Detection of differential settlement

Inspecting Foundations for Structural Defects Due to Differential Settlement
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When a structute is experiencing settlement, subtle signs will begin to show. Depending on the
type of structure, block vs. frame, the indications will be different. If you feel your home may
be experiencing settlement, pay close attention to the walls, windows, and floot slabs. Most of
the time houses are built level and plumb, therefore, if floor slabs are sloping, doors and/or
windows jamb or will not operate, walls crack, or drywsll pulls apart, some differential
movement may be occurring.

Misalignment of windows or doors may Chimney separation from the
prevent them from operating properly. house may cause roof leaks.

A separation crack may appear below
the “Tie Beam™ near windows or doors.

In many cases, the chimney

foundation is inadecuate or was
a separate pour and not properly
connected to the house.

Driveway and sidewalk
setilement may cause iripping
hazards. In some cases it may be
an indicator of buried material
that may soon effect the home.

PR o e e Uncontrolled drainage can cause

or slope. Interior walls may erosion which may remove

lseparate from the ceiling or supporting  soils. Or in the
floor. presence of clay, alter the water

content of the soils generating
shrinkage or swelling.

“Stair Step™ cracks are the

most common indicator in
black structures.





Detection Objectives

· Identify & Document potential costly/dangerous concerns due to settlement.

[image: image3.jpg]SENERAL LINE OF N
“RACTURING

Z

c

CRACKS CONTINUE
ROUND OPENINGS

NARROW

:

POSITION OF MAXIMUM
SUBSIDENCE




Fig 1 Common cracks patterns associated with subsidence

Foundation Inspection Methods

1. Observe site factors affecting the structure 

2. Identify construction type, materials, sequence 

3. Observe defects of occurrence: signs of movement, history, other clues 

4. Observe defects of omission: possible absence of critical components 

5. Evaluate Observations & Recognize when expert evaluation/repair needed 

1. Observe Site Factors (for early detection of possible soil movements)

· Soils - problems can show up years later 

· Area history-settlement, sink holes, fill, debris 

· Evidence of fill-surrounding land, covered tree boles 

· Slopes show original direction of excavation-sequence 

· Trees, rocks define root damage/water passage 

· Pinned foundations (to rock) leak 

· Inconsistent terrain-stepped footings 

· Ravines, ditches, filled areas, underground streams 

· Lakes, surface drainage, water & earth loading 

· Neighborhood history; cracks in other houses in the area

Some Examples of Common Site Problems

· Sink holes, collapsing soils, voids open suddenly after heavy rains identify by history of area; insurance available "free" geotec: tell insurance co. there's a sinkhole 

· Expansive soils - more serious (extensive) e.g. Colorado, North & Central Florida Ocala/Gainsville, and in Canada, Ottowa, Winnipeg, Ontario & Manitoba 

· Constructed on fill, organic/site debris 

· Constructed over ravine 

· Driveway close to foundation wall common in older cities, e.g. NYC & Toronto 

· House vs. garage footings, new construction 

· Frost heaving - recurrent freezing, gutter defects 

· Landslides 

· Poor site drainage, surface & ground water

2. To correctly identify source of defects related to construction types, materials and sequence.

 Construction Types 

· Cast in-situ slab (Slabs-on-grade)

· Monolithic (cast as a single piece) - resist to problems over sink holes / clay 

· Supported (elements)- on footing/foundation/pins

· Floating - not connected to foundation 

· Crawl spaces (small basement) - wall height is a key factor 

· Basement - wall height vs block width/reinforcement 

· Additions - connection to original, varying materials, varying footing depths 

· Actual footing/foundation type usually not visible

 Construction Materials 

· Masonry block 

· Poured concrete 

· Brick 

· Stone 

· Wood 

· Pre-cast Concrete

Construction Sequence Considerations

· Site preparation, construction on fill 

· Excavation-errors 

· Forms and Footing errors 

· Foundation errors 

· Backfill errors 

· Site Drainage errors 

· Modular construction concerns 

· Site blasting 

· Adjacent Site Blasting

3. Common Defects of Occurrence 

Structural / construction defects & damage 

· Concentrated loads 

· Excessive backfill height; premature backfill 

· Improper materials (soft brick, below grade) 

· Shallow/absent/undermined/cut footings, settlement & frost damage 

· Improper soil preparation - settling footings & slabs 

· Foundation damaged during moved/modular building set 

· Equipment damage (backfill, vehicles) 

General Signs of Movement / Damage 

· Foundation cracks  

· Leaning or Tipping 

· Bulging 

· Settlement, uniform or differential 

· Excessive loading, fractures 

· Interior cracks (trace to source)

4. Common Defects of Omission

· Missing footings (may or may not be a defect depending on design and soil conditions) 

· Omitted steel reinforcement - footings (not visibly detectable after construction) 

· Omitted steel reinforcement - walls (not visibly detectable after construction) 

· Missing piers beneath interior posts 

· Missing control joints in poured concrete 

· Missing expansion joints in large brick masonry walls 

· Missing expansion joints/materials around windows in brick masonry walls

5. Evaluating Foundation Movement & Cracks

Size, shape, pattern, location on building, correlation with other site and construction conditions help distinguish among probable causes; knowing the probable cause suggests distinguishing between continuing movement (more likely to be a problem) and single events which may, depending on extent of damage, not require repair.

Vertical Crack Patterns

· In masonry between two structures - differential settlement or thermal movement 

Note: cracks often appear in multiples/multiple cracks in one or more area.

Diagonal & Step Crack Patterns

· From corner towards adjacent opening, wider at top than bottom - settlement, expansive clay soil, frost, shrub/tree 

· In wall, wider at bottom than top - settlement under building 

· Vertical or diagonal crack appears over a short time - settlement over sink holes- serious, open suddenly after rain; or ravines, mulch, fill, organic debris 

Note that often at these failures cracks are visible both outside and inside

 Distinguishing Among Shrinkage, Expansion, and Settlement Cracks
All solid materials may both expand and contract in response to temperature variations. All solid materials may be cracked by pressure from loading.

All cracks need to be separated into those which are expected to require no further repair except possibly cosmetic (which can help future monitoring), those which merit ongoing monitoring for change and possibly signs of worsening conditions, are those which are so significant as to require repair. 

 Foundation Settlement

A settlement crack is more likely to be wider at top than its bottom as the foundation "bends" over a single point, allowing differential settlement; it is possible for a settlement crack to appear fairly uniform however if a foundation breaks vertically and then pursues differential settlement. Settlement cracks need to be separated into initial settlement due to construction or site factors and ongoing settlement due to site factors. (Refer to table 1)

Usually wider at top, usually continuous, may be multiple! 

· Imaginary line, right angle to diagonal crack, usually = direction of downwards movement or may indicate upwards wall-lift. 

· cracks at opposite end of wall’s edges 

· Multiple cracks of either type may occur in a given area. Usually visible both outside and inside if material is exposed.

Table 1 : Indicators of foundation movement

	Foundation movement in general

	Few isolated cracks at weak points in structure

	Cracks taper from top to bottom

	Cracking is continuous through dpc

	Cracks exceed 3mm wide

	Cracking occurs both externally and internally at the same location

	Cracking consistent with a pattern of movement

	Doors and windows stick

	Wallpaper rucks at corners and between walls and ceiling

	Gaps appear below skirting board or between floor boards and wall

	Roof tiles displaced, or other signs of distortion in roof

	Drains and services disrupted

	Walls measurably out of level or out of plumb

	Movement due to shrinkable clay

	Cracks first appear after prolonged period of dry weather

	Largest cracks in south-facing walls or near trees 

	Obvious damage to garden walls and other structures on shallow foundations

	Cracking to paving and asphalt around trees
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Table 5.3 Visible damage through foundation failure

Degree of damage

Description

Very slight/slight

Moderate

Severe/very severe

Fine cracks, not greater than 5 mm wide, often

not visible in external brickwork and easily filled.

Some slight sticking of doors and windows
possible.

Cracks may be typically from 5 mm to 15 mm
wide; external brickwork will need repointing
and some local replacement may be necessary.
Doors and windows will stick and service pipes
may fracture; general weather-tightness may be
impaired.

Cracks will typically exceed 15mm in width and
may exceed 25 mm. Walls are likely to lean or
bulge noticeably and may require shoring; beams
may lose their bearing. Window frames and door
frames will distort and glass is likely to break.
Service pipes are likely to be disrupted. External
repair work will be necessary, involving partial or
complete rebuilding.

Based on Foundations for Low-Rise Buildings (The Structural Engineer,

June 1978).
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Additional Reading

· Diagnosing & Repairing House Structure Problems, Edgar O. Seaquist, McGraw Hill, 1980 ISBN 0-07-056013-7 (obsolete, incomplete, missing most diagnosis steps, but very good reading; out of print but reprints available from some inspection tool suppliers) 
· Design of Wood Structures, Donald E. Breyer, McGraw Hill, 1988 ISBN 0-07-007675-8 
· Building Failures, Diagnosis & Avoidance, 2d Ed., W.H. Ransom, E.& F. Spon, New York, 1987 ISBN 0-419-14270-3 
· Guide to Domestic Building Surveys, Jack Bower, Butterworth Architecture, London, 1988, ISBN 0-408-50000 X 

· ASHI Training Manual - not recommended: incomplete, inaccurate, overpriced--DF 
· The Home Reference Book and other Manuals from Carson Dunlop, Home Pro, T.I.E., Inspection Training Associates (Home Inspection training/report firms) 

· "Avoiding Foundation Failures," Robert Marshall, Journal of Light Construction, July, 1996 (Highly recommend this article-DF) 

· "A Foundation for Unstable Soils," Harris Hyman, P.E., Journal of Light Construction, May 1995 

· "Backfilling Basics," Buck Bartley, Journal of Light Construction, October 1994 

· "Inspecting Block Foundations," Donald V. Cohen, P.E., ASHI Reporter, December 1998. This article in turn cites the Fine Homebuilding article noted below. 

· "When Block Foundations go Bad," Fine Homebuilding, June/July 1998 

· www.inspect-ny.com - The Free Home Inspection & Construction Diagnosis Public Information Website

 NOTE: Journal of Light Construction articles are available on CD ROM from the Journal of Light Construction, www.bginet.com, 802-434-4747

