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PHAN TiCH KHUNG THEP PHANG CO LIEN KET NUA CUNG
Phén 2 : Phan tich khung thép phing c6 lién k&t nifa cing

Tran Tuén Kiét®, Bui Cong Thanh®
O Trugng DH Su Pham K§ Thuat Tp. HCM, ® Trudng PH Bach Khoa - PHQG-HCM
' (Bai nhdn ngay 23 thdng 7 ndm 2003)

TOM TAT: Trong bai bdo nay, tdc gid trinh bay phuong phdp higu chinh khép
déo (la phuong phdp phén tich ndng cao) dé¢ phdn tich khung thép phdng cé lién két
nita cing. Phuong phdp nay cd thé gidi quyét dong thai bai todn phi tuyén hinh hoc
(bdng cdch ding ham &n dinh), phi tuyén vat ligu (ding médun tiép tuyén CRC
(Column Research Council) cung vdi ham parabol thé hién sy chdy déo ddn ddn) va
phi tuyén lién két (dung mé hinh 3 théng s& cia Kishi-Chen). Trén co s 1y thuyét do,
tdc gid da xdy dyng dugc mdt chuong trinh mdy tinh bdng ngdn ngit Visual Basic dé
phdn tich khung thép phdng cd lién két nita cing. Ba bai todn vi du dugc gidi & hai
triuong hop khung ciing (khung c6 cdc lién két dugce gid thiét la ciing) va khung mita
ciing (khung c6 cdc lién két la nita ciing) d€ so sdnh sy khdc biét ciia né.

1. MG PAU [3], [5], [6]

0 Hoa Ky hién nay, ngudi ta st dung ba phuong phdp sau ddy dé thi€t k& két ciu
thép: thi€t k&€ theo @ng sudt cho phép (Allowable Stress Design - ASD), thi€t k& déo (Plastic
Design - PD) va thiét k€ theo hé s8 an toan tdi trong va hé sd an toan vat lidu (Load and
Resistance Factor Design - LRFD),

Tat cd 3 phudng phdp déu yéu cdu phdi kiém tra riéng ré tirng cdu kién nha't 12 phai
tinh dén hé s8 K, hé s8 chiu dai 4nh hudng (effective length factor). Va phudng phép chidu
dai danh hudng nay gdp phdi mot s6 khé khin sau:

1. Phuong phdp chiéu dai anh hudng khong
thé xem xét mdt cdch chinh x4c tdc dung / \
tuong quan giita hé k&t cu va cdc cdu \
kién thanh phin. Piéu niy 13 do tic dung
twong quan trong mot hé két cdu 16n 1a s
hé&t sifc phitc tap, va khéng thé thé hién <«
chi biing mét hé s8 chiéu dai 4nh hudng
K don gidn dugc. K&t qud, phuong phdp
nay khoéng du dodn chinh x4c d6 bén thit A
su clia cdc cdu kién khi lién k&t véi nhau \/

-
P~

thanh khung. W T W
2. Phuong phdp chiéu dai 4nh hudng khong

phidn dnh dugc qud trinh tdi phan phdi vé

ndi lyc do déo trong hé két cau, bdi vi Pl Effective —

phan tich dan hdi bic nhat v6i cdc he s8 | Member | €| Lengh | =] gyqey

B; va B; chi xét tdi dnh hudng bic 2 ma
khong xét t6i sy tdi phan phdi ndi luc ké trén.
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3. Phudng phdp chiéu dai dnh hudng khong thé du dodn dudc mode phd hoai ctia hé
k&t cdu vi phuong trinh twong quan LRFD khong cung c&p bt cif thong tin nao vé
mode phé hoai cia hé k&t c&u sau khi chiu tdi.

4. Phuong phép chiéu dai 4nh hudng khong than thién véi ngudi st dung mudn

ding méy tinh d€ phén tich.

5. Phuong phép chidu dai 4nh hudng ddi héi qud nhiéu thdi gian d€ ki€m tra ting

c&u kién riéng 1& qua viéc tinh todn cdc hé s0 K.

Vi vy, ngay nay vdi sy phat trién manh mé cla k§ thuidt may tinh, hai khia canh &n
dinh clia cdc cdu kién riéng 1& va dn dinh (5ng thé clia hé két c&u c6 thé duge x 1y dong
thoi dé xdc dinh tryc ti€p dd bén 16n nhat cla k&t cau va dudc goi 1a phuong phdp tric tiép
hay phuong phdp phdn tich ndng cao (advanced analys:s) DPiém ndi bit cla phu‘dng phép
trirc ti€p nay 1a ta khong cin pha1 tinh todn hé s8 chiéu dai 4nh hudng K va khong cin tién
hanh cac kiém tra cho titng cdu kién riéng 1¢ theo nhu quy pham bét budc nita. Ly do 1a
phuong phap phan tich nang cao da xét dén syt phi tuy&n vé mit hinh hoc va vé mat vat ligu
mdt cdch truc ti€p trong qud trinh phan tich t8ng thé chit khong phéi trong cdc phuong trinh
thiét k& cdc ciu kién. Biing phuong phdp nay, ngudi ta hy vong qud trinh thi€t k& s& trd nén
don gi4n va nhe nhang hon cdc phuong phdp thi€t k& truyén thong true day (ASD, PD va
LRFD) ma thudng phai ddi héi kiém tra t6i lui cac cdu kién riéng 1€ hét sitc don diéu nham
chdn va d& gy nham 14n.

Phuong phdp phén tich ndng cao cd thé chia 1am 2 nhém: nhém phuong phép ving
déo (plastic-zone method) va nhém phudng phdp khdp déo (plastic hinge method). Trong do,
nhém phuong phdp ving déo dugc xem la "phudng phip chinh xdc" nhung lai khéng dudc
dung trong thyc hanh tinh todn vi qué cau ky trong tinh todn. Trong khi d6, nhém phuong
phép khép déo ma phudng phdp Ung dung nhAt hién nay la phuong phédp hiéu chinh khép
déo (refined plastic-hinge method) vita gi lai dugc tinh hi¢u qud va tinh don gidn cila
phuong phép khép déo vira dat duge tinh chinh xdc nhu phuong phdp ving déo. Va diy ciing
chinh la phudng phap su dung trong bai bdo nay.

II. PHUONG PHAP HIEU CHINH KHOP DEO [3], [4], [7), [8], [9]
s Ham &n dinh xét téi 4nh hudéng bac 2:

P& c6 thé xét t6i dnh hudng béc 2, chiing ta diing cdc ham 8n dinh vi cdc ham nay c6
thé xét dugc Anh hudng ciia Iyc doc 1am gidm d6 ciing udn cla cdu kign. Pi€m thudn 1¢i khi
diing cdc ham nay 12 chi bing mot phan ti cho mét c&u kién théi, ta 6 thé tim dugc chinh
xédc 4nh hudng bac 2 clia titng cdu kién trong khung.

2 Madun ti€p tuy&n xét t6i dnh hudng cla dng suat dulam giam d§ cifng :

D& xem xét sy chdy déo ddn ddn do dng sudt du doc theo chiéu dai cau kién dudi tai
trong doc truc giffa hai khép déo ngudi ta dung kh4i niém mddun ti€p tuyén E,. Mddun dan
hdi E (thay vi mémen quén tinh J) dugc cho gidm di dé xét t6i sy gidm phan dan héi cla tiét
dién ngang vi sy gidm modun dan hodi dé st dung hon m6t mémen qudn tinh mdi cho tiing
ti€t dién khdc nhau. G day ta st dung modun ti€p tuy€n CRC qua cong trinh cia Chen va
Lui [1].

3. M6 hinh gidm dé cing hai mit (two-surface stifness) xét t6i sy giam d citng do
udn: ,

Mb hinh mddun ti€p tuyé'n thich hop véi phﬁn tit chi chiu lyc doc truc nhung lai
khong thich hop vdi trudng hop cdu kién chiu nén udn dong thoi. Vi viy cin phéx fim mot
m6 hinh thé hién viéc gidm d6 citng din dan do dnh hudng déo héa tr 1 khi bi uén. O day
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ta st dung md hinh gidm d¢ cing hai mat k&t hgp vi ham c6 dang parabol dé thé hién qud
trinh phat trién tf khép dan hdi trd thanh khdp déo:

2 |
WA[Sn -?2(1—?73)] NS, 0
M, ! )
: E1I S A
M, b= 4783, Th{Sl —B"L(}"Th)il 0 |16, (1)
- 1
P 0 0 Al

véi: M,, My, P : mdmen va Iuc doc gia ting & ddu phdn ti twong wng; S;, S : ham &n
dinh; E;: mdun ti€p tuy&n; I : mémen quan tinh cla mit cit ngang; L : chiéu dai phdn t¥; A :
dién tich mat cat ngang; 74, 7 cdc thong s6 vo hudng thé hién sy gidm do6 cing déo din
din; 6,, 0, : goc xoay gia ting tai ddu A va B; ¢é: bi€n dang doc truc gia ting.
4. Anh huéng ciia lién két ni¥a ciing :

C6 thé dung mé hinh 16 xo quay dé md hinh lién két nita cing nhu sau :

. M
p [M_“ sj 6. El=const a M"\ grA = R_A
B kiA

T (@ o W’@‘ — P : M
: 9.rB - 2

- - . R

Hinh 1 Phén t& c6t-ddm v6i cédc lién k&t nifa ciing

Phuang trinh (1) sau khi da tich hgp 4nh hudng cia d6 mém lién k&t trd thanh

M, ol S, S, 0|6,
My==1=|8. 8, 0 {8, )
P 0 0 4/Il|é
3
(S“ L EASiS, EIS;
. " LR, LR
trong do: S, = = L (3a)

i R’

EIS.S, E,IS?]
S, +——4L ¥
g - 5 IR, - 1R,

; x4 (3b)
S,
¥, oo ol
S; = 2 (3c)
. , EIS 5
R =(1+ErISH ](14_ ! “UJ—[E]—"—L—" (3d)
LR, LRy | L )Ry Ryp

Rua, Rip - 1an Iugt 12 d6 cing ti€p tuyén ciia lién k€t & ddu A va B; §j;, Sjj- cdc ham

dn dinh; S, , S; - cdc ham On dinh da hiéu chinh dé xét d&n cac lién k&t nita citng.
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5. Giam thém nifa médun ti€p tuyén CRC d€ xét dén sai s6 hinh hoc:

Gidm thém médun tiép tuyén E, nhim xét d€n sy gidm d6 cing thém do sai s6 hinh
hoc gdy ra. Sy gidm do cing cdu kién do céc sai s8 hinh hoc ¢ thé dudec m6 phéng bing sy
gidm do cing cdu kién tuong dudng va diéu nay dat dudc qua viéc gidm trj s6 clia mdédun
tiép tuy&n. Hé s6 g1am dudgc dtmg G dayla 0.85va dung trén modun t1ep tuyen E; cua CRC.
II1. CHUGNG TRINH PHAN TiCH KHUNG THEP PHANG CO LIEN KET NUA
CUNG BANG PHUONG PHAP NANG CAO (11}

Trén cd sG 1y thuy8&t trén, tdc gid da xay dung dugc chuong trinh d€ phén tich khung
thép phéng c6 lién k&t nita ciing, bing ngdn ngi 14p (rinh Visual Basic. Tinh than chinh ctia
chuong trinh 12 gidi quy&t bai todn phi tuy&n dua trén phuong phdp ma trdn dd cing, qua dé
phéi gidi phwong trinh thé hién quan hé gitta do gia ting cla luc va do gia tang clia chuyén
vi sau day:

[ Ya}={r @
trong do: {d - vectd chuyén vi niit gia ting cin tim; {f - vectd tdi nit gia ting da biét;
(k] - ma tran do citng tiép tuyén tSng thé, phdn 4nh d6 cing cda két cau.

V& mit td chifc, chuong trinh duge chia thanh cdc mddun cd ban sau ddy:

Médun nhap lidu Il Mbdun nhép liéu: mddun nay yéu céu cdc
thong tin cin thiét cho bai todn.
Médun xi¥ 1y file: mddun nay ding dé luu dir
Mbédun xi¥ 1y file (luu dit liéu) I liéu thanh file va phit sinh cdc thong s6 can
thi€t phuc vu cho viéc gidi bai toan.

3. Mb6dun chinh clia chuong trinh: m6 dun ding
Madun chinh gidi bai todn l dé gidi bai todn.

: 4. M6 dun xudt dir liéu: dé két xudt di lidu
v thanh bang bi€u va tao mot file dang vin bdn
Modun két xuit dif lieu J (C:\kq.txt) c6 thé chuyén qua cdc chuong

trinh bing tinh dé v& biéu do.

Hinh 2 T8 chifc chuong trinh

PHAN TICH KHUNG THEP PHANG CO LIEN KET NUA CUNG
BANG PHUONG PHAP PHAN TICH NANG CAO

Noudl vigt chuang frinh: ~ TRAN TUAN KIET
Cao hoc XDDD-CN K10

Hinh 3 Sau khi
Hudng ddn khoa hoc TS BUI CONG THANH khdi ddng chuong
| trinh
| Tt |
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Hinh 4 Ndi nhép cédc
di¥ li€u cho chuong
trinh

Chuong trinh dugc ki€m tra qua 2 chuong trinh sau diy:
e Chudng trinh PHINGE viét bing ngdn ngit FORTRAN, 1a k&t qué nghién cifu
ciia dai hoc qudc gia Singapore va dai hoc Purdue (M¥) [2].
e Chuong trinh PAAP ciing viét bing ngdén ngit FORTRAN, 13 két qua luin vin
tién si clia Kim Seung-Ock, do gido st W.F. Chen (dai hoc Purdue) huéng din
[3].
IV. CAC Vi DU MINH HOA KIEM TRA :
1. Bai todan vi du 1 : Bai toan khung nita cing
Phén tich m6t khung 2 ting 1 nhip ¢6 gifing va c6 lién k&t nita cing chiu tdi trong nhy
hinh v&. T4t ca cdc lién két dugc cho nhu sau:

Lién két mi¥a ciing & ddm ting Lién két & ddm madi
M, =1773, R;=954013,n = 0.8 M,=814, R;=205924, n =1.57
ssg 1116 1116kps 1116 -y 0_158 015158 O'TS e
O 3 g $ & : A
W16x31 N EQ 9 Q mQ 12
W18x31 27 wisxa E : £
16.2 62 162 3 Q Q 3

i1 8.1

W 18x35

W 18x31

W 18x31

144 in.

288 n.

288 in.

- Hé k€t cdu dugc md hinh nhu hinh bén phii.
- K&t qua ndi luc va chuyén vi hoan toan chinh x4c so vdi PAAP:
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TRINH TUHINH THANH KHOPDED.

- KHOPDEO THU:  TAIPHAN TU: | . b s e
B 6 KHOPDEDTAIDAUB ~ OBUOCTAITHU 29
le KHOPDED TAIDAUB 0 BUOC TAI THU B

1.5
Nt 5, A = 1.383 o )| e | Chmsn g
tai vi
4= 1473 1 -0.0375 | 0.05
5 -0.189 | 025
L 10 | 0382 | 05
g 15 | -0582 | 075
3 20 | -0.795 1
g 25 -1.029 | 1.238
05 29 -1.22 1.383
30 | -1.239 | 1.393
35 | -1356 | 1.443
38 | -1.498 | 1473
Hinh 5 Pudng cong . .
9. 2 .
tai trong-chuyén vi o ﬂgwmmmmﬂ; 15
2. Bai toan vi du 2 : Khung ni¥a cifng c¢6 s6 nhip nhiéu hon s8 tang.
14kpft
ﬂ[ luh ()9 T i)
wi2e2 w22 wi2e2 W22
WIBS WIB45 WIB W65
(3] wia 2=} =% nlw
A@St =10ft

Phén tich mo6t khung 2 tang 4 nhip ¢6 lién két nifa cing va chiu tai trong nhu hinh vé.
3 thong s6 cida lién k&t nia cing dugc tinh sin:

Lién két ni¥a cifng ¢ ddm san ting Lién k&t nia citng & dAm mai
M, = 1361, Ry; = 607384, n = 0.927 M, =446, R;; =90887, n = 1.403
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- Hé k€&t cau dude md hinh:

- K&t qua ndi lyc va chuyén vi hoan toan chinh xdc so v6i PAAP:

T

4 @300 i = 1200 n

0.875 kips
| l 0.4375 kips
15 @ 16 17 5D 18 @D 19 gy 20 Go 21 o 22 gg 23 o
@& @ 2.275 @ @ b
| | | | 11375 || %
6 D) 7 8 @ 9 @ 10 @ 11 ® 12 13 14 F"
© @ ® @ ®| ¥
. : L L ; *

=

Foe
LB

L
oP
0O
10

Hinh 6 Pudng cong
tai trong-chuyén vi

_Eas'
n

a4

-

ag] Nit 7, A =0.961
08
a7

Q6|

03
024

01

A=0982

0 02 Q4 06 08

1 12 14

CuyennidrgtEnt 1

16

Bude | Chuyén N

tdi vi

1 -0.0352 0.05

5 -0.192 0.25
10 -0.435 0.5
15 -0.743 0.742
20 -1.043 0.892
23 -1.336 0.961
25 -1.563 0.981
26 -1.577 0.982
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3. Bai todn vi du 3 : Khung nita ciing 1&ch tAng ¢6 tdi trong ngang.
8 kips legs 8 kips
Phén tich 5 kips i O S
mot khung léch tAng b .
- . o )
c6 lién két nita ciing 2 s &
5 : 2. =18 ES E]
va chiu tai trong nhL{ 5 kine l‘ ] i |
hinh v&. Ba thong s0 Wi2x27
(=] [=]
cda lién két nira 3 c
S i =
cing dugec cho sin:  *f° l =?
5 kips L : oy l
Ryi = 957858 (k- Wize27
. o o
in/rad), M, = 1773 g £ b
(kip-in), n = 0.8. zs [16 =\ 4 . =
5 ks [l ! o p) i
W12x27 = W1zx27 o
w ™~ un @
% 52 ® g
§ 8 16 § 16 16 §
8
e . | ] j
W12x27 - W12x27 s
3 S 8
& g &
s 16 - 16 16 z
8
5 kips ! ,\L
wi2x27 o wi2x27
un o~ w0
% % %
& L &
= = =
le
2@24 1t = 48 |t
- Hé k€t cau dude md hinh : - K&t qua ndi luc hoan toan chinh xdc
so vdi PAAP :
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16 kips

B kips 8 kips
Skips |25 @ lze @ a7 e e e
N e o 18 Nit24, X = 1.692 —, .o
g a 16 g a® 8 4 . T
5 kips [|22 @9 lzs D) |24 i o
Wi2x27 o~
§ @ ) § @ 51.2 ./." A= 1:806
£ls 18 zls = 4
s kips |19 lzn @ ‘i"" g 1 »
wi2e2 ;‘:QB '_/'
§ a 16 § @ 16 ; 06 ,
skigs |14 @ lts @ l_w @8 lﬂ' @ 8 18 B 04 ’,'
Wi2x27 . wiziz7 ; '/'
g @ 16 g 18 3®© 8 02 /
Z|s z S < S S S S
5uips |9 @ lm @ -L‘ @ I12 @ ’ 13 0 5 10 15 2 -
w1227 J wizar Chuyeny dng taf nut 27
§a® 16 § |@ 16 § @
sues 2 w‘lsz? @l wul’ﬂ Ao Hinh 7 Budng cong tai trong-chuyén vi
g g ' P theo phuong X
g ® § ® 5 ®
-Hl ‘:IB; -:_-__'J
L . @MAn=ETel. ____..___I
Budc tai 1 3 10 15 20 25 30 35 40 45 50
Chuyén | 025 1.296 | 2.72 437 6.42 9.25 1334 | 17.81 | 1941 | 21.56 23
vi (in.)
A 0.05 0.25 0.5 0.75 1 1.25 1.5 1.692 | 1.743 | 1.793 | 1.806

V. SO SANH KHUNG CUNG VA KHUNG NUA CUNG:

Gidilai 3 vi du trén vi trudng hop lién k&t ciing va so sanh véi trudng hgp lién két
nifa cing ta c¢6 két qua nhy sau:

18 —— e —

A
Aeing) = 1.544

12 Pr—
. ¢

e

lmznggz 1.604\,._ .

K= 1548 ~==—% #*
14 ' *

16
ciing2 = 1.604

e 1

12 " . I [ ) P
E 1 . @ - EU‘BT ¥ o a
K} A-uléml =1.383 k= . A
. ! ‘ B0 /" At = 0.961

& =u.

% LI Z‘méml =1473 % \ , 2 méml

08 L

. 04 i Amemz = 0.982
04 %
- ' v
02l
o _— L R R S
1} a2 04 Q6 08 1 12 14 16 0 0z 04 Q6 08 1 12 14 16
Chuyenvi wrg tai nt 10 Cruyenvi durg tai nut 11

Hinh 8 Bai todn vidu 1

Hinh 9 Bai todn vi du 2
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—— 75 .(?»cam,z - 1 32 Chuyén | Chuyén
rof Mol . A viX viX
16 (cing) (mém)
(in.) (in.)
. Aoy = 1.692 005 | 023 0.25
12| 0.25 1.155 1.296
g Aména = 1.806 0.5 2.34 2.72
E 1 0.75 3.54 4.37
$0s 1 478 6.42
1.25 6.06 9.25
06 1,5 7.48 13.34
04 1.692 9.3 17.81
a2
0 Q6 01 0f5 02 0% 03 0B Q4 Q5 05
Chuyenvi durgla nt 27
Hinh 10 Bai todn vidu 3
Ta c¢6 bang tém tdt k€t qua nhu sau:
Bai todn Khung citng Khung nita ciing Kt Pocirnig
Khdp déo dau tién xudt hién Aetngr = 1.544 Aemémt = 1.383 89.6%
1 P Y e
Khép déo cudi ciing xuit hién Rtz = 1.604 - Atz = 1.473 91.8%
Khép déo diu tién xud't hién Acing1 = 4.603 Aemit = 2.85 61.9%
2 T R S e
Khép déo cudi ciing xudt hién Aetige = 4.618 Atz = 2.87 62.1%
Khdp déo dau tién xudt hién ;W“gl =175 e = 1.692 96.7%
3 T A e
Khdp déo cudi cling xudt hién ;anz = 189 Az = 1.806 99.2%

Céc k&t qué trén ddy c6 thé cho ta mot vai nhdn xét nhu sau

o Heé giling chéo c6 thé 1am gidm anh hudng cda cdc lién k&t nita cing. K&t qud
clia bai todn vi du 1 cho thay thady su khéc biét giita khung citng va khung mém la

khéng 16n 1im.

o Lién k&t ni¥a cing dic biét ¢6 ¥ nghia § trudng hdp khung chlu tdi trong ngang
(bai todn vi du 3). Bang so sdnh chuyén vi ngang & Hinh 10 cho thay chuyén vi
ngang cia khung c6 lién k€t nita citng 16n gép doi so v6i khung cidng.

e Khung ciing so véi khung ndfa citng, ti trong & cudi giai doan dan hoi (khdp déo
xudt hién dau tién) c6 thé 16n hon t6i 40% thy theo mifc d6 "mém" cla lién k&t

(xem bang t&ng két).
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Tir do, ta thdy khi phan tich khung, viéc gid thi€t cdc lién k&t khung 12 citng hoin
toan c6 thé din dé&n sai s6 v5 cing nguy hi€m. Vi thé, o ring viéc xem xét lién két nia
cung trong phan tich khung 12 hét sitc cin thiét.

VLKET LUAN

Tit cdc k&t qué nghién cifu biang s8 ¢6 kiém tra bing mot vai phan mém nudc ngoai,
chiing t8i nhan thdy chuong trinh phan tich khung phing c6 lién két ni¥a cing trinh bay trong
bai bdo nay dat dugc nhitng k€t qué ddng tin cdy c6 thé sit dung trong nghién cttu va phuc
vu cho cdng tac thi€t k& k&t cdu thép. Tuy bai bdo chi mdi dé cap dén 2 loai lién két nhu da
néu trong phan md dau, nhung s& phdt tri€n cho céc loai lién k&t nita ciing khéc trong tudng
lai.

PLANE STEEL FRAME ANALYSIS WITH SEMI-RIGID
CONNECTIONS
Part 2: Plane Steel Frame Analysis With Semi-Rigid Connections

Tran Tuan Kiet, Bui Cong Thanh

ABSTRACT : Part 2 of this paper presents the Refined Plastic Hinge Method (an
advanced analysis also) to analyze plane steel frame with semi-rigid connections. This method
can predict accurately the combined nonlinear effects of geometry (using stability functions),
meterial (using Column Research Council (CRC) tangent modulus and a parabolic function for
gradual yielding), and connection (using three-parameters model) on the behavior and
strength of semi-rigid frames. From that, by using VISUAL BASIC, a Plane Steel Frame
Analysis With Semi-Rigid Connections Program was built up. Three examples were used to
illustrate the program and make comparision between rigid frame and semi-rigid frame.
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