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NGHIEN CUU KY THUAT NO MiN TAO MAU PHUC vy
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nghiép va xay diyng phat trién rat manh nhu:

khai khoang, thuy dién, thiy lgi, nhiét dién,
giao théng,... Khi khéi cong mét dw an, mét cong
trinh 16n, dé tang thém vé hoanh trang, gay &n
twong véi quan khach, nhan dan trong vang dy an,
chinh quyén dia phwong, cac co quan quén ly nha
nwéec,... chi dau tw cong trinh khong sr dung phao
hoa hay phao gidy ma thuong st¢ dung phwong
phap nd min tao mau. Né min tao mau khong Chl
gay an twong vé mat hinh anh, mau sac ma con vé
am thanh, chén dong, song dap khdng khi,..

Mac du coéng tac nd min tao mau trong Ie khé&i
cong da dwoc thyc hién tir rat 1au, gan lién véi sw
phat trién cla Iinh vic khoan né min pha da dé xay
dieng céng trinh nhwng cho dén nay hau nhu chua
c6 tai liéu hay gido trinh nao xuét ban dé cap dén
van dé nay, thiét ké k¥ thuat nd min mau van con 1a
bi mét riéng, chwa cé co s& cho viéc tinh toan dé
ap dung. Qua mét thdi gian tim hiéu, nghién ctu
va thyc hién, tac gia xin gi¢i thiéu téng quan cong
té'c nd min mau, cach tinh va lwa chon cac théng
s0 ky thuat hop ly.

1[ rong giai doan hién nay, cac céng trinh céng

H.1. Hinh dnh né min mau tai 16 khéi cong
céng trinh xay dung

1. C4c phwong phap né min mau

Tuy thudc vao méi trudng nd, cach bd tri lvong
thudc nd,... c6 thé sdp xép va phan loai cac
phwong phap nd min mau nhw sau:

% Theo méi trwéng nd: nd dwdi nwdc; nd trén
can; nd vira trén can va vira dudi nuée.
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< Theo hinh dang va thiét ké hé min: né bang
éng: nd bang hé hinh phéu; nd bang ranh.

< Theo sé lwvong c6t mau: nd mét cot mau; né
nhidu cot mau.

2. Céng nghé nd min mau

Cac vy nd min mau khdi cong du duwoc phan
vao loai nao thi hinh dang cac hé min déu dugc
thiét k& chd yéu bdi moét trong ba dang sau: hé
dang hinh phéu, hodc dang 6ng, hodac dang hao.
Trong bai bao nay, tac gia chi xin gID’I thiéu co so
ly thuyét tinh va lya chon thong sb ky thuat hop ly
cho mét trwérng hep nd min bang hé dang éng.

2.1. Xac dinh ap Iwc khind  gi&i han [P]

Méi lién quan glwa (ng suét kéo Vvoi tring suét
nén phat sinh trong éng kim loai khi nd Ia:

0

O = = pG"'Nlm (M
Trong do: o, On - Tuong (g &rng suat keo trng suat
nén tai mot diém xét trong thanh ong, N/m? i M- hé sb
Poat xdng (m0| kim loai khac nhau thi p khac nhau)

Ung suét nén phat sinh khi nd giam dan theo
khoang cach tmh tir tam luong thude nd theo quy luat:

on=PIr, N/m?; (2)
Voi: P - Gia tr| ap Iuc clia sédn pham khi né tai vj tri
dat thubc nd, N/m? k - Hé sé phy thudc vao tinh
chét cha kim loai lém éng; r - Khodng cach twong
ddi tinh tir tam lwgng thubdc:

=R/rg. (3)
Tai day: R - Khoang cé4ch tinh tir tam lwong thude
dén diém dang xét, m; ro - Ban kinh lwgng thuée, m.

Thay (2.3) vao (2.2) ta dugc:

on=P.(re/R)¥, N/m?; (4)
Thay (2.4) vao (2.1) ta duwoc:
k
B (fo}. 2
=——/ =[P, NNm*. 5
Ok l—p(R) (5

Dé 6ng kim loai khéng bi pha hy, nghia la vé bén
ngoai cling cGa &ng kim loai khdng bi pha hiy, tng
suét nén, (rg suét kéo tai vi tri ngoai cuing khéng dwoc
vuot qua (rng suét gi¢i han clia kim loai lam dng.

< Xét diéu kién véi (ng suét nén:

ons[on). : (6)
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Ttr (4) va (6) ta co:

P < [on].(R/To)*; )
[or]- Ung suét nén giGi han cda kim loai tao bng, Nim?.

+ Xét diéu kién véi rng suat kéo:

oS [o] (8

Tir (5) va (8) ta co: .

Ps—[ J low} ©
u o

[ . 'ng suét kéo giGi han cua kim loai tao éng.

Vi ting suét nén gidi han [oy] ctia kim loai bao
gi¢ clng lén hon rat nhidu so véi tng suét kéo
gigi han [oy] nén:

(10)

_Twr (7) va (9) ta xéc dinh duge diéu kién ap suét khi
nd gi¢i han [P] sinh ra d@m bao 6ng khéng bj pha htly:

[P]=L-—“.[B]“.[ok], -

(11)
B \fo

Khi thiét ké éng kim loai can ting @6 bén cia
éng nghta la tang kha nang chiu ap lwc gioi han
[P]. Tt (11) ta thdy can phai chon kim loai lém éng
hqp ly ([o], M, k); tang do day clia thanh éng (X);
gidm ban kinh lvgng thude (ro)

2.2. Xac djnh ap lic khi né trong budng min

Gia tri ap lyc khi nd min trong budng min:

A .D2 X
P:&{AJ . N/m?: (12)

2.(n+1)

Tai day: P Gia ti ap suat san pham no trong buong
min, N/m?: Dy - Téc dd nd cla thubc nd, m/s; A, Ao
Tuong tng la mat dé nap min, mat dé thuoc nd, kg/m?®;
n - Chi s6 da bién (n—2 2+3), C/C, - ty so nhiét dung
dang &p va nhiét dung dang tich.

Theo diéu kién vé &p Iwc cua san pham khi né
sinh ra d@m bao khang pha hiy 6ng kim loai:

P<[P].

2.3. X4c dinh khéi lwgng thuéc nd

Tk (11), (12) va (13) co cac trwdng hop xay ra
trong thire té nhw sau:

< Trwdng hop 1: Iya chon trvoc ong kim loai
(chon trvGe ban kinh éng (ry), 40 day éng (X)) va loai
;thuoc nd st dung. Khi d6 dé éng khong bi pha hiy khi
ind can phai thi cdng dam bao mat dé nap min:

2(1-w(n+1)[o .29 D . ka/m® (14)

A=A
‘ 0\/[%] .8 DG

Mlc d6 pha hay cGa éng chi phu thudc vao mét
dd nap min (A) ma khong phu thudc vao khéi
lwgng thuéc nd (Q) co trong ong. Nghta la ap Iwc
chi yéu tac dung ngang thanh ong. Trong truéng

(13)

hgp nay, khi thiét ké can tang t6i da khéi lvgng
thubc nd trong éng dé tang chiéu cao cot chét tao
mau trong éng.

M4t 46 nap min I&n nhat dé& dam bao éng khéng
bi pha hdy dwgc xac dinh theo biéu thirc (14).
Trong qua trinh thi céng ludn luén phai dam bao
méat d¢ nap min nhé hon gté tri xac dinh tai biéu
thirc (14) nghia 1a hé sé st dung thé tich budng
min thép.

Trong tredng hop nay, neu can tang mat dé nap
min (A) khi nap vao trong éng thi 6ng can chén
trong moéi trwong da goc hodc dd bé téng bao

quanh éng. Khi d6 méat @4 nap min gigi han dugc .-

xac dinh dam bao phéa hiy hoan toan thanh éng va
mot phan méi trudng da bao quanh thanh éng.

o Trwomg hqp 2: Lya chon treéc éng kim loai,
loai thudc no st dung va biét trwéc mat do sé nap.
Khi do dé dng khong bi pha hay khi nd can phai gia
cb thém dQ day thanh ong doan chtra thubc nd
bang cach léng thém cac doan éng dwong kinh I&n
hon ra bén ngoai:

X 2
X _ro A ' H'AO'DQ _r1, m:
%) 20-pin+)og]

Tai day: X - Do day ca thanh éng kim loai, m; ry -
Ban kinh bén trong éng, m.

Néu mat d6 nap min (A) bang mat do thuoc nd
(Ao) khi dé rr'ro thi dé day cua thanh ong can gia
cb 1a 1on nhat:

(15)

X _ u AO D2
. 2(1—u)(n+1)[ck]

Véi chidu day nay thi ng sé khéng bao gi® bi
pha hiy b&i thuéc né da lwa chon.

Tt cong thire (16) cho thdy d6 day éng phu
thudc ban kinh éng (r1), néu ban kinh (ry) cang I6n
hay khét lwgng thubc ndé mot mét dai éng
(Q;=l.ry? Ag cang 16n thi chleu day 6ng (Xmax) cang
Ién. Trong trwdng hop nay, éng kim loai can phai
Iya c6 dudng kinh bén trong hop ly (ban kinh bén
trong éng (ry) hop ly) dé giam chleu day bng. Khi
da chon dwgc ban kmh bén trong éng (ry) hop ly thi
khéi lwgng thude nd trong dng (Q) co thé tang ti
da ma khong pha hiy éng.

Trong moi truong hop/ khél lwgng thude né (Q)
can thiét ké dwa vao trong éng chl phu thudc vao
khéi qung chét tao mau trong éng hay chiéu dai
éng, chiéu cao cét mau can phut lén.

2.4. Xac djnh dwong kinh trong cua 6ng

Khi thiét ké dw dinh mat 46 nap min (A) khac
voi mat dg thuoc no (Ao) thi dudng kinh bén trong
ong (dp) xac dinh tlr céng thire (15) bang:
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L. Ao.Dz

A X
= e ( J e e

Trong treéng hop mat dd nap min (A) dy dinh
thiét k& bang mat do thudc nd (Ao) thi dwdng kinh
bén trong éng (do) bang:,

2Xx
dy=

# }J.AO Dg :
2(1-w{n+1).[ok]

,m (18)

H.1. M6 phdng céc trang thai c6t mau khi no
min: a — Trang théai khi cha né min ; b — Trang
thai cot mau bay 1én dat dé cao’lén nhét.

2.5. Xac dinh chidu dai éng (Ly) va chiéu cao
cét mau phut (h)

Nhw phan tich trén thi khdi lwgng thudc nd can
dwa vao éng chi phu thudc vao chiéu dai éng,
chiéu dai chat tao mau trong 6ng, do cao cua cot
mau can phut.

Khi nd, ning lrong cla khéi thuéc né sinh ra
dung vao viéc ddy chat tao mau phut I1&n cao va dbt
néng moéi tredng xung quanh. Gia s d9 cao cot
mau phut Ién thu dwgc nhu hinh 1. * Xét hé khoi
vat chat gdm: khdi chat khi va khéi chét tao mau

< Tai thoi didm ban dau khi khéi khi méi hinh
thanh trong 6ng kim loai; n&ng lrong hé bang:

Er=(E1t+E2), J. (19)
Tai d‘ay E1 - Nang luong cla khéi khi bao gom ndi
nang cla khéi khi vira sinh ra khi nd va thé nang
cla khéi khi, dwoc xac dinh bang

E= Q{E,+D/[2. (n+1)2]}+Q g H./2, J; (20)
Tai day: Q - Khéi lwgng thube nd trong éng, kg; Eo-
Nang lwong riéng (nhiét nang) clia sy phan hiy nd,
twong deong véi ddng nang sinh ra khi phan huy
01 kg chét nd, J; Hn - Chiéu cao khéi khi hay chiéu
cao cua buong min, m; g - Gia téc trong tredng,
m/s% E, - Thé nang cua khéi chat tao mau bang:

E2=Qv-g -(Hm+LO)/2! J;
E2=H.I'Z.Av.g .(LDZ'Hmz)- (L0+Hm)| J;
E,=F.(Lg-H,2)/2, J.
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(21)

Q, - Khéi lwgng chat tao mau c6 trong éng
(Q=1.P.Av(Lo - Hm)), kg; Lo - Chiéu dai éng kim
loai, m; A, - Mat do nap chét tag mau, kg/m® 1-Sé
radian (1=3,14); F=[.r".A,.g, kg/s?- Trong lvong cla
1 mét dai chét tao mau trong 6ng, khéng phu thudc
vao thﬁng s chidu cao c6t mau bay 1én (h) va
chiéu dai 6ng kim loai (Lo).

Tir (19), (20) va (21) c6 duoc: -
Er=Q{E*D 2+ YIHQIH2+F.(LH AR, ) (22)

< Xét hé tai thoi diém chéat tao mau dat d6 cao
nhat so véi mat dat (h). Ludng hén hop chét tao
mau va khi hdu nhw khéng chuyén déng. Ning
lwong cla hé luc nay chi c6 thé nang va ndi nang
ctia ludng hdn hop:

E5=E3+E4, J; (23)

E; - Thé nang cta ludng hdn hgp, J (gia st mat
dd hdn hop c6t mau déu nhau tir dudi Ién trén);

E;=(Q-Qv).(h+Ly).0/2, J;

Ea=[Q.g+F.(Lo-Hy)l.(h+Lo)/2, J; (24)

h - Chiéu cao cot mau tai do cao nhat, m; E, -
Noi nang cla cot déng khi (tdn tai théng qua ap
suat ndi dong hodc nhiét do), J ;

E«=C..T, J; (25)

C, - Nhiét dung dang tich cta hén hgp khi,
Jimol.°C; T - Nhiét do clia dong khi (bang nhiét do
méi tred'ng bén ngoai), °C.

Tir (23), (24) va (25) c6 dugec:

E.=[Q.g+F.(Lo-H,,)].(h+Ly)/2+C,. T, J. (26)

< Ap dung dinh luat bao toan nang luvgng cho
hé tai hai thoi diém da xét:

Er=(Es+En), J. (27)

En - Nang lvgng hao phi do téa nhiét ra bén
ngoai va day khéng khi moi treong chuyen dich,
tinh théng qua nang lvgng ban dau cla san pham
khi nd khi mé&i sinh ra;

E,=4.Q.{E,+D, 2/{2 (n+1)%]}, J (28)
Trong dé: & - Phan tram hao phi n3ng lwong cla
san pham nd vao viéc dét néng mai trudng va day
khéng khi méi trwéng dich chuyén, %. Gia tri nay
chi rat ra tir thire nghiém ngoai hién trwdng.

Tir (22), (26), (27) va (28) co duoc:

(1-8).Q{Eg+D/2.(n+1 P H+Q.g. Hy2-F.(L*-H )=

[Q.g+F .(Lo-Hpy)].(h+Lo)+C,.T. (29)

Bién ddi (29) c6 dugc:
(Q.g-F.Hp).h/2+(Q.g-F.Hp).Lo/2+F.Lo.h/2-A=0. (30)

Trong do: A - Ki hiéu cla biéu thirc (30) bang:
A—(1-a)Q{E0+D 2I[:Z n+1)7+Q.g.H,/2-F H,22-C,.T.(31)

Gia tri cla biéu thirc A khéng phy thude vao cac
théng s6 chiéu cao cot mau (h) va chiéu dai éng kim
loai (Lo). Gia tn baeu thirc (A) hoan toan tinh dwoc néu
chon loai thubc né va khoi lwgng thudc nd (Q) tlr ban
dau. Tir biéu thire (29) xac dinh duwgc A béng:

A= [Q.g+F(Ly-H,,).(h+Lo)/2-F .L2/2. (32)
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Nhin vao biéu thirc (32) thdy ring gia tri cla
Az0. Ki hiéu:

B=(Q.g-F.Hp)/2.

Nhin vao biéu thirc (33) thay réng

B20khiAzA,;B<0khiA<A,.

Gia tri clia B khong phu thudc vao cac thong sb
(h) va (Lo). Khi do biu thirc (29) dwoc viét gon lai
nhw sau:

(33)

B.h+B.Lo+F.h.Lo/2=0. (34)
T biéu thire (30) rat ra dwgc:

“A-B.L
ha-——0_ 35
Tir (35), c6 dao ham cua (h) theo (Lo) bang:

2

h'= __B_.ﬂz_. (36)

(B+F.Lo/2f

Vi moi gia tri cha (Lo) thi gia tri cta (h) ludn
nho hon 0 nghia la véi cung mét khéi lwong thuoc
nd trong éng (Q) thi quan hé cua hai thong sb
chiéu cao cot mau phut (h) va chiéu dai éng (Lo) la
nghich bién; néu ting gia tri (Lo) thi gia tri (h) giam

va ngugc lai. Do vay, can phai lya chon gia tri
chigu dai éng (Lo) 1a nhd nhét thi cot mau phuyt 1én
cé chidu cao (h) cao nhét.

Quan hé gitra chiéu cao kho; chét tao mau va
chiéu cao khél thuéc nd trong éng duwgc thé hién

bang tham sé (0):
H
f= ¥ 37
™ (37)
Tai day: H, - Chiéu cao khéi chéat tao mau trong

éng (H=Lo-Hm), m; Hr - Chi&u cao khéi thudc nd
trong dng, m

Qua tim hleu kinh nghiém va nghlén ctru thay
rang tham sé ty 1& (i) quyet dinh dén chiéu cao cot
mau phut I&n (h) va d§ sac nét clia mau sic cot
mau Do vay, trong qua trinh nd min mau bing dng
can lya chon du'oc gia tri tham sé ty 1& (i) hop ly.
Tir quan hé tai biéu thirc (2.37) xac dinh dugc:

Lo —Hm =1 Lo=(+1).Hm, m (38)

m

Thay (38) vao (35) xac dinh dugc (h) bang:

28,7

_&Hp(a,-4,)  2A(1- 6){E0+D2f[2(n+1)2]}

(A, +4) g.(EA, +4A)
Tir (40), c6 dao ham clia (h) theo (Hm) bang:
hie E(A- Av) 2.0 T

&A, +A) TLr2.g.(EA, +A)MH2 “0)

< Xét biéu thire (40) trong hai tredng hop sau:

+ Trwong hop 1: A, 2 A, khi d6 (h’) > 0; nghia la
chiéu cao cdt mau khi phut Ién (h) ty I& thuan voi
chiéu cao cot thuoc nd trong éng (Hm) hay khéi
lwong thuoc nd (Q). Trong trumng hop nay, khi
thiét ké no min mau cang tang khéi lwvgng thubce nd
(Q) trong éng cang tot chidu cao phut mau cé thé
tang dugc theo y muén.

+ Tredng hop 2: A,<A, chiéu cao phyt mau (h) dat
gia tri I6n nhat trng Vi chiéu cao cot thude nd trong
ong (Hr) 1a nghiém ctia h'=0, gia tri (Hm) bang:

3 2.C,.T m
" \nAgggE-a,)
3. Két luan
Tir két qua nghién clru trén cho phép tinh toan

(41)

Iua chon phuwong phap nd, cong nghé, cac théng

'sé nd hop ly trong cong nghé n6 min tao mau.
Trong qua trinh thire hién cén cha y cac yéu t sau:

(Lo) va chiéu dai cot thudc nd trong 6ng (Hm): Lo/Hm
lwa chon 1a nhd nhét sao cho cét mau béc 1én van
dam bao gil¥ dwqc mau séac dep, khéng bi mau cua
san pham khi nd sinh ra lan at mau cta chét tao
mau va lam bién mau.

enin =
& Ty Ie vé chiéu dai cgt chat tao mau trong éng Lhnee ?r%m ag k;ogfs tLl;Cetéor;f c;;ii?ﬁg yfor the
| society.
| the explosives to raise color materials on
| the air creating the beautiful colors and

| deep feeling for the observers.

: 39
Mr2.g.(EA, +A).HZ i

< Mat d6 nap min (A) va mat do nap chét tao
mau(A,) phai ddm bao: A\,z A nhuw trwang hop 1 da
xét khi d6 khéi lvgng thude nd trong éng (Q), khéi
lwgng chét tao mau (Q,), chiéu cao cét mau phut
I&n (h) cé thé tang tdi da tuy theo yéu cau.0d
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