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Tém tit

Trong thuc hanh thiét k&, do han ché ctia cac phin mém phén tich két cAu, dAm bé tong ting luc truéc (ULT)
cing sau thudng dudc xem xét riéng ré vdi cac cAu kién BTCT xung quanh né. Bai bdo nay gi6i thiéu viéc phan
tich tong thé két ciu khung bé tong cbt thép (BTCT) c6 dim chuyén bé tong ULT bang phan mém ADAPT-Edge
(3D). Nho viéc st dung phan mém c6 kha niing phan tich dong thoi dam chuyén ULT véi cdc cu kién dam,
cot BTCT khéc trong khung, anh hudng cia cic phuong an bb tri va ctia sé lugng cap ULT t6i su phan bd noi
luc, cudng do, dd ciing va bién dang ctia dim chuyén ciing nhu ctia ca hé khung c6 thé dudc 1am rd. Trong bai
bdo nay, ba phuong an thiét ké dim ULT theo tiéu chuin Eurocodes dudc dé xuit cho mot vi du thuc té gdbm
mot khung khong gian BTCT cao béy ting c6 dam chuyén vugt nhip 15m tai ting hai nham khao sat hiéu qua
ctia phuong phap phan tich tdng thé nay. Két qua cho thiy phuong 4n tap trung cap ULT cho mot dam chuyén
12 hop 1y hon vé st dung vat liéu ULT trong khi vin dam bao cdc yéu cau thiét ké vé chiu luc va st dung. Tuy
nhién, do yéu cau ctia cdc bién phap ciu tao dau neo cho phu hdp véi thuc té, phuong dn phan bd cap ULT cho
ca dam chuyén va cac dam khung tai cdc tang phia trén né ciing c6 thé dudc dp dung hiéu qua.

Tir khod: dam chuyén; ung luc trudc; khung bé tong cdt thép; phan mém ADAPT.

EFFICIENCY EVALUATION OF ANALYZING POST-TENSIONED TRANSFER GIRDER SIMULTANE-
OUSLY WITH REINFORCED CONCRETE FRAME

Abstract

In reality, post-tension prestressed (PT) girders are usually analysed separately from other surrounding struc-
tural elements due to the limits of the existing structural software packages. This paper introduces a numerical
analysis on a reinforced concrete (RC) frame including a transfer PT girder using ADAPT-Edge (3D) software.
As the software is capable of analyzing PT girders together with other RC beams and columns in the frame,
the effects of the arrangement and number of prestressed cables on the internal forces distribution, strength,
stiffness and deformation of the transfer PT girder as well as of the whole frame can be clarified. In this paper,
three PT design options to the Eurocodes are proposed in a worked example on a three-dimensional frame
having seven storeys and a 15m-span transfer PT girder on the second floor to investigate the effects of the
overall analysis. The analysis results show that the solution of having only PT for the transfer girder is more
reasonable in PT materials usage, whereas all the design criterion on strength and serviceability can still be
satisfied. However, due to the detailing requirement of anchorage ends, the solution of distributing prestressed
cables not only in the transfer girder but also in other girders on the above floors can also be applied efficiently.

Keywords: transfer girder; prestressed; frame; reinforced concrete; ADAPT software.
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1. Giéi thiéu

Trong nhiing nim gan day, cung véi su phat trién nhanh ctia nén kinh té, cic cong trinh bé tong
cbt thép (BTCT) xuit hién ngay cang nhiéu tai nhiéu dia phuong trong ca nudc, dic biét 1a cac thanh
phd 16n nhu Ha Noi, thanh phé Ho Chi Minh, Pa Nang v.v... Ddi vé6i cdc cong trinh dan dung, yéu
ciu kién tric v& mit thAim my va cong ning st dung ngiy cang dugc quan tim. Do dién tich dat xay
dung cong trinh han ché, cic khu vuc cdng ning c6 nhip 16n nhu sin khiu, hoi trudng, khu trung
bay. .. thudng dudc thiét ké & céc ting phia dudi khu vuc vin phong hoic cin hd c6 khong gian nhd
hon. Trong nhiing trudng hop nay, phuong an két ciu thudng dudc lua chon 12 sit dung dam chuyén tai
cbt san phia trén cla tAng c6 khong gian 16n dé dd toan bd cic tang con lai trén d6. Do két cau vuot
nhip 16n cong thém phan tai trong ctia tit ci cic tang phia trén truyén vao nén tiét dién dim chuyén
thuong rat 16n vé ca chiéu cao va chiéu rong. So véi két ciu BTCT, bé tong tng luc trude (ULT) c6
loi thé hon vé tinh hop ly, kinh té va kha ning thich ting cho cic két ciu dic biét vudt nhip 16n va chiu
tai trong ning [1, 2]. Pbi v6i nhiing cong trinh han ché vé chiéu cao tang, giai phdp ULT can dugc
can nhic d€ giam chiéu cao tiét dién ctia ddm chuyén.

Thoéng thudng, dim chuyén ULT chi dudc phén tich riéng ré so v6i cac cu kién khac trong khung,
v6i ndi Iuc 14y tir bai toan phan tich két cAu st dung cic phan mém thong dung nhu ETABS, SAP,
v.v.... Tuy nhién, nhitng phadn mém nay chua c6 kh4 ning mo phéng mot cach hitu hiéu su c6 mit
ctia cap ULT trong dam chuyén. Gan day, da xuét hién mot s phan mém di manh dé phan tich dugc
dam chuyén ULT dong thdi v6i hé théng khung xung quanh nhu ETABS 2016 va ADAPT-Edge (3D),
do vay c6 thé tich hgp dudc trang thdi ing suit - bién dang ctia cdc ciu kién trong khung khi ¢c6 ULT
trong dim chuyén va dat dugc hiéu qua cao hon cho gidi phap thiét ké.

Nim 2003, nhém tac gia [3] da tién hanh nghién ciu vé dng xi cia nha thip ting c6 dam chuyén
khi chiu dong dét. Két qua nghién cifu cho thiy véi nha thip ting c6 dam chuyén, dnh hudng cta tai
trong diing 16n hon so véi tai gié va dong dit. Nam 2014, nhom tac gia [4] da dé xuat mot phuong
phdp 4p dung cic thuat toan tdi wu héa dé tu dong t6i uu tiét dién két cAu dAm chuyén trong khi van
dép ung céc yéu cau thiét ké vé chiu luc va st dung. Trong bdo cdo k¥ thuat cla tdp doan Otte, bién
dang ctia két cAu c6 dam chuyén giita phuong phap md hinh héa két ciu theo giai doan thi cong dudgc
so sanh v6i mo hinh héa toan bo két cAu dong thai [5].

Tai Viét Nam, mot trong nhiing hé két ciu khung c6 dim chuyén dau tién dudc 4p dung trong
khu hoi trudng ting mot clia toa nha Khach san Melia Ha Noi nim 1997. Trong tdoa nha Keang Nam
(Ha Noi), dim chuyén dugc dit & tang ky thuat véi chiéu rong b = 2700 mm, chiéu cao & = 2150
mm. Cac nghién ctiu vé hé két ciu ddm ULT phan 16n dudc tién hanh trong mot s luan vin thac si
ky thuat [6-9], trong d6 két ciu ULT thudng dudc tich ra khdi hé thdng khung va tinh toan nhu mot
chu kién riéng 18. Céc lién két gbi tua ctia dam sau khi tach ra dudc gia thiét 1a cac lién két ly tudng,
tai trong tic dung vao dam chuyén dudc gia thiét dua vao dién truyén tai va sb ting dudgc d6 bdi dam
chuyén. Ngoai ra, khi phan tich hé két cAu c6 dim chuyén, ciac phan mém phan tich két cAu phién ban
cti (ETABS 9.7.4, SAFE v.12 v.v...) con han ché trong viéc md phong cdp ULT trong m6 hinh tSng
thé. Do do, can thiét phai tién hanh nghién ctiu vé dnh hudng ctia dim chuyén ULT khi dugc phan tich
dong thoi v6i hé khung BTCT.

Bai b4o nay gidi thiéu cd sd va quy trinh tinh toan két cAu dam ULT theo tiéu chuin chau Au va
dp dung vao mot mo hinh két cAu khung khong gian (3D) c¢6 dam chuyén véi nhiéu phuong an b tri
cap ULT khic nhau dé khéo sit hiéu qua ctia viéc phan tich dong thdi dam chuyén ULT trong két ciu
khung BTCT. Hé khung chiu téi trong thang diing Ia chii yéu, c6 chiéu cao nhd hon 40m, va thip hon
10 tang. C4c phuong an bb tri cap ULT khac nhau dugc mo hinh héa d€ danh gid dng xi ctia cc két
cAu trong khung bao gdm dam chuyén, cot d5 dam chuyén, cot duge dd bdi dAm chuyén (vi tri bo cot
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§ tang dudi) v.v..., tif d6 dua ra dugc két luan va kién nghi cho viéc phan tich két cAu dam chuyén
ULT ddng thdi véi hé két cAu khung BTCT.

2. Tinh toan két cAu bé tong ULT theo tiéu chuin Eurocode [10]

2.1. Vat liéu

Theo tiéu chuin thiét ké két ciu BTCT clia chau Au EN1992-1-1 (viét tat 1a EC2) [10], bé tong
¢6 cudng do chiu nén tinh toan fck xac dinh trén miu ling tru & 28 ngly tudi, bién dang dan hdi 16n
nhét 1a & = 0,00175 va bién dang cuc han &, = 0,0035. Trong pham vi nghién ctiu cdia bai bdo, mo
hinh don gian héa & dang song tuyén ctia quan hé dng suit - bién dang cta vat liéu dudgc ap dung theo
muc 3.3 ctia Eurocode 2. Quan hé ting suit - bién dang clia bé tong thé hién don gian héa nhu trén
Hinh 1(a), c4c gid tri gi6i han 0,00175 va 0,0035 dugc 13y theo bang 3.1 ctia Eurocode 2. Ct thép
dudc coi la vat liéu dan hdi déo, v6i md dun dan hdi E; = 200000 MPa (Hinh 1(b)). Ung xii ciia cap
ULT dugc thé hién trén Hinh 1(c), vé6i fpk 1a cudng dd cuc han cua cdp c6 gia tri 16n hon khd nhiéu so
v6i cudng do tinh todn cla thép thudng f,4. MO dun dan hdi cta cap ULT la E = 195000 MPa.

o
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0.00175 0.0035 f,a/E, o /E

(a) cua bé tong (b) ctia cbt thép (c) cuacép ULT

Hinh 1. Quan hé dng suat-bién dang theo EC2 [10]

2.2. T6 hop tdi trong tinh todn theo EC2 [10]

Nghién cifu nay tap trung xét t6i Ung xi cia hé két ciu trong cong trinh nha thip hon 10 tang
chiu tai trong thang ding véi gia thiét bé qua dnh hudng cilia tai trong ngang. Do d6, cic trudng hop
tai trong dudc xét dén 12 tai trong ban than, tinh tai, hoat tai va tai trong ULT (gdm ULT trong cap va
hiéu ting siéu tinh ctia ULT gy ra tai cac gbi lién két). Theo tiéu chuan EC2, viéc tinh todn thiét ké
can xét tGi t& hop tdi trong bén, t6 hop t6 hop tai trong tai thai diém cing kéo, td hop tai trong dai han

Bang 1. Céc trudng hop tS hop tai trong thiét 1ap theo tiéu chuin Eurocode

STT T6 hop Banthan Tinhtai Hoattadi Ung luc trudc Hiéu ting siéu tinh
TH1 Thudng xuyén 1,0 1,0 0,5 1,0

TH2 Bén 1,35 1,35 1,5 1,0

TH3 St dung 1,0 1,0 0,3 1,0

TH4  Cing kéo 1,0 1,15

THS5 Dai han (1,0xBan than + 1,0xTinh tai + 1,0xUng luc trudc + 0,3xHoat tai)x(1 + f)
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va t6 hop tai trong thudng xuyén. Hé s t6 hop clia cdc trudng hodp tai trong trong tiing t& hop dudc
thé hién 6 Bang 1. Bang t6 hop tai trong dudc thanh 1ap tham khéo theo tiéu chuin Eurocode ECO. Vi
du véi t6 hop tai trong bén dudc x4c dinh theo bang A1.2 ctia ECO, con véi t6 hop tai trong st dung
xdc dinh theo bang A1.4 cta ECO, nhu thé hién & Bang 2 va 3, véi G, Q 1a gi4 tri tiéu chuan cla tai
trong, y va ¢ 12 hé s6 t8 hop tai trong dudc x4c dinh theo phu luc Al ctia Eurocode 0 [11]

Bang 2. T6 hop tdi trong bén theo Eurocode 0

Tinh tai Hoat tai
Bit loi C6 loi Cha dao Kém theo
Y jsupGrjsup YjinfGr jinf Y010k, Y0.i%0,iOk,i

Béng 3. T6 hop tai trong sif dung theo Eurocode 0

T6 hop Tinh tai Hoat tai
Bit loi C6 loi Chu dao Keém theo
bac trung Gijsup Gijinf Or1 W0,i Ok,i
Thuong xuyén Gijsup Grjint Y1,10k Y2, Ok,
Tuya tinh Gijsup Gijjint 2,10k V2, Ok

2.3. Kiém tra khd ndng lam viéc ciia dam chuyén [10, 12—15]
a. Tai thoi di€ém cing kéo

Tai thdi diém cing kéo cap, tiéu chuan EC2 quy dinh ting suét nén trong bé tdng khong vugt qua
0,6 f.(t), ting sult kéo trong cbt thép khong vugt qua 0,8 f, va ting sudt kéo trong bé tong khong vuot
qua 0,25 v/ f.1(¢), v6i t 12 tudi clia bé tong (tinh theo ngay) & thdi diém cing kéo cap. Pic biét néu ting
suit nén trong bé tong 16n hon gid tri cho phép, phuong an dim chuyén cin dugc thay ddi bing mot
trong hai c4ch 12 (i) ting tiét dién; hoic (ii) gidm s6 luong cdp ULT trong dam.
b. Kha nang chiu luc

Khi tinh todn véi t& hop bén, dnh hudng ctia ULT dugc ké dén thong qua hiéu ting siéu tinh tai
cac gbi tua. Hiéu tng nay dugc xdc dinh tif cac phan luc tai gbi do ULT trudc trong cap giy ra, nho

(1-¢,5 /€., )0

CUL

Q_C

dr /

DT,
DTy

€c2 €cu2
Hinh 2. Bi€u d6 ting suét trong mit cat dim ULT [10]
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vao phuong trinh can bang ctia hé két cAu. Tiép theo, gid tri m6 men ubn yéu cau cia dam chuyén sé
dugc tinh toan trong giai doan phén tich két cAu. Kha ning chiu luc ctia dam dudc xic dinh tir viéc
bd tri cbt thép va cap ULT cia tiét dién (Hinh 2) véi gia thiét bién dang nén 16n nhit ctia bé tong 14
€ = 0,0035, chiéu cao ving nén t6i da 1a 50% khoang céch tir cdt thép dén thé nén ngoai cliing clia
bé tong.

Khi kha niing chiu luc cta tiét dién dAm nhd hon gia tri m6 men ubn yéu cau, cin bd sung thém
cbt thép, thém cap ULT hodc ting tiét dién dam. Dién tich tiét dién ngang c6t thép t6i da trong dam 1a:

Amax = 0’04Ac (1)

trong d6 A, 1a dién tich tiét dién dam.
Khi thép thudng va cap ULT dudgc k€ téi dong thoi, dién tich thép quy d6i dude xac dinh nhu sau:

Jpk
Aprov =As+ Apsfi (2)

Py
Mt khéc, dién tich cbt thép tbi thiéu trong dam dugc xdc dinh theo cong thiic:

0,26b,d
Amin > 0.266:d fetn > 0,0013b,d (3)
vk

trong d6 b, 1a chiéu rong viung ting suét kéo, d 1a khoang cach tif tim viing cdt thép chiu kéo dén thé
ngoai ciia bé tong, f.;, 12 cudng do chiu kéo ctia bé tong, fix 1a cudng do déc trung cua thép thuong.
c. Trang thai st dung

O trang thai st dung thudng xuyén, do vong ctia dim chuyén - di tinh dén 4nh hudng ciia tit bién
va co ngdt clia bé tong - phai nhé hon 1/250 ctia nhip dAm. Viéc tinh todn chinh x4c do vong dai han
ctia két ciu 1a phic tap va phu thudc vao nhiéu yéu té nhu bién dang 16n, ting x{ phi tuyén ctia bé
tong do co ngét va tir bién. Trong bai bdo nay, quy trinh don gian héa dudc st dung dé tinh todn két
cAu v6i gia thiét rang vat liéu dan hodi va bién dang nho. Sau dé, do vong dai han dugc xdc dinh biang
cach nhan d6 vong tiic thdi v6i hé sb ¢ ké dén su tir bién ctia bé tong (do mo6 dun dan hdi ciia bé tong
bi giam xudng theo cong thitc 7.20 ciia tiéu chuidn EC2) va c¢6 gia tri dudc 14y bang 2,0 [16, 17)].

Ung sut nén va kéo trong bé tong khong vugt qua cac gid tri 1an lugt 1a 0,45 f, va 0,3 S
Trong trudng hop ting suit kéo trong bé tdng vudt qua gidi han, cin tinh todn kiém tra chiéu rong vét
ntit va bo tri thém cdt thép trong dAm. Dbi v6i dam ULT st dung cdp bam dinh, thong thudng gia tri
cho phép khong vugt qua 0,2 mm. Khi chiéu rong vét nit 16n hon gi tri thiét ké, trong dim can dugc
bd sung cbt thép thudng, v6i dudng kinh va khoang cach theo bang 7.2 va chiéu rong vét nit sé dudc
tinh toan theo cac cong thiic trong muc 7.3.4 cla tiéu chuin EC2 [10].

2/3)

2.4. Phan mém ADAPT-Edge (3D) va so do khoi [16, 17]

Phan mém phan tich két ciu ADAPT-Edge (3D) c6 kha ning phan tich tdng thé hé két cAu cong
trinh khi st dung dam chuyén ULT mot cach hiéu qua, khiac phuc duge mot s6 nhuge diém khi chi
xét riéng dam chuyén ULT ma bd qua tuong tic clia nd véi toan bo hé théng khung khong gian xung
quanh. So véi cc phan mém khéc ciing ¢6 kha ning dua cap ULT vao trong két ciu bé tong nhu SAP
2000, ETABS 2016, phan mém ADAPT-Edge (3D) cho phép tu dong héa cc budc tinh toan kiém tra
theo EC2 [10] va theo cdc tiéu chuin khac [12]. C4c budc phan tich hé khung BTCT ¢6 dam chuyén
ULT dugc gidi thiéu 6 Hinh 3 [16].
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Sai

Sai
vy :

Bit diu Céothongsodauvao |} s pink 3D hg két chu
cua hé két cau i

Finh toan kiém tra d3
chuyén theo 2.2

bing

Tinh todn dam cing Tinh todn cdt dwoc dim
mit phang khung voi chuyén do (bo ¢t &
dam chuyén tang dudi)

Kiém tra kha ning chiu
¢6t d dam chuyés

A

Hinh 3. Céc budc phan tich hé khung BTCT c6 dam chuyén ULT ctia ADAPT-Edge

3. Vidu tinh toan
3.1. S6 liéu dau vao

Xét mot cong trinh 7 tAng c6 chiéu cao 30 m dugc xdy dung tai thanh phd HO6 Chi Minh (Hinh 4).
Dam chuyén truc B dudc bd tri tai tAng hai, vuct nhip 15,0 m va dd cot tir 5 ting phia trén n6. Hé két
cAu con lai st dung khung BTCT toan khdi vé6i cot c6 tiét dién 1a 700 x 700 mm, dAm chinh va dam
phu c6 tiét dién tuong dng 12 600 x 600 mm va 400 x 600 mm, san day 150 mm. Tiét dién ctia dim
chuyén sé dudc thay di trong ting trudng hdp nghién cttu. Bé tong C25/30 theo EC2 véi cudng do
chiu nén ctia mau tru f,x = 25 MPa. Tinh tai phan b déu tic dung 1én san (chua ké trong lugng ban
than) 1a 2,5 kN/m2, hoat tii phan b déu tic dung 1én cac san 1a 3,0 kN/m?. Si dung cap ULT ciing
sau bam dinh, c6 dudng kinh danh dinh la 15,2 mm va cudng do f,, = 1860 MPa, f,, = 1680 MPa
theo tiéu chuan EN 10138, v6i cdc hé sb dau vao bao gdm hé s6 ma sit goc u = 0,2, hé sd ma st do
lac k = 0,001 rad/m, t&n hao truéc dai han 1a 150 MPa cho méi soi cap. Luc kéo 80% fpu> dO tut ném
dudc tinh ton toi da 1a 6 mm.
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Hinh 4. Mit bang két cAu ting hai va mit ditng khung truc B

Hinh dang cdp ULT b6 tri trong dAm chuyén thé hién & Hinh 5. Trong phan tiép theo, ba phuong
an bd tri ULT sé dugc khao sat d€ danh gid anh hudng ctia dam chuyén ULT véi hé khung BTCT.
3.2. Cdc phuong dn bo tri dam ULT trong khung

Ba phuong 4n bb tri ddm ULT dugc khao sét, cu thé nhu sau (Hinh 6 va Bang 4).
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Hinh 5. B6 tri cdp trong dam chuyén

Bang 4. Cic phuong 4n bd tri ddm ULT dugc khio sét

Phuong Bé rong Chiéu cao S6 lugng cap trong B6 tri cap v6i cac dam
an b (mm) h (mm) dam chuyén (cip) bén trén dim chuyén
PA1 1400 800 + 1600 20 Khong
PA2 1400 1000 20+ 80 Khong
PA3 1400 1000 80 Co

(b) PA2

Hinh 6. Cac phuong an khao sat

- Phuong 4n 1 (PA1): DAm chuyén ULT dudc dit tai tang 2 va truc B, s6 ludng cdp trong dam
chuyén cb dinh (20 cép), bé rong dam khong déi (b = 1400 mm), trong khi d6 chiéu cao dAm dudgc
thay ddi tir 800 dén 1600 mm.

- Phuong 4n 2 (PA2): Dam chuyén ULT dugc dit tai tang 2 va truc B, tiét dién dam khong ddi
(b = 1400 mm, & = 1000 mm), trong khi d6 sb lugng cap ULT trong diam thay d&i tir 20 dén 80 cap.

- Phuong 4n 3 (PA3): Dam chuyén ULT dugc dit tai tang 2, tiét dién dam tai tang 2 12 b = 1400
mm, & = 1000 mm), s6 lugng cap ULT trong dim chuyén 1a 80 cap. Cung lic d6, cidc dim phia trén
ciing st dung ULT véi 20 cép trong mdi dam. Trong trudng hdp can thiét, cap ULT dugc ap dung cho
cac dam truc 3 (Hinh 4).
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3.3. Két qud phdn tich Phuong dn 1
Két qua phan tich ctia Phuong 4n 1 dudc thé hién trong Hinh 7.

-8-Dam chuyén —&— Dam tang mai - ——Giltanhip -8 Dau dim
E 20000
75 &,
216000
~ 60 g
2 5 12000
a2 [3)
o 4 g
7.—4 <Q
= 30 T 8000
o g
15 o 4000
p
0 0
300 900 1000 1100 1200 1300 1400 1500 1600 800 900 1000 1100 1200 1300 1400 1500 1600
(a) Quan hé ctia dd vong dai han trong dAm chuyén (b) Bién thién ctia mé men trong dim chuyén & giita
va dam tAng mdi so vdi chiéu cao dim chuyén nhip va dau dam
——Cot gita —=- Cot bién —&— Pinh c6t -5~ Chan cot
10000
g 3000
< 8000 g
5 % 2400
oL .
% 6000 % 1500
& 4000 £ 1200
g p
3 2000 (g 600 B—E_B—E_*E\B\B
=
0 0
800 900 1000 1100 1200 1300 1400 1500 1600 800 900 1000 1100 1200 1300 1400 1500 1600
Chiéu cao dam h (mm) Chiéu cao dam h (mm)
(c) Bién thién ctia luc doc trong cdt dude d5 bdi dim (d) Mbd men trong cot d5 dAm chuyén

chuyén: cot giita (b cot & ting dudi) va cot bién
Hinh 7. Két qua phan tich Phuong 4n 1

Hinh 7(c) trinh bay quan hé ctia luc doc trong céc cot phia trén dim chuyén véi chiéu cao dam
nhan dugc khi phan tich véi t6 hop bén. Khi chiéu cao dim chuyén ting 1én, Iuc doc trong cot & hai
dau dim chuyén gidm nhe. Tuy nhién, luc doc trong cdt & giita dim chuyén thay ddi dang ké, khi
chiéu cao dam chuyén 4 = 800 mm, luc doc trong cot 1a N = 4000 kN, khi & = 1600 mm, luc doc
trong cot ting 1én gip doi thanh N = 8000 kN.

3.4. Két qud phdn tich Phuong dn 2

Két qua phan tich ctia Phuong 4n 2 dudc thé hién trong Hinh 8.

Hinh 8(a) cho thiy d6 vong dai han ctia dim chuyén giam tuyén tinh véi s6 luong cap ULT bb tri
trong dam, dudng xAp xi cdc gid tri do vong c6 géc nghiéng la khodng 1:5, nghia la do vong sé dugc
giam 2 mm mdi khi s lugng cép ting 1én 10 cap.

Tuong tu nhu su bién thién clia do vong, gid tri cia md men ubn trong dam chuyén do t3 hop tai
trong st dung thudng xuyén cling gidm tuyén tinh khi sd luong cap ting 1én, mic do giam 1a tuong
duong ddi vé6i ca gid tri md men & gilta nhip va & gbi. Su thay ddi ro rét nhét 1a ddi v6i mdé men ubn
trong cot d6 dam chuyén. Gid tri moé men udn & dau cot giam 40% (tir 1160 kNm gidm xubng con
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(d) Mb men trong cot d5 dAm chuyén

chuyén: cot giita (b cot & ting dudi) va cot bién

Hinh 8. Két qué phan tich Phuong 4n 2

720 kNm), khi s6 lugng cap ULT ting ti 20 1én 80 cép. O chiéu ngudc lai, khi ting sb lugng cap thi
luc doc trong cot dudc do bi dam chuyén (vi tri bd cot tang duéi) ting 1én x4p xi tuyén tinh. Nhu vay
viéc ting sb lugng cap trong dam chuyén, gitp ting do cling dAm va ting kha ning lam viéc cta cot.
Tuy nhién, s6 luong cap thuc t& c6 thé bb tri trong dam chuyén bi gi6i han bdi cac diéu kién ciu tao
va bién phap thi cong.

3.5. Két qud phdn tich Phuong dn 3

Két qua phan tich cia Phuong dn 3 dugc thé hién trong Hinh 9.

D€ ting hiéu qua ctia cap ULT dbi v6i ca hé két cau khung, trong Phuong 4n 3, khong chi dim
chuyén ma cic dam khung phia & tang trén cling sé dudc bd tri cap ULT. Trudc hét, cac dam trong
cung mit phang véi dam chuyén (truc B) dudc bd tri cap ULT. Khi sb lugng cép 16n, ciac dam theo
phuong vudng géc véi dam chuyén (truc 3) cling sé dudc 4p dung ULT. Tuong tu nhu két qua &
Phuong 4n 2, khi sb lugng cdp ting 1én do vong cia dAim chuyén sé gidm di, tuy nhién géc nghiéng
ctia dudng xap xi & phuong 4n nay giam xudng 1a 1:10, hiéu qué clia viéc ting s6 lugng cap chi bang
mot nifa so vdi khi cic cép ting 1én tap trung trong dAm chuyén. Cic két qua tuong tu cling quan sat
dugc v6i mé men dam chuyén, mo men trong cot dd dim chuyén. Céc biéu do ciing cho thiy viéc bd
tri cap ULT trong cdc dAm theo phuong vudng géc véi dam chuyén ciing c6 tic dung tuong duong khi
bd tri cap trong cac dam cing mit phang véi dam chuyén. Tuy nhién, ngudc lai véi Phuong an 2, khi
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(a) Quan hé ctia do vong dai han trong dam chuyén (b) Bién thién ctia md men trong dim chuyén & giita
va dAm ting mdi so véi s6 lugng cap ULT nhip va dau dim
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(c) Bién thién ctia luc doc trong cot dude d5 bdi dAm (d) Mb men trong cot d5 dAm chuyén

chuyén: cot giita (bd cot & ting dudi) va cot bién

Hinh 9. Két qué phan tich Phuong 4n 3

ting s6 luong cdp ULT trong cic dam truc B phia trén dAm chuyén sé gidp cho luc doc tac dung 1én
dam chuyén trong t& hop tai trong st dung thudng xuyén giam xubng, giam tng suit kéo, do d6 han
ché nguy co xuét hién vét nit trong dim chuyén (Hinh 9(a)-9(d)).

3.6. Nhdn xet

Céc nghién ctiu truc day vé hé khung thuan BTCT d chi ra ring do ciing dim chuyén ting dudi
cang 16n thi sé cang giam chuyén vi gitta dAm va thu hiit nhiéu luc doc vao cdt gitta phia trén dam.
Tuy nhién, dén nay con c6 it nghién ctiu phan tich dim ULT ddng thdi véi cac cAu kién dam cot BTCT
khic xung quanh né & trong khung. Déi véi ddm ULT, viéc ting s6 luong cdp sé 1am ting ng suét
nén trong dim, giam tng suit kéo, gidm nit va cai thién do cing ciia ddm ULT so v6i dam BTCT. Vi
du minh hoa trong muc nay da khao sat dugc hiéu qua ctia hién tugng d6 nhs st dung cong cu phan
tich manh 12 phan mém ADAPT-Edge (3D) d€ phan tich mé hinh tdng thé (3D) clia mot cong trinh
thuc t& c6 hé két cu khung BTCT chita dim chuyén ULT va xem xét mdi quan hé giita su thay ddi
céc thong sb ctia dAm chuyén (tiét dién dAm chuyén, sd lugng cap st dung trong dam chuyén, viéc
cAu tao khung dam chuyén. ..) véi do vong, md men, luc doc, luc cit cta cdc ciu kién dam chuyén,
cot dd dAm chuyén, cot phia trén dim chuyén v.v. ..
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4. Két luan

Két qua phan tich tif vi du minh hoa cho thiy khi st dung mot dam chuyén ULT & tang hai véi
tiét dién dam dudc lua chon hop ly va sb lugng cdp bd tri tap trung sé mang lai hiéu qua hon vé vat
liéu ULT trong khi van ddm b4o khé niing an toan chiu luc va diéu kién st dung tuong duong véi cic
phuong 4dn khac. Tuy nhién, can c6 bién phdp cau tao phu hop khi s6 lugng cap tip trung toan bd vio
mot dam chuyén duy nhit. Bén canh d6, trong trudng hdp chiéu cao dam chuyén bi han ché do yéu
cau kién tric, phuong 4n st dung cdp ULT cho cdc dam khung ctia cic tang phia trén ciing c6 thé
dudgc ap dung nhung véi chi phi vé vat liéu ULT cao hon.

Ngoai ra, gid tri ndi luc trong ban than dam chuyén phu thudc truc tiép vao gid tri luc tip trung
tac dung 1én dam chuyén & vi tri cot dugc bd di & ting dudi. Khi 4p dung phuong phap tinh toan bang
cong thiic hodc bang cac phan mém két cAu khong chuyén dung cho két cAu bé tong ULT, gid tri du
bdo ctia luc doc tif cac tang phia trén truyén vao dam chuyén thudng cao hon so véi su 1am viéc thuc
té. Nguyén nhan 12 do cot dd dam chuyén dudc coi 1a gbi dd cho hé dam san ting trén vé6i dién truyén
tai nhu cdc cot thong thuong. Tuy nhién, trén thuc té gia tri luc doc nay bién thién nhiéu va phu thudc
vao do ciing clia cdc dim trong mit phing khung lam viéc cia dAm chuyén.

Vi du minh hoa trinh bay trong bai bdo dudc thuc hién trén ban thiét ké ctia mot cong trinh thuc
té du kién dugc xay dung trong nim 2019. Cong tic quan tric chuyén vi ctia dim chuyén sé& dugc dé
xudt tién hanh trong qua trinh thi cong va st dung cong trinh d€ kiém chitng mé hinh tinh todn bang
phan mém ADAPT-Edge (3D).
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