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proposed experimentation, the seismic excitation simulated by the shaking table, a soil
container placed on a shaking table to simulate the soil medium, the supperstructure was
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displacement. In addition, the influence of embedded depth of foundation on responses of the
supperstructure is also investigated.
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Tom tat. Trén co so két cau thuc va cac thiét b hién c6 trong phong thi nghiém, bai béo s&
trinh bay mét cach chi tict qua trinh xay dung mo hinh thyc nghiém dé dam bao tinh chinh
xac cua ket qua. Trong thi nghi¢m dé xuat, tai trong dong dat dugc thay ghérbéng‘ban rung
gia tai, dia chat cong trinh dugc thay the bang hop dat dang tuong cing, ket cau phan trén co
dang khéi luong tap trung. Két qua thuc nghiém la lich sir chuyen Vi cua két cau phan trén.

Ngoai ra, anh huéng caa chiéu sau chén mong dén ung xir ciia két cau phan trén ciing duoc
khao sat trong bai bao nay.

Tir khoa: thyc nghiém, tuong tac dat nén-két cau, chén mong, dong dat, thi nghiém ban rung.

© 2020 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN DE

Trong ky thuat cong trinh, thuc nghiém la mét trong nhitng phuong phap nghién cuu khi
g xtr cua két cau nguy&n mau phuc tap hodc dé tim hiéu sau hon vé tng xu thuc caa hé [13].
Thuc nghiém c6 thé tién hanh bang cach quan sét trén két cau thuc hoac trén md hinh thu nho
[6]. Nghién ctu thuc nghiém tng xir caa hé dudi tai trong dong dat thuong duoc tién hanh trén
m6 hinh thu nhé. Thuc nghiém nay thuong dugc Gng dung dé nghién ciru vé sy thay ddi cua &p
lyc nuc 16 réng trong dat, tinh chat phi tuyén cua dét, kha ning xuit hién cac pha hoai va dic
biét Ia bai toan twong tac dét nén-két ciu (SSI) [13].

Thuc nghiém véi mo hinh thu nhé dugc chia ra lam hai loai: (i) thuc nghiém trong truong
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trong luc hay con goi la thuc nghiém ban rung; (ii) thuc nghiém véi truong trong luc cao hay
con goi 1a thuc nghiém ly tdm [13]. Nghién ctru SSI thuong duoc tién hanh véi thuc nghiém
ban rung vi c6 nhiéu vu diém: bién d6 diéu chinh 16n, kich thich c6 thé thuc hién trén nhiéu
phuong, sé lidu do 6n dinh, ¢é nhiéu ty 1& duoc lua chon, phi hop véi xu hudng cua thé gioi
[11]. Théng tin thu duoc tir thuc nghiém gilp cac nha thiét ké dua ra cac giai phap dam bao vé
tinh kinh té va ky thuat [14, 15, 16].

Tai Viét Nam, nghién ctru trong tac dat nén-két cau da duoc mot s tac gia thuc hién dudi
dang cac phan tich Iy thuyét [18, 21] hay nghién ciru thuc nghiém ddi véi cong trinh ngam [19,
20]. Trén thé gisi, nghién cau thyc nghiém véi ban rung di duoc mot sé tac gia thuc hién.
Trong tai liéu [6] Maugeri va cac cong su thuc hién nghién ciu trén mé hinh dit nén-méng
nhung két cu phan trén van hién dién dudi dang tai trong twong dwong, bé tri kich thudc twong
d6i theo phuong canh ngan giita méng va hop dat khdng hop ly. Céac nghién cuu cua
Anastasopoulos va cong su [4, 5] vé hé s6 an toan cho mong dudi tai trong theo chu ky. Nhitng
nam gan day, c6 cac nghién ctu thuc nghiém trén mo hinh dat nén-mong cua Won [10] vé mbi
quan h¢ tng suat-bién dang cua day mong dat trén cat roi bang phuong phéap hiéu chinh tong
g suat, hay nghién ciru cua Liu [8] vé kha nang chiu luc cuc han ciia méng nong dit trén dat
sét dong bang.

Tuy nhién, thuc nghiém SSI van con han ché vé s lugng, dic biét 1a khi xét dén anh huong
cuia két cau phan trén. Trén co s& két ciu cau nguyén mau theo phuong ngang, trong khudn kho
bai bao nay, nhém tac gia thuc hién nghién ciu thyc nghiém SSI nhu sau: (1) thyc hién vai mé
hinh thu nho dé phu hop kich thudc ban rung nhung van dam bao tinh chinh xac cua két qua,
(2) tai trong dong dat duoc kich thich bang ban rung, (3) dia chat dugc mé hinh bang hop dat
dang tudng cang gan chat vao ban rung, (4) tng xtr caa két cau phan trén dudi dang chuyén vi
theo lich sir thoi gian, (5) anh huong caa chiéu sdu chdn méng dén cac tng Xt nay ciling dugc
khao sét.

2. XAY DUNG MO HINH THU'C NGHIEM

2.1 Co s6 xay dung mé6 hinh thuc nghiém

Khao sat mot két cau cau nguyén mau theo phuong ngang c6 khdi luong két cau nhip 120
tan, chiéu cao c6 hiéu cua hé 12.5m, méng nong dat trén nén dit c6 mat cat ngang hinh vuéng
canh B=5m va cao 2m. Dt nén dudi diy mong 1a cat chit, khoang cach theo diéu kién bién cua
d4t nén theo phuong ngang va chiéu sau dén nén d4 cing tuong ng 1a 25m (5xB=5x5m=25m)
va 12.5m (hinh 1). Tai trong tac dung 1én cong trinh 1a gia tbc dong dat dudi dang lich st thoi
gian. Phong thi nghiém cong trinh - Trueong Pai hoc Giao théng van tai dugc trang bi ban rung
R202(UTC) c6 kich thudc 2mx2m. Nang lyc ban rung R202(UTC) dugc md ta nhu trong bang
1.
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Hinh 1. Kich thudc co ban caa cng trinh cau nguyén mau.

Bang 1. Cac thong sb k¥ thuat cua ban rung R202(UTC).

Thoéng sb Gia tri Thoéng sb Gia tri
Kich thwéc 2mx2m Bién @9 chuyén vi +0.125m
Bién d¢ tan so 0+50 Hz Gia téc cye dai 3g
Van téc toi da 1.2mls Tai trong ti da 20T

2.2 Xac dinh kich thwéc moé hinh

V6i twong quan giita két ciu nguy&n mau va ban rung nhu trén, thuc nghiém sé duoc tién
hanh vai mo hinh thu nho. Viée xac dinh hé sé ty I¢ hinh hoc (A1=1/n) phu hop cho méu thi
nghiém 1a mot budc hét sirc quan trong trong viéc xay dung mé hinh thu nho trén ban rung. Hé
s6 ty 1é cang bé cang tiét kiém chi phi nhung do chinh xac cta két qua thi nghiém sé& giam. Do

r
AAAAA

d6, can lya chon hé sb v 1€ 16n nhét co thé dé nang cao tinh chinh xac cua két qua thuc nghi¢m.

C6 ba murc d6 twong ddng gitra md hinh va két cau thuc: mic d6 thyc (true), mac do pha
hop (adequate) va mic do sai léch/méo mé (distorted). Trong thuc nghiém, dé thuan loi cho
viéc xay dung mé hinh nhung van dam bao tinh chinh xac, mic do twong dong phi hop dugc
khuyén céo ap dung dé dam bao tinh twong tu so véi két cdu nguyén mau (twong ty hinh hoc,
dong hoc va dong luc hoc) [2]. Trong mutc d6 phu hop, céc yéu té thir yéu cho phép sai léch
nhung khong anh hudng nhiéu dén dai luong nghién ctiru [17]. Khi d6, mot s6 hé sb ty 1é co ban
c6 thé biéu dién thong qua hé sé A nhu bang 2 [3].
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Béng 2. H¢ s6 ty 1¢ cua cac dai lwong xé4c dinh theo A = 1/n khi xdy dyng mé hinh thu nho.

Pai lwgng Gia tri Pai lwong Gia tri Pai lwong Gia tri
A nazing 1 Gia téc 1 Chidu dai 1/n
riéng

Van téc song 1/(n2)

cit Bien dang 1

Lua chon so b kich thuéc mé hinh: trén co so kich thude két ciu nguy&n mau va ban rung
R202(UTC), bang 2 dua ra mét s6 kha niang lwa chon cho hé s A khac nhau. Nhom tac gia chon
A =1:20 (n = 20) twong g v6i kich thuéc mong B X B = 25¢cm X 25¢m, hy = 10cm. Cac
kich thude so bo: tuong dai hop dat 125cm, tudng ngan 75cm, bé day 16p dat dia chat 62.5¢m,
chiéu cao c6 hiéu cua hé moéng-két cau phan trén 52.5cm.

Béng 3. Kich thuéc du kién ctia m6 hinh theo cac hé sb ty 1€ khéac nhau.

Hé A A A A < A g h oA
f; sAo Be rong Chle,u cao Tuing dai Tlr();ng Beé da;y 1op Ch’lell. Acao
ty 18 mong mong L (m) ngan dat ¢0 hi¢u
’ ! m ) ) ]
B’ (m) (M) w’ (m) D’ (m) H’ (m)
1:1 5 2 25 15 125 10.5
1:15 0.333 0.133 1.667 1.00 0.833 0.70
1:20 0.25 0.10 1.25 0.750 0.625 0.525
1:25 0.20 0.0 1.00 0.6 0.500 0.42

Xac dinh kich thudc hop dat: trén co sé kich thude méng da duoc chon, yéu cau kich thudc
t6i thiéu trong méi trong quan gitra hop dat va mong: tuong dai 5B = 5 x 25 = 125cm, tuong
ngén 3B = 3 x 25 = 75cm, bé day 16p dét dia chdt 3k = 3 X 10 = 30cm. Dé dam béo dién
tich cdng téac, tinh chinh xéc cua thi nghiém ciing nhu xét dén sai sé do ché tao, nhom tac gia
Iya chon kich thudc tdi da ctia hop dat. Hop dat sau khi hoan thanh c6 kich thuéc nhu trong
hinh 2. Bang 4 so sanh va kiém tra cac yéu cau vé kich thudc: khoang céch téi thiéu tir day hop
dén ddy mong 3h; = 3 X 10 = 30cm. Bé day thuc t€ 16p dat D* = 70cm > 3h, = 30cm; trong
truong hop bét 1oi, chén méng 100% chiéu cao, bé day 16p dat con lai D* = 70 — 10 = 60cm>
3hs = 30cm; ty 1€ kich thudc canh dai va canh ngin theo yéu cau W*/L* > 2/3 = 0.667, thuc
té W*/L* = 150/185 = 0.811. Nhu vay kich thudc cua hop dat dat yéu cau.

7

Can cr vao két cau nguy@n mau (hinh 1), hé s ty 16 hinh hoc 2 = 1/20 (n = 20) d4 chon,
mo hinh ¢6 khdi lugng két ciu phan trén 20000kg/n® = 120000kg /203 = 150kg [1, 16],
chiéu cao c6 hiéu h/n = 10.5m/20 = 0.525m.
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Hinh 2. Chi tiét kich thudc thuc té hop dét dugc ché tao.
Bang 4. Lya chon kich thude hop dét.

Kich thuéc B’ (m) h's (m) L' (m) W’ (m) D’ (m)
Nguyén miu 5 2 25 15 125
Tylea=1:20 0.25 0.1 1.25 0.75 0.625
Tbi thiéu - - 1.25 0.75 0.3
Thue té ché tao B =0.25 hy = 0.1 L*=1.85 W*=1.50 D*=0.7

2.3. Vit liéu cAu tao md hinh va vat liéu thi nghiém

Hop dzflt: bo khung cimg cua hop dat dugc ché tao bang cac thanh thép hop, ¢é dinh vao
ban rung bang cac bu-16ng. Bé thuan loi cho qua trinh quan sat va dam bao kha nang chiu luc
[9], twong hop dat lam bang vat liéu nhua polycarbonate trong suot véi chiéu day 10 mm (xem
hinh 3).

Hinh 3. Hop dat duoc ¢ dinh vao ban rung.

Pat thi nghiém: dé tao méi truong dit ma méng dit 1én trén néd nhu két cau nguyén mau,
dat duoc cho vao hop 1a cat vang song Hong bé day 0.7m (hinh 3). Bé dam bao diéu kién twong

tu dong lyc hoc giira két cAu nguyén mau va mé hinh, diéu kién Cauchy xac dinh ty sé véan tdc
( S)p

song cit Vg theo phuong trlnh = /2 phai bang 1 [3] (chi s6 du6i p 1a nguyén mau, m la

Vs)m

mo hinh). Chinh vi vay, cac thong s6 vé tinh chat ctia dat ‘hién truong va dat trong phong thi
nghiém la tuong duong nhau. Véi cong trinh cau co két cau mong néng, giai phap nén mong
nay chi cé thé ap dung voi diéu kién dia chit dat nén 1a dat tot. Do do, trong nghién ctru thuc
nghiém ciia bai bao nay, tac gia sir dung dét cat chit. Cac tinh chét co 1y ctia cat dugc xac dinh
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bdi phong thi nghiém ky thuat cong trinh va moi truong (LAS-XD381) cua Truong Dai hoc
Thuy lgi Ha Noi. Do chit tuong doi D, = 82%, khoi lugng riéng p = 2.68 g/cm3 va géc ma
sat trong ¢ = 42.6°, kich thudc hat cuc dai 18mm, kich thude trung binh Dgy = 0.42mm, hé
so dong déu 4.67, hé s6 tham 2.69 x 10~ %*cm/s.

Vit ligu mong: dé don gian cho qué trinh ché tao va phii hop véi tinh hinh thyc té, méng
dugc duc bang bé tong dung kich thude da duoc lya chon, mat cat ngang hinh vudng canh
0.25m va chiéu cao mong 0.1m.

Két cAu phan trén dugc ché tao dé dam bao phl hop véi mo hinh dang khoi luong tap trung.
Vit ligu lam bang thép, dang tru tron, chiéu cao 0.25m. Cot ndi giira mong Vi két cau phan

trén duoc ché tao bang thép hinh H100, chiéu cao 0.4 m (hinh 4). Khi d6, chiéu cao ¢6 hiéu cua

két cau: 0.4 m + 0—25m = 0.525 m, diing theo chiéu cao da duoc du kién.

Hinh 4. M6 hinh thuc nghiém.
2.4. Téai trong thue nghiém
Néu goi a la gia téc, g 1a gia tc trong truong, dé dam bao diéu kién twong tu dong Iuc hoc

thi ty sb khong thir nguyén Froude (a/g) phai gitr bang hé s6 don vi [3, 17]. Do d6, hé sb ty I¢
cuia gia téc ban rung so véi nguyén mau la A = 1.

3

Gia toc (m/s2)

Thoi gian (s)
Hinh 5. Lich st gia téc dong dat Tolmezzo.

Lich sir gia toc kich thich ban rung 1 gia toc Tolmezzo (Friuly, Ttalia) nhu hinh 5. Gia toc
nay duoc bai bao Iya chon vi phd phan tmg phu hop véi tiéu chuan khang chén caa Viét Nam
[12, 20]. Bé mo rong két qua nghién ciru, trong bai bao nay nhom téc gia tién hanh thyc nghiém
v6i nhiéu trudng hop do 16n gia tbe Tolmezzo khac nhau, 6 1an gia tai, gia tri do 1on cuc dai

684



Tap chi Khoa hoc Giao théng van tai, Tap 71, S6 06 (08/2020), 678-689

cua tai trong dong dat ting dan theo thtr ty: 0.1 m/s?, 0.2 m/s?, 0.4 m/s?, 0.8 m/s?, 1.4
m/s?va 2.0 m/s? twong (mg v&i ky hiéu T1 dén T6 (bang 5).
Bang 5. Ky hi¢u céc truong hop thuc nghiém.

Chidu siu P 16m cure dai gia toc kich thich ban rung

chonmoéng | 01m/s? | 02m/s? | 04m/s® | 08m/s? | 14m/s® | 2.0m/s?
ocm T1-00 T2-00 T3-00 T4-00 T5-00 T6-00
5cm T1-50 T2-50 T3-50 T4-50 T5-50 T6-50
10cm T1-100 T2-100 T3-100 T4-100 T5-100 T6-100

2.5. Thiét bi va qua trinh thwe nghiém

Ban rung gia tai R202(UTC) tai Truong dai hoc Giao thong van tai co cac thong sé nhur
trong bang 1.

) Thiét bi do: chuyén vi ké dung dé do chuyén vi cta dinh két cau phan trén theo phuong gia

toc ban rung (hinh 6).

Thiét b ghi nhan tin higu do: tin hiéu do s& dwoc truyen tryc tiép vao thiét bi thu nhan tin
hiéu, bo phan nay duoc két noi vai may vi tinh giap luu dir ligu vao bd nhd va quan sat truc
tiép tin hiéu do tai hién truong.

Vi tri xac dinh
chuyén vi

80cm { 25em i 80cm
] I 120cm

Hinh 6. B4 tri chung mau thi nghiém va vi tri xac dinh chuyén vi.

Pé nghién ctru anh huong cia chiéu sdu chon mong dén tng xir cua két ciu phan trén,
nhém tac gia tién hanh véi ba truong hop chén moéng: méng dat trén bé mat dat, chén mot nira
mong va chdn toan bd méng (hinh 7). Ung véi mdi truong hop chdn maéng, tai trong tac dung
12 6 lich sir gia toc dong dat véi do 1on ting dan tac dung vao ban rung (bang 5).

Hinh 7. Cac truong hop chén moéng: dat trén mat dat, ngam 50% chiéu cao, ngam 100% chiéu cao.
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Viéc diéu chinh cap tai trong truyén vao ban rung do phong diéu khién trung tdm thyc hién,
qua trinh nay duoc lap lai cho cac truong hop chén méng tiép theo. Ngay khi phong diéu khién
trung tdm van hanh ban rung, thiét bi do chuyén vi truyén tin hiéu dén bo thu da kénh da duoc
két ndi vai hé thdng may vi tinh dé luu dit liéu vao bd nhd. Khi dé, thi nghiém vién c6 thé quan
sat tryc tiép gia tri do ngay trén man hinh vi tinh dé phan hdi vé phong diéu khién trung tam vé
viéc ghi nhan dir liéu do.

3. KET QUA THUC NGHIEM

Tuong (ng voi mai tai trong kich thich nén, c6 ba trudng hop chon mong duoc khao sat:
mong dat trén mat dat, mong chdn 5cm va 10cm tuong tng 0%, 50% va 100% chiéu cao méng.
Hinh 8, 9 thé hién chuyén vi ket cau phan trén véi cac chiéu sau chdn moéng khéac nhau khi hé
chiu tac déng cua kich thich nén.

Vi truong hop gia tai dau tién T1 (ayey = 0.1m/s?), bicu do chuyén vi cua ba truong
hop chon mong kha twong dong nhau veé hinh dang va vi tri toa do trong suot 15s thi nghiém.
Véi ba trudng hop gia tai tiép theo tir T2 dén T4 (@max = 0. 2m/s?, 0.4m/s?, 0.8m/s?),

hinh 8(b, ¢, d), trong khoang thoi gian 6s dau tién, biéu d6 chuyén vi hau nhu tring nhau giira
ba trueong hop chdn mong.

0.8 T T T 1.5
— — T1-00 ! — — T2-00
0.6 ' i —T1-50
ok —--—=-T1-100 1
04 ol ~
= : | e
= * E 05f
= 02f ] =
> ! =
c 41y ’ c
(l>.)‘ 0 i . iy g
=) 5 0
c [ o
© g2t o
1 051
0.4 i
-0.6 — : : -1
1 6 1" 15 1 6 1" 15
Thoi gian (s) Thoi gian (s)
(a) (b)
6 ‘ ‘ 10 — .

)]
T

Chuyen vi (mm)
Chuyen vi (mm)
o

Thoi gian (s) Thoi gian (s)
(c) (d)

Hinh 8. Lich str chuyén vi dinh két cau phan trén: (a) T1 (apax = 0.1m/s?), (b) T2
(@max = 0.2m/s?), (€) T3 (ajax = 0.4m/s?), (d) T4 (ayax = 0.8m/s?).
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Vi hai truong hop gia tai con lai tir TS dén T6 (a4, = 1.4m/s?, 2.0m/s?), hinh 9(a, b),
do k€3t cau cé’chuyén vi 16N nén thiét bi do bi x0 Iéch. Do d6, tin hi¢u khong lién tuc, biéu do
chuyén vi xuat hién budc nhay.

30

\ — 40
— — T5-00 \
20 |——T5-50 Iy |
—-—-T5-100 \
10 | I
— i —
IS i €
EO : v E
— : ' ! o .
Z 10t \ ¥ e c
[ ' L B o
;‘ L \ | H g‘
2 -20 | ol <
O | Y O
-30 |
|
40 + % .
L
50 . . . . . -100 L L L ! L
1 2 3 4 5 6 0 0.5 1 15 2 25 3
Thoi gian (s) Thoi gian (s)
(a) (b)

Hinh 9. Lich st chuyén vi dinh két cau phan trén: (a) T5 (apax = 1.4m/s?), (b) T6
(apax = 2.0m/s?).

Két qua thong ke tai bang 6 cho thay, véi bon trudng hop gia tai thuc nghiém dau tién,
chuyén vi cuc dai tai dinh két cau phan trén trong hai truong hop chén moéng déu co gia tri bé
hon so voi truong hop mong dat trén mit dat; truong hop gia tai thi ba, méng duoc chdn 100%
chiéu cao co @6 léch I16n nhat so véi trudng hop mong dat trén mat dat (36.33%); chiéu sau
chén méng 1am giam chuyén vi cua két cau phan trén.

Bang 6. B¢ léch chuyén vi cuc dai tai dinh két ciu phan trén gitra trudng hop chdn méng véi trudng
hop khéng chén mong.

Chuyén vi Chuyén vi Pj léch Chuyén vi Pj léch
(mm) (mm) (%) (mm) (%)
CVipy o0 =0.6290 CVipy_so =0.5446 13.42 CVipy—100 =0.4662 25.88
CVipy oo =1.336 CViy_so =0.9768 26.89 CVipy— 100 =0.9136 31.62
Vs oo =4.707 CVips_go =3.478 26.11 CVips 100 =2.997 36.33
CVipa—oo =9.878 CVipa_so =8.629 12.64 CVipa—100 =7.489 24.19
4. KET LUAN

Bai bao di trinh bay chi tiét qua trinh xdy dung mé hinh thuc nghiém twong tac dat nén-
két cAu cho mot cong trinh cau dudi tai trong dong dat. Noi dung thuc nghiém da duge mé rong
cho ba truong hgp méng dat trén mat dét, chon mong 50% va 100% chiéu cao. Do léch tuong
dbi ctia chuyén vi két cau phan trén do anh hudng ctia chon mong thay doi trong pham vi kha
rong, tir 13.42% dén 36.33%. Cac két qua thu dugc tir thue nghiém 1am co s cho cac nghién
ctru tiép theo vé thuc nghiém ciing nhur nghién ctru 1y thuyét. Nghién ctru thuc nghiém trong
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bai bao nay méi chi ding lai dbi véi cong trinh cau dat trén mong nong, két qua dudi dang gia
tdc va chuyén vi theo phuong ngang ctia két cdu phan trén. Do d6, trong thoi gian tiép theo, can
tiép tuc mo rong ddi twong ciing nhu pham vi nghién ciu.

LOI CAM ON

Nghién ctru nay dugce tai tro boi Trudng Pai hoc Giao thong van tai trong dé tai ma sb
T2020-CT-023. Tac gia xin chan thanh cam on cac thi nghi¢ém vién Trung tdm khoa hoc cong
ngh¢ da ho tro trong qua trinh thyc hién nghién ctru thuc nghiém.
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