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Toém tét: Bai bao trinh bay két qué nghién ctru
phét trién chuong trinh sé héa va tw déng héa tinh
toan, so sénh tai trong séng né téc dong lén céng
trinh néi. Nghién ctru duoc thuc hién dua trén viéc
dbi chiéu hai nguén tai liéu cét I6i: gido trinh Céng sw
va tiéu chuén quén sy Hoa Ky (UFC 3-340-02). Két
qua phan tich cho thdy phuong phép trong giéo trinh
Céng sur dwa trén cac cong thire gidi tich don gién,
thuén tién cho viéc tinh nhanh nhung chuwa bao quat
duwoc cac hién tuong vét ly phiee tap nhw dnh hwdéng
cla goc t6i hay pha &m ctia séng né. Nguoc lai, tiéu
chuén UFC 3-340-02 thiét Iap quy trinh tinh toan cé
do chi tiét va chinh xac cao hon nho tich hop di liéu
thuc nghiém s6 héa, déng thoi xét dén hiéu ung gidi
téa ap luc va déc tinh hinh hoc riéng biét cda tirng bé
maét céng trinh. Pang chu y, sai léch vé ap luc cuc
dai gitta hai phwong phép dao déng ttr 5% dén 25%
tay vj tri, nhung c6 sw khéc biét réat Ién vé xung luc
va quy luét bién thién cda biéu db thoi gian. Trén co
s6& d6, nghién ctru kién nghi ép dung céc dir liéu va
quy trinh theo tiéu chudn UFC 3-340-02 trong thiét ké
chi tiét nhdm téi wu héa chi phi dau tw va nang cao
dd tin cdy cho cac céng trinh phong tha dan sy tai
Viét Nam.

Tw khoa: tai trong séng né, cong trinh néi, sé héa
diliéu, UFC 3-340-02, giao trinh Céng s, phong thd
dan sw, xung lyc séng né, séng xung kich, séng téi,
séng phan xa.

Abstract: This paper presents the development of
a data digitization and automated calculation
program designed to evaluate and compare blast
wave loads on floating structures. The methodology
integrates two primary technical frameworks: the
Vietnamese Fortification curriculum and the U.S.
Unified Facilities Criteria (UFC 3-340-02). The
findings indicate that while the Fortification
curriculum offers straightforward analytical formulas
for ease of application, it lacks considerations for
complex physical variables such as the angle of
incidence and the negative phase of the blast wave.
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In contrast, UFC 3-340-02 provides a more rigorous
approach, utilizing digitized experimental datasets
that account for pressure clearing effects and
surface-specific  structural  characteristics. A
comparative analysis shows that peak overpressure
deviations between the two methods range from 5%
to 25% depending on the location; however,
significant discrepancies were observed in impulse
values and pressure-time history profiles.
Consequently, the study recommends adopting UFC
3-340-02 data for detailed engineering designs to
optimize construction costs and enhance the
reliability of civil defense infrastructure in Vietnam.

Keywords: Blast load, Floating structures, Data
digitization, UFC 3-340-02, Fortification curriculum,
Civil defense, Blast impulse, Shock wave, Incident
wave, Reflected wave.

1. D4t van deé

Trong bdi canh tinh hinh dia chinh tri thé gi&i dién
bién phirc tap, viéc bado ddm an ninh quéc gia va an
toan cho nhan dan trwéc cac nguy co khing bé, xung
dét vii trang la nhiém vu cép thiét. Luat Phong tha
dan sy ndm 2023 ra doi da nhan manh tdm quan
trong cla viéc chudn bi tr sém, tr xa, dac biét 1a thiét
ké va xay dwng cac cong trinh phong tha dan sw. Mot
trong nhirng thach thirc I&n nhat trong thiét ké cac
céng trinh nay la xac dinh chinh xac tai trong séng nd
- mét loai tai trong ddng co tinh chéat phirc tap, bién
ddi nhanh theo thai gian va khéng gian.

Tinh toan két cu céng trinh phong tha dan sw
chiu tAc dung cua tai trong né l1a mét nhiém vu trong
tam ctia nganh cong trinh qubc phong. Dé tirng bwéc
xay dwng quy chudn hwéng dan tinh toan, doi hoi
Viét Nam can nghién ctu, xay dwng phwong phap va
quy trinh ty ddng tinh toan tai trong déng do né gay
ra. Trén thé gi®i, cac tai liéu va tiéu chuan tinh toan
tai trong dwoc dé cap nhiéu va da dwoc trién khai
theo phwong phap cong thrc thywe nghiém gidi tich
dwa trén cac dwdng hdi quy tuyén tinh ho&c theo di
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liéu sé hoa. Trong tai liéu kinh dién cta Sadovskiy
“Mechanical effects of air shockwaves from
explosions according to experiments” [1], cac gia tri
ap lwc cwe dai cha song téi nd tw do trén khong, nd
trén mat dat, 4p lwc séng phan xa, gia tri duy tri pha
nén, xung lyc dwong déu duoc tinh toan theo cac
cong thirc thyre nghiém va la mét trong cac tai liéu
trich dan chinh trong giao trinh cdng sw. Ngoai
Shadovxkiy, cac céng thirc thywc nghiém khac cla
Kingery and Bulmash, Kinney and Graham, Henrych
and Major, va nhiéu tac gia khac ciing dwoc mo ta va
kiém dinh chi tiét trong cac nghién ctu [2], [3]. O Hoa
Ky, céc tai liéu hwéng dan tinh toan chéng khing b
phuc vu cac cong trinh dan sw [4], [5] cling st dung
cac két quad nghién clru tinh toan tai trong nd cua
UFC va TM 5-855-1 va dwa trén nén tang cong thirc
thwe nghiém va di liéu thwe nghiém cua Kingery and
Bulmash. Tuy nhién, dén phién ban UFC 03-340-02,
tiéu chuan hop nhét lién nganh, cac di liéu khong
con duoc thé hién trong cac cong thirc thywe nghiém
ma la di¥ liéu sb tinh toan va tra clru tryc tiép. Trong
khi d6, cac tai liéu cap nhat méi nhat vé tinh toan
phong tht dan sw cé ké t&i tai trong nd ciing dwoc
thé hién rd trong tiéu chudn mai nhat ctia Nga [6].

Hién nay, tai Viét Nam, cac ky sw thwdng tham
khao hai ngudn tai liéu chinh: hé thdng gido trinh
cobng sw [7] dwa trén ly thuyét ctia Nga (Lién X6 ci)
va tiéu chudn UFC 3-340-02 cla Hoa Ky [8]. Tuy
nhién, méi phwong phap lai cé nhirng gia thiét, mé
hinh toan hoc va pham vi ap dung khac nhau, dan
dén sy ling tung trong viéc lwa chon tiéu chuén thiét
ké tbi wu. Phuong phap tinh tai trong theo tai liéu [7]
thién vé cac cong thrc gidi tich thwc nghiém don
gian, trong khi tiéu chuan Hoa Ky lai dwa trén hé
thdng di¥ liéu thwe nghiém sb héa chi tiét, cé tinh dén
cac hién twong vat ly nhw pha am hay sy giai téa ap
Iwc.

Bai bao nay tap trung nghién ctru phwong phap

=X

/Ek Viing séng dan AL

tinh toan tai trong déng do nd tac dong Ién cong trinh
khéng c6 16 thoang theo cac cdng thirc giai tich thuc
nghiém cua tai liéu [7] va phat trién chwong trinh tw
ddng tinh tai trong theo chu trinh tinh cda UFC 03-
04-02. Viéc nghién ctru, xay dwng mét chwong trinh
tw dong tinh toan dé so sanh dinh lwong két qua gitra
hai phuwong phap nay 1a hét strc can thiét. Diéu nay
khong chi gitip cac don vi thiét k& ndm rd ban chét
sai léch clia cac m6 hinh ma con la co sé khoa hoc
quan trong dé dé xuét phwong an tinh toan tai trong
phu hop, vira d@m bao an toan chiu lwc, vira tbi wu
héa chi phi xay dwng cho cac cong trinh phong thi
dan sw tai Viét Nam.

2. Co s& ly thuyét

2.1 Tinh toan tai trong séng né theo gido trinh
cdng sw

Vi cong trinh dat trén mé&t dat, 4p lwc tac dung
lén céng trinh néi bao gdm &p lwc tai trong dong tac
dung Ién twdng trwde, ap lwc Ién twdng bén va ap lwc
lén twoéng sau. Trong trwdng hop nd gan, tai trong
séng t&i do vu nd sau khi lan truyén trong khéng khi
sé twong tac voi cong trinh. Tuy theo khoang céach
gitra cdng trinh va vy nd, &p lwc tinh toan 1én két ciu
sé dwoc tinh toan.

Trong diéu kién nd gan, chi c6 cong thirc tinh
toan v&i ap lwc séng hat nhan va coi tat ca cac tai
trong tai cac diém trén mat, twéng, néc bang nhau va
coi nhw chju tdc dung cla siéu ap song phan xa
phang.

V&i tredng hop nd xa, cac cong thire tinh toan &p
lwc 1én twong trwdce, twdng bén va twdng sau voi
cong trinh ndi trén mat dat dwoc véi gidi thiét muc
tiéu trong khu xa va ap lwc song t¢i vudng goc voi
mat phan xa. Ap luc tinh toan 1a gia tri trung binh, dai
dién cho toan by mat twong tac [1], [8],[15], [16].

2.1.1 Tai trong tac dung Ién mat twong trwéc

=

Viing song

| o

|| Song tai

Hinh 1. So’ dé lan truyén cda séng né véi cong trinh néi [7]

Do s chénh léch ap suét gitra twdng trwde, twong
bén va néc, cac phan t&r khdng khi sé& chuyén dong vé
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phia ndc va twdng bén, lam xuét hién séng dan. Biéu
dd &p Iwe tac dung lén twong trwde theo Hinh 2.
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At
LV

Hinh 2. Biéu dé &p luc tac dung Ién twong truée [7]

Trong trwéng hop séng téi vudng goc véi bé mét
twong chiu tai, gia tri cwe dai cla ap lwc séng phan
xa tinh toan theo cdng thirc:

AP, =2AP, +% @)
AP, +7.2

trong do:

AP, 1a gia tri cwe dai cda ap lwe séng phan xa,
kG/cm?;

AP, la gia tri cyc dai cla ap luc song toi,
kG/cm?2.

Biéu dd gédm 2 doan thang:

-Poan AB biéu di&n bién thién cta ap lwc khi hinh
thanh qui luat chay bao;

- budng BC biéu dién bién thién cuta ap lwc sau
khi hinh thanh qui luat chay bao.

Theoi gian can thiét d& song chay bao theo chiéu
réng bn va chiéu cao Hn cia cong trinh xac dinh theo

. b, H
At= mln(%,?”) 2)
trong do:
C la téc dd am trong viing khi nén m/s;
bn & chiéu rong clia cong trinh, m;

Hn 1& chiéu cao cta cdng trinh, m.

APy +1) (AP +7
oo, [
6AP¢ +7
AP, = AP, [0.75— 0.35 ﬁ) 4)
T
Trong nhiéu trudng hop At << 1 cho nén c6 thé
T

lay AP, =0.75AP,.
Co la téc d6 am trong khong khi, m/s; Co = 340
(m/s).
Hién twong chay bao chi xuét hién khi At < T.
Gia tri ap lwc séng chay bao xac dinh theo cong thirc:
APy = AP, + (1+¢) 254Pg (5)
APy + 7
trong do:
APcb la gi& tri cwe dai cha ap lwc séng chay bao,
kG/cm?;

AP, = AP, (1 - ﬂj (6)
T
Truong hop siéu ap AP, < 4kG/cm? c6 thé tinh:
AP
AP, = —X (1 - EJ ™
2 T

cong thic: & 1a hé sb6 phu thudc trj sé Ma-Kha M (bang 1).
Bang 1. Béng xac dinh trjsé &
M 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
& 0.0025 0.01 0.02 0.04 0.05 0.09 0.13 0.17 0.22
M 1 1.2 14 1.6 1.8 2 2.4 2.6 3
& 0.27 0.4 0.49 0.56 0.61 0.66 0.73 0.76 0.77
Tri s6 M xéac dinh theo céng thirc sau: P
~ 1.86AP, (8) .
T = — AP.
J(&R +1)(aR, +7) :

2.1.2 Tai trong tac dung lén twong bén va néc

DPéi voi twdng bén va néc, séng chi lwét qua,
khdéng xay ra hién twgng phan xa, do dé ap lyc tac
dung lén twdng bén va néc bang ap luc séng tdi.

AP, = AP,, 9)
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Hinh 3. Biéu dé &p luc tac dung Ién twomg bén va néc [7]
trong doé:

AP2 la gia tri cwc dai cla ap lwc tac dung Ién
twong bén va néc, kG/cm?2.
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2.1.3 Tai trong tac dung Ién twong sau

Khi s6ng xung kich di chuyén dén mép bién tuwong
bén va twdng sau (hoac mép bién néc va twdng sau)

AR,
A ”_'- B)//
= S
=il

(a)

(b)

sé xay ra hién twong chay vong vao gitra twdng sau va
gay ra ap lwc tac dung lén twong sau. Ap luc nay ting
ttr 0 dén gia tri cwe dai sau d6 lai gidm xudng O.

P

Ati | At t

T

Hinh 4. Biéu db ap luc tac dung Ién tuong sau [7]
a. Hién twong séng chady vong vao twong sau; b. Biéu do ap luc tac dung Ién twong sau

Thei gian can thiét dé séng xung kich di chuyén
tlr diém A dén diém B la:

A =
Dy

(10)
trong do:

L 1& chiéu dai céng trinh theo hwéng di chuyén
cla séng, m;

Dg 12 tbc dd chuyén dong clia mat séng, m/s.

Theoi gian ap lwc tang tlr 0 dén gia tri I&n nhét la:
D

Aty = —

27 ¢

Tri s6 ap lwc 1&n nhét tac dung 1én tuwéng sau
theo két qua thwc nghiém bang 2/3 &p lwc song toi.

2
APy = 2 AP,

(11)

(12)

trong do:

AP;la gia tri cwc dai cla ap lwc tac dung lén
twong sau, kG/cm?.

Nhén xét: Phwong phap tinh toan theo cong thirc
giai tich thwe nghiém trén c6 wu diém l1a don gian, dé
st dung va hién tai dang dwoc str dung rong rai trong
tinh toan két cu cong trinh do tinh tin cay va don
gian cla ching. Tai Viét Nam, trong giang day mon
hoc Cbéng sy tai Hoc vién Ky thuat Quéan s, trong
céc tai liéu gido trinh hoac cac tai liéu hwdng dan tinh
toan thiét ké cong trinh chiu tac dung cla tai trong
nd, sb tay cong binh, va hau hét cac céng trinh
nghién ctru trong tinh todn cbng trinh chiju tac dung
cua tai trong do song nd gay ra déu thiva nhan va bat
dau bang codng thirc thwe nghiém trén [13]. Tuy
nhién, véi cac cong thire thye nghiém trén chua thé
hién ré dwgc pham vi gi¢di han va ap dung ctia céng
thirc. Mat khac, dé thién vé don gian viéc tinh toan
ap lwc cuc dai tac dung Ién twdng sau la 2/3 gia tri
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ap lyc séng té¢i ma chwa lam rd ban chat hién twong
truyén séng. Trong khi d6, di¥ liéu thwe nghiém cla
UFC 3-340-02 dwoc st dung rong rai trén thé gidi co
dir liéu ddy du hon so véi cac cong thire trén dang
dung tai Viét Nam. Khéc v¢i tai liéu [7] dwa trén cac
nghién ctu ctia Sadovskiy, di liéu cta tiéu chuan
UFC 3-340-02 dwoc phat trién trén nghién ctu
Kingery-Bulmash. Kingery-Bulmash da thwc hién
hang loat thi nghiém né tr quy mdé nhé dén quy moé
I&n (v&i TNT) dé xay dwng cac duwong cong thuc
nghiém dw¢i dang da thirc bac cao. UFC 3-340-02
dé ting dod chinh xac da khéng s dung phwong
phap noi suy da thirc ma cung cép dir liéu sé hoa
trwc tiép. D& lieu nay déu dwoc tich hop trong
chwong trinh tinh nhw CONWEP ctia ABAQUS hay
Blast enhanced ctia LS-DYNA dang dung phd bién
trén thé gioi [9], [10], [11].

2.2 Tinh toén &p luc 1&n cdng trinh né trén mét dat
theo phwong phap UFC 3-340-2

2.2.1 Tai trong tac dong Ién twong truroc

Mat trwdc cong trinh chiu tac dung cla ap lwc
séng phan xa, nhwng ap lwc nay sé bi suy giam
nhanh chéng do hiéu (rng gidi tdéa ttr khi sébng chay
ra vung bién. Ap lwc cuc dai tac dung Ién mat truéc
cla cdng trinh vao thdi diém séng né dén sé la ap
Iyc cwe dai do phan xa (Pr), la mét ham cla ap lyc
séng t&i ban dau. Ap lwc nay sau dé gidm trong
khoang thei gian tc do séng truyén qua phia trén va
xung guanh céng trinh, v&i gia tri nhé hon Pr (&p lwc
vwot qua dinh trén va xung quanh cong trinh sé la
Ps). Ap luc vwot qué trén bé mét phia trwédc cha cong
trinh tiép tuc gidm cho dén khi ap lwc can bang véi
ap lwc cta khong khi xung quanh (thoi diém tof).

Khac vai tai lieu [7] s& dung cac cong thirc thyc
nghiém thién vé don gian, an toan, tai liéu UFC 3-04-
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02 xay dwng quy trinh ch&t ché tinh toan cac tham sé
cua tai trong:

- Xac dinh thoi gian giai téa (tc - Clearing time);

- Xac dinh ap lyc cwe dai tac dung [én mat trwdc
la gia tri nhé nhét gitra ap lwc phan xa (Pr) va ap lwc
gidi téa (Pc) tai thoi diém t;

- Xéac dinh biéu db tai trong tac dung lén mat
trwde cong trinh.

Do biéu d6 phirc tap trén thwong dwoc quy dbi
vé dang tam giac twong dwong cé cling xung lwong

va ap lwc dinh.

L

v

Thoi

0.25t
¢ @l

Hinh 5. Biéu db ti trong tac dung l1én maét triréc céng trinh [12]

trong do:
P.1a ap lyc cwc dai ciia song phan xa pha nén,

psi; PSO la ap Iwc cwe dai cla soéng toi, psi; Pr_ la ap
Iwc cwe dai cia séng phan xa pha dan, psi; PS la ap
Iwc ham, psi; P, 1a ap lwc ham, psi; P, la ap lwc chay
bao, psi; (la ap lwc dong cwc dai, psi; (,la ap lwc
dong cye dai song toi, psi; ir la xung pha dwong clia
song nd; C, 1a hé sb dich chuyén; to a thoi gian duy

tri pha dwong cia séng nd, ms; tc 1a thoi gian giai téa,
ms; t; 1a thoi gian duy tri 4p lwc pha dwong cuia song
phan xa, ms; t; 1a thoi gian duy tri pha am cla séng
phan xa, ms. t  1a thoi gian duy tri tai quy ddi, ms.
2.2.2 Tai trong tac dung lén twromg bén va néc

Gibng vo&i céac tai lieu [7], UFC 3-340-02 chép
nhan gia thiét tai trong phan bd déu tac dung déng
thoi 1én toan b bé mat néc/twdng bén. Vi séng nd di
chuyén tir phia trwéc ra phia sau céng trinh, nén khi

P

A

o

Ap lyc

xac dinh céac théng sb ctia séng thi tinh khoang cach
quy ddi Z twong trng tai vi tri mép truwéc ctia née hodc
twdng bén. Sau khi da xac dinh cac théng so dau vao,
thwc hién cac bwdc tinh toan nhw sau:

- Tinh ty 1& gitra chiéu dai buéc séng tai mép
trwoe (L) va chiéu dai nhip cta céu kién (L) doc
theo hwéng truyén song (L, /L);

- X&c dinh céac hé sé tai trong twong dwong (Ce),
thoi gian tang tai quy déi (ta), thdi gian duy tri tai quy
ddi (tor) dwa trén noi suy di liéu tir Figure 2-196 dén
Figure 2-198 cia UFC 3-340-02 [12];

- X&c dinh ap lwc déng cuwc dai (o) va hé sé can
(Co);

- Tinh toan &p lwc dinh tdng hop (Pr) Pr = Ce-Psor
+ Cb-Qof.

Ap lwc — Thoi gian cla tai trong ddng tac dung
lén twéng bén/née cong trinh thé hién trong Hinh 6.

te+t, +t

[

Hinh 6. Biéu dé tai trong tac dung lén mat turong bén/née cong trinh [12]

trong do:
P.la ap suét song ti, psi;1a ap lwc dong tai

clia song t&i, psi; Co 1a hé sb can; t, la thoi gian bat

82

dau nhan tai, ms; t, la thoi gian duy tri pha nén, ms;
t.; 1a thoi gian duy tri tai quy d6i pha nén, ms; ta 1a
thoi gian tang tai quy ddi, ms; t_ 1a thoi gian duy tri
tai quy dbi pha dan, ms.
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2.2.3 Tai trong tac dung lén twrong sau

Tai trong déng hinh thanh do séng nd tran qua tw
néc va cac twong bén, tao ra cac séng thir cap bao
trum Ién twong sau. Vi song né tran qua néc, nén khi
xac dinh cac théng sé ctia séng thi tinh khodng cach
quy ddi Z twong (ng tai vi tri mép sau cta néc hodc
twong bén. DBé tinh ap lwc dong tac dong I1én twong
sau dwoc tinh theo cac buéc:

- Tinh ty 1& gitra chiéu dai bwéc song tai mép sau
(L) va chiéu cao twong sau cia céu kién (Hs) doc
theo hweng truyén song (L, / H, );

- Xac dinh cac hé s6: Dya vao ty sé (L, /H,)

, twong tw déi v&i twdng bén/néc xac dinh hé sé tai

o

CEP + Cunb

sob

Ap lwc

trong twong dwong (Ce), thdi gian tang tai quy doi
(ta), thoi gian duy tri tai quy ddi (tor);

- Xéac dinh &p lyc dong cuc dai (gor) va hé sb can
(Cp). Tra ctu twong tw déi véi twong bén/néc, chi
khac str dung ap lwc séng téi ban dau (Psob) thay vi
(Psof);

- Tinh to&n &p lwc dinh tdng hop (PRr).

Ap lwc dinh tac dung 1&n twéng sau la tbng dai sé
cla ap lwc téi twong dwong va ap lwc can:

Pr = CePsob + Cb-Qob

- Biéu dd Ap lwc — Thoi gian cla tai trong dong tac

dung 1&n twéng sau cdng trinh thé hién trong hinh 7.

t, +t, +1

>

Thoi gian

Hinh 7. Biéu dé téi trong tac dung lén mat tuong sau cong trinh [12]

trong dé:

P, 12 ap suét toi cuc dai tai mat sau,psi; P, 1a
ap suat t¢i tire thoi tai mat sau, psi; gob 12 &p lwc ddng
cwc dai, psi; go la ap lyc déng tre thoi, psi; Ce la hé
s6 tai trong twong dwong; Co la hé sé can; t, 1a thoi
gian bat dau nhan tai, ms; t,1a thoi gian bat dau
nhan tai, ms; t_ la thoi gian duy tri pha nén, ms;
la th&i gian duy tri tai quy di pha nén, ms; tq 1a thoi
gian tang tai quy dbi, ms; t, 1a thoi gian duy tri tai
quy déi pha dan, ms.

+ Trong pha am, ap lwc dong tac dung Ién twong
sau thwdng dwoc bé qua hodc xem nhw khong dang
ké so v&i ap lwc tinh am.

2.3 Thudt toan tw déng tinh tai trong

Phwong phap theo tai liéu [7] don gidn véi nhiéu
gid thiét don gian hoa dé thuan loi tinh nhanh. Tuy
nhién, gi¢i han va diéu kién cta cong thirc thuc
nghiém chwa thé hién rd va chwa khao sat dwoc voi
trwong hop goc téi khac 0. Bac biét, cac gia thiét vé
ap lwc séng téi tac dung lén twdng bén, twdng néc
va twdng sau da bé qua anh hwéng clia gié dong.
Nguwoc lai, tieu chuan UFC 3-340-02 tuy gi6i thiéu
day da cac loai tai trong nd twong tac véi cong trinh
nhwng chu trinh tinh toan rat phic tap, mét thei gian,
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lién tuc tra bang tha céng va xay dwng ham tinh toan,
khong thuan lgi cho ngwi dung str dung va khao sét
div lieu Ion. Bé tw dong tinh toan dwgc khdng chi cho
bai toan tai trong tac déng t&i céng trinh ndi, ma con
v&i cac bai toan nd tw do, nd kin, bai toan tinh toan
két cAu cong trinh sau nay, di liéu nén trong dplot va
dir liéu db thi can phai dwoc xt ly s6 héa va lwu triv
dang c4u trlc trong méi trweng python theo cac buéc
sau:

Bwéc 1: S6 hda va chuén hda dir liéu. Dplot lwu
cac di¥ liéu dang file text thd c6 c4u tric phan Iép. Sk
dung thw vién pandas doc di liéu text thanh c4u tric
di lieu dictionary phuc vu ndi suy, tra ctru hodc hdi
quy. Vé&i cac figure chwa cé di liéu s mo ta pha gién
cta séng nd lan truyén lén twong trudc va twong
bén, chuyén dbi dir liéu anh thé va tw déng nhan
dang di liéu, chuyén ddi di liéu thanh tap X, Y.

Buwéc 2: S dung thw vién matplotlib vé lai cac
biéu dd tir di liu trén. So sanh v&i anh va cAu trac
di¥ liéu da co cua dplot.

Buwdc 3: St dung thw vién scipy dé xay dwng cac
ham néi suy 1D, 2D, 3D. Xay dwng cac ham fitdata
dé xay dwng cac ham hdi quy.
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Bwéc 4: Ty dong doc toan bd dir liéu cua UFC
va sb héa thanh hé théng dir liéu trong méi trwdng
python. Lwu di¥ liéu phuc vu cac bai toan tinh toan tai
trong va cac bai toan tinh toan két ciu sau nay.

Sau khi c6 di liéu chuén hoéa, ndi dung cong tac
tinh toan tai trong theo tai liéu dwoc tinh theo cong
thirc, ndi dung tinh toan tai trong dong theo UFC

dwoc tinh toan tw va kiém tra cac diéu kién tinh toan
theo muc 2.2.

Phwong phap tw ddng tinh toan tham sé tai trong
nd vai trwdng hop cong trinh khdng cé 16 thoang,
lwong nd bén ngoai trén mat dat dwoc phat trién theo

so d6 khéi sau:

[ Sir dung Python doc dit liéu tir dplot |

Nhap dir ligu luwgng nd va cong trinh:
Wor R W, L H

Xay dung duong ho1 quy va cac ham noi1
suy cho dii liéu cic figure

Tinh toan cac tham so cta song toi:
Z, Pr,Pso, i, ig, ta, t,, Ly, U

l I'lh ta1 trong tac dong len tuong truoc, I

Till‘ll tél tl L.)llé t(;,b J\;llé ‘1611 tugjug tl Ul’)b,
bén, noc va sau theo tiéu chuan UFC 3-
34602

Export dit liéu sang txt dé c6 thé import
sang SAP2000 hodc LS DYNA

V& bicu do

Hinh 8. So’ d6 khéi tinh toan tai trong né tac dung 1&n céng trinh néi

3. Tinh toén tai trong dong Ién cdng trinh
Xac dinh tai trong déng cua tai trong né trén
mat dat véi cong trinh ndi dang hinh hdp chir

nhat trén méat dat. Lwong nd gia thiét do bom xe
c6 dwong lwong nd twong dwong véi 200 lbs
TNT.

164 ft

TNT=200 Ibs
FETFA

N A PT TR PSTE FRE IR PRI SR 25

:_g[

3 ft

a, Mat dirng

164 ft

[
TNT=200 Ibs 3

23 ft

L33 )

Hinh 9. So'd6 bo ty; ‘Mt bang Tt trén mét dét

Khoang céch tir lwong nd t&i mét trvdc R =50 m
(164 ft).

Cobng trinh c6 kich thwédc LxBxH = 10x7x5 (m) =
33x23x16.4 (ft).

Lwong nd duwoc khao sat co gia tri W = [200 300

84

400 500 600 700 800] Ibs.
3.1 Tinh toan theo phwong phap cua Nga

St dung cac cong thirc thwe nghiém t (1) dén
(12), cac tham sb va két qua tinh toan ap lwc cuc dai,
xung &p lwc dwoc thé hién trong cac bang tinh 1 dén 2.
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Bang 1. Tham s tai trong déng tac dung 1én tuwong truéc

Lwong nd AP} AP AT’¢ At T APy APcb I
(Ibs) (kG/cm?) (kG/cm?) (kGlcm?) (s) (s) (kG/cm?) (kG/cm?) (kG.s/m?)
200 0.14 0.3 0.23 0.01 0.013 0.03 0.03 0.0017
300 0.17 0.36 0.27 0.01 0.024 0.1 0.11 0.0031
400 0.2 0.43 0.32 0.01 0.025 0.12 0.13 0.0038
500 0.22 0.48 0.36 0.01 0.026 0.14 0.15 0.0044
600 0.24 0.53 0.4 0.01 0.027 0.15 0.17 0.0049
700 0.26 0.57 0.43 0.01 0.028 0.17 0.18 0.0054
800 0.28 0.62 0.47 0.01 0.028 0.18 0.2 0.0059
Bang 2. Tham sé tai trong déng tac dung |én tuong bén, néc va tuong sau
Lurong nd Twdng bén va néc Twdng sau
(Ibs) AP , T n I , AP3 , D¢ Aty Atz I ,
(kG/cm?) (s) (kG.s/im?) [ (kG/cm?) (m/s) (s) (s) (kG.s/m?)
200 0.14 0.013 |1 0.0009 0.09 359.21 0.02 0.01 0.0006
300 0.17 0.024 |1 0.002 0.11 363.2 0.02 0.01 0.0013
400 0.2 0.025 |1 0.0025 0.13 367.14 0.02 0.01 0.0016
500 0.22 0.026 | 1 0.0029 0.15 369.74 0.02 0.01 0.002
600 0.24 0.027 |1 0.0032 0.16 372.33 0.02 0.01 0.0022
700 0.26 0.028 |1 0.0036 0.17 374.9 0.02 0.01 0.0024
800 0.28 0.028 |1 0.0039 0.19 377.45 0.02 0.01 0.0027
3.2 Tinh todn theo phwong phap UFC 3-340-2
Bang 3. Tham sé tai trong déng tac dung |1én tuong truéc
Lwo;ng PSQ Cr S G tc tof Qo Co Pma_x trf
no (psi) | (ft/ms) (ft) (ft) (ms) (ms) (psi) (psi) (ms)
200 1.86 1.15 115 16.4 23.51 19.56 0.1 1 1.96 14.85
300 2.23 1.15 115 16.4 23.51 21.31 0.12 1 2.35 16.06
400 2.56 1.16 115 16.4 23.31 22.39 0.16 1 2.72 16.96
500 2.85 1.16 115 16.4 23.31 23.28 0.2 1 3.05 17.7
600 3.12 1.17 115 16.4 23.11 23.95 0.23 1 3.35 18.21
700 3.37 1.17 115 16.4 23.11 245 0.27 1 3.64 18.52
800 3.6 1.18 115 16.4 2291 25.01 0.31 1 3.91 18.93
Bang 4. Tham sé téi trong déng tac dung /én tuwéng bén
Psof Psof L Lw/L Ce ta/W3 ta torfW13 tor do Co Pr
(psi) (kG/cm?) (ft) (ft) (ms/IbY3) (ms) (ms/IbY3) (ms) (psi) (psi)
1.86 0.13 115 1.92 0.66 1.81 10.58 5.29 30.94 0.1 -0.4 1.19
2.23 0.16 115 211 0.68 1.67 11.18 5.01 33.54 0.1 -0.4 1.48
2.56 0.18 115 2.24 0.7 1.61 11.86 4.82 35.51 0.1 -0.4 1.75
2.85 0.2 115 2.35 0.72 1.56 12.38 4.65 36.91 0.1 -0.4 2.01
3.12 0.22 11.5 2.44 0.73 1.51 12.74 4.49 3787 | 0.13 | -04 2.23
3.37 0.24 11.5 2.52 0.74 1.47 13.05 4.35 3862 | 0.15 | -04 2.43
3.6 0.25 115 | 258 | 0.74 1.43 13.27 4.21 39.08 | 0.17 | -04 2.6
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Ce tor IWR (ms/Ib¥3) tor (Ms) Pr (psi) 0.25tf (Ms)
0.27 10.95 64.036 -0.5 16.01
0.27 10.89 72.901 -0.6 18.23
0.27 10.89 80.238 -0.69 20.06
0.27 10.89 86.434 -0.77 21.61
0.27 10.89 91.85 -0.84 22.96
0.27 10.89 96.693 -0.91 24.17
0.27 10.89 101.09 -0.97 25.27

Bang 5. Tham sd tai trong déng tac dung Ién néc

Lol Psof Psof Ce Pso ta/W13 ta to W13 tof qQo Co Pr
(psi) | (kGlcm?) (psi) (ms/1b®) (ms) | (ms/b¥®) | (ms) | (psi) (psi)
1.92 1.86 0.13 0.66 1.23 1.81 10.58 5.29 30.94 0.1 -0.4 1.19
2.11 2.23 0.16 0.68 1.52 1.67 11.18 5.01 33.54 0.1 -0.4 1.48
2.24 2.56 0.18 0.7 1.79 1.61 11.86 4.82 35.51 0.1 -0.4 1.75
2.35 2.85 0.2 0.72 2.05 1.56 12.38 4.65 36.91 0.1 -0.4 2.01
2.44 3.12 0.22 0.73 2.28 1.51 12.74 4.49 37.87 | 0.13 -0.4 2.23
2.52 3.37 0.24 0.74 2.49 1.47 13.05 4.35 38.62 | 0.15 -0.4 2.43
2.58 3.6 0.25 0.74 2.66 1.43 13.27 421 39.08 | 0.17 -0.4 2.6
ce tor /W3 tof Pr 0.25tor td to to + 0.25tor to + tor
(ms/Ib®) (ms) (psi) (ms) (ms) (ms) (ms) (ms)
0.27 10.95 64.04 -0.5 16.01 10.58 22.28 38.29 86.32
0.27 10.89 72.9 -0.6 18.23 11.18 24.37 42.6 97.27
0.27 10.89 80.24 -0.69 20.06 11.86 26.01 46.07 106.25
0.27 10.89 86.43 -0.77 21.61 12.38 27.38 48.99 113.81
0.27 10.89 91.85 -0.84 22.96 12.74 28.51 51.47 120.36
0.27 10.89 96.69 -0.91 24.17 13.05 29.57 53.74 126.26
0.27 10.89 101.09 -0.97 25.27 13.27 30.45 55.72 131.54
Bang 6. Tinh toén ap luc tac dung Ién twong sau
Lol Psob Psob Ce Pso ta/W1/3 ta torf W13 tof do Co Pr
(psi) | (kG/cm?) (psi) | (ms/Ib*®) | (ms) (ms/Ib¥®) [ (ms) (psi) (psi)
1.35 1.86 0.13 0.55 1.02 2.73 15.97 6.03 35.26 0.1 -0.4 0.98
1.48 2.23 0.16 0.58 1.29 2.42 16.2 5.67 37.96 0.1 -0.4 1.25
1.57 2.56 0.18 0.59 1.51 2.18 16.06 5.34 39.35 0.1 -0.4 1.47
1.65 2.85 0.2 0.61 1.74 1.98 15.72 5.06 40.16 0.1 -0.4 1.7
1.71 3.12 0.22 0.62 1.93 1.84 15.52 4.83 40.74 0.1 -0.4 1.89
1.77 3.37 0.24 0.63 2.12 1.71 15.18 4.62 41.02 0.11 -0.4 2.08
1.81 3.6 0.25 0.64 2.3 1.61 14.95 4.45 41.31 0.13 -0.4 2.25
Ce tor IWYR (ms/Ib1/3) tor (MS) P (psi) 0.25t0f (Ms)
0.26 11.43 66.84 -0.48 16.71
0.26 11.3 75.65 -0.58 18.91
0.27 11.22 82.67 -0.69 20.67
0.27 11.15 88.5 -0.77 22.13
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Cre tor W3 (ms/Ib1/3) tor (MS) Pr (psi) 0.25tf (Ms)
0.27 11.11 93.71 -0.84 23.43
0.27 11.06 98.2 -0.91 24.55
0.27 11.03 102.39 -0.97 25.6

3.3 So sanh ap lwc tac dung 1én cong trinh trong  twdng sau dwoc thé hién trong Hinh 10, Hinh 11,
trong hop lwong n6 200 Ibs Hinh 12. D& thuan lgi so sanh, cac gia tri ap luc tinh

Trong truong hep lvgng nd 200 Ibs, cac biéu @& theo hai phwong phap trén dwoc quy ddi vé don vi
ap luc tac dung Ién twong trwde, twong bén —nocva  kPa, va don vi thoi gian la ms.

AP luc (kPa)

35

30

25

20 1
15 ]

10 1

—e—UFC 3 -340 -02

—B- Gido trinh cong su

. . Thdi gian (ms)
Hinh 10. Biéu db ap luc — thoi gian tac dung Ién twong truréc

4
16
14 A
YA —&—UFC 3 -340 - 02
12 7 .
7 10 ’ ‘ N —B- Giao trinh cong su’
2
—
(1] 5 10 15 20 25 30 35 40
Thai gian (ms)
Hinh 11. Biéu do ap luc — thoi gian tac dung 1én twong bén va néc
10 T
9 4
8 | ——UFC 3- 34-02
7 4
= =B Gido trinh cong su
a 61
£
2 4
3 4
2 4
1
0 —_————a | T, P - _
0 10 20 30 40 50 60
Thdi gian (ms)
Hinh 12. Biéu dé ap luc — thoi gian tac dung lén twong sau
3.4 So sanh gia tri ap lwc cwe dai tac dung Ién Thay d6i dwong lwong nd ttr 200 lbs dén 800 Ibs,
twong trwéc cong trinh céc biéu dd ap luc cuc dai tac dung 1én twong trudc,
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twong bén — noéc va twong sau cta hai phwong phap
tinh toan trén, thé hién trong Hinh 13, Hinh 14, Hinh

15. Bé thuan loi so sanh, cac gia tri &p lwc dwoc quy
ddi vé don vi kPa, don vi thoi gian ms.

70
60 -2
50
& —a— UFC 3- 34-02
x 40
9
=3 —B- Gido trinh cong su
a 30
L
20
10
(1] —
100 200 300 400 500 600 700 800 200
Lugng né ( Ibs)
Hinh 13. So sanh &p luc cuc dai tac dong toi twong truoc
F Y
30
. n
25 _--%"
- -.—
- . - -
-~ 20 -
)
o
)
-
L 15 .
2 —i— UFC 3- 34-02
10
=B Giao trinh cong sy
5
0 —
100 200 300 400 500 600 700 800 200
Lugng nd ( Ibs)
Hinh 14. So sanh ap luc cure dai tac dong toi trong bén va néc
20
18 .- -
16
14
£ 12 —d— UFC 3- 34-02
Qo
5 10 —B= Gijdo trinh cdng su
2 8
<
6
4
2
0  —
100 200 300 400 500 600 700 800 900

Lugng né ( Ibs)
Hinh 15. So sanh ap lyc cue dai tac dong t6i tirong sau

3.5 Nhan xét

T céac két qua ap lwc tinh toan cu thé ng véi
lwong nd tir 200 Ibs t&i 800 Ibs va tir phwong phap
tinh toan tai trong dong theo hai tai liéu [7] va UFC 3-
340-02, ta c6 nhan xét nhw sau:

- V@ gié tri &p luc cuc dai:

Ca hai phwong phéap tinh toan déu cho két qua

88

dong nhét vai sai léch dudi 10%. Diéu nay thé hién
di liéu vé &p lwc séng t&i va phan xa khi nd trén mat
déat 1a twong déng. Qua cac nghién ctu trwde do, ap
Iwc séng t&i cong thirc thwe nghiém clda Sadovskiy
va Kingery-Bulmash rat twong dong khi mé ta nd tw
do trong khéng khi. Tuy nhién, khi tinh t&i ap lwc tac
dong t&i twong trwdc cong trinh, co sy sai léch nhd
(dwdi 10%). Svw sai léch & day la do cong thirc ap
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dung tai trong nd trén mat d4t cGa gio trinh coéng sw
chép nhan gia thiét lwong nd ban cau ly twéng, quy
ddi tinh toan ap lwc lwong nd trén mat dat twong
duwong 2 1an cta dwong lwong nd tw do. Trong thuc
té, do tiéu hao ning lwong vao pha hay dat, gia tri
nay chikhoang 1.8 + 1.9 lan va dwoc do dac truc tiép,
cu thé hon trong cac nghién cru thwc nghiém cla
UFC 3-340-02. Vi vay biéu d6 ap lwc tinh theo tai liéu
[7] s& I&n hon. Biéu nay chirng minh réng cac cong
thirc gidi tich thwe nghiém cla tai liéu [7] van cé do
tin cay cao trong viéc xac dinh dinh ap lwc phan xa
tac dung Ién mat trwdc cdng trinh.

Tuy nhién, cac gia thiét don gian hoéa khi tinh toan
ap lwc dong tac dong Ién twdng bén va twdng sau
cla tai liéu [7] dan t&i sw khac biét dang ké vai tieu
chuén Hoa Ky. Theo UFC 03-340-02, ngoai ap luc
déng do séng téi gay ra, con can tinh toan ky anh
hwéng cla hién twong clearing time, hiéu rng gié
dong cla ludng gié khi phia sau mat séng né. Nhin
chung, qua céc khéo sat trén, cé thé khang dinh cac
cong thire cda tai liéu [7] thién vé don gian héa va an
toan trong khi cac cong thirc cia UFC 03-340-02 lai
thién vé sw chinh xac, ti mi do cé rat nhiéu sé liéu
thwc nghiém bé sung.

- Vé déac diém phan bé tai trong trén céc bé mét:

+ Mat trwde: Phwong phap tinh toan cua tai liéu
[7] don gidn hon, trong khi UFC 3-340-02 tinh dén
hién twong gidi téa ap Iwc (clearing time). Khi séng
phan xa tran qua cac mép cong trinh, ap lwc sé giam
nhanh chéng vé méc ap lwc dw twong dwong, giup
danh gia chinh xac hon sy sut giam tai trong theo
thoi gian;

+ Mé&t bén, néc va mat sau: Day la noi thé hién
sw khac biét 1&6n nhat (khodng 25%). Tiéu chuan Hoa
Ky (UFC) mb ta chi tiét qua trinh séng bao quanh
cong trinh, tinh dén hé sb kéo theo (drag coefficient)
va s bién ddi ap luc tai tieng vi tri. Trong khi d9, tai
liéu [7] thwdng don gidn hoa hodc dwa ra cac hé sb
bao quat, dan dén két qua cé phan thién vé an toan.

- V& xung luc va pha ém:

+ Tiéu chuadn Hoa Ky xét dén pha am (giai doan
ap lwc thap hon ap luc khi quyén), diéu nay rat quan
trong khi tinh toan cac két ciu nhay cam véi sy thay
ddi chiéu tai trong hodc tinh toan d6 véng phuc hbi.
Tai liéu [7] hdu nhw bd qua giai doan nay;
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+ Xung lwc (dién tich biéu dé P-t) ctia UFC
thwdng nhd hon va sat véi thye té hon, giup téi wu
hoa kich thwdc ciu kién so véi cach tinh cua tai lieu
[7].

- Kh ndng g dung va sé héa:

+ Phwong phap tinh theo tai liéu [7] phu hgp cho
viéc tra clru nhanh, tinh toan th cong hoac kiém tra
so bo;

+ Tiéu chuin UFC 3-340-02 v&i hé théng di liéu
sb6 héa Kingery-Bulmash 1a co s& ly twéng dé xay
dwng cac phan mém tinh toan ty déng, viéc sb hda
dr lisu tr UFC 3-340-02 khong chi gitp ting d6
chinh xac ma con gilp gidm sai s6t do con ngui khi
phai tra bang thi cong.

4. Két luan

Nghién cru da hoan thanh viéc xdy dwng
chuwong trinh tinh toan tw déng va thwc hién so sanh
chi tiét tai trong séng nd theo hai hé thng tai liéu tiéu
biéu la tai liéu [7] va tieu chuidn UFC 3-340-02. Két
qué cho thay, vé gia tri 4p lwc phdn xa cwc dai tac
dung 1én mat trwéc cdng trinh, sw sai |éch gilka hai
phwong phéap la khéng dang ké& (dwéi 10%), diéu nay
khang dinh do tin cay nhat dinh cla cac cong thirc
giai tich truyén théng trong viéc xac dinh dinh ap luc.
Tiéu chudn UFC 3-340-02 thé hién wu diém vwort troi
trong viéc mo ta dién bién tai trong theo thoi gian trén
tat ca cac bé mat (twdng bén, néc, twdng sau) nhe
tinh dén hién twong giai tda ap lwc va pha am cla
séng nd. Vi vay, tinh toan theo tiéu chuén nay sé co
két qua chi tiét, chinh xac hon. Tuy nhién, viéc tinh
tay theo UFC 3-340-02 | rat phirc tap va tiéu ton thoi
gian. Vi vay, bai bao phat trién chwong trinh s hoa
d liéu, cho phép ty déng tinh toan ap lyc theo ca 2
phwong phap trén. Két qua khao séat cho thay sai léch
vé ap luc cuc dai gia hai phuwong phap trong
khodng tr 5% dén 25%, tly theo tirng vi tri; tuy nhién
c6 sw khéac biét rd rét vé xung lwc va bidu d6 thoi gian
duy tri tai trong. Phwong phap tinh cla tai liéu [7]
thwong dwa ra két qua thién vé an toan do gia thiét
lwong nd ban cau ly twéng, bd qua dir liéu thue té do
tiéu tan nang lwong cla mat dat. Trong khi do
phwong phap tinh ciia UFC 3-340-02 cho phép xac
dinh xung lwc chinh xac hon, giup téi wu hoéa viéc
thiét ké két cau chiu lwc, mac du da tinh t&i hé sé an
toan khi tinh tai trong nd la 1,2.
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Mac du c6 sw twong ddng vé ap luc cuc dai,
nhwng két qua tinh toan chi tiét xung lwc, nang lwong
nd, thoi gian duy tri pha nén ctia gido trinh céng sw
va tiéu chuadn UFC 3-340-02 c6 sy chénh léch dang
ké. Thoi diém dén cla séng nd bat diu tac dong lén
mat sau, ap lwc cyc dai va xung lwc tac dung 1én mat
sau theo gido trinh coéng sw rat don gian, va chuwa
tinh dd thoi gian lan truyén, anh hudng cla hiéu (ng
gidi tda ap lwc. Trong trwéng hop nay, dé tinh chinh
xac, khuyén nghi st dung két qua thwc nghiém tw
UFC.

T cac phan tich trén, bai bao kién nghi trong giai
doan thyc hanh tinh toan so bd, hodc can danh gia
nhanh, cac kj sw c6 thé str dung cong thirc giai tich
theo tai liéu [7] d& ddm bao tinh tién dung, kiém tra.
Tuy nhién, dbi v&i giai doan thiét ké ky thuat va thi
cbng céac cong trinh, viéc ap dung quy trinh tinh toan
theo tiéu chudn UFC 3-340-02 |& can thiét dé vira
dam bao an toan, vira tiét kiém vat liéu va phan anh
ding ban chét 1am viéc clha két cdu dwéi tac dong
cua tai trong séng nd. Bai bao kién nghj st dung div
lidu va cach tinh ciia UFC 03-340-02 dé thiét ké chi
tiét nham t6i wu chi phi va ddm bao d6 tin cay cho
céac cong trinh phong tha dan sy tai Viét Nam.
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