KET CAU - CONG NGHE XAY DUNG

PHO PHAN NG CHUYEN VI TRONG PHAN TiCH NHA CAO TANG.
CHIU DPONG DAT O VIET NAM BANG PHU'ONG PHAP TINH PHI TUYEN

ThS. NGUYEN HONG HAI, TS. NGUYEN HONG HA

Vién KHCN Xay dyng
ThS. VU XUAN THUONG

Coéng ty C6 phan Giai phap va cong nghé Xay dung SF

Tém tét: Thiét ké két cdu nha cao tang chju déng
dét dua trén chuyén vj, stz dung phwong phép phén
tich tinh phi tuyén, yéu cau phai xac dinh phé phan
umg chuyén vi (duéi ddy goi tét 1a phé chuyén vi) phu
hop va tin cdy trong dai chu ky dai. Phé chuyén vj ap
dung trong phan tich c6 dnh huéng truc tiép dén két
qua tinh toan. Bai bao nay trinh bay nghién ctu cda
mét sé tac gia trén thé giéi lién quan téi viéc st dung
phé chuyén vj trong phan tich ng xd cda két céu
theo phuong phép duwa trén chuyén vj. Vi du so sanh
két qua phan tich khi &p dung phd chuyén vj theo tiéu
chudn TCVN 9386:2012 va ASCE 7-2010 ciing duoc
trinh bay. Két qué cho thdy phd chuyén vi theo tiéu
chuan TCVN 9386:2012 khéng phu hop dé xac dinh
chuyén vi muc tiéu cho két cdu nha cao tang. Trong
triromg hop nay, kién nghj str dung phé chuyén vj theo
ASCE 7 dé phan tich.

1. Pat van dé

Phuong phap thiét ké khang chan dwa trén tinh
ndng (performance-based design), van dung khai
niém thiét k& dwa trén chuyén vj (displacement based
design), dwoc xem la cho phép kiém soat sy phéa hoai
mot cach tryc tiép hon so véi phwong phap thiét ké
khang chén truyén théng (dwa trén lwc — force-based
design) ™. Thiét ké két cAu dwa trén tinh ndng chi cé
thé dat dwoc thong qua viéc &p dung cac phuwong
phap phan tich phi tuyén, tinh hodc déng. Tiéu chuan
thiét ké cong trinh chiu dong dat hién hanh cla Viét
Nam TCVN 9386:2012 @ (dwai day goi tt la TCVN
9386), bién soan dwa trén co s& chuyén dich tiéu
chuén Eurocode 8 ®! (dwoi day viét tit [a EC8), trinh
bay mét trong sb cac phwong phap phan tich tinh phi
tuyén phd bién trén thé gidi, véi tén goi la “phuwong
phap N2 do Fajfar ) d& xuét.

Phwong phap phan tich tinh phi tuyén c6 thé st
dung dé kiém tra tinh nang két ciu clGa nha hién hiu
va nha thiét k& mé&i nham cac muc dich: (1) kiém tra
ho&c danh gia lai cac ty sb vuot cudng dd alai, (2)
xac dinh cac co ciu déo dy kién va sy phan bd hw
héng, (3) danh gia tinh nang két cu cta nha hién
hiru hodc duwoc cai tao theo cac muc tiéu cla tiéu
chuan lién quan va (4) s dung nhw mét phwong
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phap thiét ké thay cho phwong phap phan tich dan hoi
- tuyén tinh c6 s dung hé sé ng x& q.

Khéac véi phwong phap phan tich tuyén tinh hodc
phi tuyén theo lich s th&i gian c6 thé dwa ra (rng xo
I&n nhat (ndi lwc, chuyén vi) cha két cu (ho&c clu kién)
&ng v&i d6 16n cda tai trong dong dat dau vao, phwong
phap phan tich tinh phi tuyén chi c6 thé dwa ra dwdng
cong quan hé lwc — chuyén vi. Cac rng x& (ndi luc,
chuyén vi) ctia két cu (ho&c ciu kién) dwoc xac dinh
tai m&c chuyén vi muc tiéu. M6t sd nghién clru cta
Fajfar !, Penelis va Papanikolaou ' c6 trinh bay viéc
ap dung phuwong phap nay cho mét s6 dang két ciu
thdp tAng. D6i v&i cong trinh cao tang, vé ly thuyét,
phwong phap phan tich tinh phi tuyén khong thuc sy
phu hop khi &p dung cho két cu cé &nh hwéng cla
dao dong bac cao 1a dang ké. Tuy nhién, ngay ca khi
phwong phap tinh phi tuyén khong thich hop cho viéc
danh gia tinh ndng khang chan mét cach hoan chinh
thi phwong phéap nay van la mét cong cu thiét ké hiéu
qué dé tim hiéu wng x& phi tuyén cia két cau khi
khong thé tién hanh phan tich theo phwong phap phan
tich dong phi tuyén . Cac tai liéu [7~10] c6 trinh bay
viéc ap dung phuong phap phan tich tinh phi tuyén cho
nha cao tang, song chwa tim thay céc vi du twong tw
c6 &p dung phé phan &ng chuyén vi theo ECS.

Viéc lwa chon phd chuyén vi phu hop la rat quan
trong trong thiét k& dwa theo chuyén vi (displacement-
based design) bang phwong phap tinh phi tuyén, béi
né biéu thi chuyén vi ky vong (chuyén vi muc tiéu) cta
cong trinh ng v&i mirc dong dat dang xét. Sy chinh
xac cla viéc xac dinh chuyén vi muc tiéu phu thudc
hoan toan vao phd chuyén vi dwoc chon. Trong quéa
trinh &p dung phwong phéap tinh phi tuyén dé nghién
ctru (ng Xt cGa nha cao tang co6 tang cing, chang toi
nhan thdy phd chuyén vi quy dinh trong tiéu chuan
TCVN 9386 c6 nhitng dac diém chwa phu hop ddi voi
loai céng trinh nay (cé chu ky dai). Bai bao, thdng qua
viéc so sanh phd chuyén vi gita TCVN 9386 va
ASCE 7-2010 ™ (dwoi day viét tit la ASCE 7), ddng
thdi tham khao mét sé tai liéu nghién cteu lién quan va
vi du tinh toan cu thé sé& lam ré hon van dé nay.
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2. Phé chuyén vi theo TCVN 9386 va ASCE 7
2.1 Phé phan ¢ng theo tiéu chudn TCVN 9386

Theo TCVN 9386, phd phan &ng gia tbc dan héi
S(T) dwoc xac dinh bang cac cong thirc sau:

B

0<T<T,:5,(T)=2,5 {1+Tl(z.5n _1)} ®

T.T
TD£T£4:Se(T):agSnx2.5[ ;ZD} (4)
trong do: a, - gia téc nén thiét ké trén nén loai A; S -
hé sbé nén; Tg, Tc, Tp - cac tham sé phu thudc vao
dang d4t nén; n - hé sb diéu chinh dd can.

Phd chuyén vi dan hdi dwoc xac dinh tryc tiép
dwa vao phd phdn &ng gia tbc dan hdi, theo cong

Te <T <T.:S,(T)=2.5a,5n @ thae (5). V6i chu ky dai hon 4s, phd chuyén vi duoc
T x&c dinh theo phu luc A cla tiéu chuan nay, céng thirc
T.<T<T,:5,(T)=a,Snpx25| = ' o
c oS (T)=8,5n> [T} @ e)vam).
T 2
S, =85, ppe: (5)
T-T,
T, <T <T, :Sp,(T)=0.025a, -S-T¢ - Ty | 2.5+ (1-2.57) (6)
T. T,
T>T.:S,(T)=d, =0.025a,-S T T, (7)
Hinh 1 va hinh 2 1an lwot thé hién hinh dang cla phd gia téc va phd chuyén vi.
Seag
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Hinh 1. Dang cda phé gia téc Hinh 2. Phé chuyén vj
2.2 Phé phan dmg theo tiéu chudn ASCE 7
Phé phan (rng gia téc dan hdi theo tiéu chudn ASCE 7 duoc xac dinh theo cong thirc sau (hinh 3):
T
T<T, S, =Sy | 0.4+0.6— ®)
TO
T, <T<Ty S, =Sps 9)
T <T <T, S, S_l_Dl (20)
T>T, S, = S_T_l;rL (11)
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Hinh 3. Phé gia téc theo ASCE 7
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trong d6: Sps, Sp1 — lan luwot & gia tri cta phd gia téc
thiét ké (rng v&i dd can nhét 5% tai chu ky bang 0.2s
va 1.0s; T, =0.2S,,/Sps, Ts =Sy, / Sps s Tu - xé&c
dinh theo ban dd phan vung déng dat ctia My.

ASCE 7 khong c¢6 quy dinh riéng cho phd chuyén
vii, ma duwgc xac dinh théng qua cbng thac
(5). Tai liéu [13] c6 trinh bay cach st dung phd gia téc
theo ASCE khi &p dung tai Viét Nam, trong d6 thién vé
an toan lay T,=6.0s.
3. Vai tro cta chu ky géc déi véi phd chuyén vi
trong vung chu ky dai

Phé chuyén vi cé hinh dang dién hinh, ngoai
phan phi tuyén & giai doan dau, 1a tuyén tinh t&i mot
gia tri chu ky (goi 1a chu ky géc), sau d6 nam ngang
biéu thi chuyén vi khéong déi trong phan chu ky dai.
Chu ky goc (gitra ving kiém soat van téc va kiém soéat

chuyén vi) 1a mét tham sé can ban cta phd chuyén vi.
Chu ky géc phu thudc vao loai ngudn dong dat, cap
dong dat, khoang cach tam chan ™ 17 18 ya kho
xac dinh. ASCE 7 chi dinh gia tri chu ky géc trong
khoang tir 4-16s. FEMA 450 quy dinh chu ky goc twr 4-
20s theo cwong dd chan dong M, (moment
magnitude) tlr cap 6 toi 9+ ™. Tiéu chudn EC8 va
NZS 1170.5 &n dinh chu ky géc lan lwot bang 2s va
3s. Hinh 4 thé hién twong quan phé chuyén vi cla cac
tiéu chuan khac nhau so véi phdé ASCE 7, dat nén loai
E, PGA 0.2g ®. viéc 4n dinh chu ky géc khac nhau
ddi véi céc tieu chuan khac nhau cé anh hwéng dang
ké t&i do Ion cta phd chuyén vi. Trong vi du trén, gia
tri chuyén vi trong ving chu ky dai theo tiéu chuén
EC8 chi khoang 0.5m, trong khi d6 gia tri nay la 1.4m
theo tiéu chudn ASCE 7 (v&i T, =6s).
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Chuky T (s)
Hinh 4. Tuong quan phé chuyén vj theo mét sé tiéu chuan,
mg vé6i phd ASCE 7, dét nén loai E, PGA 0.2g ¥

Nghién ctvu ctia Bommer ™, Sinan Akkar *¥ ciing
dwa ra cac nhan dinh: phd chuyén vi theo EC8 cho
gi4 tri qua thap, dac biét déi véi phan chu ky trung
binh va dai, ma nguyén nhéan chinh la do viéc lya
chon gia tri Tp=2s 1a diém bat dau ctia doan chuyén vi
khong ddi. Viéc an dinh gia tri thap déi véi chu ky goc
cho dd Ién cia phd chuyén vi thién vé khéng an
toan®. Kién nghi can phai soat xét lai cac ndi dung
lién quan dén van dé nay cua tiéu chuan EC8 ciing
dwoe nhiéu tac gia dwa ra. Nghién ctru ciia Faccioli 7
chi ra rang gia tri Tp trong phé cta EC8 (hay TCVN
9386) phu thudéc vao d6 I&n clha tran dong dat va
khodng cach dén tam chan, ddng thoi ciing kién nghi
cobng thirc xac dinh gia tri Tp déi véi dong dat co
cwédng dd chan déong My, > 5.7 nhw sau:
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Tp =1.0+25(M, ~5.7)

Ngoai ra, cac nghién ciru ctia Pham Tuan Hiép

(12)

[25]

Nilupa ?® déu cé hiéu chinh phd chuyén vi theo EC8
khi thuwc hién cac bai toan phan tich phi tuyén, mac du
khéong dwa ra giai thich chat ché cho nhitng diéu
chinh nay.

Céc nhan dinh trén 1a xac dang khi tham chiéu
dén chi dan coa NEHRP ™ @i véi doan ndm ngang
ctia phd chuyén vi bat dau tlr chu ky khéng ché T, (c6
y nghia twong dwong véi gia tri Tp trong EC8). Gia tri
cta T, dwoc thé hién trén ban d6 phan vung dong dat
ctia My, bién thién trong khodng tir 4~16s phu thudc
vao do Ién cha dong dat. NEHRP ciing dua ra céng
thirc xac dinh Tc (I gi4 tri gan dung cha T,) théng
qua quan hé véi cudng do chan dong M,, nhu sau:
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logT, =-1.25+0.3M,, (13)
Hinh 5 thé hién quan hé gitra chu ky géc Tp theo
EC8 (hay T, theo ASCE) v&i cudng d chan dong M,,.

16

C6 thé thay gia tri chu ky géc trong tiéu chuan EC8 va
theo Faccioli (cong thirc (12)) déu nhd hon gia tri xac
dinh theo NEHRP.
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Hinh 5. Biéu dé quan hé giia chu ky géc cia phd chuyén vj véi cudng dé chdn déng

4. Vidutinh toan so sanh &p dung phé chuyén vi
TCVN 9386 va ASCE 7

Anh huwéng cla viéc lwa chon phé chuyén vi
trong phuong phap thiét k& dua vao chuyén vj duwoc
thé hién cu thé trong vi du dwdi day, xem xét (rng x{r
clia két cdu mot nha cao tang (c6 chu ky dai) théng
qua phan tich phi tuyén tinh. Trong dé chuyén vi muc
tiéu dwoc xac dinh theo phwong phap néu trong phu
luc B cua tiéu chudn TCVN 9386. Md hinh dung dé
khdo sat 1a mét khung phéng 55 tang, 2 nhip (méi
nhip 19m) c6 01 tang cng tai tAng 34 (hinh 7), cac
thong tin co ban cta céng trinh cho trong bang 1.

Cong trinh duwoc xem xét thiét ké chiu dong dat
theo hai tiéu chudn TCVN 9386 va ASCE 7 &ng v&i
gia tbc nén 0.1g (chu ky I&p 475 nam) trén nén dat co
SPT<15 (loai D d4t roi xbp - chat vira theo TCVN
9386 hoic loai E sét mém theo ASCE 7). Hinh 6 thé
hién twong quan phd chuyén vi theo tiéu chuan véi
cac tham sb nhu sau:

- Phé TCVN 9386: ag=0.1g; Ts=0.2; T=0.8;
Tp=2.0; Te=6.0; Te=10.0; S=1.35;

- Phd ASCE 7: Sps=0.344g; Sp;=0.275¢; T;=0.16;
Ts=0.8; T,=6.0.

Bang 1. C4c thong tin co ban vé cong trinh

Théng tin Tang thuwdng Tang cirng
Chiéu cao tang (m) 4.0 6.5
Tiét dién dam 2000x500mm 800x6500mm
Tiét dién cot 1500x1800
Tiét dién vach 800x12000
0.45
0.40 D
0.35 ,//
0.30 /’/ EC8
£ D ASCE 7-10
5 0.25 //
"5 1/
= 0.20 L
] e
0.15 e
0.10
0.05
0.00
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Chu ky (s)

Hinh 6. So sanh phé chuyén vj theo TCVN 9386 va ASCE 7
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C6 thé thay phd chuyén vi dan hdi gita hai tiéu
chuan c6 sai khac rat Ién & doan chu ky Ién hon 2s.
Phd chuyén vi theo TCVN 9386 di ngang trong doan
tr Tp (2s) dén Te (6s), sau d6 di xubng tir Te (6s) dén
Te (10s), trong khi phdé chuyén vi theo ASCE 7 tang
tuyén tinh trong doan tir Ts dén T, (6s) sau dé mai di
ngang. Diéu nay ciing phi hgp v&i nhan xét cla cac
nha nghién cu trén thé gidi trinh bay trong muc 3.

Phan tich phi tuyén day dan dwoc thwe hién bang
phan mém Ruaumoko 2D, trong dé quan hé luc —
bién dang cla cac c4u kién st dung quan hé dan déo
ly twéng. So dd phan bd tai trong ngang st dung so
dd phan bd tuyén tinh. Hinh 8 thé hién dwéng cong
lwec cét day — chuyén vi dinh (dwéng cong kha nang)
&¥ng v&i so d6 tai trong ngang nay. Cac tham sb
chuyén dbi sang hé mét bac tw do twong duwong cla
cOng trinh nhw sau:

- Khéi lwong cta hé mét bac tw do twong duwong:
m*=14605.9 ton;

- Hé sb chuyén dbi: =1.485.

Pudng cong luc — chuyén vi ctia hé mét bac tw do
twong dwong dwoc thé hién trong hinh 9. Chuyén vi
muc tiéu dwoc xac dinh khi st dung phd chuyén vi
theo TCVN 9386 va ASCE 7 nhw sau:

Theo TCVN 9386: Thwc hién phan tich phi tuyén
bang phwong phap N2 trinh bay trong phu luc B cia
tiéu chuan. Qua trinh I&p dé tim chuyén vi muc tiéu
khoéng hoi tu. Nhw thé hién trong hinh 6, chuyén vi
dan héi rat nhé (gia tri Ion nhat 1a 0.137m) so véi gia
tri chuyén vi thé hién trén dworng cong kha nédng va
khéng hep ly so véi quy md cla cong trinh.

12000 T . T .
10000 |----------- q-mmmmmoees poosmooooee- - e
— 8000 |-----—------ P e  ERREEEE TR R EEnEEEE TS
= i i i i
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B a000 [ fe | B R R R
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Hinh 7. M6 hinh phan tich Hinh 8. Buong cong kha nédng cda cong trinh
;;m T T T T T T T
R R S S B
S E— A St S S S S—
Z | | | | | |
. 4000 be----eem [ | | | | | [
5 ! ! ! ] ] ] }
G 1 1 1 1 1 1 1
= 1 1 1 1 1 1 1
S 3000 ------—- o ———— Fo—————— Fo————— e (e e RS
= | | | | | | |
200 |- N .-
1000 ---/~--- po------ po------ po------ Fo------ Fom----- Fommmombomsooe-
ﬂ 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600

Chuy&nvi, mm

Hinh 9. Buong cong kha ndng cta hé mét béac tw do twrong duong
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Theo ASCE 7: Thyc hién phan tich twong tw, quy
trinh 13p cho két qua chuyén vi muc tiéu cta hé mét
bac tw do twong dwong la 0.492m (rng véi lwc cét day
bang 4913 kN. Chuyén vi muc tiéu ctia hé nhiéu bac
tw do bang 0.492/=0.492x1.485=0.73m, &ng v&i lwc
cat day bang 7294kN.

Nhw vay, cé thé thay viéc lwa chon phd chuyén vi
anh huwdng rat |&n téi gia tri chuyén vi muc tiéu trong
bai toan phan tich tinh phi tuyén. Trong vi du trén,
chuyén vi muc tiéu tinh toan khi ap dung phé chuyén
vi ASCE 7 bang 0.73m, trong khi v&i phd TCVN 9386
chuyén vi dan héi chi bang 0.137m va qua trinh tinh
Iap khéng hdi tu.

5. Két luan vakién nghi

Phd chuyén vi cé vai trd quan trong trong viéc xac
dinh chuyén vi muc tiéu khi phan tich (rng x& cta két
clu bang phwong phap tinh phi tuyén. Anh hwéng
cta chu ky goc téi phd chuyén vi, dac biét la trong
viing chu ky dai, d& dwoc cac nha nghién clru trén thé
gidi quan tdm. C4c phan tich phia trén chi ra rdng phd
chuyén vi theo TCVN 9386 (hay EC8), v&i chu ky goc
bang 2s, dwoc xem | thién vé khéng an toan khi tinh
toan phan tich cho céng trinh cé chu ky dai.

Bai bao, théng qua vi du cu thé, ciing cho thay sw
chwa thich hop trong viéc ap dung phd chuyén vi theo
TCVN 9386 (hay EC8) dé xac dinh chuyén vi muc tiéu
trong phan tich &rng x& ctia két cdu nha cao tang (chu
ky dai) bang phwong phap tinh phi tuyén. Trong
trwdng hop nay kién nghi st¢ dung phd chuyén vi theo
ASCE 7 dé phan tich, trir khi c6 cac két qua chinh xéac
hon théng qua danh gia nguy co dong dat (seismic
hazard assessment) cho trwd'ng hgp dang xét.
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