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P-DELTA PEN KET CAU NHA CAO TANG
CHIU TAI TRONG NGANG LON

ANALYSIS OF NONLINEAR P - DELTA EFFECT ON HIGH-RISE BUILDING
STRUCTURES SUBJECTED TO LARGE LATERAL LOADS
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Tom tidt: Nghién cizu ndy nham muc dich cho thdy dnh hiréng cia hiéu ing P - Delta déi véi cac
két cau xay ding cao tang chiu tai trong 1ém nhuw déng dat cé cwong dé cao (tir cap 8 theo thang MSK-
64) khi phan tich theo Eurocode 8. Cac mé hinh toan hoc va md hinh sé cho hiéu iing P - Delta duroc
thiét Ildp truéc cho phan tir thanh téng quét (hai nat, sau bdc tir do). Nim mé hinh toa nha cao tang
V6i chiéu cao tang dan dwoc phan tich theo phan mém két cau ETABS dya trén md hinh s Phan ti
hitu han duoc gidi thiéu trong nghién ciru. Cdc toa nha dwoc xay dung ¢ khu vuc c6 khd nang dong
ddt cao, nhw viimg Tdy Bdc Viét Nam. Hai trwong hop khao sét 12 khdng c6 va c6 ké hiéu #ng P-Delta.
Tiéu chudn khang chdn, TCVN 9386: 2012 (dua trén Eurocode 8) diwroc sir dung dé xdc dinh tai trong
dong ddt theo phuwong phdp phdn tich phé phan img dao dong.

Két qud thu dwoc tir Viéc phan tich hai trirong hop, ¢ va khdng ¢ P - Delta cho nam mé hinh
o 50 sanh vé chu ky dao dong, tan sé dao déng, chuyén vi va ngi luc (md ment). Két qud so sanh
cho thdy rang cuwong do cua hiéu ing P-delta dwge ting theo sw gia tang chiéu cao cua tda nha. Tir
két qua nghién cizu nhiéu md hinh, nhém khuyén nghi nén dwa hiéu img P - Delta vao thiét ké céc toa
nha chiu tdi déng dat khi ¢é hon 25 tang.

Tir khoa: Hiéu i#ng P-delta, tdi trong déng dat, phan tich phi tuyén két cdu, nha cao tang, pho
phan #ng.

Chi sé phan logi: 2.4

Abstract: This research aims to show the impact of P-Delta (the second order effect) on high- rise
building structures subjected to large lateral load such as seismic load with relatively large scale of
magnitude in accordance with Eurocode 8. The mathematical and numerical models for the P-Delta
problem is first set up for general type of element, then analyzed five models of high rise buildings
using the structural software of ETABS. The buildings are constructed in highly sensitive earthquake
area as in the North-West of Vietnam. The Vietnam code, TCVN 9386: 2012 (based on Eurocode 8) is
used to determine the seismic loads using method of Modal response spectrum analysis.

Results obtained from the analysis of two cases, with and without P-Delta for five models are
compared in terms of corresponding periods, displacement and internal force (moment). The
comparison shows that magnitude of P-delta effects is increased with the increase of the height of the
building. From the research’s results, it is recommended that P-Delta effect should be included in
design of buildings subjected to earthquake loading when it has more than 25 stories.

Keywords: P - Delta effect, seismic loads, nonlinear analysis of structures, high-rise buildings,
response spectrum.

Classification number: 2.4
o EuroCode 2 (tai chuwong 5), Tiéu chuan thiét
L AGIO:I thliu o a két khang chan EuroCode 8 v.v... Cac phan
Phan tich ket cau c6 ke dén higu ung P- . x phan tich két ciu nhu SAP2000
Delta (second order effects) da duoC QUy pTABS MIDAS Civil hay STAAD Pro ciing
dinh trong mot so tiéu chuan thiét ké trén the c6 kha ning phan tich va k& dén hiéu ung bac
gidi nhu ACI 318-2014 cua Vién bé tong nay. ' '

Hoa Ky (tai ch 6), cac Tiéu chuan Chau e . :
Ho nh?lr ( Taiéu iﬁﬁ%n ){h?gf kéf“c‘é; uu% o Mot s6 tac gia da nghién ciru vé P-Delta,
dang ké 1a Edward L. Wilson, 2002 [1] da
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xay dung mod hinh va tinh nang nay cho bo
phan mém ké trén, SAP2000 [2] va ETABS
[3], trong d6 tac gia co dé xuat ma tran phi
tuyén hinh hoc trong ma tran d6 cting tong
thé K. Ngoai ra cd thé ké dén Manasa C K va
Manjularani P, 2017 [4] d& phan tich anh
huong cua gié dén nha cao tang bang phan
tich P-Delta. Cac tac gia T.J. Sullivan, T.H.
Pham va G.M. Calvi, 2008 [5] khi phén tich
tda nha cao tang c6 ké P-Delta, dudi tac dung
cuia dong dét theo pho phan ung.

Tai Viét Nam, nhom t&c gia chua tim
thiy cac nghién ctu duoc cong bb vé P -
Delta trong thiét ké nha cao tang chiu tai
ngang 16n nhu dong dat mac di TCVN 9386:
2012 “Thiét ké cong trinh chiu dong dat” [6]
¢6 quy dinh vé viéc phai ké dén P-Delta.

2. Higu wng phi tuyén P-Delta va mo
hinh tinh

2.1. Khéi niém vé hiéu ing P-Delta

Hiéu tng P - Delta thudc phi tuyén hinh
hoc xay ra do ng suit gay nén, hoic kéo
trong thanh I6n 1am cho thanh dé& bi uén khi
chiu thém tai trong ngang. Chuyén vi ngang
cia két cau lam ting thém gia tri mo6 men
uén. Cé thé khao sat hiéu ung P - Delta qua
bai toan dam console c6 hinh dang va kich
thuac trén hinh 1.

Original Configuration

A

|
!

Deformed Configuration
‘A_/ A

B . .
Hinh 1. Hiéu iing P-Delta cuia thanh chiu nén [7].
Khi @ng suat trong dam do P gay ra con
nho, chuyén vi trong thanh bé, cé thé bo qua,
khi d6 m6 men trong dam duoc xac dinh trén
md hinh khdng bién dang, chi do luc ngang F
gay ra va s& cO gia tri lon nhat tai ngam A
theo biéu thirc (1) nhu sau:
M, = FL (1)

Khi luc nén P 16n, hoic dam c6 d6 manh
I6n, chuyén vi va bién dang trong dam lén,
khong thé bo qua, khi d6 noi luc (md men)
phai duoc x4c dinh tir md hinh c6 bién dang

(phi tuyén hinh hoc). M8 men lon nhat tai A
s€ tang thém gia tri bang tich s6 cua P va
chuyén vi ngang 4, dugc tinh theo (2):

M, = FL+PA 2)

~ Hinh 2 thé hién biéu d6 m6 men trong
dam cho hai truong hop khong (nét dut) va
cd (nét lien) ké @én P - Delta.

Hinh 2. Biéu do md men trong dam.

2.2. Khéi niém vé d¢ cieng hinh hoc
(Geometric Stiffness)

Khi mét thanh thang, manh, chiu mot lec
nén Ion, né co6 thé bi mét én dinh (failure of
buckling). O trang thai gan mét 6n dinh, do
cing ngang cua thanh giam di dang ké, va
lc ndy néu thanh chi can chiu thém mot tai
ngang nho thi né cé thé mat 6n dinh. Dang
ng xtr mat 6n dinh nay lién quan dén su
thay d6i d6 cung hinh hoc (geometric
stiffness) cua két cau. Nhu vay c6 thé thiy
réng d6 cing hinh hoc cua thanh phu thuoc
vao tai trong (luc nén) tac dung Ién két cau.

DPé xay dung d6 cuang hinh hoc, xét mot
truong hop don gian — mot day cép nam
ngang, chiéu dai L, chiu luc cing ban dau T
tai hai dau i va j, nhu duoc thé hién trén hinh
3. Néu day cang chiu chuyén vi ngang ui va
uj tai hai dau, khi d6 twong &ng s& c6 cac luc
phét sinh ngang Fi va Fj tai hai dau dé dam
bao diéu kién can bang tai vi tri méi. Gia
thiét chiéu dwong cua luc va chuyén vi la
hudng 1én nhu trén hinh 3. Bong thoi ciing
gia thiét chuyén vi nho dé khéng lam thay
dbi lyc cang T trong day cap.

F
Sau bién dang

T—p—

Trudc bién dang

[ J
L L J

T

Hinh 3. M& hinh thanh chju kéo diing tim [1].
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Phuong trinh can bang md men lay ddi
véi diém j cho hé luc tac dung vao day cap &
trang thai sau bién dang, ta duoc:

T
E:E(ui_uj) (3)

Phuong trinh cén bang luc theo phuong
dtimg nhu sau:

Fi=-F (4)

Két hop (3) va (4), sau do viét dudi dang
ma tran [1], ta duogc

Ll ©

Biéu thic (5) c6 thé duoc viét dudi dang
thu gon:
KeU=F; (6)
Trong (6) cac dai lwong ma tran va vector
duoc viét lai va dinh nghia nhu sau:
Ma tran do cteng hinh hoc:
Tl 1 -1
Kg=— 7
o J_l J (7)
Vector chuyén vi nat:

u= U, (8)

Ma tran d6 cing hinh hoc Ke khéng phu
thuoc vao dac trung vat licu (m6 dun dan
hoi) ma 12 ham sé caa luc nén T va chiéu dai
thanh L.

Truong hop thanh chiu udn (dam) c6 mo
hinh thé hién trén hinh 4 khi d6 (5) viét cho
truong hop nay nhu sau [8]:

00 0 0 0 O0]1fu) [T
00 0 0 0 0 [lyl |T,
T |00 3 36 3 3L |u|_|FR|(0)
30L|0 0 -36 36 -3L -3L||u| |F,
00 3L -3L 42 -12||u| |M,
00 3L -3L -L* 4|y |M,

Trong d6 ma tran do cung hinh hoc Ke
c6 dang:

00 0 o0 ]
00 0 0 0
o100 3 36 3 3L (11)
30L[0 0 -36 36 -3L -3L
00 3L -3L 4% -
00 3L -3L -2 4]

L

a. So do chuyén vi

F,
M, I

J
L |

U

78
u;
i
|
I
E
v
i
.

b. So d6 luc
Hinh 4. M6 hinh FEM cho thanh chju uén.
Ma tran d6 cimg dan hoi (vat liéu) cua
thanh chiu uén (dam) nhu da biét, duoc viét:

00 0 © 0 0]
00 0 O 0 0
EI|0 0 12 -12 6L 6L
K.o=—
£ |0 0 -12 12 -6L -6L (12)
0 0 6L -6L 42 217
0 0 6L -6L 2L° 4L°|

Trudng hop néu c6 ké dén bién dang doc
truc (cac chuyén vi ui, uz2) thi ma tran do
cing phai dugc cong thém thanh phan do
ctng doc truc Ka:

1 -1 0000

-1 1 0000
KA=% 0 0 00 0O (13)

LI0O 0O 0 O0 0 O

0 0 00O0O

0 0 00O0O

Nhur viy ma tran do cang tong thé trong
mo hinh FEM cua thanh chiu nén va uon
dong thoi ¢ ke den hi¢u tng P - Delta duoc
tinh bang tong ba d6 cung ¢ trén va dugc viet
nhu sau:

K =K; + Kz +K, (14)

Phuong trinh can bang phan tir dwoc viét
dang thu gon:

Ku=F (15)
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Trong d6 cac vector chuyén vi va tai nit
duoc viet lai:

;
u={u, u, Uy U, Ug U} (16)

F:{Tl T, R /R M Mz}T (17)

Thanh phan noi lyc (gay kéo/nén) T
duoc xac dinh theo biéu thirc sau (Pinh luat
Hooke):

EA
T( 2= )
Tuy nhién, do cé4c an sb, chuyén vj u1, uz
chua biét nén (15) tro nén phi tuyén. Bé giai
phuong trinh trén ngudi ta thuong dung
phuong phap Newton - Raphson. Nghi¢m
gan ding tai budc 1ap n+1 cua phuong trinh
phi tuyén, f(xn) = 0 theo phuong phap
Newton - Raphson duoc tim theo céng thuc

[9]:

T= (18)

f(x,)
F(x,)

3. Hiéu @ng phi tuyén P-Delta déi véi
két cau nha cao tang chiu tai dong dat

3.1. Khai quat mé hinh phan tich

M6 hinh phan tich hiéu tng phi tuyén
bac hai (second - order effect) P - Delta cho
cdng trinh cao tang chiu tai ngang 16n, ma
dbi twong duoc phan tich 1a céc cau kién
thang dang (cot, vach), c6 ké ma tran do
cang hinh hoc (Kg), tinh theo (11) vao ma
tran d6 ciing tong thé K theo (14). Luc nén T
dugc tinh trén co so tai thang dung (Tinh tai
va hoat tdi st dung trén san va cau thang).
Ham dang biéu thi duong duong cong bién
dang caa phan tir c6 dang da thirc bac 3. Bién
dang doc truc (&) trong cot duoc xem la be.
Vit liéu 1a dan hoi tuyén tinh khi phan tich
(E = const). Nhu vay md hinh phén tich la
phi tuyén v& hinh hoc (Geometric
nonlinearity).

3.2. Ap dung P-Delta cho két cau nha
cao tang chiu tai trong dong dat

DPé 1am rd su anh huong cua hiéu tng
phi tuyén bac 2 P - Delta dbi véi nha cao
tang két cdu bé tong cdt thép dudi tac dung
cua tai ngang l6n — tai dong dat, nhém tac gia
lya chon mét cdng trinh cao tang dugc xay
dung tai ving c6 cudng d6 dong dat manh,
khu vuc Dién Bién.

X

(19)

n+1 — “n T

Cong trinh dwoc phan tich véi nhiéu
truong hop 6 s6 tang khac nhau trong khi
giir 46 ctrng khong ddi theo chiéu cao dé thy
rd anh huong cua P - Delta theo chiéu cao
nha. Bdng thoi so séanh két qua phan tich cua
hai truong hgp ¢6 va khong co6 P - Delta. Vat
liéu bé téng dung cho cbng trinh 1y theo
TCVN 5574: 2012. Bé tong B30. Phan mém
ETABS V2016 duoc sir dung dé phan tich
két cau cong trinh.

3.2.1.Thong tin céng trinh

Cong trinh la toa nha van phong duoc
x@y dung tai Pién Bién (hinh 5), la cong
trinh cip I, két cdu chiu lec 14 hé khung -
véch; hai thang méy va s6 tang tir 15 dén 35
tang.

Hinh 5. Ban do phan viing gia toc nén [6].
3.2.2.Cac m6 hinh phén tich
Nam mo hinh s& duoc lya chon dé phan
tich, lan luot cé sé tang 1a 15, 20, 25, 30 va
35 tang c6 tén thé hién trong bang 1.
Bdang 1. Thong tin va ki hiéu cac mé hinh.

So6 tang 15 20 25 30 35
Cé6 P- 15F- 20F- 25F- 30F- 35F-
Delta Del Del Del Del Del
Khéng 15F- 20F- 25F- 30F- 35F-
P-Delta WoDel WoDel WoDel WoDel WoDel

3.2.3.5S06 liéu dung thiét ké khang chan

Theo tiéu chuan TCVN 9386:2012, cong
trinh xay dyng tai Muong Lay — Dién Bién
c6 dinh gia toc nén agr = 0. 15169 (m/sz) >
0.08g (m/s?), thudc viing cé cap dong dat cap
VI (theo thang MSK-64) va la viung dong
dat manh, do dé can thiét ké khang chan cho
codng trinh. Céng trinh thudc cdp | nén hé sé
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tam quan trong lua chon thiét ké n = 1.25 ,
tinh duoc gia toc nén thiét ké ag = 1.859
m/s?. Phuong phap phan tich, tinh toan tai
trong dong dat 1a Phé phan ung dang dao
dong. Véi pho gia téc thiét ké duoc tinh toan
nhu sau: ag = 1.859 m/s?; S = 1.15; Tg = 0.2
S;Tc=0.6s;Tp=2s; f=0.2

q la hé sé ung xu lay theo muc 5.2.2.2
cua TCVN 9386: 2012 (trang 83 - 85) nhu
sau:

q=q,xk, =(3.0xe, / a,)xk,
=(3.0x1.2)x1.0=36>15

Phé gia téc nén thiét ké duoc tinh nhu
sau.

0<T <T,:5,(T)=a, ><S><|:§+l><[£—gj:|

T q 3

B

T

<T:S,(T)=a, xSx 22 xie o
q T
Pho gia toc nén thieét ké duogc biéu dien
trén hinh 6.
- 1.8
@ 1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

0.0 T
0.0 1.0 2.0 3.0 4.0

Hinh 6. Phé gia toc nén thiét ké cua cong trinh
3.2.4.Két qua phan tich
3.2.4.1. Két qua dao ddng riéng (tw
nhién)
Hinh 7 thé hién ba dang dao dong

(Eigenvector analysis) dau tién caa md hinh
20 tang. Nhu dé thdy, mode 1 1a dao dong

thang (tinh tién) theo phuong X, do phuong
hay c6 d6 ctng nho hon phuong Y. Mode 3
la dao dong xoan quanh tam cing.

a. Mode 1 b. Mode 2 ¢. Mode 3
Hinh 7. Két qua phan tich ba dang dao déng dau tién
(M6 hinh: 20F - Del).

3.2.4.2. So sanh cac diac trung dao
dong cia cac mod hinh
So sanh cac dac trung dao dong cua cac
m6 hinh phan tich (thay doi theo s tang). Bé
so sanh tan sé va chu ky dao dong riéng cho
cac mode dao dong, nim md hinh vai s6 tang
khac nhau dugc phan tich bing ETABS. Két
qua vé chu ky ciia cac md hinh duoc so sanh
trén hinh 8. Tir két qua cho thdy chu ky ting
theo sé tang. Trong mot md hinh, khdng c6
su khac biét 16n vé gia tri gitra mode 1 va 2
la do sy phan bd d6 cimg twong d6i déu theo
ca hai phuong.
COMPARISON PERIOD OF CASES

4545

20 3837
35 3135
30 2 2.8
2. 32 3 :
20 1716
14
15
1.0
0.5
0.0

15 STORY 20 STORY 25 STORY 30 STORY 35 STORY
STOREY CASE

PERIOD OF CASE
(seconds)
N
n

= MODEL1 = MODE2 MODE 3

Hinh 8. So sanh chu ky dao dgng cua ba mode dau
tién cho nam md hinh véi so tang tang dan.
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3.2.4.3. Két qua phan tich chuyén vi dwéi tac dung cia tai trong dong dat
Chuyén vi ngang theo phuong Y tai cao trinh cac muc san do to hop dong dat gay ra
dugc thé hién trén hinh 9. Hai mé hinh duoc so sanh vé& chuyén vi giira hai két qua c6 va
khong ké P - Delta. Két qua cho thay su anh huéng caa chiéu cao (sb tang) dén hiéu ung P -
Delta la dang ké, 1én dén xap xi 16% ddi véi md hinh nha 35 tang (35F - Del).

400
350

w
o
o

250
200
150

DISPLACEMENT (mm)

100

u
o o

5

B WITHOUT P-DELTA

A WITH P-DELTA

0 10 20 30 40
STORY

600

wu
=1
o

B
=]
o

300

DISPLACEMENT (mm)

35F-Del

W WITHOUT P-DELTA

A WITHP-DELTA

10 20 30 40
STORY

Hinh 9. So sénh chuyén vi do déng dit (theo phwong Y) gitra cac md hinh khi khdng ké va co ké P - Delta.
Chuyén vi ngang tai dinh cta cong trinh do t6 hop dong dat gdy ra duoc so sanh trén hinh
10. R rang nhan thay tir biéu do so sanh, P - Delta tang theo chiéu cao tang.

600

g

2

DEFLECTION AT TOP {mm)
N
8 8

g

]

m 221
9 100 123i

15 5TORY 20 STORY 25 STORY 30 STORY 35 STORY
STOREY CASE

B WITHOUT P-DETLA W WITH P-DELTA

28 B8 &

DEFLECTION AT TOP (mm)
=
=

0

Phu
204 n
® o 116 123

15 STORY ) STORY 25 STORY 30 STORY 35 STORY
STOREY CASE

BWITHOUTP-DETLA 0 WITH P-DELTA

Hinh 10. So sanh chuyén v; dinh cua cong trinh do tdi trong déng dat cho cac md hinh c6 sé tang khac nhau.
Sy gia tang chuyén vi dinh (%) theo chiéu cao cong trinh duoc thé hién trén hinh 11. Trén
s6 liéu so sanh ciing cho thdy, tbc d6 ting 16n hon d6i véi cac md hinh c6 sb tang cong trinh
I6n. Bong thoi, sy gia ting chuyén vi theo hai phwong X va Y 1 gan nhu nhau.

% INCREASE IN DISPLACEMENT AT TOP OF DIR X

% INCREASE IN
DISPLACEMENT
o
°

15 STORY 20 STORY 25 STORY 30 STORY 35 STORY
STOREY CASE

a. Theo phuwong X

% INCREASE IN DISPLACEMENT AT TOP OF DIRY

16.0
14.0
12.0
10.0

8.0

% INCREASE IN
DISPLACEMENT

6.0
4.0
2.0
0.0

14.4
115
8.9
6.5
] l

15 STORY 20 STORY 25 STORY 30 STORY 35 STORY
STOREY CASE

b. Theo phuwong Y

Hinh 11. Thay doi chuyén vi dinh theo sé tang (%).

Két qua so sanh chuyén vi léch tang (Drift) cho hai mode, 25 va 35 tang duoc so sanh
trén hinh 12. Su khac bi¢t 16n nhat xdy ra tai mo hinh 35 tang giira c6 ke va khong ke P -
Delta la xap xi 17% (tang 10).
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G004

0.0035 LYY
T

0.003 .;:' By Ay

0.0025 L . “
o u
& o002 A Gl
o ] ® WITHOUT P-DELTA

0.0015

& & WITH P-DELTA
0.001 -
0.0005 |
0
0 5 10 15 20 25 30

STORY

| WITHOUT P-DELTA

A WITH P-DELTA

STORY

Hinh 14. So sanh chuyén v léch tang (Drift) theo phwong X.

3.2.4.4. Két qua phan tich va so sanh
noi lwe dwéi tac dung caa tai trong dong
dat
Cot duoc lua chon dé khao sat va so
sanh noi luc la cot 2 - A nhu trén hinh 13.
M& men trong cot sé dugc so sanh theo ca
phuong X (M33) va phuong Y (M22).

COT KHAD SAT/SO SANH

} h —
> - I_I
l A I l

Hinh 13. Vi tri cét khdo sat trén mat bang.

Hai t6 hop tai trong dung so sanh.

- Phuong X: Com2 =TT + HT + 1EX
+ 0.3EY

- Phuong Y: Com3 = TT + HT +
0.3EX + 1EY

Trong dé: EX 1a to hop cia mode 1 va 4,
dao dong theo X; EY 1a t6 hop cua mode 2 va
5, dao dong theo .

Hiéu ung P - Delta la dang ké di véi
cac cong trinh nhiéu tang, c6 d6 manh lon
khi chiu tai trong ngang lén nhu dong dat.
Céc biéu do trén céac hinh 14 thé hién lan luot
md men M22 (truc 2) caa md hinh 35 ting do
t6 hop tai dong dat gay ra. Cac hinh bén phai
1a mé hinh khéng ké P - Delta trong khi bén
trai thé hien két qua md men c6 ké hiéu ang
phi tuyén bac 2 nay. Gié trj so sanh cho thay
su anh huong cua P - Delta 1 kh& Ion (xap xi
17%).

S | g | M
Def2s | [PO2+4 2225
Peoss | JP52° pns
274 | ﬂ‘jc” ]29?-
Bos27 | fleo 324 8
Batse | [hs2s feaz s
Pxs7o | [Byer.s o123
Pejee | [Bes2 [ 0.4
ez | [Res2 [R5
R0 1 E“‘ 88 4
[aes2| [ENo.« B
G TR Sy 23.7
mﬁ @03 Ezsn
zm‘_ @3 BT
2o, [ o 7 ¢
a. 35F-WoDel b.35F-Del

Hinh 14. Biéu d6 m6 men M22 (kN-m), gié trj Min,
cac cot khung truc 2, to hop Com 3 (véi 1.0EY +
0.3EX), dong dat theo Y (hién thj 15 tang dudi).

Su khéc nhau (%) vé tong md men M22
(Min) cua cot 2A gitra cac mo hinh c6 va
khéng c6 P - Delta duoc thé hién trén hinh
15. Biéu d6 so sanh cho thiy anh hudng cua
P - Delta ting theo chiéu cao cdng trinh.
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Hinh 15. Sir khac nhau (%) vé tong md men M22
(Min, chan cgt) cua cot 2A (KN-m) giiza cac mo hinh
c6 va khéng cé P - Delta.

Biéu dd trén hinh 16 1a su so sanh md
men M22 tai chan cot cua céc tang cho ca
nam mo hinh. Theo do, gia tri khac biét lon
nhét 1én dén xap xi 16% & md hinh 35 tang.
Tir biéu d6 cling nhan thay rd, c6 su chénh
léch 16n vé md men tai cac tang tir 5 dén 10.

% INCREASE IN
MOMEN M22
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Hinh 16. Si khac nhau (%) vé md men M22 (Min,
chén cgt) cua cgt 2A (kN-m) gizza cac md hinh cé va
khéng c6 P-Delta theo s tang.

4. Két luan va khuyén nghi

Dé tai nghién ctiu hiéu tng P - Delta Ién
nha cao tang dudi tac dung cua tai dong dat.
D¢ tai da tap trung phan tich nam mé hinh
nha cao tang voi so tang khac nhau chiu tai
trong dong dat twong doi manh theo TCVN
9386:2012 (Eurocode 8). Qua két qua phan
tich, mot s6 nhan dinh chung dugc rit ra nhu
sau:

- Hiéu tng P - Delta la dang ké ddi véi
cac cong trinh nhiéu tang, c6 d6 manh lon
khi chiu tai trong ngang 16n nhu dong dat;

- Cong trinh cang cao thi P - Delta
cang quan trong;

- Khi cong trinh tir 25 tang (khoang
80m) tr¢ 1én thi anh hudéng cua P - Delta rat
dang ke, dac biét Ia mé men trong cot, do do
nén phan tich hi¢u tng nay cho cac cong
trinh trén 25 tang;

- Céc cong trinh dudi 25 tang c6 thé bo
qua hi¢u tng P - Delta, su dung phan tich
tinh tuyén tinh (Linear static);

- Céc két luan trén cho cong trinh két
cau bé tong cot thép do tai cho, cd hé chiu
luc chinh la khung - vach;

30 35 40

Qua két qua phan tich caa dé tai, nhom tac
gia khuyen nghi can ké dén P - Delta cho céac
cong trinh tur 25 tang tro 18nU

Lol cam on

Nhém tac gia chan thanh cam on Truong
PH. GTVT TP. HCM, Phong KHCN NC&PT va
Khoa KTXD da tao dieu kign va h tro tai chinh
dé de tai duoc thuc hién thanh cong.
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