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Panh gia mot s6 phan tng quan trong ctia két ciu cong trinh st dung can

rayleigh va can hing s6 theo phuong phap lich st thoi gian

Nguyén Thanh Triic!
Khoa X4y dung, Truong Pai hoc Xay diung Mién Tay, 20B Phé Co Diéu, Phudng 3, Tp. Vinh Long, Tinh Vinh Long

T KHOA TOM TAT

Dong dAt; ma tran can Ma tran can trong bai toan dong liic hoc c6 anh hwdng trie tiép dén két qua tinh todn céc phan tng quan
Dang dao dong trong ctia két cAu. Pé thuan 1oi cho viéc xay dizng ma trén can, md hinh can Rayleigh thwdng duge sit
Gia téc nén dAt dung. Tuy nhién, két qua phan tich khi stz dung can Rayleigh c6 thé bi sai léch so v&i thire té. Nghién cttu
Lich st thoi gian nay nhim muc dich d4nh gié sai sé ctia mot s6 phan ng quan trong ciia két cAu cong trinh, gdm chuyén

vi dinh va Iyc cit ddy, khi st dung can Rayleigh so véi can hang sb, loai can gan giéng véi thuc t&. Phan
tng ctia cic md hinh khao sit duge phan tich dong theo lich st thoi gian thong qua phuong phép sb
Newmark. Viéc khao sat cho thiy sai sb tuyét dbi trung binh chuyén vi dinh va luc cit day gitta mé hinh
can Rayleigh va can hiing s6 12 rit 16n. Gid tri sai s6 chuyén vi dinh cao nhét 12 13,22 % va sai s6 Iyrc cit
day 16n nhét 12 34,98 %.

KEYWORDS ABSTRACT

Earthquake Damping matrix in dynamic problem has a direct influence on the calculation results of important
Damping matrix structural responses. To facilitate the determination of the damping matrix, the Rayleigh damping model
Fluctuating forms is frequently employed. Nevertheless, when Rayleigh damping are applied in practice, the analysis results
Ground accelerration show that Rayleigh damping may offer some values deviating from reality. This study aims to evaluate
Time history the error of some important responses of the structures, including peak displacement and base shear force

when using Rayleigh damping compared to constant damping, which is close to reality. The responses of
the survey models were dynamically analyzed over time history through the Newmark numerical method.
The results of the survey shows that the average absolute error of the peak displacement and the base
shear force between the Rayleigh damping model and the constant damping model is very large. The

highest peak displacement error value is 13.22 % and the maximum base shear error value is 34.98 %.

oA ax Két qua do dugc tit nhidu thi nghiém cho théy ring trong mot két ciu
1. Pdt van deé: . .
thi ti s0 can ctia cac mode la xap xi nhau (Chopra, 2015).

Phuong trinh vi phén chit dao ctia hé nhiéu bac ty do chiu rung

R Pé thuén lgi cho viée xay dyng ma trin can ciing nhu sy phan
dong nén dugec trinh bay nhu cong thiic 1. Co ’ y ung ’ & P

tich sb theo lich st thoi gian, mot sb tac gia thuong st dung mé hinh
[M]ii + [C]u + [K]u = —[M] {l} iig (€} can cb dién. Ma tran can ¢b dién 1a ma tran sao cho tich [¢]T[C][$] cb

dang la mot ma tran dudng chéo (trong d6 [¢] 1a ma tran mode). Didu

trong d6: [M] = ma trdn khoi lugng; ndy gitp cho ta c6 thé tinh todn dwgc phan tng ciia két cAu bing

[C] = ma trin can; phuong phap chéng chit mode. Mot trong sb nhitng cach lam cho tich
[¢1T[CI[d] c6 dang 1a mot ma trAn dudng chéo 1a gia sit ma tran [C]

[K] = ma tran do6 cing; A g% . 2 7 A . s
duogc biéu dién dudi dang to hgp cua ma tran khoi lugng [M] va ma

{i} = véc to anh hwdng cta chuyén déng nén don vi; tran do citng [K] nhu trong céng thitc 2 (Chopra, 2015).

iig = gia tbc nén; [C] =a, [M] +a, [K} 2)

iL,iLu = véc to gia tée twong dbi, vén tde twong d6i va chuyén vi  Trong d6: ay va ay 14 cdc hing sb.

twong dbi.

Khi ma tran [C] duge phan tich theo ma tran khéi lwong [M] va

Ma tran can ciia két cAu khong thé dwgc tinh to4n tit nhitng thong ~ ma trén do céing [K] nhu cong thiic 2 thi can d6é duge goi 1a can
s6 vé kich thude va vat liéu clia két cu. Do d6, cc hé sb ciama tran  Rayleigh. Trong triwd'ng hop dic biét, néu ay, = 0 thi ma tran can dugc
can dwgc xac dinh ti¥ thie nghiém, cu thé 13 tit ti s6 can clia cac mode. goi 12 can ti 1é d6 citng, néu a, = 0 thi ma trin can dugc goi 1a can ti
18 khéi Iwgng.
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Goi ti s6 can ctia hai modes ¢6 tin sé vong ty nhién w; va w; lin wotla g Bang 1.
va g; thi céc hing s ay va ay sé& dugc xac dinh theo céng thiic 3a va 3b. Dit liéu v@ cdc mé hinh
a, = 2 a’{i—& 2R Téng chiéu cao | Chiéu rong Khéi luong
o ol 7" o SO tang
o o H (m) Bm | m®
(32) 10 38 8 2166000
oo 2 [—wi i ¢ 20 76 15 2166000
o _al e
o o 30 114 23 2166000
(3b) 40 152 30 2166000
Trong trudng hop ¢y = ¢j = ¢ thi: 50 190 38 2166000
a - 200, M6 hinh két ciu khao sat 13 mé hinh khung chiu cit. Ung xit
Yow @; dugc gia thiét 1a dan hoi. Khéi lugng clia cdc tAng dugc tip trung vé
(4a) cac nit. Do citng cia cic tAng dugc tinh todn dya trén gia thiét vé& chu
5 ky va hinh dang ctia mode 1 (Dao va cs., 2019)[3]. Gia thiét chu ky
a, = PR mode 1 cta cdc md hinh khao sat tit 10 dén 50 t?ing la 1.19s, 2.36s,
l(4b)] 3.56s, 4,75s va 5.93s. Hinh dang ciia mode 1 dwoc gia thiét 12 thay dbi
tuyén tinh theo chidu cao. Hinh 2 thé hién chu ky va hinh dang mode 1

Can cb dién dwoc xay dung tit ti s6 can ctia hai modes va thudng
12 hai ti s6 nay bing nhau. Khi d6 ti s6 can ctia cic mode khac hoic 1a
s& 16n hon hoic 1 s& bé hon ti s6 can dwoc chon nay (Hinh 1). Biéu
nay khong ding v&i thuc té 12 ti s6 can ctia cic mode x4p xi nhau. Vi
véy, két qua phén tich s6 theo lich st thoi gian khi st dung can Rayleigh

¢6 thé sai 1&ch so v6i thyc té.
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ctia cic mo hinh khao sat.

Hinh 1. Sy bién thién ctia ti s§ can theo tin sb vong tu nhién ctia cic

mode.

Muc dich ctia bai bdo nay 1a danh gi4 sai s6 ciia mot s6 phan ting

quan trong cua két ciu cong trinh, gdm chuyén vi dinh va lyc cit day,

khi stt dung can Rayleigh so v&i can hing sb.

2. M6 hinh khao sat:

Bai béo nay khao sét cac cong trinh gia dinh c6 s tAng khac nhau,
gdm 10 dén 50 tAng. Gia sit két cu cong trinh 14 bé téng cbt thép, khéi
lwong tham gia dao dong do dong dét 12 1 t/m2. Quy m, kich thudc va

khéi lwong cta cdc cong trinh gia dinh nay duwoc thé hién trén Bang 1,

trong d6 chiéu cao mdi tAng 1a 3,8 m.
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Hinh 2. Chu ky va hinh dang mode 1 ctia cdc md hinh khao sat tit 10
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dén 50 ting.

Dé khao sat vé& anh hudng ctia mé hinh can thi sit dung hai loai
mo hinh 12 can Rayleigh va can hing s6. M6 hinh c6 hé s can Rayleigh
theo cong thitc 2 dwgce goi 14 mé hinh Rayleigh. M6 hinh st dung hé sé

can hing s6 ({ = 5 %) goi 1a ConstDamp. Hé sé can dwgc kién nghi st
dung trong tinh toan dong d4t 1a { = 5 % (Chopra, 2015).[1]
Xét ting x{t cdc mé hinh két ciu chiu tic dung ctia bing gia tbc
nén El Centro 1940 (thanh ph?m N-S) ¢6 lich st gia téc nhv Hinh 3

(https://ngawest2.berkeley.edu/) [4]. Phan @ng cta céc két cAu duoc
xéc dinh bing cach tich phén trie tiép cac phiong trinh vi phan chuyén
dong, st dung cac gian dd gia téc ghi duwoc hodc gian db gia tbc mo

phoéng biéu thi cac chuyén dong nén.
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Thoi gian (5)
Hinh 3. Lich st gia tc ctia tran dong dit El Centro 1940.

Phan ing cta cic md hinh dugce phéan tich theo lich st thoi gian thong
qua phuong phép s Newmark v6i buéce thoi gian At = 0,01 s. Phan
tich nay duoc thie hién bing phin mém Sap2000. Chuyén vi dinh va
I cét day duge tinh toan bing cich st dung cdc bude sau (Wilson,
2002): [2]

Bu6c 1: Thiét 1ap cdc ma tran khéi lvgng [M], ma tran do cting [K],

ma tran hé s can [C].
BuGc 2: Tinh véc-to lic dong dét hitu hiéu {P}
(P =-[ml{i}i,
Trong do: {i}
- véc to anh huéng ctia chuyén déng nén don vi;
i, - gia toc nén.
Buc 3: Chon cac hing s6 Newmark B, v.

Buéc 4: Tinh cac hing sb

b=
B(At)

1
h o=
2 BAt
1
by=1-52

b -V
4 BAL
b,=1-L

bs—( —é}.m

Buéc 5: Thiét 14p ma tran do ctitng hitu hiéu

[K]=[K]+b,[c]+b[M]

BuGc 6: Xéc dinh chuyén vi ban diu {u}, va van tdc ban diu {11}0 .
Gia t6c ban dau dwgc tinh theo cong thitc sau:

fal, - {Plo=LC o}, ~[K]iul,
’ [M]

Buéc 7: Choi =1
Buéc 8: Tinh lie dong dat hitu hiéu Ei

P =P, +M(bu,_, ~by_ ~bji_)+C(bu

-1 2% 3

by, , —byi,_,)

i-1~ U571 U6
Budc 9: Tinh véc to chuyén vi {u}; tai thoi diém ¢,

u, = K P
Buéc 10: Tang i = i + 1 rdi thuc hién lai Bude 7.

Két qua chuyén vi dinh va lyc cit ddy cua hai mé hinh can

Rayleigh va can hing s6 dwgc trinh bay trong phin tiép theo.
3. Két qua va thao luan:

Hinh 3 biéu dién lich st ctia chuyén vi mé hinh can Rayleigh va
can ConstDamp ctia cong trinh gia dinh 50 ting khi chiu tdc déng ctia
bing gia téc El Centro 1940 (thanh phin N-S). R6 rang hai lich sit
chuyén vi nay 14 khac nhau. Chuyén vi dinh cta ching ciing sai 1éch

nhau, gia tri sai s6 13,22 %.

—Rayleigh - - - ConstDamp
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Hinh 3. Chuyén vi md hinh can Rayleigh va can ConstDamp ctia cong trinh
gia dinh 50 tAng.

Luc cit ddy trong phén tich theo lich sit thdi gian cia mé hinh
can Rayleigh va ConstDamp dugc trinh bay trén Hinh 4. Cling nhu phan
tng chuyén vi, lyc cit day trong mé hinh can Rayleigh ciing khac xa
Iy cét ddy trong mo hinh can ConstDamp. Gi4 tri sai sé luc cit day cia
hai m6 hinh 1a 34,98 %.

30000000
——Rayleigh - - - ConstDamp

~ 20000000
g |
= 10000000 i
g i | b i
s A VRN A A N 1
"3 -10000000 | | | | il
2 g
= -20000000

-30000000

0 10 20 30 40 50 60
Thoi gian (s)

Hinh 4. Lyc cit diy mé hinh can Rayleigh va can ConstDamp ctia

cong trinh gia dinh 50 ting.
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Pé d4nh gi4 sai sé do viéc st dung md hinh can c¢b dién, sai sb
tuyét d6i trung binh ‘K‘ ctia mdi m6 hinh (Bang 1) dugc tinh toan theo

cong thtic 4. K&t qua sai s6 duge trinh bay trong Bang 2.

2 c e
n

‘K‘ - e (5)

Trong dé: Xe Xe -13n Iwot 13 cac phan wng chuyén vi dinh

(hoic Iytc cit day) ctia md hinh ConstDamp, Rayleigh;
n - s6 m6 hinh mé phong.

Bang 2.
Sai s6 do viéc sit dung m6 hinh can cb dién.

Téng chidu cao| Saisd tuyét déitrung binh (%)
S6 tang Chuyén vi dinh .
H (m) Luc cat chan cot
phuong X
10 38.0 3.19 5.39
20 76.0 0.70 4.04
30 114.0 1.49 4.13
40 152.0 9.89 15.54
50 190.0 13.22 34.98
“=Chuyén vi dinh = Luc cit chan ¢t
60
50
40
g 30
320
10
0
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Sai 56 tuyét doi trung binh (%)

Hinh 5. Sai sb tuyét d6i trung binh chuyén vi dinh va Iyt cit déy ciia md
hinh can ¢ dién.

Hinh 5 trinh bay médi quan hé giita sai s6 tuyét d6i trung binh ctia
chuyén vi dinh, luc cit day va tdng s6 ting trong cdc mé hinh khao sat.
Dit liéu cho théy ring cic mé hinh ¢6 béc tu do cao thi sai sb tuyét d6i
trung binh chuyén vi dinh va lyc cit ddy giita hai mé hinh 1a rt 16n.
Gid tri clia cAc sai sb 1a rit dang ké. Tir 40 ting, sai sb chuyén vi dinh
theo phwong X 14 16n hon 9 % va sai s6 Iwc cit day ctia hai mé hinh 13
hon 15 %.

4. Két luan:

Bai bdo nay danh gia sai s6 ctia mot sb phan ing quan trong ctia
két cAu cong trinh, gdm chuyén vi dinh va luc cit ddy, khi stz dung can
Rayleigh so v&i can hing sb dugc tinh toan tit phitong phap phan tich
lich stt thoi gian. Viéc khao sét cho thiy sai s6 tuyét déi trung binh
chuyén vi dinh va Iyc cit ddy giita mé hinh can Rayleigh va can hing

s6 12 rét 16n. Gi4 tri sai s6 chuyén vi dinh cao nhit 12 13,22 % va sai s6

luc ct day 16n nhéit 14 34,98 %. Dua trén két qua khao sat, mé hinh

can Rayleigh cho két qua phan tich 16n hon so v6i can hing sé (gin v6i

thiee t& hon). Vi vay viée st dung mé hinh can Rayleigh c6 thé danh gia

qué cao phan ting ctia két cAu din dén lang phi trong thiét ké./.
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