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Tém tat

CAu bo hanh st dung két cAu thép két nbi giita cic tda nha c6 dd manh 16n nén dé dao dong do ngudi di bo, trong khi tiéu
chuin Viét Nam chua quy dinh phuong phap ddnh gid va tiéu chi tién nghi cho loai tai trong nay. Bai bdo dé xuét quy trinh
phan tich footfall bang phuong phap lich sit thdi gian trén mo hinh phan ti¥ hitu han ETABS theo EN 1990, NA to SS EN
1991-2, ISO 10137 va SCI P354, 4p dung cho ciu thép nhip 32 m két n6i hai khdi nha dusi tic dong ctia nhém 16 ngudi
di bo dong bd. Ciu c6 tin s6 dao dong udn diing co ban 2,66 Hz nén cin kiém tra dao dong; tuy nhién, gia tbc dinh theo
phuong diing va phuong ngang déu thip hon nhiéu gi6i han tién nghi. Khi ty sb can giam tir 2,0% xudng 0,5%, gia toc diing
ting khodng 42% nhung vin dat yéu cau, con phan ting ngang hiu nhu khong déi. Stt dung chiéu dai sai chan phit hop véi
dic diém nhan tric ngudi Viét Nam c6 thé 1am ting gia tbc diing khoang 10 + 20% nhung khong thay ddi két luan vé tién
nghi. Nghién cifu cung cip quy trinh thuc tién danh gia dao dong do ngudi di bo & giai doan thiét ké va 1a co s& tham khio
dé hoan thién quy dinh vé& dao dong cau bo hanh tai Viét Nam.

Tir khod: cAu bd hanh két nbi giita cac toa nhi; dao dong do ngudi di bd; phan tich footfall; tién nghi rung ddng (vibration
comfort); phan tich lich st thoi gian.

A STUDY ON DYNAMIC BEHAVIOR OF INTER-BUILDING PEDESTRIAN BRIDGES UNDER
PEDESTRIAN LOADING USING FOOTFALL ANALYSIS

Abstract

Steel pedestrian bridges connecting buildings are typically slender and therefore susceptible to pedestrian-induced vibra-
tions, while current Vietnamese design standards do not provide specific assessment procedures or vibration-comfort criteria
for this type of loading. This paper proposes a footfall analysis procedure based on time-history analysis using a finite el-
ement model in ETABS in accordance with EN 1990, the Singapore National Annex to SS EN 1991-2, ISO 10137, and
SCI P354. The procedure is applied to a 32 m-span steel pedestrian bridge connecting two building blocks under the load-
ing of a synchronised group of 16 pedestrians. The bridge has a fundamental vertical bending frequency of 2.66 Hz and
therefore requires vibration assessment; however, both the vertical and lateral peak accelerations are substantially lower
than the corresponding comfort limits. When the damping ratio is reduced from 2.0% to 0.5%, the vertical acceleration
increases by approximately 42% but remains within the acceptable limit, whereas the lateral response is almost unchanged.
Adopting a stride length representative of Vietnamese anthropometric characteristics may increase the vertical acceleration
by approximately 10 + 20%, but does not alter the overall comfort assessment. The study provides a practical procedure for
evaluating pedestrian-induced vibrations at the design stage and serves as a technical reference for further development of
vibration assessment provisions for pedestrian bridges in Vietnam.

Keywords: inter-building pedestrian bridge; pedestrian-induced vibration; footfall analysis; vibration serviceability; linear
modal time-history analysis.
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1. Gigi thiéu
Trong cic t6 hop cong trinh da chifc ning hién dai, cAu bo hanh trén cao ndi lién hai khdi nha doc
1ap ngay cang phd bién nham ting cudng két nbi khong gian, riit ngan quang dudng di chuyén va bd
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sung 16i thoat hiém. Két cAu nhip thutng 1a dam thép ban moéng, dAm hop hoic gian thép nham giam
tinh tai truyén vao cong trinh chinh va tao hinh dang thanh manh. Do lién két tryc tiép hai khdi nha,
ciu ndi can dudc bdo dam an toan dé ngin ngita nguy co pha hiy liiy tién (progressive collapse) khdi
phat tit khu vuc gbi dd khi xay ra su ¢b cuc han [1, 2].

Bén canh an toan chiu lyc, ng xi duéi tai trong st dung 1 khia canh then chét trong thiét ké cau
ndi. Viéc toi vu héa tiét dién va st dung vit liéu cudng do cao 1am két cAu manh hon, c6 tan s6 dao
dong riéng thip va do can nhé (0,5 + 2,0%) [3], nén luc budc chan cé tinh chu ky dé kich thich céc
dang dao dong riéng (pedestrian-induced vibration). DU hiém khi giy mét an toan chiu luc, gia toc
dao dong vugt ngudng van gay lo au, khé chiu cho ngudi sit dung. Cau Millennium (London, 2000)
[4-6] va cau Solférino (Paris) [7] phdi tam déng ctia do dao dong ngang qua miic 1a nhiing minh
chiing dién hinh cho viéc xem nhe du bdo gia téc phan ing & giai doan thiét ké.

Tai Viét Nam, thiét ké cau bo hanh va san nhip 16n chi yéu kiém tra trang thai giSi han cudng do
(ULS) va do vong tinh § trang thdi gidi han st dung (SLS) theo TCVN 2737:2023 [8] hodc TCVN
11823-1:2017 [9]. TCVN 2737:2023 [8] da dé cap dao dong do budc chan ngudi tai Phu luc G.2.2,
song dudi dang don gian héa thong qua gidi han do vong theo yéu cau tim sinh ly (cong thiic G.1),
chua phan tich gia tdc dao dong trong mién thdi gian hodc mién tan sd - von can thiét ddi véi cac
két cAu nhay cdm dao dong nhu ciu bd hanh nhip 16n. Céc tiéu chuin TCVN 6962:2001, TCVN
6963:2001, TCVN 7191:2002 va TCVN 7378:2004 [10-13] chi quy dinh ngudng chin dong gi6i han
va phuong phap do dac hién trudng mang tinh “hau ki€ém”, chua cung cAp mo hinh tdi trong budc
chan, hé s6 luc dong (Dynamic Load Factor - DLF) va quy trinh du bdo gia tbc phan ting ngay tir giai
doan thiét ké [14].

Trong nudc, Nguyén Vinh Séng [14] da tdng hop phuong phép danh gid do rung san theo BS
6841, BS 6472 va ISO 2631 [15-17]; Tran Viét Hung va cs. [18] phan tich co ché dao dong clia cau
di bd hién dai dudi tai trong ngudi va minh hoa quy trinh dédnh gid theo huéng dan HiVoSS [19] cho
mot ciu dang dai chiu kéo (stress ribbon). Tuy viy, chua c6 nghién ciiu trong nudc nio vé ciu thép
két nbi gitta hai toa nha - hé két ciu vira c6 d6 manh 16n, vita c6 diéu kién bién phic tap do chuyén
vi 1éch giita hai kh6i nha ddc 1ap chi phdi ¢ ting xi tinh hoc 14n dic trung dao dong. Piéu kién bién
nay doi héi ciu tao hé gdi cin trong dé tranh hu hdng cuc bd hay sup d6 day chuyén [1, 2], dong thai
4nh hudng truc tiép dén miic d6 nhay dao dong clia cau. So véi quy trinh theo HiVoSS [19] - vén
xdy dung cho cau bo hanh tua trén md/tru c¢b dinh - déng gép clia nghién ciu gdm: (i) md rong quy
trinh ddnh gid dao dong do ngudi di bo sang cu thép két ndi gifta hai tda nha, bd sung budc xic dinh
chuyén vi léch gitta hai khéi nha (Muc 4.2) va xem xét anh hudng clia cic bic tu do gbi dudc gidi
phong c6 chon loc dén dic trung dao dong (Muc 4.4, 4.5); (ii) tich hop c6 hé thdng cac tiéu chuin
EN 1990, NA to SS EN 1991-2, ISO 10137 va SCI P354 trong mot quy trinh théng nhét, phit hop véi
bdi canh tiéu chuin con thiéu tai Viét Nam; (iii) budc dau xem xét anh hudng ctia chiéu dai sai chan
theo dic diém nhan trac ngudi Viét Nam dén két qua du bao dao dong. Pham vi nghién ctiu gidi han &
mot nhém ngudi di bd dong bod di chuyén theo mot huéng doc cau; cac trudng hop nhidu dong ngudi
ngugc chiéu hoic 1éch thdi diém xuit phat chua dugce xem xét.

Bai bdo trinh bay co s& ly thuyét va dé xuéat quy trinh phan tich phan tng dao dong ctia két cau
dudi tac dong cla bude chan ngudi di bd (sau diy goi la phan tich footfall) theo EN 1990, Phu luc
Qudc gia Singapore ctia SS EN 1991-2 (NA to SS EN 1991-2), ISO 10137 va SCI P354 [20-23], sau
d6 4p dung cho mot ciu thép nhip 32 m két ndi hai khdi nha A va B tai cao do +24,0 m thudc mot
dy 4n khu lién hgp thé€ thao gia dinh tai Ha Noi. Phan tich dugc thuc hién theo phuong phap lich st
thdi gian trén phan mém ETABS [24], bao gdm kiém tra cudng do6 va bién dang, phan tich dao dong
riéng, gia tbc phan ting theo phuong diing va phuong ngang, khao sat do nhay theo ty s cin va cic
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bai hoc thiét ké riit ra.
2. Co s6 Iy thuyét danh gia dao dong do nguoi di bd
2.1. M6 hinh todn hoc cua tdi trong budc chdn

Luc do mdt ngudi di bo tac dung 1én két cAu gdm ba thanh phan: luc thang ding, luc doc theo
huéng di chuyén va luc ngang vudng géc véi huéng di chuyén, trong d6 thanh phan ding déng vai
trd chii dao. Do su luan phién mang tinh chu ky gitta pha chéng mot chan va pha chéng hai chan, luc
budc chan c6 tinh tuan hoan theo thdi gian 7 (s) va thudng dudc bi€u dién dudi dang chudi Fourier
[18, 23]:

F()=G|1+ Z a;sin (2mif,t — ¢) (1)
i=1

trong d6: G 1a trong lugng cd thé ngudi (N); f,, 1a tin s6 budc di (Hz); i 1a bac diéu hoa; a; 1a hé s6 luc
dong (DLF) clia diéu hoa bic i; ¢; 1a géc 1éch pha clia diéu hoa bic i; n 12 s6 diéu hoa xét dén (thudng
lay n = 4). Theo SCI P354 [23], d6i v6i thanh phan ding ctia luc budc chan, cic hé sé6 DLF dudgc 1iy
phu thudc tan s6 budc di: @) = 0,436(f, — 0,95) (v6i 1,5 Hz < f, < 2,5 Hz); cac diéu hoa bic cao
as ~ 0,1; a3 ~ 0,1 va ay ~ 0,05. Tan s budc di ctia ngudi thudng nim trong khoang 1,5 + 2,5 Hz;
trong thiét ké c6 thé 1iy trong khoang 1,8 + 2,2 Hz véi trudng hop di bo binh thudng [14].

Déi véi dong ngudi hodc nhém ngudi di b, tai trong nhom c6 thé dudc xac dinh bing cach nhan
tai trong clia mot ngudi v6i hé sé nhém m phu thude mitc do dong bd gilta cic ca nhan; Matsumoto
@& xudt m = [ATo = VN (trong d6 N 1a s6 ngudi trong nhém, A 1a tbe do xudt hién ngudi di bo va la
To khoang thdi gian xét tai trong) véi dong ngudi phan bd Poisson hoan toan khong dong bo, va m =
N khi cic bu6e chan dong bo hoan toan [18, 25]. Quy mo6 nhém ngudi dung dé kiém tra dudc cac tiéu
chuin quy dinh theo cip st dung ctia cau; theo Bang NA.7 thudc NA to SS EN 1991-2 [21], cau cip
B (khu vuc ngoai &) kiém tra v6i nhém 4 ngudi di bo, cau cip C (tuyén do thi) kiém tra véi nhém 8
ngudi di bd, va cau cip D (16i vao chinh clia cdc cong trinh tip trung dong ngudi nhu san vin dong,
nha ga 16n) ki€ém tra v6i nhém 16 ngudi di bo.

2.2. Hai thanh phan phdn ting dong ciia két cdu

Ung xit dong ciia két cau dudi tai trong budc chan phu thude chii yéu vao mbi quan hé giita tan s6
dao dong riéng co bén (f,) clia két cAu va tin s budc di (f,) clia ngudi st dung [23]. Theo d6, phan
ting dong c6 thé dudc chia thanh hai thanh phan sau:

a) Phan ting cong hudng (resonant response): xay ra d6i véi cac két ciu c6 tan sd dao dong riéng
tuong dbi thap (thudng f, < 5 Hz theo phuong diing). Khi tan sd budc di hodc mot trong céc boi sb
cuano (i - f,) tring hodc xap xi f,, ning luong tif cic bude chan dudc tich liy qua tiing chu ky, 1am
bién do dao dong ting dan cho dén khi dat trang thdi binh 6n do tic dung ctia dd can. Pay l1a co ché
chi phdi dbi véi cac cau bo hanh va két ciu nhip 16n c6 dd mém cao.

b) Phén tng qui do (transient response): xay ra dbi vdi cac két ciu c6 dd ciing 16n va tan sd dao
dong riéng cao (f, > 5 Hz). Trong trudng hop nay, mdi bude chan duge xem nhu mot xung luc riéng
18; két cAu xuit hién dinh gia tbc ngay sau khi chan tiép xiic mit san; do tan s6 dao dong riéng cao
hon nhiéu so véi tan sb budc di, dao dong ndy trai qua nhiéu chu ky va suy gidm dan theo ty s6 can
ctia hé trude khi xung luc ctia bue chan ké tiép tic dong, nhd d6 khong xay ra hién tuong tich ldy
nang lugng.

Ngoai dao dong theo phuong diing, cau bd hanh con c6 thé xuét hién dao dong ngang do hién
tuong dong bd héa bude chan (lateral lock-in). Khi ciu bit diu dao dong theo phuong ngang, ngudi
di bd c6 xu huéng vo thiic diéu chinh nhip budc d€ phit hop v6i chuyén dong ctia cau, 1am luc kich

32



Phu, N. T, va cs. / Tap chi Khoa hoc Cong nghé Xay dung

thich ngang ting 1én va tiép tuc khuéch dai dao dong. Hién tugng nay da dudc ghi nhan dién hinh tai
ciu Millennium (London) va 1a mdt trong nhitng vin dé dao dong anh hudng dén kha ning phuc vu
(serviceability) can dudc xem xét trong thiét ké va danh gia cau bo hanh [3].

2.3. Tiéu chi ddnh gid tién nghi rung dong

Do con ngudi nhay cam véi gia toc dao dong hon 1a chuyén vi, cic tiéu chuin thiét ké thudng st
dung gia tdc dinh (ayx) hodc gia téc hidu dung (arms) 1am chi tiéu danh gid tién nghi rung dong, dudc
hiéu 12 mifc do tién nghi ctia ngudi st dung khi két ciu chiu dao dong (vibration comfort) [15, 17].
Vi tiéu chuén EN 1990 [20] va EN 1991-2 [26] giao viéc quy dinh md hinh téi trong ngudi di bd cho
Phu luc qubc gia (NA), trong khi Viét Nam chua ban hanh tai liéu tuong duong, nghién cifu ndy chon
Phu luc quéc gia Singapore ctia tiéu chuin SS EN 1991-2 [21] 1am co s& tham chiéu chinh, két hgp
v6i cdc hudng dan ctia ISO 10137 [22] va SCI P354 [23]. Theo Phu luc A2.4.3.2 ctia EN 1990 [20] va
NA to SS EN 1991-2 [21], viéc kiém tra tién nghi rung dong bat budc thuc hién khi tin s6 dao dong
riéng co ban ctia két ciu nhé hon 5 Hz (phuong diing) hodic nhd hon 2,5 Hz (phuong ngang va xoan).
Riéng d6i véi hién tugng khéa dong bo ngang (lateral lock-in), khoan 2.44.7 ctia NA to SS EN 1991-2
[21] quy dinh néu két cAu khong xuét hién dang dao dong ngang c6 tan sb duéi 1,5 Hz thi nguy co
nay dudc coi 1a khong dang ké va khong can kiém tra.

Vé tiéu chi chip thuin 4p dung trong nghién cifu, ngudng gia tdc dinh ap.x trong diéu kién khai
thac binh thudng dudc gidi han khong vuot qua 0,07g dbi v6i phuong ding va 0,02g ddi v6i phuong
ngang (g la gia toc trong trudng), phu hop véi dai gid tri khuyén nghi ctia NA to SS EN 1991-2 [21] va
ISO 10137 [22] cho cau bd hanh cép st dung thong thudng. Mit khac, ISO 10137 va SCI P354 [22, 23]
danh gid qua hé s phan Ung R = arms/arMS base VOi gia tdc cdm nhan co s8 arms pase = 0,005 m/ §?
(cho dao dong ding dai 4 + 8 Hz). Gidi han R dugc quy dinh tuy theo cong ning khong gian: R < 1
ddi véi khu vuc dic biét nhay cam nhu phong mé, R < 4 + 8 dbi v6i vin phong va phong thi nghiém,
va R < 8 ddi v6i khu vuc cong cong hodc hanh lang Iuu thong.

3. Quy trinh phan tich footfall trén mé hinh phan tir hitu han

Trén co s6 cdc tiéu chuin néu trén, nghién ciiu dé xuét quy trinh phan tich footfall gdm bdn buéc,
thuc hién trén cac phin mém phan t hitu han thong dung nhu SAP2000 hoic ETABS [24]:
a. Budc 1: Xay dung mo hinh va khai bao diéu kién bién

Hé dam, sudn ting cling va cic ciu kién thép dugc mod hinh héa bﬁng phan tif thanh (frame) hoic
phan t& tim vo (shell) tiy cAu tao tiét dién; ngudn khdi lugng dao dong (Mass Source, M) dudc quy
ddi tir trong luong ban than (SW), tinh tai hoan thién (SDL) va mdt phan hoat tai thuong xuyén (LL)
theo dang cong thic (2):

1
M=-(1,0SW+1,0SDL + ¢ LL) 2)
8

trong d6 ¥ ~ 0,1 + 0,3 12 ty 1& hoat tii thudng xuyén c6 mit trén két cAu & trang thdi khai thac, lua
chon tlly cong ning cong trinh; g 13 gia toc trong trudng. Theo SCI P354 [23], khi xdc dinh khbi
luong phuc vu cho phan tich rung dong, cin xem xét phan hoat téi c6 thé dugc gia thiét ton tai thudng
xuyén trong qué trinh st dung; d6i véi san st dung thong thudng, tai liéu nay khuyén nghi phan hoat
tai dudc xét dén khong vuot qua 10% gid tri hoat tai danh dinh. Tuy nhién, SCI P354 khong dua ra
khuyén nghi riéng cho két ciu cau nbi gilfa cac tda nha. Vi vay, trong nghién ctiu ny, nhém téc gia
chti dong Iwa chon va gi thiét hé s6 tham gia ctia hoat tai vao khéi luong dao dong 1a y = 0,1 (10%
hoat tii), dua trén dic diém st dung ctia cong trinh va nham dai dién cho phan hoat tai c6 kha ning
ton tai thudng xuyén trong trang thai khai théc.
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b. Budc 2: Phan tich dao dong riéng (modal analysis)

Xdc dinh cdc tan s6 dao dong riéng f, va dang dao dong véi luu y s6 dang dao dong trich xuit
cin bao dam tong ty sd khoi luong tham gia theo mode dat ti thiu 90% theo cac phuong. Néu tan
s6 dao dong udn diing co ban f; < 5 Hz (hoic tan sb ngang/xo.’fm < 2,5 Hz), két cAu thudc nhém nhay
cam va bat budc chuyén sang Budc 3.

c. Budc 3: Thiét 1ap kich ban tai trong ngudi di bo di dong

Dinh nghia ham xung Ivc clia mot bude chan theo cong thic (1) vé6i cic thong sd ngudi di bd
(trong lugng G, tin sb budc di f,, thoi gian tiép xiic, hé s0 tai trong); thiét 1ap tuyén di chuyén (load
route) doc chiéu dai cu; chudi xung Iuc dugc gan vao cac nit doc tuyén theo diing trinh ty thdi gian
di chuyén, véi budc dich chuyén bing chidu dai sii chan. Budc dich chuyén tii trong & day 1a khoang
cach giita hai vi tri dit xung lién tiép, diing bang chiéu dai sai chan [, = v/ fp (vlavan téc di chuyén);
vi viy ludi phan tif doc tuyén di chuyén can dudgc chia sao cho khoang céch niit bang I, bao dam mdi
xung budc chan dudc gan ding vi tri va ding thdi diém; néu ludi thod hon si chan, viéc gan luc vao
nit gin nhit sé giy sai léch pha va c6 thé 1am gidm phan dng tinh todn theo chiéu khong an toan
(non-conservative). Bai toan dudc giai bang phuong phap phan tich tuyén tinh lich sit thoi gian céc
phan tng theo mode (linear modal time-history) v6i budc thoi gian di nhé d€ md ta chinh xac céc
diéu hoa bac cao.

d. Budc 4: Trich xuét két qua va dbi chiéu tiéu chuin

Trich xuét biéu d6 gia toc theo thdi gian tai cic diém kiém soat; xdc dinh gia tbc dinh phuong
ding a, va phuong ngang aj; so sanh véi cic gi6i han dao dong néu & Muc 2.3 dé két luan két cAu
dat hay khong dat tiéu chi tién nghi. Trudng hop khong dat, cic gidi phap c6 thé xem xét gom: ting
do ciing/khdi lugng, diéu chinh so do gbi hodc bé sung bd giam chén vé6i khdi lugng dudc tinh chinh
(Tuned Mass Damper, TMD).

4. Vi du phan tich
4.1. Gidi thiéu két cdu sit dung trong phdn tich (Budc 1)

Péi tuong nghién ciiu 1a ciu thép bo hanh thude du 4n gia dinh Khu lién hop thé thao da chic
ning tai phudng Thanh Tri, Ha Noi. Trong hé thdng ciu ndi bo bd tri & cao do +24,0 m (Tang 4), cau
ndi gitta hai kh6i nha A va B dudc Iya chon phan tich do c¢6 nhip 16n nhét trong khu (L = 32 m), do d6
nhay cdm nhét vé mit dong luc hoc. Cau c6 bé rong thong thiy 3,2 m (t8ng thé 4,7 m), két cAu nhip
dang dam ban thép tiét dién chit U c6 sudn ting ciing (stiffened U-shaped steel plate girder) (Hinh 1),
st dung mac thép S355 va lién két han ngiu toan phan (tiét dién & Bang 1). Vat lidu thép dudc khai
bdo trong md hinh ETABS v6i mo6 dun dan hdi E = 210.000 MPa, gidi han chay fy =355 MPa, hé s6
Poisson v = 0,3 va khbi luong riéng p = 7.850 kg/m3.

Bang 1. Kich thudc tiét dién co ban clia cau

Céu kién Chiéu day (mm) Chiéu cao/chiéu rong (mm)
Bén canh trén 30 500
Ban bung 30 1160
Ban canh dudi 30 3200
Sudn tang cling 20 470

M5 hinh phan ti hitu han trén phan mém ETABS dudc kiém tra cic trang thai gidi han (ULS,
SLS) theo hé théng Eurocode (EN 1990, EN 1991 va EN 1993 [20, 26, 27]). Tai trong thiét ké bao
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Hinh 1. Thiét ké cau thép st dung dam ban thép chit U c6 sudn ting cling

gdm tinh tai hoan thién SDL = 3,6 kPa, hoat tai ngudi di b LL = 5 kPa, van tdc gié co ban 39,4
m/s va chénh léch nhiét d6 +10 °C. Tai trong dong dét dudc xét theo TCVN 9386:2025 [28] vdi gia
toc nén tham chiéu agg ~ 0,1084g, nén dét loai D va hé s6 tdm quan trong y; = 1,2. Viéc phan tich
va kiém chiing ting xt ctia két cAu chiu tai trong dong dat theo TCVN 9386 da dudc thuc hién trong
nhiéu nghién citu trong nudc bang ca thuc nghiém va mo phong sb [29], cho thdy tdm quan trong ctia
viéc md hinh héa sat thuc khi két ciu chiu cac nguon tai trong dong.

4.2. Diéu kién bién va chuyén vi léch giita hai khoi nha (tiép theo Budc 1)

Do hai du ciu tua 1én hai khéi nha doc 1ap c6

X3=Xy
phan ting khac nhau dudi tac dong cia gid, dong Vs Ya~Ya
dét va nhiét do, hé gbi clia cau dugc thiét ké giai b

e Khéi nha B

phong chuyén vi c¢6 chon loc nham triét tiéu noi
luc phat sinh do chuyén vi cudng biic (chuyén vi

léch) gifta hai khéi nha truyén vao cau. So do bd Y

tri bdn gbi cau (ky hiéu tir P; dén P4) va nguyén \Z:(

ly xdc dinh chuyén vi léch dugc thé hién chi tiét

trong Hinh 2. 22, X=X
Nhu thé hién trén Hinh 2, chuyén vi theo hai yisre

phuong ctia mdi khéi nha dugc 14y bang chuyén vi Khéi nha A

tai cdc gdi thudc khdi nha dé: dbi véi khdi nha A,
XA = X| X X2, y4 = Y| ~ yz; dbi v6i khdi nha B,
Xp = X3 & X4, yp = y3 ~ Y4 (x;, y; la chuyén vi
theo hé toa do tdng thé x-y tai gdi thii i). Do hé truc dia phuong clia cau (X-Y) xoay mot géc @ so
véi hé toa do tong thé (x — y) clia cong trinh, cdc thanh phan chuyén vi (x;, ;) tai vi tri gbi thi i clia
mbi khdi nha sé dugc bién d6i toa do trudc khi tinh toan hanh trinh trugt ctia gbi, nhu thé hién trén
cong thiic (3). Do phan ting ctia hai khéi nha duéi tic dong dong luc hoc nhin chung khong ddng pha,
chuyén vi 1&ch thiét ké (Ay, Ay) gitta hai dau cau dudgc x4c dinh theo quy tac cin bac hai cia tdng binh
phuong (SRSS) [30]. Cu thé, cc thanh phan chuyén vi léch ctia mdi khoi nha trude hét dudc chuyén

Hinh 2. So dd bb tri gbi P, - P4 va chuyén vi léch
gitta hai khbi nha
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sang hé toa do dia phuong ctia cau, thu dudc (X4, Y4) va (X3, Yp), sau d6 déng gop cia hai khbi nha
dudc t6 hop theo cac cong thiic (4) va (5):

X cosa sina||x

[Y] - [— sina@ cos af} [y] 3)
Ax = X2+ X3 (4)
Ay = Y2 + Y2 (5)

Chuyén vi léch thiét k& (Ay, Ay) x4c dinh theo cdc cong thiic (3)—(5) 1a cd s& dé€ xac dinh hanh
trinh trugt va cAu tao hé gbi P; - P4, qua d6 xéc dinh céc bac tu do dudc giai phéng va diéu kién bién
st dung trong phan tich dao dong riéng (Muc 4.4) va phan tich footfall (Muc 4.5). Do d6, chuyén vi
léch khong dudc dua tryc tiép vao cac phan tich dao dong nhu mot ngudn kich dong dong luc hoc ma
dugc xét thong qua diéu kién bién ctia hé gbi. Nghién cifu nay chi tap trung vao dap ting dao dong clia
cau do budc chan ngu’éi di bd trong diéu kién van hanh binh thudng; tuong tic dong luc hoc truc tiép
gilfa hai tda nha va cau, bao gom anh hudng clia dao dong ngang léch pha va chénh lin dén Iuc mang
trong mit phang va md-men xoan, nim ngoai pham vi nghién ctiu.

4.3. Kiém tra trang thdi gidi han cuong do va trang thdi gidi han si dung

Tru6e khi phan tich dong, két ciu cau dudc kiém tra day du theo céc trang thai gidi han. Cac két
qua chinh dudc tém tat nhu sau:
a. Trang thai gidi han cudng do

Ung suét 16n nhit trong ban thép o~ = 180 MPa nhd hon gidi han chay ctia thép f, = 355 MPa; h¢
s6 tai trong tGi han (buckling factor) tdng thé 8,9 (nhd hon 10 nén két cAu da dudc tinh todn c6 ké dén
hiéu ting bac hai P — A theo EN 1993-1-1 [27], kho4n 5.2.1) va hé sb tai trong tSi han cuc bd 13,2;
t6ng luc nhd do gi6 khodng 156 kN nhd hon nhiéu so vdi trong Iudgng ban than ciu 1a 580 kN nén
khong x4y ra hién tuong nhic gbi.

b. Trang thai giGi han st dung

Do vong do hoat tai 11 mm nhé hon gi6i han 88 mm (L/360); dd vong tng do tinh ti va hoat tai
la 45 mm nho hon gidi han 128 mm (L/250).

4.4. Phdn tich dao dong riéng (Budc 2)

Két qua phan tich cho thiy ba dang dao dong bac thip clia cau c6 tan sd tuong dbi gan nhau, 1an
luot 1a 1,65 Hz, 1,80 Hz va 2,66 Hz. Cic dang dao dong nay c6 tinh chét két hop gitia chuyén dong
ngang clia toan hé, chuyén dong xoay quanh truc doc ciu va ubn diing, thay vi tich biét hoan toan
thanh c4c dang dao dong thuan tiy ngang, xoin hoic ubn diing.

Su xuat hién cla céc dang dao dong bac thip vdi tan sb tuong dbi gan nhau c6 lién quan dén dic
diém lién két ctia cAu. Cu thé, hé gbi P; - P4 dudc thiét ké dé giai phéng chuyén vi ¢ chon loc nham
thich ting v6i chuyén vi 1éch gitta hai khdi nha. Do d6, do ciing tdng thé clia cau theo mot s6 phuong
chuyén vi bi gidm so v6i trudng hop céc gdi dudc khdng ché day di, din dén su tuong tic giiia cac
thanh phan chuyén dong ngang, xoay va udn trong cic dang dao dong bac thip. Vi viy, viéc xdc dinh
phuong dao dong chinh ciia tiing mode chi dya trén mot chi s6 dinh hudéng riéng 18 c¢6 thé chua phan
dnh day dd ban chét cia cac dang dao dong két hop nay.

Theo EN 1990 [20], cAu b hanh c¢6 tan sb dao dong udn ditng cd ban nhé hon 5 Hz can dugc
ki€m tra anh hudng ctia dao dong do ngudi di bo. Trong nghién ctiu nay, dang dao dong c6 thanh phin
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ubn ding rd rét c6 tan sd 2,66 Hz < 5 Hz, dong thdi ndm trong viing tin sb nhay cam dbi véi kich
dong do buéc chan. Bén canh d6, cic dang dao dong bac thap con lai c6 tan s6 1,65 Hz va 1,80 Hz,
déu nhé hon 2,5 Hz va c6 thanh phan chuyén dong ngang/xoay dang ké. Do d6, mic du cic dang dao
dong khong thé dugc phan tich hoan toan thanh cic mode thuan tdy, két qua phan tich cho thiy cau
c6 cac dang dao dong bac thip nam trong ving tan sb c¢6 kha ning chiu anh hudng dang ké ciia kich
dong do ngudi di bd.

Trén co s do, phan tich footfall dugc thuc hién trong Muc 4.5 dé dénh gid truc tiép ddp dng gia
tbc va tién nghi ctia cau. Cach tiép cin nay ciing tranh viéc gan mot cach tuyét dbi tén goi hodc phuong
dao dong cho tling mode trong trudng hop cac thanh phan dao dong ngang, xoan va ubn c6 su két hop
dang ké.

4.5. Phdn tich footfall (Budc 3 va Budc 4)

Cau nghién citu 1 cau noi bo trong khu phiic hop thé thao nén theo Bang NA.7 ctia NA to SS EN
1991-2 [21] dudc xép vao cip st dung D, tuong ting nhém 16 ngudi di bd. Nhém ngusi duge mo hinh
héa theo gia thiét ddong bo hoan toan (m = N, Muc 2.1), ttic chudi xung luc ctia mot ngudi dude nhan
v6i s6 ngudi trong nhom; gia thiét nay thién vé an toan so v6i mo hinh khong dong bo (m = VN) va
cho phép quy ddi tuyén tinh két qua giita cic quy md nhém. Ty s6 can theo mode 1dy bang 2% cho
cau thép lién két han. Céc thong s6 ngudi di bo dudc tdng hop trong Bang 2.

Bang 2. Thong s6 tai trong ngudi di bd dung trong phan tich footfall

Thong s6 Gia tri Cin ct

Trong lugng mot ngudi, G 734 N (0,74 kN) NA to SS EN 1991-2
Hé s6 tai trong 1,4 NA to SS EN 1991-2
Tan s6 budc di, f, 2,0 Hz (2 budc/s) NA to SS EN 1991-2
Van téc di chuyén, v 1,7 m/s NA to SS EN 1991-2
Chiéu dai sdi chan 0,85 m vif,

Thoi gian tiép xiic clia xung 0,45 s NA to SS EN 1991-2
luc

Quy md nhém ngudi di bd 16 ngudi (cip D) NA to SS EN 1991-2

Ham xung luc cia mdt budce chan c6 thdi gian tiép xic 0,45 s trong chu ky budc 0,5 s (Hinh 3);
chudi xung dudc gan tuan tu doc tuyén di chuyén véi budc dich bing sai chan 0,85 m va bai toan dudc
giai bang phan tich lich st thai gian tuyén tinh theo mode (Hinh 4). Tong cong c6 38 budc dich doc
cau, tuong tng toc do v = f, - Iy = 1,70 m/s va thdi gian doan ngudi luu lai trén nhip khoang 19 s, phu
hgp véi khoang thai gian kich thich quan sat trén Hinh 5. Dang xung tam gidc don gian héa thuén tién
cho phan tich nhung chua md ta dang hai dinh (double-hump) dic trung ctia luc bu6c chan thuc té
[25], do d6 két qua gia tdc can dudc hiéu trong pham vi gia thiét ny; dnh hudng clia dang xung thuc
nghiém sé dudc xem xét trong cic nghién ciu tiép theo. Gia tri sdi chan 0,85 m theo NA to SS EN
1991-2 [21] dudc xay dung trén s6 liéu nhan tric ngudi chau Au; dnh hudng ciia thong s6 nay dudc
ban luan 6 Muc 4.6.

Lich st gia toc theo phuong ding va phuong ngang dudc thé hién trén Hinh 5(a) va Hinh 5(b),
trong d6 dudng nét diit mau do, dudng lién nét mau xanh 14 ciy va dudng lién nét mau xanh duong
1an lugt ing v6i diém gan dau cau phia khdi nha A (diém A), gitta nhip (diém C) va gan dau cau phia
khdi nha B (diém B).
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Hinh 5. Biéu d6 gia t6c theo thdi gian do nhém 16 ngudi di bd gay ra

a. Déanh gia ti€u chi tién nghi (Comfort Criteria)

Dua trén két quia mo phdng, cdc gid tri gia téc dinh 16n nhat ghi nhan dudc trén két cAu cau bao
godm:

Gia téc dinh 16n nhét theo phuong ding: @, max = 23,0 mm/s> (tuong duong 0,0023g), xut hién
tai vi tri gitta nhip cau (di€ém C). Gi4 tri nay nhé hon nhiéu so véi gi6i han gia téc diing quy dinh cho
ngudi di bo theo tiéu chuin chau Au (Eurocode) 1a ayim = 0,7 m/s>.

Gia tbc dinh 16n nhit theo phuong ngang: aj max = 8,0 mm/s? (tuong duong 0,0008g), ghi nhan
tai vi tri gin dAu cAu phia khdi nha A (diém A). Chi s6 niy ciing ndm trong viing an toan va nhd hon
gi6i han cho phép 1a ay,jim = 0,2 m/s>.

Nhu vay, ca hai tiéu chi gia tc ding va ngang clia cau déu dép ing yéu cau vé diéu kién st dung

38



Phu, N. T, va cs. / Tap chi Khoa hoc Cong nghé Xay dung
binh thudng, dam bao trang thai tién nghi cho ngudi st dung.
b. Pic diém phan ting gia tbc ding

Trén Hinh 5(a), gia téc ding dat cuc dai tai giita nhip (diém C: 23,0 mm/s® tai £ ~ 9 s), 16n hon
tai hai dau ciu (diém A: 21,0 mm/s? tai t ~ 1 s; diém B: 19,0 mm/s? tai 7 ~ 19 =+ 20 s); thoi diém xuit
hién dinh tai mdi di€ém truing v6i lic doan ngudi di qua vi tri d6. Phan bb nay bi chi phdi bdi dang dao
dong udn ding co ban (f; = 2,66 Hz): tai gita nhip, tung dd dang dao dong ¢(x) dat cuc dai nén tai
trong khai quat P;(¢) = F(t)¢;(x) 16n nhét khi doan ngudi qua gifta cAu, tao dudng bao gia tdc phinh
dbi xing do su chdng chit tuin ty ctia cdc xung budce chan. Tai hai dau cau, ¢(x) tién vé 0 nén phan
ting cht yéu mang tinh qua do cuc bd do céc budc chan tic dung & 1an can gbi; chénh léch khoing
10% giita hai dau (A > B) phan 4nh hiéu ting xung kich khi doan ngudi budc tir san tda nha 1én mit
cau tai dau A.

Tai c4 ba diém, dinh gia tbc huéng xudng (gia tri m) ludn 16n hon dinh huéng 1én (tai C: -23,0
s0 véi +10,0 mm/s?) do tai trong budc chan la chudi xung luc mot chiéu hudng xubng chita cic didu
hoa bic cao, con ntia chu ky huéng 1én chi 1a pha dao dong tu do giita hai budc chan lién tiép va di bi
suy gidm mot phan bdi luc can.

c. bic diém phan ting gia téc ngang

Trén Hinh 5(b), phan ting ngang c6 xu huéng gan nhu ngudc véi phuong diing: gia toc 16n nhét
tai hai dau cau (8,0 mm/s” tai diém A va 7,8 mm/s” tai diém B) va nhé nhét tai gitta nhip (5,5 mm/s’
tai diém C); cac dinh tap trung khi doan ngudi bude vao cau (f ~ 0,5 + 1 s, diém A) va khi tién dén
dau cau d6i dién (r ~ 19 s, diém B).

Nguyén nhan thi nhit 1a tan s chi phdi ctia thanh phan ngang ctia Iuc budc chan cé gid tri bang
f»/2 =1,0 Hz [21, 23], cach xa tdn sd cdc dang dao dong ngang - xodn dau tién cla ciu (1,65 + 1,80
Hz, Muc 4.4). Khong hinh thanh co ché cong hudng tich iy, phan tng ngang mang tinh qua do, chi
phdi béi cac xung kich rdi rac khi doan ngudi chuyén tir san tda nha 1én mét cAu va khi tién sat gbi ddi
dién; vi vy cic dinh ngang chi xuit hién cuc bo & dau va cudi hanh trinh thay vi ting din nhu phan
ung ding tai gitta nhip.

Nguyén nhan thif hai 13 so dd gbi gidi phéng chuyén vi c¢6 chon loc (Muc 4.2): chi gbi P ngin can
chuyén vi ngang theo c hai phuong, cic gbi con lai dugc gii phéng mot hodc ca hai phuong ngang.
Do diéu kién gbi khong dbi xiing nay, dusi cac xung ngang, chuyén dong ctia ban mit cau bao gdom
dang ké thanh phan lac ngang két hop xoay trong mit bang, lam bién do ngang 16n nhit tai hai dau va
nhd nhit & giita nhip, phit hdp véi thi tu A ~ B > C quan st dudc va ngude han véi quy ludt phan bd
clia dang udn diing co ban.

Gia tbc ngang cuc dai 8,0 mm/s? (~ 0,0008¢) nhd hon nhiéu gi6i han 0,2 m/s?; ddng thdi cac dang
dao dong c6 thanh phan ngang déu c6 tan sb 16n hon 1,5 Hz (Muc 4.4), nén nguy cd mét tién nghi
theo phuong ngang va hién tuong khéa dong bo bude chan 1a khong dang ké [21].

d. Anh hudng ctia ty sd can nhét

Ty s6 can 1a tham s6 dau vao c6 do bat dinh 16n nhit trong phan tich footfall va thudng phai udc
lugng theo kinh nghiém & giai doan thiét ké. Khao st do nhay dudc thuc hién véi 6 miic ty s can £
tir 0,5% dén 3,0% (sb gia 0,5%), két qua dugc tdng hop trén Hinh 6.

O phuong diing, gia tbc dinh giam don diéu khi ting do can nhung ¢ mifc vita phai: khi ¢ ting tit
0,5% 1én 2,0%, a, max giam tu 33,21 xubng 23,31 mm/s> (khoang 30%); tut 2,5% 1€n 3,0% chi giam
thém khoédng 1,0 mm/s?. D6 nhay khong cao do kich ban kich thich 1éch cong hudng ( fp=2,0Hz so
véi fi = 2,66 Hz), khién phin ing mang ddng ké tinh chét qua do thay vi bi chi phi hoan toan béi
cOng hudng tich l1ay.
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O phuong ngang, dnh hudng ciia dd can md nhat hon 1o rét: aj,max chi giam tir 8,54 xubng 7,80
mm/s” (khoang 9%) trén toan di khao sat, cting cb nhan dinh & muc (c) ring phén ting ngang bi chi
phbi bdi cac xung qua do ngan, c6 dinh xuit hién trude khi do can kip phat huy tic dung.

Trong kich ban bét 10i, néu ty s6 can thuc té chi dat 1% thay vi gid tri thiét ké 2%, gia tdc dinh
phuong ding ting 1én 27,51 mm/s? (khoang 18%), van rit xa gii han 0,7 m/s>. Tuy nhién, mic do
nhay “vita phai” nay gin véi kich ban léch cong hudng; véi két ciu c6 tin s riéng tring dai tin budc
di hodic boi s6 clia n6, vai trd ctia dd can s& 16n hon nhiéu, do d6 can lua chon gia tri can thiét ké than
trong va do dac ki€ém chiing ty s6 can sau khi cong trinh hoan thanh.

4.6. Thdo ludn

Két qua phan tich cho phép rit ra mot sd nhan xét sau. Thif nhét, v6i kich ban di b chuin theo
NA to SS EN 1991-2 (f,, = 2,0 Hz), gia tdc 16n nhit ctia ciu (23,0 mm/s?, ~ 0,0023g) thip hon nhiéu
gi6i han cho phép do: (i) tan sb kich thich 2,0 Hz va cdc boi sb clia né khong tring véi tan sb riéng
2,66 Hz; (ii) dAm ban thép chit U kich thudc 16n (ban day 30 mm) c6 khdi lugng hitu hiéu theo mode
déng ké, trong khi gia tbc phan dng ty 1& nghich véi khéi lugng ndy; (iii) ty s6 can 2% va thdi gian
bing qua cu hitu han han ché sy tich liiy bién d¢. Tuy nhién, danh gid tién nghi can quét toan dai f,
dé tim kich ban bét 1gi nhat. Véi fi = 2,66 Hz, hai kich ban dang chi y 1 f, ~ 1,33 Hz (diéu hoa bac
hai 2, tring fi) va f, ~ 2,5 + 2,66 Hz (di rit nhanh hodc chay bo, kich thich tryc tiép & diéu hoa bac
nhit). O kich ban thi nhét, hé s6 Iuc dong a» ~ 0,1 chi bang khoang 1/5 hé sé @ cta kich ban co sé
nén luc cong hudng bi han ché ding ké; & kich ban thif hai, chay b dudc cac tiéu chuin kiém tra vé6i
quy md nhém nhd hon nhiéu so véi di bo (Bang NA.7 [21]). Két hop v6i do du trit 16n ctia trudng hop
cd s8 (khoang 1/30 gi6i han 0,07g), kha ning vugt gidi han dugc danh gid 1a rat thap; du vay, phép
quét f, day di (k€ ca chay b) can dugc thuc hién & budc thiét ké chi tiét, va ddy 1a mot han ché clia
nghién cdu hién tai.

Th hai, trong dai ty s6 can 0,5 + 3,0%, gia toc dinh phuong diing bién thién khoang 1,6 1an
(33,21 so v6i 20,90 mm/s?), con phan ting ngang gan nhu khong déi. Do ty s can thuc té chi xdc dinh
dugc sau khi thi cong, thiét k& nén chon gi4 tri thién vé an toan va tién hanh do dac hiéu chinh trén
cong trinh.

Thi ba, chiéu dai sai chan [, = 0,85 m (Bang 2) dugc 14y theo NA to SS EN 1991-2 [21], trong
khi sdi chan ctia ngudi Viét Nam khi di bo binh thutng khoang 0,60 + 0,75 m, tic nho hon 12 + 30%.
Sai chan ngin hon khong lam thay ddi bién do luc F(¢) nhung lam gidm vén téc v = Sp s (1 1,7 m/s
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xubng 1,2 =+ 1,5 m/s), kéo dai thoi gian doan ngudi Iuu lai trén nhip 32 m tir 18,8 s 1én 21,3 + 26,7 s
(s6 budc ting tir 38 1&n 43 + 53). S6 chu ky kich thich & viing giita nhip ting lam gia tc ding du bdo
tang khoang 10 <+ 20% (dat 25 + 28 mm/s?), nhung van nho hon gidi han 0,7 m/s® khoang 25 1in nén
khong thay d6i két luan vé tién nghi; phan ng ngang hau nhu khong ddi.

Thi tu, do chua cé cong trinh cau két ndi noi bd tuong tu dudc do dac tai Viét Nam, viéc kiém
chiing dinh lugng két qua du bao con han ché. Ddi chiéu dinh tinh cho thiy gia tbc dinh du bdo
(phuong diing 20 + 33 mm/s?, phuong ngang dudi 10 mm/s?) ndm trong dai gid tri dién hinh ciia ciu
bd hanh dudi tai trong ngudi di bd binh thudng dudc tdng hdp bdi Zivanovié va cs. [25], va c6 cling
bac d6 16n v6i két qua phan tich mot s6 cau di bo hién dai tai Viét Nam [18]. Viéc kiém chiing dinh
luong day di doi hdi do dac thuc nghiém trén cong trinh, nim ngoai pham vi nghién citu nay.

5. Két luan

Nghién cifu da hé théng héa co s6 ly thuyét va xdy dung quy trinh phan tich footfall trén mo hinh
phan ti hitu han theo EN 1990, NA to SS EN 1991-2, ISO 10137 va SCI P354, cung cAp mot cong
cu tham khdo d€ danh gia dao dong cau bd hanh ngay tir giai doan thiét ké; tuy nhién, d6 chinh x4c
ctia cdc du bao can dugc kiém chiing thém bing do dac thuc nghiém trén nhiéu cong trinh trudc khi
ap dung rong rai.

CAu thép nhip 32 m c6 tan s6 dao dong ubn ditng cd ban 2,66 Hz (< 5 Hz) nén bat budc phai ki€ém
tra footfall. Dudi tic dong ctia nhém 16 ngudi di bd dong bd (cau cip D), gia téc dinh phuong diing
dat 23,0 mm/s? tai gitta nhip va phuong ngang dat 8,0 mm/s’ gan dau cau, déu nhé hon nhiéu so véi
gi6i han cho phép (0,7 m/s* va 0,2 m/s?), khing dinh két ciu dédp tng yéu ciu tién nghi. Gia téc diing
16n nhét tai gitta nhip theo quy luét ctia dang uén diing co ban, trong khi gia tbc ngang dat cuc dai tai
hai dau cau do cic xung luc qua do khi doan ngudi budc vao va rdi ciu. Trong dai ty sb can 0,5 +
3,0%, dd can c6 anh hudng vira phai dén gia tdc ding trong kich ban léch cong hudng (ting khoang
42% khi do can giam tir 2% xudng 0,5%) va hau nhu khong dnh hudng dén gia toc ngang. Ngoai ra,
chiéu dai sai chan theo tiéu chuin nudc ngoai (0,85 m) 16n hon dang ké so véi dic di€ém nhan tric cia
ngudi Viét Nam (0,60 <+ 0,75 m); du bdo so bd cho thiy viéc st dung sdi chan phlt hop c6 thé 1am
ting gia tbc ding khoang 10 + 20% do kéo dai thdi gian kich thich, song khong 1am thay d6i két luan
vé tién nghi.

Trén co s& d6, nghién citu kién nghi: (i) bS sung quy dinh kiém tra dao dong do ngudi di bo cho
cAu bod hanh va san nhip 16n trong cdc 1an soat xét tiép theo ctia hé thong tiéu chuin Viét Nam; (ii)
ting cudng do dac dao dong trén cong trinh thuc t& va xay dung co s& dit liéu vé tan sd budc di, chiéu
dai sai chan ctia ngudi Viét Nam nham hoan thién tham s6 thiét ké va nang cao do tin cdy ctia mo hinh
phan tich.

Loi cam on

Tic giad xin cdm on sy hd trg tai chinh cia Quy Phat trién Khoa hoc va Cong nghé Qubc gia
(NAFOSTED), Viét Nam, theo khoan tai trg s6 107.01-2025.75.

Tuyén b vé viéc st dung tri tué nhéan tao tao sinh va cic cong nghé hd tro béi Al

Trong qua trinh chuén bi ban thao, cac tac gia da st dung ChatGPT (OpenAl) nhidm ra sodt chinh
ta. Cac tac gia da ki€m tra va chinh stia ndi dung va chiu hoan toan trach nhiém vé tinh chinh x4c, tinh
nguyén ban va tinh toan ven cta bai bao.
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