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Point load, P

I 1

A H/2
H bending —_—_—————
kI H/2
< >| N.A. at center
L (Sagging)
Plain Beam
a) N3QI01A13 1N¥euA (No openings)
Point load, P
lAbending Y 1
& 3
. = Hs Ilz xi H/2
J: — — — — — — —
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M N.A. at center
L (Sagging)
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Point load, P
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{
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a) N3Q0IM3 luNY¥eaa (No openings)
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43 H; ©
J 3
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‘ % N.A. at bottom
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Beam with openings
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=> 111 GA” (Equivalent Shear Stiffness for Shearing Mode)

=> 1M EI’ (Equivalent Bending Stiffness for Bending Mode)
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By At
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plain beam A PL3 \ 3PL L3 .\ ( p g)
48El 8GA 48El 8GA
P P . . .
K equivalent ECE ) TTREE . 3L = Equivalent Beam (With opening)
48El" 8GA" 48El" 8GA"
K .
Normalised Stiffness Ratio , NSR = —cduvalent. ek
plain beam
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................ . L
. imncrease NSR ( %4)
NSR,.i (L
critical (%_' )critical
Kequivalent
NSR _ Kplain beam _ Kequivalent
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/ (L/H) > (L/H e i ean
y — = Kcritical = Kplain beam fOI’ NSRcritical iS constant
7/ (LIH) < (L/H) giicar |
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4—: > Kequivalent — (%") KKKk
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(L/H)¢ritical L/H H Jortica

91994 : Pickhaver (2006)



U % % d' H
USuunan A" uag 1" iieannmsnlasuni/asvesnt Normalised Stiffness Ratio (NSR)

o AU (L/H) .

1) Only Bending Mode

2) Only Shearing Mode

(“4)

equivalent

AuAazvae1ns (L/H)

ﬂiiﬁ(ﬁ 1: L/H < (L/H)critical

bu) L

A*

(%41 e z[

(Amen.ng) ]

) e

(i T {_

fsaN 2 : L/H > (L/H)_.. .

L

A =A=

2[”_' - (Iszening )i

|

Aps)

t{(L.hj (A()F)e,]ng)1)>3+t (l_.hj ~(

L

]




Normalised Stiffness Ratio, NSR

Normalised Stiffness Ratio, NSR
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3) M519E9INIVDID1A15 (Angular Distortion)
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Horizontal Strain, §1, (x 10_3)

4 | | | |

Catogory of damage
0 Negligible
1 Very Slight
3 4to 5 2 Slight -
3 Moderate
4to5S Severe to Very Severe

2 r 3
[k 2
On
0
0 . . . L
0 10 20 30 40 50

Angle of Crack Direction to Vertical Plane, O (Degree)

U v d v = U = = U a'
AINMUNAUNUHUBITHIN ﬂ?]il!ﬂﬁﬁlﬂal‘t!!m’cliﬁj (SL) U YNN8 Crack MNaguUNUUUIAY (9)



Horizontal Strain, §1, (x 10_3)

| | 1 1 1 1

Catogory of damage Degree of severity Limit tensile strain (%)

0 Negligible 0.000 - 0.050
0=0° 1 Very Slight 0.050 - 0.075
2 Slight 0.075 - 0.150
3 Moderate 0.150 - 0.300
4toS Severe to Very Severe = 0.300

*(after Boscardin M.D. & Cording E.J., 1989)

Category 4 to 5

Maximum Principal

Tensile Strain , €p

15 constant

Category 3

Category 2

tegol
Category 0

0 1 2 3 4 5 6
Angular Distortion, B (x 10

B=0, 5 =&, (0=0°)

5. =0, f=2¢,(Or =45°)‘

U w d ¥ = U =
AINMUNAUNUHBIZTHIN mmzmaﬂmmasm (SL) DU YUREIVDIFIUD N (ﬁ)
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Vertical Movement of Soil Surface
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LowL/H>> B =®

Tangent line

LowLH>> P =«

By

| <
Sagging Zone Hogging Zone
B=w-a B=a-w
NIINFAMMATHYUIDYINIVDIDIATS
B _, 1+12(Ej [LZIAJ -~ o = ﬂ’jﬂ??ﬂiuwaaﬁungmﬁi (sz,f,e) Q’
A 1+18(gj(|_2|;*j @ = AN IINYHVDINTITHY WD IV NIV INUUICN (Tily)

P = mmnwrudesdissninguemsiingan?

AUNUNTUNFAAI (Angular Distortion)



Deflection Ratio, A/L (x10™)

Angular Distortion

1 1 1 1 1 1 1 1 1 |

100 200 300 400 500 600 700 800 900 1000
m

Safe limit where cracking is not permissable

Limit where first cracking in wall will be expected

Limit where structural damage will be expected

| | | | Rankine (1988) taHauus :

== Upper bound (for low L/H)

=ic— Lower bound (for high L/H)

B =1/500 => No crack

B =1/300 => First crack in walls

B =1/150 => Structure is damaged

1 2 3 4 5 6 7 8 9 10
Angular Distortion, p (Xl[]'s)



Deflection Ratio, A/L (xlU's)

Deflection Ratio, A/L (xlu's)

| |
No openings H
= = With opening 30%
A S |
I =3.33x10 A= % Sagging Mode
- E/G=125
_‘_-"-'-—:—'L‘.'—-_‘:‘_:___ _ . i}
_""'--..__""""_":--:_:_-__:_:;:_:__ ___________
_%:1.6?::10‘3 / ,8:3;—0
2 _1x07 "\ : T ]
L NE= 00 w o d Y U c; Y
. | ANNANNUEIZHIN (A/L) DU B nuaazvina
1 2 3 4 5 6 7
Building Length/Height Ratio, (L/H) 2113 (L/ H)
= T a0
| <mtiemshilivestlanaziiveulla 30%>
= = With opening 30%
4 . __ !
EZB'BBX]O /ﬁ 150 Hogging Mode
- / E/G=125
— -:-E‘.._____.‘._:___:__:;‘:
A - _ L
|7 =167x10 // =200
A
—=1x10"" \ 1
H 7 £= %
. E
1 2 3 4 5 6 7

Building Length/Height Ratio, (L/H)



MIWUNIZTAVANNAYNYVD IS NGVHVANINNAIBAINGA

Degree of Description of typical damage Approximate crack Limiting tensile
Damage width (mm) strain (%)
0 Negligible Hairline cracks of less than about < 0.1 0.0-0.05
0.1mm are classed as negligible
1 Very slight Fine cracks which can easily be treated 1 0.05 - 0.075
during normal decoration
2 Slight Cracks easily filled. Re-decoration 5 0.075-0.15

probably required. Some repointing
may be required extemally

3 Moderate The cracks require some opening up 5 — 15 or a number of 0.15-0.3
and can be patched by a mason. cracks > 3
Recurrent cracks can be masked by

suitable linings. Repointing of external o
brickwork and possibly a small amount N1 1!?1’)70!!541 U
of brickwork to be replaced.

4 Severe Extensive repair work involving 15 — 25 but depends on >0.3

breaking-out and replacing sections of  number of cracks
walls, especially over doors and

windows.

5 Very severe This requires a major repair job > 25 but depends on
involving partial or complete number of cracks
rebuilding.

d' o 1 = G = a wAa % o |V v dw
IHOATHIUKIATIAITNIATIEA (Sbr na Sd r) HIVAITNIAIYUAIUA (SP) Hal acHINvay

WSauNeUnNY Limit Tensile Strain tINoN215aN3ZAUANMTLTNVDIDINNT
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Imnvgeuns v (Superposition Curve Technique)
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2) alusAAuuana (Vertical Stack Tunnels)
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1st Tunnel
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2nd Tunnel

Vertical Stack Tunnels
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