






















































stability calving fronts
Icebergs formed by

calving are oftenclose
to rectangular prisms
and metastable

crevasses

IG

fB
ice shelf

negx Lambda

Rectangular Prism
dimension 20 2b 2c

draft d
Total volume VT8abc
Displacedvolume VD4abd
Waterline area A4ab
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wedge

v
7

d
2a

v L
2b

stability to rotation around
1 axis yz

cross section

























































Iceberg Stability
Initial Geometryx

2D volume Areas

Total AT4bc
Buoyancy AB2bd
centroids

Gravity xGyG0zGdz0
Buoyancy xByB0zBc0

2 y
sptilde

2cd

V

2b

meta stable
Rotated Geometry

y counter clockwise
alpha

Z around x axis alpha0

hydrostatic torque

underlineIHmleftunderlinexGunderlinexBrighttimesg
beginmatrixxendmatrix

gghatz
a

underlineatimesgleftbeginmatrixhatxhatyhatzaxayaz00gendmatrixrighthatxleftgay0righthatyleftgax0right
hatzleftccright



underlineatimesqayghatxaxghaty
substitute into overlineleqH

overlineLXleftyGyBrightmg
tauytleftxGxBrightmg

tauz0

rotating around hatx

xGxB0

RightarrowTxleftyGyBrightmg

stabilizing overlineLx0

destabilizing taux0

clockwise

counterclockwise

assumes alpha0 counterclockwise

stability criterium m0 g0

fractauxmgyByG0
xG

xBhorizontal displacement

of centerof gravity
exeeds centerof buoyancy



Horizontal displacements
Rightarrowtanalphaapproxsinalphaapproxalphaassume alphall1

1 center ofgravity
shape of ice berg remains same

simple rotation
v

yGapproxalphaleftdcright0 ltimesdelta
underlinexG

2 Center of buoyancy
shape of submerged bodychanges

yB changes due to

1 rotation DeltayBR
2 change in shape DeltayBs

yBDeltayBRDeltayBS
as before DeltayBRapproxalphafracd2 destabilizing leftZBZGright

change in shape is

stabilizing

uparrow

1



Lateral change due to change in shape
new coordinate system y z

aligedwith trapezoidOmega

yAB2bda

for alphall1ysimeqy
d z

Z
1

topalphay
Z
B
1

at
dV

langle

y centroid DeltayBsfrac1ABint_bbint_zTz
Bo

beginmatrixypendmatrix

t

dzdy

2b

int_zz d zz Bot ZTc P dalphay

substitute DeltayBsfrac1ABint_bbyleftdalphayrightdy
frac1ABleftfracdy22fracalphay33rightbbfrac1ABfrac2alphab33

DeltayBSfracalphab23d stabilizingAB2bd

Verticalcentroid fracd2fracalpha2b26dapproxfracd2 no change



Total horizontal displacement
yBDeltayBRDeltayBS
fracalphad2fracalphab23d

substitute into stability criterium
yGalphaleftdcright

fracTxmgyByG0fracalphad2fracalphab23dalphaleftdcright0d22cdfrac23b2

aspect ratios of submergedbody fracbc fracdc
leftfracdcright22fracdcfrac23leftfracbcright2

complete square leftfracdcright22fracdc1leftfracdc1right2

leftfracdc1right21frac23leftfracbcright2

Lhsleftleftfracdcright21right2geq0



rhs 0 always stable
fracdc
Z

Rightarrow1frac23leftfracbcright20fracbcsqrtfrac32 stableunstable1

rhs0 cond stable
case 1 dc1

dc1sqrt1frac23leftbcright2
case 2 dc1

dc1sqrt1frac23leftbcright2

fracbcO beginmatrix1sqrtnicefrac32endmatrix

21d

2b

Relate fracdc to desity contrast usind isostacy
rhow1025frackgm3

rhoi917frackgm3mimwpi8abcpw4abd

2picpwd

Rightarrowfracd2cfracPirhow089 90 under water



Solve for stake aspect ratio fracbc
leftfracdc1right21frac23leftfracbaright2
frac23leftfracbcright21leftfracdc1right2

leftfracbcright2frac32left1leftfracdc1right2rightfrac32left1leftleftfracdcright22fracdc1rightrightfrac32leftleftfracdcright22fracdcrightfracbcsqrtfrac32leftfracdcright22fracdc

substituting values of ice water fracdc18
fracbcapprox075frac34 fracbaapproxfrac34


