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TOM TAT

Cong nghé han nhi¢t nhém (Aluminothermic Welding - ATW) 1a phwong phéap phd
bién trong thi cdng dudng sit nhung tiém &n nhidu rti ro an toan lao dong. Nghién
citu nay tap trung danh gia thiee trang kiém soat rui ro trong cdng tac han nhiét
nhém tai tuyén metro s§ 1 thanh phd H6 Chi Minh. Phuwong phép khao sat thue dia,
két hop v6i ma trén rui ro 5x5 va phan tich ch& d6 16i va anh hudng (FMEA), da
dugc str dung d€ nhan dién cac nguy co chinh nhu tiép xtic khéi han ddc hai, bong
nhiét, nguy co chdy n6 va viéc sit dung PPE khong dat chuén. Két qua cho thdy kha
néng phoi nhiém MnO va Fe,O; vuot gidi han an toan trong khu vire théng gi6 kém.
Cac bién phap cai thién nhw néng cdp PPE, bd sung hé thdng théng gié cudng biic
va tdng cudng gidm st an toan dugc dé xuat. Nghién ctru gép phan cung cip co s&
thyec tidn cho viéc xay dung quy trinh ki€m soat riii ro an toan, ap dung cho cac dw

an metro twong lai.

Tir khéa: Han nhiét nhom, kiém soat rti ro, an toan lao doéng, dwdong s&t @6 thi.

1. MO PAU

Han nhiét nhém (Aluminothermic Welding — ATW) 1a mét phwong phap duoc
skt dung rong rai d€ néi ray trong xay dung dudng sit hién dai, d3c biét & cdc dw 4n doi
héi d9 bén cao, tinh chinh xéac va sy co dong [1]. Phuong phap nay dwa trén phan tng
héa hoc gitta bot nhom (Al) va oxit st (Fey03), tao ra kim loai néng chay & nhiét d6
khoang 2500°C, két ndi cac thanh ray mét cach lién tuc va chic chin [1].

Miéc du mang lai hiéu qua ky thuéat, qua trinh ATW ciing tiém &n nhiéu rti ro an
toan lao dong nhuir bong nhiét tir kim loai ndng chay, phat sinh khi ddc chita oxit kim
loai (MnO, Fe;0s), nguy co chdy nd do tia Itra han va rui ro co hoc do thao tac sai quy
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trinh [2]. Néu khéng cé cdc bién phép ki€m soat phit hop, cic nguy co nay c6 thé anh
huong nghiém trong dén stic khoe nguodi lao déng va chét lieong céng trinh. Theo tidu
chuén EN 14730-1 do Uy ban Tiéu chuén héa Chau Au ban hanh, qud trinh ATW can
tuén thi chit ché quy trinh ky thuat va an toan, dc biét trong thi cong duong sét [3].
Viéc tuan thii céc yéu cau vé thong gid, thiét bj bao hd c4 nhan (PPE) va quy trinh kidm
soat nhiét do thi céng déng vai tro quyét dinh trong viéc gidm thiéu rti ro phat sinh [2].

Tai Viét Nam, cong nghé han nhiét nhém da duoc ap dung tai cdc di 4n 16n nhue
tuyén metro s6 1 TP. H6 Chi Minh. Tuy nhién, dnh gia thyc t& cho thiy nhén thirc vé
rai ro va quy trinh ki€ém soat an toan lao déng d6i véi cong nghé nay con han ché [4]. D&
tang cuong tinh an toan trong thi céng, Viét Nam da ban hanh tiéu chudn TCVN 13965-
1:2024, x4y dung dua trén hé théng tiéu chuan EN 14730 [5]. Ngoai ra, ISO 45001:2018
[6] va ISO 31000:2018 [7] cling nhan manh vai trd clia viéc quan ly rui ro trong hé thong
quan ly an toan lao ddng. Déc biét, viéc 4p dung md hinh Phan tich nguy co va tac dong
(FMEA) va quy trinh kiém soét nguy co theo chudn OHSAS 18001 [8] dwoc khuyén nghi
d€ tdng cudng nang lyec ki€m soét rui ro trong thi céng han nhiét nhom.

Duea trén co s¢ d6, nghién ctru nay tap trung danh gia thyc trang kiém soét rui
ro trong cong tac han nhiét nhém tai tuyén metro s6 1 TP. H6 Chi Minh, d6i chiéu véi
cdc tiéu chudn qudc t& va trong nudc, nham dé xudt céc giai phap cai thién he théng an
toan lao dong tai cong trueong.

2. PHUONG PHAP NGHIEN CUU
2.1. Phwong phép tdng hop tai lidu
T8ng hop céc tiéu chuén ky thuat, quy dinh an toan lao déng va nghién ctru triede
day vé ATW. Céc tai liéu bao gom:
- Tiéu chudn ISO 45001:2018, quy dinh vé hé théng quan ly an toan va stzc khoe
nghe nghi¢p, duoc ap dung rong réi trong quan 1y ri ro céng nghiép [6].
- Huéng dan caa OSHA 1910, quy dinh vé an toan lao dong trong han kim loai,
ddc biét 1a tdc dong ctia khéi han va yéu cau bdo ho ca nhan (PPE) [9].
— Tiéu chuan TCVN 13965-1:2024, hueéng dan cu th& vé han nhiét nhém trong thi
cong duong sét, gitip xac dinh cac yéu cau ky thuat va bién phap kiém soat an toan [5].
2.2. Phwong phap khao st thiee dia va thu thap dit liéu
Nghién cttu duoc thiee hién tai cong truong tuyén duong sit d6 thi s 1 TP. H6
Chi Minh trong giai doan han nhiét nhém ti thang 3/2023 dén thang 9/2023. D liéu
thue dia duoc thu thap théng qua quan sat thyee dia, khao sat cdng nhan, va do kiém méi
treong lam viée. Phuong phép quan sét truc ti€p gitip danh gid muc d6 tuan thu quy
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trinh an toan lao ddng, st dung thiét bi bdo hd c4 nhan (PPE), hiéu qua hé théng théng
gi6 va cac nguy co phat sinh trong qué trinh han nhiét nhom.

Dt liéu khao sat duoc thu thap bang cong cu Google Forms va bang hoi truc tiép
trong giai doan 3/2023-9/2023. Téng céng 50 phiéu khao sat va 10 cudc phong van sau
duoc thyee hién theo phuong phdp chon miu thuan tién cé kiém soat. Thanh phén bao
gom: 30 céng nhén tryec ti€p thi cong han nhiét nhom, 10 ki sw gidm st cong trinh va 10
can b an toan lao déng (HSE). Viéc lza chon ¢ miu dya trén kha nang ti€p can thyc t&€
tai cong tredng va dam bao tinh dai dién ctia c4c nhém lién quan d&n hoat déng ATW.
Bang cu hoi duoc xdy dung theo cac tiéu chi gdm muec d6 tiép xtc véi nhiét d6 cao, tac
dong ctia khéi han, chat lwgng PPE va nhan thite vé an toan lao dong. Dt liéu khéo sat
duoc phén tich nhdm x4c dinh ty 1 c6ng nhan gip phai céc van d& stic khoe lign quan
dén ATW, mtkc d6 tudn thl quy trinh an toan va nhitng khé khin thyec t&€ khi thiec hién
cdc bién phap ki€m soét rti ro. Bén canh d6, nghién ctru tién hanh do ki€m méi truong
1am viéc nhim d4anh gia ndng d6 khi d6c trong khéi han va hidu suét thong gid. Cac thiét
bi chuyén dung duoc stt dung gom Fluke 62 Max+ d€ do nhiét d§ méi trudng, Drager
X-am 5600 d€ do néng d6 MnO va Fe;O; trong khong khi, va Laser liner — Airflow- Test-
Master d€ danh gia t6c d6 ludng khi. Dt liéu thu dugc so sanh véi cac tiéu chudn an
toan nhu OSHA 1910 va ISO 45001, tir d6 dé xuat c4c bién phap ki€m soat phit hop nhdm
giam thi€u nguy co tiép xtic v6i nhiét d6 cao va khi ddc trong qué trinh han.

2.3. Phwong phap danh gia rui ro

D€ danh gid mtc d6 rtii ro trong qua trinh han nhiét nhém, nghién ctu nay st
dung hai phwwong phép chinh: Ma trén rui ro 5x5 va Phén tich ché& d6 16i va anh hudng
(FMEA). Hai phuong phap nay gitp xac dinh cac nguy co tiém 4n, danh gia mizc d6
nghiém trong va tan suét xay ra ctia ting rui ro, tir d6 dé xuét cac bién phép kiém soat
hiéu qua nhdm dam bao an toan lao déng va tuan tha cc tidu chuin qudc t&€ nhu ISO
45001 [6], OSHA 1910 [9], va TCVN 13965-1:2024 [5]. Ma tr4n rtii ro 5x5 la phurong phap
danh gia rui ro dya trén hai yéu t&: mitc 6 nghiém trong (Severity - S) va tan sudt xay
ra (Likelihood - L). M&i y&u t8 dugc chia thanh 5 cAp d9, tir thip dén cao, véi gid tri te 1
dén 5. Chi s6 rui ro (Risk Score - RS) dugc tinh bing cong thitc: RS =S x L 1

Dua vao gia tri RS, rui ro dwoc phén loai thanh 4 muc: thip (1-4), trung binh (5-
10), cao (11-15) va rét cao (16-25). Nhiing rui ro thudc mitc cao va rit cao can dwge kiém
soat ngay lap tirc d€ dam bao an toan trong qué trinh thi céng. Viéc 4p dung phwong
phap nay gitp xdc dinh nhanh chéng cac nguy co cé mic d6 dnh hwéng 16n, hd tro nha
quan ly trong viéc wru tién cdc bién phap kiém soét rui ro hiéu qua.

Bén canh d6, phuong phap FMEA duoc st dung d€ danh gia chi tiét ting 16i ¢6
thé xay ra trong qua trinh han nhiét nhém va muc ¢ anh hudng ctia chting. Phuong
phap nay phén tich ba y&u t6 chinh: mitc 46 nghiém trong (S), tan suat xay ra (O) va kha
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ndng phat hién (D). Chi s8 wu tién rui ro (Risk Priority Number - RPN ) dwoc tinh bdng
cOng thizc: RPN=Sx0OxD (2)

Nhiing rtii ro c6 RPN cao nht s& dugce wu tién kidm sot bang c4c bién phép ky
thuét hodc hanh chinh nhdm giam thidu tic dong. FMEA 1a phuitong phép dénh gi4 chi
ti€t hon so véi ma trén rti ro 5x5, gitip xac dinh nguyén nhan géc ré ctia ting nguy co,
tle d6 t6i vu hda quy trinh kiém soat an toan trong thi cong han nhiét nhém [7,8].

3. KET QUA VA THAO LUAN
3.1. Danh gia thye trang ki€m soét rii ro tai cong treong

Quan sét thyc dia tai cong treong tuyén metro s¢ 1 TP. H6 Chi Minh cho thdy
mttc d6 tuén thu an toan lao dong trong han nhiét nhém chuia dong déu. Khoang 70%
cong nhan thye hién dung quy trinh, bao gdm kidm tra thiét bi, duy tri khoang cdch an
toan va xt ly vat liéu diing k§ thuat. Tuy nhién, 30% con vi pham céc budc an toan co
ban, chti yéu do 4p lyc tién d6 thi cong va gidm sat chua nghiém.

Viéc st dung thiét bi bdo hd c4 nhan (PPE) cling cho thdy nhiéu b4t cap. Mac du
85% cong nhan st dung PPE, 40% trong s6 d6 dung thiét bj khéng dat chudn, dic biét 1a
khéu trang loc khi. Nguyén nhan chinh 1a PPE khéng phti hop méi trudong lam viée, gay
kho chju [9]. Viéc PPE kém chét lugng 1am tdng nguy co phoi nhiém khi ddc, theo tiéu
chuan OSHA 1910 [9].

Danh gi4 thong gi6 thuc t& bang thiét bj Laser liner — Airflow Test Master cho
thdy t6c d6 ludng khi tai khu viec han kin chi dat 0,3-0,5 m/s, th&p hon yéu ciu 1 m/s
theo ISO 45001 [6]. Diéu nay khién khi han déc hai c6 thé€ tich ty, nh4t 14 trong ham hogc
khu viee gié ling. Do dac thyc nghiém cho thdy néng d6 MnO trong khéng khi dat téi
0,5 mg/m®, vueot 2,5 lan gidi han phoi nhidm cho phép 1a 0,2 mg/m?3, trong khi ndéng d6
Fe;,0; dao dong dudi 5 mg/md [6, 9]. Dieu nay x4c dinh r& nguy co phoi nhiém thuyec t&
cao, yéu cau phai céi thién hé thdng thong gié cudng bttc, nang c&p PPE dat chuan va
tdng cudng gidm sat thi cong.
3.2. K&t qua phan tich khao sat cong nhén vé an toan lao dong trong han nhiét nhém

Két qua khao sét 50 cong nhan han va 10 cude phong van sau véi ky swe gidm sét
va chuyén gia an toan lao déng cho th&y nhiéu v&n & ton tai trong cong tac bao dam an
toan khi thi cdng han nhiét nhém. Bang 1 cung cdp dit liéu vé viéc céng nhan tiép xtic
vOi nhiét d6 cao va khdéi han, nhan thitc vé an toan lao dong va dé xuit tir cdng nhan.

Phéan ting nhiét nhém tao ra nhiét d6 1én téi 2500°C, l1am gia ting nguy co bong
nhiét va hit phai khéi han d6c hai. 28% céng nhén cho biét da ting bi khé chiu do nhiét
d9 cao, khéi bui. Ngoai ra, 57% c6ng nhan cam thdy kho thé hogc kich tmg ho hdp néu
dting gan khi gia nhiét hodc phan tng nhiét nhém, khi d6 nhiét d6 xung quanh khu vuc
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han khoang 0,5m 1én t6i 40 °C khi lam viéc trong khu viec han kin, do kh&u trang bao ho
chua dam bao kha ning loc khi.

V& nhén thttc vé an toan lao déng: di1 84% céng nhan hidu rd quy trinh an toan,
van con 16% chua durge dio tao day du. C6 72% cong nhén tham gia cic budi huén luyén
dinh ky hang quy, trong khi 33% chua timg tham gia dién tap xi Iy sy ¢8. Digu nay dit
ra nhu cau cai thién dao tao an toan, dic biét1a dién tap thuee t&€ d€ gitip céng nhén phan
tng nhanh trong cdc tinh huéng khan cp. 58% cong nhan dé xudt nang cap PPE, dic
biét 1a khiu trang loc khi, loc bui tiéu chu&n N95 hogc P100 d& ngan bui MnO va Fe,0;,
gang tay chiu nhiét va kinh bao hd chéng chéi. Ngoai ra, 54% dé xuat Iip dit thém quat
hut khéi han d€ giam nguy co hit phai khéi han ddc hai. Mot van @@ déng cht y khacla
45% coéng nhan thira nhén ho phai lam viéc gdp rut, ¢b lic bd qua mét s8 budce kidm tra
an toan d€ dam bao tién d6. 39% deé xuét ting cudng gidm sat an toan tir k§ su cong
trueong dé ki€m soat t6t hon viée tudn thi cac quy trinh bao ho lao déng.

Bang 3.1. K€t qua khdo sat cong nhén vé an toan lao déng trong han nhiét nhém

e Tylé o e
Chi s6 khao sat cong nhin (%) Nguyén nhan chinh
Mtc d6 ti€p xtc véi nhiét do
cao va khoi han
: ach 12 ié 4 gan, PPE khong d
Nitie dionbilt cac 68% Khijg cach lam viéc qua gan, khéng dat
chuén
Nhiét d6 cao khi phan tng Khéng tuan thti quy trinh an toan, thiét bj bao
- = 20% P A .
nhiét nhém vé khdng hiéu qua
et s Khéu trang khéng du bao vé, khdng gian han
0, v
Kho tho, kich ttng hd hap 28% kit ldidng 5 théng gié t6t
Nhan thitc vé an toan lao dong
. : s i, b ki hitm 1am vie
it 565 ey il s g 849 EA)u"chdao tao bai ban, ¢6 kinh nghiém lam viéc
lau ndm
Chuta duoc do tao day di 16% C\E)ng 17‘1h53n moi, it kjnh ng,Ame,m, chuira tham gia
déy du cac budi huén luyén
Tham gia huan luyén dinh ky 72% Duoc t8 chiic theo quy, tap trung vao ly thuyét
Chua tirng tham gia dién tap an 339, Chua ¢6 chwong trinh dién tap thyc t& tai cong
toan ’ truong
D@ xu4t tir cong nhan
s Cén khau trang loc khi t8t hon, géng tay chiu
0, v g
PSS ARTLE 8% hise, Kieivbio by dns el
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W Ty ¢ e
Chi s khao sat cong nhén (%) Nguyén nhan chinh
— it phai khéi hin, cai thién dis
B sung quat it 161 him 549 Giam nguy co hit phai khéi han, cai thién didu

kién lam viéc trong khong gian kin

Giam ap luc tién d6 d€ dam bao Mét s6 cong nhan bd qua quy trinh an toan dé|

35% G S
an toan - hoan thanh c6ng viéc nhanh hon
Tang cuong giam sat tiv ky sw 399, Gidm sat t6t hon d€ dam bao tuan thu quy
an toan . trinh an toan

3.3. K&t qua danh gia rii ro theo ma tran rii ro 5x5 va FMEA

Theo phuong phdp ma tran rti ro 5 x 5: K&t qua phan tich chi ra b6n nhém ri ro
chinh can dwoc ki€m soat d€ dam bao an toan trong thi cong han nhiét nhém: (1) Béng
nhié€t do ti€p xtic véi méi han ¢ nhiét d6 cao: Méi han cé thé dat téi 2500°C, gay béng
nghiém trong néu cdng nhan khéng duy tri khoang cach an toan hodc PPE khéng du bao
vé€. (2) Tiép xtic voi khéi han ddc hai: Han nhiét nhom tao ra khéi chiza MnO va Fe,O;,
néu hit phai trong thoi gian dai c6 thé gay kich ting hé hdp hosc dAn dén bénh phéinghé
nghiép. (3) Nguy co chdy n8: Bét nhom va oxit sit 1a cac vat liéu dé chay, trong khi tia
Ira phat sinh tir phan ting nhiét c6 th€ gay chay nd néu khéng duoc kiém soat t6t, dic
bi€t trong méi trudng han kin. (4) PPE khong dat chudn: Mot s& cong nhan st dung PPE
kém chat luong hogc khéng phit hop, 1am ting nguy co phoi nhiém véi cc yé&u t& nguy
hiém (Bang 3.2).

Béng 3.2. K&t qua danh gia rui ro trong han nhiét nhém theo ma tran rui ro 5x5

ChisGrairo Miec d6

Nguy co Mtec d6 nghiém trong (S) Tan sudt xdy ra (L) S e
Tiép xtickhéi han 5 (R4t nghiém trong) 5 (Thudng xuyén) 25 R4t cao
Béng nhiét 4 (Nghiém trong) 4 (Gan chic chén) 16 Cao
Nguy co chdy n6é 4 (Nghiém trong) 4 (Thuong xuyén) 16 Cao
PPE khong dat chudn 4 (Trung binh) 3 (Thinh thoang) 12 Trung binh

Ghi chii: Rét cao (RS 2 20): Cén kiém soat ngay lap tirc d€ dam bao an toan.
Cao (RS 12-16):  Cén kiém soat chit chg, c6 thé anh huéng nghiém trong néu khong xi ly kip
thoi.
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Béng 3.3. Két qua phan tich cic nguy co chinh theo phuong phap FMEA.

Mtc 40 nghiém Tinsudt Khianing Chis6 Mikc dd wu tién
Nguy co

trong (S)  xdyra (O) phathién (D) RPN kiém soat
Ngat khi 5 3 3 45 Rat Cao
Chay nd 4 3 3 36 Cao
Béng nhiét 4 3 3 36 Cao
PPE khong dat chuan 4 3 2 24 Trung binh

Ghi chii RPN 2 45: Rui ro nghiém trong, can kiém soat ngay l4p tic.
RPN 36 - 30: Rui ro cao, can cb bién phap kiém soat chit cha.

Do su khacbiét vé nguyén tc danh gia gitta ma tran 5x5 va phuong phap FMEA,
nghién ctru khéng tién hanh so sénh tryc ti€p cc gia tri RS va RPN. Thay vao d6, hai
phuong phép duoc st dung song song d€ hd tro nhan dién day du cac nguy co chinh
trong thi cdng han nhiét nhém. Céc két qua phan tich chi tiét vé timg nguy co dudi day
duoc trinh bay riéng biét theo titng phuong phap. K&t qua phan tich ma tran rai ro 5x5
va FMEA cho théy:

Thuee vay, tiép xtic véi khéi han chita MnO va Fe;0s duoc xac dinh 12 nguy co
nghim trong nhét véi chi s6 RPN cao nhét (45) va chi s8 rai ro RS = 5, thuge mitc cye kyy
nguy hi€m can ki€m soat ngay. K&t qua do néng 4 khi ddc trong qua trinh han tai céng
treong cho théy c6 thoi di€m mire MnO trong khéng khi vuot 0,5 mg/m?, cao hon 2,5
lan giéi han phoi nhiém theo ISO 45001 (0,2 mg/m?) [6]. Diéu nay phu hop véi nghién
ctru clia Ramzani et al. (2022) chi ra rdng hit phai khéi han chita kim loai ning nhuw
mangan c6 th€ gy ton thuong phdi nghiém trong, suy gidm chitc ning hé hdp va din
dén bénh phéi nghe nghiép [10]. Ramzani et al. (2022) ciing nhdn manh ring hé théng
théng gi6 khong higéu qua 1a nguyén nhan hang dau gay tich tu khi déc trong cac khu
vyce thi cong han kin, lam gia tdng nguy co nhiém doc [10].

Bong nhigt do tiép xtc tryc ti€p véi mébi han nhiét nhém cé thé dat téi 2500°C, 1a
mot trong nhitng nguy co phd bién nhét trong thi céng han kim loai. Véi chi s6 RPN =
36 va RS = 4, day 1a nguy co nghiém trong thtt hai can kiém soét ngay 1ap tizc. Tham
khao cdc bao cdo NFPA 51B (2021) cling cho thdy rang bong nhiét chiém ty 1é 16n trong
cdc tai nan lao dong lién quan dén han kim loai, trong ¢4 nguyén nhan chu y&u la thiéu
PPE chiu nhiét dat chuan [11]. Vi vAy phai st dung PPE theo tuin chuin khuyén nghij
d€ phong trénh cdc nguy co trén.

PPE déng vai tro quan trong trong viéc giam thi€u béng nhiét va phoi nhiém
khoi han, nhung ty 1& PPE khéng dat chuén tai cng triedng khao sat 1én dén 30% 1a mot
van dé nghiém trong. V6i RS=2 va RPN =24, day 1a nguy co anh hwdng gian tiép nhung
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c6 tac dong lan toa vi PPE kém chét lugng lam tdng mtkc d6 rui ro ctia nhidu yéu td khéc.

Nguy co chdy né trong qué trinh han nhiét nhém cé RS = 4 va RPN = 36, muc rti
ro th&p hon nhung van can giam sat. Theo khéo sat, 15% cong nhan tiing chitng kién tia
Itta bin vao vat liéu d& chay, trong khi 10% thtira nhan tirng lam viéc trong mdi trueong
khong kiém tra khi d& chdy truée khi han. Bio cdo cia NFPA 51B (2021) chira r?mg 90%
vu chdy lién quan dén han kim loai 1a do tia ltza ti€p xuc véi vat lidu d& chdy trong moi
treong thi€u kiém soat [11].

3.4. Bién phép ki€m so4t rii ro va hiéu qua cai thién

Trong qua trinh thi céng han nhi¢t nhém tai Dy 4n, d6i ngii ki thuat da 4p dung
nhieu bién phép ki€m soat rtii ro nhdm giam thiéu cic nguy co ti€p xtic véi khéi han doc
hai, béng nhiét, PPE khong dat chuédn va nguy co chdy né. Cac bién phap nay duoc thuc
hién thong qua nang cap hé thdng théng gié, cai thién PPE, t6i wu héa khoang céch lam
viéc, gidm sat sit dung thiét bi bao hd va kiém soat chit ché quy trinh thi céng. Viéc danh
gia hiéu qua ctia cac bién phap dya trén sy cai thién chi s6 RPN va mitc d6 an toan thuee
t€ theo tiéu chuén quéc t& ISO 45001, EN 14730, OSHA 1910.

Vé viéc cai thién hé thong théng gié nham gidm muc d6 phoi nhiém khi déc: d6i
ngii ky thuat da 14p d4t thém quat c6ng suét cao theo tidu chusn EN 14730, gitp cai thién
t8c d6 ludng khi va giam tich tu MnO, Fe;O; trong khéng gian han kin. Bén canh dé, vidc
stz dung thiét bj do khi doc cam tay d€ gidm st chat lwong khéng khi theo thoi gian thyee
da giup ki€m so4t moi truong lam viée t6thon. Dong thoi, cdng nhéan dugc trang bi khau
trang than hoat tinh dat chuan EN 149, gitip giam thiéu dén 80% lieong khi ddc hit vao.
Két qua do kiém sau cai tién cho thay ndng 46 MnO da giam tit 0,5 mg/m?3 xudng dusi
0,2 mg/m?, dat gi6i han an toan theo ISO 45001, d6ng thoi chi s6 RPN ctia nguy co phoi
nhiém khi ddc da giam tix 45 xudng dudi 5.

Dé giam thi€u nguy co bong nhiét do tiép xtic véi méi han nhiét d6 cao (2500°C),
doi ngti ky thuat da tap trung vao néng cap PPE va kiém soat khoang cach 1am viéc. Cy
th€, cdng nhan duoc trang bi gang tay chiu nhiét dat chuan EN 407, ¢ kha ning bao vé&
0 nhiét d6 1én t6i 500°C, thay thé cho PPE kém chét luong truede day. Ngoai ra, viée thiét
lap ving han an toan véi ban kinh t6i thiu 1,5m gitip dam bao khoang cach lam viéc
hop ly, han ché'tiép xtc triec ti€p véi ngudn nhiét. Dic biét, st dung td&m chén nhiét linh
hoat da gitp giam 50-70% liong nhiét bikc xa dén cong nhan, gitp giam dang k& nguy
co bong. Két qua thyc t& cho thdy ty 1& bong nhiét da giam tir 20% xudng dudi 5%, déng
thoi chi s6 RPN ctia nguy co bong nhiét da giam tir 36 xudng duwdi 4, cai thién dang k&
muzc d6 an toan khi thi c6ng. Ki€m soat chdt luong PPE va gidm sat viéc stz dung cling
la mot yéu t6 quan trong ¢€ dam bao an toan lao dong. Ddi ngiti ky thuét di trién khai
quy trinh ki€ém dinh PPE hang théng, gitip phét hién va loai b cAc thiét bi bao ho khéng
dat tiéu chuén EN 11611. D6ng thoi, hé théng bdo c4o PPE 18i hong duoc thiét 1ap, cho
phép cbng nhén cht dong yéu cau thay thé khi can thiét. Bén canh d6, viéc téing cuong
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kiém tra PPE trieéc khi vao khu viee han gitp dam béo céng nhan luén mang day du
trang bi bao ho theo quy dinh. Nho cac bién phap nay, ty 1é sit dung PPE dat chuan da
tang tir 60% lén trén 90%, dong thoi chi s6 RPN ctia nguy co PPE khong dat chudn da
glam tlr 36 xudng dudi 4, gitip cai thién dang k& hiéu qua bao vé lao dong.

Cudi cling, d€ ki€ém soat nguy co chdy nd, cac bién phép gidm sét quy trinh thi
cdng va dao tao phong chdy chita chdy da duoc thyc hién thudng xuyén. Trude khi thye
hién han nhiét nhém, céng nhan phai ki€ém tra méi trueong lam viéc, ddm bao khéng cé
khi dé& chay ho¥c vat lieu d& bt liza, dong thoi tai khu vie han luén duoc trang bi binh
chita chay CO, va bat ch6ng chdy. Ngoai ra, céng nhan dugc t6 chiec dién tap chita chay
dinh ky, gitup ho cé thé phan ting nhanh khi ¢6 sy ¢8. Nho cac bién phéap kiém soét nay,
nguy co chay nd tai khu vic han da giam tir 15% xudng duwdi 5%, dong thoi chi s6 RPN
clia nguy co chay nd gidm tir 36 xudng duwdi 4.

Nhin chung, viéc 4p dung bién phap kiém soét rui ro theo cach tiép cAn hé théng
da giam 90% tong rui ro, cai thién diéu kién lam viéc, ting hiéu sudt thi cong va dam bao
an toan theo tiéu chuan quéc t€.

4. KET LUAN

Nghién cttu nay da danh gia thuyc trang ki€m soat rui ro trong thi cong han nhiét
nhom tai Dy &n Puong sit @6 thi s6 1 TP. H6 Chi Minh, tir &6 d& xu4t cac bién phap cai
thién. Thong qua viéc st dung ma trén rui ro 5x5 va phuong phap FMEA, nghién cttu
da xac dinh bén nhém nguy co chinh: (1) ti€p xtic véi khéi han déc hai, (2) béng nhiét,
(3) PPE khéng dat chuédn, va (4) nguy co chay nd. K&t qua phan tich chi ra ring tiép xtic
v6i khoi han doc hai (RPN = 45, RS = 5) va bong nhiét (RPN = 36, RS = 4) 1a hai nguy co
nghiém trong nhét, can duoc kiém soat ngay lap tirc bang cach cai thién hé théng théng
gi6 va nang cdp PPE. Sau khi trién khai cac bién phép ki€ém soat, bao gom 1&p d4t quat
hat khoi, st dung khau trang dat chudn, nang cap ging tay chiu nhiét, thiét 14p ving
han an toan va téng cuong dao tao an toan lao déng, mutc d6 rui ro da giam dang ké. Chi
s8 RPN ctia nguy co phoi nhiém khéi han da gidm tir 45 xu8ng dwdi 5, ty 18 bong nhiét
giam tlr 20% xudng dwdi 5%. Ngoai ra, ty 1& cong nhén skt dung PPE dat chuén ting tir
60% 1én 90%, ddm bao mitc d6 bao vé t6i da. Cac bién phép dé xuét khong chi cé tinh
ung dung cao trong dir 4n ma con cé thé€ mo réng 4p dung cho c4c cong trinh ha tang
duong s&t d6 thi khéc tai Viét Nam.

LOI CAM ON

Nhém nghién cttu xin tran trong cdm on Ban Quan ly Dy 4n Tuyén Metro s8 1
TP. H6 Chi Minh va cc cdng nhan thi cong da hd trg trong qué trinh khao sat va thu
thap d ligu.
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ENHANCING RISK CONTROL EFFICIENCY IN ALUMINOTHERMIC WELDING:
A PRACTICAL CASE STUDY FROM THE HO CHI MINH CITY URBAN
RAILWAY LINE 1 CONSTRUCTION PROJECT

Do Quang Huy?, Le Van Tuan®, Dang Thi Thanh Loc?, Le Minh Duc?
1Faculty of Environment, University of Sciences, Hue University

2CNIOSH - Bracnh of National Institute of Occupational Safety and Health
in the Central VietNam

*Email: levantuan@hueuni.edu.vn
ABSTRACT

Aluminothermic Welding (ATW) is widely applied in railway construction but
poses significant occupational safety risks. This study evaluates the current status of
risk control during ATW operations on Metro Line 1, Ho Chi Minh City. A
combination of field surveys, the 5x5 risk matrix, and Failure Modes and Effects
Analysis (FMEA) methods was employed to identify major hazards, including
exposure to hazardous welding fumes, thermal burns, explosion risks, and
inadequate personal protective equipment (PPE). The results indicated that
concentrations of MnO and Fe;O; fumes often exceeded safety limits in poorly
ventilated areas. Key improvement measures proposed include upgrading PPE,
enhancing forced ventilation systems, and strengthening on-site safety supervision.
This study provides practical evidence for developing systematic risk control

procedures applicable to future metro construction projects.

Keywords: Aluminothermic welding, risk control, occupational safety, urban

railway.
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