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DANH GIA CHI PHi VA CUONG PQ CUA VUA BA THANH PHAN
BEN VUNG CO SU DUNG XI HAT LO CAO NGHIEN MIN VA BUN
THAI BE TONG

Hoang Lam’, L& Huynh Nhat Huy', Nguyén Ding Khoi', L& Thi¢n Nhan', Danh Dirc
Anh', Nguyén Hoang Tri Nhan', Pham B4 Tung®, Hi Minh Tuin*

'Khoa Xay dung, Trieong Pai hoc Cong nghé TP.HCM
’Khoa Xay dung, Hoc vién Hang khéng Viét Nam
*Email: hm.tuan@hutech.edu.vn

TOM TAT

Nghién ctru nay danh gid hiéu qua chi phi va moi truong cta vira ba thanh phan st dung xi hat 10
cao nghién min (XLC) va bun thai bé tong (BTBT) lam vat liéu thay thé mot phin xi mang. Nam
hon hop vira duoc ché tao véi ty 1¢ nude/chat két dinh ¢6 dinh 0,5 va ty 1€ chét két dinh/cat 1a 1:3,
trong d6 ham luong BTBT thay thé xi mang 1an luot 1a 0%, 5%, 10% va 20% (trén nén 70% xi
mang + 30% XLC). Két qua thir nghiém cudng d6 nén 28 ngay cho thdy miu X-BT5 (thay thé
5% BTBT) dat cudong d6 25,1 MPa, cao hon dang ké so véi mau chi dung XLC (19,1 MPa), mac
du van thap hon miu d6i ching (32,2 MPa). Phan tich chi phi san xuit (CMC) va ty 1& chi
phi/hi¢u suat (CPR) duogc thuc hién theo hai kich ban cung tng XLC. Trong kich ban 2 (XLC la
cht thai, chi phi mua bang 0), hdn hop X-BT5 giam 29,5% chi phi san xuat va cai thién CPR lén
9,5% so v&i mau ddi chimg, try thanh phuong an t6i wu nhat. Nghién ciru két luan réng viéc thay
thé 5% xi ming bang BTBT trong nén vita giau XLC mang lai sy cn béng t6t nhét giita hiéu suat
co hoc, hiéu qua kinh té va loi ich méi truong, gop phan thic ddy tai ché chit thai trong xdy dung.
TU KHOA: vira ba thanh phén, xi hat 16 cao nghién min, bun thai bé tong, chi phi san xuat, ty 1&
chi phi/hiéu suét.

ABSTRACT

This study evaluates the cost and performance of sustainable ternary mortars incorporating
ground granulated blast furnace slag (GGBS) and concrete slurry waste (CSW) as partial cement
replacements. Five mortar mixtures were prepared with a fixed water-to-binder ratio of 0.5 and a
binder-to-sand ratio of 1:3, in which CSW replaced cement at levels of 0%, 5%, 10%, and 20%
(on a base of 70% cement + 30% GGBFS). The 28-day compressive strength results showed that
the X-BT5 mixture (5% CSW replacement) achieved a strength of 25.1 MPa, significantly higher
than that of the GGBFS-only mixture (19.1 MPa), although still lower than the control mixture
(32.2 MPa). Manufacturing cost (CMC) and cost-performance ratio (CPR) analyses were
conducted under two GGBS supply scenarios. In Scenario 2 (GGBS considered as waste with
zero purchase cost), the X-BT5 mixture reduced CMC by 29.5% and improved CPR by 9.5%
compared to the control, making it the most optimal option. The study concludes that replacing
5% of cement with CSW in a GGBFS-rich mortar matrix provides the best balance among
mechanical performance, economic efficiency, and environmental benefits, thereby promoting
waste recycling in construction.

KEYWORDS: ternary mortar, ground granulated blast furnace slag, concrete slurry waste,
manufacturing cost, cost-performance ratio.
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1. GIOI THIEU

Nhu cau toan cau vé xi mang Portland
van 1a mdi quan tdm quan trong ddi voi sy phat
trién bén viing ciia nganh xay dung. Tinh dén
nam 2025-2026, san xuat xi mang tiép tuc la
mot trong nhitng ngudn phat thai khi carbon
dioxide (CO:) do con ngudi gdy ra chinh,
chiém khoang 7- 8% tong luong phat thai khi
nha kinh toan cau [1]. San xudt mot tin xi
mang Portland thong thuong thuong thai ra
mot lugng CO: gan tuong duong, chu yéu do
qué trinh clinker hoa tiéu t6n nhiéu ning luong
va qua trinh nung da voi [2].

Xi hat 10 cao nghién min (XLC), mot
san pham phu ctia nganh cong nghiép sat thép,
da n6i 1én nhu mét trong nhimg vat licu két
dinh b sung (SCM) day htra hen nhat dé thay
the mot phan xi mang. XLC 1a vat liéu thity lyc
tiém 4n giau canxi, silica va alumina, ¢ thé
phén g véi canxi hydroxit khi c6 nuéc dé tao
thanh thém canxi silicat hydrat (C-S-H), qua
do tang cuodng tinh chét co hoc va do bén cua
hé thdng xi mang.

Bun thai bé tong (BTBT), loai bt hoac
bun thai con sot lai tir cac tram trdn bé tong
thwong pham va qua trinh rira xe tron bé tong,
1a mot vat liéu d?ly htra hen khac cho xay dung
bén vimg [3]. BTBT thuong bao gdm céc hat
min cua xi ming di thay héa mot phan, clinker
chua thuy hoéa va cac phu gia khoang. Mac du
viéc thai bo BTBT khong dung cach gay ra
nhitng rii ro mo6i truong nghiém trong do do
kiém cao va kha ning gy 6 nhiém dét va nudc
[4], cac nghién ctru gan day da kham pha viéc
tai st dung né nhu mot cht thay thé mot phan
xi mang. Keppert va cong sy [5] da chung
minh ring thay thé 10% BTBT c6 thé duy tri
cuong do bé tong ma khong c6 rii ro rira troi.
V& mit co ché, BTBT hoat dong nhu mot chét
don vat 1y giap cai thién su sip xép hat va cung
clp cac vi tri tao mam cho qué trinh thuy hoa
xi mang, mac du BTBT tho chua qua xu 1y c6
thé dan dén hiéu ng pha lodng & ty 1¢ thay thé
cao [6].

Bét chap nhidu nghién ciru vé XLC va
BTBT nhu cac SCM riéng 1é, cac nghién cuu
diéu tra viéc sir dung két hop chung trong hé
thong vira ba thanh phan van con han ché. Hau
hét cac cong trinh trugc ddy tap trung vao hon
hop nhi phan (xi mang-XLC hodc xi mang-

BTBT), dé lai khoang trng trong viéc hiéu sy
phdi hop giita hoat tinh thuy Iyc tiém 4n cia
XLC va hi¢u tmg tao mam/don ciia BTBT khi
ca hai dugc su dung cung nhau.

Do d6, nghién ciru nay_ nham phat trién
mot hé thdng vira ba thanh phan bén virng bao
goém xi mang, XLC va BTBT. Nén chat két
dinh bao gom 70% xi mang va 30% XLC (theo
khéi lwong), va BTBT dugc dwa vao nhu mot
sy thay thé mot phan bd sung cho xi ming &
cac muc 5%, 10% va 20% (tac 1a ham luong xi
mang giam tuong Ung trong khi gilt nguyén
XLC). Céac muyc ti€u chinh la: (i) danh gia anh
huong cua cac nong d6 BTBT khac nhau dén
hiéu suit co hoc (cuong d6 nén va udn), va (i1)
xac dinh muc thay thé BTBT t6i wu can bang
gitta tinh toan ven cua két cAu, viéc sir dung
chat thai va hiéu qua kinh té.

2. VAT LIEU VA CHE TAO MAU
2.1 Vit liéu

Xi ming Portland PCB40, v&i khoi
luong riéng xap xi 3,09 g/em® dwoc xac dinh
bang phuong phap binh ty trong, da dugc sir
dung trong nghién cuu nay. Loai xi mang nay
c6 thoi han st dung khong qua ba thang va
tuan thu cac yéu cu k¥ thuat néu trong TCVN
6260-2020.

Bun thai bé tong dugc thu gom tir tram
tron bé tong ciia Cong ty C6 phan Dau tu Xay
dung Mekong, dia chi 17 Puong s6 30, Khu
phd 1, Tha Puc, Thanh phé H6 Chi Minh.
Loai bun thai nay chi yéu duoc tao ra trong
qua trinh v€ sinh may moc, thiét bi va xe tron
bé tong sau khi tron. N6 c6 dang sét, mau xam
nhat (Hinh 1).

Xi hat 160 cao nghién min (mac S95)
duoc st dung lam phu gia khoang hoat tinh.
N6 1a san phdm phu thu dugc tir qua trinh san
xudt sit thép tai khu lién hop thép Hoa Phat.
Vat liéu nay dap Gmg day du cac yéu cu ky
thuat quy dinh trong TCVN 11586:2016 dbi
v6i xi hat 10 cao nghién min dung trong bé
tong va vira. Xi c6 dang bt min mau xam
nhat, v6i khéi lugng riéng xap xi 2,92 g/em® va
dd min cao (dién tich bé mit riéng) la 5820
cm?/g.

C6t lieu min duoc su dung 1a cat song
c6 khédi lwong riéng 2,5 g/em?. Phan bd kich
thudc hat ciia né dugc minh hoa trong Hinh 2,
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v6i hon 90% khdi lwong lot qua sang nho hon Chuan 1000 | O 0 3000 | 500
1,25 mm. Theo TCVN 7570:2006 [17], loai cat X-BTO 700 | 300 |O 3000 | 500
nay dugc phan loai 1a cat min. X-BT5 650 | 300 |50 3000 | 500
Wit X-BT10 | 600 | 300 | 100 3000 | 500
X-BT20 | 500 | 300 | 200 3000 | 500

Hinh 1. Thu gom BTBT tai tram
tron bé tong
100

80

60 A

40 1

Cummulative volume (%)

20 A

0

0 0.4 0.8 12 1.6
Particle size (mm)

Hinh 2. Cip phdi hat cua cat

(%]

2.2 Chuin bi miu

Nam hdn hop vita dugc chuin bi véi ty
16 nudc/chit két dinh (N/CKD) = 0,5. Can luu
¥ rang chét két dinh bao gom xi mang, XLC va
BTBT. Ty 1& chit két dinh:cat dwoc dat 1a 1:3.
Thanh phén cép phdi cia vira dugc thé hién
trong Bang 1. Nam hdn hop vira bao gom: hdn
hop vira thong thuong khong c6 XLC va
BTBT duoc chuin bi lam dbi chtng; hon hop
XM-XLC thuan khong c¢6 BTBT duoc chuin
bi trong d6 XLC dugc st dung dé thay thé
30% xi mang theo khdi lwong; ba hdn hop
XM-XLC-BTBT duoc chuén bi véi BTBT
thay thé xi mang & muc 5, 10, 20% (theo tong
khéi luong chat két dinh). Can luu ¥ ring dé
duy tri do chay lodng du, tat ca cac hdn hop
vira déu dwoc thém 1% phu gia siéu déo.

Bang 1. Cép phdi mau vita trén 1000 g
XM

XM [ XLC [ BTBT| Cat [Nuéc
@ @ () @ 1@

Quy trinh tron cho cac mau vira duge thuc
hién theo quy trinh bao gdm bén budc:

e Budc 1: Tron xi ming va nudc & toc
do théap trong 30 gidy.

e Budc 2: Cho tir tir cat vao bat tron
trong khi hdn hop tiép tuc duoc tron &
tbc @6 thip. Budc nay kéo dai 30
giay.

e Bud6c 3: Dé hdn hop nghi trong 30
giay.

e Budc 4: Tron hdn hop & tbc do cao
trong 60 giay.

Sau khi hoan tat qua trinh tron, vira dugc
d6 vao khuén 40 x 40 x 160 mm va dit trén
ban rung. Qua trinh rung dugc thuc hién 60 lan
trong vong 1 phat. Cac mau sau d6 dugc bao
dudng ¢ nhiét do phong trong 24 gio trude khi
thao khuon va tiép tuc dugc bao dudng trong
nude cho dén ngay thi nghiém.

3. KHAO SAT

Cuong d6 nén cua vira 28 ngay tudi
cling duoc do theo ASTM C349 véi toe do gia
tai 2,4 kN/s. Dbi voi mdi nhom mau, sdu mau
vira kich thirc 4x4x4 cm duge st dung va Kkét
qua ly gia tri trung binh.

Dé danh gia loi ich kinh té, cong thirc
chi phi san xudt bé tong (CMC) tir Silva va
cong su [4] duoc p dung va diéu chinh. Cong
thirc nay bao gom chi phi vat liéu (CM), va chi
phi xir 1y chat thai (DC) duge md ta nhu sau:

CMC=CM -DC 1)

Trong d6, CMC 1a chi phi san xuit trén mot
don vi khdi lwong (VND/kg); CM 1a chi phi
nguyén liéu thd rin (xi mang, XLC, cat);
DC 14 chi phi xir Iy chit thai (khoan tiét kiém
dat duoc nho tai st dung CSW). Gia dinh réng
CSW c¢6 san tai tram tron bé tong thuong pham
va viéc tai st dung vat liéu nay dan dén giam
chi phi xtr 1y chat thai ciing nhu chi phi mua xi
mang.




The 4™ Conference of Construction Engineering and Technology for Airport

CETA 2026

Dé thuc hién tinh toan chi phi, don gi4 trung
binh cho céc vat liéu thanh phan va quy trinh xir ly
dugc ap dung:

e Xi mang Portland thong thuong: 2.000

VNb/kg

e  (Cat song tu nhién: 200 VND/kg

e Nudc may (gia cong nghiép): 14 VNb/kg

e  XLC: chi phi cua vét liéu nay co6 thé duoc

chia thanh hai kich ban: 1) Cac tram tron
bé tong thwong phim cin mua véi chi phi
800 VND/kg; 2) Vat liéu dugc coi la chét
thai sdn c6 nén chi phi mua co thé bé qua
khi tinh dén chi phi xu 1y.

e Chi phi xu ly/thai bo BTBT:

VNb/kg

Trong nghién citu nay, viée st dung CSW dé
san xuét vira giup loai bo hodc giam bét chi phi xir
ly BTBT ciing nhu chi phi xi mang s dung. Dé
hiéu rd hon vé lgi ich chi phi cia viéc sir dung
BTBT trong san xuét vita, Ty 1¢ Chi phi/Hi¢u suét
(CPR) duoc tinh bing cach chia chi phi san xuét
(CMC) cho cudng d6 nén 28 ngay (Npg) nhu mo ta:

1.300

CMC
N28 (2)

CPR =

4. KET QUA
4.1 Cudng do chiu nén

Hinh 3 the hién cuong d¢ chiu nén 28 ngay
cua cac maiu vita. Khi so véi miu chuan céac
mau vira c6 su két hop ctia xi 16 cao va bun
thai bé tong cho két qua nén thap hon. Diéu
nay chii yéu dén tir tic dong ctia 30% xi 16 cao
trong hon hop. D& dang nhan thdy, mau X-BTO
chi dat 55% khi so v&i mau chuan. Tuy nhién
khi thay xi ming bang BTBT, cic mau tong
hop cho cuong dd nén cao hon dang ké khi so
v6i mau XLC thuan. Didu nay c6 thé giai thich
bang sy c6 mit cua thanh phan Ca(OH), trong
BTBT s€ phan ung véi xi 10 cao va tao thém
nhiéu C-S-H hd trg cho cuong do nén. Viée
thay thé 5 va 10% CKD bang BTBT cho két
qua tuong ty v6i mau xi 16 cao thuan tuy. Diéu
nay cho thdy BTBT rat phu hop cho hén hop

nén XM-XLC.

35
Chuén X-BTO X-BTS5 X-BT10 X-BT120

Cuong d0 chiu nén (MPa)
- - NN W
(=] N (=} 0 =}

v

<)

Hinh 3. Cuong d¢ chiu nén 28 ngay
cua cdc mau vira

4.2 Lgi ich chi phi

Béang 2 trinh bay luong vat li¢u tinh
toan can thiét dé san xuat 1 m* hdn hop vira.
Bang 3 va 4 tom tit chi phi san xuat (CMC) va
ty 1& chi phi - hi¢u suat (CPR) duoc tinh toan
trong hai kich ban. Viéc giam CMC chi yéu
lién quan dén viéc giam sir dung xi ming va
loai bo chi phi xir 1y chit thai. Silva va cong su
[4] dd bao céo ring viéc tai ché cac san phdm
phu cong nghiép trong he thong xi mang lam
giam chi phi san xuét tong thé dong thoi cai
thién tinh bén viing.

Két qua tinh toan chi phi san xuét
(CMC) va ty 1€ chi phi trén cudng d6 nén 28
ngay (CPR) duogc trinh bay trong Bang 4 cho
thiy viéc thay thé mot phan xi ming bang
BTBT mang lai loi ich kinh té 15 rét, dic biét
khi xét dén hai kich ban cung tng XLC khac
nhau. Trong kich ban 1 (XLC phai mua voi gia
800 VND/kg), CMC cia cac hon hop giam dan
khi ham luong CSW tang, cu thé X-BT0 giam
11,36%, X-BT5 giam 18,03%, X-BT10 giam
24,64% va X-BT20 giam manh nhét 37,71%
so voi mau ddi chimg. Tuy nhién, CPR, chi sd
phan anh chi phi dé dat duoc 1 MPa cuong do
nén, lai cho thdy birc tranh khac: X-BTO c6
CPR tang vot 49,31% (58.227 VND/MPa) do
cuong do suy giam qua 16n; X-BT5 chi tang
nhe 5,27% (41.052 VNB/MPa), trong khi X-
BT10 va X-BT20 lan luwot ting 18,50% va
33,38%. Nhu vay, di X-BT20 tiét kiém chi phi
nhit nhung hiéu suit co hoc thap khién CPR
kém hon han. Trong kich ban 2 (XLC duoc coi
1a chét thai, chi phi mua bang 0), loi ich kinh té
cang ndi bat: CMC cua X-BT5 giam 29,51%,
X-BT10 giam 36,08%, X-BT20 giam 49,06%.
Pang chu y, CPR cua X-BT5 giam 9,48%
(35.302 VND/MPa) so v6i dbi chung, tro
thanh hon hop c6 hiéu qua kinh té tong thé t6t
nhat. X-BT10 ¢c6 CPR gan nhu khong doi (tang
nhe 0,52%), trong khi X-BT20 van c¢6 CPR cao
hon 9,08% mic du tiét kiém chi phi 16n. Tong
hop tir ca hai kich ban, hdn hop X-BT5 (thay
thé 5% CSW) ludn mang lai sy cén béng tdi wu
giita giam chi phi san xuét, duy tri cuong do
chép nhén dugc va cai thién hodc khong lam
xau di dang ké chi s6 CPR.
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Bang 2. Khéi luong vat lidu c6 trong 1 m® vira

XM XLC BTBT | Cat Nuée
(@ (@ (@ (@ (@

Chudn | 482.082] 0 0 1446.246 | 241.041
X-BTO | 338.019 | 144.865 | 0.000 | 1448.654 | 241.442
X-BT5 | 312.627 | 144.289 | 24.048 | 1442.893 | 240.482
X-

BT10 | 287:435| 143.718 | 47.906 | 1437.177 | 239.530
X-

BTo0 | 237647 142588 | 95.059 | 1425.881 | 237.647

Bang 3. Loi ich chi phi tinh theo kich ban 1

CMC A CMC | CPR A CPR
(vnd) (%) (vnd/MPa) | (%)
Chuan 1,256,788 | 0 38,997.777| O
X-BTO 1,114,015 | -11.360 | 58,227.084 | 49.309
X-BT5 1,030,226 | -18.027 | 41,051.794 5.267
X-BT10 | 947,099.8 | -24.641 | 46,211.262 | 18.497
X-BT20 782,808.5 | -37.714 | 52,014.431 33.378

Béng 4. Loi ich chi phi tinh theo kich ban 2

CMC A CMC | CPR A CPR

(vnd) (%) (vnd/MPa) | (%)
Chuan 1,256,788 0 38,997.777 0
X-BTO 969,149.7 | -22.887 | 50,655.291 | 29.893
X-BT5 885,936.3 | -29.508 | 35,302.243 | -9.476
X-BT10 | 803,382.1 | -36.077 | 39,198.931 0.516
X-BT20 | 640,220.4 | -49.059 | 42,540.035 9.083

5. KET LUAN

Duya trén cac két qua thyc nghiém va phéan
tich chi phi, hiéu suét cta vira ba thanh ph?ln sur
dung xi hat 10 cao nghién min (XLC) va bun
thai bé tong (BTBT), c6 thé rut ra cac két luan
Sau:

Viéc thay thé 30% xi ming bang XLC lam
giam dang ké cuong d6 nén 28 ngiy (chi con
55% so v6i mau chuan). Tuy nhién, khi bd
sung BTBT & mirc 5% va 10% (cac mau X-
BT5 va X-BT10), cuong d6 nén dugc cai thién
rd rét nho phan ung pozzolan gitta Ca(OH)2 c6
san trong BTBT va XLC, tao thém C-S-H.
Mau X-BT5 dat cuong do 25,1 MPa, cao hon
31% so véi mau X-BTO (19,1 MPa).

Chi phi san xu4t (CMC) giam dan khi ting
ham lugng BTBT, muc giam tr 11,4% (X-
BTO0) dén 37,7% (X-BT20) trong kich ban 1 va
1€n t61 49,1% trong kich ban 2. Tuy nhién, chi
sO ty 1& chi phi/hiéu suit (CPR) cho thiy X-
BTS5 1a phuong an tdi wu nhét, dac biét trong
kich ban 2 khi CPR giam 9,5% so véi mau

chuin, dong nghia voi viée dat dugc 1 MPa
cuong d6 véi chi phi thap hon.

Xét tong hop céc tiéu chi vé cuong do, chi
phi san xuat, CPR va kha ning tan dung chit
thai, hon hgp X-BT5 (thay thé 5% khdi lugng
chat két dinh bang BTBT trén nén 70% xi
mang + 30% XLC) dugc khuyén nghi 1a cép
phdi tdi wu cho san xuit vira bén viing, dap
{mg yéu ciu k¥ thuat va kinh té trong cac ing
dung xay dung thong thuong.
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TOM TAT

Bai bao phan tich thuc trang xay dung va quan Iy ban d tiéng dn méy bay tai Viét Nam, ddng thoi so
sanh véi thong 1& quéc té nhiam xac dinh cac khoang cach va dé xuat huéng hoan thién. Phuong phap
nghién ciru bao gdom tong hop tai liéu va phan tich so sanh. Két qua cho thay, tai Viét Nam, ban d6
tiéng 6n chir yéu dugc xay dung dua trén mé hinh Iy thuyét trong giai doan thiét ké, chua duoc hiéu
chinh bang s liéu do dac thuc té, khdng cap nhat theo hoat dong khai thac va chua dugc cong khai.
Trong khi d6, cac qudc gia phat trién &p dung md hinh quan ly dong, két hop gitra mo hinh va do dac,
cap nhat dinh ky va minh bach hoéa dir liéu. Tir d6, bai bao dé xuat cac giai phap theo 16 trinh, bao gom
b sung do dac va kiém chimg md hinh, xay dung h¢ thong quan trac va cap nhat dinh ky, huéng toi
co s6 dir ligu quéc gia va tich hop vao quy hoach do thi.

TU KHOA: Ban db tiéng 6n may bay, M6 hinh tinh toan, Quan tric tiéng on, Quan ly tiéng on, Quy
hoach dat dai

ABSTRACT

This paper analyzes the current state of aircraft noise mapping and management in Vietnam and
compares it with international practices to identify existing gaps and propose improvement directions.
The research methodology includes literature review and comparative analysis. The results indicate
that in Vietnam, aircraft noise maps are primarily developed during the design stage based on
theoretical models. However, they are not calibrated using actual measurement data, are not updated
according to operational changes, and are not publicly disclosed. In contrast, developed countries
adopt a dynamic management approach, combining modeling with real-world measurements,
conducting periodic updates, and ensuring data transparency. Based on these findings, the paper
proposes a set of phased solutions, including enhancing noise measurements and model validation,
establishing a noise monitoring system with regular updates, and ultimately developing a national
database integrated with urban planning.

KEYWORDS: Aircraft noise mapping, Computational modeling, Noise monitoring, Noise
management, Land-use planning

1. PAT VAN DE

Nganh hang khong Viét Nam phat trién nhanh
chong, kéo theo viéc mo rong va xay dung
moéi nhidu cang hang khong. Theo quy hoach,
s0 cang hang khong s& ting tir 22 ( nim 2026)
I1én 30 (nam 2030) va 33 (nam 2050) [1]. Su

gia tang hoat dong bay da lam n6i com van dé
6 nhiém tiéng 6n, gay anh huong dang ké dén
cong dong dan cu xung quanh san bay.

Trong bdi canh d6, ban do tiéng 6n may
bay dong vai tro la mot cong cu quan trong
trong cong tac quan ly va quy hoach. Trudc
hét, ban db tiéng dn cung cap co s¢ khoa hoc
cho viéc quy hoach sur dung dat gitp xac dinh
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cac ving chiu anh huéng khac nhau cua tiéng
on dé tir d6 dua ra cac dinh hudng phat trién
phu hop. Bén canh d6, day con la cong cu hd
trg quan ly moi trudng, gitip cac co quan chuc
nang danh gid muc do tac dong cua hoat dong
hang khong va xdy dung cac bién phap giam
thiéu. Ngoai ra, ban do tiéng on con gop phan
nang cao tinh minh bach thong tin, tao dicu
kién dé cong dong tiép can va hiéu rd hon vé
mirc d6 anh huong cua tiéng on trong khu vuc
sinh séng [2], [3], [4].

Tuy nhién, thyc té tai Viét Nam cho
thy viéc xdy dung va quan ly ban dd tleng on
may bay van con ton tai nhiéu han ché. Hién
nay, cac ban do tiéng on duoc xay dung trong
giai doan thiét ké cang hang khong, dua vio
cic md hinh tinh toan 1y thuyét, théng qua
phin mém chuyén dung. Viét Nam con thiéu
c4c hudng dan phép 1y va quy trinh tiéu chuén
cho viéc do dac va danh gia tiéng 6n may bay,
ciing nhu thiéu hé théng quan tric phi hop [5].
Céc nghién ciru cho thdy d6 chinh x4c cua mo
hinh tinh toan chi dugc cai thién khi ¢6 su hiéu
chinh bang sb liéu do thyc té [6]. Trong béi
canh luu lugng hang khong gia tang, nhu ciu
danh gla tleng on ngay cang tré nén quan trong
[7]. Piéu nay ddt ra yéu cau c@p nhat va hiéu
chinh ban dd tiéng on dé phan anh diéu kién
khai thac thuc té. Cudi cung, viéc thiéu cac
chinh sach va hé théng quan 1y dong bd cling
nhu co che cong bd thong tin da han ché kha
nang tlep can cla cong dong ddi voi dir lidu
tiéng 6n hang khong [8].

Tt thyc trang néu trén, bai bao tap
trung xem xét mic do tiém cén cua phuong
phép xay dung va quan 1y ban db tiéng on may
bay tai Viét Nam so voi cac thong 1& qudc té.
Tir 6 dé xuat mot khung chuyén doi tir “ban
d6 tinh” sang “quan 1y dong” tai Viét Nam.
Nghién ciru dugc thyc hién dya vao phuong
phép téng hop tai lidu va phan tich so sanh.

2. CO SO LY THUYET VA PHUONG
PHAP XAY DUNG BAN PO
TIENG ON MAY BAY

Ban db tiéng 6n may bay la cong cu
bi€u dien phén bd khong gian cua muc do
tiéng On thong qua cac duong dong muc, thé

hién gia tri tiéng on tai cac khu vuc xung
quanh san bay [5], [6]. Cac ban dd nay thuong
dugc xay dung dua trén céc chi s tiéng on
[9]. Trong linh vuc hang khong dan dung, viée
x@y dyng va danh gia tleng on duoc dinh
hudng boi cac tiéu chuan qudc té, dic biét 1a
ICAO (International Civil Aviation
Organization) [4], trong d6 quy dinh cac
phuong phap danh gia, kiém soat va giam
thiéu tiéng On may bay, dong thoi nhin manh
vai tro ctia quy hoach sir dung dat va quan ly
moi truong xung quanh san bay.

Vé phuong phap xdy dung, ban db
tiéng 6n may bay hién nay cha yéu duoc thiét
1ap thong qua cdc md hinh tinh toan chuyén
dung. Hai cong cu phd bién nhit 1a INM
(Integrated Noise Model) va AEDT (Aviation
Environmental Design Tool), trong d6 AEDT
1a phién ban phat trién méi hon, duge sir dung
rong rii tai nhidu qudc gia [10]. Cac mo hinh
nay cho phép mo6 phéong mic d9 phat sinh va
lan truyén tiéng on tir hoat dong bay dya trén
cac thuat toan tiéu chuin, két hop véi dir licu
vé dic tinh tau bay, ché d6 van hanh va diéu
kién khai thac. Két qua dau ra 1a cac ban dd
duong dong murc tiéng 6n, phuc vu cho danh
gia tac dong moi truong va quy hoach.

Céac ban do tiéng 6n dwoc xdy dung
theo phuong phap trén 1a két qua ctia mo hinh
du bao, phan anh kich ban khai thac gia dinh
hoic du kién, chir khong phai 1a dit liéu do dac
thuc té tai hién trueong. Do do, néu khong dugc
hiéu chinh bang sb liéu quan tric thuc té trong
qua trinh khai thac, d6 chinh xac va kha nang
phan anh dung muc d6 anh huong tiéng on
dén cong ddng co6 thé bi han ché.

3. THUC TRANG BAN PO TIENG
ON MAY BAY TAI VIET NAM

3.1 Thye trang trién khai

Tai Viét Nam, ban do tiéng 6n may bay
chu yeu duogc xay dung trong giai doan chuan
bi dau tu va thiét ké cac cang hang khong. Cu
thé, noi dung nay thuong xuét hién trong cac
Béo cao danh gia tic dong moi trudng va hd so
thiét ké ky thuat cua dy an san bay. Muc tiéu
chinh cua viéc lap ban dd tiéng on & giai doan
nay 1a du bao pham vi anh hudng cia tiéng dn
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dé phuc vu cong tac thim dinh dy 4n va dé
xudt cac giai phap giam thiéu ban dau. Tuy
nhién, sau khi du an dugc phé duyét va di vao
khai thac, cac ban d6 nay hau nhu khong duoc
tiép tuc str dung nhu mot cong cu quan ly dong
ma chi dung lai ¢ vai tro tai li€u phuc vu thiét
ke [11]. Phuong phép xdy dung ban do tiéng
on tai Viét Nam chii yéu dua trén cac mo hinh
tinh todn nhu INM, st dung cac dir liéu dau
vao vé loai tau bay, quy dao bay va sé lugng
chuyén bay theo ké hoach khai thac dy kién
[5].

3.2 Nhirng han ché chii yéu
3.2.1 Thiéu do dac va hi¢u chinh thyc té

Céc nghién ciru tai Viét Nam cho théy
hoat dong do dac tiéng on chu yéu duogc thuc
hién tai mot sd vi tri va trong cac chién dich
khao sat ngan han, phuc vu so sanh véi két qua
mé hinh. Két qua cho théy tdn tai su khac biét
giita gia tri tinh toan va sb liéu do, dong thoi
nhin manh vai trd cua dit liéu thuc té trong
viéc kiém chirng va ning cao do chinh xac ciia
md hinh [5], [7], [6]. Tuy nhién, cac hoat dong
ndy chua dugc trién khai nhu mot hé thong
quan tric lién tuc va tich hop trong cong tac
quan ly van hanh san bay ciing nhu cap nhat
ban db tiéng on.

3.2.2 Khong cip nhit theo hoat dong
khai thac

Hoat dong hang khong c6 tinh chat
dong, thu(mg xuyén thay ddi theo th(Yl glan
bao gom su thay dbi vé loai tau bay, tin sudt
chuyén bay va quy dao bay. Tuy nhién, tai Viét
Nam, viéc cap nhat ban dd tiéng on sau khi san
bay di vao khai thac chua dugc dé cip rd rang
trong cac nghién ctu va tai liu k¥ thuét hién
c6. Diéu nay cé thé dan dén sy sai léch gitta
ban d6 tiéng on dugc xdy dung ban du va
thuc té phat sinh tiéng on.

3.2.3 Thiéu cong khai va minh bach
thong tin

Mot han ché dang ké 1a cac ban d6 tiéng
on may bay tai Viét Nam chua dugc cong bo
rong rdi cho cong dong. Nguoi déan trong khu

vuc chiu anh huong khé tiép can thong tin
chinh thirc v& muc d6 tac dong, tir d6 han ché
kha ning tham gia giam sat va phan hoi. Diéu
nay cling lam gidm tinh minh bach trong quan
Iy moi trudng hang khong.

3.2.4 Chua tich hop véi quy hoach dé thi

Ban db tiéng on hién chua dugc s
dyung hiéu qua nhu mot cong cu hd trg quy
hoach sur dung dét xung quanh sin bay. Viéc
thiéu lién két glua dir liéu tiéng on va quy
hoach db thi ¢6 thé dan dén phat trién khu dan
cu trong cac vung chiu anh hudng cao, lam gia
tang xung dot gitra hoat dong hang khong va
doi sdng ngudi dan.

Tém lai, viéc xay dung va st dung ban
d6 tiéng 6n may bay tai Viét Nam hién vin
mang tinh tinh, chi yéu phuc vu giai doan thiét
ké ban ddu. Cac ban dd nay thuong dugc xiy
dung bing phin mém theo huéng din cua
ICAO, nhung viéc cap nhat va gén voi dir liéu
khai thac thuc t& chua dugc dé cap rd rang
trong céc tai liéu hién c6, khac véi cach tiép
can quan ly dong tai nhidu quéc gia.

4. KINH NGHIEM QUOC TE VE
XAY DUNG BAN PO TIENG ON
MAY BAY

Tai cac qudc gia c6 nganh hang khong
phat trién, ,quan 1y tiéng on may bay da chuyén
tir cach tiép cén tinh sang mo hinh dong, trong
d6 ban do tiéng on khong chi 1a san pham cua
giai doan thiét ké ma tr& thanh mot cong cu
duoc cap nhat va sir dyng thuong xuyén trong
qua trinh khai thac. Nhitng kinh nghiém quoc
té cho thdy mot sé diém mau chdt sau.

4.1 Két hop mé hinh va do dac thye té

Céc qudc gia phét trién thuong sir dung
mb hinh tinh toan dé xay dung ban db tiéng 6n
ban dau, tuy nhién két qua duoc hiéu chinh dya
trén dir liéu do dac thyc té. He théng quan tric
tiéng on duoc 1ap dat tai nhidu vi tri xung
quanh san bay nham ghi nhan lién tyuc mic 6n
phat sinh tir hoat dong bay. Dir li€u nay duoc
sir dung dé so sanh, danh gia va diéu chinh cac
tham s6 trong md hinh, tir d6 ning cao do
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chinh x4c cua ban do tiéng on. Cach tiép can
nay gitp dam bao rang ban d6 khong chi mang
tinh du bdo ma con phan anh sat thyc teé khai

thac [12].
4.2 Cap nhat dinh ky

Mot dic diém ndi bat trong quan ly
tiéng 6n tai cac nudce phat trién 1a viéc cap nhat
ban db tiéng on theo chu ky, thuong la hang
nim hodc theo cac mdc thay doi quan trong
trong hoat dong khai thac. Vi du, tai san bay
Melbourne (Uc), ban d6 tiéng on duoc cap
nhat dinh ky va cong bd cong khai qua cong
thong tin dién tr, cho phép nguoi dan tra ctru
theo vi tri (Hinh 1, Hinh 2). M&i khi ¢6 su thay
dbi vé& doi bay, tan suit chuyén bay, quy dao
bay hodc ha téng san bay, dir li€u s€ dugc cép
nhat va dua vao mé hinh dé tai tinh toan ban
d6 tiéng on. Viéc cap nhat dinh ky nay gilp
cac co quan quan ly luén nam bat duoc dién
bién thyc té cua tiéng 6n va kip thoi diéu chinh
cac chinh séach lién quan [12].
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Hinh 1: Ban dd tiéng 6n may bay cia san bay
Melbourne, Uc nam 2007 [12]
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Hinh 2: Ban db tiéng 6n may bay cua
san bay Melbourne, Uc nam 2021 [12]

4.3 Minh bach héa dir liéu

Minh bach thong tin 12 mot yéu t6 quan
trong trong quan ly moéi truong hang khong tai
cac qubc gia tién tién. Ban dd tiéng on va cac
dit liéu lién quan thuong dugc cong bd rong rii
thong qua cac cong thong tin dién tir cia san
bay hodc co quan quan ly. Ngudi dan c6 thé dé
dang tra ctru mirc do tiéng On tai khu vyc sinh
song, ciing nhu theo doi cac thay dbi theo thoi
gian. Ngoai ra, nhiéu qudc gia con thiét 1ap cac
kénh tiép nhan phan hdi va khiéu nai vé tiéng
on, qua d6 tang cuong sy tham gia cia cong
ddng va nang cao tinh minh bach trong quan 1y

[12], [13].

44 Quan ly chi dong va gidm thiéu
tiéng on

Céc qudc gia phat trién khong chi dimg
& viée danh gia va cong bd thong tin ma con ap
dung cac bién phap quan Iy chu dong de giam
thiéu tiéng on. Cac giai phap bao gdm diéu
chinh quy dao bay nhdm tranh khu dan cu nhay
cam, han ché bay dém, uu tién tau bay it on va
ap dung quy trinh khai thac giam tiéng 6n. Cac
quyét dinh nay dwoc dwa ra dya trén phan tich
tir ban do tiéng 6n da dugc cap nhat va higu
chinh, qua d6 khang dinh vai tro trung tim ciia
cong cu nay trong quan ly mdi truong hang
khong [12].
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Nhin chung, kinh nghiém qudc t& cho
thdy viéc quan 1y tiéng 6n may bay hi¢u qua
doi hoi su két hop giita mé hinh tinh toan va
dir liéu thyc té, cung vai co ché cap nhat lién
tuc, minh bach thong tin va cac bi¢n phap can
thiép chu dong trong khai thac. Pay 1a nhiing
yéu té cot 16i ma Viét Nam c6 thé tham khao
dé hoan thién h¢ théng quan 1y tiéng on trong
thoi gian tdi.

5. SO SANH VA THAO LUAN

Pé lam 16 su khdc biét trong cach tiép
can quan ly tiéng on may bay, co thé so sanh
gifta Viét Nam va cac qudc gia phat trién theo
cac tiéu chi chinh nhu trong Bang 1.

Bang 1. So sanh ban d6 tiéng 6n may bay gitra
Viét Nam va quoc té

Tiéu chi | Viét Nam Quoc té

Co s dir | Ly thuyét | Ly thuyét + do dac

lidu thue té

Cap nhat | Khéng binh ky (hang nam
hoic theo thay d6i)

Céng Khoéng Co (truy cap cong

khai khai)

Ung Giai doan | Quan 1y van hanh va

dung thiét ké moi truong

So sanh cho thiy khac biét ¢t 18i nim
0 cach tlép can: Viét Nam chu yéu st dung ban
dd tleng on cho giai doan thiét ké, trong khi
céc qudc gia phat trién coi day 1a cong cu quan
ly van hanh dong, dugc cip nhat va kiém
chung lién tyc. Hién Viét Nam con thiéu hé
thdng quan tric chuyén dung, din dén han ché
trong hi€u chinh mo6 hinh va giam d¢ tin cdy
clia ban 0. Pong thoi, co ché cap nhat gin
nhu chua dugc thiét 1ap, khién ban db khong
phan 4nh kip thoi sy thay ddi cua hoat dong
khai thadc. Bén canh d6, khung phdp 1y con
thiéu va chua ddng bo, chua gin két voi quy
hoach va cong khai thong tin.

Nhitng han ché nay cho thiy khoang
cach giita Viét Nam va thong 1¢ quc té khong
chi & ky thuat ma con & cach tiép can quan 1y,
lam co s dé xuit cic giai phap hoan thién
trong cac phan tiép theo.

6. PE XUAT CHO VIET NAM

T nhitng phén tich vé& thyuc trang va
kinh nghiém quéc té, dé nang cao hiéu qua xay
dung va quan Iy ban do tiéng on may bay tai
Viét Nam, can trién khai cac giai phap theo 19
trinh ph hop, bao gom ngén han, trung han va
dai han.

6.1 Giai phap ngin han

Trudc mat, can tap trung vao viéc bod
sung dir liéu thyc t& nham kiém chang va cai
thién do tin cay cua cac ban dd tiéng on hién
c6. Cu thé, can trién khai cac chuong trinh do
dac tiéng on tai mot s6 cang hang khong lén
nhu Noi Bai, Tan Son Nhit, Pa Ning, noi c6
mat do khai thac cao va anh huéng dang ké
dén khu dan cu xung quanh. Cac chién dich do
dac nay nén duoc thyuc hién theo phuong phap
chuan, tai nhiéu vi tri dai dién va trong cac
khung thoi gian khac nhau (ngay, tdi, dém).
Dir liéu thu thap duoc s& duoc sir dung dé so
sénh véi két qua tir md hinh tinh toan hién cé,
tr d6 tién hanh hiéu chinh cac tham sé mé
hinh. Viéc kiém ching nay 1a budc quan trong
dé danh gia mirc d6 sai léch gira du bao va
thuc té, ddng thoi tao nén tang cho cac buse
cai tién tiép theo.

6.2 Giai phap trung han

Trong giai doan trung han, can xay
dung mot hé théng quan tric tiéng 6n may bay
mang tinh hé théng va lau dai, thuong duoc
goi la mang luéi NMN (Noise Monitoring
Network). Hé théng nay bao gdbm céc tram do
tiéng dn cb dinh duoc bé tri xung quanh khu
vuc san bay, két néi véi trung tam dir lidu dé
thu thap va xir ly thong tin theo thoi gian thuc.
Trén co so dir liéu thu thap duoce, cac co quan
quan ly c6 thé thuc hién viéc cap nhat ban dd
tiéng on theo chu ky, vi du hang nim hozc khi
¢6 thay doi lon trong hoat dong khai théc.
Viéc cap nhat dinh ky khéng chi gidp ban d6
phan 4nh diing thyc trang ma con hé trg danh
gia hiéu qua cua cac bién phap giam thiéu
tiéng on da dugc ap dung. bdng thai, trong
giai doan ndy cin timg budc chuin hda quy
trinh xay dung, hiéu chinh va cap nhat ban do
tiéng n theo cac huéng dan quéc té.
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6.3 Giai phap dai han

Vé dai han, can xay dung hé théng
quan ly tiéng dn may bay ¢ cip quéc gia.
Trudc hét, can hinh thanh co so dir lidu tich
hop tir cac san bay, bao gom ca dir lieu mo
hinh va do dac thuc té, ddng thoi thiét lap co
ché cong khai thong tin dé cong ddng dé dang
tiép can. Ban dd tiéng 6n can duogc tich hop
vao quy hoach sir dung dit va d6 thi, nham
kiém soat phét trién tai cac khu vuc chiu anh
huong va &p dung cac giai phap giam thiéu
phi hop. Song song, can hoan thién khung
phép 1y, quy dinh rd trdch nhiém trong do dac,
cap nhat va cong b thang tin.

Cac giai phap nay huéng téi xay dung
hé thong quan ly tiéng on hién dai, minh bach
va phu hop théng ¢ qudc té, gop phan giam
tac dong moi trudng va nang cao chit lugng

sbng cua cong ddng.

7. KET LUAN

Bai bao cho thiy ban db tiéng 6n may bay tai
Viét Nam dugc xay dung o giai doan thiét ké
dua trén md hinh du bdo, nhung chua dugc
hiéu chinh, cap nhat va cong khai day du, lam
han ché vai tro trong quan Iy moi truong.
Trong khi d6, cac qubc gia phat trién da ap
dung mé hinh quan ly dong, két hop mé hinh
va dir liéu quan tric, cap nhat dinh ky va tich
hop vao van hanh ciing nhu cong khai. Do do,
Viét Nam can chuyén déi sang cach tiép can
nay théng qua hoan thién hé thdng quan tréc,
cap nhat dir liéu va khung phép Iy, nham nang
cao hiéu qua quan ly va giam thiéu tac dong
dén cong dong.
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ANH HUONG CUA bQ MANH DEN KIEM TOAN DAN THEP MAI
NHIP LON CHO CONG TRINH SAN BAY: SO SANH GIUA TCVN
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Hoc vién Hang Khong Viét Nam
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TOM TAT

Bai bao trinh bay so sanh kiém toan kha ning chiu luc gitra hai hé tiéu chuan thiét ké két cau thép thong qua mo hinh dan Pratt
nhip 60 m dinh hudng Gmg dung cho két cdu mai nha ga san bay. M6 hinh gdm 20 nit va 37 phan tir, dugc phan tich bang
phuong phéap phan tir hiru han thanh phang trén nén ting MATLAB, trong d6 hé s6 str dung (utilization ratio — UR) dugc xac
dinh cho timg thanh theo hai phuong phap kiém toan tuong Gmg. Két qua cho thiy cac thanh chiu kéo co gia tri UR gin nhu
tuong duong gitra hai ti€u chuédn, dao dong trong khoang 0,21-0,25, trong khi cac thanh chiu nén xuat hién sy phén ky dang
ké, véi gia tri UR theo tiéu chuin Viét Nam ¢6 thé 16n hon nhiéu 1an khi d6 manh tang cao. Khi ty sé KL/r ting tir 30 dén 75,

UR theo tiéu chuan Viét Nam ting phi tuyén tir 0,38 1én 1,75, con theo tiéu chuin Hoa Ky chi ting nhe tir 0,21 dén 0,29; dong
thoi, sy thay ddi hé sb chiéu dai tinh toan K anh huong manh dén céc thanh xién dau dan, c6 thé 1am chuyén trang thai tur dat
sang khong dat kiém toan. Két qua cho thay vai trd chi phéi ctia d6 manh va hé s6 K ddi voi thanh nén trong dan mai nhip 16n.

TU KHOA:  Dan thép nhip 16n; TCVN 5575:2024; AISC 360-22; D6 méanh

ABSTRACT

This paper presents a comparative evaluation of structural capacity verification based on two steel design standards
through a 60 m span Pratt truss model oriented toward airport terminal roof applications. The model consists of 20 nodes
and 37 members, analyzed using the planar truss finite element method implemented in MATLAB, where the utilization
ratio (UR) is calculated for each member according to the respective design provisions. The results indicate that tension
members exhibit nearly identical UR values between the two standards, ranging from 0.21 to 0.25, whereas compression
members show significant divergence, with UR values under the Vietnamese standard being considerably higher as
slenderness increases. As the slenderness ratio KL/r increases from 30 to 75, the UR under the Vietnamese standard rises
nonlinearly from 0.38 to 1.75, while the American standard shows only a slight increase from 0.21 to 0.29. In addition,
variations in the effective length factor K have a pronounced impact on diagonal members, potentially shifting them from
acceptable to non-compliant conditions. The findings highlight the governing role of slenderness and the effective length
factor in the stability assessment of compression members in long-span truss roof structures.

KEYWORDS:

1. GIOI THIEU

Nha ga hanh khach san bay yéu cau khong gian méi
théng sudt, khdng cot giita, voi nhip phd bién 40-80 m [5].
Céc cbng trinh tiéu biéu nhu Nha ga T2 Cang Hang khong
Qudc té Noi Bai va Nha ga san bay Long Thanh (dang thiét

ké) sir dung két cau mai nhip I6n véi dan thép tai nhip 60 m

Large-span steel truss; TCVN 5575:2024; AISC 360-22; Slenderness ratio

tro 1én [4]. Dan thép phang la giai phap wu tién nho hi¢u qua
vt liéu va kha nang 1ap ghép.

Tai Viét Nam, TCVN 5575:2024 [1] 14 tiéu chuan thiét
ké bat bugc; AISC 360-22 [2] duoc tham chiéu song song tai
cac du &n quy md 16n hoic c6 vén nudc ngoai. Hai tiéu
chuan xay dung duong cong on dinh theo cach tiép can khac
nhau, dan dén phan ky két qua kiém toan — dac biét vsi thanh

nén c6 d6 manh KL/r 16n [3].

13



Hoi thao khoa hoc “Cdong nghé va k¥ thuat xdy dung Cang hang khong” lan thir 4

CETA 2026

Bai bao dinh luong su phan ky UR giira hai tiéu chuin
trén dan Pratt nhip 60 m, khao sat anh huong caa KL/r va hé
s6 K dén thanh nén — nhém thanh khéng ché an toan trong
két cau mai nhip lon. Két qua cé gia tri tham khao trong

pham vi md hinh nghién cuu.

2. MO HINH VA PHUONG PHAP NGHIEN CUU
2.1. M6 hinh két cu va gia thiét phan tich

Nghién cau st dung mo hinh dan Pratt nhip 60 m dinh
huéng tng dung cho két cAu mai nha ga san bay. Dan c6
chiéu cao 6 m, trong ung ty sb nhip trén chiéu cao L/h = 10.
M6 hinh gom 20 ndt va 37 phan tir thanh, dwgc phan nhém
thanh cac thanh bién dudi (BC), thanh bién trén (TC), thanh
dung (V), thanh xién (DR/DL) va thanh dau dan (EP). Diéu
kién bién duogc gia thiét gom gdi khop tai nat 1 va gdi con
lan tai nat 11, phu hop véi so dd lam viéc cua dan phing
nhip 16n mot nhip don gian. Hinh hoc mo hinh, so d6 tai
trong va diéu kién bién duoc thé hién trén Hinh 1.

Phan tich noi luc dwgc thuc hién bang md hinh phan tu
hitu han thanh phing trén nén ting MATLAB. Trong nghién
ctru ndy, mdi thanh dugc gia thiét 1am viéc theo ly thuyét
thanh hai lyc, lién két nat dugc xem 1a khép 1y twong trong
mat phing phan tich, va ang xt vat liéu duoc gia thiét dan
hoi tuyén tinh trong giai doan xac dinh noi lyc. Do myc tiéu
chinh cua bai bao 14 so sanh két qua kiém toan kha ning chiu
lyc giira hai hé tiéu chuan trén ciing mot co so noi luc, phan
tich chua xét dén cac anh huong ngoai mat phang, do léch
hinh hoc ban dau, tng suit du va hiéu ung bac hai toan hé.
Céc anh huéng nay dugc phan anh gian tiép thong qua hé sé
chiéu dai tinh toan K va théng qua cong thic 6n dinh cua
tirng tiéu chuan trong giai doan kiém toan thanh nén.

Céch tiép can néu trén cho phép tach bach hai I6p bai
toan: (i) xac dinh ndi lyc trong hé dan trén cing mot mé hinh
co hoc; va (ii) danh gia su khéc biét cua hé sb s dung (UR)
do chinh quy dinh kiém toéan cua ting tiéu chuan gay ra. Do

d6, sai khac v& UR duoc hiéu chii yéu 1a hé qua cua sy khéc

nhau giita cac duong cong 6n dinh va phuong phap suy giam

suc khang nén, thay vi do su khac nhau trong mé hinh phéan

tich két cAu.

L

S

Hinh 1: So d hinh hoc va diéu kién bién, tai trong cua dan

Pratt nhip 60m

Bang 1: Thong sb m6 hinh va tham sé khao sat dan Pratt

Théng s6 Gia tri Ghi cha

1ip / ehicw €2 60 m /6 m Lih =10

S6 nut / phan tr |20/ 37 Dan Pratt phing
Piéukién bién |Khép — Con lin NGt 1 va Nat 11

M5 hinh phan tir | Thanh hai luc Khop ly tudng tai nat
Vit ligu E =200 GPa; fy = 345 MPa| ASTM A572 Gr.50

Tiét dién TC, BC

0200%x200x10 mm

A=76,0cm? r=777
mm

Tiét dién DR,
DL

0150x150x8 mm

A=454.cmz? r=58,1
mm

Hé sb chidu dai
K

08/10/1.2

Tham sb khao sit do
nhay

Mién d6 manh
KL/r

30—75 (budc 5)

K va KL/r doc lap
nhau

Téai trong

Tap trung tai nit bién trén

Gia dinh; quy dbi tir
tai mai

Tiéu chuan

TCVN 5575:2024; AISC
360-22

So sanh hé s6 sir dung
UR

P06 manh cua thanh nén dugc xac dinh theo A = KL/,

trong d6 L 1a chiéu dai hinh hoc, K 1a hé s6 chiéu dai tinh

toan va r 1a ban kinh quén tinh cua tiét dién.

Theo AISC 360-22:

¢cPn = gcFerAg, voi oc = 0,9

Fer =

khong dan hoi)

@

[0,658(Fy/Fe)]-Fy khi KL/t < 4,71N(E/Fy) (ving

Fer = 0,877+ Fe khi KL/r > 4,71\(E/Fy) (ving dan hdi)
Theo TCVN 5575:2024:

NRd = @Afy/yc

@

14



Hoi thao khoa hoc “Cdong nghé va k¥ thuat xdy dung Cang hang khong” lan thir 4

CETA 2026

X'= (KL / r) “V(fy/E); ¢ ndi suy theo duong cong én dinh
loai b (thanh hop han)
Hé s6 st dung dugc xac dinh:
UR = NEd/NRd ©)
Trong d6 Fer va ¢ 1a cac dai lugng phan &nh suy giam
sic khang nén do 6n dinh. Thanh khong dat kiém toan khi
UR > 1,0.

Bang 2. Noi luc va hé $6 st dung UR cua cac thanh dai dién (K = 1,0)

Thanh| Loai N (kN) | KL/r (Tg\IjN) ( ALIJ;zc) (50)
BC5 |Kéo +1125| — | 0,245 | 0,259 | -6
TC4 |Nén -1080 | 62 | 0520 | 0,217 |+140
DR8 |Nén =525 | 72| 1,146 | 0,186 |+516

2.2. Vat ligu, tai trong va tham sé khao sat

Vit liéu thép duogc gia thiét c6 mo dun dan hdi E = 200
GPa va gigi han chay fy = 345 MPa. Tai trong dugc dat tap
trung tai céc nat bién trén nham mé phong tac dong tong hop
Cua tinh tai mai va hoat tai khai thAc mai. Trong pham vi
nghién ctru nay, tai trong dwoc str dung theo dang tai nut dé
phan anh co ché truyén tai dién hinh cua hé xa go—dan mai
ddi véi bai toan dan phing. Cac thdng sé chinh cia md hinh
duoc tém tit trong Bang 1.

Bai bao tap trung khao sat hai tham s6 chi phdi 6n dinh
cua thanh nén 1a ty s6 d6 manh KL/r va hé sb chiéu dai tinh
toan K. Trong d6, KL/r dugc khao sét trong khoang tir 30
dén 75 véi bude tang 5; hé s6 K duoc xét ¢ ba muc 0,8; 1,0
va 1,2. Viéc lya chon mién khao sat ndy nham dai dién cho
céc trang thai 1am viéc thuong gap cua thanh nén trong dan
mai nhip I6n, tir truong hop dugc kiém ché tuong ddi tot dén
truong hop bat loi hon vé diéu kién lién két va chiéu dai hitu
hiéu. Trén co s& do, cac thanh nén dién hinh thuéc nhém
bién trén, thanh xién va thanh bién dau dan (EP) duogc lya
chon dé phan tich d nhay cua két qua kiém toan.

Can luu y rang trong nghién ctru nay, K dugc xem la

tham s6 khao sat phuc vu danh gia d6 nhay, khong phai gia

tri xac dinh tir phan tich 6n dinh riéng cua toan hé. Vi vay,
két qua thu duoc phan anh xu hudng bién thién cua UR khi
diéu kién chiéu dai hitu higu thay doi, tir d6 lam rd muc do

nhay cam cua timg nhoém thanh ddi véi gia thiét on dinh.
2.3. Pham vi &p dung va giéi han nghién ciu

Két qua cua nghién ctu nay duoc xay dung trén co sd
mot mé hinh dan Pratt phang nhip 60 m, véi gia thiét tai
trong tap trung tai nat, vat liéu thép 1am viéc trong mién dan
hoi tuyén tinh, va kiém toén 6n dinh thanh nén dwoc thuc
hién chu yéu théng qua cac tham s6 do manh KL/r va hé s6
chiéu dai tinh toan K. Trong khudn khé nay, cing mét tap
noi luc dugc sir dung dé so sanh truc tiép giita TCVN
5575:2024 va AISC 360-22, nham lam rd anh huong cua
cdng thic kiém toan 6n dinh dén hé s sir dung cua cac thanh
nén.

Can nhan manh rang nghién ctru chua xét dén mot sé
yéu td c6 thé anh huong dén ung xir thuc cua két ciu, bao
gom lién két ban ciing tai nat, 6n dinh ngoai mat phang, sai
léch hinh hoc ban dau, &ng suat du, ciing nhu cac hiéu tng
bac hai hinh hoc—vat liéu [8]. Ngoai ra, cac hién tuong cuc
bo tai nit dan va tuong tac khong gian cua hé két cau ciing
khéng dugc xem xét trong md hinh hién tai.

Do d6, cac két luan cua bai bao nén dugc hiéu nhu mot
so sanh mang tinh dinh hudng giira hai hé tiéu chuan trén
cling mot mo hinh dai dién, thay vi 1a co s¢ thay thé cho quy
trinh thiét ké chi tiét. Két qua nghién cau c6 thé hitu ich
trong giai doan tién thiét ké va danh gia so bg, dac biét trong
viéc nhan dién céc thanh nén nhay cam véi gia thiét d6 manh
va lya chon tiéu chuan kiém toan phd hop dbi véi két cau

mai nhip Ion.

3. KET QUA VA THAO LUAN
3.1. Phan bd ndi luc
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Ban dd luc doc (Hinh 2) ghi nhan: bién dusi BC chiu
kéo (mau do), bién trén TC va thanh xién DR chju nén (mau
xanh), thanh bién dau dan chiu nén Ién do tiép nhan phan luc
gdi. Vong 16n nhat tai gitra nhip ~ —46 mm (L/1300), trong
gidi han st dung. Thanh nén bi chi phéi bai 6n dinh téng thé,

nhay cam hon véi KL/r va K — 1a déi tugng phan tich chinh.

1000

Ban d6 lyc doc trong cac thanh dan Pratt

Luc doc N (kN)

Hinh 2: Ban db luc doc trong dan Pratt (d6 = kéo, xanh =
nén, kN)

3.2. So sanh TCVN 5575:2024 va AISC 360-22

Bang 3. Hé sO sir dung UR cua cac thanh dai dién theo TCVN
5575:2024 va AISC 360-22 (K =1,0)

Thanh Loai KL/r|UR (TCVN)|UR (AISC)| A (%)
BC5 |Kéo— biéndudi | — 0,25 0,26 —4

BC3 |Kéo—bién dudi | — 0,21 0,21 0

TC4 |Nén—bhiéntrén | 62 0,52 0,21 +148
TC5 |Nén—biéntrén | 62 0,52 0,21 +148
DR8 [Nén — thanh xién| 72 1,15 0,19 +505
DL2 |Nén—thanh xién| 72 1,15 0,19 +505

Biéu dd cot (Hinh 3) xac nhan: nhém BC ¢ UR = 0,21—
0,25, gan nhu tring nhau giita hai tiéu chuan. Nhém TC phan
ky = 148%; nhom xién DRS8, DL2 vuot ngudng UR = 1,0 theo
TCVN trong khi AISC chi cho UR = 0,19 — chénh léch tuyét
d6i hon 0,95. Su phén ky tap trung hoan toan & thanh nén c6 do
manh I6n [2][3]. Can lwu ¥ rang gia tri UR cua TC4 trong Bang
2 la két qua tai trang thai mo hinh co s&, con Hinh 4 1a khao sat
tham s6 trong d6 noi luc doc cua thanh TC4 duoc giit khong ddi
va ty s6 KL/r dugc thay ddi gia dinh dé danh gia do nhay cua
UR.

So sanh utilization ratio ctia 12 thanh bat Igi nhat

N UR - TCUN (x8p xi)
= UR - AISC

08

Utilization ratio
°
S

e
~

0.0

Hinh 3: So sanh UR cua 12 thanh bat loi nhat — TCVN (ni suy)
va AISC 360-22

3.3. Anh huéng ciia KL/r dén thanh nén TC4

Hinh 4 ghi nhan: khi KL/r ting tir 30 dén 75, UR theo
TCVN tang phi tuyén tir 0,38 1én 1,75, vuot ngudng UR = 1,0
tai KL/r = 57; UR theo AISC chi tang tir 0,21 Ién 0,29. Khoang
cich AUR mé rong tir 0,17 (KL/r = 30) dén 1,46 (KL/r = 75).
Vung KL/r = 50-75 la viing phé bién cho thanh bién trén nhip
40-80 m, cho thay lya chon tiéu chuan anh huong quyét dinh
dén két qua thidt k& [1][3].

Anh huéng clia d6 manh dén thanh nén dién hinh TC4

o
-]

—8— TCVN (xap xi)
#— AISC 360-22

Utilization ratio
o o el 200 Ly {28
o ® o N » o

(=
>

e
N

40 50 60 70
Ku/r

Hinh 4: Anh huéng KL/r dén UR thanh TC4 — TCVN (nai suy)
va AISC 360-22

Su sai khac giira hai tiéu chuan chii yéu xuat phat tir cach
xay duyng duong cong on dinh thanh nén. Trong TCVN
5575:2024, hé s6 6n dinh ¢ duoc x4c dinh theo dang dwong
cong Perry—Robertson c6 xét anh huong ciia khuyét tat ban dau
va loai tiét dién, do d6 suc khang nén suy giam nhanh hon khi

d6 manh quy d6i tang. Trong khi d6, AISC 360-22 str dung biéu
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thtrc ng suat téi han nén Fer theo ham thuc nghiém phu thudc
ty sb Fy/Fe, cho phép muc suy giam kha nang chiu nén dién ra
mém hon trong viing d6 manh trung binh va Ién. Vi vay, ddi véi
céc thanh nén c6 KL/r cao, két qua kiém toan theo TCVN
thuong cho gia tri hé s6 sir dung UR 16n hon dang ké so véi
AISC. [21[3][7].

3.4. Anh huong cia hé s6 K

Khao sét K =0,8/1,0/ 1,2 ghi nhan: DR8 nhay cam nhat —
UR theo TCVN tang tir 0,74 — 1,15 — 1,64. Thanh DR7: 0,53
— 0,82 — 1,17; TC4, TCS: 0,35 — 0,52 — 0,73. Thay doi
20% trong K day DR tir dat sang vuot ngudng xac dinh K sat
thuc té lién két Ia yéu t quyét dinh an toan [1] [6].

4. KET LUAN
4.1. Két luan

Trén co s& phan tich mé hinh dan Pratt nhip 60 m va so
sanh két qua kiém toan gitta TCVN 5575:2024 va AISC 360-
22 trén cling mot tap noi luc tuong ddi, co thé rat ra mot sd
nhan xét chinh nhu sau:

o Céc thanh nén thé hién do nhay cao hon so Vi

thanh kéo trong kiém toan theo ca hai tiéu chuén.
Trong khi cac thanh kéo bién dudi ¢6 hé sb sir dung
thip va sai khac khong déng ké, cac thanh nén bién
trén va thanh xién c6 xu huéng chi phdi diéu kién
kiém toén.

o Su phan ky giira hai tiéu chuan tap trung chu yéu ¢
cac thanh nén c6 d6 manh lon. Khi ty s6 KL/r tang,
hé s6 sir dung theo TCVN ¢6 xu huéng ting nhanh
hon so v6i AISC, dan dén kha ning dat hodc vuot
ngudng kiém todn som hon trong cing diéu kién
noi luc.

o Hé sb chiéu dai tinh todn K anh huong dang ké dén
két qua kiém toan thanh nén. Sy thay doi cia K lam

thay d6i d6 manh hitu hiéu, tir d6 tac dong truc tiép

dén hé sé sir dung, ddc biét doi voi cac thanh xién
va thanh gan géi.

o Su khéc biét gitra hai tiéu chuan mang tinh chat phu
thudc trang thai lam viéc cta thanh, trong d6 cac
thanh nén manh nhay cam hon véi phuong phap

danh gia 6n dinh, con cac thanh kéo it bi anh huong.
4.2. Kién nghi

(1) Trong thiét ké dan thép nhip 16n, can tap trung kiém
soat cac thanh nén c6 d6 manh I6n, do day 1a nhém phan tir
nhay cam véi gia thiét 6n dinh va tiéu chuan kiém toan.

(2) Viéc xac dinh hé sé K can dugc xem xét ph hop voi
diéu kién lién két va h¢ giang, dac biét d6i véi cac thanh xién
va thanh dau dan, nhim dam bao danh gia ding kha ning
chiu luc.

(3) Khi sir dung ddng thoi TCVN 5575:2024 va AISC
360-22, can so sanh két qua trén cing co sé nodi luc va hiéu
rang sai khac chu yéu xuét phat tir cach xay dung cong thuc
6n dinh thanh nén.

(4) Can tiép tuc nghién ctru theo huéng bd sung sé liéu
noi luc chi tiét, mo rong mé hinh khong gian va xét céc té
hop tai trong day du, nham nang cao do tin cay va kha ning

ap dung thuc té cua két qua.
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MO PHONG PHAN TU HUU HAN PANH GIA NGUY CO GAY NUT CUA
TUONG BE TONG COT THEP KHOI LON CHIU TAI TRONG NGANG

Pinh Hong B4 Thi *"Pham B4 Ting?
'Khoa ky thuat Xdy dung, Dai hoc Bach Khoa TPHCM
*Khoa Xdy dung, Hoc vién Hang khéng Viét Nam

*Email: thi.dinh1@hcmut.edu.vn

TOM TAT

Nghién ctru tap trung vao vach bé tong cbt thép khdi 16n thudng ding 1am bé chira va twong chin dét, v6i ban mat phing ngam
chat vao mong va chiu tai trong ngang do ap luc dét, nudc. Mic du thiét ké cdt thép da dam bao kha nang chiu luc, hién tuong co
ngét ndi sinh dudi didu kién kim gitr van chua duge khao sat ddy du. Quan sat thuc t& cho thiy vét nut thuong khoi phat tir dinh
vach va lan xudng chan tuong, véi bé rong giam déan theo chiéu sau. Nhom nghién ctru di xay dung mé hinh phan tir hiru han
phi tuyén dé danh gia chi s nut. Két qué chi ra ring co ng6t bi kim giit tao ra ing suét kéo cyc b vuot gidi han bén kéo cua be
tong, trong do d¢ cimg mong, hé sO ma sat va ddc tinh co—nhiét cua vat liéu 1a cac yeu t6 quyét dinh vi tri, huéng va dg rong vét
nit. Do d6, can xem xét co ngdt ndi sinh nhu mot tai trong bién dang trong thiét ké va ap dung phan tich phi tuyén dé du doan
chinh x4c qué trinh hinh thanh va phat trién vét nut.

TU KHOA:  Vach bé tong khdi 16n, co ngét ndi sinh, vét niit do co ngét, phan tich phi tuyén
ABSTRACT

This study focuses on large reinforced concrete walls commonly used in storage tanks and retaining structures, with the wall
slab rigidly fixed to the foundation and subjected to lateral earth and water pressures. Although the reinforcement design
ensures adequate load-bearing capacity, restrained autogenous shrinkage has not been sufficiently investigated. Field
observations show that cracks often initiate at the top of the wall and propagate downward toward the base, with crack width
decreasing with depth. A nonlinear finite element model was developed to evaluate the cracking index. The results indicate
that restrained shrinkage generates localized tensile stresses exceeding the tensile strength of concrete, while foundation
stiffness, friction coefficient, and the thermo-mechanical properties of the material are the key factors governing the
location, direction, and width of cracking. Therefore, autogenous shrinkage should be considered as an imposed strain load
in design, and nonlinear analysis should be used to accurately predict crack initiation and propagation.

KEYWORDS: Massive RC walls, autogenous shrinkage, Shrinkage-induced cracking, nonlinear analysis

1. GIOI THIEU
1.1. Téng quan vé nghién ciru

Hién twong nut trén vach bé tong cbt thép ting ham la
van dé phé bién va nghiém trong, anh huong truc tiép dén
kha ning st dung va do bén cua cong trinh ngam. Vét nut
khong chi lam giam kha nang chiu luc ma con gay phan bd

rng suét khong ddng déu, d& lan rong dudi tai trong tiép theo

va tao diéu kién cho d6 4m, mubi, CO: xam nhap, dan dén an
mon cét thép va rat ngin tudi tho két ciu.

Nguyén nhan chinh la co ng6t bi kim giir cua bé tong:
thé tich giam do mat nudc nhung bi rang budc bai méng va
dét xung quanh, sinh ra &ng suat kéo noi sinh vuot giéi han
bén kéo. Ap luc ngang tir dat ciing thac ddy sy hinh thanh va

phét trién vét nit. Mac du thiét ké ct thép da ¢am bao chiu
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tai trong ngoai, bién dang do co ngot thuong bi bo qua, din
dén danh gia thap chiéu rong va vi tri vét nit.

1.2. Pic diém cia cong trinh

Nghién ciru ndy xay dung va tng dung md hinh phan ta
hitu han phi tuyén trong ATENA dé md phong dong thoi co
ng6t dai han va tai trong ngang cua véach bé tong cbt thép
tang ham, nham dy doan thoi diém khoi phat, huéng lan
truyén va chidu rong vét nat. Mo hinh dwoc trién khai véi
cac tham s6 vat liéu bé tong va cbt thép phu hop, sau d6 thuc
hién phan tich tham s vé muc co ngdt, hinh hoc vach, b tri
cot thép va twong tac dat—két cau, dong thoi ddi chiéu két
qua md phong véi quan trac thuc dia vé vi tri va bé rong vét

nut trén cac vach hién co.

Hinh 1: Céc vét nut trén vach tﬁng ham tai khu vire Quan 1

Trong pham vi nay, co ngot bé tong duoc biéu dién dudi
dang tai trong bién dang noi sinh phuong ngang theo thoi
gian, con anh huong cia trong lugng ban than, nhiét d6 va tur
bién dugc bo qua. Cot thép dugce 1y tuong hoa la thanh lién
két hoan hao véi bé tong. DU cac gia dinh nay c6 thé anh
hudng dén do Ion tuyét ddi caa chidu rong vét nut, ching
cho phép phan tich tham s nhat quan cac yéu té kiém soét

niit do co ngot trong vach tang ham.

1.3. Giai doan thi cong va thuc hién m6 phéng cho
két cu

Qua trinh co ngét va nit né cua tudng ting ham thuong
dugc chia thanh ba giai doan: Giai doan 1 thi céng va dudng
ho bé tong tudng trong 28 ngay, khi co ngét xay ra nhung tac
dong chua 16n; Giai doan 2 thi cong chbng tham va lap dat
hé méng trong khoang 15-30 ngay, lam twdng bét ddu chiu
&p luc dit ngang; va giai doan 3 dai han, khi trdong dong thoi
chiu co ng6t khd va &p luc dat gan nhu khong di. Trong
nghién cttu ndy, moé phong dugc thuc hién tir giai doan 2 tré
di, tic sau khi két thuc dudng ho, véi thoi gian phan tich

khoang 67 thang sau 28 ngay d6 bé tong.

2.COSOLY THUYET
2.1. Co ngot

Co ngét 1a sy giam thé tich cua bé tdng do mét nudc,
gay bién dang theo thoi gian va c6 thé tao ung suat noi, dan
dén nut néu khong duoc kiém soat. Hién twong nay gom hai
giai doan: Co ng6t ngan han xay ra trong 24 gio dau sau khi
d6, va co ng6t dai han kéo dai tir vai tuan dén nhiéu nam tuy
mdi trudng. Do vét niat thudng xuat hien sau 2—7 ngay ké tir
khi d6 bé tong va phat trién kéo dai theo thoi gian, nén
nghién ctru ndy chi tap trung vao co ngét dai han.

Trong thiét ké, do co ngét bé tong thuong duoc hiéu la
tong cua co ngét khd va co ng6t tu sinh, con bién dang co
ngot & trang thai déo thuong khong xét dén. Co ngét khd xay
ra khi nuéc thoat ra khoi cac 16 mao dan sau khi bé tong da
dong cung, gay tng suat kéo trong vat liéu; co ngét tu sinh
phét sinh do phan ng thily hoa xi mang, khi thé tich san
pham thay héa nho hon ban dau, tao 16 rdng va lam bé téng
co lai. Dang co ng6t nay thuong nho trong bé téong thuong
nhung c6 thé ddng ké & bé tong cudng do cao co ty 18
nude/xi mang (N/X) thap, va c6 thé dugc kiém soat thong
qua viéc lya chon cip cuong do va thanh phan cap phdi phu
hop. Phan ung thity hoa co ban ¢6 thé viét gan ding la:

CsS +5.3H - C,,SH, + 1.3CH (1)
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Do thé tich san pham rén chi con khoang 90% so Vi xi
ming va nude ban dau, nudc bi tiéu thu nhanh 1am giam ap
suat trong 16 rdng va tao luc mao dan theo phuong trinh
Laplace [1]:

b 2y cos(8) @
r

Trong d6 P la &p suit mao dan, y 1a stc cing bé mit,
6 1a goc tiép xic va r 1a ban kinh mao quan. Vi vay, bé
tong co ty 1&¢ nude/xi miang thap thudng c6 mao quan nho
hon, nén ap suiat mao dan Ién hon va co ngét tu sinh ciing
I6n hon; néi cach khac, bé tong cudng do cang cao thi bién

dang co ng6t hoa hoc cang dang ké.

Co ngét Co ngét
. .

Téng co ngét

sau khi kho.__
Co ngdt kho
.y
XK
Co ngét tyr sinh
. o ¥ sau khi khd

Co ngét ty sinh
x * g
Bét dau kho Tudi bé tong

Bé tong cwong do cao

Téng co ngot
sau khi kho

Co ngét khd
>

. 3y
% _Co nggtty sinh

x
Bét dau kho

Bé tong thuwong

Tudi bé tong

Hinh 2: Bién dang co ng6t ciia bé tong thuong va bé tong
cuong do cao
Theo Eurocode2, co ngét khd va co ngét tu sinh cé thé
tinh toan bang cong thirc sau:
Co ngét bé téng kho [1] (drying shrinkage):
€ca = Paskn€cao (3)
Vi:
(t—t5)

(t—ts)+\[E

ky,: La hé sb phu thudc kich thude danh nghia

Bas = 4)

Trong do:

h,: Dya theo bang sau:

Bang 1: Bién dang co ngdt cua bé tong thudng va bé tong
cuong do cao [2]

kp, 100 200 300 >500

he 1 0.85 0.75 0.7

t: La tudi cia bé tong tai thoi diém xét

t,: La tudi cua bé tong ldc bit diu co ngot khd

hy: La kich thuéc danh nghia ciia mat cat ngang 24, /u

A.: La dién tich mat cat ngang bé tong

u: La la chu vi phan mit cit ngang ma né co ngét kho.

Co ng6t bé tong tu sinh [2] (autogenous shrinkage):

€ca = Baskn€ca(0) (5)

Trong do:

£cq(©@) = 2.5 X (o, — 10) X 107%: Gid tri co ngot tu
sinh cudi cting khi phan (mg thiry hoa gan nhu hoan tat

Bas = 1 — e72t°: Muc do hinh thanh co ngét theo thoi

gian
2.2. P rong vét it

Vét nut trong két cdu bé tong cbt thép thudng xuat hién
khi ing suét kéo vuot qua cudng do kéo cua bé téng, khoang
0.7\/f.. Chung 1am giam thim my, d¢ kin nudc, kha nang
bao vé cbt thép va do bén, dong thoi anh huong dén kha
nang truyén luc cua két cau. Vi vay, viéc du doan chinh xac
do rong va sy phat trién vét nat 1a rat can thiét trong thiét ké,

dic biét voi cac cong trinh doi hoi do an toan va do bén cao.

chua nut l viing anh hudng J da nat
1 B 3
Oc |
't
fifi—
Ec
_&~ dong
“ vétnat
&

Hinh 3: Giai doan hinh thanh vét nit

Vat liéu trai qua ba giai doan: Trudc khi nut, chiu kéo
dan hoi tuyén tinh dén cuong d¢ kéo téi da f,*; gan dat gioi
han nay, vi vét niit xuat hién va lan dan, Gng suat giam
nhung vat lidu van truyén luc; sau khi giai phong hoan toan
(ing suat tai dau vét niit, bé tong khdng con chiu kéo, vét nut
m& rong ma khdng can thém lyuc, chi phu thudc vao bién
dang kéo tiép theo.

Do rong khe nat don w chinh la khoang cach tach roi

thuc té gitra hai bé mat vét nut, do theo phuong vudng goc
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vai mat nit, sau khi bé tobng da hoan toan giai phéng ung
suat kéo tai vi tri nat, duoc tinh theo [3], [4]:
w=c¢g, XL (6)

Trong dé:

&.r: Bién dang nut, bién dang theo phwong vuéng goc
v6i mat nat, do sau khi (ng suat ¢ vét nit da hoan toan giai
phéng.

L': Chiéu rong bang nit, hay chiéu dai ving lan truyén
bién dang nut.

Khi mé hinh ¢6 nhiéu vét nat (nhiéu phan tir hodc nhiéu

dai vét nut), ta tinh tong do rong vét nut bang [3], [4]:

DW= axl) )

V6i mdi i mot phan tir bi nat.
Théng s6 tong cac do rong vét nat sé thé hién tong “mirc

hu hai” trén toan mo hinh.
2.3. Xay dwng mé hinh vat li¢u

Két cau twong bé tong cdt thép 3D duoc md phong bang
phan mém ATENA, trong d6 bé tong dugc md hinh hoéa
bang phan tir khdi 3D kich thudc 50 mm va cét thép bang
phan tir thanh 1D. M6 hinh vat liéu bé téng sir dung
CC3DNonLinCementitious2 [4] (fracture—plastic), phu hop
cho phan tich phi tuyén véi céc thong s dic trung nhu mo
dun dan hoi, hé sb Poisson, cuong do kéo va nén. Cét thép
dugc gia thiét bam dinh hoan hao véi bé tong, lam viéc theo
md hinh dan hoi-déo 1y tuong va dugc don gian hda thanh
céc thanh thang. M6 hinh sir dung ba loai dwong kinh thép

Véi cac thong s co ban duge xac dinh cu thé.

/ T
L DT T T

oo g

Thép doan noi

Hinh 4: M6 hinh phén tir hitu han
Mt bén trai, phai va mat day cua tuong sé co diéu kién
bién ngam vi khi d6 bé tong tuong cac mat nay tiép xuc vai
cot, nén bé tong da xay tir trwdc va cac két cdu nay dugc xem

nhu cirng hoan toan.
3. KICH BAN MO PHONG

Mo hinh tudng bé tong cdt thép dwoc gan bién dang co
ngét thé tich khong déi theo phwong ngang &, =
600 um/m va khao sét trong bén trudng hop:

o Thay dbi chiéu dai twong, tr 4 — 6 m, khoang

tang 0.5 m, cap phdi bé tong (EC2) la C30/37.

o Thay d6i cap phdi bé tong theo (EC2), tir C25/30
dén C60/70.

o Thay dbi lwong cbt thép, ting khoang cach bd tri
thép theo phuong ngang tor 100 — 200 mm,
khoang tang 1a 50 mm, va thay déi duong kinh cbt
thép 12 mm va 14 mm. C6t thép phuong dimg
gitt nguyén.

o Thay ddi bién phap thi cong, truong hop 1 chi do bé
téng véch tang ham, véi diéu kién bién ngam ¢ hai
mit bén va mat day, sau do xét thém ap luc dat dé
khao sat. Truong hop 2 d6 dong thoi véach ting ham
va dam san phia trén, véi diéu kién bién ngam bon
mit trén, dudi, trai va phai; dam san phia trén dugc
gia thiét cing hoan toan va khéng mé phong riéng,
roi tiép tuc xét anh huong cua ap luc dat.

Ba truong hop dau chi xét anh huong cua co ng6ét dai

han dén bién dang cua tuong, con truong hop cudi xét dong

thoi co ngdt dai han va &p luc dat ngang. Dat lap la dat cét,
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vGi &p luc dat tinh theo (P = 18z (kN/m?)), trong d6
(2) 1a @6 sau tir dinh xudng day tuong.

700

Shrinkage strain (um/m)
[ 8 S w =3
8 8 8 8 8

g

=]

0 30 60 90 120 150 180 210 240 270
Time (days)

Hinh 5: Bién dang co ngét thé tich theo budce thai gian

4. KET QUA VA THAO LUAN
4.1. Panh gia vét nirt khi thay doi chiéu dai

Céc vét nirt trong truong hop mé phong dau tién ciia mo
hinh tudng c6 dang duong di gan nhu 1a dwong thang tir trén
dinh dén chan tudng va xuat hién tap trung & gan 2 bén mép
tuong va & gitra tuong. V&t nut xuat hién dau tién 1a 2 vét nat
ngoai cling cua tudng, thoi gian xuat hién 1a tai budc tha 3
va kéo dai tir canh trén cua tuong xudng canh day cta tuong.
Céc vét nat tiép theo xuét hién ¢ gitra tuong vao budc thir 7,
vét nut phat trién ca vé sé lwong, chiéu dai va do rong. Céac
vét nit xuat hién sau c6 dic diém chung I1a xuét phat tir gan
canh day cua bue tuong kéo dai Ién canh dinh tudng. Va theo
thoi gian sau budce thir 50, cac vét nat doc theo mit tuong sé
khong xuat hién, thay vao d6 chiéu rong ciia cac vét nat
trude do sé tiép tuc ting. Tuong ting theo do, chuyén vi tang

dan khi chiéu dai tudng ting.

Time: 270.000

Hinh 6: Do rong vét niit MAS
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Hinh 7: B4 thi tong d6 rong vét nirt toan két cau MA

Tong chiéu rong vét nut cua toan két cau 1a gié trj tong
chiéu rong vét nit cua cac phan tir diém nat trén mé hinh. Tur
dd thi c6 thé thay, tong chiéu rong vét nut tang dan tir MA1L
dén MAS5. Qua d6, kich thuéc dai ciia mo hinh ting ty 18

thuan voi sb luong vét nut.
4.2. Panh gia vét nirt khi thay dbi cAp phéi bé tong

Truong hop khi thay ddi cap phdi bé téng ciia mé hinh,
do rong vét nut tdi da c6 su khac biét khong dong déu ¢ céc
I6p cuong do, do rong vét nut ti da cua lop bé tong C45/55
rong hon so voi cac 1op cuong do bé tong khac, do rong vét
nat tdi da ciia C25/30 1a nho nhat. Tuy nhién, xét mat tong
thé thi s6 phan tar c6 sy phan b chiéu rong vét nut nhiéu
nhat 12 C60/75 va nho nhat 1a C25/30. Vi vay, chiéu rong vét

nut c6 xu hudng tang khi cuong do bé tong tang.
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Hinh 4: D6 thi tong do rong vét nirt toan két ciu MB

Xem xét gia trj tong chiéu rong vét nut cua toan két cau.
Tir d6 thi c6 thé thay, tong chiéu rong vét nat tang dan tir
MBI dén MB7, dudng MB1 gan nhu tring véi MB2, dudng
MB5 gan nhu tring véi MB6. Qua d6, khi 16p cuong d6 cua

mo hinh tang thi s luong vét nit tang.

4.3. Panh gia vét nit va sy chuyén vi khi thay ddi
cbt thép

Khi bé tdng co lai, ct thép bi nén s& sinh ra noi luc
cung phuong, nguoc chiéu chdng lai sy co dong thoi giam sé
luong vét nut sinh ra. Dé dap Gmg cac gidi han vé chiéu rong
vét nut, ung suat trong thép phai duoc gitr & mac an toan,
qua dé can cung cap du s6 luong thép. Di véi truong hop
thay d6i s6 luong cét thép bd tri phuong ngang trong mo
hinh, chiéu rong vét nit giam dan khi sb luong cdt thép ting.
Dong thoi khi duong kinh cdt thép tang, do rong vét nut sé

giam.
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Hinh 9: 4 thi tong do rong vét nirt toan két cau MC1-3
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Hinh 10: D6 thi tdng d6 rong vét nit toan két ciu MC4-6

Db thi tong do rong vét nat cho thiy, téng chiéu rong
vét nit ting dan tir MC1 dén MC3. Tuong tu tong d6 chiéu
vét nut ting dan tir MC4 dén MC6, tuy nhién vé gan cudi,
dudong MC5 va MC6 gan nhu tring nhau, can xem xét kém
theo d6 thi do rong vét nit 16n nhat ddi véi cap mo hinh nay
dé dua ra nhan dinh md hinh nao c6 su an toan hon. Qua do,
s6 lwong ¢t thép theo phuong ngang ctia md hinh tang ty 1¢

nghich véi s6 lugng vét nut.

4.4. Panh gia vét nirt khi thay dbi bién phép thi
cong

Trudng hop cubdi cing 14 thay doi diéu kién bién cua mo

hinh, vét nt caa md hinh thir hai ¢6 su thay d6i so véi mo
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hinh thi nhat. MD2 xuat hién vét nit dau tién & budc thi 5,
tr& hon so véi MD1. Vi tri vét nat cua MD2 & gan 4 géc
canh ngoai cua md hinh va phét trién di vao giita. Dén budc
7, MD2 xuét hién c4c vét nuat ¢ canh trén va dudi, vét nat
phét trién vao gitra tuong. O budce thir 29 ¢6 sw xuét hién caa

&p luc dat, md hinh chiu ngoai lec phan bd nhu Hinh 11.

z Vectors
Exteral Forces
[MN]

0.0000443
0.0000387
0.0000332
0.0000277
0.0000221
0.0000166
0.0000111
0.0000055
0.0000000

Time: 270.000

Hinh 11: Vectors ngoai lyc cuia MD1 va MD2

Crack Width
Cod1

[m]

0.000124
0.000105
0.000070
0.000035

0.000000

Tirne: 270.000

Hinh 12: D6 rong vét nat MD1

Crack Width

Cod1

[m]
0.000136
0.000105
0.000070
0.000035
0.000000

Time: 270.000

Hinh 13: D6 rong vét nat MD2

Chuyén vi ciia MD1 tap chung & giira va canh trén cua
tuong trong khi chuyén vi cia MD2 chi tap trung & giira

tuong, Vi vay xu huéng bién dang cua 2 md hinh khéc nhau.

Hinh 14: Xu huéng bién dang cua MD1 (bén tréi) va MD2
(bén phai)

Ciing nhu céc trudng hop phan tich trén, nén xét dén 46
thi tong do rong vét nit. B thi cho thiy, tong chiéu rong vét
nirt tang dan tir MD1 dén MD2.

1.400

1.200

3 —

% 3

> >

S >
L i

Crack Width (m)
=
>
>

=

=

>

=3
L

0.200 |

—-—MD1 —<-MD2

0.000
0 30 60 90 120 150 180 210 240 270
Time (days)

Hinh 15: D6 thi tong d6 rong vét nit toan két ciu MD

D6 thi tng suat theo thoi gian trong 10 bude dau cho
thdy ng suat tang roi giam dot ngot, phan anh sy xuat hign
va phat trién ciia vét nut do co ngot, 1am suy giam kha ning
chiu luc cua két cau theo thoi gian. Do thi tng suat-bién
dang biéu dién mdi quan hé giira ing suat va bién dang trung
binh tai viing nut, véi ang xir cia md hinh gom ba giai doan
chinh: dan hoi, hinh thanh vét nut va phét trién do rong vét

nut.
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Hinh 17: Db thi ing suét — bién dang trong bé tong ciia MD
5. KET LUAN

Nghién ctiu cho thay co ng6t bi kim giir 1a nguyén nhan
chinh gay nit vach bé tong cdt thép tang ham; do cing méng,
hé s6 ma sét, cap phdi bé tong va bé tri cit thép déu anh
huong rd dén vi tri, chiéu rong va mic phat trién vét nut. Két
qua mo phong ciing cho thdy vach dai hon va bé tong cuong
d6 cao hon thuong c¢6 xu huéng nat nhiéu hon, trong khi
tang cot thép gidp giam bé rong nut. Vi vay, co ngot ngi sinh
nén dugc xem nhu mét tai trong bién dang trong thiét ké va

phan tich phi tuyén 1a can thiét d&é du doan nit chinh xac hon.

TAI LIEU THAM KHAO

[1] P. Bamforth, D. Chisholm, J. Gibbs and T. Harrison:
Properties of Concrete for Use in Eurocode 2, The
Concrete Centre, Camberley, Surrey (2008).

[2] European Committee for Standardization (CEN), EN
1992-1-1:2004, Eurocode 2: Design of concrete
structures — Part 1-1: General rules and rules for
buildings, Brussels, 2004.

[3] U. Haussler-Combe: Computational Structural Concrete:
Theory and Applications, 2nd enlarged and improved
ed., Ernst & Sohn, Berlin (2023).

[4] S. Prakash: Ph.D. thesis, (2018).

26



Hoi thao khoa hoc “Cdong nghé va k¥ thuat xdy dung Cang hang khong” lan thir 4 CETA 2026

A UNIFIED FRAMEWORK FOR COMPARATIVE ANALYSIS OF RC
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TOM TAT

Nghién ctu nay trinh bay phan tich so sanh thiét ké dim bé tong cdt thép dua trén TCVN 5574:2018, EN 1992-1-1:2023
(Eurocode 2) va ACI 318-25. M6t khung dénh gia thong nhét duoc phat trién dé dam bao cac diéu kién dau vao nhét quan, bao
gom céc ddc tinh hinh hoc, tai trong va vat liu. Chién luge quy d6i vat liéu duoge ap dung dé chuyén ddi cac dic tinh cua bé
tong va thép Viét Nam thanh cac thong sd tuong duong duoc sir dung trong tiéu chuin Eurocode va ACIL. Céc quy trinh thiét ké
udn va cat dugc thyc hién cho moi ti€u chuan trong cung diéu kién. Mot nghién cru tham s6 dugc thyc hién bang cach thay doi
momen uén, cuong do bé tong, cap thép va tiét dién dam. Ngoai cac két qua dau ra thong thuong nhu ty I€ gia c¢b va st dun
can thiét, hai chi sb hiéu suit dugc dua ra, bao gdm gidi han an toan va hiéu suat vat liéu, dé danh gia hoat dong thiét ké. Két
qua cho thay Eurocode 2 nhin chung mang lai bién d¢ an toan cao hon va hi¢u qua su dung vat liéu tot hon so véi TCVN 5574
va ACI 318, Sy khac biét dang ké ciing dugc quan sat thay trong du doan thlet ke cat gifra cac ma. Nghlen ctru d& xudt cung cap
mdt cach tiép cin c6 hé théng dé so sanh cac tiéu chudn thiét ké va cung cap nhitng hiéu biét sau sic hitu ich cho thuc tién k§
thuat.

TU KHOA: Dambé tong cdt thep, so sanh tiéu chuén thiét ké, eurocode 2, hé s an toan, hiéu qua vat li¢u.

ABSTRACT

This study presents a comparative analysis of reinforced concrete (RC) beam design based on TCVN 5574:2018, EN 1992-1-
1:2023 (Eurocode 2), and ACI 318-25. A unified computational framework is developed to ensure consistent input conditions,
including geometry, loading, and material properties. A material mapping strategy is applied to convert Vietnamese concrete
and steel properties into equivalent parameters used in Eurocode and ACI standards. The design procedures for flexure and
shear are implemented for each code under the same conditions. A parametric study is conducted by varying bending moment,
concrete strength, steel grade, and beam geometry. In addition to conventional outputs such as required reinforcement and
utilization ratio, two performance indices are introduced, including safety margin and material efficiency, to evaluate the
design behavior. The results show that Eurocode 2 generally provides higher safety margins and better material efficiency
compared to TCVN 5574 and ACI 318. Significant differences are also observed in shear design predictions among the codes.
The proposed framework provides a systematic approach for comparing design standards and offers useful insights for
engineering practice.

KEYWORDS: Reinforced concrete beam, design code comparison, eurocode 2, safety margin,

1. INTRODUCTION

Reinforced concrete (RC) beams are widely used in civil
engineering structures. In Vietnam, RC beams are mainly
designed according to TCVN 5574:2018, while many
international projects use Eurocode 2 (EN 1992-1-1) and ACI

318. In recent years, new versions of Eurocode 2 (EN 1992-1-

1:2023) and ACI 318-25 have been introduced. These updated
codes include changes in strength models, safety factors, and
shear design methods. As a result, the design results such as
shear  resistance, and  minimum

bending  capacity,

reinforcement may be different even for the same beam [1],

(2], f31-
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Many studies have compared different design codes for
RC beams. Some studies focus on shear resistance and
compare ACI 318, Eurocode 2, and other standards [4], [5], [6],
[7]. Other studies compare beam design results and show that
Eurocode 2 can give more economical reinforcement than ACI
318 in some cases [6]. In Vietnam, several works have also
compared TCVN 5574:2018 with international codes to
understand the differences and improve design practice [5], [7].
However, most of these studies only consider a few examples
or older versions of the codes. They also do not provide a
general framework for large parametric studies. Recent studies
have also compared TCVN, Eurocode 2, and ACI 318 using
updated design provisions and parametric analysis approaches
(81, [9].

Another important issue is the difference in material
definitions. TCVN, Eurocode 2, and ACI 318 use different
concrete strength classes and steel grades. These differences
come from different testing methods and safety formats.
Without a proper material mapping, the comparison between
codes may not be accurate. In addition, recent studies show
that the new Eurocode 2 (2023) and ACI 318-25 include
important changes in shear design, which can significantly
affect the results [10].

This study aims to evaluate the material efficiency and
safety margin of RC beam design using TCVN 5574:2018, EN
1992-1-1:2023, and ACI 318-25. A unified computational
framework is developed. First, a consistent material model is
used to convert Vietnamese concrete and steel properties to
equivalent values in Eurocode and ACI. Then, design
calculations for flexure and shear are implemented for each
code using the same input parameters.

A parametric study is carried out for different bending
moments, concrete strengths, and steel grades. Besides
reinforcement and

common outputs such as required

utilization ratio, two additional indices are used: safety margin

(Mg/M,) and efficiency index (Ma/As rq). These indices help to
evaluate both safety and material usage.

The novelty of this study is threefold. First, it develops a
unified framework to compare RC beam design across three
major codes with consistent material mapping. Second, it
performs a systematic parametric study instead of using only a
few cases. Third, it introduces simple performance indices to
clearly compare safety and efficiency among different design
codes. Compared to previous studies, most existing works
only analyze a limited number of beam cases and do not
ensure consistent material definitions between different
standards. In contrast, the proposed unified framework in this
study standardizes input conditions and applies a material
mapping strategy, allowing a more systematic and fair
comparison. This also enables large-scale parametric analysis

and improves the reproducibility of the results.

2. THEORETICAL
2.1. Flexural design

The flexural capacity of reinforced concrete (RC) beams
is determined based on force equilibrium and strain
compatibility according to design standards [1], [2], [3]. The

design bending capacity is given by:

a
Md:A‘sfy(d_Ej (1)
where the equivalent stress block depth is:
Af,
a=—2> 2
afb @)

where the design bending capacity is denoted by My
(kNm), while A; (mm?) represents the area of tensile
reinforcement and f, (MPa) is the yield strength of steel. The
effective depth of the beam section is denoted by d (mm), and
b (mm) is the beam width. The equivalent stress block depth is

denoted by a (mm), which depends on the stress block
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coefficient « (-) and the compressive strength of concrete f,
(MPa).

2.2. Shear design

The shear resistance of RC beams consists of

contributions from concrete and shear reinforcement [1], [2],

[31:
Vy =V, +V, 3)
The contribution of shear reinforcement is:
V, = % f,d 4)
where Vq (KN) is the design shear capacity, V. (kN) is the
concrete contribution, and Vg (kN) is the shear reinforcement
contribution. The parameter Ay, (mm?) is the shear
reinforcement area, s (mm) is the stirrup spacing, and d (mm)
is the effective depth. The formulation of V, differs among
design codes, where Eurocode 2 considers size effect and
reinforcement ratio, while TCVN and ACI use simplified

empirical expressions [4], [6], [7].
2.3. Code-specific design formulations

To provide a clearer comparison, the main flexural and shear
design formulations of the three standards are summarized in Table 1

and Table 2.

Table 1: Comparison of flexural design formulations for

different standards.

Eurocode 2 (EN 1992-

It TCVN 5574:2018 ACI 318-25
em 1-1:2023)
Design
Ro, Rs foa f fe, f
strength ° o v Y
Safet Strength ducti
akety Included in Ry, Ry Partial factors (ye, ys) g reduction
format factor ¢
Rect: lar stress Rect lar block
Stress block ectanguiar: siress ectanguiar bloc Whitney stress block
block (4, n factors)
Key M Mo =A Ty
. = Mg, =AfZ
equation  “" " R pn? = Al (d —%)
Design
. M¢=M Mg =M Mg = oM,
capacny d n d Rd d = QMn

Item TCVN 5574:2018

Eurocode 2 (EN 1992—ACI 31825

1-1:2023)
1

Strain compatibility a=——"
design Semi-probabilistic
approach

Neutral axis & method
Direct
strength

¢ depends on strain

Remarks L
condition

Table 2: Comparison of shear design formulations for

different standards.

TCVN
Item Eurocode 2 ACI 318-25
5574:2018
Vy =min(Veg, .. Vy =¢...
Total shear Vi =V, + Vs
‘ VRd,max) (Vc +Vs)
V, =0.17...
Concrete part ~ Empirical (Ry) Vrae With size effect Fibd
Reinforcement  _ Au Vi, =D A
* s * s V=" fd
part R,(0.9h,) zf,cotd s
Variable strut
Model type Simplified Empirical
inclination model
Included in Ry,
Safety factor Included in feg, fy ¢ =0.75
Rs
More  detailed and Simple and
Remarks Conservative
flexible widely used

The formulations presented in Tables 1 and 2 summarize
the main calculation procedures for flexural and shear design
according to each standard. These formulations are directly
implemented in the unified computational framework
described in Section 3. Based on these equations, the design
resistance (My and V) is calculated and compared with the
applied actions (M, and V) to evaluate the structural safety.
Therefore, the results presented in this study can be verified
and reproduced using the provided formulations.

2.4. Utilization ratio

The structural safety is evaluated using the utilization

ratio:
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S
UR=—"4% (5)
Rd

where UR is the utilization ratio, Sq is the design action,
and Ry is the design resistance. Avalue of UR <1 indicates a

safe design, while UR > 1 indicates an unsafe condition.

2.5. Performance indices

To compare different design codes, two performance

indices are introduced. The safety margin is defined as:

M = ©)

Bl == ™

where SM is the safety margin, M, (KNm) is the applied
bending moment, and EI represents the efficiency of
reinforcement usage. These indices are used to evaluate both

safety and material efficiency.

2.6. Discussion on code differences

Although the fundamental principles are similar, TCVN
5574:2018, EN 1992-1-1:2023, and ACI 318-25 adopt
different safety formats and empirical models [1]-[3]. These
differences lead to variations in flexural capacity, shear
reinforcement under identical

resistance, and required

conditions.

3. METHODOLOGY
3.1. Unified computational framework

A unified computational framework is developed to
enable a consistent comparison of RC beam design across
TCVN 5574:2018, EN 1992-1-1:2023, and ACI 318-25. The

framework ensures identical input conditions, including

geometry, loading, and material properties. The workflow
consists of three steps: input definition, material mapping,
and code-based evaluation. This approach eliminates
inconsistencies caused by different input assumptions. This
unified framework is consistent with previous comparative

studies [4], [5], [6], [7]-
3.2. Material mapping strategy

To ensure a fair comparison, Viethamese material
properties are converted into equivalent parameters used in
Eurocode 2 and ACI 318. The mapping is implemented at the
parameter level (e.g., concrete strength class and steel grade) to
ensure consistency without modifying the original design
formulations. This approach ensures that differences in results
are due to design models rather than inconsistent material
definitions.

In this study, the mapping is based on the relationship
between cube strength and cylinder strength. The compressive
strength used in Eurocode 2 and ACI 318 is expressed in terms
of cylinder strength, while TCVN uses cube strength. Therefore,
an approximate conversion is applied, where the cylinder
strength is taken as 0.8 times the cube strength.

Similarly, the steel grades are mapped based on equivalent
yield strength to ensure comparable material properties across
the three standards. The material equivalence used in this study

is summarized in Table 3.

Table 3. Material mapping between TCVN, Eurocode 2, and

ACI 318.
Material TCVN Eurocode 2 ACI 318
B25
Concrete C20/25 (f4=20) f'.=20 MPa
(cube)
B30 C25/30 f'. =25 MPa
B40 C32/40 f'. =32 MPa
Steel CB400V  B500B (f,=500) Grade 60
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Material TCVN Eurocode 2 ACI 318
(f,=400) (f,=420)
CB500V Grade 75
B500C (f,=500)
(f,=500) (f,=520)

This mapping ensures that the comparison among different

standards is consistent and reliable.

3.3. Code-based design evaluation

The design verification is performed by comparing the
design action and the design resistance according to each

standard. For flexural design, the condition is:

M, =M, (8)

For shear design, the condition is:

u

vV, 2V, (9)

where M, and V, are the applied bending moment and
shear force, respectively. The detailed formulations of My and

Vq follow the theoretical expressions presented in Section 2.

3.4. Parametric study

A parametric study is conducted to evaluate the influence
of key design variables, including bending moment, concrete
strength, steel grade, and beam geometry. The bending
moment was varied from 50 kNm to 500 kNm with an
increment of 25 KNm. A total of 19 cases were analyzed. For
each case, design results are computed using the procedures
described in Section 2. Outputs include required reinforcement,
utilization ratio, and shear capacity. In addition, performance
indices such as safety margin and material efficiency are used

to quantify differences among design codes.

4. RESULTS AND DISCUSSION

4.1. Case study

A baseline reinforced concrete beam is analyzed to
provide a direct comparison among TCVN 5574:2018, EN
1992-1-1:2023, and ACI 318-25. The input parameters are
defined as follows: beam width b=300mm, total height
h=600mm, 40mm,
Mu=300kNm, and shear force Vu=150kN. The material

concrete  cover bending moment

properties correspond to concrete class B25 and steel grade
CB400V. The design results obtained from the three

standards are summarized in Table 4.

Table 4. Summary of design results for the baseline beam.

TCVN EN 1992-1-
Parameter 55722018 1:2023 ACI 318-25
A (mm?) 1726 1431 1607
Mg (KNm) 265.6 312.1 282.5
UR (flexure) 1.129 0.961 1.062
Ve (kN) 52.9 84.2 127.7
V; (kN) 140.5 430.1 184.6
Vg (kN) 193.4 383.7 234.3
UR (shear) 0.776 0.391 0.640

From Table 1, it can be observed that Eurocode 2
requires the smallest reinforcement area while providing the
highest flexural capacity. In contrast, TCVN results in the
largest required reinforcement and a utilization ratio greater
than unity, indicating that the section does not satisfy the
flexural requirement under the given loading. ACI 318
provides intermediate results between the two standards.

The comparison of required reinforcement versus
bending moment is illustrated in Fig 1, where Eurocode 2
consistently shows lower reinforcement demand. Although
some cases do not satisfy the flexural requirement, they are
included to compare the relative behavior among the design

codes.
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URshear
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—e— ACI 318-25
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<
1000 A
500 A
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Fig 1: Required reinforcement versus bending moment for Fig 3: Radar chart of utilization ratios for flexure and shear.
different design codes.
In addition, the variation of minimum reinforcement
ratio is presented in Fig 4, showing notable differences in
The shear behavior is further compared in Fig 2, which  design requirements across the standards.
highlights significant differences in predicted shear capacity These results demonstrate that even for a simple
among the codes. baseline beam, the predicted structural performance can vary

significantly depending on the selected design code.

Shear capacity comparison Minimum reinforcement ratio comparison
== Vy=150kN B V: (stirrups) /
400 4 |HEE V. (concrete) [ Vy (design) 0.35 . . X
0.30 A
= 300 4 0.25
8 =~ 020+
B g
£ £
= 200 1 s ._._.—_./._//
[}
== S PPN | O 1 S
w 0.10 4  ¢—m—m—m—p——r—r—0——S
100 4 —8— TCVN 5574:2018
0.05 1 _m— EN 1992-1-1:2023
—&— ACI 318-25
0.00 T T T T T T
15 20 25 30 35 40
TCVN 5574:2018 EN 1992-1-1:2023 ACIL 318-25 Equivalent fx (MPa)
Fig 2: Comparison of shear capacity predicted by different Fig 4: Minimum reinforcement ratio according to different
standards. design codes.

The overall performance of the beam is visualized using

a radar chart in Fig 3, combining flexural and shear  4.2. Parametric study

utilization ratios.
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The parametric results are presented in Fig. 5-10 to The corresponding material efficiency is illustrated in
evaluate the influence of bending moment, geometry, Fig 6.

concrete strength, and steel grade on design performance.

To improve clarity, a summary of the parametric study . Material efficiency vs. bending moment (G2_300x600)
a5 —e— TCVN 5574:2018
results is presented in Table 5, including the main trends and N L1208
2 0224
relative differences among the design standards. <
% 0.20 1
o
Table 5. Summary of parametric study results. < 018+
ey
TCVN g 016
Parameter Eurocode 2  ACI 318 &
5574:2018 o
0.14 4
Safety margin (SM) Lower Higher Moderate , . . ‘ ;
100 200 300 400 500
Material efficiency Lower Higher Moderate M, (kN-m)
Reinforcement (As) Higher Lower Medium Fig 6: Material efficiency (Md/As) versus bending moment
. ] ) for different design standards.
Shear capacity Lower Higher Medium
Overall trend Conservative Efficient Balanced

Fig 7 presents the variation of flexural utilization ratio.

From Table 5, Eurocode 2 genera“y shows higher Safety Flexural utilization vs. bending moment (G2_300x600)

margin and better material efficiency, while TCVN tends to —— TCVN 5574.2018
1.25 4|==— EN 1992-1-1:2023
—— ACI318-25

be more conservative. ACI 318 provides intermediate results

1.20 4
between the two standards.
1.15 4
The variation of safety margin with respect to bending
1.10 4

moment is shown in Fig 5.

1.05 4

Flexural utilization ratio

1.00 -+

Safety margin vs. bending moment (G2_300x600) /

100 200 300 400 500
M, (kN-m)

1.00

S Fig 7: Flexural utilization ratio as a function of bending

= o5

s o moment for TCVN, Eurocode 2, and ACI 318.

wuy

§ 0.90 -

g

& The effect of beam geometry on material efficiency is
& 0.85 -

5]

w

summarized in Fig 8.

T
100 200 300 400 500
M, (kN'm)

Fig 5: Variation of safety margin (Md/Mu) with respect to

bending moment for different design codes.
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Average material efficiency across geometry cases

B ACT 318-25
0.25 - | == EN 1992-1-1:2023
B TCVN 5574:2018

e

s

S
L

0.15 4

0.10 1

Mean efficiency index

0.05

G1_250x500 G2_300x600 G3_350x700

Fig 8: Effect of beam geometry on material efficiency for

different design codes.

The influence of concrete strength is shown in Fig 9.

Effect of concrete strength on required reinforcement

—#— TCVN 5574:2018
—#— EN 1992-1-1:2023
—— ACT 318-25

1800

1700

As, req (Mmm?)
o
>
2
=]
.

H
@
<
=1
L

1400 \‘\\«

1300 4 T T T T T T
15 20 25 30 35 40
Equivalent cylinder strength fox (MPa)

Fig 9: Influence of concrete strength on flexural capacity and

safety margin.

Finally, the effect of steel grade is illustrated in Fig 10.

Effect of steel-grade scenario on required reinforcement

B TCVN 5574:2018
[ TN 1992-1-1:2023
B ACI 318-25

As reg (mm?)

CB400V CB500V NORMALIZED 400
Fig 10: Comparison of flexural performance for different

steel grades across design standards.

Similar trends have been reported in previous studies [4],

6], [71.

4.3. Discussion

The parametric results reveal consistent differences
among the three design standards.

The safety margin decreases with increasing bending
moment for all codes, as shown in Error! Reference source
not found.. However, Eurocode 2 maintains a higher safety
margin, while TCVN and ACI exhibit a faster reduction. This
indicates a more efficient resistance prediction in Eurocode 2.

Error! Reference source not found. shows that
Eurocode 2 achieves better material efficiency by requiring
less reinforcement for similar capacity. ACI provides moderate
performance, whereas TCVN generally requires more
reinforcement.

The variation of utilization ratio in Error! Reference
source not found. confirms that TCVN reaches the limit state
earlier, while Eurocode 2 remains within acceptable limits
over a wider range of loading.

The effects of geometry, concrete strength, and steel grade
(Error! Reference source not found., Error! Reference

source not found., Error! Reference source not found.)
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follow similar trends for all codes. Increasing these parameters

improves structural performance; however, the relative
differences between the standards remain consistent. This
indicates that the discrepancies mainly arise from differences
in design formulations rather than input conditions.

Overall, Eurocode 2 tends to provide higher efficiency
and safety margin, ACI shows balanced behavior, and TCVN
exhibits relatively conservative performance in several cases.
The higher shear resistance in Eurocode 2 is mainly due to the
variable strut inclination model and the contribution of shear
reinforcement. In addition, safety factors and formulation

differences also influence the results.
5. CONCLUSIONS

This study presents a unified framework for comparing
RC beam design based on TCVN 5574:2018, EN 1992-1-
1:2023, and ACI 318-25 under consistent input conditions.
The results show clear differences in flexural and shear
behavior among the design codes. Eurocode 2 generally
provides higher safety margins for the investigated cases and
better material efficiency, while TCVN 5574 and ACI 318
may lead to lower safety margins under certain conditions.
The proposed performance indices effectively highlight
differences in design philosophy. From the perspective of
Vietnamese engineering practice, the findings provide useful
insights when applying TCVN 5574 in comparison with
international standards. The proposed framework can support
engineers in understanding code differences and improving

design decisions in practice.
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DPANH GIA HU' HONG DAM CAU BE TONG COT THEP VEN BIEN
BANG CHI SO TUONG QUAN CC VA MO HINH PHAN TU HOU
HAN

Trin Minh Sangl’*, Ha Minh Tuén®

Y2Khoa Xay Dung, Truong Pai hoc Cong nghé Thanh pho Ho Chi Minh
“Téac gia lién hé: minhsangmytho@gmail.com

TOM TAT

Nghién ciru dénh gia trang thai lam viéc ciia dam G8 thudc cau bé tong cdt thép ven bién
thong qua thi nghiém tai di dong cing véi chi s6 twong quan CC va md phong phan tir hitu
han. Dir liéu chuyén vi dugc thu thdp tir 6 cam bién dudi tac dung cua hai xe chay song song,
sau d6 so sanh voi két qua md phong dé xac dinh sai léch. Chi sd tuong quan CC dugc sir
dung dé phan tich sy thay d6i chuyén vi va chan doan hu hong. Két qua cho thdy sy suy giam
d6 cting két cau, v6i hu hong tap trung tai cac vi tri 3/8L va 7/8L, phu hop gitta thi nghiém va
mo hinh. Nghién ctru chimg minh hiéu qua cua viéc két hop thir tai thuc t& va phan tich dir
liéu trong danh gia strc khoe cAu, dic biét ddi vai cong trinh chiu moéi truong xam thyc bién.

TU KHOA: Bé tong cbt thép, cau ven bién, thir tai di dong, mo hinh phan tir hitu han, hu

hong két cdu

ABSTRACT

This study evaluates the structural performance of beam G8 in a coastal reinforced concrete
bridge using a moving load test combined with the correlation coefficient (CC) index and
finite element modeling. Displacement data were collected from six sensors under the action
of two vehicles moving in parallel and compared with simulation results to identify
discrepancies. The CC index was applied to analyze displacement variations and diagnose
structural damage. The results indicate a reduction in structural stiffness, with damage
concentrated at locations 3/8L and 7/8L, showing good agreement between experimental
observations and the numerical model. The study demonstrates the effectiveness of
integrating field load testing with data analysis for structural health assessment, particularly
for structures exposed to aggressive marine environments.

KEYWORDS: Reinforced concrete, coastal bridges, moving load testing, finite element
modeling, structural damage.

1. TONG QUAT trong, nhiéu cong trinh tai Viét Nam da khai thac

Chu bé tong ¢ 5t thép 13 ha té“mg giao thong quan lau nam, déc biét cac cau ven bién chiu moi trudng
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xam thue khéc nghi¢t. Tac dong cua hoi mudi, do trinh thudng xuyén chiu tdc dong cua moi
am cao va tai trong giao thong co thé gay suy giam truong c6 d6 4m va ham luong mudi cao,
d6 cimg, hu hong bé tong va dn mon cdt thép, anh lam tang nguy co giam yéu vat liéu theo
huong dén kha nang chiu lyc. Do d6, viée danh gia thoi gian.

trang thai lam viéc cua cau thong qua thir tai két
hop mé hinh phan tir hitu han 13 can thiét nham

dam bao an toan va phuc vu bao tri.

Cac phuong phap danh gid khoéng pha
huy da dugc nghién ctru rong rai, trong do
su thay doi dic trung dong hoc dugc xem
1a dau hiéu hu hong két cu (Doebling va
cong su, 1996). Linh vyc giam sat suc
khoe cong trinh dang chuyén tir md hinh
vat 1y sang hudng tiép can duya trén dit lidu
(Farrar va cong su, 2025). Déng thoi, cac
phuong phap hoc may ngay cang duoc ing
dung trong danh gia két ciu (Bao & Li,
2021; Flah va cong su, 2021). Sy phat trién
clia cong nghé cam bién ciing gop phan
nang cao hi€u qua cac k¥ thuat NDT
(Hassani va cong sy, 2021; Hassani &
Dackermann, 2023), dic biét ddi voi cac
cong trinh quy md 16n (Sofi va cong su,
2022).

Tai Viét Nam, mot sé nghién ctru da ap
dung cac phuong phap t6i wu trong chén
doan hu hong tdm vo & cau day treo (Cao
va cong su, 2020; Ngoc va cong su, 2023).
Tuy nhién, cic nghién ciru vé ciu bé tong
ot thép ven bién st dung dir lidu thir tai
thuc t& dé kiém chimg mé hinh phan tu
hitu han van con han ché.

2. POI TUQNG VA CHI SO CC
NGHIEN CU'U

2.1 Péi twong nghién ciru

Déi tugng nghién ctru 1a dam G8 thudc
cau s 245 (Hinh 1), mot cau dam bé tong
cdt thép g luc trude duge xay dung nim
1986 tai tinh Ishikawa, Nhat Ban. Cau c6
chidu dai khoang 10 m va bé rong 3,5 m,
phuc vu giao thong xe dap va nim cach b
bién khoang 30 m. Do vi tri gan bién, cong

V& hinh hoc, cdu c6 d6 dbec ngang 2% va
do déc doc 0,5%. Két ciu nhip gém 12 dim
chi b tri theo phwong ngang, ky hiéu tir G1
dén G12, trong ¢6 G1 nam phia nui va G12
phia bién. Dadm gitta nhip (G8) dugc lya chon
dé khao sat do chiu tic dong dong thoi cia tai
trong khai thac va diéu kién méi truong.

K D 3500 350
o -t T

Hinh 2: M3t bang ciu

Két qua khao sat hién trang dim G8
cho théiy mot s& khu vue dudi dam xuét
hién bong troc 16p bé tong bao vé va 16 cdt
thép. Cac hu hong nay duogc cho 1a do tac
dong xam thuyc mudi bién kéo dai két hop
v6i diéu kién khai thac, dan dén suy giam
do ctrng va kha nang chiu lyc cua Kkét cau.

[ Bong ec | DUGI MAT CAU

Hinh 3. Hién tugng bong troc bé tong dudi
mat cau
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Dam G8

Phia Komatsu

Hinh 4. Vi tri hu hong dam G8
2.2 Chi s6 danh gia hw héng CC

Hé sb twong quan CC (Correlation
Coefficient) dugc s dung dé do ludong
mirc do lién két gitra hai bién. Tseng and
Naidu (2002) da ap dung CC trong phuong
phap tr& khang dé danh gia hu hong két
cAu trén mau nhom. Tuong tw, Min et al.
(2012) sir dung CC dé theo ddi sy thay ddi
chi s6 trong mién tan sé trudc va sau khi
xay ra hu hong.

Trong nghién cou nay, CC dugc su
dung dé danh gia sy thay doi chuyén vi
dam. Gia tri CC nim trong khoang [-1, 1];
néu vuot ngoai khoang nay, két qua tinh
toan hoac do luong coé sai sot. Gia tri CC =
1 biéu thi ddm khong hu hong, CC = -1
biéu thi twong quan nghich hoan toan, va
CC = 0 cho thiy khong c6 mbi lién hé giita
hai bién.

Duéi day 1a cong thic tinh chi sé CC:

COV(GU‘} ,O'U,J)
N GUT .Gu,l
Trong d6:
u' u .
. I'va ") : chuyén vi do duogc trudc va

sau hu hdng khi lyc tai vi tri thir j

S ! ’G d .. A A R 5 [ .
. Y %la do 1éch chuan cua gia tri
d
~ U
va !

13 T\
Cov(cu:, ’Gu‘,) :HZ(UT —uf)(u;-uj)
i1

¢ uva ul la cac gia tri trung binh cia

hai dir liéu tir gié tri chuyén vi.
3. THi NGHIEM XE CHAY
3.1 Gi6i thiéu thi nghiém

Gia tri chuyén vi dugce do bang chuyén
vi ké (Hinh 5) theo phwong phap su thay
ddi chuyén vi. Nghién ctru xem xét dam
san cau bé tong cdt thép chiu tai di dong,
véi tai tap trung mdi banh xe 1a 1,25 kN,
tac dung tai 8 diém. Tai dugc quy ddi tir tai
trong xe 5 kN (4 banh), kich thuéc mdi xe
880 x 1.090 mm; c6 2 xe chay song song
(Hinh 6). Chuyén vi dugc ghi tai 6 vi tri
(D1->D6): 2 diém phia nui, 2 diém giira
nhip va 2 diém phia bién (Hinh 7). Thuc
hién 7 trudng hop tai tai cac vi tri 1/8L dén
7/8L (huéng tién tir Komatsu). Két qua
chuyén vi dung dé danh gia sai léch giira
thi nghiém va mo phdng.

BB

Hinh 6: Quy trinh thi nghiém phia giita tién
va bién tién

Hustmg i

a1

OeT -7

tﬁ?'—s THP-TU

7 2\ =

lﬂﬂ-’—:- T ThP-5

1] 1 11 G8
k =g 1051

L}i”h it Gz
udng bidn! ! i

#RM s LA sLA Lr L8 LA L8 sy
anazaw: Komatsu

Hinh 7: Vi tri 6 cam bién do chuyén vi va
dam G8
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3.2 Két qua thi nghiém

Dit liéu thi nghiém dugc thu tr 6 cam
bién chuyén vi. Cic cam bién phan anh
tmg xir ciia két céu khi tai trong di chuyén
trén cau (Xem hinh 8): tai trong cang gan
vi tri cam bién thi gia tri chuyén vi do duoc
cang 16n. Phia giira tién co6 cam bién D2
(4/8L) c6 chuyén vi 16n nhit la -
0.1026mm. Twong duong phia bién tién c6
cam bién D6 (5/8L) c6 chuyén vi 16n nhét
& -0.0843mm nhit va tai cam bién
D3(1/8L), D4(1/8L) c¢6 gi4 nho nhat. So
sanh két qua chuyén vi giira cac diém b tri
& hai bén mép doc cau cho thdy DI c6
chuyén vi thdp hon so voi D3, va D6 co
chuyén vi thap hon D4 .

Cam bién - Phia bién tién Vi i
D4 D5 Ds
0 ---4--- USL
— e
- - 3L
4L

Cam bién - Phia giifa tin Vi
0 DL D2 D3

—_ 01

Hinh 8: Két qua chuyén vi do duoc tir 6
cam bién
4. MO HINH PHAN TU HU'U HAN
4.1 Giéi thi€éu mo hinh

Nghién ctru mé phong mot hé dam ciu
v6i chiéu dai nhip L=9.6m (Hinh 9), vai
mit cdt ngang hinh chir nhat c6 kich thudc
bxh = 0.34m x 0.425m tong cong 12 dam
chiu tai tap trung P=1.25 kN (xem muc 3.1
va hinh 9). Vi tri dat tai cach ddu ddm mot
doan 1.2 m cach khoang sut chiéu dai
dam. Bé tong dwoc mé phong 1a vat lidu
dan hdi tuyén tinh c6 mé dun dan hdi E
=3.0 x 107kN/m?; h¢ s6 Poisson v = 0.2.
Mb phong dugc xay dung bang phan mém
SAP2000 dugc sir dung dé xay dung mé
hinh va gén tai trong.

Hinh 9: Mit bang tai trong va mat cat tiét
dién tir mé hinh phén tir hiru han

4.2 Két qua md phéng va so sanh véi
thi nghiém

Két qua mdé phong chuyén vi ngang
nhip ciu duoc so sanh véi sd liéu thi
nghiém (Hinh 10) cho thdy xu thé phan bd
chuyén vi 14 twong dong tai D2&D3, tri 16n
nhét tai gitra nhip. C6 sy chénh léch cao
nhét tai diém D1&D6 1a 20.9%&19.4%, cu
thé -0.094mm&-0.079mm (thi nghiém) so
voi -0.074mm&-0.063mm (m6 phong). Sy
chénh 1¢éch nay phan anh sy suy gidm 4o
clmg cta két cau cau trong qua trinh khai
thac thuc té.

Cam bién - Hudmg gita tién Cam bién - Hudng bién tién

|D5 D4 D5 D
o 1
Zom
=004
5 SN
2-0.06 5
o T e 5008 ©
0.12 E

“---Bihtiwmg O Huwhorg ----Bmhthwmg O Hrhing

Hinh 10: So sanh chuyén vi tai 6 cam bién
gitta mo6 phong va thi nghiém (4L/8)

4.3 Danh gia thi nghiém

Dua trén biéu do (Hinh 11), chi s CC dat
gia tri thdp nhat tai 3/8L (phia giita tién)
va 7/8L (phia bién tién), dong thoi cac vi
tri khac ciing c6 xu hudng giam. Piéu nay

cho thay dam G8 bi hu hong tai hai vi

tri

3/8L va 7/8L, phu hop véi két qua chén
doan tu chi s0 CC ding voi vi tri thi

nghiém.

1.000 1.000
0.900 0990
0.800
0.700
0.600
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0.400
0.300
0.200
0.100
0.000
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cCc
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0.900

Hinh 11: Biéu dd xac dinh vi tri hu hong
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theo chi s6 CC dAm G8
5. KET LUAN

Nghién ciru khang dinh viéc két hop thi
nghiém tai di dong, chi s6 CC va mé hinh
phan tir hitu han 1a phuong phap hi¢u qua
trong danh gia dim G8 cau bé tong cot
thép ven bién. Két qua cho thiy mo hinh
phan anh t6t ing xir thuc té, voi sai léch
turong ddi do suy giam do cimg. Chi sé CC
xac dinh rd hu hong tai 3/8L va 7/8L, phu
hop voi thi nghiém, qua dé chirng minh d6
tin cdy cuia phuong phap trong danh gia
strc khoe két cau.

LOI CAM ON

Nhom nghién cru chén thanh cam on
Giao su Saiji Fukada, Pai hoc Kanazawa
(Nhat Ban) da cung hd trg thuc hién nghién
cuu nay.
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MO PHONG SO TRUYEN NHIET VA BIEN DANG NHIET CUA DAM BE TONG COT
THEP CHIU LUA THEO EUROCODE BANG PHAN MEM ABAQUS
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TOM TAT

Nghién ctru khéo sat qua trinh truyén nhiét va bién dang ciia dim bé tong cdt thép ngam hai dau chiu duong cong chiy chuan
Eurocode EN 1991-1-2 (ISO 834) trong 3 gid. M6 hinh phan tir hitu han giai bai toan két hop co — nhiét (fully coupled thermal-
stress) trong Abaqus, sir dung md hinh Concrete Damaged Plasticity (CDP) cho bé tong va m6 hinh dan héi—déo cho cdt thép,
v6i cac thong s vat liéu phu thude nhiét do theo Eurocode. Két qua sau 180 phut cho thay nhiét d6 mat day dam dat khoang
1110°C trong khi tim ddm chi dat 520°C; chuyén vi 16n nhit khoang 5,2 mm xudt hién gan vi tri ngam do hiéu ng kim gilr gidn
no nhiét. Phan tich hoi ty ludi xac dinh kich thude phan tir 30 mm 1 phu hop. Nghién ctru cung cap quy trinh mé hinh hoéa va co
s& dir liéu cho thiét ké két cau bé tong cbt thép chiu lira.

TU KHOA: Dambé tong, Abaqus, truyén nhiét, bién dang nhiét, ngam 2 dau.

ABSTRACT

This study investigates the heat transfer and deformation response of a reinforced concrete (RC) beam with both ends fixed,
subjected to the standard fire curve defined in Eurocode EN 1991-1-2 (ISO 834) for 3 hours. A fully coupled thermal—stress
finite element analysis was performed in Abaqus, employing the Concrete Damaged Plasticity (CDP) model for concrete
and an elastic—plastic constitutive model for the reinforcing steel, with temperature-dependent material parameters according
to Eurocode. After 180 minutes, the bottom surface of the beam reached approximately 1110°C while the core temperature
remained around 520°C; a maximum displacement of about 5.2 mm occurred near the fixed-end region due to restrained
thermal expansion. A mesh convergence study confirmed that a 30 mm element size provides an appropriate balance
between accuracy and computational cost. The study contributes a modeling procedure and reference data for the fire-
resistant design of RC structures.

KEYWORDS:  Concrete beam, Abaqgus, heat transfer, thermal deformation, fixed-end restraint.

1. GIOI THIEU
1.1. Ly do chon dé tai

Két cau bé tong cot thép khi chiu tac dong nhiét truc tiép
tir lira thuong xuat hién nit, mat 6n dinh va c¢6 nguy co nd
v& do 4p suét hoi nudc tich tu. Viéc phan tich truyén nhiét
trong dam gidp du béo phan bd nhiét do, mirc do suy giam
cuong d6 va kha niang chiu lra cua két cau.

Hién nay da c6 nhiéu nghién cru md phong dam bé tong
cbt thép chiu lra bang phuong phap phan tir hitu han va tiéu

chuan Eurocode. Tuy nhién, phan Ién cac nghién ciu trudc

day tap trung vao trudng hop dam twa don hoic dam chiu
dong thoi tai trong co hoc va tai nhiét nhim danh gid kha
nang chiu luc va giéi han chiu lira cia cAu kién. Trong khi do,
céc nghién ctru chuyén sau vé ing xir ciia dam ngam hai dau
dudi tac dung thuan tly cua tai nhiét, dac biét 1a sy hinh
thanh chuyén vi va ng suat do gi&n no nhiét bi kim git
trong giai doan dau cua qua trinh chay, van con han ché.
Trong bdi canh Viét Nam, noi cic cong trinh dan dung va
cong nghiép thuong sir dung dam c6 lién két ngam hozc ban
ngam, viéc nghién ctru sau ang xir chiu lira dudi diéu kién

rang buoc manh nay 1a rat can thiét nhim cung cap co s
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khoa hoc cho thiét ké an toan va danh gia nguy co chay nd

thuc té.
1.2. Muc tiéu nghién ciu

Muc tiéu chinh cua nghién ctu 1a xay dung va kiém
chung quy trinh md phong sé thermo-mechanical bang phan
mém Abaqus cho dam bé tong ¢t thép ngam hai dau chiu tai
nhiét chuan Eurocode EN 1991-1-2 (ISO 834). Cu thé,
nghién ctru tap trung:

o Xay dung md hinh phan t hitu han sa dung md
hinh Concrete Damaged Plasticity (CDP) két hop
tham sd vat liéu nhiét 6 phu thugc theo Eurocode.

o Phan tich qua trinh truyén nhiét, phan b nhiét do
theo thoi gian va bién dang nhiét (dzc biét 1a chuyén
vi va ung suit noi sinh do kim giir gidn no nhiét)
trong diéu kién khéng co tai trong co hoc.

Két qua nghién ctu khong chi cung cip quy trinh mé
hinh héa chi tiét ma con lam rd anh huong caa diéu kién lién
két ngam dén ung xir chiu lira cua dam bé tong cdt thép, gop
phan bé sung dir liéu cho thiét ké két cdu chiu lua tai Viét

Nam.
1.3. Co s& ly thuyét

Quéa trinh dan nhiét trong bé tong dwgc MO ta boi
phuong trinh dan nhiét Fourier:

T
pC— = VI(KVT) @)
at

Trong d6 T(x,t) 1a nhiét do, p la khdi luong riéng, ¢

la nhiét dung riéng va k 1a do dan nhiét cua bé tong.

2. MO HINH MO PHONG TRONG ABAQUS

2.1. Hinh hoc dim va diéu kién bién

Dam bé tong c6 kich thudc cac canh 1a 200 x 500 X

3000 mm va ¢t thép bén trong duoc b tri nhu Hinh 1.

201

500
500

1

Hinh 1: Céu tao hinh hoc cua dam

. 2010@200 ’ l l \

S8 2p0
0" 3000

Két cdu dam dwoc mo hinh héa bang phan mém phan tu
hitu han Abaqus véi kich thudc phan tir khdi lap phuong
canh lan luot 12 a = 50 mm, 40 mm, 30 mm, 20 mm. Cbt
thép va cét dai duoc md hinh héa bai cac phan tir thanh 1
chiéu.

Diéu kién bién la dam s& dugc ngam chéng chuyén vi 6
bac tu do chuyén vi va quay ¢ hai mat bén, nhiét d6 ban dau
cua dam duoc dat 1a 25°C. Qua trinh truyén nhiét I1a sy dan
nhiét tir ngudn nhiét c6 tap gia tri dwoc tinh toan theo cong
thec moé ta duong cong nhiét khi chdy cua tidu chuan
Eurocode EN 1991-1-2 (ISO 834) [1] dua vao dam chi tur
tiép xdc tryc tiép véi mat day (200 x 3000 mm), khong
xem xét trao doi nhiét dbi luu va buc xa gitta dam véi moi
truong xung quanh, thoi gian khao sét 1a 3 tiéng:

T, =20+345 log,, (8t +1) 2
Véi Tylanhigtdo (°C), t lathoi gian (phat).

Biéu dd nhiét khi chdy theo thoi gian

1200
1100
1000
900
800
700
600
500
300

200
100

Nhiét d6 (°C)

0 30 60 90 120 150 180 210
Théi gian (phat)

Hinh 2: Biéu do nhiét khi chéy theo thoi gian

2.2. M6 hinh vat li¢u
2.2.1 M6 hinh vt li¢u bé tong
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Abaqus cung cip mo hinh Concrete Damaged Plasticity
(CDP) @& mo hinh héa tmg xir ctia bé tong dudi tac dung co
hoc va nhiét. M6 hinh nay gia dinh rang hai ché d6 hong
chinh 1a nat do kéo va phd hiy do nén. Duéi luc kéo don
truc, phan @ng @ng suat-bién dang tuan theo méi quan hé dan
hoi tuyén tinh cho dén khi dat dén gia tri cua ang suat hong.
Ung suat hong twong (g véi su bat dau cua cac vét nat nho
trong vat liéu bé tong. Vuot qué tng suit hong, su hinh
thanh céc vét nat nho dwoc biéu thi bang phan wng ang suat-

bién dang mém dan.

Bang 1: Cac tham s6 mic dinh cia mé hinh Concrete

Damaged Plasticity (CDP) trong Abaqus

Dilation Eccentri ho/ .
angle city fcO K Viscsity
40 0.1 1.16 0.67 0

Do d6, cac thong s6 dan hoi can thiét dé thiét 1ap phan
dau tién caa mdi quan hé 1a md dun dan hdi E., cuong do
nén f., va cudng do kéo f.,. Cac gia tri trén s& thay ddi
theo nhiét do va dugc quy dinh trong tiéu chuan Eurocode,
chon bé tong €30/37 dé tinh todn nén gi4 tri cudng do nén
dic trung & 25°C (cuong do trén mau try) f, = 30 MPa.
Sau d6, E.(0), f.(0) va f..(8) duoc tinh toan bang cong

thire theo Tiéu chuan Eurocode [2]:
0.3
E,(25°C) = 22000{%8) - 33000MPa 3)

f,(25°C)=0.3x f7® =2.90MPa  (<C50/6( 4

Véi f,, =f, +8 la cuong d6 nén trung binh cia bé

tong ¢ nhiét d6 25°C , don vi MPa.

Mb dun dan héi E,_(6) (MPa) :
E.(0)=E,(25°C) 20°C<6<100C
E.(#) = (1.015—-0.00154x 6+ 2x107 x 6
+3x10"° x#*)x E,(25°C)

100C <0< 100C
E.(9)=0  6>1000°C

Ung suitnén f, () (MPa) :

®)

CETA 2026
f(0)= 3xex fy, (25003) (©)
Eqyp [2+[ ¢ J J
801,9

Véi g, tratiabing 3.1 ciia EN 1992-1-2.

Ung suat kéo f,(6) (MPa) :
f (0)=f,(25°C) 20°C<@H<108C
f,(6) =(1-(6-100)/500)x f (25°C) @)

106C <6< 60T

f.(0)=0 6 >600°C

Str dung biéu thue cia Eurocode 2 [2] dé xac dinh dit lidu

dudng cong tmg sut - bién dang nén cho bé tong C30/37:

_ knp —n*
o@)=", 0 )m 8
Trong do:

77 : Bién dang chuan hoa

k : Tham sb diéu khién hinh dang dudng cong
Bién dang déo dung cho Abaqus [6]:

pl in dc Uc (9)

&, =€

© =f% T UCd) E(0) (%) 9)
Trong do:

d. :Bién sb hu hong nén

&2 : Bién dang nén dan hoi (%)

& Bién dang nén khong dan hoi (%)

cu

0co

 — e S B £

~ln el

c €oc
el

~pl
&t &

Hinh 3: M6 hinh bé tong CDP dudi tng suit nén [6]

Sau qud trinh tinh toan s& nhan dugc bang cac gia tri cua
ng suét - bién dang pha huy nén va nhap ching vao md
hinh vat liéu CDP.
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Biéu db img sudt - bién dang nén phy thuge nhi¢t dg trong bé tong

— 25°%C
— 100°C
— 200°C
— 300°C
— 400°C
— 500°C
— 600°C

Ung suét (MPa)

— 700°C
— 800°C
— 900°C
— 1000°C
— 1100°C

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Bién dang (%)

Hinh 4: Biéu d6 ung suat - bién dang nén phu thudc nhiét do

trong bé tong

Dbi voi dir liéu duong cong tmg sudt - bién dang kéo
trong bé tong, mod hinh dudng cong suy giam tng suit sau nirt

do Hordijk d& xut (1991) [4] dugc sir dung dé tinh:

a0 |y (oW | e W, 10
fm(e){“[qwn © ) o

Trong do:
w : D6 rong vét nat (mm)
2G;

W, = ——: D) méd rong vet nit toi han (Ing suat giam veé 0)
ctm

(mm)

¢, =3,c,=6.93: H¢ s6 thuc nghiém

0.7
G, =G4, [%j =0.073x( f,, )0'18 : Ning lugng pha huy

cm
khi kéo theo CEB-FIP Model Code 1990 [5] (N /mm)
Gy, : Gia tri co ban (phu thudc vao kich thudc cdt liéu 16n
nhat d__ ) (N/mm)

Bién dang déo dung cho Abaqus [6]:

pl _ cr dt Gt(e)
LT (1-d) Ey(9)

Trong do:

(%) (11)

&” : Bién dang kéo khong dan hdi sau khi bé tong bat dau nut
(%)
|, : Chiéu dai dic trung phan tir (mm)

Sau qud trinh tinh todn s& nhan dugc bang céac gia tri cua
(g suét - bién dang pha hay kéo va nhip ching vao mé
hinh vat liéu CDP.

Biéu db ting suét - bién dang kéo phu thudc nhiét dd trong bé tong
3.5

3.0

25 \

2.0 X

\ = 100"C

— 200°C
N\ — 300°C
— 400°C
— 500°C

Ung sudt (MPa)
o

0 0.05 0.10 0.15 0.20 0.25 0.30
Bién dang (%)

Hinh 4: Biéu d6 ung suét - bién dang kéo phu thudc nhiét do

trong bé tong

Céc dic tinh nhiét can thiét cho phan tich nhiét 1a d6 dan
nhiét, nhiét dung riéng va khéi luong riéng. Cac dac tinh nay
thay ddi theo nhiét do va cac phuong trinh diéu khién cho
cac dac tinh nhiét cua bé tong dugc xac dinh theo Eurocode
[3] dwoc biéu dién trong cac phuong trinh:

Hé s6 dan nhiét A (W /mK) :

0 0 Y
A, =2-0.2451] —— |+0.0107| — (12)
100 100

20C<H< 1200
Nhiét dung riéng ¢, (9) (J /1 KgK):

¢, =900 20C <6< 108C
c,, =800+6 100°C < 6 < 200°C (13)
c,, =900+6/2  200C<@< 40C
c,, =1100 400C <0< 120

Khdi lugng rieng p, (0)(Kg/m®) :
0. =px(20°C) 20C<0< 11%C
p,=px(20°C)x[1-0.02x(6-115)/85]
118C <6< 200
p. = px(20°C)x[0.98-0.03x (6 —200)/200 |
200C <0< 40
p.=px(20°C)x[0.98-0.07 x (6 —400)/800 |
400C<0< 120C

(14)
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Dudi ddy 1a cic phuong trinh bién dang nhiét &.(0)
(Thermal strain or Thermal expansion coefficient) cta bé tong
theo Eurocode 2 (EN 1992-1-2:2004, muc 3.3.2) [3]:

g, =-1.2x10" +6x10°x0+1.4x10"" x ¢

20°PC <0< 805C
8085C <0< 120C

(15)
g, =12x107°

2.2.2 Mb hinh vit ligu cét thép

Trong nghién ciru nay, cét thép duoc md phong bang mo
hinh vat liéu dan hoi — déo 1y tuong (Elastic—perfectly plastic)
vé6i tng xtr chiu kéo va nén 1a ddi xing. Cac thong sb co hoc
duoc xac dinh tir thi nghiém thuc té bao gom: M6 dun dan
hdi E, =209GPa, gisi han chay f, =507MPa va h¢ sé
Poissonv =0.3.Su lam viéc ddng thoi giita cbt thép va bé
tong duoc gia thiét 1a dinh bam hoan hao (Perfect bond),
nghia 1a khong c6 hién tuong truot twong ddi giira hai vat
lieu. Cac gia tri nay duoc sir dung truc tiép trong mé hinh
phan tir hitu han dé mé phong tng xu co hoc cua cbt thép
dudi tac dung cuia tai trong va nhiét do.

Module dan héi E,(6) (GPa):

E, (0) =k (6) x E, =k¢(6)x 209 (16)
Ung suit kéo f,(0) (MPa) :

f,(0) =k, (0)x f, =k, (8)x507 ()]
Véi k. (0)=E,,/E, va k,(0)="f,,/f, tra tr bang

3.2a cita EN 1992-1-2 [2].

CA

i
1
i
i
i
i
1
i
1
]
'
i
&

| .
»
Y €

Hinh 6: Dinh luat tng suat — bién dang song tuyén cho cét
thép [6]

Céc tham s6 nhiét phuc vu cho phan tich gdm dé dan
nhiét, nhiét dung riéng va khéi lugng riéng. Nhing dai luong
nay phu thudc vao nhiét do, va quan hé bién thién caa ching
dbi véi cbt thép duge xac dinh theo Eurocode [3] nhu trinh
bay trong cac phuong trinh sau:

Hé s6 dan nhiét A (W /mK) :

A, =54-3.33x10%°x0 20°C <0< 800C

4, =213 800C <0< 120C (18)
Nhi¢t dung riéng ¢, (9)(J / KgK) :
Cps =425+ 7.73x10 x 6 -1.69x107% x §?
+2.22x107° x 6° 20°C <6 <600°C
Cos =666-13002/(0—738) 600C <0< 73 (19)

735C <0< 901C
900C <0< 120@

c,, =545-17820/ (6-731)
¢, =650
Khéi lugng riéng p, = 7850Kg / m® (V&i moi nhiét do)
Duéi day 1a cic phuong trinh bién dang nhiét &, (6)
(Thermal strain or Thermal expansion coefficient) ctia c6t thép

theo Eurocode 2 (EN 1992-1-2:2004, muc 3.2.2) [3]:
g, =—2.416x10"* +1.2x10° x O +1.4x107° x

20°C <9 <750°C
&, =11x10°° 750°C < 0 <860°C (20)
£, =—62x10°+2x10°x0 860°C <@ <1200°C

3. KET QUA VA THAO LUAN
3.1. Phan tich hdi tu luéi

Theo EN 1992-1-2 , bién dang tong bang bién dang
nhiét va bién dang tng suat trong két cau cong lai, do do su
chénh léch nhiét d6 gay udn vinh ciru cua dam. Cang duy tri
lau, bé tdng méat md-dun dan hdi va cudng do, dan dén do
cting tdng thé giam va do vong dam tang. DO thi chuyén vi
theo nhiét d6 s&€ minh hoa xu hudng nay.

Dé dam bao tinh doc lap cua lu6i va do tin cay cua két
qua, phan tich hoi tu lu6i da duoc thuc hién véi bdn kich
thudc phan tir khac nhau: 20 mm, 30 mm, 40 mm va 50 mm.
Db thi mbi quan hé gitra nhiét do va chuyén vi tai diém c6
bién dang cuc dai (Hinh 12) cho thiy cac duong cong c6 xu

huéng hoi tu tét khi kich thude phan tar giam.
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Cu thé, duong cong tng véi kich thudc phan tir 20 mm
va 30 mm gan nhu tring nhau, véi sai s6 vé& chuyén vi cudi
cling nhé hon 3%. Khi kich thudc phan tr 1on hon 40 mm,
su chénh léch bat dau ré rét hon. Do do, kich thuéc phan tir
30 mm duoc lya chon cho cac mé phong chinh thic nhim

can bang giira d6 chinh xac va chi phi tinh toan.

D6 thi nhiét d - chuyén vi

e

1200 1

1000 -

o 8001
&
600
) ~——20 mm
Z 400 A —30 mm
40 mm
200 1 ——50 mm
0 . . . . . y
0 1 2 3 4 5 6

Chuyén vi (mm)

Hinh 7: D4 thi nhiét d6 chuyén vi tai diém c6 bién dang cuc

dai trén dam
3.2. Phan bé nhiét theo thai gian

Truong nhiét d6 trong dam dugc trinh bay qua ban do phd
nhiét (contour plots) tai cAc thoi diém sau 3 tiéng (t = 180 phat).
Lac ndy, nhiét do mat duéi day dim dat 1110°C, nhiét do tai
trung tm dam dat khoang 520°C, nhiét do tai vi tri c6t thép
chinh khoang 1009°C.

NT11
+1.110e+03

- +1.000e+03

— +9.000e=02

Nin: +2.742¢+01

+1.110e+03

Max: +1.110e+03
Node: BEAM-1.1

Min: +6.098e+01

Dé danh gia do tin cay cua mé hinh, két qua phan b nhiét
d6 trong dam sau 180 phut dugc ddi chiéu véi xu hudng nhiét
d6 trong cac nghién ctru trude ddy va quy ludt truyén nhiét theo
Eurocode EN 1992-1-2. Két qua cho thdy nhiét do tap trung Ion
tai bé mat chju lra va giam dan vao ving 16i dam, phu hop véi
quy luat truyén nhiét cua két ciu bé tong chiu chay tiéu chuin
ISO 834. Gia tri nhiét do tai vi tri cot thép va tim dam c6 sai

khac nho so véi cac nghién ciru tham khao, cho thdy mo hinh c6

d6 tin cay chap nhan dugc.

t=30phit t =60phit t =90phit t =120 phat t = 180 phut

Hinh 9: Phan bé nhiét d6 trong dim sau 180 phut

3.2. Anh hwéng cia nhiét d9 theo thoi gian dén két
cau

Két qua cho thay gradient nhiét lon giira trén va dudi dam
sinh ra bién dang nhiét khong déu: Phan day dam (bé mat chiu
lra) n&' nhiéu hon phan trén. Dac biét 1a vi tri bén dudi va gan 2
dau ngam (vi tri rang budc) ¢ chuyén vi lon nhat (Hinh 10).
Nguyén nhan do tiép xdc gan véi nguon nhiét, noi nay c6 xu
hudng no ra nhung lai  bi kiém gitr lai, tao tmg suét va chuyén

vi lon (5.2 mm) tai day.

Min: +2.742e+01
Node: BEAM-1.1640

Max: +1.009¢+03 ‘
Nade: sTIRRUP--Ln-a-111{
Nin: +6.098e+01 . g0 4 0 4 g 4y 64 4 4u

Node: STIRRUP-1-LIN-8-1.32]

-
Max: +1.009e+03

Hinh 8: Phan b nhiét d6 trong dim va ct thép tai thoi diém t
= 180 phit

U, Magnitude
+6.000e+00
+5.000e+00
+4.000e+00
+3.000e+00
+2.000e+00
+1.000e+00
+0.000e+00

Max: +5.210e+00
Node: BEAM-1.548

Min: +0.000e+00
Node: BEAM-1.23

Mt +0.000e400

Wax: 45210600
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Hinh 10: Chuyén vi trén dam tai thoi diém 3 gio (Step Time =
180 mins)

Tuong tu véi thép bén trong, khi bé tong gidn nd s€ kéo
theo thép bén trong, nhung bi chan lai boi ngam chdng chuyén

Vi S& tao ra (g suat 1on trong thép (124.7 MPa).

S, Mises 2

(Avg: 75%) ‘ saivind
+1.300e402 {f
+1.200e+02
+1.000e+02 ‘
+8.000e+01
+6.000e+01
+4.000e+01

120006401 u

+0.000e+00 :

Max: +1.300e402

Hinh 11: Ung suat trong cbt thép tai thoi diém 3 gio (Step Time
=180 mins)

D6 thi cho thay tng suét trong cbt thép tang manh do hiéu
Gng kim giir gi&n no nhiét khi nhiét do tang tir 300°C dén
khoang 550-600°C, dat gia tri cuc dai khoang 83.55 MPa. Sau
do, ung suat giam dan do sy suy giam dang ké cudng do va mod
dun dan hoi cua thép & nhiét d6 cao (theo Eurocode 2). Sy sut
giam manh sau 600°C phan anh qua trinh mat kha ning chiu luc

cta cot thép khi nhiét do tiép tuc ting.

Do thi nhiét d - img suit

Ung suat (MPa)
- N W A W (=)
o0 Ot O O

(=]

0 200 400 600 800 1000 1200
Nhiét d¢ (°C)

Hinh 12: D thi nhiét d6 - tng suat tai diém c6 (g suét cuc dai

trén thép

4. KET LUAN

Nghién ciru da trinh bay két qua mé phong sé ung xu
nhiét — co ciia dam bé téng cot thép ngam hai dau chju
duong cong chay chuan ISO 834 theo Eurocode EN 1991-1-
2 trong 180 phut, trong diéu kién khong xét tai trong co hoc.
Quy trinh mé hinh hoa duoc thiét lap trén co s& phuong phap
phan t hitu han két hop md hinh Concrete Damaged
Plasticity (CDP) cho bé tong va mo hinh dan hoi — déo cho
cbt thép, voi cac tham sb vat lidu phu thudc nhiét do theo
Eurocode. Phan tich hoi tu ludi véi bén kich thuéc phan tu
(20, 30, 40, 50 mm) x4c dinh kich thuéc 30 mm la phu hop,
bao d¢am can bang gitra d6 chinh xac va chi phi tinh toén.

Két qua md phong cho thiy sau 180 phdt, nhiét do tai
mit day dam dat khoang 1110°C trong khi tim dam chi dat
520°C, phan anh dic trung truyén nhiét cham trong moi
truong bé tdng. Chuyén vi I6n nhat khoang 5,2 mm xuat hién
gan vi tri ngam — 1a ving gidn na nhiét bi kim gitt manh nhat
boi diéu kién bién. Ung suat noi sinh trong ct thép ting
nhanh trong khoang 300-600°C, sau d6 suy giam do méat
cuong d6 va mo dun dan hoi & nhiét d6 cao theo Eurocode 2.
Céc két qua nay khing dinh rang chuyén vi va ng suat phét
sinh chu yéu tir chénh léch nhiét do va su kim giit gidn no
nhiét boi lién két ngam, cha khong phai tir tai trong co hoc.

Han ché cua nghién ciu: M6 hinh chua xét dén tac dung
ddng thoi cua tai trong co hoc, anh huong cua cét thép du
g lyc, cling nhu hién tuong nd v bé tong (spalling) do ap
suét hoi nudc trong qua trinh chay.

Huéng nghién cau tiép theo: Mé rong md hinh theo
hudng két hop dong thoi tai trong co hoc va tai nhiét, tich
hop co ché nd v bé tong (spalling), va &p dung cho céc tiét
dién két cau phuc tap hon nhu dam chir T hoac dam duy ung
lyc, nham phan 4nh sat hon diéu kién 1am viéc thyuc té cua

cdng trinh.

TAI LIEU THAM KHAO
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Nghién citu cdng nghé xir Iy nén méng mit dwong cieng san bay bang bé
tong dong cirng nhanh

Research on the treatment technology for the subbase and subgrade of
airport rigid pavements using rapid-setting concrete

ThS. Ngb Vin Quan"” ThS. Ngé Vin Tinh'

*Hoc vién Hang khong Viét Nam
Email: quannv@vaa.edu.vn

TOM TAT

Trong qua trinh khai thac tai cac cang hang khong, san bay, mat duong cing san bay thuong chiu tac dung cua tai trong
béanh tau bay lap lai nhleu Ian cuing véi cac ché do thuy nhiét bét loi va su ldo hoa vat ligu. Cac yéu té nay c6 thé gay ra
nhiéu dang hu hong cAu tric cia mit duong ctng san bay nhu nut gdy tam bé tong xi mang, pha huy do gian ng, phui bin
va cap kénh-bac. Trong d6, “phui bun” va “cap kénh-bac” thuong xay ra khi nén mong mat duong bi béo hoa nugc, lam cho
vat liéu min bi day ra khoi lop mong va nén dat Phla dué6i. Qua trinh nay dan hinh thanh céac khoang rong dudi tim bé tong,
tir do lam suy giam kha niang truyen tai cua két cau mat duong, gay lGn cuc bo va suy giam tuol tho khai thac. Vi Vay, can co
cac giai phéap hiéu qua dé xu ly nén méng, dac biét 1a cac phuong phap lap day khoang rong dudi tim bé tong Xi mang.
Trong do, bé tong déng cirmg nhanh dugc xem 14 mot giai phap tiém ning phi hop véi diéu kién khai thac tai cac cang hang
khong, san bay ¢ Viét Nam.

TU KHOA: Mat duong cing san bay, nén va méng, phui bun, khoang rdng dudi tim, bé tong dong cting nhanh.

ABSTRACT

During operation at airports and airfields, rigid airport pavements are frequently subjected to repeated aircraft wheel loads
together with unfavorable hydrothermal conditions and material aging. These factors can cause various forms of structural
damage to airport pavement, such as cement concrete slab fracturing, expansion failure, sludge extrusion, and unevenness of
cement concrete slabs. Of these, sludge extrusion and unevenness of cement concrete slabs often occur when the pavement
base becomes waterlogged, causing fine material to be pushed out of the base layer and the underlying subgrade. This
process gradually forms voids beneath the concrete slabs, thereby reducing the load-transfer capacity of the pavement
structure, leading to localized settlement and a reduction in service life. Therefore, effective solutions are required to treat the
pavement foundation, particularly methods for filling voids beneath cement concrete slabs. Rapid-hardening concrete is
considered a potential solution that is suitable for the operational conditions of airports and airfields in Vietnam.

KEYWORDS: Airport rigid pavement; subgrade and subbase; mud pumping; voids beneath concrete slabs; rapid-setting
concrete.

banh tau bay vai chu ky tai lap lai nhiéu lan, cung véi d6 1a

THUAT NGU tac dung cua cac diéu kién thuy nhiét bat loi nhu sy xam

nhap cta nudc mua va nudc mat, nhiét &6 néng lanh thay doi

BTXM = B¢ tong xi méng that thuong theo mua, su hda gia ciia vat liéu xay dung. Tir
CHK = Cang hang khong do, theo thoi gian s& tao ra cac hu hong ciu tric cua mat
FWD = Falling Weight Deflectometer dudng cimg san bay nhu: nat giy tim BTXM, pha hay do
KCMBD = Két cau mat duong gian no, dap, phui bun va cap kénh-béc...Déi vé6i dang hu
hoéng “phui bun” va “cap kénh-béac”, day 1a 02 dang hu hong

1.Giéi thigu thuong gap trong diéu kién khai thac khi nén méng mit

duong clirng san bay bi bdo hoan nudc: nudc va vt liéu min
bi day ra khoi I6p nén moéng, khi nén mong béo hoa nudéc thi
ap luc cua tai trong tau bay truyén xudng tao thém ap luc
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thiy dong, cang lam suy giam mdi lién két cua cac Iop vat
ligu. Dan dan, qua trinh nay dan dén sy hinh thanh khoang
rdng giira tim bé tong va 16p nén moéng phia dudi, sy ton tai
cia khoang rong lam giam kha ning truyén tai cua hé
KCMBD, gay ra cac hién twong lun cuc bo cua tam BTXM,
nit gdy tam va 1am suy giam tudi tho khai thac cuia KCMP
ctng san bay. Thuc trang nay, doi hoi phai c6 cac giai phap
xtr Iy nén moéng cia KCMD cting san bay, nhat 12 tién hanh
c4c bién phép pht hop dé lap day khoang rdng. Trong sb cac
giai phéap xir Iy hién nay, c6 mot phuong phap c6 thé nghién
ctru &p dung phu hop trong diéu kién khai thac CHK, san bay
& Viét Nam, d6 1a phuong phap bé tong dong citng nhanh.

2.Co s& khoa hoc ctia phwong phap bom bé tong
dong cing nhanh

2.1. Nguyén ly caa cong nghé

Phuong phap bom bé tong dong cting nhanh (Rapid-
setting concrete injection) hoat dong dua trén nguyén ly: dau
tién, khoan 15 xuyén qua tim BTXM cia KCMD cing san
bay tai vi tri c6 khoang trong, héc rdng dudi tAm; sau dé, tién
hanh bom vira bé tong c6 do chay cao vao I6p nén moéng
dudi tim (Hinh 1); tiép theo, vat liéu vira bé tong s& dién day,
tham thau va lap day khoang rdng dugi tim BTXM; sau khi
doéng cung, vat liéu vira bé tong dugc bom sé tao 16p ndng do
bé sung dudi tim BTXM, ting do cing cua nén méng, phuc
hdi kha ning truyén tai ciia toan bo hé KCMD cing san bay.

Hinh 1 — Hinh anh bom bé tong déng cung nhanh [1]

Do vt ligu sir dung c6 téc do dong két nhanh, KCMD
cang san bay co thé dugc khai thac tro lai trong thoi gian
ngan, phu hop véi yéu cau khai thac lién tuc cia CHK, san
bay.

2.2. Xac dinh 4p luc bom vit lidu

Ap lyc bom phai dua 16n dé vat liéu vita BTXM c6 thé lan
toa trong I6p nén mong va liap day khoang réng, nhung
khéng dugc vuot qué gisi han cd thé gay nang tim BTXM

qué cao do quy dinh hozc nit tam.

Ap luc bom duoc xac dinh theo cong thuc [2]:

P=yh+AP

Trong do:

P: ap luc bom (Pa)

y: trong luong riéng cua vat liéu bom (N/m?)

h: chiéu cao cot vat liéu trong 16 bom (m)

AP: t6n thét &p lyc do ma sat trong dng bom (Pa)

Theo mot c6 nghién ctu, thyc té thi cong KCMP cing
san bay, ap luc bom thudng duoc khong che trong khoang tur
0.2 dén 0.35 Mpa [3] nham han ché nguy co ning tam

BTXM quéa mic trong KCMP cing san bay, dé tranh gay
tam.

2.3. Xac dinh thé tich khoang réng cin bem

Theo nguyén tac khéi lugng vat [iéu gia co hoac vira phut
duoc xdc dinh theo thé tich ving can xu Iy [2],[4], the tich
khoang trong, hoc rong dusi tam BTXM duogc xdc dinh theo
biéu thuc:

V,=Axt,

Trong do:

V,: thé tich khoang rdng (m?)

A: dién tich tim BTXM hozc ving anh huang (m?)

t,.- chiéu day trung binh ciia khoang rdng (m)

Trong trudng hop khoang rong khong dong déu, thé tich
¢0 thé duoc tinh theo:

V=24 X t)

Voi:

Aj;:diéntich vang i

t;: chiéu day khoang rdng tai ving i.

_ Thé tich vat ligu bom vira bé tong dong cimg nhanh thyc
té thuong lén hon thé tich khoang rong tinh toan do ton that
vat liéu trong 16p méng va su th:glm thau cua vat liéu vao nen
dat. Mot s6 nghién cau cho thay ty 1é hao hut vita c6 thé
khoang 10% trong qua trinh bom [5].

Do d6, hé s6 du phong thuong dugc lay:
Vpom = (1.1-1.3) V,,

2.4. Sy cai thién mé dun nén sau gia co
Sau khi bom bé tong dong cimg nhanh, do cing cua nén
moéng dudi tim BTXM gia ting dang ké. M6 dun nén cua hé
KCMBD cting san bay c6 thé dwoc biéu dién bang hé s6 nén k.
Hé sb nén duoc xéac dinh theo [6-8]:
p
k=5
Trong do:

k: md dun nén (MN/m?)
p: &p luc téc dung Ién tim bé tong (MN/m?)
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8: d6 lan ciia tim BTXM (m)

Sau khi gia ¢b, mé dun nén méi c6 thé dwoc biéu dién

nhu:
kgiacs = ko + Ak

Trong do:

ko: mo dun nén ban dau

Ak: muc ting md dun nén do vat liéu bom.

Cac nghién ciru thuc nghiém cho thiy cong nghé bom bé
tong dong cung nhanh cé thé 1am ting md dun nén tr 30%
dén 80% tuy thugc vao kich thudc khoang rong, tinh chat I6p
méng, loai vat liéu bom s dung.

Vige lap ddy khoing réng dudi tim bé tong gilp tang
dién tich ticp xuc gira tam BTXM va lép mong, giam ung
suat uon trong tam BTXM, giam bién dang cia KCMD ciing
san bay.

3.X4c dinh hi¢u qua ciia phwong phap bé tong dong
ciwng nhanh thong qua gia tri @ng suit tam
BTXM theo ly thuyét Westergaard

3.1. Gia thiét co' ban ciia md hinh Westergaard
Ly thuyét cia Westergaard duoc st dung rong réi trén thé
giéi dé phan tich wng suat trong mat duong BTXM [6-7].
Céc gia thiét co ban gdom:
o Tam BTXM la tim dan hdi, dong nhat va ding
huéng.
o T4m BTXM dit trén nén dan hoi kiéu Winkler.
o Phan lyc nén ty Ié véi do 1Gn caa tam.
o Tai trong tac dung Ién mit duong duoc coi la tai phan
b tron.
Mb hinh nay cho phép xac dinh (ng suat udn trong tam
BTXM tai c4c vi tri trung tm tam, canh taim, goc tam.

3.2. Ban kinh d cimg twong ddi ciia tim bé tong
Mot tham so quan trong trong 1y thuyet Westergaard la
ban kinh d cing tuong doi [6-7]:

ER3 0.25
L= (12(1 - vZ)k)

I: ban kinh d6 cimg tuong d6i (m)

E: mo dun dan hoi ciia bé tong (MPa)
h: chiéu day tim bé tong (m)

v: hé s6 Poisson cua bé tong

k: m6 dun nén (MN/m3)

Sau khi bom gia ¢b nén:

Trong do:

kgia 5 > kban dau

Mb dun cia nén gia tang sau khi gia cd bang bé tong
déng ctirng nhanh, lam cho ban kinh d6 cing [ giam. Diéu

nay lam giam &g suat udn trong tam BTXM.

3.3. Ung suat uén tai tam tim BTXM
Ung suat uon tai trung tam tam BTXM theo Westergaard
[6-7]:

3P l
o, = 2 [ln( ) +0. 615]
o, ing suat ubn tai trung thm tam

P: tai trong banh may bay (N)
a: bén kinh tiép xdc tai (m)

Trong do:

Khi mé dun nén k ting 1én sau gia c6 bang bé tong dong
cang nhanh thi [ giam, tir ¢6 1am cho gid tri tng suat uon tai
tdm tam BTXM o, ciing giam.

3.4. Ung suét tai canh tim BTXM
Ung suét tai canh tim BTXM [6-7]:

3P l
O, = ohZ [ln( ) + 0. 572]

Trong do:

0, tng suat udn tai canh tim

P: tai trong banh may bay (N)

h: chiéu day tim bé tong (m)

I: ban kinh d6 cimg twong dbi (m)

a: bén kinh tiép xdc tai (m)

Pay thuong Ia vi tri nguy hiém nhat cua tim BTXM cua
KCMBD ciing sén bay.

Sau khi bom gia c¢b nén bang bé tong dong ciring nhanh,
khoang rong duoc lap day thi mé dun nén k ting 1én sau gia
6 thi [ gidm, tir 46 ting suat canh tam BTXM giam dang keé.

3.5. Ung suit tai goc tim BTXM
Ung suét tai goc tam [6-7]:

3P a
Ogéc tdm — ﬁ (1_ ﬁ)
Trong do:
Ogéc eam’ UNY SUAL USN tai goc tAm
P: tai trong banh may bay (N)
h: chiéu day tim bé tong (m)
a: ban kinh tiép xuc tai (m)
I: ban kinh d6 cimg twong di (m)

Trong trudng hop ton tai khoang rdng dudi géc tim, ng
suat goc tim BTXM ting manh. Sau khi bom vat li¢u gia co
bing bé tong dong cung nhanh, cac khoang trong, héc rong
duoc lap day, nén 1am viéc ddng déu hon, (ng suit goc tim
BTXM giam.

4.Phwong phap xic dinh mdé dun nén bang thi
nghiém FWD

51



Hoi thao khoa hoc “Cdong nghé va k¥ thuat xdy dung Cang hang khong” lan thir 4

CETA 2026

4.1. Nguyén ly thi nghiém

Thi nghiém FWD duoc thyc hién bang thiét bi Falling
Weight Deflectometer [9] véi bo phan tao xung luc, tim ép,
céc cam bién do vong, cam bién do lyc, hé thong ghi, luwu trix
va xir ly dit liéu, phan mém thu thap di liéu, phan mém xir ly
dir liéu, cam bién do nhiét d6 mat dwong, dinh vi GPS,
camera.

Thiét bi tao ra xung tai trong dong tuong ty tai trong
banh tau bay tac dung Ién KCMP va do chau vdng cua tam
BTXM (Hinh 2).

Chiéu cao r{ @ @

Khdi tai

Lo xo
Tam nén |

Hinh 2 - Mo ta xung tai tao ra boi thiét bi HWD

Céc cam bién do vong: S6 lwong dau do cam bién
thuong 1a 7 dau do, t6i thiéu 1a 5 dau do. Cac dau do vong
duoc lap dat thang hang trén mot gia do doc theo hudng xe
do va c6 mot dau do dugc dit tai thm tim ép (Hinh 3). Cac
dau do khac cach tdm mot khoang cach quy dinh, théng
thuong khoang cach giira cac dau do khong 16n hon 300mm
(khoang cach cac dau do dén tam tam ép theo thir tu 1a: 0;
300; 600; 900; 1200; 1500; 1800mm...).

Tém nén HWD (d4u do D1 bd tri bén trong tAm nén)

Tén du do
M [E

- Diu do
—Mjtdyong .. . T

b
.

© . . .
] . . "
T =" =TT =TT =M= =TT = TT=T =T T T =TT =" T =T

S I = S T E S 0SS A SN 2SN 2 =L TS il

Hinh 3 - Cac dau do huéng tim tir tim nén

Dir ligu vong duoc sir dung dé tinh toan md dun dan hoi
cua nén k cia he¢ KCMP [9].

4.2. Xac dinh mé dun nén tir két qua FWD
M6 dun nén c6 thé duge xac dinh theo biéu thic gan
dung [9-10]:
_ P
"~ maés,
Trong do:
k: md dun nén (MN/m3)
P: tai trong tac dung (kN)
a: ban kinh tam tai (m)

8o: d vOng tai tm tai (mm), duge xac dinh thdng qua thi
nghiém FWD.

4.3. Panh gia hiéu qua gia c6 nén

~ M6 dun nén duoc xdc dinh trude khi bom gia c¢b (ban
dau), sau khi bom gia c6. Hiéu qua gia ¢ dugc danh gia theo:

Kopia o5 — Kpan d
n = gLa;j ban dau % 100%
ban dau

Trong do:
7> muc cai thién mo dun nén (%)
Kpan da: MO dun nén trude gia cb
Kgiq cs: mO dun nén sau gia co.
Céc nghién ctru cho thay sau khi bom vat liéu [11-12]:
kgiacs = 1.3 dén 1.8 kygn aau

5. Quy trinh cdng nghé thi cong bé tong dong cirng
nhanh

5.1. Thi nghiém hién truwong
Quy trinh thi nghiém gém cdc buoc:

o Thi nghiém FWD trudc khi sira chita dé xac dinh mo
dun nén ban dau.

o Tién hanh bom bé tong hoac vita dong cing nhanh.

o Sau 3-7 ngay, thuc hién lai thi nghiém FWD.

o Phan tich chau vong va xac dinh mé dun nén sau gia
Co.

o So sénh két qua trudc va sau stra chira.

5.2. Quy trinh thi cong

Quy trinh thi cdng theo cdng nghé bé tong dong ciring
nhanh qua 5 budc, cy thé nhu sau:

Buoc 1. Khoan 16 bom bé tong:

o Khoan céc 16 xuyén qua tim BTXM cua KCMD
cung san bay dé dua vat liéu gia c6 vao nén mong.
o Yéu cau ky thuat (Hinh 4):

+ Puong kinh 16 khoan: 30 — 50 mm

+ Khoang cach 16 khoan: 1,5 -3 m

+ Khoang cach téi mép tim: > 0,5 m
o Sau khi khoan:

+ V& sinh 15 khoan bang khi nén

+ Ldp 6ng bom bé tong (injection pipe).
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Hinh 4 — So d6 b tri cac 16 khoan tim BTXM
Bueéc 2. Chuan bj bé tong dong cing nhanh
o Bé tong hodc vita sir dung phai c6 cac dic tinh:
d chay cao, cuong do phat trién nhanh, c kha nang
tu lap day khoang rong.
o Cap phéi dé xuit cho 1 m3 vt liéu bom (Bang 1):
Bing 1 — Cap phdi dé xuat bé tong dong cting nhanh

Thanh phan Ham lwong
| Ximing PCB40 | 1435ky |
| Nuée [ 550 lit |
| Phy giasicudéo || 14 lit |
Phu gia truong no 14 kg

Cuong d6 nén thiét ké [1]: f'c = 30 MPa

Bude 3. Bom bé téng dong cimg nhanh gia c¢é nén

Hdn hop vira bé tong dong cting nhanh, bao gom nudc,
xi mang, phu gia siéu deo, phu gia truong no dugc thict ke
cap phoi va duge bom vao nen mong thong qua cac 16 khoan
bang may bom ap luc thap. Ap luc bom khuyén nghi tir 0.2
dén 0.35 MPa [3].

Trong qué trinh bom can theo d&i khéi lugng vat liéu
bom, quan sat hién tuong vat Ijéu trao én tai cac khe noi, ké
ho dé kiém soat do nang cua tam BTXM. Thoéng thuong giai
han nang tam BTXM nhé hon 5 mm d€ tranh tam BTXM bi
nat nat, gay.

Budc 4. Kiém tra sau bom

Sau 5 — 7 ngay, tién hanh khoan kiém tra tai cac vi tri
nghi ngo con khoang rong, tir d6 danh gia muc d6 lap day
cua vat liéu bom.

Néu phét hi¢n khoang rdng dudi tim BTXM s& tién hanh
bom b sung.

Buéc 5. Hoan thién mat duong

Sau khi hoan thanh c6ng tac bom bé tong dong cung
nhanh,‘tién haph bit kin cac 15 khpan bang vira xi ming, vé
sinh bé mat tam BTXM, phuc hoi t‘|nh’ trang khai thac tai
CHK, sé&n bay chi sau khi thi cong tir 4 dén 6 gio.

KET LUAN

Phuorng phap cong ngh¢ bé tong dong cung nhanh khi xu
Iy nén méng Cua KCMD cung sén bay c6 kha nang lap day
cac khoang rong, lam ting md dun nén k ctia nén méng mat
duong cing san bay, 1am 6n dinh tim BTXM, giam hién
twong phoi ban, kéo dai tudi tho mat duong cing san bay,
giam chi phi bao tri. Ngoai ra, do vat liéu dong ctitng nhanh,
thoi gian dua CHK, san bay vao khai thac chi con tir 4 dén 6
gio, han ché gian doan hoat dong khai thac cua san bay nén
rat phi hop trong diéu kién khai thac tai CHK, san bay.
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STRUCTURAL RECOVERY OF CEMENT PASTES UNDER
SHEARING: EFFECT OF WATER-TO-CEMENT RATIO

Pham B4 Tung"”

'Giang vién khoa Xdy dung, Hoc vién Hang khéng Viét Nam
*Email: tungpb@vaa.edu.vn

TOM TAT

Nghién ctru nay khao sat anh huong cia ty 1¢é nudc/xi mang (W/C) dén kha ning hoi phuc ciu tric cia hd xi mang dudi dicu
kién cit c6 kiém soat. Céac hd xi mang v6i nam ty 1¢ Nudce/Xi mang khac nhau (0,7; 0,6; 0,55; 0,5 va 0,4) dugc thtr nghiém bfmg
méy do rheology cbt truc (Anton Paar MCR 102) trong dong chay Taylor-Couette. Quy trinh thi nghiém bao gém hai chu ky
giéng hét nhau, mdi chu ky c6 budc tién cit, tlép theo la cac bude giam dan toc @6 cat tir 300 s xudng 30 s, véi thoi gian nghi
30 giay gitra hai chu ky. Sy chénh léch tmg sudt cét giita chu ky thtr nhit va chu ky tht hai dwoc sir dung de danh gia kha nang
héi phuyc céu tric. Két qua cho thiy ba dang hanh vi khac nhau phu thu¢c vao W/C. O W/C cao (0,7), img suét cat trong chu ky 2
cao hon chu ky 1, cho thiy sy tai tao cdu trac manh mé. O cac ty 16 Nude/Xi mang trung binh (0,6 va 0,55), tmg sut & ca hai
chu ky gin nhu trang khit, cho thay su can bang dong giita pha v& va tai két tu. O Nudc/Xi mang thap (0, 5 va 0,4), tmg suat
trong chu ky 2 thap hon déng ké so véi chu ky 1, phan anh sy pha v& c4u triac khong thé hdi phuc. Mot chi sé hoi phuc cau trac
dugc dua ra dé dinh luong cac quan sat nay. Cac phat hién nhan manh vai tro quan trong cuia ty 16 Nudce/Xi ming trong viéc
quyét dinh kha nang hdi phuc ciia hd xi mang.

TU KHOA:  HO xi ming, luu bién hoc, hdi phuc ciu tric, ty 16 Nude/Xi mang, tinh hdi bién

ABSTRACT

This study investigates the effect of the water-to-cement (W/C) ratio on the structural recovery of cement paste under
controlled shearing conditions. Cement pastes with five different W/C ratios (0.7, 0.6, 0.55, 0.5, and 0.4) were tested using a
coaxial cylinder rheometer (Anton Paar MCR 102) under Taylor-Couette flow. The rheological protocol consisted of two
identical cycles, each including a pre-shearing step followed by descending shear rate steps from 300 s™* to 30 s, with a 30
second rest period between cycles. The difference in shear stress between the first and second cycle was used to characterize
structural recovery. Results reveal three distinct behaviors depending on W/C. At high W/C (0.7), the shear stress in Cycle 2
was higher than in Cycle 1, indicating strong structural rebuilding (rheopectic behavior). At intermediate W/C ratios (0.6
and 0.55), the stresses in both cycles were nearly identical, suggesting a dynamic equilibrium between breakage and re-
aggregation. At low W/C (0.5 and 0.4), the stress in Cycle 2 was significantly lower than in Cycle 1, reflecting irreversible
structural breakdown. A structural recovery index was introduced to quantify these observations. The findings highlight the
critical role of W/C in governing the thixotropic recovery of cement paste.

KEYWORDS:

1. INTRODUCTION

In its fresh state, cement paste is a concentrated

flocculated suspension. Its internal structure directly

influences the workability, pumpability, formwork pressure,
and final hardened properties of concrete [1]. During

processing steps such as mixing, transporting, and placing, the

Cement paste, Rheology, Structural recovery, Shear, Water-to-cement ratio, Thixotropy.

paste is subjected to various shear rates that continuously
break down its flocculated network. Conversely, when
shearing stops or decreases, the structure begins to rebuild.
This capacity for structural recovery, known as thixotropy, is a
critical rheological property for controlling formwork pressure
in self-consolidating concrete, mixture stability, and mold-
filling ability [2, 3].

55



Hoi thao khoa hoc “Cdong nghé va k¥ thuat xdy dung Cang hang khong” lan thir 4

CETA 2026

Ferron et al. [2] demonstrated that the aggregation and
breakage kinetics of cement paste are highly dependent on
shear history. They found that the timescale for re-aggregation
is significantly longer than that for breakdown. Furthermore,
the presence of admixtures (superplasticizers, viscosity-
modifying agents) and clays can profoundly alter these
kinetics. However, the water-to-cement (W/C) ratio is a
fundamental parameter that governs interparticle spacing,
surface interactions, and the strength of flocculated bonds.
Despite its importance, a systematic evaluation of how W/C
alone affects structural recovery under controlled shear
conditions is limited.

The objective of this study is to investigate the influence
of W/C ratio (ranging from 0.4 to 0.7) on the structural
recovery of cement paste. Using a two-cycle rheological
protocol, we analyze the change in shear stress between
consecutive cycles. A relative stress index is proposed to
quantify recovery. The results provide insight into the
thixotropic behavior of cement paste and offer practical

guidance for mixture design in concrete construction.

2. MATERIAL AND METHODS
2.1. Material

Portland cement PCB40, with a density of approximately
3.09 g/cm3 determined by the pycnometer method, was used in
this study. This type of cement has a shelf life of no more than
three months and complies with the technical requirements
specified in TCVN 6260-2020.

Five pastes different water-to-cement ratios (W/C) were
used: 0.7, 0.6, 0.55, 0.5, and 0.4. No chemical admixtures
were added to isolate the effect of W/C. The mixing procedure
followed standard practice: dry mixing of cement for 30
seconds, addition of water, slow mixing for 60 seconds,
scraping, and then high-speed mixing for 60 seconds.
Immediately after mixing, the paste was transferred to the

rheometer for testing.

2.2. Rheometer

The rheological behavior of cement pastes was
characterized by a Couette type rheometer Anton Par MCR
102 equipped with a rotating inner cylinder (mobile) of 13.33
mm diameter and 40 mm height with a hollow at the bottom
and a recipient (outer cylinder) of 14.46mm diameter and
67mm height (Figure 1). The horizontal distance between both
cylinders is 1.13mm, the radius ratio is equal 1.08 which is
considered as narrow gap [4]. The vertical gap (distance
between the bottom of the recipient and the mobile) can vary
from 0 to 27mm. This type of rheometer and the gap are
considered suitable for measuring the rheological behaviors of
cement materials [5]. Both cylinders are also grooved in order

to avoid slipping.
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(b)
Figure 1: The inner (a) and outer (b) cylinders of the
rheometer
2.2. Rheometer
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Figure 2: Rheologcal protocol used

The protocol developed by Pham et al. [6] is adopted
(Figure 2) which composed of two indentical cycles separated
by 30s resting time. Each cycle includes a pre-shearing at 500
st in 120 s which is followed by a pause of 60s and a series of
descendant steps of shear rate descending from 300s™ to 0.1s™
in 360s. The protocol was applied on a series of independent

mixtures.

3. RESULTS
3.1. Rheological results

Figure 3 (a)-(e) presents the rheological results of cement

pastes with different water to cement ratios. The structural

recovery can be classified into three categories according W/C:

highly recovering, moderately recovering and low recovering.
Pastes with high W/C (>0.6) representing by W/C, the
shear stress obtained in cycle 2 was higher than that of cycle 1.
This indicates the high strutucral recovery after the shearing in
the first cycle (Figure 3a). Indeed, the abundant water provides
sufficient mobility for particles to re-flocculate, possibly
forming a more organized or stronger network (rheopectic

behavior). The recovery is robust.

Intermediate recovering capacity pastes represented by
W/C 0.6 and 0.55 (Figure 3b and c), the stress obtained in
Cycle 1 and Cycle 2 are nearly superimposed. This suggests
a dynamic equilibrium between shear-induced breakage and
rest-induced rebuilding. The structure reaches a reproducible
steady-state condition after the first cycle. This observation
aligns with Ferron et al. [2], who noted a limiting floc size
under constant shear. At these W/C ratios, the balance
between aggregation and breakage kinetics is nearly identical
in both cycles.

At low W/C (0.5 and 0.4), the shear stress in Cycle 2 is
significantly lower than in Cycle 1 (Figure 3d and €). With
less water, interparticle distances are small, and attractive
forces (e.g., van der Waals) dominate, forming a strong,
dense flocculated network. The high shear in Cycle 1 breaks
this network. However, due to high particle concentration
and restricted mobility, the paste cannot fully rebuild its
original structure during the short rest period.

Consequently, the broken structure yields lower stress in
Cycle 2. This supports the conclusion by Ferron et al. [2] that
the timescale for recovery is longer than for breakdown, and

at low W/C, recovery is severely hindered.
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Figure 3: Rheological results of cement pastes

3.2. Structural recovery index

In order to characterize the structural recovery of cement
pastes under shearing, structural recovery index is applied
based on the Equation 1:

S/ -S!
|, =—L—2 )

T

Where Sli and S; are respectively the shear stress

measured at shear rate step i in Cycle 1 and 2; Ir is recovery
index.

Figure 4 shows the recovery index of all cement pastes
with different W/C. It is noted that positive values of |,
indicate the recovery capacity outweighed the breakage from
the Cycle 1 while negative values heralds the opposite. It can
be observed that W/C with high structural recovery capacity
displated the value about 0.2 regardless shear rate values. This
signifies that 20% of cement pastes network was newly
formed after the first cycle. Besides, moderate structural
recovery capacity pastes displayed index about 0 and low
structural pastes show negative values at about -0.2. The index
seemed to be independent of shear rates values. In addition, it

is interested to notice that the index values of W/C 0.6 and
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0.55 as well as 0.4 and 0.5 were similar despite the difference

in W/C. This aids to conclude that the strutucral recovery does

not depend only on W/C but also the shear history and the

rheometer characteristics. Each category of pastes displays

similar structural recovery index.

Structural recovery index
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Figure 4: Structural recovery index of cement pastes

4. CONCLUSION

Based on the experimental results obtained from the two-

cycle rheological protocol, the following conclusions can be

drawn:

o 1. The water-to-cement (W/C) ratio is a key
parameter controlling the structural recovery of
cement paste after shearing. Three distinct recovery
regimes were identified:

o High recovery (W/C = 0.7): Cycle 2 stress
> Cycle 1 stress, indicating strong re-
flocculation and network strengthening.

o Moderate recovery (W/C = 0.6 and

0.55): Cycle 2 stress = Cycle 1 stress,

indicating a reversible, balanced behavior

where breakage and aggregation reach

dynamic equilibrium.

o Low recovery (W/C = 0.5 and 0.4): Cycle

2 stress < Cycle 1 stress, indicating

irreversible structural breakdown due to

restricted particle mobility and high
interparticle forces.

o 2. The proposed structural recovery index, calculated
from the relative difference in shear stress between
the two cycles, provides a simple and effective
quantitative measure of recovery. This index was
found to be relatively independent of shear rate and
clearly distinguishes the three behavioral regimes.

o 3. Pastes with similar W/C ratios (e.g., 0.6 and 0.55;
0.5 and 0.4) exhibited comparable recovery index
values, suggesting that structural recovery is not
solely determined by W/C but also influenced by
shear history and rheometer geometry. Nevertheless,
the index reliably categorizes pastes into high,

moderate, and low recovery groups.
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NGHIEN CUU PHAN TIiCH SU PHAN BO AP SUAT CUA CANH
SWEPT WING SU DUNG AIRFOIL SC(2)-0410 TREN BLENDED-
WINGLETS

Nguyén Trin Trong Nghia"" Cao Ping Minh' Pham Hung' Pham Ba Tung’

'Khoa K thudt Hang khéng, Hoc vién Hang khong Viét Nam
’Khoa Xay dung, Hoc vién Hang khéng Viét Nam

TOM TAT

Nghién ciru phan tich su twong tac va anh huong giita Airfoil SC(2)-0410 va Blended Winglet dén sy phan bd ap suit va
mdt s6 dic tinh khi dong hoc canh swept wing. Mo phong external flow bang phuong phap Computational Fluid Dynamics
(CFD) trong Ansys, dung bo giai compressible URANS két hgp mo hinh nhiéu loan SST k-w. Hai cdu hinh canh c6 va
khong c¢6 winglet dugc khao sat trong diéu kién dong can 4m M=0.85, goc tan 0°, tham sb khi quyén & do cao 10km. Cac
dai lugng danh gia chinh gdm C,, Cp, ty s6 C,/Cp, phan bd Cp va Cp cry. Két qua cho thay blended winglet 1am ting C, tir
0.10091 1én 0.25018, ddng thoi ciing 1am Cp tang tir 0.00619 1én 0.01720, khién ty sé €, /Cp giam tir 16.29 xudng 14.54.
Phén b C, cho thdy cudng do song xung kich suy yéu va qué trinh phuc hdi 4p suit dién ra muot hon & canh c6 winglet. C6
thé két luan rfmg blended winglet c6 thé cai thién dac tinh khi dong cuc bd, nhung khong bao ddm nang cao hi¢u suat khi
dong tong thé ddi véi moi cau hinh airfoil.

TU KHOA: SC(2)-0410, Blended Winglet, ddng luc hoc chét luu tinh toan (CFD)
ABSTRACT

This study analyzes the interaction and influence between the SC(2)-0410 airfoil and the blended winglet on the pressure
distribution and several aecrodynamic characteristics of a swept wing. External flow simulation was carried out using
Computational Fluid Dynamics (CFD) in Ansys, employing a compressible URANS solver coupled with the SST k-®
turbulence model. Two wing configurations, with and without a winglet, were investigated under subsonic flow conditions at
M=0.85, an angle of attack of 0°, and atmospheric parameters corresponding to an altitude of 10 km. The primary
assessment parameters include C;, Cp, the C/Cp ratio, the C,, distribution, and C,, ;. The results show that the blended
winglet increases C;, from 0.10091 to 0.25018, while also increasing Cp, from 0.00619 to 0.01720, causing the C; /Cp, ratio to
decrease from 16.29 to 14.54. The C,, distribution indicates that the shock-wave intensity is weakened and the pressure
recovery process becomes smoother on the wing with the winglet. It can be concluded that the blended winglet may improve
local aerodynamic characteristics, but it does not guarantee an improvement in overall aerodynamic efficiency for every
airfoil configuration.

KEYWORDS: SC(2)-0410, Blended Winglet, Computational Fluid Dynamics (CFD)

1. MO DAU mildly swept wing van ton tai nhiéu han ché: luc nang chua
: tbi wu, lyc c? A da stall sém. Airfoil SC(2)-0410 d
Nganh hang khong Viét Nam dang uu tién phat trién cong Of 1, e can cao va de stall som. Arrior 2) ©

: NASA cong b [3] 14 bién d iéu toi han nh h
nghé canh may bay dé ning cao hidu qua van hanh. Cic cong bo [3] 12 bién dang siéu 161 han nhung chua
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khic phuc triét dé cac van dé van hanh thuc té. Cac nghién
va Trung Qudc chu yéu so sanh airfoil nay véi cac loai khac
ma chua dé xuat giai phap phat trién cu thé. Tai Viét Nam,
chc cong trinh trong nude lai tp trung chu yéu vao airfoil
NACA hoic thiét ké UAV/VTOL.

Viée ap dung winglet 1én canh xudi dang phd bién vai tuyén
bd giam induced drag, wave drag, tiét kiém nhién liéu va cai
thién L/D. Tuy nhién, winglet c6 thyc sy mang lai 191 ich 1o
rét hay chi ting trong lugng céu tric, gdy nhiéu loan khi
dong hoc cyc bg, ting chi phi ché tao va giam hiéu sult &
regime transonic van can kiém chtng khach quan.

Mic du di ton tai nhiéu nghién ctru CFD vé swept wing,
airfoil SC(2) series va blended winglet, hau hét chi phén tich
riéng 1é timg yéu t6 hodc két hop ti da hai thanh phan trong
diéu kién subsonic/low-speed véi turbulence model don gian
(Spalart-Allmaras hodc k-¢). Nghién ctru hién tai khao sat
ddng thoi va co hé thdng su két hop giita airfoil SC(2)-0410,
blended winglet trén swept wing goc 35° dudi diéu kién
cruise transonic thuc t& (M = 0.85, oo = 0°) bang bo giai
FANS két hop m6 hinh SST k-. Céch tiép can nay nim bat
chinh x4c tuong tac gitta song xung kich, 16p bién va xody
dau mut, déng thoi so sanh chi tiét hiéu sudt khi dong hoc
véi baseline, tir d6 lam rd winglet cé thuc sy c6 lgi hay
khong va dé xuét cai tién thiét ké thuc tién cho nganh hang

khong Viét Nam.

1.1 Muc tiéu Nghién ctru

Muc dich chinh ciia dé tai Phan tich sy phan bd ap suét
cua airfoil SC(2)-0410 ap dung canh swept wing véi winglet
1a tap trung nghién ciru huéng téi tinh kha thi vé cai thién
cac hiéu suét khi dong hoc bao gém 3 diéu chinh 13 luc
nang-can va tri hodn hodc suy yéu soéng sbc cia canh may
bay tir su két hop giita airfoil SC(2)-0410 va winglet. Cu thé,
huéng dén muyc tiéu:
¢ Phan tich dugc anh hudng cua winglet khi ap dung lén

SC(2)-0410 dén lyc nang, lyc can clia may bay thong
qua timg két qua mé phong

cuu tai Iran

+  Danh gia duoc tac dong tong thé cua sy két hop trén dyua
vao biéu dd ap suat va hé s6 nang-can

+  Bu6c dau xay dung mo hinh trén phan mém vé CAD
nham dwa 1én phan mém md phong CFD.

1.2 Pdi twong Nghién ciru

Airfoil SC(2)-0410 dugc ding lam bién chinh 4p dung
1én canh mildly swept wing dé lam thay ddi toan bo bé mat
hinh hoc, trong do6 tap trung danh gid anh huong blended
winglet. Nghién ctru xem xét sy phan b ap suit trén bé mat

canh, su thay doi luc nang va luc can

1.3 Phuwong phap Nghién ciru

Xay dung cac md hinh 3D va mé phdéng khi dong hoc
bang phuong phap tinh toan dong luc hoc chét luu (CFD)
bang phin mém Ansys. Sau d6 tién hanh phén tich, so sanh
két qua dinh lugng cac thong s6 khi dong hoc thu dugc cua
Airfoil SC(2)-0410 khi co va khong co winglet nhim danh
gi4 sy thay ddi cta cac truong hop

Tap trung vao diéu kién transonic cruise dién hinh (M =
0.85, Reynolds = 5.25% 10°)
dé nghién ctru twong tac song xung kich va phan bd ap suit
ma khong ¢ anh hudng manh tir goc tan.

Giam chi phi tinh toan (URANS transient rat ton tai

nguyeén).
1.4 Cau héi Nghién ctru

Liéu Airfoil SC(2)-0410 c6 anh huong thé nao dén hiéu
qué cua blended winglet & tbc d6 can 4m? C6 phai mot canh
may bay c6 bién dang canh (airfoil) bat ky, khi gin winglet
vao déu cai thién hiéu suat bay?
2.CO SO LY THUYET
2.1 Khai niém va Hé sé Khi dong hoc

Luc nang (L) 14 thanh phan lyc vudng goc véi huéng dong

tu do, Iyc can (D) l1a thanh phan lyc song song voi hudng
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dong toi. Ty s6 L/D1a chi sb then chdt danh gia hiéu suét khi
dong hoc tong thé ctia canh.
Dé so sanh dic tinh giita cac cdu hinh, cac hé s6 khong thir

nguyén dugc str dung: hé so0 lyc nang C;, hé so lyc can Cp,

Lift Force Resultant Force

Alr Flow Leading Edge

P~ Drag Force
\ Trailing Edge
Chorg

sa

Angle of Attack

Hinh 1: So d6 phan tich lyc.

2.2 Cong thire

L
CL=1 3 M
jpooVooSref
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©TT s
fpooVooS‘ref
P~ P
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Trong dé:

e Vg :Vantdc cia dong tu do, don vim/s.

«  po : Khbi lugng riéng cta dong tu do, don vi kg/m?3.

*  S,¢s : Dién tich tham chiéu, don vi m2.

*  Po: Ap suit tinh ciia dong khi ¢ xa vét thé (dong tu do),
don vi Pa.

e p: Ap sudt tinh cuc bo tai diém dang xét, don vi Pa

«  y:Chisb doan nhiét cua chit khi.

« M., : S6 Mach cta dong khi ti do (ti s6 gitra vén toc

dong tu do va van toc 4m thanh).

2.3 Xoay dau canh va Lwc can Cam tng

hé s6 dp suat €y, va hé s6 ap sudt toi han G, s (diém ma

dong khi cuc bo dat Mach 1).

Su chénh 1éch 4p suat giita hai mat canh tao ra dong khi tran
tir dudi 1én trén tai dau canh, hinh thanh xody dau cénh
(wingtip vortex). Xoay ndy sinh ra luc can cam tng (induced
drag), lam giam hiéu sudt nang va tang tiéu hao ning lugng

[1].

2.4 Giéi thidu vé Airfoil SC(2)-0410

= —
\“*-_—_—/

Hinh 2: Airfoil SC(2)-0410

Airfoil SC(2)-0410 thudc dong airfoil si€u t6i han do NASA
phat trién, c6 do day tdi da 10 % tai x/c ~ 0,38. Thiét ké
mit trén tuong dbi phing nham tri hodn va lam suy yéu song

xung kich & ché d6 can am cao [3].

2.5 Cong nghé Winglet

Winglet 12 bé mit khi dong gén tai ddu canh nham giam lyc
can cam tng bang cach 1am yéu xody du canh. Richard T.
Whitcomb da tién phong gidi thi¢u khai ni€ém nay nam 1975
[5,6]. Blended winglet 1a bién thé hién dai véi phan chuyén
tiép muot ma, giam thiéu nhiu loan b sung va ting hiéu
qua khi dong. Theo bao cao NASA TN D-8260, winglet co

thé giam lyc can cam tmg t&i 20 % [6].
3. QUY TRINH NGHIEN CUU VA MO PHONG
3.1 B giai

Do moé phong ¢ van toc Mach 0.85. Trong nghién ctru nay
chon st dung bo gidi URANS cho dong nén duoc
(compressible URANS) cting véi md hinh nhiéu loan SST k

]
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Hé phuong trinh Unsteady Favre-Averaged Navier-Stokes —

UFANS cho dong nén duoc:

Phuong trinh lién tuc:

dp/0t + d(piL)/0x; =0 (5)

*  Phuong trinh dong luong:
apm) | ApWiyy) _-dp | 8 [— 5w
6xj - 6xl- 6xj I:tL] pui u] ] (6)

a(pE) | A(pH) _ 2
at

Phuong trinh nang luong:

6x]- 5 (keffaT/ax] + ﬁl(rij)eff) 7

t: thoi gian.
T;j : Tensor ung sudt nhot.
u!’ : Thanh phan dao dng ciia van tdc theo Favre

decomposition.

" n

pu; uj : tensor ing sudt Reynolds Favre-

averaged (lrng suat roi).

T, : Van tdc trung binh Favre theo phuong i.

x; : Toa do khong gian (i=1,2,3).

E : Tong nang lugng riéng trung binh Favre (internal +
kinetic).

H : Tong enthalpy riéng trung binh Favre

kess : Hé s6 dn nhiét hiéu dung.

T : Nhiét d6 Favre-averaged.

(Tij)eff : Ung sut nhét hiéu dung.

n,

(tij),;, = & — Py

3.2 Thong s6 hinh hoc
3.2.1 Thong so hinh hgc canh

Thong s6 ky thuat chung

Séi: 4.5m

+  Day cung gbc: Im

+  Day cung dau canh: 0.25m

*  Goc quét: 35°

«  Dién tich tham chiéu: 2.02478791 m’

Hinh 3: canh SC(2)-0410 khong c6 Winglet

Hinh 4: canh SC(2)-0410 gin Blended Winglet

Thong sb k¥ thuat wingle:

e Goc quét: 35°

«  Chiéu cao winglet: 0.675m
*  Cant: 60°

3.2.2 Mién tinh tosn

e Ntra hinh hop (L,W, H): 15x7.5x 7.5 m

*  Body of influence (L,W, H): 3.5x3.7x 1.3 m
+  Loai phén tir ludi Poly-Hexcore

«  Diéu kién bién: Farfield, Symmetry

e Wall adiabatic (heat flux = 0)

* Dién tich S,;;=2.02478791 m?

* MACO0.7271603 m

3.3 Théng sé diu vao

«  Nhiét do tinh (Tyue): 223.25K
«  Ap suit tinh (Pyggc): 26500 Pa
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*  S6Mach: 0.85

* Reynolds = 5.25x 10°

e Mat do (Density): 0.4135 kg/m?

* Do nhot dong 1.4575e-05kg/m. s
e MO hinh d6 nhét: Sutherland's Law
o Khi ly tuong

3.4 Théng sb tinh toan

*  Solver: URANS

*  Density based

e MO hinh turbulence: SST k-®

+  S6 Mach: 0.85

«  Goc tan: 0°

e CFL number: 1.0 (c6 thich tng tu dong)
*  Budc thoi gian (AT) : 0.00078s

«  Tiéu chuén hoi tu: 10™

4. KET QUA VA THAO LUAN

Bang 1: Hé s6 luc nang - can (khong c6 Winglet):

C C G
L D CD
0.10091 0.0061937 16.29236159

Bang 2: Hé s6 lyc nang - can (c6 Winglet):

C C G
It D CD
0.250181444 | 0.017201266 14.54436226

Mic du blended winglet gitip giam dang ké lyc can cam tmg
(induced drag) nhd lam suy yéu xody ddu mut va giam
downwash, tir d6 ting goc tdn cong hidu dung va nang cao
hé s6 luc nang (CL) moét cach rd rét, nhung ty s6 CL/CD lai
giam so voi cau hinh canh khong winglet.

Nguyén nhan xuét phat tir viéc winglet lam tang dién tich bé
mit uot toan b canh, din dén lyc can ma sat taing manh.
Pong thoi, tai ving chuyén tiép blended gitra winglet va
canh chinh con phat sinh thém luc can nhiéu (interference

drag). Trong diéu kién dong chay transonic (M = 0.85), su

tuong tac phtic tap nay con lam thay ddi cuc bd phan bd ap
sudt va vi tri song xung kich, gop phan gia ting wave drag.

Két qua 1a mirc ting cua hé sé luc can téng (CD) vuot troi

hon mirc ting cua CL, khién ty s CL/CD suy giam.

Hinh 5: Vén téc Mach phan bd trén bé mat canh khong ¢
Winglet

| L L
g i

Hinh 7: Biéu d6 phan b hé s6 ap suit canh khong co
Winglet theo x/c
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i

Hinh 8: Biéu dd phan bd hé s6 ap suét canh co Winglet theo

x/c
Theo d thi phan bd hé sb ap sudt & 50% sai canh, cdu hinh
sir dung winglet cho thiy cudng d6 séng xung kich suy yéu
rd rét so v&i canh co ban. Vung dong chay siéu am cuc b &
mat trén, dugc xac dinh thong qua gia tri Cp vugt ngudng
Cp*, bi thu hep theo chiéu duong. Hién tuong nay c6 thé lién
quan dén sy suy giam van toc dong chay hudng xudng
(downwash velocity) tac dong 1én canh, lam cho dinh hut &
mat trén yéu hon. Cung luc d6, CL(x) dugc phan bd lai, gop
phin tao ra qua trinh phuc hdi 4p sudt muot hon so véi canh
khong c6 winglet. O mat dudi, vung siéu am cuc b da hoan
toan nam dudi ngudng Cp*, cho thiy séng xung kich suy
giam dang ké. Diéu nay gitip luc nang tong thé ting, dong
thoi loai bo phan 1on luyc can séng so voi canh khong co
winglet. Do d6, mac du winglet co nhiéu loi ich trong viéc
cai thién hiéu suét, viéc danh dbi véi cdc bat loi hinh hoc va
hiéu tng khi dong hoc ma winglet mang lai khong phai lac

nao ciling hi¢u qua véi moi loai airfoil.
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Nghién ciru cac thong so ciia xe gdy tai nan giao thong tai
khu vuc noi do Thanh pho Ho Chi Minh
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'Khoa Xay dung, Hoc vién Hang khéng Viét Nam
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TOM TAT

Nghién ctru “Céc thong sb cua xe gy tai nan giao thdng tai khu vuc noéi d6 Thanh phé HO Chi
Minh” tap trung phan tich co ché hinh thanh tai nan giira 6 t6 va xe dap trong diéu kién giao thong
khong ddng nhat. Pay 1a mot trong nhirng nghién ciru dong vai trd quan trong trong viée xac dinh
nguyén nhan gay tai nan giao thong cua xe 6 t6 va xe dap ciing nhu mirc d6 chan thuong ciia no
gay ra. Két qua nghién ciru chi ra rang viéc khong dam bao khoang cach an toan la nguyén nhan
chinh din dén va cham giita cac phuong tién dang di chuyén cing chiéu trong dong xe hdn hop.
Phét hién nay gilp cac nha hoach dinh phat trién ha tang giao théng trong viéc t chic giao thong
phu hop véi dic diém giao théng hdn hop nham giam thiéu rui ro tai nan va nang cao an toan cho
nhém dbi twong d& bi ton thuong nhu nguoi di xe dap.

TU KHOA: Giao thong khong dong nhat, Khoang céch an toan, Chan thuong, Va cham

ABSTRACT

The study “Parameters of Vehicles Causing Traffic Accidents in the Inner City of Ho Chi Minh
City” focuses on analyzing the mechanisms of accidents between cars and bicycles under
heterogeneous traffic conditions. This study plays an important role in identifying the causes of
traffic accidents involving cars and bicycles, as well as assessing the severity of the resulting
injuries. The research findings indicate that failure to maintain a safe distance is the primary cause
of collisions between vehicles traveling in the same direction in mixed traffic flow. These findings
provide valuable insights for traffic infrastructure planners to better organize traffic under mixed
conditions, thereby minimizing accident risks and improving safety for vulnerable road users such
as cyclists.

KEYWORDS: Heterogeneous traffic, Safe distance, Injuries, Collision

1. GIOI THIEU

Trong nhiing niam gan day, phong trao
tap luyén thé duc thé thao ciia nguoi dan
Thanh phd HO Chi Minh ¢6 xu hudng ting
theo thoi gian, di 1ién véi d6 1a cic mon thé
duc ngodi troi bit diu phat trién nhu chay b,
dap xe dap duoc xem 14 mét trong sé nhiing
mon thé thao dugc nguoi dan thanh phd dic
biét quan tdm. Tinh trang dap xe ctia ngudi dan
thanh phd dan xen giira nhitng phuong tién &
t0, co gioi s& phat trién nhirng rai ro tiém an
nguy co tai nan giao thong duong b gia tang.

S6 liéu théng ké cua cac cau lac bo dap xe trén
dia ban Thanh phd HO Chi Minh cho thiy
lugng nguoi tham gia dap xe tai khu vuc
phuong Thao Bién chiém ty 1& Ién hon nhiéu
14n so véi nhitng khu vic khac (S& Vin hoa va
Thé thao Thanh phé Ho Chi Minh, 2025). Tai
truc duong chinh Mai Chi Tho néi tir Trung
tam thanh phé dén nat giao An Phu, cung
duong nay la tuyén duong giao théng chinh ¢
phia déng Thanh phé H6 Chi Minh, noi ¢6 luu
luong giao théng hdn hop gom 6 t6, xe tai, xe
buyt, xe may va xe dap cung st dung mat
duong. Su chénh léch téc do dang ké gitra xe
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co gidi va xe dap lam ting nguy co va cham,
dac biét la tai cac lan dwong nhap lan, giao 16
va khu vuc giao thong dong dtc. Va cham gitra
0 t6 va xe dap thuong xay ra khi nguoi di xe
dap khéng git khoang cach an toan khi vuot
hoic bam sét phia sau. Do xe dap nho, téc do
thip va kha ning ting toc han ché, nguoi lai 6
t6 dé dang danh gia sai khoang cach va thoi
gian phan tng. Theo WHO (2023), nguoi tham
gia giao thdng dé bi ton thwong nhu nguoi di
xe dap c6 nguy co bi thwong nang cao hon khi
va cham véi xe co gidi. Do @6, muc tiéu chinh
cta nghién ctu ndy 1a phan tich cac théng sé
cua xe gay tai nan vai xe dap tir d6 d& xuét giai
phap hiru hiéu dé kiém hdm tai nan giao thdng
cua nguoi st dung xe dap trén dudng Mai Chi
Tho ¢6 ¥ nghia quan trong ddi véi an toan giao
thong d6 thi.

Phan con lai cua bai bao dugc t6 chuc
nhu sau. Sau phan gidi thiéu, phan 2 trinh bay
téng quan v& cac nghién ctu trude day. Phan 3
xay dung khung ly thuyét va céc cong thuc
tinh to4n lién quan dén va cham giira xe gay tai
nan va xe dap. Phan 4 két qua tinh toan tinh
hubng tai nan giao théng ngoai thuc té, phan
két luan va thao luan s& duoc cau tric trong
phan 5.

2. CAC NGHIEN CUU TRUOC PAY

Céac nghién cuu trude day da chi ra
ring va cham giita 6 t6 va xe dap la mot trong
nhirng loai tai nan phé bién nhat ¢ khu vuc do
thi noi ma mat do xe hai banh cao, dac biét la
& cac nude dang phat trién. Nhiéu nghién cau
da xac dinh rang su khéc biét vé kich thudc,
kha ning tang toc va mirc do bao vé giira hai
loai phuong tién nay lam tang mac d nghiém
trong cua thuong tich d6i véi nguoi diéu khién
xe dap trong cac vu va cham. Hurt va cong su
(1981) chi ra ring mot nguyén nhan quan
trong trong cAc tai nan lién quan dén xe dap 13
do nguoi lai 6 td6 khong phat hién hoic phat
hién cham cac phuong tién hai banh trong tim
nhin cta ho. Savolainen va Mannering (2007)
cho thdy mirc 6 nghiém trong cua thuong tich
tang 1én dang ké trong cac vu va cham nhiéu
phuong tién, dac biét la khi xe may va cham
Vi 0 10, do su khéc biét Ion vé khdi luong va
dong nang.

Hon nita, cic nghién ciu gan day nhén
manh vai trd cua toc do, viéc khéng giir
khoang cach an toan, chuyén lan dot ngot va
coi thuong tin hiéu giao thdng cua ngudi di xe
dap 1a mot trong nhitng yéu té rui ro chinh trén
duong. Quddus va cong su (2010) cho thay tai
nan gitra 6 t6 va xe dap thuong xay ra nhiéu
hon & cac giao 16, noi co6 sy xung dot vé
hudéng di va tam nhin han ché. Trong mdi
truong giao théng hon hop ¢ chau A, mat do
Xe ¢d cao va sy giao thoa lién tuc gitta 0 t6 va
xe dap lam tang kha nang xay ra va cham bén
hong va truc dién. Té chuac Y té Thé gigi
(WHO, 2023) ciing luu ¥ rang ngudi st dung
xe hai banh 12 nhom dé bi tén thuong, chiém
ty 1¢ cao trong s6 cac vu tai nan giao théng
gay tir vong & nhiéu quéc gia. Do d6, nghién
chiu su tuong tac gita O t0 va xe dap la réat
quan trong trong viéc dé xuét cac giai phap to
chire giao thong va giam thiéu tai nan do thi.

3. PHUONG PHAP NGHIEN CUU

Bén canh yéu t6 con nguoi thi yéu té
phuong tién tham gia giao thong cling gop
phan dang ké hinh thanh tai nan giao théng,
mac du c6 rat nhidu nghién ciru trong va ngoai
nude da dé cap van dé nay nhung dé hiéu sau
co ché hinh thanh tai nan cua cac phuong tién
gay ra van 1a mot didu b& ngd cua cac nghién
Clru trudc day. Trong nghién ctu ndy, nhém
tac gia tién hanh phan tich cac yéu té thudc vé
phuong tién nhu 1) gia téc, 2) téc do cua
phuong tién lao 1én phia trudc, 3) thoi gian
ham phanh cua phuong tién, 4) chiéu dai
duong hadm, 5) khoang cach gitra xe gay tai
nan va xe lién ké phia sau va 6) thoi gian phan
(g tam Iy cua lai xe khi gap su c¢6. Cac théng
sd trén giup ching ta x4c dinh chinh xac co
ché hinh thanh tai nan giao thong trén dwong
hién nay gitra xe 0 t6 va xe dap.

3.1 Gia t’(‘)c ciia xe giy tai nan khi ham
phanh gap

Gia toc cua xe 1a mot dai luong dong
quan trong, phan &nh téc do thay ddi van téc
cta xe theo thoi gian va dong vai tro then chdt
trong viéc phén tich tai nan giao thong trén
duong. Trong diéu kién toc do cao, su thay ddi
gia téc dot ngot, dac biét 1a gia téc &m (phanh
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gap), thuong lién quan tryc tiép dén nguy co
va cham lién hoan. Khi nguoi lai xe phan tng
cham truge nhirng tinh hudng bat ngo, su giam
gia tbc dot ngot cd thé tao ra sy bat 6n trong
ludng giao thong, lam ting kha ning va cham
tir phia sau. Hon nira, gia toc duong 16n (gla
tbc nhanh) trong diéu kién giao thong tic
nghen cling gop phan lam ting su dao dong
van toc gitra cac xe. Su khong nhat quan veé
gia toc giita cac xe trong giao théng la mot
trong nhitng nguyén nhan chinh gy ra "séng
xung kich", dan dén tic nghén va tai nan. Khi
gap su cd lai, nguoi lai xe thuong xu ly bang
cach hdm phanh gap (hdam khan Cap) truong
hop nay gia toc him dwogc xac dinh bang cong
thie (1):
m

jay = Ja-cosa * g sina,— =2 (1)

Trong do:
Ky hiéu (+) khi xe 1én ddc, (-) khi xe xubng
dbc
a: goc nghiéng trén doan ham xe (tic la do
déc doc cua duong), (d6)
Ja: gia téc him cla xe gdy tai nan tré doan
duong nim ngang 522

Ngoai ra, trén cac doan duong xe gay
tai nan dugc xac dinh c6 gia toc lan tu do lon,
khi @6 yeu t6 gay tai nan giao thong can quan
tam dén hé so suc can cua banh xe va mit
duong. Gia téc lan lic nay duoc tinh theo
cong thirc (2), gia toc 16n nhat cua xe gay tai
nan khi hdm baoi c&c truc banh sau j,. (céng
thic 3) va gia toc 16n nhat cua xe gay tai nan
khi ham béi cac banh xe ¢ truc trudc j,¢ (cong
thac 4). Thir ty cac cdng thic tinh toan dugc
trinh bay nhu sau:

m
jx = g(f.cosa +gsina),—  (2)
Ly

Trong do:

f 1a hé sb stc can lan cua banh xe va mit
duong.

. (o) +g—(b.R) . ]lgm

Jas = m.cosa + sina S (3
Trong do:

a, b — khoang cach tir trong tam dén truc trude
va tryc sau cua xe, (m);
h: chiéu cao tir trong tdm cua 6 to dén mat
duong, (m);

— gia tdc trong truong, ?2

CETA 2026
: Ua-b) +g.a.f) g m
Jat = GD -G —F o) cosa + sina 5 (4)
Trong do:

Sl = 52 = 1,1 (}‘H)
L — khoang cach giir 2 truc trudc va sau cta 6
to, (m).

3.2 Téc dd ciia xe giy tai nan

Trong diéu kién giao théng do thi tai
TP. H6 Chi Minh, téc d6 caa 6 t6 va xe dap
dong vai tr0 quan trong trong cac vu tai nan
lién quan dén xe dap cung chiéu. Xe dap
thuong di chuyén véi toe do thap va kha ning
tang toc han ché, sy chénh léch toc do 16n gitra
céc phuong tién dé dan dén va cham tir phia
sau. Khi cac phuong tién co gidi duy tri toc do
cao ma khong quan sat day du, thoi gian phan
tng bi rdat ngan dang ké, lam giam kha ning
xu ly cac tinh hudng bat ngo. Hon nira, ludng
giao thong hon hop va mat do dan cu cao tai
TP. H6 Chi Minh 1am tang sy bién dong téc do
gitra cac phuong tién, dic biét la trén céc
tuyén duong khong co lan duodng danh riéng
cho xe dap. Nhirng yéu t6 nay din dén viéc
cac vy tai nan lién quan dén xe dap cung chiéu
thuong xay ra do thiéu kiém soét téc do va
khoang cach khong an toan. Do d6, quan ly
tdc do phu hop véi diéu kién giao thong do thi
va to chuc lan duong hiéu qua la nhirng giai
phép quan trong dé glam thiéu rai ro tai nan.
Khi xe gay tai nan bt dau ham thi téc d6 cua
nd dugc xac dinh theo cdng thac 5, tuy nhién
trong truong hop lai xe gay tai nan tha long
ban dap hdm phanh va cho xe t6i ty do thi tbc
d6 cua xe gay tai nan duoc xac dinh theo cbng
thirc 6. Ngoai ra, néu biét duoc chiéu dai vét
ham phanh trudc vi tri ddm xe thi van toc cua
xe gay tai nan dugc xac dinh theo cong thac 7,
va thoi diém dam vao phuong tién khéc dugc
xac dinh theo cdng thuc 8. Thu ty cic cong
thae tinh toan dugc trinh bay nhu sau:
km 5
L ®
t; — thoi gian thyc hién gia toc ham cia xe gay
tai nan, (s);
S, — chiéu dai vét ham ctia xe gy tai nan, (m).

2
Vo=18jats + \]26-511-111 + [ kS =43 (o — J)ti + 180, — fx)fs}

Trong do:
ts- thoi gian ham phanh mot lan

V, = 1,8.j4. t33/26. Sy Ja »
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ts= 0,3 ddi v6i bd ham phanh thiy lyc; v 2 on
ts= 2t3 ddi v6i phanh hoi th= =——— |—, (10)
Sk — chiéu dai can khac phuc cia xe gy tai 3,6.Ja Ja
nan trong luc 1an tu do trudce khi ding lai han,
(m).
2 SJ’J’

km "_ u
Vo=18Jats+ [26.5¢+ V3,0 (@) W= 5@ D
Trong dé: To= t;+ t, + 05.t + (s) (12)

Vy — toc d6 cua xe gy tai nan trudc khi dam
xe, km/h. Khi tinh toan c6 thé 1ay Vy gia tri
bang tri s6 tbc do cia xe di trudc xe gy tai
nan trudc lac xung dot V;

km

Vo =4/26.5].ja, T

Trong do:
S,/- chicu dai vét ham xe tir lirc dam xe dén
khi xe dung lai

(8)

3.3 Thoi gian ham phanh cia xe gay tai
nan

Trong cac vu va cham truc dién véi xe
dap, thoi gian phanh 1a yéu t6 then chdt dé
tranh tai nan. Vi xe dap di chuyén cham, néu
phuong tién phia sau phat hién tinh hudng
muon, thoi gian phan tng va lyc phanh thudng
khong du dé dimg xe dap mot cach an toan. O
tdc do do thi, tham chi chi cham tré vai phan
nho cua gidy ciing lam ting dang ké quéng
dudng ding xe. Piéu nay 1am ting nguy co va
cham tir phia sau véi xe dap, dac biét 1a trong
diéu kién giao thong tic nghén. Do do, duy tri
khoang cach va kiém soat toc do 1a nhitng yéu
t6 quan trong dé bu dip cho thoi gian phanh
han ché. Thoi gian hdm phanh cua xe gy tai
nan tinh bang cong thic 9, tuy nhién thoi gian
chuyén dong cua xe gy tai nan truée khi dam
xe lai dugc tinh bang cong thirc 10, thoi gian
chuyén dong cua xe gdy tai nan trong luc him
sau khi dam xe la cong thic 11, thoi gian
trude khi ddm xe cong thirc 11, va cudi cung
thoi gian dung xe dugc tinh toan dya trén cong
thirc 12. Thur tu cua céc cong thuc tinh toan
thoi gian duoc thé hién nhu sau:

Tr=1t,+ ta+ty,=1t;+ 05.t3+

e © ©)
Trong do:

ts- thoi gian chuyén dong ciia xe gy tai nan &
giai doan ham xe tryuc tiép

3,6

3.4 Chiéu dii him phanh ciia xe giy tai
nan

Trong cac vu va cham truc dién véi xe
dap & ndi thanh TP. HO Chi Minh, quing
duong phanh ciia 6 t6 1a yéu t then chdt quyét
dinh kha nang tranh tai nan. Khi tbe do tang,
quing dudng phanh ting theo cép s6 nhan,
khién 6 t6 kho dimg kip thoi khi phat hién xe
dap phia truéc ¢ khoang cach ngin. Trong
diéu kién d6 thi dong duc, trén duong tron
trugt hodc tdm nhin han ché, quing dudng
phanh ¢ xu huéng ting 1én dang ké. Piéu nay
lam ting nguy co va cham tir phia sau, dac biét
khi nguoi lai xe khong gitt khoang cach an
toan. Do d6, kiém soat téc dd va du doan tinh
huong 1a nhitng yéu té quan trong dé giam
thiéu rui ro lién quan dén quing duong phanh.
Chiéu dai him phanh 1a mot thong sd quan
trong, chidu dai nay duoc xac dinh bang cong
thirc (13) va chiéu dai dirng lai cua xe gay tai
nan duoc tinh bang cong thic 14. Cac cong
thire nay duogc tinh toan nhu sau

V.
Sp=(t, + 0 5.t3)—“

=(tz + tz) + Sy, (m) (13)

26

Sop=(t; + t; + 05. fg) =t 46+ t]) + 5, (m) (14)

36 26 36

4. KET QUA NGHIEN CUU CHO
MOT TRUONG HOQP TAI NAN
GIAO THONG TAI THANH PHO
HO CHI MINH

M6 ta tinh hudng: Mot 6 to dang chay
trén duong Mai Chi Tho, Phuong Thao Bién,
Thanh Phd Hd Chi Minh vé&i van téc
V, =72 km/h, trudc 6 t6 c6 nguoi di xe dap
v6i van tde 18 kmv/h dot nhién bi ngd cach 6 to
giy tai nan S, = 20m (hinh minh hoa), 6 t0
sau khi dam vao nguoi di xe dap da di thém
mdt doan S =7m mébi dung lai. Xét cac
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thong so lién quan d¢ dua ra két luan cuoi
cung cua vu tai nan noi trén.

Hinh 1: Tinh hudng va cham gita xe 6 t6 va
xe dap
Dit liéu dau vao cua vu va duoc trinh bay tai
bang bén dudi
Bang 1: Dir li¢u cua vy tai nan giao thong

STT | Thong sb Ky Gid | bon
hi¢u tri vi
1 Gia toc ham cua j 3,2 m/s?

xe gdy tai nan

2 Thoi gian phan t; 1,0 S

Uung tam ly

3 Thoi gian hdm xe t, 0,12 S

4 Thoi ) gian ty 0,18 S
tang/giam toc

5 Van téc xe gly v, 72 km/h
tai nan

6 Van tdc xe muc V. 18 km/h
tiéu (xe dap)

7 K}loéng cach ban S 20 m
dau xe muc tiéu

Tong thoi gian phan Gmg ctia hé thong
dugc xac dinh bang tong cac thanh phan thoi
gian phan tng tdm 1y, thoi gian ham xe va thoi
gian tdng/giam toc, cu thé
t=t;+t,+t,=10+012+0,18 =
1,30s
. Trén co s& do, khoang cach xe gy tai nan
S, dugce xéac dinh thong qua quan hé dong hoc
giita van toc hai phuong tién va kha nang giam
toc ctia xe. Khi ap dung cong thirc tinh toan
v6i Sj = 8, thanh phan ty 1¢ van tc cho gia
tri E—: S, = % -20 =80m. Déng thoi, thanh
phan dong hoc lién quan dén qua trinh him xe
duoc tinh tir biéu thic vi _ 72 ~ 62,31,

26j 2632
suy ra 62,31 ~ 7,89va /8 ~ 2,83, din dén
gia tri hidu chinh (7,89 — 2,83)% ~ 25,60. Tt
d6, khoang cach thyc té ciia xe gdy tai nan
duoc Xac dinh la

S, = 80 — 25,60 = 54,40 m.

Hiéu sé khong gian giita xe gdy tai nan
va xe muc tiéu dugc tinh  bing
S, —S, = 54,40 — 20 = 34,40 m. Tuy nhién,
dé dam bao an toan trong tinh hudng phanh
khin cép, khoang cach diung tdi thiéu dugc
xac dinh theo md hinh dong hoc 1a

2
oV -I- (Yat) . V6i chénh 1éch
36 26]

vén tbc V, — V, = 54 km/h = 15m/s, thanh
phan phan tng cho gia tri 1,30 - 15 = 19,5 m,

min _—
St =

trong khi thanh phin him xe dat
2 ) .
—2222 ~ 35,05 m. Do d6, khoang cdch t6i thiu

an toan duoc Xac dinh 1a S = 54,55 m.

So sanh hai gia tri cho thay
34,40 < 54,55, chimg to khoang cach thyc té
gilta hai phuong tién nho hon dang ké so voi
yéu cdu an toan trong diéu kién van hanh.
Diéu nay phan anh hé thong khong con di du
trir khong gian dé thyc hién qua trinh giam tdc
nhim tranh va cham. V& mat dong hoc giao
thong, su chénh 1éch van tde 16n két hop véi
thoi gian phan (ng va déc tinh hdm xe da lam
gia tang dang ké quang duong dimg yéu cau,
dan dén trang thai mat an toan.

Tir két qua phan tich, c6 thé két luan
rang tinh hudng giao thong dwoc khao sat 1a
khong an toan, voi nguy co va cham cao va
khong thé tranh khoi néu khong c6 su thay ddi
dang ké vé hanh vi lai xe hodc diéu kién van
hanh cua dong xe.

5. THAO LUAN

Két qua phan tich cho thdy, trong diéu
kién giao thong hdn hop, su chénh léch téc do
gitra xe dap va cac phuong tién co gidi, dac
biét 1a 6 t6, tao ra nhitng tinh hudng doi hoi
muac d6 phan wng khan cap rat cao tir ngudi
tham gia giao théng. Trong bi canh nay, yéu
t6 quyét dinh khong chi nim ¢ dic tinh ky
thuat ctia cac phuong tién ma con phu thugc
rat nhiéu vao kj nang quan sat, du doan va
phan Gng kip thoi cta ca nguoi lai 6 t6 va
nguoi di xe dap. D6i voi nguoi lai 6 16, viéc
duy tri khoang cach an toan, sém nhan dién
cac vat thé di chuyén cham va diéu chinh téc
d6 phu hop 1a rat quan trong dé giam thiéu
nguy co va cham. Trong khi do, ngudi di xe
dap can trang bi k§ ning quan st giao thong
cha dong, lva chon tur thé di xe phu hop va
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tranh cac diém ml cua cac phuong tién co gidi
dé giam thiéu rui ro trong cac tinh hudng bat
ngo.

Tir goc do an toan hé thng, viéc nang
cao ky nang phan tng khan cap cua ca hai
nhém ngudi tham gia giao thong nén duoc coi
la giai phap bd sung quan trong bén canh céc
bién phéap can thiép vé co so ha tang. Pong
thoi, khuyén khich sir dung xe dap thuong
xuyén nhu mdt phuong tién giao thdng mang
lai loi ich kép: cai thién stic khoe cong dong
thong qua viéc tang cuong hoat dong thé chat
va giam phét thai khi nha kinh, gp phan giam
thiéu 6 nhidm do thi. Cac nghién cau qudc té
ciing chi ra rang khi ngudi tham gia giao thong
duoc dao tao tot hon vé cach wng pho véi cac
tinh huéng xung dot va khi xe dap duoc st
dung rong réi trong mot hé théng giao thong
c6 t6 chuc, thi mirc do an toan tong thé khong
chi duoc cai thién ma con thic ddy su phat
trién bén viing ciia do thi.
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Phan tich co ché va cham giira 6 t6 va nguoi di by trong
moi truong giao thong do thi: Truwong hgp nghién ciru tai
Thanh pho Ho Chi Minh

Lé Vin Luwu™*, Trin Pinh Cwong', Buii Nam Phwong’, Nguyén Duy Tan'

'Khoa Xay dung, Hoc vién Hang khong Viét Nam
*Email: luulv@vaa.edu.vn

TOM TAT

Nghién ctru phan tich co ché va cham gitra 6 t6 va nguoi di bo trén tuyén Mai Chi Tho, Thanh phé
Ho Chi Minh thong qua mé hinh dong hoc dimng xe va khoang cach xir Iy tinh huéng va cham. Két
qua tinh todn cho thay chiéu dai dirng xe cua o t6 12 41,1 m, nho hon khoang céch thuc té dén diém
va cham 13 41,96 m. Piéu nay chirg minh nguoi lai xe van c¢d kha ning tranh tai nan néu phat
hién nguy hiém kip thoi va thyc hién thao tic phanh dung k§ thuat. Nguyén nhan chinh cua vu
viéc duogc xac dinh 1a thiéu quan sat, danh gia cham tinh huéng va phan &ng muén cia ngudi diéu
khién phuong tién. Trén co s¢ do, nghién clru dé xuit cac giai phéap glam téc do khai thac, ting
cuong ha tang sang dudng an toan va wng dung cong nghé giam sat nham nang cao an toan cho
nguoi di bg trong moi truong giao thong do thi.

TU KHOA: An toan giao thong d6 thi, Nguoi di bo sang duong, Va cham, Khoang céch dimng xe,
Phan tich tai nan giao théng

ABSTRACT

This study analyzes the collision mechanism between cars and pedestrians on Mai Chi Tho Street,
Ho Chi Minh City, using a kinematic model of vehicle stopping and collision response distance.
Calculations show that the stopping distance of the car is 41.1 m, smaller than the actual distance
to the point of impact (41.96 m). This demonstrates that the driver could have avoided the accident
if they had detected the danger in time and performed the braking maneuvers correctly. The main
cause of the incident was identified as a lack of observation, slow assessment of the situation, and
delayed reaction by the driver. Based on this, the study proposes solutions such as reducing
operating speeds, improving safe pedestrian crossing infrastructure, and applying monitoring
technology to enhance pedestrian safety in urban traffic environments.

KEYWORDS: Urban traffic safety, Pedestrian crossing, Collision, Stopping sight distance,
Traffic accident analysis

1. GIOI THIEU

Nhirng nim gan déy, cing véi qua trinh
d6 thi hda nhanh chong ciia Thanh phd Ho Chi
Minh va sy sdp nhap dia gigi hanh chinh véi
Binh Duong va Ba Ria Viing Tau. Sau khi sap
nhép, luu luwong phuong tién tham gia giao
théng tdng manh, dac biét la truc duwong chinh
Mai Chi Tho. Cung duong nay chiu tac dong
I6n boi mat do phuong tién tir cac truc dudng

chinh tir huéng Quén 7 (ci), Binh Thanh (ct),
dac biét hon tuyén duong nay hién dang gong
ganh mét lugng l6n phuong tign tir cao tc cao
tc Long Thanh — Dau Gidy. Lugng phuong
tién taing manh kéo theo ganh nang cho ha
tang giao thong do thi, gén lién véi luu lwong
giao thdong la céc tai nan giao thong trén
duong cling ¢6 khuynh hudng tang theo ty 1€
phuong tién. Hon nira, nhu cau di lai cua
ngudi di bo ciing ting 1én déu dan, dac biét 1a
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& cac khu vuc trung tdm, khu dan cu va céc
tuyén duong giao théng chinh. Tuy nhién, viéc
nguoi lai xe khong gilr khoang cach an toan va
thiéu quan sat khi lai xe tiém an nguy co tai
nan giao thdng nghiém trong, dic biét 1a ddi
v6i nguoi di b qua duong (hinh minh hoa).
Trén cac tuyén duong cd mat do giao thdng
cao nhu dwong Mai Chi Tho, noi nhiéu
phuong tién di chuyén véi toc do cao, viéc
khong giam téc do hoic khéng quan st can
than tai cac vach ké duong, giao 16 va dai phan
c4ch mo 1am ting dang ké kha ning va cham.
Trén thyc té, nhiéu tai nan xay ra khi nguoi lai
xe O t6 danh gia sai khoang céch véi céc
phuong tién trong dong xe hdn hop, chinh vi
diéu ndy dén dén nguoi l1ai xe khdng phan g
kip thoi khi thiy nguoi di bo hoac tam nhin bj
han ché bai cac yéu td nhu xe phia trudc, diéu
kién anh sang va méi truong giao thong phirc
tap. Theo Té chirc Y té Thé gisi (2023), nguoi
di bo 1a mot trong nhitng nhém dé& bi tén
thwong nhat trong giao théng d6 thi, véi nguy
co cao bi thuong nang va tir vong trong cac vu
va cham véi phuong tién co gigi. Do do, viéc
nghién ciru va phan tich cac yéu t6 lién quan
dén hanh vi cta nguoi 1ai xe khi khong quan
sét va duy tri khoang cach an toan, va sau do
dé xuét céc giai phap thich hop dé giam thiéu
tai nan lién quan dén nguoi di bo trén cac
tuyén duong trong diém nhu Mai Chi Tho, la
vO cung quan trong trong viéc nang cao an
toan giao thong do thi.

Phan con lai cua bai bao dwoc té chuc
nhu sau. Sau phan gigi thiéu, phan 2 trinh bay
tdng quan vé cac nghién ctu truge day. Phan 3
xay dung khung ly thuyét va cac cong thirc
tinh toan lién quan dén va cham giira xe gay
tai nan va xe dap. Phan 4 két qua tinh toan tinh
huéng tai nan giao théng ngoai thuc té, phan
két luan va thao luan s& duoc ciu tric trong
phan 5.

2. CAC NGHIEN CUU TRUOC DAY

Tai nan giao thong duong bo gitra xe 6
t6 va ngudi di bo sang dudng di duoc rat
nhiéu nghién ctiu trén thé gisi thwucj hién, cac
nghién ciru nay tap trung phan tich mac d tai
nan, chan thuong cta nguoi di bo. Nghién ciu
cua Park va Ko (2020) tai Seoul cho thiy cac
yéu té anh huong dén tai nan giita phuong tién

va ngudi di bo c6 thé chia thanh hai nhém
chinh: dic diém ca nhan (tudi, gisi tinh cua
nguoi di bo va nguoi lai xe) va dac diém moi
truong xay dung (cau trac duong, khu dan cu,
mat d6 giao théng). Céac phat hién cua nghién
ctiu chi ra rang méi truong giao thong do thi
va hanh vi ngudi lai xe cling nhu nguoi di bd
dong vai trd quan trong trong viéc tao thanh
C4C tai nan. Didu déng chi v, tai nan lién quan
dén nguoi di bd xay ra tai khu vuc do thi
chiém ty 1& cao hon dang ké so véi nhiing khu
vyc nong thén va ving ven do thi, két qua nay
duoc Berlin (2024) phat hién va ciing 1a két
qua nghién cttu quan trong trong thoi ky nay.
Phat hién nay cho thay tinh cap thiét cua viéc
nghién ctiu cac yeu t6 rui ro trong moéi truong
giao thong d6 thi. Nghién ctu dinh tinh tai
Iran (2025) d4 phan loai cac yéu té gay tai nan
thanh hai nhém: yéu té tryc tiép (nguoi lai xe,
ngudi di bd, phuong tién, ha ting duong bo)
va yéu té gian tiép (quan ly, van héa giao
thong, diéu kién kinh té - xa hoi). Trong do,
hanh vi cua nguoi lai xe nhu thiéu quan sat,
khdng gitt khoang cach an toan dugc xac dinh
1a nguyén nhan quan trong dan dén va cham.

Cac nghién curu trude do cling chi ra
rang diéu kién moi truong nhu anh sang kém,
thoi tiét xau hoac tim nhin bi han ché lam ting
dang ké nguy co tir vong khi xay ra va cham
gitra 6 t6 va ngudi di bo. Mueller va cong su
(1987) cho thay ty l¢ tir vong cao hon trong
diéu kién thiéu &nh sang hoac tim nhin han
ché so véi nhitng khu vyc duoc trang bi day
du. Gau day, cac nghién ciru sir dung mo hinh
hién dai nhu hoc may (machine learning) va
mo hinh hoc sau (deep learning) da chi ra rang
cac yéu to nhu toc do xe, loai phuong tién,
hanh vi sang duong khong dung quy dinh, vi
tri va cham (giita doan duong, giao 1) va diéu
kién anh sang déu anh huong manh dén muc
dé nghiém trong cua tai nan. Pac biét, va
cham thuong xay ra nhiéu hon tai céc vi tri
giita doan duong va khu vuc ¢6 tim nhin han
ché. Bén canh do, cic bao céo cua co quan an
toan giao thdng cho thay ngudi di bo 1a nhém
dé bi tén thuong, chiém ty ¢ dang ké trong
tdng s6 ngudi tir vong do tai nan giao thong,
mac du ty lé tham gia giao théng khong cao
tuong tng.

3. PHUONG PHAP NGHIEN CUU
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Bén canh yéu t5 con ngudi thi yéu té
phuong tién tham gia giao thong cling gop
phan dang ké hinh thanh tai nan giao théng,
mac du c6 rat nhidu nghién ciu trong va ngoai
nude da dé cap van dé nay nhung dé hiéu sau
co ché hinh thanh tai nan cua cac phuong tién
gay ra van la mot diéu bd ngd cua céc nghién
ctu trude day. Trong nghién ctu nay, nhom
tac gia tién hanh phan tich tinh huéng nguoi
i xe 6 t& khong tap trung quan sat dan dén va
cham vé6i nguoi di b dang sang duong. Cu thé
hon, nghién ctu xem xét hai khia canh va
cham d6 1a 1) nguoi lai xe 6 t6 khéng kip hdm
phanh, 2) nguoi lai xe 6 t6 kip thoi hdm
phanh. Dit liéu thuc nghiém sé& giai thich rd
tung khia canh chi tiét vé diac diém cac giai
doan hinh thanh tai nan gitra nguoi lai xe 6 t6
va nguoi di bo.

3.1 Trwong hop va cham khéng kip ham
phanh

Tai nan giao thong dugc hinh thanh
theo chudi co ché va cham, trong truong hop
nay nguoi lai xe dong vai trd quan trong gop
phan hinh thanh tai nan, cdc nguyén nhan gay
tai nan nhu tdm nhin han ché, khong dam bai
khoang cadch an toan, lai xe khbng quan
sat...Trong nhitng nguyén nhan thi yéu té
khong dam bao khoang cach an toan dugc xem
la nguyén nhan chinh dan dén va cham theo
doan xe. Trong pham vi nghién cau nay,
ching t6i xay dung cac cbng thac tinh toan
quan trong dé xac dinh khoang cach va cham
(cdng thac 1) trong truong hop lai xe khéng
kip hdm phanh va duogc trinh bay dudi day.

S V,
S, = ﬁ.\r’a, (m) = %.tn,(m) (1)

Trong do:
Su Vi, tn + Khoang cach, toc dg, thoi gian di
cua nguoi di b sang duong

3.2. Truong hgp va cham Kkip ham
phanh

Truong hop nguoi lai xe kip hdm
phanh nhung tai nan van xay ra thi cac yéu to

anh huong khac nhu gia toc, lyc quan tinh,
chat lwong phuong tién can phai xem xét va
tham chi thoi gian qua dudng cta ngudi di bo.
Do d6, dé xac dinh thoi gian dan dén va cham
gitra xe 0 t6 va nguoi di bo sang duong, ching
t6i tién hanh tinh toan theo cong thir 2.

o Ve |28%
T 36 Ja

Trong do:

tr - thoi gian hdm xe cua xe gay tai nan trudc
khi va cham

Dé phan tich va cham gitra xe co gidi va ngudi
di bo, can xay dung mot co so ly thuyét nham
mo ta mbi quan hé khdng gian va thoi gian
giita hai ddi twong chuyén doéng. Trong do,
khoang cach tir xe tai thoi diém phat hién nguy
hiém dén vi tri coa nguoi di bo la mot dai
luong quan trong, quyét dinh kha ning tranh
va cham. Bén canh do, tiéu chi thoi gian va
cham (Time to Collision — TTC) dwoc st dung
dé d4nh gia mirc d6 rui ro cua tinh hudng giao
thong. Thong qua viéc két hop cac phuong
trinh dong hoc vai thoi gian phan ang cua
ngudi lai va dic tinh phanh cta phwong tién,
cac cong thirc dudi day duoc thiét 1ap nham
xac dinh khoang céch an toan téi thiéu ciing
nhu diéu kién xay ra va cham giita xe va nguoi
di b duogc xét trén 2 tiéu chi vé thoi gian, cu
thé thoi gian cua xe gay tai nan va thoi gian
cliia nguoi di bo sang duong, chi tiét hon 1a
xem xét khia canh thoi gian cua xe gay tai nan
va nguoi di by theo timg truong hop 1) thoi
gian xe gay tai nan nho hon thoi gian nguoi di
b6, khi d6 khoang céch can thiét cua xe gay tai
nan duoc tinh theo cong thire 3; 2) thoi gian xe
gay tai nan I6n hon thoi gian nguoi di bd (xe
gay tai nan dang chay ¢ trang thai hdm phanh
muon), khi d6 khoang cach xe gay tai nan
dugc tinh theo cdng thic 4.

2
Sn ’ Vi
Sp,= —.V, — — S84, 3
a v, a 26j, T (5) ( )

Trong d6:
S7 - khoang cach can khac phuc ctia xe gay tai
nan

() (@)
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Ja |Sn ’251’:
S, = —|—.3,6 - — S, 4
a 2 |V, + i T (m) ( )

Céc cong thuc trén duogc tinh voi
truong hop tai nan giao thong xay ra do xe gay
tai nan dam vao nguoi di bd ¢ trude miii xe.
Néu xe g tai nan ddm vao nguoi di bd & bén
canh mép xe thi S, van dugc tinh khoang cach
tir vi tri va cham dén phan trén ciia xe gay tai
nan. Khi tinh quing duong s& xay ra hai
truong hop dé 1a 1) So < S, thi lai xe co6 du
kha nang ngan chan dugc tai nan xay ra, 2)
Sg = S, chung té 1ai xe khong c6 kha nang
ngan chén tai nan xay ra.

4, KET QUA NGHIEN CUU
CHO MOT TRUONG HQP TAI NAN
GIAO THONG TAI THANH PHO HO
CHI MINH

Mo ta tinh hubng: Xét tinh hudng 1ai xe
0 td va cham nguoi di by sang dudng tai
duong Mai Chi Tho (hinh minh hga). Céc
thong s6 lién quan dén vu va cham duoc cho
trong bang bén dudi.

Nhin dién

Xir Iy tinh

chuéng y
huéng

ngai vt

20m

Hinh: Co ché hinh thanh va cham gitra xe 6 t6
va nguoi di b

Chiéu dai ding xe cua xe gy tai nan duoc
tinh bang:

Sp = (ty + t3 + ta):—ng S, =(08+05+ 0,2):—2+24 —46m
Khoang cach thyc té cia xe gy tai nan dén vi
tri ddm xe tai thoi diém nguoi di bd trong
truong nhin cua lai xe

2 2
Sn vz 53 532
Sp= MV, — —5E = e | o vTd| =437
a= g, Ve [ 26j, Tl T 105 2639 m

Tir két qua phan tich S, = S,, ¢ thé
két luan rang tinh hudng giao thong duoc khao
sat 1a khong an toan, nguoi lai xe khong cé
kha nang ngén chan tai nan.

Bang 1: Thong s6 lién quan dén vu tai nan

CETA 2026
Thong | Ky 1 Gia | Don | o oy
SO hiéu | tri vi
Vvan  toe Xe gay
0t Va 48 km/h tai nan
) Nguoi di
Van toc xe dap
xe dap Vi, 12 km/h sang
duong
Gia tbc
cham . , | Hiéu qua
dan  khi | Ja 42 | mSt L hanh
phanh
Khodng Khi  déi
cach i | o 11 | m | tuon
nantrong | = xuétgr]\ién
tam nhin i
Quaéng
dqong xe sy 10 m Séu khi
di sau va dam va
cham
Siha?]' Nhan
phan ng | 2 | 08 | 3| bictnouy
o iem
lai xe
Thoi
gianv T ga
chuyeén ts 0,5 S sang
chan phanh
phanh
Tih(:l' tin Phanh
glan tang |, 0.2 s | dat hiéu
hec ua
phanh 4
Quéng .
dwng |s, | 204 | m |Hnh
toan
phanh
Chieu Khoéng
dai dung | S, 411 m | cach can
Xe de dung
Khoang
cach thuc Khoang
te  dén | S, 41,96 m cach Xir
diém va ly thuc té
cham
. (So C6 thé
S? sa}nh < Ping tranh tai
két qua
Sa) nan
Két luan Li Cham
nguyén nguoi guan
n . sét/phanh
nhén 1ai .
muon

Truée hét, chiéu dai dirng xe cua 6 t6
dugc xac dinh bang tong quiang duong xe di
trong thoi gian phan tng tam ly — thao tac cta
nguoi lai va quang duong phanh k¥ thuat. Vi
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céc khoang thoi gian phan @ng, chuyén chan
phanh va ting lyc phanh lan luot 13 0,8 s; 0,5 s
va 0,2 s, cing gia toc cham dan khi phanh 1a
4,2 m/s?, tinh dugc chiéu dai dung xe cua 6 td
la S, = 41,1. Pay la khoang cach tdi thiéu can
thiét dé xe c6 thé dung han trong diéu kién
ngudi lai phan ng dang lic va hé théng
phanh lam viéc binh thuong.

Tiép theo, cin ctr Vao vi tri ngudi di xe
dap xuat hién trong tam nhin, van tc chuyén
dong cua ngudi di xe dap va quang duong xe
tiép tuc di chuyén sau va cham, xac dinh dugc
khoang cach thuc té tir 6 t6 dén diém va cham
tai thoi diém phat hién nguy hiém la
S, = 41,96. Gia tri nay phan anh khong gian
thuc té ma nguoi lai xe c6 thé sir dung dé xir
ly tinh hudng.

So sanh hai dai lugng cho thiy (S, <
Sa). Piéu nay chimng to vé mat ki thuat, 6 to
van c6 du khoang céch can thiét dé dung lai
truge vi tri va cham néu nguoi didu khién phét
hién nguy hiém kip thoi va thuc hién thao tac
phanh dung quy trinh. N6i cach khéc, tai nan
khong phai do diéu kién khach quan khién xe
khong thé tranh va cham, ma chu yéu xuét
phét tir yéu t6 con ngudi trong qué trinh diéu
khién phuong tién.

Tir két qua phan tich c6 thé két luan
nguyén nhan chinh dan dén tai nan 1a nguoi lai
0 t6 thiéu chu y quan sat, danh gia cham tinh
huéng giao thdng hoac cham tré trong thao tac
phanh khi phat hién nguoi di xe dap sang
duong. Day la 16i cha quan cua ngudi didu
khién phuong tién, 1am mit co hoi tranh tai
nan mic du diéu kién ky thuat van cho phép.

5. KET LUAN, THAO LUAN VA DE
XUAT GIAI PHAP

5.1. Két luan

Khu vyc duwong Mai Chi Tho tai Thanh
phd HO Chi Minh dang trong qua trinh chuyén
d6i manh mé& vé chic ning st dung dat khi
hinh thanh céc trung tim thwong mai, khu vui
choi va khong gian céng cong quy mé Ion. Su
gia tang cac hoat dong nay kéo theo nhu ciu di
b6 sang duong ngay cang cao, trong khi dac
trung cua tuyén duong van mang tinh chat cua
mot truc giao théng tdc do6 cao véi luu luong
xe co gidi lon. Két qua phan tich cho thay cac

vu va cham gitra 6 to va ngudi di b cha yéu
Xuét phat tir viéc nguoi 1ai xe khong giam tbc
do, thiéu quan sat khi tiép can khu vuc co
nguodi qua duong, két hop vai hanh vi sang
duong chua dang quy dinh ctia nguoi di bo va
su thiéu hut cac cong trinh hd tro an toan. Pac
biét, cac va cham thuong xay ra tai khu vuc
gitta doan duong hoic gan cac diém mo dai
phan cach, noi khong duoc té chic giao théng
phi hop, dan dén nguy co chan thwong
nghiém trong do chénh léch Ién vé téc do giita
ngudi di bo va phuong tién co gidi.

5.2. Théo luian

Trong bdi canh khu vuc nay dang phat
trién thanh trung tdm dich vu — thuong mai
mai, xung dot gitra nguoi di bd va dong xe co
gidi 1a van dé kho tranh khoi néu ha tang va to
chuc giao thong khong dugc diéu chinh kip
thoi. Thuc té cho thiy tuyén duong Mai Chi
Tho hién van uu tién kha ning luu thong
nhanh cta phuong tién hon la dam bao an toan
cho cac dbi twong dé bi tén thwong. Khi cac
trung tdm thuong mai va khu vui choi di vao
hoat d6ng, mat do nguoi di bo s€ tang manh va
phan bd khong déu, khién cac vi tri sang
duong tu phat xuat hién nhiéu hon. Trong khi
d6, nguoi didu khién 6 t6 thudong c6 xu hudng
duy tri téc do cao va it chi ¥ dén céc tinh
hudng bét ngo, dic biét tai nhitng vi tri khong
c6 tin hiéu diéu khién. Didu nay phan anh su
thiéu ddng bo gitra quy hoach phat trién do thi
va t6 chuc giao thdng hién hiru. Bén canh do,
yéu té tm ly va hanh vi ciia nguoi tham gia
giao théng ciing gbp phan lam gia tang rui ro,
khi nguoi di bd ¢o6 xu hudng lya chon 16 trinh
ngan nhat thay vi tudn thu cac diém sang
duong chinh thic néu khoang cach quéa xa
hoac bét tién.

5.3. Dé xuét

Pé giam thiéu chin thuong cho ngudi
di bo khi sang dudng tai khu vuc nay, can cé
cach tiép can tong hop, két hop giita cai thién
ha ting, diéu chinh té chuc giao thong va nang
cao hiéu qua quan 1y. Trudc hét, viéc bd sung
cac cong trinh vuot qua dudong nhu cu vuot
hodc ham chui tai nhitng vi tri tap trung dong
nguoi 14 can thiét nham tach biét dong nguoi
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di bo khoi dong xe co gidi. Pong thoi, cac
diém qua duong trén mat dat can duoc thiét ké
lai theo hudng an toan hon, véi vach son 1o
rang, dao dung chan gitra dai phan cach va h¢
thong den tin hiéu vu tién cho nguoi di bo. He
thdng chiéu sang ciing can dugc ting cuong dé
dam bao kha ning quan sat trong diéu kién
ban dém.

Bén canh d96, viéc diéu chinh t6 chic
giao théng theo hudng giam téc do khai thac
tai cac doan duong gan khu thuong mai la giai
phap quan trong nham han ché mic do nghiém
trong cua va cham néu xay ra. Céc bién phéap
nhu bd tri bién canh bao, son g0 giam téc hodc
tao vung giao théng cham can duoc ap dung
nham budc nguoi 1ai xe chu y hon dén nguoi
di bo. Ngoai ra, ung dung céng nghé trong
giam sat va canh bao, nhu hé thong camera xu
phat hozc thiét bi canh bao khi c6 ngudi sang
duong, s& gép phan nang cao hiéu qua quan ly
va y thirc chap hanh cua ngudi tham gia giao
thong. Cubi cuing, cong tac tuyén truyén va
gido duc cin dwoc ddy manh nham thay ddi
hanh vi cia ca nguoi 1ai xe va nguoi di bo.
Ngudi diéu khién phwong tién can duoc nang
cao nhan thuc vé viéc giam téc d6 va nhuong
duong, trong khi ngudi di bo can duge hudng
dan sir dung dung cac vi tri qua dudng an toan.
Tong thé, viéc dam bao an toan cho ngudi di
b6 tai khu vuc duong Mai Chi Tho khong chi
1a giai phap giam thiéu tai nan truéc mat ma
con 1a dinh huéng lau dai trong phét trién d6
thi bén virng, huéng téi mot hé thdng giao
thong can bang va an toan cho moi di twong
tham gia.
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Nghién ctru anh huéng ciia cac phwong phap xir Iy v6 ca phé dén tinh chat
co hoc va kha nang cong tac cua vat liéu xi mang khi thay thé cat

Huynh Trong N ghialv Nguyén Vin Doanl, Tran L& Anh Héol, Tran Quéc Huylv Nguyén Ngoc Xuin Hiéuly Ha Minh Tuén""
Pham Ba Tl‘mg2

'Khoa Xay dung, Truong Pai hoc Cong nghé TPHCM
Khoa Xdy dung, Hoc vién Hang khong Viét Nam
*Email: hm.tuan@hutech.edu.vn

TOM TAT

Nghién ciru nay khao sat anh huong cia viée sir dung vo ca phé lam vat lidu thay thé cat trong vira xi mang voi bon trang thai xir
ly: khong xir 1y, xtr Iy NaOH, kho bdo hoa va bio hoa nudc. Két qua cho thiy vo ca phé khong xtr 1y 1am giam manh do luu
ddng, can tré qué trinh ninh két va lam suy giam dang ké cuong do co hoc do sy hién dién ciia cic hop chét hiru co gy tre ché
thity hoa xi ming. Nguoc lai, xtr Iy NaOH gitp cai thién dang ké tinh cong tic va cudng do nho loai bd mét phan cac thanh phin
lignin, hemicellulose cung cac chét irc ché khac tir d6 ting kha nang lién két voi hd xi mang va khoi phuc qua trinh thity hoa.
Mau bio hoa nude trong pham vi nghiém ctru cho thay hiéu qua vé& d6 luu dong va cudng do nhd giam hién twong hut nude va
cung cép co ché dudng 4m ndi. Tuy nhién, tit ca cic mau sir dung vo ca phé déu co cudng do thip hon mau ddi chimg. Két qua
cho théy vo ca phé co thé duoc sir dung nhu vat li¢u thay thé mot phﬁn cdt liéu min trong cac tng dung phu hgp khi duge xir Iy
thich hop.

TU KHOA:  Vita bén ving, vo ca phé, do luu dong, cuong do chiu uén, NaOH.
ABSTRACT

This study investigates the effects of using coffee husk as a partial replacement for fine aggregate in cement mortar under
four treatment conditions: untreated, NaOH-treated, dry saturated, and water-saturated. The results indicate that untreated
coffee husk significantly reduces flowability, inhibits setting behavior, and drastically decreases mechanical strength due to
the presence of soluble organic compounds, particularly sugars, which retard cement hydration. In contrast, NaOH treatment
effectively improves performance by partially removing lignin, hemicellulose, ,and other inhibitory substances, thereby
enhancing interfacial bonding between the coffee husk and cement paste and restoring the cement hydration process. Within
the scope of this study, water-saturated samples exhibit improved flowability and mechanical performance among modified
mixes, attributed to reduced water absorption and internal curing effects. However, all mixes containing coffee husk show
lower flexural strengths compared to the control due to the porous and low-stiffness nature of lignocellulosic materials.
Overall, coffee husk demonstrates potential as a sustainable material for partial replacement of fine aggregate in suitable
applications, provided that appropriate treatment methods are applied.

KEYWORDS: Sustainable mortar, coffee husk, flowability, flexural strength, NaOH.

1. GIOI THIEU

Trong nhitng nim gan day, tinh trang thiéu hut cat xay
dung dang tré thanh mot van dé nghiém trong trén toan cau.
Nhu cau cat cho nganh xay dung ting nhanh do qua trinh d6
thi hda va phat trién ha tang, trong khi ngudn cung cét tu
nhién ngay cang suy giam. Theo nhiéu nghién ctu, cat 1a tai

nguyén duoc khai thac nhiéu thir hai trén thé gioi sau nuéc,

v6i muc tidu thy hang nam 1én t6i hang chuc ty tan. Viéc
khai thac cat qua mirc da gay ra nhiéu hé luy nhu x6i 16 bo
song, suy thoai h¢ sinh thai va mit can bang dia chit. Tai
Viét Nam, tinh trang khan hiém cat xay dung ciing ngay
cang rd rét, dac biét & khu vuc Pdng bang séng Ciru Long,
noi hoat dong khai thac cat dd gy sat I nghiém trong va

anh huong dén doi séng dan cu [1,2].
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Viét Nam 1a mot trong nhiing qudc gia san xuit va xuat
khau ca phé 16n nhat thé giéi, véi san lugng hang nim dao
dong khoang 1,5-1,8 triéu tan ca phé nhan. Qua trinh ché
bién ca phé tao ra mot lwong Ién phu pham, trong d6 vo ca
phé chiém khoang 40-50% khdi luong qua twoi. Diéu nay
ddng nghia vé6i viéc mdi nam Viét Nam thai ra hang trigu tan
vo6 ca phé. Phan 16n luong chat thai nay chua duoc xir ly higu
qua, thuong bi d6 bo hoic dét ngoai troi, gay 6 nhiém mdi
truong, phat thai khi nha kinh va anh huong dén chat lugng
dét va nuoc [3,4].

Trong béi canh do, viéc tan dung cac loai chit thai ndng
nghiép 1am vat ligu thay thé trong xay dung dang nhan dugc
s quan tdm rong réi. Nhiéu nghién ctru da chi ra rang céac
vt liéu nhu tro trau, vo dira, Xi sinh hoc hay ba ca phé c6 thé
duoc st dung thay thé mot phan cét liéu tu nhién trong vira
xi mang. Dac biét, mot s6 nghién ciru gan day da thir nghiém
sir dung vo ca phé hoic ba ca phé lam cét liéu thay thé cat
trong vira hoic gach xay, cho thiy tiém nang cai thién tinh
bén viing va giam chi phi vét liéu [5-7]. Tuy nhién, céc
nghién ctu nay van con han ché vé& xu ly vat liéu va anh
huéng cua trang thai 4am cua vo ca phé dén tinh chét co hoc
clia vira.

Xuit phét tir nhitng van dé trén, nghién ciru nay duoc
thuc hién nham danh gia kha nang str dung vo ca phé lam vat
liéu thay thé mot phan cat trong vira xay dung. Vo ca phé sau
khi thu gom s& duoc phoi kho va tién hanh bén phuong phap
xtr ly khac nhau gom: (1) dé nguyén trang, (2) xir Iy bang
dung dich NaOH, (3) dé nguyén va bio hoa nudc, va (4) xir
Iy NaOH két hop bao hoa nudc. Viéc xir Iy bang NaOH duoc
ching minh c6 kha niang loai bo mot phan lignin,
hemicellulose va tap chat hitu co, tir 6 cai thién do bam
dinh giita cdt liéu hitu co va hd xi mang [8,9]. Trong khi do,
qua trinh bao hoa nudc nham han ché hién tugng hut nuéc
manh cua vat liéu hiru co, gitip 6n dinh ty 1& nuéce/xi ming
va cai thién tinh cong tac cua vira. Su két hop cac phuong
phép xir 1y nay duoc ky vong sé cai thién tinh chét co hoc va

d6 bén cua vira sir dung vo ca phé.

2. VAT LIEU VA CHE TAO MAU
2.1. Vit ligu

Nghién ctu ndy st dung loai xi mang PCB40 (Hinh
1(a)), ¢6 nhiéu diém vuot troi, phi hop véi nhiéu dang cong
trinh xay dung nhu: cau duong, nha cao tang, nha dan dung.
Xi mang dugc mua loai ctia cong ty Star Max, dam bao han
sir dung cia xi mang dudi 3 thang va dat yéu cau ki thuat
theo TCVN 2682:2009 vé Xi ming Podc-ling - Yéu cau ky
thuat.

Trong nghién ctu lan nay loai cat duoc dung la loai cat
dugc sir dung phd bién nhiéu trong thi cong dé ché tao mau
vira 1a cat vang (Hinh 1(b)). Pac diém cua loai cét nay la
chling c6 mau vang dac trung, st dung loai cat nay lam cho
viéc ché tao mau vira nhanh cung. Cat dugc mua tir cira hang
vt liéu xay dung.

Nuéc tron va bao dudng vira xi ming sir dung nudc sinh
hoat trong phong thi nghiém, khong chira vang dau hoic
vang md, ¢6 d6 pH khéng nhé hon 4 va khong 16n hon 12.5.
Nude dat tiéu chuin TCVN 4506:2012 Nuéc tron bé tong va
vira — Yéu cau ky thuat.

Phu gia CT-11B duoc sir dung dé gilp vira c6 do déo tét
hon, han ché hién twong nit do co ngét, ma con tao 16p
mang bao vé gilp vira chdng lai sy xdm nhap cua nudc va
cac tac nhan moi trudng. Ngoai ra, phu gia CT-11B con cai
thién qua trinh thuy hoa xi méing, gitp ting toc do phat trién
cuong do so6m cua vira, tir d6 nang cao kha nang chiu lyuc.

Sau khi thu gom tir co s& san Xuat, vo ca phé dugc phoi
khé (Hinh 1(c)). Khi da kho hoan toan, vo ca phé dugc phén
loai xtr ly tiép theo thong qua 4 truong hop.

o Trudng hop 1, mau khé dugc tmg dung tryc tiép dé

tron vira thi nghiém.

o Truong hop 2, vé ca phé dugc ngdm trong dung
dich NaOH 5% trong 24 gio dé loai bo mét thanh
phan hitu co. Sau d6 vo ca phé duoc rira nhiéu lan
béng nuéc sach dén khi do pH cua nuéc dat mirc

trung tinh va dem phoi kho lai. Trang thai sau khi
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ngam, vo ca phé chuyén tir mau ndu dam sang mau
sang va bé miat vo tré nén thd rap, xi xi hon so véi
mau chua qua xir Iy NaOH 5%.

o Truong hop 3, mau kho dugc ngdm trong nudc
trong 1 gio dén khi bdo hoa nudc s& duoc lay ra lau
khd bé mit dé dat trang thai bao hoa bé mat kho va
sir dung.

o Truong hop 4, mau da xir Iy qua NaOH 5% duogc
ngam trong nudce trong 1 gio dén khi bio hoa nude
s& duoc lay ra lau kho bé mat dé dat trang théai bio

hoa bé mat kho va st dung.

@ (b) (©

Hinh 1: Vat liéu duoc sir dung dé lam vita: (a) xi ming; (b)

cat; (c) vo ca phé
2.2. Chuén bi miu

Cép phdi mau dbi chimg duoc xay dung dya trén ty 18
vira chuan 1 phan xi mang : 3 phan cét theo khéi lugng, tham
khao TCVN 6016:2011 (ISO 679:2009) vé& phuong phép xéc
dinh cuong d6 cua vita xi mang. Tuy nhién, do nghién cuu
sir dung cat tu nhién va vo ca phé thay thé mot phan cét,
dong thoi vo ca phé co kha ning hut nuéc cao, ty ¢
nudc/chat két dinh (N/CKD) duge diéu chinh thanh 0,6 dya
trén thi nghiém so b nham dam bao hdn hop c¢6 du do luu
dong dé tao mau. Ham luong vo ca phé duoc lya chon & muc
5% khdi lwong cat ban dau dé khao sét tinh kha thi ban dau
cua vat liéu thay thé.

Niam hén hop vita dwoc chuan bi vai ty 18 nudc/chat két

dinh (N/CKD) = 0,6. Trong d6 vo ca phé dugc xt ly qua cac

truong hop s& duoc dung dé thay thé 5% cét theo khéi luong.
Thanh phan cap phdi cua vita dugc thé hién trong Bang 1.
Nam hén hop vira bao gom: hdn hop vira thong thuong
khong c6 VCP dugc chuan bi 1am dbi chiing; 4 hdn hop VCP
qua 4 trudng hop xur ly s& duoc chuan bi véi viéc thay 5%
cat bang VCP. Ki hiéu caa mau nay tuan tu 1a VCP-K, VCP-
Na, VCP-K-BH, VCP-Na-BH cho 4 truong hop. Can luu ¥
rang d¢ duy tri do chay lodng du, tat ca cac hdn hop vira déu
duoc thém 1% phu gia siéu déo. Quy trinh tron cho cac mau
vita duoc thuc hién theo quy trinh bao gém bén budc:

o Budc 1: Tron xi ming va nudc & toe do thap trong
30 giay.

o Budc 2: Cho tir tir cat vao bat tron trong khi hdn
hop tiép tuc duoc tron & toe do thap. Budc nay kéo
dai 30 giay.

o Budc 3: Bé hdn hop nghi trong 30 giay.

o Budc 4: Tron hdn hop ¢ toe do cao trong 60 gidy.

Sau khi hoan tat qua trinh tron, vira dugc d6 vao khudn

40 x 40 x 160 mm va dat trén ban rung. Qua trinh rung dugc
thuc hién 60 lan trong vong 1 phat. Cac mau sau dé duoc
bao duong & nhiét d6 phong trong 24 gio truéc khi thao
khuon va tiép tuc duoc bao dudng trong nudc cho dén ngay

thi nghiém.

Bang 1: Thanh phan cép phdi mau vita trén 1000g xi ming

XM | VCP | Cé&t | Nuoc .
Ghi cha
@) (¢)) (¢)) ()
Chuén | 1000 | 0 3000 | 600 Khang
VCP
VCP-K | 1000 | 150 | 2850 | 600 | VCPkhd
VCP- VCP xu Iy
Na 1000 | 150 | 2850 | 600 NaOH
VCP-K- VCP khd
o 1000 | 150 | 2850 | 600 | =
vep. VCPxu Iy
1000 | 150 | 2850 | 600 | NaOH bao
Na-BH "
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V6 ca phé duoc thay thé theo khéi luong cat ban dau; do
khéi lugng riéng va do rong khéc biét so vai cat, day 1a mot
giai han cua nghién cuiru hién tai.

3. THI NGHIEM

Do luu déng cua vira duge xac dinh ngay sau khi tron
theo ASTM C1437 [10]. MAu vira twoi duge d vao con
mini-slump c¢6 duong kinh trong 100 mm ¢ day, 70 mm &
dinh va chiéu cao 60 mm, dit ¢ tim ban chay. Sau d6 con
duoc nang 1én va miu dugc dam 25 lan. Puong kinh cua
mau tron duge do theo hai phuong vudng goc. Po luu dong

duoc tinh bang gi4 tri trung binh cua hai sé do.

Hinh 2: Thi nghiém do d6 luu dong mau vira

Cuong d6 chiu udn duoc do tai 1, 7, va 28 ngay bang
thir nghiém udn ba diém theo ASTM C348 [11]. Mau dugc
dat 1én hai gdi d& cach nhau 100 mm va tai duoc dit tai giia
nhip. May thir c6 kha ning chiu tai 300 kN dwoc sir dung véi
téc do dich chuyén 0,1 mm/phat. Mdi két qua la gia tri trung

binh cua ba mau.

Hinh 3: Thi nghiém cuong d6 chiu uén mau vira

4. KET QUA
4.1. B¢ lwu dong

Két qua tir Hinh 4 cho thay viéc thay thé cat bang vo ca
phé khdng qua xtur ly 1am giam manh d6 lwu dong caa hon
hop. Hién tugng nay phu hop véi nhidu nghién ciu vé vat
liéu lignocellulosic, trong d6 nguyén nhan chinh 1a do kha
nang hat nudc cao va cau tric xbp cia vat liéu hitu co. Vo ca
phé chira cellulose, hemicellulose va lignin, c6 kha nang hap
thu nudc dang ké, lam giam lugng nuéc tu do trong ho xi
mang, tir d6 lam giam d¢ luu dong [12]. Ngoai ra, cac hop
chat hoa tan nhu dwong va tannin cé thé lam ting do nhot
ctia h¢, gop phan lam giam tinh luu dong ciia miu vira.

Khi vo ca phé duoc xir ly bing NaOH, do luu dong c6
xu huéng phuc héi. Piéu nay dugc giai thich bai qua trinh
kiém hoa gitp loai bo mot phan hemicellulose, lignin va cac
hop chat hoa tan (duong, chat béo) trén bé mat soi, tir d6 lam
giam kha nang gilt nude va tang tinh tuong thich véi ma tran
xi mang [12]. Pong thoi, xir ly NaOH con lam tang do nham
bé mat, gidp phan tan tét hon trong hdn hop.

Doi voi truong hop vo ca phé bao hoa nude, do luu
dong ting cao hon so v&i mau khong xir ly. Nguyén nhén la
do vat liéu di dat trang thai bdo hoa nén khdng con hat thém

nudc tir hd xi ming, gitp duy tri lugng nudce ty do can thiét
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cho @6 Iuu dong cau mau vira. Hién tuong nay di dugc ghi

nhan rong rai véi cbt liéu nhe va vat liéu sinh hoc [13].
25

20
3
-_/15_
(2]
c
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o
=}
5104
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54
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Chuén VCP-K VCP-Na  VCP-K-BH VCP-Na-BH

Hinh 4: Do luu dong cac mau vira
4.2. Kha ning ninh két

Hinh 5 cho thiy mau sir dung vo ca phé khdng qua xir Iy
mat hoan toan kha niang ninh két, thé hién qua viéc mau bi rd
khi ngam nudc sau 1 ngay. Nguyén nhan chi yéu 1a do cac
hop chat hiru co hoa tan (dic biét 1a duong) trong vé ca phé
gay tic ché qua trinh thuy hoéa cia xi mang. Cac phan tir
duong c6 thé hap phu 1én bé mat hat xi mang, can tré sy hinh
thanh san pham thay hoa nhu C-S-H, tir ¢6 1am cham hoic
tham chi ngan chin qua trinh ninh két [14]. Pay 1a hién
tuong da dwoc ching minh r6 trong cac hé chua vat liéu
lignocellulosic. Trong khi d6, miu vé ca phé khd bio hoa
van c6 kha nang ninh két. Didu nay c6 thé giai thich do viéc
bdo hoa nudce gidp giam sy hoa tan dot ngot cua cac hop chat
hitu co vao hdn hop xi mang, dong thoi duy tri diéu kién
nuéce thuan loi cho phan &ng thiy hoa dién ra.

Céc mau xir Iy NaOH (Hinh 6) déu thé hién kha ning
ninh két tt. Nguyén nhan l1a do xir Iy kiém di loai bo phan
I6n cac chat gay uc ché (duong, hemicellulose), tir d6 khoi
phuc qua trinh thay hoa [12]. Tuong tu, cAc mau bdo hoa
nude ciing cho thiy kha niang ninh két, do han ché hién

tuong hut nuc va giai phéng chat hitu co.

By

Hinh 6: Mau VCP-Na va VCP-Na-BH sau 1 ngay
4.3. Cudng dé chiu udn

Dua trén két qua tai Hinh 7, khi thay thé 5% cét bang vo
ca phé, cudng do chiu un giam dang ké, chi dat khoang 30—
50% so v6i mau dbi chang. Su suy giam nay c6 thé giai thich
boi:

o Do bén co hoc thap cua vat liéu lignocellulosic

o Lién két yéu giira vo ca phé va ho xi ming

o Su xuét hién cua I rdng do hit nuée va co ngot

Céc nghién ctru da chi ra rang viéc bo sung vat ligu
lignocellulosic thudng lam giam cuong do néu khong xir ly
bé mat, do tinh ky nuéc khong dong déu va cau tric xop
[12,14]. Khi st dung vo ca phé xu 1y NaOH, cuong d6 chiu

udn c6 xu hudng ting 1én. Didu nay la do xir ly kiém gidp:
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o Tang d6 nhdm bé mat — cai thién lién két co hoc
o Loai bo phan 16n 16p sép va tap chat — ting tuong
thich véi xi mang

Trong pham vi nghién ctu ndy, mau bao hoa nudc cho
cuong do tot nhat trong cac mau c6 vo ca phé. Piéu nay co
thé do hiéu tmg internal curing (dudng am noi): vo ca phé
giai phong nudc dan dan, hd trg qué trinh thily hoa xi méng.
Tuy nhién, cuong d van thap hon miu chuan do ban chét
vat ligu van co d6 rong cao va moé dun dan hoi thap, lam

giam kha nang chiu uén.

1 ngay
/47 ngay
BB 28 ngay

\

(o
I

(o))
1

w
1

Cuwong dé chiu uén (MPa)
N £
1 |

7
%
7
%
%
/
.
_

Chuén VCP-K

p g

VCP-Na VCP-K-BH VCP-Na-BH

Hinh 7: Cuong dé chiu udn cac mau vira

5. KET LUAN
Nghién ctru nay da danh gia kha nang st dung vo ca phé
nhu vat liéu thay thé cét trong vira xi ming théng qua bon
trang thai xir Iy khac nhau. Két qua cho thay:
o 1) Viéc str dung vo ca phé khdng qua xir ly gdy anh
huong tiéu cuc nghiém trong dén tinh chit cua vat

liéu, bao gébm giam manh d6 luu dong, mat kha

nang ninh két va suy giam dang ké cuong do co hoc.

o 2) Xu ly NaOH gidp loai bo mot phan lignin,
hemicellulose va cé&c tap chat hitu co, tir d6 phuc
hoi kha ning ninh két va cai thién cuong do co hoc
nho ting d6 bam dinh gitra cét ligu va ho xi mang.

o 3) Trang théi bdo hoa nudc cua vé ca phé gildp cai

thién d6 luu dong va kha ning ninh két, ddng thoi

mang lai hiéu tmg dudng am noi, goép phan nang
cao cudong do so véi mau khong xi ly.

o 4) Tuy nhién, trong tat ca cac trudng hop, viéc thay
thé cat bang vo ca phé van dan dén giam cuong do
chiu udn so véi mau dbi chiang, do dic tinh xop,
nhe va mdé dun dan hdi thip cua vat lidu
lignocellulosic.

Céc nghién cuu tiép theo s& khao sat thém nhiéu ty 18

thay thé vo ca phé va cd thé ap dung thiét ké thuc nghiém dé
danh gia dinh lugng anh huong cua tung yéu td dén tinh

cong tac va cuong do cua vira.
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TOM TAT

Trong béi canh bién dbi khi hau dién ra phuc tap, nganh hang khong dac biét 1a co so ha téng
cang hang khong san bay (CHK SB) véi quy mo tiéu thu nang lugng I6n va tai nguyén khdng 16
dang ddi mat vai ap luc 16n vé giam phat thdi carbon. Tai Viét Nam, viéc hi¢n thuc hoa cam két
Net-Zero Carbon nam 2050 dang thac day thiét ké kién trdc hang khéng bén viing tré thanh xu
hudng tat yéu. Tuy nhién, thuc trang thiét ké CHK SB hién nay van ton tai 16 hong lon: da s chi
tap trung vao téi wu hoa ning lugng van hanh ma bo qua tac dong tich liy tir khai théc vat liéu,
thi cong va bao tri, mot trong nhitng yéu té phét thai carbon I6n. Nghién ctru nay dé xuat p dung
phén tich vong doi (Life Cycle Assessment - LCA) dong vai tro 1a truc tu duy phuong phap luan
xuyén sudt qué trinh thiét ké, dac biét trong giai doan thiét ké y twong (TKYT) kién trdc. Pau
tién, nghién ctru hé thong hoa co so ly thuyét vé LCA dé thic ddy sy chuyén dich tir tu duy thiét
ké tuyén tinh sang thiét ké tuin hoan trong thiét ké kién tric. Tiép dén, thong qua viéc ddi chiéu
va phan tich hiéu qua cua cac du an thuc té tai Viét Nam va qudc té, nghién ctru 1am rd cach LCA
tac dong truc tiép dén cac quyét dinh thiét ké cdt 16i cua kién trac su (KTS) vé giai phap két cau
va vat liéu. Cudi cung, nghién ctru dé xuat mot bo khung huéng dan tich hop LCA vao giai doan
TKYT, nham téi wu hoa kha ning ra quyét dinh véi tim nhin dai han trong qua trinh phat trién
ciia mot cong trinh, dong thoi tng dung khung huéng dan cho CHK SB tai Viét Nam. Két qua
khing dinh LCA chinh la chia khéa hudng dén viéc xay dung CHK SB bén viing trong twong lai.

Tir khéa: Phén tich vong doi (LCA), Cang hang khong san bay, Thiét ké bén virng, Net-
Zero Carbon.
ABSTRACT

In the context of increasingly complex climate change, the aviation industry, specifically airport
infrastructure, faces immense pressure to reduce carbon emissions due to its substantial energy and
resource consumption. In Vietnam, the roadmap toward the Net-Zero 2050 commitment is
establishing sustainable aviation architecture as an inevitable trend. However, current airport
design practices reveal a significant gap: a primary focus on optimizing operational energy while
overlooking the cumulative impacts of material extraction, construction, and maintenance, which
are major sources of carbon emissions.This research proposes the application of life cycle
assessment (LCA) not merely as a technical measurement tool but as a methodological backbone
throughout the design process. First, the study systematizes the theoretical foundations of LCA to
facilitate a shift from linear to circular design thinking in airport infrastructure. Subsequently,
through a comparative analysis of practical terminal projects in Vietnam and globally, the research
elucidates how LCA directly influences core architectural decisions regarding structural solutions
and material selection. Finally, a framework for integrating LCA into the conceptual design phase
is proposed to optimize quantitative data-driven decision-making. The results affirm that LCA is
the key to developing sustainable airport infrastructure in the future.
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1. PAT VAN PE

Trong nhiing thap ky gan day, BDKH
khong con la du bdo ma di tré thanh ap luc
dén moi truong toan cau. Theo quy hoach
mang luéi CHK SB thoi ky tir 2021 dén 2030,
Viét Nam sé& khai thac 30 CHK va tam nhin
dén nam 2050 s& nang 1én 33 cang hang khong
[1]. Dong thoi, cam két dua phat thai rong vé
Net-Zero vao nam 2050 tai hdi nghi COP 26
da dat ra mot 16 trinh cap bach cho thiét ké bén
viing tai Viét Nam [2]. Vi vay viéc xdy dung
hé théng ha tang hang khong huéng dén
PTBYV khong chi 1a xu thé quéc t& ma con la
yéu cau cip bach dé t6i vu hoa hidu qua van
hanh va giam thiéu déu chan cac-bon. Tuy
nhién, xu hudng hién nay, thay vi chi tiép can
bé ndi cua thiét ké thong qua cac giai phap ky
thuat roi rac, moi truong nghién ctiru dang doi
hoi mot sy thay doi tan goc ré tir tu duy thiét
ké kién tric bén viing (KTBV) dic biét 1a van
dung LCA trong qua trinh TKYT.

Nghién ciru cua Dixit va cong su (2010)
da chi ra mot nghich ly: khi hiéu qua ning
lugng trong giai doan van hanh toa nha duoc
cai thién, ty Ié cta cac-bon tich lily lwgng phat
thai tir khai théc, san xuét va thi cong lai chiém
ty trong lon hon trong tong vong doi cong trinh
[3]. Bén canh do, hau hét cac ching chi cong
trinh xanh nhue LEED, Green Mark hay
LOTUS hién nay van dang tap trung manh vao
t6i wu hoa thiét bi va nang lugng van hanh hon
la danh gia sdu vao LCA cho toan bo qud trinh
[4]. Viéc thiéu hut mot phuong phap luan danh
gia toan dién ngay tir bugc phac thao y tuong
khién KTS dé roi vao trang thai xanh héa bé
mit, bo 16 co hoi giam thiéu tic dong moi
truong tir goc ré théng qua viéc lua chon vat
liéu, t6 chuc khong gian va giai phap thi cong
bén virng.

Phan tich vong doi (Life Cycle
Assessment - LCA) dwoc chuan héa qua bo
tiéu chuan 1SO 14040/14044, tir lau da duoc
xem la céng cu dinh lugng dang tin cay nhat dé
danh gia tac dong méi truong [5]. Tuy nhién,
trong thuc nghiém kién tric, LCA thuong bi

xem 1a budc kiém dinh sau thiét ké thay vi la
mot cdng cu hd tro ra quyét dinh.

Ngoai ra, su chuyén dich tur thiét ké
tuyén tinh noi vat liéu duoc khai thac va thai
bo theo mot chiédu sang thiét ké tuan hoan doi
hoi LCA phai dong vai tro 1a truc xuong sdng
(hinh 1). Khi d6, tu duy ctia KTS khong chi
dirng lai & thim my, cong ning hay kinh t& ma
phai m& rong sang viéc du bdo su tuong tac
cua cong trinh kién tric véi méi trudng trong
gua trinh van hanh tuong lai, tir 10c hinh thanh
cho dén khi phé d& hoic tai ché.

THIET KE TUYEN TiNH
Mgt chidu, tao ra lucng kén rac thai va phat thai carbon & hal dSu (G8u vo v cudi veng dai).

" Knai ) [
: Phadd
thac Van
nouyen ':‘ San xust [:| Thicang Aany Ud Lha\ b
\_liguths )

'n-uh KE TUAN HOAN
Vong 13p kin, t&i thiéu hoa tai nguyén mdi va ra

("Luachon )

Thiét ké vat liéu ST :\';:t Th‘b:f\"g
v iudng 4 (T4i taof P

\__ tai ché) ,- e why )

Taisd
Bao tri Van hanh
ClTE T nang cap téi uu < S

ché

) H|nh 1 Mo h|nh thlet ke tuyen tinh va
thiet [(e tuan hoan trong béi canh hién nay
(Nguon: tac gia)

Mic du céc ly thuyét vé KTBV da dugc
nhan dién rong rai, viéc tich hop LCA vao giai
doan TKYT tai Viét Nam van con nhiéu rao
can do thiéu dit liéu dinh luong va bo khung
phuong phap luan phi hgp véi déc thu ban dia.
Nghién ctu nay tap trung vao viéc hé théng
hoa LCA khéng chi dudi goc do ky thuat ma
nhu mot phuong phap luan tu duy trong thiét
ké kién trdc. Tir d6 dinh hinh khung huéng dan
thiét két tich hop trong giai doan TKYT dic
biét 1a cac co s& ha ting 16n caa CHK SB.

2. CO SO LY THUYET VA PHUONG
PHAP LUAN

Nghién ctru duoc trién khai theo quy
trinh hé théng gdm ba giai doan: (i) Hé théng
hoa ly thuyét vé LCA nhu mét truc tu duy
thiét ké tuan hoan; (i) Phan tich va duc két cac
bai hoc kinh nghiém théng qua céc cdng trinh
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dien hinh; va (iii) Tong hop xay dung khung
de xuat.

2.1 Pinh nghia va hé thong phan tich
vong doi - LCA

Theo tiéu chuan 1SO 14040, phan tich
vong doi (Life Cycle Assessment - LCA) la
mot k¥ thuat danh gia cac tac dong mdi trudng
tiém tang lién quan dén mot san pham hoac hé
thdng trong sudt chu ky séng cua n6. Trong
kién tric, LCA khong chi 1a cong cu kiém toan
nang lugng, ma la mot quy trinh tap hop va
danh gia dinh lugng cAc dong vat chat, ning
lwong vao va cac chat phat thai ra trong xuyén
sudt tir khau khai thac nguyén liéu dén khi
cong trinh két thuc vong doi.

Vong doi cua mot ¢dng trinh dugc chia
thanh céc giai doan chinh theo tiéu chuan EN
15978:2011 gom: (i) Giai doan san pham (Al-
A3): Khai thac va san xuat vat liéu; (ii) Giai
doan thi cong (A4-A5): Van chuyén va lip
dung, (iii) Giai doan st dung (B1-B7): Van
hanh, bao tri, stra chita va thay thé; va (iv) Giai
doan cubi vong doi (C1-C4): Pha dg, xir ly, tai
ché réac thai (hinh 2) [6]. Viéc hé thong héa nay
gitp KTS nhan dién raing mot vat liéu téi vu vé
mit kinh té hay dep vé mat thim my & giai
doan dau c6 thé 1a ngudn phat thai céc-bon
khdng 16 & giai doan bao tri hoic phé da.

Tién van hanh W3n hanh Kt thiic Ngoai
Cang trinh Cang trinh vong doi vong dbi

Gim phat thai [

Thiodbhalt iy | B 0 e (]

«chat thai

dung vat ligu

Modul B1-85 Modul €

Carbon trung hod —  Carban trung hoa —
xdy dymg Nén gJ.mng vdn hénh

Hinh 2: Ba pham vi phét thai carbon cua cong
trinh theo BS EN 15978:2011(Nguon:
Phuong, N. T. K., va cs. / Tap chi Khoa hoc
Codng ngh¢ Xay dung)

2.2 Vai tro cia LCA trong sw chuyen
dich tir thiét ké tuyén tinh sang tuan
hoan, tir KT théng thwong sang KTBV

Thiét ké tuyén tinh dya trén md hinh
khai thac - san xuat - thdi bo, noi cac quyet
dinh kién trac thuong chi tap trung vao giai

doan van hanh va bo qua tic dong tich liy cta
vat liéu. Nguoc lai, thiét ké tuin hoan doi hoi
viéc toi wu hoa ngay tir dau dé vat liéu co the
tai ché va tai s dung. LCA dong vai tro nhu
mot cong cu dan dit bang cach mé rong pham
vi nghién ctu. Thay vi dung lai ¢ giai doan C
(thao d& va xir ly chat thai), LCA thuc day
viéc tinh todn modul D (giam phat thai cac-
bon tur tai sir dung vét li¢u). Nghién cau cua
Pomponi & Moncaster (2017) khang dinh
rang néu khong c6 LCA lam truc xuong song
dé dinh luong, cac chién luoc thiét ké tuan
hoan s& thiéu co sé dit liéu dé chang minh tinh
hiéu qua so véi cac phuong phap xay dung
truyén thong.

Bén canh do, trong qua trinh dich phét
trién tir kién tric thong thuong sang KTBV,
LCA dong vai tro 1a cong cu dinh luong cot I6i
dé hién thuc hda cac cam két vé moi truong va
con ngudi. Nhu s ligu tir bang 1 so sanh da
chi ra, trong khi kién trac thong thuong chi tap
trung vao 4 giai doan co ban, KTBV doi hoi
su tudn thu nghiém ngat toan bo 5 giai doan
vong doi, bao gom ca giai doan thao do va tai
ché.

Bang 1: Vai tro cia LCA trong cé&c cap
dé tiép can tir KT théng thwong dén KT bén
viing (Nguon: KTS. Tran Khanh Trung)

KT Thong KT Sinh thai KT Xanh KT Bén viing
thwong
Mai treong (MT)
Cothé gay hai | itgay hai MT | Tt gay hai MT | Khong gay
nhiéu MT ty tu nhién tu nhién hai MT tu
nhién nhién
Con nguoi
Chua quan tam | C6 quan tam Giam thiéutac | Loai b tac

tac dong xau
cua cong trinh

tac dong xau

dong xau cua
caa cong trinh

cong trinh dén

dong xau cua
cong trinh dén

den con nguoi dén con ngudi con nguoi con nguoi
Vong doi cong trinh

Chiquantam4 | C6 quan tam Dip tng tuong | Tuén tha

Gb:quy dén 5 GD: quy doi 5 Gb: quy nghiém ngat 5

hoach, thiét ke, hoach, thiet ke, hoqch,'hoach, Gb:quy =

xay dung, van xay dung, van thiét ke, xay hoach, thiét ke,

hanh hanh, thao d& dung, van xay dung, van
hanh, thao d& hanh, thao d&

Pinh lwong

Khong Khéng C6, xay dung Chua, nhung
thanh tiéu s& XD thanh
chuan tiéu chuan
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Tai day, LCA doéng vai tro nhu truc
xuong song gitp chuyén d6i nhitng nhan dinh
cam tinh nhu "it gdy hai" (trong KT sinh thai
va KT xanh) thanh nhitng dit liéu xac thuc

"khong gay hai" thong qua cac chi sé dinh
lugng cu thé. Do d6, viéc xay dung LCA
thanh mot tiéu chuan khong chi gitp loai bo
céc tac dong xau dén con ngudi va moi trudng
ma con tao ra co s& khoa hoc dé téi wu hoa
quyét dinh thiét ké ngay tir giai doan TKYT
(Bang 2).

Bang 2: Vai tro cua LCA trong cdc giai dogn
thiét ke (Nguon: tac gid)

Giai doan Vai tro
Thiét ké Du béo téc dong moi truong dua trén cac phuong én
y tuong hinh khéi va két ciu so bg.

Lya chon vat Da’nh'gié cac-bon tich lity tir khai thac dén van
liéu chuyen.

Xay dung Giam sat tac dong tir qué trinh thi cong va quan ly

phé thai cong truang.

Van hanh Po lrong hiéu qua ning lwong thuc té so vai thiét ké.

Cubi vong doi Xéc dinh kha nang thu hdi tai nguyén va tiém ning

tai che.

Nhu vay, LCA Ia tién dé thic day su
chuyén dich tir thiét ké tuyén tinh sang thiét ké
tuan hoan. Trong d6, vai tro ctia LCA thay ddi
tir viéc danh gia bi dong, giam thiéu tac dong
& giai doan trung gian sang chu dong, tdi uu
hoéa vong doi ¢ giai doan hoan thién. Pay
chinh 1a nén tang dé hién thyc héa mé hinh
KTBV triét dé (Hinh 3).

LCA danh gid tic déng

" KTthéng | Thist ke !
__thusng |__tuyéntinh | | KT sinh thai |;
. . LCAdinh lugng va tdi uu | _ o

KTben i e | | :
viing J | tudnhoan | KT xanh H

Giai doan hoan thién Glal doan trung gian

Hinh 3: V;ii tr{) cua LCA trong sir chuyén dich
ter thiet ke tuyen tinh sang tuan hoan, tir KT
thong thuwong sang KTBV (Nguén: Tac gid)

3. BAl HOC KINH NGHIEM TU VAI
TRO CUA LCA TREN CO SO THYC
TIEN

Nghién cuu lya chon ba cdng trinh: The
Edge (Ha Lan), Brock Commons Tallwood

House (Canada) va Viettel Off-site Studio
(Viét Nam) lam co s¢ thuc tién dya trén cac
tiéu chi khoa hoc nham bao quat day du céc

khia canh caa LCA trong thuc tién kién trdc.
Badng 3: Bai hoc kinh nghirém ung dung LCA
trong cac cong trinh thyc té (Nguon: tac gid)

Du an

~

The Edge
(Amsterdam, Ha

Brock Commons
Tallwood House

Viettel Off-site
Studio (Thach

Lan) (Vancouver, That, Ha Noi)
Canada)
Ap Dung LCA dé do | Thuc hign mot bai | Thiét ké wu tien
dung luong khi thai va | toan so sanh LCA | si dung tuong
LCA t6i wu hoa thiét ké gitta phuong 4n | gach dat nung va
mat ding. ket chu g6 va két | cac loai vat liéu
chu bé tong cét | thd moc tr dia
thép twong duong. | phuong.
Higu St dung céc tim | Kétqua LCAcho | Viec nay gidp
qua pin ning lwong | thiy phuong an | trigt tiéu gin nhu
mat troi lam vat | gd giam téi 2.432 | hoan toan Module
lisgu bao che mat | tin CO2 (twong | A4 (Van chuyén)
ding phia Nam | duong véi viéc | va giam déng ke
wu thé v& mdi | loai bo 500 chiéc | Module A1-A3
truong hon so v6i | xe hoi khoi duong | (Khai thac & San
viéc dung céc vat | phd trong mot | xuét).
lieu cach nhiét | nam).
truyén thong.
Bai Moi quan hé gita | Uu thé cua cc | Tai Viet Nam, vat
hoc tir | ung dung vat ligu | vat liéu tu nhién liéu dia phuong
LCA higu qua va lgi ich | (gd, tre) so véivat | van 1a lua chon

tiét  kiem nang
luong trong giai
doan van hanh.

liéu cong nghiép
trong mot  s6
truong hop.

thuc tién nhat.

4. KET QUA VA THAO LUAN

4.1 P& xudt by khung hwéng dan thiét
ke tich hgp LCA vao giai doan TKYT

Tong hop tir cac nén tang ly thuyét va

cac bai hoc thyc tién, nghién ctru da xac dinh
r& mot khoang tréng cét 18i: sy thiéu hut
phuong phap dinh lugng moéi truong & giai
doan TKYT. Diic két tir thuc trang nay, nghién
ctru dé xuat khung nhan dién thiét ké tich hop
LCA. bay la giai phap phuong phap luan then
chét nham chuyén doi LCA tir cong cu kiém
toan thy dong thanh hé théng dan hudng ra
quyét dinh ngay tir bugc TKYT.

Quy trinh nay van hanh qua bén budc
trong tam: (i) Thiép lap théng sb hinh hoc cua
thiét ké; (ii) Gan dir liéu vat liéu thanh phan;
(iii) Phan tich cA&c md phong cac phuong an;
va (iv) Khoa di ligu va thiét Iap phat thai uéc
tinh cho du an (Bang 4). Viéc ap dung bo

88



The 4™ Conference of Construction Engineering and Technology for Airport

CETA 2026

khung nay gitp chuyén déi LCA tir mot cong
cu kiém chang thu dong thanh hé théng dan
hudng ra quyét dinh, dam bao tinh tuan hoan
cho thiét ké mot cach cé chién lugc.

Bang 4: Bg khung huéng dan thiét ké tich hop
LCA vao giai dogn TKYT (Nguon: tac gid)

TT Trucét 1: Trucot 2: Tru cot 3:
Hanh dong KTS Qua trinh phan Heé thong tinh
tich toan LCA

Thiét lap thong sé
(i) Ghi nhan cac
dién chiu birc xa
(i) U'6c tinh khdi
luong vo bao che

Xuit thang sb

1 So phat hinh khdi
(i) Thiét lap khéi
tich

(i) Ty I¢ dic réng
(iii) Dién tich san

Canh béo ty 1&
khong t6i wu

I} Pi xuét ciu tao
5o bd

(i) Chon hé két cu
(BTCT, thép, gb...) Cung cép di ligu
(ii) Chon loai hién hiru
tuong, kinh <============

Gan dir ligu phat
thai tham chiéu
(i) Ap dung hé s&
phét thai tur thu
vién cho cu kien
(iii) Truy xuét
chirng nhan xanh

i Thiét ké phuong Phan tich phuong
an —===========> an

(i) Thay dbi khdi (i) Nhan di¢n

tich B4o céo két quaso | phwong an téiwu
(ii) Thay doi nhip sanh (ii) Tinh toan céc-
cot <============ | bon tich liy

(i) Thay déi vat

liéu

Thiét lap phat
thai wéc tinh

(i) Chi s6 cac-bon
t6i da cho du an
(iii) Dur kién chiing
chi xanh dat dugc

v Chét phuong an
(i) Can bang giira
kinh té - moi
truong - xa hoi

(i) Hiéu qua vé
tham my - cong
nang — thich dyng

Khéa thong s6
e

Tir cac két qua ddi chiéu hé théng tiéu
chuin qudc té va thuc trang tai Viét Nam,
nghién ctru khing dinh LCA khong don thuin
la mot cdng cu kiém ching ky thuat ma dong
vai tro I truc tu duy phuong phap luan xuyén
sudt qua trinh sang tao kién tric. Sy chuyén
dich tir tu duy thiét ké tuyén tinh sang thiét ké
tuan hoan doi hoi LCA phai can thiép ngay tir
giai doan y tuong dé dinh lugng hda cac tac
dong moi truong von vo hinh truéc day. Tom
lai, viéc tich hgp LCA vao tryc tu duy thiét ké
gitp thay doi ban chét cia quy trinh thiét ké
kién trc: tir viéc v& nén hinh thai sang thiét ké
mang tinh su tdn tai va tai sinh cho cbng trinh,
tao tién dé virng chic cho muc tiéu Net-Zero
Carbon vao nam 2050.

4.3 Ung dung khung hwéng din trong
TKYT trwong hgp CHK SB Viét Nam

Bang 5: Uhg dung khung hwéng dan trong
TKYT truong hop CHK SB Viét Nam (Nguon:

tac gid)
TT Trucot 1: Trucét 2: Trucét 3:
Hanh dong KTS Qua trinh phan Hé théng tinh
tich toan LCA
So phat hinh khdi Xuét théng sb Thiét 1ap bién sé
(i) Thiét lap khoi hinh hoc (i) Ghi nhan cac
tich: so sénh cac ============> dién chiu burc xa:

dang so b mat
bang nha ga (dang
chix X, H, hay
tuyén tinh)

(iii) Ty I& dac rong:

Canh béo ty I¢

hudng tay va tay

nam

(i) Uc tinh khéi
Iugng vo bao che:
dac ¢ huong Tay,

hé vo bao che khong t6i wu réng & huong
(iii) Dién tich san: <============ Dong
trung binh 1 trét
Voi 2 lau
1] P& xudt ciu tao Gan vat ligu Gan dir ligu phat

so' bd

(i) Chon he két cu:
hé két cu mai
thép, dan khdng
gian hay bé tong du
ung lyc.

(ii) Chon loai
tudng, kinh low-e

Cung cép dir lisu
hién hiru

thai tham chiéu
(i) Ap dung hé s6
phat thai cho cac
c4u kién chinh

(iii) Truy xuét
chirng nhan xanh:
uu tién chirng
nhén trong nudc
tiép dén 1a quéc té

Thiét ké phwong
an

(i) Thay doi khdi
tich: t6i uu hoa cac
bé mat khong gian
(i) Thay déi nhip
cot: thong ting va
xuyén phong dé téi
uu anh sang va
thdng gi6 tu nhién
(i) Thay doi vat
liéu : wu tién vat
lidu dia phuong va
vat ligu c6 ham
lwong tai ché cao

sanh

Phén tich phwong
an

(i) Nhan dién
phuong an t5i wu:
téng muc phét thai
tich lity thap nhit
(ii) Tinh toén céc-
bon tich liy: chay
md phong vong
doi (50-60 ndm)

IV | Chét phuong 4n Thiét 1ap phat
(i) Céan bing giira thai woc tinh
kinh té - moi Khéa thong s6 (i) Chi s6 cac-bon
truong - xa hoi ============> | tdida cho dy an:
(i) Higu qua vé theo khung
thim my - cong chuong trinh
ning - thich dung Airport Carbon

Accreditation
(ACA)

(i) Du kién chirng
chi xanh dat dugc:
LOTUS, LEED...

5. KET LUAN

Tém lai, nghién ciru di khing dinh
phén tich vong doi khong chi la cdng cu danh
gia ma con dong vai tro nhu truc tu duy
phuong phéap luan cdt 15i, thiic day s chuyén
dich manh mé tir tu duy thiét ké tuyén tinh
sang tu duy tuan hoan. Viéc xay dung thanh
cong khung huéng dan tich hop LCA vao giai
doan thiét ké y tudng da tao ra mot co s& khoa
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hoc thuc tién, t6i wu hoa qua trinh ra quyét
dinh dinh huéng bén viing ngay tir giai doan
dau trong thiét ké. Dac biét, dbi véi cac cong
trinh ha ting quy mé 16n va dic thu nhu CHK
SB, viéc ung dung phuong phép s& gop phan
dang keé trong qué trinh hién thuc hoa cam két
Net-Zero vao nam 2050, ddng thoi dat nén
méng cho cac giai phap kién tric xanh trong
tuong lai.
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GIAM THIEU VA NGAN NGUA XAM PHAM PUONG BANG

Nguyén Hiru Huyl’*

YKhoa Xay dung, Hoc vién Hing khéng Viét Nam
*Email: huynh@vaa.edu.vn

TOM TAT

Nhiéu nghién ctru da ching minh dang hinh hoc duong lan — duong bang la yéu td gop phan tao ra nhiéu sy cd xam pham duong
bang va nhitng nham 14n trong viéc cat ha canh dan den nhiing tai nan hang khong nghiém trong gy ra nhiing ton that 1on vé
ngudi va cua [10]. Bao céo nay chi rd cac vin dé vé dang hinh hoc duong lan - dudng bang tiém an nguy co cao xdy ra xam
pham duong bang hién hiru trong céc san bay - cang hang khong dang van hanh. Giai phap cai thién dugc dé xuit cho mot sb
van dé hinh hoc thuong xuyén hién hiru tai cac khu bay nhim gop phan giam thleu nguy co xam pham duong bang thong qua
cac chuong trinh giam thiéu ngén han. V& dai han, giai phap quy hoach b tri t5i wu mit biang khu bay ciing dugc dé xuit nham
tién den ngan ngtra Xam pham dudng bang, néng cao nang lyc thong hanh luu thong hang khong dam bao cac cang hang khong
phat trién an toan, hiéu qua va bén viing.

TU KHOA: Pudng bang, Puong lan, Xdm pham dudng bing
ABSTRACT

Many studies have shown that nonstandard taxiway - runway geometry was a contributing factor in many runway incursions
and wrong runway takeoffs/landings, leading to serious aviation accidents with significant human and material losses [10].
This report identifies geometric issues in taxiway—runway layouts that pose a high risk of runway incursions at currently
operating airports. Improvement solutions are proposed for several common geometric problems found in airside areas,
aiming to reduce the risk of runway incursions through short-term mitigation programs. In the long term, optimal planning
and layout solutions for airside infrastructure are also recommended to prevent runway incursions, enhance air traffic flow
capacity, and ensure that airports develop safely, efficiently, and sustainably.

KEYWORDS: Runways, Taxiways, Runway incursions

1. GIOI THIEU

T6 chirc Hang khong Dan dung Qudc té (ICAO) va Cuc
Hang khong Lién bang Hoa Ky (FAA) dinh nghia xam pham
duong béang 1a bat ky su ¢d ndo tai san bay lién quan dén sy
hi¢n dién khong ding quy dinh cua may bay, phuong tién hoac
nguoi trén khu vuce duge bao vé cia bé mit dugce chi dinh cho
van hanh cét va ha canh ciia may bay [1], [4]. Vi du v& x4m
pham duong bing bao gdm may bay vuot qua vach dimg chd
dudng bang ma khong co su cho phép tir kiém soat khong luu

nhur thé hién trén Hinh 1a, con dugc goi 1a sai 1éch do phi cong

(PD), hodc phuong tién di vao khu vuc an toan duong bang
hodc dai duong bang ma khong co su cho phép tir kiém soat
khoéng hru nhu thé hién trén Hinh 1b, con dugc goi 1a sai léch
do phuong ti¢n, bo hanh (VPD).

Xam pham duong bang 1a mot van dé da ton tai hang thap
ky va hau qua cua n6 la nhitng vu tai nan hang khong véi muac
do toén thuong rat nghiém trong. Mot s6 vu tai nan do xam
pham dudng bing dién hinh co thé ké ra nhu vu va cham giita
méy bay Dassault Falcon 50 va phuong tién mat dét tai san
bay quéc t& Vnukovo, Moscow, 2014, 04 ngudi chét; Vu va
cham giira may bay MD-87 va may bay Cessna Citation CJ72
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tai san bay Milan Linate, Italy, 2001, 114 nguoi trén hai may
bay va 04 nguoi trén mat dat tir nan; Vu tai nan may bay
Boeing 747-400 tai san bay qudc t& Chiang Kai-shek, Taiwan,
2000, 83 ngudi chét [2]. Nhiéu bién phép an toan da duoc dua
ra va s6 vu xdm pham dudng bang tai cac san bay trén thé gioi
¢6 xu huéng giam nhung van con & mirc dang quan ngai, dic
biét tai cac san bay c6 cdu hinh dudng bing song song khoang

cach gan [5]. San bay Toronto co ciu hinh dudng bing song

Pilot Deviation (PD)

Sai léch do phi cong (PD)

a)

Runway
Hold Line

(Vach dimng cho)

song khoang cach gan vé6i khoang cach chia tich gitra hai
dudng bang 305m, tir 2012 dén 2017 dd xay ra 27 vu xa4m
pham duodng bang [11]. San bay qudc t& Noi Bai, Ha Noi, Viét
Nam c6 cu hinh duong bang song song khoang cach gin véi
khoang cach chia tich gitra hai duong bang 250 m, ngay
27/06/2025 d3 xay ra va cham dau canh giita may bay Airbus
A321 va Boeing 787 do xdm pham dudong bang, khong cé
thuong vong [3].

Khu vue an toan duwong bang

(RSA)

Sai féch do
phuwong tién/bé hanh (V/IPD)

Vehicle/pedestrian
b) deviation (V/PD)

Hinh 1: M6 ta trudng hgp xAm pham dudng bang: a) do sai 1éch ctia phi cdng; va b) do sai 1éch ctia phuong tién hodc bd hanh,
FAA (2025) [9].

Hau hét cac san bay dan dung hién nay dugc thiét ké theo
tiéu chudn va khuyén nghi thyc hanh ciia ICAO nhim dong
nhét quy tic, quy trinh van hanh ciing nhu hé thdng ky hiéu,
b4o hiéu truc quan cua cac cang hang khong trén toan thé gisi
dé tranh cac sai s6t do nhdm 1an cuia phi cong trong qué trinh
van hanh cét ha canh ciing nhu di chuyén may bay tir vi tri d&
dén duong bang va nguoc lai. Tuy nhién, phan 16n cic cang
hang khong c6 tudi doi vai thap ky, di trai qua nhiéu lan cai
tao nhung viéc van dung triét dé cac tiéu chuin, khuyén nghi
thue hanh caa ICAO, FAA vAn con mot sb han ché do nhiéu
nguyén nhan, didu kién khac nhau bao gdm chii quan ldn

khach quan.

2. DANG HINH HQC PUONG LAN/ PUONG BANG
CO LIEN QUAN PEN XAM PHAM PUONG BANG

Thong qua phan tich hinh hoc va dit liéu thong ké vé& xdm
pham duong bang, FAA d3 chi ra 19 van d& vé thiét ké hinh
hoc dwdng lan c6 lién quan dén xam pham dudng bang, nhu

thé hién trén Hinh 2 va Bang 1.
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Béng 1. Xam pham duong bang c6 lién quan dén mbi van dé vé thiét ké hinh hoc duong lan/dudng bing

(tir 01/10/2007 d@én 31/12/2020)

hin'\ﬁ?c Dinh nghia vin dé vé hinh hoc ciia dwomg lin xdfi"pvh*; . T5 16 (%)
1 Puong lan dang chit Y cit ngang mot duong bing 219 0.91
2 Céc sy kién nham dudng bang 883 3.67
3 Mé rong bé mit duong lan tai cac 16i vao hodc doc theo dudng bang 2,141 8.91
4 Hoi tu mot sb loai duong lan tai 16i vao duong bang don 703 2.93
5 Thoat tbe d6 cao cit ngang mot dudng lan 323 1.34
6 Hai ngudng duong bang gan nhau 1,066 444
7 Puong ldn ngan (duong cut) gitra cac dudng bing 1,036 431
8 Lan tiép can truc tiép vao duong bang tir sin dd 3,851 16.02
9 Puong lin thing hang vao dudng bang 504 2.10
10 Vach son va/hoic bién béo ¢ vi tri khong dung quy dinh 1,347 5.60
1 Tiép can nut giao ¢6 nhidu hon 03 hudng di 347 1.44
12 Puong lan két ndi cac duong bang hinh chir V 370 1.54
13 Puong lan giao véi duong bang theo gbc khong vudng 3,183 13.24
14 Khoang cach 1an ngén tir khu vue ramp/san d dén dudng bang 5,661 23.55
15 Téc do thoat cao dan dén di thang vao dudong bang khac 247 1.03
16 Puodng lin tring vé6i giao diém cuia hai duong biang 179 0.74
17 St dung duong bang nhu mdt duong lan 267 111
18 Ngudng dich chuyén véi vach dimg chd trén duong lin song song 661 2.75
99 Cdc vin dé khac 1046 4.35

Ngudn: DOT/FAA/TC-18/2

86 vu xam pham dwéng bang lién quan dén méi van dé thiét k& hinh hoc dwéng lin (01/10/2007 - 31/12/2020)

0 1000

14. Khodng céch lan ngan tir khu viee ramp/sén dé dén duong bang
8. Lan 1iép can truc tiép vao dwomg bang tir san d6

13. Dudmg ldn giao véi dirdmg bdng theo goc khong vudng 3.24%

3. Mé réng bé mat diong lan tai cace 161 véao hodc doc theo duong bang
10. Vach son va'hodc bién bdo & vi tri khéng diing quy dinh
6. Hai nguéng dwdng bang gdn nhau
9. Céc véan dé khac
7. Dudmg lan ngc';n (dwomg cut) gifta cdc dirémg bing
2. Cdc sir kién nham duong bang
4. H6i tu mot 56 loai diwong lan tai 16i vao duwong biang don 703
18. Vi tri vach ding ché khéng phit hop trén dwirong ldn song song
9. Puong ldn thang hang vao dicng béng
12. Puong ldn két néi cde diromg bing hinh chit V
11. Tiép céin mit giao véi nhiéu hon 03 hucng di
5. Thodt téc dp cao cat ngang mét dudng lan
17. Sit dung dirong bdng nhu mét duwdmg lan
15. Tée dé thodt cao ddn dén di thang vao duomg béng khde 247
1. Pudmg lin dang chit ¥ cdt ngang mét duomg bang 219
16. Puéng lén tring véi giao diém cia hai duomg bang 179

2000

3000

TC: 24,034 wy

99. Cic van dé khéc bao gém:
= Binh danh duding tan khong theo quy téc

« Thiéu duoing lan song song trén sudt chiu dai dudng bang
« Nt gigo dudng lén ném trong khoéng 1/3 gilfa duding bang
= Tiéu chuén vach san, bién bao tai nut giao du'dng bang

4000

5000

Hinh 2: Xam pham duong bang c6 lién quan dén mdi van d& vé thiét ké hinh hoc dudng lan/dudng bang, FAA (2024)
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Minh hoa timg van d& tuong ing v6i mdi ma hinh hoc tir
01 dén 18 dugc trinh bay trong Bang 2. Vén dé thir 19 mang
ma hinh hoc 99 dugc dinh nghia bao gdm cac van dé vé dinh
danh duong lan khong theo quy tic, thiéu duong lin song song
trén sudt chidu dai duong bang, nit giao giita duong lan va
dudng bing ndm trong khoang 1/3 giita duong bang, khu vuc
may bay c6 toc do cao nhét trén dudng bang, va sau cung la
cac van d¢ lién quan dén vach son, bién bao tai nit giao duong

bang. Mo ta vin tit vin dé cho timg mi hinh hoc dwoc trinh

Bang 2: Minh hoa c4c van dé v& hinh hoc ciia duong lan/dudng bang

i

bay trong Bang 3. Két qua thong ké cho thiy van d& mang ma
hinh hoc 14 — khoang cach ldn ngén tir khu vyc ramp hogc san
dd dén duong bang tiém 4n nguy hiém cao vai ty 16 s6 vu x4m
pham dudng bing cao nhat (23.55%), tiép theo 14 vin d& mang
mé hinh hoc 8 — lan tiép can truc tiép tir san dd vao duong
bang, ty 1& s6 vu xAm pham 16%, va ma hinh hoc 13 — dudng
lan giao v6i dudng bang theo goc khong vudng cb ty 16 s6 vu
xam pham 13.24%. M6 rong bé mit duong lan tai cac 16i vao
hodc doc theo dudng bing (mé hinh hoc 3) ciing tiém nguy co

rlii o cao véi ty 16 s6 vu xam pham dudng bing 8.91%.

1. Puong lan dang chit Y cat

ngang modt duong bang

2. Céc sy kién nham dudng bang

3. Mo rong bé mat duong lan tai cac

161 vao hodc doc duong bang

4. Hbi tu mot sb loai duong lan tai

16i vao dudng bang don

5. Thoat tc do cao cit ngang mot 6.

Hai nguong dudng bing gan

nhau

7. Duong lin ngin (dudong cut)

gitta cac duong bang

8. Lan tiép can truc tiép vao 9.

duong bang tir san d6

Puong lan thing hang vao

duong bang
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10. Vach son va/hodc bién béo & vi

tri khong ding quy dinh

11. Tiép can nat giao v6i nhiéu hon

03 huéng di

12. Puong lan két ndi cac duong

bang hinh chit V

13. DPuong lan giao vdi duong bang

\

theo goc khdng vubng

14. Khoang cach lan ngin tir khu

vuc san d6 dén duong bang

15. Téc do thoat cao din dén di

thiang vao duong bang khac

N\

16. Puong lan tring véi giao diém

cta hai duong bang

17. St dung duong bang nhu mot

duodng lan

18. Ngudng dich chuyén véi vach dimg

cho trén duong lan song song

Ngudn: DOT/FAA/TC-18/2
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Bang 3: M6 ta vin tat timg van dé img véi cac mi hinh hoc d4 dugc dinh nghia [9].

Mé A A 3
hinh hoc Vén dé do dang hinh hoc tao ra
1 Nhiéu 16i vao ctia dudng lin tai mot vi tri duong bang nhu cac két n6i hinh chit Y tao co hoi cho céc 18i diéu hudng
trén mat dat do dién tich mat dudng rong, kho doc bién béo.
2 Cac vi tri thuong xuyén xay ra tinh trang cat/ ha canh nham duodng bang c6 lién quan dén van dé vé hinh dang san
bay, chiang han khoang cach giita cac ngudng duong bing qué gan nhau
3 Cac bé mat rong thuong dan dén dit bién bao xa tim dudng lan hon so vé&i quy dinh.’Diéu nay din dén giam kha
nang nhin thay cac tin hiu truc quan cua phi cong, dac biét trong diéu kién tam nhin thap.
4 Nhiéu duong lin t@ép can dudng bing tao ra bé mat duong rong dan dén vi tri bién bao, vach son va dén chiéu sang
khong phu hop. Cau hinh nay cling vi pham ‘nguyén tac 03 nut’ trong thi€t ké duong 1an theo AC 150/5300-13A.
5 Céc van d¢ an toan déi véi thiét ké ndy 1a nhitng khé khan trong viée thiét 14p vach son, 1dp dit bién béo va b tri
chiéu sang cho khu vuc mat du:(‘mg kha rong nay.
6 Cac ngudng duong bang qua gan nhau khong duoc khuyén nghi. Cau hinh nay c6 thé gy nham 1an cho phi cong
dan dén cat canh nham dudng bang duoc chi dinh.
7 Caq hinh nay c6 thé gy bat ngd do phi cong khong ludng trudc nén khong thé ding lai. Tinh hudng twong tur c6 thé
khién viéc gilt may bay gitta hai vi tri ch¢ trén dudng bang tré nén bat kha thi.
8 Puong lin dan tryc tiép tir san dd dén duong bang khong dugc khuyén nghi, né tao ra ky vong sai lam vé mot
duodng lan song song trudc duong bang dan dén nham lan va xadm pham dudng bang.
Duo’ng lan thang hang da duoc ching minh la dé gy ra xam pham dudng bing. May bay dang lan banh thang hang
9 v6i may bay c6 thé dang ct hodc ha canh. Khong thé s dung duong bang trong khi dudng bang bi chiém dung
cung voi kha niang mét nhan thic tinh hudng d6i voi phi cong.
10 Vi tri khong tiéu chuan hodc thiéu kha niang hién thi ctia cac vach son, dén chiéu sang va bién bao trén duong lin
lam giam nhan thirc tinh hudng cua phi cong.
Nut giao duo’ng lan nén duge thiét ké theo ‘nguyén tic 03 nut’ cho phep dat dung vi tri cac vach som, bién bao va
1 dén chiéu sang. Tiép cap nut giao c6 nhiéu hon 03 ngd r& nguy co cao gdy nham 1an cho phi céng va néu nit gan cac
vi tri vao duong bang dé din dén xam pham.
Mot dudng lan dan dén khu vuc ¢ cac ngudng duong biang nim gan nhau dan dén cac vach dimg chd ¢ khoang
12 A R - X oA \ 2
cach gan nhau, khoé dirng lai ¢ vach dirng chd va xam pham duong bang.
Nut giao vudng goc cung cap tam nhin tryc quan tt nhat cho phi cong khi tiép can nat g1a0 Néu duong lan giao
13 vo6i dudng bang véi goc khong vudng lam ting nguy co may bay cit ha canh va cham véi may bay dang di chuyén
sai hudng (xam pham dudng bang).
Trude khi ct canh phi cong phai xem lai danh sach cdc myc can kiém tra. Khoang cach di chuyén ngan, tiép can
14 truc tiép tir cac ramp dén duong bang, phi cong c6 the di chuyen qua vach ding cho duong bang trong trang thai
mét nhan thic tinh hudng do cli ddu xem danh sach can kiém tra.
DBuong lan thoat nhanh tao ra tuyén di chuyén tryc tiép sang du’orng bang khac dic biét dbi véi cac duo’ng bang song
15 song khoang cach gan va cac dudng bang tryc quan. May bay roi khoi duong bang khong c6 du thoi gian dé dinh vi
trudce khi bang qua vach dimg cho ciia dudng bang lién ke.
Cau hinh mot duong lan don di vao khu vye giao cat ctia nhiéu duong bing c¢6 dién tich mat dudng 16n, giy kho
16 khan cho viéc bo tri vach son, bién béo va dén chiéu sang ding quy dinh. Ngoai ra, diy co thé 1a mot yéu to gop
phan dan dén cét canh nhdm duong bang.
17 Pudng bang dugc sir dung 1am dudng lin c6 thé dan dén nham 1an, cit canh sai duong bang hodc xam pham duong
bang. Buong bang phai ludn dugc xac dinh rd 1a duong bang va chi la duong bang.
18 Vi tri dimg chd khong nhu phi cong du doan c6 thé khién phi cong bo qua, khong luong trude duoc vi tri diém
dung cho  dan dén nguy co xadm pham du(‘mg bang.
Ma hinh hoc 99 — cdc vin d‘e khdac, bao gdm: cac van dé vé dinh danh duong lan khong theo quy tac (ICAO); thiéu
duong lan song song trén suot chleu dai duong bang; nut giao gitra duong lan va duong bang nam trong khoang 1/3
99 gitta du(mg bang va c4c van dé lién quan dén vach son, bién béo tai nat giao duong bang. Cac van dé nay co thé
lam giam thi€u tam nhin, gy bat ngd cho phi cong, khong phit hop véi mong doi, dé gay mét nhan thirc tinh hudng
va dan dén xdm pham dudng bang.
Nhiéu nghién ctru da chimg minh rang thiét ké hinh
3. GIAl PHAP THIET KE KHU BAY GIAM  hoc dudng lan/dudng bang khong theo tiéu chuan 1a mot

THIEU NGUY CO XAM PHAM PUONG BANG yéu t6 chinh gép phén tao ra nhiéu vu xdm pham dudng

bang va cit/ha canh nhdm dudng bang [1], [9]. Cac van
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dé v& hinh hoc xac dinh, cu thé trong thiét ké duong
lan/duong bang da dugc trinh bay ¢ Muc 2. Muc nay
trinh bay mot s6 vi du phé bién vé dang hinh hoc duong

lan/duong bang c6 nguy co xdm pham duong bang va

minh hoa cac giai phap thiét ké khu bay nhim gidm
thiéu kha ning xay ra xdm pham duong bing.

3.1. Tiép can truc tiép tir sin dd vao dwong bing

(b) Giai phap

Hinh 3.2: Van d& va giai phap - truong hop duong lan ndi truc tiép san d6 v6i duong biang, FAA (2024)

Puong lan ndi truc tiép san dd véi dudng bing co
thé gdy nhdm 14n khi phi cong thuong mong doi gip mot
duong lan song song nhung thay vao do lai gap duong
bang. Sy mét nhan thirc tinh hubng nay dic biét pho bién
khi khoang cach giita san d6 va dudng bang ngin. Trong
truong hop nay, phi cong roi san dd ¢ thé nham 1an di
thing vao hodc biang qua duong bang dan dén xAm pham
duong bang [9]. Pé giam thiéu nguy co xdm pham

dudng bang, can thiét ké duong lan sao cho ngin chin

viéc tiép can truc tiép tir khu vuc san dd dén duong bang.

Céu hinh dudng lan dugc cai tién (Hinh 3.1) yéu cau
may bay phai r& 90° vao mdt dudng lan song song va r&
thém mot lan nira vao duong lan két nbi dé tiép can

duong bang [1].

Céc ngd 1& bd sung va bién bao duodng lan trong ciu
hinh nhu trén Hinh 3.2 giup tdng cuong nhén thuc tinh
hudng cua phi coéng. Tiép can truc tiép duong bing
tuong tu nhu rai ro xAm pham dudng bang ddi véi cac
san bay khong c6 duong lan song song [9]. Trong truong
hop nay, viéc bd tri dao khong lan trén san d nhim
tranh tiép can truc tiép duong bang, budc phi cong phai
thuc hién it nhat mot 14n ré trude khi vao duong bang [1],

[6].

3.2. Mé rong bé mit dwong tai noi tiép giap dwong
bang — dwdng lan
Mat duong rong tai khu dung chd duong bang (Hinh

4(a)) dan dén viéc dat cac bién bao va dén chiéu sang
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san bay xa vi tri dimg gy han ché tim nhin cta phi cong
dbi véi cac tin hiéu tryc quan quan trong. Piéu ndy lam
tang nguy co mat nhan thirc tinh hudng ciia phi cong,
dac biét 1a trong diéu kién tdm nhin thép. Viéc méat kha
ning nhan thirc tinh hudng lam ting nguy co xAm pham
dudng bing va nguy co xung dot diu canh may bay do

phi cong diéu khién may bay trén dudng lin mot cach

cht quan [9]. Thiét ké cai thién khu vuc cho nay (Hinh
4(b)) giup phan ludng lin may bay bang cach cung cip
cac duong lan tranh riéng biét cung voi cac dao khong
lan. CAu hinh nay cho phép sir dung céc bién bao vi tri

dimg cho tiéu chuan, dén chiéu sang mép duong bing

dong thoi nang cao nhéan thirc tinh hudng cua phi cong

(1]

(b) Gidi phap

Hinh 4: M6 ta van dé va giai phap tai khu vuc dimng cho dudng bang

3.3. Cac nguiong dwong bing gin nhau

Hinh 5: Mo ta van d va giai phap truong hop cac ngudng duong bang gan nhau
Piéu chinh vach son, bién bao va hé théng dén chiéu

Céac ngudng duong bing nim sat nhau cé thé gay
nham 14n cho phi cong, dan dén viéc xam pham duong
bing va cit canh/ha canh sai duong bang. Trong vi du
nay, mot phi cong diumg lai ¢ vach chd duong bang va
dugc phép cat canh trén duong bang 18 c¢6 thé nham 1an
nhin thiy ngudng duong bang 22 lién ké va cat canh trén
duong bang 22 (Hinh 5(a)) [9].

sang khu bay gitp ngan phi cong tiép can dudng bing
22 va sir dung sai duong bang dé cit canh (Hinh 5(b)).
C6 thé cAu hinh lai hinh dang khu bay hodc di chuyén
cac ngudng duong bang ra xa nhau hon tuy thudc vao
yéu cau hoat dong [10].
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3.4. Gbc cha nit giao dwong bing — dwong lin
khdng vudng

Nut giao v6i goc giao nhon 1am giam tim nhin cta
phi cong dbi véi duong biang, giy kho khin cho phi
cong trong vi€c quan sat may bay dang hoat dong trén
duong bang. Puong lan vao cé goc nhon (Hinh 6.1(a))
ciing tao ra tinh trang khong mong mudn khi dat bién

bao vi tri dirng cho trong gidi han khu vyc an toan. Goc

Khu virc an toan
dwong bang

(a) Van dé

nhon ciing 1am giam kha nang nhan biét tinh huéng cia
phi cong vi n6 khong phu hop véi ky vong vé& mot 16i
vao dudng bing tiéu chuin do goc nay tao ra mot ving
mit duong rong [9]. DPé ting tim nhin va kha ning nhan
biét tinh hudng ctia phi cong, cac nut giao gitta dudng
lan va duong bang nén dugc thiét ké & goc 90° (Hinh
6.1(b)). Néu goc 90° khong kha thi ¢ thé diéu chinh
+15° so véi goc 90° khi & vach ding cho [1].

(b) Gidi phap

Hinh 6.1: M6 ta van dé va giai phap trudng hop goc ciia nut giao duong lin — duong bang khong vudng

Tuong tw, cac duong lan cit ngang cd goéc nhon
(Hinh 6.2(a)) han ché tim nhin cua phi cong ddi véi may
bay cét ha canh tir duong bing, trong khi goc giao 90°

(Giam tAm nhin cdia phi céng)
Reduced Pilot Field of View

tiéu chuén cung cap cho phi céng tim nhin rd rang vé ca
hai dau duong bang (Hinh 6.2(b)) [1], [5], [6].

(b) Giai phap

Hinh 6.2: M6 ta van dé va giai phap truong hop goc cua nit giao duong lin — duong bang khong vudng

3.5. Vi tri dirng cho khong tiéu chuin trén dwong

lan

Vach dimg cho khéng nam & vi tri thong thudng

trén duong lan vao vudng goc 90° s& lam ting nguy co

xam pham duong bang. Po6i khi vi tri vach dung cho
nam trén duong lin song song (Hinh 7(a)), didu nay co
thé xay ra khi khoang cach giita duong bing va dudng
lan khong du (theo tiéu chuan). Trong trudng hop nay

phi cong gip vach dimg cho & vi tri khéng mong mudn
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va ¢o thé vo tinh vuot qua vach dan dén xam pham
duong bang [9]. Khi khoang cach gitta duong bang va

duong lan theo tiéu chuan, vi tri vach dung chd nam trén

duodng lan vao tiéu chuan, phi cong s& gip vach dimg

chd & vi tri phii hop va tim nhin 13 vé ca hai dau duong
bang (Hinh 7(b)) [1].

(b) Giai phap

Hinh 7: M6 ta van d& va giai phap truong hop vi tri dimg chd khong mong doi trén duong lin

(b) Giai phap

Hinh 8: Mo ta van d va giai phap truong hop duong lan thang hang voi duong bang, FAA (2025)

3.5. Vi tri dirng ché khong tiéu chuin trén dwong

lan

Puong lin thing hang c¢6 tim tring véi tim dudng
bang (Hinh 8(a)). Pudng lan thang hang tiém an nguy co
xam pham duong bang cao hon do may bay dang di
chuyén trén duong lan c6 thé di thang tir duong lin ra
dudng bang va tao thanh dudng thang voi may bay dang
cat hoic ha canh. Pé giam thiéu nguy co xdm pham

dudng bang, can chuyén dbi phan duong lan thang hang

thanh doan phong phut (blast pad) cung v6i duong lan
vao vudng goc 90° tiép can dau dudng bang (Hinh 8(b))
(1]

4. TAM QUAN TRONG CUA QUY HOACH SAN
BAY TRONG NGAN NGUA XAM PHAM
PUONG BANG

Céch tot nhat dé ngin nglra sy xdm pham duong
bang 13 thong qua quy hoach san bay hop 1y va téi wu
hoa mit bang khu bay [7], [9]. Quy hoach nay dién ra
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trong qua trinh 14p quy hoach tong thé san bay hodc giai
doan 1ap quy hoach mit bang khu bay ctia mot du 4n cai
tao san bay.

Pudng lin thoat toc do cao tao ra cac tuyén lin ndi
tryc tiép tir duong bang nay sang duong bang khac lam
ting nguy co xam pham dudng bing, dic biét dbi voi
cac duong biang song song khoang cach gan (Hinh 9(a)).
Trong truong hgp nay, may bay thoat ra tir duong lan

thoat nhanh s& gip hai vach dimg chd & gan nhau va c6
thé vuot qua vach ding chd duong bing dang hoat dong
lién ké din dén xdm pham duodng bang [7]. Quy hoach
va thiét ké khu bay dai han hop 1y cin dam bao khoang
cach chia tach gitta cac duong bing dé c6 thé bd tri
duong lan song song nham loai bo tiép can duong bing
tryc tiép tir dwong lin thoat nhanh (Hinh 9(b)) [7].

(b) GIAI PHAP

Hinh 9: M6 ta van dé va giai phap ngan ngira xim pham duong bang cho cau hinh 02 duong bing song song khoang

cach gan.

Truong hop nghién ciru duoc thuc hién trén mot tda nha
truong hoc 8 ting, noi hé théng giam sat dugc lap dat véi 15
cam bién (S1 dén S15) trai déu tir ting ham (B1) dén tang
méi (RF). Khi dy quy trinh day du bao gém bén budc: (1)
Lap ké hoach va lap dat hé thdng cam bién tai cac vi tri chién
lwoc; (2) Panh gia dia chan ban dau (Seismic Evaluation)
thong qua thir nghiém vi dao dong (micro-vibration test) dé
xéc 1ap tan s6 co ban cua cong trinh. Hinh 7 dién dat két qua
kiém soét sirc khoé két cau.

Nham dam bao mat béng b6 tri khu bay t6i uu, van hanh
an toan va nang cao nang lyc thong hanh luu thong hang
khong can [9]:

o (1) Cung cip duong lin vudng goc 90° voi duong

bang tai cac giao cit;

o (2) Loai bo tiép can tryc tiép tir sin dd dén duong

bang;

o (3) Cung cip dudng lin song song trén toan chiéu dai

duodng bing dé ngan ngira viée s dung duong bang

lam duong lan khi khong c6 duong lan song song

ddng thoi ngan ngira tiép can tryc tiép tir duong bang
nay sang dudng bang khac;

o (4) Cung cip dudng lin song song doi tai cac san bay
ban ron hon & ting cuong niang luc khu bay va toi
thiéu hoa hang chd khoi hanh;

o (5) Tranh cac dudng lan cit ngang duong bing trén
doan 1/3 ¢ giira, noi toc 46 may bay trén duong bang
cao nhat;

o (6) Cung cép cac dudng lan cat ngang & cac doan 1/3
gan hai déu duong bing, noi tdc do may bay thap
hon; va

o (7) Cung cip cic duong lin vong cudi dudng bang
(EAT) tai cac san bay ban ron dé giam tan suat cat
ngang duong bang, tr d6 gidm nguy co xam pham
duong bang.

So 6 bé tri mat bang nhu Hinh 10 thé hién giai phap quy

hoach khu bay ti wru, phi hop thyc tién gitip ngan ngira xam

pham dudng bang nhu d4 dé cap o trén [9].
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Hinh 10. Mat bang b6 tri khu bay t6i vu gitp ngan ngira xdm pham duong bang, FAA (2025)

6. KET LUAN VA KHUYEN NGHI

Céc giai phap cai thién thiét ké hinh hoc duong bang -
duodng ldn nham: giam thiéu nguy co thiét hai vé ngudi va cua;
giam thiéu xdm pham dudng bang; giam thiéu cac tinh hudng
vuot qua giéi han duong bang; cai thién nhén thirc tinh hudng
ctia phi cong; va giam thiéu mic d phirc tap vé dang hinh hoc
khu bay.

Xac dinh cac dang hinh hoc duong lan cé nguy co gy
mét an toan cao (xdm pham duong bing, cac sy ¢ do nhim
1an) va hiéu rd céc rui ro lién quan dén nhiing cu hinh dudong
bang - duong lan khong mong dgi s€ hitu ich trong lap quy
hoach va thiét ké mbi quan hé giita duong bang - duong lan -
san dd, dam bao van hanh khu bay an toan va hiéu qua.

Quy hoach tong thé san bay dai han pht hop thuc tién s&
t6i da hoa hiéu qua, an toan va dam bao niang lyc théng hanh
twong lai. Can chu trong khoang cach chia tach giita cac
dudng bing song song, hé thong duong lan téi wu va khoang
cach an toan giita nha ga va khu bay theo tiéu chuan va khyén
nghi thyc hanh cua ICAO.
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Chan doan vi tri va mirc @ hw hong trong dim bé tong dong chat sir dung
mang No ron nhan tao két hgp dang dao dong
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Ha Minh Tuén'
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TOM TAT

Nghién ctru nay d& xuat phuong phap chian doan vi tri va mirc d6 hu hong trong dim bé tong dong chit dua trén dic trung dao
d6ng két hop mang no-ron nhan tao ANNs. Dir lidu dau vao dugc xay dung tir cac didc trung dao dong trong d6 1ay dir liéu dao
dong cua mode béc cao nhu mode 4 lam dir ligu dau vao dé chan doan vi tri hu hong. Truong hop mot hu hong tai vi tri phén tu
s0 131 cb dinh trén dam dugc khao sat véi mire suy giam dg cung tir 10% dén 90%. Mot mang MLP dugc huan luyén dé hoc
mdi quan hé phi tuyén glua dac trung dao dong va trang thai hu hong. Két qua cho thly ANNs c6 kha nang du bao dong thoi vi
tri hu hong va mire suy giam do clng véi sai so thip. Phuong phap sir dung dic trung dao dong  két hgp ANNs cho do 6 on dinh
va do tin cdy chan doan cao va chinh xdc, ddc biét trong truong hop dinh vi hu hong cuc bo. Nghién ctru cho thay tiém ning
ng dung phu(mg phap dé xuét trong giam sat stc khoe két cAu.

TU KHOA: giam sat sirc khoe két cAu; mang no-ron nhén tao; dic trung dao dong; chan doan hu hong; dim bé tong dong chat

ABSTRACT

This study proposes a method for diagnosing damage location and severity in homogeneous concrete beams based on vibration
characteristics integrated with artificial neural networks (ANNSs). The input dataset was constructed from vibration features
extracted from a higher-order mode shape, specifically Mode 4, which was employed as the primary input for damage
localization. A single damage scenario located at element No. 131 was investigated, with stiffness reduction levels ranging from
10% to 90%. A multilayer perceptron (MLP) network was trained to learn the nonlinear relationship between vibration-based
features and structural damage states. The results indicate that the proposed ANNs model can simultaneously predict both
damage location and stiffness reduction severity with low prediction error. The proposed vibration-feature-based ANN
framework provides high stability, reliability, and diagnostic accuracy, particularly for localized damage detection. The findings
demonstrate the potential applicability of the proposed method for structural health monitoring (SHM) of concrete beam
structures.

KEYWORDS: structural health monitoring; artificial neural networks; vibration features; damage diagnosis; homogeneous
concrete beam.

1. GIOI THIEU

Sy gia ting vé qui md va thoi gian khai thac cac cong
trinh xay dung dat ra yéu cau cap thiét vé cong tac bao hanh
bao tri két cdu, do d6 viéc danh gi4 trinh trang lam viéc cua
két cau 1a van dé vo cang cép thiét. Cac hu hong néu khong
gidm séat va phat hién kip thoi s& gay mét an toan va anh
huong tudi tho codng trinh .Giam séat sic khoe két ciu
(Structural Health Monitoring — SHM) dya trén phan tich
dao dong da duoc nghién ctru rong rdi nhu mot céng cu hiéu
qua nham phét hién va chan doan hu hong trong cac két ciu
dan dung va cong nghiép [1]

Mot s6 phuwong phap truyén thong bao gém kiém tra pha

huy va khong pha huy. Salawu dé xuat sir dung tan sb riéng
nhu mot tham s6 chan doan trong giam sat sirc khoe két cau,
do tham s nay nhay voi sy suy giam d¢ cing va thay do6i
tinh toan ven cia két cau. Vi vay, su bién thién tan sb theo
thoi gian 6 thé duoc sir dung dé theo doi trang thai lam viéc
va phét hién hu hong két cau [2]. Phuong phap dua trén dang
dao dong dugc A.K Panday [3] nghién ctru va chirng minh
réng d6 cong dang dao ddng c6 dd nhay véi hu héng cuc bo.
Tuy nhién cac phwong phap ndy c6 han ché vé& kha ning
giam sat lién tuc va chi phi cao. Kim va stubbs [4] st dung
phuong phép dua trén ning luong bién dang nim phat hién
kha nang dinh vi hu hong , sy phan bd nang luong bién dang
la dau hiéu hiéu qua dé phat hién hu hong. Nam 2006,
Alvandi va cong su danh gia k¥ thuat nhan dang hu hong
dua trén rung dong [5], Ha va cong sy phat hién vét nit
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trong dam bé tong c6t thép bang phuong phap do cong
duong bién dang [6]. Trong nhirng nim gan day uu tién phat
trién (mg dung hoc may va tri tu¢ nhin tao vao chan doan
strc khoé két ciu , Worden va cong sy dung tri tué nhan tao
dé hoc méi quan he phi tuyén gitra ddc trung dao dong va
trang thai hu hong [7]. Nhin chung, cac phuong phap chan
doan hu hong dua trén phén tich dao dong da dugc nghién
clru rong rii, phan 16n cac nghién ciru trude day chu yéu khai
thac mot hodc mot vai chi sé dao dong riéng 1¢ nhu tan s
riéng, dang dao dong, d6 cong dang dao dong hodc chi sb
ning lugng bién dang dé phat hién hodc dinh vi hu hong.
Céch tiép can nay thuong phu thudc vao do nhay cua timg
chi s6 riéng biét, trong khi hidu qua chan doan c6 thé suy
giam khi xuat hién hu hong cuc bd nho hodc khi dit lidu c6
nhiéu. mic du tri tué nhan tao vd mang no-ron nhan tao di
bit dau dugc ung dung trong SHM nhung phan 16n céc
nghién ctru tap trung vao phén loai hodc phat hién hu héng,
trong khi cac nghién ctru stir dung ANN dé du bao truc tiép
mirc do suy giam d6 cimg duya trén dic trung dao dong van
con it. S6 lugng nghién ciru xac dinh dong thoi vi tri hu hong
va dinh lugng mirc d¢ hu hong trong mot mo hinh chin doan
con han ché , dic biét ddi véi dam bé tong dong chat dudi
cach tiép can dya trén dao dong.

Do d6, trong nghién cru nay mode bac cao dugc khai
thac 1am bo dic trung dau vao cho ANN nhdm danh gia
kha ndng dy bdo dinh lugng mirc suy giam do cung va dinh
vi hu hong didm dong chat. Phuong phap nay mo ra tiém
ning tng dung trong giam sat stc khoe két cau. Su suy giam
do ciing dugc tao ra béng cach giam mo6 dun dan hdi ciia mot
hodc nhiéu phan tir cia dim dwoc khao sat. Sau d6, nghién
ctru thay ddi vi tri, s6 luong hu hong gia dinh dé danh gia
hiéu qua ctia phuong phép.

2. MO HINH VA PHUONG PHAP NGHIEN CUU
2.1 M6 hinh phin tir hitu han

Trong pham vi cia nghién ctru ndy, mot dim dong chat
don gian c6 chiéu dai nhip 3.8 m va tiét dién chir nhat 120
mm x 240 mm nhu Hinh 1 dugc md phong bang phin mém
ETABS. Bé tong dwoc gia dinh 1am viéc trong mién dan hdi
tuyén tinh véi mé dun dan hoéi 3.0x107 kN/m? va hé sé
Poisson bang 0.2. Dam dugc chia thanh 190 phan tir nham
dam bao do chinh xéc trong viéc trich xuét dang dao dong va
chuyén vi tai cac nat. Hu hong két ciu dugc gia lap bang
céch giam mo dun dan hoi tai vi tri phan tir sé 131 nhu Hinh
2, trong ¢ng Vi cac mic suy giam do cung tir 10% dén
90%. Tir d6 trich xudt dir liéu dao dong cua mode 4 1am co
so tinh toan céc chi s6 , do mode bac thip phan anh bién
thién do citng mang tinh toan cuc, trong khi mode bac cao
nhay hon véi suy giam do cirng cuc bg.

Hinh 1. Dam bé tong ddng chat thi nghiém

0 i 191
)Z‘IS 2600 1:§1 FT—
1 3800 J’

Hinh 2. M hinh phan tir 131 suy giam do cing

Trong nghién ciru nay , dir li¢u cia mode 4 v4i muc do
giam mo dun dan hoi tir 10%-90% dugc trich xuat dé lam dir
liéu dau vao huan luyén cia mang ANNSs.

2.2 Xdy duwng mang ANNs Kién tric MLP

Trong nghién ctru nay, mdt moé hinh mang no-ron dugc
xdy dung bang cong cu Neural Network thudc phin mém
IBM SPSS. Dua trén ban chét cia bai toan, mang kién trac
dang truyén thing Nhiéu 16p (MLP - Multi-Layer
Perceptron) dugc lua chon dé trién khai. D@t liéu dau vao dé
huin luyén mang 1a két qua tan sb va dang dao dong véi do
giam md dun dan hoi tir 10% dén 90% , lay mode 4 ctia cac
truong hop hu hong 1 vi tri lam dir li€u dé phan tich , kién
trac MLP dugc thiét lap v6i hai 16p & an (Two Hidden Layers)
S6 lugng no-ron trong mdi 16p 4n duge phan mém SPSS tu
d6ng tinh toan va téi wu hoa trong qué trinh huén luyén nhim
cho ra gia trj c6 hiéu qua cao nhat. Trong kién triic mang
MLP, ham Sigmoid dugc st dung lam ham kich hoat
(Activation Function) cho cac no-ron trong cac 16p 4 an dong
vai trd quyét dinh dau ra cia mot no-ron dya trén tong tin
hiéu dau vao ma n6 nhan duoc.

Vvé quy trinh hoc, m6 hinh MLP dugc huén luyén theo
phuong phap hoc c6 giam sat. Cu thé, mang s& duoc huin
luyén bang mot bo dir lidu da dugc gan nhén tr qua trinh mo6
phong. Trong bo dir liéu nay, dir liéu d4u vao (Input) chinh la
cac gia tri tan s (twong tmg v&i 189 bién doc lap), va du
liéu dau ra muc tiéu (Target) 1 cac thong sb hu hong da
biét (mirc d6 suy giam Mo-dun dan hdi hodc vi tri hu hong).
Qua trinh hoc 1a viéc mang no-ron thuc hién du doan, so
sanh két qua dy doan do vdi gia tri myc ti€u thuc té dé tinh
toan sai so (error). Mang su dung thuat toan lan truyén nguoc
(backpropagation) dé tu dong diéu chinh céc trong sO
(weights) ndi bo, nhim muc tiéu giam thiéu sai s6 nay dén
mirc thip nhit. Qua trinh dwoc ldp lai nhiéu lan cho dén khi
mang dap ng kha nang du doan chinh xac, khong chi trén
dir liéu huan luyén ma con trén ca dir liéu kiém ching
(holdout) chua timg dwoc mang biét trude do, dam bao kha
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nang tong quat héa cta mo hinh.
2.2.1 Xdy dung mang ANNs chin doin mirc d9 suy

gidm dg cirng

Xay dung co s dit liéu huin luyén dau vao la chuyén vi
tai mdi vi tri cua dam véi tirng truong hop giam mé dun dan
hoi gom: 10%, 20%, 30%, 50%, 60%, 70%, 80%, va 90%.
Gia dinh xuat hién thém 1 truong hop giam mé dun dan hdi
la 40% o trong mién huan luyén. Tién hanh xay dung mang
ANNSs Véi dit liéu bién dau vao 12 189 gia tri bién do dao dong
cua mode 4 tai 189 nat. Két qua dy bédo muc do hu hong
duoc trinh bay trong Bang 1 va minh hea qua Hinh 3. Muc
d6 twong quan gitta gia tri du doan va gia tri muc tiéu dugc
thé hién & Hinh 4.

Bang 1. Bang két qua chan doan mirc d6 hu hong

]meggzl?g? Partition I;Z;?i;;a: Sai s6 %
0.1 1 0.1041 4.100%
0.2 1 0.1757 12.150%
0.3 1 0.2767 7.767%
05 1 0.5195 3.900%
0.6 1 0.5962 0.633%
0.7 1 0.6996 0.057%
0.8 1 0.8019 0.237%
0.9 1 0.8985 0.167%
0.4 -1 0.4098 2.450%

BIEU PO KET QUA CHAN POAN MODE 4

1 2 3 4 3 & 7 B ]
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Hinh 3. Biéu d6 chan doan muc d6 hu hong
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Hinh 4. Biéu d6 hé sb twong quan hu hong 40% ciia mode 4

Két qua bang 1 ta thiy ANNSs cho két qua chan doan

muc d6 hu hong  véi sai s6 trung binh khoang 3.7% , tai vi
tri chan doan sai s6 2,45% cho thay ANNs dy do4n mic suy
giam do cung twong ddi chinh xac.
2.2.2 Xdy dung mang ANNs chin dodn vi tri suy
giam d¢ cirng

Xay dung co s¢ dir liéu huan luyén dau vao la vi tri cac
truong hop 1 hu hong cua dam duoc thé hién trén Bang 2
ng voi truong hop giam md dun dan hdi 60%. Gia dinh
truong hop chan doan 1a hu hong s6 6 & vi tri 2.6m véi
mac giam mo dun dan hoi 60% & trong mién huan luyén.
Tién hanh xay dung mang ANNS véi dir liéu bién dau vao la
189 gié tri bién d6 dao dong cua mode 4 tai 189 nit. Két qua
chan doan vi tri dugc trinh bay trong Bang 3 va Hinh 5,
trong khi Hinh 6 thé hién mirc do twong quan giira gié tri dy
doan va gia tri thyc.

Bang 2. Bang cac truong hgp hu hong 1 vi tri

. Phan to hu | SO lugng | Vi tri Hu hong 1
Trudnghop | Mode | o 068 | bu héngg céch gbi i
Huhongl | 4 B12 1 0.22
Huhong2 | 4 B35 1 0.68
Huhong3 | 4 B59 1 1.16
Huhongd | 4 B83 1 1.64
Huhongs | 4 B107 1 2.12
Huhong6 | 4 B131 1 26
Huhong? | 4 B155 1 3.08
Huhong8 | 4 B179 1 3.56

Bang 3. Bang két qua chan don vj tri hu hong

vitri  [Partition I?S;MAIC;EH sai s6 %
0.22 1 0.47 113.64%
0.68 1 0.407 40.15%
1.16 1 1.121 3.36%
1.64 1 1.662 1.34%
2.12 1 2.128 0.38%
3.08 1 3.288 6.75%
3.56 1 3.317 6.83%
2.6 -1 2477 4.73%

BIEU PO CHAN POAN VI TRI 2.6M GIAM MO
DUN DAN HOI 60%

1 2 2 F 5 € 7 B

EET QUA CHAN DOAN

wifrl
(=T I S T T T U T Y

mvi tri mEét quid chin doin 2NN

Hinh 5. Biéu db chin doan vi tri 2.6m
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EIEU B0 HE 5O TUCNG QUAN

1 1.5 2 2.5 2 3.5 4

Hinh 6. Biéu d6 hé sb trong quan chén doan vi tri 2.6m

Két qua chian doan Bang 3 cho thdy sai so chidn doan
trung binh 9.08% néu bé vi tri 0.22, cac vi tri (1,16- 3.56) sai
sO kha thap tir  ( 3,36-6.83)% , tai vi tri chan doan 2.6 sai
s0 14 4.73% ciing twong d6i nho, ving tai bién va gbi co sai
s6 16n hon.

3. KET QUA

3.1 Két qua vé hiéu qua chin doian mirc dd hw héng

Két qua chan doan mirc do suy giam do cimg cho thiy
mang ANNs c6 kha ning hoc duoc quan hé phi tuyén giira
dang dao dong mode 4 va mirc d6 hu hong cua dam ddng
chat. Trong cac trudng hop khao sat, gia tri du doan nhin
chung bam sat gia tri myc ti€u, dac biét dbi véi cac mire suy
giam trung binh va 16n. Trudng hop kiém chimg véi mirc
suy giam 40% cho két qua du bao gan véi gia tri thuc, cho
thdy mo hinh c6 kha ning noi suy trong pham vi dit liéu mé
phong.

Tuy nhién, can luu y rang két qua nay dugc xay dung
trong pham vi m6 hinh $6, v&i mot vi tri hu hong ¢ dinh va
dit liéu chua xét dén anh huéng cua nhiéu do. Do do6, do
chinh x4c ctia md hinh can duoc tiép tuc kiém chimg voi
nhiéu vi tri hu héng, nhiéu dang két cdu va dir lidu thuc
nghiém trong cac nghién ciru tiép theo.

3.2 Két qua veé hiéu qua chan doan vi tri

Két qua chan doan vi tri cho thdy dang dao dong mode 4
¢6 kha ning cung cip thong tin hiru ich cho bai toan dinh vi
hu hong cuc bg. Cac vi tri nam trong viing giita nhip hoic xa
gbi tya cho két qua dy bao on dinh hon so véi cac vi tri gan
bién. Didu nay phu hop véi dic diém cta phuong phap dwa
trén dang dao dong, do bién d§ va do nhay cia dang dao
dong khong phan b déu trén toan chiéu dai dam.

Mot s6 sai léch dang ké xuét hién tai vi tri gé‘m géi, vi du
vi tri thuc 0,22 m duwoc mo hinh du doan thanh 0,47 m. Két
quéa nay cho thiy mé hinh ANN budc dau c6 kha ning nhén
dang xu hudng vi tri hu héng, nhung 36 chinh xac dinh vi
van phu thudc vao vi tri hu héng trén ddm. Vi vay, khi ap
dung cho bai toan thuc té, cn bd sung thém dir li¢u huén
luyén tai ving gan gdi, dong thoi khao sat thém anh huong
cta nhidu do va diéu kién bién.

4. KET LUAN

Nghién ctru nay da dé xudt phuong phap chan doan vi tri
va mirc do hu hong trong dam bé tong dong chat bang cach
sir dung mang no-ron nhan tao két hop dic trung dang dao
déng. Trong pham vi nghién ctu, dang dao dong bic cao
mode 4 dugc st dung lam dir li€u dau vao cho mé hinh
ANNs nham du bao mirc d6 suy giam do ctung va vi tri hu
hong ctia dam.

Két qua budc dau cho thdy mé hinh ANNs ¢ kha ning
du bao mirc d6 suy giam do cing véi sai sd trong déi thap
trong cac kich ban mé phong. Dbi voi bai toan dinh vi hu
héng, md hinh cho két qua kha quan & mét s6 vi tri, tuy
nhién sai 1éch c¢6 xu huéng ting tai cac ving gan gbi hodc
bién dim. Piéu nay cho thiy hiéu qua dinh vi phu thudc vao
phan bd dic trung dao dong va vi tri hu hong trén két cau.

Trong pham vi mé hinh sé va céc kich ban hu hong don
gian, két qua nghién ciru cho thiy tiém ning Gmg dung cua
mang no-ron nhan tao két hop dang dao dong trong giam sat
strc khoe két cdu. Cac nghién ciru tiép theo cin md rong
khdo séat cho nhiéu vi tri hu hong, nhiéu mtrc nhidu do, nhiéu
dang két cdu va dir liéu thuc nghiém nhdm danh gia diy du
hon kha ning tmg dung ctia phuong phép dé xudt.
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TOM TAT

Trong bdi canh ha téng d6 thi phat trién, viéc ing dung tiéu chuan Eurocode dé danh gia an toan két cau dudi tac dong ciia hoa
hoan 1a v6 cung cap thlet Nghién ctru nay thyc hién phén tich twong tac nhiét-co phi tuyén tuan tu bang phuong phap phan tr
hiru han (FEM) trén nén ting ANSYS APDL, nhim md phong su suy giam dic tinh vat liéu cua cdu kién bé tong cbt thép
(BTCT) khi nhiét d6 ting cao theo dudng cong tiéu chuén ISO 834.Trong tdm ciia nghién ciru 1a khao sat dinh lwong anh huéng
ctia chiéu day 16p bé tong bao vé (30mm, 50mm, 70mm ) va cac kich ban tiép xtc lira da dién (1 va 3 mat). Bing cach khai thac
ngdn ngit 1ap trinh APDL dé ty dong hoa ma trin md phong tham s6, nghién ctru di lwong hoa duge mdi lién hé gitra cu tao
hinh hoc va gi6i han chiu lira (R120), ddng thoi x4c dinh cac co ché phé hoai dic trung do Gmg sudt nhiét. Két qua nghién ciru da
hé thdng hoa thanh cac biéu d6 thiét ké da bién. Pay 1a ngudn dir lidu quan trong gitip cac k¥ su t6i uu hoa giai phap ky thuat, dy
bao chinh xéc trang thai gi6i han ctia cong trinh va dé xuét cac bién phéap cai thién tinh bén vimg cho cac cong trinh trong diém
tai Viét Nam.

TU KHOA:  Két cdu bé tong cdt thép, gidi han chiu lira, An toan chay két ciu, chidu day 16p bao vé

ABSTRACT

In the context of rapid urban infrastructure development, the application of Eurocode standards for assessing structural
safety under fire loading has become increasingly essential. This study conducts a sequential non-linear thermal-mechanical
analysis using the Finite Element Method (FEM) within the ANSYS APDL environment to simulate the degradation of
material properties in reinforced concrete (RC) elements subjected to elevated temperatures according to the 1SO 834
standard fire curve. The research focuses on a quantitative investigation into the effects of concrete cover thickness (30 mm,
50 mm, and 70 mm) and various multi-face fire exposure scenarios (1-sided and 3-sided). By leveraging the ANSYS
Parametric Design Language (APDL) to automate parametric simulation matrices, the study quantifies the relationship
between geometric configurations and fire resistance ratings (R120), while identifying characteristic failure mechanisms
induced by thermal stresses. The findings are systematized into multivariate design charts, providing a critical data source
for engineers to optimize technical solutions, accurately predict structural limit states, and propose measures to enhance the
resilience of key infrastructure projects in Vietnam.

KEYWORDS:

1. GIOI THIEU

Trong phét trién ha ting d6 thi, bao toan tinh toan ven
cua két cdu bé tong cbt thép (BTCT) dudi tac dong cua hoa
hoan 1a yéu cau ky thuat tién quyét nham dam bao an tinh
toan ven cua két cdu va giam thiéu thiét hai kinh té [1]. Tai
Viét Nam, Quy chuin QCVN 06:2022/BXD di thiét lap cac

Reinforced concrete structures, Fire resistance limit, Structural fire safety, Concrete cover thickness

gi6éi han khét khe vé thoi gian chiu lra (FRR), thiic ddy nhu
cau V& cac phuong phap danh gia dinh luong chinh xéac thay
vi chi dua trén céc bang tra dinh mic [2]. Hién nay, thiét ké
khang chay theo Eurocode 2 thudng mic dinh kich ban dam
phoi nhiém nhiét tir ba mat, trong khi thuc t& nhiéu cdu kién
bién hoic dam trong twong ngin chay chi tiép xdc lra tir mat

day [3],[4]. Viéc thiéu su phan hoa giira cac kich ban chay

107



Hoi thao khoa hoc “Cdong nghé va k¥ thuat xdy dung Cang hang khong” lan thir 4

CETA 2026

khdng chi gy lang phi vt liéu ma con chua phan anh dung
ban chat vat Iy cua su suy thoai cuong d. Khi nhiét do vuot
ngudng 400°C, su bién doi pha trong bé tbng va qué trinh
chay déo cua cét thép dién ra phuc tap, doi hoi phai phan tich
gradient nhiét ¢ cu thé dé du bao chinh xéc trang thai gisi
han [5], [6]. Nghién ctu nay tap trung giai quyét khoang
tréng gitra thiét ké dinh muc va thiét ké dya trén hiéu ning
(Performance-Based Design - PBD). Thong qua md phéng
phan tir hitu han (FEM) trén nén tang ANSYS APDL, bai
bao thyc hién phan tich twong tac nhiét-co tuan ty dé khao
sat anh huang caa chiéu day 16p bao vé dén gisi han chiu lua
R120 dudi céc kich ban chay khac nhau. Két qua nghién ciu
cung cap luan ct khoa hoc dé tdi wu hoa ciu tao hinh hoc,
dam bao su can bang giira an toan két cau va hiéu qua kinh té

- k¥ thuat trong xay dung hién dai.

2. PHUONG PHAP NGHIEN CUU
2.1. Co sé ly thuyét

Su suy giam déc tinh co hoc cua bé tong dudi tac dong
nhiét 1a mot qué trinh phi tuyén phuc tap, chiu su chi phéi
bai ban chat khoang vat hoc caa cét lidu va sy phan hay ma
tran da xi mang. Theo Hinh 1, hé sé suy giam cuong do nén
ke(0) duge dinh nghia 13 ty s6 gitra cudng d6 nén & nhiét do
cao (fc,0) va cuong do dic trung ¢ nhiét do phong (fck) bat
dau giam manh khi nhiét d6 vuot ngudng 200°C do sy pha
hiy gel C-S-H va hinh thanh cac vét nit vi mo. Dac biét, bé
tong cot liéu silic (Puong cong 1) thé hién mic do ton
thuong cao hon so véi ¢t ligu voi (Puong cong 2) do hién
tuong bién d6i pha thach anh gay gién no thé tich dot ngot.
Qué trinh nay dan dén sy triét tiéu dang ké do cing chdng
udn (EI) khi nhiét d6 tiém can ngudng 500°C, lam mat tinh
toan ven cua cau kién [3], [5].

Twong ty nhu ma tran bé tong, cac dic tinh co 1y ctia cot
thép chiu lyuc, dac biét 1a gisi han chay va mo dun dan hoi,
ciing trai qua qud trinh suy giam nghiém trong khi nhiét do
vuot ngudng téi han 400°C. Theo minh hoa tai Hinh 2, hé s6

suy giam cudng do cdt thép ks(0) dugc dinh nghia 1a ty sb

gitra gigi han chay tai nhiét d6 6 (fy,0) va gigi han chay dac
trung & nhiét o phong (fyk ) thé hién su phu thuoc chat ché
vao mirc do bién dang cho phép (es,fi) cua cau kién. Doi véi
cac cau kién khéng ché bién dang ¢ mirc thap (dudi 2%), su
suy giam cuong do dién ra nhanh hon khi chi con duy tri
dudi 40% kha ning chiu tai tai 600°C, dan dén su sut giam
canh tay don ndi luc va thic day qué trinh dich chuyén
nhanh chéng cua tryc trung hoa Ién phia trén tiét dién. Hién
tugng mém héa nhiét nay khong chi triét tiéu co ché pha hoai
déo dic trung ma con lam suy yéu kha niang truyén lyc qua
bé mat tiép giap (bond-slip resistance), gay ra nguy co sup
d6 két cau khi lién két bam dinh gitra cbt thép va ma tran bé

téng bi pha hay hoan toan [1],[3].

i)
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2.8 "'"-::“\
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Hinh 1: Biéu db giam hé s6 cuong d6 cho phép cua bé tong
3] : )
Puong cong 1: Bé tong khoi lugng thong thuong véi cot
liéu silic ) ,
Puong cong 2: Bé tong khoi lugng thong thuong véi cot
liéu voi
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Hinh 2: Biéu dd giam hé sé cuong do cho phép cua cdt thép
(3]

Puodng cong 1: Cot thép chiu kéo (can néng) cho bién
dang es,fi >>2%

Puong cong 2: Cot thép chiu kéo (can ngudi) cho bién
dang es,fi > 2% . )

Puong cong 3: Cot thép chiu nén va cot thép chiu kéo
cho bién dang &s,fi < 2%

2.2. Phwong phap mé phéng sé

Viéc md phong tng xir cua dam bé tong cét thép (BTCT)
dudi tic dong hoa hoan duoc thuc hién thdng qua quy trinh
tuong tac nhiét-co tuan ty trong modi truong ANSYS APDL
(Hinh 5). Ma tran bé tong duoc thiét lap bang phan te
SOLID tich hgp tiéu chuan Willam-Warnke, trong khi hé
thdng cét thép s dung phan tir thanh LINK roi rac véi gia
thiét bam dinh 1y twong théng qua viéc chia sé nit chung.
Chién lugc chia ludi phan viing mat do (graded meshing) va
phan tich hoi ty luéi 12 yéu cau bét budc dé dam bao tinh 6n
dinh cho thuat toan Newton-Raphson khi cdu kién buéc vao
giai doan phi tuyén vat liéu cuc han [3].

Sau khi lya chon loai phan tir, viéc xéac lap hé théng
thong s vat liéu da vat Iy cho bé téng va cbt thép trong moi
truong ANSYS dong vai tro 1a tién dé ky thuat cét 16i nham
dam bao tinh chudn x4c va dé tin cay cua céc du béo vé ung
xir nhiét-co cua ciu kién. Cac dic trung co hoc va nhiét-ly
then chét, bao gdm mé dun dan hoi, hé sé Poisson, cuong do

chiu luc cuing cac thong sé truyén nhiét nhu do dan nhiét va

nhiét dung riéng, can duoc chuin héa dya trén hé quy chiéu
cua cac tiéu chuan qudc té hoic dir liéu thuc nghiém chuyén
sau dé phan anh trung thuc sy thoéi hda cua vat liéu dudi tac
dong cua dong nhiét cuc han [7],[3].

Tiép theo, thiét Iap hé thong diéu kién bién co hoc déng
vai tro quyét dinh trong viéc tai hién trung thuc so do lam
viéc va co ché phan phdi lai noi lec cua cau kién dudi tac
dong dong thoi ciia ngoai luc va bién dang nhiét cudng buc.
Céc rang budc vé bac ty do tai vj tri gi tua, bao gom lién két
khép, gbi tua cd dinh hoic lién két ngam cing, can dugc
dinh nghia ti mi trong mdi trudng phan tir hiru han dé phan
anh chinh xac sy twong tac dong hoc giira ciu kién don 1¢ va
hé thong khung tong thé, dac biét 1a khi xét dén anh huong
cua sy gidn ng nhiét bi kiém ché trong cac két ciu siéu tinh.

Cudi cung, tai trong nhiét duoc ap dat dua trén duong
cong chay tiéu chuan ISO 834, dong vai trod 1a diéu kién bién
nhiét dong hoc phi tuyén [3]. Su két hop khit khe giira
truong nhiét d6 bién thién va cac rang budc co hoc cho phép
du béo chinh xéc trang thai gi¢i han vé kha ning chiu tai,
ddng thoi 1am sang to hién twong mit 6n dinh hinh hoc caa
dam BTCT trong mdi truong nhiét 6 cuc han [1]. Cach tiép
can nay dam bao tinh khoa hoc va do chuan xé&c cao cho cac

phéan tich khang chay dya trén hiéu nang.

- \ 2 (ot s i 2
2. XU'LY BAN DAU 3. GIAI 4. XU'LY KET QUA

. Chon logi phén tich - Binh nghfa vt liéu . Ap dittiitrong + Khai thic két qua
+ Chen cac md hinh hoa + Tao hoicnhap mé hinh . hp ditdigu kién + Kiém tra tinh hop I cla
+ Chon kidu phan tir hinh hoc bién o gidi
+ Chialugi mé hinh hinh - Gidi
hoc

1, CHUAN BI

J

Hinh 3: So @5 md khdi mo ta thuat toan giai quyét bai toan

tuong tac nhiét — co tuan tu trong phan mém ANSYS APDL

3. BAl TOAN KHAO SAT
3.1. Thong s6 dau vao két cau

Céu kién dim BTCT duoc khao sat ¢ kich thudc tiét
dién 200x400 mm, nhip 3000 mm, b tri 4 thanh thép $16
(hinh 4) va véi 16p bao vé bién thién 30mm, 50mm va 70
mm. Pic tinh co 1y dau vao cho méd phong ANSYS APDL
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bao gdm mé dun dan hdi cua thép (2x105 MPa) va bé téng
(27.5x103 MPa), cung ty trong tuong tng la 7850 va 2500
kg/m3 (bang 1 va bang 2). Nhim dam bao tinh chinh xéc
trong phan tich twong tic nhiét-co, cac thong sd nhiét ly
dugc xéac lap khit khe, ma tran bé tong c6 do dan nhiét A=
1.6 W/(m-K), nhiét dung riéng c=900 J/(kg-K) va hé sé gian
né nhiét 10-12x10-6 oC. DS véi hé thdng cot thép, gia tri
A=50 W/(m‘K) va c= 450 J/(kg'K) duoc ap dung dé phan
anh trung thuc téc d6 truyén dan nhiét nhanh chéng cua vat

liéu kim loai duéi tac dong cuaa nhiét dé cuc han [5].

3.2. M6 phéng cac bai toan truyén nhiét trén phan
mém ANSYS APDL

Tién trinh thuc nghiém sb trén ciu kién dam bé tong cot
thép (BTCT) duoc trién khai nham thiét 1ap 16 trinh tham dinh
kha ning chiu hoa hoan twong thich voi Quy chuan QCVN
06:2022/BXD va tiéu chuan Eurocode 2. Nghién ctu tap trung
phan tich tham sb chiéu day I6p bé tdng bao vé ¢ bién thién tur
30 mm, 50mm va 70 mm, Viéc lya chon dai bién sb nay khong
chi nhdam muc tiéu t6i wu hoa cdu tao ma con cho phép dinh
luong héa chinh xé&c hiéu ung tré nhiét (thermal lag) va kha
ning bao toan dic tinh co 1y ctia cét thép chiu lue dudi tic dong
cua dudng cong gia nhiét tiéu chuan ISO 834 [7],[3]. Dic biét,
dé lam séng to su twong tac da vat ly gitra didu kién bién nhiét
dong hoc va trang théi gioi han cua két cau, cAu kién duoc dat
vao hai kich ban phoi nhiém nhiét ¢ hoan toan doc lap véi ban
chat vat ly khac biét.

Kich ban 1 (KB1 - Chay don dién): Dam chi tiép xdc vai ngon
lra & mot mat day. Day 1a mé hinh dai dién cho cac dam bién,
dam duoc che chan bai hé thdng vach, hoac dam ma cong ning
khong gian bén dudi co rii ro chay cuc bo.

Kich ban 2 (KB2 - Chéy tam dién): Dam tiép xuc véi ngon lira
tir mat day va hai mat bén. Py 1a mo hinh mdc dinh trong thiét
ké tiéu chuan, dai dién cho dam 16 thién hoan toan giira khong
gian san khi hé théng ngan chay bi vo hiéu hoa.

Viéc phan tich dbi chiéu giira hai kich ban nay huéng ti

1am 13 co ché thoai hoa dic tinh vat ligu theo thoi gian thuc cua

dam chay thay vi chi xac dinh truong nhiét do tinh. Nhing dit
liéu dinh luong thu dugc cung cp luan ctr khoa hoc dé hiéu
chinh céc hé s6 an toan trong thiét ké khang chay thuc tién, dac
biét quan trong ddi Vi cac cong trinh ha tang do thi quy md lén
[7]. Céch tiép can nay cho phép chuyén dich tir tur duy thiét ké
dinh muc sang thiét ké dua trén hiéu nang, dam bao tinh tdi uu
vé kinh té - ky thuat ma van duy tri bién d6 an toan sinh mang

can thiét.

P/2] |P/2 (b=200

100" 1400 an.’ 1400 M0

3000

Hinh 4: Théng s6 kich thudc dim bé tdng cét thép (BTCT)

Bang 1: Pac trung vat liéu thép

Théng sb Ky hi¢u Gia tri

Module dan hdi Young (N/mm2) E 2x10°

Ty trong (kg/m3) p 7850

Ty s6 poisson v 0.3
Bang 2: Pac trung vat liéu bé tong

Thong so Ky hiéu Gia tri

Module dan hdi Young (N/mm2) | E 27.5x10°

Ty trong (kg/m3) p 2500

Ty s6 poisson v 0.2

4. KET QUA VA THAO LUAN
4.1. Sw khac biét vé trwong nhiét d va hiéu &ng 16i
mat theo KB1 va KB2

M6 phoéng truong nhiét do sau 120 phut gia nhiét da
phoi bay mét thyuc té vé su giao thoa dong nhiét dya vao két
qua hinh 5. Viéc phan tich ang xir nhiét cua dam tiét dién
200x400 mm dugc dya vao két qua hinh 6, hinh 7. Trong
kich ban gia nhiét don dién (KB1), ung xu nhiét ciia dim bé
téng c6t thép tiét dien 200x400 mm boc 16 mot quy luat phan
I6p gradient nhiét d6 theo phuong dung cuc ky ro rét, noi

dong nhiét xam nhap tir mat day tao ra cac duong dang nhiét
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song song gilp duy tri trang thai én dinh nhiét tai ving bé
téng phia trén truc trung hoa. Su ti mi trong viéc dinh luong
hoa anh huéng caa chiéu day 16p bao vé bién thién tir 30mm,
50mm va 70mm d3 cho thy hiéu qua cua l4 chin nhiét bi
dong, khi ma nhiét d6 cbt thép chiu kéo giam manh tir 462°C
xuéng con 211°C, cho phép bao toan mé dun dan hdi va han
ché hién tuwong cong vénh nhiét do su chénh léch gidn no
khong dong déu. Hién tuong hiéu ung 16i mat 1a co ché duy
tri nang lyc chiju tai cot I8i, gitr cho nhiét &6 mat trén dam chi
dao dong & muc nhiét d6 moi truong bat chap su gia nhiét
cuc han tai bé mat tiép xdc lia, tir d6 tri hodn dang ké tién

trinh thoai hoa dic tinh ly héa cua hé vat liéu composite [1].

dong nhiét da huéng, dan dén viéc triét tiéu nhanh chong kha
ning dy phong nhiét va hinh thanh cac dwong dang nhiét
dang chit U xam nhap sau vao vung 16i. Su hoi tu nhiét
luong tai cac goc tiét dien 200mm khién nhiét do cbt thép
vot lén mirc 553°C vai 16p bao vé 30mm, cao hon gan 100°C
s0 voi kich ban don dién, tir d6 kich hoat qué trinh thoai hdéa
cuong d6 vat liéu thanh phan Ién muc bao dong [5]. Ngay ca
khi gia cuong 16p bao vé 1én ngudng toi da 70mm dé kim
ham nhiét do cét thép & mirc 280°C, gradient nhiét d6 xuyén
tam trong KB2 van phét sinh cac tng suét nhiét noi tai cuc
I6n tai vung tiép giap giira 16p vo bi d6t nong va 16i méat, lam
gia ting dang ké rui ro nut v& va bong tréc bé mat so voi

kich ban phoi nhiém han ché [7].

ANSYS

Hinh 5: M6 hinh 3D kich ban 1 va kich ban 2 sau khi giai

¢=30mm

c=50mm

c=70mm

-

Hinh 6: Dir liéu phan tng nhiét thu dugc sau 120 phit gia tai nhiét theo ti€u chuan ISO 834 ( chiéu day bé tong 30,
50, 70mm) kich ban 1

c=50mm

c=70mm

Hinh 7: Dix li¢u phan tng nhiét thu dugc sau 120 phut gia tai nhiét theo tiéu chuan ISO 834 ( chiéu day bé tong 30,
50, 70mm) kich ban 2

Nguoc lai, kich ban tam dién (KB2) thiét lap moi truong

nhiét dong hoc nhanh hon dang ké do sy giao thoa cua cac

Theo két qua hinh 8, su phat trién caa truong nhiét do
khoéng 6n dinh bén trong tiét dién dam bé tong cbt thép

(BTCT) dudi tac dong cua dwdng cong nhiét tiéu chuan 1SO
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834 dua quy luat vat Iy nhat quan, trong d6 téc do gia nhiét
cua cét thép ludn chiém wvu thé so véi ma tran bé tong nho
vao su chénh léch dang ké vé hé s6 dan nhiét (). Hién tugng
nay khang dinh vai trd chién lugc cua I6p bé tong bao vé nhu
mot 14 chin nhiét bi dong, gitp tri hodn tién trinh xam nhap
cuia dong nhiét vao vung 16i thong qua hiéu tng tré nhiét dac
trung [7]. Thong qua viéc phan tich tham sb, su gia ting
chiéu day 16p bao vé tir 30 mm dén 70 mm da thiét 1ap mot
bién d6 an toan nhiét hoc rd rét, cho phép kéo dai thoi gian
can thiét dé cét thép chu dat toi ngudng ti han 400°C — thoi
diém ma vat liéu bat dau suy giam nghiém trong vé mé dun

dan hoi va cuong do chay déo theo cac quy dinh khat khe

BIEU BO PHAT TRIEN NHIET DO THEO THO GIAN KICH
BAN BOT 1 MAT BAY (KB1)

1000 - _.—'—-—""_'_._._._-_'_—

BOD

[=

trinh thoéi héa hoa Iy cua cau tric gel C-S-H, dan dén su suy
vong nang lyc chiu tai sém hon dang ké so vai kich ban KB1
[5]. Nhitng dir ligu dinh luong dong vai trd then chdt vé do
tin cay, khang dinh rang viéc tham dinh an toan chay phai
dya trén sy thau hiéu sau sic vé twong tac da vat ly giira ciu
tao hinh hoc va kich ban phoi nhiém thyc té thay vi chi dya

Va0 c4c bang tra dinh muc truyén thdng.

4.2. Thao luan

Phan tich tuong tac nhiét-co phi tuyén trén mé hinh dam

bé téng cdt thép (BTCT) di lam sang to sy khéc biét cin ban

BIEU BO PHAT TRIEN NHIET BO THEO THI GIAN KICH
BAN DOT 3 MAT (KB2)

1200

1000

Hinh 8: Biéu dd phat trién nhiét do theo thoi gian phu thude vao chiéu day 16p BT bao vé theo KB1 va KB2

ciia Eurocode 2 [3]. Hon nita, phép so sanh déi chiéu gitra
kich ban gia nhiét don dién (KB1) va tam dién (KB2) da
khang dinh murc d6 nghiém trong cua hién twong hoi tu nhiét
luong da chiéu, dic biét trong cac cau kién c6 tiét dién manh
noi dong nhiét xam nhap dong thoi tir nhiéu phia. Trong kich
ban KB2, sy hoi tu cia cac dudng ding nhiét (isotherms) tai
truc d6i xtng cua dam khong chi triét tiéu nhanh chong kha

ning du phong nhiét cua ving 18i ma con day nhanh tién

trong co ché truyén nhiét va qua trinh thoai hoa vat liéu dudi
tac dong cua duong cong hoa hoan ISO 834. Trong kich ban
chay don dién (KB1), sy hinh thanh gradient nhiét d6 phéan
I6p theo phuong dung gilp duy tri hiéu tng 16i mat (cool
core effect) tai vung bé tdng phia trén truc trung hoa, noi
nhiét do dwoc kiém soat nho dic tinh din nhiét thip va qua
trinh thu nhiét noi tai cua gel C-S-H [5]. Nguoc lai, kich ban
chéy tam dién (KB2) thiét lap trang thai nhiét dong hoc cuc

doan do su hoi tu dong nhiét da hudng, lam triét tiéu dién
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tich 16i mat va day nhanh quéa trinh phan hay tinh thé
Portlandite, din dén sy sut giam nang lyc chju tai du nhanh
hon déng ké so véi kich ban don dién [3], [4].

Khao sat dinh lugng vé chiéu day Iop bao vé 30mm
trong kich ban KB2, khong ¢am bao nhiét hoc khi dat xap xi
580°C thoi diém thép carbon mit 50% giGi han chay va lam
cau kién khong dat trang thai gioi han vé kha ning chiu tai
trugc thoi diém 120 phat [8] nén can gia ting 16p bao vé Ién
50mm dé dat duoc kha ning chiu tai R120. Di véi két qua
md phong 16p bao vé 30 mm trong kich ban KB1 van dam
bao an toan nhiét hoc khi nhiét do cbt thép chi dat xap xi
420°C sau 120 phut gia nhiét, dam bao mémen khéng udn
con lai (MRd,fi) 16n hon mémen do ngoai lyc (MEd,fi) dudi
t6 hop tai trong hoa hoan tiéu chuan [6]. Viéc duy tri nhiét
d6 cot thép dudi ngudng téi han khong chi bao toan gisi han
chay ma con duy tri luc bdm dinh tai bé mit tiép giap, gidp
dam bao toan tinh toan ven cau tric ma khong can dén 16p
bao vé qua day nhu cac quy dinh dinh muc truyén théng [1].

Viéc thiét ké dya trén hiéu ning (PBD) cho phép tbi uu
hoa khéi lugng vat liéu théng qua viéc ca nhan héa giai phap
khang chay cho tirng cu kién cu thé thay vi ap dung rap
khuon cac yéu cau cia QCVN 06:2022/BXD. Phan tich ky
thuat chi ra rang viéc giam chiéu day lép bao vé tr 50 mm
xuéng 30 mm cho cac dam thudc kich ban KB1 gitp giam
trong lwong ban than cau kién khoang 10-15%, tir d6 tdi wu
hoa noi luc cho hé thong két cau chiu luc bén dudi va mang
lai higu qua kinh té truc tiép cho cac cong trinh ha tang quy
mo lon [4]. Cach tiép can nay cung cap 19 trinh khoa hoc dé
hiéu chinh cac quy chuan hién hanh, thay thé tu duy thiét ké
dinh mirc bang céc giai phap k§ thuat c6 tinh toan dinh lugng,
g6p phan nang cao tinh bén viing va hiéu qua dau tu trong

xay dung hién dai [8].
5. KET LUAN
Nghién ctru da hoan thanh viéc thiét lap hé thng dir liéu

dinh lwong vé& tng xur nhiét-co tuan ty cua dam bé téng cot

thép (BTCT), qua d6 khing dinh rang gisi han chiu hra cua

céu kién khong phai 13 mot dai lwong ¢é dinh ma 1a mot ham
s6 bién thién phu thudc tryc tiép vao kich ban phoi nhiém
nhiét thuc té. Viéc xéac thuc sy ton tai cua hiéu tng I18i mat
(cool core effect) trong kich ban chay don dién da lam sing
t6 co ché bao toan tinh toan ven ciu tric thong qua viéc duy
tri dac tinh ly hda cia ma tran da xi mang tai vung trung tam
tiét dién, tao co sé khoa hoc dé hiéu chinh cac bién d6 an
toan nhiét hoc cho cac cau kién bién trong cong trinh [5].
Nhiing két qua phan tich trudng nhiét do da cho phép heé
thdng héa vai tro cua 16p bé tong bao vé, trong d6 xac nhan
chiéu day 30 mm 1a ngudng ti wu cho kich ban chay mat
day dé dat giéi han R120, trong khi kich ban chay ba mat doi
hoi d6 day t6i thiéu 50 mm nham ngan chan su suy giam gidi
han chay cua cét thép khi nhiét do tiém can ngudng t6i han
500°C [6].

Viéc chuyén dich tr tu duy thiét ké dinh mic
(prescriptive approach) sang phuong phép thiét ké dya trén
hiéu nang (Performance-Based Design - PBD) theo cac tiéu
chuan quéc té nhu Eurocode 2 mé ra 16 trinh t6i uu hoa khdi
lwong vat liéu va nang cao hiéu qua dau tu cho céc dy &n ha
tang do thi quy mo Ién [8]. Phan tich thyuc ching chi ra ring
viéc c& nhan hoa chiéu day l6p bao vé cho céc cau kién thuoc
kich ban phoi nhidm han ché khong chi gidp tiét giam trong
luong ban than hé khung tir 10% dén 15% ma con truc tiép
t6i wu hoa so d6 phan bd noi luc cho toan bo hé thong két
cau chiu lyc bén dudi. Tong két lai, nghién ctru nay da thiét
lap mét nén tang ky thuat co tinh toan dinh lwong chinh xéc,
cung cap cac minh ching khoa hoc can thiét dé hiéu chinh
quy chuan QCVN 06:2022/BXD theo huéng linh hoat va
tiém can voi cac tiéu chuan tién tién trén thé gisi, gop phan
thiic diy muc tiéu phat trién bén viing va an toan trong xay

dung hién dai [2].
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ABSTRACT

Injecting CO, during mixing (CO, intermixing) has been proposed as an effective approach to
accelerate early hydration and thereby enhance the early strength of cement-based materials. In
this study, a new CO, intermixing strategy (Method I1) is developed, in which ground granulated
blast furnace slag (GBFS) slurry was first exposed to 0.1-6 wt.% CO., followed by blending with
Portland cement (PC). The results are compared with a conventional CO, intermixing approach
(Method 1), in which GBFS and PC are co-mixed at the same CO, dosages. The results show that
Method Il achieves a better balance between workability and mechanical performance. As the
CO; dosage increases from 0.1 to 6 wt.%, the flowability increased by 15.7-27.8%, while the 91-
day compressive strength improved by 14.2-30.4% compared with Method I. In addition, Method
II mitigates the reduction in Ca(OH): caused by carbonation, whereas Method I shows a decrease
in Ca(OH): content after CO, intermixing. Overall, Method Il provides a more effective route to
maintain workability while enhancing long-term strength, demonstrating clear advantages over
conventional CO: intermixing.

Keywords: CO: intermixing; ground granulated blast furnace slag; hydration reaction; long-term
strength

1. INTRODUCTION and calcium silicate hydrate (C-S—H), leading

Portland cement (PC) is the most widely
used construction material worldwide, owing
to its low cost, high strength, and reliable
durability. Global cement production exceeds 2
billion tons per year, with China accounting for
approximately 2.38 billion tons in 2020 [1].
Given this enormous production scale, even
partial CO: utilization during cement
manufacturing could offer meaningful carbon
mitigation potential.

Injecting CO: during mixing of cement-
based materials, often referred to as CO:
intermixing, has been widely studied as a
promising carbon utilization approach [2]. In
this process, dissolved CO- reacts with cement
phases such as tricalcium silicate (CsS) and
dicalcium silicate (C2S), as well as hydration
products including calcium hydroxide (CH)

to the formation of nano-sized calcium
carbonate. These fine particles can serve as
nucleation sites, accelerating hydration and
improving early-age strength [3]. However,
excess CO2 may result in excessive carbonates
on the surface of cement particles, which can
hinder further hydration [5]. In addition, CO:
intermixing often reduces workability and
shortens setting time [6], which may
negatively affect mixing and casting processes

[7.8].

Ground granulated blast furnace slag
(GBFS), an industrial by-product from
ironmaking, is regarded as a low-carbon

supplementary cementitious material, with a
carbon footprint only about 5-8% of that of
OPC [9,10]. Its use in cement systems can
improve later-age strength, reduce heat release,
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and enhance durability [11]. However, GBFS
may contain free oxides such as f-CaO and f-
MgO [12], which hydrate to form expansive
products (Ca(OH). and Mg(OH):), potentially
causing volumetric instability due to
significant expansion [13].

Recent studies have shown that CO:
intermixing can effectively reduce the
reactivity of free oxides in GBFS, thereby
mitigating  expansion-related issues [14].
Building on this, this study combines CO-
intermixing with partial OPC replacement by
GBFS to investigate its effects on hydration
behavior, microstructural development, and
macroscopic performance, and to evaluate its
feasibility  for low-carbon  cementitious
systems.

2. Materials and methods
2.1. Materials

The Portland cement (OPC) used in this
study had a Blaine fineness of 3590 cm?/g, and
the chemical composition of OPC and ground
granulated blast furnace slag (GBFS) is
summarized in Table 2.1. High-purity CO: gas
(99%) was used throughout the experiments.
Deionized water was employed for all mixing
procedures.

Table 2.1 Chemical composition of OPC and
GBFS (wt.%)

control, while OPC-x denotes samples in
which x wt.% of OPC was replaced by GBFS.

Two CO: intermixing methods were
adopted in this study. For the OPC-10-y series
(Method 1), 10 wt.% GBFS was incorporated,
and CO: (y wt.% relative to the total binder
content) was introduced during the
simultaneous mixing of all raw materials for 2
min.

For the FOPC-10-y series (Method 1), the
overall composition was identical to that of
OPC-10-y; however, the mixing sequence was
modified. Specifically, the 10 wt.% GBFS was
first subjected to CO: intermixing at a water-
to-binder ratio of 2 for 2 min. The remaining
90 wt.% OPC and water were then added,
followed by conventional mixing.

Table 2.3 Mix design of blended cement paste.

Flow

OPC GBFS CO; rate Water

@ @ (Wt.%) (L/min) (9)
OPC 720 |/ - - 360
OPC-5 684 36 - - 360
OPC-10 648 72 - - 360
OPC-20 576 144 - - 360
OPC-30 504 216 - - 360
OPC-
10-0.1 648 72 0.1 0.2 360
OPC-
10-1 648 72 1 1.8 360
OPC-
103 648 72 3 5.4 360
OPC-
106 648 72 6 10.8 360
*FOPC-
10-0.1 648 72 0.1 0.2 144+216
FOPC-
10-1 648 72 1 1.8 1444216
FOPC-
10-3 648 72 3 5.4 144+216
FOPC-
10-6 648 72 6 10.8 144+216

Chemical OPC GBFS
composition
CaO 62.05 50.07
SiO, 20.53 [24.87
ALOs 4.45 12.55
Fe20s 3.17 0.44
MgO 2.81 5.41
SO 2.10 1.94
f-CaO 0.80
Na:0 0.55 0.46
ClI- 0.032 0.03
LOI 1.74 1.10
2.2. Method

A total of 13 mixtures were designed,
with a fixed water-to-binder ratio (w/b) of 0.5
for all mixtures. The mix design is summarized
in Table 2.3. The OPC group was used as the

(a) Water was added in two steps: 144 g for CO: intermixing
with GBFS, followed by 216 g during mixing with OPC.

3. Results and discussion
3.1 Optimal GBFS Content

GBFS was used to replace OPC at 5%,
10%, 20%, and 30% to evaluate its effects on
flowability and compressive strength (Figures
1 and 2). Among all mixtures, OPC-10
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exhibited the highest flowability. Although its
early-age strength was not the highest, its 56-
day and 91-day compressive strengths
increased by 36.9% and 55.75%, respectively,
compared with OPC. Considering that CO:
intermixing enhances early  strength
development, higher GBFS contents are
undesirable due to reduced workability and
dilution effects. Therefore, 10% GBFS was
selected as the optimal content.

16

15 4

Flowability (cm)

i

10 T T T T T
OPC OPC-5 OPC-10 OPC-20 OPC-30

Figure 1. Effect of GBFS content on the
flowability of blended cement paste.
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50 4

Compressive strength (cm)
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' : Curing limc-’[‘t‘.l) !
Figure 2. Effect of GBFS content on the
compressive strength of blended cement paste.

3.2 Flowability

Figure 3 shows the effect of CO. dosage
on paste flowability. Under Method |,
flowability decreased significantly with CO:
addition. Even 1% CO: (OPC-10-1) reduced
flowability by 13.3%, mainly due to the
formation of nano-CaCQOs, increased particle
friction, and water consumption.

In contrast, Method Il improved
flowability across all CO: levels. Compared
with OPC-10-y, the flowability of FOPC-10-y
increased by 15.7-27.8%. This improvement is
attributed to CO,-premixing at a higher water-

to-binder ratio (w/b = 2), which limits CaCOs
agglomeration and produces finer, well-
dispersed  particles,  thereby  reducing
interparticle friction and improving flowability.
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Figure 3. Flowability of fresh blended cement
paste.

3.3 Compressive Strength

The compressive strength results are
shown in Fig. 4. Compared with OPC, the
blended cement paste papered by Methold 1
(OPC-10-y) showed similar early-age strength

(=7 days) but a slight reduction at later ages,

indicating that CO: intermixing has a limited
early impact but may hinder long-term
strength when CO, is excessive. This is mainly
due to: (1) carbonation of ettringite into
CaCOs, causing volume shrinkage and
increased porosity; (2) excessive carbonates
on the unhydrated particles, which slows
further hydration; and (3) reduced workability
leading to a porous microstructure.

In contrast, all the blended cement paste
papered by Methold Il (FOPC-10-y) achieved
higher strength than Methold 1 (OPC-10-y).
At 91 days, the strength increased by 14.2—
30.4%. This improvement is attributed to a
more uniform distribution of nano-CaCOs,
which can effectively act as nucleation sites
and promote hydration. In Method Il, GBFS is
pre-mixed with CO: at a high water-to-binder
ratio (w/b = 2), which promotes better
dispersion of reaction products and reduces
local agglomeration. After adding OPC,
hydration products from GBFS and OPC are
more evenly distributed rather than forming
surface coatings on cement particles as in
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Method 1, which effectively promotes OPC
hydration, resulting in a denser structure.

The OPC-10 mixture also showed a
strength decrease at 91 days, likely due to its
higher early hydration rate. Although rapid
hydration improves early strength, it may
disrupt optimal microstructure formation and
weaken long-term bonding, leading to reduced
later-age strength.

—s— OPC-10
—e— OPC-10-0. 1
—&— OPC-10-1
60 —v— OPC-10-3
-— OPC-10-6
- m- FOPC-10-0. 1
- e - Fopc-10-1
A
v

70 4

- A- FOPC-10-3 1
- FOPC-10-6 .,

404~

304

Compressive strength (cm)

7 % % o

Curing time (d)
Figure 4. Effect of CO: dosages on the
compressive strength of blended cement paste.

3.5. Thermogravimetric analysis

As shown in the DTG curves of OPC-10-
3 and FOPC-10-3 (Fig. 5a,b), a distinct
double-peak feature appears in the 600700 °C
range, indicating the coexistence of multiple
CaCOs polymorphs (eg, vaterite, aragonite,
and calcite) within the first 28 days. At 91
days (OPC-10-3-91d and FOPC-10-3-91d),
only a single peak is observed, suggesting that
metastable phases gradually transform into
thermodynamically stable calcite.

The CaCO:s content calculated and shown
in Fig. 5¢c. Compared with the uncarbonated
OPC-10 group, both OPC-10-y and FOPC-10-
y exhibit higher CaCOs contents at all curing
ages, confirming that CO: intermixing
effectively  enhances carbonation.  The
increased formation of nano-CaCOs; may
contribute to pore filling.

In addition, all mixtures show lower
CaCO:s content at 91 days compared with 7
and 28 days, which may be attributed to
further dissolution of CaCOs and its reaction
with aluminate phases to form
carboaluminates.

0.04L%

, F\ --.ef\\//y’-

|

| ‘R
§ | |
1.0+ —— OPC-10-3-7d \[),

———OPC-10-3-28d b ¥ o4
OPC-10-3-91d

T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000

Temperature (°C)

0.0+
0
©
=
o
1.04
——FOPC-10-3-7d |
——FOPC-10-3-28d
FOPC-10-3-91d
L5 T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000
Temperature (°C)
[Jorc-n
OPC-10:0.1
124 OPC-10-1
OPC-10-3
I . o OPC-10-6
_ LA P EORC-10-0.1
= ] [ Fopc-10-1
< Er'umm;
= FOPC-10-6
14
o —_—
g
=
[

o SInsEE M 1
28d 91d

7d
Figure 5 DTG curves of blended cement paste
under (a) Method I, (b) Method II, and (c)
CaCOs content.

4. CONCLUSIONS

This study investigated the effects of CO-
intermixin on GBFS-OPC blended cement
systems. The main conclusions are as follows:

(1) Under the conventional CO:
intermixing method (Method 1), flowability
decreased significantly. In contrast, the
proposed Method Il improved flowability by
15.7-27.8% by generating finer and better-
dispersed CaCO:s particles.

(2) Method 1 slightly reduced long-term
strength, while Method Il increased 91-day
strength by 14.2-30.4%. This may be
attributed to a more uniform microstructure
and better distribution of hydration products.
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(3) Thermogravimetric results showed
that CO. intermixing increases CaCOs
formation, with early polymorphs gradually
transforming into stable calcite. The resulting
nano-CaCOs contributes to pore refinement,
although part of the carbonate is consumed at
later ages due to carboaluminate formation.

Overall, Method 1l is more effective for
COy-intermixing strategies in improving both
fresh and hardened properties of GBFS-OPC
systems.
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TOM TAT

Bai bao phan tich vai tro ciia vat lidu xanh trong cong trinh xanh, véi trong tim 1a ha tang cang
hang khong nham dap tmg muc tiéu phat thai rong bang 0 vao nam 2050 cua Viét Nam. Cong trinh
xanh duoc tiép can theo vong doi, trong d6 t6i wu hoa sir dung ning luong, tai nguyén va vat lidu
tir thiét ké dén van hanh. Nghién ctru tong hop cac hé thong danh gia LEED va LOTUS, dong thoi
phan loai vat li¢u xanh thanh bén nhom: sinh thai, an toan strc khoe, higu suit cao va tai ché. Cac
tiéu chi lua chon vat liéu theo LOTUS duogc nhdn manh, bao gém giam st dung vat li€u phat thai
cao, uu tién vat liéu khong nung, vat liéu dia phuong va vét liéu phat thai thip (Low VOC). Cac
giai phap vat liéu xanh nhu tre, gd k¥ thuat va vat liéu tai ché duoc dé xuit 4p dung nham giam
phat thai carbon. Vai tro ctia Tuyén bd San pham V& Mbi trudng (EPD) dugc khang dinh nhu
cong cu minh bach hoa va hd tro ra quyét dinh trong thiét ké cong trinh xanh.

TU KHOA: Vit liéu xanh, Cong trinh xanh, Ha tang hang khong, Net-zero carbon, LOTUS,
Low VOC, EPD.

ABSTRACT

This paper examines the role of green materials in green buildings, with a particular focus on
airport infrastructure, in order to support Vietnam’s commitment to achieving net-zero carbon
emissions by 2050. The concept of green buildings is approached from a life-cycle perspective,
emphasizing the optimization of energy, resource, and material use from design through operation.
The study reviews major green building rating systems, including LEED and LOTUS, and
classifies green materials into four main categories: ecological, health-safe, high-performance, and
recycled materials. Material selection criteria based on the LOTUS framework are highlighted,
including reducing the use of high-emission materials, prioritizing unburnt materials, locally
sourced materials, and low-emission products (Low VOC). Furthermore, green material solutions
such as bamboo, engineered wood, and recycled materials are proposed for implementation to
reduce carbon emissions. The role of Environmental Product Declarations (EPDs) is also
emphasized as a transparent and data-driven tool to support decision-making in sustainable
building design.

KEYWORDS: Green materials, Green buildings, Airport infrastructure, Net-zero carbon,
LOTUS, Low VOC; EPD.

1. GIOIL THIEU Bién dbi khi hau va su gia ting ndng do

khi nha kinh, dac biét la CO, dgng tao ra
nhiing thach thic nghiém trong doi véi phat
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trién bén viing toan cdu. CO: duge xem 1a mot
trong nhimg khi nha kinh quan trong nhat do
su phd bién va thoi gian ton tai lau dai trong
khi quyén. Sy gia ting phat thai tir cac hoat
dong ctia con ngudi da lam bién d6i hé thong
khi hau va de doa dén moi truong ciing nhu sy
phat trién ctia xa hoi.

Trong bdi canh d6, cam két dat phat
thai rong bang 0 vao nim 2050 cia Viét Nam
dit ra yéu cau chuyén déi manh mé trong
nhiéu linh vyc, dic biét 1a nganh xdy dung -
mot trong nhitng ngudn phat thai 16n nhat.
Trén pham vi toan cau, linh vuc xay dung va
cong trinh chiém khoang 34-40% tong phat
thai CO. va tiéu thy hon mot phan ba ning
luong toan cau [1].

Ha ting cang hang khong 1a loai hinh
cong trinh ¢6 quy mé 16n, nhu cau ning luong
cao va vong doi dai, do d6 phat sinh lugng
phat thai dang ké trong ca giai doan thi cong va
véan hanh. Trudc thyuc té nay, viée tich hop cac
giai phap giam phat thai ngay tir giai doan thiét
ké dong vai tro then chdt nham kiém soat tac
dong moi truong trong sudt vong doi cong
trinh. Bén canh d0, xu huéng chuyén dbi xanh
trong linh vuc xdy dung khong chi 1a yéu cau
tat yéu ma con la dinh hudng chién luge nham
nang cao hi€u qua su dung tai nguyén va
huéng t6i phat trién bén ving [2].

Cong trinh xanh (CTX) nbi 1én nhu mot
huéng tiép can hiéu qua, khong chi tap trung
vao hiéu qua van hanh ma con kiém soat phat
thai trong toan by vong doi cong trinh. Trong
do, vat liéu (VL) xay dung dong vai tro quyét
dinh, bdi “carbon ham chra” (embodied
carbon) tir vat liéu chiém ty trong 16n trong
tong phat thai [3]. Vi vy, nghién ciru chién
lugc st dung vat liéu xanh (VLX) trong ha
tang cang hang khong 1a can thiét va c6 y
nghia thyc tién cao.

2. CONG TRINH XANH VA VAT
LIEU XANH

CTX Ia cong trinh xay dyng ma trong
ca vong doi ciia n6 (Hinh 1), tir giai doan lya
chon dia diém, thiét ké, thi cong xay dung, giai
doan st dung, van hanh, cho dén giai doan stra
chira, nang cép, tai st dung, déu dat dugc hidu
quéa cao va tiét kiém sir dung ning luong, tai
nguyén nuée, VL va giam thiéu cic tic dong

xau dén sirc khoe cua con nguoi va méi truong
xung quanh, giam thiéu phat sinh chat thai gay
6 nhiém méi trudng va tao ra diéu kién song
t6t nhat cho nguoi sir dung [4].

("“\“

Lira chon
dia diém

'

Stra chira,
tai str dung

VONG DOT Thiét ké

;\ CONG TRINH '/

/ S
==

Van hanh, —
str dung Thi cong
Hinh 1: Vong doi cong trinh xanh (Nguon: tac
gia)

Trong ciu trac d6, VLX 1 thanh phan
cbt 18i, 12 VL than thién v6i méi trudng hodc
VL ¢6 tac dong méi trudong thdp vi cac anh
huong cua chung duge can nhic trong subt
vong doi (Hinh 2). Cac VLX phai dat mét hodc
nhiéu dic tinh, bao gom (i) khong doc hai; (ii)
¢6 ham lugng tai ché; (iii) tiét kiém tai nguyén;
(iv) vong doi dai; hodc (V) co tic dong moi
truong thap hodc dugc thiét ké theo hudng bén
viing [5]. Pay la cac VL c6 tic dong moi
truong thap, duge danh gia dya trén toan bo
vong doi (Life Cycle Assessment - LCA),
ddng thoi dam bao hiéu qua ky thuat va an
toan cho sac khoe.

Theo vong doi, VLX ¢6 thé duoc phan
loai thanh bdn nhom chinh:

e VL sinh théi (ecological): Cac ngudn
ty nhién it xir Iy nhan tao (tre, nira, gb
cong nghiép).

e VL an toan cho sirc khée (healthy):
Phat thai thap, khong chira chit doc
hai (low/zero VOC/formaldehyde).

e VL hiéu suit cao (high-
Performance): Cac san phim cach
am, cach nhiét, chéng thim c6 hiéu
sudt vuot troi gitp tiét kiém ning
lugng.

e VL tiai ché (recycling): Puoc tao
thanh tir rdc thai hodc phé lidu xay
dung.
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3 l
ovo! -]
Khai thac Ché tao
nguyén liéu thé,
h, VONG DOT
o CUA ~ -
Cuéi véng VATLIEL Vén chuyén

doi

_ Surdung Phén pho/ ban lé

" Hinh 2: Vong doi cua VL (Ngudn: tac gia)

Céc hé théng danh gia nhu LEED,
BREEAM va LOTUS cung cip khung tiéu chi
toan dién dé do luong muc do bén ving cua
cong trinh. Trong d6, LOTUS dugc phat trién
phu hop véi diéu kién Viét Nam va nhin manh
céc tiéu chi lién quan dén VL nhu ham luong
tai ché, ngudn gdc va phat thai [6].

3. TIEU CHI VA PHUONG PHAP
LUA CHON VAT LIEU XANH

Viéc luya chon VLX can dua trén cac
tiéu chi dinh luong va dinh tinh nhim giam
thiéu tac dong moi truong. Hé thong LOTUS
nhin manh cac nguyén tic sau:

e Giam sur dung VL c6 cudng dd phat
thai cao nhu bé tong va thép truyén
théng;

e Uu tién VL khdong nung vat liéu
khéng nung (gach khéng nung, bé
tong khong nung...), VL tai ché va
VL dia phuong;

e St dung VL phat thai thip (Low
VOCQC) nhim cai thién chét lwong
khong khi trong nha;

e Ap dung mé hinh kinh té tudn hoan
thong qua tai str dung VL.

Tai Viét Nam, song hanh véi viéc phat
trién nhanh vé CTX, thi Green Label (Nhan
xanh) va Tuyén bd San phim Vé Méi truong
(EPD) dang tré nén ngay cang phd bién va
duoc chu y hon trong viéc danh gia, xac dinh
tinh bén vimng ciing nhu sy minh bach cia san
pham va dich vu [7]. Viéc st dung VL c6 EPD
cling gop phin nang cao diém sb trong cac h¢

thdng danh gia CTX nhu LOTUS hay LEED.
Ngoai ra, cac chimg nhdn nhu FSC, Green
Label, hay Cradle to Cradle dong vai tro xac
nhén tinh bén viing cta VL.

Green Label 1 thuat ngir dung dé chi
cac nhan sinh thai hodc hé thong chimg nhan
4p dung cho san pham, dich vy hodc hoat dong
dap ung cac tiéu chi vé bao vé moi truong va
phat trién bén vitng. Nhan nay duoc st dung
nhdm nhan dién va phan biét nhimng san pham
hodc dich vy dugc san xuét, quan 1y theo céac
tiéu chuén méi truong nghiém ngat hon, hodc
¢6 tac dong moi trudng thdp hon so véi cac san
pham, dich vu cing loai, qua dé hd tro ngudi
tiéu dung va cac bén lién quan dua ra lya chon
than thién véi moi trudng.

Chu trinh lya chon VLX trong cong
trinh xanh c6 thé chia thanh 5 budc: (1) Thiét
ké: Dé xuét giai phap thiét ké tdi uu; (2) Lya
chon: Chon vat liéu phu hop véi thiét ké; (3)
Thu thap thong tin: Tim hiéu déc tinh k¥ thuat
thuc té; (4) So sanh: i chiéu véi yéu ciu tiéu
chudn CTX; (5) Minh ching: Thu thap gidy
chimg nhan va két qua kiém dinh (Hinh 3).

2 i )%
> = (
Z ~ By &
L P & 9 E
", a . K
Design Choose Collect Compare " Bvidence

information
Thu thap théng tin So sanh

materials

Thiét ké Lya chon vat liéu Minh chieng

DE xudt gidi Ghon loai vat Tim higu dac
phap thiét ké liéu ph hop tinh thuc té cda
i vy VG thiét ké vatlieu

So sanh yéu cau
cda tiéu chudn
LEED, LOTUS

Minh chitng chét
lwong cia vat ligu
(Kiém dinh, gidy
chiena nhan)

Hinh 3: Chu trinh lya chon VLX trong CTX
(Nguén: tac gia)

Green Database 1a co s dit lidu vé
VLX do Hdi dong CTX Viét Nam (VGBC)
phat trién, cung cép danh muc cac vat liéu da
duogc kiém chimg va chimg nhan. Cong cu nay
hd trg tra ctru nhanh cac VL dap ung tiéu chi
LOTUS, gitp t6i wu qua trinh Iya chon trong
thiét ké va thi cong, dong thoi nang cao tinh
minh bach va d¢ tin cy cua hd so CTX [6].

4. GIAI PHAP VAT LIEU CHO
CANG HANG KHONG

Viéc tng dung cac VL maoi c6 kha ning

Iuru trit carbon 14 chia khoa dé dat Net-Zero:
e Tre: CO cuong dd kéo cao (trong mot
sO truong hop co thé tiém can thép),
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sinh truéng nhanh (thu hoach 3-5
nam) va hép thu CO, nhiéu hon ciy
lay gb. Phu hop cho két cau nhe va
trang tri noi that.

e Gb ky thuat (engineered wood): Céc
loai g6 nhu CLT hay Glulam c6 trong
luong nhe hon bé tong, gitp giam tai
trong cong trinh va luu trir CO, lau
dai.

e Vit liéu dia phwong: Giam chi phi
van chuyén va phat thai carbon lién
quan dén logistics (trong pham vi ban
kinh duéi 150 km).

e VL tai ché: Su dung nhua tai ché,
thép tai ché hodc bé tong tai ché tur
cong trinh phd dd dé han ché khai
thac tai nguyén tho.

Viéc két hop cac VL nay voi thiét ké t6i
vu c6 thé giam dang ké phat thai carbon ma
van dam bao yéu cdu ky thuét cia cong trinh
hang khong.

5. KET LUAN

Két qua nghién ctru cho thiy viéc ap
dung VLX trong ha ting cang hang khong la
kha thi néu co su két hop giita d6i méi VL, tdi
uu thiét ké va tiép can vong doi cong trinh.
Cac giai phap nhu st dung tre, gb ky thuat, VL
tai ché va VL cai tién c6 thé gop phan dang ké
vao viéc giam phat thai carbon ma van dam
bao yéu cau k¥ thuat.

Trén co s& do, bai bao dé xuit mot sb
kién nghi: (i) hoan thién khung chinh sich va
tiéu chuan ky thuat nhim khuyén khich su
dung VLX; (ii) thuc day nghién ctru va phat
trién VL m&i c6 phét thai thap; (iii) ting cuong
ap dung cac cong cu danh gia vong doi va
chting nhan méi treong; va (iv) ndng cao nhan
thirc va nang luc cua céc bén lién quan trong
nganh xay dung va hang khong. Day la nhing
dinh huorng quan trong nham tién t6i muc tiéu
phét thai rong bang 0 trong tuong lai.

LOI CAM ON

Chung t6i xin cam on Truong Pai hoc Bach
khoa, PHQG-HCM di hd trg cho nghién ctru
nay.
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Giai phap dua vao ty nhién (nature -based solutions) trong quy hoach san
bay xanh va thich ing bién doi khi hau nghién ciru dién hinh Cang hang
khéng Quéc té Long Thanh

Mai Thi Hiang"

'Khoa Xay dung, Hoc vién Hing khéng Viét Nam
*Email: hangmt@vaa.edu.vn

TOM TAT

Cang hang khong qudc té Long Thanh dang trong giai doan xay dung — thoi diém tdi wu dé tich hop gidi phap dwa vao tuy nhién
(Nature-based Solutions — NbS). Nghién ciru xay dung Khung NbS bén nhém chirc ning (4F-NbS) tich hop tiéu chuan IUCN,
hudng din EU va dic thi an toan hang khong, 4p dung phan tich ho so thiét ké giai doan 1 (2021-2026). Trong 15 tiéu chi danh
gia, du 4n dat 2 tiéu chi day du, 5 tiéu chi mot phan va thiéu 8 tiéu chi; hé s6 dong chay tong hop Cy = 0,46 vuot ngudng
khuyén nghi (< 0,40). Sau giai phap NbS bd sung duoc dé xuét véi chi phi udc tinh 250400 ty dong (< 0,4% tong mirc dau tu
giai doan 1) va loi ich vong dodi 30 nam dat 800—1.500 ty ddng. Nghién ciru cho thdy NbS c6 thé twong thich véi an toan hang
khong néu dugc phan ving, lya chon loai va quan 1y dong vat hoang da phu hop.

TU KHOA: Nature-based Solutions; san bay xanh; Long Thanh; thich tmg bién d6i khi hau; quan 1y nudc mura.

ABSTRACT

Long Thanh International Airport is under active construction (Phase 1, 2021-2026), presenting an optimal window to integrate
Nature-based Solutions (NbS) into its planning and design. This study develops a four-functional-group NbS framework (4F-
NbS) that integrates IUCN global standards, EU guidelines and aviation safety requirements, applied to Phase 1 design
documents. Assessment of 15 criteria reveals 2 fully integrated, 5 partially integrated, and 8 absent; the composite runoff
coefficient Cy, = 0.46 exceeds the recommended threshold (< 0.40). Six supplementary NbS measures are proposed at an
estimated cost of VND 250-400 billion (< 0.4% of Phase 1 investment), yielding 30-year lifecycle benefits of VND 800-1,500
billion. The study suggests that NbS can be compatible with aviation safety when spatial zoning, species selection and wildlife

management are properly implemented.

KEYWORDS: Nature-based Solutions; green airport; Long Thanh; climate adaptation; stormwater management.

1. PAT VAN PE

Nganh hang khong toan cau dbi mit véi ap luc kép: dap
g nhu cau di chuyén ting cao va giam thiéu tac dong moi
truong trong bdi canh bién d6i khi hau (BDKH). Theo ICAO
(2022), hang khéng dong gop 2,5-3% tong phét thai CO.
toan cau va du béo ting 2,5 1an vao 2050. Nhom Giai phap
dwa vao tu nhién (NbS) — da ching minh hiéu qua va tiét
kiém chi phi vong doi trong quy hoach d6 thi — van con it
duogc tich hgp hé théng vao quy hoach san bay, dic biét tai
Dong Nam A.

Cang hang khong qudc té Long Thanh (LTIA) — du an
trong diém qudc gia véi tong dién tich 5.000 ha, cong suét
100 tri¢u hanh khach/nam khi hoan thanh — dang trong giai
doan xdy dung giai doan 1 (2021-2026), téng mirc dau tu
109.717 ty dong. Day la thoi diém vang dé tich hop NbS vi
chi phi diéu chinh ¢ giai doan thiét ké—thi cong thap hon
nhiéu 1an so véi cai tao sau van hanh [1]. Bai bao hudng dén:
(1) xay dung khung phéan loai NbS 4 nhom chirc nang cho
san bay; (2) danh gia mirc d¢ tich hop NbS trong thiét ké
hién hitu; (3) dé xudt cac giai phap bd sung c6 dinh luong
hiéu qua.
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2. PHUONG PHAP NGHIEN CUU

2.1 Khung NbS 4 nhom chirc niang (4F-NbS)

Nghién cuu xdy dung Khung 4F-NbS théng qua quy

trinh tich hop ba tang chuin qubc té: (i) ITUCN Global

Standard for Nature-based Solutions (2020) [2] — cung cép 8

tiéu chi cdt 16i va nguyén tic thich ung sinh thai; (ii) EU

NbS Typology (2020) [3] — phan loai cic ki¢u NbS theo mirc

dd can thi€p vao h¢ sinh thai tir ty nhién hoan toan dén nhan
tao c6 chu dich; va (iii) ACI Sustainability Handbook (2022)
[4] — dit ra cac chi s6 do luong Green-Blue Ratio (GBR), hé

s6 dong chay téng hop (Cy,) Va tiéu chi an toan hang khong

co-benefits

riéng biét. Khung dugc bd sung thém 16p rang budc an toan
tor ICAO Doc 9184 (quy hoach san bay) [5] va ICAO Doc
9137 Part 3 [6] (quan 1y nguy co chim) nhim dam biao mdi
giai phap NbS dé xuit khong mau thudn véi van hanh khai
thac hang khoéng.

Khung 4F-NbS gom bdn nhom chirc nang duoc sap xép
theo muc do wu tién k¥ thuat trong bdi canh san bay nhiét
d6i am: (N1) Quan 1y nudc mua va kiém soat dong chay;
(N2) Piéu tiét vi khi hau va hiéu qua nang lugng; (N3) Bao
ton va phuc hdi da dang sinh hoc; (N4) Tién ich sttc khde
con ngudi va dich vy hé sinh thai. Cau triic tong thé va mbi
quan hé co-benefits giita bdn nhém dugc trinh bay trong

Hinh 1.

KHUNG 4F-NbS CHO SAN BAY

Four-Function Nature-based Solutions Framework

N1 - QUAN LY NUOC

(Water Management)

« Ho diéu hoa sinh thai
* Bioswales, vuron mua
« Mat phti tham nuwéc

« Constructed wetland

S v,
(s N
N3 - DA DANG SINH HOC
(Biodiversity Conservation)

» Hanh lang sinh thai
* Biotope, habitat nhan tao
« \Vung dém da loai ban dia
» Bu dap sinh thai (offset)
4 J

CANG H
(Long Thanh)

—» Quan hé chirc ndng chinh
VI du co-benefits: H6 diéu hoa (N1) . habitat (N3)

— = =P Loi ich chéo (co-benefits)
. gidm nhiét vi khl hdu (N2) | Bioswales (N1) . loc TSS

co-benefits

co-benefits

N2 - VI KHi HAU

(Microclimate Regulation)

+ Mai xanh (green roof)

* Turong xanh (green wall)
« Cay bong mat bai dé

« Mat noc dieu hoa

.

b 4

SIBUaq-09

KHONG

" e\
N4 - TIEN iCH & SU’'C KHOE
(Human Well-being)

« Vanh dai cay giam on

« Khéng gian xanh nha ga

« Cay loc khong khi (PM)

« Vuon sinh thai trai nghiém

. méi trwdmg con trang thu phén (N3)

Hinh 1. So db Khung 4F-NbS va mdi quan hé co-benefits gitra cac nhom chirc ning. Nguon: So' do do tic gia xdy dung diea trén
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IUCN (2020), EU (2021), ACI (2022).

2.2 Dit liéu va danh gia

Dit liéu so cp gom hd so thiét ké ky thuat giai doan 1
(ACV, 2020-2023) [7] va bao cao danh gia taic dong moi
truong cua du 4n (Bo6 TNMT, 2019) [8], tiép can théng qua

cac phu luc cong khai kem theo Bao cao nghién ciru kha thi

va cac van ban ding tai trén cong thong tin cua Bo Xay dung.

Dit liéu thir cap gdm s ligu khi twong — thity van Dong Nai
(2020), tidu TCVN 9257:2012 va QCVN
01:2021/BXD.

chuin

Hé sb dong chay tong hop dugc tinh theo cong thuc Cy,
=3(Ci x A) / ZA,, véi Ci 1a hé sé dong chay cua ting loai bé
mat theo TCVN 7957:2008 va A; 1a dién tich tuong ung.
Mt do tich hop NbS dugc danh gia theo 3 cap: Pay du (v),
Mot phan (@), Chua tich hop (X).

Hiéu qua dinh luong cua cac dé xuit dwoc wéc tinh theo
phuong phap benchmark — str dung hé sb tham chiéu tir cac
nghién ciru thuc dia va cam nang ky thuat qudc té da dugc

kiém chang (FLL 2008 [9] cho méi xanh, US EPA 2000 [10]

cho mit phu thdm va bioswales, Kadlec & Wallace 2009 [11]

cho constructed wetlands, IPCC 2006 [12] cho lwu trir
carbon). Phuong phap nay dugc IUCN (2020) va World
Bank (2022) chap nhan & cap quy hoach khi chua c6 dit liéu
md phong s chi tiét, véi didu kién ghi rd khoang gia tri va

ngudn benchmark.

3. KET QUA VA THAO LUAN

3.1 Panh gia mirc d tich hgp NbS hién tai
3.1.1 Nhdm N1 — Quaén ly nwéc mua

Hé thng thoat nuéc Long Thanh GP1 duoc thiét ké
theo nguyén tic phan lwu vuc, thu gom tap trung vé ba hd
diéu hoa chinh véi tong dung tich woc tinh 1,8-2,2 triéu m3,
tan suat thiét ké P = 1% cho hé thong chinh. Pay 1a diém tich
cuc dang ghi nhan, twong duong quy md cac san bay 1én
trong khu vuc.

Trén dién tich 1.810 ha cua giai doan 1, cac loai bé mat

chinh dwoc phén tich dé tinh Cy, (xem Bang 1):

Bang 1. Phan tich dién tich va hé sb dong chay theo loai bé mat — Long Thanh GB1

Loai bé mat Dién tich (ha) Ci Cix A
Puong bang, duong lan 270 0,92 2484
Séan db tau bay (apron) 150 0,88 132,0
Mai cong trinh (nha ga, phu tro) 60 0,90 54,0
DPuong giao thdng noi bo va bai d6 85 0,85 72,3
Dai an toan cudi dudng bang (RESA, dai co) 230 0,30 69,0
Vanh dai cay xanh 415 0,20 83,0
H& diéu hoa, mat nudce 85 0,00 0,0
Dét tréng, du trir phat trién, hanh lang ky thuat 515 0,35 180,3
Téng/ Cyn, 1.810 — ~ 0,46
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Nguon: Tinh toan cua tac gia; hé sé C; tham chiéu TCVN 7957:2008 va ACI (2022).

Gia tri Cy, ~ 0,46 vuot 15% so véi ngudng khuyén nghi
< 0,40 cta ACI Sustainability Handbook (2022) va cao hon
0 Vi Munich (C = 0,40 — nhd khoang 925 ha bé mat tham
ty nhién trong tong 1.575 ha khu san bay [13]). So sanh voi
Schiphol — noi ¢ ty 1& bé mat cing cao hon nhung da 4p
dung co ché "Water Accounting" dé bé tri luu trit nuée mua
phan tan, két hop lua chon loai hinh BMP ¢6 rai ro thu hit
chim thap [14] — Long Thanh chua c6 cac giai phap giam
dong chay phan tan ¢ cip phan khu: khéng cé bioswales,
rain gardens hay mat phu tham tai bai dd xe va duong ndi bo.
Phan 16n nudéc mua tir céc khu chirc ning chinh duogc thu
gom qua hé théng thoat nuéc cing va dan vé hd didu hoa,
tao 4p luc dinh I 16n trong cac tran mua cuong do cao (90—
120 mm/h theo s lieu KTTV Bong Nai, 2020) — ngudng co
xu hudng tang 15-20% theo kich ban BDKH [8].

3.1.2 Nhom N2 — Piéu tiét vi khi hiu

Tong dién tich cay xanh va mit nuéc GB1 wdc ~500 ha
trén tong dién tich 1.810 ha, twong tng Green-Blue Ratio
(GBR) = 27,6% — dat ngudng téi thiéu theo ACI (2022) va
turong duong Changi (~28%). Tuy nhién, phan bé khong gian
xanh thiéu can bang: phan Ion tap trung & vanh dai ngoai Vi
va dai co RESA, trong khi c&c khu vuc cuong @6 su dung
cao nhit nhu mai nha ga T1 (~60.000-70.000 m2), mai cac
tda nha phu tro, va bai dd xe ndi (~85 ha) gan nhu khong co
bat ky giai phap xanh héa bé mit nao.

Méi nha ga T1 c6 cau tao kim loai va kinh — néu khéng
sir dung vat liéu c6 chi sb phan xa nhiét mat troi (SRI) cao,

khu vuc nha ga c6 nguy co tao dao nhiét cuc bo dang ké

trong diéu kién birc xa 4,8-5,2 kWh/m2/ngay tai Long Thanh.

Ngoai ra, thanh phan loi ciy vanh dai chu yéu la keo I4 tram
va bach dan — cac lodi moc nhanh, d& trong nhung tan thwa,
r& can, gid tri diéu hoa vi khi hau va da dang sinh hoc thip so

V6i cay ban dia da tang tan rong nhu sao den, dau rai.

3.1.3 Nhom N3 — Pa dang sinh hoc

Pay 1a nhom c6 mire d6 tich hop thip nhat va Ia khoang
trbng nghiém trong nhit cua du an. Bio cao DTM (Bo
TNMT, 2019) ghi nhan viéc chat ha toan bo tham thuc vat
cao su trén 5.000 ha; bién phap giam thiéu chi ding & trong
bu theo ty 18 1:1 vé& s6 luong cay ma khong cé yéu cau vé
thanh phan loai ban dia hay chirc nang sinh thai. HO so thiét
ké ky thuat GP1 (ACV, 2022) khong dé cap dén: hanh lang
sinh thai két néi khu san bay véi hé sinh thai xung quanh;
biotope hay habitat nhén tao c6 chu dich; danh muc loai ban
dia uvu tién; hay chwong trinh giam sat da dang sinh hoc sau
van hanh.

Khoang tréng nay dic biét dang lo ngai khi Long Thanh
nam trong ving da dang sinh hoc cao cua luu vuc séng Dong
Nai, lién k& hanh lang sinh thai két néi Vuon Quéc gia Cét
Tién véi cac khu rung phong ho Tan Pha. Ngugc lai, san bay
Munich (Ptic) da duy tri khoang 925 ha khéng gian xanh
trong tong 1.575 ha khu san bay (~60%), trong d6 c6 666 ha
ddng c6 ngay sat hai duong bing nam trong khu bao ton
chim chau Au "Nérdliches Erdinger Moos" rong 4.525 ha.
Theo Béo céo tich hgp 2023 cua Flughafen Miinchen GmbH
[13], 666 ha ddng co nay la khu vuc sinh san cua khoang 40
loai chim, trong d6 hon 95% quan thé choit mé cong A-Au
(Eurasian curlew) tai khu bao ton nim bén trong ranh gigi
san bay, ddng thoi chuong trinh quan Iy biotope chuyén biét
(co cao cét 2 lan/nam, khong bén phan, day thép ching qua
kénh thoat nuwdc) van duy tri ty 1é va cham chim ¢ muc thap
— minh chirng rd rang rang da dang sinh hoc va an toan hang
khong hoan toan c6 thé dong ton tai khi dwoc quan ly dung

phuong phap [13,14].

3.1.4 Nhom N4 — Tién ich sirc khée va dich vu hé
sinh thai
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Vanh dai cdy xanh céach ly tiéng on thiét ké rong 30-50
m véi keo va bach dan mat d6 day, ude tinh giam on khoang
3-5 dB(A). Bé dat hiéu qua giam d6n cao hon theo dinh
huéng quan 1y tiéng 6n caa ICAO Doc 9184, cac nghién cau
thuc nghiém vé dai cay xanh [15] cho thay cin ting chiéu
rong vanh dai 1én 80—120 m, dong thoi sir dung cau trac da
tang tan vai loai cay co6 mat do la cao. Khong gian xanh noi
tht nha ga T1 udc tinh chua dén 1.500 m? trén tong 373.000

m? san (< 0,4%) — thap hon 5-10 lan so véi khuyén nghi 2-5%

cia IATA ADRM (2020) va xa cach chuin thiét ké cua
Changi Jewel véi 22.000 m2 Forest Valley noi khu.

Téng hop Bang 2: trong 15 tiéu chi danh gia, Long
Thanh GP1 dat 2 tiéu chi day dua (v), 5 tiéu chi mot phan (@)
va 8 tiéu chi chua tich hop (X). Nhém N3 (da dang sinh hoc)
gan nhu vang bong hoan toan véi 4/4 tiéu chi chwa tich hop —
day la du dia cai thién I6n nhat va it tn kém nhat néu duoc

trién khai ngay trong giai doan xay dung.

Bing 2. Ma tran danh gi4 tong hop tich hop NbS — Long Thanh GB1

Nhém | Giai phap NbS Mikc dd | Chi s6 hién tai Khoang cach
N1 Ho didu hoa sinh thai J ~2 tridu m? Thiéu chtrc nang sinh thai
N1 Bioswales / Rain garden X Khéng co Thiéu hoan toan
N1 Mt phu thim nudc X Khéng co Thiéu hoan toan
N1 Constructed wetland (dat ngap nudc X Khéng co6 Thiéu hoan toan
nhan tao)
N1 Hé sé dong chay Cy, o Cin~ 0,46 Vuot 15% so chuén < 0,40
N2 Cay xanh vanh dai v GBR ~27,6% Pat ngudng tdi thiéu
N2 Mai xanh / Tudng xanh X Khéng co Thiéu hoan toan
N2 Da dang loai cay o Chir yéu keo, bach dan Thiéu loai ban dia
N3 Hanh lang sinh thai X Khong co Thiéu hoan toan
N3 Biotope / Habitat nhan tao X Khéng cd Thiéu hoan toan
N3 Danh muc loai ban dia wu tién X Khong ¢ Thiéu hoan toan
N3 Giam sat da dang sinh hoc X Khéng co Thiéu hoan toan
N4 Vanh dai giam 6n ] 30-50 m, don loai Cén 80-120 m, da ting
N4 Khong gian xanh nha ga o < 1.500 m? (< 0,4%) Thiéu 5-10 1an chuén
N4 Cay loc khong khi o Keo/bach dan, chua du chuén | Thiéu loai chuyén dung

Chii gidi: v/ Bdy dit | @ Mgt phan | X Chuea tich hop. Nguén: Phan tich ciia tae gia tie ACV (2022), ACI (2022).

3.2 Sau dé xuit NbS b sung

Séu giai phap PX1-DX6 dugc dé xuét theo thir ty wu
tién duya trén ba tiéu chi: (a) tinh cap thiét ky thuat — mac do

thiéu hut so voi chuan qudc té; (b) kha thi trién khai — it xung

dot vai thiét ké da co; (c) hiéu qua dinh lugng cao nhét trén
moi dong dau tu. Vi tri bd cuc khéng gian cua timg giai phéap
trén mat bang tong thé Long Thanh GB1 dugc thé hién trong
Hinh 2, gidp hinh dung méi quan hé khong gian gitra cac dé
Xuét va viing han ché an toan hang khong. Theo 16 trinh thoi
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gian, X1 va DX2 c6 thé tich hop ngay vao giai doan ban vé

thi cong dang hoan thién; X3, X4 va DX5 phu hop trién

khai song song véi qua trinh xay dung; X6 1a hang myc

hoan thién cubi cung trudce khi dua vao van hanh khai théc.

SO' PO NGUYEN TAC: 6 DE XUAT NbS OVERLAY MAT BANG GP1 LONG THANH

Schematic layout (not to scale) — Long Thanh GD1: ~1.810 ha - 1 duong bang 4.000m x 75m - nha ga T1 (373.000 m? san)

Buong bang 4.000 m x 75 m

CHU GIAI:

Dé xuét Nbs:

@ PX1 - Mai xanh nha ga T1 (40.000-50.000 m?)
= X2 — Mat phti tham bai d6 & duéng ndi bd
== -% DX3 — Bioswales doc dudng lan (15-20 km)

Yéu t6 hién hiru:

[ (%) x4 - Hanh lang sinh thai phia bac Il Buong bang / lan
(] @ ©XS5 — Vanh dai rirng hén giao 80—15‘1'\"12a ga, san do
H @ DX6 — Constructed wetland (5-10 hi

9 Ho diu hoa hién hitu

Hinh 2. So d6 nguyén tic 6 dé xuit NbS overlay mat bang GD1 Long Thanh. Nguon: So do nguyén tic do téc gid xdy dung
(khéng theo ty 1¢), tham chiéu quy hoach tong thé CHK QT Long Thanh GBI (ACV, 2022).

(PX1) Mdi xanh nha ga T1 va cong trinh 1én
(N1+N2): Lip dat extensive green roof (I6p dat nhe 10-15
cm, tai trong 100-150 kg/m?) trén 40.000-50.000 m? mai
phing nha ga T1 va cé4c tda nha phu trg. Loai thuc vat phu
hop khi hau nhiét doi: co vetiver, co 14 gung, cac loai
Crassulaceae chiu nhiét va han. Hiéu qua dinh lugng: gitt lai
50-65% lugng mua tran thiét ké (twong duong giam 25.000—
30.000 m3 dong chay tic thoi); giam nhiét do bé mat mai
20-28 °C so mai kim loai truyén thdng; tiét kiém 8-12%
ning lugng lam mét (~1,5-2,5 triéu kWh/nam, twong duong

3-5 ty dong/nam); kéo dai tudi tho chéng thim maéi thém 15—

20 nam [3,9]. Piéu kién tién quyét: kiém tra va gia cuong
kha nang chiu tai két cau mai tir giai doan thiét ké.

(PX2) Mit phii thim nwéc cho bai dd xe va dwong
ndi bd (N1): Thay thé bé tong nhya thong thuong bing
pervious concrete hoic gach block tham nuéc cho 80.000—
100.000 m? bai dd xe va dwong noi bo thir cap (khdng ap
dung cho apron, taxiway va duong bing do yéu cau tai
trong). Co ché: nugc thim qua lop vat lidu x6p (do rong 15—
25%), tich trir trong tang cét loc bén dudi, thim dan vao dit
hozc thu vao hé théng tai sir dung. Hidu qua: hé sé C cua khu

vuc ap dung giam tir 0,85 xudng 0,35-0,50; C_th toan khu
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cai thién tir 0,46 xudng ~0,42-0,44; thé tich dong chay dinh
li giam thém 80.000-120.000 m3/tran thiét ké — giam tai
dang ké cho ho diéu hoa [10].

(PX3) Bioswales doc dwong ndi bd (N1+N3): Chuyén
ddi hé thdng ranh thoat nudc bé tdng doc céc tuyén duong
ndi bo thanh bioswales sinh thai: do doc ngang < 4%, thoi
gian luu nudc 10-15 phdt, tong chiéu dai 15-20 km, chiéu
rong 3-5 m mdi bén. Loai thyc vat: vetiver, mudng bién, luc
— cac loai ban dia chiu ngap ngan han va han dai ngay. Hiéu
qua kép: vé& nudc — loai bo 70-80% tdng chit rin lo lung
(TSS) va 40-60% dau m& bé mat trudc khi vao hod diéu hoa
[10]; vé sinh hoc — tao thém khoang 9-20 ha dai sinh canh
tuyén tinh cho con tring thu phin va ludng cu, déng thoi
tang két ndi sinh thai giita cac mang xanh phan tan; vé kinh
té — giam chi phi bao tri hé thong céng citng 15-20% trong
vong doi 30 nam.

(PX4) Hanh lang sinh thai két ndi ngoai vi (N3):
Thiét Iap téi thiéu mot hanh lang sinh thai rong 60-80 m doc
ranh gi¢i phia bac/dong bac khu san bay, chiéu dai 5-7 km,
tong dién tich 35-50 ha. Co cdu thyuc vat theo 3 tang: tang
cao (sao den, dau rai —> 15 m); tang trung (bang ling, trim,
ca na — 5-15 m); tang thap va tham (cay bui ban dia, tham co
tu nhién). Muc tiéu sinh thai: dat > 80-100 loai thuc vat ban
dia trong 10 nam; chi s6 da dang Shannon H' > 2,0; tao hanh
lang két ndi cho thd nho va bo sat gitra khu vuc san bay va
hé sinh thai luu vuc séng Pong Nai [16]. Luu ¥ an toan: can
phbi hop chuyén gia diéu hoc theo ICAO Doc 9137 va
TCVN 7480:2005 dé lya chon loai cay khong thu hdt chim
¢& 16n vao viing cét — ha canh.

(PX5) Nang cip vanh dai thanh rirng hén giao da
loai (N3+N4): Thay thé dan keo, bach dan don loai bang

ring hén giao 3 tang, dong thoi ma rong chidu rong vanh dai
tir 30-50 m hién tai 1én 80-100 m vé phia déng va nam (tiép
giap khu dan cu), tong dién tich nang cap 150-200 ha. Loai
b sung: bang lang nudc, lim Xet, gd do, mudng den — cac
loai ban dia BPong Nam B cd tan rong va mat @6 14 cao.
Hiéu qua da muc tiéu: giam 6n tr 3-5 dB(A) hién tai 1én
khoang 8-12 dB(A) tai ranh gi¢i khu dan cu, phu hop véi
dinh huéng quan Iy tiéng on san bay va két qua thuc nghiém
vé dai cay xanh [15]; loc bui PM10/PM2.5 ting thém 25-40%
so thyc trang; luu trit thém 15.000-20.000 tin CO: sau 20
nim theo hé sé mic dinh Tier 1 cho rirng nhiét doi [12]; tao
moi trudng 1am viée tét hon cho nhan vién va cai thién canh
quan tiép can san bay.

(DPX6) Constructed wetland xir Iy nwéc mwa chay
tran (N1+N3): Xay dung 1-2 6 dit ngap nuéc nhan tao 5-
10 ha ¢ ha luu hd diéu hoa, trude diém xa ra méi trudng tiép
nhan. Thyc vat thiy sinh ban dia: 1ac, say, c6 nén, sing, béo
tay kiém soat. Vi tri bat buoc cach dau duong bang > 3 km
theo ICAO Doc 9184 va duoc bao phu lugi chdng chim theo
Wildlife Hazard Management Program. Hiéu qua xt ly: loai
bo 60—75% BODs va 70-85% TSS; giam 40-60% nong do N
va P trudc khi xa ra séng Thi Vai [11]; tang chic ndng sinh
thai thuy sinh va da dang thuc vat/ludng cu ban dia, dong
thoi chi dong han ché hinh thanh sinh canh thu hat chim
nudc thdng qua ludi che, kiém soat mit nuéc ho va chuong
trinh quan 1y dong vat hoang da; tiét kiém 2-3 ty dong/nim
s0 véi hé thdng xtr Iy co hoc twong dwong.

Tong hop céc hiéu qua dinh lwong du kién cua sau giai

phap NbS duoc trinh bay trong Bang 3.

Bang 3. Tong hop hiéu qua dinh luong du kién cta 6 dé xuit NbS

Ma Nhom Quymd | Chi sb chinh Hi¢u qua dinh lwgng
bX1 N1+N2 40-50k m? | Giit nudc; tiét kiém nang lugng | 50-65% nudc mua gitr lai; —8 dén —12% dién lam mat
bX2 N1 80-100k m? | Hé sb C; dong chay dinh Ci: 0,46 — ~0,43; —-80.000-120.000 m*/tran
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Ma Nhém Quy md | Chi s chinh Hiéu qua dinh lrgng
bX3 N1+N3 15-20 km | Loc TSS; sinh canh tuyén tinh | 70-80% TSS; +9-20 ha sinh canh tuyén tinh
bX4 N3 35-50 ha | Pa dang sinh hoc > 80-100 loai ban dia; H' > 2,0 sau 10 nam
bXs N3+N4 150-200 ha | Giam on; luu CO. 8-12 dB(A); 15.000-20.000 tin CO/20 nim
bX6 N1+N3 5-10ha | Chat lugng nudc xa 60-75% BOD; 70-85% TSS; tiét kiém 2-3 ty/nam

Nguon: Tinh todn ciia tdc gid dwa trén benchmark tir FLL (2008) [9], US EPA (2000) [10], Bennett (2003) [16], Fang & Ling
(2003) [15], IPCC (2006) [12], Kadlec & Wallace (2009) [11].

3.3 Hiéu qua va rao cin

Khi trién khai dong thoi 6 d& xuit, tong chi phi bd sung
u6ce tinh 250-400 ty dong (< 0,4% téng mic dau tu GD1);
loi ich vong doi 30 nam dat 800-1.500 ty ddng, twong dwong
ty suat loi ich/chi phi (BCR) khoang 2:1 dén 4:1 — nam trong
khoang phé bién cua céc du 4n NbS di dugc World Bank
tong két [1].

Rao can trong yéu nhét 1a nguy co va cham chim (bird
strike) lién quan dén constructed wetland (DX6), hanh lang
sinh thai (PX4) va ring hdon giao (PX5). Tuy nhién, kinh
nghiém qudc té cho thay rui ro nay hoan toan cé thé kiém
soat théng qua Wildlife Hazard Management Program
(WHMP) theo ICAO Doc 9137 Part 3 [6]:

e Munich Airport (Birc): duy tri 666 ha dong co ngay
sat hai duong bang (thuoc khu bao ton chim
"Nordliches Erdinger Moos" 4.525 ha) thong qua
chuong trinh quan ly biotope chuyén biét — cé nubi
nghéo dinh dudng ct 2 lan/nam dé han ché chim sin
mdi va chim dan, day thép ching qua kénh thoat
nu6e dé han ché thiy cam tiép can, doi quan 1y dong
vat hoang da giam sat quan thé chim lién tuc tai san
bay va céc biotope lan can [13].

e Schiphol Airport (Ha Lan): 4p dung co ché "Water
Accounting” (BergingsRekening Courant) phdi hop
VGi co quan quéan 1y nudce dia phuong Rijnland dé b
trf luu trit nudc mua phan tan dudi nhidu dang (luu
trir ngam, hé thdng ranh cé go, mat pha tham, mai
xanh) thay vi chi dua vao mat nuéc hé dé thu hat

chim; ddng thoi van hanh hé théng bao tri san co va

radar chim chuyén biét dé giam sat chim ngay sat
duong bang [14].

e Changi Airport (Singapore): 4p dung dong thoi mai
xanh, khong gian xanh noi nha ga (Forest Valley) va
rung dém ban dia — ching minh kha nang van hanh
san bay cép 4F trong méi truong nhiét doi am da
dang sinh hoc cao ma véan dat chuan an toan ICAO
Annex 14.

Bai hoc chung: NbS va an toan hang khéng khong loai
trir nhau khi (i) vi tri dugc chon theo rang budc khoang cach
cua ICAO Doc 9184; (ii) thanh phan loai duoc lra chon cing
chuyén gia diéu hoc dé tranh céc loai co hat, cdy an qua va
mat nudc hé rong dé thu hat chim ¢d 16m; (iii) c6 chuong
trinh WHMP ngan sach va nhan lyc 6n dinh kém theo. Hai
rao can con lai la (i) Viét Nam chua ¢c6 TCVN chuyén biét
vé NbS trong san bay — can duoc Cuc HKVN va Bo Xay
dung phdi hop xay dung; (ii) chi phi bao tri mai xanh khoang
50.000—-100.000 ddng/m*nam can duoc dua vao phan tich

tai chinh vong doi ngay tur giai doan 1ap dy an [9].

4. KET LUAN

Nghién ctu da xay dung Khung 4F-NbS chuyén biét
cho san bay nhiét d6i am va tng dung dénh gia Long Thanh
GDP1. Két qua cho thay du an cd nén tang co ban nhung con
8/15 tiéu chi NbS chua duoc tich hop, dic biét nhém da dang
sinh hoc (N3). Sau giai phap b sung véi chi phi dudi 0,4%
tong mirc dau tu co thé gilp Long Thanh tiém can céc thuc
hanh san bay xanh tién tién trong khu vyc. Kién nghi: (1)
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ACV uu tién trién khai DX1 va DX2 trong giai doan ban vé
thi cong con dang hoan thién; (2) Cuc HKVN va By Xay
dung xay dung TCVN san bay xanh vai chi tiéu GBR, Cy, va
da dang sinh hoc bat budc; (3) Cong dong nghién ciu day
manh md phong s6 (SWMM, ENVI-met) dé hiéu chinh uéc

tinh benchmark trong diéu kién Viét Nam.
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Panh gia hiéu qua trién khai hé thong sinh tric hoc toan trinh trong quéan
1y ludng hanh khach tai cac cang hang khong vi€t nam: thyc trang va
khuyén nghi

TS. Mai Thi Hiang"" Nguyén H6 My Huyén' Pham Thi Ngoc Anh', Nguyén Thi Tra My

'Khoa Xay dung, Hoc vién Hing khéng Viét Nam
*Email: hangmt@vaa.edu.vn

TOM TAT

Bai bao phén tich thyc trang trién khai bén phwong thire sinh tric hoc toan trinh (VNeID, ACV-ID, AGAC, eGate) tai cic cang
hang khong thudc Tong cong ty Cang hang khong Viét Nam (ACV) giai doan cudi nam 2025, dya trén dir liéu hon 2.100 chuyén
bay va 350.000 luot hanh khach. Nghién ciru sir dung dir liéu nghiép vu ACV tuan 07—13/12/2025, két hop théng ké mo ta, phan
tich so sanh giita phuong thirc va gitta nhom cang, va mé hinh bén nhém yéu 6 theo so dd Ishikawa. Két qua cho thdy ty 18 st
dung thyc té con cach xa muc tiéu 70% cho giai doan 2026 voi sy phan hoa rd rét gitta bdn nhom cang. Bai bao xac dinh bdn
nhém yéu t6 anh huong va dé xudt ba nhom khuyén nghi theo ba cip do quan 1y nhim thu hep khoang céch trién khai.

TU KHOA: Sinh tric hoc, quan Iy ludng hanh khach, cang hang khong, san bay thong minh, chuyén ddi s.

ABSTRACT

This paper analyses the implementation of four end-to-end biometric channels (VNelD, ACV-ID, AGAC, eGate) at airports
operated by the Airports Corporation of Vietnam (ACV) in late 2025, based on data from over 2,100 flights and 350,000
passengers. The study uses ACV operational data for the week of 07-13 December 2025, combining descriptive statistics,
comparative analysis across channels and airport groups, and a four-factor cause-and-effect model adapted from the Ishikawa
diagram. Results show that actual usage rates fall considerably short of the 70% target for 2026, with clear stratification across
four airport performance groups. The paper identifies four influencing factor groups and proposes three recommendation

groups across three management levels to narrow the implementation gap.
KEYWORDS: Biometrics, passenger flow management, airport, smart airport, aviation digital transformation.

1. PAT VAN PE

Su phuc hdi manh mé cua nganh hang khong sau dai dich
COVID-19, két hop véi ap luc ting truong luu lugng hanh
khach, doi hoi doi méi phuong thirc quan 1y khai thac theo
hudng tu dong hoa va sb hoa. Trén thé gidi, theo khao sat cua
SITA, hon 70% san bay da hodc dang trién khai cac giai phap
sinh tric hoc cho it nhat mot diém cham trong nha ga, trong d6
céc san bay ddu mdi nhu Changi, Incheon, Hartsfield-Jackson
va Heathrow da dat mo hinh “single token travel” cho phan
16n hanh khach qudc té [1, 2]. Tai Viét Nam, ACV hién quan
Iy 22 cang hang khong vdi tong luu lugng vuot 110 triéu luot
khéch trong ndm 2024 va tiép tuc ting truéng trong nim 2025,
tao ap luc 16n 1én nang luc phuc vu tai cac cang dau mébi.
Trong khudn khé D& an 06 [3], Chi thi 24/CT-TTg va Ké
hoach phéi hop 380/KH-BCA-C06 [4], ACV da trién khai hé
thong sinh trac hoc toan trinh theo ba giai doan tir giita nam
2025, v6i muc tiéu dat ti thiéu 70% hanh khach st dung
phuong thirc sinh tric hoc tir thang 01/2026. Tuy nhién, két
qua thuc t& cho thy chénh léch dang ké giira ty 16 1ap dat ha

tang va ty 1& sir dung, dit ra yéu cau danh gia hé thong va dé
xuét giai phap cai thién.

Trén co s& d6, bai bao dit ra ba myc tiéu nghién ciru cu
thé: (i) danh gia hidu qua van hanh thyc té ctia bon phuong
thirc sinh tric hoc (VNelD, ACV-ID, AGAC, eGate) trén toan
mang ACV; (ii) phan nhom cac cang hang khong theo mirc d6
trién khai va xac dinh cac yéu t& anh huong; (iii) dé xuét
khuyén nghi chinh sach va van hanh theo ba cip do quan Iy
nhim thu hep khodng cach so véi muc tiéu 70%.

2.CO SO LY LUAN VA PHUONG PHAP
2.1 Sinh tric hgc trong quan ly ludng hanh khich

Sinh tric hoc, dac biét nhan dién khuén mat, 1a phuong
thire dugc ung dung rong rai nhét tai cac cang hang khong
hién dai. M6 hinh sinh tréc hoc toan trinh (single token travel)
d3 duoc trién khai tai Changi, Incheon, Hartsfield-Jackson va
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{mg dung sinh tric hoc trong hang khong [7, 6]. Tai Viét Nam,
hé thong sinh trac hoc toan }rinh cia ACV bao gom bon
phuong thitc trong ing bon diém cham trong nha ga (Bang 1).

Heathrow véi hiéu qua rat ngén 30-40% thoi gian xir 1y hanh
khéch [5, 2]. ICAO (TRIP Strategy) va IATA (One ID) da thiét
1ap cac chuan myc ky thuét va quy trinh thong nhat cho viéc

Bang 1. So sanh ty 1¢ sir dung bdn phuong thic sinh tric hoc (toan mang ACV)

STT Phuong thire sinh tric hoc 15/11/2025 13/12/2025 Mikc tang
1 Qua ung dung VNelD 3,4% 57% +2,3 dpt
2 Tai qudy lam tha tuc ACV-ID 35,4% 44,4% +9,0 dpt
3 Qua cong kiém soat an ninh AGAC 16,4% 21,4% +5,0 dpt
4 Tai cuira 1én tau bay eGate 10,0% 12,3% +2,3 dpt

Ghi chii: dpt = diém phan tram. Nguon: Téc gid tong hop tir dit liéu nghiép vu ACV (2025)

2.2 Phuong phap nghién ciru

Nghién ctru sir dung s6 lidu thir cap tir bao céo nghiép vu
ACV [8] giai doan 30/7-13/12/2025, bao gdm hon 2.100
chuyén bay ndi dia va trén 350.000 luot hanh khach trong tuan
khao sat dién hinh. Tudn 07-13/12/2025 duoc lya chon lam
tuan khao sat dién hinh vi ba 1y do: (i) 1a tuan gan nhat c¢6 dir
liéu day du cho ca bdn phuong thirc tai thoi diém phan tich; (ii)
cach thoi diém bat du trién khai khoang 4.5 thang, du dé hé
thdng di qua giai doan van hanh thir va phan anh trang thai can
muc tiéu 01/2026; (iii) thudc giai doan khai thac binh thuwong,
chua bi tic dong boi cao diém Tét Nguyén dan. Cac cang dugc
phén thanh bén nhém theo ngudng ty 1¢ sir dung trung binh
b6n phuong thirc: Dan dau (>70%, tuong tng muyc tiéu Ké
hoach 380), Trung binh (40-69%), Thap (11-39%) va Rat
thap (<10%); cic ngudng nay do nhom tac gia dé xuat, liy
mdc 70% tir Ké hoach 380 lam chuan so sanh va chia phan
dudi ngudng theo cac khoang can ddi dé phan 4nh khoang
cach dén muc tiéu. Phuong phap xir Iy gom: thong ké mo ta,
phan tich so sanh gilra phuong thirc va giira nhom cang, phan
tich nguyén nhan—két qua theo mo hinh bén nhom yéu té
phong theo so dd Ishikawa (xuong c4) — trong d6 bdn “xwong
chinh” (ha tAng—cong nghé, quy trinh—t6 chirc, nhan lyc, hanh
khach) dugc xac 1ap tir khung 4M—1E cia Ishikawa va dbi

80

chiéu véi dit liéu dinh lugng theo cang va theo diém cham, cac
“xuwong phu” dugc rat ra tir chénh 1éch ty 1€ sir dung gitra cac
nhoém cang va hién tuong “roi rung” qua cac diém cham; va
téng hop—dé xuat theo ba cip do quan ly.

3. KET QUA VA THAO LUAN

3.1 Hiéu qua van hanh bon phwong thirc sinh tric
hoc

Tuén khao sat 07—13/12/2025 ghi nhan 2.149 chuyén bay
v6i 351.130 luot hanh khach; 94% chuyén bay c6 it nhat mot
hanh khéch thuc hién sinh tric hoc. Trong téng s6 351.130
Iuot hanh khach, c¢6 185.451 luot (~53%) dugc xac dinh la
“hanh khach du diéu kién” — 1a nhitng hanh khéach (i) da duoc
hé thong ACV ghi nhan thanh cong thong tin dinh danh, (ii) di
trén cac chuyén bay ngi dia thuéc danh muyc trién khai sinh
trac hoc, va (iii) khong thudc cac trudng hop loai trir (tré em
dudi 14 tudi, hanh khach dung gidy to tuy than khong tich hop
dinh danh dién tir, hanh khach cua cac hang chua hoan thién
tich hop dit liéu). Toan bo ty 1é sir dung cta bbén phwong thirc
trong Bang 1 va Hinh 1 duoc tinh trén cung miu sé 185.451
hanh khach du diéu kién nay, dam bao so sanh nhat quéan giita
cac phuong thirc va giita hai mbc thoi gian.

Ol e e e S

[=)]
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+9.0 dpt
44.4%
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35.4%

Ty 1é sir dung (%)
w H
o o
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5.7%
3.4%
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=== Muc tiéu Chinh phu: 70%
B3 15/11/2025
E 13/12/2025

+5.0 dpt
21.4%
16.4% +2.3 dpt

10.0% 32:3%

VNelD ACV-ID

(quay thu tuc)

AGAC eGate
(an ninh) (boarding)

Phuong thirc sinh trac hoc

Hinh 1. So sanh ty 1& str dung bon phuong thirc sinh tric hoc (15/11/2025 va 13/12/2025)
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Nguon: TAc gid Vé trén co sé dit liéu nghiép vu ACV (2025)

Ca bén phuong thirc déu tang truong duong, song van
cach xa muc tiéu 70%. ACV-ID dan dau (44,4%) nho ¢6 nhén
vién hudng dan truc tiép tai quiy, loai bo rao can k¥ ning sb.
VNelD thap nhét (5,7%) do doi héi hanh khach chu dong cai
dat va nang cdp dinh danh dién tir mic d6 2 trudc khi dén
cang Pang chu ¥, dir liéu Bang 1 cho thay hién tuong “roi
rung” ty 1¢ qua tung diém cham (tir 44,4% tai quay thu tuc
giam xudng con 12,3% tai ctra 1én tau bay). So vdi céc san bay
da dat m6 hinh “single token travel” nhu Changi hay Incheon
(ty 1¢ duy tri sinh trac hoc qua céc diém cham tiém can 100%
dbi v6i hanh khach da dang ky, twong g murc rut ngén 30—
40% thoi gian xu 1y [5, 2]), khoang cach cua hé thong ACV
con rat 16n. Piéu nay phan anh tinh lién théng cua hé thong
“toan trinh” chua thuc sy hoan thién, c6 thé do gian doan dong
b dir lidu gitra cac khau hodc hanh khach chua quen véi thao
tac nhan dién tai cac budc tiép theo.

3.2 Phin nhém hi¢u qua trién khai theo cang va yéu
to anh huong

Dir liéu van hanh cho thiy sy phan hoé 15 rét giita bon
nhém cang (Béang 2). Phat hién n6i bat 1a “nghich 1y cang 16n™:
Noi Bai, Tan Son Nhit va Pa Ning nim trong nhom thép,
trong khi cac cang ving nhu Ddng Héi, Con Dao, Pleiku dat
trén 70%. Cac yéu t6 chi phdi liét ké trong Bang 2 dugc trinh
bay nhu gia thuyét ciia nhom tac gia, hinh thanh tir viée dbi
chiéu ty 1¢ sir dung v6i dic diém khai thac (luu lugng, co ciu
hanh khéch, ap lyc gid cao diém) ciia timg nhém cang; viéc
kiém chtmg dinh luong cac gia thuyét nay (vi du tvong quan
gitra luu luong gio cao diém va ty 1é sir dung) 1a huéng nghién
clru tiép theo.

Bang 2. Bén nhém hiéu qua trién khai sinh tric hoc theo cang hang khong

Nhém | Tylé Cang dai dién Yéu to chi phéi

X o DPong Hoi, Con Pao, Can Tho, Pleiku, | Luu lwong vira va nho; hanh khach dong déu; nhan vién
Dandau | >70% | ppy c4t, Busn Ma Thuat thuan thyc.
Trung 40— Chu Lai Quy md trung binh; tich hop hé théng hing HK chwa hoan
binh 69% thién.
Thip  |aoy, | RonBal Tan Son Nhat, Ba Nang, Cat Bl | v g5 dong; hanh khich da dang; ap luc gio cao diém,
Rat thip | < 10% Phi Quéc, Tuy Hoa (riéng quiy ACV- | Co céu hanh khach dzc thu (du lich, doan); han ché truyén

ID) théng.

Nguon: Phan tich cua tac gia tir diz liéu nghiép vu ACV (2025)

Bén nhom yéu 6 anh hudng chinh (Hinh 2): (i) ha tAng—
cong pghé (muc trang bi yhiét bi, d(f)’ on dinh két noi, tich hop
hé thong); (ii) quy trinh—t6 chirc (phoi hop da bén, phan luong,

HA TANG - CONG NGHE

Mirc trang bi thiét bi

Gn dinh duiing truyén

Phéi hop ACV-hang HK-CO6

xir 1y sy ¢b); (iii) nhan lyc (k§ ning thao tac, chu dong hudng
dan hanh khach); (iv) hanh khach (ty 1¢ cai VNelD, thoi quen
str dung gidy to truyén thong, mirc d6 chip nhan cong nghé).

QUY TRINH - T6 CHUC

Ty 1é sirdung

Thudn thuc thao tic

NHAN LUC

©4 cail VNelD mic 2

sinh trac hoc

tai cang HK

Mirc chdp nhin céng nghé

Théi quen gidy td
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Hinh 2. So db phan tich bén nhém yéu té anh hudng dén ty 18 su dung sinh tréc hoc (Ngudn: M6 hinh hoa cua tac gid)

4. KHUYEN NGHI

Tir phan tich trén, bai bao dé xuit cic khuyén nghi theo
ba cép do:

(1) Cap chién lugc — ACV xdy dung hé thong canh bao
som ty dong theo ca/cang/diém cham, chuyén tir quan 1y phan
g sang chi dong; thiét 1ap co ché chia sé kinh nghiém va tai
liéu "thyc hanh t5t" gilta cac nhom cang.

(2) Cap khai thac — Hinh thanh "T6 phan tmg nhanh sinh
trac hoc" tai cic cang nhom thap—rt thap; ap dung mé hinh
phéan ludng "fast lane sinh tric hoc" tai cac cang 16n (Noi Bai,

Tan Son Nhit, Da Ning) dé giam xung dot voi ludng thii cong.

(3) Cép truyén thong va phdi hop — Phbi hop cac hing
hang khong tich hop khuyén nghi cai VNelID ngay tir khau dat
vé va xac nhan check-in truc tuyén, dat muc tiéu nang ty 1¢
hanh khach hoan tat cai VNeID mirc d6 2 trudc khi dén cang
tir mtrc hién tai 1én t6i thiéu 40% trong vong 6 thang (do qua
ty 1é quét VNelD thanh cong tai diém cham dau tién); bd tri
diém hd trg cai dit tai sanh nha ga cac cang nhoém thip—rat
thap; ting cudng truyén thong truc quan va dao tao nhan vién
chii dong huéng din hanh khach 16n tudi.

5.KET LUAN

Bai bao da danh gia hé thong thuc trang trién khai sinh
trac hoc toan trinh tai cic cang hang khong Viét Nam cudi
nam 2025. Tét ca bon phuong thirc déu cd xu hudng ting
nhung con cach xa muc tiéu 70% tir thang 01/2026. "Nghich
ly cang 16n" cho thdy giai phap can dugc tinh chinh theo dic
diém ting nhom cang thay vi 4p dung dong nhat. Khung phan
tich hai chiéu (theo phuong thirc va theo nhom cang) cung hé
théng ba nhom khuyén nghi duoc dé xuit nhdm hd tro cong
tac quan 1y khai thac trong giai doan ting toc trién khai.
Hudng nghién ciru tiép theo gdm: phan tich chudi thoi gian dai
hon, khao sat dinh tinh hanh khach-nhan vién, va xay dung
mo hinh mo6 phong du bao.
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TOM TAT

Nganh thép toan cau chiém khoang 7-9% tong phat thai CO. ctia con ngudi; sén dd may bay (apron) la hang myc ha tang hang
khong ti€u thy khdi hrong cot thép 16n. Bai bao nghién ctru kha néng thay thé ¢t thép truyén thong (BF-BOF) bang cdt thep tai
ché (Scrap-EAF) trong tam bé tong cdt thép lién tuc (CRCP) khu vuc san dd, trén co s& tong hop dit liéu thuc nghiém qudc té
(Fujita & Kuki, 2016; Coelho et al., 2020; Feldmann et al., 2024) va tiéu chudn thiét ké (FAA AC 150/5320-6G, TCVN
10907:2015). Két qua cho thay cdt thép tai ché gilt duoc 95—99% dac tinh co hoc chi yéu (gidi han chay, d6 bén kéo, mo-dun
dan hoi) va giam 79,9-86,4% phat thai CO»/tan 0 Vai tuyén BF-BOF (tiiy hé s6 phét thai EF = 270-400 kg COze/tén cua
Scrap-EAF). V&i mot vi tri dd code E (m = 49 tan, bd tri @16@200 doc — B12@300 ngang), viéc thay thé c6 thé tiét kiém
khoang 77,9-84,3 tan COs..

TU KHOA: Cét thép tai ché, san dd méy bay, CRCP, phét thai CO,, danh gia vong doi (LCA).

ABSTRACT

The steel industry accounts for approximately 7-9% of global anthropogenic CO-. emissions; aircraft aprons are among the
most rebar-intensive aviation infrastructure components. This paper investigates the substitution of conventional BF-BOF rebar
with Scrap-EAF recycled rebar in continuously reinforced concrete pavement (CRCP) for aprons, drawing on experimental data
from international studies (Fujita & Kuki, 2016; Coelho et al., 2020; Feldmann et al., 2024) and design standards (FAA AC
150/5320-6G, TCVN 10907:2015). Results show that recycled rebar retains 95-99% of key mechanical properties (yield
strength, tensile strength, elastic modulus) and reduces CO- emissions by 79.9-86.4% per tonne relative to BF-BOF, depending
on the Scrap-EAF emission factor (EF = 270400 kg CO:e/tonne). For one code E parking position (= 49 tonnes of rebar,
@16@200 longitudinal — @12@300 transverse), substitution can save approximately 77.9-84.3 tonnes of CO..

KEYWORDS: Recycled rebar, aircraft apron, CRCP, CO: emissions, life cycle assessment (LCA).

1. PAT VAN PE
1.1. Vong doi caa cong trinh

Ngénh thép toan cau déng gop ~7-9% tong phét thai CO»
do con ngudi, véi mirc binh quin ~1,85 tin COx/tin thép theo
tuyén 10 cao — 10 thdi oxy (BF-BOF) [1]. Trong ha ting hang
khong, cdt thép (rebar) chiém khéi lwong 16n & cac hang muc
mit duong cung: san dd (apron), duong lin (taxiway), duong

cit ha canh (runway).

Tai Viét Nam, san bay Tan Son Nhét hién c6 ~80 vi tri dd;
theo quy hoach dén 2030, s& b6 sung 56 vi tri, nang tong sd
1én 106 [2]. Mit san d6 dung két cu bé tong xi miang (PCN =
61/R/B/X/T), thiét ké cho tau bay code E (B777, A350-900,
B787) véi ap luc banh ti da ~1,5 MPa [3].

Theo FAA AC 150/5320-6G va CRSI, két ciu mat duong
bé tong cdt thép lién tuc (CRCP) cho san bay yéu cau ham
lwong cbt thép doc tdi thiéu 0,6-0,7% theo tiét dién ngang [4],
[5]. Véi chiéu day tAm 380-450 mm va dién tich vi tri d6 code
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E ~4.500-5.500 m?, khdi lwong cbt thép thuong & muc vai
chuc tan — do d6 ngudn cung anh huéng déang ké dén phat thai
vong doi.

Cbt thép tai ché — san xuit theo tuyén 1o hd quang dién
(EAF) tir phé liéu hodc tai sir dung — d4 duoc chimg minh dép
mg yéu cau co hoc [6], [7], song ting dung cho cong trinh
hang khong Viét Nam, dic biét tim CRCP san d, con rat han
ché. Bai bao nham: (i) hé thong hoa dic tinh co hoc cua cdt
thép tai ché tir dir liéu thuc nghiém qudc t&; (i) thiét 1ap mo
hinh so sanh phat thai CO. giira cbt thép truyén thong va tai
ché cho mot vi tri dd dién hinh; (iii) danh gia kha ning tng

dung tai Viét Nam, léy Téan Son Nhét 1am dia ban tham chiéu.

2. TONG QUAN NGHIEN CcUU
2.1. C4u tao tAm bé tong cét thép san dd may bay

Giam sét két cau dai han (Structural Health Monitoring -
SHM) la qua trinh theo dai lién tuc cac tham sé két cdu theo
thoi gian thuc, nham phét hién kip thoi bat ky sy thay doi bat
thuong ndo ¢ thé chi ra su xubng cip hodc hu hai cua cong
trinh.

Theo FAA AC 150/5320-6G [4] va TCVN 10907:2015
[8], mdt duong san d6 may bay tai cac cang hang khong c6 luu
luong cao thuong s dung két ciu mit duong cing dang
CRCP, gdom céc 16p:

o Lép bé tong xi mang (PCC) cép do bén chiu nén
C40/50 (cuong do chiu kéo udn > 4,5 MPa), day
380450 mm.

o Cbt thép doc va ngang dang thép gan (deformed bar)
dit thanh ludi, dwong kinh phd bién @12-@20 mm,
mac thép Grade 60 (ASTM A615) hoac CB400-V
(TCVN 1651-2:2018), gidi han chay f, > 400 MPa.

o Lop méng cap phdi da dim gia cb xi ming
(stabilized subbase), day 150 mm.

o Lop nén dét ty nhién (subgrade) dam bao CBR > 8%

hodc mé-dun phan Iyc nén k > 80 MN/m?.

2.2. Pic tinh co hoc ciia cbt thép tai ché

Fujita & Kuki (2016) da thir kéo cac mau thép két cau
(tiét dién H, I) thu hoi tir nha cong nghiép tai Nhat Ban sau
hon 30 nam sir dung; gidi han chay va gii han bén kéo van
nam trong pham vi cho phép cua JIS, v6i mic suy giam trung
binh < 3-5% [6]. Tuy nhién, di twong nghién ctru 1a thép két
c4u tiét dién hinh, khac véi ¢t thép gan (rebar) thir theo EN
ISO 6892-1 hoic TCVN 1651-2:2018; mic du co ché suy
giam do moi — dn mon tuong tu nhau, viéc ngoai suy dinh
luong sang rebar can duge kiém ching bang thi nghiém trén
chinh c6t thép gan — ndi dung nhom sé& thyc hién ¢ giai doan
tiép theo.

Coelho et al. (2020) va Feldmann et al. (2024) di dé xuit
giao thuc kiém dinh NDT va pha haty (EN ISO 6892-1) lam co
s& cap dau CE cho cau kién thép tai st dung [7], [9]. Véi cbt
thép EAF tir phé lidu, do cdu triic tinh thé khong thay ddi qua
nung chay lai, vat liéu giir gan nhu nguyén ven dic tinh co hoc
so voi thép so cap; ty 16 thu hdi — tai ché thép xdy dung toan
cau hién trén 90%, va phan 16n cbt thép tai chau Au va Hoa
Ky duoc san xuat theo tuyén EAF voi ham lugng phé liéu 95—
105% [10].

2.3. Phat thai CO: va phan tich vong doi (LCA)

Theo Zang et al. (2023), tuyén BF-BOF tai Hoa Ky phat
thai ~1.990 kg COu/tan thép thd (cradle-to-gate), trong khi
Scrap-EAF chi ~270 kg CO./tin — giam xap xi 86% [11]. [EA
va IEEFA cho két qua tuong dong: BF-BOF 1,9-2,3 tCO»/t va
Scrap-EAF 0,3-0,4 tCO-/t [12]. Kim & Kim (2020) phén tich
céu kién thép tai sir dung cho thiy giam 77% phat thai vong
doi so voi thép mdi, du chi phi xtr 1y cao hon 30-40% [13].
BCSA (Anh Qudc) khuyén nghi hé sb 1,74 tCO.e/tin cho mo-
dun A1-A3 va -0,93 tCOze/tan cho md-dun D trong danh gia
embodied carbon [14].

Tai Viét Nam, theo VSA, san xuét rebar dwa trén hai

tuyén: BF-BOF (Hoa Phat Dung Quat, Formosa Ha Tinh) va
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EAF/IF st dung phé liéu (cac nha may thép can dai quy mo
vira). Ty trong phé liéu trong san xuat thép tho hién ~25-30%,
thap hon trung binh toan cau [12]. Do d6, du c6t thép Scrap-
EAF di sin c6 trén thi truong, viéc cung cip cdt thép co
nguon gdc EAF rd rang kém hd so EPD (Environmental

Product Declaration) van can duoc thuc day.

3. PHUONG PHAP NGHIEN CUU
3.1. Poi twgng va mo hinh nghién ciu

Chan doan suc khoe két céu (Structural Health
Diagnosis) 1a qua trinh so sanh tin hiéu dao dong thuc té thu
duoc tir cam bién voi cac tham s thiét ké ly thuyét, nham
xac dinh trang thai an toan cua cong trinh sau cac su kién dia
chan. Trong tdm cta phuong phép nay la so sanh tan sé dao
dong thiét ké T: (Design T:) voi tan s dao dong thuc té T,
(Actual T1) do duogc sau tran dong dat.
Déi tugng nghién ctru 1a ¢dt thép trong tim bé tong xi
ming c6t thép lién tuc (CRCP) khu vyc san d6 may bay. Pham
vi nghién ciru gi6i han & vi tri d tau bay code E (Boeing 777-
300ER, Airbus A350-900) tham chiéu theo b tri hién hitu tai
san bay Tan Son Nhit [3].
CAu kién tham chiéu 1a mot vi tri dd tau bay code E véi
cac thong so:
o Dién tich mit san ¢6 mot vi tri: A = 4,500 m? (kich
thudc dién hinh 75 m theo phuong doc tau bay x 60
m theo phuong ngang).

o Chiéu day tam bé tong: h = 400 mm.

o B tri cbt thép: 16p doc @16 mm, khoang cach thanh
a1 = 200 mm; 16p ngang @12 mm, khoang cach a. =
300 mm. Méc thép CB400-V (TCVN 1651-2:2018),
tuong duong Grade 60 (ASTM A615), gioi han chay
danh nghia fy =400 MPa.

o Ham luong cdt thép tuong dwong: p (theo tiét dién

ngang tim — chiéu doc) = 0,251%; pr =~ 0,094%; tong
ham luong theo thé tich bé tong p, = 0,346%.

Khbi lwong ct thép trén mot vi tri dd duge xac dinh theo
cach tinh chi tiét — tong chiéu dai thanh x dién tich tiét dién x
khdi Iugng riéng — theo cong thirc (1):

Mggeel = X ( Li X Asyi X Vsteel ) (1)

Trong d6: Li 1a tong chiéu dai thanh thép theo timg
phuong (m); A, 1a dién tich tiét dién mot thanh thép (m?); Ysteel
= 7.850 kg/m® 1a khéi lugng riéng ctia thép. Ap dung cho cu
kién tham chiéu:

o Cot doc @16@200: s6 thanh ni = 60.000/200 + 1 =

301 thanh, tong chiéu dai Li = 301 x 75 =22.575 m;
Aq = m(16)¥4 = 201,06 mm?> — mi = 22.575 x
201,06x10°° x 7.850 =~ 35,6 tan.

o Cbtngang @12@300: s thanh n> = 75.000/300 + 1 =

251 thanh, tong chiéu dai L> = 251 x 60 = 15.060 m;
Ao = m(12)%4 = 113,10 mm?> — m: = 15.060 x
113,10x10°¢ x 7.850 ~ 13,4 tan.

o Téng khéi luong tham chiéu: myee ~ 49 tin cho mot

vi tri d6 tau bay code E.

Gia tri nay c6 thé kiém ching nhanh qua cong thirc twong
duong m = py X Vit X yeee = 0,00346 % (4.500 x 0,40) x 7.850
~ 48,9 tin (sai s6 do lam tron). Nhu vdy, m =~ 49 tin 14 co s&
cho céc tinh toan phat thai & phan sau. Khdi luong nay nam
trong dai hop 1y dbi voi CRCP khu vuc san db code E khi ap
dung bd tri thanh thua; v6i cac bd tri day hon (gan ngudng
CRSI 0,6-0,7% theo tiét dién ngang doc) khdi luong co thé
tang dang ké, 1a phan dwoc nhom phan tich d6 nhay ¢ giai
doan tiép theo.

Hai phuong an dugc so sanh:

o Phuong 4n A — Cét thép truyén théng (BF-BOF),

méac CB400-V, f, = 400 MPa.

o Phuong &4n B — Cét thép tai ché (Scrap-EAF), gia

thiét bao toan fyred = 0,95 f, = 380 MPa theo khuyén
nghi ctia Coelho et al. (2020) [7].

3.2. Phwong phap danh gia phat thai CO:

136



Hoi thao khoa hoc “Cdong nghé va k¥ thuat xdy dung Cang hang khong” lan thir 4

CETA 2026

Phat thai CO: duoc tinh toan theo phuong phap LCA cép
d0 Cradle-to-Gate (tir khai thic nguyén liéu dén cong nha
méy), dya trén cong thirc tong quat (2):

Etotat = M X EF + Eransport + Eprocessing 2

Trong d6: Eig 12 tong phat thai CO: (kg COz¢); m 1a khdi
luong cdt thép sir dung (tan); EF 1a hé s phat thai ddc trung
(kg CO:e/tan) lay theo co sé dir liéu Ecoinvent v3.10 va World
Steel Association (2024); Egansport 1a phat thai van chuyén (7,9
g COx/tan-km cho van chuyén duong bo/duong bién hdn hop
[1]); Eprocessing 1a phat thai b sung trong trudng hop tai sir dung
cbt thép (kiém dinh, gia cong cat udn lai). Hé sé phat thai EF
tham chiéu dugc tong hop ¢ Bang 1.

Dbi v6i tuyén Scrap-EAF, cac ngudn qudc té cong bd gia
tri EF ndm trong khoang 270-400 kg CO:e/tin tily theo cu
trac ludi dién cp cho 10 EAF va ham lugng phé liéu thuc té
(Zang et al. 2023 lay gia tri 270 kg/tan ung véi ludi dién it
carbon; IEA 2024 dua khoang 0,3-0,4 tCO./tAn cho diéu kién
trung binh). Trong nghién ctru nay, két qua dugc trinh bay
dudi dang khoang gia tri twong ung voi toan dai EF = 270—
400 kg/tan, dong thoi chon EF = 340 kg/tan (gi tri giira) 1am

con s6 dai dién trong kich ban chinh.

4. KET QUA VA THAO LUAN
4.1. So sanh dac tinh co hoc

Trén co so tong hop dir lidu thyc nghiém tir Fujita & Kuki
(2016), Coelho et al. (2020) va Feldmann et al. (2024), céc
thong sO co hoc chinh ciia hai phuong an dugc trinh bay &
Béang 2.

Céc dic tinh co hoc cua cdt thép tai ché suy giam & mirc
khong dang ké (1-5%) so véi ct thép truyén théng va van dap
(g yéu cau thiét ké cia TCVN 1651-2:2018. Ty s6 fu/fy duy
tri & mirc > 1,42, dam bao dy trit déo phu hgp cho tng xur
kiém soat nirt ciia tim CRCP. Can luu ¥ rang phan 16n dit liéu
trong bang dugc trich xuét tir nghién ctru trén thép két ciu
(structural steel) va rebar tai ché trong méi truong on doi; viée

kiém chung trong diéu kién khi hau nhiét d6i 4m — nong (dac

trung cua Viét Nam) s€ la mdt trong nhiing ndi dung kiém

chirng thuc nghiém ctia nhom nghién ctru.

4.2. Danh gia phat thai CO,

Ap dung phuong phap LCA cho khéi lugng cdt thép tham
chiéu (m ~ 49 tin cho mét vi tri dd tau bay code E), két qua
tinh toan phat thai CO: giita cic phuwong 4n dugc tong hop &
Bang 3 va minh hoa ¢ Hinh 2. Trong pham vi nghién ctru cip
Cradle-to-Gate, cac thanh phan Erransport V& Eprocessing trong cong
thirc (2) dugc gia thiét bo qua do ty trong nhé hon 5% so voi
thanh phan m x EF (theo IEA 2024 va worldsteel 2024 [1],
[12]); viéc lugng hoa ddy du hai thanh phan nay theo diéu kién
chudi cung Viét Nam s& dugc nhom thyc hién & giai doan tiép
theo khi mé rong pham vi danh gia 1én Cradle-to-Site.

Phuong an Scrap-EAF c6 thé giam 77,9-84,3 tan CO.
(79,9-86,4%) so v6i BF-BOF trén mot vi tri d6, tiy gia tri EF
trong dai 270-400 kg/tan. Truong hop tai sir dung cdt thép tir
cong trinh thao d&, muc giam dat 89,7-92,1 tAn CO: (92,0—
94,5%), song phu thudc vao nguén cung ndi dia hién con han
ché.

Ap dung cho 56 vi tri dd bo sung tai Tan Son Nhét theo
quy hoach dén 2030 [2], luong CO: tiét kiém co thé dat
~4.360-4.720 tin — trong dwong phat thai hing nim cta 950—
1.030 6-t6 con (4,6 tin COu/xe/nam theo IPCC). Theo FAA
AC 150/5320-6G [4] va CRSI [5], tong dién tich dudng lan va
dudng cat ha canh tai san bay qudc té cip 4E thuong gip 5-8
lan dién tich san d6, nén tiém ning giam phat thai khi mé rong
pham vi ¢ thé dat ce‘ip d6 hang chyc nghin tan COz, can kiém

chung béng dir liéu mat bing thuc té.

4.3. Phan tich chi phi — lgi ich so b

Theo Kim & Kim (2020), chi phi xir 1y cdt thép tai sir
dung c6 thé cao hon 30-40% so v6i mua cbt thép mai do cac
budc kiém dinh khong phé huty, cat ubn lai va van chuyén [13].

Tuy nhién, dbi voi cbt thép Scrap-EAF mua tir thi truong
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thong thudng, gia thanh thuong twong dwong hodc thdp hon
cbt thép BF-BOF (do phéan 16n cdt thép can néng tai Viét Nam
da dugc san xuat theo tuyén EAF tir phé liéu) — do dé viéc
chuyén d6i khong tao ganh nang chi phi dang ké.

Khi ap dung co ché dinh gia carbon (carbon pricing) —
chang han muc gia tham chiéu khoang 50-100 USD/tan CO:
theo 10 trinh thi trudng carbon Viét Nam (dy kién van hanh
day du tir 2028) — loi ich kinh té tir viéc giam phat thai c6 thé
bu dap chénh 1éch chi phi cho phuong 4n tai sir dung. Cu thé,
v6i khoang 77,9-84,3 tan CO- giam phat thai/vi tri dd, loi ich
quy ddi nam trong dai x4p xi 3.895 USD (can duéi: 77,9 x 50)
dén 8.430 USD (cén trén: 84,3 x 100) trén mdi vi tri dd, chua

ké gia tri moi truong gian tiép.
6. KET LUAN VA KIEN NGHI

Nghién ctru bude dau cho thay viéc img dung cbt thép tai

ché trong tim bé tong xi miang cot thép lién tuc (CRCP) khu

vie san dd may bay 14 kha thi ca vé mit co hoc 1an méi truong.

Céc két qua chinh bao gdm:

o Cot thép tai ché (Scrap-EAF) va cdt thép tai sir dung
gitr dugc 95-99% céc dic tinh co hoc chu yéu (gi6i
han chay, do bén kéo, moé-dun dan hoi) so voi cbt
thép truyén thong, dap tng yéu cau thiét ké cua
TCVN 1651-2:2018 va FAA AC 150/5320-6G.

o Phat thai CO. giam 79,9-86,4% véi cot thép Scrap-
EAF (tuy hé s6 EF trong dai 270-400 kg/tan) va
92,0-94,5% véi cbt thép tai sir dung, twong dwong
khoang 77,9-92,1 tan CO. trén mdi vi tri dd tau bay
code E (Mgeel = 49 tan).

o Khi quy mé ap dung mo rong & cap toan san bay (san
dd + duong lan + duong cat ha canh), tiém ning
giam phat thai c6 thé dat hang chuc nghin tan COs,
dong gop dang ké vao muc tiéu phat thai rong bang 0
ctia nganh hang khong Viét Nam.

Trén co s& d6, nhom tac gia kién nghi: (i) Cuc Hang

khong Viét Nam va B9 Xay dung nghién ctru ban hanh hudng

dan k§ thuat cho viéc sir dung cbt thép tai ché trong cac cong
trinh ha ting hang khong, tham chiéu FAA AC 150/5320-6G
va giao thitc SCI P427/P440; (ii) cac chu dau tu cong trinh san
bay xem xét dua ty 18 cot thép tai ché i thiéu vao hd so thiét
ké va dau thau, gin véi co ché uu dai xanh; (iii) cac truong dai
hoc va vién nghién ctru tiép tuc trién khai cac nghién ctru thyuc
nghiém dai han vé do bén moi va do bén cta cdt thép tai ché
trong diéu kién khi hau nhiét déi Viét Nam.

Hudng nghién ctru tiép theo: (i) md phong sd tim CRCP
trén  SAP2000/ETABS ABAQUS  (Solid +
Frame/Embedded, nén Winkler k = 80 MN/m?, tai B777-
300ER véi p = 1,5 MPa) dé danh gia os, w_crack, A, oct va

hoac

phan tich do nhay theo bé tri ¢t thép va phd tai dong hoc; (ii)
thi nghiém kéo ¢t thép Scrap-EAF tai Phong thi nghiém Vat
lidu xay dung — Hoc vién Hang khong Viét Nam (TCVN
1651-2:2018, EN SO 6892-1) dé hi¢u chinh £, f,, E, 8, f./f,;
(iii) khéo sat thi truong Scrap-EAF ndi dia va tinh kha thi cta

ho so EPD ddi v6i cac nha cung cap tiéu biéu.
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[Téi trong banh may bay

(p = 1,5 MPa, code E)

C6t thép doc @16
(longitudinal rebar)
budc a = 150 mm

c=75mm /

(Bé téng xi mang €40/50 |

400 mm

c =100 mm

h

0007’0000

Lép méng cap phéi da dam gia cé xi mang (Stabilized Subbase) — day {50 mm

Cé6t thép ngang @12
(transverse rebar)

Nen dat tu nhién (Subgrade) CBR = 8%

Hinh 1: Mt cét dién hinh tim bé tong cdt thép lién tuc (CRCP) khu vyc sin d6 may bay code E
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Phat thai CO: (tdn COze / vi tri d6 code E)

97,5

PA-A:
BF-BOF
(EF = 1.990)

1 79,9-86,4%
13,2-19,6

PA-B:
Scrap-EAF
(EF = 270-400)

Miic tham chiéu BF-BOF

1 92,0-94,5%
5,4-7,8

PA-C:
Tai st dung
(Reuse, EF = 110-160})

Ghi chii: Phuong dn B (Scrap-EAF) tinh theo déi EF = 270-400 kg CO.e/tdn theo Hornby & Brooks (2023) va IEA (2024).
Gid tri trung tém dng vdi EF = 340 kg CO-e/tén (gid trf gida). Phudng én C (Reuse) thea Kim & Kim (2020).

Hinh 2: So sanh phat thai CO: trén 1 vi tri d tau bay code E (= 49 tin cdt thép) giita cac phuong 4n

Béng 1: Hé sb phat thai CO» tham chiéu cho céc tuyén san xuét cdt thép

Tuyén cong nghé Hé s phat thf’xi EF (kg Ty 1é phé liéu sir dung Ngudn tham chiéu
CO-e/tan) (%)
BF-BOF (truyén théng) 1.990 13-30 Zang et al. (2023) [11]
DRI-EAF (khi tu nhién) 1.400 0-20 IEEFA (2022) [12]
Scrap-EAF (tai ché) 270-400 95-105 Zang et al. (2023); IEA (2024) [11], [12]
Tai sir dung cbt thép (Reuse) =~ 110-160* 100 Kim & Kim (2020) [13]
Binh quén toan ciu 1.850 — World Steel Association (2024) [1]

! Bao gom phat thai lam sach, kiém dinh va van chuyén — khong bao gom phdt thai san xuat ban dau (dd dwoc phdn bo cho cong

trinh goc).
Béng 2: So sanh dic tinh co hoc giita ¢t thép truyén thong va c6t thép tai ché (mac CB400-V)
Théng s6 co hoc C6t thép truyén théng (PA- C0t thép tai ché (PA-B) Miic suy giam (%)
A)
Gidi han chay fy (MPa) 400 380-395 1,3-5,0
Gi6i han bén kéo fu (MPa) 570 545-565 0,9-4,4
Mo-dun dan hdi Es (GPa) 200 198-200 <10
Do gidn dai trong ddi & (%) 16 14-15 6,3-12,5
Ty s6 fu/fy (yéu cau > 1,15) 1,43 1,42-1,43 Dat yéu ciu

Béng 3: Phat thai CO: trén 1 vi tri d6 tau bay code E (m_steel = 49 tin) theo cac phuong 4n va hé sb EF khac nhau
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Phuong 4n EF (kg Phit thai tong E (tin CO:e) Miic giam so v6i BF-BOF (tin COze
CO:e/tén) | %6)
PA-A: BF-BOF 1.990 ~97,5 — (o s8)
PA-B: Scrap-EAF (cén trén EF) 400 ~19,6 ~77,9]79,9%
PA-B: Scrap-EAF (gia tri giita) 340 = 16,7 ~ 80,9 | 82,9%
PA-B: Scrap-EAF (cén du6i EF) 270 ~13.2 ~ 84,3 86,4%
PA-C: Tai sir dung (Reuse) 110-160 ~54-78 ~89,7-92,1|92,0-94,5%
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DOC TRUC DUOI ANH HUONG CUA PIEU KIEN LIEN KET KHAC
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TOM TAT

Nghién ciru nay trinh bay kha nang mg dung phan mém MASTAN2 két hop voi MATLAB trong phan tich 6n dinh cua cot thép
chiu lyc nén ding tdm. Noi dung tap trung vao hai bai toan: 1) xac dinh lyc tdi han va hé s6 chiéu dai tinh toan cua cot chiu nén
dlng tam vai cac diéu kién lién két hai diu khéac nhau, va 2) xac dinh lyc t6i han va hé s6 chiéu dai tinh toan cta cdt chiu nén co
xét dén dam lién két 2 dau cot. Két qua cho théy luc t&i han Per va hé s chidu dai tinh toan,K, thu duoc tir phﬁn mém
MASTAN2 phui hop véi ly thuyét tinh toan Euler . O bai toan cdt, sai s6 16n nhat chi khoang 0,25%. Khi ting s phan tir chia
nho, nghiém sb hoi ty nhanh vé gi4 tri Iy thuyét. Vi mé hinh cot lién két véi ddm, khi mé men quéan tinh ctia dam tang thi luc t6i
han cua cot cling tang.

TU KHOA: MASTAN2, MATLAB, luc téi han, hé s chiéu dai tinh toan, on dinh cot.
ABSTRACT

This study presents the application of MASTAN2 coupled with MATLAB to the stability analysis of steel members and
planar frames. The investigation focuses on three groups of problems: elastic buckling of axially compressed columns with
different end restraints. The results indicate that the critical load Pcr and the effective length factor K obtained from
MASTANZ2 are in close agreement with Euler theory. For the column problem, the maximum discrepancy is about 0.25%.
As the number of finite elements increases, the numerical solution rapidly converges to the theoretical value. The obtained

frame results also confirm that MASTAN?2 is an effective tool for research and teaching in steel structural stability.

KEYWORDS:

1. GIOI THIEU

Trong thiét ké két cAu thép, bai toan 6n dinh cé ¥ nghia
quyét dinh d6i voi kha ning chiu luc cta cdu kién chiu nén va
h¢ khung si€u tinh. DPbi voi cOt riéng 1€, tai trong tdi han co6 thé
xac dinh theo 1y thuyét Euler [1] trén co s& chidu dai tinh toan
va diéu kién lién két hai ddu. Tuy nhién, dbi v6i cac hé két cdu
thuc nhu khung phéng hodc md hinh cé tuong tac dim - cot,
viée x4c dinh Iyc téi han va hé s chidu dai tinh toan tré nén
phtrc tap hon, dc biét khi xét dén sy phi tuyén hinh hoc va sy
suy giam do cimg cua vét liéu. MASTAN2 [2] 14 phan mém
phan tich két cdu thanh cho phép thuc hién ca phan tich tuyén

tinh va phi tuyén theo phuong phap phin tr hitu han. Khi két

MASTANZ2, MATLAB, critical load, effective length factor, column stability.

hop véi MATLAB dé xt 1y dit lidu va biéu dién quan hé luc -
chuyén vi, cong cu nay gitp truc quan hoa qua trinh mét 6n
dinh va hd trg kiém chung cac cong thirc 1y thuyét trong mon
hoc co hoc két cau va két cau thép [1]-[3].

Muc tiéu cua nghién ciru 14 sir dung phdn mém phan tich
két cAu dé kiém chung cac nghiém 1y thuyét vé hién twong mat
on dinh dan hoi cua cot, dugc thiét 1ap tir hé phuong trinh vi
phan can bang. Bén canh d6, nghién ctru ciing khao sat sy thay
ddi kha nang chiu tai té1 han va dang mat 6n dinh cua cot
twong Gmg v6i cac didu kién lién két dau cot khac nhau. Trén
co s6 két qua phan tich, cac hé sb chiéu dai tinh toén, K, dugc
trinh bay trong hinh 1 s& duoc kiém ching va danh gia mirc do

phi hop v6i két qua md phong sd.
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2. CO SO LY THUYET VA MO HINH NGHIEN
cuu
2.1. Bai toan 6n dinh cia cot chiu nén ding tim

Mo hinh c6t nghién ctru gom 1 cot thép tiét dién W14x82
¢6 chiéu dai L=12,2m duoc gan lyc tap trung P=4.45 kN tai
dinh cot nhu hinh 1. Hinh 1 thé hién cac diéu kién bién khac
nhau dugc xét dén: (a) ngam - ngam, (b) ngam - khop, (c)
khép — khép, (d) ngam - ngam truot, (€) ngam - tu do, va (f)

khép — ngam truot.

§ I
i 3
\ 1
z i
\ i
\ I
\ !
Dang mat ! 4
g2 ]
on dinh ' 4
/ I}
/ /
/ /
U /
P ¥
|
Lién két (a) (b) (c) (d) (e) ()
Ngam-Ngam | Ngam-Khép | Khép-Khop Ngam -ngam | Ngam-tv | Khdp -ngam
oot do oot
He so
chiéu dai 0.5 0.7 1 1 2 2
tinh todn_,
K

Hinh 1: Hé s6 chidu dai tinh toan cta cot (AISC)

Luc t6i han cta cot, Per, dugc xac dinh cho sau truong
hop diéu kién bién khac nhau thong qua mo phong bang phan
mém MASTAN2 [2]. Trong mé hinh phan tir hitu han, cot
dugc roi rac hoa thanh tam phan tir nhu trinh bay trong hinh 2

nham néng cao d6 chinh xac va do tin cay cia két qua phan

tich.
—t‘ & = 1

) [ b) 9 d) ) [ [}
Hinh 2: M6 hinh r6i rac héa ctia cdt MASTAN2

Lyc t&i han cua cot duge tinh phin mém MASTAN2 [2]
thé hién nhu hinh 3

(b) Luc t6i han cia cot
cho trudng hop 2
dau lién két ngam-
ngam
Hinh 3: Luyc téi han trong phin mém MASTAN2

M5 hinh cot nghién ctru gdm 1 cot thép tiét dién W14x82
¢6 chiéu dai L=12,2m duoc gan lyc tap trung P=4.45 kN tai
dinh ¢6t nhu hinh 1. Hinh 1 thé hién cac diéu kién bién khac
nhau dugc xét dén: (a) ngam - ngam, (b) ngam - khop, (c)
khép — khép, (d) ngam - ngam truot, (€) ngam - tu do, va (f)
khép — ngam truot.

Khi 4y lyc toi han tir phan mém MASTAN2 dugc Xac

dinh nhu sau :
Pcr(MASTAN2) = P x ALR Q)

o Trong d6 P 1a luc tac dung (=4,45 kN),
o ALR (Applied Load Ratio) dugc liy tir phan mém
MASTAN2
Két qua lyc td1 han cta cot thu duge tir mo hinh phén tich
bang phan mém MASTAN2 [2] , P™, dugc so sanh va ddi
chiéu véi gia tri lyc téi han xac dinh theo cong thuc Euler,

duoc biéu dién nhu sau:

m?El
(KL)? (2)

Trong d6, Per 14 lyc t6i han gy mat 6n dinh dan hoi cua

Pcr =

cot theo cong thuc Euler; E 1a md dun dan hoi cua vat lidu; T 12
md men quan tinh cua tiét dién cot; L 1a chidu dai thyc cua cot;
va K 1a hé sb chiéu dai tinh toan, phu thudc vao diéu kién lién
két ¢ hai dau cot nhu trinh bay trong Hinh 1. Bang 1 liét ké

thong s6 dic trung hinh hoc cta tiét dién cot.

Bang 1: Thong s6 va dac trung hinh hoc cua cot

Tiétdien | Fy [AM)] L E ly I
(Gpa) (m) | Gpa) | (m (m*)
W14x82 | 0.345 | 0.015 | 12.2 | 200 | 0.0004 | 6.16e-05

Twr cong thire 1, h¢ s6 chiéu dai tinh toan K cua cot co thé

duoc xac dinh theo biéu thirc

143




Hoi thao khoa hoc “Cdong nghé va k¥ thuat xdy dung Cang hang khong” lan thir 4 CETA 2026
= ’ﬂ
K = L Pcr (3)

Béng 2 thé hién két qua so sanh gia tri lyc t6i han, Pg, tir

16n dén nho tuwong tng cac didu kién bién va hé sb chidu dai
tinh toan K giita phuong phap 1y thuyét Euler va két qua mo
phong bang phin mém MASTAN2 [2].

a) b) <) d) e) f
Hinh 4: C4c dang mat 6n dinh cot

Béing 2: So sanh lyc t6i han va hé s chiéu dai tinh toan gitta
1y thuyet va phan mém
biéukién| Luc t6ihan, Pcr, (kN) | HE so chiéu dai tinh 2.2. Ma tran d¢ cirng cuaa cot

lién két toan K,
J g o'l = g a = p A ,
<8 8 <ZE o 0 |.@ <ZE X Thong qua phin mém MASTAN2 [2], ma trin d clng
2 EQ 29 |2 EE |a \ . . .
A &P s |2 EQ |2 tong thé cua cot, [Keg], c6 thé duge xac dinh cho timg trudn,
> €2 97| €€ |3 e g trudng
= — R . s
2 == v hop diéu kién bién cu thé nhu hinh 5. Ma trén d¢ cimg thé hién
(a_)l\ll\l g%ar;n 418.97 | 418.97 1 005 05 10500 10026 tinh hiéu qua tinh toan khi giai hé phuong trinh két cau. Két

qua nay cho phép danh gi4 dic diém phan b cac phan tir khac

(b) Ngam |213.76 | 214.31 | 0.025| 0.7 | 0.699 | 0.127 | 0 quanh dudng chéo chinh, dong thdi hd trg phan tich hidu qua
-Khép

tinh toan ctia mo hinh phan tir hiru han. Ma tran d6 ctng [Ke]

(c) Khép- |104.74 | 104.75 | 0.01 1 1.000 | 0.001
Khop
(d) Ngdm-|104.74 | 104.75 | 0.01 1 1.000 | 0.001
ngam
truot
(e) Ngam-| 26.18 | 26.19 | 0.02 2 2 0
tu do

cang nho thi cang t6i wu tinh toan va giam thoi gian phén tich.

X, Attributes, 1*.Ordar Elastic Analysis, ALR = 1 1K) Atrbutes, 17*Order Elastic Analysis, ALR = 1

Symmatric, Size = 3x3, Sparsity = 44%, Halr-Bandwidth = 2

(f) Khop- | 26.18 26.19 | 0.02 2 2 0 "l = : i il =
ngam
truot |
Két qua so sanh cho théy gia tri luc t&i han P va hé ) (a) Nga‘m (b) Noam (C) Noam
‘ o Ngam Khép t do
chiéu dai tinh toan, K ,thu dugc tir phan mém MASTAN? [2] R T A A R B, e, 4 e Bt A AR =4

Symmetric, Size =313, Sparsity = 44%, Hal-Bandwidth = 2
0s 1 15 2 25 3 5 4

¢6 sy tuong dong cao voi két qua xac dinh theo cong thic I ]

Symmatric, Size =212, Spi
0 05 "

=50%, Halt-Bandwidthzp  Symmelric, Size = 3x3, Sporsity = 44%, Hall-Bandwidth = 1
2 25 3 0o 05 5 5 3 a5 4

28

Euler. Sai léch giira hai phuong phap 1a khong dang ké, qua d6 i1 B g | ) R ’ ’
cho thdy m hinh phan tich bing MASTAN2 [2] ¢6 do tin cay

cao trong viéc du bao kha nang 6n dinh dan hoi cia cot. Hinh ] =

4 trinh bay muoi dang dao dong mit 6n dinh déu tién cta cot L o |

thu dwoc tir két qua phan tich 6n dinh bang phan mém (d) Khop- (e) Ngam- (f) Khép-
MASTAN2 [2]. Céc dang mét 6n dinh nay cho phép dénh gia Khép Ngam Ngam
dic trung bién dang va xu hudng odn cua cot dudi tic dung trwgt truot
cua tai trong nén doc tryc. Hinh 5: Ma trin d6 ctmg K
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2.3. Khio sat sw anh hwéng cia phan tir dén luc téi
han caa cot

Theo 1y thuyét Euler [1], Iuc téi han cta cot thudng duoc
xac dinh dua trén mo hinh ¢t ly tuong véi chiéu dai tinh toan
lién tyc. Trong nghién ctru nay, cdt dugc roi rac hda thanh cac

mirc chia khac nhau :1, 2, 4, 8 va 10 phan tir, nhim khao sat

anh huong ctia mirc d6 chia ludi dén két qua phan tich on dinh.

Hai truong hop diéu kién bién dugc xem xét gdm lién két
khép—khép va ngam-ngam. Hinh 6 thé hién so sanh lyc t6i
han (P, cta cot gdm céac phan tir tir 1 dén 10 twong tng véi 2

diéu kién bién 14 hai dau khép va hai dau ngam.

Lyt @ Mastan
ruyét mMastan2
g z
I <
9 z
' . 5 s 0

(2) Hai dau lién két khép
Hinh 6: So sanh lyc t¢i han cua cot

(b) Hai dau lién két ngam

Bang 3 trinh bay gia tri lyc téi han, P, thu dugc tir phﬁn
mém MASTAN2 [2] twong mg véi timg mirc chia phan tir tir
1 d&n 10. Cac két qua nay dugc so sanh véi gia tri tinh toan
theo cong thirc Euler [1] nhim kiém chimg do chinh xac, do

tin cdy va xu huéng hoi tu cia mé hinh phan tir hitu han.

Bang 3: So sanh luc t6i han cho céc phan tir khac nhau

2 dau cot lién két khép- | 2 dau cot lién két ngam-
S6 khép ngam
doan
= § < = § &
€5 2% | |gE |22 |3
- 2 “wun 7] > = un %
Y& | = c¥ 181 | 3
S | » S | »
1 [10473 | 127.35 | 17.76 | 418.95 | 424.47 | 1.3
2 [10473] 10551 | 073 | 418.95 | 424.47 | 1.3
4 1104.73] 10479 | 0.06 | 418.95 | 422.07 | 0.74
6 | 104.73 | 104.75 | 0.02 | 418.95 | 419.58 | 0.15
8 [104.73] 10475 | 0.02 | 418.95 | 419.14 | 0.04
10 | 104.73 | 104.75 | 0.02 | 418.95 | 419.00 | 0.01

3. PHAN TICH LUC TOI HAN CUA CQT THEP
CHIU NEN CO XET PEN SU TUONG TAC GIUA
COT VA DAM LIEN KET

Mo hinh khéo sat gdbm hai dam chiéu dai L=3 m, duoc
lién két cimg vai cot tai vi tri dinh va chan cot, trong khi dau
con lai cia mdi dam duogc gia thiét lien két khép. Trong truong
hop dau tién, dam trén va dam dudi dugc xem xét véi cliing
didc trung hinh hoc nham danh gia anh huéng cta do clmg
dam dén kha nang on dinh cua cot.

Hinh 7 thé hién mdi quan h¢ gitra luc (P), momen cia
quén tinh cta cot va hé sd chiéu dai tinh toan. Hinh 7a-b thé
hién dang lién két va ¢ mat 6n dinh cua cot. Hinh 7¢ thé hién
mdi quan hé giita momen lyc va momen quéan tinh. Hinh 7d
thé hién moi quan hé cta K va hé s6 I, dwoc mé phong bang
phin mém MATLAB. Tir biéu dd co6 thé thiy dugc rang anh

hudng cua dam dén dang mét 6n dinh cua cot va luc téi han.

(b) Mét 6n dinh (mode 1)
K-factor

(a) Dam lién két cot

5000 T T T T T T
i E " I

4000

3000 ‘ \“ /)
el

I.', . |
U '...

P(kN)

2000 —

1000

0

T T
0

M e quin b ()™
(¢) Quan hé Luc-Moment (d) Quanhé Kval

Hinh 7: Méi quan h¢ giira Iyc (P), momen quén tinh va
luc t61 han

145



Hoi thao khoa hoc “Cdong nghé va k¥ thuat xdy dung Cang hang khong” lan thir 4

CETA 2026

4. KET LUAN

MASTAN2 két hop v6i MATLAB cho thdy hiéu quéa rd
rét trong phan tich on dinh ciia cau kién thép va hé khung
phang. D6i véi bai toan cot chiu nén, két qua tai trong t6i han
va hé s6 chiéu dai tinh toan thu duwoc tir MASTAN2 phu hop
rat tt véi 1y thuyét Euler; sai s6 twong ddi nho. Khi cot duoc
chia thanh nhiéu phan tr thi két qua phan tich giira
MASTAN2 va Euler cang bé.

Viéc chia nho phan tir ¢6 vai tro quan trong ddi voi do
chinh x4c ctia mo hinh phan tir hiru han. Khi sb phan tir ting,
nghiém s6 hoi tu nhanh vé gia tri 1y thuyét, dong thoi phan dnh
rd dnh hudng clia ma tran d§ cung bandwidth trong qua trinh

phan tich.
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TOM TAT

Nha ga hanh khach qudc té T2 — Cang hang khong qudc t& Tan Son Nhat, dua vao khai thac véi cong suat thiét ké 13 triéu hanh
khach/nam, da roi vao tinh trang qua tai kéo dai khi san luong nam 2025 du kién dat 17.8 triéu luogt — vuot 37% cong sudt thiét
ké [10]. Ap Iyc nay biéu hién rd tai sanh thu tyc, khu xut nhdp canh, soi chiéu an ninh va sanh chd khéi hanh thong qua hién
tuong ddn nén day chuyén, giao cét luong, 16i loan dinh huéng va suy giam chat lugng trai nghiém. Bai bao trinh bay nghién ciru
tai t6 chirc khong gian va lung di chuyén hanh khach (PAX) tai T2 dwa trén phuong phap Phén tich Khong gian va Dong chay
Hanh khéch (Spatial and Flow Analysis) theo khung chuin Mirc d6 phuc vu IATA ADRM, dbi chiéu ban v& hién trang (HT) voi
ban v& phuong én cai tao (CT) cho ca hai khu ga di va ga dén, so chuin véi ngudng IATA ADRM va cac tiéu chudn TCVN. Két
qua dinh luong cho thiy phuong 4 an dé xut giup mé rong khong gian dém dat chudn 1,3—1,8 m*hanh khéch tai sanh tha tuc va
1,0-1,2 m*hanh khach tai khu Xuat nhp canh. Viéc tich hop 100% may ky guri hanh 1y t dong (SBD) tai ddo A-B va tang s0
luong cong Autogate tir 5 1én 25 cong tai mdi khu vuc xudt/nhdp canh gitp rit ngan thoi gian thao tac xudng mirc 15— 30
gidy/khach. Qua do, du kién nang chi so Muc d6 phuc vu (LoS) theo IATA tai cac diém nghén tor muc C—F hién tai 1én mutrc tbi
uu B; thoi gian xép hang tai sanh tha tuc giam tir 30-40 phit xudng con 10-20 phit, dong gop vao muc tiéu giam 20-30% tong
thoi gian chd doi binh quan toan chudi hanh trinh. i
TU KHOA:  Trai nghiém hanh khach, nha ga T2 Tan Son Nhat, tai to chirc khong gian, t6i uu ludng di chuyén,
IATA ADRM, Mtrc d6 phuc vu.

ABSTRACT

Tan Son Nhat International Airport Terminal T2, originally designed for 13 million passengers per year (pax/year), has been
persistently overloaded since 2024 and is projected to handle 17.8 million passengers in 2025 — 37% above its rated
capacity [10]. This pressure manifests at the check-in hall, immigration, security screening, and departure hold-room as flow
congestion, path crossings, wayfinding disorientation, and a perceptible decline in service quality. This paper presents a
Spatial and Flow Analysis study that re-organises space and passenger circulation at T2, applying the IATA Airport
Development Reference Manual (ADRM) Level-of-Service (LoS) benchmarking framework [11] to compare as-built (HT)
drawings with proposed reconfiguration (CT) drawings for both departure and arrival halls, cross-referenced against
Vietnamese building codes. Quantitative results indicate that the proposed reconfiguration expands buffer zones to meet
IATA LoS B standards of 1.3-1.8 m#/pax at check-in halls and 1.0-1.2 m#pax at immigration areas. The integration of
100% Self Bag-Drop (SBD) units at islands A-B and the expansion of Autogates from 5 to 25 units at both departure and
arrival checkpoints reduce processing time to 15-30 seconds/pax. Consequently, the LoS at critical bottlenecks is projected
to upgrade from the current C—F range to the optimum level B, with queueing time at check-in expected to drop from 30-40
to 10-20 minutes, contributing to an overall 20-30% reduction in average passenger waiting time across the terminal.
KEYWORDS:  Passenger experience, Tan Son Nhat T2, spatial reorganisation, flow optimisation, IATA ADRM, Level of
Service.

1. GIOI THIEU hanh khach vao nam 2025 va xu huéng phuc hoi hai con sé
tai khu vuc chdu A — Thai Binh Duong [1]. Cung véi ap luc
Van tai hang khdng toan cau dang budc vao giai doan s lugng, mat dat san bay dang phai tai dinh hinh lai theo cac

tang truong manh sau dai dich, véi du béo gan 10 ty lugt  yéu cau mai: chuyén ddi s6, sinh tric hoc, thiét ké lay con
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nguoi 1am trung tdm va tich hop yéu t6 bén viing [2], [3].
Trai nghiém hanh khach (passenger experience) da chuyén tir
chi tiéu phu tro sang truc thiét ké chinh cua nha ga thé hé
méi, duoc chirng minh qua cac nghién ctu hé thong vé danh
gia chat lwong dich vu san bay [16], [17].

Chuyén doi sé tai san bay véi cac cong nghé Self Bag-
Drop (SBD), Autogate sinh tric, soi chiéu 3D CT va Body
Scanner da duogc trién khai rong rdi nham rat ngin thoi gian
xtr ly mdi hanh khach [5]. Song song, cac cong trinh tham
chiédu nhu Hamad International (Doha) [6], Changi
(Singapore) [7] hay Kansai T1R (Osaka) [8] da chung minh
gia tri cua viéc két hop t6 chuc ludng tuyén tinh, khdng gian
dém rong va yéu té biophilic trong viéc nang chi s Muc do
phuc vu (Level of Service — Lo0S).

Tai Viét Nam, Quy hoach hé théng cang hang khdng
2021-2030, tam nhin 2050 [9] dat muc tiéu nang cip dong
bo. Nha ga T2 Tan Son Nhét thiét ké cho 13 triéu hanh
khach/nam, dy Kién don 17,8 tridu lugt trong nim 2025 —
vugt 37% cong suat theo sé liéu khai thac cuaa ACV [10].
Trong khi T3 ngi dia dua vao khai thac tir thang 4/2025 dé
chia tai noi dia, &4p luc tai T2 tiép tuc ting do lwgng hanh
khach quédc té phuc hdi nhanh.

Mic du T2 Téan Son Nhit da vuot ngudng qua tai 37%,
chua co nghién ciru két hgp dong thoi ca ba khia canh: (i)
phan loai — phan tach ludng hanh khach theo nhom ddi
tuong; (i) bé tri lai thi tuc hang khong theo nang lyc phuc
vu; Va (iii) tich hop thiét ké biophilic vao khéng gian giam
dén nén tam ly. Day chinh 1 khoang tréng ma bai béo nay
hudng toi.

Bai béo tap trung tra loi cau hoi: 1am thé nao dé tai to
chirc khéng gian va ludng di chuyén hanh khéch tai T2 Tan
Son Nhit nham x6a bo giao cit, giai phong vang cho va
nang LoS Ién mic téi vu B theo IATA ma khéng can mo
rong dién tich san? Phuong phap st dung |a Spatial and Flow
Analysis theo khung IATA ADRM LoS Benchmarking [11],
[18] dya trén ddi chiéu bén ban vé HT/CT (hién trang —
HT_PI, HT_DEN; cai tao — CT_BI, CT_DEN), so chuan

v6i nguang IATA ADRM [11] va bs TCVN/QCVN lién
quan [12]-[14]. Bén déng gop chinh: (1) chi rd sau cum
diém nghén cap d6 vi mo tai T2; (2) dé xuat goi giai phap tai
cAu triic khdng gian — thiét bi — biophilic theo chuan IATA,;
(3) dinh luong tac dong duy kién Ién LoS va thoi gian cho; (4)
cung cap khung tham chiéu cho cic nha ga twong tu trong

khu vuc.

2. PHUONG PHAP NGHIEN CUU

Nghién cttu &p dung phuong phdp Phéan tich Khéng gian
va Dong chay Hanh khach (Spatial and Flow Analysis), véi
khung danh gia dinh lwong xay dung theo tiéu chuan Mirc do
Phuc vu (Level of Service — LoS) caa Cam nang Tham
chiéu Phéat trién San bay IATA (Airport Development
Reference Manual — ADRM, 11th Edition) [11] — phuong
phap luan tiéu chuan quéc té duoc ap dung rong réi trong
danh gia hiéu qua khai thac nha ga hanh khach [16], [17]. D&
licu dau vao gom bén ban vé ky thuat ty lé 1:200 [4]: (i)
HT_BI — mit bang hién trang ga di tang 2; (ii) HT_DEN —
mit bang hién trang ga dén tang 1; (iii) CT_DI — phuong an
cai tao ga di; (iv) CT_PEN — phuong an cai tao ga dén.
Trén céc ban v& HT, vi tri diém nghén duoc khoanh do; trén
ban v& CT, vi tri can thiép dugc khoanh xanh. Dit liéu van
hanh (dién tich san, sé quay tha tuc, s6 cong Autogate, s6 lan
soi chiéu, s6 ghé cho) duogc trich xuét tir tai lidu khai thac
chinh thirc cua Tong cong ty Cang hang khong Viét Nam [10]
va ddi chiéu voi thuc dia giai doan 2024-2025.

Khung phan tich dugc té chic theo ba nhém. Nhém thi
nhat khao sat phan loai — phan tach luong hanh khach theo
nam nhém d6i twong dac thd tai san bay qudc té: khach
Autogate qudc tich Viét Nam, khach wu tién (thwong gia,
hang nhét, hd tro dac biét), khach phé théng quéc tich Viét
Nam, khach quéc tich nudc ngoai va khach doan. Nhom thir
hai danh gia ving dém va nang Iyc tiép nhan hanh khach

trong gio cao diém.
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Dé thiét lap khung tham chiéu dinh luong, nghién ctu
ap dung cac ngudng tiéu chuan dién tich thiét ké theo IATA
ADRM [11]: khu vuc sanh 1am thu tuc (Check-in) yéu cau >
1,8 m¥hanh khach; diém kiém tra an ninh soi chiéu (Security)
yéu ciu > 1,2 m¥hanh khach; va khu vyc phong cho khai
hanh (Holdroom) phai dat > 1,7 m¥hanh khach. Nhiam dam
bao dong chay hanh khéch tuyén tinh va nang Muc do phuc
vu 1én ngudng t6i wu (LoS B), phuong 4n khong gian can
dap tmg cac dinh mac nay tai cac ndt that trong yéu. Céc
dinh mic duoc dbi chiéu chéo véi bo tiéu chuan trong nudc
[12]-[14].

Dé dinh lugng mic do thiéu hut khong gian, dién tich
thuc té ting phan khu chirc ning dugc do tir ban vé hién

trang ty 1¢ 1:200 [4]: sanh thi tuc (12.092 m?), khu xuat canh

(2.789 m2), khu soi chiéu an ninh (1.262 m?) va khu nhap

canh (2.007 m?). Céc gia tri nay duoc ddi chiéu voi ngudng

LoS B tuong ung cua IATA ADRM [11]. Két qua so
sanh xac dinh ré ving thiéu hut va cung cép co sé dinh
huéng tai bd tri khong gian trong phuong an cai tao (CT).

Nhom thir ba danh gia chat lugng trai nghiém théng qua
bén thuoc tinh: tinh minh bach cua hé thong bién bao dinh
huéng, mic d6 giao cit giita cac ludng, muc tién nghi vat ly
(ghé, &nh séang, thong gi6, sac) va sy hién dién cua yéu té
sinh hoc — biophilic. Bo tiéu chi dwgc tham chiéu theo
chuong trinh Airport Service Quality cua ACI [15] va xu

huéng thiét ké 1y con ngudi lam trung tam [2], [3].

Bang 1: Tong hop cac cum diém nghén tai nha ga T2 — Tan Son Nhit

Vi tri Nhém hanh khich bj tic dong Biéu hién M‘;%gg;éc
Sanh thu tuc Khéch phd théng + khach doan Chd 3040 phut; ghé xen k& ving xép hang Cao
Xuét canh Toan bd khach qudc té di Chi 5 cong Autoga(';fi:é;lhb 1-3 gio gio cao Cao
Soi chiéu an ninh Toan bd khach di Giao cit 4 16p ludng; thiét bi 2D doi cii Cao
Khu cho khoi hanh Khéch dwell-time 2-3 gio Ghe thicu, khong C?]ﬁ?écﬁ khong c6 yeu 10 ty Trung binh
Nhap cinh Toan bd khach qudc té dén Chi 5 Autogate; (I:Itllg n6gO—90 phut; nhim Cao
Bing chuyén hanh 1y Toan bd khach dén Dinh hudng kém; thiéu ghé cho NCT/tré em Trung binh
Sanh cong cong dén Khéch + than nhan + tour + taxi Ba ludng giao cit ciing khong gian Trung binh

# Cao = anh huong > 50% hanh khéch trong gio cao diém; Trung binh = 20—-50%; Thap = < 20%.

3. KET QUA VA THAO LUAN
3.1. Khu vue ga di
3.1.1. Sanh thi tuc Check-in

Vién dé: Sanh tha tuc cé dién tich san 12.092 m? véi 6
dao (A-F, 96 quay + 24 quay phu) nhung ving xép hang
trude cac dao chi khoang 117 m2. Mdi dao phai phuc vu 3-4
hang hang khéng cung luc, dan tsi thoi gian xép hang hién

trang kéo dai 30-40 phut va muc LoS dao dong trong

khoang C-D theo IATA. Khu vuc 411 ghé cho dat rai rac
gita cac dao gay can tré dong di chuyén va che khuit bién
béo [10].

Giai phap: (i) Trién khai 100% may Self Bag-Drop
(SBD) tai dao A va dao B, mdi dao bé tri diy 8 méay quay
mat vao hanh lang trung tam, rat thoi gian thao tac méi kién
hanh ly xudng con 45-60 gidy; (ii) chuyén 4 d4o con lai (C—
F) thanh quay phuc vu khach doan va khach can hd trg, song
song hoa cac 16p ludng theo nhom dbi tugng; (iii) di doi 411

ghé cho ra ria sanh, giai phong ving dém trung tam.
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Tac dong du kién theo tinh toan thiét ké: Mat d6 khong
gian xép hang dat 1,3-1,8 mz/hanh khach (chuan LoS B cua
IATA ADRM); thoi gian cho trung binh rat tir 30-40 phat
xudng con 10-20 phut d6i véi khach pho thong va 3-5 phat
dbi véi khach thuong gia. Loai bo céc thoi gian chét trong

day chuyén gidp khu vuc dat LoS B.

3.1.2. Xuit canh va soi chiéu an ninh

Vién dé: Khu xuat canh c6 dién tich viing xép hang 1.704
mz2, 48 quay thu cdng va chi 5 cong Autogate; thoi gian xu ly
tha cong 45-90 giay/khach (90-120 gidy véi khach quéc té),
khién hang chd gio cao diém kéo dai 1-3 gio. Khu soi chiéu
an ninh c6 dién tich 1.262 m? nhung cac ludng khach
Autogate, khéach thi cong, khach wu tién va khach doan giao
cit nhau ngay 16i vao; thiét bi soi chiéu 2D thé hé cii budc
hanh khéch théo giay, Iy laptop ra khoi balo, 1am nghén day
chuyén [10].

Giai phap: (i) Tang sé cong Autogate tir 5 1én 25, sap
xép song song hai ddy 12+13 céng tach bach ludng khach
cong dan Viét Nam va khach nudc ngoai du diéu kién; (ii)
thay thiét bi soi chiéu 2D bang may 920CT 3D tich hop
Body Scanner, cho phép hanh khéch giir nguyén giay va dé
laptop trong balo, rit thoi gian xt Iy mdi khach xuéng con
15-30 giay; (iii) bé tri bién bao dinh huéng theo tang cip ba
(chinh — phu — chi tiét) dé tuyén tinh hda dong chay.

Tac dong du kién theo tinh toan thiét ké: Mat do khdng
gian xép hang dat 1,0-1,2 m#/hanh khach theo chuan IATA
ADRM; thoi gian cho trung binh rit xuéng 5-10 phat (phd
thdng) va 1-3 phut (thwong gia) tai xuat canh, dat LoS B. Tai
soi chiéu an ninh, viéc x6a bo giao cat va song song hoa cac

I6p luong du kién giam 20-30% tong thoi gian xir Iy nhom.

3.1.3. Khu cho khéi hanh

Van dé: Khu cho khoi hanh sau soi chiéu hién cung cap

ghé cho tiéu chuan khong c6 tua, mat do ghé thap, thiéu tram

sac va khong c6 yéu tb biophilic; trong gio cao diém hanh
khach thuong ngdi san hoic dung tai 16i di. Hanh khach co
thoi gian luu tra trung binh 2-3 gio trude khi 1én tau bay.

Giai phép: (i) B6 tri ghé cong thai hoc ¢6 twa, c6 tram
sac tich hop giita cac ghé, mat d6 toi thiéu 1,7 m¥hanh khéch
theo IATA ADRM:; (ii) thiét ké céc tiéu canh béan can (semi-
aquatic terrarium module) dat giira cac cum ghé cho, két hop
anh sang tu nhién va cdy xanh noi thit theo nguyén tic
biophilic design [19], [20]; (iii) ting dién tich khu retail doc
ria khu cho.

Tac dong duy kién: Vi day 1a khoang thoi gian cho chu
dong, can thiép khdng nham rit ngan thoi gian ma tap trung
thay d6i chat luong nghi ngoi — giam lo au, mét moi va
nang cam nhan chat lugng dich vu theo bo tiéu chi Airport
Service Quality cua ACI [15]. Nghién cau thuc nghiém tai
san bay cho thay su hién dién cua cay xanh noi thit tac dong
tich cuc dén trang thai tam ly hanh khach trong thai gian cho
[19]. Mat d6 tdi thiéu sau cai tao dy kién dat chuan IATA 1,2

m2/hanh khéch trong cac khung gio cao diém.

MAT BANG TANG 2 Bl - KHU VIYC SANH THU TUC, XUAT CANH, AN NINH SOI CHIEU/HAI QUAN

Hinh 1: Mat bang hién trang ga di T2 va diém nghén
(khoanh do). (Nguon: [4])
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MAT BANG TANG TRET DEN - KHU VUC BANG CHUYEN HANH LY VA HAI QUAN

Hinh 2: Mat bang phuong an cai tao ga di T2, vi tri can thiép
khoanh xanh. (Ngudn: [4])

3.2. Khu vure ga dén
3.2.1. Nhap canh

Van dé&: Khu nhap canh c6 dién tich 2.007 m?, 44 quay tha
cdng va 5 cong Autogate; xir Iy thi cong 60-120 gidy/khach
dan t6i thoi gian cho gio cao diém 60-90 phat. Ludng khach
nuéc ngoai, khach Viét Nam, khach uu tién va khach qua canh
giao cat nhau tai sanh cho 1am thu tuc [10].

Giai phap: (i) Mo rong Autogate tir 5 1én 25 cong, t6 chirc
hai ddy song song theo qudc tich; (ii) tai bd tri 44 quay tha cong
thanh ba cum theo nhom déi twong (khéch phd thong, khach wu
tién, khach doan); (iii) dat bién bao dinh huéng song ngir
Viét — Anh ngay tai 16i ra 6ng long dé x6a bo tinh trang nham
ludng.

Tac dong du kién theo tinh toén thiét ké: Mat do khong
gian xép hang dat 1,0-1,2 mz/hanh khach theo chuan IATA;
thoi gian cho trung binh rat xudng 5-10 phdt (phd thong) va 1—
3 phit (thuong gia), dat LoS B. M6 hinh tham chiéu la New
Clearance Concept ctia Cuc Di trd Singapore (ICA) [7] cho thiy
tinh kha thi khi trién khai Autogate sinh trac hoc quy mé lon.

3.2.2. Hanh lang va khu biing chuyén hanh ly

Van d&: Hanh lang néi tir Autogate ra khu bang chuyén
thiéu bién bao, mat san ddng mau khién khach lung ting; khu
bang chuyén (5 d40) c6 dién tich chat, ghé cho it, khong cd khu
vic tré em hodc ngudi cao tudi.

Giai phap: (i) Phan viing mat san bang dai mau khac biét
theo timg nhém chuyén bay/dao bang chuyén; (i) b tri bién
bao treo cao két hop bién béao san (floor signage); (iii) thém cum
ghé cho uu tién va tram nuéc mién phi canh mdi dao bing
chuyén; (iv) treo thém panel xanh phia trén ghé cho tao diém
nghi thi giac theo nguyén ly biophilic [20].

Tac dong duy kién: Giam thoi gian dinh huéng xubng dudi
30 gidy/khach; tang cam nhan tién nghi tai diém tiép xtc cudi

cung truac khi roi san bay.
3.2.3. Sanh céng cong dén

Van d&: Sanh dén hién két hop ba chic ning (don than
nhan, don tour, don taxi/xe cdng nghé) trong cung khdng gian,
dan t6i giao cit ludng va don nén 16i ra gio cao diém. Giai phap:
phan tach ba khu bang dai dém, dua dén tour + don xe ra hai
canh ddi xung, dé trung tim cho don than nhan; b sung bién

bao dan hudng theo phuong ngang. Tac dong du kién: x6a giao

cét 3 ludng; giam don nén 16i ra.

B TR
7

MAT BANG TANG 2 DI - KHU VIJC SANH THU TUC, XUAT CANH, AN NINH SOI CHIEU/HAI QUAN

Hinh 3: Mt bang hién trang ga dén T2 va diém nghén (khoanh
do). (Ngudn: [4])
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Hinh 4: Mat bang phuong an cai tao ga dén T2, vi tri can thiép khoanh xanh. (Ngudn: [4])

Bang 2: Goi giai phap tai cdu trac va tac dong du kién

Piém nghén Giai phap Tac dong ludng Tac dong trai nghiém
Séanh thu tuc 100% SBD tai ddo A-B; di | | cho 3040 — 10-20 phut (pho | Dat LoS B; gidm don nén
doi ghé raria théng), 3-5 phut (thuong gia); 1,3-1,8
m?hanh khach
Xuat canh Tang Autogate 5 — 25; tach | | cho 1-3 gio6 — 5-10 phuat (phd | Dat LoS B; xda giao cat
luong VN/quéc té thdng), 1-3 phut (thuong gia); 1,0-1,2
m?/hanh khéch
Soi chiéu Thay 2D — 920CT 3D + | | thoi gian xur 1y ~50%; | 20-30% tong | Khong phai thao giay/laptop;
Body Scanner LoSB
Khu cho Ghé cong thai + sac + tiéu | > 1,7 m¥hanh khach (ADRM); | 1 chisd ASQ; giam lo 4u
canh ban can biophilic
Nhép canh Autogate 5 — 25; tach ludng | | chd 60-90 phut — 5-10 phut (pho | Pat LoS B
theo nhom thong); 1,0-1,2 m2/hanh khach
Béng chuyén San mau phén khu + bién treo | | thoi gian dinh huéng < 30 s/khach 1 tién nghi diém ti€p xuc cudi
cao + gh¢ NCT
Sanh dén Tach 3 chirc nang dén vao ba | Xéa giao cat; | don nén 18i ra Khdng gian thodng cho khach +
canh nguoi don

4. THAO LUAN

S&u cum giai phap dé xuit cung tuan theo logic x6a bo
giao cit, song song hoa cac 16p luong, mé rong ving dém
theo IATA ADRM va giai phong ving chd — khac huéng
truyén théng 1a ma rong dién tich san (vn khdng kha thi véi
T2 do han ché ha tang).

So véi cac cdng trinh tham chiéu qudc té va trong nuéc,
g6i giai phap dé xuat cho T2 c6 nhiéu diém twong dong va
bai hoc 4p dung cu thé. Hamad International (Doha) [6] két

hop hanh lang thoang + noi thit gd + mé thic biophilic —

bai hoc &p dung cho T2: uu tién tiéu canh tai khu cho khoi
hanh (muc 3.1.3). Kansai T1R (Osaka) [8] t6 chiic ludong

tuyén tinh mot chiéu két hop khu thuong mai bd tri ven hanh
lang — bai hoc ap dung cho T2: sap xép khu cho két hop
retail trong dong chay. Khéi niém New Clearance cua Cuc
Di tra Singapore (ICA) [7] cho phép hanh khach tu xir ly
xuit nhap canh toan bang sinh tric hoc — viéc mo rong
Autogate lén 25 cong tai mdi khu vuc xuat/nhap canh chinh

1a bude dau dé tién téi mo hinh ty dong hoan toan nay.
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Két qua nghién ctiru phu hop véi cac phat hién cua cac
nghién ctiu hé thong vé danh gia chat lugng dich vu nha ga
san bay [17]: &p lyc ludng tap trung vao céc ndt that tuong tu
(check-in, immigration, security) va giai phap nang LoS can
két hop gitra mé rong ving dém va ting nang lyc thiét bi tu
déng. Tac dong biophilic tai khu cho khéi hanh ciing dugc
x4c nhan qua nghién ctu thuc nghiém vé tac dong cua cay
xanh ndi that dén suc khoe tdm ly hanh khach tai san bay
[19].

Tac dong téng thé du béo: LoS tai cac nit thit (sanh tha
tuc, xuat canh, soi chiéu, nhap canh) chuyén tir C-F Ién B;
thoi gian cho binh quan giam 20-30%. Yéu té biophilic
(muc 3.1.3) b6 sung gia tri cam xic — ciu phan ngay cang
quan trong cua chi s6 ASQ [15].

Nghién ctu c6 ba giéi han kém huéng phét trién twong
tng. Thir nhat, cac con sb dinh lugng (m?/hanh khach, thoi
gian cho, LoS) 1a két qua tinh toan thiét ké dua trén ngudng
IATA ADRM, chua hiéu chinh bang do dac thuc dia —
huéng tiép theo 1a do dém 7 ngay/24 gio tai sau diém nghén
dé calibrate. Tha hai, nghién ctu phan tich cau hinh tinh —
huéng tiép theo 1a md phong tac tir (AnyLogic/Pathfinder)
gio cao diém [18]. Tht ba, tic dong tam ly biophilic mai
dung ¢ suy luan literature — huéng tiép theo 1a khao sat
ASQ trudc va sau cai tao dé dinh lugng muc tang chi s6 hai

long.
5. KET LUAN

Bai bao trinh bay nghién ctu tai to chic khéng gian va
luong di chuyén hanh khach tai Nha ga T2 — Cang hang
khong qudc té Tan Son Nhét sau ngudng qua tai 37%.
Phuong phip Phén tich Khéng gian va Dong chay Hanh
khéch (Spatial and Flow Analysis) theo khung chuan IATA
ADRM Level-of-Service Benchmarking [11], dua trén ddi
chiéu bon ban vé HT/CT, cho phép rdt ra ba két luan chinh.

(1) Nha ga T2 hién c6 sau cum diém nghén vi mé (sanh

thii tuc, xuat canh, soi chiéu, khu cho khai hanh, nhap canh,

sanh dén) voi mic LoS dao dong trong khoang C—F, biéu
hién rd qua don nén day chuyén, giao cit luong va réi loan
dinh huéng.

(2) Gai giai phap tai cau tric gdm 100% SBD tai dao A—
B, mé rong Autogate tir 5 1&n 25 cong tai mdi khu vuc
xuit/nhap canh, thay thiét bi soi chiéu 2D bang 920CT 3D +
Body Scanner, tich hop biophilic vao khu cho va tach ba
ludng don tai sanh cong cong dén — du kién nang LoS Ién
mac B, mé rong vung dém dat 1,3-1,8 m?/hanh khéach tai
sanh thu tuc va 1,0-1,2 m¥hanh khéch tai khu xuat nhap
canh, dong thoi rat thoi gian thao tac mdi khach xudng con
15-30 giay.

(3) Téng thoi gian cho binh quan toan chudi hanh trinh
du kién giam 20-30%, khong can mé rong dién tich san —
két qua dinh luong nay cung cap mot khung tham chiéu cho
céc nha ga twong duong quy mo trong khu vue Dong Nam A

dang d6i mat vai tinh trang qué tai nhung bi han ché ha tang.
LOI CAM ON

Nhdm tac gia tran trong cam on Hoc vién Hang khéng Viét
Nam va Téng cong ty Cang Hang khéng Viét Nam di hd trg
tai liéu va dix liéu khai thac cho nghién ciru
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Ung dung IOT va thiét bi cam bién dé giam sat va chan doan sirc khée
cong trinh

TS.Pham Pinh Hai', "KS.Tung Wu Chen®”

'Gidang vién khoa Xdy dung, Hoc vién Hang khong Viét Nam
2Chii tich, KUOCHEN Engineering Consultants Ltd-Giam doc Diéu hanh, Hiép hdi Ky sw Két cau Pai Bdc

*Email: haipd@vaa.edu.vn

TOM TAT

Bai bao nay trinh bay nhitng img dung thuc tién va cac thach thirc trong viéc trién khai hé thong giam sat dia chan va chan doan
stic khde cong trinh cho cac toa nha tu nhan. Dya trén co sé ly thuyét vé dong luc hoc két cau, hé théng theo doi lién tuc cac
tham sd dao dong cua toa nha — bao gém tan b, hé s6 can va hinh dang dao dong — dé phat hién sém cac déu hiéu hu hai sau
cac sy kién dia chdn. Nén tang giam sat dam may duoc tich hop véi cam bién gia tdc ba truc, bd ghi dir liéu, va hé thong phan
tich tu dong trén AWS, cho phép tao ra bio cdo tirc thdi. Cac két qua thuc nghiém cho thiy hé thong co kha ning phat hién su
suy giam tan sb dic trung va danh gia mirc do hu hai thong qua chuyén vi tang(drift ratio).

TU KHOA: Giam sat dia chin, hin doan strc khoe két cAu, tin sé dao dong, giam sat ddm may, phat hién hu hai ty dong
ABSTRACT

This paper presents the practical applications and challenges in deploying a seismic monitoring and structural health
diagnostic system for private buildings. Based on structural dynamics theory, the system continuously monitors building
vibration parameters—including frequency, damping coefficient, and vibration pattern—to detect early signs of damage
after seismic events. The cloud-based monitoring platform, integrated with a three-axis accelerometer, data logger, and
automated analysis system on AWS, enables real-time reporting. Experimental results show the system's ability to detect

characteristic frequency attenuation and assess damage levels through floor displacement (drift ratio).

KEYWORDS:
detection

1. VONG POI VA PAC PIEM CUA CONG
TRINH XAY DUNG
1.1. Vong doi caa cong trinh

Mot cong trinh xay dung trai qua nhiéu giai doan trong
sudt vong doi cua nd, tir khi lap ké hoach thiét ké cho dén
khi pha d&. Hiéu rd cac giai doan nay la nén ting dé xay
dung chién lugc bao tri va giam sat hiéu qua. Cac giai doan
chinh trong vong doi cong trinh bao gom: (1) Lap ké hoach
va thiét ké vai thoi gian 3 thang, day la giai doan xac dinh
yéu cau ky thuat, phan tich dia diém, va 1ap hd so thiét ké két
c4u; (2) Giai doan thi cong voi thoi gian khoang 2 niam, day

la qua trinh xay dung thyuc té theo ban vé& thiét ké, doi hoi

Seismic monitoring, structural health diagnosis, vibration frequency, cloud monitoring, automated damage

kiém soét chit lwong chat ché; (3) Giai doan sir dung va bao
tri vai thoi gian 30 nam, day 1a giai doan dai nhat, cong trinh
dugc khai thac va bao dudng dinh ky dé duy tri kha ning
chiu lrc va (4) giao doan cai tao va gia cb véi thoi gian 30
nam, khi két cau xubng cap hoic tiéu chuan ky thuat thay doi,
cong trinh can dugc nang cip hoic gia cd chéng dong dt.
Cudi cung 1a giai doan pha d& voi thoi gian 1 nam: day la
giai doan két thuc vong doi, bao géom thdo d& an toan va xir
ly vat liéu.

Trong tong thoi gian vong doi, giai doan sir dung va bao
tri chiém ty 1¢ 16n nhat voi khoang 60 nam, diéu d6 cho thay
vai tro quan trong cua viéc theo ddi lién tuc tinh trang suc

khoe caa két ciu.
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LT
Xay dung Str dyng Cai tao Pha d&

va Thiét ké Bio tri Nang cé Cubi doi
TSR |

Lap ké hoach

Hinh 1. Vong doi caa mot cdng trinh xay dung

1.2. Pic diém cia cong trinh

MJi cong trinh xay dung c6 nhirng dic diém vat 1y va co
hoc riéng biét, dugc biéu hién qua cac tham s6 dong luc hoc.
Phuong trinh chuyén dong co ban cua hé két cdu chiu tac
ddng dia chan dugc mo ta boi:

M&(t) + Cx(t) + Kx() = -MLio(t) (1)

Trong d6: M 1a ma tran khdi lugng, C 1a ma tran can, K
la ma tran do cang, va %o(t) 1 gia téc nén do dia chan. Khi
két cau bi hu hai, cac tham sb M, C, K thay ddi, ddn dén su
thay ddi c6 thé do duoc trong phan g dong luc hoc cua hé
thdng. Cu thé, khi d6 cung K giam, chu ky dao dong ty nhién
T: tang 1én, day la tin hiéu quan trong dé phat hién hu hai.
Dbi vai cong trinh ¢ trang thai ban dau, cac tham sé co ban
nhu khéi lugng, 6 cung va tinh trang stc khoe két cau quyét
dinh tryc tiép dén cac dic trung dao dong gom tan sé riéng,

hé s6 can va dang dao dong.

CONG TRINH MG DAC TRUNG DONG
B8 o Khbilugng (Mass) * Tan sb (Frequency)
L1
KR o D) cimg (Stiffnesy) = o 11§ sb ciin (Damping)
L1
¢ Tinh trang sirc khoe * Hinh dang dao djng
(Health Status) (Modal Shape)
HU HONG KET CAU THAY DOIDAC TRUNG
+ o Thay d6i khoi legng o Glam tin s6
o Phit trién vét nit ‘ 727" o Tinghi sb cin
+ Bién dang dw A « Thay dbi hinh dang
& dao dong

Hinh 2. Bic trung két cau caa mot cong trinh

Khi cong trinh xuét hién hu hong, ching han nhu thay
ddi khdi lugng, phat trién vét nit hoic bién dang du, cac
tham s6 dong hoc cua hé két cdu s& c6 su thay ddi tuong ung.
Cu thé, sy suy giam do cang do nat hoic hu hong vat lidu

thuong dan dén hién tuong giam tan sé dao dong riéng.

2. PHUONG PHAP VAN HANH GIAM SAT KET
CAU DAI HAN
2.1. Khai niém vé giam sat dai han

Giam sét két cAu dai han (Structural Health Monitoring -
SHM) la qua trinh theo di lién tuc céc tham sé két cAu theo
thoi gian thuc, nham phét hién kip thoi bat ky su thay doi bat
thuong ndo o thé chi ra su xubng cap hoic hu hai cua cong
trinh.

Hinh 3 trinh bay ludng xu ly trong hé théng giam sét dai
han bao gom céac budc tuan ty: (1) gidm sat tw dong lién tuc:
Hé thong cam bién hoat dong 24/7, thu thap dix liéu dao dong
nén; (2) phét hién su kién dia chin: Khi gia toc vuot ngudng
kich hoat (trigger condition), hé thong ghi nhan day la su
kién dia chan (3) Luu trit trén dam may: Dit liéu dwoc truyén
Ién nén tang dam may dé luu trir an toan va xir Iy tir xa. Panh
gia do chinh xéc tin hiéu: Kiém tra tinh nhat quan va do tin

cay cua dir liéu thu duoc.

Giam sat
Tu don;
KHONG
Phantich =5
ty dong dir e
,,,,,,,,,,, ... ligu dong dat
<=
! £ 5
KHONG 40 céo [
Danh gia d¢ Panh gia dir 25
chinh x4c tin hiéu li¢u phén tich

Hinh 3. Quy trinh giam sét két cdu dai han
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Hé théng gidm sat bao gom hai thanh phan phan ciing
chinh: Cam bién gia toc ba truc AC-217 va bo ghi dir liéu .
, , EE #6 xol 4
PX-01. Bang 1 va Bang 2 liét ké cac théng s6 ciia cam bién -:-:-:'u (b7 )
. ) ‘ | E e I AR
gia téc va bo dir liéu PX-01 dé do dir liéu cua toa nha. ‘ - T T (o | —db
T o | sty | | K T 000 [ =
) ) ) ].SM) ' ~.— | |l e o e o
Bang 1. Thong s6 cam bién gia toc ba truc AC-217 ; [ PronG 00c - oy Fer) o (e || [
-~z . - Vi1 (il i =0
Thong so Giatri I E = M =i
Truc do XYZ (ba chiéu) ' e ' i R =ip
& . ' et [ st A st s R ot
Dai tan s DC dén 200 Hz H s S — = =
Toc do lay mau 50 /100 / 200 mau/giay : ‘Im -l 4 i i
XUGNG 1 FHit . mv P:\'O)'cm ,:J pu— 1 | LE
Dai do +2G ol |
Dai dong 100 dB Mt bang Mat dting
Nguén dién 110V AC Hinh 4. So d6 va vi tri lap dat bo cam bién cho toa nha ky

Bang 2. Thong sb bo dir liéu PX-01

Théng sé Giatri

Kich thudc (D x R x C) 550 x 425 x 44,5 mm
Thé nhé 8 GB

Céng mang 10/100Base-TX Ethernet

Man hinh LCD

Hién thi trang thai hoat dong

2.2. Lap ké hoach va lap dat hé théng

Trong vi du thuc té duoc trinh bay, mot téa nha 1a ky tic
x& gém 8 tang, gébm 8 tang ndi va 1 ting him & trudng dai
hoc ¢ thanh phd Pai Bic duoc trang bi tong cong 15 cam
bién (S1 dén S15) bao phu déu cac tang theo ca hai hudng
(trai-phai va truéc-sau), két ndi voi nhau qua cap mang
CAT6 va bo chuyén mach HUB. Viéc lap dat hé théng giam
sat doi hoi 1ap ké hoach chi tiét vé vi tri cam bién trén cac
tang cua tda nha. Mai thiét bi dwoc danh sb theo hé thdng
phan cép 18 rang. Bo ghi dir liéu (Data Logger): PX-01, PX-

02, dugc dat tai tang 1 cua toa nha, 15 cam bién sensor dugc

phan b tir tang B1 dén tang 8. C6 1 hé thong luu dién (UPS):

UPS-01, dam bao hoat dong lién tuc khi mat dién va bon bo
chuyén mach mang (HUB): HUB-01 dén HUB-04 dt tai cac
tang 1, tang 2, tang 4 va ting 6 nhu & Hinh 4.

tlc xa

3. XU LY DU LIEU TREN NEN TANG GIAM
SAT PAM MAY
3.1. Khéi niém chin doan strc khoe két ciu

Chan doan suc khoe két cau (Structural Health
Diagnosis) 1a qua trinh so sanh tin hiéu dao dong thyc té thu
duoc tir cam bién voi cac tham sé thiét ké ly thuyét, nham
xac dinh trang thai an toan cua cng trinh sau cac su kién dia
chan. Trong tdm cua phuong phéap nay 14 so sanh tan s dao
dong thiét ké T. (Design T:) vdi tan s6 dao dong thuc té T:

(Actual T1) do duogc sau tran dong dat.

E

Pho Dung hgmg Chu ky Thidt ké
—_—

Phé Dung hemg Chu ky Thyre té

D& Dénh Gié Cao
Kha Naing Khéng Chén
6

Ph3 Phan Ung '
Quy Dinh
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Hinh 5. Lap dat hé thdng cam bién do dac
3.2. Co ché chin do4n sirc khoe két cAu

Co ché hoat dong tong thé cua hé thong chan doan bao
gom:Dir lidu cam bién tir cac sy kién dia chan duoc truyén téi
Nén tang giam sat ddm may. Tinh toén phan (ng co ban (Basic
response) va ty ¢ troi dat tang (Story Drift) thong qua dién toan
dam may AWS. Hé thong ty dong tao bao cao phan tich
(Analysis Report) dudi dinh dang Word. Gui thong béo tuc thoi
qua tng dung LINE t6i chu sé hitu va ki su phu trach.

Toan bo quy trinh tir khi nhan dir liéu dén khi hoan
thanh phan tich va gui thong bao dugc thuc hién hoan toan
tu dong, giup dua ra quyét dinh nhanh chong trong trudng
hop khan cap.

Nén ting gidm sat
dim may
AWS
dién toan dém may

[ D{ léch tang phan |
tmg co ban

Bio c¢io phén tich

Théng béo LINE

Di li¢u cém bién
cua sy ki¢n dong dat

Hinh 6. Chan dodn kiém soat stc khoé két ciu

4. CHAN POAN SUC KHOE KET CAU
4.1. Co s& ly thuyét danh gia hw hai két cau

Viéc danh gia hu hai két ciu dua trén nguyén ly: bét ky
su hu hai nao trong két cau ciing s& dan dén sy thay doi co
thé do duoc trong cac tham s dong luc hoc cua hé thong. Ba
tinh chat co ban ciia hé két cau: khdi luong (Mass), do cing
(Stiffness) va tinh toan ven két cdu (Structural Integrity)
tuong (g vai cac dic trung dong luc hoc 13 tan sb, hé s6 can,
va hinh dang dao dong. Khi két cdu bi hu hai, cac biéu hién
c6 thé quan sat dwoc la: Tan s6 dao dong ty nhién giam

xudng do d¢ cung giam: Day 1a chi s6 quan trong nhét. Tan

s6 giam ddng nghia vai chu ky Ti tang 1én, c6 thé do luong
chinh xac qua phan tich pho tan s6. Hé s can ting 1én do
Xut hién nhiéu vét nat hon hodc bién dang 16n hon: Ning
luong tiéu tan tang khi c6 hu hai trong vat ligu va lién két két
cau. Hinh dang dao dong thay ddi do sy phan bd lai do cing:
hu hong tai mot vi tri cu thé lam thay d6i sy phan bd bién
dang doc theo chiéu cao cong trinh. Viéc két hop cac phép
do dao dong tir nhiéu cam bién tai cac tang khac nhau cho
phép xac dinh khdng chi sy hién dién cta hu hong ma con ca

murc d6 nghiém trong va vi tri c6 kha nang bi hu hong.

4.2. Vi du ap dung

Trudng hep nghién ciru dugc thuc hién trén mot tda nha
truong hoc 8 ting, noi hé théng giam sat dugc lap dat véi 15
cam bién (S1 dén S15) trai déu tr ting ham (B1) dén tang
méi (RF). Khi 4y quy trinh ddy du bao gém bén budéc: (1)
Lap ké hoach va lap dat hé théng cam bién tai cac vi tri chién
lwoc; (2) Panh gia dia chan ban dau (Seismic Evaluation)
thong qua thir nghiém vi dao dong (micro-vibration test) dé
X4c 1ap tan sé co ban cua cong trinh. Hinh 7 dién dat két qua

kiém soéat strc khoé két cAu.

R
= i - 1y g %)
=
Tang4
Ting 3
22 Tang 2 3| '\':
: Ting | e

Tl drtngg ()

QUY HOACH VA LAP DAT HE THONG THU THAP VA DO LUONG DU’ LIEU PHAN TICH CHAN DOAN SUC KHOE
GIAM SAT HIEN TRUONG GIAM SAT SUf KIEN BONG DAT TRANG THAI KET CAU

Hinh 7. Chan doéan kiém soat stc khoé két cAu

Theo dbi céc su kién dong dat trong thoi gian van hanh
thuc té: (1) Panh gia sic khoe két cdu dya trén két qua phan
tich thoi lich (Time-History analysis) va (2) phan tich diy

dan (Pushover analysis) dwoc thé hién & Hinh 8.
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CHS1-X

Tine Sec)

()
Foc gzt

Kt cAu chiu dong dat: M8 hinh
han tich danh gié ch tiét

Kiém tra do luomg vi rung
chén tai hién trud

D ligu lich st sy kién dong dét

Két qua danh gi kha nang
chiu dong dét

Higu chudn tin s& mé hinh Phan tich lich st dong luc Tiéu chuin an toan chan doan |
an tich két chu md hinh két cau sire khoe tinh trang két céu

Hinh 8. Panh gia kiém soéat suc khoé két ciu

Danh gia 4§
chinh xac tin hi¢u

l

Ham
chuyén doi

Phin-2 1. Tin hiéu trén cing mt tang phii nhét quén

2. Tin hi¢u c6 higu (mg khuéch dai ¢ céc tang khac nhau

—

Hinh 9. Quy trinh kiém soét strc khoé két cau

4.3. Tiéu chuén danh gia sirc khoe két cau

Theo tai liéu tham khao cua GS. Ting-Yu Hsu, tiéu chi

danh gia muc d6 hu hai két cau dya trén Ty 1¢& troi dat tang
(Interstory Drift Ratio - IDR):

Bang 3: Bang tiéu chi ty I¢ trdi dat

(Severe Damage) khan cép

Ty 18 troi dat

(Drift Ratio)

Trang thai két

cau

Mirc d§ wu tién

o

X ly

0% ~ 0,2%

An toan (Safe)

Theo doi dinh ky

0,2% ~ 0,5%

Hu hai Nhe

(Minor Damage)

Kiém tra chi tiét

0,5% ~ 1,5%

Hu hai Trung binh

Stra chira ngay lap

(Moderate tac
Damage)
>1,5% Hu hai Nang So tan va gia cd

Tiéu chi nay dugc tich hop véi két qua phan tich phi
tuyén dé xac dinh céc cip do hiéu ning dia chn twong ung
V6i cac muc gia tbc nén dinh (Peak Ground Acceleration -
PGA) khac nhau.

4.4. Quy trinh xac dinh tan sé két cau

Quy trinh k§ thuat xac dinh tan sé két ciu bao gdm hai
phan chinh: (1) Gan nhan tin hiéu (Signal Labeling): Xéc
dinh vi tri cua ting cam bién trén so do tda nha, phan biét
giita cam bién ting mai (ROOF: S14, S15) va cam bién nén
méng. Tiéu chi kiém tra bao gdm: Tin hiéu cliing tang phai c6
tinh nhit quéan va tin hiéu phai c6 hiéu ung khuéch dai ting
dan theo chiéu cao ; va (2) Tinh toan ty s6 pho giira tin hiéu
tang mai va tin hiéu nén, tir d6 xac dinh tan sé dic trung va

hé sb khuéch dai cua két cau.
4.5. Két qua theo dbi bién thién tan sé

Dir liéu thyc nghiém thu thap dugc tir cic sy kién dia
chén trong nam 2022 cho thdy xu huéng bién thién tan sé
dic trung. sau tran dong dat Hoa Lién (22/06/2022), tan s6
dao dong cua tda nha van duy tri 6n dinh quanh muc co ban
va khong c6 dau hiéu hu hai nghiém trong, Véi tran dong dat
Dai Pong (17/09/2022), bit dau quan sat thdy xu huéng
giam tan sé nhe. Va cudi cung duéi tran dong dat Hoa Lién
(18/09/2022), tan s giam dot ngot va dang ké, c6 thé thiy
day 1a d4u hiéu rd rang cho thay két ciu da bi hu hai. Két qua
nay minh ching rd rang cho kha ning cua hé théng trong
viéc phat hién va theo ddi qué trinh suy giam dan dan cua két
c4u qua nhiéu sy kién dia chan lién tiép, thay vi chi phan ung

v6i mot tran dong dit don 1¢.
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Giam sat dai han - Bién thién tan s6 cla cong trinh
- @+ Phuong doc (X) Phuang ngang (Y)

s e B
w oo

oDk Emo -

Gia tri tan s6 chuyén ddi udc tinh (Hz)
S o000 0000
[ R oG =
¢

=
of

20221620 20221917 2022918

Ddng dét Quang Phuc, Hoa Lién Béng dét Quan Son, Bai Bang Dang at Phi Ly, Hoa Lién

‘Jgaw?lyrasuklénd:nqdét
Hinh 10. Két qua giam st tir thiét bi cam bién
. KET LUAN

(2]

Bai bao da trinh bay mot cach ¢ hé thong vé ung dung
va cac van dé thuc tién trong viéc trién khai hé thong giam
sat dia chan va chan doan suc khoe cong trinh cho nha tu
nhan tai Dai Loan. Cac két qua chinh duoc rdt ra bao gom:

o Hé théng giam sét lién tuc dya trén cam bién gia toc
ba truc va nén tang dam may AWS cho phép thu thap
va phan tich dir liéu dia chdn mét cach tu dong, kip
thoi va chinh xac.

o Phuong phap phan tich tin s6 dic trung (Transfer
Function) da chirng minh hiéu qua trong viéc phat
hién su suy giam do cung két ciu sau céc su kién
dong dat 16n tai Pai Loan nam 2022.

o Tiéu chi danh gia dya trén ty 1 chuyén vi tang (IDR)
cung cap mot thang do dinh luong rd rang dé phan
loai mirc d6 hur hai tir an toan dén nguy hiém nghiém
trong.

o Viéc tich hop cac cong nghé loT vao hé thong giam
sat két cAu dang tao ra mot thé hé méi cua cong cu
quan ly an toan cong trinh, htra hen mang lai loi ich
to 16n cho cong ddng dan cu tai cac ving cd nguy co

dia chén cao.
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