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Trong qua trinh giang day mén hoc Thiét Ké Nha Nhiéu
Tang (NNT) thugc Chuong trinh Pao tao Ky su Xay dung caa
Khoa Xay Dung, Truong Pai hoc Mo Thanh Phé H6 Chi Minh,
viéc md hinh hé két cau chiu lyc sir dung phan mém chuyén dung
nhu SAP2000, ETABS, ... dugc chu trong giang day trong noi
dung caa phan thuc hanh (c6 thoi lugng 30 tiét). Poi véi yéu cau
k¥ nang dau ra caa mén hoc 1a md phong dugc dat mac tuong ddi
day du so do két cau hé chiu lyc cua tda nha, mot van dé cdt 16i
dugc dat ra 1a gitp nguoi hoc thdng sudt duge nhitng khic mac
trong thuc hanh 1ap va chay mé hinh, cu thé bang céc khai bao can
thiét, gan tai trong va chon so do phan giai dung, dé két qua phan
tich ¢ thé hitu dung chap nhan dugc. Thuc té, cac sinh vién mo
phong chua dii rdt rdo toa nha, nén két qua (4o 16n, kich thudc tiét
dién, ...) chua dat tinh tin cdy cao. Bai b4o nay nham chi ra mot
trinh tu khai bao ddy du, thuc tién, va néu nhiing noi dung cét 16i
trong viéc md phong so do phan tich toa nha, cing véi nhitng thu
thuat can thiét, dé bao dam két qua phan tich 1a tng dung duoc vao
thuc té néu can. Cu thé, tinh chat phu thudc thoi gian caa vat lidu
nham xét dén hiéu ang dun cot (column shortening), hiéu tng thir
cap P-A duoc xét dén ra sao, phan tich dong luc hé két cau, va nhiing
k¥ thuat phan tich khac dugc khai thac.

Nghién ctu phuc vu giang day nay rat can thiét cho cac dong
nghiép tham gia giang day, sinh vién bac Pai Hoc (PH) nganh K§y
thuat Xay Dung, va phan nao cd thé gilp ich cho nhiing nguoi
tham gia thiét ké st dung phan mém ETABS trong thiét ké Nha
Nhiéu Tang. Bai bao khéng néu phan danh gia dau ra caa mon hoc,
nhu mét gidgi han pham vi nghién cau.

ABSTRACT

During the process of instructing the course Design of Multi-
storey Buildings in the curriculum for Undergraduate developed by
the Faculty of Civil Engineering in the Ho Chi Minh City Open
University, modeling the structural system using professional
packages such as SAP2000, ETABS, etc., is notably taught in the
practice (within 30 period hours). For the learning outcome of the
course, that is, to properly model the structural system of the
building, one of the main requirements is to help learners easily
practice, create, and solve the model, i.e., by some specific input
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data such as prescribing the element properties, assigning the loads
and solving properly the model, to analyze the output in an
acceptable level of accuracy. The fact is that, during the course,
students have not sufficiently modeled the system, therefore the
results (values of element dimensions, cross-section, etc.) are
unreliable. This paper aims to point out a rigorous procedure of
input data and to introduce the main content of structural
modeling, with some necessary techniques, which in turn, the
results of the analysis could be applied to reality. A few of the
time-dependent properties of the material, concerning the column
shortening, and geometric nonlinear P-A effects are considered in
a dynamic analysis and other kinds of analyses.

This study for tutorial purposes is necessary for the teaching
staff, undergraduate engineering students, and partially beneficial
for designers using ETABS in analysing the multi-storey buildings.
Without any course outcome assessment, the limitation of the study
is tentatively outlined.

1. Giéi thidu

Trong chuong trinh dao tao ky su xay dung tai khoa Xay Dung Truong Pai hoc M&
Thanh Phé HO Chi Minh ¢6 mén Thiét Ké Nha Nhiéu Tang (sau ddy viét gon lai 1a TK NNT),
thoi luong 45 tiét, co phén thuc hanh chiém ty trong Ol tin chi, tirc 30 tiét thuc hanh tai 16p.
Ngoai ra, d¢ dam bao lgi ich cao nhat cho nguoi hoc, nha trudng quy dinh ting cuong 03 budi
tuong tac trén hé thong quan 1y hoc tip LMS. Puoc giang day ¢ hoc ky 1 nim thir 4, mén hoc
TK NNT hudng dén trang bi ngudi hoc ¢o di ning lyc thuc hién Dd An Tét Nghiép (PATN).
Mon hoc dugce thiét ké v6i Chuan Pau Ra (CDR) trong dé cwong mén hoc (Pai hoc M& Thanh
phd Hb Chi Minh, 2021) nhu sau:

Bang 1

Chuan dau ra ciia mén hoc Thiét ké Nha Nhiéu Tang

Muc tiéu | CDR mén hoc Mo ta CBDR
mon hoc (CLO)
CLO11 Phén tich dugc cac giai phap két cAu phu hop vé6i yéu cau cua
kién truc va quy mod cong trinh.
CLO1.2 Phan tich dugc céc loai tai trong co ban tac dung vao cong trinh (tinh
tai va hoat tai) va phuong phép tinh toan cac loai taii trong do.
CLO1.3 Phan tich duogc y nghia cac dac trung dong hoc cta cong trinh, y
Co1 nghia cta viéc phan tich dang dao dong trong bai toan tinh todn tai
trong gi6 dong va dong dat.
CLO1.4  |Nhan biét duoc cic dang t6 hop co ban va t hop dic biét trong thiét
ke két cau nha nhiéu tang, cac phuong phap phén tich noi lue.
CLO15 Liét ké dugc cac quy trinh dé kiém tra d6 climg cta cong trinh khi

chiu tai trong ngang, cac yéu cau vé cau tao cot thép vdi cac cau
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Muc tiéu | CDR moén hgc Mo ta CBbR
mon hoc (CLO)

kién cot, dam, vach, nat khung, .... dam bao diéu kién khang chan.

CLO1.6  |Ap dung dugc phwong phap PTHH dé iy noi lyc nham thiét ké
cac chu kién dam, cot, vach.

CLO2.1 Phan tich va lya chon duoc so bo phuong an két cAu theo quy md
cong trinh va dac diém kién tric.

CO2 CLO2.2 Sir dung dugc co ban dugc phuong phap PTHH dé thiét lap va
phén tich cac dac trung dong hoc cua cong trinh, t6 hop tai trong
va léy két qua ndi luc cAu kién.

Tich cuc tham gia lam viéc nhom, tuan thu theo céac ti€u chuan

cos3 cLos.d hién hanh.

Ngudn: Pai hoc M& Thanh phé H6 Chi Minh (2021)

Nhu vay, yéu cau dit ra caa mon hoc la kha ning chiu luc caa cac hé két cau khac nhau,
tinh duoc tai trong dau vao, phan tich két cau dé truy xuat noi luc va chuyén vi dau ra, va st
dung co ban phan mém Phan Tu Hiu Han (PTHH).

Tuy vay, dé tién dén trang bi nang luc thyc hanh tinh toan NNT, phan mém ETABS va
SAP2000 cua hang CSI (viét tit tir chit Computers and Structures, Inc.) ra doi niam 1999 c6
nhiéu diém phai luu ¥ dé tranh nham I4n va thiéu sot, dan dén két qua khdng c6 tinh thyc tién,
tham chi ngd nhan vé do an toan cudng do, do cing va tinh viing chai caa cong trinh.

Bai b4o nay lan Iuot chi ra nhiing trinh ty can thiét, dé giup nguoi hoc tién dan dén hoan
thién k§ nang mé phong hé chiu luc cia céng trinh NNT, dé sau khi ra truong, co thé dong gop
thyc sy hiéu qua vao lanh vuc chuyén mon thiet ké cua nghe nghiép.

2. Co s& 1y thuyét

Hiéu ly thuyét nén tang ding cho phan thyc hanh gitp ngudi hoc hiéu ré pham vi ung
dung caa phan mém, nhitng budc khai béo can thiét va cach biéu thi di liéu dau vao dau ra, ciing
nhu loai phan tich.

2.1. Phan Tir Hitu Han (PTHH)

Phuong phap Phan Tt Hiu Han (PTHH) dugc mé ta tom gon nhu sau: Phwong phap
phan tir hiru han 1a phuong phép so gan ding dé giai cac bai toan dugc mo ta boi cac phuong
trinh vi phan dao ham riéng trén mién xéac dinh ¢ hinh dang va diéu kién bién bat ky ma nghiém
chinh xac khong thé tim duoc bang phuong phép giai tich. Cach lam cua PTHH la chia (roi rac
héa) hé 16n thanh nhiing hé nho don gian hon, goi la phan tir hitu han. Lién két véi nhau bang
cac ludi (mesh). Hinh 1 13 mé hinh c6ng trinh tda nha dugc md phong bang phuong phap PTHH.

Van dé thtr nhét 13 sy két ndi giira cac phan tir khac loai v6i nhau doi hoi mot su tuong
thich (compatibility). Néu cac dich chuyén khac nhau giira cac phan tir, ham dang (shape
function) s& khong lién tuc; c6 thé hinh dung ra khoang tréng nao d6 khi cac phan tir bién dang
do khong tuong thich. Viéc st dung PTHH trudce tién 1a phai bao dam tinh tuong thich nay.
Nhitng van dé ké tiép 1a bac cua da thirc biéu dién ham dang, tinh 6n dinh cta 161 giai khi xem
xét cac diéu kién bién duogc thay doi (Venkatesh, Prakash, & Murthy, 2013). Mot cu kién c6 d6
cting vo cuing nhé so v6i mot cau tric khac co do cling vo cung 16n, d6 cing zero hodc vi 1y do
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tinh toan sao 46 d6 ctng am, c6 thé co nguyén nhan Ia thiéu twong thich, ma phan mém bao
chung 12 ill-conditioned, tirc diéu kién khai bao khong tt; hodc tai trong khong cung té hop khai
bao chung voi nhau nhu dong dat di véi gid, ... ciing dan dén khong tuwong thich. Trong qua trinh
chiu lyc, c6 kha nang mét lién két do khai béo sai, hodc cAu kién bi pha hoai, hodc co ché cai dat
bat hop 1y, ... Thong thuong diéu kién tuong thich 1a vé bién dang tai cac diém ludi giao cit
nhau giita cac loai phan tir.
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Hinh 1. M6 hinh PTHH toa nha nhiéu tang
Ngudn: Computer & Structures, Inc. (n.d.)
2.2. Trinh tw ciia phwong phap PTHH
Mot cach tong quat, phurong phap PTHH di theo trinh ty nhu Hinh 2 duéi day:
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Hinh 2. Luu db téng quét caa phuong phap PTHH

Ngudn: Daniel (2017)

Cung véi SAP2000, da hon 40 nim qua, phan mém ETABS (viét tit tir cc chir dau cua
thuat ngir Extended Three-D Analysis of Building Systems) di duoc cac nha thiét ké toan cau sir
dung, nham mé phong ma rong phan tich cac két ciu khdng gian (két ciu 3D). Mot trong nhitng
wu diém ndi bat caa ETABS 1a dé st dung, nhiéu tién ich, ... gilp cho viéc tao mé hinh nhanh
chéng, cu thé nhu md phong hang loat theo tang gidng nhau (ché do “All stories”) hoac c4 bigt
tung tang.
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Hinh 3. Tién ich md hinh theo cé thé hoic hang loat ting va menu cia phan mém
Ngudn: Tac gia tong hop

2.3. Nhitng luu y

ETABS c6 rat nhiéu wu diém (da dang menu, tich hop tiéu chuan caa mét sé quéc gia,
phét sinh nhanh chéng, xuat/nhap tr phan mém khéc sang, ...) va nhuoc diém duy nhét cua
ETABS 1a khong diéu chinh dit liéu trong qua trinh phén tich. Muén thay ddi dir liéu, phai tit
ché do tién xur ly (pre-processing) dé bao dam dir liéu khong bi hiéu sai bai bo nhé ciia may.
Ngoai ra, phan mém str dung hé diéu hanh iOS mot cach riéng biét, chiém dung nhiéu khong
gian dia cho nhitng dir liéu trung gian; ngoai ra, khi sé ting cua cong trinh 16n, dix liéu c6 thé kho
duoc kiém soét boi nguoi st dung. Mot wu diém khac caa ETABS 1a sau khi phén tich xong, mo
hinh ¢c6 thé nhap (import) sang md hinh khéc (thi du CSI-SAFE) dé phan tich ciu tric con
(substructure). Va sau cung, boi ETABS chd trong phan tich NNT, nén thich hop vai mé hinh
nha nhiéu tang, thay vi phén tich co ciu bat ky nhu 6 truc, rotor, hay co phan khéc, vén dugc mo
phong rat tot bai cac phan mém chuyén dung nhu SAP2000, ANSYS, ...

Do vy, phan tich NNT, tét nhat ding ETABS va khai thac triét dé phan mém nay. Pay
cling chinh 12 muc dich chu yéu cua bai béo nay.

3. Ciac m6 dun cua ETABS
3.1. Mé dun ‘Preprocessing’ (tién xir Iy): Di liéu va tao lwéi

Theo luu d6 cua phuong phap PTHH & Hinh 2, hai mang chinh 14 tao lap bo dir ligu
(Data) va Xay dl_l’ng ludi (Meshing).
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Hinh 4. Cac menu cha yéu trong phan nhap di liéu, muc Mesh
Ngudn: Youtube (n.d.)
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M6 hinh duoc xay dung béng hinh hoc trudce, sau d6 dit lidu vé vat lidu (materials) va tiét
dién (Section properties) duoc dinh nghia (menu ‘Define’ trén thanh cong cu). Lién két dugc gan
(menu ‘Assign’ trén thanh cong cu), giai phong mac d6 chén kep (menu con Release/Partial
Fixity trén Hinh 4.

Mot s6 luu ¥ riéng biét, d6 1a chu ¥ dén cac tiéu muc c6 chit Meshing Option (gdm ¢
Frame Auto Meshing Option va Wall/Floor Auto Meshing Option). Pay la tha tuc quan trong,
can thiét & bao dam tinh twong thich giita cac cdu kién dim cot (phan tir frame) va san (phén tir
vat chét floor).

C6 mét tinh ning rat hiru ich trong ETABS d6 1a Hé S6 Chiét Giam Hoat Tai (Live Load
Reduction Factors, viét tat la HSCGHT).
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Hinh 5. Nhép sb % hoat tai chiét giam theo tang (Reducible Live Load)
Ngudn: T4c gia tong hop
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Theo TCVN 2737:2023, dé dap tng 02 loai HSCGHT theo di¢n tich sir dung (thi du ¢;
va @z cho phong loai A, B nha dan dung) va HSCGHT theo tang (twong mg 13 @3 va ¢4 theo thir
tir d6) c6 thé sir dung theo tiéu chuén bang cach tick vao 6 Tributary Area Based on Design Code
(xem Hinh 5) (Tiéu chuan Qubc Gia, 2023). Tuy vdy, chi khi thiét ké sir dung tai thiét ké, co cac
t6 hop thi vao menu Table > Design > Design forces méi c6 két qua tir viéc ap diat HSCGHT,
nghia 13 phép nhan voi hé sé nay chi duoc ap cho giai doan dau ra khi thiét ké (goi budc nay la
‘check design forces’), con cac trudng hop dit tai thi hé sé nay khong anh huong; 1y do giai
thich cho viéc nay 1a tiy theo tiéu chudn, két qua tng xir ddu ra méi bi anh hudng boi hé sé nay.
Theo d6, néu xuét phan luc chan cot ra, van khong théy két qua cua viéc ap dat HSCGHT; vao
giai doan thiét ké méi thay.

Lénh dé hién thi ra HSCGHT nay ap cho c4u kién thang dung 1a Design > Display Design Info >

I-E8T-0-=-E-4- e D
Elevat E:) View/Revise Preferences

Tich hop TCVN 5574:2012

E¥ select Design Groups

[::“’ Select Design Combinations.. Céc HSCGHT théng dlfl‘ng dﬁ duo’c
[} start Design/Check Shifte F5 ap dat cho cau kién thang ding thé

hién trén cot

E.‘ Display Design Info...  Shift+Ctrl+F6

@) Design Input Live Load Red Factors
5 Reset All Overwrites
L_,], Delete Design Results... | 0K Cose Aoghy
Elevation View - A Live Load Reduction Factors (TCVN 5574:2012) [

Hinh 6. Hién thi két qua thiét ké dé thiy HSCGHT theo tang (Reducible Live Load Factor)
Ngudn: Tac gia tong hop

Céc phién ban ETABS tir version 9.7.xx hodc version v2.16 (ph6 bién khoang 2014) tré
vé sau da tich hgp TCVN 5574:2012 vao, ap cho két cau bé tong cot thép (Hinh 6) (Tiéu chuan
Qudc gia, 2012).

3.2. M6 dun ‘Computation’: tinh todan ‘hop den’

Theo lvu d6 & Hinh 2, hop den “Computation” 13 qua trinh xi ly s6 liéu, giai sb (Solver).
Nhiing di liéu nhap vao, nhitng khai bao dung hoic sai déu dugc xir ly bén trong hop den nay.
Pay 1a qua trinh giai hé phuong trinh vi phan riéng phan trén tirng phan tir (element equations),
tich hop vao két ciu toan cuc (global system of equations). Vi 12 giai toan, nén c6 nhiing diéu
kién nhat dinh ma nghiém cua bai toan khdng giai duoc, khong tim duoc, hoic suy bién dé cho
ra nhirng két qua bat thuong. Thong thuong, ngdn ngir 1ap trinh goi d6 1a cac diéu kién toi (ill-
conditioned) hoic khéng binh on (unstable) do méy bao 16i. Két qua theo dé that su 1a khdng
ding duoc, nguoi tao mé hinh khong duogc sir dung két qua day rai ro dé, du chi 1a mot phan. Co
thé 13 mot dich chuyén cyc I6n, ndi luc khdng thé tudng twong duoc.

Theo website cua hiép hoi Sheerforce Engineering (2021) c¢6 thé c6 may nguyén nhan sau:
- biéu kién lién két khéng phu hop;
- Mot hoic nhiéu co ché noi than;
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- Tinh chat vat liéu bang khéng hoac sb am;

- Do ctiing qua 16N, gan vai phan tir c6 d6 cing qua bé, thiéu tuong thich vé bién dang;

- Hiéu tng bac hai (thi du P-A effects, hodc phi tuyén hinh hoc) di gay giy do;

- Mot sy sai léch vé tan s roi dang vao tan sé tu nhién;

Ngudi st dung can trudc h{ét quay vé sir dung 1oi giai tiéu chuan (Standard Solver) (xem
Hinh 7) ma han ché st dung cac kiéu loi giai nang cao hoac da 16i xtr ly (multiple cores).

(@ Advanced SapFire Options ¢

Solver Options Analysis Process Options
® Standard Solver ® Ao
D Advanced Solver O GUI Process
D) Mukidhveaded Solver O Separate Process
[
3 Cancel E
|

.....

Hinh 7. Kiém tra mé hinh Loi giai tiéu chuan (Standard Solver)

Nguon: Sheerforce Engineering (2021)

3.3. Mé dun hdu xir Iy (Postprocessing)

Mo dun nay cha yéu danh cho giai doan xur Iy cac két qua tinh toan dé lap thanh db hoa
(bi€u do noi luc, img suat theé hién thanh mau sac, ...) tor nhitng tinh toan bén trong cua phuong
phédp PTHH. Mot s6 menu lién quan dén thiét ké déu dua trén tiéu chudn nao d6 nhu ACI
(American Concrete Institute) hoac Tiéu chuan Quoc Gia vé Thiét Ké Két Cau Bé Tong va Bé
Tong Cot Thép (TCVN 5574:2018) (Tiéu chuan Viét Nam, 2018) doi véi két cau bé tong cot
thép, Eurocode 4 hodc UBC97 doi véi tinh toan lyc do dong dat, ...

4. Mt s6 danh muc nhép liéu tinh toan NNT

Dudi day 1a mot s6 van dé ton tai ma nguoi hoc bo qua trong thuc hanh.

4.1. Duong truc va dé léch tam

Thong thudng, sinh vién nhap va khai bao cau kién theo dudng truc khdng chi trong viéc
thay doi tiét dién va do léch truc (thi du d6 léch tryc cot bia gitt mép ngoai cot thang, do 1€ch tim
dam vai tim cét, ...). Can md phong xac dang tinh trang léch truc hoac an mép ngoai cua cau
kién. Cach dé nhat 1a dung Iénh v& nhanh dam _ quick draw beam_ dé dua dam dn mép san, hoic
chinh stra (Hinh 8).

Special Effects

] Object Shrink
Object Fill
Object Edge
Extrude Frames
[] Extrude Shells
a) b)
Hinh 8. K§ thuét chinh stra dé dam chuyén ra an mép ngoai cot

Ngudn: T4c gia tong hop
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Trong ché do Set Building view options, tick vao mét trong 04 6 cua tinh ning hiéu tng
dic biét Special effect, tick box Extrusion dé hién thi dam cot dang thanh 3D. Tré vao dam, vao
thanh menu, tién hanh nhap cac 1énh sau:

Assign > Frame/Line > Insert point >

Thoat dau tién, tir menu View, click vao Set display option, vao Special Effects va bat
Extrude Frames, s& thay khung dang khéi 3D thanh dam (Hinh 8a). Chudi dong Iénh nhu trén, s&
xuat hién hop ddi thoai nhu Hinh 8b va cha y dén cac lya chon trong thanh Cardinal point, lua
chon Top left tac diém 7 (hoic Top Right tic diém 9, tiy hudng i-j va truc dia phwong 1 doc
truc, 02 huéng chiéu cao, 03 huéng chiéu rong). C6 11 diém cardinal point dwoc thé hién trong

Hinh 9a.
2 axis
7 J 9

Bottom left
Bottom center
Bottom right
Middle left
Middle center
Middle right
Top left

Top center

. Top right

10. Centroid

11. Shear center C)

5 3 axis

1

OCOINOONERON =

—

Hinh 9. Pua 02 dam ngang va doc vé dn mép ngoai cot; a) Menu kéo xudng gan diém lién két
insert point (sau khi chon dam); b) Dam doc truc 11 dn mép cot; ¢) Ca 2 dam an mép (mit bang)
Nguon: Frame Insertion Point (n.d.)

by ~o

4.2. Vé tru (pier) va dam dau civa (spandrel)

Khéng giéng vai vach cang, 16i ciing c6 mot phan tiét dién dac ¢ bén trén cira, goi 1a dam
dau ctra (Mot kiéu dam Lintel) hay dung thuat ngit cua Etabs 12 dam Spandrel. Thuong khi mo
phong, mot cach 1am thong thudng va ton cong, do 1a tao ludi trung gian (Reference Planes)
trong menu Grid System Data, theo do, ludi trung gian nim & cao do tir mép trén cira 18i thang
may, duoc V& 1én dén cao do san ké tiép, rdi v& vat liéu dam Spandrel.

Mot cach 1am khac d6 1a str dung menu con ‘Properties of objects’ (cha yéu sir dung hop
dbi thoai goc dudi bén trai caa Hinh 9), nhu sau:
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»

[[ vopetmoiobos | =%
Type of Area Spandrel 1
Property Wall
Plan Offset Nomal, mm 0
Auto Pier/Spandrel IDs? No
Depth above, mm 0 )
Depth below. mm 1000 (chinh 1a h)
Line Drawing Type: Straight Line:
Drawing Control Type  None <spacebar> 5

Hinh 10. V& tru (pier) va dam trén 15 ctra (spandrel)
Ngudn: T4c gia tong hop

V& trong tang trudc thi dy tang 1 (xem Hinh 10) dung 1énh v& trén mit bang (cé biéu

tuong Q ) dé v& khoang vach di dinh trude L c6 tinh chat Pier (sira dong da danh s6 1) va
loai ¢6 dinh chiéu dai L (stra dong da danh ) 2), hoac tuong tu v€ Spandrel (dong ) 1) va do
thong xudng h (sira & 1énh ‘Depth below, mm’). Sau d6 dung Iénh replicate cho tat ca cac tang
trén (xem Hinh 10, anh bén phai). Cac tru va dam s& duoc gan nhan (pier/spandrel label) va tu
dong chia lugi (Wall Auto Mesh Option) chung v&i hé dim san (Frame Floor Auto Mesh
Option). Viéc chia ludi dé bao dam tinh tuong thich giita cac phan tir, tranh sai sot (Hinh 11).

Céch lam nay thyc dung hon vi¢e tao ludi tham khao chi dé v phén dic trén dau 16 cura.

E}; Pier Label... J
N [&i Spandrel Label...
* —
[’\io Pier Label... 15 Wall Hinge..
ﬁ Spandrel Label... r_-} Reinforcement for Wall Hinge...

»2  Floor Auto Mesh Options...
:/ Frame Auto Mesh Options... < Ld ...
& Frame Floor Meshing Options...
n g ¥ Auto Edge Constraint.. b
* — -

Hinh 11. V& try (pier) va dam trén 15 cira (spandrel)
Ngudn: T4c gia téng hop

4.3. Viing cieng giao cdt dam cét

Mot khi da khai bao dam dau cta 16i ctiing (spandrel) va try (pier), phan mém mic dinh
hiéu la c6 vung cirmg dau dam. Tuy nhién, doi v&i moi noi dam va cdt, viéc khdng khai bao vung
cing dau dam sé cho ra noi luc tai duong truc.

Assign > Shell/Area > Pier label hoac Spandrel label

Total Length L
— -
Clear Length L
Horizontal —
! Member N J
T
|| gofta——EndOffsets ——— oty || &
| i 9 _ -
L i1 - = |

Support Face
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Thidu tren lop NhaBe mo rong them

ine Draw Select | Assign | Analyze Display Design Options Tools Help
F &y (" Jomt RO Y mds I-@-T-0
= = 5 Y e
[N Frame > | #, section Propery. X | [ HevationView-E |
s Reports I Shel » | #, Property Modifiers...
.
O Link " |gfe Releases/Partial Fixity
.
1 ~X Tendon »
! EndLength Offsets. End Offset Along Length
s i JointLoads » | Te Insertion Point @ Adtomatic from Connectivity
.
lm FrameLoads Y s Local Axes. O Define Lengths
tems AY  ShellLoads » >
v%  Output Stations..
%% Tendon Loads y 7T i
- &% Tension/Compression Limits...
Gauge Properties >
Rigid-zone factor o
¥ LineSprings
Speings Frame Sef Weight Option
4 Additional Mass ® Auo
&: Pier Label... (O Weight Based on Full Length
[l Clear Display of Assigns w3 Spandrel Label O Weight Based on Clear Length
g Fr A
* | &% Frame Floor Meshing o Ci ooy

ﬂ

b)

Hinh 12. Khai bao ving cimg dau dam; a) Viing cimg dau diam phia nut i va j;
b) Cac menu kéo xudng va hop dbi thoai

Moment Frame Beam Connec!

Ngudn: T4c gia tong hop

Trong hop d6i thoai Frame Assignment - End Length Offsets, tick vao hop Define
Lengths, thi dinh nghia 02 thdng sé i-offset va j-offset nhu trén Hinh 12a.

Viéc khai bao viing cimg dau dam 1a ¢ ¥ nghia hon di véi két cau thép.

4.4, Ky thudt sit dung dim do

Dam 40 1a mot duong thang ma tiét dién dugc khai bao ‘NONE’ nghia 1 khong c6 tiét
dién, dugc vé trén san, nham sap xép tai trong 1én d6 dang duong thang (Line load). C6 thé mo
phong tuong xay trén san bang dam ao.

A.5. Gidi phéng mé men trong ciu ki¢n san, dam

Nam trong s cac tinh ning giai phong lién két (Ienh Assign > Frame/Line > Frame
Releases/Partial Fixity), tinh ning giai phong md men 1a can thiét cho cac canh 6 san khong
lién tuc, hodc noi san/dam gan két véi vach/IBi ciing (Hinh 13).

<canh khéng lién tuc, can
/ giai phdng mé men

] shell Assignment - Edge Releases

Exdge Release Options.

© Mo Edge Releases - Delete Any Exsting Edge Releases 11 vor
© Edge Relesses on Selected Shel Object Edges E Cohumns Obje
A Beams Ean
@® ases Spect * 3
@ Edgo Feloares Spachied Edoe-Br-Edpe Frame Assignment - Releases/Partial Fiity ]
Edge Number
Edge End Port Labels O Frame Releases
Release Frame Fartal Fixty Sorngs
Edge Refease Data St End St End
Release  Patia Fsty Spings ol Load oo e
ngh Fores Aong Edge (1)
= o ShearForee 20000 ][] kb
Inplane Drect Force Nomnal to Edge (2) (m] e oo -
ar Force 3 (M) m
Outofplane Shear Force Aongthe Edge (3 [
Torsion a a khem/rad
Bending Moment About Edge (1)
= Moment 2(Mro) [ khimirad
Twisting Moment Along Edge (2) m]
Moment 3Mapd (] & Khamrad
Glear M Edge Releases for ts Edge
[ WoReleases

Reset Fom to Defaut Values

(et Values from Cunently Selected Shel Object t oK Close:

) =N =N E=n ) o SREEE

Hinh 13. Khai bdo giai phong mo men cho a) San khong lién tuc qua dam;
b) Bau dam lién két véi vach/16i cling
Ngudn: T4c gia téng hop
4.6. Phén tii Link

C6 nhiéu loai phan tir link nhu tuyén tinh (linear), can (damper), khoang hé (Gap), moc
(hook), ... déu c6 cdng dung riéng. Mot trong nhirng cdng dung thiét thuc caa phan tir link 1a xu
ly dam léch truc cot nhu Hinh 14.
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“x

— =
() Link Property Data -
Genersl
Lk Propesty Name Lnk1 Link Type Linesr
Lk Propedty Notea Modty, Show Notes P-Deka Pararmaters Modty/ Shar
Total Mass and Weight
Masa 0 bt Rotational et 1 0 kohs!
Weght 0 o Rotationsl bedio 2 0 kphs!
Rotationsl beria 3 Kphat
Dvectional Propertes
Drecton  Fooed Propertios Dwection Fond
Ju W v R1
Y W v R2 v ’l
v Ul v v R v
M Cox 4
[
0K Cancel

Hinh 14. St dung phan tir link dé xtr Iy vuot qua sai sét khi c6 d6 1éch truc dam véi tim cot
Ngudn: T4c gia tong hop
Cac cot tiét dieén khéac nhau c6 thé dan dén léch giira tim dam vai tim/truc cot; néu khdng
xtr ly két qua sé sai c6 khi rat 16n. Phan tir Link vai khda tat ca cac hudng la mot giai phap chap
nhan duoc (it nhat cho két qua khong sai).
4.7.San cé dam truc giao

Céc 6 san Ion, cu thé tir 7m tré 18n, vé mat ly thuyét néu lam san day ciing khong sai,
nhung tir trong I6n, san véng bét loi; thay vi lam san day, rat thuong hay sir dung hé dam phu
tryc giao. Tuy nhién, da s sinh vién ctr vé dam bang qua cic dam khéac va nghi ring d mic
nhién giao cit. Hinh 15 cho thay chi c6 doan dam & 6 sain AD10-11 méi duoc gan thap giao Voi
dam phu Dp-1, cac dam phu khac chua duoc gan két thich hop (dung theo ¥ dinh caa nguoi thiét
ké). Do d6, phai chia cat dam ra dé nhitng doan dam gan vai nhau theo nit. Lénh dwa ra nhu &
hop Divide Selected Frames cua Hinh 15.

iy
g 1
_______ 2 |Dp-1 |
1 i L # T
Divide Selected Frames
O Divide into Frame Objects
(® Break at Intersections with Selected Frames and Joints ] ] N ]
— () Break at Intersections with Visible Grid Lines —
a) 0K Close Apply b)

Hinh 15. Cit cac doan dam vé6i khung va nit duge chon (Selected Frames and Joints);
a) hop doi thoai; b) Khai bado dau dam phu khép voi dam chinh
Ngudn: T4c gia tong hop
Hai dau dam phu Dp-1 (Hinh 15a) gan véi dam chinh, can duoc khai béo khop bang ky

thuat giai phong mé men. Sau khi 4p lénh Assign > Frame > Release/Partial Fixity, hai dau
dam thé hién khép (dau cham den tron dau dam phu trén (Hinh 15b).
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4.8. Phén tich phi tuyén

Nha nhiéu tang c6 thé duoc thiét ké so bo va sau do tinh chinh (refine) nhiéu cip do chi
tiét khac nhau. Trong giai doan tinh chinh, phan tich phi tuyén 1a nhit thiét 4p dung. Hiéu mot
cach don gian, phan tich phi tuyén I1a phu hop vi quan hé luc - chuyén vi khdng tuyén tinh, va
quan hé giira ang suit - bién dang Ia khong ty 1é theo dinh luat Hooke; dac biét, mot sb vat liéu
nhu bé tong con c6 tinh chat phu thudc thoi gian (time-dependent properties).

Trudc hét 1a phi tuyén hinh hoc. Hai hiéu @ng phi tuyén quan trong la P-Delta va Auto
Construction Sequence Case sé dugc noi ¢ phan sau.

Mot s6 tiéu chudn quy dinh chiét giam tiét dién nguyén (gross cross-section) cia dam, cot
va vach dé dua vao tinh toan hiéu ¢ng cap 2 nhu P-Delta, chtr khong don thuan khai bao cho
phan mém chay hiéu ¢ng P-Delta thi tac khic hiéu tmg nay duoc thi hanh, va noi luc tinh toan
duogc 1a du an toan; noi dung hiéu chinh tiét dién nguyén, theo huéng giam thiéu mdé men quén
tinh nay thuong dugc bo qua trong qué trinh khai bao hé két cau. Bang dudi day néu cac tiét dién
duoc chiét giam dé dua vao muc ‘Properties modifier’ dé phat huy tac dung thiét ké phi tuyén
cua hiéu ung P-Delta (liy theo diéu 10.11.1 cua tiéu chuan ACI 318, cu thé ACI 318-2014, bang
Table 6.6.3.1.1.a trong The American Concrete Institute, 2014).

Dam  0.35l,
Cot 0.7l
Vach chiu lyc 0.7l
Sanphang  0.25 1,

Trong d6 Iy 1a mé men quan tinh cua tiét dién khong ké cét thép. Nhu vay, xét higu tng P-
Delta, phai dong thoi xét tiét dién c6 mé men quan tinh dugc giam thiéu, nhu tiéu chuan quy dinh.

Mot phuong dién khac caa phan tich phi tuyén 1a phi tuyén vat liéu, trong d6 cé thé biéu
thi vat liéu phi tuyén thé hién boi quan hé phi tuyén giita luec va chuyén vi kiéu Multi-linear
Elastic hoic Multi-linear Plastic, theo d6 quan hé luc va chuyén vi thé hién mot vong tré kiéu
nao d6 (Hinh 16). Khi phan giai két cdu nha nhiéu tang, c6 thé xét nhiéu kiéu quan hé phi tuyén
gitta trng suat - bién dang, ké ca md hinh vat liéu bi giam cap (degrading hysteresis model).

(@ Link/Support Directional Properties 674

Identfication Hysteresis Type and Associated Parameters

oK Cancel

Hinh 16. Khai bao phan tir Link c6 quan hé ung xir luc-chuyén vi dang tré (hysteresis)
Ngudn: T4c gia tong hop
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4.9. Phén tich kiéu tinh hoc phi tuyén ddy din (Pushover analysis)

Theo nhiéu nghién ctu, ca trong hai 1anh vic han 1am 1 nghién ctu co ban va nghién
ctru tng dung phét trién vao san xuét, phuong phap phan tich dung tinh hoc dy dan (Pushover
analysis, sau day goi tat 14 PO) cho thay tinh phi tuyén dwoc boc 16 mot cach rd rét (Saisaran,
Prasad, & Das, 2016). Tuy nhién, do khudn khé thuc hanh 30 tiét tai 16p, phan nay lai c6 tinh
khoa hoc nang cao (lién hé dén tinh toan dong dat), yéu cau hiéu rat sau, nén noi dung vé ‘phan
tich tinh hoc phi tuyén day dan PO’ nay duoc gidi thiéu trén 16p, theo d6 khong trinh bay trong
bai b&o nay.

4.10. Phén tich co xét tw dpng trinh tu thi cong (Auto Construction Sequence Case)

Mot noi dung thuc té khac vé phan tich hiéu ang bac hai (tic n6i vé noi luc phat sinh
thém chuyén vi) c6 truong hop xét trinh ty thi cong, goi 1a myuc Auto Construction Sequence
Case. Dudng nhu ndi dung nay song song ap dung véi P-Delta néu mudn phan tich phi tuyén; céi
trudce lién quan dén tinh chat phu thudc thai gian, cai sau lién quan chuyén vi sinh thém noi luc.

hoat tai (thi céng) TR
¥ ¥ ¥iinh tai yrey vy
12
WYY YY YYYYYY £ s
z
% —— CONSTRUCTION SEQUENCE
Z 3 ANALYSIS
o -
YTEYYYY yY¥v VY VYVWY *1 3
il |
e Lrrliers J_ G 0 5 10 15 20 25 30
a) Giai doan 1 Giai doan 2 Giai doan thif n b) STOREY

Hinh 17. a) Cac giai doan x4y dung; b) D6 dun Uz theo tang do tich liy bién dang doc truc
(trong tng voi mot to hop); chdm d6 13 phan tich mo hinh hoan chinh, lumped model

Ngudn: a) Balaji va Vivek (2022); b) Sivareddy va Yamuna (2021)

Theo thong 1¢, nguoi thiét ké chi phan tich toa nha thi cong xong xudi, hoan chinh chiu
tai trong. Mo hinh hoan chinh toa nha (v6i day du tai trong) goi 1a lumped model. Piéu nay kha
nguy hai vi tai trong phan bd gay hiéu tmg P-Delta s& khac nhau (theo nhing t6 hop khac nhau
va theo giai doan khac nhau) chir khong phai theo tai ctia toa nha hoan chinh (Hinh 17). Vi chénh
d6 dun doc truc (DAS, Differential Axial Shortening) ciia cic cau kién cot/vach s& gdy gia ting
ndi lyc bat loi.

M3di giai doan, dich chuyén (axial shortening) twong tmg véi to hop tai trong cta giai
doan éy, s& duoce trich xuét theo cac téng, va vé thanh duong cong “bién dang (mm) - téng” nhu
Hinh 17b. C6 thé vé& theo gia trj tong cong cua Uz, hodc theo ddi timg cao do ting. Pé c6 duoc
gia trj dung cua do dun, phai ké bién thoi gian thi cong dung, tinh chdt phu thudc thoi gian dung,
va luon t6 hop véi hiéu ing bac hai P-Delta. Day 1a myc phai di vao tinh phy thudc thoi gian ctia
vat liéu bé tong, do 1a 04 tinh chét: bo bén trung binh f°¢y, d6 cing khong ) dinh theo thoi gian
E, tir bién Creep, va Bién dang co ngot. Cac menu nhu sau:

Define > Auto Construction Sequence Case >

Tich vao 6 Case in Active, khai bao céc tai trong tham gia, tao mét truong hop tai trong
riéng. Sau do6 xét Time-dependent Properties (Hinh 18a).
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Desgn Combnations
[ Replace Dead Type Load Cases wih this Load Case in &l Defauk Design Combinations

ok Cancel

a) ‘ b) -

Hinh 18. a) Kich hoat truong hop tai xét trinh ty thi cong; b) Khai bao thoi gian ting giai doan
va tinh chat phi tuyén cta vat liéu mudn xét (04 tinh chat)

Ngudn: T4c gia tong hop

Trén Hinh 18b, Stage Operations (khoanh d6) s& yéu cau nguoi phan tich nhap thoi gian,
Kiéu tai trong duoc xét trong timg giai doan.

Vao hop dbi thoai, CEB_FIP_50 duoc chon, va tick tat ca 04 tinh chat trén. CEB la viét
tat ciia Hoi dong quoc té vé Bé tong (Comite. Euro-Intl du Beton, 1993, FIP), day 1a mot kiéu mo
hinh xét tinh chat phi tuyén vat liéu cua bé tong, theo chau Au; chir FIP 1a mét lién doan quoc té
du 4p_Intl Federation of Prestressing). Dat tén mot truong hop dat tai thi du nhu AutoSeq, mot
hop ddi thoa dan dén khai bao dir liéu (load case data), bién soan ‘edit’ thira s6 cho tinh tai, hoat
tai, nhap thoi gian (duration) ting giai doan, két qua duoc cung cap, ...

Loi ich cua truong hop dat tai nay, la xac dinh dtng do dun vi chénh doc truc gitta cac
tang (Differential Axial Shortening), tir d6 khi xét noi lyc phat sinh chuyén vi dun cot, thi cao do
cac san duoc xac dinh ding nhat 6 thé. So sanh c6 thé dé thay khi xem ndi lyc trong cot bia, 16i
cing/vach khi chi chiu Tinh tai, gitta két qua cua sb lieu C6/Khéng C6 xét theo Staged
construction, trong dai han.

Pay 1a mot ndi dung it duge quan tam & gido trinh bac bac PH, mot phan do khong du
thoi lugng thuc hanh trén 16p, mot phan vi tinh chat phy thugc thoi gian nhu tir bién, co ngét,
dan déo cua vat liéu khong duoc giang day trong hoc phan lién quan. Trong mirc do dao tao bac
PH, sinh vién duoc khuyén khich tu dao sdu mo rong mé hinh, nhat 1a trong thoi gian lam
DATN phan thi cdng, véi didu kién tham chiéu trinh tu khéi luong va thoi gian thi cong cho 1
tang ma sinh vién da ghi nhan dugc trong giai doan thuc tap tot nghiép.

NGi chung, ngi dung phan tich phi tuyén rdt rong va sau. Theo dé trong pham Vi gidng
day bdc BH, chi can dwa vao khai béo phi tuyén hinh hoc, gigi thiéu néi dung phdn tich tinh hoc
phi tuyén day dan Pushover, xét hiéu wng P-Delta, va t6 chire truong hop dat tai “Auto
Construction Sequence Case” la kha day i roi.

5. Tinh toan kiém tra

S6 lidu can duoc kiém tra tinh phi hop va d6 nhay di véi két qua ang xir dau ra. Thi du
bai toan phang 2D, chi c6 md men quén tinh quanh truc dja phuong 3 cua cau kién 1a cé thé ap
dat hé s6 diéu chinh (modifier), chiéu dai khop déo (khi khai bao vi tri khdp trong phan tich tinh
hoc phi tuyén day dan), ... Nhitng vin dé di siu nhét thiét phai dimg trén cin cir khoa hoc duoc
khao lugc tir nhitng nghién ciru da c6; thi du nhu anh hudng cia cudong do thép doc ddi véi chiéu
dai khop déo dé ké khai trong phan tich Pushover. Dudi ddy, chi néu mot sé kiém tra chu yéu:
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a. Dung bo giai tiéu chuan (Standard Solver) dé thir mé hinh truée hét (xem muc 3.2).
Tuy thoi gian chay ¢ mode nay hoi lau hon, nhung tong thé dugc check, sai 16i do bat on dinh,
sai so dugc théng bao. Lénh la Analyses > Advanced SapFire Options.

b. Chu ky dao dong tu nhién mode 1 nam trong khoang 0.08 dén 0.15 nhan sé tang. Ty s6
khdi lugng tham gia hai (modal mass participation) tir 0.9 tré 1én (vao menu Display > Show
Tables...); tong cac % khdi luong tham gia dao dong 1a > 90%. S6 lugng mode s& phai ting 1én
cho dén khi tong SumUX va SumUY la > 90%.

¢. Kiém tra phan luc khi chiu tinh tai (trong lwong ban than, 16p phu ‘siéu tinh tai’) so két
qua tong phan luc chan cot véi toan bo dién tich san bén trén cong lai. Sai biét phai khong duoc
qua 5% dén t6i da 10%.

d. Dao dong trong modal analysis theo phuong du doan dugc khi két cau déi xing la
100% khoi lugng tham gia dao dong chi theo hudng truc doi xung.

f. Khi xét hiéu ung bac hai nhu P-Delta, thiét lap diéu kién d6 cing ban dau la khdng
(zero initial stiffness).

g. Trong phan tich tinh hoc phi tuyén day dan, dich Chuyér! ngang kiém soat ban dau lay
khéng nho hon 2% chiéu cao cdng trinh. Ngoai ra, nén khai bao s6 budc téi thiéu/tdi da cach xa
nhau (thf du 200/1,000, 1,000/5,000, hoc 05 Ian) dé tranh hoi tu 15 giai.

h. Pha hoai tai khop déo hinh thanh thong thuong tir dudi 1én trén. Néu cd sy bat thuong,
mo hinh phai dugc xem lai.

6. Két luin

Thuc hanh sir dung phan mém ETABS dé phan tich Nha Nhiéu Tang rat cin muic do
chinh xac, khong qué so sai s& bi sai sot, anh huong dén phan tich dung va da noi lyc. Sy ding
dan duge dé cao trudc tién, tir md hinh vi tri dam so véi cot (Iéch tim dam - cot), giai phong lién
két noi san dam gan véi 16i ctng, chia ludi va twong thich ludi giira cac cau kién gom san, dam,
véch, cot; tryc giao giao nhau tai nat, ... Nhiéu md phong chi tiét nhu spandrel (tdm vach nhu
dam lintel dau ctra thang may) phai duoc chd y. Tai trong tinh, hoat dai han/ngan han (reducible
live load) va gié ngang, nhat thiét tuan thu TCVN 2737:2023 (Tiéu chuan Qudc Gia, 2023) vé
chiét giam hoat tai theo dién tich (phu thudc cong ning cac phong) va theo ting cao. Nha cao
tang kém theo cac phan tich dao dong (modal analysis) rat can khai bao nguén gbc khdi luong
(mass source) va han ché cac dam 4o, vdn 1a nguyén nhan gay xoin tda nha xay ra ¢ mode dau
tién. Giai doan phan tich can cha trong phi tuyén hinh hoc (P-Delta) va xét anh huéng cua giai
doan thi cong (Auto Construction Sequence Case) dé c6 nhitng két qua an toan. Viéc kiém chang
mo hinh ciing rat dé dat, duong nhu phai dua trén kinh nghiém phan tich cua cac nghién ciu vé
phan tich két cdu nha nhiéu ting. Ngoai ra, cac nghién ctu di chi ra rang, tinh phi tuyén c6 thé
boc 16 rd trong phan tich tinh hoc phi tuyén day dan Pushover, tuy nhién noi dung nay dugc gidi
han ddi vai mén hoc Thiét ké Nha Nhiéu Tang.

Bai b4o nay hy vong s& dugc cac ddng nghiép gop y thém, chia sé kinh nghiém, va gitp
c4c sinh vién hiéu rd hon nhiém vy cia minh trong qua trinh rén luyén dé hoan thanh DPATN
nghiép, ngd hau try thanh mot ky su phan tich ¢6 k§ nang va sir dung phan mém thuan thyc.
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