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r6u rAr
C6ng nghQ han nhiQt nh6m (Aluminothermic Welding - ATW) la phucrng ph6p phd
bidn trong thi c6ng ctudng sft nhtmg tibm dn nhibu rui ro an toirn lao dgng. Nghi6n
citu n)y tQp trung ddnh gi6 thlrc h4ng ki6m so6t rii ro trong c6ng t6c hdn nhiQt

nh6m t4i tuydn metro sd 1 thdnh phdli6 Chi Minh. Phuong ph6p khAo s6t thr.rc ctia,

kdt hqp v6i ma trAn nii ro 5x5 vA phAn tich chd d0 l6i ve Anh huong (FMEA), da

dugc su dqng dd nhQn diQn c6c nguy ccr chinh nhu tidp xric kh6i hin dQc h4i, b6ng
nhiQt, nguy co ch6y nd vA viQc su dgng PPE kh6ng d4t chudn. Kdt qu6 cho thdy khA

ndng phoi nhiSm MnO vd FezOe vuot gicri han an toAn trong khu vuc th6ng gi6 k6rn
C6c biQn ph6p cAi thiQn nhu nAng cdp PPE, bd sung hQ thdng th6ng gi6 cu6ng birc
vA tdng cuhng girim s6t an toirn dugc db xudt. Nghi6n cr?u g6p phhn cung cdp co s6

thgc ti6n cho viQc xAy dlmg quy trinh ki6"m so6t nii ro an toan, 6p dgng cho c6c dg
6n metro tuong lai.

Tt kh6a: Hln nhiQt nh6m, ki6m so6t rtri ro, an toirn lao dQng duhng s5t aO tni.

1. MO DAU

Han nhiQt nh6m (Aluminothermic Welding - ATW) lA mQt phuong phdp duoc
su dung r6ng rdi ddndi ray trong xay dlmg dudng s{t niQn d4i, d{c biet 6 c6c dr,r 6n ddi
h6i d0 bEn cao, tinh chffi x6c vd sq co dOng [1]. Phuong ph6p nAy dga rron phan img
h6a hgc gifta bQt nh6m (Al) vd oxit s8t (FezOs) t4o ra kim lo4i n6ng chAy o nhiQt dO

khoAng 2500'C, kdt ndi c6c thanh ray mQt c6ch li6n tuc vd chfc ch6n [1].

M{c dt mang lai hiQu quA ki thuQt, qu6 trinh ATW cfrng tiEm A'n nhibu rfii ro an
toirn lao dQng nhu bong nhi6t tu kim 1o4i n6ng chAy, ph6t sinh khi dQc chrla oxit kim
lo4i (Mno, Fe2o3), nguy co chay nd do tia lua hln va rui ro ccr hgc do thao tdc sai quy
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trinh [2]. Ndu kh6ng c6 c6c biQn ph6p ki6m so6t phir hqp, c6c nguy co nay c6 thd anh
hucrng nghi6m tro.ng ddn srlc kh6e nguoi lao d6ng vA chdt lugng c6ng trinh. Theo tiQu
chudn EN 14730-1 do Uy ban Ti6u chudn h6a ChAu Au ban hAnh, qu6 trinh ATW chn
tuan thu chdt ch6 quy trinh ki thuQt vi an toAre d{c bi6t trong thi c6ng dudrng s{t tgl.
ViQc tuAn thri cAc y6u chu vb th6ng gi6, thidt bi bAo h0 c6 nh6n (PPE) vA quy trinh ki6m
so6t nhiCt d0 thi c6ng d6ng vai trd quydt dinh rrong vi6c giAm thie'u rui ro ph6t sinh [2].

Tai ViQt Nam, c6ng nghQ hdn nhi€t nh6m dd ducr. c 6p dLrng t4i c6c dU 6n l6n nhu
tuydn metro sd 1 TP. Hb Chi Minh. Tuy nhi6n, dAnh gi6 thuc tdcho thdy nhQn thric vE
nii ro vA quy trinh ki6m so6t an todn lao d6ng ddi voi c6ng nghQ nAy cdn han chd [4]. Dd
tdng cudrng tinh an toAn trong thi c6ng, ViQt Nam di ban hdnh ti6u chudn TCVN 1,g96!
1.:2024, xAy dlmg dr,ra tr6n hQ thdng ti6u chuAh EN 14230 [5]. NgoAi ra ISo 45001:201g

[6] vA ISO 31000:2018 [7] ctng nhdn manh vai trd cua viQc quan l;f rui ro trong hQ thdng
quan ly' an toirn lao dQng. Ddc bi€t, viQc 6p dgng m6 hinh phan tfch nguy co vd t6c dQng
(FMEA) vd quy trinh ki6m so6t nguy co theo chudn OHSAS 18001 [8] duqc khuydn nghi
dd tdng cudrng nbng lgc ki6m so6t r&i ro trong thi c6ng hAn nhiQt nh6m.

Dga tron co sd do, nghi6n cr?u ndy tflp trung d6nh gi6 thgc tr4ng ki6m so6t rui
ro trong c6ng t6c hAn nhi€t nh6m t4i tuydn metro sd 1 TP. Hb Chi Minh, ddi chidu voi
c6c ti6u chudn qudc tdvd trong nu6c, nhim dE xudt c6c giAi ph6p cAi thiQn hQ thdng an
toAn lao dQng tai c6ng trudrng.

2. PHI./ONG PHAP NGHIEN CI.JU

2.1. Phuong phrip tdng hqp tai liQu

Tdng hqP cAc ti6u chuA'n k! thu{t, quy dinh an toAn lao dQng vA nghiOn citu trudc
dAy vE ATW. C6c tAi li6u bao gbm:

Ti6u chudn ISo 45001:2018, quy dinh vE hQ thdng quan ty an todn vd sric kh6e
nghb nghiQp, dugc 6p dlrng rQng rdi trong quAn l1;? rui ro c6ng nghiQp [6].

Hu6rng dAn cua OSHA 1910, quy dinh vb an tolur lao dQng trong hirn kim lo4i,
dac biQt lA t6c dQng cua kh6i hdn vA y6u chu bAo hQ c6 nhAn (ppE) t9l.

Ti6u chudn TCVN 1.3965-1:2024, hu6ng dA., .,f thd vb han nhiet nh6m trong thi
c6ng dud'ng sfit, gi:6p x6c dinh cdc y6u chu ki thu{t v) biQn ph6p ki6m so6t an to}n [5].

2.2. Phuong ph6p khrio siit thltc dia vd thu thflp dfr liQu

Nghi6n c(ru dugc thqc hiQn t4i c6ng trulng tuydn dudrng sft aO thi sd 1 Tp. Hb
chi Minh trong giai do4n han nhiQt nh6m tu thang glz0zg ddn thang glzo2g. Dft liQu
thuc dia duoc thu thap th6ng qua quan s6t thuc dfa, khAo sAt c6ng nhAru vA do kiQm m6i
trubng lAm viQc. Phuong ph6p quan s6t tryc tidp giirp d6nh gi6 mrlc dQ ruAn thu quy
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trinh an toirn lao dOn& su dgng thidt bi bAo hQ c6 nhAn (ppE), hiQu quA hQ thdng th6ng
gi6 vd c6c nguy co ph6t sinh trong qu6 trinh han nhiQt nh6m.

Dit liQu khAo s6t dugc thu thQp bing c6ng cg Google Forms vd bAng hoi tn/c tidp
trong giai d'oan312023-912023. Tdng cQng 50 phidu khAo s6t v) 10 cuQc phong vf,n sAu
dugc thgc hi0n theo phuong ph6p chgn mAu thuQn ti6n c6 ki6h so6t. Thanh phhn bao
gbm: 30 cdng nhAn trgc tidp thi c6ng hAn nhiQt nh6m, 10 k! su gi6m s6t c6ng trinh vd 1.0

c6n b0 an toAn lao dQng (HSE). ViQc lua chgn cd mAu dr,ra tr6n khA ndng tidp cfn thr,rc td
t4i c6ng trudng v) dAm bao tinh dai di€n cua c6c nh6m li€n quan ddn ho4t dQng ATW.
BAng cAu hoi dugc xAy dqng theo cAc ti6u chi gbm mr?c dQ tidp xric voi nhiet dO cao, t6c
dQng cta kh6i hAn, chdt luqng PPE vd nhAn thr.ic vE an toAn lao dQng. Dft liQu khAo sdt
dugc phAn tich nhlm x6c dinh tj'lQ c6ng nhAn g{p phAi c6c vdn db srlc kh6e 1i6n quan
ddn ATW, mitc d0 tuAn thri quy trinh an toAn vd nhfng kh6 khdn thuc tdkhi thuc hi6n
cdc biQn ph6p ki6m so6t rui ro. B6n c4nh d6, nghi6n cuu tidn h)nh do ki6m m6i trob^g
lAm viQc nhim d6nh gi6 nbng d$ khi dQc trong kh6i hAn vA hiQu sudt th6ng gi6. C6c thidt
bi chuyon dung dugc str dung gbm Fluke 62Max+ de" do nhi0t d0 m6i trudng, Driiger
X-am 5600 dd do nbng dQ MnO vA Fe2O3 trong kh6ng khi, vA Laser liner - Airflow- Test-
Master dd d6nh gi6 tdc dQ lubng khi. Dft liQu thu duo. c so s6nh vcyi c6c ti6u chudn an
todn nhu OSFIA 1910 vi ISO 45001, tir d6 db xudt c6c bi6n phAp ki6m so6t phi hqp nhim
giAm thi6'u nguy co tidp xric vcri nhiQt dQ cao vd khi d6c trong qu6 trinh hdn.

2.3. Phuong phdp drinh gi6 rrii ro

Dc'danh gia mrlc d0 nii ro trong qu6 trinh hdn nhiQt nh6m, nghi€n ci?u ndy su
dgng hai phuong ph6p chinh: Ma tr{n rui ro 5x5 vA PhAn tich chd d0 l6i vA Anh hucmg
(FMEA). Hai phucrng ph6p nAy giirp x6c dlnh c6c nguy co tibm dn, drinh gi6 mrlc dQ

nghiAm trgng v) thn sudt xAy ra cua tirng rui ro, tir d6 de xudt c6c biQn ph6p kidm so6t
hi6u quA nhlm dAm bAo an to)n lao dQng vd tu6n thu cAc ti6u chudn qudc tdnhu ISO
45001 [6] , osHA 191.0191, va TCVN 13965-'1.:202a [5]. Ma trfn rui ro 5x5 td phucmg ph6p
d6nh giA nii ro dLta tr6n hai ydu td: mt?c dQ nghi6m trgng (Severity - S) vA thn sudt xAy
ra (Likelihood - L). irztSi ydu td dugc chia thdnh 5 cdp dQ, tr) thdp ddn cao, vot gi|tri tr) 1

ddn 5. Chi sd nii ro (Risk Score - RS) duo. c tinh bdng c6ng thuc: R.S =.9 x L (1)

Dga vao gi6 tri RS, rdri ro dugc ph6n lo4i thanh 4 mrlc: thdp (1-4), trung binh (5-
10), cao (11-15) vi rdt cao (16-25). Nhitng rui ro thuQc m(rc cao vd rdt cao chn duqc ki6m
so6t ngay lfp tuc dd dam bao an toan trong qu6 trinh thi c6ng. viQc 6p dgng phuong
ph6p nay girip x6c dinh nhanh ch6ng c6c nguy co c6 mrlc dO enh hucrng ldn, h6 trq nhd
qudn ly trong viQc uu ti6n c6c biQn ph6p ki6m so6t rui ro hiQu quA.

BOn canh do, phucrng ph6p FMEA ducr. c su dung dd d6nh gi6 chi tidt timg l5i c6
thd xAy ra trong qu6 trinh han nhiQt nh6m vh mirc d0 anh hu6rng cua chring. Phucrng
ph6p nay phan tich ba ydu td chinh: mrlc d0 nghiOm trqng (s), thn sudt xay ra (o) vd kha
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ndng ph6t hiQn (D). chi sduu ti6n rui ro (Risk Priority Number - RpN) duoc tinh bingcdngthric: RpN=SxOxD (2)

Nhfrng nii ro c6 RPN cao nhdt s€ dugc uu ti6n ki6m so6t bing c6c biQn ph6p k!
thu{t ho{c hdnh chffi nhim giAm thi6u t6c d6ng. FMEA lA phucrrg ph6p d6nh gi6 chi
tidt hcvn so v6i ma tr{n'ii ro 5x5, girip x6c dinh nguyOn nhan gdc ,6 .,iu torrg nguy co,
tu d6 tdi uu h6a quy trinh ki6h so6t an toan trong thi c6ng hln nhiQt nh6m p,a1.

3. Kdr euA vA rHAo LUAN

3.1. D.inh giri thBc h4ng kidm soiit rrii ro t4i c6ng trucrog

Quan s6t thgc dia tai c6ng trudng tuydn metro sd 1 Tp. Hb chi Minh cho thdy
mfc d0 tuan thu an toAn lao dQng trong hdn nhi6t nh6m chua dbng dEu. KhoAng Z0%
c6ng nhAn thuc hiQn dring quy trinh, bao gbm ki6m tra thidt bi, duy tri khoAng c6ch an
tohn vA xu lf vft liQu dfng kf thu{t. Tuy nhi6n,30% cdn vi ph4m c6c bu6c an toAn ccr
ban, chu ydu do 6p luc tidn dQ thi c6ng va giam s6t chua nghi6m.

viQc su dung thidt bi bao h0 c6 nhan (ppE) cfrng cho thdy nhibu bdt cQp. Mdc dir
85% c6ng nh6n su dung PPE, 407" trongsd d6 dring thidt bi kh6ng d4t chudre d6c biQt lA
khdu trang lgc khi. Nguy6n nhan chinh l} ppE kh6ng phn hqp m6i trudng lam viQc, gay
kh6 chiu [9]. viQc PPE k6m cha't lugng ram tdng nguy co phoi nhi6m tnia6c, theo ti6u
chuAh OSHA 1910 t9l.

D6nh gi6 th6ng gi6 thuc td bing thidt bi Laser liner - Airflow Test Master cho
thdy tdc dQ lubng khi t4i khu vr,tc han kfn chi dat 0,3_0,5 mls, thdp hcrr y6u chu 1 m/s
theo ISO 45001 [6]' DiEu nAy khidn khi han dQc hai c6 the'tich tu, nhdt lir trong hhm ho{c
khu vgc g6l6ng. Do d4c thqc nghiQm cho tha'y nbng dQ Mno trong kh6ng khi d4t toi
Q5 mg/m3, vugt2,5 hn gi6i h4n phoi nhi6m cho ph6p la e2 mg/m3, trong khi nbng dQ
Fe2o3 dao dQng ducri 5 mg/m3 [6,9]. DiEu niry x6c dinh 16 nguy co phoi nhi6m thgc td
cao, you cEu phai cii thiQn hQ thdng th6ng gi6 cu6ng bfc, nAng cdp ppE dqt chudn vd
tdng cuhng gi6m s6t thi c6ng.

3.2.Kdtquri phAn tich khio sit c6ng nhAn vb an todur lao dQng trong hin nhiQt nh6m

Kdt quA khAo s6t 50 c6ng nhAn han vA 10 cuQc phong vdn sAu voi k/ su gi6m s6t
vA chuy6n gia an toAn lao dQng cho thdy nhibu vdn dE tbn t4i trong c6ng t6c bAo dAm an
todn khi thi c6ng han nhi€t nh6m. BAng 1 cung cdp dft liQu vb viQc c6ng nhAn tidp xric
vcri nhiQt d0 cao vd kh6i hdru nhdn thfc vE an toAn lao dQng vA dE xudt tu c6ng rha.,.

Phan img nhi6t nh6m t4o ra nhi€t dO l6n tcyi 2500oc, lam gia tdng nguy co b6ng
nhiQt vd hit phai kh6i han dQc hai. 28o/o c6ngnhan cho bie't de tung bf kh6 chiu do nhiQt
d0 cao, kh6i bqi. Ngoli ra, s7o/o c6ng nhan cam thdy kh6 th6 ho{c kich rlng h6 hdp ndu
dfng ghn khi gia nhiOt hodc phan (mg nhiQt nh6m, khi d6 nhiQt dO xung quanh khu vr,tc
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hln khoAng Q5m l6n t6i 40 "C khi ldm viQc trong khu vqc han kfry do khA'u trang bAo hQ
chua dAm bAo khA ndng lgc khi.

\€ nhfn thrlc vE an toAn lao dQng: di 84o/" c6ng nhAn hidu 16 quy trinh an toAru
vAn cdn 'l'60/o chaaduoc dAo t4o dhy dt. C6 72o/o c6ngnhAn tham gia cAc budi hudn luyQn
dinh kj, hang qu1i, trong khi 33% chua timg tham gia di6n tQp xu ly sF cd. DiEu nay d{t
ra nhu chu cAi thi6n dAo t4o an toAn, d{c biQt le di6n tip thqc td dd girip c6ng nh6n phAn
fng nhanh trong c6c tinh hudng khah cdp. 58% c6ng nhan db xudt nang cdp ppE, d{c
bift D khA'u trang lgc khi, lqc bui ti6u chudn N95 ho4c p100 ddngdn bui Mno vA Fezog,
ging tay chiu nhi€t vd kffi bAo hQ chdng ch6i. Ngodi ra,54"/o dE xudt dp d{t th6m quat
hft kh6i hdn ddgiam nguy co hft phai kh6i han doc hai. MQt vdn db d6ng chri 1i kh6c la
45% c6ng nhAn thrla nhQn hq phAi ldm viQc gdp rut, c6 hic bo qua mQt sdbu6c ki6m tra
an toAn dd dAm bAo tidn d0. 39% dE xudt tdng culng gi6m s6t an toirn tu ki su c6ng
truhng dd ki6m so6t tdt hon vi6c tuan thu c6c quy trinh bao h6 rao dOng.

3.1. Kdt uA khAo s6t nhAn vE an toln lao hAn nhi6t nh6m

h{n thr?c vb an toin lao dQng

Hi6u 16 quy trinh an toAn
Duoc ddo t4o bAi bAr; c6 kinh nghiQm ldm v
lAu ndm

hua dugc dAo t4o dhv dir C6ng nhAn m6i it kinh nghiQm, chua tham
dhy ctri c6c bu6i hudn luyQn

gia hudn luyQn dinh kj,

tung tham gia diSn tQp an

72o/o Dugc td chrlc theo quli tAp trung v)o lli th

Chua c6 chuong trinh di6n tAp thqc tdtai c6
trudng

I60/0

i sd khio s6t
ri lc

cdng nhAn (%) Nguy€n nhAn chinh

dQ tidp xric v6i nhi€t d0

6ng do nhiQt cao

hiQt d0 cao khi phAn img Kh6ng tuAn thu quy trinh an toAn, thidt bi
vQ kh6ng hiQu quA

tho, kich img h6 hdp
KhA"u trang kh6ng du bAo v6, kh6ng gian hAn
kin kh6ng c6 th6ng gi6 tdt

xudt tt c6ng nhAn

Chn khdu trang lgc khi tdt hory gbng tay
nhi6t, kinh bAo hQ chdng ch6i

/c



Nhng cao hiQu qud kidrn toot .- .o trong hdn nhiQt nh\m tir thryc tiSn dV dn x4 dAng duimg sit . . .

sd khio sit

sung quqt hft kh6i han

6p lsc tidn dQ dddAmbdo
toirn

g cudng gi6m s6t tu ki su
toirn

ri lc
cdng nhAn (%)

54%

357"

39"/"

Nguy€n nhin chinh

Gidm nguy co hit phAi kh6i hen, cAi thiQn d
ki6n lim viQc hong kh6ng gian kin

MQt sd c6ng nhAn bo qua quy trinh an toAn d
hodn thdnh c6ng viQc nhanh hon

Gi6m s6t tdt hon dd dAm bAo tuAn thri quy
trinh an toAn

33. Kdt qui drinh gii rui ro theo ma tuan rfii ro 5x5 vi FMEA

Theo phucrng ph6p ma trfn nii ro 5 x 5: Kdt quA phAn tich chi ra bdn nh6m rui ro
chfnh chn du-o. c ki6m so6t dd dAm bAo an toAn trong thi c6ng hdn nhi6t nh6m: (1) Bong
nhi0t do tidp xric voi mdi hAn o nhi0t d0 cao: Mdi hdn c6 thd dat toi 2500oC, gay bong
nghiGm trgng ndu c6ng nhAn kh6ng duy tri khoAng c6ch an toirn hoic PPE kh6ng du bAo
vC. (2) Tidp xric v6i kh6i han dQc h4i: Hdn nhiQt nh6m tao ra kh6i choa Mno va Fezoe,
ndu hit phAi trong thdi gian dAi c6 thdgAy kich fng h6 hdp ho{c dAn ddn bQnh phdi nghb
nghiOp. (3) Nguy co ch6y nd: BQt nh6m vA oxit s6t le c6c vdt liQu d6 ch6y, trong khi tia
lua ph6t sinh tu phan rlng nhiQt c6 thd gAy chAy nd ndu kh6ng duqc ki6m so6t tdt, d{c
biQt trong m6i trudrng hhn kin. (4) PPE kh6ng d4t chudn: MQt sd c6ng nh6n su dung ppE
k6m chdt lugng ho{c kh6ng phi hqp, l)m tdng nguy co phoi nhi6m voi c6c ydu tdnguy
hi6m (BAng 3.2).

BAng3.2. Kdt qua danh gi6 rui ro trong han nhiQt nh6m theo ma tran rui ro 5x5

Nguy co Mr?c d0 nghi€mtreng (s) Thn sudtxayra (L) -tl1tu^*t_": 
t:: uU

(RS=SxL) rfiiro
Tidp xuc kh6i hin

B6ng nhiQt

Nguy co ch6y nd

5 (Rdt nghi6m trong)

4 (Nghi6m trqng)

4 (Nghi6m trgng)

5 (Thudngxuy6n) 25

4 (Gbn chdc chdn) 1.6

4 (Thulng xuy6n) 1,6

Rdt cao

Cao

Cao

PPEkhdngd4tchudn 4 binh) 3 (Thinh Trunebinh

Ghi ch,fi: F.Xt cao (RS > 20): CAn ki6m so6t ngay lQp tuc dd ctAm b6o an toin.
Cao (RS 12-1.6): Chn ki6m sodt chdt ch6, c6 thd anh hucrng nghiGm trgng ndu kh6ng xu l1i kip
thoi.

74
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Kdt quA phAn tich c6c

Mfc dQ nghi€m Thn sudt Khii ning Chi sd Mtc d0 uu ti€n
kidm so6t

Nguy c<r
(s) ra (O) hi€n (D) RPN

Ngat khi
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Ghi furt RPN > 45: Rrii ro nghiGm trong, chn ki6m so6t ngay lflp tuc.
RPN 36 - 30: Rui ro cao, chn c6 bign

Do sg kh6c biOt vE nguyon tfc danh gia gifta ma trQn 5x5 vd phucrrg ph6p FMEA'
nghiOn ciru kh6ng tidn hanh so s6nh tntc tidp c6c gi6 tri RS vd RPN. Thay vho do, hai
phucng ph6p duo. c su dqng song song dd h5 trg nhan diQn dhy du c6c nguy co chinh
trong thi c6ng hln nhi0t nh6m. C6c kdt quA phAn tich chi tidt vb tung nguy co duoi dAy
dugc trinh bdy ri6ng biQt theo trlng phucrng ph6p. Kdt quA phAn tich ma trfn rrii ro 5x5
v) FMEA cho thdy:

ThUc vfy, tidp xric v6i kh6i hAn chrla \zkrO vA FezOg dugc x6c dinh lh nguy co
nghiOm trqng nhdt vcri chi sdRPN cao nhdt (a5)vn chi sdrui ro RS = 5, thuQc mfc gl/c kj,
nguy hi6m chn ki6m so6t ngay. Kdt quA do nbng dO khi dQc trong qu6 trinh hdn t4i c6ng
trudng cho thdy c6 thoi di6m mftc Mno trong kh6ng khi vugt e5 mg/m3, cao hcrn 2,5
Ihn gioi h4n phoi nhi6m theo ISo 45001 (0,2 mglms) [6]. DiEu nAy phir hqp v6i nghidn
crlu c&a Ramzani et al. (2022) chi ra rlng hit phAi kh6i hAn chria kim lo4i n{ng nhu
mangan c6 thd gAy tdn thuong phdi nghiOm trgng, suy giam chrlc ndng h6 hdp vd dAn
ddn bQnh phdi nghb nghiQp [10]. Ramzani et at. eo22) cfrng nhdn m4nh ring hQ thdng
th6ng gi6 kh6ng hi6u quA lA nguy6n nhAn hdng dhu gdy tich tu khi dQc trong c6c khu
vgc thi c6ng hAn kin, lAm gia tdng nguy co nhi6m dQc t101.

Bong nhiQt do tidp xric truc tidp v<ri mdi hdn nhi6t nh6m c6 thd d4t toi 2500.C, 1A

mQt trong ohittg nguy co phd bidn nhdt trong thi c6ng hln kim lo4i. Voi chi sd RpN =
36 vd RS = 4, ddy la nguy co nghi6m trgng thtl hai cbn ki6m soat ngay lQp tuc. Tham
khAo c6c b6o c6o NFPA 518 (2021) cfrng cho thdy ring bong nhiQt chidm !f lQ l6n rrong
c6c tai nqn lao dQng li€n quan ddnhdn kim lo4i, trong d6 nguyOn nhAn chu ydu lh thidu
PPE driu nhiQt dat drua'n [1U. vi v{y phai su dgng ppE theo tuan chudn khuydn nghi
ddphdng tr6nh c6c nguy co tr6n.

PPE d6ng vai trd quan trgng trong viQc giam thi6'u bong nhiQt vi phoi nhi6m
kh6i hdn, th*g ti l. PPE kh6ng d4t chudn t4i c6ng trudng khAo s6t l€n ddn 30% 1) mQt
vdrt dE nghiOm trgng. V6i RS = 2 vdRPN = 24, dAy li nguy co Anh hucrng gi6n tidp nhtmg
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c6 t6c d6. ng lan toa vi PPE k6m chdt luqng lAm tdng mrlc d0 rui ro cua nhiEu ydu td kh6c.

Nguy co ch6y nd trong qu6 trinh hAn nhiQt nh6m c6 RS = 4 vA RPN = 36, mrlc rui
ro thdp hcrr nhtmg vAn cbn gi6m s6t. Theo khAo sfit,15o/o c6ng nhAn ttmg chimg kidn tia
lua bfn vAo vdt liQu d6 chAy, trong khi 10% thrla nhQn tung lAm vi6c trong m6i trudrng
kh6ng ki6m tra khi d6 ch6y tru6c khi hdn. 86o c6o cua NFPA 51r- Q021) chi ra ring 90%
vg ch6y li6n quan ddn hdn kim loqi ld do tia lua tidp xtc voi v{t liQu d6 chAy trong m6i
trudng thidu ki6m so6t [11].

3.4. BiQn phrip kidm soft rrii ro vi hiQu quii ciii thiQn

Trong qu6 trinh thi c6ng hhn nhi6t nh6m t4i Dg 6ru dOi ngfl ky thuat dd 6p dung
nhibu biQn ph6p ki6m so6t rui ro nhim giAm thi6'u c6c nguy co ti6p xric voi kh6i hAn dQc
h4i, bong nhiet PPE kh6ng d4t chua'n va nguy co ch6y nd. C6c biQn ph6p nay dugc thgc
hiQn th6ng qua nAng cdp hQ thdng th6ng gi6, cirithiQn PPE, tdi uu h6a khoAng c6ch lAm
viQc, gi6m s6t su dqng thidt bi bAo h0 vd ki€m so6t chit ch6 quy trinh thi c6ng. Vi6c d6nh
gi6 hiQu quA cua c6c biQn ph6p dpa trdn sg cAi thiQn chi sdRPN vir mr?c dO an toAn thr;c
tdtheo ti6u chu6jr qudc tdISO 45001, EN 14230, OSHA 1910.

V€ viQc cai thi€n hQ th6ng th6ng gi6 nhim giam mrtc dQ phoi nhi6m khf dQc: dQi
ngfr ki thu{t de dp d{t th6m qu4t c6ng sudt cao theo ti6u chuA'n EN 14730, girip cAi thi6.n
tdc dQ lubng khi vA giAm tich tu MnO, FezOe trong kh6ng gian hAn kin. B6n c4nh d6, viQc
su dqng thidt bi do khi dQc chm tay dd gi6m s6t chdt lugng kh6ng khi theo thoi gian thqc
dd girip ki€m so6t m6i trudrng lAm viQc tdt hcvn. Dbng thoi, cdng nh6n duo. c trang bi lJra"u
trang than hoat tinh d4t chuA'n EN 149, gitip giAm thi6b ddn 80% luqng khi dQc hit vho.
Kdt quA do ki6m sau cAi tidn cho thdy nbng dQ Mno dd giAm tir 0,5 mg/m3 xudng duoi
0,2 mglm9, dat gi6i h4n an toan theo ISo 45001, dbng thoi chi sd RpN cua nguy co phoi
nhi6m khi dQc dd giAm tu 45 xudng duoi 5.

D6'giAm thi6'u nguy co b6ng nhi6t do tidp xric vcri mdi hAn nhi6t dQ cao (2500'C),
dQi ngt ki thu{t de t{p trung vdo n6ng cdp PPE vA ki€m sodt khoAng c6ch lAm viQc. Cu
th€| c6ng nhAn du-o. c trang bi gdng tay chfu nhi6t d4t chudn EN 402 c6 khA ndng bAo vQ

0nhiQt dQ l6n toi 500'C, thay thdcho PPE k6m chdt lugng tru6c day. Ngodi ra, viQc thidt
lfp vhng hAn an toAn voi b6n kffi tdi thi6'u 1,5m giirp dAm bAo khoAng c6ch lAm viQc
hqp ly, han chdtidp xric tryc tidp voi ngubn nhiQt. D{c biQt, su dgng tdm chXn nhiQt linh
ho4t dd girip giam 50-70o/o lugng nhiQt brlc x4 ddn c6ng nhan, girip giam d6ng kd nguy
co b6ng. Kdt quA thgc tdcho thdy ty lQ bong nhiet de giAm tu 20% xudngducri 57o, dbng
thoi chi sd RPN cria nguy co b6ng nhiQt de giAm tu 36 xudng dubi 4, cAi thiQn dang kd
mtlc d0 an to}n khi thi c6ng. Ki€m so6t chdt lugng ppE vd gi6m s6t viQc su dung cing
lA mOt ydu t6 quan trgng dd dam bao an todn lao dQng. D6i ngfr ky thuft de tdch khai
quy trinh ki6m dinh PPE hAng th6ng, girip ph6t hi6n vi lo4i bo cAc thidt bi bAo h0 kh6ng
d4t ti6u chudn EN 11611. Dbng th% hC thdng b6o c6o ppE t6i h6ng dusc thidt lAp, cho
ph6p c6ng nhAn chu dQng y6u chu thay thdkhi chn thidt. Bdn canh d6, viQc tdng cudng
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ki6m tra PPE tru6c khi vdo khu vgc hAn girip dAm bAo c6ng nhAn lu6n mang dhy du
trang bi bao hQ theo quy dinh. Nhb c6c biQn ph6p nay, t1i tQ su d\rng PPE dat chu6h d6
tdng tu 60% l6n trln 90"/", dbng thoi chi sd RPN cua nguy co PPE kh6ng dat chudn dd
giAm tu 36 xudng duoi 4, girip cAi thiQn dang kdhiQu quA bAo vQ lao dQng.

Cudi cung, dd ki6m soAt nguy co ch6y nd, c6c biQn ph6p gi6m s6t quy trinh thi
c6ng vA ddo t4o phdng ch6y chfta ch6y di dugc thgc hiQn thudrng xuy6n. Tru6c khi thr,tc

hiQn hAn nhiCt nh6m, c6ng nhAn phAi kidm tra m6i trudrng lAm viQc, dAm b6o kh6ng c6
khi dA ch6y ho{c vdt liQu a6 Uit lua dbng thoi t4i khu vgc hAn lu6n dugc trang bi binh
chira chAy COz vd bat chdng ch6y. NgoAi 14 c6ng nhAn dugc td chirc di6n tQp ch&a ch6y
dinh ki girip h9 c6 thdphan img nhanh khi c6 sr,t cd. Nhd c6c biQn ph6p ki6m so6t nAy,
nguy co ch6y nd t4i khu vgc hhn dd giAm tu 15% xudng duoi5"/o, dbng th<ri chi sdRPN
cua nguy co ch6y nd giAm tu 36 xudng ducyi 4.

Nhin chung viQc 6p dung biQn ph6p ki6m so6t rui ro theo c6dr tidp cdn hQ thdng
dd giAm 90% tdngrui ro, cAi thiQn dibu kiQn ldm viQc, tdng hiQu sudt thi c6ng vd dAm bAo

an toAn theo ti6u chudn qudc td.

4. Kfr LUAN

Nghi6n ct?u ndy da denh gi6 thqc tr4ng ki6m so6t rui ro trong thi c6ng hdn nhi€t
nhdm tai Du 6n Dudng sft AO thi sd 1 TP. Hb Chi Minh, tt d6 de xudt c6c biQn ph6p cAi

thi€n. Th6ng qua viQc su dgng ma tr{n nii ro 5x5 va phucrng phap FMEA, nghi€n cr?u

dd x6c dinh bdn nh6m nguy co chinh: (1) tidp xric voi kh6i hen dOc hal (2) bong nhi€u
(3) PPE kh6ng d4t chudry vA (a) nguy co ch6y nd. Kdt quA phAn tich chi ra r&ng tidp xric
voi kh6i hdn dQc hai (RPN = 45, RS = 5) vd bong nhiQt (RPN = 36, nS = 4) ld hai nguy co
nghidm trgng nhd! chn dugc ki6m so6t ngay lQp tuc bing c6ch cAi thiQn hQ thdng th6ng
gi6 vd nang cdp PPE. sau khi tri6h khai c6c biQn ph6p ki6m so6t bao gbm I6p d{t quat
hft kh6i, su dgng khau trang dat chudru nang cdp gdng tay chiu nhiQt, thidt t{p virng
hAn an toAn vd tdng cudrng dAo t4o an toAn lao dQng, mrlc dQ rui ro dd giAm ddng kel. Chi
sdRPN cua nguy co phoi nhi6m kh6i hdn dd giAm tu 45 xudng ducyi 5, t1i lQ bong nhiQt
giAm tu 20o/o xu6ng duorlo/o. NgoAi ra, !i lQ c6ng nh6n su d\rng PPE d4t chuAh ting tr)
60% l6n 90"/o, ddm bAo mirc d0 bAo vQ tdi da. C6c biQn ph6p db xudt kh6ng chi c6 tinh
rlng dgng cao trong dr,t 6n mh cdn c6 thd mo rQng 6p dung cho c6c c6ng trinh ha thng
ducmg s8t d6 thi kh6c tai ViQt Nam.

LOI CAM ON

Nh6m nghi€n cr?u xin trAn trgng cAm on Ban QuAn ly DU 6n Tuydn Metro sd 1

TP. Hb Chi Minh vA cAc c6ng nhAn thi c6ng da h6 trg trong qu6 trinh khAo s6t vh thu
thQp dfr liQu.
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ENHANCING RISK CONTROL EFFICIENCY IN ALUMINOTHERMIC WELDING:
A PRACTICAL CASE STUDY FROM THE HO CHI MINH CITY I.JRBAN

RATLWAY LrNE 1 CONSTRUCTTON PROJECT
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lFaculty of Environment, University of Scienceg Hue University
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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 matrb; and Failure Modes and Effects
Analysis (FMEA) methods was employed to identify major hazards, including
exposure to hazardous welding fumes, thermal bums, explosion risks, and
inadequate personal protective equipment (PPE). The results indicated that
concentrations of MnO and FezOs 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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