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COLD STORE FROST HEAVE - CAUSES AND SOLUTIONS

Ian Connor
Senior Structural Engineer and Principal, Kingston Morrison Limited, Christchurch

1. INTRODUCTION

§
Frost heave is upwards heaving or buckling of ground caused by freezing of groundwater. Frost heave can significantly reduce ‘he_ Va]ui-e-
operability of cold stores. Frost heave occurs when water in the soil freezes sufficiently to create suction to draw additional water I wloﬂdir.;
matrix. The accumulation of this water, and its expansion on freezing can cause upward forces of such magnitude that they exceed efmS[
from cold store floors above and create heaving. Frost heave requires susceptible soils, freezing temperatures, and water. Prevention of
heave is much cheaper than trying to repair it, and involves removing one or more of these prerequisites.

2. DESCRIPTION OF FROST HEAVE

7
Frost heave is upwards heaving or buckling of ground caused by freezing of groundwater. The magnitude of the forces created Can,eﬂ;
structure and floor loadings from cold stores above causing serious damage. Frost heaving forces have been observed at 7. iﬂ"\"
measured at 1,800 kPa ***“*'*"*, far exceeding the floor loadings of approximately 50 kPa in a 9 m stud single-storey cold store Wp'caa ¥
Zealand. Water expands approximately 9% on freezing - insufficient in itself to cause such frost heave when water may only be 20% joe?
the volume of soil. Frost heave occurs when additional water is drawn into the soil matrix as it freezes, accumulating as 1en565v° s
creating expansion forces which exceed the loadings from cold store floors above and create heaving. In fine-grained silty soils, upWe
of ground can be up to 100% YO of the depth of frozen soil - with consequent damaging effects on any structures above.

g
The mechanism of frost heave is a complex process involving the interaction of soil, water, and freezing temperatures. As the temPerawr.zgnf“
under a cold store lowers below 0°C, water in the soil will begin to freeze. This water is comprised of free water in the pores bcmzesii"'
particles, and adsorbed water existing as a thin film of chemically bonded water around soil particles. The free water, being purer: 9 ﬁecf
The freezing will begin as a “bud” or minute crystal of ice which will grow as the free water within a pore freezes around it. '?c o
progresses, these frozen “buds” grow and begin to encroach on the adsorbed water around soil particles. This sets up an osmOSiS‘hk '
drawing free water from adjacent soil pores into the “bud” which grows to form a lens of ice. This suction force also draws Water
warmer layer of soil below, drying the surrounding soil. )
i
The flow of water towards the growing ice “bud” occurs in a “fringe” of partially frozen soil immediately below the frozen soil- IF 35;[113
understand the process by thinking of the heat and mass flow *°"8 Forland Yeshov o o ours. The flow of water towards the frozen SOl Sl
wet unfrozen soil below is a process of heat flow towards the cold store above. “Warm” water migrates through the pores of the SO °
towards the frozen fringe where it freezes, releasing heat ™. The formation of ice occurs above the 0°C isotherm - in the frozen i
water and ice exist together '™, There is a range of explanations for what causes the migration of water towards the frozen fringe:
o
1) The most commonly accepted explanation *"*™*™ s that when water freezes at the lower edge of the frozen soil, it creates 4 pe
deficiency across the frozen fringe by forcing the soil particles apart. l
ii) Another view V*'** is that the formation of ice dries the ground below the frozen fringe, and that water flow from wet soil bel o

th?I dry zone by capillary action. This mechanism fits well with frost heave occurring in soils with less than 100% moisture
Wallace

. 10
iii) With the freezing of part of the adsorbed water around soil particles, it also appears possible that some of this suction may b¢ 5
water flowing in to dilute the more concentrated adsorbed water in a similar fashion to what occurs in freeze-thaw breakdown’ ds“"'
concrete “™". As a result, depending on the permeability of the soil, water will flow up through the partially frozen zone 0%
unfrozen adsorbed particle water in the frozen soi] A"d¢rs!and. Konrad o
iv) In non-saturated soils, the differential vapour pressure between the cold frozen ground above frozen fringe, and “warm” soil, b i
will create a driving forge for water vapour to migrate towards the ice front in similar manner to convection heat transfer int0*
store above.
yoné, f
If a “bud” of ice grows sufficiently it forces the soil particles apart and forms an ice lens, lying normal to the direction of heat flow i
frozen fringe occurs at the bottom of the ice lens ™"'". This ice segregation process continues to dry the free water out of the soil im® !
below, but the lens will only grow as long as the suction forces exceed the adsorption forces of water to soil particles. The rate of water’ Aoﬂsji
the ice lens depends on the inter-relationship between the temperature and arriving water supply. If the temperature, soil and water cond® rﬂ‘{:
suitable, these lenses in the soil can form as several layers spread throughout the soil matrix down to the frozen fringe. This cumulaﬁv,e 'ert’r‘r‘
of attraction of water and formation of ice lenses is the process of frost heave. The maximum frost heave pressure is the pressuré v oF
which stops the upward flow of water 12", Steady state conditions will occur when an equilibrium is established between the incoO™ "
from the soil below and the heat flow into the cold store above.
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HAT CAUSES FROST HEAVE

FT()
" heave Tequires:

Su; > .
. SCeptible soils - fine grained and permeable

0 eeZlng tem 0
v peratures, generally well below 0°C
31 S

Useeptible Soils
goil

) " Propert; A e
Soils ¢, Perties vary widely, with the proportion of adsorbed pore water to free pore water being the fundamental property of susceptibility of

Ost . ¥ . iqn i :
heave action as described above. The assessment of this susceptibility can involve a variety of methods.

Soi :
Ol Particle Size
Fro,
€ pro - : . . . s . . ;
Yater ; Pe ce_SS of frost heaving, the size of the soil pores is a measure of the susceptibility of a soil to frost heaving, and the proportion of free
Bore Size SOYIO‘dS to adsorbed water around the soil particles determines the magnitude of frost heave forces. As it is not possible to measure
Bainey S;ilsl Particle (grain) size is used a general classification for soils. Fine grained soils are potentially susceptible frost heave; coarse
are less so.

" g
n Siz 1 [ B . 0
€ b21515, a frost susceptibility assessment is Tsccbolanoﬁ:

i Non-frost susceptible soils - clean gravels and sands which will not form “lumps” when dry
- less than 20% of soil particles smaller than 0.5 mm
- less than 3% of soil particles smaller than 0.02 mm

May be frost susceptible - fine sands, silty sands, organic sands which will form weakly cemented “lumps” on drying which
can be picked up by hand but which easily crumble
- 20 - 30% of soil particles smaller 0.02 mm

Frost susceptible soils - cohesive soils and organic muds
- more than 30% of soil particles smaller than 0.5 mm
- more than 10% of soil particles smaller than 0.02 mm
- hard or very hard (stiff) soils when compacted at low water content
g These soils are likely to frost heave unless high above the water table or the water content is low
e =5
1 Meability and Capillarity
the R
abiljt b Ay
Z"d frogt Z O.f soils is a major factor in the frost heave potential of a soil - water must be able to flow through the soil to allow for ice growth
Chvee e avmgj_. Accepting the explanation of capillary flow described above as a significant contributor to frost heave, the relationship
3 Meability and capillarity provides a basis for assessing frost heave susceptibility of soils ilecsrtoens
Can
. Sanqd
("Ssessed a[s land gravels (coarse sands with particle sizes of 2.0 mm to 0.25 mm and larger) are not susceptible because of low capillary rise
5 St0 120 mm), and high permeability.
](S(
(n, . Pt o
pparpc e siczle sizes 0.05 mm to 0.005 mm) are both permeable and have a high potential capillary rise (assessed at 610 mm to 6.1 m),. Fine sands
aThcul ; yes 0.25 mm to 0.05 mm) are permeable with a lower capillary rise than silts (assessed at 120 to 610 mm), but can be susceptible,
Q When combined with silts as often occurs. '
Ys (
Sug. Particle o : ! ’
sce ti em}e sizes 0.005 mm to 0.001 mm) have a high capillary rise (assessed at 6.1 m to 30.5 m), but low permeability. They are only frost
1 When subjected to freezing temperatures over a long period as the low permeability inhibits the addition of water.
43
S .
G “8regation Potential
Enwal
B orain 2ty .
n:_gfe@a . fram size and permeability are used as measures of soil potential for frost heaving, but the potential for the water suction and ice
m‘grati n ‘prOCeSS of frost heaving can be defined by assessing a soils segregation potential Romrad * This is the ratio of the intake flux of water
Cagy 5 O the temperature gradient adjacent to the frozen fringe when the heat regime in the freezing soil has become stable. This

e : ) . .
Nt requires specific testing of soils.

3
14
S .

A Ol Frogt Susceptibility

gen
Sy al . ety o

ystem (U;"SCSeSSment of frost action susceptibility combining the above characteristics has been evolved using the Unified Soil Classification

S - after A.Casagrande, 1948), modified by US Army Corps of Engineers Anderstand_ Taple 1 below. This provides a general guide to
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which soils are particularly frost susceptible, but on all cold stores detailed site investigation is required to confirm soil propert
temperature is low enough, and water is available, most fine grained soils have the potential to frost heave.

Table 1 US Army Corps of Engineers frost design soil classification system
[l
Frost Susceptibility Frost Group Soil Type % Soil particles finer | Typical soil O
than 0.02 mm (by weight) ;| USCS®
Negligible to low non-frost susceptible gravels 0-1.5% GW, GP
sands 0-3% SW, SP
Possibly possibly frost susceptible gravels 1.5-3% GW, GP
sands 3-10% SW, SP LGN
Low to medium S1 gravels 3-6% Gw, Gp, GV
GM M ¢
Very low to high S2 sands 3-6% SW, SP, SW-S PG\‘
Very low to high F1 gravels 6-10% GM, GW-GM; G
Medium to high F2 gravels 10-20% GM, GM-GC:
GP-GM P-SM
Very low to very high sands 6-15% SM, SW-SM, 8
Medium to high F3 gravels >20% GM, GC
Low to high sands, except very fine >15 SM, SC
silty sands
Very low to very high clays, plasticity index (I,) - CL,CH
>12
Low to very high F4 all silts - ML, MH
Very low to high very fine silty sands >15 SM
Low to very high clays, plasticity index (I,) - CL, CL-ML
<12 ML&f
Very low to very high Varved clays and other - CL & ML; CL:* i
fine-grained banded CL, CH & ML
sediments ML, & SM
a. G = gravel, S = sand, M =silt, C = clay, W = well graded, P = poorly graded, H = high plasticity, L = low plasticity
3.2 Freezing Temperatures
e’

As indicated above, temperatures below freezing are required in the soil beneath a cold store to initiate frost heave. The actll?:l i’
temperature can vary significantly depending on soil type and water proximity. For instance, at -20°C less than 2% of the water 1{0 pek
remain unfrozen "°"%, whilst at 0°C, only 7% of the water in silt will be frozen. To prevent freezing of the soil, the temperature needs

above 0°C.

i)
. . i i 83(1 y
The heat flow under a cold store is generally from the soil to the cold store - the cold store is normally colder than the soil. The major 1, i),
is from the soil - warmed by ambient air above the ground, groundwater movement, and any heating under the cold store. The heflkf}f’kn. n
relatively simply calculated once the soil properties - soil type, ambient temperatures, water presence/flow - are known A"e™#¢
Oheim

¥
o . ' - 2 .o froP
In addition to the storage temperature and ambient ground temperature, the rate and duration of application of heating and cooling fr ot

sources has a major impact on the occurrence frost heave and how rapidly it develops. Fast freezing of subsoil freezes the water in ui[d'“
but must be maintained for some time before the process of frost heave can occur ™. The heat and mass flow/balance required ©© ele""’
lenses and create frost heave explains this F®¢ Piper, Tominson, Feng and the time required for frost heave to develop can be calculated if
information is available. This time lag before frost heave develops has been confirmed by observation X% Cocling .
iglj'
Insulation under the cold store floor will tend to slow the cooling of subsoil under the cold store, but will not stop it. The long-accep"’td j&iﬁ;
concept for underfloor insulation is to design for a temperature no lower 0°C at the under-side of the underfloor insulation R, Thlsscﬁ"'f'
process, which establishes a profile for the isotherms in the soil under a cold store, will determine whether heating is required' o {
variations in the ambient soil temperature require consideration also - heating may only be required during winter months (it is ass
stores operate constantly all year round).

33 Water |

e
Water is the “fuel” for frost heave - for ice lenses to grow and create frost heave there must be a supply of water. Water can accumulat l:ﬂﬂ !
that are severely frost heaved to 4 or 5 times the natural water content of the soil *™* The increased water content in frozen soil 4
calculated ™™™ based on the volume change and known depth of freezing. It is important to note that this additional water content © - ji
time to drain away as frost heave re-settles on thawing. Frost susceptible soils are normally relatively slow draining, so rapid thawing W
moisture content can lead to soil slumping.
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Watey nu;c € of water i commonly natural groundwater, but other sources to provide the groundwater for frost heave growth to occur include rain
Off, burst water pipes or blocked drains.

PREVENTION OF FROST HEAVE

pre\'emio

Tore 1 of frost heave is much cheaper than trying to repair it and the measures required are relatively simple. These involve removing one or

€ prerequisites for frost heave:

s . . .
' USCe.pnble soils - fine grained and permeable
. €¢zing temperatures, generally well below 0°C
Water
41 T
featment of Susceptible Soils

USgers:
% Cepn[?le s0il conditions under freezer floors should be avoided. For slabs-on-grade, normally the most cost-effective method of cold store
frogy pec o ifl New Zealand, this commonly involves removing any fine grained silts, clays and fine sands to the maximum anticipated depth of
ey netratfon. The excavated susceptible soil is then replaced with compacted no-fines granular backfill. The granular backﬁll should
effegy; A silt or fine sand fraction - particle sizes below 0.25 mm Andersland, Yong, Johnstone - A 03 rqer gravel-only layer may be used being a more

€ draj s . S . Leonoff
Tainage layer to prevent water rising near the underside of the cold store. This is common overseas practice also

Altg

mat‘ . . . . . .

: Droprilve Measures may be appropriate when susceptible soil replacement is not practical. Treatment of the soils with mod}fymg agents may be
oy Dispersants, aggregants, or waterproofing agents may be mixed with subsoil under a cold store to make the soil more permeable or

Skt SFeng il .
having an effect on frost heave susceptibility SIEEER SOl

S e

Tm Y N ; .

I ble Y98 o o d dition may be an option as this has also been recorded as .
- it is not a common practice

1 .
for molsé.l;,lon _b)’ chemical/additive treatment modification would require extensive laboratory sampling and testing
; tication of frost susceptible soils in New Zealand.

o
fOryiSlcal Modification of soils is common for other soil uses and may be appropriate for frost susceptible soils. Dynamic consolidation, as used
the v, PrOVement of bearing properties of soils, has been applied to alter the properties of silty clays/clays Han *The application referred to lowered
Prey, f table of the silty clay/clay, and reduced the permeability of the treated layer, creating an impermeable soil layer under foundations to
'0st damage. As for chemical soil property modification, the aim is primarily to modify the permeability properties of the soil to make it

leg
S 8y }
; *eptible to frost heaving.

Cw 2

ea] ; : . ! : s ' :
lag, and experience for a typical -20°C to -35°C cold store is to remove approximately 600 mm of poteémﬁ_lly frost susceptible subsoil, and
60 S,lth No-fines granular backfill. This design has evolved from the detailed analysis of the heat flows " in the subsoil under a large (50

lngle Slorey cold store Kingston

2

I "
" USulation and Heating
I‘()vid.
: “Vlding ) or
"‘Sulat'oﬁ nsulation and some form of heating below a freezer floor is normal to reduce heat flow from the soil into the freezer. Underfloor
U 18 required to provide steady temperatures inside freezers, and for energy efficiency of refrigeration, and is normally designed for this
defSide he underfloor insulation barrier and any necessary underfloor heating should also be designed to maintain the temperature at the
) of the insulation above 0°C - ie. to prevent freezing of the subsoil.
Esig

N pr, .
fQanr Procedures for ground freezing prevention have been refined and simplified over the years
h?a\,e ‘aAS noted above, they do require some assumptions of ground and groundwater properties, which are difficult to refine precisely. Frost
dlfec reSzl take many months or even years to commence as the ground is cooled to a sufficiently low temperature. It is important to note that a
the . afft of the additional water drawn into the soil matrix to cause frost heave may be to cause subsidence on thawing if the water content of
Iempe €Cts its bearing properties Andersland, Yong Tschebotarioff 1) e heating should be introduced before frost heave occurs. The installation of

h&for e probes throush the floor of freezers is advisable to monitor the pattern of ground freezing so that additional heating can be introduced
® frogt h g P g

i, Oheim, Webbe : ;
Ruckli, Oheim, Webber and are relatively straight-

| €ave occurs.
Nq

Sens()rlarge cold stores and freezers - larger than about 10 x 10 m in New Zealand conditions - temperature probes should be installed with

?Onimra‘[ (common New Zealand practice) the underside of the insulation, about 600 mm down into the subsoil, and about 2.0 m down, to
U m “Mperature changes as the cold store is brought down to temperature. If temperatures stabilise at 0°, or continue to drop below 0° at

6 OWn, heating may be needed.

Mo

?:ﬂ.st E?:és OAf soil tempcra.ture analysis and desig.n of underfloor insulation, the large (50 x 60 m) single §torey cold store referred to gbovc was

lhdlcat : Wllh.therrnostaucally controlled electric underfloor heating. Ground temperatures were monitored over a subsequent period which
s p_Proxxmately half the design heat was required to prevent ground freezing. The main difficulty in achieving greater design accuracy is

?ﬁ difﬁZ‘Dtlons of ground temperature parameters - the nature of pore water and its latent heat, soil conductivity, specific heat of soil particles -
gﬁcul 2:‘_‘0 assess accurately for a large mass of soil. Ground temperature profiles and seasonal variations are obtainable from various

Institutions.
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4.2.1

Heating E

There are three main methods for providing underfloor heating;:

G T s

° ambient heating
° applied heating
. waste heat recirculation from cold store refrigeration system

givazs

i) Ambient Heating

. . . . . ¢ ]ﬂﬂ‘l
Ambient heaténgf.can be provided by creating an air gap under the floor with a suspended floor structure. This was traditional New 24
and overseas "¢ practice for multi-storey cold stores from the early 1900s through to the 1970s. The expense of this would only be
justifiable nowadays (in New Zealand) where foundation conditions preclude a slab-on-grade floor.

i
For a slab-on-grade, the installation of pipes through the ground under the floor to create air circulation will often be adequate to keeP -Sﬁllm‘
warm enough to prevent frost heave. Heat flow analysis using ground temperature profiles, ambient air temperatures and convectiV® zlsm' E
can be used to design such piping arrangements. NZ experience is that convection flow in such pipes is often effective under -20° col b
atup to 30 x 30 m in area, and has provided acceptable underfloor heating in cold stores up to 50 x 60 m in area.

i) Applied Heating

) ﬂ“‘
Under larger coldstores, generally larger than 30 x 30 m in New Zealand experience, underfloor pipes are so long that convection ﬂo}V ¢
sufficient to provide adequate heating. Air can be blown through the pipes or heating cables installed in the pipes. The level of heatl?
required is generally low - of the order of 40 watts per square metre of floor when pipes are set about 300 mm below the underfloor Wi
insulation. Current New Zealand practice is to install convection pipes with draw-wires so heating cables may be installed at a later ]
underfloor temperaturé monitoring is required.

Direct electric cable heating has been installed in situations where underground direct subsoil heating options are not appropriate- A lgegn
form of heating has higher capital cost and does not address the need to prevent water accumulating under cold stores, it has generd
used only where a sub-zero cold store has been installed over an existing concrete floor. Cables have sometimes been cast into a €07
below underfloor insulation - very similar to conventional underfloor house heating, but with low power heating - of the order of 60
watts/metre cables (eg Pyrotenax). Similar applications have involved sawcutting slots into an existing concrete floor and inserting Ca?caii
provide heating. Generally main and back-up circuits are cast/cut in as replacement of failed circuits is not practical later. Most NeW.” f
applications of such systems have often not really been warranted, being installed in small cold store applications where ambient heati’®
the ground would be sufficient to prevent frost heave.

16

(%

'

1ii) Waste Heat Recirculation from cold store refrigeration system

A more capital intensive, but operationally inexpensive heating system is to use waste heat recirculation-from the cold store rcfrigefat}?szgr
system. This commonly involves a piped circuit connected to the freezer refrigeration condensers to recycle heat extracted from}thCr rudhﬁ.
through a heat transferring liquid such as glycol in pipes under the freezer floor. This is common practice overseas O"¢im: Leonofh W ancw
been used in several large NZ cold stores. Typically small diameter 25 mm diameter polybutylene/alkathene pipes are cast into a CO‘”C[ i
screed slab of the order of 125 mm thick. The pipes have been spaced at approximately 300 mm centres, with overlapped looped pair®

pipes bent to 600 dia diameter bends, connected to a larger 100 diameter header pipe at one end.

With such a constant heating system, operating whenever the cold store refrigeration system operates, heat inputs into the ground ar€ /
significantly in excess of the heat required to prevent ground freezing. This generally will avoid the need for any susceptible soil 7
replacement/modification, and also underfloor temperature probes. Ambient and applied subsoil heating in New Zealand practice i5 "
installed in conjunction with soil replacement with granular non frost susceptible subsoil.

4.3 Water
4!
' \re S
In all cases the floor of a cold store should be constructed above the groundwater table. For a slab-on-grade floor this should be 3Chlei[e3' "
backfilling so the underside of the underfloor insulation is higher than the anticipated groundwater table. A suspended slab (ie. wher® i
slab-on-beam foundations are required) supporting a cold store floor should similarly be constructed so the underside of the underfloor
is higher than the anticipated groundwater table.
A

: : . . st |
Removal of a water source may be possible. This may be able to be achieved by creating drainage around the freezer perimeter and/of s L
underfloor pipes (which also serve as air circulation/ambient heating ducts) in no-fines foundation fill to drain water from under the ¢
floor. Removal of a water source should also include the diversion of any drains or water pipes away from a cold store foundations.

b
¥

rl s
Another means of removing water from the potential frost heave zone under a cold store is to create an impermeable layer so water cf o '
drawn into the soil. This may most simply be achieved by laying a waterproof membrane (eg polythene film) below the assessed depth © .55 ¥
freezing to prevent water being drawn up into freezing soil. This application may be appropriate where a poorly drained soil layer under : “1'[1'

frost susceptible foundation soils for a cold store ™. A variation on this protection method is to combine the impermeable membra®
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geoteXtile
rranted where

Simple, hich can enhance drainage of the subsoil "¥. As with many geotextiles, such applications will generally only be wa

aChea
Per methods of removal of water sources are not practical.

ower its freezing point. The author has used

Simi
l]ar to
chemj e - 3 .
the 1, hemical modification of soils, the groundwater under a cold store may be modified to 1
-7°C refrigerated enclosure constructed in a

eezi : ey . >
€zing temperature of salt water in designing for the prevention of frost heave in a

Concrete t S
In tidal sands with minimal insulation.
§
| REPA[R
OF FROST HEAVE
Tryi,
clude damage to the cold

8 10 repy; B
Storg Pair frost heave after it has started is an uncertain art and potentially expensive. The costs involve in

Slructu . .
d I¢ resulting from frost heaving, loss of operation while repairs are effected, the costs of repairs, but potentially most of all the
t heaved soils have generally taken up additional water

(] Ca Y 4
Used through thawing and slumping of frozen ground. As noted above, fros
ble soils (ie not gravels or confined sands) slumping of

o

N Create the heay : : ¢ :
€ 50 e - possibly 4 or 5 times their normal water content. In frost suscepti

The relatively low

lumping. Detailed

On settling is qui : : . ; o . : :
penneabilit ettling is quite normal as internal shearing resistance in the soil is lost with the increase in water content.
thawing to allow drainage and preclude s

ll:flowe " )(’)fof .frost susceptible soils requires slow drainage of water on
€ un, soil properties may assist in designing a thawing regime for a frost heaved cold store, but ground thawing, if desirable, should

¢n slowly and carefully.

€ su
o the CCoes‘sﬁll repair of frost heaved cold stores should include a similar approach to frost heave prevention - removal of the identified cause
d‘fscrjpﬁ(m éleave - susceptible soils, freezing temperatures, and/or water. It is not possible to provide precise guidelines for repair, but a brief
tayy €0f pg ‘?IOW of some successful New Zealand frost heave repair projects the author has been involved in provides some indication of the
Yhep, the ¢ szb_le methods. The common ingredient of all these projects has been identifying the “trigger” for the frost heave - it generally occurs
h quilibrium of heat flows through subsoil is disrupted - and removing this cause or mitigating its effects.

Ci
inlt?;;gg? three-storey -18°C cold store with unre_inforced brick external walls supPOf‘ting a cork insglation envelope full height with
approximf:mforccd concrete floors suppo.rled on reinforced coincrete columns and bearmg pad foundations. Frost hea\{e of
teplacep, ately 100 - ISQ mm was noted in the slab-on-grade insulated ground floor. This slab was removefj by the che_nl for .
Considey edm, but no obvious cause of the frost heave was found. The floor was bedded on sandy gravels with a small silt fraction not

eavin < Cxc?ptlonally s'usceptxblc to frost heave', with no underfloor ventilation or heating. Concerns were held over the erSl

y 1ghpotentla!ly sp_readmg to heave the.fo‘undanon pads gnder upper floor support columns, so these columns were underpinned
slab ande PO.tenllal soil freezing level. This 1nYolved propping the upper ﬂgors off the frozen ground belovy the removed ground floor
boze, rcastmg 1.5 m deep mass cor}cre.te foolmgsoto underpin the foundat}on pafis. To ;.)rec.:lude any thawing and.settle.ment of the
°°ncreti Oltmc.i, the cold store was maintained at -.10 0 throughout construction, with special insulation, concrete mix design and
s Sequep iliclng procedures to ensure full hydration and curmg_of thf: concrete Placed at such low temperatures. .TWO years
Situat nII Y, a burst st.om}water drain was located nearby. a.nd identified as haymg been the cause ofth(? change in the cold st :
approxin.] t appears this triggered the frost heave by providing a water source in an area where the ambient groundwater table is

ately 8 m below floor level - well below the level expected to contribute to frost heave.

ore

32
ope full height with

Cir
.T€a 1940 three storey -18°C cold store with unreinforced brick external walls supporting a cork insulation envel
eave was noted on

1 v
m:glrz: ;lelnforced cgncretc floors suppgrted on reinf.orced concrete columns apd bearing pad foyndations, Frost h
silty SandOOr‘ slab with upwards deflection of approximately 40 mm and cr~ac.kmg.over column lines. The columns were bedded on a
Years pre » With the gfound floor a retro-fitted concrete slab r§plac1ng an ergmal timber ﬂoor. ‘The ground floor slab was cast some
0nnwor1:’1}?u$ly on tlml?er formwork between concrete bearing walls whlch crea{ed ambient air ducts pnder thg floor. The slab
inveg: o ad been leljt in place after the slab was cast.because of access difficulties, .severely obstruct.mg‘thc air space. After
grOUndg[ ion of the soil temperature profile, ambient air was blown under the floor with f:oqstant momto.rlng of ﬂoor‘levels and
imermmemperalure pro.ﬁle.sA The [?oor settled bz.ack to level over thrtlee months, a_nd monitoring was continued over six years with
e Fnc;.forced ventllatn(.)n con}mued as required for ground hef}tmg. Inspecftlon and monitoring of groundwater level records in
Summerl(? icated that the trigger for the erst heave was the lowering of a ﬂowmg water table under the cold store during a severe
rought. It appears that the lowering of the water table reduced the ambient heat input which had maintained the ground

€ez : . PR I
ZIng in a non-heaving equilibrium.

N;\: :juje storey reinforced con?rete structure - IS?C colq store on frost heaved ground. Following the demolition of a badly frost

8roung l_;(}:}a 1910 multi-storey tlmber and pumice 1nsu1at1.on cold store, the new cold store was constructed on the frost heaved

Very So.ft e ground floor .was designed as a suspended remfor.ce.d concrete floor, supported on bored concrete piles penetrating the

Symhetic, muddy.thawed silty clay to b.ear on bedrock.. The. ex%stmg ground was used to support the gfound floor for ce.lsting, \.vith a

With drs geqtexule filter léyer preventing 501.1 fines m1g¥at}on xf]to a 609 mm Qleep no-fines gravel drainage layer. Drainage pipes

L w-wires for potential underfloor .heatmg were laid in tl?ls layer m‘lmedlately the ground floor slab on which the cold store
ation - 150 mm polystyrene - was laid. Temperature monitors were installed in the subsoil to a 2 m depth, but ambient heating

I
Proveq adequate to prevent ground freezing.

Cj y

! lercearal 968 single storey -20°C po.lystyrene sandwich panel cold' store. This store was constructed in standard New Zealand style of

i“Sulati exte'mal steel structure with external shade roqf, sandw1.ch panel wall and ceiling insulation, 150 mm polystyrene underfloor

Wity 1on with a 150 mm concrete wear slab. F.oun.datlons consist of a reinforced concrete ground slab on 400 mm no-fines gravel fill

. 0Vpalrs of 100 x 100 mm c‘oncrctc block ventilation/drainage ducts at 600 mm centres . The floor frost heaved rapidly to +140 mm
¢ the general floor level in a 6 x 6 m area of floor on unloading. On excavation of the floor and silty clay subsoil, ice lenses were
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found, and a very high water table noted - only 450 mm below the underside of the cold store floor insulation. The seasonally }:'gon\‘
water table was well known in the area of the cold store, and the floor construction appeared to be designed accordingly- Inspen
the cold store revealed several of the underfloor ducts had been covered at one end a few years earlier. It appears that this aCtLO. o
combined with a particularly high seasonal water table and the first unloading of the cold store floor for many years, had co™ Iemerﬂ-
trigger the frost heaving. The cold store was warmed to approximately 10°C to encourage slow thawing of the ground and $¢
of the floor back to level followed. To prevent renewed frost heave the blocked ducts were cleared and forced ambient air V€
provided for underfloor heating, before the floor was reinstated. Local well points are being installed to maintain a lowered e
table under the cold store floor.

it

dl

5.5 50 x 60 m single storey -20°C polystyrene sandwich panel cold store constructed in 1976 with external steel structure with extemslab
shade roof, sandwich panel wall and ceiling insulation, 150 mm polystyrene underfloor insulation with a 150 mm concrete ik
Subsoil consist of approximately 1.8 m of gravel/coarse sand fill, over wet silty clays. 150 mm dia. drainage/ventilation pI€S g at
installed in the fill at approximately 1.5 m centres, approximately 400 mm below the underside of the underfloor insulation, &, g
thermostatically controlled heating cables laid in them. Local frost heave was noted in an area of floor and on checking the hed g
cable circuits in the area were found to be not functioning. With the gravel/sand fill not being susceptible to loss of bearing s
on thawing, and the silty clay layer measured as being below the frozen fringe by temperature probes, the ground heating W4
reinstated and the floor settled back to level over a period of 6 six weeks.

As indicated in a the above examples, frost heaving can occur when any of the factors contributing to the heat flow under a cold stor® ta:ag

altered. Tn many of the cold store frost heave repair projects undertaken by the author, monitoring of a frost heaved situation is all t.h’rli o

been done - the heaved cold store floor has not caused operational problems and repair costs are not warranted. In those cases monl‘?f u

the frost heave effects, floor level and ground temperature has continued to allow detection of any changes which could alter the eq¥! l

of forces and cause damage to the cold store or stored product.

6. CONCLUSIONS

el
o Trying to repair frost heave after it has started is an uncertain art and potentially expensive. Frost heave prevention is the *
measure. d o
° Depending on the application, NZ experience is that frost heave prevention is primarily dependent on the size of the €0
ambient heating from surrounding ground and air will often be enough to prevent frost heave occurring.
° Insulation should be provided, and depending on the size and temperature of the coldstore, heating considered. =
° In all cases suitable soils should be selected under cold store floors - fine-grained silts, silty sands, and silty clays should be oY
° [f there is any chance of water occurring under the cold store, drainage should be provided in some form. 10‘\‘3
. Typically in New Zealand, underfloor ventilation should always be provided for cold stores (ie 0° down to -20°) of larger tha? !
m and for all freezers (ie below -20°). ' omnl"‘
° In New Zealand conditions, heating should not normally be required for cold stores or freezers under 30 x 30 m, but is quit® p Shm‘!'
in cold stores of greater size. Provision should be made for heating in all large cold stores and freezers, and temperature pro -
be installed to monitor ground freezing. ¢ f
® If heating is required, electric cables will generally be cheaper to install than heat re-cycling systems, particularly if the cable?

left out until a heating requirement is proven. Operational costs will be cheaper with a heat recycling system.
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