban [M, L, T] 1a pg [ML"], k¢ [LT™'], m, [ML’
T™; phiém ham (3) duoc viét lai nhu sau:
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f(/[l,ﬂz,ﬂ3,7T4,7T5,7Z6,7Z'7,7T8)ZO
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Trong do:
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m = py k' m oy
—_ AN L Z
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s = py kg m.g
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Can béng s6 mil trong (5), xac dinh dugc:

O, O3

T o= ST, = ;
1 29/%2 20

Paky Pak;
T, = mx'ﬂ . _ mx‘q .
37 27204 T 27

pik; Pk (6)
Ts= P8 T =1

kdmx
7w, =C;m =0,

Phiém ham (6) dwoc viét lai nhu sau:

f(& ﬂaLaﬂ'e:ﬂ'w”s]:O

9
T Ty T

(7)
hay
k
f[%aReamx'ﬁaia Cud’nd):() (8)
1 s

Bo qua Re (s6 Raynold); phuong trinh (8) tro
thanh:

m :%.f(ﬁ,i,cw,nd]
kd

1

)

Phuong trinh (9) duoc st dung dé nghién ciru
toc do xoi cua dit nén trudc sy bién ddi cua
trang thai Ung suét, gradient tham, ty 1¢ dong
déu cua hat va do ron g cua dat. Phuong trinh
ndy ciing dugc s dung dé xac dinh gradient
thdm t6i han (bat dau x6i ngdm) cua dat nén
trong cac diéu kién khac nhau vé trang thai

ung suat, chénh 1éch cot nudc thuong ha luu,
chieu dai duong vién tham, h¢ so6 khong déu
hat, do réng cua dat nén.

4. XAC PINH KICH BAN THi NGHIEM

Phuong trinh (9) duoc sir dung dé xac dinh cac
chudi thi nghiém va xic dinh céc yéu td tac
dong dén dai lugng nghién cru thyc nghiém.
Vi sy thiét 1ap phuong trinh nay, sb dai luong
nghién ctru da giam xubéngtir 11 dai lwong con
04 dai luong bién d6i. Su lién quan giita cac
dai luong & phuong trinh (9) cho thiy chi can
thay ddi motdai lwong s& dan dén cac dai
lrong khéc thay doi.
T phuong trinh (9), thiét 1ap cac chudi thi
nghiém trong nghién ctru nay nhu sau:
— Vat liéu thi nghiém ldy thyc té c6 trang
thai tu nhién hodc tuong duong véi trang
thai tu nhién;
— Thi nghiém x4c dinh cac chi ti€u co Iy cua
tirng mau dét thi nghiém nhu: Cq4, ng, k4, pg;
— Twong tng voi tirng mau dat, thi nghiém xac
dinh gradient tdi han va tdc do x6i ngam. Cac
kich ban thi nghiém cho 01 mau dét dugc trinh
bay trong Bang 2.

Bang 2. Thiét1ap sé ri thi nghiém

my
61| G ; ; : ;
1y 1 13 . Iy

0311 [Mxy11 |Mkp12 [ M3 Myj1n
G11

031k |Mxia | Mxiie [ My1i3 My k0

G3m1 Mym11 | Mym12| Mxm13]--- Mym 1n
Olm

O3mk  |Mxmkl | Mxmie | Mxmia |--- Mymin

5. THIET KE MO HINH THi NGHIEM
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5.1. Tong quan vé ciac md hinh thi nghiém
X6i ngam

Trong nhiéu thap ky qua, cac nha khoa hoc ca
0 trong nudc va nudc ngoai da tién hanh cac

thi nghiém trong phong dé tim hiéu vé& xo0i

ngdm. Nhiéu thiét bi va phwong phéap thi
Bang 3. Thong ké mdt s6 md hinh thi nghiém x6i ngim

[ KHOA HOC

| CONGNGHE |

nghiém trong phong di duogc thiét ké va st

dung d€ nghién cuu vé hién tugong x6i ngam.
Dt liéu thong ké cac nghién ctru thuc nghiém
vé x01 ngam cho dat khong dinh duoc trinh

bay trong Bang 3.

Loai m6 hinh/

) Kich thuscmau| Loai datthi |Anhhudng cla
TT Tac giad chiéu dong N ] .
! (cm) nghiém ’ng suat
tham
1 |Bertram G.E (1940) [5] VM / DF DxH=51x152 |Cat Khéng xét
2 | Sherard va nnk (1984) [6] VM / DF DxH=100x100 |Cat Khéng xét
DxH=245x450
3 |Kenny and Lau (1985) [7] VM / DF Cat pha Khéng xét
DxH=580x860
Skempton va Brogan (1994)
4 8] VM / UF DxH=139x155 | Cat thd Khong xét
5 [Wilhelm (2000) [9] VM / UF DxH=190x520 |Cat Khoéng xét
Tomlinson va Vaid (2000) . ,
6 (0] VM / DF DxH=100x100 [ Cat pha Ung suét o1
7 |Foster vaFell (2001) [11] VM / DF DxH=125x100 |Sét va cat pha Ung suat o4
BxHxL =[Cat bui, cat hat
VM / UF . :
8 |T6 Xuan vu 2002) [12] 132x400x132 _|nhé Khéng xét
HM / DF BxHxL =[Cu=3,0+9,6
132x180x632 |n=43,2+45,1
9 [Sterpi (2003) [13] VM / UF DxH=70x140 | Cat min, Cu=38,4|Khong xét
10 | Moffat va Fannin (2006) [14]|VM / DF DxH=279x450 |Cat hat thd Ung suat o4
11 ]Y. Sail va nnk (2011) [15] VM / DF DxH=280x600 | Cat dmax=9mm Ung suat o4
. D=279 , , e
12 |R. Moffatva nnk 2011) [16] [VM / DF H=325550 Cat Ung suét o1
D=73 Cat pha,
13 | D. Marot vannk (2012) [17] VM / DF e Cu=1,33 Khong xét
H=60+120
ds50=2,07mm
N. Benahmed, S. Bonelli _ Cat pha . ,
14 (2012)[18] HM / HF DxH=80x250 Cu=1,57 Khéng xét
) HM&VM / | BxHxL =[ Cat hat min, thd R ,
15 |Y. Wanga, X. Ni (2013) [19] HE& UF 300x300x800 | n=035+0.38 Khéng xét
M. Sato, R. Kuwano (2013a, 3 Cat . o
16 b) [20, 21] VM / DF DxH=75x160 0s=1.76g/om? Ung suét o1
L. Ke, A. Takahashi (2014) _ Cat tho, . ”
17 [22] VM / DF DxH=70x150 Cu =13:18 Ung suét o1,03
Cat vua, tho
1g |D-S: Chang, L.M. Zhang|,\,/ nr DxH=100x100 |dso=182mm  |Ung sustosos
(2013a) [23] _
Cu=16,7
19 |S. Kimura va nnk (2014)|VM/ DF Hinh trurong | Cat Ung suat o4
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Loai md hinh/ _ } .
) Kich thuéc mau Loai dat thi Anh huéng cla
TT Tac gia chiéu dong N . .
! (cm) nghiém ng suat
tham
[24] Dtrong =55 d50=2,16mm
anoé=75 p3=2,72g/Cm3
20 [3235?‘3” Azadbakht  (2015)f g/ e DxH=152x160 |Cat Khoéng xét
M. Sato, R. Kuwano (2015) BxHxL = A R .
21 VM / DF Kh
[26] / 80x200x300 | C% ong xet
- . _ Cat Cu=1,4; . ”
22 | L. Sibille va nnk (2016) [27] VM / DF DxH=280x600 des=0.19mm Ung suat o1
. HM&VM /| BxHxL = A _ R .
23 |S. Wang va nnk (2016) [28] HE& UF 300x280x730 Cat dnax=1mm Khéng xét
. . - BxHxL =| Cat R .
o4 g%ng Qudéc Tuan (2017)|HM / HF 530x420x1130 | dmae=1mm: Khéng xét
[29] VM7 UF DxH = 3005400 | ps=2,65g/cm®  [Khong xét
25 | F. Ferdos va& nnk (2018) [30][VM / UF DxH = 150x200 gaztpo 2;3" ~|Ung suat oy

VM: Mé hinh tham dirng; HM: M6 hinh tham ngang; DF: Dong tham hwong xuéng; UF: Dong
tham hwong 1én; HF: Dong tham hwong ngang; D: Pwong kinh mdau; H: Chiéu cao mau; B: Bé

réng mau, L: Chiéu dai mdu

78% mo hinh thi nghiém duoc bd tri theo hinh
thirc thdm dung; 15% thiét bi thi nghiém b tri
theo hinh thirc thdm ngang va chi ¢c6 7% md
hinh bd tri theo kiéu két hop thim ngang va
thdm dirng Phan 16n cac thi nghiém déu duoc
thuc hién trén mau hinh tru, duong kinh mau
tir 25mm dén 580mm, ty 1& chiéu dai mau /
duong kinh miu nam trong khoang (0,7 + 2,7)
[31]; trong khi chi c¢6 6 thi nghiém duoc thuc
hién véi mau dat hinh hop va 01 thi nghiém
v6i mau hinh try rong.

Vé chiéu ctia don g tham, cac thi nghiém dugc
thyc hién theo ba cach: (1) cho dong thim
hudng 1én trén; (2) cho dong thdm hudng
xubng dudi; va (3) dong thim nam ngang
Truong hop dong tham hudng 1én trén mo ta
kha phu hop hién twong x6i ngim & cira ra ciia
cong trinh va ciing dé dang quan sat duoc sy di
chuyén cia cac hat ra khoi két cdu ban dau cia
dat; tuy nhién, trong truong hop nay sé rat kho
khin cho viée xac dinh tdc d6 x6i do mot phan
hat bi x6i sé& bi léng dong trén bé mit mau thi
nghiém. i v6i truong hop dong thim hudng
xubng (duoc thyc hién ¢ phan 16n cac thi

nghiém), viéc thu duogc khdi luong hat bi x61
s& d& dang hon thong qua cac thiét bi do do
duc hodc thiét bi lin g dong; tuy nhién, truong
hop nay khong phan 4nh sat ban chét cta hién
tuong x0i ngdm & ctra ra va hon thé nita, téc
d6 x6i ¢6 thé 16n hon do anh hudng cua luc
trong truong Mot giai phdp nhdm trung hoa
cac yéu diém cta hai cach trén di dugc thuc
hién v6i cac thiét bi cho dong thdm di theo
phuong ngang. Vi gidi phép ndy, viéc xac
dinh tdc d6 xo6i kha thuan loi va ciing dé dang
quan sat dugc hién tugng cac hat dét bi tach ra
khoi két ciu ban du; han ché 16n nhét 1a su
phén b khong déu ciia gradient thily luyc trén
bé mdt mau do anh hudng cua trong luc, tuy
nhién, trong nghién ctru dong thim c6 ap, anh
huong nay c6 thé bo qua.

Vé anh huodng cia Gng suit: Cac nghién ciru
gin ddy da chi ra rang trang thai Ung suit
trong d4t anh huéng khong nho dén qua trinh
x6i ngam. Theo s& lidu thu thap duoc, co
10/27 thi nghiém xét dén Gng suét; trong dé c6
08 thi nghiém xét dén ung suét thang dung o,
tac dung 1én mat trén cla mau, 02 thi n ghiém
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xét dén ca ing suét o, va o3 (rng sudt ngang).
5.2. Thiét ké md hinh thi nghiém x6i ngim
Dé thyuc hién cac thi nghiém phan tich sy khéi
dau va phat trién cta x6i ngdm, moét md hinh
thi nghiém thim ngang di dwoc nghién clru
thiét 1ap. M6 hinh nay cho phép kiém soat doc
lap trang thai (rng suat va gradient thuy Iyc,
dong thoi dinh lwong duoc khéi lwong dat bi
x61 mon ciing nhu luu lugng thAm. Céu tao
ctia md hinh gdm 04 phan chinh: (i) Hop tham;
(i) Hé thong cip nudc tao 4p lyc tham; (iii)
Hé thong tao ng suat ding va ngang; (iv) Hé
théng thu gom dat va nuéc tham; (v) Thiét bi
phutro. Chi tiét mo hinh thi nghiém dugc trinh
bay trong Hinh 1.

5.2.1. Hop tham

Hop thAm c6 kich thude 30cm chiéu rong,
50cm cao va 100cm chiéu dai; dugc chia thanh
04 ngin: (1) Ngan chira mau dét thi nghiém;
(2) Ngin cap nudc; (3) Ngan thu dat va nudc
thdm; va (4) Ngin chira thiét bi nén tao ung
suét thang dung o;.

— Ngin chita mau thi nghiém (1):

Kich thudc cua ngin chira mau phu thudc vao
duong kinh hat 16n nhét cia dit thi nghiém.
Kich thudc hat 16n nhét cua 16p cit nén dé khu
vuc dong bang séng Hong, theo nghién cru cia
Bui Vin Trrong [32]; cothé dat t6i dygyx = Smm.

Trong nghién ciru nay, lya chon mau thi
nghiém hinh hop c¢6 kich thudc (rong x cao x
dai) = (300x300x600) mm. Ty sb cua kich
thudc mau va duong kinh hat lon nhét 1a 60,
l6n hon gia tri (8 = 12) d.c quy dinh trong
ASTM [33]; ngoadi ra, kich thudc cia mau
cling dap Gng duoc yéu cau ASTM (duong
kinh tbi thiéu bang 76mm) ddi véi kich thudc
hat ctia cac loai d4t thi nghiém.

[ KHOAHOC [N
— Ngin cap nudce (2) c¢6 kich thuée BxHXL =
30x50x20cm dugc ndi véi binh didu 4p (8a).
Ngin (2) chtra dy soi duwong kinh 05 + lem
nham lam giam thiéu hiéu imgphun nurdc 4p luc
cao va phan phdi déu luu lwong ciing nhu 4p luc
nude 1én bé mat mau thi nghiém. Giira ngin (1)
va ngin (2) bd tri mot tim co duc 16 (duwong kinh
16 1mm) véi muc dich khuéch tan déu dong chay
1én mau va c¢b dinh kich thurde mau.

—Ngin (3) co6 kich thuéc BxHxL =
30x50x20cm duoc b tri sau ngin (1) va ndi
tiép voi binh (10), binh (9) dé thu gom dét bj
x61 va nudc tham. Pay ciing 14 noi lay mau dé
do @6 duc. Céu tao day ngin (3) c6 dang hinh
phéu dé dé dang thu gom vt liéu x6i. Gitra
ngin (3) va ngan (1) bd tri tAm duc 16 c6
duong kinh 0,064mm dén 2mm tiy thudc vao
kich thuéc hat ciia mau thi nghiém.

—Ngin s (4) c¢6 kich thudc BxHxL =
30x20x60cm duge bd tri dé chira thiét bi nén
tao (rng sudt thang dung o,.

5.2.2. Hé thong cdp miede tao dp hec tham

Hé thdng gdm binh didu ap (8a), binh cép
nude (8b) va 01 may bom. Binh diéu ap (8a)
két ndi véi ngin (2) boi hé thong duong dng
(cing va mém) va cac van khoéa. Binh (8a)
dung dé cung cdp va duy tri 4p hrc nuée Ién
mau trong sudt qua trinh thi nghiém; trén binh
bd tri cra xa tran tu do dé gitr ¢d dinh muc
nudc trong binh. PO cao cia binh (8a) co thé
duoc diéu chinh ban g thiét bi ron g roc va duogc
dinh vi & cac d0 cao khac nhau dé tao do
chénh cot nudc mong mudn. Binh cip nudc
(8b) dugc bd tri dé cung cdp nudc cho binh
(8a) nham giit cho muc nudc trong binh (8a)
khong thay dbi. B tri mot may bom hut mrée
tlr bé ngdm cung cap nudce cho binh (8b).
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1 —M3u dét; 2 — Ngin cdp nudc; 3 — Ngin thu
dat va nudce tham; 4 — N gan chua thiét bi nén;
5 — Thiét bi nén tao ng suét thing dung; 6 —
Hop chtranude tao ap luc hong; 7 — Binh chira
nudc tao 4p hrc hong 8a — Binh diéu ap; 8b —
Binh cip nudc; 9 — Binh can bang ép luc; 10 —
Binh thu gom dit bi x6i; 11 — Binh do luong
nudc tham.

Hinh 1. Cdu tao mé hinh thi nghiém x6i ngam

5.2.3. Hé thong tao irng sudt ditng va ngang

Hé thong gdm thiét bj nén tao tng suét thang
ding o, (5), 02 hop tao ap luc hong o5 (6), binh
tao 4p Irc hong (7) va binh can bang ap luc (9).

— Thiét bi nén tao ng suét thang ding o, (5)
g6m mot hé théng gia tai doc truc va mdt
piston. H¢ thong gia tai cho phép tao (mg suat
thang ding 1én bé mat miu thong qua piston
gin trong ngin (4). Piston co thé di chuyén
trong ngan (4) cing voi su kin khit dé tranh
cho nuée trao ngroce 1am giam 4p lwc lén mau.

— Ap luc hong o5 duoc tao ra nho &p lue nude
qua binh tao & (7). 02 hop tao & luc hong o3
(6) dugc bd tri hai bén ngin chira mau (1).
Hop (6) c6 thé thao roi hodc gin lai v6i hop
thdm trong qua trinh thi nghiém. Nhim giam
thiéu su ro ri va tao d lyc phan bd déu 1én bé
mat mau, mdt mang cao su duoc tri & mit tiép

8 TAP CHI KHOA HOC VA CONG NGHE THUY LGOI SO 45 -

giap gitta hop (6) va mau dat thi nghiém. Ap
luc nudce tur hop (6) tac dung 1én bé mit mau
qua mang cao su. Pé dam bao su can bang ap
lyc, hai hop (6) duoc ndi chung vao binh (7).
Binh (7) cling c6 thé thay doi do cao (thong
qua hé théng rong roc) tuy thudc vao ap luc
yéu cau.

— Binh can béng ap (9) dirgc bd tri ndi tiép véi
ngan thu nude thim (3) véi muc dich tao cot
nude ha hru dé can bang véi cac g sudt o; va
o tai thoi diém bat dau thi nghiém. Binh (9) co
bd tri céc 16 xa tran dé duy tri murc nuede ha hru
va thu gom nuéc tham vé binh (11). Binh ndy c6
thé thay d6i do cao (thong qua hé thdng rong
roc) tuy thudc vao cac & luc 61, o3 yéu cAu.

2018



5.2.4. Hé thong thu gom dat va nwde tham
Binh thu gom dat bi x6i (10) duoc gin dudi
day cua ngin ch@ta nuéc tham. Binh co thé
thao ro1 dé phuc vu can do luong bun cat bi
x6i sau mdi qua trinh thi nghiém.

Binh (11) dwogc bd tri sau binh diéu 4p (9) véi
muc dich do luong nuéc tham sau moi thoi gian
thi nghiém. Tur lrong nude tham nay o6 thé xac
dinh luu lu’(yngthém cling nhu hé $0 tham.

5.2.5. Thiét bi phu tro

Thiét bi phu trg nhu déng hd, may do do duc,
dau do ap luc, may tinh, camera, thudc, v.v...
dugc trang bi day du theo yéu cau thi nghiém.
6. KET LUAN

Tu céc sy ¢ do thim xay ra gan day ddi voi
cong dudi dé trén nén cat cho thay, cé sy anh

TAI LIEU THAM KHAO

[ KHOAHOC [N
hudng khong nho cua hé thong coc bé tong cot
thép gia cb nén dén bién dang thdm dudi ddy
cong Diéu ndy can dugc phan tich, danh gia ki
dé co cac bién phap phong tranh. Dya trén céc
nguyén tic ciia phwong phédp phéan tich tha
nguyén, mot phuong trinh nghién ctu thuc
nghiém voi tdc d6 x6i 1a ham sé cia gradient
tham, trang thai ing suét, do r6ng cua dét nén,
thanh phan hat, v.v... dd dugc thiét 1ap. T
phuong trinh ndy, cic chudi thi nghiém xac
dinh sy khéi dau va dién bién x6i ngdm ciing
duge dé xut. Trén co s& d6, mot thié& bi thi
nghiém da duoc thiét ké dé thuc hién cac sé ri
thi nghiém nham xac dinh gradient té1 han va
toc d0 x6i ngdm. Két qua nghién ciru thuc
nghiém s& giup thu duoc cac dir lidu can thiét
phuc vu cho cong tac thiét ké, canh béo an toan.
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