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Tom tit:

Bai bdo trinh bay phuong phap tinh toan lu’c can giira tao cap dw ung luc véi thanh 6 ong gen va gura cac tao cap
trong cung mgt bé cap Kkhi ludn tao cap vao ong gen. Két qua nghién ctu la co sé cho cong tac thiét ké ciing nhw
viéc lra chon may ludn cap phuc vu thi cong dim ciu bé tong du wng luc.

Tir khod: Mdy luon cdp duw iing lyc, tao cdp dw irng luc.
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Abstract:

This article presents the method of calculating the
resistance between the prestressing steel strand and
the duct wall, and between the strands of the same
cable bundle when threading the cable into the duct.
Research result is the basis for the design as well as
the selection of strand pushing machines for the
construction of prestressed concrete girders.
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Két cau bé tong dy tng lyc (DUL) hién dang duoc ap
dung rong réi trong cac cong trinh x4y dung ha ting giao
thong, thuy loi, cong nghiép... Pac biét, trong cac cong
trinh cau bé tong ngay nay hau nhu déu str dung dam dang
két cdu bé tong DUL kéo cing sau.

Trong quy trinh thi cdng cdu kién bé tong cdt thép DUL
n6i chung va cac dam cau bé tong cét thép DUL kéo cang
sau noi riéng c6 cong doan khong thé thiéu 1a ludn cac tao
cap DUL (thép DUL) vao trong long cac éng gen da dat
san bén trong cdu kién [1]. Pay la mot trong nhirng cong
doan mét nhiéu thoi gian va cong strc, dac biét ddi véi cac
dam hop lién tuc vuot khéu do 16n thi cong theo cong nghé
hién dai nhu dtc hing, lip hing hoic day vang c6 nhiéu
tao cap trong mot bé vai chidu dai 16n (tir 70 toi 150 m véi
cau duc hang, 16n hon 200 m vé6i cau day vang) thi viéc
ludn bang tay 1a khong thé, khi d6 cong doan ludn tao cap
DUL phai dugc thuc hién bang cac thiét bi chuyén dung.

Dé lua chon dugc loai thiét bi ludn tao cap phu hop
cling nhu [am co sé cho viéce thiét ké may ludn cap, mot
trong nhimg thong s6 quan trong can phai nghién ciru tinh
toan la lyc cdn ma sat tac dong 1én tao cap khi ludn vao
trong ong gen, tir d6 tinh toan duoc lyc day can thiét cia
may.

Céc tao cap DU'L (Strand) can phai dugc ludn vao trong
dng gen bang tole song ma kém (Corrugated Metal Duct)
hodc polyethylene (Corrugated Plastic Duct) dat san bén
trong dam cau bé tong DUL. Tuy vao timg loai dAm cdu ma
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mdi 6ng gen c6 chira cac bo cap gom 1 tao cap DUL hodc
2,4,7,12,19,22 dén 31 tao cap..., tham chi téi 49 tao cép.
Trong qua trinh ddy tao cap vao trong dng gen, luc diy cia
may truyén 1én tao cap DUL phai thing duoc luc can ma
sat giita tao cap voi thanh dng gen va lyc can ma sat giita
cac tao cap trong cung mot bo cap véi nhau.

Luc ma sat nay thuong dugc phan biét do ba nhom
nguyén nhan: Do sy chuyén huéng qui dao cap theo chu
dinh cta nguoi thiét ké dam cau va sy thay ddi goc khong
mong mudn cia cap doc theo chiéu dai; do trong luong
ban than cap; do cac nguyén nhan ngau nhién khac nhu ma
sat do cac tao cap trong cung mot ong gen bi X04n van vao
nhau, do dau tao cap dang ludn gap phai vat can lot vao
trong dng gen...

bé tinh toan cac thanh phan lyc can trén, qua nghién
clru cc tai liéu ciia nude ngoai [2-5], nhdm nghién ctru dua
ra cac mo hinh va cach tinh nhu sau:

Xét lwe ma sdt do sw chuyén hwong quy dao va sw thay
doi géc ciia tao cdp

Tuong ting hai thanh phan lyc mat ma sat do sy chuyén
hudng quy dao cép theo chil dinh ctia nguoi thiét ké va do
su thay d6i goc khong mong mudn cua cap doc theo chiéu
dai thuong duoc goi la Iyc do “ma sat cong” (Curvature
Frictional) va luc do “ma sat lc” (Wobble Frictional).

P
N
R P-dP,
\ P- dP)' Tam gide lue
e ip cong

Hinh 1. Luc do “ma sat cong”.

Khi may déy tao cap DUL voi luc dédy 1a P, ta xét néu
trén chiéu dai dx cap DUL d6i huéng mét goc 1a da thi sy
d6i hudng nay s& sinh ra mét luc vudng goc véi tiép tuyén
cua cap 1a N duogc tinh nhu sau (hinh 1):

N= 2.P.sin(d7a)

Néu hé s0 ma sat gitra tao cap va ong gen la p thi lyc do
“ma sat cong” trén chiu dai dx sé la:

dPyse = p.N = p. 2.P.sin(d7a)
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Do goéc léch thuong nho nén sin (d2 ) = dz_(x’ khi do luc
do “ma sat cong” img v6i goc chuyén hudng da 1:

dP, = p.Pda (1

Tric doc du kién

Tric doc thye é

‘E”‘c diém tya ciia . .~ X «:sythay doi goc nghiéng dye
ong gen ~ kin

Hinh 2. Luc do “ma sat lic”.

Do 16n cua luc do “ma sat 13c” phu thudc vao do cung
cuia dng gen, duong kinh 6ng (6ng cz‘mg rong thi lyc ma sat
cang nho), khoang cach gifta cac diém gdi twa hodc treo cia
ong, kiéu cap, kiéu 6 ong va phuong phap thi cong. Luc do

“ma sat lac” trén chiéu dai dx cua cap 1a (hinh 2):

dP_ = k.Pdx 2

Do do tong lyc “ma sat cong” va “ma sat lac” trén chiéu
dai dx theo (1) va (2) la:

dP_ = p.Pda +k.Pdx 3)

Tong lyc ma sat do “ma sat cong” va “ma sat lac” trén
chiéu dai doan dam AB =L (m) la:

f dP""S J da+ k f dx (4)
Pa

Két qua ciia viéc giai phuong trinh (4) ta duoc:
P =P[l-ekekD] ©)

Trong d6: P 14 lyc ddy ctia may truyén 1én tao cap DU'L;
P la tong lyc ma sat tir “ma sat cong” va “ma sat lic”
trong tao cap DUL gitta hai dau dim cau; L 13 chiéu dai tao
cap ludn trong 6ng gen giita hai dau dam (m); p 1a hé s6
ma sat giita tao cap voi dng gen; o 1a tong goc thay ddi goc
nghiéng cua tao cap giita hai dau dam cau (rad); k 1a hé s6
“ma sat lac” trén don vi chidu dai tao cap DUL (m™).

Hé sb ma sat u phu thudce vao cac dac trung bé mat cua
cap DUL va dng gen, gia tri cia p c6 thé thay ddi tir 0,05
dén 0,50. Gia tri cia dai hrong nay dugc cung cap trong cac
t1eu chuén thiét ké. Hé s “ma sat lac” k phu thudc vao hé
s6 ma sat va do cimg ctia 6ng va c6 thé thay dbi tir 0,003/m
dén 0,0066/m. Hé sb ma sat tang khi ban kinh cong giam,
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khi lyc kéo tang va c6 sy ri bé mat. Cacbang 1,2, 3 lan luot
cung cip cac gia tri hé s6 ma sat dugc khuyén nghi trong
cac tiéu chuan ACI, CEB-FIP va 22 TCN 272:05.

Bang 1. Pham vi clia hé s6 ma sat dugc ACI khuyén nghi.

Dang cap DUL Hé s n (t;lfosfn:’:t)
Cap soi don 0,15-0,25 0,0033-0,0049
Tao cap 7 soi 0,15-0,25 0,0016-0,0066
Thanh cuong do cao 0,08-0,30 0,0003-0,0020
Cap nim trong éng gen kim loai - tao 7 s¢i 0,15-0,25 0,00066
Cap boc md, khong dinh bam - tao 7 soi 0,05-0,15 0,0010-0,0066
Cap boc matit - sgi va tao 7 sgi 0,05-0,15 0,0033-0,0066

Bang 2. Cac gia tri h¢ s6 ma sat dai dién do CEB-FIP
khuyén nghi cho cap DUL c6 ban kinh cong 16n hon 6 m.

Dang ciap DUL Hésbp ¢ tll;lfosillgt)
Cép nam trong éng gen (cap 0 vo boc) 0,50 0,0050
Cép nam trong cac bng boc bang kim loai 0,20 0,0020
Cac soi kéo ngudi 0,20 0,0020
Tao cap (thuong gdm 7 soi xoén bén vio nhau) 0,25 0,0025
Céc soi tron tron, cac soi co g0 0,30 0,0030

Bang 3. Cac gia tri hé so ma sat do 22 TCN 272:05 khuyén
nghi.

Dang cip Loai 6ng gen Hé sb Hg 56 k
DUL along g csop (theo mét)
Qng thép ma cimg hay ntra 0.15-0.25 6.6x107
cling
. Vit liéu polyethylene 0,23 6,6x107
Soi hay tao
Ca'c 0f1g chuyer/l hlrmng I‘Jflng 025 6.6x107
thép ctiimg cho bo thép ngoai
Thanh )
cudng do Ong thép ma 0,30 6,6x107

cao

Xét lwc ma sadt do trong lwong bdn thdn cua tao cdp

Céc 6ng gen chira tao cap trong dam cau bé tong DUL
thuong c6 hinh dang vong xuodng (trac doc cap thudong
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duoc bd tri theo dang parabol dua trén biéu d6 m6 men
uon) dé sau khi kéo cing cac bé cap DUL thi dam ¢6 xu
hudng vong 18n tao ra do vong theo yéu ciu.

Dam cau

Cac bo cap
trong dam

Tao cap DUL Ong gen

Hinh 3. B§ tri ong gen trong dam (trén) va mé hinh tinh
lyc can ma sat khi ludn cap.

Do vong ctia dng gen tuy thudc vao timg loai dam, kich
thudc dam (chiéu cao, chiéu dai nhip), tai trong va vi tri
ting bo cap trén dam. Viée ludn cac tao cap ndy vao trong
dng gen cang gip bét loi khi d vong cua éng gen cang 16n,
lac nay goc nghiéng ca tao cap so véi phuong nim ngang
cang lon.

Ta xét mot tao cap DUL duoc may diy vao trong dng
gen v6i goc nghiéng a so voi phuong ngang, luc dy cua
maéy truyén lén tao cap 1a P,

Tai dau tao cap khi d6 lyc day duoc phan thanh 2 thanh
phan (hinh 3):

+ Thanh phén nam ngang P, c6 tac dung déy tao cap vao
trong éng gen.

+ Thanh phén thing dimng P co tic dung lam gia tang
ap luc ciia tao cap lén thanh dng gen. P, cung voi trong
lwong G clia tao cap tao ra lyc ma sat gitra tao cap vé6i dng
gen.

Ta c6: P, =P.cosa, P = P.sina

Khi d6 lyc ma sat giita tao cap va dng gen trong truong
hop nay la:

F = (G+P).n=(G+ Psina). p (6)

Trong do:

+ G - Trong lugng mot tao cap ludn trong 6ng gen (kg):

G=Ly (7)

V6i L 1a chiéu dai tao cap ludn trong dng gen (m); y 1a
trong luong mot mét chidu dai tao cap (kg/m).
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+ 1 - Hé s6 ma sat giira tao cap véi dng gen.
+ o - Goc nghiéng cua tao cap day so v6i phuong ngang.
Xét lwc ma sdt do nguyén nhin ngdu nhién khdc

Khi thi céng ddy nhiéu tao cap vao trong mot ong
gen (b6 nhiéu tao cap) c6 thé gap truong hop ngiu nhién
khong mong mudén nhu tao cap dang ddy bi vin xoan véi
cac tao cap da dugc ludn vao tir trude (diéu nay rat d& gap
khi ludn nhing tao cap cudi cia bo c6 nhiéu tao cap), dau
tao cap dang ddy gap phai vat can lot vao dng gen trong
qué trinh d6 bé tong hodc mép dng gen bi quan 1én trong
long ong... Khi do luc ddy tao cép phai di 16n dé ngoai
viéc khic phuc luc ma sat con phai day tao cap vuot duoc
cac chudng ngai ngau nhién khong mong mudn gip phai
nhu da néu.

Gia tri lyc ma sat giﬁ'a tao cap voi 6ng gen 1a téng luc
ma sat do “ma sat cong” va “ma sat lac” . tinh theo biéu
thtrc (5) va lyc ma sat giira tao cap va ong gen do trong
luong tao cap F__tinh theo (6). Nhung viéc xac dinh chmh
xac luc can thiét dé day tao cap vuot cac chuong ngai ngau
nhién khéng mong mudn bang tinh toan 1a rat khé. Vi vay
qua nghién ctru tham khao cac tai li¢u va thiét bi hién co
trén thé gidi cling nhu kinh nghiém thi cong tai Viét Nam
thi nhén théy viéc lua chon luc déy cap thiét ké cho may
dugc tinh theo gié tri lyc ma sat giira tao cap voi dng gen
sau d6 ting thém 20 dén 30%.

Luyc ddy ciia may tinh theo gia tri luc ma sat gitta tao
cap voi ong gen la:

P=@ +F ®)
Thay (5) va (6) vao (8) ta duoc:
P=PJ[1 - e+ ]+ (G + Psina). pu
& P= Tﬂ%”— ©
e -psing,

Trong d6: P 1a lyc day cua may truyen 1én tao cap
DUL; L la chiéu dai tao cap cap ludn trong dng gen (gitra
ha1 dau dim) [m]; G 1a trong lrong mot tao cap luon trong
ong gen (kg); p 1a hé s6 ma sat glua tao cap voi 6ng gen
(tham khao bang 1,2 va 3); k 1a hé s6 “ma sat lac” trén don
vi chiéu dai tao cap DU'L (tham khao bang 1, 2 va 3); a. 1a
gdc nghiéng cua tao cap day so voi phuong ngang.

Qua khao sat cac dim cau bé tong DUL d4, dang va sép
thi cong ta c6 cac thong sé dau vao cho viée tinh toan nhu
sau:

- Puong kinh tao cap 16n nhat: d = 15,2 mm (theo tiéu
chudn ASTM A416) loai khong vo boc c6y=1,102 kg/m.

- Chiéu dai t6i da tao cap ludn trong 6ng gen: L = 200
m (doi voi cac bod cap co chiéu dai 16n hon 200 m thi tién
hanh luon tir hai dau vao).
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- Hé s6 ma sat giira tao cap v&i 6ng gen trong dam
cau thuong st dung dng gen bang tole song ma kém hodc
polyethylene (u=0,25).

- Hé s6 “ma sat lac” trén don vi chidu dai tao cap DUL
vo6i tao cap 7 soi (k= 0,0066/m).

- Goc nghiéng cua tao cap day so v6i phuong ngang:
Theo 22TCN 272:05 (Tiéu chuan thiét ké cau) [6] thi voi
cac dam cau bé tong DUL thuong ¢ a tir 0 dén 30° tuy
theo d6 vong cua ting bo cap, dé tinh toan ta lay a = 30°
=0,5236 rad.

Thay céc gia tri trén vao (7) va (9) ta tinh duoc:

P= 355,56 kG

Luc can thiét dé day tao cap vuot cac chudng ngai
ngau nhién khong mong muén ta lay bang 30% luc ma sat
nhu da tinh. Khi d6 luc day tao cap can thiét cia may la:

P, =13;P=46223 kG
~Can ctr vao gid trj lyc day can thiét nhu vira tinh, ta c6
thé lya chon dugc may Iudn cap phu hgp hodc lam co s&
cho viéc tinh toan thiét ké may méi.

Ve a
Ket luan

Viée su dung thiét bi co gidi hoa, tu dong hoa phuc
vu cong tac thi cong dam cau bé tong DUL la xu hudng
hién nay trén thé gi6i ciing nhu ¢ Viét Nam. May ludn
cap 1a mot trong nhiing thiét bi rat hitu ich trong thi cong
dam cau bé tong DUL, gitp ting ning suat, dam bao chat
luong cong trinh va giam strc lao dong cua con nguodi. Mot
trong nhiing théng s quan trong dé lya chon dugc may
phu hop 1a tri s6 luc can tac dong 1én tao cap trong khi
ludn vao trong 6ng gen. Két qua ciia nghién ctru nay 1a co
$0 quan trong cho viéc tinh lyc déy can thiét cua may, tir
do gitp cho viéc thiét ké, Iya chon may phtt hop véi timg
diéu kién thi cong cu thé, nham mang lai hiéu qua kinh
té - k¥ thuat cao.
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