BAI BAO KHOA HOC

ANH HUONG CUA CAC PAC TRUNG CUA CHUYEN DONG NEN
TRAN DPQNG PAT PEN PHAN UNG CUA CONG TRINH

Ngé Vin Thuyét!

Tém tit: Dong dat la mot hién twong dao dong rat manh cia nén dat xay ra khi mot nguc;n nang luong
I6n dwoe gidi phong trong thoi gian rat ngdn. Pong dat cé thé gdy ra nhiéu hw hong cho cdc cong trinh
xdy dung phu thudc vao sirc manh cia né. Cdc déc trung cia chuyén dong nén trin dong dat la gid tri
dinh gia toc nén, tong thoi gian dao ddng va ndi dung tan sé. Trong nghién ciru ndy, anh huwéng cia cdc
ddc trung cia chuyén dong nén trgn dong dat dén phan g ciia mot cong trinh dan dung nha khung bé
t6ng cot thép 5 tang dwoc khdo sat bang phdn tich mé hinh sé. Két qua cho thdy phdan vmg cia cong
trinh cang 1om khi dinh gia toc nén cang lom, buéc thoi gian va tong thoi gian dao déng cia chuyén

dong nén cang dai.

Twr khéa: Dong dat, chuyén dong nén, dinh gia tdc nén, thoi gian dao dong, ndi dung tan sd.

1. PAT VAN PE

bdong dét 1a hién tuong dao dong rat manh cua
nén dat, xay ra khi mot ngudn ning luong 16n
duogc giai phong trong thoi gian rat ngan do sy ran
nirt dot ngdt trong phan vo trai dat. Khi dong dat
xay ra, chuyén dong cua bat ky hat vat chat nao
trong nén dat déu theo moét quy dao phuc tap ba
chidu véi gia toc, van toc va chuyén vi. Chuyén
d6ng nén dat nay dugc do va ghi lai dudi dang cac
dd thi bang mot loai dia chin ké co bién do 16n.
Trong cac dd thi néu trén, d6 thi gia tdc bién thién
theo thoi gian ciia chuyén dong nén dat (goi tat 1a
dd thi gia téc nén) thuong duoc sir dung dé biéu
thi tran dong dat. Chuyén dong nén dat 1a kha
phre tap va khong ddng déu, chuyén dong nén dét
trong cac tran dong dat khac nhau 1a khac nhau.
Theo (Chopra, 2007), cac dic trung cua chuyén
dong nén tran dong dit c6 ¥ nghia quan trong
trong thiét ké khang chin cong trinh 1a gia tri dinh
gia téc nén, tong thoi gian tac dong cua tran dong
dat va ndi dung tan sd (lién quan tryc tiép dén
budc thoi gian dao dong).

Viét Nam 1a qudc gia thi thoang xay ra dong
dat & mot s6 ving (mién Bic, mién Trung, v.v.) va
chiu anh hudéng cua mét s6 tran dong dat & cac
qudc gia 1an can. Pong dat c6 thé gay ra hu hong

! Bo mon Két ciu cong trinh, Trieong Pai hoc Thuy loi

cho cong trinh xay dung va mirc d0 hu hong nay
phu thudc vao sttc manh cia tran dong dét. Theo
(Nguyén Lé Ninh, 2013), sttc manh cua trin dong
dat thuong dugc danh gia thong qua thang d6 16n
hodc thang cuong do dong dat. Viét Nam da ban
hanh Tiéu chuin qudc gia TCVN 9386:2012 (tién
than 1a tiéu chuan TCXDVN 375:2006) dé qui
dinh vé thiét ké cong trinh chiu dong dat. Mot sb
nghién ctru da st dung tiéu chudn nay dé tinh toan
cong trinh chiu dong dat nhu nghién ctru cua
(Pinh Vin Thuat, 2011) d& xuat mot phuong phap
sir dung k¥ thuat bién d6i chudi gan ding Fourier
dé tao gia cac bing gia téc nén cé bién d6 phd
phan ung gia tc dan hoi sat voi phd phan ung gia
tdc qui dinh trong tiéu chudn thiét ké; nghién ctru
cta (VO Minh Quang va cs, 2021) da stir dung qui
dinh trong tiéu chuan dé thiét ké khung bé tong
cbt thép (BTCT) c6 cap d6 déo thip va trung binh;
nghién ctru cua (Nguyen X.D. va Nguyen V.T.,
2022) @& xuét qui trinh lwa chon va chia ty 18 gia
tdc dia chan ghi dugc theo yéu cAu cua tiéu chuin
thiét ké; v.v. Mot sb nghién ctru khao sat, danh gia
vé kha ning chiu dong dat cua nha khung BTCT
theo cac phuong phap khac nhau (phuong phap
phé kha ning va phuong phap hé sb chuyén vi) da
duoc thuc hién gan day (Nguyén Vinh Sang va cs,
2022), (Nguyén Anh Diing va cs, 2022).

Khi khao sat cong trinh dan dung chiu dong
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dat, sy hu hong ciia cong trinh thuong dugc danh
gi4 théng qua gia toc san va chuyén vi twong ddi
timg tang (Calvi, 1999). Phan tng ctia nha khung
BTCT chiu chuyén dong nén cia cac tran dong
dat da duoc mot sé nghién ctru khio sat bang phan
tich dong theo thoi gian nhu (Ngd Van Thuyét va
Nguyén Vin Thing, 2018), (Nguyén Anh Diing
va Duong Nhat Trung, 2020), (Ngd Vin Thuyét,
2022), v.v. Cac nghién ctru nay, dac bié¢t 1a nghién
ciu cia (Nguyén Anh Diing va Duong Nhat
Trung, 2020) di xét dén anh huéng cia cac dang
bang gia téc nén (hai bang gia toc véi gid tri dinh
gia tbc nén khac nhau nhung c6 cung tong thoi
gian tac dong) dén phan ung cia nha khung
BTCT, tir d6 danh gia dugc anh hudng cua gia tri
dinh gia toc nén tran dong dat dén phan tng cua
cong trinh. Nhu da dé cap 0 trén, dac trung cua
chuyén dong nén tran dong dat bao gém ba yéu
t6: Gia tri dinh gia toc nén, tong thoi gian tac
dong va ndi dung tin sb. Tuy nhién, cé rat it
nghién ctru khao sat anh hudng cua cac dac trung
ctia chuyén dong nén tran dong dat nhu tong thoi
gian tac dong va ndi dung tan s dén phan tng
cua cong trinh.

a) Hinh anh cong trinh
Hinh 1. Nha 5 tang két cau khung BTCT

3.MO HINH CONG TRINH VA TAI TRONG

Cong trinh dugc md hinh khong gian 3D bang
phan mém SAP2000. v.15.

3.1. M6 hinh cong trinh

Céc cot va dam cua cong trinh duoc mé hinh
béng phfin ti thanh, cac san dugc mo hinh béng
phan tir tim. San cac tang duoc khai bao san

Bai bdo nay trinh bay anh hudng cua cac dic
trung cta chuyén dong nén tran dong dat (gdm ba
yéu td: gia tri dinh gia toc nén, tong thoi gian tac
dong va ndi dung tan sb) t6i phan ng cua nha
khung BTCT. Phan tich dong theo thoi gian dé
khao sat phan tmg ciia cong trinh chiu mét sb tran
dong dat thuc t& da xay ra trong qua khtr voi cac
dic trung ciia chuyén dong nén khac nhau duoc
thuc hién. Tt d6, anh hudng cta cac dac trung cia
chuyén dong nén tran dong dat dén phan mg cua
cong trinh dugc phan tich.

2. MO TA VE CONG TRINH LUA CHON
NGHIEN CUU

Mot cong trinh nha dan dung 5 tang két ciu
khung BTCT véi cac thong sb vé kich thudc va
vat liéu gia dinh dugc lya chon nghién ctru. Cong
trinh str dung vat liéu bé tong cip d6 bén B15, cbt
thép nhoém CII. Kich thuéc miat cit ngang dam 1a
0,25%0,40 m?, cot 14 0,30%0,30 m? va san day 0,12
m. Chiéu cao mdi tang 1a 3,0 m. Tudng 110 xay
bao xung quanh nam trén cic dam bién dugc gia
thiét chi c6 tinh chat bao che, khong tham gia chiu
lyc. Hinh anh cong trinh va mat bang tang dién
hinh dugc thé hién trong Hinh 1.

b) Mat bang tang dién hinh

tuyét doi cung. Trong lugng tuong bao 110
duoc quy doi thanh tai trong phan phdi déu Ién
cac dam bién, 1d mot phan cua tinh tai. Tai
chan céc cot ¢ tang 1 dugc gan lién két ngam
¢ dinh.
3.2. Bing gia toc nén ciia cac trian dong dat
Khdo sat phan tng cta cong trinh chiu mot s6
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tran dong dat thuc té da xay ra trong qua kha véi cac
dac trung chuyén dong nén khac nhau duoc thuc
hién bang phan tich dong theo thoi gian voi ba
trudong hop dudi ddy. Gidi han pham vi ciia nghién
clru ndy moi chi xét tdi cac trin dong dit thong
thuong da xay ra trén thé gidi c6 tong thoi gian dao
d6ng nho hon 80,00s, chwa xét dén cac tran dong dat
co téng thoi gian tac dong dai vuot troi.

Trwong hop 1: Khdo sat anh hudng cua gia tri
dinh gia toc nén cua tran dong dat dén phan tmg
cua cong trinh

Cong trinh chiu gia tbc nén cua cac tran dong
dat véi tong thoi gian va bude thoi gian dao dong
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nhu nhau nhung gia tri dinh gia téc nén khac nhau
dé khao sat anh huong cua gia tri dinh gia téc nén
tran dong dat t6i phan tng cia cong trinh. Tran
dong dat duoc lya chon nghién cuu la El Centro,
Hoa Ky (xay ra ngay 18/05/1940) voi téng thoi
gian dao dong 7 = 31,00s, budc thoi gian dao
dong At = 0,02s duoc giltt nguyén so voi dit licu
géc nhung gia tri gia toc duoc thay dbi: thu nho
50%, gitt nguyén 100% va khuéch dai 150% so
voi dir liéu gde. Goi tat cac tran dong dat nay lan
luot 1a El Centro-1, 2 va 3 (Hinh 2) véi gia tri
dinh gia toc nén lan luot 13 0,16g, 0,32g va 0,48g,
trong d6 g 1a gia tbc trong truong (g = 9,81 m/s?).
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¢) Pong dit El Centro-3
Hinh 2. Gia toc nén ciia cdc tran dong dat trong truong hop 1

Trudng hop 2: Khao sat anh hudng cua tong
thoi gian dao dong cua tran dong dat dén phan
ung cua cong trinh

Cong trinh chiu gia téc nén cua cac tran dong
dat c6 gia tri dinh gia tbc nén va budc thoi gian
dao dong la tuong ty nhau nhung khac nhau vé
tong thoi gian dao dong dé khao sat anh huong
clia tong thoi gian dao dong dat dén phan tmg cua
cong trinh. Ba bang gia toc nén cua cac tran dong
dat duoc lya chon nghién cuu la: trdn dong dat
Tabas, Iran (xdy ra ngay 16/09/1978) vé6i dinh gia
téc nén 13 0,33g, budc thoi gian dao dong At =
0,02s, téng thoi gian dao dong 1a 7' = 23,82s; trén
dong dat El Centro, Hoa Ky (xdy ra ngay
18/05/1940) véi dinh gia téc nén 1a 0,32g, budc
thoi gian dao dong Ar = 0,02s, tong thoi gian dao

dong 7= 31,00s va tran dong dat Kobe, Nhat Ban
(xay ra ngay 16/01/1995) véi dinh gia tbc nén 1a
0,33g, budc thoi gian dao dong At = 0,02s, tong
thoi gian dao dong T = 77,98s. Cac bang gia tdc
nén clia cac tran dong dat nay dugc thé hién trong
Hinh 3.

Trwong hgp 3: Khdo sat anh hudng ctua budc
thoi gian va tong thoi gian dao dong cua tran dong
dat dén phan ung ciia cong trinh

Cong trinh chiu gia téc nén cua cac tran dong
dat v6i gia tri dinh gia téc nén nhu nhau nhung
bude thoi gian va tong thoi gian dao dong khac
nhau dé khao sat anh hudng cua budc thoi gian va
tong thoi gian dao dong dén phan tng cta cong
trinh. Tran dong dét dugc Iua chon nghién cuu la
El Centro, Hoa Ky (xdy ra ngay 18/05/1940) voi
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gi4 tri dinh gia tc nén dugc gitr nguyén so véi dir
liéu géc 1a 0,32g nhung budc thoi gian dao dong
thay ddi so véi dit lidu géc: At =0,01s, 0,025 va
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¢) Pong dit Kobe, Nhdt Ban
Hinh 3. Gia téc nén ciia cdc tran dong dat
trong truong hop 2

4. KET QUA PHAN TiCH VA BINH LUAN

Phan tich dong theo thoi gian cong trinh chiu
gia tbc nén cla cac tran dong dat dugc khao sat
theo phuong yéu hon - phuong Y ciia cong trinh
(Hinh 1b). Phan trng cua cong trinh chiu cac tran
dong dat dugc so sanh voi nhau thong qua cac gia
tri dinh gia toc san ting ting va dinh chuyén vi
trong ddi ting tang. Két qua phan tich cho 3
truong hop cu thé nhu sau:

4.1. Truong hgp 1

So sanh phan tmg ctia cong trinh chiu gia toc nén
cla cac tran dong dat El Centro-1, 2 va 3 dugc cho
trong Bang 1. Két qua cho thdy khi cong trinh chiu

0,03s, kéo theo tong thoi gian dao dong cua tran
dong dat cling thay ddi theo. Goi tit cac tran dong
d4t nay 1an luot 1a El Centro-4, 5 va 6 (Hinh 4).
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¢) Pong dit El Centro-6
Hinh 4. Gia téc nén ciia cdc tran dong dat
trong truong hop 3

dong dat co gia tri dinh gia toc nén tang tir 0,16g 1én
0,32¢g va 0,48¢ (tuc la tang 1én 200% va 300% tuong
{mg) thi gia tri dinh gia tdc san tang 5 (tang c6 gia tri
gia téc san 16n nhat) tang tir 0,37g 1én 0,75g (ting
202,7%) va 1,12g (tang 302,7%) tuong Gng; gia tri
dinh chuyén vi tuong ddi tang 2 (tang c6 gia tri
chuyén vi twong ddi 16n nhét) ciing tang tir 21,17
mm lén 42,34 mm (ting 200%) va 63,51 mm (tang
300%) twong trng. Nhu vay, phan Umg cia cong
trinh tang 1én khi gia tri dinh gia téc nén cua trén
dong dat tang 1én. Diéu nay ciing twong dong voi két
luan trong nghién ciru cia (Nguyén Anh Diing va
Duong Nhat Trung, 2020).

Biang 1. So sanh phan tng ciia cong trinh chiu cac trian dong dat trong truwong hop 1

Théng s6 El Centro-1 El Centro-2 El Centro-3
Dinh gia toc nén (g) 0,16 0,32 0,48
Dinh gia toc san ting 1 (g) 0,18 0,37 0,55
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Thong sb El Centro-1 El Centro-2 El Centro-3
Dinh gia toc san ting 2 (g) 0,25 0,50 0,75
Dinh gia toc san ting 3 (g) 0,25 0,51 0,76
Dinh gia toc san ting 4 (g) 0,32 0,65 0,97
Dinh gia toc san ting 5 (g) 0,37 0,75 1,12
Dinh chuyén vi twong ddi ting 1 (mm) 17,80 35,60 53,40
Dinh chuyén vi twong ddi ting 2 (mm) 21,17 42,34 63,51
Dinh chuyén vi twong ddi ting 3 (mm) 17,44 34,90 52,34
Dinh chuyén vi twong ddi ting 4 (mm) 12,57 25,15 37,72
Dinh chuyén vi twong ddi ting 5 (mm) 6,60 13,21 19,80

4.2. Trudong hgp 2
So sanh phan tng cua cong trinh chiu gia toc

nén cua cac tran dong dat Tabas, El Centro va
Kobe dugc cho trong Bang 2.

Biang 2. So sanh phan tng ciia cong trinh chiu cac trin dong dat trong trudng hop 2

Thong sb Tabas El Centro Kobe
Dinh gia toc nén (g) 0,33 0,32 0,33
Dinh gia toc san ting 1 (g) 0,39 0,37 0,47
Dinh gia toc san ting 2 (g) 0,31 0,50 0,68
Dinh gia toc san ting 3 (g) 0,34 0,51 0,85
Dinh gia toc san ting 4 (g) 0,36 0,65 1,03
Dinh gia toc san ting 5 (g) 0,56 0,75 1,11
Dinh chuyén vi twong ddi ting 1 (mm) 17,09 35,60 60,16
Dinh chuyén vi twong ddi ting 2 (mm) 20,08 42,34 73,48
Dinh chuyén vi twong ddi ting 3 (mm) 17,47 34,90 62,43
Dinh chuyén vi twong ddi ting 4 (mm) 15,54 25,15 4351
Dinh chuyén vi twong ddi ting 5 (mm) 9,34 13,21 21,03

Tir Bang 2 thiy rang midc du cac tran dong dat
Tabas, El Centro va Kobe c6 cung gia tri dinh gia
téc nén va budc thoi gian dao dong nhung phan g
cta cong trinh voi timg tran dong dat 1a khac nhau.
Khi téng thoi gian dao dong cua cac tran dong dat
Tabas, El Centro va Kobe tang 1én 1an luot 1a 7' =
23,825, 31,00s va 77,98s thi gia tri dinh gia tdc san
ting 5 tang lan luot tir 0,56g 1én 0,75g (ting
133,9%) va 1,11g (ting 198,2%); gia tri dinh chuyén
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Gia toc san tAng 5 (g)

Thoi gian (s)
a) Péng dat Tabas, Iran

vi tuong dbi tang 2 ciing tang lan luot tir 20,08 mm
lén 42,34 mm (tang 210,9%) va 73,48 mm (tang
365,9%). Phan g gia toc san tang 5 va chuyén vi
twong ddi tang 2 clia cong trinh chiu gia toc nén clia
cac tran dong d4t Tabas, El Centro va Kobe dugc thé
hién trong cac Hinh 5 va 6. Nhu vay, phan Ung cta
cong trinh chiu dong dt khong nhitng phu thudc
vao gia tri dinh cua gia tdc nén ma con phu thudc
vao téng thoi gian dao dong cia tran dong dét.
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KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 86 (12/2023) 49



1.20
0.80
040
0.00
-0.40
-0.80

Chuyén v twong doi
tdng 2 (mm)

80.0
60.0
40.0
20.0
0.0
-20.0
-40.0
-60.0

AA

AND DAy 00 AA

I -

YV v ¥YWwyvvy

20242832

Gia téc san té"mg 5(g)

-1.20

Théi gian (s)
b) Péng dat El Centro, Hoa Ky

120
0.80
0.40
0.00

-0.40

0.80 | P

120

Gia téc san ting 5 (g)

Thoi gian (s)
¢) Pong dit Kobe, Nhdt Ban
Hinh 5. Gia toc san tang 5 ciia cong trinh chiu
cde trgn dong ddt trong trwong hop 2

4.3. Trwong hop 3

So sanh phan tng cua cong trinh chiu gia toc
nén cua cac tran dong dat El Centro-4, 5 va 6
dugc cho trong Bang 3. Két qua cho thay khi cong
trinh chiu cac tran dong dat co cung gia tri dinh
gia toc nén (0,32g) nhung budc thoi gian dao
dong tang lan luot 1a Az = 0,01s, 0,02s va 0,03s,
kéo theo tong thoi gian dao dong ciing ting 1én lan
luot 1a 7= 15,50s, 31,00s va 46,50s thi gia tri dinh
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¢) Pong dit Kobe, Nhdt Ban

Hinh 6. Chuyén vi twong doi tang 2 ciia cong trinh

chiu cac trgn dong dat trong truong hop 2

gia tc san tang 5 tang 1an luot tir 0,42g 1én 0,75g
(tang 178,6%) va 0,98g (tang 233,3%); gia tri dinh
chuyén vi trong dbi tang 2 ciing ting 1an luot tir
11,98 mm Ién 42,34 mm (tang 353,4%) va 55,58
mm (tang 463,9%). Theo (Chopra, 2007), budc
thoi gian dao dong lién quan tryc tiép dén noi
dung tan sb cua tran dong dat. Nhu vay, ndi dung
tan sO va tong thoi gian dao dong cua tran dong
dat cang 16n thi phan ng cta cong trinh cang 16n.

Biang 3. So sanh phan tng ciia cong trinh chiu cac trin dong dat trong trudng hop 3

Thong s6 El Centro-4 El Centro-5 El Centro-6
Dinh gia toc nén (g) 0,32 0,32 0,32
Dinh gia toc san ting 1 (g) 0,29 0,37 0,47
Dinh gia toc san ting 2 (g) 0,30 0,50 0,66
Dinh gia toc san ting 3 (g) 0,34 0,51 0,74
Dinh gia toc san ting 4 (g) 0,36 0,65 0,82
Dinh gia toc san ting 5 (g) 0,42 0,75 0,98
Dinh chuyén vi twong ddi ting 1 (mm) 10,95 35,60 43,01
Dinh chuyén vi twong ddi ting 2 (mm) 11,98 4234 55,58
Dinh chuyén vi twong ddi ting 3 (mm) 12,91 34,90 49,14
Dinh chuyén vi twong ddi ting 4 (mm) 12,45 25,15 35,73
Dinh chuyén vi twong ddi ting 5 (mm) 7,16 13,21 17,87

Tir céc phan tich trén thdy ring phan tng cia
cong trinh chiu dong dat khong chi phu thude vao
gi4 tri dinh gia toc nén ma con phu thudc vao tong

50

thoi gian va budc thoi gian dao dong cua chuyén
dong nén tran dong dit. Do vay, trong thiét ké
cong trinh chiu dong dat, cac k¥ su, nha tu vin
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thiét ké can khao sat cong trinh chiu nhiéu dang
bang gia tdc ctia cac trin dong dat di xay ra trong
qua khtr tai khu vuc xay dung cong trinh c6 xét
dén anh huong cua ca gia tri dinh gia toc nén, tong
thoi gian va budce thoi gian dao dong clia céc tran
dong dat.

5. KET LUAN

Nghién ctru nay trinh bay anh hudng cua cac
dic trung ciia chuyén dong nén tran dong dat toi
phan tng ctia cong trinh dan dung bang phan tich
md hinh s6 sir dung phan mém SAP2000. Cong
trinh nha khung BTCT 5 tang chiu cac bing gia
tbc nén cua cac tran dong dét thuc té da x4y ra
trong qua khir duoc khao sat trong 3 truong hop:
Trudng hop 1 - cic tran dong dat co tong thoi gian

TAI LIEU THAM KHAO

va budc thoi gian dao dong nhu nhau nhung khac
nhau vé gia tri dinh gia toc nén, trudng hop 2 - cac
tran dong dét c6 gia tri dinh gia tc nén va budc
thoi gian dao dong tuong ty nhau nhung khac
nhau vé tong thoi gian dao dong va trudng hop 3 -
cac tran dong dat co gia tri dinh gia tbc nén nhu
nhau nhung khac nhau vé budc thoi gian va tong
thoi gian dao dong. Két qua phan tich cho thay
phan g cua cong trinh khong chi phu thudc vao
gia tri dinh gia toc nén ma con phu thudc vao tong
thoi gian va budc thoi gian dao dong cua chuyén
dong nén tran dong dat. Phan (mg cta cong trinh
s& tang 1én khi gi4 tri dinh gia tc nén, budc thoi
gian va tong thoi gian dao dong ciia chuyén dong
nén tran dong dét tang 1én.
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Abstract:
EFFECT OF CHARACTERISTICS OF EARTHQUAKE GROUND MOTION
ON THE RESPONSE OF A REINFORCED CONCRETE BUILDING

An earthquake is strong shaking of the surface of the Earth resulting from a sudden release of energy in
the Earth's lithosphere. Earthquake can cause a lot of damage to civil buildings depending on its
strength. Characteristics of the earthquake ground motion arve the peak value of acceleration, duration
of shaking and frequency content. In this study, the effect of the characteristics of earthquake ground
motion on the response of a 5-storey reinforced concrete building is investigated by finite element
analysis. Results show that the response of the building increases when the peak value of acceleration,
effective duration and duration of shaking increase.

Keywords: Earthquake, ground motion, peak value of acceleration, duration of shaking, frequency content.
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