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OPTIMAL LOCATION OF HINGES BY LIMIT ANALYSIS
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A method to find the optimal position of hinges inserted in the frame structure is proposed from
a view point of the limit state analysis. The subdivision of structures is necessary to facilitate
the pre-fabrication but the total strength of the frame is decreased if hinges are used to divide
the original structure. In the present paper, the optimal location of hinges is considered to make
the loss of critical load factor minimal. It is found that the solution for the infinite-span of frame

is easy to be obtained and is quite useful for the finite-span frames as well.

Key Words : frame structutre, subdivision, collapse, limit analysis, hinge-location

1. ODOoOd

oooboooooooboobobooboooooonog
goooooooboboboooooooboooan
ooboooooo.coobobooobooobon
00 Y000000000000000000000
gooooooobobobobooooboooan
oobooooooooboo.ocoooobooooo
1000000000000 0000b00DbO0b0Ogon
000000?00000000000000000
oobooobooooooooooboooboooooo
gooobooooboboboboooooboooaon
goooooooboboboooooooooan
oooooooooboobooooooooobooobooon
gobooooboooboobooboobooobooobooon.

obobobobobobobobobooooo
ooooboooooboboboooooooooooooo
goooooooboboboboooooooan
gooooooobobobobooooooogoon
oooooooobooobobobo11ooo0oogon
goooooooboobobobooooooogan
gooooooobobobooooooooogaon
oboobooboboobobobooooooooooon
goooooooboboboooooooboooan
ooooooooboboboooooooooogoon
oooooooobooboboooooooobooooon
good

2. 0gO0ooO0oOd

0-1(a) 000000000 000000000

1p

(@) beam with both ends fixed

-PI/8

(b) bending moment

() mechanism

0-1 0o0ooooboooooo

dodooboooobooobD pOOOOOOOOO
O00-1(b)0 00000000000 0OOODOODO
00000 pPl/OODOOOO —P/AODOOOOODO
gooooobooooooooobbooooobodg
ooo M,000000 POOODOOOOODOOOO
it 1)
00000-1(¢) D000 300000000000
goooboooooooooobbooooooood
odo-200000000000000O00O00O0O0O 2

PcrOZ

- 289 -



(b) bending moment

U-3 r0o00oono

(b) bending moment

U—4 000000

goodooooooooooooooo -0o0ooo-
3(a) 000000000000 DOO0ODOOOOOO
DDDDDDDDDDDDDDD-3(b)[|[||]|][|[|
gdooooooOooooooooooooboooa
goooOoooooon

Py =My (2)

5—7’

00000000-4(d)0000 r0000000O0O0
000000000 0oooooooooo-4(b) 0O
oooooooobobobooboooooooogoon
gooobobooobobooog

P — 2M,

(3)
00000000000000000 Pre00000
00 (<1/2)000000000-500000000

00000ooooooooooil/400 20000
gbboooboaboabobobobooboabod

pcr/pOcr
0.5

0 0.25 0.5

r/l

U-5 duobooooooood

(a) portal frame

(b) portal frame with hinges

-6 UOOO0OoOOoOoO0OoOOoOoooao

000000000000000000000000 2
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000020000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 104000000000
000000000000000000000000
000000000
0000000000000000-6(a)00000
000000000 100000000000000
000000000000 0000 A0000- 6(b)
00D0000000000000000000000
00000000000000 /0000000 hyO
000000000000000000000000
0000000 ¢,000000000000000
00000000000 «000000000000
M, =0,2000000000000000000
000000000000000000000000
00vOO000O000000000000000 HO
00000000000000 HOOOOOOOO0O
000®00000000H/V=050000000
000000000000000000000000

-290 -



U. ggboboodgbobooobbooobboobbgad
ooobooboboOoOooOobDOobOobobobooobogoon
goooooooboboboboooooboooan
gbboooboaboaboboboboabobaobod
gbboobooboobbobbooboaboa
gooooobooog

3. gobobodg

3.1 OUOobOaoogan
gbbooboaboobboboboabooboabo
gbboooboaboobbobboaboabood
gooooooobobobobooooooogon
gbboboboobodaboboboboobbaobod
gbboooboaboobbooboobbaobod
goooooooboboboooooooboooan
gbboooboabodaboboboboabboaobod
gbooboooboobbooboobooobod
gooooooooooooooooooooooon
gbobobobobooooooboboboaoan
gbboooboaboobbooabooboabod
04000000000000

1) D00000oO0o0o0oooOoooooooooo
oboboobooboobooobooooobooboono
oooooooo

2) 00000000000 M;00000000
ooooooooooooo M, 000000

3) 0000000ooO0o0ooooooooooon
goboobooboooooobobooooooga
oooooboobooboooboobobooooooo
goboobooboooooobobooooooga
googoo

4) 0000000000000 O0OO0O0oOooOo
gboboooOoboboooboobooon

gooooooooOoOoO soooooOoOoO FOO
ooogop00oooOoD 100

BTS = uF (4)

000000000000 BTOOOO0OO00DDOO
oobDo0ooOo0oo0oo00ooO00 poO0DOODbOODO
0b0dp0O000O00OO0OO0OO0ODODOODOODOO pFO
poooooOooO sooooooooooooooo
01gooooooo S, F,p0ooooooooon
oooooobono 200

| M| < My (5)

gobooobobooobooooobo3oooooo
oboooboooobooboooobooDbD wO
00000000000 6000O0

My

De

O-7 000DO0O0O0OO0OOO0OOO0OO000OO

6 = Bu (6)
000000000000000000000 BOO
0000000300000 %,A000000000
000000000000 4000000000000
00000000000 M;0000000000
D¢, 000000000000 M, 0OOODDODO
0000000000000

0
M, M@m| (7)
00000000000000-7000000000
00 4000000000000 000000O0O0
MO M,000000000000 -M,00000
00000000040 000000000000 M
0|M<M,0000000000
0000000000 1000 4000000000
000000000000000000000000
0000000000000000000000000
000000000

3.2 000
000000000000000000 20000
00000000000000000000 10000
2000000000000 00000000000
00000000000 0000000000000
00000000000 000000000000
puF i = D(i) = M(6)" (8)
0000000000 x0000000000000
000000000000000 M(@) 000000
O00000«000060000007000000
000000000000000000000000
Doooo
Fla=1 9)
0000000000000 0000000000
D(u) = M ()"0 (10)
00000000000 0000000000000
000000000000000000000000
000000000000000000000000

-291 -



112 112

>

0-8 00OO0OOooOoooon

ooooooooboboboooooooooooon
00000-6(a) 0000000 OOOOODODODOO
gooobooo-sOoboboobooobooobooon
ooooooooboboboooooooobooogoon
goooooboooooooooooooooooooo
gooobobooooboboooboob w0000
oooooboboo0 20000000 20000000
ggo 5DDDDDDDDDDDDéi(i:1,2,3,4,5)
gooood

o =1

b, =1

05 =% -1 (11)

b, =2

s =% +4
000009000000000

Hi+Vo=1 (12)

gooooobooboboooooobogebbgon
gooooood

5
D(i,0) = ZMiyléi\ (13)

gooooooooooobooooooooooooon
gbboogoboaboabobobboaboabod
oboobooosgoobooboobooooobooobogon
goooooboobobobooooooobooogan
gbboogoboabboobbaobobooboabod
gbboooboabboobboobobobbaobbd
gooobgo2000000000a0

3.3 0DOoOOooOooooooooo
0-900000000000000 H/V =050
goooooooboboboooooooooan
gbboboboaboobobobbooboabod
gbobobgoaoboobbooboobbooobod
gooooooobobobooooooboooan
oooooobooboboooooogo3boooogon
gbboooboaboaboboboboobobaobod

1

0-9 obooooooobooobol1obo

S

0-10 Dooooooboooooooooo1obo

i

0-11 O000oO0O0OO00ooOocOoooOoooooo100o

3

0-12 000O0000ooOocoooooooo10o0o

goobodo-1000-110000-1200000 200
oooo0o0o 405001020000 1050000
oboobooooooooobooboobobooooo
gbobooooooobobobobooooooon
gbobooooooobobobobooooooon
oboobooooooobobooboboobooooon
1000000000000 00000000O000
obooooobooboobob-13000000000
oboboooooooboobooboboobooooon
gobooOoooboooboobooooboooobooo 8
oboboooooooobob-1000-110000-12
obooboooooooboobooboboobooooon
gbooooboobooooboooooan

34 103000000000000OO0OO
0-14000-180 10 300000000000
00000000000 H/V=0500000300
gbobooobooboobobobobgoboabod
gogboboooobooabboobb-1800000

-292 -



0.5

limit load ratio

0 0.5 1
relative height of hinges

0-13 O0ooobooooboooboo1ooo

0-14 ODOO0OO0OOOO0ODOOOODOO3000

0-15 0o0ooooooooooobooooboo3nooo

U-16 DoOOO0OOoOoO0ooOoOooooOooo3nooo

gboo30obooooobooboobobooooobogn
oboobobobooboboobooboooobooooon
oooooooboobooboobooboboboonbogon
goboobooboobooboobooobog

4. 1000000000000

4.1 0O0O0O0O
u-190b0uggboboooobooaobboobooo
gooooDooOoOOOoO0oOoOooooogloooooo
000 MO0000000D0000 POOOODOO A
oooopooooo M, ODOODOOOODOO kP
ooooooO0oobO kOOoO0O0DbOOoOoobDboooo

0-17 Ooooooooooooooooo3ooon

limit load ratio
0.5

0 0.5 1
relative height of hinges

0-18 ODoOUOuooooooooooo3onod

0-19 00000000

gboboooboabobooboobugoboabod
gboboooooobooobooboboobooooooon
gbobobooooboobooboobooboooooon
gboboooboobogobobobobgobuoabod
gboooooobobobobobooooooon
gboboobogbooboboobobobo-2000
Or7r000obo0obO0obOoOooOoboOobOOoboooon
gbobooboooooobooboooooooboo
gbobooobooboobobobobgoboabod
gbobooobooboooboobgoboaboa
gbobooooooobooboobobooooooon
gbobooobooboobobobobgoboaboa
gobobooobobo-2000000000000040
gsg6ebdno7ooobooobboobobooooonn
oboos06000000000000DO0O00O00O0OO
obooboooooboobobobobooooog roo
oo0DoOO0 kPOODOOOOOODOODOOOODO
gbobooobooboobooobobgoboabod
gboboboooooboobabobobobobon

-293 -



kP 1P kP
I I
T (@initid " (b) Mode 1

(d) Mode 3

(f) Mode 5

(h) Mode 7

(g) Mode 6

0-20 0O0O0O0O0OO0O00OO0O00o0Oo0O

gooooobooboboboooooooboooan
ooooooooooboooooooo pPOOOOOO
oooobooooon

OO0 10400000000000000000DO

ooooooooboboboboooooooogoon
O0o0¢L ADOO00000D00000D000 M,, M. O
oo0ooDOoOO0 kPOOODODOOERODODOOODDOOO
ooooooooooooboooobobobobooooooo
goooooooooooboooooooobooboobooao
gbooooooobobobobooooooobooon
ooooob 104000000000 0000000
oooooooD pPOOOOODDOOOOOO40O
gooooooobobobooooooboooan
ooooooboobob 4000000000000
00000 P, (:=1,2,3,4 00000000000
gooooobooboboboooooooboooan
ooooooooooboobooooo 1o00obogon
gsgoooood

kﬂd:Qk&% (14)
oo
2M,
P = h (15)

oooobob 000000000 0b0O000On
01400000 10000000000 kPOODOO

gbobooboobooooobobgoboabod
obooboooooboobobobobouobooooon
ooooooooooobbO AOODOOOOOOOD
oboob0o200000080000000
U

kPyir = (2M, + Me)

(16)
ooo

_2M, + M,
T kh
0000000+0000000000000000
0000000 300000080000000

Py (17)

k&u+&o:&m?+nﬂ% (18)

000D .

b:%x% (19)
000000000
0000000000 400000080000000

_aﬁzsmn§ (21)
000

a=§¥5 (22)
000D

ooob4000000000000000000
obooboooooooooboobobooobooooon
ooooooooo pOOODODDOOOOOOO
OO0 xk00D000000000000 M, M.OO
oopooOoooo !, AhODOO0ODC220000 PO
rO00D00DOO000O0O0obOO0o0DO0o0oO00Do
oooooooOoo p/P,000000O0COOOOO
oo0opooOoO0 k0ODOO0ODOODOODOOOOD
0O M./M,000 A/IO 2000000002000
O000OO0oO0OoO0OOOOoOOOOOOODOOOPR/ Py
Or00000-21000-25000000000 k0O
ooo0oo p/P,000000O0O0OOOOOOOOO
gooooooooOooooO-210 M./M, = 0.50
R/l=100000000k00000000O000O0
000 40p/P,=1000000003000000
ooboo100oo0O00oodbokDOO0O0DOOODDOOD
ooopoooO0b0O k0OOOO0O0DOO10D00000D
gbobooooobobobobobooooooon
obooooobooboobobooooobooboobo-220
M.,/M,=10h/l=100000000000000
obooOooooooooboboooooboobooooo-21
oo0obooo04000 30000 k0ODOOOODO
Oo00oo0oooooo-230 M/My=20h/1=1
ubooooooboobooobooboob 4000 3
oobDo0ooOoO0ooOoDoOdobokOOODDOOD
obooooo1bo00b0 2000000000000

294 -



— Mode ] — Mode 1
— Mode 2 — Mode 2
<+ Mode 3 < Mode 3
Al Mode 4 AN Mode 4
S 1A g
(AN (A

AN
~ \

\
0 1 2 0 1 2
k k
0-21 M./My =05, h/l =1 000 0-24 M./My=4, h/l=1000
2
—— Mode 1 2
—— Mode 2 — Mode 1
<« Mode 3 — Mode 2
al Mode 4 <+ Mode 3
N 1 \ O \ Mode 4
a’ 1
(A X
— x
0 1 2
k 0 1 2

K

0-25 M./M,=1, h/l=05000

0-22 M./M,=1, h/l=100C

2
. :
MOdGB — Mode 1
oce — Mode 2
Mode 4

d—
o \
DN 1 < Mode 3
T o Mode 4
+ 1A
Al

\\§§=::

0 1 2 —
K 0 1 2
0-23 M./M,=2, h/l=1000 K

0-26 M./M,=1, h)l=2000
O00000-240000000000000000
000000004000 30000000000 k

ugbboobbol1obooboobgoboobad gb-2500-2600000000000000003
gooob400000000000000DO0 ggddlgdooooooobobbobbbuooooa
ubobogobobooabobooob-2200000 gobogooan

- 295 -



(b) Mode 2

(c) Mode 3 (d) Mode 4

027 000000000000

4.2 0OO000OO0OO00OO0OO0OO0O

100000000000000000000000
000000D000000000000000000
000000000000000000000000
000000D000000000000000000
000000000000000000000000
0000000000000000000004000
0000000000D0000D0000000000
000000000000000000000000
0000000 +M,0000 +M. 00000000
0000 PODOKPOODDOODOODOOOOO
000000D0000D00000000000000
000000000000000000000000
00-2700000000000000000000
000000000000000000000000
000000000000000000000000
000D00000000000 (a)0000 1000
000000000000000000000000
000 +M.000000000000000000
000000D000000000000000000
000000000000000000000mMO0
0000000 10000000000000000
0000000000000 00000000000
0000000000000000000000000
0000 hep O

1

hopt = h (23)

goooboobz2000000bobooooobogn
O000o0O0oO0o00o0oooOoO0ooooon 2M,00
o0 M. ODOOOOOOODOODOODOoOOOobDOoO
gooobooooo

M.

—_— 24
M, +2M, (24)

hopt =

0.5

-
\
)
o
O

_C

0-28 M./M,=05, h/l=1000

-
S
8— 0.5

=

0-29 M./M,=1, h/l=1000

gbooboooo3oboooobooboboooon
oooooooo,00o0bo00oooog MO

8khM, — I M.
M, = 2 b e 2
¢ [+ 2kh (25)
000000000000 0O0n
(I + 2kh) M,
hopt = ———— e 2
PE kh(8M, + 2M.) (26)

obooboooooboo40000000000000
gbobooooobooboobobobooooooon
0000000k#00000000000OD00O000O0O
gboboooboobooboabod

hopt =h (27)

O0bD0Ok=00000000000000000DO
ugbobooobooboooboobugoboaboa
gboboobobooobobobooobobo-2100
U-2600000000000000000O000-28
gobo-33boaooan
gboboobooboboobobobgobgoanoo
0000ooOoOoooooOg M /My,=10h/l=10
gbobooobooboobobobobgoboabod
ooboooooob-34000-37r00000000O0O

- 296 -



0.5

c
N
-+
a
o
e

0-30 M./M,=2, h/l=1000

1 \
- \\\\\_____
~
2 0.5
-
0 1 2
k

0-31 M./M,=4, h/l=1000

0.5

C
N
)
[oR
o

=

0-32 M./M,=1, h/l=05000

gbooboabgooobooobob-380b0uanood
gbboooboabodaboboboboaboboaobod
gbdbobooboobobobooooooooooon
gbboooboaboboobboobuobbaobobd
gboobooaboooboooboboboboabod

0.

()

c
N
-+
o
o
c

0-33 M./M,=1, h/l=2000

N

U-34 ODO00O0OOOO0O0OOoOoOOOOoOooOaa

N

0-35 ODO0O0O0oo0oooooooooobooooono

+

0-3¢6 DOO00oo00ooooooooooboooooono

4.3 0OOOO0OOOOOO0OO0

gbobooooooboooobobobooboo
oobooob2000000000000000D0D-
o0 00000o0ob200b0000D0000D0O0
gbooooboobouo-4000000000DO00 20
gboboooboaoboooboobugoboaboad
gboboobooboboboboobobobood-41
gboboooooboobooboobobooooooon
goboboooboobboooboobobbooaboa
obo0o10200000000000

-297 -



037 OOoOOoOoOOoOooooooooooooooon

limit load ratio
0.5

0 0.5 1
relative height of hinges

038 OD0oOooOOoOooooooooooobooboon

0-39 0oOoOooOoooooooooooboobooobooooo

0-40 ODO00OO0OO0OOODOOOOOOOOODOODOOOOO

5. oo

gboooboogboaboobobooboobao
gbboooboaboaboboboboabobaobod
goooooooboboboooooooboooan
oooooo1ooooobooboboooboobogon
gbboooboaboabbobboaboabod
goooooooboboboooooooooaon
gbbogbooboobodabogbooboaboboaobod
gboboobobilgoboobobobooboobgad
gooooobooboboboooooooboooan
gbooaood

1) 100000000000000O00OD0 1000

limit load ratio
0.5

0 0.25 0.5

relative position of hinges

0—41 ODO0OO0OO0O0OOO0ODOOOOOOOO0000

gboooobobooooboobooooog
gboboboboobobobboobboboboaoboba
gboooooogoobooo

2) 0000000000 0O0OOOoOoOoOooOOoOn
gboboboboobobobboobboboboaoboba
gbooooooan

3) 00000000000 U0ooooUoooon
gboboboboobobobboobboboboaoboba
gboooooogoobooo

4) 0-390000-400000000000000
ggboobooobooooboooboaobooboanod
gboooobobooooboobooooog
gbobobooboobbobboobboboboaoboba
gbobobooboobbobboobboboboaoboba
gbooooboobooooboo

gbobooboboobooooooooooobon

oboooooooboobobooboooooooooon
gboboooooooboobobobooooooon
000000000000 000000 Yooooog
obooooooooobobooboboboooooon
gbooooboooobooooo

goodd

1) 0000000000000 000000D0moOoooo
oo0o0ooooooooi996.

2) 0000000000000 00O0O0O0DODO0O0OOOOOD
0-0000000-01994.

3) 0000000000000 IDDO0OO0IIDD0O0oO1973.

4) 000D0:0000000000-00000-00000 1019880

5 00000D0mMUOO0oOOoo 1Iooooog 1977.

6) 00 0000 00000000000 D0OO0OO0O0ODOOD
o000 s 00000000000000,VI-276, 2000.

7) Tamura, T., Kobayashi, S. and Sumi, T.: Limit analysis of
soil structure by rigid plastic finite element method, Soils
and Foundations, Vol.24, No.1, pp.34-42, 1984.

8) Tamura, T., Kobayashi, S. and Sumi, T.: Rigid-plastic
finite element method for frictional materials, Soils and
Foundations, Vol.27, No.3, pp.1-12, 1987.

9) Tamura, T.: Rigid-plastic Finite Element Method
in Geotechnical Engineering, Computational Plasticity,
pp-135-164, Elsevier, 1990.

10) D00000000mOoooooooooooooooooo
0000000001992,

(20090 40 90 0O0O)

- 298 -



