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Tinh toan luc cang day cap va bién dé
dao dong cta san treo xay dung
chiu tai trong déng theo phuong dung

Tension cable calculation and oscillation amplitude of construction suspended floor under

vertically dynamic load

> NGUYEN TIEN PAC, LE NGOC PHUONG

Khoa Xay dung dan dung va Cong nghiép, Trudng Dai hoc Xay dung Ha Noi,

TGM TAT

Trong bai bao nay, céc tac gia da nghién cou bai toan san treo dao
dding theo phurang ding khi chiu tai trong dong vai gia thigt day cap
[am viéc dan hai. Bang phuong phap ma hinh haa va giai tich, bai
bao da md hinh hoa san treo xay dung trong ky thuat, thigt |ap
phueng trinh vi phan dao dang cia san treo, dua ra nghiém giai tich
ciia bai todn, nham tinh toan luc cang, bign do dao dang va da gidn
déy cap cia san treo xay dyng. Khao sat mat sd yeu td anh huang
dén lyc cang va do gian day cap qua vi du sd.

Tir khda: San tren xay dung; day cap dan hai; luc cing day cép; da
gidin déy cap.

ABSTRACT

In this paper, the authors have researched the problem of
suspended floors oscillating vertically under dynamic loads with
the assumption of elastic working cables. By the method of
modeling and analysis, the article has modeled suspended floors
built in engineering, set up the oscillating differential equation of
suspended floors, provided analytical solutions of the problem, in
order to calculate tension, oscillation amplitude and cable
elongation of the construction suspension floors. Some factors
affecting cable tension and elongation are investigated through
numerical examples.

Keywords: Construction suspended floor; elastic working cable;
cable tension; cable elongation.

1. GIGI THIEU

San treo xay dung (hay san treo thao téc, gian gido treo, thang
toi hay san treo cong nghiép) la thiét bi xdy dung dang dugc s
dung phd bién trong ky thuat, thay thé cho gian gido xay dung bai
dé linh hoat, tién dung. Thiét bi dugc sit dung dé hoan thién hay

bao dudng bé mat ngoai cla cdng trinh cao tang, 1dp kinh, l3p
dén....So vdi gian gido truyén théng thi san treo xay dung c6 nhiéu
uu diém hon. Néu nhu gian gido cé dién tich thi cdng hep; khd ndng
mat an toan cao; suic chiu tai thap; quan ly thiét bi khé khan: vat tu
nhd, dé that lac hodc mép méo, hu hai; tén nhiéu thdi gian dé l14p
dat, thao d&; do bén thap; chi phi dau tu ban dau I6n thi san treo co6
dién tich thi cédng 16n, dé dang thay d8i linh hoat; ddm bao an toan
cho ngudi lao déng; tai trong cao, lén dén 800kg; quan ly thiét bi dé
dang; két cdu don gian, gon nhe, dé dang lap dat, thao d&, van hanh;
d6 bén cao, kha nang chéng chiu v6i moi trudng xay dung tét; chi
phi dau tu thap; moéi trudng lam viéc chuyén nghiép hoa, gitip nang
cao nang suat lao ddng; tinh tng dung cao, sir dung dugc véi nhiéu
ki€u dang kién tric cong trinh. Tuy nhién, thuc té hién nay, cac tai
nan do san treo cdng nghiép gap su ¢6 van thi thoang xay ra khi thi
cong, xay dung & cac cong trinh. Theo d6, san treo thudng gap phai
mot s6 van dé hay co su ¢6 nhu day cap bi ket, bi tudt, bj dit dot
ngét, san dao déng rung l3c...khi chiu tai, gdy nguy hiém cho ngusi
va thiét hai vé vat chat. Nghién ctiu vé san treo xay dung c6 nhiéu
van dé lien quan can tim hiéu. Dién hinh nhu bai toan 6n dinh chéng
Iat ctia hé théng nang d6 san treo xay dung, bai toan san treo chi
tac dong cua tai trong gid, bai toan nghién ctu giam dao dong cla
san treo theo phuong thing ding va phucng ngang, tinh toan phan
luc lién két tai cac vi tri c6 lién két, nghién clru thiét ké san treo dam
bao yéu cau ky thuat, nghién ctu qua trinh van hanh cda san treo,
nghién ctiu cac su c6 hay gap cla san treo trong thuc t€, nghién ctu
cac tiéu chudn an toan cda san treo, tim hiéu cac nguyén nhan gay
ra sy ¢6 d6i vdi san treo, nghién ctiu tinh toan stc chiju tai cla day
cap toi, nghién ctu dao dong clia san treo khi chiu tai trong, nghién
cliu tinh toan chi phi thiét ké-ché tao san treo...va nhiéu van dé
khac can nghién cttu véi muc tiéu dam bao yéu cau ky thuat, tinh an
toan khi thiét ké, thi cong va van hanh san treo xay dung.

Trén thé gidi, nhiéu van dé lién quan dén san treo xay dung da
dugc nghién ctu vé mat ly thuyét va thuc nghiém. [18] nghién ciu
danh gia, so sanh thiét ké clia hai loai san treo nhe va san treo nang
vé su thoai mai, an toan, hiéu qua cho céng nhan, ngudi lao dong
nhu anh hudng dén tu thé lam viéc, nhip tim, téc d6 di chuyén,...[21]
nghién ctu Ung dung, thiét k& hé théng gia nang dd san treo xay
dung. [19] phan tich diéu kién an toan cla gian gido trong thi cong
xay dung cac két cau nha. [20] danh gia thuc nghiém anh hudng cda
thanh néi chiéu cao san treo tdi cau truc két cau cta hé théng san
treo xay dung nham thiét ké san thao tac dam bao tinh an toan va
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tiét kiem chi phi...3 Viét Nam, @ c6 nhiéu nghién ctiu ly thuyét vé
dao déng, tiéu chudn an toan clia cac co cdu may hay tiéu chuan vé
gian gido xdy dung...[7,10,11,16,17], cac cong trinh nghién cdu ly
thuyét vé san treo xay dung con han ché. Trén co s@ ly thuyét va cac
van dé thuc tién xay ra, bai bdo muén tim hiéu, nghién cliu mot
trong cac bai toan lién quan dén san treo xay dung. Cu thé, bai bao
da mo hinh hoa bai toan dao déng cuda san treo xay dung chiu tai
trong déng theo phuong ding vdi gia thiét day cap lam viéc dan
héi, st dung phuang phap gidi tich dé thiét l1ap phuong trinh vi
phan dao déng clia san treo, dua ra cdng thiic d€ tinh toan luc cang
day cap va bién d6 dao dong cuia san treo, tir d6 ti€n khdo sat s6, két
qua s6 cho thay anh hudng ctia mot s6 yéu t6 anh huéng dén luc
ap san treo.

Hinh 1. Hién truong su c6 m(}t dy cap clia san treo xdy dung bat ngd dtt trong llic 2
¢ong nhan dang thi cdng ngoai troi trén san treo & tang 6, san treo ri xudng dudng khién 2
ngudi bi thuong nang phai nhap vién cap ctu nam 2018 & Ha Noi.

2. MO HINH HOA BAI TOAN DAO PONG CUA SAN TREO XAY
DUNG

Xét trudng hgp san treo (goi ngan gon la thang) chi chiu tac
dung cUa tai trong gém trong lugng ban than cla thang va tai trong
thang ding dang ham diéu hoa va phan bé déu doc theo thang.
Day cap cla cla tdi dugc gia thiét lam viéc dan héi, day cap ludén
cang (khéng xét hién tugng trung cap treo). Bai todn khao sat trong
giai doan phanh ham diing thang tai vi tri nao d6, hoac qua trinh
thang dugc treo & vi tri cao d6 nao dé dé phuc vu thi cong (thang
dao ddng quanh vi tri can bang tinh khi chju tai trong déng). Luc
nay, do day cap lam viéc dan héi nén gia thiét day cap tuong duong
VGi 10 xo0 c6 d6 cling k lam thang cé thé xay ra hién tugng dao déng.
Trong thuc té, c6 thé lién hé véi hién tugng dao déng ctia budng
thang may méi khi thang phanh ham dting lai tai cac san tang, dao
déng nay la c6 thé cdm nhan dugc.

Trong sa d6 trén, Ll1a chiéu dai san thang, L 1a khodng cach gitia
hai cap, P la téng trong lugng béan than cGa thang bao gém: trong
lugng san treo clia thang (mo) va céc trong lugng khac (ms) cé
chuyén ddng tuang déi so véi san thang la khéng dang ké (coi nhu
gdn chat vao san thang), m 1a téng khéi lugng ban than cuta thang,
gia téc trong trudng la g, tri s6 I, 1a chiéu dai cta day cap (hay 16 xo
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mo hinh) khi cap chua bién dang, toa d6 suy réng S chinh bang d6
bién dang hay d6 gian cta cap.

Hap luc cta hé luc phan bé g(t) 1a luc Q. = Qu(t) = Lgu(t) v&i gu(t)
la tai trong déng phan bé déu trén thang la ham phu thuéc thai
gian, c6 dang:

q,(t)=q,,sinm,t (1

Khi do, hop luc cé dang:

Q, =1Lq,,sino,t =Q,,sinw,t (2)
e Bl o o e o e

f &o %0

I=l4 5

24
<~
=

- L2 - L2

Hinh 2. So d0 tinh todn tuang duong
Hé s6 dan hoi cda 16 xo mé hinh dugc xac dinh dua vao médun
dan hoi E, 6 bién dang clia cap tai va s6 lugng cap, cap tdi co dudng
kinh bang D, s6 lugng cap cua t&i trén mot nhanh cép treo thang la
ne, luc cang trong cap tdi la Tc Khi d6, theo [13], [15], d6 ciing cla o
xo mé hinh dugc xac dinh theo cong thc:
7D’E
4]

(o]

k=n,

3)

3. PHUONG TRINH VI PHAN DAO PONG CUA SAN TREO XAY
DUNG VA CAC HE THU'C

Bang phuong phaép giai tich, dya trén ly thuyét vé phuong trinh
Lagrange loai 2 trong [1,2,3,8] va so d6 tinh toan & hinh 2, nghién
ctru nay da thiét 1ap dugc phuong trinh vi phan dao dong clia co hé
gém thang va hai 16 xo theo (6).

Luc hoat dong tac dung vao co hé: P, Q,, Fana, Fans.

Luc suy rong:

Q,=P+Q,—2kS (4)

Poéng nang clia co hé:

T=1ms (5)
2

Phuong trinh vi phan dao déng clia co hé:

dor or . 2k Q

—————=0Q, &5+—S=g+—+ 6

dtos oS 2 m I m ©

Giai phuong trinh (6) cho phép ta xac dinh dugc bién do dao
dong cla thang ciing nhu tinh todn dugc luc cdng day cap trong
giai doan khao sat.

Theo ly thuyét dao dong [7], khdo sat phuang trinh (6), ta c6 ws
la tan s& dao dong riéng clia thang:

2
o= f% _ |#D°E 7
m 2ml,

Xét thang dang chuyén déng véi van téc hudng Ién bang v, nao
d6 thi thang bi phanh ham d@é diing lai, hién tugng dao déng nhé
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xay ra. TU (6), véi cha y Q. = 0, ta cé phuong trinh vi phan dao déng
clia thang trong truong hop nay la:

§+%S=g<:>§+w52$:g (8
m

Theo ly thuyét phuong trinh vi phan [12], [14], nghiém téng quat
cla (8) la:

S(t):C1sina)st+C2coswst+% 9)

Diéu kién dau cua bai toan Cosi dang duoc xét la:

n P9 _

5\r=o—A’—§‘;sz'5r:o—“’o (10

Viéc xac dinh tri s6 v, tai thoi diém dau cda qua trinh xuat hién
hién tuogng dao dong cuta thang trudc khi thang dung lai la kha kho
khan phu thudc nhiéu yéu t6. Trong trudng hop xét an toan, gia
thiét v, 1dy bang van tc 16n nhat ma thang co thé dat dugc.

Nghiém riéng cla thang trong truéng hop dang xét la:

s(t)=—Lesinot +-L (1
wS s
Khao sat (11), tri s6 dé gian I6n nhat cla cap toi:
Sy =+ L (12)

a)S a)S

Bién d6 dao ddng 16n nhat ma thang c6 thé dat dugc:

A =

max

(13)

M% ‘O<

2
Luic cdng I6n nhat trong day cap, véichuy k= % ta c6 dugc:

m(oyv, +9g)

T% =KS,. = (14)

max

Cac cong thic (12), (13), (14) cho phép xac dinh gan dang do
gian dai clia cap toi, bién do dao déng va luc cang I16n nhat cua day
cép trong trudng hgp thang dang van hanh binh 6n véi van téc v,
va chuyén sang trang thai phanh ham dé diing thang.

Xét thang dao ddng cong hudng theo phuacng thang ding dudi
tac dung cua luc kich thich dang diéu hoa véi tan sé cla luc bang
tan s6 riéng clia thang khi dao dong.

Q,=Q,sinwt
2k (15)

m

Thay vao (6), ta dugc phuong trinh vi phan dao dong theo
phuong thdng ding cla hé dudi tdc dung cda luc kich thich diéu
hoa trong trudng hgp xay ra cdng hudng:

s

§+wf$=g+&sina)st (16)
m

Theo ly thuyét phuong trinh vi phan [12,14], nghiém t6ng quat
cla (16) la:

S(t)=Csinat +C,cosat + %(sina)st —tw,.coswt)+ % (17)
ma;

Khi thang & trang théi can bang thi chiu thém tac dung cua luc
kich dong Q. = Qusinwst, diéu kién dau bai toan Cosi trong trudng
hop nay la:

\rzozA/:ﬂ:w—f;erO:o (18)

Nghiém riéng cla thang trong truong hgp dao dong céng
hudng la:

S(t) = Qiovz(ginwst - tcus.cosa)st)+i2 (19)

2mow; ;

Trong (19), tri s6 ws can dugc khdo sat trong pham vi rai phd tan
s6 dao dong riéng ctia thang, hay ws € [Wmin, Wmax ], khi van hanh trén
mién gia tri ham S(t) > 0.

Qua khao sat d6 thi ctia ham S(t), véi chay S(t) > 0, xac dinh dugc
khodng thdi gian xdy ra dao déng cdng hudng t €(0,t.). D€ xac dinh
gan dung tri s6 tc ta chia nhoé budc thai gian déng thai khao sat dau
cla S(t) hodc c6 thé vé dé thi ham S(t) bing cadc phan mém tinh toan
dé khao sat tim gan dung tri s6 t.. TU d6 xac dinh dugc thdi diém t=
tsmax €(0,t) Ma tai thai diém d6 ham sé dat gia tri cuc dai déng thoi
la gid tri 16n nhat cta dé dan Smax = Sli=tsmax. Khi d0, tsmax 1a nghiém 16n
nhat cta hé sau:
2n+NW)z

0<t<t, t=
,

s

sinot=0 <
1 ot
cosat =1 OSnsRound[E —<-11

V4
(20)
; _ (2n,. +Nx
smax ~ Cl)s
= 1
n..= Round[f[a)‘—t‘—q]
2\ 7@

Luc cang I6n nhat trong day cap dugc xac dinh theo céng thic (21):
Tmax = kSmax

ki ki 2
ST ot )+ = 1)
2maw; [ox 2
: Tmax = QOV tsmax s + ﬂ
4 2

4, KET QUA SO VA THAO LUAN:

Nghién ctu nay dugc kh3o sat véi s6 liéu cu thé nhu sau:

Khéi lugng thang dugc xét khi dao dong trong trudng hgp khi
€6 tai: m = mo + mn = 700kg

Cap treo c6 thong sé: D = 12mm; E =17000kN/cm?

Van téc khi thang van hanh di l1én (hodc xuéng) vdéi ba cap van
téc: vo = 0.05; 0.075; 0.1m/s

Chiéu dai cap dugc xét: I, = 5; 10;...;,100m

Gia téc trong trudng: g = 10m/s?

4.1. Anh huéng cta chiéu dai cdp I» téi bién dé dao déng va dé gian
day cdp:

Xét trudng hop cap treo dung loai D = 12mm va vén téc vo =
0.1m/s, két qua tinh toan tri s6 bién dd Amax va d6 gian dai Smax thay
déi theo mot s6 méc dd dai cap nhu Bang 1.

Bang 1. Bang tri s6 bién do dao dong va do gian I6n nhat cla
day cap thay déi theo d6 dai cap

Khéi lugng m=700kg
bodaicaplo(m)| Tanso Bién do D0 gian cap Smax
ws(rad/s) Amax(m) (m)
5 104.817 0.00095 0.00186
20 52.4085 0.00191 0.00555
50 33.146 0.00302 0.01212
75 27.0636 0.00369 0.01735
100 234378 0.00427 0.02247
4.2. Anh huéng cta chiéu dai cdp I» va van téc thang téi luc cdng

day cdp:
Bang 2. Bang tri s6 luc cang day cap thay d&i theo mét s6 méc
dé dai cap Ung vai ba cap van téc
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Bang 3. Bién d6 dao déng va d6 dan day cap khi thang dao déng cong hudng Uing vdi luc kich thich ¢6 bién d6 Qo = 0.1P = 700N

Do dai cap |Tri s6 bién d6 |Thoi diém Thai diém dat|Thoi diém cudi xét| Dé ciing k Tan sé Bién dé Po dan cap
lo(m) Qov=0.1P(N) | daut.(s) |[Smax iing véi| qua trinh dao (N/m) ws(rad/s) Amax(m) Smax(m)
tsmax(s) dong t(s) - khi S>0
5 700 0 0.2098 0.2336 3845309 104.82 0.00096 0.001911
10 700 0 0.2967 0.3303 1922655 74117 0.00191 0.003822
15 700 0 0.3634 0.4045 1281770 60.516 0.00287 0.005733
20 700 0 0.4196 0.4671 961327 52.408 0.00382 0.007644
25 700 0 0.4691 0.5222 769062 46.876 0.00478 0.009555
30 700 0 0.5139 0.572 640885 42.791 0.00573 0.011466
35 700 0 0.5551 0.6179 549330 39.617 0.00669 0.013377
40 700 0 0.5934 0.6605 480664 37.058 0.00764 0.015288
45 700 0 0.6294 0.7006 427257 34.939 0.0086 0.017199
50 700 0 0.6635 0.7385 384531 33.146 0.00956 0.01911
55 700 0 0.6958 0.7745 349574 31.604 0.01051 0.021021
60 700 0 0.7268 0.809 320442 30.258 0.01147 0.022932
65 700 0 0.7565 0.842 295793 29.071 0.01242 0.024843
70 700 0 0.0785 0.8738 274665 28.014 0.01338 0.026754
75 700 0 0.8126 0.9044 256354 27.064 0.01433 0.028665
80 700 0 0.8392 0.9341 240332 26.204 0.01529 0.030576
85 700 0 0.865 0.9629 226195 25422 0.01624 0.032487
90 700 0 0.8901 0.9908 213628 24.706 0.0172 0.034398
95 700 0 0.9145 1.0179 202385 24.047 0.01815 0.036309
100 700 0 0.9383 1.0444 192265 23438 0.01911 0.03822

4.4. Anh huéng cta tdn s6 dao déng riéng téi bién dé dao dong va

Do dai cap Khai luong m=700kg, cap D12 d6 gian ddy cdp:
lo(m) Tmax(N) (vo Tmax(N) (Vo Tmax(N) (Vo
=0.1m/s) =0.075m/s) =0.05m/s)
5 7169 6251 5334 8000 = —Voz01ms
20 5334 4876 4417 7000 | —4=V0=0075m/s o
i \/0=0.05m/s /

50 4660 4370 4080 i
75 4447 4210 3974 — 74_1
< 5000 M -
100 4320 4115 3910 4 e
54000 . -
(=

4.3. Anh huéng ctia tdn s6 dao déng riéng téi bién dé dao déng va

do gidn day cdp: 3000
2000
£ 0025 1000 . ; . ; ; ; ; ;
$ o0 1% —#—Smax, V=0.1m/s, D12 20 30 40 50 60 70 8 90 100 110
& JLLH =t Amax, V=0.1m/s, D12 w,(radfs)
0015
% 0.01 k‘:ﬂh%\- Hinh 4. Quan hé giita luc cang day cap va tan s6 dao déng
2 riéng
‘§ 0005 1 Seas ——— 4.5. Bién dd dao déng va dé gian ddy cdp trong truong hop
8 © I céng huéng:
0030405060 70 B0 90 100110 Xét véi thang c6 s6 liéu nhu sau:
w,(rad/s) T6ng khéi lugng toan tai: m = 700kg; P = 7000N
Cap treo (cap toi): D = 12mm; E =17000kN/cm?
Hinh 3. Quan hé giiia bién d6 dao ddng-d0 gian dy cap va tan s6 dao dong riéng Chiéu dai cap dugc xét: I, = 5, 10;,...;,100m
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Hinh 5. Quan hé giifa luc cang day cap 16n nhat Tre va bién dd luc kich thich Qo

Thang dang & trang thai can bang tinh thi chiu tdc dung cla
luc kich dong diéu hoa dugc cho theo cong thirc (15), trong dé
bién d6 luc kich d6ng: Qov = 0.1P; 0.2P;... Tan sé cla luc kich déng
gia thiét trung vai tan s6 dao dong riéng cda thang tai vi tri dugc
xét.4.6. Luc cdng day cdp trong trudng hop cong huéng:

Dua trén két qua tinh toan s cu thé, ddi vai bai toan san treo
xdy dung chiu tac dung cla tai trong déng dugc mo hinh hoéa &
bai toan & dang diéu hoa va mé hinh san treo xay dung chiu luc
kich thich tac dung |én san treo, nhan thay (san treo) thang dao
déng dang ké. V&i cac théng sé thay d6i nhu khéi lugng, hé s6
dan hoi, dé dai day cap va dudng kinh cap, c6 thé thay su thay
déi khéi lugng cla san treo cé dnh hudng tdi tan s6 dao déng
riéng, dan tdi thay d8i bién d6 dao ddng va dé gian day cap. Qua
bang tinh va d6 thi quan hé, nhan thay bién d6 dao déng va dé
dan dai cta cap treo khong chi phu thudc vao khoéi lugng thang
khi dao déng ma con phu thudc vao tan s6 dao déng riéng va do
dai cda cap. Khi do dai day cap tang thi bién d6 dao déng, do
gidn day cap tang va ngugc lai. DSi vai trudng hgp dao dong
cdng hudng cla thang thi tri s6 bién d6 cda luc kich thich la yéu
t6 chinh anh hudng dén Itc cang trong cap.

5. KET LUAN

Trén co s@ ly thuyét va thuc tién, bai bao nay da nghién cdu
bai toan san treo dao dong theo phuong dung khi chiu tai trong
doéng vai gia thiét day cap lam viéc dan héi. Bang phuong phap
mo hinh hoa va gidi tich, bai bdo d@ mo hinh héa san treo xay
dung trong thuc té, thié€t 1ap phuang trinh vi phan dao déng cla
san treo, dua ra nghiém giai tich cia bai toan, nham tinh toan
luc cang, bién do dao dong va do gian day cap cla san treo xay
dung, déng thdi khdo sat mot s6 yéu t6 anh hudng dén luc cang,
bién d6 dao dong va dé gian day cap qua vi du s6. Nghién ctu
nay gop phan nhé giltp cac ki su tham khao dé lua chon dugc
gidi phap an toan mot cach phu hgp.
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